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I''TABA 4

CsoucrTBa
peryjasipHbIX
A3BIKOB

B 510l rnaBe paccMaTpuBarOTCS CBOMCTBA PETYJSIPHBIX s3bIKOB. B paznene 4.1 nmpennaraercs
MHCTPYMEHT JUIS JI0Ka3aTeNIbCTBA HEPEryJIIPHOCTH HEKOTOPHIX S3BIKOB — TeopeMa, KOoTopas
Ha3bIBACTCA “IeMMOit 0 Hakauke” (“pumping lemma™)'.

OfHUMH U3 BaKHEHUIINX CBONCTB PETYISIPHBIX SI3BIKOB SIBJISIOTCS “CBOMCTBA 3aMKHYTOCTH .
OTH cBOIICTBA MO3BOJIIIOT CO3JABAaTh PAaCHO3HABATENH JUIl OJHHMX S3BIKOB, IIOCTPOCHHBIX U3
JpyTUX C TIOMOIIBIO OIpeJeNICHHbIX omneparuil. Hanpumep, nepeceueHne IByX peryJsIpHBIX
A3BIKOB TAK)XK€ SIBIISIETCS PETYISIPHBIM. TakuM 00pa3oM, NMpH HaJIWYWM aBTOMAaTOB VIS JABYX
Pa3IMYHBIX PETYJISPHBIX S3BIKOB MOXKHO (MEXaHHYECKH) OCTPOUTH aBTOMAT, KOTOPBII pacmo-
3HaeT UX nepecedeHue. ITockonbky aBTOMAT A7l MEPECEUEHHs] A3BIKOB MOXKET COAEPKATh Ha-
MHOTO OOJIbILIE COCTOSIHUI, YeM JIt000 U3 JBYX JaHHBIX aBTOMATOB, TO “CBOMCTBO 3aMKHYTO-
CTH~ MOKET OKa3aThCs MOJE3HBIM MHCTPYMEHTOM ISl MOCTPOEHHUS CI0XKHBIX aBTOMAaTOB. KoH-
CTPYKIMSA IS IepeceueHns yke UCIOoIb30Batack B paszene 2.1.

Eme omHy BaXXHYIO TPYIITYy CBOMCTB PETYIIPHBIX S3BIKOB 00pa3yroT “‘CBOMCTBA pa3peImMo-
ctr”. M3yueHue 3TUX CBOMCTB MO3BOJIAET OTBETUTh Ha BaXKHEHIIIME BONIPOCHI, CBA3aHHBIE C aBTO-
MaTamH. Tak, MOYKHO BBISICHUTB, ONPEJEISIOT JIM ABA PA3IMYHBIX aBTOMATa OJHUH U TOT XK€ SI3BIK.
PazpemmmocTs 3T0# 3a7aun MO3BONISET “MUHUMU3UPOBATh aBTOMATHL, T.€. 110 JAHHOMY aBTOMa-
Ty HAlTU JKBUBAJCHTHBIA €My C HAHMEHBIIUM BO3MOXKHBIM KOJIMYECTBOM COCTOSHHUH. 3ajgada
MHHHMH3ALMH Y)KE B TEYEHHE JIECATUICTUIH HMeeT OOJIbIIIOe 3HAUSHHUE IIPU MPOSKTHPOBAHUY TIe-
PEKITIOYATENIBHBIX CXEM, TOCKOJIbKY CTOMMOCTh CXEMBI (IUIOIIAAN YHIa, 3aHUMAaEeMOTO CXEMOW)
CHIKAETCS TIPU YMEHBIICHUH KOJIMYECTBA COCTOSIHUM aBTOMATa, Pealn30BaHHOIO CXEMOH.

4.1. AoKa3aTeAbCTBO HepPeryAspHOCTY s13bIKOB

B npeapimymmx paszaenax ObIIO YCTaHOBJIEHO, UYTO KJIACC SI3BIKOB, H3BECTHBIX KaK PETyILip-
HBIe, IMEET HE MEHEee YeThIpeX Pa3MUYHBIX CIOCOOOB OMHCAHHA. DTO S3BIKH, JOITYCKaeMbIC
KA, HKA n &HKA; uXx MOHO TaK)Xe OTNPeAEsTh C OMOIIBIO PETYISIPHBIX BHIPAKEHUH.

He xaxnpblil A3bIK SBISETCS PErylsapHbIM. B aTOM pasnene npejuiaraercs MOIHAS TEXHUKA
JTIOKA3aTeNbCTBA HEPETYISIPHOCTH HEKOTOPHIX A3BIKOB, M3BECTHAS Kak “TemMMa o Hakauke”. Hu-

' B pyccKos3BIGHO IMTEpaType B CBOE BpeMs ObIT MPHHAT TEPMUH “IeMMa 0 paspactadmu”. OxHa-
KO, Ha HaIll B3V, ““HaKauyka” TOYHEE OTPaXKaeT CyTh MPOUCXOSIEro. — [Ipum. peo.
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e TIPUBOAUTCS] HECKOJIBKO MPUMEPOB HEPETYNISPHBIX A3bIKOB. B pa3nene 4.2 neMma o Hakauke
UCTIONIB3YETCSl BMECTE CO CBOMCTBAMM 3aMKHYTOCTH PETYJISIPHBIX SI3BIKOB JJISl 10Ka3aTeIbCTBa
HEPEryIIpHOCTH APYTHX A3BIKOB.

4.1.1. Aemma 0 HaKauKe AAA PeryAsipHbIX S13bIKOB

Pacemotpum s3bik Ly, = {0"1" | = 1}. DTOT A3bIK COCTOUT U3 Beex nenouek suaa 01, 0011,
000111 u Tak ganee, coaepKalluX OJUH WM HECKOJIBKO HYJIEH, 32 KOTOPBIMU CIENYET TaKOe
JKe KOJMYECTBO CIMHUIL. YTBEp)KIaeTcs, 9To S3bIK Ly, HeperymsipeH. HedopmansHo, ecim OBl
Ly; OBUT peryispHBIM SI3BIKOM, TO AOMycKaycs Obl HeKOTOphIM JIKA A, MMernmM Kakoe-To
YHCIIO COCTOSHUH k. IIpearmonokum, 9To Ha BXOJT aBTOMATa MmocTymaet k Hyineid. OH HaXOAuTCs
B HEKOTOPOM COCTOSIHUH TOCJIE YTSHUsI KXKJ0r0 U3 k + 1 npeuKcoB BXOHOI LIETIOUKH, T.C. &,
0, 00, ..., 0~. [TockoNIbKY €CTh TOJBKO k pa3lIUYHBIX COCTOSIHUHN, TO COTJIACHO “TIPUHIIUITY TOJTY-
GSTHH”, IPOYKMTAB [BA PA3INYHBIX mpedukca, Hanpumep, 0' u O, aBTOMAT J0JDKEH HAXOAUTCS B
OJTHOM U TOM € COCTOSIHUH, CKaXeM, g.

JlomycTiM, 4TO, IPOYUTAB i UK j Hynel, aBTomMar 4 nosy4daeT Ha Bxof 1. ITo npoutenun i
€IMHUII OH JOJDKEH JOMYCTUTh BXOJ, €CIIU paHee MOIy4u i HyJlel, U OTBEpPTHYTh ero, NOIy4nB
j myneii. Ho B MOMeHT mocTtymieHust 1| aBromMat 4 HaxOJIUTCsl B COCTOSIHUM ¢ M HE CIIOCOOEH
“BCIIOMHHTL”, KaKO€ YHCIIO HyJeH, i wiu j, Obuto mpuHsTo. ClieloBaTeinbHO, €ro0 MOXKHO
“o0MaHBIBaTh” ¥ 3aCTaBJIATh PAabOTATh HEMPABIIBHO, T.C. JOMYCKATh, KOTJa OH HE JIOJIKCH
9TOTO JIeNaTh, WK HA00OPOT.

[IpuBenenHOE HEGOPMAILHOE JOKA3aTENBLCTBO MOXKHO CZIeIaTh TOYHBIM. OTHAKO K 3aKIIIO-
YEHHIO O HEPETYJISIPHOCTH SI3bIKa Lj; NPUBOAUT CIEAYIOIHMIA 00Nl pe3yibTar.

Teopema 4.1 (zemma o Hakauke Onsa pe2ynapHuix A3viko8). IIycTh L — perymspHBIA S3BIK.
CymectByeT KOHCTaHTa 7 (3aBUCSIIAs OT L), I KOTOPOH KaXIylo IEMOYKy w U3 s3bIKa L,
YJIOBJIETBOPSIOIILYIO HEPABEHCTBY |[W| > 1, MOKHO pa30MTh Ha TPU LIETIOYKH W = XYz TaK, 4TO
BBINOJIHSIOTCS CJIEAYIOIINE YCIOBHS.

1. y#e&

2. | <n.

3. Jlns moGoro k > 0 menouka xy*z Takxke MpUHAUIEKHT L.

3TO 3HAYMUT, YTO BCETa MOXKHO HAWTH TaKylO LETIOYKY y HEJaJeKo OT Hayala LeIOYKH W, KO-

TOPYIO MOKHO “Hakadath”’. TakuM 00pa3oM, eCii IENOUKy ¥ TIOBTOPHUTH JII000€ YUCIIO pa3 WIN
ynamuts (npu k& = 0), TO pe3ysIbTHPYIOIIas IIETIOYKa BCE PABHO OyIeT MPHHAIEKATH S3BIKY L.

Joxa3aTteanbcTBo. [Iycts L — perymsapusrit s36ik. Torma L = L(A4) ms Hekotoporo JIKA A.
Ilycts A umeer n cocrosiHuil. PaccMOTpUM NPOU3BONIBHYIO IIETIOUKY W JUIMHOW HE MEHee 7,
CKaXeM, W = a,;d;...d,, TAE M = n ¥ KK a; ecTh BXoAHOU cuMmBou. s i=0, 1,2, ...,n
OTIpeNIeIUM COCTOSIHUE p; KaK 3‘ (g0, a1a;...a;), tnie 0— GyHKUMS MEPeXoj0B aBToMara 4, a

{qop — €ro Ha4aJIbHOC COCTOSIHHUC. 3aM€TI/IM, 9TO pPp = {qo-
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Paccmotpum 7 + 1 cocrostamii p; mpu i =0, 1, 2, ..., n. IlockonbKy aBTOMaT 4 UMEET 1 pas-
JIMYHBIX COCTOSHHUHM, TO MO “TIPUHLMITY TOJXYyOSTHU HAWIyTCs JIBa pasHbIX LENBbIX YHMCIA i U |
(0 £7<j <n), npu KOTOPBIX p; = p;. Teneps pazoObeM LENOUKY W HA X)Z.

. x=aa;...a;.
2. Y= a1 Qss...a;
3. z=aja;...a,.

Taxum o0Opa3om, x IPUBOAUT B COCTOSIHME p;, Y — M3 p; 0OpaTHO B p; (Tak Kak p; =p;), a

Z — 3TO OCTaTOK IETIOYKH w. B3auMOCBsA3M MEXIy LENOYKAaMH U COCTOSHHUSMH MOKa3aHbl Ha

puc. 4.1. 3ameTum, 4TO 1EMOYKa X MOXKET OBITh mycTow nipu i = 0, a z — npu j = n = m. OgHAKO
L[ETI0YKa ¥ HE MOXKET OBITh ITyCTOM, HOCKOJIBKY i CTPOTO MEHBIIIE j.

y =

Hauano ey 1 g v G
........................ ,,

Puc. 4.1. Kasxcoas yenouka, O1una komopoti 60bile YUCia COCMOAHUL asmomamad,

npu@odum K HO6MOPEHUI0 HEKOMOPO2O COCMOSAHUA

Temnepb MOCMOTPHM, YTO IPOUCXOINT, KOTId Ha BXOJ aBTOMata A [OCTYIAeT Lenoyka xy'z
Jutst siroboro k > 0. Tlpu k= 0 aBTOMAT HEPEXOAUT U3 HAYAIBHOTO COCTOSHUS ¢y (KOTOpOE eCTh
TaKKe py) B p;, IpounTaB x. [IoCKONBKY p; = p;, TO z TIEPEBOTUT A U3 p; B JOIYCKAOIIEE CO-
ctosiHue (cM. puc. 4.1).

Eci k> 0, T0 110 x aBTOMAT A TIEPEXOJIUT U3 ¢y B p;, 3aTeM, YHTasi )*, k pa3 HUKIHIECKH TPO-
XOJIUT Yepe3 p;, U, HAKOHEII, 110 z MEePEeXOAUT B JIOMycKaroliee cocTosHue. Takum o0pasoMm, [yist

k
706010 £ 2> () 1IemovKa Xy z TakxKe JIOMyCKAeTCsl aBTOMATOM A, T.e. IPUHAUICKHT s3bIKy L. [

4.1.2. llpumeHeHne AeMmbl O HaKauKe

PaCCMOTpI/IM HECKOJIBKO IMPUMEPOB UCTIOJIB30BaHUS JIEMMbI O HaAKa4YKEe. B KaKJIOM IIPpUMEPE 3Ta

JIEMMa NPUMEHACTCA 1A TI0KA3aTCJIbCTBA HEPETYIIIPHOCTH HEKOTOPOT'O MPEJIaracMoro A3bIKa.

JlemMa 0 HakauKe KaK Urpa ABYX NPOTHBHUKOB

B paszzgene 1.2.3 roBopusioch 0 TOM, YTO JIOOYIO TEOPEMY, YTBEPIKICHHE KOTOPOI COICPIKUT
HECKOJIBKO YepeyIOLIMXCsl KBAHTOPOB “mist Beex” (“mst 000ro”) M “cyiiecTByer’”’, MOXKHO
MpEeACTaBUTH B BUAC UT'PBI ABYX MPOTUBHUKOB. JleMma o Hakauke CJIY’KUT BaXXKHBIM IPUMEPOM
TEOPEM TAKOT'O THUIA, TAK KaK COACPXKUT YEThIPE PA3HBIX KBAHTOPA: “MIJIsl JIWOOI0 PEryIsIpHO-
TO sI3bIKa L cyliecTBYeT 7, IPH KOTOPOM JIsl BCeX W U3 L, YIOBIETBOPSIOIINX HEPABEHCTBY

|w| = n, cymecTByeT IeNOYKa Xyz, paBHasl w, yIOBIeTBOpstomast ...” . [IpuMenerne 1eMMbl 0

HaKa4YKe MOXKXHO NPEACTaBUTh B BUJIC UI'PBI CO CIICAYIOIIMMH IPABUIIAMU.
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Urpox 1 BeIOMpaeT s13bIK L, HEperyIIpHOCTh KOTOPOT'O HY)KHO JIOKa3aTh.

2. Urpok 2 BeIOMpaeT 7, HO HE OTKPBIBAET €r0 MIPOKY l; MEpBbI MIPOK JOJDKEH TOCTPO-
UTh UTPY AJISI BCEX BO3MOXHBIX 3HAUEHUH 7.

3. Urpox 1 BeIOMpaeT Lenouky w, KOTopas MOXET 3aBHCETh OT /1, IPUUEM ee JITHHA JJOJDK-
Ha OBITh HE MEHBIIIE 71.

4. Hrpok 2 pa30buBaeT LEMNOYKY W Ha X, y U z, COONIIOJast yCIOBUS JIEMMBI O HaKayKe, T.€.
y # €4 [xy| < n. OnATh-TaKkH, OH HE 00s3aH TOBOPHUTH IIEPBOMY HI'POKY, YEMY PABHHI X, )
1 Z, XOTS OHH JOJDKHBI YAOBIICTBOPSTH YCIOBUSM JIEMMBI.

5. TlepBsrit HTPOK “BBHIMTPHIBACT ’, €CIH BEIOMpAET k, KOTOPOE MOXKET OBITH (DYHKITHEH OT 7,
X,y ¥ Z ¥ JUIsl KOTOPOTO HeMNouKa xy*z He IpHHaIIeKuT L.

Ipumep 4.2. ITokaxeM, 9TO A3BIK L., COCTOSMINHA U3 BCEX LETOYEK C OJAMHAKOBBIM YHCIOM
HyJeil ¥ eHUI (PACHONIOKEHHBIX B IPON3BOJIBHOM TOPSIZIKE), HEperysipeH. B TepmuHax wur-
PBL, OIMCAaHHOM BO Bpe3ke “JIeMMa 0 Hakauke Kak Urpa JIByX IPOTUBHUKOB”, MBI SIBJISIEMCSI UT-
POKOM | M MOMKHBI IMETh JIEJIO C JIIOOBIMU JIOIYCTUMBIMH X0JaMHu urpoka 2. IIpeamonoxmm,
YTO 7 — 3TO Ta KOHCTAHTa, KOTOPAasi COTJIACHO JIEMME O HaKa4yKe J0JDKHA CYIIECTBOBAaTb, €CIIH
SI3BIK L., peryssipeH, T.e. “urpok 2” BbiOupaet 7. Mbl BeiOupaem nemnouxy w = 0"1", kotopas
HABEPHSKA IPUHAIUIEXKHUT L.

Teneps “urpok 2” pazduBaer Henodky w Ha xyz. Ham u3BecTHO jiuIb, 4to y # £ U x| < 7.
Ho srta undopmaliys odyeHb Mosie3Ha, 1 Mbl “BBIMTPBIBaeM” ciienytomum oopasoM. [Tockosbky
Pey| < m, ¥ 1eTIoUKa Xy pacIoo)KeHa B Hadase IEMOYKH W, TO OHa COCTOHUT TOJIBKO U3 HyJCH.
Ecmu a3b1k L, PerynspeH, TO 10 JIeMME O HaKauKe LENouKa Xz NPUHAMIEKUT Lo, (npu k=0 B
nemme)’. LIerouka xz COIEP/KUT 1 eMHMIL, TAK KAK BCE TMHHIIb! LIETOUKH W ONafaioT B z. Ho
B Xz HyJIel MEHbIIIE /1, TaK KaK MOTEPsIHbI Bce HyNIU U3 ). IIoCKOIBKY y # £ TO BMECTE X U z CO-
aepixat He 6onee n — 1 myneil. Takum 06pa3oM, IPENONOKUB, UTO SA3BIK L., PEryIapeH, Ipu-
XOJMM K OIIMOOYHOMY BBIBOJY, YTO LENOYKA XZ IPUHAIEKHUT L, ClenoBarenabHo, METOAOM
OT MPOTHBHOTO J0KA3aHO, UTO s3bIK L., Heperynspex. [

Ipumep 4.3. JlokaxeM HEpPEryasapHOCTb fA3bIKa L,,, 00pa30BaHHOIO BCEMHU LEMOYKAMH U3
€/IMHHUII, JJMHBI KOTOPBIX — NpocThie yKcna. [Ipeanonoxum, uto s3bIk L, perynsped. Torna
JOJDKHA CYIIECTBOBATh KOHCTaHTa /1, YAOBICTBOPSIONIAs yCJIOBHSAM JIEMMBI O Hakadke. Pac-
CMOTPUM HEKOTOpOE MpOocToe 4ucio p =n + 2. Takoe p NOMKHO CYyIIECTBOBATH, MOCKOJIBKY
MHOYECTBO POCTHIX yuceln beckoneuro. [lycrts w= 1.

CorylacHO J1leMMe O HakKadyke MOXKHO pa30OWTh IENOYKy W = Xyz TaK, 4To y # € U |[xy| < n.
ITycts y| = m. Torma [xz| = p — m. PaccMoTpuM 1ienouky x)* "z, KoTopas Mo JIEMMe O HaKauke
JI0JKHA NIPUHAIEKAT A3BIKY L, €CJIM OH JeHCTBUTENBHO perynsapeH. OnHako

"] = el + (p = m)yl =p—m+ (p = mm = (m + 1)p — m).

% 3aMeTHM, 4TO MOKHO BBIMTPATh M MpH Kk = 2 wiH moGoM apyrom 3Hauernn k, kpome k = 1.
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IMoxosxke, uto uucio [x)” "z| He MPoCTOE, TAK KAK UMEET jBa MHOXUTeNst m + 1 u p —m. Opn-

HaKO HYXHO €111€ y6e[lI/ITbCH, 4YTO HHU OAUH U3 OTHUX MHOXUTENEH HE paBcH 1, IMMOTOMY 4TO TOTJa

yucno (m + 1)(p — m) Oyner npocteiM. 13 HepaBeHcTBa y # £ cnenyer m = 1 mwm + 1 > 1. Kpo-

Me Toro, m = [y| < |xy|<n,ap =n+ 2, mostomy p —m > 2.

MBI Hauanu ¢ OPEAOJIOKEHHS, YTO MPEAIAraeMblil S3bIK PErYJISPEH, U MPUIIIN K IPOTH-

BOpPCUYHIO, NOKAa3aB, YTO CYIIECTBYCT HCKOTOpas ICIOYKa, KOTOpasd HE NPUHAIIICIKHUT I3TOMY

A3BIKY, TOrJIa KaK Mo JICMME O HaKa4YKE€ OHa JOJIKHA €My NPUHAIJICKATh. Takum O6p330M, S3BIK

L, neperynspen. [

4.1.3. YnpaxHeHnus K pasaeay 4.1

4.1.1. [lokaxxuTe HEPETryISPHOCTb CIEIYIOIINX SA3bIKOB:
a) {0"1"|n=1}. D10 A3bIK Lg;, KOTOPBIA paccMaTpuBajICA B Hayaje pasieia. Emy
MPUHAJIEKAT BCE IEMOYKH, COCTOSAIINE U3 HyJIEH, 32 KOTOPBIMH CJIEIYET TaKoe XKe
KOJIMYECTBO SIUHMUIL. 31eCh Ul I0Ka3aTeIbCTBA IPUMEHHUTE JIEMMY O HAKadKe;
0) MHOXXECTBO IICTIOYEK, COCTOSIIUX U3 “‘COaTaHCUPOBAHHBIX CKOOOK “(” u )”, ko-
TOpBIE BCTPEUYAIOTCS B TPABMIILHO ITOCTPOSHHOM apU(METHYECKOM BBIPAKECHUH;
B) (%) {010 |22 1};
r) {0"1™2"| n u m — NPOU3BOJBLHBIE IEIBIE UACTA};
m) {0"1™ | n<m};
e) {0"*|n>1}.
4.1.2. (!) HokaxuTe HEPETYISIPHOCTH CIEIYIOMIUX S3bIKOB:
a) (*) {0"| n — nonHsIil KBagpaT};
6) {0"|n — nmonubii Ky6};
B) {0"|n — crenens uncna 2};
I') MHOXXECTBO LIETIOUEK U3 HyJIEH U €ANHHUIL, JUTHHBI KOTOPHIX — IOJIHBIC KBAPaThl;
JI) MHOXKECTBO LIEMOYeK U3 Hylel U eIWHUIl BUJa Ww, TJie HEKOTopas IIeroyka w Io-
BTOPSIETCS ABaXKIbI;
€) MHOKECTBO LENOYEK M3 HyJIeH U eIMHUI] BUIa ww', TIe 3a IeNouKoii ClIemyeT Ie-
Mo4Ka, obpaTHas K Hel ((opManbHOe OnpeiesieHNe NEMO0YKH, 00paTHOM K JaHHOM,
cM. B pazzene 4.2.2);
) MHOKECTBO LIEMIOYEK M3 HyJeH U eIUHUIl BUAa ww , TJie Lenoyka w obpa3oBaHa
U3 W IyTeM 3aMeHBI BceX Hyllell enuHUIamMu u Haobopot. Hampumep, 011 = 100,
Tak yTo tenouyka 011100 npuHaANEKUT TaHHOMY SI3BIKY;
3) MHOXECTBO LIEMOYEK M3 HyJed W eIuHUI] BHaa wl', rie w — nenouxa u3 Hysiel u
€ IUHUL] JJINHOH 7.
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4.1.3. (!!) Jokaxute HEPETYIIPHOCTH CIEIYIOIINX SI3BIKOB:

a) MHOXKECTBO BCEX LIETIOYEK W3 HYJIeW W eIWHUI], KOTOPble HAUWHAIOTCS C €JUHHIIBI
U yJIOBJIETBOPSAIOT CIEAYIOIIEMY YCIOBMIO: €CIM MHTEPIPETHPOBATH TaKylo Iie-
T0YKY KaK I[e/I0e YHCIIO, TO 3TO YHCIO MPOCTOe;”

6) MHOXecTBO Henovek Buaa 0'1), m1g KOTOpbIX HAMOOJBIIMH OOLIKI AEIUTENDL YH-

ceniujpaseH 1.

