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O0630p COMEPKUT PE3YJIBTATHI, OTHOCSIINUECT K MTOBEJICHIECKON U ab-
CTPAKTHOW TEOPUU KOHEYHBLIX aBTOMATOB. KoHedHBbIE aBTOMATLI U CBSI-
3aHHbIC C HUMHU KOHCTPYKIIUA OTHOCATCA K Ba’KHEHUINM NOHATAAM JIAC-
KPETHOI MaTeMaTUKHU U MaTeMaTudIecKoil kubepueruku. Teopusi aBToMa-
TOB MMeeT MHOTOYNCJICHHBbIE IPUMEHEHNsSI B IPOIPAaMMUAPOBAHUH, TEXHU-
YecKoll KuOepHeTHKe, TeOpUU JIMHAMUYECKHX cucteM u T.1. Kiaccumde-
CKUMMU 3ajladaMU 3TOI TEOPUU SIBJISIFOTCSI IIPsIMble 33/1a9M: aHaJN3a IIPO-
[IECCOB TTpe0bpa3oBaHust MHMOOPMAIUH, OCYIIECTBISIEMbIX aBTOMATAMU, U
CBOICTB aBTOMAaTOB, U OOpATHBIE 3aJIAYU: CUHTE3a aBTOMATOB C 3aJIaH-
HBIME CBOHCTBAMU U WJIeHTHMUKAIMK (BOCCTAHOBJICHNUST, PACTIO3HABAHMSI,
paciudpOBKH, KOHTPOJIS U JUATHOCTUKN) aBTOMATa I1yTeM SKCIIePUMEH-
Ta C HUM.

3ajlavua CUHTE3a COCTOUT B IOCTPOCHWM aBTOMATA [0 33JIAHHOW €ro
crierupuKAINT — 33JaHUI0 Ha HEOOXOIMMOE, BO3MOXKHOE U 3AIIPEIeHHOe
HoBejIeHre. 3a/1a49a WICHTHMUKAIINT — B IOCTPOEHUU ABTOMATA, ITPOBOJIS
9KCIIEPUMEHTHI C 33/ ]aHHBIM <«YE€PHBIM SIUKOM» — peaJju3aliyeii 3Toro
aBromMara. B Imporiecce SKCIIEPUMEHTa BO3HUKAECT (DparMeHT MOBEICHUS
aBromarta. [losToMy mMeercs: e/inHasi UCXO/HAsST OCHOBA — (DPArMeHT I10-
BEJICHUSA — JIJIS PellleHnd 3371849 aHaJIn3a CBOHCTB aBTOMAaTa II0 €ro MoBe-
JIEHUIO U CUHTE3a aBTOMaTa, YIOBJIETBOPSIOINIETO 38/ JaHHOMY ITOBEIEHUIO C

*Pabora nojep:kusajach rpaarom PO Ne 06-01-00240.
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HEKOTOPOl TOYHOCTBIO. DTH 3aJ1a91 U paccMaTpuBaiorcs B pabore. Ouu-
CaHMe MTOBEIEHNsT aBTOMAaTa 3a/1a€TCsd AECKPUIITOPOM TOI'O WU MHOIO BH-
Jla, MO3BOJISIIOIIUM OIUCATH MOBEJIEHHEe aBTOMATa, C 3aJIaHHOM CTEleHbIO
TOYHOCTH.

B mocnemnune necstuieTrnss akKTUBHO Pa3BUBAIOTCA JIBa HAYYIHLIX Ha-
npasjenus. OHO U3 HUX — (popMaJIbHBIE METO/bI CHHTE3a IPOIPAMMHO-
alapaTHBIX BBIYUCIUTEIHHBIX CHCTEM. BarkHyio pojib IpHU 9TOM HUIpa-
10T CPEJICTBA CHEIU@PUKAIINN, U PA3BUTHUIO 3TUX CPEJICTB YAEISIeTCsT OO0JIb-
1oe BHUMaHMe. PacTeT 4mcio sI3bIKOB CIeIMUKAIINN, Pa3pabaThIBAIOT-
CsI CPEJICTBA TOAJIEPKKU Pa3pabOTKU CHEIUPUKAIINNA 1 METOIUKNA UX UC-
[I0JIb30BaHMUSI.

Bropoe Hanpasiienue — Teopusi S9KCIIEPUMEHTOB C aBTOMATaMU. DKC-
IIEPUMEHTOM C aBTOMATOM HA3BIBAETCs IPOIECC OJAYN Ha aBTOMAT ITO-
CJIe/I0BaTEJIbHOCTH BXOJHBIX CHUTHAJIOB, HaOJIIOJIEHIE COOTBETCTBYIOIIEIO
[OBEJIEHNWsT ABTOMATa WM BBIBOJA 3aKJOUYEHHN O (PYHKIIMOHUPOBAHUM W
CBOIICTBAaX aBTOMAaTa, OCHOBAHHBIX Ha TUX HaOJIOJEHUSX U AIIPUOPHOI
uragopmanuu 06 apromare. OCHOBHAS 3a/[a9a TEOPUU SKCIIEPUMEHTOB CO-
CTOUT B pa3paboTKe 3PPEeKTUBHBIX IKCIIEPUMEHTOB, ITO3BOJISIIONINX ITOJIY-
9uTh (PACHO3HATH) OIPEJIeJIEHHbIE CBEJICHHsI O CTPOEHUH aBTOMATa, ero
GYHKIUIX, O XapaKTepUCTUKAX IIpoIlecca peobpa3oBanns HH(MOPMAINH,
OCYIIECTBJISIEMOIO 3TUM aBTOMATOM. [Ipu 3TOM BO3HUKAET OOJIBINON KPYT
3a/1a4, CBSI3aHHBIX C KJacCu(UKaIel SKCIEPIMEHTOB, C BOIIPOCAME pa3-
PEIMMOCTH] 3a/1aY PACIIO3HABAHUS Te€X WJIM UHBIX CBONHCTB aBTOMATa, OIpe-
JIeJIeHHBIMI BHIAMU 9KCIIEPUMEHTOB, C OIEHKAMU CJIOYKHOCTH MUHUMAJIb-
HBIX SKCIIEPUMEHTOB, JIOCTATOYHBIX JJIsI PENIeHUs] TeX WU WHBIX 3aJat
PACITO3HABAHMS, & TAKXKE C OIEHKAMU CJIOYKHOCTH ITOCTPOEHUST STUX IKCIIE-
puMeHTOB. Teopus IKCIEPUMEHTOB MHTEHCUBHO pa3pabaTbiBaeTcs, B Heil
OJIyYeH Psijl BaXKHBIX ¥ IPUHIMIHAIBHBIX pe3ysibraToB [2-8]. Ona ume-
eT MHUPOKU KPyr NPUMEHEHUI M OKa3bIBAET 3HAYMTEIbHOE BINSHHAE HAa
pasBUTHE Psijla MATEMATHYECKUX U TEXHUYECKUX JUCIUILINH (TeXHUIe-
CKOM JUArHOCTUKH, TEOPUN JUHAMUIECKUX CUCTEM, TEOPUN (POPMATBHBIX
SI3BIKOB ¥ TPAMMATHUK, TEOPETHYECKOIO POIPAMMUPOBAHUS 1 JIP.)

Crernudukaiins aBToMara U GParMeHThl OBEJIEHUsT aBTOMAaTa SBJIsl-
FOTCsI TIPUMEPaMH JIECKPHUIITOpa aBToMara. 1Ipu mcciieJoBaHuun TOIYHOCTH
omHMCcaHusa aBTOMAaTa (pparMeHTaMi BayKHYIO POJIb MIPAIOT TaK Ha3bIBa-
eMble HJIeHTU(UKATOPLI CBOMCTB aBTOMara (COCTOSHMUIA, BXOJIOB, BBIXO-
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noB) [6] — dparmeHTsI, 103BOJISIIONINE OJJHOZHAYHO WJIEHTUMDUIMPOBATE
oTU cBolicTBa. VaeHTudUKATOPLI JAIOT €Ile OAUH IPUMEP JECKPUIITOPA.

IIpu permennn 3a7a4d cuHTE3a U UACHTU(MUKAINA BO3HUKACT HEOOXO-
JUMOCTDb OIUCBIBATH MOTEHIIMAIBLHO OECKOHEUHbIE KJIACCHI AaBTOMATOB (Du-
HUTHBIME cpejicTBaMu. OJHUM U3 OCHOBHBIX TAKUX CPEJCTB SIBJISTFOTCS
HEJETePMUHUPOBAHHLIE aBTOMATHI — €Ille OJUH IPUMEDP IECKPUIITOPA.

Takum 06pa3zoM, IPU MCCJIEIOBAHIE 3a/1a9 CUHTE3a,/MIeHTUDUKAIIINT
aBTOMATOB BO3HUK U MHTEHCHBHO HCIIOJIL3YETCS Pl YACTHBIX BHJIOB JI€-
CKPHUIITOPOB aBTOMAaTa, W 9TH JECKPHUITOPHI U3yJAIOTCs CBOUMU OCOOBI-
MU MeTOJaMHU. B CBsI3M ¢ 9TUM BO3HUKAET HEOOXOAUMOCTH pas3pabOTKU
TEOPETUIECKOI'O OCMBICTIEHUsT U ODOOIIEHNST STUX YACTHBIX CJIYYaeB C IIe-
JIBIO CO3JIAHUsT ODOIUX METOJIOB W3YUEHUsI, CO3JaHWS W HUCIOJb30BAHUS
JIECKPUITOPOB aBTOMATA, IIPH PELICHUH 3304 CUHTE3a 1 UACHTUDUKALINN
aBTOMATA.

OCHOBHBIME TIPOOJIEMAMH JTECKPUIIIMH ABTOMATOB SBJISIIOTCA aHaJIN3
JIECKPUIITOPOB JAHHOTO aBTOMAaTa, CHHTE3 aBTOMATa [0 3aJIaHHBIM JIe-
CKPHUITOPaM, IPEeACTaBJICHIe aBTOMATa JeCKPUITOPAMU C 3aJIaHHON cTe-
[IEHBIO TOYHOCTH.

OcHOBHOE BHMMaHHE B paboTe yIe/IdeTcsd MCCIeIOBAHUIO ITOC/e Hei
u3 HUX. B KadecTBe OCHOBHOIO MOJIEJBHOIO JIECKPUIITOPA BBICTYIIAIOT
dparMeHTs aBTOMAaTa. DTO O0bICHSIETCS CJIELYIONIUMI COOOPAXKEHUSIMU.

[IpobiemaTiKa BOCCTAHOBJIEHHSI ABTOMATA 110 3aJaHHOMY (DparMeHTy
BO3ZHUKJIA B TEOPUU IKCIIEPUMEHTOB U TEXHUYECKOW JTUATHOCTHKE, KOTJA
dparMeHT 9TO TECT U peaklus Ha Hero, MOJyYeHHas B SKCIEPUMEHTE,
a TakKe IPU CHHTEe3e, Korja (pparMeHT 3TO 3ajaHue Ha (PYyHKIIUMOHUPO-
BaHUE CUHTE3UPYEMOI0 aBTOMaTa. JTa IMPOOJIEeMATHKa COCTOUT B aHAJIH-
3€ TOYHOCTH OIUCAHUsI aBTOMaTa (pparMeHTaMi, APUOPHO 3aJ[aHHBIMU
U /WK TOJIy9eHHBIMU B 9KCIEPUMEHTE; CO3JIAHUU METOJOB MOCTPOCHHUSI
dparMeHToB, MPEJACTABJISIONIUX ABTOMAT C 3aJIAHHOW CTENeHbI0 TOTHO-
CTHU; CO3JIAHUU METOIOB CHHTE3a aBTOMaTa II0 dpparMeHTaM. YKa3aHHAs
mpobJieMaThKa Pa3BUBAETCS B paMKaX UYeThIPEX HAIPaBJEHUI: CHHTE3a
VIPABJISTIOIINX U BBIYUCJIUTEBHBIX CHCTEM, TEXHUIECKOU THATHOCTUKN
TaKUX CHUCTEM, CUHTAKCUIECKOTO PACIHO3HABAHUS 00Pa30B, TEOPUH JKCIIE-
PUMEHTOB C aBTOMaTaMi. Pa3BuTHe 3TUX HAIPABJIEHUN MPOUCXOIUT JIO-
CTATOYHO HE3aBUCHUMO JAPYT OT JPYTa IO OIPEIEISTIONINM BINSTHIEM TE€O-
PHUHU 3KCIEPUMEHTOB.
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OcHoBaHMEe TEOPUU IKCIIEPUMEHTOB C ABTOMATAMH TOJI0XKeHO Mypom,
[IPOBOJIUBIIIUM UCCJICJIOBAHUS B JBYX B3aUMOCBSI3aHHBIX ACIIEKTAX: HEOT-
JIMYMMOCTD ABTOMATOB HUKAKUMU KPATHBIMU M HUKAKUME IPOCTHIMHU (01~
HOKPATHBIMH) 9KCIEPUMEHTAMU; PACIO3HABAHIE ABTOMATOB M UX COCTO-
STHAW C TIOMOINBIO TaKUX KCIepuMeHTOB. CTaHOBJIEHWE TEOPHUH KCIIE-
PUMEHTOB TeCHO cBsi3aHo ¢ paboramu A.M. BoromosoBa u ero ydenu-
koB, M.II. Bacunesckoro, A. I'mnna, B. H. Hockora, H. B. EBrymenko,
A. ®. Ilerpenko, . K. Pricuosa, B. A. Teepanoxiedosa, C. B. f60ncKO-
ro, ®. Xennn m ero MHOrouucjeHHbIX mocaemoBareneii, II. Illtapke u
MHOTHX JPYTUX. DTU HUCCJIEIOBAHUSI MOYKHO DPAa3JIEJUTh HA TPU dTala:
KOMOMHATOPHBIHN, CTOXKHOCTHOW M XapaKTePU3aIMOHHBIMN.

KombuHaTOpHBIM STanm Kacajicsl IMOCTPOEHUsT CPEICTB aHAJJIN3a aBTO-
MaTOB M AJI'OPUTMOB IPOBEJIEHUST IKCIEPUMEHTOB C HUMU, UCXOJS W3
KOMOWHATOPHO-MOIITHOCTHBIX cooOpakenuit. MeToabl u pe3ysibTaThl 9TO-
ro 9Tama JIOCTATOYHO TOJTHO TPEJICTAaBIeHbl B u3BecTHON Kuure A. ['mi-
na [12].

Ha ciioxkrOCTHOM 3Talie OCHOBHOE BHUMAHUE YJIEISETCs TOCTPOECHUIO
ONTUMAJIBHBIX 110 CJIOKHOCTH AJITOPUTMOB M HAXOXKJEHUIO CJIOXKHOCTU
[POBEJICHUS IKCIEPUMEHTOB, & TaKKe OINTHUMAJILHBIX 110 CJIOXKHOCTH Me-
TOJIOB aHAJIN3a TIOBEJIEHUSI ABTOMATa. DTO MOTPEOOBAJIO AHAJIN3a CTPYK-
TYPBI 9KCIIEPUMEHTOB. DTOT 3Tan uHUImHpoBaH paboramu @. XeHHU U
M. II. BacujeBckoro, KOTopbie IIPOBOUIIN IIOCTPOCHNE KOHTPOJIBHBIX IKC-
[EPUMEHTOB ITyTEM CIIEIUAJBHOIO TOMEIEHUST BO BXOJHBIE IIOCJIE/I0BaA~
TEJIBHOCTH CIEIUAIBHBIX TOJIOCIIE0BATEIBHOCTEN  (JIMArHOCTHIECKUX,
YCTAHOBOUHBIX, JIOKAJIN3YMOIINX, XapPAKTEPUCTHIEKNX W T.II.), [0 Peak-
[UU HA KOTOPBIE UCCJIELyEMOI'0 aBTOMATa, MOYKHO HICHTUMUIINPOBATE €10
BHYTPEHHIE COCTOsTHUS. Ha 3ToM 3Tare ucciieioBajnch pas3jndHble BUJIbI
TaKUX [TOCJIEJIOBATEILHOCTEN U CIIOCOOBI UX PA3MEIICHUS B SKCIIEPUMEHTE.
MeTo/ibl U pe3yJIbTAThl BTOPOIO 9TAIa JTOCTATOYHO IIOJIHO ITPEJICTABIEHBI
B kaure B. B. Kyapsisuesa, C. B. Anemmna, A. C. Ilogkonsuna [7|. Oaun
u3 aBropoB Hacrosiero obzopa (M. C. I'pyHckuit), 110-BuuMoMy, epBbIM
HA3BaJI 3TH ITOCJIEJIOBATEIbHOCTA U PEaKIUU HA HUX UIeHTU(PUKATOPAMI
COCTOSIHUIi, HAYAJI UX CHCTeMaTudeckoe msydenue |4 m obparmi BHIMA-
HUE Ha CYIECTBOBaHNE UICHTU(DUKATOPOB JIPYTUX HEHADJIFOIAEMBIX KOM-
[IOHEHT HOBe/ieHust (HAIIpUMep, BXOJIHBLIX HocseoBarebHocreii [6]). Ha
BTOPOM 3Talle MOy IeHO DOJIBITOe KOJUIECTBO YACTHBIX CIIOCOO0B ITOCTPO-
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€HUsI KOHTPOJIbHBIX U PACITO3HAIOININX IKCIIEPUMEHTOB JIJIsl CJIYIaeB, KOra
OHH 3aB€JIOMO CYIIecTBYIOT. Hermcceie JoBaHHBIME OCTAIUCEH YCJIOBHS CYIIe-
CTBOBaHUSI U CTPYKTypa TaKUX IKCIEPUMEHTOB B 00IeM ciydae. OueHb
TPY/IHBIM OKA3aJICA BOIPOC: ITO JOJIZKHO IMPUCYTCTBOBATL B 9THX IKCIIE-
PUMEHTAX, & YTO SIBJISIETCS U3JIEPYKKAME aJlOPUTMOB UX ITOCTPOEHUSI, TO
€CTh BOIIPOC XapaKTepHU3allil BBIIEyKa3aHHBIX SKCIIepuMeHTOB. [losiBie-
HUe [ePBBIX XapaKTePU3aIMOHHBIX TeopeM [47] MOXKHO OTHEeCTH yiKe K
CTAHOBJIEHUIO TPETHEro, XapaKTepU3aIMOHHOI0, JTalla.

Kak ymomwuHaj0Ch BBIIIE, B MOC/IE/IHEE BPEMsI BO3HHUKJIO BajyKHOE W
MHTEHCUBHO pa3BUBaloleecd HalpapieHne «PopMaibHbIe METOIbI CHH-
Te3a KOMIIBIOTEPHBIX CHCTEM», BO MHOI'OM OObEIMHSIIONIEE BBINIEYKA3aH-
Hble YeThIpe HalpaBJieHusi. [T HEro OCHOBHBIMU 3ajia9aMU SIBJISTFOTCS
33749 KOHTPOJIsT TAKUMX CHUCTEM Ha BCEX ITallaX WX YKU3HU: MMPOEKTH-
posanusi (model checking), nsroroBsienus: u sKcIIyaTauu (KOHTPOJIb U
JIMAarHOCTHKA). [losBIIOCh 3HAYUTEILHOE YUCJIO CPEJICTB ONMCAHUS Ta-
KHUX CHCTEM Ha Pa3JINYHBIX yPOBHSX (SKCIIEPHMEHTBI, aHKETHBIE SI3BbIKH,
k-HabOpBI, YaCTUYHBIE U HEJIETEPMUHUPOBAHHBIE aBTOMATHI, BPEMEHHbIE
JIOTUKU ¥ T.11.) DTU CpecTBa (DAKTUUECKH OIMCHIBAIOT (DPArMEHTBI 10~
BeJICHUSI CHHTE3UPYEMOI'0 aBTOMaTa, 3a9aCTyIO ITOPOKIaeMble HEK/IACCH-
JeCKUM CIocoboM ukcanmm ero mopemeHusi. [Ipm 3ToOM KaxKIblii BU,
TaKUX CPEJCTB M3y4YaeTcsd CBOMMH CIIENNAJbHLIMU METOJaMU B OTPBLIBE
OT oCTaJIbHBIX. Takoe paszHooOpasue TpedyeT CO3JaHusI OOIIEero MOHATHS
dparmenTa, UCCIeOBAHNS YCIOBHI CYIIECTBOBAHUSI, CTPYKTYPBI, CJIOXK-
HOCTH (PPArMeHTOB, IMO3BOJISIIONINX OIUCHIBATH, BOCCTAHABINBATE, MICH-
THDUIUPOBATE aBTOMAT € 3aJ@HHON TOYHOCTBIO, & TaKKe Pa3paboTKu
METOJIOB CO3JaHns TakKuX pparmeHToB. VcciiemoBaHue 3TOro KOMILIEK-
ca 3aJlad COCTABJISET, HA HAI B3IV, COJEPXKAHUE TPETHEro ITara —
XapaKTePU3aIMOHHOr0. AKTYaJIbHOCTh MCCAEIOBAHUI B 9TOM HAIIpaBJIe-
HUU, B CHUJIYy BBIIIIECKA3aHHOI'O, BCE BO3PACTAET. DTUM HCCJIEIOBAHUSIM,
BBITIOJIHEHHBIM B 3HAYNTEILHON CTEIeHH aBTOpaMu 0030pa JIM0O IOJ WX
PYKOBOJICTBOM, ITOCBSIIIIEHA 3HAYUTE/IbHAST YaCTh pabOTHI.

BazoBbiM TIOHsSITHEM, Ha KOTOPOE OIUPAETCsl U3yUeHHe BbIIIeyKa3aH-
HOT'O KpyTa 3aJ1ad sIBJISIETCs MIPEJIOKEHHOe IMOHATHE (pparMeHTa, siBJIsi-
IOIIeecss eCTECTBEHHBIM ODOOIeHnEM OOJIBIIOTrO YHC/Ia M3BECTHBIX (par-
MEHTOB YaCTHOTO BHa M O0JIaJalollee MX XapaKTEPHBIMU CBOWCTBAMMU.
BsesieHo orHOIIeHME «(parMeHT — aBTOMAT», PACCMOTPEHBI CBOWCTBA
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KJIacCOB (pparMeHTOB 3aJaHHOTO aBTOMAaTa. BBeIeHO MoHATHEe Kodpar-
MeHTa, («3arpereHHoro bparMeHTas ) aBroMara, pacCMOTPEHBI CBONCTBA,
KJIACCOB aBTOMATOB, UMEIOIIUX 3aJ[aHHyt0 1apy (dpparment — xodpar-
MeHT). JIpyroe BBejieHHOE KJIIOUEBOE MOHSATHE — TOHSTHE UACHTH(hUKA-
TOpa HEHADJIIOAAEMbIX KOMIIOHEHT (DYHKIIMOHUPOBAHUS AaBTOMATA, TO €CTh
dparmenTa, O3BOJISIONIEIO OJIHO3HATHO OIIPEIEC/INTD 3HAUCHUS STUX KOM-
noHeHT. [lokazano, ¥To0 MIAEHTUPUKATOPHI SABJISIOTCS MOIIHBIM UHCTPY-
MEHTOM HCCJIEJIOBAHUST PACCMATPUBAEMBIX B padoTe 3aJiad.

Jlajiee BBemeHO O0Iee MOHSTHE TPEJACTABICHUST aBTOMATA-ITAJIOHA C
3a/IaHHOI TOYHOCTBIO (IT07I00MEM) OTHOCUTEIBHO AIPUOPHOIO KJIACCA aB-
TOMATOB Kak napbl (dparmMent, KodparMeHT) aBTOMATa-ITaJ0HA, KOTO-
pasi MOxKeT ObITh napoil (dpparmeHT, KodparMeHT) aBromMaTa U3 alpu-
OPHOT'O KJIACCA TOJIBKO, €CJiu OH 1oyobeH srajony. [lokazano, aTo 3T0
[OHSITHE OXBATHIBAET U 0000IIAeT Psijl YaCTHBIX HOHSTHI (KOHTPOJIbHBIE,
PACIIO3HAIOIINE SKCIIEPUMEHTBI, AHKETHbIE sI3bIKU, k-HAOGOPBI U T.11.), W3-
BECTHBIX B Teopun aBTOMATOB. [IpoBeieHa ecTecTBeHHAsT KIaCCUDUKAIINS
npejcrapiennii. OCyIecTBI€HO CHCTEMATHIECKOE UCCIEI0OBAHUE YCJIOBUM
CYIIECTBOBAHUS U CTPYKTYPBI IPEJICTABICHUN.

[Tosrydenbl TOUYHBIE YCJIOBUSI CYIIECTBOBAHUS IIPEICTABICHUI OOIIe-
ro BIJIA U YACTHBIX UX KJACCOB B TEPMUHAX B3AMMOOTHOIIICHUI CBOWCTB
AIPUOPHOrO KJIACCA, KJAcCa aBTOMATOB, IMOMOOHBIX ITAJIOHY, M KJIACCA
aBTOMAaTOB, HEOTJIMUUMBIX OT aBTOMAaTa-9TAJIOHA JJIsI COOTBETCTBYIOIIETO
OTHOIIIEHUST HEOTINIUMOCTH. [[0/IydIeHbl yCI0OBUS CYIIECTBOBAHUSA HETPHU-
BHAJILHBIX IIPEJICTABJIEHUI PAa3INIHBIX KJIACCOB, B TOM YHCJIE€ aHKETHDBIX
SI3BIKOB U KOHTPOJIBHBIX 3KcrepuMeHToB. McciaenoBana cTpyKTypa Tek-
CTYaJIbHBIX TIPEJCTABJIEHUN, TO €CTh MPEJCTABJIEHUN, COCTOSIINUX TOJBKO
u3 pparMeHTa aBTOMaTa U He CoepKaIuX KopparMeHTa. JTa CTPYKTypa
OmMcaHa B TEPMUHAX HAJUYNSA U PACIOJIOKEHUSA B TPEICTABIECHUN WIEH-
TUpUKATOPOB COCTOsIHMI dTajona. [ 9TOro BBemeHa Omepals 3aMbl-
KaHUsi (bparMeHTa M0 TaK Ha3bIBAEMbBIM BEPUMUIIMPOBAHHBIM UJIEHTUMU-
KaTopaM 39TajIOHa U CTPYKTYpPa TEKCTYAJbHBIX IIPEICTABICHUN OIUCAHA
B TEPMUHAX ITOrO 3aMblkaHusd. 3 3THX pe3yJabTATOB CJIE/IyeT, B YaCT-
HOCTH, 0OOCHOBaHUE METOJIOB IIOCTPOEHUST KOHTPOJILHBIX SKCIIEPUMEHTOB,
MIPE/IJIOXKEHHBIX XeHHU, BacuaeBCKuM U psiioM UX mocienoBaresieit. Haii-
JICHBI YCJIOBHUSI, IPU KOTOPBIX (DPArMEHT SBJISIETCS [IPEJICTABICHUEM TOY-
HO TOTJA, KOTJIa €r0 3aMbIKAHUE 110 COOTBETCTBYIONINM HICHTU(MUKATO-
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pam umzomopdHO 3TasioHy. TeM caMbIM BbIJICJIGHBI CJIyYan, KOTJA HICH-
THUMDUKATOPBI COCTOSIHUIT B IIPEJICTABJICHUSX HEOOXOoMuMbl. HaitmeH psi
KpuTepres (B TEPMUHAX 3aMBIKAHMUIA), IIPH KOTOPBIX (DPArMEHT sIBJISIETCsI
MIpEe/ICTAaBJIEHNEM B C/Iydae, KOTJa AIPUOPHBIN KJIAcC KOHEYeH U COCTOUT
U3 aBTOMATOB, YHCJIO COCTOSTHUN KOTODPBIX HE ITPEBOCXOIUT YUCJIA COCTO-
SHUN 9TAJIOHA, & CaM ITAJOH 00/IAJIAeT JOMOJHUTEIbHBIMUA CBOMCTBAMH,
BaKHBIMU B MPUJIO?KEHUAX TEOPUU aBTOMATOB. Psi 3TuX Kpurepues ObLI
MOJIYU€H C €JIMHBIX MO3WIMI CBEJCHUEM 3aJIa9i aHajm3a (HpparMeHTOB C
1IEJILIO BBISIBJICHUSI CBOMCTBA, «OBIThH IIPEJCTABICHUEM> K 3aJiade aHAJIH-
3a packpacoK HeKOTOpbix rpados. IIpuBejeHbl pe3yJsibTaThl 10 OIEHKE
CJIOZKHOCTH 33JIaY1 PACIIO3HABAHUS IIPEJICTAB/ICHNI aBTOMATOB. M cmosib-
3ysI TIOJIyYeHHbBIE XapaKTePU3aIMOHHbIE TEOPEMbI, JoKa3ana N P-mojiHora
YKa3aHHO 3371a11 paclo3HaBaHus JJIs paia ciaydaeB. Kpome Toro, momy-
YEHDbI HEYJIydIIaeMble OICHKHU JJINH KOHTPOJIbHBIX IKCIIEPUMEHTOB, OIIpe-
JeJISIONTNeE MpeieTbHble HIXKHIE TPAHUIBI 9TUX JJIUH JIJIsT 9KCIIEPIMEHTOB
C JIIOOBIM 3TAJIOHOM OTHOCUTEIHBHO PACCMOTPEHHBIX KJIACCOB aBTOMATOB.

Kak ykaszblBajioCh BBINIE, B IMOC/IeHEe BPeMs B MPUKJIATHLIX 3373~
gax (model checking) BosHHKaeT HEOOXOAUMOCTH PACCMATPUBATE IIOTEH-
[UAJIBHO OECKOHEYHBIE KJIACCHI, 33/IaHHbIe (DUHUTHBIMU JIECKPUIITOPAMHU.
PaccemoTpens! qBa Tuma Takux JeCKPUITOPOB: HEJETEPMUHUPOBAHHBIE aB-
TOMAThl U MApPKEPBI-UJIEHTU(MDUKATOPHl COCTOSHUI CHEIUAJBHOIO BUJIA.
Bsenennt 1Ba Buia (GUHUTHO-OIPEIEICHHBIX KJIACCOB, COOTBETCTBYIOIINE
9TUM JecKpunropam. Mccenyercst cTpykTypa 9Tux KiraccoB. Ocoboe BHU-
MaHUe VJIeJIsIeTCs CBOWCTBAM KOHTPOJIBHBIX U PACIIO3HAOIIUX IKCIEPH-
MEHTOB OTHOCHUTEJIBHO STUX KJIACCOB.

[Ipeiaraemblit 0030p COMEPAKUT Psiji OKOHUATEHLHBIX PE3YJIBTaTOB,
OJIHAKO OHU SIBJISIIOTCS JIUIIb OYE€PEIHBIM IArOM B HUCC/IEIOBAHUU 3aa%
aHaJIn3a U CHHTE3a aBTOMATOB IO WX IMOBEJIEHUIO, KOTOPBLIE ITOCTOTHHO
HATIIOJIHAIOTCS HOBBIM COIEPXKAHUEM U TPEOYIOT JOMOJTHUTE/ILHBIX YCUINi
U CPEJICTB UX Pa3peIeHus.
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1. OcHoBHBIE onpeesieHUs 1 0a30BbIe Pe3yJib-
TAThI

1.1. ABTOMATBI: 9KCIEPUMEHTHI U UAHTUPUKATOPDI

HanoMHUM OCHOBHBIE MOHSITUSI TEOPUH ABTOMATOB, KOTOPBIE MOXKHO
HaiiTH, HAIpuMep, B 7).

Apromarom (Mum) nassBaercs cucrema A = (5, X,Y,0,\), rue
S, X, Y — andaBurhl cOCTOSIHMIA, BXOJOB U BBIXOJIOB COOTBETCTBEHHO, a
FCSISXX XS, ANCS XX XY — dyuxkiun nepexogosB 1 Bexonos. Kax
06braHO, 0(s,x) (A(s,x)) obo3HAUAET MHOXKECTBO TeX 3J1eMeHTOB s’ € S
(y' €Y), st koropbix (s,z,8") € § ((s,z,y") € X). ABromar HazbiBaeTCst
JIeTePMUHUPOBAHHBIM, €CJIU 0 ¥ A SIBJISIIOTCS (YaCTHUIHBIMUI) OTOOpAKEeH-
svu u3 S X X B.S uY coorBercTBeHHO. ABTOMAT HA3BIBAETCSI BCIOLY OIPe-
JleJieHHbIM, ecain O(s,x) u A(s,x) oupemesensl Jyisi Becex s € S u x € X.
B jasbHeiinen, ecjii He OrOBOPEHO IIPOTUBHOE, PACCMATPUBAIOTCS aBTO-
MATBI, y KOTOPBIX 0OJIACTH ONpeie/ieHnst (DYHKIUI IePEX0/I0B U BBIXOJIOB
comasialoT. st aBromara A COOTBETCTBYIONLYIO OOJIACTD OIPEJIEICHUST
oboszuaanMm 1uepe3d Dom A, a obnacts 3uadenunit dyuxnun f aepes Im f.

[Mycts S € S u 6(5",2) = U d(s,2), A5, 2) = U A(s,z).

ses’ ses’

PacripocrpanuM (yHKIIME aBTOMaTa Ha MHOXKECTBO X * 10 ¢opMyJiaMm,

riae (s,e) = s, d(s,px) = 0(0(s,p),x) A(s,e) = e, A(s,e) = A(s,p)
AO(s,p),z), tne s € S, x € X, p € X*. Byjem ropopurb, 910 BXOJI-
BBIXOJIHOE CJIOBO W = (p,q) MOPOXKJIAETCs COCTOSIHEEM S aBromara A,
ecin g € A(S,p). C KaxKJbIM COCTOSIHUEM § ACCOIMUPYETCs MHOXKECTBO
As BCEX BXOJI-BBIXOJHBIX CJIOB, ITOPOK/IAEMBIX 9THM COCTOsiHEEM. Ecin
aBroMaT A JleTepMUHUPOBAHHBIN, TO Ag siBjIsieTcsi (YacTUUHBIM) 0TOOpa-
»kerneM n3 X B Y n nasbiBaercst aBroMaTHbIM oToOpaxkenueM. Ilycrs
l(w) — mmmEa cioBa w € Ay, Torma l(w) = I(p) = I(q). Yepes A} obo-
3HAYNM MHOXKECTBO BCEX BXOJI-BLIXOJHBLIX CJIOB JUIMHBI 4, IIOPOZKIAEMBIX
cocrosiHreM s. ABromar A yio6HO 3aJlaBaTh B BUJE I'padOB MIEPEXOJIOB,
BEPIIUHAME KOTOPOTO SIBJISIFOTCSI COCTOSIHUS U3 S, a JiyraMu — UeTBEPKI
(s,z,y,t) ,tne t € §(s,x), y € A(s,z). [lapa (x,y) Ha3BIBACTCS OTMETKOMN
JIyTH, § — ee HA4IaJIOM, a t — KoHroM. B gasbueiiinem unoria OymeM 0ToxK-
JIECTBJISITH aBTOMAT CO CIIMCKOM BCeX JyT ero rpada. Ecim me oroBopeno
[POTUBHOE, CYNTAEM, YTO aBTOMAT MMeeT X0Tsi Obl ojiHy jyry. CocrosiHue
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 HA3BIBAETCS JIOCTHKUMBIM U3 S, eciu t € (s, p) Juist HekoToporo p € X *.
ABTOMAT HA3BIBAETCS CUITLHO CBSI3HBIM, €CJTH €ro rpad MepexoioB CUIILHO
cBsizer. CoCTOsTHEE S HA3BIBAETCS MTPEXOJIAIINM B A, eCii § He SIBJISIETCsT
KOHIIOM HU OJTHOM jiyru aBToMaTa A. ABTomar, rpad mepexooB KOTOpOro
HE UMeeT IMKJIOB, HA30BeM aIuK/JIndHbiM. e Heobxoaumo, aadaBuThl
1 QPYHKIIMH aBTOMaTa OyJIeM CHAOXKaTh WHIEKCAMHU.

[Tycrs A = (S, X,Y,04,A4), B=(T,X,Y,0p5,\p) — HEKOTOpBIE aB-
TomaTbl. [oMomopdusmom aBromata A B aBTOMAT B HA3BIBAETCS] TAKOE
oTOOpakeHrne ( MHOXKECTBa, S BO MHOXKECTBO 1, Jijisi KOTOPOT'O €CJIN JIy-
ra (s1,z,y,s2) npunajuiuexur asromary A, to ayra (¢(s1),z,y,¢(s2))
upunayiexkutr B. [omomopdusm ¢ HazbiBaeM MOHO- WU SMUMOPMOU3-
MOM, €CJIU (¢ — B3aUMHO OJIHO3HAYHOE OTOOparKeHUe WM OTOOpaKeHHe
Ha MHO>KecTBO 1’ cooTBercTBeHHO. Hasmmuame romomopdusma obo3HAMA-
em A < B, a monomopdpuzma — A C B. TomomMopdusMm, sSBISIONTHHCST
OJTHOBPEMEHHO MOHO- U 3TUMOP(MU3MOM, HA30BEM U30MOPMOU3IMOM.

Tomomopdu3m Ha3BIBAETCS MOJIHBIM, ecsiu Julst Beex nyr (t1,,y,to)
apromara B, s Kotopbix t1 € ¢(S), naiimercs myra (s1,z,y,S2) aB-
romara A, mis koropoit ¢(s;) = t1, @ = 1,2. Aromar A Ha3biBaeTCs
[OJIABTOMATOM aBTOMaTa B, e€C/ii CyIeCTBYEeT IOJHBII MOHOMOP(U3M
A B B. Eciun ¢ siBJIsieTcst MOJTHBIM 3nuMopdu3MoM apromara A Ha B,
To B HazbiBaeTcss ToMoMOpdHBIM 06paszoM A 1Mo ¢, 4To 0003HAYAETCSI
B = p(A). Ecin ¢ siBiisiercst mostHbiM n3oMopdusmom apromara A Ha B,
TO OHU Ha3bIBaIOTCA u3oMopdubiMu. [losHblil n3oMopdu3M obo3HaTaeM
A = B. Tomomopdusm aBromaTa B cebst Ha3biBaeM SHJIOMOPQUIMOM, a
n3omMopdusM B cebst — aBTOMOP(PUIMOM.

[Tyctsb ¢ — romomopdusm aBromara A B B 1 ¢ — romoMopdusM aBTo-
mara B B apromar C' = (U, X, Y, 0., \.). Torna uepes ¢-¢ obosnadaem ro-
mMomopdusm asromara A B C', Jy1st KOTOPOTo, ecyn jyra (S1, T, Yy, S2) IpH-
matexknt asromary A, nyra (¢(¢(s1)),z,y, (¢(s2)) npunagrexur C.

[Iycrs A = (S, X, Y, d, \) — Hexoropelit aBromar. B jgasibheiinem cau-
TaeM, 9TO MHOYKECTBA BXOJIOB U BBIXOJIOB ABTOMATOB KOHEUHBI. ABTOMAT,
Yy KOTOPOI'0 KOHEYHO W MHOYKECTBO COCTOSIHUI, HA3BIBAETCS KOHEUHBIM.
MmuoxkecrBo U = X X Y HazoBeMm BHENTHUM ajihaBUTOM aBTOMATa, OHO
Bcerma KoHeuHO. Kitacc Bcex aBToMaToB B anmdasutax X,Y obo3HATaET-
cst gepe3 N(X,Y) mwim N(U) B 3aBucumoctn ot yaobersa. Hepes D(X,Y)
win D(U) obosHauaercsi Kiace JeTepMUHUPOBAHHBIX ABTOMATOB B 9TUX
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andasutax. Kjacc Bcex KOHEUHDBIX JIETEPMUHUPOBAHHBIX aBTOMATOB 000-
saadaeM D (U), a ero mojkiace BCIO/Ly ONPEJIIEHHBIX TPUBEICHHBIX aB-
romaroB — A(U).

C aBromarom A acconmupyercst asromar Mejsenesa Ay = (S, U, A ),
rye U, S — MHOYKeCTBa, €ro BXOJOB M COCTOSTHUHN COOTBETCTBEHHO, a A 4 C
S x U x S — oTHoIIeHre 11epexoJIoB, Jiiist KoToporo t € A 4(s, (x,y)), ecian
t € 6(s,x) my € A(s,x). Y aBromaroB A u Ay ux rpadbl COBIAJIAIOT,
[IO3TOMY 3a9aCTyI0 3T aBTOMATHI OY/IyT OTOXKIECTBJISITHCSI.

IToBeernneM aBTOMAaTa OOBITHO HA3BIBAETCH CIIOCOD B3AMMOIEHCTBUSA
aBTOMaTa C BHEITHeH cpesoil. V3BeCTHBI pa3MdHble YTOUYHEHUS TOBE-
nenus. B manpHeiiimem mox mopegenueM OyAyT IMOHMMATBCS MHOMKECTBA
BXOJI-BBIXOJIHBIX CJIOB B ajihaBUTaxX aBTOMAaTa, BO3MOXKHO, C HEKOTOPOIA
JIOTIOJTHATEIBHOM CTPYKTYpOoit. OCHOBHBIM MOHSITHEM TIPU U3y YCHUN TOBE-
JIEHUsI aBTOMATa CJIeJlyeT CUUTATH IOHSITAE SKCIIEPUMEHTa C aBTOMATOM.
B Teopun aBTOMATOB IOJ SKCIIEPUMEHTOM IIOHUMAETCS IIPOLECC HMOIAYUN
HA HUCCJIElyeMblii aBTOMAT BXOJHBIX CJIOB, HADJIFOJIEHUSI COOTBETCTBYIO-
X BBIXOJIHBIX CJIOB — PEAKIINI 3TOTO aBTOMaTa W BBIBOJA 3aKJIIOYEHIH
00 mccieyeMOM aBTOMAaTe Ha OCHOBE allpUOPHON MHGOPMAIMKA O HEM W
MOJTyYeHHBIX BXOJI-BBIXOJHBIX CJI0B. IIpm 3TOM (hyHKIIMH aBTOMATA U €T0
BHYTPEHHUE COCTOSIHUSI ITOJIHOCTBIO HEM3BECTHBI U IEJIBI0 IKCIIEPUMEHTa
SIBJISIETCST WX PACO3HABAHUE. BXOJHBIE CJIOBA TIOMAIOTCS Ha, HAYATbHDIE
COCTOSTHMsT aBToMaTa. lIporece SKCIepruMEeHTHPOBAHNST OCYITECTBIISETCS
AJITOPUTMOM-3KCIIEPUMEHTATOPOM.

YTouHUM TIOHSITUsT 3KcnepuMmeHTa. ABromar A HasbiBaercst cyrabo
UHUIMATHHBIM, €CJTU BBIJEIEHO MOMHOXKECTBO €r0 BO3MOXKHBIX HAYA b
HBIX cocTosiHuil, 1 obo3navaercs A = (S, XY, 0, A, Sy). Ecim Sy cocronr
U3 OJIHOrO cocTostHust S, To aBromar A = (S, X, Y, 0, ), sg) HasbiBaercs
HHUIUAJIBHBIM. B ciiyuae Sg = S aBromar A Ha3bIBaeTCs HEMHUIUAJB-
HBIM.

Pacemorpum ciabo mannmanbubiii apromar A. Muoxecrso W Bxos-
BBIXOJIHBIX CJIOB HA30BEM dKcIepuMeHToM aBroMara A, ecou W C g njist
HEKOTOPOro s € Sy. 3adukcupyeM HEKOTOpBIN 3kcrepumenT W aBroma-
ra A. MHOXKecTBO P BCex TakuX BXOJHBIX CJIOB p, 4T0 (p,q) € W s
HEKOTOPOro ¢ € Y™ Ha30BeM TeCTOM, HMOPOXKIAIOIMM 3KcinepumernT W.
MuoxkecTBO Q) BCeX TAKUX BBIXOJIHBIX CJIOB ¢, YTO JIjIsT HEKOTOPOTO CJIOBa
p U3 Tecta P, Ha30BeM HaOJIIOJEHUEM, IOPOXKICHHLIM TecToM P. DKciie-



AHaJii3 U cMHTE3 aBTOMATOB II0 UX IOBEJCHUIO 355

pument W OymeM moHMMATEL Takyke Kak mapy: TecT P u mabmomaenne
u Oynem mmcars W = (P, Q).

Aromary A mOCTaBUM B COOTBETCTBHE MHOXKECTBO BCEX €r0 IKCIIE-
pumeHTOB E2(A). DTO MHOXKECTBO YaCTHYHO YIOPSIJIOYEHO OTHOIIEHUEM
sryovenns: C. Hepes Fxz™**(A) 0603HaYMM MHOKECTBO BCEX MAKCHMAJIb-
HBIX (110 9TOMY OTHOIIIEHHIO) SKCIIepuMeHToB apromara A. ZlcHo, uTo K-
HEePUMEHTAMU TOIO0 MHOXKECTBa MOI'YT OBITH Ag JIJIsi HEKOTODPBIX § € Sp.

Asromarer A 1 B Ha30BeM HEOTJIMUUMBIMA HUKAKUM SKCIIEPUMEHTOM,
ecin Ex(A) = Ex(B). Ecim A u B BCIO/ly OIpeJIesIeHbl, TO IIOCIIe/IHEe
PaBEHCTBO PABHOCUIBHO paBeHcTBY Ex™*(A) = Ex™*(B). Hna scio-
JIy OIIPEJIEIEHHBIX JIeTEPMUHIPOBAHHBIX HEMHUIUAILHBIX aBTOMATOB 3TH
paBeHCTBa PAaBHOCHILHBI cooTHoleHnto (A, B) € e.

Yepes Ex(U) obosnauum muOKecTBO Beex Tex W C U*, koropble
SIBJISTEOTCSL 9KCIIEPUMEHTAME HEKOTOPOI'O JIETePMUHUPOBAHHOIO aBTOMATA
¢ BuerauM ajipasurom U = X X Y.

Apromar A = (S,X,Y,0,\, s0) Ha3bIBaeTCsS MHUIMAIBHO CBSI3HBIM,
ecnu JiIst JIIODOTO €ro COCTOSTHUSI S CYIEeCTBYeT CJIoBO p € X ™ s
koroporo s € 0(sg,p). Kilacc Bcex KOHEYHBIX JIET€PMUHUPOBAHHBIX
UHUIMATHLHO-CBA3HBIX TTPUBEIEHHBIX WHUTHAIBHBIX aBTOMATOB O0O3HA-
anm gepe3 Ar(U).

