HenpepbiBHO-4eTepMUHNPOBAHHLIE Moaenu

-CXeMbl
Oco6eHHOCTLIO HenpepbIBHO-A4eTEPMUHMPOBAHHOIO nozaxoaa

ABNAETCA nNpPUMEeHeHMe B KayvyecTBe MaTeMaTu4veCKUx wmopaereu
anddepeHunanbHble ypaBHEHUMN. OvuddepeHumanbHbIMU
ypaBHEHUSAIMMU  Ha3bIBalOTCA TakKue YpaBHEHUAA, B KOTOpPbIX
HEeM3BEeCTHbIMMU ABNAKTCA (YHKUMU OOHOM MMM HECKONbKUX
nepeMeHHbIX, Mpu4YeM B ypaBHEeHUEe BXOAAT He TONbKO (pYHKLMKN, HO U
MX MNpoOuU3BOAHbLIE pas3fiIMyHbIX nopsakoB. Ecnn HeumsBeCTHble —
(pyHKUMM MHOrMX MepemMeHHbIX, TO YypaBHEHUA Ha3bIBalOTCS
YypPaBHEHUSAMU B YaCTHbIX MPOU3BOAHLIX, B MPOTUBHOM cCriyyae npu
paccMoTpeHMn (PYHKUMM TONbLKO OAHOM HEe3aBUCUMOM MNepeMeHHOMU
YpaBHEHUA Ha3blBalOTCA OObLIKHOBEHHbIMU AuddepeHunanbHbIMU
ypaBHEHUAMM.

OObIMHO B TakKux MaTeMaTU4YeCKUX MoaensaAx B Ka4vyecTBe
He3aBUCUMOM MNepeMeHHOU, OT KOTOpPOM 3aBUCAT HEU3BECTHble
UCKOMbIe PYHKLUUU, CITYXKUT Bpemsa t.

Torga matemaTn4yeckoe COOTHOLWIEeHUE ANA AeTePMUHUPOBaAHHbIX

cuctem (4.6) B oOwem Bnae oyaer

y' = (9. t); V(t,) =, 5.)
roe V':d %, Y=(Yis Yoo Vo) M f=(f, f,,., f.) — n-mepHble
BekTopbl; f (V, t ) —BeKTop-hbyHKUMA, KOTOpasa onpeaeneHa Ha

HekoTopom (n + 1)-mepHom (Y,t) MHOXecTBe M sBRsieTcs

HenpepbLIBHOMW.
Tak Kak MaTemMaTU4yeCKue CXeMbl TaKoro Buaa oOTpaxaroT

AVNHaAMUKY Mayqaemoﬁ cuctembl, T. €. ee nosegeHne BO BpeMeHuU, 1O



OHU Ha3biBarwTCcA D-cxemamu (aHrn. dynamic). B npoctenwem cnyyae

oObliKkHOBeHHOe anddepeHunanbLHoe ypaBHeHne uMeeT B

y'=f(y,t). (5.2)

Hanbonee BaxHO ANA CUCTEMOTEXHUKM npunoxeHume D-cxem B

KayecTBe MaTemMaTU4yecKoro annapatra B TeOopuMn aBTOMaTU4YeCKOro

ynpaBrieHusa. [Ona wunnocTtpauum OCOOEHHOCTEM TMOCTPOEHUA W

npUMeHeHus D-cxem paccMoTpuUm npocTenLumn npumep

cdopmanusaumm npouecca PyHKLUMOHUPOBAHUA OBYX 3NEeMEHTapHbIX
CUCTEM pasfniuyHon hu3nveckon Npupoabl:

- MexaHu4yeckom Sy (koneb6aHua MasaTHUKa, puc. 1);

Puc 1.

- aNneKTpu4yeckomn Sy (konedartenbHbLIU KOHTYP, pUC. 2).

