O cTrpykTypusaiumn KJjacca oOpaTuMbIX
OMHAPHBLIX KJIETOYHBIX aBTOMATOB

1. B. Kyuepenko

B pabore 1oJsiHOCTBIO ONMCaHa CTPYKTypPa MHOXKECTBA 00paTh-
MBIX KJIETOYHBIX aBTOMATOB B KJIACCAX OMHAPHBIX KJIETOYHBIX aB-
TOMATOB C JIOKAJILHBIMEU (DYHKITUSME IePeX0o/I0B 13 Kiraccos [locra.

BBeaenue

Kuterounsle aromarsl (KA) sIBIASIOTCS JIMCKPETHBIMU MaTeMaTHYIe-
CKUMU MOJICJISIMH IITUPOKOTO KJIACCA PEAJIbHBIX CHCTEM BMECTe C IpPOTe-
KAIOMUMI B HUX TporieccaMn. BaskHoe ceMefcTBO KIETOTHBIX ABTOMATOB
obpasyror obpatumbie KA, To ecTh Takme, B KOTOPBIX <IIPEIBLICTOPUST>
BO3BHUKHOBEHUST KOH(MDUTYPAIIUN OIMPEIESIETCS OHOZHATHO. ITU O0bEK-
ThI IMEIOT MHOT'O [IPUJIOYKEHUIT, B TOM YHCJIE B BOIIPOCAX 3aIUTHI HHMOP-
MAaITHH.

[Ipu usyuennn npornecca QyHKIMOHUPOBAHUST KJIETOTHOTO ABTOMATA,
€CTECTBEHHBIM 00pa30M BO3HHUKAET MOHSITHE UH(MOPMAIIMOHHOIO KOHYCA
[1], npencraisoniero u3 cedst GYyHKIMIO 3aBUCUMOCTH COCTOSIHUS sT9eHKH
OT HAYAJTBHOTO COCTOsTHUS KA | MPONHIEKCUPOBAHHYIO MOMEHTAMY BpEMe-
uu. Jns bukcupoBaHHOrO MOMEHTA BPEMEHH WH(MOPMAIMOHHBIN KOHYC
SABJISETCS CyHEePIO3UIUell JIOKAJIbHBIX (hyHKIUiI nepexoja. MHoX)ecTBO
nHMOPMAIIMOHHBIX KOHYCOB MPEJCTABISCT U3 cebs HEKOTOPYIO JIOTHKY,
KOTOpasi KOMIIO3UIIMOHHO (1 JlazKe CYIEPIIO3UIMOHHO) 3aMKHYTa. DTa, JI0-
UKa, UTEPATUBHO PA3BUBAsiCh BO BPEMEHU, ONPEJIEJISET JIOTUKY ITOBEIEe-
Hust Jioboro pparmenta KA, a B npemesie u Bcero KA. Tem cambiM jioru-
Ka sS9efKU BBICTYIAET B KA4eCTBE IMOPOXKIAIONIErO 3JIEMEHTa JJIsi JIOTU-
ku Bcero KA. B npyxsmaunom ciydae [locTom ommcanbt Bce 3aMKHYTBHIE
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Jioruku. EcTecTBEHHO pacCMOTPETh PACC/IOEHNE BCEX KJICTOUHBIX aBTOMa~
TOB Ha THIIBI, COOTBETCTBYIOIHUE KitaccaM [locTa, u siBjienne obparumMocTu
n3ydaTh C TOYHOCTHIO JI0 YKA3aHHOI'O PACCIOEHUS.

B nmannoii pabore pemiaercss 3ajada ONUCAHUSA PACIPEIEICHUS JIO-
KaJabHBIX dyHKIuii nepexoyos (JIDPIT) obpaTuMbix GUHAPHBIX KJIETOYHBIX
aBTOMATOB 10 KyaccaM [locta u nceseoBaHUIO CBORCTB MHOXKECTB 0Opa-
tumbix KA ¢ JIOII us Hekoroporo kiacca Ilocra. Kak okazajioch, Bce
kJacchl [locTa 1o OTHOIIEHUIO K CBOMCTBY ODOPATUMOCTH MOYXKHO pas/ie-
JUTh Ha Tpu Tuna. K mepBoMy THIly €CTECTBEHHO OTHECTU KJIACChI, B
KOTOPBIX CBOHCTBO OOPATHMOCTHU PA3PENIUMO M3-33 TOrO, YTO HETPUBU-
albHBIX obpaTuMbix KA B Taknx kiaccax neT. Ko Bropomy — Kjacchbl, B
KOTOPBIX OOPATHMOCTD PA3pPENInMa, IPUIEM MIPUIUHON STON pa3perrmmo-
CTU SIBJISIETCSI HEKOTOPOE «XOPOIIee» CBOMCTBO (DyHKIUI U3 9TOTO KJIacca
ITocra. K Tperbemy — KJIacchl, B KOTOPBIX 00PATUMOCTD HE SIBJISETCS pa3-
permmmoit. OKa3aJIoch, YTO MHOXKECTBO KJIACCOB MEPBOTO THUIA — CYETHO,
BTOPOTrO U Tperbero — KouedHo. J[s kaxkaoro kiacca [locra sBHO yKa-
3aHO, K KAKOMY THITY OH IPUHA/IJIEIKUT.

