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AnaHoTanus
JToka3aHO, 9TO CBOMCTBO Pa3PeMNMOCTH MOHAIMYECKUX TEOPHil OECKOHEYHBIX MOC/Ed0Ba-
TeTLHOCTEN COXPAHSIETCS TP ACHHXPOHHO aBTOMATHBIX TIpeobpa3oBanusax. [lonyden kpurepnit
PaspemnMOCTH MOHAAUYIECKONH TEOPUH IIOJTHON IOCTIEI0BATETHHOCTH.
KiroueBble cjI0Ba: aBTOMAaTHBIE IPE0OPA30BaHNs, MOHAIUYIECKIE TEOPHUH, IIOTHBIE TIOC/Ie-
0BATEIbHOCTH.

1. AcusXpOHHO aBTOMATHbIE IIpeobpa3oBaHusd

B [1] BBemEHO MOHATHE KOHEYHO-aBTOMATHON CBOJMMOCTHU /sl GECKOHETHBIX TIOCTE-
JoBaTesibHOCTell Ha i KOHeYHbIMU andaBuTaMu IIpU HOMOIIM apToMaTos Munu, Kiaccos
9KBUBAJICHTHOCTH (MM CTEMEHEH aBTOMATHBIX MPeo0Pa30BaHNii) U YACTUIHBIN TOPSIOK
HA KJIACCAX 3KBUBAJICHTHOCTH. DTHU OMpPEIeNeHns 000OIIEHBI HA CIyYail aCMHXPOHHBIX
aBTOMATOB B [2].

Ounpenenenne 1 [3, c. 14, 35]. Koneunbiv aBromarom Musu (KOHEUHBbIM acuH-
XPOHHBIM aBTOMATOM) HasbiBaercs Habop T = (S, %, Y/ 6, w), rme S, 3, ¥/ — koneunsie
MHOYKECTBA COCTOSIHUI, BXOJHBIX M BBIXOJHBIX CUMBOJIOB COOTBETCTBEHHO; § : S X
X ¥ — S - dyskmua nepexonos; w : S X ¥ — Y’ (coorBercrBeHHO W : S X
x ¥ — (¥)*) — dbyukiuua Boixonos. Eciu BblIeseHO HaYaIbHOE COCTOSHHUE Sg, TO
agromar (7T, sg) Ha3bIBAETCH UHUIMAIBHBIM.

EanHcTBEHHOE OTINYNME KOHEYHOTO aCHHXPOHHOTO aBTOMATA OT KOHETHOrO aBTOMATA
Musin B TOM, 9T0 06ACTHIO 3HAYEHNT (DYHKIINN BHIXOJA SIBJISTIOTCS HE TOJIBKO CHMBOJIBI
BBIXOJIHOTO andaBuTa, HO W CJIOBA W3 CHMMBOJIOB BBIXOZHOTO ajidhaBuTa MPOU3BOJILHOM
JUTMHBL (B TOM 9YHUCJIE U IIyCTOE CJIOBO).

Omnpenenenne 2 [1, 2]. IIycts @, y — GeckoHedHbIE MOCJIEAOBATEILHOCTH HAJL
KoHeuHbiMU ajipaBuTamu (Kaxkgas HaJ cBouM). I10CIeI0BATEIBHOCTD i ABTOMATHO
cBoUTCs (ACMHXPOHHO ABTOMATHO CBOJUTC ) K MOCIEI0BATEILHOCTH X , €C/TH CyIIeCTBY-
€T KOHEYHBIH HHUMUAILHBIN aBToMaT Mujn (COOTBETCTBEHHO KOHEUHBINH HHUAIMAIbHBII
acunxpounbiii apromar) (7', so) Takoii, yro wr(sp,x) = Ay, rue 610k A oupesenser
HEKOTOPYIO KOHEUHYIO 3a/I€PKKY (COOTBETCTBEHHO wr (8o, X) =Y ).

,HaHHOQ OTHOMEHne CBOANMOCTN MHAYIUPYET OTHOIIEHNE IKBUBAJICHTHOCTU HA MHO-
YKECTBE DECKOHEUHDBIX HOCHeﬂOBaTeHbHOCTef/i.

Omnpenenenne 3 [1, 2]. TlocnenoBaresbHOCTh & ABTOMATHO SKBUBAJEHTHA (ACUH-
XPOHHO ABTOMATHO KBUBAJEHTHA) TOCTEIOBATEIBHOCTH Y, €CIH CYIECTBYIOT KOHEY-
HBIC WHUIWAJIBHBIE aBTOMATH Mujm (COOTBETCTBEHHO KOHEYHBIE WHHUITMATLHBIC ACHH-
xpouubie aBromarsl) (S, s9) n (T,tp) Takune, uro wg(sg, ) = Ay, wr(to,y) = A'z, rae
6rokun A € ¥ u A’ € ¥} onpenensior HEKOTOPLIE KOHEUHBIE 33JIPIKKH (COOTBET-
cTBeHHO wg (S0, x) =y, wr(to,y) = ).
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Kracc 9KBUBAJIEHTHOCTH TOCTEIOBATENHHOCTH T HA3BIBAETCS CTETEHBIO aBTOMAT-
HBIX [IPeobpazoBanuii (COOTBETCTBEHHO CTEIEHbI0 ACMHXPOHHO aBTOMATHBIX IPE06pa3o-
Banuii) u obozuavaerca yepes [x]| (coorsercreenno [z]*) [1, 2].

Ha wmmOMX)ecTBe cremeneil aBTOMATHBIX MPEOOPA3OBAHUI OMPEIEISTETCS IACTHIHBIH
nopsnok: [x] > [y] ([y] cBommTcs kK [x]), ecam cyInecTBYeT KOHEWHBIH MHUIIHAILHBIN
asromar Mumn (T, s) u 6ok A € ¥ takue, 110 wr (s, z) = Ay.