4.1.4. (!) [Ipu nomeITKe TPUMEHEHHUS JIEMMBI 0 HaKauKe K PETYJAPHBIM SI3BIKaM ‘TIPOTUBHHUK
BBINTPHIBACT, M 3aKOHUYHUTH JIOKA3aTENbCTBO He ymaercs. Ompenennute, 9TO UMEHHO
MIPOUCXOJIUT HE TaK, KAK HYXKHO, €CJIM B Ka4eCTBE L BBIOPATh CIIEIYIOMINH A3bIK:

a) (¥) mycroe MHOXXECTBO;
6) (%) {00, 11};

B) (¥) (00 +11)’;

r) 01°0°1.

4.2. CBONCTBA 3aMKHYTOCTU PEryASIPHbIX S13bIKOB

B sToM paznene noka3aHO HECKOJIBKO TEOPEM BUAA “‘©CIM ONpeNeNeHHbIE SI3BIKU Perylsp-
HBI, @ SI3bIK L MOCTPOEH M3 HHUX C MOMOIIIBIO ONPEACICHHBIX oneparuii (Hanpumep, L ecth 00b-
€IMHEHUE JIByX PETYJSPHBIX A3BIKOB), TO A3BIK L Takxke peryisper’. OTH T€OpeMbl 4acTo Ha-
3BIBAIOT CBOUCMBAMU 3AMKHYMOCMY PETYISPHBIX A3bIKOB, TaK KaK B HUX YTBEPXKIAETCs, 4TO
KJIaCC PETYISPHBIX A3BIKOB 3aMKHYT OTHOCHTENBHO OIMpEeNIeHHBIX oneparuil. CBOHCTBa 3aMK-
HYTOCTH BBIPAXarOT UJEI0 TOTO, YTO €CJIM OJAUH MM HECKOJIBKO SI3BIKOB PETYISPHBL, TO SI3BIKH,
OIpe/ieJIeHHbIM 00pa30M CBS3aHHbIE C HUM (C HUMH), TaKxKe peryispHel. Kpome Toro, naHHble
CBOMWCTBA CIIyXaT WHTEPECHOM MIUTIOCTpaIMelt TOro, Kak SKBUBAJICHTHbIE IPEACTaBICHUS Pery-
JIPHBIX S3BIKOB (aBTOMATBl M PETYJISIPHBIC BBIPAKCHMS) MOAKPEIUIIIOT APYT Jpyra B HalleM
NOHMMaHMU ITOTO Kjlacca S3bIKOB, TaK KaK YacTO OJMH CIOCO0 MpeACTaBIeHHsS HAMHOTO Jyd-
IIe APYTUX MOAXOAMT JUIsl JOKA3aTeIbCTBA HEKOTOPOTO CBOMCTBA 3aMKHYTOCTH.

OCHOBHBIE CBOICTBA 3aMKHYTOCTH PETYJISIPHBIX SI3BIKOB BBIPAYKAIOTCSA B TOM, UTO TH A3BIKU

3aMKHYTBI OTHOCUTEJIBHO CJICAYIOIINX OTeparuil.

1. OO0ObenuHeHue.

2. Ilepeceuenue.
3. JlomonHeHwue.
4. PazHOCTb.
5. Oobparnenue.
3 IHBIMH CITOBAMH, 3TO JBOMYHBIC 3aITHCH MIPOCTHIX yHcel. — [Ipum. peo.
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Urepanus (3Be3104Ka).
Konkarenanmus.
I'omomop¢u3m (IoZicTaHOBKA [IEIOYEK BMECTO CHMBOJIOB SI3bIKA).

OO0patHBII TOMOMOPQH3M.

4.2.1. 3aMKHYTOCTb PeryAsipHbIX s13bIKOB OTHOCUTEABHO

OyAeBbIX onepauui

CHauana paccCMOTPUM 3aMKHYTOCTb AJISI TpeX OYJIeBBIX oreparuii: o0ObeANHEHHE, Iepece-

YCHHUC U JOIIOJTHCHUC.

1.

ITycte L u M — si3biku B andasure X. Torna s3bik L U M cofepur Bce LENOYKH, KOTO-

pble MpUHAIIEKAT XOTS OB OTHOMY M3 S3bIKOB L mim M.

ITyctb L u M — si3biku B andasure X. Torna s3bik L (| M COIEpKUT BCe IEMOYKH, TIPU-

HaIeXalme 00ouM sa3pikaM L u M.

[Tyctb L — HekoTOpbIi s13bIK B andasute X. Torna s3bk L, dononnenue L, — 3TO MHO-

*
KECTBO TCX LCIIOYCK B aJ'I(baBI/ITC z , KOTOPBIC HEC MPUHAJICIKAT L.

Yro menaTh, eCau A3BIKM MMEIOT pa3Hble aadaBuThI?

[Ipu 0OBeTMHEHUN WK TIepeCeueHU! ABYX S3BIKOB L 1 M MOXKET OKa3aThCs, YTO OHHU OIIpe-
JIeNICHbI B pa3HbIX ajdasurax. Hampumep, Bo3MoxeH ciyuail, korna L; < {a, b}, a L, C
{b, ¢, d}. OnHaKo, ecau A3BIK L COCTOHT U3 IIETIOYEK CHMBOJIOB ajdaBuTa X, TO L MOXHO
TaK)Ke paccMaTpHBaThb KaK S3bIK B JIIOOOM KOHEYHOM ai(aBuTe, BKIIOYAIONIEM X
(magMHOXecTBE X). HampumMep, MOXKHO NPENCTaBUTh yKa3aHHBIE BBIIIE SI3BIKA L; M L) Kak
sI3BIKU B andasute {a, b, ¢, d}. To, 4TO HU OJHA LIETIOYKA SI3BIKA L; HE CONEP>KUT CHMBOJIOB
¢ WA d, HEeCYIIECTBEHHO, KaK U TO, YTO HU OJHA IETI0YKa s3bIKa L, He CONEPIKHUT d.

AHaIIOTUYHO, paccMaTpuBasi IOMOJHEHHE S3bIKa L, KOTOPBIHA SBISETCS MOIMHOKECTBOM
MHOXeCTBa X, Ul HEKOTOPOro andapurta X;, MOKHO B3SITh JIOTIOJHCHUE OMHOCUMENbHO
HEKOTOPOTO andaBuTa X,, BKIIOUYAIOIIEro X; (HaOMHOXKeCcTBa X;). B 3ToM cimydae mormoiHe-
Huem L Oyner ZZ* — L, T.e. MOTONHEHNE s3bIKa L OTHOCHUTENIBHO aihaBHTa X, BKIIFOYAET
(cpenu mpoYmx) BCE IETIOYKA H3 %, KOTOPBIE CONepKaT XOTA ObI OMUH CUMBOJ ayi(haBUTA
%, He TpuHaaexamuil ;. Ecnu B34Th JAOMOJNHEHHE L OTHOCUTENBHO X;, TO HU OJHA IIe-
TOuKa, COflepKalias CUMBOILI U3 X, — X;, He nonafer B L . Takum o6pa3zoM, 4ToObI n3be-
KaTh HETOYHOCTEH, HY)KHO YKa3bIBaTh al()aBUT, OTHOCHTEILHO KOTOPOrO OepeTcs MOIOJ-
HeHne. Yacto, ofHaKo, OBIBAET OYEBHUIHO, KaKOW an(aBUT IMOIpa3yMeBaeTcsi B KOHKPETHOM
ciyuae. Hampumep, ecnu si3bIk L OmpeienieH HEKOTOPhIM aBTOMATOM, TO B OMUCAHUU ITOTO
aBTOMaTa yKa3blBaeTcs W andaBuT. MTak, BO MHOTHX CHTYAI[HIX MOXHO TOBOPHTH O “IO-

MOJIHEHNH’, HE YKa3bIBas an(aBuT.

4
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OkasbIBaeTcsl, YTO KJIACC PETyJISIPHBIX S3bIKOB 3aMKHYT OTHOCHTENIBHO BCEX TpeX OYJeBBIX
orepanui, XoTs, Kak OyJeT BHIHO, B JIOKa3aTelbCTBAX HCIOJIB3YIOTCSI COBEPLICHHO pa3HbIe
HOJIXOJIBL.

3aMKHYTOCTh OTHOCHTEJILHO 00beIUHEHHS

Teopema 4.4. Eciiu L u M — peryisipusie s3biku, 10 L J M taxke peryispeH.

Jloka3zaTesibeTBO. [TockonbKy s3blkn L M M peTymnspHBI, UM COOTBETCTBYIOT HEKOTOPBIE
peryssipabie Beipakerust. Ilycts L= L(R) u M = L(S). Torna L U M= L(R + S) cornacHo or-

PECIICHHUIO Ollepaliy + IS PeryIspHBIX BhIpaxeHuit. [

3aMKHYTOCTh OTHOCUTEJIHHO PETYISPHBIX ONePaIMii
Jloka3aTenbCTBO 3aMKHYTOCTH PETYIISIPHBIX BBIPAXKEHUH OTHOCUTEIFHO 00bEANHEHUS OBLIO
UCKITIOUUTENBHO JIETKHUM, TIOCKOJIBKY O0BEANHEHNE SBISIETCA OHOM M3 TpeX OIepalyid, orl-
PENENSIONNX PEryisipHble BhIpXEHUs. Mnes mokasarenscTBa TeopeMsl 4.4 IpuMeHHMa
TaKKe K KOHKaTeHAINN 1 uTepannu. Takum odpazom,
e ecinu L u M — peryinsipHble SI3bIKH, TO SI3bIK LM peryisipeH;

o *
e cciu L — peryssipHbId A3bIK, TO L TaxKe peryJisipeH.

3aMKHYTOCTh OTHOCHTEJIBHO T0MOJHEHHSA

Teopema it 00BETUHEHUS SI3BIKOB JIETKO JTOKA3bIBACTCS C MOMOINBIO PETYJSIPHBIX BBIpA-
xenuil. Termepb paccCMOTPUM JIOMOJTHEHUE. 3HAETE JIM BbI, KaK MPeoOpa3oBaTh PeryssipHOE BbI-
pakeHue, 4TOObI OHO OIMPECIISUIO OMOMHEHUE sI3bIka? Mbl Toke He 3HaeM. OJIHAKO 3TO BBI-
MOJIHUMO, TaK Kak coriacHo teopeme 4.5 moxHo HauaTh ¢ JJKA u moctpouts JIKA, momyc-
Karonmi nomnoyiHeHue. Takum 00pa3oM, HauaB ¢ PEryJSIPHOTO BBIPAXKCHUS JUISL A3bIKA, MOKHO
HAWTH BBIPAXKCHHUE IS €r0 TOTIOJHEHHUS CIICAYIOIUM 00pa3oM.

1. TIIpeoOpazoBath peryisipHOe BelpaxeHune B &HKA.

2. IlpeobpazoBats &HKA B JIKA ¢ moMompro KOHCTPYKIUH TTOAMHOXKECTB.
3. JlomoiHHTH JoMycKarolie coctosiHus atoro KA.
4

[Ipeobpa3zoBate nomydeHnsnii JJKA s momonHeHHs 00paTHO B PEryIsipHOE BEIpaKEHUE,
HCIIOJIb3YSl METOABI U3 pa3aenoB 3.2.1 win 3.2.2.

Teopema 4.5. Eciu L — perynspHblii a3bIk B andasute X, To A3bIK L = T — L Takxe pe-
TYJISpEH.

Jokazareaberno. [Tycts L = L(A4) mst Hekotoporo JIKA A= (Q, Z, 6, gy, F). Torma L = L(B),
rae B — sro [IKA (Q, X, 6, ¢y, O — F), T.€. aBTOMaThl A ¥ B OJIMHAKOBBI, 32 UCKIIIOUECHUEM TO-
TO, YTO JOITYCKAIOIINE COCTOSHNS aBTOMaTa 4 CTaly He JOIyCKaommMMu B B, 1 Haobopot. To-
ra w NpuHaIIeKuT L(B), eciau, U TOIbKO eClH, 3‘ (99, w) mpunamnexur Q — F, T.e. w He IIpU-

namnexut L(A4). O
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3aMeTuM, YTO JJIsl TIPUBEACHHOIO BBINIC JOKA3aTeIbCTBA BAXKHO, YTOOBI 3‘ (g0, w) Bcerma
OBLTO HEKOTOPBIM COCTOSHHEM. JTO 3HAYWT, YTO B aBTOMare 4 Bce IMEpeXOIbl ONpEeeIICHEI.
Eciu GbI HEKOTOpPBIE MEPEXOIbl OTCYTCTBOBAJIH, TO OIPE/CICHHBIC [[STIOYKH HE BEIK Obl HU B
JIOITyCKaroliee, HM B HEJOITyCKAaIoIee COCTOSHHS aBToMara A, T.e. OTCYTCTBOBAJIM OBl Kak B
L(A), Tak u L(B). K cuacteto, JIKA onpenenex Tak, 4To B JIIOOOM COCTOSHUHU Y HETO €CTh Iiepe-
XOJI TI0 Ka)KIOMy CHMBOITY aiipaBUTa X, TaK YTO KaKAas MEMOYKa IPUBOIUT B COCTOSHHE OO
us3 F, mibo u3 Q — F.

Mpumep 4.6. [Tycte 4 — aBTOMaT, M300pakeHHBIN Ha puc. 2.14. HanomHum, 4TO 3TOT
JAKA nomyckaeTr Te ¥ TOJBKO T€ 1ernodky cuMBoyioB 0 u 1, koTopble 3akaHunBaroTcst Ha 01. B
TepMHHAX perymspHbix Boipakennii L(4) = (0 +1)"01. Takum o6pasom, pomomHerne k L(A)
COJZIEP>KUT BCE TeE LIETIOUKHU U3 HYJIEH U eIMHUL, KOTOpble He 3akaHunBatoTcsa Ha 01. Ha puc. 4.2
npencrasieH aBToMaT st {0, 1}* — L(A4). OH coBmagaer ¢ aBTOMaTOM Ha puc. 2.14, 3a ucKImo-
YEHHWEM TOTO, UTO JIOIYCKAFOIIUE COCTOSHIS CTAIN HEIOIYCKAOIIIMH, a B HEJOIYCKAIOINX
COCTOSIHUS CTal Jonyckamommmu. O

Ipumep 4.7. Ucnonszyem teopemy 4.5 ansi J0Ka3aTeNbCTBA HEPETYISIPHOCTH OIpeeIIeH-

HOTO s13bIKa. B mpumMepe 4.2 Obla goka3aHa HEPEryJSIPHOCTD S3bIKa L,,, COCTOSIIEr0 U3 IeTo-

eqs
YeK C pPaBHBIMH KoJiyecTBaMu cMMBOJIOB 0 u 1. DTO n0Ka3aresibCcTBO OBLIO HEMOCPEACTBEH-
HBbIM [IPUMEHEHHUEM JIEMMBI O HaKauke. Tenepb pacCMOTPUM S3bIK M, COCTOSIIMN U3 LIEIIOYEK C

HCPABHBIMU KOJMYCCTBAMU Hyﬂeﬁ " COUHULIL.

Hauano

Puc. 4.2. IKA, oonyckarowuii dononnenue a3vixka (0 + o1

B naHHOM ciyuae Juisi ToKa3aTeabCTBa HEPETYJISIPHOCTH s3bIKa M JeMMy O Hakadke MpH-
MEHUTH TPYIHO. MHTYyHIIUs 1MOJICKa3bIBAET, YTO €CIM HadaTh C HEKOTOPOH LEMOoYKku w u3 M,
pa3ouTh ec Ha W = Xyz U “HakayaTh” y, TO MOXKET OKa3aThCs, YTO y — 3TO nenodka Bpoje 01, B
KOTOpOH mopoBHY ciMBoJIOB 0 u 1. B a3TOM citydae He CyIIecTByeT Takoro k, Juisi KOTOPOro Iie-
nouka xy*z uMena 65l TOPOBHY HYyJCH ¥ ¢IMHILL, TTOCKOIBKY XVZ CONEPIKHUT HEPABHBIE KOTHUE-
CTBa HyJIell ¥ eIMHMUIL, a IPU “HaKauMBaHUK Y 3TH KOJHUYECTBA U3MEHSIOTCS OJuHaKoBo. Cie-
JIOBaTENIbHO, MBI HE MOXKEM HCIIOJIb30BaTh JIEMMY O HaKadkKe JUIsl TOTo, YTOObI IPUHTH K IPO-

TUBOPEYHIO C MPEANOI0KEHUEM, UTO SA3bIK M perylispeH.

Ho Bce-Taku 361k M Heperynspen. OObACHIETCA 3T0 TeM, uTo M = L., . ITockombKy 10-

MOJIHCHHUE K JOIMOJHCHUIO HEKOTOPOTO MHOXKECTBA PABHO 3TOMY K€ MHOKECTBY, TO Leq =M.
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Ecmu M perynsapen, To no teopeme 4.5 a3bIk L., Takxe peryisaped. Ho mbl 3naem, uto L, ne

peryJsipeH, ¥ HOoJly4eHHOE IPOTHBOPEYHE JJOKa3bIBaeT HEPEryIAPHOCTH s3bika M. [
3aMKHYTOCTh OTHOCHUTEJbHO MepecevyeHust
PaccmoTpuM nepecedeHre IBYX PEryJISIpHBIX S3BIKOB. 37€Ch TOYTH HEYETO JeNaTh, TOCKOIbKY
onepanyy 00beANHEHHS, IOTIOJHEHNS U TIepeceyeHus] He SIBIIIOTCS He3aBUCHMBbIMU. [lepeceueHne
A3bIKOB L 11 M BBIpa)kaeTcst uepe3 00ObEeAMHEHHE U JIOTIOJIHEHHE CIIE/IYIOIIM TOXKIECTBOM.

LAM=LUM @.1)

Boo0mie, nepeceueHne AByX MHOKECTB — 3TO MHOXECTBO 3JI€MEHTOB, HE MTPHHA/IJICKAIINX
JIOTIOJTHEHUSIM KaXKJIOTO M3 HUX. DTO 3aMevaHue, 3alicaHHOe B BUie paBeHcTBa (4.1), mpen-
CTaBIISIET OJINH U3 3aK0H08 [le Mopeana. JIpyroii 3aK0OH MIMEET aHAJOTHIHBIA BHI, TOJIEKO 00B-
€IMHEHYE U IIEPECEUCHUE MEHAIOTCS MeCTaMu, T.€. LU M = LAM.

Bwmecre ¢ Tem, 1 mepecedeHns IBYX PEryISIPHBIX S3BIKOB MOKHO moctpouTh KA Hero-
cpencTBeHHO. Takas KOHCTPYKIHS, B KOTOPOH, MO CYIIECTBY, MapaielbHO paboTaroT /Ba
JKA, BecpMa mosrezHa cama 1o cebe. Hampumep, oHa mcmonp30Banach sl MOCTPOSHUS aBTO-
MaTta (cM. puc. 2.3), MpeaCTaBIAIONIETO “TIpOou3BeeHNe” NeHCTBHI JBYX YUACTHUKOB — OaHKa
u MarasuHa. Koucmpykyus npouszeedenus GopMaIIbHO MPECTaBICHA B CICIYIOLICH TeopeMe.

Teopema 4.8. Eciiu L u M — perysipHble A3bIKH, TO A3bIK L (| M Takxke perysispeH.

JlokasarenncerBo. [Iycts L w1 M — si3eikn aBroMatoB Ap = (0, %, 0, q1, Fp) u Ay =
(Ows 2, O, qur, Frr). 3ameTnM, 4TO aja)aBUTHI aBTOMATOB CUMTAIOTCS OJWHAKOBBIMH, T.€. X
ecTh 00benrHeHne andaBUTOB A3bIKOB L 1 M, ecnu 3TH andaBuThl pa3inuyatoTcs. B nelicTBu-
TEJILHOCTH KOHCTPYKIUs npousBeneHus padoraet mist HKA touHo Tak ke, kak u s JIKA, HO
JUTSI MAKCUMAaJIbHOTO YIPOIIEHHUS PEANONI0KUM, uTo A; U Ay — KA.

Ilnst L () M octpoum aBTOMAaT 4, MOAEIUPYIONHiA aBToMathl A; u A, onaospemenno. Co-
CTOSHISIMA aBTOMaTa 4 OyAyT Mapbl COCTOSHHHN, TIepBOe U3 KOTOPHIX MPUHAUICKUT Ay, a BTO-
poe — A, UToOBI MOCTPOUTD MEpexo/ibl aBTOMAaTa A, MPEANOI0KHUM, YTO OH HaXOJHUTCS B CO-
cTosiHMH (p, q), TOE p — COCTOSTHHE aBToMaTa A;, a ¢ — cocrostHue Ay, Ham m3BecTHO, Kak
BesleT cebs aBToMar A;, 1moijlydasi Ha BXOJE CUMBOJ d. [lycTh OH NEpeXOJuT B COCTOSHHE S.
Taroke JOITyCTHM, YTO aBTOMAT A, IO BXOJHOMY CHMBOIY ¢ COBEPILIAET MEPEXO0]l B COCTOSHHE
t. Torma cienyronmM coctosiHueM aBToMata A Oyner (s, £). Takum oOpa3om, aBToMaT A Moje-
nupyet paboTy aBTOMaTOB A; U Ay DTa uesd B 00IINX YepTax MpeacTaBicHa Ha puc. 4.3.

OcrajbHble JeTadu JoKa3aTenbCcTBa OYeHb MPOCTHl. HavdanpHBIM cOCTOsSHHMEM aBTOMara A
Oyner mapa HayaJlbHBIX COCTOSIHUI aBTOMaTOB A; U A, [lockonbky aBTOMAT 4 JOIyCKaeT To-
IZla ¥ TOJBKO TOTJIa, KOrJa JAOIyCKaloT 00a aBTroMata A; U Ay, B KauecTBE JOMYCKAIOUIUX CO-
CTOsIHMIT aBTOMaTa 4 BBIOMpaeM Bce maphl (p, g), Tie p — AOIIyCKalollee COCTOSIHUE aBTOMaTa
Ay, a g —Ay. PopManbHO aBTOMAT A ONpeNenseTcs Kak

A=(0r %X 0w X, 6, (q1, qu), (FL X Fy),
rae &(p, ), a) = (6,(p, a), d(q, a)).
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Bxopg, a

YY
X

Hauano Jonyctute

e

Puc. 4.3. Aemomam, umumupyrowuii 08a Opyeux asmomama u OONyCKaiowull mo2oda u moibko moaod,
K020a donyckaiom oba asmomama

Yro6b1 yBUIETh, I04eMy L(A4) = L(A;) () L(A4y), cHavYana 3aMeTHM, Y4TO MHIAYKUMEH 110 |W|
JIETKO JI0Ka3aTh PaBEHCTBO 3 ((qr, gu)> w) = ( 3 (gL, W), 3 (@i, w)). Ho A nomyckaet w Toraa
U TOJBKO TOT/A, KOTJa 3 ((91> gu), w) siBIsIeTCST TApoW JOMYCKAIOMIUX COCTOSHHM, T.e.
3 1(qr, W) OJIKHO TIpUHAJIekKaTh F, a 3 w(qu, W) — Fy. THBIMU cTIOBaMH, LIETIOYKa W J0-
MyCKAaeTCsl aBTOMATOM A TOT/Ia M TOJIbKO TOTJA, KOT/Ia €€ JIOMyCKaroT 00a aBTomara Ay u Ay,

Urak, A nomyckaet nepecedenue si3bikoB L u M. O
IIpumep 4.9. Ha puc. 4.4 npencrasnens! asa JJKA. ABtomat Ha puc. 4.4, a 1oIycKaeT Bce

nenouku, umeroriue 0, a aBToMaT Ha puc. 4.4, 6 — Bce nenoyku, umeromue 1. Ha puc. 4.4, ¢
MIPEJICTaBJIEH aBTOMAT — IPOU3BEIEHUE JBYX JAaHHBIX aBTOMATOB. Ero cOCTOSIHUSI MOMEUEHBI
KaK Mapbl COCTOSTHUI UCXOTHBIX aBTOMATOB.

