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1. Inceprauiiina po60Ta NpUCBSY€Ha N00YI0Bi TOYHMX CKIHYEHHO aBTOMATHUX 300pa’keHb Py CKiHYEHHO
IIOPOJKEHUX IpyIl. [IpupoHO HEOOXiTHOIO YMOBOIO [1JIsI IPYIL, SIKi OIyCKAaIOTh TaKi 300pa’keHHs], € pe3uiyajbHa
CKiHY€HHICTb. PO3IJI91a10TCSI TOUHI CKIHYEHHO aBTOMAaTHI 300paKeHHsI [J1s1 TaKMX CKiHY€HHO IOPOIPKEHUX
pe3uayaabHO CKiHY€HHUX I'PYIL, SIKi 32 CBOEI0 KOMOIHAaTOPHOIO CTPYKTYPOIO € OJIM3bKMMMU [I0 BUJIBHUX IPYIL A caMe,
TPyII, 10 PO3KJIAJAIOTHCS Y BiJIbHI JOOYTKYU CBOIX MiATPyIl, amanbraMoBaHi BisibHI o6yTKY, a60 € HNN-
posmupeHHsIMU. Po3ain 2 npucesyeHnii o6y i0Bi TOYHUX 3006pa>KEHb aMalblaMOBAHUX BiJIbHUX LOOYTKIB

LMKJIIYHUX IPYI 110 UUKJIYHIN MiArpymi 3a JOIIOMOTO0 CKiHY€HHUX aBTOMATIB HaJl JeSIKUM CKiH4€HHMM aji(paBiTOM.



A came, BUKOPHCTOBYIOUY y3araJIbHEHHS JIEMU IIPO IiHI-TIOHT IIOKA3aHO, 10 BKa3aHUM aMaJibraMOBAaHUN BiJIbBHUNI
IOOYTOK IIOPOIPKY€ETHCSI aBTOMAaTHUMHU IIiICTAHOBKaMH, BU3HAYEHNMU iHil[jaTbHUMU aBTOMAaTaMu 3 4 CTaHaMHU.
OKpeMO PO3IJISIHYTO BUIIAJ0K TPYBiasIbHOI aMasibramaliii, To6To nodyoBaHO TOYHE 300pa’KeHHs aMalbraMOBaHOTO
BiJIBHOTO JOOYTKY BKa3aHUX IPYIl 10 OOVMHWYHIN MiArpymi. B 1boMy BUNaiKy aBTOMATH, B SIKMX BU3HAYAKOTbCS
HeOoOXi/IHi aBTOMATHI MiICTAaHOBKY, MAIOTh IO 2 BHYTPIilIHi cTaHu. B Po3nini 3 no6ynoBaHO TOYHE 300paKeHHS
aMaJIbIaMOBaHUX BiJIbHUX [OOYTKIB UUKIIYHUX IPYII 10 LUKJIYHIN DiArpyni CKiHYeHHO aBTOMaTHUMU
IiZICTAaHOBKaMH HaJ, MiHIMaJIbHO MOXKJIUBUM andasiToM. HaBoguThCs JONOMIXKHA KOHCTPYKLisSl aBTOMaTHUX
IiJICTAHOBOK JOBIJIbHOTO CKiHUEHHOTO MOPSAKY i OL[iHEHO KiJIBKICTh CTaHiB B aBTOMATI, SIKMM 337]a€ BKA3aHY
aBTOMAaTHY MiACTaHOBKY. [I71s1 IBHOI [100y10BM aBTOMATIB, B CTaHAaX SIKUX BU3HAYATUMYTbCSl HEOOXiTHI 117151
IIOBEJIEHHS aBTOMATHI IiICTAHOBKY, BUKOPUCTOBYIOTBCH Ollepallii 3'efHaHHA i [IOCJIiLOBHOTO 3'€IHAHHS IBOX
iHiI[ianbHUX aBTOMATIB, @ TAKOXK KOHCTPYKLis 1-IIOBHOrO aBTOMaTa. ¥ BUNAIKy TOYHOTO 300Pa’KE€HHSI
aMasibTaMOBAHUX BiJIbHUX JOOYTKIiB CKIHUEHHOr0 YMCja p-rpyll iHilliaTbHUMU aBTOMAaTaMU J4OJATKOBO I0Ka3aHo,
110 TaKui amaabraMOBaHMUI1 BiIbHUM BOOYTOK i3oMOpdHO 3aHyproeThes B p-FGA(X) 1151 andasiTy X IOTY>KHOCTI p,
TOOTO NEePETUH p-cuioBcbKoi miarpynu Syl_p(GA(X)) rpynu Bcix aBTOMaTHUX HifgcTaHoBOK Haf X i rpynu FGA(X)
BCiX CKiHYEHHO aBTOMAaTHUX ITiJCTAHOBOK. [JOBeleHHS OCTAaHHbOTO TBEP/I’KEeHHS 6a3yeThCs Ha 3arajibHil
KOHCTPYKIii, 3aIIPOIIOHOBAHIN BUIlle, Ta JOJaTKOBOMY aHasli3i I06yNOBaHUX B Hill aBToMaTiB. B Po3nini 4