Ananornguo onpeensercs 9acTHIHbBIA MOPSIIOK HA MHOYKECTBE CTeleHel aCHHXPOH-
HO aBTOMATHBIX HpeobpasoBanuit: [x]* >* [y]* ([y]* acunxpouno csomurcs k [z]*),
€C/IM CYIIECTBYeT KOHEUHbIN MHUIUAIbHDIA acuHXpouHblii asromar (T, s) Takoil, 4ro
wr(s,z) =y.

B.P. Baiipamesa nokaszana [4], 9To W3 pa3pentmMocTn MOHAJANIECKOH TEOPHUHN TIOCTIe-
JTIOBATEIBHOCTH T CJIEYEeT PA3pPEeIruMOCTh MOHAAUIECKON TEOPUH TOCTIeNOBATETFHOCTH
y, ecau [y] < [z]. O6obmum 3T0T pesynabrar Ha Ciaydail aCMHXPOHHO aBTOMATHOMN CBO-
JIAMOCTH.

[Tox norwdeckoit Teopueit MePBOTO MOPSIIKA JJIsT MOCTETOBATEIHHOCTH T TIOHUMAIOT
06BIIHY 0 Teopuio nepsoro nopsizka cTpykTypbl (N, <, X), rme N — MHOXKecTBO HATy-
PAJILHBIX YNCEJI, KOTOPOE MPOOeraioT NHANBUIYAJIHHBIE TIEPEMEHHbIE, < — JIBYXMECTHBIN
npejukar nopsiaka, X — (DYHKIHOHATIBHBIA CHMBOJI, KOTOPBI WHTEPNPETUPYETCS KAK
mocsietoBaTenbHOCTh = ¢ N — 3. UeruauocTs hOpPMYsT HHTEPIPETUPYETCS €CTECTBEH-
HbiM obpa3oM. Bosee cusibhas Teopusi — MOHajuvecKas Teopus (BTOPOro HOPIIKA).
B 3710ii Teopun KpoMe MpeaMETHBIX TePeMEeHHbBIX (110 HATYpPaIbHBIM YUCIaM) pas3pelre-
HBI TAKYKE MOHAINIECKUE [IEPEMEHHBIE TT0 MHOYKECTBAM HATYPAIbHBIX YuCe (MIH OJTHO-
mectabiM npeaukaTam) P(y), Q(z),.... Paspemaiorcs KBAHTOPbI KaK 1O MPEIMETHBIM
HepeMeHHbIM (HATYPAJIbHBIM YUCIaM ), TAK U [0 MOHAMIECKUM [IepeMeHHbIM. BBoagaTcs
rakzxke aromapubie dbopmysbl Buga P(p) («p npunapiexur P»). Takyio reoputo 060-
snavator MT(N, <,x) [5]. Bo Bcex Teopnsx moapasyMeBaeTcsi HaJIN9ne IBYXMECTHOTO
MpeINKaTa PABEHCTBA, KOTOPBIH WHTEPIPETUPYETCSA €CTECTBEHHBIM 0OPA30M.

Teopnst HA3BIBAETCS PA3PENUMOif, €CIIN CYMECTBYET aarOpPUTM, KOTOPBI MO 110601
3aMKHYTOH (DopMyJie OnpeesisierT ee HCTHHHOCTD.

CyrmectByer Kpurepuii pa3pemnuMocTd MOHAIUIECKON Teopur OECKOHEYHON TocTe-
JIOBATEJILHOCTH Ha S3bIKE TEOPUM aBTOMATOB. lIpuBezeM HEOOXOIMUMBIE ONpEIe/ICHUS
U Pe3yIbTATHI.

HenerepmuanporanubiM aBToMarom Broxm HasbiBaercst Habop (S, %, so, A, F), rue
S — MHOXKECTBO COCTOSIHWIA, Y — BXOJHO# andaBuT, Sy — BbLAEJIECHHOE HAYAIbHOE CO-
crosare, A C S X 3 X S — MHOXKeCTBO NepexoioB, F' — MHOXKECTBO 3aKIIOIATETHHBIX
cocrosiauit. X0oJI0M aBTOMAaTa HA TOCIEIOBATEIBHOCTH T = T(X1X3 ... HABBIBAETCA Ta-
Kasi MOCJIeIOBATELHOCTh COCTOSTHUN p = pop1pPa ..., 9T0 pg = So U (pi, T, pir1) € A
J1st 1060T0 . ABTOMAT MPUHUMAET MOCIEI0BATETHHOCTD &, €CJIH CYIIECTBYET XOTs OB
OJIMH XOJI p FTOrO aABTOMATA HA MOCJIEJOBATEIBLHOCTH X TAKOW, 9TO XOTs ObI OJIHO CO-
CTOsSTHHE, KOTOPOE BCTPEYALTCs B p DECKOHEUHOE YHCJIO Pa3, MPUHAIEKUT MHOKECTBY
3aKIIOYUTENBHBIX cocTosamit F'. JlerepMuHupoBaHubiii aproMar Broxu orimyaaercs ot
HEeJIeTePMUHUPOBAHHOTO JIUITH TEM, UTO MHOYKECTBO TIEPEX0I0B A 3aMeHAeTCs Ha PYHK-
IIAIO TTepexonoB d : S X X — .

