PacnoznaBanue nmudpnsl BoceEMb
KOJLIEKTUBaAMU aBTOMAaTOB

B. Cramarosuu

Msyugaerca mpobuema CyLIECTBOBAHUA aBTOMATa (IEIIKH),
PACIIO3HAIOMIET0 HEKOTOPLIM KIACC MIAXMATHBIX JaOUPUHTOB (7r-
Ja0UPUHTOB). DTOT KJIACC B [EOMETPUYECKOM CMBIC/IE IIPEACTa-
BisieT nudpy Bocemb. B [4] mokasaHo, 9TO 4L DTOrO KIACCA HE
CYLIECTBYET DACIO3HAIOIEro aproMara. B [5] mokasano, 4To s
ONHOCBA3HBIX UMD CYLUIECTBYET paCHO3HAMOMINK aBToMaT. B [6]
MOKA3aHO, YTO A ABYCBABHLIX NP CYMECTBYET PACIO3HAIOLINI
komnektus tuna (1, 1). B npegraraemon pabore npuBoguTcs go-
Ka3aTeIbCTBO CYIECTBOBAHUA PACIO3HAIONIErO KOWICKTUBA, TUIIA
(1, 1) pas uudpsr BoceMb.

1. OcHoBHBIE ITIOHATHA U pe3yjabTaThl

OcHOBHBIE 0003HAYEHUSA ¥ TOHATHUA, TAKWEe KAK KOHEYHBIA aBTO-
MaT, JabUpUHT, memka u T.1. B3aTel u3 [1, 2, 3]. O6o3nauum [epes
e = (1,0), » = (0,1), w = (—1,0), s = (0,—1) eguHWIHBIE BEKTOPEHI
eBKJIM/I0BA, BEKTOPHOro mpocrpancTsa R? u wepes 0 = (0,0) — myeson
BEKTOP.

[Iycrs @ = (a1,a2) u b = (b1,b2) - HpOU3BOILHBIE DIEMEHTHI MHO-
xecta Z2. TosopuM, aTo a u b (caabo) cocednue, ecmm (|la — b < 2)
la—b|| = 1, rge |la—b|| = [(a1 —b1)?+ (az —by)?]/2. llocaegoBaTensrOCTS
a=pg,pi,-..,Pm = b B Z? HaswBaeTca (caaboti) yenvio, CBA3BIBAIOMICH
TOYKY @ U TOUKY b, ecim TOUKU p; 1 U p; (ca1abo) cocemume mias ao6oro
i, 1 < i < m. Muoxectso V, V C Z2 maseBaeTca (caab0) c6A3HbLM,
ecam s mobeix a,b € V cymecrsyer (caabas) mens B V', CBA3BIBAIO-
was ux. Komnonenwmoti (caaboti) ceasznocmu muoxectsa V Ha3bIBaeTCA
moboe MakCHMAaIbHOE (Crab0) CBA3HOE IIOJMHOXECTBO MHOXeCTBa V.



366 B. CramaroBuu

T-4a6upurmom HassIBaeTCA moboe oTobpaxenne ¢ : 22— E?, (E? =
{0,1}) rakoe, aro P, = ¢ }({1}) saBaaerca cpasupiM MHOXKecTBOM. Ec-
¥ py — NPOM3BOIbHAA TOUYKa B P, Torga mapa (c,pp) Ha3bIBaeTCA 7-
JaOUPUHTOM C HAYAIOM pg. T-TAOUPUHT HA3LIBACTCA KOHEYIHHIM (6ecKo-
HEYHBIM), €Cau MHOXecTBO P, saBisercs koHedHbIM (OeckoHedHbIM). B
OyayueM mox w-1abUpUHTOM OyAeM HOHMMATH KOHEUHBIM 7-Ta0UpPHUHT.
Avipoti T-1a6UPUHTA ¢ HA3BIBAETCA MPOU3BOALHAA KOMIIOHEHTA, CIa00U
ceazHocTE MEOKECTBA Z2\ P,.

[Iycts ¢ — mpou3BOAbHBIM 7-1abupuHT. Paccmorpum rpadp G, =
(P., X.), y koroporo P, — muOX)ecTBO Bepmut, X, — MHOXECTBO IyT,
u (p1,p2) € X, TOrga U TOILKO TOTAa, KOTAa P1 U P — COCETHUE TOUKA
(p1,p2 € Pe).

s npowmsBonbHOro MuoXkecTBa A depes Py(A) 0603HAIMM MHOXKE-
CTBO BCEX €r0 HEIyCTHhIX MOAMHOXECTB.

O6osuauum D = {e,n,w,s}.

[IycTy mambl mHunmansbHbin aBromMar A; = (A, Qi Bi, i, i, qo) u

ynopsanodennst mabop V; = (pi,...,p}, ) HEHyJIeBBIX BEKTOPOB u3 72
A oboro ¢, 1 <4 < n. lpeamonoxum, aro A, — Takou aBTOMAT, ITO
B; CV} ={0,p},...,p),}, m Aj — MHOXeCTBO BCeX TaKuX

n;+1

a' = (al,...,ah) € |{0,1} P U {7} xQj) ,
T

YTO ec/In afcl ¢ {0,1}, | = 1,2,3, To prl(afﬂ) ﬂprl(afm) = Qu
|a§93 N{j} x Q;| <1 gra moboro j, 1 <j < n; 0< ki, ko, ks <ny, ki #
k2; 1 < i < n. [lonycrum panee, IT0 s HpOI/IBBOJII)HOI"O q € Q;, ecam
ab # 0 u (g, a )—pk, 0<k\nZ,T0ak7€0 p) =0; 1 <i<n.
Cucrema A = (A1, Ay, ..., A,), koTopas 061a1aeT YKA3AHHBIMY BBILIE
CBOMCTBAMU, HA3BIBAETCA CUCTNEMOT 83aUMOJeTcmMBY0WUT (KOALEKMU-
6om) peeyaapriz newer, a #A60p Vi, 1 < i < n — nosem 3penus IemKR

A;. Nanee, ecrm s He{m{n A; mabop V; = (pi,...,p,,) ABaseTca morem
I = ,

spenus u ecmu p; = (ag, & ) (pi = 0), 1 < j < ny, To nOA Ut a2 Oy em

IOHUMATH Gj; @ = (g, G1,...,0pn;) € Aj.

