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Ilo3suTuBHBIE S5KBUBAJICHTHOCTU U IIpenmnopsaokKmu

C. A. BAIAEB

[ToueMmy mo3UTUBHBIE SKBUBAJIEHTHOCTH SIBJISIIOTCS MHTEPECHBIMU U €CTECTBEHHBIMU 00h-
ektamu u3yuenusi! [Ipumepsr u3 anre6psol, TOruKN, TeOpun BeraucanMocTu. MoroMmopdu3mbr
IIO3UTUBHHO HYMEPOBAHHBIX MOIeJIel, BBIUUCINMAS CBOOUMOCTH Ha 3KBUBAJICHTHOCTSAX U
npenmopsakax. HekoTopble cBemeHUsI 0 BO3HUKAIOIINX CTPYKTypax cremeHenn. Creruasib-
HBIE KJIACChI TIO3UTUBHBIX SKBUBAJIEHTHOCTEH. Tumbl BeraucamMoro mzoMopdudsmMa BHYTPU
CTeIleHell SKBUBAJIECHTHOCTEN 1 mpennopsnakoB. HekoTopele aareOpamyeckue U arOPUTMU-
JecKue CBOUCTBA CTPYKTYPHBI CTEIleHel, BOIIPOCHL OIPENeTMMOCT.

Kazazcrkul nayuonasbnvil ynusepcumem um. asv-Papabu, Aamamer (Kasaxcman)
E-mail: sbadaev@gmail.com
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Boeruucimnmmas KaTeropudyHOCTb M MHIOEKCHbIE€ MHOXKeCTBa

H. A. BAXXEHOB

[Mycts d — 5T0 THIOPUHTOBA CTENEHb. Bhrancnumyo cTpyKTypy S Ha3bIBaOT d-BbIUUC-
JIUMO KATETOPUUIHOM, eciu Jio0ble MBA BBIYUCINMBIX IpencTaBieHus S d-BBIUUCINMO U30-
MopdubI. B noknane 6yner maxH o630p HEIABHO MOJIYYEHHBIX PE3YIHTATOB O d-BBIUUCINMOR
KATETOPUIHOCTHU [JIs JIMHEHHBIX TMOPSOKOB, MUCTPUOYTUBHBIX PEIIETOK, a0eJIeBBIX TPYIIIL.
Takxe OymoyT mpencTaBeHbl Pe3yIbTATHI O CJIOXKHOCTU PA3IMYHBIX WHIECKCHBIX MHOYXKECTB,
CBSI32HHBIX ¢ d-BBIYUCIUMON KATETOPUIHOCTHIO.

HAremumym mamemamuru um. C.JI. Coboaesa CO PAH, Hosocubupck
E-mail: bazhenov@math.nsc.ru
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KOMMYTaTOpI:I B CBOOOMHBLIX M HE COBCEM CBOOOIHBLIX rpyIimnax

A. A. KIasg4dko

Emé B 1959 romy M. II. IllrortlenGeprep 3aMeTusi, 9YTO B CBOOOMHOWN TI'PYIIEe HUKAKOI
HEEMUHUYIHBIN KOMMYTATOD HE MOXKET ObITh UCTUHHON CTeNeHb. Y pacckaxy O pa3BUTHUI
9TOI TeMaTUKMU.

MI'Y, Mocxksa
E-mail: ahtoh-a-k@ya.ru
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AcconmaTuBHbIe anre6pbl 1 anare6pbl JIlu ¢ mouTy perysispHbIMU TPyHNIaMu
aBTOMOP()U3IMOB

H. 1O. MAKAPEHKO

B mepBoit wacTu mokiaama oOCyKOAIOTCS PE3YIbTATHI, Kacatolmecs anrebp JIu ¢ moarn
PEryIISIpHBIMEI KOHEYHBIME aBTOMOpdm3MaMu. byneT nmpuBemeH 0030p KJIaCCHIECKIX TEOPEM
7 X TPUMEHEHNN B TEOPUN HUJIBIIOTEHTHBIX T'PYIII.

Bropas wacTb mocBsiiieHa acCONMMATUBHBIM aIredpaM ¢ pa3pernMoil KOHETHON I'PYIIION
aBToMOopdu3MoB. B wacTHOCTH, OymeT IpencTaBlieH HOBBHI pPe3yIbTAT O TOM, UTO MOYTHU
HUJIBIIOTEHTHOCTD NoAaIreOphbl HETIOABUXKHBIX TOUEK BjleUeT IIOYTU HUIBIIOTEHTHOCTb CAMOMN
amre6pel. A UMEHHO, BEpHA CIIEMYIOIIas TeopeMa.

Teopema. Ilpennosoxum, 4T0 accommaTuBHas ajarebpa A Ham mojleM IPOU3BOJIBEHON
XapaKTepUCTUKU MOIMyCKAET PAa3PEIIIMYI0 KOHEUHYI Ipymiy aBroMopguszmo (G mopsaka
n. Ecan monanrebpa memompmxmpix Touexk AY = {a € A | a9 = a Vg € G} comepxur
1By CTOPOHHIIT HUILIOTeHTHBII uneat I <\ AC crymenn HumbIOTeHTHOCTH d U KOHEUHOI KO-
pasmeprocTu m B A, To anrebpa A Takxke cOTepKUT HUIBIOTEHTHBII IIBYCTOPOHHUH MI€AJI
H < A, npuyem crymeHsr HUJIBMOTEHTHOCTH uneasja H orpammuena HeKOTOpOU (QyHKIIUEH,
3aBHUCSIIEN TOJBKO OT N U d, a kopa3mepHocTh H B A orpanmyena HEKOTOPOU (GYHKIHEH OT
m, n ud.

OToT pesynabTaT 0000IIAET KIIACCUUIECKYIo TeopeMmy beprmana — Aiizekca 0 TOM, UTO
acconmaTuBHAs ajaredpa, MOIIyCKaoIas PeryiaspHyo IPYHIy aBTOMOPOU3MOB KOHETHOTO IO~
psiOoka, HUWJIBIOTEHTHA CTYIIEHU, OIPAHMYEHHOU HEKOTOPOUl (QDYHKIIMEN, 3aBUCSIIEN TOJIBKO
OT n.

PaGora Bumonuena npu ¢uHaHCOBON monmep:xkke Poccuiickoro HayuHOro Gonnma (IIpoexT

14-21-00065).

HArncmumym mamemamury um. C.JI. Cob6oaesa CO PAH, Hosocubupck
E-mail: natalia_makarenko@yahoo.fr
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BSS-MaIJ_II/IHbI, paGOTaIOI_LII/Ie B 6€CKOHEYHOM BpeMeHHN: BbIYNCJIMMOCTDb OJIA
aHaJIn3a

A. C. MoprPO30B
MBy‘laeTCﬂ IIOHATNE BBEIYNCIMMOCTHU Had BECIICCTBECHHBIMU YUCJIaMM, 6a31/1py101_uee05[ Ha BSS—
MAaIllmHaX, paboTarommx B OeCKOHETHOM BpeMeHu. JlaioTcs HeKOTOpbIe eé XapaKTepu3alllnn
n CBOﬁCTBa, a TaKxXKe O6Cy}KI[aeTC$I HpI/IFOJIHOCTB 9TOI'O IIOHATHIIA B Ka4deCTBE BBIUYMCJINMOCTHI
OJIdA KJIaCCUYECKOI'O aHaJIN3a.

UM CO PAH, Hosocubupck
E-mail: morozov@math.nsc.ru
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Hopomnalou_me MHO2KeCTBa 3JIEMEHTOB I'DYIIII JIM€Ba THUIIA U UX IIPUJIO2KEHU A

9. H. Hy>XuH

B noxnane m3naraioTcs pa3iImdHbIE METONBI BRIOOpA IMOPOXKIAIOIINX MHOXKECTB dJIEMEH-
TOB TPYIN JMeBa THUNA KaK HAM MOJISMHI, TaK W HAO KOJbIlaMu. PaccMaTpuBalOTCS HEKO-
TOPBIE 3a1aul O TOPOXKIAININX HAOOpaX WHBOJIOINUN C ONpeNeIeHHBIMUA CBOMCTBAMU IJIS
KOHEUHBIX MMPOCTHIX rpymi u ajis rpynmn [leBase HAD KOTBIIOM METbIX YUCET, B YaCTHOCTH,
peds moiaeT o nByx Momx Bompocax 14.69 u 15.67 u3z KoypoBckoit TeTpanu, OTBETHI Ha KO-
TOpBbIE B OOIIIEM CJIydae MOKa Hem3BeCTHBI. (OTMEUYAOTCs HEKOTOPBIE MPUIOKEHUSIMEI TaKUX
MIOPOXKOAIOITNX B Teopuu rpados.

Cubupcrut gedepasvrviii ynusepcumem, Kpacnogpck
E-mail: nuzhin2008@rambler.ru
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Koneunbie ajare6pnl onepanuili 1 MyJIbTHOIIE DA

H. A. TIEPJI3EB

B moksiame paccMaTpUBAIOTCS MHOXKECTBA ONEPAlWil U MYJIbTUOMEPAIU (TacTUIHBIX
MHOTO3HAYHBIX Oepanuil) (UKCHPOBAHHOI MECTHOCTU Ha KOHEUHBIX MHOXKecTBax. Cur-
HATYPHBIME OlepanusMu (MeTaoneparusaMy) ajarebp Omepamnuil asBasiOTCs CyTePIo3uIus 1
HYJIbMECTHBIE MeTaOIePaIlNi, OIPENEeIISIONIe OllePallud MTPOEKTUPOBAHNUS, a ajJredp Myiib-
THOIEPAIIAN ellle U Pa3pelInMOCTH, IlepecedeHus] U HYJIbMeCTHBbIe MeTaollepallui, OIlpeme-
JISTIOINME TIOJIHYIO U IIyCTYIO MyJIbTHoIepamnuio. BrmManume OymeT yIejaeHO BOIPOcaM BIIO-
JKEHUS, ONUCAHUSI MUHUMAJILHBIX ajIreOp, perieToK Nomaaredp, HaXOXKIeHUs IOPOXKTAIOITIX
MHOXKECTB 1 nNpyruM. AnreOpbl yKa3aHHBIX TUIOB HambOJIee eCTECTBEHHBI MJIST TOCTPOCHIMS
MaTeMaTHUYeCKIX MOMeslell KOHEUHBIX TpeoOpa3oBaTesiell THHOPMAIIAN.

Canxm-Ilemepbypeckuti 2ocydapcmeennbiti saexmpomexnuueckuts yrnusepcumem, Cankm-Ilemepbype
E-mail: nikolai.baikal@gmail.com
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YHuBepcanbHas ajnrebpamyeckasi TeOMeTPUsi: OCHOBHBIE NPOGJIEMbI
U npenejibHble KOMOMHATOPUKA

B. H. PEMECIEHHUKOB
Hokan 6ymeT coCcTOSITh U3 OBYX YaCTel.
1. BynyT cdopmynupoBaHbI OCHOBHBIE 3a0a4ll YHUBEPCAJIBHON ajrebpamdecKonl reoMe-
TpUU.
2. Ilycte A — anrebGpamueckas cucreMa s3bika L u K = ucl(A) — yHuBepcabHbIN
kitacc, mopoxnenubiit A, u FG(A) — MHOXeCTBO THUIIOB KOHEUHO TIOPOKIEHHBIX L-ofcucTeM
u3 A. BynmeT mpenokeHo HeCKOIIBKO CIIOCOO0B TIOCTPOEHUS IpenetbHbIX cucteM miist FG(A).

s qHux 6ymyT chOopMyIMPOBAHBI HECKOIBKO 3allad U IPUBENEHBI YK€ U3BECTHBIE Pe3yilb-
TaTHI.

O® UM CO PAH, Omck
E-mail: remesl@ofim.oscsbras.ru
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FeHepnquKne CBOOMMOCTHN N CTEIIEHU

A. H. PLIBAJIOB

B moxmame 6ynyT pacCMOTPEHBI CBOOMUMOCTU AJITOPUTMUYECKUX IIPOOJIEM, KOTOPHIE CO-
XPaHSIIOT CBOUCTBO PAa3pEIINMOCTU IJIs IOUTH BCEX BXOIOB — TaK Ha3bIBaeMble T'eHepude-
ckue ceomuMmocTH, npemtoxkenubie K. Ihxokytem u I1. [llynmowm, I'. Urycoit, A. PribagoBsiv.
BynyT momoxeHbr pe3yabTaThl O CTPYKTYPE PEKYPCUBHO TEPEUUCIUMBIX CTEIIEHE STUX CBO-
nuMocTen. Takxke OymyT IpencTaBIeHbl PE3YIILTATHL O MOJIMHOMHUAIBHON TeHEPUIECKON CBO-
IUIMOCTH.

O® UM CO PAH, Omck

E-mail: alexander.rybalov@gmail.com
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Countable models of the small theories with ()-definable linear order

BEKTUR BAIZHANOV

In our talk we consider the conditions on small ordered theories assuring maximal num-
bers of countable non-isomorphic models. This research is based on the studying the prop-
erties linear orders defined on the classes of convex equivalence of one-formulas, classifica-
tions of one-types in (small) ordered theories, classification w-categorical ordered theories
of boundary rank of density. As application of obtained conditions we consider ordered
theories with few number (non-maximal) of countable models of some classes ordered small
theories.

21
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On characterization of a periodic group by its set of element orders

A. S. MAMONTOV

Assume that a set of group element orders is given. We discuss when it can be deduced
that a corresponding group is locally finite.

Sobolev Institute of Mathematics, Novosibirsk
E-mail: mamontov@math.nsc.ru
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Measure and categoricity for classes of countable structures

RUSSELL MILLER

We consider classes of countable structures for which the isomorphism problem is not
overly difficult. Examples include the class of algebraic fields of characteristic 0, the class of
finite-branching trees under the predecessor function, the class of torsion-free abelian groups
of a fixed finite rank n, and the class of real closed fields of a fixed finite transcendence degree
d. The isomorphism problems are 119 for the first two of these, 39 for the abelian groups,
and II9 for the real closed fields.

The first goal for such a class is to give an effective classification of all structures in the
class, up to isomorphism. Such a classification is computed by two Turing functionals ®
and U. For every atomic diagram D of an element of the class, the index A = ®P for its
isomorphism type should be an element of a known topological space (usually Cantor space
2% or Baire space w¥, possibly modulo a standard equivalence relation), and for every A in
this index space, D = U4 should be the atomic diagram of a structure of the isomorphism
type mapped to A. Thus ® and ¥ constitute a computable homeomorphism between the
class, modulo isomorphism, and the index space.

In some cases, it is then possible to put a probability measure on the index space, and
thus to ask about the measure of the subclass consisting of those structures satisfying a
particular property. We will address this question in the case of the algebraic fields, for the
property of uniform computable categoricity. Current joint work by the author and Johanna
Franklin considers the same question for the finite-branching trees.

Queens College & CUNY Graduate Center, New York, NY (USA)
E-mail: Russell.Miller@qc.cuny.edu
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Infinite time BSS-machines: a computabiliy for analysis

A. S. Morozov

We study an approach to computability over the real numbers based on infinite time
BSS-machines. We give some its characherizations and discuss its adequacy for classical
analysis.

This is a joint work with Peter Koepke.

Sobolev Institute of Mathematics, Novosibirsk
E-mail: morozov@math.nsc.ru
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Heyting—Ockham logic and hyperintentionality

S. P. ODINTSOV

The logic HYPE was recently [3] suggested by H. Leitgeb with the aim to give a basic
propositional logic allowing to deal with hyperintensional contexts. The approach to nega-
tion in HYPE is a combination of ‘Star’ and ‘Perp’ from [2], where J.M. Dunn denoted in
this way two basic approaches for treatment of the negation operation, via *-star operator
and via the incompatibility relation:

(=) wkE-p M w e

(-1) wkE e iff Vu(u = @ implies u L w)
Moreover, the negation of HYPE has also features of strong negation [4]. A complex combi-
nation of conditions involved in the definition of HYPE semantics implies however that the
resulting negation operator loses the features of strong negation, moreover, ‘Perp’ turns to
‘Star’.

It turns out that logic HYPE is closely related to Heyting-Ockham logic N* introduced
in [1] as a framework for studying logical foundations of WF'S [6] (well founded semantics of
logic programs with negation). Algebraic semantics for N* and the term ‘Heyting-Ockham
logic’ were suggested in [5].

In this talk we track the history of ‘Star’ approach to negation, demonstrate that in
Vakarelov’s theory [7] of negation N* can be characterized as the least normal and co-
normal logic with intuitionistic impication, and show that proof theoretically hyperinten-
tional HYPE turns out to be equivalent to intensional N* + {p +» =—p}.

The investigation presented in the talk was supported by Russian Foundation for Basic
Research (project No. 18-501-12019-DFG-a).
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Non-classical multi-agent logics with multi-valuations

V. V. RYBAKOV

We study various modeling multi-agent reasoning and taking decision by instruments of
non-classical logics. The departure point is usage some modifications of relational Kripke-
Hinttikka models (in particular the ones with different accessibility relations or with different
valuations of the agents knowledge). In particular, a kernel distinction from the standard
relational models is introduction of separate valuations for each agents and then computation
the global valuation using the all individual ones. We discuss this approach, illustrate it with
examples and demonstrate that this is not a mechanical combination of standard models,
but much more thin and sophisticated modeling knowledge and computation truth values
in multi-agent environment.

Usual most important logical problems are addressed to that logics, in particular the
satisfiability problem,the decidability problem and the admissibility problem. We solve them
for some logics and find deciding algorithms, for some others that are yet open problems.
[lustrating examples for applications to be provided.

The reported study was funded by Russian Foundation for Basic Research, Government
of Krasnoyarsk Territory, Krasnoyarsk Regional Fund of Science, the research project No.
18-41-240005.

Institute of Mathematics and Informatics, Siberian Federal University, Krasnoyarsk
Institute of Informatics Systems of the Siberian Branch of the RAS, Novosibirsk
E-masl: Vladimir Rybakov@mail.ru
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Jlormueckuii aHAIN3 YNCJIEHHBIX aJITOPUTMOB HA OCHOBE KOHIEMITNN
()-meTepMUHAHTA U €r0 IIPUMEHEHUe JIs UCCIeNOBAHUs pecypca Iapajuien3iMa
YHCJIEHHBIX aJI'OPUTMOB

P. 2K. AneeB, B. H. AnEeBA, E. C. BOrATBIPEBA

Briepsbie koHuenmus (-meTepMuHaHTa TpemiokeHa B 1], u ABIAIaCH, B OCHOBHOM, Te-
OPETUYECCKUM MHCTPYMEHTOM, ITOCKOJIbKY MMECIOIIAJACA Ha TO BPEMI BBIYUCINUTE/IbHAS TEX-
HUKa He MOIyCKaJjia MaCCOBOTO IMapasijiesim3Ma. B HacTosIiiee BpeMs MMEIOTCS CUCTEMBI, CO-
IepaKallme OrPOMHOE YMCJIO BBIUMCIUTEIBHBIX OJIOKOB, UTO MO3BOJISET paclapaJijie/TuBaHue
nporpamMm. CyIIecTByeT 3HAYUTEIbHBIA PA3PBhIB MEXKIY BBIUUCIUTETLHBIM MTOTEHITHAIOM
MapaIe/IbHBIX BBIYUCINTETLHBIX CUCTEM U €ro UCHoJib3oBanmeM. OmHOW W3 MPUYUH 5TOTO
SIBJISIETCSI HE TIOJTHOE UCIIOIBL30BAHUE PECypCa Mapaijien3Ma aJrOPUTMOB.

[Tycts A — mpOUM3BOIBHBIN YUCIEHHBIN airopuT™M. IlycTs () — MHOXKECTBO BCEX OIle-
paruii, UCrIoiab3yeMblx ajaroputmoM A, I — MHOXeCTBO BXOOHBIX U F — MHOXECTBO BbI-
xXomHbIX maHHBIX ajgropuTMa A. I kaxmoro e € E amroputma A crpouTces (Q-Tepwm, Ko-
TOPBIT MOXKHO PACCMATPUBATD, KAK T€PM CUTHATYDHI () (TOuHee, OGBIYHON CUTHATYPHI OIS
NENCTBATEIBHBIX UNCEI, TIOMOIHEeHHON onepanusMu u3 (). Kaxabiil (Q-TepM onuchBaeT Bee
CII0COOBI BBIYUCJIEHH € B 3aBucuMocTn oT I. Asnropurwm A onpenenser cBoit (Q-OeTepMUHAHT,
KOTOPBIT OMUCHLIBAET aJTOPUTM Kak Habop (Q-TepmoB. PaxTUUIECKU BBITOITHSIETCS JIOTUUE-
CKU aHaaIn3 ajropurMa A, mO3BOJISIONINA CTPOUTH BCE BO3MOXKHBIE BhIUnCaeHus F mo [
COTJIACHO DTOMY AJITOPUTMY.

[Ipumenenue (Q-meTepMUHAHTA IO3BOJISIET OMPENSTINTH PECYyPC Mapajien3Ma TUCIeH-
HBIX aJITOPUTMOB 1 pa3pabaThiBaTh ()-5dHEeKTUBHLIE TPOTPAMM, UCIIOIL3YIONINE PECYPC Ta-
pasuIesm3Ma AIrOPUTMa MOTHOCTHIO, 71 PEIlleHus npakTudeckux 3anad [2, 3]. [lomyuenusie
TeopeTUUecKre pe3yIbTaThl allpOOMPOBaHBI HA AJTOPUTMAaX C PA3IMIYHBIMUI CTPYKTYypaMmn
Q—HeTepMHHaHTOB: AJITOPUTMBI YMHOXKCHI S IIJIOTHBIX 1 PA3PEKECHHBIX MaTPpUL, METOOLL PE-
IIIEHUsT CUCTEM JIMHEeNHbIX ypaBuenun [ aycca—2Kopnana, dkobu, ['aycca—3eiinens u npyrue.

UccnenoBanme BBITIOTHEHO TIpU (puHaHCOBOI TIonnep:xkke PODPU B paMkax HAYIHOTO TIPO-
ekTa N 17-07-00865 a, mpu mommepxkke [IpaButensctBa PP B coorBeTcTBUE ¢ [locTanosme-
rueM N 211 ot 16.03.2013 r. (cormamenune N 02.A03.21.0011).
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AH CCCP, 1985. 23 c.
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Ilapammenbuble BoIuncauTENbHBIE TexHOTOTUN — XII Mexnynaponuas kondepenmus, [1aBT’2018, r.
Pocros-na-Houny, 2—6 anpesns 2018 r. Koporkue crarbu um onucanus rjakaToB. Yensbunck: 3narens-
ckuit eatp OYpl'Y, 2018. C. 224-234.

FOocno-Ypaavckuti 2ocynusepcumem (HUY), Yeagbunck
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HepBaﬂ TeopeMa I'énensa o memosiHOTE HyMepaIllMOHHO 3aBHUCHMa

A. B. BEccoHOB

[Ipu mokazaTenbCTBe MEPBOI TeOPEMBI O HENMOJIHOTe ['émesb cTpouT GopMmysTy C OIHOI
cBOGOMHOM TIepeMenHol Vy—Prov(z,y), Bbpax)aroiyo GakT HEOOKasyeMOoCTu (GOPMYIIBL C
HomepoMm x. [lajlee B Hee Ha MeCTO MEPEMEHHOW T TOACTABIISETCS HyMepasl N, COOTBETCTBY-
IO TéIeseBy HOMEPY N caMOU 3Toit ¢hopMysibl. B pesyiabTaTe MoaydaeTcs 3aMKHYTast
dopmyna Yy—Prov(n,y) (o6o3naunMm ee uepes (), HEPA3PEIIUMOCTb KOTOPOI 1 MOKA3bIBA-
€TCsI B IEPBOI TeopeMe.

CunTaercs, 9TO B MEePBOI TeopeMe yCTaHOBJEHA Hepa3pemuMocTh G B GOpMabHOMN
apudpmeruke enexunna—Ileano (PA) xak Takosoit. B meiictButensuoctu xe ['émemem mo-
Ka3aHa BCEro JIUIIb HEPa3PermMoCcTh (G BO BIIOJTHE KOHKPETHON (PUKCUPOBAHHON HYMEDAIUN
cuarakcuca PA. Onuako onpenenenne Hepa3permMocT (GopMyITibl B apudMeTUKe Hy Mepalii-
OHHO HE3aBUCUMO: B HEM BOOOIIEe HET YIOMUHAHUS KaKou-Tub0 HyMmeparuu. Iloka3zaTeabcTBo
HepaspermmmMocT (G IPOXOMUT TOJBKO B CIydae, KOTIa HyMepalus rénejeBa u TéesieB Ho-
mep Yy—Prov(z,y) paser n. B mymepauun, ornuasaoi ot mymeparuu ['énerns, 6yner apyrast
bopmyna Yy—Prov,e,(T,y), ¢ IPYTUM HOMEPOM 7Npey, W APyTas Hepaspemmmas (B 5TOI
mHyMepanuu) GopMmyna Gpeywq, CBOS y Kaxknoil Hymeparmu. Ho Bemb mis ycTaHOBIEHUs He-
mostHOTEI PA Tpebyercss mokaszaTh HepaspemmMocTh (G BHE KaKOW-TmO0 HyMepallum, U YK,
0 KpaiHell Mepe, ee Hepa3pelmMOCTh B JIF000N Opyroi HyMepanuu. YUTo GymeT B HOBOW
HyMepanuu co crapoit dopmysnoin G? Uro Gymer, ecau dopmyna Yy—Prov(x,y) momyuant
OpyToOil HOMEp, WU eciu 7 OyIeT HOMEpOM KaKOW-InO0 MHOU (POpMyJibl, Uil BOOOIle He
6ynet réneneBeiM HOMepoMm? Octanercs nmu G Hepa3pernMon?

[Tpusenem npumep dhopmysibl, omyderuon (kak u (G) nonctaHoBkoit B hopmyiny PA ¢ on-
HOU CBOOOIIHOM TTIepeMEHHON I'é/1eJIeEBOTO HOMePa OMHOU 1 TOU XKe apuMeTHIecKon GOpMYJIbI,
KOTOpasi Hepa3pelinMa B OIHON HyMepalnu u pa3pemmmMa B apyroi. I[lycTs B Hymeparuun
lNénens momep G paBen m. OtoT paxT BepaszuM opmyson x = m. Paccmorpum dopmymy
C OIHOI CBOOOIHOI IIepeMEHHON

G & (x =m). (%)
[MoncraBus B (*) HA MecTO X peaibHBIN HOMep GG B HyMepauuu ['émesns, momydanm GopMyity
G & (m = m), KoTopas OUeBUIHO SKBUBaJEHTHA (G U MOTOMY HEpaspellnMa, eCiIu Hepaspe-
mmma, (.

[Mepetinem x npyroit Hymepauu, B KoTopoirt G umeeT HOMED [, oTiuusbi oT m. loncra-
BUB B (%) HA MECTO X HOBBIl rémeseB HoMep dopmyrsl G, momyunMm dopmyiny G & (1 = m),
BTOPOI KOHBIOHKT KOTOpPOH — omnpoBep:xkuMas B PA ¢opwmyita, mockonbky mpu | #= m B PA
F —=(1 = m), u3 wero cnenyer - =(G & (1 = m)).

Takum o6paszom, (hopMmyiia, MOIyUeHHAs TONCTAHOBKON B (%) HA MECTO MEPEMEHHON I
HOMepa (opmyinbl (G, Hepaspelnuma B HyMepauuu ['émesns m paspermuva (OIpOBEpKIMA )
B IpPyroil. 3HAYMT, CUTyallns, KOIa Hepa3pelinMas B OIHOW HyMeparuu (hopMmysia Oymer
pa3peImmMoit B Ipyroi, Bo3MOXKHa. [[osToMy MO Tex mop, oKa MbI He TIOKAXKEM, UTO TEIeseBa
dopMmysia G oOcTaHETCS HEPA3PEIINMON B JIIO00I NPYTON HyMEPAINN, ¥ HAC HET JOCTATOUHBIX
OCHOBAHUI yTBEPKIATH, UTO B MEPBOIl Teopeme ['émenst ycraHoBIeHa HemoaHoTa PA.
HAncmumym duaocoduu u npasa CO PAH, Hosocubupcrutl 2ocydapcmaennsili yrnusepcumem, Hoesocu-

bupck
E-masil: trt@academ.org
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CrnoxHoCTb GyJIeBbIX QPYHKIIUI B KJIACCAX IMOJIMHOMUAIILHBIX HOPMAJIBHBIX (OpM

C. ®. BuHOKyPOB, A. C. ®PAHIIEBA

B nokname mpusonsitcs onenku 3uauenuit ¢pyuxiuu [lennona L(n) craoxkuocTu mpemn-
cTaBileHn OyIeBBIX QYHKINHI B KJIAaCCaX MOJINHOMUAITBHBIX HOPMaJIbHBIX dopMm. [lom crmox-
HOCTBIO TIOHMMAETCSI KOJIMUEeCTBO cilaraeMbIx. l[lepBoe ToOuHOe 3HAUEHWE CIIOXKHOCTU OBLIO
nosy4yeHo B kiacce Pol (mossipuszoBanHBIX mosnmHOMOB 2Keramkuua): Lpy(n) = L%Q”J
Crenytorue 3HaYeHUs CIIOXKHOCTY OBLIU TOIYYEHBI ¢ TIOMOIIBIO OIEPATOPHOTO TOIXOMA, KO-
TOPBIN MO3BOIWII IIOCTPOUTH IITAPOKUN CIIEKTP KJIACCOB:

1. CewmeiicTBO K1accoB Kro4 1O PsNy CBOMCTB CXOXKUX € KiaaccoM PPol; KaxmbIil Kiace
comepxkut 2" 6a3ucoB. CI0XKHOCTH B JTIOO0M U3 3TUX KJIACCOB COBIAMNAET CO CIOXKHOCTHIO B
kiacce Pol u co cT0XKHOCTBIO B KJIacCe BCEX KPOHEKEPOBBHIX (hopM K70, KOTOPBIN COMEPKUT
3" 6a3mCcoB U BKIIIOUAET B ceOsI BCE KITacChl Kroy.

2. CewmeiicTBO Kj1accoB F 4, TOMyuuBIINX HA3BaHUE KJIACCOB PACIIUPEHHBIX GHOPM, TIe
KaXXObI u3 KitaccoB K4 comepxut 2" + 1 6a3ucoB. B kaxmom m3 5TUX KIacCOB 3HAUYEHUE
CIOKHOCTH paBHO: L, (n) = 327

3. CewmetictBo kitaccoB FKro,, KaXObIll U3 KOTOPBIX COMEPKUT Kitacchl a4 u Kroy.
3HaueHne CI0XKHOCTU B Kiaccax KK ro, ynoBieTBOpsieT HEPABEHCTBY:

1 n 1 n
52 _1§LEKTOA(TI/)§§2 .

4. Kmacc EKro skmoudaeT Bce kinaccsl FKros n knacce Kro. 3HaueHue CIIOXKHOCTU B
9TOM KJIacCe YIIOBJIETBOPSIET HEPABEHCTRBY:

\‘EQTLJ S LEKro(n) < EQ”

12 - 12
5. Kmacc IICEBOOKPOHEKEPOBBIX (I)OpM PKro. CnoXHOCTL B 5TOM KJIACCE pPaBHa
1
LPKTO(n) = §2n

IleTamu mosryueHns OLEHOK IJist KiIaccoB u3 1, 2, 5 mpusenens! B [1]; mias kimaccos u3 3
— B [3], mna knacca uz 4 — B [2].
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OnTosIornyeckme MeTOoAbl Pa3paboTKM MOJIL30BATEILCKINX NHTEPQEncoB

A. IO. BoakoBa

OcHoBHas 11€71h PA0OTHL — CO3[IaTh CUCTEMY, KOTOpasi Ha OCHOBE 3aIIPOCOB, COCTABJICH-
HBIX Ha €CTECTBEHHOM SI3bIKe, HamboJlee TOTHO YraIbIBaeT KeJaH!s oIb30BaTesIs. B HameMm
cIIydae 3TO MOIEIb MOMCKa W Ioad0pa TYPUCTUIECKOTO ITPOLYKTA.

C TeopeTmKO-MONE/TbHOI TOYKU 3PEHUS OHTOJIOTMIECKOE MOIEINPOBAHUE ITPEIMETHON
06JIaCTH ¥ TIOCTPOEHNE TEOPUU MPEIMETHON 06IaCTH CONEPKUT Clemyomme sramnsl [1, 2.

(1) CocraBuThb HEpeUeHb OCHOBHBIX MOHSATUN IIPEIMETHON O0JIACTH;

(2) YcTaHOBUTH B3aUMOCBS3M MEXKIY PA3JIMUYHBLIMEU YPOBHAMU MPENCTABIICHUS TIOHS-
TUH;

(3) UccnenoBamme 0T3LIBOB TYPUCTOB, GJIOTOB O Iy TEIIECTBUAX U KOMMEHTAPUIX HA Te-
MaTHUYIeCKUX calTax m GopyMax C IeIbIo BBISBIIEHNST HanboIee pacipoCTPAHEHHBIX
BHUIOB TYPU3Ma U MCIOJbL3YEMBIX YCIyTraX CPEOu IIyTEIIeCTBYIOIINX,

(4) Peanusanus OCHOBBI [JIs CO3MAHUS IMOJIb30BATEIILCKOTO MHTEpdeiica — CTPYKTY-
PUPOBaAHHOE TIPENCTABIEHNE MUMEIONINXCS TAHHBIX, BU3YyaJIn3allus, C TaJIbHEUIen
CUCTEMON TMAaJIora C MOJIb30BATETIEM.

Kaxnprii momb3oBaTes mMeeT CBOe COOCTBEHHOE IOHUMAHUE CMBICIIA TIOHSITUN, TTPUHAI-
Jexkamux K 3Toi oHTosoruu. C Opyroll CTOPOHBI, MPOTPAMMHAs CHCTEeMa IpeIHa3HaIeHa,
IJIsT BcexX modib3oBaTesneit. [lo cyrecTBy, MBI HOSIKHBI PEIIUTH MPOOIEMY IIepEeBOIa® TOHSI-
TUH OHTOJIOTUHU TIOJIB30BATEIbCKUX 33089 B IMOHSITUS OHTOJIOTUU TPOTPAMMHON CUCTEMBI 1
0o0paTHO, T. €. OATb ONPENeSIEHNs PA3JIMIHBIM 3a0adaM IOJIb30BAaTENIs Ha sI3bIKE OMUCAHUS
OYHKIIMOHAITLHOCTH TPOTPAMMHON CUCTEMBIL.

B Telegram, koTOpBII B3SIT 3a OCHOBY peajim3aiuu, Bce OOBEeKTHI sBisioTcs JSON-
obbekTaMu. Takne OOBEKTHI UMEIOT BUI MHOXKECTBA Tap KJII0Y U 3HAUYCHUE, 3aKTI0UEHHBIX
B ¢durypuble ckoOku: {kmou_1: 3madenne_l, kmou 2: spavenue 2}. IlomoGHBIN momxon mo-
3BOJISIET B MAJIBHEWINIEM PACCUYUTHIBATH HA BO3MOXKHOCTL CO3HAHUS COOCTBEHHOW CHUCTEMBL,
KoTopas OyZeT aHAJIM3WPOBATh TEKCT M OTBEYATH IOJIB30BATENIO, UCIOIIB3YSI PaHHee pa3pa-
6OTaHHYIO U JOMOJHEHHYIO BO BpeMs PaboThl OHTOJIOTHIO.
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Pa3spaboTka OHTOJIOTMYECKNX MoHeJsiell IIpeIMeTHBIX obJjiacTen

A. . KATTYCTHUHA

s co3maHusi OHTOJIOTUYIECKON MOOEIN ITPEIMETHON 06/IaCTU OOBIYHO HEOOXOMUMO ITPO-
nenaTh YeTwpe sTana [1]: cozmanme oHTONOrMN, OMUCAHUE OOIINX 3HAHWIT TPEIMETHON 06I1a-
CTHU, OIUCAHUE TIPEIENIEHTOB, & TaKkKe OMUCAHNE OIEHOUHBIX 3HAHWIT [2].

[Ipu pa3paboTke OHTOJIOTMYECKUX MOMAEJECH Pa3HBIX MPEIMETHBIX 00JIacTell 9acTO MPU-
XOOUTCSI TIPOMIEIIBIBATE OHU U T€ YK€ HTAIlbI 0 HECKOJIBKO pa3. DTO MPOUCXOMUT U3-3a TOTO,
YTO HeJIb3s MIePENCHOIb30BaATh OTIE/IbHBIE YPOBHIA OHTOJIOIMYIECKON MOMIENN.

s Toro, 9TOOBI ATOTO M30€XKATH IIPEIIaraeTCsl MOMY/IbHA CUCTEeMAa OISl pabOTHI C OH-
TOJIOTMYeCKIME MonensMu. MomynbHas cucTeMa MO3BOJISIET BBIIEINTh YACTO UCIOIb3yeMbIe
dbysKIUII 1 pazpabaTbIBATh OHTOJIOTUYECKYIO MOOENIb, KaK COBOKYIMHOCTH HECKOJIBKIX CBS-
3aHHBIX MeXIy coboir gacTerr. MomynbHas cucTeMa COCTOUT U3 CJIACHYIONINN JacTen:

1. anpo cucremsr;
2. MOIyTb B3aMMOMNEWCTBUS C OHTOJIOTMTIECKON MOIETIBIO;
3. MOMYyJIb TOTOTHEHUS OHTOJIOTMIECKON MOMEIIN.

slnpo cucremsr mo3BossieT co3naBarh onTosorny Ha si3bike OWL DL [3]. Busyanusosars
OHTOJIOTMYECKIE MOMENN C MOMOIIBI0 pemakTopa onTosoruii Protege u mmarmaa Ontograf.
Ylnpo crucTeMBbl TO3BOJISIET IPOBEPSTH CO3MAHHBIE OHTOJIOTMYECKTE MO Ha HEITPOTUBOPE-
YUBOCTb.

Momysb MOMOSTHEHUST OHTOJIOTUYIECKON MOMeIN comepkuT npasmia BeiBona SWRL [4].
C mOMOIIIBI0 5TUX MPABUI U MAIIUHBL JIOTUYECKOTO BBIBOIA MOXKHO TOJIyYATh HOBLIE 3HA-
Husl. Momynb B3aumMONENCTBUSI C OHTOJIOTMYIECKON MOMOENTBIO TO3BOJISIET C IOMOIIBIO SI3BIKA
sarmpocoB SQWRL u mpasun BoiBoma SWRL BBIMOIHSITE 3aIpoCchkl K OHTOJIOTMYECKON MO-
nenu. [lomyuenHass MOMyIbHAS CUCTEMA SBJISIETCS PACIIIPSIEMOR, YTO TTO3BOJISIET MOOABIISITH
K Hell HOBble MOOYy/N, Oe3 U3MeHEeHUs JOTUKK pabOoThl IPENbLIYIINX MOMYJIE.
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OnxTostornuecknin Imoaxon K pa60Te C HOpMaAaTMUBHBIMHU TEKCTOBbBIMMN
JOKyMEHTaMu

A. A. KAPMAHOBA

B coBpemenHOM MUpe BCe TEXHUUECKN CIIOXKHBIE IIPOIECCHI COITPOBOXKIIAIOTCS KOPIIYCOM HOP-
MAaTHUBHBIX [IOKYMEHTOB. ODTH JOKYMEHTHI CIeNu(PUIUpPyeT, IJIs8 Ier0 HyKeH MIPOIecC, KAKOBI
€ro OXumaeMble Pe3yIbTaThl, KAaK W KeM OH JIOJIXKEH OBITH BBITIOTHEH, M3 KAKUX CTPYKTYD-
HBIX YaCTell 5TOT MpoIecc cocTouT. HopMmaTuBHBIE NTOKYMEHTBHI HYXKHBI IIJIS TOTO, UTOOBI
YCTAHOBUTH COTJIAIIIEHUS MO KAaXKIIOMy U3 3TUX BOIPOCOB. DBIOCIENCTBUU A3TH NOKYMEHTHI
HeOOXOOUMBI NJIsI YCTAHOBJIEHUSI NCTUHBI B CIIOPHBIX CATYaITUSIX.

HopmaTuBHBIE HOKYMEHTHI MOXKHO PACCMATPUBATH C TOYKH 3peHUs X GOPMBI U CTOUKI
3peHust ux comepxkanus. Popma, Kak MPaBUIIO, 3a0AETCSI €MUHOXKIBI U PEIKO MOIBEPTACTCS
m3meneHussM.  ComepiKaHue Mpu TOM MOXKET MEHSTHCSI HOCTATOYHO peryssipHo. W3mewne-
HUE COOepzKaHUs MOXKeT OBITH CBSI3aHO C M3MEHUBIINMUCS TAHHBIMU IIPEOMETHON 00JIacTH.
Uewm crnoxnee mporecc, TeM OOJIBIINM M3MEHEHNSIM OH IMOTEHINAIbHO MTOIBEPXKEH, & 3HAYNUT,
TpebyeT OOMBIINX M3MEPXKEK HA TOMNEPKAHIE HOPMATUBHON O6a3bl B AKTYATHHOM COCTOSTHIT
[1]. st cHUXKEeHUs TaKuX M3LEPKEK ObLI MPEMJIOKEH OHTOJOIMIECKUX TOOXON K 06paboTke
CTPYKTYPUPOBAHHBIX HOKYMEHTOB [2, 3, 4].

B pabote onuceiBaeTcs cucTeMa aHAIN3a U T€HEPAINN HOPMATHUBHBIX JOKYMEHTOB IS
npenMeTHO obnactu «O6pa3oBanues. B sToM momene cyiiecTByeT MHOXKECTBO IIPOIIECCOB,
CONIPOBOXK IAEMBIX OTUETHON U IPYTOil HOPMATUBHBIN MOKYMEHTAIMEN (3aUnCIIeHIe, HATICIIe-
HUE CTUMEHIUN, IpueM Ha paboTy COTPYMHUKOB, IPOBEIEHNE CECCUI U TaK [ajiee).

B pamkax manHOU paboTHI OBIIN BBISIBIEHBI OCHOBHBIE HODMATUBHBIE TOKYMEHTHI I IIPO-
BeIleH X aHAJIN3. DBIn BBISBIIEHBI TEDMUHBI IIPEIMETHON 00JIaCTH, UCIIOIB3YIOIINECS B 9TUX
NOKyMeHTax [5]; ObII COCTABIEH TEPMUHOJIOTMUYECKUN CIIOBaph. Ha OCHOBaHUU TE€pPMUHOIIO-
THUYIECKOTO CJIoBapsi Obljla MOCTPOeHa OHTOJOTUSA. Kpome Toro, ObLT pa3zpaboTaH aJIropuTM
aBTOMATUUIECKO TeHeparuyu HOPMATUBHBLIX NTOKYMEHTOB Ha IpuMepe mokyMeHTa «lIpmkas
0 3aYuCiIeHnms. B OCHOBe aJropuTMa JIEKUT OHTOJOTUYECKUN TOOXOM. AJJIropuT™m mMO3BO-
JIgeT NMOANePXKMBATH KOPIyC NOKYMEHTOB B aKTYaJIbHOM COCTOSHUM B YCJIOBUSX U3MEHEHUS
MAHHBIX MPEOIMETHON 00IaCTU, & 3HAUNAT, U OHTOJIOTTIECKON MOJIEITI.
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TeopeTuko-MoneabHbIN TOAX0N GopMaIN3anuy IPOCTPAHCTBEHHO-BPEMEHHOTO
OIMCAHUS CUTYAINN

n. A. KorcyH

OnTosorus — 5TO W HayKa, OTBEUYAOIas Ha BOIPOC «YTO €CTh B MUPE» U KOHKPETHBIN
BapUaHT OTBeTa Ha JTOT Bompoc. Jlrobas OHTONOTUS, OMpEmessiolias, 4YTO eCTh B MUPE,
MOJKHA OBITH KAaK-TO (hOPMATIM30BAHA, BEIPAXKEHA B KAKON-TO TEPMUHOJIOTHH, TO €CTh IPE-
CTaBIIeHA KAaK «OHTOJIOrMUeckoe onucanues [1]. Bee paccyxmenus o cucreme mOKHBI ObITH
MPUBS3aHBI K GU3MIECKOMY MUPY, TPOCTPAHCTBY-BpeMeHu. [Ipn ocMBbICTIeHNN CCTEeM BbIIE-
JISFOTCS. MHIWBUIBI, 3aHUMAIOIIE COOO0I KaKOe-TO MPOCTPAHCTBO - BPEMSI, IOTOM OHU OCMBbI-
CIIMBAIOTCST Yepe3 OTHOIIEHUST OPYT € OPYTrOM U ¢ abCTPaKTHBIMEU OObeKTaMu. VIHIUBUIBI
C TeUYEeHMEM BPEMEHU TOMBEPTAIOTCS M3MEHEHUSIM, TO9TOMY MbI BBIHYKIEHBI BBECTU TIOHS-
Tue COOBITHUS TMEPEMEITICHIST MEXY KitaccaMu, BpeMs cOObITust. [lJIst 5TOro MbI Eepexommm
K IIPOCTPAHCTBEHHO-BpeMeHHOMY omucanuio, Kk 4D. Ha ceromusiinmili neHb eCTh HECKOIBKO
BapUAHTOB UYeTHIpEXMepHOro omucanus. OmHa n3 KOTOPBIX KOHIENINS SKCAypaHTu3Ma. B
KaXKIbIl MOMEHT (CJION BpeMeHU) OOBEKTHI OMUCHIBAIOTCS KAK PA3HBIE, HO TAKXKe BBOMUTCSI
COTJIaIlleHNe, YTO OTU Pa3Hble O0BEKTHI — €CTh OOUH OOBEKT, B KOTOPOM €CTh «Pa3HbIe TE€M-
MOpAJIbHBIE CTANUN®». B KOHKYPUPYIOIIEH KOHIENIINN MEPAYyPAHTU3Ma OOBEKT CUMTAETCI
MIOJTHOIIEHHBIM YeTBIPEXMEPHBIM OOBEKTOM, CYIIECTBYIOIIIIM BO BPEMEHU TaK K€, Kak U B
npocTpancTBe. [Ipu 5ToOM 06BEKT y HAC OMUH, HO B HEM BBIIE/ISIOTCS IPYTUe O0BEKTHI — €ro
TEMIIOPAJTbHBIE YACTH, TI0 AHAJIOTUN ¢ TPUBBIYHBIMI TPOCTPAHCTBEHHBIMI YacTssMu. OmHAKO
€CIIu Jepe3 KaKoe-TO BpeMsl OObEeKT OymeT paspyllleH — B 9TOT MOMEHT €ro JeThIPEXMep-
HOe CyIIeCTBOBaHUe (KM3HEHHBI nuki) npekparurcs [2]. Ilpu paccmoTpenun sTux nByx
MIOIXOMIOB CUTYAIMOHHOE UCYUC/IEHNE TIO3BOJISIT HAM IIPOIIE OTBETUTH HA BOIPOC MPOTEKAHIS
BpeMeHU: «9 ceffuac He paBeH MHE Uepe3 MATh MUHYT», OMHAKO B KOHTEKCTE MHMOPMAIIU-
OHHBIX CHCTEM €r0O MPUMEHEHe HEBO3MOXHO U3-3a OU€Hb OOJIBIIOTO KOJINIECTBA TPEOYeMBbIX
TEMIIOPAJIBHBIX CTaIIH.

