00 3KBHUBAJIEHTHOCTUN YaCTUYHBIX
aBTOMATOB

3. MakcumoBu4

PaccmaTpuBaeTcs HECKOTBKO TUTIOB OTHOITIEHU I 9KBUBAJIEHTHO-
CTU MEXK/Iy YaCTUYHBIMU aBTOMAaTaMU, a TaKxKe MeXKJIy COCTOSHU-
AMU OJTHOTO M TOTO K€ HYaCTUYHOTO aBTOMAaTa B KJAacce BCEX dYa-
CTUYHBIX aBTOMATOB, Yy KOTOPBIX ObsiacTu onperesnenuss pyHKIuit
[1ePEeX0/I0B U BBIXO/I0B TOXK/I€CTBEHHBI.

BBenenue

Ecnn cMoTpeTh Ha 4YacTHUYHBIE aBTOMATHI KaK Ha Ipeodpa3oBaTesn
BXOJHBIX MOCIEIOBATEIBHOCTEN W CPABHUBATE WX MOBEJEHNE, TO, KaK 1 B
cJlydae KOHEYHBIX aBTOMATOB |1]|, MpUXOAMM K Psifly OTHOIIEHUI SKBUBA-
JIEHTHOCTH MEXKJTy aBTOMATAMM, & TAKyKe MEKJIY COCTOSHUSIMU OIHOTO W
TOTO YK€ 9aCTUIHOTO aBTOMATA. 3/I€Ch MBI OTPAHNINBAEMCST TACTUIHBIMA
aBTOMAaTaMM, Y KOTODPBIX 00JIACTH OmpeJiesieHnns (QYHKIIM MepexogoB 1
BBIXOJIOB TOXKJIECTBEHHBI.

CBO#CTBO «9aCTUIHOCTH» ABTOMATOB MO3BOJISIET BBECTH JBA TUIIA, CO-
OTBETCTBUN MEXKIy WX COCTOSHWSIMU: HEOTIWINMOCTh W CUJIBHYIO HEOT-
JIMIUMOCTDb, & MEXJY YaCTUIHBIMU aBTOMATaMU TPHU THUIA OTHOIIEHWIA:
caby 10 HEOTANIMMOCTD, HEOTJTHINMOCTD ¥ CHIHHYIO HEOTIHInMOCTh. Co-
OTBETCTBUS HEOTTMUYUMOCTH ¥ CUIBLHON HEOTIUINMOCTH, B CBOIO OUepeb,
TTO3BOJIATOT PACCMATPUBATDH JIBA THIA, MPUBEIEHHBIX TaCTHIHBIX aBTOMa~
TOB: TIPUBEJIEHHBIE U CIa00 MpUBEJEHHbIE YaCTUYHBbIE aBTOMAaThl. B Ha-
cTodIell craThe 0cob0oe BHUMAHUE YIeadeTcs CJIa00il TpUBeIeHHOCTH.

Hekoropsie paccmarprBaeMbie 371eCh YTBEPKICHWS B BUIE MOTOOHBIX
bOopMYTHPOBOK MMEIOT MECTO JJisi «IIOJTHBIX» aBTOMATOB. BBOaUTCS TIO-
HSITHE YaCTUIHOTO aBTOMATA, KOTOPHIH OMTUMAIBHO G-MOEINPyeT JTaH-
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HBIIl YaCTUYHBIA aBTOMAT, U JOKA3bIBAETCs, YTO BCE TaKWE YaCTUYHBIE
aBTOMATHI ABJIAIOTCS IpUBeIeHHbIMU. HakoHelT, TOKa3bIBAETCs, UTO CHIb-
Has HEOTJIMYMMOCTH B CAydYae JACTUUHBIX aBTOMATOB MAaJIO OTIUYAETCS
OT OTHOIIEHNS HEOTTHIUMOCTH MEXKIY aBTOMATaMU. DTOT (PAKT HJLIIO-
CTPUPYETCS JOKA3ATETHCTBOM OJIHON TEOPEMBI, KOTOPast MMEET MECTO sl
«TIOJTHBIX» ABTOMATOB.

1. OcHOBHBIE TIOHATUA

Hom wacmuunbvim omobpasicenuem Man wacmuunolts dynxyuetd f c
MHOXKecTBa A B MHOXKeCTBO B monmmaem Jiioboe coorBercTsue (GmHap-
Hoe orHomenue) f mexy muoxkectBamu A m B, To ecth 1060€ MOJ-
MHOXKeCTBO f MHOXKecTBa A X B, KoTOopoe s Jioboro a € A yuosite-
tBOpsier yciosuio |f(a)| < 1, tme f(a) = {b € B|(a,b) € f}. Cumson
f: A — B 6ynmer oboznagarh, urto f — gactuunas dyaknms ¢ A B B;
TIPU 9TOM HE OTPAHWYUBAEM CTAHIAPTHOE YIOTpPEOJEeHNe 3TOTO CUMBOJIA
15t pyHKIUY (MOJTHOTO 0TOOPAYKEHHS ), TIOCKOIBKY (DyHKITMIO MOYKHO O~
HAMATH KaK YaCTHBIN caydailt yactuuanoit dpyukmun. Ecm f: A — B —
vyacruaHas dyHKIuUs, TO B ciaydae, Korga f(a) = b, To ecrsb, Korjga Ccy-
mectByer b € B rtakoe, uto f(a) = {b}, roBopum, uro f ompejeneHa B
a. Pakr cymecrsoBanust 3Hauenus f(a) oboznavaem depes 3f(a); B po-
TuBHOM ciyvae muimeM —f(a). Takxke obosuaunmm depes Dy MHOXKECTBO
fac A|3f(@)}

Habop V = (A4,Q, B,¢,1)) Ha3bIBAETCH KOHEUHBIM YACTNUYHDIM QG-
momamonm, ecim A, (), B — KOHEUHbIE MHOXKECTBA, a ¢: Q X A — Q u
Y:Q X A — B — ugacruunsie ¢pyukiuun. Muoxkecrsa A, (), B Ha3biBa-
FOTCSI COOTBETCTBEHHO GLOOHVIM GAPABUMOM, AAPABUMOM COCTNOAHULL T
8UTO0OHBIM GAPasumMOoM TacTraHOTO aBToMaTa V. OyHKINS ¢ HA3LIBAET-
ca pynxyuet nepexodos, a GyHKINA 1P — PyHryuet: 661x0006 TACTHIHOTO
aBromara V.

