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AJITOPUTMUBALIA U [NPOTPAMMUPOBAHUE IJisI CUCTEM
JIOTUYECKOI'O VYIIPABIJIEHMA U "PEAKTUBHBIX" CUCTEM

[l 2000 A.A.lMajuETO, O-P TEeXH. HAYK

denmepalibHEM HAYUYHO-IIPOM3BOIACTBEHHBIM LIEHTP
I'ocymapcrBeHHOe yHUTapHOe npennpmuarme "HIIO "Apopa""

CaHKT-IleTepOypPICKUM MHCTUTYT TOUHOM MEXAaHUKM UM OINTUKU
(TexXHMUEeCKUM yHUBEPCUTET)

Ha ocHOBe o0030pa MeTOOOB aJTOPUTMM3aLMM UM OPOTPaMMMPOBaHMA OJIA
CUCTEM JIOTMYECKOTO yhopaBJIEHUA 128 "peaKTUBHEIX" cCucTeM
C(I)OpMYJ'H/[pOBaHbI OCHOBHEIE IIOJIOXKEHMA TEXHOJIOT'UN aJjiropmrTMmMIalym  un
IporpaMMMpPOBaHMA OJIS BTUX KJACCOB CHUCTEM, B paMkax KOTOopoMu
aJITOPUTMBL U IIpOoI'raMMBl pPacCCMaTprBaKnTCHA Kak KOHEUYHEBIE aBTOMATHIL.
BreimosiHeH 00630p paboT, I[IOCBSAUEHHHX [NPMMEHEHMIO KOHEUHHIX aBTOMAaTOB
IpM OPOTpPaMMMPOBAHUM IOPYyI'MX KJIaCCOB 3alad.

1. BBEIEHME

B HacToAmee BpeMsa B pPas3JIMUHBIX OOJIACTAX IPOI'PaMMMPOBAHMA BCe
mype OPMMEHSKTCS KOHEUHEE AaBTOMAaTE, KOTOPHE B TEeUEHMEe MHOIMX
OeCATUIIETUY MCIOJIB30BaJIMCh B OCHOBHOM I[IPM alllapaTHBIX pealiM3alMuax.
B wHactogmem paboTe Ha OCHOBe 0030pa METOHNOB aJITOPUTMM3ALUUN U
OpOTpPaMMUPOBAHUA IOJIS CHUCTEM JIOTMUECKOTO YylpabJjeHusa U "peaKTUBHEX"
cucTeM, chopMyIMPOBAHEL OCHOBHEIE [IOJIOXEHMU I TEXHOJIOTUN
QITOPUTMUBALUUNM M OPOTPaMMUPOBAHUSA IOJId 3STUX KJIACCOB cucTeM. llpwm
3TOM I[IPOEKTUPYEMBIE NPOTPaAMMBl pPacCCMaTPMBAKTCA KaK B3aMMOCBSA3aHHEBE
KOHEeYHEIe AaBTOMATH. [loxaszaHo, UTO KOHEUHBlEe aBTOMATH HAUMHAKLT
IPUMEHATbECSA BeIyLMU brpmamm MMpa ojsa IpOoTrpPaMMUPOBAaHMA
OPOTPaMMUPYEMEIX  JIOTMUECKUX KOHTPOJIJIEPOB (ILJIK) , a TaKXxe oisa
ONMCAaHUSA I[IOBEIEHMSA OTHOEJIBHEIX OOBEKTOB B OOBEKTHO-OPMEHTUPOBAHHOM
NIpOoTrpPaMMMUPOBAHUN . OHu VICIIOJIb3YITCH npm nporpaMMMPOBaHUMU
IPOTOKOJIOB, WUIP M CXEM IIPOTPaMMMPYEMOM JIOTMKM, a TakKXe B TaKOM
TPAIMLUMOHHOY IOJI MX NPMMEHEeHMS OODJIacTM KaK CO3IaHMe KOMIMUIIATOPOB.

0630p HOpMBBAH I[I0OKas3aThb, UYTO CylleCTByWIee B HACTOALlee BpPeEMA Yy
HEKOTOPHX CIEeLMaJIMCTOB MHeHMe "O CMepTM TeopuM aBTOMATOB" aBJdeTCH
IpexneBpPEeMEeHHEM n ee WMPOKOe opaxKTuyuecKoe IPpMMEHEHME B
NIpOTrpPaMMMPOBAHUM TOJIBKO HAUMHAETCH.



2. AJITOPUTMUBAIINA M I[IPOT'PAMMUPOBAHME [JiII CUCTEM
JIOTUYECKOI'O YIIPABIJIEHUA

VIspecTeH MeXIYHAPOIHBIM CTaHOApT (11, onpemengaumi  S3BIKU
nporpaMvMmupoeaHmusa nusa  IIJIK m  nOporpaMMHO peayms3opaHHbBIX [IJIK (PC-
KOHTPOJIJIEPOB) — MIPOMBIJIEHHBIX (YyHNIPaBJSKIMX) KOMIBIOTEPOBR (0oOvuHO IBM
PC COBMeCTMMEIX) C TIpoT'paMMHEIM oOfOecnedueHueM kjacca SoftPLC wu

SoftLogic nyisa co3maHusa OPUKJIAOHEIX IPOTPAMM.

VI3BeCTHE TakXe A3HKM ONPOTIpaMMMPOBAHUA IJIS MUKPOKOHTPOJIJIEPOB U
CODOCTBEHHO IMNPOMHIIJIEHHEIX (YNPaBJgoIMX) KOMIIBIOTEPOB [2].

OmHako BeOymMMM B o0OJlacTM aBToMaTuzauuu oupmamMm Mupa [1-7],
Kak TInokasajl o0030p, BHIIOJHEeHHEM B [8], 1o cCcux nop He OwvJl BHOpPaH
(paspaboran) A3BIK AT OPUTMUBALUN ois 3aad4 JIOTMYECKOTI'O
(OCHOBAHHOT'O Ha  MCTMHHOCTM UM  JIOXHOCTM) yhnpaBJIeHMsd, KOTOPHIM
IO3BOJIMII OBL:

— CrneumanucTaMm Pas3JIMUHEIX oBJilacTell SBHaHUM OOHOBHAYHO U MPOCTO
MOHMMATh, UYTO IOJIXHO OHTL CHEeJIaHO, UTO »OejlaeTcd M UTo
CIeJjlaHO B MNPOTPAaMMHO pPeajiM3yeMOM IIPOeKTEe;

— bopmManbHO M MBOMOPOHO I[IepPeXOoOMTH OT aJilopMTMa Kk IIpoTpaMMaM
Ha PpasJMYHEIX fA3bKaxX [IPpOIpaMMMPOBAaHMUSA, MCIOJbE3YS MMHMMAJIbBHOE
YMCJIO BHYTPEHHUX (YyIpaBJIAOMMX) IIepPeMeHHHX B IpoI'paMMax, Tak
KaK B3TU [IepeMeHHHEe 3aTPYyIOHSIT [IOHMMAaHME IpoIpaMM;

— JIET'KO n KOPPEKTHO BHOCUTb VIBMEHEHWA B :paspa@omaHHHe
aJITOPUMTMELI M B IIOCTPOEHHEBIE 10O HMM IIPOI'OaMMEL;

— KOPPEKTHO NPOBOIMUTE CepTUOMKALUID HPOoTpaMM.

OTcyTCcTBME TaKOT'O H3BKa OCTAaBJIAJIO OTKPHEITEIM BOIPOC O CO3OaHUU
CKBOB3HOM TEXHOJIOTUM aJITOPUTMM3ALUM U OPOTPaMMMPOBAHMA IOJId CUCTEM
JOTUYECKOT'O YyHOpaBJIEHUSA, KOTOpasa [O3BOJMIIA OB IIOBHCUTH KAadeCTBO
IPOEKTUPOBAHUA UMX IPOTPaMMHOTO obOecledeHUsd.

B [8] BHIOOJHEeH O0030p WM3BECTHHX TEXHOJIOTUM aJITOPUTMUBALUU U
OpOoTrpaMMMPOBAHMA IJIA CHUCTEM pacCcMaTpMBaeMOI'O KJacca, Ha OCHOBe
KOTOPOTO Oruta paspaboTaHa HOBasd TEeXHOJIOTMSA, HasBaHHAaA
"SWITCH-TexHONOIrMsA", I[103BOJSAKIAas OOEeClIeuMThb BHIIOJHEHME YKa3aHHBIX
BHIIE TpPeOOBaHMM. 3ITa TEXHOJIOI'MSA MOXeT OBTb Ha3BaHa Takxe "STATE-
TexHojorma" i, boJiee TOUYHO, "AUTOMATON-TexHOJIOTUA" . N3J10XMM
OCHOBHEIE I[IOJIOXEHUS BTOM TEXHOJIOTUM.

1.B xauecTBe OCHOBHOTO B IpeljlaraeMoOM TeXHOJOTUM MCIOJIb3yeTCs
noHaTre "BHYTPeHHee cocTosgHme" (B masbHeMmeMm — "cocrosHue") .

CocTogHMS paccMaTpPUBAKTCA Kak HEKOTOphe abCcTpakluM, BBOIOUMEBIE
B Haudajle Opolecca aJrlopUuTMM3alMM, HaOpMMEp OyTeM OIOHO3HA4YHOI'O
COIOCTaBJIeHMA KaXIoT'o M3 HUX C OOHMM U3 QUBUUECKUX COCTOSAHUM

YIIPaBJISEeMOT O obwvexTa, Tak Kak OBOBIUHO "OYHKUMOHMPOBAHMKE
IPOM3BOICTBEHHEIX CUCTEM IMPOSBJIAETCA Uepes M3MeHeHMe MX COCTOoSHum"
[9]. Ipm 5TOM KaxImoe COCTOSHME B aJITOPUTMe IIOIOIepXMBaeT OOBEKT B

COOTBETCTBYKIIEM COCTOAHMM, a I[IepexOon B HOBOE COCTOHAHME B aJIlOPUTME
OPUMBOIUT K Iepexony OOBeKTa B HOBOE COOTBETCTBYWIEE COCTOAHME, UTO
n obecrneumBaeT MIPOLECC JIOIMUECKOIT'O yINpaBJIeHMA OOBEKTOM.

Hanpumep, oO6wekT "kJjanaH" MOXeET HAXOIOUTHCS B OIOHOM U3 UYeTHpPEX

padboumx COCTOSHUM ("zaxperr", "orkpelBaeTCAa", "orkpHT",
"zakpeBaeTca"), Kaxnmoe "3 KOTOPHIX MOXeT NOOOEPXUBATBECH
COOTBETCTBYKIMM COCTOAHMEM B aJITOPUTME yhpaBJeHuA. IOnd KjalaHa "c
naMaTeo" ajuTropMTM  YHOPAaBJIEHMS  MOXEeT MMEeTb M TpM  COCTOSHUSA,

IIogomepXxmBad 3SaKPEITOE 175 OTKPEITOE COCTOAHMA obbekTa OIOIHVIM CBOVIM
cocrogHueM (pasn. 5.4.1 B [8]).
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[lp HeoBXOOMMOCTM B aJITOPUTM YyIPAaBJEHUS MOIT'YT OBTh BBEIEHE

TakKXe U IOpyI'Me COCTOSHMSA, CBS3aHHBEE, HAIIpPUMEep, C HEUCIPABHOCTSIMU
oOBbeKTa UM HeNpaBWUJIbHEIMUM IercTBUAMM OnepaTopa.

CBA3b COCTOSAHMM C BHYTPEHHUMU (ynpaBJisaomyMmn) epeMeHHEMN
IIOABJIAETCA B IaJib HeMeM Ha 3Tamne KOIOMPOBAHUA COCTOAHMUI,
OTCYTCTBYyIEM B TPaIOMLMOHHOM [IPOTPaMMMPOBaHMM. IIpM 3TOM  WMCJIIO
BBOIOVMEIX YIIPaBJIIALINX [IepEeMEeHHEIX 3aBUCUT oT IPUHATOTO BUIA
KOIOUPOBAHUSA .

Tako¥ NOOXOH, W3BECTHBM M3 TEeOopUM abBTOMaTOB, MIPMHLUUIMAJIBHO
OTJIMYAETCHa OT [NOoOXOoHa, OOBUHO IIPUMEHAEMOI'O B NPOIPaMMMPOBAHMUM, IIPpU
KOTOPOM B XOIe IIpolecca IpOorpaMMUPOBAHUA I1IO0 HEOOXOOMMOCTM BBOOATCHA
BHYyTpPeHHMEe (OOBYHO IOBOMUYHBIE) II€pPeMeHHBE, a 3aTeM KaxIbl pPa3JIMYHEN
Habop MX 3HaAUeHUM OOBABJIAETCS CcocTosHueM nporpammel [10]. OznHaxo,
Tak KaK IoHATMe "cocToaHme" B NIPOTPaAMMMPOBAaHMM [IPMKJIIAOHBIX 3anad
OOBIYHO HEe MCHOJIb3YEeTCs, OTBET Ha BOIPOC O KOJIMUECTBE COCTOAHMM B
nporpaMMe, conepxallell, HalpuMep, N IOBOMYHEIX BHYTPEHHUX II€PEMEHHEX,
ocTaeTca B OOJIBIIMHCTBE CJly4aeB OTKPHTEM. OTMETMM, UYTO B DBTOM
cilydyae uMCJIO COCTOSHMI MOXeT HaxXOIUMThCA B OuanasoHe oT n mo 2". Ilpu
3TOM OCTaeTCsa HesdCHBM Takxe, OoTkyna "OepyTcda" 3TuU IIEepeMeHHEE,
CKOJIBKO MX IOOJDKHO OBITE M IOJI KAaKOM LeJM KaxXIad M3 HUX I[IPUMEeHAeTCHd.
OTMeTMM TakxXe, YTO IIPM LUKIMYECKOM BBIIOJIHEHUM NPOTPAaMMEl (BBUIY
Haauuysa oOpaTHOM CBA3M OT BBEIXOIa K  BXOOy) OHa MOXeT OHTb
IIOCJIENOBATENBHOCTHOM JaXe U NIPpU OTCYTCTBUM YIPABIAKIMUX IePEeMEHHEX
(rm.13 B [8]).

2 .Job6aBnad K TIOHATUIO "cocTosgHue" TIOHATUE "BxXOOmHOE
BO3IOeMcTBMe", eCcTeCTBEHHEIM O00pasOoM BBOIMUTCHA I[IOHATMe "aBToMaT 60es
Beixoma" (aBToMaT ©0e€3 BHXOIAa = COCTOSHUMA + BXOIHBEIE BO3IOEMCTBUA), a
nocyue BBeIOEHMA  IIOHATUA "BEIXOIHOE BOo3menucreue", oo  KOTOPEIM
nounmMmaeTcsa "memcrBume" ("action") wu "mearemnsHocTs" ("activity"),
sTa OQopmyna npmobperaeT BMO: aBTOMAT = COCTOSHMA + BXOIHEBE
BO3IOEMCTBMA + BEIXOIOHEIE BO3NOEMCTBMA.

[Ipy >TOM COOTBeTCTByKIAas OOJIaCTbk MNPOTPAMMMPOBaHMA MOXeT OBITh

HaszBaHa "aBTOMAaTHEM nporpaMMmMpoBaHmeM", a npoLecc CO3IOaHuAa
oporpaMM B STOM CJydae — "aBTOMATHHM I[IPOEeKTHMpPOBaHMEeM nporpamm" [8,
188].

Tak Xxe Kak U B (11, 12], nmnpexnnojaraeTcs, UYTO »OelWCTBUE

ABJIAeTCS OIOHOKPATHEIM, MI'HOBEHHHM M HelIpephBaeMblM, a OesSTeJIbHOCTDb
MOXET IOJUTHBCS OOCTATOYHO HOOJITO M BO3MOXHO €€ IIPEepPEBaHME HEKOTOPEM
BXOIOHBEIM BO3IEMCTBUEM.

BxomHoe BO3IEeMCTBME B OOmEeM Ccjydae MOXeT WM3MEeHUTHL COCTOSHUE;
VHULUMPOBATH BEIXOIHOE BOBIEeVCTBUE tes M3MEeHeHUA COCTOSHUS;
VHULIMMPOBATE BHXOIHOE BOB3IEMCTBME U M3MEHUTb COCTOSHUE.

3.B paccMaTpuBaeMon TeXHOJIOT UM B KauecTBe OCHOBHOM
MaTeMaTMUeCKOM MOIEJM MCIOJb3yeTcsa "KOHEUHHM OeTEePMUHMUPOBAHHEIM
aBToMaT" (B IaJlbHeNeM — "arTomatr"), IIOHMMA S nono HMM infe)
kJaccubmukaumm [13] aBTOMAT C BHYTPEHHMMM COCTOSHMSMM, a HEe aBTOMaT
c byukumamm noBemeHusa (I[lpujoxenHue 13 B [8]).

4.B KauecTBe CTPYKTYPHEX Monejyie¥ (.3 B [8]) NOPUMEHSITCH
aBTOMaTH ©0e3 BHXOOHOTO IIpeobpasoBaTejyid, abBToMaTe Mypa, aBTOMATEH
Muam M cMelmaHHBEe aBToMaTe (C—aBToMaThE MJIM aBToMaTH Mypa-Munam) [14,
15].

B KavecTBe OCHOBHOM CTPYKTYPHOM MOoIeJin npenjiaraeTcsd
MCIIOJIE30BATh AaBTOMATEH Mypa, B KOTOPHIX KOIH COCTOSHMM U 3HAUYEeHUS
BHIXOIIOB IMNPUHLUMIMAJBLHO Pa3OeJIeHE, a SBHaUeHMS BEIXOIOHBIX II€PEMEHHEX B
KaxXIoM COCTOSHMM He 3aBUCAT OT BXONHEIX BO3IEMCTBMUIM, UYTO YIpollaeT
BHECEHME M3MEHEHUM B OIMCAHMA TaKMX aBToMaToB. CBOMCTBa aJIlOPUTMOB
1 OporpaMM, obOeclleuMBaolMe YIPOUEHME BHECEHMUSA KOPPEKTHHEX M3MEeHEHUM
B HMUX, Hal3BaHH B [8] "ynpariseMoCcTbo".



4
[lepBOHAUANIBHO UYMCJIO COCTOSHMM B aBToMaTte Mypa MoOXeT OBIThb
BEIOPAHO PAaBHEIM UYMCJIy COCTOSHMM B YIPaBJIAEMOM MM OOBeKTe (BKJIIOUASA

€U0 HeMCIpPaBHHE COCTOSHMSA [OIpM HeOoOXOOMMOCTM) . B  manpHeNmeM B
aBToOMaT MOITYT BBOIOMTBLCSA  IJOOIOJIHUTEJIbLHEIE COCTOSHUSA, CBS3aHHEE,
HanpuMep, C HeNpaBUJIbHEIMM »OeycTBuamMmu Onepatopa ([IpuioxenHme 12 B
[81), a ocje 2TOTO YUCIIO COCTOSHUMN B aBpTOMaTeE MOXEeT

MMHVMM3UPOBATBECA 3a CUET OOBeIMHEHMUSA SKBMBAJIEHTHEIX COCTOAHUM WM
nepexona K IOpyTI'oM CTPYKTYPHOM MOOenu, dYTo, Ipabna, 0e3 KpalHen
HeOOXOoOMMOCTM HeJylaTh HelejJecooOpas3HOo.

B aeToMaTe Mypa 3HA4YeHMS BHXOIOHBIX I[I€PEMEHHBIX COXPaHAKTCH B
TedeHMre BpeMeHM ero NpelObBaHMA B COOTBETCTBYHIEM COCTOAHMM 34 CUeT

rnamM4aTu, peanusynumey 3TU COCTOAHUA. B aBToMaTe MuIM BHAUEHUSA
YKAa3aHHEIX TII€PEMEHHEIX @)OpMMPYEOTCF{ B TOM UYMCJIEe VM Ha COOTBeTCTBYKIEM
nepexone, u, CJIeIoBaTEJIbHO, OJis Ux "mauresbHOTO" XpaHeHMd

TpebyeTcda NaMaThb, OTJIMUYHASA OT pealu3yonleM COCTOoSHMA. IlosToMy B
YKasaHHOM CMBICJIE 3TN aBTOMATEI He OSKBUMBAJICHTHEL.

5.[0pumMeHdaTCA aBTOMATE I[Ie€pPBOTO UM BTOporo poma [8, 16].
[lpyopuTeT OTIaeTCcd aBToOMaTaMm BTOPOTO poma, Yy KOTOPHEIX HOBOE
COCTOfAHME M 3BHAUYEHMSHA BEIXOINHBIX I[I€pPeMeHHEX OQopMupylTCca 0e3 3alepXKu

Ha "TakT" (B OOHOM MNPOTPaAMMHOM LMKIIE) .

6./CrIONIE3YIOTCA pPa3JIMUHEE BUIOLH KOOMPOBAHMA COCTOSHMM aBTOMaTOB
(pazm.3.3 B [81): IPUHYyIUTEJNIbLHOE, IPUHYOUTEJbHO-CBODOIHOE,
IBOUYHOE, IOIBOMYHOEe JioTapudMmueckoe U  MHOT'OBHAUYHOE. IpuopuTeT
oTmaeTcs MHOTO3HAUYHOMY KOOUPOBAaHUIO COCTOSIHUM . BOBMOXHOCTB
IPUMMEHEHMs B aBToMaTax (BBMIOY HaJIMUMsa TOJIBKO OIHOTO akKTUBHOIO

COCTOSHMSA B KaXIOM M3 HMX) MHOTO3HAUHOIO KOIMPOBAHMA COCTOAHUN
IO3BOJISET OTKA3aThCHd OT TPAIMLIMOHHOM TOUKM B3BPEHMS Ha AaBTOMAaTH Kak
Ha dYaCTHBM CJaydam cereuy lleTpwu, Tak Kak B IIOCJIegHUMX UM3-3a
NPUMHUMIMAIbHOM HeOoOXOIOMMOCTHU obecrneyeHus B obueM ciyuae
OOHOBPEMEHHOM aKTUMBHOCTM HECKOJIBKMX [O3ULMUM OINHOM CETU OTCYTCTBYyET
BO3MOXHOCTBL MCIIOJIb30BAHMA OIOHOM I[EePEMEHHOM IJiS MX KOIMPOBaHUA. [lpwu
DTOM €CJIM IOJIS aBTOMAaTa BHE B3aBUCHMMOCTM OT UMCJIa COCTOSHMM IJS UX
OTJIMYUMA JOCTATOUYHO TOJBKO OIDHOM MHOTO3HAUHOM IIE€PEMEHHOM, TO,
HaOopMMep, IJid dYaCTHOTO CcJydasa ceTtu lleTtpu, B KOTOPOM B KaXIOM
MO3ULMM HEe MOXeT HaxXOoIMTbCHa O0o0Jee OIOHOM MEeTKM (aHaJioT IvalpaMMEB

"T'padceT" 1o cTaHmapTy NFC-03-190 Grafcet), YMCJIO IOIBOUYHBIX
IepeMeHHEBIX, Tpeby X CA oJjs OTJINMUU ST no3mnLum, pPaBHO UUCITY
nocyenHux. B paz3n.l2.3 B [8] nokaszsaHo, dYTO I1amarpamMa "I'pabcer" c
rnapaJsijieJib HEIMM "yuacTtkamMm" MOXeT OBIThb 3aMeHeHa CHUCTEMOM

B3aMMOCBA3aHHBIX I'padpoB mnepexonor. Illpym 5TOM eCaM B IIEPBOM Cllydae
YMCJIO YKABaHHBIX OBOUUYHEIX I[IE€PEMEHHBIX PaBHO UYMCJYy [O3MLUMM, TO BO
BTOPOM —  UMCJIO MHOTOB3HAUHBIX I[I€PEMEHHEX pPaBHO d4Mcay Ipados
IepexonoB BHE 3aBMCUMOCTM OT UMCJIA BEPIMH B HUX.

7.B kadecTeBe aJITOPUTMUUECKOM MOLENM IJId aBTOMATOB C IIaMATBIO
OpyM MX IOPOTPaMMHOM peanm3alMy IpMMEHSeTCsa TakKoM HeNpoLeIypHBIM
BM3YAaJIbHEM QopmManm3M, pa3paboTaHHBM B TeOpMM aBTOMATOB, KakK I'padsl
IepexonoB, KOTOPEE B JUTepaType HASHBAaKTCA TaKxXe IOuarpaMMaMy
COCTOSAHUM MIM OMarpaMMaMy COCTOSHMM U oepexomos ("State Diagram"
mnu "State Transition Diagram" B aHIJIOA3LUHOM JIMTepaType) .

llpy BTOM OTMETMM, YTO B 5STMX HaslBaHMAX, Tak Xe Kak U B
npenjaraeMoM TeXHOJIOTUM, OTIaeTCsa NIPpUOpUTeT HNOHATMI "cocrosHme", a

He [IOHATHUIO "cobrrTHe", ABJIAKIEMYCS OIOHUM nus HauboJee
PaCIpPOCTPAaHEHHEX B COBPEMEHHOM [OporpaMMMpOBaHMM. B m3jaraeMom
nonxomne COOHITHE BTOPMUYUHO 1z HapAany C BXOIHOM [IepeMEeHHON

paccMaTpMBaeTCa B 2 KayecTBe Pa3HOBUIHOCTM BXOIOHOT'O BOB3IOEMCTBMUSA,
KOTOpPOE MOXEeT M3MEHUTb COCTOSHUE.

B mpyroM Bu3yaJiIbHOM QopMaliu3Me (CcxeMel (Ipad-CxXeMel) aJilOPUTMOB
¥ IOpoTrpaMmMm), IOpPelJIOXeHHOM B TeOpeTUUeCKOM [IPpOoIpaMMMPOBAHUU U
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ABJIAKIEMCHS INIPOLenyPHEM, nouarue "cocrosgHme" B ABHOM BuUIEe He
UCIIOJIb3YEeTCsHa, UYTO PEe3KO YCJIOXHAEeT eTro I[IOHMMAaeMOCThb [177. Clie)
IIOHATKE He I[IPMMEHSeTCd U B A3bKEe pPEeTryJIAPHEIX BEPAXEHUN aJIleDpH
cobmTum [18].

OTmMeTUM TaxKxe, gTo rpads nepexonos VIMEIT [IJIOCKOCTHOE
n3obpaxeHre, a He BEPTUKAJBHYI HaANPaBJEHHOCTL (KaK, HAIpUMEDP,
CXeMbl aJITopuTMOB, SDL-nuarpammel [8] u muarpammel "I'padcer"), uTo
CYyWLEeCTBEHHO IIOBBIIAET UX OOO3PUMOCTE.

OHM 3HAUUTEJIbHO 0OOJiee KOMIIAKTHB [10 CPaBHEHMI C 3KBMBAJIEHTHBMU

cxeMaMmu us OYHKLMOHAJIbHEIX OJIOKOB (TPaOMUMOHHEIX JIOTUYECKUX
BJIEMEHTOR) U OoJjiee 0003PMMBI, Tak Kak B3aMMOINEMCTBME MexIy I'pabamu
[IEPEXOOOB BBIIOJIHAETCS IO HOaHHEM, a MexXOy O3STUMM CXeMaMM — IO
YIPaBJIEHUD.