B mannoit paboTe MBI pacCMaTpUBaEM BO3MOXHOCTH PACIITUPEHUS TEOPETUKO-MOIETHEHOTO
IPENCTABIICHNs NAHHBIX [3] KOHIenuumeill SKCAyPAHTU3MA MPU MOMOIINA TEMIOPAIbHBIX JIO-
I'UK, & TAaKXKe MPUMEHEHNe MEPCUCTEHTHBIX CTPYKTYD MAHHBIX IS OMTUMUI3AINN XPAHEHS
BPEMEHHBIX «Ci10eB». [Ipm BhIOOpE MOMXOmsAIero mpoduss TEeMIOPAIBHON JIOTUKA TePBBIM
kaupgunatoM Obita LTL m3-3a muskoro kmacca Berauciurensuon ciaoxuoctu ACO. Omnnako
BBIOOP MAHHOTO MPOMUIIS BICYET 38 COOO TPYMHOCTY MPU ANAITAINN KU3HEHHBIX CIICHA-
pUeB Ha MOIEJb 3a CUYeT UCIoib3oBaHus A-Box ¢ Boipaxenusmu dopmbr A(a,n) roe a —
uMsi OOBEKTa, a N — TOYKA BpeMeHHu. Takxke JIOTWKA HE TO3BOJISIET OMUCATH BBIPAKEHIIS
METPUUECKMX OTPAHUYEHUN TAKUX KakK: «He MeHee 1 daca». IlepBbIil HEHOCTATOK MOXKET
upeonosieTh joruka Halpern-Shoham Interval Temporal Logic, rme yrBepxmenus konmentun
A-Box npennonaratorcs tuna: A(a,ni,ng), roe ni, ne — HATYPAIbHLIE YUCIIA, YKA3BIBAIO-
e UHTEPBaJ OeNCTBUI. A B ciIydae HEOOXOMUMOCTHU XPAHEHUs 60JIee CIIOXKHBIX BPEMEHHBIX
CTPYKTYP MOXKHO UCIOJIB30BATH METPUUECKYIO TEMIIOPAIBHYO JIOTHKY. Il 5T0r0 mpodusis
TaK¥XkKe eCTh aJrOPUTMBI BBLIBOMA C MOJIMHOMUAILHON OIEHKON CJIOXKHOCTH.

WccnenoBanue BBIMOJTHEHO NMPU YACTUYHON (uHaHCOBON nommepxkke [Ipesmmmyma CO
PAH (npoext «/H:keHepus NHTEHCUOHAILHBIX OHTOJIOTUI B AeNYKTUBHBIX U NHGOPMAIOH-
HBIX cucTeMaxy Kommekcuon nporpamyer PHU CO PAH 11.1).
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(015} OIITHUMHU3AIINA IIONCKA JIOTUYECKOI'O BbIBOAA B MCUNCJIEHUAX KAHI'€epOBCKOI'O
THUIIa

A. B. JISNEUKUN

B aBTomMaTuzanmum moncka BEIBOIA B KJIACCHYECKON JIOTUKE IIEPBOTO MOPAIKa MPENIOUTEHNE,
KakK MPaBUIO, OTIAETCS PE3OJIIONUOHHOMY TIOMXOMY M3-3a BBICOKOU 3(P(MEKTUBHOCTU METO-
IIOB, TIOCTPOEHHBIX HA €ro ocHOoBe. HO B cilyuae, KOrma ydyacTHe UeOBEKa B MEMYKTUBHBIX
MOCTPOEHAX, TIPOBOAUMBIX HA KOMIIBLIOTEDE, SABIISETCS HEOOXOMUMBIM 5JIEMEHTOM, UCIIOIB30-
BaHUE CEKBEHINAILHOTO MONXOHa Kaxkercst Gosee momxomsrum. OH MO3BOJIIET COOIIOCTH
TaKne BaXKHbIE IJIs OPTaHU3AlUU NHTEPAKTUBHOTO PEXUMA TOUCKA MOKA3aTeIbLCTBA CBOI-
cTBa, Kak (i) BO3MOXKHOCTH IPOBEIEHNS TIOUCKA BBIBONA B CUTHATYPE MCXOMHON Teopun (T.
€. OTKa3 OT BBINOJHEHUs MPEeIBAPUTEIHHON cKysemmu3anuu) u (i) mereopueHTupOBaHHOCTS
MOKCKA, MOCKOJIBKY B TAKOM CJIydae YeJIOBEKY Jierde MOHATH TEKYIIee COCTOSHUE IPOIecca
MIOMCKA, TOKA3aTebCTBA.

Wcnonb3oBanue 0OBIYHBIX CEKBEHIMAIBHBIX UCUNCICHU BENET K MOSIBIIEHUIO KATACTPO-
GbuIecKn OrpoMHOTO Tepe6opa OTHOCUTENBHO PA3HBIX MOPSIIKOB IPUMEHEHUS KBAHTOPHBIX
PaBUII, KOTOPBIl MOXKHO YACTUYHO ONTUMU3APOBATH 3aMEHON KBAHTOPHBIX IIPABIII X AHA-
jgoramu, 6a3uPYIOIIMMCS Ha MOHATUY IOy CTUMON moncTaHoBky, BenéaaoM C. Kanrepom B
[1] 1 oromBuTaroIeM BEIGOP TEPMOB, MOACTABIISIEMBIX BMECTO TEPEMEHHBIX, 10 ONpeNeIéH-
HOT'O MOMEHTa BpeMeHH. [[albHeNIIyIo ke ONTUMU3AINI0 TAKOTO mepebopa MOXKHO IOCTUYb
3a CUET mepexofa Ha APYToe, MPeIyIoKEeHHOe aBTOPOM, TIOHSITHE IOy CTUMOCTH TONCTAHOBK,
KOTOPOE MOXKET OKa3aThCsl MOJIE3HBIM MPU pa3paboTKe KOMIbTEPHO-OPUEHTUPOBAHHBIX Ce-
KBEHIINAJILHLIX UCYUCIICHNN He TOJBKO I KJIACCHYECKUX, HO U Ui HEKJIACCUIECKUX JIOTUK
(cM., mampumep, [2]).

Wcnonb3oBanue xe 11e71€0pUeHTUPOBAHHOCTH TIOMCKA, TI03BOJISIET HEKOTOPBIM PA3yMHBIM
006pa3oM ONTUMU3UPOBATE MEPEGOpP OTHOCUTENILHO PA3HBIX MOPSIKOB IIPUMEHEHUS TIPOIIO3H-
[IIOHAJILHBIX [TPABUIL.

OCHOBBIBAsICH Ha paHee MPOBENEHHBIX MCCIICNOBAHUAX IO [OMYCTUMBIM MOICTAHOBKAM 1
eJIEOPUEHTUPOBAHHOMY TIOUCKY, AaBTOPOM MPEIJIAralOTCsl KaK MPUHIIAIILL TIOCTPOEHUS MOJIY-
bUKAIUN CEKBEHIINAIILHBIX UCUYUCIEHUI KAHTEPOBCKOTO TUTA I KIACCHIECKUX U HEKIIACCH-
YEeCKUX JIOTUK, yaoBieTBopstoux (i) u (ii), Tak u crnocobbl 060CHOBAHUS X KOPPEKTHOCTH
1 TIOJTHOTHI, YTO HAIIO CBOE MPUMEHEHNE TIPY PEATTU3AINN JIOTTIECKOTO AIMAPATA CUCTEMbI
SAD (http://nevidal.org/sad.ru.html).
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Pa3paGoTka aBTOMaTU3MPOBAHHBLIX METONOB UAECHTUGUKAIINN pPeUeBbIX
OencTBuil

E. II. MAXUHA

B macTosimiee Bpemst TpOeKTUPOBAHNE, TIOCTPOEHNE U TIOMOTHEHNE OHTOJIOTTYECKIX MO-
neflell pa3InYHbIX IPEeIMEeTHBIX 00/IacTell SBJISIOTCS aKTyaJIbHBIMUI 3aadaMy, pelleHue KO-
TOPBLIX UIDAET HEMAJIYIO POJIb B OOJIACTU CEMAHTUYECKOIO aHaam3a TeKcTosB [1, 2, 3, 4].
Omuoit u3 Hambosiee OCTPBIX MPOOJIEM SIBIISIETCS MPOOJeMa MPENOCTABIEHUsI UHTEP(ENCcOoB
1T KOMMYHUKAIIMY 9eJI0BeKa U KOMIboTepa [5].

Henpro manHOM pabOTHI ABIIETCS Pa3pabOTKa W IPOrPAMMHAS PEAIN3aIus aJIrOpUTMa
IIJIS U3BJIEUYEHUS] PEYEBBLIX MEWCTBUN W3 TEKCTOB €CTECTBEHHOrO s3bIKa. [ mocTmxeHms
TIIAHHON It/ OBIIIN ITOCTABIJIEHBI CIENYIOIINe 3aau:

UOeHTU(GUKAITAST PEUEBOTO JIENCTBUS;

dopmyupoBaHue IPABUII [JIsl ONPeNesIeHns] TUIIa PEUYEBOTO NENCTBHIS;
KJaccuuKaInms UIJIOKY TUBHBIX T'JIarojIoB PYyCCKOTO S3BIKA;

pa3paboTKa ajJropuTMa, OCHOBAHHOTO Ha IMOJTYIYE€HHBIX JIMHTBUCTUIECKUX MAHHBIX.

Heo6xonuMo oTMETUTH, 9TO IENIbI0 He SBJSETCS CO3MaHUe MOTHOCTHIO aBTOMATHIECKON
CHCTEMBI PACIIO3HABAHUS PEUYEBBIX NEMCTBUI, TAK KaK CYIIECTBYIOT IIPOOIEMBbI, KOTOPBIE HA
HACTOSAIIEM 5TAIle HE MPENCTABIAETCS BO3MOXKHBIM PEIIUThH aBTOMATU3UPOBAHHO. K Takum
npo6sIeMaM MOXKHO OTHECTHU BBIIEJICHNE KOHTEKCTA, IJIS OMPENeSICHUS ITPOINO3UINOHAIILHOM
COCTABIISIOIIEN U WIIOKY TUBHON cuiibl [6] (mpyrumu cioBamu, 06paboTKa IPECyIIO3UIIUN ),
a Taxxke 00paboTKy OMHOBPEMEHHO HECKOJIBLKUX IPENI0KEHUN.
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IIpuMmeHeHMEe MEeTOOB PErPECCUOHHOTO aHAJIN3A NJIsS PEeIIeHus IIPob6JeMbl
Pa3peXEeHHOCTH I0JIL30BATEILCKIX OIIEHOK B MY3bIKAJILHON PEKOMEHIAaTeJILHON
cucTeMe

A. B. MEHLKUH

[TosiBIeHME U pacmTpocTpaHeHNe MY3bIKATBHBIX CTPUMUIHTOBBIX CEPBUCOB BBI3BAIIO MHTE-
peC K UCCIIeNOBAHMSM My 3BIKAIBHEIX pekoMeHaaTennbHbx cucreM (MPC). MPC sraunTensHO
[IOMOTAeT IOJIb30BATENI0 HANTU MY3BIKAJIbHBIN KOHTEHT WHTEPEeCHbIN mis Hero. (OmHako
MPC He coBeplileHBI U 9aCTO COCTABIISIIOT HEYIOBIETBOPUTENIbLHBIE pEKOMeHmanuu. Paspe-
YKEHHOCTb MAHHBIX — OfHa u3 TiIaBHBIX mpobiem MPC. My3bikaabHBIE KATAIOTH CONEPKAT
OTPOMHOE YUICIIO TPEKOB, & MPOCIYIITUBAHIE MYy3bIKI OOBITHO MTACCUBHO. B pesymbrare, mosst
00BEKTOB U3 MY3BIKAJIBHOTO KATAaJI0ra, OIEHEHHBIX MOJIb30BaTeIeM, OJIM3Ka K HYJTIO.

Ha ceromusiiiiauit meHb CyIIeCTBYyeT MHOXKECTBO PA3IMIHBIX METOMOJIOTUl paboOThI C He-
MOJTHBIME 6a3aMu 3HAHUI. ODTO, B MEPBYIO OYepPelb, JIOTHUYECKNE METONbI, 6a3upyeMble Ha
Pa3IMYHBIX HEYETKUX JIOTUKaxX [1|, craTucTudyeckne METOMBI M METOMBI MAIIMHHOTO 00yde-
HUsL [2], & TakXKe pasiuuHble TUOPUIHBIE MeTOnbI [3].

B mamnolt paboTe mpemiiaraeTcs UCIOJIb30BAHLIE PErPECCUOHHON MONEIHN OIS MPENCcKa-
3aHUs TIOJIH30BATEILCKUX OlEHOK TpekoB [4]. Ilapamerpamu Momenu SIBISIOTCS CpPEIHUE
B3BEIIIEHHBIE 3HAUEHNUSI OIIEHOK, TTOCTABJICHHBIX TIOXOXKUMU TIOITH30BATEISIME, TPEKY, alIb00OMY,
TpekaM apb0Ma, apTUCTY, TPEKaM U ajab0oMaM apTUCTa, JKaHpaM, TPEKaM 1 aTb0oMaM Ka-
upoB. Taxum 06pa3oM, TPU BBIYUCIEHUN 3HAYEHUN MAapaMeTPOB UCIOIB3YIOTCSI HE TOJIBKO
CYIIIECTBYIOIIIUE TI0JT30BATEILCKIE OIIEHKN TPEKA, HO U OIEHKU OOBEKTOB, CBSI3AHHBIX C HIIM.
[TpemmoxeHHbIil TOAXON CIOCOOCTBYET PEIIEHUO0 MPOGIEMbI PA3PEKEHHOCTH TOIb30BATE b
ckux orenok B MPC.
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Pa3pa6oTka npeneneHTHO-OPUEHTUPOBAHHON CUCTeMbl reHeparnuu html koma Ha
OCHOBE pPacTpPOBOTrO M300pakKeHus

II. B. MBI3HUKOB

Web-TexHomorun sSBIsSOTCS OMHUM U3 CAMBIX PA3BUTHIX HAIIPABICHUN COBPEMEHHBIX MH-
dbopmannoHHbIXx TexHomornit. OHU MCIOMB3YIOTCS KakK ONWH W3 BaXKHBIX y3710B Jobon [T-
nHDpacTpyKTypbl. COOTBETCTBEHHO, MPAKTUIECKNA BCsI OTPACITh MHPOPMAIMOHHBIX TEXHO-
JIOTUI B TOM WJIX WHOM BUIE UCIOJIb3yeT web-pa3paboTKy.

Bwmecte ¢ Tem, aBTOMaTu3anus camonr web-pa3paboTKu sIBISIETCS HEIOCTATOYHO TTOJTHOM.
[TouTtn He oxBaueHHBIM OCTaEéTCs OMHA W3 KJIOUEBHIX 3amad: cozmanue HTML - mokymen-
ToB. ABTOMaTH3aIUs 3TON 3amadnM HE TOJBKO IMO3BOJIUT YCKOPHUTH IIPOIECC Pa3zpabOTKI
web-TIpusIoKeHnii, Ho U caenaeT ero 60see TUOKUM, TTO3BOJISIS MACIITAOUPOBATEH €r0 Pe3yilb-
TaTBI, TPOBEPSATH TUIOTE3bI, IOMOTATh TECTUPOBAHUIO. JTO 00yCIABIUBAET Iejaecoobpas-
HOCTH OMHUCHIBAEMOU pa3zpabOTKU.

OO6BEKTOM UCCIEMOBAHUS SBIISIETCST OOPATHBIN PEMHXKUHUPUHT, & MPEIMETOM — aBTO-
MaTHu3anus 0OpPATHOTO PEMHXKXUHUPUHTa uWHTepdericoB web-mpunoxenus. [lems paboTbr —
CO3MIaTh TEXHOJIOTHUIO TMTOCTPOEHUs cucTeM reHeparnuu html xkoma Ha OCHOBE PacTPOBOTO U30-
OpakeHus.

MeTonuueckyoo OCHOBY TeOPETUUECKUX OCHOBAHUI COCTABIIsIET MOOXOn case-based rea-
soning [4]. OTo cmocob perienns MpobieM MyTEM ANANTAINN PEIIeHN aHATIOTUIHBIX TPO-
671eM B TIPOILIIOM K TEKYIen cuTyaruu. Takoil momxom BeIOpAH B CBS3U C ITOCTABIIEHHOU B
paboTe TUIOTe301 O TOM, YTO (popMaan3anus N300pakKeHuil IOCPEICTBOM TPAHCIYK TUBHBIX
BBIBOJIOB, WJIN PACCYXKIEHUN O aHAJIOTUH, IIOPOXKIAET pe3yabTaT, Hanbosee OJIN3KUN TOMY,
4TO IIPOU3BOOUT UEJIOBEK.

[TocTaBnennas BeIIle TUTOTE3a OOYCIABINBACT UCIIOJIB30BAHMUE TOOXONA, KOTOPBIA OT-
JMYAeT INaHHOE HMCCIIeoBaHNe OT CMEXHBIX ([1, 2, 3]), YTO SBISETCS SJIEMEHTOM HAay IHOI
HOBU3HBL. Tak:ke K HOBBIM Pe3y/IbTaTaM MOXKHO OTHECTU Pa3paboTKy ajIrOPUTMa M3BIIeUe-
HUSI CTPYKTYPHI 2JIEMEHTOB N300paKeHMsI.

CIIUCOK JIMNTEPATYPBI

Balog M. et al. Deepcoder: Learning to write programs // arXiv preprint arXiv:1611.01989. 2016.
Beltramelli T. pix2code: Generating code from a graphical user interface screenshot // Proceedings of
the ACM SIGCHI Symposium on Engineering Interactive Computing Systems. ACM, 2018. C. 3.

[3] Nguyen T. A., Csallner C. Reverse Engineering Mobile Application User Interfaces with REMAUI (T)
// 2015 30th IEEE/ACM International Conference on Automated Software Engineering (ASE). Nov.
2015.

[4] Maneuynos I.E., dxeaesa I'.0., dcunckas O.B. [Iporpammuas cucrema, oCyIecTBIAOIIAs case-based

=

reasoning njs OMarHOCTUPOBaHWs 3a00seBaHuil no3BoHOUHNKA // CHOMpPCKUI HAYYHBIN MEIUIUHCKUI

xxypHaaist. 2016. T. 36. N 1. C. 97-104.

Hosocubupcrut, 2ocydapcmeennuiti ynusepcumem, Hosocubupck
E-mail: miznikov72@gmail.com

39


mailto:miznikov72@gmail.com

MamnbneBckue urerus 2018 Anrebpo-oruyeckmue MeTOmbI

TeopeTuko-MOOeIbHBLIN MOAXON K aBTOMAaTU3AINN eI TEeIHBHOCTH
YHUBepcuTeTcKon Kadenpnl

Y. A. HAUOAHOB

Pa6ora mocssiiiena pa3paboTke B BUIe MPOrPAMMHON CHCTEMBI OHTOJIOT TIECKON MOOEIN
MeITeILHOCTU YHUBEPCUTETCKON Kadenpbl. B wacTHOCTH, aBTOMATHU3aIlUU OEJIOMPOU3BOI-
CTBa, KOTOPBIM 3aHSIT CeKpeTapb Kadenpbl: odopMIIeHHE Ha paboTy MpemomaBaTeei, co-
MPOBOXKIEHNE CTYIEHTOB K TOCYNAPCTBEHHON MTOTOBOU aTTeCTaInn, NHPOPMUPOBAHLE TIPe-
rnomaBaTesell U CTYOeHTOB.

ABToMaTu3anuio mesTeIbLHOCTH Kadenphl IpejaraeTcs Ipon3BecT Ha npuMepe Kade-
npul obrtet nadopmatuku PUT HI'Y. B nemonmpousBomcTBe cekpeTapb Kadhenpbl 3aHIMAaETCS
COCTaBJIEHIEM OMHOTHUITHBIX HOKYMEHTOB, IPOBEPKON MOKYMEHTOB HA COOTBETCTBUS HOPMA-
TUBHBIM aKTaM, OTCJIEKUBAHIEM CPOKOB UCIOJIHEHUs. AKTYAJIbHOCTL PAOOTHI 3aKI/TI0IALTCS
B m30aBieHne cekperaps Kadeapbl OT MOHOTOHHON pabOThI; HOBU3HA B COCTABJIEHUW OHTO-
Jormyaeckon momenu npenveTHon obmactu ”Kadenpa obieir nadopmatuku PUT HIY” u
IPUMEHEHNN TeOPETUKO-MONIEIbHBIX MeTonoB [1, 2] k dopmasnmusanum paboTsl Kabenps.

TeopeTuko-MOmETBHBIN TOOXOI MAET BO3MOXKHOCTH MPEICTABIISITHL 3HAHUS B Bume 4-x
VPOBHEBOU MOIEIN: OHTOJIOTUU, OOIINX 3HAHUN, TMPEIEIeHTOB U OIEHOYHBbIX 3HaHui. [Ipemn-
cTaBjeHUEe 3HAHUN B Bume QOPMYJI JIOTUKU MPEOUKATOB IIO3BOJISET MPOBEPSTH MOKYMEHTHI
Ha, HEIIPOTUBOPEUNBOCTDH, COOTBETCTBUE TPEOOBAHUSM HOPMATHUBHBIX aKTOB, OTCIIEXKUBATH
UCTUHHOCTDH 3HAHUUI B IPOIECCE M3MEHEHNs MOKYMEHTOB, U3 KOTOPBIX OHU OBIJIN M3BJICYCHBI.

[IporpammMuas cuctemMa pa3pabaThIBAETCS C UCIOIb30BAHIEM SIPa OHTOJOTUIECKON MO-
IeTu, HaCTpanBaeMoll oI npeaMeTHyto obrnacTsb[3]. IIporpamMMuas cuctemMa uMeeT MOMYITb-
HYIO apxXuTeKTypy. Paciupenue GyHKINOHAIILHOCTYA MPOUCXOMUT Uepe3 CO3MaH!e HOBBIX
MOy JIeN.

UccnenoBarume BBITIONTHEHO Tpu YacTWYHON ¢uHaHCOBON mnommepxkke [Ipesmmuyma CO
PAH (npoekt «/H:keHepus NHTEHCHOHAILHBIX OHTOJIOT U B A€NYKTUBHBIX 1 NHGOPMAIIOH-
HBIX cucTeMaxy Kommiekcuon nporpamyer PHU CO PAH I1.1).
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// Bectu. HoBocu6. roc. yu-ra. Cepust: Uudopmarmontsie rexuomoruu. 2018. T. 16, Bein. 4. [B neuaru]
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AiropuT™M mpOBEPKU KOPPEKTHOCTU CyOBHEKTUBHBIX 3HAHUN SKCIIEPTAa
O mpenMeTHOU obJyiacTu;

K. C. Ham

B 6onpIinmHCTBE METOMUWK CTATUCTUUECKON OOpabOTKM MAHHBIX HUCIOJB3YIOTCI O0BEK-
TUBHBIE U/WIN CyObEKTUBHBIE BEPOATHOCTH. 110 O6BEKTUBHON BEPOSTHOCTHIO TIOHUMAETCSI
OTHOCHUTEJIbHASA JacTOTa IOSBIEHUS KaKOTO-IOO cOObITHS B OO0IIIEM OOBeMe HaOIIOIeHUN
I OTHOIIIEHNE YKUCyIa OJIArONPUSTHBIX MCXOMOB K 00IIeMy KojaudecTBY HabmoneHuit. Ilom
CyOBEKTUBHON BEPOATHOCTBIO UMEETCS B BULY Mepa YBEPEHHOCTHU HEKOTOPOIO DKCIIEPTa UITH
TPYOINBI SKCIIEPTOB B TOM, UTO JTAHHOE COOBITHWE B NEWCTBUTETHLHOCTH OyIeT MMETh MECTO
1, 2.

3agyacTyio SKCnepTy/rpynie S5KCIepToB HeOOXOMUMO IaTh BEPOSTHOCTHYIO (HEYETKYIO)
OIIEHKY MHOXKECTBY Pa3MUYHbIX cOoObITui. OnuHako mHGOpPMAINUS IIPEICTABICHHAS TAKIM
00pa3oM MOXKeM UMEThb OONBIIION 00beM U KOHDIMKTYIONIEe MexXmay coboil maHHbIE. [Ipo-
BEPUTH KOPPEKTHOCTH BPYYHYIO OBIBaeT CIIOXKHO W MOJITO, TaKXKe HyKHO MMeTh B BUIY de-
JIOBEUECKUH (DAKTOP, BCIAEACTBIE KOTOPOTO BO3MOXKHA OIMINOKA ITPU MPOBEPKE MAHHBIX.

B nmammoit paboTe mocTaBiieHHAs MpobIeMa PeIraeTcs IMyTeM aBTOMATU3AIINU ITPOIEeCca
MIPOBEPKU KOPPEKTHOCTU KOHEYHOTO MHOXKECTBA HEUYETKUX MNAHHBIX. BXOmMHBIMU ITapame-
TpaMu SBASIOTCS HOPMYIBI, 0003HAYAIOITE TO WX MHOE COOBITHE, U BEPOSITHOCTHOE 3HAUE-
HITe KaxXnaoro coobiTus. [lo MHOXeCTBY HOPMYIT CTPOUTCS CUCTEMa, JIUHEHHBIX YPaBHEHUN C
orpaumnuenusMu [3, 4]. HecoBMeCTHOCTH TaHHOI CHCTEMBI CBULNETEIHCTBYET O HAIMYNE KOH-
daukTa. g Busyanmsanuu Haaudus KOHPIUKTA CTPOUTCS Tpad, BEPIIMHAMEU KOTOPOTO
SBJISIFOTCS (DOPMYITHI.
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(DOpMaJ'II/IBOBaHHOG InpeancraBJieHUe 3HAHUN HAa SI3bIKE ABYXMECTHBIX IIpeankKaToB

E. O. HEHAIIEBA

C KaxXObIM THEM KOJIMYIECTBO MH(POPMAIINY, TPEICTABICHHON B In(PPOBOM BUIE, PACTET.
O6pabaTsiBaTh Takue 00bEMBI JAHHBIX BPYUYHYIO yViKe MPAKTUIeCKn HeBO3MOxKHO. [lo sToi
IIpUYMHE BO3HUKaeT NMOTPEOHOCTH B IIPOrPAMMHOM oOOecledeHUM, KOTOPOe IO3BOJIUIO OBI
AHAJIN3UPOBATH TEKCTHI €CTECTBEHHOTO S3bIKA, W3BJIEKATh M3 HUX HYXKHYIO MHGOPMAIIIO 1
06benuHATH mosxyueHHble 3Hanus [1, 2]. IIpu sToM 0ocoboe BHUMAHME YOENSeTCs CeMAHTUKE
00pabaThIBAEMOTO TEKCTA.

[Ipobrmema m3BIeUeHNs 3HAHUA W3 TEKCTOB €CTECTBEHHOTO s3bIKa U UX (GOpMaIbHOTO
IpencTaBieHns onucana B crarbe [lampuynosa II.E. u Maxacoesoit O.I". [3] B cBoeit paGore
s TIPONOJIKAI0 UX HUCCenoBaHus. B xome paboThl ObLT MPENJIOKEH MOMXon K (opmasim3a-
Uy 3HAHUW, MO3BOJISIOLINN IIPENCTABISITH U3BJICUEHHBIE 3HAHUS C IIOMOLIbIO OECKBaHTOD-
HBIX (OpMyJs JormKu npenukaToB. IIpm s3ToM curHaTypa COOEPXKUT TOIBKO OBYXMECTHBIE
NPEIUKATHl U KOHCTAHTHI [4].

PaboTa nocssirena pa3paboTke aBTOMATU3UPOBAHHBIX METONOB MHTET DALMY 3HAHUN, 13-
BJICUEHHBIX 3 TEKCTOB €CTECTBEHHOTO sI3bIKa. B KauecTBe OCHOBHON KOHCTPYKIIMU MOCTPOE-
HUS MOJeJlell 3HAHUM, U3BJICUEHHBIX U3 TEKCTOB, UCHOIb3YIOTCSI OBYXMECTHBIE IIPEAUKATHI 1
KOHCTAHTBI-CUTYAIINN.

5151 BEpHOTO OHMMAHWS KOHTEKCTa KpallHe BaXXHO PACCMaTPUBATEH HECKOIBKO IIPEIIIO-
YKEHUI eCTEeCTBEHHOTO sI3bIKa OMHOBPeMeHHO. [loaToMy OmHOI M3 IIIaBHBIX 3a0a49 UCCIIENOBA-
HUS SBIISETCS BO3MOXKHOCTH OOBEINHEHUSI HECKOILKUX MPENJIOKEHNN TEKCTa U MOCTPOECHUS
IJIsl HUX 00111ero ¢parMeHTa aTOMapHOU nuarpaMMbL.

B namnzoit paboTe mpensioXkeH MOOXON K MHTErPDAINN 3HAHU, COOEPKAIIINXCS B HECKOIThb-
KX TIPEIJIOKEHUSIX €CTeCTBEHHOTO SI3bIKa, C UCIOJIBb30BAHNEM KOHCTaHT-cuTyaruit. s 6o-
Jlee TOYHOTO TIOHUMAaHWS KOHTEKCTA BBENEHBI INOMOTHUTEIbHbIE OTHOIIEHUS MEXKIY CUTya-
IUSIMU U AKCUOMBI [IJII DTUX OTHOIIeHUN. Pa3paboTaHHBIE METONBI MTO3BOJISIIOT OOBENUHSATH
3HAHUS U3 HECKOJIBbKIX IIPENJIOKEHNN TeKCTa OMHOBPEMEHHO, He Hapyllas o0Iell CEeMaHTUKM.

VccnenoBanume BBITOTHEHO TP YacTUUIHON (uHAaHCOBON mommepxkke [Ipesmmmyma CO
PAH (mpoext «/HXeHepus NHTEHCHOHAIILHBIX OHTOJIOTUI B NENYKTUBHBIX 1 HH(OOPMAIIOH-
HBIX cucTteMaxy Kommiekcuoit mporpammer ®HU CO PAH 11.1).
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O6 1CcnoJIb30BaHUM YaCTUYHOMN CKYyJieMH3anuMi B 3aa4Ye IIONCKa HaTypaJIbHOI'O
JIOTN4Y€E€CKOI'O BbIBOOa

O. A. OXOTHUKOB

B pa6ore [1] chopMyIupoBan ajropuTM aBTOMATHYECKOTO NOKA3ATEILCTBA TEOPEM, B
KOTOPOM BIEpBbIe ObliIa NCHOJIB30BaHA JACTUUIHAS CKYJIeMU3allus IJIs PelleHus 3al1adu IIO-
MCKa HATYPAJILHOTO BBIBOMA. PaHBbIIE CKYJIeMU3AIus UCIOIb30BAIACH TOJIBKO B aJITOPUTMAaX
YCTAHOBJIEHUSI BHIBOIUMOCTH, HO He TIOUCKa BbIBOMA. [IpakTwka MCIIOIB30BAaHUS 3TOTO aJl-
TOPUTMa MOKA3aJIa €r0 BBICOKYIO 3dDeKTUBHOCTL. B HacTosIenr paboTe MbI GOPMYIUPyeEM
9TOT aJITOPUTM B BUE TPOAYKIMOHHOU CHCTEMBI, YTO IIO3BOJISIET IIOCTPOUTH TEOPUIO, B KO-
TOPOU YKA3aHHBIN aJITOPUTM TOJIydaeT CBOe OOOCHOBAHUE.

PaccmaTpuBaemblil ajirOpUTM OMUCHIBAETCS B paMKaxX HEKOTOPOH MPOMYKIIMOHHOW CH-
CTEeMBI C MeTallepEMEHHBIMI, B KOTOPOU MOCBIIKI NENYKTUBHBIX 3a0a9 CKyJIEeMU3UPYIOTCS B
OIIpeNieJIeHHOM CMBICTIe. T'akas MPOMyKIIMOHHAsS CICTeMa IMPENCTAaBIIsIeT COOOM criocod perire-
HUS OeOyKTHUBHBIX 3aad IIyTeM YKa3aHUs NIPUMUTUBHBIX 3a7a4 U IIPABUJI CBENCHUS 3al1ad K
nmon3anadaM. B paMkax TpOMyKIIMOHHOW CHCTEMBI IIPOIECC TONCKA PEITeHUs 3a0a9u COMPsI-
XKeH ¢ dopMmupoBanueM nepesa noucka tuma U/MIIN. Ilns paccMaTpuBaeMoro aaropurva
JOKa3aHa TeopeMa O KOPPEKTHOCTU U IIOJIHOTE.

Hoka3aTeabCcTBO KOPPEKTHOCTH CONEPXKUT B cebe 3 (PEeKTUBHBIN aJIrOPUTM IOy I€HUS
BBIBONIA B OIHOCYKIIEIEHTHOM UCUNCIIEHUN CEKBEHINI [2] U3 mepuBannoOHHOTO MONIEPeBa mo-
UCKOBOTO nepeBa. B To xe BpeMs cyiiecTByeT >PHOEKTUBHBIA AJITOPUTM TOIYIEHUS HATY-
PaJIbHOTO BBIBOMIA M3 OIHOCYKIIENEHTHOTO CEKBEHIIMAJIBLHOIO BBIBOHA. DBce 3TO BMecTe maeT
TOYHYIO (DOPMYIUPOBKY U 0O0CHOBAaHIE HOBOU HPOIENYPHI IIONCKa HATYPAJIbHOTO BBIBOIA.
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AKCI/IOM&TI/IBaI_II/IH KJIaCCOB IIpenegeHToB IIpeaMeTHBIX oGsacTen

. E. ITAIbYYHOB

B pabote paccmarpuBaercs mpobiieMa akCHOMATH3AINN KIIACCOB MPEIENEHTOB Pa3INIHBIX
npenMeTHBIX obnacTeit. VccenoBanus OCHOBaHBI Ha TEOPETUKO-MOIEIBLHOM ITOIXome K (op-
MAaJIM3aIy IPEIMEeTHBIX o0sacTell n Ha anamuse dhopmanbubix noustuit (APIT), u npomosn-
KAIOT uccienoBanus, Havaree B [1, 2, 3]. UccmemyroTcess Teopunm Ki1acCoOB NPENENEHTOB
HpeﬂMeTHOfI obsacTtu u AKCOMATU3UPYyEMBIEC KJIaCCBhI IIPEHEOCHTOB. OHI/I OoIrpenesIsaroTCsa KaK
comepKaHust 1 00BEMBI (POPMATIBLHBIX TOHITUN COOTBETCTBYIOMINX (POPMAIHLHBIX KOHTEKCTOB.
Permraercst mpoGiiema axcmoMaTH3aIiy KIIACCOB are6pandecKuX CUCTEM, CONEPIKAIINX CH-
CTEeMBI, UMEIOIIe PasHylo curHaTypy. [lokasaHo, 4TO HMOHATHE TEOPUU KIIACCA IIPEIEIeHTOB
sIBJIsIeTCsI 0O00IIEHNEM TIOHSI TS KJIACCUYECKON Teopuu Kjiacca Moaeseil.

Ounpenenenne. Ilycts 0 u 07 — nBe pasnumusble CUrHATYphI, mycTb A € K(0) u
€ S(o1). O6osznaunm Al|@, ecnu A = (Th(p) N S(p)). Obosnaunm KS(0) — xmace Beex
MoIlesIell, CUrHATypa KOTOpBIX comepxkurcs B o. A mmvenno, KS(o) = {Ajo(A) C o}, 10
ectb, KS(0) = Uy cr K (o).

Ham mHeoOxommMmo HaTh OLpenesieHne TEOPUH Kiacca anrebpamdecKux CHCTEM, COmep-
JKAILIETO CUCTEMBI, UMEIOIIIe PAa3Hyl0 CUTHATYPY, U BBECTH IOHATUE AKCHOMATU3UPYEMOIO
KJTacca ajare0pandecKnx CUCTEM, MMEIOIIIX PAa3Hyl CUTHATYDY.

Ounpenenenne. Ilycts K C KS(0). Cynepreopueit knacca K Ha3oBeM MHOXeCTBO
ST(K) = {I' C S(0)|I' — marcumaavroe no exasouenuto co ceoticmeom Th(A) UT ¥ dag
w060t A € K}.

B [1] MBI mccnenoBamu CBsi3b MEXIY AKCHOMATU3UPYEMBIMU KIIACCAMU U DPEIIETKAMI
dopmanbHbIX HoHSTHRA. [lo aHATIOrMM ¢ TeM, KaK MbI MOCTYIAIN IS AKCHOMATH3UPYEMBIX
KJIACCOB U TEOPUil B KIIACCUIECKON TEOPUU MOIEIel, MOXKHO PACCMOTPETh (hOPMAaJIbHBII KOH-
tekct (KS(0),S(0),]).

Teopema 1. Pacemorpum dopmanshsil koateker (KS(o), p(S(0)),|]).

a) Ilycts (A, B) — dopManbHOe MOHITHE MAHHOTO (HOPMAJBHOIO KOHTEKCTa. 'lorma
B ={TI' C T 0dag nexomopoeo T € ST(A)}.

6) llycte K C KS(0). Torna K' = {T'|I' C T dus nexomopoeo T'C ST(K)}.

Ounpenenenne. Knacc Ky C KS(0) HaspBaeTCss CUTHATYPHBIM €CIn 715 jroboit 2 €
K Bomomnseno K (o(2)) C Ky, o ectb K sABISETCS KIACCOM BCEX MOIEJEH HEKOTOPOIO
3aIaHHOTO HabOpa CUTHATYP.

Onpenenenne. Ilycrs kimace Ky C KS(o) sBusercs curaaryprsiM. Kmace K C K
HasbIBaeTCs akcumoMaTusupyeMmbiM, eciau mapa (K, QT (K)) sBusercs HopMaIbHBIM IIOHS-
tueM dopmasbaoro kourekcra (Ko, p(S(0)), ||).

Iamee MBI paccMOTPUM Kitacc OyJeBBIX ajare0p ¢ MPOW3BOIBHBIM KOHEYHBIM HAGOPOM
BBIICJICHHBIX UIICAJIOB (,LUI;I Pa3HBIX aJarebp, BXOMSIIUX B KJACC, KOJIMYECTBO BBIIEICHHBIX
HIeAJIOB MOXeT OBITh PA3IMYHBIM), a TaKkKe KJIacC, SBIISIOIMIACT OOBeINHEHIEeM KIIacca
GyJIeBBIX asre6p ¢ OMHUM BBIIEJIEHHBIM UIeasioM (IIPOU3BOIBLHBIM KOHEUHBIM HAGOPOM BBIIIe-
JIEHHBIX UIIEAJIOB) U KJacca OyJeBbIX anre6p ¢ OMHOM BBIIEIEHHON TOHaareGpoil.

IIpennoxenue. a) Knacc 6yneBbix aare6p ¢ Npon3BOIBLHBIM KOHEIYHBIM HAO0OPOM BbLIIe-
JICHHBIX NOeaJIOB ABJIAETCA aKCIOMATU3UPYCEMBIM. EFO cynepTreopus ABJIA€TCA OOHOSJIEMEHT-
HOIL.

6) Kitacc GyseBbix aiare6p ¢ OMHUM BBIIEJIEHHBIM UIEATIOM WU OIHOU BBIIEIEHHON MOJI-
anre6Gpoil SIBIIIETCS AKCHOMATU3UPYeMbIM. Ero cymepreopust sIBISETCs OTHODIEMEHTHOI.

B) Kiacc GyneBbix anre6p ¢ IpOU3BOJIBHBIM KOHEYHBIM HAOOPOM BBINEJIEHHBIX HIIEAJIOB
TN C OHOW BBINEJIEHHON TMOMareOpoil SIBIseTCS aKCHOMaTH3UpyeMbIM. KEro cymepreopus
SBIISIETCS. OIHOBIIEMEH THOIA.
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Teopema 2. Cymnepreopus Kjacca OyaeBBIX ajrebp ¢ jao0bIM KOHEUYHBIM HAOOPOM BBI-
TEeJIEHHBIX UOEAJIOB SIBIISETCS Pa3peIInMOIl.

Teopema 3. a) Cynepreopus kiacca OyeBbIX anrebp ¢ OMHUM BBIIEJIIEHHBIM UIEAJIOM
I OOHOW BBIOEJIEHHOW ITOMAJITeOpON SIBIIIETCS HEPa3PEITnMON.

6) Cynepreopus kitacca OyieBbIX ajre6p ¢ JIIOOBIM KOHEYHBIM HAGOPOM BBIIEJICHHBIX
UOeasIoB WU C ONHON BBLIEJIEHHOU IONAJIreOpON sIBJIsieTCsl Hepa3pelInMOl.

UccnenoBanue BBITIONTHEHO Tpu YacTw4HON ¢uHaHCcoBON nommepxkke IIpesmmuyma CO
PAH (mpoekTt «/HXeHepus THTEHCUOHAIILHBIX OHTOJIOTUN B NEMyKTUBHBIX U HH(OOPMAIMOH-
HBIX cucTeMax» Kommiekcroit nporpammer PHU CO PAH I1.1).
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AnanTanusa CTPYKTYPbl M€PAPXUUYECKUX MEHIO YCJIYT OJIs PA3JIMYHBIX TUIIOB
IIoJib30BaTeJien

P. C. ITorooun

Hems paboTsl — pa3zpaboTka MeXaHU3Ma MOCTPOEHUS MEePAPXUIECKUX MEHIO yCIIyT, CTPYK-
Typa KOTOPBIX IEPECTPANBAETCS B COOTBETCTBUN C WHTEPECAMU IIOJIH30BATENIS.

B pabote pemaercs mpobieMa amanTanuu OOJBIINX OPEBOBUOHBIX MEHIO MHTEPHET-
YCIyT Ha OCHOBAHWU WHTEPECOB IOJIbL30BATEJEN, UX COIUAIIBHOTO CTATyCa, a TaKxkKe WHBIX
napaMeTpoB. Vcrmomb3yeTcss OHTOIOTrnIecKUi Toaxon A1 GopMaIbHOTO TPENCTABIIEHUS TI0-
HATUN TPEIMEeTHON 006JIaCTH, U3BJIEUEHNs, IPENCTaBIeHus u 00paboTKy 3HaHmit [1].

[Ipensoxen amropuT™M MOIydYeHUs YACTOT UCIOIB30BAHUS YCIYT HA OCHOBAHUU MOIEIN
MIOJTB30BATEIS U AJITOPUTM ONTUMU3AINI NEPAPXUIECKIX MEHIO MO MOIyIeHHBIM JacTOTaM,
KOTODBII SIBIISI€TCsT MOOUMDUIIMPOBAHHBIM asropuTMoM ontumusanun USSD-menio [2].

s amanTarmuy mHTepdERCOB NCIOIB3YIOTCS MO TTOIb30BaTENIEN, TPEACTABIIIIONINE
OmmcaHus UX MOTpeGHOCTel, 1erneil, uaTepecos [3]. dopmanusanus MOBeNeHUs TOIb30BATE-
JIefl OCYIIECTBIISIETCS IPY IIOMOLIE OHTOJIONIYECKON MOEIN MHTEPHET-yCiIyT [4].

[IycTh n; — KOIMM4IecTBO BBI3OBOB i-I yCIYTH MOJIB30BATENEM, K — KOIMYIECTBO YCIYT B
Mer0. O603HaUMM 001IIee KOTMIECTBO BBI30BOB YCIIYT MOJIb30BaTeeM N = Zle n;. Ilycts
d; — MUHUMAaJbHOE KOJIMIECTBO MEPEXONOB B MEHIO IS BBI30BA i-i1 yciayru. MuHUMU3UpY-
erca Gynkmua D, = Zle pid;, TOe p; = "X — BEPOATHOCTH BBI30Ba i-if ycmyru. Munmvm-
3anms GyHKIUM D), BIedéT 3a cOOOH MUHIMM3AINIO OOIIEr0 KOIMYeCTBa HAKATBIX KJIABUII
nosb3oBaTesieM D = Zle n;d;.

