8-g geknus kKypca "Teopus
JINCKPEeTHBLIX PYyHKITi"

(1-it kypc; nekrop - npod. A.C.IToakor3un)

[Mpeapiayrnas AeKnus 3aBepiiaia pas3fes, MOCBAIMEeHHbIH &k - 3HAYHBIM JIOruKaM. Jlajib-
Helitiee w3sioxkenne orxoaut ot yueOHuka C.B.¢67ouckoro "Beemenne B auckpernyio
MaTeMaTuKy'" M Ipomo/KaeTcs B pycje MoHorpacdum "DjgeMeHTH Teopuu aBTOMATOB'
(B.B.Kynpsisues, C.B.Anemmun, A.C.ITonkonsun; M., "Hayka", 1985). Bupouem, MOHO-
rpadusg COIep:KUT CYMIECTBEHHO O0JIbIe MHMOPMAINK, YeM OyaeT 3aTparuBaThCs JTaH-
HBIM KYPCOM, U JIy4llle T10JIb30BaThCsI KOHCIIEKTAaMM JIeKITHH.

DJIeMEeHThl TEOPUU ABTOMATOB

AHaJIOTHIHO TOMY, KaK HEIpephIBHbIE (DYHKITUU UCIOIB3YIOTCS /IS OMUCAHUST HEITPEPbIB-
HBIX TIPOIIECCOB, JIMCKPETHBIE (DYHKITUU MOTYT ONPeIeaITh JUCKPETHBIE Ipolecchl. 3yue-
HUEM MaTeMATHYCCKAX MOJAEJCH AUCKPETHBIX MPOIECCOB 3aHNMACTCH TEOPUd aBTOMATOB.
CymecTByeT MHOXKECTBO TaKWX Mojeseil. Mbl paccMoTpuM 37ech Bcero TpH, M HAYHEM C
upocreiiiieit - abCTpakTHbIX JETePMUHUPOBAHHBIX KOHEYHbBIX aBTOMATOB.

Haunem ¢ nedpopmasibubix paccMmorpennii. /luckperusiit mporecc 06bIYHO MPE/No/IaraeT-
csl POUCXOJIAIINM B JincKpeTHoMm Bpemenn t = 1,2, 3, .. .. [IpejcraBum cebe TexHUIeCKoe
YCTPOMCTBO, KOTOPOE B KazK/Iblil MOMEHT ¢ JUCKPETHOI'O BPEMEHU HAXOJIUTCA B COCTOSHUU
q(t), mpuHAITE)KANEM KOHETHOMY MHOMKECTBY () BO3MOXKHBIX COCTOsHHUi. VI3 BHerero
MHPa Ha 9TO YCTPOWCTBO B MOMEHT t HOCTyHaer HeKoe BozjeiicrBue a(t), KOropoe Toxe
Oy/1eM CIUTATH MTPUHA/IIEKAIIM KOHETHOMY MHOXKeCTBY A BO3MOKHBIX BO3elicTBuil. Ha-
KOHEIL, CAMO yCTPOMCTBO OTIPaBIAET BO BHEIIHUI MUP HEKOTOPOE OTBETHOE BO3JICHCTBUE
b(t), mpuHAJIe)KAIee KOHETHOMY MHOXKeCTBY B.

£

JleTepMIHIPOBAHHOCTD YCTPOHCTBA 03HAYTAELT, UTO €r0 COCTOSHEE B MOMEHT BpeMeHn ¢+ 1
OJIHO3HAYHO OlpeJie/siercs cocrosiuneM ¢(t) B MoMeHT ¢ 1 BXOaHBbIM curaaiom a(t). Ecre-
CTBEHHO TAKzKe TPe/IIO0J0KATh, YTO BBIXOAHON curHA b(1) OMHO3HAYHO OLPEEIIETCS 110
cocrosiamio ¢(t) n BXomHOMY curHasy a(t). Taknm 06pa3oM, I TTOIXOMSIIIUX THCKPETHBIX

byHKIUR @, 1) OyIeM HMeTb:

q(t+1) = ¢(q(t), a(t))

b(t) = (q(t), a(t))

Ecau usBecrubl cocroguue ¢(1) u Bxomubie curnasasl a(l),a(2),..., T0 3TH COOTHOIIEHNUs
MO3BOJIAIOT OJHO3HAYHO ompeaenutsb ¢(2),¢(3),... u b(1),b(2),..., T.e. onpeaeauTh BCIO
HCTOPUIO U3MEHEHUH, IMPOUCXOAANUX B ycTpoiicrBe. DaKTUIECKH, MbI MOJYUUIA MaTe-

MaTHUYECKYIO MOJENb JUCKPETHOrO mporecca. B ciydae Mojiesinm HEIPEPBIBHOTO MPOIecca
UCHOJIb30BAIUCH OBl nuddepenImaabuble ypaBHEeHUS, YTO-HUOY/Ib THIIA:



dq(t)/dt = ¢(q(t), a(t))
OTH MOJIENH AOCTATOYHO MOXO0:KK. OT/IMYne JIUIIb B TOM, 9TO BMECTO IPOM3BOIHOM IS
JIMCKPETHOTO IIpoliecca Gepercd nepexoj oT MOMeHTa ¢ K MOMeHTY ¢ + 1.

