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JIOTUYECKOT'O ylpaBJieHUs, obecneurpaplley OOBHIIEeHMe "OesomnacHoCTU" NOpOoIpaMMHOIO
obecneuveHusa. OnuceiBaeMas TEeXHOJIOTMS MOXeT OBTh Ha3BaHa TEeXHOJOTMEeM COCTOSHUMN

WU, BoJiee TOYHO, aBTOMAaTHOM TexXHOJIOTMEN, a COOTBETCTBYIIASA obJjlacTb
NporpaMMMpPOBaHMA — aBTOMATHEIM NPOTPaAMMMPOBAHMEM .
Beenenue. B HacTodgumem paboTe usjgaraeTcda TEeXHOJIOTUA

aJITOPUTMUBALNY U OPOTPAMMMPOBAHMA 3alad JIOTMUECKOTO YyIpPaBJIEeHUSd,

Ha3BaHHAA [epeKJinUYaTesIbHOM TexHojioruel (SWITCH-TeXHOJIOTMS) .
AKTyaJIbHOCTE pa3paboTKM TakKoM TEXHOJIOTUM ONpenejiseTcs, BO-

IIEPBHX, HEOOXOOMMOCTBI TOIT'O, UYTOOB 3akas3umk, Texuojor (IIpoekTaHT),

PazpaboTuuk, [IporpammmucT, OnepatTop (lTomp30BaTEND) n  Kourposuep
OIHO3HAYHO M TOJIHOCTBI  IIOHMMAaJIM  IOPYyT opyra, a, BO—-BTOPEHIX,
1ejylecoobpasHOCTEHI0 CO3IaHuUsA s PAaBJIMYHEIX TUIIOB YTIPaBJISIOMMUX

BHUMCJIMTEJILHEIX YCTPOMCTB UM S3BIKOB IPOTPaAMMMPOBaHMS €IOMHOTO OoOxXoda K
bopManbHOMY ¥ XeJlaTeJIbHO M30MOPOHOMYy MNOCTPOEHMIO "XOpOoumwo MNOHMMaeMbx"
QITOPUTMOB M NPOTpPaMM, I[IO3BOJAKIMX PelaTh 3aJadM pacCcMaTpuBaeMoOI'O
KJjlacca.

Sra npobjema 4BJISeTCS aKTyaJlbHOM M IJid OPYyI'MX KJIQCCOB 3amad.
Tax, 3. JewkcTpa BO BBejgeHuM Kk [1] nwumeT: "4 3HaAJ, UYTO IPOTPAaMME
MOTYT OUYapOBEBATEL IJIyOMHOM CBOETO JIOTMUECKOI'O WM34dleCcTBa, HO MHe
IIOCTOSHHO NPUXOIMIIOCH yOeXHaTbCsda, dYTO OOJIBIMHCTBO W3 HMX I[IOABJIIAITCS
B BUIE, pPacCuMTaHHOM Ha  MeXaHMYeCKOe  BHIIOJIHEHUE, ¥ YUTO  OHU
COBEPUEHHO HENPUIT'OOHE ojsa JeJjIOBEUECKOI'O BOCIIPUATHUS . Mensa He
YIOOBJIETBOPAJIO TakKXe M TO, UYTO IOIPOTpPaMMEl YaCTO IIPMBOOATCS B GopMe
TOTOBEIX MU3IenauM, oouTu 6O0e3 YIOMMHAHUSA Tex PpPacCyXIeHUulM, KOTOPHe
NIPOBOIMIIMCE B I[pollecce pazpaboTky U CIAyXuiauM ODOOCHOBaHMEM  OJid
OKOHUYATEJILHOTO BUIOA 3aBEpPIEHHON nporpaMmsel" . [TponBmxeHME B
HalpaBJIEHUM pPelleHMsS D3TOM OpobJeMe IJid 3alad JIOTMYECKOTO YIpPaBJIEeHMS
uMeeT OCODOyKl BaXHOCTb B CBA3M C OOJIBUIOM OTBETCTBEHHOCTBID MX pPeleHUS
OJIS MHOTUX OOBEKTOR YyIPaBJIEHMHI, HaANPUMEP, OJS SIOEPHEIX MM XUMUUECKMX
PEaKTOpPOB, a  [OPEenIoCBUIKM  IJII TaKoIO IPOOBVXEHUI OonpeneanTCcs
HaJyuMeM PasBUTOI'O MaTeMaTMUECKOI'O allapaTa TeopuM aBTOMAaTOB.
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B pamkxax pazpaboTaHHOM TEeXHOJIOTMM IpenjliaraeTcsd MCIOJb30BaTh IBa
YPOBHSA SA3BIKOB: S3BIKM aJITOPUTMUBALUUM MM cHeuudmxkaumm (g3bIKM OOWEHMU)
M HG3BIKM IpOTpaMMMPOBAaHMA (A3BIKM peanau3alumu) . HA3EKM  D2DTUX KJIACCOB
MOTYT Kak COBIaIaTh (mpm HaJMdum TPaHCIATOPa c A3EIKA
aIToOPUTMM3AaLUMM) , Tak UM pasIndaTbCcsa MexOy CcoboM.

Taxk, HamopuMmep, IpM allapaTHOM peanu3auuy CUCTEM JIOTMYECKOIO
yhopaBJjieHMsa B 0Oasuce peJIeMHO-KOHTAKTHEIX CXeM B KauduecTBe  fA3HKAa
QITOPUTMMUBALUN [IPUMEHAIMUCh OQYyHKLUMOHAJIbHBEIE CXEME, a B KadecTBe S3BKa
peanm3aumu — COOCTBEHHO pPeJIEMHO-KOHTaKTHBIe CxeMel. OnoHako, IJoxas
"uyMrTaeMoCcTh" KakK OQYHKUMOHAJIBHEIX CXEM, TaK UM pPeJyIeMMHO-KOHTAKTHEIX CXEeM
npueBejia K  HeOOXOOMMOCTM  MCIOJIB30BAaHUSA  [IPOMEXYyTOUYHOI'O  SA3BEKa  —
OYHKUMOHANBHO-NIPMHUMIIMAJIBHEIX CXEM, KOTOPBE B PEJIEMHO-KOHTaKTHOM BHUIE
oTpaxajly JIMIb aJITOPUTM YIPaBJIeHMS M He COoImepXalM IpyroM uHbopMauMy,
XapakKTEepHOM nOJid NPMHLMIMAJBHEIX CXeM (HanpuMep, OOO3HAUYEeHUM pas3beMOB,
racAamMx CONPOTUMBIIEHUM, YCTPOMCTB KOHTPOJAA ¥ T.n.). OOHAkKO U DBTHU
CxXeMel, BecbMa YHOOHEE IJia NpelcTaBJIeHMI aBTOMaTOB ©Oes3 namMaTH, TPpYyIOHO
UyTanTCa IOJIS aBTOMATOB C IIaMAaTb, Tak KakK OHM OOBUHO peayiM3ylnT, HO
He oToOpaxawT B CBOEM CTPYKType IOMHaAMMKYy I[IepexOolOoB M CMEeHY COCTOSHUMI
CUHTE3UPYyEMOT'O aBToOMaTa.

IIpy NOpoTpaMMHOM pealM3aluuM Ha 60asze annapatyps "Selma-2" OouUPMBL
ABB Stromberg (®uHmsaHOmsa) [2] B kKadecTBe Kak S3HKa aJlopUuTMM3alnu,
Tak M A3blKa [NPOTpaMMMPOBaHMUA, MCHOJB3YTCH OQYHKLUMOHAJIBHEIE CXEMBI, a
OJId T[POTPaMMMUPYEMEIX JIOTMUeCKMX KOHTpoJuiepoB "Autolog" odupmer "FF-
Automation" (OPMHIIAHIOMA) [3] B KauecTBe S3HKA IpoTrpPaMMUPOBAHUA
NprMeHAaeTCH SA3EIK VMHCTPYKUUN ALPro, B TO BpeMAa Kak A3EIK
aQIToOPUTMM3ALMM He onpenesieH. llociaenHul HeolpenejieH M OJd MHOI'MX
OPYTUX TUIOB IIPOTPaAMMUPYEMEX JIOTMYECKUX KOHTPOJJIEPOB, Takmux, Kak,

HanpuMmep, KkKak "Melsec" oupmer "Mitsubishi Electric" (AnoxHus) (47,
A3HKAMM OPOTPAMMMPOBAHMS KOTOPHX HABJISETCS S3BIK MHCTPYKLUMM U S3HK
JIECTHUUHEIX CXEeM — S3BK pPeJIEMHO-KOHTAKTHEIX, HOOIMNOJIHEHHE  OOJIbIIMM

UMCJIOM BBUMUCIIMTEJILHEIX Olepalum.

B HacTodmee BpeMs B KaueCTBE S3BKOB aJITOPUTMM3alMM B CUCTeMax
JIOTUMUYECKOTO YyIpaBJeHMs Haubojee UYacTO I[PUMEHSITCS JI€ECTHUUHBEE U
OYHKLMOHAJIbHEIE CXeMbl UM OJIOK—-CXEMHB aJITOPUMTMOB, Ha3HBaeMhe Takxe Ipad-
cxeMaMM aJITOPUTMOB WMJIM CXeMaMy aJiTOPUTMOB, a B KaudecTBe S3HKOB
IpOoTpPaMMUPOBAHMS B 3aBUCKUMOCTM OT TUIIOB YIPaABJIALIMX BBEUUCIIUTEJIbHBEX
YCTPOMCTRB  MCIOJIL3YITCS TPpU  TUIa  SA3BKOB: aJITOPUTMUUECKME  S3BIKU
BEICOKOTO YPOBHSA (HanpuMep, Cu, "Ilackanep", /M, "dopT"),
aJITOPUTMUUECKME S3BIKM HUBKOTO YPOBHSA (acceMOJIepH, SA3BKU UHCTPYKLUM)
U CheuMaJiM3UpOBaHHBIE HA3BIKM (HanopuMep, OYHKUMOHAJILHEIE U JIECTHUYHEE
CXEeM:HI) .

Huxe  ODOCHOBEIBAETCS 1leJIeCOODPAa3HOCTL IPUMMEeHEHMS B KauecTBe
A3BEKa CchneumdmrKaumMm IOJsS OINMCaHMsS aJITOPUTMOB C IIaMATh YyHOPpaBJISOIMX
rpadoB — TpadoB INepexoloB, U OpenjaraeTcsa EeOMHHM MeTOINOJIOTMYEeCKUM
MOAXOoJd K UX peajdmMzaumMm B 0Oa3uce SA3BKOB [IPOTPaMMUMPOBAHUA PasJIMUHBIX
TUIIOB, YyTO IIO3BOJIAET IOJIS TakKMX  S3BKOB < MMETbL OIOHO M TO  Xe
aJITopUTMUUECKOE omnmcaHue, He 3aBUCHAlEee oT TUIIa IPUMEHSIEMOTO
YIIPaBJIAOIETO BHUMUCIUTEJIEHOTO YCTPOMCTBA .

[lpy JIOTMUYECKOM YyIpaBJIeHUMM MOT'YT MCIIOJb30BaATbCHA TPAIUIIMOHHHE
(kJJaccuueckue) n0yTu oQopManM3auMM, Kak Ipouelnyp ylhpaBJIeHUS, Tak U
onmMcaHuy OoOBEeKTOB  yIPaBJEeHUS, yTO OTJMYaeT SBTOT KJjlacc 3ajxad,
HalopMMep OT CUTYALMOHHOTO ylopaBJeHuda [5].

IJ1S OTBETCTBEHHBIX TEXHOJOTMUECKUX OOBEKTOB CUCTEMH JIOTMUYECKOTO
Y CUTYALUMOHHOTO YIPaBJIEHMS MOTYT INPUMEHATHLCS COBMECTHO.

1.Knaccuueckue SIBBIKM JIOT'MYEeCKOI'O YyIpaBJIeHNUSs .
1.1.ByjneBH byHKLIMUM, TaOJIMIE UCTUHHOCTHU u TaObIMIE
pemeHun . B cucTeMax JIOTMYECKOTO yIIpaBJIeHUA TPaOULMOHHO

VCIIOJNIb3YITCSA OyJieBh OGYHKUUM M CUCTeMH OYJIeBEIX OGOYHKIMM, 3alaBaeMbe B
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bopme Tabiull UMCTUHHOCTM NOJIS IIOJIHOCTHLIO ONpeleJiIeHHBEIX OQOYHKUUM U Tadjumil
PEeleHMY OJId HENOJIHOCTBIO OIpedeJIeHHEX OQyHKUMM. I[lpu 5ToM TabOJIMLUE
VCTUHHOCTU, OTNMCHIBAIIME aBTOMa TH c naMsaThio, HOCHAT Has3BaHUE
KOOVMPOBAHHEIX TabJul [DepexOomOoB WIM KOIOMPOBAHHEIX TabJjul] IIepexXOonoB U
BHIXOIIOB .

[lpuMeHeHMe TabJaul, MCTMHHOCTM OTPaHMUMBaETCd 3aladaMy HeOOoJbUOoM
PasMepHOCTM, a MCIOJIb30BaHMe Tabjull PpemeHUu¥ — B OCHOBHOM aBToOMaTaMMU
fes namMaTM — KOMOMHALMOHHEIMM CcXeMaMu. TabimuHoe 3BalaHue aBTOMAaTOB C
IaMAaThI0 HEeHaTJISIHO.

1.2.ByneBE QOPMYJEH U IOpyTue aHaAJUTUUEeCKUE bopmMHE
npencTaBlIeHU A aJITOPUTMOB JOTUUYECKOTO yIopaBJeHUSId.
AHanmuTuyeckoy GopMOM NpelcTaBJieHUS OyJIeBHX OQYHKUMM HSBJSOTCS OYJIEBEH
bopMyJIEL M CcHUCTeMbl OyJIeBHX QOPMYJI, KOTOPHBE I[I03BOJIAIT OIMUCHBATHL Kak
KOMOMHALIMOHHEIE CXEMBI, TakK M aBTOMATH C [NaMAThI OOJBIOM PasMEepPHOCTH.
CucreMel OyJieBEX QOPMyJI MOTYT OBTH M3OMOPOHO pPeaM30BAHBEl JI&CTHUYHEMU
Wiy  QYHKUMOHAJIBHEIMM CxXeMaMM. JVHOTJa MCIHOJB3YKTCHS TakKxe W OpyTue
aHaAJIUTUUECKME bopMEL npencrapljieHnd Oy JIEBEIX byHKLIMUM, HaopuMep
IOpoToOBHE [6], chnekTpalJibHele [7] wmam apudbMermueckue [8,9].

OCHOBHBIM OTPaHMUEHMEM Ha I[IPUMEHEeHUe cucTeM OyJIeBHX O(QOpMyJ IJid
aBTOMATOB C MNaMATbI SABJSETCS MX HM3KaAS HATJISOHOCTD.

1.3.2yHKIIMOHAJbHEE CcxeMH. K pmocToMHCTBaM OQYHKIMOHAJELHBIX
cxeM IIpPUM MX MCIOJB30BAHMM B KadeCTBEe SA3HKa aJITOPUTMM3ALUM OTHOCSTCH
TPaOIMLIMOHHOCTL UM OIOHOBHAYHOCTHL ONMCAHMSA, B TOM UMCIIE U IIapajlJielibHBX
IpoLeccoB, a kK HejgocTaTKaM — I[pMMeHeHMe B OOJBUIMHCTBE CJy4daeB
IBOMUHBIX BHYTPEHHUX I[I€PEeMeHHEX, 3allOMMHaeMbx B Tpurrepax, B TO
BpeMH, KaK OHM PpPealus3ylonTCad CpeOCTBaMM  BBEUMCIMTEJIBHOM  TEXHUKMU,
O3B OJISIUMMU obpabaTHBATH MHOT O3HaUHHE rIepeMeHHEIEe ; OTCYyTCTBUE
YyKa3aHMAa  BHAUYEHMM  BBEIXOIHEIX M  BHYTPEHHMX  II€PEeMEeHHEX B cxeme;
TPYIOIOEMKOCTb WMX UTEeHMS (IIOHMMAaHMS) C LeJiblo [IOJIYUeHUS MCUeplhBanlero
OpencTaBJIEHMS O pPeaJlM30BaHHOM C MX IIOMOWBK IIOCJIEeOOBATEJIbBHOCTHOM
npouecce; npobtjema BHOOPa TECTOB IJiS MX IIOJIHOM TIPOBEPKM UM CJIOXHOCTH
TAPaHTUPOBAHHOTO BHECEHMUSA M3MEHEHUI.

[lpr »ToM UTeHMe OQYHKIMOHAJIbHBIX CXEeM 3BaMeHSeTCs BHUMCIIEHUSIMU 10
OTIHEJIbHEIM LIeNSIM C LeJIbIo OINpenefileHMS 3HAaUeHMM BBIXOIOHEIX I[I€PEMEHHEBIX [IPU
PasJIMYHEIX Habopax BXOIHHBIX I[I€pPeMEeHHHBIX. B »ToM cCcUTyaluuM OpU HaJIUUUMU
Oaxe CpPpaBHUTEJBHO HeOOJbIIOTO UYMCJa BXOIOOB IO OQYHKLIMOHAJIBHOM CXeMe
BechbMa TPYIOHO ONpelejiuThb, KakKue BO3IEMCTBUS BIMSIT Ha TOT WM MHOM
nepexon B HeM, UM COCTaBUThb LEJIOCTHOE IpeldCTaBJIEHME O I[IOBEOEeHUM Iaxe
CPpaBHUTEJIbHO HeOOJIBIOTO OQparMeHTa CXEMB I[IPpM [IPUMMEeHEeHUM TPUITEPOoB U
0BOpaTHEIX cBA3en B HEM. Taxk, HaopuMep, opu HaJIU4duM Tpex
B3aMMOCBSA3AHHEIX TPUITEPOB B CxXeMe, HeNOCPeIOCTBEHHO IO Heu (bes
BHUMCJIEHMM) BecCbMa TPYOHO ONpelesiMThb, KaKoe UMCJIO COCTOSHMM DTa
cxeMa peajMl3yeT, Tak KaK C IIOMOIbI YKAa3aHHOT'O UMCJla TPUTTEPOB MOXET
OBHITE 3aKOOMPOBAHO OT TpeX IO BOCBMM COCTOSHUI.

[lp »TOM HeOoOBXOOMMO OTMETUTH, UTO MCIOJb30BaHMEe B KaudecTBe
TECTOB COOTHOUWEHMM BXOIO-BHXOI, OOecCHeuMBalMX IIOJIHOTY IMIPOBEPKM IOJId
cxeM 0Oe3 mamMsaTH, He pemaeT OpobJjieMy onpenejyieHMsa BcCexX QYHKIMOHAJIbHBIX
BO3MOXHOCTEN IJI9d CXeM C I[IaMATb, PeaJIM30BaHHEIX C IIOMOWBI OOPAaTHEX
cpasey (CcaMOOJIOKMPOBOK) U (MIM) TpPpUITEpOoB, Tak Kak B DTOM Cjydae
HeobxoommMo IPOBEPATH Takxe u NIPaBUJIBHOCTH nopsanka U3MEHEHUN
nepeMeHHex. OOHaAKO, HECMOTPsS Ha DTO, WMMEHHO TaKue COOTHOIEeHUS U
OPMMEHSIKTCS B HacTodlee BpeMd TIpM CO3ITaHMM MEeTOIMK I[IPOBEPKU
OYHKLIMOHUPOBaAHUS OOJILUIIMHCTBA CUCTEM JIOTMUECKOT'O YyIHIpaBJIeHUs, UYTO He
obecrneuyBaeT KAQUECTBEHHOM WMX IIPOBEPKH, Tak kKaK He TIO03BOJIAKT
aHaIM3UPOBATL BCe UMEKIMecs B CXeMe I[epexolb MexIy COCTOSHUAMU U,
fojlee TOT'O, OHM UM HEe WM3BECTHH B CUJIy TOI'O, UYTO IIOCTPOEHME CXeM »OJIdg
3TOTO KJlacca CUCTEeM OOBIUHO BHITIOJIHSAETCHA SBPUCTUUECKU ez
UCIOJIb30BaHMSa NoHATUsa "cocTosaHue".
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OyHKUMOHAJIbHEIE CXEMbl IIpM MX I[IPpUMEeHeHUM B KaudecTBe  [A3HKa
NporpaMMUpPOBaHmsa, o00JamamnT BCeMM IOOCTOMHCTBAMM IOEeKJIQPATMBHBIX S3BEIKOB
byHKLUMOHANBHOTO npoTrpamMupoBaHua [10], "OCHOBHBEIM M3 KOTOPBIX SABJISeTCH
OYHKLUMOHAJNBHOCTE ([IPO3PAadYHOCTE I[IO CCHJIKAM), T.e. KaxIoe BhEpaxeHUe
onpemesigseT EeIMHCTBEHHYID BEeJIMUMHY, & BCe CCHJIKM Ha Hee DHDKBUBAJIEHTHEH
caMoM D5TOM BeJM4YMHe, M TOT GakKT, dYTO Ha BHpPAXEHME MOXHO CCEJIATbBCH U3
OPpYyTOM YacTM HOPOTpaMMEl, HMKAK He BJIMSAET Ha BEeJIMUMHY DTOI'O BHPAaXeHUI.
3TO CBOMCTBO ONpelesyigeT pa3iauyye MexIdy MaTeMaTUUeCKUMM QYyHKUMAMM U
byHKUMAMM, KOTOpPHE MOXHO HanmMcaThb Ha IpouenypPHBIX A3EKAaX
nporpaMMMPOBaHMSA, TaKMx, HaIpMMep, KakK "Tlackanp", IO3BOJISIMX
byHKLIMAM CCHJIATHCS Ha T1TJobOaJjibHEE JaHHBE M OPUMeHSTh "paszpymawomee"
IpucBamMBaHMe, KOTOPOE MOXeT NPpUBECTM kK NOOOUHEIM sbdexTaM, HANpUMEP K
VM3MEeHEeHM 0 3HadeHus QyHKUMM IOpM IIOBTOPHOM €€  BH30Be Jaxe 0e3
VM3MEeHEeHMS BHadYeHMM apryMeHTOB. 3TO IPMBOOUT K TOMY, YTO TakKyo
OyHKLUMIO TPYOHO MCIOJIB30BAaTH, TaK kKaK »OJjsgd TOro, dYTOOB ONpPeleyuTh,
Kakas BeJMUMHA IOJIydMTCHa I[IPM €€ BHUMCIIEHUM, HeOOXOAMMO pPacCCMOTPETh
TEeKyUyln BeJMUMHY ITJIODAJIbHEIX HOAaHHEIX, 4YTO B CBOK oduepenb TpebyerT
V3YUYEeHMsa I[PEOEICTOPUM BEUMCIIEHMM OJII OIpenejieHus TOI'0, YTO I[IOpOoXIaeT
3Ty BeJUYMHY B KaxXIHM MOMEHT BpeMeHUu".
[Ipy omnpenesieHHBIX YCJOBUAX ([IepeOoBO3HAUEHMAX) B CHUCTeMax OyJIeBEBIX
bopMyJsI, O KOTOPHM OQYHKLUMOHAJIbHBEIE CXEMBl MOTYT CTPOMTBCH, Oaxe 4
aBTOMATOB C [NaMAaAThbl yHmaeTcsa of0ecHneuMTb UM OPpyroe  HOOCTOMHCTBO

IekJiapaTUBHBIX SI3EIKOB - HEe3aBUCHUMOCTb Pes3yJIbLTaTOB oT nopsanka
BHUMCJIEHMS QOPMYJI.

1.4.BpeMeHHEEe OIMaTpaMME u HUMKIJIOTPAaMMHE . JIOCTOMHCTBO
TakMx GOpM NPelCTaBJIEHMS aJITOPUTMOB COCTOMT B M300OpaxXeHUM IOMHAMUKU
IPOLIeCCOB, a MX HEeIOCTAaTOK — B IMIPAKTUUECKOM HEBO3MOXHOCTU OTpPaxXeHMS
BCeX IOOITY C TUMBIX 3HaAYeHUN BBIX O OHBIX (a TeM BoJiee BHYTPEHHUX)
[IEPEMEHHEIX TIPU BCEX BO3MOXHHX M3MEHEHUSAX SBHAUEHUM BXOIHHIX IIepeMeHHBIX
oaxe IJ4d 3adad CpPpaBHUTEJBEHO HeODOJbUOM pPasMEpPHOCTHU. [ToaTOMYy Ha
NpaKTUKEe TaKMe OuarpaMMbel CTPpOAT OOBYHO nOJIS ONMCaHuda "OCHOBHOTO"
pexuMa, a aJT'OpMTM B LEJIOM OTpaxXaeTcd JMib B IpoTrpaMMe, KOTOpasd IIo
yKasaHHOM npUumrHe CTPOUTCS 1o TaKMUM omarpaMmam BO MHOTI'OM
HebopMaJlbHO.