[lst mpousBoabHOU niemku A depe3 A, Ba, QA Oymem 0603HAYATS,
COOTBETCTBEHHO, €6 MHOXECTBA, BXOOB, BEIXOJOB U COCTOSHUM, & Iepe3
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QA ¥ YA, COOTBETCTBEHHO, — €€ (DyHKIMK BBIXO/A U IIEPEXOA.

IIycts A = (A1, As,...,A,) — IPOU3BOIBHASL CHCTEMA B3aUMOIEH-
CTBYIOIUX IEIIEK, Vi = (pi,... ,pﬁli) — mone 3penusa memku A;, 1 < i <
N, U ¢ — OPOU3BOAbHBIN T-aa0upuuT. [Ipegmomoxum, 4To memka A; B
COCTOAHUM ¢; HAXOAWTCA Ha HoOIe 2} ¢; € QA3 2z € Py 1 <@ < n.
Onpegemum Bxox aa,(z;) memku A;, 1 <4 < n, cregyomum o6pa3om:

0, zi + (o, 0%) & P,
L) € P AYG £0, 1< <,
[aAi(Zz')]oﬁi,oeé = ) S 'Zj - Zl?é (0/170/2)’
{(jaqj) | Zj = 2 = (0/170/2)’.7 7é z, 1< J < n}
B OCTAJBHBIX CJIYadaX;

(o, ab) € V!. fcro, w0 ap,(z;) 3aBucur ot A, Vi (1 <i<n)uor pas-
MEIIECHNA [IEUIEK DTON cucTeMbl, TO ecTb oT {z;}1 ;. [lockoabky Beerga
Oy/eT ACHO M3 KOHTEKCTA, O KAKOM KOIEKTUBE WAET PEYb W Ije HAXO-
IATCA MEIKA 3TOM CACTEMBbI, OyeM MOIb30BATbCA DTUM O0O3HATECHUEM
6€3 CIenuaJIbHON OI'OBOPKH.

[Iycrs (¢, 2p) — HPOU3BOIBHBIN T-IA0UPUHT C HAYAJIOM B 2y, 20 € Pe, 1
A= (A1,As,...,A,;) — HEKOTOpaAA CUCTEMA B3AMMOAEUCTBYIOIMX PEry-
aapubix nemek. [osedenuem xomrexkTusa A B m-1a0UPUHTE ¢ HA3BIBAET-

¢ mocaenoBaTeabHOCTh T(A; ¢, zg) ¢ (;0,50,50,(;0) ,...,(;t,at,gt,gt) ,
(Zt+1aat+1abt+17(h+1)7---7 roe z;y = (Ztla"'azp)a ay = (a%a"'aa?)a
ai = (aio,...,a%ni) € Aa, (1 < i < n), by = (b,...,b}), b €
Ba, (1 <i<n)yaq = (a---,9), ¢ € Qa, (I < i < n) raxue,
qTo 29 = (zoa-"azo)a Zt+1 = 2t + bta b% = ¢Z(qiaaf%)a q£+1 = @Z(Q%aa'pzf)a
a ay, = [aAi(#)]a}'c,ﬂ,iv rae pp = (), B;) € Vi, Vi = (pgv"'vp%i) — Hnoxe

3penus memku A;. flcHo, 9TO Zt € P¢ nna moboro t, t =0,1,....

[lanee Be3 e IpeaIoaaraeTcsa, ITo Vi=VouB; = DU{0} mus mo6o-
rot, 1 <1 < n, roe ‘70 = ((1,-1),(1,0),(1,1),(0,—1),(0,1), (=1, —1),
(—=1,0),(-1,1)).

o0 n .
IIycrs Int(A;¢,20) = U | U 2/ |. Mroxectso Fr(A;c, 20) = Pe \
i=0 \ j=1

Int(A; ¢, zp) Ha3BIBaeTCA KpaeM 1 KoLeKTuBa A B m-1abupunte (¢, zp).
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Ecmu Fr(A;e,zg) = &, To rosopum, 9To KowekTus A 06XoauT -
1abupusT (c, 2p).

ITycry Bergemensl memku A, Ay, ., A; , 1 <4 <2 < ... <
im < n, B A Ay = (A;,Qi;, Bi,pi;,¥i;), 1 < j < m, yrosne-
TBOpATONME Creayomemy ycaosuio. [Ipeamonoxwmm, wro Qi = {g;,},
u s aoboro a = (ag,a1,-..,a8) € Aj;, mabo i (gi;,a) = 0, am-
60, ecma i (gi;;a) = b # 0, To cymectsyor s, s # i (1 <

k < m)mgq, q€ Qs maxume, a0 (8,q) € ap u 9Ps(q,a’) = b, rge

a" = ((ao \ {(s,0)) U{(j,4;;)} a1, as); 1 < j < m. Torga nemxu

A A, ..., A, Ha3BIBAIOTCA KaMHAMU B KOLIeKTHBe A.
Konnektus A ¢ m ormedenasiMu aBromMaramu A, , A;,, ..., A

im
im o KO-
TOpBIE ABIAIOTCA KAMHAMU, HA3BIBAETCA KOAAEKMUBOM U3 N — M, 46O~
Mmamos ¢ m Kamuamu (Koasexmus muna (n —m, m)).

Kpowme maumanssHoro cocroauus ¢y asromara A, = (4,Q, B, ¢, 1,
q0) MOXHO BBECTH MHONMCECMBO 3AKAOUUMEALHOIT cocmoanut Qp C Q.
ycres Qr = {qry,qr }- Bysem rosopurs, aro aBromar A, (kommek-
tuB S = (Ay,,K) tuna (1, 1)) pacnosnaem msabupmar L,, eciun opu
ero 3alycke B JaGUPUHT L, IPOMCXOAUT mepexoj aBroMara A, B 3a-
KIIOYUTEILHOE COCTOAHME ¢fy , & IIPU €ro 3aiycke B aabupunr L), # L,
IPOUCXOAUT IEPEXO[ B 3aKIOUATENLHOE cOCTosHme ¢r,. llycte C —
KJIACC MHUIMUATBLHBIX Ja0upuaToB. ['oBopuM, uTo aBToMaT A, (kKoLIek-
muB S = (A, K) tuna (1, 1)) pacnosnaem xaacc C, ecam npu ero
3amycke B Ii000U JTAOUPUHT L, IPOUCXOAWUT Iepexoj aBToMaTa A, B
3aKJIIOYATENBHOE COCTOSHUE ¢, TOIBKO Torjga, korga L, € C, u s
moboro nabupunta L, ¢ C HPOMCXOAUT MEPEXOA B 3aKIOUATEILHOE
COCTOSIHUE (.