[IpuBeaennas BbIIIe MOIEb ObLIa IpeIoxkeHa D.P. MypoM, X0TS U HECKOJIBLKO B IAPYyTIOM
Bujie. B mosiesin Mypa BbIXOIHON CHI'HAJ OJTHO3HAYHO OLPEJIEJISIIICS COCTOSHUEM aBTOMATa
1 BBIJIABAJICS eIlle 10 HOJIyYeHHs BXOAHOTO curHaJa. CoBpeMeHHast BepCcrus MOIEIN ObLIa
npeaiaoxkerna Mun.

[lepeiiieM K TOYHBIM ONpPee/TeHUSIM.

Kouneuubim abCTpakKTHBIM IeTEPMIHAPOBAHHBIM ABTOMATOM HA3BIBAeTCS 00BbeKT V = (A,
Q,B,p,1), tue A, Q, B - KoHeuHble MHOXKECTBA; - GyHKIWsl, orobpazKkamias Q X A B
Q; ¥ - dyuknus, orobpaxawmas () X A B B. Muoxkecrsa A, (), B Ha3bIBAIOTCS, COOT-
BETCTBEHHO, BXOJHBIM ayi(paBUTOM aBToMaTa V, ajadaBUTOM €ro COCTOSTHUI W BBIXOIHBIM
asibaBuToMm. OyHKIMS 0 Ha3bIBaeTCd (DYHKIHEH 1epexoi0B, MYHKIU 1) - PYyHKIHel Bbl-
XOJIOB.

Eciu dyuknust ¥(q, a) 3aBECAT OT BTOPOTO apryMeHTa a (hpUKTUBHO, TO aBTOMAT HA3BIBA-
ercs apromarom Mypa.

Ecimm A = Ay x... A, TO TOBOPHM, YTO aBTOMAT UMeeT m BXo#oB. e B = By X... B,
TO FOBOPHUM, 9TO aBTOMAT UMEET P BBHIXOJIOB.

asee, roBopst 006 aBToMaTax, /IJig KPAaTKOCTH, OyIeM OMyCKaTh CJI0Ba "abCTpaKTHBIH me-

TePMUHUPOBAHHBINA", Ha3bIBasg UX MpocTo "KoHeuynblih aproMmar" win "asromar".

Paccmorpum mpocreiinue criocodbl 3a/laHns aBTOMAaTOB.

3agaHume aBToMaTa TadbJaureii

Koneunste muoxkectBa A = {ay,...,an}, @ = {q1,..., ¢}, B = {b1,...,b,} MoxHO
3a/1aBaTh HEMOCPE/ICTBEHHBIM TepeduncaeHneM. Tak Kak (pYHKINU ,1) ompeqeseHbl HA
KOHEYHBIX MHOYKECTBAX, UX MOXKHO 3aJaBarTh Tabaunamu. Hanpumep, ucioib30BaTh COB-
MEIIEHHYIO TabJIUILY, B KJIETKaX KOTOPO yKa3aHbl Mapbl 3HAYEHUIT ¢ 1 1):

|

e /7; Q)W /f/) a; )

il

Jlanubiit criocob 3aannst aBTOMATOB HCIOJIb3yeTcs: Kpaitae peako. OH IpOMO3IKHil U HE
OYEeHb HATJISIHBIN.



3amanune aBToMara auarpammoii Mypa

Ilycts andasurst A = {a1,...,an}, @ = {q1,..., ¢}, B = {b1,...,b,} 3amansr nepe-
qucaenneM. g 3ananusg GYHKIME I€pexoq0B U BBIXOJI0B MOXKHO BBECTH CIEIUATLHYIO
Jmarpammy, Has3piBaemylo juarpammoii Mypa. Ha muiockoctn pucyorcst n Kpyros, B Kazk-
JIOM U3 KOTOPBIX IIOMEIAeTCsA CHMBOJI COOTBETCTBYIOIETO COCTOSTHNA ;51 = 1,...,n. Ecam
©(¢i,a;) = qi;¥(gi,aj) = by, TO OT Kpyra ¢; K KPyry ¢j TPOBOAUTCS CTPEJIKA, KOTOPOIf
IpHIHCHIBaeTcd mapa (a;,by). Ilepsslil s/emenT mapsl 0603HAYAET BXOAHON| CHMBOJI, MOJ
JieficTBIEM KOTOPOTO aBTOMAT II€PEXOIUT U3 COCTOSHUS ¢; B COCTOSTHUE (), BTOPOIi 31 MEHT
- TOT BBIXOAHOI CUMBOJI, KOTOPbL 1IpU 9TOM BO3HUKAET.