Ecm D, = Dy = Dy, 10 "acTuunblii apromar V' HasbIBaeTCs “a-
CMUNHDBLM GBMOMAMOM, Y KOMOoPo2o obaacmu onpedesenus GyHryull ne-
pexodos u 6ur0dos mostcdecmsentv,. B masbHeiiieM OyaemM paccMaTpu-
BaTh TOJIHKO TAKWE YACTUIHBIE ABTOMATHI, W TIOITOMY I KPATKOCTH
BMECTO (Pa3bl «IACTUUHBIN aBTOMAT, Y KOTOPOTO 00/1aCTH OIpeIeIeHu T



O0 3KBHBAJICHTHOCTU YACTUYHBIX aBTOMATOB 339

byHKINN TEPEX00B W BBIXOI0B TOXKIECTBEHHBI» OYIE€M ITPOCTO MHUCATH
YaCTUYHBINA aBTOMAT.

l_IOHSITI/ISI7 KOTODPBIE IJIA YaCTUYIHBIX aBTOMATOB BBOAATCA TaKUM 2KE
C110cob0M, KaK ¥ JIjIsi KOHEYHBIX aBTOMAaTOB, Oy1eM CYUTaTh U3BECTHBIMHE
u He OyjeM TPUBOIUTH UX ONPEIE/IEHUA.

IIycte C — mekoTophlit KoHeuHBIH ajndasut. Yepes C* obozHATUM
MHOYKECTBO Beex ¢/10B B andasure C, vepe3 CT — MHOKECTBO BCex Hemy-
creix ciaoB w3 C*) wepes A — mycroe ¢/I0BO, a 4depe3 |«| — JIuHY Tpo-
uzBosbHOTO cioBa « € C*. Taxxe s soboro a € CT uepes (i),
1 <i < |a|, obosraunm i-Tyto 6ykBy 3TOro0 ciosa. g moboro a € CF,
|a| = n, n 06oro i, 1 < i < n, yepes a); u af; 0603HAUNM COOTBETCTBEH-
HO HA4asl0 M KOHeI| CJI0Ba (v JUIMHEI i, TO ecTb af; = a(1l)a(2)... (i) n
ali=an—i+1l)a(n—i+2)...a(n); DoT0KIM TakKe, 9T0 g = afp= A.

Iycrs V = (A, Q, B, ¢, ) — gactuunsiii asromar. Ciosa B andasu-
Tax A, Q 1 B Ha3LIBAIOTCSI COOTBETCTBEHHO SLOOHBLMU CAOBAMU, CAOBAMU
COCMOANUT U GULOOHVMY CAOBAMYU TACTHIHOTO aBToMaTa, V. OyHKIHH
MEPeXO/I0B ¥ BBIXOJ0B YaCTUYHOTO aBTOMaTa V' pacHpocTpaHUM Ha da-
cruubble QYHKIUNA ¢ MHOXKecTBa () X A* B MHOXKecTBa () u B coorrer-
CTBEHHO CIeayomuM crnocobom. OcraBiigs Te ke 0003HATEHN 11 HOBBIX
dyurIMii, 115 006X a € A* u a € A nojoxum, 9To:

1) wla,A) = ¢ ¢lgaa) = @(p(q,@)a), ecmn Jp(q,a) n
Jp(e(q, ), a), 1 ~¢(q,va) B IPOTUBHOM CJlyUae;
2) ¥(g,A) = A, ¥(q,aa) = P(p(ga),a), ecmn Fp(g,@) n

I ((q, oz),g), u (g, ¥a) B IPOTUBHOM CJIydae. R

Iycre Dy, = {(¢,) € Q x AT |3p(¢q,a)} nm Dy = {(¢, ) € Q X
At | (q,)}. Us D, = Dy = Dy creayer owesuno, aro Dy, = Dy, =
Dy.

Taxzke myg gr060ro gactuanoro apromara V = (A, Q, B, ¢, 1) BBemem
wacTrarble (GYHKIAE P 1 1) CIeLYIONmM criocoboM. JacTidanbrii aBToMaT
V, Haxo/[Ch B COCTOSHUE ¢, TlepepabaThiBaeT BXOHOE c1oBo @ € AT B
CJIOBO COCTOAHUI

(g, ) = v(g, alo)p(q, 1) - - - (g, ] ja))

1 B BBIXOJHO€E CJIOBO

7,/}((],04) = (g, 04]1)1#(% a]Q) I a]|a|)7
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ecam Jp(g, o), wau, 9O TO Ke camoe, ecan (g, ); B IPOTUBHOM CJIydae
-9(q, &) mu (g, ). Tox dynrkyuonuposanuem wacmuwnozo agmomama
V mommmaem TepHapHOE OTHOIIEHHUE

Fy = {(o,®(q, ), ¥(q,)) |a € A*,q € Q m Fp(q, )}

B mocienyromem maMm Takike MOHAIOOWTCS MOHSATHE W30MOPQU3Ma
JIBYX 9aCTHYHBIX aBTOMaToB. ONpesennM ero 31ech.

IMycte V = (A,Q,B,p, ) n V! = (A, Q', B, ¢,¢') — wacrnunnie
asromarsl. Tpoiika 6ueximit (f,g,h), tne f: A — A, g: Q — Q' n
h: B — B, naseBaerca usomoppusmom V wna V', ecim (q,a) € Dy
Torja n ToJabKo Torua, koraa (g(q), f(a)) € Dy w npu sToM

9(¢(q,0)) = ¢'(9(q), f(a)) m h((q,a)) =¢'(9(q), f(a))

st oboro (q,a) € Dy. Ecom cymectByer u3oMopdu3M 4acTHIHOTO
aproMara V Ha YacTMuHbIi aBromar V', TO roBOpMM, 4YTO YaCTHYHbIE
aproMarsl V u V' aeagiorcs usomopdrvimu.

2. OTiIMYUMOCTh COCTOAHUIN 4YaCTUYHOTO aBTO-
MaTa

[Mycts V = (A,Q, B, o, ) u V' = (A,Q’', B, ¢',¢') — nBa uacTuanbix
apromara, ¢ € Q u ¢ € Q' — HekoTOpHIE UX COCTOAHUSL. [OBOPUM, UYTO
cioBo o € AT pasaunaem cocroamma q u ¢, ecim (g, ), (¢, @)
n (g, ) # P (¢,a). Cocrostrus q m ¢’ ABAAIOTCA OMAUNUMBLMU, €CTTA
cymecTsyer ciaoBo n3 A1, koTopoe pazmmaaer stu cocrosrus. Cocrognus
q 1 ¢ HA3BIBAIOTCS HEOMAUNMUMDLMU, €CITA HE SABIAIOTCS OTTMIAMBIMI,
TO €CTh, ecyiu Jiis Joboro ciosa o € AT, rakoro, uro (q,a) € Dy u
(¢, ) € Dy, Bemonseno (g, o) =9 (¢, ).

OTIMYMMOCTh COCTOSHMIT MOXKHO paccMaTpUBaTh U B Cjydae, KOIjla
V = V', Torga MOKHO rOBOPHTH 00 OTHOIMIEHUAX OTJTMIUMOCTH ¥ HEOT/IH-
YUMOCTHU Ha MHOYXKeCTBe cocrostauit () aBromara V. Cremyrommuii mpumMep
MOKA3BIBAET, YTO OTHOIICHWE HEOTJIMYUMOCTH He ABIAETCS TPAH3UTHB-
HBIM.
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IIpumep 1. HerpymHo BUAETH, 9TO COCTOAHUS ¢ U G2, & TAKXKE COCTOSI-
HUS o U @3 dacTuaHoro apromara V = (A, Q, B, ¢, 1), rue

A={a,b}, Q={q,0 ¢}, B={1,2},
(o, ) (q1,a) = (q2,1),  (»,¥)(q2,b) = (g3, 1), (p,¢)(g3,a) = (g3,2),

ABJIAIOTCA HEOTJIMIUMBIMU, TOTJa KaK @1 WU 3 ABJIAIOTCA OTJIMYNMBIMHA.