ABTOp BBIparkaeT OJIANOJAPHOCTH CBOEMY HAYIHOMY PYKOBOIUTEIO
akayieMuky KynpsieiieBy B.B., 6e3 momormiu u moiepKku KOTOpOTo pe-
3yJIBTATHI, COCTABJISIONINE COJIEPXKAHNE JIAHHON pabOThI, HE CYIIECTBOBAa-
Jii OBI.

1. OcHoOBHBIE IIOHATUA U pPeE3yJ/JIbTaThbl

DopMaJIbHO KJIETOYHBI aBTOMAT O IPEACTABJIACT U3 cebs 9eTBEPKY
suna (ZF, E,,V, ), tne ZF — cosokymHocTh Beex k-MEPHBIX BEKTODOB C
LEJIOYUCJICHHBIMI KOOpAMHATaMU, F;, — KOHEYHOE MHOXKECTBO M3 T dJe-
MEHTOB, NIPUPOJIA KOTOPLIX HE CyIlecTBeHHa. JIjIst MpOCTOTHI MX MOXKHO
cantarh uncaamu u3 Muoxkectsa {0,1,...,n—1}. V = {v,v9,..., 0} —
VIIOPSIJIOUEHHBII HAOOD PA3IMYHBLIX HEHYJIEBBIX BEKTOpOB mu3 ZF.
¢ (E,)™ — E,, ¢(0,0,...,0) = 0. Dnements MHOxkecTBa ZF nasbi-
BaroTCA gueiikamu, F,, — cocrosausamu g4eek, 0 — cocrognue mokos. I1pu
IIOMOIIM ITabJIOHa, COCeICTBa V KarKIoil sidueilke (v CTaBUTCS B COOTBET-
crBue Habop BekTopoB V() = {a, a + v, + va, ..., & + Uy }, KOTOPBIi
HA3BIBAETCSA €€ OKPECTHOCTHI0. DYHKINSA (0 HA3BIBACTCH JIOKAILHON (DyHK-
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1ueit mepexoioB KJIETOTHOTO aBTOMATa. KIeTOUHBIN aBTOMAT, MMEIOTTHi
TOJIBKO JIBa COCTOSIHUS sTIeHKH, HA3BIBAETCH OMHAPHDBIM.

Oynxmun g : ZF — B, nassBatorcs cocrosuusamu KA. Muoxkectso
BCEX COCTOSTHHUI 0D03HAYAETCsT depe3 E,% . Ocrosnas dyukIusa nepexo-
qmoB ¢ 3asaeTcs Kak OTOOparKeHHEe MHOXKECTBA BCEX COCTOSHUN KJIETOMU-
HOro aBroMara o B cebs, npudem eciau g = ®(g’), To st 060 sueliku
a Bemosagercst g(a) = o(g'(a), g (a 4+ v1), ¢ (a + v2),..., ¢ (a + vy)).
QOyuknuonuposanne KA ompe/iessieTcss Kak MOCIE0BATEILHOCT €r0 CO-
CTOSTHUIL g, g1, 92, - - -, TOTYIAIONASACA B PE3yJILTATE TPUMEHEHUST OCHOB-
HOIl (DYHKIMM I[€PexXo/I0B K HEKOTOPOMY €ro COCTOSHHIO (g, TO €CTb
gt = ®(g1—1) = ®%(go), t € N. CocrosiHue KJIETOUHOTO aBTOMATa, B KOTO-
POM TOJILKO KOHETHOE TUCJIO STIeEK HAXOJIUTCS B HEHYJICBOM COCTOSTHUM,
HA3BIBAETCH KOHMUIYpAIHEil.

[Ipu wmccnemoBannu JoKaIBHBIX cBoficTB KA mpuxommres paccmar-
PHBATH HEKOTOPbIEC MOJIMHOMKECTBA MHOYKeCTBa gucek ZF. Koneunbie me-
MyCTble MHOXKECTBA, sI9eeK KJIETOYHOTO aBTOMATa ¢ HA3BIBAIOTCS OJI0-
kamu. Koudwurypanumeit 6;10ka B Ha3bIBaeTCsi OrpaHudeHne HEKOTOPO-
ro cocrosganss KA ma stor 650K, To ectb dyukmus f : B +— FE,.
MuozkecTBO Beex Komdmurypammii 6;10ka B obosmauaercss wepes B, P.

