ITpobiema moTHOTHI B KJjaccax JIMHENHBIX
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PaccmarpuBaiorest KJiacChl JTUMHEHHBIX aBTOMATOB HAJ[ KOHEYHBIMU
[OJISMU C OILEPAIAMEI KOMIIO3UIUY (CyNepIo3uiud u obpaTHoOll CBs-
3u). Panee /it 9TUX KJIACCOB IOJIYYEH AJTOPUTM IIPOBEPKH [IOJHOTHI
KOHEUHBIX HOJMHOXKECTB. B ciydae mpocToro moJist HailJIeHbl BCe Mpejl-
MIOJIHBIE KJIACCHI, MHOYKECTBO KOTOPBIX SABJIIETCS CYETHON ITPUBEIEHHON
KpUTEepHAIbHOI cucremoii. B obmiem ciiydae panee OBLIO MOCTPOEHO
MHOKECTBO 3aMKHYTBIX KJIACCOB, SIBJISIIONIEECS] KPUTEPUATBHOMN cucTe-
MOii, BKJTIOYAIOIIEE CEMENHCTBO KJIACCOB, TOPOYKIEHHBIX MAKCHMAJIbHBI-
MU TOJIIOJSIMU B TPAHCIIEHIEHTHOM PACHIMPEHUU PACCMATPUBAEMOTO
KOHEYHOrO ToJjist. J[JIs IpOCTBhIX MoJiell BCe KJIacChl 9TOro ceMeicTBa
MOTJIONIAUCH JAPYIUME KJIACCAMU U3 IPUBEIEHHON KPUTEPUAILHON CH-
creMbl. [Tosromy B HacTosimiell paboTe OHO WCCIEAYETCsl B CJIydae KO-
HEYHBIX TI0JIel, He sIBJISIIOMUXCs TPpOCThiMU. OKA3aI0Ch, YTO YACTh JJIe-
MEHTOB CeMeNCTBa MOIJIOAETCS U B 3TOM CJIydae, HO TAK¥KE CPEJIH ero
9JIEMEHTOB CYIIECTBYIOT IPE/IIOIHbIE KJIACCHI, SIBJISIIONIAECS KOHETHO-
MIOPOXKICHHBIMU U HE COAEPIKAINAEC CPEJIN IIPEIIIOTHBIX KJIACCOB JIPY-
I'UX CEMENCTB.
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I/IsyquI/Ie BbIPpa3UTEJIbHbIX CBOMCTB B KJIacCaX BCEX KOHEYHBIX aBTOMAa-
TOB P2 10 OIepanusM KOMIIO3UIUH 3aTPYIHEHO B CBA3H KOHTUHYAJIBHOCTBIO
YHCIIA IPEJIIOJHBIX [OJIKIACCOB |1], a TakKe ajqropuTMuYecKoil Hepaspern-
MOCTBIO IIPOOJIEMBI HIOJTHOTHI [2| M anmpOKCHMAIMOHHO HOMHOTHL [3]. BbI-
COKYIO CJIOYKHOCTB 33/1a9 BBIPA3UMOCTH B YKa3aHHOM KJIacCe I10{IePKUBAIOT
pesynbrarel C.B. Ajlenuna, 1noJiydeHHble IPH MCIOIb30BAHUY OIEPAIHil Cy-
[EPIO3UIMN KaK B 00IIEeM CJIydae, Tak U JIJIsi OJJHOMECTHBIX aBTOMaToB [4, 5.
J.H. BabunbiM B [6] 6bun Hafigensl Bece kiaccsl Ilocra, ncnosnb3oBanue Ko-
TOPBIX IPUBOJAUT K Pa3pPEIINMOCTH IIPOOJIEMBL IOJTHOTHI B KJIaCCEe KOHEYHBIX
aBTOMATOB. B Hacrosieii pabore m3ydarorcs mpobdjemMa MOJTHOTHI B KJiac-
cax £ JIMHEHHBIX aBTOMATOB HAJI KOHEYHBIMU IIOJISIMU, COCTOSIIUME U3 K



