I’'maBa 21

SWITCH-t1exHoJiorus.

AJITOpUTMHU3ALMS U IPOrPpaMMHUPOBaHME ISl
CHCTEM JIOTHYECKOTr0 yIpaBJIeHUs

U «PeaKTHBHBIX» CHCTEM

CoBpeMeHHbIE CHCTEMBbI JIOTHYECKOTO YIIPABIEHHUS COCTOST U3 ABYX
COCTaBJISIOIIMX: allllapaTHON U MPOrpaMMHOK.

OCO0EHHOCTh anmapaTypbl COCTOMT B TOM, YTO OHa pazpabaThiBaeT-
Ci ONHUMHU CICHUAIACTAMH, & W3TOTABIMBACTCS (KOMILIEKCUPYET-
csl) —APYT UM HU. DTO IPUBOIUT K HEOOXOIUMOCTHU NIPOBOJUTE pas3pa-
60TKy B (hopMe TP OEKTH P O B @ H U 51, CBI3aHHOTO C BHIITYCKOM 0O0JIb-
IIOT0 YHUCJIa PA3HOTHUITHBIX CXEM M JAPYTUX KOHCTPYKTOPCKUX JTOKYMEH-
TOB, COOTBETCTBYIOIINX ACHCTBYIOIINM CTaHAAPTAM M JOCKOHAIBHO OT-
Pa’karoIIix BCE aCIEKTHI KU3HEHHOTO NUKIA anmapatypsl. [loatomy ma-
JKe gepe3 MHOTO JIET 9Ta YaCTh CHCTEM IIPH HEOOXOAMMOCTH MOXKET OBITh
CPaBHHUTEIBHO JIETKO MOAN(DHUIIPOBAHA, B TOM YUCIIE U IPYTUMH CICIHU-
AIUCTaMU.

[TpuHIMIIUATBHO MHAS CUTyalUsi UMEET MECTO NPH CO3AaHUM IIPO-
TPaMMHOTr0 00ecIieuYeH s, TaK KaKk OHO pa3padaThiBaeTCs U «U3rOTaBIIMBa-
eTcs» OHUMH U TeMH ke crienuanucramu. [loaTomy 00b4HO pa3paboTka
MIPOrpaMM He BBITIOJHSAETCS B JopMe PO € KTa TOH JKe CTeNeHH Io-
JPOOHOCTH, KaK 3TO JIeNaeTcs JUIsl anmaparypbl, YTO 4acTO MPUBOAUT K
3HAYUTEIILHBIM TPYIHOCTSIM MIPU HEOOXOAUMOCTH UX MOAM(DUKAIHH.

B nacrosieil rinaBe u3nararoTcsi OCHOBBI IPOEKTUPOBAHUS AT OPUT-
MHYECKOTO M TPOTPaMMHOTO 0OECIICUeHHS ISl CHCTEM paccMaTpHBac-
MBIX KJIaCCOB.

W3BecTeH MexayHapOAHBINH cTanmapT [1], ompenernstoniuii sI3bIKA
MPOTPaMMHPOBAHHS TSI TPOTPAMMHUPYEMBIX JIOTHIECKAX KOHTPOJLIE-
pos (IIK) u nporpammuo peanuzoBanHbix [1JIK (PC-koHTpOsuIepoB) —
MIPOMBILIEHHBIX (YNPaBIIAOLMX) KoMIbloTepoB (00b14HO0 IBM PC co-
BMECTHUMBIX) C IPOrpaMMHBIM oOecrnieuenneM kiacca SoftPLC wnm Soft-
Logic mst co3pannst NpUKIaJHBIX TPOTPAMM.
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W3BecTHBI TakkKe SI3BIKM MPOrPaMMHUPOBAHUS Ul MUKPOKOHTPOJLIE-
POB U COOCTBEHHO MPOMBILUIEHHBIX (YIPABIIAIONINX) KOMIIBIOTEPOB [2].

OpHako BeAyIIMMH B OOJTACTH AaBTOMATH3AaLUH (UPMaMH MHUpPA
[1—7] mo cux mop He ObLT BEIOpaH (pa3paboTaH) SA3bIK ATOPUTMU3AINN
JUTSL CUCTEM JIOTUYECKOTO (OCHOBAaHHOTO Ha MCTUHHOCTH W JIOKHOCTH)
YIpaBJICHUS, KOTOPBIH MTO3BOJIWII ObI:

— CIENHAIHNCTaM PA3IMYHbBIX 00JacTell 3HAHWN OJIHO3HAYHO M TIPO-
CTO TMIOHMMATh, YTO MOJJKHO OBITHh CAETAaHO, YTO ACTa-
€TCS M 4YTO CAEJAaHO B IPOTPAaMMHO PealluU3yeMoM
NPOEKTE;

— (hopMabHO ¥ H30MOP(HO MEPEXOTUTH OT AITOPUTMA K IIPOTrpam-
MaM Ha pa3jIM4yHbIX S3bIKaX MPOrPaMMUPOBAHUS, UCIIOIB3YS] MUHUMAb-
HO€ YHCJIO BHYTPEHHHUX (YIpaBJSIOIIMX) NEPEMEHHBIX B MpOrpaMmax,
TaK Kak 9TH IepeMEeHHbIE 3aTPYAHAIOT IOHUMaHHEe IPOTPaMM;

— JIETKO U KOPPEKTHO BHOCHUTH M3MEHEHUS B Pa3paOdOTaHHbBIE airo-
PUTMBI M B TIOCTPOEHHBIE 110 HUM TIPOTPaMMBI;

— KOPPEKTHO MPOBOJIUTH CEPTUDHUKALIUIO TIPOTPAMM.

OTCYTCTBHE TAKOTO SI3bIKA OCTABJISIIIO OTKPBITBIM BOTIPOC O CO3JIaHUH
CKBO3HOM TE€XHOJIOTMH aJITOPUTMU3ALUM U IIPOIPaMMUPOBAHUS 1JIs1 CUC-
TEM JIOTHUECKOTO YIPABICHHUS, KOTOPask MTO3BOJIMIIA OBl IIOBBICUTE Kade-
CTBO NPOEKTHPOBAHHS UX IPOTPAMMHOTO 00CCIICUCHHSI.

B [8] BeImOHEH TOAPOOHBINM aHATN3 W3BECTHBIX TEXHOJIOTHH alro-
PUTMH3ALKMU U NPOTrPaMMHUPOBAHMS JJIi CHUCTEM OJTOTO Kiacca, Ha
OCHOBE KOTOporo B [8] pa3paboTaHa HOBas TEXHOJOTHs, Ha3BaHHAs
«SWITCH-TexHom0rus», N03BOJISIONIas 00ECIeYUTh BBIIIOJHEHUE yKa-
3aHHBIX BbIIIE TPEOOBAaHUN. DTa TEXHOJIOTUS MOXKET OBITh Ha3BaHA TaK-
ke «STATE-texnonorus» uinu, 6oiee Touno, «KAUTOMATON-TexHO-
Jorust». M310KUM OCHOBHBIE ITOJIOKEHUS 3TOM TEXHOJIOTHH.

1. B kauecTBe OCHOBHOTO B MpeAiaraeMoi TEXHOJIOTHH HCIIONIb3YeT-
Csl IOHSITHE «BHYTPEHHEE COCTOSIHUEY (B AAbHEHUIIIEM — «COCTOSIHUEY).

CoCTOSIHUSI PacCMaTPUBAIOTCS KaK HEKOTOpPBIE aOCTPAKIIUH, BBOJIH-
MbI€ B Hauaje IpoLecca alrOPpUTMU3ALNHI, HAIIpUMeEp IyTeM OIHO3Hau-
HOTO COITOCTABIICHHS KaXKIOTO U3 HUX C OTHUM U3 (PU3UUECKHUX COCTOSI-
HUH YIPaBIIEMOTo 00beKTa, TaK KaK 00BITHO «(YHKIIHOHHPOBAHHE IIPO-
M3BOJICTBEHHBIX CHUCTEM IMPOSBIISAETCS Yepe3 U3MEHEHUE UX COCTOSHUIN
[9]. TIpm >TOM Kak/10€ COCTOSIHKE B AITOPUTME TIOJIJICPIKUBAET OOBEKT B
COOTBETCTBYIOIIEM COCTOSTHUH, a IEPEX0/]] B HOBOE COCTOSHUE B alITOPHUT-
Me TPUBOJUT K Mepexoly 00beKTa B HOBOE COOTBETCTBYIOIIEE COCTOS-
HUE, YTO 1 00eCTreurnBaeT MPOLECC JJOTHIYECKOTO YIPaBIeHUS 00BEKTOM.

Hanpumep, 00bEKT «KJIamaH» MOXXET HAXOAMTHCS B OJHOM M3 ye-
ThIpeX pabo4nX COCTOSHUH («3aKPBIT», OTKPBIBACTCS, «OTKPBITY, «3a-
KPBIBACTCS»), KaXI0€ U3 KOTOPBIX MOXKET MOJJICPKUBATHCS COOTBET-
CTBYIOILIUM COCTOSSHUEM B aIropuTMe ymnpasieHus. [lig kiamaHa «c
[aMSTbIO» AJTOPUTM YIPABIEHUS MOXKET UMETb U TPU COCTOSIHUSL, IOA-
Iep KUBas 3aKPBITOE U OTKPBITOE COCTOSHHSA O0BEKTa OJHUM CBOUM CO-
crostauem (pasn. 5.4.1 B [8]).
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[Tpu HeOOXOAMMOCTH B allTOPUTM YIIPABIIEHUS MOTYT OBITh BBEICHBI
TaK)Ke U APYTrue COCTOSHHUSI, CBA3aHHbIC, HAIPUMED, C HEUCIIPABHOCTAMHU
00BbeKTa U HEeMpaBUIBHBIMHU JeiicTBUsIMU Omieparopa.

CBsi3b COCTOSIHMI C BHYTPEHHUMH (YIPaBISIONIMMH) TEpEeMEHHBI-
MU TMOSIBJISIETCS B JJAIbHEHIIEM Ha dTamnme KOAUPOBAHHUSA CO -
CTOSHUMW, OTCYTCTBYWINEM B TPAaAUIHUOHHOM MMPO -
rpaMMHupoOBaHu U [Ipu 3T0M 4KuCII0 BBOAUMBIX YIPABIISIIOIIUX IIe-
PEMEHHBIX 3aBUCUT OT IPUHATOrO BUJA KOAUPOBAHUS.

Takoil moaxoAd, U3BECTHBIN U3 TEOPUH aBTOMATOB, NPHUHIIMIUAIBHO
OTJIMYAETCS OT MOJIX0a, OOBIYHO IPUMEHSIEMOTO B IPOrpaMMHUPOBAHNH,
pU KOTOPOM B XOJI€ IIpoIiecca MPOrpaMMUPOBAHUS TI0 HEOOXOAUMOCTH
BBOJSTCS BHYTpPEHHHUE (OOBIYHO JIBOMYHBIC) IIEPEMEHHbIE, a 3aTeM Kax-
JBIA pa3iuyHbli HAOOp MX 3HAYEHHH OOBABISETCS COCTOSHUEM MPO-
rpamMel [10]. OgHAKO, Tak KaK MOHSITHE «COCTOSIHUE» B MPOTPaMMHUPO-
BaHUU MPUKIATHBIX 32/1a4 OOBIYHO HE UCIIONB3YETCs, OTBET Ha BOIIPOC O
KOJIMYECTBE COCTOSIHMW B MPOTpaMMe, CoJepiKaileil, Hampumep, # IBO-
WYHBIX BHYTPEHHUX MIEPEMEHHBIX, OCTACTCS B OOJBITMHCTBE CIIy4acB OT-
KPBITBIM. OTMETHM, YTO B 9TOM CIIy4ae YHCIO COCTOSHHUM MOXET Haxo-
JIMTHCSL B uamna3zoHe ot 7 A0 2". IIpyu 3ToM ocTaeTcsi HESICHBIM TaKKe,
OTKyZa «OepyTcs» ITH MEPEeMEHHBIC, CKOJIBKO HX JOJDKHO OBITH M JIIS
Kakod Leau Kakaass U3 HUX npuMeHsercs. OTMETUM Takke, 4yTo Ipu
LUKIMYECKOM BBIIIOJIHEHUH ITPOrpaMMBbl (BBULY HAIM4YUs 0OpaTHOM CBSI-
3 OT BBIXOJIa K BXO/y) OHA MO>KET OBITh MOCJIEJ0BATEIbLHOCTHOM Jake U
[IpU OTCYTCTBUM YIPABISAIOUIMX MepeMeHHbIX (1i1.13 B [8]).

2. JloGaBiss K NOHATHIO «COCTOSTHHE» TIOHSATHE «BXOJHOE BO3AEUCT-
BHE», €CTECTBEHHBIM 00pa30oM BBOJHTCS MOHATHE «aBTOMAT 0€3 BBIXO-
Ja» (aBToMaT 6€3 BBIX0O/JAa = COCTOSHUS + BXOJIHBIC
BO3J €M CTBM ), a IOCJIE BBEJCHUS MOHATHS «BBIXOJHOE BO3JIEHCT-
BHE», TMOJI KOTOPBIM TIOHUMACTCS «JICHCTBHE» («action») M «IesTelb-
HOCThY» («activity»), ata Qopmyna mpuoOperaeT BHI: aBTOMAaT =
= COCTOSSHUSA + BXOJHBIEC BOBACHCTBHUSA + BHIXOJ-
HBIE€E BO3IEUWUCTBHI.

[Tpu »TOM COOTBETCTBYIOIIAST OOJIACTH MPOTPAMMHPOBAHHS MOYKET
OBbITh Ha3BaHa «KABTOMATHBIM NPOTPaMMUDPOBaHUE MY, a
IIpOLeCC CO3JaHUA MPOrpaMM B ITOM ClIy4ae — «aBTOMAaTHBI M
NPOEKTUPOBAHUEM NPOTPaMM».

Tax xe kak u B [11, 12], npeanosaraercs, 4To JeHCTBHE ABIAETCS
OJIHOKPATHBIM, MTHOBEHHBIM M HENpPEPBIBAEMbIM, a ACATEIbHOCTb MO-
JKET JJUTHCA JIOCTaTOYHO JIOJTO U BO3MOYKHO €€ MpephIBaHUE HEKOTO-
PBIM BXOHBIM BO3JICHCTBHEM.

BxomHoe Bo3zmeicTBHE B O0IIEM cliydyae MOKET M3MEHHUTh COCTOS-
HUE; HHUITMUPOBATh BBIXOIHOE BO3JICHCTBHE 0€3 N3MEHEHUS COCTOSHUS;
MHUIMHUPOBATH BBIXOJHOE BO3IEHCTBUE U U3MEHUTH COCTOSIHUE.

3. B paccmarpuBaeMoil TEXHOJIOTHH B Ka4eCTBE OCHOBHOW Marema-
THYECKON MOJEIIH HCHOJIBb3YETCS «KOHEYHBIN AETEPMUHUPOBAHHBIN aB-
ToMaT» (B AaJbHEMILEM — «aBTOMAT»), IOHUMas 10/ HUM 110 KJIacCH-
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¢ukamuu [13] aBTOMAT C BHYTPEHHUMH COCTOSIHUSIMH, a HE aBTOMAT C
¢dbyHkuuaMu noseaenus (npunoxxkenue 13 B [8]).

4. B xauecTBe CTpyKTypHBIX Mozenei (Ti1. 3 B [8]) mpuMeHstoTCS aB-
TOMAaThl 0e3 BBIXOJHOTO Mpeodpa3oBartesi, aBToMaTel Mypa, aBTOMAaTHI
Mwi u cmemanHble aBToMaThl (C-aBTOMAaThl WM aBTOMaThl My-
pa—Munn) [14, 15].

B kadecTtBe OCHOBHOW CTPYKTYpHOH MOJENH IMPEIaraeTcst NCIOIb-
30BaTh aBTOMaThl Mypa, B KOTOPBIX KOAbI COCTOSHUI U 3HAYEHUSI BBIXO-
JIOB NPUHLMITHAIBHO Pa3/elIeHbl, & 3HAUEHUS BHIXO/IHBIX IEPEMEHHBIX B
Ka)KI0M COCTOSIHUHM HE 3aBHUCST OT BXOJHBIX BO3/IEHCTBHI, YTO yrpolia-
€T BHECEHHE U3MEHEHMH B ONMCAHUs TaKuxX aBTomMaroB. CBoiicTBa anro-
PUTMOB U MPOTPaMM, 00ECIIEUHBAIOIINE YIIPOILICHUES BHECCHUS] KOPPEKT-
HBIX U3MEHEHUH B HUX, Ha3BaHBI B [8] <y I paBIsI€MOCT b IO».

[lepBoHaYaIbHO YUCIO COCTOSIHUK B aBTOMare Mypa MOXKeT ObITh
BBIOPAHO PaBHBIM YHCILy COCTOSHUI B YIPaBIIEMOM UM 00BEKTE (BKIIIO-
Yasi ero HeMCIpaBHbIE COCTOSHUS IPU HEOOX0aUMOCTH). B nanbHeiem
B aBTOMAT MOTYT BBOJUTHCS JIOTIOJIHUTEILHBIC COCTOSIHHS, CBS3aHHBIC,
HanpuMep, ¢ HeNpaBUIBHBIMH JieiicTBUsIMU Orieparopa (mpuiioxeHue 12
B [8]), a mocIe 3TOro YMCII0 COCTOSHUI B aBTOMATE MOYKET MUHHUMH3HPO-
BaThCS 32 CUET OOBEANHECHNS YKBHUBAJICHTHBIX COCTOSHIN WM TIepexoaa
K APYroi CTPYKTYPHOM MOJIEINH, YTO, IpaBa, 0e3 KpaiHel HeoOX0IUuMOo-
CTH JIeJIaTh HelelIecoo0pasHo.

B aBromare Mypa 3Hau€HHUS BBIXOJHBIX NEPEMEHHBIX COXPaHSAIOTCS
B TE€UEHHE BPEMEHHU ero MpeObIBaHNs B COOTBETCTBYIOLIEM COCTOSIHUHU 32
CYeT MaMsTH, pealln3ylolleld 3Tu cocTosHus. B aBromare Muiu 3Have-
HUSl YKa3aHHBIX MEPEMEHHBIX (POPMUPYIOTCS B TOM YHCJIE U HA COOT-
BETCTBYIOIIIEM Nepexojie, U, CIEAOBATENBHO, JUI UX «IJIUTEIBHOTO)
XpaHeHHUsI TpeOyeTcsl MaMsTh, OTIUYHAsT OT PEaU3yIOUICH COCTOSHHS.
[TosTOMYy B yKa3aHHOM CMBICJIC OTH aBTOMAThI HE SKBUBAJICHTHBI.

5. IlpumeHnsoTCs aBTOMAThI IIEpBOro U BToporo poza [8, 16]. Ilpuo-
PUTET OTHAETCSI aBTOMATaM BTOPOI'O POAA, Y KOTOPHIX HOBOE COCTOSTHHUE
M 3HAYCHUS BBIXOIHBIX MEPEMEHHBIX (POPMHUPYIOTCS 0€3 3aIep>KKH Ha
«TaKT (B OJTHOM MPOTPAMMHOM IIHKIIE).

6. Vcnonb3yroTcs pa3jinuHble BUIbl KOAUPOBAHUSA COCTOSHUI aBTO-
MatoB (pasa. 3.3 B [8]): npuHYyAUTENHHOE, TPUHYIUTEIBHO-CBOOOIHOE,
JIBOMYHOE, JBOMYHOE JorapudmMuieckoe U MHOrozHauHoe. Ilpuopurer
OTJAaeTCd MHOTO3HAYHOMY KOJUPOBAHHMIO COCTOSHUH. Bo3MOXHOCTBH
MIPUMEHEHHs B aBTOMaTax (BBUAY HAJIWYMA TOJBKO OJHOT O AaKTHUB-
HOTO COCTOSIHUSI B KaXJIOM W3 HHUX) MHOTO3HA4YHOTO KOJWPOBaHUS CO-
CTOSIHUH TO3BOJISIET OTKA3aThCs OT TPAJAUIIMOHHOW TOUYKH 3PCHUS Ha aB-
TOMAaThl KaK Ha 4acTHBIM ciydail cereill Ilerpu, Tak Kak B MOCIEIHUX
W3-3a MPUHIUITHAILHOW HEOOXO0MMOCTH 00ECIIeYCHUs B 00IIEM citydae
O/IHOBPEMEHHOW aKTHBHOCTU HECKOJIBKUX TO3UIMI OJHOW CETH OTCYT-
CTBYET BO3MOKHOCTb UCIIOJIb30BAHUS OJHOM MEPEMEHHOM IS MX KOIU-
posanus. [Ipu 3ToM eciu Ui aBTOMaTa BHE 3aBUCUMOCTH OT YHMCJIA CO-
CTOSIHUHM JJI UX OTJIMYMA JOCTATOYHO TOJIBKO O J1H O i MHOrO3HayHOU
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NepeMeHHOH’, TO, HalpuMep, UL YacTHOTo ciydas cetu [letpu, B KoTo-
pO¥i B KXKJO1 MO3UIIUN HE MOXKET HaXOUThCs Oosiee OHON METKH (aHa-
nor puarpammsl «I'padeer» nmo crangapty NFC-03-190 Grafeet), uncio
JIBOMYHBIX TIEPEMEHHBIX, TPEOYIOMUXCS A OTIUYUS TO3UIUH, PaBHO
qucny nociearux. B pa3n.12.3 B [8] mokazaHo, yto quarpamma «Ipad-
CeT» C MapauIeIbHBIMHU «y9aCTKaMI» MOKET OBITh 3aMCHEHa CHCTEMOM
B3aMMOCBSI3aHHBIX IpagoB epexo10B. [Ipu aToM eciu B IepBOM ciydae
YHCII0 YKa3aHHBIX JBOMYHBIX IIEPEMEHHBIX PAaBHO YUCIY MO3UIIHIA, TO BO
BTOPOM — YHCII0O MHOTO3HAYHBIX TIEPEMEHHBIX paBHO YUCITY TpadoB me-
PEX0JI0B BHE 3aBUCHMOCTH OT YHCJIA BEPIIUH B HUX.

7. B xadecTBe aNropuTMHYSCKON MOJEIH JJIsI aBTOMATOB C ITaMSTHIO
IIPU UX IPOrPaMMHOMN peanu3aluy NPUMEHSIETCsl TAKOH HenpolelypHbIi
BU3YaJbHBIA (OpMaNIu3M, pa3paOOTaHHBIH B TCOPUU aBTOMATOB, Kak
rpadbl epexo10B, KOTOPHIE B JUTEPAType Ha3bIBAIOTCS TAKKE AUArpaM-
MaMHM COCTOSIHMH, JUarpaMMaMH COCTOSHUM U MEpexoa0B, AuarpaMMa-
MH nepexooB («State Diagramy, «State Transition Diagramy, «Transi-
tion Diagram» COOTBETCTBEHHO B aHTJIOSI3BIYHOM JIUTEPATYPE).

[Ipu 5TOM OTMETHM, YTO B 3TUX HA3BaHMAX, TaK )K€ KaK U B Tpeia-
raeMoi TEXHOJIOTHH, OTAAETCSI IPHOPUTET IOHITHIO «COCTOSIHUEY, a HE
MIOHSTHIO «COOBITHEY, SBIAIONIEMYCS OJHUM M3 HamboJee pacmpocTpa-
HEHHBIX B COBPEMEHHOM IIPOTrpaMMHPOBaHUH. B m3maraemoM momxoje
COOBITHE BTOPHYHO M HAPSIY C BXOIHON IEPEMEHHOI paccMaTpHBaeTCsI
B Ka4eCTBE Pa3HOBUIHOCTH BXOJHOTO BO3ICUCTBHS, KOTOPOE MOXKET U3-
MEHHUTb COCTOSIHUE.

B npyrom BusyainsHoM (hopmanusme (cxembl (rpagh-cXemMbl) aaropur-
MOB M NIPOrpaMM), MPEAJIOKEHHOM B TEOPETUYECKOM MPOrpaMMHPOBa-
HUU U SBJISIOIIEMCS TPOLEAYPHBIM, MMOHITHE «COCTOSIHUE» B SIBHOM BH-
JIe HE UCIOJIb3YETCs, UTO PE3KO YCIOKHAET €ro MoHuMaeMocTs [ 17]. Dto
MOHATHE HE MPUMEHSCTCS U B S3BIKE PETYISPHBIX BBIPAKEHUH anreOpsl
coOwITHi [18].

OTMETHM TaKKe, 4TO rpadbl MEPEX0T0B UMEIOT INIOCKOCTHOE M300-
pa’keHne, a He BEPTHKAJIBHYIO HAIIPAaBICHHOCTH (KaK, HAIIPAIMEp, CXEMBI
anroputMoB, SDL-muarpammel [8] u auarpamwmsel «I'padceer»), 4to cy-
IIECTBEHHO TOBBIIIAET HX 0003pUMOCTb.

OHH 3HAYUTEIHHO OOJIee KOMITAKTHBI [0 CPaBHCHUIO C DKBUBAJICHT-
HBIMH CXeMaMH U3 (YHKIIMOHAIBHBIX OJIOKOB (TpaJHIMOHHBIX JIOTHYE-
CKHX JJIEMEHTOB) M 0ojiee 0003pUMBI, TaK KaK B3aUMOJECHCTBHE MEKITY
rpadaMu Iepexo10B BBIMOIHSAETCS 10 1 a H H bl M, @ MEXy 3TUMH CXe-
MaMH — 10 YIPaBJIEHHUIO.

8. O1HO U3 TOCTOMHCTB TpadoOB MEPEX0I0B, KOTOPHIC TOIKHBI ObITH
«MaKCHUMAaJIbHO» IUIAHAPHBIMH, COCTOHUT B TOM, UTO Ha Ka)KJOH €ro Iyre
YKa3bIBaIOTCSI HE BCE BXOJIHBIC BO3JICHCTBUS (Hampumep, B GopMe MUH-
TEPMOB), a TOJBKO T€ U3 HUX, KOTOPHIE 00ECIIEYNBAIOT IEPEXOJ 110 ITOH
oyre. Ha kaxmoil myre BXOXHBIC BO3ICHCTBUS MOTYT OOBEIHHSATHCS B
OyseBbl (POPMYJIBI, B TOM YHCJIE W MPOU3BOJILHOM TIyOHWHBI, YTO PE3KO
MOBBIIIAET KOMIAKTHOCTh OTIHCAHUS allTOPUTMA.
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Beenenne B Mozens OyneBbIxX (OpMyll, Kak U TP aImnapaTHOU pea-
Tu3anuK (CTPYKTYPHOM CHHTE3€ TOCIIEN0BATEIbHOCTHBIX CXEM), pac-
MIUPSIET KIACCHUYECKYI0 MOJeNb aOCTPaKTHOTO KOHEYHOI0 aBTOMATa,
B KOTOPOW JYTH MOMEYAIOTCS JIUIIb OTJACIbHBIMA OYKBaAMH BXOJHOTO
andaBuTa, W OOCCICUMBACT «HAPATUICIBbHYIO» OOpPaOOTKY BXOMHBIX
BozneiicTBuid. [lo cpaBHEHMIO C TIOCTIEAOBATEIHLHOW MO BXOJaM IPOT-
pPaMMHOH peajm3aimell Takoe ONMCaHHe alrOpPUTMOB B OOIIEeM ciydae
MIO3BOJISICT YMEHBIINTH YUCIO COCTOSHUM B PEaM3YIOMNX WX aBTOMa-
Tax [8].