LK q — CK

Puc 2.
MNMpouecc ManbIX Koneb6aHumn MasATHUKa onucbiBaeTcH

06blIKHOBEeHHbIM AucdepeHUnanbLHbIM YypaBHEHUEM



myly | d’0(t)/dt* |+m,, gl 6(t)=0.
rae m,,l,, — macca n anuHa noaBeca MasiTHMKa; g — YyCKOpeHue

cBo6oaHoro napewus; B O(t) — yron OTKNOHEHMs MasTHUKA B

MOMEHT BpemMeHu f. I3 3Toro ypaBHeHUsi cBOOOAHOro Koneb6aHus

MasiTHUKa MOXXHO HaWTU OLIEHKN MHTepPEeCYOLMNX XapaKTepPUCTHK.
AHanorM4yHo, npoueccbl B 3JIeKTPUYECKOM KonebaTerbHOM

KOHTYpe OnuUCbIBalOTCA OObLIKHOBEHHbIM AuddepeHunanbLHbIM

YpaBHEHUeMmM

L, | d*q(t)/dt* |+ [ q(t)/Cy |=0.
roe L, , C, — MHAYKTMBHOCTb M eMKOCTb KOHAEHcaTopa; q(t) — 3apan,

KOHOEeHcaTopa B MOMEHT BPpeMeHM t.
U3 aToro YPpaBHEHUA MOXHO MNONyYUTb PpPa3jyimMdiHblieé OLEeHKU

XapaKTepuUCTUK npouecca B KonebaTenbHOM KOHTYpe.
OyeBupHO, 4TO, BBeAsi o6o3HauyeHus h,=m,, |'\2/| =L,, hy = 0,
h,=m,al, =1/C,, 6(t)=q(t)=2(t), nonyuum ob6bIKHOBEHHOE

anddepeHumnanoHoe ypaBHEeHMe BTOPOro nopsiaka, onucbiBarLlee

noBeaeHue 3aMKHYTOW CUCTEMbI:
hy| d”z(t)dt* |+h[dz(t)/dt]+2z,2(t)=0 (5.3)
rae ho, h, h — napameTpbl cuctembl; z(t) — cCOoCTOsiHNEe CUCTEMbI B
MOMEHT BpeMeHM#m L.
Takum obpa3om, noBeAeHUe 3TUX ABYX OOBHEKTOB MOXET ObITb
uccneaoBaHo Ha OCHoBe obuien matematudyeckon mogenu (5.3).

Kpome TOro, Heo6xoAMMO OTMETUTb, YTO NoBeAeHne OAHON U3 CUCTEM

MOXeT ObITb NnpoaHanu3npoBaHO C nNomouwbio Apyron. Hanpuwmep,



noBeaeHue MassiTHUKa (CUCTeMbI Sy) MOXeT ObITb M3YYEHO C MOMOLL LI
3NeKTpnYecKoro KkonebartenbLHOro KOHTypa (cuctemol Sy).

Ecnn usyyaemas cuctema S, T. €. MaATHUK WUNN KOHTYP,
B3auMOOEeUCTBYeT C BHewHeun cpegoum E, To nosBnaerca BxoAaHoe
Bo3gencTtBue x(t) (BHewHAA cuna Ang MasTHUKA U UCTOYHUK IHEpPrum
ANA KOHTYpa) U HernpepbieHO-OemepMUHUpOB8aHHasi MOOeJIb TaKoW
cucTeMbl byaet umeTb BUA

h| d”z(t)/dt* |+ h[dz(t)dt]+h,z(t)=x(t) (5.4)

C TOYKM 3peHUs obLien cxembl MaTemaTuyeckom mopenu x(t)
ABNSAETCA BXOAHbIM (YynpaBnfloWMM) BO3OEUCTBMEM, a COCTOSIHUE
cUcTeMbl S B flaHHOM cry4Yae MOXHO paccMaTpuBaTb KaK BbIXOAHYHO
XapakTepucTuky, T. €. nonaratb, 4YTO BbIXOAHasi nepeMeHHas
coBrnagaeT ¢ COCTOSIHUEM CUCTEMbI B AJAHHbIA MOMEHT BPEMEHU Y = Z.

NMpn peweHnn 3agay CUCTEMOTEXHUKU BaXHOe 3Ha4YeHUe UMeroT
npoonembl ynpaBneHus OGonbwnmm cuctemamu. Cnegyer obpatutb
BHMMaHMe Ha CUCTEeMbl aBTOMaTU4YeCKOro ynpaBfieHU — YacCTHbIN
cnyyam AMHaAMUYeCKUX CUCTeM, onucbiBaembix D-cxemamu wu
BblAeNeHHbIX B OTAENMbHbLIXA Knacc moaenen B CUy UX NpPakTU4eCKOM
cneuuduKkn.