Pacemorpum tpoctoii npumep mmarpammbl Mypa. Tlyere A = {0,1}, Q = {0,1},
B ={0,1}. Inarpamma umeer CaeLyiomui BT

(1,0)

I/IS AUATrPpaMMBbI JIETKO YCMATPUBAIOTCA COOTHOIICHUNA:

q(t +1) = a(t)

b(t) = q(t)
Takum obpas3om, aBroMar "3amomMuHaeT" B CBOEM COCTOSHHM TEKYIIHMHA BXOIHOW CHUTHAJ
U IepeJaeT ero Ha BBIXOJ B CJACAYIONNNA MOMEHT BPEeMEHH. DTOT aBTOMAT Ha3bIBAETCS
aBTOMATOM €IWHUIHON 33 IePrKKHU.



Jlna aBromaTroB Mypa BHJ JuarpaMMbl MOYKHO YHPOCTHTL. TaK Kak y 3TUX aTOMATOB
BBIXOJTHOI CHMBOJI OJHO3HAYHO OIPEICNAdeTCd COCTOAHUEM, MOZKHO IOMEIAaTh €ro Helo-
CPEeJICTBEHHO B KPYyT'e COCTOSHUS, OTJessdsl OT CHMBOJIA COCTOgHUS Kocoit deptoit. llpm
TOM OTMETKAMU CTPEJIOK OYAYT CIYKUTh He TMaphbl, a TOJHKO BXOTHBIE CUMBOJIBI.

BcoomorareabHbIE (l)yHKI_lI/II/I, CB4d3aHHBIC C KOHEYHBIMU aBTOMATAMMN

Beenem pan monsatuilt u obo3uadenuii. [lycrs V = (A, Q, B, , 1) - KOHEUHBI! aBTOMAT.
CnoBa B andasure A OymeMm Ha3bIBATH BXOJTHBIME CJIOBaMH, CJI0Ba B ajdapure B - BHI-
XOIHBIMH CJIOBaMH, CJI0Ba B ajgdapure () - caoBamu coctosHuit. Kak um panee, mycroe
caoBo oboznadaem A. Tnuny cioBa a obosznagaem |af. TocpeacrBom «ff; obosnauaem Ha-
JaJ0 cjaoBa «, umerotee jiuHy [. MHOXKecTBO Beex cioB B ajihaBuTe X obo3HadaeMm X *.

C10B0 @, TOBTOpeHHOE k pa3, obo3zHadaem aF.

Buauenne (g, a) npeacrapisger coboit TO COCTOSHUE, B KOTOPOe aBTOMAT Tepeiier mo/
JIeiCTBHEM €JIMHCTBEHHOU BXOJHON OYKBBI @, 3HAYCHHE ¢(q, a) - TOT BBIXOAHOU CHMBOJI,
KOTODbI# 11pu 31oM 1ogsurcs. VHorga ObiBaeT HEOOXOJMMO PacCMaTpPUBaTh COCTOAHUE U
BBIXOJHOH CHMBOJI, MOSIBJISIONINECS TOCIe TOJAYN HA BXOJ, aBTOMATa HE €INHCTBEHHON
OYKBBI, a 1eJI0r0 CJI0Ba, OyKBa 3a OyKBoit. YT0OB 0003HAYATH TAKNE COCTOSHUE U BBHIXO/I-
HOIl cUMBOJI, J00npeie/ UM (DYHKIIHH (0, 1) TaK, YTOOBI BTOPBIM apr'yMeHTOM ObliIa He OyKBa,
andasuta A, a ca0Bo B 3ToM asidasure. DYHKIHUS © JTOOHPEICTICTC IO HHJLY KITHH:

e(g, A) = q;
o(q, aa) = p(p(q, ), a)
Bneck « - caoso B andaasure A, a - OyksBa 3Toro ajdaBura.

CDyHKI_[I/IH w JA001Ipejaendercd TOJIBbKO Ha Cﬂy‘{aﬁ HEIIYCTBhIX BXOJAHBLIX CJIOB, TaK KaK IJId
IIoJiydyeHud CHUMBOJIa Ha BBIXOHAE HeO6XO,ZI;I/IMO HaJn49nue KaKOro-TO CHMBOJIa Ha BXOJIE:

¥(q, aa) = P(p(g, a),a)
Kaxk u BhIIIe, v - c10BO B asipaBuTe A, a - GykBa 3T0r0 aJpaBuTa.

ugykiumeit mo aanne caoBa 6e3 Tpyla MPOBEPSIIOTCs CAeAYIONIHe COOTHOIICHHS:

o(q, ) = p(p(q, 1), 2)
Y(q, 1) = Y(p(q, 1), az)

SamMeruM, 94TO OZHOOYKBEHHOE CJIOBO HE PAaBHO COCTaBJsonieil ero oykse. Ilosromy, mo-
ompejieisis ¢ U 1) HAa OJHOOYKBEHHBIE CJIOBA, MBI BBHIILIN 338 PAMKH HCXOTHONH 00JAaCTH HX
OIIpe Ie/IeHNsI.