Ecmn mmoxecrso K € P, torma rpamunen 0K wuoxecTBa K
OyleM Ha3eBaTbL MHOXecTBO {z € K| cymecrsyer Touka 2" B Z2 \
K rakas, aro z u 2 crabo cocegame}. Bokpyr kaxmgoun Toukm z =
(z1,22) € 0K paccmorpum kBajgpar kv, ¢ gauaou cropous 1. Ero cro-
POHBI 0603HAYMUM |Uepe3 «, (3, X, 0:

a={z=(z1,72) €ER2|z1 — 1/2 < 21 < 21+ 1/2,29 = 20 + 1/2},
B={z=(z1,72) ER%|z1 —1/2 <21 < 21+ 1/2,22 = 20 — 1/2},
x={r=(z1,20) ER2|zy =20 — 1/2,20 — 1/2 < 3 < 20 + 1/2},
§={x=(v1,22) € R¥|x1 =21 +1/2,290 — 1/2 < w3 < 22 + 1/2}.
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Cropoust «, 3, X, d kBagparta kv,, z € 0K, IMEIOT CBOUCTBO «CTOPO-
Ha, HAXOUTCA MEX Ty TOTKaMu MEOXecTBa K n mEOXecTBa Z2\ Ky, ecan
Touku (21,22 + 1), (21,22 — 1), (21 —1,22), (21 + 1, 22) He npuHagIERAT
MHOX€eCTBY K, COOTBETCTBEHHO.

[MycTs st, MHOXECTBO CTOPOH KBaapaTa, kv,, KOTOPBIE UMEIOT CBOU-
CTBO «CTOPOHA HAXOAUTCSI MEX Iy TOYKaMu MHOXecTBa K u MHOXeCTBa

72\ K». ®urypa Fx = |J st, npeacrasaseT co60i TPAMOYTOMbLHbI

z€0K
IIOJIUTOH.

Hycrs K C 72 xome4unoe cBszHOE MHOXeCTBO. Camas HUNCHAL U
camasn npasas moura (HIT) maoxecrsa K ects Touka z = (21,22) € K
TakKad, YTO LJId KaXIOro a4 = (al,ag) € K, 29 < ao wu, eciu zz = a9,
Torga z1 > a1. Camas wuxcnsas u camas sesas moura (HJI) mroxecTBa
K ects Touka z = (21,22) € K Takas, 9To gua xkaxaoro ¢ = (ai,as) €
K, 2 < ag mnm, ecan zo = ag, Toraa z1 < aj. Camas 8bicokas U camas
npasas mouka (BII) maoxecrsa K ectsh Touka z = (21, 22) € K Taxas,
9TO A Kaxaoro a = (a1,a2) € K, z9 > a9 wim, ecau 2y = ag, TOrAa
z1 > ay. Caman evicokas u camas seas mouka (BJI) maoxecrsa K ectb
Touka z = (21, 22) € K Takas, 910 masa kaxaoro a = (a1,a2) € K, z9 >
a9 WIN, €CIN 22 = G2, TOrAa 21 < A1.

[Iycrs (S)* - mEOXeCcTBO Beex cioB a = a(1)a(2) ... a(k), k > 4, nan
anpasurom S = {—1,1}. Ompegeanm orobpaxenue f : P — (S)* caeny-
oM obpasom. Ilycrs P € P. O6xoasa nonmuron Fp B TOJOXUTEIHLHOM
HAIIPABJICHUU, HAYMHAA OT CAMOU HUXHEU M CAMOU IIPABOU TOYKU, IIPO-
HyMepyeM BepIIMHBI DOAuroHa Fp Tak, 4To comocTtaBuM -1 miau 1, ecan
yroua B Bepuuse /2 win —7/2, COOTBETCTBEHHO.

Oupepgenum caegyiomme ceMeUCTBa MHOXECTB (puc. 1):

®, ={PeP||P|>2 f(P)=(1(-11)"1-1(1,-1)"1), k,n >0}
®y={PeP||P| =2 f(P)=(-1(1,-1)"1-1(1,-1)F-1), k,n >0}
O ={PeP||P|>2 f(P)=(1(-11)"1-1(-1,1)*1), k,n > 0}
o, ={PeP||P| =2 f(P)=(-1(1,-1)"1-1(-1,1)-1), k,n >0}

rae (a,b)" = (ab)(ab) ... (ab),n € N.
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i A L

41- 1(1, 1
('1(1)'1) '1'1(1)'1) '1) ('1(17'1) '1'1('171) '1)
Puc. 1.
Ecm z; = (zj,y;) € Z% j = 1,2,3,4 Takue, 4To Yy, =
Y3, Y1 = Ya m y1 < Y2, mormga obosmanmm Ag T = (K €

®; | z1,29,23,24 — HIL, BII, BJI, HJI Touka muOX)ecTBa K cooTBETCT-
BeHHO}, ¢ € {1,...,4}.

Iycts 2z; = (zi,y;) € Z2, i =1,2,...,30 uMeroT CBOKCTBA:

Y17 = Y24 = Y19 = Y2,
17 € T2q4 < T19 — 1, 219 < 22,
Ya > Y3z > Y2, Y15 > Y16 > Y17,
Y15 = Y22 = Y21 = Ya,
(8) 15 < T22 < x21 — 1, T21 < 24,
Y13 = Y30 = Y25 = Ys,
z13 € T30 < T25 — 1, 225 < s,
Ys > Y7 > Ys, Y11 > Y12 > Y13,
Y11 = Y28 = Y21 = Y3,
L 211 < T2 < Tar — 1, 227 < @8

Puc. 2.

Torga,

{zi}ti—130
Ky "= = (K € PIK = U K} e Ag>amas K§ e
22,23,220,219 8 23, z4,z21,z22 8 24,25,214,215 8
Ay, . K3 € Ay , K4 € Ay, , Kg €
223,222,215,216 8 224,223,216,217 8 25,26,213,214 8
Ay, , Kg € Ag, , K7 € Ay , Kg €
26,27,226,227 8 27,28,227,226 8 28,29,210,211 8
Ay, . K§ € Ay, , Kiy € Ay , Kj, €

229,228,211,%12 8 230,229,%212,%13
A, , Kiy € Ay, ;

(.’El = 3318) = (21 + (1, 1) € K18 Nz + (—1,1
(z%;r(o, 1) ¢ K§Az3+(0,—1) ¢ K5) = (23+(
K ?