OnucbiBas npouecchbl aBTOMaTU4eCKOro ynpaBreHus,
npuaepXUBaTCA OObLIYHO NpeAcTaBfeHUA pearibHOro ob6bLekTa B
Buge [AOBYX CUCTeM: YynpaBnawwen wu ynpasnsaemMon (ob6bekra
ynpaBneHus). CTpyktypa MHOromMepHoOuM CUCTEMbl aBTOMAaTU4e€CKOro

ynpaBneHus obuiero Buaa npeacrasrieHa Ha (puc. 3), rae o603Ha4YeHbl

3HAOreHHble MNepeMeHHbIe: X’(t) — BEeKTOp BXOAHbLIX (3apgaroLmx)

BO3AeNCTBUIA; V(1) — BeKTOp BO3MYyLLAOWMX BO3AENCTBUI; ﬁ'(t) —



BekTop curHanoB owubku; h’(t) — BekTop ynpaBnsoWMX
BO3EeNCTBUN; He3aBUCUMbIE NMepeMeHHbIe: Z(t) — BEKTOpP COCTOSHUM

cuctemMbl S; V(t) — BEKTOpP BbIXOAHbIX S nepeMeHHbIX, OObIYHO

y(t)=2(t).

X4 yl
—
X5 O61LeKT yz’
. ynpaBrneHus
an an
Puc 3. CprKTypa CUCTEMbl aBTOMaTU4YE€CKOrIo yrnpaBJieHUA
COBpeMeHHaﬂ ynpasndawwasa cCcucrtemMma — 3TO COBOKYNHOCTb

nporpaMmMHO-TEXHUYECKUX CpeAcTB, obecrneymBarLUX [OCTUXKEHUEe
O0BLEKTOM YynpaBneHus onpegeneHHoM uUenu. HacKoNbKoO TOYHO
O0BLEKT ynpaBfeHUsa AOCTUraeT 3afaHHOW Lernvu, MOXHO cyauTb Ans
OAlHOMEpPHOM cCUCTEMbl MO KoopAauHaTe coctosiHuA y(t). Pa3HocTb
MeXAy 3afaHHbIM V;.4(f) 1 AencTBUTENbHbLIM Y () 3aKOHaAMN U3MEHEeHUs
ynpaBnsieMou BefiM4nHbl eCTb onbKa ynpaBneHus h'(t)= ys.a(t) - y(1).

Cucrtembl, Ana KoTtopbiXx owndbku ynpasneHus h'(t) = 0 Bo Bce
MOMEHTbl BpeMeHW, Ha3sbiBalTcA udeasibHbiMu. Ha npakTtuke
peanusauus wupaeanbHbIX CUCTEM HEBO3MOXHa. Takum oOpasowm,

owndka h'() — HeobOxoaumMbIN CcyOoCTpaT aBTOMAaTUYECKOro



ynpaBJieHUsl, OCHOBaAHHOro Ha MpuWHLUMNE oTpuuaTeribHON ObOpaTHOWM
CBA3W, TaK KaK Ana npuBeAeHUss B COOTBETCTBUE BbIXOAHOM
nepemMeHHon y(tf) ee 3agaHHOMY 3Ha4YeHUKO  UCNOJIb3yeTcH
UHopMmauma o6 OTKNOHEeHMUM wMexay Humu. 3agavyen CcUcTeMbl
aBTOMaTU4YeCKOro yrnpasrieHUs SIBNSeTCA U3sMeHeHue nepemeHHon y(t)
cornacHo 3afaHHOMY 3aKOHYy C onpeaersieHHONM TOYHOCTb (C
aonyctumMon owunbkon). [pu npoekTUpoBaHMM U IKcnslyaTauuum
CUCTEM aBTOMaTU4YeCKOro ynpasrieHUss Heob6xoauMmo BbIOpaTb Takue
napameTpbl CUCTeMbl S, KOTOpble obGecneynnu Obl Tpedyemyto
TOYHOCTb YynpaBrieHMsl, a TaKkKe YCTOMYMBOCTb CUCTEMbl B
nepexoaHoOM npouecce.