Henerepmuanporannbiv apromaroM Miosiepa HasbiBaercs Habop (5,3, sg, A, F),
e S, 3, sg, A C S XX XS onpeensiorcsa Tak ke, Kak Jjisi HeJIeTePMUHUPOBAHHOTO
apromara Broxu, F C 2 — MHOKECTBO 3aK/TIOUUTE/TLHBIX MAKPOCOCTOAHMIA (10T MAKPO-
COCTOSTHUEM TIOHUMAETCS TIOIMHOKECTBO MHOYKECTBA COCTOAHUN S'). AHAIOTMIHO XOIY
aBTomata Bioxm omnpesensercs xoa apromara Miosiepa Ha MOCIETOBATEILHOCTH & =
= ZoX1T2 ... KAK TaKas MOCIEIOBATEILHOCTh COCTOAHUN p = pop1pe ..., 9TO pg = Sg U
(pi, i, pitv1) € A mns moboro i. Ipenesom apromMara Ha MOCIEI0BATEILHOCTH & BJIOJIb
XOJ[A p HA30BEM MHOXKECTBO COCTOSIHUI, KOTOPbIE BCTPEYAIOTCSA B p OECKOHETHOE YHCIIO
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pa3. ABToMaT MPUHUMAET MOCIEIOBATEIHLHOCTD T, €CJIN CYIIECTBYET XOTs ObI OINH XOI
p 3TOr0 aBTOMATa HA MOCJIEI0BATEIbHOCTH T, JJisd KOTOPOIO Mpeies IpuHa ekt F .
Jns merepmuaupoBanHOro aBromara Mrojiepa MHOXKECTBO MepexofoB A 3aMeHseTcs
Ha (DYHKINIO MEPEXonoB 0 : S X ¥ — 5.

Teopema 1 [6]. Hedemepmunuposarnvie asmomamu, Broxu, nedemepmunuposan-
Hnote asmomamor Miwoasepa u demepmunuposanmsie asmomamo, Miwoarepa pacnosnarom
00un u Mmom sice Kaacc A3uK06. Boaee mozo, no asmomamy 00H020 MUNG MOHCHO NO-
AYUAMb IKBUBAACHMHBLT ABMOMAM 0PY2020 MUNG AN20PUMMULECKU.

JleTepMUHUPOBAHHBIE ABTOMATHI BIOXM PACTIO3HAIOT MEHBIIUI KJIACC SI3BIKOB.
MmuozKecTBO TTOCIeI0BATETHHOCTEH, TpUHUMaeMbIX aBToMaToM bioxu nimm Mionnepa
S, 6ynem obo3nadarh Kak Lg.

Teopema 2 [5]. Monaduueckas meopus nocaedo8amesbHOCIU T PA3PEWUMA M020a
U MOAbKO Mmozda, K020a Cyu,ecmeyem arzopumam, Komopuil no aobomy asmomamy Bro-
zu (uau awbomy demepmunuposanromy asmomamy Mioanrepa) mooicem onpedesums,
NPUHUMAEN, IMOM, GETOMAM NOCALIOBAMEALHOCTVD T UAY HEM.

Bocnonb3oBaBimmch TOIBKO 9TO MTPUBEJIEHHBIM KPUTEPUEM, TOKAYKEM, UTO CBONCTBO
PAa3penmMOCTd MOHA/IMIECKUX TEOPHUil OECKOHEYHBIX MMOCJIeI0BATETbHOCTEN COXPAHACT-
Cs IPU ACHHXPOHHO ABTOMATHBIX MPEOOPAZOBAHUAX.

Teopema 3. [Tycms [y]* <* [z]* u MT(N,<,z) paspewuma. Tozda MT(N, <, y)
maxdice paspewuma.

JokaszareabcrBo. Ilycts 2, y — mocienoBaTeabHOCTH Ham andpaBATaMA L U X
COOTBETCTBEHHO, mpuyeM cymectByer asromar 1T = (T,%,Y ¢y, dr,wr) Takoii, aro
wr(to,x) = y. deitcrBue aBromara T' Ha JO0YIO TOCIEI0BATENILHOCTH MOYKHO MPEICTa-
BUTH Kak JelicTere komnosunuu asromaros U u V' (T = VU ), KoTopbie OmpeIesisioTces
CITEIYTIOMAM 00PA30M:

1) U= (U,E, EU,UO,(SU,Q}U), rae U = T, ¥ =Tx E, ug = to, 5U(t,a) = 5T(t,a),
wy(t,a) = (t,a), rne t €T, a €X;

2) V=(V,2" ¥ vy, 0y,wy), tme V={v}, ' =TxX, vg=v, dv(v,(t,a)) =v,
wy (v, (t,a)) =wr(t,a), tne t €T, a € X.

[Mycrs S = (S,%, 80,05, Fs) — NPOU3BOJIbHBII J€TEPMUHUPOBAHHBIN aBToMaT MroJ-
sepa. CormacHo Teopeme 2 J7is Pa3peruMOCTi MOHAJIUIECKOW TEOPUH MOC/IEI0BATE b=
HOCTH Y JTOCTATOYHO YMETh OMPEJIETATh M0 S, JefiCTBYIOmEeMy Ha ¥, IPUHUMAELT OH Y
unu ver. [lpudem j1st MOC/I€IOBATEILHOCTH & MBI YMEEM 3TO OMPEIEIATh MO JII000MY
JIeTepMUHUPOBAHHOMY aBromary Miosiepa, 3amyIenHoMy Ha T .

[To aBromary S, meiicTBytomemy Ha Yy, Oy/IeM OmpeesisaTh HEKUil AaBTOMAT, AeiCTBY-
oMWl Ha X, CHA4Yajia Jisd ciaydas, Koraa 1 — KoHedHbiit apromar Muim, moTtoM st
caydast, korga T — KOHEYHbI aCHHXPOHHBIN aBTOMaT. B KaxkI0M ciydae mocTpoeHue
pasbuBaercs Ha 2 1rrara.