8.00HO M3 HOOCTOMHCTB IpadoB I[IepexomoB, KOTOPHIE IOJIKHEL OBTH
"MakcuMasibHO" TIJlaHAPHBEIMM, COCTOMT B TOM, UYTO Ha KaxIoyM ero nyre
YKaseBaKnTCsA He BCe  BXOINHEIE BO3IOENCTBUA (HanpumMmep, B OGopme
MMHTEPMOB), & TOJIbBKO Te M3 HUX, KOTOPHE oOecleuuBalnT I[Iepexon IO
2TOM Oyre. Ha kaxmoM Oyre BXOIOHEE BO3OEMCTBUSA MOTYT OOBEIMHSITLCS B
OyJseRs GQOpPMYyJIEI, B TOM UMCJIe U TI[IPOMBBOJIBHOM TUIyOMHE, UTO PE3KO
[IOBHIAET KOMIAKTHOCTH OINMCAHMA aJiToOpuUTMa .

Bremenre B MOmOeJsib OyJeBEHIX (GOpPMYyJI, kKak M TOIpM allapaTHOM
peannusauumn (CTPYKTYPHOM CUHTE?3E IOCJIEJOBATEJIbHOC THEIX cxem) ,
pacumMpsaeT KJIaCCUMUEeCKyld MoIejib abCTpakTHOT'O KOHEeUHOT'O akBToMaTa, B
KOTOPOM IOyI'M IIOMEdYalnTCHd JIMIb OTHEeJIbHEMM OyKBaMM BXOIOHOTO andpasura,
u obecneumBaeT "napasnjaesbHyw" 00paboTKy BXOIOHHX BO3OeMCTBUM. Ilo
CPaBHEHMI C I[OCJenmoBaTeJIbHOM IO BXOIaM IIPOTPAaMMHOM pealm3aluent
TaKoe OIMCaHMe aJITOPUTMOB B OOWEeM Cjlydae I[I03BOJIAEeT YyMEHBUIUTH YUUCJIIO
COCTOSHUM B peayiM3yolMx MX aBToMaTax [8].

MOXHO yTBEpPXIaThb, UYTO KaxXIoe COoCTodHMe B TIpade [Oepexonos
"BeigesigeT" M3 MHOXECTBa BCeX BXOIHHIX BOS3IEMCTBUIM TOJIBKO TO UX
INOOMHOXECTBO, KOTOpoe obecrneumBaeT IIepexOolsl M3 3TOr'0 COCTOSAHUMA —
OEKOMIIOBMPYET yKasaHHOE MHOXECTRBO.

N3j10XeHHOEe TII0O3BOJIAEeT NPUMEHATh IT'padel [NepexOonoB OJid pPelleHUd
3amad JOTUUECKOTO yIIpaBJIE€HUA npm OOJIBIIOM yucie BXOIOHHBIX
BO3IOEVCTBUM, 3HAUUTEJILHO YyIpollasd peleHMe NpoOJieMsl TeCTUMPOBaHMS II0
BCEM IIYyTsM.

9. Kaxnw rpad [Iepexonos IOOJIXEH OBITb CEMaHTUUECKU 128
CUMHTAKCUUECKM KOPPEeKTeH. Illeppoe CBOMCTBO ONpenesyiseT, IIpaBWJIbHAS JIU
IoCTpOeHa MOJIeJylb, a BTOPpOe — MNPaBMJILHO JIM OHa noctTtpoeHa [19]. Ilpwm
IPOBEPKE CUHTAKCUUECKOV KOPPEKTHOCTHU I'pad NepexOnOB NPOBEpPAeTCHa Ha
OOCTUXMMOCTE, [IOJIHOTY, HENPOTUBOPEUMBOCTh, peanmMsyeMoCThb u
OTCYTCTBUE TEeHEPUPYIMX KOHTYPOB. [Ipm IPOBEPKE OOCTUXMMOCTU
omnpelesiseTCcsda HaluuMe IO KpPaMHeM Mepe OJHOTO INYyTM B I'pade NIepexoIoB
3 JoboM ero BepuMHBE B JioOyo »nOpyrywo. IlonHoTa [8] npomepseTca s
KaXIo¥ BepmMHEL TI'pada T[IepexoJOoB U IIO3BOJISET, B YaCTHOCTM IJid
aBTOMaTOBR Mypa, yMajluMBaTb IIOMETKYy ee nerjam. Ilpum obecnedueHun
HEeNpOTUBOPEeUYnBOCTY [ 8] Kaxnooy BepuMHE TI'pada OepexomoB BMECTO
OpPTOTOHANIM3aLUMM MOI'yT PaCCTaBJATBECHA [IPUOPUTETH, YyTO yMeHbIaeT
CJIOXHOCTBE peaiu3ylley ero OporpaMMbl. Peanmi3yeMoCTh oOecleuMBaeTCs
3a CUeT pas3jiMUueHMs OIOMHAKOBO IIOMEUEHHEIX BEPUMH B MCXOOHOM Ipabe
nepexonoB. l'eHepupylMe KOHTYPH [8] B I'padbe mnepexonoB yCTPaHAWTCSH,

HaTpuMep, 3a cuer opToroHanM3auuy  I[IOMeTOok  OyT, oBpa3ynumx
cooTpeTCTByIME KOHTYPEL.

10.OanpHeViiee pacumpeHue MOIOeJu abCcTPakKTHOTO KOHEUYHOTO
aBToMaTa M obecneueHue "napasenamsMa' [0 BHEXODaM, Kak U IpH

annapaTHOM peajMszaluM, IOCTUTaeTCsd 3a CuUeT YyKa3aHMsS B KOMIOHEHTax
(B BepmmHax wu/uiaM Ha Oyrax) Trpabda NepexomoB He OTIHEJIbHHX OYKB
BLIXOIIHOTO andpaBuTa, a 3HAUEeHUN BLIXOIIHBIX IepeMeHHHBIX
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(megaTenpHOCTEN) , dopMMpPyEMBEIX B DTUX KOMIIOHEHTAax. [Tpm 5TOM
HENOCPEOCTBEHHOE YKas3aHME B KaXIOOM KOMIOHEHTe (B BaBUCHMMOCTM OT
BEIOPAHHOM CTPYKTYPHOM MOIEeJaM abBToMaTa) SHaYeHMM BCeX  BBIXOIOHEBIX

IIEpPEMEHHEIX Pe3KO YyIpolaeT IIOHMMAaHMe aJITOPUTMa, OINMCAaHHOTO Tpadbom
IepexonoBe, BO3MOXHO 3a CUeT YyBeJMUEeHMS dYMcjla BepuMH B HEM.
[locTpOoeHHE TakuM ofOpas3oM rIpad [IepexonoB 3alaeT CTPYKTYPHBM
KOHEUHE aBToMaT 0e3 yMOJIYaHMM SHAUEHUM BBIXOIOHBEIX I[I€pPEeMEeHHEX. Illpu
5TOM OTMETMM, UTO HalpuMmep njaa rpada HNepexoloB aBToMaTa Mypa IIpu
HeoOXOOMMOCTHU COKpalleHMs OBBEKTHOT'O Kozma B oporpamMMme, ero
peanm3ywnuen, Heu3MeHdnmecC s npu cocenHuUx nepexomax 3HAYEHUS
BBIXOOHEIX I[I€PEMEHHEIX, YyKas3aHHEHE B BeplMHEe, B KOTOPYI BHIIOJIHANTCS
Iepexons, IOJIXHE OHTbH BaKOMMEHTUPOBAHEH.

Fme ©OoJibllee pacuMpeHMe MOoIeJM KOHEUHOTO aBToMaTa OOCTUIAEeTCH
(mpM yMEeHBUIEHMM ee IIOHATHOCTM) 13a CcueT yKasaHMsa B KOMIIOHEeHTAax
rpada DEepexOomOoB He TOJIbKO 3BHAUYEHMM BBIXOOHEIX [IE€PEMEHHEIX, HO U
OyJeBHx OGopMyJ (BO3MOXHO, aBTOMATHHEIX, UYTO COOTBETCTBYET BJIOXEHHEM
asToMaTam) (paszn.l2.4 B [8]).

11."llapannenu3M" O BXOHOAM M BHXOHaM I[IO3BOJISET IaxXe C IIOMOILIO
OOHOTO aBTOMaTa, SABJIAKUWETOCS IO OINPemejIeHMI [IOCJIeHOBAaTEeJIbHOCTHEM
IO COCTOSHMAM (B COOTBETCTByKRUEM eMy I'pade NepexOonoB B KaXIbM
MOMEHT BPEMEHM aKTUBHOM SABJIAETCS TOJbBKO OIHA BeplMHA), pealmMs30BaTh
napaJijiesibHEEe TPOLIeCCH.

12.lloBeeHre aBTOMATOB C IIaMATBI B OTJMUME OT aBTOMaTOB 0e3
nIaMaTy 3aBUCUT OT I[IPEeOEICTOPMM, CBOOAWEMCca K TOMY, UYTO KaxXIbM
Iepexon B HEKOTOpOe COCTOSHME 3aBUCUT OT ONHOTO, HEIOCPEeIOCTBEHHO
CBS3aHHOTO C HMM COCTOSHMS, a 3HAadeHud BHXOIOB, HalpuMep »OJid
aBTOMATOB Mypa, 3aBUCAT TOJBKO OT COCTOSHMSA, B KOTOPOM HaXOOUTCH
aBTOMAT.

B pamkax wm3jaraeMoM TexXHOJOT'MM DTM CBOMCTBa aBTOMATORB C
IaMATBI0 IOOJIKHEL OBITH COXPAaHEeHH, a nOJjgd ofeclHeueHMsd He3aBUCUMOCTHM OT
TJIyOOKOM NPEeIBICTOPUM IO COCTOSHMAM UM BEXOHDAaM I'padel HepexoloB He

OOJIXHEL CoIepXaThb GJIaroR M yMOJIUaHMM cCcooTBeTCcTBeHHO [8, 17]. Ipwm
5TOM UYMCJIO BeplMH B TIpade [NepexoloB HOOJIKHO COBIamaTb C UYUCIIOM
COCTOSHMUM B aBTOMaTe. HesaBucmmocTs OT TIJIyOOKOM  [NPEOEICTOPUMU

("Bbynoyumee 3aBMCUT OT HACTOSAWETIO M He 3aBUCUT OT npomjoro")
CYLEeCTBEHHO YylpoulaeT HoHUMMaHMe [20] mnoBemeHMs aBTOMaTa M BHECEHUE
M3MEHEeHUlM Kak B I'pad NepexoloB, Tak M B pealM3yllyld €TI0 NPpoTpaMMy .

AHaJloOTMYHasa CUTyaluusd UMeeT MeCTO M B MAapKOBCKUX Ipolieccax,
IOJIS MCCJIeIOBAaHMSA KOTOPHIX paspaboTaH BecbMa OPOCTOM MaTeMaTUdeCKUM
anmnapaT, KOTOPBM CTAHOBUTCHA CylleCTBeHHO 0OoJjilee TPYHOOEeMKUM IJig
IPOLEeCCOB, 3aBUCALMX OT IJIyOOKOM NPEIBICTOPUM.

13.10pr QopMalyibHOM M M3OMOPQHOM Iepexole K IpoTrpamMMe oOT Ipada
Iepexonos tes bmaros u yMOJIYaHUM [IoCJIe JHUM ABJISEeTCHA
cepTUOMKAUMOHHEM TEeCTOM HOJd €e [OpoBepkMu. IIpu 5BTOM HOABJISETCH
BOBMOXHOCTBL [NPOBOIOMUTL CEePTUOMKALMIO, HadMHasdg CO CBEPKM KaXIoI'o
rpada mnepexomor C U3OMOPQHEIM eMy OGparMeHTOM IIPOI'PaMMEI. BONpOCEH
TECTUPOBAHMSA UM BepubMKaUMM OPOI'paMM, I[IOCTPOEHHEIX C MCIOJb30BaHMEM
KOHEeUHHEX aBToMaToB ("Finite State Machine" wumnm "State Machine" B
AHTJIOA3BIUHOM JIMTEepaType), paccMoTpeHH B [21-28]. KpomMe »THUX padoT
B NATOM HoOMepe xypHaJa "Computer" za 2000 r©. onmceBaeTcd IOOXOIN K
IpakTUUEeCKOM BepubdMKauuy BCTPOEHHOI'O IPOTPaMMHOTO obecledeHud,
OCHOBAHHEIM Ha pPaCULMPEHHOM MOIEJM KOHEUHBEIX aBTOMaTOB, KOTOPHM
IpUMEHSeTCsa B MNIpoT'paMMHOM OponykTe "VisualState". B pamMkax 3TOTO
Iooxona NPOBEPHSEeTCHd OOCTUMXMMOCTE COCTOSHUM BEPUOMUMPYEMOM CUCTEMEI.

14.1lp MCHOOJIB30BAHMM MHOTO3HAUYHOI'O KOIMPOBAHMS COCTOSHUM NOJId
KaXIOor'o apToMaTa C JIOOBIM (KOHEUHBM) MX UYMCJIOM -HOOCTATOYHO OIOHOM
BHYTPEHHEN I[IEepPEeMEeHHOM, 3HAYHOCTL KOTOPOM pPaBHA UYMCIYy COCTOSHUM.
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[Ipy 5TOM OTMETHMM, UYTO TakK Kak (IO KpalHeM Mepe TeOpeTUdeCKM)
JIOOO0Y QJITOPUTM JIOTMYECKOT'O YIPABJIEHMS MOXET OBIThH peaJinM30BaH OIHUM
rpadoM MNepexomoB, TO BHE 3aBUCHMMOCTM OT dYMCJla BEpWMH B HEM OH
MOXET OBITH peann3oBaH IpoIrpaMMoOM, comepxaumen TOJIBKO OOHY
BHYTPEHHK (YyIpPaBJgKRIyl) IEePeEMEHHY.

OTMeTUM TakKXxe, UTO IIpM KaxXIoM Ilepexolde Ipelbayllee 3BHAaUeHUE
MHOT'O3HAUYHOM IIE€pPeMeHHOM cOpachBaeTCsa abBTOMaTUUECKM, a KpoMe TOTO,
ey "He c ueMm" cocTa3aTbCA.

[IpyMeHATH TaKOe KOOMPOBAaHME MOXHO JIMIIb B TOM CJjydae, korza
anpuopM (B Haudajle Ipollecca aJITOPUTMUBAlIMM) MBBECTHO, Kakoe UYUCIIO
CoCTOSHUNM OyIeT MMeThb aBToMarT.

15.Pabora c MHOT'O3HAUHBIMU rIepeMeHHEMU IonnepXruBaeTCs
OOJIBWMHCTBOM  S3BIKOB  HIPOIpaMMMPOBAaHMSAI, B TOM dYuCJIe, M TaKuM
"sk30TMUECKUM" S3BIKOM, KakK S3bK QYHKIMOHAJBbHEIX OJjiokoB [8, 29].

T'pad [IepexonoB C MHOT'O'3HAYHEIM KOOIMPOBaHUEM BEpUUH,
COOTBETCTBYOWMY BHOPAHHOM CTPYKTYPHOM MOIOENM aBToMaTa, OGopMaJIbHO U
U30MOPOHO PpeaymsyeTcsd OINHOM WM IOBYMS KOHCTPYKUMAMM sSwitch ga3wika

Cu (r;m.5 B [8]) miM MxX aHajJoTaMM B OPYI'MX A3bBKaxX NIPOTPaMMMPOBAaHUA,
4UTO M OINpelesInJIO HasBaHue IpeljalaeMoM TexHoJioTruu. Kpome ToOTO,
CJIOBO switch (mepeknoyaTess) accouumpyeTcs C Teopuen

[IePEeKJInUYaTEeJIbHEIX cxeM, ABJISONENC S OCHOBOM TEOPUM  JIOTMUECKOTO
yIOpaBJIEHUA .

BO3MOXHEL OBa DOOXOHa K peanuzauum Ipador Iepexonos, KOTOPHE
MOTYyT OBITH OOO3HAUEHH CJenyoumM obpaszsoM: "cocTogHma-coOelTma" wu
"cobrITUA-CcOCTOAHMUA" .

B neproM caydae Opu peanms3auum rpada IepexomOB MCIOJb3YyKTCH
OlHa WJIM IBe KOHCTpykuUmM switch no "cocrosauHumamM", a BO BTOPOM —

KaXIoMy TUITY "coBrTUI" COIIOCTAaBJIAETCH byHKLUS, ONnMCHIBaeMasd
KOHCTPYKLUMEN switch 1o "cocTogaHuaMm", oTpaxamila g nepexonrl,
nHMLUMMpyeMele 3TuM "cobeitueMm" [30].

Eciu CoOOBITMAM COOTBETCTBYIT 3HaAaUeHMS MHOTO3HAUHOM I[IEePEMEHHOM
(byrxumm, oGopMHUPYKHIEN 3TM SHAYEHMHI), TO B IIEPBOM Clydae IIEPBUUYHOM

ABJIAETCS KOHCTPykUusa switch mno "cocTogHuam", B KOTOPYKH BJIOXEHE
KOHCTPykUuM switch no "coBeltmamM", a BO BTOPOM — KOHCTpyKLMSA switch
1o "coBerTMaAM" , B KOTOPYIO BJIOXEHEI KOHCTPYKLUM switch 1o
"cocrogHuaM" (IlpunoxeHre 11 B [8]). IIpmM 3TOM OTMETHM, UYUTO B I[IE€PBOM
crydae [IPMHLINAIL IIOCTPOEHUA IporpaMMm coBllamaeT C IIPUHLIUIIOM
JIOTMYECKOT'O YyIpaBbJIeHMs ([IepexOon M3 COCTOAHUA B COCTOSHME IO

BO3IOEMCTBMEM COOEITMA), UYTO Pe3KO ylNpollaeT INOHMMAaHME TaKMX OPpOoTpaMMm
[TonpzoBaTesieM. OTMeTMM TakKxXe, d4YTO B "pa3BuUTHX" Haykax (HanpmuMmep,

buzuke) [IOHATHE "IpOCTPaHCTBO cocroaHUM" ABJIAETCHA OOHVMM M3
ocHoBonojaramommx [31], B To BpeMsa Kak TI[OHATMe "HDOTOK coOwTum"
TaKOBBIM B BTUX HayKax He ABJIAETCHA. Hanpnumep, nisa BOIEL

ompeneNgaouVMM ABJISKTCS COCTOSHMA (XMIKOe, TBepmoe, Ia3o0o00pa3Hoe),
a YyCJIOBMSA MNEepexOonoB U TeM OoJiee BHIIOJIHAEMEIE €0 HeMCTBMA BTOPUUYHH.
16.3HadueHre MHOTO3HAUHOM I[E€PEMEHHOM IIOJIHOCTBI XapaKTepuUsyeT

"rmojoxeHme" IpOTPaMMEL, peanm3ynuen OIOVH rpad [Iepexonos, B
IIPOCTPAHCTBE €€ COCTOSHMM, UTO I[IO3BOJISEeT BBECTM B IpOoI'paMMMpPOBaHUE
noHatue "HabmwomaemMocTh" (IO OIHOM BHYTPEHHEM IIepeMeHHOM) . [lpu 3ToM

nporpaMMa paccMaTpmpaeTcsda Kak @ "Oejelr  4AmmK" ¢ OOHMM BHYTPEHHUM
napaMeTpoM.

Ceprudpmkaumsa OpOTpPaMMbl, I[IOCTPOEHHOM (QOPMajIbHO ¥ M30OMOPOHO,
HanpuMep 0o rpady nepexomor aBToMaTa Mypa ©6e3 ¢raror M yMOJIYaHUM,
MOXET INPOBOOMTHLCHA B IOBa 3Tala:

— OpOBEepKa peanms3auuM BCexX I[IepexXomoB C HaOJoIeHMEeM IOPM 3TOM
34 BHAYEHMUAMM TOJIBKO OIHOM BHYTPEHHEN [IEepPEeMEeHHOM;
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— IIpOoBepKa SBHAUYEHMM  BCEeX  BHXOIHBIX I[IE€PEMEHHBIX B KaxIooMm
COCTOSHUM .

T'padel nepexomoB aBTOMATOB OPYyIMX TUIOB BcCer'la MOTYT OHTH
CBeIeHH K I'pabdaM NepexOIOB BSKBMBAJIEHTHEIX abToMaToB Mypa. Ilpm sTOM,
HalpuMep, KaxXOoM BepuMHe I'pada HepexolnoB aBToMaTa Mwuam 06e3 ¢raros
¥ YMOJIYAHMM COIOCTAaBJIAITCS BepPWMHE I'pada NepexXxOOOoB BSKBUBAJIEHTHOI'O
asToMaTra Mypa, UMCJIO KOTOPBIX PAaBHO  4UMCHy OyT, BXOOAMMUX B
paccMaTprBaeMyo BEPWMHY n [IOMEUEHHEIX pPa3IMYHEIMU 3HaAYEHMAMU
BEIXOIIHEIX I[epeMeHHHX (paszn. 4.4.3 B [8]).

AHanmm3 Bcex OQYHKLUMOHAJIBHBEIX BO3MOXHOCTEM Ipada NepexXOmOB MOXEeT
BBIIIOJIHATLECS C IOMOWBI TI'pada OOCTWXMMEIX MAapKUMPOBOK, OO KOTOPEM
OyoeM HOHMMATh Ipad IOOCTMXMMEIX COCTOSHMM, KaXIOM BEPUMHE KOTOPOIO
B IOaJibHeNmeM MOTyT OBTb OIOHOS3HAUHO I[IPMIMCAHB BEHEIIOJIHAEMEE B Hel
ODegarespHOCTM. [lonTOoMy Ipad nepexomos aBToMaTa Mypa (uiam aBToMaTa
fe3 BHEXOIOHOTO IpeobpaszoBaTeid) ez @QJaroR ¥ YMOJUAHUM MOXET
MCIIOJIb30BAaTHCA B KadecTBe Ipabda IOOCTUXUMMEIX MAapKMPOBOK, a IOJd
OIpyTMX  TMIOB aBTOMaToB Ipadel HOepexoloB ¥ Ipadbel  OOCTWXKMMEBIX

MapKMPOBOK pasjmMduanTcd Mexny cobom. Tak, Hanpumep, nuasa rpada
IepexonoB aBToMaTa Munu ©6e3 GjJaroB UM yMOJUYaHMM B KadecTBe TIpada
1O C TVIXMMBIX MapKUPOBOK MOXeET IPUMEHATLCS rpada IepexonoB
DKBMBAJIEHTHOTO aBTomMaTa Mypa.

17.13 MBJIOXEHHOTO B npensayueM IIyHKTE crenyer, uTo
ONMCHBAEMHM I[IOIOXOI I[IO3BOJIAET CHATHL OIpobJjeMy, HasBaHHy© B [32]
pacurdpoBKO¥ aBTOMaTOB, B [33] — pacno3HaBaHMEM aBTOMATOB, a B
[34] — wupeHTHMOMKALMEN aBTOMATOB, TakK KAaK CUMTAaeTCcsd, UYTO aBTOMAT

pacrno3HaH (pacumdpoBaH, MAOESHTUOMUMPOBAH), E€CJHM OJS HETO IIOCTPOEH
rpad nepexonos.

B [32] mokasaHO, UTO aBTOMAaT HepacCllO3HaBaeM, €CJM OH SABJISeTCH
"abCoOJIITHO UYepHBIM AlMKOM", IJIS KOTOPOT'O OTCYTCTByeT Kakad-Jmbo
nHbopMauMsa O er0o BHYTPEHHUX COCTOSHUAX. TaxkuM obpasoM, oJid
aBTOMATOB C INaMATbBI TEeCTUPOBaAHMEe Tulia "Bxon-Bexon", HauboJiee 4YacTo
MCIIOJIb3YEeMOe IIPUM CO3IaHUM CUCTEM JIOTMUEeCKOTO YIpaBJjieHusa, IIpobjemy
pacrno3HaBaHMsa He pemaeT M TOBOPUTH OPM B3TOM O I'apaHTMPOBAHHOM
IIOBEeIEeHUM CUCTEMH ylpaBJieHMS He npuxomurcsa [35].

B [33] mnokas3aHo, UYTO KOHEUHHM IeTEePMMHMPOBAHHHM aBTOMAT
pacrno3HaBaeM B pesyJibTaTe aHalM3a [IoCcJenoBaTesJIbHOCTM "Bxonm-sBexon",
eCJIM M3BECTHO MAaKCHMMAJIbHOE UMCJIO COCTOSHMM B MMHMMAJIBEHOM (IIO YUMCITY
cocTosHUM) GdopMe 3TOTO aBToMaTa, a ero rpad nepexonoB ABJIAETCH
CUJIBHOCBS3aHHBIM .

B [32] amBToMaT, IJid KOTOPOI'O M3BEeCTHa YyKa3aHHAas OlleHka uMucia
COCTOSHMM, Haz3BaH "OTHOCUTEJIBHO YEPHBIM SMLMKOM".

18.V3 M3JIOXEeHHOTO B MNpenHOyleM IIyHKTe cJjenyeT, UTOo eCJu
[IOHATUE "cocTosgHue" anpmuopm He BBOIOMUTCSH, TO B pesynbTare
TECTUPOBAHMSA  aJITOPUTMOB M IOpoTpaMM C  IIOMOUIBI0  BXOIO—BEIXOIHEIX
IOCJIenOBaTEJILHOCTEN B O0meM Ccilydae He yIaeTcs paclo3HAaTbhb aBTOMATH,
KOTOPEE OHM pPeajiM3ynT.

B mnpenmaraeMoy¥ TEeXHOJOTMM COCTOSHMSA BBOIOATCHA alpuopu, a rpadu
IIepexonoBR CTpoAaTCSa Kak CUJIbHOCBSABaHHEIE, UYTO CHMMaeT OIpobJjeMy
pacrno3HaBaHUA.

B paMKax SWITCH-TexXHOJIOTUM npenjaraeTrcsa OoTKasaTbCHd oT
MCIIOJIb30BaHMa "dJepHBIXx AUMKOB" M HnepenTtm k "OeyemM gummxkaMm". Ilpu
2TOM, ecau aBToMaT 3alaH B Jmobom  dopmMme, OTJIMYHOM OT TIpada
Iepexonos tes bmaros u YMOJIUYaHUM, OH MOXET OBITH Ha3BaH
"oTHOCUTEJNIBEHO OeJiBM SuMKoM", a ecam OH 3amaH rpadom nepexomos 0Oes
bsaroB m ymoJuaHuM, TO — "ab®CoJioTHO OeJibkIM SumKoM" .

PacnnosHaBaHre "OTHOCUTEJIBHO OeJBlX SAIlMKOB" MOXEeT NPOBOIOUTBCA C
IIOMOIILID MaTeMaTUUeCKMUx npeobpasosaHum [8].
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19.B xauecTBe OCHOBHOMV aJITOPUTMMUECKOM MOIeJIM B  paMKax
SWITCH-TexHOJOTMM HNpenjlaraeTCcd I[IPMMEHATbL CUCTEMYy BS3aMMOCBASAHHEIX
rpadoB mnepexomor [36], UTO TOOOEPXMBAET BOBMOXHOCTH KOMIO3ULUU U
OEeKOMIIOBULIMM aJITOPUTMOB U obecrneumBaeT INpaKTUUEeCKOoe IIPpMMEHEHMe
TEeXHOJIOTMM IIPU MNOCTPOEHMM CJIOXKHBIX CUCTEM JIOTMUYECKOTO YIpaBJIEHUHA.

[lpy 3TOM  aABTOMATEH (rpager nepexomnos) MOTYT OOpPa30OBEBATH
LeHTPaJlM30BaHHEIE, HOELUEeHTPaJIM30BaHHEIE U MepapxXUUeCKMe CTPYKTYPH
(puc.5.41, 5.51, 5.55 B [8]).