sneMmenToB. Kiacc Lo sIBIIsieTcst coflepKaTesIbHBIM TOKIaccoM Kiacca Yo,
JJIg KOTOPOT'O HpO6ﬂeMbI IIOJTHOTBI KOHEYHBIX ITOJIMHOXKECTB aJITOPUTMHYIC-
cKku paspemnmnma. B pabore |7] 6bl1a nostydeHa npuBejieHHas KpUTEPUAJIbHAST
CHCTeMa, COCTOSAINasA U3 BCEeX HMPEIOIHBIX KJIACCOB, JIIA KIaccoB £, Tae p
— mpocroe 4uciao. B panbheiinmem [8] 6buta mosyuena KpurepuasibHAsT CH-
cTeMa 3aMKHYTBIX KJIAaCCOB Jy. st L, Tne k = p™, p — mpocToe UHUCIO,
m € N\ {1}. B macrosmeii paGore paccmarpupaioTcst Kiaaccs By 3 Jy,
IIOPO2K/IEHHbIE MaKCUMaJIbHBIMU ITO/AIIOJIAMU TPaHCIEH/ICHTHBIX paCH_H/IpeHI/Iﬁ
KoHeuHBIX ToJteif. [Tokazano, 9To cpeanm paccMTUBAEMBIX KJIACCOB €CTh KakK
[IPEJIIOJIHBIE KJIACCHI, HE COBIIAJIAIONINE C K/IACCAMU U3 JIPYTUX CEPUi, Tak U
KJIACCHI, KOTOPBIE CTPOTO COJEPIKATCS B HEKOTOPBIX KJIACCAX MHOMKECTBA, Jj.
Haiinensl HeKOTOpBIE CBOMCTBA HPE/IIOIHLIX Kiaccos u3 {By}.

B coorBcercTBum ¢ OnyGJMKOBAHHBIME paHee pe3ysbraramu 9], ucciemo-
BaHHe KJlacca JIMTHEHHBIX aBTOMAaTOB CBOJUTCH K U3YyYICHUIO KJIaCCOB JINHEeITHO-
aBTOMaTHbIX (71.-a.) dyuknuii. Jl.-a. dyHKIMA ocyIiecTBIsier oToOparkenne
U3 JIEKAPTOBON CTEIEeHM MHOXKECTBa (DOPMAJIbHBIX CTEHEHHBIX PsiioB Ry ()
Haj noseM Ej B Ry (€) B COOTBETCTBUU ¢ PABEHCTBOM:

n
f (1'171:2, 7xn) = Z/’lel + lu’07
i=1

rJie [; — HEKOTOpbIe ssieMeHThl u3 Ry (), nocienosarenbHocTu Koadbdurmer-
TOB KOTOPBIX SIBJISIIOTCsI lepuomaeckumu (¢ npemanepuogom). Kak u panee,
B pabore [9], s sroit dyukuuu yepes U(f) Gygaem 0603HaYATH MHOKECTBO
{pili =1,2,...,n}.

B pabore [8] mist L, k = p™, n € N, m > 1, 6bu10 10JIy4eHA KPUTEPU-
aJIbHOE MHOYKECTBO 3aMKHYTBIX KJIACCOB:

jk = { ‘/17‘/})7PsaTaaMO,S7M0,w7M17Mi,'yaRf?vR?an |

se{l,2,...,l},a€ Erp,weQ,i€{2,3,...},y€Tli,q¢€Q},

rje 4epes B, 0603HaueH 3aMKHYTBIH KJIacC, COCTOSAIIMI U3 BCeX JI.-a. (PyHK-
it f, yaosaerBopstomux coorHorrernio U (f) C ¢ J1yisi HEKOTOPOro MaKCH-
MAaJIBHOTO MOAMOJIsE ¢ 10Jist Fj (), moydaeMoro TpaHCIEeHIeHTHBIM DaCIITH-
permeM ot Ejy, miepeMeHHoit €.

Nmetor MecTo cireyroniue TeOpeMbl:

Teopema 1. Ecau q — cobcmserHoe ~no&none, codepoicawiee Ey, mo B, C ©
o mexomopozo © uz mmoorcecmea Ji \ {Bqylg € Q}.



Teopema 2. Mwnooicecmeo {Bgylq € Q} codepoicum npednoanvie xaaccol, He
cosnadarousue wu ¢ odnum O us mmoorcecmsa Jy \ {Bylq € Q}.

Taxum obpasom, st ciaydas m > 1 CyIIeCTBYIOT IIPEIINOJIHBIE KJIAC-
CBI, MMOPOXK/ICHHBIE MAKCUMATBHBIME HOANOIAMEI B nosie Ei (&), uro oramya-
er 9TOT ciydail oT ciaydas npocroro noss (m = 1), rje TaKux IpeJoHbIX
KJIACCOB HET.