1.5.CxeMH aJropuTMOB. K IDOCTOMHCTBAM CXeM aJITOPUTMOB IIPU UX
MCIIOJIE30BAHUM B KadeCTBE HA3HKA aJTOPUTMUIALUUM OJIS CUCTEM JIOTUMUYECKOIT'O
YyIIPaBJIeHUS OTHOCUTCS BO3MOXHOCTB OTPAXEHMS C MX IIOMOUBI B SBHOM BUIE

IocJyiegJoBaTeJIbHOCTEeM COOBITUM (onpenessgseMeIx 3HAYEeHUAMU BXOIHBIX
IepPEeMEHHEBIX ) Y peakuuMM Ha WUX I[I0SABJIEHUE (mpencrTaBjsgeMbBIX B BUIe
3HAUYEHUMN BEIX O HBIX I[IepPEMEHHEIX, B TOM yrciie u BEIUMCJISEMEIX
napajjejsibHO) . Haluume »OBOUMUHHIX SHAUEHUM I[I€PEeMEeHHBIX, 3alMCEBaEMBX B

ABHOM BUVIOe B OIIepaTOpPHEIX BeplMHax, PeE3IKO YylipollaeT IIOHVMMaHNME CXeM
aJITOpPMUTMOB (Ha3BIBAEMBIX B DSTOM cJlydae aBTOMAaTHEIMMN ) I1I0 CpaBHEeHUIO C
(DYHKLU/IOHaJ'IbeIMM cXeMaMI.

K HemocTaTkaM CXeM aJITOPUTMOB OTHOCHATCHA:

— I[pUMEeHeHUue B amTepaTrype OIBYX BUIOB aBTOMAaTHEIX cxeMm
aJITOPUTMOB, IIEPBEM M3 KOTOPHX XapakTepu3lyeTcda TeM, dYTO B CxXeMax
3TOTOC BMIa IO YMOJIUaHMI CUMTAaKT, YTO BBOJ BXOIHBIX I[I€PEMEeHHBIX
OCYIIECTBJISETCS B KaXIO¥ YCJIOBHOM BepUMHE, a BHBOJ 3HAUEHUM BHIXOIHBIX
[IEepPeMEHHEIX — B KaxXIOM oIepaTopHOM BepmmHe [11]. B cxemax aJT'OPUTMOB
BTOPOTO BMIA CUMTAT, UYTO BBOL BXOIHHX I[I€PEMEHHEX OCYUIeCTBJIIeTCS B
HadaJle Tejla CXEeMbl aJITOPMTMOB, a BBBOI SBHAUEHMIM BEIXOINHEIX I[I€PEMEHHBIX —
B ero KOHuUe. JcnojJp30BaHME B SBHOM Bume omneparopos "Beon" um "Beison"
B TakMX CxXeMmax I[I03BOJIgeT pasz3jMuaTh YyKa3aHHBE Pa3HOBUIHOCTU CXEM;

— OTCyTCTBME TpeboBaHMM K TOMYy, UYTO JOJIXKHA OTpaxaTb CcxXeMa
anropmuTMma, a  MMEHHO: aJTopPUTM  yIpaBJIeHUS (cxema  anropmuTMa C
BHYTPEHHUMM OOPATHEIMM  CBS3SMU, HO ©0e3 BHYTPEHHUX II€PEeMEeHHBX) ;
aNTopPUTM peayM3aluuM  aJropuTMma ylpaBJIeHUS (cxema ajaropmurTMma 6e3
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BHYTPEHHUX OOpaTHEIX cpaszen) ; AJITOPUTM, YVUUTHE AN CBOMCTRA
YIOPaBJIAKIMX KOHCTPYKLMUM [IPMMEHSeMOT'O HA3hKa IPOTpaMMMPOBaHMA (cxeMma
anropmuTMma, JIMHeapu30BaHHAL u CTPYKTYPUPOBaAHHASA, BOBMOXHO,
CIielaJlb HEIM obpasom) ; AJITOPUTM BEIIIOJIHEHUSA IPOTIPaMME (cxema

alrropuTMa, B KOTOPOM YIIOMMHAKTCSA KOMIIOHEHTH IIpolleccopa, HalpuMmep,
AKKYMYJIATOP) ;

— oTCcyTCcTBHMe TpebOBaHMM K UMX OpTraHM3aluM (Ba MCKJIOUYEeHMEM
CTPYKTYPUPOBaHMLg) , obecneumBamolMx OpocTOoTy "drTeHusa";

— HeoOXOIMMOCTHL B OOIEeM CcJiydyae MX MHOTOKPATHHX IIpeofpasoBaHUM C
HeJibio ofecrnedeHMsS BO3MOXHOCTM OIHOBPEMEHHOT'O pPEeUleHMS  HEeCKOJIbKUX
3ajlay B OIHOM YIIPAaBJAKIIEM BHUUCIUTEJIBHOM YCTPOMCTBE (paclUMKIMBAHUE)
¥ ydyeTa CBOMCTB YINPABJISKIMX KOHCTPYKUMM A3bKa IPpOoIpaMMUPOBAHUS
(HanpuMep, JIMHeapMs3alMsa U CTPYKTypUPOBaHHUE) ;

— HajlMuMe BHYTPEHHUX ([IPOMEeXYyTOUHEIX) II€PEMEHHEX, OTCYTCTBYIOUMX
B "CJIOBECHOM aJjropmuTMe" JIOTMYEeCKOIT'O YIPAaBJIEHMHA, PE3KO 3aTPyIHSOIMX
BO3MOXHOCTE UTeHUS cxeM AJITOPUTMOB OIpyTHUMM, O TJINYHBEIMM oT
Pazpaborumka, CneumaaucTaMM, M B OCOOEHHOCTM 3aKa3UMKOM;

— [pUMeHeHUe OBBIUHO BOoNBIWOTO upca BT OBEIX BHYTPEHHUX
IIepPEeMEHHEIX, KaXOyl M3 KOTOPHEX NPUXOOUTCS HE TOJbKO YyCTaHABJMBATL, HO
U  [OPUHYOUTEJIbBHO CcOpachBaTh. 3TM [epeMeHHEEe XapaKTepus3yoT  JIMIb
OTIEeJIbHEIE KOMIIOHEHTEL COCTOSHMM aBToMaTa, a eI'0 COCTOSHMA B LEeJIOM
ODOBIUHO He onpenensioTcsa. JVCHojlb30BaHME B2TUX I[IePeMEeHHBIX SABJIAeTCs
€CTEeCTBEHHEM [IPpM alllapaTHOM peaiM3aluMy ajIlOPUTMOB, HO NIPM pealMs3alumn
aJITOPUTMOB c [IOMOIBIO SI3BIKOB npoIrpaMMMPOBaHUSA, IIO3BOJISMMUX
obpabaTeBATh MHOT'O3HAUHHE I[I€pPEeMeHHble, IIpMMeHeHMe OMTOBEX BHYTPEHHUX
IIEepPEMEHHEIX HelleJleCcooOpas3HOo;

— Haauume (GJIaroB ¥ YMOJIUAHUM 3BHAUEHUMY BHYTPEHHUX U BHXOIHBIX
[IEPEMEHHEIX B OIIEPAaTOPHHEIX BEepPIMHAX, KOTOPHE 3aTPYyIOHAKT UYTEeHME CXEeM
aJITOPUTMOB BBUOY HEOOXOOMMOCTM IIOMHUTBL NPEHOBICTOPUI0, OCODEHHO B TexX
caydyaax, KoT'Da 3BHauUeHMsS I[IepeMeHHBIX B HBTUMX BepUIMHaX M3MEHSKTCS B
3aBUCUMOCTHM OT IIyTeM, IO KOTOPEIM MOXHO "momacTb" B paccMaTpMBaeMylo
BEPIMHY ;

— TIPOBepKa B YCJIOBHHEIX BEepUMHAX 3HAUEHUM OOBUYHO TOJIBKO OIMHOUHBIX
OBOMUHEIX I[IE€PEMEHHEIX, YTO NPUBOOUT K I'POMO3IOKOCTM CXEeM aJITOPUTMOB;

— CBSA3b OIEPaTOPHBEIX BEPUMH Yepes YCJIOBHHIE BEPIIMHLE, 3aTPYOHSOIAS
BHECEHME WM3MEHEeHMM, Tak Kak MoIuMbdmKaumsa YyCJIOBMM IIepexola MeXIy IBYMSd
OIIEPATOPHEIMM BEPUIMHAMM BJIMAET Ha YCJOBMS IIE€PEeXOoJOB B IPpyIMe Takue
BEPIUIMHEL .

[Ipy NpPUMMEeHEHUM CXEeM aJITOPUTMOB B OOJIBIIMHCTBE CJIydaeB IIepPexol OT
aNToOPUTMM3ALNY K OPOTPaAMMUMPOBAHMIO IJIs  CJIOXHEIX 3amdad JIOTMYECKOTO
yIpaBJieHMs OpencTasideT OoJbllyld OpobieMy. 3T0O OOBSACHSETCH TeM, UYTO
OBEIUHO MPOLIECC aJITOPUTMMBALUM IIOUTM HMKOT'IA HEe 2BaBepliaeTCcsa TeM, YeM
IIOJIOXEHO CO3IaHMeM aJiTOpMTMa B MAaTEMATUUYECKOM CMEBICJIE, KOTOPBIM IO
ONpPEeneJyIEeHMI0, HOOJDKeH OIOHOBHAYHO BHIIOJHATLCS JIOOBM BRUMCIMTEJIEM, a

OKaHUMBAeTCda JIMIIb HekoTopou "kapTuHkKOMU", HasbBlBAEMOM  aJITOPMTMOM,
KOTOpYyI B TOM WM  MHOMU CTeNeHU  IPUXOOUTCS OOIYyMBIBATH npu
IpoTrpaMMUPOBaHMUM  (HAOpMMEp, CTPYKTYPUPOBATb CXeMy aJilopuTMa WIu
BBOIOUTL Oe3yCJIOBHBEE IIE€pexOoIbl B HECTPYKTYPMPOBAHHYI IporpamMMmy). B

3TOM cuTyauum Jmbo PazpaboTumMk JOJIKEH caM [OIporpaMMMpOoOBaTh, JMOO
[IporpaMMUCT IOJDKEH 3HAThH BCe OCOOEHHOCTHM TEexXHOJIOT'MUeCKOTI'O IIpollecca,
bjiZiele) OHM BMeCTe OOJIXHEL YCTPAHATHB HeMIHYyeMbIe omMoOKMU TPaIMLIVMOHHOI'O
IPOEKTUPOBAHUSA MIPOTPaMM IIPUM MUCIIEITAaHUAX .

OcTaHoBUMMCS OoJiee MNOOPOOHO HAa MCIOJb30BAaHUM YMOJUYAHUM BHAUEHUMN
BBIXOOHEIX [IepeMEHHEIX B oIepaToOpPHEIX BepummMHax aBTOMAaTHHIX cxeMm
aJITOPUTMOB .

ABTOMATHHE CXEMB aJITOPUTMOB IIepBOT'O TuIla MOTYyT MMEeTb IBe
PasHOBUIOHOCTM. IlepBasg M3 HUX XapaKTepuslyeTcsa TeM, UYTO B KaxIoMu
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OTIEPaTOPHOM BEepUIMHE NPUBOIASATCS OOO3HAUEHUS TOJBKO TeX  BBXOIHBIX
[IEpPEeMEHHEIX, KOTOPBIE MIPUMHMMAKLT B HeM eIOVMHMYHBEIE 3HadeHusda, a BCeM
OCTaJIbHHEM BHIXOIHBIM II€PEMEHHBM I[10 YMOJIYaHMI I[IPMCBaAMBAKTCS HYJIEBHE
3HaueHMda. [Hjag BTOPOM PAasBHOBMIOHOCTM CXEM aJITOPUMTMOBR DTOTO TUIla
XapakKTepHO, YTO B KaxXIOM OIEpaTOPHOM BepIMHE IMIPUBOOATCS oOO3HAUEHUS
TOJIBKO TEeX BEIXONOHBEIX I[I€PEMEHHBIX MM WUX MHBEPCUM, KOTOPBE IPMHMMAKT B
HelM eJIMHMUHBIE U HYyJIEBEIE 23HAUEeHMs COOTBETCTBEHHO, a -OJsg KaxIoum mus
yMaJIluMBaEeMEIX II€pPeMEHHBIX I[IpenrnojiaraeTcsa, YTO OHa COXPaHgeT Opelsnylee
3HaUeHUe.

s aBTOMAa THBEIX cxeM AJITOPUTMOB BTOPOTO TUIIa B KaXIOou
OTIEpPaTOPHOM BepuMHe B  SBHOM BUIe YyKasbHBawTcsa o00O03HaueHMs  Tex
BEIXOIHEIX II€PEMEHHEIX, KOTOPBIE B DSTOM BEepUMHE IPUHUMAKT KOHCTAHTHEE
3HAUEHUSI, a TakxXe MOTYyT IMIPUBOIUTLCSA IepeoBOo3HAUEHUSI TexX BBXOIHBIX
[IEepPEeMEHHEIX, KaxXIas M3 KOTOPHEX COXPaHdeT B DHSTOM BepUMHE IIpenblnylee
3HadeHMe. g KaxIoyM U3 yMaJluUMBAEeMHIX I[IepPeMeHHEX IIpennojlaraeTrcsa
COXPaHeHMe ee MNpenHaylero BHadYeHUd.

IJ18 aBTOMATHEIX CXeM aJITOPUTMOB (KpoMe TIIepPBOM pPas3sHOBUIHOCTU
IepBROTO  THUIIA) VMeeTCsda TakXe  BO3MOXHOCTB COXPaHEeHMS [NpelbOylmrx
3HAUEeHUN BCEeX BEIXOIOHHX IIepeMeHHEX Ha "nposomax" — 0e3 I[OIpMMeHeHUS
OIIEPATOPHEIX BEPIWMH B COOTBETCTBYWIEM KOHTYPE CXEMH aJITOPUTMA .

BO3MOXHOCTBL COXPaHEeHUS NPelbdyliMxX SBHaAUeHUM BHXOIHBIX II€pPEeMeHHHBIX
B OIEPATOPHEIX BepUMHaAX WM 0e3 MCHOJBb30BaHMA TakKMX BEPIMH Pe3KOo
YCJIOXHSAET IIOHMMAaHME CXEeM aJIlOPUTMOB.

PaccMOTpPEeHHBI S3HIK UCIIONbLRYyeTCH bupmon "Omnro" (CHA) nmsa
IPOTPaMMMPOBAHUSA JIOTMUECKMX KOHTpoJsuiepor "Mistic" [12]. IpuMmeHeHUEe
cxXeM aJropuTMoB B dopme nmarpamMMm Heccu-llHelmepmaHa [13] HOpaKTUUYECKU
He yCTpaHSeT yKa3aHHBIX HeIOCTaTKOB.

l.6.JJorTuueckue CX€eMEl QJITOPUTMOB . Jlormueckue CXEeMEL
aJlToOPUTMOB, NpPelJjioXeHHble A.A. JlanyHoBeIM [14], ABJSIOTCS CTPOYHOM
bopmMOM BanmMcCKM JIMHEAPMBOBAHHEIX CXEM aJITOPUTMOB UM OOpasoBRaHEl OyKBaMM
(KOTOpPBEIE COOTBETCTBYKT YCJIOBHHM, ©Oe3yCJIOBHEM UM OIEPaTOPHBEIM BeplMHaAM
JIMHEAPU3O0BAHHEIX CXeM  aJITOPUTMOB) ¥ [OIPOHYMEPOBAHHBIMUM  CTPEJIKaMM,
yKa3hBaIMMU [1€PeX0lbl, OCYIECTBJISEMEE IIPY HE BHIIOJIHEHUM YCJIOBUM.

JJorTnMueckme CXeMH aJITOPUTMOB OOeCleuMBalT KOMIAKTHOCTBL OIMCAHUA,
HO OHM BeCbMa HEeHaTJISIHBE M TPYIOHO UMTAalnTCH.

2 . HeTpagULIMOHHEIE SIBBIKM onmcaHus aJTropmuTMOB JIOTMYECKOI'O
YVIIpaBJIEHUSI . 2.1.43uK SDL. Noen TeopuM aBTOMaATOB HallyIM CBOE
oTpaxeHue Opu paszpaborke MexIyHapOIOHOM KOMMCCHMEM IO TeJeboHUur u
Tejyierpadmm rpadmueckoTro [A3BKaA CchHeuuduKaluuMM UM ONMCAaHMA aJITOPUTMOB —
SDL-nmuarpaMMmel (Specification and Description Language) [15], KOTOpHE
10 BHEMHeMYy BMIY HalOMMHAIT CXEMHE aJITOPUTMOB, HO OTJIMYATCS OT
IOCJIeOHMX BREeIEHMEM B HMX COCTOAHUM B £BHOM Buie. Hemocrarkm SDL
cocToST B TOM, UYTO OHM BecCbMa TIPOMO3IOKM M COOTBETCTBYIT TOJIBKO
OIDHOMY KJIacCy aBToMaTOB — aBTomMaTaM Mwunam [11].

2.2.P-cxemMH . FEme oIHa wMozmesyib, ©Oa3upyllascs Ha MCIIOJb30BaHUM
apToOMaTOB  Mwmiawu, Ovlyla HOpenjoxeHa M.B. Benw OMLKUM [16] M  HOCUT
HasBaHUE P-cxemu (R-chart) . P-cxema - HaTPyXeHHBN o oyTram
OPMEHTHMPOBAHHEIM rpad, n3obpaxaeMun c IIOMOUIBIO BEPTMKAJIbHEIX u
TOPU3OHTAJILHEIX JIMHUM U COCTOSIMM U3 CTPYKTYP, Kaxias M3 KOTOPHIX
VMeeT TOJIbKO OIMH BXOI M OIOMH BHXOI. CxeMel ®TOTO KjlacCa COHOepXaT IIo
IBa Twumna (oOMH M3 KOTOPHBIX ClHelMalibHBEM) BepmMH M IOyD' UM  OIOVH TUII
COEOMHUTEJIBHEIX  JIMHUM . P-cxeMEl 00OpasylonTcd 3a CUyeT Tpex  TUIIOB
COeIMHEHUM — IIOCJIeNOBATEJIbHOTO, NapalljIeJIbHOT'O M BJIOXEHHOTO.

STOT A3BIK [HO3BOJIAeT OoJjiee KOMIIAKTHO IIO CPABHEHMI C CXeMaMu
AJITOPUTMOB oTpaxaThb CTPYKTYPY aJITOPUTMOB, OIIHAaKO IIpUMMeHeHM e
HEeCTAHOAPTHEX OOO3HAUEeHUM M TOJIBKO OIJHOT'O TMIa aBTOMATHEX MOIeJieM
OTpaHMUYMBaET MCIIOJIE30BaHMe P-cxeM.
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2.3.Cemu IleTpu U Tpade onepaum¥. g onmMcaHMUsS CJIOXHBIX, B
TOM UMCJIe IlapaJiJleJIbHEX IpoleccoB, B 1962 1. K. TIerpu [17] Owmia
nopenjoxeHa I'padoBad MOOeJib, HAa3BaHHASA €TI0 MMEHEeM, KOoTopas COCTOUT U3
BEepWMH JOBYX TMIOB — I[O3MLUMUM U I[IepexOonoB, CBA3AaHHEIX MexIdy CcoboM
oyrammu, IOpMdueM OBe BEepWMHE OOHOTO TMIa He MOTYyT OBTb COEeOMHEHE
HENOCPEenCTBEeHHO. [IJd OoTpaxXeHusa OMHaAMMKM B CEeThb BBOISATCSH MapKep:l
(MeTkHM), pas3MemaeMele B @ IOo3MUMAX. Ecam Bce  nOo3uULMK, CBS3aHHEE
BXOOAWMMM JOyTaMM C HEKOTOPEIM I[IepexoloM, MapKMPOBAHE, TO IIepexon
cpabaTeHBaeT U MapKepeH OepexoldT B [DO3MLUMM, CBS3aHHBE MCXOIAUMMU
oyTamu c paccMaTpUBaeMBEM IepexonoM. IOns nejyen yIIpaBJIeHUHA
C.A. WOomuxmMm [18] OBJIO [IPEenJIOXEHO IMIPMMEHATH TOJIBKO 6Oe30NlacHBe U
XmBbHle ceTu lleTpm. B ©OesonacHoM ceTu lleTpu B NO3ULUAX HEe MOXeT OBTH
BoJjiee OOHOTO MapkKepa, a B XMBHEX ceTax lleTpu — uMeeTCsa BO3MOXHOCTHb
cpabaTeBaHMa JoOoT0 Iepexozma. HaszoreM yKa3aHHEM KJjlacC ceTey  —
yhopaBiagomyMmy ceTaMmu lleTpr, a ceTu [leTpr, B KOTOPBIX KaXIEM IIepexon
MMeeT TOJIbKO OOHY BXONANyl M OIOHY MCXOOAlyl IJyT'y — aBTOMaTHEMU
ceramm lleTpu.

B xauecTBe MOIenM IJig OIMCAaHMSA aJITOPUTMOB yhopaBieHus C.A.

Ji0)anZineznZi [18] NPenJiIoXMUII MCIOJIb30BaTh TI'padel omnepauun, ABJIARIMECHT
YIOPaBJISOIMMM CceTsaMM I[leTpu, B KOTOPHX [NO3ULIMM I[IOMEUYEeHB 3HAYeHMIMU
BHIXOIHEIX [I€PEMEHHBIX, a I[Iepexolb — 3HaUeHMSIMM BXOIHEIX I[IepeMeHHHBX. [JIsg

ONMCAaHUS MepapxXmUUecKM I[OCTPOEHHHX aJITOPUMTMOB MM OBJIO IIPEIJIOXEHO
IPUMMEHSTb CUCTEMBI BJIOXEHHBEIX I'PadoB Olepalul.

ODocTOMHCTBO TIpadoB olIepaumy COCTOMUT B BOBMOXHOCTM OINMCAHUSA B
HamJasggHOM TIpaduueckoy ¢opmMe, B TOM UMCIIe UM B BUIEe OIOHOM KOMIIOHEHTEH,
CJIOXHHIX  aJIlOPUTMOB  YIIPaBJIEHUSHA, oblamamnmmMx  IapajijiejmM3MoM, a ux
OTPaHUUYEHUS M HeIOoCTaTKM 3BakKJioyalnTcsa B TOM, UYTO:

— IlapajljieJIbHBIe IIpoLeCCEL B OOJIbIIMHCTBE CJly4dyaesnB T OJIXXHEI OBITH
CUHXPOHMU3MPOBaHE, B TO BpeMAd KakK OJI4d MHOI'VMX aJITOPMTMOB JIOIT'MYECKOI'O
YIpaBJIEeHMA 3TOI'O He Tpe@yeTCH;

— njusa TpadoB onepaulul, IIOCTPOEHHBIX Ha 06ase aBTOMATHHX CeTen
[leTpM, MCHOOJIB3YETCH TOJIBKO MOZeJib aBToMaTa Mypa [l1l] ¥ HeBO3MOXHO
IpUMMeHeHM e IPYyTUX aBTOMATHEIX  MoOJeJiewu, yTO  pPesKo OoTpaHUYMBAET
n306pasuTesJIbHEIE BOBMOXHOCTM I'padoB onepaumii;

— s KOIMPOBAaHMUSA I03ULUN MOTYT VCIIOJIE30BATHCHA TOJIBKO
"enmumuHele" KOIOH. I[lpM B5TOM UMCIIO BHYTPEHHMX IEPEMEHHEIX (06e3 yueTa uX
nepeoBo3HaAUYEHUNM) PaBHO UMCJY [IO3UIMM, B TOM UYMCIe U »OJs TIpadoB
ornepaumy, IMNOCTPOEHHHIX Ha 6aze aBTOMATHHX ceTey IleTpu, B TO BPEMS Kak
IoJd 5BTOoro kJjacca rpador nOpu IOPpMMEeHEeHMM [IoIOxXona, IOpenjlaraeMoro B
HacrTodmwem pabore, BCE IO3MLUM  MOTYT OBITH 3aKOOVMPOBAHEL  OOHOM
MHOT'O3HAUYHOM IIepPEeMEeHHOM;

— IIpm peaim3aumm crucreMa BJIOXEHHEIX Ppa@OB onepaumﬁ
npeo@pasyeTCH B OIOHY KOMIIOHEHTY, B TO BpeMdA KaK IIPpM MCIIOJIB30OBaAHUM
IneenjiaraeMoro I1nomxXxoma 4YMCJIO KOMIIOHEHT B OIIMCAHMM UM peajiM3alviiM MOXeT
COBIlalaThb;,

— no3uuum rpador onepauuy PEKOMEeHOYyeTCs IIoOMeuaThb He  BCEeMU
3HAUEHUSAMM BHIXOIHEIX II€PEeMeHHBIX, a TOJIbKO TeMM U3 HUX, KOTOpPhEe
UBMEHSITCS B COOTBETCTBYIIEV MNO3ULUM. IIPpUMEHEHME YMOJIUaHUM MNPUBOIUT
K TOMy, UYTO B of0meM cjydae CJIOXHOCTM OIMCAaHuM aJropuTMa U eTo
IIOBEIEHUA pal3JMYanTCsa, UTO 3aTPpyIHIEeT UTeHMe aJiToOpMTMa M aHaJiM3 BCex
ero GYyHKIMOHAJIbHEIX BO3MOXHOCTENM.