20.Ecum B cuctemMy BxomaT N TpadoB [IepexXomoB C JIHOOBM UYUKCIIOM
COCTOSHMUM KaXIE, TO IIpM [NIPOTPaMMHOM peajM3almy gaxe C Yy4deToM
B3amMonercTemsa rpad®oB MOTYT MCIOJB30BaATBCA TOJBKO N BHYTPEHHMX
MHOTOSBHAUHHIX I[I€PEMEHHHX, BBEIOEHHBEIX IPM KOIOMPOBAHMM  COCTOSHUU
aBTOMATOB.

s 3TOTIO Ha [IPOTPAaMMHYIO peanm3anmn HaKJlaOplBaeTCsa
OT'paHM4YEeHMe, COCTodAllee B TOM, UYTO B KaxIOM I[IPOTPaMMHOM LMKJIE B
KaxnoM TIpade MepexonoB BHIIOJHAETCHA He 0OoJlee ONHOI'O Ilepexoma:
COXpaHAaeTCcd Npenenyllee COCTOAHME aBTOMAaTa WJM BEHIIOJHAETCA TOJBKO
OOVH IIlepexOoIn B HeM, Jaxe B TOM CJllydae, KOoI'Ia B pacCcMaTpMBaeMOM
IpOorpaMMHOM LMKJIE B 3TOM aBTOMATE I[IOCJefOBaTeJIbHO MOTYT OHThH
BBIIIOJIHEHEl HECKOJIBKO IIE€PeXOIOB.

3TO obecrieumMBaEeT OOCTYIIHOCTb KaxJgoro 3HAYEHUA KaxIom
BHYTPEHHEY I[epeMeHHOM g "Bcero oKpyxeHua" — ocrTalybHEX N-1 Tpados
CUCTEMEl, UYTO I[O3BOJIAET HEe YBEJUUMBATHL UMCIIO BHYTPEHHUX I[IE€PEeMEeHHEX
14 OCylEeCTBJIEHNA B3aMMOCBA3U rpados Iepexonos " nejaer
B3aMMoOneyrcTeMre IpadoB MNepexonoB C I[IOMOUBK SHAaYEeHUM MHOTO3HAWHBIX
BHYTPEHHMX I[I€PEMeHHBIX BecCbMa HaTJAOHBEM. I[lpM 3TOM NOPEeOMKAaTH,

IpOBEPARIME BHAUEHMA 3STUX [IePeMEHHBIX, MCIOJIB3YITCHA B KadecTBe ele
ONHOM U3 PAa3HOBUIOHOCTEN BXONHEIX BO3IEMCTBUI.

TakuM oOpasoM, IIpM aBTOMATHOM IIPOI'PaMMMPOBAHUM, TaK Xe& Kak U’
npu OOBEKTHO-OPUEHTUPOBAHHOM IpOTPaMMMPOBAHUY, aBTOMA TE
OOMEeHMBATCH COOODUEHNAMN . OnHako BO3MOXHOCTb B3aUMOIEVICTBUS
aBTOMATOB, M3 KOTOPEIX COCTOMT IOpoIpaMMa, 3a cdueT oOMeHa HOMepaMu
nx BHYTPEHHUX COCTOSHUM CYyWEeCTBEHHO oTn4YaeT aBTOMATHOE
OIpoTrpaMMMPOBAHME OT OOBEKTHO-OPMEHTUPOBAHHOTO, B KOTOPOM OOBEKTEH
paccMaTpuBawTCAa KakK "dyepHee gGuuku", BHYTPEHHEEe COIepXaHMe KaxooIo
U3 KOTOPBIX CKPBEITO [37].

21 .Tpadel nepexomoB B CHUCTEME MOTYT B3aMMOINEMCTBOBATH  II0
npmHUMIaM "3anpoc-orseT—-cbOpoc" wmnm "szanpoc-oreeT", OOMEHMBAACH IIPU
53TOM IOECATUYHBIMM HOMEpaMM COCTOSHUM.

JacTHEIM CJydYaeM TakKoT'o B3aMMOIEMCTBMA HABJISETCS B3aMMOCBSA3b
TOJIOBHOT'O M  OCTaJIbHEIX TI'padoB I[IepexomnoB. I[lom sTOM B CJIy4dae
HEOOXOOMMOCTM MMEETCS BO3MOXHOCTE 3allyCKaThb M3 TITOJIOBHOTO TIpada
apajijiesibHbele IIPOLIEeCCH, peajiM3yeMble YyKas3aHHBMM I'padaMu Nepexolos, U
BO3BpallaTh ylpaBJIEHME TOJIOBHOMY Ipady [OCJe 3BaBepleHMsa Uux paboTH.
9T0 pacumpsgeT o060JacTb IPUMEHEHMI KOHEUHBEIX aBTOMaTOB, KaXIBM U3
KOTOPEIX, Kak OTMEUaJIOCh BHIIE, 1o ONpeneJIEHUIO aBJgeTcs
IIOCJIENOBATEJILHOCTHEIM IO COCTOSHMAM. B [8] 1moxazaHo, UYTO IIpU
peanusauuy  aJropuTMa B BUIOE CMCTEMEl B3aMMOCBA33aHHEX I'pados
[IepexonoB OHM MMENT IIpeuMyllecTBa I[I0 CpaBHeHM C sA3plkoM "I'pagcer",

pa3paboTaHHBM o4 omnmMcaHmAa napaJjijlieib HEIX IPOLIECCOB brpmon
"TenemexaHuk" (PpaHLMSA), BXOOAIIEM B HacTodllee BpeMsa B TpPYyINy
"lHannep SJexkTpuK".

22 .Kpowme ofmMeHa HOMEepaMu COCTOSHUM MEXITY aBTOMaTaMM,
peanm3yeMuMI IocJyienoBaTeJIbHEM PacCIIoJIOXEeHUEM B oporpaMMme

KOHCTPYKUMUM sSwitch, rpads nepexomoB MOTYT B3aMMOIEMCTBOBATHL WM II0
OPUHLUUIY  BJIOXEHHOCTH, uTO MOXeT OHTb pPeajiM30BaHO  BJIOXEHHBIMU
KOHCTPYKUMAMM Switch nOpom3BOJBHONM  TJWIyOMHE MM OOpaAlleHUSAMM K
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OyHKLMAM, DOCTPOEHHBM M3 3TUX KOHCTPYKLUMM, KOTOPHE pealu3ylT Ipadbl
IEPEXONOB YyKa3aHHOM IJIyOMHBEI BJIOXEHHOCTM.

23 .YKa3aHHBE TIPVHLIAIIEL B3aMMOINENCTBMA rpados Iepexonos
NOOOEPXMBAKT BO3MOXHOCTBb MEPAPXUUECKOI'O IMNOCTPOESHUSA aAJITOPUTMOB.

[lpennaraeMasd TEeXHOJIOTMA oOecHeuMBaeT TaKXe [IPOeKTHUPOBAaHMUE
aIToOpPUTMOB Kak "cBepxy-BHM3", Tak U B oOOpaTHOM IHopAnke. I[Ipy 3TOM
nepeas CTpaTermsa YyIpolaeT I[IOCTPOEHMEe KOPPEeKTHHEX alropmuTMon. Tak,
HallpyMep, eCiM aJilOpMTM He ofJjlafaeT [HapajljlesiM3MOM II0 COCTOSAHMAM,
TO B II€PBOHAUYAJIbHO IIOCTPOEHHOM TIpadpe MNepexomoB KaxOad BeplrHa
MOXeT OBITh BaMeHeHa (QparMeHTOM, COIepXallMM HECKOJIBKO BeplUMH; B Hee
MOT'YT OBITBH BJIOXEHE OpyI'Me I'pade NIepexomoB; M3 Hee MOI'yT BBI3HBATbCH
opyrre rpade nepexonob. B IMOJYyYeHHOM CTPYKType Kaxlas BeplMrHa, B
CBOK oOuepenb, MOXeT OHTb »OeTalMsupoBaHa. CTPpyKTypa IPOI'PaMMH,
peanmu3syomey HOOCTPOEHHE  aJITOPUTM, IOOJIXKHa  OplTb M30MOpPbHaA  ero
CTPYKType.

24 .llpy 3amaHUM aJIlOpMTMa B BMIe CUCTeMB I'padoB [IepexonoB,
IoCJyiegHAdA, eCJM 3TO BO3MOXHO, pasfmMBaeTCd Ha He CBA3aHHBHE MeXOy
coboM MNOoIOCHUCTEeMBl, OOpa30BaHHBEE B3aMMOCBASAHHEIMM I'padaMu Iepexonos,
¥ OJ8 KaxXIoom M3 HMX, eCJIM I03BOJIAEeT Pas3MepHOCTb, CTpouTcsa Ipad
OOCTMXMMEIX MapKMPOBOK (COCTOSHMM), ONMCHBAaOLMM BCe QYHKLUMOHAJIbHEE
BO3MOXHOCTM I[IOICUCTEME.

TakuMm  oBOpasowM, B paMKax InOpenjaraeMoM  TexXHOJIOTMUM, ecJm
[IO3BOJIAET PAasMEePHOCTb  BHIOSJIAEMEIX I[IOLCHMCTEM TIpadoB [Iepexomos,
TeCTUpOBaHMe cucrteM rpadoB [IepexOomoB U peaiM3yonlIUx MX IpoI'paMMm
MOXeT OBITb BaMEHEeHO OoIpenejieHMeM BcCexX QYHKLMOHAJIBHEIX BO3MOXHOCTEMN
paccMarpmMBaeMoro  OnMcaHmudg, KakKk 5BTO JejlaeTcsa nNpu  bepupmkalmm
npoToKoOJIOB [38].

[Ipy MCHOJNIB30OBAHMM CUMJIBHOCBA3AHHBIX CcucTeM Ipador [IepexOonos
OOMNBILON pasMepHOCTHU IPOEKTUPOBAaHME Ha OCHOBE npenjaraeMon
TEXHOJIOIMM OOecleurBaeT BO3MOXHOCTB I[IOCTPOeHMUS "KOHTPOJIENPUTIOIHBIX"
nporpamuM, nisa KOTOPBIX MOXeT OBITB BBINIOJIHEHO aBTOMaTUUECKOE
IPOTOKONMPOBAaHME MX pPaboTEl B TepMMHaAxX aBToMaToB [39].

25.BBOOUTCH [IOHATHUE YyIIpaBJIAanLero aBTOMAaTa, nogn KOTOPEIM
I[IOHMMaeTCsa COBOKYIIHOCTb aBToMaTa " OYHKLMOHAJbHEIX 3JIEMEHTOB
3amepxku. Ilpr 3TOM 0OJIA aBToOMaTa DSTU DBJIEMEHTH pPacCMaTpMBaKRTCA
HapaBHe C OOBEKTOM YIpPaBJIEHMHA (€I'0 MCIOJIHUTEJIBHEIMY MeXaHU3MaMU U
CUTHaIM3aTOpaMM) : aBTOMAT KpoMe 3HaueHuy "OOBEeKTHHX"  BBIXOIOHBIX
[IepEeMEHHEIX bopmmpyeT Takxe 3HAUEHUA "BpeMeHHEIX" BEIXOIHEIX
[IE€PEeMEHHEIX, a Kpowme 3HaUeHUM "OOBEeKTHHEIX" BXOOHBEIX  [IepEeMEeHHEX
nojiydaeT TaKxe 3Ha4YeHUAa "BpeMeHHEX" BXOIOHBIX [IepeMEHHEIX .
"BpeMeHHBEIE" IIepeMeHHBle OTOOpaxamnTcsa Ha Ipadax nepexomax Tak xe,
Kak M "obbexTHEE" mepeMeHHBle. B [8] pacCcMOTPEHH pPa3JIMUHBIE [TOIXOIE
K IPOTPaMMHOM  peanm3almnu GYHKLMOHAJIbHEIX 3JIEMEHTOB 3aOepPXKM,
HalpuMep C MCHOoJIb30BaHuUeM oyHkumuy (IpmnoxenHve 4 B [8]).

B ofbmeMm caydae KpoMe TakuMx OQYHKUMM B KOMIIOHEHTax Ipadax
Iepexonop MOI'YT IMNPMMEHATbBCA UM QYyHKUMM OPYyI'MX TMIOB, HalpUMEpP
peanmmu3ynmme perynaTopw ([Ipuioxenme 10 B [8]).

26.T'padel mepexomOB MOTYT MCHOJIbB30BaTLCHA TaKXe M IIPM CO3OaHUU
Momesie OOBEKTOB JIOIMUECKOTO YyIpPabBJIeHUHA, UYTO I[IO3BOJAET C EeIOMHEIX
IO3ULUN IPOBOIMUTH onMcaHme n BBIIIOJIHATE MOIEeJIMPOBaHMeE Kak
Pa3OMKHYTOT'O, TaK M BaMKHYyTOI'O KOMIJIEKCa "VYHOpaBJadouyMi aJTOpUTM —
MOIeJsb OOBeKTa yhnpabJjeHuda".

27 .[lpy  OPUMEHEHMM WU3JjaraeMo¥ TexHOJoruM  crneumbmkaumsa  Ha
paspaboTKy YOPABJIAKUWEN OPOTPAaMMBl HOOJIKHA COCTOSTH M3 BaMKHYTOM (B

obmeM ciaydae) CXeMbl CBSa3en "YMCTOUHMKM MHOoOpMALMM —  CUCTEMAa
B3aMMOCBSA3aHHEIX aBTOMATOB — OQYHKIMOHAJIbHEIE BJIEMEHTH 3aIepPXKU —
VCIIOJIHUTEJIbL HEIe Me X aHM3MEI obbekTa yIpaBJieHUA - CpeICcTRa

npencraBjieHua uHOOpMauMmM", ONMCHBALWEV MHTepdelCsEl aBTOMAaTOB, U
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CUCTEMHE B3aMMOCBSA3AaHHEX IpadoB NepexonoB, ONMCHBAKIMX [IOBEeIEHUE
aBTOMATOB, BXOIAIMX B BTy CXeEMY.

[Ipy »TOM cCcxema CbBA3eM (HEKOTOPBM aHaJioTl »OUMarpaMMBEl [IOTOKOB
OAaHHHX B CTPYKTYPHOM cuCTeMHOM aHaiu3e [40]) m r1Tpadel nNepexonoB
OOJDKHEL OBITH M300paxeHel TakK, YTOOH MX (IO BO3MOXHOCTM) MOXHO OBLIO
OXBAaTUTb OIHMM B3TJISIOM, UYTO YyIpollaeT I[IOHMMAaHMe  Cclheumbmraumm
(TpeboBaHuMe "remTaJgbTHOCTHU" ONMCaHMAa [411) . Onsa 2TOTO, B
YacCTHOCTHM, B I'padax NepexXOomOB IOJIKHE MCIOJIE30BATBCS TOJIBKO CMMBOJIEL
IIEpPEeMEHHEIX, a He Uux ab0bpeBMATypPH, a CMECJ KaxXIOV IIepPEeMEeHHOM IOJIXEeH
OBITE sACeH nNpu 'mnepepone B3IIAna" Ha CxeMy CBA3e€M, KOTOopas MOXeT
comepXaThb B TOM UYMCJIE M KOMMEHTAPUMU.

Ina sapmad OOJIbIIOY PasMEPHOCTM yKa3aHHAS CXEMa MOXEeT CTPOUTHCSH
(c yueToM BCeTrTo "okpyxeHMA'") IJi1d KaXIOT'O aBToMaTa B OTIOEJIBHOCTHU.

28.B pamxax SWITCH-TexXHOJOTMM NOpenjlaraeTcsa MUMEeThb OIMH SA3BIK
crneurdmKauMy aJIrOPUTMOB (I'padel NepexoloB) NPM NPUMEHEHUM Pa3JIUIHEIX
A3BIKOB NPOTPaMMMPOBAHMSA, YUTO He OBIJIO OTMEeYeHO B [1].

B [8] pazpaboTaHel MeTOns GOPMAJIbLHOM M M3IOMOPOHOM peaams3alumn
rpadoB IepexoIoB OpoTrpaMMaMM, HalOMCaHHEIMM Ha PasJIMUHBIX  S3BKax

InporpaMMrMpoBaHmM4, KOTOPERIE VCIIOJIB3YKTCHA B YIIPpaBJIAKINX
BEIUMICJIMITEJIb HEIX yCTpOIZCTBaX Pa3JIMYHEIX TUIIOB, B TOM grcrlie jZ B
NpOoTrpaMMUPyEMEIX JOTUYECKUX KOHTpPOJIJIEPAX. Hiia IHJIK HauboJee
nejiecoobpasHO IMNPUMMEHATH aHaJIoTM KOHCTpyKUuM switch, nossosdwomue
CTPOUTH KOMIIaKTHEHE n 0003 PUMEIE TEKCTOBEIE IPOTPaMMEHL. CLiY

KOHCTPYKLIMIO MOIOEJNUPYET UMOPOBOM  MyJIbTUILJIEKCOP, obecrneurBanumi
BO3MOXHOCTB I[IOCTPOEHMsA nOJja nporpamMmuposaHmda I[IJIK QyHKUMOHAJIbHBIX

cxeM, bopmMasibHO " M30MOPOHO peanm3ynimx rpadsl [Iepexonos
(pazm.4.2.3 B [8]).
I'pader [epexonos, [IOCTPOEHHEIE, Kak M3JIOXKEHO BHIIIE, 128

VCIIOJIb3YEMEE B KadecTBe cHeuubukauum nJjasa pa3paboTKy OPpOoI'PaMME
(onpenmenas ee OQyHKUMOHAJIBHBEIE BO3MOXHOCTM), a B HAaJIbBHEMIIEM U B
KaueCcTBe TecTa IJa ee cepTudukalumy, MOTYyT OBTb pPeaJiIM30BaHE TakKXe U

c nowmowmpil fA3eika "TI'pagcer". IIpu 3TOM NOABJIAETCSA BO3MOXHOCTH IIpU
cepTudMKaLMM OPpOTPpaMMEl  BM3yaJIbHO HabOJowmaTb Iepexonmel B Ipadax
[IeEPexXOnosB. OnmHako 3TOT A3BIK OIpoTrpPaMMUPOBaHNUA yMeeT pPAn
HEeOIOCTAaTKOB. [lepeuncimm HEKOTOPHE ns3 HUX: BO3MOXHOCTb

OODHOBPEMEHHOT'O OTpPaXeHMsa aKTMBHOCTM HECKOJIBKMX BEPWLMH B OIHOMU
oyarpaMMe IOPpUBOOUT IPM pealu3aluuy K IOBOMYHOMY UX KOOMPOBAHMUIO, IIPU
KOTOPOM UMCJIO HOBOMUYHBEIX BHYTPEHHUX IIE€PEMEHHEX (MCIOJb3yEMEIX IJid
KOIMPOBAaHMS BepuMH U uMeomuxcsa B [IJIK B OI'paHMUEHHOM KOJIMUECTBE)
paBHO UMCITy BEpPIIMH B omarpaMMme ; A3BEIK "T'padpceT" [IO3BOJIAET
HENOCPEeOCTBEHHO peayiM30BaThb TOJIBKO I'padel nepexonos apToMaToB Mypa,
TPpebysa YBEeJIMUEeHNA urcra BEpPIMH oisa rpados [Iepexonos,
COOTBETCTBYKUMX OPYI'MM TMIaM aBTOMaTOB; KaxXIelM Irpad IepexomoB
peanmu3yeTcsa Ha HECKOJIBKUMX DBKpaHaxX; I'padel Oepexomor C IepexomaMu
"Hazan" peanmMsynTCd HEeHAaTJISOHO, Tak KaK OJd TaKuxX I[IepexonoB JIMHUM,
CBSA3HBAIME BEPUMHE, He M300paxXxalnTCHd WM HEe MOI'yT OBITH M300pPaXeHH,
U IOBTOMY 3aMeHdAnTcd "coemomHuUTenaMm".

[lpy 3TOM MHTEPECHO OTMeTuThL, uYTo ecam B IIJIK, HanopuMmep Inpu
peanm3auMy OIOHOM COBOKYIHOCTM I'padoB IepexOomOB, M3PaCXONOBAHE BCEe
IOBOMUYHBEIE BHYTPEHHME II€PEMEHHEEe, BBIOESJIEHHEE OJIS OIPpOoI'paMM Ha HA3BIKE
"I'padceT", TO, MBMEHMB HA3HK NPOTPAMMMPOBAHMA [NIPM pealms3aluuy IpyTou
COBOKYIIHOCTMU rpados Iepexonos, MOXET IOABUTHCH BO3MOXHOCTb
VCIIOJIb30BATE IOPyI'Me TUIE BHYTPEHHMX II€pPeMEeHHEX KOHTpoJulepa. TakuMm
obpas30oM, Jaxe IIpM OpoTrpaMMMpoBaHMM oOnHoro IIJIK MoxXeT BO3HUKHYTH
HeOOXOOMMOCTb B IMIPOI'PAMMMPOBAHMM HAa PAas3HEX A3blKaxX I[IpU [IPMMEHEHUMU
OOHOTO M TOTO Xe& fA3bKa CHeuMPUKaLuu.

29 ./Vsnaraemst IOOXOm IO3BOJISIET 3aKas34umKy, [IpoekTaHTy
(Texnogiory), Pazpaborumky, Illporpammmcty, Ilonp30BaTenin u KoHTposepy
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OOHO3HAYHO IIOHMMATb, YTO IOOJIDKHO OBIThH CIOEJIaHO, UYTO »OejlaeTCda UM 4YTo
CHOEJIaHO B IIPOTPAMMHO pealnu3yeMoM IHOpoekTe. OH I[IO3BOJIAET pasdelisaTh
pabory, a camoe TIJlaBHOeE, OTBETCTBEHHOCTE Mexny CrneumaamcTraMu
PasJIMYHEIX OOJlacTey 3HAHUM, a Takxe Mexnoy opraHmM3aumsaMu, yTo
OCODEHHO BaxXHO IIpu padboTe C MHOOMPMaMM WM3—3a HAJIUUMA HA3BIKOBOI'O
Dapbepa M HEOOHOBHAUHOCTM IIOHMMAaHUSA €CTEeCTBEHHEIX S3HEKOB.

[lonxonm  obecrieuMBaeT BOBMOXHOCTD yxe Ha  PAaHHUX cTammax
IPOEKTUPOBAHUS yuecTb BCe OeTanmn TEXHUUECKOT'O 3alaHusd u
IPOOEMOHCTPUPORBATL 3aKasuMKy B yIOOHOM IJjia Hero oGopMe, KakK OHO
IIOHATO.

30.0nuceiBaeMass TexXHOJIOTMS IIO3BOJISEeT YUacTHMKaM pas3paboTku

IIpoeKTa O6LLLaTbCF[ He TraanMuMOHHBIM IyreM, B TEPMMHAX
TEeXHOJIOTMUYECKOT'O Ipollecca (HamnpuMmep, He "uaeT" pexum D>DKCTPEHHOTO
nycka JIuM3eJb-I'eHepaTopa), a Ha TIOJHOCTBN (QOpMaIM30BAHHOM, HO

noHaTHoM CrHneumanmucTaM pPasJIMUHBIX Oo0JlacTeM =3HAaHMM HG3BKe (Ha CBOEero
poxna TEeXHUUECKOM 3CIEPAHTO) , Ha KOTOPOM OOBACHATHCH MOXHO,
HanpmMmep, cjaenyioumMm obpasom: "B TpeTbeM Tpade MIepexoloB, B IMISTOM
BEpUMHE, Ha UYETBEPTOM MNO3MUMM — M3MEeHUTHL 3HaudeHme 0 Ha 1", UTO He
BBIBEIBAET PAa3HOUTEHMUM, BO3HMKAKNIMUX M3—-3a HEONHO3HAUYHOCTM I[IOHMMAHUS
maxe IJid OIOHOI'O eCTEeCTBEHHOI'O H3EKa, a TeM 0oJiee 5IJid HeCKOJbKUX
TakMX A3BKOB B CJlydae, KoI'Da YYacTHUMKM pas3paboTKM OIpeOCcTaBJIST
pa3HEle CTPaHH, U He TpebyeT nOpubijedeHusa CHeumaamMcTOB, SBHAIKUX
TEeXHOJIOTMYECKMY [OpoLecc, IJ8 KOPPEKTHOI'O BHECEHMHI WM3MEHEHUM B
nporpaMmMel [42].

31./3naraeMemt Ionxon IIO3BOJISET CHATH C [IporpamMmmmcTa
HeOOXOOMMOCTb 3HaHMA TEeXHOJIOTMUEeCKOI'O IIpollecca, a C PaspaboTuuka —
TOHKOCTEN NPpOTpaMMUPOBAHMUS.

OH @»maeT BOBMOXHOCTL [IporpaMMMCTy MNPUKJIAOHEIX 3alad HUUETO He
OOOyMEHBATE 3a 3akasl4duka, TexHojiora u PaszpaboTumka, a TOJIBKO
OOHOBHAUHO peajin30BaTh QOpMaliM30BaAHHYI CHeuMduKalMio, UYTO IIO03BOJISET
PE3KO CHUM3UTL TpeboBaHMA K eI'0 KBalMdmkaluuyM, a B KOHEUYHOM CcUeTe U
BOBCE OTKa3aTbCAa OT eTro YCAyD' U IepeyTM K aBTONpOoIpaMMUPOBAHUIO
PaspaboTumMKOM.

StoT nomxon ofecrneumMBaeT BO3MOXHOCTL OCTABJIATH  I[IOHATHEIE
"craenel" nocJsie 3apepueHusa pas3paboTky, UYTO YIPOULAeT COIPOBOXIEHME U
MoOOMbMKALIMIO NPOoTPaMM Iaxe HOBEIMM CIeluaiMCTaMU.

OH [DO3BOJSET KOHTPOJMPOBATH paspaboTKy M TEeKCTH IporpaMM, a
He TOJIbKO Pes3yJIbTaTEl MX BHIIOJIHEHMSA, KakK BTO MMeeT MeCTO B
OOJIBWIMHCTBE CJlydaebB B HaCTodllee BpeMs, Ipubiamxasd IPpUEeMKy OIpoTpaMM

K npreMKe anrnapaTypH, KOoTOpas poBepseTCcs He TOJIBKO Ha
byHnxumonmporanue [8].

32.1lpu  peanuzauuu 1padoR NepexOonoB  3HaueHUd  "BpeMeHHHX"
BEIXOIHEIX  II€PEeMEeHHHX  SBaMeHSKnTCH, HanpuMmep, BEIZOBaMM  QyHKLUM,
peannsynmmsx byHKUMOHAJIL HEIE BJIEMEH TEI 3anepPXKu, a 3HAUEeHUS

"OOBEeKTHHIX" BHIXOIOHEIX I[I€PEMEHHEIX MOTYT 3aMEeHSATbCHA BEROBAMM IPYIUX
TUIOB QYHKLMUM.

[looTOMy paccMaTpPMBAaEMBM I[IOOXOI MOXET MCIOJIB30BATbLCA TaKXe U
Ipu peanmMsaluM YyIOpaBJIAoIEey YacTU JIOTMKO-BHUMCIIMTEJIBHEX aJIlOPUTMOB,
KakKk DTO, HaNpuMmep, TInokazaHo B Ilpuinoxenunu 10 B [8], B KOTOPOM
npuBeleHa NOporpaMMa, obechneuuBaKillas CHUHXPOHM3ALMIO TI'eHepaTopa C
mMHaMM TJIABHOTO PaCHpPelesIMTEeJIbHOTO mMTa.