Baok V(B) = |J V(«) nasbiBaercss okpectHocThio Gsioka B. Orpanu-
a€B
YeHne OCHOBHOM (DYHKIMK NEpexo/0B Ha OJIoK B npuBoAuT K (DyHKIMH

|y - EnV(B ) — E,B , KOTOpas COOTBETCTBYET M3MEHEHUIO KOH(MUTYpa-
muu f 6s0ka B B pesysbraTte (pyHKIIMOHUPOBAHUS KJIETOTHOTO aBTOMATA,
4 HMMEHHO (I)‘B (f)(&) = QP(f(a)a f(Oé + v1), f(Ct +v2),..., fla+ Um))a
Va € B.

Kierounblit aBromar, ocHOBHast (byHKIIUSI IEPEXOJIOB KOTOPOTO WH'b-
eKTUBHA HA MHOYKECTBE BCEX KOH(UTypaIuii, Ha3bIBAETCS OOPATHMBIM.
ITo Teopeme Mypa-Maiixuia |1, 2|, MHOKeCTBO 06pPATUMBIX KJIETOYHBIX
aBTOMATOB COBITQIAET ¢ MHOXKeCTBOM KA, ocHOBHasT (DYHKIIHS TIEPEX0/I0B
KOTOPBIX SIBJISIETCST CIOPHEKTUBHOM.

O6oznaunm vepes BCA(K) kiacc GUHAPHBIX KJIETOYHBIX aBTOMATOB
(BKA) ¢ sokapubiMu (DYHKIUSIME TI€PEXOJIA, TPUHAJIEIKAIMMI HEKO-
topomy kiaccy ITocra K [3]. Hasosem merpusmamsubim BKA, jokamns-
Hast (PYHKIHS MEPexXo/ia KOTOPOTO CYIIECTBEHHO 3aBUCHT KaK MUHUMYM
OT JIByX MEPEMEHHBIX.
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Teopema 1. Hempusuasvnoie obpamumovie BKA codepoicames 6 mex u
moavko mex xaaccar BCA(K), daa womopwx cnpasedauso K D Ly.

B paGore [6] ycraHOB/IEHO, UTO KOHCTPYKTHBHOIO CIIOCOGA IIPOBEP-
Kku Ha obparumocth Jyist Kiaacca BCA(Py) me cymecrsyer. Cremyioriee
YTBEPIKJICHUE JIACT YCUJICHAE YKA3AHHOTO PE3Y/IBTaTa

Teopema 2. Csoticmeo obpamumocmu nepaspewumo 6 kaacce BCA(K)
mozada u moavko moeada, xoeda K O Dj.

2. JlokazaTejbCTBa YTBEP2K/IeHU

st mousTUil, CBA3aHHBIX ¢ PYHKIUSIMA aJIreOphl JIOTUKU, MbI Oy1eM
HCIOJIH30BATh TEPMUHOJIOIHIO, NPUHsATYIO0 B Kuure [3]. JokasarenbcTBy
dakToB 3TOrO NMaparpada MIpearolIeM OJHO BasKHOE 3aMedaHue, CyIe-
CTBEHHO YIIPOIIAOIee U3JI0XKEHNUE.

I[Tycre cBoiicTBO 0OpaTuMocTu paspentnmo B Kiacce BCA(K). Torga
nyist jrio6oro kiacca K| conepxkammerocst 8 K, B kinacce BCA(K') ono to-
e pazpemmmo. [Tpuuem s pacnosnasanus obparumoctn 8 BCA(K')
MOXKHO HCIOJIBE30BaTh TOT ke anroput™, 4to u B BCA(K). Ilycrs Te-
nepb cBoiicTBo obparumoctu He paspemumo B kiacce BCA(K). Torma
OHO HE MOXKET OBITH Pa3pelniuMo U B JioboM 6ojiee HoraToM Kiacce, dem
BCA(K'), K C K.

W3 BbIlIeCKa3aHHOIO CJIEIyeT, 9TO JIJI OIMUCAHUSI BCEX CAYYaeB J0-
CTATOYHO yKa3aThb Hambojiee OGoraTbie paspemmumbie u Hambosiee OeiHbIe
Hepa3pelnMble KJIaCChl.

Jlastee HaM 1mOoTpedyeTCs HECKOJIBLKO ITPOCTBIX (PaKTOB 00 00paTHMBIX
OMHAPHBIX KJIETOYHBIX aBTOMAaTaX. JLJIsl ITOJIHOTHI M3JI0XKEHHUSI [IPUBEIEM
UX C JIOKa3aTeJIbCTBAMU.