Asnropur™m 6w mpoTectupoBan Ha uctopuu o 30000 3akasax yeayr. CokpaillieHue Ko-
TMYecTBa HaXKATHUU KITABUII MTOIH30BATEIEM s BEIOOpa TpeOyeMOl YCIIYTH COCTABWIIO OT

29% no 35%.
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IIpumenenue camoopranum3yoluecs kapThl KoxoHeHa nJis peleHus 3agadun
KJIacTepU3aluu IpereaeHToOB 10 KOMObIOTEPHOU 6€30IacHOCTH

H. II. CaABuH

Ceromsst HEBO3MOXKHO TPENCTABUTEL cebe MOTHOIEHHOE (PYHKITMOHNPOBAHIE KAKOM-T00
opranm3anuu 0e3 KOMIBIOTEPOB. B cBsS3u ¢ 3TUM He TepsieT aKTyaJIbHOCTHU 3amada obec-
neueHnsa nHGOPMAIIOHHON Oe3omacHoCTH. B pamkax manmon mpobseMmsl B HoBocubupckom
TOCYIapCTBEHHOM YHUBEPCUTETE pa3pabaThIBaeTcs cucTeMa aHaam3a puckoB «RiskPanels
1, 2, 3]. Omna mpencrasisier co00il BOIPOCHO-OTBETHYIO CHCTEMY, OCHOBAHHYIO Ha 0ase
snaHuit [4]. Basa 3Hanuit 6b11a COCTABICHA HAa OCHOBE IIPEIENCHTHOrO IMOAXOna U (hopMalIn-
3allUy 3HAHWN U3 OTKPLITHIX NCTOYHUKOB [5]. Ha cerommsiauii nens 6a3a 3HAHUIT CONEPKUT
ormcanue 6osree 18 THICIY IpeNeneHTOB KOMIBIOTEPHBIX aTaK.

s nambHe#Ien paboTbl CUCTEMBI THU 3HAHUS HEOOXONUMO CTPYKTYPUPOBATH B CO-
OTBETCTBUU C TPEOOBAHUSAME CUCTEMBI. A UMEHHO, HEOOXOMUMO OOBLENUHUTH B TPYIIIHI
Ha OCHOBE UX CeMaHTHUYecKOon Omm3octu. Ha sTame dhopmanm3anmm 3HAHUNA OJIs KaXKIIOTO
IpereieHTa ObLIN TOJIyYeHbl IIPENCTaBIeHNe B BUOE N-MEPHOTO BEKTOpA, IIOCTPOEHHBIE HA
OCHOBE CEeMaHTUYIeCKOn Om3ocTu. s perreHus 3a0avu KJIaCTEPU3AINI TPUMEHSIETCS OHA
73 PA3HOBUIHOCTEHN HEHPOCETEBBIX AJITOPUTMOB — CaMOOpraHu3ymmecs kKapTel KoxoneHa.
I'maBHBIM TTperMyIIIECTBOM 3TOTO MOIXONA SIBIISIETCS OOydeHUe 6e3 yIuTess.

KomuuecTBO BEIXOMHBIX HEPOHOB B &JITOPUTME PABHO KOJIMYIECTBY UTOTOBBIX KJIACTEPOB.
B cayuae camoopranmsanuu ceTu, T.e. KOra 3apaHee HEM3BECTHO UKCIIO KJIaCTEPOB, HEOOXO-
IIIMO 33J1aTh KPUTUUECKOEe PACCTOSHIE [, 1 BEIOPATE CIIyJallHBIN IPEHENeHT 1711 CO3IaHme
IIEPBOTO BBIXOMHOTO HeWpoHa. Ha ero ocHoBaHum m 3amaéTcsl IEPBBI BeKTOp Beca. Ha k-
oM 1Iare paboThHI aJITOPUTMa BHIGHPAETCS IIPOU3BOIBHEINA IpereneHT x(k), pacCInTHIBACTCSI
paccTOsSHIE OT HETO IO BEKTOPA BECOB BCEX BBIXOMHBIX HEMPOHOB M HAXOMUTCS HAMMEHBIIIEe
paccrosaune R, (k), T.e. mus mo6oro i umeer Mecto ||x(k) — My (k)| < ||x(k) — m;i(k)]],
roe m(k) BeKTOp Beca BBIXONHOTO HelpoHa. Ecmu R, > Ry, TO Ha OCHOBAHUE 3TOTO
IIpereleHTa Co3naéTcs HOBBIN KitacTep. VHade BHIOpAHHBIN IpPENENEeHT OTHOCUTCS K DTOMY
BBIXOIHOMY HEWPOHY, & BEKTOP BECOB KJIACTePa IePEeCUNTHIBAETCS:

Monin (k) = Mumin(k — 1) + S(Mmin(k), m; (k) (m; (k) — mmin(k)),
rme S — 9TO rayCccoBCKast (DYHKIUS.

mmin — m; >

2q¢2(k) )

S(mmin(k), m;(k)) = a(k) exp(—

roe 0 < a(k) < 1 — MOHOTOHHO YOBIBAIOLINI C KAXKIBIM IIATOM COMHOXKUTEIb, ¢ — MOHO-
TOHHO yOBIBaeT, m; — BEKTOP Beca COCEIHETrO HEePOHA.

Takum obpaszoMm, ymasoch OOBENMHUTH MAKCUMAIIBHO TOXOXKWE MO CMBICTTY aTPUOYTHI
IIPEereneHTOB B ONUH KJIacTepP, IYTO YCKOpseT paboTy ¢ 0a30il 3HAHWN U MTO3BOJISIET BBISIBIISTDH
CKPBITBHIE CBSI3U MEXIY TpereneHTaMI.
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O dopmanusanum 6a3bl MPEeIeHTOB KOMIIBIOTEPHBIX aTaK C MOMOIIILIO
HeUYéTKUX MonaeJsien

B. A. CKOKOBA

CoBpeMeHHBITT 5Tall pa3BUTU OOIECTBA XapaKTEePU3YeTCs BO3PACTAIOIIEH POJTHIO WH-
dopMmarmorHON ceprhl, TPEeacTABISIONIEN cOO0I 00/IaCTh UeJIOBEYECKON MesITeTbHOCTH, CBSI-
3aHHOU C co3maHmeM, mpeobpaszoBaHmeM u ToTpebieHneM mHGOpManuu. B cBs3m ¢ 3THM,
pobiema mHOOPMAIITMOHHON 6e30IMaCHOCTY CTAHOBUTCS Bce 60jIee aKTyaJIbHON. Y IpaBJIEHUE
“HGOPMAIIMOHHBIMI PUCKAMU SIBJISI€TCS aKTYaJIbHBIM U IUHAMUYHO PA3BUBAOIINMCS HAIIPa-
BJIEHEM B 00JTaCT! 3aIlUTHI THOOPMAITAN.

B HoBocubupckom rocymapCTBEHHOM yHUBepcuTeTe Oblia pasdpaboTaHa MPOTrpaMMHA
cucrema ynpasienus uHbopMmannonabivMu puckamu RiskPanel [1]. Ha ceromusiununit mes
6a3a 3HaHWUHN STON HACUUTHIBaeT Oosiee 18 Twicsu mperneneHToB. [IperneneHTHI pa3zduThl HA
aTpubyTHI: CUMIITOMBI, yS3BUMOCTHU, YTPO3bI, KOHTPMEDLI, BO3MOXKHbIE TOCIENCTBUS [2, 3].
Kaxnbrit mperieneHT 3amaeTcsi TEKCTOBBIM OMUICAHUEM ATPUOYTOB U SIBIISETCS YHUKAITBHBIM.
Bce aTpubyThr K1acTepu30oBaHbl U BBENEHO MOHATHUE O60Jtee oOIIMX aTpuOyTOB.

[Tonyuennas 6a3a 3nHaHuU GopMaM3yeTcs B BUOE HEUETKON MOMEIN C €CTECTBEHHON Me-
poit [4]. B mamnoii paGore paccMaTpUBAIOTCS METOHbI (HAKTOPU3AIMUA MHOXKECTBA IIPere-
IEHTOB TIOCTIe KJTacTepu3alun aTPUOYTOB U TEePEXON K HeUeTKOU MOMENN ¢ HepaBHOMEPHON
Mepoit mpereneHToB. [Ipenmoxena MoguduKalms aJropuTMa MONCKA UMIIMKATUBHBIX 3aBU-
cuMoOCTell aTpubyTOB IPU yCJIOBUU HEPABHOMEDPHON MEDPHI IIPEIeIeHTOB.
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IIpuMmeHeHME OHTOJIOTMYECKOIO IMoaxona ajis popMajm3anuu mnpoiecca cbopa
U aHaJIn3a TpeboBaHUN K NPOrPaMMHOMY IIPOOYKTY

K. A. TABAKOB

HecmoTps Ha Bce ycumnms cenuaincToB, HAITPABIIEHHBIE Ha (DOPMAIITN3ALNIO I CTaHIaP-
THU3aIlUIo0 IIpolecca paboThl ¢ TpeOOBAHUSAMUK IPOrPAMMHOMY IIPOLYKTY, 3TOT IPOIECcC II0
IpeXHEMY BO MHOTOM HOCHUT TBOPYECKHUU U CIIydallHBIA XapaKTep.

OTo mopoxkmnaer psm npobiiem B obsactu paspaboTku [1O: cpbIB CpOKOB, TpEBBIIICHNE
OromkeTa, co3gaHne HEKaUeCTBEHHOIO IIPOrPAMMHOTO MPONyKTa. B kadecTBe omHOM U3 mpu-
YUH MOXHO Ha3BaTh OTCYTCTBUE €MUHON W COTJIACOBAHHON TEOPETUIECKON Oa3bl MHKEHEPUN
TpeOOBaHUA, EMUHOTO ITOHUMAHNS TPeOOBaHUN 1 BepUPUKAIIIN.

B pamkax nanHOI pab0OTBI OBLI TPOBENECH aHAJIN3 CYIIIECTBYIOIINX TOIXOIOB K cOOPY Tpe-
60BaHUI, METONOB POOTHI C HUMU U MIPUMEHSIEMOr0 WHCTPYMeHTapus. Pe3ybTaThl aHAIN3a
IIOKa3aJi, ITo Ipolecc cOopa TpebOBaHU NeNCTBUTEIBHO HYXKIaeTcs B (popMaIn3alium, Tak
KaK JTaxke B paMKaxX OOHOIO Ioaxona K paboTe ¢ TpeOOBaHUSIMU BO3HUKAIOT IPOTUBOPEUNS
B HA3BAHWUIX OCHOBHBIX cyrrHocTen. (QcobeHHO OCTpo 3Ta mpobileMa CTOUT ISl PYCCKO-
SI3BIYHOTO phIHKa aHaauTuku 110, Tak Kak yCTOSBIINECS AHTJIOA3BIYHBIE TEPMUHBI UMEIOT
OYeHb MHOTO BapUaHTOB HCIOJIB30BAHUS PYCCKOSI3BIUHBIMU aHAJIMTUKAMU. 1ak, IS OOHUX
1 TeX K€ TePMUHOB B PA3JIMUYHBIX KOMIIQHUSAX MOI'YT KCIOJIb30BATHCS OpUTMHAJIbHBIE aH-
IJIOSI3BbIYHBIEC Ha3BaHUS, KAIBKUPOBAHHBIE PYCCKOSI3UHBbIC BADUAHTHI MIN PA3JIMUHBbIC BEPCUN
repeBoIa.

Haxuyto mpobiaeMy ObLIO IPEMJIOKEHO PEIIATh CO3MAaHUEeM eIuHON oHTosoruu (1, 2, 3,
4]. Ilns sTux neseit ObUTN BBISBIEHS OCHOBHBIE CYIIHOCTH mpemMerHon obmactu «C6op u
aHa/In3 TpeOOBaHUI», KOTOPBIe MOTYT ObITH MCIOJIB30BAHbI [JIs1 BBICOKOYPOBHETO OIUCAHUS
Pa3INYHBIX TOOXOMOB. DBIJI COCTABIIEH TEPMUHOJIOTMYECKUN CJIOBAPb, OMUCHLIBAIOIIAN 3TU
cymmoctu [5]. PaspaboTaHHBIN C0Baph Jilel B OCHOBY OHTOJIOIMM IPEAMETHON OGIaCTH.
[TocTpoennas orTONMOrMS TO3BOIISIET (DOPMAIIM30BATH IIpoIecc cbopa U aHaIn3a TpPeOOBAHUI,
I TeM CaMbIM YMEHBIINTH HEOMHO3HAUHOCTD.
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Awnanus Cy6’beKTI/IBHOCTI/I TEKCTOB C MNCIIOJIB30BaHMEM OHTOJIOTNMYECKHUX Mo,ue.nef/i
IJIsS OI€EHKH’ OOIIleCTBEHHOIO0 MHEHUS

A. C. TPET'YBOB

[losiBierme ceTm MHTEPHET U pa3BUTHUE CPENCTB TEKCTOBOU IEpeNadn COOOIIIEHN PE3KO yBe-
nmrauio oobeM mHDOpMaANUU. B ¢BSA3M ¢ 3TUM YyBEIMYIMIOCH YUCIIO UCCIIEIOBAHUN B 00IacTH
aHaJIM3a TEKCTOB Ha ecTeCTBeHHOM si3bike [1] [2]. Iamuas paboTa MOCBAIIEHA BOIIPOCY OIpPe-
[eJleHnsS HaCTPOEHUN U OIeHKU OOITIeCTBEHHOTO MHEHUS.

AHaiu3 TOHAIIBHOCTU TEKCTOB B MOCJIEAHUE TOMLI 06pesT GOJIBIITYIO MOMYIIPHOCTL. B TO
JKe BpeMsI IepBble pabOTHI IO JaHHOU TeMe oTHOocATCS K 70-80M romam mpoIiaoro CTOIeTHsI.
OcHOBHOIT TPOGIEMONT AHAIIN3a TOHAJIBHOCTU TEKCTOB, PACCMATPUBAEMOIl B HaHHOU paboTe,
SIBISIETCSI OIIPEeNesIeHNe OIEHOK W M3BJIeYEeHNEe MHEHU.

Onpenesnerne TOHAIIBHOCTH TEKCTa HA OCHOBE NMPUMUTUBHOTO CJIOBAPS HE TO3BOJISIET B
IIOCTATOYHON Mepe OIPENeINTh CTeleHb SMOIMOHAIIBHON COCTaBIISIONIEeR B TekcTe. Mcrmomb-
30BaHUE OHTOJIOTUYECKOTO aIlapaTa II03BOINIIO Obl PACHINPUTH BO3MOXKHOCTHU CYIIIECTBYIO-
X TIOAXONOB K PEIIeHUIO JaHHOI TpobieMsl [3].

[Hens paboTsl: pa3zpaboTaTh U TPUMEHUTH Ha MIPAKTUKE METOI aHAIN3a CYOBEeK TUBHOCTHU
TEKCTOB HA €CTEeCTBEHHOM SI3bIKE C UCIIOJIb30BaHIEM OHTOJIOTUYECKOTO aIlapaTa.

B pamkax paboThl pacCMaTPUBAIOTCS TEKCTHI U3 CONMAIBHBIX CeTe, CBSI3aHHBIE CO cde-
poit kpunToBatoT. OmHAKO aHAIN3 HACTPOEHUN B CONMAIBHBIX CETSIX NMEET 3HAUNTEITHHBIN
MIOTEHIINAII U B IPYTHUX OOIACTIX.

ConmanbHble CeTH — BaXXHBIN UCTOYHUK WHGOPMAIINY TPUTOMHON I NHTEIICKTYATh-
HOTO aHasm3a. 1loaToMy mMeHHO OHU OBLIN BBIOPAHBI MJIsT POPMUPOBAHUS MACCUBA JaHHBIX
HeOOXOOUMOTO MJIsl IIPOBENeHNsI TeCTUPOBAHUS.

Buinmu pertienbr criemytorue 3amadn: TPOBENEH AaHAIN3 JTUTEPATYPhI, OMUCAHA METONO-
JIOTUSI MCCIIEIOBAHMS, IOATOTOBIIEH MACCUB MAHHBIX IJIS MPOBENEHUSI TECTOB, PEATN30BaH I
IPOTECTUPOBAH aJITOPUTM, IPOAHAIIN3UPOBAHBI PE3yIbTAThl U CAEIAHBI BHIBOILL.

OMnupuyeckne pe3yIbTaThl TOKA3aIl, YTO BEIOPAHHBIE TEXHOJIOTUN MOTYT OBITH Y CIIEIITHO
IIPUMEHEHBI [JIs OIEHKU OOIIEeCTBEHHOI'O MHEHUS.
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Pa3pa60TKa ABTOMATU3NPOBAHHBIX METOAOB IIOPOXKIOCHNA CJ'Iy}KeﬁHbIX
JOKYMEHTOB Ha €CTE€CTBEHHOM sA3bIKE

A. A. duHK

Kaxnbrit u3 HAC XOTH pa3 B XKU3HU CTAIKUBAJICS C 3aI0JTHEHIEM (COCTABIIEHNEM ) KAKIX-
60 caykeOHBIX MOKyMeHTOB. C KaXXIbIM THEM KOJIMYIECTBO TaKWX MOKYMEHTOB PACTET U
Ha WX 3aI0JIHEHNe MPUXOMOUTCS TPATUTh BCE OOJbIlle W OOJBINE BpeMeHH. A MOCTOSHHOE
M3MEHEHe HOPMATUBHBIX MOKYMEHTOB JIUIb yXymiraerT curyanuio. (QcobeHHO ocTpo 5Ta
npobiieMa OIIyIIaeTCsl B TOCYIAPCTBEHHBIX YUPEXKIEHUSIX, I'Ie HOPMaTHUBHBIE TOKYMEHTBHI
9acTO MEHSIOTCs[1].

B mame Bpems Takme mpobiieMbl YACTUYHO PELIAIOTCS PA3HOOOPA3HBLIMU OjIaHKAMU 1
dbopmamMu, Ha 3aIIOTHEHNE KOTOPBIX YXOMUT 3HAYNTEIHHO MEHBIIIE BDEMEHU, YeM COCTABIIEHIE
MOKyMeHTOB ¢ Hy/1s1. OnHako, Takue GOPMBI He PEIIaloT IPOOIEMbI TOJTHOCTHIO, BEIlb X TOXKE
IIPUXONUTCS IIepeNeIbIBaTh.

st perteHust 5Toit MPOOIEMBI TIPEIIaraeTcsl PacCMaTPUBAThL NOKYMEHTHI KaK Iapame-
Tpuueckre mabiaonsl [2, 3]. B kauecTBe mapamMeTpoB BLICTYNAIOT NAHHBIE, U3BIIEKAEMBIE
13 HOPMaTUBHBIX NOKYMEHTOB. [[aHHBIE, KOTOpPBIE HEIb3s 3alOJTHUTH 6€3 YeJIOBECKOTO yda-
CTUSI CTAHOBSTCS INepeMeHHBIMU. [lomcTaBiiss W3BIeYEHHBIE MaHHBIE B IapaMeTpPUYIECKUe
1a6JIOHBI, MBI TTOTYYaeM BCEM 3HAKOMBIE (DOPMBI (OIaHKN).

715t m3BIIEYEHNS MAHHBIX U3 HOPMATUBHBIX TOKYMEHTOB UCIOIB3YIOTCS TIa0I0HbL. OOBIT-
HBle JIEKCUKO-Ipaduieckue 1m1abJIoHbl 00/1afaloT HENOCTATOUYHON I'MOKOCTBIO, TO3TOMY OBITIO
PEIIIeHO MCIOJIB30BATh OPEBOBUMIHBIE ITA0IOHBI. KOHEYHO, MIa0IOHBI HE PEHIAlOT MIPOOJIeMy
aBTOMATHU3UPOBAHHOI'O U3BJIEUEHUSI 3HAHUN 13 HOPMATUBHBIX NOKYMEHTOB.

OmHako, MOXHO 3aMETUTDb, UTO Pa3Hble BEPCUU OMHOTO MOKYMEHTA 3aYacTyI0 OTJINYa-
IOTCSI CONEPXKAHMEM, HO PEIKO OTIIMIAIOTCS CBOE CTPYKTYpon. Takmm ob6pa3zoM, moarasich
Ha HEW3MEHSIEMOCTb CTPYKTYPBI HOPMATHUBHBIX NOKYMEHTOB, MBI MOXKEM ONPENEIUTH PsI
111a0JI0HOB, II0 KOTOPBIM aBTOMATHUECK! OyIeT M3BJIEKATHCS HYyXKHas HaM HHOOpMAIUS 1
MIOJICTABIIATHCS B ITapaMeTPUIECKUN I11abJIOH.
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WUccnenoBanue BiausHUs GopM GbICTPONI KOMMYHUKAIIUN HA MOBEIEeHUE
rmoceTmuTeJien BeO-calToB

H. C. XEHKUHA

C xaxXabIM THEM IPOIEHT HACEJIeHU, NCIIOIb3YIOIIINI NHTEPHET, TOTBKO pacTeT, I MHTEPHeT-
MapKeTWHT CTAHOBUTCSA Ooiiee 3(PHEKTUBHBIM MHCTPYMEHTOM ISl TIPUBIIEUEHUS] KITUEHTOB.
Cy1iecTByIOT pa3IuyHbIe METOIBI MTPOIBIMKEHUS MTPOMYKTOB U YCIyT KoMmauuit. s mopo-
JKJIEHUS pEKOMEHIAINN MI0JIb30BATEIISIM 110 IPUOOPETEHNIO HOBBIX TOBAPOB U YCIYT UCHOIb-
3yercs, HanpuMmep, aHaiaun3 dhopMmaibubix moHaTuil (ADIl) u MeTombl MOMCKA pPEIEBAHTHBIX
accolmaTuBHbIX npasui [1, 2, 3].

OCHOBHOII TOYKON KOMMYHUKAIINY KOMIIAHUU 1 TOTEHIINAIILHBIX TOTPeOuTEe el B MHTEP-
umere siBisiercs canT. OH OTBedaeT 3a TO, UYTOOBI MOJIL30BATENb MPOMNOIKUII OOIIIEHNe 1’
CBSI3aJICSI C TIEPCOHAJIOM KOMIIAHUU — BBIIOJTHWII IIejleBoe nericTBue. s ymporreHus BbI-
TIOJTHEHUS TI€JIEBOTO NENCTBUS CPeNM WHTEPHET-MAapPKETOJIOTOB CTAJIO IOMYJIIPHO WCIIOJIB30-
BaHme (GopM OBICTPON KOMMYHWKAIIUA — CEPBUCOB, KOTOPBIE YCTAHABIMBAIOTCS Ha CANT.
Ho sddexTuBHOCTE Takumx GHOPM OIEHUBAETCS IO OIIYIIEHUSM>, a HE CTaATUCTUIECCKIMU
Metonamu. l[lenb manHOW paboThl — pas3paboTKa U pean3alius MeTOOUKHU aHaamn3a dhdek-
TUBHOCTU (POPM OBICTPON KOMMYHUKAIIAMN.

KiroueBbiM mapaMeTpoM mitst omneHKrn d(PHEKTUBHOCTHU SBIISIETCS KOHBEPCUS — IOKa3a-
TeJIb BEPOSITHOCTH TOTO, YTO TOJTB30BATETH OCTABUT CBOM KOHTAKTHBIE NTaHHBIE KOMITAHUNT
IUTSL OaJIbHEHIen CBs3u. UTOOBI MOIyYWTH TOYHYIO KOHBEDPCHIO, HYXKHO NMeTh OECKOHed-
HBIN TpaduK, TO €CTh OECKOHEYHOE YKUC/IO0 UCIbITaHui. Ha mpaxTuke 5TO HEBO3MOXKHO, U
BEPOSITHOCTH COOBITUS BBIYUCIISIETCS ¢ HEKOTOPOU TOYHOCTBIO. 71 OIIEHKU TOYHOCTHU B XOIE
paboTHI UCTIOIB30BAHBI CTATUCTUUECKTE MOMENIN Ha OCHOBE OMHOMUAIILHOTO paCIpeneIeHuns
¢ TTapaMeTpoM p, TOe p — MpenesibHOe 3HAUYeH!e KOHBepcuu. B paboTe cpaBHUBAIOTCS IIBE
MOJIeJINn:

e Anmpokcumanus GUHOMUAIEHOTO PACIPENe/IeHIST HOPMAJIbHBIM PACIIPENeIEHIEM CO-
TJIaCHO IEHTPAJILHON TPENeTbHON TEOPEME;

e CpaBHeHIE BapPUAHTOB TECTUPOBAHUS C MTOMOIIBIO BaileCOBCKOM CTATUCTUKHI U Be-
POSITHOCTHOTO BBIBOIIA.

B xomoe pa,GOTBI MOOEIN IIPOBEPAIOTCA Ha PEAJIBHBIX NAaHHDBIX, a TaK2Ke paCCMaTpPUBaCTCA
X IIpuUMEHIMOCTDb Ha IIPEOEJIbHBIX CJIyYasdX.
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MeTOI[bI ornnpenesieHms codeTaeMOCTH CJIOB eCTECTBEHHOI'O si13bIKd, OCHOBAHHbLIE
Ha nmparmMaTHuke

B. B. IIaMmoBA

Ha ceromusmiauii meHb aHTJIMHACKUAH SI3BIK ITOBCEMECTHO HMCIIOJIB3YyEeTCS B PA3IMYIHBIX chepax
nestenbHocTH. CrenumaimeraM 4acTo TpedyeTcs MepeBONUThL CBOM pabOThI Ha aHTJIUACKUI
SI3BIK, HE BIIaJiess UM Ha BBICOKOM yPOBHE, M3-3a Yero OHU JOMYyCKAlT ommbKku. B maHHON pa-
060Te paccMaTPUBAIOTCS CIIEAYIOIITe IPOOIIEMBI IIPU TIEPEBOME C PYCCKOTO SI3bIKA HA aHTJIAN-
CKUIT: TIOJIMCEMUsI M OMOHUMUs CJIOB [1], ymoTpebiieHue OmpenesieHHOro 1 HEOIPEIeIeHHOTO
apTUKJIIL B aHTJIUNCKOM sI3BIKE, a TaKxke (Ppa3oBble TJIATObI.

s pertieHus MaHHBIX TPOOJEM pa3pabaTBIBAETCS MOJIYaBTOMATHU3MPOBAHHAS CUCTEMA
IIJIsI TIEPEBOAA CIIOBOCOUYETAHIH C PYCCKOTO SI3bIKa HA AHTIIMACKUI, KOTOPas TaKXkKe aBTOMATHU-
YeCKH! COCTABJISeT MOSICHEHUS K MOJIyUeHHOMY II€PEBONY U IPOU3BOMUT €TI0 KOPPEKTUPOBKY.
IIo BBemeHHOMY B CHCTEMY CJIOBOCOUETAHUIO MHTEpdENC mpemiaraeT BO3MOXKHBIE BAPUAHTHI
mepeBona, MOKa3bIBas KOJIMYECTBO PE3YIbTATOB MO MJAHHOMY 3aIlPOCy B ITOMCKOBOM CEPBUCE
7 BO3MOXKHBIN KOHTEKCT yIIOTpebIIeHUs BBEIEHHOTO cjlIoBocoueTanus. [lomp3oBaTento mpemo-
CTaBJISIETCSI BO3MOXKHOCTD JINOO BBEIOPATH HEPEBOI 13 MMEIOIINXCS BAPUAHTOB, JINOO IepenTu
B PEXNUM pemaKTopa IJIs MOMOJHEHUS CJIOBaps. 1akike B PENaKTOPCKOM PEXUMeE IIOIIb30-
BaTeIb MOXKET TOMOJHSITH yXKe CYIIeCTBYIONINN CJIOBApPb BPYYHYIO, TO €CTh NOOABIISTH B
0a3y maHHBIX HOBBIE CJIOBA, BAPWMAHTHI II€PeBOOA WM MPUMEPHI UCIIOIB30BAHUST CIIOBOCOYE-
TaHus. Vcnomb3yeMblil TPOTpaMMON CJIOBAPh MOMOJIHSIETCS MHTEPAKTUBHO, TO €CTh 10 Mepe
MIOCTYTJIEHUS CJIOBOCOUETAHUN B CUCTEMY.

s dopManm3ariuy TpencTaBlIeHNs BapUAHTOB YHOTPEOJIEHUS TPUMEHSETCS TeOpPUs
«Cwmbica-TekeT» n aBTOMATU3NPOBAHHBIE METOMLI TOCTPOEHMS ATOMAPHBIX AuarpaMm [2, 3].
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On similarity based decision trees

V. B. BErRIKOV, R. M. KOZINETS

This work briefly presents a novel method of supervised learning with decision tree (DT)
methodology. Let us consider pattern recognition problem with labeled dataset A in some
feature space X. We propose a modification of DT in which instead of standard predicates
[1] such as

"feature X, for data point a belongs to E,,”,
where E,, is a subset of the domain of X,,, more general predicates of the type

”object a is more similar to set B than to set C' in the feature subspace X’ with respect to
metrics p”

are examined in the internal nodes. Here B, C' are subsets of A, typically of small cardinality.
This type of decision tree allows one to get more complicated decision boundaries which have
clear logical interpretation.

We examine several strategies for DT induction: transformation of feature space using
core points extracted with Relief procedure, SVM support vectors and K-means based ex-
traction. The method was studied experimentally in the problem of computed tomography
scans analysis. Experiments have shown that the proposed method gives more accurate
predictions than CART algorithm of DT induction, Support Vector Machine and Deep
Convolutional Neural Network (AlexNet).

We plan to expand the proposed methodology on different types of similarity measures,
in particular, for those learned with clustering ensemble [2].

The work is partly supported with RFBR, projects 18-07-00600a, 18-29-0904mk.
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On discretization of models of circular gene networks

V. P. GOLUBYATNIKOV, V. V. IvANOV, L. S. MINUSHKINA
We consider dynamical systems which appear in modeling of circular gene networks:
dz dx dx

e fi(zs) — kyzq; d_t2 = fa(x1) — koo d_t3 = f3(x2) — ksxs, (1)

where f; are monotonically decreasing step-functions defined as
fj(zj—l) = Al = ajkj for 0 < Tj—1 < 1; fl(-rj—l) =0 for 1 < Tj—1- (2)

All coefficients are assumed to be positive. Let Fyy C [0,a1] x [0,a2] X [0,a3] be defined by
1 =1,0 <29 < 1,1 < x3 < az. Trajectories of the system (1) are piecewise smooth;
their angle points are located on the planes x; = 1, j = 1,2,3. This system is a kind of
discretization of smooth dynamical systems introduced in [1], see also [2].

Lemma 1. For all points of Fy, their trajectories of the system (1) return to Fy.
Let @ be the corresponding Poincaré mapping Fy — Fjp.

Lemma 2. ® is monotonic.

This means that if (z{”, "), (@, 2") € F,,

2 <30 20> 30 (3)
and ®(z{”,z{") = (), 2@, 2") = G, 7)), then

g < g0 0 > gl (4)

Morover, if one of the inequalities (3) is strong then all the inequalities (4) are strong.
Theorem. The system (1) has a cycle if and only if A; > k; for all j =1,2,3.

Similar constructions and results can be reproduced for models of more complicated
gene networks which are described by odd-dimensional block-linear dynamical systems of
the type (1), (2), cf. [3]. The proofs are based on some algebraic properties of the Jacobi
matrix of the Poincaré mapping ®.
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Intuitionistic epistemic logic and functional programming

D. RoGozIN

Modal intuitionistic epistemic logic IEL™ was proposed by S. Artemov and T. Pro-
ropopescu [1]. TEL™ provides the epistemology and the theory of knowledge based on
BHK-semantics of the intuitionistic logic.

Intuitionistc epistemic logic IEL™ is defined as follows:

Definition

(1) IPC axioms;

(2) O(A - B) — (DA — OB);
(3) A—0UA

(4) Rule: MP

If we would interpret this logic according to the propositions-as-types paradigm, then
modal axioms of IEL™ satisfy the construction called applicative functor that widely used
in functional programming [2].

In our report, we propose the modal lambda-calculus A\jgy,~ Curry-Howard isomorphic to
IEL™ to consider a computation with applicative functor type-theoretically. The proposed
lambda-calculus is an extension of simply typed lambda-calculus with additional typing
rules:

Definition Modal typing rules in A\;gg,—

I'EM:A I'-M:0A Z:AEN:B

E'_bO)iM:DA (‘?I) 't letbox#= M in N : OB (leto)

where I' H M : A and ¥ : A denote I' = M; : UAy,...,I' v M, : A, and xq :
Al,...,.fEn : An

There are the following theorems:

Theorem. Reduction in Ajgp,- is strongly normalizible.

Theorem. Reduction in A\jgp,- is confluent.

Theorem. Normal form is unique.

Theorem. If term M is in normal form, then all its subterms are normal norm.

After that we define an applicative functor categorically and formulate the following
theorem:

Theorem \iy- is sound and complete with respect to applicative functor on cartesian
closed category.

The research described in this report was supported by Russian Foundation for Basic
Research (grant 16-03-00364)
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BHyTpeHHHﬂ BBIUNC/JIMMOCTEb OTHOIIICHUI IJIOTHOCTH U nmpeneJyibHOCTH Ha
1-BBIYNCIINMbIX JIMHEMHbBIX ImopsanokKax

M. C. EpgamiKuH

IBa 5i1eMeHTa JIMHEHOTO MOPSAIKA HA3BLIBAIOTCS COCEOHUMU, €CITT MEXY HUMU HET IPY-
TUX DJIEMEHTOB. ODJIEMEHT JIMHEHHOTO MOPSIIKA HA3BIBAETCS NpedesbHblmM CNpasa, eCiIi OH He
MMeeT MPaBoro cocena. IlBa sjmemMeHTa JIMHETHOTO MOPSIIKA HAXOMSITCS B OTHOIIIEHUN NA0MHO-
CMu, €CITI MHOXKECTBO SJIEMEHTOB MeX Iy HuME uMmeeT Tuil 7). B pabore [1] mokaszaHo, 9TO BbI-
YUCIIUMBIN JIMHENHBIA TTOPSIOK SBISETCs 1-BBIYUCIUMBIM TOTZa U TOJBKO TOTIa, KOTa €ro
OTHOIIIEHNE COCENCTBA BBIYUCINMO. PaccMaTpuUBatOTCS BBIYUCIUMBIE JIMHENHBIE MTOPSIKMH,
CUTHATYpPa KOTOPBHIX 00OTaIlleHa OTHOIIEHUEM COCEICTBA, KOTOPOe TAK¥XKe SBIISeTCS BHIUN-
cauvbiM.  Taxme BbrumcimMbie OOOTAITIEHHBIE MOPSIAKU OyIeM HA3BIBATDH 1 -6bluUCAUMbLMU
AunetiHbIMY nopadkamu. B pabore [2] onucaHbl IMHETHBIE TOPSIKN, UMEIOIINE BHYTDEHHE
BBIUUCIIAMBIM SO0 OTHOIIEHUE COCENCTBa, b0 oTHoImeHne 6ioka. Takxke B padore [1]
OINMICAHBI 1-BBIYNCINMBIE JIMHENHBIE TIOPSIIKYI, TMEOIIINEe BHY TPEHHE BHIUNCINIMOE OTHOIIIEHTE
070K A.

Y masoch MOTyYnuTh CIIEAYIOITNE ONMUCAHUS |-BBIYUCTUMBIX JIMHEHHBIX TTOPSIKOB, B KOTO-
PBIX 00 OTHOIIIEHUE TIJIOTHOCTU dn, OO0 OTHOIIIEHNE NPENeIbHOCTU cupaBa Py sBiseTcs
BHYTPEHHE BBIUNC/IIMBIM.

Teopema. Ilycrs L — 1-BerumcauMbplil JIUHEHHBINH TOPSIAOK. Torma oTHoIeHme dn
ABJIAE€TCA BHYTPDEHHE BBIYUC/INMBIM Ha L Torga m TOJIBKO Tornga, Korga L nMeeT Bua

ko+ fo+ki+fi...+ fno1+kn,

rae f; — KOHEYHBI U He IyCThI, a KaXabli k; aubo uveer tuil 1), 1160 —dn(a,b) s aro6erx
a, be kz .

Teopema. Ilyctes L — 1-Bpramcimmbni juHERHbIN mopsaok. Torma orHomenme P
SIBJIT€TCS BHYTPEHHEe BBIYHCIUMBIM Ha L Torma m Toyipko torma, korna L mveer Bum

ko+ fo+ki+fi...+ fono1 +kn,

rae f; — KOHEYHBI U He IMyCTHI, a KaXabli k; aubo nmveer Tum w*, w + w* wumu k - 1, 1mbo
Bce 6j10ku B k; O€CKOHEUHBI BIIPABO.

PaGora Beimonuena npu ¢urancoBoin nonnepxke PODU (mpoekt 18-31-00174 7 Asro-
PUTMUYECKUE ACTIEKTHI JIMHENHBIX TOPSIKOB 1 OTHOIIEHW Ha HUX ).
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O HU3KUX JINHENHbLIX IIopsaaoKax He MMEIOIIINX BbIYNCJ/IMMbIX KOITIIA

M. B. 3yBKOB

Cy1riecTBOBaHIE HU3KOTO TPENCTABIEHNS JINHENHOTO TIOPSIAKA HE BIIEUeT aBTOMATIIECKH
cymecTBoBanue Beraucaumon koruu [1]. Hoyau P. mocrasui Bonpoc 06 onucanuu TUTIOB JIn-
HEWHBIX TMOPSNOKOB [JIS KOTOPBIX CYIIIECTBOBAaHUE HU3KOW KONMWU BII€YET KOHCTPYKTUBUIUPY-
emocthb. Hoyuu P. u Moszec M. [2] mokasasiu, 4T0O KaKIblil TUCKPETHBIN TOPSIOK, MMEIOIIINIT
[pPEeNCTABJIEHNEe HU3KOM CTENeHN, UMeeT BhruucauMyto kKomuioo. Ppososeim A. H. 6bu1 mosty-
YeH PAN TAKUX [IOCTATOUHBLIX ycioBuil. HamGosee obimee Gviio mosyueno B pabore (3], rme
OBIJIO MOKAa3aHO, UYTO KAaXKIBIN JUHENHBIN TOPSAOOK, JTFOO0N OJI0K KOTOPOTO MO0 OECKOHEUHBIN,
160 MMEeeT MOIIHOCTb, HE TPEeBOCXOMSIILYI0 HEKOTOPOrO HATIePel 3a[IaHHOT0 uncia k (Takue
HOPSIIKY OBLIIN HA3BAHBI A-KBA3UAMCKPETHBIMN ), IMEET BBHIYUCIMMYIO KOIMIO.

3y6xoeeiM M.B. B [4] BBeneHO MOHSTHUS JIEBBIX U IPABBIX MAKCHMAJIBHBIX GJIOKOB 1 TOKa~
3aHO, YTO €CJIU B 7)-CXOXKeM JIMHENHOM MOpsnKe pa3Mepbl TaKuX OJIOKOB OrpaHUYeHbl (PUKCH-
POBAHHBIM YHCJIOM 1 L MMeeT KOO HU3KON CTEIIeHN, TO er0 MOPSAIKOBBIA TUII MOXKET ObITh
3aman npu nomorntm 0'-npenensro MonoToHHON GyHKIuu. WV, Kak ciiencTsue, TAKOW JIMHEH-
HBII TIOPSIOK OyIeT UMETh BBIUUCIUMYIO KONuo. JTo 0bobiaeT pesyiabrarel @posmosa A H.
IUISL 7)-CXOXKUX JIMHEMHBIX TOPAMKOB. TaMm e IMokKazaHo, 4To cyinecTBoBanue 0'-mpenensHo
MOHOTOHHOI (QYHKIUW OOJlee CUIIBLHOE yCJIOBUE, YeM CYIIIECTBOBAHWE BBIYUCIUMON KOIWU, W
IIOJTyYeHHOE YCJIOBUE HEMOCPENCTBEHHO He 0000IaeTcs Ha JWHEWHbIE TMOPSOKUA C IIOTHON
KOHIEHCAITIEN.

HpyruMm BaXKHBIM HaIpaBlIeHHEM B pelreHun rnoctasierHon [loyau P. mpobembr mpen-
CTABISIETCS TOCTPOEHNWE PA3TMUHBIX HU3KUX JTNHEWHBIX MOPSOKOB, HE MMEIOITNX BBIYUMCIIH-
MbIX Komwmit. Ilpmmep HU3KOro JIMHEMHOro MOpsaKa 0Ge3 BBIYMCINMON KOINM, ITOCTPOEHHBIN
Hxokymrem K. u Coapom P., comep:xkut 6eckoneunbre 60K U UMeET IFIOTHYIO BTOPYIO KOH-
nmencanuio. Ppostos A.H. mocTponst HU3KUI JTUHENHBLINA TOPSIOOK 0e3 6EeCKOHEYHBIX GJIOKOB He
IMEIOITNH BBIYUCINMON Konuu. HamomMHuUM, 9TO 7-IipencTaBeHneM Ha3bIBAETCS JINHETHBIN
MOPSIIOK UMEIOIUi Tum: 1+ ag +1n+ a1 + 1+ az + 1+ .... CoBmectro ¢ Ppomoseim A.H.
OBLJT TIOCTPOEH CJIEMYIOIINN TTPUMED.

Teopema (3y6xoB M.B., ®ponos A.H.) CymecTByer HU3KO€ 1)-IIPEACTABICHUE HE
uMeIoIiee BEIIUCIUMON KOIINM.

Pab6ora Bpmosaena npu ¢uHascoBon nonaepxkke rpanra PODU N 18-31-00174.
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- C. 107-121.
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IIpuMuTHBHO peKypCcUBHAsI KATETOPUYHOCTH HA KOHYCE

. III. KAIuMYJIJIVH

Anrebpanueckas cTpykTypa A Ha yHUBEPCYME W HA3BIBAETCS IPUMUTUBHO PEKYPCUBHO
KATErOpUYIHOI Ha KOHYCE, €CIII CYIIeCTBYeT (DYHKIUS ¢ TakKas, 4TO IS JH00O0I CTPYKTYPhI
B = A ma yauepcyme w HeKOTOpbI n3omopdusm f : B — A u ero obpaTHbI n30MOpPGU3M
f~': A — B mMoryT GbITH HOIYYEHLI W3 IPUMUTHUBHO DEKYDPCHBHEIX (DYHKIIIH, (OyHKIIIH
(mpenukaToB) CTPYKTYPHL B 1 GYHKINN ¢ TOCPEACTBOM OIEPATOPOB KOMIIO3UIIAN U IIPUMUL-
TUBHOI PEKYPCUML.

HeTpusnaabHBIMEI IpUMepaMy IPUMATHBHO PEKYPCUBHO KATETOPUYHBIX HA KOHYCE CTPYK-
TYP MOTYT CJIyKHUTh BEKTOPHBIE IPOCTPAHCTBA HAM IIPOCTBIMI KOHEYHLIME IToJIaMu. pyroit

npuMep — CTPYKTypPa € ONHOW yHApHOU (QYHKIMEN, 00pa3yIollell UKLl (GUKCHPOBAHHON
mmuabl. Cpenu Momeneit (cTpykTyp 6e3 dyHKIIMOHAILHBIX CUMBOJIOB) HETPUBUAIILHBIX TIPU-
MEPOB HeT.

Teopema. AnrebGpandeckasi CTPYKTypa IPUMUTUBHO PEKYPCUBHO KATETOPUUIHA HA, KO-
HyCe TOTZla U TOJIBKO TOT[a, KOTOa IJIs HEKOTOPOro Habopa ee JIEMEHTOB KaxKas IepecTa-
HOBKa, TOXKIECTBEHHAs HA DTOM HabOpe, SIBISETCS aBTOMOP(PU3MOM CTPYKTYPHI.

Taxkxke 66110 TONTyYeHO (ropasno Gosee CI0KHOE) TEOPETUKO-MONEIBLHOEe ONUCAHUE TIPU-
MHUTHBHO PEKYPCUBHO KATETOPUUYHBIX Ha KOHYCe CTPYKTYD B (YHKIMOHAIILHON CTPYKTYPE.
B uwacTHOCTH, mOKa3aHa

Teopema. Kaxnas mpuMUTUBHO PEKYPCUBHO KaTErOpUYHAs Ha KOHYyCe CTPYKTypa
SIBJISIETCSI W-KAaTErOPUIHON.

Pesynbrarsr nomydensr coBmectro ¢ AnTorno MorTanGarnom (Yuusepcurer Kamudop-

uun B bepkiu, CIIIA).
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Ilonypemierku Pomxkepca ceMelCTB OTHOIIIEHU 3KBUBAJIEHTHOCTH

B. C. KAIMYP3AEB, H. A. BAXKEHOB

B pa6ote [1] myis mpousBobHOTO 1 > 1 MOKA3aHO CYITIECTBOBAHUE YHUBEPCATBHOM Y 1-
BBEIYUCIUMON HyMepaluu iyl ceMeiicTBa BCex Y. '-OTHOIIEHWI SKBUBAJIEHTHOCTH. B pa-
6oTe I MPOU3BOJILHOTO OGO3HAUEHNUS ¢ HEHYJIEBOTO BBIUUC/IMMOTO OPIUHAJA PACCMATPU-
BaeTCa Y, |-BEIUICIIMBIC HyMEpaIui ceMeificTBa BCeX Y, '-OTHONICHUH 3KBUBATICHTHOCT.
Iyt TaxuX CeMENCTB yCTAHOBJICHO CYIIECTBOBAHUE GECKOHETHOTO YUCIIa MOMAPHO HECPABHIU-
MBIX (GpUAGEPrOBBIX HyMePAInuil 1 GECKOHEUHOTO YNCIIA TTONAPHO HECPDABHUMBIX MTO3UTUBHBIX
Hepa3pelmMbIX HyMepannii. B yCTaHOBIEHNN 5TOr0 (DaKTa KITIOUYEBYIO POJIb UTPAET CIIEMy-
IOINI Pe3yIbTaT:

Teopema. Ilns 6eckoneunoro maoxkectBa A = {ag < a1 < ag < ...} C w 3amaguM
CeMeICTBa OTHOIIECHUIH 3KBHUBAJICHTHOCTH

Fa :={ldi}U{E([0;a;]) : i € w},
Ga:={Id} U{E(w\ [0;a;]) : i€ w}.

Iyctea € O, |alo # 0, £ — 2710 X L -BRIMmCTIMOE CEMETCTBO OTHOIICHNT SKBIBATCHTHOCT.
Ilpenmonoxum, 4To cymecTByeT 6eCKOHEYHOE BBIYHCIIMOE MHOXKeCTBO A, mas xoroporo &
YVIOBIIETBOPSIET OTHOMY U3 CJIELYIOLLHUX yCJIOBUH:

(i) Fa € & uopu stom e(a) = 1 i |alo > w;

(ii) Ga € & u opu sTom e(a) = 0 mmn |alp > w.
Torma & mveet Y. -Boraucmmyro GpuaGEProBy HyMEpAIHIo.

Iyt cemeficTBa BCEX B.II. OTHOLICHUI SKBUBAJECHTHOCTH, C IOMOLIBIO PE3yIbTATOB [2],
IOTIOJTHUTEJILHO IIOKA3bIBAEM CYIIIECTBOBAHNE OECKOHEYHOI'O UHCIIA IMONAPHO HEeCPABHIMBIX
MUHIMAJIbHBIX HEIO3UTHUBHBEIX HyMepaluil U CyIIeCTBOBaHIE OECKOHEUHOI'O YUCIIa IVIABHBIX
nIeasioB 6e3 MIHIMAJIBHBIX HyMepaIlnii.