MOXHO yTBEep)KIaTh, 4TO KaXKJ0OE€ COCTOSHHE B Tpade IepexoloB
«BBIICISICT» U3 MHOYKECTBA BCEX BXOIHBIX BO3ICHCTBUI TOIBKO TO HX
MOJIMHOKECTBO, KOTOPOE O0ECHEUUBAET MEPEXOAbl U3 ATOTO COCTOS-
HUS — JIEKOMIIO3UPYET YKa3aHHOE MHOXECTBO.

NznoxeHHoe 1Mo3BOJISeT MIPUMEHATh rpadbl Mepexo10B I PEUICHHS
3aj1a4 JIOTHYECKOT0 YIPABICHUS PH OOJIBIIIOM YUCIIE BXOIHBIX BO3/ACH-
CTBHH, 3HAYUTENHHO YNPOINAs pEIIeHHE MPOOIEeMbl TECTHPOBAHUS IO
BCEM ITyTSIM.

9. Kaxipiii Tpad mepexomoB T0KeH ObITh CEMAHTUYECKH U CHHTAK-
cu4ecKku KoppekTeH. IlepBoe cBOMCTBO ompesenser, MpaBUJIbHa i
JIM TTIOCTPOEHA MOJIENb, @ BTOPOE — M P aBHJI b H O JIK OHA TOCTPOCHA
[19]. TIpu mpoBepke CHHTAKCHYECKOH KOPPEKTHOCTH Tpad MepexooB
MPOBEPSIETCS. HA TOCTIKIMOCTB, MTOJHOTY, HETPOTHBOPEUYNBOCTH, pea-
JMU3YEeMOCTh M OTCYTCTBHE I'€HEPUPYIOIIUX KOHTYpoB. [Ipm mpoBepke
JOCTHUXHUMOCTHU ONpeJeseTcss HaInYKMe Mo KpailHel Mepe OaHo-
ro MyTH B rpage nepexonoB U3 JIr000il ero BepIInHbI B TI00YI0 APYTYIO.
[TonuoTa [8] mpoBepsercs A KAKAOH BEPIIUHBI Tpada nepexoaoB
Y MO3BOJIET, B YaCTHOCTH AJIsi aBTOMAaToB Mypa, yMa4uBaTh MOMETKY
ee netnu. [Ipu obecrieyeHMn HEMPOTUBOPEYHUBOCTHU [8] Kaxk-
JIOH BEpIIMHEI rpada Mepexo 0B BMECTO OPTOTOHAIM3ALUN MOTYT pac-
CTaBIISTHCS IPHOPUTETHI, YTO YMEHBINACT CIIOKHOCTD PEaTU3yIONIeH ero
nporpamMmel. Peamm3yemMocTh obecneynBaeTcss 3a CUeT pas-
JMYCHNST OJMHAKOBO MOMCUCHHBIX BEPIIMH B MCXOAHOM rpade rmepe-
X0/I0B (KOAMpPOBAaHWE COCTOSHUW aBTOMara). [ eHepHUpYIO M HE
KOHTYDPH [8] B rpade mepexonoB yCTpaHIIOTCs, HAIPAMED, 32 CUET
OPTOTOHAIH3AIUH [TOMETOK AYT, 00pa3yIOUINX COOTBETCTBYIOIINE KOH-
TYPBL.

10. HanpHeiiee paciinpeHrne MoJIeid adOCTPaKTHOTO KOHEUHOTO aB-
TOMaTa U 0OecleYeHne «Imapaiei3May 1Mo BbIX0JaM, Kak U IpH aIlmna-
paTHOl peanu3anuy, JOCTUTAETCS 3a CUCT YKA3aHUSI B KOMIIOHEHTaxX (B
BEpIIMHAX W/MIM Ha Ayrax) rpaga nepexogoB HE OT/ICIbHBIX OYKB BBI-
XOJHOTO andaBuTa, a 3HAYCHUH BBIXOJHBIX NEPEMEHHBIX (JIEATEIbHO-
cTeit), GopMUpyeMBIX B 3TUX KOMITIOHEHTaX. [Ipy 3TOM HEnocpeICTBeH-
HOE yKa3zaHHE B KaXXIOW KOMIOHEHTE (B 3aBHCHMOCTH OT BBIOpAHHOI
CTPYKTYpHOH MOJEIH aBTOMaTa) 3HAUCHHH B C € X BBIXOTHBIX Iepe-
MEHHBIX PE3KO YIPOIIaeT MOHUMAaHUE aNTOPUTMa, OIIHCAHHOTO Tpadom
MepEeX0/I0B, BOSMOXKHO 3a CUET YBEJIMYCHUS YHCIIa BepmuH B HeM. [lo-
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CTPOCHHBIM TaKuM 00pa3oM rpad MepexolIoB 3aJaeT CTPYKTYPHBIH KO-
HEUYHBIH aBTOMAT O€3 yMOJYaHH 3HAYEHHH BBIXOIHBIX EPEMCHHBIX.
[Ipu 3TOM OTMETHM, YTO, Hampumep, i rpada Mepexoq0B aBTOMATA
Mypa npu HEOOXOJUMOCTH COKpaIeHHs 0OBEKTHOTO KOJa B MPOTpam-
ME, €T0 PEaNTH3yIOIIeH, HEH3MEHSIONINECs NMPH COCEIHUX Iepexoaax
3HAYCHU BBIXOJIHBIX IECPEMCHHBIX, YKa3aHHBIC B BEPIIUHE, B KOTOPYIO
BBITTOJTHSIFOTCS TIEPEXOAbI, TOJKHBI OBITh 3aKOMMEHTHPOBAHEI.

Eme Oomnpinee pacmmpeHne MOIENN KOHEYHOTO aBTOMAara JOCTUTa-
eTcs (TIpU YMEHBIIICHUH €€ TIOHSATHOCTH) 3a CUeT YKa3aHHs B KOMIIOHEH-
TaX rpada Mepexoa0B He TOIHKO 3HAUCHHUI BBIXOIHBIX TIEPEMEHHEIX, HO
1 OyneBbIX (OpMyI (BO3MOXKHO, aBTOMATHEIX, YTO COOTBETCTBYET BJIO-
JKEHHBIM aBTomMaraMm) (pas3a. 12.4 B [8]).

11. «[Tapamienn3m» 1Mo BXOJaM M BBIXO/IaM MMO3BOJISIET TAXKE C IOMO-
IIBI0 OJTHOTO aBTOMATa, SIBIIIOIIETOCS TI0 OMPEICIICHUIO TIOCIICI0BATEIIb-
HOCTHBIM TIO COCTOSIHUSAM (B COOTBETCTBYIOIIEM eMy rpade nepexoaos B
KaXXIbIii MOMEHT BPEMEHHM aKTUBHOM SBJISIETCS TOJBKO OJTHA BEPIIUHA),
peaan30BaTh HapaIeNbHbIC POIECCHI.

12. [ToBeaeHne aBTOMATOB C MAMSITHIO B OTJIMYHE OT aBTOMAaTOB 0€3
MaMATH 3aBUCHT OT IIPEIBICTOPHH, CBOISIICHCS K TOMY, YTO Ka)IbIH I1e-
pexoa B HEKOTOPOE COCTOSIHHE 3aBHUCHT OT OJHOTO, HEIOCPEICTBEHHO
CBSI3aHHOTO C HUM COCTOSIHHISL, @ 3HAYCHUS BBIXO/IOB, HAIIpUMEp IS aB-
ToMaTOB Mypa, 3aBUCAT TOJBKO OT COCTOSHHS, B KOTOPOM HAaXOJHTCS
aBTOMAT.

B pamkax npemiaraeMoi TEXHOJIOTHH 3TH CBOHCTBA aBTOMATOB C I1a-
MSITBIO JIOJDKHBI OBITH COXPAHEHBI, a JUIs 00SCIIeYeHUs] He3aBUCHMOCTH
OTTHNYOOKOH NPEeABICTOPHU IO COCTOSIHUSAM U BBIXOJIaM rpa-
(Bl TEPEX00B HE TOJDKHBI COAEPKATh (IarOB U YMOTYaHUN COOTBETCT-
BeHHO [8, 17]. [Ipu3ToM unmcno BepmIuH BTrpade mnepexo-
JOB MOJNJKHO COBMAaJaTh C YUCIOM COCTOSHHUM B aB-
tomare. HezaBucuMocTh OT TIyOOKOH mpeapicTopun («0y mymie e
3aBHCHUT OT HAaCTOSIMEro M HE 3aBUCHT OT HPOII-
J1 0 T 0») CYIIECTBEHHO yrpoinaet noHuManue [20] moBeeHus aBTomara
U BHECCHHE U3MECHEHHI KaK B rpad Mepexo/ioB, TaKk H B PEATH3YIOIIYIO
€ro MporpaMmy.

AHanornyHasi CUTyalHs UMEEeT MECTO M B MapKOBCKHUX IpoIleccax,
IUTSL HCCIICIOBAHUST KOTOPBIX pa3paboTaH BechbMa IPOCTON MaTeMaTude-
CKHil ammapar, KOTOPBIH CTAHOBHUTCS CYIIECCTBEHHO 00JIiee TPYI0EMKUM
JUTSL TIPOLIECCOB, 3aBUCSIIIMX OT ITyOOKO# MPEIbICTOPHH.

13. Ilpu dopmansHOM U HU30MOPGHHOM IMEpexojae K MporpamMme OT
rpacda nepexo/1oB 0e3 GpraroB U yMOIYaHUN TTOCIICTHHMA SBISIETCS CEPTH-
(UKAIMOHHBIM TECTOM JJIS e¢ MpoBepku. [Ipu 3ToM mosBIsAETCS BO3-
MOXHOCTb TPOBOAWTH CepTI/I(l)I/IKaL[I/H-O, Ha4YrHasg CO CBEPKHU KaXI0I'0
rpada mepexo 0B ¢ U30MOPPHBIM €My (GparMeHTOM TporpaMmsbl. Bo-
MIPOCHI TECTUPOBAHMS U BEPUPHUKAINH PO PAMM, ITOCTPOSHHBIX C UCTIONb-
30BaHHWEM KOHEuHbIX aBToMaroB («Finite State Machine» wmu «State
Machine» B aHTTIOSI3BIYHOM JIUTEPATYpE), pacCMOTpeHbI B [21—25, 170,
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178, 179]. Kpome sTHx paboT B msaToM HOMepe xypHaina «Computer» 3a
2000 r. omuchIBaeTCs MOAXOJ] K MPAKTHYECKOH BepU(PHUKAIIMA BCTPOCH-
HOTO IPOTPAMMHOr0 00ecTeueHNsl, OCHOBAaHHOW Ha pacIIMPEHHON MOie-
JIM KOHEYHBIX aBTOMATOB, KOTOPbIE MPUMEHSIOTCS B IPOTPAMMHOM TIPO-
nykte «VisualState». B pamkax 3Toro moaxojia nmpoBepsieTcs JOCTHKH-
MOCTh COCTOSIHHH BepHU(HUIHNPYEeMOH CHCTEMBI, KOTOpas, OJHAKO,
3a/1a€TCsl HESABHO.

14. Ilpu ucnosb30BaHUM MHOT'O3HAYHOI'O KOJIUPOBAHUS COCTOSIHUN
IUTSL KQKIOTO aBTOMATa C JIIOOBIM (KOHEYHBIM) UX YHCIIOM JTOCTAaTOYHO
O HOU BHYTPEHHEH MEPEMEHHOH, 3HAYHOCTh KOTOPOH paBHA YHCITY
COCTOSIHHH.

[Ipu 3TOM OTMETHM, YTO TaK Kak (110 KpailHel mMepe TeOpEeTHUYECKH)
MOo00H aJITOPUTM JIOTMYECKOTO YIPABICHUS MOXKET OBITh pearu30oBaH
OJHUM Tpa)oM MEpPeXo0B, TO BHE 3aBUCUMOCTH OT YHCIA BEpIIUH B
HEM OH MOXKET ObITh pealn30BaH MPOrpaMMON, COAepIKalei TOIbKO O~
HY BHYTPEHHIOIO (YIPaBIISIONIYIO) IEPEMEHHYIO.

OTMETHM TaKXe, YTO TPH KAXKIOM Mepexo/ie MpeabIayIee 3HaUCHUE
MHOT'03HaYHO ITepeMEHHON cOpachIBACTCsl aBTOMAaTHIECKH, a KPOME TO-
T0, €l «HE C YeM» COCTSI3aThCS.

[IpuMeHATh Takoe KOAMPOBAHHWE MOXKHO JIMIIb B TOM Clly4ae, Korja
anpuopu (B Hauyase Mpouecca ajJropuTMHU3aLlK) U3BECTHO, KAKOe YHUCIIO0
COCTOSIHUM OyZeT UMETh aBTOMaT.

15. PaGota ¢ MHOrO3HAUYHBIMM TEPEMEHHBIMHU IOAJIEPKHUBACTCS
OOJIBIIMHCTBOM $3BIKOB NPOTPAMMHPOBAHHUS, B TOM YHUCIE€ U TaKUM
«IK30TUYECKUM» A3BIKOM, KaK S3bIK (PyHKIIMOHAIBHBIX 0710KO0B [8, 168].

I'pag nepexo710B ¢ MHOTO3HAUHBIM KOAUPOBAHHEM BEPILIMH, COOTBETCT-
BYIOIIMH BBIOPAHHOM CTPYKTYpHOW MOJEIN aBTOMAarta, (JOpMAaIbHO U U30-
MOpP(hHO peanu3yeTcsl OHON WK JBYMs KOHCTPYKIMSIME switch s3blka
CHU (1. 5 B [8]) wm nx aHamoraMu B JPYTUX SI3BIKAX MPOrPAMMHUPOBAHH,
9TO W ONpPEACIIIIO HAa3BaHUE INPEATaraeéMoOi TEXHOJIOTHH, & KpOME TOTO,
cIoBO switch (TepexmovaTelb) acCOMUUPYETCsl ¢ TEOPUCH MepeKirova-
TEJIbHBIX CXEM, SBJISIOLENCS OCHOBON TEOPUH JIOTHUECKOIO YIIPaBIEHUsL.

Bo03MOKHBI IBa TIOAXO0/A K peai3anuy rpadoB Iepexo0B, KOTOPhIe
MOTYT OBITH 00O03HAYCHBI CIEIYIOMIMM 00pa3oM: «COCTOSHHS—COOBI-
TUSA» U «COOBITUA—COCTOSTHU.

B nepsom ciryyae npu peanusanuu rpada mepexo1oB UCIONb3yOTCS
OJ1HA MJIU JIB€ KOHCTPYKIHUH Switch M0 «COCTOSHUSAMY, a BO BTOPOM —
KXKJAOMY THUIYy «COOBITHIf» COMoOCTaBisieTcs (YyHKIHS, OMHUChIBaeMas
KOHCTPYKIMEH switch Mo «COCTOSHUSIMY», OTPa)aromias MepPexoibl,
MHHUILUHPYEMBIC STHM «COOBITHEMY [26].

Ecnu coOBITHSIM COOTBETCTBYIOT 3HAUCHHUS MHOTO3HAYHON MepeMeH-
HOH (pyHKINH, HOPMHUPYIOIIEH STH 3HAYCHNUS ), TO B IEPBOM CIIydac mep-
BUYHOH SABJISETCA KOHCTPYKLMS switch 10 «COCTOSHUAM», B KOTOPYIO
BJIO’KEHBI KOHCTPYKINH Switch Mo «COOBITHSAMY», a BO BTOPOM — KOH-
CTPYKIHUS Switch MO «COOBITUAMY, B KOTOPYIO BIOKEHBI KOHCTPYKIIUH
switch no «cocrostausM» (punoxenue 11 B [8]). [Ipu aTom otmeTnM,
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YTO B IEPBOM Cllyyae MPHUHLUI MOCTPOEHHs MPOrpaMM COBIAJAET C
MIPUHLUTIOM JIOTHYECKOTO YIpaBiIeHUs (IIEPEeX0/] U3 COCTOSHUS B COCTOSI-
HUE TI0J] BO3ACUCTBUEM COOBITHS), YTO PE3KO YMPOLIAeT MOHUMaHUE Ta-
kux mporpamm [onmp3zoBatenem. OTMETHUM TaKXke, 4TO B «Pa3BUTHIX» Ha-
yKax (Hampumep, (QpH3HKe) MOHATHE «IPOCTPAHCTBO COCTOSHHI» SBIIS-
eTcsi OAHMM M3 OcHoBormousararomux [175], B To Bpemsi Kak MOHSITHE
«IIOTOK COOBITHIT» TAKOBBIM B 3THX HayKax He siBisiercsi. Hampumep, mtst
BOJIBI OTIPEEIIIOIINMH SIBILTIOTCS COCTOSHUS (JKHIIKOE, TBEPAOE, Ta3000-
pas3Hoe), a YCIIOBHS IIEPEXOI0B B TeM 00Jiee BHITOTHICMBIE €10 IeHCTBUS
BTOpHYHEL. [10oHSATHE «COOBITHEY MINPOKO MPUMEHSETCS B HCTOPHH.

16. 3HayeHre MHOT'O3HAYHOH IEPEMEHHOM MOJTHOCTBIO XapaKTepU3y-
ST «IIOJIOKEHHE» MPOrPaMMBbl, pealH3yIoleii ouH rpad mepexoioB, B
MIPOCTPAHCTBE €€ COCTOSHUI, YTO MMO3BOJIIET BBECTH B IIPOrpPaMMHPOBa-
HUE TOHATHE «Ha 0T gaeMocCTh» (M0 ONHOM BHYTpEeHHEH mepe-
MeHHOH). [Ipu 3TOM mporpamma paccMaTpuBaeTcs Kak «Oelblid SIHK» ¢
OJHUM BHYTPEeHHUM mapameTpoM. CepTHU(HUKAIHS MPOrpamMMBbl, IMO-
CTpOCHHOH (hopMaTbHO U M30MOPQHO, HAMPHMEp MO Tpady MepexoroB
aBTomata Mypa 0e3 (haroB u yMoJ4aHUi, MOKET IIPOBOJUTHCS B JIBa
sTama: 1) mpoBepka peasu3alyy BCEX IEPEXOA0B C HAOIIONCHUEM IIPH
9TOM 3a 3HAYCHHSIMH TOJBKO OJTHOM BHYTpPEHHEH MepeMeHHOi; 2) mpo-
BEpKa 3Hau€HUH BCEX BBIXOAHBIX IIEPEMEHHBIX B KaXJIOM COCTOSIHHH.

I'padpr mepexo0B aBTOMATOB IPYTHX THIIOB BCETAa MOTYT OBITH
CBEZIeHbI K IpadaM Mepexo/I0B KBUBAJIEHTHBIX aBTOMaToB Mypa. Ilpu
9TOM, HampuMep, KXol BeplinHe rpada mnepexoaoB aBromara Muin
0e3 (haroB 1 yMOTYaHUI COMOCTABIISIOTCS BEPIIMHBI Ipada nepexoaoB
HKBUBAJICHTHOTO aBTOMaTa Mypa, YHCIO KOTOPBIX PaBHO YHUCIY AYT,
BXO/ISIIIIMX B PACCMATPUBAEMYIO BEPIIUHY M MOMEUYEHHBIX Pa3IMYHBIMU
3HAYeHUSMH BBIXOJHBIX MTepeMeHHbIX (pa3n. 4.4.3 B [8]).

AHanmu3 BceX (QYHKIMOHAJIBHBIX BO3MOXKHOCTEW rpada mepexonoB
MOJKET BBITOJIHATLCS C MOMOIIBI0 Tpada TOCTUXHUMBIX Map -
KU POBOK, MOJ KOTOPBIM OyIeM MOHWMATh Irpad JOCTHXHU-
MbBIX cocTossHU U (['JIC), kaxmoil BepiinHe KOTOPOTO B JAalIbHEH-
IIIeM MOTYT OBITH OJJHO3HAYHO MPHITHCAHBI BBITOIHIEMEIC B HEW e TENb-
HoctH. [loaTOMy rpad mepexonoB aBromara Mypa (wmm aBTOMara 6e3
BBIXOJTHOTO TIpeoOpazoBatest) 0e3 (h1aroB u yMOIYaHHH MOYKET HCIOJNb-
3oBaThcsl B kadectBe I'JIC, a juig Opyrux TUIIOB aBTOMAToOB TIpadbl
nepexogoB u ['JIC pasnuuarorcss Mexay coboil. Tak, Hampumep, s
rpacda nepexonoB aBToMaTa Muiu 6e3 ¢aroB 1 yMOJIYaHUN B Ka4ecTBE
I'IC moxeT npuMeHsThes Tpad mepexo

JIOB SKBMBAJIEHTHOTO aBTOMara Mypa.

17. U3 n3105k€HHOTO B NMPEABIAYIIEM ITYHKTE CIIEIyeT, 4TO MpeJiara-
eMBIil TIOAXOJ] TI03BOJISIET CHATH MpoOIieMy, Ha3BaHHYIO B [27] pacmmd-
POBKOI aBTOMAaToB, B [28] — pacmno3HaBaHHEeM aBTOMAaToOB, a B [29] —
upeHTH(UKAIMEH aBTOMATOB, TaK KaK CYHMTACTCS, YTO aBTOMAT pac-
no3HaH (pacumdpoBaH, HACHTH(GHUIIMPOBAH), €CIU U HETO IOCTPOCH
rpad mepexooB.
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B [27] nokazaHo, 4TO aBTOMAaT Hepaclo3HaBaeM, €CJId OH SBISAETCS
«a0COIOTHO YEPHBIM SIILIUKOMY, 1151 KOTOPOTO OTCYTCTBYET Kakasi-Tiu0o
MH(OpPMAIHS O €T0 BHYTPEHHHUX COCTOSHUSX. TakuM obpas3om, ajst aBToO-
MaTOB C MaMATHIO TECTUPOBAHKE THIIA «BXOJI—BBIXO», HAaKOOIIee YacTo
UCTIONIB3yEMOE TIPH CO3/IaHHH CHCTEM JIOTHYECKOTO YIIPaBJICHUs, Mpoo-
JIeMy pacIiio3HaBaHMS HE PEIIaeT ¥ TOBOPHUTH IIPH STOM O TapaHTHPOBAH-
HOM IIOBEJJEHUU CUCTEMBI YIIPABJIEHUSI HE IPUXOIUTCSL, YTO, BUAUMO, HE-
W3BECTHO aBTOpam pabotsl [167].

B [29] mokazaHo, 4TO KOHEUHBIH I€TEPMUHUPOBAHHBIN aBTOMAT pac-
[03HaBaeM B pe3yJbTaTe aHajlu3a IOCIEeI0BAaTEIbHOCTH «BXOJ—BBbI-
XOJ», €CJIM U3BECTHO MAKCHUMAaJIbHOE YHCIO COCTOSIHUNA B MUHUMAJIbHOM
(o Wmcmy cocTosiHMIA) (opMe ITOro aBTOMara, a ero rpad mnepexonos
SIBIISICTCS CUIIBbHOCBS3aHHBIM.

B [27] aBromar, /uis KOTOpOro M3BECTHA YKa3aHHAas OLEHKAa 4HCIa
COCTOSIHMM, Ha3BaH «OTHOCUTEILHO YEPHBIM SIIUKOM.

18. 13 u310%eHHOT0 B NMpEeABIAYIIEM MMyHKTE CIEAYET, YTO €CIIH I10-
HSTHE «COCTOSIHHE» alpHOpU HE BBOJWTCS, TO B PE3yJIbTaTe TECTHPOBA-
HUS alTOPUTMOB M MPOTPaMM C ITOMOIIBEO BXOJIO-BBIXOIHBIX TOCIE]0-
BaTEIHHOCTEH B 00IIIeM ClTydae He YAaeTCsl paclo3HaTh aBTOMATHI, KOTO-
pbl€ OHU PEaTU3YIOT.

B npeuiaraeMoil TeXHOJIOTMM COCTOSIHUS BBOJATCS allpHOpPH, a Ipa-
(B IepPeX0I0B CTPOSITCS KaK CIIIBHOCBSI3aHHBIC, YTO CHIMAET IPOOIIeMy
pacro3HaBaHUsl.

B pamkax SWITCH-texHonoruu npearaercs 0TKa3aTbCsi OT UCHOJb-
30BaHUs «UYEPHBIX SIIMKOB» U MEPEUTH K «OebIM sAmukam». [Tpu aTom,
€cJIM aBTOMAT 3a/iaH B Jt00oH (opme, oTIMUHON OT rpada mepexoaoB
6e3 (h1aroB ¥ yMOIYaHUH, OH MOXKET OBITh Ha3BaH «OTHOCHUTENIBHO Oe-
JBIM SIIIIAKOMY, & €CJIM OH 33/1aH TpadoM nepexo1oB 0e3 ¢aroB U ymod-
YaHWi, TO — «a0COIIOTHO OEIBIM SIIHUKOM).

Pacnio3HaBaHne «OTHOCHTEIBHO OCJIBIX SIIMKOB» MOXET MPOBOINUTh-
Csl C MOMOIIBKD MaTeMaTHYecKHX TpeoOpa3oBaHuil [8], HEKOTOphIC U3
KOTOPBIX M3JIOKEHHI B paza. 17.4.

19. B kauecTBe OCHOBHOHM aNTOPUTMHUYECKOW MOJEIH B PaMKax
SWITCH-texHOoMOTMM TpeiaraeTcss MPUMEHATh CHCTEMY B3aUMOCBSI-
3aHHBIX TpadoB nepexo10B [30], 94To MoAEP)KUBAET BO3MOXKHOCTH KOM-
MIO3HIUH ¥ JICKOMIIO3UIIMU aJrOPHUTMOB M O0CCIICUNBACT MPAKTHICCKOE
MIPUMEHEHHE TEXHOJOTHUH IPH MOCTPOSHUH CIOXKHBIX CHUCTEM JIOTHYe-
CKOTO YIpaBJICHHUS.

ITpu sTOM aBTOMATHI (Tpadbl IEPEXOJ0B) MOTYT 00PA30BBIBATH IICHT-
palM30BaHHbBIE, JCIEHTPAIM30BaHHBIE W HEPAPXUYECKUE CTPYKTYPHI
(puc. 5.41, 5.51, 5.55 B [8]).

20. Ecim B cuctemy BxoaaT N rpad)oB IEPexo0B ¢ JTIOOBIM YHCIOM
COCTOSIHUW Ka)/bIH, TO MPHU MPOTPAMMHON Peau3alii AaKe C y9eTOM
B3aUMOIEUCTBHS I'pad)OB MOTYT MCIIOIB30BATHCS TOIBKO N BHYTPEHHHX
MHOT'O3HAYHBIX IEPEMEHHBIX, BBEJCHHBIX IPU KOAUPOBAHUN COCTOSIHUN
ABTOMATOB.
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g 5TOro Ha MPOrpaMMHYIO pealn3alliio HAKJIa/bIBA€TCs OrpPaHU-
YeHHUE, COCTOSIIEE B TOM, YTO B KOXKJIOM MTPOTPAMMHOM LIHUKJIE B KXKIOM
rpade mepexogoB BBHIMONHSIETCSA He OoJllee OZHOTO Mme-
P € X 0 1 a: cCOXpaHseTcs NPeblaylIee COCTOSIHUE aBTOMAaTa WU BBIIIOJI-
HSETCsI TOJbKO OJMH IIEPEXO] B HEM, Jake B TOM Cilydae, Korzua B pac-
CMaTPUBAaEMOM [IPOrPaMMHOM LIMKJIE B 3TOM aBTOMATe I10CJIE0BATENb-
HO MOTYT OBITH BBIITOJTHEHBI HECKOJIBKO MIEPEXO0JIOB.