[Mycts V = (A,Q, B, o, ) u V' = (A,Q’', B, ¢',¢') — nBa uacTuanbix
asromara. Cocrostaust ¢ € Q u ¢ € Q' ABAAIOTCA CUABHO HEOMAUNUMDL-
MU, ¢ ~ ¢, ecTH OHU HeOTIWYIUMbIe U ec/IH Jisg aroboro ciosa o € AT
YZIOBIETBOPEHO, uTo (g, o) Torga m TobKO Torga, Koraa 3P (¢, a); B
IPOTUBHOM CJIy9ae TOBOPHUM, UTO COCTOSHHSA q U ¢ cAabo OmauMuMbie.
CI/I.HI)HaH HEOT/INYUMOCTH ABJIAETCA COOTBETCTBUEM Me)K,Z[y MHO>KeCTBa~
vz Q u Q' ¥ 3aBHCHT OT TOro, Kakue aproMaTsl V u V' B3aThI, HO3TOMY

BMECTO ~ ObLI0 OBbI PaBUJIbHEE MUCATH, HAIIPUMED, v HO MBI He Oy-

~ 19
JIeM JIesIaTh 9TOTO, MOCKOJIBKY W3 KOHTEKCTa BCETIIA 6yﬂé/T SICHO, O KAKUX
apromarax V m V' uner peus. Ecm V = V', 10 cooTBercTBUE ~ ABIA-
eTcst OUHAPHBIM OTHOIIEHUEM B (); SICHO, YTO B TAKOM CJIy9ae OTHOIIEHUE
~ SBJIAETCS OTHOIIEHWEM 3KBUBAJEHTHOCTH.

ToBopum, 9TO YacTUUHBIN aBTOMAT ABJASIETC (CAGOO NPUGEIEHHBLM )
npueedeHHbLM, €CIU TI00asd IMapa €ro pasJndHbIX COCTOSHUIT ABJISETCH
napoit (cs1a60 OTIMYMMBIX) OTIMIUMBIX COCTOSTHMUIA.

BamMeTrnM, 9TO /I «IIOJHBIX» aBTOMATOB MOHATHUS CHJILHON HEOT/IH-
YHUMOCTH 1 HEOTJIMYUMOCTHU COBIIQ/IAIOT.

JlmmHa, caMoro KOPOTKOTO CJI0Ba, KOTOPOE Pa3/JIuYaeT JBa OTJIUIUMbBIX
cocrogHus «moTHOrO» aBromara V = (A, Q, B, ¢, 1), He 6ombie |Q] — 1,
pUYeM 3Ty OIEHKY HEeIb3si B ODIIEM Cjydae yMeHbINUTh. PaccmMorpum
9Ty OIEHKY B CIydae YaCTUIHBIX aBTOMATOB.

ITycrs Q — Hekoropoe muOKecTBO. O603HAYMM Yepe3 V(Q) MHOKe-
CTBO BCEX YACTUYHBIX ABTOMATOB, ¥ KOTOPHIX () ABISETCS MHOKECTBOM
COCTOAHUIA.

Iycrs V = (A,Q, B, p,v), |Q| > 2, — HeKOTOpBIil 4acTUYHBII aB-
toMar. Ilycts ¢ m ¢’ — mapa ormmuuMeIx cocrosumii apromara V. Torma
obo3HaINM

n(q,q; V) = min{|a||a € A1, (¢,a),(¢,a) € Dy u ¥(g, @) #9(d, )}
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Takxke mycThb

n(Q) = max{n(q,¢"; V)|V € V(Q),

q v ¢’ — napa oTIMmYMMbIX cocTostEuit n3 V}.

Teopema 1. /Jlaa a106020 Koneunozo muoocecmsa Q, |Q| = 2, umeem
mecmo coommowenue n(Q) = |Q|(|Q] — 1).

Hoxka3zaresnnscrBo. [Tycrs Q, |Q| > 2 — HEKOTOPOe KOHEYHOE MHOXKe-
crBo, u mycTh m = |Q|(|Q| — 1). Ilokaxkem cHavasa, METOIOM OT IPOTUB-
HOTO, 4TO OoTHOIIeHe n((Q)) < m BepHo.

[Tpeanonoxkum, uro cymectsyior V = (A, Q, B, p,¥) € V(Q) u napa
¢() M ) OTIMYMMBIX CcoCTostHMI u3 V| Takme, 4TO AjamMHA JHOOOTO CI0BA
a € A*, pazmuaarorero g u g, 6osbite m. Ilycts o — HEKOTOpPOE CII0BO
bl ng = n(qh, ¢0; V), pasnuuaromee cocrosiaust ¢ u q(. [Tockoabky
ng > M, TO B TOCTeIOBATENLHOCTH (qg; 40 ); (41,41 )s -+ -5 (Ang—15Ang—1)5
rae (¢}, q)) = (¢(gh, @li)s e(qf, i) mast moboro 0 < i < ng — 1, oaun
W3 ee "IEHOB TIOBTOPSIETCA WM ¢; = q; Jy1a HexoToporo 1 < j < ng — 1.
Ho ecrm ¢ = ¢j nna mexoroporo 1 < j < ng — 1, To coBo ag me
MOZKET Pas3/IndarTh COCTOSHUA () U g, U Mbl IPUXOJUM K IIPOTHBOPEUUIO.
A ecmm (q),,q;) = (q,,,q,) Ana mexotoperx 0 < Iy < Iz < ng — 1, 10
CII0BO ) = |1, 0 [ng—1, PA3INUAET COCTOSHUS ((, U (), U HOCKOJIbKY
|| < |evo|, TO MBI OIAITH IPUXOAUM K HPOTUBOPEUHUIO.

[Tokaxkem Temepb, uro n(Q) = m. lyers Q = {q1,...,qn}. Ymo-
PAJOYMM HEKOTOPBIM CHOCO6OM BC€ TIapbl PA3JIMYHBIX 3JIEMEHTOB MHO-
xkectBa Q, m nycth (Girs 451, (Qins Qjn)s - - - > (Qipe» Gjyy) — TOIYTEHHAS Ta-
KM CII0COO0OM mocsiefoBaTesbHOCTE. [lyers Takke A = {1,2,...,m} u
B = {1,2}. Ilocrpoum uactuunsiii asromar V = (A, Q, B, ¢, 1), Takoi,
a10 ©(Gis 1) = Gipyys (2,5 1) = Gryrs V(i, 1) = P(g;,,1) =1 (1 <1 <m)
Y(gi,,,m) = 1 n ¥(gj,,,m) = 2. OgeBugno, aro n(g;,q;;V) = m.
CrenoBaresnbuo, n(Q) = m, a MOCKOJbKY UMEET MECTO U COOTHOIIEHUE
n(Q) < m, To noaygaem, uro n(Q) = m. Teopema nokazana.