CIIMCOK JIMTEPATYPBI

[1] Ng K.M., Yu H., On the degree structure of equivalence relations under computable reducibility.
(Preprint)

[2] XyTopeuxuit A.B., [IBe TeOpEMBI CyIIIECTBOBAHUS ISl BHIYUCINMBIX HyMepanuii, Anre6pa u moruka, 1969,
T.8, N4, c. 483-492.

KasHY um. Aao-Dapabu, Aamamer (Kazaxcman)
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33,[[&‘-1]/[ HPE(I)I/IKCHOIZ n BIOXI/I-paBPEI_HI/IMOCTI/I CBEpPXCJIOB OJIsd HEKOTOPBIX
KJIaCCOB s3BbIKOB

H. H. KOPHEEBA

B pa6ore BBOmsSITCS TOHATUS IPeGUKCHON 1 BroXu-paspermmMocTl CBEPXCIIOB sl HEKO-
TOPBIX KJIACCOB S3BIKOB, 00OOIIAIOIINe aHAJIOTUYHbIE OHATHs 13 [1], U paccMaTpuBarOTCs
IEeNCTBUS aBTOMAaTHBIX Tpeobpa3oBaTesiell Ha CBEPXCIIOBA C YKA3aHHBIMHU CBONCTBAMM.

[IycTs LeF — KITaCC KOHTEKCTHO-CBOOOMHBIX SI3BIKOB (T.€. SI3BIKOB, PACIIO3HABAEMBIX He-
IeTePMUHUPOBAHHBIMI ABTOMATAMI C MAra3suHHON TaMATh0), L 4g 1 L g — KIACCHI SI3bIKOB,
PACIIO3HABAEMBIX [IeTEPMUHUPOBAHHLIMI aBTOMATaMI C Mara3MHHON MaMsTBHIO IO IOy CKa-
OITIEMY COCTOSIHUIO U TIO ITyCTOMY MaraswHy COOTBETCTBEHHO.

O6o3naunm yepe3 Pref(x) muoxecTBO npedukcos csepxcioBa . CBEpXCIOBO T Ha-
3piBaeTcst L-nipedukcHO paspemmMbiM (rme £ — onud u3 kiaccoB Ler, Lag, Lng), ecan
s oboro s3bika L € L paspermmma 3amada L N Pref(x) # (. CeepxcioBo x HasbiBa-
ercs L-Broxu-paspermumvbiv (e £ — onun u3 KinaccoB Ler, Lag), €Ciu s Io60ro s3bika
L € L paspemmma 3anaua |L N Pref(x)] = co. Hns kmacca perynsapubix s3eikoB £ = L
nosyunM onpenesenue u3 [1]. UssectHo, uro Lg-Broxu-paspermmMmbie ¢BEpXCIOBa — 5TO B
TOYHOCTH CBEPXCJIOBA C PA3PEIIMMON MOHAIMYIECKO Teopueil BToporo nopsaka [2]. A Lerz-
Broxu-paspernmmbie ¢cBepXciIoBa — 9TO CBEPXCIIOBA C PA3PEINMON Teopreil BTOPOro MOPsIIKa,
B KOTOPOH pPa3peIeHbl TOJIBKO MMepEeMEeHHbIe M0 OMHAPHBIM IpPeIuKaTaM CO CIeIUATbHBIMI
cBoiicTBamu [3].

B pa6oTe mosyueHbl ciienyoime pe3yabTaThL:

Teopema 1. IIycts (S,%,%,5,w, Sg) — KOHEUHBIN UHUIUAJIBHBI ACAHXPOHHBIH ABTO-
Mar, x € X°° — L-npedurcHo paspemmumoe cBepxcioBo (rae L=Lcr, Las nmu Lyg). Torna
w(sg,x) € (X)) — L-npedukcHO paspermmoe cBePXCIOBO.

Teopema 2. Ilycrs (S5,%,%,0,w, Sg) — KOHEUHBIN MHULUAJIBHBIN ACHHXPOHHBIH ABTO-
mar, x € X°° — L-Broxu pasperumoe cepxcioBo (rae L=Lc¢r nmu Las). Torma w(sg,z) €
(X')°° — L-Broxu pa3spemmumoe CBepXCIOBO.

PaboTa BBIMONTHEHA 38 CUET CPENCTB cyOcumuu, BuimeaeHHON Ka3anckomy (enepaibHOMY

YHUBEPCUTETY [JIsl BBIIOHEHISI TOCYIAPCTBEHHOTO 3aJaHusl B chepe Hay IHOM AesATeTbHOCTH,
npoekT N 1.12878.2018/12.1.
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O cioxHocTU NPO6GIEMBbI PAa3pPelINMOCTHA CUCTEM YPABHEHUN HAZ YaCTUYHBIMU
nopsiikamMu

A. 1O. Hukutnu

Jacmuumo ynopalouennblm MHO*CECTNEO0M HABIBAETCS asreGpandeckas CTPyKTypa P =
(P | L4) c mocurenem P u curmarypoit Ly = (<(?), A), B koTOpoit A — MHOMXKECTBO KOHCTAHT-
HBIX CUMBOJIOB I < — MPEONKAT YaCTUYIHOTO Topsinka. Ha P BBIIOSTHEHBI TPU aKCUOMBI:

(1) Vp € P p < p (pedaekcusnocmn);
(2) Vp1,p2 € P p1 < p2 Aps < p1 — p1 = P2 (GHMUCUMMEMPUUHOCTD );
(3) Vp1,p2,p3 € P p1 < p2 Ap2 < p3 — p1 < p3 (mpansumuenocms ).

Ypasnenuem HAIL JACTUIHBIM OPSOKOM P B si3bike L 4 oT nepementsix X = {x1,...,2,}
Ha3BbIBAETCS OIHO U3 CJEMYIOIINX BbIpaKeHuit: t1 = to, t1 < to, Tme t1,to € X U A nubo me-
peMeHHBIe, MO0 KOHCTAHTHI.

Cucmemoti ypasrenut Hal YJACTUIHBLIM MOPAOKOM P B s3BIKe L4 OT IMepeMeHHBIX X =
{z1,...,2,} HA3LIBAETCS TPOM3BOILHOE MHOXKECTBO YDABHEHUI HA S5TUM YACTUIHBIM IO-
psankoMm u oboznavaercs S(X). Bamady paspemmmmoctu cucrteMbl ypasaenuil S(X) Ham ua-
CTUYHBIM TIOpsakoM P Gymem ob6o3uauath depes S(P). Popmynupyercs maHHas 3amada
criemyonmM 06pa3soM: COBMECTHA Jin cucteMa ypasHenuit S(X) HaI 4aCTUIHBIM TIOPSAIKOM
P B sa3wike L 4.

Mexmy 9aCTUYHO YIIOPSIOYCHHBIMIA MHOXKECTBAMI 1 OprpadaMu CyIIeCTBYET CJICHYIO-
1ee COOTBETCTBHUE. I[lycTh 3aMaHO YACTUYHO YIOPAOOYEHHOE MHOXKECTBO P, eMy COOTBEeT-
crByeT Takou rpad H, uro Bepmmuam rpada H COOTBETCTBYIOT 3JIEMEHTHI YaCTUYHOTO
nopsinka, a nyra E(p;,p;) Gyner B rpade H, ecnu Han P BepHo p; < p;. Haszosem raxoit
rpad, TOCTPOEHHBIN IO YACTUYHOMY MOPSIKY, P-2pagdom.

[IycTs 3amambl MHOXecTBa uHTEepBaioB {[1,...,I,} u {Jy,...,J,} Ha BemecTBeHHOI
npsivoit R. Opuentuposanusiii rpad G = (V' | E) Ha3bIBACTCS UHMEPSaAbHbIM, €CITI KK IOH
BEPIINHE ¥ COOTBETCTBYeT mapa uHTepsasos (1, J,) u (u,v) € F(G) Torma u TOIBKO TOrOa,
korga I, NJ, # (). OpueHTUPOBAHHBIN NHTEPBAILHEBIN I'Pad HA3BIBACTCI NPUEEJEHHBIM, CCITH
IUTST KayKIOOU BEPIINHBI ¥ MHTEPBAIBL [, 1 J, IMEI0T OOIIYIO JIEBYIO TOUKY.

Haxkowner, mms opuenTupoBanuoro rpada H wepes U(H) Gymem o603HAYATH COOTBET-
CTBYIOIINI HEOPUEHTUPOBAHHLIA Tpad.

Teneps, chopMyIIPyeM OCHOBHBIE PE3YJIbTATHI PAOOTHL.

Teopema 1. IlycThr 3amaH KOHEUHBII YaCTHIHBIH MOpsmoK P B s3pike L 4. Ecawm mios
coorBercTByromero p-rpaga H B rpage U(H) conepxurcs nukia 6e3 xops MIHHBI 6OJIbIIE
3, To 3amaua S(P) sBasercs N P-moJHOIL.

Teopema 2. Ilyctp P — wacTuwyHbIN HOpSOoK B sa3bike Lo nm H — cooTBeTCTBYyIOIIINHI
5TOMY 4YacTHIHOMY Hopanky p-rpag. Torma, ecim H — OpuBENeHHBIT MHTEPBAJIBHBIN Op-
rpag, o S(P) pasperinva 3a HOJIHHOMUAIBEHOE BPEMHSL.

HAnemumym Mamemamuru um. C.JI. Coboaesa CO PAH, Omck
E-mail: nikitinlexey@gmail.com

64


mailto:nikitinlexey@gmail.com

MamnbneBckue urerus 2018 Teopust BEIYUCIIMOCTH

®punbeproBbl HyMepanuyu CeEMENCTBA BCEX YACTUYHO BBIUMCIMMbBIX
dyuknuonanos u3 kiaacca Cj,

C. C. OCnuyEB

B pabore paccMaTpuBaiOTCs BEITUCINMBIE HyMePAIMH CEMENCTB YaCTIYHO BBIIUCINMBIX
dyukmonanos u3 kinacca Cyy [1]. Ilycts T — MHOXeCTBO THIOB M mjis Kaxmnoro o € T
OIIpeiesINM CEMENCTBO (DYHKIIMOHAJIOB THUIIA O

(1) B xauecTBe C|) Bo3bMeM J1I000€ cemeiicTBO u3 Kiacca Cy
(2) Coxr =Cy x C-
(3) Copr = Mor(Cy, Cr)
B pabore mokazana
Teopema. IlycTs ceMelcTBO BCeX YACTUYIHO BBIYUCIUMBIX (hyHKIHOHAJIOB u3 Cy obita-
JaeT BEIYUCTUMOM (hpuabeproBoir HyMmepamnuei. s goboro o € T cyriecTByeT BIYUCTUMAS
¢punbepropa HyMepanus ceMeRCTBa BCEX YACTUIHO BBIUUCIUMBIX (DYHKIIMOHAJIOB THUIIA O .
CanencrBue. Eciu B 3anmucu Tuma o eCTh IOACIOBO BUAa T1|Ty To cemerictBo C, obma-
maeT OEeCKOHEYHBIM YHCJIOM IOINAapHO HESKBUBAJIEHTHBIX (PUAOEPrOBBIX W HEPA3PEIINMBIX
MO3UTUBHBIX BBIUUCTUMBIX HYMEDAITUH.

COUCOK JIMTEPATYPBI
[1] Epmos YO.JI., Teopus mymepanuit. M.: Hayka, 1977
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0] KOHCEpPpBATUBHOCTNU CX€MbI OrPaHNYE€HHOCTHA

d. H. IIAXOMOB

Xoporrio u3BecTHO, uTO Teopust MuHOkecTB Kpunke-Ilnareka ¢ 6eckoneunoctoio KPw cy-
IIeCTBEHHO mpeBocxonuT apudmeruky Ileano PA mo TeopeTmko-moka3aTeIbCTBEHHON CUJIe
n B yactHoctu KPw mokaswiBaer menporuBopeunBocTh PA. Tem He menee, kak ObLIO ycTa-
HoBJieHO ['. Erepem erie B 1984 romy, ecnu orpanmunts B KPw cxemy GyHIUpPOBAaHHOCTU
1m0 Ay GopMyI1, TO TOJTyYaIOIIascs TeOpus KOHCEPBATUBHO paciiupsier PA, T.e. Teopun mo-
Ka3bIBAIOT OMHU U Te Xe apudmermueckue yTBepxkaeHus. I[lepBeIil pe3yirpTaT 0 KOTOPOM
s paCCKaXy YCUIWMBAET W TEXHUYECKU YIPOIIAaeT pe3yiabTaT KEreps: s BCAKOW Teopuu
T axcmomMaTHU3WPyeMOUl CXeMaMW, eCTECTBEHHBIM 00pa30M OmpenesisieMasl TeOPUs KPU+(T)
OKa3bIBAETCsI KOHCEPBATUBHBIM paciumpenuem 1.

OTu pesyrbTaThl TECHO CBs3aHBI ¢ TeM (akToM, uTo Bepcuss KP 6e3 cxembr dynOoupo-
BaHHOCTH siBjsseTcst [lo-KoHCEpBATUBHBIM pacimpenueM 6a30BOI TeOpUU MHOXKeCTB ['anmon
BST (omma u3 akcmomMaTw3ammil KOTOPOI COCTOUT U3 AKCUOMBI OOBEMHOCTU UM AKCUOM 3a-
MKHYTOCTH OTHOCHUTENIbHO DYIUMEHTApHBIX (GyHKumii). Takke B HACTOSIIEM IOKJIANE s
pacckaxy o0 00IlleM IOaXOJe, KOTOPBIN IO3BOJIIET IMOJYUUTH KaK 3TOT pe3yabTaT TakK u
PSII M3BECTHBIX PE3YJIbTATOB, & TaKXKe HEKOTOPBIE HOBBIE PE3YIbTAThl O YaCTUYIHON KOHCEP-
BATUBHOCTH CXEM OTPAHUYEHHOCTHU. B 9acTHOCTHU, MOU METOI MO3BOJIIET CBECTH K OOIIEMY
pe3ynbTaty lls-KOHCEpBATUBHOCTH CXeMbI OrpaHmueHHOCTH BY1 Ham apudmeTrndyeckon Teo-
pueit Ag-mamykmum 1A (IIx. Hapuc, X. ®punvan) u [1i-koHCEPBATUBHOCTL CXeMBI BLIGOPA
Y 1-AC manm Teopueit apudmerndeckoro cepTeiBarus ACA, (IIx. Bapsaiic, Hx. Ilnmund),
a Takxke 000OIIEHNST HTUX PE3yIbTATOB Ha 00Jilee BBICOKUE CIIOXKHOCTHBIE KJIACCHI.

Wccnenopanue BBITIONMHEHO 3a cueT rpanTa Poccuiickoro Hayunoro gouma mpoekT N 16-
11-1025.
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YHuBepcasibHble GyHKIINU N KX -CTPYKTYypPBI

A. H. XUCAMUEB

Baeneno noustue K Y-cTpyKTYPHI U IOKA3aHO CYIIIECTBOBAHIE YHUBEPCAITLHON Y -(DyHKIIII
B HACJIEICTBEHHO KOHEYHON HAIACTPOWKe HAI Takou cTpykTypou. llpuBemenbr mpumeps ce-
MencTB K Y-CTPYKTYp TEOpUHU JIEPEBHEB.
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On maximal Y-subsets of admissible sets

I. I. VLASOV

Let A be an admissible set. There are two possible ways to generalize the notion of a
computably enumerable set in A: to consider either all 3-definable sets of A or only those -
definable sets, which are subsets of w. In the article [1] the connection of the later approach
and e-ideal theory was revealed. Namely, there was observed that each e-ideal is a family
of Y-subsets of natural numbers in some admissible set and vice versa, thus computability
theory on admissible sets equivalent to computability in e-ideal in some sense. In the light of
this correspondence the question, whether some computability principle holds in admissible
sets, can be reformulated in terms of e-ideals.

We study the principle of existence of maximal 3-subset, which holds in classical com-
putability, but doesn’t generally hold in admissible set computability (even for admissible
sets with a principle e-ideal of ¥-subsets of natural numbers). We translate the notion of
maximal Y-subset into the theory of principle e-ideals as following:

Definition. A set A C w is called B-maximal, if w\ A is infinite and there isno W <. B
such, that W N (w\ A)|=[(w\W)N(w\ A)| = cc.

In this talk we are going to present the following group of results about B-maximal sets.

Theorem 1. Let B be a e-low co-c.e. set. Then there exists a B-maximal c.e. set A.

Theorem 2. Let B be a non-low, co-c.e set. Then there is no B-maximal set among
c.e. sets.

Theorem 3. For some e-low AY-set B, there is no B-maximal set.
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On model-theoretic properties of m-degrees

M. M. YAMALEEV

Given A, B C w, subsets of natural numbers, we say that A is m-reducible to B if there
exists a computable function f such that for any x € w we have x € A if and only if f(z) € B.
This reducibility is one of the most classical and well studied reducibility in computability
theory. The partial orderings of m-degrees and their substructures were actively studied
since 1970th in the works of Arslanov, Denisov, Degtev, Ershov, Nies, Lachlan, Selivanov
etc.

In a recent joint work with Ng Keng Meng (Selwyn) we obtained several results about
model-theoretic properties of the structures of m-degrees from the finite levels of the Ershov
hierarchy. In particular, we obtained that in the partial ordering of n-c.e. m-degrees the
classes of k-c.e. m-degrees are definable for each n > k > 1.
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EI[I/IHI/II_II:I OEeJIOYMNCJIEHHBbIX I'PDYIIIIOBBIX KOJIEl HUKJINYEeCKHUX 3-prIIII

P. 2K. AneeB, A. H. BorobbEB, E. A. KETOBA, E. O. IIIYMAKOBA

[Mpynmbr enuHUIT 1€7T0YNCIIEHHBIX TPYIIOBBIX KOJIEI IIUKINIYEeCKUX TPYIIN TOPSIAKOB 3 1 9
U3BECTHBI, & UMEHHO, NlepBasi TPUBUAIIbHA, BTOpas u3ydeHa B pabore [2]. Bopobbésbim A. H.
[3] GBI TPOU3BENEHBI PAZHOOOPA3HBIE BHIYUCIICHUS 71 €[AMHALL [[EJIOUNCIIEHHBIX TPYTIITOBBIX
KOJTEI[ MIUKITMIECKNX TPYIH opsiakoB 9, 27, 81, 243 u 729. DTu BeIYUCIEHUS TPUMEHEHBI IIJTI
WCCJIENOBAHMUS CIydasi TPYIIBI TOpsSaKa 27.

[Mycts o« — nmpumuTuBHEBIL KOpeHb u3 1 crenenn 27. uknuueckas rpynna G nopsioka 27
mveeT 27 HePUBOMUMEIX KOMIIIEKCHBIX XapakTepos X;, i € {0,1,...,26}, rme x;(z¥) = af*
s mobbix j,k € {0,1,...,26}. MuOXeCTBO TpencTaBUTeNeil CeMeiicTB aiareGpaniaecK
conpsikéHHbIX XapakTtepoB — I = {xo, X1, X3, X9} g HarypampHOro umciaa m MyCcTh
Z[3™] — KOJIBIO IEIBIX KPYTOBOrO MOJIsl KOpHeil cremenn 3™ u3 1.

[IycTh w — mpom3BoIbHAS €OUHUIA IIEJIOUNCICHHOTO I'PYIIOBOrO Kojbiia ZG muKinde-
ckoit rpynnel G nopsinka 27. VI3 Teopemsr 2 B [4] criemyer, 9TO CyIIECTBYIOT TAKUe eIUHUIIbL
ﬁo S Z, Bl S UH(Z[27]), ﬁ3 S Un(Z[Q]) n Bg S UH(Z[3]), 9TOo U = UO(ﬁo)ul(ﬂl)u;z,(ﬁ:;)UQ(ﬁg),
rzue, Kak B onpenenenuu 1 B [1], mis moboro i € {0,1,3,9} o6o3naunm uepes u;(f3;) m0KaIb-
HBI BJIEMEHT, COOTBETCTBYIOIINN XapakTepy X; U djeMeHTy [3;. OrpaHudmmcs ciydaeM,
korna ui(f1) € ZG u uz(fB3) € ZG, 9T0 MO3BOMUT MOCTPOUTH TOATPYIILY KOHEUHOTO WMH-
nekca rpynmnbl equaul Un(ZG), u 061erauT mosrydeHne MOTHOTO OMUCAHUS TPYIIIILL eIIHIAL]
Un(ZG).

Teopema. Ilycts F' ={1,2,4,5,7,8,10,11}. Torna

(=) x (ua((1+0®)%)) x (us((1+a®))) x [T(ua((1 +a?)'®))
jEF
— monrpymma rpymmer Un(ZG) xorednoro mamekca, aemrsero 62 - 18°% = 396718580736.
UccnenoBanue Buimosaeno npu nomnepxkke [IpaBurenscrBa PO B coorBeTrcTBUE C Ilo-
cranoBieHneM N211 or 16.03.2013 r. (cormamenne N 02.A03.21.0011).
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O JIoKaAIBbHBIX €AUHUIIAX II€JIOYNCIJIEHHOTO T'PYIIIIOBOT0 KOJIHIIA IMUKJINYECKON
rpynnsl nopsaka 64 niis xapakTepa c mojieM xapakTtepa Qgy

P. 2K. Anees, O. B. Mutusa, T. A. XAHEHKO

[ycts K — mommorne Tons KOMIVIEKCHBIX Umcen W Z — KOJBIO BCeX TEBIX ajirebpa-
mecknx wmcen. Torma o6oszmaumv uepes Int(K) = K N Z — xomeno memerx mons K u
Un(Int(K)) — rpynny enuann konbia Int(K). Kpyrosoe mose, momydueHHOe IpUCOECOMHE-
HUEM MPUMUATUBHOTO KOpHs u3 1 crenenu 2, ob6o3naunm uepe3 Qom.

[Iycts G — nuknumyeckas rpynma nopsaka 2. IlycTs o — NPUMUTUBHBIN KOPEHb
n3 1 crenenn 2. I'pynnma G umeeT 2" HEIPUBOOUMBIX KOMILIEKCHBIX XapakKTEPOB X;, I €
{0,1,...,2" — 1}, rze x; (z¥) = o¥* mua mo6erx j, k € {0,1,...,2" — 1}. Tone xapaxTepa Y
o6ozuaunm Q(x). Kak B onpenenernuu 1 B [1], nms mo6oro i € {0,1,...,2" — 1} o6o3raunm
yepes u; () JIOKAJIBHBIN JIEMEHT, COOTBETCTBYIOIINN XapakTepy X; U diaeMeHTy A € Q(x;).
W3 reopemer 2 B [3] cremyer, 9TO HOpMAJIM30BaHHAS TPYIIIA €IUHUAL] [EJIOUNCIEHHOIO TPYII-
noBOro Kosbua rpynnsl G comepxures B [ L, ! (Uyys (B2s) | B2s € Un(Int(Q(x2¢)))). Ilpen-
noxenue 1 u3 [2] onmuchIBaET MEpUOMMIECKYI0 YacTh rpynnsl V (ZG) u u3 oToro pesynbrara
CIleIIyeT, YTO MHOXKECTBO

n—1

H Uyoe (B2s) € V(ZG) | P2s € Un(Int(Q(x2:))), s € {1,...,n—1}

s=1
— nonrpymumna 6e3 kpyderus rpymnst V (ZG), n3oMopdHas TOATPYIIIe TPYIIIbL eIUHULL TPYII-
MoBOTO Komblia Z{x?), 9To mo3BonsgeT NpuMeHATh uHAyKiuo. OmmorerTom moarpynmer W
seistercst moarpynma Wi = (uy, (81) | f1 € Un(Int(Q(x1)))), a npoussenerue Wy x W sBis-
eTCsI TOATPYIIION KOHEYHOro nHiekca rpynnsl V(ZG).

s mo6oro mesoro j moyoxum t; = 1+ o a4+ a% +aY,

Teopema. Ilycre G — mukandeckas rpynmna mopsaka 64. Ilpum BBeméHHBIX paHee
oboznauerusx Wy = (z3%) x Vi, rae

Vi = (uy, (11°)) % (g, (87°85)) X ((uy, (8747)) X (uy, (t5783))) X
7
X ((uy, (872835)) X (uy, (85 2t13)) X (uy, (85265,)) x (t7%t5)) H Uy, 752]+1t31 25))-
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XapakTepsbl HA N-KaTEropusaX U IIPUMEHEHNE UX K ONNCAHUIO
nuddepeHITMPOBaHUN I'PYIIHOBON ajIre 6pbI

A. B. ATEKCEEB

B pabore BBOmmuTCS ousiTHE Nn-rpynnonna [ m n-xapakTepoB X, Ha N-TPYIIONIAX KaK
KOMIIJIEKCHO3HAYHBIX OTOOpaKeHN W3 MPOCTPAHCTB PA3INIHBIX KJIACCOB MOPMU3MOB, YIO-
BJIETBOPSIIOLINX YCIIOBUIO Xp, (1 0 ©) = Xn(¥) + Xn () mi1st 1H06bIX BOBMOKHBIX KOMIIO3UIIAIL.
Bynmer mocTtpoena mocienoBaTeIbHOCT IPOCTPAHCTB N-XapaKTePOB U MOPGU3MOB MEXKITY
HUMUI U NOKa3aHa ee TOYHOCTb.

s coydas n = 2 CcTPOUTCS KOHKDETHBII IpUMep 2-TPYHIIONAa, aCCOIMIPOBAHHOTO
¢ HEKOTOpon GecKOHeuHOil HeKoMMyTaTuBHOM rpymmoit GG. IlokasbiBaeTcs CBSI3b MeXmy 2-
xapakTepamu u nuddepennupoBarusMu rpynnosoit aiare6per C[G].

JanHas KOHCTPYKIUS IIO3BOJIIET N3ydaTh ajreOpy BHEIIHUX nuddepeHInpoBaHIE ¢ HO-
BOII TOYKW 3DEHUS U CTPOUTH HEKOTOPBIE IOCTATOYHO MHTEPECHBIE TIPUMEDHL.
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HecyiiecrBoBanue rpados Iluia ¢ maccuBamu nepeceuenni {24,18,9;1, 1,16}
m {42,30,12: 1,6, 28}

M. H. BEnoycoB, A. A. MAXHEB

I'padom Innna HazbiBaeTCs UCTAHINOHHO perysisipHbIi rpad ' nuamerpa 3, mMerormit
BTOpOe COOCTBEHHOE 3HAUEHNE, PaBHOE a4 = a3. B dTOM ciaydae a OenMUT k U TOIaraimoT
b =bI) = k/a. Hanee, ay = a — b u I' umeer maccus nepeceuenuit {ab, (a + 1)(b —
1),b9;1,c0,a(b—1)}. B B [1, reopema 19] knaccudunmposansr rpadst Hlmwma ¢ b = 3.

IIpensnoxenune 1. Ilycts I' — mucramnmonno perynspubiii rpad Hlunma ¢ b = 3.
Tornma I' umeer maccus nepeceuennit {12, 10,5;1, 1,8}, {12,10,2;1,2,8}, {12,10,3;1,

3,8}, {15,12,6;1,2,10}, {24,18,9; 1,1, 16}, {27,20,10; 1,2, 18}, {30,22,9; 1, 3,20},
{42,30,12;1,6,28), {60,42,18;1,6,40}, {69,48,24;1,4,46}, {93,64,24:1,6,62} wm {105,
72,24;1,12,70}.

NssectHO cymecTBoBanue rpada ¢ maccuBoM mepeceuenntt {12,10,5;1,1,8} (sT0 yHU-
TapHBI HEM30TPONHBINA rpad ¢ ¢ = 4), HO HeM3BECTHA eAMHCTBEHHOCTH. CyIeCTBYeT euH-
cTBeHHBI rpad ¢ MaccuBoM nepecevenntit {12, 10, 3; 1, 3,8} (sTo rpad Hopo). IIpomomkaercs
nporpamma usyuenns rpabos umna ¢ b = 3. B [2] HalineHsl BO3MOXHBIE aBTOMOP(MU3MBI
rpada ¢ maccuBom mepceuenuin {15,12,6;1,2,10}. B [3, npemnoxenue 1] mokaszano, uTo
IUCTAHIIMOHHO DPEeryJsapHbIil rpad ¢ mMaccuBoM mnepecedenuit {27,20,10;1,2,18} me cyiue-
crByeT. B pabore paccmaTpuBarTcs rpadsl ¢ MaccuBamu nepcedenmit {24,18,9;1,1,16} u
{42,30,12; 1,6, 28).

I'pad Muana I' ¢ maccusom mepcedennit {24,18,9;1,1,16} mveer crexTp 241
— 1224 4300 4 =1 4 24 + 432 4 243 = 700 BepimH u '3 IBIIETCS ICEBIOTEOMETPIUCCKIM
rpadoM mist ABOACTBEHHOI 2-cxeMbl pGlg (27, 8).

175
78 )

Teopema 1. I'pad [Mlmwia ¢ maccusom nepeceuennit {24, 18,9;1, 1,16} we cymecTsyer.

Ioka3aTeabCcTBO TeOpeMbl | TOIyYaeTCsl C MOMOIIBIO M3YyUeHUs BIIOXKEHUs OBOUIOB B
rpad I's.
1L

Jlemma. Ilycts K sBnsercs 7-knukon u3 I'. Torma monrpad O = a— ABII€TCS OBOUIOM
rpada ['s mis moboit Bepiuubt a € K. Ilycts Y; — MmHOX)KecTBO BepiuH u3 ['s — K, cMeXKHBIX
B ['3 Touno c i Bepumuamu u3 K, y; = |Y;|. Torna BBIMOMHAIOTCS CIEMYIONINE YTBEPK ICHIS:

()T - K=YyUYs;

(2) Yo — perynspusiii rpad cremenu 54 Ha 126 BepinmmHax U KaxKmas BepIIMHA U3 Y|
cMexHa ¢ 189 BepinmHamMu u3 Ys;

(3) Y3 — perymapusiit rpad crenenu 180 na 567 BepuinHax, u Kaxkmas BepIInHa U3 Y3
cMexHa ¢ 60 BeprmmHaMu u3 Y.

[To memme umcio pebep mexny Yo m Y3 paBuo 126 - 189 u paBuo 567 - 60, mpoTuBopeune.
Teopema 1 nmoxazama.

I'pad Mlunna I' ¢ maccusom mepcedenmnit {42, 30,12; 1,6, 28} mmeet crexTp 421, 1442

0210, 790 =1 + 42 + 210 + 90 = 343 BepIIMHEI U ABALETCSA (Q-TIOITHOMUIATLHBIM.

Teopema 2. I'padp Illmmra ¢ maccuBom mepeceuenmit 421, 1442 0210 —790 pe cyrme-
CTBYyeT.

B mokazarenncTBe TEOpEMBI 2 UCTIOIL3YIOTCS TPOMHbIE YnCIa TepecedeHnit [4].

[Iycts I' — mucranmmonto peryaspHbii rpad nuamerpa d. Ecmum uq, ug, us — BEPITTHBI

Uiruu3

rpada I', r1, re, r3 — HeoTpuUIATEIbHBIE IIEJIbIE YNCIa, 1; < d, TO [ e,

— YHCJI0 BEPIINH
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Uiu2u3

w € I' raknx, uro d(w,u;) = r;. Yucna [
T17T27T3

] Ha3bIBAXOTCA TpOﬁHbIMH qucJjJIaMun I1Iepe-

U1U2U3

ceueHunt. [l GUKCUPOBAHHON TPOWKU BEPIIUH U1, U2, U3 BMECTO |:7"17"27"3

} OyneM nmmucaTb

[rirors]. K coxanenmio, mits aucen [rirars] HeT obmmx dopmyn. OmHako, B [4] mpemmoxen
METOII BBIUUCIIEHUST HEKOTOPBIX YUCeT [r17a73).

[IycTs u,v,w — Bepumusbl rpada I', W = d(u,v),U = d(v,w),V = d(u,w). Tax kax
IIMEeTCs TOUHO OHA BEPIUINHA T = U Takast, 910 d(x,u) = 0, To uncmo [0jh] pasro 0 mmm 1.
Otciona [0jh] = d;wopy. Amanoruuno, [i0h] = §;wony u [i50] = §;zd;v .

ITpyroe MHOXKECTBO YPABHEHUI MOXKHO IOy YA Th, (PUKCUPYS PACCTOSHUE MEXKIY IBYMS
BepimHaMu 13 {u, v, w} U COCUNTAB YUCIIO BEPIINH BCEX PACCTOSHUIT OT TPETHEIl:

SiLallih) =, = [0h], SoiL, k] = pl, — (0], Y0, [ig) = ply — [£40)

[Ipu sTOM HEKOTOpBIE TPOIKY ucuesatoT. pu [i—j| > W nmm i+ j < W nmeem ijV =0,
nosroMmy [ijh] = 0 ms Becex h € {0, ..., d}.

Momoxum S;jp (u, v, w) = Zis’tzo QriQsi Qi [UTZ;U} Ecnu mapamerp Kpeiina qzhj =0,
10 Sijn(u,v,w) = 0.

Ilpensnoxenue 2. Ilycts ' — muctannmonHo perysspHbii rpad nuamerpa 3, Ecmum
U, v, W — BEPIIUHBI, IONAPHO HAXOMSIINECs Ha paccTosaun 3 B I, [rst] = [qu;f], [122] = a,
[212] = B, [221] = v u [333] = 0, TO BBINOIHSIOTCS CIIEIYIOIINE YTBEPKICHIIS:

(1) a3 — [133] = [123] = [132] = c3 — a, a5 — [313] = [312] = [213] = ¢5 — B, a3 — [331] =
[231] = [321] = ¢35 — 5

(2) y—[232] = [233] —p33+cs = i3 —p3g+2c3— as—l a— 5 a— [223] [323]—p35+c3 =
P33 —Das+2c3—az—1—B—05, B—[322] = [332] —p33+c3 = pig —p33+2c3—a3—1—v—0;

(3) [222] = p3y — v — [223] = p3y —p3s +pis +2c3 —a3 —1—a—f—y—0.

Ilnst marmero rpada ucdesaioT mapameTpbl Kpena ¢3;,¢is, qa;. OTciona o = = v =
(66 + 532)/35, 6 = 76" < 19. IIporusopeune ¢ TeMm, uro 66’ + 76 me menurcs wa 5. Teopema
2 moxa3aHa.
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O ImepecedyeHnunum A-,[[OHYCTI/IMI:IX @-IIO,HI"pyl'Il'I C OrpaHNYECHUsIMHA Ha MHIOEKCHI

P. B. Borononu

B Teopun KOHEUHBIX TPYIII MEHTPAIBLHOE MECTO 3aHUMAIOT O0BEKTHI, SKCTPEMAIIBLHO Pac-
MOJIOKEHHBIE B rpynme. K TakuMm 00beKTaM B MEPBYIO OYEPENb OTHOCATCS MaKCUMAJILHBIE
MONTPYTIBL. 3HAHWE UX CTPOEHUs, CIOco0a BIIOXKEHWUS B TPYIIILY, a TAK¥XKe B3aUMMONECUCTBUS
MexXy co0Oil U ¢ IPYTUMU TOATPYIIAME MO3BOJIAIOT PACKPBITH MHOTHWE CBOICTBA CAMUX
rpynn (cM. mMororpaduio [1]).

[Iycts manbt rpynna G, muoxectBo A m orobpaxenue f : A — Aut(G), roe Aut(G)
— rpymnmna apromopdusmos rpymnnel G. [lonrpynmna M masbisaercs A-momyctumon, ecim M
BLIZIEPKUBAET NENCTBUE Beex omepaTopos u3 A, to ectb M C M mis mo6oro omeparopa
ae A

[Mycte X — mpousBosbHBIT HemycTon Kiace rpyma. ComocTaBUM CO BCSKOW TPYIIION
G € X mekoropyio cucremy nonrpynn 7(G). Cormacuo [2] 6ymem roBopuThb, 9TO T — TIOM-
rpynmnosoit X-dyukTop (moarpynmoBoit GyHKTOp Ha X), €cim s BCSKOTO smuMopdu3Ma
¢: A B, rae A, B € X, sumonsens sxmouerns (7(A))? C 7(B), (1(B))? ' C 7(A), n,
KpoMe Toro, miis soboit rpynmsl G € X umeer mecto G € 7(G).

Ecom X = & — kJjacc Bcex rpymm, TO TOATrPYynnoBon X-GyYHKTOP HA3BIBAIOT IIPOCTO
HOATPYTIIOBBIM (DYHKTOPOM.

dynuxTop # Gymem HasbIBATH AGHOPMAJBHO MOJTHBIM, €C/IN I /1000 rpynnsl G cpenn
muOKecTBa O(G) comepxkaTcs Bce aGHOPMAIIbHBIE IOATPYIIILL TPYIILL G

[Iycts § — momrpynmnosoit dyukTop. O6o3maunm Py(G, A) = NM¢g, roe M upobGe-
raeT MHOXECTBO BCEX MAKCUMAJIbHBIX A-momyctumbix f-monrpynn u3 G. Ecoun B8 G Takux
noarpymnn Her, To mosjoxuMm Py(G, A) = G.

[IycTe ¢ — monrpynmosoit dynxTop. O6ozmaunmm g (G, A) = NMg, roe M mpoGeraet
MHOXKECTBO BCEX MaKCUMAJIbHBIX A-momycTumbix f-mogrpynn u3 (G, MHIEKCHI KOTOPBIX HE
nenaTcs Ha mpocroe wncyio p. Ecmm B G Takux noarpynn zHer, To monoxnm P (G, A) = G.

Teopema. Ilycrs rpynna G umeer rpyniy omepatopoB A rakyio, uaro (|G|, |A]) =1, 0
— abropmaspHO noHeni ¢yrkTop. Torma ®g (G, A)/O,(G) = $o(G/0,(G), A).

Canencrsue. Ilycrs rpynna G mmeer rpymmy onepatopo A taxyio, uto (|G|, |A]) =1
u 0 — abuopmanpHo momubni ¢yrkTop. Torma daxroprpymma ®g (G, A)/O,(G) HEIBIO-
TEHTHA.
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O nmepuogmYecKux JIOKAJIbHO HUIBIIOTEHTHBIX I'PYININAaX KOHEYHON
HEHTPAJIN3aTOPHOI Pa3MEePHOCTHU

A. A. BytypinAkuH, 1. E. JIEBIATKOBA

O6o3uaunm gepes . KTacc BCex TPYIIIL, YOOBIETBOPSIOIINX MUHIMAIILHOMY YCJIOBUIO HA,
LEeHTPAJIN3aTOPhI, TO €CTh BCeX TAaKWX I'PYMI, B KOTOPBIX Ji00as yObIBaroIllas IerodKa IIeH-
TPaIN3aTOPOB CTAOMIM3UPYeETCs 3a KOHeuHOoe uncyo maros. Kmace 9. mocTaTouHO HImpok
U COOEPXKUT, HAIIPUMED, BCe abesieBbl I'PYIIIbI, JIUHENHbIe I'PYIIILI Hall IOJISIMUI U KOHEYHO-
MIOPOXKIEHHBIE TPYIIILI, TOJIyYeHHbIE PACIIIpeHreM abesIeBbIX I'PYIN HUJILIOTEHTHBIMU. B
[1] BpaitanT mokasas, YTO MEePUOMUIECKas JIOKAILHO HUJIBIOTeHTHAs I ~IPyIIna COnepKuT
HOPMAJIbHYIO HIJIBIIOTEHTHYIO IOATPYIILy KOHEYHOTO MHIEKCA.

Cnenys [2], Mbl Gymem roBoputh, uto rpynna (G uMeeT KOHEUHYIO C-Pa3MEPHOCTb, eCII
CyLIeCTBYyeT HATypaJIbHOE YHUCJIO N TaKOe, YTO KaxKlasd CTPOro yObIBaIOIlas LEIOYKa ILeH-
TPaIM3aTOPOB CTAOMIM3UpPYeTCs He OoJlee YeM 3a M MIAroB. 1akwme IPYINbL SIBIISIOTCS IOMI-
KjaccoM M .-rpynm, a 3HAUNT BO3BHUKAET €CTECTBEHHBIN BOIIPOC O BOZMOXKHOCTU yTOUHEHUS
pesyibTraTa bpaltlanTa Ha caydaill TPy KOHEYHOU c-pasMepHoctu. ChopMmynupyem Tiias-
HBII pe3yIbTaT 3TOoil PabOTHI:

[Mycts G — mepuonuyeckas p-rpymnmna c-pazMepuoctu k. Torma nHOekc ee HUIBIOTEHT-
HOTO panuKajga orpaHndeH B TepMmmHax p u k. Kax crencrsue, eciu G mepumomudaeckas
JIOKQJTHO HUJIBIIOTEHTHAs TPYIIa C-pPa3MepPHOCTU Kk, TO MHIEKC ee HIIHLIIOTEHTHOrO pau-
Kajla OTPAHNYIeH B TEPMUHAX Kk I p, TOe p — HAMOOJIBbIIEe IIPOCTOe Inciio, Takoe, 4To Oy (G)

Heabesesa.

[Iycts G — mepuonmveckas JIOKAJILHO HUJILIOTEHTHAs TPYIIIA ¢ MUHUMAIBLHBIM YCIIO-
BUHEeM Ha IeHTpanu3aTopbl. F(G) — ee HunbnorenTHbl panukan. Torma Z(F(G)) =
Ca(F(G)).
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Hu>xHss oleHKa MOIITHOCTHU l-coBepiiieHHOTro 6uTpenna B rpade XsMMUHTA

A. A. BAIOXKEHAY
Iycts ¥, = {0,1,...,¢—1}. I'pad Xommunza H(n,q) onpenemnsiercs ciemyommm obpa-
30M:
(1) Bepurmusl rpada XsMMUHTA — 3TO BCE CJIOBA IJIMHBL 1 HAL ajihaBUTOM Y.
(2) mBe BEpIIMHBI T W Y CMEXKHBI, €CJIN OHE OTJINYAIOTCA POBHO B OMHOI KOOPIMHATE.

Iycte Tp m 1) — HemycThIe U HEIePeCEeKAIOIMeCs IOIMHOKECTBA MHOXKeCTBa Y, . Torna
napa (Tp,T1) HasbBaeTcs [—cosepuenmubim 6umpetidom rpaba H(n,q), ecau moboit map
pamuyca 1 B H(n,q) mubo e nepecekaercs ¢ Ty u Tp, mubo mepecekaeTcss ¢ KaXKIbIM 13
mHOX)ecTB T u 17 poBHO 1O opHOMY sieMenTy. Yucio |Ty| + |17 | Ha3BIBaeTCS MOWHOCMbIO
1-coBepirernoro 6utpeiina. [Ipumepom 1-cosepiniennoro 6utpeitna 8 H(n, q) sBisieTcs mapa
pasuocreit (Cy \ Ca,Cs \ C1) mByx cosepiennbix komnos C7; u Co. Tpeiimbsl Takoro Buna,
T. €. BJIOKUMBIE B 1-COBEPIIIEHHBIN KO, M3BECTHBI KAK «CBUTUYMHIOBBIE KOMIIOHEHTBI» |-
COBEPIIIEHHBIX KOIOB.

B nmamsoit paGoTe MBI paccMaTpuBaeM TpoOEMy MOMCKA MUHUMAJILHON MOIIHOCTU 1—
coBepiieHHOTO OuTpeiina B rpade Xommuura H(n,q). Hnsa caydas ¢ = 2 nannas npobiema
6bl1a MOTHOCTHIO pereHa [loramoseim B pabore [2]. B paGore [1] Kporos u Bopobnés
MIOJTY YMJIU HUKHIOKO OIIEHKY HAa MOIITHOCTH 1—COBepIieHHOTO 6uTpeiina mis ciaydas q > 3. B
IaHHOU paboTe MBI HAXOMUM MUHUMAJILHYIO MOMTHOCTE 1—-COBEpPIIIEHHOTO OUTpenna B rpade
Xommvuura H(n,q) nns coyaas n = 3m + 1 u g = 3.

Teopema. Ilycte n = 3m + 1. Torma MumHEUMAJIBHAS MOIIHOCTE 1-COBEPIIIEHHOTO OU-
Tpetina B rpage H(n,3) pasma 2mT1 . 3™,

WccenenoBanme BbImonHEHO 3a c4eT rpanTa Poccmiickoro nayusoro douma (mpoekt N
18-11-00136).
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O HOpMaJIn3aTopaX CUMJIOBCKUX IIOATPYIIII B KJIACCUYECKUX I'PYyIIIIax

A. C. BACUJLEB

N3yuennto cumoBCKUX MOATPYI yIeIseTcst 0co60e BHUIMAaHIE B TEOPUHU KOHEUHBIX TPYIII.
Tak cTpoenne cUIOBCKUX MOATPYIII B IMIPOCTHIX IPYIIaxX MoIydeHo B paborax Kamyxuuna,
[Mepase, Pu, Beitpa, Kaprepa u ®oura. Cremyrommii eCTECTBEHHBIN BOIIPOC: KAKOBO CTPO-
€HIe HOPMAaJIN3aTOPOB CUJIOBCKUX TOMTPYIIIL.

B 2005 rony A. C. Kongparbes omucasa HOpMaIn3aTOPbl CUJIOBCKUX 2-TIOATPYIII B KO-
HEUYHBIX MPOCTHIX Tpynnax [1]. Oka3anocsk, 4TO BO MHOTHX CIIyYasX CUIIOBCKas 2-MOATPYIIIa
COBITaIaeT CO CBOMM HOPMAJIM3aTOPOM. B ciyuae HEUETHOTO p CUIIOBCKAS P-TIOATPYIIA B
MIPOCTON TPYIIE KaK MPAaBUJIO HE COBIAMACT CO CBOMM HOPMAaJIM3aTOPOM: B COOTBETCTBUU C
KJlaccuueckuM pesyibTaroM ['nmaybepmana u Tommicona, eciam CUIOBCKas p-TIOATPYIIIA CAMO-
HOpMaJIu3yeMa Impu p > 3, TO I'PYIIa HEIPOCTA.