Vreepxkaenne 1. [Tycmv KA o = (ZF, Ey,V,p) — obpamum. Toeda
wueA0 Habopos, Ha KoOmopulr GynKuuA © npunumaem 3nauenue 1, cosna-
daem ¢ wucaom 1abopos, na KOmopux © npurumaem snuaverue 0.

HokazaresnbcrBo. Bocnosbsyemest Teopemoii 1.1.3 u3 paborsr [1], ko-
TOpasi, KaK HETPY/THO YOEIUTHCsI, JOMYCKAET CJEIYIONYIO TepedopMy -
POBKY B TepMuHaxX obpaTuMbix KA:
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QO - HeT HeTPUBHANIBHEIX 06paTUMBIX KA
© - Bce HeTpuBHaNbHBIE KA 0OpaTHMEL

@ - CBOMCTBO OGPAaTUMOCTH HEPA3PEIINMO

O
Puc. 1. Pactipenenenne obparumbix KA mo kimaccam Ilocra.

Teopema 3. Kaemounwiii asmomam o A6AAEMCA 00PGMUMBM M020a U
moavko moezda, x02da 0as 060U Koudueypauuu farbozo ee baoka B
wucao kongueypayuts g 6aoka V(B), ydoeiemeopaowur coommowenuo
®| 5 (9)=f, pasro nlVIENBL 29¢ |V (B\B| — wucao sucex 6aoka V(B)\B.

Paccmorpum 610K, COCTOANIMI U3 OHOM sueiiku o B coorBeTcTBUM C©
YTBEPXKIEHUEM TEOPEMBI IIO/IyYaeM, 9TO UHC/IO MPOooOPa3oB KOHGUrypa-
mn f(«) = 1, coBnagaer ¢ uncsiom mpoodbpaszos Koudburyparmn f(a) = 0,
OTKyJIa CJIEJIyeT CIIPABEIMBOCTD YTBEPHKICHUSI.
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Vreepxkaenne 2. [Tycmo KA o = (ZF, Ey,V,p) — obpamum. Toeda
cywecmeyem Habop o, 6 KOMOPOM MOALKO 00HA KOMNOHENNA PaAcHa eOu-
Huye, maxot, wmo (a) = 1.

HokazareabcTBo. Homycrum mnporuBHoe. Paccmorpum  KoHUrypa-
nuio f, COMEPKAILYI0 POBHO OJIHY S4eiiKy B cocTosgHUU 1. 3aMeTum, 9To
®(0) = ®(f) =0, rae 0 — TOXK/IECTBEHHO paBHAasl HYJIIO KOH(MUIYPAIIHS.
CrnemoBarebio, KA o He siByisieTcst 06paTUMBIM. Y TBEpKIEHNE JTOKa3a-
HO.

Vreepxkaenne 3. [Tycmv KA o = (ZF By, V,0) — obpamum, u
©(1,1,...,1) = 1. Toeda KA o* = (ZF, Ey,V,p*), 2de $ynmyusn p* —
dsoticmeennas K ©, MAKAHCE ABAAEMCA 0OPATMUMbLM.

HoxkaszaresiberBo. B ey yenosust ¢* (0,0, ...,0) = 0, To ecTb ueTBepKa
(ZF, By, V, ©*) NelicTBATEIBHO ABJIACTCA KICTOYHBIM aBTOMATOM. B cooT-
BeTCTBUU ¢ TeopeMoii Mypa-Maiixuiia [1], KJICTOYHBII aBTOMAT ABJIAET-
¢t 0OpaTUMBIM TOTJIA U TOJBKO TOTJA, KOIJia €ro riobasjibHas (DyHKIHs
nepexonoB ¢ cropbekTuBHA.

Paccmorpum  GuekTuBHOE OTOOparK€HHE MHOXKECTBA  COCTOSHUN
12 EZ* s EZ" oupesensienoe coorromennenm 1(g)(a) = g(a)+1 (mod 2)
(masee mMbl Gy/IeM Ha3bIBAThH €ro uHBepcueii). Kak HeTpy/iHO BUIETH, TJI0-
banbHas yukims nepexogos ®* KA ¢o* nomyckaer npejicraBieHune B BU-
e ®* = P9, TO ecTh M3 CIOPBEKTUBHOCTH (DYHKINN P BBITEKAET CIOPD-
ektuBHOCTb ®* U obpaTumocts KA o*.

Vreepxkaenne 4. [Tycmv KA o = (ZF By, V,p) — obpamum, u
o(1,1,...,1) = 1. Tozda cyuwecmsyem nabop @, 6 KOMOPOM MOALKO 00HA
KOMNOHEHMG Pasha 1y, maxod, wmo o(@) = 0.

JokazarenabcTBo. CripaBeyIMBOCTb 9TOI0 yTBEP:KICHUS YCTAHAB/INBA-
ercsl IpuMeHeHneM yTBepxKieHus 2 K KA o* us yreepkiaeHust 3.