Ciabo nannpanbaomy apromary A € A(U) mocraBuM B COOTBETCTBHE
Lp = Ex™(A) = {As}ses,- Hyers LY = {\}icq,.

Pacnpocrparum nousitrie roMmoMmopdusMa Ha CIa0OMHUTINAIBLHBIE aB-
romarsl: myctb A = (S, X,Y,04,A4,80), B = (T,X,Y,0p,\p,Ty) —
JIETEPMUHUPOBAHHBIE C1a00 MHUIMAJIBHBIE aBToMaThl. OTobparkenue o :
S — T nasoeM romomopdusmom asromara A B B, ecin p(s) € To ms
Beex s € So u p(da(s,x)) = dp(p(s),z), Aa(s,z) = Ap(p(s), x) mas Beex
s € S, z € X. CymecrBoBanne romoMopdusma oboznadaeM A < B, a
nzomopcpusma — A = B. fcHo, 9To JIs cab0 MHUIUAILHBIX aBTOMATOB
A,B € A(U) paserctBa A = B u L4 = Lp paBHOCHJIbHBIL.

[TpoGtemoit anaym3a aBromara A OyJeM HA3BIBATH IIPODJIEMY HCCTIE-
noBanust cBoiictB Ex(A) wmn L, ecmnm A € A(U). TIpobiemoit curresa
aBromaTa OyjieM Ha3bIBaTh [IPOOJIEMY [OCTPOEHHsI aBToMaTa, (dalie Bee-
ro u3 kiacca A(U)), st koroporo Exz(A) paBHO 3a/1aHHOMY MHOYKECTBY
skcrepumenTos E C Ex(U).
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ITpu mocTaHOBKE U MCCIIEIOBAHNHN TTPOOIEMBI CHHTE3a, OOBITHO Pa3JIu-
9aroTCs J[BE CUTYallui: a) MHOXKeCTBO E 3a/1aercst Ha J0CTaTouHO hopma-
JIM30BAHHOM $13bIKE, 6) MHOKECTBO F MOXKeT ObITh 110y YeHO B pe3yJibTare
9KCIIEPUMEHTHPOBAHUS C 33/ TAHHBIM «UEPHBIM SIITTIKOM» — UCCJIE/TYEMBIM
aBromaToM. [locmemss cuTyarus n3BeCTHA KAK «PACIIIGPOBKA» ABTO-
MaToB. Eil yiensercss ocHOBHOe BHUMAHUE B JaHHON pabore.

AJTTOPUTMBI-9KCIIEPUMEHTATOPBI PACITH(MPOBKHY JEJIATCS HA JIBA KIIac-
ca: PacIo3HAOIINe U KOHTPOJIbHBIE. AJINOPUTM-9KCIEPUMEHTATOD (Miin
KakK OOBIYHO TOBOPSIT 9KCIEPUMEHT) HA3bIBACTCS PACIO3HAIONIAM HJIN
uienTudunupyomum oraocuresnbHo Kiacca F C A(U), eciin B pesyiib-
TaTe MPOBEJICHUST POTIECCa, IKCIIEPUMEHTUPOBAHNUS C «IE€PHBIM SITIIUKOM »
u3 F 9TOT ajaropuTM TOJHOCTBIO OMpEJIeIsieT ero MHOYKECTBO IKCIIEPH-
MEHTOB, TO €CTb PACIO3HAET €r0 ¢ TOYHOCTHIO JIO N30MOP(MU3MA.

Takoit anropuT™M HA3BIBACTCS KOHTPOJILHBIM OTHOCHTEILHO KJIACCA
F C A(U) n aBromara-stanona A € A(U), ecam B pe3ysbraTe SKCIEDH-
MEHTUPOBAHUS C «IE€PHBIM ANUKOM» U3 F' 9TOT ajropuTm orpejessier,
n30MOpMHBI A U «9epHBIi SITUK» WA HET.

1.1.1. KoHTpoJbHbIE 3KCIIEPUMEHTHI

PaceMoTpuM 0/1HO M3 yTOYHEHUI MOHATUST «KOHTPOJILHBIN IKCIIEpH-
MeHT». Ciejiysi BBINIECKA3aHHOMY, KOHTDOJIBHBIM SKCIIEPUMEHTOM OTHO-
curesisio F' C Ar(U) n A € Ar(U), nasosem takoe muoxkecrso W BXoJ-
BBIXOJIHBIX CJIOB, Jiyisi Kotoporo W C Lg = {Ag,} , u eciu W C Lp,
e B € F, to A = B. Eciiu W KOHTPOJBHBIH SKCIIEpUMeHT Jijist A u
F, T0 KOHTDOJIbHBIII aJrOPUTM-IKCIIEPUMEHTATOP COCTOUT B IMOJade Ha
«4EePHBIl AMUK» BXOJIHBIX CJIOB p € P | rie P — TecT, HOPOXKIAIONIN
W, B HAOIIO/IEHNN PEAKIN ¢ «4epHOTO sillUKa» Ha P U 1IpoBepke: (p,q)
npuHaIeskuT W onam Her.

st mccnenoBanusi CBOWCTB SKCIEPUMEHTOB aBTOMATa BBEJIEM HA
kiacce Ar(U) merpuky.

Oyuxuust p: Ar(U) x Af(U) — R co caeyonmm HabopoM aKCHOM:

1) p(A, B) =0 rouno torja, korjga A = B;
2) p(A,B) = p(B, A);
3) p(A,C) < p(A, B) +p(B,C),
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rne A, B,C € A;(U), nasbiBaercst Merpukoii, a napa (Ar(U), p) — merpu-
YECKUM TIPOCTPAHCTBOM. METPHKY p HA30BeM BBIYHC/IUMOIlL, €C/IU CyIIe-
CTBYeT aJrOPUTM BblYHCsIeHUst paccrosuust p(A, B) Jyisi HpOU3BOIBHBIX
A, BeA [(U )

MeTpuky B K/1acce aBTOMATOB MOXKHO BBOJIUTH PA3IMIHBIME CIIOCOOa-
M, HO OCOGEHHO OTMETHM METPHKY [3, Jyisi KoTopoil mojoxum (A, B)=
0,ecu A= B, u p(A,B) = %, ecm Lffl #+ L% u ij‘_l = LlfB_l. Metpuky
0 Haz0BEM OIPOBCKOIA.

BspoBckast MeTpuka (3 SIBJISIETCS BBIYUCIUMOMN, MOCKOJIBKY €CJIn
A# B, 1o Lljl # L’fg st Beex k > ng +np — 1, e ng = |S|, n,
caesioBaressio, p(A, B) > % JUIST TaKuX k.

Oxkpecrnoctbio ¢ nentpom A € Aj(U) u pamuycom r € RT nazosem
muoxkectBo aBromaros O,(A) = {B|B € Ar(U), p(A,B) < r}. Asro-
maT A sijsiercst pejiesbHbIM apromaToM Kiacca F' C Ap(U), ecan jist
moboro r > 0 kimace Op(A) N (F —{A}) ne mycr. Yepes lim F' oboznaamm
MHOKECTBO BCEX IPEJIe/IbHBIX aBTOMATOB Kjacca F.

st 6sposekoit merpuku ( u npomsBosibibix F' C Ar(U), A € Ar(U)
CIIpaBEJIJIUB CJICAYIOIUI KPUTEPUN CYyIIeCTBOBAHUS KOHTPOJIBHOI'O 3IKC-
nepumenta [17].

Teopema 1.1. Pasnocuavio, ymeepocoenus:
1) Cywecmeyem konmpoavrwvili sxcnepumenm omuocumenvno F u A;

2) Mmooicecmeo LY asasemes xonmpoavnvim sxcnepumenmom ommo-
cumeavho A u F das nexomopozo k;

3) O%(A) NF C{A} dan nexomopozo k;
4) O% (A) N F — xoneuroe muootcecmso 0as nexkomopozo k;

5) A¢limF.

DTOT KpUTEpHUil MOKA3bIBAET, UTO B 03POBCKON MeTpuke (3 mporecc
BBIBOJIA 3aKJIOUEHUN B IIPOIECCe SKCIEPUMEHTHPOBAHUSA CBOJIUTCS K MIPO-
BepKe yCJIOBHS 3.

Ecnu xnacc F' KoHeueH, TO CYIIECTBYeT BEPXHss OIEHKA ¢ IMC/a Co-
crosiamit aBromaroB u3 F'U {A}, u nosromy sz ABJIAETCS KOHTPOJIbHBIM
sKcrepuMeHTOM. JIIsT TpOon3BOIBHOINO OECKOHETHOrO Kiacca F' Kpurepnit
HEKOHCTPYKTHBEH, OIHAKO JaJjee OyIyT PacCMOTPEHBbI TakKue OECKOHed-
HbI€ KJIACCHI, JIJIsT KOTOPBIX 9TOT KPUTEPUN KOHCTPYKTHUBEH.
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1.1.2. ®dparmeHTHI aBTOMATA

3a1aTh aBTOMAT — 3HAYUT 330aTh ero ajadasuTel n pyuknnn. OyHK-
MU aBTOMAaTa yI00HO 3a/1aBaTh rpadoM, KOTOPHI, B CBOIO 0Yepeib, 3a-
nmaercst ciiuckoM Jiyr. yra (s, x,y,t) HeceT CIeIyONLyIO0 JOKAIBHYIO WH-
dopmalo 06 aBToOMaTe: eCJI U3BECTHO, UTO OH HAXOJUTCS B COCTOSTHUAN
S U U3BECTEH BXOJHON CHIHAJ X, TO aBTOMAT IepeHdIer B COCTOSHUE t
1 BbIJaCT Ha BbIXOJ/J€ CHUI'HaJI y HOCKO.TH)Ky NMEHa Ha4daJl 1 KOHIIOB Ayr
U3BECTHLI TOYHO, TO CIIMCOK Ayr OJHO3HAYHO IIPEBPAIaeTcs B rpad ab-
TOMAaTa OTO2KIECTBJICHHEM BEPHINH C OJJMHAKOBBIMU MMEHAMMN.

ECJII/I aBTOMAaT HU3BECTEH YaCTUYIHO, TO 6y,£LelVI CUUTaThb, 9YTO 3ITa Ya-
crruHas nHPOPMALMS 3a1aHa I'PadoM, B KOTOPOM YaCTUYHOCTL UHQOP-
Malu 3aKJ/Ir049aeTCd B TOM, YTO:

1) HeKOTOpre AyTu aBTOMaTa HEU3BECTHDBI ITOJIHOCTDBIO;

2) HekoTopble jiyru aBToOMAaTa 33/1aHbl ¢ HEOIIPEICIeHHOCTHIO: OTMETKA
u = (z,y) HEM3BECTHA W BMECTO HEe MU3BECTHO HEKOTOPOE IOJIMHO-
xkecrBo U’ Bremnero asndasura U, npuuem u € U', a Bmecro s,t
uzpectnnr S”, S” C S, nusa koropeix s € S’ t € S”.

Takum o00pa3oM, € HEOIPEIECJIEHHOCTHIO W3BECTHBI KAaK  BXOJI-
BBIXO/IHBbIE OTMETKH Ha JIyrax, TakK M CBA3U MexK Iy ayramu. OCHOBBIBasIChH
Ha 9TUX COOOpaKEeHMSIX, BBEJIEM OCHOBHOe MTOHSITHE — ITOHsITHE (bparMeH-
Ta aBTOMATA.

IIycre v; = UjnUs ... Uy, cyTh cioBa B ajbaBuTe 2U, 1 = 1,2, To
ectb U;; € U g Beex 4, j. Ecom Uy; C Ugj st Beex j, 1 < j < K, To
[IepBOe CJIOBO U1 HA30BEM YTOYHEHHEM BTOPOTO CJIOBA V2, & BTOPOE — pac-
IMIAPEeHneM IePBOTo, ITO 0003HAUNM BKIOUYeHNEM v C v9. Ecan caoso v;
MOHUMATh KaK TepM B ajiredpe KiimHM, onpenesiaronuii si3blk B ajidaBuTe
U, o ectb cumTarh, 910 v; = {u1 ... U |uj € Uy}, TO mOCIEAHEE BKITIO-
YeHNe COBITAJAeT C OOBIYHBIM TEOPETUKO-MHOXKECTBEHHBIM BKJIIOYEHUEM.
PacpocTpainn BBEIEHHOE BKOUeHNe Ha s3bIKH B asdasure 2U. IIyctn
V; — MHOXKecTBO cji0B B 3TOM ajichaBute, ¢ = 1,2. Ecim ajst Kaxk10oro
v1 € V1 Haliercs ero pacmupenue ve € Vo, To V] Ha3oBeM yTOYHEHWEM
V5, a Vo — pacmupennem, aro obosnaunm Vi C Vo, Ecim Vi monnmarh
KaK O0beIuHeHne si3bIKOB v € V;, TO mocjegHee BKJIIOYEHHE He MPOTHBO-
PEUUT TEOPETUKO-MHOXKECTBEHHOMY BKJIIOUYCHHUIO.
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[Iycrs R; = (T3, 2V A;) — aBromarbl MejBenesa, i = 1,2, u3 kjac-
ca N(2Y). Ilycts ¢ : Ty — Ty — orobpaskenue, jijis KOTOPOIO, €CJIH
(t1,U1,t2) nyra aBromara Rp, To Haiigercs Takoe yrounenue Us C Uy,
aro (¢(t1),Us, p(t2)) — myra aBromara Ry. B ommmane or panee BBeJenH-
HOTO TOMOMOP(dU3Ma, oTobpaxKeHue @ Oy/eM HA3LIBATH CJIA0BIM T'OMO-
Mopduzmom. PakT cyiiecTBOBaHus CJ1IabOro roMoMopdusMa 0003HATUM
RloORQ.

O6oznaunm Dy (X,Y) Kiacc Bcex KOHEUHBIX, JIETEPMUHUPOBAHHBIX,
BO3MOXKHO YACTUYIHBIX ABTOMATOB, Y KOTOPBIX ODJIACTH ONpeJIe/TEHUSsT
dyukmit copnagaot. Ilycrs A — HEKOTOPBI aBTOMAT U3 ITOrO KJIACCA.
Asromar R € N(2Y) mazsoem dparmentom asromara A, eciun RooA,.
OroxmecrBasss A, u A, mociegHee BKIIOUEHHE TaKXKe OyIeM MHCaTh
RooA. @parmenT R Ha30BEM HEIOCDEJICTBEHHBIM, €CJIM OTMETKA, KarK 10
€ro JIyI'! COCTOUT U3 OJIHOM OYKBBI BHeITHero ajdasuta U, u R sBaseTcs
JeTEPMUHUPOBAHHBIM aBTOMaTOM, TO ecThb ecan R € D(U). B nporusnom
cay4dae (pparMeHT Ha3bIBAETCS KOCBEHHBIM.

PaccmoTpum mpuMepsl pparMeHTOB aBTOMAaTA, MPOSICHSIONTIE CMBICTT
9TOro HoHATHsI. PaccMoTpuM BHadase HEOCPEeJICTBEHHbIe (DParMeHTh.
[Tycts aBTOMaT A MOPOXKIAET BXOM-BBIXOJHOE CI0BO w. Torma cTpod-
HbIlii aBroMar R(w) sIBIsSIeTCS KOHEUHBIM HENOCPE/ICTBEHHBIM (hparmMeH-
TOM aBToMaTa A, MOoJyYeHHBIM TTPU HAOJIIOIEHNN BXOJOB U BBIXOJIOB aB-
ToMara. ZlcHo, ¥TO B 0ObIIEM ciiydae CyIECTBYET HECKOJBKO TOMOMOD-
dbusmos dbparmenta R(w) B aBromar A. s moGoro muoxkecrBa W
BXOJI-BBIXOJIHBIX CJIOB, MMOPOXKJAEMBIX 9TUM aBroMaroM, aBromar R(W)
siBsisiercst ero dparmenrom. Ecoim W € Ex(A), to nepeso D(W) toxe
spysiercst pparmentom aBromara A. [Tockosbky nepexon or W € Ex(A),
K D(W) B3auMHO OJIHO3HAYEH, TO UCHOJIb3YS BOJIBHOCTH PEYH, MOYKHO
CYATATH, YTO BCE dKCIepuMeHThl u3 Exz(A), 1 ux upsiMble CyMMBI sBJIsI-
forcst bparmenTamMu apromara. Slcho, uro D(Ag) — dparmenT aBromara
A juig Beex s € S.

Kpowme sTOrO, caM aBTOMAT W BCE €r0 MOJABTOMATHI SIBJISIIOTCS €0
HEIoCPe/ICTBeHHBIME (hPArMEHTAMH.

PaccmoTpum HeKOTOpBIE KOCBEHHBIE (pparMeHThl aBToMaTa A. FEcmn
aBTOMAT ITOPOXKJIAET HA BBIXOJE CJIOBO ¢ = Y1 ... Yk, TO ¢ MOXKHO ITOHU-
MaTh Kak cioBo v = (X X y1)...(X X yi) B andasure 2V, u crpou-
Hblii aBroMar R(v) siBjsieTcsi KOHEYHBIM KOCBEHHBIM (DPArMEeHTOM, HOJIy-
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YEeHHBIM 1P HAOJIIOJIEHUH TOJIBKO BBIXOJIOB aromata. Ecau A moposui
BXOJI-BBIXOJIHBIE CJIOBA W], W2 ¥ U3BECTHO, U9TO OT HOPOXK/EHHSI CJIOBA W,
JI0 HavaJIa MOPOXKIEHUsI CJI0Ba wg HPOILIO k TaKTOB paboThl aBroMaTa,
10 Mostysaem cioso v = wiUkwy B andasure 2V u crpounsii apromar
R(v) siBiisieTcst KOCBEHHBIM (parMeHTOM aBToMara. VI3 9Tux npumepos
SICHO, ITO AHAJIOTUIHO CTPOSATCS KOCBEHHbIE (DPArMEHTBI, €CJIU B IIPOIIECCE
9KCIEPUMEHTHPOBAHUSI C ABTOMATOM A B TeYeHHe HEKOTOPOIO KOHEYHOI'O
nHTepBasa paboThl aBTOMAaTa He HabJIIOAAIOTCS T€ WM MHBIE KOMIIOHEH-
ThI BXOJIHOTO ¥ BBIXOJIHOI'O BEKTOPOB (B CiIydae, KOIJIa aBTOMAT HMeeT
CTPYKTYPHBIE BXOZBI U BBIXOJBI).

13 npuBe/IeHHBIX PACCYKJIEHUI CJielyer, 9To (hparMeHThl sIBJISIOTCS
rubKUM CpeJICTBOM ommcanust byHKIMOHUPOBAHUsI aBToMaTa M OXBaTbl-
BAIOT TAKME BarKHbIE YACTHBIE CJIy9Ial KaK 9KCIEPHIMEHTBI, ONPAHIIEHHO-
JleTepMUHUPOBaHHbIE (DYHKIUM, HAOIIONEHUS 1 T. I1.

ITycrs F(A) — kimace Bcex dparmentos aBromara A € Dy(U). B cu-
JIy CKa3aHHOI'O BBbIIlle, BCAKHUI SKCIIEPUMEHT BXOJUT B 3TOT KJacc. Hc-
mn R € N(U) KoHedeH, TO CyIIeCTBYyeT TPHBHAJIBHBIN aJlOPUTM IIPOBEP-
KU TOro, siBjsiercss u R ¢parmenrom apromara A. Ilosromy momkiiacc
Fr(A) xoneunsix dpparmentoB aBromara A Bcerjia GECKOHEUEH U PEKYp-
cusen. Ilycrs F(U) = |JF(A), rue obbeuHeHe BINOIHSIETCS 110 BCEM
A € D(U), ectsb xmacc Beex dbparmentos B andasute 2U. Jlerko Buaers,
YTO TOT KJTACC sABJIAETCs cobCTBeHHbIM noKaccom Kimacca N(2Y), u nog-
ksace F(U) koHeuHbIX pparMenToB GeCKOHEeYeH, PeKYPCUBEH U BKJIIOYa-
er B cebs Kiacc apromaros Dy(U).

B pesysbrare omnpejiesieHbl J[Ba Kiacca 0OBEKTOB: KJIACC aBTOMATOB
D(U) n ximacc dparmentos F(U), a TakKe OTHOIIEHHE ¢ JIECKPHUIIIAN aB-
Tomar — dparment, 1o ectb (A, R) € ¢, ecit A € D (U) u RoA. B
monorpadun [22| aromary A € A(U) craBuTCs B COOTBETCTBHE KJIACC
ero dparmentoB F(A), a dparmenry R — xinacc A(R) C A(U) Beex ko-
HEYHBIX, JIETEPMUHIPOBAHHBIX, BCIOJLY OIPE/IEJEHHDIX, IPUBEICHHBIX aB-
ToMaToB A, jyist KoTopbix RooA. Ilpu aTom roBopsit, uTo R onuchkiBaer
kiacc A(R), mwimn, aro R onpenensier A ¢ Ttounocrsio A(R). B pamkax
kiaccoB F(A) u A(R) B kuurax [6, 22| cucreMaTndecKu HCCIIELYIOTCSI
cBoiicTBa (DPArMEHTOB PA3JINIHBIX BHUJIOB.
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1.1.3. UnearTudukaropbl COCTOSIHUII aBTOMATa

[Tycts A HEKOTOPBI KOHEUHBIH JI€TEPMUHUPOBAHHBINA ABTOMAT C COB-
MAJIAIONUMEI 0DJIACTAME OpejiesieHust (PyHKIUN Iepexoi0B U BBIXOJIOB,
To ectb A € Dy (U). Dror aBromar jajee OyueM Ha3bIBATH ITAJOHOM.
Paccvorpum Takume hparMeHThl 3TAJI0OHA, KOTOPBIE TO3BOJISIOT OJIHO3HAY-
HO OIIPEJIEJISITh €r0 BHYTPEHHUE COCTOSIHUS.

[Iycts R — HekoTOpBIil (bparMeHT 3TajoHa U { — HEKOTOPOEe IPOU3-
BOJIbHOE 3aduKcupoBannoe cocroguue pparmenta. PparmMenT ¢ 3aduKCH-
pOBaHHBIM cocTosinneM obo3naunm Ry. Oparment R; Ha3oBeM njieHTHMOU-
KaTOPOM COCTOSIHUSI § 9TAJIOHA, €CJIN I JII0OOTO c1aboro romomMopdusmMa
¢ dbparmMeHTa B 9TaJOH BBINOJHSETCS PaBeHCTBO ¢(t) = s. Drtor dpar-
MEHT HA30BeM UJIEHTU(DUKATOPOM COCTOSTHUN 9TajIoHa, ecyn R saBjsercs
UJCHTHMOUKATOPOM HEKOTOPOTO COCTOSTHUS § dTajoHa A.

C BBeJIEHHBIMHU MOHATHSME (DPArMEHTa aBTOMAaTa, OTHOIIECHUS Jie-
CKPUIIIIH «(PParMeHT — aBTOMAT», MOHATUEM HUICHTU(MUKATOPA COCTOsI-
HOII aBTOMATa CBA3aH IEJIBIN P XOPOIIO U3BECTHBIX U CTAPEeUINX 3303t
TEOpUM aBTOMATOB, KOTOPBIE PENIAJIUCh )i KOHKPETHBIX BUJIOB aBTOMa-
ToB U ux ¢gparmentoB. K ux umciy oTHOCATCA Takue 3a/a9d Kak 3aJia-
YU OIPEJIe/IeHUsT BHYTPEHHEI'O COCTOSHUS aBTOMATa, IIyTEM SKCIIEPUMEH-
ta ¢ HuM |12, 16|, 3ajaun curTe3a aBTOMaTa 1O 3aJaHHOMY (DpArMEHTY
(sxcniepumenty [17, 18], ankerabiM sisbikam |20, 21|, 3aj1a4u cpaBHEHUsT
HOBEJICHUST aBTOMATOB (9KBUBAJIEHTHOCTD, HEOTJIMIUMOCTD [TPOCTHIM I
KPATHBIM 3KCIEPUMEHTOM ), 38JIa91M KOHTPOJIsI U PACIIO3HABAHUSI ABTOMa-
ToB). Bosee 110/po6HO 5TH CBsI3M paccMoTpeHbl B MOHOrpadusx [6, 11,
22|. B HuX Ke MOKA3aHO, YTO WMJICHTUMHUKATOPHI SIBJISIIOTCS MOIHBIM U
aJIEKBATHBIM CPEJICTBOM HCCJIEJIOBAHUs CBOMCTB (DparMeHTOB aBTOMAaTa
U, OCOOEHHO, €ro MPE/ICTABICHHUIA.

1.1.4. Mapxkepbl COCTOSIHUII aBTOMATa

[Tycte A — nexoropsriii apromar u3 A(U), a M4 — MHOXKeCTBO BCex
TeX BXOJI-BBIXOJHBIX CUIHAJOB (x,y), JUIsi KOTOPBIX CYIIECTBYET TaKoe
eJINHCTBEHHOE COCTOsIHUE § 3TOro aBromara, 4ro (r,y) € As. Ipyrumu
cioBaMu, My — MHOXKECTBO BCEX HAYAJBHBIX MJIEHTU(DUKATOPOB COCTO-
stauii bl 1 aBromara A. OnpeiesiuM OTHOIIEHHE JIECKPUIIIUN [TPABU-
gom: @ € A(U) x 2V, p(A) = M4. lanee Gyner paccMOTpeHa clieLyto-
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mas 3a7a4a. [Ipoussosibio 3adukcupyeMm HeKoTopoe muoxkectso M C U.
DJIEMEHTBHI 3TOr0 MHOYKECTBA HA30BEM MapKepamu. PaccMoTpum KJjacce
A(U, M) Bcex tex aBromaros A, jyist kotopbix M4 2 M N ® 4. Cocrosi-
uue apromara A € A(U, M), nopox iaioiiee HEKOTOPbIii MapKep, HA30BEM
MapKUPOBaHHBIM (OTMEUEHHBIM). B jasbHeiinem nccieiyercss CTpyKTy-
pa xiacca A(U, M), ero MHTEPECHBIX MOJKJIACCOB U €ro JOMOJHEHUs 10
A(U). PaccmarpuBarorcst Takzke KpaTHbIE KOHTPOJIbHBIE M PACIIO3HAIOIIIE
9KCIIEPUMEHTBI JIJIS 9TOIO KJIACCa U €ro MOJKJIACCOB.

1.1.5. XapakTepusaTopbl KJIaCCOB aBTOMATOB, HEOTIMYNMBbIX
9KCIIepUMEHTaMU

ITycre A = (S, X,Y,04,A4) — IPOU3BOJILHBILI JIeTEPMUHUPOBAHHBII
KOHEUHBII BCIOJy OIpe/iesieHHblii apromar. [lycrs P — HeKOoTOpoe MHO-
JKeCTBO BXOJIHBIX CJIOB, Ha3blBaeMoe Jjiajiee TectoM. Kaxioe cocrosinue $
aBTOMAaTa ¥ TOT TeCT HOpoXKaator sxcruepument Wy = {(p,Aa(s,p))},
p € P. MHOXeCcTBO BCeX SKCIIEPUMEHTOB aBToMara A, MOPOXKJIEHHBIX
9TUM TecToM, obo3nadnM depe3 Ex,(A), To ectb Exy(A) = {Ws}ses.

ITycrs asromar B = (T, X,Y,dp, Ap) TOXKe KOHEUEH, JeTePMUHIPO-
BaH W BCIOJLY ompejiesieH. ByaeM rooputh, uro A Heormmaum ot B 9Ke-
IlepIMeHTaMH, TTOpoxkaeHHbIME TecToM P, ecim Ex,(A) C Exy(B). Or-
HOIIEHNE HEOTJIMIMMOCTH TaKUMK dKCIHepuMeHTaMu 0b6o3HaduM yp. OHO
pedIeKCUBHO, TPAH3UTHBHO, HO B OOIIEM CIydae HE aHTUCUMMETPUIHO
U SIBJIAETCS IPEIIOPSIIKOM. DTOT HPEIOPSIIOK MOPOXKIAeT SKBUBAJIEHT-
HOCTB pp = Yp NYp', T0 ectb (A, B) € pp, ecin Exp(A) = Exp(B).
DTy IKBUBAJIEHTHOCTH HA30BEM P-HEOTJIMYMMOCTBIO, a aBTOMAaThl P-He-
OTJINIUMBIMH.

«
[Iycts P C 2% — nekoropoe MHOXKeCTBO TecTOB. OHO MOPOXKIAET

HPEeANopsAoK Yp = (| 7Yp U 9KBUBAJEHTHOCTL pp = (| pp.
PeP PeP

Jlerko BujieThb, 4T0 Kitace £(A) KOHEUHBIX, J[ETEPMIUHUPOBAHHBIX BCIO-
Y OIIpE/IEJIEHHBIX aBTOMAaTOB, HECOTJIMYIUMbBIX OT A HUKaKUM 3KCII€pUMEH-
oM, beckonedeH. [lockonbky € C pp, 1uist Jii00bIX P, To Kitace pp(A) Toxe
6eckoneder. st Toro, ITOOBI ¢IeIaThL OOJIee TPO3PATHON CTPYKTYPY ITO-
ro KJIAcCa, B JlajbHeleM (pakTOpU3yeM €ero 1o €, TO eCTh OyJIeM CIUTATh,
9TO pp 3a8JIaHO Ha KJIACCE MPUBEJIEHHBIX ABTOMATOB.



AHaJii3 U cMHTE3 aBTOMATOB II0 UX IOBEJCHUIO 363

B kuure [6] ocymiecrBiisiercst oBIuii MOJX0L K HM3Y9IEHUIO CBONCTB
kiacca pp(A) aBromaroB P-meoTnmauMbIx OoT A IS PasIMUHBIX BHU-
J0B TecToB P, TO ecTb aBTOMATOB, HEOTJIMYMMBIX IKCIEPUMEHTAME Pa3-
JITIHOTO Bijia. PaccMarpnBamch OTHONIEHHST HEOTIIMINMOCTH aBTOMATOB
SKCIIEPUMEHTAMI OIPDAHUYEHHBIX BBICOTHI I KDATHOCTHU, SKCIEPUMEHTAMU
OrPAHUIEHHON BBICOTHI, IPOCTHIME IKCIIEPUMEHTAME U T. II.

IIpn paccMOTpeHHH HEOTJIMYMMBIX aBTOMATOB OCHOBHOE BHHMAHUE
YZAETIAETCs CIIeAyIoMnM 3a1a9aM. [IycTh ov — HEKOTOpoe OTHOIIEHNe HEOT-
JIMYMMOCTH aBTOMATOB. 3a/[aueil XapaKTepu3aliui OTHOIIEHUs (¢ HA30BEM
3a/1ay HAXOK/IeHIUsI KOHCTPYKTHBHBIX yCJIOBHUIl, IPH KOTOPBIX aBTOMATHI
HAXOJIATCsI B 9TOM OTHOIIEHUU. DTU YCJIOBHsI MOT'YT ObITh BbIDarKeHbI B
pa3IMIHBIX TepMuHax. Halll moaxos K XapakTepn3allin 3aK/II0IaeTcs B
CJIEJLYIOIIEM: U3yUeHUe MCXOJHOIO OTHOIIEHUS] (v 3aMEHSIeTCsl U3yYeHUeM
JPYTOro, B HEKOTOPOM CMBIC/IE «yJOOHOIO», XOPOIIO U3BECTHOIO XapakK-
TepUCTHIeCKOro oTHoleHust (3. st 5Toro aBroMary CTaBUTCS B COOTBET-
crBue X (3aBHCsIEe OT & U [3) — HEKOTOPBIN aBTOMAT-XapaKTEPU3aTOP
X(A) rak, arobnl (A, B) € (v BBIIOJIHSIOCH TOLJA M TOJBLKO TOLJA, KO-
ria (x(A),x(B)) € B. B cBsi3u ¢ 9TuM BO3HHMKAIOT 3a/iada aHAJIN3a —
nepexosia 0T A K xapakrepms3aropy, u oOparTHasl eil 3ajada CHHTe3a —
ocTpoeHnst A 10 3aJ[aHHOMY XapaKTepu3aTopy. Bropast 1esb, 1jis KOTo-
POii CTPONTCS XapaKTePU3aTOP — UCCIIE0BAHIE CTPYKTYPhI Kitacca o A).
J11s1 BBIIIEYKA3aHHBIX OTHOIIEHHH Y/IA70Ch [IOCTPOUTD XapaKTepU3aTOPhl
U C UX IOMOIIBIO HAfTH KPUTEPUN KOHETHOCTH STHX KJIACCOB, BBIIEJIUTDH
OBIILYI0 YacTh BCEX aBTOMATOB U3 KJacca. [Ipu 3ToM BaXKHYIO POJIb Urpa-
IOT COOTBETCTBYIOIINE HICHTH(PUKATOPEL.

OmpejiesinM XapaKTepu3aTop Jisi OTHOIIEHHUs] HEOTIIMIUMOCTH aBTO-
MAaTOB 9KCIIEPIMEHTAMH KDPATHOCTH He OOJIbIIEH 7 1 BBICOTHI He GOJIb-
weit ¢. IIycrs A, B € A(U). Ilycrs Ex,i(A) ={w|w € Ex(A), r(w)<r,
h(w) < i}. Torna momaraem: (A, B) € pyi, ecm Exyi(A) = Ez.(B).
Beejiennoe orHomnienne Ha30BeM OTHOMICHUEM (T, §)-HEOTIHIUMOCTH.

Hanomunm, 910 v < W O3HAYAET, YTO CJIOBO U SIBJISIETCsI HAYATIBHBIM
orpeskoM cjioBa w. Ilycre W C U™, Torma W™ obo3HauaeT MHOKECTBO
BCEX MaKCHMAaJIbHBIX 3KcrepuMeHToB (o < ) m3 muoxkecrsa W. Ilycrs
E = {Wy,...,Wi} — HEKOTOpOE MHOXKECTBO IKCIIEPUMEHTOB. DKCIIEDH-
menT W; HasoBeM MakcumasbHbIM B B, ecim W; = W;nax uW; < W,
siaever W; C Wj.
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Pacemorpum Ezpi(A). 9TO MHOXKECTBO KOHEYHO, HOITOMY JIisl KarK-
noro W € Ex,;(A) naiiiercss MAaKCHMAJIBHBI S9KCIEPHMEHT U3 9TOTO MHO-
skecTBa. [T0/IMHOXKECTBO BCEX MAKCHMAJIBHBIX 9KCIIEPUMEHTOB 0003HAMIM
@71, Kaxpiit Takoit MaKCHMAJTLHBIH 3KcniepuventT W cocTout u3 monap-
HO HECPABHUMBIX 110 < CJIOB JUIMHBI i ¥ KPATHOCTH

T, npu m* = r,

m', B IPOTUBHOM CJIydae.

r(W) =

Baece m = |X]|. ITo aBromary A nocrpoum X (A, pri) ciemyromum
obpazom. Muoxkecrso W = Wy U ... U Wy, rne W; € @’X JJIsT BCEX §,
i < j < k, Ha3bIBAETCS HOJIHBIM OTHOCHTENBHO P7Y, €cili OIHOBPEMEHHO
BBIIOJIHSIIOTCS. TPH YCJIOBUSL: 1) JIsi BCIKOIO BXOJIHOI'O CJIOBA P JIJINHBI §
HAfi/IeTCsI BBIXOJIHOE CJIOBO ¢ TAKOW Ke JUImHbI, uro (p,q) € W; 2) ecin
(p,q1), (p,q2) € W, mo g1 = q2; 3) ecrmn Q@ < W nr(Q) =7, 10 Q €
@7, [lepBbie /[Ba YCJIOBUsT PABHOCHIIBHbI CYIIECTBOBAHHIO TAKOrO KOHE'THO
aBTOMATHOrO oTOoOpazkeHnsa A : X — Y, mast koroporo A' = W.

Io mHOKecTBYy @'Y IOCTPONM BOZMOYKHO HE/IETEPMUHUPOBAHHBIN aB-
romar G.i(A) = (G, X,Y, A, B,A,\), y KOTOPOro MHOXKECTBO COCTOSIHUIH
G paBHO MHOXKECTBY BCEX IIOJIHBIX MHOXKECTB BXOJ-BBIXOJHBIX CJIOB, CO-
CTaBJICHHBIX U3 SKCIEPUMEHTOB, BXOASMNX B O, BCEBOBMOMKHBIMH CIIO-
cobamvu. OyHKIUK 11epexoioB A U BBIXOJIOB A 9TOro aBToMaTa Ornpeesi-
1orcst popmystami: nyctb W, Q € Gux € X, y € Y, Torna

AW, z) ={Q|3y[((z,y) \ W) < QJ},
AW, z) = {y|(z,y) < W}

Hamommnm, aro v \ W = {w|vw € W}. B ciaydae, xorna ¢ = 1 u
(x,y) € W, 1o (z,y) \ W = e, 1j1e € — 1ycTO€ BXOJI-BBIXOJHOE CJIOBO. B
TEOPHU ABTOMATOB NPUHATO, 4To ¢ < Q Jyis Beex ). ITosromy B coyuae
A(W,z) = G ans Beex x € X. VI3 ycioBust 1 J71s1 HOJIHBIX OTHOCHTEJILHO

"l muokects caenyer, uto |A(W,z)| =1 st seex W € Guz € X.

B [6] mokazano, uro aBromar G,;(A) upusejieH, B 0011eM ciryuae He/le-

TEPMUHUPOBAH ¥ BBIIOJIHSIETCS

Teopema 1.2. (A, B) € p,; mozda u moavko mozda, xo2da G,;(A) =
Gi(B).
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D10 yTBEpXKIEHUE JaeT KOHCTPYKTUBHbINA Kpurepuii (r,1)-HeoTymau-
MocTu AByX aBromaToB. OHa nokassiBaet, 9to G (A) siBisiercst xapakre-
pU3aTOpOM aBTOMaTa A OTHOCUTENILHO ppj, 1109TOMY ObO3Ha4YeHust G (A)
u x (A, pri) OyjieM cauTaTh CHHOHMMAMU. 3aMEeTUM, 9TO [TOCTPOCHHBII Xa-
paKTepu3aToOp HE ABJISIETCS €JIMHCTBEHHO BO3MOYKHBIM.

Takum 06pa3soM, MOMKHO ONpPEJCIUTH OTHOIICHUE JIECKPUIILINN:
(A,G) € ¢, ecrm G = G,;i(A). Ilo onpenenennio p(A) = Gri(A) n
o (GrilA)) = pri(A).

Amnanornunble XapakTepu3aTopbl onpejieiensl B [6, 22| mis kiaccos
(o] [o.¢]

vr(A), e vy = () pri 11 v1(A), s xkiaaccos g;(A), re g; = () pri, U
i=1 i=1

psaja apyrux oTHourenuit. JIjis 9Tux crocobOB JIECKPUIIITIN PACCMOTPEHbI
U, B OCHOBHOM, DEIIEHBI ITPODJIEMbl AHAIN3a JECKPUIITOPA U IIPEJICTABIIE-
HUsT ABTOMAaTa JIECKPUIITOPOM C TOYHOCTDHIO JI0 n30MOpdu3mMa.

1.1.6. Crunenudukaius aBTOMATOB C IIOMOIIbIO HEeJeTePMUHN-
POBaHHOTO aBTOMAaTa

[Ipu cuaTE3€ ABTOMATOB PACCMATPUBAIOTCST PA3IUIHBIE OIPAHUIEHUST
Ha CBOICTBA CHUHTE3MPYEMOro aBToMaTa (BEpPXHsis IPAHUIIA THUCJIA COCTO-
stuuii, GyHKIMs HencnpaBHocreil u ap. [22]). Oxuum u3 Hanbosee ecre-
CTBEHHBIX SIBJISIETCS OIDAHUYEHUE Ha BO3MOXKHOE ITOBEJICHUE aBTOMATA,
3a1aBaeMOe MHOKECTBOM W BXOJI-BBIXOIHBIX CJIOB BO BHEITHEM aJidaBu-
Te aBromarTa. IIpu srom muOXKecTBy W CTaBUTCsI B COOTBETCTBHE KJIACC
nanmaabibix apromaroB A = (S, X, Y, 5, A\, a0) € A(U), mist KOTOpbIX
Aoy € W, nm craBUTCS B COOTBETCTBHE KJIACC MHUIINAIBHBIX aBTOMATOB
A € A(U), ma xkoropuix W C \,,. Bo Bropom ciayuae D(W) ssistercs
dparmernTom apromara A, M 9Ta cuTyamms paccMaTpuBaiach paHee. Pac-
cMoTpuM 1epBbiii ciryuait. Cobbirre W 3adacTyio 3a7a€Tcst ¢ MOMOIIBIO
CJIaDOMHUITUAJIBHOTO HEJIETEPMUHUPOBAHHOTO aBTOMAaTa-CIennMuKaIum,
a aBroMarbl A, y KOTOPBIX Aq, € W, Ha3bIBAIOTCH pean3allisMI 3TOM
crienupUKAITAL.

[Iycre C = (S,X,Y, 00, Ac, So) — ciraboMHUIMAIBHBI KOHEYHBbII
HEJICTEPMUHUPOBAHHBIN aBTOMAT, y KOTOPOIO OOJIACTH OIpeje/IeHUsT

dbyuxmit copnagaor. Apromar C' nopoxkjgaer cobbitue L(C) = [J As.
s€So
WNunnpmasnsueiii asromar A € A(U), HasbiBaeTcs peasnsaleii aBToMara
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C, ecim BbImosHsieTcst coorHomenne \q, C L(C). Takum obpasom nmeer
mecto orHomenne jgeckpunnum: (A, C) € ¢, ecmu A — peanmusarysi crie-
nnduxamym C. Torma ¢~ (C) onpenenser Knace peannsaruii aBToMaTa
C, a ¢(A) — knacc cnenudukanmii aBromara A.

[TousiTre aHAJIOrMYHOE PEAU3AINN TEPBOHAYAIBHO UCCIIEI0BATIOCH B
Teopun cBepxsasbikoB A. Uepuem, B. A. Tpaxren6porom, P. Makuoro-
oM (cM. [8], . 2). B [19] BBegeno monsitme peasusanuu (B OpUIHHA-
Jle — mHTerpasia) MHOkecTBa W M HaiijieHa XapakTepu3alysi HANMEHb-
el B HEKOTOPOM CMBIC/IE crenudUKaIIU JIJIst 33JAHHOTO KJIAaCca Peasii-
zannit. Peasusanum nannoii crenmudukanum HeoJHOKPATHO MTPUMEHSITICD
npu ceprudukanmuu Tporokoos (cuM. Hanp. [23]). B [25] naiizensr kpure-
PUH IIyCTOTBI, OJHO3IEMEHTHOCTH Kiacca ¢~ ' (C), HpeioskeH aaropuTM
CUHTEe33 MUHUMAJILHOM I10 YUCJIy COCTOSAHUN peasid3aliui.

Jamnee 6yeT pacCMOTPEHO HECKOJBKO OTIMYHOE TTOHSITHAE PeaTn3aIiui
U UCCJIEJOBAHA CTPYKTYPa KJIacca peaIu3alinii JaHHON CHernuKaInm.

1.2. ®dparMeHTHI aBTOMATOB

[Tycrb A — HeKOTOpBIN MHUIMATLHBIH aBroMar u3 Kiaacca D (U) me-
TEepMUHUPOBAHHBIX KOHETYHBIX aBTOMATOB BO BHemmHeM aJjipasure U =
X xY. Ilycrs Takzke F(A) knacc Bcex (pparmMenToB 5TOr0 aBromara. Pac-
CMOTPHUM IIPOCTENTIINE CBOWCTBA (PparMeHTOB U3 3Toro aromara. Ilycts
R, Q dparmenTsr aBTomaTa A.

Jlerko BueTh, uro Roo Bieder A(R) D A(Q). ITosromy moxkHO ro-
BOPHUTD, 9TO () COJEPKUT HE MeHbIle nndopmamnun o6 apromare, 4yem R.
Hanomuum, uro A(R) C A(U) — kJiacc Bcex KOHEUHBIX BCIOJLY OIpejie-
JIEHHBIX IPUBEJICHHBIX aBTOMATOB, (PpArMEHTOM KOTODPBIX siBjisieTcs R.

OTHOIIEHNE SIBJISIETCST  TIPEJIIIOPSIIKOM U TIOPOYKJIAET IKBUBAJIEHT-
HOCTE: R = @, eciiu RooQooR. Kirace Bcex pparMeHTOB SKBUBAJICHT-
ubIX R obosnaunm K(R). U3 onpenenenus caempyer, uro ecin QooR, To
(R+ Q) € K(R), takum obpasoM, kiacc K(R) 3aMKHyT 10 CJIOKEHHUIO
aBTOMATOB.

Pacemorpum koneunsie dparmentsr. [lycrs R — koneuen u K (R) —
KJIACC BCEX KOHEUYHBIX (PparMeHTOB eMy 3KBUBajleHTHBIX. [lo ckasaH-
HOMY BbIlle OH pekypcuBen. MuoxkecrBo {nR}, n = 1,2,..., obpa3y-
er Geckoneunyo 1enb ¢GparmentoB u3z Kg (R), u, ciegoBaTeabHO, 3TOT
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kJsacc 6eckoneder. O6o3naunm depes M(R) Kiiacc Bcex TexX KOHEUHbIX (),
He 9KBUBAJICHTHBIX R, 1151 KoTopeix QooR. Pacemorpnm orobpazkemne
¢ : M(R) — Kg(R), ms koroporo ¢(Q) = @ + R. U3 oupejenenust
caenyer, aro ecian Q1 # Q2, 10 p(Q)1 # ¢(Q)2. Ilockombry R ¢ M(R),
1O pparmerTsl NR He nMeT mpoodbpaszor 1o . CreaoBaTe/bHO, (© —
nabeKIwys, Ho He Omekims. Tak kak M(R) = |JK(A), rae obbennnenne
npoucxoaur 1o Beem @ € M(R), 1o ||JKg(Q)| < Kk (R)].

SAnpom kKoHeuHOrO pparmeHta R Ha30BeM Takoil ero mojgapromMar (),
JUIsT KOTOPOTO CYIIECTBYET IIOJHLIHA CIabblii roMOMOPGhU3M (o, IpUYIeM
Q = ¢(R), a Besikuii corabbiii sH10M0pdusM dparventa () B cebst siBIIseT-
cst mostHbIM aBroMopdusmoM. [lo onpejesnennuio siipo dparmMmenTa BXOIUT

B KK(R)

Teopema 1.3. Jlasa  kaoicdozo konewnozo dpaemenma  cywecmeyem
eJUHCBERHOE C MOYHOCTBIO 00 USOMOPPHUIMA ATDO.