2.4. 430k "TI'padbcerT" . 2T0oT TrpadmMueckum sA3HK, pa3pab®oTaHHHM B
[fleHTpPe KOCMMUECKMX MUcCcJenmoBaHuy B Tynayse (dpaHUMsa), I[OIPUMEHSETCS B
HacToAllee BpeMsa HapAny C OpyIuMM ga3bkaMu [19] TakumMm oupMamMm Kak,
HanpuMmep, "TenemexaHUuk" (PpaHuMSA) , "Cumenc" (l'epMmaHUsa) , "AJieH
Bpennmn" (cma) , "Tommba" (Anonwmusa) , "Ompon" (AnoHus) . 5TOT  A3HK
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QITOPUTMUBALUY [IPU HAJUUUM TPAHCIATOPa C HEIO HABJSEeTCS W S3EHKOM
OIpoTrpPaMMMUPOBAHUSA .

Azpik  "T'pabceT" oTaMUaeTcsa OT sA3bKa I'padoB onepaluy B OCHOBHOM
TOJIEKO GopMOoM mM300pPaXeHMSa: KBAIPaTEl BMECTO KPYXKOB IJid OOO3HAUEHUA
IO3UUUNM U OPSAMOYTOJIBHMKM IJIS 3alMCKM 3HAYEHUM BHXOIOHBIX II€pPEeMeHHEBIX,
OTCyTCTBYIUINE B rpadax onepaumui. [oaToMmy BCE OOCTOMHCTRA u
HEeOOCTAaTKM DTOTO H[A3BKA COXPAaHaonTCd M B 4a3bKe "I'padbcer". CosmaHH
TPAHCJIATOPEL C DTOTO HA3BKa [0 KpalHeM Mepe yKa3aHHBIMM BHIE GupMaMmm
IOJIS CBOMX YHNPABJAOUMX BHUUCIUTEJIBHEIX YCTPOMCTB.

OODHO M3 HOOCTOMHCTR 1auarpamMm "I'pabcer" cocTomMT B CTaHIAPTU3ALUM
X mM300paxeHMd. Illpu 3TOM OUATPAMMBL [IPEMMYILECTBEHHO PpPaclojlaralnTCsa B
HalpaBJIEHMM CBEPXy BHM3. 3TO OIODHOBPEMEHHO SBJISETCH M MX HEeIOCTaTKOM,
TaK KakK JJid 1LeJIOCTHOTO (TemTaljlbTHOT'O) BOCHPUATHUS "KapTUH" UYeJIOBEKOM
BoJjiee uLeygecoobpasHO MX IIJIOCKOCTHOe Mu3o0OpaxeHMe (KakK B3TO MMeeT MeCTO
B Tpadax [IepexOomoB), KOTOpoOe I03BOJISeT II0 BSTOM IpuuMHe oTobpaxaTb
AQJITOPUTMEL DOJiee KOMIIaKTHO.

Azpik "T'pabceT" HecMOTPS Ha HaJIMUMEe pPdAOa HEJOCTATKOB, YKAa3aHHEBX
BHIIE, BXOOMUT B COCTABR I[IPOIPaMMHOTO ofeclnedeHMsa OpOoTpaMMUPYyEMEBIX

JIOTUYECKUX KOHTPOJLJIEPOR, BHIITY CKaeMbIX BeIyLMMU B obyacTu
aBTOMaTU3aALUM bupmamm MMUpa. Tak, HapuMep, bupma "Cumenc"
obecrneumBaET BOBMOXHOCTD HanMCcaHU4d IporpaMMm oJisd CBOUX

IPOTPaMMMPYEMEIX  JIOTMUECKMX KOHTPOJIJIEPOB C  IIOMOWmBI  A3mKa STEP-5
(S3BIKM MHCTPYKLMUIM, JIECTHUYHHEIX U QYHKIMOHAJIBHEIX CXeM), a TaKXe S3bKa

S7-GRAF (sa3wk "I'pabdcer") [20,21].
OmHaAkKO OIBIT MOKa3HBaeT, UYUTO [IPUM HAJWUMKM IJIS OIHOTO M TOTO Xe
IPOTPaMMUPYEMOTO JIOTUUECKOTO KOHTPpOJIIepa HECKOJIbKUX ABEIKOB

OPpOTPaMMUPOBAHUSA Pal3paboTumMkM OOBUHO MCHIOJB3YIT O0OoJiee TpaOMLMOHHEE
I0JId CUCTeM JIOTMYEeCKOI'O yINpaBJIeHMs HA3BIKM, TaKMe KakK JIeCTHUYHEE U
OyHKLMOHAJNIbHEIE CXEMEl. 3TO BO MHOI'OM CBS3aHO C HEeOOCTAaTOYHOCTLIO
HAay4YHO-METOOUUEeCKOTO OO0ecledeHMsa MCIOJNb30BaHMsa yhopabijdoumx rpados
I0Jd chneuudpukKauum aJITOPUMTMOB. bBojiee TOTO, B HOOKYMEHTALMM MHOTUX OMPM
JIeCTHMUHBle ¥ QyHKUMOHAaJIbHBIE CXeMBl OOBUHO IpeljlaraeTrcsa CTPOMTH
3BPUCTUUECKM, 0Oe3 OIpeOBapUTEeJIbHOTO ONMCAaHMA aJITOPUMTMOB C IIOMOULIO
ynopasagommx IrpadoB, a >200eKTMBHOCTE IIPMMEHEeHMS TaKux IpadoB 10
CpaBHEHUIO, HanpuMmep, C JIECTHUYHBEIMM CXeMaMM IEeMOHCTPUPYyEeTCS B
OTIHEeJIbHEX claydaax (bupma "OMpoOH") TOJBKO Ha IpuMepax, ©0e3 M3JIOXEeHUS
MeTonma GopMasIbHOTO IHepexona OT yhnpariadwomero rpada k "cxeme.

[lp »TOM IJi1S PasHEX MOIeJiel KOHTPOJIJIEPOBR OIOHOM TOM Xe OMPME
[22] npenajlaraeTcsa  MCIOJb30BaTh  Pa3JIMUHHE A3BIKU (misa "Mumagmmx"
MOZIeJIeM JIECTHMUHBIE CXEMBl, a g cTapumx — "I'pabceT"), B TO BpeMsa Kak
EIOUHEY S3BK CIeuMOUKalMy aJITOPUMTMOB IJIS BCeX MOJeJIeV He IMPUMMeHSeTCs.

VznoxeHHOE ABJIgeTCH BIIOJIHE €CTeCTBEeHHBM, Tak Kak B
paccMaTpmMBaeMoy o6JiacTM IO HaACTOAWLeI'0 BPEeMeHM He YyCTaHOBMJIACH Haxe
TEPMMHOJIOTMA . Tak, Halnpumep, non TepMmMmHOM "Sequential Function
Chart" (SFC) mnoHmMawnT Kak TIpadel HepexolooB, TakK M CXEMH aJITOPUTMOB
(dbrpma "OnTo") wm "I'pabcetr" (dupma "OMpoH"), a B IOOKYMEHTALUUM OQMPME
"TejemMexaHMK" oTMeueHO, d4YTO amarpammel "I'padpceT" mM3BECTHE, TaK Xe Kak
SFC. oumpma "CumeHcC", Kak OTMEUEHO BHIE, IIPMMEHSeT IJid TexX Xe LeJen
opyrou TepmmH — "GRAF".

Bojee Toro, rTepmmH SFC He oTpaxaeT TIJIABHYD OTJIMUUTEJIbHYIO
OCODEHHOCTHL pacCMaTpMBaeMoOI'O sSA3HKa — BO3MOXHOCTL IIpelCcTaBJIeHUS B
omnHoM Trpade mnapasJIenbHBIX I[IO COCTOSHMAM [POLIECCOB, TakK KaK CJOBO
"sequential" mnepeBoIMTCHS Ha PYCCKMM S3HK Kak '"mocliemoBaTenbHBN", B
TO BpeMa KakKk M3 TeopumM aBTOMaTOB M3BECTHO, UYTO IJig ONMCAaHUA
IOCJIenOoBaTEeJIbHEIX (mocynenoraTeNIbHOCTHEIX) IIPOLIECCOB MOXeT
MICIIOJIB30BAThCA TI'pad NepexonoB HOETEPMMHMPOBAHHOI'O aBTOMaTa, KOTOPHU
He II03BOJISeT oToOpaxaThb IapaJulelibHBEE 10 COCTOSHMAM IIPOLIECCH.
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2.5.lpobj1eMHO — OPMEHTUPOBAHHBE SH3HKU, Onimu3zKMe K
ECTeCTBEHHEM. IOns uejey  JIOTMYECKOTO  YIHOPaBJIeHMs  paspadoTaHo
HECKOJIbKO  MPOBJIEeMHO-OPUEHTUPOBAHHEIX  S3LBIKOB, npenHas3HaAUYeHHHEX  OJI9

bopMaJIbLHOTO JIMHI'BUCTUYECKOTO OIMCAHMS aJITOPUTMOB pPacCMaTpMBaeMOIO
KJlacca. OTM SA3BKM HasvBawoTca [23] Takxe I[IepBUMUHBIMM, Tak Kak, IO
MHEHMIO aBTOPOB YKa3aHHOM paboTe, OHU IIpexle BCeIr'0 OPMEeHTUPOBAHH Ha
3akasumkKa " obJjanamnT PasBUTEIMM  M300pa3UTEIIbHBMN cpencrteaMmu U
KOHCTPYKUMAMHU, yrioTpebJIseMEIMMU npu 3adaHum Y CIJIOBUM Pab®oTh Ha
€CTEeCTBEHHOM S3HKE.

YkazaHHOe IOOCTOMHCTBO DTUX SIBBIKOB BJIEUET 3a cobon pan
TPYIOHOCTENM UM HEeIOCTAaTKOB, OCHOBHEIE M3 KOTOPHIX CJlenyiolue :

— OHUI TpeGymT oT BCeX YY4aCTHUKOB InpoLuecca IIPOEKTMPOBAHNUA
N3y4deHNnd CMHTAaKCHcCa n CEMaHTUMKIM HOBOTO, mMemrumeIro OI'PaHMUYEeHHOEe
pPaclipoCTpaHeHMe HA3EBIKa C IOOCTAaTOYHO OOJNIbIIM UMCJIOM KOHCTPYKHMﬁ;

— IOCTPOEHBI Ha OCHOBE He MaTeMaTUYeCcKOoIrOo, a EeCTEeCTBEHHOTO
(HanpuMep, PYCCKOTO) HA3BKa;

— obJjlamalnT HM3KOM HATJIAOHOCTBI "TekxcTOoB" O CpaBHeHMI C Ipabdamu
IpK OTOOPaXeHUM CTPYKTYPEH, B3aMMOIEMCTBUSA M IMHAMUKM [IPOLIECCOB;

— OHU He [IO3BOJIAIT dopmMmaJIbHO [IPOBEPATH [IOJIHOTY,
HENPOTUBOPEUMBOCTL M  OTCYTCTBMEe T'eHepaluuu, a TakXe  BHIIOJHATH
ONTUMM3MPYyIMEe NPpeofpa30BaHULA;

— OHM TpebynT pazpaboTky MHOTOYPOBHEBOM CHCTEMH TPAHCISLWM,
UCTIONb3YIMEN pPas3JIMUHbe TUIH S3BKOB, TakuMx KkKak Oas0BbHE, aBTOMAaTHHE,
MAallMHHEIE; OPMEHTUMPOBAHH Ha KOHKPETHHEIM TUIl 6a30BOTO MM aBTOMATHOTO
A3BIKA U KOHKPETHHU TUIl aBTOMATOB;

— CJIOXHOCTBb BepM@MKaHMM n OTCyTCTBHUE TEeCTOB IJI14 IIPOBEPKM
IIPaBMIJIBHOCTHM OIIMCaHMA,

— CJIOXHOCTBb KOPPEKTHOI'O BHECEHUA U3MEHEHUN;

— HEeBOBMOXHOCTB MCIOJIBE30BaHMA OPU OTCYTCTBMM TpPAaHCAATOpa IJjid
IPUMEHSAEMOTO yHNpaBJAlWETO BHUUCIUTEJIBHOTO yCTPOMCTEA.

/I3 43HIKOB paccMaTpMBaeMOI'O Kjlacca HauboJbllee TeopeTUudecKoe
ODOCHOBAHME MNOJYUMIIM CJelyolye HS3EKM JIOTMUEeCKOT'O YIPaBJIEHUS U UX
Momuoukaluuy — dopym [24], YcnoBue [25], YnpamBieHue [26], Apyc [27].

Tax, HanopmMep, KOHCTPYKLMM [IEePBMUHOTO fA3HKa "YcjaoBue" cCcHauala
TPAHCIUPYITCH B Bas0BHM S3BIK onepaTOPHBIX cxeMm napaJijiesib HEIX
aJITOPUTMOB C [aMaTb0, SBJIAOLMMCA PasBUTHMEM CXEM aJITOPUTMOB, a 3aTeM

B ABTOMATHHEIM S3BIK — S3HK QYHKLUMM BO30OYXIEHMS M BEXOIOB.

[Tpu VICIIOJIb 30BaHUU a3BIKa "YoparjeHue" B IEePBUUHOE
JMHTBUCTUUECKOE ONMCaHue (TeKCT IMOIpoTpaMMBl) BBOIOSATCS II10 aHaJloTuu C
PasMeTKOM CXeM aJITOPUTMOB HOJIS I[OCTpoeHmsa apTomMaTa [11] ZOBOMUHEE

MeTKM, TpaKTyeMble KaK COCTOSHMSA, M II0 IIOMEUEeHHOMY OIMCAHMUID CTPOUTCSH
rpad® mnepexomoB aBToMaTra Mwnm, Ha ©0asze KOTOpPOIO, B YaCTHOCTH,
peuanTcs 3amaun MMHVMM3aLUUN uycia COCTOSHUM u napaJijiesib HOM
OeKOMIIOBULIMM [26] .

llonxon, Hambojee OIMBKUM K [OpeljlaraeMoMy B HacTodmen pabore,
OBLJI HOPMMEHEH Opu paspaborke a3wka "Apyc". IIpm sTtoM O.II. Kys3HeLOBEM
[28] nns onucaHuda paboTe "OyHKTOB" OBJIO OPEenJjioXeHO MCIOJIb30BaTh
aBTOMATHYI MOJIEJb, HasBaHHYK I'paboM [IepekJioueHMM, ABJgmyiocsa Ipadom
IepexomoBR aBToMaTa Muam C  yYMOJIUAHMAMM  HEM3MEeHAKUMXCS  3BHAYeHUM
BEIXOIHEIX I[I€PEMEeHHBX. BOBMOXHOCTL COKpalleHMS UMCJla BEepLMH B 3TOM
Trpade 0O CPaBHEHMIO C KJIACCUUYECKMMM AaBTOMATHBIMM MOIEJIAMM IIPUBEJIO K
3aMeHe TEepPMMHA "cocTogaHMe" Ha TEPMUH "curyaumua", nparna, C
OOHOBPEMEHHEM YXyOLeHUEM Yy TaeMOCTHU rpada B BUIY IIOSABJIEHUSA
3aBUCUMOCTHM OT "rnjyboxon" NpelplCTOpPUM.

B oTauume OT M3JOXEHHOTO B IIpenjaraeMoyM B HacTodmwen pabore
TEXHOJIOTUM I[I€PBUUYHEM UM OGOpMaJIM30BaHHEIM SABJISEeTCHA He JMHIBUCTUUECKOE,
a aBTOMaTHOE OINMCaHMe I[IOCJeIOBAaTEeJIbHOCTHEIX [POLEeCCOB C  IIOMOULI0
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rpadoB DepexomoB, TUI, KOJMUECTBO, CIOCO0O KOOMPOBAHMA UM B3aMMOCBA3b
KOTOPEIX B ofmeM cJjydae He OQUKCHUPOBAHEL U ONPEenNesigioTCcsa pelaeMoM
3amauver. I[IOHATHOCTBL TaKOTO ONMCAaHMA »OJ4 3aka3umka obeclneunBaeTcsd
CTPOTOCTBIO M IPOCTOTOM CHMHTaAKCHCa DTOTO HA3bKa [IPM ONMCAHUM CTaATUKU,
a caMmoe TJlIaBHOE, OVHaAMUKU IIpOLLEeCCOR, a Takxe oba3aTesIbHOM
pazpaboTkoM CxXeMe cBa3elr "yhnpaBJagolMy aBToMaT — OOBEKT yhopaBJjeHua",
KOTOpasa olpenejysgeT CEMaHTUKY KaXIOM BHEUHEeM I[IepeMeHHOM, MCIOJb3yeMoMu
B Tpadax nepexonor. IllpmMeHeHue TpadoB Nepexomor 6e3 (QJIaror u
yMOJIUaHUM [29] MIO3BOJISET HENOCPEeNCTBEHHO IPM OINMCaHMM Opolecca
obecrneuMBaTh €TI0 KOPPEKTHOCTbL M MCIOJNIB30BAThHL B IajlbHEMIleM B KadecTBe
TecTa IJid HOpoBepku  QOopMaJZIbHO [IOCTPOEHHOM  NIPOTPaMMH. 3a cuer
UCKJIIOUeHUsS (QJIaroB M yMOJIUAHUM yIpOollaeTCsa BHeCEeHMe U3MeHEeHUM U
yCTpaHgeTcsa 3aBUCUMMOCTBE OT "rmaybokom" mOpemelcTopuM (B OaJibHeNeM
npelelcTopUM — OyIyllee 3aBUCUT OT HaCTOdAmWero, HO He 3aBUCUT OT
IPOUJIOTO) .

"IloHaTHOCTE" aJNTIOPMTMOB M HOPOTPAaMM, I[IOCTPOEHHEX IO HMUM, ele
©oJiee HNOBHUIAETCH, ecaM YCTPaHUTL TakXe U 3BaBUCUMOCTL 3HAUEHUMN
BEIXOIHEIX II€PEMEHHBIX, OT 3HAaUeHMM BXOIHEIX I[I€PEMEeHHBIX, YTO IOCTUTaeTCs
IpM MCIHOJIb30BaHUM TIpadoB IepexXxOomoB aBToMaTa Mypa, B KOTOPOM 3BHAUEHUS
BEIXOIHEIX I[I€PEMEHHEIX 3aBUCAT TOJIBKO OT HOMepa COCTOSHMS, B KOTOPOM
aBTOMAT HaXOOUTCH.

Tpad [IepexonoB aBToOMaTa 3TOTO THIIa aubo CTPOUTCH
HENOCPEeIOCTBEHHO, JMOO [OoJiydaeTcsda B pesyJbTaTe npeobpalzoBaHmda Trpada
IepexonoB aBToMaTa IpyI'oro Tulla. Tak, HalpuMmep, 0 Ipady IepexoloB
arToMaTa Muam wMoOxeT OBTBE TOCTPOEeH Tpad nepexolmoB arBToMaTa 0e3
BEIXOIHOT'O IIpeofOpas3oBaTeid, ABJdomerocsa IpadoM ITOCTUXMUMEIX MapKUPOBOK
MCXOIOHOTO rpada, KOTOPHIM, B CBOI ouepels, BecbMa IPOCTO
npeobpasyeTcsa B I'pad oepexomoB aBToMaTa Mypa.

[Ipy »TOM MOXHO CUMTATbL, UYTO Kaxlas BepuMHa B I'pade nepexonos
COOTBETCTBYEeT OIHOMYy COCTOSHMIO abBToMaTa MCIOJb3yeMOoI'o Tulla, IJjs
KOoToporo Tpad® CTpouUTCsS, U OIOHOMY COCTOSHUIO OINepPaTUMBHOM MaMAaTU
BEUMCIIUTEJISA, NPOTPaMMHO peajusynmero 2ToT Ipad.

OmHako, Tak Kak [IOBeOeHUEe aBToMaTa HauboJee HaTJIAOHO
ONMCHBaeTcsa He TpadoM T[IepexoloB, a COOTBEeTCTByKIMM eMy Ipadom
OOCTUXMMEIX MapkupoBok [30], To "peanbHOoe" UMCIJIO COCTOSHMM aBTOMaTa
COBIIaaeT C WMX UYMCJOM B 3ToM Ipabe miIM B >SKBUBAJIEHTHOM eMy Ipade
nepexonos "kjlaccuueckoro" (6es3 dyaror M ymMoJiyaHmUM) aBToMaTa Mypa.

TakuMm obpaszoM, ecau Tpad nepexomoB B obmeM cjydae  MOXHO
paccMaTpMBaTh kKak "3akoouMpoBaHHOe" (UMCIIO BepmMH B TI'pade NepexoloB
MOXeT OBTh CyHWEeCTBEHHO MeHblle, dYeM 4McJOo "peaJlbHEX" COCTOSHUM
aBToMaTa) UM TIIODTOMYy KOMIIAKTHOe OIMCaHMe I[IOoBeImeHMsa akBToMaTa, To
HamboJsiee "HDOHATHEIM" gBJIdeTCHd Tpad nepexonmor "kJjaccuueckoro" arToMaTa
Mypa OpM MHOT'O3HAUHOM KOIOMPOBAHMM €TI0 BEepUMH, KOTOPEM ONHOBPEMEHHO
aBasgeTca M TpadoM ero IOOCTMXMMBEIX MapKMUPOBOK. VMeHHO TIpad oepexomoB
3TOTOC TMIIa U OpenjaraeTcd IIPMMeHATb B KadeCcTBe OCHOBHOIO S3BIKA
crneundmKauMy OJjs 3amad JIOTMUYECKOTO YyIpaBJIeHU.

B paspabaTHBaeMOM TEXHOJIOTUMA nepexon K JIMHTBUCTUUECKOMY
ONMCAaHMIO BEHIIOJIHAETCS He MNIpM aJropuTMMs3aluMM, a TOJIbBKO Ha 3Tale
IpOTPaMMUPOBAHMUS UM TOJIBKO IIPU MUCIOJIB30BAHUM aJITOPUTMUUECKUX S3EKOB.
B oTOM ciydyae B 2 TeKCTe [OPOTPaMMEl HOOJIKHEL OBTH IO BO3MOXHOCTHU
COXPAaHEHEH BCe CTPYKTYPHEE OCODEHHOCTU u CBOMICTRA BHIOpaHHOM
aBTOMATHOM MOIeJM, dYTo obecneuuBaeTCsa TOJIBKO [IPM OXOHOB3HAYHOM, a
camoe TJIaBHOE, n30MOPOHOM rnepexone oT rpada Iepexonos,
COTJIaCOBAHHOTO C 3aka34YMKOM, K OporpamMme. llpm »ToOM IpoTrpaMMMpPOBAaHUE
BHIIOJIHAETCHA He 1o "mormBaMm" ajnropuTMma, a OO OpMHUMOY "oOMH B onomuH".

[Ipy OpuUMMeHeHMM OpenjiaraeMoy TexXHOJIOTUM yHaeTcsa  oO0eClIeuuThb
COOTBETCTBME MeXIy TeKCTOM MNpOoT'paMME M [OPSIKOM €€ BHIIOJIHEHUS U
peanmM30BaTL OpolUenypy I[oWaroBOoM IJeTalu3aluuy, Kak »BToro TpebyerT
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CTPYKTYpPHOE NIPOEKTUPOBAHME (mporpaMMMpoOBaHUE) [311], a TaKxe
MCIIOJNIb30BaTh NOHATMA "oOwekT" M "kjnacc", KakKk BTO NOPUHATO B OOBEKTHO-
OPUEHTUPOBAHHOM MIPOEKTUPOBAHUM (IporpaMMUpoBaHuUM) [32].