OT0 0becreunBaeT JOCTYIMHOCTh KaK JOTO0 3HAaUYCHHU S Ka X -
JOMU BHYTPEHHEUW NEPEMEHHOMN I «BCEro OKPYKEHUSD» —
octanmbHBIX N — 1 rpad)OoB CHCTEMBI, UTO ITO3BOJISICT HE YBEININBATH YHC-
JI0 BHYTPEHHHX IIEPEMEHHBIX JJIsI OCYIIECTBICHHS B3aUMOCBSI3U TpadoB
MIEPEXO/IOB U JIeTaeT UX B3aUMOJICHCTBUE C TOMOIIBIO 3HAYEHUI MHOTO-
3HAYHBIX BHYTPEHHUX IEPEMEHHBIX BeCcbMa HarisiaHbIM. [Ipu sTOM mpe-
JIUKAThI, MPOBEPSIOIINE 3HAYCHUS ATHUX MEPEMEHHBIX, MCIOIb3YIOTCS B
KA4yeCTBE €I OJIHOM 13 Pa3HOBUIHOCTEN BXOIHBIX BO3/ICHCTBUH.

Takum 00pa3om, Py aBTOMATHOM MPOTPAMMHUPOBAHUH, TaK Ke Kak
U 1pu OOBEKTHO-OPHUECHTHUPOBAHHOM MPOTPAMMHPOBAHUHU, ABTOMATHI
oOMeHuBaroTcs coobueHusaMu. OIHAKO BO3MOKHOCTh B3aUMOJIEHCTBUS
ABTOMATOB, U3 KOTOPBIX COCTOUT ITPOTPaMMa, 3a CIeT 0OMEeHa HOMEepaMH
UX BHYTPEHHHMX COCTOSIHHUN CYLIECTBEHHO OTJIMYaeT aBTOMAaTHOE IIpO-
rpaMMHPOBAHHE OT 0OBEKTHO-OPHEHTHPOBAHHOTO, B KOTOPOM OOBEKTHI
paccMaTpUBaIOTCA KaK «YEpHBIE SIIUKNY, BHYTPEHHEE CO/IepIKaHUe KaxkK-
JIOTO M3 KOTOPBIX CKPBITO [31].

21. 'padpr mepexosoB B CHUCTEME MOTYT B3aHMOJICHCTBOBATH IO
MIPUHLUIIAM «3allPOC—OTBET—COPOCY MIIM «3allPOC—OTBET», OOMEHH-
BasICh IIPU 3TOM JECSITUYHBIMU HOMEPAMH COCTOSHHIA.

YacTHBIM ciTydyaeM TaKOro B3aMMOJICHCTBUS SIBIISIETCSI B3aUMOCBSI3b
TOJIOBHOTO M OCTalbHBIX rpadoB mepexooB. [Ipu 3ToM B ciydae He-
00XOIMMOCTH MMEETCSI BO3MOXHOCTB 3aIlyCKaTh W3 TOJIOBHOTO rpada
nHapajajdedbHBble IPOIECCH], PeAIU3yeMble yKa3aHHBIMU I'pa-
(amMy TepexomOB, W BO3BpANIAaTh YIPABICHHE T'OJOBHOMY Ipady Ioc-
Jie 3aBepIICHMsI UX PadOTHI. DTO pacuIupsier o0IacTh MPUMEHEHHUS KO-
HEYHBIX aBTOMATOB, KaKIbli U3 KOTOPBIX, KAaK OTMEYAJOCh BBILIE, IO
OIIPEIETICHUIO SIBJIAETCS MOCIIe10BATEIbHOCTHBIM IO COCTOSHUAM. B [8]
[I0Ka3aHo, YTO MPH peau3aliy aJropuTMa B BUJE CUCTEMbI B3aUMOCBSI-
3aHHBIX TPadoB MEPEXOJ0B OHH UMCIOT IMPEHMYIIECTBA 110 CPABHEHHIO
¢ s3eikoM  «['padcer», pa3pabOTaHHBIM JUId OIUCAHHUA IOCIEI0Ba-
TeJIbHO-TapauIeNbHbIX TporieccoB hupmoit « Tenemexanux» (Ppanuus),
BXOAAIICH B HacTosimee BpeMs B rpymmy «llIHaiinep DnexTpuky.

22. Kpome oOMeHa HOMEPAMHU COCTOSIHHM MEXIy aBTOMAaTaMH, pea-
JIM3YEeMBIMH T1OCJIEI0BATEIbHBIM PACIOJIO0KEHHEM B MPOTrpaMMe KOHCT-
pykumii switch, rpadsl mepexoloB MOTYT B3aMMOJICHCTBOBATH H IO
MPUHINIY BIOKEHHOCTH, YTO MOKET OBITH PEATH30BAHO BIIOKCHHBIMH
KOHCTPYKIIMSAMH Switch Mpou3BOILHON TITyOWHBI HIIH O0paICHUIMH K
(YHKIHSIM, TIOCTPOSHHBIM U3 dTHX KOHCTPYKIHH, KOTOPBIE PEalnu3yioT
rpadbl Iepexoa0B YKa3aHHOH TITyOHHBI BIOKEHHOCTH.
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23. Yka3aHHbIE IPUHIIUIIEI B3aUMOIeHCTBUS rpad)oB MEPEX0A0B MOI-
JEP>KUBAIOT BO3MOXKHOCTh UEPAPXUUECKOT0O MMOCTPOCHUS aJITOPUTMOB.

[Ipennaraemasi TEXHOJNOTUSI 0OECHEUUBACT TAKKE MPOECKTUPOBAHUE
AITOPUTMOB KaK «CBEPXY BHU3», TaK U B 00paTHOM nopsiake. [Ipu stom
mepBasi CTPAaTerus YIPOIIAeT MOCTPOCHHE KOPPEKTHBIX AITOPHUTMOB.
Tak, HampuMep, eCIM aNTOPUTM He 00J1a1aeT mapauIeIn3MOM 0 COCTO-
SHUSIM, TO B NIEPBOHAYAIBHO MOCTPOCHHOM Tpade MepexogoB Kaxaas
BEpIIMHA MOXKET OBITh 3aMEHEHa (PParMEHTOM, COICPIKAIINM HECKOIb-
KO BEpIIMH; B HEE MOTYT OBITh BIOXKEHBI IpyTHe Tpadbl IepexoaoB; U3
HEe MOTYT BBI3BIBATHCS JIpyTHE Tpadbl IepexooB. B momydeHHoi CTpyK-
Type KaKIasl BEPIIMHA, B CBOIO OYepe/lb, MOXKET OBITh eTANIN3UPOBAHA.
CTpyKTypa NporpaMMsl, peanusyrollell NOCTPOCHHBIN aNropuT™, A0J-
JKHa OBITH U30MOp(HA €r0 CTPYKTYpE.

24. Ilpu 3agaHuM anropuT™Ma B BHUJE CHUCTEMbI I'padoB MEPEXO0B,
MIOCTEHSASA, €CJIM 3TO BO3MOXKHO, pa30UBACTCS HA HE CBA3AHHBIC MEXKIY
co0oit moscucTeMbl, 00pa30BaHHBIE B3aUMOCBSI3aHHBIMU TpadaMu mepe-
XO/IOB, U JUISl K&KIOH M3 HHUX, €CIH MO3BONSCT Pa3sMEPHOCTh, CTPOUTCS
rpad) TOCTHKUMBIX MapKHPOBOK (COCTOSHHI), OTMCHIBAIOIINH Bce (DyHK-
[IIOHAJILHBIC BO3MOKHOCTH MOJCHCTEMBI.

Taxum 06pa3om, B paMKax MpeuiaracMoil TEXHOJIOTHH, €CIIH MT03BO-
JSIET pa3MEepPHOCTH BBIACTSIEMBIX MOJCHCTEM TpadoB MEpexo1oB, TECTH-
poBaHHe cUCTEM TpadoB MEPEX00B U PEATH3YIOIINX UX MTPOTPaMM MO-
JKeT OBITh 3aMEHEHO ONpeOeIeHUEeM BCeX (GpYyHKOHO-
HAaJlbHBIX BO3MOKHOCT e I paccMaTpUBAEMOI'O OINUCAHUS, KaK
9TO Jienaercs mpu BepuduKanuu NpoToKosos [32].

ITpu MCTOIB30BaHUM CHIIBHOCBSI3AHHBIX CHCTEM Ipad)oB MEPEX00B
60BII0H pa3sMEpHOCTH MPOESKTUPOBAHUE HA OCHOBE MPEATaracMon Tex-
HOJIOTUH 00eCTEeYNBACT BO3MOXHOCTh IOCTPOCHHUSI «KOHTPOJICTIPUTOI-
HBIX» MPOTPAMM, JISI KOTOPBIX MOKET OBITH BBIIIOJHEHO aBTOM A -
THYECKOE NPOTOKONMPOBAHHWE UX PAOOTHI B TEPMUHAX aBTOMAaTOB
[169, 183].

25. BBoauTCS OHATHE YIPABISIIONIETO aBTOMATa, MO KOTOPBIM TI0-
HUMaeTCsS COBOKYITHOCTH aBTOMAara M (DYHKIMOHAIBHBIX AJIEMEHTOB 3a-
nepxkku (DOI3). [Ipu aTOM st aBTOMATa 3TH 3JIEMEHTHI paccMaTprBa-
IOTCSI HApaBHE ¢ O0BEKTOM YIpaBICHHS (€T0 UCIIOTHUTEIFHBIMI MeXa-
HU3MaMU U CUTHAIIM3aTOPaMHM): aBTOMAT KPOME 3HAYECHUI «OOBEKTHBIX»
BBIXOJIHBIX MEPEMEHHBIX (OPMUPYET TAaKKE 3HAUCHUS «BPEMEHHbBIX)
BBIXOJIHBIX IIEPEMEHHBIX, 8 KPOME 3HAUCHUN «0OBEKTHBIX)» BXOAHBIX IIe-
PEMEHHBIX MOy4YaeT TaKXKe 3HAUCHUS «BPEMEHHEIX)» BXOHBIX IEPEMEH-
HBIX. «BpemeHHEIe» MepeMeHHBIE 0TOOpaXKkaloTCs Ha Tpadax mepexomax
TakK ke, KaKk U «00BbeKTHBIe» IepeMeHHbIe. B [8] paccmoTpens! pasnnd-
HbI€ NIOAXO0/bI K IporpaMMHOl peanuzauuu P33, HanpuMep ¢ UCIONb-
30BaHueM (pyHKIUH (pusoxenue 4 B [8]).

B obmem cinydyae kpoMe Takux (GYHKIHH B KOMIIOHEHTaxX TpadoB Ie-
PEX0JI0B MOTYT IPUMEHATHCS M (PYHKIUHU JPYTUX TUIIOB, HALIPUMEp pea-
nu3ytolme peryistopsl (npuioxenne 10 B [8]).
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26. I'padbl mepexo0B MOTYT HUCHOJIB30BATbCA TAKXKe M MPHU CO3/a-
HUU Mojejeil 00BEKTOB JIOTUYECKOTO YIPABIEHHS, YTO IO3BOJISIET C
€JIMHBIX MO3UIMI MPOBOJAUTH OMUCAHWE W BBIMOJIHATH MOJACIHUPOBAHHE
KaK pa3OMKHYTOTO, TaK ¥ 3aMKHYTOTO KOMIUIEKCa « Y IPaBISIONIHA aj-
TOPUTM — MOJIEITb 00bEKTa YIIPABICHUS.

27. Ilpu npuMEHEeHNHU TIpeJIaraeMoi TEXHOJIOTHUH crienrpUKaIus Ha
pa3paboTKy yHpaBIIOMICH TPOTPaMMBI TOJDKHA COCTOSTE U3 3aMKHYTOH
(B 0bmIeM cirydae) CXeMbI CBSI3EH «UCTOUYHHKH HH(POPMAINN — CHCTEMa
B3aMMOCBSI3aHHBIX aBTOMAaTOB — (DYHKIIMOHAJIBHBIC SJIEMEHTHI 3aepiK-
KA — WCIIONHHUTEIFHBIC MEXaHU3MbI 00BhEKTa YIIPABICHHUS — CPEICTBA
IpeACTaBIeHUs UH(POpMAIMWy, OMUCHIBafomIed HHTEp(EHch aBTOMa-
TOB, U CHCTEMBI B3aUMOCBSI3aHHBIX Ipa)OB MEPEXOIOB, OMUCHIBAOIIIX
MOBEJIEHNE aBTOMATOB, BXO/ISIIUX B ATY CXEMY.

[Tpu sTOM cxema cBsA3ell (HEKOTOPBII aHAIOr JUarpaMMbl TOTOKOB
JIAHHBIX B CTPYKTYpHOM cHcTeMHOM aHanuze [33]) u rpadsl nmepexoaoB
JIOJDKHBI OBITh M300pa)KeHbl TaK, YTOOBI UX (110 BO3MOXXHOCTH) MOKHO
OBLIIO OXBATUTHh OJTHUM B3IJIAJOM, YTO YIPOIIAET TOHUMAHUE CIIEIH(H-
Kanuu (TpeOOBaHUE «TeTalIbTHOCTHY onucanus [34]). s atoro, B ya-
CTHOCTH, B Ipagax Mepexo10B JOKHBI UCIIOIB30BATHCS TOIBKO CHMBO-
JIBI TIEPEMEHHEBIX, a He UX a00peBHUATYphI, a CMBICIT KaXXIO0HW MepeMEeHHON
JOJDKEH OBITH SICEH MPH «IIEPEBOJIE B3TILIA» HA CXEMY CBSI3CH, KOTOpas
MOJKET CO/IEP’KaTh B TOM YHUCIIE 1 KOMMEHTAPHH.

st 3amad GOIBIION pa3sMEPHOCTH YKa3aHHAS CXeMa MOXKET CTPOHTh-
cs (C Y4ETOM BCErO «OKPY)KEHHUS») JUIsl KaXKAO0ro aBToMara B OTENb-
HOCTH.

28. B pamkax SWITCH-TexHOI0THY MPEJIaracTcsi UMETh OJTUH SI3bIK
crenuHUKanuy alropuTMOB (Tpadsl MEPexo10B) MIpU MPUMEHEHUH pa3-
JIMYHBIX S3BIKOB MIPOTPAMMHUPOBAHUS, YTO HE OBLIO OTMEUeHO B [1].

ABTOpOM pa3paboTaHbl METO B! (POPMATBHON U H30MOphHON peann-
3anuu rpadoB Mepexo/I0B MPOrpaMMaMH, HATUCAHHBIMH Ha Pa3IMYHbIX
A3BIKaX IPOrpaMMUPOBAHUS, KOTOPbIE MCIIOJIB3YIOTCS B YIPaBIISIFOILUX
BBIYHCIUTENBHBIX yCcTpoicTBax, B ToM umncie u B [IJIK [8]. Hms TTJIK
HamnboJee 1eIecoo0pa3Ho MPUMEHSTh aHAIOTH KOHCTPYKIUH switch,
MO3BOJITIONINE CTPOUTH KOMITAKTHBIE U 0003pUMBIE TEKCTOBBIC IIPOTPaM-
Mbl. DTy K€ KOHCTPYKLHUIO MOJEIUPYET UU(POBOI MyJIbTUILUIEKCOD,
o0ecneunBaroUIMii BO3MOXKHOCTh IMOCTPOEHUS Ul IPOrPaMMHUPOBAHUS
[JIK QyHKIMOHATIBHBIX CXeM, (OPMAIbHO U U30MOP(HO pean3yomux
rpadsl nepexoqos (pazn. 4.2.3 B [8] u pa3a. 17.6.2).

I'padsl nepexon0B, MOCTPOSHHBIE, KaK U3JI0KEHO BHIIIIE, U HCIIOJIB3Y-
eMbIe B KauecTBe crienn(uKaium Jjs pa3paboTKu IporpaMMsbl (ompee-
nsisl ee (PYHKIMOHAJIBHBIC BO3MOKHOCTH), & B IaJIbHEUIIIEM U B KAUECTBE
TeCTa JIs €€ CePTUPHUKAIMH, MOTYT OBITh pEaIM30BaHbI TAKIKE U C TOMO-
mpio s3e1ka «'padeer». Ilpu sTOM MosIBIISIETCS BOZMOXKHOCTB TIPH Cep-
TH(UKAIIU IPOTPaMMBbl BU3YaJIbHO HAOJIOIATh Mepexopl B rpade me-
pexonoB. OQHAKO 3TOT SA3bIK MPOrPAMMUPOBAHUS UMEET PsiJi HeloCTaT-
koB. Ilepeuncium HEKOTOpbIE U3 HUX: BO3MOYKHOCTb OJHOBPEMEHHOI'O
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OTpa)KeHUSI aKTUBHOCTU HECKOJIbKUX BEPILWH B OJHOH JuarpaMMme MpH-
BOJIUT NIPU peaju3aliy K JBOMYHOMY UX KOIHPOBAHHUIO, IPU KOTOPOM
YHCIIO JIBOMYHBIX BHYTPEHHUX MEPEMEHHBIX (MCIOIB3yEeMbIX JIJISl KOIH-
poBanus BepimuH U uMetomuxcs B [TJIK B orpaHnd4eHHOM KOJIMYECTBE)
PaBHO YMCIy BEpIIMH B AHArpaMMme; sI3bIK «I'padcery mo3BoisLeT Hemo-
CPEACTBCHHO PEaIN30BaTh TOJHKO Ipadbl MEPexo10B aBTOMAaTOB Mypa,
TpeOys yBEIMUCHNS YHCIa BEPIIUH I TpadoB Mepexo 0B, COOTBETCT-
BYIOIINX APYTUM THIIAM aBTOMATOB; KaXK/bIi Tpad IMepexo 0B peaansy-
eTcsl Ha HECKOJIBKUX dKpaHax; rpadsl IIEpexoI0B ¢ IePexXoqaMu «Ha3am
pean3yroTCs HEHAIJISIHO, TaK KakK JUIsl TAKUX EPEeX00B JINHUH, CBS3bI-
BaIOLIE€ BEPLIUHBI, HE H300PaXaroTCs WIK HE MOTYT ObITh H300paskeHbl,
U TI09TOMY 3aMEHSIOTCS «COCAUHUTEIISIMMY.

IIpu sToM mHTEpecHO oTMeTuTh, uTo eciu B IIJIK, Hanpumep npu
peanu3anuy 0JHONH COBOKYIHOCTH rpad)oB MEPEXO0B, H3PACXOJOBAHbI
BCE JIBOMYHBbIE BHYTPEHHHUE MEPEMEHHBIE, BBIJICJICHHbBIE /ISl MPOrpamMmm
Ha s3bike «['padcer», To, U3MEHUB SI3BIK MPOTrPAMMHUPOBAHHS MIPH pea-
JM3alUd IPYTOd COBOKYITHOCTH I'pad)oB MEPEXO0B, MOXKET MOSBUTb-
Cs. BO3MOXXHOCTh HCIIOJIb30BaTh APYTHE THUIBI BHYTPEHHUX TEpEMEH-
HBIX KOHTpoJutepa. Takum o6pas3om, maxke MpH MPOrpaMMUPOBAHUH O
Horo [TJIK mMokeT BOSHHKHYTH HEOOXOIMMOCTH B IPOTPAMMHUPOBAHUH
Ha Pa3HBIX S3BIKaX P MPUMEHEHHH OJJHOTO U TOTO JKe SI3BIKa e (-
KaIlui.

29. Ilpemmaraemblii moaxox mo3BojseT 3aka3uuky, llpoekTanty
(Texnomnory), Paspaborunky, [Iporpammucty, [lonb3oBarento u Konr-
poJiepy OJHO3HAYHO NMOHWUMAaTb, YTO A OJXKHO OBITH cHeaa-
HO, YTO JA€JaeTCss U YTO CAEJAaHO B NPOrpaMMHO
peanuszyemMoM npoekTe. OH MO3BOMSET paszfensTh paboTy, a
caMo€ TJIaBHOE, OTBETCTBEHHOCTh Mexay CrenuanucraMy pa3jIddHbIX
obracrelt 3HaHUH, a TaK)Ke MEXKILy OPTaHU3AIMSIMHE, YTO OCOOCHHO BaXK-
HO TIpu paboTe ¢ MHOPHPMAMHU M3-32 HAIHUHS S3BIKOBOIO Oapbepa H
HEOJHO3HAYHOCTH TIOHUMAaHUS €CTECTBEHHBIX SI3bIKOB.

[Tonxon obecrieyrBaeT BO3MOXKHOCTh YK€ HAa PAaHHHUX CTAIMSIX IIPO-
€KTUPOBAHUs YUECTh BCE JI€TaJI TEXHUUECKOro 3a/laHusl U IIPOJIEMOHCT-
pHpOBaTh 3aKa3uUKy B YAOOHOU sl HETO (hopMe, KaK OHO ITOHSTO.

30. IIpennaraemasi TEXHOJIOTHs MO3BOJISET YUAaCTHUKAM Pa3paboOTKU
MpoeKTa OOLIATHCS HE TPAAULMOHHBIM IyTeM, B TEPMUHAX TEXHOJIOTH-
4eCKOro mpouecca (HampuMep, He «UAET» PEXUM HKCTPEHHOTO IIycKa
JIU3eNb-TeHepaTopa), a Ha MOJHOCTHIO (POPMATM30BAHHOM, HO IOHATHOM
CrenmanucTaM pa3iuyHbIX 00JacTeld 3HaHUM s3bIKe (Ha CBOEro poja
TEXHHUECKOM 3CHEPAHTO), Ha KOTOPOM OOBSCHITHCS MOXKHO, HAIIPUMED,
crenyromumM oopaszom: «B TpeTtseM rpade nmepexomos, B MATOH BEpIINHE,
Ha 4eTBEPTOH MO3UINH — M3MEHUTh 3HaueHue O Ha 1», 4To He BBI3bIBA-
€T pa3HOUYTEHUH, BO3HUKAIOLIUX HU3-32 HEOJHO3HAUYHOCTH [OHMUMAHUS
ke JUII OTHOTO €CTECTBEHHOTO sI3bIKa, a TeM 0ojiee IS HeCKOIBKIX
TaKUX SI3BIKOB B CITydyae, KOrjia YUYacTHUKH pa3paOOTKH MPECTaBISIOT
pas3HbBIe CTpaHbl, U He TpeOyeT npuBicueHUsT CIEeIUaIICTOB, 3HAIONIIX
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TEXHOJIOTUYECKHI TpoIece, Uil KOPPEKTHOIO BHECEHUS M3MEHEHUH B
mporpammsl [35].

31. M3naraemblil moxo7 MO3BOJIsET CHATH ¢ [IporpammucTta HeoOx0-
JUMOCTh 3HAHMS TEXHOJOTMYECKOro mporecca, a ¢ Pazpaborumka —
TOHKOCTEH IPOrpaMMHUPOBAHUS.

OH JaeT BO3MOXXHOCTh [IporpaMMHUCTy MPUKIAIHBIX 337]a4 HAYETO
He JI0JTlyMBIBaTh 3a 3aka3unka, TexHonora u PazpaboTymka, a TOJILKO OJ1-
HO3HAYHO PEaH30BaTh (HOPMATH30BAHHYIO CIICIIH()UKAIINIO, UTO TTO3BO-
JSIET PE3KO CHU3UTH TPEOOBAaHMS K €0 KBATH(HKAIUH, a B KOHCUHOM
cyeTe ¥ BOBCE OTKA3aThCs OT €ro yCIIyr U MeperTr K aBTOIPOrpaMMHPO-
BaHU10 Pa3zpaboTynkom.

OTOT mouxoj o00ecrnevyrBaeT BO3MOKHOCTb OCTaBISATbH IOHSTHBIC
«cneapl» TMocie 3aBepUIeHHs pa3padOTKU, YTO YIPOIIAET COMPOBOXKIC-
HUE U MOJU(PUKALUIO POTPaMM J1axke HOBbIMU CrielraaiucTaMu.

OH 103BONIET KOHTPOIUPOBATH Pa3pabOTKy U TEKCTHI MPOrpaMM, a
HE TOJBKO PE3yJIbTAaThl UX BBITIOJHEHUS, KaK 9TO UMEET MECTO B OOJb-
IIMHCTBE CIIyYaeB B HACTOSIIEE BPEMs, TPUOIHKAS TIPUEMKY TPOTPAMM
K TIpUEMKE anmnapaTypbl, KOTOpas IPOBEPSETCs] HE TOIBKO HA (PYHKIINO-
HupoBanue [8].

32. Ilpu peanmzammu rpadoB MEPexoJ0B 3HAYCHUS «BPEMEHHBIX)»
BBIXOHBIX TIEPEMEHHBIX 3aMEHSIOTCS, HallpUMeEp, BBI30BaMH (DYHKIHUH,
peammytomux ©33, a 3HAUCHUSI OOBEKTHBIX» BBIXOIHBIX ITEPEMEHHBIX
MOTYT 3aMEHSTHCS BBI30BAMU APYTUX TUIOB (DYHKIMH.

[TosToMy paccMaTpuBaeMblid TIOAXOJ MOXKET HCIIOJIb30BAaThCs TaKkKe
U IpU peaju3aliy YIPaBJsIomeil YacTH JIOTUKO-BBIYUCIUTENbHBIX al-
TOPUTMOB, KaK 9TO, Hanpumep, nokazano B [Tpunoxenun 10 B [8], B KO-
TOPOM MIPUBEZICHA IIPOTrpaMMa, 00eCeunBarolasi CHHXPOHU3AIUIO TeHEe-
paropa ¢ IIHHAMH IJIABHOTO PaclpeeIUTENbHOIO IIUTA.

33. IIpepnaraemas texnosorus npumensierca B HIIO «ABpopa» npu
CO3/IaHUU CHCTEM YIPABICHHUS TEXHUYECKHMHU CPEACTBAMHU ISl CYIOB
Pa3IUIHBIX IPOCKTOB U IPYTUX TEXHOJIOTHUECKIX 0OBEKTOB, B KOTOPHIX
HCTIONIB3YIOTCST BBIYHACINTEIBHBIC CPEACTBA PA3HBIX (GUPM C Pa3THIHBI-
MU SI3bIKaMM IporpammupoBanus. [lpyu npuMeHeHnn 0IHOTO sA3bIKa CIIe-
nuuKanui B [35] mporpaMMUpOBaHKE BBIMOIHSIOCH Ha si3bike [1JI/M,
B [36] — Ha s13bIKe (DYHKIIMOHAIBHBIX OJIOKOB, B [37] — Ha s3bIKe ac-
cembiepa ogHokpucranbHoil MukpoOBM KP 1816 BES1, a npu co3na-
HUM KOMIUIEKCHOM CHCTEMBI YNpaBJIEHUS TEXHUYECKHUMH CpPEICTBAMU
Jutst cynHa npoekta 17310 — na s3bike nHcTpyKunid ALPro [38,39].

Jis ynpolueHus nporpaMMupoBaHus B nociegdeM ciydae b. I1 Kys-
HenoBeIM (HITIO «ABpopay) npu ydacTun aBTOpa ObLT CO3/aH TpaHC-
nstop «Sapo sizpika CU — si3pik ALProy» [40], koTOpsIii mpuMeHsieTcst
K mporpammam Ha si3bike CH, mocTpoeHHBIM (OpMAabHO ¥ H30MOP(PHO
1o rpadaM mepexoJioB.

