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2.7 MusMMM3anmsa HA KPAMHA aBTOMATH

[Ipu pasriexnafe HA JeTEPMUHUPAH KPA€H aBTOMAT OT YUCTO
OpPaKTUYECKN CbOOpaKeHns, € U3rOAHO TaKbB aBTOMAT O3 UMa, MU-
HUMAJeH O6poit cberoaausa. OCBEH OCTAHAJIUTE MPEIUMCTBA, TAKDLB
vuanMaster JIKA wmma u Hall-KOMOAKTHO rpaduUYHO IPEACTABSAHE,
TBLII KATO HErOBUS rpad MMa HAR-MAJKO BbLPXOBE B CPABHEHUE C
Fpa,(i)I/ITe Ha BCUYKU aBTOMATU, PA3MNO3HABAIIN €IVH W CHIONU €3UK.
B To3u maparpad me mokaxkeMm Kak ce mocTposBa MuauMaseH KA,
KOWTO pPa3mo3HABA HAJIEH aBTOMATEH €3UK.

B I'maBa 1 BbBemoxme OTHOmEHUA (peJanuu) HA €KBUBAJIECHT-
HOCT B HaJeHO MHO¥ecTBO A. Ta3u eKBMBAJIEHTHOCT pa30uBa MHO-
eCTBOTO A Ha HempecHUYamu ce KJIACOBE Ha eKBUBAJEHTHOCT. [la
npueMeM, 4e KiIachbT, KOUTO CbIbp/KA €JIEeMEHTa a4, ¢ € A e 03Ha4YeH
¢ @. Torasa mmoxectsotro A = {@ | a € A} e faxmop mmoxcecm-
60 Ha A mpu 3amameHaTa eKBUBAJEHTHOCT. AKO O3HAYUM C p Ta3u
eKBUBAJICHTHOCT, TO ¢ ind(p) me o3mawasame umcioro |A| m me ro
HApUYaMe WHIEKC Ha p.

Ila pasriename cera HAKOW €KBUBAJEHTHOCTU B MoHOmMma V™
OT BCUYKHU IyMU HaJI HaneHa asbyka V.

Omnpepnenenune 2.7.1 Peaayuama na exsusasenmuocm p 8 V* ce na-
puva mEeCeH MHBAPMAHT, a4K0 0M W] P W2 CAed8a, “e WiZ p WaZ 34
acaxa oyma z om V*.

Heka L e mpou3sBosen e3uk mHanm a3zbykara V. Ila ompemnenum
BBLB V¥ cienHaTa €KBUBAJIEHTHOCT pPf, IOPOAEHA OT €3uKa L,

w] P w9, AKO 3a BCAKO z € V* mymara wiz e or L,

TOYHO TOTaBa, KOTaTo wez € L.

OueBUIHO p; € EKBUBAJEHTHOCT.

Heka cera A = (K,V,0,qp, F) e IIKA, koliTo € HAnbLIHO Ompe-
neneH. lla ompenenuM omie enNHA €KBUBAJEHTHOCT p4 B V¥, medpuHn-
PaHa IO CJIeOHUA HaYUH

W1pAWy TOUHO TOTaBa, Korato d(qg,w1) = d(qo,w2).

B cbmuocT gBe nymu ot V* ca ps-€KBUBAJEHTHU, aKO HA TAX
CBHOTBETCTBYBAT OBLTUNIATA C €IUH U CHINU Kpail or rpada Ha aB-



Munumuszayus na Kpainy a8momamy 107

romMara A, T.e. aKO Te MPUBEKIAT ABTOMATA B €IHO U CHINO ChC-
TOSHUE, 3aM0UYBaKM PaboTaTa CU BbHPXY TAX OT HAUAIHOTO CHCTO-
aane. OueBumHO p4 € ekBuBaJeHTHOCT. JlecHO ce cbobOpasaBa, ue
ind(p) < |K].

Teopema 2.7.1 3a scexu asmomamen ezux L = L(A) cowecmeysa
edurcmseen munumanen KA, xolimo pasnoswasa L.

JMoxaszarencrtso: Ot nebmHUIMUTE HA P, U p4 CHIenBa, 9e Te
ca [IeCeHVu MHBAPUAHTH, 3a BCAKO L u A.

Heka w; pg we. e mokaskem, ye w; pr we. Hawmcrtura 3a
BCAKO 2z € V* umame

w1z pA waz = 0(qo,w12) = 6(qo,w2z) = 0(qo,w12) € F <

< 0(qo,w22) E F = w1z € L < wyz € L = wy pr wo.

OT Te3u CLOTHOIICHWA CJIENBA, Y€ aKO Wi U Wo Ca B CIUH U
CBHINU KIAC HA P4-€KBUBAJEHTHOCT, TO T€ CA U B €IUH U CHIIU KIAC
HA pr-ekBuBaJieRTHOCT. (CIlem0BaTEIHO BCEKM KIAC HA P4-EKBUBA-
JIEHTHOCT € MOAMHOKEeCTBO HAa HAKOW KJIAC HA p[,-€KBUBAJEHTHOCT.
CuenoBaTeHO

ind(pr) < ind(pa) < |K]|.