2.6, ATTOPUTMUUECKUE A3BIKU nporpaMMUPOBaHUMA . "=

M3JIOXKEHHOTO BHIIE CJeyeT, UYTO aJITOPUTMMUEeCKUe SA3BIKM KaK BHCOKOTO, a
TeM 6oJlee  HMBKOT'O YPOBHHA, ejiecooBbpas3HoO  IIPUMMEHSATH B 3ajJavyax
JIOTMUYECKOTO YIPaBJIEHMS TOJIBKO Ha »3Tale M30MOPOHOTO Iepexoma OoOT
aBTOMATHOT'O OINMCaHMA K TEeKCTy IpoTpamMM, TakK KakK B IIPOTMBHOM Clydae
BO3HUKAKT MHOTMEe U3 OpobJjem, IEePeuUMCJIeHHEX BHIIE, IPUMMEHUTEJIbBHO K
VICIIOJIbL30BAHUIO IMPOBJIEMHO-OPUEHTUPOBAHHEX SA3HKOB B KaueCTBE II€PBUYHOTO
onMCaHUs.

3.Tpabdsl nepexomoB Kak H#S8HK cHoeumbmxami. 3.1.CrpaTerunu
CMHTe3a aJITOPUTMOB JIOTTMUYECKOTO VYIpaBJeHUsS. BO3MOXHE IBe
CTpaTermMu IIOCTPOEHMUS aJITOPUTMOB STOTO KJjlacca. IIpu OIPUMEHEHUM IEepBOM
M3 HUX CUMTAEeTCs, UYTO M3IBECTEH aliTopuTM OYyHKUMOHMPOBAHMS OOBeKTa
yhnpaBJieHUs U TpebyeTcsa [0 HeMy CUHTE3UPOBATH aJIlTOPUTM JIOTUUECKOT'O
yrpaBJieHUs, ofOecrneumpanmmMii 3alaHHOe I[IOBeleHMue obbekTa. IlIpuBenemM B
KauecTBe npuMmepa bparMeHT anropuTMa ypaBJjieHUs KJlarnaHoM,
CUHTE3UPOBaHHBIM yKa3aHHBM criocobom: "Isa TOTO, YTOOHI KJIarnaH
OTKPHLIICS, BHUMCJIMTEJIb  JOJIKEH Ha BXOI OTKPBITUS  MCIIOJHUTEJLHOTO
MexaHM3Ma KJlallaHa I[IoJaBaThb eIMHUMUHBEIN curHamua".

Ipn BTOPOM cTpaTermy, YUUTEBASA MHOOPMAaLMIO o) COCTOSHUU
(mojoxeHmM) obBeKTa yIIpaBJIeHUH, CTPOUTCH aJITOPUTM, KOTOPHM
obecnieunBaeT TpebyemMoe OGYHKUIMOHMPOBaHME OOBekTa. Hanpumep, "ecau

BEIUMCIIVITEJIb BEIIDAET Ha BXOnO OTKPEITUA MCIIOJIHMTEJIBHOT'O MeXaHMM3Ma
KJIallaHa eIMHMYHEBIM CHT'HaJI, TO KJIallaH OTKprBaeTCFI".

[leprad cTpaTrermusa "HanpasJjeHa" oT oBbBeKTa yIIpaBJIeHUS K
BEIUMCJIMTEJIO, a BTopas — B OOpaTHY CTOPOHY — OT BHUKCIAUTENS K
ODBEKTY .

[leppas crTpatrerusa Oas3upyeTcsa Ha HOoHATMM "cocrosaHme", a BTOpad —
Ha noHaTtum "cobwTHe" ("BxXOoOHOe BO3IeMcTBHME") .

HecMoTpsa Ha TO, dYTO B HacTodllee BpeMsa IIPM CO3IaHUM aJITOPUTMOB
yhnpaBJIeHMs, HanpuMmep, B QopMe CXeM aJITOPUTMOB WM B BUIOE IPOLYKLUM
(cexBeHuuy) BUOa "ecam...TO", OOBUHO MCIOJBE3YeTCHS BTOpasd CTpaTerud,
10 MHEHMIO abBTopa, 0oJlee eCTeCTBEHHOM IJig paccMaTpMBaeMoI'o KkJjacca
3amay gdBJIAeTCSd epBasd M3 HMX, Tak Kak "cocTosgHue" 1[I0 CBOeM Ipupome

CTaTUYHO, a "cobrTHue" IOVMHaMUUHO, u IO TOMY "yOopaBJieHKE 1o
cocTroaHmaM"  apjdeTrcda 0OoJjee  LeJecooOpa3HBM, ueM "yhopaBJIeHME IO
coBuTmam" [33].

OmHakO HM Ta, HM IOpyras Pa3HOBUIHOCTL YyIpaBJIeHMS B oO0meM ciydae
He 4aBJjgeTcsa ucdepnesaower. Tonbko "ynpabJieHME TI[IO COCTOSHMAM U
coBelTMAM" HOpM BTOM  ABJSETCS KOPPEKTHEM. Tak xak ofa [NOHATKUA
"cocrogHmue" wmu "cobmTHMe" BXOIDAT B INOoHATMe "aBTomaT", TO TakoMm BUI
yopaBJieHusa MOXeT OBTb HasBaH "aBTOMaATHEIM yIOpaBJjieHueM", a ero
nporpaMMHasa peaamMsaumsa "aBTOMaTHBIM OIpoTpaMMupoBaHmem".

B npenjiaraeMom B HacTodumem pabore TEXHOJIOTUNU [IOHATHE
"cocTogaHMe" 4gBJIAeTCHA [NEePBUYUHEIM, a OOHATHMe "cobmTue" — BTOPUUHEM,

OCoOeHHO yuuTeIBAg TOT OdakT, uTO  COOHITHUSA, bopMmpyeMele  OOBEKTOM
yIOpPaBJIEHUA, OIPEenesIdlTCad COOTBETCTBYKUMMM COCTOSHMAMM I[IOCJIEOHETO.

HecmoTpsa Ha TO, 4uTO BTOpAada CTpaTerMd IOPpUMBOOUT  OOBUHO K
IOCTPOEHMI 0OoJiee  KOMIAKTHEX ¥  OBCTPOIOESMCTBYOIMX IPOTpaMM, opu
OTCYTCTBUM XECTKUX OTPAaHUUYEeHUM Ha o0beM I[IaMAaATU U OBCTPOoIeMCTBUE
IpMMEeHEHMEe I[IepBOM M3 HMX 0oJjlee eCTeCTBEHHO, TaK KaK COOTBETCTBYyeET
OCHOBHOMY MNPMHUUIY YHIPaBJEHMUS, IPUMMEHAEeMOMYy B aBTOMATUI3UPOBAHHBIX
cucTeMax, CcocTodlleMy B TOM, UYTO OpM yhOpaiBRJjeHuM OmnepaTop CcHadajJa
onpeneysaeT COCTOAHME  OOBeKTa, a 3aTeM BHIIOJHAET TO WM MHOE
OelCTBMEe, [OpOXIawlee BO3HMKHOBEHME COOBITHUA.
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[Ipy Taxko¥y OpraHMBalMM IIpolecca YyIpabJieHMsa IJjiga obecledeHus
IPOCTOTH UYTEHMS M I[IOHMMaHMUSA aJIlOPUTMOB M IpOoI'paMM, OHM IHOOJDKHEL OBITH
OPTaHM30BaHE Takxe. BecbMa IPOTMBOECTECTBEHHOM 4BJSeTCd CUTyaluusd,
KOT'Ia YyIpaBJIeHME OPTaHM30BAaHO IO OOHMM IMIPMHLMIAM, a ero IporpaMMHas
peanm3auusa OO0 OPAMO IIPOTUBOIIOJIOXHEIM .

B pamMkax nOpenjaraeMoM TeXHOJIOTMM YHIPpaBJIeHMEe U IporpaMMUPOBaHUE
OOJDKHEL OBITH AaBTOMATHBIMM, a IIOCTPOEHMEe aJITOPUTMOB M IpOTpaMM OOJDKHO
HauMHaAThLCa C GopMMPOBaHUA »OemmudppaTopa COCTOSAHMUM, a He cobetum [29],
Tak kKak npu "ynopasJIeHUMM OO COOBITMAM" BOSBHUKAT CYUECTBEHHBE OTPOOJIEME
C BBEIEHMEM M KOPPEKTHBIM MCIIOJIb30BaHMEM BHYTPEHHUX [IE€PEMEHHEBIX.

Ipn aJITOPUTMU3ALUN COCTOSHUE IOOJDXKHO onpenenaTbCsa He 1o
OTHOEeJIbHBEIM IOBOMYHEIM KOMIIOHEHTaM, a B LeJioM, [Opuceampeas KaxIoMy
COCTOSHMIO HOeCSATUUHEM HOMEp, paccCMaTpMBaeMbl KaK HemejuMas KOMIIOHEeHTAa
OnMCaHUA.

Ecnm Kaxmoomy COCTOSHUIO obwekTa COIIOCTaBUThH COCTOSHUE
yopaBiIgapumero apToMaTa, KOTOPOMYy, B CBOK Ouduepelb, COINOCTaBUTH BEPUMUHY
rpada nepexomoB, a OporpaMMy, peanmu3yolyiln Ipad IepexoloB aBToOMaTa,
IOCTPOUTE GOpMasIbHO M M30OMOPOHO, TO Takasd oOporpamma OymeT "noHaTHOM"
HEe TOJIbKO PaspaboTrumky wu IIporpaMMmMcTy, HO M 3akKal34duKy, TexHOJoTYy,
Onepatopy u KoHTposepy.

Ipy »TOM HeOOXOIMMO OTMETUTH, UYWTO, HECMOTPS Ha CJOXHOCTHb
IOCTPOEHUA Moneyu oObekTa, OHa B OOJBUMHCTBE CJllydaeB TaKXe MOXeT
OBITH OIMCaHa C IoMoWbln TIpadorR HOepexoloB, UM IIOBTOMYy B paMKax
npenjaraeMoro Inonxoma IOJsa  [IPOBEPKM NPaBUJIBHOCTM  pa3paboTaHHOTO
anropuTMa LejecoobpasHO  BHIIOJHATBE TakXe MOINeJIMpOBAaHMEe  KOMIJIeKCa
"yoparjagommMi aBToMaT — obbekT yhnpasJaeHuda". Ilocje »3TOro aJl'OpUTM
yIOpaBJIeHMS MOXeT U »ajlee YyTOUHATbBCSA KakK Ha (QM3MUYeCcKOM MOoIesMu, TaK U
Ha peaJlbHOM OOBekTe. TOYWHOCTH M JOETAaJIbHOCTH ONMCAHMA aJjiloOpUuTMa C
noMomein TpadoBR HepexOolOoB pPe3KO I[IOBHWAKT KAadeCTBO I[IepBOHAYAJILHOMU
QITOPUTMMUBALMM IO CPAaBHEHMI C IOPYIMMM MeTOIaMM, M [NOBTOMYy Ha OOBeKTe
OOBIUHO TpebyeTcsa BHOCUTE CPaBHUTEJIBHO HeOOJIbIIOe UMCIIO WU3MEeHEeHUM B
pa3paboTaHHEY aJIlOPUTM M PealiM3yK Iyl eI'0 NpoI'paMMy .

3.2.0aKTOpPH, OTpPaHMUMBAKNIIME HNUPOKOE MCIHOJNb3OBAHUE
rpador nNepexomobB B KauecTbe HA3BKa aJropurMuszauum. [Ousa
yCTpaHeHUusa HeIOCTaTKOB PaCcCMOTPEHHBIX SA3EIKOB ANITOPUTMHU3ALUU
npenjaraeTcsa MCIOJb30BATh B KadeCcTBe TaKOI'o fA3bKa I'padel Nepexolos,
IpenjioXeHHEe O00Jiee CcOopokKa JieT Hazan IOJig ONMCaHMSA [NOBeIeHMS aBTOMaTOB
Cc namaTen. I'padel NepexonoOB HABBBAKT TaKXe OuarpaMMaMM COCTOSHUM, WU
ouarpaMMaMy M3MEeHEeHUM COCTOSHUM.

OODHakKO NPV CHUHXPOHHOM alllapaTHOM peanM3aluy aBTOMAaTOB STOT S3HK

IPUMMEHAJICS B  OCHOBHOM IJIS  WMJIJIOCTPATUBHEIX  LIeJieu, Tak Kak B
BOJILIIMHCTBE ONTUMMBALMOHHEX aJITOPUTMOB TeopUn ABTOMAaTOB
MCIIOJIL30BAJIOCE TabiuuyHOoe IpencTaBjieHre Tpador nepexomoB — TaOJIMLE

nepexonoB ¥ TabiaulUbE [IepexXOomoB M BHXOHNOB. CTpykTypa Takux Tabmauil,
Tpebynia g IepeumncsieHns BCEX KOMOMHAa LM 3HAUEHUN BCeEX BXOIHBIX
IIEpPEMEHHEX, Pe3KO yMeHbllaeT Pa3MepHOCTh pPellaeMbIXx C MX IIOMOWBI0 3alad.

Ipyraga npobJjema, OTIpaHMuMBawlasg OIPpUMeHeHre TpadoBR [IepexonoB,
Orla CcBS3aHa C TeM, UYTO IIPYM AaCHMHXPOHHOM CXEMHOM pealMs3aluuy CUCTEM
JIOTUYECKOTO yIpaBJIeHS n3-3a COCTABaHUM B3JIEMEHTOB namMaTu n
IPOM3BOJIBHOM OMCLUMIIJIMHEL CMeHBl HaOOPOB BXOIHHIX I[I€PEeMEHHBIX peajibHOe
IIOBeIeHre CXeMbl MOXeT 3HAUMTEJIbHO OTJIMYAaTbCSa OT I[IOBeOeHMS MOoIesu
(rpada nepexomom), IO KOTOPOM CXeMa CTpomiacbk, dYTO TpebyeT B obmeM
cilydyae OpMMEHEeHMS BeChbMa TPYOOEMKOI'O IMIPOTUMBOTOHOUHOI'O KOIOMPOBAHUA,
CBABAHHOTO C WM3OHITOYHOCTBLIO, UYaCTO HeNpMeMJIeMOM IpM allapaTHOWM U B
OCODEHHOCTM PeJIEMHO-KOHTAKTHOM peajM3aluM.

Fume ozmHa mu3 CYWEeCTBYWOIMUX IIPWUUMH COCTOMUT B TOM, UYTO TPAIULMOHHO
CUMTAaJIOCh, UYTO TIpads [IepexXxOmNOoB OIMCEBAKT TOJbBKO IIOCJenoBaTeJibHEE
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AJITOPUTMEHL, KOTOpEE MMEKT BeCbMa OT'pPaHMUYEeHHOEe  MCIIOJIbB30BaHME B
cucTeMax yhnpabJjleHUsd, IJiS KOTOPHIX XapaKTepeH IapaJjljleliis3M.

YKasaHHEE TPYIOHOCTM, a TakXe TpalIMlUM HOCTPOeHMI OYyHKLMOHAJIbHBIX
cCxXeM IIpM allapaTHOM M CxXeM ajiTOPUMTMOB I[IPM [NPOTI'PaMMHOM peaju3alunu
aJITOPUTMOB, BUIAMMO, SABUIMCH IPMUMHAMM TOTO, UYTO Ipade IepexXxOomoB Ho
CUX TI@Op MNpakTUUeCKM He I[IPMMEHAITCsS B KadecTBe fA3blka clheuubuxaumm
YCJIOBUY pabOoOTHE NPpU MX IPOTPaMMHOM peaiu3allu.

3.3.Tpadu nepexonoB. OCHOBHEM IIOHATHEM, MCIOJb3YEMEM B
TEOPMM AaBTOMATOB, fABJAETCH "BHYTPEHHEe COCTOAHMEe" apToMaTa, KOTOpoe
B JallbHeMnmeM OyneM HaszseHBaTh "cocTosHuem".

3TO HnoHATHME, MABJANIEeeCsS OIHMM M3 OCHOBHEIX B I[IOBEISHUM UeJIOBeKa

(somopos — ©OoOJieH, CBHT — TOJOIOEH M T.H.), TIOUYeMy-TO OOBUHO He
IPpMMEeHSeTCsS B SBHOM BUIEe IPU aJITOPUTMMI3ALUM U IpOTPaMMUMPOBaHMS
IPOLEeCCOB YIpaBJeHMsa (3a MCKJIYEeHMeM [oIOxXoIa, MCIOJbL30BAaHHOTO B

OOBEKTHO-OPUEHTUMPOBAHHOM aHaJgm3e [34] ¥ B OPOTPaMMHEX IpomykTax "S7-

HiGraph technology software" [21] u "Modicon State Language" [22]).
[Ipy OPMMEHEHUM IPYTMUX [IOIXOIOB BHYTPEHHEEe COCTOSHME BHUMCIUTEIS

OOBYHO JMOO He YuuThHBaeTcs, Jmbo He paccMaTpMBaeTCcs KakK eOuHoe

nejioe. Illpm  sTOM, Kak B COOBITMMHO-YINPAaBJISEMOM IPOTpPaMMMPOBAHUM,
IPOBREPHANTCH JIMIIb BHEUHNE COOBITUA u BEIIIOJIHAKTCH OeliCcTBUSA,
VHULKMPYEMEIE DBTUMM COOBRTMAMM, Kak, HaIpuMep, BTO MMeeT MeCTO B
crlenymoleM ONMCaHuM ajaropmuTMa: "EcamM CcTOJl HAKPHET, TO BeUMCIMTENDb
oomxkeH wunTu obemaTe". Takoe ONMCaHMEe peanmsyeTcd aBToMaToM 0Oes

namMaTH, TaK Kak B DTOM CJydYae U COOBITMEe WM »OeMCTBUMEe ABJATCH
HaOJIOOaeMEIMM TOJIBKO WM3BHE.

VI3 npuBeOeHHOI'O OpuMepa cJjenyeT, 4YTO OOBYHO mJIS KOPPEKTHOTIO
ONMCAaHMSA aJIlOpPMTMa HeIOCTaTOYHO BHeWHeM MHbopMaumum ("cToj HAKpHT"),
a HeoOXOoOMMO 3BHaTh TakKXe M BHYTPEHHEee COCTOSAHMEe BrUMCIMTENS (CHET OH
Uiy ToJiodeH) . Ilpu >ToM oIMcaHue Ipeobpas3zyeTcs CclenyioilyM obpa30M:
"Ecnau BeUMCIMTEJIb TOJIOOEH M CTOJI HAKPHT, TO BHUMCIMTEJE IOOJDKEH MAOTU
obemaTp". Ha TIEPBLIM B3TJIAO, KaxeTcsHd, UTOo IPOM30ULIIO JIUIIb
KOJIMUECTBEHHOE YCJIOXHEHME VYCJIOBMA: BMECTO OIHOM IIEPEeMEHHOM CTaJjio
nBe. OOHaAakO »TO He Tak, CUTyaluusa M3MeHUJIaCb B IIPMHLMIIE, BBMUIY TOTO
4TO B aJITOPMTME [OABMIIACh BHYTPEHHAS I[IepeMeHHas, KoTopas IOOJIXKHAa
HaxXOOUTHLCHA B NaMATM BrelumMciamMTessd, TakK KakK He UM3BEeCTHO, KoTma ee
onpocsaT (BMOMMO, KOI'Da HakKpooT cToJ). TakmumMm oOpas3oM, Hapsany cC
"KOMOMHALIMOHHOM cCcxeMoM" TogaBJIsSAeTCsS UM BHYTPEHHSsd OamMarhb, a "cxema"
IepexonouT B KJacC aBTOMAaTOB C NaMATbI.

[IpuMeHeHUe TpadoB [IepexOomOB I[IO3BOJAET B HABHOM (I'paduueckon)
bopme BBecTM noHATMe "cocTodgHMe" B @ OPaAKTUKY aJTOPUTMMU3ALUM U
OpoTrpaMMUPOBAHMS II0 KpaMHeM Mepe IJid 3alad JOIMYeCKOTO YIpaBJIeHUSA
Hapany C ero IpMMEHEeHMEeM B TeOpMM KOHEUHBIX aBTOMaToB, Teopun
JIMHEMHEBEIX CHUCTEM [35], M™MapkoBCKMX TIIpolleccax [36] M B OTIOEJbHBIX
3amavax OpakTuyueckoro [37] um TeopeTmueckoro [38] mnporpaMMupoOBaHMUA.
T'padel nepexolOB TakKXe I[IO3BOJIAIT B HAIJIAOHOM (QOopMe OTpa3UTh OUMHAMUKY
Iepexonop abToMaTa M3 OIOHOI'O COCTOSAHMA B JOpyloe IIpM M3MEeHEHUU
BXOIOHEIX BO3IEMCTBUM C yKasaHMEeM 3HaueHUM BCEeX BHXOIHBIX II€pPEeMeHHEBIX,
bopMMpyeMEIX B KaXIOM  COCTOSHUU (ona aBsToMaTor ©es3  BBEIXOHOHOTO
npeobpasoBaTesa WM aBTOMaATOBR Mypa) WiIM BO BpeMsa KaxIOoro Iepexola
(nyg aBTOMATOB MwUium) .

Ecam B OIHOM apBTOMATE MCHOJNB3yHTCa 00a cnocoba OQopMMpOBaHMA

3HAQUEHMM BBIXOIHEIX I[IE€PEMEHHEX, TO OH HaleBaeTcsa "cMmemaHHBM" (C-
aBToMaT). ECAM B HeM OIHM U Te Xe IIepeMeHHHe TI[IPUMEHSITCS Kak B
KauecTBe BXOIHEIX, TakK M BHXOIOHHX II€PEMEHHEX, TO TaKO¥ aBToOMaT
HaselBaeTcsa "aBTomMaToM C odjgaramm" [29].

HeobxomumMo OTMETUTHL, YTO OIOHM U Te Xe HaOOph 3HAUEHUM BEIXONHEIX
IIepEeMEeHHEIX MOTyYyT QOpMMPOBATHLCS B PA3HHEX COCTOSHMAX, UYTO Tpebyer
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BBeIEeHUS IOONIOJIHUTEJIbHEX ([IPOMEXYyTOUHEIX) I[IepPeMeHHHX -OJd pas3JMuyeHusa
BSTUX COCTOAHUM.

CocTogHMA aBTOMaTa KJIacCcuOMUMpyoT (ISeKOMIO3MPYIT) BCe BXOIHHE
[IepEeMEeHHEIe Ha TpPyNbl, BBIOENAS B KaXIOM M3 COCTOSHMM TOJIBKO TO
IIOOMHOXECTBO TakMX I[IepPeMeHHHX, KOTOopoe olpemeiygeT TpebyeMble IepexOmEl
M3 paccMaTpuBaeMOI'O COCTOSHMS B COCeIHMe (CMexXHbBle) COCTOSHMSA, B TOM
upycyie ¥ B caMoro ceba. llpy »TOM BXOIHBIE IIepeMeHHEEe, He BXOonOdllre B
Tpylly, ONPeleJIEeHHYI HEKOTOPEIM COCTOSHMEM, He BJIMAKT Ha [IepexXOnsl U3
Hero B IOpyI¥Me COCTOSHMA, T.e. IepexXOolbl M3 pacCMaTpMBaeMOI'0 COCTOSHUSA
HeCyIeCTBEHHO 3aBUCAT (He BaBMCHAT) OT BCeX OCTAaJIbHEIX I[I€pPEeMEeHHBIX, He
BXOOANMX B TPYyONy. 3TO obeclneurBaeT BO3MOXHOCTL peajM3aluM C IIOMOULI0
rpad®oB NepexOomoB 3amad OOJIbIIOY PasMepPHOCTU.