Ilyemoe T - koneunnt asmomam Muau. JIokaykeM TeopeMy B 3TOM CyUae CIOCO-
6om, oTmuHBIM OT JoKaszarenbcTsa B.P. Baitpameroii [4]. 9ro mo3sonnT HaMm 3arem
0600MHTD ee Ha CAyUIail AaCHHXPOHHBIX aBTOMATOB.

MTar 1. Crpoum asromar VS = (V x S, %", (vo, s0),0vs, Fvs), tue V x S = S,
(vo, 80) = 8. DYHKIMS TIEPEXOIA OMPEEISETCS CIENYIONMM 00Pa30M:

5VS((07 5)7 a”) - (Uv 5S(Sa wV(Ua a//)))'

MHOXKeCcTBO 3aKIIYATEIHHBIX MaKpococTodHnt Fyg = Fg.
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Torma ovesuano, eciau y € Lg (mpuamMaercs apromaroM S), To s J1000it mocie-
JIOBATEJILHOCTU 2z TAaKOM, 4o y = wy (vo, 2), cupasemnuso z € Lyg. Eciu z € Ly g, To
wy (vo, 2) € Lg.

O6o3naunm nosyuennslii apromar depes W = V.S = (W, X" wy, 0w, Fw ).

Mar 2. Ctponm asromar UW = (U x W, X, (ug,wo), Suw, Fuw), tae U x W =
= TxW, (ug,wp) = (to, wp). PyHKIHS MEpexo/1a OMpPeIessieTcst CIeIYIONM 00pa3oM:

duw ((u, w), a) = (bu(u, a), ow (w,wy (u,a))).

OnpeenuM MHOXKECTBO 3aKJIOYUTENbHBIX MAKpPOCOCTOAHMNA Fryy IO 3aJaHHOMY
Fw . Boibepem Fy € Fyw u 3adurcupyem Bce ayru, Beayiue u3 Fy B Fyy. Ilycrs
w € Fy, u € U npon3ssosbHO BeIOpanbl. Pacemorpum (u, w) u HafieM Bce COCTOSTHMUS,
B KOTOpBIE MOXKHO MPHUHATH 3 (u,w) MO TyTH W3 BBIIEJEHHBIX AyT. B wrore nomyuanm
HeKOTOpoe MHOKeCTBO Fry . Paccemorpum mogmmuoxkecrsa, G C Fyy Takme, 9TO MHO-
2KECTBO, COCTOsIIIee U3 BTOPLIX KoopauHat dnemeHtoB (G, obpasyer Bce Fy, TO ecrb
proG = Fyy . Bee Takue muoxkecrsa G nobasum B Fyw . AHAJIOMMYHO OCTYIAEM st
Bcex Fy € Fw, w e Fy, uelU.

Teneps ecnmu « € Lyw , 10 npegen asromara UW ma nocienosarenbuoctu x (060-
3HAYMM 3ITO MHOXKECTBO 4epe3 () mpunasyexut Fyy . Orciona ciemyer, 4o mpeen
agromara W Ha nocienosarenbuoctd wy(ug, ) ectb proGG, cieaoBaTesbHO, 1O 110-
CTPOEHMIO OH MPHUHAIEKRUT Fyy, TO ecTb wy(ug,z) = 2 € Ly .

Ecnmu « ¢ Lyw, Torga npenen apromara UW Ha nocsegoBaresnbHoctd & (IyCTh
9TO CHOBa MHOXKeCTBO () He mpuHaIIeKuT Fry . Eciu 10myCcTuTh, 9T0 Npesen aBro-
mata W Ha nociaemoBaTenbHOCTH wyr(ug, ) (T0 ecth proG) mpuHammeskut Fy, TO 1O
HOCTPOEHUIO noJtyuuM, 4ro G € Fyw , 9r0 HeBO3MOXKHO. 3HauuT, wy (uo, ) = 2 ¢ Ly .

B wurore nomyuaem: ecoiu x € Lyw, to wy(ug,x) = 2z € Ly = Lyg, 3uauur,
wy (vo,2) = wy(vo,wy(up,z)) =y € Lg. Ecomu © ¢ Lyw, 1o wy(ug,x) ¢ Ly =
= Lyg. Honycrus, uro wy (v, wy (ug,z)) =y € Lg, monyunm wy(ug,z) € Lyg, uTo
ueBo3moxkuo. Crenosarensuo, y ¢ L.

[TockobKY MOHAIUYECKAsT TEOPUsl TIOCIEI0BATEILHOCTH X Pa3PEIMa, TO Mbl BCE-
rja MozKeM onpeneaurb & € Lyw wiu @ ¢ Lyw , 3Ha4uT, Jjis 10CJIeJI0BATEIbHOCTH Y
MBI MOXKEM OTBETHTb Ha aHAJOIHMYHLIA BOIPOC JJIs IPOU3BOJILHOIO AETEPMUHUPOBAH-
moro asromara Mrwoutepa S. CrenoBarenbHO, MOHAIMUECKASA TEOPHUs MOCJIEI0BATEIb-
HOCTH Y Pa3perinma.