Ecnn cucrtema yctonumBa, TO NPeACTaBNAKT MNPaKTUYECKUMU
UHTepeCc noBeAeHue CUCTeMbl BO BpPEeMEeHWU, MaKcumanbHoe
OTKNOHEeHue perynupyemMou nepemMeHHon y(f) B nepexogHOM
npouecce, BpeMsA nepexogHoro npouecca M T. n. BbiBoabl o
CBOMCTBaX CUCTEM aBTOMAaTU4YECKOro YyrnpaBneHUs pasfnyHbIX
KflaccoB MOXHO cpaernaTtb no Buay aunddepeHumanbHbIX ypaBHEHUN,
NPUONMXeHHO oOnucbiBalwLWKUX npoueccbl B cucrtemax. [lopsapok
anddepeHumnanbLHOro ypaBHeHMs1 U 3Ha4YeHUA ero KoadhdpuumeHToB
MOSIHOCTLK ONpeapensarTCcaA CTaTU4eCKUMM U AUHAMUYECKUMU
napameTpamMmm cuctemsbl S.

Takum obpa3om, ucnonb3oBaHue D-cxem nossonsert
¢opmanmsoBatb npouecc  (PYHKUMOHMPOBAHUA  HeMNpepbIBHO-
AeTEePMUHUPOBAHHbLIX CUCTEM S U OLEHUTb UX OCHOBHbLIE
XapaKTepUCTUKU, MPUMEHSAA aHarMTUYeCKUM WU MUMUTaALUOHHbIU
noaxopn, peanu3oBaHHbIM B BuAOe COOTBETCTBYHOLIEro f3blika Ans
MoAesriMpoBaHMA  HenpepbIBHbIX CUCTEM WUIN  UCNONb3YKOLWWUN

dHaJsioroeblie ﬂ/leVlAHble cpeancTBa BbIYUCIIUTENIbHOU TEXHUKMU.



OncKkpeTHO-A4eTePMUHUPOBaAHHbIE Moaenu

-CXeMbl
AncKpeTHO-OeTePMUHNPOBAHHbIN NOAXO0A XapaKTepeH TeM, YTO B

KayecTBe MaTeMaTU4YecKOro annaparta Ha 23Ttane dopmanusauum
npouecca yHKUMOHNpPOBaHUS cucTem ncnonb3yeTtcs
MaTeMaTM4eCcKoro annapata MaTeMaTU4YeCKUA annapat Teopuwm
aBTOoMaToB. Teopusi aBTOMaToB — 3TO pasgen TeopeTU4eckoum
KNWOepHeTUKN, B KOTOPOM MU3y4alOTCA MaTemaTuyeckme mogenn —
aBToMmaTtbl. Ha ocHOBe 3aTOM Teopuu cuctema npeacraBnAeTcs B Buae
aBTomMarta, nepepabaTbiBalowWero AUCKPETHYH UWHcpopmauuo u
MEHSAOLWEero CBOU BHYTPEHHME COCTOSIHMA JNuWb B AONYCTUMble
MOMEHTbI BPEeMEHM.

ABTOMaT MOXHO nMpeAcTaBUTb KaK HEKOTopoe YCTPOUCTBO
(4epHbIN ALWKMK), Ha KOTOpoe nMnoAalTCA BXOAHbIE CUrHanbl U
CHMMAKTCA BbIXOAHbIE WU KOTOpPOE MOXET WMeTb HeKoTopble
BHYTPeHHMe cocTosiHUsA. KoHeYHbIM aBTOMaTOM Ha3bliBaeTcs aBToMar,
Yy KOTOPOro MHOXeCTBO BHYTPEHHUX COCTOSAHUA U BXOAHbIX CArHaNoB
(a cnepgoBaTenbHO, U MHOXECTBO BbIXOAHbLIX CUrHarioB) AABRAKTCA
KOHEeYHbIMU MHOXeCTBaMMW.