YHacTo npejcTaB/asgeT HHTepeC He TOIBKO MOC/IeJHee COCTOSHUE U TTOCTIeTHSST BBIXOTHAS
OyKBa, & BCe CJIOBO COCTOSIHHUII, B KOTOPBIX aBTOMAT OKA3bIBAJICHA B IIOCJIE/I0BATE/bHBIE
MOMEHTBI, © BCE BBIXOHOE CJI0BO. YTOOBI 0003HAYUTH TaKHUE CJI0BA, BBOJAATCH (DYHKIIUHA O
n:

@((L Oé) = SO(Q7 O[]O)QO(CL Oé]l) ce ¢<Q7 Oé)

1/}((17 Oé) = 77Z)(Q7 04]1)1/}((]7 04]2) S w(% Oé)

Baech B(q, ) - c10BO cocTosHMIT aBToMaTa, (g, @) - BEIXOIHOE CJIOBO.

UnyKipeii o JJIHHe CI0Ba JErKO TPOBEePUTH, 9To (g, anas) = ¥(q, an )Y (p(q, ay), o)

GOyuknus (g, a) onpejessieT BBIXOAHOE CJI0BO, BbIJIABAEMOE aBTOMATOM B OTBET HA BXOJI-
HOE CJIOBO (v, €CJIM BHa4aJje OH Haxoju/icd B coctogunu q. [Ipu dbukcanuu q 3ta pyHKImg



ompeeasieT 0ToOparkKeHne MHOKECTBa A* BXOIHBIX CJI0B B MHOXKECTBO B BBIXOIHBIX CJIOB.
O1HaKO, MPH PA3JHIHOM BBIOOPE HAYAJIBHOI'O COCTOSHUS ¢ OYAYT HOIYIaThCs, BOOOIIE ro-
BOps, pa3andHble TaKue 0Tobpazkenus. YTobbl GUKCHPOBATH € IMHCTBEHHOE OTODPaYKeHHe,
BBOJUTCSI TOHSITHE MHUIIMAIBHOIO aBTOMATA.

NannuaabHbIM KOHEYHBIM aBTOMATOM HasbiBaeTcs 00bekT Vi, = (A, Q, B, v, ¢, q1), e
A, @), B - KOHeUHBIE MHOXKECTBA; © : QXA — Q; 9 : QX A — B; q1 € (). PaKTUIECKH, ITO
IPOCTO aBTOMAT C 3a(PUKCUPOBAHHBIM HAYAJIbHBIM cOCTOgHUEM ¢1. OH peanmsyeT dYHK-
mmio f(a), 3aJaHAyI0 Ha MHOMKecTBe A* m ompegesnenmyio pasencTBoM f(a) = 1¥(q, ).
Takue pyHKIMYM HA3BIBAIOTCH KOHEYHO-aBTOMATHBIMU (DYyHKIUsAMU. /pyroe ux nazsanue -
OTPAHMYEHHO- I TePMUHUPOBAHHBIE (DYHKIUHU, WM, COKPAIIEHHO, O.-1. (PyHKIHH. Mbl um

MOJIb30BAaTHCSA HE OyIeM.

Koneuno-aBromaTHas (DYyHKIINSI OCYIIECTBISIET 0TOOpAXKeHe MHOXKeCTBA A* B MHOXKECTBO
B*. Oanako, He j11060e 0T00pazKeHne TAKOrO TUIA SIBJISIETCS KOHEYHO-aBTOMATHONW (hyHK-
nueii. Bo-nepBbix, KOHEYHO-aBTOMATHAS (DYHKIUS He U3MEHSIET JJIMHBI CJIOBA. BO-BTOPHIX,
aBTOMAT He yMeeT "3arsIpBaTh B Oyaymiee, T.e. Kaykas OYKBa BBIXOTHOTO CJ0BA JOJIK-
Ha OJIHO3HAYHO ONPEIETIATHCA MPEIeCTBYIONEH YacThio BXOAHOTO cjioBa. Hanmpumep, aB-
TOMAT He MOzKeT ''mepeBopaduuBaTh' CI0Ba, H3MEHSIS MOPSAI0K UX OYKB Ha IPOTHBOIIOIOXK-
Hbifi. KOHEUHOCTH YnC/Ia COCTOSHUNA aBTOMATa HAKJIA/BIBAET U JPYIUE OIPAHUYCHUS.