34. OnbIT TPOEKTUPOBAHMS, WCHBITAHWA M OKCIUTyaTallud psizia
CHCTEM  JIOTMYECKOTO YIPAaBICHUS MONTBEPAWT SPPEKTUBHOCTD
ucnonb3oBaaust SWITCH-texHomornn ajisi CHCTEM PaccMaTpUBAEMOTO
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knacca. [Ipu stom ¢upma «Norcontrol» (Hopserusi) B [35] oTmeruina,
YTO MPUMEHEHHUE U3JaraeMoro rmojaxoja Mo3BOJUIO €l MOBBICUTH Kade-
CTBO CHUCTEMBI JOIMUYECKOr0 yIpaBlleHUs au3enb-reneparopom [AI'P-2A
500*500 ans cyana mpoekta 15640.

ITpuMepsl UCII0JIb30BaHUS dTOW TEXHOJIOIMH Ul APYTUX KIAcCOB 3a-
Jlad ynpasiieHus npuseaeHsl B [Tpunoxenusax 10 u 11 B [8].

35. U3 u3J10KCHHOTO BBINIE CIEAYET, 4T0 Haubonbimid 3ddekt ot
TMIPUMEHEHHS MIPEIaracMoil TEXHOJOTHN AOCTUTACTCS B CIydae, Koraa
AITOPUTMH3ALHUS U MPOTPaMMHUPOBAHKE BBITOJTHIIOTCS B pa3HBIX Opra-
HU3aNMsIX WK cTpaHax [35].

36. [Ipemmaraemast TEXHOJIOTHS MOYKET XapaKTePU30BATHCS COBOKYII-
HOCTBIO, COCTOSIILIEH U3 CEMH TEPMHHOB: «COCTOSIHUE)» — «aBTOMAT» —
«HE3aBHCUMOCTb OT IIyOOKOM MPeIbICTOPUN» — «MHOTO3HAUYHOE KOIH-
pPOBaHHE COCTOSIHMI» — «CHUCTeMa B3aUMOCBS3aHHBIX IpadoB Iepexo-
JIOB» — «(popmanabHOe U U30MOP(PHOE MPOrPaMMUPOBAHUEY» — «KOHCT-
pyKuusa switchy.

Ee mpumMeHeHne o0ecrieynBaeT HaryIsTHOCTh, TOHATHOCTh, CTPYKTYP-
HOCTb, BBI3bIBAEMOCTb, BIIOKEHHOCTh, HEPAPXHUUYHOCTD, YIPABISIEMOCTh
1 HaOJFOIaeMOCTh MporpaMM, GopMaIbHO M U30MOP(HHO TOCTPOCHHBIX
1o rpadaM mepexoJioB.

OTHOCHTENTFHO HEOOJBIIOE YHCIO BHYTPCHHUX ITEPEMEHHBIX, MOTY-
4aeMoe 3a CUeT MPHUMEHEHUSI MHOTO3HAYHOTO KOIUPOBAHUS COCTOSHHI,
PE3KO YIPOILIAET U YCKOPSIET HX NEPECHUTKY MEKITY BEIYHCIHTEIIMHE, KO-
TOpasi MOXKET BO3ZHUKHYTb, HAIIPUMED, MPHU MOCTPOCHUH OTKA30yCTONYH-
BBIX CHCTEM, B KOTOPBIX MpPU TPAAULIHUOHHOM HCIOJIb30BaHUU, HAIIPH-
Mep, A3bIKa (PYHKIIMOHAIBHBIX OJIOKOB, MPUXOIUTCS MEPEChUIaTh COIEp-
JKUMOE COTEH, a TO M ThICAY TPUITEPOB.

37. lns1 337124, OTIIMYHBIX OT JJOTMYECKOI0 YIPaBIIEHUS, CIEAYET pas-
JIMYaTh COCTOSHUS YHPABIIONIETO AaBTOMATa, OMHCHIBAEMOTO Ipadom
MePeX0/I0B, OT COCTOSTHUM OCTajdbHOW mamsTH. Eciu uncno cocrosHuit
MIEPBOTO THMA OOBIYHO HE MPEBBIINIACT HECKONBKUAX AECSATKOB, TO UHCIIO
COCTOSIHUW BTOPOTO THITAa CYIIECTBEHHO TMPEBBIMIACT 3Ty Beln4yuHy [18,
42], m mo3TOMY OHH B SIBHOM BHJI€ HE BBIIEISIIOTCS. Eciu ykazanHoe pas-
JIEJICHUE COCTOSIHMM HE BBITIOJHATB, KaK 3TO CJEIIaHo, Hanmpumep, B [31],
TO COCTOSHHS B JIalbHEHIIEM W HE HCIONB3YIOTCS, a IIOBEICHUE
IIPOrpaMMHON KOMIIOHEHTBI OIPeIeIIsieTCs Kak Habop AeicTBUH, BBIMOJ-
HSIEMBIX B OTBET Ha COOBITHUS, O€3 YIIOMHUHAHUS COCTOSHUI MEPBOTO TH-
ma, ¢ KOTOPBIMH 3TH JeHCTBUA CBsi3aHbl. Ilpu 3TOM cienyer oTin4arh
YIpaBJISIOLINE IEPEMEHHBIEC OT APYTUX BHYTPEHHUX MEPEMEHHBIX, COOT-
BETCTBYIOIIUX OCTAIBHBIM aTpUOyTaMm.

38. B paMkax npeajgaraeMoi TEXHOJOIMH YIPaBIISIFOILUE aBTOMAThl
MOTYT CTPOUTBCS JJIS:

— OTAETHHBIX PSKUMOB (HAIIPHMEp, aBTOMAT OTKPBHITUS W aBTOMAT
3aKPBITHSI HECKOBKAX KIIaIlaHOB);

— OOBeAMHEHHBIX PEXHUMOB (HaIpUMeEp, aBTOMAT OTKPBITHS U 3a-
KPBITHS HECKOJIBKUX KJIAlIaHOB);
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— UHIUBHIYaIbHBIX OOBEKTOB (HANpHMEp, KIIAIIAHOB), PEaH3ys
JUTSL K&KAOTO U3 HUX TUOO0 OTAeTbHbIE, TH00 00beAMHEHHBIE PEXKUMBI.

[TocTpoeHHbIE aBTOMAaThl MOTYT B3aUMOJICHCTBOBATH MEXIY CO-
0Ol HEeMmoCpeICTBEHHO MyTeM OOMEHa HOMEpaMH COCTOSHUH, BIOXKe-
HUS U BBI30BA, a TAK)KE Yepes3 JIOTIOJIHUTEIbHbBIC aBTOMATHI. [Ipu 3TOM 0T-
METHM, YTO C YBEITMUECHUEM YHCIIa aBTOMATOB B CUCTEME JIOKA3aTeIbCTBO
MPaBIWIFHOCTH UX COBMECTHOTO (PYHKIIMOHUPOBAHUS YCIOKHSIETCSL.

W3 W31M0KEHHOTO CIEeIyeT, YTO MpeaiaraeMblii ITOIX0H MOXKET HC-
MOJIB30BAThCS KaK MPH 00BEKTHO-OPHEHTHPOBAHHOM MPOEKTUPOBAHUH
(mpunosxenue § B [8]), Tak 1 MpyU MPOIETyPHOM TPOSKTUPOBAHUH (TIpH-
noxxernue 5 B [8]).

39. Ecniu MCXOIHBINA alropuTM peanusyercs rpad-cxeMoi ¢ 0HUM
BXOJIOM U OJIHUM BBIXOJIOM [41], TO 10 HEW ¢ MOMOIIBIO METOJIOB, U3JI0-
JKEHHBIX, HalpuMmep, B [42], MOXeT ObITh OCTPOEH rpad nepexoaoB co-
OTBeTCTBYMOIIEro aBToMata (pasa. 11.5 B [8] u [43]), koToOpbIil B 00111EM
cllyyae peanu3yercsi KOHCTPYKIHeH switch, sBISIOIEiics TeIoM B
KOHCTPYKIMU do-while ¢ yCIIOBUEM BBIXOJla U3 LIUKIIA II0 HOMEPY HC-
XOIHOW BepIIUHEI. V3710KeHHBIN METOA sIBIIsieTcst Oomnee 3 PEeKTHBHBIM
[0 CPaBHEHHUIO C METOJOM CTPYKTYPHPOBAHHUS MpOorpamMM AMIKpodTa H
Mannsi [8]. [Ipu aToM oTmMeTnMm, 9TO B [44] B KauecTBe MpuMepa MpuBe-
IIeH Tpad IMepexomoB, PEANU3YIONIIA OIHH U3 alTOPUTMOB COPTHPOBKH
quceN, KOTOPBI TPAJAWUIIMOHHO OMHCHIBACTCS IUKIMIECKOW rpad-cxe-
MOH.

40. [Tpu HEenpoueaypHOM 3alaHHX aBTOMATOB B BHIC TaONUI] mepe-
XOJIOB M BBIXOJIOB MX CTPOKaM M CTOJOLAaM (WK HA000POT) COOTBETCT-
BYIOT COCTOSIHMS ¥ COOBITHS, U TIOATOMY TPU HEMPOLEAYPHOU peanusa-
UM aBTOMAaTOB HHTEPIPETATOPOM IMOPSAAOK 00pabOTKH (COCTOSTHHE—
COOBITHE M COOBITHE—COCTOSIHAE) HE UMEeT 3HaueHUs (MPUII0KESHHE
3 B [8]). [Ipu mponienypHOM 3aJ]aHUK aBTOMATOB B BHJIE CX €M aliT O -
puTMOB (mporpamM) [45] BemonHAeTCS TpOLIeAypHAsT peain3a-
Us1, KOTOpasi 0ObIYHO 00Jiee IKOHOMHYHA 110 00BEMY MaMSITH | JUIS KO-
TOPOU MOPSATOK 00PaOOTKH COCTOSIHHI U COOBITHIA CYIIIECTBEHEH.

Bynem Ha3pIBaTh 3TH CXEMBI, HAYMHAIOIINECS ¢ AemuppaTopa coObl-
TUH (3HAUCHHUH BXOIHBIX MEPEMEHHBIX), COOBI THHHBIMH, & CXe-
MBI, HAQUMHAOLINECS C IeIUppaTOpa COCTOSIHUI, — aBTOMa T H BI -
M H. IIpu 3TOM MOIXOABI K MOCTPOCHUIO TaKUX CXeM OyJeM Ha3bIBaTh
COOBITUHBIMU M @BTOMAaTHBIMU COOTBETCTBEHHO.

ABTOMATHBIN MOJIXOJ MO3BOJIAET OTKA3aThbCsA OT MPHUMEHEHHs yKa-
3aHHBIX CXEM, TaK KaK MpPOrpaMMHPOBAaHUE B ATOM CIIy4ae MOXKET BbI-
MIONTHATHCS. HEMOCPEJCTBEHHO MO Hambosee «00o3pumMoit» ¢opme 3a-
JlaHWsI aBTOMATOoB — TpadaM mMepexo10B (C MHOTO3HAYHBIM
KOJMPOBAaHHWEM BEPIIWH), KOTOPbIe M30MOP(MHBI TaKMM CXeMaM C Je-
mu(paTopoM COCTOSHUN (aBTOMATHBIC CXEMBI aJITOPHUTMOB) M KOHCT-
pykuun switch szeika CU (paza. 17.5 u [17]).

B npumepax / u 2 [lpunoxeHus MpUBEACHBI IPOTPaMMEI, TOCTPOCH-
HBIE C TIOMOIIBIO0 COOBITHITHOTO U aBTOMAaTHOTO MOJX0/I0B, KOTOPEIE pea-
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JTU3YIOT R-TPUITEp W CYETHBIH TPUITEP COOTBETCTBEHHO. llo MHe-
HUIO aBTOpa, aBTOMATHBIE CXEMbI AITOPUTMOB SIBIISIIOTCS 00JIee IIOHST-
HBIMI.

B nmpumepe 3 IIpunokeHus npuBeneHbl IPOrPaMMBIl, PEaTU3YIOLIIE
HEKOTOpbIe (PYHKIIMU yIPABJICHUS JIEMEHTOM IpaduvecKoro nojb30Ba-
TENbCKOTO HHTep(delica, MOCTPOCHHBIC HA OCHOBE COOBITUHHOTO M aBTO-
MaTHOTO MOAX0JI0B [46]. B mepBoM citydae, Tak ke Kak U B 0ObEKTHOM
[IPOrpaMMHPOBAHUH, B KOTOPOM «JI€JAaeTCsl YIIOp Ha CO3JJaHUE aBTOHOM-
HBIX areHTOB, B3aHMOJCHCTBYIOMINX MEXIY COOOH IS HOCTHYKECHHSI
JKelmaeMoro pesynbTratay [31], st Kakaoro coOBITHS peaIn30BaH CBOH
obpaboTuuk. [Ipu 3TOM Tak ke, Kak ¥ B 0OBEKTHOM MPOTrPaMMHPOBa-
HUM s o0ecreyeHus B3aUMOJCHCTBUS METOJOB Kilacca, dBpUCTHYE-
CKU BBOJATCS (pyiaroBble (YIpaBIsIOLINE) MIEPEMEHHbIE (B TaHHOM CITy-
Yae 0J{Ha), OCTaBIISsl BOIIPOC O MOHATHOCTH U KOPPEKTHOCTU I O CJI € -
JOBAaTENIbHOCTHOMN JIOTUKA TaKOW IPOrpaMMbl OTKPBITBIM. Bo
BTOPOM cliydae 00paboTUMKU COOBITHH BBI3BIBAIOT (DYHKIIHIO, (hopMaib-
HO ¥ M30MOp(HO peanu3yrolnyro rpad nepexoaos, mepenasas ei B kade-
CTBE TIapameTpa HOMEP MPOU3OIIEANIETo cOObITH. braromgaps Tomy uTo
«JIOTHKay», paHee PacCPeOTOUCHHAS IO 00padOTIMKaM, Terepb CKOH-
[EHTPHUPOBaHA BHYTPU OJHOM (pYHKINH, PE3KO YIPOIIAETCS TOHUMAaHUE
ToBeICHMsI porpammbl [46, 47].

41. IlpeanoxeHHass TEXHOJIOTUS SABJISETCS CKBO3HOW M MPO3payHOH,
TaK KaK OHa OXBAaTBIBAET ATAllbl AJITOPUTMHU3ALMH U IPOrPaMMHUPOBAHUA,
JUISL KOTOPBIX pa3paboTaHbl METO/bI, 00ECIIeUNBAIOIIUE BBICOKOE Kaye-
CTBO MIPOEKTUPOBAHUA HE TOJIBKO B Mpe/iesiaX OJTHOTO ATarla, HO U MEKIY
JTarmamu.

42. UznoxeHHbIH 1oaxoa moapoOHo omucad B [8], a Takxe B [17,
48—51]. [onxozasl, Hanbonee OIU3KKUE K MPeATIaraeéMoMy, COJIEPIKATCS
B [30, 52—54].

PaspaboTaHHBII TOAXO] CYIIECTBEHHO JIOMOIHSICT MEXK/YHAPOHBIH
crarnapt [EC 1131-3 (IEC 61131-3) [1], KOTOpBI, OMUCHIBAsI THITOBBIC
si3pIkH TiporpamMupoBanust st [TJIK, He comepxut (B oTimuue ot [8])
METOJIOB ITPOCKTUPOBAHMUS ITPOTPAMM Ha ITHX SI3BIKaX. DTa MpodieMa He
peleHa U B TOKYMEHTAIMN BEAYIIHX B 00JACTH aBTOMATH3AUH (HUPM
Mmupa [166], B KOTOpO#i B JIydIlieM ciydae COJIEPIKaTCs UMb OTACIIbHBIE
npumMepsl (Hanpumep, B [162]). Takas ke cuTyalusi MMEET MECTO U B JIH-
Teparype [55—63, 163].

PaccmoTpeHHBId TOAX0A ObLI MPEeNiokKEeH W BHEAPEH aBTOPOM B
1991 r. [36, 64].

B 1993 r. pupma «Moaukon» (CILIA), Bxozasiias B HACTOsIIEE Bpe-
M B rpynmy «lnaiinep Dnextpuk» [4], a B 1996 r. u pupma «Crumenc»
(FepmaHus) PEATIOKUINA UCTIOIB30BATh Ipadbl MEPEX0JIOB B Ka4eCTBE
OJIHOTO U3 SI3BIKOB MporpammupoBanus mist ceoux [1JIK, mpuyem mo-
ciemHssi B paboTe [2] yTBep)KAaeT, YTO ONMMCAHHE HAa TaKOM S3bIKE HE
Tonbko moaxoaut st [Iporpammucta [JIK, HO Taxke monsitHO MHke-
Hepy-MexaHUKy, MHxeHepy 1o 3anmycky o0opynoBanus u MHxenepy 1o
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obciyxuBanuio. [Tpu 3TOM OTMETHM, YTO ATOT SA3bIK ObUT BBEJEH yKa-
3aHHBIMU (PUPMaMH B MPAKTUKY MPOCKTUPOBAHUS, HECMOTPS HA TO YTO
OH HE BXOJHUT B COCTaB SI3bIKOB, PEKOMEHIYEMBIX MEXIYHapOIHBIM
cranaapTom [1].

[Tonxoasl, MpeIoKEHHBIE STUMHU (HpMaMu, 00JIaaloT 10 CpaBHE-
HUIO C TEXHOJIOTHEH, M31araéMoil aBTOpoM, TEM MPEUMYIIECTBOM, YTO
OHH pa3padOTaN TPAHCIATOPEI HEMOCPEACTBECHHO C ATOTO SI3BIKA, MOTY-
YUB TEM CaMbIM HUCIIOJTHICMBIH SI3bIK crienupUKaIui [65], a HegocTaTKu
9TUX IMOAXOJI0B COCTOST B CIIEIYIOIIEM:

— 9TH TPAHCIIATOPBI, €CTECTBEHHO, HE B3aMO3aMEHIEMBI;

— TPAHCIATOPbl OIPaHUYMBAIOT BO3MOYKHOCTH MPUMEHEHHS MOJe-
JIeil ¥ OJX0/10B, OTJIMYHBIX OT NPUHATHIX MIPU UX pa3padoTKe;

— B JIOKyMEHTAIIUU HE YKa3aHbl 0COOEHHOCTU IIOCTPOEHUS rpadoB me-
PEXO0/I0B, IEPEUUCIICHHBIC BBIIIIE, KOTOPbIE 00ECIEUNBAIOT UX HOHITHOCTh
Y BO3MOKHOCTB ITOCTPOEHHUS KAYECTBEHHBIX IIPOrpaMM Ha MX OCHOBE;

— OTCYTCTBYET yKa3aHHE Ha HEOOXOAMMOCTh CO3/IaHMs OIHUCAHHOMN
BBIIIIE CXEMBI CBSI3€EH;

— HE y/aeTcs OXBATUTh JaKe OAMH Tpad) Mepexo 0B «OTHUM B3TIIS-
JIOM», TaK KaKk cOOCTBEHHO rpad, yCIOBHUS MEPEXOI0B M BEIXOIHEIC TIe-
peMeHHBIe M300pakaloTcs Ha pa3HBIX dKpaHaX («HETEIITANbETHOEY OIH-
caHue);

— OHH UCTIONB3YIOT Tpadbl IEPEX0I0B B KAUSCTBE OJHOTO U3 SI3BIKOB
IPOrpaMMHPOBAHHUS, HE YKa3bIBasl IPU ITOM, UTO rpadbl MEPEX0I0B Lie-
Jecoo0pa3HoO MPUMEHATh U B Ka4eCTBE A3bIKa aJrOPUTMHU3ALMH TIPU UC-
MOJIb30BaHUU APYTUX A3BIKOB MPOIPAMMHUPOBAHHUS.

B HacTosimee BpeMs MOJIXOJ, OCHOBaHHBIN Ha MpUMEHEHUU TpadoB
MepexoJIoB, Ha3BaHHbIN «State Logicy, Hayan MCMoNb30BaThCs TAaKKe U
¢upmoit «GE Fanuc Automation» (GE — General Electric) ams mpo-
rpaMMupoBaHus crapmux mozenei coux IIJIK [66]. Ilpu sTom ObLd
paspabotan 5361k mporpammuposanust ECLiPS (English Control Langu-
age Program Software), o3BOMSIFOIINE OMUCHIBATE rpadbl MEPEXo0B.
[Tpu 5TOM B MaTepranax GpUPMBI OTMEUIEHO, YTO MPEIIOKECHHBIN TTIOIX0/
MOJKET IPUMEHSTHCS CHELMAIMCTaMHt, KOTOpble HE UMEIOT OIbITa Mpo-
TPaMMHPOBAHHA. DTOT MOJXOJ paccMaTpuBaeTcss GUPMON KakK MpaKTH-
yecKas allbTepHaTHBA JIECTHUYHBIM CXEMaM.

ITo MHEeHHIO aBTOpA, HEJOCTATKU YKAa3aHHOIO MOJXO0JAa COCTOST B
cleayromeM: rpadbl Nepexo 0B MPEJCTABISIIOTCS KaK KapTHHKU, TOMe-
YEeHHbIC AHTJIMICKUMH CIIOBAaMH; MPUMEHSAETCS CIeUUAIN3UPOBAHHBIN
A3BIK IPOrPAMMUPOBAHUS, UCIIOJIb3YIOIUI aHIVIMICKU S3bIK, a HE Ma-
TEMAaTHYECKYI0 HOTAIHIO, MO3BOJISIONIYI0 HCKIIOYUTh YMOIYAHUS, OH
TpeOyeT MPUMEHEHUs CIelHaIn3upOBaHHOTO porieccopa (State Logic
Processor); HEe MPeI0KEHO HCIOIB30BaTh TPa(bl IEPEXO0B B KAUECTBE
sI3BIKa CIICIM(UKAIIMHA TIPU IPOTPAMMHUPOBAHNH Ha S3BIKE JTECTHUIHBIX
cxeM mutaamux mouaeneit ITJIK.

JuarpaMMbl COCTOSHUN NMPUMEHSIIOTCS B KQUECTBE OJIHOIO U3 SI3bIKOB
MPOrPaMMHPOBAHUS ITPOMBIIIICHHBIX KOHTPOJUTEpoB GpupMel «Matsushita
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Automation Controls» [164], a S3bIK «CHHCOK COCTOSIHUN» — JUIs IIPO-
rpaMMHpPOBaHMs KOHTpoIu1epoB Gupmbl «Festo Cybernetic» [165].

OTMeTHM TakXke, YTO JIO0 MOCIEIHEro BpeMEHHU Tpadbl MEepexo 0B
MIPUMEHSUTHCH JIMIIb B OTJENIBHBIX 32/1a4aX TEOPETHUECKOTO MPOrpaMMH-
poBanus [67], a B IPaKTUYECKOM IIPOrPAMMUPOBAHUN OHU B OCHOBHOM
HCTIOJIh30BAITUCH JIMIIb JUISI Pa3pad0TKH KOMITWISATOPOB [68, 69], B TO
BpeMs KaK JUIs allllapaTHBIX peann3ariii rpadbl mepexo 0B aBHO H IIH-
poko npumensirores [16]. B [70] Ob110 mpeaioxkeHo HCIob30BaTh Ipa-
(Bl TEPEeX0A0B B MPOTPAMMHUPOBAHUH, BBULY TOT'O YTO «MBI MOXKEM pac-
CMaTpHBaTh JIOOYIO MPOrpaMMy TakK, OyaTo OB OHA TTOJIHOCTBIO PeaT-
30BaHa annapaTHbIMU CPEACTBAMMIY.

OpHaKo NpHU CO3AaHUU MPOrPaMM JUIsl PELIeHHs NPUKIaIHBIX 3a/1a4
JIO TIOCTIETHETO IECATHIIETHS TTIABEHCTBYIOLIUM OBLT MIPOLEAYPHBINA TO-
xo7 (pyHKkuHnOHaNIbHAS Aekomno3uLus [ 184]), ucmonb3yromiuii He rpadbl
MEPEeX0/I0B, a TAKON BU3YyaJIbHBII (hOpMaT3M, KaK CXEMbI aITOPUTMOB.

OrpanunueHHocTb (110 MHEHuIo . Byya [71]) aToro moaxoxaa mpu co-
3JaHNU CJIOXHBIX IPOrpaMM IIpHBeNa K pa3paboTKe U IIHPOKOMY pac-
MPOCTPAHEHNIO 0OBEKTHO-OPUEHTUPOBAHHOTO 1Mo1x01a. OIHAKO MepBOe
BpeMsI HOBBIM IOAXO0. MOANEPKUBAIN JIMIIb S3bIKH IPOIPaMMUPOBAHUS
[72], a MeTon MPOEKTUPOBAHUS MPOTPAMM B paMKax 3TOHM MapaJurMbI
OTCYTCTBOBAJL

Taxoii MmeToj ObuT pa3padotan I'. Bydem B 1991 r. [71]. OH BKIItOUa-
©T HECKOJIbKO BU3YaIbHBIX (hOPMATH3MOB (IUATPaMM) JJIsI OTOOPaKEHIIST
pa3IMYHBIX OCOOCHHOCTEN BBIJENIAEMBIX KJIACCOB U 00beKTOB. [Ipu 3TOM
B [71] Obw1O TpeUIokeHO (Ha OJHON CTpaHHULE) AJIs ONMUCAHUS TOBEIe-
HUS OOBEKTOB HCIIOJIb30BaTh AMArPaMMBbl MEPEXOJI0B U ObLT MPUBEACH
pUMep NMPUMEHEHUs dTUX auarpamm. O HaKo B paMKax mMetoja byda B
OTJIMYME OT MOJXO0Ja, MPEIaraeMoro aBTOPOM, 3TH JUAarpaMMBbI SIBIIS-
JIUCh JIUIIb «KApTHHKaMm» [ 12], MOMEYEHHBIMH CIIOBAMH, & HE ObLIH Ma-
TeMaTHYeCKuMH Mozensimu. Kpome toro, I'. Byuem (B oTiindme ot aBTo-
pa) He OBIIO0 OTMEUYEHO, UTO IPH OTPEICIICHHOM MOIX0/¢ K TOCTPOCHHIO
CXEM allTOPUTMOB OHHM MOTYT OBbITh U30MOP(HEI Irpadam mepexoioB 8,
17 n paza. 17.5], 1 moATOMY MX TPOTUBOTIOCTABIICHUE B 3TOM CIIy4ae He-
KOPPEKTHO. DTOT (pakT He ObUT OTMEYEH TaKkke U B paboTax [43, 73].

[IpumepHo Ta ke KapTuHa, 4To U B kHUre I'. byua, coxpaHsiach B pa-
6ote [74], aBTOPBI KOTOPOM MPEIOKUIN MOJICIIUPOBATE KMUP» B COCTO-
saHusAX. [Ipu 3TOM OTMETHM, YTO 3TOT «MHP» B OCHOBHOM COCTOHUT U3
MHUKPOBOJIHOBBIX Teuel, KJIamaHOB U HACOCOB, OTHOCSIIMXCS K 00bEK-
TaM, yIpaBJsieMbIM CUCTEMaMHU JIOTUYECKOTO THIIA.

CymiecTBeHHO Oosblllee BHUMAHUE AMarpaMMaM COCTOSIHMH U Iepe-
XOJIOB, HE M3MECHHB OIPENICIICHUSI COCTOSHUI Yepe3 3HaueHHsI BHYTPCH-
HUX nepeMeHHbIX, I'. Byu yaenun B kuure [11], pasa. 5.3 xoropoii Hanu-
caH Ha ocHoBe pabot J[. Xapena [75,76], npelIOKUBIIETO, IO MHSHHUIO
I'. Byda, «1IpocTOii, HO OYEHb BBIPA3UTEIBHBIN MOAX0/I, KOTOPHII Topas-
10 dhdexTHBHEE TPaIUIMOHHBIX aBTOMATOB ¢ KOHEYHBIM YHCIOM CO-
CTOSTHHI.
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[To MHEHUIO aBTOpa, YKa3aHHOE MIPOTHUBOINOCTABICHHE HEKOPPEKTHO,
Tak Kak nmonaxon [I. Xapena, Kak M MOAXOJ, U3JIaraéMblii B HACTOSILEH
riaBe, 0a3upyeTcs Ha TAKKX aBTOMaTax.