Ab6cTpakTHO KOHeYHbln aBtomart (aHrn. finite automata) moxHo
npeacTaBuUTb KakK MaTeMaTU4eCKylo cxemy (F-cxemy),
XapaKTepu3yrLLyCA WeCTb 3fIeMeHTaMU: KOHEYHbIM MHOXEeCTBOM
X BXoAHbIX curHanoB (BxoAHbIM ancgaBUTOM); KOHEYHbIM
MHOXeCTBOM Y BbIXOAHbIX CUrHanoB (BbIXOAHbIM andgaBUTOM);
KOHEYHbIM MHOXeCTBOM Z BHYTPEHHUX COCTOAHUU (BHYTPEHHUM

a.l1(baBVITOM nnun and)aBVITOM COCTOHHM%); Ha4vaJibHbIM COCTOAHUEM Z,

Zp € Z; PpyHKUMEN nepexonoB ¢ (z, x)\ hyHKUMEN BbIXOOOB ¥ (Z, X).



ABTOMaT, 3apaBaembin F-cxemonm: F =<Z, XY, o, v, Zo> —

(hbYHKUMOHMPYET B AOUCKPETHble MOMEHTbl BpPEMEeHU, KOTopble
Ha3blBalOTCA TaKTbl, PaBHbI€ ApPyr Apyry, Kaxaomy W3 KOTOPbIX
COOTBETCTBYIOT MOCTOSIHHbIe 3Ha4YeHUs1 BXOAHOr0 W BbIXOAHOrO
CUrHanoB U BHYTPEHHNE COCTOSAHUSA.

AOGCTpPaKTHbIN KOHEYHbIXW aBTOMAT MMeeT OAMH BXOAHOW U OOMH
BbIXOAHOU KaHanbl. B kaxabim momeHT t = 0, 1, 2, ... AUCKPETHOro
BpeMeHu F-aBTomMaT HaxoauTcs B onpeferieHHOM cocTosiHuu z(f) n3
MHoOXecTBa Z COCTOSSHUM aBToMaTa, Npu4yeM B Ha4valfibHbI® MOMEHT
BpemeHu t = 0 OH Bcerga HaxoauTcsl B HaYanbHOM cocTtosiHum z(0)=z,.
B MoMmeHT t, 6yayun B cocTosHMM Z(t), aBTOMAT CNOCOO6EeH BOCNPUHATDL
Ha BXogAHOM KaHarne curHan x(f)eX v BbigaTb Ha BbIXOOAHOM KaHarne
curHan y(t) = v [z(t), x(t)], nepexoas B coctosiHue z(t +1) = ¢ [z(1), x(1)],
z()eZ, y(t)eY. AOCTpPaKTHbIM KOHEYHbIA aBTOMaT peanusyeTt
HeKoTopoe oTobpaxeHne MHOXecTBa crnoB BxoaHoro ancgasuta X Ha
MHOXeCTBO cnoB BbixogHoro andgasurta Y. [lpyrumm cnoBamu, ecnu
Ha BXOJ KOHe4yHoro aBTOMaTa, YCTaHOBJZIEHHOro B HavarnbHoe
COCTOSIHNe Zp, NnofaBaTb B HEKOTOPOM nocnenoBaTesibHOCTU OYKBbI
BxogHoro andgasuta x(0), x(1), x(2), ..., T. e. BXOAHOe CNOBO, TO Ha
BbiXxoZle aBTOMaTa OyayT nocnefoBaTesibHO MNOSABNATLCA OYKBbI
BbixogHoro andgasuta y(0), y(1), y(2), ..., o6pasya BbIxogHoe CIi0BO.

Takum obGpa3om, paboTa KOHEYHOro aBTomMarta npoucxoguT Mo
criegyrowien cxeme: B KaXAoM | TakTe Ha BXO4 aBToMmara,
HaxopAasierocsi B COCTosAHMM z(t), nogaeTcs HEeKOTopbIn curHan x(t), Ha
KOTOpPbIM OH pearvpyeT nepexonom B (i + 1)-takte B HOBOe COCTOSIHUE

z(t + |) n Bblgavyen HEKOTOPOro BbLIXOAHOIrO CUrHana.



Mo uwncny cocTosAHUN pasnuyaroT KOHe4YHble aBTOMaTbl C
namsimsbro n 6e3 namssmu.