Jlemma 1. Kaemounwiii agmomam ¢ A0KaAdbHOT GynKkyuets neperodos ¢,
npunadaesicaweti oonomy uz xaaccoe Ilocma Ay, Fi, F2, acaaemca o6-
paAmuMbLM Mo20a U MoAvKo mozda, kozda dynkuua @ € O.

HokazareabcTBo. [lycte KA 0 — obparum, ¢ TpuHAIIEKUT KIACCY
MOHOTOHHBIX GyHKIMA Aq1. B cuiy yrBepKienust 2 Haiijgercss Habop & ¢
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OJIHOM eJIMHIYHON KOMIIOHEHTOI, Takoil 1to (@) = 1. B cuty monoron-
HOCTH Jist Jioboro Habopa & > @ Bwoansercs ¢(a@') = 1. Bamernm,
YTO YHUCJIO TAKUX HAOOPOB COCTABJISIET POBHO ITOJIOBUHY OT YHCJIA BCEX
nabopos. B cuiy yrBepxkaenust 1 mosydaem, 9To jis HabopoB o’ % @
p(@") = 0, To ectb bynkust (g, A1,...,0y,) = q;, THE i — HOMED
MO3UITNN, HA KOTOPOW B HAbOpe & CTOUT €JMHMUIIA.

Pacemorpuu ciywait ¢ € F2, To ecThb mobbie Ba Habopa, Ha KOTOPBIX
dbyukius ¢ obparaerca B 0, umeiorT oOIIy0 HyJIeByI0 KoMIoHeHTY. [lo
ompeaeaeHuio Kiaacca F 42 ,(1,1,...,1) = 1. B cuny yrBepxKenus 4 Haii-
Jercss Habop @, UMEIOIuii POBHO OJIMH HyJb (Ha MO3WIUK ¢ HOMEPOM 1),
Takoii, 4To (@) = 0. Samernm, 4T0 GOJIBIIIE OHOTO TAKOTO HAOOPA CYIIe-
CTBOBATH He MOXKeT (MHavue Obl OHU uMesn 001wt 0, 9TO IPOTUBOPEUNBO).
B cuty Toro, uTo 0 € F7, MHOXKECTBO ee HyJieil COePKHTCS B MHOMKe-
cTBe HADOPOB, i-Tasi KOMIIOHEHTa KOTopbix paBHa 0. V3 yTBep:kmenus 1
CJIEJLYeT, YTO ITH MHOYKECTBA COBIIAJIAIOT, TO €CTh p(q, A1, ..., Q) = Q.

[ycrs Teneps ¢ € FE (mmobble jiBa Hab0pa, Ha KOTOPBHIX (DYHKIHS
obparnaercst B 1, mMeroT 00IIyI0 eMHIYHYI0 KOMIOHEHTY ). B cuity yTBep-
JKJIeHUsl 2 Hadijiercss Habop &/, UMEIOIIHii POBHO OJIHY €JMHUILY (HA TI03H-
I[IUU C HOMEPOM 1), TaKoii, 9To ¢(@) = 1, mpudeM, 10 OLPEJIEICHUIO KJIacca
F2, Takoit Habop ToJbKO ofuH. B cmity Toro, uto ¢ € F2, MHOXKECTBO ee
HyJIell CONEPXKUTCS B MHOXKECTBE HaOOPOB, i-Tasg KOMIIOHEHTA KOTOPDLIX
pasua 1. VI3 yTBepKaenust 1 cieayeT, 9ToO 3TH MHOXKECTBA COBIIAIAIOT, TO
ectb p(ap, a1, ..., 0y) = ;. Jlemma Joka3aHa.

Hasee HAM MMOHAIOOUTCST CBOMCTBO, XapaKTepHOe s OMHAPHBIX KJIe-
TOYHBIX aBTOMATOB C JIMHEHHON (byHKITHElH TIepexo/ia. 3aMeTHM, YTO HEHY-
JIEBOE COCTOSTHUE, HE SIBJISIIONIEeCsT KOH(DUTYPAITHeii, MOYKET sIBJISIThCST TTPO-
00pa3oM TOXKJIECTBEHHO HYJIEBONl KOHMUIYpAIUu.

Jlemma 2. Ecau aokasvhas Gynrkyus nepexodos o bunapnozo Kaemowho-
20 ABMOMAMG T ABAAECMNCA AUHETHOT U He MOoHCICCBENHO HYAEB0T, MO
npPoooPa3oM mootcdecmeenno HYae60l KoHPuypayuly AGAAECMCA MOALKO
MONCIECTMBENHO NHYAEBAA KONPULYDAUUA.