B moxname GymeT mpemcTaBieHO CTPOEHNE HOPMAJIU3ATOPOB CUJIOBCKUX P-TIOATPYII B
HEKOTOPBIX KJIACCUUECKUX T'PYIINax /I HEUETHBIX P.

CIIMCOK JIMTEPATYPBI

[1] Konnparses A.C. HopManmm3aTopel CHIIOBCKMX 2-TIOATPYIN B KOHEYHBIX MPOCTHIX rpynnax, Marewm.
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Tponubie pakTopu3anuu u N-KpATUUECKNN rpad KOHEUYHBIX I'PYyHII

A. ®. BAcunbEB, B. 1. MYPAIIKO

Bce paccmaTpuBaeMbie TpyIIbl KOHEUHBI. VICIIONMB3YIOTCS CTaHAAPTHLIE 0603HAUYEHUS 1
tepmunosiorust (em. [1, 2]). Hamomuumwm, uto (p, q)-rpymnoir [lIMmunra Ha3bIBAETCS TPYIIA
MIvunra G, mus xoropoir m(G) = {p,q} m kKoTOpas MMeeT HOPMAJIBHYIO CHUIIOBCKYIO D-
HOATPYIIITY .

Ounpenenenne. N-xpumuueckum rpadom I'y.(G) rpynnsr G HA30BeEM OpUEHTUPOBAH-
HBIT Tpad, ¥ KOTOPOro MHOXKeCTBO BepiuH paBHo 7(G) u (p, q) asusercs pebpom 'y (G),
eciu B G umeercs (p, q)-nonrpymnna [vumnra.

I'pynma G maseBaeTcs Tpuxkabl dakTopusyemon, eciu G = AB = BC = CA mns
HeKOTOphIX ee moarpynn A, B, C. CsoiicTBa Takux I'PYII BO MHOTOM 3aBHUCSIT OT CBOWCTB
nepemuoxaembix nonrpymm. Kerens [3] (JI. C.Kazapun [4]) mokasasn, aro rpynna G HIIBIO-
TeHTHa (pa3pelmMa) B cilydae HUIBNOTeHTHOCTH (paspemmmoctu) moarpynn A, B u C. B
pabote [5] GBIIO TOIYUYEHO KOHCTPYKTUBHOE OINUCAHKNE BCEX PA3PEIINMBIX HACIIEICTBEHHBIX
HACBIIIEHHBIX Gopmanuit §, conepxamnmx Beskyio rpynny G = AB = BC = C' A, y xkoTopoi
AeF, BeguCeg.

Teopema. Ilycts rpynma G = AB = BC = CA, roe A,B u C — pa3sperumbrie
mogrpymmer G. Torma I'ne(A) U N (B) UL ne(C) = I'ne(G).

B [6] B. C. MoraxoBbIM ObLIN BBEIEHBI U MCCIEIOBAHBL KIIACCHL TPy 8 1 D, COCTOSIITE
13 BCeX TPYII, Yy KOTOPBLIX jobas noarpymmna HIMunra cBepxpaspemmmma, u BCeX TPYIIT €
HecBepxpasperuMbiMu moarpynmnamu [IMunra cooTBeTCTBEHHO.

Cnencrsue. Ilycte G = AB = BC = CA, rne A, B u C — noarpynnsr G. Torgma:

(1) ecmn B A, B u C mrobas moarpynna IlIMunra aBaIseTcs cBepXpa3spemiuMon, T Jrbast
moarpynma Illvuara rpynmner G Takxke cBepXpas3permMa;

(2) ecmn A, B u C' cBepxpasperumsi, To aiobas moarpymnna Ilvunra rpynnsr G cBepx-
pasperuma;

(3) ectm B A, B u C' mr0bas cBepxpaspemmmas HOATPYIIa HUIBIOTEHTHa, TO U B GG
JIF0bas cBepxpaspeliuMas MOArPYIITa HUIBIOTEHTHA.
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06 w-kiyaccax IllyHka KOHEYHBIX I'pynn

T. 1. BACUJIILEBA

PaccvarpuBatoTcst TOIBKO KOHEUHBIE TPYHObL. Vcmomb3yoTces onpeneneHus u 0603HA-
genus u3 [1]. Yepes w 0603HAUAETCA HEKOTOPOE HEILYCTOE MHOXKECTBO MPOCThiX uncei. Co-
riacuo [2] rpynna G HasbIBaeTCsl W-TPUMUTUBHON, eciu B (G UMeeTCss MAaKCUMAaJIbHAS TOMI-
rpymna M ¢ Coreg(M) N O, (G) = 1.

[Iycts § — xnacc rpynn. Onpenenum oneparuu Q, u P, cremyrommm o6pa3om:

G € Q,§ Torma um TOBKO TOrmA, Korma (G siBisieTcss romoMopdHbIM obpaszom H ¥ Heko-
Topont §-rpynnsl H, mpuwuem sapo Keryp romomopdusma ¢ ecTh w-rpynna;

G € P,§ Torma m TOMBKO TOrma, KOTJa BCE W-TPUMUTUBHBIE TOMOMODPGHBIE 06pa3bl
rpynmnel G IPUHAIEXKAT §.

OTMmeTuM, ecian w eCTh MHOXKECTBO BCEX MPOCTHIX umces, To Q. m P, coBmamaioT c
M3BECTHBIME OlepanusaMu Ha kitaccax rpynn Q u P coorBercTBenno. B obrem ciayuae
5T0 He BuimonHseTcs. Hampumep, mycts w = {7}, §1 = (1,55), F2 = (Z3), tme S5 —
CUMMeTPHUUIeCKas TPYIIa Ha 5 CUMBOJIaX U /3 — HUKJINYecKas rpymna mopsanka 3. Kcam N ~
As — 3HaKOIEpEeMeHHas I'PyIna Ha 5 cuMBonax, 1o S5 /N € QF1, Ho S5/N He npuHALIEKAT
Qud1. Ecmun G — mukmmueckast rpynna mopsnka 9, to O, (G) = 1 u, merko BumeTh, 4TO
G € P,§2 =82, HO G € PFos.

Omnpenesnierue. HemycToit kimace rpynn § Oynem HasbBaTh w-Kiaaccom llymka, ecnu §
ssisercs P, Q,-3aMkayThIM. O603HAUNM uepes b, (§) claemyommit Kiace rpyIm:

bo(§) = (G| G € § u G/N € § nist 110601 HECIUHUIHON HOPMAIBHON W-TIOArpy bl N
3 G).

Teopema. Ilycts § — HemycToit kaacc rpynmn. Torna caemyrorue yTBEPKACHUS SKBH-
BAJICHTHBI:

(1) § — w-kmnacc Ilyska;

(2) § = Pu;

(3) § = QuT u b, (F) cocrour M3 W-IPUMUTUBHBIX TPYIIIL.

CanenctBue. Illycts § — HemycTon kiacc rpynmn. Torna

(1) P,§ — w-kmnacc Ilynka;

(2) ecmu§ = Q,F, 0§ C P,§ uP,F — manmensmuii w-knacc Illyrka, conepxkarmmii .

[Momyuensr nmpunoxkenuns w-kinaccoB llyHka Kk HaXOXIEHUIO OOOOIIIEHHBIX TPOEKTOPOB
TPYII U U3yYeHUIO UX CBOWCTB.
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Tounas BEpPXHsA 'PaHAIIA PAHTI'OB KOMMYTAHTOB KOHEYHbBIX pP-T'PDYIIII paHra n

B. M. BEPETEHHUKOB

[Iycts ki, ..., k, — HATYpaIbHBIE uncia, n > 2, p — upoctoe uucio u D(ky, ..., ky,,p)
— YNCIIO TOCTIENOBATENILHOCTEN HATYPAIBHBIX UUCeT i1, .. .,1L, TOe k > 2, Bce i; IpUHA-
nexar [1,n], i1 > ig, ia < -+ < i, npuuem s moboro m € [1,n| aucio m B maHHONM

IOCIIeIOBATEILHOCTH BCTpedaeTcs He 6omee pFm — 1 pas.

Teopema. Paccvorpum kiacc C' KOHEUHBIX P-TPYIIT paHra N > 2, MOPOXKIEHHBIX JJI6-
MeHTaMu mopaakos p*i, ... p*n. Torma wmcmo D(ki,...,k,,p) ABIAgeTcA TOYHOI BepxHert
rpaHHIell paHIOB KOMMYTaHTOB rpynn kiacca C'.

Kpowme toro, gmcio pFt + - - + pFr — n gBasgercs TouHON BepxHeH rpaHUIErn CTyIIeHen
HUJIBIIOTEHTHOCTH rpynm u3 kjaacca C' ¢ 371eMeHTapHBIM a0eJIeBBIM KOMMY TAHTOM.

3aMeTnM, 9TO TOUYHAS BEPXHSSI TPAHUIIA PAHIOB KOMMYTAHTOB KOHEUHBIX P-TPYIII TOITY-
yena H. Bisk6eprom B [1] mpu n = 2 B 3aBucumoctu ot crpoenus G/G’. Takxke ormernm,
qTo ciyuait p = 2, ki = --- = k, = 1 paccmorpen B [2].

Ouenxka d(G") < 5 miist koHeUHBIX 2-Tpynil (G, IOPOXKICHHBIX TPEMsI HHBOJIOIUAMIE, ObLTa
ykaszana ewe A. 1. YcroxanuaossiM. Bosee Toro, B [3] mpuBeneH crmcok Beex Hem3oMopd-
HBIX KOHEUHBIX 2-TPYIII, TOPOXKICHHBIX TPEMST WHBOIIOUUSIME, C DJIEMEHTAPHBIM abeIleBhIM
KOMMYTaHTOM.
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O MoJiMagn4deCKMuX rpymarnongax ClieliaJiIbHOI'O BOa

A. M. TAILMAK

[MonmuammyaeckuM TPYIIONUIOM CIENUAIIFHOTO BUIa MbI HA3bIBAEM YHUBEPCAJIBHYIO ajire-
6py < AF¥ ns . > c l-apmoit omepanmeit ns ,x, Toe [ = s(n — 1)+ 1, n > 2,8 > 1,k > 2
, KoTopas Obuia ompenesieHa B [1] Ha k-oil mekapTOBOII CTemeHn AF n-apsoro rpymmonza,
< A,7m > ¢ IOMOIIBIO TIONCTAHOBKYU 0 U3 S) U N-apHON OMEpAIIH 7).

[Ipn mepexome OT rpynmonaoB K MOINAIWNYECKUM TPYIIOUIAM BO3MOXKHBI Pa3INIHBIE
006001IIeHNsT OMHOTO W TOTO XKe OmHapHOTO MoHATHA. Hampumep, nis abeseBBIX TPYIII OCHOB-
HBIME OOOOIIIEHUSIMU TAKOTO POMa SIBIISIOTCS abeJIeBBl U MOJTyabeseBhl [-apHble TPYIILL. 0.
[Toct B [2] oObenuumI abeneBbl u mOTyabeneBsl [-apHble TPYMIIBL OOIINM MOHSITHEM — M-
nosryabesieBsl [-apubie Tpynmbl. [lousTus abeneBocTu, moIyaberIeBOCTH U N-T0IyabeIeBOCTI
MOT'YyT OBITH PACIPOCTPAHEHBI HA JIO0BIE [-apHBIE TPYIIONIH.

Teopema 1. Ilycts mms moncraroBin o € S) momcTaHoBka 0"~ ' He ABIgeTCS TOXKIE-
CTBEHHOM, n-apHbIH rpymmonn < A,n > obiamaer TaKUMU 3JeMEHTAMUA (, €1, . . . ,€p_1, ITO

a#ep_1,n(aer...en_1) =a,n(ep_1€1...€p-1) = €p_1.
Torna l-apasi rpymmong < AF, Ns,o.k > HE ABJIAETCA N-IOIyabeIeBhIM.

Ecmu B Teopeme 1 momoxuTs a = €1, TO TOTyIIM

Cnencreue 1. IlycTs mmg moncraHoBkm o € S), momcraHoBka o™~ ! He sBmgercs To-
JKIEeCTBEHHOH, n-apHBIH rpymnoung < A,n >, rme n > 3, obilagaeT TaKIMH JI€MEHTaMHI
€ly.--y€n_1, dTOE] # €_1,1(€1€1 ... €60_1) = €1,n(Ep—1€1 ...€1_1) = €,_1. Torna l-apubrit
rpyomonn < Ak, Ns,o,k > HE ABIACTCA N-IOJIyabeIeBbIM.

Cnencreue 2. IlycTs ams moncraHoBkm o € S), momcraHoBka o™~ ! He sBmaercs To-
JKIIECTBEHHON, N-apHbBIH rpymmoun < A,n > obiamaeT TakuMu 5JIEMEHTOM (, U HOEMITIOTEH-
ToMm e, uto a # e,n(ae...e) = a. Torma l-apueni rpynmonn < Ak,ns’a?b HE SIBIISETCS

n—1
n-110JTyabeIeBbIM.

Tak kax 2-monyabeneBocTh [-apHoro rpymnmonga < AR, Ns,0.k > COBIAIACT C €ro abee-
BOCTBIO, TO U3 TeopeMbl 1 ipu n = 2 BeITeKaeT ciemyioree cienctBre. OHO e BBHITEKAET U
U3 CIEOCTBUS 2.

CnenctBue 3. Ilycrs momcraHoBka o € Sy He SBISIETCS TOXIECTBEHHOH, T'DYIIIOUI
< A,n > obnamaer 3JeMEeHTOM G W UAEMIIOTEHTOM € Takumu, 4To a 7 e,n(ae) = a. Torma
(s + 1)-aprsnt rpymmonn < A* 1 , x > He sBmTIeTCST AbemEBRIM.

CIIMCOK JIMTEPATYPHI

[1] Tamemax A. M. O nonuaguyeckux onepanusax Ha nekaprosbrx crenensx / A. M. lambmak, A. 1. Pycakos
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HepeCTaHOBO‘-IHOCTb 3JIEMEHTOB 1 TOTaJIbHasl HEAaCCOIIMaTUBHOCTBb
B MMOJINAQAMNYECKHUX IIOJIYI'PpYIIIIaX CIICIINAJIBHOI'O BHOa

A. M. I'anbMAK, M. B. CEIbKUH

n-Apubli rpynmonn < A, 7 > Ha3LIBAIOT MOMAALHO HEACCOYUAMUEHBIM, €CTTA B HEM [T
m06bIX i, € {1,2,...,n},1 # j, HE BBIOIHAIOTCS TOXKIECTBA

n(xl---Xi—ln(xi---Xi+n—1)xi+n---x2n—1) = n(xl---xj—ln(xj---Xj+n—1)Xj+n-~-X2n—1)-

[MonumaguueckuMm TPyIHIONIOM CHIEIUAAIBHOTO BHUOA HA3BIBACTCS [-apHBIN TpyHIonm <
A* ns ok > ¢ l-apHoit omepanmeil 1), x, KoTOpas ompenessercs (cum., mampumep, [1]) Ha
k-oit mexapToBoit cremenu A* n-aproro rpymmonma < A,7 > ¢ HOMOIIBIO TIONCTAHOBKA 0 13
Sk u n-apuoit onepauuu 7, rne [ = s(n— 1)+ 1, n > 2, s > 1, k > 2. Eciu n — Gunapuas
omeparys, TO [-apHas Omepauus 7). COBIHANAET C [-apHOW omeparueil | |; , 5 u3 [2], mpn
stoMm [ = s+ 1.

Teopema 1. Ilyctps HEOmHOSIEMEeHTHAS n-apHas mogayrpymnma < A,n > obmamaer enn-
HUIEH, TOACTAHOBKA 0 U3 Sj MOpsaKa d 2> 2 yIOBIeTBOPSET YCIOBUIO 0" # 0,

le{td+rlt=0,1,2,...;7r=2,...,d}.

Torma < A*, Ns,o,k > — TOTAIBLHO HeaCCOMUATHBHBIH, He N-II0/IyabeneBblil |-apHbIi I'DYIIIONT.
CnencrBue 1. Ilycrs HeomHOZIEMEHTHas n-apHas mojayrpymma < A,n > obiamaer
enuHUIeH, MUK 0 U3 Sy, MJIHHBI k yIOBJIETBOPSET yCJIOBUIO 0" # O,

le{tk+rlt=0,1,2,...;r=2,...,k}.

Torma < A, Ns,o,k > — TOTAIBLHO HeaCCOUATHBHEIN, He N-II0/IyabeneBblil |-apHbIi I'DYIIIONT.
[Tonaras B cencTBun 1 d = 2, momyaum
CnencrBue 2. IlycTs HeomHOSIEMEHTHas n-apHas moayrpymma < A,n > obiamaer
eNUHUIIEH, MOACTAHOBKA 0 U3 Sy MOPSOKa 2 yIOBIETBOPSET yCJOBUIO 0" # o, | — 4éTHOe.
Torma < A*, Ns,o,k > — TOTAIBLHO HeaCCOMUATHBHBIN, He N-II0/IyabeneBblil |-apHbIi I'DYIIIONT.
[Tonaras B Teopeme 1 n = 2, nomyunm
CnenctBue 3. Ilycts HeomHOYTeMeHTHAS moJIyrpynna A obiiamaer equHUIEN, 0 HETO-
JKIeCTBeHHAs MONCTAHOBKAa u3 Sy mopsnka d > 2, | — takoe xe kak B Teopeme 1. Torma
< A* [ st1.0.k > — TOTATBEHO HeaccONMATUBHEIH, Heabemesrit (s + 1)-apHbIit rpyTIONIT.

CIIUCOK JIMTEPATYPBI

[1] Tamemax A. M. O nonumaguyeckux onepanusax Ha nekaproebix crenensx / A. M. lNambmaxk, A. I1. Pycakos
/ Uszeectus I'TY mm. @. Cropunnr. — 2014. — N3. — C.35-40.
[2] Tanmbmax A.M. MuoromecTtHble onepannu Ha nekapTosbix crenensx / A.M. Namsmax. — Munck: Wsn.

neatp BI'Y, 2009. — 265 c.
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prI'II'IbI C COIIPAXKEHHBIMHY MaKCHUMAJIBHBIMHA x-HOﬂprHHaMI/I

B. TI'o, E. II. BooBuH, II. O. PEBUH

Bcerony mamee X — kitacc KOHEUHBIX TPYII, 3aMKHYTBHI OTHOCUTEIBHO B3SITUS TOM-
rpymi, roMoMopdHBIX 06pa3oB u pacumpenuit. Crenys X.Bumanny, nmonrpynmny H xoneu-
HOU Tpynmbl (G HA3BIBAIOT CYOMAKCUMAALHOU X-n0d2pynnot, eciiu CyIecTByeT N30MOPGhHOe
Broxkenue ¢ : G — G* rpynnsl G B HEKOTOPYIO KOHeuHyIo Tpymmy G*, mpu Kotopom G cy6-
sHopmassHa B G* n H? = K N G? nms HeKOTOpO# MakcuMaabHON X-moarpynnel K TpyIme!
G* (1.e. momrpynmsl, npuHamexaein kiaaccy X). Cremyroiiee yrBepxkaeHue perraer |1,
ctp. 642, OTKpBITHI Bompoc K 15.4]

Teopema. B xoHedYHOI rpymnme Bce MaKCUMaJIbHbIE X-IMOATPYIIbI CONPSIKEHBI TOIAa 1
TOJIBKO TOTZa, KOrga Bce CyOMaKCHMaJjbHbIe X-IMOATPYIIIEI COIPSIKEHEL.

Kpome Toro, onucanbl Bce KOHEUHBIE TPYIIIBL, B KOTOPBIX COMPSIKEHBI Bee (Cy6)Makcu-
MasbHbe X-TIONrpyIsl, uTo pemaet [1, ctp. 643, OTKpPLITHII BOIpOC].

CIINCOK JIMTEPATYPBI

[1] Wielandt H., Zusammengesetzte Gruppen endlicher Ordnung, Vorlesung an der Universitat Tiibingen
im Wintersemester 1963/64. Helmut Wielandt: Mathematical Works, Vol. 1, Group theory (ed. B.
Huppert and H. Schneider, de Gruyter, Berlin, 1994), 607-655.
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Panr rpynmsl HEeHTPaJIbHBIX €IUHUIL [IeJIOYNCIIEHHOTO I'PYMIIIOBOrO KOJIbIa
rpynnobl GL(2,8)

A. IT. TonoBa

B pa6orax [1, 2] 6bun OMuUCAHBI TPYIIBI MEHTPAIBHBIX EIUHUI] HEJIOUNCIEHHBIX TPYIIIO-
BoIx Koster; rpynn GL(2,4) u GL(2,5). CormacrHo [3] BCe HEIPUBONUMBIC KOMILIEKCHBIE
xapakTepnbl rpymmbl GL(2,8) pasbusatorcs ma 4 tuma: i, k € {0,1,...,6} crenenn 1;
0r, k€ {0,1,...,6} crenenu 8; n,, s, (m,s) € {(0,1),(0,2),(0,3),(0,4),
(0,5),(0,6),(1,2),(1,3),(1,4),(1,5), (1,6),(2,3),(2,4),(2,5), (2,6), (3,4), (3,5), (3,6),
(4,5), (4,5), (5,6)} cremenm 9 u &, | € {1,2,3,4,5,6,7,10,11,12,13, 14, 15, 19, 20, 21,
22,23,28,29,30,31,37,38,39,46,47,55} crenenn 7.

Teopema 1. Bce menpuponmuMble koMmieKcHbIe xapakTepbl rpymnsl GL(2,8) pasbusa-
foTCS Ha 12 KJIACCOB 9KBUBAJIEHTHOCTH AJIr€OPAMIECKU CONPSIKEHHBIX XapaKTEPOB:

1) | {xo};

2) | {x1, X2, X3, X4, X5, X6 };

3) | {6}

4) | {01,02,03,04,05,06};

5) [ {nm.6:m2,5,m3,4};

6) {770,1,770,2,?70,37770,4,770,5a770,6};
) | {m,2,M2,4,M3,6, 11,4, 13,5: 5,6 };
8) | {n1,3,12,6, 12,3, 14,5, 71,5, 14,6 };
9) | {1}

10) | {&7,&14, €28}
11) | {&3,&6, 812,615,630, 839}
12) | {&1,2, 84,65, &10, 11,6135 €19, €20, €22, 23, €29, €31, €37, €385 a6, €47, €55 -

Halimenb! moss xapaKTepoB I KaxKIIOTO KJIacca ajreOpamdecKu CONpsKEHHBIX XapaK-
TEpOB.

Teopema 2. PaHr rpynmsl HeHTPaJIbHBIX IUHAI] HeJOYICACHHOrO IPYIIIOBOTO KOJbIA
rpynner GL(2,8) paBen 24.

CIIICOK JIUTEPATYPHI

[1] Anees P.2K., Ucmarunosa 3.9., Kapmuraa H.I'. llenTpanbHble €eIMHANBI LEJIOUNCIEHHOTO I'PYIIIIOBOTO
konbla rpynnsl GLo(5) // Anrebpa u nuHeiiHast onTuMusanus: Tpyabl MexI. ceMuHapa, nocs. 90-mer.
co must poxa. C.H. Yepuukosa. Exarepuubypr. YpO PAH, 2002. C.12-14.

[2] Aleev R.Zh., Mitin A.P., Mitina O.V. Central Unit Group of Integral Group Ring of GL(2,4) // Groups
and Graphs, Algorithms and Automata. ExaTrepuuGypr. 2015. C. 32.

[3] Benonoros B.A. O manbix B3aumonmencTBusx B KOHeuHbIX rpynnax // Tpymer UMM YpO PAH. T. 2.
1992. C. 3-18.
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WNuBapuaHTHI T-pa3penimMon I'PYyIIIbl C OFPAHUYEHUSIMIA HA CUJIOBCKUE
HOATrPYHIIbI

II. B. I'runyk, A. A. TPOOUMYK

PaccmaTpuBaoTcs TOIBKO KOHEUHBIE IPyHbl. [lycTh 7 — HEKOTOpPOE MOMMHOXKECTBO
MHOXKeCTBa IPOCThIX uncen P. JlomonHeHwe K 7 BO MHOXecTBe P obo3HauaeTcs depes 7.
I'pynna G wassBaercs 7 -rpynnoit, eciau 7 (G) C m u 7'-rpynmnoit, ecnu 7 (G) C 7',

HamomunMm, 9T0 CyGHOPMAJIBHBIM PSLIOM IPYIIbL (G HA3LIBAETCS IEIOYKA IOATPYIIL

1=GocGyCc---CcGp_1CG,=0G, (1)

rakas, uyro G; HOpMasibHa B (Gy1 1 mo6oro i. dakrop-rpynner Giy1/G; Ha3BIBAIOTC
dakTopamu cyGHOpMAaIBHOTO psina (1).

['pynna Has3bLIBA@TCsI T-pa3pelnmMoil, eciium oHa obiiamaeT CyOHOPMAIbHBIM psmoMm (1),
(hbaKTOpPBI KOTOPOTO SABIIAIOTCA /MO0 Pa3peIIMMBIMU T-TPYyTIIIaMu, jJubo 7/-rpynmamu.  Xo-
pOIIIO W3BECTHO, YTO HAWMEHbIIlee YHCJIO T-GAaKTOPOB CPENHN BCEX TAaKUX CyOHOPMAJIBHBIX
psinoB rpymnnel G HA3BIBAETCS T-IJIMHON 7T-pa3pernnMoil rpynnbl G u 0003HAYAETCs depe3
L (G).

B 1968 r. Kaprep, Pumep u Xoykc [1] mas m-paspermmmoit rpynnsl G BBEIN HOHS-
THe HIIBIOTeHTHON m-miuHbl (17 (()) Kak HauMeHbIIlee UICI0 HIIBIOTEHTHLIX T-(haKTOPOB
cpenu Beex cyGHOpMasibHBIX psinoB rpymnsl (. B.C. Monaxoseim B 2006 romy [2] mis 7r-
pasperumoil rpynnsl G IPeNyIoKuI HOoHsATHe Ipou3BonHoi m-miuHbl ([%(()) Kak HAMMEHb-
1ree Yucio abeseBbIX T-(PaKTOPOB CPemu BCeX CyOHOPMAIBHBIX PSmOB Ipynnsbl .

B psanme pa6or II.B. I'punyka, B.C. Monaxosa, O.A. Illneipko momydeHbl OMEHKU MTPO-
U3BOMHOU M HUJIBIIOTEHTHON T-IJIMHBI KOHETHON T-Pa3pPenInMOil TPYINBI B 3aBUCAMOCTHU OT
CTPOeHNUsT MNOO0 CUIOBCKUX P-TIOOTPYHIL IJIs1 p € T, A1OO0 T-XOJIJIOBON MONT PYIIH.

Hecmoxuo mpoBepuTh, 9T0 ecyiu y rpymnmsl G UMeeTCsl HOPMAJIbHBIN PSII C TAKITTIECKIMEI
CUJIOBCKUMU TIOATpyHnamMu B pakTopax, To G cBepxpaspemmma. [losToMmy HuIbBIOTEHTHAS
nnuHa rpynnbl G He IpeBbIaeT 2.

Teopema. Ilycts G — m-pa3sperumas rpynmna. Ecan rpynma G obnamgaer HOpMAIbHBIM
DSLIOM, CHJIOBCKHE IIOATPYIIIBI T-(PaKTOPOB KOTOPOTO SBIISIOTC MUKInIecKuMH, TO I (G) <
1L, IMG) <1%(G) < 2.

Pa6ora Beimonaena mpu puHAHCOBON oA Iepx)Ke bemopycckoro pecmybankanckoro GoHma
dbyunamenTaababIx ncciaenoBanuil (mpoekt N ©17M-063).

CIIUCOK JIMNTEPATYPBI
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BoccTaHoBiieHUIE cuCTEMBI IONAaPHO OPTOTOHAJILHBIX JIATUHCKUX KBAaZpPpaTOB IIO
YaCTUYHON MHPOpMAIINN

B. P. JAHUIKO

B mokmame paccMaTpHBAIOTCS JIMHEHHBIE U SKBUBAJCHTHLIC MM IIOJIHBIE CHCTEMBI IIO-
IapHO OPTOTOHAJILHBIX JATUHCKIX KBAIpaTOB. B cilyuae KBaIpaTOB MOPSOKa 3, b 1 7 HO-
Ka3bIBATCI OOCTAaTOYHBIE YCJIOBI/Iﬂ OJIs1 OMHO3HAYHOI'O BOCCTAQHOBJICHMS TaKMWX CUCTEM, B
KOTOPBIX 9aCThb 3JIEMCHTOB HEU3BECTHEI.

JlaTuHCcKuit KBanpaT mopsnka n — 3To Tabmuia L = (1;;) pasMepoB n X n, 3al0/IHEHHA
n BJIeMEHTaMH YIOPSIOYEeHHOTO MHOXkKecTBa M Takmm o0pa3oM, U4TO B KAXKIOU CTPOKE U B
KaXXKIIOM CTOJIONE TabIUIbI KaXKIBIA 3JleMeHT u3 M BCTpedaeTcs B TOYHOCTH OOUH Pas.

IBa matunckux kBanpata L = (l;;) u K = (k;j) nopsinka n Ha3bIBAIOTCS 0PMO20HALb-
nbLMu, eci Bee n? ynopsanodeHHbIX nap (i, kij) pasmudaHeL

TpusnanbHas BEPXHsisl OIEHKA HA MAKCUMAJIBHYIO BO3MOXKHYIO MOITHOCTE N (1) cucTeMbl
MONAPHO OPTOTOHAJIBHBIX JTATUHCKUX KBAApPaToB mopsaka n umeeT Bum N(n) < n — 1 (cm.,
Hanpumep, [1]). B uacTHOCTH, 5Ta ONEHKA HOCTUrAaeTCs I 1, PABHOTO CTEIEHH IIPOU3-
BOJILHOTO IIPOCTOTO 4YMCIa. B 5TOM ciydae cucrema m3 1 — 1 MOMApHO OPTOTOHAJIBHBIX
JIATUHCKAX KBAAPATOB HA3BLIBAETCSA NoAHOU. s e mocTpoeHus, B 4aCTHOCTH, MOXKHO TIPH-
MEHHUTHL MEeTOI Boys3a, NCHOIL3YIOIMNI [IJI 3aIl0IHeHNs KBAApPATOB 3HAYCHHIS MHOTOYJICHOB
Buna f(z,y) = ax + y Ipu HEHYIEBOM (¢ U3 KOHEUHOTO TI0Jist Tiopsiaka n. Cucrema, mocTpo-
€HHasl C IIOMOILILIO 3TOTO MeTOIa, Ha3bIBaeTCsl JIMHENHO.

Cucrembr A u B monmapHO OpTOTOHAIBHBIX JIATUHCKIX KBAIPATOB HA3BLIBAIOTCS IK6UBA-
AEHTMHBIMY, €CITN HAILYTCSA IePeCTAHOBKI CTPOK, CTOJIONOB I 3JIEMEHTOB, IeICTBYOIINEe Ha,
BCe KBaApaThl CUCTeMBI A OmuHAKOBO 1 mepeponmsime cucremy A B cucremy B.

Bynem rosoputs, uro cucrtema A onpenerena B KiieTke (i,7), ecium s KaKIOro KBa-
npata K € A ero snement k;; u3BecTeH.

B pabore peanmu3oBan aaropuTM s BOCCTAHOBIEHNS CUCTEMBI TIOIIAPHO OPTOTOHAIIBHBIX
JATUHCKAX KBaAPaTOB. IIpy MOMOIII 5TOro ajropuTMa OOKA3aHa CICMYIOIas TeOpeMa.

Teopema. Ecam nonHas JIuHEHHAS WM 5KBUBAJEHTHAS €Il CHCTEMa ITOMAPHO OPTOrO-
HaJBHBIX JATHHCKUX KBaapaToB mopaaka n € {3,5,7} ompememena 6omee wem B n? — 2n
KJIeTKaX, TO OH& BOCCTAHABIUBAECTCS OMHO3HAYHO.

CIIUCOK JIMTEPATYPBI
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O HeabesieBbIX pa3pellnMbIX I'PyNHax KOHEYHOro MetabesjieBa paHra

O. IO. ITAIKOBA

.M. 3aitnessiM 66110 BBeneHo moasTre F-pamra rpynnet G [1]. Ilycts G — rpynma, F
— HEKOTOpas HEIMyCcTas CUCTEeMa €€ KOHEUHO TMOPOXKIEHHBIX MOArpymm. F-panrom rpynmsl G
Ha3bIBAETCS TaKOe HAMMEHBIIlee YUCIIO 7, YTO JIobas MOATPYHIa CUCTEMBI F' MOXeT OBITh
OpOXKIeHa He Oojilee UeM 1 sjeMeHTaMu. B ciyuae, xorma Takoro 4mcia r HeT, F-panr
rpynmnel G cuuraercs GeckoHeuHbIM. Ecimum F — cuctema Bcex MeTabesIeBbIX HeabeIeBbIX
KOHEYHO TIOPOXKIEHHBIX TOArpynn Heabeneson rpynmnsl (¢, To F-panr rpynmnel G Ha3bIBACTCS
MeTabesIeBbIM. Y CTAHOBJIEHO, YTO pPa3pelInMble HeabelleBbl TPYIIIBI KOHETHOTO MeTabereBa
paHra MOI'yT UMeTh OECKOHEUHBIN CrenuabHbil paur [2]. OCHOBHBIM pe3ysibTaToM paGoThI
SIBISIETCSI TEOPEMA.

Teopema. Ilycte G — pa3sperumas HeabesieBa rpyIia KOHEUYHOI'O MeTabeseBa PaHra,
uMeroras 6eCKOHeUHBIH CIIeNNAaIbHBIN paHr, A — HekoTopas ee abejieBa MOATrPyIITa GecKo-
HEYHOro crienuaJjbHoro padra. Torma A comepxkur Takyro moarpymnmny B koxmeuHoro crern-
aJIbHOIO paHra, 4To (akroprpymna A/B He uMeeT KpydJeHUs.

CIIMCOK JIMTEPATYPBI
[1] Hamxosa O.1O. JlokanpHO moYTH paspermMbe IPYINBI KOHEYHOTO Heaberesa paHra. Y Kp. MaT. KypH.,
1990, T. 42, N 4, c. 477-482.

[2] Hamxosa O.1O. I'pynnsr koneusoro merabesesa panra. IIpenp. / AH YCCP. Un-T maremaruxu; 90.1.,
1990, 35 c.
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O6 onHOM nmpuMeHeHUu GOPMAIIBHBIX I'PYIII B TEOPUU UNCEJT

O. B. IIEMYEHKO
C momortibio Teopun XOHIIBI, OMUCHIBAIOIIEN (OPMAIbHBIE TPYIIIBI HAL KOJIBIIOM IEIBIX
JIOKQJIBHOT'O IIOJIA, €€ aBTOpy y,HaJIOCb HOJ’Iy‘II/ITb OpI/II‘I/IHa.TIBHOG OOKa3aTeJIbLCTBO KBanpa—
TUYHOI'O 3aKOHa B3aMMHOCTMU. B OOKJIaOoe 9TOT IIOOXOmM O606LLI&€TC?[ Ha 3aKOHBI B3aIMHOCTHI
BBICITINX HOpﬂI[KOB.

Canxm-Ilemep6bypacruti 2ocynusepcumem, Canxm-Ilemepbype
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ABTOMOPOOU3MBI QUCTAHIIMOHHO PEryJISPHOro rpada ¢ MacCUBOM IiepecedeHun

{39,36,4;1,1,36}
K. C. EouMoB, A. A. MAXHEB

B pa6ore [1] u3yueHb MacCUBBI IEpeCeUeHNIl MUCTAHIIMOHHO PEryIsipHbIX rpados I nua-
MeTpa 3, IS KoTopbix Tpad ['3 sengeTcs ncesnoreomerpaeckimm s cetu pGy(l,t). B cry-
qae ¢y = 1 mmeeTcst Bcero yeThipe mpumepa Takux rpados ¢ v < 3200: rpad CunbBecTpa ¢
maccuBoM niepecedennit {5,4,2; 1, 1,4}, rpadsr ¢ maccusamu nepeceuennit {20, 16,5;1,1,16},
{39,36,4;1,1,36}, {55,54,2;1,1,54}. Asromopdusmbl rpadoB u3 npuMepoB 2—4 HaIEHLI B
[1, Teopema 3| u [2, Teopema).

C mpyroit cTopoHsl, B [3] HAlIEHBI MACCUBBI IEPECEUECHUI NUCTAHIMOHHO PEryIISIPHBIX
rpadoB ¢ A = 2, u = 1 u uucaom Bepiud, He Gombimum 4096. A.A. Maxuessim u M.C.
Huposoit mpensoxena mporpaMma U3ydeHUs aBTOMOPGU3MOB OUCTAHIIMOHHO PETYIISIPHBIX
rpadoB U3 MOIYYEHHOTO CIIACKA.

IIpensnoxenune. Ilycts I' — mucTaHmumoHHO perynspHbIi rpad ¢ A = 2, p = 1, umero-
it He 6osee 4096 Beprma. Tornma I' nveeT onwH U3 CIEMYIONINX MACCUBOB II€PECEUEHUI:

(1) {21,18; 1,1} (v = 400);

(2) {6,3,3,3;1,1,1,2} (I' — o6obIIeHHBII BOCBMUYTOILHUK mopsaaka (3,1), v = 160),
{6,3,3;1,1,2} (I' — o6obrennsIit mecTuyroabHuK nopsaka (3,1), v = 52), {12,9,9;1,1,4}
(I' — o6obiuennbIil mecTUyronbHUK topsnka (3,3), v = 364), {6,3, 3,3,
3,3;1,1,1,1,1,2} (I' — 060OCIIEeHHBI ABEHAIIATIYTOIBHUK opsaka (3,1), v = 1456);

(3) {18,15,9;1,1,10} (v =14 18 + 270 + 243 = 532, I'3 — cuwIbHO peryssipHbIi rpad);
{33,30,8;1,1,30}, {39,36,4;1,1,36}, {21,18,12,4;1,1,6,21} (v = 1+21+378+756+144 =
1300, ¢34 = 0).

B mamnOll paboTe m3ydaroTcs aBTOMOPGU3MBI THIOTETUYECKOTO MUCTAHIIMOHHO PETy-
nsgpuoro rpada I' ¢ maccuBom mepeceuenuit {39,36,4;1,1,36}. MaxcumaapHBI TOPSIOK
kiuku C u3 [' we Gombuie 4. I'pad ¢ maccuBom mepeceuenuit {39,36,4;1,1,36} mmeer
v =1+ 39 + 1404 + 156 = 1600 Beprmu u cuexktp 391, 7675, —1156 (768,

Teopema. Ilycts I' — mucTaHMOHHO PeTyIISpHBINA r'pad, UMEIOITN MACCUB TIepeceve-
muit {39,36,4;1,1,36}, G = Aut(I"), g — smemenT u3 G npocroro nopsinka p u = Fix(g).
Torma m(G) C {2,3,5} u BBEIIOIHIETCS OMHO U3 CICAYIOMINX Y TBEPK ICHIII:

(1) Q — mycroit rpad, p = 2, ai(g) = 10r + 26m + 12 u a3(g) = 80r wiu p = 5,
ai(g) = 65n + 100 + 10 un az(g) = 2001;

(2) Q aBnstercss n-xnukoit, 6o n = 1, p = 3, a1(g) = 150 + 24 + 39m u a3(g) =
1207 + 36, 6o n = 2, p = 2, a1(g) = 10l + 26m u as(g) = 80l — 8, mubo n = 4, p = 2,
a1(g) = 100 +26m + 14 u a3(g) = 80l — 16 wim p = 3, a1(g) = 10l + 39m + 1, | cpaBHIMO C
—1 o momymio 3 u az(g) = 1201 + 24;

(3) €2 cocronT M3 N BepUINH MOMAPHO HAXOMSINNXCS Ha paccrosuun 3 B [, p = 3, n €
{4,7,...,40}, asz(g) = 1200 + 40 — 4n u ay(g) = 151 + 30 + 39m — 6n

(4) Q comepxkut pe6po U SBILETCS OOBENMHEHNEM WM30IUPOBAHHBIX KIIWK, JIIOOBIE 1BE
BEPILUHBI U3 PA3HBIX KUK HAXOOITCS Ha paccTosHuu 3 B ', mw mubo p = 3 m mopsokm 3Tux
KJIWK paBHBI | wim 4, nubo p = 2 U NOPSOKU dTUX KWK PABHBI 2 uian 4;

(5) © comepKuUT BepIIMHBI, HAXOMSIINECs Ha paccTosaun 2 B ', u p < 3.

CanencrBue. Ilycts ' — nucTaHIMOHHO PEryIsSpHBIN Ipad, UMEIOIIMN MaCCUB Mepe-
ceuennii {39,36,4;1,1,36}, u mepaspemnmas rpynna G = Aut(I') meiicTByeT TpaH3UTUBHO
Ha MHOKecTBe BepummH rpada. Ecim T — nokons rpymmer G = G/Os (G), o T = L x M,
mobas u3 moarpynn L, M msomopdua Zs, As, Ag wu PSp(4,3).
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B ciywae [T : T,| = 40% mvueem Oy (G) = 1 u 5TOT ciyuait peammsyeTcs, ecim 60
(1) L= M = PSp(4,3), |L : Lo| = |M : M,| = 40, 6o
(2) L= PSp(4,3), |L: L,| =40, M = Ag u |M,| =9, mu6o
(3) LM = Ag u |L,| =|M,| =9.
CINCOK JINTEPATYPHI

[1] Makhnev A.A., Golubyatnikov M.P., Guo Wenbin. Inverse problems in distance-regular graphs: nets,
Communications in Mathematics and Statistics 2018, v 31.
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O6 o6o6i1ienHbIx rpynnax ®@pobeHumyca

A. X. 2KyprTOB

I'pynna G ¢ HeTpuBuaIBLHON HOPMAJILHON TOATPYINON F' HA3BIBAeTCsI OOOOIIIEHHON T'PYTI-
ot dpobenmyca ¢ sopom F', ecau nis moboro snemenTa F'a mpocToro nopsnoka p u3 ¢GaxkTop-
rpynnst G/ F Bce sieMenThl Tpynmbl G U3 CMEXHOTO Kiacca F'r uMeoT mopsimok p.

OueBunno, uTO /MTI06as KOHEeUHAs Tpynna PpobeHnyca sBiIsieTcss 1 0000IIIEHHON T'PYIIITON
dpobennyca.

B coobiiennn obcyxmaeTcs CTpoeHre KOHEUYHBIX 0000IIeHHBIX rpynn Ppobermyca. B
JaCTHOCTU QHOHCUPYETCS CIEAYIOIINN pe3yibTaT.

Teopema. JIobor Hepa3permnMblli KOMIIO3UIUOHHBIN (HaKTOpP KOHEUHOH OOO0OIIIEeHHONR
rpynnbsr Ppobernyca nzomoppen Lo (q) mwmm Sz(q) A HEKOTOPOro 4ucia q.

Pesynbratsr nmomyuensr coBmectHo ¢ .B. JIsitkuraon n B.Il. Ma3yposbiu.

Kabapouno-Baaxapcrut cocynusepcumem, Haabuuk
E-mail: zhurtov_a@mail.ru
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O IIepecedyeHn Tpex HUJIBIIOTEHTHDLIX IMOATPYIIII B KOHEYHbBIX I'PDYIIIIax

B. 1. 3EHKOB

B pa6ore [1] [Taccman nokasast, 9To B p-pa3pernMoil KOHIIECKON TPyIIe, p — IPOCTOE,
IJIST CAJIOBCKOM Toarpynmel P HanmyTces siaemeHTsl x u y u3 G takme, uto P N P* N PY =
O, (G).

[Tosnuee B [2] mist 060l KOHEWHOR rpynnsl G U CHIIOBCKON p-monrpymnsl u3 G GBLIO
nokaszaHo, auro PN P* N PY = 0,(G).

OTu pe3ynbTaThl MO3BOSIIOT CHOPMYINPOBATE CJIEAYIOILYIO THIIOTE3Y:

mitst 1060 KoHeuHow rpynnbl G U O0BIX ee HWILIMOTEeHTHBIX monrpynn A, B u C
HAWIyTCs 37eMeHTHl © u Yy u3 (G Takue, ITO

ANB*NCY < F(Q). (%)

YacTabiil ciaydait s5Toit runoressl miast A = B = C chopmynupoBan B “KoypoBckoit
rerpanu”’ [3] B Bune 3amaun 17.40.

[MonTBepxkaeHue 5TOI TUIOTE3BI IJI PA3PEIINMbIX KOHEUHBIX TDYII MOIyUYeHo B [4].

Teopema 1. Ilycmv G — Kowmpnpumep MUHUMAALHO20 NOPAJKG K 2unomese ().
Tozda G — nowmu npocmas 2pynna.

Teopema 2. I'unomesa (%) eepna.
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[1] Passman D. S. Groups with normal, solvable Hall p-subgroups // Trans. Amer. Math. Soc. 1966.
Vol. 123, no. 1. P. 99-111.

[2] 3enkos B. U. Ilepeceuennst HUIBIOTEHTHBIX NOATPYII B KOHEYHBIX rpynnax // @yHn. u npuki. mare-
maruka. 1996. T. 2, o, 1. C. 1-92.

[3] Koyposckast Terpans. Hepertennsie Bonpocer Teopun rpynu. Usgn. 17-e, non. Hosocubupck: Mu-T Mmare-
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O KOHEUYHBIX MPOCTHIX NUCKIIIOUYNTEIbHBIX I'PYIINAaX JNeBa TUMNA HAM MOJISIMUI
Pa3HBbIX XapaKTEPUCTUK, rpadbl IPOCTHIX YUCEJI KOTOPHIX COBIANAIOT

M. P. 3UHOBLEBA

[Iycts G — komeunas rpymna, 7((G) — MHOXKECTBO NMPOCTBIX NEJIUTENEH ee MOPSIKa,
w(G) — cnexmp rpynnsl G, T. €. MHOXECTBO TOPSANOKOB ee sieMeHToB. Ha 7(G) ompemne-
aseTcs rpad CO CIEMYIOMIUM OTHOIIEHIEM CMEXHOCTHU: PasjIndHble BepiiuHbl 1 u s B m(G)
CMEXKHBI TOT[a U TOJIBKO Torna, korma rs € w(G). Oror rpad HaszbBaeTcs 2pagom I 'pron-
bepea — Keeeas wnu epagom npocmuir uucesa rpynnsl G u obosuauaercs uepes GK(G).
[Iycts t(G) manbonblee umncso BepiinH B Koknukax rpadga GK(G).