ABTOMaTbl C nNamMATbO MMeKT Oofiee OAHOro COCTOSIHUSA, a
aBToMaTtbl 6e3 namMATU (KOMOMHALMOHHbLIE UMM NOrn4YecKkue cxembl)
obnagaroT nMWb oaHMM  cocTtosiHuem. [lpu  3tom, paboTa
KOMOMHALUMOHHOMN CXeMbl 3aKr4yaeTcA B TOM, YTO OHa CTaBUT B
COOTBETCTBME KaXaomy BXxoaHoMy curHany x(f) onpepeneHHbIN

BbIXOAHOM curHan y(t), T. e. peanusyeT NOrM4ecKyro (pyHKUU0 BUaa

y(t)=w|x(t)].t=12,..

dta ¢pyHKUMA Ha3biBaeTcsa OyneBon, ecnu ancgaButbl X un Y,
KOTOpPbIM NpuHaasiexaT 3Ha4YeHMUs CUrHaroB X U Y, COCTOAT U3 ABYX
OyKB.

No xapakTepy oTcyeTa AOUCKPETHOr0O BpPEeMEHU KOHe4Hble
aBTOMaTbl AeNATCA Ha CUHXPOHHbIE U aCUHXPOHHbIE.

B cuHxpoHHBLIX F-aBTOMaTax MOMEHTbl BPEeMEHMU, B KOTopble
aBTOMAaT  «CUYMUTbIBaeT» BXOAHble CUrHanbl, OMNpeaensalTCA
NPUHYAUTESNIbHO CUHXPOHU3NPYOLWNMU CUrHanamm. Mocne
oyepeaHOro CUHXPOHU3UPYHOLLEro CUrHana ¢ y4eTomM «CYUTaAHHOro»
NPouCXoaAuUT nepexos B HOBOE COCTOsIHME M Bblgava curHana Ha
BbixoAe, Mocrfie 4Yero aBTOMAaT MOXeT BOCMPUHUMAaTb crneaymollee
3Ha4YeHMe BXOAHOro curHana. Takum obpasom, peakuuss aBTomaTta Ha
Kaxpoe 3Ha4YeHMe BXOAHOro CurHana 3akaHuyMBaeTcs 3a OAMH TaKT,
ANMMUTENbHOCTb  KOTOPOro onpepensieTcd  UMHTepBarioMm  Mexay
COCeAHMMUN CUHXPOHU3UPYOLMNMN CUTHANAMM.

ACUHXpPOHHBLIU  F-aBTOMAT cCcuYnTbiBaeT BXOAHOM curHan
HenpepbIBHO, W MNO3TOMY, pearMpys Ha [OCTAaTOYHO ANIMHHbLIU

BXOAHOWU CUrHasn noCTossHHOMN BeJIUYUHbI X, OH MOXET HEeCKOJIbKO pa3



U3MEHATb COCTOSIHME, BblAaBasA COOTBETCTBYHOLLEE YMCIIO BbIXOAHbLIX
CUrHanoB, NokKa He nepeuaeT B YCTOMYMBOE, KOTOpPOE YyXe He MOXeT
ObITb N3MEHEHO AaHHbIM BXOAHLIM CUTHarIoOM.

UYToObI 3a4aThb KOHe4YHbIM F-aBTOMaT, HeOOXo4MMO onucatb BCe

aneMeHTbl MHoxectBa F =<Z, X,Y, 0, v, ZO>, T. €. BXOAHOMW,

BHYTPEHHUU U BbIXOoAHOM andaBuTbl, a Takke pyHKLUMM nepexonoB U
BbIXO4OB, MNpPUYEeM cCpeau MHOXeCTBa COCTOSIHUA Heobxoaumo
BblOeNIUTb COCTOSIHUE Zy, B KOTOPOM aBTOMAT HaxoAusiCA B MOMEHT
BpeMmeHu t=0.