HoxkazareabctBo. o ycimoeuto, ¢ # 0. Ecim ¢ cyiiecTBeHHO 3aBUCHT
He DoJjiee YeM OT OJHOMN IepPeMeHHOil, TO yTBEepKIACHIE JIEMMbI, OUeBUIHO,
BBIIIOJIHEHO.
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[IycTh o cyIecTBeHHO 3aBUCUT KaK MUHUMYM OT JIBYX IEPEeMEHHBIX.
VaasmnMm u3 mabjioHa COCeICTBA BCE BEKTOPA, OTHOCSIINECT K HeCyIle-
CTBEHHBIM II€PEMEHHBIM, U HUCKJIIOYUM ITHU ME€PEMEHHbIe n3 . Boibepem
B IOJIYy9EHHOM INaDJIOHE COCEJICTBA BEKTOP MAaKCHUMAJILHON JJTHHBI w.
Bes orpanmuenust obmuoctn OyjieM cauTarh, 9TO W = V1. BBeaeM OT-
HOIIIEHHE SKBUBAJEHTHOCTH HA MHOXKECTBE BCEX sTUeeK: OyJeM CUYUTaTh
Q1 ~ (g, €CJIM KOOPJIMHATHI OPTOTOHAJILHBIX MPOEKINH (v U (vg Ha, TIPSsi-
myio L = {w - z|x € R} coBnagaior. ZF pacnamaercss Ha KIACCHI SKBH-
BAJIEHTHOCTH, TIPIYEM HX UHCJIO OYIET CUeTHBIM, TAK KAK MHOXKECTBO ZF
cuerHo. ITocTponM cooTBeTCTBHE MEXKTY IOy YeHHBIM MHOXKECTBOM KJIac-
COB M MHOXKECTBOM IIEJIBIX YHCEJI, IPUYIEM KJIACCY, COJIEPIKAIIEMY STIeHKY
0 € ZF, npucsonm nomep 0, & OCTAJIBHBIE KIIACCHL IIPOHYMEPYEM B MOPSIJIKE
BO3pACTaHNs KOOPJINHATHI IPOEKIINN UX 3J1eMeHTOB Ha L. amee HoMmepoMm
g9eiKu OyJ/ieM Ha3bIBATL HOMEP KJIACCA, K KOTOPOMY OHA MPUHAJIEIKUT.

IIpemmosioKuM, 9TO ¢ MHEPEBOANT HEKOTOPYIO KoHdurypamnio [ B
TOXKIECTBEHHO HYyJIeBY10. MHOXKeCTBO staeek o € A, JIJIsT KOTOPBIX BBITOJI-
usiercst f () # 0, ve mycro u koueuno. [lyers o/ — sideiika ¢ HAMMEHBITUM
HomepoMm B MHOKecTBe A. Torma

go(f(a/—’ljl),f(@/),f(@/—i-’l)g —’Ul),...,f(()él—i-’l)m—’l)l)) -
:ap(O,l,O,...,O)zl,

410 nporuBopednt ToMmy, uro P(f) = 0. JokazaTeabcTBO 3aKOHIEHO.

Jemma 3. Jhoboti kaemowunnidi asmomam o = (ZF, Ey, V, @) ¢ aokarvnoti
Pynryued neperodos @, npunadiescawet mruoocecmsy L1\ Os, aeanem-
ca 06PAMUMDBLM.

Hoxka3zaresbeTBo. Onpeiesinm orepariio Cy MMAPOBAHUST Ha MHOYKECTBE
cocrosiuuii Ksierounoro apromara. O6osHaduMm depe3 €D orobpakenne
k k k
EQZ X EQZ — l?2Z , PE3yJIBTAT TPUMEHEHNUS KOTOPOT'O K Mape COCTOSTHUI
7k —
f1, f2 € E5 paser @(f1, f2)(a) = fi(a)+ fa(a) (mod 2). 3amernm, aro
B PACCMATPUBAEMOM KJIACCE KJIETOYHBIX ABTOMATOB CIIPABEJJIMBO DABEH-
CTBO

P@(f1). 2(f2) = 2(P(f1, f2))-

Honycrum, aro KA o — neobparum. Torpma cymiecTByioT jBe pas-
saHble Kondurypamun fi u fa, takue, uro ®(f1) = ®(f2). ObozHaunM
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gepes f3 koudurypammio P(f1, f2). Kak merpyano Bujers, koudurypa-
st f3 owmanaa ot Hynesoir u ®(f3) = 0. Ho nammune rakoit koudwury-
panuu mpoTUBOpednT jemme 2. M3 1oy 9eHHOro IpOTHBOPEUHrsl CIIeIyeT
OTCyTCTBHE KOH(MUTYpAIMii ¢ HEeTUHCTBEHHBIM TMPOOGPA30M y 0, YTO U
TpebOBAIOCh JTOKA3aTh.

JokazaTeabcTBO Teopembr 1.