Jlerko gokaszaTh, 4TO ATOT aBTOMAT JOMYCKAET MEpeceueHre MePBhIX JABYX S3BIKOB, T.€. T
LENOYKHU, KOTopble coaepkat kak 0, Tak u 1. CocTosiHue pr NpeCTaBIseT HauajdbHOE YCIOBHE,
KOrJla Ha BXOJ] aBTomara noka He noctynuiu Hu 0, Hu 1. CocTosiHME g7 03HA4aeT, 4To MOCTY-
MIWINA TOJBKO HYJH, @ COCTOSIHME ps — TOJBKO €AUHUIBL. JlomycKaromiee COCTOsIHUE ¢s Tpe-
CTaBJISIET YCIOBHE TOTO, YTO HA BXOJ] ABTOMATA MOCTYIIWIM U HYJIH, ¥ eAuHuIBL. [

3aMKHYTOCTh OTHOCHTE/JIbHO PA3HOCTH

CylmiecTByeT elie ofHa, YeTBepTasi, onepanus, 4acTo NpuMeHsieMasi K MHOXKECTBaM U CBSI-
3aHHas ¢ OyJEBBIMH OIEpAIMsIMH, & IMEHHO, Pa3HOCTh MHOXECTB. B TepMHHAX SI3BIKOB pa3HO-
cmoio L — M a3b1k0B L 1 M Ha3bIBalOT MHOKECTBO LIENIOYEK, KOTOPLIE NPUHAUIE)KAT L U HE
npuHajyiexat M. PerynspHbie sI3bIKH 3aMKHYTBHI OTHOCUTENLHO 3TOM omepaiuu. Jlokazaremnb-

CTBO 3aMKHYTOCTU OTHOCUTECJIIBHO PA3HOCTHU CICAYCT U3 NOKA3aHHBIX BBILIC TCOPEM.
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1

Hauano 6 0 ‘ )0’1

a)

0
Hauano G‘ 1 ‘ ) 0,1
6)

Hauano

B)

Puc. 4.4. Koncmpykyus npouzéedenust

Teopema 4.10. Eciiu L u M — perynsipHble sI3bIKH, TO SI3bIK L — M Taxoke peryspeH.

JlokazaresnbeTBo. 3ametuM, uto L — M = L () M . Tlo TeopeMe 4.5 perynspeH s3bIK M ,a

o teopeme 4.8 — L) M . CrefoBateinbHo, s3bik L — M peryssipen. OO

4.2.2. O0paiueHue

Obpawenuem NENIOYKH  d;d;...d, Ha3bIBaETCS 1IENIOYKa, 3alMCaHHas B 00paTHOM HOpSIKE,
T.C. d,A,.;...a;. OOpameHne w 0003HaYaeTCst wR. Takum obpazom, 0010® ectp 0100, a f=¢

Obpawenue s3vika L, 0603rauaemoe LX, cOCTONT M3 BCeX IeNodeK, 06PATHBIX IEMOUKaM
s3bika L. Hanpumep, e L = {001, 10, 111}, To L* = {100, 01, 111}.

OOparneHne SBIIETCS €IIe OAHON oneparyeil, COXpaHsOmEeH PeryIsIpHOCTD SI3BIKOB, T.C.
ecr s3bIK L perymsipen, To L Taxoke perynspen. ITo erko J0Ka3aTh ABYyMs CIOCOOAMH, Mep-
BBIA M3 KOTOPBIX OCHOBAaH Ha aBTOMAarax, a BTOPOW — Ha PEryJsipHBIX BBIpaXeHMsX. Jlokaza-
TENBCTBO, OCHOBAHHOE HA aBTOMATaXx, MPHBOIUTCS HE(YOPMAIBHO, TaK YTO YUTATENb IPH JKe-
JaHUH MOJKET BOCIIOJIHUTH JETalH. 3aTeM NPUBOANTCA (OpMalIbHOE AOKA3aTeIbCTBO, HCIOJb-
3YIOIIEE PETyIISIPHBIC BBIPAXKECHHS.

Ecmu 3aman s3p1K L, KOTOpBIN ecTh L(A) A7 HEKOTOPOTO KOHEYHOTO aBTOMaTa A, BEPOsT-
HO, C HEJICTEPMUHI3MOM M £-IIEPEXO0JaMH, TO MOXKHO TOCTPOUTh aBTOMAt it LN cremyrommim
obpazom.

1. OOpaTuTh BCce IyrH Ha TUarpaMMe IepexoJioB aBToMaTa A.

2. C,Z[eHaTL HaYaJIbHOE COCTOSIHHME aBTOMaTa A CAMHCTBCHHBIM HOITYCKAarOIMM COCTOSHUCM

HOBOI'O aBTOMATa.
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3. Co3aaTtb HOBOE HaYaJIbHOE COCTOSIHUE P, C E-TNIEPEXOJaMHU BO BCE JIOMYCKAIOLIUE COCTOS-
HUS aBTOMAaTa A.

B pesynbrare nony4uM aBTOMAat, MMUTHPYIOLIMI aBTOMAaT A “B 00paTHOM ToOpsiAKe” U, cieno-
BaTENbHO, J0MyCKAOIINIT LIENOUKy W TOT/Ia H TOIBKO TOra, Koia A J0mycKaeT wh.

Tenepb oKaKeM TeopeMy [UIs 00paiieHus: GopMaibHO.

Teopema 4.11. Eciu s1361k L perynspen, To s3Ik LY Takoke peryspe.

JoxazaTeabcTBo. [Ipeanonoxum, 4To A3blK L ONpeneseTcs peryysspHbIM BhIDAKEHUEM .
Jloka3aTenbCcTBO NIPOBOAUTCS CTPYKTYPHOM MHAYKLUMEH IO JuiMHe BbipaxkeHus E. Iloxaxewm,
9TO CyLIECTBYET elle OJHO peryispHoe Bbipakenue EN, mis kotoporo L(EN) = (L(E), t.e.
SI3BIK BHIPAXKEHHs £ SBIISETCS 0OpAlleHHeM S3bIKa BEIPaKeHHs E.

Basuc. Ecnu E paBHo &, & i a, Tie @ — HEKOTOPbIl CUMBOJI, TO E® coBnamaer ¢ E, Te.
(et ={e}, "= u {a}* = {a}.

I/Il-llly](llﬂﬂ. B 3aBucumoctu ot BHUAa BBIPAKCHUSL E BO3MOXXHBI TpH BapuaHTa.

R R R
1. E=E;+E, Torma E"=E;" +E,". Jloka3aTenbCTBO COCTOHUT B TOM, 4TO OOparieHne 00b-
eIMHEeHUs IBYX S3BIKOB MOJydYaeTcs, €CIM CHadana BEIYUCIHUTD, a 3aTeM OOBEIUHUTH 00-

paleHus 3TUX A3bIKOB.

2. E=EE, Tornma E?= EZRE IR. 3aMeTuM, 4TO HEOOXOAUMO OOPATHThH HE TOJBKO CaMU S3bI-
Kd, HO M uX mopsaok. Hampumep, ecnu L(E;)= {01,111}, a L(E;)= {00, 10}, To
L(EE;)= {0100, 0110, 11100, 11110}. O6pamienue storo s3sika ects {0010, 0110,
00111, 01111}.

Ecmu coenuanTth 00pamenns s361k0B L(E,) u L(E;) B TakoM TTOpsiAKe, KaK OHH 3[1eCh 3aIli-

CaHbI, TO HNOJYYUM S3bIK

{00, 01}{10, 111} = {0010, 00111, 0110, 01111},

. R

KOTOpBI# paBeH si3bIKy (L(E;E,))". B obuiem ciydae, ecinu nenouka w u3 L(E) sBisercs
N R R R

KOHKaTeHaIueu nenouek w; u3 L(E;) u w, u3z L(E,) , Tow = wy w; .

* R R *
3. E=E;. Torna E"=(E;") . Jloka3aTeJbCTBO COCTOWT B TOM, YTO JIFOOAs IENOYKa W U3

L(E) moxxeT OBITH 3amFicaHa KaK W w,...Ww,, TIOe Kaxnaas w; npuHauiexut L(E). Ho

wR = w, w, ot
Kaxas w" npunamnexur L(EY), T.e. w® npunamnesxur (E,%)". M HaoGopor, nrobas 1e-
nouka u3 L((E IR)*) UMEET BUIL W;W,...W,, TII¢ KOXKaas Ie0oYKa w; SIBISCTCS 00paIieHueM
HekoTopoit nenoukn u3 L(E;). CrnenoBaTensHO, OOpAlleHHE NAHHOM LEMOUKH W, W)
KoowN npunannexur sspixy L(E;"), kotopsiit paer L(E). Takum 06pa3somM, 0Ka3aHO,
4TO IenoYKa NpuHaaIexuT L(E) Torna u ToJbKO TOrAa, KOTAa ee obpalleHne npuHaiie-
xut L((E*)).
O
Hpumep 4.12. Tycts s36Ik L ompenensiercs peryispHsiM Boipaxeruem (0 +1)0°. Toraa
COTJIACHO MPABUITY JUT KOHKAaTeHAIHH LN — 3T0 A3BIK BRIPaKEHHs (0H%0 + D®. Ecym pUMe-
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HUTH NIPaBUJIa ISl UTEPALMK U OOBEMHEHHS K JIBYM YacTsAM 3TOTO BBIPAXKEHUs, a MOTOM HC-
M0JIb30BaTh 0a3MCHOE MPABHIIO, KOTOPOE TOBOPHT, YTO 0OpaTHEIMHU K 0 1 1 OyxyT 3TH e BBI-

.
PaKEHHs, TO MOTYYHM, 4TO A3bIK L" ompesensercs peryaspHbiM Bhipaskeruem 0°(0 + 1). O

4.2.3. FTomomop¢duzmbl

Tomomopgpusm yenouex — 310 Takas GyHKIUS HA MHOXKECTBE LIETIOYEK, KOTOPAs MOJCTaB-
JISIET ONpPEeNICHHYIO IENI0YKY BMECTO K)KIO0T0 CHMBOJIA JJAHHOM LETTOYKH.

Mpumep 4.13. Oynkuus h, onpenenennas kak A(0) =ab u h(1l) = & sBugeTcs roMoMop-
¢uzmom. B mo6oit memouke u3 cumBoioB 0 1 1 /i 3aMeHseT Bce HyNU HETOYKOH ab, a Bce eIu-
HUIIBI — MyCcTO# 1ienoukoii. Hanpumep, npumensist  k nenouke 0011, nonyuum abab. O

dopmainbHO, eciii /i ecTh HEKOTOPBIIt roMOMOphH3M Ha andasute X, a w = a,d,...d, — Lie-
IMOYKa CUMBOJIOB B X, TO A(w) = h(a;)h(ay)...h(a,). Takum obpa3zom, cHadana /i IpuUMeEHSETCs K
Ka)XJJOMY CHMBOJIy IIEOYKH W, a TIOTOM HOJIydEHHbIE IIETTOYKH CHMBOJIOB COEIHMHSIOTCS B CO-
OTBETCTBYIOIIEM mopsinke. Hanpumep, paccmoTpuM romomopdusm A u3 npumepa 4.13 u e-
nouky w = 0011: A(w) = A(0)h(0)a(1)A(1) = (ab)(ab)(€)(€) = abab, uTO M YTBEPKIACTCI B 3TOM
npuMepe.

I'omomopdu3M si3bIKa ONpenessieTcs: ¢ MOMOUIBIO €ro MPUMEHEHHs K KaXKI0H LenouKe s3bl-
Ka, T.e. ecliil L — 531K B andasute X, a h — romomopdmsm Ha X, To A(L) = {h(w) | w npuHa-
nexut L}. PaccMoTpuM si3bIK L perymspHoro Bhipaskerus 1071, T.e. Bce HEMOUKH, KOTOpbIE Ha-
YMHAIOTCS Y 3aKaHYMBAIOTCS SMHUILICH, a MKy HUMH COZEpKaT NPOU3BOJIbHOE YHCIIO HYJIEH.
Iycts h — romomopdusm u3 npumepa 4.13. Torma (L) — 3710 s36IK Beipakerns (ab)’. O6b-
SICHSIETCS ATO TEM, UTO /i HCKIIIOYAET BCE €MHUILIBI, 3aMEHSISI UX &, @ BMECTO KaXKI0ro HyJIsl 1101
CTaBJIsAeT 1enouky ab. Mnes npumeHeHns romoMop(hu3Ma HEHOCPEJICTBEHHO K PETYISPHOMY
BBIPXXEHHUIO HCIIONIB3YeTCsl AUl JIOKa3aTelbCTBA 3aMKHYTOCTH DEryJSIPHBIX SI3BIKOB OTHOCH-
TEJNBHO TOMOMOpGuU3Ma.

Teopema 4.14. Ecu L — perynsapHbIii S36IK B andasute X, a i1 — roMmoMopdu3M Ha X, TO
S3BIK A(L) TakKe peryisipeH.

HoxazaTenncTBo. [Iycts L = L(R) 1151 HEKOTOPOT'O PEryJIipHOro BhipaxkeHus R. BoooOiie,
eciu E ecTh peryisipHOe BBIpa)KEHHE C CUMBOJIAMHU U3 ayiaBHuTa X, TO IMycTh A(E) — BBIpaxe-
HHeE, MOJy4eHHOE B PE3YJIbTATe 3aMEHBI KaKIOTO CHMBOJA @ B BBIPRKCHUH E LENOYKOH /h(a).
YTBepkmaercs, uTo BeIpakeHue A(R) omnpenenser s3Ik A(L).

3TO JIETKO JOKa3aTh C TOMOIIBIO CTPYKTYpHOH MHIYKIMHK. Eci nmpuMeHnTs roMoMopdu3m
h K moOOMy TIOABBIpaXEHUIO E BBIpaXEeHUS R, TO SI3BIK BBIpaKeHHS /1(E) coBHAmeT C SI3BIKOM,
MOJTYYCHHBIM B PE3yJIbTaTe MPUMEHECHUSI 3TOro romoMopdusma K s3blKy L(E). PopmansHo,
L(h(E)) = h(L(E)).

Basuc. Ecnu E ectb £ unu &, 10 h(E) coBnamaet ¢ E, MOCKOJIBKY /i HE BIHUSCT Ha IIETIOUKY €
wim s13bik . CnenoBatenbho, L(A(E)) = L(E). B To xe Bpems, eciu E paBHo & unu &, 10 L(E)
1100 HE COAEPKUT HU OTHOU IIEMOYKH, JINOO COCTOMT U3 LEModKu Oe3 cuMBoiI0oB. TakuM oOpa-
30M, B 00oux ciydasx A(L(E)) = L(E). U3 atoro cnenyer, uro L(A(E)) = L(E) = h(L(E)).
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BosmorkeH emre onuH 0a3uCHBIN BapHuaHT, Koraa £ = a Iy HEKOTOpOro CUMBoJa a u3 X. B
stoMm ciydae L(E) = {a}, u h(L(E)) = {h(a)}. Boipaxkenue h(E) npencrapiser coOOH IETIOUKY
cuMBOJIOB /i(a). Takum obpasom, s3b1k L(A(E)) Takke coBmanaer ¢ {/(a)}, U, cIeI0BaTEIBHO,
L(h(E)) = h(L(E)).

Uuayknus. B 3aBHCHMOCTH OT ONEPAlMH B PETYJIIPHOM BBIPAKCHUU BO3MOXHBI TPU CH-
Tyaiuu. Bce OHHM MPOCTBI, MO3TOMY OOOCHYEM HHIYKIUIO TONBKO Ui OOBECTUHEHUS,
E=F+ G. Crioco6 npuMeHeHHs TOMOMOP(GU3MOB K PETYJISIPHBIM BBIPQKEHUSIM I'apaHTHPYET,
urto h(E) = h(F + G) = h(F) + h(G). Ham Takxke uszsectro, uto L(E) = L(F) U L(G) n

L(h(E)) = L(h(F) + h(G)) = L(h(F)) U L(h(G)) (4.2)
TI0 OTIPEZACIICHHIO OTIepaluy + AT PEeryJIipHBIX BeIpakeHui. HakoHer,
h(L(E)) = h(L(F) U L(G)) = h(L(F)) U h(L(G)), (4.3)

MOCKOJIBKY /i IPUMEHSETCS K SI3bIKY ITyTeM HNPUMEHEHUs €ro K KaXKJIOW 1IeNOYKe ATOro s3bIKa
no oraensHocTH. 1o mHaykTHBHOM TUnOoTese L(A(F)) = h(L(F)) u L(h(G)) = h(L(G)). Takum
oOpa3oM, mpaBble 4YacTu BblpakeHHHd (4.2) u (4.3) OSKBHUBAJICHTHBI, W, CIIEJIOBATEILHO,
L(h(E)) = h(L(E)).

Jns cinydaes, Korjaa BeIpakeHUE £ sSBISETCS KOHKATEHAUEW WM UTEpaluel, 10Ka3aTellb-
CTBa HE NMPHUBOJATCS, IIOCKOJIbKY OHU aHAJIOTUYHBI OKA3aTENbCTBY, MPEACTaBICHHOMY BBIIIE.
Wrak, MOXHO crenaTh BbIBOJ, uTo L(4(R)) meiictButensHO paBusiercs A(L(R)), T.e. IpUMEHe-
HHE TOMOMOp(U3MA K PEryJsipHOMY BBIPQKEHHIO 53bIKa L JTaeT peryssipHoe BhIpa)KeHHUE, OIl-
penensoiee si3pik A(L). O

4.2.4. O6paTtHbIit romomopgusm

T'omomMopdu3M MOXKHO NIPUMEHSATH “Ha3aja’, M 3TO TaKXKe COXPAHSIET PETYJISIPHOCTD S3BIKOB.
[peanonoxum, ato 7 — romMomopdusm u3 andaBura X B HENOUYKH, 33JaHHBIE B JPYrOM
(BO3MOKHO, ToM %e) andasure I°. I[Tycts L — s3bik B andpasute 7. Toraa A (L), untaemoe kak
“obpaTtHOE /1 OT L”, — 3TO MHOXECTBO IETI0OYEK W W3 Z*, IUT KOTOPBIX /(W) TIPUHAUISKAT L.
Ha puc. 4.5, a npencraBieHo npuMeHeHne romoMopdu3Ma K s3biky L, a Ha puc. 4.5, 6 — uc-
MI0JIb30BaHNE 00OPATHOTO TOMOMOpPhH3MA.

Mpumep 4.15. Ilycts L — s3pIK peryisipHOTO BhIpakeHus (00 + 1), T.e. Bce LEMOUKH U3
cuMBOJIOB O 1 1, B KOTOPBIX HYIIH BCTpedaroTcs napamu. Takum oopazom, nermouku 0010011 u
10000111 npunaanexar L, a 000 u 10100 — Her.

[Iycte h — Takoit romoMopdpmm: h(a) =01, A(b) =10. YTBepkmaercs, 9To (L) — »10
SI3BIK perymspHoro Beipasenns (ba)’, T.e. BCe HEMOUKH, B KOTOPBIX TIOBTOPSIOTCS maps! ba. Jlo-
Ka)keM, 4To /(W) NPUHAUIKUT L TOT/Ia M TOJIBKO TOT/Ia, KOT/a LIernoYKa w uMeeT Bua baba...ba.

4 Moy “T” mo/ipa3yMeBaeTcsl MPONKCHas OykBa rpedeckoro aindasura “ray”, cuemyromas 3a Oyk-
BOH “curma’.
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h— L)

(L) I

0)

Puc. 4.5. F'omomopgpusm, npumensiemvlii 8 npsmMom u 0OPAMHOM HANPAGIEHUU

Jlocmamounocmy. [1penmmonoxum, 9To enoYka w COCTOUT U3 71 IOBTOPEHHUN ba I HEKO-
toporo n = 0. 3ameruM, urto A(ba) = 1001, 1.e. A(w) — 310 1 MOBTOpeHuit nenovku 1001. ITo-
ckoibKy Iernouxa 1001 mocTpoeHa u3 ABYX €IMHUI] U Maphl HyJel, TO OHa MPUHAATIECKHUT S3bIKY
L. CnemoBarebHO, IIEMI0YKa, COCTOsIIas U3 Jiroboro uncia nosropernii 1001, Taxke oopa3o-
BaHa CJMHHUIIAMH U MTapaMu HyJiel u npuHaiexut L. Takum obpazom, i(w) mpuHAIICKUT L.

Heobxooumocme. Tenepb NpeAnonokumM, 9to /s(w) IPUHAIICKUAT L, ¥ MOKAXKEM, YTO Iie-
noyka w umeeT BuA baba...ba. CyuiecTByeT YeThIpe YCIOBUs, NP KOTOPBIX LEMOYKa UMEET
dpyeoui Bu. [TokaxkeM, 4TO TPH BBIIIOJIHEHHUH JIFOOOTO U3 HUX /(W) HE MPUHAUIKUT L, T.e. no-
Ka)XXeM yTBep>KAEHHUE, IPOTUBOIOJIOKHOE TOMY, YTO HAM HYXHO JI0Ka3aTh.

1. Ecnu w HaunMHaeTcss CUMBOJIOM a, TO h(w) HaumHaeTcs ¢ 01. CrnemoBatenbHO, OHA COZIEp-

JKHUT OTAENBHBIN 0 U MOTOMY He PUHAAJIEKUT L.

2. Ecam w 3akaH4YMBaeTCsl CUMBOJIOM b, To B KoHIE /i(w) crouT 10, v ONATH-TaKH B HEMOYKE
h(w) ecTb M30IHPOBaHHBIH (.

3. Ecmm B nenouke w ABaXIbl NOAPS BCTpeyaercst a, To A(w) coaepxut noauenodxky 0101.

CHOBa B W eCTh U30JIMPOBAHHBIN HYIIb.

4. AHaJIOTHYHO, €CJIM B W €CTh JIBa CUMBOJIA b moapsn, To A(w) coaepxut noamnenodky 1010
¢ m30IMpoBaHHBIM 0.
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Takum 006pa3zoM, NpH BBINOJHEHUH XOTS OBl OJJHOTO M3 BBILIENIEPEUNCICHHBIX YCIOBUH LIEoy-
ka i(w) He npuHamnexut L. Ho eciau HU 01HO U3 yciioBuii 1—4 He BBINOJHSETCS, TO IIEN0YKa W
umeet BUI baba...ba. YTOOBI MOHATH, MOYEMY 3TO MPOUCXOIUT, MPEIIOIONKUM, YTO HU OJTHO
U3 TUX YCJIOBUU HE BBINOJHsAETCS. TOr/ia HEBBIOIHEHHE YCIOBHUs 1 03Ha4YaeT, 4TO W JIOJDKHA
HaYMHATHCSl CHMBOJIOM D, a HEBBITIOJIHEHUE 2 — YTO OHa JIOJDKHA 3aKaHYMBATHCS CUMBOJIOM d.
HesbinonHenue ycinoBuid 3 1 4 TOBOPUT, YTO CUMBOJIBI ¢ U b OIDKHBI YepenoBaTbes. Crenoa-
TeNbHO, Joruueckoe MJIM ycnoBuii 1-4 5KBUBaJIEHTHO YTBEPKACHHUIO “LIETIOYKA W UMEET BU[,
OTIM4YHBIN OT baba...ba”. Ho Beile ObUIO J0Ka3aHo, yTo U3 Jorndeckoro UJIU ycnosuii 1-4
ciiestyeT, 4yTo A(w) He NPUHAIIEKHUT L. ITO yTBEpkKIEHHUE POTHBOIIOIOKHO TOMY, YTO HYXKHO
JIOKA3aTh, & UMEHHO, YTO “‘eciu /(W) IPUHAIIEKHUT L, TO ernoyka w uMmeet Buj baba...ba”. O

Janee nokaxem, uTo OOpaTHBIH rOMOMOP(U3M DPEryJsIpHOTO S3bIKa TAK)KE PETYIspeH,
MOKa)KeM, KaK 3Ty TEOpEeMY MOXKHO MCIIOJIb30BaTh.