ITycmo menepv T — KoHewHb T acuHTpoHHVLT asmomam. OTIUYns OT CIydass KOHEY-
HOro aproMara Muiu BO3HUKAIOT JIMIIb B aBromMare V , a MMEHHO y (DYHKIUU BBIXOZA
apromara V: wy (v, (t,a)) = wr(t,a) € X',

Crauana crpomm mpomexyrounsiii apromar V.S = (V x S, %" (vo, s0),0vs, Fvs),
rie VxS S, (vg,80) X sp. PyHKIMS MEPexo/ia ONpeessieTcs CIeIYNIM 06pa3om:

5VS((va 3)7 a”) = (vv 5S(Sa wy (Ua a//)))'

Ornmune ot ciydas, korma T — apromMat Munm, COCTONT B TOM, 9TO Ha, KarKI0i IyTe,
BejylIieil U3 HeKOToporo cocrosuus (v, s) B cocroguue (v, s') u nomevyeHuoii 6yksoit a’
LUIIEM MHOXKECTBO BCEX IPOMEKYTOYHbBIX COCTOAHUI yTH 13 § B §' 110 cjoBy wy (v, a’)
B MCXOIHOM aBToMare S'.

[MockonmpKy Ha KaykKIOH Iyre 3amMcano, KpOMe METKHW, eme W MHOXKECTBO TpOo-
MEKyTOYHBIX COCTOSTHWI, HEMHOTO W3MEHWM MOCTpOeHHbIi asromar. Kaxkmomy co-
CTOSIHUIO TIOCTABUM B COOTBETCTBHE HEKOTOPOE MHOKECTBO COCTOSTHUIT CJIEYIOIIUM
obpaszom. s Kaxkaoro cocrosuus (v,$) M KaKJAOr0 MHOMKECTBA HMPOMEXKYTOYHBIX
cocrogunit {S;,,...,$;}, 3amEcaHHOrO Ha Jyre, npusoxsmeil B (v,s), MOCTPONM
OIIHO «HOBOE» COCTOSTHWE, TIPUYEM «HOBBIE» COCTOSTHUS OYIyT MMETh JBOHHYIO METKY:
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((v,8),{Siy,---,5i,,8}). COOTBETCTBEHHO, JIyT'H U3 ITUX COCTOSTHAUT OY/IYT BHIXOANTH TaK
Ke, Kak B apromare V.S M3 COCTOsIHUs, YKA3aHHOIO B [IEPBOM MeTKe, HO C y4eTOM IIPO-
MEKyTOYHBIX COCTOSIHMI, yKa3aHHBIX Ha Jyre B aromare V.S,

ITocTponM MHOYKECTBO 3aKJIIOYUTEIHHBIX MAKPOCOCTOAHUHN MO 3aJaHHOMY MHOYKE-
CTBY 3aKJIIOUUTEIHHBIX MakpococTosiuuii Fg aBromara S. PaccMorpum mpom3BosibHOE
Fg € Fg. B kauecrse F{,¢ Bo3bMeM Bce cocrosuus ((v,s), {Si,...,S,S}), y KOTOPbIX
B IEPBLIX METKaxX eCThb cocrosguus u3 Fs, To ectb s € Fg. YaaauMm U3 10Jy4E€HHOIO
MHOXKECTBA T€ COCTOSIHUSI, Y KOTOPBIX BO BTOPBLIX METKAaX €CTh COCTOSHUS, HE IPUHAIIe-
xkampe Fg. [onyanm F{/g. Teneps paccmorpum Bee mogmuoxecrsa G C FYl ¢ raknue,
YTO MHOYKECTBO, COCTOSIINEE U3 BTOPBIX KOOPAWHAT 3j1eMeHToB GG, obpa3syer Bce Fg, TO
ectb proG = Fs. Bce makue muoxkecrtBa G mobasum B Fyg. AHAJOMMYHO TOCTyMa-
eMm amsa Bcex Fg € Fg. Ilomyuennsrii aBToMar, Kak W B clIydae ¢ aBTomaramu Mwum,
o6o3nauum W = (W, 3" wog, dw, Fw ).

Teneps ecaim y € Lg, 10 npemnesn apromara S Ha nocjienoBareabHoctu y (Iycrb
910 MHOXKeCTBO Fg) mpunasmmexur Fg. [Iycts z — Takag moCaeq0BATEIbHOCTD, 9TO
wy (vg, 2) = y. OuerngHO, MO TIOCTPOEHNUIO, Mpees apToMara W Ha mociesoBaTeabHO-
CTH z CONMep:KUTCS B FY/ g, OPHYEM MHOMKECTBO COCTOSHUMN, MPUHAIIEKANIUX BTOPBIM
MerKaM, oopasyer Fg, OTciofa yKasaHHbIA npeses npunaaiexxur Fy . CiaegoBaresbHo,
z € Ly .

[Iycts Temeps z € Ly . B stom ciyuae npegen aBromara W Ha mocsieaoBaTeb-
Hocru z (obosmauum ero () mpunaminexxkutr Fy . Torma mpemen asromara S Ha T10-
crenoBaTesnbHoOCTH wy (Vg, 2) Oymer proG. CremoBaresbHO, TIO TIOCTPOEHNUIO, MOy daeM
proG € Fs u wy(vo, 2) € Lg.

Ocranoch 1nokaszarh, uro u3z ¢ € Lyw caenyer y € Lg u u3 © ¢ Lyw caeayer
y ¢ Lg. Dro nokasbiBaercd Tak ke, KaK U B CJydae KOHEYHbIX aBromMaroB Mwuiu.
[TosTomMy u3 pa3pemmMOCTd MOHAIUIECKON TEOPUH IMOCJIEeI0BATENBHOCTA T CJIEIyeT
Pa3penmMOCTh MOHAIUIECKON TEOPUH TOCIEI0BATEIHHOCTH Y .

O

2. ITosaBIE ImocJjie Jo0BaTeJIbHOCTHN

Bropoit ocHoBHOIT pe3ynbTaT HACTOAIMEH PAOOTHI — KPUTEPHUH PA3PEITUMOCTH MOHA-
JMYECKON TeOpuu MOJTHOM mocmenoBarensbuocTr. [IpuBeseM OCHOBHBIE OTIPEIETIEHNS.