33.0nuceBaeMas TexXHOJoOIMsa HOpuMmeHdeTrcsa B HIO "Aspopa" npu
COBIOaHMM CMUCTeM YIPAaBJEHUS TeXHUMUECKMMM CpeldcTBaMM nOJS CYIOOB
PABJIMUHEIX TIPOEKTOB U IOPYIUX TEXHOJIOTUUYECKUX OOBEKTOB, B KOTOPHX
VICTIOJIb3YIOTCHA  BEUMCIMTEJIBHEIE CPeICTBa Pa3HBIX OUPM C pPasJIUdYHBIMU
A3HKaAMM NPOTPaMMMPOBaHMA. [IpM NOpMMEHeHMM OIHOT'O HA3HKa Ccleluubduxaumm
B [42] nporpaMMMpOBAaHME BHIIOJHAJIOCH Ha g3wke IIJI/M, B [43] — Ha
a3bKe QYHKLUMOHAJIbHEIX  OJIOKOB, B [44] — Ha 43BIKEe acceMbiepa
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ONHOKPMUCTAJIbHOM MUKPOOBM KP 1816 BES1, a npm CoO3IaHUM KOMILJIEKCHOM
CUCTEeMEl YyIPaBJIEHMSA TexXHMUEeCKMMM CpeAcTBaMM IJjis cynHa nOpoekra 17310
— Ha A3bKe MHCTpykKumm ALPro [45, 46].

Ionsa YIIPOULEHM A IpOoTrpPaMMUPOBAaHUSA B [IOCJIeHEM ciydae
BE.Il.Ky3ueuorsmm (HIO "ABpopa') opM ydacTmum aBTopa OBl CO3IaH
TpaHcaaTop "Anpo sas3eka Cu — a3eik ALPro" [47], KOTOPEM IIPMMEHSAETCH

K IOpor'paMMaM Ha 4a3blKke Cu, TI[IOCTPOEHHEM (QOpMaJIbHO ¥ M3OMOPOHO II0
rpadaM nepexonos.

34 .00HT TPOEKTUPOBAHMUSA, MUCIHTAHUY UM 3SKCIJyaTaluuM psada CUCTEM
JIOTMYECKOTO  yINpaBJIeHMS  HOOTBepIUSI 20QeKTUBHOCTD VCIIOJIb30BAaHUSA
SWITCH-TexHOJOTUM IOJId CHUCTEM paccMaTpmuBaeMoro Kjacca. Illpm 53ToM
bmpma "Norcontrol" (HopBerusa) B [42] oTMeTuyla, 4YTO IIPMMEHeHUe
n3jaraeMoro  nonxoma  [IO3BOJMJIO €M IIOBBICUTH KadeCcTBO CUCTEME
JIOTMYECKOTO YyHIpaBJieHUMsa IOuzejib-TeHepaTopoM HOI'P-2A 500*500 nna cynHa
npoexTa 15640.

[IpuMepsl MCIHIOJIE30BAHMSA DTOM TEeXHOJIOTUMM HOJId IOPYI'MX KJIACCOB
3amad yhopaBJIeHUs OpuBeneHel B I[puioxenuax 10 m 11 B [8].

35.V3 WMBJIOXeHHOTO BHIIE CcJedyeT, UYTo Haubojbuiui 30hekT OoT
IpUMEeHEeHHMsa OpeljlaraeMOoM TexXHOJIOTMM »OOCTHUI'aeTcsa B CJjydae, KoTnoa

ANTOPUTMMU3ALUA " IporpaMMMPOBaHKE BEIIIOJIHATCHA B PasHBIX
opraHmM3auMax MJIM CcTpaHax [42].

36./znaraemad TEXHOJIOTMS MOXET XapaKTepu30BaTbCS
COBOKYIIHOCTBIO, COCTOAllEM M3 CceMM TepMMHOB: "cocTogHume" — "aBTomatT"
— "He3aBMCUMOCTD oT TIIyOOKOM npensicropmm” — "MHOT'O3Ha4YHOE
KogupoBaHue cocTogHum" — "cucrema B3aMMOCBA3aHHEIX rpados
nepexonos" — "dopmanipHOE n  M30MOpdHOEe nporpaMMmupoeaHmue"” —
"koHCTpyKUMa switch™.

Ee IpUMEeHEeHUe obecrneumBaeT HaTJIAOHOCTh, IIOHATHOCTE,
CTPYKTYPHOCTE, BEIZBIBAEMOCTE, BJIOXEHHOCTE, MEepPapXnYHOCThb,

yOpaBJIgeMOCTb M HabJmwIaeMoOCTb IOporpamM, OGOpMajibHO M M30MOPOHO
[IOCTPOEHHHEX 10 I'padaM [Iepexonos.

OTHOCHUTEJILHO HeboJblIoe YMCJIO BHYTPEHHUX IIepEMEHHEIX,
nojiydyaemMoe 3a CUeT IIPMMeHEeHMS MHOTO3HAUHOT'O KOIMPOBAHMUA COCTOSHMUM,
pe3kKo yIpollaeT U YCKOPSAeT MX IepPecBUyIKY MexXIy  BHYMCIUTEJIAMU,
KoTopasd MOXeT BO3HUKHYTh, HanpuMmep, npu IIOCTPOEHUMU
OTKA30YCTOMUMBEIX CUCTEM, B KOTOPHIX IPM TPaIULMOHHOM MCIIOJIE30BaHUN,
HanpmMmep, a3blka QYHKLUMOHAJIBHHX  OJIOKOR, IPUXOINTCA  I[IepechJiaTh
COOepXMMOe COTeH, a TO M THCAY TPUTTEPOB.

37.0na 3ajad, OTJMYHHEX OT JIOTMUYECKOTO YIPaBJIEHUS, CJenyeT
pas3iMyaTbk COCTOSHMA YIpaBJdolero abToMaTa, OINMCHBaeMoT'o Ipadom
IepexonoB, OT COCTOSHMM OCTaJIbHOM [OaMATM. ECJIM UMCJIO COCTOSHUM
IIepBOTO THIa OOBUHO HEe I[IPEeBHUAeT HEeCKOJbKMX IeCATKOB, TO YMUCJIIO
COCTOSHUM BTOPOTO THIIA CYHNECTBEHHO IIPEeBHIAeT 3Ty BeJauumuHy [18], u
IIOBTOMY OHM B SBHOM BMIE He BHIOeJATCA. EcamM ykasaHHOe pas3nejieHue
COCTOSHUM HE BHIIOJHATHL, KaK DTO CIOejiaHo, Hamopumep, B [37], TO
COCTOSHMSA B HaJIbHEMIIEM M He MCIHOJIB3YyITCH, a I[IOBeleHMe MNIPpOoT'paMMHOM
KOMIIOHEHTH OIpenesyiseTcsa KakK Habop IOeVCTBMUM, BHIIOJHSEMBEIX B OTBET Ha
CcOOmTMA, Oe3 YyIOMMHAHUS COCTOSAHMUM I[I€pBOTO Tulla, C KOTOPHMUM 3THU
OEeVCTBUMA CBSA3aHHE. [IpM 2TOM CJleOyeT OTJMUYATh YylIpaBJgolMe IIepeMeHHHEe
oT OPYTUX BHYTPEHHUX [IepPEMEHHEIX, COOTBETCTBYIIIMX OoCTaJlbHEIM
aTpudbyTaM.

38.B paMkax ONIMCHBAEeMOV TeXHOJIOTUM YyIpaBJdlMe aBTOMATEL MOTYT
CTPOUTLCHA IJid:

— OTIEJIbHHX pPeXuMOB (HaopuMep, aBTOMaT OTKPHETMSA M aBTOMAT
3aKPETUA HECKOJIBKMX KJIANIaHOB) ;

— OOBEeIOMHEHHBIX PEeXMMOB (HalpMMEp, aBTOMaT OTKPHITUSA M BaKPBTHUS
HECKOJIbKMX KJIAIaHOB) ;
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— UMHIOVMBUIOYaJIbHEIX OOBEKTOR (HamopMMmep, KJjallaHOB), peanu3ysa »OJd
KaXIOOT'O M3 HUX JMOO OTHeJIbHEE, JIMOO OOBENMHEHHBEIE PEXMMEI.
[lIocTpOeHHEIE aBTOMATH MOTYT B3aMMOIEMCTBOBATE Mexdy cobon
HEIOCPEenCTBEHHO nyTeMm obMeHa HOMepaMu COCTOSHUM, BJIOXEHUS "
BEI3OBA, a TakKXe uepes JOOIOJIHUTEJIbHEIE aBTOMAaTH. IIpM 3TOM OTMETHUM,
yTo C yBeJMUEeHMEM UlCJia aBTOMATOBR B cucTeMe IOoKalaTeJIbCTBO
NIPaBUJIIBHOCTU MX COBMECTHOTO (QYHKUMOHMPOBAHUSA YCJIOKHAETCH.

ns MBJIOKEHHOTO clenyer, 4TOo n3JaraeMeit IoOxon MOXEeT
MCIOJIb30BATbCA KakK NpM OOBEKTHO-OPMEHTHMPOBAHHOM I[IPOEKTUPOBAHUU
(IpmunoxeHnmue 8 B [8]), Taxk ¥ OpM OPOLEIYPHOM [IPOEKTUPOBAHUMU

(ITIpuntoxenue 5 B [8]) .

39.EcamM MCXOIOHO aJITOPUTM peajusyeTcsa Trpad-cxeMoM C OOHUM
ornepaTopoM BBOIa M OIHMM OIepaTopoM BeBOHma [48], TO 1O HEW C
IIOMOIBI0 METONOB, M3JIOKEHHHX, HamnpuMmep, B [49], MoxeT OBTH [IOCTPOEH
rpad nepexomoB COOTBETCTByWmEeIo aBToMaTa (pa3x.ll.5 B [8] m [50]),
KOTOPEM B OOWEM Cllydae pealMus3yeTcsd KOHCTpyKumeM switch, saBugomencs
TEJIOM B KOHCTpykuUuM do while ¢ ycioBuMeM BHXOIa M3 LMKIA IO HOMEPY
HAUYaJIbHOM BEPWMHBEL. JM3JIOXKEHHEN MEeTOH aBJAeTcd 0Oojee >POEKTUMBHEIM 110
CPaBHEHMI C METOIOM CTPYKTYPMPOBaHMA HOporpaMMm AmkpodTa m MaHHEH
[8]. Ilpm msToM oTMeTmM, uTO B [51l] B KxauecTBe IOpuMepa OpuBeIeH Tpad
Iepexonos, peanusyouuy  OIOMH M3  aJITOPUTMOB COPTUPOBKM  dYMCE],
KOTOPHM TPAIMLUMOHHO ONMCHEHBAETCS LUMKINUEeCKOM I'pad-cxeMou.

40 .Ipu HEeNpoLeOypPHOM 3aOaHumn aBTOMaTOB B BUIE TabJmMLL
IepexonoBr M  BEHXOIOB WMX CTpoOKaM WM  CToJfLaM (mmm  HaobopoT)
COOTBETCTBYIT COCTOSHMA U COOBITMS, U TIIOBTOMY IIPM HENpPOoLUeIdypHOM
peamm3auMy aBTOMATOB MHTEPIPETATOPOM IIOPALOK 00paboTku (CocTOosaHME
— COOBITHME MM COOBITME — COCTOsSHMe) He uMeeT 3HaueHusa (I[IpuiioxeHue 3
B [8]). Ipm npouelypHOM 3adaHMM aBTOMATOB B BUIE CXeM aJIlOPUTMOB
(mporpammMm) [52] BHINOJHSAETCA OpolLenypHasd peanmsalus, KoTopas OOBUHO
DoJjlee SKOHOMMYHA IIO O0BeMy NaMATM M IJIS KOTOPOM INOPANOK O0paboTKM
COCTOSIHUM U COOBITUM CYUIECTBEHEH.

BymeM HasEBaTh 3TM CXEME, HadMHaKUMecd C peumppaTopa COOBITUM
(BHAUEeHUM BXOIHBIX II€PEMEHHEIX), COOBTUMHEIMM, & CXEMBl, HauMHaIMeCHd
Cc meumdpaTopa COCTOSHUM — aBTOMATHEMU. [Ipy >TOM TOOXOOH K
IIOCTPOEHMID TaKMx cxeM OynoeM HaseBaTb COOBITUMMHEIM M aBTOMAaTHBM
COOTBETCTBEHHO.

ABTOMAa THEIM Ionxon IIO3BOJIAET OTKa3aTbCH oT IPUMEHEHU S
yKasaHHEIX CxXeM, Tak kakK I[IporpaMMUPOBaHME B DSTOM CJydae MOXeT
BHIIOJIHATBLCHA HENOCPEeICTBEHHO IO Haubojiee "obozpumom" dopme 3BamaHmUsa

aBTOMATOB — IpadaM [IepexomobB (C MHOT'O3HAUHBIM KOIOMPOBAHMEM BEpPUMH),
KOTOpPELEIE M30MOPGOHEL TaKUM cxeMaM C DemndpaTopoM COCTOSHUM
(aBTOMATHEIE CXEMH aJTOPMTMOB) M KOHCTpykumm switch aswka Cu
(pazm.13.4 B [8], [17]).

B [8] mnpensoxeHB CXEeMbl aJIlOPUTMOB, IIOCTPOEHHBE C IIOMOUBIO

COOBITMMHOTO M aBTOMATHOTO IMOIXOINOB, KOTOPHE pealmM3ylnT R-TpuUrrep u
CUETHHM TPUITEpP COOTBETCTBEHHO. I[lO MHEHMI aBTopa, aBTOMATHHE CXEME
QJITOPUTMOB ABJIAKTCA OoJjiee "NOHATHEIMMK".

B [53, 54] onucaHe OPpOTpPaMMH, peaJiM3yllMe HeKOTOpHEe OQYHKLUUM
yIOpPaBJIEHMS  DBJIEMEHTOM I'padMuecKOoTrO HOJIB30BATEJILCKOTO MHTepderca
"oynbap", IIOCTPOEHHEE Ha OCHOBE COOBITUMHOTO n aBTOMATHOTO
IOOXOOOB . B [IepBoOM ciyydae, Tak xe Kak " B OOBEKTHOM
OpoTrpaMMUPOBaHUM, B KOTOpOM "mejaeTcsda YIOP Ha CO3OaHMe aBTOHOMHEIX
aTeHTOR, B3aMMOIEMCTBYWIMX MexIdy CcofoM IJa IOOCTMXEHMS XeJjlaeMoTI'o
pe3ynabTaTra’ [37], @nag Kaxmoro COOHTHSA peajiM30BaH CBOM oOpaboTuuk.
[lpy 2TOM Tak Xe, Kak ¥ B OOBEKTHOM MNpOoTpPaMMMPOBaAHUM  OJIS
obecrneueHrsa B3aUMMOINEVCTBMA METOHNOB KJjlacCa, DJSBPUCTUUECKM BBOIOATCSH
braroBee (ymnpaBJjdomMe) IepeMeHHBEe (B IOaHHOM CcJlydae OIHa), OCTaBJAS
BONIPOC O TIOHATHOCTM M KOPPEKTHOCTU IIOCJIeIOBATEJIbLHOCTHOM JIOTUKU
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TaKOM MNPOTPAaMMEl OTKPHBITEIM. BO BTOPOM cJydae o00paboTuuMkKM COOBITUN
BBEISEIBAIOT byHKLIMIO, bopmMasibHO u n30MOPdHO pPeann3yniIyio rpad
Iepexonoe, Illepenmakas €M B KaudueCcTBe I[apaMeTpa HOMEep IIPpOM30lenmero
cobmTMsa. Braromaps ToMy, UYTO JIOTMKa, PaHee paccpeloTodeHHas IIo
obpaboTuMkKaM, TelNepb CKOHLUEHTPUPOBAHa BHYTPM OOHOM OQYyHKUMM, PE3KO
yhopomaeTcsa NOHMMAaHMe HOBeIeHMA HOpoTrpaMmel [54, 55].
41 .0nmcelBaeMass TEXHOJIOTUMSA SABJSETCH CKBOBHOM M IIPO3PadHOM, Tak
Kak OHa OXBaTHBAeT STalbl ajiTOPUTMM3ALUMM U OIPOTPaMMUPOBAHMS, IJIg
KOTOPEIX pazpaboTaHel  MeTOIH, obecneuuBame BBICOKOE KadeCcTBO
IPOEKTUPOBAHMSA He TOJIbKO B Ipenejiax ONOHOTO 5Tala, HO U Mexnoy
5Tanamm.
42 .VI3JIOXEeHHBIY I[OOXOHn IompoBHO omnmcaHn B [8], a Takxe B [17,

56-59]. Tonxomwl, HamboJiee OIMI3KME K IIpenjlaraeMoMy, COIEpXaTcs B
[36, 60-62].

PaspaboTaHHBIM IIOOXOI CyHmeCTBEeHHO IOIIOJIHAET MeXOyHapOooHbIM
cranmaprt IEC 1131-3 (IEC 61131-3) [1l], KOTOpPHIM, OIMCHBAS TUIOBHE

A3BIKM NpoTpaMMupoBaHmsa nms IJIK, He comepxuT (B oTiauume oT [8])
MEeTOIOB I[IPOeKTMPOBaHMA [IPOTpPaMM HAa DBTUX HA3BKaX. ITa OpoblemMa He
pelmeHa M B OOKyMeHTaLUMM BelymMxX B oOJlacTM aBToMaTu3auuM QUpM Mupa
[63], B KOTOPOM B JydlleM CJlydae COHNepXaTCs JMIb OTIEJIbHEE [IPMMEPE

(HanpuMmep, B [64]. Takas Xe CUTyaluus MMeEeT MeCTO U B JuUTepaType
[65-74].

PacCCMOTPEHHEM [IOAOXON OBUI NPEeIJIOXEeH M BHeIpeH aBTopoM B 1991
r. [43, 75]. OH OB, B 4YaAaCTHOCTM, MCHOJb30BaH B HIO "Appopa" npu
CO3IaHUM:

— CMCTEeMBl yInNpabJjieHMsa »Ouszelb-TeHepaTopom [HOI'P-2A 500*500 gmns
Tpex CcynoB InpoektTa 15640 Ha 6Gasze annapatype "Selma-2" oGupme
"ABB Stromberg" (O®mHIaHOuA) . [IpoIpaMMMPOBAHME BBIIOJHAJIOCH
Ha S3bKe QYHKUMOHAaJIBHHX OJiokoB [43];

— CHUCTEMH YyIpPaBJIeHUS IM3EJIb-TeHepaTopoM TOI'O Xe TuIla »OJd
cynHa npoekTa 15967 Ha 6azse annapatyps "Selma-2" odupmer "ABB
Stromberg". [IporpaMMUpOBaHME BRIIIOJIHAJIOCH Ha ABEIKE
OYHKLUMOHAJIbHEIX OJIOKOB;

— CHUCTEMH yIOpPaBJIeHUS IMU3EJIb-TeHepaTopoM TOI'O Xe TuIla »OJd
cynHa npoekxkta 15760 Ha ©Oase annapatyps oupMel "Norcontrol™
(HopBerma) . IIporpaMMMpPOBaHME BEIIOJIHAJIOCH (QMPMOM Ha  A3BKE
/M [42];

— KOMILJIEKCHOM CMCTEMBl yINpPaBJIEHUS TeXHUUYEeCKUMU CPeOCcTBaMM IATHU
cynoB npoexta 17310 nHa IJIK "Autolog" odwumpmer "FF-Automation™
(OuuIgSHOMS) [45] . IlporpamMMmpoOBaHMe IJjig OOWECYHOOBEIX CUCTEM
BREIMIOJIHAJIOCH Ha SA3BKe UMHCTPykumy ALPro [46], a IJid CUCTEeMEH
yIpaBJieHUS BCIIOMOT'@TeJIb HEIMU MeXaHW3MaMU — c IIOMOIIBIO
TpaHcaaTopa "Ampo A3wmka CuM — 43BIK MHCTpykumy ALPro" [47];

— kKoMIUlekTa "ABpoJor" s yHpaBJIeHMS TeXHUYECKMMM CpelCcTBaMu
CyInoHa Ha IIJIK "Autolog" brpMEL "FF-Automation".
[IlporpaMMMpPOBAaHME  BBEIIOJHSAJOCH C  IIOMOWBID YKAa3aHHOTO  BHIIE
TPAaHCJIATOPAa;

— aBTOMaTU3UPOBAHHOU CUCTEME yIpaBJieHUS TEXHOJIOTUUE CKMMU
npoueccamMmu (ACY TII) UeHTpPaJIbHOM [NOOATOTOBMUTEJIBHOM CTaHUUU
nIepBUYHOM o0b6paboTku HedbTu "ABpojor-HI1" (CeBepo-OpexoBCKOE
MECTOPOXIEHHUE) . [IporpaMMMpOBaHUE BBINIOJIHAJIOCH Ha SA3EKE
MHCTPpykuum ALPro;

- ACY TI »OoXmMMHOM HAaCOCHOM cTaHuum "Apposior—HII2" (CeBepo-
[lokypCckoe MeCTOpOXIeHMe) . I[lporpaMMMpPOBaHME BEHIIOJHAJOCH Ha
A3BEKe MHCTpykuum ALPro;
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— CMCTEeMEl ylpaBJieHMsa TypOOKOMIPEeCCOpPHEM arperartom "Jlapmua",
VICIIOJIB3YEMOM IIpM [OPOM3BONCTBe noausTmieHa B I[I0 "IlommMup"
(Hosomnomnouk) . [IporpaMMUpOBaHUE BBINIOJIHAJIOCH Ha SA3BEKE
acceMbiiepa OOHOKpUCTaNIbHOM MMKPO3BM KP 1816 BES1 [44].

3. NIPMMEHEHME KOHEUYHEIX ABTOMATOB IIPU
[NIPOT'PAMMMPOBAHMN ITPOI'PAMMUPYEMBIX JIOTUYECKUX

KOHTPOJIJIEPOB
B 1993 r. ¢upma "Momumxon" (CIA), BxondAumas B HaCTOodllee BpeMsS B
rpynny "llHavnep OnexTtpuk" [4], a B 1996 1. u odupma "Cumenc"
(TepMaHMsa) OPEenJIOXUIIM MCIOJB30BaTh I'padsl [IepexOomoB B KadecTse

OOHOTO M3 HA3BKOB MNpoTpaMMMpoOBaHmMA nOjd ceomx IIJIK, npuuemM nocjenHAad
B pabore [2] yTBRepxmaeT, UYTO OIMCAaHME Ha TaKOM HA3EIKe He TOJIbKO
nonxoout niusa IlporpamMmucTa IIJIK, HO TakXe I[IOHATHO JVHXeHepy-MeXaHUKY,
VHxeHepy O 3alyCkKy O0OOpyHOBaHMSA U JVHXEeHepy IO OOCHyXmuMBaHMDO. [Ipu
35TOM OTMETMM, UYTO DBTOT HG3bK OBJI BBEeIEeH YKa3aHHBEMM (oupMaMM B
NPaKTUKYy I[IPOEKTUMPOBAHMSA, HECMOTPHA Ha TO UYTO OH HE BXOOUT B COCTAaBb
A3EKOB, PEKOMEHIOyeMHBX MeXIYyHapOIHBM CcTaHmapTom [1].

[looxonmel, NPEenJOXeHHEE D»>TUMMM OGupmMmamy, o60JajalnT IO CPaBHEHMIO C
u3jaraeMoM TexXHOJIOTMEN TeM I[IpeuMylleCTBOM, UYTO OHM pa3paboTann
TPAHCJISTOPE HENOCPEOCTBEHHO C BTOI'O 43bKa, [IOJydYMB TEM CaMEM
VICIIOJIHAEMHBM S3BIK chneumburkaumi [76], a HeJZoCTaTKM DTUX [TOIOXOIOB
COCTOAT B CJEenOyIIIEM:

— 3TU TPAHCJATOPHE, €CTEeCTBEHHO, HEe B3aMMO3aMeHSEM:l;

— TPAHCJATOPE OIPAHUUMBAKLT BO3MOXHOCTH IIPUMMEHEHMUS MOIOEJIEM U

NOOXOOOB, OTJIMUHEIX OT IIPMHSATEIX IIPUM UMX paspaboTke;

— B IOOKYMEHTalUuMM HeEe yKa3aHBH OCOOEHHOCTM HOCTpoeHusa Irpados
Iepexonos, [IepeUnCIJIEHHEEe  BHIIE, KOTOpEIE obecrneumMBainT UX
IIOHATHOCTE M BOBMOXHOCTBH I[IOCTPOEHMUS KAUECTBEHHEIX [IPOI'PaMM
Ha MX OCHOBE;

— OTCYTCTBYeT YyKaz3aHMe Ha HeOOXOOMMOCTb CO3IOaHMsa ONMCAaHHOM
BHIIIE CXEMBElI CBS3EM;

— He yImaeTcd OXBaTuUTb Jaxe OoIMH TIpad nepexonor "OOHMUM
B3TJIAOOM", TakKk KakK COOCTBeHHO rpad, yCJIOBMUA I[epexoloB U
BBIXOIIHEIE [IepEMEHHEE n300paxanTCcsa Ha Pa3HEIX SKpaHax

("HerTemTanrTHOE" ONIMCAaHUE) ;

— OHUM MCIOJNb3YIT I'pade IepexOomOoB B KauecTBe OHOHOTO U3 S3HEKOB
OpoTrpaMMMPOBaHMsa, He yKaseBasg OIpM B3TOM, dYTO I'padel nepexonos
LnejiecoobpasHO INPMMEHATH M B KadeCcTBe HA3BEKa aJIlOPUTMM3ALUU
OPY MCHIOJIB30BAHUM OPYIMX A3BKOB NPOIPaMMUPOBAHMUS.

B HacToOsdumee BpeMsa [NOOXOI, OCHOBAHHHM Ha IIpuMeHeHUM T1Tpadom
nepexomnoB, HasBaHHHM "State Logic", Hauvaym MCHOOJNBL30BATBLCS TaKXe U
bupmon "GE Fanuc Automation" (GE — General Electric) o
OporpaMMUPOBaHMsa cCcTapumx wMomeyey ceomx IJIK [77]. Ilpu »TOM  OBLI
pazpaboTaH A3bk OporpaMMupoBaHusa ECLiPS (English Control Language
Program Software), NDO3BOJNAKUMY ONMUCEHBATL I'padel NepexoloB. IllpM 3TOM
B MaTepualjiax OUPME = OTMEUYeHO, UTO IIPEenJIOXEeHHHMW I[IOIOXO0HI  MOXEeT

IPUMEHATbLCHA crenmraamncTaMmu, KOTOPHE He VIMEIT OIHITAa
NIpOTrpPaMMUPOBAHMA . 3TOoT IIOOXOL paccMaTpmuBaeTCcAd brpmon KakK
NpaKkTUdYecKkasa ajlbTepHaTuBa JIECTHUUYHEIM CXeMaM.

HepmocTaTkm yKa3aHHOI'O IIOOXOHOa COCTOAT B cJenypomeM: TI'padw

rnepexonos npeaCTaBJIdi0TCA Kak KapTVMHKIHM, IIOMEYEHHEIE AHTJIIUNCKUMU
CcJIOBaMuM, IIprMEeHAeTCHA CHeLU/IaJ'IMSI/IpOBaHHbIﬁ A3BIK IIporpaMMmMpOBaHUA,
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MCIIOJNE 3y aHTJIUMCKUM S3HK, a He MaTeMaTUuYeCcKyo HOTAaLUIO,
MTO3BOJISOIIYIO VUCKJIIOUUTb YMOJITUYaHUA; OH TpebyerT IPMMEHEHU A
CIIEeLMaJIN3UPOBAHHOTO npoLleccopa (State Logic Processor) ; He
IPEeOJIOXEHO VCIIOJIL30BATH rpader [IEPeXOnOB B KauecTBe A3BIKa

CHeLLM@)MKaL[Mﬁ l'[pI/I HpOI‘paMMMpOBaHI/H/I Ha Hd3bBIKEe JIECTHMUHBIX CXeM MJIaIlMX
MomeJiem IlJIK.
ﬂMaI‘paMMbI COCTOHHMﬁ HpMMeHFHOTCF{ B KaduecTBe OIOIHOI'O U3 A3BIKOB

IpOoTrpPaMMUPOBaHUSA IIPOMBIIIJIE HHEIX KOHTPOJIJIEPOB brpMEI "Matsushita
Automation Controls" [781, a 4a3bKk  "cnomcok cocTodgHuMM" — Oouga
IpOoTpPaMMUPOBAHMS KOHTPOJIJIEPOBR oOoupMmel "Festo Cybernetic" [79].