Pacemorpnm nannmassuetii asromar Vo, = (A4, Q, B, ¢, 1, q1). Ilycts a € A*. Tax kak cJio-
BO - YHKIMS, OIpejie/eHHas Ha HAYaJbHOM OTPe3Ke HATYpaIbHOIO psja, TO i-g4 OyKBa
cJ1oBa o paBHa (7). DTO 1aeT OCHOBAHUE 3alnCcaTh ¢JI0BO o KakK (1) ... a(s) mi1st moaxost-
uero s. PacemorpuM ¢oso & = $(q1, o) u ci1os0 3 = 1(qy, ). Jauna ciiosa k Ha eaunuiy
GosIbIle JJIMHBL CI0BA (v, & JTHHA CJI0Ba 3 paBHa manHe cioBa o: K = Kk(1)k(2) ... k(s+1);
B =p5(1)...06(s). CormacHo onpeeseHusIM, BBITIOJHAOTCS CJIEIYIONHe COOTHOTEHHS:

k(1) = qi;
k(t+1) =p(k(t),at); t=1,...,s
B(t) = ¥(r(t), a(t))

OTH COOTHOIIEHHS HA3bIBAIOTCH KAHOHMYECKUMU yDABHEHUSIME KOHEYHOIO MHUIUAIBHOI'O
aBTomaTa Vj,.

Ocobpiit mHTEpEC mpeAcTaBiger caydail, korma A = Ey X ... X By, B = Ep x ... X E,
Q = E. x...x FEy, tne k > 2 - narypaabnoe. llycTh B mepBoM paBeHCTBe UMeeTCd M
COMHOZKHTEJIEH, BO BTOPOM - P U B TpeTbeM - n. Torja ¢, craHoBdarcsd BeKTOp - (pyHK-
MUSAMEM, U UX MOYXKHO 331aBarb (opmynamu B FPy. YToObl nepenucarh yKa3aHHBIE Bbl-
e KAHOHMYEeCKHe yPaBHEHUsT B BeKTOPHOI dopme, obo3naunm a(t) = (aq(t),. .., an(t)),

B(t) = (bi(t),...,by(1)), k(t) = (@1 (t), ..., (1)), 1 = (qu1,- - -, 1n). KaHOHEIECKHE ypaB-
HEHHUA IPHOOPETAIOT CIICLYIONNI B

() =q; (G=1,...,n)
Qi(t + 1) = @i(‘h(t)a S 7Qn(t)7a1(t)7 SRR am(t)>; (Z =1,... 7n)
b](t) = wj(Q1(t)v SR 7Qn(t)va1(t)> s ,(Zm(t)); (] = 17 s ap)

[IpaBbie yacTu 3THX ypaBHEHHUI MOXKHO 3a/1aBaTh ¢ IOMOINBIO (GOpMyJT k-3HATHON JIOTH-
KHI, TaK 9TO IOJYyYaeM elle OJMH CIIOcoD 3aIaHus KOHEYHBIX aBTOMAaToB. [IpakTHieckyio
EeHHOCTHh uUMeeT caydail k = 2. IIpu mpoeKTHupoBaHUU YHIIOB BHAYAJE BBIIHCHIBAIOTCS
KAQHOHUYECKHUE YPaBHEHHS, B IIPABbIX YaCTAX KOTOPBLIX PACIOJIOXkKeHbl (hopMyJibl ajred-
Pbl JIOTUKH. O6bILIHO HUCIIOJIB3YIOTCA Ollepalun JU3bIOHKINWA, KOH'BIOHKIHUA, OTPpUIAHHIE,



cymMma, 1o Moy 2. Co3maHbl KOMIbIOTEPHBIE IIPOTPAMMGBI, BBITOIHSONINE TATbHEATITY 0
00paboTKy ypaBHeHH: (pOPMYJIbI IPUBOAATCA K BHLY JIU3BIOHKTHBHON HOpMAJIbHOI dop-
MBI, YIIPOIIAIOTCS KaK J.H.., CHOBa CBOPAUUBAIOTCS, MIPeoOpa3yoTCs B TaK HA3BIBAEMBIi
TEXHOJIOTHYECKHI DA3KMC, ONTUMUA3UPYIOTCS MO ILIOMIAIN ¥ BPeMeHH BBIYMCJICHHH, U T.1.