Omnpegenenne 4 [1]. Iocaenosaremsuocts © = {a,|n € N} nmax andasurom X
HA3BIBAETCS MOJIHON, ecyiu Jjist JI00ro 6oka B = biby ... by € ¥ cymectByer m € N
TaKOe, 9T0 Gy = b; Ang Bcex ¢ = 1,2, ..., k.

Jl71s MONTHBIX TIOCJIEIOBATEILHOCTEH BBEJAEM MOHATUHE PErysiTOPa MOJTHOTHI.

IMycts f : N — N — ognomectnast dpyuknusa. PeryasaropoM MOTHOTHI 71T MOJIHON
I0C/IeI0BATENLHOCTH & € L1 Ha3oBeM (YHKIHNIO [, KOTOpas KayKJOMY HATYpPaIhHO-
My 9uCcay k COmOCTaB/sieT HAMMEHbIee HATYyPaabHOe IUCTO0 [ TaKoe, UTO JTI000e CIOBO
OuHbL k W3 CHMBOJIOB asdaBuTa ¥ BCTpedaercsa Ha HATATLHOM OTPEe3Ke MOCTeI0Ba-
TEJILHOCTU & JJIUHBL [ .

Hawm mocrarouno Oymer 3HATH HE CAM PErYJISTOP MOJHOTHI, 8 TOJBKO KaKy-HUOY/Ib
BEPXHIOIO OIEHKY J1jisi Hero. [1o/IHy 10 moc/Ie10BaTe/IbHOCTD & C PEryIsSTOPOM MOJTHOTHI,
OTpaHUYeHHBIM (DYHKIHEH [, 1J1sT KpaTKOCTH Oy/IeM Ha3bIBaTh [ -TIOJTHOIA.

Omnpegenenne 5. [locnenosarensaocts @ € LN naspiBaerca f-IOJIHOM, ecan jis
goboro k € N kaxnapiii 610k JiuHbl k U3 cUMBOJIOB ajdaBura Y BCTPEYaercs HA
HAYAJIBHOM OTpE3Ke TmocienoparTeabroctn © niuubl f(k).

Onpenenenune 6. Brranciuvas nocienoBaTebHOCT © Ha3biBaeTcs 3hdeKTuBHO
MOJTHOM, eciu x ABAgeTca f-TOMHON st HEKOTOPOH BBITUCIUMOI (pyHKIHA f .
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;ICHO, 49TO HE K&)K,Hblf/i aBTOMAT MOXKET JaBaTh Ha BHIXOAE TMOJJHYIO TMOCJIE€a0BATEIb-
HOCTB.

Onpepesenne 7 [7]. Kouneunsriit cunpro cBasublii asromar Mumm S = (S5, %, §,w)
(BXOIHOI U BBIXOIHOI ajipaBUT 3/1€Ch €CTh Y ) HA3bIBAETCH HOJHBIM, €CJIU JJisd JH000ro
HaTypasbHoro k um moboro k-6ioka B € X* cymecrByior cocrosinue s € S u k-6710K
A € ¥* rakne, uto w(s, A) = B.

Teopema 4 [7]. Iycmos S = (S,%,0,w) — cuavho c8A3HbLT KOHEUHbLT a8MOMAM
C M COCTMOAHUAMU, T — noanad nocaedosamesvrocms, A € T, s € S. Toeda S
HATOOUMCA 6 COCMOAHUU S beckoneuno wacmo ¢ A xax 6a0koMm T, caedyrousem Ha
exrode.

Teopema 5 [7]. ITycmv S = (5,%,0,w) — npouseoavuwvili Koneunwil asmomam,
s0 €8, x €YY - noanaa nocaedosamenvrocmn, {s, : n € N} — nocaedosamervrocmo
cocmoanuti S, Komopyo npoxodum asmomam npu nodaue Ha 6£00 NOCACIOBAMEALHO-
CMU T 8 HAUAALHOM cocmoanut So. Toeda S, = (S¢, X, 0c,we), 2de S. ={s€ S: s=
= 8, das Oeckoneunoeo wucaa n € N}, d. u w. — ozpanuuenue va S. X X Pynkyud 0
U W COOMBEMCMBEHHO, ABAAENCA CUADHO CEAZHBLM NOOAEMOMAMOM S .

Teopema 6. ITycmo T = (S,%,%,0,w) asasemca (CUAbHO CEAZHVIM) NOAHBLM
aemomamom Muau ¢ n cocmoawuamu, x — f-noawas nocaedosamenvnocms. Toeda
w(so,x) 6ydem g-noanoii nocaedosamervrocmuvio, 20e g(k) = f((k+n —1)").

JokazarenbcTBo. B cmmy Teopembl 4 TOMHAS MOCAEIOBATENBHOCTH MPOBOIAT
CUJILHO CBSA3HBI aBTOMAT Yepe3 KaskI0e COCTOAHME C KayKIbIM OJIOKOM, CJIeIYIOIINM
Ha Bxojzie (6eckonedHo yacto). CremoBaresbHO, TTOCIEI0BATENLHOCTh W(Sg, ) (0603HA-
YUM ee Yepe3 y) MOJHAs.

[TepenymepyeM cOCTOSTHUST ABTOMATA G0, (1, - - - , (n—1 ¥ BBIIEIUM OJIHO U3 HUX ¢. Tak
KaK aBTOMAT CHJIbHO CBSA3HBIN, TO U3 JIIOOOr0 COCTOSTHUST MOXKHO JIOWTHU 710 COCTOSTHASL (
10 CJIOBY JITMHBI He Oosee n — 1.