B ”Koyposckoit Terpanun” A. B. Bacunbes moctasus Borpoc 16.26 06 omucanmu Bcex map
HEM30MOP(HBIX KOHEUHBIX MIPOCTHIX HeabeIeBbIX TPYIII ¢ ONMHAKOBLIM rpadom [ prorbGepra—
Keremst. Xaru (2003) u M. A. 3Besgura (2013) mosyunin Takoe OMUCAHUE B CIIydae, KOrIa
OIlHA M3 T'PYIII COBIIAIAET CO CIIOPAIMYECKON 1 3HAKOIEPEMEHHO IPYIIOi COOTBETCTBEHHO.

Asrop (2014) perut 5TOT BONPOC 711 KOHEUHBIX IIPOCTHIX IPYII JIneBa TUIa HAI T10-
JIIMU OITHOM XapaKTePUCTUKI.

B cyuae KOHEUHBIX TPOCTHIX T'PYIII JINEBA TUIA PA3HBIX XapaKTepucTuk aBTopoM B 2016
r. mosydeHa Teopema penykiuu. B 2017 r. aBTOpOM MCCIIENOBAHBI ABE KOHEUHBIE ITPOCTHIE
rpynnsl smesa tuna G u (7 Ham MOISME pasHbIX xapakrepuctuk ¢ t(G) = t(Gp) > 5,
IpUYeM OMHA W3 TPYIII SBJISETCS JTUHENHON rpynmnon. TeM caMbIM YTOYHEH TEPBBIA ITyHKT
TEOPEMBI PEIyKIINHN.

B 2018 r. aBTOpOM paccMOTPEHBI ABE KOHEUHbIE MPOCTHIE Tpymmbl ueBa tuna G u Gy
HAI TIOJISIME Pa3HbIX xapakTepucTuk ¢ t(G) = t(G1) < 3, npuyeM omHa U3 TPYIIT SBIISIETCSI
JIMHENHON WJTN YHUTAPHOU T'PYIIION.

B mannoi paboTe mpomoskaeTcs ncciaenoBanme, HagaToe aropom B 2014 r. Mer paccma-
TPUBAEM [IBE KOHEUHBIE TIPOCTHIE TPYIINLI JIMEBa TUIA HAI MOJISIMEI PA3HBIX XapaKTEPUCTHUK,
OIHA U3 KOTOPBIX SBIISIETCS] TPYIION UCKITIOUNTEILHOTO JINEBa, THUIIA.

Teopewma. Ilycts G onma ms rpymm Ga(q), Fu(q), *Da(q), *Ba(q), *Ga(q), *Fa(q), Es(q),
2Fs(q), E7(q), Fs(q); G1 — memsomoppuras rpymnme G KoHedHas mpocTas PyINa JIHeBa THIIA
HaJI IIOJIeM U3 (1 SJIEMEHTOB, I'Zie ¢ U ¢ B3amMHO mpocTele uuciaa. Ecmu rpaper GK(G) n
GK(G1) coBmamarmoT, TO BBIIOIHEHO OLHO U3 CIAEHYIOLINX Y TBEDXKICHUIL:

(1) {G,G1} ={G2(3), A1 (13)};

(2) {G,G1} = {2Fu(2)', A3(3) };

(3) {G,Gr} = {*Dala), As(a1)}, re (a1 — Vs # 3, a1 +1 £ 285

(1) {G, G1} = {*Da(0). Ax(a1)}, rae (a1 — £1)s # 5;

(5) {G,G1} omma m3 map {G2(q), G2(q1)}, {Fa(q), Falq1)}, {*Dalq),*Da(q1)},

{Es(q), Es(q1)}-

HAnemumym Mamemamuru u Mezawuxu YpO PAH um. H.H. Kpacosckozo, Ypaavcrkutld Dedepanbroiii
Ynusepcumem, Examepunbype
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O mepecTaHOBOYHOCTU CUJIOBCKOW IMOATPYHNNBI C HEKOTOPHIMU HOATPYIIIIaMU
IIIMmunTa yeTHOTO MOpPSAOKa

E. B. 3yBEl

PaccmaTpuBaroTcst TOIBKO KOHEUHBIE TDYIIBL. Bce ncmosb3yemble 0603HAYEHIsT U Tep-
MUHOJIOT WS CTAHIAPTHBI U COOTBETCTBYIOT [1].

I'pynmnoit [IImunTa HA3BIBAIOT HEHUIIBIOTEHTHYIO IPYIILY, BCe COOCTBEHHBIE ITOATPYIIILI
KOTOpOU HmIbIOTeHTHBI. (O630p pe3ymbraroB o rpynmax [[IMunra n ux TpuioKeHusx co-
InepxKuTCs B [2].

B pa6orax 4. T'. Bepkosuua u 3. M. [Tansunxa [3], B. H. Kasrusoit u B. C. Monaxosa [4]
pPacCMaTPUBAIINCH TPYIIIBI, B KOTOPBIX CHJIOBCKAas MOAIPYIIA [IEPECTAHOBOYHA C IONIPYII-
namn [MIvmnra.

B sTOM HampaBieHUN HOKa3aHa CIELYOIIas TeopeMa

Teopema. Ilycts R — cmioBckas r-noarpynma rpynnsl G, r > 5. Ecau cyiectByer
noarpynmna B takas, ytro G = RB um R mepecranoBouna co Bcemu moarpymmamu IIvMumra
yeTHOro nopsanka u3 B, To G r-pasperimma.

I[Ipu » < 5 rpynma moxeT ObITH He r-pa3pemuMon. [Ipumepamm ciay)aT TpoOCTBIE
rpyunst PSL(2,7), SL(2,8), PSL(2,5).
CIMCOK JIMTEPATYPBI
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O KOHeUHBLIX Hepa3peUInMbIX rpynnax, rpadnl I'prounGepra—Keress KkoTopbix
Kak aGcTpakTHbIe rpadbl nzomopdusl rpady I'proubepra—Keresns rpynmsr Aqg

A. C. KOHIPATBEB, H. A. MUHUT'YJIOB

I'padom I'proubepra—Kerens (umm rpadoM mpocThIX umces) KOHeUHON rpynmbl G Ha-
spBaeTcs rpad ['(G), B KOTOPOM BepIIMHAME SIBIISIIOTCS BCe TPOCTBIE NEITUTENN TOPSIKa
rpynmnel G U OBe pa3jMdHbIE BEPIIUHBI P W ¢ CMEXHBI TOT/IAa W TOJBKO TOr[a, KOrIa B
rpymnme G eCTh 9JIEMEHT TOPSIKa Pg.

B paborax 2012 m 2013 rr. mnepBBIl aBTOp ONKUCAJI KOHEUYHLIE T'DYIIBI C TpadaMu
I'prou6epra—Kerens kax y rpymmn Aut(J2) (em. [1]) m Ajg (em. [2]) coorBercTBerHO. ['padsr
["'prorGepra—Keremns sTux rpymnmn kax abcTpakTHBIE TPadbl B30MOPDHBL.

Hamu mocTassiena 6osiee obImias 3ajiavda: OMUCATH KOHEUYHBIE TPYIIIBI, Tpadbl
I'prouGepra—Keresnst koTopbix kak abcTpakTable rpadbl uzomopdusr rpady ['(Aqg).

B pamkax perenus stoit 3amaun B [3] mamu mokazano, uto eciu (G — KOHEUYHAs He-
paspemnmas rpynma u rpad ['(G) kax aberpakTbiil rpad uzomopden rpady I'(Ajg), To
dakrop-rpynna G/S(G) rpynnst G o ee paspemmvoMmy pamukaiy S(G) mourtu mpocta,
7 KJIacCu(PUIIMPOBAHBI BCe KOHEUHBIE TMOYTHU MPOCThIe rpymmbl, rpadnl ['pronbtepra—Kerems
KOTOPBIX Kak abcTpakTHbIe rpadbl n3oMopdusl nonrpadam rpada I'(Ajg).

[Iycts G — xoneunas mepaszpermMas rpynna u rpad ['(G) kak abcTpakTHbIN rpad n30-
mopden rpady I'(A1g). Torma rpad I'(G) umeer Bum

r

S

IUUTsE TIOAXOMAIINX MPOCTBIX YUCEIT P, ¢, T, S.
B mammoi pabote onucano crpoenue rpynnsl G B ¢Iydae, KOTIa YUCIO ¢ JeJIUT TOPSIIOK
nonrpyunst S(G).
Pa6ora Beimonaena 3a caer rpanta PH® (mpoekt 14-11-00061-1T).
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Siberian Electr. Math. Rep., B meuaTu.
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Y cunienHas BepCHsi I'AIIOoTE3bl Cumca [JIsI KOHEYHBbIX I'PDYIIII C IIPOCTBIM ITOKOJIEM
HNCKJIIOUNTEJIbHOI'O JIl€eBa THIIA

A. C. KOHOPATBHEB, B. B. KOPABIIEBA, B. 1. TPO®UMOB

B cepenune 1960-x romo CunMc BBIIBUHYJ CICAYIOIIYIO TUTIOTE3Y: NOPA0OK CMabuiu3a-
Mopa MouKky 6 KOHEeUHOT NPUMUMUEHOT 2pynne nodcmano6ok 02panuuer céepry Pynryuet
om daumnbl 410001 0poUMBL IMO20 CMAOUAUZAMOPG HA 0CTNAALHLIE MouKar. C TOMOIILIO
KJ1aCCU(UKAIN KOHEYHBIX IIPOCTHIX Ipymn runore3a CuMca 6buta mokasaHa B [3].

s xoneunont rpynnst G, ee monrpynn My u My 1 106010 HATYPATBHOTO YUCIA, ¢ 10 WH-
nyxuun onpenesum nonrpymmst (M, M)® u (My, My)*, monaras (My, Ma)! = (M7 N Ms) py,
(M2, M1)! = (MyOMa)ary, (My, Ma)™*t = (Ma, My)y, w (Mo, My)'™*! = (My, Ma)yy,. B [1]
ObliIa yCTAHOBIIEHA CIPABEIJINBOCTE CIIEMYIOIEH yCUIeHHON Bepcun TunoTesbl Cumca: ecau
G — xoneunas epynna u My, My — pasauunvie cONpI’CcEHHblE MAKCUMAALHBIE NOJSPYNILY
6 G, mo nodepynnvr (My, M2)® u (Ms, M1)% cosnadarom u nopmasvnst 6 G. Tpencrasis-
eTCsl MHTEPECHON 3aavua onucanus MHOX)ecTBa 11 Beex Tpoek (G, My, My) Takux, aro G —
KoHeuHas rpymmna, My u My — pasjuuHble CONpsKEeHHbIE MAKCUMAaJIbHbIe TOArPYNnbl B (7,
(My)g = (Ma)g =1m 1 < |(My, Ms)?| < |(Mz, M1)?|. Pemternne 5Toit 3a1a4u CymecTBEHHO
yeunut pesynbrars u3 [1]. B [2] paccMoTpens! crenyrorue ciryuan 3Toit 3amaun: rpymma G
He SBJISIETCs TTOYTHU IPOCTON IPyIIo; rpymnna (G uMeeT MPOCTON 3HAKOTIEPEMEHHBIN ITOKOJTh;
rpynna G umeeT mpoctoit okons Soc(G) nuesa Tuna u My N Soc(G) — Henapabonudeckast
nonrpynmna B Soc(G).

B pabote uccienoBan citygait, korga (G — Tpyma ¢ IPOCTBIM MOKOJEM UCKIIOUNTE b
Horo nmeBa tuna u NMp N Soc(G) — mapabonudeckas moprpynma B Soc(G). Ilpm stom
ICIOIb30BalIach KoMmnbiorTepHas cucrema GAP (cum. [4]).

Pa6ora Beimonsena 3a cuer rpanta PH® (mpoekt 14-11-00061-11).
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Cumca // Hokm. AH. 1999. T. 364, N 6. C. 741-743.

[2] Kounpatses A. C., Tpopumos B. U. Crabunusaropsl Bepiin rpadosB ¢ IPUMUTUBHBIMU IPYIIIaMU aB-
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MaxkcumanbHbIe pa3pelnnMble IMOATPYHNbI HEYETHOTO MHIEKCA
B CUMMETPUYECKUX I'pymIiax

K. FO. KorpoTunkuit, I1. O. PEBUH

HaiineHbl MakCHMaJIbHBIE Pa3pelIrMble IOATPYIIIEl HEYeTHOIO MHOEKCA B CUMMEeTpPHIYe-
CKIX TPyIIax.
Pacwupennot (dsouunoti) 3anucvio wucaa n GyneM Ha3bIBATH PA3IIOKEHUE

n=0bgby_1...bo =Y bi-2"
1=0

TIOJIy Y€HHOE U3 BOMYIHOTO PA3JIOKEHUS UNCIIa 12 HEKOTOPOU CepUell 3aMeH NBYX WYX MOM-
psin enuant Ha 0 n 3. C KaxX[moil pacIIupeHHol 3anuchio byby_1 . . . by Yucita n acconuupyem
wabaoH duazpammbl IO CclemyolneMy npasumity. llepBorauanbao 1abmon coctout u3 k + 1
crpoku, roe k = [log, n|, Hymepauus BemeTcs CHU3Y U HAUMHAETCS ¢ Hymsd. Ilawna i-oif
CTPOKU paBHa i (HyseBas cTpoka mycras). Cmpasa OT -0 CTPOKK mocTasuM udpy b; u3
pactupenHoit 3amucu biby_1 . . . by U yIaauM CTPOKU, HAIIPOTUB KOTOPBIX CTOUT HOJIb. Ompe-
IeJINM IrarpaMMbl, COOTBETCTBYIOIINE PACIIUPEHHON ABOMYHON 3amucu n = bypbr_1 ... by,
pa3buB KaXMIyio CTPOKY IJINHBI ¢ MOJIyUIUBIIErocs I1abiioHa Ha TOJIOCKK MiInH 1 mianm 2 Tak,
4TOOBI HUKAKWe IBe TOJIOCKU MJIMHBL 1 He cTosnu nonpsina. Takoe pa3bueHure CTPOKU COOT-
BETCTBYeT yHOpsIOdeHHOMY paszbmennio (li,...,l) wmema i =13 +--- 4+ 1y, rome [; € {1,2},
u ecmu [; = 1 mpu mexoropoMm j < t, To lj11 = 2. IlaboH, CTPOKI KOTOPOTO Pa30UThLI
BBIIIIEOMICAHHBIM 06pa30M, HA30BEM duazpammoti, npedcmasagsiowets uucao n. Iuarpammva
CUNTAETCA HeJONYCcmumol, eCIii OHA CONEPKUT IBE WIYIINe TOAPSI CTPOKU IJIuH ¢ — 1 u
1, HAIIPOTHUB KOTOPBIX CTOST €MUHUIILI U OOJIBbINAs CTPOKA TMOIYyUYAETCsS U3 MEHbIIen moba-
BJIEHUEM CIIPaBa MOJIOCKU IHBI 1. B mpoTuBHOM cityuae muarpamMma CIuTaeTcs donycmu-
mot. Ilycts D — momycTuMmasi quarpamMma, COOTBETCTBYIOIIAS] PACIINPEHHON 3aIUCH IUCTIA
n = brbr_1...bp, B KOTOPOI CTPOKa MJINHBI ¢, COOTBETCTBYIOIIIas HeHyeBon mudpe b;, pas-

6ura Ha nonocku miauH (li,...,1;). ConocTaBuM maHHON mUArpaMMe HEKOTOPYIO MOATPYIITY
B Sym,, 1o cienyoriemy npasmity. Co CTPOKOW MJIMHBI ¢ TUATPAMMBI CBSKEM CILJIETEHIE
Symgi, -+ U Symgr, 1 Sym,, , paccMaTpuBaeMoe Kak HOATPyNHa B Tpymme Sym, ;. Beeit

IuarpaMMe CONOCTAaBUM IIPSIMOE IIPOU3BENEHNE CIJIETEHNN, COOTBETCTBYIOIINX €€ CTPOKaM 1
OTOXKIECTBEHHOE eCTECTBEHHBIM 00pa30oM ¢ IOATPYHIIOH B Sym,,:

Sp = H Symgi, -+ 0 Symgr, 1 Sym,, .

[Tonrpynna Sp onpeneneHa B Sym,, ¢ TOYHOCTBHIO IO COIPSIKEHUS.

Teopema. [lns rpymmer G = Sym, orobpaxernne D + SS samaer 6uexmmio Mexmy
MHO2KECTBOM AOITYy CTUMBIX AUarpaMM D, npencTaBIAIINX YUCJIO T, I MHO2KECTBOM KJIaCCOB
COIIPAKEHHOCTHU MAaKCHUMAaJIbHBIX Pa3PEIINMBIX ITIOAT PYIIII, NMEIOIIUX HEYeTHBIN HNHIEKC.
Hosocubupckrut 2ocydapcmeennbiti ynusepcumem, Hosocubupck
E-mail: k. korotitskii@g.nsu.ru
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O cuMMeTpUUYecKuX 2-pacHINpPEHUIX 3-MEepPHOU penieTKU

K. B. KocToycoB

Crnenys [1], mis mesoro MOJIOXKUTEIBHOTO YHCIa ¢ HasoBeM cBs3HbII rpad [N cumme-
mpuveckum q-pacuiupenuenm d-mMepHOR KyGmueckoit pemerku A?, ecam cylecTBYIOT Takas
BEPIIINHHO-TPaH3uTUBHAs rpymnna G aBromopdusMos rpada ' n Takas cucrema MMITPUME-
tuHocTu o rpynnsl G Ha V(I') ¢ 6rokamu mopsaka ¢, 9To nuMmeeTcs: n30Mophu3M ¢ haxTop-
rpada I'/o ma pemmerxy A?. Yersepka (I, G, 0, ¢) Ipu 5TOM Ha3LIBAETCS Pea u3ayueti CrM-
MeTpudeckoro g-pacimpenus I pemerku A?, a I' HaswBaeTcs rpadoM 3TOIl peaIm3aIuiL.
Hapsimy ¢ umcTo MaTeMaTU4eCKUM WHTEPECOM, CUMMETPUYECKUE (-PACIIUPEHUS PEIeTKN
A? s meGompimx d > 1 u ¢ > 1 IpeACTaBIAIOT MHTEPEC IS MOJCKYIIAPHON KPUCTAILIO-
rpaduu u HEKOTOPBIX (usmdeckux Teopuit (cMm. [2]), ocoberno npu q = 2.

ECTecTBEeHHO PACCMATPUBATD PEAM3AINN CUMMETPIUCCKHX ¢-pacimpenuit pererku A%
€ TOYHOCTBIO 0 crenyorelt sksuBasienTHocTu (eM. [3]): peammsanuu Ry = (I'y, Gy, 01, ¢1)
u Ry = (I, G, 02, p2) aK6usasenmubl, eciu HaiimeTcs uzomopdusm rpada ' wa rpad I,
TIEPEBOMASINNAN 01 B 02.

B [3] B..TpodpumoBeiM mokaszaHa KOHEUYHOCTD UHCIIA PEATIM3AINI CHUMMETPUICCKIX 2-
pacIpennii d-MepHOil PEeIeTKN, ¢ TOYHOCTHIO [0 SKBUBAJIEHTHOCTHU, IJIsI IPOU3BOILHOTO
IIEJIOTO TIOJIOKUTEILHOTO YKCa d, a TakKke MPeIJIoKeH ajrOpUTM IJIs TOCTPOEHUS BCEX, C
TOYHOCTBIO [I0 9KBUBAJIEHTHOCTHU, TAKUX PEAJIM3AIINI.

B [4] 6b11 mosmyuen crmcok Bcex, ¢ TOYHOCTBIO 0 SKBUBAJIEHTHOCTU, PEATIU3AIINI CIM-
MeTpudecknx 2-pacimpennit permerkn A2 (162 peammsammm).

Peasm3anum cuMMeTpHUIecKnX 2-paciupenuii perretku A¢ ecTecTBeHHBIM 06pa3oM pas-
6uBaeTCs Ha IBa TUIB: TUI |, KOTHa JIAIIbL eIUHIYIHBIA aBTOMOpGU3M Tpada peasnsanun
OCTaBJIsIeT Ha MecTe Bce OJIOKU peajm3anuu, u Tull 11, Korma 5To CBONCTBO He BBIMIOJIHAETC.

Peanusys mogxon u3 [3] B komnbiorepHoit cucteme GAP u ucnonb3yst napasuiesbHbIe Bbl-
YUCIIEHUST, MBI HAIILTA BCE, C TOYHOCTHIO [0 SKBUBAJIEHTHOCTH, PEATU3AINN CUMMETPUICCKIAX
2-pacrmpennit permerkr A3 Tuma I (5573 peammsammm).
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[2] Heranosa E.A., Tpodumos B.M. Cummerpuueckue pacumupenus rpagos // Uss. PAH. Cep. matem.,
2014, T. 78, N 4. C. 175-206.
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OG6o6i1iennoe BJoxeuue Marunyca

A. ®. KPACHUKOB

IIycrs G — cBobonuas rpymma ¢ 6asoit {g;|j € J}, N — HOpMasbHAs HOATPYIIa B
G. Iycrs T — mpasslit ceoGonubiit ZG /N monyns ¢ Gasoir {tj|j € J}. Paccmorpum

roMmoMopdu3M
, G/N 0
v:G— ( T 1)

OIpenenseMbIl OTOOpaXKeHueM

g; = (g%gv g’) (jeJ).
J

Torma kerep = [N, N| [2], T.e. romomopdusm ¢ 3amaer Broxerue rpynnsl G /[N, N| B momy-
npsivoe npomssenenue (G/N)T. Broxenue ¢ HasblBaeTCs BlIoXkeHneM Maruyca.

Teopemy Maruyca MOXHO choOpMyIMpoBaTh Ha si3blke mpousBomubix Pokca [1]: smemenT
rpynnsl G upusammexut [N, N| Torma m TonbKo Torma, xorma ero mnpomssomsbie Pokca
PaBHBI HYJIIO IO MOy V.

IIycre F = (Z ézAi) % G — cBOOOMHOE TpoU3BeNeHne HeTPUBHAIBHBEIX Ipynn A; (1 € ) u

cBobonuoit rpymmer G ¢ 6azoit {g;|j € J}. Caemys Pomanosckomy [3], o6o3mHaumM uepes
Dy (k € I U J) npoussonusie Pokca kombia Z(F).

Teopema. Ilycts F — cBobomaoe mpousBeneHue HeTpuBmaabHbeix rpymn A; (i € I) u
cBobonuor rpymmnsr G ¢ 6asoit {g;|j € J}, N— HOpManbHas monrpymma B F, v € F,
M =rp (NNA;)F|i € I)[N,N]. Torna Di(v) =0 mod N, k € I U.J, ecrm # TOTBEKO eCJTi
veM.

[Iycrs T' — mpassiit cBo6omusiit ZF'/N monyns ¢ 6a3oit {tix|k € I U J}. Paccmorpum romo-

Moppu3M
) F/N 0
v:F — ( T 1)

OIpenesIsseMbIll OTOOpaKEHIEM
aiN 0 . ng 0 .
az'_)(ti(aiN—l) 1) (a; € A;, i € 1), gj»—>(tj 1> (j€J).
Teopema nokassiBaer, uro kerW = M, T.e. romomopdusm ¥ 3amaer Biaoxkenue rpyunst F/M

B mostynpsivoe npoussenerue (F'/N)T. Ilpu nomomaurensaom yemosun N NA; =1 (i € I)
romomopdusm ¥ 3anaer Broxenue rpyunst F'/[N, N| 8 (F/N)T [3].
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ABTOMOP®U3MBI HEKOTOPBIX KOHEUYHBLIX T'DYIIIONO0B, MOPOXKIEHHBIX
HEKOTOPLIMU k 3JIeMeHTaMM 1 HopsaakoM k + k2

A. B. JIuTABPUH

B manuOll paGoTe M3y9aroTCs TPYIIL ABTOMOPGU3MOB HEKOTOPBIX KOHEUHBIX TDYTIION-
nos 2 = (V, %) ¢ mHOX)ecTBOM HOocuTenieM V. Kax o6brano, || — MOmHOCTE MHOXKECTBA ()
u S, — CHMMEeTpHUYIECKast TPYIIIA TePECTAHOBOK KOHEUHOTO MHOXKECTBA M3 1 JIEMEHTOB. Iy
KazK[oro nogMuoxectsa () C V' onpeneneno muoxectBo Q *x Q = {x xy | z,y € Q}. Ecan
a€eS,nzxe{l, .., n}, toa(r)— obpas saemenTa x mon meiticrsueMm «. Iokaszana Teopema

Teopema 1. ITycme A = (V%) — epynnoud ¢ Koneunbim mHoHcecmeom wocumesem V.
u muoxHcecmeom M C V. marxumu, ¥mo cnpasedisusbl Ycao8usd

V=MUMxM), |MxM|=|M|-|M|, MN(M=*xM)=g,
Vsx(MxM)CMxM, (MxM)xV CMxM.

Toeda cnpasedaussl caedyrouwue YmeepHcoenu:

1) dasg saemenmos u3 V moxcno 66ecmu 0603HaueHUT

M:{al,...,a|M|}, M*M:{blj |Z,j:1,,‘M|}
maxue, ymo aaemenmvt u3 M u M x M ceg3anbl pasencmeamu
bij =a;xaj, i,j=1,..|M|

2) 6 epynne S|y cywecmeyem nodepynna X (2A) maxad, wmo dag 410601 nepecmanosru

a € X (A) omobpascenue
G : a; — Ga(i), 1= 1,...,‘M’; b %ba(u),a(v) U,V = 1,...,‘M’

ecmv asmomopdusm 2pynnouda A u cnpasediusvl ymeepxrcoenus

Aut (A) = {$a | @ € X)),  Aut (%) = X ().

3) ecarxag xoneunas epynna G 6ydem uzomopdua wexomopot nodepynne H epynno
asmomopguzmos Aut (1) dag nodzrodswezo epynnouda A, ydosaemeopaou,e2o ycaio6uUIm
dannoti meopembi.

CdY, Kpacnosapck
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I'pynmel, n3ocnexTpasnbHble MpocToil rpymmne Sy (3)

1O. B. JIbITKUH

B nmokname paccMaTpuBaioTCs TOIBKO KOHeuHbIe Tpymnel. [lycts G — rpymma. O6o3Ha-
quM uepes w(G) enexkmp rpynnbl G, T. €. MHOXKECTBO BCEX TOPANKOB 35ieMeHToB (. T'pyms
C OIMUHAKOBLIM CIIEKTPOM OyIIeM HA3BLIBATD U30CNEKMPAAbHbIMU.

B mannoil paboTe UCCAEMYIOTCS IPYIIIbLI, N30CIEK TPATILHBIE HEPACTLO3HABAEMBIM N0 CNLEK-
mpy HeabesIeBbIM IIPOCTHIM IPYIIaM (T. e. IPYIIIaM, 1 KOTOPBIX CYIIECTBYET GECKOHETHOe
YUCII0 TIOMAPHO He M30MOPGHLIX TPYII, UM U30CTEeKTPaIbHBIX). Panee asropom [1, 2, 3, 4]
OLLIM OMUCAHBI TPYIILI, M30CIEKTPAILHBIE 3HAKOIEPEMEHHBIM rpymnmam Ag u Ajg, crmopa-
numygeckoit Tpymme Jo, HcKmounTenbHol rpymme 3Dy (2) u xnaccmueckum rpymmaM L3 (3) u
Us(3), a Takxe GeckoHeuHoil cepun rpyni Sy(q), ¢ > 3. B mociensem ciyuae orpanmaeHue
HA PACCMATPUBAEMbBIE UNCIIA ¢ SIBJISETCS CYIIECTBEHHBIM: Tpymma Sy(3) obliamaeT MCKITO-
YUTEILHBIMUA CBOMCTBAMHU, U Ul Heé yTBEpPkKEeHUe OCHOBHOU Teopembl u3 [4] me Bepuo. B
YACTHOCTH, HTa TPYIIIA ABIAETCS OMHOIN U3 JINIIh NBYX HeabeIeBbIX IPOCTHIX TPYII (HAPSITY
¢ rpynnoit Us(3)), n3ocnekTpanbubix nsoitHoi rpynme dpobennyca (cMm. [5, 6]).

B cBsa3u ¢ oM, HACTOsAIIIAL paboTAa IOCBSIIEHA NCCICNOBAHUIO TPYII, N30CHEK TPAIIbHBIX
rpymme Sy(3). HokasbiBaeTcs ciiemyrorast

Teopewma. Ilycts G — rpynmna, uzocnektpanabHas rpymme Sy(3). Torma BepHO onHO U3
CJIEOYIOLINX Y TBEPKIEHUIL:

(1) G sBmgercs mporinon rpymmoi Ppobennyca. Bomee Touno, G sBisercs pacimpe-
aueM 3-rpymnsl A ¢ momoreio rpynmnsl Ppobernyca BC' mopsaka 20;

(2) G comepxkut HEIBOOTEHTHYO HOpMaJbHYO {2, 3}-nonrpynny K, takyio, 4to $ax-
roprpynma G /K msomoppua rpymnme As win rpymme Ss.

Pabora Bummonaena npu nonnep:xke PH®, mpoekt N 18-71-10007.
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O mucTaHIIMOHHO peryJsspHbIX rpadax c u =1

A. A. MAXHEB, M. II. I'ONYBITHUKOB

B pa6Gore [1] m3ydueHBI MaCCHBBI [IEpECEUEHUIT MUCTAHIMOHHO PEryispHbIX rpados I’
mmamMeTpa 3, ITa KoToperx rpad ['3 aBiagercs mcesmoreomerpraecknm s cetu pGy(l,t). B
cityuae ca = 1 mMeeTcs Bcero deThipe mpuMepa Takux rpados ¢ v < 3200.

IIpumep 1. Ilycrs I' — rpad CunbBecTpa ¢ MaccuBoM nepecedenuit {5,4,2;1, 1,

4}. Torma rpad I's mzomopden 6 X 6-pemreTke.

IIpumep 2. Ilyctes I' — rpad ¢ maccuBom mepeceuenuit {20,16,5;1,1,16}. Torma
v =14 20+ 320 + 100 = 441 u ' mveer cmextp 20%, 6144, —1100 4196 Janee, I's —
nceBmoreoMeTpudeckuil rpad mis cetu pG4 (20, 4)cuapHO peryssapHbIil rpad ¢ mapaMmeTpamu
(441,100,31,20) u HersaBHBIMU COGCTBEHHBIME 3HavYeHUIME 16, —5.

ITpumep 3. Ilycts I' — rpad ¢ maccuBom mepecewenmit {39,36,4;1,1,36}. Torma
v =14 39+ 1404 + 156 = 1600 u I umeer cmextp 39,767 —1156 6768, Jlamee, I's —
ncesmoreoMeTpudeckuit rpad mist ceru pGs(39,3).

IIpumep 4. Ilycts I' — rpad ¢ maccuBom mepecewenmit {55,54,2;1,1,54}. Torma
v =1455+2970 + 110 = 3136 u I' umeer cmexTp 55, 71617 —1110 81408 = Tamee, T's
sBaseTcs 56 X H6-pereTKou.

AsTomopdusmer Tpados u3 npumepos 2—4 maitnensr B [1, Teopema 3|, [2, Teopemal u [3,
teopema|. B [1, Teopema 2] HalimeHbl GECKOHEUHBIE CEPUE MOMYCTUMbIX MACCHUBOB Iepecede-
HUil Takux rpados. B ciyuae co = 1 umeem nBymapamerpudeckyio ceputo {nm — 1,nm —
n+m-—1n—m+1;1,1,nm—n+m—1}, m < n. Tak kak oKpecTHOCTH TIOGOI Bep-
[IVHBL ABJIIETCA OOBEIUHEHNEM M30IMPOBAaHHBIX (a1 + 1)-kauk, To n — m meaut nm — 1, u
OTJIMYHLIE OT —1 HerJaBHBIE COOCTBEHHBLIE 3HAYEHNUS PABHLI . — 1, —m — 1, a X KpaTHOCTH
—m?(mn —1)(n+1)/(m+n), n?(mn —1)(m —1)/(m + n).

Teopema. Ilycte I' saBIsieTcss IUCTAHIIMOHHO PETYIISPHBIM I'padoOM € MACCUBOM Iepe-
ceuennii {nm — 1l,nm —n+m—1,n—m+1;1,1,nm —n+m — 1}. Torma n — m memur
nm — 1 u mrg wmena t = (nm — 1)/(n — m) BepHO HepaseHCcTBO N — N +m — 1 < 2,

Canencrsue. JlucTaHunoOHHO perysspHbIi rpad ¢ MaccuBoM nepecedenuit {nm—1, nm—
n+m—1ln-—m+LL1Inm—n+m—-1mpun=053~-PF+20-1,m=0°—-1+1,1>
3 He CyIIeCcTBYeT, B 4acTHOCTH, rpadsl ¢ MaccuBamu nepecevenuit {160,144, 17;1,1,144},
{714,672,43;1,1,672} He cymecTByIoT.
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O muCTaHIIMOHHO peryJisapHbIX rpadax c j = 2

A. A. MAXHEB, M. C. HuPOBA

CucreMa MHIMOEHTHOCTH, COCTOSINAS W3 TOYEK U IPAMBIX, HABBLIBAETCS UGCTMUUHbBIM
NPoOCMPaAHCMEOM NPAMIT, €CIIU JIFOOBIE NBE TOUYKU JIeXKAT He Oosee uyeM Ha OMHOU IIPSMOI.

[Tycts I' — mucTaHUMOHHO perysispHbl Tpad ¢ ¢ = 2, A — OKPECTHOCTH BEPIIMHBI
a B I'. Torma mobble nBe HeCMeXHLIE BepIIUHLL 13 A uMeoT B A He 6ojiee OOHOTO OOIIIEro
cocema, mMoaTOMY J1I000e pPebpo m3 A JIeXUT B €IMHCTBEHHON MAKCUMAJbHON Kianke um3 A
n A — rpad KOIMHEAPHOCTH YACTUIHOTO MPOCTPAHCTBA MPSMBIX, UMEIOIIIN OOXBAT II0
kpaiiueit mepe 5. Ilamee, A — perynspubiil rpad cremnenu aq Ha k BepiumHax. Bpoysep u
Hoitmaitep (cm. [1, Teopema 1.1]) momyuwmnn cremytoiiee yTBepKIeHIe

IIpenmnoxenune. CBsa3HOE YACTUUHOE MIPOCTPAHCTBO MPIMBIX 00XBaTa 10 KpailtHel Mepe
5 u 6ojiee YeM OMHOW MPSIMOI, B KOTOPOM KaxKias TOUYKa UMeeT A cocemei, comepxkutT k >
A(A + 3)/2 Touek. PaBeHcTBO BBINOMHAETCS TOMBKO B ciiydae k = 5, A = 2.

C momorpio mpemiiokenus B [1] mokazaHo, YTO NUCTAHIMOHHO DEryJIsspHBIE Ipadbl ¢
maccuBaMmu nepecedenuit {27, 20, 10; 1,2, 18} u {36, 28,4;1,2,24} He cymecTByioT.

B [2] maitnena 6eckomeuHas cepus MOMYCTAMBIX MACCHBOB Mepecedernuit { 2u? —2m2+4m—
3,2u® —2m?, u? —m?+4m—2;1,2,u?® — m2}, HETJIaBHBIE COOCTBEHHBIE 3HAYEHUSI, OTTUIHLIE
ot —1, pasubt 2m + 2u — 3, —(2u — 2m + 3), ux kpaTHOCTH paBHLI (2m? — 2u? —4m+ 3)(m +
u)(m —u —1)2/(2u), (2m? — 2u? — 4m + 3)(m + u — 1)%(m — u)/(2u) cooTBeTCTBEHHO, 1
u memat (2m? — 4m + 3)m(m — 1)%2. B Teopeme 2 HalieHLI HOBbIC HEOOXOMMMEIE YCIOBHS
CYITIECTBOBAHIS MUCTAHIMOHHO PeryspHoro rpada ¢ MaccuBom nepecedennit {2(u? —m?) +
4m — 3,2(u® — m?), (u®> — m?) +4m — 2; 1,2, u* — m?}.

Teopema 1. IlycTs ' apaseTcss [UCTAHIIMOHHO PETYISPHBIM Tpad)OM C MACCUBOM TIEpe-
ceuennit {2u? — 2m? + 4m — 3, 2u? — 2m?,u? — m? +4m — 2;1,2,u? — m?}. Torma u memmT
(2m? — 4m + 3)m(m — 1)? u BEIMOMHAETCS ONHO U3 CICMYIONINX yTBEPKICHM:

(1) okpecTHOCTS 060IT BepIIUHLL B [ sIBiIseTCst 00BeqMHEHIEM N30IMPOBAHHBIX (4m—3)-
kiuk, 4m — 3 memut 16u® — 9, 2m — 1 nemur (4u? — 3)(4u? —1)? u 1 + (2u? — 2m? + 4m —
3)/(2u —2m + 3) > 4m — 2;

(2) 2u? > 10m? + 14m + 5.

Hpu m = 1 nomyunm Maccus nepecedennit {2u? — 1,2u? — 2,u? + 1;1,2,u® — 1}, s
KOTOPOTO BBITIOIIHEHO yTBepxkaenue (1) u3 3akmouenus Teopemsl 2. [lpu m = 2 momycTuMBbIX
MaCCUBOB IIepeceYeH HeT.

CaenctBue 1. Ilycts ' aBiseTcss mUCTAHIIMOHHO PETYISPHBIM TpadoM C MaCCUBOM
nepeceuennit {2u? — 2m? + 4m — 3,2u® — 2m? u? — m? + 4m — 2;1,2,u*> — m?}. Torma
BBLITIOJTHSIFOTCS CIICIYTOIIINE Y TBEePKICHNUS:

(1) m > 3 u B cayuae m = 3 rpad ¢ maccuBoM mepecedenuit {63,54,37;1,2,27} ue
CYILIECTBYET;

(2) ecmm m = 4, To rpadsl ¢ MmaccuBamu nepecedenuit {53,40,34;1,2,20}, {143,130,
79;1,2,65} He cymecTByIOT;

(3) ecmu m = 5, To rpadsr ¢ MmaccuBamu nepecevenuit {95, 78, 57;1,2,39}, {167, 150,
93;1,2,75}, {255,238,137;1,2,119} me cyiiecTByioT.

Hucranunonso perysspusiil rpad [ ¢ maccusom nepecevenmit {22, 16, 5; 1, 2, 20} nMeeT
v =14 22+ 176 + 44 = 243 BepmmH u cmextp 22',766, 2132 54 Tpap 'y cumbrO
perymnspen c¢ nmapamerpamu (243,66,9,21) u cektpom 661, 3198, —15%,

105



MamnbneBckue urerus 2018 Teopus rpymnit

Teopema 2. [IucTaHIMOHHO PEryJSIPHBIA rpad ¢ MacCHBOM mepeceueruit {22, 16, 5;
1,2,20} me cyiiecTByer.
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I'pad Mypa crenernu 57 m TUCTAHIIMOHHO PEryJIsIPHBIA rpad ¢ MaccCuBOM
nepeceuyenunt {55,54,2;1,1,54}

A. A. MAXHEB, II. B. ITAOy4ux

Ecmu perynaprbeii rpad cremenu k m guaMerpa d MMeET U BEPIINH, TO BBIIOIHICTCS
mepaBeHcTBO: v < 1 +k+k(k—1)+---+k(k—1)?"1. T'padbl, 111 KOTOPLIX 3TO HECTPOTOE
HEPABEHCTBO MPEBPAIaeTCsa B PABEHCTBO, HasbIBaloTca rpadavu Mypa. IIpocreimmit mpu-
mep rpada Mypa nocrasiser (2d + 1)-yrombruk. Iamepenn [1] mokasas, uro rpad Mypa
cTemenn k > 3 mMeeT mmameTp 2. B aToMm cmyuae v = k? + 1, Tpad CHILHO PerymsapeH c
A=0up =1, acrenens k pasua 3 (rpad Ilerepcena), 7 (rpad Xodbmana-Cunriarona) uim
57. CymectBoBanue rpada Mypa cremenn k = 57 Hem3BeCTHO.

HOpummya u Bunanu 3amerutu, aro cymecrBoBanue rpada Mypa crenenu k > 3 pas-
HOCHJIBHO CYIIECTBOBAHMIO IUCTAHIMOHHO PEryJsSpHOro Ipada ¢ MACCHBOM IepeCedeHMIT
{k —2,k—3,2;1,1,k — 3} (B cayuae k = 7 moayunm rpad CumbBecTpa ¢ MACCUBOM IIe-
peceuennit {5,4,2;1,1,4}).

B pabore HalimeHbI BO3MOXKHBE aBTOMOP(MU3MBI AUCTAHIIMOHHO perysspHoro rpada [' c
maccuBoM mnepecedenuit {55,54,2;1,1,54}. B [2, memma 4] mokasaHo, UTO IUCTAHIIMOHHO
perymaspHBIM Trpad OuaMeTpa 3 ¢ COOCTBEHHBIM 3HadeHmeM @y = —1 mMeeT CHIILHO pery-
nspueiit Tpad I's, TputdeM momomHUTETLHEI Tpad ['3 SBISETCS ICEBIOr€OMETPIYIECKIM IS
PG, (k,b1/c3). B namem ciyuae rpad I's ssisercs ncesmoreomerpuueckum miis GQ(55,1)
(T.e. 56 X 56-pereTKoi).

Teopema. Ilycts I aBgeTcs IUCTAHIIMOHHO PETYIIAPHBIM IPadOM ¢ MACCUBOM IEPece-
gennit {55, 54,2;1,1,54}, G = Aut(T"), g — ssmemenT mpoctoro nopsimka p uz G u Q = Fix(g).
Torna 7(G) C {2,5,7} u BepHO OIHO U3 yTBEPXKICHMUIL:

(1) Q — mycroit rpad, p =7, az(g) = 8- 49s u a1 (g) = 105t 4 49s;

(2) Q aBagercs 2-xmukoit, p = 2, as(g) = 112s — 4 u ay(g) = 12s + 30t — 24;

(3) Q comepxkuT reomesmyeckuit 2-myTh u 60 p = 2, mubo p = 5 u  — rpadp Cunbse-
cTpa ¢ MaccuBoM mepeceuenuit {5,4,2;1,1,4}.

Canencriue. Ilycts I’ aBigercs OUCTAHIIMOHHO PETYJISPHBIM IPadOM ¢ MACCHBOM IIe-
peceuenutt {55,54,2;1,1,54}. Ecau rpynma G = Aut(I") meiicrByeT TpaH3UTUBHO Ha MHO-
®ecTBe BepiuH 5Toro rpada, To G/O2(G) — pacmmpenne Fig ¢ TOMOIIBIO 2-TIOATPYTIIEL
us3 GLQ(?)
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O6 omHOMIOpOXOeHHOU dopMaIuu

A. II. MEXOBUY

Bce paccmaTpuBaeMble TpyIIBI KOHEYHBL. VICIIONMB3yeTcs CTaHOAPTHAS TEPMUHOJIOTHS
u3 [1] — [3]. Ilycts X — mpousBosibHAs HemycTash COBOKYITHOCTBL IpyImi. llepeceuenue Bcex
dopmaruii, comepxkairux X, obo3nauaioT depe3 formX m HazbIBaOT QopMalueit, TOPOXKIeH-
Hoit X. B wactHocTu, mumnyt formG B ciayuae, korna X = {G}. Beskas dopmanus Takoro
BIIA Ha3bIBaeTCs omHomopoxknenuon dopmanumein (cm. [1]). Cumpomer ¢ u M, o6o3Ha-
YAIOT PEIIETKY BCEX N-KPATHO W-KOMIIO3UIIMOHHBIX (OPMAIUl U KJIACC BCEX P-TPYIIL COOT-
BETCTBEHHO.

Teopema. Ilycts M = ¢ formA — ogHODOPOXKIOEHHAS N-KPATHO W-KOMIIO3UIUOHHAS
dopmanus, A — npocras rpynma. Torna gopmanus N ABITETCI ATOMOM PEIIETKH ¢4 B TOM
¥ TOJIBKO B TOM CJIy4ae, KOTAa BBIIIOJHAETCS OHHO U3 CJCAYIOIINX VCJIOBUIL:

1) eciim A — w'-rpymma, o M = formA;

2) ecnu |A| = p mig HekoToporo p € w, To M = N,,.

CHUCOK JIMTEPATYPBI

[1] Ckuba A.H. Anre6pa ¢opmanuii. Munck: Benapyckas masyka, 1997. 240 c.

[2] Doerk K., Hawkes T. Finite Soluble Groups. Berlin-New York : Walter de Gruyter & Co., 1992. 891 p.
(De Gruyter Expo. Math.; vol. 4).

[3] Cxuba A.H. Kparno £-xomnosunuoHHble (HOpManuUyM KOHEUHBIX I'Pynn // YKpaumHCKHI MaTeM. XKyDH.
2000. T. 52, N 6. C. 783-797.

Bumebcruti 2ocydapemaeenmnvili yrusepcumem umenyu I1.M. Maweposa, Bumebck
E-mail: amekhovich@yandex.ru

108


mailto:amekhovich@yandex.ru

MamnbneBckue urerus 2018 Teopus rpymnit

KoneuHnble rpynibl ¢ IMOJIYyHOPMAJILHBIMEU WM AGHOPMAJIBHBIMU CUJIOBCKIMU
noarpynmnaMu

B. C. MoHaxoB, U. JI. Coxopr

PaccmarpuBatoTcs TOIBKO KOHEUHBIE TPYHIbL. Vcrmonab3yemas TepMUHOJIOTUS COOTBET-
creyer [1].

[Monrpynmna A HasbiBaeTCS NOAYHOPMAALHOU B Tpyme (G, €ciin CyIIeCTBYeT MOATrPYIIIa
B raxkas, utro G = AB u ABy — cobcTrBerHas B (G MOATPYIINA I KaXK OO cOOCTBEHHON IIOMI-
rpynnel By u3 B. I'pynnbl ¢ HEKOTOPBIME TOIYHOPMAIBHBIMEI MOATPYIIIAME UCCICIOBAIINCD,
Hampumep, B paborax [2]-[7].