. Xapen npeanoKuil CBOH MoAX0/1 IUIsl HECKOJIBKO 0oJiee MHUPOKOTO
KJlacca CHUCTEM YIIPABIICHHSI 10 CPABHEHUIO C CUCTEMaMH JIOTHYECKOTO
YIpaBJICHUS, KOTOPhIE Ha3bIBAIOTCS «PEAKTUBHBIMH» WU «PEarupyro-
nmMm» («reactivey) [77], «noBeieHHe KOTOPBIX JIYYIe BCETO XapakTe-
pH3YyeTCs UX peakieil Ha COOBITHS, MPOM3OIICIINE BHE HX KOHTEKCTa»
[99]. Takue cucTemMbl pearupyroT Ha MOTOK COOBITHH W3MEHEHHEM CO-
CTOSIHUHM U BBIIIOJIHEHUEM JEHCTBUN MU MEpPexXo/iaX U3 COCTOSHUS B CO-
CTOSIHUE WJTU JICWCTBHUN U JESITENLHOCTEH B cocTosiHUAX [78—86]. [Ipu
stom JI. Xapenom ObUT MpeIUIosKeH BU3yalbHbIA GopMann3M (Moaudu-
Kalusl JTuarpaMMbl COCTOSHHM M MEPeX0JI0B), HA3BaHHBIA MM «KapTOU
cocrostHui» («Statecharty B [75], nunm «State chart» B [78]), xoTopas
«MaTeMaTHYeCKH DKBUBAJCHTHA AMarpamMmmaMm aBToMaToB Mypa—Mu-
qmy [77], HO TIO3BOJISIET B Psijie CIyYaeB OMUCHIBATH MOBEJIEHUE ITHX aB-
TOMaTOB Oomee KOMITAKTHO. KapThl cocTostHUIT MOTYT OBITh TaKkKe Ha-
3BaHbl Kak «auarpammbl Xapena». OTMETHM OCHOBHBIE OCOOCHHOCTH
ITUX JAUArpamM.

Hapsany ¢ cocTOSHUSMM MOTYT HCHOJIb30BAThCS «TUIEPCOCTOSHUS
(cynepcocrosiaust [12]), 00beAMHSIONINE HECKOJIBKO COCTOSTHHM, HMEHO-
X WJICHTUYHYIO PEAKIUIO Ha OJTHO M TO ke coObrtue» [87]. Ilpu atom
BMECTO N300paKEHUSI TAKHX ITEPEX0I0B B HEKOTOPOE COCTOSHHE U3 BCEX
COCTOSIHMM, OXBaThIBAEMbIX THUIIEPCOCTOSHHEM, M300pa)xaeTcs TOJIBKO
OJIMH TIepexoJ M3 TUIEPCOCTOSHHUS B YKa3aHHOE cocTosiHue (0600 -
meHue mepexogos[87]).

['unepcocTosHUS TEOPETUYECKH MOTYT UMETh IPOU3BOJIBHYIO TITyOu-
Hy BJOXeHHUs. [lepexoibl U3 TUTIEPCOCTOSIHUS CBSI3aHBI CO BCEMH YPOB-
HSIMU BJIO)KEHHOCTH B HETO.

I'mnepcoctostans MoryT o0bseanHsaTs MJIM-cocTosiHMA (TTocienoBa-
TeJNbHBIE COCTOSHUS) U M-cocTostHus (TapajuiesibHbie cocTosiHUs) [99].
B nepBom ciyudae, nepeiis B TMIIEPCOCTOSHUE, aBTOMAT MOXKET HAaXOJUTh-
Csl TOJIBKO B OZIHOM M3 COCTOSIHMM (MJIM B OJTHOM COCTOSIHUM WM B ApY-
TOM), a BO BTOPOM CITy4ae B THIICPCOCTOSHHH «BO3HHKAET HEOOXOIH-
MOCTh B MapaJljICIbHBIX COCTOSIHHSIX» [99], n300pakaeMbIX B «OPTOTO-
HaJIbHBIX PErHOHAX).

B BepimHax guarpaMm, COOTBETCTBYIOIIUX COCTOSIHUSM WJIM THIIEP-
COCTOSIHMSAM, MOTYT YKa3bIBaThCS: JCATENBHOCTH (IIOMEYAIOTCSI CIIOBOM
do); melicTBUs, BBIMOJIHSIEMbIC OJJHOKPATHO MPH BXOJE B BEPUIMHY (TIO-
MEYalOTCs CJIOBOM entry); NEHCTBHSA, BBITONHIEMbIE OJHOKPATHO MIpHU
BBIXOJIC U3 BEPIIUHBI (IOMEUYAIOTCS CIOBOM €Xit).

JIBa mocnenHUX ciydash MOTYT OBITh Ha3BaHbl 00 OO N[ E€H U e M
Je¥cTBUM, TaKk KaK MPU ITOM JCHCTBHSI, OAHOKPATHO BBITIOJIHIEMBIE
IIPYU BXOJI€ B BEPLIMHY, 3aMEHAIOT OJJMHAKOBbIE JeHCTBUS, KOTOPBIE B aB-
ToMaTtax MMM WK CMEILIAHHBIX aBTOMAaTax yKa3blBalOTCS Ha BCEX BXO-
JSIIMX B HEe Jyrax, COOTBETCTBYIOIIMX II€pexojaMm, a JeicTBUs, OAHO-
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KpPaTHO BBIMOJIHAEMBIE MPH BBIXOJE U3 BEPILUHBI, 3aMEHSIOT OJMHAKO-
BbI€ JICHCTBUS, KOTOPBIE B aBTOMaTaX MUJIU WM CMEIIaHHBIX aBTOMaTax
YKa3bIBaIOTCS Ha BCEX BBIXO/SIINX U3 HEe Iyrax, COOTBETCTBYIOIIUX Te-
pexonam.

Ha kaxxmoit gyre nuarpamMMbl MOXKET OBITh YKa3aHO COOBITHE, BBI3bI-
Balollee IIepexo, U JIOTHYECKOE YCIIOBHE, «OXPAHSAIOLIEE» ITOT Iepe-
xoa. Ha myre takxxe MOryT OBITH yKa3aHBI JEHCTBHS, OJHOKPATHO BBI-
MOJTHSIEMBIC Ha TIEPeXo/ie, U (OpMUpyEeMbIe Ha IEPeX0/Ie COOBITHA.

B numarpammax MOryT HMPHUMEHATBHCS TAaKKe IICEBIOCOCTOSIHMSA, Ha-
npumep ycnoHoe (C), repmunansroe (T) u ucropuueckoe (H), kotopeie
HE SIBJIAIOTCS PEaTbHBIMU COCTOSIHUAMMU.

Ecnu runepcoctosiHue COAEPIKUT MCTOPUYECKOE ICEBAOCOCTOSHUE,
TO MPH MEPEXOJIE B 3TO TUIIEPCOCTOSHUE «yIPABICHUE TIEPEAACTCI TOMY
COCTOSIHHIO, B KOTOPOM CHCTEMa HaXOAMUJIach B JaHHOM TMIIEPCOCTOSIHUN
B mocienHuil pa3y [87]. Mcnonb3oBanue 06001eHHS IEPEX00B U UCTO-
PHUYECKOTO TICEBIOCOCTOSHUS TIO3BOJISIET, HApUMeED, dPPEKTUBHO CIie-
IUUIPOBATH NPEPHIBAHKUE, CBA3aHHOE C MEPEXO0JIOM CHUCTEMBI U3 JIFO-
00T0 COCTOSHUS, TIPUHAIICIKAIIETO THIIEPCOCTOSHIIO, B HEKOTOPOE JIPY-
Toe COCTOSHHE, B KOTOPOM BBITIONHSCTCS 00paboTKa IMpephIBaHus, U
MIPOAOIDKEHHE pabOThl CUCTEMBI (ITOciie 00pabOTKH MPEPhIBAHUS) U3 TO-
T0 COCTOSIHMSI, B KOTOPOM HACTYIWIJIO TIpephiBaHue [87].

Hexotopeie u3 npeamoxxenuit J[. Xapena, Hanpumep 0000meHue me-
pexo10B, MOTYT IpuMeHAThes U B paMkax SWITCH-Texnonoruu.

Hecmotps Ha HeKoTopyto noxoxecTs nojaxoaa /. Xapena u npeana-
raemMoro, OHM UMEIOT MPUHIU UM U AJI b H bl € OTIUYHUS, COCTOALINE
B TOM, 4YTO, BO-IIEpPBbIX, Yy J. Xapena MOTYT HCIIOIB30BATHCSA KaK COCTOSI-
HUSI, TaK U THUIEPCOCTOsHUs, B To BpeMs kak B SWITCH-texHonoruu
MIPUMEHSIOTCS] TOJIBKO COCTOSIHUS, @ BO-BTOPBIX, IIPU HATUYHH TUIIEPCO-
CTOsIHUH, 110 KpaiiHel mepe ¢ MJIM-cocTosHUAMY, CUMTAETCS, UTO TaKas
JuarpaMMa Xapesa ONKCHIBAeT MOBEJICHUE O TH OT O aBTOMAaTa, B TO
BpeMsl Kak B IpeajaraéMoil TEXHOJIOTHU B ATOM Cilydae IPUMEHSETCs
CHCTEeMa B3aHMOCBSI3aHHBIX TPa(oB MEPEeX0I0B, OMHUCHIBAIOMINX (QYHK-
LIMOHUPOBAHUE C U CT €M bl B3aMMOCBSI3aHHBIX aBTOMATOB.

IIpu 5TOM, BO-IIEPBBIX, HE SICHO, KaK C IMOMOIIBIO HOTAlUKU Xapesa
n300pa3uTh JuarpaMMmy npu OOJIBIIOM YHCIIEe THIIEPCOCTOSHUM ¢ 60b-
LIMM YPOBHEM BJIOKEHHOCTH, a BO-BTOPBIX, BUAUMO, [10 3TOW NPUYHHE B
00BEKTHOM MOJCIMPOBAHUU CUHTAETCS, YTO JAMarpamma Xapena (qua-
rpaMMa COCTOSIHUI) OMHICHIBAET KU3HEHHBIN LIUKI OTAEIFHOT0 O0BEKTa,
a JUI MOAETMPOBAHMS TIOBEICHHS COOOIECTBA COBMECTHO pabOTAIOIINX
00BEKTOB TpeAIaraeTcsl UCTOIb30BATh TUArPaAMMBI JPYroro THIa (Iua-
rpaMMbl B3auMoJieiicTBuid) [99], 9To pe3ko ycln oKX Hse T (opmanb-
HBIH Iepexo/] K peaan3aluu.

B npenaraeMoil TEXHOIOTHH BMECTO TIOHSITHSI «OOBEKT» IMPUMEHS-
IOTCSl IIOHSTHE «aBTOMaT» U AMHAMUYECKHE AMarpaMMbl OJHOI'O THIIA
(cucTeMa B3aMMOCBSI3aHHBIX T'pa)OB TEPEXOIOB) AaXe TPH HATHIUH
OOJIBIIIOTO YHCIIa aBTOMATOB C OOJBIIMM YPOBHEM BIIOKEHHOCTH, KOTO-
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pbie BecbMa IpocT0 G OpMadIbHO U H30MO P (P HO peanusyroT-
Csl IPAKTUYECKU Ha JII0OOM SI3bIKE TPOrPaMMHUPOBAHHUS.

Kpome Toro, mpu 00beKTHOM MOJXOJIE OCTACTCs! HESICHOU (popmaib-
Hasl CBSI3b MEXAY CTaTMUECKUMHU U JIMHAMUYECKUMHU JuarpamMmami [77,
991, B TO BpeMs Kak IpU 3aMEHe JuarpaMMbl OOBEKTOB CXEMON B3anMO-
JICHCTBHS aBTOMATOB, MCIIOJIb30BAHUM CXEMbI CBS3EH, BKIIFOYAIOIICH CH-
CTEMY B3aUMOCBS3aHHBIX aBTOMATOB, U CUCTEMbI B3aUMOCBS3aHHbIX I'pa-
(OB mepexoI0B BCSI KOHIICTIIINSI B IICTIOM OKAa3bIBACTCSl BHIPAXXCHHON B
TEpMHUHAX aBTOMATOB.

BuanMo, 1o 5THM IpHYUHAM, a TAK)KE U3-3a CIIOKHOCTH U CHICTU(PIY-
HOCTH HOTALIUU JHarpaMMbl Xapeia B OTIINYUe OT IpadoB Mepexo1oB He
MIPUMEHSIOTCS 10 HACTOALIEro BpeMeHu npu nporpammupoBanuu [1JIK.

[Ipenmnaraemas TEXHOJIOTUS MOXKET PACCMaTPUBATHCS B Ka4eCTBE Me-
TOJIOJIOTUU TPOEKTHUPOBAHUS MPOrPaMMHOI0 0OecredeHus: o KpaiHei
Mmepe s knacca SoftLogic [62]. DTOT moaxo/1 MO3BOJSET «HE TOBOPUTH
0 TOM, YTO IIPOTPaMMHOE oOecTieyeHne paboTaeT, a O0bSICHUTD, T O 4 € -
MYy oHO pabotaer» [20]. [loaxo/, B 4aCTHOCTH, MO3BOJIIET OTBETUTH HA
TPH BOIPOCA: OTKYJa TOSIBIISIOTCS BHYTpEHHHE (YTPABIISIOIINE) TIepe-
MEHHBIE, CKOJIBKO MX JTOJDKHO OBITH M JUIS KaKOM IeNH KaKaas M3 HHX
WCITONIb3yeTcs?

ABTOMAaTHBIH TIOXOJT TIPUMEHSICTCS [UTS CIICHU(UKAIIN TTPOTOKOJIOB
cereit OBM [32, 88, 89—91], a Ttaxke B SDL-metononorum [§1—83],
pa3paboTaHHON MeXTyHApOIHONH KOMHUCCHEH M0 Tele()OHUM U TeJerpa-
bun 1 co3maHus MPOrPaMMHOIO OOSCIICUCHUS TENICKOMMYHHUKAIMOH-
HbIX cucteM. OpHako SDL-nuarpamMmel, SIBISIIOIIMECS HEKOTOPOM pa3HO-
BUJHOCTBIO CXEM aJITOPUTMOB, B KOTOPBIE B IBHOM BHUJIE MOTYT BBOJUTH-
CSl COCTOSIHHS, BEChbMa TPOMO3AKH M COOTBETCTBYIOT TOJBKO OJHOMY
KJlaccy aBTomMaroB — aBromaram Mumu. B SDL-MeToo0rum He orosa-
pHUBaeTCs PsiJl BOIIPOCOB, OTMEYEHHBIX BBIIIE, KOTOPHIC CBS3aHbI, HAIPH-
Mep, ¢ yMONMUaHUsAIMH | ¢uaramu. Psg apyrux HemoctatkoB SDL-mma-
rpaMM (B YaCTHOCTH, UX BEPTHKATbHAS HAIPABICHHOCTB, CYIIECTBECHHO
YMEHBIIIAIONIass 0003PUMOCTh CIIEIU(PHUKAIUNK U HE MO3BOJISIOmAst P dek-
THUBHO HCIIOJB30BATh IUIOCKOCTH JINCTA OyMard WIH AWCIUICS) OTMEYCH
B [95].

OTO mpuUBeNIO K TOMY, YTO Ipu pa3pabotke [95—98] TexHOIOrHH
[IPOrpaMMHPOBAHHUS BCTPOCHHBIX CUCTEM PEajbHOI0 BPEMEHH, peain3y-
IOLINX IIUPOKUI KIIacC alrOpUTMOB, €€ aBTOPbI, OTMETHB HEIOCTATKU
Mozenu Xapena, HallpuMep «OTCYTCTBHE OpPHUEHTAlMM Ha TEeHEpaluio
KOHEYHOTO KOJ[a», PH CO3JJaHUU MO/JIENIN TOBEICHHSI 00bEKTOB 00beIH-
HwIM jgocrouHcTBa SDL-guarpaMM u auarpamMm Xapesa, COXPaHUB,
MpaBlia, aTbTEPHATUBHBIC HOTAIIMK KAXJOTO M3 HUX. Ta ke cuTyanus
COXPaHWJIACh U TPHU CO3JaHUU O0BEKTHO-OPHEHTHPOBAHHON METO0J10JI0-
THH pa3padOTKH MPOTPAMMHOTO 00ECTICUEHHSI CHCTEM PEanbHOT0 BpeMe-
Hu [153]: B moBeneHYECKOM MOJIENN UCTIONIB3YIOTCS IMarpaMMbl COCTOSI-
HUHB MOINUQUIIUPOBAaHHOMW HOTAMU Xapena, a JUIs AeTaln3a-
umn — SDL-muarpammet [154]. D10 nenaer Mojaenu, MpeasioKeHHBIE B
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[95, 154], BecbMa cie(pUYHBIMU M OTPAHUYUBAET UX IPUMEHEHHUE JUIS
3aJa4 JIOTHYECKOTO YMPaBJIEHUS! TEXHOJOTHYECKUMH IMPOLeccaMu, pu
pemieHu KoTopeix SDL-auarpammsl (B OT/IMYKe OT TeneOHUH) BEay-
MU B 3TOH 00acTu pupMaMu MHUpPa HE UCTIONB3YIOTCS.

Eme Gonee pazHooOpa3HOI SBISIETCS MOJETb MMOBEACHUS, MPEJIO-
KEHHas Tpu paszpaboTke yHHU(PHUIMPOBAHHOTO S3bIKA MOJICIMPOBAHUS
(Unified Modeling Language (UML)) [12, 78, 99, 100], sBustomierocs,
10 MHEHHIO €r0 aBTOPOB, KOJUIEKIHECH HAWIYYIINX HHKCHEPHBIX HOTA-
U, TPUMEHIEMBIX TIPH 00BEKTHOM MOJCIHPOBAHIH CIOXKHBIX CHCTEM
obmrero wHasHaueHus. [locTpoenue 3Toro sA3pIka 0a3UpyeTCs Ha IOIXO-
nax, npeanoxkenubix B [11, 71, 101—103].

B sToM sA3bIKe [UIA OMHMCAaHUS NOBENEHHS OOBEKTOB HCIIOJIB3YETCS
«xoHe4HbII aBTOMaT» («State Machine»), KOTOpPBI B 3aBUCUMOCTH OT
MIPUOPUTETA COCTOSHUM WIIN IEATEIBHOCTEH B 9TOM OMHMCAHUU 3a]aeTCs
quarpaMMmoit coctosiHuil (State Diagram) winu auarpaMMoi AesTenbHO-
creit (Activity Diagram) cOOTBETCTBEHHO, UTO, 10 MHEHHIO aBTOpa, He-
KOPPEKTHO, TaK KaK B MOCIEIHUX BO3MOXKEH MapajuieNIu3M IO Mepexo-
JlaM B oHOM auarpamme. [lpu 3ToMm nuarpaMMa COCTOSIHUN HE SIBIISIETCS
OJ/IHOM M3 KJIACCHYECKHX, & CUNTACTCS SKBUBAJICHTHON Auarpamme Xape-
na [77], HO TTOYEeMy-TO HECKOJIBKO OTJIMdaeTcs ot Hee [78].

Hannuue B s3bIKe quarpamm JIeATEIIbHOCTEN, «SABISIIOIIUXCS OJHOMN
13 cambix Oombmux HeoxupanHocrer UMLy [12], kotopsle, kak oT™Me-
YEeHO BBIIIC, B PAMKAaX TEOPHH aBTOMATOB HE MOTYT PacCMAaTpPHUBATHCS
KaK KOHEYHbIE aBTOMAThl, CO3JJa€T HEOIPEIEJIeHHOCTh MPU BBIOOpE HO-
TalUM JUIA ONUCAHUs MTOBeIeHUs] 00beKTOB. [Ipr 7TOM OTMETHUM, UTO ATH
JMarpaMMbl CHJIBHO HalIOMUHAIOT AuarpaMMel «I padceT», KoTopbie yxe
Oojee ABYX JIECATHICTHN MCIOJB3YIOTCS MPHU MPOTrPaMMHUPOBAHUH CHC-
TEM aBTOMATH3AIlM{, HO OTIMYAIOTCS (B XYJIIYIO CTOPOHY) OT TOCHE-
HUX OTCYTCTBHEM «IIOJIOYEK» ISl YKa3aHHS B SBHOM BHJIE YCIIOBHIA,
MIPU KOTOPBIX BBIMOJHAIOTCS MEPEXOJIbl, U HAIMYHEM YCIOBHBIX BEp-
IIVH, XapaKTePHBIX IS CXeM alropuTMoB. OTMETHM TaKKe, YTO €CIIH B
muarpammax «I'padcer» BepImMHBI Ha3BaHEI dTAllaMH, TO B HarpaMMax
JeSITeNbHOCTEH aHAIOTHYHBIC BEPIIMHBI HEKOPPEKTHO HAa3BaHBI COCTOS-
HISIMU.

Kpome Toro, B [15], B otnimume ot [12,78], mokazaHo, 4TO Kakjas
JIUarpamMma JesTeNbHOCTeH (Tak ke Kak W Kaxknas auarpamma «['pad-
ce™ (1. 21)) MoxeT ObITh 3aMEHEHA CUCTEMON B3aMMOCBSI3aHHBIX Tpa-
(OB mepexo 0B, KOTOpbIe, Kak OTMEUYEHO B M. 6 1js quarpamm «I pad-
CeT», MOTYT OBITh PEaJM30BaHbl C MEHBIINM YMCIIOM BHYTPEHHUX TMepe-
MEHHBIX.

HeormpeneneHHOCTh ¢ BBIOOPOM HOTAITUM ISl ONTMCAHUS TTOBEICHHS
o6wvekToB B UML ere Gojiee yBeTMUMBACTCS, B CBS3H C TEM UYTO K JHa-
rpaMMaM JEATCIFHOCTEH OTHECEHBI TakKe€ W KOHCTPYKIIMH, aHAIOTHY-
uele SDL-muarpamMmmaM, 9TO CBHIETEIHCTBYET O HEIOCTATOYHOM HAyd-
HOM OOOCHOBaHMU (POPMHUPOBAHUS PACCMOTPEHHOH YacTH «KOJIICK-
11170208
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M 6onbiero ogHooOpasus ¢pupma «I-Logix», npuHUMaBIIas y4ac-
THE B pa3padOTKe YKa3aHHOTO S3bIKa, MPU CO3JIaHUH METOI0JIOTHH MPO-
EKTUPOBaHUS 00BEKTHO-OPHEHTUPOBAHHBIX BCTPOCHHBIX CUCTEM peaib-
HOTO BPEMEHHU BBIOpajia U3 3TON YaCTH «KOJUICKIIMK» TOJBKO JUarpam-
MbI Xapena B UX IepBO3/IaHHOM HOTauu [85], HO, OJIHAKO, HE peruiia u
JIakKe HE TIOCTaBWIIA BOTIPOC O CEPTU(DHUKAIMH TTOBEJICHUS COBOKYITHOCTH
TaKUX TUarpaMM.

OTMeTHM TaKKe, 4TO AuarpaMMbl Xapesa UCronb3yroTes B [ 148] mpu
BU3YaJbHOW pa3paboTKe MPOrpaMMHBIX KOMIIOHEHT, OITUCHIBAEMBIX KO-
HEYHBIMH aBTOMAaTaMH U TPETHA3HAYCHHBIX IS PA3IUYHBIX IIEICBBIX
wiaTGopM. TobKo 3TH AHAarpaMMBbl IPUMEHSFOTCS U JJIsI OITUCAHUS TI0-
BezeHus o0bexToB B [180].

Pacmupenue HoTauuu guarpamMM Xapesa BoinoigHeHo B [104]. Eciu
B AMarpaMmax Xapesna Ha rnepexojax A0MyCTUMO IPUMEHEHHE JIUIIb OT-
JISJIbHBIX YCIIOBHBIX BEPILWH, XapaKTEPHBIX [T cxeM anroputMoB (Flow
Diagram), B KOTOpPBIX MOHSATHE «COCTOSIHHE» HE WCIOJb3yeTcs (state-
less), To B [104] aTu BepmMHBI MOTYT 00pa30BHIBaTH OOJIEE CIIOKHBIC
koHuryparuu. [lomydaromiasics mpu 3TOM TeCHas CBSI3b MEXKIy «state
diagram» u «flow diagram» mnpuBena K MOSBICHHIO HOBOTO TEPMHHA
«stateflow». BO3MOKHOCTh IPUMEHEHHS STHX TUAarpaMM B Ka4eCTBE HC-
MOJTHSIEMBIX CHEeNU(UKAIMH HA MIUPOKO HCIIOJIb3yeMOoM (IO KpaitHen
Mepe, B YHUBEPCUTETCKUX Kpyrax) si3bike «MATLAB» [105] mo3Bomnsier
TaKKe Pealn30BaTh dTH AuarpaMMebl Ha si3bikax C u C++.

OpHako, TaK KaK W 3Ta HOTAIMS SIBJSICTCS] BEChbMa CHEHU(pHICCKOM,
TO JUIA CHCTEM JIOTUYECKOTO YIPaBJICHHUs, MPUHAJICKAIUX K HIDKHE-
My YPOBHIO YIPABISIOUIMX CUCTEM (OCOOCHHO IpHU peau3allui UX Ha
TIJIK), aBTOp cuuTaer Oosiee 1eIecOOOpa3HbIM MpPU aNTOPUTMHUBALUH
MIPUMEHSTh CUCTEMBI B3aHMMOCBSI3aHHBIX I'padOB MEPEX0JI0B, COJepKa-
MIUX MHHAMAJIBHYI0 HOMCHKJIATYPy KOMITOHEHT M 0003HaUeHHH («HE Ha-
JI0 Pa3MHOXKAaTh CYITHOCTH 0e3 HeoOxomumoctuy (OKkaM)) U OPHEHTH-
POBAaHHBIX Ha KJIACCHYECKHE MOJIEIH TECOPHUH aBTOMATOB, IO KOTOPBIM,
KaK OTMEUCHO BBIIIIE, IIPOTPAMMHPOBAHIE MOKET BEITOTHATHCS (DOPMaITh-
HO ¥ U30MOP(HO J1axke BPYUHYIO.

[ aToro Kiacca CHUCTEM TIpeiiaraeMasl TEeXHOJOTHS I03BOIIS-
€T CTPOUTHh MAaTeMaTHYCCKHE MOJEIH, [0 KOTOPBHIM, B YaCTHOCTH,
pu JIIOOOM THIIE JBOMYHOI'O KOJUPOBAHMUS COCTOSHUH Uii MPOT -
pPaMMHOMN peanu3ali MOTYT OBITh IOCTPOEHBI CUCTEMBI OYJIEBBIX
dbopmMyI1, B TO BpeMsl KaK P JIPYTHX MMOIXO0JaX TaKas 3a/ava Jaxe He
CTaBUTCA.