JL7is TpOM3BOJIBHOTO HATYPAJILHOTO K, MPOU3BOJILHOTO cjioBa B € X* nnwabl k u
BBIZIEJIEHHOTO COCTOSTHUS (¢ TIOCTPOUM TAKOE CJIOBO, UTO MPU YTEHUN ITOTO CJIOBA C JII060-
rO COCTOSTHUS 00I3aTeIHLHO TIPUIEM B COCTOSTHUE ¢ CO CJIOBOM B Ha Bxoze. 3 cocrosaus
(o MOXKHO JIOWTH JI0 COCTOSIHHS ¢ TIO CJIOBY Aj anwmubl HE Ooee n — 1, mamee momaamm
Ha BxoJ ciaoBo B. Tenepb u3 cocrosinus ¢ 1o ciaopy A;B npujgeM B HEKOTOPOE COCTO-
SHUE (1, U3 KOTOPOTO 10 CJIOBY As IauHBI He Gojiee 1 — 1 MOYKHO TIPUNATH B COCTOSTHUE
q, Jajee CHOBA MOJAINM Ha BXOJ cJIoBO B. TIoBTOpUM 3Ty MpOIEayPy CO BCEMHU COCTOSI-
nuamu. Torna u3 cocrostuus ¢, 1 1m0 cioBy A1 B ... A, 1B npuneMm B COCTOSHUE Gy, 1,
n3 KOTOPOro 1O CnoBy A, miuHbl HE Gosee n — 1 10imeM 10 COCTOSHUS (¢, JTajee mo-
naauM Ha Bxox ciaoso B. Toraa npu urenun cinosa A1 BAsB ... A, _1BA,B c moboro
COCTOSTHUSA OOSA3aTENLHO MPUIEM B COCTOSIHUE ¢ CO CJIOBOM B Ha BXOe.

VYxazanuoe cioso A1BAsB ... A,_1BA,B nmveer ngmuy ue Gonee (k +n — 1)",
CJIeIOBATENILHO, BCTPEUAETCS HA HAYAJIHLHOM OTPE3Ke TOCIEI0BATEIBHOCTH T JJIUHBI
F((k+n—1)"). Orcioga momydaem, 9T0 KayKablil 610K JJIHHBL & BCTpEYaeTcs B MOCIIe-
JIOBATEIbHOCTH Y Ha HavasbHOM orpeske munbl f((k 4+ n —1)™), 1o ectb nocsienoBa-
TETBHOCTD Y SABJISETCSA (-TIOJHOM. O

CaencrBue 1. ITycmo T = (S, %,Y,0,w) — (cuavhno ceasnuiil) noanviid asmo-
mam Muau, x — sdexmueno noanas nocaedosamenvrocms. Tozda w(sgp,x) maroice
apexmuero noaHas NocAed08AMEALHOCTNDG.

Teopema 7. Monadunecras meopus MT (N, <, ) noanot nocaedosamenvrocmu x
PA3peWUMa Mo20a U MoAbKO mozda, Kozda T — 3PPHEeKMUSHO NOAHAA TOCAEIO8AMEND-
HOCTD.,
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JokazareasctBo. [lycth o — f-monamas TOCaeIOBATEIBHOCTH IJIS HEKOTOPOId
by f.

Heobzodumocms. Ilycrs monanuueckas reopus MT (N, <,z) f-nonnoit nociemno-
BATEILHOCTH T, Te [ — PEryJasTop TMOJHOTHI, paspemuva. Torma Ay KaxKaoro Hary-
pasIbHOTO YHCIa N MepebopoM MOYKHO HaiiTn 3HadeHwne x(n), MPOBepsis BEPHO JIM, UTO
x(n) = a ana kaxkmoro a € . IMosromy x Bbramcanva. [IepebOpoM MOKHO TakKe
naiitu f(n), nockosubky jus m06bix n € N u | € N moxuo 3anucarb, uro f(n) <,
IPHU MOMOIIX CIEAYIOmEei (hOpMyIIbL:

Vay,az,...,an, €% Im ((m+n—1<IA

Ax(m)=a) AN(x(m+1)=az) A---A(x(m+n—1)=a,)).

Jocmamounocmy. IlycTh Tenepb & — BeIYUCIUMAs [ -MOJTHAS TOCIEIOBATETEHOCTE
J1s HEKOTOPOii Berauciumoit pyakmun f. Cormaco Teopeme 2 st PA3peImnMOCTH MO-
HAJIMIECKON TEOPUH MOCTEI0BATENHHOCTH L JTOCTATOYHO yMETh ONPEIEIATH 110 JTI0O0MY
JIETEPMUHUPOBAHHOMY aBroMary Miostepa, 1eficTBy0meMy Ha &, IPUHAMAET OH T WA
HeT.