(.’L‘25:.7714):>(Z5+( )EK4/\Z5—|—( 1,—1)EK§),

(Zgj)-i-(o, 1) ¢ /\216+( —1) ¢ Kﬁ) (216+(1;1) S K§V216+(1,—1) S
KG

1) € K§vzsz+(—1,-1) €
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(27+(0,1) ¢ K§Az7+(0, 1) ¢ K§) = (27+(—1,1) € K§Vazr+(—1,-1) €
K3),
(9 = 210) = (29 + (1,—1) € K8y A z9 + (—1,-1) € K§,),
(212 + (0,1) ¢ K, Az + (0,-1) ¢ K$)) = (212 + (1,1) € K8, V 26 +
(17 _1) 12)}

Onpenenum knace w-radbupuatos Cg:
Cs = {c:Z? - E*c }({1}) = K € Kq
BBIIIOAHEHO ycaosue (8)}

{zi}iz L0 e Z2i=1,..30, u

Teopema 1. Cywecmsyem xoasexmus (Ag,Kg) muna (1,1), xomo-
puti pacnoswaem kaacc (Cg,HII) = {(c,pun) | ¢ € Cs, pun
~ camas wudcHas U camas npacas mouxa mmoxcecmea c ' ({1})},
2de mewwxa Ag wumeem 91 cocmosnue, u 410001 aAaOUPUHM U3
kaacca (Cg,HII) ¢ n eepwunamu owa o0b6rodum 3a 6pems He
3/2(n—11) +29, n=2k+11, k<1
3/2(n—12)+31, n=2k+12, k>1
{9/2(n—12)+15, n=2k+12, k<4

MEHbDUWLEE { u He Ooavwee

9/2(n —13)+19, n=2k+13, k>5 "

2. MokaszaTeabcTBO Teopemsbr 1

Tak Kak MBI OyIeM PACCMATPUBATH TOJBKO PETYIAPHBIE MEITKH, MOX-
HO MIOJIB30BATHCA 60OMEe KOPOTKOU 3AMUCHIO: BXOTHO AI(PABAT €CTH MHO-
8
xectso A = {0,1,...,255}, morydennoe kogupoBarmeM Y a;2'"! ame-
i=1
menTos (1,a1,...,as) € (E?)Y.

Paccmorpum dyaxnmonmposanme kommektusa (Ag, Kg), xoTopsin
Oy/eT MOCTPOEH HA CAEAYIOIEM DTAIIE.

N3 onpenenenus kaacca Cg cregyer, aro ecau ¢ € Cg, TO MHOXECTBO
¢ 1({1}) mMoxeT 6BITH pa3aeeHO TOPU3OHTATLHBIME OTPE3KAME HA, TO/I-
muoxectsa Cj, j € (1,...,12) Tak, aro ara kaxzgoro j € {1,...,12}
cymecrsyer | € {1,...,4} Takoe, aro C; € ®;. B [5, 6] mokasano, 1ro
cymecrsyer nemka Ag, = (A, Qi, B, i, Vi, qo, QF), KOTOpasd pacro3Ha-
eT KIaCC NHANUATBHBIX 7r—J1a6HpHHTOB (®;, HIT) = {(c, pun) | c71({1}) €
®;,pun — HII Touxa mmoxectsa ¢ L({1})}, 1 <i < 4.

3aMeTuM, ITO OKPECTHOCTH TOYKH, B KOTOPOU ABTOMAT HAXOMATCA
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— BTO €IMHCTBEHHAA MHMOPMAIUA, KOTOPYIO ABTOMAT MMEET B KA IBIN
MOMEHT BpeMeHu. ABToMaT He uMeeT MHGOPMALKMKA O TOM, HAXOJUTCA
JI¥ OH B (OKPECTHOCTH» GECKOHEYIHOM BHENIHEH OOJACTH WIA B OKPECT-
HOCTHU KOHEIHOU ABIPHI (CAEACTBHEM DTOrO GaKTa ABIAETCA Teopema 1.1
[4]). ABTOMAT HyXAaeTCA B ZONOIHUTEIHHON MHMOPMALUY, KOTOPAs I10-
MOXeT eMy Ipu OOXOX [eHUM KOHETHOU AbIPHL B OJHOM HAIIPABICHWUH (B
HALIEW KOHCTPYKIUU 5TO OTPULATEILHOE HAPABICHWE) HOHATD, ITO OH
HE (BAIMKJIAIC.

[lycts ¢ € Cg u ¢~ 1({1}) = K. Komrextus (Ag, Kg) maamraeT 1pu-
xenue B Touke 21 (HII Touka). O6xogurcs mHOX)ecTBO K TeM xe caMbIM
croco6oM, Kak B Jlemme 1, mpw 5TOM B HEKOTOPHIM MOMEHT aBTOMAT (H
KaMeHb, KOTOPBIU BCE BPEMA PAJOM C HEM) OyeT B OKPECTHOCTH KOHed-
HOU AbIpbl. ABTOMAT Kamenb Kg Torga «orcraeTs B OQHOU TOYKe jiabu-
PUHTA ¥ IOMHHT, 9YTO aBTOMAT Ag ObLI B TOU TOUKe. B KOHCTpyKnuu
aBTOMATAa HTO CIYIAeTCA B OLHOM U3 COCTOAHUU (7, (g, 9 aBTOMaTa Ag.
ABromar Ag mpooIKaeT ABUraTHCI TaK Xe, Kak u aBromar Ag u3 [6,
teopema 1]. Cocrosnus g;, 1 € {1,2,...,10,12,13,14,16,18,19,...,25}
aBTOMaTa Ag COBHAJAIOT C COCTOAHMAMHU aBTOMAaTa A, U 37eCh MBI HE
OyeM UX OINUCHIBATH.