Teopema 4.16. Ecu # — romomopdusm u3 andasurta X B andasur 7, L — perysipHBIIT
s3bik Hag T, TO s13b1K A (L) TAKKe PerysspeH.

Jlokazareancrso. Haurem ¢ JIKA A s sseika L. TTo 4 u h crpoutest JIKA mst h'(L) ¢
MOMOIIBIO CXEMBI, MpeIcTaBieHHoi Ha puc. 4.6. Otot JJKA Hcmonb3yeT cocTosiHUS aBTOMaTa
A, HO TIEpEeBOANT BXOJHOW CHMBOJ B COOTBETCTBHU C /i mepell TeM, KaKk PelIuTh, B KaKoe CO-

CTOSIHAE IIEPEUTH.

Bxopn a

Bxon,
4 h(a) ona A

Havano

Jonyctntb/0TBEPrHYTH

> 4 >

Puc. 4.6. IKA ons h™' (L) npumensem 2omomopdusm h ko 6x00ubiM cumsonam,

a nomom umumupyem J{KA ona L

dopmainsHo, TycTh L — 310 L(A4), tie IKA 4 = (Q, T, 6, qy, F). Onpenennm KA
B = (Qa Za % q()’ F’),

A
(YHKIHMS TIEPEeX0JI0B ¥ KOTOPOTO CTPOUTCS MO NpaBwiy Kq, a) = d (g, h(a)). Takum obpazom,
mepexoJl aBToMara B MO0 BXOJHOMY CHMBOJY d SIBJISETCS PE3YJIBTATOM IIOCIIEN0BATEILHOCTH

NepPEeX00B, COBEPLIAEMBIX aBTOMATOM A IIPH NOIyYSHUH LIETOYKH CUMBOJIOB /Ai(a). Hartomuunm,
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4TO, XOTA /(@) MOXET PAaBHSTHLCS & COCTOSITH M3 OJHOTO MIIM HECKOJIBKHX CHUMBOJIOB, (YHKLIUS
3‘ OIIpeZIeNIeHa TaK, YTOOBI CIIPABUTHCS CO BCEMH 3THMH CITydasiMU.

C noMoIb0 MHIYKIHMU 10 |[W| JIETKO ToKa3ark, 4To ¥ (gg, w) = 3‘ (g0, h(w)). Tlockonbky
JIOMYCKAIOIINE COCTOSHHS aBTOMAaToOB 4 M B COBMAjaroT, TO B JIOMyCKaeT HENOYKy W TOTAa U
TOJILKO TOTJa, Korjna A jomyckaer mnenodky /(w). MueiMu ciioBamu, B JIOIMYCKAaeT TOJIBKO T
LIETIOYKH, KOTOpbIE NPHHAUIeKAT 36Ky A (L). O

Ipumep 4.17. B s1oM npumMepe oOpaTHbIii TOMOMOP(U3M W HEKOTOpBIE JPYTHMe CBOKWCTBA
3aMKHYTOCTH PETYJISIPHBIX MHOXECTB HCIIOJB3YIOTCS IS JIOKA3aTeIbCTBA OJHOTO HEOOBIYHOTO
CBOMCTBA KOHEUHBIX aBTOMATOB. 1Ipearnonoxkum, 4ro, JOIyCKas BXOAHYIO LIENOYKY, HEKOTOPBII
aBTOMAT JOJDKEH MOOBIBaTh B KaXK/IOM COCTOSTHAHM XOTS OBbI 0 OHOMY pasy. TodHee, IOIMyCTHM,
uro A =(Q, 2, S, qo, F) — JIKA, ¥ Hac MHTEpECYeT A3bIK L, COCTOSIINN U3 BCEX IIETOYEK W B all-
haBuTe X, [T KOTOPBIX 3‘ (qo, w) npuHAIIEXKNUT F, ¥ JUTS K&XKJIOTO COCTOSHUS ¢ 13 () CYIECTBY-
€T HEKOTOPBIH HpedHKC X, HENOUKU W, Il KOTOPOro 3 (90, x4) = q. Byner nu 361k L perynsp-

HeIM? JlOKa)keM, UTO TaKOU SI3BIK PETYIIPEH, XOTS TOKAa3aTeNbCTBO JOBOJBHO CIIOXKHOE.
Haunewm c s3pika M = L(A), T.e. MHOXKECTBA IIETIOUEK, JOMYCKAEMbIX aBTOMATOM A OOBIYHBIM

IyTeM, HE3aBUCUMO OT TOTO, B KAKUE COCTOSTHHUS OH IIEPEXOUT, 00padaThIBasi BXOJIHYIO IIEIIOUKY.
3amernm, 9T0 L C M, Tak Kak OMpeIeNneHne sI3bIKa L HaK/IaIbIBaeT AOMOIHUTEIbHBIC OrpaHUye-
HUA Ha 1eTodky u3 L(A). Jloka3aTenbCTBO PEryIsIPHOCTH s3bIka L HAYMHAETCS C MCTIOIB30BAHMUS
00paTHOro roMoMopdu3Ma JUlsl BCTABKM COCTOSHUM aBTOMaTa 4 BO BXOIHbBIE CHMBOJBL TouHee,
oIpesieNTMM HOBBIHN angaBuT 7 Kak COCTOSIIMN M3 CHMBOJIOB, KOTOPBIE MOYXHO MPEJCTABUTH B BH-
Jie Tpoek [paq], Tae p v g — cocrostuus u3 Q, a — CUMBOJI U3 X, ¥ Ap, a) = q.

Takum oOpazom, cumBoIIbI andasura 7' NPeICTABISIOT Nepexoabl aBTomara 4. BaxHo mo-
HUMAaTh, YTO 3alUCh [paq| NpencTaBiseT cOOON eTUHBIM CHMBOJ, a HE KOHKATEHAIMI0 Tpex
CHMBOJIOB. M0OYKHO 0003HaYHTh 3TOT CUMBOJI OJIHOH OYKBOI1, HO IIPH 3TOM TPYJHO OIHCATh €T0
CBA3b Cp, g U a.

Teneps onpenenum romomopdusm A([pag]) = a nnst Bcex p, a U q. ITO 3HAYUT, YTO TOMO-
MOpdH3M /i yranser U3 KakAoro cMMBOJa angaButa 7 KOMIIOHEHTHI, NPECTABISIONINE CO-
CTOSIHUSI, ¥ OCTaBIISIET TOJILKO CUMBOJ 13 2. [IepBbIi 1Iar 10oKa3aTebcTBa PETYIIPHOCTH S3bIKa
L cocrout B moctpoerun si3bika L; = i (M). TlockonbKy s3b1K M perymspeH, To COracHo Teo-
peme 4.16 131k L; Takke peryispes. Llemoukamu si3pika L; OyayT memodkd u3 M, K KaXIoMy
CHMBOJIy KOTOPBIX MPUCOEIUHSACTCS Mapa COCTOSHHMN, IPEACTaBIAIONAasi HEKOTOPBIN Iepexo
aBTOMAaTa.

B kauectBe mpocToro mpuMepa pacCMOTPUM aBTOMAT C ABYMSI COCTOSHHSMH, IPEICTaB-
JeHHbli Ha puc. 4.4, a. Andpasur L= {0, 1}, a andaBut 7 COCTOUT M3 YETBIPEX CHMBOJIOB
[p0g], [q0q], [plp] u [qlq]. Hanmpumep, nockoneky mo cuMmBoiy 0 ecTs mepexon u3 p B ¢, TO
[p0g] — onuu u3 cumposoB andasuta 7. Tak kak nenouka 101 gomyckaercs STUM aBTOMATOM,
MPUMEHHUB K Heil 0OpaTHblii roMoMop(u3sm /', moxydum 2° = 8 Herodek, IBe 3 KOTOPHIX, Ha-

npumep, pasubl [plp][p0qllglq] u [q1q][q04][p1p].
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Tenepp 1o 3bIKY L; MOCTPOUM SI3bIK L C MOMOILBIO psiia ONepanuii, COXpaHsIOLIIUX pery-
JIIPHOCTH A3bIKOB. Harna nepBasi 1esp — MCKIIOYUTh BCE T€ LIETIOYKH S3bIKA L;, B KOTOPBIX CO-
CTOSIHUSI YKa3aHbl HETIPaBMWIbHO. [I0CKONBKY KaXKIBI CUMBOJ BUJA [paq] 03HAYaeT, 4TO aBTO-
Mar ObLJI B COCTOSIHUM p, IPOYMTA @ U 3aTE€M IIepelIeN B COCTOSHUE ¢, T0CIIEeI0BATEIbHOCTD
TaKUX CHUMBOJIOB, MIPEJCTABISAIONIAs AOMYyCKAlOIlee BHIUMCICHUE B aBTOMAaTe A, TOJKHA YI0B-
JIETBOPSTH CIEAYIOLIUM TPEM YCIOBUSM.

1. IlepBbIM COCTOSHHEM B IIEPBOM CHMBOJIE JIOJDKHO OBITh ¢ — Ha4YaJbHOE COCTOSIHUE A.

2. Ka)K,HLIﬁ nepexo aBToMarTa A0JLKCH HAYUMHATBCA TaM, A€ 3aKOHIWIICA Hpeﬂbl,[[yﬂ.lﬂﬁ, T.C. IIep-
BOC COCTOAHUE B CUMBOJIC JOJDKHO PABHATHCA BTOPOMY COCTOSHUIO B IPEABIAYIIIEM CUMBOJIC.

3. BTopoe cocTosiHME B NOCIEAHEM CUMBOJIE JOIKHO IPHHAMNEKaTh F. Ecay BBINOTHSIOTCS
NEPBLIC IBa YCJIOBUA, TO U 3TO YCJIOBHUEC 6y[[eT BBIMIOJIHCHO, MMOCKOJIbKY KaxXJasd ICIOYKa
A3bIKa L; 00pa3oBaHa U3 IETOYKH, TOITyCKaeMOil aBTOMaTOM A.

M Al3bik aBTOMaTa A
O6paTHbIii romomopdu3m

\

L, Lienouku a3bika M, B KOTOpPbIE BCTaBAEHbI KOMMNOHEHTLI COCTOSIHUIA
MepeceyeHne ¢ perynspHbIM S3bIKOM

Y

L, [06aBnTb yCNOBME, 4TO NEPBLIM ABISIETCA HAYANIbHOE COCTOSIHUE
Pa3Huua ¢ perynsipHbIM 53bIKOM

Y

L L06aBVTb YCIIOBME, 4TO CMEXHbIE COCTOSIHWSI A0XHbI COBMNaaaTb
Pa3Huua ¢ perynsipHbiMuy i3bikamu

L, [06aBnTb YCNOBME, YTO HA MYTU BCTPEYAIOTCS BCE COCTOSHUS
fomomopduam

Y

L

Ypanutb KOMNOHEHTbLI COCTOSIHWIA, OCTABASS TOSIbKO CUMBOJIbI

Puc. 4.7. [locmpoenue sizvixa L no azviky M ¢ nomowwio onepayuii,
COXPAHAIOWUX Pe2YIAPHOCHIb S3bIKOG
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IInan noctpoenus s3bika L npencrasieH Ha puc. 4.7.

VYcnoBue 1 obecrieunBaeTcs nepeceueHreM s3bika L; CO MHOKECTBOM LIEITOYEK, KOTOphIe Ha-
YMHAIOTCS] CHMBOJIOM BUJIA [¢oaq] Ut HEKOTOPOTO CUMBOJA a M cocTosiHUA ¢. Ilycts E; — BBI-
paxenue [qoa;q;] + [qoaxg:] + ..., Tae a,g; — Bce mapsl U3 X X O, 11 KOTopeiX &gy, a;) = g
Ilycrs L, = L, N L(E,;T M. Perynsipaoe Beipaxenue E;T " 0603HauaeT Bee nenoukn us I, KOTOpbIE
HAYMHAIOTCS] CTAPTOBBIM COCTOSIHUEM (371eCh 7 MOXHO paccMaTpuUBaTh KaK CyMMY BCEX €r0 CHM-
B0JI0B). [T03TOMY S13BIK L, COCTONT M3 BCEX LETIOUEK, MOTYyIEHHBIX B PE3yJIbTaTe MPUMEHEHHS 00-
paTHOro roMoMopdusMa k' K s3bIKy M, y KOTOPEIX IIEPBBIM KOMIOHEHTOM B [IEPBOM CHMBOIE

ABJIAETCS HAYAIbHOE COCTOSIHUE, T.€. SA3BIK L, YIOBIETBOPSET YCIOBHIO 1.
YrtoObl 00ecneynTh BBINOIHEHNE YCIOBUS 2, MPOIIE BCErO BbIYeCTh U3 L, (MCIOINB3ys orle-

parmuo pa3HOCTH MHOKECTB) Bce LIEMOYKH, HapylIamooume 3To yciaosue. Ilycts E, — perymsp-
HOE BBIPAKEHHE, COCTOSIIEE U3 CYMMBI (00beIMHEHHs) KOHKaTeHAIMH BCEX Map CUMBOJIOB, KO-
TOpBIC NIPYT IpYTy HE MOAXOIAT. DTO BCe Maphl Buaa [paq][rbs], tae g # r. Torna perymsipHoe
soipaxcenne T E,T 0603HaUaeT BCE HIETOUKH, HE YIOBIETBOPSIONINE YCIOBHIO 2.

Teneps MoxHO onpenenuts L; =L, — L(T "E,TY). Llenouku s3pika L; YAOBJIETBOPSIIOT YCIIO-
BHIO 1, TIOCKOJIBKY LIENOYKH S3bIKa L, HAYMHAIOTCS CTapTOBBIM cOoCcTOsIHHEM. OHH TakxkKe yHoB-
JIETBOPSIOT YCIOBHUIO 2, TaK Kak B pe3yibrate BeramtaHus L(T "E.T) OymyT ymaieHsl Bce Iie-
MIOYKH, JUI KOTOPBIX 3TO YCIOBUE HE BBINONHAETCA. HakoHe, OHM yIOBIETBOPSIOT YCIOBUIO 3
(mocnenHee COCTOSHKE SBIISIETCS JOITYCKAIOIINM), ITOCKOJIbKY JI0Ka3aTEeIbCTBO OBIIIO HAYATO C
LenoYeK A3bIKa M, NOIMyCKaeMbIX aBTOMaToOM A. B pe3ynbrare L; COCTOUT U3 LeToYeK s3bika M
C COCTOSTHHSIMHU JIOITyCKAOIIETO BBIYUCIIEHHS TaKOW IETIOYKH, BCTABIEHHBIMHU B KaXK/IbIH CHUM-
BOJI. 3aMETUM, 4TO A3bIK L; PETryNIsipeH, TaKk KaKk OH MOCTPOEH U3 PETYISIPHOrO A3bIka M ¢ mo-
MOIIBIO OTeparyii 00paTHOTO roMomMopdu3Ma, MepecedeHnss U PasHOCTH MHOXKECTB, COXpa-
HSIIOHIMX PETYISIPHOCTS.

HamomuuM, 4TO Hama 1eab COCTOMT B TOM, YTOOBI JOIMYCTUTH TOJBKO T€ IIEMOYKH U3 M,
1pu 06pabOTKEe KOTOPHIX aBTOMAT IPOXOAUT Yepe3 KaXkI0€e COCTOsIHNE. BhimomHeHne 3Toro yc-
JIOBHUSI MOKHO OOECIEUYHTH C IIOMOINBIO OIEpaliil pa3HOCTH MHOXeCTB. ITycTh s kKakmoro
COCTOSIHMSA ¢ PEryJsipHOE BeIpaskeHue £, NpeacTaBiseT coboi cyMMy BCEX CUMBOJIOB ajdaBuTa
T, B KOTOpBIE HE BXOJUT COCTOSIHUE ¢ (¢ HE CTOMT HHU HA MEPBOM, HU Ha MOCIEIHEH TO3UINH).
B pesynbraTe BBIUMTAHUS SA3bIKA L(Eq*) 3 L; Moy4yrM LEMOYKH, MPEACTaBIIONINE NOMycC-
Kalolllee BBIYUCICHUE aBTOMATa 4 U MPOXOIAIINE YEPE3 COCTOSIHUE ¢, IO KpailHel Mepe, OIuH
pa3. Ecnu BeruecTb U3 L; A3BIKU L(Eq*) JUIs BeeX ¢ U3 O, TO MOJIyYUM JOMYCKAIOUINE BbIYUCIIC-
HUSI aBTOMaTa A, Mpoxojsmiue yepe3 Bce coctossHusA. O0o3HaumMm 3T1OT si3bIK L, ITo Teope-
Mme 4.10 s3Ik L, TaKkKe peryssipeH.

IMocnenHuii miar COCTOUT B MOCTPOEHHH sI3bIKa L U3 L, ¢ TOMOLIBIO MCKIIOYEHUS KOMIIO-
HEHTOB CcOCTOsHMH, T.e. L = h(L,). Teneps L sIBIAETCS MHOXKECTBOM IIEMOYCK B anaBUTE 3,
JIOIYCKaeMbIX aBTOMAaTOM A, MpU4eM NpH X 00paboTKe aBTOMAT MPOXOAUT uepe3 KaxJoe Co-
CTOSIHUE, 110 KpaliHel Mepe, oauH pa3. [1oCKoJIbKY peryisipHble SI3bIKU 3AMKHYTbl OTHOCUTEIb-
HO TOMOMOP(U3MOB, JieTaeM BBIBOJI, YTO 53bIK L perymspen. [
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4.2.5. YnpaxxHeHus K pasaeay 4.2

4.2.1.

Iycts i — romomopdusm u3z anpasura {0, 1,2} B andasur {a, b}, onpeaencHHbIN
kak h(0) = a, h(1) = ab u h(2) = ba:

a) (*) maitnure 7(0120);

0) maitaure 4(21120);

B) () Haifgure h(L) must L = L(01°2);
r) Haiaure A(L) nnsa L = L(0 + 12);

1) (*)maiiaure A (L) mis L= {ababa}, T.e. A3bIKA, COCTOAIIET0 W3 OIHOM-

€IMHCTBEHHON LIENTOYKH ababa;

e) (1) maitgure A (L) mus L = L(a(ba)).

4.2.2. (*!) Eciu L — 51361k, @ — cUMBOJ, TO L/a, wacmnoe L U a, — 3TO MHOXECTBO IICTIOYCK

w, U1 KOTOPBIX wa mpuHamiexut L. Hanpumep, eciu L = {a, aab, baa}, To Lla=
{&, ba}. JJoxaxute, 4TO U3 peryysipHOCTH L clieayer peryisipHocts L/a. Vkasanue.
Haunute ¢ JIKA nist L 1 paccMOTpHUTE MHOXKECTBO JIOMYCKAOIIUX COCTOSIHUM.

4.2.3. (1) Eciiu L — s13bIK, @ — CHMBOJI, TO @\l — 3TO MHOYKECTBO LIEMNOYECK W, JUJIsI KOTOPBIX

aw npuHauiexxut L. Hanpumep, ecmu L = {a, aab, baa}, To a\L = {&, ab}. [lokaxwure,
YTO U3 PETyISIPHOCTH L ciemyeT perymsipHocTs a\L. Vkasanue. BcioMHUTE, 9TO pery-
JISIPHBIC S3BIKM 3aMKHYTBHI OTHOCHTEIIFHO OOpaIeHHs U OTIepanyy JAeJICHUS U3 yIIpaK-
HeHus 4.2.2.

4.2.4. () Kakne u3 cneIyrommx TOXIeCTB HICTUHHBI?

a) (L/a)a =L (B 1eBOii 4acTH MpeCTaBICHA KOHKATCHAIUS SI3BIKOB L/a u {a}).

0) a(a\l) =L (cHOBa mpencTaBiIeHAa KOHKATEHALUS C S3BIKOM {a}, HO Ha 3TOT pa3

cJeBa).
B) (La)/a=L.
r) a\al)=1L.

4.2.5. Onepauus u3 ynpaxHeHus 4.2.3 ©HOTja paccMaTpuBaeTCs Kak “TIpOM3BOJIHAs, a BbIpa-

dL
KeHue @\L 3amuchIBaeTCs Kak T OTH NPOU3BOAHBIE MPUMEHSIOTCS K PETYISIPHBIM
a

BBIPpAKCHUSAM aHAJIOTMYHO TOMY, KaK OOBIYHBIE MMPOU3BOAHBIC IPUMCHAIOTCA K apI/I(I)-
MCTHUYCCKHUM BBIPAKCHUAM. Takum 06pa30M, ecma R — PEryJISIpHOC BBIPAKCHUEC, TO

2—R 0003HaYaeT TO XKe, UTO % ,ecmu L = L(R):

a a
d(R+S) dR dS

a) JOKKHUTE, YT0 ———————=—+— ;
da da da

CXL)

0) (*!) HamumMTe TPaBMIIO T “TIpOM3BOAHON” OT RS. Vkaszanue. HyxHO paccMoT-

peTh JBa ciydas: s3bIK L(R) BKJIIOYAET WIK HE BKIIOYAET IIETIOUKY £ DTO MPABUIIO
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4.2.6.

4.2.7.

4.2.8.

4.2.9.

164

HE COBMAJAcT ¢ “TPaBUJIOM MPOU3BEICHUS JJIsI OOBIUYHBIX MMPOU3BOIHBIX, HO MO-
XO0’Ke Ha Hero;
d(R*) .
- 9
a

B) (!) HaiimuTe “mpPOM3BOAHYIO” OT UTEPAINH, T.C.

r) ucnoib3ys Gopmyisl (a)—(B), HAWANTE MPOM3BOAHYIO PETYJSIPHOTO BBIPAKEHHS
(0+1)011;

dL
J) () ONMIINTE TaKUe SI3BIKU L, I KOTOPBIX 70 =J;

dL
e) (*!) omumuTe Takue A3bIKU L, A1 KOTOPBIX 70 =L.

(1) Hoxaxkute 3aMKHYTOCTb PETYJISIPHBIX SI3BIKOB OTHOCUTEIBHO CIIETYIOIINX OTepaIlHii:

a) min(L) = {w | w nprHAINEKUT L, HO HU OIWH COOCTBEHHBII Mpe(UKC METOUKH W
HE IPUHAUICHKHT L} ;

6) max(L) = {w | w npuHaamexutT L, HO AJIs JTIOOOTO X # £ [EOYKA WX HE MPUHAJ-
nexur L};

B) init(L) = {w | A7 HEKOTOPOTO X IETIOYKA WX TIPUHAUTICKHAT L} .

Vxazanue. Kax u B ynpaxxnenuu 4.2.2, npouie Bcero Hayathb ¢ JIKA msa L m npeoOpa-
30BaTh €ro JUIs MOJyYeHUs HY)KHOT'O SI3bIKa.

(M) Ecnmu w = a;ja;...a, u x = b;b,...b, — 11eTI0YKN OJTUHAKOBOW [UIMHBI, TO OTPEACITUM
alt(w, x) KaK IENOYKY, B KOTOPOU CUMBOJIBI IIETIOYCK W U X YSPEIYIOTCS, HAUMHAS C W,
1.e. a;bjazb;...a,b,. Ecmu L u M — s3b1ku, onpenenum alt(L, M) kak MHOXKECTBO Iie-
mouek Buma alt(w, x), rie w — MPOU3BOJIbHAS IIenoYka u3 L, a x — mro0as 1ernoyuka
nu3 M takoi xe JIuHbL. JOKakuTe, 4TO U3 peryisapHOCTH s3bIKOB L U M cienyer pe-
TYJISIPHOCTD si3bIKa alt(L, M).

(!N Iycts L — s13p1k. Onpenenum half(L) Kak MHOXECTBO MEPBBIX MOJOBHH IIETIOYCK
s3bIKa L, T.€. MHOXKECTBO {W | CYIIECTBYET X, JJII KOTOPOH WX NPUHAIISKUT L, Ipudem
x| = |w|}. Hampumep, ecm L = {&, 0010, 011, 010110}, To half(L) = {& 00, 010}. 3ame-
THM, YTO LETOYKH C HEUSTHOW JUIMHON He BIUSIOT Ha half(L). JlokaxuTe, 4To eciu
SI3BIK L peryisipeH, To half(L) Takxe peryisipeH.