JlmuHa caMoro KOpOTKOTO CI0Ba, KOTOPOE PA3IHYAET JIBa OTJIXIAMBIX
COCTOSIHUS JIByX aBTOMATOB, He Ooubie Q1]+ Q2 — 1 ([1]), mpuuem sty
OIEHKY HEJb3d B OOIIEM CJIydae YMEHBIINTh. PacCMOTPHUM 3Ty OIEHKY B
C/Iydae 9aCTUIHBIX aBTOMATOB.
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H}’CTB ‘/1 = (A7 Q17 B7 80171/)1) u VQ = (A7 Q27B7Q027w2) — HEKOTO-
pble YaCTUYHBIE ABTOMATHI, U ¢ € Q1 U ¢ € Q2 — mapa OTIHYNMBIX
COCTOSHHUI 3TUX aBTOMATOB. O6OSH&“IHM

nV1,V2(Q1,QQ) =
= min{|o| | € A", 3(q1, @), g2, @) 1 Y1 (1, @) # Pa(gq2, @)}

Takxxe, mycThb

n(Q1,Q2) = max{ny, v,(q1,¢2) | Vi € V(Q1),V2 € V(Q2), ¢1 € Q1 m

g2 € Q2 — napa OTIMYNMBbIX cocTosiHuii apromaros Vi u Va}.

J1s 9acTUYIHBIX aBTOMATOB JeHCTBUTENHHO CJIEIYIONIee YTBEpIK/Ie-
HUe, JIOKAa3aTeIhCTBO KOTOPOIO MPAKTUYECKHU MTOJTHOCTHIO TI0JIyYaeTCs 110-
BTOPEHNEM OCHOBHBIX PACCYKIAEHUN TOKA3ATETbCTBA TPEILITYINEll Teope-
MBI, ¥ TIPU 3TOM OIIEHKY JUIMHBI «MUHUMAJBHOTO PA3/INYAIONIero CJI0BaY,
Kak u B Teopeme 1, HeTb3S YyMEHBIIUTD.

Teopema 2. /las 4100612 Koneunvx muoocecme Q1 u Qo umeem mecmo

COOMHOWEHUE n(Qla QQ) = |Q‘ ‘Q/|

Toeopum, uro wactuunslii asromar V = (A, Q, B, ¢, ) siBasercs caa-
60 saooicumvim B dacTuunblii apromar V' = (A, Q', B, ¢, 1), u numem B
TakoM ciaydae, uro V < V', ecam 1 IpOM3BOJILHBIX cocTosHMi ¢ € Q n
cioBa « € A*, Takux, uro (g, o), cymecrsyer cocrognue ¢ € Q' Takoe,
aro IP(q',a) m Y'(q, a) = ¥(q, ).

ITpo wacruunsrii aromar V = (A,Q, B, p, 1)) TOBOpUM, UTO OH sIB-
NAeTCsA (CUABHO GAONHCUMDIM) GAOHCUMbBLM B TaCTUUHBIT aBTomar V' =
(A, Q",B,¢,¢), m mumem (V a4 V') V <X V' eciu ny1s1 Ipon3BobHOTO
cocrosianst ¢ € ) cymecTByeT (CUIBHO HEOTIIMINMOE) HEOTTMINMOE CO-
crosgame ¢’ apromara V'. 3aMeTuM, 9TO TOHATHUS BJOKUMOCTH U CHIBHOM
BJIOYKUMOCTH COBNAJIAIOT JIIsi aBTOMATOB.

Ouesunno, uro uz V a4 V' cienyer kak V <X V', rak u V < V. Jlerko
y6eIThCA, 9TO M3 STUX TPEX OTHOIIEHWil TOJLKO OTHOMICHMS < M <
ABJIAIOTCA TPAH3UTUBHBIMMA. OTHOHIeHI/Ie BJIO2KMUMOCTHU JAJId aBTOMaTOB HE
spisiercst cumMerpudnbiM [1]. Tlokazkem, 9T0 Takoe yTBEpK/IEHUE UMeeT
MECTO W JJIsT OTHOIMEeHn# < 7 <.
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Teopema 3. ITycmv V = (A,Q,B,¢,v), |B| > 2 — nexomopw wa-
cmuunwti asmomam. Tozda cywecmeyem wacmuunwiti asmomam V' =

(A,Q', B, 1), maxot, wmo V aV' v V' L V.

Hoxka3zaresberBo. [lycte V' = (A,Q,B,p,v), |B] > 2 — nekoro-
PbIl 4aCTUYHBIA aBTOMAT U N = \Q\ Ilocrponm wacTuanbIil aBTOMAT
V" = (A,Q",B,¢",4"), kotopsiit He siBisiercst c1abo BAOKUMBIM B V.
st sroro dpukrcupyem nekoropoe a € A. Jlns mro6oro m € N uepes a™
0003HAYMUM CJIOBO JIJTUHBI 1M, Y KOTOPOTO BCe OyKBbI paBHbI a. st 1106010
q € Q nycrb w,(g) — camoe JUIMHHOE CJIOBO Buja a'™, Takoe, 9mo m < n
u (g, a™). Ilycrs W, = {1(q,wa(q)) | ¢ € Q}. Hockompry |W,| < n,
|B| = 2 u coorHommenne 2" > n yjoBJETBOPEHO [isi JIIOOOTO HATYpPaJib-
Horo m, To cymecreyer 3 € BT, |8| = n, Takoe, uto 8 ¢ W,. Ilycts
Q" ={qf,...,q._1}. Onpenemnm byrknuu ¢” u " crenyromum croco-
oom: " (¢) ,a) = q;/-s-l(mod m I Y"(q),a) = B(i) nus moboro 0 < ¢ < n—1.
fIcHO, ITO /ISt COCTOSIHUS () ¥ CJI0Ba @™ He CYIIECTBYeT COCTOsIHEE ¢ € @),
taxoe, uto (g, a") = ¥"(qf,a"), u crenoparensro, asTomar V" mHe sb-
nsercst cnabo BaokuMbiM B V. O6ozuaunm uepe3 V' cymmy gacTHaHBIX
apromaros V u V. Tlockonbky asromar V" crmabo BIoXKHM B aBTOMAT
V', T0 u3-33 TPAH3UTHBHOCTU OTHOIIEHUS C/Aa0O0I BJIOKUMOCTH aBTOMAT
V' me MOxKeT OBITH C1a00 BIOKUMBIM B aBToMaT V. SICHO TakzKe, 9TO aB-
TOMAT V ABJIAETCA CUJIBHO BJIO2KUMBIM B aBTOMAT V/. TeOpeMa JOKa3aHa.

Jlerko y6eauThCst, YTO ¥ OTHOINEHNE =< He SABJISIeTCS CUMMETPUUHBIM.