13 pesynbraros Ilocra [3] caemyer, 4ro jyist j060ro 3aMKHYTOTO
KJ1acca OyJieBbIX (DyHKIUI CIIPABEIUBO, UTO JTMOO OH COJEPXKUT KJIACC
JIMHEHHBIX CAMOIBONCTBEHHBIX (DYHKITNM, JTUOO OH COMEPIKUTCS B OJTHOM
n3 kjaaccoB M, F. 42, F82 (cm. puc. 1). Takum o6pa3oM, yTBEpKIEHUE TEO-
peMmbI ciesyeT u3 jgeMM 1 u 3.

JIemma 4. Ceoticmeo obpamumocmu nepaspewumo 6 kaacce BCA(Dy).

HokazaresbcrBo. B pabore [6] 6bu10 JI0Ka3aHO, 9YTO CBOWCTBO 00Opa-
TumocTu He paspernmmo B Kiaacce BCA(Py). st 1okazaresbcTBa 9T0ro0
dakTa OBLIO TTOCTPOECHO CBejleHne (PUHUTHOM MPOOIEMBI JIOMUHO K IIPO-
6.7[@1\/[6 O6paTI/IMOCTI/I JABYMEDPHDbIX 6I/IHa,prIX KJIETOYHBIX aBTOMAaTOB C CUM-
METPUYHBIM TIabJIOHOM COCe/ICTBA B (DOpME IPSIMOYTOJIbHUKA DPa3Mepa
(3x1+12,15). Ilpuuem kiracc KA B, KoTopbIii IpU 3TOM HCIIOIB30BAJICH,
obJ1aj1a CJIEYIONIM CBOMCTBOM.

Hns moboro KA o = (ZQ,EQ,V, ) u3 B u3 Toro, 4ro JoKaabHAsS
byHKIHS TIEPEX0JIOB ¢ MEHsIET COCTOsTHME sTueiiku (g, aq, . . ., As) 7 Qp,
cJlejlyeT, 9To HabOp 3HAUEHUI ee TepeMeHHbIX (a, O, . . ., (ts) TPEICTaB-

JisieT u3 cebst COCTOSTHUE OKPECTHOCTH STICHKH, MMOJIYIAIOeecs TUKIIIe-
CKUM CJIBUIOM U3 KOHMUTypanuu, n306parkKeHHoii Ha puc. 2 (Oygem Ha-
3bIBATHb TaKHE€ COCTOAHNA OKPECTHOCTH aKTI/IBHbIMI/I). HpI/I‘{el\/I MHO>KeCTBO
STIeEK ¢ AKTUBHBIMY COCTOSTHUSIMU OKPECTHOCTEH OCTAETCsT TOCTOSTHHBIM
B mporiecce pyHKIuoHnposanus KA o.

COCTOHHHﬂ OKPpEeCTHOCTHU STIENKN 6yﬂel\/1 Ha3bIBAThb MHAKTUBHBIM, €C-
JIN OHO 4ABJIAETCHA I/IHBepCHeﬁ AKTUBHOTI'O COCTOAHUSA OKPECTHOCTU STYEHKMU.
HerpyaHo BumeTh, 9TO MHAKTUBHbBIE COCTOSIHUST OKPECTHOCTH STIEHKU He
MOT'yT ABJATHCA aKTUBHBIMU.

Hoctponm 1o KA o xietounsrit asromar o’ = (Z2, By, V,¢'). Ilycts
Habop @ = (ag, 1, . .., Qs) COOTBETCTBYET 3HAYCHUIO NHAKTUBHOIO COCTO-
sAHMs OKpecTHocTH sueiiku. Oupegenum ¢’ Ha HeM CJIeLyIoIuM 06pa3oM
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1(1]1 11111 f...[ 1 )1j1f1)1)1 1111
110(0 0(oj1|1(0{0|...{0(0(1|1|0]|0O 001
1 0 ail ay O 1|1 0 al ap O 1|1 0 al ay O 1
110(0 0(0(1]1(0]0 0(0j1]1(0]0 001
111 1T(1(1(1(1]1 111111 111
111 1T(1(1(1(1]1 111111 111
110(0 0(0|1]1(0] 0 0(0j1]1(0]0 0101
1 0 ail ay O 1|1 0 al ap O 1|1 0 al ay O 1
110(0 0(0|1]1(0]0 0(0|1]1(0]0 001
1(1]1 1|11 (1]1]1 1|11 f1]1]1 1111
111 1T(1(1(1(1]1 111111 111
110(0 0(0|1]1(0]0 0(0|1]1(0]0 001
110 ai ay O(1]|1(0 ay | ... | a 0O(1]|1(0 ai ay 01
110(0 0(oj1j1(0{0j|...{0(0J1|1|0]|0 0101
111 (11111 |...(1(1f1f1|1|1 111

Puc. 2. O6muii Bu/i aKTUBHOIO COCTOSTHUSI OKPECTHOCTH STIYEHKIH.