[IpenmaraemMass TEXHOJNOTHS TMOAJCPKUBACT MPOEKTUPOBaA-
HHUC M pealu3all 0 MPOrpaMMHOTO 0OCCIICUEHHsSI Al paccMar-
pPHBAaEMOro Kjacca CHCTEM H ONPEACISIET COCTaB M COACPKaHNE BBITyC-
KaeMOH TOKyMEHTAIllH, KOTOpast JT O JI )K H @ KOHTPOJIHMPOBATHCS 3aKas-
YHKOM.

W310xeHHOE BeChMa aKTyallbHO, TaK KaK OOBIYHO 3Ta JOKYMCHTAITHS
B JIyUIIIEM CITydae COJIEPKUT TOIBKO TEKCTHI porpamm [106], nx ommca-
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HUS U PYKOBOJICTBO TOJIB30BATENs, @ B Xy/IIIEM — TEKCTHI IPOrpamMM B
JIOKYMEHTalMIo He BKimroyatotes [107].

Kpome nepeuncieHHbIX Bbllle pabOT KOHEYHbIE aBTOMATHI, paccMaT-
puBaeMble B [181] kak pa3sHOBHIHOCTH MPOIIECCOB, B HACTOSAIIEE BpE-
Msl TIPUMEHSIOTCS TIPU YMPaBJICHUN aBTOMATHYECKUMH BBIKIFOYATEIIS-
MH KOpaOeIbHBIX AEKTpoIHEepreTHdeckux cucteM [108], mpu cozganun
HENPOLIEAYPHBIX S3bIKOB IMPOrPaMMHUPOBAHMs Il aBTOMaTU3UPOBaH-
HBIX CHCTEM YTpaBIEHUS TeXHoJormueckumu mporeccamu [109], mpu
OIHMCaHUM MOBEACHUS «00beKTOBY [15, 110] mporpaMMHO pean3yeMbIx
cinoxHbIX cuctem [87, 111—130], B TOM 9mciie «MHOTOHUTOYHBIX)» KOH-
TpoJuIepoB [26], a TakKe MpH pENIeHUH JIPYTUX 3ajad, CBS3aHHBIX C
mapailleNbHB MU MporeccaMu (HapuMep, 3a1a4u O ISATH (GHIIo-
codax, cobpaBIIUXCS 32 KPYIJIBIM CTOJIOM U UMEIOIIUX «IIPOOIEMBD) €
Buikami [149], o GyHKIMOHUpPOBAaHHM MSYMKOB BHYTpHU okHa [155], o
CUHXPOHU3AIUH LM CTPENKOoB [156]).

I'padbl mepexoi0B SBISIOTCS TakKKe OCHOBHOM (OPMOM ONMMCaHHS
YIPaBJISIOMINAX MTOCIEI0BATEILHOCTHBIX MPOIECCOB TPU CO3JIaHUH TPO-
TpaMMHOTO oOecrieueHHuss CUcTeM 0o0paboTKu WH(pOpPMAIMH HAa OCHOBE
METOJIOB CTPYKTYPHOTO CHCTEMHOTO aHalu3a M MpoeKkTupoBaHus [33].
OHU HCIIONB3YIOTCS | I TpoBoanMoro 1o meroxosioruu IDEF (Inte-
gration Definition for Function Modeling) n1okyMeHTHpPOBaHHUsI TpaHC-
(dopmarmii 00HEKTOB, TPOUCXOIIIINX B XO/I€ BBHITIOIHCHHS TEXHOJIOTH-
yeckoro mporecca [161].

Poiib 1 MECTO COCTOSHUH («COCTOAHUS OBITUS»), KOHEUHBIX aBTOMa-
TOB, IpadOB MEPEXOI0B U KOHCTPYKIUHN Sswitch mpu nporpaMMupoBa-
HUM Urp onucausl B [131].

Bonee Toro, rpadpl mepexo10B MOTYT UCTIONIB30BATHCS IS ONMCAHHS
noBeJieHUs] MauH ThIOpUHTa, MPUMEHSIEMbIX MTpHU (popMaIbHOM oIpe-
JedeHuM T o HsI T u 1 anroput™ [87, 132]. IlosTomy 3aganHas MaminHa
TrropuHTa TaKkKe MOXKET OBITh peali30BaHa HA OCHOBE KOHCTPYKIIMU
switch, B KOTOpOI MCIIOJIB3YIOTCS JOIOJIHUTENbHbIE NEHCTBUS, UMU-
TUPYIOIIHE CIABHUT TOJIOBKH «YTEHHEe—3aIHChy 10 pabdoueii nenrte. Ta-
KM 00pa3oM, IpeIaraeMblil MoIX0/1 B IPUHIIUIIE MOKET MPUMEHSTHCS
U Ju1st 6oJiee MUPOKOro MO CPAaBHEHMIO C paccMaTpHUBAaEMBIM Kiacca 3a-
Jlad, KaK HalpuMep 3TO AeJaeTcs P HCIOJIb30BaHUH MOJEIH «Pacllu-
PEHHOT'0 KOHEYHOTO aBTOMAaTay, KOTOPbI paccMaTprUBaeTCs B BUIE KOM-
MO3UIMU JABYX aBTOMAaTOB — KOHEYHOTO U KOHTEKCTHOTO, COCTOSHUS
MIEPBOT0 U3 KOTOPBIX HA3bIBAIOTCS OCHOBHBIMH U KOJUPYIOTCS OJTHOM TIe-
PEMEHHOM, a COCTOSIHUA BTOPOI'O OTPaXaroT NMEepeMEHHbIE, Ha3bIBAEMbIC
KOHTEKCTHbIMU [32, 88]. DTOT k€ MOAXO0J MOKET HNPUMEHATHCS IIpU
OIHCaHUM «OOBEKTOBY» B 00BEKTHO-OPUEHTHPOBAHHOM ITPOrPaMMHPOBa-
HUM, YTO TIO3BOJISIET B SIBHOM BHJIC MOJJICPXKATh OJIHO W3 ONpeIeICHUN
00BeKTa KaK HEKOTOPOTO 3JIEMEHTa, Ha KOTOPBI MOYKHO BO3ICHCTBO-
BaTh, U3MEHSS €I0 COCTOSHUSL.

W3 u35105)k€HHOT O CIe/1yeT, YTO B HACTOSIILEE BpeMsI aBTOMATHbIH O~
X0/ ellle TOJIbKO HauMHAeT UCIO0Ib30BAThCS IPU MPOrpaMMHON peanun3a-
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LMY aJITOPUTMOB, U YTBEPKJEHHE, BbICKa3aHHoe B [133], o «cmepTu» Te-
OpUHU aBTOMATOB SBIISIETCS, 10 MHEHUIO aBTOPA, CHJIBHO MPEYBEIHYCH-
HeIM. Bonee Toro, peneHseHT kHUTHM aBTopa [8] ompexaensier B [107]
«KOHEUYHBIE aBTOMATHI KaK HHCTPYMEHT OOPHOBI C MOHOIIOIH3MOM (HpM,
pa3padaThIBaIOIIMX NPOrpaMMHOE oOecriedeHuey, a B [43, 73] u BoBce
MIPUBEJICH «TUMHY MTPUMEHEHHUIO aBTOMATOB B MMPOIPaMMHUPOBAHHH.

B aT0i1 cBsI3M 0c000 crelryeT OTMEeTUTh, uTo B [150] co3marens orme-
parmonHo# cuctembl Unix K. Tomricon Ha Bompoc o Tekymiei padbote
oTBeTWI: «MBbI CO3AaIM S3bIK T'€HEPALUU MAIlUH C KOHEYHBIM YHMCIIOM
COCTOSIHHM, TaK KaK peaJIbHbIA CEJICKTOPHBIN TeJIe(hOHHBIH pa3roBop —
9TO IpyIIa B3aUMOJEHCTBYIOIIMX MAIIUH ¢ KOHEYHBIM YHCIOM COCTOSI-
HUH. DTOT s3BIK NpuMeHsieTcs B ,,Bell Labs” mo npsMomy Ha3zHade-
HUIO — JUIS CO3JaHUs yKa3aHHBIX MAIMH, a KpOME TOro, ¢ €ro Io-
MOIIBIO CTaJN pa3padaThiBaTh 1P a i B € P bI».

[Toaxon, aHaOTMYHBIN € MPEUIOKEHHBIM JIJISI TPOrPAMMHOMN peau-
3alliy aITOPUTMOB, HIMPOKO HUCIIOJIB3YETCsl B HACTOSIIEE BpeMs JUTsl Ha-
CTPOMKH ¢ X € M IporpaMMupyemoii joruku [134], Taxke Ha3blBaeMOn
nporpammupoBanueM [135]. Ilpu 3Tom pa3paboTaHbl SI3BIKM OMHCAHIS
armapatypbl (Hardware Description Language (HDL) B aHros3sraHON
JUTEpaType), KOTOpbIe, B YACTHOCTH, IIO3BOJISIIOT KOHBEPTUPOBAThH TEKCT
porpaMMbl B (DyHKIMOHAIBHYIO CXeMy U Hao00poT. Onrcanne, BHIITOI-
HEHHOE Ha OJIHOM M3 TAaKHX S3BIKOB, KOoMIIApyeTcs B cxemy [136]. Cpe-
TN SI3BIKOB ATOTO Kiacca orMetuM si3bikut VHDL [137] u AHDL [138].

Hanpuwmep, B a3sike AHDL 1 peanuzanuu yciaoBHoi soruku (Con-
ditional Logic) Bxirodensl koHCTpykuu if then wu case, mocnen-
HSISl U3 KOTOPBIX SIBIISIETCA aHAJIOroM KOHCTpYKIMU switch szpika CH.
ITpu 5TOM 0/1HO U3 «30JOTHIX)» MPaBUII, MpUBEAEHHBIX B [138], coctouT B
MIPUMEHEHUH Be37e, TJI€ 3TO BO3MOXHO, KOHCTPYKIIMH Case BMECTO
BIIOXKEHHBIX KOHCTpyKuui 1 £ then.

OTO MPABWIIO HCIOJIB3YETCS U Pealn3alliii MOCIEA0BATEIBHOCT-
Hoii joruku (Sequential Logic), onmuckiBaeMoi B TEPMHHAX COCTOSTHHIM €
MTOMOIIIBIO KOHEUHBIX aBToMaToB (State Machine). [Ipu 3ToM aBTOMAaTHI ¢
MHOTO3HAaYHBIM KOJUPOBAaHWEM COCTOSHUHN (3TOoT TepmuH B [138] He
MIPUMEHSETCS) 3a/Ial0TCS B BUE auarpamm cocrostuuid (State Diagram).
B [138] npuBoasTCS IpUMEPHI pealii3aliiii aBTOMATOB C CHHXPOHHBIMU
BbIxomamu (State Machines with Synchronous Outputs), COOTBETCTBY0O-
mux aBTomatam Mypa, 1 aBTOMaTOB C aCHHXPOHHBIMH BbIXoJ1aMU (State
Machines with Asynchronous Outputs), COOTBETCTBYIOIIUX aBTOMaTaM
Muu.

JlanbHeiinee pa3BUTHE aBTOMATHOTO MOJXOMa JUIsl HACTPOMKHU CXeM
MIPOrPaMMHPYEMOU JIOTHKU COCTOUT B BU3yaH3AIMH JHATPAMM COCTOSI-
HUI, KOTOpasl OCYLIECTBIISIETCS C TOMOLIbIO NakeToB Tuna «State CAD»y,
OJIMH 13 KOTOPbIX omnucad B [139].

TakuM 00pa3oM, MpEIIOKEHHAs aBTOPOM TEXHOJOTHS CO3aHISI
[IPOrpamMM JIOTIOJIHSAET U3BECTHBIE MTOJIX0bl K HACTPOUKE CXEeM Iporpam-
MHUPYEMOH JIOTUKH, YTO MO3BOJISAET C €AMHBIX MO3ULIUH POBOAUTD aIllla-
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patnyto [140] 1 mporpaMMHYI0 peajii3allid alrOPUTMOB JIOTHYECKOTO
yIpaBJeHUs, TaK K€ KaK 9T0 UMeeT MecTo B TexHosuoruu «Co-Designy,
MpeHa3HAuYCHHON JJIsi COBMECTHOM pa3palOTKH ammapaTHBIX W TPO-
TPaMMHBIX CPEJCTB C MOMOINBI0 (HOPMAIU30BAaHHBIX METOJOB, B KO-
TOPOM B Ka4eCTBE S3bIKA OMHMCAHUS BBICIIETO YPOBHsS aOCTpaKIUU MpH-
MCHSIOTCSI KOHCYHBIC aBTOMATHI [ 141].

B 3akmoduenue oTMeTHM, 4TO 1ociie u3anus [8] aBTop MO3HAKOMUII-
cs1 ¢ paboramu [142,143]. HexoTtopbie n3 0COOEHHOCTEH NPENI0KEHHOTO
aBTOPOM II0/IXOZa, 0a3MPYIOIIErocsl Ha MapagurMe KOHEYHBIX aBTOMa-
TOB, ABJIAIOLIENCA O 1 H 0 M U3 mapagurM nporpaMMHpPOBaHUs, PACCMOT-
pennbix P. @noiigom [142], coBmagaroT ¢ MpeIoKEHUSIMHU, BHICKA3aH-
HBIMU JIaypeaTamu ipeMuu Trropunra u camum A. Toropunrom B [182].

Tax, A. JIx. [lepauc B 1966 r. [142] npeanoxui B ONMCaHus sA3bIKa,
Cpelbl U MPaBUJI BBIYMCICHHNA BKIIIOYUTH COCTOSHHS, KOTOPBIE MOTYT
MOJIBEPraThCsi MOHUTOPUHTY BO BpeMsl MCTIOJIHEHUS, TIO3BOJISIS IMAarHOC-
TUPOBATh MPOTPAMMBI, HE HapyllIas uX e’IocTHOCTH. [Tpu 3TOM Moz Mo-
HUTOPHHIOM OH MOHMMAJI paclpelelleHHOe yIpaBlIeHUE,
0oJiee M3BECTHOE B HACTOSIIEE BPEMsI MO/ HA3BaHUEM «OOBEKTHO-OPH-
E€HTUPOBAHHOE [IPOrPaMMUPOBAHUEY.

B atom xe roay 3. [etikcrpa [ 143] nmpeanoxnui BBECTH TaK Ha3bIBae-
MBbI€ IIEPEMEHHBIE COCTOSHUS, C TOMOILBIO KOTOPHIX MOXKHO OIHCHIBAThH
COCTOSTHHSI CHCTEMBI B JIFOOOH MOMEHT BPEMEHH, M BBEJ ISl ITUX IEICH
[EeNOYHCICHHBIC IepeMeHHbIe. [Ipr 3ToM UM OBUIN MTOCTABIICHBI BOIIPO-
Chl O TOM, KaKH€ COCTOSIHMS JOJDKHBI BBOJUTHCSA, KAK MHOTO 3HaYEHHUN
JIOJDKHBI UMETh MEPEMEHHBIE COCTOSHUS M YTO ITH 3HAYEHHUS JOJKHBI
o3HauaTh. OH MPEATIOKUII CHAYajIa ONpeeNaTh HaOop MOAXOIALINX CO-
CTOSIHWH, a I 3aTe€M CTPOUTH Iporpammy. OH TakxKe MPEeATIOKHUIT CO-
MOCTaBJISITh IPOIIECCHI C IIEPEMEHHBIMU COCTOSIHUS M CBS3BIBATH MPOIIEC-
chbl yepe3 3Tu nepemenHsbie. [lo Mmuenuto 3. JlefikcTphl, 1uarpaMMbl co-
CTOSSHUH MOTYT OKa3aThCs MOIIHBIM CPEJICTBOM JUISL TPOBEPKU
nporpamm. Bee 3To obecrieunBaeT MoJACpKKy €ro HJIeH, COCTOsIICH B
TOM, UTO TIPOTPAMMBI TOJDKHBI OBITH ¢ CAMOTO Hadajla COCTaBJICHBI Ipa-
BUJIBHO, & HE OTJIQXKHUBATHCSA JI0 T€X IO, [10KAa OHU HE CTAHYT HPaBUIIb-
HBIMH.

B 1977 r. JIx. bakyc [142] otmMeTuI1, 94To B SI3bIKaX MPOTPaMMHUPOBa-
HUS A5 Komnblotepa GpoH HeliMana ceMaHTHKa TECHO CILIETAeTCs C Te-
pexosaMu MEXIy COCTOSIHUAMU M MX HEJIOCTaTKOM SBIAETCS TO, YTO
«BCsIKasi MOJIPOOHOCTh BBIYUCICHUI M3MEHsIET cocTosiHue. Benencrteue
TaKOl TECHOMN CBSI3U CEMAHTHKH C COCTOSHUSIMH BCSKas AETalb KaxJo-
r'O CBOMCTBA JIOJDKHA OBITH BCTPOCHA B COCTOSIHHE W B €r0 MpaBWIIa Te-
pexomnoBy. [Ipu 3TOM OH yKa3an Ha HE0OXOAUMOCTh TOT'O, YTOOBI BEIUHUC-
JIUTENBHBIE CHCTEMBI 00J1a ]IalTi CBOMCTBOM «HCTOPUYECKOM YyBCTBUTEIb-
HOCTH», H OTMETHJI, YTO «CHCTEMa HE MOXKET OBITh HCTOPUIECKH TyBCT-
BUTETILHOM (JIOITyCKATh BIFSHUE BBIITOTHEHUS OHON IIPOTpaMMBI Ha TIO-
BEJICHUEC CIEIYIOMICH MPOrpaMMBbl), €CTH OHa He 00JamaeT HeKOTOPBIM
COCTOSIHMEM, KOTOpOE€ IepBas MporpamMma MOXKET M3MEHSATb, a BTOpas
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BOCHPUHUMATH. [103TOMY HCTOPHUYECKH UyBCTBUTEIbHAS MOJIENb BBIYMC-
JUTETHLHONH CUCTEMBI JIOJKHA 00J1alaTh CEMaHTUKOW CMEHBI COCTOS-
HUi». OH NpeUIoKIWI pacCMaTPUBATL COCTOSIHUE B LIEJIOM, a €r0 H3Me-
HEHHE IPOU3BOIUTE TOJIBKO MOCIE «OOIBIIOT0)» BEIYHCICHHS.

OTMETHM TaKXKe, YTO HUCIIOJIh30BAHUE B MPOTPaMMHUPOBAaHIHU (HOpMaIIb-
HBIX METOJIOB (SI3BIKOB (DOPMATBHEIX crennuKkanuii B [65]) mo3BosseT
IIOBBICUTH KaueCTBO IIPOrPaMMHOI0 MPOIYKTa JaKe B TEX CIIydasix, KOrI-
JIa UX yJaeTcsl MPUMEHUTH JIUIIb JJIS 9acTH pa3pabaThIBAEMOTO POCK-
Ta [65].

ABTOp HajieeTcsi, YyTO IMpelaraéMblil MOAX0/, UCIIOJIB3YIOMN dJie-
MEHThI OMXEBHOPU3Ma, KOTHUTUBHOU 1icuxoyiorud [49] u remranbT-1cu-
xoJioruu [34], mo3BOJIUT NOBBICUTH KAYECTBO MPOSKTUPOBAHUS U pealu-
3alliU MPOrPaMM JIOTUYECKOTO YIPaBIeHHUS OTBETCTBEHHBIMH TEXHOJIO-
TUYECKUMHU 00bEKTaMH, B TOM YHCJIE U 32 CUET aBTOMPOTrPaMMUPOBAHMUS,
IpU KOTOPOM YEI0BEK, 3HAIOINH 0OBEKT, CaM BBITIOJIHSACT aJlTOPUTMU3a-
IIUI0 U TPOTPaMMHUPOBAHUE, TaK KaK JUISI PacCMaTPUBAEMOro Kiacca
3a7ay mpejylaraeMas CUCTeMa 0003HAUCHHH SIBIISICTCS] «ECTCCTBEHHBIM
MPOIOJDKEHNEM 00pa3a MBIIUICHHS, a HE UYXKI0To eMy (hopMaIm3May
(H. Bupt B [142]). I'padbr mepexo10B B KayecTBE SI3bIKa aITOPUTMH3A-
UM, KaK ¥ JIO00H «SI3BIK, Ha KOTOPOM 3aIMCHIBACTCS PEIICHHE 3a1auH,
HanpsMYyIO BIUSAIOT Ha X0/ MbICJIEH YeJI0BeKa, 3aCTaBJIsisl €r0 pacCMaTpH-
BaTh 334y I0J] ONIpeIeIeHHBIM yriiom» [31], onpenensst « IMCUUILTUHY
MbinuieHus» [20]. B HacTosiee BpeMs cuntaetces [66], uto rpadsl mepe-
XOJIOB IMTO3BOJIIOT Han0OJIee eCTECTBEHHBIM O0pa30oM OIHKCHIBATH IIPO-
LIECCHI, MPOTEKAIOIINE B PEaIbHOM MUPE, JOMOIHS 0ObEKTHBIA OIXO0,
SIBJISTFOIIMIACS. «€CTECTBEHHBIM CITIOCOOOM pa3MBbIILIeHUsI 0 Mupey [ 144].

Ecnu mponenypHoe IporpaMMHpOBaHHE OPHEHTHPOBAHO HA BBIOOD
u JieiicTBusl, 00BEKTHOE MPOrpaMMHUpPOBaHNE — Ha 00BEKTHI [144], co-
OBITHITHOE IPOTPaMMHPOBAHUE — HA COOBITHSA, TO MPEIaracMoe aBTo-
MaTHOE MPOTPAMMHUPOBAHIE — HA aBTOMATHI, BKJIFOYAOIINE COCTOSHIS
U BXO/IHBIE U BBIXOJHbBIE BO3JEHCTBHUSL.

IIpu 3TOM OTMETUM, UTO 1O «JaHHBIM KHEBCKOTo NpeacTaBUTENIbCT-
Ba (upwmsl ,, [ Halinep DnekTpuk” B HAacTOsIIEe BpeMs TOIBKO 4 % yKpa-
uHCKUX Tojb3oBarenei ee I1JIK ucmonp3yror s3wik ,,['padceer”, BXO-
msmuit B crapaapt [EC 1131-3. Oro, BuauMo, CBSI3aHO ¢ MHEpUUEH
MBILUIEHUS Y IPOrpaMMUCTOB [185], KoTopbie B OOJIBILINHCTBE CIIy4aeB
ABTOMATUYECKHU MEPEHOCAT CTUJIb MPOTrPaMMHUPOBAHMS Ha S3bIKAX s
MEPCOHATBHBIX KOMIIBIOTEPOB Ha porpammupoBanue st [TJIK» [9].

OpHako, MO MHEHUIO aBTOPA, YKa3aHHAsl CUTyalus CBsI3aHa HE TOJIb-
KO ¢ OCOOCHHOCTSIMM IOJIb30BaTeNel, HO U C METOJUYECKUM olecrie-
YeHHEM I[PUMEHEHUS JTOro s3blka M ero peanusanuei. Tak, Harpu-
Mep, B [145] chopmynupoBaHa oJHa W3 3a7ay JIOTHYECKOTO YIpaBie-
HUSI U JUI1 Hee mocTpoeHa aumarpamma «['padeer», xoTopas, omHako,
SBIIIETCS «KAPTUHKOI», a HE MaTeMaTU4eCKO MOAeNbI0. DTO UCKIIIOYa-
€T BO3MOXHOCTh ()OPMAIEHOTO B H30MOP(HOTO Iepexo/ia OT Hee K Mpo-
rpaMMe ¥ IpUMEHEHHUE IHarpaMMbl B KaueCTBE CePTU(UKAIIMOHHOTO Te-
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cTa. Y IUBHUTEJBHBIM SIBIISIETCA TO, YTO 3Ta auarpamma B [145] He ucnoib-
3yeTcs A HamlMcaHusi mporpammbl Ha s3bike «['padceer», a mo ee
«MOTHBaM» 3BPUCTHYECKH CTPOSTCS JIECTHUYHAS CXeMa U MporpaMma Ha
s3bIKe MHCTPYKIMHA. Kpome Toro, kak 6bu10 oTMeueHo B [8], Tpadsl me-
PEXOMIOB B CUCTEMAX JIOTHUECKOTO YMPAaBJICHUSI OOBIYHO UMEIOT MHOTO-
YHCIICHHBIC BO3BPATHI HA3all, YTO JACTACT PEANN3YIONIHe X JHArpaMMEI
«I'padcer» HenarmsgapIMHA. HebompIroe 9ncio TBOMYHBIX TIEPEMEHHBIX,
BeigensieMbix B [1JIK mnst koampoBaHmst BepIIMH B STHX IHArpaMMax,
PE3KO OTpaHHYHMBACT JOMYCTHMOE YHCIIO BEPIINH B PEATN3YEMBIX TAaKUM
o0pazom rpadax mepexoioB.

[To MHEHUIO aBTOpa, B paMKax paccMaTpHBaEeMOI TEXHOJOTHUH IIPO-
rpammupoBanue 11JIK nanbosee nenecooOpa3HO BBIIOIHATD Ha SI3bIKE
«CcTpyKTypupoBaHHblii TekcT» («Structured Text») [1], ocobenno st
tex [TJIK, B KOTOPBIX 3TOT A3bIK COAEPIKUT KOHCTPYKLHUIO, aHATOTHYHYIO
KOHCTpYKIMU switch s3pika CU.

[IpenmaraeMblii TIOJXOM SIBJIACTCS METOJMYECKUM obecrieueHueM
mporecca arOpUTMUA3ZANNN U IPOTPAMMHUPOBAHUS I CUCTEM JIOTHYE-
CKOTO YIPAaBICHUS MTPHU MPUMEHEHHUH PA3JIMYHBIX S3BIKOB TPOrPAMMHPO-
BaHMA. DTOT ITOAXOJ B HACTOSIIIIEE BPEMsI, B YACTHOCTH, UCIIOIB30BAH B
HITO «ABpopa» mipu cozianuu:

— cHCTeMBbl ympaBieHus: ausenb-renepatropom JI'P-2A 500%500
JUTSL TpEeX CyJIoB mpoekta 15640 Ha 6a3e ammaparypsl «Selma-2» pupMsr
«ABB Strombergy» (Oumstaauns). IlporpaMmMupoBaHre BBITOIHSIIOCH HA
s13bIKe (PYHKIIMOHANBHBIX OJIOKOB [36];

— CHCTEMBbl YIpaBJICHUS TU3ENb-TEHEPATOPOM TOIO K€ THIA s
cynHa mpoekTta 15967 Ha 6aze anmapatypsl «Selma-2» ¢upmbl «ABB
Strombergy. IlporpamMmupoBaHHE BBIIOIHSIIOCH HA SI3bIKE (DYHKIMO-
HaJIbHEBIX OJIOKOB;

— CHCTEMBI YIPaBJICHHUS AU3EIb-TEHEPATOPOM TOTO K€ THUIA JJISI CYA-
Ha mpoekTa 15760 Ha Gaze anmaparypsl Gupmbel «Norcontrol» (Hopge-
rust). [IporpaMMupoBaHue BBITOTHSIIOCH GupMOit Ha si3bike [1JI/M [35];

— KOMIUTEKCHON CHCTEMBI YIIPABICHUS TEXHUUECKIMHU CPEICTBAMHU
AT cynoB npoekra 17310 va ITJIK «Autolog» dupmsl «FF-Automation
OY» (®unnsaaus) [38]. [IporpammupoBaHue Ui OOIIECYIOBBIX CHC-
TE€M BBINTONHSIIOCH Ha si3bike WHCTpyKumii ALPro [39], a mist cuctemsl
yIpaBJeHHUs BCIIOMOTATEIbHBIMU MEXaHU3MaMH — € TIOMOILBIO TPaHC-
nsaTopa «Sapo sa3peika CU — a3bik uHCTpyK1mii ALPro» [40];

— KOMIUIEKTa «ABPOJIOT» JUIsl YIPaBICHUS TEXHUYECKHUMHU CPEICT-
Bamu cyaHa Ha [IJIK «Autolog» ¢upmer «FF-Automation OY». Ilpo-
TpaMMHUPOBAHKE BBHITOIHSIOCH C TIOMOIIBIO YKa3aHHOTO BBIIIE TPAHCIIS-
TOpa;

— aBTOMATHU3MPOBAHHOW CHUCTEMBI YIPABICHHUS TEXHOJIOTUYCCKHUMU
nporieccamu (ACY TII) neHTpanbHOM MOATOTOBUTEIBHON CTAHIHH TTep-
BUYHOH 00paboTku HehTH «ABposor-HII1» (CeBepo-OpexoBckoe mec-
Topoxnerne). [IporpaMMipoBaHNE BEBITIONHSIIOCH HA SI3BIKE HHCTPYK-
nuit ALPro;
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— ACY TII goxumHO# HacocHO# ctanimu «ABponor-HI12» (Cese-
po-ITokypckoe Mectopoxaenue). [IporpammupoBanue BBITIOIHSIIOCH HA
A3blke UHCTpYKIMi ALPro;

— CHCTEMBI YIpaBleHHs TypOOKOMIIPECCOPHBIM arperatom «Jlapu-
Ha», UCTIOJIB3yeMOM MpHU pon3BocTBe nonndTuieHa B [10 «Ilomumup»
(HoBomozork). [IporpaMMupoBaHue BBIMOJIHSIOCH Ha sI3bIKE accemOIie-
pa ogHokpuctansHo MukpoOBM KP 1816 BEST [37].