[lanee, npu 06xX0qe KOHEIHOU NBLIPHI B TOM XK€ CAMOM HAIIPABICHUN
aBTOMAT Ag B HEKOTODBIA MOMEHT CHOBA OKAXETCA B TOYKE, IIe HAXO-
mutea kamerb Kg, To ecTh aBroMaT Ag OOG0UIET KOHEYHYIO ABIPY. B
KOHCTPYKIIMK ABTOMATA, 3TO MPOUCXOMUT B OJHOM U3 COCTOAHUM (22, (24.

Hamnee, aromar-kamenb Kg BmecTe ¢ aBTomaroMm Ag o6xomauT Jaabu-
puHT. B magpHenmeM MBUXEHUU KONIEKTUB CHOBA OKAXKETCA B OKPECT-
HOCTM KOHEYHOU [ABIPBI (BTOPOM), T'Zleé ABTOMATHI CHOBA Pa3JeaaTCs
(aBromar-kamens Kg Torga «orcraeT» u xjaer, a aBromaT Ag 00XOAUT
KOHEYHYIO ABIPY). B KOHCTpYKIUM aBTOMATA HTO MPOUCXOAUT B OTHOM
U3 COCTOAHUY (48, 056, J57, I58-

3aTeMm aBToMAT Ag OmATH 00A3aTEABLHO MOMANACT B KAMEHb. B KOH-
CTPYKIAM ABTOMATA, DTO MPOUCXOAUT B ONHOM M3 COCTOAHUU ¢71,(73.
[Tocae BecTpetn ¢ kamHEeM aBTOMAT Ag MPOMOIKACT ABUXKEHUE, U MIPU
DTOM ¢ = ¢ 49, ¢+ € {51,52,...,66,68,69,70,74,75,...,89}, rae de-
pes q;- 0003HAYEHBI COCTOAHUA KOTODPHIC UJCHTUYHBI COCTOAHUAM (j,
j€{2,3,...,17,19,20,21,25,26,...,40} u3 koncTpykumu aBromara A
[6].
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[Mocrpoum xommekTus Sg = (Ag, Ksg).

B onmcammm aBToMaTa Ag HpEANOIAraeTCA CyIECTBOBAHUE (IPHO-
puTeTay MEXIY BXOAHbLIME OyKBAMU B HEKOTOPOM COCTOSHUU, KOTOPLIN
ONpEAEIAeM 9ePe3 MOHATHE «OMUCAH PAHBIIE). BOCIOMb3yeMca KOaupOoB-
KOI, KOTOPYIO MBI BBeIH BhIIIE. [l daeMeHTa BXOJHOrO aadhaBUTa aBTO-
mMaTa Ag MOXHO NONB30BATHCA 6ONEe KOPOTKOU 3AIUCHIO (8, a), rae s = A
(mycrom cuMBOX) MMM S = Qry; QK = {Qks)> ¢ € {0,1,...,255}. Tak-
XKe B OIMCAHAU aBTOMATa Ag OIIyCTHM KOJ COCTOSHHA ABTOMATA-KAMHSI
Kyg; Oymem mucaTh €ro TOABKO B 9aCTU (PyHKIMOHUPOBAHUI ABTOMATA,
Ag, rue ono 3aBucuT oT aBroMara-Kamaa Kg.

Konnexrus Sg = (Ag, Kg) mocrpoum cregyomum 0o6pa3om:

Qs ={qi|i€{1,...,89}} UQF,

(pS(QIla a’) = q11; ¢8(QI170’) =w 111 a € {2147 667 1947 2107 2487 1047 2327
203, 215,211,67,195, 216, 200, 72, 255, 223, 251,219, 107,75, 235, 249, 233,
105, 217, 201,73},

(pS(QIla a’) = q11; ¢8(QI17 CI/) =naua € {187 197 247 257 287 297 277 1467 1477
152, 153,155},

()08((]117 Cl.) = q12; ¢8(q11a a) =equaac {22, 23, 31, 1507 1517 159}a

(pS(QIla a’) = q13; ¢8(QI17 a’) =w g a € {2537 1257 2217 937 957 1277 887 927
220, 252,124,120, 121, 89},

es(q11,a) = qi55 Ps(qi1,a
es(qi1,a) = qi7; Ps(qui,a
es(qi1,a) = qry; Ps(qui,a

=e mua a € {10,14,30},
=e gt a € {26, 154,158},
= 0 unawue,

R ~— —

@8(QI57 a’) = {15; ¢8(q157 a) =e i a € {2467 63,30,10,14, 110,111,214,
66,70, 86,254, 126, 127, 106, 107, 43, 47, 62, 46, 42, 255, 31,15, 11, 118, 98,
102},

ws(q15,a) = q15; Ys(qis,a) = n g a € {56,60,124,120,24,28,112,116,
80, 84},

@8(‘]157 a’) = q16; ¢8(QI57 CI/) =w Aasa € {2087 2127 2407 2447 2487 252}7
()08((]157 a’) = q17; ¢8(q15a a) =enquaac {1547 158, 26, 186, 190, 58, 597 155,
159,187,191, 215, 211, 210, 250, 251, 242, 243, 247,99, 103,114, 115, 119,
122, 123,67,71,82,83,87,250},

¢s(q15,a) = gry; Ps(q15,a) = 0 nHase,

(pS(QI?a a’) = q17; ¢8(QI77 a’) =e s a € {667 677 707 717 867 877 987 997 1027
103, 106, 107, 110, 111,118, 119, 126, 127, 214, 215, 246, 247, 254, 255, 234,
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235, 238, 239,194, 195,198, 199, 226, 227, 230,231, 242, 243,251},
()OS(QI% G,) = q18; ¢8(QI77 G,) =samaac {937 957 757 797 2037 2077 2207 2167
88,89, 92, 219, 223, 221, 217, 72, 73, 91, 200, 201 }

ps(q17,a) = qry; Ps(qi7, a) = 0 unade,

0s8(q25,a) = q25; P8(qes,a) =n gmaa € {b € A |24 <b <31 mwmm 56 <
b <63 mm 80 <b<95mmm 112 < b < 127},

ws(qes,a) = qo6; Yslges,a) = n mma a € {b € A | 144 < b <
159 mmm 184 < b < 191},