Onepanust Buienenns: sapa R’ dparmenta R siBiasiercst oneparpeit
OTKPBIBaHUsl, TAK KaK JIJIsl Hee BBINOJIHSIFOTCSI COOTHOIIEHNUSI: HAIIPABJICH-
soctu (1o ectb R'coR), uaemnorenrHocr (o ectsb (R') = R), nzoron-
Hoctu (1o ecth RiooRs Biever RjooRY)).

13 reopembl 3 BBITEKAET DsiJi CIIEJICTBHIN, XapaKTePU3YIOIIX SKBUBA~
JIeHTHBIe (PPArMEHTHI.

CaencrBue 1.4.

1) Koneunwvie gpazmenmul IK6UCAAEHMHDL 020 U MOALKO M020a, KO-
20a ux A0pa pasHvy (U30MOPPHLL).

2) f0po xonewnozo Ppaemenma AGAACNCA HAUMEHLUUM NO BKAN0YE-
nuro ¢ anemenmom 6 kaacce K (R).

@parmMenT, COBIIAIONINI CO CBOMM SIJIPOM, Ha3bIBaeM sijiepHbIM. Ode-
BHUJIHO, YTO BCSIKWH JIPEBOBUIHBIN HEIIOCPEICTBEHHBIN pparMeHT siB/IsieT-
Csl SITEPHBIM, HO aIllMKJINYIEeCKUil HEMOCPEICTBEeHHBIN (DparMeHT siIepHBIM
MoxkeT He ObiThb. B ciryuae, korma aBromar npunasgiexxkur A(X,Y), To
OH SIBJIIETCSI siIePHBIM (parMeHTOM camoro cebst. Kiace Bcex sImIepHBIX
dparmenTos aBroMara A B Cuily CJIeACTBUSA 4 YACTHUIHO YIIOPSIOYEH OT-
HorrenneM oo. fnapo aromara A € D (U), siBistercst ero HanGobImmM
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9JIEMEHTOM, & (DPArMeHT, COCTOLAIIMI U3 O/IHOI 1yru ¢ oTMeTKol X X Y —
HAUMEHBIITMM 3JIEMEHTOM.

Koneunplii HemocpeJCcTBEHHBIH (GparMeHT HA30BEeM IPABUJILHDBIM.
Krace npasmibabix dbparmenToB apromara A obosnaunm Fr(A). Beire
OBLITO CKa3aHo, UTO oTHOIIeHne C Ha HeM coBmajaeT ¢ <. Kiracc mpaBuiib-
HBIX (PparMeHTOB 3KBUBAJIEHTHBIX NpaBUJIbHOMY (dparmenty R obosHa-
quM depe3 K (R). D1or Kiiace 9acTUIHO yIOpsiIoYeH OTHOIIEHHEM BKJIO-
vennst. [Tockombry {nR} C Kip(R), n=1,2..., ro Ki(R) b6eckoneden u
siipo dparmenTa R siBiisieTcst ero HanMeHbIUM (110 ciecTBuio 4) s1e-
menToM. ZcHo, uro Kpp(R) pekypcusen. Kiace Bcex npaBHIBHBIX siiep-
HbIX parmenTos uzomopden Fr(A)/ =. dnpo aBromara A siBiisiercst ero
HaOOJILIINM 3JIEMEHTOM, a KasKJas Jyra aproMara A — MUHUMAILHBIM
9JIEMEHTOM, [PUYEM JIPYTUX MUHUMAJILHBIX HET.

Teopema 1.5. Kaacc AdepHbT npasusvHulr Gpazmermos asmomama A
KoHeueHn moada u moavko moeada, ko2da A — ayursuveckul agmomam.

U3 3T0i TEOpEMBI CJIEJLYET, UTO Jjisl BCIOJLY OIIPEJIEJIEHHOIO aBTOMATa
A (mockosIbKY OH MMeeT IUKJIBI) Kiaace F'r(A) cocront n3 6eCKOHETHOTO
uncsia (Tak kak Fr(A)/ = GeckoHedyeH) GECKOHEUHBIX KJIACCOB [IPABUIIb-
HBIX 9KBUBAJEHTHBIX (DPArMeHTOB.

@parment R aBromara A Ha30BeM TPUBHAJIBHBIM, €CJIU CYIIECTBYET
BCIOJLy OIIpeJIeIeHHbIN KOHEeUHbIH mojasromar B asromara R, jjisi KOTO-
poro (A, B) € e. Tpusuaibublii pparMeHT SIBHO COIEPKUT B cebe TI0JIHOe
«riobasbHoe» onucanue apromara A. Jlerko BUjeTb, 4TO KJIaCC TPUBH-
AJbHBIX ¥ KJIACC HETPUBUAJBHBLIX HMPABUJIBHBIX (PPArMEHTOB 3aMKHYTBI
[0 OllepaIi CJIOXKEHUsI U TO3TOMY OeCKOHeYHbI. Kpome Toro, B Kiacce
9KBHUBAJIEHTHBIX (PPArMeHToB MO0 BCe (bparMeHThbl TPUBUAJIBHBI, JIHOO
BCE HETPUBUAJILHBIL.

Pacemorpum crpykrypy kiaacca A(R), KOTODBIH ONUCHIBACTCS HEKO-
TopbiM pparmenTom R. HazoBem ero kjaaccoMm aBTOMATOB, HEOTIMIUMBIX
9TUM (PpParMeHTOM. DTOT KJIACC 3aMKHYT 110 Ollepallii 00beIMHEHNsI. DTa
onepairysi aCCOIMATUBHA, KOMMYTATUBHA U MJEMIIOTEHTHA, CJIe/[0BATEIb-
Ho, A(R) siBisiercst (BepxXHeil) MOJIypeIeTKoi. ABTOMATHI 9TOi MOJIype-
MIeTKU, MUHAMAJIbLHBIE 110 BKJIOYeHuio C, Oy/1eM Ha3bIBATh TYINKOBBIMU,
a aBTOMAThl ¢ HAMMEHBIIIUM YUCJIOM COCTOSHUI — MUHUMAJILHBIMU. AB-
TOMaT A M3 3TOr0 KJjacca Ha30BeM HepasJyIoXKUMbIM, eciiu A = BUC, e

B,C € A(R), Bneder A= B nm A=C.
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PaccMoTpum ¢BOiCTBa MOPOKIAIONIUX MHOXKECTB MOJIyPEIIeTKI HEOT-
JITYMMBIX aBTOMAaTOB. BHavase paccMoTpuM 6oJiee 00ILYI0 CUTYAIMIO.

[Tycts <L,+> npousBoJibHas IOJIypelleTka, B KOTOPOIl omneparusi
aCCOIMUPOBAHA ¢ HEKOTOPBIM YaCTHYHBLIM TOPAAKOM <. IToaMHOXKECTBO
K C L uHasbBaeTcst Jijisi 3TOM MOJIyPENIeTKU TIOPOXKIAIOIIUM, €I KayK-
JABII ee 3J1eMEHT MOXKHO IIPEJICTABUTh CyMMOM KOHEYHOI'O YHUCJIa JIeMEH-
ToB n3 K. MuHUMAIBHOE 110 BKJIIOYEHUIO TOPOKIAIONIee MHOKECTBO Ha-
30BeM OazmcoM. MHOXKECTBO BCEX HEPA3JIOXKUMBIX 3IEMEHTOB 0003HAYTNM
yepes M. dcuo, aro M copepKuT Bce TYNUKOBbBIE 3j1eMeHThl. OYeBu/ IHO,
aro ecin K mopoxkaaroree MHOXKecTBO, T0 M C K. Ecin L xoHnedHa, TO
U3 TOCJIeIHErO BKJIIOYEHUS CJleyeT, 9To K — HmopoxKIaiolee.

Orobparkenue @ nosyperierku L B MHOXKecTBO N HEOTpHUIIATETbHBIX
IEeJIBIX YUCesT Ha3bIBaeTCsl M30TOHHBIM, ecin 11 < [ Biieder p(l1) < ¢(l2).
Ecim kpome sroro Iy < lg, Bieuer ¢(l1) < ¢(l2), TO HA30BEM ¢ HeCzKUMa-
fomuM 1enu B L romomopdusmom. Hecxkumatonmuit mienu roMmoMopdusm
Ha3bIBaeTCs BBICOTO, ecsn ¢(l) = 0 Toryia u ToJIbKO Torja, Korja | — Ty-
IUKOBBIH ssteMenT, u ¢(l) = n, eciu st Hekoroporo 11 < 1 ¢(l1) =n—1.
B srom ciryuae ¢(l) HasbiBaeTcst BLICOTOl jieMenTa .

NsBecrno [26], aro jyist 1060i MOy PEIIETKH HECKUMAIOIHIT TOMO-
MOP(MU3M CYIIECTBYET TOYHO TOTJA, KOTJIa CyIECTBYET BBICOTA.

[Tycrs <A,U> — npousBosibHasi nosypemerka, e A C A(X,Y).
Orobpazkenue ¢ sroii mosrypemierku B N, 11t kotroporo ¢(A) paBuo unc-
JIy COCTOsIHMIT aBTOMAaTa A, SIBIAETCS HECKUMAIONUM FOMOMOPMU3MOM.

Craencrue 1.6. Mnooicecmeo HEPASAOHCUMDIT — IAEMEHMOE  NOAYDE-
WEMKY ABAALMCA OUHCMBEHHBIM €€ Da3UCOM, G NOPOAHCIGOULUE €€ MHO-
orcecmea 06pasyrom byaesy anzebpy.

[Tonypemerka A(R) siBjisieTcst HHTEPECHBIM [IPUMEPOM [OJIy PEIeTKH,
JIUIsi KOTOPO# BBINIOJIHSETCH 3TO CJIe/ICTBUE. B GECKOHEUHOI MOJIypereT-
ke A BbICOTa ee 3JIEMEHTOB HeorpaHudeHHa. [lokakem, UTO BbICOTA ee
HEPA3JIOKUMBIX JIEMEHTOB B OOIIEM CJlydae TOXKe HeorpaHUYeHHA.

Ilycre A € A(X,Y). Muoxkecrso ®4 = |J Aas HasbIBaeTCA MHO-
ses
JKECTBOM BCEX IPOCTBIX SKCIHEPUMEHTOB 3TOro apromara. Ilycrb R =

R(® 4) — bGeckoHeuHbIi HEOCpEICTBEHHBIH hparment apromara A. Pac-
cMoTpuM OeckoHeunyro 1enb Ay C Ay C ...Ap C ..., IJe aBTOMAT
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Puc. 1.

A € A(RA) u R = R(®4), nmeer mHOKecTBO cocrosinmit {0,1,... k} u
npezcrasied Ha puc. 1. Kmace A(R) 6eckoHeYeH, MMeeT eMHCTBEHHbII
TYynuKOBBI aBromar Ap. Hamomuum, uro mens Iy < lp < ... < [, Ha-
3BIBaETCS MaKCHMaJjbHOU B L, ecaun mjs Bcex 4, 1 < ¢ < k, U3 BKJIIO-
gerus [; < | < ligq cmenyer, uro l; = | wim ;1 = [. ABToMars
A C Ay C ... A, C ... 00pa3yIOT €INHCTBEHHYIO MAKCUMAJBHYIO b
or A1 0 Ay m Bce 3TH aBTOMATHI HepasJoKuMbL. OTCIoma ClieIyeT, 9To
B JIAHHON TIOJIypeIeTKe BbICOTA HEPA3JIOKUMBIX 3JIEMEHTOB MOXKET OBIThH
KaK YTOHO DOJIBITION.

[Ipomomkum paccMoTperue cBoiicTs mosyperntetku A. B manbHedimem
cuuTaeM, 9To A BBIIyKJIa, TO ecTh eciu A C B u A, B € A, To jiist Bcex
CeAX,Y)us A C C C B caeayer C € A. Paccmorpum cgoiicta A
kak cucreMbl (A, U, N). Onepaius nepecedennst Ha A B 001IeM cirydae da-
cruyna. Ilycrs B — HEKOTODBIH aBTOMAT U3 3TON cucreMbl. MHOXKeCTBO
BCex aBToMaToB A € A, /7151 KoTopbix A O B, Ha3bIBaeTCsI TIIABHBIM JIBOT-
CTBEHHBIM HyieasioM (mim GuibTpoM) [26], mopoxeHHbIM aBTroMaToM B.
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I'maBubIii ABONCTBEHHBIN HEAJ, TTOPOXKIECHHDBIN TYIUKOBBLIM aBTOMATOM,
Ha3bIBACTCA MAKCUMAaJIbHBIM.

Caencrsue 1.7. Kaotcdoe svinyxaoe u samrrymoe no obsedunenuio A C
A(X,Y) pasro obsedunenuro ducmpubymueHbT PEUemok ¢ HYAEM, KadHC-
das U3 KOMOPHIL ABAAEMCA MAKCUMANGHUM 080TUCTNEEHHBIM UEAAOM,
NOPOAHCOEHHBIM MYNUKOGHIM INAEMEHINOM.

Kiace (A(R),U) siBiasieTcst BBILYKJION HOJIyPENIETKOMN, TO €CTh sIBJIsI-
€TCs IPUMEPOM CHCTEMBI, JIJIs1 KOTOPOH YCJIOBUE CJIEJICTBHS BBIITOTHIETCS,
u TeM cambiM U(R) sBiisiercst 06be/[MHEHNEM TAKNX PEIIETOK.

Anpom cucrembl A Ha30BEM IE€peceveHUE BCEX aBTOMATOB U3 3TOrO
KJIACCA, TO €CTh HAMOOJIBIINI aBTOMAT, BKJIIOYAIONIUIICS BO BCE aBTOMa-
ThI Kj1acca. JJJ1s HEKOTOPBIX crcTeM s1/1po MoKeT ObITh mycto. Kimace A(R)
XapaKTEPU3YeT «Pa3MbITOCTh», C KOTOPOil dpparmeHT R onuchiBaeT aBTo-
MaT, a siJIpo KJIACca OIpeJesiseT Ty 9acTh aBTOMAaTa, KOTOPYo dhparMeHT
onmchIBaeT ojHO3HaYHO. U3 ciejcrsus 7 BbiTekaer, uro A(R) siBisier-
¢ INCTPUOYTUBHOM PENIETKON TOIJIa U TOJBKO TOTJA, KOIJIa OH UMEET
€JIMHCTBEHHBIM TYIUKOBBII aBTOMAT, COBIAIAIONINIT C d1poM Kiacca. Ha
puc. 1 aBromar Aj sBJIsleTCsl €IMHCTBEHHBIM TYIHKOBBIM B Kjacce A(R),
rjae R = R(P 4, ), HO3TOMY 3TOT KJIACC ABJISETCS IUCTPUOY TUBHOI perer-
KO11.

O6brunHO mpejicTaBisier nHTEpec He caM Kiaace A(R), a ero HeKOTOPBbIt
HoJKJIace, (HaupuMmep, MUHUMAJbHBIX aBroMaroB). OjHUM U3 C11ocoboB
BBIJIEJIEHUST TAKOI'O TOJKJIACCA SIBJISIETCS 3aIPEIEHHe HEKOTOPOro MOBe-
nenns y ero sementos. Ilycrs R = (T,2Y,A) — mekoToperi apromar
Menpenesa. Hazosem R kodparmenrom aBromara A € A(X,Y), ecin
KaxK1asi KoMmronenTa ca3uoctu V' C R He saBjseTcs pparMeHTOM aBTO-
mata A. Hepes A(R, Q) obosnatmm kiracc Bcex aBromaros n3 A(X,Y),
JUTsT KOTOPBIX R siBiistercst (pparmMeHToM, a () — xodparmenToMm. flcHO,
aro A(R, Q) = A(R) — (UA(V)), rie obbeuHenne BBIIOIHSIETCS 10 BCEeM
KOMITOHEHTaM CBsi3HOCTH V Ko parmeHnTa ().

Besiknit kimace A(R, Q) siBisiercst BbimykibiM. JleficTBuTesnsho, ecin
A, BeAR,QuACCCB,10RfABsieuer RfC,aV < B Bieder
V=<C.

[Iycrs A(R, Q) 3aMKHYT 110 00beuuaernto. [1o ciepcrButo 7 o sABJIsI-
ercst 00beMHEeHNEM JTUCTPUOYTUBHBIX peleToK. PaccMorpuMm ycioBus,
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KOTJIa 9TOT KJACC sBjidgeTcsa OyseBoit anredpoii. st 9Toro BepHemcs K
paccMOTpeHHIo CBoiicTB cucteMbr (A, U, N).

Ecnu cucrema A koHedHa M MMeeT €JIMHCTBEHHBII TYIIMKOBBII aBTO-
MaT, TO OHA SIBJISICTCS JUCTPUOYTHUBHON PEIIETKON C HyJieM (TyIHKOBBIM
aBroMaToM) ¥ ejuHuUIel (0ObeauHenne Beex apromaroB u3 A). Becko-
HedHast A eMHUIBI HUKOIJIa He MMeeT. PaccMOTpUM yejioBue, KOrja 9Ta
cucreMa siBjsieTcst Oysepoit anrebpoii. [Iycte A € A Ha MHOXKecTBe S ero
COCTOSIHU{I BBEJIEM OTHOIIEHUE JIOCTHKUMOCTH COCTOSHU: (S1,82) € T
ecim d4(s1,p) = S2 JyuIsi HEKoTOporo cyosa p € X*. D10 OTHOIIEHHE

MIOPOZKIA€CT IKBUBAJICHTHOCTD 7) = T N ’7'_1

, KJIACCHI KOTOPOH HA3bIBAIOT-
cst caosivi [4]. Onn siBssirorest MakcuMasIbHbIME (110 C) CHJIBHO CBSI3HBI-
MU TI0JIMHOYKecTBaMu cocrosanit. Kazx et cioit S’ ompeensieT moarpad
Q' = (5',U’") (no ne nomasromar) rpada asromara A, rue U’ — muOKe-
CTBO BCEX TeX JyT aBroMara A, HAYAJI0 U KOHEIl KOTOPBIX CyTh BEPIINHBI
u3 S’. Bamernm, uro moxer 6bith |S’| =1 u U’ = ®. I'pad G’ st upo-
cToThl TOXKe OyjieM HasbiBaTh cjioeM. Ciioit GyjieM HA3bIBATH BHEITHUM,
ecJim B aBTOMaTe He CYIIECTBYET JYI'M, KOTOpasi HAYMHAETCS B JPYTOM

cjtoe, HO okaHunBaercd B G'.

Teopema 1.8. PasHocunsvHbl CAe0Y0OUUE YMBEPHCIEHUS:

1) Cucmema A asasemea 6yre6oti arzebpot.

2) Ona xoneuna, umeem eOuHCMEEHHbIT MYNUKOSVLT A8MOMAM U OAA
ecex C, D, das xomopwix B C D C C, ecau caoti 6 agmomame D
ABAAEMCA HEWHUM, MO U 6 C' OH ABAAENCA BHEWHUM.

3) Cucmema umeem edurcmeernvili mynukosouli asmomam B, a mmo-
JICECTNGO 6CET HEPASAOINCUMDIT AGTMOMAMOE, OMAUNHLT 0m B, Ko-
HEWHO U COCTMOUM U3 NONGPHO HECPAGHUMDBLT 1O 6KAIOUENUIO GEMO-
MAMOG.

Pacemorpum npumep kitacca A(R, (@), Jyisi KOTOPOIO BBIIOJIHSIIOT-
¢ ycjaoBus TeopeMmbl 1.8, TO €cTh KOTOPBINl siBjisgeTcss Oy/ieBoit ayred-
poii. Ilycre (A,B) € vy, ecm A,B € A(U) u &4 = Pp. Usyuenne
kiacca v1(A) aBTOMATOB HEOTJIMUUMBIX HUKAKUME MPOCTBIM JKCIIEPH-
meHTOM Hadaro emie Mypowm [14]. Jlerko Buzmers, uro v1(A4) = A(R,Q),
rie R = R(®a), a Q = R(U* — ®4). Ilycrs A 3ajan pucyHkoMm 2,
P4 = ((0,0) U (1,0))* U ((0,1) U (1,1))*. Herpyauo ybeaurnest, uro A
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SIBJISIETCST HAMOOJIBIIIUM aBTOMATOM B 3TOM KJjacce. CaMm Kjacc COCTOUT
3 4-X aBTOMAaTOB: caMoro A, ero mojiaBTOMaTOB, TIOPOXKJIEHHBIX MHOYKE-
crBamu cocrosinuit {1,2}, {1,2,3}, {1,2,4}. Ilo Teopeme 1.8 sror Kiacc
sABJIIeTCsT OyJIeBOil ajreOpoii.

Puc. 2.

1.3. UneaTudukaTopbl COCTOSHUIMI

[Tycre A = (S, X,Y,d,\) — HEKOTODBIH KOHEUHBII JleTepMIUHUPOBAH-
HBIIl HEMHUTIMAJIBHBIN aBTOMAT-9TAJIOH, Y KOTOPOTO 0DJIACTH OIPEJICICHIS
dbyuximit copnagator, To ectb A € Dy (U). Ilycrs Ry — unenruduxarop
HEKOTOPOI'O COCTOSAHUS § € S ITaIOHA.

Paccmorpum B3amMOCBsA3b MEXK1y HICHTU(MUKATOPAME, TPEIIOPSJI-
KOM OO M 5KBHUBAJIEHTHOCTBIO =, MOPOXKIAEMOM ITUM IIPEJIITOPSIIKOM.

Ecnu ¢ — cnabwiit romomopgusm gpparmenta R Bo ¢pparment @ ra-
JIOHa, H, KpoMe TOro ¢(t) = ¢, 10 ()4 ABJIAETCS MAEHTU(DUKATOPOM CO-
crosiiust § arajiona. CjenoBaTesibHO, JINOO Bee (PparMeHThI U3 KJiacca K-
suBasieHTHOCTH K (R) SIBJISIIOTCS MJIEHTU(MUKATOPAME OJHOTO U TOTO K
COCTOSIHUS STAJIOHA, JIUDO HU OJINH HE ABJseTcsi. V3 GeCKOHETHOCTH 3TO-
IO KJIACCa CJIEIYET, ITO MHOYXKECTBO UJIEHTU(PUKATOPOB JIFOOOT0 COCTOSTHUST
STajioHa Jubo MmycTo, Jubo OECKOHEYHO.

N3 ckazanHOrO Ciie/iyeT MpoCcTOil KOHCTPYKTUBHBIA KPUTEPUN CyIIe-
crBoBanus uiaentuduraropos. [Iycrs Ry — unentudukaTop COCTOSHUS S
9TAJIOHA U ( — HEKOTOPLIi c1abbiit romoMopduam R; B Ag. [lycrs Takke

Bs = 90<Rt)
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Teopema 1.9. Hidenmuguramop cocmosnus smanrona A cywecmeyem
mozda u moavko moezda, xozda cyuecmeyem By C Ay, asasowutics ma-
KUM UIeHMUGUKAMOPOM.

U3 ckazannoro ciemyer, uaro s Kaxkzgoro asromara A € A(U) n
KaxKJIoro § € S CyIecTByIOT UAeHTUMUKATOPBI cocTostaust S. JleiicTBu-
TesibHO, Tak Kak A € A(U) Bcioiy onpejieJieH U IPUBeJIeH, TO S # € Bieder
As[ Ae[As. THosromy nomaBromar B, MOPOXKIEHHbIH BCEMU COCTOSTHUSIMU
STaJIOHA, JTOCTUKUMBIME U3 S, ABJISETCA NJICHTU(MUKATOPOM COCTOSHUS S.

Paccmorpum gacTHbI Buj MIeHTU(MUKATOPOB COCTOSIHUI STajIoHA,
CBA3aHHBIN ¢ sKcrepuMenTamu. C KasKJbIM COCTOSHUEM § 3TaJIOHA acCo-
[UMPYETCsl JIBA MHOYKECTBA BXO/I-BBIXOJHBIX CJIOB: Ay — MHOXKECTBO BCEX
BXO/I-BBIXOJIHBIX CJIOB, HAYMHAIOIINXCA B S, TO €CTh MOPOXKJIECHHBIX CO-
CTOSIHUEM S, U JIBOHCTBEHHOE MHOXKECTBO (g BCEX BXOJ-BBIXOJHBIX CJIOB,
OKaHYMBAIOIIUXCS B S, TO ecTh TakuX (p,q) € (X x Y)*, st KoTopbix
Haiiziercs takoe s € S, uro d4(s’,p) = s u Aa(s’,p) = ¢. Iyers V7,
Vo — mexoTopble MHOKecTBa cioB B andasure 2V, Tapy (Vi, V) naso-
BEM OKPECTHOCTBIO COCTOSTHHSA S 9TAJIOHA, €CJIU JIJIst KayKJI0ro cJioBa v € Vi
HaiileTcs ero cykenue w € ¢g U st KaxkJioro v € Vo Haifijiercst ero cyxe-
Hue w € Ag. Vo onpenensier asromar Measenesa D(Va), Vi — Bo3moxk-
HO Geckoneunblii aBromar Measenesa R(V7). OroxkaecTBiisieM HadaaIbHOE
cocrosiane apromara D(Va) u Bce Bucsiume cocrosinust asromara R(V7).
[Monyuennstit aBromar obozuadum D(V7, Va), a 0TOXKIECTBIEHHOE COCTO-
stune — d. U3 mocrpoenus caenyer, uro ecau (Vi,V,) — OKpecTHOCTDH
COCTOSIHUS S 9TAJIOHA, TO CYNIECTBYET CJabblii TOMOMOP(U3M (0 aBTOMATA,
D(V1,Va) B A, npuiem ¢(d) = s. IlosTomy, ncrons3yst BOJIBHOCTD petH,
okpectHocThb (V1,Va) cocrositust s OyjieM Has3blBaTh UIEHTUMDHUKATOPOM
cocrosiust s stasiona, ecaun D(Vy,Va) aBisiercss TakuM uieHTHGUKATO-
pom. Mnenrudurarop (V7, V) Gyiem Ha3biBaTh HaYaIbHBIM (KOHEUHBIM),
ecm Vi = @, (Vo = @). Havanpuslii (Konednslit) ujaeHTHGUKATOD Ta-
JIOHA HA3bIBAETCs IPOCTBIM, €CJIM KPATHOCTh MHOXKecTBa Vi (MHOXKecTBa
V5) paBHa eaunuie.

Paccmorpum  npumepbl  UAEHTUMUKATOPOB COCTOSTHUN. MHOXKeCTBO
BXOJI-BBIXOJHBIX cjoB P C X* naswiBaercs pumarHocrudeckuM [12]| s
sTasiona A, eciu Jijist Beex coctosinuii s € S u Bcex p € P peakuus (s, p)
onpejiesieHa u, ecsn s # t, s,t € S, 10 A(s,p) # A(t,p) Jyisi HEKOTOPOrO
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p € P. JlIlpyrumu cimoBamu, eciu P — quarnoctudeckoe, TO 9KCIEPUMEHT
As/P — cyxenne \g Ha P, siBjisieTcsi Ha4aIbHBIM HJICHTUMDUKATOPOM JIJIst
Bcex s € 5.

BxosiHoe €j10BO p HasbIBaeTCst ycraHOBOUHBIM [12] jyist A, ecin A(s, p)
onpeziesieHo it Bcex § € S u paBeHCTBO A(S,p) = A(t,p) Bieder pa-
BeHCTBO d(S,p) = O(t,p). flcHO, UTO JUIsi YCTAHOBOYHOIO CJIOBA P BXOJI-
BBIXOJIHOE CJI0BO (P, A\(S,p)) siBiIsieTCsl KOHEUHBIM HJIeHTH(MUKATOPOM CO-
crostHus 6(S,p) ITATIOHA.

Usgecrro |7, 12|, aro st BCIOLy ONPEIEJICHHOIO MPUBEJEHHOTO 9Ta-
JIOHA BCETJa CYIECTBYIOT JIMArHOCTHYECKUE MHOXKECTBA U YCTAHOBOUHBIC
csioBa. [ToaToMy JIjIsT TAKOTO 3TAJIOHa CYIIECTBYeT HadabHBIH 1ieHT(hM-
KaTOp KazKJIOrO COCTOSHHSA ¥ IIPOCTON KOHEYHDIH MICHTH(MUKATOP XOTS
ObI OJHOTO cocToAnUsA. TaMm »Ke TIPUBEJIEHBI METOBI IIOCTPOCHUS TAKHX
BXOJIHBIX CJIOB.

PaccmoTpum yesioBust CyImecTBOBaHUsS OKPECTHOCTEH COCTOSIHMIA, sB-
JISTIONIUXCA  MIACHTU(DUKATOPAME COCTOSHUIT STajloHa. $ICHO, 9TO ecim
(V1,Va) — unenrudurarop cocrostaust s, 10 (P, A\s) TOXKe HUIACHTHDU-
KaTOp 9TOr0 COCTOAHMA. JIJIsi KOHEIHOrO 3TAJOHA MHOMKECTBA (g, Ag PE-
IyJIsapHBl B anredpe KimHu, 1mosToMy CyMIeCTBYET aJrOPUTM IPOBEPKN
TOT0, SIBJISIETCSI JI OKPECTHOCTD (g, Ag) UICHTH(MDUKATOPOM COCTOSIHUS S.

CdopmyupyeM 6ojiee MPOCTOil KpUTEPHl CyNIECTBOBAHUS WJICHTH-
dukaropos cocrosguuii. [IycTb n — YUCIO COCTOAHMI STAJIOHA.

Teopema 1.10. PasHocusvHb, ymeepiHcoeHus:

1) Cywecmeyem okpecmHOCb COCMOARUA S, ABAAOUWAACH €20 UOCH-
MuUPuUKaAmMOopoM.

2) (¢s, \s) AsaAEMCA UOCHMUPUKAMOPOM COCTNOAHUA S.

3) Cywecmesyem udenmugpuramop (Vi,Va) cocmosnus s, das komo-
pozo V4| + [Va| <n — 1 u h(Va) < 227,

ITo srasony nmocrpoum nposepounsiii rpad G = (T,V,A), tne T =
2°% 2%V = {+, —} xU. Oyskuuio nepexooB A orpeIeJIuM 10 TPABUILY:
A((S1,52), +(x,y)) = (S1,5%), tne s € S, ecmu 6 4(t, x) = s, u Aa(t,x) =
y 1t Hekoroporo t € S;, i = 1,2. A((S1,S2), —(z,y)) = (S7,5Y), tue
te SV, ecim d4(t,z) = s u Aa(t,z) = y aus mekoroporo s € S;, i = 1,2.
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ITpoBepounsbrit rpad sBASETCS JTOCTATOYHO OOIIEll KOHCTPYKIMEH U
HO3BOJISIET HAXOJUTh UJAEHTU(MUKATOPBI COCTOSTHUI Gojiee OOIIEro Buja,
4eM OKpecTHOCTH. st 9Toro B mposepovHoM rpade BLIOMPAIOTCS CI0BA,
v=(ar,u1)... (o, ug), tne a; € {+, =} u A((s,t),v) = (51,9), S; # @.
ITo cioBy v crpoutes anukindeckuit rpad R(v), MHOXKECTBO BepIIUH KO-
toporo pasno {1,2,...,k 4+ 1} n no (o, u;) crpourcs gyra (j,uj,j + 1)
npu «; = +, mwin gyra (j + 1,u;,u;) B nporuBHOM ciydae. Beprmmra 1
Ha3biBaeTCs HavaabHo. Ilycrs V! = (vq,...,v;) Takoe, 4TO I KaXK 10~
ro t € S ommuHOro OT § Haljercs, s Koroporo A((s,t),v) = (S1, D).

1
Torga B rpade R(V') = > R(V;) oroKuecTBiIsieM BCe HAYaJIbHbIE BED-
i=1

IIIUHBI U JIETEPMUHU3UPYEM 0Ty deHHbIH rpad. Jlerko Bujiers, 9ro aerep-
MUHU3UPOBAHHBIN I'pad C BLIIETEHHON HAYAJIBLHON BEPIIUHON SIBJISIETCS
[MPABUJIBHBIM AIUKJINICCKUM UJICHTU(MDUKATOPOM COCTOSHUS S STAJIOHA.
[TosToMy BbIIIEyKaszaHHOE MHOXKecTBO V' GysieM HasblBaTh HeHTU(UKA-
TopoM. Kiace Bcex Takux uieHTU(MUKATOPOB COCTOSTHUS TAJIOHA 0003HA~
qnm 4depesd I. Kaxkapiit mpenrudpukarop W ns kitacca I siBjisieTcss MHO-
skecTtBOM cjioB B asipasure {+,—} x U. Ilycre Wy < Wy o3nauaer, 4ro
KaxKkjoe cjaoBo u3 Wy sIBisieTcst HAYaJIbHBIM OTPE3KOM HEKOTOPOTO CJIOBA
u3 Wy. DT0 OTHOIIEHNE SIBJISIETCS TTPEJIIIOPSIIKOM ¥ TIOPOYK AT SKBUBA-
gentHocTh =. Uepes K (W) 0603HaunM KJIacC BCEX MICHTUMHUKATOPOB U3
I sxBuBasienTHLIX (110 =) ujenruduxaropy W.

Unentudukarop W nazoseM MUHEMAILHBIM B 4, ecm it Beex W/ e
I, uz W < W cnenyer W/ C W.

Teopema 1.11. PasHocusvHb, ymeeprcieHus:

1) W — munumanen 6 I, <;
2) W — munumanen 6 (K(W),C) u K(W) munumanen 6 (Is/ =,<);
3) Mmnoorcecmeo W', noayuennoe us W ydasenuem xomv 00rozo crosa

UAU 3AMEHOT TOMB 00H020 CAOBA €20 COOCMEEHHBIM HAYAALHDIM
ompe3xom, u(?eHmugﬁu%amopo,M CoOCMoAHUA S HE ABAAEIMCA.

3 mpuBeneHHBIX TeOpeM CJIEAyeT, UTO KPATHOCTH MUHUMAJBLHOTO
uJIeHTUpUKATOPA HE MPEBOCXOTUT 1 — 1.
OrneHnM BBICOTY MUHUMAJIBHBIX UIEHTU(DUKATOPOB.
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Teopema 1.12. Boicoma MUHUMAAGHOIL UJEHMUPUKAMOPOE COCNOA-
HUL, 8 00WEM CAYHAE, HEOZPAHUYEHA.

OTa TeopeMa, MOKA3LIBAET, YTO MHOKECTBO MUHUMAJILHBIX MJIEHTH(U-
KaTOpPOB B 06ITeM ciiydae HeCKOHEUHO. B ¢BsI3u ¢ 3TUM mpe/icTaB/IsieT nH-
Tepec 3aja4a ero s dexrusaoro onucanus. [lycrs V = {4+, —} x X x Y.
PacemorpuM BHauase ofuH Crocod MPeJICTAaBIEHUsT KOHEYHOTO MHOYKE-
CTBa CJIOB B aJi(paBUTE OJHUM CJIOBOM B CIIEIUAJIBHOM AJI(DABUTE.

O6o3naunM depe3 Z MHOKeCTBO Beex nap (i,v), e 1 <i<n—1mu
v e V. Iyerbe W = {ws,... wp} mwj = vj1...v5,. Muomecrsy W tio-
craBuM B coorBercTBHE CI0BO 2(W) = (1,v1;)(2,v2) . .. (k, vg ) (1, v12) . ..
... (f,vjf) B andasure Z. 3nech g — HanmbosbImMii HOMEp cioBa U3 W,
uMeroItero Hanbosbiryio jmny f = max ;. Croso z(W) nasosem cept-
KOiT MHOYXKecTBa W.

Paccmorpum npeobpazoBanue y, opeaeeHHOe CIeIyIONINM 00pa30M:
myctsb (i, w;)(j, wj) — BbIpazKenue, g koroporo wyw; € V* u 1 < 4,
j <n-—1, rorma

(4, wi, wy), ecim i = j
X (2, wi) (j,wy)) = 4§ (i, wi)(J,wy), ecm i < j
(4, w;) (i, w;), ecmm j < i.

C 1noMoIIbo 3Toro npeobpazoBaHus JO0e CJIOBO B ajipaBuTe Z MOXK-
HO €JIMHCTBEHHBIM 00Pa30M MpeJCTaBUTh B B (i1, w;1) ... (ik, W), T1e
1< <...<ip <n—1, awy ciosa B andasure V. Takum obpa-
30M, KayKJIOMy CJIOBY B ajipaBuTe Z CTABUTCS B COOTBETCTBHE CEMENCTBO
(wi1, . .., ws) cyoB B asidasure V. IT0 ceMeiCTBO HA30BEM Pa3JIOKEHUEM
cioBa z € Z u oboznadnm ero W(z).

[TepeiileM K KOHCTPYKTUBHOMY OITUCAHUIO MUHUMAJILHBIX WJIEHTH(U-
kaTopoB. Uepes I' 0603HAUNM MHOXKECTBO BCEX OMHAPHBIX OTHOIIEHUH
v C {1,...,n} x S. Ilycrp Temepp I';, — MHOXKeCTBO BCex cemeiicTB
(M- yYm), e m < n—1u €. CemeiicrBo (71,...,%m) Ha30-
BEM OTIPEJIC/IAIONTIM, €CJIN CYIIEeCTBYeT U eauHCTBeHHo Takoe [, 1 < In,
aro v;(1) # @ mus Beex | < ¢ < m. CewmeiictBo (71,...,%Ym) Ha30-
BEM KaTErOPUYHBLIM, €CJIU OHO OIPEJIe/IdioNiee, HO J000e ero coOCTBeH-
HOE TIOJICEMENCTBO OIpEe/IsIIONUM He sBjsgercsa. [IpousBonbHo 3aduk-
cupyeM B3aMMHO OJ[HO3HAYHOe OTObpazkeHme g MHoxectBa {1,...n}
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Ha S. [locTponM YaCTUYHBIN KOHETHBIH JeTEPMUHUPOBAHHBIN aKIEITOD
H(A) = Ty, Z,An, (), Fr, y xoroporo I';, — MHOXKeCTBO COCTOSTHWIA,
Z — MHOXKECTBO BXOJIHBIX CHMBOJIOB, (7o) — HadaJbHOE cocTosinue, F),, —
MHOYKECTBO TPEJICTABJSIONMUX COCTOSHUN, Apg — (DYyHKIUSA MEPEXO/IOB.
AKIienTop mopoziaercs 1o maram u3 cocrosiuust (79) — 1o apromary A
carejty oM obpaszom: 1)

) (i), mpu i =1
Ap((), (i,v)) =< )
He omlpejieleHo  1Ipu 4 > 1.

3aech (.]’ 8) €7, Ipu v = +(l‘7y)a ec/mn 5(70(])733) =5, )‘(’YO(])’CE> =yn
(4,8) € 1, mpu v = —(2,y), ecam (s, 2) = 70(7), Als, ) = y.

2) Ilycre cocrosiame (71, ...,%m) JOCTHXKUMO W3 HavajbHOro. Ecim
i>m+1, 10 Ag((y1,.--y9m), (4,v)) — He onpeeseno. OyHKIMs 11EPE-
XOJIOB JIJIst COCTOSHUSL (71, - . . , Y ) HE OIPEJIEJICHA TaK¥Ke, €CJIA BBIITOJIHSI-

€TCsl XOThb OJHO U3 CJICYIOIINUX YCJIOBUIA:
a) JIIsl HEKOTOPOr'o j < /M OTHOIIEHHUe 7y; — IIycTo,
6) cemeiicTBO (71, ..., Ym) — OIPEIEJSIOIIHeE.

B nporusnoMm ciyuae, npu ¢ < m + 1

, .
. ViseoosYie1sY s Vidls -y Ym, OPA LMy
Aty sm), (i) = ¢ =LY Yk j

(Y155 Yms Vong1)s upu i=m-+1.
[Ipu stom, B ciydae i < m, (j,s) € 7 upn v = +(z,y), ecan
0(v(9),z) = s, Av(h).z) =y, n (j,s) € v npn v = —(2,y), ecrm

d(s,x) € vi(j), A(s,x) = y. B cayuae i = m + 1 6GunapHoe OoTHOIIEHIE
v 41 BBIUHUCJISETCA TOYHO TaKXKe Kak OTHolleHue 1. Takum obpasom,
pH ¢ < M JIEMEHT 7y; 3aMEHSIeTCsI SJIEMEHTOM 7y, a Ipu ¢ = m+1 B cemeii-

crBe (Y1, - .., Ym) J06aBIseTCS 31eMenT 7,, | 1. lockommeky ¢ < n—1, T0 B
nocseaaeM ciaydae m—+1 < n—1. I3 koneunoctu muoxkects [',, V' u Hepa-
BEHCTB BblTeKaeT KoHeuHoCcTh akienropa H(A). Cocrosinue (1, ...,%m)

Oy/leT TpeCTaBIsIonM (TO ecTh TpUHAJJIEX)KHOCTh Fpp), ecim 310 ce-
MeitcTBo KarteropudHo. Ilycre Z C Z* — cobbiTHe, IpeJICTABIEHHOE B
akierrrope H(A).

Teopema 1.13. Ecau z € Z, mo W(Z) € I u A6AAEMCA MUHUMAAOHOLM
udenmugpuramopom cocmoanuti amanona. Ecau W € Iy munumaronoid
udenmuguramop cocmoarut smanona, mo Z(W) € Z.
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Takum obpaszom, asromar H(A) saddekTuBHO OnmchBacT KIace Mu-
HIMaJIbHBIX NIeHTU(hUKATOPOB Beex cocrosinuii aBromara A. ITpu stom
KA K0! HyMepaIui CJIOB U3 HEKOTOPOrO0 MEHUMAJIBLHOIO HIACHTH(MUKATO-
pa W cooTBeTcTBYeT CBOSI CBePTKa U niueHTH(HKATOpy W cOOTBETCTBYET
MHOYKECTBO TaKUX CJIOB U3 Z, PA3/IOXKEHHe KOTOPLIX paBHO W.

Caencrsue 1.14. Ecau caoso Z npunadaescum cobwmuro ZT, npeo-
cmasaenromy 6 asmomame HT(A), mo pasaooicenue W(z) asaaemcs
MUHUMAALHOM U3 T MaUasbrom udenmu@uKramopom HeKomopozo co-
cmosmus asmomama A. Ecau W — Munumasvrvil Havasonoili uoenmu-
Puramop usz I nexomopozo cocmoarus asmomama A, mo ceepmxa Z(W)
npumnadaesicum cobvimuro 2.

Awnasornano crpourcst apromar H ~ (A), 1 aHAJIOTHYHOE yTBEPXKICHUE
YCTAHABJIMBAET CBA3b MEYKLy COOBITHEM Z ¥ MUHHUMAJBLHBIM KOHEUHBIM
unenTuduKaTopoM cocrosumii apromara A. Cobpitme ZT U Z~ — pe-
IYJIAPHO U ABJsIeTCs 3D PEKTUBHBIM OIMMCAHNEM MHOYXKECTBa HAYAJIbHBIX
U MUHAMAJIBHBIX KOHEYHBLIX UIACHTH(PHUKATOPOB. CII02KHOCTHL aBTOMATOB
H(A),HT(A), H (A) MOXeT 3HAUYUTE/ILHO TIPEBOCXOIUTD CJIOKHOCTD aB-
Tomara A, Ho3TOMY IpejcTaB/sgeT nHTEpec pa3paboTKa IPaBUl YIIPOIIe-
HUsI 9TUX aBTOMATOB 6e3 M3MEHEeHHs COOBLITHIl, IIPEJICTABJICHHLIX B HUX.
[Tpasuia a)—6) npu nocrpoennn MYHKIUU A f U SIBJISTIOTCS. TAKAMHU YIIPO-
menusaMu. HeKoTopele JOMOJIHATEILHbIE IIPABUIIA, YIIPOIIECHUS AKIEITOPA
H*(A) pacemorpenst B [4]. TaM e npuBe/ieH IpEMEp TAKOTO aKIIENITOPa.

PaccMoTpuM Tenepb B3aMMOCBS3b MEXKIY MHOXKECTBAMHU HJICHTUA(U-
KaTOPOB COCTOAHUI aBTOMATOB, II0BE/eHIEe KOTOPBIX B TOI WJIM UHOI Mepe
IIOJI00HO.

[Iycre — A = (S,X,Y,04,24) u B = (T,X,Y,0p,\p) — KoHeu-
HbIe aBTOMAaThl MmMIu, BCIOLy ONpENeICHHbIC U IeTePMUHUPOBAHHLIC, HO
HeobsI3aTeIbHO IIpUBEIeHHbIe. Torna A 44 SABJIsSeTCs KOHeYHO-aBTOMATHBIM
orobpazkenneMm. Hanomuum mekoTopble onpegencans. Cocrosgaus s € S
u t € T Ha3bIBAIOTCH SKBUBAJIEHTHBIMU, €CIIU A Ay = Ap;. ABTOMaThl A 1
B Ha3BIBAIOTCSI SKBUBAJIEHTHBIMU (HEOTJIMIUMBIMU HUKAKUM IKCIIEPUMEH-
ToM), ecait {A4s }ses = {ABt }ter. ABTOMAT A HA3BIBACTCSI IPUBEJICHHBIM,
€C/IN U3 S1 7# Sg CIEJYeT, 9TO A4s, 7 AAs,. ABrOMaThl A, B Ha30BEM 3K-
BUBAJICHTHBIMU 110 [IPEIBICTOPUN, el {PAs}scs = {@pt}ter. ABTOMAT
A Ha30BeM NPHUBEJICHHBLIM 110 HMPEILICTOPUHN, €CIM U3 S F So CIEJyer,
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910 PAs|das,. VI3 oupemesnenns: ciemyer, 4ro ecim aBromar A mpuse-
JieH (MIPUBEJICH 110 MPEJILICTOPHN ), TO JJIsi BCEX § MHOXKECTBO HAYAIbHBIX
(KOHEUYHBIX) UJEeHTUMHUKATOPOB He IycTo. VI3BECTHO, YTO I KaXKJ0ro
aBTOMAaTa, CYIECTBYET €My 9KBUBAJEHTHBIN €IMHCTBEHHDIH TPUBEIeHHBIIH
apromar. Ecim aBromar A mMeer MpexoJsiiee COCTOSTHUE S, TO OH He
IPUBEJIEH 110 MIPEJIBICTOPHUHU, TaK KaK @45 = & U TeM CaMbIM ¢ 45, C Pas,
qyist Beex t € S. Ecom kpome sToro A npusejieH, to Jwoboit B, (B, A) € €
HMeeT [IPEXO/IAIITe COCTOSTHUS ¥, CJIeJIoBaTeIbHO, B Kiacce £(A) Her npu-
BEJIEHHBIX 110 MTPEJIBICTOPUNA aBTOMATOB.