CyuwiecTtByeT HECKONMbKO cnocob6oB 3agaHusa paboTbl F-
aBToOMaToB, HO Haubornee 4acTto WUCNONbL3YKTCA TaONUYHbIN,
rpadouy4ecKum 1 MaTpPUYHbIN.

lMpocmelwuli mMabnu4yHbIii crnocob 3adaHusi KOHEe4YHO20
asemomMama OCHOBaH Ha MCNonb3OBaHMM Tabnuy nepexonoB W
BbIXOAOB, CTPOKU KOTOPbIX COOTBETCTBYHT BXOAHbLIM CUrHanam
aBToMaTa, a CToNnbubl — ero coctossHUAM. lNpn 3TOM OOLIYHO NepBbIN
crneBa cTonGeu COOTBETCTBYeT HayarbHOMY COCTOSIHUKO Zo. Ha
nepeceyeHUn -1 CTPoKM wn k-ro crondbua Tabnuubl nepexonoB
nomMmeLllaeTcss COOTBETCTBYHOLLee 3HayeHue ¢@(z,, X;) YyHKUUMU
nepexonoB, a B Tabnuue BbIXOQOB — COOTBETCTBYHLWEE 3HavyeHue
w(zk, Xi,) PYHKLUUUN BbIXOAOB.

Ona HekoTopbIX F-aBTOMaTOB Ha3bliBaeMbiX aeémomamamu Mypa,
XapaKTepuU3yrLwWnxca TemMm, 4YTo (YyHKUMA BbIXOAOB He 3aBUCUT OT
BXOOAHOWU nepemMeHHou x(t), o6e Tabnuubl MOXHO COBMECTUTb,
NOJSlyYMB TaK Ha3biBaeMyK OTMEYEeHHYH Tabnuuy nepexonoB, B

KOTOpOI?I Hag KaXablM COCTOSIHUEM Z, aBTOMaTa, OOO3HavalwLwwum



cTonbeuy Tabnuubl, CTOMT COOTBETCTBYHLIUA ITOMY COCTOSIHUIO,
CornacHo, BbIXOOQHOW curHan y(z;).

NMpu agpyrom cnocobe 3agaHUA  KOHEYHOro aBToMaTta
MCNONb3yeTCcA MOHATME HanpaBrieHHoro rpadga. [pacgp aBTomarta
npeacrtaBnseT cobon Habop BepLIMH, COOTBETCTBYKOLINX pPa3fiIuiyHbIM
COCTOSIHMSIM aBTOMaTa M COeAMHAILWMX BepwuHbl Aayr rpada,
COOTBETCTBYHLNX TEM UM UHbIM Nepexoaam aBTomara.

Ecnn BXOAHOW cUrHan Xy BbI3bIBaeT nepexos U3 COCTOSIHUA Z;, B
cocTosiHue zj,-, TO Ha rpache aBTOMaTa Ayra, coeAuHsIIOLLaa BePLUNHY Z;
C BeplUMHOW zZj, obo3HavaeTca Xx. [AnAa Toro 4Tobbl 3aaaTb PYHKLUUIO
BbIXoAoB, Ayrn rpacgpa HeobxoaAMMO OTMETUTb COOTBETCTBYHOLMUMMU
BbIXOAHbLIMW CUTHaNamu.

Ona kKoHe4yHoro aBTomarta (aemomama Munu) 3Ta pa3mMeTKa
NPON3BOAUTCA TaK: €Cliu BXOOAHOU CUrHan Xy AeMCTBYeT Ha COCTOsIHUe
Z;, TO, COrfnacHoO cKasaHHOMYy, Mosfiy4aeTcs Ayra, ucxoasilasa us3 z; u

NOMeYeHHana Xi, 3Ty Ayry AOMNOJIHUTeJNIbHO OTMe4YaloT BbIXOAHbLIM

curHanom Yy =y (z;,X, ) puc. 4.




Ona aBTomata Mypa aHanorn4yHas pasmeTka rpadpa TakoBa: ecnum
BXOOHOMW CUrHan X, AEeUCTBYSl Ha HEKOTOpoe COCTOsilHMe aBToMarTa,
BbI3blBaeT nepexos B COCTOSAAHWE Z; TO Ayry, HanpasrieHHYI0 B Zj U

NMOMEeYEeHHYH Xk, AONOJIHUTeJIbHO OTMeYakT BbIXOOAHbIM CUITHalioOM

y=¥(z;,%,) puc. 5.