W3noxeHHas TEXHOJIOTUs IpeAHa3HayeHa i CO3/1aHusl alllfOPUTMHU-
YECKOTO U MPOTPaMMHOTO 00ECTIEYCHUSI CUCTEM JIOTMIECKOTO YIIpaBie-
HUS, B KOTOPBIX BBOJ BXOJHBIX II€PEMEHHBIX BBIIOJIHIETCS TOIBKO MY -
TeM onmpoca [146] — ucnonb3yercss «UKIUISCKUN UCTIOTHUTENHY
[99]. dpyrast 0cOOEHHOCTb 3TOM TEXHOJIOTMH COCTOUT B TOM, YTO TIPH €€
MIPUMEHEHUH TPOTrpaMMBbl PEaTU3yI0TCs KOMIMIATHBHO: 1O rpadam Ie-
PEXOMIOB CTPOSTCA KOHCTPYKIMHM Switch HIM MX aHaJIOTH, KOTOpbIE
BBITOJIHAIOTCS HETIOCPEJCTBEHHO U TIOATOMY SIBIISIOTCS «aKTUBHBIMUY.

A. A. I'pabosckuit (AO «Kackony», Cankt-IleTepOypr) nmpumeHHI
MpeaiaraéMblii aBTOMATHBIN TOJXO/] AJIsl IPOrPaMMHOM pean3aluu J1o-
THYECKOW YaCTH CHUCTEM YIPAaBICHHS, MPOSKTHPYEMBIX Ha MUKPOKOHT-
pomepax GpupMbl «CHMEHC», ISl KOTOPBIX XapaKTEePeH Pa3BUTHIA MeXa-
HU3M 00pabOTKHU MpepbiBaHuid. [Ipu 3TOM 10 TaOJIMYHO 3alaHHBIM Tpa-
(daM Tepexol0oB aBTOMATHYECKH CTPOUTCS MAacCHB (HAITOMHUHAFOLTHIA
KOHCTPYKIIMU Switch), KOTOPBIH SBISIETCS «ITACCHBHBIMY» U 00padaThI-
BAETCsl MHTEPIPETATOPOM, YUUTHIBAIOIIUM BO3MOXKHOCTD MOSIBJICHUS 3a-
IIPOCOB Ha 0OpabOTKy BO BpeMsl, KOI/la MHUKPOKOHTPOJUIED peanu3yer
COOTBETCTBYIOIIMN TIEPEX0/1 B OJTHOM U3 TpadoB.

[Ipennoxxenuslid moaxoa ucnoib3oBan takke U C. b. TepeHtbes
(HITO «ABpopa») mpHu peanu3alud IPOTOKOJIOB B PaCIpeeICHHBIX
YIPaBJISIONIAX CUCTEMAaX, IIOCTPOCHHBIX Ha OCHOBE YKa3aHHBIX MHKPO-
KOHTpOJIepoB. [Ipu 3TOM HamMcaHue mporpamMM BBITOIHSIIOCH (hOpMaiTb-
HO ¥ U30MOP(HO HEMOCPEACTBEHHO IO MOCTPOCHHBIM TpadaM mepexo-
JIOB.

H. U. Tykkens (HITIO «ABpopa») u aBrop nmpumenwm SWITCH-
TEXHOJIOTHIO TIPH pPa3pabOTKE CHUCTEMBI YIPABICHUS TU3ENb-TCHEpa-
TOPOM, PEATU3yeMOl Ha MPOMBILUIEHHOM KOMIBIOTEPE C OIepaliloH-
HOM cuctemort QNX, B KOTOPOI YIIpaBIISIFOIIasi IPOrpaMMa BBITIOJTHSIET-
Csl KaKk OJUH Ipolecc, a Mporpamma, MoJelupyouas o0beKT yipasie-
HUS, — Kak Jpyroil mpouecc. IIpu 3TomM ObUl cO3maH BapHaHT
SWITCH-texHonoruu aisi «peakTuBHbBIX» cucteM [169, 183], BBUaY TO-
T'0 4TO YIpaBJeHUE HA OCHOBE COOBITHI MPUBOJHT K CYIIECTBEHHBIM OT-
JTUYUAM TIPU TPOCKTHPOBAHUU CHUCTEMBI 10 CPaBHEHHIO CO CIy4aem
MIPUMEHEHHS B HEM TOJNBKO «IUKINYEecKoro ucrnonHurtess» [99]. Takue
CUCTEMBI OOBIYHO PEaM3yIOTCsl Ha TIPOMBIIIJICHHBIX KOMITBIOTEPAX, pa-
0OTaroNMX MO YIPaBICHHEM OINCPAIMOHHBIX CHCTEM pEajbHOTO Bpe-
MEHH.

[IpennaraeMblil BapuaHT TEXHOJIOTUH XapaKTepU3yeTCs CIeLyIOLu-
MH OCOOEHHOCTSMHU:
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— B KauyecTBe 0a30BOT0 UCIOJIB3YETCs MOHATHE «a BT O M a T», a HE
«KIJTACC, KOOBEKT, «ANTOPUTM» UIIH «areHT», KaK 3TO HIMEET MEeCTO IpH
JIpyrux nonxogax. [Ipu aTom cooTBeTCTBYIOIIAst 001aCTh MPOTrPAMMHUPO-
BaHUSI MOXKET ObITh Ha3BaHa «aBTOMATHO-OPMEHTHPOBAHHOE MPOTPaM-
MHUPOBaHHEY;

— B 00IIIeM ciIy4yae aBTOMAThl pACCMATPUBAKOTCS HE N30JIMPOBAHHO,
a KaK COCTaBHbIE YaCTH B3aMMOCBSI3aHHON CHCTEMBl — CHU CT € M bl
B3aHUMOCBSI3aHHBX aBTOMaTO B, IOBeICHUE KOTOpoi hop-
MaJIM3yeTcsl € IOMOIIBI0 CHCTEMBbl B3aHMMOCBSA3aHHBIX
rpadoB mepexooBs;

— B KauecTBe OCHOBHOM NMPHUMEHSAETCS MOJENb CMELM aHHOT 0
aBTOMAaTa, A ONMCAHUS MOBEIEHHSI KOTOPOTO UCIONb3YETCs COOT-
BETCTBYIOIIMI Ipad mepexoJ0B TOIBKO C «IIP O CT Bl MHU» CO-
CTOSIHUAMU (THIIEPCOCTOSHUS HE UCTIONB3YIOTCA);

— pacmupeHa (o cpaBHeHHIO ¢ [8]) HOTalus, IpUMEHseMas pu
MocTpoeHnu rpadoB Mepexoa0B (HApUMeEp, B YACTH MIEPEUNCIICHUS BIIO-
JKEHHBIX aBTOMATOB);

— Ha 3Talne U3y4YeHHUS NPEIMETHOH oOnacTu Ha
OCHOBE TEXHHYECKOI'O 3aJaHMsl, KOTOpOE IPU aBTOMATHU3aLUU TEXHO-
JIOTHYECKHAX IPOLECCOB OOBIYHO BBINACTCS 3aKa3uWkaM B CIIOBECHOH
¢dopMe B BHAE COBOKYIIHOCTH CIICHAPHEB W CIYYaeB HCIOIH30BAHHUS
[99], cTpouTcst CTpPYKTYpHaAsi cXeMa CHUCTEM bl, TO3BOJISIO-
mas NOJy4YuTh oOllee MpeAcTaBiIeHHe 00 OpraHM3aluu YIpPaBICHHUS,
NPUMEHSIEMOH ammaparype u nHTepdeiice 00beKTa yrpaBICHUS;

—Ha»dTame aHAallM3a HAa OCHOBE TEXHHUYECKOTO 3a/IaHUS BbI-
JIENIAIOTCS CYIIHOCTH, KaXKJasi U3 KOTOPBIX HA3bIBAE€TCS aBTOMATOM (Ha-
pUMep, aBTOMAT YIPABJICHUS HACOCOM HJIM aBTOMAT KOHTPOJISI TEMIIe-
paTyper);

— COCTOSHUS KaKIOrO aBTOMaTa NEepBOHAYAIBHO OIMPEIeIsi-
IOTCS TIO BBIJICJICHHBIM COCTOSIHUSIM OOBEKTA YIPABJIICHUS MM €T0 Yac-
TH, a TpU OOJBIIOM WX KOJMYECTBE — II0 AITOPUTMY YIPaBICHHS,
[IOCTPOEHHOMY B APYrod HOTalUM (HAIIpUMep, B BUAE CXEMbl alIrOpHUT-
ma [44]);

— B aBTOMATHI TaK)XE MOTYT OBITh BBEACHBI W IPYTUE COCTOSHUS,
CBsI3aHHBIE, HAIIPUMED, C HENPaBWIbHBIMU AelicTBUsAME Oreparopa;

— KaXIbIil aBTOMAT MPH HEOOXOIUMOCTH MOXKET OBITh IEKOMITO3H-
pOBaH;

— UTEPATUBHBIN MPOIIECC aHATTU3a MOXKET BBIMOIHATHCS MHOTOKpAT-
HO U 3aBEpILAETCS CO3J]aHUEM MepeuYHsI aBTOMATOB U Mepe-
YHS COCTOSIHUM A4 KAaXXKJAOTO0 U3 HUX;

—HadTamne IPOEKTUPOBAHUS BOTIMYUE OT TPAIUIIUOH-
HOTO MPOTPaMMHUPOBAHMSI BBOJUTCS MOJ3Tal — KOJAUpOBaA-
HUEe COCTOSHHUMN aBromara. [Ipm 3TOM B KaXAOM aBTOMATe IS
pa3nuuus COCTOSIHUN IpPUMEHSeTCsI MHOTO3HAa4YHBIM KO, B
KayecTBe KOMOMHALMH KOTOPOIO BBOJAATCS HECATUYHbIE HOMEpa CO-
CTOSIHHUI;
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— aBTOMAaThl B3aMMOJEHCTBYIOT 3a cueT OoOMeHa HOMEepa-
MU COCTOSHUMN, BIOXEHHOCTHU U BBI3BIBAEMOCTH.
OHI/I TAaKKE MOTYT 6I)IT1> OJHOBPEMCHHO BJIOJKCHHBIMHA U BbI3bIBACMbBIMU

— CTPOUTCI CXeMa B3aUMOJEUCTBUS aBTOMAaTOB,
OTpakarollias yKa3aHHBIC THITBI B3auMoaeicTBuil. OHa popManusyer cu-
CTeMy B3aUMOJICHCTBYIOIIMX aBTOMATOB. JDTa CXeMa 3aMCHSET B Mpejijia-
raeMoi TEXHOJIOTHH THarpaMMy 0OBEKTOB U YACTHYHO THArpaMMy B3au-
MOJCHCTBHH (IHarpaMMy KOOIEpalni), KOTOPBIE MPUMEHSIOTCS B 00B-
€KTHOM MojieJupoBanuu [99];

— BXOJIHBIC BO3JICHCTBUS pa3AeisIIoTCs Ha C 0 O BI T | 5, ICHCTBYIO-
M€ KPaTKOBPEMEHHO, U BXOJHBI€ I EP e M€ HH bl €, BBOIUMbIE
IIyTeM OIIpOCca;

— BXOJHBIE BO3CHCTBUS LIEIECOO00Pa3HO PEaJ30BBIBATH B BHUJIE
BXOJIHBIX ITEPEMEHHBIX, a TPUMEHSATH COOBITHS — JUIs COKpAIICHUs Bpe-
MEHH peaKkiuy CUCTeMbI. [Ipy 3TOM O/IHO M TO )K€ BXOJHOE BO3JICHCTBHE
MOXET OBITh OJJHOBPEMEHHO MPEJCTABICHO U COOBITHEM U BXOAHOM Iie-
PEMEHHOI];

— mpepBBaHUSI 00pabaTHIBAIOTCS OMEPANMOHHON CHCTEMOH
U TIepearoTCs MporpaMMe B BHAE COOOIICHWH, a Iocie 3Toro odpa-
0aThIBAOTCSI KaK COOBITHSI C TIOMOIIBIO COOTBETCTBYIOIIHUX 00padoT-
YUKOB,;

— HEKOTOpHIC BXOIHBIC TIEPEMEHHBIC MOTYT (DOPMHPOBATHECS B pe-
3yJIbTaTe CPAaBHEHMS BXOJHBIX aHAJIOTOBBIX CUTHAJIOB C YCTaBKaMH;

— HOMEpa COCTOSHHM JIpyrux aBTOMAaToB, ¢ KOTOPBIMH aBTOMAT
B3aMMOJICHCTBYET 3a CUeT OOMEHa HOMEpaMH COCTOSHHM, Takke pac-
CMaTPUBAIOTCS B KAUECTBE €r0 BXOIHBIX BO3ACHCTBUI;

— BC€ BBIXOIOHBIC BOSﬂCﬁCTBHﬂ SABJIAKOTCA }Z[CﬁCTBHHMI/I,
a He JIeSITeIbHOCTIMH,

— I'pynnbl BXOAHBIX W BBIXOJHBIX BO3,Z[€I710TBI/II71 CBA3BIBAKOTCA C CO-
CTOAHHUAMU, BBIJICJIICHHBIMHU IJIs KaKJ0T'0 aBTOMATA,

— CBSI3M K)KJIOTO aBTOMATa C €T0 «OKPY>KCHHEM» (POPMaIN3yIOTCS
CXeMOMW CBsA3€W aBTOMaTa, NPEAHA3HAYCHHOW I IOJHOTO
onucanus uHTepderica apromara. B 3Toii cxeMe NpuBOJISATCS HCTOUHUKU
U TIPUEMHUKN WH(POPMAIIIH, ITOJHBIC Ha3BaHUS BCEX BO3ICUCTBHU M HX
0003HaveHMs, a TaKkke HHYOpPMALUSI O TOM, B KAKOI aBTOMAT OH BIIOKCH
Y KaKye aBTOMAThl BIIOXKEHBI B HETO;

— UMl aBTOMaTa HaYMHAETCS C CUMBOJIA A, UMsI COOBITHSI — C CHM-
BoJIa e (OT aHTJIMICKOTrO clloBa event — COOBITHE), UMSI BXOJTHOW Tepe-
MEHHOH — € CHUMBOJIa X, UMs IEPEMEHHOM COCTOSIHUSI aBTOMara — C
CHUMBOJIA Y, 4 UM BBIXOIHOTI'O BO3HCﬁCTBHﬂ — ¢ cumBoJa z. [locie kax-
JIOTO U3 YKa3aHHBIX CUMBOJIOB CJIEIyeT HOMEP COOTBETCTBYIOIIETO aBTO-
MaTa W BO3JCHCTBHUS;

— CHCTeMa B3aMMOCBS3aHHBIX aBTOMATOB 00pa3syeT CUCTEMO -
He3aBHUCHUMYIO (HapUMep, OT OIMEPAIMOHHONW CHUCTEMBI) YacTh
MPOTPaMMBI, KOTOpasi peai3yeT alropuT™M (HyHKINOHHUPOBAHUS CHCTE-
MBI yIIpaBJIECHUS;
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— peanm3alys BXOAHBIX IePEMEHHBIX, 00pabOTIYHKOB COOBITHH, BBI-
XOJIHBIX BO3/ICHCTBHI, BCIOMOTaTeIbHBIX MOJYJIEH M IIOJB30BATEIBCKHX
uHTepdeiicoB oOpasyeT CHUCTEMO3aBHUCHUMYI HacTb MpOr-
paMMmBl;

— 00paboOTUNKH COOBITHH COMEPKAT BBI30BHI (DYHKIHH rpadoB mep-
pEXooB (aBTOMATOB) C Tepejadeii UM COOTBETCTBYIOIIMX COOBITHI.
QyHKINKM BXOAHBIX U BBIXOJHBIX BO3AEHCTBHH BBI3BIBAIOTCSA U3 (YHK-
U, peann3yrommx aBToMatsl. DyHKIMN, 00pa3yrole BCIIOMOTaTelb-
HBIE MOJYJH, BBI3BIBAIOTCS M3 (DYHKIWH BXOJHBIX M BBIXOAHBIX BO3-
neiictBuil. Takum 00pa3oM, aBTOMATBl HAXOATCS B «ILEHTPE» CTPYKTY-
PBI IIPOrpaMMBI, CO3/JaBaeMOH Ha OCHOBE TIPeIaraeéMoro moaxo/a;

— eCIIH  COCTaBJIAIOIIAs CHCTEMO3aBUCHUMON 4YacTH MPOrpaMMbl
CIIPOEKTUPOBaHA KaK aBTOMAaT (HampuMep, aBTOMaT pazdopa ¢aiina pe-
koMmeHaanuil OnepaTopy), TO OH TaKXKe MOXKET ObIThb BBEIEH B CXEMY
B3aUMOJCHCTBHS aBTOMATOB;

— 3aIyCK aBTOMAaTOB MOKET MPOU3BOANUTHCS KaK U3 CHCTEMO3aBUCH-
MOH YacTH MPOTPaMMBbI (HampuMep, U3 00pabOTUHKOB COOBITHIA), TaK U
13 CHCTEeMOHE3aBUCHMON YaCTH;

—BIOXEHHBIEC aBTOMATHl IOCICIOBATEIFHO 3aITyCKAIOTCS
¢ mepenadell «TEKyIIero» COOBITHS B COOTBETCTBHH C IIyT€M B CXeMe
B3aMMOJICHCTBUS aBTOMATOB, OINPEIETIEMbIM HX COCTOSHHSAMH B MO-
MEHT 3aITycKa TOJIOBHOTO aBToMaTa. [Ipy 3TOM mocienoBaTensHOCTh 3a-
IyCKa U 3aBeplIeHHs paboThl aBTOMaTOB HAIIOMHHAET aJITOPUTM ITOUCKA
B ri1youny [160];

—BBI3BIBAaEMBI€ aBTOMATBhl 3aIyCKAalOTCAd M3 BBIXOA-
HBIX BO3JCHCTBUI C mepenaueil COOTBETCTBYIOUINX «BHYTPEHHUX» CO-
OBITHIA;

— aBTOMAThl MOTYT 3aIlyCKaThCsl OTHOKPATHO C Mepenadell Kako-
ro-JI00 COOBITHS WIIM MHOTOKPATHO (B LIMKJIE) C Mepeaadeil 0JHOrO U
TOTO JK€ COOBITHSI,;

— IIPU peau3aluy CUCTEMBI YUTEHO, YTO (QYHKIUHU, peaTn3yolne
aBTOMATBHI, HE peeHTepadenbHbI (He JOMyCKAl0T TOBTOPHOTO 3aITycKa JI0
WX 3aBEPILCHUS);

— KaXX/[bIil aBTOMAT TPH 3aITyCKe BBINOJHACT He 6olee O HO -
romepexona;

— nociie 00paboTKN 0YepeHOr0 COOBITHS AaBTOMAT COXPaHsET CBOE
COCTOSIHHE U «3aChINaeT» J10 MOSBICHUS CIEAYIOIIEro COOBITHS;

— IyTrHu U mMeTau rpadhos Nepexog0B NIOMEUAOTCS IPOU3BOIIb-
HBIMH JIOTHYECKUMH (POPMYJIaMH, KOTOPBIE MOTYT COJEPXKATh BXOHbIC
MIEPEMEHHBIC U MPEIUKAThI, IPOBEPSAIOIINE HOMEPA COCTOSIHUN APYTHX
ABTOMATOB U HOMEpa COOBITHIA;

— IYTH U TETIH KPOME yCIOBHH MEePEeX0T0B MOTYT COEPKATh CIH-
COK TIOCTIEZIOBATENILHO BBITIOTHSAEMBIX BBIXOIHBIX BO3/ICHCTBHI;

—BEepMmMUHB B rpadax MEepPexo0B IMPAKTHIECKH BCErna sB-
JSTFOTCSL YCTOWYMBBIMU U COAEPXKAT NeTn. Eciu Ha netsie He BBINTOTHSA-
I0TCS BEIXO/IHBIE BO3AEHCTBYS, TO OHA yMardnBaeTcs. B mpoTuBHOM city-

728



Yae, B SBHOM BUJI€ U300PaXKAIOTCS OJTHA WIIA HECKOJIBKO METENb, KaXKaast
U3 KOTOPBIX I[MOMEYEHA IO KpaifHell Mepe BBIXOJHBIMU BO3/ICHCTBUS-
MU,

— BepIIrHa rpada Iepexo 0B MOXKET COEPKATh CIHCOK MOCIIEI0-
BaTEIIbHO 3aITyCKACMbIX BJIOXKEHHBIX aBTOMATOB U CITUCOK IOCIICIOBATE b~
HO BBIITOJIHACMBIX BBIXOJIHBIX BO3H€ﬁCTBHﬁ;

— Ut 0000IICHHUS «OJIMHAKOBBIX» UCXOJISAIIMX IyT B KAXKIOM Tpade
MIePEX0/I0B JOMYyCKaeTCsl 00beANHEHNE BEPIIUH B IPYIIBL. Takke AOImy-
CKaeTCsl CIMSTHUE BXOISIINX B BEPUINHY IyT B OJHY JIHUIO;

— Ka)KIBIH rpad mepexo1oB MpoBepsieTcsI HA TOCTUIK UM O C T b,
HEOPOTHBOPEUYHUBOCTh, MOJIHOTY H OTCYTCTBHE
TEHEPHUPYWIIUX KOHTY P O B;

— JTal 3aBeplIaeTCs MOCTPOSHUEM rpada Mepexo0B I KaKI0ro
aBTOMATa, COBOKYIHOCTH KOTOPBIX 00pa3yeT CHUCTEMY B3aHMMOCBSI3aH-
HBIX aBTOMATOB,

—HaodTame peaJU3alMUU CTPOUTCI HIPOTPaMM a, B KO-
TOpPOM Tpadbl MEPEexo/I0B, BXOJHbIC MEPEMECHHBIE, 00paOOTINKHA COOBI-
THUW M BBIXOJIHBIC BO3JICHCTBUSI BBITIOIHSIOTCS B BUAE QyHKIudA. Kpome
TOTO, TIPOTPaMMa COJICPKHUT BCIIOMOTATEIBHBIC MOJYJIH, COCTOSIINE U3
Ha0OPOB COOTBETCTBYIONIMX (DYHKIU (HapUMep, MOIYJIb YIIPABICHUS
TaliMepamH);

— BBIICNCHAE (QYHKIUI JIEKOMITO3MPYET 3a7ady, a BBIICICHHE CO-
CTOSTHHI — €€ MOCIeJ0BATeIbHOCTHYIO JIOTHKY;

— JUTSl XpaHSHHsT HOMepa COCTOSIHUS aBTOMATa (Pa3InIeHus COCTOSI-
HUI1) UCIIONB3YeTCsI O HAa BHYTPEHHSIS nepeMeHHas s
pa3nuyueHus U3MEHCHHUSI COCTOSIHUSI TIPUMEHSIETCSL BTOpasi IepeMeHHas,
HOCsLIasi BCIIOMOraTebHbII XapakTep;

— pa3paboTaH YHHBEPCAIbHBIH ANTOPUTM MPOTPAMMHON peannsa-
IIUH UEePAPXUH TPa(OB MEPEX00B C MPOU3BOIBHBIM HX KOJHUYECTBOM H
IIPOU3BOJIBHBIM YPOBHEM BJIOKCHHOCTH,

— Kaxapii rpad nepexonoB popManTbHO U H30MOP P HO
peanusyercs OTIeNbHON (yHKIHEH (TIOAMPOrpaMMoii), CO3IaBaeMOM o
mabnoHYy, coaepkalieMy OBe KOHCTPYKUMH Switch W omepartop
if. [lepBas KOHCTPYKIMS switch BBI3BIBACT BIOKCHHBIC aBTOMATHI U
peam3yeT nepexobl U NSHCTBHUS Ha Ayrax u netisix. Oneparop i f mpo-
BEPSICT, U3MCHWIOCH JIH COCTOSHHE, M €CIIH OHO H3MEHHIJIOCH, BTOPAs
KOHCTPYKIHMS Switch aKkTHBH3MPYET BIOKCHHBIC aBTOMATBHl U PEaId-
3yeT JEHCTBUS B BEPIIHHE;

— mocIe peanu3anuu rpada nepexogoB TEKCT MOAMPOrpaMMbl J0JI-
JKEH KOPPEKTHPOBATHCS il OOecredeHuss OSCIOBTOPHOCTH OIpoca
BXOJAHBIX NEPEMEHHBIX, ITOMEYAIOIMINX AYTU, UCXOAAININE U3 OOHOTO CO-
crostHuA. Takum oOpaszom pemaercs mpobiema «puckay [8];

— Kak[gasi BXOJIHAs TEPEMEHHAs M KaKI0€ BBIXOIHOE BO3JCHCT-
BHE TakkKe peamu3yercs (YHKIHEH, UYTO TIO3BOJSET MPHUMEHITH
SWITCH-TexHONMOTHMI0O HE TOJBKO JUIsl PEIICHUsS 3a/1ad JOTHYECKOTO
YIIPaBIICHHUS;
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— nMeHa (YHKUMHA U MEePEeMEHHBIX, HCIOJIb3YeMbIX MPH peannsa-
UM aBTOMATOB, COBMAJAIOT C OOO3HAYEHHSIMH, NPUMEHSIEMBIMH B
cxeMmax cCBs3eld aBTOMaToB M Tpadax mepexonoB. Hampumep, mepe-
MEHHasl, B KOTOPOH XpaHUTCS HOMEP MPOU3OMIEIIIErO COOBITHS, UMEET
UMS «e»;

— Bce (DYHKIIMH, pealn3yIOIINe BXOHbIE TICPEMECHHBIC, 3aIHUChiBa-
IOTCSI B MTOPSIIKE BO3pAcTaHHWS MX HOMEPOB B ONUH (ailn, a peaamnsyro-
1€ BBIXOJIHbIE BO3AEUCTBUS — B APYTOii;