IIycts @4 = |J Aas. Aromarsl A, B Ha3bIBAIOTCA HEOTJIMIUMBIME
seS
HUKAKUM [POCTBIM 3KcrepumenToMm, eciu P4 = Pp. Pacemorpum B3a-

UMOCB$I3b MEXKJIy MHOXKECTBAME MPOCTHIX KOHEYHBIX HJIEHTUMDUKATOPOB
COCTOAHUM JABYX aBTOMaTOB, HECOTJIMINMbIX HUKaAKUM HIPOCTBIM 3IKCIIEPU-
MEHTOM.

NzBecTHO, 9TO JjTsT KarXKJI0r0 ITPUBEJIEHHOTO aBToMaTa A CyInecTByeT
POCTOfi YCTAHOBOYHBIH 9KCIEPUMEHT, TO €CTh CYIIECTBYET TaKOe CJIOBO
P, 9TO ISl BCEX S1, S M3 paBeHCTBA AA(S1,p) = Aa(s2,p) ciemyer pa-
BEHCTBO d(S1,p) = d(S2,p). [losromy BxOs-BBIXOHOE C10BO (P, A4 (S1,P))
B 9TOM CJIy4Yae SBJISETCs IPOCTHIM KOHEYHBIM UJIEHTU(PUKATOPOM COCTO-
stHust O(S, p).

3 onpejesiennsi KOHEYHBIX HJIEHTUMDHUKATOPOB CJIEAYET, YTO €CJIU
JUIsl HEKOTOPOI'O COCTOSIHMSI aBTOMATa, CyIIECTBYeT (IIPOCTOlt) KOHEUHbIil
njeHTHGUKATOD, TO (IPOCTOI) KOHEUHBIH MIeHTU(MUKATOD CYIIECTBYET U
JJIg BCAKOI'O COCTOAHMA JOCTU2KUMOI'O U3 S. TaKI/Il\/[ O6pa3OM, MHO>KeCTBO
COCTOSIHUIT MMEIOIUX KOHEYHbIe MJIeHTH(MUKATOPBI 00pa3yioT MOJABTO-
MaT. DTOT [OJABTOMAT IIPUBEIEH 10 Ipeabicropun. Ilogasromar, obpa-
30BAHHBINA BCEMU COCTOSTHUSIME ABTOMATA, MMEIOIIUME IPOCTON KOHEYHBIH
UJIeHTUPUKATOD, HA30BEM KOHEIHBIM (DAKTOPOM aBTOMaTa. V3 BhIlIecKa-
3aHHOTO CJIE/IYET, YTO KOHEUHBIN (haKTOP MIPUBEIECHHOTO aBTOMATA HE IIYCT
U COJIEPKUT BCE CUJIHLHOCBA3HBIE aBTOMATBI 9TOr0 aBroMara. V3 ckazam-
HOI'O BbITE€KaEeT

Caencrsue 1.15.

1) ¥ ecakozo npusedernozo asmomama cywecmsyem npusedernvili no
npeducmopuY n0dasmomam, codepaicauuti KoHeuwHvtl gaxmop amo-
20 a8MOMAMA.
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2) Koneunvie @Parxmopv, npusedernvir HEOMAUNUMIEL  AETMOMAMOE
USOMODPHDL.

3) Beaxull cuavhoc6asnolll npusedennvili agmomam npuseden no
npedvLCMopPUL.

UsBecTHoll 3as1a4eil, nocrasienHoii eme Mypowm [14], siBiisiercs 3a/1a-
9a HAXOXKJeHHUs] MUHUMAJILHOrO (IO YHMCJIy COCTOSIHUIT) aBTOMATa HEOT-
JITIUMOTO OT JaHHoTO. [IpuBeseHHbIe paccyKIeHus O3BOJIAIOT CHOPMY-
JIIPOBATD JIOCTATOYHOE yCAOBUE MUHUMAILHOCTH B KJIACCE HEOTTMUAMBIX
aBTOMaTOB. ECJII/I HpI/IBe):LeHHbeI aBTOMaT COBIIaJlaeT CO CBOMM KOHCYHBLIM
daKTOpOM, TO OH ABJIAETCA €IUHCTBEHHLIM MUHUMAJILHLIM ABTOMATOM B
KJIaCC€ HEOTJIMYNMBIX aBTOMATOB. I/I3 9TOI'0 CJICACTBUA BhITCKaCT M3BECT-
ublii pesysbrar Mypa [14] o ToM, 9TO NpUBe/IEHHbII CHIBLHOCBA3HBIN aB-
TOMAT ABJIACTCA €MHCTBCHHLBIM MHHUMAJIBHBIM B KJlaCcC€ HCOTJIMYUMMbIX
aBTOMATOB.

[Tycts W C U*. Yepes [W] 0603Ha4NM [OIIOIHEHIE MHOKECTBA CJIOB
W HaudaJbHBIMK OTpe3KaMu 3TuX caoB. O6osnaunm yepes K 4 MHOMKECTBO
BCeX IIPpaBUJIbHBIX ITPOCTBIX KOHEYHBIX I/I):LeHTI/I(bI/IKaTOpOB BCEX COCTOSTHUI
aroMmara A, To ectb K4 C P 4.

[TosydeHHbIE pE3YJILTATHI ITO3BOJIAIOT C(OPMYJIUPOBATL KpPUTEPUil
HEOTJIMYMMOCTHU IIPUBEJCHHBIX aBTOMATOB B TEPMUHAX KOHEYHDLIX HJICH-
TupUKATOPOB.

Caencreue 1.16. Ilpusedennvie asmomamos, A u B neomauvumos nuxa-
KUM NPOCTIBLM IKCNEPUMEHIMOM M020a U MoAbko moeda, koeda K 4=Kpg.

IIpuBe1IEHHOCTL ABTOMATOB SIBJISIETCS CYIIECTBEHHBIM ycoBrueM. Jleit-
CTBUTEJILHO, JIETKO IIPUBECTU IPUMED HEIIPUBOAMMOIO aBTOMAaTa, Yy KOTO-
POr0 MHOXKECTBO ITPOCTBIX KOHEUYHBIX UJIEHTU(DUKATOPOB MEHbBIIE, YeM Y
[PUBEJIEHHOIO aBTOMATa, SKBUBAJIEHTHOrO (&, 3HAYUT, U HEOTIHIUMOrO
HUKAKAM JKCIIEPUMEHTOM ) HCXOIHOMY.

Teopema 1.17. [Ipusedernvie a8momamov, HEOMAUNUMYL HUKAGKUM (KaK
NPOCMBIM, MAK U KPAMHOLM) IKCNEPUMEHMOM MO0204 U MOALKO M0o204,
K020a, Y HUT PABHBL MHONHCECMEA NPABUNDHIL HAUAADHIT UeHTUPDUKO-
mopos.
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B zakrouenue pasmesia 3aMeTHM, YTO HU HAYAJJILHBIE, HU KOHEUHBIC
UJIeHTUDUKATOPBI COCTOSHUAN MIPU TOMOMOPdU3ME aBTOMATOB, B 0OIIEM
ciIyvae, He COXPaHSIIOTCS.

2. IlpencraBienust aBToMaToB pparMeHTaMu

Pas e/ mocBsiIeH n3yYeHuo mpeIcTaBieHnii apromara pparMeHTaMu
C 3aJIaHHOI TOYHOCTBIO.

[TpoGiema mpejicTaB/ieHns: aBToMaTa (pparMeHTaMKu PacCMaTPUBAETCST
¢ JIBYX TOYeK 3penus. IlepBasi — 9KCIEpUMEHTHI ¢ aBromaTamu. Ilocra-
HOBKa 33/1a9d B 9TOM CJIydae TakoBa. 3ajaH Kjaacc F aBromMaros, B KO-
TOPOM BBIJIEJIEH «UCIIPABHBI» aBToMaT-3Tasion A. OcTrajbHble aBTOMATHI
u3 F Ha3BIBAIOTCS «HEUCIPABHOCTIMU» ITAJIOHA. KPOME 3TOT0O MPEeIbsiB-
JIEH YePHBIil AIUK B, 0 KOTOPOM M3BECTHO, YTO OH IIPUHAJIEKHUT KIIACCY
A. Tpebyercst HaifiTh Takoe MHOXKECTBO P BXOJHBIX CJIOB (T€CTOBBIX II0-
cJIeJIoOBaTEILHOCTE ), TI0 PeAKINI Ha KOTOpble aBToMaTa B MOXKHO orpe-
JIeJIT: a) COBHAJAeT Ji B ¢ 9TajloHOM (KOHTDOJIBHBIN 9KCIIEPUMEHT);
6) dyukuun apromara B (pacrnosnaroruit skcrepuMent). B srom cirydae
Tect P BMecTe ¢ COOTBETCTBYIOIIUMU PEAKIUsIMUA aBToMaTa B siBjser-
¢ UCKOMBIM (bparmenToM moBesenus. 3Becren psig paboT, B KOTOPBIX
PEJITIOXKEHbI PA3JINYHbIE aJITOPUTMBI TOCTPOEHUsI BBINIEYKA3AHHBIX 9KC-
[IEPUMEHTOB 1 HaiiJIeHbl OIIeHKH UX cyioxkHOCTH [3-7|. B mocsetee Bpemsi
HOSIBUJICS PsiJl HEKJTACCUIECKUX BUJIOB SKCIIEPUMEHTOB ¢ 60Jiee CI0XKHbI-
MU CTEleHsIMU TOYHOCTH, OIIpe/Ie/IsieMbIMU IPUJIoKeHusMu (cepruduka-
el mpoTokosioB B cersix DBM [27-28|, TecTupoBaHMEM KOMIIOHETHBI
cetn aBromMaroB [29] u T.1. Bropasi Touka 3peHusi cBsi3aHa C OIKCAHU-
eM HUCXOJHOTO 3aJlaHus aBToMaTa IPH ero cuHrese. Ilpu 3Tom aBromar
3a/1a€TCsl B BUJIE CHCTEMbI BXOJI-BBIXOJIHBIX CJIOB, KOTOPAasl MPEJICTAB/ISET
nHMOPMAIMIO JBOSKOIO BUJA: TO, UTO JIOJZKEH PEAJU30BbIBATH aBTOMAT
(upejcaHHOe TOBEJIEHHE) M TO, YTO ABTOMAT He JIOJZKEH Pean30Bbl-
BaTh (3amperienHoe nosegenune) [30-31]. Tlpu srom kiacc F, koropomy
NPUHAJJIEKAT aBTOMAT, KaK MPABUJIO, MPEIIOIAraeTcsi, 9TO 3T0 pa3ou-
eHre, B KaXKJOM KJIacce KOTOPOro poBHO ojauH aBromar u3 F. zeecren
PsiJi BADHAHTOB TAKOI'O onmcanus: ankerHele si3bkn 30|, k-nabopsr [20],
SI3BIKY 9KBUBAJIEHTHBIX npeobpasosanuii [31]. ITpesioxensl aaropurmbl



AHaJii3 U cMHTE3 aBTOMATOB II0 UX IOBEJCHUIO 383

MOJIyYeHUs] TAKUX OIMCAHUH 110 38/[AaHHOMY aBTOMATY U aJITOPUTMbI CHH-
Te3a aBTOMaTa 110 33/[aHHBIM OIUCAHUIM.

Oba 5THX MOIXOJA €CTECTBEHHO CJIUBAIOTCSA B (DOPMUPYIOMIEMCS Ha-
npapieann «PopMasbHbIE METOJIBI AHAJIN3a CBONCTB CUCTEM», 00 beTUHSI-
I0IIeM TTPOOJIeMbl crienu KA, aHAJIN3a, BepuUKAIMT U TECTUPOBa-
HUS TPOTPAMMHO-ANTAPATHBIX JUCKPETHBIX CHUCTEM.

AHam3 MoJTyYeHHbIX PE3YABTATOR MOKA3BIBAET, YTO JIO CHX MOP MAJIO
U3YYEHHBIMU SBJISIOTCA CJIEIYIONINE BOIPOCHL:

1) Kaxkosa ta rpannunas undopmaius o6 aBToMaTe u KJacce, OTHO-
CHATEJIBHO KOTOPOT'O OIUCHIBAETCS aBTOMAT, IIPU KOTOPOU BBITIIEYKa-
3aHHOE OIMCAHNE TOr0 WJIM WHOrO BUjA (SKCIEPUMEHT, aHKEeTHBI
SI3bIK) CYIIECTBYET, a 6e3 KOTOPOii He CYIIeCTBYeT.

2) KakoBa cTpyKTypa BBIIIEYKA3aHHOIO OIIUCAHUST ABTOMATA, ITO 00si-
3aTe/IbHO JIOJIKHO IPUCYTCTBOBATH B OIMCAHWH, & UTO $IBJISIETCHA
U3/EPKKAMU aJITOPUTMa, €TI0 IOy IeHUS.

3) KaxoBa CJI02KHOCTB ONUCAHMIA, CJIOXKHOCTH UX [TOCTPOEHUS U CJIOXK-
HOCTb BOCCTQHOBJICHHS aBTOMAaTa II0 €ro OIHMCAHHIO.

DTU BONPOCHI ABJSIIOTCSA AKTYAJbHBIMUA He TOJBKO JIJIsi TEOPUH ABTO-
MATOB, HO U JIJIsl CMEXKHBIX JIUCIUILIMH, TAKUX KaK TEXHUIECKAs JUAIHO-
cruka |32, 33|, naenrndukanus cucrem yupasienns [34] u ap.

Bresiem neobxomumbie onpejesnenus. [Iycrs F — HekoTopbIit Ki1ace Ko-
HEYHBIX JIETEPMUHUPOBAHHBIX BCIOJLY OIPEJIEIEHHBIX aBTOMATOB, TO €CTh
F C AX,Y). Ilyctrb A = (5, X,Y,d,\) HekoTOpBIil aBTOMAT, Ha3bIBa-
eMbIil 3TasioHoM. IlycTh Takke T — OMHApPHOE OTHOIIEHUE I10JI00Us Ha
kiacce A(X,Y). Ecin (A, B) € 7, To aBromMar B HazoBeM 10700HBIM
srasiory. Obbrano A € F.

[Tycts R, Q) — BO3MOXKHO GecKOHedHBIE aBTOMAaThl MeiBeieBa B aji-
dasure 2V, riie U = X x Y. [lapy < R, Q > Ha30BeM IIPe/ICTABICHACM
9Ta/ioHa A OTHOCUTETHHO F ¢ TOYHOCTBIO T, €C/TH OJIHOBPEMEHHO BBITIOJIHSI-
I0TCsl cyiejytonue yeyaopusi: 1. R siBisiercs dbparmenTom, a (Q — kodpar-
MeHTOM 3TaJiona; 2. s moboro B € F, eciim R siBastercst (hparMeHTOM,
a () — xodparmenTom asromara B, To B € 7(A).

Kiace Bcex mpejicTaB/ieHuii 3TaJoHa OTHOCUTEIBHO A U 7 0003HAINM
R(A,F, 7). IlpencraBienne HA30BEM TEKCTyaJbHBIM B Cilydae, Korja ()
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nycTo, u nH(MOPMATOPHBIM B IIPOTUBHOM cjydae. Kiacc Bcex TekcTyasb-
HBIX TIpejicTaBiernii obosnaunm Rp(A, F, 7).

13 onpenesenust npejacTaBieHuit sragona ciemyer, dro (R, Q)
R(A,F,7) TouHo Torja, Korja OJ[HOBPEMEHHO BBINOJIHSIIOTCSI YCJIOBUSI:

1) AeAR,Q)NF;
2) A(R,Q) NF C 7(A).

[Iycre Q = Y. Qi, ¢ € I — pasnoxkenne KodparmMeHTa B MIPIMYIO
cymmy ero F xommonent cessnocrn. Torya 9T ycioBust paBHOCHIBHBI
COOTHOIIEHUSIM:

1) A€ FNAR)N(NAQ);
2) (FNAR) N (NA(Q)) € 7(A).

7

Bnech A(Q;) — nomommenne kmacca A(Q;) 1o A(X,Y).

Ecnun BeixomaO#t asibaBuT Y COMEPXKHUT TOABKO OJWH CHUMBOJ, TO
A(X,Y) = {A} n kacc npejcTaBIeHuit COBIIAIAET € KJIACCOM BCeX (dpar-
MEHTOB 3TajioHa. I103ToMy B asIbHEAIIeM, eCJin He OrOBOPEHO IIPOTUBHOE,
canraeM, uro |Y| > 2.

PaccMoTpuM IpUMeEphI IpeaCcTaBICHUI.

1. Ilycers F cocTouT m3 Beex aBTOMATOB € YHMCJIOM COCTOSIHHUIA, HE IIpe-
BOCXOISAIIAM YHCJIA COCTOSHMIT 3TAJ0HA, TO €CTh KAK MOBOPAT B TEXHU-
YECKOIl JMArHOCTUKE «HEUCIPABHOCTH HE YBEIUUNBACT IHCJIA, COCTOSTHUI
apromaray [33|. IlycTh orHOIIEHME T SBJISIETCS OTHOIIIEHHEM DaBEHCTBA
(n3omopdusma) aromaro. IlycTh p — KOHTpOJIbHASI B CMbICJIE XEeHHH
[35] mocsenoBarenbrOCTh It A. DTO 3HAYUT, UTO €CJIM UCCIIEIyeMBblil
«JepHBIN AUk B, npuHaamexxamnmuii F, orpearnposaj Ha CJIOBO p CJIO-
BOM ¢, JIJisi KOTOPOTO (P, ¢) MOYXKET OBbITh OPOKJIEHO TajioHoM, T0 A = B.
Torya crpounstii aBromar R(p, q) siBIIsieTCst IPeICTABIEHIEM.

Caenys [35], MoxkHO BbIOpaTh F paBHBIM KJ1accy BCEX aBTOMATOB, YHC-
JIO COCTOSIHUI KOTOPBIX HE MPEBOCXOIUT YJIBOCHHOTO HHCJIA COCTOSHUI
9TaJIOHA U CYMTaTh, 9T0 B mogoben A, ecrm A C B, To ecTb ecim B sB-
Jistercst peanmsanueit A. Takoe T cOOTBETCTBYET IPOBEpKe paboTOCIOCO0-
HOCTH aBroMara (33|, u B 3TOM cirydae, st KOHTPOJIBHOIO SKCIIEPUMEHTA
(p,q) aBromar R(p,q) siBIIsieTCs IPEJICTABIEHIEM.
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2. B [36] paccmarpusaercst npo6siema KOHTPOJIst (0OHADY KeHNUsT) HEHMC-
npaBHOCTEN, ecyin KiaaccoM F sBiisiercst Kirace Bcex aBTOMATOB, YUCIIO CO-
CTOSTHUI KOTOPBIX HE IPEBOCXO/IUT 3aJAHHOIO HATYPAJBHOIO YUCIa. DTOT
KJIacC COAEPKUT B cebe GOJILITUHCTBO €CTECTBEHHO OIIPEJIE/IAEMBIX KJIac-
coB HencupasHocTeil. ITpeyiosken aJropuT™ MOCTPOEHUS TAKOTO MHOYKE-
crBa P = {p;}, 1 < i < BXOAHBIX CJIOB, 94TO €CJIN «4IEePHBI AMUK» B B co-
CTOSIHUM © TIOPOXKIaeT sKerepuMenT Q = {p;, ¢; }, a1 koroporo @ C A4y,
T0 Ags = Apt. Takum obpaszom, jipeBoBuHbI bparmenT D(Q)), mosydeH-
ublit u3 Y R(pi,q;), siBiIsieTcsi peJICTaBIIEHUEM JTAJIOHA OTHOCHTEILHO

7

BhIIIeyKazanuoro F u 7, onpegensiemoro coornomiennem (A, B) € T, eciin
Ads = ABpt, TIe § U t HAYAJBHBIE COCTOSTHUSI aBTOMATOB.

B cuity ckazaHHOrO, MOXKHO CYMTATh, YTO KPATHbIE U IIPOCTHIE KOH-
TPOJILHBIE SKCIIEPHMEHTBI SIBJISIIOTCS YACTHBIM BHJIOM ITIPEJICTABJICHUIA.
AHaJiornuHble pacCyKJIeHUsI MOYKHO [IPOBECTHU JJIs PACIIOZHAIOIINX JKC-
epuMeHTOB [3-8| u aHKeTHBIX s3BIKOB [30).

3. Paccmorpum k-uHabop, SBJIAIONIUIICT KOHEIHBIM MHOYXKECTBOM BXOJI-
BBIXOJIHBIX CJIOB BuJA (P, q) = (z1,y1) - - (@i, yi)*(Xi—1,Yi—1) - . . (T, Yg) W
OHI/IC]:)IB&IOH_[I/IIU/I CHUJIbHOCBASHLIEC aBTOMATbI C TOYHOCTBLIO JIO T — V7. 3Be3—
JIOUKa TIOKA3bIBAET, UTO HAYAJbHBIN OTPE30K CJIOBa (P, q), CTOSIIINI CJieBa
OT Hee, OKAHIMBAETCA B TOM YK€ COCTOSIHAM aBTOMATa, B KOTOPOM OKAH-
qmuBaeTcs Bce cI0Bo. Ecsm no cioBy (p,q) nocrpouts R (p,q) u 0TOXK-
JIeCTBUTL B HeM cocrosguns [ + 1 u k + 1 u nmpoeecTn Takoe IOCTPOCHUE
JJIsT KaXKJIOr0 CJIOBa U3 k-Habopa, TO MOJIydYuM IIpejicTaBjenne R Cuib-
HOCBSA3HOI'O 3TajI0Ha A, OTHOCHTEJIBHO GECKOHEIHOIO KJIacCa CHILHOCBAS-
HBIX aBTOMATOB.

4.B [4] NpeJIozKeHa METOJINKS aHAJIN3a BXO/I-BbIXO/IHBIX CJIOB C IIOMO-
MIbI0 UAEHTU(PUKATOPOB COCTOsiHMiL. B pesynbrare 3TOro aHams3a moJy-
JaeTcd TaK Ha3bIBACMbIH IIpeJle/IbHBIA aBTOMAT, KOTOPLIA B ciydae, ecju
AHAJIM3UPOBAJICA KOHTPOJIbHBII WJIM PACHO3HAIOIINNA SKCIIEPUMEHT, ABJId-
ercsl IpeJICTaB/IeHneM aBToMaTa A OTHOCUTE/ILHO 3aJaHHBIX F 1 7.

5. B [37] paccmorpen ciryuaii, BosHUKAOMMI 1pu cepTUUKAIMN TIPO-
TOKOJIOB [28| 1 KOHTpOJIe KOMIIOHEHTBI CETH aBTOMaToB [29], Korja Kiracc
A ucrnpaBHBIX aBTOMATOB 3a/IaH B BUJIE KJIaCCa peasn3aliii HeJleTepMIHY-
pOBaHHOrO aBroMaTa A, a HEUCIPABHBIX B — B BH/JIE KJIacca Peasn3aIiii
HeJIeTePMUHUPOBAHHOTO aBroMara B. B sToit pabore crpouTcs sKciepu-
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MEHT, OIIPENEJIAIONINN, ABJIgeTCd JIU «YEePHBII AINUK» peaju3anueil as-
ToMara A win peanuzanueil apromara B. B mporecce mpoBeieHnsT 3TOTO
SKCIIEPUMEHTA, TIOJIYIaeTCd MHOXKECTBO W BXOJ-BBIXOJIHBIX CJIOB, TIOPOXK-
JICHHBIX «9YEePHBIM AMUKoM». ABromar R(W) sBisiercst TeKCTyaJbHBIM
[IPEJICTABJIEHUEM <«YE€PHOIO SMNKA», & TOYHOCTH OIPee/isdeTcs pasdue-
uuem {A, B}. BameruM, 9TO B 9TOM CJIydae 3TH KJIACChI MOTYT ObITh Kak
KOHEUHBIMU TaK U OECKOHEUHBIMU.

Paccmorpennble mpuMepbl MOKAa3bIBAIOT BaXKHOCTh M aKTYAJIbHOCTD
nccJie/oBaHnst IpobJieMbl TIpejicrasienns dpparmentamu. B (6, 22| 3as0-
2KEHBI OCHOBBI TAKOT'O UCCIIEIOBAHNS. B TaHHOM pasfiesie N3JI0KeH PsJI €ro
OCHOBHBIX MOMEHTOB: yCJIOBUS CYIIIECTBOBAHUS IPEICTABICHUN pa3/Imd-
HOI'O BUJIa IIPU Pa3JIMYHBIX IIPEIIIOIOKEHNAX Ha CBOICTBA 3TaJIOHA, KJlac-
ca F u TounocTu nipejicTaB/ienust T; U3yUe€HUE CTPYKTYPbBI IPEICTABICHU
B cJlydae, KOyl IPEJICTABICHUEM SIBJISIETCH TOJBKO (bparmMent R sTasio-
Ha; CJIOKHOCTB TIPEJICTABJIEHUH, KAK MeTprYeckas, TaK U UX paclio3HaBa-
HUsI. DTHU 38J]a9U PACCMATPUBAJIMCH B TIEPBYIO OYEPEIb JJIst OIIPEICJIEHHO-
JMArHOCTUPYEMBIX TOPsi/iKa k aBTOMATOB. Takme aBTOMaThl HHTEHCUBHO
U3y4aJluCh B TEOPHU SKCIIEPHUMEHTOB ¢ aBroMaramu [4, 6, 12, 15, 16| u
JacTO BCTPEYAIOTCA B NMPUKJIAMHBIX HCCAEIOBAHUAX. B paszese mpuBe-
JIEHbI HEOOXOJMMbIE U JIOCTATOYHBIE YCJIOBHS, IPH KOTOPBIX (pparmMeHT
ABJIFETCS TIPEJICTABJIEHUEM OIIPEJIEJIEHHO JMarHOCTUPYEMOro Hopsaka 1
9TaJIOHa OTHOCUTEJIBHO KJjacca F, BceX aBTOMATOB C YMCJIOM COCTOSHMUIA,
HE TPEBOCXOISININM YHUCJIO N COCTOAHUU 3TanoHa. isa ciaydad 7 = €
(To ectb m3oMoOpdU3Ma aBTOMATOB) OIMCAHA CTPYKTYPa MUHUMAJbHBIX
upejcrapiennii. [loydenpl HEOOXOMMbBIE U JJOCTATOYHBIE YCJIOBHUS OBITH
IIpEe/ICTaBJIEHNEM TAKOT'O K€ 3TAJIOHA OTHOCHUTEJIBHO KJlacca aBTOMATOB,
MOPOXKJICHHBIX U3 STAJIOHA JIOKAJBHBIMU ITPEOOPA30BAHUSIME [TOCJIE/THETO,
U T, PABHOIO OTHOIIEHUIO HEOTJIMIUMOCTU Pa3judHoro Buma. VM, Hako-
Hell, HaliJleH KPUTEpUil, TpU KOTOPOM BXOJ-BBIXOJIHOE CJIOBO SIBJISIETCH
KOHTPOJIbHBIM 3KCIIEPUMEHTOM JIJIsl OIIPEJIEJIEHHO JUArHOCTUPYEMOIO 110~
paaka k, 1 < k < 11 sranona orHocurenbho F, u 7 = €.

2.1. VYcjoBud cyIlecTBOBaHUs MpeacTaBJIeHUN

1. YkazkeM npocreiiiime CBORCTBa MIPEJICTABICHUI, [T0JI€3HbIE B JTajlb-
ueiimem. Ilycrs nana cucrema (A, F,7) u napa (R, G), /st KOTOPOii BbI-
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moJiHsieTCsl yeopue 1 mpejcrasiieHuit, To ectb R — ¢parmMent n () —
kodparment stamona A. [lo xkodparmenty () ompegeanM KJIacc aBTO-
maToB Fg no mpasunam: B € Fg, ecim cymecrsyer asromar C' € F,
JUIsi KOTOPOro B SBJISETC KOMIIOHEHTOH CBSI3HOCTHU, U CYIIECTBYET KOM-
nonenTa ceasHocTH H xodparmenta @, 1ia xkotopoit HooB. Yepes Bg
0003HAYUM BO3MOXKHO OECKOHEUHBI aBTOMAT, SABJISIOIIMICS TPSIMOT CyM-
Moit Beex apromaros u3 F. Ilo knaccy F onpenemim knacc B npasuiom:
B € B, ecim cymiectByer C' € F, st kotoporo B siBJIsIeTCsi €10 KOMIIO-
HeHTO# cBsisHocTu u B < A. Ilo kaccy B onpesenm, BO3MOXKHO GeCKO-
HEYHBIN, aBTOMAT Biax, ABISIONANCA TPAMOA CyMMOM BCEX aBTOMATOB
u3 B.

Moxkno mokazarb, uro B Kiaacce K (R) Bcex dbparMeHTOB, 9KBHUBa-
JIEHTHBIX 10 = dparmenty R, imubo Bce snementsl u3 K (R) sBisorcs
TEKCTYaJbHBIMU PEJICTABJICHUSIMU, JIUOO HU OJUH U3 HUX. BbIie ObLIO
[OKA3aHO, YTO si/IPO KOHEYHOro parmenta R siBisieTcst HAaMMEHBIINM (110
BrJtoueHnio C) ssemenToM B Kiacce K (R). TekcryasbHoe mpejcrabiie-
HUE, COBIA/IAIONIECE CO CBOUM sIJIPOM, HA30BEM siJIEPHBIM. ZlepHBIM mpe/I-
CTaBJIEHUEM SIBJISIETCSI CaM 3TAJIOH, sIIEPHBIMU IIPEJICTABICHUSIMUI STBJIsI-
I0TCsI KOHTPOJIbHBIE SKCIEPUMEHTBI (JIDEBOBH/IHBIE [TPEJICTABJICHS ).

PaccmorpuMm ycioBus cyniecTBOBAHUS IPEJACTABICHUN OOIIEro BUIA.

Ilycth § — HEKOTOpoe cocTostHme 3TaioHa, AF — MHOMKecTBO Beex
BXO/I-BBIXOJIHBIX CJIOB JUIMHBI He Gostbineii k, moposkaaeMbix s u D(AK) —
JIDEBOBUJIHBIN (DpArMeHT, COOTBETCTBYIOIIUN 3TOMYy MHOXKecTBy. llycTb
D% = 3" D(\F) — sro npamas cymma seex D(AF), s € S. Tlycrs Tax-
XxKe Df‘jl — npsaMas cymma Beex Tex D(AF), aas korophix A — KomedHo-
aBTOMATHOE 0TOOpaskeHne, \* He peasn3yeTcst HII OJJHIM COCTOSTHIEM T~
gora, A C U*. Yepes € 00603HAYNM OTHOIIEHUE SKBUBAJEHTHOCTU aBTO-
maros u3 A(U). Ilycrs n = |S| — 4ucio cocrosiuumit srasoua.

Teopema 2.1. Pasnocuavio, ymeepicoenus.:

1) IIpedcmasaenue smanona A omuocumesvno F u T cywecmesyem;
2) Kaacc ecex npedcmasaenutds dan A, F, T beckoneyen;

3) (A, Bmax) A6AAEMCA NpeIcmasieHuem;

4) e(A)NF C 7(A4);

5) (DY, DY) asasemea npedcmasaenuem npu k > n.
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Teopema xapakTepu3yeT CyIIECTBOBaHHUE IPEJICTABJIEHUI C PA3HBIX
TOYEK 3peHusi. YTBepxKjieHue 4 orpejenseT MAaKCUMAJIbHYIO TOYHOCTD
T, JUIsl KOTOPOil IpejicTaBjienns: cyiecTByior. OHa paBHa € W TaK Kak
F C A(X,Y), to npejcrasiiennsi o0IIEero BUja MOLYT OHPEICTUTH aB-
TOMAT C TOYHOCTBIO 10 M3oMopduama (mockosbky e(A) = A). Kpowme
9TOTO, 3TO YTBEPXKJEHHUE MMOKA3BIBAECT, UTO JJjIs PEeJIEKCUBHBIX T MPEJ-
cTaBjieHusT OOIIEro BUa BCET/IA CYIIECTBYIOT JIJIsl BceX KJaccoB F u sTasio-
HoB A € F. YTBepKjenust 3 u 5 yKa3bIBAIOT KAHOHUIECKUE B HEKOTOPOM
cMbIcsIe TpejcTaBieHusi. [IpecraBienne u3 yTBep:KI€HUsST b KOHEUHO U
COCTOUT U3 JIBYX TPABUILHBIX (DPArMEHTOB.

Hastee OyieT IPUBEJIEH PsiJl TEOPEM CYIIIECTBOBAHUS PA3JIUIHBIX IIPE/I-
CTaBJIEHWI, aHAJIOTUIHBIX TeopeMe 2.1. B HUX mpoBepKa CyIecTBOBAHUS
[PEJICTABJIEHUN CBOJUTCS K IPOBEPKE, SBJISETCHA JIU HEKOTOPas KAHOHU-
JecKasi CHCTEMa IPeJICTaB/IeHUEM, WJIM K IMPOBEPKe BKJIIOYEHHUsI B KJIACC
7(A) HEKOTOPOro Kjacca aBTOMATOB, HEOTIIMIMMBIX OT ITAJOHA COOTBET-
crByomuM 06paszoM. OHU ONMPEIEISIIOT TaK»Ke JIJIsl KaXKJI0r0 BUJIA [Pl
CTaBJICHUI MAKCUMAJIBHYIO TOYHOCTH MPEJICTABJICHUS] STAJIOHA CHUCTEMOMN
dparmMeHT — KopparMent.

PacemoTpum yeioBust CyIeCTBOBAHUST TEKCTYAJIBHBIX IPEICTaBIEHUI
obrero Bujia. TekcTyasibHOE ITpeJICTaBICHIE HA30BEM HMPABUIBHDBIM, €CJIN
OHO KOHEUYHO W SIBJISIETCSI HEITOCPE/ICTBEHHBIM (DPArMEHTOM ITAJIOHA.

Bgejiem orHomenue v,; HeormaumocTu aproMaros u3 A(U) skcrepn-
MEHTaMH OIPAHUYIEHHON BbICOTHI U KpaTHOCTH: (A, B) € 7yi, €C/IM BCAKMIA
SKCIIepUMEHT aBToMaTa A KpaTHOCTH He OOJIBINEH 7 U BBICOTHI He 6OJIb-
TIei § SABJISETCS SKCIepuMeHToM aBToMata A. fcHo, 9T0 pry = Yy N 'y;il.

[Iycrs (A, B) € 7, ecin BCsIKHii 9KCIEpUMEHT aBroMara A siBisiercst
9KCIIEPUMEHTOM aBToMaTa B. fdcHo, 4TO mmocjeaHee COOTHONIEHNE PABHO-
cuIIbHO BRIIOUEHHIO {AsAs}tses C {\¢Bt}ier, riie T — MHOXKECTBO COCTO-
aunit apromara B u v = MNy,;, Tle mepecedeHne BLITOIHIETCs 10 BCEM T,
i > 1. OueBuano, uro € =y Ny~ L

Teopema 2.2. PagHocuavHb, YmeeprcoeHus:

1) Texcmyanavroe npedcmasaerue ommocumenvro F u T cywecmesyem;

2) Kaacc ecex mekcmyarvhux npedecmasaenut oaa A, F, T beckone-
e,
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3) Kaacc 6cex mekcmyasvnuix NpasuioHulE A0epHyE Npedcmassenull
beckoreuen;

4) Omanron A asasemcsa npedcmasaenuem oan A, F,T;

5) y(A)NF C 7(A).

Teopema 2.2 MOKa3bIBAET, YTO TEKCTYaJbHbIE MPEJICTABICHUs, B 00-
IEeM CJIydae, OIPeJIENsiIoT aBTOMAT ¢ TOYHOCTBIO, He GOJIBbINeil YeM v, TO
€CTh C TOYHOCTBIO JI0 PEATTM3AIMI ITAJOHA WU, B TEXHUIECKUX TEPMIHAX
[33], ¢ TouHOCTBIO J10 paGoTocnocobHOCTH dTasoHa. TakuM obpasoM, Kak
CJIEJIOBAJIO OXKUJIATh, MH(MOPMATOPHBIE NIPEJICTABICHUS SIBJISIIOTCS Gostee
TOYHBIMU JCCKPUIITOPpaAMU aBTOMaTa, 9€eM TEKCTyaJIbHbIC.

TekcryasbHOe HpejcTaBieHre R HA30BEM TPUBHAJILHBIM, €CJIH CyIIe-
CTBYyeT BCIOJy ompejiesiennblit aBTomar B C R, 9KBUBaAJIEHTHBIN 9TAJIOHY,
To ectb B € £(A). TpuBnanbHoe NpeJICTABICHNAE SBHO COJIECPKUT B Ce-
Ge nostHoe «II00aIBbHOE» ONMCcaHNe ITaJoHA. KOHTPOJIBHBIE IKCIIEPUMEH-
ThI SIBJISTIOTCS] HETPUBHAIBHBIMU [IPEJICTABICHUAMU. JIEMKO BHJETH, 9TO
KJIaCC TPUBHAJIBHBIX U KJIaCC HETPUBHUAJIbHBIX Hpe,ZLCTaBJIeHI/II?'I 3aMKHYThI
10 = OlEpAIlU CJIOZKEHHUs U 1109TOMy GeckoHeuHbl. Kpome aToro B Kiac-
Ce 9KBUBaAJICHTHBLIX IIO IIpE/JICTaBJICHUIO JTI/I6O BCe€ TpUBHUBAJIbHBI, JII/I6O BCe
HETPUBUAJILHBI.

Pacemorpum memycroit kiace Ry (A, F, 7). B cuiy Teopemsr 2.2 B Hem
BCErjla CyIIEeCTBYIOT TPHBUAJIBHbIE IIPE/ICTABICHUS, HAIIPUMED, CaM Ta-

aoH. Dy = Y D(As) siBisiercst 6eCKOHEYHBIM HETPUBUAJIBHBIM HEIIOCDE/T-
ses

cTBeHHBIM TpejicTaBienueM. Eemn kirace F koredern u N BepxHsist OIIEHKA
YHCJIa, COCTOSTHUI aBTOMAaTOB 9TOI0 KJIacca, TO DiN ~1 apnstercst merpu-
BHAJIbHBIM KOHEUHBIM HEIOCPEICTBEHHBIM, TO €CThb MPABUJIBHBIM, PEeJ-
CTaBJIeHUeM B CHJIy U3BeCTHBIX pe3ysibratoB Mypa |7, 14]. Onnako jyist
OECKOHEIHBIX KJ1acCoB F mpaBmibHbIE HETPUBHAJIbLHBIE IIPEICTABICHAS B
Rr(A,F,T) cymecrByior He Beerna.

Kuace F HazoBem 3aMKHYyTBIM 110 7, ecau Jyist Bcex B € F y(B) C F.
HAcno, uro npu |Y| > 1 memycroit 3aMKHYTHI 10 7y Kiace F Geckoneden.

Teopema 2.3. [Tycmv smanon A cuavhoceasen, kaace F e nyem u 3a-
mrnym no 7y u ne pasen T(A). Toeda 6 nenycmom xaacce Rp(A,F, T) ace
NPABUALHBLE NPEICTNABAEHUA MPUSUANDHDL.
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13 Teopemsbl 2.3 cieyer, 9To [isi CHIILHOCBSI3HBIX 9TAJIOHOB HE CyIIie-
CTBYeT IIPABIJIBHBIX TEKCTYAIbHBIX HETPHBHAILHBIX IIPEICTABJICHUIT JIIst
AU)u Y] > 1.

PaccMOTpUM  yCJIOBHSI CYIIECTBOBAHUs NPABH/IBHBIX TEKCTYAJIbHBIX
HETPHBHUAJILHBIX IPEJCTABICHIN. BaKHbIM 9YaCTHBIM CJIy9YaeM TaKhX
IIPEJICTABJICHNIT SIBJISIFOTCSL JIPEBOBHUJIHBIE IIPE/ICTABIICHHsI, Y KOTODPBIX
KazK/[asi KOMIIOHEHTa CBSI3HOCTHU SIBJISIETCST JICPEBOM.

Iycrs X, = ()Vrk, DJe OObEAUHEHHE BBIIOJIHIETCA 1O BCeM 1 > 1.
leno, wro e, = xi N x;, ' Hockonbky asTomarsr u3 A(U) npuBesiens, To
(A, B) € x, pasnocmibHo BKytovennio LY C L%,

Teopema 2.4. Ixsusaschmmos caedyroujue YmeeprHcoeHum:

1) IIpasusvhvie 0pe6osudnbie MEKCMYAILHLE NPEICTNABACHUA OAA
A,F, T cywecmeyrom;

2) sz ABNAACNCA MAKOGHIM OAA HEKOMOPO20 kK

3) xx(A) NF C 7(A) dan nexomopozo k.

BaxkabIM YaCTHBIM C/IydaeM sBJISETCA CJIydail, KOrja aBTOMATHI U3
F He cpaBHUMBI 110 7, TO ecTb y(B) = B jus Bcex B € F. IIpumepom
ABJIsIeTCs Kaacc F, Bce aBToMaThl KOTOPOro CHJIBHOCBSI3HBI. Kak mokasa-
HO paHee B 9TOM C/Iy4ae TeKCTyaJIbHbIE ITPEJICTaBIEHUS CYIIECTBYIOT JIJIs
Becex A € F u 7. Haubosbltag TOYHOCTH IIpU 9TOM paBHa €. B ciyuae
9TOl TOYHOCTHU HENOCPEJICTBEHHO U3 TeopeMbl 2.4 BhITEKaeT

CraencrBue 2.5. Pasnocusvms, ymeepocoenus:

1) Rp(A,F,e) xaacc codepotcum npasuavrvie dpecosudivie npedcmas-
AENUA;

2) sz srodum 6 Imom KAGCC OAA HEKOMOPHL k;
3) ex(A)NF = A dasn nexomopux k;

4) mmoorcecmeo i (A) NF xoneuno das nexomopwvir k.

B cuy BaxKHOCTH JIPEBOBUJIHBIX TEKCTYAJIbHBIX IIPEJICTaBIeHUt
(BkifOUatOIUX B cebsi, HAIPUMeED, KOHTPOJIbHbIE SKCIIEPHUMEHTH) B [6]
kjacc F, s KOToporo BBINOJIHSIETCS yTBEp:KIeHue 3 teopembl 2.4, Ha-
3BaH KjaccoMm F, ormunmbiM or A mo 7. Hammenbiee k, Jijist KOTOPOToO
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BBITNIOJIHSIETCS BBIINEYKA3AHHOE yTBEPKIEHUE HA3BIBACTCH TOPSAIKOM OT-
suanmocTr. Takue Kaacchl MOTYT ObITH KAK KOHEYHBIMY, TaK 1 OECKOHEY-
ubiMu. Besknit KoHedHBIN Kitace F, J1ist KOTOPOro CyIecTBYeT TeKCTya Ib-
HOe TIpejicTaBieHre sraqona A oTHocuTenbHO F u 7, siBisieTcst KimaccoM,
OTIMYUMBIM OT A 1m0 7.

PaccMmoTpuM  ycioBUsS  CyIIECTBOBAHUS MUHUMAJIBHBIX IPEICTABIIE-
HUH.

[TpaBuibHOE TekcTyasabHoe npejacrasienne R € Rp(A,F,T) nasosem
MHUHUMAJIBHBIM (110 <), ecim Jjisi BCeX IMPABUJIbHBIX TEKCTYaJbHbBIX [PEeJl-
crasiennii u3 Ry(A,F,7) nepaBencreo @ < R Bieuer R C Q. Takoe
oTpeJieJIeHIe CBSI3aHO € TEM, 9TO OTHOIeHNe < B OBIIEM CJIyvae siBJIsieT-
¢ TIPEJIIOPSAJIKOM.

CiaencrBue 2.6.

1) Ecau F omauwum om A no T, mo 6 Rp(A,F,T) cywecmeyrom npa-
GUALHDBIE MUHUMANBHDLE NPEOCTNACNEHUA.

2) Ecau 6 Rp(A,F,T) ece npasuavhivie npedcmasienis mpusuasorol,
MO 6 IMOM KAACCE MUHUMAALHOLT NPedcmasienuti Hem.

PaccmoTpnM aBTOHOMHBIE aBTOMATHI, TO €CTh ciaydail | X| = 1.

C.TIGILCTBI/IG 2.7. ,ZZ./Lﬂ aABMOHOMHBLT aABMOMAMOoE6 U CUNDBHOCBA3HO20
IaMmanoHa pasHocunbH L ymeepofcdemm:

1) F omauvum om A no 7;

2) B wxaacce Rp(A,F,T) cywecmsyrom npaguavrvie MuHuMaAbHbE
npedcmasieHus.

PaccmoTpnM 9acTHBLI BH/T IPEICTABICHIN — aHKeTHbIe s3bIKu. [TycTn
U=XxY unZ=2Y Tycrs taxsxke W1, Wy C Z*. Cucremy (Wi, W)
Ha30BEM aHKETHBIM $3BIKOM JJjIs 3TajioHa A orHocuTenbHo F u 7, ecin
(R(Wh), R(W3)) siBisteTcst Ipe/IcTaBIeHAEM STAJIOHA OTHOCUTENIBHO F 1 7.
[TockoubKy €JI0By W € Z* B3aUMHO OJJHO3HAYHO COOTBETCTBYET CTPOYHBINH
aBromaT R(w), To HCHO/IB3ys BOILHOCTL peun Hapsy ¢ R(Wy) C R(Ws)
oyaem mucatb WiooWs.
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Bynem pasmuuars Tekcryasbhble (npu Wy = &) u undopmaropHble
aHKETHBIE sI3bIKM. TeKCTyaJbHBIA MpPaBUIbHBIA aHKETHBINH S3BIK, COCTO-
SIIAI M3 OJHOTO CJIOBA HA3BIBAETCsI (IIPOCTBIM) KOHTPOJIBHBIM SKCIIEDPH-
MEHTOM.