4. UCIIOJIbL3OBAHME KOHEYHEIX ABTOMATOB B

[NPOI'PAMMMPOBAHUN
IOo mocrmemHeTo BpeMeHM Tpadsl M[IepexXomoB MIPUMMEHSJIMCH JIUlb B
OTIEJILHEIX 3alladyax TeopeTUUeCcKOoTo MIpOTPaMMUPOBaHUI [80], a B
NPakKTUUYECKOM M[NPOTPAMMMPOBAHUM OHM B OCHOBHOM MCIOJIL30BAIMCEHL JIMIb
0 pa3paboTKM KOMIMJIATOPOB [81, 821, B TO BpeMsa Kak 14
anrnapaTHHX peanrsauui rpadoB NepexomoB IaBHO UM UIMPOKO IPUMEHSITCS
[16]. B [83] ©OpbulO OpPeldJIOXEHO MCIOJIB30BaTh I'padbl [IepexOoloB B

NporpaMMUPOBaHUM, BBMUIOY TOI'O dYTO '"MEI MOXeM pacCMaTpubBaThb JIOOYI
nporpaMMmy Tak, OynTo OB OHa I[IOJHOCTBK pealMs30BaHa allapaTHEMU
cpencreamMmu".

OODHaKO HNPM CO3OaHMM OPpOTpaMM IJIA pPelleHMA IIPUMKJIaOHEIX 3anad no
[IOCJIEOHEeTO  OeCATUIIeTMs  IJIaBEHCTBYUMM  OBUI  HOPOLENYPHBIM  [IOOXOI

(byHKLUMOHAJbHAS OIEeKOMIIOBULIUS [185]), VICIIOJNEb 3YIMM He Tpade
[IEPEXOOOB, a TaKOM BUM3YyaJIbHEM QopMaiM3M, KaK CXEME aJITOPMUTMOB.
OrpaHmMuyeHHOCTL (10 MHeHuio I'.Byua [84]) »Toro mnomxola IIpU

CO3OaHMM  CJIOXHBIX [IpOI'paMM IIpMBEJa K pas3paboTke U WMPOKOMY
PaCIPOCTPAaHEHUI OOBEKTHO-OPMEHTMPOBAHHOT'O Ioaxona. OIOHAKO IepBoe
BpeMsa HOBBIM I[IOAOXOI IOIOONEPXMBaJM JIMIL HS3BKM IporpaMMupoBaHMsa [85],
a METOL IPOEKTUPOBAHMA nporpaMMm B paMkax 3TOM napanuIMel
OTCyTCTBOBAaJI.

Tako¥ MeTon Owl paspadoran I'.Byuem B 1991 1. [84]. O=n
BKJIOUYAET HECKOJIBKO BM3yaJlbHEIX bopmanmsMoOB (nnarpamm) ojsa
oTOOpPaXeHUsa pPasJIMUHEIX OCOOEHHOCTEM BBIESJSEMEX KJIACCOB UM OOBEKTOB.
Ip sToM B [84] OBIJIO NPEenJOXEHO (Ha OINHOM CTpaHulle) g ONMCaHUA
noeeneHusa OOBEKTOB MCIOJBb30BAaTh OMAT'PaMMBl [Ie€peXonob M OBl [IPMBEIEH
IpuUMep IOIpMMEeHeHUMs 2TUx ouarpaMdm. OIOHakKO B paMkKax MeTola Byua B
oTIM4YMe OT M3jlaraeMoro Ioagxoma STM OuarpaMMbl  ABJIAJIMCH  JIMIb
"kapTuHkaMu" [12], noMedyeHHHMM CJIOBaMM, a He ObUIM MaTeMaTUueCKUMU
momensammu. Kpome Toro, I'.Byuem (B oTauume ot [8, 17]) He OBJIO
OTMEUEHO, uTo npu ONPEeneJIEHHOM  [OoOXOone K TIOCTPOEHUIO cxeM
QJITOPUTMOB OHM MOI'yT OBITb M3OMOPOHEI I'padaM IepexonobB, M [IODTOMY MX
NIPOTMBOIIOCTABJIEHME B HBTOM CJlydae HEKOPPEKTHO. JTOoT QakxkT He ObBLI
oTMeueH Takxe m B paborax [50, 86].

[lpuMepHO Ta Xe KapTMHa, 4YTO M B kKHuIre I'.byuya, cCcoxpaHAsachk B
pabore [87], aBTOPHEl KOTOPOM INPEeIJIOXMIIM MOOeJMpoBaThb "mMup" B
COCTOSAHMAX. [IpM 5TOM OTMETMM, UYTO 3TOT "MMP" B OCHOBHOM COCTOUT U3
MUKPOBOJIHOBEIX IIeuel, KJIallaHOB M HACOCOB, OTHOCAIMXCS K OOBeKTaM,
yhopaBJgeMbelM CUMCTEMAMM JIOTMYUECKOTO TUIla.

CyumecTBEHHO OoJipliee BHIMMAaHUE omarpaMMaM COCTOSHUM u
IeEPexXonos, HEe  WM3MEHUB onpenesieHns COCTOAHUM  Uepes 3HAUYEeHUS
BHYTPEHHUX Ie€peMeHHHx, ['.Byu ynemun B kHure [11], pas3n.5.3 koTopom
HanMcaH Ha OCHOoBe pabor [.Xapeyna [88, 89], npenjoxmpBuero, IO
MHeHMuio I'.Byda, "npocTol, HO OUYeHb BHPABUTEJIBHBIM I[I0OOX0MH, KOTOPHM
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ropa3no »20dekTUBHEee TPAIMUIMOHHBIX AaBTOMATOB C KOHEUHBEIM YMCJIOM
cocTodgHuUM" .

OnHakKoO yYyKa3aHHOE IIPOTUBOIOCTABJIEHME HEKOPPEKTHO, TakKk Kak
nonxon [I.Xapeja, Kak M IOOOXOHO, M3JjlalaeMBlM B HacTosawem pabore,
fasupyeTcsa Ha TakKMX apToMaTax.

I.Xapen NOpenjoxXmil CBOM NIOOXOI nOJIS HECKOJBbKO 0o0Jiee mWMPOKOIO
KJlacCa CuCTeM YIPpaBJIeHMHA IO CPaBHEHUMI C CUCTEMaMM JIOTUYECKOI'O
ynpaBJIeHMs, KOTOPEIE HaseBalTCA "peaKTuBHBEMM" wunu "pearupymouwmmm"
("reactive") [90], "nomemeHMe KOTOPHIX Jydlle BCETO XapaKTepu3lyeTcs
X peakxuuey Ha COOBTHA, NpoM3olmenmMre BHe UxX KoHTekcTa" [91]. Taxkue
CUCTEME pearuMpylnT Ha I[IOTOK COOBITUM  M3MEHEHMEeM COCTOSHUM U
BEINIOJIHEHMEM IEMCTBUM IPU IIepexomax M3 COCTOSHMS B COCTOSHME WU
OeVICTBUY UM JedaTesIbHOCTeM B cocTosHusax [92-100]. Ipu sToM [ .Xapejowm
OBLII IpenJjioXeH BU3YaJlbHEN bopmanmzm (MOmMdMKaLMs OMaTpPaMME]
COCTOSHUM M IepexOolloB), Ha3BaHHHM MM "kapToM cocTtogHuM" ("State-
chart" B [88], wmmu "State chart" B [92]), koTopas "mMaTeMaTUUeCKU
SKBUBAJIEHTHA OMarpammam aBToMaToB Mypa-Munmu" [90], HO MNoO3BOJSAET B
pAamoe cJydYaeB OIMCHBATL I[IOBeIeHMEe DTUX aBTOMaTOBR O0o0Jjilee KOMIIAKTHO.
KapTel cocTogHMM MOTYT OBTB TakXe Haz3BaHB Kak "amarpammel Xapena'.
OTMeTUM OCHOBHEIE OCODEHHOCTM DTUX IUaTpaMM.

Hapgamy ¢ COCTOSHMAMM MOTYT MCIOJb30BATHCH "IMIEPCOCTOSHUSA
(cynepcocTosauua [12]), oObemuHAKIMEe HECKOJIBKO COCTOSHUM, MMEINX
UIOEHTUUHYI0 PeakKLMi Ha OIHO M To xe cobetme”" [101]. IIpm »TOM BMECTO

nzobpaxeHMsa  TakMx I[I€pexXoIOB B  HEKOTOpOe COCTOSHME M3  BCeX
COCTOHHMﬁ, OXBaTEBEIBAa€EMEBIX TIT'UIIEPCOCTOAHNMEM, Mso6paxaeTCH TOJIBKO OINH
nepexon M3 IMUIEPCOCTOAHUSA B  yKasaHHOe COCTOSHUE (oBbobmeHUE
nepexomor [101]).

T'MnepcoCTOdgHMSA TEOPEeTUUECKM MOTYT MMETBH IIPOMBBOJIBHYID IJIyOMHY
BJIOXEHNA . Hepexona nus TUTIEPCOCTOAHMA CBA3aHBL CO BCeEMM YPOBHAMM
BJIOXEHMA .

T'vnepcocToaHm4a MOTYT OOBEOVMHATH VJlVl-cocToaHMA
(mocyiemoBaTEJIbHEE COCTOdHMA) u N-cocTogHUSa (mapaJsnnesnbHEE
COCTOSIHUS) [91]. B nepsoM ciydae, neperada B 2 I'MIEPCOCTOSHUE,

aBTOMAT MOXET HAXOIMUTHLCS TOJHBKO B OIOHOM M3 COCTOSHUM (MHM B OIHOM
COCTOAHVMIM WMJIMM B ﬂpyPOM), a BO BTOPOM Clly4dae B TUTIEPCOCTOAHUN

"BOBHUKAET HeoOxXOoIOMMOCTb B Iapajijlesib HEIX cocTosaHuax" [917,
n3obpaxaeMblx B "OPTOI'OHAJIBHEIX permoHax".

B BepuMrHax ouarpaMM, COOTBETCTBYIIOINX COCTOSHUAM I
TUNEPCOCTOAHUAM, MOTYT YyKa3LHBaTHCH : OedTeJIbHOCTHU (momeuanTCsa

cjosoM doO); HOENCTBUSA, BHIIOJHAEMBEE ONHOKPATHO IIPM BXOHOE B BEPWMHY
(momeuawnTcsa cJoBoM entry); »OeVCTBUA, BHIIOJIHAEMEE OJHOKPATHO IIPHU
BEIXOIE U3 BEPUWMHH (IIOMeYalnTCsa CJIOBOM exit) .

IBa IIOCJIeIHMX CJiyyas MOI'YT OBTL Has3BaHE o00o0OIMeHMeM IOeVCTBUM,
TaK KakK IIpM DSTOM IJIeMCTBMSA, OOHOKPATHO BHIIOJIHAEMEE [IPM BXOIE B
BEPUIMHY, 3aMeHAKT OJMHAKOBBE IeMCTBMUS, KOTOPEHE B aBToMaTax Mwuiam
MM CMENaHHHX aBToOMaTaX YKal3BBaAKTCSa Ha BCexX BXOOAUMX B Hee 1»Oyrax,
COOTBETCTBYIMX IIepexonaM, a HOeWCTBUA, ONHOKPATHO BHIIOJIHAEMEE IPU
BEIXOIE W3  BEPWMHE], 3aMeHSIT OIOMHAKOBHE  IOEeMCTBULI, KOTOPEE B
apToMaTax MuamM MM CMEHNAaHHBX aBToMaTax YKaseHBaWwTCS Ha  Bcex
BEIXOOAIMX M3 Hee nOyrax, COOTBETCTBYKUMX IIepexonaM.

Ha Kaxmom  gyre OMarpaMMEL  MOXeET OBITH yKas3aHoO COOHTHUE,
BHIBBHIBAIIEE I[Iepexon, U JIOTMUECKOoe YCJIOBUE, "oxpaugawoumee" 2TOT
nepexon. Ha @nyre Takxe MOT'YT OBTH YyKasaHB JeMCTBUS, OIHOKPATHO
BRHIIIOJIHAEMEIE Ha Iepexone, M QOpMMPYyEMEBIE Ha Iepexone COOBITUA.

B orarpaMMax MOTYT IPUMEHATHCH TakKxe ICeBRIOCOCTOSHUA,
HaopMMep YyCJIOBHOE (C), TEPMMHAJIBHOE (T) wm ucrTopuYeckoe (H),
KOTOPHIE HEe HABJISITCHA PeajibHBEIMM COCTOSHUSMU.
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Eciy THnepcocTosHME COIEPXUT MCTOPMUYECKOEe I[ICEBIOCOCTOSHME, TO

npM I[epexome B BTO TIHUIEpCoCToaHMe "yhnpaBJieHMEe I[epenaeTcs TOoMYy
COCTOSHMIO, B KOTOPOM CMCTeMa HaxoOmjiaCb B IaHHOM I'MIIEPCOCTOSHMM B

IoCcJIe DIHUM paz" [101]. VcrioJIb30BaHUE obobueHmsa IepexonoB n
UCTOPUIECKOTO [ICEBOOCOCTOAHUA no3eoJigerT, HaIpuMep, 5dOeKTMBHO
crneumMdUUIMPOBaATE IIPEPHEBaHUE, CBSA3aHHOE C I[epexOolIOM CHMCTEME U3

JIOOTO0  COCTOAHUHA, NprHangiexamero  I'MIepCOCTOSAHMIO, B HEKOTOpoe
Ipyroe COCTOfAHME, B KOTOPOM BHIIOJHAeTCA o0OpaboTkKa IpepeBaHUA, U
NPOIOOJIKeHMEe paboTel CUCTEeMEl (nocyie o00OpabOoTKM IIPEePEBaHMA) M3 TOTO
COCTOAHMSA, B KOTOPOM HacTynmiao npepeBaHue [101].

HexoTopre n3 IpPenJioXeHUM I.Xapemna, HanpuMmep obobmeHme
[Iepexonos, MOTYT MNPMMEHATHLCA M B pamMkax SWITCH-TexHosiormmM.
HecmoTp4a Ha HEKOTOPYI [IOXOXECTb rnomxona I .Xapesa "

n3JjJaraeMoro, OHM MMEKRT OIPMHUMIOMAJBHEE OTIMUYMS, COoCTOoAlMe B TOM,
4TO, BO-NepBbX, y [H.Xapejla MOI'YT MCIOJIB30BATBCA KAaK COCTOAHMA, Tak
M THUIEPCOCTOAHMA, B TO BpeMa Kak B SWITCH-TexXHOJIOTMM NPUMEHAKNTCHA
TOJIBKO COCTOSHMSA, a BO—-BTOPHX, NIPM HaJIUUUM TUIEPCOCTOSHMUM, IO
KpavHerm Mepe ¢ WIM-cocTogHMAMM, CUMTaAaeTCcd, dYTO Takad IOuarpaMmMma
XapeJsla ONMCHBAaET I[IOBeIeHMe OIOHOI'O abBToMaTa, B TO BpeMd KaK B
SWITCH-TexXHOJIOTUM B 3TOM ciydae NprMeHAaeTCHd cucreMa
B3aMMOCBA3aHHEIX I'padoB INepexolos, ONMUCHBAKIMX QYHKLUMOHMPOBAHME
CUCTEME B3aMMOCBSA3aHHBEIX aBTOMATOB.

[lpm >3TOM, BO-IEPBHX, HEe HACHO, Kak C IIOMOWBI HOTauum Xapeja
n300pasmUTs IOuarpaMMmy Opu OOJIBIIOM UYMCJIE TUIEPCOCTOAHMM C OOJIbUMM
YPOBHEM BJIOXEHHOCTM, a BO-BTOPHIX, BMIMMO, IO 3BTOM I[IPUUMHE B
OOBEKTHOM MOINEJIMPOBAHMM CUMTAETCS, YTO IOuarpaMMma Xapeja (OorarpamMma
COCTOSHMM) OIIMCHBAET XMIHEHHBM LUMKJI OTIeJIbHOT'O obbkekTa, a mnJjsd
MOINEJIMPOBAaHMA I[IOBeNeHMsa cooblecTBa COBMECTHO paboTammmx OOBEKTOB
npenjaraeTrcsd MCIIOJIB30BAaTh oyarpaMMmel  OPYyITOT'O THIIa (DmMarpaMMeL
B3aummoneyvcTeuy) [91], UYTO pesKo YyCJOXHAeT (QOpMaJIbHEIM [epexon K
peanmsanun.

B wmszaraemMoy TexXHOJIOT'MM BMECTO NOHATUA "OOBeKT" I[IPMMEHSATCH
noHarue "asTomMaT" M OMHaAMMUECKME IOMAaTpaMME OIOHOT'O TuIa (cucreMa
B3aMMOCBA3AHHEX I'padoB NepexOonmoB) IaxXe OpM Haluduu OOJIBLOIO UYMCiia
aBTOMATOB C OOJIBIIMM YPOBHEM BJIOXEHHOCTM, KOTOPBE BeCbMa IIPOCTO
bopMasibHO ¥ MB3OMOPOHO peaamM3ynTCd OPAKTUUEeCKM Ha JIOOM  A3HBKEe
NIporpaMMMUPOBaHNA .

Kpowme TOTO, npu OOBEKTHOM  IOOXOHE ocraeTcsa He ACHOU
bopmMmasibHasa CBA3b MeXOy CTAaTUUECKMMM M OUMHAMUUECKMVMM OualrpaMMaMu
[90, 91], B TO BpeMda Kak IIpM 3BaMeHe OuarpaMmel OOBEKTOB CXeMOM
B3aMMOIOENCTBMS aBTOMATOB, MCIOJb30BAHMM CXEMEl CBA3€M, BKJOYanILEN
CUCTEMY BS3aMMOCBSAB3HHEIX aABTOMATOB, M CUCTEME B3aMMOCBSI3aHHEIX
rpadoB NEepexOonOB BCA KOHLENUMA B LEJIOM OKa3bBaeTCs BHPAXEHHOM B
TEPMMHAX aBTOMAaTOB.

Bunmumo, 10 3TUM I[IpPUUYMHAM, a TakXe M3-3a CJIOXHOCTM U
crneuudmMUHOCTM  HOTaUMM IOMarpaMMel Xapeja B 2 oTamuMe oT Ipados

Iepexonos He IPUMEHSITCS oo HaCTOAWET O BpEeMEeHU npu
nporpamMmmmupoBaHum IJIK.

SWITCH-TexXHOJIOTMA MOXeT paccMaTpmuBaTbECHA B KaduecTse
METONOJIOTUM IPOEKTMPOBAaHMA I[POI'PAMMHOI'C OfOecledeHMsa [0 KpalHeln
Mepe nnsa kjgacca SoftLogic [72]. 9ToT nomxon Mno3BojsgeT "He TOBOPUTH
O TOM, UYTO NporpaMMHOe obecneueHue pabdoraer, a OOBACHUTL, IIOUYEMY
oHO paboraer" [20]. Iomxon, B YACTHOCTM, IIO3BOJISET OTBETUTL Ha TPU

BONIpOCa: OTKyIa I[OABJAKTCHA BHYTPEHHMe (ynpaBJidplye) I[IepeMeHHBE,
CKOJIBKO nx ITOJIXXHO OBITb jZ8 OJIA Kakom nmeJin KaXIoasd 3 HUX
UCIIOJIb3YyeTCcd?

ABTOMATHEMN IIonoxXon IIPVMMEHAETCHA OJIA CHeLLM@)MKaL[I/H/I IIPOTOKOJIOB
cerey OBM [38, 102-105], a mrakxe B SDL-merogmojsiorum [106-108],
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paspaboTaHHOM MexIyHapOIHOM KOMMCCHUEN [0 TeJe@OoHUM U Tejerpadbumn
IOJId COBIaHUA IPOTpPaMMHOTO oOfOeclleueHUs TeJIEKOMMYyHUMKALMOHHEIX CUCTEM.
OnHako SDL-mmarpaMmbl, ABJSOIMECS HEKOTOPOM Pas3HOBUIHOCTBIO CXEM
aJTOPUTMOB, B KOTOPBEIE B SBHOM BMIEe MOI'YyT BBOOUTHLCSA COCTOSHUA,
BecChbMa TI'POMOBIOKM UM COOTBETCTBYIT TOJIBKO OIHOMY KJIACCy aBTOMaTOB —
apToMaTaM Mwuinm. B SDL-MeTOmoJIOTMM He OT'OBapMBaeTCsa psaIl BOIPOCOB,
OTMEUEHHEIX  BHIIE, KOTOpPHE CBS3aHH, HanpmMMep C  YMOJIUAHUAMU U
braramm. Pan 1mpyrux HemocTaTkoB SDL-mmarpaMm (B wacTHOCTHU, UX
BepTHUKaJIbHaSg HaANpPaBJIEHHOCTHL, CYIIECTBEHHO YMeHblamiasa oD03pUMOCThb
crnenubmkauuM ¥ He no3BoJggmas 200eKTUBHO MCIOJB30BATH IIJIOCKOCTHb
aucTa OyMaru MM gucijgaes) orMmeueH B [109].

3To npueBesjo kK TOMy, UYTO IOpu paszpaborke [109-112] TexHOJIOTUU
NIpoTrpaMMMPOBAHMA BCTPOEHHHEIX CHCTEM pPeaJIbHOT'O BPEMEeHM, pPealiu3yonlMx
IIMPOKMY KJIaCC aJITOPUTMOB, €€ aBTOPH, OTMETMB HEeJOCTaTKM MOIeslu
Xapesa, HanpmuMmep, "oTCyTCTBME OPMEHTALMM Ha IeHepauMion KOHEUHOTO
xkoma", npm CO3OaHUU MO EeJIN IOoBEOEHUA OOBEKTOB OO BEOVIHUIIN
nocroumHcTBa SDL-gmarpamMMm M IOuarpaMdm Xapena, CoxXpaHuUB, IpaBna,
ajlbTepPHATUBHEIE HOTALMM KaXIOoTo M3 HUX. Ta Xe CUTyaluMsa COXpPaHMJach
¥ OpM CO3IaHUM OOBEKTHO-OPMEHTUMPOBAHHOM METOIOJIOTUM pas3zpaboTku

IPOTPaMMHOT'O  ODecCledeHMsa CUCTEM pPeajJIbHOI'O  BpPEMEHU [113]: B
IIOBEEHYECKON MOIEenn MICIIOJIb3YITCA IOVaTrpPaMMEL COCTOAHUN B
MOOMOMUIMPOBAHHOM HOoTauum XapeJsja, a oJga geranmm3aumy — SDL-nuarpaMMel
[114]. 310 @mejaeT wMomesu, nOpenjoxeHHwe B [109, 114], BecbMa

crneu®OmMUHEIMM UM OTpPaHUUMBAET WMX I[IPUMMEHEeHMEe IJid 3alad JIOTMYECKOTO
YIOPaBJIEHUSA TEXHOJOTUMUECKMMM IIpollecCcaMy, I[IPpM pPeleHur KOTOpex SDL-
oyarpaMMmel (B oTamume OT TejedOoHMM) BemymuMM B 3TOM oOJacTu dupMaMu
MMPAa He MCIOJIb3YKTCH.

Eme BoJee PasHOOOpPa3HOM ABJIAETCH MOIEJb noBeOeHus,
IpenjioXeHHass Opu paszpaboTke YHUOMUMPOBAHHOIT'O SA3HKA MONEJIMPOBAHUSA
(Unified Modeling Language (UML) ) (12, 91, 92, 115, 11e6],
ABJIARLETOCH, 1o MHEHUIO ero aBTOPOB, KOJIJIeKUMEN HaWJIy4dMxX
VHXEeHEPHBIX HOTaumum, IIPUMeEH SeMBIX npu  OOBEKTHOM  MOIEeJIMPOBAaHUU
CJIOXHBIX cucTeM obmero HasHa4YeHMUd . [IocTpoeHue 3TOTO SA3EKA

BasupyeTcsa Ha Nomxomax, npenjoxeHHmx B [11, 84, 117, 118].

B osTOM 43BIKE OJI8 ONMCAaHMA I[IOBeOeHUs OOBEKTOB MCIOJb3yeTCd
"koHeuHHM aBToMaT" ("State Machine"), KOTOpPHM B 3aBUCUMOCTU OT
opuopuTeTa COCTOSHMM MM »OeSATeJIbHOCTEM B DHSTOM ONMCAaHUMM 3alaeTcsd
ovarpaMMoM coctosaHuM (State Diagram) wmIM IMarpaMMOM OesdTeJIbHOCTEMU
(Activity Diagram) COOTBETCTBEHHO, UTO He KOPPEeKTHO, TaK Kak B
IOCJIEOHMX BO3MOXEH IIapajulesM3M IO IIepexolaM B OINHOM IuarpaMmMme. Illpu
5TOM IOuarpaMMma COCTOSHMM He 4GBJISeTCSa ONHOM M3 KJIACCUUYECKUX, a
cuMTaeTCcsa SKBUBAJEHTHOM Ouarpamme Xapeja [907, HO IIOUeMy-—TO
HECKOJIbKO OTJiMYaeTcs oT Hee [92].

Hajmuue B A3BKe OuarpaMMm OedaTeJIbHOCTeM, "ABIAnIMXCSa OIHOM U3
CaMeIX OOJIBIIMX HeoOXMIaHHocTey UML" [12], KOTOpHIE, KaAK OTMEUEeHO
BRHIIE, B paMkax TeopMM aBTOMaAaTOB He MOTYT paccMaTpuMBaTbLCH Kak
KOHEUHEIE aBTOMATE, CO3IaeT HEOIPEeNeJIEHHOCTb IIpM BHOOPEe HOTAUUM OJid
onMcaHMUsa I[oBeneHMsa OOBEKTOB. I[IpM D3TOM OTMeTMM, UYTO DSTM OMaTPaMME
CUJIBHO HaloOMMHAaT »guarpamMmel "I'padpceT", KOTOpEE YyXe 0Oojee IOBYX
OEeCATUIIETUN VICIIOJIb 3YIOTCH opu IpPOoTPaMMUPOBAHUN cucTeM
aBToMaTM3aLUMM, HO OTJAMYaAnTCcad (B XyIWyl CTOPOHY) OT [OCJEeOHUX
orcyTcTBMEM '"mojouek" @OJjd yKa3aHMA B ABHOM BUIOEe YCJIOBUM, NIPK
KOTOPEIX BBIIIOJIHAKTCSA nepexomnsl, u HaJlM4uMeM YCJIOBHEBIX BEpUUH,
XapakKTepHEIX OJd CcxeM ajaropurtMor. OTMeTMM Takxe, YTO eCiuM B
oyarpaMmax "I'pabcer" BepummHB HAas3BAaHE 3TalaMy, TO B OuarpaMMmax
NedATeJIbHOCTEN aHaJIOTMUHBIE BePUMHE HEKOPPEKTHO HAa3BaHBI COCTOSHUAMMU.

Kpome ToOTO, B [15], B oOTimume ot [12, 92], mnokasaHO, UTO
Kaxmasa JIuarpaMMa OedTeJIbHOCTeM (TakK Xe Kak M Kaxlasd JuarpaMmMma
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"T'pabceT" (m.21)) w™MoxeT OBTHL 3aMeHeHa CUCTEeMOM B3aMMOCBSI3aHHBIX
rpadoB IMepexonoB, KOTOPHEE, Kak OTMeYeHO B 1.6 nOJd JIMarpaMMm
"T'padcer", wMOTyT OBTBE peajM30BaHbEL C MEHBUVM UYMCJIOM BHYTPEHHUX
IIepPEMEHHEIX .