(!!) Yopaxuenne 4.2.8 MOXHO pacTipOCTpaHUTh HAa MHOTHE (DYHKIIUH, OTIPEIEIISTIOIIHIE
JUTMHY 4JacTH 1enodku. Eciam f— ¢GyHKOus, onpeneneHHas HA MHOXECTBE IIEJIbIX Y-
cex, To 0003HaYNM depe3 f{L) MHOXKECTBO LEMOYEK {w | CYMIeCTBYeT LEemouKa X, JUIs
KoTopoit [x| = f{|w|) m wx npunamrexxut L}. Hanpumep, onepauus half cOOTBETCTBYeT
TOXXIECTBEHHOW (DyHKIMH f(n) = n, Tak Kak A HENOYeK W3 s3bIka Aalf(L) BHITIONHS-
etcs [x| = [w|. [lokaxkuTe, 9TO €CIH SA3BIK L perymsipeH, To A3bIK f{L) Takke perysspeH,
rIe f— oJHa U3 CIEAYIOMUX QyHKINI:

a) fln)=2n (T.c. UCTIONB3YIOTCS ICPBBIC TPETH IETIOYUECK);
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4.2.10.

4.2.11.

4.2.12.

4.2.13.

4.2.14.

2 .
0) fin)=n" (yuHA BHIOMpPACMOIl YaCTH IIEMOYKH PABHA KBAJIPATHOMY KOPHIO JUTUHBI

OCTaBIIEHCS YaCTH IIETIOUKN);
—NnHn v
B) f(n)=2" (ammHa BEIOMpaeMOil YacTH IIEMIOYKH paBHA JIOTapH(MY UTHHEI €€ OCTaTKa).

(") yctp L — s3BIK, HEe 00s3aTENBHO PETYJSIPHBIN, B andasure {0}, T.e. IEMOYKH
si3pIKa L COCTOSAT U3 OJHUX HyJel. JJoKaxuTe, 4yTo SI3bIK L perynspeH. Ykazanue. Ha
MEPBBIN B3IV 3Ta Teopema KaxkeTcst abcypaHoi. UToOBI MpOMIIIIOCTPUPOBATH HC-
TUHHOCTH YTBEPXKJCHUS TEOPEMBI, IPUBEEM OIUH HEOOMBIION mpumep. PaccmoTpum
s3pik L = {0'| i — mpocToe 4mcio}, KOTOpbIii, KAk W3BECTHO, HEPEIY/SPEH (CM. TPH-
Mmep 4.3). HerpynHo nokasatb, 4To ecid j =2, TO (1) npuHaiexut L . TTockombKy
yucna 2 u 3 — npoctsie, nenoyku 00 u 000 npunagnexat L. Ecnu j — deTHoe yuco,
10 0 MOKHO MOJIY4UTh, TOBTOPUB j/2 pa3 nenouky 00, a eciu j — HEYETHOE, MOXKHO

B3sTh oy nenouky 000 u (7 — 3)/2 nemouek 00. CnemoBatenbHO, L =¢e+000".

(!!) lokaxnTe 3aMKHYTOCTh PEryJSIPHBIX SI3BIKOB OTHOCHTENBHO CIIEAYyIOUIEH orepa-
mun: cycle(L) = {w | Iemo4Kky w MOKHO IPEACTaBUTh B BUIE W =Xy, TAE VX MPHUHAI-
nexut L}. Hampumep, ecmm L = {01,011}, To cycle(L)= {01, 10, 011, 110, 101}.
Vxasanue. Haunnre ¢ JIKA nnst si3eika L u nocrpoiite &-HKA st cycle(L).

(M) IMycts  w;=apapa;, a w;=wy.wia; s Beex i>0. Hampumep, w;=
Appd 1ApApd 1AA0A0A 1A0A0A 1A A 3. KpaTqaﬁmnM PETYJIAPHBIM BBIPAXKCHUEM [JId A3bIKaA
L,= {w,}, T.e. sI3bIKa, COCTOSIIEr0 U3 ICTIOYKH W,, OyIeT cama w,, IpUYeM JJIHHA
3Toro BeIpaxceHus pasHa 2" — 1. OJHAKO, eI IPHMEHNTH ONEPALHIO MIePeceUeHH s,
TO Ui A3bIKa L, MOKHO 3alKcaTh BbIPAKEHUE JUIMHOU O(nz). Haiinure Takoe BbIpa-
xeHue. Vkasanue. Halimute n A3bIKOB C PETYISIPHBIMH BRIpaK€HUAMHU UIUHBI O(n),
repeceyeHne KOTOPbIX paBHO L.

CBolicTBa 3aMKHYTOCTH MOYXHO HCIIOJIb30BATh JJISI JOKAa3aTeNbCTBA HEPETYISIPHOCTH
HEKOTOPBIX S3bIKOB. J[oKakuTe, 4TO SI3BIK

L()nln = {0“1“ | n2 0}
HEPETYIIAPEH. ﬂOKa)KI/ITe HEPETYIAPHOCTH CICAYIOUINX SA3BIKOB, Hpeo6pa30BaB ux ¢
IIOMOINBIO onepaunﬁ, COXPaHAIOIIUX PETYISIPHOCTD, B A3BIK LOn]n:

a) (¥) {00 |i#j};
6) {0"1™2"™|n=m=0}.

B Teopeme 4.8 npezacraBiieHa “KOHCTPYKLMS IPOU3BEACHUS, B KOTOPOU 1O JIByM JaH-
HeIM JIKA noctpoen IKA, nomyckaronuii nepecedeHue sa3bIK0B JaHHBIX aBTOMATOB:

a) MOKAXKHUTE, KaK IIOCTPOUTH KOHCTpyKImro pomssenenms it HKA (6e3 &-nepexonos);
6) (!) npomemMoOHCTpHpYIiTE, KaK HOCTPOUTH KOHCTPYKIHIO Tporn3BeneHus st &-HKA;

B) (*) MOKakWTe, KaK M3MEHHUTh KOHCTPYKIHMIO JUIS HPOW3BEAEHMS TaK, YTOOBI pe-
3yabTUpyromui JIKA nomyckan pa3HOCTh S3bIKOB ABYX JaHHBIX [IKA;
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I) W3MEHUTE KOHCTPYKIHIO JUIS NPOM3BEAEHMs Tak, 4TOObl pe3ynbrupyrommii JTKA
JIOTTyCKall 00beIMHEHHE S3BIKOB ABYX JaHHBIX JIKA.

4.2.15. B pokazatensCTBe TEOpeMBI 4.8 yTBEPKAAIOCh, UTO C TOMOIIBIO UHAYKIWH IO JJINHE
LEMOYKH W MOXKHO JI0Ka3aTh CJeyIollee PaBeHCTBO:

8 (@i aw)s W) = (8 (@i, W), & 1lqus, W)).
IIpuBenure 3TO AOKA3ATEILCTBO.

4.2.16. 3aBepmmure 10Ka3aTeIbCTBO T€OpeMsI 4.14, paccMOTpeB Cilyyad, KOTria BeIpaxkeHue E sB-
JISIETCs KOHKaTeHalyel AByX MOABBIPAKEHUM WM UTEpaLUEd HEKOTOPOI'O BBIPAXKEHMS.

4.2.17. B teopeme 4.16 mporryieHo A0Ka3aTeNbCTBO UHAYKIUEHN MO JUIMHE IETIOYKH W TOTO,

gt0 ¥ (g9, W) = 3‘ (g9, h(w)). BocriosiHuTe 3TOT pober.

4.3. CBOINCTBa pa3peLinmoCTy peryAsipHbIX s13bIKOB

B 3Tom paznene MbI copMupyeM BasKHBIE BOIPOCHI, CBSI3AHHBIE C PETYIISIPHBIMH SI3bIKAMHU.
CHauana HYXXHO pa300paThCs, YTO 3HAYUT 33JaTh BOMPOC O HEKOTOPOM SI3bIKE. THIUYHBIHN
A3bIK OECKOHEUEH, IT03TOMY OECCMBICIICHHO HPENBSBIATh KOMY-HHOYAb IIEMOYKH 3TOTO SI3bIKa
1 3a/1aBaTh BONPOC, TPEOYIOMMH MPOBEPKH OECKOHEYHOTO MHOXECTBA LieTouek. ['opasno pa-
3yMHEe HCIOJB30BaTh OJHO M3 KOHEUHBIX MpelCTaBiIeHui s3bika, a uMeHHo: JIKA, HKA, &
HKA unu perymsipHoe BeIpa>KeHHE.

OueBHHO, YTO MPEJCTaBICHHbIE TAKUM 00pa3oM SI3bIKK OYyIyT peryisipHbIMH. B neiicTBu-
TEJIBHOCTH HE CYIIECTBYeT croco0a IMpeACTaBICHUS aOCONIOTHO MPOM3BONIBHBIX S3BIKOB. B
CJIE/IYIOIINX TJIaBaxX IPEAJIaraloTcsi KOHEYHbIE METO/BI OMHCaHus 0OoJjiee HIMPOKHX KIACCOB,
YeM KJIACC PETYJSIPHBIX S3BIKOB, © MOXHO OYyAET paccMaTpuBaTh BOIPOCHI O SI3bIKAX U3 HHX.
OpHaKo aNrOpUTMBI Pa3pelIeHHss MHOTHUX BOIIPOCOB O SA3bIKaX CYIIECTBYIOT TOJBKO JUI Kijacca
PEryJIsSpHBIX A3bIKOB. DTH K€ BOIPOCHI CTAHOBSITCA “‘HEpa3pelIUMBbIMU™ (HE CYIIECTBYET auro-
PUTMOB OTBETOB Ha 3TH BOIPOCHI), €CJIM OHU MOCTABJIEHBI C MOMOLIBIO Oojiee “BbIpa3uTElb-
HBIX” 0003HauYeHHH (MCIOJIBb3YEMBIX JJIsI BBIp@XKEHHs 0oJiee IIUPOKOTO MHOXKECTBA SI3BIKOB),
9YeM IpeACTaBIeHUs, pa3paboTaHHbIE AT PETYIISIPHBIX A3BIKOB.

HauneMm u3ydeHue aaropuTMOB ISl BOIPOCOB O PETYJISIPHBIX A3BIKAX, PACCMOTPEB CHOCO-
Obl, KOTOPBIMU OJIHO TIPEJICTABICHHE s3bIKa NpeoOpa3yercs B Apyroe. B wacTHocTH, paccMoT-
PUM BPEMEHH)IO0 CIIOKHOCTh AITOPUTMOB, BBIMOJHSIONINX NMpeoOpa3oBaHus. 3aTeM paccMoOT-
PUM TpU OCHOBHBIX BOIIPOCA O SI3BIKAX.

1. SIBnseTcs MM ONMUCHIBAEMBIH A3BIK ITyCTHIM MHOXECTBOM?
2. TlpuHaAneXUT M HEKOTOpAsl LIENOYKa W MPEICTABICHHOMY S3bIKY?

3. JleHCTBHUTENBHO JIU ABA Pa3HBIX OMHCAHUS MPEACTABIAIOT OJUH U TOT e s3bIK? (DTOT Bo-
MPOC YacTO HA3bIBAIOT “3KBUBAJICHTHOCTHIO S3BIKOB.)
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4.3.1. NpeoOpa3oBaHus pasANUHbIX NPEACTABAEHUI A3bIKOB

W3 riaBbl 3 N3BECTHO, YTO KaXKAOE M3 YETHIPEX MPEICTABICHUN PEryspHBIX S3BIKOB MOX-
HO mpeoOpa3oBath B 000€ N3 ocTaybHBIX Tpex. Ha puc. 3.1 mpeacraBieHsl nepexoasl OT 01
HOTO TIPEJCTaBICHUS K APYTOMy. XOTs CYIIECTBYIOT QJITOPUTMBI IS JII000TO M3 3THUX Mpeoo-
pa3oBaHMii, MHOT/1a HAC HHTEPECYET HE TOJIBKO OCYHIECTBUMOCTh HEKOTOPOTO MpeoOpa3oBaHus,
HO ¥ BpeMsi, HEOOXOIMMOE AJIsl €r0 BBIMOIHEHMS. B 4acTHOCTH, BaXKHO OTJIMYATh aJTOPUTMBI,
KOTOpBIE 3aHMMAIOT JKCIIOHEHIHAJIbHOE BpeMs (BpeMs Kak (DYyHKIHS OT pa3Mepa BXOIHBIX
JaHHBIX) W, CJIC[OBATEIBHO, MOTYT OBITH BBIMOJHEHB! TONBKO JUIS BXOAHBIX JAHHBIX CPaBHHU-
TEBHO HEOOJBIINX Pa3MEPOB, OT T€X AJITOPUTMOB, BPEMS BBIITOJIHEHHSI KOTOPBIX ABJIACTCS JIH-
HEIHOH, KBaJpaTHYHON WM TMOJMHOMHAIBHOM C MAalloW CTeleHbI0 (QYHKIHMEH OT pa3Mepa
BXOJHBIX JaHHBIX. [locietHre anropuTMsl “peanncTUdHbl”’, TaK KaK UX MOXKHO BBITIOJTHUTD AT
ropaszo 0ojee MUPOKOTo Kjacca 3K3EMIUIIPOB 3a7adn. PaccMOTpUM BpEMEHHYIO CIIOXKHOCTD
KaXJI0T0 M3 00CYKAaBIINXCS MTPe0Opa30BaHHH.

IMpeoopa3oBanne HKA B IKA

Bpewms Boinonnenus npeodpazosanust HKA nimm e&-HKA B JIKA MoxkeT ObITh 9KCIIOHEHIIU-
arpHOM (yHKIMe# ot kosmmuectBa coctosiHMii HKA. Haunem c Toro, 4ro BBIYMCIICHHE &-
3aMBIKaHHS 1 COCTOSIHHI 3aHnMaet Bpems O(n°). Heo6X0aiMO HANTH BCe IYTH C METKOM &, Be-
JYIIAE OT KaXJIOTO U3 11 COCTOsIHUI. ECI eCTh 1 COCTOSIHUI, TO MOXET ObITh HE OoJice n’ ZIYT.
Pa3ymHOe HCNONIB30BaHUE CHUCTEMHBIX PECYpPCOB M XOPOUIO CIPOEKTHPOBAHHBIE CTPYKTYPHI
JIAHHBIX FAPAHTHPYIOT, YTO BPEMs HCCIICIOBAHMS KAXIOTO COCTOAHMs He mpesbicut O(n’). B
JEHCTBUTEIBHOCTH VISl OJHOKPATHOTO BBIYMCIICHUS BCETO £-3aMBIKAHHS MOXKHO HCIIOJIB30BAThH
TaKO AITOPHTM TPAH3UTHBHOTO 3aMbIKAHHs, Kak anroput™ Yopiama (Warshall)’.

ITocne BeIUMCIIEHUS £-3aMBIKAHUS MOXKHO nepeiitu k cunTe3y /IKA ¢ moMOIbI0 KOHCTPYK-
UM OMHOXKeCTB. OCHOBHOE BIIMSHHE Ha PacXo]l BPEMEHH OKa3bIBaeT KOJHMUYECTBO COCTOSHUN
JIKA, xoTOpo€e MOKeT paBHATLCs 2", J[JIs KaXKI0r0 COCTOSHHS MOKHO BBIYUCIHTE MEPEXOIBI 32
Bpemsi O(n’), HCTIONB3ys £-3aMbIKaHHe W TaGmuiy mepexonoB HKA mms kakaoro BXOAHOTO
cumBoia. TIpeanoIoKuM, HyKHO BBIUUCIUTE &X{q;, 42, ..., @i}, a) A JJKA. W3 Kaxmoro co-
CTOSIHUSI ¢; MO’KHO JIOCTHYb HE 00JIee 71 COCTOSHUI BAOJb IyTEH ¢ METKOH &, M KaKA0€ U3 ITHUX
COCTOSIHMI MOKET MMeTh He Ooiiee, 4eM n ayr ¢ MeTkod a. Co3/aB MaccuB, MPOWHIEKCHPO-
BaHHBIH COCTOSIHUSIMU, MO’KHO BBIYHCIIUTE O0bEANHEHHE HE O0Jee # MHOXKECTB, COCTOSIIINX H3
He Goltee, 4eM 71 COCTOAHHIA, 3 BpeMs, IPOMOPIHOHATBHOE 1.

Takum cocoboM Ui KaKAOTO COCTOSHHS ¢; MOXKHO BBIYHCINTH MHOXECTBO COCTOSTHHH,
JOCTIDKUMBIX U3 ¢; BJOJb IyTH ¢ METKON a (BO3MOXKHO, BKIIIOYas TyTH, oTMeueHHble &). Ilo-

CKOJIbKY k< n, TO CymeCTBYCT HC 0oJiee n TaKUX COCTOSTHUM qi, 1 UL K&KA0Tr0 U3 HUX BbIYUC-

> O6CyxkAeHHe aITOPUTMOB TPAH3UTHBHOTO 3aMBIKAHWS MOXKHO Haiitu B kHure A. V. Aho,
J. E. Hopcroft, and J. D. Ullman, Data Structures and Algorithms, Addison-Wesley, 1984. (A. Axo,
k. Xonkpodt, k. Yaeman. Cmpykmypvl Oanuweix u aneopummut, M.: HW3parensckuit agom
“Bunpsamc”, 2000.)
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JIeHHe JIOCTHKHMBIX COCTOsIHMH 3anuMaet Bpems O(n°). Takum 06pa3oM, oOIIee BpeMs Bbi-
YHCIIEHUS IOCTHKUMBIX COCTOSHMIT paBHO O(n’). JIsi 06BEIMHEHHS MHOKECTB TOCTHRKHUMBIX
COCTOSIHHUI TOTpeOyeTcst ToIbKo O(n°) JOTOMHHTETEHOTO BPEMEHH, CIIE0BATENHHO, BEIUHCIIE-
Hre oHoro mepexona JIKA zanumaer Bpemst O(n°).

3aMeTuM, UYTO KOJIMYECTBO BXOJHBIX CUMBOJIOB CUMTAETCS IIOCTOSHHBIM U HE 3aBUCHT OT A.
Takum 00pa3zoM, Kak B 3TOH, TaK U B APYTUX OLIEHKaX BPEMEHHU PabOThI KOJMYECTBO BXOIHBIX
CHMBOJIOB He paccMmarpuBaercs. Pazmep BXxomHOro ajdasuta BIMSET TOJNBKO HA MOCTOSIHHBIH
K03(GHUIUEHT, CKPHITHIN B 0003HaueHnH “O Gonbiioro”.

Wrak, Bpems npeodpazoBannst HKA B JIKA, Brmouast cutyarmio, xkorna HKA conmepxur &
niepexozbl, papHo O(1°2"). KoHeuHo, Ha MpakTHKe OOBIMHO YHCIIO COCTOSHHH, KOTOPHIE CTPOSTCH,
HaMHOTO MeHbiie 2". IHOr/Ia UX BCEro JIMMIb 7. [T03TOMY MOXHO YCTAHOBHTH OLICHKY BPEMEHH pa-
OOTBI paBHOI1 O(n’s), TJie § — 3TO YHCIIO COCTOSHHI, KOTOpBIE B IeHCTBUTENBHOCTH €cTh Y JIKA.

IIpeodpazoBanne JKA B HKA

3Oto npocToe npeobpaszoBanue, 3annMaromee BpeMs O(n) xna JJKA ¢ n coctosamsiMu. Bee,
YTO HEOOXOIMMO C/IeNaTh, — W3MEHHUTH Tabimiry nepexonoB mus JJKA, 3akrouuB B cCKoOKH {}
COCTOSIHUSI, a TaKkKe 100aBUTh cTOJOeI ISl & eciii Hyx)HO nosyunth &-HKA. TTockonbky umc-
JIO BXOJHBIX CUMBOJIOB (T.€. IIMPHHA TaOJNUIIBI NEPEX0JI0B) CYMTAETCS TOCTOSHHBIM, KOIMHPO-
BaHHE U 00pab0TKa TabMIEl 3aHUMaET Bpems O(n).

IIpeoOpa3oBanne aBTOMAaTa B peryJjisipHoe BbIpaskeHHe

PaccmoTpeB kOHCTpyKIMIO U3 pasnena 3.2.1, 3aMeTHM, 4TO Ha KaXJIOM U3 7 JTaroB (TIe
n — aucio cocrostHuit JIKA) pasmep KOHCTpYHPYEMOTO PETYJISIPHOTO BBIPAXEHUS MOXKET yBe-
JMYMTHCS B YETHIPE pa3a, TaK Kak KaKJ0e€ BBIPAKEHHE CTPOUTCS U3 YETHIPEX BBIPAKEHHUH Ipe-
mpLIymero mukaa. TakuM o6pa3oM, MpoCTas 3aliCh 7° BBIPAKCHHII MOXKET 3aHATh BPEMS
O(n*4"). Y yuienHas KOHCTPYKIHS W3 pa3ena 3.2.2 YMEeHbIIACT MOCTOSHHBI KOd(QHIHCHT,
HO He BIIMSIET Ha HKCTIOHEHIIMAIBHOCTh 3TOH 3a/1a4d (B HAUXY/ALIEM ClIydae).

AmnajyornuHas KOHCTPYKLMsSI TpeOyeT Takoro e BpeMeHH paloThl, eciii mpeoOpasyercs
HKA, nmu naxxe e&-HKA, Ho 370 31€ch He AoKa3biBaeTcs. OHAKO UCIOIb30BaHUE KOHCTPYKLUU
w1 HKA umeer Gonpmmoe 3HaueHue. Ecmu cHawama mpeoOpasoBate HKA B JIKA, a 3atem

34032
JKA — B perynspHoe BhIpaskeHHe, TO Ha 3To notpedyercs Bpems O(n°4™"

), KOTOpOe SBIISIET-
Cs TBaYKTBI DKCTIOHCHIINAIEHBIM.

IIpeoGpa3oBaHue PeryJisipHOr0 BhIPAKEeHHsSI B ABTOMAT

st mpeoOpaszoBanust peryisipHoro BeipakeHUs: B &-HKA moTpebyercs: nuHeiHOe Bpemsl.
Heobxonumo 3¢ pekTHBHO MpoaHaTU3UpOBaTh PEryIIPHOE BhIPAKEHHE, UCIONB3Ys METO]I, 3a-

HUMaromHi Bpemst O(n1) JUIs PEryJSpHOTO BHIpaKeHHs AMHHbL n°. B pesynbrate momyunm je-

® Mero/s! aHaMM3a, ¢ TOMOIIBIO KOTOPBIX MOYKHO BBITIONHUTH 3Ty 3amady 3a Bpems O(n), oGcykaa-
orcsi B kaure A. V. Aho, R. Sethi, and J. D. Ullman, Compiler Design: Principles, Tools, and
Techniques, Addison-Wesley, 1986. (A. Axo, P. Cetn, k. Yneman. Komnunamopsl: npuHyunsl, uHcm-
pymenmul u mexronozuu, M.: Uznarensckuii gom “Buiesamc”, 2001.)
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PEBO C OJJHUM Y3JIOM JUIsl KQKIOTO CHMBOJIA PEryJISIPHOTO BBIP@XKEHHs (XOTS CKOOKH B 3TOM
JiepeBe He BCTPEYAIOTCS, TIOCKOJIbKY OHH TOJIBKO YIIPABIISIIOT pa300pOM BBIPKEHHS ).