PaccmorpuMm ycsioBust CyImiecTBOBaHUST aHKETHBIX S3BIKOB. llojiaraem

oo
v1 = ) - fcno, uro (A4, B) € 1 pasaocuwibo P4 C $p u uro 1 N
i=1

-1
Y1 = Vi
Teopema 2.8. Pasnocuavio, ymeepacoenus:

1) Anxemmoiti asvik das amanona ommocumenvro F u T cywecmeyem;
2) (®a,Pa) Acaaemea ankemmoim asvikom ons A, F,T;
3) vri(A)NF C 7(A).

Teopema 2.9. Pasnocuavio, ymeepacoenus:
1) Texemyarvnwl ankemmuoid asv das A omuocumensvno F u 7 cy-
wecmeyem;
2) ® A ABAAECMCA GHKEMHOIM A3DIKOM;
3) m(A)NFC7(A).

Teopema 2.10. PasHocuaviv, ymeepatcoenu.

1) Koneunwiti ankemmno asvk oas amasona A omnocumenvno F u T
cywecmeyem;

2) (@4, ®%) ssasemea arnremmvim asvrom das nexomopozo k;

3) p1(A) NF C 7(A) dasn nexkomopozo k;

Harommnwm, aro &% = | )\1"318, rje 00beIUHEHIE BBITOJIHACTCH 110 BCEM
s€ S, adk :Uk—fbljl.

Teopema 2.11. PasHocuaviv, ymeepatcoerus.

1) Koneunviti mekcmyasvrolli ankemmnvitl A3o0% 0A4 omanona A ommo-
cumesvro F u T cywecmeyem;

2) ®F sacasemca makum ankemmbM AZWKOM 0AR HEKOMOPO2O k;
3) ”ylk(A) NF C T(A)
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Ormernm BaxkHbIi citydail, korna F = A(X,Y) u 7 = v;. U3 Teope-
MBI 2.8 CJIe/IyeT, 9TO B 3TOM CIydae GECKOHEUHBIN aHKETHBIN sI3BIK BCETIA
CYTIIECTBYET, MIPUTEM OH 3aJIaH JIBYMS PETYISpHBIMA 1m0 KinHu MHOXKe-
crBamu cioB (® 4, @ 4). Jlerko mokasaTh, YTO KOHEUHBIE AHKETHBIE S3BIKH
CYIIECTCTBYIOT HE JJIsT BCeX 3TaJOHOB A. ABToMar A Ha3BIBAETCS aBTOMa-
TOM C KOHEYHOH TAMSITBIO, €CJTH CYIECTBYET TaKoe k, 9TO KayKJI0€e BXO/I-
BBIXOJTHOE CJIOBO W € P 4 amunbl k aBiasgercd s A KOHETHBIM HJIEHTH-
dukaTopom ero cocrostamii. HanmerbIee Takoe k Ha3BIBAETCST TOPSJIKOM
KOHeYHOI mamsTh. B [6] mokasano, 9To mMeeT MeCTO CJIe/IyIomast

Teopema 2.12. PasHocuavitv, ymeepatcoerus.

1) Ipasusohoil ankemnoid A3vk 0as dmasona A ommuocumenvro
AWU) u vy cywecmeyem;
2) Omanson A AGAAEMCA AETOMAMOM C KOHEUHOT NAMAMBIO;

3) p1x = v1 0aa nexomopozo k.

U5 jmokasarenbcra Teopembl cienyer, uro (®F &%) apaserca an-
KETHBIM SA3BIKOM JIs 9TaJoHa A, SBJIAIONErocss aBTOMAaTOM ¢ KOHETHOM
namsAThio, orHocuTeabHO A(U) u vi Jyisi Beex k HE MEHBIHX IOPsijIKa
KOHEYHOH IIaMATH.

Bamernm, uro cucrema (A, A(U), v1) yI0BIETBOPSIET YCJIOBUSIM TEOPE-
MbI 2.4 1 U3 Hee CJIe/yeT, YTO BCe TPaBUIbHBIE TEKCTYAJbHbIE IIPEJICTABIIE-
HUS JIJIsl 9TON CUCTEMbI TPUBUAJBHBI. DTO IMOKA3bIBAET MPUHIUIIHAILHOE
pazm4ne MexK/ly TeKCTYaJbHBIMA U MH(MOPMATOPHBIMU MPEICTABICHUS-
M.

2.2. IlpencraBijieHUss OTHOCUTEJBHO /N-TIOJTHBIX KJIacCOB

Knacc A nazoBem N-10JIHBIM, €CJIM OH COCTOUT M3 BCEX aBTOMATOB,
xoggamux B A(X,Y), dncio cocrossHuii KOTOpbIX HEe HpeBocxoauT N.
N-nonublil Kitace OyJieT obo3Havdarhea depe3 F . N-1oHbIe Kitacchl sB-
JIAIOTC HauboJiee 4acTo PACCMATPUBAEMBIMU KJIACCAMHU HEHUCIIPABHOCTEN
B TEOPUU SKCIEPUMEHTOB C ABTOMATAMH U TEXHIUIECKON TNArHOCTHKE, TaK
KaK OHHU COJIepKaT B cebe BOJIBITMHCTBO €CTECTBEHHO OIIPeIeJIsSieMbIX (Co-
JIepKaTesIbHBIX ) KJIACCOB HEMCIPABHOCTEN B Teopun aBTOoMaToB [3-8, 12,
14-16] u B Texunueckoil nuarHocruke [32-33].
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JLJTst OIEHKM CJIO?KHOCTH IPABUJILHBIX TEKCTYAJIbHBIX TPEICTABICHUN
oTHOcuTe/IbHO Fy u 7 BBeseM psiy mapameTpoB. Hepes np ob603HAYINM
qHCI0 cocTosTHM aBToMara R. Yepes n, o003HAUINMM HauMeHBbIIEe UHC-
JIO COCTOSTHUIT aBTOMATOB, MOM00OHBIX A. fcHo, uto n, < ny. Yepes Y;
0003HAYNM MHOXKECTBO BCEX BBIXOJIHBIX CHMBOJIOB, KOTODbIE IMOPOXK/Ia-
10TCst 110/1I00HBIMU aBTOMaTaMu. Kak u paHee, m 00603HAYAET MOIIHOCTH
asnipapura X . Bysnem paccmarpuBath A, F v, 7, JJIs1 KOTOPBIX IIPaBUIbHBIE
TEKCTyaJIbHbIE MIPEJCTABJIEHUS CYIIECTBYIOT.

Teopema 2.13. /s npasuavhozo mexkcmyarvrozo npedcmasaerus R
omuocumenvno Fy u T npu'Y # Y, ewnoanaomes caediyroujue ycio6ui:

1) Ecaunag < N, mo daa scex 2omomoppusmos ¢ asmomama R ¢ A
p(R) = A.

2) [aa ecex eomomopgusmos ¢ asmomama R 6 A wucao cocmosnui
©(R) e menvwe N npung > N u pasho ng 6 npomusHoM cAyuae.

3) ng > N, ecau R nempusuaivho, ung > na 6 nPOMUEHOM CAYUAE.

4) Hucao dye 6 epagpe R ne menvwe N, ecau N < ny, a R nempusu-
AABHO, U HE MEHBWE MN A 6 NPOMUCHOM CAYUGE.

Jlerko mokazarh, 9TO OIEHKH B YCJIOBUAX 3 U 4 JOCTHKUMBI JIJIS BCEX
munA.

B ciyuae Y = Y, neno obcrouT ciioxkHee: JIOOINpEJIe/IEHIE aBTOMA-
Ta p(R) MOXKeT NPUBECTH K aBTOMATY, OJ00HOMY 3Tajony. Paccmorpum
caydail, Korjga R — mpaBUIbHOE TEKCTYAJIbHOE MPEICTABICHUE OTHOCH-
tesibHO N-mostHoro kitacca Fp, ' N < ny. Ilyers ¢ — romomopdusm
aBTroMaTa R B sTason. [lokaskem, ITO €CIM YHCIO N COCTOSTHUIT aBTOMATA
©(R) menbrie N, 1o n > n,. llpeanonoxkum, aro n < N un < n,. Ec-
mu asromatr ¢(R) Bcromy onpegernen, To R < p(R) Bieder ¢(R) ¢ 7(A)
u R ne npezcrasienne. Ecom aBromar ¢(R) 9acTHYHBIA, TO €r0 MOXKHO
JIOOIIPEJICTUTD JI0 MTOJTHOTO € TEM K€ YHCJIOM COCTOSIHUIA.

[IpuBenennast hopma B mojrydeHHOr0 aBTOoMaTa 00J1a/IaeT CBOMCTBA~
vu: R < B, ng <n<n;, B€Fy, nosromy R He npejcrapjienue.

Yenosue 1 teopembr 2.13 yka3zbiBaeT ciiydail, KOrJa IIpeICcTaBICHUE
JIOJI?KHO COJIEPKATD TOJIHYIO JIOKAJIBHY0 HH(MDOPMAIUIO O TIOBEJICHUN 3Ta-
JIOHa — COJIEPyKaTh BCE €ro JyTH.
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PaccmoTpum  cBOiiCTBa IPEJICTABICHUIT OTHOCHTEIBHO 71-TIOJHOIO
KJlacca, TJe n = n 4. DTOT KJIACC KOHEUEeH, 3HAYUT, OTJIUIUM 0T A 1 11060~
ro 7. Kak nokaszano paHee, JIpeBOBH/IHOE [IPEJICTABIEHUE CYIIECTBYET JIIsi
Bcex 7. Bojiee Toro, JUis BceX T CyIIECTBYET MPABUILHOE JIPEBOBUIHOE
TEKCTyaJIbHOE IIpeICTaBIenne. Ero MOKHO IOCTPOUTH, HAIIpUMEp, CpaB-
HEeHUeM 3TaJIOHa ¢ KazKIbIM aBromaroM u3 F,. 3amerum, uro Ha Kiacce F,
OTHOIIEHUE 7y COBIIAJAET C M TaK KaK aBTOMATBI U3 TOrO KJIACCA IIPUBE-
JIEHDBI, TO COBII/Iae€T C OTHOIIEHHEM M30MOP(HOrO BJIOKEHUS] ABTOMATOB.
Tounocrs C Haubojiee u3yveHa B TEOPUU aBTOMATOB U €€ IMPUJIOKEHUSIX.

Paccmorpum ciieryiotee npeodbpazosanue srajiona A. BeibepeM B Hem
HeKoTOpyIo nyry (a,z,y,b). 3amenum ee ayroit (a,z,y,9), Tae g # a
u g € Sy Bygem rosopurb, 9TO HOBBIIl aBTOMAT IMOJyYeH M3 3TAJOHA
nepebpockoit nyru (a,x,y,b) B cocrosinue g.

Jlemma 2.14. Asmomam, noayuennvit nepebpockoti 410000 dyau 9maio-
Ha, He USOMOPPEH IMANOHY.

Jlemma 2.14 urpaer BaKHYIO CaMOCTOSATEIHHYIO POJIb, TaK KakK IIPH
JIOKa3aTe/IbCTBE TOTO, UTO (PparMeHT He SIBJISIETCS IIPeJICTABICHUEM, UC-
[OJIB3YETCST TaKasi cxeMa: IycTh R — npaBuiibHBIN (pparmenT A u n3 A
1epedbpPOCKOl HEKOTOPOIL JyTHU MOJIyYeH Hen30MOophHbIi eMy B; ecsin yia-
ercs mokasarb, 94ro R — dparmenT B, TO OTHOCUTEJILHO JAHHLIX A 1 T
dparmerT R TeKCTyaJIbHBIM IPEICTABIEHUEM HE sIBJISETCS.

ITockosibKy MOIIIHOCTE KJj1acca F,, cuibHO pacTeT ¢ pocTOM 1, TO YaCTO
BMECTO 3TOr0 KJIACCa PACCMATPUBAIOT TaK HA3BIBAEMbIE €0 JIOMUHUPYIO-
mue nojakiacchl. Ilogknace F' knacca F HaszbiBaeTcss JOMUHUPYIOMIAM HaT
F (ornocurensro F u 7), eciin Besikoe MpaBHJIbHOE TIPEJICTABICHUE dTa-
jona A ornocurenbHo F' u 7 Gyner npejcraBieHneM oTHOCUTENIbLHO F 1
7. DTOT MOJIKJIACC HA30BEM CJIabo JIOMUHUPYIOIINM, €CJIU BCIKOE TEKCTY-
aJIbHOE TIPABUJILHOE MPEJICTaBICHUE dTaJloHa oTHOCUTebHO F/ 1 7 Gyner
TaKOBBIM U OTHOCHTEbHO F u 7.

Iycrs Ay = {B|B € F,,, ®\ = &L, wm, apyrumu cropavm, A =
Pll(A) NF,.

Teopema 2.15. Kaacc A1 asasemca caabo domunupyrowum oas F, om-
HOCUMENLHO M100020 A cngp=n u 7.
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PaceMoTpuM yeJIoBHsI CyIIECTBOBAHUSI NPEJICTABIEHUNA YaCTHOTO BH-
Jla — AHKETHBIX $A3BIKOB JIJIS N-TOJHOTO KJIACCa U IPOU3BOJLHOIO T.
Knacc F, komeueH, 1mo3ToMy IpOBEpKa CYIIECTBOBAHWS U IIOCTPOEHUE
AHKETHOI'O S3bIKA OCYIIECTB/ISIETCS CJIe/LYIONM TPUBUAILHBIM aJrOPUT-
vom. s Besikoro aromara B € F,, — 7(A) crpourcs akuentop 25,
peJICTABIAIONUA MHOXKecTBO P p. DroT akmentop umeer He Oosee 2™
COCTOSTHUIA. 3aTEM CTPOUTCS AKIEIITOP 24 % 2B ¢ anciom cocrosiamit He
Gosee 22" mpecrasisomuii coobitie ® 4 B P, e G — oneparus CuM-
METPUYIECKON PAa3HOCTH MHOXKECTB. Boibepem cjoBo w € ® 4 @ Pp, ecin
OHO cyIecTByeT. MHOXKECTBO BCEX TaKUX CJIOB 0Opa3yeT aHKeTHBIH A3bIK.
Eciin OH CyllecTByeT, TO JJIMHA CJIOB B HEM He mpeBocxomur 227 — 1.
[TocKOIBKY MOITHOCTB M A-IIOJTHOTO KJIACCA CHJIBHO PACTET ¢ POCTOM 7 4,
[PEJICTAB/IAET WHTEPEC HAXOXKJIeHUe TaKUX YCJIOBUI CYIIECTBOBAHUS aH-
KETHOTO sI3bIKA, IPOBEPKA KOTOPBIX OCYIIECTB/ISETCST TOJIBKO 110 UHMDOP-
Malu 06 3TaJIOHE.

IIycte 7 = v,. PacnosnaBanme aBTOMAaTOB C 3TOl TOYHOCTHIO IMPU-
MEHSIeTCsI, HAIPUMED, [IPHU KOHTPOJIE MPOTOKOJIOB B cern DBM [27-28|.
[To nokazaHHOMY paHee, KOHEUHbIIi AHKETHBIH $I3BIK BCETJAa CYIECTBY-
er. PaccMOoTpuM yC/IoBHsI CyIIECTBOBAHUS TEKCTYATbHBIX AHKETHBIX S3bI-
KOB, TaK KAK MMEHHO OHU IOJIYyYAIOTCsS B MPOIECCe IKCIEPUMEHTHPOBA-
uusi ¢ apromaroM. Ilycte n(®4) = min{np | (4, B) € v1}. Byuem roso-
PHUTbH, 94TO MHOXKECTBO P 4 IOMOJHIEMO ¢ BO3pACTAHMEM, €CJIH JIJIS BCEX
B € A(X,Y) u3 crpororo Briouennsi ¢ 4 C ®p, ciemyer crporoe Hepa-
BencTBO: N(P4) < n(Pp). ABroMar HA3BIBACTCS MUHUMAJILHBIM B KJIacce
vi(A), ecmm n = n(®4). Yepes LA, A, 7) u FA A7) obosnaamm Kiiac-
Chbl BCEX AHKETHBIX ¥ KOHEYHBIX AHKETHBIX SI3bIKOB COOTBETCTBEHHO. He-
pe3 Lr(A,A,7) u Fr(A,A,7) 0603HaYNM KJIACCHI BCEX TEKCTYAJbHBIX U
KOHEYHBIX TEKCTYAJbHDBIX SI3bIKOB.

Paccmorpum ciydait 7 = ¢.

Teopema 2.16.
1) F(A,F,,t) ne nyem moeda u moavko mozda, koeda A sasasemcs

eQUHCMBEHHDIM MUHUMANLHOM 6 V1(A);

2) F(A,F,, 1) ne nycm mozda u moavko moezda, xozda A asasemcs
eduncmeennovim munumasvrom 6 v1(A) u @4 nonoansemo ¢ 603-
PACMAHUEM.
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UzBectHo [14], uTo npuBe/IeHHBI CHIILHOCBSI3HBLI aBTOMAT SIBJISIETCSI
eIMHCTBEHHBIM MUHUMAJBHBIM B 11 (A), n qyist wero F(A, F,,, 1) Bcerna ue
mycT. YCIOBHUS, P KOTOPBIX 3TAJOH A SIBISETCA eJIMHCTBEeHHBIM MUHU-
MaJIbHBIM B Kjacce vy (A) nsydanach B [6].

Pacemorpum yeoBust, mpu KoTopbix P 4 momostHsIeMO ¢ BO3pacTaHu-
eM. ABromar A Ha3BIBaETCH OIPEIEICHHO-IUAIHOCTUPYEMBIM, €CJIU CY-
MIECTBYeT Takoe k, UTO KaK/10e BXOJ-BBIXOAHOE CJI0BO w € P4 mamHbI
k aBngerca nua A HadaJbHBIM MIeHTU(DUKATOPOM ero cocrosuuii. Hau-
MEHbIIIee TaKoe k Ha3bIBAeTCs IOPSAKOM Juarnocrupyemoctn. Ecmm A
OIIpEAEJICHHO-INATHOCTAPYEM, TO OH ABJIAETCA aBTOMATOM C KOHEYHOI
HAMATDIO.

Jlemma 2.17. Ecau A — cuavhocesasen uau onpedesierto 0uazHoCmupy-
em, mo ® A NonosHAEMO ¢ BO3PACTNAHUEM.

N3 yreepxkaennit 2.16, 2.17 BoiTekaeT

CiaencrBue 2.18.

1) Jlaa cuavroceasnozo smansona kaace Fr(A,Fp, 1) eceeda ne nyem;

2) [an onpedeaerno duaznocmupyemozo smanona rkaacc Fp(A Fp, 1)
He nycm moada u moavko mozda, xozda A edurcmeerHvill MUHU-
manorul asmomam 6 kaacce vi(A).

2.3. CTpykTypa IpeJcTaBJIeHUN

[esbro TaHHOTO pasjiesia sIBJIsSeTCsl U3y9IeHne CTPYKTYPhl TEKCTYaJ b=
HBIX ITPABWIBHBIX HPEJICTABJIECHUN C TOUKU 3PEHUS HAJMYHUSA U PACIIOJIO-
JKEHUsI B HUX WJIEHTH(DUKATOPOB COCTOSTHUI 3TajioHa. [Ipu aroMm B pasese
pPacCMaTPUBAIOTCS TOJIBKO MPAaBUJIbHBIE (DPATMEHTHI, TO €CTh KOHEUHbIE,
JIETEpDMUHUPOBAHHBIE, B OOIIEM CJIydae YaCTHIHBbIE aBTOMATHI BO BHEIII-
Hem ajnidasure U = X X Y.

Ucnonb3oBanne ujieHTH(MUKATOPOB COCTOSTHUI TAKUX KaK JTUATHOCTH-
JeCKHe U YCTAHOBOYHBIE SKCIIEPUMEHTHI IIPU [TOCTPOEHUU KOHTPOJIbHBIX U
PACIIO3HAIOIINX IKCIEPUMEHTOB ITPOBOJIMJIOCH € CAMOI'O HAYAJa PA3BUTHS
Teopum dKcrepuMeHTOB B paborax Mypa, 'mmna, Xennu, Bacuiescko-
ro u ap. (3, 7, 12, 14, 15, 16, 35, 36|. IIpu srom umenruduraTops co-
CTOSTHUI 3TaJIOHA CIeNUaIbHBIM 00pa30M IIOMEIIAIOTCSI B KOHTPOJIbHBIE U
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ANArHOCTUYIEeCKHE IKCIIEPUMEHTBI 1 TEM CaMbIM 9TH 3KCIIEPUMEHTBI TO2Ke
SIBJISTIOTCS UJICHTH(PUKATOPAMI COCTOSIHUI TAJIOHA.
B [6] mokazamo, 4o mmeeT MeCTO Cieyromee

YrBepxkaenue 2.19. Jlaa ecaxozo xaacca F, omauuumozo om amanrona
A no T, cywecmsyem maxoe dpesosudnoe npedcmasaerue oas (A, F,T),
KOMOPoe, NPU COOMBEMCMBYIOULEM GbLIEACHUU €20 COCMOAHUL, ABAAEMCA
UJEHMUPUKGMOPOM KAHCAO20 COCTMOAHUSL IMANOHA.

Crenyromiue pe3ysibTaThl MOKA3bIBAIOT, HACKOJBKO UIEHTU(PUKATOPDI
I0JIE3HBI U HEOOXO/MMBI IIPU [OCTPOeHnH npejcrasienuit s (A, F, 7).

IIycTe 3agan Hexkoropwlit aBromar B. @parment R, R < B c Bblue-
JIEHHBIM COCTOSTHUEM t Ha3bIBACTCH UICHTHU(MUKATOPOM COCTOSHUS § 9TOTO
aBTOMAaTa, eCJIn JIJIs JIIoboro romoMopdusma ¢ dhparmenta R B B BbIIO-
Hsiercst paBeHCTBO ¢(t) = s. Ha mHO)ecTBe Jp Beex miueHTU(UKATOPOB
coCTOsIHUI aBToMaTa B BBe/leM OTHOIIIEHIE COBMECTUMOCTH O B JIBa UJICH-
TuUKATOPA COBMECTUMBI, TO €CTh IIPUHAJIEIKAT 0 g, €CJIU OHU SABJISTIOTCS
uJIeHTUDUKATOPAMEI OJHOTO U TOT'O K€ COCTOsiHUS aBToMaTa B. flcHo, aTo
0B ABJISIETCS SKBUBAJICHTHOCTHIO HA MHOXKECTBE Jp.

ITycrs 3aman nekoropsrit kirace F € A(U) n sranon A € A(U). Ilycrn
R — nexoropslii (paBusbHbIil) dhparment srasoHa. Unenrudukarop I
COCTOSIHUY 3TaJIOHA Ha30BeM BepudUIUpPOBaHHBIM B (dparmente R, ec-
s I sBiisiercst ujieHTuUKATOPOM COCTOSTHUN Kaxkoro apromara B € F,
st HekoToporo R < B. Uepes Jr 0b03HAMNM KJIacC BCEX BEPUPUITIPO-
BaHHBIX B R mjeHTUMUKATOPOB COCTOSHUN STAJOHA, & Yepe3 oR — OT-
HollleHre coBMectuMocT Ha Jg, npudem (I1,Is) € op, ecim Jyisi Beex
apromaroB B € F (I1, I2) € op. O4ueBuHO, YTO 0 R SKBUBAJIEHTHOCTH HA
Jr. Cucrema (J,0), rae J C Jg u 0 — HEKOTOpast SKBUBAJIEHTHOCTD Ha J
Jist Kotopoit 0 C oR, Oy/eT Ha3bIBaThCs BepuduinupoBanuoit 8 R cucre-
MO UJIEHTU(PUKATOPOB. DKBUBAJIEHTHOCTD 0, COIEpIKaIlasi TOJBKO Maphl
(I,I), tne I € J, Ha3BIBAETCA JUArOHABIO U SBJISAETC HAUMEHBIIEH 110
BKJIIOUEHUIO SKBUBAJICHTHOCTBIO Ha J. HOTma nuarona/b o OyaeM Ha3bI-
BaTh IIYCTBIM OTHOINIEHUEM COBMECTUMOCTU WJICHTU(MUKATOPOB, TAK KaK
Takoe o He COJEPXKUT WHMOPMAIUU O COBMECTHMOCTH Pa3HBIX HICHTH-
dukaropos us J.

[Iycrs (J,0) — Hekoropasi BepudunupoBannasi B R cucrema nujieHTH-
PUKATOPOB COCTOSTHUI. DTa CHCTEMA OIpeiessieT Ha MHOXKecTBe 1’ cocTo-
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stuuii bparmenta R orHomenue (3: (t1,ts) € (3, eciu Haifijercst Takast napa
nierTuduKaropos cocrosituit (11, Io) € o g, st KOTOPBIX t; — 9TO BBIJE-
JIEHHOE cocTosiHue niaeHTudukaropa cocroguuit, t = 1,2 u I; < R. Apyru-
MU cioBami, (t1,ts) € 3, eciim B R comeprKarcst nIeHTHMDUKATOPBI COCTO-
sgunit t;, 1 romoMopdHbIe TPOOOPA3BI ITUX UICHTUDUKATOPOB COBMECTH-
MBI 110 0. OrHomenne (3 saBysgercss pedIEKCUBHBIM M CHUMMETPHIHBIM.
Haumenbinas (110 BKJIFOUEHHIO) SKBUBAJEHTHOCTD, JiIsi KOTOpoit 3 C «
Ha3bIBAETCA TPAH3UTUBHBLIM 3aMbikanueM (. KoHrpysHTHOE 3aMbIKaHne
Q. OTHO3HAYHO ompeensieT ¢hparmMeHT R, 11 kotoporo R < Ry mo cite-
ayroreMy npaBuiay. OTOXKIeCTBIIsIEM COCTOsTHUA (bparmMenTa R, mpuHa-
JIe2KAIIHe OMHOMY KJIacCy SKBUBAJIEHTHOCTHU . [losiyaum B obieM cirytae
HeJleTePMUHIPOBAHHbBII YacTHUIHBIH aBToMaT R/, y KOTOpPOro MHOXKECTBO
cocrostamii pasHo T'/a. Ilycrs (t1,ts) € a. o onpenenenuto Bepuduim-
poBaHHOIi cucremsl (.J, o), 370 O3HAYAET, YTO JJIst JTH0OOr0 roMoMopdu3Ma
¢ dparmenTa R B 9TaJI0H BBIIOIHAETC PaBeHCTBO ¢(t1) = ¢(t2). Ciemno-
BaTEJILHO ARy U ARt C Aas, e o(t1) = s. Ilposenenm jerepMuHA3aIimo
asromara R': eciu B Hem comepxarca nyru (t,x,y1,t1) u (¢, z,y2,t2),
e t1 # to, TO B CHIy TOCTEIHETO BKIIOYCHUS Y] = Yo U COCTOSTHUST
t1,ty oroxmecTBisieM. 11poBojis Takoe OTOXKIECTBIEHNE 0 TeX IOP, IMOKa
9TO BO3MOYKHO, IOJIYIUM, B CHJIy CKA3aHHOI'O, YACTHIHBIN JETEPMUHUPO-
BaHHBII aBTOMaT Rj, Jiyisg kotoporo R < R;. Ha MHOXecTBe cocTosiHUi
aBromMara Ry OIsITH OIpejeisieM OTHOIIEHUE (v, 3aTeM cTpouM R u, jie-
TEePMUHU3UPYSI ero, moyanmM Rs. IIpoBojist Takue mocTpoeHusl, Oy ITUM
rocaegoBarTeabHoCcThE aBToMaroB B < Ry < Ro < ... < R; < .... 1o
IIOCTPOCHUIO Bece R; dABJAOTCH (DparMeHTaMU ITAJIOHA U UHCIO COCTOS-
Huit aBromara R; He MeHbIIe Yucja coctosHuii aromara R;4 1. [losromy
Halijierca Takoe ¢, yro ; = R;11. B sTOM ciiydae oTHOIllEHHE v HA CO-
CTOSTHUSIX aBTOMaTa R siBJIsieTcsi TPUBUATBHBIM, TO eCTh (t1,t2) € «, ecin
t1 = to. ABTomMar R; B 3TOM cJiyduae Ha30BEM 3aMbIKaHHEM aBTOMaTa R
1o BepudunupoBannoit cucreme (J, o) uIeHTUOUKATOPOB COCTOSTHUIA.

[Iycts () — 3ambikanme ¢pparmerTa R 10 HEKOTOPOH BepUMUIUPO-
BanHoil cucreme (J,0). Ilponeaypa nocrpoernst () OJHO3HAYHO OIIpe-
JlesIsieT KaHOHMYecKuit romomopdusM ¢ aproMara R Ha @, I KOTO-
poro ¢(R) = Q. fapo romomopdusma ¢ — 3TO Takas KOHIDYIHT-
HOCTL v, uT0 R/av = Q. U3 mepasencrBa R < Q) cielyer BKJIIOYEHHE
A(R) 2 A(Q). Jlerko nokasarb, 4To 06paTHOE BKJIIOUEHHE HE MMeeT Me-
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cra. Ilycrs F'(R) = A(R) N F. Iokaxkem, uro F(R) C F(Q). Ilycrs
B € F(R). Torna R < B. Eciin cocrosiaust tq,ty OTOXKJIECTBISIIOTCS IPU
nepexojie or dpparmenta R u R, To us o C ap ciejuyer, 4To Jis JHo-
6oro romomopdusma ¢ asromara R B B ¢(t1) = ¢(t2). [losromy aerep-
MuHm3aImsa asromara R’ gaer asromar Ry, juis kotoporo R < Ry < B
u F(R;) C F(Ry). Anamornano nokassiBaercst, 110 F(R;) C F(Rit1).
Caepnosaresnbio F(R) C F(Q). VI3 cka3aHHOTO BBITEKAET yTBEPXK/IEHHE.

JIemma 2.20. Jas moboti sepuduyuposannots cucmemv (J, o) @pae-
mernma R waace F(R) cosnadaem ¢ waaccom F(Q), 20e Q — smo 3a-
mokarue gpaemenma R no amot cucmeme.

N3 sT0it 1IeMMBbI OUE€BUIHO CJIEIYIOT OJIe3Hble yTBep:Kaenusd. [lycTh
sajana Tpoiika (A, F, ), R; — npaBuibHble hpparMenTsl staiona, i = 1,2
u Q; — 3aMblKanue dpparMenTa R; 10 HEKOTOPOl BepuUINPOBAHHON B
R; cucreme (J;,0;).

Caencrsue 2.21.

1) Ecau A C Q1/e, mo Ry — npedcmasaenue smanona A omuocu-
meavho F u 7.

2) Ecau Q1 = Q2, mo Ry — npedcmasaenue dan (A, F,T) mourno mo-
2da, xo2da Ry — mootce mpedcmasaenue.

Canencrsue 2.21, 1. 1, B HESIBHOM BHJIe UCIIOJIB30BAJIOCH B psijie paboT,
HaunHasi ¢ paborbl XeHHU [35] MpU MOCTPOEHNH KOHTPOJIBHBIX IKCIIEPH-
MEHTOB, IPUYEM KaK MPaBUJIO, CTPEMUJIUCH K TOMY, YTOOBI ()1 COBIAJIAIIO
¢ A. B ponu BepuUIMPOBAHHON CHCTEMBI BBICTYIAIO YAITE BCETO MHOYKE-
CTBO NPOCTBHIX HaYaJbHBIX HIeHTHGUKATOPOB {(p, A(s,p))}secs dTanona,
[OPO2KJICHHOE JIMATHOCTUYIECKUM CJIOBOM P.

Venosue 1. 1 cmencTBust 2.21 sIBASIETCST TOJTBKO JOCTATOYHBIM B OOIIEM
caydae. OMHAKO B HEKOTOPBIX CJIyUastX OHO SIBJISIETCSI M HEOOXOIUMBIM.
Paccvorpum stu corydan.

Hycrs F = g;(A) u 7 = . Hycrs Tak xe DY = Y D(AY). 3amernm,

ses
aTo B 3ToM ciydae F C A(DY).

Teopema 2.22. Df4 ABNAACNCA NPEICMABAEHUEM IMALOHA OMHOCUINEAb-
no £,(A) u 1 mozda u moavko moeda, Ko2da samvikanue gpazmenma DY
no nexomopot cucmeme (J, o), sepuduyuposannoti 6 R, usomopgpro ama-
AOHY.
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Teopema 2.22 naeT mepBbIilt IpUMep CUTYaIluN, KOT/Ia, IIPU TOCTPOCHUN
[pPEeJICTABJIEHNN UJICHTU(DUKATOPBI HEOOXOJIUMBI. JTa TeopeMa, SBJISeTCsH
TEOpPEMOil CyIIeCTBOBAHUS U HE YKA3bIBAET KAKUM 00Pa30M CTPOUTD IIPeJI-
cTaBJICHUE.

PaccmorpuMm cTpykTypy mpeicTaBiieHuii B ciydae, Korma F — 310
n-moJiHbi Kiace Fp,, tme n = na, a 7 = . Ilyere R < A. Jlyra
(t,x,y,t') aBromara R Ha3blBaeTCss KPUTUYECKOH 1O TOMOMOPGU3MY
5TOr0 bparMeHTa B ITAJIOH, €CJIN OHA SABJISETCS €/IMHCTBEHHBIM TPO0Opa-
30M IO ( HEKOTOpOH jiyru srajiona. CocrostHre ¢ HA3BIBAETCST BUCTIUM,
eciu O (t,x) He oUpee/IeHO HU JIJIsT KAKOTO .

Cocrosinne apromara R Ha3bIBAETCsT H30JIMPOBAHHBIM, €CJIU OHO SIBJISI-
eTcsl BUCSIUM U IepexojsmmM ojHospemento. lyra (t, z,y,t'), tne t # t/
Ha3bIBAETCA M30JIUPOBAHHOMN, €CJIN OHA COCTABJISAET KOMIIOHEHTY CBI3HO-
ctu B rpacde R. IIpeicraienne R HA30BEM TYIUKOBBIM, €CJIA YA U3
HEro XOTh OJIHY JIyTy TOJIyIUM aBTOMAT, HE SABJISIONTUANCS IIPEJICTABIEHN-
€eM.

CnoBo (z1,y1)...(zi,y;) Ha3BIBaETCSI HENPUBOIUMBIM OOXOJ0M (110
BCEM JIyraM) 9TaJIOHA, €CJM OHO SIBJISIETCsST OOXOJOM ITAJOHA, HAIMHASI
U3 HEKOTOpOro cocrostuust S, a (x1,y1)...(xi—1,Yi—1) 0OXOIOM W3 3TO-
ro cocrosiuust He siBjsercs. depes d(w) GyjaeMm ob6o3HAYATE JJIMHY BXOJI-
BBIXO/THOT'O CJIOBA W.

PaccmorpuM corywait, Korja 9TajoH sBJIsSETCS aBTOHOMHBIM aBTOMa-
TOM, TO €CTb KOTrjia X COCTOUT U3 eIUHCTBEHHOIO CUMBO/Ia. JIerko BUIETD,
YTO BCAKHUI IIPUBEJIECHHBII aBTOHOMHBIIT aBTOMAT {ABJIFETCS OIIPEJIEJIEHHO
JIMArHOCTUPYEMBIM aBTOMATOM IOpsiIKa He Oosbirero n — 1.

Teopema 2.23. Jlasi a8MOHOMH020 IMANOHA PAGHOCUALHDL CAEOYIOULUE
ymeeporcoeHua:

1) w € Dy A6aseMCA KOHMPOLOLHHLM IKCNEPUMEHMOM OMHOCUMENLHO
Fr ue;

2) w = w'w”, 2de w' — nenpueodumwiii 06x0d, a W' — nauarvHL
udenmu@uramop Hexomopo2o COCMOAMUS IMANONHA;

3) Bamwvixarnue Q gpaemenma R(w) no (J,0), ede J cocmoum us npo-
CMBLT HAANLHOLT udenmugduramopos, sepuduyuposanior 6 R(w),
a o — JuazoHaAb, UBOMOPPHO IMAAOHY.
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YTBep:kenue 2 TeopeMmbl 2.23 j1aeT KOHCTPYKTHUBHBIN CIIOc00 poBep-
KU, {ABJIFETCS JIU IPEIbABICHHOE BXO/I-BBIXOIHOE CJIOBO KOHTPOJIBbHBIM
SKCIIEPUMEHTOM JIJIsT 9TAJOHa OTHOCUTEIBbHO F, u (. DTO yTBep:KIeHUe
JTIaeT TaKKe aJrOPUTM IOCTPOEHUsI TAKOIo IKcmepuMenTa. VI3 TeopeMbr
2.23 HEIOCPeJICTBEHHO BBITEKaeT, uTo cioBo x> ! momamHoe Ha BXO
aBTOHOMHOT'O aBTOMaTa ¢ He OoJiee, deM N COCTOSTHUSIMHU, BMECTE C pe-
aKImell ¢ nccaelyeMoro aBTomMaTa Ha 3TO CJIOBO ITO3BOJISIET PACIO3HATH
HCCJIeyeMBbIit aBTOMAT.

Pesynbrarsr mociieineit TeOpeMbl MTO3BOJIAIOT OINEHUTH JITUHY KOH-
TPOJILHOI'O SKCIIEPUMEHTA, YKa3aHHOI'O B HEil.

Caencreue 2.24. /launa xpamuatiuie20 KOHMPONbHO20 IKCNEPUMEHNA
0N ABMOHOMHO020 AEMOMAMA omHocumeavrno F, u ¢ ne moocem 6vmo
Mmenvue n+ 1 u ne npesocrodum 2n + 1, npuvem das 6cex amu oueHKU
docmustcumot.

PaccmorpuM cTpyKTYpy IpeficTaB/IeHn JJIsl YACTHBIX BUJIOB 3TAJIO-
una. [lycts maH HeKOTOpPBIH aBTOMAT. k-M SIIPOM 3TOIO aBTOMAaTa HA3bI-
BaeTcs €ro IoJ[aBTOMAT, IOPOXKJEHHBI BCEMU TAKMMU COCTOSHHUSMU, B
KOTOPBIX OKAHYUBAETCS XOTb OJIHO BXOJ-BBIXOJHOE CJOBO Jauubl k. W3-
BECTHO, YTO €CJIM aBTOMAT fABJIFAETCS aBTOMATOM C KOHEYHOI IaMSTBIO
nopsijika, k, 7o ero k-e s/Ipo BKJIIOYAETCS B KOHEYHBIN (haKTOP.

Teopema 2.25. [lycmb amasor CusbHOCEAICH, UAU ABTMOMAM, C KOHE -
1ot namamuvio nopadka k. ITycmo xaacc npedcmasaenuti amanrona ommo-
cumenvro nexomopozo F u vy nwe nyem. Ecau dan ¢paemenma R amanona
u nexomopot sepuduruposarnot, cucmemos (J, o) k-vie adpa amarona u
samvikarus Q Ppaemenma R no amotd cucmeme usomoppro, a CIJIjl = ok
mo R — npedcmasaenue omuocumenvro F,, u vy.

[Tycrs F — 970 n-nosusit knace Fp,, 7 =11 u knace Rp(A, F,, 1) He
IYCT.

SadukcupyeM HEKOTOpbIil dparMenT R srajioHa u BepudUIupoOBaH-
uyto B R cucremy (J,0), y koropoii J cocrout u3 Bcex BepuduIpoBaH-
HBIX B R TPOCTBIX HAYAIBHBIX U KOHEIHBIX UICHTU(MUKATOPOB JITUHBI HE
Gosbineit k, a 0 — cyxenne o Ha J. [lycrs ) — 3ambikanue R no (J,0).
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Teopema 2.26. [lycmos A — onpedeaerHo duazHoCMUPYeMvlil a8MOoMaM
nopadka k u ®% = @k . R asasemea npedemasaenuem smanona omio-
cumeavno Fp u v1 moeda u moavko mozda, xozda k-e adpa smanona u
samotkanus Q U3oMopdrivl.

Dra U UpeblyIine TeOPEeMbl sIBJISIFOTCS TeOPEMaMU CyIIeCTBOBAHUS,
TaK KakK He JIAI0T MeTO/1a OCTPOeH s peicTaBienuii. LleHTpanbHbM Mo-
MEHTOM TUX PE3YJIBTATOB SIBJISIETCS HAXOXK/ICHIe BepH(UIIMPOBAHHON B
cucreMbl nIeHTHUKATOPOB cocTostHmit. HekoTopble wacTHbIe preMbl Be-
pudukanum nieHTUhUKATOPOB paccMOTpeHbl B [4]. Obiiue MeTo bl Bepy-
dbukanum, mMo-BUMMOMY, OUEHD CJOKHBI U JIO CHX [IOP He Pa3pabOTaHbI.
[TosroMmy mpejicraBiisieT HHTEPEC PACCMOTPEHUE aJIbTePHATHBHBIX I10/IXO0-
JIOB K M3Y9€HUIO [IPEJICTABJICHUIA, T7le BepHQUKAINS 3aMEHEHa IPOBEPKOi
HEKOTOPBIX KOHCTPYKTHUBHBIX CBOHCTB. OJIMH U3 BO3MOXKHBIX II0JIXO/IOB
PacCMOTPEH HUZKE.

Paccmorpnym ycioBust, Ipr KOTOPBIX MPAaBHIBHBIN (parMeHT R 0THO-
curesibHO Fp, 1 ¢ siBisieTcst npescTaBieHueM Jyist TajoHa A B IIpeJio-
JIO?KEHNH, YTO OH SIBJISIETCS OILPEIEIEHHO JTHAIHOCTHIECKIM aBTOMATOM
nopsaka k.

Ilycrs ¢ ects romomopdusm asromara R ma A. Kaxmgomy cocrosi-
HUIO § 9TAJOHA [OCTABMM B COOTBETCTBHE CEMENCTBO Vg NOJMHOMKECTB
BXOJIHBIX CJIOB JUIMHBI k 110 HPABUILy: Z € Vg, €Ciii B R CyIiecTByer co-
crosmme t € o~ !(s) Takoe, UTO Z COCTOMT M3 BCEX CJIOB P JUIHHLI K, jijist
KOTOPBIX 0 (t, p) oupeneseno. CeMeficTBO Vg HA30BEM IIPABHJIBHBIM, €CIIH
9JIEMEHTBI Vg HECPABHUMBI 110 BKJIIOUeHn0. CeMelicTBO Vg Ha30BEM II0JI-
HBIM 110 X, €CJIU JIUISA BCSIKOTO & € X HaMIeTCst KJIace z € Vg, COIAepKAIIIit
cJI0BO, HaunHaommeecst cuMBoioM x. Ilomoxxum M (A, @) = {vs}tses. He-
pe3 |JM (A, p) obosHaunm cemeiicTBO, COCTOSINEE U3 BCEX JEMEHTOB 2
Bcex cemeiict vg u3 M (A, ¢). CemeiicrBo M (A, p) Ha30BeM IPOCTHIM,
ecnau gns joboro B € F,, u go6oro romomopduszma i aromarta R Ha
B wu3 pasencrsa | JM (A, ) = M(B,v) cnenyer M(A,p) = M(B,1).
BeejieM oliepanuio ClIoKeHUsI CeMefiCTB Vg CJIEJLYIOMUM 00pa3oM: CJIOBA
p,q € X* npunaiesxar onHoMy Kraccy cemeiicTsa [V, + 1], eciu cytie-
CTBYET I0CJIE/IOBATENBHOCTD T'1, . . ., T] CJIOB, JIJIsl KOTOPBIX I'] = P, '] = ¢
u napa (r;7i41) IPUHAJIEXKUT KJIACCY XOTH OJHOIO M3 CEMENCTB Vg, Up.

Teopema 2.27. [lycmov cywecmeyem 20momopdpusm o dpaemerma R na
amanon A, npuvem M (A, @) obradaem ceoticmseamu 1-3, 2de
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1) Kaotcdoe vs € M(A, @) asasemes npasuibHoM SacmusHoLm pasou-
enuem mmoocecmea X, noarwim no X;

2) Ecau a # b, a,b € S, mo pasbuenue [v, + 1| cocmoum u3 00nozo
KAQCCA;

3) Cemeticmeo M (A, p) asasemesn npocmoim.

Tozda R aeasemces npec?cmas,ﬂeHue.M amaaora OMmHOCUMENBHO KAACCA Fn
ut.

PaccmoTpum onpesieieHHO iMarHocTUpyeMbIit 9Taon mopsiaka k = 1.
ITo ¢pparmenty R moctpoum apromar Q1 ciemyroomum obpazom. OToxk-
JIECTBUM B (pparMeHTe R COCTOSIHUsI, KOTOPBIE TIOPOXKIAIOT OJTHO M TO K€
BXO/I-BbIX0/iHOE ¢JIOBO jytuHbI 1. [losyaum B obieM ciiydae HeaeTepMu-
HUPOBaHHBII YacTHIHBII aBToMaT R’. 3aTeM nmposeneM JeTepMuHIBAIIIO
aproMara R’ TOYHO TakzKe, KaK IIPH IIOCTPOEHUM 3aMbIKaHusl. Pe3yibraT
JeTepMUHA3aImn 0bo3HadnM depe3 (). Takum obpasom, aBromar ()1 sB-
JisieTcst 3aMblkaareM dparmenTa R 1o cucreme niaentudukatopos (J, o),
rjie J COCTOMT W3 BCEX MPOCTHIX HAYAIBHBIX HJIEHTH(OUKATOPOB JIJIMHBI
1 sTayona, a ¢ — JaUArOHAJb, MPUYEM BEPUMUKAINS ITOW CUCTEMBI HE
MIPOBOJTUTCSI.

[Tycts cymmectByeT romMmoMopdusm ¢ dparmenta Q1 wa A. Paccmor-
pum cemeiicreo M (A, ). Yenosue 1 Teopembl 2.27 paBHOCHJIBHO TOMY,
9TO KaXKJI0€e Vg SBJISETC pasbueHneM MHOXKecTBa X . YC/IOBHE 2 — TOMY,
qaro st @ # b [vg + 1) = 1, tae 1 — enununa perierkn pasbuenunii Ha
MHOXKecTBe X, TO eCTh pa3bueHne, cocTosIee u3 oHOro Kiaacca X .

Nmeer mecTo caemayronuit KpuTepuii.