HeonpenesieHHOCTE C BHOOPOM HOTAUMM OJId OINMCAHMA [IOBEIOEeHUdA
obwexkTOB B UML eme 60oJiee YyBeJIMUMBAETCHd, B CBS3M C TeM UYTO K
IMarpaMMaM ﬂeHTeHbHOCTeﬁ OTHECEHEI TakKXe VM KOHCTPpYyKUUM, aHaJIOT'MIYUHEIE
SDL-momarpamMaym, uTo CBUIOETEJILCTBYET o) HeImoCTaTOUYHOM Hay4YHOM
ODOOCHOBaHUM GQOPMMPOBAHMA PACCMOTPEHHOM dYacTu "kojnexuum".

IOnsa OoJjpmero omHooOpasmusa o¢mpMa "I-Logix", OpMHMMAaBIAS ydacTHUe

B pazpaborke YyKasaHHOTO A3EIKA, npu COo3IOaHum MEeTOIOJIOTUMN
IIPOEKTUPOBAHMA O@%@KTHO—OpMeHTMpOBaHHHX BCTPOEHHEIX crucTreM
peasibHOTO BpeMeHM BreOpajla U3 D2ToM 4YacTu "kojjexumm" TOJIBKO

ovarpaMMel Xapeja B MX I[IepBO3maHHOM HoTaumm [99], HO, onHako, He
peumiia ¥ Jaxe He IIoCTaBuJjia BONPOC O CepTHUOMKalLMM [NOBeIeHUA
COBOKYIIHOCTM TaKMUX OMATPAMM.

OTMeTuM Takxe, UTO OMarpaMmel Xapeja wucnojabsyioTrca B [119] wu
Ipy  BU3YyaJIbHOM  paspaboTke OPOTPaMMHEIX  KOMIIOHEHT, OTIMCHIBAE&MBIX
KOHEUHEIMM aBTOMATaMM M [OpeOHas3HaAUeHHBIX OJIS PAa3JIMYHEX  LEeJIeBHX

niaaTbopMm. TONIBKO OTM OMarpaMMel [OIPUMEHSTCS M IOJ8  ONMCaHMS
noeeneHus obwexToB B [181].
PacumpeHMre HoTauumM IuarpaMMm Xapeja BeNOJIHeHO B [120]. Ecim B

orarpaMMmax Xapeja Ha I[epexolax JONyCTUMMO IIPMMEHEeHMEe JIMIlb OTIEeJIbHBIX
YCJIOBHHEIX BEPIMH, XaPaKTEPHBX IOJI9 cxeM ajaropmuTMmos (Flow Diagram), B
KOTOPHIX MoHATHMe "cocTosaHue" He wucnojawr3lyetrcsa (stateless), To B
[120] 2T BepWMHEL MOT'YT OOpPa30BHBATL OO0Jiee CJIOXHBIE KOHQUI'ypaLUM.
[Moynyuammasacs IPpM STOM TecHas CBAI3b Mexny "state diagram" u "flow

diagram" npueesa K [IOABJIEHNIO HOBOTO TEepPMMHA "stateflow".
BO3MOXHOCTE  INPMMEHEHMA STUX »OuarpaMM B  KAa4deCTBE  MCIOJIHAEMBIX
cneuubpmranmm Ha LMPOKO VCIIOJIb 3yEeMOM (o KpavHen Mepe, B
YVHUBEPCUTETCKUX KpyTIax) A3eike  "MATLAB" [121] [IO3BOJIAET TaKxXe

peanm3oBaThb 3TM OMarpaMMmel Ha Ag3bpkax C m Ct++.

OmHakoO, TakK KakK UM 2Ta HOTauus S[ABJISIeTCsS BecbMa ClIeumMduyeckown,
TO IOJIg CUCTeM JIOTMUYECKOT'O YHNPaBJIeHMA, IpMHAOJeXallMX K HWXHEMY
YPOBRHIO YyHOpaBJgoMX cucTeM (ocoBOeHHO MOpM peanuzaumum ux Ha IIJIK),

BoJee nejiecoobpasHo npu AT OPUTMUBALUN IPMMEHSTH CUCTEMEL
B3aMMOCBA3aHHBIX rpados [Iepexonos, comepxammx MMHMMAJIbHYI
HOMEHKJIATYPY KOMIIOHEHT M OOO3HaueHMM ("He Hamo pasMHOXAaTb CYWHOCTH
bez HeobxommMmocTu"  (OKKaMm)) ¥ OPUEHTUMPOBAHHEIX Ha KJIaCCUUeCKHUe
MOIEJIN TEeopPUM aBTOMATOB, 1o KOTOPEBIM, Kak OTMEUEeHO BRHILE,
NporpaMMMPOBaAHME MOXET  BHIIOJHATHCA (GOPMajIbHO ¥ M3O0MOPOHO maxe
BPYYHYIO.

Oy »5Toro Kjlacca CUCTeM npenjaraeMas TexXHOJIOTMSA II03BOJIdeT
CTPOMTE MaTeMaTUUeCKMe MOIeJM, II0 KOTOPBM, B YaCTHOCTHK, IpKM JIOOM
TUIIE IOBOUYHOT'O KOIMPOBAHMUA COCTOSHMM IJid I[IPOTPaMMHOM pealu3aluu
MOTYyT OBITH IIOCTPOEHEl CMCTEMEl OyJIeBEIX GOpPMyJi, B TO BpPEeEMS Kak IIpK
OpyTUX NOOXOIax Takasd 3alada »Oaxe He CTaBUTCH.

[lpennaraemasd TEXHOJIOTUA NOOOEPXUBAET NIPOEKTUPOBAHME u
peanmMsaumuen OpOTPaMMHOTO oObecledueHMusa OJIg paccMaTpMBaeMoOro KJjacca
CUCTEM U OINpenejigseT COCTaB UM COHOEepXaHMe BHIIyCKAaeMOM OOKyMEeHTalMM,
KOTOpasa IOOJDKHA KOHTPOJIMPOBATHCHA 3akKasuMKOM.

N310XxeHHOEe BeCcbMa aKTyaJibHO, TaK KakK OOBUHO DTa IOOKYyMeHTAalud
B JIyulieM cCJiydae COINEPXMT TOJIbKO TEeKCTH nporpamMMm [122], MX ONMUCAHUS

M PYKOBOICTBO IOJIb30BATesN g, a B XyOmeM — TeKCTH [OpoTpaMdm B
OOKYMEeHTAaLMo He BKJouanTcsa [123].
Kpowme nepeumncIIe HHEIX BHILIE paboT KOHEUHEIE aBTOMATH,

paccMmarpmBaeMmele B [182] Kak pPa3HOBUIHOCTHL IMIPOLIECCOB, B HacToOdmee
BpOEMA IIPVMIMEHAKTCHA npmn YIIpaBJIEHUN aBTOMaTHMUE CKVMMN BHIKJIOUATEJIAMN
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KOpaBbeJIbHEIX  BJIEKTPODHEPTETUUECKUX  CUCTEM [124], opu  CO3OaHuu
HeNpoleIypPHHX SIBBEIKOB IpoTpaMMUPOBAHUSI oJis aBTOMAaTURUPOBAHHEIX
CUCTeM YyINpaBJIEHMS TEeXHOJIOTMUeCKMMM NOpolieccaMu [125], nOpm 1[oucke
IIOOCTPOK [126], opM onmcaHmum noseneHmsa "oOwekTOB" [15, 127]
IPOTPaMMHO PeayiM3yeMHX CJIOXHEIX cucteM [87, 128-147], B TOM 4YMCIe
"MHOTOHMTOUHHX" koOHTpoJsJepoB [30], a Takxe OpM pPeEUeHUM IPYyIUX
3amad, CBAS3AHHEIX C I[apajulesibHBEIMM OpolleccaMu (HaopuMep, 3azadu o
nartu ¢myaocodax, cobOpaBUMXCH 3a KPYIJIEIM CTOJIOM M uMMenmmx "npotjewmsr"
c BuJykamm [148], O OQYHKUMOHMPOBAHMM MSIUMKOB BHYTpM OkHa [149], o
CUHXPOHMBaUUM Lenu cTpesaxkoB [150]).
I'pader 1nepexoJOB  ABJIAITCSA TakKXe OCHOBHOM (QOpMOM  ONMCAaHUA

YyIIPaBJISOILMX [IOCJIEOOBATEJIbHOCTHEIX IpOLIECCOB npm CO3IOaHUMu
NPOTPaMMHOTO oObecliedyeHus CcucreM obpaboTku uMHOOpMaLUM Ha OCHOBE
METOINOB CTPYKTYPHOT'O CUCTEMHOTO aHajlMsza U OpoekTupoBanHmsa [40]. OHU

VCIOJIL3YITCS M IJS OPOBOOMMOTO IO MeTomoJiormum IDEF (Integration
Definition for Function Modeling) »OoxyMeHTHMPOBAaHMA TpaHcbopMaumn
OOBEKTOB, NPOMCXOIANMX B XOIE BHIIOJIHEHMS TEeXHOJIOTMYECKOI'O IIpolecca
[74].

PoJnb u MEeCTO COCTOSIHUM ("cocTosHUA EeiTua") , KOHEUHEIX
aBTOMATOB, rpados Iepexonos 1z KOHCTPYKLUMA switch npu
IpOoTpaMMUPOBAHUM UI'P onmMcaHel B [151].

B [189] IpenJIoXeHo cpenn wabJIOHORB, npenHas3HaYeHHBEX  OJi9
obecneueHusa IIOBTOPHOT'O MCIIOJIb30BAaHUSA KoIa npu OOBEKTHO-
OPMEHTUPOBAHHOM IIPOI'PaMMMPOBAaHMM, [IPMMEHATH wWabjioH "State".

Bojee Toro, rpade nepexomoB MOTYT MCIOJB30BATHCS IOJIS OMNMCAHUSA
noBemeHusa MammMH TbIOPMHTA, I[IPUMMEHSEeMEIX IIpM QOopMaljibHOM OlIpenelieHUU
nousaTusa anropmurMm [101, 152]. TIlosTomMy =3alaHHas MalvHa TbOPUHTA
Takxe MoxeT OBTh peajM30BaHa Ha OCHOBe KOHCTPyKUMM switch, B
KOTOPOM MCIOJb3YITCS IOOIOJIHUTEJILHEE IeVCTBUA, MWMUTUPYOILME COBUT
TOJIOBKU "ureHre-3anmuce" 1o pabouen JIeHTE. TaxuMm obpas3omM,
uaJjaraeMelyl OOOXOI B I[IPMHLMIE MOXEeT [IpMMEeHATbCca ¥ nOJja 0OoJee
IMPOKOTO IO CPaBHEHMIO C paccCMaTpUBAEMHM KJjlacCa 3alad, KakK HalpuMmep

3TO HeJjlaeTcAa MOIPM MCIOJb30BaHMM MOOeJsu "pacClMPeHHOT'O KOHEUWHOTO
asToMara", KOTOPHEIM paccMaTpmuBaeTCcsd B BUIOE KOMIIO 3ULIUU IOBYX
aBTOMATOB — KOHEUHOI'O M KOHTEKCTHOI'O, COCTOSAHUSA [IepBOTO M3 KOTOPHBIX

Ha3BIBAITCH OCHOBHBIMM M KOIOMPYIOTCS OIHOM II€epeMeHHOM, a COCTOSHUSA
BTOPOT'O OTpPaxakonT IIepeMeHHbEe, Ha3hBaeMele KOHTekCTHemMM [38, 102].
STOoT K& I[OoIOXOX MOXeT IPMMEeHATbBCA nOpm onmucaHum "oOwvekToB" B
OOBEKTHO-OPUEHTMPOBAHHOM MNPOTPAMMMPOBAHMUM, UYTO IIO3BOJIAET B SBHOM
BUIE IHOOIepXaTb OHOHO M3 OlIpenesyieHuM OoO0BeKTa KaK HeKOTOpOoIo
BJIEMEHTA, Ha KOTOPBM MOXHO BO3OEMCTBOBATL, M3MEHAS €TI0 COCTOSHUSA.

VI3 M3JIOXEeHHOTO CJjlelyeT, UYTO B HaCTosdllee BpeMa aBTOMaTHHEMN
IoOxog eue TOJIbBKO HauMHaeT MCIIOJIE30BATHCH npu IPOTPaMMHOM
peanmszauumM  aJToOpUTMOB, U yYTBEPXIEHME, BHCKAZ3aHHOE B [153], o
"cmMepTHn" TeopMM aBTOMaATOB ABJIAETCs, IO MHEHMIO aBTOopa, CUJIBHO
IpeyBeJIMUEeHHEM . Bojlee TOTO, peleH3eHT KHUTKM [8] omnpemesndger B [123]
"KOHEUHEIE AaBTOMATE KakK MHCTPYMEHT OOpbOBl C MOHOIIOJIM3MOM QupM,
pa3zpabaTHBaKLIMX OporpaMMHOe obecrneueHme”", a B [50, 86] wm BOBCe
npmBeneH "ruMH" NPMMEHEHMI aBTOMATOB B [NPOI'PaMMMPOBAaHUM.

B »Tom cBA3M ocobo cJjemyeTrT OTMeTUMTh, dYTo B [154] cos3maTesb
omnepaumMoHHOM cucTemel Unix K.TOMICOH Ha BOMNPOC O Tekymen padore

orBeTuJi: "Mel coszmasM A3BHK T'eHepaluMM MallMH C KOHEUHBIM UMCJIOM
COCTOSHMM, TaK KaK peaJlbHBM CEeJIEKTOPHBIM TeJIeQOHHEM PpasToBOP — DTO
Tpyllla B3aMMOOEMCTBYIMX MallMH C KOHEYHEM UMCJIOM COCTOSHMM. 3TOT
A3HK HOpuMeHseTca B "Bell Labs" no #npsaMoMy Ha3HAUYeHMIO — IOJIS

co3IaHmMsa YKaz3aHHHX MallMH, a KpoMe TOoT0, C eTI0 IIOMOWBK CTaJl
pa3pabaTeBaTh OpanBepH".
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5. AJITOPUTMU3AIINA U I[NPOTPAMMUPOBAHME '"PEAKTUBHEIX"

CUCTEM

TexXHOJIOT'MS, OIMCaHHas B pasl3n.2, I[OpedHa3HaueHa nOJsd CO3IaHus
AJITOPUTMMUUECKOTO U [NIPOTpaMMHOTO oOfOecHeueHusd CUCTEeM JIOTUUYeCKOTO
yOpaBJIEHMS, B KOTOPBEIX BBOI BXOIHEX II€PEMEHHEIX BEIIOJIHAETCH TOJIbBKO
nyrem onpoca [155, 156] — wucnoabsyeTrcsa "UUMKIUYECKUM UCIOJHUTEIL"
[91]. Ipyras oOCOOEHHOCTH BSTOM TEeXHOJOTUM COCTOMT B TOM, UTO IIpU ee
IPUMEeHEeHUNM NPOTPaMMEl PeajiM3yITCHad KOMIMJIATMBHO: O I'padaM NepexoloB
CTPOSATCA KOHCTPpyKUMM switch wmnam wmx aHajlorM, KOTOPHE BHIIOJIHAKOTCS
HENOCPEOCTBEHHO U [NODTOMYy SBJARTCHA "aKTUBHBEMU".

A.A.T'paboBCkuM (AO "Kackon", Caukr-lleTepbypr) [IPVMMEHMII
aBTOMATHBM I[IOAOXOIN, M3JIOXKEHHBM B [8], ©OJIg OpOoTrpaMMHOM peaiu3alunu
JIOTUYECKOM JacTu cucTeM yopaBJIeHUSd, IPOEKTUPYEMBIX Ha
MUKPOKOHTpPOJIJIepax O¢upMel "CumeHC", OIS KOTOPEIX XapaKTepeH pasBUTHU
MexXaHM3M o0OpaboTKM MNpepeBaHuM. I[pu 5ToM O TablIMUYHO 3BalaHHEBEM
rpadamM NepexonoB aBTOMATUUECKM CTPOMTCS  MacCCUB (HannoMmHa©LMMT
KOHCTPYKUMM switch), xoTopwit sBjgeTcsa "naccuBHBEM" M obOpabaTeBaeTCs
VHTEPIpPeTaTOPOM, YUMTHBAKIMM BO3BMOXHOCTHL I[IOSABJIEHMSA 3alpocoB Ha
o0paboTKy BO BpeM4d, Korzma MUKPOKOHTPOJIJIEP peanmusyer
COOTBETCTRYIIMY [IepexXOond B ONHOM U3 I'padoB.

STOT NOAOXOH MCHOJIb30Bajl Takxe M C.B.TepeHTber (HIO "ABpopa'")
Ipu peanu3aluuy IIPOTOKOJIOB B pPacClIpeleJieHHBX YIPaBJARIMX CUCTeMax,

IIOCTPOEHHEIX Ha OCHOBE YKA3aHHHEX MMKPOKOHTPOJLJIEPOB. [lpy >TOM
HalMCaHue IporpaMMm BBIITOJIHAJIOCH bopmMasibHO n M30MOPPHO
HENOCPEOCTBEHHO IO INOCTPOEHHEM TI'padaM NepexOonob.

H.U.TykkeJnb (HIIO "Appopa") 1z aBTOP [IPMMEHWUIIN SWITCH-

TEXHOJIOTHIO IIPpM pa3padboTKe CHUCTEMEl YIPabBJIeHMA OU3eJIb—T'eHepaTopoM,
peanm3yeMOM Ha IMPOMEBIIJIEHHOM KOMIIBITEPE U OINepalMOHHOM cmucTreMme ONX,
B KOTOpPOM ylNpabejdollasg IporpaMMa BHIIOJHSETCS KakK OIMH Ipolecc, a
nporpaMMa, Momeampyomas oOBeKT yIpaBJIEHMS — Kak OpyTroM OpoLecc.
lp sTOM ORI cO31aH BapuaHT SWITCH-TexHosoruM nJjid "peaKTMBHEX"
cucrteMm [39, 186], BBMAOY TOT'O UTO YyIpaBJieHMEe Ha OCHOBe COOBTHUM
OIPUMBOIOUT K CYWECTBEHHBM OTJIMNYMAM I[IPU I[IPOEKTUMPOBAHUM CUCTEMEL 10
CPaBHEHMI CO CJlyd4aeM I[IpPMMEHEHMS B HEeM TOJbKO "LUUMKIMUECKOTO
UcrnoJgHmureaa" [917. Takue CUCTEeMEI OOBIUHO peanmsynTcd Ha
NPOMBIIJIEHHEIX KOMIIBIOTEPaAx, padboTamomMx OOH YIPAaBJIEHMEM OIEPalLMOHHEBIX
CUCTEeM peaJjlbHOT'O BPEMEHU.

SToT BapMaHT TEeXHOJIOTUN XapakTepusyeTcs cJle oy IyMMY
OCODEHHOCTAMMU :

— B KauvecTBe 6a30BOT0 MCHOOJB3yeTca noHaTme "arTomMatT", a He
"xjacc", "obwexkT", "anropurTMm" wmam  "areHt", KAk BTO UMEeET
MECTO IMNPpM IOPYI'MX IHOoOXOoHaxX. [IpM BTOM COOTBEeTCTRByKMas o060JlacTb
NporpaMMUPOBaHMA MOXeT OBITb HasBaHa "aBTOMaTHO-

OPMEeHTMPOBaHHOE NpoIrpaMMMpoBaHme'" ;

- B ofmeM cJiiyyae AaBTOMATH pPacCMaTPMBAKTCSA HE MI0JUMPOBAHHO, a
KakK COCTaBHBEE YacTM B3aMMOCBSAS3AHHOM  CUCTEMEl —  CHMCTEME
B3aVMMOCBSBAaHHEX ABTOMATOB, I[IOBeIeHME KOTOpOoM dopManms3yeTcs C
TIOMOIBI0 CHUCTEMBE B3aMMOCBSABAaHHLHIX TPaboB MepexoloB;

— B KauecTBEe OCHOBHOM IMpPUMEHSAEeTCsa MOIeJlb CMellaHHOT'O aBToMaTa,
OJI4 OIIMCaHMA IIOBEIOEHMA KOTOPOI'O MCIIOJNb3YyeTCHd COOTB@TCTBYIOLU,MIZ
rpad [IepexonosB TOJIBKO C "npocTemMu" COCTOAHUAMUA
(rMnepcoCTOSHMSA HE MCIOJb3YKTCH) ;

— pacmmpeHa (o cpaBHeHuw C [8]) HoTauusa, IOpuUMeHsSeMas IIpu
IoCTpoeHUM I1padoB IMNepexonoB (HAIPMMEP, B UYaCTU IIepPedUCIIeHUS
BJIOXEHHBIX aBTOMaTOB) ;7
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Ha »BTale Mu3ydeHUus IIpelIMeTHOM o00JlacTM Ha OCHOBE TEeXHUUeCKOTO
3alaHusg, KOTOpoe IIpM aBToMaTU3alMM TeXHOJIOTMUECKUX I[IPOlleCCOB
OBBIYHO BEIIAEeTCH 3aKa34rKOM B CJIOBECHOM bopme B BUOE
COBOKYIIHOCTM ClLEHapMeBR U CJiydaeB ucHnojJabzoBaHua [91], cTpouTcsa
CTPYKTYpPHAad cxeMa CUCTEMH, [IO3BOJIAKIIA A [IOJIYyYUTH oBuee
npencraBJIEHKE 06 opTraHM3alumu yhnpaBJeHusd, IpUMeHaeMOM
annapartype u mMHTepderce oObeKTa yHNpaBJIEHUI;

Ha OSTalle aHaJIM3a Ha OCHOBEe TeXHUMUYeCKOI'O 3allaHMA BBIIOCJIAKNTCH
CyumHoOCTWNM, KaXoad VM3 KOTOPHBEX Has3elBaeTCAd abBTOMaTOM (HaanMep,
aBToMaT YylpabBJIEHMA HaACOCOM MJIM aBTOMaT KOHTPOJIA TeMnepaTypm);

COCTOAHMA KaXZoro aBToMaTa I[epBOHAaYaJIbHO  OIpenesidiTcs II0
BHIIEJIEHHEIM COCTOSAHMAM OOBEKTa YyIPaBJIEHMA WM €I'0 4YacTu, a Ipu
OOJIBIIOM MX KOJMYUECTBE — I[I0 aJITOPUTMy YyIPaBJEHUS, IIOCTPOEHHOMY
B IpyT'OoM HOTaumm (HaIpuMmMep, B BuUIe CcxeMH ajropuTma [51]);

B aBTOMATE TaKXe MOTYyT OHTb BBEIOEHEH M »OpyTue COCTOAHMA,
CBSA3aHHEIE, HaIpPMMEpP, C HeNpaBMJIbLHEIMM »Oeycreuamm OnepaTopa;

KaxIeIM aBToOMaT Inpn HeOOXOOMMOCTM MOXET OHBITH IJEKOMIIOSMPOBAH/,

MTepaTMBHHﬁ npouecc aHaJiM3a MOXET BEIIIOJHATBECA MHOTOKPATHO U
3aBeplaeTC4d CO3OaHMeM IIepedHA aBTOMATOB WM II€pPEedYHA COCTOSHUM
IJId KaXgoro M3 HUX;,

Ha sTarne NIPOEKTUPOBAHMA B oTIIMUMe oT TPAOULMOHHOTO
OpOTrpPaMMMPOBAHMA BBOIOMTCSA I[IOOBRTAIl — KOIOMPOBAHME COCTOSAHUM
aBToMaTa. IlpM »TOM B KaxIOM aBTOoMaTe IJA Pas3JIMuMsa COCTOSHUM
IPMMEHSAETCHS MHOTO3HAUHEIM KOL, B KadeCTBe KOMOMHALUMI KOTOPOTO
BBOOATCSH HOECATUUHEE HOMepa COCTOSHUM;

aBTOMATH B3aMMOINEMCTBYKT 3a cdueT OOMeHa HOMepaMu COCTOSHMUM,
BJIOXEHHOCTM U BEIBEHIBAEMOCTM. OHM TakxXe MOTYT OBTb OINHOBPEMEHHO
BJIOXEHHEBEIMM M BBEI3LIBAEMBIMU;

CTpOoOMTCA CXeMa B3aMMOIEeNCTBMUS aBToMaToOB, OTpaXawmilad YKa3aHHEIe

TIIIEL B3aMMOIENCTBUIN . OHa bopmanmzyerT cucremy
B3aUMOIENCTBYIIMX aBTOMATOB. STa cxeMma 3aMeHsaeT B
npenjiaraeMom TEeXHOJIOT UM ouarpaMMmy ODBEKTOB u YaCTUYHO
ouarpaMMy  B3aMMOIEVCTBUM (omarpamMy  KooIepauum) , KOTOPLIE

IPUMEHAITCS B OOBEKTHOM MomeJjMpoBaHuu [91];

BXOIHEIE BO3IEUCTBUA  paslessgiTcs Ha coOrTHUA, IencTBynIme
KPaTKOBPEMEHHO, ¥ BXOIHEIE IIePEeMeHHEE, BBONMMEIE [IyTEM OIpoca;

BXOIHEE BO3IENCTBUA  LEeJecoOOpasHO  peajiM30BHBATH B BUIE
BXOIHEIX II€PEMEHHBEIX, a I[IPUMEHATb COOBTMA — IOJ8 COKpalleHus
BPeEMEHM pPeaKLUuMM CHuCcTeMe. Ilpy 3ToOM OHOHO ¥ TO X& BXOIHOE
BO3IEMCTBME MOXET OBITh ONHOBPEMEHHO IIPENCTaBJIEHO UM COOBITMEM U
BXOIOHOM IEPEMEHHOM;

IpepsBaHUa o00OpabaTEBATCSA OIEPAalLMOHHOM CHUCTEMOM M IIepenalnTCHd
nporpaMMe B BUIe CoOOOmeHMuM, a I[I0cje 3Toro obpabaTHBRATCI Kak
COOHITMA C IIOMOIBI COOTBETCTBYKIMX OOPabOTUMKOB;

HEeKOTOPEIE BXOOHEIE II€pPEMEHHEIE MOI'YT @OpMMpOBaTbCH B pe3yjibTaTe
CpaBHEHMA BXOIOHEIX aHAaJIOT'OBEIX CMI'HaJIOB C yCTabBKaMM,
HOMEPa COCTOSIHUMN IPYyImUx aBToMaTOB, C KOTOPEIMUA aBTOMaAT
B3auMMOIENCTByeT 3a cdueT OOMEeHa HOMepaMu COCTOSAHMM, TaKxe
paccMaTpPpMBAlTCS B KadeCTBE €I'0 BXOIHEIX BO3IEMCTBUM;

BCe BBIXOIIHBIE BOBIOEVCTBUS ABJIAKTCHA ﬂeﬁCTBMHMM, a He
JeATeJIbHOCTAMM ;
T'PYIIIIEL BXOIOHBIX 12 BBIXOIHBIX BOB3IEVICTRBUMN CBAS3SBEIBAKTCHA C

COCTOAHMAMM, BBIOEJIECHHEIMM IOJIA KaXIOI'O aBToMaTa,

CBA3M KaxIoro aBToMaTa ¢ ero "okpyxeHreMm" QopMaM3yOTCH
CXeMOM CBSA3eM aBToMaTa, I[IpeldHa3HaueHHOMW nOJiS I[IOJIHOT'O OIMCAaHUA
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nHTepderca aBToMaTa. B B3TOM CcxeMe OPpUMBOOATCS MCTOYHMKU U
OpMEMHMKM MHOOpMalMM, IIOJIHEIE HA3BaHMSA BCEX BO3IOEUCTBUM UM UX
obo3HaUeHMUsa, a Takxe MuHopMaumsa O TOM, B KakoM aBTOMaT OH
BJIOXEH M KakKMe aBTOMATHEl BJIOXEHEI B HETO;