POBIJISIHYTO NUTaHHS 3HaxoKeHHs1 HNN-posmupens BijibHUX abesieBUX TPYIL paHry N, 1 0 1, SKi [OMyCcKaooTh
isomop¢Hi 3anypeHH4 B rpyny p-FGA(X). Posragpaiorscs Taki HNN-po3mupeHHs, BUSBHaY€Hi HEBUPOI)KEHUMU
LiJIOYMCEJIbBHMMM MaTPULSIMU M po3mipy non 3 EBHMMU, HAKJIA4EHMMY HA HUX, yMoBaMu. [Tokasano, mo i HNN-
PO3BLINPEHHS BiIbHUX abeJieBUX IPYI JOIYCKaOTh i3oMopdHi 3aHypeHHs B rpyny p-FGA(X). SIk Hacigok,
OTpUMyeMO, o BinnosigHi HNN-posmupeHHs € pe3uayanbHO p-CKiHd€eHHUMU. Tako>XX HaBeIeHO MIPUKJIAL, TaKoi
MaTpuLi po3Mipy 202, IKa He 3aI0BOJIbHSE PaHille BUSHAYEHNM YMOBaM, ajie Ipy LbOMY BinmnosigHe it HNN-
posuupeHHs 3aHyproeTbesl B 2-FGA(X). YV nuceprauiiiziit poboTi OTprMaHO Taki HOBi pe3ysnbTatu. 1. 1y1s
aMayIbraMOBaHUX JOOYTKIB CKIHUEHHOTr0 YMucia CKiHU€eHHUX LUKJIIYHUX IPyIl, aMajbraMOBaHUX 3a LUKIIIYHOIO
IiArpynoo no6ynoBaHO TOYHI CKIHYEHHO aBTOMAaTHI 300pa’KeHHsI. ABTOMATHI ifICTAaHOBKHY, SIKi IOPOJKYIOTh
BiATOBiHI 106YTKY, BUBHAYAIOTHCS iHil[laTbHUMU aBTOMAaTaMU, KOXXEH 3 SIKUX Ma€ 4 BHYTPIIIHI CTaHMU. 2.
[To6ynoBaHO TOYHI CKIHU€HHO aBTOMATHi 300pa’keHHS BIIbHUX JOOYTKiB CKiHYEHHUX LUKIiYHUX IPYIl. ABTOMATHI
IiICTaHOBKH, 5IKi MOPOJKYIOTh BifJIIOBiIHI JOOYTKHM, BU3HAYAIOTHCS iHilliaJIbHUMU aBTOMAaTaMU, SIKi MaloThb IO 2
BHYTPIIIHI cTaHu. 3. [I7151 aMalbraMOBaHUX JOOYTKiB CKIHYEHHOTO YMCila CKIHY€HHUX LIMKIIYHUX TP,
aMasIbraMOBaHUX 32 LMKJIIYHOIO IiArpynoo, Io6yLOBaHO TOYHI CKIHUEHHO aBTOMAaTHI 300pakeHHs HaJ, MiHiMaIbHO
MOXJIMBUM a1¢aBiToM. 4. JI7151 LOBIJIbHOTO IIPOCTOTO YMCJIA P JOBEIEHO, 1110 aMalbraMOBaHi BiJIbHI JOOYTKU
CKiHY€HHOT0 YMCJIa UUKJIYHUX P-TPYI, aMalbraMOBaHUX 32 LAKIIYHOIO MiATPYIOI0, 300paKaloThCsl CKIHYEHHUMU
aBTOMAaTaMU CIIeLiabHOTO BUrJIsLAy. [TokazaHo, 0 BiAOBigHI aBTOMATHI MiICTAHOBKY HAJIEXKATh 4O P-CUJIOBCHKO]
IiArpynu rpynu Bcix aBTOMAaTHUX MiJCTAaHOBOK Ha, p-ejieMeHTHUM azndasitoM. 5. BeeneHo kinac HNN-posmupeHs
BiJIbHUX abeJieBUX IPYI CKiIHUEHHOTO PaHry, BCi IPYIHU 3 SIKOTO 300paXkal0ThCsl CKIHUEHHO aBTOMAaTHUMU
MiJCTaHOBKaMu. JIOBEIEHO, 1O BiAIIOBiIHI aBTOMATHI MiCTAHOBKY HAJIEXATh 4O P-CUJIOBCHKOI APy IPyIU BCiX
aBTOMATHUX ITifICTAHOBOK HaJ| p-eJeMeHTHUM asdasiTom. [JucepraiiliHe NOCTiIKeHHSI HOCUTh TEOPETUIHUN
xapakrep. OTpuMaHi pe3yabTaTi MOXYTb OyTU BUKOPUCTaHI B anredpi, Teopii aBTOMATIB, AUCKPETHIiN MaTeMaTUll,
Teopii aJIrOPUTMIB Ta B IHIMX rajay3sax 3HaHb, METOJIU SIKUX 6a3yIOThCSI HA AaBTOMATHUX 300PKEHHS alreOpaiyHux
CTPYKTYP.