Teopema 2.28. Dpazmenm R onpedesenno duaznocmupyemozo nopadka
1 smanona asasemca e2o npedcmasaernuem omuocumenvio F, u L mozada
U MOALKO M020a, K0206 00HOBPEMEHHO GHINOAHANMCA CACOYIOUUE YCAO-
BUA:

1) @paemenm Q1 ne umeem sucawur eepuun u p(Q) = A daa ecex
20MOMOPPUSMOE P IM020 PPazMerma 6 IManoH;

2) Cemeticmso M (A, ¢) pasbuenui argasuma X, nopoostcdennoe dpae-
mernmom Q1 obaadaem ceoticmeom: [V, + vp] = 1, das ecex a # b,
ede a,beS;

3) Omo cemelicmseo AGAACMCA NPOCTVOIM.
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B |6] mokazano, yro mpu n > 2 u m > 4 yciaoBus 1-3 TeopeMmbl
HE3aBHCHMBI.

2.4. IlpencraBjieHusi onpeaejJeHHO JUATHOCTUPYEMbBIX
aBTOMAaTOB

B nacrosimem pasiese n3yvdaroTcs CBOMCTBA IPABUIbHBIX TEKCTYA b
HBIX [IPEJICTABJICHUI OIIpe/IeJIeHHO JmarHocTupyembix nopsiyika k (O/1-k)
aBTOMAaTOB. BHIOOD TaKMX 3TAIOHOB OIPEIEISIETCS CJIEIYIOIUMU cooOpa-
kernsgmu. (O/1-k) aBromaTsl 00J1a/1a10T MAKCUMAIbHBIM Pa3HOOOpa3neM
BHEIITHEr 0 OBeIeHUs CPE/I aBTOMATOB C OJHON U TOM ke (DyHKIHEi 1e-
pexonoB. B ¢Bs3m ¢ 9TUM KarKeTcss BEPOATHBIM, YTO IOCTPOECHHE IIPE-
CTaBJIEHWII TAaKUX STAJIOHOB MeHee TPYIO0EMKO 110 CPABHEHUIO C OOIUM
ciaydaeMm. Kpome Toro, nmpejcraBieHne aBroMaTa ¢ MeHee pa3HoOOpa3HbIM
[OBeJIeHNEeM B OOJIBIIIMHCTBE CJIydaeB rmopoxaaer npejgcrasienue OJ1-1-
aBroMara. [loaTomy mocrpoenne npencrasiaeaus O/I-1-aBromara MOXKHO
paccMaTpuBaTh KaK MMPOMEXKYTOUYHBIN 3TAll MOCTPOEHUST aBTOMATa C Me-
Hee Pa3HOOOPA3HBIM IOBEICHUEM.

B pasnene chopmynupoBaHbl HEOOXOMUMBIE U JIOCTATOYHBIE YCJIO-
BUs (KpUTEpUH), IPU KOTOPLIX (bparMeHT R SIBJISIETCS [IPEeJICTaBICHIEM
O/I-1 sranona oraocurenbuo F, n pasmmaaeix 7. st ciaydast onucana
CTPYKTypa 9KOHOMHBIX IIpejcTaBieHnii. Takue mpeacTaBaeHus TO3BOJISI-
OT CTPOUTH 3KOHOMHBIE KOHTPOJIbHBIE IKCIIEPUMEHTHI U MOI'YT OBITH I10-
JIE3HBI IIPU MTOJIyYEHUN OIEHOK JJIMHBI KOHTPOJbHBIX 9KCIEPUMEHTOB.

Haiiren kpurepnii, Ipu KOTOPOM BXO/I-BBIXOIHOE CJIOBO ABJISIETCS KOH-
TpoJibHBIM 3KcepumenToM st OJ1-k-srasona, k < 11, orHocurenbuo F,,
"L

Pacemorpum ciemyromyio 3agaqy. Ilycrs A — HEKOTOPBI aBTOMAT C
N COCTOSTHMSIMM, M aBTomMar R romomopdHo orobpaxkaercs B A. Ompe-
JIe/IUTh, gBasgeTca i dparMedT R npepcrasienueM aBromMara A oT-
HOCHTEJIBHO 7-TIOJTHOIO KJlacca W 7 = 4. B mpeabaymeM pasjesie ObLI
OPEJIOKEH METOJI PElICHUd ITOU 3a/1a4d IIPU HAJUYAN HEKOTOPOU WH-
dopmainn 0 BepupUIIPOBAHHBIX B R naeHTH(UKATOpaX MOBEIEHHSI CO-
crosiauit. Mcexosst u3 sroit mHGOpMAIK, M0 ONpeJeJIeHHBIM TPABUIAM
CTPOMJIACH IOCJIEIOBATE/IFHOCTD aBTOMATOB, OTParKalolasi IIPUPOCT HH-
dopmalun B nporecce anajmsa pparmedTa R. ra 1M0CIe10BaTeIbHOCTD
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aBTOMATOB 3a KOHEYHOE YHCJIO IaroB CXOJWIACh K €IUHCTBEHHOMY TaK
HA3BIBAEMOMY IIPEJICJIbHOMY aBTOMATy — 3aMbIKaHuIo (). Byt 3aMbikanust
Q) u onpesiesisieT, SIBJISIETCsT JIM 3TOT (PpParMeHT MPeJICTABJIEHIEM aBTOMAa-
ta A. OnxHako ampuopHo# nndopmary 06 uaeHTH(GUKATOpaX aBTOMAaTa,
A moxkeT He 6bITh. Torjia COBOKYITHOCTD HIEHTU(PUKATOPOB MPUXOIUTCS
OIIPEJIESIUTH 110 BUJLy aBTOMaTa R, 4TO B OOIIEM CJlydae siB/ISeTCs BEChbMa
CJIOXKHOI 3ajiadeil. Y pPOBEHb ee CJIOXKHOCTH OIPeIessieTcsa KaK CBOHCTBa-
Mu aBromaTa A, Tak u cBoiictBamu dpparmenta R. C 910t TouKM 3peHust
O/I-1-aBTOMAaTHI SIBJISTFOTCST UJIeAJbHBIMA OOBEKTaMU — TI0 BHJLy O0TOOpa-
JKAIOIUXCST B HUX ABTOMATOB JIET'KO OIPEJIETUTh HAYAJIHLHOE MHOXKECTBO
BepupUIMPOBAHHBIX UICHTU(DUKATOPOB.

[Iycte R — dparmenT srajoHa, Jjist KOTOPOrO BBIIOJIHIETCS DABEH-
creo Y = (I)ll%' W3 cBoiicTB onpeesnienust Kjaacca F),, BLITEKAET, UTO KaXK-
noe ciioBo (x,y) € @}% SIBJISIETCS TIPOCTBIM HAYAJBbHBIM UJIEHTU(DUKATO-
pom coctosiumit jioboro B € F,,, nna xoroporo R < B. Ilostomy Takoii
aromar B sisierca O/l-1 aBromarom. MHO2kKeCTBO @}% IIPUHAMAEM B
KavIecTBe HAYAJIbHOIO MHOXKeCTBa BepuduiupoBanubix B R unentudu-
kaTopoB. Beesnem Ha mMHOXKecTBe T cocrosiHuii dpparmenta R HEKOTOPBIE
otuorerus. [lycTnb )\}%t — MHOXKECTBO BCEX BXOJ[-BBIXOJHBIX CJIOB JITHHBI
1, mopoxkaeMbIx coctosiuueM t dpparmenta R, a 1/111% — MHOXKECTBO BCEX
BXO/I-BBIXOJIHBIX CJIOB JJIMHBI 1, KOTOpbIE OKAHYUBAIOTCS B 9TOM COCTO-
suun. [lomaraem (s,t) € 3, ecin )\}%t N )\}% % & wn @D}% N 1/)11%8 #+ @,
rje s,t € T. To onpenenennto pediiekcuBao u cummerpudno. [lycts o —

o0
TPAH3UTHBHOE 3aMblKanue oTHomenns 3, To ectb o = | J f° — Haumenn-

=0
mast 3KBUBAJIEHTHOCTD, JIJIsT KOTOPoi « 2 3.

Jlemma 2.29. Fcau R < A, mo a asasemcea konepysnyuets Ha 1.

KonrpysurHocTh v Ha cocrosiHusIX pparmerTa R srajoHa A oHO-
3HAYHO ompeesier dbakrop-aBromar R/a. fcuo, uro R < R/a < A.
Ecim R < Am <I>114 = &L, 10 R/a sBnsierca 3aMbIKanmeM parMenTa
no sepudurmposannoit cucreme (J,0), rae J = ®4 u o — jmaronasns.
Arromary R/a mocTaBuM B COOTBETCTBHE OOBIKHOBEHHBI HEOPUEHTUPO-
BaHHBIN rpad G(R): MHOXKECTBOM €ro BEpIIUH SIBJISETCS MHOXKECTBO CO-
CTOSTHWIT 9TOTO aBTOMAaTa, TO €CTh MHOXKECTBO 1'/(v KJIaCcCOB KOHI'DYIHT-
Hoctu «; Bepumubl o(a) u a(b) coemunenst pebpoM, ecian a(a) # a(b) u
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dbyuxims Bexogos A aBromara R/a takosa, uro A(a(a),z), A(a(b),x)
OJIHOBPEMEHHO OIpeJieeHbl sl HeKoToporo - € X, M, CTajao ObITh,
A(a(a),z) # A(a(b),x). Bynem rosopurs, uro rpad G(R) opHO3HAUHO
N-PacKpallnBaeM, ecJId BCe PACKPACKH €0 BEPIIUH B 1 IBETOB U30MOPQ-
HBI.

Teopema 2.30. Asmomam R sasasemcs npedcmasaenuem OZ-1 smano-
na omnocumenrvro Fp, w1 mozda u moavko mozda, xoeda 0drHospemenHo
BHINOAHAIOMCA CALOYIOULUE YCAOBUA:

1) R< A;
2) Y = ®;
3) I'pagp G(R) 00no3nawhno packpauiusaem.

DTa TeopeMa yKa3bIBAET, HAPsLy C TeopeMoil 2.28, KOHCTPYKTUBHBII
CI10cob MPOBEPKU TOTO, SIBJISICTCS JIU IIPEIbsBJIeHHBIH dpparmenT R 3ambI-
KaHUEM 3TaJIOHa OTHOCHUTE/HLHO BbieyKaszaHubix F u 7. IIpoepka cBo-
JUTCSA K IIPOBEPKE OJIHOZHAYHOCTUA PACKPACKU, TO €CTh K XOPOIIO U3BECT-
HOIT KOMOMHATOpHOU 3ajade. KOHCTpYKTUBHBIE KpUTepun <«OBITH MPEI-
craBjeHneM» m3 TeopeM 2.28, 2.30 MOryT CJIyKHUTH HTpPaBUJIAMU 3aBEP-
MEHNsT KOHTPOJIbHBIX SKCIIEPUMEHTOB PA3JIMTHOTO BUJA: TACCUBHOTO IKC-
[epUMeHTa [PU TaK Ha3blBaeMOM (yHKIMOHAIBHOM KOHTpose [32, 41,
KOTJIa 9KCIIEPUMEHTATOP TOJILKO HaOJIIOMAeT BXOIbI U BBIXO/bI aBTOMATA
B IIPOIECCE €ro MITATHOrO (PyHKIMOHUPOBAHUS; AKTUBHOIO SKCIEPUMEH-
Ta, KOrjia Ha BXOJl aBTOMaTa [oCTyIaer (IICeBIo-) CaydaiiHas [oce/i0Ba-
TEJIBLHOCTh; aKTUBHOT'O TECTOBOT'O SKCIIEPUMEHTA, KOTJa SKCIEPUMEHTATOD
[IO/IAeT Ha aBTOMAT CIIEIUAIBLHO MOCTPOCHHYIO BXOJIHYIO IOCIEI0BATE b~
HOCTD [32, 41|. DTH Kpurepuu 1MoJIe3HBI U IPU Pa3pabOTKe AJTOPUTMOB
[IOCTPOCHUSI TAKUX ITOCJIEI0BATEILHOCTEN.

Hanomunwm, uro npejcrasienne R € R-(A,F,,.) Ha3spiBaercst MuHu-
MaJIbHBIM, ecJiu Jijist Jiroboro npejcrasienus Q) € R (A, F,,, ) u3 nepasen-
crBa @ < R caenyer Briouenune R < Q. VI3 omnpejiesieHns BbITEKAET, 9TO
MHUHUMAJIbHBIE TTPEJCTABICHUST HE UMEIOT TOMOMOPMDU3MOB B cebst, Kpome
“30MOP(MU3MOB U HE UMEIOT U30MOP(MHBIX KOMIIOHEHT CBA3HOCTHU. JIpyru-
MU CJIOBAaMU, MITHIMAJbHbBIE [TPEJICTABJIEHIST — ITO TAKWe IPeICTaBIeHNS],
B KOTOPBIX HEJIb3sl PACHICIUIATL U JAyOJUpPOBATh COCTOSHUS WJIM BBIYED-
KHABATb JIyI'U, TO €CTh MUHUMAJILHOE MPEICTABIEHNE — 3TO HEKOTOPLIN
«HEJIeJIUMBIH» dpparMeHT (pyHKIIMOHUPOBAHUS STAJIOHA.
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[Ipasuibnoit gacteio O(R) aBromara R Ha30BeM aBTOMAT, HOJIYUCH-
Hblil 13 R yjajennemM Bcex ero M30JIMPOBAHHBIX JIyT (HO He MEeTeJb).

ITycrs t € T — mekoropoe cocrostHue apromara R. O6oznadnm we-
pe3 O(t) cOBOKYIHOCTH BCeX TeX Jyr aBroMara R, Hadajga WM KOHIIBI
KOTOPBIX coBIaaior ¢ t. Kaxmyro nermo (¢, x,y,t) u3 O(t) 3amennm ma-
poit ayr (t',z,y,t), (t,x,y,t") u nomecrum ux B O(t). Bee cocrosinus B
nyrax u3 O(t) ommmanbie ot ¢ (Braovas t/,¢”) nepeoboznaunm Tax, Iro-
Obl B pasHbIX JyraX He BCTPEYAIOCh OJHO M TO 2Ke coctosnue. Kaxmoe
JIBYX3JIEMEHTHOE MOJMHOXKecTBO MHOXkecTBa O(t) obpasyer 4acTUdHbIil
ABTOMAT, UMEIOINUiT 3 COCTOSAHUSA, Y KOTOPOTO COCTOSHUIO ¢ MHIMIEHTHO
JIBE JIyT'H, a OCTAJBbHBIM JIByM COCTOSHUSAM — IO OfHON. [IpsiMyto cym-
My BCEX TaKUX aBTOMAaroB obozHaumm udepe3 LO(t). [psmyto cymmy 1mo
BeceM t € T Bcex asromaroB LO(t) obosnaunm uepes L R. fcHo, urto
YR <O(R) CR.

Teopema 2.31. Asmomam R sasasemcs npedcmasaenuem OZ-1 smano-
Ha omuocumenvro Fp u 1 moada u moavko moeada, xoeda LR saeazsemcsa
npedcmasicHueM.

Caencrsue 2.32. Ecau R asasemcs MUHUMAADHDIM NPEICTNABACHUEM
O/[-1 smanona omrocumenvro Fp, w e, mo R =XR.

CaencrBue 2.33. /Jlas 06020 npedecmasaenus R OJ[-1 smanona om-
nocumenvrno Fp u  cywecmeyem 2omomopdro omobpasicaroweecs wa
HE20 MUNHUMAALHOE NPedcmasieHie.

Teopema 2.28 maer kputepuit, mpu KoTropoMm dparment R sBisercs
upejcrasienneM O/I-1 sranona orHocuresnbuo Fj, 1 ¢ B TepMuHAX CBOHCTB
pazbuennit v;. Teopema 2.30 maer KpuTepuit B TEPMHHAX OIHO3HATHOM
PACKPACKH BCIIOMOTATEJILHOTO rpada, MoJIyIeHHOIO Ha 3aMbIKaHUN (hpar-
MeHTa 10 BepuduinmpoBantoit cucreme (J,0), tiae J = <I>}4 U 0 — JINaro-
HaJIb MHOXKecTBa J. Clielyroree yTBEpXKJIEHAE MMOKA3BIBAET, UTO yBEJIU-
YeHne MHMOPMAIUU O COBMECTUMOCTH BEPUMUIIUPOBAHHBIX UJICHTU(DUKA-
TOPOB CHUMaeT HeOOXOUMOCTh UCCJIEIOBAHNST PACKPACOK BCIIOMOTATE b~
uoro rpada. Ilycts R mekoropsiit dparment. Sadukcupyem Bepuduim-
poBanHyto cucremy (J,0), rje J cocrouT u3 Bcex, BepuduIMPOBAHHBIX B
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R, mpocThIX HAYAJIBHBIX M KOHEUHBIX MIACHTU(MUKATOPOB COCTOSTHUN JI/IU-
HBI 1, a 0 paBHO cyKeHuio o Ha J. 3ambikanue dparmenrta R 1o (J, o)
obozHaunM 1epes Q.

Teopema 2.34. @paezmenm R asasemca npedcmasaenuem OJ]-1 sma-
A0Ha omuocumenrvno Fp u t moeda u moavko moezda, xozda QQ = A.

DTa TeopeMa IMOKa3bIBaeT, YTO BepUpUKAIUs UICHTU(PUKATOPOB CO-
CTOSHUN pPaBHOCWJIbHA IIPOBEPKE CYIIECTBOBAHUS OJHO3HAYHON N-pac-
KPaCKM W PaBHOCUJIbHA IIPOBEPKe CBOMCTB pa3OmeHmit V.

Paccmorpum yesioBusi, Tpu KOTOPBIX (DPArMEHT SIBJISIETCS MPEJICTaB-
JIEHHEM OTHOCHUTEJIBHO Pa3anIHbIX 7. [Iycts 7 = 1.

Caencrsue 2.35. @paemenm R sasasemcs npedcmasaeruem OZ-1 om-
nocumenvro F,, u vy moeda u moavko moada, xkoeda nepsvie A0pa IMANOHG
u 3amvkarus Q usomopdmm, u Y = @ég.

Paccmorpum ciaydait 7 = €7.

Teopema 2.36. R sasasemcs npedcmasaeruem OZ-1 smanona ommocu-
meavro Fy,, u €1 moada u moavko mozda, xozda Ab ) Ail.

PaccmoTpum oTHOIIEHNE HEOTTUIUMOCTH )y ABTOMATOB SKCIIEPUMEH-
TaMU BBICOTHI ¢ U KpaTHocTH 1 Ha Kjacce F,. Ilycte A — OJI-1 srasioH,
u (A,B) € pp;. Torma B toxe OJI-1 aBromar. Eciu r = i = 1, To
ol = @}B. Ecmr=1ui> 2 10 &, = CIDE. Tax xkax A, B aBTOMaThI

C KOHEYHOH MaMsThIo mopsiaka k, To mo ciaeacrBuio 3.1.18, ol = @}3,
1o ectb (A, B) € vq. Ilycts @ = 1 u r > 2. ITokaxkem, 4TO B 3TOM CJIy-
qae (A, B) € ;. Hyerb st cocrognus s stasona Ay, = {wi,...,w}.

Tak kak (A, B) € pp;, TO Haiijiercsi cocrosiaue t aBromara B, jyist Ko-
TOPOro w1, Wy € )‘}375 U COCTOSIHUE U, JIJIsT KOTOPOI'O Wo,wWs € )\}Sv. Ho
B sBystercst O/I-1 apromarom u, 3uHaquT, t = v. [loaTomy )\1145 = /\%U u
(A, B) € €. Illycrs Teneps i,r > 2. Touno takxke, Kak B HIPEIbLLyIIEM
ciydae mokasbiBaeM, 4to (A, B) € €o. [lockosmbky A u B O/I-1 aBroma-
ThI, TO CYIIECTBYET OTOOparKeHWe MHOMXKECTBA (o COCTOSTHUI S aBTOMaTa
A na muoxkectso T aBromara B, 3ajgannoe mpasmioM: ¢(s) = t, ecin
Ay, = AL,. D10 orobparenne — 6ueknus, u Tak Kak (A4, B) € 2, To
oHo u3omopdusm. [Tosromy A = B, 1o ectb (A, B) € i. I[Iposenentbie
paccyKJieHusi oKasbiBator, 4ro ecau (A, B) € pp;, TO CyIeCTByeT BCEro
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4 posmoxknocru: (A, B) € pr1, (A,B) € v1, (A, B) € €1, (A, B) € i. Oue-
BHIHO, UTO R siBiisiercst npesicrasienuem O/1-1 sramona ornocnresnsuo Fp,
I 7 TOTJIa U TOJIBKO TOra, Korna ®l, = <I>114. Vreepxkaenus 2.33—-2.35 garoT
COOTBETCTBYIOIINE KPUTEPUH JIJIsI OCTABIINXCS CIydaeB. TakumM obpasoM,
[IPOBEJICHHbIE PACCYK/IEHUsI Jal0T KPUTEPHil, Ipu KOTopoM R siBjsiercst
npescrasiaenneM OJ/I-1 sranona oraocuTenbHO Fjp, M IPOU3BOIBHOTO py.

BamernM, YTO He TOJBKO yBeaudeHne MHMOPMAIUU O BepUMUIIPO-
BAHHOII crcTeMe nAeHTH()UKATOPOB MOXKET «CHIMATh» TPEOOBAHIE OJIHO-
3HAYHOI packpacku BcrioMmoraresbHoro rpada. CTpyKTypa caMoro Kiac-
ca F, cBSI3aHHOIO C aBTOMATOM-3TAJIOHOM OIPEJIEJICHHBIM 06Pa30M, MOKET
yIpomnaTh KpurepuajibHble TpeOOBaHUs K HPeJICTaBIeHusIM. B KadecTBe
OJIHOTO M3 TAKUX IPUMEPOB HUYKE IPUBEJIEH KJIACC TaK HA3bIBAEMBIX JIO-
KaJIbHO ITOPOZKJIEHHBIX (ITAJOHOM) aBTOMATOB, U3ydaBIINXCcs B [42-44].

Pacemorpum Kiace A aBTOMATOB, MOPOK/IEHHBIX JIOKAJIbHBIME [IPE06-
pasoBanusMu drasona |6, 42, 43]. Oxpecraoctbio Oy cocrosinust § € Sa
HA30BEM MHOYKECTBO BCEX T€X ero COCTOSIHWI, KOTOPBIE JOCTUXKUMBL U3 S
WJIH U3 KOTOPBIX JIOCTHKAMO S BXOJHBIME CJIOBAMHE JJINHBL, He GosIbIeit 1.
[Tycrs Tenepb aBroMaTsl n3 A TOJIyUEHBl U3 9TAJOHA 3aMEHOM COCTOSIHMUSI
da(s,z) mexoropbim t € Og. IlomyueHHBIl KIacC SBIISETCS MOIKIIACCOM
[peJIbLIyIIero. SICHO, UTo ecii B 9TAJIOHE CYIIeCTBYeT KOMIIOHEHTA CBSI3-
HOCTH, COCTOsIIIAst U3 OJHOTo coctosiuns s, To O = {s} u 9ra KoMOHEHTA
npucyTcTByeT B jiobom B € A. IlpaBunbnoit qacteio D stanona A Hazo-
BEM aBTOMAT, [IOJIyYeHHBIN u3 A y/lajleHneM BCeX KOMIIOHEHT CBSI3HOCTH,
MMEIOIINX OJJHO COCTOSIHUE.

Teopema 2.37. R asasemca npedcmasaenuem OZl-1 asmomama sma-
AOHG omHocumesvro A u i moada u moavko mozda, xozda QQ 2O D.

[Tycrs mo-npexkuemy, A — sto O/I-k aBToMar m w — dpparMeHt ero
noBejierust. Ilycrs reneps (J,0) Gosee MommHas Bepuduimposattas B R
cucreMa (oTHOCUTENIBHO Fpp ¥ 1), 7151 KOTOPOIi J COCTOUT U3 BCEX MPOCTHIX
HAYAJIBHBIX U KOHEUHBIX MJIEHTH(DUKATOPOB COCTOSTHUI, BXOISIIUX B JR,
a 0 — cyxeHue og Ha J, u (Q — 3aMmbikanue dparmenra R(w) 1o HOBOI
cucreme (J, o).

Teopema 2.38. Brod-6vix00H0€ CA0B0 W ABAAELMCA KOHMPOALHOIM IKC-
nepumernmom oas OZ-k smanrona npu k < 11 ommnocumenvro F, u ¢
moada u Moavko mozda, k020a 3amuikanue () USOMOPPHO IMAAOHY.
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3. Teoperuko-rpadoBble XapaKTepu3aluu Ipe/i-
CTaBJICHUI aBTOMATA

B nannom pa3smese oCHOBHOE BHUMAHUE yIE/IACTC 3aae XapaKTePU-
3alliy IPEJICTABJIECHUN aBTOMaTa OTHOCHTEIBHO ITOJKIACCOB [V-IIOJTHOIO
KJIACCA aBTOMATOB, 00PA3YIOIIUXCSI IIPU HAJIOXKEHUU OIIPEJICICHHBIX Orpa-
HUYEHMI Ha UX CTPYKTYpHO-aJarebpandeckue u MoBeJeHIecKrue CBOMCTBA.
Ilokazano, uro Teopema 2.30, marormas XapaKTepHU3AIIMIO IIPeICTaBIe-
HU# OTHOCHUTEJIBHO N-TIOJTHOTO KJIACCA, ABJIAETCS ITPEJICTAaBUTEIEM IIEJIOT0
KJIACCA aHAJIOTUYIHDBIX YTBEPXKICHUN, K MOIYICHUIO KOTOPBIX MOXKHO ITO-
JIORTH ¢ HEKOTOPBIX 00IuX mo3uriuii. [Ipu 9TOM CyIecTBEeHHO UCIIOIL3Y-
IOTCA TOHATUsI ¥ METOJbI TEOPHH OMHAPHBIX OTHONIEHWI 1M rpadoB, UTO
[TO3BOJISIET B P CAYyYAEB OINEHUTH OTHOCUTEIBLHYIO CJIOXKHOCTH 3aJa4u
pacIio3HaBaHus IpeJjcTaBieHnit B repmutax Teopun N P-mosiHoTs! [10)].

Hasee B pazzaene apromar A = (S4,X,Y,d4,\4) 970 HerepMuHupo-
BAHHBINM KOHEYIHBIN aBToMaT Muin, BO3MOXKHO, YacTU4HbIN. Bee paccmar-
pUBaeMble aBTOMATHI UMEIOT OJIMHAKOBBIE BXOJHON asihaBuT X U BBIXO-
Hoit andaput Y. JIJIsT YaCTUIHBIX aBTOMATOB MIPEIITOIATAIOTCS OJIMHAKO-
BBIMH 00JIACTH OIpEJie/ieHus (DYHKITHI [TEPEXO/IOB U BBIXOJOB, KOTOPBIE
obozuavaeM st apromarta A depes Dom A. Eciu ¢ — romomopdusm
aBToMaTa B B aBromMaT A, To 06pa3 aBromara B OyneMm obo3HauaTh Ue-
pe3 ¢(B), To ectb p(B) Takoii nojgaBroMar apromMara A, 4ro jis Jr060i
nyru (s, z,y,t) mocaeaaero B B cymecrByer ee poobpas. Ilpu p(B) = A
apromar B OyjeM Ha3bIBaTh MMOJTHBIM (DPArMEHTOM aBToMara A.

ITpu uzyuyenun muoxkecrsa R(A, F,T) Bcex mpejcTaBjeHuii aBToMaTa
A oTHOCHTENBHO Kjaacca F' ¢ TOYHOCTBIO T mojaraeM, 9To T — U30MOP-
busm smbo nzomopdHoe Briouenne, F — nojkiace kinacca Fp,(U) Beex
aBTOMATOB C JHCJIOM COCTOSIHUI M, MPUYIEM STAJOH A — NpUBEIEHHBIN
aBTOMAT C 7 COCTOSTHUSIMU.

[Tycts aBromMarel R u A cBsi3aHbI HajmaueM romoMopdusma, R < A,
R = (S,X,Y,4,\). Auprnopu uinmu B pesyibrare aHajusa aromara R
OIIPEJIETISIIOTCS JIBA OTHOINEHUS Ha MHOXKECTBE €ro COCTOSHUN: OTHOIIIE-
H1€ COBMECTUMOCTU N OTHOIIIE€EHUE HECOBMECTUMOCTU. HepBoe J0ITyCKaeT
OTOXKJICCTBJIEHUE COCTOsIHUMN, a BTOPOE 3AIlPEIAaeT TAKOE OTOXKJIECTBJIe-
Hue npu romomopdusme A B jr060# aBTOMAT W3 Kjacca F. B gacrHO-
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CTH, TaKWE€ OTHOMICHUA MOTI'YT BBOJIUTHCA Ha OCHOBE BepH(bHHHpOBaHHbIX
I/I,ZLeHTI/ICl)I/IKaTOpOB COCTOHHHI;'I, KaK 9TO OIIMCaHO B IIPpEAbIYIIIEM pa3JIeJie.

3.1. OTHOIIIEHUS COBMECTUMOCTH

OrHorrenne o Ha MHOXKeCTBe cocTosinuil (pparmenTa R HazoBeM Bepu-
GUIMUPOBAHHBIM OTHOIIEHNEM COBMECTUMOCTH, €CJIU JIJIsT JIIOOBIX €ro CO-
crosinuit a,b u romomopdusma @ dparmenta R B j10060it apTomar B € F
u3 toro, 4ro (a,b) € o, cuenyer, uro p(a) = (b). Takoe orHOmIEHHE
0 MOYKET OTPEJIETATHCI KaK «BHYTPEHHUMW» CBOWCTBaMHU aBToMaTa R n
kiacca F' (manpumep, BepuduIupoBaHHBIMU HJICHTU(DHKATOPAME COCTO-
SIHUIT), TaK ¥ <«HABSI3bIBATHCS» U3BHE, 3a CUET JIONOJHHUTEbHOM nHbOpP-
MAITIH, He IIPOSBIIAIONIEHCS SBHO B 9KCIIEPUMEHTE C ABTOMATAMI.

Iycts ¢ — romomopdusm R B B € F u ker p = po ¢! — ero apo,
SIBJISTIONTIEECST KOHTPYIHIMEH HA MHOXKECTBE COCTOSHMI aBToMaTa K. 9TOT
roMoMopdu3M MoKeT ObITh He eaMHCTBeHHBIM. [lycTh @ — MHOMXKECTBO

Bcex romomopduamos apromara R B asromar B. Tornaep = (] kerp —
ped
HauMeHbIas (110 BKJIFOYEHWIO) KOHIDYSHIMs CPeJU BCEX KOHIDYIHIMIA,

orpeieisieMbix romomopdusmamu R B B. Eciu B npoberaer Bce 3jieMeH-
ThI KJ1acca F'| To mepecevueHne BceX KOHI'PYIHIUI € g ONpe/Ie/isieT KOHTPY-

sunmio ep(R) = () e€p Ha MHOXKeCTBe cOCTOsSIHUIT aBToMaTa RR.
BEF
Besikoe nmopmuozkecrso o C e p(R) HazoBeM BepudUIMPOBaHHLIM (OT-

HOCHUTEJIbHO KJjacca F') OTHOIIEeHHeM COBMECTHMOCTH Ha MHOXKECTBE CO-
crosinuii apromara R.

B obmmem ciiyuae o He sIBISETCS KOHIPYSHIMEH, HO MOMKET ObIThH ecTe-
CTBEHHBIM 0Opa30M PacIIupeHo 10 Hee, ¢ MOMOIIBIO IIPOIEecca, COOTBET-
CTBYIOIIEro JeTEPMUHU3AIMNA aBToOMaTa R, OIpeesseMoro OTHOIIEHIEM
0 COBMECTUMOCTHU €0 COCTOSIHUIA, 10 KOHTPYEHIIMK 0, HAaMMEeHbIIeH cpe-
Il BCeX KOHrpysHIuii, copepkamux o [11]. ITo Heit koppekTHO (Ha OCHO-
BAHWM yTBEPXKJICHUS, AaHAJIOIUIHOrO JiemMe 2.29) onpe/iensiercst hakTop-
aBToMaT aBToMaTa R, KOTOpBI HazoBeM 3ambikanueMm R 1mo ¢ m obosna-
anM depes [R],.

O6o3naunm depe3 Ep(R) MHOXKeCTBO BCeX BepuMHUINPOBAHHBIX KOH-
IPY3HINiA, yIIOPSIOY€HHOE OTHOIIEHUEM BKJIIOUCHHUS.

Cupaseiso yreepxenue [11].
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Teopema 3.1. Mnoowcecmeo Ep(R) eepuduyuposanmvic konepysruyul
ecmov pewemrka ¢ onepayuamu inf(e1,e9) = €1 Neg, sup(er,e2) = (61 U
£9)*, edunuueti 1 = ep(R) u nyaem 0 = iy, 1,69 € Ep(R), 2de iy —
Juazonaas mmodcecmea cocmoanuti s asmomama R, coomsememeyrouan
NYCMOMY OMHOWEHUIO COBMECTIUMOCTIL.

OTHolleHnsT COBMECTUMOCTH ¢ Takue, 9ro o = £p(R), HecyT Mak-
cUMaJIbHYI0 HHGMOPMAIMIO O BO3BMOXKHOCTH OTOXKJIECTBJIEHUSI COCTOSTHUIA,
IlyCTOE OTHOIIEHNE 0 = &, 0¥ = i yKa3bIBaeT Ha OTCYTCTBHE KaKOii-1160
uHMOpMaIU 06 OTOXKIECTBIIEHUH COCTOSTHMUIA.

[Iycts 01 BepuduIMpOBaHHOE OTHOIIEHHE COBMecTHMOcTH, Ri =
[R],,. Yepes Fr 0603HaIMM MHOXKECTBO Tex aBroMaroB B € F| st Ko-
Topbix R < B, 10 ectb, Fr = F(R)NF, rie F(R) — Ky1acc ONNChIBAEMBIX
dbparmenrom R aBromaros uz muoxkecrsa F(U).

Teopema 3.2. Ecauo — sepuguyuposannoe (omuocumenrvho xkaacca F')
omHoweHue Ha MHOICECmBe cocmoanul asmomama R, mo onucvieaemuil
asmomamom R xaracc Fr cosnadaem c kaaccom Fr,, onucvieaemvim e20
gaxmop-asmomamom Ry = [R],. IIpu smom scarui 2omomopdusm ¢
aemomama R 6 asmomam B € F mooicem 6oims npedcmasaen kKax @ =
nof, eden — ecmecmsernvill 2omomoppusm R 6 Ry, a B — 2omomopdusm
Ry 6 B.

3.2. OTHOIIIEHUS HECOBMECTUMOCTU

OrHorienne p Ha MHOXKeCTBe cocTosiHuii hparmenTa R HazoBeM Bepu-
burEpoBaHHBIM OTHOIIEHHEM HECOBMECTUMOCTH, €CJIN JI/Is JIIOOBIX €ro COo-
crogauii a,b u romomopduszma ¢ pparmenta R B soboit aromar B € F
u3 Toro, 1ro (a,b) € p, crenyer, uro p(a) # ¢(b). UnbiMu ciioBamu, ecim

pp = |J ker ¢, e oobeunenne Gepercst 1o BceM roMoMOpdu3MaM ¢ 13
ped
R B B, 10 p — BepudunupoBaHHOe OTHOIIEHIE HECOBMECTUMOCTH TOLJIA

u TosibKO Torja, Korjma p € S x S\ |J pup = pr(R), rie obbeaunenne
BeF
6epercsa 1o BceM B € F', )11 KOTOPBIX CyIecTByeT roMoMopdusm R B B.

HyCTb 0 — HEKOTOpO€ OTHOIIEeHNE COBMECTHMOCTU Ha MHOZKECTBE CO-
CTOSIHUIT aBTOMATa R, a p — OTHOHICHNE HECOBMECTUMOCTU Ha HEM. ITo-
CpeJICTBOM OTHOIIIEHUA COBMECTUMOCTU OTHOIIEHNE HECOBMECTUMOCTU MO-



414 B.B. Kyupsisues, 1. C. I'pyuckuii, B. A. Koziosckuii

’KeT ObITh pacHIUpeHo (CHOBa KOHCTPYKTHUBHO) JIO HEKOTOPOIO MaKCH-
MaJIbHOT'O OTHOIIEHUS p* HECOBMECTUMOCTH, COTVIACOBAHHOTO C 0, KOTOPOE
HA30BEM BEPUMUIMPOBAHHBIM 3aMBIKAHUEM p.

Ha dakrop-aBromare R; = R/e orTHOmIEHNe p* MHIynupyeT Ha MHO-
JKecTBe cocrosiHuil S/e aBromara Rj orTHOIIeHHe BepubUIUPOBAHHOM
HECOBMECTUMOCTH p1 IO HpPAaBHIY: (7;,T;) € p1, €Cm B p* CyIIecTByeT
Takas mapa (s,t), 410 s € m;, t € ;.

MHuoxkecTBO BepuUITUPOBAHHBIX 3aMBIKAHUI OTHOIIEHUN HECOBMe-
CTUMOCTH, COTJIACOBAHHOE ¢ BePUMUIMPOBAHHON KOHTPYIHIIEH €, YIIOPsI-
JIOYEHHOE OTHOIICHNEM BKJIIOYeHHsI, 0003Ha4nM depes P4 (F, ). Ono ume-
er HanboJuibIliee BepuQUIMPOBAHHOE OTHOIIIEHHE HecoBMecTUMOCTH p(R).
CrpaBeyInBO yTBEpXKIEHNE, aHAJIOTHYIHOE Teopeme 3.1.

Teopema 3.3. Jlas awboti sepugunuposarnoti konepysrnyuu e € Er(F)
mmoorcecmso P (F,e) aeasemea pewemxoti ¢ onepavyuamu inf{pi, po} =

P1 N P2 U SuP{p17p2} = ()01 U p2):7 P15 P2 S PR(F7 6); HYAEM, DPABHDBIM
nycmomy ommowenuto &, u edunuyet, pasroti pp(R).

3.3. AcconuupoBaHHbIe rpadbl

[Tapy P = (o, p) BepuduupoBaHHbIX OTHOIIEHUH COBMECTUMOCTH O
U HECOBMECTUMOCTH p OyeM Ha3blBaThb BepuMUIMPOBAHHON Hapoil s
apromara R (orHocuTenbHo kiacca F). Ilyers P = (o, p) — Bepuduiy-
poBanHas napa i R ornocurensuo kitacca F. C R u P cBsizkeM OOBIK-
HOBEHHBIN HeopuenTuposanubiii rpad G(R, P) = (Vg,Ug), onpejeieH-
HBIH CJIEJIYIOIUM 0OpPa30M: MHOMKECTBO €0 BEPIIUH VR €CTh MHOMKECTBO
S/e KnaccoB BepuduIMPOBAHHON KOHIpYsHIMelH £ = o*; eci v = [s| u
w = [t] — KJy1acchl ITON KOHIPYIHIIUH, IPEJACTABUTENSIMUA KOTOPOI sABJIsi-
IOTCsI COCTOSIHUSL § U ¢ COOTBETCTBEHHO H (S,t) € pk, 10 (v,w) € Ug.

Ha cocrostnusix & aBromara |[R| oTHOIIEHHE p MHIYIHMPYeT Bepudu-
IUPOBAHHOE OTHOIIEHHE HecoBMecTHMocT p': ecom [s] u [t] — Bbimeyka-
3aHHBIE KJIACChI, TO €CTh COCTOsIHMS aBToMara [R],, o ([s], [t]) € p’ Torma
U TOJILKO TOrJa, Koraa (s,t) € pZ. Ilosromy rpad G(R, P) MOXKHO HOHNI-
MaTh KaK 3aJ[aHue WHIYIIMPOBAHHOTO BepU(UIMPOBAHHOrO OTHOIICHUS p’
HECOBMECTHMOCTH Ha MHOXKECTBE COoCTostHuit aBromara [R)|,, Tak Kak p’ —
AHTUPEDIIEKCUBHO ¥ CUMMETPUYIHO.
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I'pad G(R, P) Gynem Ha3blBATh aCCOIMUPOBAHHBIM C aBTOMATOM R
MOCPEJICTBOM TIapbl P, min, 60oee KOPOTKO, acCONMUPOBAHHBIM C Mapoif
(R, P).

[Iycrs G = (V,U) — HekoTOpBIii 00bIKHOBEHHBIH Heoprpad. Hamowm-
HUM, 9TO IPABUJIBHOM 1 — pacKpackoil rpada G Ha3bIBAETCS TAKOE 0TO0-
paskeHne @ MHOXKECTBa BepIuH rpada B HEKOTOPOE N-3JIEMEHTHOE MHO-
KecTBO K, IpU KOTOPOM CMeEKHBIE BEPIIUHBI OTOOPAXKAIOTCST B Pa3HbIe
snemeHThl 13 K. JIBe packpacku (1 1 (9 HA3LIBAIOTCS N30MOP(MHBIMHI, €C-
g ker o1 = ker po. I'pacd HazbIBaeTCA OMHOZHATHO N-PACKPAIIABAEMbBIM,
eCJIH BCE €ro N-PAaCKpacKu n30MopdHbI |9).

[TocraBum B coorsercrBue asromary R = (S, X,Y,d,\) cemeiicrso
X(R) nomvuoxkecrs muoxkectBa X(R): Xs € X(R), s € S, ecin
Xs ={z € X|(s,z) € Dom R}. Yepe3 I'( X(R)) obosznaanm rpad me-
peceuennii cemeiicrea X, y koroporo muoxecrso BepummH V(X (R)), u

{s,t} € U(X(R)) ecim Xs N X; # .

3.4. XapakTepusanus MpeACTaBJIE€HU U UX CJIO0XKHOCTH

Hanee 3a1a4ua njenTndukaym aBToMaTa pacCMaTPUBAETCs TIPH CJie-
JIYIONUX OrPAHNIEHNUSIX.

Bce paccmarpuBaeMble KJIACCHI SIBJISTIOTCSL IOJMHOMXKECTBAMU MHOYKE-
crBa F.(U) Bcex npuseenubix aBromaros B andasure U = X X Y. As-
TOMATBI, €CJIM HE OI'OBOPEHO NIPOTHBHOE, HeMHUIMAJbHBIE. JIJIst IpOCTOTHI
nostaraeM, 9to Bce asromarsl u3 F' C F.(U) cBssuble, n ecm A € F —
BbIJIeJIEHHBIH aBTOMAT-9TaJIOH, TO OH He BKJIAJbIBAETCSI N30MOPGHO HU B
Kakoil jppyroit apromar B € F.

[Tycrs 3amanbt kinace F' C F.(U), sramon A € F u dparment Ry
aromara A. O6osnaunm depes I(A, R, F) muoxectso F(R4) N F. Ilog
3as1a4eii uenTudnkanmn asroMara A B Kiacce F' IOHNMaeM HaXOXK/ICHIe
takoro ¢parmenta R € F(A), aro I(A, R, F) = {A} (emuncreennocrs
[OHUMAETCSI C TOYHOCTBIO JIO M30MOpP(dHU3MA), TO €CTh HJICHTH(MUKAINS
OCYIIECTBIISIETCSI ¢ TOYHOCTBIO, PABHOMN n3oMopdusmy ).

@parment R, pemaromuii 9Ty 3a/atdy, €CTh IpeJICTaBIeHIe aBTOMaTa
A orHOCHTEBHO Kilacca F' ¢ TOUHOCTBIO T, SIBJISIEOIIETiCs n30MOPhU3MOM.

OCHOBHO! MHTEpeC IMPEeJCTABIISIOT HETPUBHAJIBHBIE MIPE/ICTABICHNS,
He COJIeprKalliie B SIBHOM BHJie NHMOPMAIMIO 0 HOJIHOM (byHKIIMOHUPOBa-
HUU aHAJII3UPYEMOrO aBTOMATA.
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Haubosiee nsyvennbiMu cpejii HETPUBUAIBHDBIX IIPEICTABICHUN SBJIsI-
IOTCsl KOHTPOJILHBIE 3KCIIEPUMEHTBI, KAK IPOCThIe, TaK U KpaTHble. Takue
pecTaBIeHnsT 00J1aal0T Hanboaee OeIHBIMI OTHOITEHUSIMA COBMECTH-
MOCTH M HECOBMECTHUMOCTH, M IO CTPYKType IrpadoB HepexonoB dgpar-
MEHTOB UX MOYKHO KJacCHU(PUIUPOBaTh Kak jpeBoBuHble. OHE 06pasy-
IOT TIOJIKJIACC KJIACCa AlUKINIECKIX IPEJCTABICHHIT, B KOTOPBIX BO3MOK-
HO OTOXKJIECTBJIEHNE HEKOTOPbLIX BUCAYUX BEPIINH. B OINTPOKOM CMBICJIE
UKJITIECKHE MTPEJICTABICHUS 9TO TaKUe IPEJCTABJICHHIA, KOTOPLIE B I'Pa-
de 1mepexoaoB UMEIOT CUJILHOCBI3HBIE TOArPAdbl, U KJIACC TPUBUAIBHBIX
IPEJICTABICHUIT SBJISETCA IIOIMHOXKECTBOM 3TOrO KJIACCA.

Ucnonb3ys teopemy 1.1, MOXKHO IIPUBECTH HPUMEPHI, TOKA3LIBAIO-
mye, 9TO CyIIECTBOBAHUE OJHOTO U3 BUJOB IIPEICTABJICHMIH, HAIpUMEp,
HETPUBUAJILHLIX IUKJINYCCKUX, HE BJIEYeT CYIIeCTBOBAHME, HAIpUME,
KOHTPOJIbHBIX 9KCIIEPUMEHTOB (JIDEBOBUJIHBIX IPEJICTABIIEHMIA).

Bapbuposanue kiaccamu B 3aJiade HICHTH(PUKAIIMN IPUBOIUT K Pas-
JIMIHBIM II0 CJIO?KHOCTU KOHKPETHBIM 3a/JavdaM OIIMCaHUA COOTBeTCTBy—
fomux npeacrasiaennii. CaMo 3aJaHue KJIacCoB MOXKET OCYMIECTBIISATHLCH
pa3IuIHbIMU criocobaMu. B npenpiaymux pasiesax MPUBEICHbI BapUAH-
THI TAKUX OINHUCAHUI C IIOMOINLIO PA3JUYHBIX JECKPUITOPOB ABTOMATOB.