[NonyueHHOE nEpEBO 3aaHHOTO PETYISPHOIO BBIPAXKEHHS MOXHO 00paboTaTh, KOHCTPYH-
pyst &HKA s xaxnmoro ysna. IlpaBmna mpeoOpa3oBaHUS PETYISIPHOTO BBIPAXKEHUS, Hpes-
CTaBJIeHHBIE B pazfene 3.2.3, HUKOTAa He J00aBiAoT OoJiee ABYX COCTOSIHUM M 4ETBIPEX IyT
JUISL KaJKAOTO y3Jia iepeBa BbIpakeHHs. ClieoBaTeNbHO, KaK YHCIO COCTOSHUH, TaK M YHCIIO
nyr pesynsrupytomero &HKA pasubl O(n). Kpome Toro, pabora 1o co3saHHIO 3THX JJIEMEH-
TOB B K&XJIOM Yy3JI¢ JIepeBa aHAIU3a SBJSICTCS MOCTOSIHHOW MPH YCIOBHH, UTO (YHKIHS, 00pa-
OaThIBaroOIIas KaXK10€ IOJIEPEBO, BO3BPAIIACT yKa3aTesd B HauyaJlbHOE M JOITyCKAaIOIIUE CO-
CTOSIHHSI 9TOTO aBTOMATA.

[MpuxomuM k BeIBOXY, uTO moctpoeHne &HKA mo perymsipHOMY BBIpDaKCHHIO 3aHUMAET
BpEMs, JIMHEWHO 3aBUCAIIEE OT pa3Mepa BbIpaKCHHsA. MOXKHO UCKIIIOUUThL E-NEPEXOIbl U3 &-
HKA ¢ n cocTosHusME, npeoGpa3oBas ero B oObrunbii HKA 3a Bpems O(n’) i He yBenuuus
gucna coctossHuid. OHako npeodpazoBanue B JJKA MOXeT 3aHATH SKCIIOHEHIIMATBHOE BPEMS.

4.3.2. poBepka NycToTbl PEryAsipHbIX 13bIKOB

Ha nepBbIif B3I OTBET Ha BONIPOC “SIBJIETCS JIM PEryJISPHBINA S3bIK L MycThIM?” KaXKeTcs
OYEBUIHBIM: S13bIK J MYyCT, @ BCE OCTAIBHBIC PETyJIApHbIE S3bIKH — HeT. OHAaKO0, KaKk TOBOPH-
JOCh B Hauayle pasgena 4.3, mIpH MOCTAHOBKE 3aJadd SBHBIM IepeueHb LENOoYeK si3blka L He
npuBoauTcs. OOBIMHO 3a/1aeTCsl HEKOTOPOE MPE/ICTABICHNE SA3bIKa L, M HYXHO pPEIuTh, 000-
3HAYAET JIM OHO A3LIK &, UK HET.

Ecnu s13bIK 331aH C TIOMOIIBIO KOHEYHOTO aBTOMATa JIto0OTo BHJa, TO BONPOC IYCTOTHI CO-
CTOHUT B TOM, €CTb JIM KaKHe-HUOyIb MyTH M3 HAYaJIbHOTO COCTOSIHMS B Jomyckatomue. Ecmu
€CTb, TO S3bIK HEIYyCT, a €CIIH BCE JOMYCKAIOIINE COCTOSHUS M30JIMPOBAaHBI OT HA4aJIbHOTO, TO
a3bIK IycT. OTBET Ha BONPOC, MOKHO JIM IIEPEUTH B OIyCKAIOIee COCTOSHUE U3 HA4aJIbHOTO,
ABJIAETCA IPOCTBIM MPUMEPOM IOCTIDKUMOCTH B rpadax, HOJZOOHBIM BBIYHCICHUIO &-
3aMBIKaHHS, PACCMOTPEHHOMY B pazzene 2.5.3. McKoMbli anropiutM MOKHO c(hOpMyJIHpOBaTH
CJICTYOIINM PEKYPCHBHBIM 00pa3oM.

Ba3uc. HauanbHoe cocTosiHME BCEria JOCTUXKUMO U3 HA4aabHOIO COCTOSIHUSL.

Hupykums. Eciu cocTosiHAe ¢ JOCTHKUMO M3 HA4aldbHOTO, U €CTh yTa U3 ¢ B COCTOSIHUE P

¢ mo60i1 MeTkoH (BXOJHBIM CHUMBOJIOM MM €, eciu paccMatpuBaerca £&-HKA), To p Take
JOCTIKUMO.
Takum coco60M MOXXHO BBIYHMCINTH BCE MHOXKECTBO JOCTIKMMBIX cOCTOstHMMA. Ecnu cpenu
HHX €CTh JIONYCKAIOIee COCTOSIHUE, TO OTBETOM Ha IOCTABJICHHBIH BOIPOC OyzaeT “HeT” (S3BIK
JAHHOTO aBTOMAaTa He IyCT), B IIPOTHBHOM Clly4ae OTBETOM OyzaeT “na” (S3bIK MycT). 3aMeTHM,
9TO €CIIM aBTOMAaT MMEET /I COCTOSHHUM, TO BBIUMCICHHE MHOXECTBA JOCTHKUMBIX COCTOSHHUN
3aHnMaeT Bpems He Gomee O(n”) (MPAKTHUECKH 3TO BPEMs HPOMOPILHOHATLHO UMCIY AyT Ha
JMarpaMMe Mepexoi0B aBTOMATa, KOTOPOE MOYKET ObITh M MEHbIIE 1°).
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Ecnu s13b1k L mpescTaBiieH peryisipHbIM BBIPOKEHUEM, a HE aBTOMAaToOM, TO MOXKHO Mpeoo-
pazoBaTh 3TO BeIpaxkeHue B &HKA, a manee npoJoJnKuTh Tak, Kak OIKCaHO BhIIE. [10CKONBKY
aBTOMAT, HOJIyYCHHBI B pe3yibTaTe NpeoOpa3oBaHus PEryISIPHOTO BBIPAXKEHHS UIHHBI 7, CO-
JepxuT He Gosee O(n) COCTOSHUI M MEPEXOAOB, MUl BBITOJIHSHUS alrOpHTMa MOTpedyercs
Bpems O(n).

MO>XHO ITPOBEPUTH CaMO BEIPaKEHHE — IIYCTOE OHO, WK HeT. CHayasa 3aMeTHM, YTO eCIIH
B TAHHOM BBIPOKCHUM HHU pa3y He BcTpedaercs &, TO ero S3bIK rapaHTHPOBaHHO He mycT. Eciun
e B BBIPOXKEHHHU BcTpedaeTcs &, TO SI3BIK TAKOTO BHIPAXKEHMS HE 00s3aTENbHO MycToH. Mc-
MOJTB3YS CIIENYIONIME PEKYPCHBHBIC NIPABHIIA, MOXKHO ONPEACIIUTD, IPEACTABISET JIH 3aJaHHOS
peryJsipHOE BBIpaXKEHHE ITyCTOH S3BIK.

Ba3uc. & 0603HaYaeT MyCTOM SA3BIK, HO £ M @ JUTS JTI0OOOTO BXOJHOTO CHMBOJIA @ 0003HaYa-
FOT HE MMYCTOH SI3bIK.

Hupyxuus. Ilycte R — peryispHoe BelpaxeHue. Hy)XHO paccMOTpeTh 4eThpe BapHaHTa,
COOTBETCTBYIOLIHE BO3MOXKHBIM CII0CO0AM ITOCTPOCHUS 3TOTO BBIPAKCHUSL.

1. R=R;+ R, L(R) myct TOTa ¥ TONBKO TOTJa, Koraa 00a s3eika L(R;) u L(R;) myCTHL

2. R=R;R,. L(R) nycT TOr/ia U TOJBKO TOT]A, KOTJa XOTs Obl OJUH U3 SI3bIKOB L(R;) u
L(R;) mycr.

3. R=R,. L(R) HE MyCT: OH COJEPKUT LIETIOUKY E.

4. R=(R)). L(R) mycT TOTIa ¥ TOJBKO TOTAa, Koxa L(R;) MycCT, TaK KaK dTH S3BIKH PaBHEI.

4.3.3. lpoBepka NPUHAAANEKHOCTN PEryAIPHOMY A3bIKY

Cremyronuii BaXXHbIM BOIIPOC COCTOUT B TOM, IPUHAJUICKUT JIU JAaHHAS IIETIOYKa W JaHHO-
My peTylsapHOMY s3bIKYy L. B TO Bpems, kak mernouka w 3ajaeTcs IBHO, SI3bIK L MpecTaBiIseTcs
C TIOMOIIBIO aBTOMATa UM PErYISIPHOTO BBIPAXKEHUS.

Ecnu s3p1k L 3aman ¢ nomortipio JIKA, To anropuTm peiieHus JaHHOM 3aa4u O4eHb MPOCT.
Wmurupyem JIKA, oOpabaThiBaroIinii IEMOYKY BXOJAHBIX CUMBOJIOB W, HAYHHAsI CO CTAPTOBOTO
cocrosanus. Ecnu JIKA 3akaH4umBaeT B JOMYCKAIOIEM COCTOSHUH, TO LIEOYKA W MPUHAIEHKHUT
9TOMY $I3bIKY, B TIDOTHBHOM CJydae — HET. DTOT aJTOPUTM SIBJISETCS NMPEIEIbHO OBICTPBIM.
Eciu [w| =n u IKA npencrasieH ¢ MOMOLIBbIO MOJIXOJSIIEH CTPYKTYpPhI JaHHBIX, HAaIIpUMeEp,
JBYXMEPHOTO MaccuBa (TaONHUIBI MEPEXOJ0B), TO KaXIbI mepexoi TpeOyeT MOCTOSHHOTO
BpPEMEHH, a BCsI IPOBEpKa 3aHuMaeT BpeMs O(n).

Ecmu L npencrasien criocoboM, omuunbiM 0T JIKA, To mpeobpaszyem 3To mpeicTaBicHUE B
JKA u npuMeHHM ONHCAHHYIO BBIIIE MPOBEpKy. Takoi MOAXOA MOXKET 3aHATh BPEMsl, IKCIIO-
HEHIMAIBHO 3aBHCsIIEe OT pa3Mepa JaHHOTO IPEJCTABICHUS M JIMHEHHOE OTHOCHTEIBHO |W|.
OpHaxko, ecnu s3Ik 3a1aH ¢ momompio HKA mm &-HKA, To HamHOTO TIpome u 3¢ ¢dexTuBHEe
HETIOCPeICTBEHHO MpouMuTHpoBaTh 3ToT HKA. CuMmBombI menouykn w o0pabaThIBalOTCS 110
OJHOMY, W 3allOMHUHAETCs MHOXECTBO COCTOsiHMM, B koTopble HKA Moxer momacts mocine
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NPOXOXKJCHUSI JII000T0 MyTH, TOMEYEHHOro NpeduKcOoM nenodku w. Mpmes Ttakoil mmurTanuu
Obu1a npezcTaBieHa Ha puc. 2.10.

Ecnu nnuna nenouku w paBHa 71, a konmdecTBo coctostunii HKA paBHO s, To BpeMst paboThl
3t0r0 anroput™a pasHo O(ns”). UtoGbl 06pabOTATH OUEPEIHOI BXOIHON CHMBOJI, HEOOXOIMMO
B3SITh IIPEABIIYIee MHOXKECTBO COCTOSIHUH, YHCIIO KOTOPBIX HE OOJbLIE S, M JJIsI KXKIOro M3
HHUX HalTH ClIefyIollee COCTOsSHUE. 3aTeM oObeauHsIeM He 0oJiee S MHOKECTB, COCTOSIIUX M3
He OoJjiee, YeM § COCTOSTHHMA, IJIsl YeTO HYIKHO BpEMst O(sz).

Ecmu 3agannsiit HKA conepxut &-mepexofpl, To mepel TeM, Kak HadyaTh IMUTANNI0, He00-
XOJMMO BBIYHMCIIUTD £-3aMblkaHue. Takas o0paboTka oyepeHOro BXOJHOTO CHMBOJIA d COCTO-
WT M3 [BYX CTaJui, Kamas U3 KOTOPHIX 3aHMMaeT BpeMs O(s’). CHauama Julst mpeblayIiero
MHOJKECTBA COCTOSTHUI HaXOWM ITOCIIEIYOIIIe COCTOSHUS MIPH BXoJe a. Jlajee BRIYUCIIEM &-
3aMBIKaHHE TIOJTyYeHHOTO MHOXKECTBAa COCTOSHWH. HadanbHBIM MHOXECTBOM COCTOSIHHUH JUIS
TAKOT0 MOJICIMPOBAHUS OYIET £-3aMbIKaHUE HAYaIbHOTO cocTostHus HKA.

W HakoHel, eciu s13bIK L IPENCTABIIEH PETYIIAPHBIM BBIPAXKEHUEM, JUIMHA KOTOPOTO S, TO 32
BpeMst O(s) MOKHO ITpeoOpa3oBatTh 3T0 BeIpaxkeHHe B &-HKA ¢ umcnom cocrosamit He Gobmie
2s. BBINOIHsIEM OIMMCAHHYIO BBIIIE HMHTALHIO, 9TO TpebyeT O(ns”) BpeMEHH TS BXOIHOM Iie-
MOYKH W IJINHOH A.

4.3.4. YnpaxHeHus K paspeny 4.3

4.3.1. (*) [IpuBeauTe aJropuT™M ONpPEIEICHUsI, SIBISIETCS JIN PEryIsipHbIi s3bIK L OeckoHeu-
HbIM. Vkazanue. Vicnionb3yiiTe 1eMMy O HaKauKe JUIsl I0Ka3aTeslbCTBa TOTO, YTO €CIIU
SI3BIK COJICPIKUT KAKYIO-HAOY/Ib LEMOYKY, JJTHHA KOTOPOU MPEBBIIIACT OMPE/ICICHHYO
HUXXHIOKO FpaHI/IIly, TO OTOT S3BIK JOJI2)KCH 6I)ITI) 6€CKOHC‘-IHI)IM.

4.3.2. IlpuBenure anropuT™M ONpPeNeNIeHHs], COACPKUT JHU PErYIAPHBIA A3bIK L MO0 MEHbIIEH
Mepe 100 nenouexk.

4.3.3. Ilyctb L — perynsipHblii s13bIK B anaBute X. [IpuBeanTe anropuT™ MpoBepKH paBeH-
ctBa L = Z*, T.€. COJIEPIKHT JIX SA3BIK L BCe IeNOYKH B andasute X.

4.3.4. IlpuBeaure anropuT™M OIpPENEIECHUS, COAEPKAT JIU PETYISpHbIE A3BIKU L; U L, XOTs
OBI OZIHY OOIIYIO IICTIOUKY.

4.3.5. Ilycrts L; u L, — 1Ba perymspHBIX S3bIKa C ONHUM H TeM ke andasutoM X. [IpuBenu-
*
T€ AITOPUTM OIpEJIeNICHNs, CYIIECTBYET JIU IeT0YKa U3 X , KOTopasi He PHHAIJICKUT

Hu L;, Hu L,.

4.4. DKBUBAAE€HTHOCTb U MWHUMHN3aALUUNA aBTOMATOB

B oTimmame ot NOPCAbIAYHINX BOMIPOCOB — IYCTOTHI U MIPUHAJICIKHOCTH, AJITOPUTMbI PCHICHUA
KOTOPBIX ObLIH JAO0CTAaTOYHO HPOCTBIMH, BOIPOC O TOM, ONPCACIIAOT JIM ABA HNPEACTABJICHUS ABYX
PETYISIPHBIX SA3BIKOB OJMH U TOT K€ A3bIK, Tpe6yeT 3HAYUTEIHLHO OOJBIINX HWHTCIUICKTYAJIbHBIX
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yewnuii. B 3ToM paszere Mbl 00CYIUM, KaK POBEPUTh, SBIISIOTCS JIU JIBa OMKCAHUS PETYIISPHBIX
SI3BIKOB 9K8UBAIEHMHbIMY B TOM CMBICIIC, YTO OHU 3aJIal0T OJIUH U TOT XK€ S3bIK. BaxkHbIM cliencT-
BHEM ITOW MPOBEPKHU SBIISICTCSI BO3MOKHOCTh MunuMmm3aiwu JIKA, 1.e. ais mroboro JIKA mMoxHO
HaiTu SkBUBaNeHTHbIN emy JIKA ¢ MUHUMAaNbHBIM KonudecTBOM coctosiHuil. Ilo cymiectBy, Ta-
ko JIKA omuH: ecnu naHbl Ba SKBUBaJIEHTHBIX JIKA ¢ MUHMMAaabHBIM YHCIIOM COCTOSIHUM, TO
BCETJIa MOYKHO TIEPEMMEHOBATh COCTOSIHUS TakK, uTo 3TH JJKA cTaHyT 0IMHAKOBBIMHU.

4.4.1. lNpoBepka 3KBMBAACHTHOCTN COCTOSAHUI

Haunem ¢ Bompoca 00 3KBHBaJCHTHOCTH cocTosiHUM omHoro JIKA. Hama mneins — mOHSTH,
Korza ABa pas3/IMYHbIX COCTOSAHUA p U ¢ MOKHO 3aMCHUTH OOHUM, pa6OTaIOI_HI/IM OJHOBPEMEHHO
KaK p U g. ByJieM rOBOpUTb, YTO COCTOSIHUS p U ¢ IKBUBALEHMHbL, ECITU

® I BCEX BXOJHBIX LEMOYEK W COCTOsIHME O (p, W) SIBIISETCS JOMYCKAIOIIUM TOTAa U

TOJIBKO TOT/Ia, KOTJa COCTOSIHUE O (¢, W) — JIOITyCKaroIiee.

Menee hopManbHO, SKBUBAICHTHBIE COCTOSIHHS p M ¢ HEBO3MOYKHO Pas3IM4UTh, €CJIM POCTO TIPOBe-
pHTb, JOITyCKaeT JIM aBTOMAT JIAHHYIO BXOJIHYIO LIETIOUKY, HauMHasi paboTy B OJHOM (HEM3BECTHO,
KaKOM MMEHHO) M3 3THX COCTOSTHHMN. 3aMETHM, YTO COCTOSHUS 5 (p,w)u 5 (g, w) MOTYT 1 HE COB-
najaTh — JIMIIb ObI 002 OHU OBUTH JIMOO JOMYCKAIOIIUMH, JTMOO HEIOMYCKAIOIIIMHU.

Ecim nBa cocTosHUS p M g HE SKBUBAJICHTHBI APYT APYTY, TO OylIeM TOBOPHUTB, YTO OHH
Ppaziuuumsl, T.e. CYLIECTBYET XOTs Obl O/HAa LIENOYKa W, JUI KOTOPOW OJIHO M3 COCTOSHHMN
5 (p,w)n 5 (g, w) ABISIETCS TOITYCKAFOIINM, @ IPYTroe — HET.

Mpumep 4.18. Paccmorpum JIKA Ha puc. 4.8. DyHKIHMIO EpexoI0B 3TOr0 aBToMara 000-
3HaunM 4epe3 d. OYeBUIHO, YTO HEKOTOPBIE TAPBI COCTOSIHKI HE SKBHBAJICHTHBI, Hapumep C
u G, MOTOMY 4TO MepBOe U3 HUX JIOINycKarolee, a BTopoe — HeT. Ilycras nienouka pazauyaer

3TH COCTOSIHUSL, TaK Kak o (C, ) — nomyckaroliee coctosiHue, a o (G, ) — Her.

Hauyano

Puc. 4.8. Asmomam ¢ 9K8UBAIEHMHBIMU COCMOSHUSIMU
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Paccmotpum coctosiaus A 1 G. Pa3nuuuth UX ¢ MOMOIIBIO HIETIOYKH € HEBO3MOXKHO, TaK
Kak o0a oHM Hepomyckaromue. (0 Takke He pa3NuaeT MX, MOCKOJIBKY 1o Bxoxy 0 aBTomar rre-
pexoauT B cocTosiHust B U G, COOTBETCTBEHHO, a 00a 3TH COCTOSsIHUSA Henomyckaronme. OqHako
menouka 01 pasmmaaer 4 u G, Tak Kak Ky 4,01)=C, Ky (G, 01) =E, cocrostane C — morryc-
Kafomee, a £ — HeT. Jas moka3aTenbCTBa HEIKBUBAIEHTHOCTH A M G IOCTATOYHO ITFOOOM
BXOJHOH IIENOYKH, TIEPEBOIAIICH aBTOMAT U3 COCTOSHINA A ¥ G B COCTOSIHUS, OHO M3 KOTOPBIX
SIBIISIETCS IOITYCKAIOIIKM, a BTOPO€ — HET.

Paccmotpum coctosiaus A 1 E. Hu oHO W3 HUX He SBISIETCS JOMYCKAIOIIAM, TaK YTO Iie-
nouka £ He paznuyaet ux. [lo Bxogy 1 aBromat nepexoauT u u3 A, u u3 E B cocrosiuue F. Ta-
KM 00pa3oM, HH OJTHA BXOIHAs [IENOYKA, HAUMHAIOIIASLCS C 1, He MOXET Pa3In4uTh X, I0-
CKOJIbKY 6 4, 1x)= 6 (E, 1x) nyst moOoi 1IENMOYKH X.

PaccmoTpum noBeneHue B cocTosiHUSX 4 U E Ha BXojaax, KoTopsle HaunHawores ¢ 0. 13 co-
crosiamid A 1 E aBromat nepexoauT B B 1 H, cooTBeTcTBeHHO. Tak Kak 00a 3TH COCTOSIHUS He-
JoIrycKaromme, cama mo cebde nernouka 0 He omnmmuaet 4 ot E. OgHako coctosHus B u H He
MTOMOTYT: 110 BXoxy 1 00a 3TH cocrosHus nepexonar B C, a o Bxoay 0 — B G. 3HauuT, HA OJI-
Ha BXOJHAas [IeNOYKa, HaunHaromasics ¢ 0, He MOXeT pa3nuuuTh coctosiHus 4 u E. Crnenosa-
TENbHO, HU OJIHA BXOJIHAS [IEMIOYKA HE pa3indaet coCTosiHus A u E, T.e. OHU SKBUBaJCHTHbL [

s Toro 9ToOBI HaWTH SKBUBAJCHTHBIC COCTOSHUS, HY)KHO BBIIBHUTH BCE IAphl Pa3iIH4H-
MBIX cOocTOsTHUH. Kak HHM cTpaHHO, HO €CIM HalTH BCE Mapbl COCTOSHUH, pa3IMIUMBIX B COOT-
BETCTBHU C TPEICTABICHHBIM HIDKE aTOPUTMOM, TO T€ MAPhl COCTOSHHMA, KOTOphIe HANTH HE
ymactes, OyAyT SKBHBaJICHTHBIMHU. AJTOPUTM, KOTOPBIA HA3BIBACTCS AI20PUMMOM 3ANOJHEHUs
mabauysl, COCTOMT B PEKypCHBHOM OOHApPYXCHWH Map pa3IHduMbIX coctosanit JIKA
A=(0,%, & g0 F).

Ba3zuc. Ecnu cocTosiHMe p — noIyckarolee, a ¢ — He JOoITycKaroliee, TO Mapa COCTOSHUN
{p, q} pazmmunma.

HNupyxums. [Tycte p 1 ¢ — COCTOSHES, UIT KOTOPBIX CYIIECTBYET BXOJHOW CHMBOI d,
HPUBOJAIININ UX B Pa3IMYUMBIE COCTOsHUS I = &p, a) u s = &g, a). Torna {p, ¢} — napa pas-
JIMYUMBIX COCTOSIHUI. DTO MPaBHJIO OYEBHIHO, IOTOMY YTO JOJDKHA CYIIECTBOBATH HETIOUKA W,
OT/IMYAOIAs 7 OT S, T.¢. TOJIbKO OJHO M3 COCTOSHUH O (r,w)u é (s, w) sIBIII€TCSl TOIYCKalo-
oM. Toraa menovka aw OTJIMYAET p OT ¢, TaK Kak 5 (, aw) 5 (g, aw) — 91O Ta *Ke mapa
CcoCTOsIHMiA, 4o U & (r,w)u 5 (s, w).

IIpumep 4.19. BeinosHUM anropuT™ 3anoiaHeHus Tadbmunsl a1t JJKA, npenctaBieHHOro Ha
puc. 4.8. OxoHUYATEbHBIN BapuaHT TaOIMIBI W300pakeH Ha puc. 4.9, rae x 0003HAYACT Mapbl
pa3UYMMBIX COCTOSIHUHM, a MyCTble SYEHKH YKa3bIBalOT Mapbl SKBUBAJIECHTHBIX COCTOSTHHUU.
CHauaia B TaOJIUIE HET HU OJHOIO X.