Haxomsack B HEKOTOPOM COCTOSHMM, aBTOMaAT C [aMATHI IIpeBpalaeTcs
B COOTBETCTBYKHIMM arBTOoMaT 06e3 [namMaru (kOMOMHALMOHHEIM aBTOMAT) ,
KOTOPHM 10 3HAUYEHUAM BXOIIHBIX [IEPEMEHHEX, "BEIOPAHHEIX" 3TUM
COCTOSHMEM, OCYIEeCTBJSeT BHOOP ONHOTO M3 CMEXHEX COCTOSHMM, B COCTaB
KOTOPHEIX BXOIOUT WM paccMmMaTpmeaemoe. Horoe cocTogHme "HacTpauBaetT"
aBToOMaT Ha peanM3auMo B o0uweM clydae Ipyr'oro KOMOMHALMOHHOTO
aBToMaTa. TaxkxmM o0O0pasoM, aBTOMAT C [IaMATbD MOXHO pacCMaTpMBAaTL B
KadecTBe MHOTOQYHKUMOHAJIBHOTO MOOYJIS, HAaCTpamBaeMOI'O COCTOSHMAMM Ha
peanm3aluMio B ONpeleJIeHHOM IIOCJIeNOBATEJIbHOCTUM Pa3JIMUHEIX OPTOIT'OHAJIbHEIX
cucreM OyJieBEHX QOPMyJI, ONMCHBALIMX KOMOMHALMOHHEIE CXEMBl M 3aBUCAMMUX
OT PAasJIMUHLEIX I'PYIN BXOIOHBIX [I€PEMEHHEBIX.

C IOpyro¥ CTOPOHE, abBTOMaT C I[IaMATBID MOXHO pacCMaTpubBaTb Kak
MHOTOQYHKLUMOHAJNIBHEIY MOIYJlb, HaCTpauBaeMHM Ha peanM3aluuio C IIOMOILIO
BXOIHEIX II€pPEeMEeHHBX (3HadeHMs KOTOPEX B TEeUeHMEe [OIPOTPaMMHOIO LMKJIA
OOBUHO He M3MEHHAKNTCS) AaBTOHOMHEIX (0e3 BXONHEIX [Ie€pPEeMeHHEX) aBTOMAaTOB.

Ecim cymwecTBYKOT TaKMe BHadeHMs BHIOPAHHBIX BXONHEIX I[I€PEMEeHHBIX,
IpM KOTOPHIX aBTOMaAT COXpaHdeT CBOe COCTOSHMEe, TO Takoe COCTOSHUE
Has3plBAeTCSA YCTOMUMBEIM, M HEYCTOMUMBEIM — B IIPOTMBHOM CJlydae.

CocrosaHMsAM apToMaTa B I'pade nepexolOoB COOTBETCTBYKT BEPWMHE, a
oyraM MexDOy BeplMHaMM — Iepexonsl MexXDy COCTOSHMAMM (HOMEHKJATypa
COCTaBJIARLMX rpados [IEPexXonos MMHMMAJIbHA) . [Tpm 3TOM onyra,
npencrasiapmas coOoM INeTJin, OoTpaXaeT COXPaHeHMEe COCTOSHMSA, B KOTOPOM
aBTOMAT HAXOIUTCHA OO TexX I0p, I[IOKa BHIIOJHAETCS YCJOBMe, IoMedanlee
nerjo. OTCyTCTBME IMeTIM CBUIOETENbBCTBYET O HEYCTOMUYMBOCTM BEPIIMHEH.
ABTOMAT MOXET HAXOIUTLCH B  HEYCTOMUMBOM  BepUMHE  TOJIBKO  OIMH
NPOTPaMMHBIM LUMKJI. OOBUHO OyI'M IIoMedawnTcsa OyJeBbMM (QopMyJiaMM OT
BXOIOHEX ¥ BpeMeHHHX (X u T) OepeMeHHBEX. EIMHMYHEE SHAUEHUI BTUX
bopmMyJ1 onpenesiginT BO3MOXHOCTE BEIIOJIHEHMSA Iepexonob. O0paTMM BHUMAaHME
Ha TOT (QaxkT, dYTO Jaxe IIpM HaIMuuy [IeTJM BeplrHa MoXeT OHTb
HEeyCTOMUMBOM, e€CHIM 3HadeHuda OQopMyJi, NoMedaouye OIOHY M3 €€ BXOIOHEX U
OOHY M3 €€ BHXOIHHX IOyI', He MABJANIYICa IIeTJel, ONHOBPEMEHHO pPaBHEH
enuHuLE .

3HaueHMsa BHEIXONOHEIX M BPEMEeHHEX (Z M t) I[IepeMeHHEX yKasHBBalTCHa B
SBHOM (BuToBOM) BMIE B BeplMHax (nyga aBpToMaToOB 63 BEXOIHOI'O
npeobpasoBaTesigd M aBTOMaTOB Mypa), Ha aOyrax (OjJsg aBToMaToB Muiu) M B
BepuMHax M Oyrax ONHOBPEMEHHO (IJiS CMEUAaHHBX aBTOMAaTOB) .

IBOMUHEIE IIepeMeHHEe t yopaBagonT OQYyHKUMOHAJIBHEIMM  DJIEMeHTaMM
3aIepPXKM, a HOBOMUHBIE IepeMeHHEe T CUTHaIM3UPYKRT O cpab®aTeBaHUM WU
HecpabaTEIBAHUM  BTUX  BJIEMEHTOB. Ipy »TOoM OyzeM [nojlaratTsh, YTo
OYyHKLUMOHAJIbHEIE BJIEMEHTE 3alepXKM B COCTaB aBTOMATOB He BXOOAT U
ABJIATCSA IJIA HMX OIOHMM M3 OOBEKTOB ylhpabJjieHuda. Kommuiexc "AsTomMaT —
OYyHKLUMOHAJIbHEIE BJIEMEHTH  3anepxxkm" obpasyeT eOVHY KOMIIOHEHTY,
HaselBaeMyn "yhOparjdomMM aBToMaToM".

[Ipy dYTeHMM TpadoB NepPexomOB CUMTAETCH, UYTO B KaXIB MOMEHT
BpeMeHM (3a OIOMH [NPOTPAaMMHEM LMKJI) BEIIOJIHAEeTCHA He 0oJjiee OOHOTO
nepexoma: HM ONOHOTO, €CJIM COCTOSHME COXpaHaeTCs, M OIOMH — eCJM OHO
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He coxpaHdeTcHd, UuTO INOoOOEepPXMBAETCH COOTBETCTRBYIIEN NIPOTPaMMHOM
peanmusanumuen.
B kaxImoM CUJIbLHOCBS3aHHOM TIpade TMepexonoB, MCIOJIb3yeMOM IJid
JIOTMYECKOTO YIpPaBJIeHUs, BHIOEJNSEeTCsa OIHa HauvaJibHasd BeplMHA, KoTopas
MOXET COBIIalaTh C KOHEUHOM.

3.4.locTpoeHUe rpados nIepexonos. [IycThb TpebyeTcd
IIOCTPOUTL TI'pad [IepexOonor, ONMCEIBAWMM [IOBEeIeHMe aBToMaTa C I
IOBOMYUHBEIMM BXOIaMM M M IOBOMYHBIMM  BEIXOIaMM. [Oing 3azmay  OoOJIbIOU

Pa3MepHOCTM IIOCTpOeHMe Tpada [OepexXOomoB  OOBUHO  BHIIOJIHAETCS IO
CJIOBECHOMY OIMCaHMI YCJOBMM paboTe o0O0BeKTa ylOpaBJIeHMs, B KOTOPOM
[IoHATHE "cocTogHuMe", aBpJigueecs MaTeMaTHuueCKOM abcTpakuuen,
€CTEeCTBEHHO, HEe MCIOJIb3yeTCH.

OmHako ecau oO¢opManIM3alLMio OPOBOIMUTL C IIOMOIBID I'padoBR IepexoloB
aBTOMATOB Mwuim, HauboOJiee YacTO I[IPMMEHSEMEIX B JMUTepaTrype IJsa ONMCAaHUA
IPUMEPOB aBTOMAaTOB HeDOoJIBLION pPa3MepHOCTH, TO 3TO IIOHATHUE
(abcTpakumMsa) OpUXOOMTCS BBOOUTH Cpas3y OJd pPasIndeHus CcuTyauuu,
CBS3aHHEIX C MBMEHEHMSIMM 3HaUeHMY BHIXONOHBEIX I[IE€PEeMeHHHX IPM OIHUX U TeX
Xe BHAUeHMAX BXOIHEIX I[epeMeHHHX. [locTpoeHue TpadorR I[IepexoloB B
"yzmMeHeHMAX" IOPOXIOaeT nocijenywoumme TPYIZHOCTU 1o 179:4 UTEHUIO
(mMOHMMAaHMI) ¥ KOPPEeKTUPOBKEe, TakK KaK IIPpM STOM 3HAUEHMS BEIXOIHEIX
[IEPEMEHHEIX BaBMCHAT HE TOJIBKO OT COCTOSHMSA, HO M OT SBHAYEHMM BXOIHEX
IIepEeMEeHHEIX, CYUWEeCTBEHHEX IJId pacCMaTpMBaeMOI'O COCTOSHUA.

Ecam xe "cocTrogHue" onNpenesyidTbh KakK KOMOMHALIMIO 3BHAUYEHMM BCeX
BBEIXOIOHEIX I[I€PEMEHHBIX, [IpMYeM OIMHAKOBEE KOMOMHALUM DBTUX [IepPEeMEeHHBIX
paccMaTpMBaTh KakK  pas3JIMyHBEe coCcTOoSHUA, TO Takoe onpenejyieHue
CYWIECTBEHHO  MeHee abcTpakTHO M OoJee €CTeCTBEHHO. [Ipy  3TOM
IIOABJIAETCS BO3MOXHOCTL B KaXIAOM COCTOSHUM MMeTh uHOOpMaLUMIO O
3HAUYEHUM KaX[AOM BHIXOIHOMW MepeMeHHOM, uYTO, [10 MHEHMI aBTOopa, SBJISEeTCH
onpeneNsanuuM  OJId obecrnedeHus B HDajibHeymeM NOPOCTOTEL UTEHMA U
[IOHMMaHMsa, a TakXe KOPPEeKTUPOBKM I'padoB NepexXOIoB.

Ha HadvajyibHOM 3Tale IOOCTpOoeHMHA Ipada NEepexomoB UMCIIO BEPUMH B
HeM JOJIKHO OBITH BBIOPAHO Tak, dYTOOBl Kaxlas M3 HUX IoOmepxXmupaja ONHO
M3 COCTOSHMM OOBeKTa YyIpaBJIeHMS (BKJOUAS COCTOSHMSA, COOTBETCTBYIME
€0 HEeMCHNPaBHOCTAM) WM CHUCTEMBl YyIpaBJieHud (HaOpuMep, COCTOSHUA,
COOTBETCTRYKIIME HENPaBUJILHEIM HercTeuaM OmnepaTopa). B IajlbHeMueM IIpU
HeOOXOOMMOCTM MOXeT OBITh CHeJlaHa I[IONBETKa MUHMMMU3ALUUM UYMCJla BEPUMH.
[Ipy »TOM OTMETHM, UYUTO B OOmeM cJjydae UMCJIO COCTOSHUMM B aBTOMaTe
MOXeT OBITh MeHblle UYMcJla COCTOSAHMM OOBeKTa, Tak KaK O~OHO M TOXe
COCTOSHME aBTOMaTa MOXEeT IIOOOEePXMBATb C I[IOMOWBI OOMHAKOBEIX 3HAUEHUU
BBEIXOIOHEIX I[I€PEMEHHEIX pPasHBle COCTOAHMA OOBekTa (HalpuMep, 2BaKpelToe u
OTKPEITOE COCTOSHMS KJjlallaHa "c namMaTein”" (ero yCTOMUMBEE COCTOSHUSA)
MOTYT MNOOOEPXMBATBCS KaK IOBYyMS, Tak M OOHMM COCTOSHMEM aBToMara C
HYJIEBEIMM 3HAUEHMAMM BHXOIHBIX [I€PEeMEHHEIX) .

Kaxnas KOMOMHAaLUA 3HaYEeHUN BCEX BBIXOIHBIX [IepEeMeHHEBIX
COOTBETCTRBYET OHOHOM BepliMHe TIpada NepexoIoB U IIoMedaeT ee. Kaxnas
BepuMrHa TIpada NepexonoB COEeOMHSAETCs OyTaMy HENOCPeICTBEHHO C TeMHu
ero BepliMHaMM, B KOTOPHE »oJixeH "mnepemTu" aBTOMAT IIPM BHIIOJIHEHUU
YCJIOBUM, IOMedYanlMxX OyI'Y, IIpUYeM IJaxXe COoCeIHME BEepUMHEL MOI'yT OBITH
IIOMEeUEeHH OOMHAKOBO. IIpM B3TOM YyCJIOBMI COOTBETCTByeT OyJjeBa oGopMmyla, a
BBIIIOJIHEHMIO YCJIOBMS — PABEHCTBO 3TOM QOPMYyJIEL eIMHMIE Ha OlpeneJIeHHBIX
BXOIOHHX Habopax, OpMUUYeM KaxXIoM IOyI'e COOTBETCTBYET TOJIBKO OIHa OyJeBa
bopmyria, 3BaBucAmas He OT BCexX N BXOIOHBIX I[I€PEeMEeHHEX, a TOJbKO OT TOTO
X  IOOIOMHOXeCTBa, KOTOpOEe CEeMaHTHMUYEeCKM ONpemejyigseT I[Iepexolbsl U3
paccMaTpmMBaeMOM BEepUMHBL B COCeOHMEe, UYTO I[I03BOJISeT CTPOMUThH I'padsl
IepexOonoBR IJid 3alad BecbMa OOJIbUIOY Pa3MEePHOCTH.

[Ipwn TaKou MeTOOUKeE I[IOCTPOEHMUSA 3alaHHBE YCJIOBUSA PaboTH
peanmm3synTca TpadoM NepexolnoB aBToMaTa 0e3 BEXOIOHOTO INpeobpalzoBaTelid
C NPUMHYIUTEJNbHEIM [29] KOOMPOBAHMEM COCTOSHMM, KOTOPHM B IaJibHEMNIEM B
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cllydyae HeoOXOIMMOCTH, HaopuMep NOpM  HaJIMuMM  BEpPUUH, IIOMEYEHHHBIX
OIOVMHAKOBO, UM OTCYTCTBMM paszjIiMUualllMxX BXONOHHX HaOOPOB, IIpeobpaszyeTcs B
rpad HNepexomoB akBTOMaTa IPyroro TUIa C SBHEM BBEeIEeHUEM I[IOHATUSA

"cocTogHMe" (rpad® nepexomor arToMaTa Mypa) uiy  Opyroro  Twuma
KomuporBaHusa (rpad nepexomnoB aBToMaTa 60e3 BHEXOOHOTO IpeobpaszsoBaTesd C
IPUHYOUTENIbHO-CBOOOIOHEM [29] KOOUPOBAHMEM COCTOSHUM) , He wu3MeHdgd

CTPYKTYPY I[IepBOHAUYAJIbHO IIOCTPOEHHOTO TIpada nepexomoB. B oOTHeNbHBEX
caydyaax ydeT oOTI'paHudueHuy TpebyeT MCHOJb30BaHMA TIpada NepexodoB
CMEeMaHHOTO aBToMaTa, dYTO IIPMBOIMUT K HeODXOOMMOCTHM BBemeHUsa B Ipad
IepexonoB aBToMaTa 0e3 BHXOOHOTO IHpeobOpasoBaTesid MM B I[IOCTPOEHHEM
10 HeMy TIpad DepexomoB aBToMaTa Mypa 3HAUeHMM BHXOIOHBIX I[IePEeMEeHHEX
(uepes mOpobb c OyJjnepol GopMyJIOM, [OMeUdanlley COOTBETCTBYRIY IyIy),
bopMupyeMBIXx Ha nepexome. Illpy »3TOM HeoOXOOMMO OTMETUTH, dYTO Ipad
IepexonoB BceIr'ga MOXeT OBTh IPelCTAaBJIEH B BMIOEe KOMIO3MLIMM, COCTOALEN
3 cucTeMH OyJieBHIX (QOopMyJsl aBToMaTa ©0e3 [amMsaTu (obpazoBaHHOM
bopmysiamMm, OoMedamolMMM IOyT'M I'pada DepexomoB) M Ipaba NepexomoB, IOyI'u
KOTOPOT'O IIOMEUEeHH OIMHOUYHEIMM OyKBaMM, KaxIas M3 KOTOPHEX 3aMeHdeT
COOTBETCTBYNIYID GOPMYyJY .

3.5.0nucaHue ObYHKIUMOHUMPOBAHMUSA aBTOMaTOB tes
DaMATHU . [lpyMeHeHMEe  M3JIOXKEHHOM  MEeTOIMKM IIO3BOJISET  peajM30BaTh
yCJIOBMA OYHKLUMOHMPOBAHMA, He pazjMyuasd COOTBETCTBYEeT JIM MM aBTOMAT C
namMaTeio wiIM ©6e3 namMaTu. EcaM 10jad aBTOMATOB C  IHaMAThIO IIOCTPOEeHMe
rpada NepexOomoB IPM aJITOPUTMM3alUUM [ABJISeTCHS LejecoobpasHbBM, Tak Kak
B SBHOM BMIe OTpaxaeT IIPUCylWyld aBToOMaTaM D3TOTO KJjaccCa 3aBUCUMOCTDb
Habopa 3HaAYeHMM BHIXOIHBIX IIE€PEMEeHHEX I[10 KpaWHely Mepe OT COCTOSHUMSA, TO
OJI9 aBTOMATOBR 0e3 mnaMaTM, OJS KOTOPEIX Takasd 3aBUCKMMOCTB OTCYTCTBYET,
a 3HadveHusa Habopa BHIXOOHEIX II€PEMEHHEIX B pPacCCMaTpMBAaEeMHM MOMEHT
BpPEMEHM 3BaBUCAT TOJBKO OT Habopa BXOIHEIX IIE€PEMEHHEIX B TOT X& MOMEHT
BpPEMEHM, B I[IpMMEHeHuM rpadoB NepexOoIoB HEeT HeodxommuMocTu. IllosTomy
ecJIM yIaeTcd ONpelesiMTb, 4YTOo I'pad OepexOonoB ONMCEHBaeT abBToMaT 0e3
namMsaTy MM MOXeT ObBITh CBeIeH K HeMy, TO TI'pad nepexomoB LiejiecoobpazHO
3aMEHUTh, HAIpMUMEP, CUCTeMOV OyJIEBEIX QOPMYJI.

3.6.CrovicTBa TrpadorB nepexonoB. OIOHO U3 IOOCTOMHCTE IpadoB
IepexonoB COCTOMUT B TOM, UYTO OHM MOTYT OBTHE QOPMAaJIbHO IIPOBEPEHEl Ha
CUMHTAKCUUECKYID KOPPEKTHOCTL (CMHEICJIOBAS KOPPEKTHOCTL, €CTeCTBEHHO,
bopManibHO HOpOBepeHa OBTb HEe  MOXET) . [lpy >sTOoM Tpad OepexomoB
CuMTaeTCsa KOPPEKTHBEIM, €CJIM OH HEeIPOTUMBOPEUMB, IIOJIOH, HEe COIOEePXUT
TEeHEPUPYIMX KOHTYPOB, OTJIMUHEIX OT [IeTeJlb.

[Ipy »TOM CUMTaAETCHd, UYUTO HEIPOTUBOPEUMBOCTL B I'pade nepexonos
obecneuyypaeTCcad B TOM CJydae, €CJM B HEeM 3alpelleHE OIJHOBPEMEHHEE
Iepexonu IO JIOOBIM OBRYM MM 0OoJiee IOyTraM, MCXOOANMUM M3 ONHOM BEPIUMHH.
Ecim OIOHOBPEMEHHEE I[IepexOolbl M3 OOHOM BEPUMHE HOONYCTMMEI, TO TaKMe
rpadel IepexomoB, B KaxIooM M3 KOTOPHX HOONYyCTMMO OIOHOBPEMEHHOE

cyliecTBOBaHME HEeCKOJIbKUX "aKTUBHBEX" BEPIMH, HasHBATCHA rpadamm
IepexonoB c napajjejii3MOoM. T'padur IepPexonoB c napajjesm3MoM
oTauyYamnTca oT IauarpamMm "I'padceT" TOJIBKO OTCYTCTBMEM BO3MOXHOCTMU

OCylleCTBIJIECHUA BHYTPU O,JZ[HOf/T KOMIIOHEHTEL CUHXPOHM3aumm 3aBepleHnd
napaJijiesIbHEX IIPOLIeCCOB. IIpM MCIOJIB30BaHUM CUCTEME B3aMMOCBSA3aHHBEX
rpadoB IepexomoB C IapajuJiesaM3MOM M ONMCaHMM KaxXIoI'o ajilopuTMa
OTIEJNIbHEIM TI'pad®oM IIepexonoB (KOMIIOHEHTOM) CUHXPOHMI3AUMS IPOLECCOB IIpHU
HeOOXOOMMOCTM OCYIECTBJISEeTCaS B TI'OJIOBHOM Ipade mnepexonoB. lloBenmeHue
rpadoB IMepexomoB C IapaJuiesiM3MoM (omnpenejssgemMoe TpadoM  IOCTMXUMBEIX
MapKMPOBOK, ABJIAKIMVMC A I‘pad_)OM rnepexXxonos MeXIy BCeMMN BO3MOXHBIMM
COCTOSHMSAMM KOMIIOHEHTH WMJIM CUCTEMH KOMIIOHEHT) OTJIMYaeTCcs OT €ero
OTIMCaHUA : rpad nepexomor C @ HOapajJeamM3MoM gejiaeT  "Oojseme", ueM
ONMCHBaET eT'o CTPYKTYypPpa.

B sToM cMmbICTIEe Tpads IepexonoB (6e3 (JjJaroB M yMOJUYaAHUNM BaBUCSIUX
OT MNPENHCTOPUM 3HAUEHUM BEIXOIHEIX I[I€PEMEHHHEIX) aHaJIOTMUHBE IapajijiesIbHO-
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IOCJIenOBaTEJIbHEIM KOHTAKTHEIM CXeMaM, IJIS KaxXIoM M3 KOTOPHX OyJeBa
bopwmyna, ONMCEIBAKIIAA €€ CTPYKTYPY, OOHOBPEMEHHO 3alaeT U ee
byHKIIMOHUPOBaAHME  (MIOBedeHMe), a TIpadel I[IepexomoB C IapajljiesiM3MOM
QHAJIOTMUHE MOCTMKOBBIM KOHTAKTHEIM CXeMaM, -OJ8 KOTOPHX OyJjieBa QopMyJia,
ONMCHIBaKIAasS IIOBEeOEeHMEe KaxXIOoM M3 HUX, He 3alaeT ee CTPYKTYypYy.

[lpr »TOM, ecam B TIpade NepexXOoIOB BTOIO THIa NOHATMA "BepumHa" u
"cocTroaume" ABJIATCA CHMHOHMVMAaMM, TO oisa rpados [Iepexonos C
napajjesr3MOM DTUM [OHATMS HEe SBKBMBAJICHTHEH.

STa 0OCODeHHOCTbL Ipad®oB NepexXOoIOB C HapaliljleIM3MOM, I103BOJIANIASA
KOMIIaKTHO M O0OO0O3pMMO OINMCEHBATE UM PEaJIM30BEBATEH HEKOTOPEE KJIACCEL
IapaJiJiesIbHEX [IPOLIeCCOB OIOHOM KOMIIOHEHTOM (Tak KakK B IIPOTMBHOM CJlydae
OPUIIJIOCE OBl CTPOMTB M pPeajiM30BEHIBATE I'padel NepexOIOB C OOJbUMM YMCJIOM
COCTOSHMM) , CBA3aHa C IIOTEepey BaxXHeMmero CcBoMcTBa I'pador HepexoloB
fe3 QJIaror M yMOJUYaHMM. OTO CBOMCTBO COCTOMT B TOM, UYTO UMCJIO BEPIMH
B TakoM TIpade HepexOomoB COBIAIaeT C UYMCIJIOM COCTOSHMM OINMUCEHBAEMOT'O UM
aBToOMaTa.

Ipr odopMaslbHOM (M HOPABMJIBHOM) IIepexome OT TIpada [IepexXxOomoB K
TEeKCTY I[NIPOTPaMMEl 2TO CBOMCTEBO IIPM OIOHMX MEeTOHOaxX peau3aluyM MOXET
OBITE COXPAHEHO IIOJIHOCTBI, a IOpM JPpyTMX — 4YacTUYHO. YaCTUUYHOCTD
COXpPaHeHMsa ©BTOro CBOMCTBA CJlegyeT [OHMMaThb B TOM CMBICJIe, UYTO,
HalpuMep, IpM OIMCAaHMM 3aZaHHOTO TIpada nepexomos (B ciaydae, KoTrza
4UlyCJIO BEPUMH B HEM He paBHO BeJMuMHe "OBa B CTeneHu") C IIOMOUWEBK
CUCTeMBl OYJIEBEIX GQOpMyJI M OOpaTHOM IOCTPOeHUM Tpada NepexoldoB 10 3TOMU
cucTeMe, B HOBOM TIpabe NOSBJIANTCHA BEPUMHE, OTCYTCTBYHIME B MCXOIHOM
3amaHum  [39]. OnmHako Tak Kak I[Iepexols M3 BepmMH 33alaHHoTo Tpada
IepexonoB B HOBHE BEpPUMHE OTCYTCTBYKT, TO, HECMOTPA Ha HaJaMuue
IepexOOOB M3 HOBHIX BepUMH B 3aIaHHEE, Takad peajlu3aluusa gBJISeTCHd
KOPPEKTHOM .