IIpeobpasoBanne KOHEYHBIMI aBTOMATAMHU MEePUOANYECKNX II0CJI€d0BaATEIbHO-
creit

N3ydenne KOHEYHBIX aBTOMATOB HAYHEM C POCTEMIIEro nX CBOMCTBA, CBSI3aHHOIO ¢ IIPe0b-
pa3oBaHKUeM IePHOIUIECKHX BXOIHBIX TTOC/IEI0BaTeIbHOCTElH. KazkeTcst mpaBmomnoq0bHbIM,
9TO BBUIY KOHETHOCTH MHOYKECTBA COCTOSTHUI aToOMaT J0JKeH OYIeT IBaKIbl OKa3aThCs B
OJTHOM U TOM 2Ke COCTOSHHUU, IIPU OJUHAKOBBIX (pa3ax BXOIHOM IOCIEI0BATEIbHOCTH B 9TU
JIBa MoMeHTa. Torma jaJiee Ha ero BbIXoJe Oy/eT IMepHoJAUYeCKH IMOBTOPATbCS (pparMenT,
UMEBIIUHA MECTO MEZK/Iy YKA3aHHBIMU MOMEHTAMU, U BBIXO/IHA IOCJAEI0BATEAbHOCTD TOXKE
OKazKeTcst nepuojandeckoii. Mbl jlokakem 310T (PaKT W BBISICHUM, KaK CBA3AHBI TEPUOIbI
BXOIHON W BBIXOIHOI TocjiegoBaTesbHOCTel. [IpeaBapuTebHo 1aauM Psia OTTpe e/ IeHuil.

[Iycrs V, = (A, Q, B, ¢, 1, q) - THUIHAIBHDIN KOHeYHBIH aBToMaT, o = a(1)a(2) ... - Bec-
KOHEYHas IOC/IeJI0BATEIbHOCTE CHMBOJIOB asidapura A. VHbIME cjoBaMu, o - GyHKIHEIL
HATYPAJbLHOIO apryMeHTa, IpUHUMAIonas 3Hadenns B A. MHOKeCTBO TaKUX IOCJIe10Ba-
TesbHOCTEl Oyem 06o3naaTs A®. OupesesuM H0Cae10BaATebHOCTD 3 = 1)(q, &) cooTHO-
menneMm (i) = (g, a(l)...«a(i)); i=1,2,3,.... Bymem roBoputh , 9T0 MHUIUATHHBIH
aBTOMaT V, mpeodpasyeT BXOIHYIO MOCJIEI0BATEIBLHOCTD (f B BBIXOJHYIO ITOCJIET0BATE/Ib
HOCTB (3.

HeTpyano mpoBepuTsh, uTo ecoim o = o', rne o € A*; o' € A, T0
7 9 b) b)

A T AWA / "

w((L Oé) - w(qa o )¢(¢(q7 «Q )7 & )

[locsenoBarensnocts o = a1)a(2) . .. m3 A Ha30BEM MEPUOAUIECKOI, €CITH CYTIECTBYIOT
HATYpAJbHBIE T,7', Takue, 4TO s Joboro i > 7' + 1 Bemoanseres «(i) = «(i + 7).
Besmanny 7/ HazpiBaeM JUIMHON LPeJIIePHO/IA, BEJINIHHY T - JJIMHON MePUOJIA.

Teopema. Koneunstit unnnnansustii asromar Vy, = (A4, Q, B, ¢, ¥, ¢1), umeromuit n cocro-
SIHUI, TTpeodpas3yeT JIF0OYI0 MePHOANYeCKY0 MOCIeI0BATEIHLHOCTD (o, & € A%, HMEOIIYIO
HAMMEHBINYO JUIMHY MePUoja 7, B MePHOIMUECKYIO MOCAeI0BATENILHOCTL ¢ HaMMEeHbITei
minHO nepuoza Buga 0-m, rae 0|7, m € {1,...,n}. Ecau |A| > 3,|B| > 2, To KaxK10e Ta-
KO€ 3HAYeHHe BEIA - m JOCTHraeTcs MPpH HEKOTOPBIX aBToMaTe Vy U IOC/Ie0BATeIbHOCTH
a.

[Mycrs V, = (A,Q, B, ¢, ¥, q1); |Q| = n; nocaepoBarensuocrs o = a(l)a(2)... - me-
puoamueckas ¢ JUIMHON mepuona 7 m upeauepuogom 7. Torma jaa moboro @ > 7/ + 1
Bernosineno a(i) = a(i + 7). Obosnaunm oy = a(1)...a(7’), as = a(7’ +1)...a(7’ + 7).
OueBUIHO, (v UMEET BHJ (11 Qla(X3 . . ..

