ITpobGsiema moJITHOTHI B KJjaccaxX JUHENHBIX
aBTOMAaTOB

Yacosckux A.A.

PaccmaTpuBaroTest KJ1acchl JIMHEHHBIX aBTOMATOB HAJ, KOHEUHBIMU
HOJIIMH C OIlepalusaAMU KOMIIO3UIIIU (cynepn03mn/m n obpaTHON CBsI-
31/1). Parmee mis 3Tux KaCCOB TOIYYEH AJTOPUTM IMPOBEPKU ITOJTHOTDI
KOHEYHBIX TTOIMHOXKECTB. B ciyvuae mpoCcToro mosis HaliIeHbl BCe TPe/I-
[OJIHBIE KJIACCHI, MHOXKECTBO KOTOPBIX fBJIACTCA CHCTHON IPUBEICHHONI
KpUTepHajbHOI cucremoil. B obmeM ciryuae paHee OBLIO IOCTPOEHO
MHOXKECTBO 3aMKHYTBIX KJIACCOB, ABJILIOIIECCCA KPUTCPUAJLHOR CUCTe-
MO, BKJIIOHAIOIee CeMeCTBO KJIaCCOB, MOPOXKJIEHHBIX MAKCAMAJIbHBI-
MH MOAIOJAMHU B TPAHCHEHAEHTHOM PACIIAPEHAN PACCMATPUBAEMOIO
KOHEYHOTO T0sst. JI/IsT TpoCThIX MoJieil Bce KJIacChl 9TOTO ceMeiicTBa
HOIJIOWIAJUCH APYIUMU KJIACCAMU U3 [IPUBEACHHON KPUTEPUAJIbHON Cu-
crembl. [loaromy B Hacrosimeit paboTe OHO UCCIEYyeTCs B CIIydae KO-
HEYHBIX TIOJIEH, He SIBJISIONNXCA TpOocThiMU. OKa3a/I10Ch, ITO JaCTh dJIe-
MEHTOB CeMelCTBa HOIJVIOMIACTCA U B 3TOM CJIydae, HO TaKXKe CPeJH ero
3JIEMEHTOB CYIIECTBYIOT IPEIIOJIHbIE KJIACCHI, ABIAIONIAECH KOHEYHO-
HOPOXKJICHHBIMU U HE COJEpKalllAecd CPEU IIPEIIIOIHBIX KJIACCOB JIpY-
I'uX CeMeMCTB.

KurouyeBbie cioBa: IMHENHHBIN ABTOMAT, CYyMMATOD, 3aJePXKKa, 00-
paTHas CBA3b, OIlEPAIlUU KOMIIO3UIUIN, aJITOPUTM IIPOBEPKU IIOJIHOTHI,
IPEJIOJIHbII KJIacc.

M3y4enne BBIPa3WTEIBHBIX CBOMCTB B KJACCaX BCEX KOHEYHBIX aBTOMa-
TOB ‘P2 110 onepanusaM KOMIIO3UIUHE 3aTPYAHEHO B CBA3M KOHTHHYAJIbHOCTHIO
YHCJIa IPEJIIOHBIX TOAKIACCOB [1], a TakKe ajJrOpUTMHUIECKON Hepa3peln-
MOCTBIO ITPOOJIEMBI HOJTHOTHI 2| M alnpOKCHMAIMOHHO 1OMHOTH! [3|. BbI-
COKYIO CJIOYKHOCTB 3a/Ia9 BBIPA3MMOCTH B YKa3aHHOM KJIAcCe IO [IePKUBAIOT
pesynbrarsl C.B. Ajenuna, 1nojiyueHHble IPH HCIOIL30BAHUE OIEPAIUil Cy-
IEPIIO3UIMU KaK B 00IIEeM CJIydae, Tak ¥ JJIsi OJIHOMECTHBIX aBTOMaToB [4, 5.
J.H. Babuubiv B [6] 6b1 Haligens! Bce Kiaccel [locra, ncnonb3oBanne Ko-
TOPBIX IPHUBOJUT K Pa3PEIINMOCTH IPOOJIEMBI IOJTHOTHI B KJIaCCEe KOHEYHBIX
aBTOMATOB. B Hacrosimeil pabore m3ydaroTcs mpobjemMa MOJHOTHI B KJiac-
cax £} JIMHEHHBbIX aBTOMATOB HAJI KOHEYHBIMU IIOJISIMU, COCTOSIIUME U3 K