3. OO0 3KBUBAJIEHTHOCTU YAaCTUYHBIX aBTOMATOB

PaccMmoTpum 11pob/ieMy SKBUBAJEHTHOCTH YaCTUYHBIX aBTOMATOB, Y
KOTOPBIX MHOYKECTBA OTIpeesIeHns (hyHKIMi epexo10B U BBHIXOI0B TOXK-
JIeCTBeHHBI. BBejieM HeCKOJIbKO HeoOXOMMbIX TTOHSITHIA.

Yactuunsle aproMatsl V u V' HasbIBAIOTCA €AA60 HEOMAUMUMbBLMU,
V~ViemV <V unV' < V. Yacruunsie apromarsl V u V'’ Hazbl-
BAIOTCH CUALHO Heomaunumvimu, V = V' ecm V a V' u V' a V. Jlerko
y6eIMThCsA, 9TO BBEJEHHBIE OTHOIICHHUS ABJISIOTCA OTHOIICHUSAME SKBH-
BasienTHOCTH. QUeBMIHO, YTO aHAJOIMYHOEe OTHOIIEeHUE B CIydae =< HerT
CMBIC/Ia, BBOJIUTH, MOCKOIBKY TaKOe OTHOIIEHHE He ABJISI0CH Obl TPAH3U-
TUBHBIM.
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13 cuabHO# HEOTIMYUMOCTH YaCTUYHBEIX aBToMaToB V u V' ouesmj-
HO CJIeJTyeT uX cjaabasi HeoTInanMocTb. OOpaTHOe yTBEPXK IeHNE HE UMEET
MECTa, MOCKOJIBKY yKe B KJIACCe «IOJHBIX» aBTOMATOB TaKOe yTBEpPIKIe-
HUe ObII0 OBl HEBEPHBIM.

ﬂﬂ?{ CUJIBHO CBA3HBIX aBTOMATOB ITOHATUA C.Ha60ﬁ BJIO2KMUMOCTH, CUJIb-
HO# BJIOXKUMOCTH, C/1ab0#i HEOTIUYUMOCTH W CUJBHONH HEOTIUIUMOCTH
COBITaal0T, TO €CTh JJId CUJIBHO CBA3HBIX aBTOMATOB BEPHO, 9YTO U3 CJla-
6ot BIOKUMOCTH Cjieyer ux HeoTmmauMocTh [1|. Kak mokasweiBaer ciie-
AYIOIUN OTpUMeEpP, 3TO He UMeeT MeCTa i YaCTUYHBIX aBTOMATOB.
IIpumep 2. IIycrs ganwer apromarsel V = (A,Q, B,¢,v) u V! = (A, Q’,
B,y 9, tae

Q = {QLQQ}: Q/ = {qllvqé}v A= {a7 b}v B = {172}7
elg1,a) = q1, ¢(q1,0) = @2, ©(q2,b) = qu,
¢(qr,0) = a1, '(a1:0) =a, ¢'(5,0) =q1. ¢ (g5.0) = ¢
Y(g1,0) =1, P(q1,0) =1, 9(g2,0) =1
l/}/(qllva) =1, W(qlpb) =1, wl(q/%b) =1, W(q/ma) =2.

Yactuansie aproMarsl V n V' aprsaiorea cuabHO CBA3HBIME. Jlerko y6e-
TATBCA, 970 aBToMaThl V m V' He aBnaiorcsa ci1abo HEOTIUYUMBIME, U
CJIeJOBATEJIBHO, HE ABJIAIOTCA CUJIBHO HEOTIMYUMBIMU, HO aBTOMAT V AB-
ngeTcs ¢1abo BJOKUMBIM B aBToMar V.

DukcupyeM HEKOTOpOe cueTHoe MHOKecTBO Q = {q1,q2,...}. O60-
sHaunm 4depe3 P(A, B) MHOXKeCTBO BCeX 4aCTUYHBIX aBTOMATOB, y KOTO-
peix A — Bxogmoit andasur u B — BbIxogHOI andaBuT, u y KOTOPBIX
MHOYKECTBO COCTOSTHUII SIBJISIETCSI TIOJMHOXKECTBOM MHOXKeCTBa, Q. OTHO-
mernsi CJaboi HEOTTMYNMOCTH U CHIBHONW HEOTJIMUIUMOCTH pPa3OUBArOT
muO)KecTBO P(A, B) Ha K/IacChl SKBUBAJIEHTHOCTH.

Teopema 4. Ecau |B| > 2, mozda wucao £4accos 9K6U6aAEHMHOCTIU, HA
Komopwie mrosicecmeo P(A, B) pasbusaem ommuowenue caaboti neom.au-
YUMOCTIU, CHEMHOE.

Joka3zareabcTBo. [lycth V — mpon3BOBHBIN JaCTUIHBIN aBTOMAT W3
P(A, B). Ha ocoanun Teopembl 3 CyIecTByeT 10CI€40BaTEIBHOCTD Ya-
cruunbix apromaros V = Vi, Vs, ... us P(A, B), takas, aro V41 L€ V; u
Vi 4 Viy1 post siioboro ¢ € N. Bospmewm npounsBosibabIe j1, 52 € N, 71 < Jja.
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[Toxaxkem, aro Vj, o Vj,. [Ipeanonokum mpoTHBOMOIOXKHOE, TO €CTh, 9TO
Vi, ~Vj,. Ho Trorga Vj, < Vj,, m mockonbky Vi, < Vi1 <--- < Vj, 9 <
Viy—1, 70 Vj; < Vj,_1 1, cnegosarensno, Vj, < Vj,_1. I3 nonxydennoro
MPOTUBOPEYHS CJIEyeT TaHHOE YTBEPKICHIUE.

Iycrs Fyy C A*XQ* X B* — (pyHKIIMOHUPOBAHIE YaCTUIHOTO aBTOMAa-

ra V= (A4,Q,B,p,¢). llycts Gy = {(a, B) : (Fu € Q) (o, u, B) € Fy }.

Jlemma 1. Ecau y wacmuunozo aemomama V. = (A,Q, B, ¢,v) ecmo
TomAa 6vl 00HA NAPA PASAUNHDLT HEOMAUNUMBLEL COCTOAHUL, moz2da cy-
wecmeyem wacmuunwnld asmomam V' = (A, Q', B,¢',¢'") maxot, wmo

G(V) S G(V) @ <@l

Hoxka3zaresbeTBo. IlycTh ¢ U ¢ — 1BA HEOTIMUUMBIX COCTOSHUS Ha-
cruanoro asromara V = (A,Q, B,¢,v). Ilocrponm uckoMblil dacTud-
ueiii apromar V') y koroporo @ = Q \ {¢2}, cremyromum crocobom.
st mobeix ¢ € Q' ma € A, takux, uro (q,a) € Dy, monoxnm, 9to
V'(g,a) = P(g,a), a Takxke uaT0 ¢'(q,a) = ¥(q,a), ecmm p(q,a) # q2
n ¢ (q,a) = q1, ecm ¢'(q,a) = g2. Taxxe, ecin a = /a (o € A*,
a € A) Takoe cioBo, ato (g1, '), Jpo(ge, @) u =p(qr, ), TO TOTOKUM,
at0 ¢ (p(a1,a),a) = p(gna) m ¥(plar,a').a) = g, ). Javerm,
9TO M3 TOrO, Kak onpejesnena dbyukuus ¢ caeayer, aro ecam Jp(ga, @)
a1 mexkoroporo a € A, o Y/ (g1, @) = ¥(qa, ).