Tak KaK 4HCJIO COCTOSIHUIT ABTOMATA PABHO M, TO B IMOCIEI0BATEILHOCTH ¢ (g1, 1a),
(g1, nasas), ..., 0(q, anah™), muetomeit n 4 1 wien, BeTpedaeTcs He Gosree n pas/IHd-
HBIX 3j1eMeHTOB. CJIeI0BaTe/IbHO, CYIIECTBYIOT Takue 11, 19; 1 < i1 < 19 < n + 1, 9ro:

1) __ 2
SO(QM a0y ) - Sp(qla Q109 )
Ob6o3naunm q¢ = @(q1, e ), az = ast” . Torga npuBeieHHOE BbIIIE PABEHCTBO IIPUOOPe-
TaeT CACAYIONNNA BUI;

q = ¢(q, as).



N3 3Toro paBeHCTBa SICHO, 9YTO aBTOMAT OyJ/IeT MEPUOINIYECKH BO3BPAIIATHCSI B COCTOTHUE
¢, & BBIXOJIHAS IOCJIeI0OBATEIbHOCTD, HAUMHAA C HEKOTOPOr0 MOMeHTa, Oymer obpa3oBa-
Ha TOBTOPAIOIMIMHCA cIoBaMI (g, a3). DTOT ke daKT MOKHO HOIYIATh IyTh GosIee
GOPMAIBHBIM IIyTEM:

Obo3rauuM ' = qias'; TOrJA HOCJAEJI0BATEbHOCTL (v, IIyTeM IDYIIUPOBKU €€ WIEHOB,
MOXKHO MPEACTABUTHL B BUIE O/ 30i30v3 . . ..

[TosTomy E(ql, a) = E(ql, o/)@(q, Q303003 . . .).
Onnaxo, E(C], azazay...) = E(CL 043)@(617 asazas. . .).

[Tpumensst 3T0 paBEeHCTBO MOBTOPHO, MOJTYUHM:

E(QD O‘) = w((h, CY/)@MC], Oég)w(q, 043) R

Taxkum 06pazom, (g, ) - IepuoanIecKast MOCJeI0BATEILHOCTE C JJINHON Mepro/ia, pas-
HOIi JIJTHHE CJI0BA (v3, T.e PaBHOIl (iy — i1)7. Cile10BATeIbHO, HAUMEHbBINAsT JIJTHHA [ePHOJIa
0CJIeI0BATEILHOCTH SIBJISETCS JIeJIMTEIeM YTOr0 YUCIa H IpeIcTaBuMa B BUje 6 - m, rie
0 menut T, a m Aeaut i — iy. Tak Kak i — iy € {1,...,n}, tom € {1,...,n}, u nepsas
MOJIOBUHA TEOPEMbI JIOKA3aHa.

O6patno, mycts A = {ay,...,ax},k > 3,B = {b1,...,b,},p > 2. Paccmorpum mpo-
U3BOJIbHOE HATYpPaJbHOE T U IPOU3BOJIBHBIN HATypaJbHbIN JAeaurenb 6 yucaa 7. llycTb
m € {1,...,n}. OnpeaeauM WHUIHATBHBI ATOMAT Vg caenyromeit nnarpammoit Mypa:

Ha »sTo0it nmarpamme m3obpazken caydait m < n. Ecam m = n, To BepXHAsS 9acTh OTCYT-
CTBYeT, & Ha4aJbHOE COCTOAHUE (1 €CTh COCTOAHUE (n_m41, PACIOJIOXKEHHOE Ha HUXKHEM
nuKJie. XOTd JuarpaMMa 1 BbITVISUT HECKOJIbKO I'POMO3/KO, IIPUHIIMIL €€ yCTPOoiicTBa J10-
CTATOYHO IIPOCTOM.

Ecnu nepBag BxomHasg OyKBa OTJHYHA OT (1, TO W3 COCTOAHUA ¢y aBTOMAT OyIEeT IO
JICHCTBHEM KayK/IOH HOBO#M BXOHHOM OYKBBI IlepeMellaThCs BIPABO 110 BEepXHEH Ienodke
cocTosinuii. B KOHIIE KOHIIOB OH JOHIeT 10 COCTOAHHS (,_,,, B KOTOPOM U OCTAHETCS Ha-
BcerJia. Bapbupys BXOJAHYIO OYKBY, HIPU 3TOM MOXKHO Oy/JIeT JOOUTHCS IOMABJIEHUS HA €ro
BBIXO/Ie J11000it 13 OYKB by, bs.



Ecyin mepBas BXogHast OYKBa - @1, TO aBTOMAT MMEPEXOJIUT K COCTOSHUIO (_pi1 HUZKHETO
muksa. [lpu mosgsaennu wa BXOje J1000it U3 OYKB ak_1,dr ABTOMAT CJIBHTAETCH BIOJIb
IIUKJIa [0 YaCOBOH CTPEJIKe Ha OJHO cOCTOsdHHe. Ecaum Ha BXOJ MOCTYHAET KaKad-JTu0Oo
JpyTasg OyKBa, aBTOMAT He W3MEHsIeT CBOEr0 COCTOsIHUSL. Bee BpeMst pu JIBUKEHUH B0/
IIHUKJIa Ha BBIXOAEC aBTOMATA 6yﬂeT IIOABJIATHCA CUMBOJI bl- EZLI/IHCTBGHHOG HNCKJ/JIIOYCHUE -
ePEX0/T OT COCTOSIHUS (, K COCTOSIHUIO (i1, T TOABISIETCA CAMBOJ by.