¥MMA aBToMaTa HadmHaeTcda ¢ cuMmBojyia ' A', wuMmMa cobuhTMa — C
cuMmBoJla | e' (oT aHIDAMMCKOTO CcJoBa event — cofboTHe), WMH
BXOIHOM I[E€PEeMEeHHOM — C CUMMBOJIa ' X , WUMS [I€PEeMEeHHOM COCTOSHMUSA
aBTOMaATa — C CMMBOJAa 'y , @ WMA BBEXOIOHOTO BO3IEMCTBUSA — C
cumBoJsia ' z' . Ilocsie Kaxmoro W3 YKAa3aHHHX CHMMBOJIOB CJIedyeT

HOMEPp COOTBEeTCTBYyKIEI'O aBTOMaATa WMIIM BO3IEVCTBUS;

CHUCTEeMa B3aMMOCBSAS3aHHHX aBTOMATOB o00pasyeT CUCTEMOHE3aBUCHUMYIO
(HanpuMep, OT ONepaUuMOHHOM CUCTEMHBI) YacThb [NIPOT'PaMMbl, KOTOpPasd
peanmm3yeT ajiTOPUTM QYyHKLUMOHMPOBAHMA CUCTEMEl YIPABJIEHUA;

peanm3anuyMsa BXOIHEIX IIE€PEMEHHEIX, O0pabOTUMKOB COOBITUIM, BEXOIIHBIX
BO3IOENCTBUY, BCIIOMOT'aTeJIbHBIX MOOYyJIeM " [IOJIb30BATEJIb CKMX
MHTepdelcop obpa3yeT CUCTEMO3aBUCUMMYK YacTb INPOT'PAMMEL;

00paboTumKy COOBITMM COHOEPXAaT BBBOBH OQYHKUMM I'padoB HepexonoB
(aBTOMATOR) C IHepenmadvey MM COOTBETCTBYRIMX COOHTHUM. OyHKUUM
BXOIOHBIX u BEIXOIIHEIX BO3IENCTBUMN BEISEIBAIOTCHA us byHKLIUM,
peanu3synmux aBTOMATH. dyukumm, obpal3ynlMe BCIOMOT'aTEJIbHEE
MOOYJIM, BEIBHBAKTCSA M3 QYHKUMNM BXOIOHEIX M BEXOIHBIX BO3IOEVCTBUMI.
TakuM oOpas3omM, aBTOMaTE Haxomarca B "ueHTpe" CTPYKTYPH
OpOoTpaMMEl, CO3IOaBaeMOV Ha OCHOBe NpeljlaraeMoI'o INOAOXOHa;

ecnu cocTamJjdoiasa CHUCTEMO3aBUCUMOM yacTu IPOTPaMMEL
CIIPOEKTMPORBAaHa KakK aBToMaT (HanpuMep, aBToMaT pa3bopa o¢ania
pexoMeHnmauum OnepaTopy), TO OH Takxe MoOxeT OBTb BBEIEH B
CxXeMy B3aMMOIEVCTBMUSA aBTOMAaTOB;

ecnu njaTbdopMa He MBMeHsSeTCd, TO BCIOMOTAaTeJIbHEE MOIOYJIM MOTYT
OBITH MCIIOJIB30BAHH MOBTOPHO, kKak obpasusr [91];

3anyck aBTOMATOB MOXeET IMPOUI3BOOMUTBLCH KaK M3 CUCTEMO3aBUCHUMOM
JacTy OporpaMmel (HanpuMmep, u3 o00paboTuMKOB COOBITMM), TakK M U3
CUCTEMOHEZABUCHUMOM YaCTHU;

BJIOXEHHEIE aBTOMATEL IIOCJIEOOBATEIJIBHO 3allyCKanTC4d C nepenaqeﬁ

"Texymero" COOBITUA B COOTBETCTBUU C nyrem B cxeMe
B3aVMMOIENCTBUS aBTOMATOR, onpenesyiseMeIM UMX  COCTOAHMAMM B
MOMEHT 3anycka TOJIOBHOTO aBToOMaTa. [Tpm DTOM

[IOCJIenOBAaTEJIbHOCTE  3allyCKa M 3aBeplieHusa paboTel aBTOMaTOB
HaIllOMMHAET ajITOPUTM IHIoucka B ITJyduny [157];

BEI3BIBAEMBIE ABTOMAaTBEl 3alyCKalTCA M3 BHXONOHHX BO3IEUCTBUM C
nepenader COOTBETCTBYKRUMX "BHYTpPeHHUX'" COOBITUMIN;

aBTOMATEl MOI'YT 3allyCKaTbCsa OIHOKPATHO C Iepenader KaKoro-Jmbo
COOHITMA MM MHOTOKPATHO (B LMKJE) C [Iepeladerl OIHOT'O M TOIO
Xxe cobHTHg;

npu peanmsauumM CUCTEeMBl Yy4TeHO, 4YTOo QYyHKUMM, peaamuslyouue
aBTOMAaTH, He peeHTepabesibHEH (He IOONYyCKawT IIOBTOPHOI'O 3allyCKa
IO MX BaBepleHus) ;

KaXIOEM  aBTOMAaT opu  3alycke BEIIIOJIHAET He BoJiee OOHOTO
nepexona;

nocjsie obpaboTKM OUYEepenHOTO COOBTMA aBTOMaAT COXpPaHdeT CcBoe
cocTodHMEe U "3BacemnaeT" OO MNOABJIEHMA CJIeOyolero COOBITUS;

oyrm u nerau rpadoB [NepexoloB  [IOMEUYalnTCHA  IPOM3BOJIbLHBIMU
JormyyeckmMu  popMyJiamu, KOTOPEE  MOI'YyT COonepXaTh BXOJIHEE
IIepeMEeHHEE U I[PEenOrKaTh, [IPOBEpAKIMEe HOMepa COCTOAHUM IPyITUX
aBTOMATOB M HOMepa COOBITUMN;
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Oyrm »nm IeTJIM KpoMe yCJ'IOBI/Iﬁ nepexogoB MOI'yT CoIepXaTb CIIMCOK
IIOCJIeOOBATEJIBHO BHIIOJHSAEMBIX BHXOIHEIX BO3IEVCTBUN;

BEPUMHEL B rpadax I1Iepexonos OpakTUUEeCKM BcCceTna ABJISIOTCS
YCTOVMUMBEIMM M COIEPXaT NeTjaM. EciIM Ha OeTJie He BBIIOJIHAITCS
BEIXOIIHEIE BO3IEeMCTBUS, TO OHa yMaJduMBaeTcHd. B nOpoTMBHOM
cylyyae, B SBHOM BMIE M300paxamnTCsa OIOHA WM HECKOJIBKO IeTeJlb,
Kaxnoas us KOTOPBIX moMedeHa jnfe) KpaHer  Mmepe BBEIXOIIHBEIMU
BOB3IEMCTBUAMU;

BEpPUIMHA Tpaba IepexonoB MOXET comepxaThb CIIMCOK
IoCJIeNoOBaTEJIbHO  3alyCKaeMBIX BJIOXKEHHHX aBTOMATOB U CIMUCOK
IOCJIENOBATEJILHO BHIIOJIHIEMEX BHEXOIHBEIX BO3IOEVCTBUN;

ojna  obobmeHmsa "OOMHAKOBHIX" mMcCxXomgamMx Oy B KaxiooM Tpade
[Iepexonos IOOollycKaeTcsa OOBbelMHEeHMe BeplMrH B TI'pyldnel. Takxe
OONyCKaeTCHd CJAMSAHME BXOOAWMX B BEPUMHY IOy B OOHY JIMHMIO;
KaxXIbl rpad epexonos IpoBepdaeTCcd Ha OOCTUMXMMOCTE,
HENPOTMBOPEUMBOCTE, IOJIHOTY n OTCyTCTBHUE T€HEPUPYIIMX
KOHTYPOB;

STarll 3apepimaeTrcd IIOCTPOEHMEM Ppac_ba InepexononB IJ1d KaXxgoIro
aBprToMara, COBOKYIIHOCTBb KOTOPRIX o@pasyeT cucremMy
B3aVMMOCBA3AaHHBIX aBTOMATOB;,

Ha D»Tamne peanmmM3auuu CTPpOMTCA OporpaMMma, B KOTOPOM TIpadH
[IepexonoB, BXOIHEIE IIepPeMeHHEEe, O00paboTuMkKM COOBITMM M BEIXOIHEE
BO3IOEMCTBMA BHIIOJHAKTCHA B BuIOe OQyHKUMM. KpoMe TOro, mnporpamMmMma
COOEPXUT BCIIOMOT'aTeJIbHblE MOLYJIV, cocrodamme nus HaboOpPOB
COOTBETCTBYIINUX byHKUUN (HanpuMep, MOIYJIb yIpaBJIeHNA
TavMepaMu) ;

BEIIEJIeHVE (QYHKLIMY OEeKOMIIO3UMPYeT 23alady, a BHIEJIEHME COCTOSHUM
— ee II0CJIeIOBATEJIbHOCTHYK JIOTUKY;

IOJIS XPaHeHMSa HOoMepa COCTOSHMSA aBToMaTa (pal3JIMueHMsS COCTOSHUM)
MCIIOJIb3YeTCsa OHOHa BHYTPEeHHAd  IIepeMeHHad. Oina pas3audyeHusd
U3MEHEHUS COCTOSHMS [IPUMMEHSeTCsS BTopas IepeMeHHasd, HocHdmas
BCIIOMOTAQTEJIbHEM XapaKTep;

pa3paboTaH  YHMBEPCAJIBHEI  aJT'OPUTM [OPOTPaMMHOM  peanms3alumn
vepapxur rpadorR NEPpexXOonOoB C IIPOUBBOJIBHEIM MX KOJMUYECTBOM U
IIPOM3BOJIBHEIM YPOBHEM BJIOXEHHOCTU,

Kaxne rpad nepexonos QopMaJIBHO U M30MOPOHO peanm3yeTrcs
oTHmesibHOM QYHKLUMEMN (noamporpaMMmoM), Cco3JaBaeMoM 1o mabJioHYy,
comepxalleMy IBe KOHCTpykUMM switch wm oneparop if. Ilepmas
KOHCTPYKUMA switch BoBHIBaeT BJIOXEHHEIE aBTOMATEL M peajinmzyeT
nepexomnsl M HOeMCTBMA Ha Oyrax M nernax. Onepatop 1f nposepserT
M3MEHMJIOChE JIM COCTOSHME, UM €eCJIM OHO M3MEHMJIOCh, BTOpad
KOHCTPpYyKLUMA switch AKTUBMPYET BJIOXEHHBEIE aBTOMATEL M peaJjiu3syeT
IOEeVCTBMA B HOBOM BEPIMHE;

rocjie peanmsauuy Trpada NepexomoB TEKCT MOAIPOTPAaMME  HOJIKEH

KOPPEKTUPOBATHLCH nisa obecrieueHnd OeClIOBTOPHOCTU onpoca
BXOIOHEBEIX IIEPEMEHHEIX, IIoMedarnmmx oy1ru, mncxxonodamme nus3 OOHOTI'O
cocTogHusa. Taxkum obpazom, pemaerTcs npodbrmema "pucka" [8];

Kaxnas BXOOHasS IIepeMeHHasd U KaxXIoe BHXOOHOE BO3IOeMCTBMEe TakKXxe
peanuszyeTcsa OGyHKLUMUEN, 4ToO M [o3BojideT npuMmeHaTb  SWITCH-
TeXHOJIOT'MIO He TOJIbBKO oisa peueHms 3a1ay4 JIOTUMYECKOTO
yIOpaBJIEHUS;

VMeHa QyHKUMM W [e€PEeMEHHBIX, MCIOJIb3yeMbBIX IIpPpM peanms3aluun
aBTOMATOB, COBIAaKWT C OOO3HAUEHMAMM, I[IPMMEHAEMBMM B CXeMax
CBfA3EeM aBTOMaTOB M Ipadax nepexonos. Hanpumep, InepeMeHHas, B

KOTOPOM XPAaHUTCH HOMEp Npomu3oumenumero COOHTHSA, MMeeT UM € ;
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BCe OyHKLMM, peaNMaypllre BXOIHBE II€PEMEeHHEE, 3alMCHBAKNTCA B
IopAInKe BO3pacTaHMsA WMX HOMEPOB B OIMH Qani, a pealnuslyouue
BBEIXOOHEIE BOSBIOEMCTBUSA — B IOPYION;

byHKLUMM, peanu3yolMe aBTOMAaTH, BXOIHHE IIepeMeHHHE M BHXOIHEIE
BO3IOEVNCTBUA, comepxaT BHI3OBH byHKUMN oJis obecnedyeHud
IPOTOKOJIUPOBAHUS;

5Tall 3aBepllaeTCd NOCTPOEHMEM CTPYKTYPHOM CXeMEl pas3spaboTaHHOTIO
IPOTPaMMHOTIO obecrneueHusda, oTpaxamwluen B3aUMOLENICTBUE ero
yacren. 3Ta cxeMa MOXET BKJIOUATH cxemy B3aMMOIEeNCTBMUS
apToMaTOB, KOTOpPaAd IIpM STOM OTHOEJIBHO HE BEHIIYyCKaeTCHd;

Ha sTarne oTJanku obecrnieueHa BOBMOXHOCTbD OIOHOBPEMEHHOM
VHIOVKALI 3HaquMﬁ HepeMeHHHX COCTOHHMﬁ BCeX aBTOMATOB Ha
OIOHOM DBKpaHe;

Ha »5BTane cepTudmkaumMy 3a CcUeT BBeleHMda B OQyHKUMM aBTOMAaTOB,
BXOIIHBIX u BEIXOIHEIX BO3IEeNCTBUN BEIZOBOB byHKUIMM
IPOTOKOJIUPOBAHMS ODecClledeHO aBTOMaATHMUECKOEe BelleHMe IIPOTOKOJIA.
B HeM yKaseBaoTCHd COOHTMSA, 3BalyCK aBTOMAaTOB, MX COCTOSHUSA B
MOMEHT 3allyckKa, IIepexOonOs B HOBEE COCTOSHMSA, 3aBeplleHre paboTEH
aBTOMATOB, SBHAUYEHMSA BXOIHBIX II€PEMEHHEIX, BHXOIOHBE BO3OEMCTBUS
M BpeMsa Hadajla BHIIOJHEHUSA KaxXIoro u3 Hux. Kpome '"nosmHOTO"
IPOTOKOJIa TakXe aBTOMATUUECKM CTPOMUTCH "KOpOTkMM" OPOTOKOJ, B
KOTOPOM  QUKCUPYIOTCH TOJIBKO COOBITUSA UM  UHULUUPYEMEE UMM
BHIXOIIHEIE BOB3IEMCTBUSA, MHTepecyllMe 3akaszuuKa;

cooBbueHMsa B "nosiHOM" < OPOTOKOJIE O 3allyCKe U 3aBepleHUM
peanmsauMM Kaxmoro abBToMaTa MIPanT poJib CKOOOK, JIOTUMYECKU
BEIOEJIAKIMX Pas3HBIE YPOBHM BJIOXEHHOCTNVM aBTOMATOB;,

Ha DJTalle OOKYMEHTMPOBAHMA IOJIS TOUHOI'O OPOPMIIEHMA pPe3yJlbTaToB
IPOEKTUPORBAHMA U pa3paboTKM NOPpOTpaMMEl CO3HOAEeTCd M CHAaeTCd B
apxXMUB IOOKyMeHTauusa (IO KpaVHey Mepe B DBJEeKTPOHHOM BUIeE),
yMenmasa Kak ~MMHMMYM CJeOy Iyl  KOMIIJIEKTHOCTS : CTPYKTYpPHAa4d
cxeMa CHUCTEeMBl; CcxXeMa paspaboTaHHOI'O NPOTPaMMHOI'O OOeCledeHud;
pacrnedyaTku  3KPAaHOB [I0JIb30BATEJIbLCKUX  MHTEpPPEeNCcoB; [IepeyYHn
COOBITMM, BXOIHHEIX I[IE€PEeMEHHEX M BEXOIHEX BO3IOSWCTBMUI,; IMarpaMMa
B3aVMMOIENCTBMSA AaBTOMATOB; OINMCAHME HOTALUMM, MCIOJb3YEMOM B
rpadax nepexomnos; wWabJIOH OJada peanuzauum  rpadoB  Iepexonob
CMEUWAHHEIX AaBTOMATOB INPOMBBOJIBHOTO YPOBHS BJIOXEHHOCTH; IJId
Kaxnmoro aBToOMaTa: CJOBEeCHOe onmMcaHue (QparMeHT TexXHMUEeCKOTO
3a0aHudg) , paccMaTpuBaeMoe B KadecTBe  KOMMEHTapus, cxeMa
cCBA3eM aBToMaTa, Ipad I[IepexomoB M MCXOIOHEIM TeKCT QYHKUMM,
peanu3syomey aBTOMAaT; QJITOPUTMEL, HanpuMmep B Buzme 1rpados
[Iepexonos, M  MCXOIOHEE TEKCTBl BCIOMOTATEJIbHEIX MOIOYJEM U
byHKUIMM, peanlu3yolMx BXOIHEE IIe€peMEeHHBEEe, O00paboTuMky COOBRTUM
¥ BHIXOIHBIE BOB3LOEVMCTBMSA; IIPOTOKOJE IJIS CcepTubdMKaumy IPpOIpPaMMEH,
BEIIIOJIHAKRIME  POJIb KOHTPOJIBHEIX [IPUMEPOB [158]; PYKOBOLOCTBO
NpOoTrpaMMMICTa; PYKOBOLCTBO IIOJIB30BATEIA;

V3JIOXKEHHBM BapMAaHT TEXHOJIOTMM MOXET MCIOJBE30BaATHECS U IPU

IIOCTPOEHUNM MOOeJIn obbekTa YHnpaBJIEHUA, IJIA KOTOpOﬁ JOJIXEH
CO3IDaBaThbCsd AHAJIOTUUHBIM KOMIIJIEKT JOKYyMeHTalulM,

riocjsgie STOTIO, I IIOABJIEHUN JIIOOBIX MBMeHeHMﬁ, BO3HMKARIIMX B
xXxone OaJIbHEMIMX STarIrlioB KMBHEHHOTI' O LIMKJIa IIpoIrpaMMEr, BeCb
KOMILJIEKT IOOKYMEHTalMM (HO 3aBEepPUEeHMNM KaXIooIro STaHa) JOJIXEH

KOPPEKTUPOBATHCSA [159]. g 3TOTO cocTapjdeTrcsd [IEpPEUYEHDb
VMCIIOJIHAEMBIX Monyneﬁ IIpOoI'PaMMEI, B KOTOPOM IIJI4 KaXmoro M3 HUX
YKaseBaeTCAa SHAUYeHUEe HMKHquCKOﬁ KOHTpOHbHOﬁ CYMMEL,

oTpaxawiuey Jwoboe u3IMeHeHMe B MonyJe. Ilpu »ToM KoHTpoJsep Mo
JOKYMEeHTalrMM IOOJIXEeH 3HAaTb 3HadYeHNMe 2TON CYMMEI @OJIA MCXOIOHOTIO
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banna, ¥ [DOCJEe 3aBepleHus KaxIoro 3Tala Opu JIIOOM WM3MEeHEeHUU
YKas3aHHOT' O SHaYeHNA Tp@GOBaTb npencTraBJIeHUA M3BeUleHM A Ha
BEITIOJIHEHHYIO MOﬂM@MKaHMD, II0 KOTOpPOMY IOOKYMEHTalVA IOOJIXHa OBIT b
KOMIIJIEKTHO OTKOPPEKTUMPpOBaHaA M CHaHa B apxuB.

VznaraeMen BapMaHT TEXHOJIOTUNU obrlamaeT CJlIe Oy OVMMU
ITJOCTOVMHCTBAMM :

- B oTauuMe OT OOBEeKTHOTO MomenupoBaHus [91, 113], BO-IepBHX,
IIOCTPOEHME BCeX OCHOBHBEIX MOOEeJIeM OCHOBAHO Ha [PUMMEeHEHUU
TOJIBKO AaBTOMATHOM TEPMUHOJIOTUM, & BO-BTOPHIX, MCIOJBL3YyETCH
OMHaMMUecKasd MOIeJIb TOJILKO OIOHOTO TUIa — cucTeMa
B3aMMOCBS3AaHHHX I'PpadoB NepexoloB;

— [NPUMEHEeHME TaKOM OMHAMMUYECKOM MOIeJM [OO3BoJNdeT 30dPeKTmMBHO
ONMCEBATE U pPeaJiM30BEBATL 3aladyM paccMaTpMBaeMoro KJjacca
maxe npm OOoJIBION nX PasMEepHOCTH. [lpMeHeHME rpados
IepexonoB B KadecTBe HA3bKa chHeluduKaluum aJilOPUTMOB IejlaeT
ODOBPMMEIM  HOaXe BeCcbMa CJIOXHOE noBeIeHHue OPpOTPaMMBEl U
[IO3BOJISET JIEI'KO BHOCUTH M3MEHEHMHA KakK B clheuudmrKaumuio, TakKk U
B €€ pealu3alMio;

— COBMECTHOE pacCCMOTpPEeHMEe CXeMBl CBfA3eM abToMaTa u ero rpada
IepexonoBR I[I03BOJIZeT I[IOHMMAaThL D2TOT Tpad, a COBMECTHOe
paccMoTpeHue 23Toro TIpada ™M M3OMOPOHOM eMy [IOANPOIPaMME
IIO3BOJIAE€T IIOHMMATBE OJOTY IIOOINPOI'DAMMY ;

— nongpoBHoe HOOKYMEHTMPOBAHME [IPOEeKTa CO3IOaHusa OIpOoTpaMMHOTO
obecrieuyeHMd II03BOJISET npmn HGO@XOHMMOCTM BHOCHUTEL WM3MEHEHMA B
HEeTro 4Yepes OJIMTEJIbHBIM CPOK IIOCJIe €TI0 BHIIYyCKa M Jaxe IPpYyIVMU

CreumanmucraMu;
- Oes MCIIOJNIb30BaHUA OOBEKTHO-OPMEHTUPOBAHHOT'O nonxona
oporpamMmMma yeTKO pa3mensaeTcsd Ha oBe yacTu —

CUCTEMOHESZABUMCHUMYI VM CHUCTEMO3aBUCUMYIO,

— IpM  [OPOEKTUPOBAHUU CHUCTEMOHE3ABMCHUMMONM  YaCTU  NPOTPAaMMEL
neTany peanMs3aluy BXONHBIX M BEXOIHBIX BOSIEMCTBUN CKPBITH.
OHM pPAaCKpPHBAKOTCSA TOJIBKO IIPM pealM3auuy CUCTEeMO3aBUCHUMOM
YacTU NPOTPaMMEL;

— DSTallbl IIPOEKTUMPOBAHMA WM peaJiM3allln CHUCTEMOHE3ABUCKMOM UYacTu
IIPOoI'PaMMEI TIOJIHOCTBI Pa3deJI€HEL,;

— peanmzalMsa BXOIOHBIX I[I€PEeMEHHEIX M BHXOINHEIX BO3IEWCTBUN B BUIE
byHKUIMM obecrieyuBaeT: nx IPOTOKONIMPOBAHKE, OpOCTOTY
nepexona OT OIHMX TUIOB MCTOUHMKOB M I[IPMEMHMKOB MHOOPMALMU
K JpyTMM, HaJluuue »OercTBylmero MakeTa nporpamMmel [158] B
JIrobom MOMEHT BpPEMEeHU nocrse HadaJa peannusauumn
CUCTEMO3aBUCUMOM YaCTU;

— YIOPAHOOUYEHHOE XpPaHeHMe byHKLUI, peannu3ymnmmx BXOJIIHHE
[IepeMeHHBEe n BBIXOJIHHIE BORIOEMCTBUS, yhopouwaeT BHeCeHUe
M3MEeHeHUM;

— oJisa KOOMPOBaHUA JII0OO0TO ymca COCTOSHUM aBToOMAaTa
UCIIONIbRYyEeTCH TOJIBKO oIHa BHYTPEHHAS IepeMeHHasd, yTo

obecrieuypaeT HaOIWOIaeMOCTb noBeneHusa apToMaTa 3a cuer
"ciiexeHua" 3a M3MEeHeHMAMM 3HAadYeHMM TOJIBKO DSTOM IIepPEeMEHHOU.
IOna cucremel M3 N aBTOMATOB '"cliexeHume" BHIOJHSeTcsa 110 N
MHOT' O3HAYHBM [IEPEMEHHEIM, 3HAYEHUA KaxIoom nu3 KOTOPBIX
BHIBOOATCA Ha "OTJaIodyHEM" ©BKpaH, OPeICTaBJIEHHBM B OQOpMe,
onpenesigaeMoy CXEMOU B3aMMOIENCTBMSA aABTOMATOB;

— KaxOel TIpad nepexonoB GopMasibHO UM M3OMOPQHO peaiu3yeTcs II0
mabJIOHy, dYTO IIPM HeOOXOOMMOCTM IIO3BOJISET PEUUTh OOpPaTHY
3amady — OIJHOBHAQYHO BOCCTAHOBMTHL I'pad HOepexomoB IO DHBTOoU
nonnporpaMMme;
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CUCTEeMOHEe3aBUCHUMAS YacThb IPOTPaMMEL uMeeT PeTYIIAPHY
CTPYKTYPY u, CJIeIoBAaTEJILHO, JIeTKO UMTaeTCsd u
KOPPEeKTUPyeTCcs;

CUCTEeMOHE3aBMCHMMAas  YacThb  IPOTPaMMHE  3aBUCUT  TOJIBKO  OT
Halyuys KOMIMJIATOpa WM MHTeplIpeTaTopa BHOPaHHOTO  s3bIKa
NpoTrpPaMMMPOBaHMs Ha  MCIOJb3yeMmoM myatbopme. Ipu  CMeHe
annapaTyps MM I[IepeHOCe IMNPOoTPaMMbl [OI IPYyTYyID OINepalMOHHYI
cucTeMy HeOOXOOMMO M3MEHMTH TOJIBKO CUCTEMO3aBUCUMYK YaCThb;

aBTOMATHMUECKOE BeIeHMe IIPOTOKOJla B TepMMHAX ClIeuuprKaumm
obecrneuyBaeT BO3MOXHOCTb CepTUOMKALMM IPOTPaMMEI. [IpM 3TOM
OEeMOHCTPUPYETCH COOTBETCTBUE OYHKLUMOHMPOBAHNUA IPOTPaMMEL
"nmoepeneHUHO" CHCTEeMBl B3aMMOCBSASB3aHHEIX I'padoB NepexOomnoB IJid
paccMaTpUBaeMEIX COOBITMM HNPM BHIOPAHHEIX S3HAYEHMAX BXOINHHIX
[IeEpEMEHHEIX. OJOTO OOCTUI'aeTCs 3a CdUeT ColnocTaejieHus "nojgHoro"
OPOTOKOJA co cneuubdmraumemn. COBOKYIIHOCTb "IOJIHEIX "
IIPOTOKOJIOB Of0ecneuuBaeT BO3MOXHOCTB CepTUOMKaLuUM IPpOI'PaMME]
B uejyioM. [na cepTupmMKaumMy B TEepMMHAaX, I[IOHATHEX 3aKasuMKy,
MOTYT  HNPUMMEHATBLCH "kopoTkue" IIPOTOKOJIEL, KOTOPEIE  MOXHO
MCIIOJIb30BATh Takxe M B KauecTBe (QparMeHTOB  METOIOUKU
NpOoBepPKM QYHKLMOHMPOBAHMS CMCTeMBl. [Ipy 3TOM OTMETUM, UYTO U3
IOIBYX Tpynn noHatuy "obwexkT—anropurMm" u "anropurMmM-nporpamma
ceprupmkaumsa OOBYHO CBA3BBAETCA TOJBKO CO BTOPOM I'PYIIION
[IOHATUN;

"KOpOTKMM" TMPOTOKOJI I[I03BOJIAET OINpelesyiMTh Hajuuye OoumbKU B

BBIIAUYEe  BBIXOHOHBEIX BO3IEVCTBUN, a "oomsHeBmM" < — oONpeneamThb
aBpToMarT, KOTOPEM IIpM 5BTOM HeOoOXOOMMO OTKOPPEKTUPOBATH.
[ToaTOoMy "kopoTkue" NIPOTOKOJIEL MOT'YT OBITH Ha3BaHEL
"npoeepsaommmMm", a "nojaHee" — "momarHocTupyoumMm'";

BO3MOXHOCTE aBTOMATUUECKOTO I[IOJydYeHMsa "MIOJIHEIX" I[IPOTOKOJIOB B
TEPMMHAX aBTOMATOB I[IOKA3BEBAET, UYTO CHCTEMa B3aVMMOCBAS3AHHBIX
rpadoB HNepexOonoB, MCIOJIb3yeMasd OJjd clheuudmxKauum ajJropuTMOB,
ABJAeTCS He "KapTUHKOM", a MaTeMaTUudeCKOUW MONEeJIbI;

HECMOTPA Ha HOOCTATOYHO BHCOKYK TPYyIOOEMKOCTH I[IPOBEIEeHMH
"nonpobuon" cepTrdUKaL U npu IPMMEHEHUN npenjiaraeMelx
OIPOTOKOJIOB, DTOT CIOCODO CYILeCTBEHHO 0OoJjiee NpakTUUeH, UYeM
OpyITMe IMOOXOIEl K IIOCTPOEHMUI0 KadeCTBEHHEIX IpOoTpaMM, KOTOPHE
MBJIOXEeHE, Hanpumep, B [160, 161];

[IOPOXIOAaeMbll HEKOTOPEIMM COOBITUAMM [NIPOTOKOJI MJIM €TI0 dYacTh
ABJISE€TCHA COOTBETCTBYWIMM ClieHapueM. Takum o0pasoMm, CLeHapun
[64] cTpoMTCAa aBTOMATMUECKM IIpPM aHaJlM3e NOPpOTpPaMMbl, a He
BPpy4YHy IIpM €e CHHTe3e, KaK D3TO [Openjaraercda »nejaTb IIpu
OIPYyTUX nmomxomax [91, 1137. PyduHoe IOCTPOEHME BCeM
COBOKYIIHOCTHU CLeHapuesn n bopMaJsib HEIM CUHTES
CUCTEMOHEe3aBUCKMOM dYacCTU MNPpOoTpaMMEl I[IO HMM IJIg 3ajad Cco
CJIOXHOM JIOTMKOM MNPaKTUYECKM He OCYyIEeCTBMMEL;

M3JlaraeMBll [OOOXOH HEe MCKJYaeT MHTEPAKTUMBHOM OTJIAOKM U
cepTubUKaLUM;

[IoBeIeHue CHUCTEMEL B3aMMOCBS3aHHEIX aBTOMATOB aBJigdeTCcd
PAa3HOBUIHOCTBLIO KOJIJIEKTMBHOT'O I[IOBEIEeHMs aBToMaToB [162] wm
MOXET MCHOJIb30BATLCS IIPU MHOCTPOEHUM "MHOTOATEHTHHX CUCTEM,
COCTOSMMX M3 PEeaKTUBHEIX areHToB" [163].