IMockobky |Q'] = |Q] — 1 < |Q|, To ocTaercs eme mokazarh, 9TO
G(V) C G(V'). Ilyers (o, B) € G(V) m mycrs || = n. Ecim ¢(q, alm) #
g2 aist moboro 0 < m < n, To ovesngno, uto (o, 3) € G(V'). Ilosromy
IIPEJTIONIOKAM, UTO CyIIECTBYET

io =min{i |0 <i<nAep(qal;)=q}.

Torma 3 = ¥(q, aliy) (g2, aln—is) = ¥'(¢: alig)V' (a1, [n—iy) n, crenosa-
tesibHO, (o, B) € G(V').

IIpo wacrmunwli asromar V' rosopum, uTo oH onmumasvho G-
Mmodeaupyem dactuaHblit apromar V', eciim Gy C Gy u ecau y Jr060T0
apromara V" takoro, uro Gy C Gy», COCTOSHMIT HE MEHBIIE, 9eM Y aBTO-
mata V', TIOCKOJIbKY MHOMKECTBO BCEX HEM30MOP(MHBIX YaCTUYHBIX aBTO-
maToB u3 P(A, B), y KOTOpBIX He GOJIbIe COCTOsIHNUIT, UeM y aBToMara V',
KOHEYHO, TO YaCTUIHBIH aBTOMAT, KOTOPBI onTuMaabHO G-MOjenpyer
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JTAHHBIN ABTOMAT, BCEra CYIIECTBYET, IIPU ITOM $SICHO, ITO B ODIIEM CJIy-
Jae TaKOil aBTOMAT He €IUMHCTBEHHBII.

Teopema 5. Bce wacmuunvie asmomamol, KOMOpve onmumasvho G-
MOGEAUPYIOM YacmuHbll asmomam V , A6AAOMCA YACTNUYHBMU AETNO-
MAMamu Npusedertnoz0 6uda.

JokazareabcTBo. [IpemnoiokumM TpOTUBOIIOI0KHOE, TO €CTh, YTO Cy-
mectByer yactuunbiii apromar V' = (A,Q’, B, ¢’ ¢’), ontumansiao G-
MogeMpyomuii sacrnanelit apromar Vo= (A, Q, B, , 1), KOTOpHIil He
ABJIAETCS YaCTUYHBIM aBTOMATOM IpuBeJenHoro suga. Torga y V' cy-
IIIECTBYIOT XOTsI OBl JIBA HEOTJIUIUMBIX cocTosguus. Termeps u3 Jlemmbr 1
caemyer, uto cymectsyer wactuanblii apromar V' = (A,Q", B, ", ¢"),
takoit, uro |Q"| < |Q'| u Gyr C Gy». Hockonasky V' ontumansao G-
Mozenupyer V', To TakKe umeer mecto cootrotrenne Gy C Gy Cegno-
BaTesibHO, nostydaeM, uro Gy C Gyrv. Ho mockonbky |Q”] < |Q'|, To V'
HE ABJIACTCA YaCTUYIHBIM aBTOMATOM, OTITUMAJIBHO G—MO,Z[e.HprIOH_H/IM V
113 mO/Ty9€HHOr0 IPOTUBOPEYH CIEIYeT YTBEPKIECHNE TEOPEMBI.

B ocraBmreiics vactu pabOThl TOKAXKEM, UTO MOHSTHE CUJILHON HEOT-
JIMYIMOCTH YaCTHYHBIX ABTOMATOB U COOTBETCTBYIOIIEE IOHATHE B CIydae
«TIOJIHBIX» aBTOMATOB, TOHATHUE HEOTIUIUMOCTH, CYIIECCTBEHHO HE Da3-
mruarorcsa. O6Gpa3HO TOBOPsI, BBEJICHNE B UIPY «9aCTUIHOCTH» (B TaKOM
CMBICJIE, B KAKOM OHA 371€Ch TPAKTYeTCsi) He J0OABISET K COOTBETCTBYIO-
H_Ieﬁ KapTrWHE HUKAKWUX TIPUHOUIINAJIBHO HOBBIX MHTEPECHBIX MOMEHTOB.

[Mycts V = (A, Q, B, ¢, 1) — gactuunslii apromat. [oBopuM, 9T0 BXOJ
a € A smasiercs cywecmeennvim st V., ecan (q,a) € Dy [1ist HEKOTO-
poro ¢ € (Q; B IPOTUBHOM CJIydae STOT BXOJ HA30BEM HECYULECTNGEHHbIM
mas V.

IMycts V = (A,Q, B,p,1) € P(A, B) — 9acTUYHBINi aBTOMAT, U 4 ¢

2

~

A, §& Qu by, by & B— HekoTOphie (DUKCUPOBAHHBIE 3JIEMEHTHI. BBeem
obosznauenusa: A
2

1 =Auf{a}, Q =QU{G} u B =BU{b,by}. Asromar
V= (A Q, B, $,1) naswBaercs (a,q, b1, bs)-nonoanernuem asromara V,

u (q,a) = ¥(q,a) nnga mobuix (q,a) € Dy;

~

(g a) u 1)
o(g,a) =qmn @/J(Aq, a) = by ans mobwx (¢, a) € (A x Q)\Dy;

q
a) = ¢(q,a) = ¢, P(g,a) = by u 1/J(q7a) = by IIA TOOBIX



348 3. MaxkcuMOBHY

Teopema 6. EcauV u V' wacmuunvie asmomamov, mo 'V u V' usomopdg-
Mol Mmo2da u moavko moezda, Koeda V u V' uzomopdrioi.

Hoxkazaresansctso. [Iycts V = (A4,Q,B,p,¢) n V! = (A,Q', B, ¢’ ,v)
— HEKOTOpBIe YaCTUYHBIE aBTOMATHI. [Ipeamosokmm cHadanaa, aro V u
V' mzomopdubr, u nycrs (f, g, h) — mexoropwrii mzomopdusm V ua V'
Onpenemuv: f(a) = a u f(a) = fla) mnsa moboro a € A; §(q) = ¢ u
3(q) = glq) ans moSoro g € @; hlbr) = b, hlbs) = by u A(b) = h(b)
st ioboro b € B. Ilokaxkem, [aro ( f , G, h) m3omopdusm asromara V'
na asromar V', Tockonsky (f,g,h) nsomopdusm V wa V', 1o (¢,a) €
Dy rorpa n Tonbko rorua, korga (g(q), f(a)) € Dy, n ciegosarensbHo,
HMeEeM, 9TO

(6(g,a)) = g(¢(q, a)) = ¢'(9(q), f(a)) = ¢'(9(q)
(¥(g; a)) = h(¥(g, a)) = ¥'(9(a), f(a)) = ¢'(9(q

st moboro (g,a) € Dy . Takzke, TOCKOIBKY (g
u Tos1bKo Torga, korpa (g(q), f(a)) € (A x Q)\Dyr, To

3($(q,0)) = 9(4) = 4 = ¢'(9(q), f(a)) = &' (3(), (),
h(¥(g,a)) = h(b1) = by = (a)) =

9
h

<

st mobbIx a € A u g € Q.