OT kKazaHATO CHemBa, Ye HA BCEKU KJIAC W HA Pr-C€KBUBAJECH-
THOCT MOKE Ia C€ C'bIOCTABU €IHO3HAYHO HAKOE HOIAMHOKECTBO G,
ma K. ToBa MHOKECTBO Ce CLCTOM OT BCUYKU CLCTOAHUA ¢; Ha A, 3a
KOUTO CBIECTBYBAT HyMU w; € W Taka, 4e 0(qo,w;) = ¢;- OueBmmno,
aKo ¢;,qj € q,, TO 3a BCAKO z € V" me e B cuia

d(gi,z) € F < d(qj,2) € F.

TaknBa ABe CbCTOAHUA ¢; U ¢j C€ HAPUYAT Hepazauiumu. Te3n
Pa3CLERICHNA BOAAT OO u3Boma, ue Bceru IIKA, xolito pasmosHa-
Ba e3uKa L He MOMKe Ja MMa MO-MaJKO CHCTOSHUA OT KOJKOTO Ca
KJIACOBeTe Ha pr-eKBHBaJeHTHOCT, T.e. |K| > ind(pr). Cobuo Taka,
ako Ay = (K1,V,01,q4, F1) mw Ay = (K2,V,02,¢3, F2) ca msa asToma-
ta, pasmosasamu esuka L u |Ki| = |K3| = ind(pr), To HA BCeknm
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KJIAC HA P[,-€KBUBAJEHTHOCT, ChOTBETCTBYBAT €AHOEJIEMEHTHU MHO-
sKecTBa oT cherosaue B K1 u Ky, Caenosarenno mexny K u Ko
CBLIIECTBYBA B3aMMHO-€IHO3HAYHO n300pakeHue f Taka, ye 3a BCAKO
gt € Ky u Bcako a €V e B cuia

0(61(a!",a)) = 52(0(¢{"), a).

Tosa mokasBa, ue ako cbimectByBa MuauMasien KA pa3mos-
HaBaIl e3uk L, ToO TOW e e IMHCTBEH.

ComecrByBanero Ha muauMmaiien LKA, pasnosmasam e3uka L
Cé YCTAHOBABA, KATO PA3TJiemnaMe CJIETHUA ABTOMAT

AL = <7a Va 6? QOaF>a

kbaero K = {w,ws, ...,Wp} € MHOKECTBOTO OT PAa3JIMYHUTE KIACOBE
Ha pL-€KBUBAJEHTHOCT, §y = &, F' = {w; | w; € L} n ¢pyHrumara za
npexona § ce JepUHUPaA OT PaBEHCTBOTO

6(wia Cl) = w;a

3a1=1,2,...nua€V.
[Topamu

we€L(AL) <= (fw)=weF < wel
caensa, ue Aj pasmo3HaBa e3uka L. .

[IpakTuuecko 3HaYEHME MMa 33Ma4YaTa 334 HAMUDPAHE HA MU-
mumasied JIKA, xkoliTo ma e exkBuBaJieHTeH Ha OAOEeH aBTOMAT. 34
pemaBaEeTO ¥ me M3moJ3yBaMe TOKY IO JOKa3aHATa TEOPEMA.

Herka A = (K,V,d,qp, F) e manbnro onpenenen IIKA, koiito
pasmosuaBa esuka L = L(A). 3a momyvyaBaHeTro Ha MUHUMAJEH aB-
tomaT Aj, ekBuBaJieHTeH Ha A, e He0OX0MMMO Ha pa3bueM MHOKeC-
TBOTO K Ha KJIACOBE OT HEPA3JIUUYMMU CHLCTOAHAE W TE3M KJIACOBE
me ca chCcToAHUATA Ha aBromata Ap. Taszm mpomemypa Moke ma ce
M3B'LPIIN II0 HAKOJKO HAUMHA. EIWH OT TAX € KATO IMOCJEMOBATEIHO
OTHEeNAME Te3M CbLCTOAHMSA, KOMTO HE MOTAT Ha CA B €OUH U CLIINU
kaac. TakuBa CHLCTOAHUA UECTO Ce HAPUYAT PA3AUNUMIU.
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Ila BbBemeMm B K pesanuute py, p1,... IO CJICIHAA HAYUH

(i) ¢ po q; Touro ToOraBa, Koraro |{¢;,q;j} NF|=1;

(it) ¢; pt gj TOYHO TOraBa, KOraTO CHLIIECTBYBA ¢ € V, Taka, ue

5((]7370') Pt—1 5(qi70’)'

IlBe CbCTOAHWMA @; W ¢ Ca B PeNaUATa P, aKO CbHIIECTBYBA
ayma w € V¥, 3a xoaro |w| <t m [{0(g;,w),d(gj,w)} NF| =1, re.
W OPUBEXNA ABETE CLCTOAHWA ¢ ¥ ¢j B HOBU C'bCTOSHUA, OT KOUTO
enaoTo € B F, a npyroro u3BbH F.