Puc. 5.

Mpu peweHuMn 3agay MoaenuMpoBaHUA CUCTEM 4acTo Oonee

yaobHon «¢opmon sABNAeTcA MaTtpuyHoe 3adaHue KOHe4Horo
aBtomaTta. [llpu 3TOM wMaTpuMua coeguMHEeHMM aBToOMaTa ecCTb
kBagpaTHaa wMmatpuua C=|[c;l|, cTpokum KOTOpoM COOTBETCTBYIOT
MCXOOHbIM COCTOSIHUSIM, a CToNbubl — COCTOSIHUAM nepexoaa.
AnemeHT Cj=xi/ys, CTOSAILMN Ha nepece4v4eHUU |- CTPOKU Wn j-ro
ctonbua, B cny4Yae aBTtomMata Mwunum cooTBeTCTBYeT BXOAHOMY
CUrHany Xy, Bbi3blBaloLLleMy nepexos U3 COCTOSAHUA Z; B COCTOsSIHUE Z;,
U BbIXOOAHOMY CUrHany ys, BblgaBaeMomy npu 3TomMm nepexopge. OAns
agTomaTta Munu, maTtpuua coeguHeHUn nmeeT BUA

X, Y, B XY,
C =[xV, - X, /Y, |-
XY, XY




Ana F-aBTomata Mypa anemeHT c; paBeH MHOXeCTBY BXOAHbIX
CUrHanoB Ha nepexopae (z;, Z), a BbIXOoA ONUCbLIBAeTCA BEKTOPOM
BbIXOAOB -1 KOMMOHEHTa KOTOpPOro — BbIXOAHOM CWrHan,

OoTMeYyarLlun COCTOAHUE Z;.

w(z,)
w(z))

<
I

v(z,) .

w(Zy)

HeobxoaMmo oOTMeTUTbL, YTO BOOOLLEe Ha MNpakTUKe aBTOMaTbl
Bcerga SIBMSAKOTCA ACUMHXPOHHbLIMU, a YCTOMYMBOCTb MX COCTOSAHMMU
obecneynBaeTca TeM UM UHLIM CNOCOOOM, Hanpumep BBeAEHUEM
CUrHanoB cuHxpoHusauuun. OgHako Ha ypoBHe abCTpPaKTHOW Teopuwm,
Koraa KoOHe4YHbIM aBTOMAaT BbICTyrnaeT B BUAe MaTeMaTuieCKou cxemMbl
Aana  ¢gopmanusaumm KOHKpeTHbIX OOBLEeKToOB 6e3 y4yeta psaa
BTOPOCTENEHHbIX OCOOEHHOCTEeM, YacTo YAOOHO oOKasbiBaeTcsl
ornepupoBaTb C CUHXPOHHbLIMU KOHEYHbLIMU aBTOMaTaMM.

Taknm  obpas3om, noHATMe F-aBTOMata B  AOUCKPETHO-
AeTepPMUHUPOBAHHOM noAaxoAe K MUCCnegoBaHUK Ha  Mopensx
CBOUCTB OOBLEKTOB SIBNSIeTCA MaTeMaTU4YeCKoOu abcTpakuuewn,
yAob6HoOM ans onucaHus LULMPOKOro Knacca npoueccoB
PYHKUMOHNPOBaAHUA pearibHbIX OOBLEKTOB B aBTOMaTU3UPOBAHHLIX
cucrtemax ob6paboTku MHpopmaumm 1 ynpasneHus. B kayecTtBe Takux
O0BLEKTOB B MepByH oyepenb crieayeT HasBaTb 3fIeMEeHTbl U Y3ribl
ABM, ycTtpoucTBa KOHTPONA, peryrimpoBaHusl 1 ynpaBreHUs, CUCTeMbl

BPEMEHHOU U MNPOCTPAHCTBEHHON KOMMYyTauuMM B TeXHUKe OOMeHa



uHopmaumen n T. A. OnAa Bcex nNepeyvYnUcrieHHbIX OOBLEKTOB
XapakKTepHO Harnuume [AOUCKPETHbIX COCTOAHUUM U [OUCKPETHbIU
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