ITycrs R € R(A, F, T) — HeTpuBHaJIbHOE IIpeJiCTaBjieHne aproMara A,
u |Sa| = n. Bepudurnmposannast napa P = (o, p) mis R orHOCHTEb-
Ho F' onpenensier crpykrypy packpacok rpada G(R, P). danee Oyaem
pPaccMaTpUBaTh TOJIBKO HMOJKJIACCH F' N-IIOJHOrO KJacca, U 9TaJOHbI C N
cocrognusaMu. Hazosem Kiacc F m-IUIOTHBIM Ui STajoHa A, ecim jis
sroboro ero dpparmenta R rtakoro, uto ¢(R) # A s HEKOTOPOTO TOMO-
MopdusMa @, ciaeayer, 9o R ecTb (bparMeHT HEKOTOPOro JAPYroro aBTo-
mata B u3 F' (6ojiee mmpokoe MOHATHE M-ILIOTHOTO KJIACCa PACCMOTPEHO
B [45]). ITorpebyem, 4To6bI paccMaTpuBaeMble KJIACCHI ObLIN N-TJIOTHBIMUA
JIUIST STAJIOHOB.

[TokazkeMm, 9TO HEKOTOPbLIE XOPOIIO U3BECTHBIC KJIACCHI SBJIAIOTCH T-
IIJIOTHBIMH JIJIg BCEX IIPUHA/JIC2KallluX UM aBTOMaTOB.

Teopema 3.4. n-noannd xaacc Fy, asasemcsa n-naommoim 0as 1106020
NPUHAONENCAUWEL0 EMY GBMOMAMA C T COCTNOAHUAMU.

Iycrs Al = {\i|s € Sa}, mw A\ — bynkuusa BexoI0B aBToMaTa A €
Fy. O6oznaunm Li(A) = {B € Fy | Ay = Ay}
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Teopema 3.5. Kuaace L (A) asasemcs N-naommvim das A.

Knace LY (A) monmocTsio onpe/iesstercst coxpaHeHneM o/IHOMAroBoi
GYHKIINK BBIXOJOB aBpToMara A mpu Mpon3BOJbHOM U3MEHEHUU (PYHKIINN
IePEXO/IOB.

Jlpyrum npeneibHbIM CJIy9aeM MOYKHO CIYUTATh COXPaHeHune (pyHKINI
Iepexo/IoB aBromMara A NpU MPOU3BOJILHOM U3MEHEHUH (DYHKIMH BBIXO-
JIOB.

O6oznaunm vepe3 Dy (A) MHOXKeCTBO Beex aBromaroB u3 Fl, KOTO-
pble SIBJISTFOTCSI IPUBEJIEHHBIMUI (DOPMaMHU aBTOMATOB, MTOJIYUYEeHHbIX 13 A
BCEBO3MOXKHBIME M3MEHEHUsIMH OTMETOK €r0 JIyT.

Teopema 3.6. Kaacc Dy (A) asasemes N-naommuvim 0aa npusedeniozo
asmomama A ¢ N cocmoanuamu.

[Tycts A — O/I-1 aBromar, |S4| =n u F — n-mtorustii Jyis A Kiacc.

Teopema 3.7. R € R(A, F,7) mozda u moavko moada, xo2da cyuecmey-
em makas sepupuyuposannan napa P = (o, p) das R omnocumenvro F,
YIMO BLINOAHAIOMCA YCAOBUA:

1) cywecmsyem 2omomoppusm ¢ asmomama R e smaron A;
2) ®Y(R) = @'(A);

3) epagp G(R, P) odnosnauno n-packpauiusaemuid.

[IpuBesieHHBIE JOCTATOYHBIE U HEOOXOIAUMbBIE YCJIOBUS JJIsT PACIO3HA-
BaHUS IIPEJICTABJICHUI TIOCTYJIMPYIOT TOJBKO CYIIECTBOBAHUE BepUDUITH-
poBanHO# napbl. s psiia KIaccoB JaeTcss KOHCTPYKTUBHBIA CIIOcod 11o-
CTPOEHMS TAKUX BEPUMUIIMPOBAHHBIX AP, MO3BOJILIONINI CBOIUTDH 3312~
1y aHaJm3a (HPArMEHTOB Ha CBOMCTBO OBITH IIPEJCTABICHUEM K 3aJiade
pacKpacKu HeKoToporo rpada.

OCHOBHBIM CPEJICTBOM TIOCTPOCHUS BepUMDUITUTPOBAHHBIX AP SBJISIIOT-
ca uaentudukaTopsl cocrosunii. Hamomunm, uro pparment R aBromaTa
A ¢ DUKCHPOBAHHBIM COCTOSTHUEM ¢ HA3LIBACTCS MJICHTHMUKATOPOM CO-
CTOSTHUS § aBTOMaTa A, ecym Jjst Joboro romoMopdusma ¢ dpparMenTa
R B A Bbinosssiercst paBeHCTBO ¢(t) = a.

Kak obbrano, ® 4 0bo3HaATAET MHOXKECTBO BCEX BXOJI-BBIXOJHBIX CJIOB
(cioB B andasure X x Y), nopoxjaembix apromarom A, a @ﬁ — €ero
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ITOAMHOYXKECTBO M3 CJIOB JUIHHBI k. Ecim R — HeKOTOpBIi, BOODIIE NOBO-
psi, YaCTUYIHBII aBTOMAT, § — €r0 COCTOSHHE, TO A’ES €CTh MHOXKECTBO
BCEX BXOJ-BBIXO/HBIX CJIOB (x, y) JIJAUHBL Kk, TIOPOXKIAEMBIX COCTOSTHHUEM S;

ok = | )\’f%s. MHO2KeCTBO TTEPBBIX IPOEKITUI )\}%S u 1/’11%5 0003HAYINM Ye-
SESR

pe3 XIJ%Fs 1 X 7, COOTBETCTBEHHO (HAIIOMHUM, 4TO w%s obo3HaYaeT MHOXKE-
CTBO BXOJI-BBIXOJIHBIX CJIOB JIJTMHBI K, OKAHIMBAIOIINXCS B COCTOSIHUM S).
Eciu dparment R OJI-1 aBromara A taxos, uro ®L = @}4, TO MHOXKe-
cTBO P}, ABJISETCA MHOMKECTBOM MPOCTBIX HAMAILHBIX MICHTHPUKATOPOB
cocTosiHuit JiI0boro apromara B u3 kiacca F,, dparMenToM KOTOPOro siB-
nstercst R, mo ectb nipu j11060M romomopdusme R B B cocTostHUsI aBTOMATa
R, nopoxyatoniye ojHy u Ty ke napy (x,y) € X X Y, orobpazxkarorcs
B OJIHO U TO Ke cocTosinne. Torma Ha OCHOBAHUM MHOXKECTBA (I)Jl% Kak
MHOKECTBa BepUDUIIMPOBAHHBIX MJICHTUMHUKATOPOB (CM. 9acTh 2) MOXKET
6T ompe/ienieHa BepudupoBanHtas napa P = (o, p).

[Iycts A — OJ-l-aBromar. Ectm F = F,, A € F, u A ectb
O/I-1-aBTomar, To 151 TF060TO TTOJTHOTO pparmerTa R < A <I>114 SABJISIETCS
MHOYKECTBOM BEPU(DHUIMPOBAHHBIX WJIEHTUMDUKATOPOB COCTOSTHUIN aBTOMa-
Ta A. TTo 3TOMY MHOXKECTBY ONpEIE/ISeTCS mapa BepugUIMPOBAHHBIX OT-
HOIIICHUi 0, U p, Ha MHOXKeCTBe cocrosinmii dparmenrta R: (a,b) € o,
ecmn Agr(a,x) = Ar(b,z) (10 ectb N N Np # @) s HEKOTOPOro
z € X; (a,b) € p, ectn Ag(a,x) # Ar(b,z) ana mekoroporo x € X.
Torna oy, = 0%, pn = ps , 1 Py = (0, pn) — Bepudunuposannas mapa.
ITo sroit mape onpenensiercs acconuupoBanubiii rpad G(R, Py, ), n u3 reo-
pem 3.4 u 3.7 nostyuaem reopemy 2.30, B koropoii rpad G(R) = G(R, Py,).
Bamerum, uto B 3T0M ciydae rpad G(R) = T'(X(R)).

[Tycrs Tenieppr A — rpynmosoit O/I-1-aBromar, To ectb A Taxkoii, 4T0
npu Jo6oMm pukcnpoBaHHoM = € X 04(S, ) ecTh HepecTaHOBKa HA MHO-
xectBe Sa, F = G, C F,, — Kjacc rpylnoBbIX aBTOMATOB, U K — MOTHBIH
dparmenT A.

[Tycrb Ha MHOXKecTBe SR 3ajaHbl OTHOIIEHUST 01 U p1: 01 =0, (a,b) €
p1, ecam Jyuist Hekotoporo © € X Ag(a,z) # Ag(b,x) mmbo cymecrByror
cocrosiaust o' u b’ rakue, aro dp(a’,x) = a, og(b/,z) = b u A\g(d,x) #
Ar(V,z). Honoxnm oy = 0] = on, pg = pi, . Py = (04, pg)-

Jlemma 3.8. Kaace G, ABAAEMCA N-NAOMMGIM 04 M100020 2PYNNOBO20
O/I-1 asmomama npu |S| > 2, | X| > 2.
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N3 memmbr 3.8 u Teopembr 3.7 ciaeayer

Teopema 3.9. Asmomam R ecmwv npedcmasaerue epynnosozo OJ]-1 as-
momama A omnocumenvrno kaacca Gy mozda u moavko moezda, xozda
BHINOAHAIOMCA YCAOBUA:

1 ) cywecmsyem 2omomoppusm asmomama R 6 amanron A;
2) oL = ol;

3) epagp G(R, Py) 00no3HauHO N-packpausueaemol.

N3 sroit Teopembl ciieyeT, UTO B OTJAUYMAE OT CJydas, KOrJa B Ka-
JecTBe Kjacca I Boibupaercst kiacc Fj, Bcex aBTOMATOB C 1 COCTOSTHHSI-
MU, HETPUBUAIbHDBIE ITPEJCTABJICHUsI TPYIIIOBONO aBTOMAaTa OTHOCUTE b~
HO Kitacca (G, (TOuHee, MX 3aMbIKAHWs1) JOMYCKAIOT BUCAYINE BEPIIUHBI, 1
KOHTPOJIbHBIC 3KCIIEPUMEHTBI, KaK YaCTHBINA ciydail IIpeAcTaB/IeHul, MO-
I'yT COJEp:KaTh HEIOATBEPXKIACHHbIE Imepexoibl. Ha ocHoBanum 3T0it Teo-
PeMbI MOTYT OBITH IMOCTPOEHBI MUHUMAJIbLHBIE TPEJICTABICHUS IS STOIO
ciydas.

Paccmorpum Temeph mpencTaBiieHHs aBTOMAaTOB 0e3 morepu nHOOP-
Marun. ITycrs A — O-1-apromar, u A — aBromar 6e3 norepu nHMOpPMa-
muu nopsizika 1 (BIIN-1-aBromar [4, 7]), To ectb A Takoii, 4To jyist J1r060-
IO er0 COCTOSIHUAS § W PA3JUUHBIX X1,To € X CIPaBeIINBO HEPABEHCTBO
Aa(s,z1) # Aa(s,x2). Ilycers wiace I, C F, ecrb kiacc Bcex BIIN-1-
aBTOMaToB. B sTOM cityuae jyist mosiHOrO pparmenta R < A onpemenum
OTHOIIEHUS T, P, CIACIYIONIUM 00PA30M:

0w = op; (a,b) € py, ecan (a,b) € p,, WK Jyist HEKOTOPBIX T1,%g € X,
X1 # T9 BBHINOJIHSETCS paBeHCTBO Ag(a,z1) = Ag(b,x2). Torma P, =
(0w, pw) — BepudUIMPOBAHHASI TIAPA, ¥ C ITOI Hapoil accoruupoBa rpad
G(R, P,). B srom cayuae mjist kinacca I, cupaBeJjiuB aHAJION JIeMMbI 3.8
U TeopeMbl 3.9 C COOTBETCTBYIOIIEH 3aMeHOIl aCCOIMMUPOBAHHBIX IpadOB.

3aMeTuM, 9TO CTPYKTypa acCOIMUPOBAHHOIO T'pada B ITOM CIIydae
ABJIsIeTCs 00Jiee PEryJIgpHON M0 CPABHEHUIO C MPEIbIIY MU CIy IAsIMU.

Bepaemcst cHOBa K IpeCTaBIEHUSIM JIOKAJIHHO MMOPOXKIEHHBIX aBTO-
MaTOB, PACCMOTPEHHLIX B IPEABIIAYIIEM pasere.

ITycte A — OJ/I-1 aBromar, u F)4 — MHOXKECTBO BCEX aBTOMATOB, JIO-
KaJIbHO HOpOoxKIeHHBIX A. B Kiacce Fj, MOXKHO BBIIEIUTH HEM3OLITOUHOE
MHOXKECTBO aBTOMAaTOB, U3 KOTOPLIX B COBOKYITHOCTU TTOPOXKIAETCS BECh
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kiacc Fy,. Takoe MHOXKeCTBO Ha30BeM 0A3MCOM JIOKAJIBHOMN ITOPOXKIAEMO-
cru Kiacca F,, n obosnaunm 1yepes M, (ero crpykrypa onucana B [44]).

IIycte F' = Fj. Tak kak (pyHKIUSA BBIXOJIOB A4 COXPAHSETCS IIPU
JIOKAJIbHOM TTOPOXKIAEMOCTH, TO B KAY€CTBE MHOXKECTBA BepuUITUPOBaH-
HbIX naeHTHguKaTOpoB st O/I-1 aBTOMATOB MOXKHO BBIOPATH MHOXKE-
cro Ay = {\L |s€ Sa}, e Ay, = {(z,y) € X x Y |da(s,2) = y}.
OrnpejiesuM apy OTHOIIEHUI 07 U Py HA MHOYKECTBE COCTOSTHUI (pparMeH-
ta R < A: (a,b) € 01, eciiu cymecTByeT Takoe COCTostHue s € S4, 9To
/\}%a U )\}% C A\L,; p — ornomenne necosmectumoctu cocrostiuit. Ilosto-
UM 0] = 07, py = pg,, uTorma Py = (01, p) — Bepudbunuposantas mapa.
3amMeTum, 4TO 3/1€Ch 0] = 07.

B sTom ciiydae Takxke CIpaBejIuB aHAJIOT JIEMMBI 3.8 1

Teopema 3.10. Ilycmv A ceasworti O-1-asmomam, F = Fy4, mou-
nocms T — udomoppusm. R € (A, Fa,T) moeda u mosvko moeda, koeda
napa P = (07, p;) asasemes onpedeasmowets das dpaemerma R ommocu-
meavro xaacca Fy.

N3 onpenenennst mapel Py B cityuae, korjma R — npencrasierune O/1-1
aBromara, ciemyer, uyro rpad G(R, P;) nsomopden nosuomy rpady K,
rjie n — YHUCJI0 cocTosiHuit apromara. QueBuiHo, 9T0 K, OJHO3HAYHO 7~
packparuBaeM. Torja aHaysor TeopeMbl 2.30 B pacCMATPUBAEMOM CJIyUae
JUUTsT CBSI3HBIX aBTOMATOB IIPHOOpPETaeT BU/I

Teopema 3.11. Asmomam R ecmw npedcmassenue OJ-1 aemomama A
omuocumenvho xaacca F g moada u moavko moada, x020a 8bNOANAIOMCSA
YCAOBUA:

1) cywecmeyem 2omomopdusm asmomama R 6 amanon A;
2) oL = ol;
3) epagp G(R, P;) usomopgen epagy K,,.

Ecnun B kadecrBe mpejcraBiieHuit OyjieM paccMaTpUBATh KOHTPOJIb-
HbI€ YKCIIEPUMEHTDI, TO JIjIsI CBA3HBIX aBTOMATOB, 00JIA/IAIONINX TAKIMU
9KCIIEPUMEHTaMI OTHOCUTEJNBHO Kjaacca F'y, M3 3TOI TeOpeMbl BHITEKAET

CaencrBue 3.12. Caoso w € (X x Y)* ecmov kormpoavrwid sxenepu-
menm OJ[-1 asmomama A ommnocumenvro xaacca F4 mozda u moavko
moeda, kozda w € P4 uw =wi(x,y), 2de wy — 06x0d asmomama A.
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[TosyueHnblit KpuTepuii 1JIsi KOHTPOJIBHBIX SKCIIEPUMEHTOB MO3BOJIS-
0T JIAThH €IIe OJIHY XapaKTepU3aIlio KOHTPOJILHBIX skcrepuMenTos OJ1-1
aBTOMATOB OTHOCHUTEJLHO JIOKAJLHO IOPOKICHHOTO KJIacCa aBTOMATOB
yepe3 yzKe YIOMUHABIIMECS JOMUHUPYIONIE MHOXKECTBA.

[Tycts F' — HEKOTOPBIN KJACC aBTOMATOB, A — BBIJIECJICHHBIA B HEM
aBTOMaT-3TaJI0H. HamoMHUM, 9TO JOMUHHPYIOMIAM MHOXKECTBOM KJIacca
F mHasbiBaeTcs TaKoe ero IOJMHOXKeCTBO F/, 4To BBLINOJHACTCS pABEHCTBO
DY(F) = Py(F') (P4(F) — MHOKECTBO KOHTPOJIbHBIX SKCIIEPUMEHTOB A
orHocuTesibHO F'). HammMenbiiee 1mo MONTHOCTH JIOMUHUPYIONIEE MHOZKe-
CTBO HA3BIBAETCS MUHUMAJILHBIM.

[Tycrs F' = Fy u Fy1(A) C F4 ecTb MHOXKECTBO aBTOMATOB, HEIIOCPE/I-
CTBEHHO MOPOXKJIEHHBIX aBTOMATOM A, TO €CTh MHOXKECTBO TAKMX aBTOMAa-
TOB, (DYHKIIMYU MEpeXoI0B KOTOPHIX OTJINYAIOTCA OT (DYHKIMIT Mepexo0B
aBromaTa A PoBHO Jyisi Oj(HO# napsl (s, ) € S x X. Kaxoit Takoii nape
coorBercTByeT MHOXKecTBO Fi(s,x) = {B € F1(A)|d(s,x) # dp(s,x)}.
BriGepem u3 kax1oro Kiaacca F (s, x) 10 npejcraBureso u obpasyeM ns
HUX MHOXKECTBO Rj.

O6oznaunm vepe3 K (A) MHOXKeCTBO BceX Takux Jyr (s,z,y,t) € A,
d(s,x) =t, \(s,z) = y, uyro gacruunblii asromar A’ u3 KoTOpOrO YyIaIeHA
X0Ts OBbI OJHA U3 ITUX YT, He uMeer obxona. Ilycre D — momaBromar
aproMara A, He cojeprKalnuii OJHOJIEMEHTHBIX KOMIIOHEHT CBS3HOCTH.
Ecmm A # D, to nonaraem K(A) = K (D). Ynammm n3 muO)KectBa Ry
Bce apromarsl B € Fi(s,x), tae (s,x) coorBercrByer jyre u3z K(A), u
HOJTy IMBIIEECS MHOYKECTBO OOO3HAIMM 4epe3 Rpin.

Teopema 3.13. Mnooicecmso Ryin ecmb MUHUuMaAbHOE QOMUHUPYIOWEE
mroorcecmso kaacca Fa dan O/1-1 asmomama A, |Rmin| < mn, u cywe-
cmeyem agmomam, 0as Komopozo |Ruyin| = (m — 1)n + 1.

B zaxsrrouenne paccMoTpuM XapakTepusaluio pesiacrasiaennit OJ1-
aBTOMATOB OTHOCUTEJIbHO Oasmca Kiiacca F, 10 JIOKAJIBHON MTOPOXKIae-
moctu. [lpu duxkcupoBanuoit pyHKIUE BBIXOIOB MOIMHOXKECTBO Oa3uca,
COCTOSIIIEE U3 BCEX aBTOMATOB C OJHON M TOH ke (PYHKIMEH BBIXOIOB A
obozraunM dyepe3 M) (aBroMaThl mojaraeM OINpeJIeJICeHHBIMUA Ha OJIHUX W
TeX Ke MHOXKecTBax cocrosiHuil S, BxozoB X u BbixoyoB Y). B [44] no-
kaszano, uro upn m < 3(n — 1), m = |X|, n = |S|, B aBromare A € M),
OTCYTCTBYIOT II€TJIN, apaJljie/IbHble JIyTU W [IUKJIbI JJTHHBL 2.
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[Tycre A — O/I-1 aBromar, A € M, R € F,(A). Oupezesum oTHO-
IIeHus 0 )y, pyr Ha MHOXKecTBe SR (a,b) € oy (a,b) € p2, ecin (a,b) € p
b0 paccrosuue Mexky a u b B rpade nepexonos R 6e3 yuera opuenTa-
UK JIyT PaBHO 1 WM 2; TOTNA 00 = On, PM = Poy,,, 1 Pru = (00, pmr)
ecth Bepudunupoantas napa, a G(R, Pyy) — acconuupoBaHHbBIH rpad.

N B sTOM ciiyuae npu m < %(n — 1) crpaBe BBl AHAJIOIU JIEMMBI
3.8 u TeopeMsbl 3.9.

B zakurtodenue pazjesia OCTAHOBUMCS Ha, 33Jiade aHaIN3a CJIOXKHOCTU
[IPEJICTABJICHUI U 3a/iade paclO3HABAaHUsI CBOWCTBA «OBITH IIpeJCTaBJIe-
HUEM», IIPU KOTOPBIX KJIIOYEBYIO POJIb UI'PAIOT MOJIYUYE€HHBIE TEOPEMbI Xa-
pakTepusaruu npejcrasiennii. Ha nx ocHoBe mpoBOIuTCs CBE/IEHNE YKar-
3aHHON 3a/1a9M K 3aJlavde aHAJM3a PACKPAacOK HEKOTOpPOro rpada u oTHo-
CUTE/IbHON OIEHKU ee ciioKHOCcTU B TepMunax N P-niosmnotol. Vcnonn3y-
emble jrajiee moHsATUst Teopur N P- MOTHOTHI HOHUMAIOTCs B cMbicste [10].

Kaxk o6brano, P (N P) obo3Havaer KJace 3a/1a4, PACIO3HABACMbIX JIe-
TEPMUHUPOBAHHBIMY (HeJIeTepMUHUPOBAHHBIMI) MalllMHAMU | BHIOPHHTA
3a noJiInHOMHUAaJIbHOE BpeMst. 110/ cBOIMMOCTBIO TIOHUMAETCS CBOJIMMOCTD,
HoJIMHOMUAJIbHAsL 110 BpeMenu [10)].

[Tycts nist aBromara A ompejiesieH HEKOTOPHIi Kjacc F4 aBTOMATOB.
Bajiaua pacrno3HABAHUSI IIPEICTABICHII COCTOUT B TOM, YTOOBI 10 3a/IaH-
HOMY aBTOMaTy A M dacTudHoMy aBToMaTy R ompenenntb, Oyier au R
MpPUHAJIEKATH JOMOTHEHUIO MHOXKECTBA MPeJICTaBIeHni aBToMaTa A oT-
HOCHUTEJILHO Kiracca Fg.

Ucxomuoit madopMmarmeit i ajaropuTMa, PeIiaioniero 3a/ady pac-
nosHaBanusi, OyayT napbl (R, A), KOTOpble MOXKHO 3aKOJMPOBATHL B BUJIE
CTPOK u3 HyJje#l u egunani. Ecim aBromar A uMeeT m BXOIHBIX CHUIHAa-
JIOB, M COCTOSIHU# U | BBIXOJIHBIX CHUI'HAJIOB, TO JJIs 3aJIaHUs (DYHKITHIT
[IEPEXOJI0B U BBIXOJOB JOCTATOYHO CTPOKHU Jaunoit mn lognl, roe logn —
JJINHA, ABOMYIHOM 3amucu umuciaa n. Ecim R mmeer k cocrostHmit, TO JI71s
ero KOJMPOBaHUsI JOCTATOYHO cTpoku JymHoil mklog(kl 4+ 1) ¢ yderom
KOJIUPOBAaHUsI CUMBOJIa, HEOIIPEIEJIEHHOCTH. TakuM 00pa3oM, B KOHEIHOM
aJipaBUTE MOJIYIUM CJIOBO, OIHUCHIBAIOIIEE UCXOJIHYIO MH(MOPMAIUIO JIJIs
paboThl AJITOPUTMA PACIIO3HABAHUS.

Pesysbrarsl, Kacarolumecs: CJIOXKHOCTH 33/1a9M PACIIO3HABAHUSA 1IPEJI-
CTaBJICHUIT JIJIsi PACCMOTPEHHBIX cirydaes |43, 46, 48, 49] moryT 6bITh CyM-
MHPOBAHBI B CJIEIYIONIEM YTBEPKICHUN.
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Teopema 3.14. 3adaua pacnosnasarus npedcmasaenuti O-1 asmoma-
Ma 6 CAYUAAT: N-TLOAMO20 KAACCA, KAACCA 2PYNNOGHIT AGTNOMAMOG, KALC-
ca asmomamos 6e3 nomepu un@opmayuy, 6a3uca A0KaALHOT Nopodcia-
emocmu, asasemca NP-noanoti. Jaa cayuaa a0kaasmo moposcoeniozo
KAGCCA OHG ABAACTNCA NOAUHOMUAALHOT.

Mo2KHO MOKa3aTh, 9TO 3TO YTBEP:KIEHUE CIPABEIINBO U JJIsT YaCTHO-
rO CJIydasi MPEeJICTABJIEHN — KOHTPOJIBHBIX SKCIIEPUMEHTOB, BO BCEX Pac-
CMOTPEHHBIX cJIydasx. Kpome Toro, mokasaHo, 9To cyzkenune kiacca bBIIN
aBTOMATOB JI0 KJIaCCa aBTOMATOB CYIIECTBEHHO 0e3 1oTeprn HH(MOPMAIAN
[4] ocraBmsier 3amady pacrosHaBaHusi aBTOMATOB B Kiacce N P-moJiHbIX
3a/a4.

[TosryueHHBIE TEOPEMBI XapaKTepHU3alMl KOHTPOJIBHBIX IKCIEPUMEH-
TOB OTHOCHUTE/ILHO PA3JIMIHBIX KJIACCOB ABTOMATOB ITO3BOJIAIOT IIOJIYIUTh
HUKHUE OIeHKM uX jymH. OCTaHOBUMCS Ha CJIydasiX JIOKAJBHO ITOPOXK-
JIEHHOT'O KJIAaCCa M M-TIOJIHOTO KJIACCA.

O06o3HAYNM HAUMEHBITYI BO3MOXKHYIO JIMHY KPATJIANIIEro KOH-
TPOJILHOTO IKCIEPUMEHTA OTHOCUTEIHLHO KJIACCA aBTOMATOB 9epe3 diin, &
JUIMHY HAWOOJIBIIIET0 CPEJIA BCEX MUHUMAJBHBIX 10 BCEBO3MOXKHBIM 3Ta-
JIOHAM 9epe3 dpax-

Teopema 3.15. Ecau A O/]-1 asmomam u F' — noxaavro nopoosicden-
Nl KAACC, MO BBINOAHACTNCA HEPAGEHCGO

1
mn + 1 < dpin < dpax < mn + §(m— Dn(n—1)+1,
npuMeM QOCTUNCUMDL U HUHCHAA U GEPTHAA OUECHK.

Teopema 3.16. IIpun > 2m"1 — 1 dauna kpamuatiuezo KOHMPOALHOZO
IKCNEPUMEHMG dpin O mobozo OJI-1 asmomama A ommuocumenvho n-
NOAH020 KAACCA YOOBAECTNGOPAET, HEPABEHCNGEY Amin = (2m71)n72m_1+2,
npuvem ouenxa docmusicuma npu m =2, n > 2m 1 — 1.

U3 reopemsbr 3.16 npu m = o(log n), ciaeayer, 4r0 dpin acUMITOTHYE-
cku paBHa (2m — 1)n. B 1o e Bpemsi OTHOCHTEJILHO JIOKAJIBHO TTOPOK-
JIEHHOTO KJIacca JIMHA KpaTdaifiero skciepuMenTa pasHa mn + 1 s
moOBIX 1 1 m. Takum 06pa3oM, IO HUZKHUM OIIEHKAM JIJTMHBI KOHTPOJIb-
HOI'O 3KCIIEpUMEHTa HNMEEeTCA CyH_LeCTBeHHbe/'I Ppa3pbIB MEXK/Y JIOKaJIbHO
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HOpO}K,[LeHHbHVI n N-1I0JIHBIM KJIaCCaMM aBTOMATOB. 9TO CB4A3aHO C TeM7
9TO Ha CTPYKTYpE SKCIEPUMEHTa JIJII 9TOTO aBTOMAaTa B IEPBYIO OYe-
penb IPOSIBIISIIOT cebst 0COOEHHOCTH KJIacCa HEMCIIPABHOCTEH, KOTOPhIe He
«3a0MBAIOTCA» CBOMCTBAMHU CTPYKTYPBI 9TajoHa. B TO »Ke Bpems cyiie-
CTBYIOT aBTOMATBI, KOTOPBIE «3aTUPAIOT» OCOOCHHOCTSIMU CBOEI CTPYKTY-
PBI BJIUsHUE KJIACCa HEUCIIPABHOCTEH Ha CTPYKTYPY KOHTPOJBHOTO IKC-
HepI/IMeHTa. TaK KaK Ha aBTOMaTaX TaKOI'O THIIa JJOCTUTaIOTCHA BerHI/Ie
OIEHKH JIJIMHBI KPAaTJalllinX SKCIIEPUMEHTOB, TO 3TU OIEHKH JOJIXKHBI
OBITH OJIM3KU JIJIsT JIOKAJIBHO MOPOXKIEHHOTO U N-IIOJIHOTO KJIACCOB aBTO-
MaToB. MOXKHO MOKa3aTh, YTO ACUMITOTUYECKN BEPXHUE OICHKU JIJTUHBI
Kpa.T‘lafIH.IHX 3KCHepI/IMeHTOB OTHOCUTEJIBHO JIOKAJIBHO HOpO}K,ZLeHHOI‘O n
N-IIOJIHOI'O KJIACCOB aBTOMATOB COBIAJAIOT. DTO K€ CIPABEIINBO U JIJIsI
caydas 6a3uca JIOKAJIbHOM MOPOXK IAEMOCTH.

Taxum 06pa3oM, BEpXHEE OIEHKN JITHH KOHTPOJIbHBIX SKCIIEPUMEHTOB
O/I-1 aBTOMATOB OTHOCHUTEIHLHO TPEX PACCMOTPEHHBIX KJIACCOB aCHMIITO-
TUYIECKN paBHbI.

4. DKcrnepuMeHTbI B (PUHUTHO-ONPEIEeTeHHbBIX
KJjiaccax

B nmamHOM pasjene M3ydaloTCsd CBOMCTBA NPEJCTABIEHUN — KOH-
TPOJILHBIX U PACIIO3HAIONINX KCIEPUMEHTOB C aBTOMaTaMU OTHOCUTEJIb-
HO KJIACCOB, HA3BAHHBIX (PUMHUTHO-OIIPE/IEIEHHBIMU KJjaccaMu 1 u 2 po-
Ja. QUHUTHO-ONPEJIEIEHHBIMI KJaccamMu 1 pojia Ha3BaHbBI KJIACChl aBTO-
MAaToOB, 3aJJaHHbIE HeJIeTEPMUHIPOBAHHBIM aBTOMATOM-CHeInduKaInei, a
GUHUTHO-OIIPEICIEHHBIMI KJIACCAMHU 2 POJa — KJIACChl aBTOMATOB, Ha-
JIQJIEHHBIX CIIEIUAJbHBIME MapKepaMu COCTOSTHUN (OHM OBLIH OIpeiesie-
Hbl B pazfeie 1). OCHOBHBIM HAIIPABJIEHUEM HCCJICIOBAHUIT B 9TOM CJIy-
Jae SBJISeTCH U3yUYeHNe CBS3W TOIOJIOTMYECKIX CBOMCTB TUX KJIACCOB C
YCJIOBUSIMH CYTIIECTBOBAHUSI W CBOMCTBAMH KOHTPOJILHBIX W PAaCIO3HAIO-
X 9KCIepuMeHToB. OCHOBHBIM alllapaTOM HCCJIEI0BAHUS BBICTYIIAIOT
BBeJICHHBIE ONIEPATOPHI AIllITPOKCUMAITUH.

B nocsienmee BpemMst B KavuecTBe Mojieseil TUCKPETHBIX CUCTEM BBICTY-
[aroT HeJeTepMUHUPOBaHHbIe aBroMarhl (23, 24, 37, 38, 50, 51|. 910 BbI-
3BIBaET HEOOXOMMMOCTH PA3BUTHST HOBOTO HAITPABJIEHUS] B TEOPHUH JKCITE-
PUMEHTOB — SKCIEPUMEHTOB C HEJIETEPMUHUPOBAHHBIMU ABTOMATAMHU.
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B psizie pabor (cwm., nanpumep, [50]) paspabarbiBaanch MeTOBI MO-
CTPOEHUS IIPOBEPAIONIEIO TECTa, /I CETH aBTOMATOB. 1IpH 3TOM BXOIBI U
(nin) BBIXOJBI UCCIIE/LyeMON KOMIIOHEHTBI CeTH HeJoCTYIHbL. OcobeHHO-
CTHU IIPOBEJICHUST SKCIEPUMEHTa C CeTHIO ABTOMATOB CJICIYIOIIHE:

1) MOI‘yT BO3HUKaTb HEUCIIPDaBHOCTH, HE O6Hapy7KHBaeMbIe Ha BbIXOJE
CeTU N TaKHe HEHUCIIPABHOCTU HCKJ/IIOYAIOTCH.

2) He Besikoe €J10BO MOXKeT ObITH IIOJIYYE€HO HA BXOJE TECTHPYEMOil
KOMITOHCHTBL.

B [50] st uccsieioBanust ceteil aBTOMaTOB MIPEJJIOZKEH METO/I IOCTPO-
€HUsI CETEBOT'0 S9KBUBAJIEHTA KOMIIOHEHTHI CETH — HEeJIeTEPMUHUPOBAHHOTO
aBTOMATa, KOTOPBIH TTOJTHOCTHIO OITUCHIBAET MTOBEIEHNE STON KOMITIOHEHTHI.
IIpoBepoUHBIl TECT CTPOUTCS IO 3TOMY SKBUBAJIEHTY, IPIYEM CUUTAETCS
M3BECTHOU BEPXHS OINEHKA YMCJIAa COCTOSHUN YEPHOTO SIIIKA.

B |51, 52| npe/craBiens! JBa Kjacca aBTOMATOB — KJIacC paboTOCIO-
COOHBIX ABTOMATOB, PEaU3yeMbIX HEKOTOPLIM HEIETEPMUHUPOBAHHBIM
aBTOMATOM, U KJIACC HEPADOTOCIHOCOOHBIX ABTOMATOB, MPEJICTABJIEHHBII
aBTOMATaMU C YUCJIOM COCTOSHUI, HE MPEBOCXOIANIUM U3BECTHYIO BEPX-
HIOIO OIeHKY. TaK KaK HeHCIIPaBHOCTH aBTOMATa MOYKET 3HAUUTETHHO YBe-
JIMIUATDH YUCJIO COCTOSHUM HEMCIIPABHOIO aBTOMAaTa, TO aKTyaJbHa 3a/a4a
HCCJIEIOBAHNS HEJIETEPMUHUPOBAHHBIX ABTOMATOB IIPU OTCYTCTBUHU BEPX-
Hell OLCHKU 4YUCJIa COCTOSHUMI.

B pabore [24] nzyuena npobieMa MOCTPOECHUST PABJIHYAIONIUX IKCIIE-
PUMEHTOB JJIsT KJIACCOB, pean3yeMbIX IBYMs HeIeTePMIHUPOBAHHBIMU
aBTOMAaTaMU, [IPUYEM IEPBbIi ONMUCHIBAET pabOTOCIOCOOHOE, & BTOPOl —
HEPabOTOCIIOCOOHOE TIOBE/IEHNE HUCCJIEyEMOr0 JIETEPMUHUPOBAHHOTO AB-
ToMmara. PaccMOTpeHbI ciiydan KaK ¢ M3BECTHOM, TaK U HEU3BECTHOM BEPX-
Hell OIEHKOU 4YncJa COCTOAHUM.

Janbueiiee passuTue 9TH MCCIea0Banust noryana B [37, 38|. B mux
[IOCTABJIEHA U PEIleHa MpobjieMa MPUHAIC?KHOCTU UCCJIEyeMOI0 YepHO-
o dINUKa, KOTOPBI dBjIdeTrcd peajusalieil OAHOI'0 U3 JIBYyX Henerep-
MHUHUPOBAHHBIX aBTOMATOB, KJIACCY peau3alinii 0lHOro 3 Hux. B sTmx
paborax HallJIeHbl KOHCTPYKTUBHBIE KPUTEPUU CYIIECTBOBAHUS TAKUX aJjl-
TOPUTMOB — 3KCIIEPUMEHTATOPOB M METOJIbI UX ITOCTPOECHUSI.

[IpuBesieHHbIE 3aMeYaHUs TOKA3BIBAIOT, YTO UCCIE0BaHUE (DUHUTHO-
OIpeeICHHBIX KJIACCOB 1 POJia JOCTATOYHO BAXKHO M aKTyasbHO. s
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HUX [OJIyYeHbl KpUTepuu KoHeuHocTn (Geckoneunoctu) kiaacca F € F
u ero nojkiaccoB lim F' u |F[. Tlokazana 3aMKHyTOCTH MHOXKecTBa Fi
oTHOCHUTE/ILHO onepaTropa lim. Halinen psi/i KOHCTPYKTUBHBIX KPUTEPUEB
CYIIECTBOBaHUS KOHTPOJIBHBIX IKCIIEPUMEHTOB OTHOCHTEILHO Kitacca GG
U aBTOMaTa-3TajioHa A, mpuHajjIeXKamux oJHOMY u3 KijaccoB F', lim F
u |F[ ans wekoroporo F' € Fy jyisi 63pOBCKOI METPHKH, HCC/IEI0BAHA
duHUTHAsT paclo3HABAEMOCTh B MeTpuke [ KiaccoB F' € Fi u ero moj-
KJIACCOB. DTU pe3y/IbTaThl MOJIy4YeHbl B paborax [17, 53, 54, 55]|.

Urak, nccsenytorest nojkiaccs Kiaacca Ar(U) Beropy olpejieieHHbIX
UHUIUAJIBHBIX, KOHEIHBIX, IPUBEJIEHHBIX MHUITHAJIBHO CBA3HBIX JICTEPMU-
HUPOBAHHBIX aBToMaToB Mujn. [Ijist MpoCTOThI HIXKHWI WHIEKC B 3aIMCH
kiacca A(U) onyckaercst. [IpuBeieM OCHOBHBIE OIpeIEICHMSI.

[Iycrs G = (G,U,6,Gy) — BCIOIY OINPEJICJICHHBI, c1ab0 WHUINAb-
HbIil, HeperepmuanpoBannbiii apromar (HIIA), y koroporo G — Koneu-
HO€ MHOYKECTBO COCTOsTHMIA, (G — TMOAMHOXKECTBO HAYATIHHBIX COCTOSHUIA,
U= X xY — suemmnnii andasur, 6 : G x U — 2¢ — dyukius mnepe-
xoz1oB. O6o3HaunM yepe3 gw = ¢(p,q) MHOXKECTBO BCEX TeX COCTOSIHUIA,
B KoTopeie HJIA GG MoXKeT TepexonTh U3 COCTOSTHUST g TOJ JIefiCTBIEM
BXOJIHOTO CJIOBA P, TIOPOXKJIast BRIXOTHOE CJIOBO q. [l g € G MHOKECTBO
L4 cocTout U3 BCex BXOJI-BBIXOIHDBIX CJIOB W C HEILyCTBIM MHOYKECTBOM guw.
MHuozkecTBO ng“ ecTb cyxenue Ly Ha cjioBa JUIMHBI He OoJbieil k.

Crnabo MHUIMAJIBHBIN HEJIETEPMUHUPOBAHHDIN aBTOMAT (G HA3bIBAECTCS
HabstoaeMbiM |24, 25|, ecom jyist Becex uw € U, g € G BBIIOJIHEHO COOT-
Homenne |gu| < 1, ¥ MHUIMAJIBLHO CBSI3HBIM, €CJIU I Beskoro g € G
CYIIECTBYET TaKoe gg € Go, w € Lgo, JIJIs1 KOTOPBIX g € (go. B nanb-
HEHIIIeM, ecjii He OTOBOPEHO MTPOTUBHOE, TI0J] HEJIETEPMUHUPOBAHHBIM AB-
romarom (H/IA) Gyzem nmoHUMATh BCIOJY OLpeJIesIeHHbI, c1abo WHUIN-
aJIbHBIH, HAOJIIOJAeMbIil, HHUITUAJILHO CBSI3HBIN, HEJIETEPMUHUPOBAHHBIN
asromar. Ilosenenmem HIIA G nazosem Lg = {L4}, g € Go. Unurmans-
ublit aBromar A € A(U) ecrs peamusanus HIA G, ecn Lo C L. Knace
Beex peasnmsaruii HIA G o6osnaunm R(G). Ilpu sTom Gyem roBoputs,
ugro G oupesnessier kiaace R(G) win G siBisiercst ero HocutesieM. Kiacce
apromaroB F' C A(U) nHazoBeM (DUHATHO-ONPEIETEHHBIM KJIACCOM 1-10
porma u obozuauum F € Fy, ecou cymecrsyer HIA G, onpenemnsrornmii
kinacc F'. Hamommmm, uro wepes G obosnadaerca nogasromar HJIA G,
TOJTy IaeMbIll 0O0BIBICHIEM COCTOSTHUST ¢ HadaabHbIM. A apom ker G po-
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mspostbHoro HJIA G nazoseM MHOXKECTBO COCTOAHHMII g, /it KOTOPBIX Gy
SIBJISIETCST MHUIUAJIBHBIM JIETEPMUHUPOBAHHBIM aBToMaroM. [Tuka B HIIA
G ectb napa (g,w), rae g € G 1 w — BXOJ-BBIXOJ[HOE CJIOBO, Y KOTOPOI'O
g = gw.

Kpome stux KJ1accoB paccMaTpuBaloTCsi (BO3MOXKHO) OGECKOHEUHBIE
kiaccel A(U, M) apromaros. 3necb M C U, u B KaxKJIOM aBToMaTe U3
TAKOr0 KJIacca BXOJ-BBIXOJHON curaas (x,y) € M, Ha3bIBaeMblii Map-
KepOM, IMOPOXKJIaeTcss He 0oJiee IeM OJIHUM COCTOSIHUEM, [PUIEM MHOMKE-
ctBo M 3apaHee U3BECTHO SKCIIEpUMEHTATOPY. MapKephl MpUCyTCTBYIOT B
psijie peasIbHBIX aBTOMATOB B KaueCTBE JIOMOJHUTETHLHBIX OTOBEIIAIONINX
CUTHAJIOB WJIN CJIyKeOHBIX pexkuMoB. Obo3HaunmM depes M, MHOXKECTBO
BCeX MapkepoB (z1,y) ¢ 1 = x. Kiacc aBromaros F' nazoem (hUHUTHO-
oIpeeIeHHBIM KJIACCOM 2-T0 pojia u obo3Haxum F' € Fo. ecyiu cyiecTByeT
MHOKecTBO Mapkepos M, jiytst kotoporo A(U, M) = F. Knacc A(U) € Fao,
tak Kak A(U) = A(U, @). Tlonaraem, uro & = A(U,UU{u1}), tne uy ¢ U.
Yepes A(U, n) obosuataum nojakaace A(U), cocrosimumii u3 Bcex aBTOMa-
TOB, YUCJIO0 COCTOSTHUN KOTOPBIX HE IIPEBOCXOIUT 7.

4.1. Asrebpaumvyeckue cBoiicTBA MHOXKeCcTBa (PUHUTHO-
onpeeJIeHHbIX KJIACCOB

B monpasnene uccnenyiores crpykTyphl MuHoxkecTB F1 n Fo. Bremem
Hayt HJIA omepanum mpsiMoii CyMMBI U JIEKAPTOBOTO npoussejierust. [1psi-
Mmoit cymmoit G+ H mpoussonbubix H/IA G u H nasosem HJIA, mosy-
yaeMblii pacnosiockenneM pagoMm G u H ¢ npeasapuTenbHbIM 1epeobo-
3HadYeHneM ux cocrostamit. QueBnHO, 9To mpsiMas cymma H/IA G uw H
onpejensier kiace asromaros R(G) U R(H).

Hekapropbim npoussenennem G x H HJIA G u H nasoBeMm ciemyro-
it HITA:
Gx H= (G X H, U,éGH,GO,HO),
riae: dgr((s1,82),2) = (dg(s1,2),0m(s2,2)) upn dg(s1,2) # @ #
dc(se2,2)) u dgm((s1,$2),2) = & B IPOTUBHOM CJIydae.

CrpykTypa (bUHUTHO-OIpPEIEIEHHBIX KJIACCOB 1-ro poia JaHa B Clle-
AyIomieil reopeme:
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Teopema 4.1. Mnoowcecmeo Fi asasemes ducmpubymusHots pewemrot
OMHOCUMENDLHO MEOPEMUKO-MHONCECTMEEHHBLT ONEPAUUT NEPECEUEHUA U
obsedurenus, 6 komopom & ecmo ee nyav, a A(U) — edunuya.

Dra TeopeMa paciiupsieT aHAJOIMYHBINA pesyibrar pabor [24, 25| Ha
caydait cinabo nauMaHLHBIX HJ/TA.

[Iycts 3 — GopoBCcKasi MeTpHuKa, BBejieHHast B pasuese 1. [IpocTpan-
creo (Ar(U), 3) Gyaem HasbiBaTh G3POBCKUM [IPOCTPAHCTBOM aBTOMATOB.
[Mycrs r = |Y].

CaencrBue 4.2.

1) IIpu r>1 mnoorcecmso Fy beckonewno u cuemmo.
2) Beaxuti konewrnod kaace F npunadaescum F.