B 6a3zucHoM ciydae, mockosibky C — €IHHCTBCHHOE JOIYCKAIOIEe COCTOSIHUE, 3aliChIBa-
€M X B KaXAYIO Tapy COCTOSHUHN, B KOTOpYI0 BXoAuT C. 3Hasi HEKOTOPhIE Maphl Pa3InIUMbIX
COCTOSIHMI, MOXKHO Haiitu apyrue. Hanpumep, nockonbsky napa {C, H} pa3nudumMa, a coCTos-
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uust £ u F o Bxoay 0 nepexonsat B H u C, COOTBETCTBEHHO, TO Hapa {£, F'} Takke pa3iuuuma.
®daxkTudecku, Bce x Ha puc. 4.9, 3a uckmouenuem napel {4, G}, MoxydaroTcs O4eHb MPOCTO:
MOCMOTPEB Ha MEPEX0/Ibl U3 KXKAO0H Mapbl cocTosiHMI o cumBosiam 0 wiu 1, oOHapyxum (st
OJIHOTO M3 3TUX CHUMBOJIOB), UTO OJHO cOCTOsiHHE nepexoauT B C, a Apyroe — HeT. Pazmuun-
MOCTb Maphl cOCTOsSIHUN {4, G} BUJHA B CIEYIOLIEM UK€, IOCKOJILKY IO CUMBOIY | OHU Tie-
pexonsat B F u E, COOTBETCTBEHHO, a Pa3IHUUMOCTh COCTOSsIHUMN {E, F'} yX&Ke yCTaHOBJICHA.

B[ x|

Cl x| x

D| x| x| x

El | x| x| x

Fl x| x| X X
Gl x| x| x| x| x| x
gl x x| x| x| x| x

A B C D E F G

Puc. 4.9. Tabruya nesK8UBANEHMHOCMU COCMOSIHULL

OnHako 0OHAPYXHUTH IpyrHe Napbl Pa3IMYUMBIX COCTOSHUN HEBO3MOXKHO. ClieI0BaTeNbHO,
OCTaBIIMECS TPU Hapbl cocTosiuuit {4, E}, {B, H} u {D, F’} sxBUBaneHTHbI. BbIsicCHUM, NoyeMy
HEJb3sl YTBEPXKAaTh, YTO Iapa cocTosiHui {4, E} pasnuumma. [To BxogHomy cumBoiy 0 co-
ctostnus A u E niepexonst B B u H, COOTBETCTBEHHO, a PO ATy Mapy MOKa HEU3BECTHO, pasiiu-
4yrMa oHa, uiH HeT. [lo cumBoiy 1 06a cocrosinus 4 M E nepexosr B F, Tak 4TO HET HUKAKOi
HaJIeK/Ibl PA3IMYUTh UX 3THM criocoboM. OcrtanbHble ABe napbl, {B, H} u {D, F}, pa3nnunThb
HEJIb3sl, OCKOJIbKY Y HUX OJIMHAKOBBIE Iepexo/ipl Kak 1o cuMBoiy 0, Tak u no 1. Takum oGpa-
30M, aJrOPUTM 3allOJIHEHUs TaOJMIBI OCTAHABJIMBACTCS Ha TaOJMIle, INPEJCTaBICHHOW Ha
puc. 4.9, ¥ KOPPEKTHO ONpe/esIseT YIKBUBAICHTHBIC M PAa3IHYMMBbIe COCTOsHUsA. [

Teopema 4.20. Eciiu 1Ba cOCTOSIHUS HE PA3JIMYAIOTCS ¢ IOMOILIBIO AITOPUTMA 3aIIOJIHEHUS
TaOJAIIBI, TO OHU SKBHBAIICHTHBI.

JokazarenncrBo. Crosa pacemorpum KA 4 =(Q, X, 6, gy, F). Tlpeanonoxum, 4to yT-
BEpIKJCHUE TEOPEMBI HEBEPHO, T.€. CYLECTBYET XOTs ObI OJIHA Iapa COCTOSHUHN {p, g}, AJsI KO-

TOPOI1 BHIMOJHSIOTCS CIIEYIOINE YCIOBHS.

1. CoctosiHus p U ¢ pa3IUINMBI, T.€. CYIIECTBYET HEKOTOpas IET0YKa W, I KOTOPOH TOJIb-
KO OHO U3 COCTOSHMUIT & (pw)n 5 (g, w) sBASIETCSI OMYCKAIOIIUM.

2. Anroput™ 3anoJiHeHHs TaOIMIBI HE MOXKET OOHAPYKUTb, YTO COCTOSIHUS p U ¢ Pa3IN4UMBL.

Ha3oBeM Takylo napy coCTOsSIHUH nioxou napoii.
Ecnu cymmecTByrOT III0XHE MAPBI, TO CPEAN HUX JAOJDKHBI OBITh TaKHe, KOTOPHIE Pa3IMINMEI
C TIOMOIIBIO KpaTYaWIIMX M3 BCEX IIEMOYEK, pa3IMyaloIux Iuioxue mapel. Ilyctes mapa
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{p, q} — nnoxas, a w = a,a,...a, — Kpardyaiias U3 Bcex LENOYeK, pasauyaroumx p u q. To-
IJ1a TOJIbKO OJHO U3 COCTOSHMUI & (p,w)n 5 (g, w) sBISIETCS OMTYCKAIOLTIM.

3aMeTuM, YTO IETOYKa W HE MOXKET OBITh & TaK Kak, €CJIM HEKOTOpasl mapa COCTOSHHUN pas3-
JMYaeTCsl ¢ MOMOINBIO & TO €€ MOXXHO OOHApy>KUTb, BHITIONHUB 0Oa3MCHYIO YacTh alTOpUTMa

3anoJiHeHust Tabuiel. ClieoBaTenbHO, 1 > 1.

PaccmoTpum coctostaust = Xp, a;) u s = &q, a;). DTH COCTOSHHS MOKHO PA3JIHYHTH C ITO-
MOIIBIO LEMOYKH d,d3...d,, TOCKOJIbKY OHA MEPEBOJUT 7 U § B COCTOSTHUS é (p,w) u é (g, w).
OnHako HenoYka, OTIMYAOIIAs 7 OT §, KOpoUe JIF00O0H IENOYKH, Pa3InJarolIeH IOXYI0 Mapy.
CrnemoBarelbHO, {7, S} HE MOXET OBITh TUIOXOU MApOii, U AITOPUTM 3aMOJTHEHHUS TaOIUIBI OTI-

JKEH OBLI O6Hapy)KI/ITB, YTO 3THU COCTOAHUA PAZIUINMBI.
Ho HWHAYKTHBHAs 4aCThb aJIrOpUTMa 3arl0JIHCHUS Ta6J'II/II_[BI HE OCTAHOBUTCH, IIOKA HE NIPUALT

K BBIBOJLY, YTO COCTOSIHMS p M ¢ TAKXKE PA3IUUMMBbI, [IOCKOJIBKY YK€ 0OHAPYIKEHO, YTO COCTOM-
uue Ap, a;) =r ormuaercs ot &g, a;) =s. IloJdy4eHO NPOTHUBOPEYUE C HPEIIONOKEHIUEM O
TOM, YTO CYLIECTBYIOT IUIOXHE Iapbl cOCTOsiHUM. HO eciu mioxux map HeT, TO JIHoOyo mnapy
Pa3IMINMBbIX COCTOSIHUM MOYKHO 06Hapy)KI/ITI) C IOMOUIBIO AJI'OPUTMA 3allOJIHEHUA Ta6J'II/II_U)I, nu
Teopema nokasana. [

4.4.2. [NpoBepka 3KBUBAAEHTHOCTU PEryAsipHbIX 3bIKOB

OKBUBAJICHTHOCTh PETYJIAPHBIX SI3BIKOB JIETKO MPOBEPSIETCS C MOMOIIBIO aITOPUTMA 3aIl0NIHe-
HUs Tabnuipl. [Ipennosnosxkum, 4to s3biku L 1 M npescTaBieHsl, HalpUMep, OJJMH — PEryJIIpHBIM
BBIp@KeHHEM, a BTopoil — HekoTopsiM HKA. IIpeoOpasyem kaxjoe W3 3THX NpencTaBieHUil B
JKA. Teneps npencrasum cede JJKA, cocTosiHUS KOTOPOTO paBHbI OOBEIMHEHNIO COCTOSIHUN aB-
ToMaToB yisl s3bIKOB L u M. Texuudecku 310T JIKA comepkuT /1Ba HAYaJIbHBIX COCTOSIHUS, HO
(haKTHYeCKH IpU MPOBEPKE IKBUBAJIEHTHOCTH HAYaJIbHOE COCTOSIHHE HE MIPAaeT HUKaKOW pOJIH,
MO3TOMY JIF000€ M3 3THX JIBYX COCTOSIHMI MOYKHO TIPHUHSATh 32 €IMHCTBEHHOE HavyallbHOE.

Jlanee npoBepsieM SKBUBAJIEHTHOCTh HAUAJIBHBIX COCTOSHHUM ABYX 3a1aHHbIX JIKA, ucnonsiys
ATOPUTM 3artoHeHus Ta0nipl. Ecim oHu SKBHBaneHTHEI, TO L = M, a ecim HeT, T0o L # M.

IIpumep 4.21. Paccmotpum asa KA (puc. 4.10). Kaxnsrit IKA nomyckaer mycTyro Iie-
MOYKY U BCE LEMOYKH, KOTOPBIE 3aKaHUYMBAIOTCSI CUMBOJIOM 0, T.€. SI3bIK PETYISIPHOTO BBIpake-
Hus £+ (0 +1)°0. Moo MIPEACTaBUTh, 4TO Ha puc. 4.10 n3o0paxen ogun KA, comepxa-
WA TATh COCTOSTHUM 0T A 1o E. Eciim mpuMEHNTH anropuTM 3aIloiHEHHS TaOIHMIBI K 3TOMY
aBTOMATY, TO B pe3yJbTaTe MOJIy4YnM TaOJuIly, TIpeICTaBICHHYO Ha puc. 4.11.

UroOBl 3aMONHUTE 3Ty TAaOIWIly, HAYHEM C Pa3MEIICHUS X B SUEHKaX, COOTBETCTBYIOIINX
TEM T1apaM COCTOSHHH, U3 KOTOPBIX TOJBKO OJHO SBIAETCA AomyckatomuM. OKas3pIBaeTcs, 9To
Oonpmie genats HUUEro He HykHO. OcransHble YeThipe napsl {4, C}, {4, D}, {C, D} u {B, E}
ABJIAIOTCS MApaMy 3KBHBAJICHTHBIX COCTOsIHMHI. HeoOxommmo yOeanThes, 9TO B MHAYKTUBHOM
YaCTH aJrOPUTMa 3allOJHEHHs TaOIHIbl pa3InduMbIe COCTOSIHUS He 0OHapyxeHsl. Hampuwmep,
C MTOMOIIBI0 TaKo# Tabmuite! (cM. puc. 4.11) Henb3s pa3nuauth napy {4, D}, Tak Kak 1Mo CHUM-
Boury 0 3T COCTOSTHHS TIepeXoIsIT caMH B ce0s, a mo 1| — B mapy cocrosHuit {B, E}, KoTOpas
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octanach HepaznuuuMoil. [1ockonbKy B pe3yibTare MPOBEPKH YCTaHOBJIEHO, YTO COCTOSTHUS A
u C SKBUBAJIEHTHI U ABIAIOTCS HAaYalIbHBIMHU Yy ABYX 3aJlaHHBIX aBTOMATOB, /I€JIa€M BbIBOJ, YTO

otu JIKA nefiCTBUTENBHO TOMYCKAIOT OJMH U TOT e A3bIK. [

Hauano 1 e

Havano

1

Puc. 4.10. /léa sxeusarenmnuvix J{KA

m Y A ®
=

X X X

4 B C D

Puc. 4.11. Tabnuya paznuuumocmu 01151 a6MOMamMos8, npeocmasienuvlx Ha puc. 4.10

BpeMst 3anonHeHns TaOIHIIbI, & 3HAYUT U BPEMs IPOBEPKU SKBUBAJICHTHOCTH JIBYX COCTOSI-
HUiA, TOJMHOMHAJIBHO OTHOCHUTEIBHO YHCJIA COCTOSHHN. ECIM YHCIIO COCTOSHUIA paBHO 71, TO
KOJIMYECTBO T1ap COCTOSIHUIA paBHO (5), WK n(n — 1)/2. 3a OAMH LMKII pacCMaTPHBAIOTCS BCE
napbl COCTOSIHUM, YTOOBI OMPEICIUTh, SIBJISCTCS JIA OJJHA U3 Map COCTOSIHUN-IIPEEMHHUKOB Pas3-
JMIMYUMOit. 3HAYNT, OJIMH [MKJT 3aHAMaeT BpeMs He 6onbine O(n°). Kpome Toro, ecim B HEKOTO-
POM IIMKJIC HE OOHAPYKEHBI HOBBIC MApPhI PA3IMYUMbBIX COCTOSHHI, TO aJrOPUTM 3aKaHUYHUBACT-
cst. ClIe1oBaTeIIbHO, KOJTHYECTBO IMKIOB He mpesbimaer O(n°), a BepXHsis IPAHMIA BPEMEHH
3amosHeHus TaGmuiel papHa O(n”).

OnHako ¢ MOMOIIBI0 0OJiee aKKypaTHO MOCTPOSCHHOTO ANrOPUTMAa MOXKHO 3allOJHUThH Ta0-
JIMITy 32 BpeMs O(nz). C 9T0if Henpro IS KaXKI0# mapel COCTOSHUH {r, s} HEOOXOIUMO cocTa-
BHTH CIHCOK TIap COCTOSIHHH {p, q}, “3aBUCAIMX”’ OT {r, s}, T.€., €CIIK mapa {r, s} pa3Iuanma,
TO {p, ¢} Takxke paznuunMa. BHavane Takue CIHMCKU CO3MAIOTCS MyTEM PACCMOTPEHHUS KaXKIOH
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napbl COCTOSIHUH {p, ¢}, U ISl K&KIOTO BXOIHOTO CUMBOJIA ¢ (& UX YHCI0 (PUKCHPOBAHO) mMapa
{p, ¢} BHOCHTCS B CIIUCOK JJIS TIAPBI COCTOSHUM-TIPEEMHHKOB { Ap, a), &g, a)}.

Ecnu oOHapyuBaeTcs, 4To mapa {r, s} pasjiuuMa, TO B CIIHCKE 3TOH Mapbl KaXAas IOKa
Hepa3IuauMas Iapa OTMEYAETCs KaK Pa3IMyiMasi ¥ IOMEIAeTCsl B OUepeib Hap, CIUCKH KOTO-
PBIX HY>KHO ITPOBEPHUTH AHATIOTHIHBIM 00pa3oM.

OO61mee BpeMst pabOTHI 3TOTO aJrOPUTMa IMPOMOPIHUOHATIBHO CYMME JUTHH CIIHCKOB, TaK Kak
KaX[bIi pa3 b0 4TOo-TO J0OaBIAETCS B CHHUCKU (MHULMAIN3AIMA), THOO B MEPBBIA 1 HOCIE -
HUH pa3 MpoBepsAeTCS HATMYINE HEKOTOPOH Mapsl B CIIMCKE (KOT/Ia MPOXOANM IO CIHCKY Maphl,
MIPU3HaHHOHM pa3nnuumoii). Tak kak pasMep BXOZHOTO aj(aBUTa CUUTACTCS MOCTOSHHBIM, TO
Kakmas mapa cocrostauit momagaet B O(1) cimckos. [Tockonbky Beero map o), CyMMapHOE

BpeMsI TaKXKe o).

4.4.3. Munumunsauua AKA

Eme ogHUM BaXHBIM CIIEACTBHEM MPOBEPKH SKBHBAJICHTHOCTH COCTOSHHN SIBIISETCS BO3-
MOXHOCTh “‘MuHUMEU3amn” JIKA. 310 3HauuT, yto /g kaxaoro JJKA M0XHO HalWTH DKBHUBa-
neHTHbId emy JKA ¢ HauMEeHbIIMM YHCIOM COCTOSHUM. bosee Toro, sl JaHHOTO sI3bIKa Cy-
IIECTBYET SAMHCTBCHHBI MHUHUMANBHBIN [IKA (C TOYHOCTBIO 10 BHIOMpaeMOro HaMu 00O3Ha-
YEHUS COCTOSTHU ).

OcHoBHast uaess MuauMu3aui JIKA COCTOMT B TOM, YTO TOHSATHE SKBHUBAJICHTHOCTH CO-
CTOSTHHI TIO3BOJIIET OOBEANHATH COCTOSIHAS B OJIOKH CIIEAYIONTIM 00pa3oM.

1. Bce cocrosHus B 6JI0KE IKBUBAJICHTEL
2. JloOble aBa COCTOSIHYSL, BHIOPAHHBIE U3 Pa3HbIX OJIOKOB, HEOKBUBAJICHTHBI.

IIpumep 4.22. PaccmoTpum puc. 4.9, Ha KOTOPOM TPEACTABICHBI 3KBUBAJICHTHOCTh U Pa3-
JMYUMOCTbD JUTs COCTOSIHHI, N300paXXCHHBIX Ha puC. 4.8. DTU COCTOSHUs Pa30UBAIOTCS HA K-
BUBAJICHTHBIE OJIOKH cieayroumm obpasom: ({4, E}, {B, H}, {C}, {D, F}, {G}). 3ametum, 4to
Ka)kasl apa SKBUBAJICHTHBIX COCTOSIHMI MOMEIIEHA B OTAENBHBIA OJIOK, @ COCTOSIHUS, OTIIH-
YHUMBIE OT BCEX OCTAIBHBIX, 00pa3yIoT OT/IEeNbHbIE OJIOKH.

Jliis aBTOMATa, pecTaBiIeHHOro Ha puc. 4.10, pasouenue Ha 6moku umeet Buf ({4, C, D},
{B, E}). OToT npuMep MOKa3bIBaeT, YTO B OJOKE MOXKET ObITh Oosiee ABYX COCTOSHHI. Moxer
MOKAa3aThCsl CIY4alHOCTBIO, YTO cOCTOsiHUS A, C 1 D moMenieHsl B OJUH OJIOK MMOTOMY, 4TO
Kax/Iple JBa U3 HUX SKBUBAJICHTHBI U HU OJJHO U3 3TUX COCTOSIHUI HE SKBHBAJIEHTHO €Ile KaKo-
My-HHOYAb COCTOSIHUIO, KpoMe 3TuX. OJHAKO ClIeAyIomas TeopeMa yTBEep>KAaeT, UTO Takas CH-
Tyanusi CIeyeT U3 OMPEACICHUS SKBUBAICHTHOCTH cocTosiHuid. [

Teopema 4.23. DKBUBAJIEHTHOCTb COCTOSIHUM TPaH3WTUBHA, T.€., €CIU Ul HEKOTOPOIO
IOKA 4= (0, %, 6, qp, F) cocTosiHue p SKBUBAJIEHTHO ¢, & ¢ — F, TO COCTOSHUA P U I TAKIKE
SKBUBAJICHTHBHI.

Jloka3aTesibcTBO. ECTECTBEHHO 0KHAATh, YTO JII000€ OTHOLICHNE, Ha3bIBAEMOE ‘OKBHBA-
JEHTHOCTHIO”, 00JIafaeT CBOMCTBOM TpaH3UTHBHOCTH. OTHAKO, MPOCTO Ha3BaB KaKOE-TO OT-
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HOIIIEHHE “IKBUBAJICHTHOCTHIO”, HEJIb3sl FapaHTUPOBATh, YTO OHO TPAH3UTHBHO — 3TO HYX-

HO JOKa3aThb.

[peanonoxum, uro {p, q} u {q, r} — Napbl SKBUBAJIEHTHBIX COCTOSIHUIi, a apa {p, r} —
pasnmmunMa. Torma ZomKHa CyIecTBOBATh TaKas IEerovka w, Ui KOTOPOH TOIBKO OTHO U3 CO-
CTOSHUH & (@, w)n 6 (r, w) sBiIsIeTCA JOMycKatomuM. VICIoib3ysi CHMMETPUIO, IPEITONIONKUM,
4T0 & (p, w) — momyckaromiee.

Tenepb MOCMOTpUM, OYIET JIK COCTOSIHUE 5 (g, w) momyckatouum. Ecin oHO gomyckaro-
mee, To mapa {q, r} pa3nuinMa, TaKk KaKk COCTOSHUE 5 (¢, w) —nmomyckaroree, a 5 (r,w) —
ner. Ecn & (g, w) He momyckaroliee, TO M0 aHAJOTMYHBIM MPUYMHAM Tapa {p, ¢} pa3induMa.
[Tomy4yeHHOE MTPOTHBOPEYHE MOKA3BIBACT HEPA3IUINMOCT MapHl {p, 7'}, T.e. COCTOSHUS p H I

SKBUBAJICHTHBL. L[]
Teopemy 4.23 MOKHO HCITIONB30BATh ISl 0G0OCHOBAHHS OUEBHUIHOTO aJrOpUTMa pa3OHeHHs

cocTostHMH. J{1s KaXKIO0TO COCTOSTHMS ¢ CTPOHUTCS OJIOK, COCTOSIIUKA U3 ¢ M BCEX 3KBHBAJICHT-
HBIX eMy cocTossHHHA. HeoOxomMuMo 1okas3ark, 9To pe3yIbTHPYIOIUe OJI0KH 00pa3yioT pazoue-
HHUE MHOKECTBA COCTOSHHH, T.€. HU O/THO COCTOSIHHE HE MPUHAJICKHUT JIBYM Pa3HbIM OJIOKaM.

CHavana 3aMeTHM, 4TO COCTOSIHHSI BHYTPH KaXJOTro OJIOKa B3aMMHO SKBHBAJICHTHBI, T.C.,
€CIIM p ¥ F IPUHAUISKAT OJIOKY COCTOSIHUM, SKBHBAJIICHTHBIX ¢, TO COTJIACHO TeopeMe 4.23 oHH
9KBUBAJICHTHBL.

[Ipeanomnoxum, 9TO CyIIECTBYIOT /IBa IEPECEKAIOIINXCS, HO HE COBIMAJAIOIIMX ONOKa, T.C.
CyIeCTBYeT OJIOK B, cosiepKamunii COCTOSHUSA p U ¢, 1 610K C, KOTOPBII COIEPXKHUT p, HO HE .
[TockonbKy COCTOSHUS p U g IPUHAAIEKAT OJHOMY OJIOKY, TO OHH SKBHUBAJICHTHBL. PaccMoT-
pPUM BO3MOXHBIE BapHaHTHI nocTpoerns oioka C. Ecim 3ToT 610K 00pa3oBaH COCTOSHHEM p,
TO ¢ ObUTO OBI B 6710Ke C, TaK KaKk 3TH COCTOSHMS SKBHBAJICHTHBI. CIlle0BAaTEIbHO, CYIIECTBYET
HEKOTOPOE TPEThE COCTOSIHUE S, oposkaatomee 010Kk C, T.e. C — 3TO MHOKECTBO COCTOSHHH,
9KBUBAJICHTHBIX .

CocTosiHMS p M § SKBUBAJICHTHBI, Tak Kak 00a mpuHamiexar C. Taxke p SKBUBAJICHTHO ¢,
IIOTOMY YTO 00a 3TH COCTOSHMA NMpHHAUIeKaT B. COriaacHO CBOWCTBY TPaH3UTHBHOCTH, JTOKa-
3aHHOMY B Teopeme 4.23, cocTosiHHE ¢ SKBHBaNEHTHO s. Ho Torma ¢ mpunamnexut O1oky C,
YTO MPOTHBOPEUUT NPEIIOIOKEHHIO O CYIIECTBOBAHMN NMEPECEKAIOIINXCS, HO HE COBIAAAIO-
mux OJIoKoB. MTak, SKBUBAJICHTHOCTh COCTOSIHMI 3a/aeT mx pa3OHeHue, T.e. Jo0ble 1Ba CO-
CTOSIHUSI IMEIOT WJIM COBITIAJIAIOIINE, WK HE NePECceKaloInecs MHOXKECTBA SKBUBAJICHTHBIX UM
coctostHni. Crexyromias TeopeMa IOIBITOXKUBAET Pe3yIbTaThl HPOBEACHHOTO aHAIN3A.