sanementoB. Knacc £o aBisieTcst COepKaATETHLHBIM MOJKIACCOM Kitacca Po,
JISE KOTOPOTO IPODBJIEMBI TIOJIHOTHI KOHEYHBIX MOJIMHOXKECTB aJrOPUTMUUE-
cku paspentnmMa. B pabore [7] 6bL1a nostydyeHa npuBejieHHasi KpUTEpUAJIbHAST
CHCTEMa, COCTOAIAs U3 BCEeX IIPEJNOIHBIX KIacCOB, I KIaccos £y, TIe p
— mpocroe 4uciao. B panbHeiiniem [8] Gbuta mosyueHa KpuTepuasibHAS CH-
cTeMa 3aMKHYTBIX KJIaCCOB Jp mis £, rae k = p™, p — 1pocTOe UnCIIo,
m € N\ {1}. B macrosmmeit pabore paccMaTpuBaroTCst KiIaccel B, u3 T,
IIOPOKJICHHBbIEC MaKCUMaJIbHBIMU ITOITIONIAMU TPaHCHECHICHTHBIX paCH_II/IpeHI/IfI
KOHeuHbIX mosieit. [okazaHo, UTO cpeju pacCMTHBAEMBIX KJIACCOB €CTh KakK
MIPEJIIOTHBIE KJIACCHI, HE COBIAJIAIONINE C KJIaCCAMU U3 JIPYTHUX CEpHUil, Tak u
KJIACChI, KOTOPBIE CTPOTO CONEPIKATCH B HEKOTOPBIX KJIACCAX MHOKECTBa J.
HaiizeHnl HeKOTOpBIE CBOICTBA IPE/IIONHBIX KIaccoB u3 { By}

B coorBcercTBuE ¢ OIyGIMKOBAHHBIME paHee pedyibraramu 9], uccreno-
BaHHeEe KJjiacca JINHEHBIX aBTOMAaTOB CBOJUTCHA K U3YYIECHHNIO KJIaCCOB JIMHEHHO-
aBroMaTHbIX (J1.-a.) dyuknuii. Jl.-a. dyHKIMA ocyriecTBisier oTobparXkeHue
U3 JIeKapTOBON CTeleHH MHOXKeCTBa (DOPMAaJIbHBIX CTEIeHHBIX DsiyioB Ry ()
Has nosieM Ej B Ry (§) B COOTBETCTBHI ¢ PaBEHCTBOM:

n
f (.’1:1,%2, 71:71) - ZMZ‘T’L + ,LLO,
=1

I7e ft; — HeKOTOpBIe ajieMeHThl u3 Ry (£), mociaemoBarensbHocTn Koaddurmen-
TOB KOTOPBIX SIBJISIIOTCsI epuoandeckumu (¢ npesmnepuogom). Kak u panee,
B pabore [9], st sroii dbyukiuu yepes U(f) Oyiaem 0603HaAYATH MHOXKECTBO
{pili =1,2,....,n}.

B patore (8] mist L, k = p"™, n € N, m > 1, 6bu10 110/Iy4eHa KPUTEPU-
aJIbHOEe MHOKECTBO 3aMKHYTBIX KJIACCOB:

jk: = { VYIvV;)vPS7Ta7MO,svMO,waMlaMi,'wRinR?an ‘

se{l,2,...,l},a€ Ep,we i€ {2,3,...},yeTli,q € Q},

rjie 4epes B, 0003HaueH 3aMKHYTBIH KJIACC, COCTOSANMI U3 BCeX JI.-a. (PyHK-
muii f, yaosaerBopsionux coornorternio U(f) C ¢ Jyisi HEKOTOPOro MaKCH-
MAaJIBHOIO HOAoJIst ¢ 10Jist By (), mosydaeMoro TpaHCIeHIeHTHBIM PacIIli-
penueM noJisi Ej, nepemenntoit €.

NwmeroT MecTo ciieyionine TeOPEMBbI:

Teopema 1. Ecau q — cobemsenroe nodnoae, codepoaicaujee Ey,, mo By C ©
daa nexomopozo © us mmoorcecmea Ji, \ {Bqlg € Q}.



Teopema 2. Mnoowcecmeo {Bylq € Q} codepoicum npednomrwvie Kaaccol, e
cosnadarougue wu ¢ oonum © us muoorcecmsa Ji, \ {Bqlg € Q}.

Takum obpazom, mjst caydas m > 1 CyIECTBYIOT TPEANOIHBIE KJIac-
ChI, MMOPOXK/ICHHBIE MAKCUMAJIBHBIME TOANOIAMEI B nojie Eji (), uro oramya-
€T 9TOT CJIydail OT Ciaydast IpocToro mojist (m = 1), rje TaKuX MIPe/IOTHBIX
KJIACCOB HET.

Orpannyenue Ha He 60JIee YEM CYETHYIO MOIIBHOCTH MHOXKECTBA MPEJI-
HOJIHBIX KJIACCOB, MMOPOYK/IEHHBIX MAKCHUMAJIbHBIME MOI0JIsiME B moJie Ey (),
HOJIYyYaeM U3 CJIeIyIoIeil TeOpeMbl.

Teopema 3. Jobot samkrymoud kaace uz mnoscecmea {Bylqg € Q} asan-
EMCA KOHEUHONOPONHCOCHHDIM.

ABTop BBIpazkaer 6aarogapHocTh akajgemuky B. B. KymapsBuesy 3a mo-
CTAHOBKY 3a/Ia9H U IMOCTOSHHYIO MOMJICPXKKY PabOTHI.
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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.