Ipu peanuzauuy TpPadoB MIepPexomoB, C IMOMOIBI KOHCTPYKUMM switch
a3eika  Cm, yKa3aHHOe CBOMCTBO BBUAOY MX M30MOpbM3Ma MOXeT OBTH
COXPaHEeHO IIOJIHOCTBhI [29].

[lpr HedopMaJIBHOM IIlepexozme OoT TIpaba HOepexXoloB K OpoTpaMMe
IIOBeIeHMre IIOCJIeNHEM MOXeT OTJIMYaTbCa OT Ipada NepexomoB, B TOM UdUCIE
¥ TakuM obOpasoM, UYTO MCIOJb3YySa €I'0 B KadecTBe TecTa OJda [IPOBEPKU
OpOTPaMMEl, MX HECOOTBETCTBME OOHAPYXUTb He YyHOaeTcda. 3TO ODBACHAeTCHd
TeM, 4YTO B I'pade MNepexXOIOBR IOMeTKa IIPAaKTUUECKM KaXIoI'o Iepexonma He
3aBUCUT OT KaKuUxX—JubO TIepeMeHHHX M3 BCEer'0 MHOXeCTBa  BXOIHEIX
[IE€EpPEeMEHHEIX, KOTOPHE B INporpaMMe C omMOKaMM MOTYT CTATh CYIEeCTBEHHBEMU
IOJI1 paccMaTpMBaeMoro Iepexona. Hanpumep, eciaM HEKOTOPHM IIepexon B
rpade HDpomcCXoOoMT IIpPM HOMeTke x4, a B IIporpaMMe »JToMy I[Iepexony
COOTBETCTBYyeT mnoMeTka x4&!x5, To Takywon ommbky ©Oe3 I[0JHOTO Iepebopa
WY [OCTPOeHMA TIpabda NepexOomoB II0 OporpaMMe OOHAPYyXUTH MOXHO TOJIBKO
clyyarHO. 3TO ele pa3 I[IOATBepXIaeT BLICKasl’bBaHMe 3. JIeMKCTPH O TOM,
UTO C I[IOMOUBI TECTOBR MOXHO OOHApyXMBATh BCE HOBEIE UM HOBEE OWLMOKM B
oporpaMMe, HO HeJb38 I0KazaTb, YTO MX B HeM I0CJjle TeCTHUPOBaHMUA He
OCTaJIOCh. VIMEHHO IO D2TOM INPMYUMHE B HacTodwel paboTe ©OOJblIOEe BHUMAaHMUE
yoendgeTrcsd IIOCTPOEHUIO "TOHATHEIX" Creumanmucram pasHoro npodmia
QJITOPUTMOB M HOPOTPAaMM, UYTO OOJDKHO IIO3BOJIMTE YCTPAHUTH MHOTME OWMOKU
B HMX B pe3yJibTaTe COIJIaCOBaHMSA Ha pPa3HHEX CTaIUaX [IPOEeKTUMPOBAaHMUAI,
BKJIOUAA n HadaJibHEE . dopmMasIbHOCTE u N30MOPOHOCTH IIOCTPOEHUHA
nporpaMmel Mo "noHATHOM" chneumdukKaluM, OJIS KOTOPOM TakKxXe IOCTpoeH (M
OTKOPPEKTUPOBAH B CJllydae HeOoOXOoIMMOCTM) Ipad IDOCTUMXMMEIX MapKMPOBOK,
OIPUBOOUT K TOMy, UYTO TIpad ODepexXOmOB MOXEeT CJYXUTb He CpeICTBOM
oTJlalKM, a CPeICTBOM CepTUbMKALMM HPOTPaMM.

HenpoTmBOpeuMBOCTL I'padoOB [NepexXoloB (KOHBIOHKIMA I[IOMETOK JIOOBIX
OBYyX IOyT', MUCXOOAUWMX M3 OHNHOM BEPUMHE, pPaBHA HYJIK) obOeclHneuMBaeTCHd:

— npu Pa3HOBPEMEHHOM npmuxone "IpPOTUBOPEUYNBEIX" 3HAUYEHUN
[IEPEMEHHEIX ;
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— npu pabore C QpoHTaMM HepeMeHHHX ("cobweiTma") ;

— opToToHaIu3auuey  (yCcJIOXHeHUEeM IIOMEeTOK) IPOTUBOPEUMBEIX  OYT
(HanpuMep, OpM peanm3aluM IO cucTeMe OyJIeBEX GopMyd) ;

— PAaCCTaHOBKOM IMNPUOPUTETOB (YUMTEHIBAETCSA IMOPAIOOK PAaCIOJIOXEeHUS
KOMaHI B TIpoTrpaMMe IIPM PpeajM3aluM CclIoco®oM, OTJIMUHBIM OT IIOCTPOEHUS
CUCTeMHE OyJIEBEIX GOPMYJI) ;

— "pacmengeHueMm" BepUMH C [IPOTUMBOPEUMBEIMM IOyTaMu (yBeJmMueHUe
yycJsla COCTOSHMM aBToMaTa) .

[lonmHOoTa Trpada MNepeXxXOolOoB (OMBBIOHKIIMA IOMETOK BCexX OyIT', MCXOISMUX
us BEePIUINVHEL, paBHa enuHule) npoeBepsaeTcs rnocie obecrneyeHusa
HENPOTUBOPEUMBOCTHK . [IpM peanuszaluuu Ipada IepexOomoB C IIOMOIBI CUCTEMH
OyJIeBHX OGOPMYJI IHOOJIXHBEI OBITH IIOMEUEeHH BCe IOyI'M, MCXOOAlME M3 KaxIoon
BEPUMHE, a OpM JPYyI'MX BapuaHTax peajus3aluy IIOMeTKM I[IeTejib OJIs
aBTOMaTOB 06€3 BHXOOHOT'O IpeoOpalzoBaTelid WM aBTOMATOB Mypa MOTYT
yMaJluMBaTbCsa. [IpM »TOM MOpenrnojlaraeTcs, 4YTO IIOMEeTKa IeTJM B BeplMHEe
obecrneumBpaeT "NoJIHOTY" IocCHenHeNr.

B rTpadax M[epexomoB CYIHECTBYIOT T'eHepupyllMe KOHTYPE, €CJM II0
KpalHel Mepe B OIOHOM M3 HMX KOHBIOHKLMS IIOMETOK BCexX IOyI', KOTOPHEE €TI0
obpazynT, He paBHa HYJIO. YcTpaHeHue TeHepPUPYoIMX KOHTYPOB
OCYyWEeCTBJIIETCS TeMM Xe MeToImaMM, UTO U YCTPaHEeHME IPOTUBOPEUMBOCTHU
(Ba MCKJIDUEHMEM PaCCTaHOBKU MIPUOPUTETOR) .

3.7.KonupoBaHue COCTOSAHUM asToMaToOB. g pealusauum
rpada T[IepexomoB €TI0 BepmMHB (COCTOSHMSA) IOOJDKHEL MMETH pPa3JIMUHBIE
rnoMeTkMr (KOIHI) .

Eciu B rpade mnepexomoB arBToMaTa 0e3 BEXOIJHOTO OpeobpasoraTesid
BCEe BEPUMHE MMEIT Pas3JIMUHEE IIOMETKM (3HAUEHMS BHXONOHEIX I[I€PEMEHHEIX) ,
TO BDTU Xe& TIOMEeTKM (B ILeJIOM WM OTIeJIbHBIE KOMIIOHEHTEH, UX pasjindailiume)
MOTYT MCIIOJIb30BAThLCS B KadyeCTBEe KOINOB COCTOSHMM apToMaTa. OTOT
crnoco® koOMpoOBaHMUSA OyIeM Ha3bBaThb NPUHYIAUTEJIbLHBM.

Ecim B Tpade MnepexoloB aBToMaTa 6e3 BHXOOHOT'O IIpeobpas3oBaTesisa
IIOMETKM HEKOTOPHIX BEPHUMH COBIamalnT, TO IJsA UX Pas3JIMUeHuUsS BBOIUTCSH

MMHMMAaJIbHO HeoOxommmMoe YLICJIO IOOTIOJIHUTEJIbHEIX (mpomMexy TOUHHX,
BHYTPEHHUX) TI€PEeMEeHHHX Vi, BHAaUYeHMs KOTOPHX Pa3JMualT OIMHAKOBLE
BEPIUIMHEL. STOoT BUL KOIMPOBAaHUS oynoem Has3bBIBATH NPUHYONUTEIHLHO—
CBOOOIHEIM .

B aBTomMaTax Mypa, Mmiam ¥ CMemaHHBIX aBToMaTax IIPUMEHSeTCH
cpobOOOHOE KOIOMPOBAaHME, IIPM KOTOPOM KOHH BeplMH TIpadorR [IepexXxoloB
BEIOMPAITCS HEe3aBUCMMO OT 3HaUYeHUM BEIXOIHEIX I[I€PEMEeHHEIX, CBA3aHHBIX C
3TYUMM BepUMHAMU .

"Ceoboma" xoOMPOBaHMSA nOJIS DTUX TUIOBR aBTOMATOR IIPM IPOTPAMMHOMN
peanm3aluMy COCTOMT TakXe M B TOM, UYTO CaMM KOIE IIPpM BHOPAHHOM BUIE
KOOVMPOBAHMA B OTJIMUME OT aCHMHXPOHHOM allapaTHOM peajnu3aluy MOTyT
IpucBamMBaTLCH BepuMHaAM I'pad®oBR NepexOonOoB MNPOU3BOJIBHO.

/I3 Bcex BUIOOB CBOOOIHOTO KOAMPOBAHMA NIPM NPOTPaMMHOM pealus3aluu
aBTOMATOB HamboJiee LeJlecooOpasHO MCIOJb30BAaTh IBa BMIa KOOUPOBAHUA:
IBOMYHOE M MHOTO3HAuUHOe (LeJIoUMCIJIeHHOe) .

B mneproM ciyuyae 1i-¥ BepumHe Tpada MNepexonoB IMpPMCBAMBAETCH OIOHA
IBOMUHAS IepeMeHHas Y;, IpMHMMAaKIas eIVMHMUYHOEe 3HadeHMe TOJIbKO B 1-U
BepuUMHE M HYyJIEBO€ BO BCEeX OCTAaJIbHBIX BepPUMHAX.

Bo BTopoM cnydae I-My Tpady NepexoloB B LeJIOM IIpMCBaMBaeTCH
omHa MHOTOSBHAuUHAsS IepeMeHHas YI, Jj—-e 23HaueHMe KOTOpOo¥, B CBO
ouepelb, IIpUCBauBaeTCcs Jj-¥ BepumHe I'paba nepexolosB, UYTO obeclneuusBaeT
peanmM3auMio aJITOPUTMOB C MMHMMAJIBHO BOBMOXHBIM UYMCJIOM IJOIIOJIHUTEJIbHEIX
IIepeMeHHEX . VMEeHHO 5TOT BUMI KOOMPOBAHMA U oOecneuMBaeT Haujyulee
uTeHMe nporpamMm. Jpyroe OOCTOMHCTBO D3TOTO BMIAa KOOMPOBAHMA COCTOUT B
TOM, uTo npenenylee 3HaueHue MHOT'O3HAUYHOMU [IepeMeHHOM HeT
HeOoOXOOMMOCTM  COpaceBaTh IPUHYIUTEJBHO, Tak Kak I[IpOUCXOOUT ee
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aBTOMATHUYE CKIUM cbpoc npu nepexone K Ipyromy 3HAUYEHUIO 2TOM
nepeMeHHoM. Ilpu 2TOM HeOOXOIMMO OTMETUTH, UYTO IIPM HaAJIUUMM OINHOM
BHYTPEHHEN I[IepeMeHHOM B OHOHOM I'pade NepexOmoB CcocTda3aHua "sjemMeHTOB"
IaMaTy OTCYTCTBYIT, TakK Kak DTOM IIEepPeMEeHHOM He C dueM "cocrsazarbca'.

Bojiee TOTO, IPM KOPPEKTHOM OPTaHM3allMM BEUMCIUTEJIBHOT'O IIpollecca
COCTSa3aHUA "sr1emMeHTOB" namMsaTu OTCYTCTBYIIOT opu JIroboM BUIOE
KOIMPOBAHUSA : nporpaMMa MOXeT JubOo [IPaBUJIBHO, MO0  HeNpaBUJILHO
peanmM30BHBATEL  3alaHHBM  aJITOPUTM, TaK KakK B OTJIMUMEe OT OIOHOM
ACUHXPOHHOM CXEeMbl OHa He MOXeT BecTu cebsg No-pas3sHOMYy B 3aBUCUMOCTU

OT ©peayibHEIX "Bazmepxek 5sJyjeMeHTOB". HasHaueHMe [OPSOKAa BHIIOJIHEHUSA
KOMaHJII B MpoTpaMMme SgBJSeTCsS CBOETO poJda CHHXpoHMU3aluen. Hamnpumep,
ecim B KadyeCcTBe SA3BIKA IPOTPaMMUPOBAHMUSA [IPUMEHSAETCS SABEBIK

GYHKUMOHAJIBHEIX CXeM M B 0Oasmce BTOT0 [A3BKa I[IOCTPOEeHa HeKoTopad
cxeMa, TO OPpM HOONYCTMMOCTM WM3MEHEHMM SHAUEHMM BXOIHEIX IIepeMeHHBIX
TOJIBKO B Haudajie I[IpoIrraMMHOI'O LMKJIa I[IpM OIJOHOM IIOpAdIKe CpaﬁaTbIBaHM,CI
(HymMepauum) BJIEMEHTOB OHa Oyner VIMETH OIHO IIOJIHOCTHIO
OIeTepPMUMHUPOBAHHOE I[OBeIeHMe, a OpM IJpyT'o¥M HyMepaluuu — Opyroe Takxe
IOJIHOCTBIO IOEeTEPMMHMPOBAHHOE IOBeIeHMe, IIpMYeM HM TO HM IOpyTroe
[IOBENEHME MOXET HE COOTBETCTBOBATH XEJIAEMOMY .

[looToMy OpPM OPOTPaAMMHOM peajamM3alumMu OJjsd JoboTo BUIa KOIOVMPOBAHUA
COCTOSHMM, MCIOJb3YHIEr0 B TOM UMCJe HecoceIHre HaOOpH IIepPeMeHHEX,
opm QopMaJIbHOM Iepexonme oT TIpada HOepexoIoB K IporpaMMe OHa B

"MeIJIeHHOM TakKTHOCTU" (mocie 3aBEPIEeHU I npouecca OIOHOKPATHOTO
BHUMCJIEHMS IO HeM) 0OyneT OQyHKUMOHMPOBATHE B COOTBETCTBUM C IpadoM
IepexonoB, HEeCMOTpPSA Ha TO 4YTO B "OHCTpoM TakTHoCcTH" (B XxoIe Ipollecca

ONHOKPATHOTO BHUMUCJIEHUA) SBHAUEHUSA I[IepPeMeHHEX MOTYT OTJIMYaTbCa OT
XeJjlaeMeX . [IpyM 2TOM HENPUMATHOCTM B OTJIMUME OT AaACUHXPOHHEIX CXEeM He
BO3HMUKAT, TakK Kak I[IPOMeXyTOUHEE  3HAauUeHMS  KaxIoy  I[epeMeHHOM,
BBIUMCJIEHHEIE BHYTPM NPOTPAMMHOIC LMKJIA, OUILTPYIOTCH.

[IlycTs, HalopuMep, [IPY HEINOCPEeACTBEHHOM IIepexole U3 COCTOSHUA
rpada nepexomos c¢ kxozmoM "00" B cocrosgsHme ¢ komom "11" wmMeeT MeCTO
IepekJioUaTeJIbHEY  [IPOolLecc "00-10-11", B  KOTOPOM 3HaueHUue "io"
aBJdgeTCcs IOpoMexyTouHeM ¥ "ounbTpyerca". Ilepexonm "00-01-11" 1nopum
IPOTPaMMHOM pealM3aluM C IIOMOUBI CUCTeME OyJIeBEIX QOPMyJI B OTIMUMKE OT
ACHMHXPOHHEIX CXEeM HeBO3MOXeH, TaK KakK I[IOpAINOoK M3MeHEeHMS 3Ha4YeHUM
IIEepPEMEHHEX ONHO3HAUHO OlpeleligseTCcsa I[IOPSAIKOM PacCIoJoXeHUsa GopMys B
cucTeMe .

3.8.0coBDeHHOCTM MCIHOJIb30BaHUA TIpadorB nepexonon. Illpu
peanm3auMy  aJropmMTMa omHMM I'padoM [IepexXOomoB aBToMaTa Mypa wIn
aBToMaTa ©0e3 BHXOOHOT'O IpeobpazoBaTensa U QopMajibHOM I[epexole K
TEeKCTy TIpoTrpaMMel IO TIpady nepexoloB ©6e3 @(Jjgaror u  yMOJIUaHUM,
ABJIAKMEMYyCs OIHOBPEMEHHO U IpadoM IOOCTUMXMMBEIX MAapKMPOBOK, IIOJIHOCTLIO
ONMCEHIBAKIMM I[IOBeIeHMe aBToMaTa, D2TOoT Ipad MOXeT CHAYyXUTb TaKxXe U
TEeCTOM HOJig [POBEPKM M[IPaBUIILHOCTM IIpOoTpPaMME. EcCiIM OporpaMMa B STOM
clydyae IIoCTpoeHa O TIpady [DepexOmOB He TOJIbKO (QopMajibHO, HO U
n3oMOopdHO (obecneueHa WM300pa3UTEJIbHAS BKBMBAJEHTHOCTL MexXOy Ipadom
IepexOonOoBR UM TEeKCTOM IIPOTPaMMEL), TO TeCTUPOBAaHME MOXeT OBITb BaMeHEeHO
CBEPKOM ee TekcTa C IpadoM HepexonosB.

Ecim rpad nepexomos comepxmuT diarm M yMOJYAHMHA, TO HIOJIS IIOJIHOT'O
aHanM3a eIro IOBeIeHMS IOJIKEH CTPOUThLCHA Ipad OOCTMXMMEIX MapKUPOBOK,

KOTOPHIM B IaJlbHeMmeM MOXeT MCIIOJIB30BATHCH B KauecTBe
cepTUOMKALMOHHOTO TeCcTa NPOTPaMMH .
BsaumMomemncTBME MEXIY rpabamm IepexonoB B cucreMme

B3aVMMOCBA3aHHEIX I‘pa(bOB InepexXxogoB MOXeT OCyHWeCTBJIATbBCA IIO BXOIOHEBM,
BBEIXOIOHEIM, a, caMoe IJIaBHOeEe, MHOI'O3HA4YHBIM BHYTPEHHVM IIepeMeHHEIM,
KoOmMpynimlrM BEPUMHEI I‘pa(i)OB ’ uyTOo obecneumBaeT GOJ'II:LLIYIO HATJIAOHOCTb U
JICKJI4YaeT HeOoOXOOMMOCTb IIPVMMEHEHNUA IJIA 2TOM eJin JOIIOJIHNUTEJIbHBIX
BHYTPEHHMX IIepPeEMEHHEIX . HpM S5TOM aJiToprTM YHnpaBJIEHUA MOXeT OBITH
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InpencraepJiIeH B BMIOe I'OJIOBHOI'O W BEISEIBAE€MEBEIX I‘pad_)OB, a TaKxe B BHUie

napajjesibHO padboTamomMx KOMIOHeHT. CHUCTeMbl B3aMMOCBSSBaHHEIX I'pados
IepexOnOoBR MOTYT OBITbH IIOCTPOEHHE M [IO NPMHLUIIY BJIOXEHHOCTMU.
B BepumHax (xkak B noumarpaMmax "I'padcer") m Ha o»gyrax rpados

IepPexonoB MOT'YT HE TOJIbKO YCTaHABIMBATBLCSA U COpaceBaATbCSa IBOUYUHEE
BBIXOIOHEIE I[I€PEeMEeHHEe, HO MOT'YT UM 3alyckaThbCsd IIPOLEeCCH, OIMCaHHHE,
HamnpuMmep, kKak C TOoMOmb TIpadoB I[IepexomoB, TaK UM C TIIOMOIBID CXEM
aNTopPUTMOB. IIpM OINMCAaHMM [Ipollecca, IMPOUCXONANEeI0 B HEKOTOPOMW BEpIMHE
rpada Iepexonos, o} [IOMOIIEL IO CXEMEHI anropuTMma, OH MHOTOKPaTHO
BEITIOJIHAETCS, IO TexX IOop IIoKa abBToOMAT HAXOOMUTCS B BSTOM BepuMHe, U
3aBepmaeTcsa (mocjie OKOHUYAHMS OUepelIHOTO MNPpOoXoda CXEeMH ajilopuTMa) IIpu
nepexomne rpada NepexomOoB B HOBYK BepUMHY. B KauecTBe IIpUMepa TaKoTo
npoliecca MOXHO TIPMBECTHM pealiM3aluio B BeplMHax I'pada [IepexoloB
OYHKLMOHAJIbHEIX BJIEMEHTOB 3alepPXKM C IIOMOUIBbI MMITYJIbCHOM IIepeMeHHOM,
IPMHMMAKIEN eIMHMUHBIE 3HAaueHMs OIMH pa3 B CEeKYHIY.

g aHanmsa [IoBeIeHusa (Bcex OYHKLMOHAJbHEIX BO3MOXHOCTEN)
IIPOU3BOJILHOM CHUCTeME Tpad®oB IIepexonoB, HOaxe B CcJydae, KOoI'Ja KaxXIben
U3 HUX HEe COoIepxXmuT GjaaroB ¥ YMOJIUaHMM, IJOJDKHEL CTPOUTBLCS OIOUH (IJ14g
ciaydas, Korma  Bce Tpadel 1IepexonoB CHUCTEeME B3aMMOCBSAS3aHH) WUIn
HEeCKOJIbKO (mJja cJaydasd CyULleCTBOBAHMSA B CHUCTEMEe He CBS3aHHBX MexIOy
cobom Tpynl rpadoB HDepexOomoB) I'padoB IOOCTMXMMEIX MAapPKUPOBOK.

3.9.0cHOBHHE 5TalH ANTOPUTMUBALUUU npu
MCHONBb30BaHUM TpadoB nNepexonorB. PazpabaTelBaeTCcsa CxeMa CBA3eU
"MCTOUHMKM MHOQOPpMaLUMM — YNPaBJIAKLMM aBTOMaT — CpelcTBa NpelCcTaBJIEeHUS
nHOOpMaALMM — MCIOJIHMTEJIbHBEIE MEeXaHM3MH".

YOopaBagomMy aBToMaT IOEeKOMIO3MPYETCS Ha aBTOMAT UM QYHKLUMOHAJIbHEE
BJIEMEHTH SBalepPXKM, YTO IO3BOJISET UCKJIKUUTH BPEeMA M3 MOIeJM, OCTaBUB
TOJIBKO OUTOBEE [IepeMeHHEEe t, npeiHa3HaUYeHHEE ojs 3anycka
GYHKUMOHAJIBHEIX  DJIEMEHTOB  BalEePXKU (BEIXOZBI aBTOMAaTa) U OUTOBEIE
nepeMeHHele T, cCcHUTIHaIM3upyomme O cCcpabaTEBaHUM DTUX DSJIEMEHTOB (BXOIH
aBToMaTa) . IllpyM »TOM MNpenvayias cxema IIpeobpal3yeTcsa B CXeMy CBA3eM
"YMCTOUHMKM MHOOPMaLMM — aBToOMaT — QYHKLUMOHAJIBHEIE SJIEMEHTH 3aOepPXKU —
CpencTBa NOpencTaBJieHMa MHOOpMALMM — MCIOJIHUTEJIBHEIE MEXaHM3MBL".

[lp HeoOXOOMMOCTM  aBTOMAT 3BPUCTUUECKM JEKOMIO3MPYEeTCHS  Ha
CUCTEMY B3aMMOCBS3aHHEIX AaBTOMATOB MEHBIIEM Pa3MEPHOCTM. JIeKOMIIO3ULINA
MOXET IPOMB3BOOMUTLCSH IO pPexmMaM, OOBeKTaM MJIM CMeUllaHHEIM O0pas3oM.