Ako riemame Ha peJslamuuTe p; KaTO HA TOAMHOKECTBA HA
K x K, To oueBUIHO

pPo Cp1 C...Cp C...

[Tomesxe K X K e xkpaiiHO MHOKECTBO i€ CJIEABA, Y€ CHIIECTBY-
Ba HAR-MAJIKO €CTECTBEHO UMCJIIO T TaKa, Ue pp = pry1. JlocTuramero
HA TOBA YMCJIO T BCHITHOCT W 3aBLPIIBA C IOCTPOABAHETO Ha aBTO-
mara Ap. Mosxke na ce mokaxe, ue r < (|K|? — |K])/2.

IIpumep 2.7.1 Ile umocTpupame OMUCAHUA AITOPUTHM CHC 33,0A-
vara 3a MurEnMusupane Ha JIKA, ompencrasen ma dur. 2.7.1.
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Penanuure pj Mo:xkeM na mpencraBuM, ype3 OyIeBU MATPUIH C
enementn t(true) u f(false), karo eneMenTHT a5 € t, TOYHO TOraBa,
KoraTo ¢; py ¢;. llomexe pemamumre p ca CUMETPUYHH, € HOCTa-
TBYHO [ MOJYy4YUM CbOTBETHATA MATPUINA HA pPi CAMO HAJ IJIaBHUA
OUaroHaJ, a Tbhil KATO ¢; pr ¢; HE € BAPHO ClenBa, ye He e HeoOXOo-
IUMO N3 C€ THPCAT U €JIEMEHTUTE (j;, Thil KATO T€ MMAT CTOWHOCT
f- ETo Kak m3raexmar marpunuTte HA g, P1, X P2 338 PA3TIEKIAHUA
opuMep.
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Hanpumep B My, apg; = f, 3a1moTo qp u g1 €JHOBPEMEHHO HE Ca Kpaii-
HU CbLCTOAHUA HA aBTOMaTa. AHAJIOTMYHO ag3,d13,d24 MMAT CTOM-
moct f. Ha orbemeskum, ue M; ce momyuaBa, kato B My ce 3amasar
€JEeMEHTUTE C'hLC CTOMHOCT ¢, a Ce MPeCcMATAT CaMoO Te3u, Kouto B M
ca 6uan f. Taka B M 3a ai3 momyuasame ¢, Tbit kato d(q1,b) = g3
HE e Kpaiino cnerosrme, a (g3, b) = g4 e Kpalino cbcTosHUE, T.€.
a1 p1 g3

Amnamoruuno M, ce moaydasa ot Mi, KATO Ce IPECMATAT CaMO
cboTBeTHUTE esneMeHTu oT My, kouto umat croitroct f. Taka ag3 B
M5 ocraBa f, Tbil KaTO

6((]030’0’) =q1 ¢ F’ (5((]0,0;()) =4q3 ¢ F’ (5((]0,()@) =qo ¢ F’
0(gz,aa0) =q ¢ F, 0(q3,ab) =q3 ¢ F, 6(q3,ba) =q3 ¢ F

0(qo,bb) = q1 € F, d(q3,bb) = q1 ¢ F.
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[To cvhmus HAuwMH ce yOexmaBame, ye agsy = f. Cunemosarei-
HO p; = p2. Cera mosxkem ma moctpomMm mumHUMaJeH JIKA, koiiTo e
eksuBaJsieaTed Ha A. Herosus rpa¢ e mpencrasen ma dur. 2.7.2.
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Pur. 2.7.2

Twoit kKaTOo HA KIACOBETE E,0 U b CBHOTBETCTBYBAT CJIeTHUTE
MHO:KecTBa oT cberosuus Ha A : {qo,q3}, {1} n {q2,qu}, TO MuENT-
vasauaT /IKA exkBuBasenTen mHa A ce mpemcraBs, upes rpada Ha
Pur. 2.7.3.
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Pur. 2.7.3

SBanmaumn
1. Heka A e IKA u L = L(A) e e3urbT, pasuno3sasas or A u Heka
W] U Wo Ca IBa KJaca HA pr-eKBUBAJEHTHOCT Opu penanuara pr. a
ce moraske, ue ako 0(qo,w1) = q1 u 0(qo,w2) = G2, TO W Pr, Wy TOUHO
TOraBa, KOTaTO ¢ U o CA HEPA3JIWYMMU ChLCTOAHUA Ha A.
2. Hexa L = {a™b" | n > 0}. Ila ce ommmar KJIAcCOBETE HA p-EKBU-
BAJICHTHOCT ¥ 1a Ce NOKaske, ye L He € aBTOMATEH e3UK.