PacemoTrpum cioBa oy = a?‘lak_l, Qg = a?‘lak, Q3 = OZI/G_IOZQ.

[lycrs cnagana 6 > 1. Bo3bMeM HepHOIMYECKYIO MOCIEI0BATEILHOCTD (0 = Qi3(ig3(yg . . ..
Tak Kak B cJoBe a3 OyKBa aj TOSBJISETCS JIMITL OJUH pa3 ( B KOHIE TOTO CJIOBA), TO
HAMMEHBITHIT TePUOJL OCJIeI0BATEIBHOCTH (v PABEH JJIMHE CJIOBa (v3, T.e. paBeH 0 - (1/60 —
14+ 1) = 7. Tak kax € > 1, T0 c10BO (3 HauMHaeTcst ¢ OykBbl a1. Cleg0BATENIBHO, aB-
TOMAT Cpa3y NnepeijieT B HUXKHUI UK/ U HAYHET TepeMeniarhes mo Hemy. [Toka na Bxo
nocTymaeT OYKBa a1, aBTOMAT OYJIeT COXPAHATH CBOE COCTOsIHHE. DTO MpoIoKaeTes 6 — 1
MOMEHT, & 3aTeM Ha BXOJ, HOCTYIAeT MOCJeIHsIs OYKBA CJI0BA (v JIHOO (vg, T.€. OJIHA U3
OYKB ap_1, ax. OHA BBI3BIBAET MEPEXO/l aBTOMATA B CJIEAYIONIEe COCTOSTHIE MUKJ/IA. |aKiIM
00pa3oM, B KayKJIOM COCTOSIHUU UK/ aBTOMAT Oy/IeT HAXOAUTHCS POBHO ) MOMEHTOB.
[Toka oH He J0iijIeT /10 TEPEX0a U3 COCTOSTHUS (, B COCTOSTHUE (., 11, HA BBIXOJE OyaeT
BO3HHUKATH CAMBOJI by, W JIMIIb TPU YKA3AHHOM IEpPEXoje MOSBUTCA CUMBOJ by. Bpewms,
3aTpadeHHoe Ha OJIHOKPATHOE IMPOXOXKICHUE IMUKJIA, PABHO MPOU3BEICHUIO € Ha duCI0 m
cocTosinuil nuKJja. Takum 06pa30M, BbIXO/HAS [10C/IEI0BATE/IbHOCTD, HAUUHAsS ¢ HEKOTOPO-
ro MOMeHTa, Oy1eT 00pa30BaHa MePUOAHYECKH MOBTOpsommMucs gpparmenramu bl ™ by,
T.e. IMEeeT HauMeHbInuii mepuos 6 - m.

Chyqait § = 1 coBcem mpocToii, TaK KaK 3/€Ch UHUCI0 COCTOAHMI aBTOMATa HE MEHBIIe
TpebyeMoii JJIMHBI IIePUOJIa BBIXOIHOM MOcae10BaTeIbHOCTH. [ Hero HeMHOIO CKOpPpeK-
THPYeM NPUBEJEHHYIO BbIllle numarpamMmy Mypa: CTpesiKy OT ¢ K (p_pt1 TPOBETEM T
BXOAHBIX CUMBOJIOB Af_1, A, & CTPEJIKY OT @1 K @2 - AJId BCEX OCTaJIbHbBIX BXOAHbBIX CUMBO-
JioB. IIpodme paccyKaeHnus TP 3TOM COXPAHSIIOTCS.

Teopema j0ka3zana.

SamMernuM, UTO MPHUBEIEHHBIH MpUMep 00JIa1aeT eIne OJHUM BasKHBIM CBOWCTBOM. ABTO-
MaT He IIPOCTO MMEET 1 COCTOSHWIA, HO JIIoOble IBa M3 HUX MOKHO "OTmauTh" apyr ot
JIpyTa, HoJ00paB MOAXOMSINee BXOJHOE CJIOBO TaKHM 00pa30OM, 4TOOBI BBIXOIHBIE CJIOBA
AJ1d 9TUX COCTOSIHUI OTJINYAJIUCH. Pa,ZLI/I 9TOI'0 CBOUCTBA U 6b1ﬂa BBEJCHA BEPXHAA TaCTb
AnarpaMMBbI. EFO IIpOBEpPKa peKOMeHAyeTCd B KadeCTBEe CaMOCTOATEJIbHOI'O YIIPazKHCHUA.