[TocTpoeHUEe CXEeMEI CcBA3en "MCTOUHUKHA uHbopmMauum — — cucreMa
B3aVMMOCBABAHHEX AaBTOMATOB — OYHKUMOHAJIBHEIE DJIEMEHTH  3a0epXKU  —
cpencrea npencTaBlJieHUd nHbopMaL UM — VCIIOJIHUTEJIb HEIE MEeXaHU3ME"
3aBeplaeT CTaIM APXUTEKTYPHOT'O (CMCTEMHOIO) MNPOEKTUPOBaAHUA.

PaccmaTpmeaga i-m aBTOMAT BMECTE C yIIpaBJsgeMbEIMU M
OYHKLUMOHAJIbLHEIMM 2JIEMEHTaMM 3alepXKM B KauecTBe 1-To yHOpaBJAoIETO
aBpTOMaTa, MOXHO CUMTATh, UTO TIOCJIEeONHSd CXeMa COIEPXUT CUCTEMY
B3aVMMOCBABAHHEX YINPABJIAKIMX aBTOMaTOB.

IJsa KaxIoTo aBToMaTa OCYUECTBJISEeTCS BHOOP CTPYKTYPHOM MOIENU
(kOMOMHAUMOHHEIN aBTOMAT, aBTOMaT 0e3 BEIXOIOHOTO Ipeobpa3oBaTend,
aBTOoMaT Mypa, aBTOMaT MMM, CMENaHHBM aBTOMaAT UM T.I.). BHIOJIHSAETCS
KOOVMPOBAHME COCTOSHMM aBTOMATOB C IaMATBIO.

CTposs KOPPEeKTHHM TIpad [IepexXoloB, OIHO3HAUHO COOTBETCTBYINUM
BHIOPAHHEM CTPYKTYPHOM MOIEJIM M BaPMaAHTy KOOMPOBAHMUSA COCTOSHMM, OIS
aBTOMaTa C HOaMATbO, BXOOAmeTro B cocTas Kaxnoro  yHOpaBJgnlero
aBToOMaTa, U O0OBeOMHSS I[NOCTPOEeHHHEe Ipadel B CcuUCTeMy, IIOJYyUUM CUCTEMY
B3aMMOCBSI3aHHBIX rpados Iepexonos, KOoTOpada ABJIAETCHA bopmMasibHOM
cneuubomxaumey — aJroOpUTMOM yIpaBJIeHMA. Ha »ToM CcTaIMM CTPOSTCHA TaKxe
bopmManpHEE CcrneuubomrauuM Oia8 OYHKUIMOHAJIBHEIX BJIEMEHTOBR SBalepPXKU U
MozmeJsiey  OOBEKTOB  yIPABJIEHUS. [locTpoeHMe crneupmkaumMy  3apeplmaeT
BTOPYI CTaIM MNPOEeKTUPOBAHUS YHNPaBJISOIEN TPOTPaMMH .
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Ha TpeTbheMn cTanmmn NPOEeKTUPOBAHUA npu HeOBXOOUMOCTU

ocymecTBJIgseTCcsS  BHOOP, [IOCTPOEHME U  ONTUMM3AUUS  aJITOPUTMUUECKUX

MOIeJsiey, pealusyioilux ¢GopMalibHbEe chneumdukalum, C ydeToM pola (IepBoTo

WM BTOPOTO) IIPUHATOM CTPYKTYPHOM MOIEeJ M KaxXIoI'0 aBToMaTa C IIaMAaThio,
HanpuMmep aBToMaTa Mypa BToOporo ponda [39].

llpennaraemMas TEeXHOJIOTUS BKJIIOUAET MEe T OIbI bopMaIM30BaHHOTO
nepexoma oT TpadoB OepexomoB K PABJIMUHEM TUIAM aJTOPUTMUUECKUX
MomeJsen, HanpmuMep K TaKMM, Kak CUCTEMEI Oy JIeBEIX bopmy,
bYyHKLMOHAJILHEIE  CXEMH, JIECTHUYHEIE  CXEMH, CXEeMBEl  aJITOPUTMOB  0e=3

BHYTPEHHUX OOpPATHHIX CBA3EM.

[lp »TOM, €CTEeCTBEHHO, UYUTO U TIpads I[IepexOoIOoB TaKXe SBJIANTCH
aNTOPUTMUUECKOM MOIesbio, Iepen NPpoTpaMMMPOBaAHMEM KOTOPOM HeOoOXOIMMO
3HATb PO BHOPAHHOM CTPYKTYPHOM MOIEJM.

Bribop TOM WU VIHOM AJITOPUTMMUECKOM MOIEeJN 3aBUCUT oT
VCIIOJIb3YEMOTO S3bKa NPOTPaMMUMPOBaAHUA. [IpM 2TOM IJid HEKOTOPHIX S3BKOB,
HanpuMmep Cu, MOXeET MNPUMEHATLCS Jiobas U3 IIepeuMcJIeHHBIX MoIesielM, a noJsd
OpyTmx, HampuMmep bYyHKIIMOHAJIbHBIX cxeM, UMCIIO TaKUX MoOneJien
oTpaHUYMBaEeTCS ONHOM.

[locjsie BHIOOPa aJTOPUTMUUECKUX MOIeJieM NOJisa pealu3alum QopMatibHBIX
cneuudmMKaumil OCYWECTBJISEeTCS IIepexXol K I[IOoCJelHel (Y4eTBepToM) CcTaIumn
npeajlaraeMoM TeXHOJIOTUM — [IpoTpaMMUMpOBaHMO. Ha »3ToM cTaamuu Iocie
BEIOOpPA SA3BIKaA NPOTPaAMMMPOBaHMSA IJIS KaxXIoW aJiOPUTMUUECKOM MOIesU
LOOJIXEH OCYWECTBIATHCSH BEIOOP  HNPOTPaMMHOM  MOIeJH, comepxamem B
YAaCTHOCTU I[IepeuYeHb MCIIOJIb3YyEMHX OIIepaTOpPOB.

PasBepHYTHM OPUMEP, WUIIOCTPUPYOILMM MCIOJb30BaHMe IpenjaraeMoro
nonxona, npupenexH B [40].

3.10.IlporpaMMUpOBaHUE . [Tpu IpUMeHeHUN KaxmoTro SA3EKa
IpoTrpaMMUPOBaHUS bopmasibHO [IOCTPOEHHAasa 1o rpady IepexonoB
(HemmoCpenCTBEHHO MM MCIOJb3ysa IpyTMe MoJeJM) OIpoTrpamMMa MOXeT Jubo
OBHITE, JIMOO He OBITh M3OMOPOHOM IO CROEM CTPYyKType Ipady nepexomoB, IO
KOTOPOMY OHa CTpOMJIach.

B rmnepBoM cCJiydyae OOKa3aTeJIbCTBO SKBUBAJEHTHOCTM I[IPOTPAMME C
rpad®oM IIepexonmoB, IO KOTOPOMY OHa CTpOoMJlack, MOXET IMIPOM3BOAUTLCS MUX
COIIOCTAaBJIEHUEM. Ipu 5TOM rpad IepexonoB BCerma MOXeET OBITB
BOCCTAHORBJIEH HEINOCPEICTBEHHO I[10 TEeKCTY IMIpoTpaMMel 0Oe3 JIONOJIHMTEJbHEBIX
BBEIUMCJIEHUN .

Bo BTOpOM cCJy4Yae uUMTaTh OIpoTrpaMMy TPYIHO, HO B DBTOM U HeT
HeoOXOOMMOCTHM, Tak Kak OHa OQopMaljibHO CTPOMUTCHS 110 TIpady I[IepexoloB,
KOTOPHM U CJIegyeT uYMTaTh. I[IpoBepka IMNIpPOTPaMMbBl B DSTOM CJiydyae MOXET
IPOMB3BOOUTHLCH, ucrnoJyb3ysa TI'pad nepexomoB B 2 KauecTBe  TecTa, 1o
"cxeme": HacTOdllee COCTOSHME, BXOI — CJenyKilee COCTOSHME, BHXOI.
Bepuoukaums, COCTOsAmAas B IIOCTPOoeHUM I'paba NepexolmoB, B BTOM cJjydae
CylmecTBeHHO ©OoJiee TpyloeMKa U CBs3aHa C BBUMCIEHUSAMU. V30MOPOM3M
MEXIY TEKCTOM IPOTPaMMEL u Tpadom [Iepexonos, eCTeCcTBeHHO,
obecneunBaeTCHd 3a cyuerT U3OBEITOUHOCTH, VCTIOJIbE30BAHUE KOTOpOM
HEBOBMOXHO IPMY XECTKUX OTPaHMUeHMAIX Ha OOBeM IaMsaTu.

I'maBHass OCOOEHHOCTBHb IpenjiaraeMbX IPOTPaMMHBEIX peajM3aluii COCTOUT
B TOM, UTO 3a OIOMH IIPOTPaMMHHM LMKJI B MIPpOoTpPaMMe BHIIOJIHAeTCS He ©OoJee
OIOHOTO TIIepexolda B TIpabe T1[IepexonmoB. B TNOIpOTMBHOM Cliydyae, eCcJaM »OJs
HEeKOTOPOM BepumMHH I'paba nepexomor aBToMaTa Mypa YCJIOBMUS, IIoMeydalmue
OOHY M3 BXOIAMMX UM ONOHY M3 UCXOOANMX (KpoMe IeTJM) »OyI', BHIIOJHSITCSH,
TO SBHAUYEHMS BHIXONOHEIX ¥ BHYTPEHHUX I[I€PEMEHHEIX, KOTOPHE HOOJDKHE OBITH
cbopMMPOBAHE B 2TOM BeplMHe, OYAYT OTOUIIETPOBAHB (MIPOIMYIIEHH) .

HazBaHue mpenjlaraeMoM TEeXHOJOTMM I[OPOXIEHO KOHCTPYKLMelN switch
a3wka  Cu, Tak KakK ee MCINOoJIb30BaHMe IMo3BoJjsgeT Hambojiee IMIPOCTO
NepexonuUTh oT IIOCTPOEHHOTO rpada nepexonoB K M30MOpOHOMY IO
CTPYKTYPEe TEKCTY IPOT'PaMMHI . OnepaTop switch, ocCylle CTBJISIMMMY
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MHOTOBAPMAHTHEINM (MHOT'O3HAUHEIM) BHOOP, ob0OecneumBaeT B JaHHOM CcJydae
OEeKOMIIOBUILIMI0O aBToMaTa [0 €TI0 BHYTPEHHUM COCTOSHUSAM.
3.11.MlporpaMMHasa u MeTOOMUUecCcKasd HnogoepxKa
TEXHOJOTIUM. BO3BMOXHOCTE OHCTPOTrO, 606e30mMOOYHOTO UM M30OMOPOHOTO
nepexona oT Tpada MIepexolIoB K TEeKCTYy I[IpOoTPaMMbBl Ha s3BKE BHCOKOTO
YPOBHSHA, HapuMep Cu, IO3BOJIIET Pe3KO YIIPOCTUTDH oTJanKy u
MOIeMpPOoBaHMe YyINpaBJSKIETO aBToOMaTa, a IIPU HeOoOXOIMMOCTM M KOMIIJIeKCa
"yOopaRJjgomMM aBTOMaAT — OOBEKT yNpaBJeHMA", onoMcaB He TOJIBKO aBTOMaT,
HO M MOIeJjib ofbekTa yIopaBJieHusa (IO KOMIOHEHTaM U/UiM pexuMam) C
noMouein TpadoB NIepPexXomoB.

[lon pPYKOBOICTBOM aBTopa paspaboTaHa NOporpamMMmHas o6OoJiodka,
I03BOJIAKNIas Ha IIe€PCOHAJIbHOM KOMIILIOTEpEe IJid CUCTEME B3aMMOCBSA3aHHBIX
rpadoB nepexomor, cocrodamer m3 N rpadoB IepexXOnNoB, peajiM30BaHHEIX Ha
a3uke Cu, M3MEHSATH C IIOMOUIBI0 KJIABUATYPH 3BHAUEHMS BXOIHBEIX II€peMeHHBIX
u HabJymomaTk Ha - OUCIIJIee SHaueHMS  BBEIXOIHBIX, BPEMEHHHX, a camoe
TJIaBHOE, N BHYTPEHHUX II€pPEeMeHHHX (BCcero 110 ONHOM  BHYTPEHHEM
IIepeMeHHOM nOJIS KaxIoT'o TI'pada IIepexXOolloOB) B IIOMAaroBOM M aBTOMAaTUUECKOM
pexuMmax.

BO3MOXHOCTBL IIOCTOSHHOT'O UYTEHWUS Ha JUCIJIee JeCATMUHOT'O HoMepa
COCTOSHMSA Kaxmoro TIpada NepexolIoB B KaxIoM IMIPOTPaMMHOM LMKJIIE C
IIOMOIBID BCETO JIMIIb ONHOM MHOI'O3HAQUHOM I[IE€peMeHHOM IOejlaeT IIpoTrpaMMy
MIOJIHOCTHI0 HaGJoZaeMoM I YHOPABISIEMOM, UTO [IPUHUMUIMAJILHO OTJIMUYAET
npenjaraeMyin TEeXHOJIOTMI0 OT TPaOMUMOHHEIX TEeXHOJIOTUNM IPpOoIpaMMMpPOBAaHMS,
IPM MCIIOJIb30BaHMM KOTOPHIX BCeTJa UMMelTCS BO3MOXHOCTM BHBOBa C
IOMOWIBID  OTJIaOuMKa Ha OUCIJEeV JIIoOOM IIepeMeHHOM UM CJeXeHMS  3a
V3MEHEHUSAMM ee 3HaueHuM. OIHakKo IIPpM BTOM IpakKTUUYeCKM BCeTJla OCTalTCHd
He SACHBIMM OTBETH Ha CJenyllMe BOIIPOCH :

— Kakmue IIepEeMEeHHEIE ciliengyeT IIPMMEHATD B InporpamMmMme IOJIA
obecrieueHusa ee pa@OTOCHOCOGHOCTM " ylipaBJIAeMOCTI,

— CKOJIBKO TAKMUX IepeMeHHbBIX (ocobeHHO BHYTPEHHUX ) crenmyer
IPUMEHSATE ;

— UTO XapaKTepuslsyeT KaxIasd [IepeMeHHasd;

— Kakoy Habop I[epeMeHHHX CJIeOyeT BHBOOUTHL Ha IOUCIIJIEeM Ha KaxXIoM
sTarne oOTJanKM;

— KaKle I[IepeMeHHBe CJlefyeT OONOJIHUTEJIBHO BBECTM B IPOTpaMMy U
IpencTaBUThL Ha  OUCIJee, ecaM Ha HEeKOTOpOM D»Talle OTJjJalku eé
PaboTOCIOCODOHOCTE elle He obecledeHa.

PemeHre STMX BONPOCOB nOJd 3alXad pacCMaTpMBaAeMOT'O KJjlacCa pe3kKo
yhopomaeTcs, €ecyaM yXe Ha cTaguu paspaboTky ajJropuTMa  Mu/WUiay  eTo
bparMeHTOR pPeTryJISpHEIM 00pasoM BBECTM B HMX COCTOSHMSA, a He BBOIUTH
OeCrHOpsAOOYHO OTIHOEJIbHEE II€pEeMEeHHBe, oTpaxaplle KOMIIOHEHTE COCTOSHUM,
B XOIe BCero Ipolecca pa3paboTky OPOTPaMMEH.

Ecin B KadecTse A3EIKA IpOoTrpPaMMUPOBaHUA IpUMeHSaeTCs
ANITOPUTMUUECKMM  SA3BIK  BBICOKOT'O  yPOBHH, Hanpumep  Cu, TO IOCJe
[IOCTPOEHUSA  aJTopuTMa O OpenjaraeMoM  TeXHOJIOTUM, BKJIIOUAA €TI0
cepTrdMKaLIMIO u MOINeJIMpOBaHUe c IIOMOIIBIO yKas3aHHOU 0B0O0JIOUKH,
pa3paboTka OpOoTrpaMMel 3aBepmaeTcd. [IpyM MCHOOJNB30BAHMM OPYIUX TUIIOB
A3HKOB IIPOTPAMMUPOBAHMSA I[IOCJE DTOTO OCyleCTBJgeTCcsa GopMalM30BaHHBM
(pyuHOM WUIIn aBTOMATUUECKUI) nepexon (cuHTe3) oT IIOCTPOEHHOM
OpOoTpaMMEl K TEeKCTY NPOTPaMME Ha IPUMEHSEMOM S3BIKE.

HampumMmep, OJjda OPpOTpPaMMMPYEMEIX JIOTMUEeCKMX KOHTpoJijiepoB "Autolog"
bupmer "FF-Automation" B.II. Kys3xHeuoremM (HIIO "Aspopa") COBMECTHO C
aBTOPOM paspaboTaH TpaHCHaATop "4a3elk Cu — 43blk ALPro", NO3BOJAKIMI 10
TEKCTY CTPYKTYPUPOBAHHOM NPOTPaMME, HAIMCAHHOM IO Ipady NepexoloB Ha
HEKOTOPOM INOIMHOXeCcTbBe sA3bKa CM, aBTOMaTHMUYECKM I[I0JIydaThb OpOoTpaMMmy Ha
A3HKe MHCTpykumuy ALPro ¢ BHOPaHHEIMM OO TPAHCIHIALUMM YIPaBJISOIMMHU
KOHCTPYKUMAMM YCJIOBHEIM II€PEeXOIOM MM WaT'OBBIM perucTpoM [3].
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Ipn OTPaHUYEHUAX Ha BHYTPEHHUE pPecypcCH IPOTPaMMUPYEMEIX
JIOTUUYECKUX KOHTPOJILJIEPOB aBTOPOM  paspaboTaHa MeTOIMKa "pyuHom"
bopmMmanibHOM  peanuzaluuu Tpa®@oB IIepexoloB B Oas3uce  as3blka ALPro.
PazpaboTaHH TakxXe MeTOOMKM peanm3auum IrpadoB HNepexonoB B 0Oasuce
TakMX SA3BIKOB NPOTPaMMMPOBAHMA, KakK JIeCTHUUHBE UM OQYHKLUMOHAJIbBHBIE CXEMH

[39]. OmHa u3 2TUX METOIMK IIO3BOJILET, B  UYACTHOCTH, CTPOUTH
bYyHKLMOHAJIbHEIE CXEMHI, U30MOPdHEIE rpadu Iepexonos, B Basuce
OUMOIMOTEUHEX SJIeMeHTOB IJd cucTeMmu "Selma-2" [41].

4 .BeBopsl. [lpenjiaraeMeli NMOOXOI IIO3BOJISET:

— NCIIOJIBE30BATbE TEOPpUMI0 KOHEUHEIX IeTEePMMHVMPOBAHHEIX aBTOMATOB IIpU
aJITOPVTMM3AllMIM M IIPOTIPaMMMPOBaHVM IIPOLECCOB YIIPABJIEHVA,

— TepBOHAa4YaJIbHO OIIVCHBATH xejaeMoe IoBeIeHue yIpaBJSoIero
"ycrporcTra, a He ero CTPYKTYypy, KOoTopas ABJISeTCS BTOPUUHOM U
IO TOMY TPyIHEEe UMTaeMOM U IIOHMMaeMOM;

— BBECTM B QITOPUTMMBALMID WM OIpOoI'paMMMUMPOBAaHUE B KadecTse
OCHOBHOT'O NOHATHME "cocTosgHMe", HauMHasa aJ'OPUTMU3ALUID C OIPpenNeJjieHUd
4pycijia COCTOSHUM;

— BBEeCTHM IOHATME "aBTOMATHOE INIporpaMMupoBaHme" um "aBToMaTHOE
IPOEeKTUMPORAaHMe IHporpamMm";

— IIOCTPOEHMEe aJITOPUMTMOB M OpOoTrpaMM HauMHATE C OQOpMMPOBAaHUSA
ODeumdpaTopa COCTOSHMIM, & He COOBTUI;

— IIPUMMEHATDH OCHOBHEIE CTPYKTYPHEIE MO OeJIn TeopUum aABTOMaTOB 12
BBECTM HOBEIE;,

— NCIIOJIBE30BATbE B KadeCTBe HA3EbIKa aJI'OpUuTMM3aAlllN I‘pa(i)bl Inepexonos
M CHICTEMEI B3aVMMOCBA3aAaHHBEIX I‘pa@)OB rnepexXxonoB;,

— IIPM TOCTPOeHUM TpadoB IIepexoJOB MUCKIIUMUMTL 3aBUCUMOCTL OT
"rnybokom" NOpendplCTOPUM IO COCTOSHMSAM M BBEIXOIaM, a IO BO3MOXHOCTHU U
3aBUCHMOCTL 3HAUEHUMM BHXOIHEIX I[I€PEeMeHHBEX AaBTOMaTOB C I[IaMATBIO OT
3HAYEHUM BXOIHEIX [I€PEMEHHEX ;

— IIPUMMEHATDHb MHOI'O3HAa4YHOE KOOMpOBaHMe COCTOSHUMN IOJIA Kaxngoro
I'pac_‘pa InepexXongoB M BHe 3aBUMCHMMOCTNM OT UWMCJla €I'O BepPIMH VCIIOJIB30BATb
TOJIBKO OIHY BHYTPEHHKK II€epPeEMEHHYID, MX KOIOVMPYIOUYI;

— IIPpMMEHATHL B KaduecTBe OCHOBHOM aJ’II‘OpMTMquCKOﬁ MO IOeJin I‘pa@)bl
Inepexonon aBTOMaATOB Mypa, Y KOTOPEIX KO IObBL COCTOSHUM n SHAUYEeHNA
BEIXOOOB IIPMHIMIIMAJIBHO pPa3OeJIeHEl, a 3HadYeHMA BEIXOIOHBIX II€PEMEHHEIX B
KaXxXagoM COCTOAHMM He 3aBUMCAT OT BXOOHEIX II€EpPEMEHHEX, yTo yIlipoumaeT
BHECEHME WUBMEHEHUM;

— ofbecCrneuuThb pealu3almuid TakKMX CBOMCTB aJITOPUMTMOB YIPaBJIeHUS Kak
KOMIIO3ULMSA, HOEeKOMIIO3ULNA, MNepPapxXUUYHOCTL, [IapajlJlein3M, BE3EBAEMOCTL U
BJIOXEHHOCTE;

— VIMETBH OIIVIH A3BIK CHeLLM(bMKaLLMﬁ npn Pas3JIMYHBIX A3BIKAX
InporpaMmMrMpoBaHmM4g, B TOM 4YMCJIe WV ClIelMMaJiM3MPpOBaHHEX, IIPMMEHAEMEIX B
IIPOTPaMMVPYEMBIX JIOTMUYECKNMX KOHTpPOJIJIepaXx;,

— NIPOBOIMUTH QITOPUTMUBALMID B  PE3yJbTAaTE  B3aMMHOT'O  ODWEHMSA
Bakaszuuka, TexHojsiora u Paspabortumka. Illpy »ToM BHIOAYA TeXHUMUECKOTO
3amaHmsa OpeBpallaeTcda M3 OOHOKPATHOTI'O COOBITHA C "OecKOHEeUHEIMI "
[IOCJe Oy MMM OONIOJIHEHUAMMU B OOHOKpPAaTHHIM npolecc obumeHud,
3aBeplapumMicad Cco3naHMeM TIpada DepexXOmOB WMJIM CUCTEME B3aUMMOCBS3aHHBIX
rpad®oB NepexonoB, B KOTOPHBIX YyUYTEHEl BCe HOeTajiM C TOYHOCTBI IO KaXIOT'O
COCTOAHUSA, Nepexonma u bura;

— B KauecTBe CepTUOMKALMOHHOT'O TecTa IIPMMEHATb Ipadel NepexoloB
ez GyaroB M YyMOJUaHMUM, Y KOTOPEIX UMCJIO BEPIMH COBIaImaeT C UYMCIIOM
COCTOSHUM aBTOMaTa, M CTPOMUTHL TI'pad MNOPOBEPKM MM TI'pad OOCTUMXUMEIX
MapKUPOBOK oJis OIPYyTUX KJIACCOB Tpados IePexonoB I CUCTEM
B3aMMOCBSA3aHHHX I'padoB MIepexXOomoB C LeJiblo IPOBEPKM UX I[IOBEeIEeHMUS, UYTO
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IO3BOJISET BaMeHUMTb TEeCTUPOBAHME IMIpOoTpaMM aHaJM30M UMX OGOYHKIMOHAJIbHBIX
BO3MOXHOCTEN;