2. The thesis is devoted to the study of faithful finite automaton representations of finitely generated groups.
Residual finiteness is a natural necessary condition for groups that allow such representations. Faithful finite
automaton representations of finitely generated residually finite groups, which are close to free groups in their
combinatorial structure, are consi- dered. More precisely, it is considered groups that decompose into free
products or amalgamated free products of their subgroups, and HNN extensions of groups. Chapter 2 is devoted to
the construction of faithful representations of amal- gamated free products of finite cyclic groups with cyclic
subgroup amalgamated by finite automata over some finite alphabet. Namely, using a generalization of the ping-
pong lemma, it is shown that the specified amalgamated free product is generated by automaton permutations



defined by initial automata with 4 states. The case of trivial amalgamation is considered separately, i.e. a faithful
repre- sentation of the free product of finite cyclic groups is constructed. In this case, the automata in which the
necessary automaton permutations are defined have 2 internal states. In Chapter 3 a faithful representation of
amalgamated free products of cyclic groups with cyclic subgroup amalgamated by finite automaton permutations
over the minimal possible alphabet is constructed. The auxiliary construction of auto- maton permutations with
arbitrary finite order is given and the number of states in the automaton that define the specified automaton
permutation is estimated. For the explicit construction of automata, in the states of which the automaton
permutations required for the proof will be determined, the operations of linking and serial linking of two initial
automata are used, as well as the construction of an I-complete automaton. In the case of faithful representations
of amalgamated free products of finite number of cyclic p-groups by initial automata, it is additionally shown that
such an amalgamated free product is isomorphically embedded in the group p-F GA(X) over an alphabet X of
cardinality p, i.e. the intersection of the p-Sylow subgroup Sylp(GA(X)) of the group of all automaton permutations
over X and the group F GA(X) of all finite automaton permutations over X. The proof of the last statement is based
on the general construction proposed above, and on additional analysis of the automaton constructed in it.
Chapter 4 considers the question of finding HNN extensions of free abeli- an groups of rank n, n > 1, which allow
isomorphic embedding into the group p-F GA(X). It is introduced HNN extensions defined by invertible integer
matri- ces M of size n x n with some additional conditions. It is shown that these HNN extensions of free abelian
groups allow isomorphic embedding in the group p-F GA(X). As a result, it is obtained that the corresponding HNN
extensions are residually p-finite. It is presented an example of a matrix of size 2 x 2, such that it does not satisfy
the previously defined conditions, but corresponding HNN extension allow an embedding into 2-F GA(X). The main
results that determine the scientific novelty of the thesis are as follows. 1. Faithful finite automaton
representations are constructed for amalgamated free products of finite number of finite cyclic groups with
amalgamated cyclic subgroup. The automaton permutations that generate corresponding products are defined by
initial automata, each of which has 4 internal states. 2. Faithful finite automaton representations of free products
of finite cyclic groups are constructed. The automaton permutations that generate corres- ponding products are
defined by initial automata, each of which has 2 internal states. 3. For amalgamated free products of finite number
of finite cyclic groups with amalgamated cyclic subgroup, faithful finite automaton representation are constructed
over a minimal possible alphabet. 4. For arbitrary prime number p it is proved that amalgamated free products of
finite number of cyclic p-groups with amalgamated cyclic subgroup are represented by finite automata of special
form. It is shown that corresponding automaton permutations belong to the p-Sylow subgroup of the group of all
automaton permutations over the alphabet with p elements. 5. A class of HNN extensions of free abelian groups of
finite rank is introduced. All groups from this class are represented by finite automaton permutations. It is proved
that corresponding automaton permutations belong to the p-Sylow subgroup of the group of all automaton
permutations over the alphabet with p elements. The thesis is a theoretical research. The obtained results can be
used in algebra, automata theory, discrete mathematics, algorithm theory and other fields of knowledge, the
methods of which are based on automaton representations of algebraic structures.
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