3) Okpecmmuocmu 63po6Cko20 NPOCMPAHCMEA, ABMOMAMOE U UL KOHE -
Hnoe obsedunenue npunadaexncam Fi.

4) Mmnoowcecmeo Fy1 ne asaaemesa 6yaeot anzebpoti ommocumenvro
MEOPEMUKO-MHOHCECTNEEHHDIL ONEPAUUT nepeceuerus, obsedure-
HUA U QOMOAHEHUA.

IIyakT 2 npenmoxkenus 4.2 mOKa3bIBaeT KOPEHHOE OTINYINE BeJEeHHOTO
3J1€Ch TOHSATHsI PEAJTM3AINNA OT aHAJOIMYHOIO TOHATHS u3 |23, 24|, mis
KOTOPOI'O HE BCAKUI KOHEUHBIN KJIACC peain3yeM NHUIMAIbHBIM HeIeTep-
MUHUPOBAHHBIM ABTOMATOM.

Paccmorpum Temepn cTpykTypy MuOXKecTBa Fo. Tlokarkem, arTo 370
MHOXKECTBO HE 3aMKHYTO OTHOCUTEJILHO OIEPAIUU O0beINHEHUS.

Ilpennoxkenue 4.3. Ilycmov Iy, Fy, — npoussosvhvie xaacco, u3 Fso.
Cnpasedauesb, ymeepicoenus:

1) Kaacc Fy N Fy € Fo.

2) Ob6sedunenue F1UFy npunadaestcum mroorcecmsy Fo mowno moeda,
xo2da F1 C Fy uau Fy C Fy.

U3 npemiozkennit 2 u 3 ciie/iyer HE3aMKHYTOCTb MHOXKecTBa Fo oTHO-
CUTEJILHO TEOPETHKO-MHOKECTBEHHOI'O O0be[MHeHNs. BBeieM onepariio
w mo upasuity: A(U, My )wA(U, Mz) = A(U, M1 N My) 11t TPOU3BOIBLHBIX
Ml, M2 3 U.
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Teopema 4.4. Cywecmeyem usomopdusm 6yaesoti arzebpor (2V, N, U)
6 byaesy anzebpy (Fo, N w).

CTpyKTypa KJIacCOB, SIBJISTFOIIUXCsT (PUHUTHO-OIPEIEJIEHHBIMEI 1-10 1
2-ro pojia OJTHOBPEMEHHO JaHa B CJIEYIONIEM yTBEDKICHUN.

Teopema 4.5. Kaacc F € Fy N Fy mouno moeda, xoeda F nycm, cosna-
daem ¢ A(U) uau asasemes Kornewnvm kaaccom u3d Fo.

W3 sToit TeopeMbl BUIHO, 9TO MHOXKecTBa F1 u Fo onmmcwiBarorcst Hecso-
JUMBIMU JPYT K JAPyTry GUHUTHBIMU CPEICTBAMU, YTO MOPOKIAET JOCTa~
TOYHO BbIPa3UTEJbHbIE MHOXKECTBA KJIACCOB aBTOMATOB.

PaccmorpuMm onepaTopbl anrebpandeckoro 3aMbIKAHUS U AITPOKCHU-
Malliu, KOTOPbIE CJIY?KaT OCHOBHBIM CPEJICTBOM U3YyY€HUA KOHTPOJIbHBIX 1
PACIIO3HAIONINX IKCIIEPUMEHTOB B (DUHUTHO-OIPEJICIEHHBIX KJaccax 1-To
" 2-T0 PoJia.

Omneparop @ : 2AW) —, 2AU) paspiBaercs omnepaTopoM aJjrebpamnde-
CKOI'O 3aMBbIKaHUA [1], €CJIN BBIIIOJIHEHBI yCJIOBUSL:

1) Hus sro6oro kiacca asromaros F' umeer mecro F' C 0(F);
2) st npousBosibHOrO Kitacca F' Boinosneno 0(0(F)) = 0(F);
3) Hust mobeix Fy, Fy C A(U) uz Fy C Fy Boitekaer 0(Fy) C 0(Fy).

ArebparmdeckuM 3aMbIKaHUEM Kjiacca P oTHocuTe/ibHO onepaTropa,
HazoBeM kiacc 0(F).

Pacemorpum omeparopsr 6;, ¢ = 1,2, craBsiiue B COOTBETCTBHE TIPO-
U3BOJILHOMY KJIacCy MUHUMAJbHBIA 10 BKIOYeHuto kiacc 0;(F) € F;,
1 = 1,2, KOTOpBIit comepkuT F'.

IIpennoxxkenue 4.6. Onepamopo 0;, i = 1,2, asaaromes onepamopamu
AN2e0PAUECKO20 3GMBIKAHUA.

Hasee uccieyem anmpoKCHMAIMIO POU3BOJIBHBIX KJaccoB F Kiac-
camu Buga 01(O-(A) N F), tne A € A(U), ¢ € RT, s wero BBesem
oneparopbl O : A(U) x Rt — Fy annpokcumaru F, yjoBiersopsioniue
YCIIOBUSIM:

1) Hnst mobeix A € A(U), e € RT somonneno O (A)NF C 0p(A,e) C
Oc(4);
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2) Us nepasencrs 0 < €1 < &9 BoiTekaeT Op(A,e1) C Op(A,e2);

3) Hns soboro A ¢ lim F' cymectsyer takoe € > 0, uro Op(A,e) C F

B knacce omepaTopoB ammpokcuManuu (pUKCHPOBAHHOTO Kjacca F
BBeJIeM onieparn N u U:

(05 NOF)(A€)
(0 UOE)(A,e)

(4,6) NOF(A,e),
(A,e) UB%(A,¢).

0
0

1
F
1
F

CTpyKTypa oIepaTopoB AIMIPOKCUMAIIH JAHA B CJIEIYIOIIEH TeopeMe.

Teopema 4.7. Mnoowcecmso onepamopos annpokcumayuy 0p durcupo-
8aMHNO020 KAACCA ABAAECMCA OUCTPUOYMUBGHOT PEULEMKOT OMHOCUMEALHO
onepayudl N u U, npuuem onepamop 0p(A,e) = 01(0(A) N F) asasemca
ee NyaeM.

PaccmorpuMm yeioBust CyIecTBOBaHUsT KOHTPOJBHOIO SKCIIEPUMEHTA
oraocurenbio F' C A(U) u sramona A C A(U). Hamomunm, 4ro MHOXKe-
crBo W BXOA-BBIXOIHBIX CJIOB B ajdapnute U Ha3bIBAETCST KOHTPOJIBHBIM
sKcrepuMenToM oTHocuTebHo A u F', ecmu W C L 4 u nyist Bcex B € F
Briouenne W C L4 Biieder nzomopdusMm aBromaroB A u B.

Teopema 4.8. Jlan npoussosvhviii onepamop annpoxcumayuy Op. B
mempuueckom npocmpancmese (A(U), ) worwmpoavrodl sxcnepumenm
ommocumenvro asmomama-smanona A u xaacca F cywecmeyem mouro
moeda, kozda cywecmeyem £ > 0, daa komopozo evinoaneno 0p(A,e) C

{A}.

Teopema nokasbisaet, 4To npoBepky yeiaosust Oy (A)NE C {A} cymie-
CTBOBaHMs KOHTPOJILHOTO 9KCIIEPUMEHTA, JJIst JII060ro F' MOXKHO 3aMEHUTD
nposepkoit ycsosust p(A,e) C {A} st pUHUTHO-OIIPE/IETIEHHOIO KJIac-
ca0p(A,e) 1-ro pona. asee B JaHHOM pasjieie MpeJIoXKeHbl aJrOPUTMbL
TaKOM IIPOBEPKU JI/I1 O3POBCKUX METPHK.

13 TeopeMbl 8 HETPY/IHO MOy YUTH

IIpensoxxenune 4.9. Jlan onepamop O annpoxcumayuu u MEMPUKQ p.
Cnpasedaruev, ymeeprcoeHus:
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1) Konmpoavhuili 9KCnepumMenm ommocumesvHo a8moMama-amarona
A € F u xaacca F cywecmeyem mowno mozda, koeda cywecmeyem
e >0, das xKomopozo Op(A,e) = {A}.

2) Asmomam A € lim F' mozda v moavko mozda, xozda das 1106020
e > 0 ewnoaneno |0p(A,e)| > 1.

B Teopun aBTOMaTOB KpOMeE YCJIOBUU CYIIECTBOBAHUS KOHTPOJBHBIX
9KCIIEPUMEHTOB TPeOyeTCs 3HATH AJITOPUTM UX npoBesaenus. Jms merpu-
KU 3 CIpaBeIuB CJIEIYIONUI pe3yJIbTaT:

Teopema 4.10. Jan xaacc F € F1 U Fa. Aneopumm nocmpoenua 1o-
cumens waacca Op(A,g) cywecmeyem dan mobwxr A € A(U), e € RT
baposcroti mempuru (3.

[Tonyuenuble yTBep:KI€HUS TO3BOJIAIOT €IUHOOOPA3HO UCCJIEI0OBATH
KOHTPOJIbHBIE 9KCIEPUMEHTHI B (DUHUTHO-OIIPEICIEHHBIX KJIacCaX M I10-
JIydaTh aJrOpUTMbI UX mpoBeeHus. Ha 6a3ze aTux TeopeM HaiIEHBI KOH-
CTPYKTHUBHBIE KPUTEPUU U AJTOPUTMbI HOCTPOEHUS TAKUX IKCIIEPUMEH-
TOB.

4.2. DkKcriepuMeHTbI B (DMHUTHO-OIMPEAEJIEHHBIX KJaccaxX
1 poaa

B pannoM mojpaszene ucciaenyores kiaaccel F € Fi, im F u |F[ B
6aposckom npocrpanctee (A(U), 3) asromaros. Beibop merpukn [ 00b-
ACHSIeTCS HAJMYIHeM JJIs Hee aJrOPUTMOB IIOCTPOCHHUS OIEPAaTOPOB Aall-
IPOKCUMAILIMKA U BasKHOCTBIO ee Il IpakKThuieckux neseil. Kpome Toro,
KaK OBLIO II0KA3aHO, TOIOJOI'MYECKUE CBOMCTBA KJIACCOB aBTOMATOB TEC-
HO CBSI3aHBI C YCJIOBUSIMU CYIIECTBOBAHUS KOHTPOJILHBIX SKCIEPUMEHTOB.
CupaBeiyinBa IpOCTast

Jlemma 4.11. Ilyemv HJA G onpedeasem F. Tozeda xaacc F pexypcu-
GEM.

O4eBuIHO, YTO HE BCAKHUI OECKOHEUYHBIN KJIAaCC aBTOMATOB COJIEPIKUT
BCce cOOCTBEHHBIE TIPEJIe/IbHBIE aBTOMATHI, HO JI KJaaccoB n3 Fq BwImos-
HEHO
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IIpengoxkenne 4.12. [Tycmo H/JA G onpedeasem F. Kaace [F| onpe-
deasemes smum ace asmomamom G, mo ecmov 3aMKHYM N0 NPEICADHDLM
asmomaman.

PaccMmorpuM KOHCTPYKTHUBHBIN KPUTEPHUil KOHEUHOCTH KJIacCOB u3 Fi
B TepPMHMHAaX CBOMCTB sIJipa €ro HOCUTEJISI:

Teopema 4.13. Ilycmv HJ[A G onpedeasem xaacc F. Knacc F becko-
Hewen mowno moeda, xo2da 6 G cywecmeyem xoms 6v 00un YUKA 6He

ker G.

JanHoe yTBepKJICHHE DACIIUpsieT aHAJOIMYHBIH pesyiabrar 25| Ha
caydail crabo MHUIMAIBHBIX HEIETePMUHUPOBAHHBIX ABTOMATOB.

ITo yrBepxkaenuio 1.1 Hajmare KOHTPOJBHOI'O SKCIEPUMEHTa OTHO-
CUTENBHO aBTOMaTa-3TajoHa A m kjacca F' TecHO CBsI3aHO ¢ yCJIOBHEM
npunayieskaoctu A kiraccy lim F'. KoHCTpYyKTHBHBIN KpUTEpUii IPOBEP-
ku yenosust A € im F' nug F' € Fy naer

Teopema 4.14. Ilycmv HJAA G onpedeasem waacc F. Aemomam A ¢
HAYANDHBLM COCTNOAHUCM ABAACNCA NPEICABHM ABMOMAMOM Kaacca F
MouHo moeda, ¥020a cywecmayem makoe navarvroe cocmosnue go € Go
u 6x00-6b1x00NvE CA06a W, w', das Komopux (gow',w) — wuka ene adpa
G u apw'w = agw’, w'w € L.

JlaHHBII pe3yJsibTaT MOKA3BIBAET, YTO KPUTEPHUI CYIIECTBOBAHMS KOH-
TPOJIBHBIX SKCIIEPUMEHTOB JIJIsI KJIaccoB u3 Fi sIBJIsieTcss KOHCTPYKTHUB-
HbIM. Ha 3T0it 0CHOBe IOJIy9eHbl AJITOPUTMBbI [TPOBEICHNUST KOHTPOJIHHBIX
skcrrepuMeHTOB. CyIecTByeT Tak»Ke aJrOpUTM [TPOBEPKU TPUHAJIEIKHO-
cru A knaccy lim F', gjs smoboro F € Fy. Takum obpasoM, kiace lim F,
a 3HauuT ¥ Kiacc |F[ smusiorest pekypensabiMu. Boisiee Toro, jyist Kiac-
ca F' ¢ wocurenem G wmacc lim F' ompenensiercss Hekoropeim HIIA H,
AJITOPUTM ITOCTPOCHUS KOTOPOTO TAKXKE IOJTYICH.

Teopema 4.15. Iycmv HJ/[A G onpedeasem F. Tozda xaacclim F € Fy.

OrkpeiBaHus Kj1accoB u3 F1, Kak OyieT moka3aHo Jjiajiee, UTPAIOT [EH-
TPAJBLHYIO POJIb B U3y Y€HUU KOHTPOJIBHBIX ¥ PACIIO3HAIONINX SKCIIEPUMEH-
toB. Kpurepnii npunasyiexxuocru |F[€ Fy g F € Fy naer
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IIpengoxxenne 4.16. [Tycmv H/JA G onpedeasem F. Kaacc |F[€ Fy
moeada U moavko mozda, xo2da F xoneuen.

IIpuBemennble pe3yabTaThl MOKA3LIBAIOT, YTO PsiJl MOITHOCTHBIX M TO-
ITOJIOTMYECKNX CBOMCTB KJjaccoB u3 Fi1, B oTyimame oT CBOMCTB MPOU3BOJIb-
HBIX nojikiaccoB Kiaacca A(U) nposepsieTcs KOHCTPYKTUBHO.

OcraHoBUMCs Tellepb Ha HEKOTOPBIX CBOMCTBAX PaCIO3HAIONINX IKC-
nepuMenToB B kiaccax G € Fi, G = lim F u G =|F[ nas HEKOTOPOro
F € Fi. HamoMHNM MOHSATHE PACIIO3HAIONIETO SKCIIEPUMEHTA, JIJIsT KJIacca
F (B 69pOBCKOIi METPHKE): aJIFOPUTMOM PaCIIO3HABAHUST aBTOMATOB U3 F'
Ha30BEM aJITOPUTM, KOTOPBII JJjIs IPOU3BOJILHOrO aromara A € F Bbl-
IIOJTHSIET TIO0 IIaraM CJIeAYIONIe AeHCTBHUS: Ha KaxKJI0M ¢-M Inare ¢ > 1, Ha
aBToMaT A ITOAOTCS CJIOBA U3 KOHETHOTO MHOXKECTBa Pj, pEruCTpUpyOT-
¢ peakiuu aBromMara A Ha 3TH CJI0Ba, TO €CTh PErUCTPUPYETCs CyKEeHUe
L/ P; nosenennsi L4 Ha MHOXKeCTBO P;, M Ha OCHOBE 9TOrO CyyKeHwusi (1
anpuopHoii nadopMarmu o Kiacce F') u Takux ke CyKeHuil, oy YeHHbIX
Ha MPEJBIAYIINX Marax KCIEePUMEHTa, JIeJIaeTCs OMHO U3 JIBYX BO3MOXK-
HBIX 3aKJIIOUEHHIA: a) aJIFOPUTM 3aBEPIIEH, U BbIIAETCs TabJIIIA aBTOMATA,
A (momep aBromara A B BeIOpaHHON 3hMEKTUBHOI HyMepalun aBToMa-
TOB), 6) AJITOPUTM HE3aBEpIIEeH ¥ MOPOXKIAeT MHOXKECTBO Pj 1 BXOJHBIX
cioB. Ilpu saTom st kKazkaoro A € F' aJropuTM 3aBepIiaeTcss depes Ko-
HeaHoe umucyo 1maros. Kmace F' HazoBeM (PUHUTHO-PACIIO3HABAEMBIM, €C-
JIM JIJIS HErO CYIIECTBYET HEKOTOPBIN aJrOpuTM pacio3HaBanus. Ilycroi
KJIACC CUMTAETCs (PUHUTHO-PACIIO3ZHABAEMBIM.

B [37] nokazano, 4T0 paBHOCHJIBHBI CJICIYIOIIHE YTBEPKICHUSI:

1) Kunace F' sBsiercst pUHATHO-PACIIOZHABAEMBIM.

2) DTOT K1ace SABJISIETCs MOJKIACCOM PEKYPCHBHO-TIEPEIUCTIMOrO (bu-
HHUTHO-PACIIO3HABAEMOT0 KJjlacca.

3) Hust moboro A € F cymecrByer 3bdheKTUBHBINH KOHTPOJIbHBII 9KC-
MepUMEHT OTHOCUTeNbHO A, F'u 7 = 1.

XapakTepu3aluio MHOKECTBa, BCeX (PUHUTHO-PACIIOZHABAEMbBIX KJIAC-
cos u3 Fi naer

Ilpennoxenune 4.17. I[lycms xaacc F € Fi. Kaacc F' purummo-pacno-
3HABAEM MOUHO Mo2da, K020a 0H KOHEUeH.
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Uccnenyem Tenephb pacrio3HaBaeMOCTh JOTOJHEHUH Kj1accoB u3 Fi:

Ilpenmoxkenne 4.18. Ilycmov xaace F € F1 u ezo donoanenue ne ny-
cmo. Kaace F' ne asaaemea GunHummo-pacnodnasaemvim.

PaccmoTpuM paszimdHble MOJIKIACCHI KJ1accoB 3 MHOXKecTBa Fi. Cre-
JLYIOITAasi TEOPEMa OIUCHIBAECT CTPYKTYPY BCeX (DUHUTHO-PACIIO3HABAEMBIX
MTOJIK/IACCOB KOHEYHOTO O0ObE/IMHEHNS HEIIePECeKAIOIIIXC s KaaccoB u3 Fq:

Teopema 4.19. Ilycmo F, ..., F, — nonapno nenepecexaroujuecsa xkiac-
cor u3 Fi. Pasnocuavhv, ymeeporcdenus:

1) Kaace H asaaemesa Gunummo-pacnosnasaemvim nookiaccom 00s-
edunenus xaaccos ) F;
1<k<n
2) Kaace H = |J Hg, 2de Hy asasomesa gunummo-pacnodnasae-
1<k<n
MoLMU nodkaaccamy Fy.

B [17] nokazamno, 1To B 63poBCcKOii MeTpuKe |F|[ — OTKpBIBaIue IIpo-
n3BosbHOTO Kitacca F' € Fi U Fy, dururHO-pacnosaaBaeMo.

TaMm 2Ke MOKa3aHO, 4TO B ODIIEM CJlydae He CyNIeCTBYeT MaKCHMAJIb-
HOTO II0 BKJIIOYEHHIO (DHHUTHO-pACIO3HABAEeMOro Kiacca. OKasblBaeTcs,
YTO BO MHOYKECTBE BCeX (DPMHUTHO-PACIIO3HABAEMBIX TIOJIKIACCOB F' Takike
B 00IIIEeM CJIydae HEeT MaKCHMAJLHOTO.

IIpennoxkenue 4.20. [lycmv danv, xaacc F € F1 uw H C F — pexyp-
CUBHO NEPEYUCAUMBIT HUHUMHO-PACTLOZHABAEMBIT, KAQCC, NPUYEM KAACC
|F[—HN|F[ ne nycm. Toezda cywecmseyem makoli PEKYPCUGHO NEPEHUC-
AUMDBLT PUHUMHO-pacnodrasaemviti xiacc Hy, wmo F O Hy D H.

4.3. DkcriepuMeHTbI B (DMHUTHO-OMPEAEJIEHHBIX KJaccaxX
2-ro poga

Hasee nccnemytorest cpoiicrsa kinaccos A(U, M), M C U, aBromaros,
B KasKJIOM M3 KOTOPBIX BXOJI-BBIXOJHON curHaJl (z,y) € M, Ha3bIBaeMbIit
MapKepoM, MOpoKIaeTcs He 6ojiee, YeM OJHUM cocTtosaueM, u M 3apa-
Hee U3BECTHO FKCIEPUMEHTATOPY, TO €CTh MaPKEPhl MOXKHO ITOHUMATh KaK
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BepudUIIPOBaHHbIE UACHTUMUKATOPEI cocTosuuit. [Ipu aTOoM oM aBTOo-
MaTaMM TTOHUMAIOTCA BCIOJY ONPEJeIeHHbIe, NHUIUAILHO-CBA3HBIE aBTO-
mater w3 A(U, M).

st kimaccos aBromaroB F' € Fo (TO ecTh Takux, 4To Jjisi HEKOTOPO-
ro muoxkecrsa M wmapkepos A(U, M) = F) naiijieHbl KOHCTPYKTHBHbIC
KPUTEPUU UX KOHEYHOCTH/GECKOHEYHOCTH B TEPMHUHAX CBOICTB MHOMKE-
CTBa MapKepoB. PaccMaTpuBaroTcsi KpaTHble KOHTPOJILHBIE IKCIIEPUMEH-
ThI, U HAlJIEHbl YCJIOBUsI CyIECTBOBAHUS /HECYIECTBOBAHUS TAKUX IKC-
HEPUMEHTOB JIJIsi aBTOMaTa oTHocuTesibHo Kiaacca A(U, M), nonosnennst
ero nojikiacca B(U, M) Bcex aBroMaToB, B KayKJIOM [HUKJIE KOTOPBIX CYy-
IECTBYET COCTOSTHUE, MTOPOXKIAIONIEe HEKOTOPBI MapKep, ero mojk/aacca
C(U, M) Bcex aBTOMaTOB, He HOPOXK/AMOININX HU OJHOTO MapKepa U T.II.
Haiigen kpurepnii (B TepMuHax CTPYKTYpbl rpada aBToMaTa-3TajoHa)
CYIIECTBOBAHUSI TIPOCTOTO KOHTPOJBHOTO 3IKCIIEPUMEHTA OTHOCUTETHHO
kiacca A(U, M).

PaccMoTpenbl yeiioBusi CyIecTBOBaHUS/ HECY IIECTBOBAHUSI PACIIO3HA-
IomMX 9KcnepuMenToB. [lokazano, uro kiaacc B(U, M) sisisiercst Makcu-
MaJIbHBIM HojiKsIaccoMm kiacca A(U, M), jyist KOTOpOro Takoii SKcIepu-
ment cymecrsyer. O6uapyxkeno, aro s kiaacca C(U, M) u jonosHenust
kiaacca A(U, M) pacnosHamonmx SKCIepuMeHToB Het. [lojydueHHble pe-
3yJIBTATHI U3JI0’KEHBI B paborax [17, 56, 57).

[Tycre nan kaacc A(U, M) € Fy. HerpyiHo npusectn npumMepbl 6eCKo-
HEYHOr0, KOHEYHOI'O M COCTOAIIEro U3 oHoro seMenta kiaacca A(U, M).
[Tpocmorpom Tabsuipl asromara A € (U, M) jilerko 0OHADYKUTh, BXOJUT
sror aBroMar B Kiaacc A(U, M) wiu uer, nmosromy kiacc A(U, M) pekyp-
cuBeH. ABroMaTr A U3 3TOro MHOXKECTBA HA30BEM HACBIIIECHHBIM, €CJTH JIJIs
BCSIKOrO Mapkepa m € M B aBroMare CyIecTByeT OTMEUYEHHOE 1M COCTO-
staue. [lycrs 7 = |Y|.

JIemma 4.21. Jlas ecex M waace A(U, M) codeporcum nacviuenroid as-
momam ¢ ne 6OAEE YeM T COCTNOAHUAMU.

O6oznaunMm yepes Ay (U, M) nojkiiace Bcex HaCBIIIEHHBIX aBTOMATOB
u3 A(U, M). Tlycroit kinacc 6yjaem caurarh KonednbiM. CrpaBejinBa

Teopema 4.22. PasHocuavtv, ymeepatcoeru.

1) Bce asmomamuv. 6 A(U, M) nacviuserol;
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2) A(UM)=AU);

3) A(U,r) C A(U, M);
4) r=1uau M nycmo;
5) A(U, M) xoneuno.

U3 yreepskennit 2 u 5 310l Teopembl cieyer, uro Kiaace A(U, M)
Wi 1ycT (eC/IU BBINOJIHSAETCS yTBEp:KIeHne 4 TeopeMbl) ujm GecKoHeIeH
(B IPOTHBHOM CJIydae).

HamoMHuM, 4TO aBTOMAT MOXKHO OTOXKJIECTBUTH C ero rpacdoM, Bep-
IIMHAMI KOTOPOT'O SIBJISIOTCSI COCTOsIHUsI, a Jyramu — Tpoiiku (a,u,b),

rme v € U u au = b. IIukjaoM HasbIBAeTCS IIOC/IEI0BATEILHOCTD YT
(a1,u1,a2), (az,us,as),. .., (ak, uk,ar). Ilpu sToM roBopum, 4To 3T IIy-
U U BEPIIUHLI G1, . .., A, IPUHAIJIEZKAT STOMY IUKJIY. BBenem moakiacc

B(U, M) Bcex aBromaros u3 A(U, M), y KOTOPBIX B KaKJIOM IIUKJIE I'Da-
ba umeercst ormeuennoe cocrosinne. MoxkHo 10kazarh, uro B(U, M) e
IyCT TOTJa U TOJBKO Torja, Korjga M me mycro. ITpoBepka cOOTHOIIECHMST
A € B(U,M) serko ocymecrisiercss no rpady asromara A, mosromy
HOJIKJIACC PEKYPCHUBEH.

Pacemorpum yesosusi koneunocru kiaccos A(U, M) u B(U, M). Bxon-
HOE CJIOBO P HA3BIBAETCSA JMArHOCTHYIECKHM JIJI aBToMara A, ecom a # b
Bireder A(a,p) # A(b,p) st Beex a,b € A. Cupasenmsa

Teopema 4.23. PasHocuaviv, ymeepatcoeru.

1) Kaace A(U, M) xoneuen;

2) Ilodkaace HACLIUEHHDIT ABMOMATMOE KOHEUEH,
3) A(U,M) C A(U,r);

4) r=1wuau |My| =1 das nexomopoeo x € X;

5) Cywecmeyem x, AGAAOUWUTCA OUGZHOCTNUYECKUM CAOBOM ONf BCET
Ae AU, M);
6) Kaotcowii nacoiuenvili asmomam uMeem poeHo T COCMOAHUL.
O6oznaunm pasuocrs A(U, M) — B(U, M) uepes D(U, M).
Teopema 4.24. [Iycmos M we nycmo. PasrocuasvHov, ymeepacienua:

1) Kaace A(U, M) xoneuen;
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2) Kaace B(U, M) xoneuwen u e nycm;
3) Kaace D(U, M) xonewen;
4) A(U,M)=B(U,M).
ITpuBe/ieHHbIE TEOPEMBI JIAIOT KOHCTPYKTUBHBIH KPHUTEpHUii KOHEUHO-
cru kiaccoB A(U, M) u B(U, M) n xapakTepusyer ero ¢ pasanIHbIX CTO-
poH. I3 911X Teopem ciejyer, uro npu Heiycrom M pasuocrs D(U, M) —

anajiornano pasnocru A(U, M), nmubo nycra, 6o 6eckoneuna. [lpu 1my-
croMm M 3Ta pasHOCTH WU OECKOHETHA, UM COCTOUT U3 OJTHOTO aBTOMATA.

CuencrBue 4.25. PagHocusvhvl Ymeeprcoenus:
1) AU, r) = AU, M);
2) AlU,r) = A(U);
3) r=1.

Teopema 4.26. [lycmv Z ne nycmo. M = Z XY moada u moavko mo-
eda, xozda A(U, M) = A(U,r, Z).

CaencrBue 4.27. M = U mozda u moavko mozda, xozda A(U, M) cos-
nadaem ¢ Kaaccom onpedeserHno-ouazHocmupyemur nopsdkae 1 aemoma-
mos.

Pacemorpum nogkmnace C(U, M) knacca D(U, M) Bcex Tex aBroma-
TOB, KayKJIblil U3 KOTOPBIX HE MMeeT OTMEYEHHBIX COCTOsHHUIL, U €ro Jo-
noserne H(U, M) = D(U, M) — C(U, M ). Crenyromune TeopeMbl JaioT
KPUTEPHUHU IIYCTOTHI ITUX KJIACCOB.

Teopema 4.28. PasHocuavtv, ymeepatcienu.
1) Kaace C(U, M) nycm;
2) Kaacc B(U, M) nycm;
3) | M| = r dasn nexomopozo x € X.

Teopema 4.29. PasHocuaviv, ymeepatcoenu.

1) Kaace H(U, M) nycem;
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2) Dmom Kaacc Konewen;
3) Iyemv M uau C(U, M).

Dra Teopema mokasbiBaer, uTo Kiacc H(U, M) mubo mycr, amubo Hec-
koHedeH. B ormune ot mero knace C(U, M) MoxkeT GbITb GECKOHEUHBIM,
MyCTBIM U cojiepKarh upu r = 1 u mycrom M poBHO oiuH aBTOMAT. Pac-
CMOTPUM KpHUTEpuit OECKOHETHOCTH ITOTO KJIACCA.

Teopema 4.30. PasHocusvHb, YymeepsHcoeHus:

1) waacc C(U, M) 6ecroneven;
2) amom Kaacc codeporcum 6oaee 001020 ABMOMAMA;

3) r>1, |My| <r dan ecex v u |My| <1 —1 dan nexomopozo x.

Ciaencreue 4.31. PasHocusvHbL YmEepHcIeHUus:

1) Kaace C(U, M) cocmoum us 0dnoz2o asmomama;
2) |My| =1r—1 0dan scex x € X;

3) Kaace C(U, M) ne nycm u kaocoolii asmomam u3 3mozo KA
UMEEM POBHO 0OHO COCTNOAHUE.

B 3akitoveHne oTMeTnM, 9To IPOBepKa KOHEYHOCTH (6eCKOHETHOCTH )
U OJIHO3JIEMEHTHOCTH PACCMOTPEHHBIX KJIACCOB mposoautea mo M u U
KOHCprKTI/IBHO 3a IMOJIMHOMUAJIbBHOE BpPEMsi.

C 1e/bIo MOJIyYeHUsT YCJIOBHI CYIIECTBOBAHUS KOHTPOJILHBIX SKCIIe-
PUMEHTOB PAaCCMOTPUM CBOWCTBA PA3JIUYIMMOCTH aBTOMATOB. Bynem ro-
BOPUTH, 4TO aBromMarbl A m B k-meornmunmel, u mucatsh (A, B) € e,
ecim LY = L%. Kak n panee, 1epes O1/1(A) obosmanmm kmace A(U)
BCEX aBTOMATOB U3 k-HEOTIMYUMBIX OT A.

I/ICC.He,ZLOBaHI/Ie KOHTPOJIBHBIX 3KCIIEPpUMEHTOB IIPDOBOJ/IUTCA CHOBaA OT-
HOCHTEJILHO O3POBCKOII METPHKH.

JIlemma 4.32. Ilycmov M ne nycmo. Jaa /L_106020 asmomama A € A(U)
u namypaavrozo k mmnoorcecmeo Oy, (A) NA(U, M) 6ecronemno.

Caencreue 4.33. [lpu nenycmom M e cyuwecmeyem KOHMPOALHO20
axcnepumenma das A € A(U) u A(U, M).
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JIemma 4.34. Oy, (A)pA(U, M) dan mobozo omanona A € A(U, M) u
k> 2n—2.

HemocpeacTBeHHO 13 3TO# JIeMMBI BHITEKAET

Caencreue 4.35. Jlus xasicdoeo A € A(U, M) u A(U, M) cywecmesy-
em KOHMPOALHLIT IKCNEPUMEH, KPATMHOCTIU He boavwet 4 U OAunsL He
boavweti 2n — 2.

ITycre manbr kimace A(U, M) u narypasbHoe k. CrpaBemus ciie-
JIYIOIINIA KPUTEPU CyIIEeCTBOBAHUSA KOHTPOJIBHOI'O SKCIEPHUMEHTa JIJIsk

A=A(U,M).
Teopema 4.36. PasHocuaviv, ymeepatcoeru.

1) Cywecmeyem wowmpoavruti oxcnepumenm A € AU, M) wu
AU, M);

2) Cywecmesyem xowmposonuil sxcnepumenm oas A u A(U, M(A));

3) A¢D(U,M);

4) L% asasemcsa wonmpoavrwvim sxcnepumenmonm das A u A(U, M (A))
npu ecex k = 2n.

Bamernm, aro kiacc A(U, M (A)) Moxker ObITh GECKOHEIHBIM IIPH KO-
nevynom kiacce A(U, M).

U3 reopembr 4.37 BoiTekaer, uro juist A € D(U,M) u A = A(U, M)
KOHTPOJIbHBIX 3JIEMEHTOB HE CyIIECTBYeT. PaccMoTpuM ycjioBust cyiie-
CTBOBaHMsI KOHTPOJIBHBIX JKCIEPUMEHTOB JJIsi TAKUX STAJOHOB U IOJI-
KJIACCOB 9TOI0 KJIACCA ABTOMATOB.

ITIycte W — HEKOTOpOE KOHEYHOE MTOJMHOKECTBO MHOKecTBa L 4. He-
pe3 D(W) obosnaunm cyrxenne nHGOPMAIMOHHOTO JIepeBa aBToMaTa Ha
HOJIMHOYKECTRBO.

Teopema 4.37. W sasasemes KOHMPOALHBIM FKCNEPUMEHTOM OAst A €
A(U)—C(U, M) u C(U, M) mozda v moavko mozda, xozda depeso D(W)
codeporcum Tomv 00HO OMMEUEHHOE COCTNOAHUE.

U3 sroit Teopembl BbITeKaet, uro u qst A € H(U, M), A C C(U, M)
KOHTPOJIbHBII 9KCIIEPUMEHT CYIIEeCTBYeT. BoJjiee TOro, Kak Oyjier oTMede-
HO Jlajiee, B 9TOM CJIydae CYIeCTBYeT M HPOCTON (OJIHOKPATHBIN) SKCIIe-
PUMEHT.
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Teopema 4.38. Jlasa A € C(U, M) u nenycmozo H(U, M) ne cywecmsy-
em KOHMPOALHO20 IKCIEPUMEHNA.

Teopema 4.39. ITycms C(U, M) codeporcum boavuie 00H020 a8mMomama.
s A € C(U,M) u C(U, M) ne cywecmsyem KOHMPOALHO20 IKCNEPU-
MEHMA.

U3 Teopem 4.23 u 4.24 Boirekaer, uro upu r > 1 kiaace D(U, M) wim
nycr, uim 6eckoneuen. Teopema 4.28 yreepxkiaaer, uro ecau D(U, M) e
nycr, To He myct u C(U, M). Teopembr 4.39, 4.40 nOKa3bIBAIOT, YTO JJIsi
A € C(U,M) u D(U, M) KOHTPOJIbHbIX 9KCIIEDIMEHTOB HE CYIIEeCTBYET.
ITo reopeme 4.37 jmnHa KpAaTYaflinX KOHTPOJBHBIX SKCIIEPUMEHTOB JIJIsi
A € B(U, M) u A(U, M) ue upesocxomutr 2n. MoKHO 110Ka3aTh, 4TO JIJIsi
BCEX N 9Ta OIEHKA JOCTHKUMA.

Pacemorpum caryuait, korga M = U. Ilpu srom A(U, M) = B(U, M) C
A(U,r) u Bce aBromarsl u3 A(U, M) SIBISIOTCS ONpPEJETIEHHO JIHArHO-
cTUpyeMbIMU TOpsiyika 1. PaceMoTpuM yCejioBust, IPH KOTOPBIX KOHETHOE
W C L4 siBasiercst KOHTpOsIbHBIM dKcriepumenToM it A n A(U, M). Tlo
sampikanuio B = [D(W)], u romomopdusmy 1) 3amblkanus B B 9TajoH
[OCTPOUM BCHOMOTATEJIbHBIN HeopueHTHpoBaHHbIi rpad G(W), y koro-
POro MHOYXKECTBO BepIiuH B u Bepmunb by, by rpada coequHeHbl pedpomM,
ecu Y (by) # ¥(ba), Ap(b1,x), Ap(ba, ) OHOBPEMEHHO OIpEIEJICHBI JIJIsT
HEKOTOpOro = u, crayio obth Ag(b1, ) # Ap(ba,x). 3amernm, uro rpad
G(W) ecTb B TOYHOCTH acCONUMUPOBAHHBIN rpad u3 Teopembl 2.30.

IIycte M = U u n = r. Torga cupasejjinBa

Teopema 4.40. W asaaemcsa KOHMPOALHOM IKCHEPUMEHMOM i A U
A(U, M) mozda u moavko mozda, k0204 uNOANANOMCA YCAOBUA:

1) W C Ly;
2) L =@, 20e B =[D(W)]y;

3) epagp G(W') odnosnauno packpawusaem.

ITyctb Tenepp M = U u n < r. Torma st KaxKja0ro x Ha#jaercs v,
7151 KoTopbix (z,y) ¢ L. Jlerko npusectu npuMep, Korja B 9TOM C/Iyvae
ycaoBuit 1-3 HEIOCTATOYIHO I TOTO, YTOOBI W OBLI KOHTPOJILHBIM JIJIs

A u AU, M).



Ananus 1 cuHTE3 aBTOMATOB 10 UX IIOBEICHUIO 441

Teopema 4.41. W sasanemcesa xonmposvroim oas A u A(U, M) mozda u
moavko moeda, xozda [D(W)], = A.

PaCCMOTpI/IM ycjoBud CynmieCTBOBaHNA U CJIO2KHOCTD IIPOCTOT'O, TO €CTh
COCTOAIIECro U3 OJHOT'O CJI0OBa, KOHTPOJIBHOT'O 9KCIIEPpUMEHTA.

Teopema 4.42. Jlasn A € A(U) — C(U, M) u nenycmoeo C(U, M) cywe-
cmeyem npocmots KOWmpoabHoll IKCNEPUMEN OAUNDL, He NPEBOCTO0A-
wet n.

PaccmoTpum ycioBust CyIecTBOBaHUS IPOCTOIO KOHTPOJIBHOTO IKCIIE-
pumenta st A € A(U, M) n A(U, M). Cnoem aBromara A Ha3bIBACTCS
MaKCUMAJILHOE 110 BKJIIOUEHUIO TTOJIMHOXKECTBO B COCTOsIHUN, B KOTOPOM
JIst JII0ObIX a, b € B aw = b nyist Hekoroporo w € L. Choii B HasbiBaeTcst
HETPUBUAJBLHBIM, €CJIU 9TO CJIOBO HE IIYCTO JJjis HEKOTOPLIX a,b € B. 13-
BECTHO, UTO CJION 0Opa3yioT pasdreHne MHOYKECTBA COCTOSTHUN aBTOMATA.
ABTOoMaT Ha30BeM NPABUJIBHBIM, €CJI CYIIECTBYET IOCJIEI0BATETEHOCTE
By, ..., B Bcex Tex cJIOeB, JJId KOTOPOH OJTHOBPEMEHHO BBIIOJIHAIOTCS
CJIeIYIOIINE YCIOBHS:

1) U3 i-ro cuost, 0 < ¢ < k ucxomaur posHO oxHa gyra (b, u;, ai+1)
OKaHYMBAIOMAsCA BHE HEro, B CJIEIyIOEM CJIOe; BCEe Ay , HaduHa-
fomuecs B k-OM CJIoe, OKQHYUBAIOTCH B HEM;

2) Ecau B cocrosiauu a € B;, 0 < i < k, okaHunBaeTcst 6oJIbIIe OJ[HOM
JIyTH 9TAJIOHA, TO CyIecTByer Jayra (a,u,b), mis koropoit u € M un
b € B;;

3) Bo BcsikOM 1mKJIe KayKJIOrO CJIOsl CYIECTBYET OTMEYEHHOE COCTO-
sauue A, IOpOXKIAIoInee HEKOTOPLIA MapKep U, IPUYeM COCTOSHUE
MIPUHAJJIEXKUAT ITOMY CJIOKO.

B npaBusibHOM 3TaloHEe COCTOSIHUE (; HA3LIBACTCS HAYAILHBIM, & CO-
crosinne b; — KOHEYHBIM cocTostHueM i-10 cjiod, 0 < ¢ < k. 3amernm,
9YTO HAYAJLHBIM COCTOSTHHEM CJI0s B( ABJIsieTCs HAYaJIbHOE COCTOSTHUE ()
stasiona. [loceauit cyoit By, He nMeeT 1o yeJIOBUIO 1 KOHEIHOTO COCTOSI-
uusi. [1o ycsioBuro 3 mpaBusibHbI 3TaIoH npuHaIe)KuT Kiaccy B(U, M).
UssecrHo, (cMm., Hamp. [4], crp. 51 Teopema 2.1), uro yciosue 1 pasHo-
CHJIBHO CYIINECTBOBAHUIO 00X0/Ia, TO €CTh IYTH U3 HAYAJILHOIO COCTOSIHUSI
aBTOMAaTa, KOTOPBIN IIEPEXOIUT depes3 Bee ero ayru. Ilpm m > 2 Bee cion
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IIpaBUJIbHOI'O aBTOMaTa ABJIAIOTCA HETPUBUAJIBHBIMU W B CUJIYy YCJIOBUA
3 COIEP2KUT MapKEPDI. HO3TOMy YUCJIO CJIOEB ITPAaBUJIBHOI'O aBTOMAaTa HE
IIPEBOCXOAUT YUCJIa MapKepOB U TeéM CaMbIM He IIPEBOCXOJIUT MT.

Teopema 4.43. [Ipocmoti KOWMPOALHBIT IKCNEPUMENT, OMHOCUMENHO
Ae AU, M) uA(U, M) cywecmsyem mozda u moavko moeda, kozda A
NPAsUNEH.

PaccmorpuMm Terneps paciosHaroIne SKCIIePpUMEHTHI B (DUHUTHO-OTIPe-
JeJIEHHBIX KJIaccaX BTOPOTO poJia.

Teopema 4.44.

1) Bce waaccor F', F¢B(U, M) asaaomea Gunummo-pacnosnasaemoi-
MU

2) ITycmv M ne nycmo. Bee kaaccw F', B C FOA(U, M) we aeanom-
CA PUHUMMO-DACTIOSHABAEMBLMU.

IIpengoxkenne 4.45. [Tycmo M ne nycmo. Kaace F = A(U, M) ¢u-
HUMMHO-PACTIO3HAGAEM MOUHO M020a, K020a 0H KOHEUEH.

Yreepxaenus 4.45, 4.46 nokaseisator, uro B(U, M) saBisiercst Makcu-
MaJIbHBIM (DHHUTHO-PACIO3HABaeMBIM MOJIKIaccoM Kiacca A(U, M).

PaccMoTpuM  ycsloBHst CyIIECTBOBAHUS AJTOPUTMOB DPACIO3HABAHHSE
Iyl IPYTHX IIOJIKJIACCOB, MOPOXKIEHHBIX Mapkepamu. M3 reopemsr 1.1
M TEOPEM O CYIIECTBOBAHUM KOHTPOJIBHBIX IKCIIEPUMEHTOB B (DUHUTHO-
OIIPEJIEIEHHBIX KJIACCaX HEHMOCPEICTBEHHO BBITEKAIOT

CaencrBue 4.46. IIycmv M ne nycmo. Kaace A(U, M) ne aeazemcs
PUHUMHO-PACTOZHABALMBIM.

CaencrBue 4.47. Ecau xaace C(U, M) cocmoum us asmomamos, e
UMENUULT OMMEYEHHBIT COCTOANUL U codepoarcum boavuie 00H020 a6Mmo-
MAMaG, Mo IMOM KAACC He HUHUMMHO-PACTLOZHACEAEM.

[Iycte M we mycro. 3acdukcupyem x € X u HarypajbHoe k > 1.
Pacemorpum nonkitace B(U, z, k)pA(U) —C(U, M) Bcex Takux aBTOMaTOB
A, J1J11 KOTOPBIX OJIHOBPEMEHHO BBILOJIHAIOTCS YCIOBHSL:



Ananus 1 cuHTE3 aBTOMATOB 10 UX IIOBEICHUIO 443

1) Bce cocrosiaust a € A JOCTHAKUMBL IO X, TO €CTh 6 = 0(ag, ") Jyist
HEKOTOPOTO 1%;

2) B eMHCTBEHHOM IMKJIE 110 X CYIIECTBYET OTMEYEHHOE COCTOSIHIE,
To ectb ecim d(a,x') = a, To cocrosiume O(a,x’) OTMEUEHO ISt
HekoToporo j, 0 < j < ¢;

3) Jlio6ble pasHble U OTMEUYEHHbIE OJJHUM M TE€M K€ MapKepOM COCTOsi-
HUS K-OTJIMYAMBL.

MoxkHO moOKazaThb, uTO M Becex r = 2, x € X, m k > 2 kiacc
B(U,x, k) MoxeT OBbITH GECKOHETHBIM.

Hycrs A(U,z,k) = AU, M) N B(U,z,k), A(U,z,k) = A(U,M) N
B(U, k), k > 2.

Teopema 4.48. Kaacc B(U,x,k) beckoneuen moeda u moavko mozda,
koeda beckoneven kaacc A(U) — C(U, M) u My ne nycm.

Teopema 4.49. Jho6ot kaace FoB(U, x, k) asasemes gurnummo-pacno-
3HABAEMBIM.

Caencreue 4.50. Beaxuii xaacc FOA(U,z,k) U B(U, M) acaaemcs
GUHUMMO-PACTOZHAGACMBIM.
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