Teopema 4.24. Eciiu 1151 kax0ro coctosiuus ¢ Hekoroporo KA co3nath 610k, cOCTOS-
K U3 ¢ ¥ SKBUBAJICHTHBIX MY COCTOSHHH, TO pa3lIMuHbIe OJOKU COCTOSHUI 00pasyloT pas-
fuenie MHOKECTBA COCTOSHMIL.| ITO 3HAUMT, UTO KaXKIOE COCTOSHHE MOYXET HPHHALICKATH

7 HyXHO NOMHHTB, 4TO OJMH H TOT K€ GJIOK MOXET (POPMHPOBATHCSA HECKOIBKO Pa3, HAUMHAS C Pa3-
HBIX coCTOSTHUH. OHAaKO pa30MeHNe COCTOUT U3 pasziuyHbiX OJIOKOB, TAK YTO KaXKAbIH OJOK BCTpedaeTcs
B pa30MEHNH TOJIBKO OJMH Pas.
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TOJIBKO OJHOMY 0J10Ky. COCTOSIHUSI U3 OJHOTO OJIOKA DKBUBAJIIECHTHBI, @ JIIOObIE COCTOSHHUS, BBI-
OpaHHBIE U3 pa3HBIX OJOKOB, HE 3KBUBaJICHTHBI. []

Tereps MOKHO KpaTko chopMyITipoBars anroputm MuruMusanmu JIKA 4 = (Q, X, 6, gy, F).

1. JIns BBISIBICHUS BCEX Map SKBUBAJICHTHBIX COCTOSHHN MPUMEHSEM AJITOPUTM 3arOJHEHHS
TaOJIUIIBL.

2. Pa30OuBaeM MHOXECTBO COCTOsiHMI () Ha OJIOKM B3aMMHO 3KBHBAJCHTHBIX COCTOSIHHU C
TIOMOII[BIO OITUCAHHOTO BBIIIIE METO/IA.

3. Crpoum JIKA B ¢ MUHUMAJIbHBIM YHCJIOM COCTOSIHUM, MCIIOJIb3YSl B KAUECTBE €0 COCTOS-
HUH noiyueHHble Onoku. Ilycte y— dyHkuus nepexonos aBromara B. IIpenmonoxum,
4yTO S — MHOXKECTBO DKBUBAJICHTHBIX COCTOSHMM aBTOMaTa 4, @ — BXOJHOH cuMBOIL. To-
r/1a MOJDKEH CYIIeCTBOBATH ONWH OJIOK cocTOosHUMA 7, comepkamuit Aq, a) Ans BceX co-
cTOsIHUM ¢ 13 S. Eciu 3TO He Tak, TO BXOAHON CUMBOJI ¢ MEPEBOJUT J1BA COCTOSIHUA P U ¢
3 S B COCTOSHUS, NIPUHAICKAIINE Pa3HBIM OJI0KaM corjlacHo Teopeme 4.24. 13 atoro
MOXXHO CJIeNIaTh BBIBOJ, UYTO COCTOSHHUS p W ¢ HE OBUTH HSKBHBAJICHTHHIMU U HE MOTJIH
BMecTe NpuHauiexars S. B pesynbrare onpenensiercs GpyHkuus nepexonoB XS, a) = T.
Kpowme Toro:

a) HavdanbHBEIM coctossHMeM KA B sBusercs ONOK, coiepykKaliuii HadadbHOE CO-
CTOSIHHE aBTOMaTa A;

0) MHOXXECTBOM JOIyCKAaIOIINX COCTOSHMH aBTOMaTa B sIBISETCS MHOXECTBO OJ10-
KOB, coJiepKalux nomyckatomue coctosHusi JJKA A4. 3ametum, 4To ecinu OJHO
COCTOSIHHE B OJIOKE SIBJISIETCS AOIYCKAIOIINM, TO BCE OCTAIbHBIE COCTOSIHUS 3TOTO
0JI0Ka TaKKe JOJDKHBI OBITH AoMycKatomuMy. [Ipuunnaa B ToM, 4To Jitodoe Jomyc-
Kalolllee COCTOSIHUE OTJIMYUMO OT JIFOOOTO HEAOIYCKAaIOIIEero, MO3TOMY JIOMyC-
Kalolllee ¥ HEeJOIyCKalolllee COCTOSIHUSI He MOTYT NPHHAIJIEKATh OJHOMY OJIOKY

9KBUBAJICHTHBIX COCTOSTHUM.

IIpumep 4.25. Munnmusupyem JIKA, npencrasnennsiii Ha puc. 4.8. B npumepe 4.22 ycra-
HOBJIEHBI OJIOKK pa3duenus coctosiuuii. Ha puc. 4.12 nzobpaxen IKA ¢ MUHUMaNIbHBIM YHC-
JOM cocTosiHUU. [IATh COCTOSHMI 3TOro aBTOMara COOTBETCTBYIOT IISITH OJIOKaM 3KBHBAJICHT-
HBIX COCTOSIHMI aBTOMara Ha puc. 4.8.

HauanpHbIM cOCTOSTHHEM MUHUMH3UPOBAHHOTO aBToMata siBisiercst {4, £}, Tak kak 4 ObuIo
HayanbHBIM Ha pHc. 4.8. EquncTBeHHBIM JomyckatonmM — {C}, nockosnbky C — 3TO €UHCT-
BEHHOE JIOIyCKaroIllee COCTOSHUE Ha puc. 4.8. 3aMeTuM, 4To Iepexo sl Ha puc. 4.12 npaBuib-
HO OTpakaloT mepexozbl Ha puc. 4.8. Hanpumep, Ha puc. 4.12 ectb mepexon u3 {4, E} B
{B, H} no cumBoiry 0. DT0 04eBHIHO, Tak Kak A Ha puc. 4.8 nepexoaut B B npu utenuu 0, a
E — B H. Ananornyso, nipu urennu 1 {4, £} nepexonur B {D, F'}. I1o puc. 4.8 1erko yBuueTs,
4yTo 00a cocrosinus A u E nepexonar B F' no 1, tak uro st {4, E} cOCTOSIHUE-TIPEEMHHUK 110 |
TaKXke BBIOpaHO mpaBwibHO. TOT (akr, uTo HU A, HU E He nepexoasat B D no 1, HeBaxeH. Yu-
TaTellb MOXKET IPOBEPUTD, UTO U BCE OCTANBHBIC MIEPEX0IbI H300paKeHbI PaBUIbHO. [
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Havano

Puc. 4.12. JIKA ¢ MUHUMATbHBIM YUCTOM COCMOSHULL, SKBUBATICHMHbIU

asmomamy, uzobpasicennomy na puc. 4.8

4.4.4. NoueMy MUHUMU3NPOBaAHHDbIN AKA HEBO3MOXHO YAYULLIUTb

IIpeanonoxum, uro 3aman KA A, u Mpl Munumusupyem ero 1o KA M ¢ noMmonipio mMe-
ToNa pa3domeHus U3 TeopeMsl 4.24. DTa TeopeMa MOKa3bIBAET, YTO HEBO3MOXHO ITONyYUTDH K-
BuBasieHTHbIN JIKA, rpynnupys cocTosiHusA aBTOMarta 4 B ele MeHpluee yucio rpynn. Ho Bce
JKe, MOYKET JIA cymecTBoBaTh apyroi JJKA N, He cBS3aHHBIN C A, KOTOPBIH JOITyCKal OBl TOT
K€ S3BIK, YTO U aBTOMAThl A U M, HO uMell Obl COCTOSIHMI MEHbIIE, YeM aBToMaT M? MeToaoM
OT IPOTHUBHOTO JOKa)KEM, YTO TAKOT'O aBTOMAaTa He CyIIECTBYET.

CHayasia IPUMEHHUM aJTOPUTM Pa3IMYUMOCTH COCTOSIHUI U3 paznena 4.4.1 K COCTOSTHUAM
aBToMaToB M 1 N Tak, Kak eciii OBl 5TO ObUT OAWH aBTOMAT. MOXHO TIPEANOI0KHUTE, YTO 00-
X 0003HaYeHNH cocTosHUHE y M u N Het, Tak 4To (PYHKIHUS MEpeX0A0B KOMOMHUPOBAHHOTO
aBTOMaTa OyzmeT oO0benMHEHNEM (PYHKIHH IepexooB aBTOMAaToB M n N, KOTOpBIE MEXAY CO-
Ooit He mepecekarotca. CocrostHus kKoMOuHHpoBaHHOTO JIKA OymyT HOMyCKaroImuMH TOTIa H
TOJIBKO TOT/Ia, KOT/Ia OHU SIBIISTIOTCS JOMYCKAIOMIMMH B COOTBETCTBYIOIINX UM aBTOMATax.

HawanbHbie cocTostHUS aBTOMaToB M u N Hepa3nmudumbl, Tak kak L(M) = L(N). Hdaiee,
€CJIH COCTOSHUS {p, ¢} HEpa3IMIUMBI, TO IJIA JIOOOTO BXOJHOTO CHMBOJIA MX IPEEMHUKH
TakKe Hepa3amIuMbl. Ecii OBl MPEeeMHUKOB MOXHO OBLITO Pa3iIHYUTh, TO p U ¢ TaKKe MOXK-

HO OBLIO Pa3InInTh.

Munnmusanusa cocroaauniit HKA

ModkeT moKa3aTbCs, 9YTO METOX pa3dueHus coCTOsSHHN, MUHUMU3Upyromwmii JKA, mpume-
HUM ¥ 1715 toctpoeHnss HKA ¢ MUHMManbHBIM YHCIIOM COCTOSHUH, SKBUBAJICHTHOTO JAaH-
Homy HKA mmm JIKA. Xots meromom moiHOTO Tiepebopa MoxHo Haiitn HKA ¢ HanmeHb-
M KOJMYECTBOM COCTOSHHH, JOMYCKAIONIIMHA TaHHBIH S3bIK, IPOCTO CIPYNIUPOBATH CO-
CTOsTHMS HeKoToporo 3aganHoro HKA mist 3Toro s3biKa Hemb3sl.
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ITpumep npuBeneH Ha puc. 4.13. Hukakue u3 Tpex COCTOSHHUI He SIBIAIOTCS SKBUBAJICHTHBIMU.
OueBHIHO, YTO JOITYCKAIOIIEe COCTOSHUE B OTIMYaeTcs OT HelomycKatonmx coctosHuit 4 u C.
Cocrostanst A u C paznugarotcst BXoaabiM cumBosioM 0. C niepexomut B {4} (HemomycKarolee),
TOrza Kak A 1nepexoauT B {A, B}, KOTOpoe BKIIIOYaeT JIoMycKatoliee coctosiHie. TakuM obOpa-
30M, TPYIIIMPOBAHNE COCTOSIHHMI HE YMEHBIIIAaeT KOJIMYECTBA COCTOSIHUI Ha puc. 4.13.

OmHako MOXHO ocTpouTh MeHbInH HKA 15151 3TOTO0 %Ke s3bIKa, MPOCTO YJAIUB COCTOSIHUE
C. 3ametuM, uto 4 u B (6e3 C) HOMyCKAIOT BCE IICMIOYKH, KOTOPhIC 3aKAHUUBAOTCS HYJICM,

a nobasnenue C He MO3BOJISAET JOMYCKATh IPYTHe HEMOYKH.

Havano

Puc. 4.13. HKA, xomopulii He803MOACHO MUHUMUSUPOBATND C NOMOULIO IKBUBANEHIMHOCTNU COCIMOAHUU

Hu M, sau N He MOTyT MMETh HEJOCTHXUMBIX COCTOSIHUM, MHa4e, UCKIIOUMB 3TO COCTOSIHUE,
MO>KHO ObUIO ObI MOMyuHTh ere MeHblmid JIKA mst Toro e si3pika. CienoBareinbHo, Kax/I0e co-
CTOSIHHE aBTOMAaTa M HEOTJIMYUMO XOTS OBl OT OJTHOTO COCTOSHHUS aBromara N. BhISCHUM, mouemy
310 TaK. IIycth p — coctosiHue aBromara M. Torna cyiecTByeT LienoykKa a,d;. . .dy, nepeBosmas M
U3 HAYaJIBHOTO COCTOSHUS B p. OTa IeNouKa Takke MepeBoAUT N U3 Ha4albHOTO B HEKOTOpPOE CO-
cTosHME ¢. 13 TOro, 4yTo Ha4yanbHBIE COCTOSIHHS 3THX aBTOMATOB HEPa3IMYMMBI, CIEAYyeT, YTo CO-
CTOSIHUSI-TIPEEMHUKH, COOTBETCTBYIOIIUE BXOJHOMY CUMBOJY ¢, TAKOKE HepasmuuuMbl. COCTOSHMS,
CIICIYIOIIHE 33 3THMH COCTOSHUSIMH TPU YTCHUH @), TAKOKe OYyIyT HEPa3IMUMMBIMK, U TaK Jajee,
TIOKa MbI HE TIPHJIEM K 3aKITIOYEHHIO, YTO COCTOSIHUS p U ¢ HEPA3TMIUMBI.

ITockonbky aBTOMAaT N CONEPKUT MEHbILIE COCTOSIHUM, 4eM M, TO JOJIKHBI CYLIECTBOBAThH
JIBa COCTOSIHUSI aBTOMAaTa M, KOTOpble HEOTIIMYUMBI OT OJTHOTO U TOTO YK€ COCTOSIHHUS aBTOMAaTa
N. 3Hauut, 3TH COCTOSIHUS HepaznnuuMmbl. Ho aBTOoMaT M mocTpoeH TakuMm o0pa3oM, 4TO Bce
€ro COCTOSIHUSI OTIIMUUMBI IpyT OoT Apyra. [IportuBopeune. CnenoBaTenbHO, MPEINONIOKEHHE O
CyllecTBOBaHUU N HEBepHO, U M nericTBuTeNbHO siBsieTcs JJKA ¢ HaMMEeHbITUM KOJMYECTBOM
cocrosHuil cpeau Becex JIKA, sxBuBaneHTHBIX 4. PopMalbHO J0Ka3aHa clelyolas TeopeMa.

Teopema 4.26. Ecniu u3 Hexotoporo JIKA 4 ¢ nmomouipio aaropurMa, ONMCaHHOTO B TEO-
peme 4.24, noctpoen KA M, To M umeer HaumeHblIee Yuciao coctosiHuil u3 Beex KA, sk-
BuBaJieHTHbIX 4. [

MoxHo chopMmynrpoBats Oojiee CHIIBHOE yTBEp)KICHHE, yeM Teopema 4.26. Mexay cocTos-
HUsIMU JTF000ro MuHUMaIbHOTO JIKA N 1 coctosamsamu JIKA M TOMKHO CyIecTBOBATh B3aUMHO
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OJTHO3Ha4YHOE CcOOTBeTCcTBHE. Kak yke JoKka3aHo, KaxJaoe COCTOsSHHE M SKBUBAJIEHTHO OIHOMY
COCTOSIHMIO N, ¥ HU OJIHO COCTOSIHUE M HE MOXET ObITh 3KBUBAJICHTHBIM JIBYM COCTOSHUSIM .
AHAJIOTUYHO MOXHO JIOKa3aTh, YTO HHU OJTHO COCTOSIHHE /N HE MOXKET OBITh 3KBUBAJICHTHBIM JIBYM
COCTOSIHUSIM M, XOTSI KaXKII0€ COCTOsIHUE aBTOMarta N JJOJKHO OBITh SKBUBAJIICHTHO OJIHOMY U3 CO-
crosiamii JIKA M. CrnenoBarenbHo, cyiiecTByeT ToJabko oauH JIKA ¢ MUHUMAaNbHBIM KOJMYECT-

BOM COCTOSIHHH, 9KBUBAJIICHTHBIN A (C TOYHOCTHIO JI0 0003HAYEHHH COCTOSTHHMIA).

4.4.5. YnpaxHeHus K paspeay 4.4

4.4.1. (*)Ha puc. 4.14 npexncrasieHa Tabmnwma mepexoqoB Hekotoporo JIKA:
a) coCTaBbTe TAONUILY Pa3TMYMMOCTH JJIsl TOTO aBTOMATa;
0) moctpoiiTe skBUBaNeHTHBIN JIKA ¢ MHUHUMaTBHBIM YUCIIOM COCTOSTHHIA.
0 1
—A B A
B A C
C D E
*D D A
E D F
F G E
G F G
H G D
Puc. 4.14. [IKA, komopbiil Hys*CHO MUHUMUZUPOBATND
Breimonuute ynpaxuenue 4.4.1 mis IKA, npeacrapneHHoro Ha puc. 4.15.
0 1
—A B E
B C F
*C D H
D E H
E F I
*F G B
G H B
H I C
*] A E
Puc. 4.15. Ewe ooun /[KA, komopulil HYJ#CHO MUHUMUSUPOBAMb
4.4.3. (') Ilycts p u ¢ — mapa pa3nIUUUMBIX cOocTosTHUN 3agaHHoTo JIKA A ¢ n cocTosHuUs-
Mu. Kakoif MoxeT ObITh camasi TOUHAs BEpXHSS MPaHHUIA JUIMHBI KpaTdaiiiei nemnod-
KM, pa3iiyarouei p u ¢, kak QyHKIus OT 1?
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Pe3lome

¢ Jlemma o naxauxe. Ecny s3bIK pEryssipeH, TO B K&XKI0M JOCTATOYHO JJIMHHOM LIETIOYKE 3TOr0
sI3pIKa €CTh HEIyCTasl MOALENOYKa, KOTOPYI0 MOXKHO “HakadaTh”’, T.€. HOBTOPUTH MPOH3-
BOJILHOE YHCJIO Pa3; MOJIydaeMble P 3TOM LIEMOYKU Oy/IyT NMPHHALIEKATH JJAaHHOMY SI3BIKY.
OTa 1eMMa UCTIOJIb3YeTCsl IS JOKa3aTeNbCTBA Hepe2yiapHOCHIY MHOTHX SI3bIKOB.

¢ Onepayuu, coxpansiowue peynapHocms A3viko6. CyIIeCTByeT MHOTO OIEpalui, pe-
3yJbTaT MPUMEHEHUS KOTOPBIX K PErYISpHBIM SI3bIKaM TaKKe SBISIETCS PEryJIpPHBIM
S3bIKOM. B MX ymcie oO0benHeHne, KOHKaTeHalus, 3aMbIkaHne (UTeparys), nepeceye-
HHE, JOIOIHEHHE, Pa3HOCTh, oOpaleHne, roMoMophHu3M (3aMeHa KaxJOro CHUMBOJIA
COOTBETCTBYIOIIIEH [IETTOYKON) U 00paTHBI TOMOMOP(H3M.

¢ Ilposepra nycmomul pe2ynaprozo sazvika. CymecTByeT alrOpUTM, KOTOPBIN 110 TaKOMY
3aJlaHHOMY TPEJCTABJICHUIO PETYISAPHOTO SI3bIKA, KaK aBTOMAT WJIU PETYJSpPHOE BBIpa-

KCHHUE, OIPEACIISCT, ABJIACTCA JIN Hpe[lCTaBHeHHbIﬁ A3BIK IYCTBIM MHOKECTBOM.

¢ Ilposepxa npunaonexcnocmu pecynapromy Asviky. CyliecTByeT allOPUTM, KOTOPBIH 110
3aJJaHHOM ILIeMOYKe M HEKOTOPOMY TPEACTABICHUIO PETrYJIIPHOTO S3bIKa OIpEeelisieT,
MIPUHAJICIKUT JIU 1IETI0YKA SI3BIKY.

¢ Ilposepxa pasnuuumocmu cocmosnui. JIBa coctosHus HekoToporo KA pazmunuumsl,
€CJI CYIIECTBYET BXOAHAs L[EM0YKa, KOTOpasi MEPEeBOJUT B JIOMYCKAIOIIEe TOJIBKO OHO
U3 3TUX COCTOSIHUM. Ecay HagaTh ¢ TOro, 4TO BCE Maphl, COCTOSIINE U3 JIOMyCKAIOIIETO
Y HEJIOMYCKAOIIET0 COCTOSIHUH, pa3UYUMBbl, 1 HAWTH TOTIOTHUTEIbHBIE TAPhI, KOTOPHIE
MO0 OJHOMY CHUMBOJY MEPEXOJSIT B PA3IHUYUMbBIC COCTOSHHS, MOXKHO OOHApPYXKHUTh BCE

Mapbl pa3INuUMbIX COCTOSTHUI.

¢ Munumuzayus demepmuHupoBanHuIX KoHeunwvix agmomamos. Cocrosiaus arobdoro JKA
MOJXKHO pa30WTh HAa TPYIIBI B3aMMHO HEPa3IUYUMBIX cOCTOsiHUI. COCTOSIHUS U3 BYX
Pa3HBIX IPYII BCET/Aa Pa3IMUUMBbl. ECIM 3aMEHUTH KaXKIyIO TPYIITY OJHUM COCTOSHH-

€M, NTOJTyYUM SKBUBaJIEHTHBIH JIKA ¢ HAUMEHBIINM YHCIOM COCTOSIHUI.

AuTteparypa

3a UCKIIIOUYEHNEM OUEBHIHBIX CBONCTB 3aMKHYTOCTH PETYIAPHBIX BBIPAXKEHHH (OTHOCHUTEIIHHO
00BbeIMHEHNS, KOHKATeHALMN U UTEepaln), KOTOpble ObM oka3aHsl Knmau [6], moutn Bee pe-
3yJbTaThl CBOMCTB 3aMKHYTOCTH BOCIIPOM3BOASAT AHAJIOTHUHBIC PE3YNIBTAThI, MOMYUCHHBIC IUIS
KOHTEKCTHO-CBOOOHBIX SI3BIKOB (3TOMY KJIACCY SI3BIKOB MOCBSIIICHBI CIIEIYIOIIHE ITIaBbl). Takum
00pa3oM, JleMMa O HakauKe JUIsl PETYISIPHBIX S3bIKOB SBISIETCS YHPOIIEHUEM COOTBETCTBYIOIIETO
pe3ynbTaTa Uil KOHTEKCTHO-CBOOOAHBIX s13bIKOB (bap-Xwmren, [epnec u ammp [1]). U3 pe-
3yJbTAaTOB 3TOI pabOTHI CIIEYIOT HEKOTOPBIE APYTHE CBOWCTBA 3aMKHYTOCTH, IPEICTABICHHBIC B
JAHHOM I'JIaBe, a 3aMKHYTOCTh OTHOCHTEIIBHO 0OpaTHOTr0 roMmoMopdusma obocHoBaHa B [2].
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Ornepanus nenenvs (oM. ynpakaernue 4.2.2) npencrasieHa B [3]. B atoit pabote obcy:xmaercs
OoJee oOIast oneparys, B KOTOPOH BMECTO OJJMHOYHBIX CHMBOJIOB HAXOJSATCS PETYJSPHBIC S3BIKH.
Psin onepanmii “4acTUUHOTO yhaneHus’, HauMHas ¢ ynpakHeHus 4.2.8, B KOTOPOM TOBOPHJIOCH O
NEpPBBIX MOJIOBUHAX IIEMOYEK PEryJIPHOTO si3bika, ObL1 onpexneneH B [8]. Ceiidepac n Mak-HotoH
[9] m3yunnm oOwmii citydaid, Koria ornepaiysi yiajaeH!s: COXpaHsIeT PeryaspHOCTb S3bIKOB.

ANTOpPUTMBI pa3pelleHus, Takue Kak MPOoBepKa IMyCTOThI U KOHEUHOCTH PEryJISPHBIX S3bI-
KOB, a TaKXe MPOBepKa NPHHA/UICKHOCTH K PEryJIsIpHOMY SI3bIKY, OepyT cBoe Hauaio B [7]. Au-
TOPUTMbI MUHUMH3ANUHU uncia coctosHuil JIKA mnosBuucek B [5]. B pabote [4] mpeioxken

HanboJsee d3PPEKTUBHBIN AITOPUTM HAX0XKIeHHS MUHUMaTbHOTO JIKA.
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