— (YHKIUH, peaTN3yIOIIHe aBTOMATHI, BXOJHEIC IEPEMECHHBIC H BBI-
XOIHBIC BO3ICHCTBHUS, COACPIKAT BBI3OBBI (DYHKIUH IS 0OCCTIEUCHUS
MIPOTOKOJIMPOBAHUS;

— JTal 3aBeplIaeTcs MOCTPOCHHEM CTPYKTYPHOM CcXeMBbl
pa3paboTaHHOTO MNPOrpaMMHOro obOecmedeHHsH,
OTpakarollei B3auMOICHCTBHE €ro yacTel. DTa cxeMa MOKET BKJII0YaTh
CXeMy B3aUMOAEHCTBUs aBTOMaToB (puc. 21.1), koTopast mpu 3TOM OT-
JICIBHO HE BBIITYyCKAETCS;

— Ha 9Tamne OTHajJgKH obecreyeHa BOZMOXKHOCTb OJHOBpE-
MEHHOU MHJWKAINK 3HAYCHUH TTEPEeMEHHBIX COCTOSIHII BCEX aBTOMATOB
Ha OJJHOM 3KpaHe;

—HadTanme CepTU(PHUKAI UM 3aCUCT BBEJICHHS B (PYHKIIUN
ABTOMATOB, BXOJHBIX M BBIXOIHBIX BO3JCHCTBHI BBI3BIBOB (YHKIIHIA
IIPOTOKOJIMPOBAHUS 00ECIIEYeHO aBTOMAaTHUYE€CKOE BEJEHHU €
NPOTOKOIJa B HeM yka3bIBalOTCs COOBITHS, 3allyCK aBTOMAaTOB, X
COCTOSIHMSA B MOMEHT 3aIlycKa, [IePeX0/Ibl B HOBbIE COCTOSIHUS, 3aBepLIe-
HUE paboThl aBTOMATOB, 3HAUYEHUS BXOIHBIX MEPEMEHHBIX, BBIXOJHBIC
BO3JICHCTBUS W BpeMsl Hadaja BBIIOJHEHHMS Kakaoro w3 HUX. Kpome
«IIOJIHOTO» TPOTOKOJIA TaKXKe aBTOMATHYECKH CTPOUTCS «KOPOTKHUII»
MIPOTOKOJI, B KOTOPOM (PUKCUPYIOTCS TOJIBKO COOBITHS U MHUIIMUPYEMBIC
MU BBIXOJHBIC BO3JICHCTBUS, HHTEPECYIOIINE 3aKa3unKa;

— COOOIIEHUS B «ITOTHOM) IMPOTOKOJIE O 3aITyCKE U 3aBEPIICHUH Pe-
aM3aIy KaXI0T0 aBTOMAaTa UrPaloT pojlb CKOOOK, IOTHYECKH BBIICIS-
IOLIUX Pa3HbIe YPOBHU BJIOKEHHOCTH aBTOMATOB;

—HadTame TOKYMEHTHUPOBAaHUS U TOYHOTO OPOPM-
JICHUST PE3yNIbTATOB MPOSKTHPOBAHHS U Pa3pabOTKU MPOTrpaMMBI Tpe-
JlaraeTcs co3aaBaTh U caBaTh B apXUB JOKYMEHTALHIO (110 KpaiiHel Me-
Pe B DIIEKTPOHHOM BH/IE), UMEIOIIYI0 KAK MUHUMYM CJIEAYIOLIYIO0 KOMII-
JEKTHOCTh: CTPYKTypHasi CXeMa CHCTEMBI, cXeMa pa3paboTaHHOTrO
MIPOrpaMMHOT0 OOECIIEYEHHsI; pacledyaTKu SKPaHOB MOJIb30BATEIbCKUX
uHTEep(EHCcOoB; TEepedYHN COOBITHI, BXOJIHBIX IMEPEMEHHBIX W BBIXOJ-
HBIX BO3JIEHCTBUMN; JauarpaMmMa B3aUMOJICHCTBUSI aBTOMAaTOB; OIKCA-
HUE HOTAIMH, UCTIOIh3yeMOl B rpadax mepexoioB; MIa0JIoH /IS peau-
3amuu TpadoB TEPEXOJOB CMEIIAHHBIX aBTOMATOB IMPOU3BOJILHOTO
YPOBHSI BIIO)KEHHOCTH; [UI1 Ka)I0r0 aBTOMara: CJIOBECHOE OIluca-
HHUE ((PparMeHT TEXHUYCCKOTO 3aJaHMs), PACCMaTPUBACMOC B KadeCTBE
KOMMEHTapHsI, CXeMa CBs3ei aBTOMara, Tpad) IMepexoJ0B M MCXOTHBIH
TEKCT (PYHKIMH, peaTu3yIoell aBTOMAaT; alrOPUTMEI, HallpUMep B BHIIE
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CoObiTUS 1
(HampuMep, OT NONb30BATENbCKOrO HHTepbelica, E-——==-=
OMNEPALHOHHON CHCTEMbI, ANMAPATYPLI U T.11.) |

1
! QOpadoTYHKK cODLITHH RLIBLIBAIOTCA, HATIPHMED,
1 CPeaCTBAMU ONEPALIMOHHON CHCTCMbI

1
v
DyHKLMH 00padoTUMKOB COOBITHH

(Hanmpumep, 0dpabdoTyuk codbI-
TUS «CpadaTelBaHNE TalMepa»)

1 OOpaboTdnKrM cOOLITHH BBIIBIBAIT ABTOMATEL,
MEPEAARAA UM TOMEPA NMPOMIOIIEIIIHX CODLITHE
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HE3ABHCHMAH YacTh NPOrpaMMbl
(B32UMOAEHCTBUE ABTOMATOR MO BIOKEHHOCTH U
0OMEHY HOMEPAMHU COCTOTHUH (1))

T T T
I | 1 ?
Bbi30B yHEK- : : Brizos dyHrUnH, : | Biaumonelictnure mo
LM BXOAHBIX | peanmuiyronmx BbI3LIBACMOCTH C
MepeMenIx h | BBIXOAHBIC | | | LepeJayed BHyT-
" | noyaelcTRua,/ | PCeHHEX coOBITHRA
|
v v v
DYHKUUH BXOIHBIX DyHKIHH
[IepeMeHHbIX (), o poro- L DYIRIAN BLIXOLIX
OCYNISCTRIIONIHE OTIROC KoIu- BOACHCTBHIT (2)
HCTOYHHKOB HHBOPMALHH poBaHHA
T T
Brizos 1 Brizos I [Mopexxaenue
BCMOMOTA- 1 BCnoMora- | | [eKoTOPLIX cOOBITHIT,
TCIBHBIX TCITBHBIX {HANPHMCP, 3aNYCK
hyHrui ! Pyuxunii ;| TaHMepoB)

Vv v

Benomorarensibie Moayin U OubIHOTEKH
(HampuMep, MOAYJIL YNPaBIeHHs TaliMepaMi)

Puc. 21.1

rpad)oB Mepexo/10B, U UCXOJHbIE TEKCThI BCIIOMOTATENIbHBIX MOAYJICH U
(GYHKIMN, peaTu3yonNX BXOJHbIE TEpEMEHHBIC, 00pabOTUYUKH COOBI-
THI W BBIXOJHBIC BO3ICHCTBUSI, MPOTOKOJBI JUIS CepTUGHUKALMU TIPO-
rpaMMbl, BBITIOJIHSIOIIME POJIb KOHTPOJIBHBIX pumepoB [151]; pykoBoa-
CTBO MMPOTrPaMMHCTA; PYKOBOJCTBO MOJIb30BATEIIS,;

— U3JIOKCHHBIA BApUAHT TEXHOJIOTHU MOXKET UCIIONIB30BATHCS U IIPH
MOCTPOCHUH MOJICTH 00BEKTa YIPABICHHS;

— IpU HAJTWMYUU MOJETH 00BEKTa IS Hee JOJKCH CO31aBaThCs aHa-
JIOTMYHBIA KOMIUIEKT JJOKYMEHTAIHH;

— IIOCJIC JTOT0, IpU MNOABJICHHUU JI IO 6 bl X I/I3M€H€HI/II>1, BO3HU-
Karommx B X0JI€ JIaJ'ILHeﬁHIHX OTaroB KU3HCHHOI'0 IUKJIa MMPOTpaMMBblI,
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BECh KOMILIEKT JOKYMEHTAIMH (TI0 3aBEpPIIICHUH Ka)KIOT0 JTara) JI O J -
K € H KOppeKTHpoBaThes [159]. [y 3TOro cocTaBisieTcs: mepeueHb Hc-
MOJIHAEMBIX MOAYJIEH IIPOrpaMMBbl, B KOTOPOM I KaX10r0 U3 HUX yKa-
3bIBACTCA 3HAYCHHE HUKIMYECKON KOHTPOIBHOW CyMMBI (CHUTHATypa),
oTpaxatromiei rodoe uzmeHenne B moayine. [Ipu atom KonTponep mo
JOKYMCHTAIIUN JOJDKCH 3HAaThb 3HAYCHUE ITOM CYMMBI JJId UCXOJHOI'O
¢aiina, u mocie 3aBepIICHUs Ka)XJIOTo dTara MpH J00M H3MEHEHUH
YKa3aHHOTO 3HA4YCHUS TPeOOBaTh NPEICTABICHUS W3BEIICHUS Ha BBI-
MOJTHEHHYIO MOTU(PHUKAIINIO, TIO KOTOPOMY JOKYMEHTALUs JOIDKHA OBITh
KOMIIJEKTHO OTKOPPEKTHPOBAaHA U CJAHA B aPXUB.

[IpeanaraeMelii BapHAHT TEXHOJIOTHH OOJIQACT CICAYIOIIUMH JI O -
CTOUHCTBAaMU:

— B OTJIMYHE OT 00BeKTHOro MojenupoBanus [99, 153], Bo-niepBbIX,
MOCTPOCHHUE BCEX OCHOBHBIX MOJICNICi OCHOBAHO HA IPUMEHEHHUHU TOJIBKO
aBTOMATHOM TEPMHUHOJIOT'UH, 4 BO-BTOPLIX, UCTIOJIb3YCTCA NUHAMUYCCKas
MO/ICITb TOJILKO OJIHOTO THITa — CHCTEMa B3aUMOCBSI3aHHBIX rpad)oB Iie-
PEX0JI0B;

— NPUMEHEHHE TaKOW JIMHAMHUYECKOH MoJenu mo3BoisieT dddek-
THUBHO ONHCBHIBATh U PEATM30BBIBATE 3aJaUl PacCMaTpPUBAaEMOro Kiacca
Jlake Tipy 00IbIIoli ux pazmepHocTH. [IpuMmenenue rpadoB mepexo/ioB B
KadecTBe s3bIKa CICIH(UKAIMN aJTOPUTMOB JIENIaeT 0003PHMBIM Taxe
BEChbMa CJIO)KHOE TIOBEJICHHE MPOTPAMMBI M TIO3BOJISICT JIETKO BHOCHTH
MU3MCHEHUSI KaK B CIICII(DHUKAINIO, TAK U B €€ PEaTU3aIINIO;

— COBMECTHOE PACCMOTPECHHUE CXEMBI CBsI3¢il aBTOoMara U ero rpada
MEPEXO0I0B TO3BOJIIET MOHUMATH TOT rpad), a COBMECTHOE PaccMOTpe-
HHE 3TOro rpada U U30MOPQPHOI eMy HOAMPOrPaAMMBI TO3BOJISIET [TOHHU-
Marthb 5Ty IOANPOrpamMmy;

— MoApOOHOE TOKYMEHTHPOBAHKE MMPOSKTA CO3IaHHsI IPOrPAMMHO-
Tro OGGCHGLICHI/IH IMO3BOJISACT IPpH HCOGXOHI/IMOCTI/I BHOCUTH U3MCHCHUS B
HEro Yepe3 [UINTEIbHBIN CPOK IMOCIIE €ro BBIMYCKa U JaXe APYTHMH CIie-
[IIAJIICTaMU;

— 0e3 UCTIoIb30BaHUs 00BEKTHO-OPUEHTHPOBAHHOTO TIOIX0/1a TIPO-
rpaMMa 4YeTKO pa3JeNsieTcs Ha JIBE YaCTH — CHCTEMOHE3aBUCHMYIO U
CHCTEMO3aBUCHMYIO;

— TIpU MPOCKTHPOBAHUU CHCTEMOHE3aBHCHUMOHN YacTH MPOTPaMMbI
JETaIN peau3alyy BXOIHBIX U BBIXOIHBIX BO3IEHCTBUI CKPBITEL. OHU
PaCKPBIBAIOTCS TOJBKO IPHU PEATU3AINU CHCTEMO3aBHCUMOI YacTH TIPO-
TrpaMMBI;

— JTalbl IPOEKTUPOBAHUS U Peaau3alud CUCTEMOHE3aBUCUMON Ya-
CTH IIPOTPaMMBbI ITOJHOCTHIO Pa3/ICICHBI;

— peanmn3anysa BXOAHBIX NMEPEMCHHBIX W BbIXOIHBIX BO3}:[CI71CTBPII71
B BuJe (YHKIMI 00ecredynBaeT: WX MPOTOKOJUPOBAHHUE, MPOCTOTY
mepexosa OT OAHUX THIIOB MCTOYHUKOB WM IMPHUEMHUKOB HH(OPMAILIUH
K JIpyr'uM, HaJd4yue JeicTBYylolero mMakera nporpammsl [151] B umro-
00lf MOMEHT BpPEMEHH TOCJIe Hayalla peau3ali CHCTEeMO3aBUCUMON
4acTy;
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— YIOpPSIIOUCHHOE XpaHeHHe (YHKLUM, peanu3yroluX BXOIHBIE
MEPEMEHBIE U BHIXOIHBIC BO3/ICHCTBUS, YIIPOIAET BHECCHUE U3MEHEHUIT;

— JUTSL KOMPOBAHMUS JIFOOOTO UMCIIa COCTOSHUIT aBTOMAaTa UCTIONIb3yeT-
Csl TONBKO OJTHA BHYTPEHHSISI TIEPEMEHHas], YTO 00ecTieunBacT Ha 0 1o -
JaeMOCTb IOBEICHII aBTOMATA 3 CUCT «CIICKCHHSD 32 N3MEHEHUAMU
3HAUEHUH TOJIBKO 3TOM nepeMeHHoM. [l cuctemsl n3 N aBTOMAaToB «Clle-
KEHHE» BBITIOIHSIETCS 110 /N MHOTO3HAYHBIM MEPEMEHHBIM, 3HAYCHUS KaK-
J0H 13 KOTOPBIX BBIBOASATCS HA «OTJIAI0YHBII» AKpaH, MPEICTABICHHBIN B
dopme, orpeniensieMor CXeMOo B3aUMOJICHCTBHSI aBTOMATOB;

— KaKAbIH Tpad 1mepexo 0B GopMaIbHO U H30MOP(HO pean3yeTcs
10 1I1abJIOHy, YTO MPU HEOOXOIMMOCTH ITO3BOJIET PENINTh 0 OpaT -
HY 0 337adyy — OJIHO3HA4YHO BOCCTaHOBHTH Ipad mepexojoB MO 3TOM
HOJNPOrpaMMe;

— CHCTEMOHE3aBHCHUMasl 4acThb IPOrpaMMbl HMEET PErYIIPHYIO
CTPYKTYpY H, CJIEAOBATENBHO, JIETKO YUTACTCS U KOPPEKTUPYETCS;

— CHCTEMOHE3aBHCUMAsl 4aCTh MPOTPAMMBI 3aBHCUT TOJBKO OT Ha-
JIYHST KOMITWIIATOPA WIIH HHTEPIIPETATOPa BHIOPAHHOTO SI3BIKA IPOTPaM-
MHUPOBaHU Ha HCIIOIB3yeMoi miatdopme. Ilpn cMene anmapatypsl wiiH
HEePEHOCE MPOrpaMMBbI IO APYTYIO ONEPAlMOHHYIO CHCTEMY HEOOXOIH-
MO M3MEHHTH TOJIKO CHCTEMO3aBUCHMYIO 4acTb. Ecnm mmardopma He
M3MEHSETCS, TO BCIIOMOTATeJIbHBIE MOJYJIM MOTYT OBITh MCIIOJIb30BAaHBI
Kak o0pa3iiel [99] 1 MOBTOPHO;

— aBTOMaTHYEeCKOE BEICHHE IIPOTOKOJIA B TEPMUHAX CIEH(HKAIIIH
obecreunBaeT BO3MOXKHOCTb cepTudukanuy nporpammsl. [Ipu sTom nemMoH-
CTPUPYETCsl COOTBETCTBUE (DYHKIIMOHUPOBAHUSI MPOTPAMMBI «TIOBEJICHUIO»
CHCTEMBI B3aHMOCBSI3aHHBIX Ipa(oB MEPEX0J0B IS PACCMATPUBAEMBIX CO-
ObITHI TPU BBIOPAHHBIX 3HAYECHUSIX BXO/THBIX IEPEMEHHBIX. JTO JOCTHIACTCsS
3a CYET COMOCTABJICHUSI «IIOJTHOTOY» MPOTOKoNa co crenuduxarnmeii. Coso-
KYIHOCTb «IIOJIHBIX» IPOTOKOJIOB 00ECTICUNBACT BO3MOKHOCTh CEpTH(HKA-
MU TIPOTPAMMEI B TIeTIOM. /11 cepTr(HKaIiy B TEPMUHAX, TIOHSTHBIX 3aKa3-
YHKY, MOTYT NIPHMEHATBCS «KOPOTKHE)» IIPOTOKOJIBI, KOTOPbIE MOYKHO HC-
MOB30BaTh TAKKe M B KadecTBe (DParMEHTOB METOAMKH MPOBEPKU
(yHKIMOHMpoBaHKs cucTeMsl. [1py 3TOM OTMETHM, YTO M3 IBYX TPYIII IO-
HATHH «OOBEKT—AITOPHTM» H «QITOPUTM — TIPOTPaMMa» CepTHU(HKAIWL
OOBIYHO CBSI3BIBAETCS TOJIBKO CO BTOPOW I'PYIIIOH TTOHSATHI;

— «KOPOTKHUID» MPOTOKOJ MO3BOJISET ONPEACIUTh HAINUUE OLIHMOKU
B BblJIa4e BBIXOJHBIX BO3/ICHCTBHH, a «IIOJHBIH» — ONPEAEINTh aBTO-
Mart, KOTOPbIH IPU ITOM HEOOXOAUMO OTKOPPEKTHPOBaTh. I1o3ToMy «KoO-
POTKHE» MPOTOKOJIBI MOTYT OBbITH HA3BAHBI «IIPOBEPSIOIIUMMY», A KIIOJ-
HBIE» — «JIUArHOCTHPYIOIHMI»;

— BO3MOXHOCTh aBTOMATHYECKOTO MOTYYECHHUS IOTHBIX)» MPOTOKO-
JIOB B TEPMHHAX aBTOMATOB ITOKA3BIBACT, YTO CHCTEMa B3aMMOCBSI3aH-
HBIX T'padoB MEPexXo0B, UCIONb3yeMas A CHeIU(UKANHA aIrOpHT-
MOB, SIBIISETCS HE «KapPTUHKOM», a MAaTeMaTHIECKON MOJEIBIO;

— HECMOTPS Ha JOCTATOYHO BBICOKYIO TPYIOEMKOCTh HPOBEICHMUS
«IIOJPOOHONY CepTU(HKAIIMN TIPH TPUMEHEHHH TIPEAIaraeMbIX IIPOTO-

733



KOJIOB, 3TOT CIOCOO CYLIECTBEHHO 0oJjiee MPaKTUYeH, YeM APyrue Mmoi-
XOJIbl K IOCTPOCHUIO Ka4eCTBEHHBIX POTrpaMM, KOTOPBIE U3JI0KEHBI, Ha-
npumep, B [171, 172];

— TIOpPOXKJAeMbIi HEKOTOPBIMH COOBITHSIMH TPOTOKOJ WIIH €ro
4acTh SBISIOTCS COOTBETCTBYIONIUM clieHapueM. Takum oOpa3oM, crie-
Hapuiil [161] cTpouTcss aBTOMaTHYECKH MPH aHAJIM3€ MPOrPaMMBbI, a He
BPYYHYIO IIpU €€ CHHTE€3€, Kak 3TO Ipellaraercsa AejaTbh IpHU APYTHX
noaxonax [101, 153]. Pyunoe mocTtpoeHnne Bcel COBOKYMHOCTH CIIEHA-
pueB U G opMalbHBI U CHHTE3 CHCTCMOHE3aBUCHMON YacTH MpO-
rpaMMBbl IO HUM JJIS1 33]1a4 CO CJIOYKHOMW JIOTUKOM MPaKTUYEeCKH He OCy-
LIECTBHUMBI;

— IpeJyIaraeMblil MOAX0/] He UCKIIIOYAET HHTEPAKTUBHON OTIaIKU U
cepTudUKaInu;

— MOBEJICHUE CUCTEM B3aUMOCBS3aHHBIX aBTOMATOB SBISIETCS pPa3-
HOBUIHOCTBIO KOJUIGKTUBHOTO ITOBEICHUS aBTOMATOB [173] u MoxkeT uc-
MOJIb30BAThCA MPH MOCTPOSHUH «MHOTOAreHTHBIX CHUCTEM, COCTOSIIUX
W3 peaKkTUBHBIX areHToB» [174].

PaspaboTka cucTeMbl YIIpaBlIeHHsI U3€Ib-TeHEPATOPOM, BITIOJIHEH-
Hasl ¢ TIOMOIIIBIO Mpe/ylaraeMoro BapuanTa texuosnoruu [183], moarsep-
nuna muenue @. bpykca [151] o Tom, 4TO Bpems, 3aTpadunBaeMoe Ha
NPOEKTUPOBAHHUE AITOPUTMa, IIPU KOTOPOM CTPOSTCS HE Kap-
TUHKH, & MaTeMaTUYECKHE MOJIENIH, 3HAUUTEJILHO [IPEBBIIIAET BpeMs, 3a-
TpauyMBaeMOe Ha HANMUCaHME€ CHCTEMOHE3aBUCUMOW YacTh Mpo-
rpaMMbl, U30MOP(GHON CHPOEKTUPOBAHHOMY aJITOPUTMY, a TaKKe MHe-
nue /1. Boaca [152] o CASE-cpencrBax, KOTOpble caMu 0 cebe Majo
9TO YOBICTPSIOT, & «IIPAKTHUKA UX MPUMEHEHHs T0Ka3aja TOIbKO TO, YTO
13 HEKOPPEKTHBIX KAPTUHOK MOYKHO MOJIYYUTh HEKOPPEKTHBINA KOJ».

TexkcT nmoanporpaMMsl, IOCTPOEHHON € IOMOLIbIO IIPEII0KEHHOIO
BapHaHTa TEXHOJIOTUH, M IIOJIHBIA» MPOTOKOJ €¢ paboThl, IPOBEPSIO-
M BCE TIEPEXOjbl aBTOMATa, PEAU3YIOIIEro aJIrOPUTM YIPABICHUS
00BEKTOM «TyIIOap», mpuBe/eH B 1. 3.2 [punoxeHusl.

Takum oOpazom, B HacTosiiee Bpemst SWITCH-TexHOIOT 1S HCTTOIb-
30BaHa IPHU OCTPOCHUU CUCTEM YIIPABJICHHs IPUMEHHUTEIBHO KO BCEM
TPEeM THUIIaM YNPaBIIAIOLIUX BBIYUCIUTEIbHBIX YCTPOUCTB, NEPEUUCIICH-
HBIX B Ha4aJie IMIaBbl, U IOKa3ajia CBOIO d(PPEKTHBHOCTD.

W3 u310:KEHHOr0 CleqyeT, YTo ISl paccMaTpUBaeMoro Kjiacca 3a-
Jad rpejjiaraemMas TEXHOJIOTHS 00ecreunmBaeT MOCTPOCHUE «JI00pOT-
HbIX» [147] mporpamm, NOATBEpXkKAas TEM CaMbIM BBICKA3bIBaHHE: «T O,
YTO HecnenqupUIUPOBAaHO GOPMATbHO, HE MOXET
OBITH IPOBEPEHO, @ TO, UTO HE MOXET OBITH MPOBE-
peHO, He MOXET OB Th Oe301mu0o0YHB M»[32].

«CJO)XHOCTD CITYXKHUT NMPUYUHON TPYIHOCTH TEPECUYHCICHHS, & TeM
Ooree MOHMMAaHMWS, BCEX BOSMOXKHBIX COCTOSHHU MW TPOrpaMMEL, a
OTCIOJIa BO3HUKAET €€ HEeHae)KHOCTh. CII0KHOCTD CIIY’KUT TaKKe UCTOY-
HUKOM HEBU3YAJIM3UPYEMBIX COCTOSHUH, B KOTOPBIX HApYyILAETCs CUCTE-
Mma 3amut [151].
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[Ipenmnaraemas TEXHOJIOTHS OCHOBaHA Ha allpUOPHOM 3aJaHUHU COCTO-
SIHAW M MX BU3YaJH3alll{, U TIOATOMY XOUYETCS HAAEAThCs, YTO OHa, 00-
Jagasi MUHUMaIu3MoM [176], mo kpaifHeit Mepe Il CHCTEM JIOTHYECKO-
ro yImpaBJICHUA U «PCAKTHUBHBIX» CUCTEM SABJISICTCA HpI/I6J'II/I)KCHI/IeM K
«cepebOpsHOUW myne» [151] B "acTu co3gaHMs KauyeCTBEHHBIX
nporpamm, teM Oosnee uto . bpykc B 310l pabore oro3Baics Oiaro-
CKJIOHHO TOJIbKO 0 noaxoze [l. Xapena, cpaBHEHHE C KOTOPBIM BBIIIOJIHE-
HO BBIIIIE.

OTa TEXHOJIOIUs MOYKET pacCMaTPUBAThLCS KaK OHO U3 HAIIPaBICHUN
BBIXOJIa M3 «KpU3Hca JIMHEHHOro MbluuieHus» [177], apyroe u3 Korto-
PBIX, HAIPUMED, CBSA3aHO C 3aMEHOH TeKCTa THIEePTEKCTOM.

[TpumeHeHNe U3I0)KEHHOH TEXHOJIOTHHA MOXKET ObITh 0COOCHHO BaK-
HBIM Ui oOecriedeHuss TpeOOBaHUK MEXKIyHAPOJHOIO CTaHAapTa
IEC 880 «lIporpammuoe oOecneuenne OBM, wucnonb3yromuxcs B
CHUCTEMaX 3KCIUTyaTal[MOHHON HaJEKHOCTH aTOMHBIX 3JEKTPOCTaHIUI
(ADC)», KOTOPBII permaMeHTUpyeT B TOM YUCIIE U TpoIlece pa3padoTKu
U KOHTPOJISI 3a CO3JaHHEM NPOTPAMMHOTO OOECHEeYeHUs Ui CHUCTEM
yIpaBlIeHUs AAEPHBIMU DHEPTETUUECKUMHU YCTAHOBKAMH, a TAK)K€e MOps-
JIOK BHECEHHUS B HETO M3MeHeHuH [ 158].

[IpuMeHeHue B npeayiaraeMoil napajiurme MnoHsITus «aBToMaT» B Ka-
YECTBE LIEHTPAJIBHOIO IOHATUS COOTBETCTBYET €ro MECTy B TEOPHH
YOpaBJiIeHUs, YTO NPUHLUUIMAILHO OTJIMYAET €€ OT APYTruX Mapajurm
IPOrpaMMHPOBAHHUS.
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