Iycers S = {q1,---,qn}, 2,05, Fs) — NPOM3BOJIBHBIN JIeTEPMUHUPOBAHHBIN aBTO-
mar Mrionepa ¢ n coctogauamu. Pa3zobbeM MHOKECTBO COCTOSHHI aBTOMAaTa HA KOM-
HNOHEHTHI CHILHON CBsA3HOCTH. B rpade KOHIeHCAIUM CyMeCTBYIOT TAKAE KOMIOHEHTH
CHJIBHOM CBSI3HOCTH, M3 KOTOPBIX HE BBIXO/SAT JIyTH B IPYyrUe KOMIOHEHTHI. VIMenHo onn
00pa3yoT CUJILHO CBSA3HBIE MOJABTOMATHI MCXOAHOrO aBromara S. Beibepem u3 KakK-
II0# KOMTIOHEHTHI CUJILHONW CBA3HOCTH, OTBEYAIOIICH CHIHLHO CBA3ZHOMY TOIABTOMATY, MO
onHOMy coctostHui0. OO03HAYNM BHIODAHHBIE COCTOSHUS S1, . - ., S] -

[Mogamum ma BxOM aBroMara S mocaemoBaTenbHOCTH . CornmacHo Teopeme 5 cytme-
CTBYET CHJILHO CBS3HBIN nogasromMar S’ apromara S Takoii, 9TO HAYMHASA ¢ HEKOTOPOTO
MOMEHTA, BCE COCTOSHMS XO/1a aBToMaTa S Ha HOCIeI0BATeILHOCTH 2 IpUHaLIexKar S’ .

g Bepmunbl ¢ € S Haiigem myTh u3 g1 B S (€Cau OH CyIIECTBYET) JJIUHDLI HE
6omee n— 1. I[IycTs aToT myTh ompemessiercs: cioBom Aj . Jlamee, mogaamm Ha BXOT CJIO-
BO Ay B cocrosHum ¢ € S u npuaem B cocrosHue ¢z € S. I3 Hero Haiinem myrhb B $1
(ecain on cymecrByer) miunbl He 6osee n — 1. Ilycts 3T0T NYyTH ONpeengeTcs cia0BOM
As . Ilpomoskas npornece, naiigem cioBo Aj ... A, (ecau oHO CyliecTByer) JJIMHbBI HE
Gosee n(n —1). Tak nocrynaem s KayJ0T0 COCTOSIHUS S1, ..., S W CTPOMM COOTBET-
CTBYIOITNE CJIOBA (€C/IM OHM CYIIECTBYIOT) IJIWHBI He Gosee n(n — 1).

ITockonbKy Ha oTpe3ke AInHbI He Gosiee f(n(n—1)) nociemoBaTebHOCTH & BCTpeva-
I0TCe BCE CJI0Ba JuHbL n(n — 1), To, IPOYUTaB STOT OTPE3OK, IPUIEM B OJIUH U3 CHIILHO
CBSI3HBIX MOJABTOMATOB apTomara .S . CormacHo reopeme 4 mOTHAS TOCIEA0BATENTLHOCTh
MPOBOJIUT CUJILHO CBSI3HBIN aBTOMAT Yepe3 KaykJI0e COCTOsSTHIE GECKOHETHOe IHCIO Pas.
BHAYWT, TpeIeIoM aBToMaTa S Ha MOCAeTOBATEIHHOCTH T OYIET MOJTyIeHHBIH CHIHHO
CBSI3HBIN TIOZABTOMAT. FC/IM MHOYKECTBO COCTOSTHUH TIOJIYYEHHOTO MOIaBTOMATA, TTPUHAI-
JIEZKAT MHOKECTBY JIOIYCKAONIX MAKPOCOCTOsIHUN Fg, TO 2 NMPUHUMAETCA ABTOMATOM
(x € Lg), ecnu oHO He npuHaexRuT Fg, 10 He npuanmaercs (z ¢ Lg). O

[Tocnennas Teopema o060OMaeTCs HA MOCTEIOBATENILHOCTH, KOTOPBHIE CTAHOBITCS
MOJTHBIMHY, €CJTH Ha, OJIOKH JIHHBI kK CMOTPETh KaK Ha OYKBHI HOBOTO amdaBuTa.

IIycrs Teneps ¢ : X* — Y* — Ek-paBHomepHBIil MopdusMm (10 ecth @(AB) =
= p(A)p(B) nna mobeix A, B € ¥* u |p(a)] = k ans mgwoboro a € X), x — noi-
Hag nocjegoBaTesbHOCTL HaJ andasurom Y. [MocnenoBarenbHocrs Buga @(x) Gyzem
HA3bIBATH k-TIOTHOM.

Omnpenenenne 8. IlocnemoBaTebHOCTH HA3BIBACTCA k-TIOIHOM, €C/TN OHA ABJISIETCS
00pa30M TOJHOI TOCIeI0BATEILHOCTH TIPH JTEHCTBUU Kk -PABHOMEPHOTO MOPQHU3MA.
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Caencrue 2. Monaduueckas meopus MT(N, <,x) k-noanot nocaedosamenvro-
CMU T PA3pewuma moza0a u mosvko moz2da, k0204 T ABAAEMCA 00pazom dPdexmuero
noanoti nocaedosamenrvrocmu npu deticmeuu k -pasHOMEPHO20 MOPPHUIMAa.

OcHoBHbIe pe3ysbrarbl HACTOsALIEH cTarbu (Teopembl 3, 6, 7) Gblau OIy5JIUKOBAHBI
B KpaTKoM coobulenun B xKypHasie «/3secrus By3os. Maremarukay [8].

Amrop BeIpaxkaer GsaromapuocTh npodeccopy M.M. Apcinanory 3a mose3snoe 00-
Cy2KJIeHWE Pe3yIbTATOB.

Pabora Boimonmena npu dpunamcoBoit mogmepxkke Poccuiickoro dhomga dpyHmamen-
ranbHbIX uccaenosanuii (mpoekt Ne 10-01-00399-a) u rpanra /s NOJIEPKKU BEILYIIUX
mayurwrx mkoa HITT-5383.2012.1.

Summary
N.N. Korneeva. Monadic Theories of Infinite Sequences under Asynchronous Automata
Transformations.

It is proved that the decidability property of the monadic theories for infinite sequences
remains under asynchronous automata transformations. We get a criterion of decidability for
the monadic theory of a complete sequence.

Key words: automata transformations, monadic theories, complete sequences.
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