©8(q25,a) = qry; Ps(qes,a) = 0 unawe,

ws(q6,a) = qo6; Ys(qee,a) = w mma a € {b € A | 64 < b <
103 mmm 112 < b < 119 mim 192 < b < 231 wm 240 < b < 247},
<p8(q25,a) = (26; ¢8(QQ5,G) =n L a € {b €A | 16 < b< 25 mm b =
27 wm b = 28 wim b = 29 wim b = 31 wnm 144 < b < 159},
(pg(q%, a) = (46, ¢8(QQ5,G) =equaa € {26, 58, 186, 190, 154, 158},
(pg(q%, a) = q27; ’lﬁg(q%, a) =w i a € {106, 110, 122, 126, 234, 250, 254,
238},
©8(q26,a) = q30; Vs(ge6,0) = e g a € {10,42},
(pg(q%, a) = Q98; ¢8(QQ5,G) =equaa € {14, 30, 46, 62},

) (

) (

808((]26;& = qF,; g q26,a) = 0 unawue,
(pg(QQ?, a) = qo7; Ps(qor, a) =W I a € {107, 111,127,123, 235, 239, 251,
255},

()08((]277 a’) = (28; ¢8(Q27aa) =enmmac {15, 31, 63,47}7
()08((]277 a’) = q46; ¢8(CI27, CI/) =epniac {277 1877 597 1557 1597 191}7
0s(q27,a) = q30; YPs(qar,a) = e pua a € {11,43},
©s(q27,a) = qry; Ps(ger,a) = 0 umase,
(g28, @)

ps(qes, a) = qas; s
127,118, 119, 86, 87},
ws(qos,a) = qo9; Ps(qos,a) = e naa a € {122,123,114,115, 82, 83, 250,
251, 242,243, 210,211},
©s(qa8, @) = q315 Ps(qes,a) = e pua a € {95,223},
ps(qos, a) = qs2; Ps(qes, a) = e ana a € {91,219},

s(q28, @) = gs6; Ps(ges,a) =n pnaa € {216,217},

8(qes, @) = q53; Ps(qes,a) = n mua a € {220,221},

(g2s, )

(g29, a)

qos,a) = e mua a € {254,255,246,247,214, 215,126,

ws(q2s,a) = qry; Vs = 0 unave,

©8(q29,a) = q20; Vs

(q28, @)
(g29,a) = e mua a € {234,235,226,227,194, 195, 106,
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107, 98,99, 66,67},

©8(q29,a) = q32; Ps(q29,a) = e pua a € {203, 75},

ws(g29,a) = que; ¥s(qey,a) = e musa a € {239,207,231, 238,199, 230, 198,
111,110,102, 70,71,103,79},

()08((]297 ) = @35, ¢8(CI29, ) =w A a € {2007 2017 727 73}7
©8(q29,a) = qry; Ys(g29,a) = 0 mHatze
()08((]307 a’) = {30, ¢8(q30a a) =emniac {66, 67, 98, 99, 106, 107}a
()08((]307 G,) = 28, ¢8(Q30,G) =enquac {1107 1117 1027 1037 707 71}7
©8(q30, @) = q31; Ps(q30,0) = € gug a =179,
©s8(q30,a) = q33; Ps(gs0,a) = e gug a = 75,
©8(q30,a) = qry: P8(q30,a) = 0 mHATeE,
©s8(q31,a) = q36; Ps(q31,a) = n ana a € {248,249},
vs(g31,a) = qs3; Ps(gs1,a) = n ama a € {252,253},
vs(g31,a) = q31; Ps(gs1,a) = e pua a € {127,255},
vs8(q31,a) = q32; Ps(g31,a) = e ama a € {123,251},
v8(q31,a) = qry; Ps(g31,a) = 0 unawe,
vs8(q32,a) = q35; Ps(qs2,a) = w mia a € {72,73,104, 105, 232,233}
©s(q32,a) = q32; Ps(q3e,a) = e mia a € {107,235}
©8(q32,a) = qu7; Ys(g3z,a) = e g a =111
vs(q32,a) = qry; Ys(gse,a) = 0 mnatze
ws(q33,a) = q33; Ps(g33,a) = e gia a = 107,
©8(q33,a) = q34; Ps(g33,0) = e gua a = 111,
©s8(q33,a) = qry; Ps(gss,a) = 0 unade,
©8(q34,a) = q34; Ps(qs4,a) = e qua a € {127,255},
©s8(q34,a) = q36; Ps(q3s,a) = n ana a € {248,249},
©8(q3a,a) = q32; Ps(q3a,a) = e ana a € {123,251},
©8(q34,a) = qry; Ps(q3s,a) = 0 unade,
a) =

()08((]357 = (36, ¢8(Q357a) =n LI a € {210, 1147 115, 122, 123782a2427
243, 250, 251,219,83,211,91},

¢s(q35,0) = g35; Vs(gss,a) =w gmaa € {b€ A|b=ap+ a2+ a2’ +
a323 + as2' + as2® + a62® + a727, a6 = 1},

()08((]357 G,) = (Fy; ¢8(Q357 G,) =0 nHa4qe,

vs(q36, @) = q36; Ps(gs6,a) =n pua a = 123,
()08((]367 a’) = (36; ¢8(q36a a) =w A a € {104, 1057 107, 232, 2337 235}7
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vs(g36,a) = q37; Ps(gss,a) = w mua a € {248,249, 251},
()08((]367 G,) = {48; 7;08(%367 CI/) =w A a € {1207 1217 1247 125}7
vs8(q36,a) = qu2; Ps(gss,a) = w nua a € {252,253},
ws8(q36,a) = qao; Vs(gss,a) = s mma a = 189,

©8(q36,a) = qry: Ps(q3s,a) = 0 mHawe,

©8(q37,a) = q37; P8(q37,a) = w paa a = 255,

vs8(qs7,a) = q39; Ps(gsr,a) = e gua a € {31, 63},
©8(q37,a) = gs0; Ps(qsr,a) = e gua a € {159,191},
©8(q37,a) = q38; Ps(qs3r,a) = w paa a = 127,

©s8(q37,a) = qry; Ps(qsr,a) = 0 unawe,

vs8(qss, a) = q3s; Ps(gss,a) = w na a € {107,111},
()08((]387 G,) = {39, wg(Q387a’) =enquac {117 15743747}7
vs8(qss, a) = qua; Ps(gss,a) = w nua a € {239,235},
vs8(q3s8,a) = qry; Ps(gss,a) = 0 unawe,

©s8(q39,a) = q36; Ps(q3s,a) = n mua a € {248,249,251},

©s(q39,a) = q39; Ps(gsg,a) = e pnaa € {b€ A|b=ap+ar12+ a2’ +
a323 + as2' + as2® + a62% + a727,a; = 1},