Monrpynma H rpynnst G HasweiBaeTcs aGHOpMaibHOI, eciu ¢ € (H, H*) mus mo60ro
x € G. B cumMeTpuueckon rpymme crernenn 4 CUIOBCKas 2-MOATPYTIIA OMHOBPEMEHHO TIOITY-
HOpMaJIbHa 1 aOHOpMAaJIbHA.

HoxkazaHa cilemyrolas TeopeMa.

Teopema. Ilycts B rpynme G kaxkmas CHJIOBCKas HOATPYIIIA IMOJIyHOPMAJIbHA HJIA a0-
HopMmasibHa. Torma rpynna G cBepxpaspernya nin G = G, X G, mis Hekoroporo r € m(G),
moarpynna G, ceepxpaspemmma, a G,. = Ng(G,.).

Bnecy Gy X G, — MOIYIpAMOe TPOU3BENEHNE HOPMAILHOM 1/ -X0IIOBOI Tonrpy st G .
U cuIOBCKOR r-nionrpynmer G, rpymnmsl G.

CnencrBue. Eciu B rpynme G ka)kmas CHUIOBCKas MOATPYIIA IIOJyHOPMAJIBHA HJIH
abHopMmaJibHa, TO (G UMeeT CHUJIOBCKYFO OAIIIHIO U HUJIBIIOTEHTHAs AauHa rpynnbl G He mpe-
BEIIIIAET 3.

CutoBckast GaltHs y TPYIIIEL U3 CIASACTBUS MOXKeET ObITH jTi060r0o Tuna. IlonTBepxkneHuem
cirykaT HeabeneBa rpymnna nopsnka 6 m 3HakollepeMeHHas I'pynmna nopsaoka 12.
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O KOHEUHBLIX I'PYIIIaX C 3aJaHHBIM N-KpUTUYECKUM rpadom

B. I. MyPAIIIKO

Bce paccMmaTpuBaeMbie IPyIIbI KOHEUHBL. VICTIONB3YIOTCS CTAHIAPTHBIE 0003HAYCHUS 1
tepmunosiorust (cMm. [1, 2]). Hamomuumwm, uto (p, q)-rpynnoir [lIMmunra Ha3bIBAETCS TPYIIA
MIvunra G st kotopoit (G) = {p,q} m koTOpas uUMeeT HOPMAILHYIO CUJIOBCKYIO D-
nonrpyniy; N-xpumuueckum rpadpom I'y.(G) rpynnsr G Gynem Ha3bIBATH OPUEHTUPOBAH-
HBII Tpad ¢ MHOKecTBOM BepuiuH 7(G) u (p, q) ssisercs pebpom I'n.(G), ecniu B G umeeTcst
(p, q¢)-nonrpynmna MImunra.

[lenbro maHHON PAbOTHI ABIAETCS U3y YeHNE KOHEUHBIX IPYIIIl, CTENeHN BePIIUH [N -KPUTH-
JecKoro rpada KOTOpBIX He mpesocxonuT 2. Yepes I' 6ynem 0603HaUaTH HEOPHEHTHPOBAHHBII
rpa¢d va muoxkectBe Beprud V (I') 1 B KOTOPOM [1Be BEPIIUHBI COENUHEHBI PEGPOM, €CIIU OHN
Obmn coenuuensl B I Hepes dp(, oy Oymem 0003HaIATH PACCTOSHUE MEXKIY BEPIIMHAME D
n ¢ B[ — unmcno pébep B KpaTdaiilieM OyTH U3 P B ¢. ECIn p m ¢ mexaT B Pa3IATIHBEIX
KOMIIOHEHTaX CBA3HOCTH, TO dp(p,q) = oo. Tlomyden ciemyrommii pe3yibTaT:

Teopema. IIycrs G — rpymnna, I' — opuenTupoBannsii rpagp ua w(G) u degr(p) < 2
s Beex p € w(G). Torma u tonpko torma I'y.(G) C I, korga BBIIOIHAIOTCS CIIELYIOLITE
VTBEDXKICHUT:

(1) G paspernma.

(2) Ecau (p,q),(q,p) € E(I'), To xomnosa {p, q}-nonrpynna G sBigercs OpsMbIM MHO-
xureaeMm G.

(3) Ecau (p, q), (r,p), (r,q) € E(I"), To xommoBa {p, q, r }-monrpynna G sBjiseTcs OpsMbIiM
muoxkureneMm G U p-AUCOEpPCUBHA, TIOE T <epuUDP<y,H(q.

(4) Ecmu (p,q) € E(T), (¢,p) € ET) u r : (r,p), (r,q) € E(T'), To Beaxuit q-amement
rpynnsl G epecTaHOBOYEH CO BCAKOU CHUJIOBCKOI p-moarpymmnon G.

(5) Ecmm di(p,r) > 2, TO Beskas xomnoBa {p, r}-noarpynna G HUIBIOTEHTHA.

(6) Ecmr d(p,7) > 2 u fq : (q,p), (¢,7) € E(T), To Besxmit r-smemert G mepecTaHOBOTEH
€O BCIKHUM p-3j1eMeHTOM (3.

(7) HOycre de(p,r) = 2 m ™ = {q|(¢,p),(¢,7) € EI')} # 0. Torma B G mmeercs
HOpMaJIbHAs X0JIoBa T-noarpynna H u [a,b] € H msa mobbIx p-saeMeHTa a 1 g-37aeMeHTa b
rpymmsr G.

Pabora Beimonuena npu nonnep:xkke rpanta bPOPDOU O17PM-063.

CIIMCOK JIMTEPATYPBI
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O 6unapubiXx rpynnax Illynkosa

. N. I1ABmOK, H. Y. ITABIIOK

[Ipennararorcs uccienoBaHus epuonuyeckux ciabo 6muapubrx rpynn IllymnkoBa, xa-
XKmast cOOCTBEeHHAasl MOATrpyIna KOTopeix sipisercs FC-rpymmoit. Takue rpynmbr 061anamoT
HEeTPUBUAIBHBIM HOPMAJIBHBIM [IEJINTENIEM.

Ounpenenenne [1]. I'pynna G HaswiBaercs (conpgocenno) q-o6unapnoti epynnot Ilyn-
kosa (q € m(G)), ecnu mis 060t Koeunont moxrpynnsl K B daxroprpynmne Ng(K)/K
Mr00BIe MBa (COMPSIKEHHBIX ) DJIEMEHTA TMOPSIKA ¢ TIOPOKAAIOT KOHEYHYIO MOArpynmy. Fcin
rpynna G — (conpsixkennas) g-6unapuas rpynna lllyakosa orHOCHTENBHO MI060T0 ¢ € T(G),
TO TaKyo TPYIILy Ha3oBeM (conpsaacenno) ounapnoti epynnot ynkosa. Ecin K = {e}, To
Takas rpynna — caabo 6unapnad (conpancennad) epynna Hlywrkosa.

OCHOBHOII pe3yabTAT COODITICHUS:
Teopema. Ilepumonuyeckas cimabo 6uHapras rpynmna lllymkoBa, kaxkmas coOCTBEHHAas
noarpymnmna koropoi mouru FC-rpynma, He mpocra.
CIIMCOK JIUTEPATYPBI

[1] HMasmok N.U. O conpsizkeHHO IPUMUTUBHO-KOHEUHBIX IPYIIAX ¢ WHIEKCHO CPABHUMBIMY HOATDYIIIIAMUA
// B xu. “VccnenoBanus 1o ajarebpamdeckoil TEOPUX UUCEIl U KOHCTPYKTUBHOI anre6pe” . — Anma-Ara:
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MyJ’IbTI/IHJ'II/IKaTI/IBHaSI T'pyIiria I10Jis I10 MOAYJIIO IIOATPYIIINIbI KPy4Y€HNUs

K. H. IIOHOMAPEB

PaccmoTpuM mpom3BoIbHOE MHOXKECTBO TPOCTHIX uuces P. YcnoBuMmcs Zp 0603HAUYATH
MIOTIOJTHEHNE AJIAUTUBHON T'PYIIBL IEIbIX THCEN dJIeMeHTaMu OOPATHBIMI K CTEMEHSIM UUCeT
13 MHOXKecTBa P :

n
Zp = {E| neZ, m=pt...pt, pr,...ps € P, ny, ... ng EN}.
Taxue rpynmer OymeM HA3BIBATH NONOAHEHHBLMU 2PYNNAMU.

Ecou s =0, To P = @, cunraeMm Z = ZLg.

Teopema. Ilycte K — mose anrebpamdeckux ducesr, K* ero MyJsTHIIUKATHBHAS
rpymna, a T(K) — ee rpynna KopHEH U3 €QUHHIBL.

YrBepxnaercs, uro ¢axrop — rpynna K*/T(K) uzomopdpHa OpsaMori cyMMe MOMOTHEH-
HBIX TPYII OJI HOAXOMOAIIET0 CIeTHOIO KOJIMIeCTBA MHOXKECTB IIPOCTHIX ducea Py, Ps, . . .:

K*|T(K) ~ é Zp,.

HI'TY, Hosocubupck
E-mail: ponomaryov@ngs.ru
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CT&6HJ’II/I3I/IpyIOH_II/Ie aBTOMOp(I)I/IBMbI OEeJIOYMNCJIEHHBbIX I'PDYIIIIOBBIX KOJIEeIn

A. M. ITonoBaA, E. B. 'PAYEB

Mer n3ydaem aBTOMOPOU3MBL IIEIOUNCICHHBIX TPYIIIIOBLIX KOJIEl KOHEUHBIX TPYIIL C II0-
Mortbio Teopuu npencrasienuit. Ecom T4 (G),- -+ ,Ts(G) — Bce HeIpUBOIUMBIE HESKBUBA-
JeHTHBIe npencrasieHus (G, TO PACCMOTPUM IPEACTABIIECHIE

D(G) = {diag(T1(g),T2(9), -, Ts(9)), 9 € G}
Ouesngno, uro ZG = Z[D(G)]. Ecau x; xapakrep npencrasnernus 1;(G), Q(x;) — mome
xapakrepa X;, T € Aut(Q(x;)), 7/ — nponomkenne 7 10 aBTOMOPHOU3MA, OIS TPEICTABICHUS
Ty(G), To Ha anre6pe Q[T;(G)] MoxkHO ompenenuts aproMopbusm 7/ o npasmty 7/((aq;)) =

(af;).

B craTbe aBropos ”IIpo6iema daxTopusamuu aBTOMOPGOU3MOB [EJIOUNCIEHHBIX TPYIIIO-
BBIX KOJIeI] KOHeUHBIX Ipynn’ [1] momydena daxTopusarus aBTOMOPGU3MOB EIOUNCIICHHBIX
I'PYIIOBBIX KOJIEI KOHEYHBIX TPYII ¢ HOMOIIBIO paccMoTperus komblia Z[D(G)]. B wact-
HOCTH, BBOIUTCS TOHATHE CTAOUIN3UPYIOIEr0 aBTOMOPMOU3Ma, KOTOPHIN Ha KayKIOU KIIETKe
Z[T;(G)] npencrasiser coboil KOMIOBIIIO T/ 0 P, TIIE (pg — CONPSKEHIE HEKOTOPOIT €IIMHII-
neit s anre6pst Q[7;(G)]. BosuukaeT ecrecTBeHHBI Bopoc: 1y jo6oro i 7 € Aut(Q(x;))
HANIIIETCS TaKas MATPHIA S, UTO KOMIOBUIHMS T/ O (g SBISETCS ABTOMOPMU3MOM KOJIbIA
Z[T;(G)]? B stom ciayuae GymeM TOBOPUTDH, 4TO aBTOMOPGhU3M 7/ IOCTPAMBAETCS [0 ABTO-
Mopdusma xonbua Z[T;(G)).

[Ipexe BCEro 3aMeTuM, 4TO HEOOXOMMMBIM YCIIOBUEM CYIIIECTBOBAHUS MATPUIILL § ABILSA-
ercs cosmamenue @ - amre6p: Q[T;(G)] = Q[T;(G)™']. Kpome TOro, mpemmosoKmM, €TO
nunekc [lypa st Bcex npencrasienuit T;(G) pasen 1. Ilpu 5Tux yeaoBusx copaBenjmBa

Teopema. CymecTByer aaropuTM, OTBEYAIOIHAI HA BOIPOC, HOCTPAUBACTCS JIH U30-
mMopdmaM T/ 1o aBTOMOpdU3MA KOIbLA ZIT;(G),i=1,...,s

CIuCOK JIMTEPATYPBI

[1] Tlonoa A.M., I'paues E.B. IIpo6rema dhaxTopusanun aBTOMOPGU3MOB IETOUMCIEHHBIX TPYTIIIOBBIX KOJIEI]
koneunsrx rpynn // Algebra and Model Theory 11, Hosocubupck 2017, 75-80.

Hosocubupcrui 2ocydapcmeennvili mexnuueckut yrnusepcumem, Hosocubupck
E-mazl: ampopova@ngs.ru

113


mailto:ampopova@ngs.ru

MamnbneBckue urerus 2018 Teopus rpymnit

I'pynner lllynkoBa, HacBIIIEHHBIE IPSIMbBIM IPOU3BEeNEeHNEM KOHEUYHBIX IMPOCTBIX
HeabeJIeBBIX TPy

N. B. Caponax, K. A. dununmnon, A. K. IIJEIKUH

['pynna G maceiena rpynnamMu u3 MHOXKecTBa X, ecau iobas KoHeUHas monrpymmna K
u3 G comepkuUTCs B IOArpymnie rpynmsl G, n30MopdHOiT HEKoTOpoit rpymme u3 X [3].

B pa6ote [2] paccMOTPeHBI IEPUOANIECKUE TPYIIIIbL, HACBIIEHHBIE TPYTIIAMI 13 MHOXKe-
CTBa COCTOSIIIIETO U3 OMHON TPYIIILI, SIBJISIOIIENCS IPSIMbBIM IIPON3BEIEHNEM KOHETHOTO INCITa
IIPOCTHIX HeabesIeBbIX IPYIII C T€M CBONCTBOM, YTO CHJIOBCKHE 2-TIONTPYIIBI JaHHBIX TPYIII
comepaKaT CBOM NMEHTPAIN3ATOP B YKA3AHHBIX IPYIIIAX.

I'pynna G massiBaercs rpynmnoit [Ilynkosa (conpskeHHO-GUIPUMATUBHO KOHEYHON TPYTI-
noit), ecnu st 060 KoHeuron nonrpynnsl H u3 G B dakrtop-rpynne Ng(H)/H mo6bie
IIBa COLPSIKEHHBIX 5JIEMEHTA IIPOCTOTO MOPSIKA TOPOXKAAIOT KOHEUHYIO Ipymiy [4].

[Mycts G — rpynma. Ecnu Bce sieMeHTHI KOHEUHBIX TOPSAOKOB u3 (G cOmepKaThbCs B
MEePUOAUIECKON TOATPYTIIe Ipynnbl (7, TO OHA HA3BIBAETCS TEPUOMMIECKON JACTHIO TPYIIIHI
G un o6o3znauaercs T'(G) [1].

O603uaunM yepe3 A KOHEUHYIO TIPOCTYIO HeabesieBy IPYIIY ¢ TeM CBONCTBOM, UTO IEH-
TPAIM3aTOP CUJIOBCKOI 2-mionrpymibl Sy rpymnmel A mexur B Sy. Ilycrs 991 — MHOXKECTBO
BCEX KOHEUHBIX T'DYII, KaXXMas U3 KOTOPBIX SIBIISIETCS MPSIMBIM IPOM3BENEHNEM KOHETHOTO
YncIa TPy m30MOPGHBIX TpyTe A.

HokazaH CIemyIoNnmi pe3yIbTaT.

Teopema. Ilycre G — rpynmna IllynkoBa, HaceierHas rpynoamu u3 maoxectsa . To-
raa G obmagaer nepuonmdeckon yacteio 1(G), KoTOpas u3oMop@Ha IPIMOMY IPOU3BENCHIIO
rpymn n30MopHBIX rpyire A.
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O MUHIMAJIBHBIX TT=-pa3noejimMbIX I'DYIIIIax

3. B. CEIYEBA

[IycTh ™ — HEKOTOpPOE MHOXKECTBO MPOCTBIX YMCE, T — €ro IOMOJHEHNe BO MHOXKe-
CTBe BCeX MPOCTBIX umcen. ['pynma Ha3bIBaeTCs T-TPYMION, €CIN OHA IMEepUOOUYecKas 1
MOPSIIOK KAXKIOTO ee 3JIeMEHTa MEeJIUTCS TOJIBKO Ha MpocThie uncia u3 m. Yepes w(G) o6o-
3HAYAETCS MHOXKECTBO MPOCTBIX MeIUTeNell MopsankoB sieMeHToB (. ['pymnma HaswsiBaeTcs
T-pa3neInMO, eclii OHa o0siallaeT KOHEYHBIM HOPMAJIbHBIM PSIIOM, KaXXIbIA (HaKToOp KOTO-
POro ABJISETCA T-TPYNNoi wim 7'-rpynmoi. Taxoil psam HA3BIBAETCS T-PAOOM, a TT-IJIMHON
T-pa3neInMON I'PYNNbI HA3bIBAae€TCS HaMEHbIIIee 13 BO3MOXKHBIX UUCe]I HETPUBUAJIBLHBIX 7-
(haxTOPOB BO BCEX psAOax 3TOU I'PYHIIHL.

B pabore m3yuaercs cTpoeHHE JIOKAJIBHO KOHEUHOW 7T-PA3IeIUMON TPYIINbI M- IJIMHBI
m > 2, kaxnas cOOCTBEHHas CEKIUs KOTOPOW MMeeT T-IJIMHY, MEHBIIYIO m. B JyacTHO-
CTU, NOKA3BIBAETCS, UTO JII00as Takas IPyNna KOHEYHA U pa3pelmMa.

Kabapourno-6askapcruti 2ocyrnusepcumem, Haavuux
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MunumaiabHBIE CHCTEMBI 06pa3y}ou11/1x CIJIETEHsI NMUKJINYECKNUX I'PYIIII

P. B. CKYPATOBCKUI

PacemorpuM Ki1acce BEHEUHOIMKIIMYIECKUX IPYHI ¥, BBEIEHHBIN aBTOpoM B [1, 2], KoTo-
pble IMEIOT BUI:

k1 ko km
G=([]Cu )t (JICny) vt (J] Cnip)s 1< ki< 00, GES.
=1 ia=1 i =1

Teopema 1. Ecmu nopsankn nukmmdeckux rpyna C,,,, C,, . B3auMHO OpOCTHI, A4 i £ 7,
ro rpynna C,,, 1 C,,, ... 1 C,, umeer nBa obpa3yrorux.

B kagectBe obpasyrommx rpynnsr C,, 1 C,, ... 0 C,,  xopueBoii aBTOMOpdu3M [y n
HanpaBieHHbII aBroMopdusm [y [3| Bmons myrTw | Ha kKopHEBOM perymspHoMm aepese Tx.
Ob6pasyrowmii 31 npencraBuMm B Buze BeHeuHon pexypcun (2, 1]. Cocrosume 2 aBTOMOp-
¢usma 1 Takxke 3aaHO B BUIE BeHEUHOI pekycuu (o = (7;,,€,...,e, f3). B obiem ciayyae

—— ——
i1
Br = (7, ¢€,...,e, Brt1) rae, C;, = (m;,). Iocnenuee cocrosume 3, HaneIeHO APYTOH CTPYK-
Tp—1

TypOIt By = (T, €, ..., €). Obo3raunm mopsnok aBromoppusma (; kak |[B;|. Ilycrs rpynma
n m

ZOCij = <BO?51> a rpyiia lz Ckl = <Oéo,a1>.
j= =0

Teopema. Ecma (|aol, |Bol) =1 m (Jeul,[51]) = 1 mmax (|awl, [61]) = 1 = (Jaa], |[Bol) = 1,
n m
TO CYIIECTBYET ABYXdJIeMeHTas cucteMa obpasyrormx aa rpymel G = (1 Cy ) x (1 Cy;),
§=0 5=0
rae nopanku ij Bcex C;, a Takxe mopsanku k; Bcex Cy, MOIMAPHO B3aMMHO-IIPOCTEI 471 § > 1.
Cucrema o6pasytonmx B Buze Tabmun Kamyxuuna [3) mitst (Zy 0 Z,)', v1€ Ly, Loy TIpEI-
CTABJICHBI B A IUTUBHON (hOPME, CIIeLyOIIas:

hi =(1;0,0,...,m — 1) ,ho = (0;1,0,....m — 1), ..., h,, = (0;0,....,1,m —1).

[Ipu 5TOM KOODIMHATHI KAXKAO0H TAGIUIBI YIOBIETBOPSIOT COOTHOIIEHUIO N1 + ... + iy =
(mod m).

CIIMCOK JIUTEPATYPBI
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O rpymmnax C sHreJjieBbIMMU 3JIeMEeHTaMHU

A. . Co3yTOB

DreMeHT a MPOM3BOIBHON rpynibl G Ha3bIBAETCS anzesesbim (1, crp. 541], ecnu mis mro-
6oro siemenTa b € (G CyIIECTBYeT Takoe 3aBUCAIIEE OT HErO HATypalibHoe uucio n = n(b),
YTO BBIMOIHSIETCS PaBeHCTBO |[...[[b, al, a], ..., a] = [b, na] = 1; eciu mpu 5TOM YUCIIO 1 MOKHO
BLIOPATH OMHO U TO ke Isd Beex b € (G, TO DJIEMEHT @ HA3LIBAETCS 02PAHUUEHHO IHEAe-
8bIM WU N-9H2€AE6bIM. | DYIIIBI C SHIEJIEBBIMU JIEMEHTAME U3y YaJINCh MHOTUMEI aBTOPAMUI
[1, ctp. 540-544]. DmemenT a Ha3bBIBaeTCs Koneunbim B rpymme G, eciu B G KOHEUHBI BCE
nonrpynne! Buga (a,a’); Tax, HAIPUMEp, SHIEJIEB 3IEMEHT @ HMOPANKa 2 ABISETCS KOHed-
HBIM B /1100011 Tpymnme. OTMeTUM TakXke, 94TO B C/Iydae KOHEUHOTO DHTEIEBa DJIEMEHTa ( BCE
nonrpynmer (a,a’) GymyT EHWIbTOTeHTHBIME. Kak mokasaHo B [2], CyIIECTBYIOT IBYIODO-
KIEHHBbIE GECKOHEUHBIE (PUHUTHO-AMIPOKCUMUPYEMbIE P-TPYIIILL, COCTOSIINE U3 KOHEUHBIX
SHTEJIEBBIX DJIEMEeHTOB. B [3] mokazaHo CyiecTBOBaHUE NBYTOPOXKIEHHBIX OECKOHEUHBIX ITPO-
CTBIX HEIPUMAPHBLIX TPYII OrPAHTYEHHOIO Y€THOTO MEPUONa, B KOTOPBLIX KaXKIas MHBOJIIO-
U SBISETCA KOHEUHBIM OTDAHUYEHHBLIM DHTEJIEBBIM DJIEMEHTOM, B YACTHOCTH TPU P = 2
HOJIyYeH OTpULATeNnbHbIl oTBeT Ha Bompoc 11.11 a) A.B. Boposuka u3 [4]. U3 Teopem 2,
3 5TOll cTAThU TaKkKe CJIeAyeT OTPUIATENbHbIN oTBeT Ha onud Bompoc b.U. [lnorkuna, 3a-
nucanublil B [4] B.B. Baynosbiv nom Homepom 16.15 a). B [4] MHOro BOIpocos o rpymmax c
SHIEJIEBLIME 3JIEMEHTAME, B HEKOTOPBIX U3 HUX SHTEJIEBLI 5JIEMEHTHI IIPUCY TCTBYIOT HESBHO,
Kak, HampuMmep, B Bompocax 6.56, 12.100, win 17.3. B ormpasienHoil B neuars craTbe [5]
HAIEH DA YCJIOBUI, IPU KOTOPBIX KOHEUHBII SHIEJIEB JIEMEHT @ TPYHNbl (G IPUHAIIEKUT
ee panukaiy [lnmorkuna-Xupma PH(G). Korna Cg(a) — aprunosa rpynma, To G — apru-
HoBa rpymma u (a) — JokambHO HUTBIOTeHTHAs uepHUKoBcKas 7(|a|)-rpymma (Teopema 3).
[TpstmbiMu ciencTBUsIMEU TeopeM 2, 3, 5 cTaTbU SBISIOTCS OCHOBHBIE De3yIbTaThl u3 [6] u Te-
opeMma 2.3 u3 [7]. Ilpyrue ciencTBust KacaroTCs YIOMIHYTHIX BbIIIe BoIpocos u3 Koyposckoit
TeTpau.
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OG6o06111eHHbIE TPSIMbIE IPOU3BENEHUs TPYII U UX NPUMEHEHUE K U3y YEeHUIO
ANIIPOKCUMUPYEMOCTHN CBOOOMAHBIX KOHCTPYKIIAN T'PYIIIT

E. B. CokojsioB, E. A. TYMAHOBA

[Tycts I' — mpom3BOIBHBIA HEOPUEHTUPOBAHHLIN Ipad ¢ MHOXKECTBOM BepIIuH V' 1 MHO-
xkecTBOM pebep E (meTiu u kpaTHbIe pebpa He [OIMyCKaloTCsl ), KaxkK 1ol BepiiuHe v € V' como-
cTaBlleHa HeKOTOpas rpymmna A, , kaxmnomy pebpy e = {v,w} € F — rpynna H, u BIOXeHUsI
Yev: He = Ay, Pew: He — Ay, OBOOIIIEHHBIM TPSIMBIM TPOU3BEIEHNEM, COOTBETCTBYIOIIIAM
rpady rpymnn ', 6ymem HasbiBaTh rpynmy (, o0pa3yoInMu KOTOPOU SIBJISIOTCS 00pa3yio-
uwe rpynn A, (v € V), a onpenensionmMn COOTHOMIEHUIMU — COOTHOIIeHUs Tpyni A,
(v € V), a TakKe BCEBO3MOXKHBIE COOTHOUIEHUS BUMA |Gy, dy] = 1 (ay, € Ay, ay € Ay
v,w €V, v # w) u hpey = hpew (6 = {v,w} € E, h € H.). Wnaue roBopsi, 0600111eHHOE
npsimoe poussenenne G — 5To GaKTOP-TPyIIna OOBITHOTO MPSIMOTO Mpou3BeneHus TPy A,
0 HOPMATHLHOMY 3aMBIKAHUIO MHOXKECTBa 371eMeHToB Buna (hpey) T (hew)-

Bynem ropopuTsh, uT0 06001IEHHOE TIpsiMoe TIpou3Benenne (G CyIecTBYeT, eCIn IS Ka-
XKOoro v € V ToxmecTBeHHOE 0TOOpaXKeHne MopoXK IaoIuX rpynnsl A, B rpynmy G mponost-
XKaEeTCs 10 W30MOP(MHOTO BiIOkeHUs. ViMeeT mMecTo

Teopema 1. Ecim ob6o6itiearoe npsmoe mnpousBenerue G CyIeCTBYeT, TO IJIA KaXKIOrO
pebpa e = {v,w} € E nonrpynna H.p., jgexunr B nenrpe rpynnsl A, n noarpynima Hepey,
Jgexur B nerrpe rpymmbl A,,. O6parHoe BepHO, ecnu rpag I' sBisercs mepeBoMm, a Takxke
B ciaydae, korga ' mpemncraBiiser coboi MpOCTOH UK/ IJIAHBI, OOJIBIIEH 3, U IS JIIOOBIX
aByx pebep e, f € F, manunenTHBIX onHon BepmmuHe v €V, Hopeo N Hypyp, = 1.

CdopmynupoBaHHast TeOpeMa MOXKET ObITH UCIOIB30BAHA TIPU U3y YCHIHN AIITPOKCUMUPY-
€MOCTHU HEKOTOPBIX M3BECTHBIX TEOPETUKO-IPYNIOBLIX KOHCTPYKINN KOPHEBBIMHI KJjacCaMU
rpynn (HATIOMHIM, 9TO KJIacC TPy [ SBIsSeTCs KOPHEBBIM, €CIIN OH 3aMKHYT OTHOCUTEJIHHO
B3STUS MIOATPYII U PACHIMPEHUH, & TaKXKe BMecTe C JIIoObIMu nByMs rpynmavu X u Y co-
IEepXKUT OeKapTOBO IIPOU3BENEHUE BAIA Her Xy, rme X, — m3omopdHas Konus rpynnsl X
I Kaxxnoro y € Y). B wacTHOCTH, ¢ €ro MOMOIIBIO MOIYYaloTCs CIIEAYIOIIe IBa yTBEP-
JKIIeHUS.

Teopema 2. Ilycrs K — mpou3BoJIbHBII KOPHEBOU Kiacc rpymi, P — npeBecHoe mpo-
u3BeneHue KoHedHoro yucia rpyni F, (v € V) ¢ neHTpasbsHbIME 06beAMHEHHBIMUA TOATPYI-
mavu. Ecim Bce rpynmer F, (v € V') npunannexar knaccy K, To rpynna P K-annpokcumu-

pyema.

Teopema 3. Ilycte K — KOpHEBOI KjIacC TDYIII, COOEPKAIINUI XOTS ObI ONHY HeE-
nepuonudeckyto rpynmy, X — HNN-pacmommpeHne HekoTOpo# rpynnel B ¢ meHTpaabHbBIMI
cBs3aHHBIMEU noarpynmnavu. Ecnu B € I, To rpynma X K-anmpokcumupyeMa.

Pa6ora Beimonuaena npu dunancoson nonnepxkke PODPU (mpoekt N 18-31-00187).

Heanosckut 2ocydapcmaeennbili ynusepcumem, Heanoso
E-mail: ev-sokolov@yandex.ru, helenfog@bk.ru
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O6 abesneBbIX IIOoATPYIINIaX I'PYIINNbI OrPAaHNYEHHBIX IIOACTAHOBOK

H. M. CyukoB, H. I'. CY4YKOBA

[ToncTanoBKa g MHOXKECTBa HATYPAJIbHBIX umncesl N Ha3bIBa€TCS OrPAHUYEHHON, €CITu

= —af| < o0.
w(g) = max|a — af| < oo

N3yuatorcs moarpynmet rpynmbl G BCeX OrPAHUYEHHBIX MOICTAHOBOK MHOXKECTBa N.

Teopema 1. Jlobas cueTHas nmepuommdeckas abejeBa rpyImna m30MOPGHO BKJIAIBIBA-
ercs B rpynny G.

Teopema 2. Kaxnas cueTHas cBobonHas abejieBa rpyimna u30MOpGHa MOATPYIIIE TPYII-
el G.

Teopema 3. ['pynma panumoHAJIBHBIX YHCEJI IO CIOXKEHUIO He N30MOp(Ha HUKAKOH IION-
rpymme rpyomel G.

CdY, Kpacnosapck
E-mail: ns7654321@mail.ru
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IMTopoxnaemocts rpynn Ilesanse Fj(7Z + Zi) TpeMs MHBOJIIOLUSIMU, IBE U3
KOTOPBIX IEPECTAHOBOYHBI

n. A. TUMO®EEHKO

[Iyctes & — npuBenennas mepasmoxumas cucrema Kopaeit. Uepes O(Z + Zi) o6o3HaumM
npucoenuuernyio rpymnmna [lesamte Tuma ® Ham KOIBIOM IEJIBIX TayCCOBBIX wucen Z + Zi.
Omna nopoxnaercs KopaesbiMu noarpynnamvu X, = {x,.(t) |t € Z + Zi}, r € ® [1, ciiencrsue
3, c. 107]. Ilpunepxusasics 0603HaUeHUH U3 [2], OnpeneanM MOHOMUAIBHBIE U AUArOHAJIbHbIE
SJIEMEHTBI COOTBETCTBEHHO

ne(t) =z, ()z_ (=t~ 1)z, (1),
he(t) = n.(t)n.(=1), r € &, t € {£1,+i},
n. = n.(1),
hy = h.(=1).
Teopema. IIpucoenunensrie rpymnms! llleBasine Tuna E) Hax KOIBIOM II€JIBIX T'ayCCOBBIX

yrceJsl IIOPOKIOAarnTCA HMHBOJIIOLIMAMI (1, 0y T (3 U3 HpI/IBe,ZIGHHOfI HII2KE TEL6JII/IHBI, nnpu4dyem
19 = (Xa(X1.

prnna a1 a9 a3

Eg(Z + Zi) Ty (D) Tpy 47y (Dhry | Ry Tpy g g Ty Mg Mg By Py P
Eq7(Z + Zi) Ty (1)Try 1oy (D ey | My g Py Ry By Ty Mg T Moy Mg
Es(Z + Zi) Ty ()Try 1y (D ey | My Mg Mg B By Ty Mg Mg Moy Mg Py

Pabora Beimonmuena npu nogmep:xke PH®, mpoext N 18-71-10007.

CIIUCOK JINTEPATYPBI

[1] Crennbepr P., Jleknum o rpynnax [Hesasmre. M.: Mup, 1975. 262 c.
[2] Carter R.W., Simple Groups of Lie Type, John Wiley and Sons, 1972.

Cubupcrut gedepaavrbiti ynusepcumem, Kpacrnoapck
E-masl: ivan.timofeenko@gmail.com
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06 OOHOPOMHBIX KOJIbIIAaX 1 anreﬁpax

E. 1. TUMOUIEHKO

st 1106010 KOHEUHOTO YHOPSIIOYeHHOro Habopa @ = (a1, . .., dy) DIEMEHTOB U3 MOIEN
M onpenemam muoxKecTBO tp™(@) dopmyr (1, ..., T,) A3BIKa HepBOro mopanka L co CBO-
GOMHBIME TEPEMEHHBIME X1, . .., T, TakuxX, auro M | 0(ai,...,a,). Monens M HazoBéM

JIOTHYECKN OIMHOPOIHON, €CIIN IS JIIOObIX KOHEUHBIX HAOOPOB 3IIEMEHTOB G, b € M™ u3 co-
sranenns tp™ (@) u tp™ (b) cremyer, uTo 5T HAGOPEI HEPEBOMATCS APYT B APYTa HEKOTOPEIM
aBTOMOpdu3MoM Momean M.

HokazaHa joruveckas OMHOPOMHOCTD IEJIOYNCICHHBIX T'PYIIOBBIX KOJIEIl KOHEYHO TTOPO-
XKIEHHBIX OTHOCUTEILHO CBOOOMHBIX YIOPSAOINBAEMBIX I'PYIII, KOHETHO OPOXKIEHHBIX HITh-
MMOTEHTHBIX CBOOOMHBIX ACCOIMATUBHBIX KOJIEI[ U ajire0p, KOHEYHO MOPOKIEHHBIX CBOOOMHBIX
HIJTBIIOTEHTHBIX ajare6p Jlu u xoser Jln.

Hosocubupcrut, 2ocydapcmeennbiti mexnuueckut yrusepcumem, Hosocubupck
E-mail: eitimO@gmail.com
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O6 annpoKCUMUPYEMOCTU KOPHEBBIME KJIACCAMU NIPEBECHBIX MPOU3BEeOeHUN
C 00beIMHEHHBIMU peTpaKTaMu

E. A. TYMAHOBA

IIycts T — mpou3BOIBLHOE IEPEBO ¢ MHOXKECTBOM BepIIMH V 1 MHOXKeCTBOM pebep F,
KaxK 1ol Bepinuee v € V' conocrasiena HekoTopas rpymnmna A, , kaxmomy pebpy e = {v,w} €
FE — rpynna H, u BIOxeHUs Qe : He — Ay, Pew: He — Ay. IpeBecHbIM mpou3BeneHmemM
rpyun A, (v € V) ¢ monrpynnavu Hepe, u Hepey, OObEIUHEHHBIMEI TIPU TIOMOIIA U30-
MOPPUZMOB Yoy U Peyy (6 = {v,w} € E), HaswBaercs rpynna (G, o6pasyolmmMu KOTOPOI
ABIIAIOTCS obpasyomme rpynn A, (v € V), a onpenensonmMun COOTHOIEHUSIMEI — COOT-
Homienus: rpynn A, (v € V), a Takxke BCEBO3MOXKHBIE COOTHOMIEHUS BUHA hQey = Mpeyw
(e ={v,w} € E, h € H).

B macTosimein paboTe NCCIemyeTcs annpoKCIMIPYEeMOCTEb IPEBECHBIX IPOM3BEICHUIT IIPO-
U3BOJILHBIM KOPHEBBLIM KJIACCOM I'PyII. HamoMHIM, 9TO Ki1ace TPy K SBJISeTCsS KOPHEBLIM,
€CIIM OH 3aMKHYT OTHOCHTEIBHO B3SITH HMOATPYII M PACIIMPEHUN, a TAaKXKe BMECTE C JIHO-
6brvum mBymMs TpymmaMu X m Y CONEpXKHT AeKapToBo mpomssenernme Buma [ [, oy Xy, rme
X, — m3oMopdHas Konus rpynnsl X Ojd Kaxaoro y € Y.

OCHOBHBIM pe3yJIbTATOM PAOOTEL CJIYKHAT

Teopema 1. Ilycts K — mpou3BoJIbHBIN KOPHEBOU Kjacc rpymi, (G — mpeBecHoe Ipo-
uU3BeneHye rpyni, onpeneseHHoe Beie. Ecmu Bce rpynner A, (v € V') K-anmpokcumupyembr
u s kaxnoro pebpa e = {v,w} € E moarpynner Hepe, # Heey ABIAIOTCI pETPaAKTAMUI
B rpymmax A, u A, coorBercrBerHo, TO rpynmna G K-anmpokcumupyema.

CoopmynupoBanHas TeopeMa 0600111aeT pe3yIbTaThl paboT [1, 2] 06 anmpokcuMupyeMo-
CTH KOPHEBBIMU KJIaCCaMU CBO6OI[HOI‘O IpOU3BEACHUS I'PYIIIT C 06’])eI[I/IHeHHI>IMI/I peTpakTaMun.
Takxe ¢ ee TOMOITIBIO MOXKET OBITH TOKA3aHA

Teopema 2. Ilycts K — KOpHEBOI KJIACC TPYIIII, COOEPKAIINI XOTsI ObI OMHY HEIIepUo-
nauyeckyto rpynny, X = (B, t; t~'Ht = K, ) — HNN-pacimpernue K-anmpokcuMupyeMort
rpynnel B ¢ noarpynmamu H < B u K < B, cBI3aHHBIMU IMOCPEACTBOM HEKOTOPOI'O H30-
Mmoppuszma p: H — K. FEcmaum moarpynner H m K saBagroTcs perpakTamMu B rpymme B,
to rpynma X K-anmpokcumupyeMa.

PaBora Beimonsena npu ¢unancosoit monmepxkke PODPU (nmpoekt 18-31-00187).
COuCOK JIUTEPATYPHI

[1] Asapos II. H., Tymanosa E. A. O6 annpokcuMupyeMocTn 0606IIEHHBIX CBOGOMHBIX IPOU3BEIEHN TDYTITT
kopueBbMu Kiaccamu // Hayd. Tp. Usan. roc. ya-ta. Maremaruka. 2008. Bemr. 6. C. 29-42.

[2] Tymanosa E. A. O6 annpokcuMupyemMocTu 0G0OIIEHHBIX CBOOONHBIX IPOU3BENEHUN KODHEBBIMI KIIACCAMMU
rpyun // Mopen. n apanus uadopm. cucrem. 2013. V. 20, N 1. C. 133-137.

Hsanoscruii cocydapcmeennbiii ynusepcumem, Meanoso
E-mail: helenfog@bk.ru
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IIpsMmble mpou3BeneHMsI KOHEUYHBIX ITPOCTHIX HeabesieBbIX I'PYIN B
nepuoanYecKNx rpynmnax

JI. P. TyxBATYJIMHA, A. K. IIJENKUH

[Iycte X — HEKOTOpOEe MHOXKeCTBO rpymi. ['pynna (G HACBIIEHA TPYNIIAMA U3 MHO-
xecTBa X, ecau miobas KOHeUHas monrpymmna u3 G comepxKuTcs B moarpymnmne rpymmnbt G,
n30MOpGhHOI HEKOTOpOU rpymme u3 X [2]

O6o3naunmM gepe3 I — MHOXKECTBO BCEX KOHEUHBIX IPOCTBIX HeabGeseBBIX TPy, R —
MHOYKECTBO BCEX KOHEUHBIX IPOCTBHIX HEaOEIeBLIX IPYIII C TeM CBOMCTBOM, YTO IEHTDAJIN-
3aTOP CUJIOBCKOU 2-TIOATPYIIIBL B PACCMATPUBAEMBIX TDYIIIAX CONEPIKUT SIIEMEHT HEUETHOTO
HOPSIIKA.

[Momoxum M =N—R = {L;|i € I}, rne I — mHO)KeCcTBO MHOEKCOB. [lycTs ) — KOHEUHOE
MHOXKECTBO I'PYIII, KaXKIas U3 KOTOPBIX SBJISETCS IPAMBIM IIPOM3BEACHIEM KOHETHOTO YKCIIa
rpynn u3 Muoxkectsa . Ilokazan cIemyonmii pe3yabTar.

Teopema. Ilycts G — mepuonudeckas IpyIa, HACBILEHHAS TPYIIAMA U3 MHOXKECTBA
). Torma G m3oMop¢HA OOHON U3 TPYIII MHOXECTBa ).

B [1] npuBenennast BbImie TeopeMa HOKa3aHA B KIIACCE MEPUOAMYECKUX TPYIII DY YCIIO-
BUI, UTO MHOXKECTBO ) COCTOUT U3 ONHON TDYIIIHL.

CIINCOK JIMTEPATYPBI

[1] Cabomax W.B. I'pymnmbl, HACLIIIEHHBIE MTPSMBIMEA TPOU3BENCHUSMI KOHEYHBIX MPOCTHIX HEabeIeBbIX
rpynn / M.B. Cabonmax, A.A. Hlnenkun // Bectauk HI'Y. Cepust: MmaTemaTnka, MexaHuKa, WHOOpMa-
Tuka, 2012. T 12. - N 2. - C. 123-126.

[2] Olnenkuu, A.K. ConpsikeHHO GUIIPUMUTHUBHO KOHEUHBbIE IDYIIILI, CONEPKAIINE KOHEUHbIE Hepa3pelln-
Mble moarpymnnsl // Tperss MexnysHap. koHd. mo anrebpe, 23-28 asr. 1993: C6. Tes. KpacHospck,
1993.

Bawrupckutd 2ocydapecmaennviti aepapuwili ynusepcumem, Yda

E-mail: 1lyaisan_78@mail.ru

Kpacnogapcrutd 2ocydapcmeennbity azpapubil yrusepcumem, Kpacnoapcek
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Kpurepuii yauBepcanbHocT MaTpuibl B moarpynne rpynnst UT, (R) uan
KOMMYTATUBHBIM U aCCOIIMATUBHBIM KOJIBIIOM R ¢ equHUIEN

H. I'. Xucamues, . A. Tycynos, C. II. TEIHBIBEKOBA, A. A. KOHBIPXAHOBA

Onement g rpynnsl G HA3BIBAETCS YHUBEPCAIBLHBIM, €CIIU ypaBHeHue (¢, x] = f paspe-
MO U1 J1I000ro srmemenTa [ 3 komMmyTanTa G rpymmer G.

Teopema 1. Ilycrs mims monrpynmer H rpynmer UT,(R) yHUTpeyrompHBIX MaTpHI]
pa3MepHOCTH N > 2 Ham KOMMYTAaTHBHBIM U aCCOILMATUBHBIM KOJBIIOM R c emuHHUIEH cripa-
BEIJINBEI CJIEAYIOIIIUE VCIOBUS:

1. Kommyranr H' comepxkut mMaTpuibr a® me Takme, ITO CIPABEIIUBEI: ag?u =1
az(-j’z-)w =0,1<i<n—-1l,mc=e+en,.

2. s mobbrx maTpur g, h € H vannercs marpuna (g, h) m3 H takas, aro (g, h)i—1 i+1 =
gi_l,ihi+17¢+2 — hi_17ig¢+1,i+2, 1<i<n—1, conepxurcs B H.

Torna marpuna v € H yuuBepcasabHa B H eciiu m TOJIBKO €CJIU CIIPABENJIUBLI YCJIOBUS:

a) BIIEMEHTHI U; ;41,1 < i < n — 1, mepBoil TOGOYHON QUArOHAIN MATPHIEL U OOPATIMBL
B R,

b) 57eMEHTEL Uq 2, Up—_1 5, B3AUMHO IPOCTHI, T.€. HAMIYTCS 3JIEMEHTHI 1o, 71 € R Takue,
9TO U270 + Up—1,nT1 = L.

CnencrBue 1. Marpuna u rpymnmst UT, (R) Bcex yHUTPEYTOIBHBIX MATPHI] PA3MEPHO-
cTu n > 2 Haag KOMMYTATHUBHBIM U aCCONUATUBHBIM KOJIBIIOM C enuHUIler 1 yHuBepcajabHAa
TOrZa W TOJBKO TOILa, KOTAa CIPABENJIUBBI YCIOBUA: &) SJIEMEHTHI U i+1,1 < i < n — 1,
IepBOI TO60YHON AUATOHAJIN MAaTPUIBL U 06paTuMbl B R, b) smemenTsI U1,2, Up—1,n B3AHMHO
IIPOCTEI, T.€. HaAyTCs 3JeMeHTEI 1o, 71 € I Takme, 94T0 U1 270 + Up—1,,71 = 1.

Teopewma 2. CymiecTByer koHeuHO nopoxnentas noarpymnna H rpynnet UT, (R), n > 4,
VHUTPEYTOJbHBIX MATPUI] HAJA KOMMYTATUBHBIM U ACCOMUATUBHBIM KOJIBIIOM R c emuuwmiert
1, umerorrias yHUBEPCAJIBHYIO MATPUILY U U OJI JTF060i mMaTpunsl h € H BepHO paBeHCTBO:
hn—l,n =0.

IIycrs (K, o) — BBIYUCIEMOE KOMMYTATHBHOE U ACCOUUATHUBHOE KOJIBIO C emuHUIel 1.
Torzma cymecrByer Boraucanmas Hymepanus o rpynnet UT, (K) #mag komsnom K.