Hpe;pnonommv[ Tereph, 9To aBTOMATE V 1 V/ m30MOpQHLI, I MyCTh
( f.a, h) — mexoropwiii m3oMopdusM aBromara V ma apromar V. Ilo-
KazKeM, |TO 9(q) = q, iL(i)l) = b u iL(BQ) = by. Tlycts d € A rta-
Koe, w0 f(a') = a. Tockomsxy 3(d) = 9(8(6,a)) = ¢/(3(@), F(@), 10
3(q) = ¢'(9(q), f(a')) = ¢. dna npoussoabHOro (hUKCUPOBAHHOTO a € A
nMeeM TakKe, ITO

h(b) = h(1(d,a)) = ¥'(3(d), f(a)) = ¥ (4, f(a)) = b

Tanee, nockomsky §(¢(g,a)) = ¢'(3(q), f(a)) ama moboro ¢ € Q, To
&'(¢, f(a)) nna moboro ¢ € Q. Orciona wam f(a) HecymecTBeHHO
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g V', onmm f(d) = a. @urcupyem nexoropoe ¢ € Q. IMockonbky wm
f(&) HecymmecTBenno aag V', wmm f(d) =G, TO
h(b1) = h(¢(q,a)) = ¥'(§(q), f(a)) = b1.

Hanee, mycts a € A necymecrsenno jyis V. Toria &(q,a) = q pist
moGoro q € Q, 1 nomyaae;, wro ¢'(5(q), £(a) = §(2(¢.0)) = 3(d) = 4
To ecth, uto @' (¢, f(a)) = ¢ mas moboro ¢ € Q'. Orcroga moydaewm,
aro f (a) = a wim f (a) mecymecrsenno nasa V/. B cayuae, xorma a € A
CYIIeCTBeHHO ist V, [IOKasKeM, 410 f (a) Taxxe cymecrsenno g V/. Ha
caMOM JieJie, TIOCKOJIBKY @ CYIIeCTBEHHO Jisa V, TO CymmecTByeT q; € Q
Takoe, 4T0 p(q1,a) = qg Jyist HEKoToporo g2 € Q. Torma Lﬁ’(g(ql), f(a)) =

9(p(q1,a)) = §(p(q1,a)) = §(q2) € Q', m crenosarensro, f(a) aBaserca
cymectsenubiM s V. Takum o6pazom, Mbl moaydaem, uro f(AgUa) =

A{Ua, rae Ag n Ay — MHOZKECTBO BXOJ0B U3 A, KOTOpbIE HECYIIECTBEHHbI
nna V m V', coorBercTBenno. PukcupyeM HEKOTOPYIO Omeknmio i: Ag —
Ap. Tyers f(a) = f(a) ans moboro a € A\ Ao, f(a) = i(a) ara moboro
a € Ao, 9(q) = §(q) ansa moboro q € Q u h(b) = h(b) ans moboro b € B.
[Mokazxkem, uto Tpoiika (f, g, h) aeagerca nzomopdusmom V na V.

[Tycts (q,a) € Dy. Tlockoabky
#'(9(a), f(a)) = ¢'(9(), f(a)) = §(&(g, ) = g(p(g,a)) = ¢’ € Q'
10 ¢'(9(q), f(a)) = ¢'. Creposarennuo, (g(q), f(a)) € Dy u g(¢(q, a)) =
qd =¢'(g(q), f(a)). dcuo Takxke, aro

h(¥(g,a) = h(¥(g,a) = ¥ (9(a). f(a)) = ¥ (9(q). f(a)).

JIna moHOTo OKA3aTeNbCTBA JAHHOTO YTBEPXKICHHS OCTAJTIOCDH ITIe
nokasarb, 4ro u3 (g(q), f(a)) € Dy cnenyer (q,a) € Dy. Heitcren-
rensuo, u3 (g(q), f(a)) € Dy crenyer §(¢(q,a)) = ¢'(9(q), f(a)) =
¢'(9(q), f(a)) = ¢ € Q. Ho ecom §(¢(q,a)) € Q', 10 H(g,a) € Q, u
TeM caMbIM (¢, a) € Dy, aTo u Tpe6GoBaIoCh JT0KA3aTh.

Jlerko ybeanThes, 9TO CJIeAYIOIIAs JeMMa BEpHA.

JIemma 2. Jlaa mobozo V = (A, Q, B, p,v) € P(A,B) u mobwz q € Q
U o G_A* anauenue P(q, ) onpedeaerno mozda u moavko moada, koz2da

€060 @(q, Q) He codeporcum cumeon by. Ecau (g, ) onpedeaerno, mo

b(q,a) = ¥(g, ).
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Teopema 7. Ecau V u V' wacmuunwe asmomamw, us P(A, B), mo
V &~ V' moada u moavko mozda, xozda V ~ V',

Hoxkazarenncrso. [lycrs V = (4,Q, B, p,¢) n V' = (A,Q', B,¢', ).
Uz V ~ V' oueBuansiM obpazoM caegyer, ato V. ~ V'. Jlnsg noaHoro
JI0KA3ATETHCTBA TEOPEMBI HAJ0 MOKA3aTh erle, aTo u3 V. ~ V' ciaemyer
V = V' 1o ectb, uto V a4 V' u V' < V. Ilokaxkem, aro V <4 V’; coorno-
menue V' 4V nokasbiaeTcs 110100HBIM 06Pa30M.

Bosbmenm nponssosbHOe ¢ € Q, 1 mycTh ¢’ u3 V/ Takoe, 9t0 ¢ ~ ¢, 1
CJIEZIOBATENBLHO, YIOBICTBOPSIET YCIOBUIO @E(q, a) = g (¢, ) pst moGoro
a € A*. 13 nepBoii 4acTu BbINIE JAaHHOI JIeMMBI cyejayet, 9ro (g, «)
TOTZAa M TOJNBKO Toraa, korga 3¢ (q',«) mus moboro o € A*. Temeps,
nycth o € A* takoe, uto (g, ). Torma uz Jlemmsr 2 cienyer, 4rto

¥(g,0) = ¥(q,@), a takxe, uro ¢'(¢',) = ¥'(¢, ). Ho, nockombky
@Z(q,a) = @/;’(q’, (), TO OKOHYATENLHO TosTydaeM, uto (g, o) = ¥/(¢, a).
Teopema JokazaHa.