©8(q39,a) = qry; Ps(q39,a) = 0 mnawe,

()08((]4070') = q40; '¢8(Q407a) =w pi a € {82783791711471157 12271237
70, 71, 79,102, 103,110,111, 66,67, 75,98,99, 106, 107},

()08((]407 a’) = q41; ¢8(q40a ) =emniac {10, 11, 14, 15,42,43,467 47}a
©8(q40,a) = qry; P8(qa0,a) = 0 unawe,

©8(qa1,a) = q53; Ys(qar,a) =n puaa = 189,

ws(qa1,a) = qa1; ¥s(qa1,a) =n nua a € {122,123,114,115,82,83,91},

@8(%1, a) = qu; Ys(qu,a) =e gma € {be A|b=ap+ a2+ a2’ +
CI,32 + 0142 + a525 —|—a626 +a727 a] = 1}
©s8(qu1,a) = qry; ¥s(qar,a) = 0 unawe,

v8(qa2, a) = qu2; Ps(qaz,a) = w pua a = 255

()08((]427 G,) = (43; ¢8(Q42aa) =€ i a € {317 1917 637 159}7
©8(qa2, a) = qug; Ps(qaz,a) = w pna a = 127,

©8(qa2,a) = qry; Vs(qu2,a) = 0 unawe,

©8(qa3,a) = qu3; Vs(qa3,a) = e gma a = 255,

©8(qu3, a) = q53; P8(qu3,a) = n gua a € {252,253}
©8(qu3,a) = qry; ¥s(qa3,a) = 0 mHaze
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8(qa4, @) = qua; Ps(qua,a) = w nua a € {251,255},
(q44, a) = q45; wg(q44, a) =e s a € {31, 191,27,63,159, 187,59, 155},
©8(qaa,a) = qry; Ps8(qua, a) = O unaYe,
( ) (

SIS

©8(qas5,a) = qug; Ps(qas,a) = w gua a € {248,249},

0s(q45,a) = qus; Ys(qus,a) = emmaa € {be A|b=ay+a2+ ay2? +
a32® + 42" + a52° + a62% + a727,a; = 1},

©8(qa5,a) = qry; P8(qss,a) = 0 unawe,

()08((]4670') = (48; ¢8(q46,a’) =w I a € {2167217a 2207221788a897927
93},

()08((]467 a’) = q47; ¢8(q46a a) =enqudac {2237 797 957 757 2197 203’ 207}a
0s(qa6,a) = qus; Ps(qus,a) =e gmaa € {b€ A|b=ap+ a2+ az2? +
a323 + a424 + a525 + a626 + a727,a1 = 1},

©s(q46,a) = qry; Ps(que, a) = 0 mmae,

(pg(Q47, a) = {447, ¢8(Q47, CL) =e I a € {111, 127, 107, 251, 235, 255, 239},
()08((]477 a’) = q48; 1/}8((]477 a’) =w At a € {248, 2497 252, 253, 1207 121, ]-247
125},

¢s(qa7,a) = qry; Ps(qar, @) = 0 umase,

ws(qas,a) = qus; VYs(qus,a) = w g a € {255,127,223,95,111,79, 247,
119, 215,87,103,71, 67,99, 75,107, 126, 254, 110, 246,214,118, 86, 70, 102,
106, 98, 66},

(pg(Q48, a) = @50; @bg((];;g,a) =e I a € {158, 159, 190, 191},

¢8(qus; @) = qry; Ps(qus, a) = 0 mmase,

()08(q4197 G,) = (49; ¢8(Q497 G,) =w A a € {2517 2117 2437 2507 2107 2427 2557
214, 246,254,219, 215, 247,223},
(019, @) = qs0; Vs(quo, @) = e max a € {30, 31,62, 63,158, 159, 190, 191},

)
(pg((]49,a,) = {460, @bg(q;g),a) =nmuac {187 155 59 27 186 154 58 26}
©8(q49,a) = qry; Ps(que,a) = 0 umate,
(pg((]50,a,) q60; 'gbg(q50,a) n oJs a S {251,211,243,250,210, 242,219},
()08((]5070') 453, 1/18((]50,(1) n 4 a € {216,2177 220, 221,2487249a2527

253},

¢8(g50, @) = gs0; Ps(gs0,a) = e pmaa € {b€ A|b=ap+ a2+ a2’ +
a323 + a424 + a525 + a626 + a727,a1 = 1},

ws(gs0,a) = qry; Ps(gs0,a) = O uHaYE,
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(PB(QG'?JG') = q67; ¢8(q67aa) = e ama € {107, 66,67,75,31,22,23,235,
203, 194, 195,27, 18, 19, 255, 251, 223, 219, 214, 210, 215, 211, 159, 151, 150,
155, 146, 147},

ws(g67,a) = qo7; Vs(ger,a) = s mua a € {24,25,72,73,152,153,216,217,
200,201, 184,56},

ws(g67,a) = qos; Vs(qer,a) = w mas a € {104, 105,232,233, 248,249},
(PB(QG'?JG') = 469; ¢8(q67aa) = e ama € {154, 158, 30, 62, 63, 59, 58, 26,
254, 250, 186,187,190, 191},

()08((]677 a’) = (71, ¢8(QG7aa) =w a1 a € {807 112, 120}a

()08((]677 a’) = (q73; ¢8(QG7aa) =w a1 a € {887 897 121}7

©8(q67,a) = qry; Ps(ge7,a) = 0 mHawe,

ws(qr1,a) = qri; Ps(qr,a) = w mua a € {246,66,98,120,80,112, 106,

107, 255, 127, 254, 126, 214, 86, 118, 248, 240, 208, 70, 102, 110, 124, 116, 84,
252, 244, 212,111},

(pg((]n,a,) = {71, ¢8(q71,a) = s i a € {14,46,28,60,62,30, 24,56, 10,
),

(pg(gn, a) = q792; @bg((]n,a) =emuaa € {11, 15,31,43,47, 63},

(pg(gn, a) = @73; ’lﬁg(gn, a) = w oA a € {222, 78,95,223,94,74,79, 75,
253,221,249, 217, 125, 92,93, 121, 88, 89, 216, 220},