— BBeCTHM OQOPMAaJIbHEIM KPUTEPUM HOHATHOCTU Pas3JIMUHBIX QOPM ONMCaHUM
aBTOMATOB C IaMATBID — M30MOPOM3M KaXIOI'O M3 HMX C COOTBETCTRBYKUMUM
rpad®oM MepexoloB 06es3 GjaaroB M yMOJiUaHMM. IIpM 3TOM aBTOMAT, 3alaHHBEM
TakMM TIpadoM [NepexOIOBR, MOXeT OBTh Ha3BaH "abCOJonTHO OeJbM SumukKoM",
a aBTOoMaT, 3alaHHEM B JOOOM JOpyron odopMe — "OTHOCUTEJIbHO OeJbM
auuxoM" . ABToOMaT, IJiId KOTOPOTO M3BECTHO MaKCHMMAaJIbHOE UMCJIO COCTOSAHUM
B er0o MHUHMMAJIbHOM GQopMe, KOTOPHEIM MOXeT OBTb paclo3HaH Ha OCHOBEe
aHanmsa "BXOOO—BHIXOIOHHBX" mocJjenopaTeJyibHOCTEN, HaszsBaH B [42]
"OTHOCUTEJIBHO UYepHBM dAmmMKoM", a aBToMaT, O BHYTPEHHEM COIEPXAHUU
KOTOPOT'O HMUETIO He M3BECTHO, He paclo3HaBaeMBM YyKa3aHHBEM oOpasoM —
"abconTHO dYepHEM AumkoM". TakuMm o0pasoM, ecam noHATme "cocrosHue"
OpM ajToOPUTMM3ALUUM UM OIPOTPaMMMPOBaHMM He BRBOIUTCH, TO B pe3yJbTaTe
TEeCTUPOBaAHUS aJITOPUTMOB n nporpaMMm o) TOMOIIL O BXOIO—BHIXOIIHBIX
IocJjenoBaTeJIbHOCTENM B Of0meM CcJydae He yIOaeTCda paclo3HaThb AaBTOMATH,
KOTOPHE OHM pPeasjiM3ylT;

— MCIOJIb30BaTh MeTOOH (QOPMaJIbLHOTO M M30MOPOHOTO HOepexoma OoT
cneumdmkalmmM K IpoTpaMMaM JIOTMUECKOTO yNpaBJIEeHMS Ha PasJIMYHEIX S3bHKaxX
OpOoTrpPaMMMPOBAHUSA;

— opu IPpUMEeHEHUNU ANITOPUTMUUE CKUX A3EIKOB IpoTrpaMMUPOBAHUSI
BEICOKOT'O YPOBHS IMNPOBOIUTH [NPOTPAMMMPOBaHME C IIOMOUIBID KOHCTPYKLUM
switch (B ToM umMcJjie BJIOXEHHHX) WM WM aHaJIOTMYHHEX, UYTO KpOoMe

nsoMopdm3Ma co crneumnpmkaLmen obecneunpBaeT IOOCTYIIHOCTE Kaxmoro
3HAUEHUS MHOTO3HAUHOM I[IE€pPeMeHHOM, KOOMPYIIEM COCTOSHMSA KaxIoro Ipada
IepexonoB, OJsa BCEX OCTAaJIbHEIX I'pad®oB, BXOOANMX B CUCTEMY, U IIO2TOMY
He TpebyeT BBEeIEeHUSA IOOIIOJIHUTEJIb HEIX BHYTPEHHUX IepeMeHHBIX  IJid
peanmzaumy B3amMomeMcTBusa rpados;

— BBECTU B IporpaMMMUpPOBaHME IIOHATUE "wabaonaemocTs ", uTo
obecneuuBaeT BOBMOXHOCTb PacCcMOTPeHMUs IPOT'PaMMEL B KauecTBe
"abcomTHO Oesoro ammka'", B KOTOPOM BCEe BHYTPEHHME INepeMeHHBE, UYMCJIIO
KOTOPHIX MMHMMAJIbLHO, IOCTYIIHH IJiS HaOJOIOeHMS;

— TIPOBOIUTEL TMPOBEPKY MNpoTpaMM B MOBa STalla: CcHadaja 10 HOMepam
COCTOSHMUM IPOBEPUTH HAaJIMUME BCeX IIepex0oIoB, UuMenmmuxcsa B Ipabde
IepexomoB, a 23aTeM B CTaTuKe B KaXIOM COCTOSHUM MPOBEPUTH SHAUESHUS
BEIXOIIHEIX I[I€PEMEHHEIX ;

— YyacTHHUKAaM paszpaboTku (Bakazuuky, TexHOJIOTY (IlpoekTy) ,
Paspabotrumuky, Illporpammmucty, Oneparopy (llomepzoBaTenn) u KoHTpoJsepy)
OOHOBHAUYHO M IIOJIHOCTBK IOHMMATL, YTO IJOJIKHO OBTH CIOeJIaHO, dYTO
nejlaeTcs u uTo cIOeJjlaHo B byHKUMOHAJIEHOM yacTu IPpOTPaMMHO
peanm3yeMoro IIpoekTa, T.e. PpeuMTh IJid paccMaTpMBaeMoIro KJjacca 3alad
npobJeMy B3aMMOIIOHMMAaHUA;

— Ha PaHHMUX Craimax IIPOEKTUPOBaAHMA Y4eCTb BCe JeTajin
TexHUUYeCKOI'O 3amaHud U IIPOOEMOHCTPMPOBATDB 3aKasuMKy KaK OHO IIOHSATO;

— pazmenuTrb paboTy, a caMoe TIJIaBHOE, OTBETCTBEHHOCTB MEXIOY
BakxasumukomMm, TexHojoroM, PaspaboTumkoM M IIpoTrpaMMMCTOM. 2TO OCODEHHO
BaxXHO, KoTI'Ja Yykaz3aHHHe CHelMaJIMCTH IPEeOCTABJISIT pPa3HHE OopraHmM3aluy,
a TeM OoJjlee CTpaHH, Tak Kak B TIPOTMBHOM CJlydae  BO3HMKAWT
CyLeCTBEHHEE  S3BIKOBHE, a, B KOHEUHOM CUYeTe, M DKOHOMMHYECKUE
npoBJIEMEL;

— YyacTHHMKaAM paspaboTkm obmaTbCad  HE TPAOMUMOHHEIM IIyTeM B
TEepMMHaX TEeXHOJOIMUECKOTO IIpolecca (HanpuMep, He "uzgeT" pexuMm
3KCTPEHHOTO IIyCKa), a Ha I[OIPOMEeXyTOUHOM IIOJIHOCTLI GOopMalM30BaHHOM
A3BEKEe (CBOETrO poIna TEeXHUUEeCKOM BSCIEPpaHTO), Ha KOTOPOM OOBACHATHCSA
MOXHO, HaIpuMep, caenywoumMm obpazoMm: "B TpeTbeM Trpadbe MNepexonor, B
ISTOY BEpPUIMHE, Ha YeTBEePTOM I[IO3UMLUUM — U3MEHUTb 3HaueHme 0 Ha 1", uUTO
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He BHI3BIBAET Pa3HOUTEHWUM, BO3HMKAKIMX M3-3a HEOIJHO3HAUHOCTM IIOHMMAaHMS
Oaxe IJid OIJHOI'O €eCTEeCTBEeHHOI'O H3HKa, a TeM 0oJjiee mOJd HECKOJbKUX
TaKMxX SA3BKOB, B CJydae, KoT'Ja YUYaCTHUMKM paspaboTkM OIpelCcTaBJIAT
pa3HBIE CTPaHe, M He TpebyeT npuBJedueHus CreunaJiMCcTOoB, SHAIUX
TEeXHOJIOTMUECKUM IIPOLIeCC, MOJIS KOPPEKTHOT'O BHeCeHUs u3MeHeHUM [43];

— CcHATL C lporpamMMmmucTa HeOOXOIMMOCTH  3HAHMSA  OCOOEHHOCTEM
TEXHOJIOTUUECKOTO npoliecca, a c PaspaboTunka — TOHKOCTEM
NPOTPaMMUPOBAHMUSA;

— IporpaMMmucTy OQYHKIMOHAJIBHEIX 3adad HMYUero He »OOOyMBBaAThL 3a
Bakxasuuka, TexHojora u PazpaboTumka, a TOJbKO OINHO3HAUYHO U GOopMayibHO
peanmM30BHBATEL CUCTEMY TIpadoB [IepexomoB B BMIEe OPOTPaMMBl, UTO
IIOBBOJISET PEe3KO CHUBUTHL TpeboBaHMA K e€ro kBaludukaumy, a B KOHEUHOM
cyeTe M BOBCE OTKAal3aTbCAa OT €ro YyCJIyD M aBTOMaTM3MPOBATE IIPOLIECC
NpOoTPaMMMPOBAHUA UMM [IepPeuTU K aBTONPOIPaMMMPOBaHMIO Pas3paboTuMKOM.
[locnenuee BO3MOXHO, OIHAKO, TOJIBKO B TOM ciy4dae, Korma
oporpaMMMpPORaHMe ABJideTcd IOJ4 Paszpaborumka "OTKpeITEM", YWTO He BCceTrna
VMeeT  MeCTO B ocobeHHOCTH nOpu pabore C wmHObMpMaMM MM = MX
nompas3nesieHMaMM, 3aHMMaomyMMUcs pas3paboTKoM CcUuCTeM YIPpaBJIeHMsa, a He
TOJIBKO allapaTyp:l;

— OCTaBJIATh I[NOHATHEE '"cJyenel" nocjie 3BaBepuleHMda pas3paboTku. IOTO
II0O3BOJISET MNPOBOIUTL MOOMOMKALIMIO IPpOoTpaMM HOBEM JIOOAM, YTO IIpU
TPaOULMOHHOM nomxone Ypes3BhYaAMHO TPYLOEMKO ("npoue IIOCTPOUThH
oporpaMMy 3aHOBO, uYeM pasobpaTbcsa B UYyxoM nporpamme”). Ilpm 3TOM
HeoOXOoOuMO OTMEeTUTH, UYTO CTPYKTYPMPOBAaHME U KOMMEHTApPMUM YyKa3aHHYI
npobJjieMy pemanT JIMIb YaCTUYHO;

— YHOPOCTUTBE BHECEHMEe M3MeHEeHUM B CclhHeuuMdukalumio M OpoTpaMMy U
IIOBLHICUTE WUX "HazgexHocCcTb";

— CcIOeJjilaThb aJITTOPUMTMEL YIIpaBJIEHUA VMHBApPMaHTHBEIMU K VCIIOJIb 3y EMEIM
A3BIKaM IIpOoIrpaMMMPOBaHMA, 4TO OTKpPEIBaeT BO3MOXHOCTDb (_bOpMI/IpOBaHI/[F[ n
InogmepXaHnAa OubIMoOTEK aJjliropmMTMOB, 3allMCAHHEIX CTPOI'O @opMaano;

— 3akasumKy, TexHOJNOTr'y ¥ PazpaboTumMKy KOHTPOJIMPOBATH TEKCTEH
OYHKLUMOHAJNBHEIX MNPOTPaMM, a He TOJIbKO pPes3yJibTaThl MX BHIIOJIHEHMS, Kak
3TO MMEEeT MeCTO B OOJBUMHCTBE CJIydaeb B HACTOALlEEe BPEMHI;

— YCTPaHUTL HEe pPaBHYKL "IPOUuHOCTL" MPUEMKU allapaTypbl M IpOoTpPaMMm
KoHTposepomMm, Tak kKakKk B TIIE€pPBOM CJlydae UM KpoMe OQYHKUIMOHUPOBAHUA
IpoBepPSAeTCsa MHOTO IOPYI'MX XapaKTEepUCTHUK (HaIpMMep, KadecTBO II€YaTHHX
IjiaT 1z nx HOKprTI/HZ, KaueCTBO HaﬁKI/I, HOMVHAJIBL 1z oBboBHAUEeHNUI
3JIEMEHTOB), & BO BTOPOM — BCe BHUMMAaHME YIEJISeTCsa TOJIbKO I[IPOBeEpPKe
(byHKLU/IOHMpOBaHM,CI M He MCCIIeOyKTCHd BHYTPEHHAAd OpI'aHM3alllMd IIpOoI'paMM U
TEXHOJIOTUSA UX IIOCTPOEHUS.

5.Annpobamus. IIpenjiaraeMell TOAXOJ, B YAaCTHOCTM, MCIIOJIL30BAaH:

— IOpM CO3IaHMM CUHUCTEeMbl YyIOpaBJIeHus »Ou3eJib—T'eHepaTopoM HOI'P-2A
500*500 cynoHa npoekTa 15640 Ha base anrnapaTypr "Selma-2".
[lporpaMMupoOBaHue BHIOJHEeHO HIIO "Arpopa" Ha 4g3bke O(OYyHKUMOHAJIbHEBIX
ojgokoB [2,41];

— IOpM COB3IaHUM COBMeCTHO C o¢upmon "Norcontrol" (HopBerusa)
CUCTEMHE yINpaBJIEHUS IM3EJIb—I'e€HEepaTOopOM TOTO Xe Tula OJd CyIOOB IpOoeKTa
15760. IporpaMMMpOBaHME BHIIOJIHEHO O(OMpMOM Ha sas3wpike IIJI/M [43];

— OpM CO3HOaHMM KOMIIJIEKCHOM CMCTEMEl YyINPaBJIEHUS TEeXHUYECKVMU
cpencrBaMm  IOJid CyIOHa IpoOeKTa 17310 Ha Baze IpOTPaMMUPyEMEIX

JOTMUYECKMX KOHTpoJuiepoB "Autolog". IlporpaMMmMpoOBaHMe BHIOJHeHO HIIO
"ABppopa" Ha 43BKe MHCTPpyKUMM ALPro BpydHY (IOJi8 OOMECYyIOBEIX CUCTEM)
M aBTOMaATMUECKM C IIOMOUWBLI TpaHCIaTOopa (ons cucTeM yHOpaBJIeHUS
BCIIOMOT'QTEJIbHEMM MeXaHM3MaMM IJIaBHOTO OBUITATEJNI) .

SakJsouenne . B TeueHUe BCETO BpEeMeHU IoKa cosznmaBajlach

IpenjioXeHHa s 17 BHEIIPEHHAHA aBTOPOM B 1991 ronmy
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SWITCH-TexHomnorusa [41,44], ckJjanenBajlachk BecbMa CTpPaHHass CcuUTyalums,
cocTodmasd B TOM, UTO HM OJHa (3a uCKIoUeHMreM [22]) w©u3 BeIyllMxX B
obJjacTu aBTOMaTMU3alUNU brpMm MMpa He npenjaraja TEXHOJIOTUMN
aJToOPUTMUBALINY U/MUIM [OPOTpaMMMPOBAaHMA Ha 0asze r1rpadoB IepexoloB,
ABJISIMXCS OCHOBOVM paccMaTPMBaeMOV METOIOJIOTUM.

Toneko B 1996 rmonmy »Ta cCcuTyalusa CYHECTBEHHO M3MEeHMJIacb — Ooupma
"CuMmeHC" B HOONOJIHEHME K CBOMM I[IPOTI'pPaMMHBIM IPOOYKTaM paspadborala
HOBHIM IMNPOIOYKT, HazBaHHEM "S7-HiGraph technology software", xoTopwl
MIO3BOJISET MCIIOJIB30BATh B KauecTBEe sA3bKa IPOTPaMMUMPOBAHMSA OMaTPaMMbL
cocTogHUM (state diagram), uYTO gBJIgeTCS OPYI'MM Ha3BaHMeM TpadoB
IEPEexXOI0B. [lpy >TOM IO OIMCAHMI Ha BTOM S3BIKE aBTOMAaTUUECKU
TEeHEPUPYETCS  MCIOJIHSEMBIA (TOJIBKO Ha  HOPOTPaMMMPYEMEIX  JIOTUUECKUX
KOHTpPOJIJIEpax 2TOV QUPMH) KOX.

[Io wMHeHMIO Oupmel "CumMmeHC", oONMCaHME Ha TakKOM S3BEKE HEe TOJIBKO
MOAXOIUT IJisa [lporpaMMMCTa OIPOTPaMMUPYEMBIX JIOTMUECKMX KOHTPOJIJIEPOR,
HO TakKXe IOHATHO JHXeHepy-MeXaHUKYy, VHXeHepy IO 3alyCKy o00opyImoBaHMA
n VHxeHepy OO obOcayxuBaHMio [21].

OCODEeHHO CTpPaHHBEIM B BSBTOM CUTyalUUM HGBJISE€TCS TO, UYTO [IOOOOHEM
OpoOyKT MOT' OvbTb pa3paboTaH, HanopuMep »u 15 JeT Hasan, TakK Kak
OoyarpaMMbel COCTOSHMM, B CBOK oOudepenb, OBJIM IIPenJIOXeHH 60oJjiee COopoKa
JeT Hasazn, OOHAaKoO, BCeEMUPHOE yBJIeueHUe ceTaMmu lleTpu, KOTOPHE
obecneuyrpBainT BO3MOXHOCTb ONMCaHMsa IapajlJleJIbHEIX I[IPOLEeCCOB  OIOHOM
KOMIIOHEHTOM (QYHKULUMOHAJIbLHOM eIMHUIIEeM) U SBJSAKTCS I[I02TOMY OCHOBOM
ABEIKA "T'padcer" (S7-Graph technology software), BUIOVMO,
MICUXOJIOTMUECKM He II03BOJIMJIO 2TOTO ClejaTh.

ABTOpP HaIeeTCsd, UYTO IOCJe I[OABJIEHMHI YKAa3aHHOTO IMNpOoOykKTa Oynmer
¥MeThb MecTo »sbddexT "momMmHO", M B OJmxalniee BpeMsa MHOTME OMPME MMUPa
cCo3OanyT aHaJIOTMYHEE NOPOIOYyKTEH.

[Tpm 3TOM KHUT'A [39], IOOPOBOHO ONMCEIBAKIIA A npemjaraeMyn
TEXHOJIOTHIO, B KOTOpPOM Ipade NepexXOIOB UM CUMCTEME B3aMMOCBA3aHHBIX
rpad®oB TIepexoJOB IpenjlaraeTcsa MCIOoJb30BaThb He TOJIBKO B KauecTBe
A3EIKa OIPOTPaMMMPOBAHMA, HO M B KadecTBe fA3BKa CHeuMdMKaluMy 3amad
JIOTUMUECKOTO yIpaBJieHUs npu IpMMeHeHUNU JTI0OBIX IPYyTUX SBEIKOB
nporpaMMMPOBaHMSA, HanpuMmep Cum  wmam  Cu++, MOXEeT CTaThb II0OJI€3HEIM
nocobmuem IO MCIOJbB30BaAHUID YyHIpPaBJISoIMX IT'padoB IPpM aJIiTOPUTMUIALUN U
OpOTrpPaMMMPOBRAHMUM OJId WMPOKOTO Kjacca llojmb3oBaTesiel  [IPOMBIIJIEHHBIX
KOMIIBIOTEPOBR UM TPOTPaMMUPYEMBEIX JIOTMUECKMX KOHTPOJIJIEPORB, HamnpmMmep
[45], B TOM uUMCJIe M B Clydasax OTCYTCTBMSA TPAHCJIATOPOB C DTOTO S3HKA
crneuudpmUrKaLm.

V3naraemMasa TEexXHOJIOTMS — CYULEeCTBEHHOE HIOONOJIHEHMEe MeXOyHapOoOHOTO
CTaHIapra IEC 1131-3 [46], B KOTOPOM ONIMCEIBAKTCH SABEIKU
OPpOTPaMMMPORBAHMSA NPOTPaAMMMUPYEMEIX  JIOTMUECKMX KOHTPOJIJIEPOB, HO He
u3naralnTCcs MEe T OBl aJITOPUTMUBALIUN n nporpaMMMpPOBaHMSA, KOTOPHE
nonmpoBHO omnmcaHel B [39].

[lpenyiaraemMas TeXHOJOTMS MOXET CTaTb OCHOBOM 1IJiS IIOBHIIEHUA
0e30NaCHOCTM NPOTPaMMHOTO oOfOecledeHMs CUCTEM JIOTMUECKOTO YIPaBJIEHUS
[47]. STa TexXHOJIOTHUH, He MCKJIOUAa S OPpYyIMx MEeTOIOB INOCTPOEHUA
OPOTPaMMHOTO obecrneueHmda "Bes ommboxk" (487, CYIeCTBEHHO boJiee
KOHCTPYKTMBHA, TaK Kak IIO03BOJISeT HauMHaTh "OoppbOy Cc ommbkamu" eme Ha
cCTamuy aJTroOPUTMU3ALIUNA .

Vicrionnb30BaHMe IeHTanel (COCTOSHME — HesaBUCUMMOCTL oT "rayboxom"
OPEeEICTOPUM — cucrTeMa B3aMMOCBSI3aHHEIX rpad®oB IepexonoB —
MHOT'O3HAYHOE KOIMPOBaHME — KOHCTPYKUMA switch (mim ee aHajor B JOOOM

A3BHKE [IPpOTPaMMUPOBAHMS, HaIpPMUMep, B A3bBKe QYHKIMOHAJIBHEIX CXEM) )
obecrneumBamwT HAaITJIAOHOCTbL, CTPYKTYPHOCTE, BBIBBEIBAEMOCTSB, BJIOXEHHOCTEL,
MEePaApPXUUYHOCTL, YIPaBJISAEMOCTbL M HaOJOIaeMOCTh IpOoTpPaMM, a Takxe Uux
U30MOPOUBM (M300PaABUTEJIbHYI D3KBUBAJIEHTHOCTL) CO ClHeumdmukaumMsaMu, II0
KOTOPEIM OHM GOpMaJIbHO CTPOSATCS. 2TO IIO3BOJISeT 23akasuuky, TexXHOJoTY
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(IlpoexTanutTy), Pazpaborumky, IlporpammucTy, Oneparopy (Illoslb3oBaTesin) u
KoHTpoJiepy OOHOBHAUHO IIOHMMATL IOPYyI Opyra M TOYHO 3HATb, UYTO IOJIKHO
OLHITH CHOEeJIaHO, UYTO JeJjlaeTCsa M UYTO CHOeJlaHO B IIPOTPaMMHO PpeajiM3yeMOoM
npoekTe. O9TO I[O3BOJAET TakXe paslensaTbk paboTy M OTBETCTBEHHOCTDH,
JIETKO ¥ KOPPEeKTHO BHOCUTL M3MEHEHUS B aJITOPUTMH U MHPOTPAMME .

TakuM o06pasoM MOXHO YTBEpXIaTb, YTO IO AaHaJloT'MM C TeOopuen
IepeKJIoUaTEeJIbHEIX CXeM UM TeOopMelM BepOoaTHOCTEeM B HacTodmelr paboTe
npenjaraeTcs BMeCTO "MOCTUKOBBIX UM HeMapKOBCKUX" MNIporpaMM CTPOMUTH
"nmapaJyiesIbHO-II0OCJIe D0OBAaTEeJIb HEE 171 MapkoBckue" IPOTPaMMEHI, KOTOPHE
XOPOIO UUTAITCH M ITOHUMAKTCS .

B 3akJjioyeHmMe OTMeTuM, uYTo B [49] OBJIO OPEeIJIOXEHO MCIIOJIb30BaTh
Tpadel MEepexoloB IMIPM IPOTPaMMHOM pealu3aluuM aJITOPUTMOB JIOTUMUECKOT'O
YIOPAaBJIEHMS TEeXHOJOTMUECKMMM mpoleccamMm. OIHAKO MIJIOXKEHHHM B D2TOM
paboTe nomxonm OBJI HEeZOCTATOUYHO "M34mWHEIM", UYTO He [NO3BOJMIIO €My HauTHu
IMPOKOEe MPaKTUUeCKOoe IIPUMEHEHNE .

[IpuMeHeHUE cucTeM B3aMMOCBSA3aHHBIX rpadoB IepexonoB OBLIIO
paccMmoTpeHo B paborax  B.B. PynHeBa (HanpuMep, [50]) . OnHako
TEeopeTUYeCKUM xapakTep STUX pabor u MCIIOJIb 30BaHMe IOIBOUUHBIX
IIepPEeMEeHHEIX @OJIS CBA3M TpPadoB OTIPAHMUMIM [OPUMEeHeHMe 3TOMV MOIOeNu Ha
IpaxKTUKe .

ABTOpP HameeTcs, 4YTO cCyabba nOpenjaraeMoro I[IoaxXola B YacTU eTro
IPaKTUUYECKOTO MCIIOJIb30BaHMUsa OynmeT 0OoJjiee YCIIEUHOM.
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