Jlemma 3. ITyemov V = (A,Q, B, ,%) — nexomopul wacmuunvil as-
momam u3 P(A,B). Ecau V = V' daa nexomopozo «noanozos npuee-
dennozo asmomama V' = (A,Q', B, ¢, 1), mo mozda cywecmeyem wa-
cmummnidi aemomam V" € P(A, B), maxoti, wmo V" u V' usomopdnwl, u
V= V.

Joxka3zaresbcTBo. I3 npusegennocru asromara V' ciemyer, 4Tto B HeM
CyIIecTByeT eJIMHCTBeHHOE ¢ TaKoe, 9TO § ~ i, TO €CThb TaKoe, UTO
PG, ) = P (q,a), nna moboro a € A*. Tlockomeky § ~ ¢, TO
G = @G, a) ~ ¢ (q1,®) ana moboro o € A*. Ho torma ¢/ (q1,a) ~ q1, u
citenoBarensho, ¢ (q1, o) = qp s moboro o € A*. Orciona ¢ (q1,a) = @
JIJ14 JII000r0 a € A.

Iycrs ¢ — mpowssosbHOe cocTostame aromara V', m nycrs ¢ € Q
takoe, uto q ~ ¢'. Torna § = ¢(q,a) ~ ¢'(¢',a). Orcioma cremyer, ato
¢'(d',a) = qu.

cno, uro ¢ (q1,a) = by ans moboro a € A. Ilycrs reneps ¢/ (¢, a) =
by st mekoropoit mapst (¢',a) € Q'\{q1} x A, u mycts ¢ — cocrosine
asromara V Takoe, uto ¢ ~ ¢. Torma (g, a) = ¢/(¢,a) = b1, u crego-
BaresibHO, ¢(q,a) = ¢. Orcioma ¢'(¢',a) ~ p(gq,a) = §. U3 nocnaeguero
caenyer, aro ¢'(¢',a) = q1.
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Iycte Q" € Q — HekoTOPOE MHOXKECTBO, Takoe, uto Q"] = |Q'| — 1.
Ompenemum 6uekimio g : Q" U {G} — Q' mak, uro g(§) = ¢1. Torma
U3 TPebIYIIero CjejyeT, u4To CyIIeCTByeT 4acTU4HbIi apromar V' =
(A,Q", B, ", y") raxoit, uro Tpoiixa (i 4, g, 1 ) ABAAETCA H30MOPDUIMOM

apromara V' na V'. fdcno, uro npu atom u V" = V'. Ho Ttorma V" =~ V.
3 Teopemsr 7 Tenepn moaydaem, aro V/ ~ V.

Jlemma 4. Yacmuunwili asmomam V  aeasemcsa caabo NpueedeHmvim
mozda U Moavko mozda, Kozda asmomam V AGAACMCA NPUBEIEHHDIM.

Hoxka3zaresnncrso. [lycrs V = (4, Q, B, ¢, 1)) — Hexoropslii c1abo npu-
BEJIEHHBIII 9acTUIHBINH aBroMaT. O4UeBUHO, ITO JIIOOBIE J[BA PA3INIHBIX
cocrosiHus aBromaTa Vo= (A,Q,B,g&,zﬂ) "3 MHOXKECTBA () OTJIMYNMBI
apyr ot apyra. Ho, mockonbKy ¢ oTsimammo ot j11060ro Jpyroro CoCTosi-
HUst aBTOMaTa V, T0 V SBJISETCS TIPUBEICHHBIM.

TIpe o IoKuM TeTieph, 9TO aBTOMaT V SABIAETCS TPUBEICHHBIM, W
HOKazkeM, IT0 Torga V saBigercs caabo IpUBeIeHHBIM JaCTHIHBIM aBTO-
maroM. [IpeamosozxmM, 9To moceHee He BepHO. B Takom cirydae cye-
CTBYeT Hapa CUJIbHO HEOTJMYMMBIX COCTOSIHHUI ¢ U g2 YACTUIHOIO aBTO-
mata V. Ho Torma ¢ u g2 SIBASIOTCS TaKyKe HEOTTIMIMMBIME COCTOSTHUSMA
asromara V. Creosarebno, apToMar V TakyKe SBISETCS HEPHUBE/ICH-
HBIM.

IIycts V € P(A, B) — HeKOTOpHBIil 9acTu4HbI aBTomMar. Obo3HaunM
qepes Py (A, B) MHOXeCTBO Bcex dacTuanbix aBromaros V' € P(A, B),
takux, aro V' &~ V. Ecsm V — aBromar, To muO)ectBO Py (A, B) wame
oboznaudaercs depe3 Ky (A, B) [1|. daa moboro aBromara V € P(A, B)
B kitacce Ky (A, B) cyiiecrByer eIMHCTBEHHBIN C TOYHOCTHIO JI0 H30MOD-
dbusma mpusegennsrii aBromMar. OKa3bIBAETCS, UTO AHAIOTHIHOE YTBED-
JKJIEHUE UMEeeT MeCTO U B CJIydae YaCTUYHBIX aBTOMATOB U CHJILHOM HeoT-
JITIIMOCTH.

Teopema 8. Ilycmo Vj — npoudsosvroill 4acmusHvil a8momam MHo-
owcecmea P(A, B). Tozda 6 xaacce Py, (A, B) cywecmsyem eduncmeen-
HOL ¢ MOYHOCTBIO 00 USOMOPPUIMA CAGOO NPUBEIEHHBIT HACTNUYHBLT 0.6~
momam.



352 3. MakcuMoBHAY

Hoxkazarennctso. Oboznaanm Py, (A, B) = {V |V € Py (A, B)}. Us
Teopembr 7 momyuaaem, ato Py, (A, B) C Ky (A,B). B Ky (A, B) cy-
IIIECTBYET €JWHCTBEHHBIN C TOYHOCTHIO J10 M30MOpduU3Ma MPUBEICHHBIN
apromar V'. 3 Jlemmsr 3 Torma ciemyer, uro cymecrsyer V| Taxoe,
aro V" &V, 10 ectn V" € Py, (A, B), w npu stom V' u V7’ mzomopmbi.
[ockoneky V' mpuBeeHHEIH, TO 1 aBTOMAT V'’ AB/ISETCS TIPUBEICHHBIM.
Tenepn uz Jlemmbl 4 caegyer, uro u V" sapisierca ciabo npusejieHHbIM
YACTUIHBIM ABTOMATOM.

[Tpeanosnoxnm reneps, uro B Py, (A, B) cymecrByior iBa HenzoMopd-
HBIX CJIaDO MPHUBEIEHHBIX JaCTHYHBIX aBToMara Vi m Va. Torma Vi m Vo
JiBa IPUBE/ICHHBIX aBTOMaTa Kiaacca K- (A, B) (JTemma 4). Orciona coe-
AYET, 9TO aBTOMATHI Vl n VQ ABJIAIOTCA I/I3OMOp(bHI)IMI/I, Y9TO BJI€YET U30-
MOPGhHOCTE YacTHIHBIX apromaTos Vi u Vs (Teopema 6). 13 mosyduensoro
OPOTUBOPEYUA CJIEAYET YyTBEP2KICHUE TEOPEMbI.
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