PazpaboTKa CUCTEMH YIPaBJIEHMS IMU3EJIb-T'€HEepaTOPOM, BHIIOJIHEHHAS

[IOMOIBI0 IpeljlaraeMoT’o BapuaHTa TexHoJioruu [186], mnonTBepImia
MHeHNEe
[NPOEKTUPOBaAHME aJITOPMUTMa, IpM KOTOPOM CTPOATCA HEe KapTUHKM, a
MaTeMaTnmueCKlre Mongesly, SHaA4YMTEJIbHO IIPEBHIIaEeT BpeM4d, 3aTpadumBaeMoe

d.Bpykca [158] o TOM, gTo BpEMH, 3aTpaduBaeMoe Ha
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Ha HanmMcaHue CUCTEMOHE3aBUCUMOM 4acTu OIPOTPaMMHL, n30MOpP@HOM
CIPOEKTMPOBAHHOMY aJITOPUTMYy, a Takxe MHeHue [ .Boaca [164] o CASE-
cpencrtBax, KOTOpBE caMu IO cebe Majio 4TOo YOERCTPAKT, a "mpakTuka ux
IpUMeHeHUsd Iokaz3ajla TOJIbKO TO, UYTO M3 HEKOPPEKTHHX KAaPTUHOK MOXHO
IOJIYyUUThE HEKOPPEKTHEM Kom".

TexCcT HOOONIPOTPaMMEH, IIOCTPOEHHOY C  IIOMOWBI IIPEeOJIOXKEHHOTO
BapMaHTa TexHOoJoruM, ¥ "HDOJNHEM" NOPpOTOKOJN e€e paboTe, OPpOBepsaolMN
BCe Iepexonrl aBToMaTa, pealu3yllelo aJITOPUTM YyIpaBJIeHMS OOBEKTOM
"rynbap", OpuBeneH B II.3.2 IlpunoxeHus K pabore [54].

6. [IPMUMEHEHUE KOHEYHBIX ABTOMATOB IIPU
[IPOTPAMMUPOBAHMM CXEM IIPOTPAMMUPYEMOM JIOTMIKU

[logxon, aHaJIOTUYHBEM C M3JIOKEHHBIM IJig [IPOTPAaMMHOM pealMs3alumn
aJITOPUTMOB, UIMPOKO MCIIOJb3YEeTCsS B HACTOdllee BpeMda IOJid HaCTPOWKU
cxeM IpoTrpaMMUPyEeMOM JIOTUKU [165], TaKxe Has3bplBaeMoOU
nporpaMMmpoBaHmueM [166]. Ilpy »ToM pas3paboTaHEl A3BKM ONMCAaHUA
annapaTtypel  (Hardware Description Language (HDL) B aHTJIOS3BUYHOM
amTepaType), KOTOPHE, B UYaAaCTHOCTM, I[IO3BOJIAIT KOHBEPTUPOBATH TEeKCT
OporpaMMEl B QYHKUMOHAJIBHYK CXeMy UM HaobopoT. OnMcaHMe, BHIIOJIHEHHOE
Ha OOHOM M3 TaKMX SA3HKOB, KOMIOMIMPyeTca B cxeMy [167]. Cpenu
A3SHKOB B3TOTO KJjlacca oTMeTmM a3k VHDL [168] m AHDL [169].

Hanpuwmep, B a3eike AHDL mjga peanmMsaluM  yCJOBHOM  JIOTMKU
(Conditional Logic) BkJoueHH KOHCTpykumm if then m case, nocienHas
Y3 KOTOPHIX SABJISETCH aHaJOT'OM KOHCTpyKUMM switch gas3wka Cu. IIpu 3TOM
omHO w3 "3ojoTeEx" HOpaBMi, IPUBEOESHHBIX B [169], COCTOUT B
IpUMeHeHUM Be3Ooe, TI'Ie BTO BO3MOXHO, KOHCTPYKUMM cCcase BMeCTO
BJIOXEHHBIX KOHCTpykumit if then.

3TO HOpPaBUJIO MCIOJNb3YeTCd IJid pealu3aluyu [HOCJIeIOBaTeJIbHOCTHOM
morukm (Sequential Logic), OIMCHBaAeMOM B TEepMMHAX COCTOSHUM C

IIOMOIIBI0 KOHEUHHX aBToMaToB (State Machine). IIpy »ToOM aBTOMATH C
MHOT'O3HAUYHBIM KOOMPOBAHMEM COCTOSHMM  (2TOT TEepMMH B [168] =He
IpUMeHSeTCs) 3amalTcsa B BUIe IOuarpamMMm cocTogHuM (State Diagram). B
[169] IPMBOOATCA I[IPMMEPH peanmM3aluuy aBTOMAaTOB C  CUHXPOHHEIMU
BEIXOOaMM (State Machines with Synchronous Outputs),
COOTBETCTBRyKUMX aBToMaTtaM Mypa, M  aBTOMAaTOB C  ACHUHXPOHHBMU
BEIXOOaMM (State Machines with Asynchronous Outputs),

COOTBETCTBYKIMX aBToMaTaM Mumnm.

HajnpHeNee pasBUTME aBTOMATHOI'O IMOAXOHNa IJiA HACTPOMKUM CXEeM
IpOoTpaMMUPYEMOM JIOTMKM COCTOMT B BUMIyaldM3aluM IMarpaMM COCTOSHUM,
KOTOpad OCYyWEeCTBJSeTCd C IIOMOWBK IakeToB Tumna "State CAD", ommH U3
KoTopex omnmcadH B [170].

TakuMm o00OpasoM, TEXHOJOIUA I[IPOEKTUMPOBAHMA aJIIOPUTMUUECKOTO U
IporpaMMHOTO oOfOecriedyeHus, M3BJIOXeHHas B pas3n.2 u 5, I»OoHoJHAeT
VM3BECTHEE I[IOOXOOEl K HACTPOMKE CXEM IPOTPaMMMPYEMOM JIOTMKM, UYTO
IIO3BOJISET C € IOMHEIX IO 3ULUN OPOBOIUTH anrnapaTHyo [171] u
IPOTPaMMHYK peayM3aluM aJITOPUTMOB JIOI'MYECKOT'O ylpaBJIeHMs, TaK Xe
Kak 2TO muMeeT MecTo B TexHojorum "Co-Design", mnpenHas3HAYUEHHOM IJisg
COBMECTHOM paszspaboTkM allapaTHEX M OIPOTPAaMMHBEIX CPEOCTB C I[IOMOUBIO
bopManIM30BaHHEIX METONOB, B KOTOPOM B KadecTBe fA3bKa ONMCaHUS
BEICIIETO YPOBHS abOCTpaKLUMM NPUMMEHSITCH KOHEUHEEe aBToMaThH [172].
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7. JJAYPEATH I[IPEMMM TBIOPUMHT'A O INPMMEHEHWUU I[IOHATHUA

"COCTOAHME" B IIPOI'PAMMMPOBAHUU

llocne wu3maHusa [8] aBTop no3HakoMmmiica C padoramm [173, 174].
HexoTopre M3 OCODEHHOCTEM M3JaraeMoro nonxomna, 0Oas3upyolerocd Ha
napammurMme KOHEUHBEIX aBTOMAaTOB, SABJISIOMEVIC S OnmHOM U3 napagmurMm
npoTrpaMMMpPOBaHMUA, PAaCCMOTPEHHEX  P.dJjornom [1731, coBllajaloT C
IpenIoXeHUIMIU, BHICKAB3aHHBEIMM JlaypeaTamMu npemmuu TbOpPMHTA, caMuMm
A.TeopuuaroM [183] u IIx. o Hermanom [184].

Tak, A.JIx.Ilepamuc B 1966 1. [173] nOpemjyioxmy B ONMCAHMUS s3HKA,
cpemsl M TIPAaBWUJI  BHUMCIIEHMM  BKJIOUMTB COCTOSHMUS, KOTOPHE MOTYT
IoIBEepPraTbCH MOHUTOPUHTY BO BpeMs VICIIOJIHEHU S, [IO3BOJISA

IMaTHOCTYPOBATE MPOTPaMMbl, He Hapymas WX LeJJOCTHOCTM. I[IpM 3TOM MOXO
MOHUTOPMHIOM OH IIOHMMAaJl paclpelnejieHHOe ylpablieHue, ©OoJjiee M3BECTHOE

B HacTodllee BpeMsd non HaszBaHMEM "OOBEKTHO-OPMEHTUPOBAHHOE
nporpaMMmMpoBaHme".
B »sTomMm xe r1omy O.lIemkcTpa [174] OPenjioXmuil BBECTM  Tak

Ha3EBaeMble I[IE€PEeMEeHHEE COCTOAHMA, C IIOMOUWBbK KOTOPBIX MOXHO OIMCEBATH
COCTOSHMSA CMCTEME B JiOOOM MOMEHT BPEMEHM, U BBEeJ IJId 3STUX LeJlel
LeJIOUMCJIEHHEIE IIepeMeHHEe. I[lpu 3ToM MM OBUIM I[IOCTAaBJIEHBl BOIIPOCEL O
TOM, KaKMe COCTOSHMS HOOJDKHEL BBOOMTHCS, KAaK MHOT'O SHAUYEHMM IOJDKHEL
VIMEeTb I[IepPeMeHHEEe COCTOSAHMA M UYTO 3STU SBHAUYEHMHId OOJDKHBI O3HAadaTb. OH
OPEeIJIOXMII CHadajla OoIpenesyiaTh Habop IOoOXOoOAmMX COCTOSHMIM, a JIMIb
3aTeM CTPOUTH HOporpaMMy. OH TaKxXe [IPEeIJIOXMII COIOCTAaBJIATE IIPOLIECCH
C TEPEMEHHEIMM COCTOSHMUSA UM CBHA3BIBATH IIPOLECCH dYepes 3TU [IEePEMEHHEBE.
[Io MHeHMIO 3J.HeMKCTpPE, IOMaTpaMMEl COCTOSHMUNM MOTYT OKa3aTbCsa MOIHBIM
CPEOCTBOM IJid I[NPOBEPKM NOporpaMM. Bce »T0 obecnedmBaeT NOOOECPXKY
ero umeu, CcoCcTodAWeM B TOM, UYTO NOPOTPaMMBl OOJIXHBEI OHTBH C CaMoI'o
Hauyajla COCTaBJIEHH I[IPAaBMJIBHO, a HEe OTJaXuBaThbCd OO TexX [Op, IOoKa
OHM HE& CTAaHyT I[IPaBMJIbHBIMU.

B 1977 T. Ix . BokycC [173] oTMETUII, uTo B A3BIKaX
OporpaMMUPOBaHMsa IJjigd  KoMIbioTepa GoH  HelMaHa  ceMaHTMKA  TECHO
crojieTaeTcd C @ OepexomaMM MexIOy COCTOSHMAMM M MX  HEeOOCTaTKOM
ABJIAETCHA TO, UTo "BCcakad IOOPOBOHOCTD BBIUMCJICHUN M3MEHAET
cocTodaHME. BcCylenCTBME TAaKOM TECHOM CBA3M CEMAHTUKM C COCTOSAHUSMU
BCAKasa JeTajlb KaxIoI'o CBOMCTBA IOOJIKHA OBITH BCTPOEHA B COCTOSHME U
B ero npasmwjia nepexonoB". Ilpm 3TOM OH yKas3aJl Ha HeoOXOOMMOCTH
TOTO, YTOOH BEIUMCJIMTEJIb HEIE CUCTEMEL obJyapmanmu CBOMCTBOM
"YMCTOPUUECKOM UYyBCTBUTEJBHOCTU", M OTMETWMJI, UYTO "cCcucCTeMa HE MOXET
OBITE MCTOPUUECKM UYBCTBUTEJIBHOM (DonyckaTb  BJMSHME  BHIIOJIHEHUS
OOHOM TIPpOT'PaMMbl Ha IOBEIOEeHMEe CJlenynlel IIPOI'PaMME), eCJIM OHa He
obJjlamaeT HEKOTOPBM COCTOSAHMEM, KOTOpOe IepBasd IIpoI'paMMa MOXeT
VU3MEHATh, a BTOpPAasda BOCIIPUMHMMATE . [MoaToMmy VCTOPUYECKU
UyBCTBUTEJIbHAA  MOIEJIb BBIUMCJIMTEJILHOM  CHMCTEMBl HOOJDKHa  oOJamaTh
CEMaHTUKOM CMeHBEl CcOoCTOAHMM". OH NpenjioXMJl pacCMaTpMBaTb COCTOSHUE
B LeJIOM, a €eI'0 M3MEeHEeHMe IIPpOM3BOOUTL TOJIBKO nocjye "BoJspmoro"
BHIUMCJICHUS .

8 . BAKIJIIOYEHUE

ABTOpP HaleeTCsd, UYTO M3IJIOKEHHBM I[IOOXON, MWCIOJNb3YWUUM BJIEMEeHTE
OUXeBMOpPU3MA, KOTHUTUBHOM TICUXOJIOTHUM [57] ™ IemTalbT-NICUXOJIOTUN
[41], T©NO3BOAMT MNOBBICMTH KaudeCTBO [POEKTUMPOBaHMSA UM peau3aluumn
nporpaMm JIOTMUYECKOT'O YyHOpaBJIEHUMSA OTBETCTBEHHEIMM TeXHOJOTMUEeCKUMMU
obbekTaMM, B TOM YMCJIe M 3a CUeT aBTONPOTPaAMMMPOBAaHMUA, IIPU KOTOPOM
yeJioBeK, 3HAMWLMM obBeKT, cam BEI[TIOJIHSET aJITOPUTMU3ALIUIO u
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IpoTrpaMMMUPOBaHME, TaKk Kak IJida paccMaTpMBaeMoIro  KJjacca — 3anad
npenjaraeMasa cucreMa O0DOOBHAYEHUN ABJIAETCHA "eCcTeCTBEHHEM
NpoIoJkeHMeM ofpasa MHIUJIEHMS, a He uyxjJoro emy oopmanmsama' (H.Bupt
B [173]). Tpade mnDepexomOB B KaudyeCTBe sA3HKaA aJl'OpUTMM3aLMUM, KaK U
Jgobor  "A3HK, Ha KOTOPOM 3BalMCHBaAEeTCS pelUeHMe 3anady, HalpaMyo
BIMAT Ha XOL MEICJIEM UYeJiIOBeKa, 23acCTabBJiIgdg e€I'0 pacCMaTpMBaTh 3alady
Ion oIpenejyieHHBM yrJioM" [37], onpemenss "IMCUUIIJIMHY MBIIJIeHMS"
[20]. B HacTodlee BpeMsa CcUMTaeTCd [77], dyro rTpadel OepPexOnoB
[IO3BOJIART HamuboJiee €CTeCTBEeHHEM obpas3oM ONMCEBATH [IPOLIECCHI,
opoTeKanmye B pPeaJibHOM MUPE, IOONOJIHAS OOBEKTHEM NOOXOX, SBJIAKIUICH

"ecTeCTBEHHEIM CIIOCOOOM pasMelgieHMsa o mupe" [175].

Ecnm mnpouelypHOe MNPOTpaMMMPOBaHME OPMEHTMPOBAHO Ha BHOOP U
nenucrTeud, OOBEKTHOE nporpaMMUpOBaHME — Ha OOBEKTEL [175]7,
COOBITUMHOE NpOoTpaMMMPOBaHME — Ha CcoOvTMS, TO HOpenjaraemoe B [8]
aBTOMATHOE MNPpOoTpaMMMPOBAaHME — Ha aBTOMATH, BKJOYAKIME COCTOAHUA U

BXOIOHHE U BHXOIHBEIE BO3IEMCTBUS.

[lp »TOM OTMETMM, YTO, IO "IJaHHEIM KMEeBCKOT'O NpPelCcTaBUTEJIbLCTRA
bupmel "llHarvmep OJekTpuK'", B HacTodllee BpPeMsa TOJbBKO 4% yKPauMHCKUX
nojab30BaTesen ee IJIK MCIOOAbL3YIOT S3BIK "T'pabceT", BXOIOAUWIMM B
cranmaprt IEC 1131-3. 39T0, BMIOMMO, CBSA3aHO C MHEpPLUMEV MBUIUIEHUS Y
nporpaMmmMmucToB [187], kOTOpEHEe B OOJBIMHCTBE CJIydaeB aBTOMaATUUYECKU
IIepPeHOCAT CTWJIb [OpOoTpaMMMPOBaAHMA Ha  G3BKAX OJ4 [IePCOHAJIbHBIX
KOMIILIOTEPORBR Ha MNpoTpaMMupoBaHme nns IIJIK" [9].

OmHako, IO MHEHMI0 aBTopa, YykaszaHHasd CuTyaluusa CcBgs3aHa He
TOJIbBKO C OCODEeHHOCTSAMM IIOJIb30BAaTeJel, HO ¥ C MeTOIMYECKUM

obecrneuyeHyeM NPMMEHEHMS 5B3TOTO G3HKa M ero peanmmzaumen. Tak,
HanpmuMmep, B [176] cbopmMyMpoBaHa OHOHA M3 3amad JIOTMYECKOTIO
ynpaBJleHMsa ¥ IOJid Hee I[oCcTpoeHa anmuarpamma '"I'padcer", «orTopad,

omHako, gBjdgeTcda "kapTuHkoM", a He MaTeMaTUMUeCKOM MoJeJibi. OTO
VCKJIOYaEeT BO3MOXHOCTBH GOpPMaJIbHOTO M M3O0OMOPQHOTIO Hepexoma OT Hee K
nporpaMMe M IIpUMEeHEeHMe IOuarpaMMeEl B KadecTBe CepTUOUKALMOHHOTIO
TecTa. YIOUBUTEJIbBHEIM HABJIAeTCd TO, YTO 2Ta JuarpamMMa B [176] He
MCIIOJIb3YEeTCHa IOJia HalMcaHMsda OpoI'paMMel Ha a3blke '"I'pabcer", a mo ee
"MOoTMBaM" SBPUCTUUYECKM CTPOATCH JEeCTHMYHAasA CxXemMa U OporpaMMa  Ha

A3HIKE MHCTPYKUMM. Kpome ToOTO, Kak OBJIO OTMeueHO B [8], rTpadw
Iepexonos B cucTeMax JIOTUUYECKOTO yIIpaBJIeHUA OBBIUHO VIMET
MHOTOUMCJIEHHEIE BO3BPATEl Hasal, dYTO OeJjlaeT pealusyolye MX IMaTpPaMME
"T'padceT"  HEHATJIAOHEIMU. HeboJsibmoe  4UMCJIO  IOBOMUYHEIX  I[I€PEeMEHHEBIX,

BeimesigeMelx B IJIK mia xoOOMPOBAHMSA BEPUWMH B STMX OMarpaMMax, PesKo
OTPaHMUMBAET IOOINYCTHMMOE UMCJIO BEPUMH B pPeaJiM3yeMEX TakuM oOpasoM
rpadax nepexonos.

o MHEHMUIO aBTopa, B paMkax PacCMOTPEHHOM TEeXHOJIOT UK
nporpamMmmuposaHue IIJIK Hambojiee ULeJjiecooOpasHO BHIIOJIHATE Ha  A3BIKE
"cTpyKTypupoBaHHE TekcT" ("Structured Text") [1], ocobenHo nOiug

Tex IIJIK, B KOTOPHEIX HSTOT HA3BK COOEPXUT KOHCTPYKLMIO, AaHAJIOTUUHYI
KOHCTPYykuUMM switch sas3wpika Cu.

TaxuMm obpasomM, B HacrTodiee BpeMda SWITCH-TexHOJIOTMA
VCIIOJIB30OBRAHA HpM HOCTpoeHMM CrucTeM ynpaBneHMH HpMMeHMTeJ'IbHO KO
BCeM TpeEM TUIIaM YHIpaBJIAKOMNX BEIUMCJIINTEJIb HEIX yCTpOﬁCTB,

[IEPEUMCIIEHHEIX B Hauajie paboTe, M IIoKasaja CBOn 30OeKTMBHOCTE.
VI3 M3JI0OXEHHOTO CJjledyeT, YTO IJId PpacCMaTpMBAaeMOI'O Kjlacca 3alad

SWITCH-TexHOJIOTUSA obecneumBaeT [IOCTPOEHME "noBpOoTHEX" [177]
oporpamM, IoOTBEpPXOas TeM CaMblM  BEICKA3BEIBaHUE: "To, 4yTO  He
crneuudmMuUMpPpoOBaHO QopMaJIbHO, HEe MOXeT OBETb OPOBEPEHO, a TO, YTO He
MOXeT OBITH NPOBEPEHO, He MOXeT OvTh OezommbOouHemM" [38].

"CJIOXHOCTBb CJIYXMUT [NPUYMHOM TPYHOHOCTM IEePeduuCIIeHrsa, a TeM
OoJjylee IOHMMAaHMA, BCeX BO3MOXHEIX COCTOAHMUM [NPOTPAaMMB, a OTcoIa
BO3HMKAET €€ HeHaleXHOCTb. CJIOXHOCTBb CJIYXUT TakKXe MCTOYHMKOM
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HEBU3YAJIMU3UPYEMEIX COCTOSHMM, B KOTOPHX Hapylmaercsa cucrema 3ammT"
[158].

OnmcaHHas TEexXHOJIOTMS OCHOBAaHA Ha AalpMOPHOM 3alaHuM COCTOSHUMN

¥ UX BUSyaJIMI3aLUM, U IIODTOMY XOUeTCd HamedaTbCd, UYTO OHa, objamasd

MMHVMAaJIM3MOM [178], 10 KpauHey Mepe IJjda CUCTEeM JIOTMYECKOTIO
yhnpaBJIeHUA 1z "peaKTUBHBEIX" CHUCTEM ABJIAETCA NpUbIIMXEeHMEM K
"cepebpanom nynue" [158] B uyacTM CoO3HmaHUA KadeCTBEHHHX IpoTpaMmM,

TeM OoJjiee, utTo ®.Bpykxc B sTOM paboTe oTO3BajyiIca OJATOCKJIIOHHO TOJIBKO
0 nomxome I.XapeJjia, CpaBHeHME C KOTOPEM BLHIIOJIHEHO BHIIE.

9Ta TEXHOJIOTMS MOXET pacCMaTPpMBATBLCA Kak OINHO M3 HAaIpaBJIEHUM
BEIXOIa U3 "kpusmuca JIMHeMHoOTo MemuwieHua" [179], npyroe mu3 KOTOPHX,
HallpyMep, CBSA3aHO C BaMEHOU JIMHEMHOI'O TeKCTa IMIIEPTEKCTOM.

[IpyMeHeHMEe M3JIOKEHHOM TEeXHOJIOTUM MOXeT OBETb OCODEHHO BaXXHBIM
nnsa obecneueHusa  Tpeb®oBaHMUM MexXIyHApPOIHOTO cTaHmapTa IEC 880
"[IlporpamMMHOE obecrieueHue 9BM, VCIIOJIb 3YUIMXC A B cucreMax
SKCIIyaTalMOHHOM HaIeXHOCTM AaTOMHEIX 3JIeKTpocTaHumm (ASC)", KOTOpPHEM
perJaMeHTHpyeT B TOM UYMCJIe M I[polecC paspaboTKM M KOHTPOJA 3a
CO3OaHMEM MNPOTPaMMHOTO OOecCHedeHMs OJIS CUCTEM YyIPaBJEeHUS SAINEePHEMU
SHEPTeTUMUYEeCKMMM YCTAHOBKAaMM, a TakKXe IOPANOK BHECEHMA B HETrOo
usMeHenu [180].

[lpyMeHeHMEe B OpenjlaraeMoy napaimurMe noHaTtusa "asTomatT" B
KayeCcTBe LEHTPAJIbHOTO I[IOHATMS COOTBETCTBYET €I0 MeCTy B TeOopuM
yOpaBJIeHMS, dYTO [IPMHUMIMAJIBHO OTJAMYaeT e€ee OT JpyI'MX IapaluIM
IpoTrpaMMUPOBAHMS .
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