¢ (g, a1, ..., as) = =p(mag, maq,. .., "ag).

st Becex ocTasibHBIX HAOOPOB (HE SIBJISIFOIINXCSI MHAKTUBHBIMMT), 110-
JIOXKUM 3HaudeHue ' paBHBIM 3HAUEHMIO ¢ Ha 3ToM Habope. Mbl onpeje-
i ' Tak, 9TO OHA ABJISETCS CAMOJIBONCTBEHHON M3 Kiacca Di.

O6oznaunm uepes ® u @’ ocnosuble dynkiun nepexonos KA o u o',
[Tokazkem, uro KA ¢’ neoGparum Torma m TOJILKO TOIJIA, KOraa Heobpa-
TUM 0.

[IycTe 3amana HeKoTOpas KOHMUIypalus ¢ KJIETOYHOIO aBTOMATa, O.
O6o3HaunM 4depe3 Ai MHOXKECTBO s9€€K, COCTOSIHUSI OKPECTHOCTEH KO-
TOPLIX SABJISIIOTCS AKTHUBHLIMU IIPU (PYHKIMOHUPOBAHUU O, COAEPIKAILEM
koHpurypanuto g. O6o3HaunM depe3 A MHOXKECTBO sT9€€K, OKPECTHO-
CTU KOTOPBLIX SIBJISIOTCS UHAKTHBHBIMU IIPH 3TOM (DYHKIMOHUPOBAHUU.
Bamernm, uro V(A1) N Ay = @ u V(Ag) N Ay = . CaenoBaresbHo,
COCTOSTHUS S9eeK M3 MHOXKecTBa A1 m Ay He BIMAIOT JAPYr Ha JIpyra B
nporecce (PyHKIMOHUPOBAHUS KJIETOYHBIX aBToMaros o u o’. U3 aToro
dakTa, a TakxKe U3 HOCTPOEHHUs JIOKAJILHOI (byHKIuu nepexonos ¢’ KA
o', cnenyer, uTo B mpornecce pynknuonnposanus KA o’ MuoxkecTsa sdeex
A1 n Ay ocTaroTcst IOCTOSTHHDBIM.
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[Ipeamosoxkum, aro KA ¢ meobparum. Torma cymecTByoOT JiBe KOH-
dburyparum g u go Takue, uro P(g1) = ®(g2). Ho rorna xouduryparym
g1 1 go coBnajaoT Ha MHOXKecTBe V(Az), To ectb ®'(g1) = ®/(g2). Cure-
JIOBaTEJIbHO, 0’ HEOOpaTHM.

ITpeamonoxum, uro KA ¢’ neobparum. Torma cymecTByIOT aBe KOH-
dburypammu g1 u g, Takue, uro ®'(g1) = ®'(g2). Bosmoknbl sBa ciry-
gast — b0 g1 He COBIAJAET C go Ha MHOXKecTBe A1, b0 OHM pazimya-
IOTCS HA MHOXKecTBe As.

B nepsom ciydae paccmorpum napy KoHdurypanuii ¢f u gh, cobna-
JIAIOIINX C g1 U go Ha MHOxkKecTBe V(A1) 1 paBHBIX HyJItO BHe ero. Vmeem
'(g1) = ®'(g5) = (g2) = ®(91)-

Bo Bropom ciryuae paceMoTpuM napy Kondurypanyit g u gh, nHBep-
CHH KOTOPBIX COBIAJIAIOT C g1 U go Ha MHOXKecTBe V (Ag) M PaBHBIX HYJIIO
Bre ero. st nux ®'(gy) = @'(g5) = (g5) = (g1).-

Crie1oBaTeIbHO, U3 HEOOPATUMOCTH KJIETOYHOTO aBTOMATA 0 CJIeJLyeT
neobparumocth KA o. JlokazaTebeTBO JIEMMbI 3aKOHIEHO.

okazaTeabcTtBo TeopeMbl 2. B coorBercTBUU ¢ Teopemoii 1, kiac-
Cbl C HEpa3pPelInMbIM CBOWCTBOM OOPATUMOCTH 00si3aHBI COJEPKATH B
cebe muoxkectBo BCA(Ly). ITo semme 3 BO Bcex JIMHEHHBIX KJlaccax
cBoiicTBO OOpaTuMocTH paspermo. 113 pesyasraros Ilocra coeyer, aro
«HEOXBAYCHHBIMI» OKA3AJIICh TOJILKO Kiaccel, cogepxaige BCA(Dy)
(eMm. puc. 1). Ho u3 jieMMBI 4 BbITEKAET, 9TO B HUX CBOHCTBO OOPATHMOCTH
HepaspenmmMo. JloKa3aTesbCTBO 3aKOHIEHO.
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