Orpanunyenne Ha He Oojiee UeM CUETHYIO MOIBHOCTH MHOXKECTBA, IIPeJI-
MOJTHBIX KJIACCOB, MMOPOKICHHBIX MAKCHMAJIBHBIMU IO IIO/IsIME B mojie Fy (),
MOJIyIaeM U3 CJIEYIONIEHl TeOpEeMBbI.

Teopema 3. Jbot samrrymoud kaace uz mnoscecmesa {Bylg € Q} asaa-
eMCA KOHEUHOTOPOHCOEHHDIM.

AsTop BbIpazkaer OGiaromapHocTh akagemuky B. B. Kymapsasuesy 3a mo-
CTaHOBKY 33JIa9¥ U ITOCTOSHHYIO TOJJIEPKKY PabOThHI.

Crcok aureparypbl

[1] Kynapsieres B. B. O MormaocTH MHOXKECTB ITPE/IIOTHBIX MHOXKECTB HEKOTO-

PBIX (QYHKIMOHAJTBHBIX CUCTEM, CBSI3aHHBIX ¢ aBromartamu // TIpobiembl
kubepueruku. — 1965. — Boin. 13. — C. 45-74.

[2] Kparko M. 1. Anropurmudeckasi Hepa3pelnmMoCTb TPOOIeMbl PACTIO3HA~
BaHUsl TI0JIHOTHI Jiist KOHeYHbIX apromaros // JTAH CCCP. — 1964. — T.
155, N 1. — C. 35-37.

[3] Byesuu B. A. O6 anropurMuteckoii Hepa3penmMoCTi PAacIio3HaBanus A-
HOJIHOTB! JuIst 0.-7. dyHKIwit // Mar. samerkn. — 1972, — Bpim. 6. —
C. 687-697.

[4] Anemmn C.B. O cynepnosunusix aBroMaTHbIX orobpaxkenuii // Kues:
Kubepreruka. — 1975. —Ne 1. —C. 29-34.

[5] Astenua C. B. O6 orcyrcerBum 6a3ucoB B HEKOTOPBIX KJIACCaX MHUIIUAIb-
HbIX aBToMaToB // [Ipobiremsr kubeprernkn. —M.: Hayka — 1970. —Bpim.
22. — C. 67-75.

[6] Babuu . H. O knaccudukamum apromarabix 6asucos Ilocra mo paspe-
MIMMOCTH CBO¥CTB moJiHOTEL 1 A-niostrorst // Jokn. PAH — 1999, 367:4. —
C. 439-441

[7] Hacosckux A.A. VYciaoBusi TOJHOTHI JIMHEHHO-P-aBTOMATHBIX (DYHK-
nuit / / VaTesuekryanbable cucrembl. Teopust u npusoxkenus. — 2014, —
T. 18, — Bom. 3. — C. 203-252.



[8] Hacosckux A.A. Kpurepuajibhbie cucTeMbl B Kjaccax JIMHEHHO-
aBTOMATHBIX (DYHKIUI HaJl KOHEYHbIMU 1oJisiMu / / VIHTe/sIeKTyaibHble

cucrembl. Teopust u npunoxkenus. — 2015. — T. 19, — Bom. 3. — C. 151-
160.

[9] HacoBckux A. A. IIpoGirema MOJTHOTHI it K/Iacca JINHEHHO-aBTOMATHBIX
dyukuumit / / duckpernas maremaruka. — 2015, —T. 27, — Bpiur. 2. —
C. 134-151.

The completeness problem in classes of linear automata
Chasovskikh A.A.

Classes of linear automata over finite fields with composition
operations (superposition and feedback) are considered. Previously an
algorithm for checking the completeness of finite subsets was obtained
for these classes. In the case of a simple field, all precomplete classes
whose set is a countable reduced criterial system are found. Previously
in the general case the set of closed classes was constructed, which
is a criterial system, including the family of classes generated by
maximal subfields in the transcendental extension of the finite field
under consideration. For simple fields, all classes of this family were
absorbed by other classes from the reduced criterial system. Therefore,
in the present paper the family is being investigated in the case of finite
fields that are not simple. It turned out that part of the elements of the
family is also absorbed in this case, but also among its elements there
are precomplete classes that are finitely generated and not contained
among the precomplete classes of other families.

Keywords: linear automaton, adder, delay, feedback, composition
operations, completeness check algorithm, precomplete class.