©s8(qr1,a) = qry; Ps(qr, a) = 0 unawe,

(pg(gm, a) = q71; ’lﬁg(qn, a) = S 0JjAa a S {126, 120, 106, 124, 252, 248, 110,
254},

os(qr2,a) = qr2; Pslgrz,a) =epaa € {be A|b=ag+ a2+ a2’ +
a323 + a424 + a525 + a626 + a727, a1 = 1},

vs(qr2,a) = qry; Ps(qre, a) = 0 umate,

¢s(gr3,a) = qr3; Ys(grs,a) =w gmaa € {b € A|b=ap+ a2+ a2* +
a323 + a424 + a525 + a626 + a727,a6 = 1},
©8(qr3,a) = qry; ¥s(qr3,a) = 0 unawe,

Iycts M = {194,195,198,199,202, 203,206, 207, 226,230, 234, 235,
238, 239} C A. Torma, Ys(qrs, ({4i},a)) = ¥s(qi, {ars},a)) mua i €
{1,2,3,4,5,6}, a € A,

Yrs(ars, ({q7},a)) = 0, a € My = {202,206,234, 238, 194, 198, 226, 230}
C M,
Yrs(ars, ({ar}, ) = ¥s(qr, {aqrs}, a)) mas a & My,
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Yrs(qrs, ({gs}
Yrs(qrs, ({gs}
Yrs(qrs, ({qo},
C M,

Yrs(qrs, ({q9},
ws(q22, {ars},
ps(gaz, ({A},

a)) = ¥s(qo, ({gqrs},
a)) = q25; P8(qe2, ({ars},
a)) = qry; Ps(qez, ({A},
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a)) = 0, a € My — {195,194,203,239, 207,235} C M,
a)) = Ps(qs, ({qrs}s
a)) = 0, a € M, — {195,194,203,239,207, 235, 198, 199}

a)) muaa & My,

a)) st a & My,
a)) =enma € M)\ {195,199}
a)) =0 gz a € M\ {195,199}, To

ecTb ecau apromaTel Ag, Kg HE BcTperarTcs,

©s(q24, {ars},

a)) = qz5; Yrs(qrs, ({24},

a)) = Ps(q, {ars},a)) =

e mua a € {194,195,198,199} C M,

os(q24, ({ A},

a) = qry; Ps(qs, ({A},

a) = 0 g1 a € {194,195,198,199},

TO ecThb ecan aBromaTel Ag, Kg HEe BcTperarcs,

Iycrs M = {194,195,198,199,202, 203,206, 207, 226, 227, 230, 231,

2347 235, 238,239} - A. TOI‘,Z[H,, ¢k8(qk8a({qi}7
s i € {25,26,.

(grs, ({qus}, a
S(QkSJ ({qs},a

Yrs(qrs, ({4i},
(

Yrs(qrs, ({gs6}, @
C M,

?/Jks qks,

Yrs(qrs, ({g56 ),
Yrs(qrs, ({g57},

C M,

Yrs(qrs, ({g57},
Yrs(qrs, ({g58},

C M,

Yrs(qrs, ({g8},
Yrs(ars, ({gm1},
vs(qr1, ({qxs},

a)

a)) =; Ps(gse, ({qrs}.a))
a)) =0, a € M, = {195, 194,203,239, 207, 235, 198, 199}

a)) =; Ps(gs7, ({ars}
a)) =0, a € M, = {195, 194,203,239, 207, 235, 198, 199}

a)) = ¥s(qi, {ars},a))
47} a € A,

) =0, ae M\ {202,206},
) = ¥s(qus, ({qrs }, @) maa a ¢ M\ {202,206},
= ¥s(qi, {qrs},a)) nuai € {50,51,...,55}, a € A,
) =0, a € M, = {202,206,234, 238, 194, 198, 226, 230}

\_/ \—/\_/\_/

= ¢8(q5670’) A G g Mla

a)) nux a & My,

a)) = s(gss, ({ars}, a)) = ¥s(gss, a) anaa & M,
a))=0,a€c A
a)) = qu; Pslan, {aks},a)) = e pma a € M\

{195,199, 227,231}

es(qr1, ({A}, a))

Ys(gr, {Ah,a) = 0 mmm a € M\

dry

{195,199, 227,231}, To ectb eciu aBromaThl Ag, Kg He BcTpersarTces,

1/”68 (qkSJ ({Q73}a

vs(q73, ({ka},
ws(qr3, ({A},

a)) =0, a € A.
a)) = qra; Ps(qr3, {ars},
a) = qry; P8(qrs, ({A},

a)) =e puga € M,
a) =0 g1 a € M, To ecTb ecanm

aBromaThl Ag, Kg He BcTpeTsaTcs.
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Konmexkrus Sg = (Ag,Kg) npu pacnosnasanuu aabupunta ¢ € Cg
00X0aUT DTOT JAOUPUHT U MPOU3BOAUT Pas3amdHbie IpoBepku. [Ipu sTom
HEKOTOPBIE BEPIIUHBI ABTOMAT IIOCEIAET HECKOIbKO pa3 (Iocae BCTpedn
c kamueMm Kg aBromMaT Ag MOMXEH BEPHYTHCA B HEKOTOPYIO BEPIIUHY U
OPOAOMKUTH 00XOJ W MPOBEPKY JAOMPUHTA C). SHATUT, LA KAXKIOTO
aabupunTa ¢ € Cg BepHO, 9TO XOTA OBl OMHY W3 BEPIINH JAOUPUHTA C
aBTOMaT Ag ImocemaeT He MeHbIIe, ¥eM ABa pas3a. Takxe, mia n > 22,
n € N, moxHo nocrpouts Jabupunt ¢ € Cg Takou, 9TO HEKOTOPYIO U3
BepmH JTabupuHTa ¢ aBToMaT Ag OyAeT MOCemaTh IATH pa3. TakuMm
cBomicTBOM Obmagalor mabupuate ¢’ € Cg, nua xoropeix |[K§ N K|,

12
rae ' 1({1}) = U K? (cm. onpegenenne knacca Cs).
=1
W3 npenpraymero BeITEKAET, 9TO A KaXA0r0 1 > 13 Bcerga MOXHO

nocrpouts aabupuats L, L' € Cg Takue, uro |V (L)|| = ||V(L')]| =n, n
BpeMa 06xoa miad JabupuHTa L 6yneT MUHUMAJIbHBIM, & M4 JaOUPUHTA
L' — maxcuMaIbHBIM.
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