Canenctsue 2. IIycts H - Borauciaumo nepeuncianmvas noarpynna rpymnnsl (UT, (K), a*),
rme n > 3, Takas, 4TO cupaBeaauBbl yciaoBus 1 u 2 teopembr 1. Torma MHOXeCTBO YHUBED-
CcaJIbHBIX MaTPHUIl TOATPyInbl H BBEIYUCINMO 1mepeducmMmo.

CanenctBue 3. Eciu MHOXeCTBO 06pATHMBIX 5JIEMEHTOB HyMePOBAHHOTO Koabna (K, o)
BoruncanMo u H - Beraucsiumo nepeunciumas nogrpynma rpynasr (UT, (K ), o*) rakas, aro
cnpaBenuBel ycnoBud 1,2 teopemer 1 u hyp—1, = 0 mwam hyo = 0 gma 0600 MaTpPHIIET
h € H, To MHOXeCTBO yHUBEPCAJIBbHBIX 3JIEMEHTOB moarpynmnsl H Beraumcaumo.

Eespasutickuti nayuonaavrviti yrnusepcumem um.JI. H. 'ymuaesa, Acmana
E-mail: hisamiev@mail.ru, ErkeshanK@mail.ru
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O CyLIeCTBOBaAHM pAa3pelnInMMbIX XOJIJIOBBIX IIOATPYIIII

A. TI. XPAMOBA

IIycts G — KOHeuHas rpylma, a T — HEKOTOpoe GUKCUPOBAHHOE MHOXKECTBO IIPOCTHIX
qucen. Cumsosiom 7(G) GymeM 0603HAUATH MHOXKECTBO IIPOCTHIX mesmTestelt mopsaka G.

B 1956 romy, ®. Xomn B [1| npennonoxwuit, uro rpynna G paspermMa ecim s JTI0ObIX
p,q € w(G) ona obnamaet {p,q}-XOIIO0BON MOATPYNIION. DTa FUNOTE3a ObIIIA BIOCIEACTBUN
nokasana 3. Apagom u M. Bapnom B [2] ¢ ucnonb3oBanmeM KiaccuuKanum KOHEUHBIX TIPO-
CTBHIX T'PYIIIL.

B pabore mokasbiBaeTcst 00OOIIIEHNE STON TUIIOTE3bI, KOTOPOE SIBJISIETCS KPUTEPUEM CY-
IIIECTBOBAHUS PA3PEIINMON XOJIJIOBON MO PYIIITHL:

Teopema 1. B G cywecmsyem pas3pewumas T-TOA408a N00PYnna mo20a u moabko
mozda, ko2da G o6aadaem {p,q}-roar060t nodepynnoti dig 406 p,q € T.

[TepBobiit 5Tan MOKa3aTeIbCTBA TEOPEMBI 3aKI/TIOUAETCSI B CBEIEHUN K CIIYYalo MOYTHU IIPO-
croix rpyni. B [3] @. I'poce momyumst mocTaTouHOe yCIoBUe CyIIIeCTBOBAHUE XOIIIIOBON MO~
IPYIILI B KOHEYHON rpymme. Teopema 2 ABISeTCS YACTUYHBIM AHAJIOTOM HTOTO YCIIOBUS.

Teopema 2. Ilycmv xomnosuyuonmviti pad 1 = Go < Gy < -+ < G,, = G g6agemcea
ynaomuenuem 24a6no20 pada epynnovt G. Ecau epynna Autc(G;/Gi—1) obaadaem pazpewu-
MOT T-T0A40801 N0d2pynnoti dad w6020 1 < i < n, mo u cama G obaadaem pazpewumot
T-L0AA060T N0JPYNNOL.

BropbiM sTamom sBiisieTcst pacCMOTpeHue MpoCThiX rpymm. Cremyroriee Ipeniokenne
IIOKA3aHO Ha OCHOBE KJIACCUMPUKAIUN XOJIJIOBBIX MOATPYIII KOHEYHBIX IIPOCTBIX I'PYIII, IOJIY-
gennoit @. ['poccom, I.0. Pepunbim u E.II. BnoBunbiM.

IIpennoxenune. ITycmb S — xoweunad npocmad epynna, u T makoe, umo |[rNw(S)| >
3. I'pynna S obaadaem paszpewumoti w-roa10601 nod2pynnoti moz20a u moavko moz20a,
koeda 6 S ecmv {p, q}-roas08a nodepynna das wobvix p, ¢ € . Kpome mozo, éce kaaccy
CONPANCHHOCTU TAKUT NOOZPYNN UHEAPUAHTIHBL OTNHOCUMEALHO 2PYNNbL A8MOMOPHUIMOE.

Pa6ora seimonuaena npu nonnepxkke PODU (kom mpoexra 18-31-20011).

CIIUCOK JINTEPATYPBI

[1] Hall P. Theorems like Sylow’s. Proc. London Math. Soc. (3) 6 (1956), 286-304.
[2] Arad Z., Ward M. New criteria of solvability of finite groups. J. Algebra 77 (1982), 234—246.
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ITepuonunueckue rpynibl, HACBHIIIEHHBIE KOHEYHBIMU IIPOCTBIMU T'PYyNIIaMU
nueBa Tuna paura 1 u rpynmamvm L3(2")

A. A. IINEOKWH

[oBopsT, uto rpynna G Hackiwena TPYHIAMI W3 MHOXKeCTBa rpymnn R, eciaum mobas
KOHeuHas moarpymnmna u3 (G comep:KuTcs B moarpyimne rpynmbl G, m30MOPGOHON HEKOTOPOIT
rpynme u3 R [1]. B Koyposckoit Terpanu [2] mocrasner Bonpoc 14.101:

BepHo sm, uTo mepmonmyeckas rpynna, HaCBHIIIIEHHAS KOHEYHBIMU IIPOCTBHIMY T'DYIIIIaMHI
JIHEBa THUIIA, PAHT'H KOTOPBIX OT'PDAHHIUHBI B COBOKYIIHOCTH, CaMa ABJIAETCS IPOCTOH I'DYIIITOR
JneBa Ttuna’

[Tomyyen wacTUYHBIN OTBET HA 3TOT BOIPOC IJIs TPYIII, HACBHIIIEHHBIX KOHEUYHBIMU IIPO-
CTBIMU TpyInaMu juesa Tuna padra 1 u rpymamu Lz (2™). Homoxum

D = {Ly(f), Us(h), Sz(22™ 1), Re(3*"TH)|f >3, h>2,m > 1,n> 1} —
MHOXKECTBO BCEX KOHEUHBIX IIPOCTHIX IPYIII jMeBa TUIa paHra 1,
¢ = {L3(2%) | k — me durcuposarmoe},
M=DUC.

Teopema. Ilycts mepumonuueckas rpynma (G HachIIIIeHA TpydiaMu u3 MHOXecTBa )N
Torna G m3oMopgHA OXHOI U3 TPYIII CAEAYIOIErO0 MHOXECTBA

{L2(F), Us(H), Sz(P), Re(Q), Ls(R)},
rone F, H, P,(), R — 5oKajbHO KOHEYHBIE IIOJIs.
Pabora Buimonmuena npu nopgnep:xke PODU, mpoekt N 18-31-00257.
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ITepunonuyeckue rpynmnsl [IlynkoBa, HacChIIIIEHHBbIE KOHEUYHBIMU [IPOCTHIMU
rpynnavmu L4(2")

A. A. IInenkuH, 1. M. 3YBAPEHKO

[oBopsT, uto rpynna G Hacbiwena TPYHIAMI U3 MHOXKeCTBa rpymnn R, ecium obas
KOHeuHas moarpymnmna u3 (G comep:KUTCs B MOArpyImne rpynmbl (G, m30MOPHOHON HEKOTOPOIT
rpynme u3 R [1]. B Koyposckoit rerpann [2] nocrasien sBonpoc 14.101:

Bepno sn, uTo nepuonumdeckasr rpymmna, HACBHII[EHHAS KOHEUHBIMHU MPOCTBHIMU TDYIIIaMI
JINEBA THUIA, PAHTH KOTOPBIX OTPAHUYIUHBI B COBOKYITHOCTH, CaMa SIBJISI€TCS IIPOCTOH I'DYIIIION
JneBa Ttuna’

B [3, 4] npuBumeno perierne aHHOTO BOMPOCA IJIsl IEPUONNIECKUAX TPYIIT U PENAKIAN
IaHHOTO Borpoca njs rpynm [IyHKkoBa, HACKHIIIIEHHBIX KOHEUHBIME ITPOCTBIMU TPYIIIaMU JIH-
eBa Tumna panra 1. EcrecTBeHHBIM 11aroMm Ojist moHOTO perrieHus: Borpoca 14.101 sBnsercs
paccMOTpeHue I'PYII, HACBIIEHHBIX TPYIIIaMu JIneBa TUIa 00jiee BHICOKAX DAHTOB.

Teopewma. IlycTs mepuonudeckas rpynma IllyakoBa G HachIIIleHa KOHEUHBIME DY IIITAMI
u3 muOoxkectBa {L4(2")}, roe n — ne ¢pukcupyercs. Torma G mzomopdua L4(Q), roe QQ —
JIOKQJIbHO KOHEYHOE II0JI€ XapaKTEPUCTUKN 2.

Pabora Brimonuena npu nognep:xke PH®, mpoexT N 18-71-10007.
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Equitable 2-partitions of Star graphs

S. V. AVGUSTINOVICH, I. YU. MOGILYKH

A r-partition C1,...,C, of the vertex set of a graph is called equitable if for any i,j €
{1,...,r} avertex from C; has exactly A;; neighbors in Cj. The matrix A = (Ay;); jef1,....r)
is called the quotient matrix of the partition.

The Star graph St(n) is the Cayley graph of the symmetric group Sym(n) with gen-
erators {(1,4) : i € {2,...,n}}. The studies of the spectral theory of the Cayley graphs of
the symmetric group are motivated by representation theory of the symmetric group. The
integrality of several classes of Cayley graphs was proven in [6]. The eigenvalues of St(n)
are all integers i, —(n — 1) < i < (n — 1) [3] that follows from spectra of Justys-Murphy
elements. The multiplicities of the eigenvalues were studied in [2] and the largest nontrivial
eigenvalue n — 2 was shown to have multiplicity (n —1)(n —2). In work [5] an explicit basis
for eigenspace for eigenvalue n — 2 is found and a reconstruction property for eigenvectors
by its partial values is proven.

The star graph St(n), for any n > 3 has l-perfect code [1]. In other words, there is
0 n—1
1 n-2
of existence of perfect codes in Hamming graphs (Cayley graphs of the elementary abelian
groups) was one of the main topics in coding theory solved in 70s. Recently, the study of the
codes in Cayley graphs of the symmetric group is spurred by their usage in flash memory
storage[4].

Theorem. 1. The following matrices are feasible quotient matrices of equitable 2-
partitions of St(4):

(F2)(0e) i) (3)(50)

2. There is an equitable 2-partition of St(5) with the quotient matrix (

This work was partially supported by RFBR 18-01-00353A.
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On finite groups with exactly four conjugate classes of maximal subgroups

V. A. BELONOGOV

A finite group is called nM-group, where n is a positive integer, if it have exactly n
conjugacy classes of maximal subgroups. Finite 1M-groups are evidently primary cyclic.
Finite 2M-groups and 3M-groups were described by G. Pazderski [1] and the author [2],
respectively. The investigation of the finite 4M-groups was begin in the paper [3] in which
the finite simple 4 M -groups were described (they are PSLy(q) for some suitable ¢, PSL3(3),
PSUs(q) for ¢ = 3 or ¢ = 22" (m € N) and Sz(2") for an odd prime r). In this we described
also the finite nonsimple 4M-groups having no normal maximal subgroup.

In the paper [4], we considered the finite nonsolvable 4M-groups G' which have normal
subgroups of prime index p. Here we prove (see Theorem 3) that if ®(G) = 1 then one of
the following conditions holds:

(1) G = P x L, where |P| = p and L is a simple 3M-group;

(2) G has the unique minimal normal subgroup S = L; x -+ X Ly, where Ly, ..., L;
are isomorphic simple nonabelian groups, p and ¢ divide |G/S| and G/S is a (solvable) 1M-
or 2M-group.

Now we investigate 4M-groups of type (2) for ¢ = 1, i.e., almost simple 4M-groups.
First of all, we find one infinite series of such groups.

Proposition 1. For any prime r, there exists an almost simple 4M-group with the

socle S = L(2"), namely, the group Aut(S) = PXLo(2") = Lo(2").Z,.
Proposition 2. Let G be a finite almost simple group with the socle S. Suppose that

S has some four G-invariant classes of maximal subgroups. Then G is not 4M-group.
Note that all almost simple 4M-groups considered in [5] are determined in [6].
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What do Frobenius’s, Solomon’s, and Iwasaki’s theorems on divisibility in
groups have in common?

E. K. BRUSYANSKAYA, A. A. KLYACHKO, A. V. VASIL'EV

In this talk we present the result that contains as special cases the Frobenius theorem
(1895) on the number of solutions to the equation z™ = 1 in a group, the Solomon theorem
(1965) on the number of solutions in a group to a system of equations having less equations
than unknowns, and the Iwasaki theorem (1985) on roots of subgroups. There are other
curious corollaries of this result on groups and rings.
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Isomorphism problem for coherent configurations associated with %-transitive
permutation groups

D. V. CHURIKOV, A. V. VASIL'EV

Let G be a permutation group on a finite set ). Denote the set of its 2-orbits, that is
the orbits of the componentwise action of G on Q x €, by Orbs(G). The pair Inv(G) =
(€2, Orbs(@)) is called a schurian coherent configuration associated with G. An isomorphism
of colored coherent configurations X = (2,.5) and X’ = (', S") with respect to a coloring
bijection ¢ : S — S’ is a bijection ¢ : Q — Q' such that s? = {(a?, %) : (a, B) € s} = s¥
for all s € S. Denote the set of all such isomorphisms by Iso(X, X’,). In the particular
case, where X = X’ and ¥ = idg is the identity map on S, the set Aut(X') = Iso(X, X, idg)
is the automorphism group of X. If X = (Q,Orby(G)) is associated with a permutation
group G, then Aut(X) is the so-called 2-closure of G, i.e. the largest permutation group
on €2 having the same 2-orbits as G. Here we are interested in the following two problems.

2-Closure problem. Given a permutation group G on a finite set €2, find 2-closure
of G.

Isomorphism problem for schurian colored coherent configurations. Given
two permutation groups G and G’ on a finite set Q2 and a bijection ¢ between Orby(G) and
Orby(G’). Find the set Iso(Inv(G), Inv(G’), ¢).

In this talk we present polynomial-time algorithms to solve these problems in the case
when the coherent configurations are associated with %—transitive groups. Recall that G
is a %—transitive permutation group on a set {2, if it is a non-regular transitive group with
equal-sized orbits of a point stabilizer G, on the set 2\ a.

Theorem 1. The 2-closure problem for the %-transitive permutation groups of degree
n can be solved in time polynomial in n.

Theorem 2. The isomorphism problem for the schurian colored coherent configurations
associated with %—transitive permutation groups of degree n can be solved in time polynomial
in n.

It is worth mentioning that one of the key tools of our proof is the recent classification
of 2-transitive permutation groups [1].

The work was funded by RFBR according to the research project No 18-01-00752.
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Reidemeister spectra of finite groups

V. E. LESHKOV

Let ¢ : G — G be an automorphism of a group G. Elements ¢, f € G are termed
p—twisted conjugated, denoted by g ~,, f, if there exists x € G such that g = (z¢) ! fx, or
equivalently (zp)g = fx. Twisted conjugation is an equivalence relation on G, its equivalence
classes are called Reidemeister classes (or p—conjugacy classes). The cardinality R(p) of
Reidemeister classes is called Reidemeister number of p. The Reidemeister spectrum of G is
defined by

Specr(G) = {R(p)|p € Aut(G)}.

We consider a new notion of the extended Reidemeister spectrum that includes full description
of the Reidemester classes, namely, we add the information about cardinality of the set of
the Reidemester classes corresponding to any given Reidemeister number. We compute the
extended Reidemeister spectrum for some finite p-groups and for some infinite nilpotent
groups. Also we give a description in a more general setting.

The participant was supported by a travel grant provided due to Prof. H.P. Sankap-
panavar.
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Characterizations of simple linear groups in the class of periodic groups

D. V. LytkiNA, V. D. MAZUROV

Let 9t be a set of groups. A group G is saturated with groups of 91 if every finite
subgroup of G is contained in a subgroup of GG isomorphic to some member of 9. For
example, a simple group Lo(P) = PSL(2,P) where P is a locally finite field of prime
characteristic p is saturated with groups of the set MM = {PSL(2,q),q = p™,n € N}.

Conjecture. Let L = X (P) be a simple group of Lie type X over a locally finite field
PP the set of finite subfields of P and M = {X(Q)|Q € B}. If G is a periodic group
saturated with groups of 9 then G ~ X (Fy) for some subfield P, of P.

Currently this conjecture is confirmed for all groups of Lie type of Lie rank one. Moreover
the following results are proved.

Theorem 1. Let G be a periodic group saturated with the set of all finite simple sym-
plectic groups S4(q). Then G ~ Sy(P) for some locally finite field P.

Theorem 2. Let GG be a periodic group saturated with the set of all finite simple groups
3D4(q) and G2(q) over finite fields of odd characteristics. Then G is locally finite and
isomorphic to 3Dy (P) or Go(P) for some locally finite field P.

The work is supported by the Russian Science Foundation (grant 14-21-00065).
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Examples of finite groups recognizable by isomorphic type of Gruenberg—Kegel
graph

N. V. MAsLova, M. R. ZINOVIEVA

The Gruenberg—Kegel graph (or the prime graph) of a finite group G is a graph whose
vertex set is the set m(G) of all prime divisors of the order of G, and two distinct vertices p
and ¢ are adjacent in I'(G) if and only if pq is an element order of G.

Let G and H be finite groups. We write I'(G) = I'(H) if I'(G) and I'(H) are isomorphic
as abstract graphs. For example, I'(Ay) = I'(Aut(J2)), but I'(A1) # I'(Aut(J2)).

A group G is recognizable by Gruenberg-Kegel graph if for any group H, the equality
I'(G) = T'(H) implies the isomorphism G = H. Let us define G to be recognizable by
isomorphic type of Gruenberg-Kegel graph if for any group H the equality I'(G) = I'(H)
implies the isomorphism G = H.

In [1] A. Zavarnitsine proved that if I'(G) has exactly 6 connected components, then
G = J,. In particular, Jy is recognizable by isomorphic type of Gruenberg-Kegel graph. In
the present work, we provide several more examples of groups recognizable by isomorphic
type of Gruenberg-Kegel graph. We prove the following theorem.

Theorem. The groups 2G»(27) and Eg(q) for q € {2,3,4,5,7,8,9,17} are recognizable
by isomorphic type of Gruenberg-Kegel graph.

Acknowledgments. The first author is very thankful to Prof. Tatsuro Ito and Prof.
Ilia Ponomarenko for discussions during the conference 2018 IWGRR in Chongqing (China)
which pushed her to start this research.
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Relations between the additive and the multiplicative groups of a two-sided
skew brace

T. NASYBULLOV

A skew brace A = (A, ®,®) is an algebraic system with two binary algebraic operations
@, ®@ such that Ag = (4,®), Ag = (A, ®) are groups and the equality

a®bdc)=(a0b)oad(ad®c) (1)

holds for all a,b,c € A, where ©a denotes the inverse to a element with respect to the
operation @. The group Ag is called the additive group of a skew brace A, and the group
Ag is called the multiplicative group of a skew brace A. If Ag is abelian, then A is called
a classical brace.

Classical braces were introduced by Rump in 2007, skew braces were introduced by
Guarnieri and Vendramin in 2017 in order to study set-theoretical solutions of the Yang-
Baxter equation. Also skew braces are connected with biquandles and racks, so, they can
be used in knot theory.

Equality (1) makes the groups Ag and Ag strongly connected with each other. For
example, the following problems formulated in the Kourovka notebook (Problems 19.49,
19.90) tell about some of such connections.

(1) Let A be a skew brace with left-orderable multiplicative group. Is the additive
group of A left-orderable?

(2) Does there exist a skew brace with solvable additive group but non-solvable mul-
tiplicative group?

(3) Does there exist a skew brace with nilpotent multiplicative group but non-solvable
additive group?

In the talk we are going to discuss connections between properties of the additive and
the multiplicative groups of skew braces. We will construct examples which answer questions
(1), (2) from the list above and introduce positive results concerning questions (2), (3) from
the list above for so called two-sided skew braces.
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Infinite family of non-schurian separable association schemes

G. K. RyaBov

An association scheme is defined to be schurian if all its basis relations are 2-orbits of
an appropriate permutation group and it is defined to be separable if it is determined
up to an isomorphism only by the tensor of its intersection numbers. The problems of
determining whether given an association scheme is schurian and determining whether given
an association scheme is separable are among the most fundamental problems in the theory
of association schemes. It is known that there exist infinite families of association schemes
which are: (1) schurian and separable; (2) schurian and non-separable; (3) non-schurian
and non-separable. From the computer calculations it follows that there is a finite number
of non-schurian separable association schemes. However, the question whether there exists
an infinite family of non-schurian separable association schemes was still open. We give an
affirmative answer to this question.

Theorem. There exists an infinite family of non-schurian separable association schemes.
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1-Closed groups in the variety of 2-step nilpotent groups

S. A. SHAKHOVA

For an arbitrary quasivariety 20 of groups, a group G in N, and a subgroup H of G,
introduce, following [1] and [2], a set dom> (H ), which is referred to as the dominion of the
subgroup H of G in the quasivariety 91, as follows:

domP(H) = {g € G| VM € MV, : G — M,ifp |g= 1) |u, thenp(g) = 1(g)}, where
0,9 : G — M are homomorphisms of the group G into the group M; ¢ |y and ¢ |y are the
restrictions to the subgroup H of the homomorphisms ¢ and 1), respectively, and ¢(g) and
1 (g) are the ¢ - and v - images of g, respectively.

According to [3], a group H € M is said to be n-closed in M if domP (H) = H for every
group G = gr(H,aq,...,a,) in M containing H and generated modulo H by n appropriate
elements aq, ..., a,.

It was establised in [4] that the additive group of the rationals is 1-closed in an arbitrary
quasivariety of torsion-free nilpotent groups and 3-closed in an arbitrary quasivariety of 2-
step nilpotent torsion-free groups. It was proved in [5] that the additive group of the rationals
is 2-closed in every quasivariety of torsion-free nilpotent groups of class at most 3.

In the present paper the following theorem is proved.

Theorem. Any group is 1-closed in the variety of all nilpotent groups of class at most 2.
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The Wielandt—Hartley theorem for subnormal subgroups

S. V. SKRESANOV

A class X of finite groups is called complete, if it is closed under taking subgroups,
homomorphic images and extensions. If X is a finite group, let 7(X) denote the set of
primes dividing | X|.

Our main result is the following

Theorem. Let X be a compete class of finite groups and set

= |J =(x).

XeXx

Let G be a finite group and let A be a maximal X-subgroup of G. If H is subnormal in G,
then Ng(HNA)/(HNA) is a n’-group.

A group A; is a submazimal X-subgroup of H if there exists an embedding of H into
some finite group G, such that H is subnormal in G and Ay = H N A for some maximal
X-subgroup A of G. The set of all submaximal X-subgroups of H is denoted by smx(H).

Corollary. Let H = Hy x --- x H,, be a direct product of finite groups. Then
smx(H) ={(A41,...,A,) | Ai € smx(H;),i=1...n}.

The reported study was funded by RFBR according to the research project 18-31-20011.
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On §g-subgroups of finite groups

M. M. SOROKINA

Considered only finite groups. Let J be a class of all simple groups, {2 be a non-empty
subclass of J. A group G is called an Q-group if K(G) C Q where K(G) is a set of all
composition factors of G. Let §q be a class of all Q-groups belonging to the class §. In [1]
we defined two §qg-subgroups in a group — an §g-covering subgroup and an §qo-projector
which are the other generalization of Gaschiitz‘'s definitions of an §-covering subgroup and
an §-projector respectively compared to the definitions from [2]. Let § be a non-empty
class of groups. An §q-subgroup H of the group G is called an Fq-covering subgroup of G if
whenever H < U < G, V is a normal Q-subgroup of U such that U/V € §q then U = HV
a subgroup H of the group G is called an Fq-projector of G if HN/N is an §Fo-maximal
subgroup in G/N for every normal Q-subgroup N of G [1]. If = J then an §q-covering
subgroup (an Fo-projector) of a group is its §-covering subgroup (F-projector). Let H be an
Q)-subgroup of a group G. If w is a set of primes such that 7(Q2) C w and H is an §¥-covering
subgroup (an §“-projector) of the group G then H is §q-covering subgroup (Fqo-projector)
of G.

Recall that the class § is Q-primitively closed in X if for each group G' € X the following
condition is satisfied: if G/Coreq(M) N Oq(G) € § for every maximal subgroup M of G
then G € § where § and X are non-empty classes of groups, § C X. We proved that if X
is an S-closed homomorph, § is a non-empty -primitively closed homomorph in X and a
group G € X has a solvable §qg-residual (2-subgroup then G has at least one Fo-projector
[1]. In the following theorems we have studied the question on including of §q-subgroups
of a group into its §g-covering subgroups and §q-projectors.

Theorem 1. Let X be an S-closed homomorph, § be a non-empty 2-primitively closed
homomorph in X, G € X. Suppose that N is a nilpotent normal {2-subgroup of G and H
is a solvable §q-subgroup of G with G = HN. Then H is included into an §q-covering
subgroup of G.

Theorem 2. Let § be a non-empty Q-primitively closed formation. Suppose that N is
a nilpotent normal Q-subgroup of a group G, G¥9 is a solvable Q-group, L is a subgroup of
G such that G = LN. Then there exists at least one §qo-projector K in L and K = HN L
where H is an §q-projector of G.

REFERENCES
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On automorphism groups of AT4(7,9,r)-graphs and their local graphs

L. Yu. TSIOVKINA

Let I' be a distance-regular graph with diameter d > 3 and eigenvalues k = 6y > 61 > ... >
04. Koolen, Jurisi¢ and Terwilliger proved that the intersection numbers by and a; of T’

satisfy the following inequality (the so-called fundamental bound): (61 + #)(Qd + r’il) >

-1 ff}r%Q I' is called tight whenever I' is not bipartite and the equality in the fundamental

bound is attained. It is known that I' is tight if and only if each its local graph is strongly
regular with non-trivial eigenvalues —¢ = —1—0b1/(14+6;1) andp = —1—b1/(1+64). If d = 4
and I' is antipodal and tight, then the intersection array of I' is expressed in terms of the
non-trivial eigenvalues p and —q of the local graphs and the size r of its antipodal classes. In
this case I is called an antipodal tight graph of diameter 4 or simply an AT4(p, q,r)-graph.

In this work, we consider the problem of classification of AT4(p,q,r)-graphs. Their
study is motivated by the fact that almost all known non-bipartite antipodal distance-regular
graphs of diameter 4 are tight. Jurisi¢ conjectured that the family of AT4(p, g, r)-graphs is
finite and consists of the following three subfamilies: (i) g|p and r € {2,q}; (ii) p+ 2 = ¢
and r € {2,q — 1}; (iii) Conway-Smith graph 3.Sym(7) (AT4(1,2,3)), the graph Soicher2
(AT4(20,4,3)) and 3.Fig4-graph (AT4(351,9,3)). The case (p,q,r) = (p,p + 2,2) was later
ruled out by Makhnev.

One natural task in classification of AT4(p, q,r)-graphs is to describe those ones which
have relatively small valency or possess large automorphism groups (for example, transitive
on arcs). It can be showed that if an AT4(p, p+ 2, 7)-graph is of valency at most 1000, then
p € {2,3,...,8}. The graph Soicherl (with intersection array {56,45,16,1;1,8,45,56}) is
the only AT4(p,p + 2,r)-graph with p = 2 and admits an arc-transitive action of 35.U4(3).
There are no known examples of AT4(p,p + 2,r)-graphs with p > 2 and r > 2. Tsiovkina
proved that there is no arc-transitive AT4(p, p+ 2,7)-graph with p = 5. Here we investigate
the automorphism groups of AT4(p, p + 2,r)-graphs with p = 7 and of its local graphs.

Theorem 1. Let I be a AT4(7,9,r)-graph and G = Aut(I"). Thenn(G) C {2,3,5,7, 11,
79} and G acts intransitively on arcs of T.

The local graphs of each AT4(7,9, r)-graph are strongly regular with parameters (711, 70,
5,7). It is unknown whether a strongly regular graph with these parameters exists. We prove
the following result.

Theorem 2. Let © be a strongly regular graph with parameters (711,70,5,7) and
G = Aut(0©). Then 7(G) C {2,3,5,7,79} and G acts intransitively on vertices of ©.

Acknowledgement. This work was supported by the grant of Russian Science Foundation,
project no. 14-11-00061 P.
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On the prime and solvable graphs of finite simple groups

M. A. ZVEZDINA, A. V. VASILEv, M. L. LEwIs, J. MIZRAJANI,
A. R. MOGHADDAMFAR

We consider two types of graphs associated with finite groups. For a finite group G,
denote by 7m(G) the set of all prime divisors of |G|. The prime graph GK(G) (solvable graph
S(@)) of G is a graph with vertex set 7(G), in which two different vertices r and s are
adjacent if and only if G' has a cyclic (solvable) subgroup of order divisible by rs.

The prime and solvable graphs of finite simple groups are well studied, see, e.g., [1] and
[2]. Relying on these results, we investigate splitness of these graphs. A graph is split if its
vertex set can be partitioned into a clique and an independent set (either set can be empty).
If G is an abelian simple group, then GK(G)=8(G) is a singleton, and so is split. Let G
be nonabelian. Easy calculations show that if G is an alternating group, then the graphs
GK(G) and S(G) are split. Using the Atlas of finite groups, we check that the prime graph
GK(G) of any sporadic group G is split, and that there are exactly 10 sporadic groups whose
solvable graph S(G) is nonsplit.

Let G be a finite simple group of Lie type. Then the graph GK(G) is not split in most
cases. However, it turns out that the compact form GK.(G) of this graph is split. Here by
the compact form T’ of a graph T' we mean the quotient graph I'/= w.r.t. the following
equivalence relation on the vertex set Vi of I': for every u,v € Vi we put v = v if ut = v+,
where a' is the ball of radius 1 with center a in T.

Theorem. The graph GK.(G) of any finite simple group G is split.

In general, the compact form S.(G) of the solvable graph for a simple group of Lie type
also splits. Nevertheless, there are examples of nonsplitness of such graphs, and due to the
positive solution of the Artin conjecture on primitive roots for almost all primes [3], one can
construct infinitely many of them.

The work was supported by the program of fundamental scientific researches of the SB
RAS No. 1.1.1., project No. 0314-2016-0001.
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Huknin aBToMmopdu3m cBo6onubix ajnrebp JIu panra 3 Hazm eBKIMOOBLIMU
KOJIbITaMU

A. A. AlIUMBAEB, Y. Y. YMUPBAEB

B 1964 romy I1. Kon [1] nokasas, 4To aBTOMOPOU3MBI KOHETHO TIOPOKIEHHBIX CBOOOMHBIX
anre6p Jlu HAI TPOM3BONBHBIME MOIAME SBIAIOTCS pyunbiMu. [losxke B paGore [2] IIxk.
JleBuH 0600IIINIT 5TOT pe3yabTAT IJIs IIPAepPOBBIX MHOTOOOpa3uii ajareop.

BosuukaeT ecTecTBeHHBIN BOIIPOC 06 aHAJIOTe 9TUX Pe3yIbTaTOB IJIsT CBOOOMHBIX aJIreop
HAJl XOPOIIUMHU KOJIbIIaMU, HAIIpUMep, HA €BKJINIOBBIMHI KOJIbIIAMU.

[Iycts @ - mpou3BoTbHAS €BKINIOBA OOJIACTH W 2 HEHYJIEBOW HEOOpATUMBIN diieMeHT P.
Onuako B pabore [3] mokazaHO, 4TO AaBTOMOPGHOU3M

n = (z1 + xo(2w1 — 23) + (201 — 23) 20 + 2(211 — 23)%, 22 + 2(221 — 23))

CBOOOTHON HEACCONMMATUBHOU alTeOphl U CBOOOMHON KOMMYTATUBHOU ajireOphl paHTa OBa
man ¢ saengercs mukuMm. ODTOT aBTOMOpdU3M sBiseTCst 06oOIeHneM aBToMopduima Ha-
raTel. MeTon mocTpoeHme 3TOro aBTOMOpPU3MA HE MPOXOMUT I AHTUKOMMYTaTUBHBIX
anrebp, Tak Kak KBaJIpaT 3JEMEHTA B aHTUKOMMYTATUBHBIX ajrebpax paseH Hym. O600-
Iasi METONBI ocTpoeHne aBroMopdusmos Harater [4] u Aruka [5], Hamu mocTpoen mukuii
aBTOMOP(DU3M

0 = (z1 + [[z21 — [w2, 23]], 23], T2 + 2(221 — |22, 23]), X3)

cBOOOmHON are6psl JIu panra 3 HaI €BKIXIOBBIME KOJIbIIAMEA. DTOT aBTOMOP(MU3M SIBJISIETCS
aHasIoroM aBroMopdusma AHUKa CBOGOMHON aCCOIMATUBHON aireGpsr [5).

Pa6ora monnepxana MOH PK (rpant AP05133009).
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O muddepeHIIpPpOBAHUAX B IPYyNOOBLIX ajireGpax

A. A. APyTIOHOB

WssecTHbiit Bonpoc IxoHcoHA cocTouT B TOM, uTo Bee muddepenuuposanus B L1 (G) —
SIBIISIIOTCS. BHYTPEHHUMU. OJTO Tpennosoxenne 6vuto mokasano B. Jlozeprom B 2008 romy.
Omuaxo, BOIPOC MOXKHO HOCTaBUTH B Gosee obueint opme. Ilycrs d : C[G] — C[G] — nun-
HeTHOe 0TOOpaKeHue, KOTopoe yuoBiaTersopser npasmty Jleinbuuna d(uv) = d(u)v + ud(v).
Koneuno, mbr mpenmonaraem rpymmny G — BooOIIe TOBOPS. OECKOHEYHON 1 HE KOMMY TATUBHOM.
Torma Bo3HUKAET BOIPOC, MOYXKHO JIM OMUCATDH Bee nuddepeHIInpOBAHNS, & TaKXKe OyIoyT JIu
OHU COBIANATH C BHYTPEHHUMI.

Oxa3sbIBaeTCs, YTO B TAKOM Cilydae ajrebpa muddepeHnnpoBanuii ropasmo b6orade. B
YACTHOCTU MOXKHO PAacCMOTPeTh mauddepeHImpoBanus ciaenyomero suna. llycrs z € Z(G)
— HJIEMEHT IEHTPA, U T — TOMOMOP()U3M B AAIUTUBHYIO I'PYIITY KOMILIEKCHBIX YUCE, TO €CTh
T(zy) = 7(x) + 7(y). Torma samamum Ha 00pa3yIOIINX CIIEAYIOIIEE OTOOPAKEHIE

dl :x — 7(x)zz.

Orobpaxkenus Buna d obpasyor nomanrebpy ZDer(G) B anrebpe Bcex nubdepeHnn-
POBaHUM, IpUUeM HUKaKUe U3 Takux OuddepeHInpoBaHull He OyoyT BHY TPEHHUMIU.

ITns mokasaTenbCTBa MAHHOTO YTBEPKICHUSA U BOOOIIE I OMUCAHUS anre6psl mudde-
PEHIIMPOBAHUI MOJIE3HO OTOXKIECTBUTH nuddepeHnnpoBanns ¢ XapakrepaMu (KOMILUIEKCHO-
3HAUHBIE OTOOPAKEHUS X MHOKECTBa MOpPu3MoB, ¢ ycmoBueM X (1 o ¢) = x (1) + x(¢) ecnn
KOMIIO3UIIUS OIPENEsIeHa) Ha HEKOTOPOM T'PYIIIONIE.

ITanHas KOHCTPYKINS TO3BOJISIET YCTAHOBUTDL TIPU KAKUX YCJIOBHA NuddepeHnnpoBa-
HUE SBJISETCS BHYTPEHHUM, U TOKa3aTh, UTO ONpPENeeHHbIe BhIMe muddepeHmpoBatus,
NMEeNCTBUTEIBLHO HE SBIISAIOT BHYTPEHHUME. [Ipm moMomm momoGHBIX Pe3yIbTATOB, yIAeTCsa
Tak>Xke IMOJIHOCTBIO ONMUCATh B KOMOMHATOPHBIX TepMuHAX NU(MOEPEHINpPOBAHUA I HEKO-
TOPBIX KOHKPETHBLIX IIPUMEPOB, HAIPUMEP IJIs TPYIII, KOTOPBIE SBJISAIOTCS EHTPATLHBIME
KOMMYTATUBHBIMA PACIIUPEHUIMA.
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HOpﬂ,Z[KI/I B I'paaynpoOBaHHBIX apPTUWHOBBIX KOJIbIIaX

II. C. BAXXEHOB

XOpOITIO 3BECTHBI YCJIOBUS HA KOJIBIO R, HEOOXOMMMBIE U MOCTATOUYHBIE MIJIsI TOTO, YTOObI
€ro KJIACCHYECKOE KOJIBIIO JACTHBIX OBIJIO MOIYIPOCTHIM apTUHOBBIM, IPOCTHIM aPTUHOBBIM
(teopemsbr Tommu) u aprunoBbiM (Teopema Cwmomuta). IIoKaam MOCBAIIEH aHATIOTAM JTHUX
pPe3yIbTATOB U TPAMYUPOBAHHBIX IO IpyIme Kojell. Eciu rpymnma conepKuT s1eMeHT 6ec-
KOHEYHOTO TIOPSAOKa, TO MOYXKHO IOCTPOUTH KOHTPIPUMED, MOKa3bIBAIOIINN, UYTO HEMOCPEm-
CcTBeHHBIN aHasior TeopeM ["onmu u CMmoria HeBepeH.

[Iycts R = 6P e R, — rpanympoBauHOe 1o rpynne (G accOIMaTUBHOE KOJIBIO, S —
MHOMKECTBO €TI0 OTHOPOMHBIX PEryIspHBEIX 3jeMeHToB, RS™! — ero kmaccmueckoe mpasoe
IpaIyMpPOBAHHOE KOJIBIIO YACTHBIX (CYIIECTBYOIIee pu BeimoiaHeHun ycsosuit Ope).

Teopema 1. Eciu rpynna G nepuonuyna, TO Cliemyoime ycaoBus Ha G-TpaIynpOBaHHOe
KOJIBITO [ paBHOCUIBLHBL:

(1) R — gr-mosymepBuvHOE IpaBoe KOIbIo [ omnu;

(2) kombr0 RS~ cymmecTByeT u BIOHE gr-TIPUBOIHIMO.

[IycTs mamee P97 (R) — HIXKHUI IpaLyupOBAHHBIN HIIb-DAIUKAI KObla R, T. e. ero
HAMMEHBIIH gr-ToTynepBuanbit unean, R = R/PI"(R), M = {r € R |7 € S(R)}, T{" =
P9"(R) N g (P9"(R)*) (k € N). Hasosém konbno R npaebmv T-gr-kombiom omnm, ecmn R
u R/T}" — npaseie gr-xomsua onnn ms Beex k € N.

Crenyromuit pe3yabTaT — I'paaynpOBAHHBLIN aHajor Teopembl CMormia.

Teopema 2. Ecau epynna G nepuoduuna, mo caedyrowue ycaosud na G-2padyuposanmoe
Koavyo R pasnocusbbvl:

(1) RS~ — gr-apmumoso cnpasa xoavyo;

(2) R — nenuavnomewmuoe npasoe T-gr-xoavyo ['oadu v M C S;

(8) R — nenuavnomenwmuoe npasoe T-gr-xoavyo 'oadu u M = S.

Crnenupuka rpamyrnpOBaHHBIX KOJIEI MPOSBISIETCS B HNOKA3aTEILCTBE UMILIUKAIIUIN
(2) = (1), B xoropom Tpebyercst Teopema 1. Ecnu rpynma G comepKuT 351€MeHT GecKo-
HEYHOTO TMOPSIKA, TO CyIecTByeT (G-rpalynpoBaAHHOE KOMMYTATUBHOE KOJIBIO R 6e3 Huiib-
MOTEHTHBIX 3JIEMEHTOB, COBIAIAIOIIEE CO CBOUM KJIACCHYECKUM TPALYUPOBAHHBIM KOJIBIIOM
YACTHBIX U HE SIBJISIOIEECs gr-apTUHOBBIM.
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O6 acconumaTuBHBIX ajire6pax ¢ NUCTPUOYTUBHON PEIIETKON monajarebp

A. T'. T'Enu

Crarps O. Ope [1], B KOTOpPOIl OMUCAHBI IPYNIBI C QUCTPUOYTUBHON PEIIETKON MOMI-
IPYII, CTaja IMPOJIOrOM K AHAJIOMMYHBIM UCCIIENOBAHUSAM B TEOPUHU TOIyrpymm [2], acco-
uaTuBHLIX [3| u smeBbix [4] komern; u np. OnmHAKO I aCCONMATHBHBIX aiure6p HAI IIO-
JISIME BOITPOC OCTABAJICS OTKPBHITHIM. PeréTka momairebp accormuaTuBHOM aare6per “Oemaee”
PEIIETKN TOMKOJIEIl acCONMMATUBHOTO KOJIbIA, MOYTOMY pPe3yJIbTaThl s ajrebp He MOTyT
OBITH TOYYEHBI PEMYKIMEN COOTBETCTBYIOIINX PE3yIbTaToB mis Kojer. UYepe3 A; obGo-
3HAUUM ajrebpandeckoe pacimperue nojs F', peméTka IoqpaciuimpeHnii KOTOPOTrO NUCTPU-
6yTuBHa, yepe3 A; — anrebpy, MOPOXKIEHHYIO HUIBIIEMEHTOM WHAEKca 2, depe3 Az —
anreOpy, TOPOXKIEHHYIO HIUIbY/IEMeHTOM nHAekca 3. [lomyuenHoe HaMu Onucanme COmepKUT

Teopema 1. Pemérka monaarebp HEHYJIEBOH acCOLUATUBHONI aJjreOpel Ham mojieMm F'
AOUCTpUOYTUBHA TOrOa U TOJIBKO TOLOA, KOrQa OHA M30MOPMHA OMHON U3 aarebp CIemyFoIero
crucka: Ay, As, As, A1 X Ag, A1 X A3, As @ Fe u A3 ® Fe, rne e — enuHuiia Bcer aareOphl.

CnencrBue. AcconmartuBHas ajrebpa ¢ gAUCTPUOYTUBHOU DEIIETKON ITOAAaIredp KoM-
MyTaTHBHA.

OrmeruMm, uTO TI000€ TOJIE, HE SIBIISIOIIEECS ajreOpamdecKu 3aMKHYTBIM, [IOMYCKAeT
paciImpenre ¢ MUCTPUOYTUBHON PEIETKON TToapacimperuii. B To ke BpeMms, peréTka momn-
paCIIIPEHNIT OIS, IOy IEHHOTO IPUCOENMHEHNEM K TIOJTI0 PAIIMOHAIBLHBIX JICEN BCeX KyOu-
YeCKUX KOPHeHN u3 Jucia 2, He qucTpubyTuBHa. PakTUIECKN BOMPOC O MUCTPUOY TUBHOCTHU
PEIIETKN TONPACIIIUPEHUI PEIIaeTCsl BEIUNCICHNEM COOTBETCTBYIOICH rpynnsl [ amya.
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O CTaHOAapPTHBIX no,uanreﬁpax IIOJITHBIX MATPUYHBIX anreﬁp

A. T. I'enn, II. M. TATAHIIOB

Omnpenenenne 1 [1]. DsemeHnT § pernérku L Ha3BIBAETCS CTAHOAPTHBIM, €CIIN IS
TIOOBIX X,y € L BBEIIOIIHEHO PAaBEHCTBO

xA(yVs)=(xAy)V(xAs)

Onpenenenne 2. llomanre6pa Ha3BIBAETCS CTAHOAPTHOW, €CJIW OHA SIBJISIETCS CTaH-
OapTHBIM 3JIEMEHTOM B pelleTKe Ionajiredp IaHHOU ajireOphl.

I'. Bupkrod [2] mocrasmit npobieMy onucanus TPYIIL, 06IaIaonmx cOGCTBEHHON CTaH-
mapTHOI nonrpynmnoil (nmpobiema 61). Ona 6buta pemerna C. I'. UBanoseim [3]. Onzako s
aCCOIMATUBHBIX ajrebp Ham moJjleM IaHHas mpobieMa octaércs oTKpbiTon. Hamm nokaszana
CIIeMyIoIIast

Teopema. Ilonaas MmaTpuuHas aarebpa Hal MOJIeM HE CONEPKUT CTaHTAPTHBIX IIONAJ-
rebp, OTJIUYHBIX OT HYJIEBOH MONaareOpsl U BCeH areOphl.

CIIUCOK JINTEPATYPBI

[1] T'petuep I'., O6mas Teopus permérok. M.: Mup, 1982.
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OmnepaTopsl Porel — BakcTepa, cBsizaHHBIE C PEIIEHUSIMEI KJIACCUYECKOTO
ypaBHeHus Slura — BakcTepa Ha nmpocThix ajire6pax MasibiieBa

M. E. I'OHUAPOB

[Iycte M — mpocTas koHeuHOMepHas ajirebpa MasbiieBa Ham mostem F' xapaxTepucTUKT
He paBHOU 2 u 3. JlumHeitnoe oTobpaxenue R : M — M wasbiBaeTcs omepaTopoM PoThr —
Bakcrepa Beca A, ecnu mst mobbix a,b € M:

[R(a), R(b)] = R([R(a),b] + [a, R(D)] + Ala, b]).

Onement r = > a;®b; € M@ M sBrsieTcst pellieHneM KIacCuIeckoro ypaBuenus slura —
Bakcrepa, eciu

Z[ai, CLj] & bz & bj — Q; & [aj, bl] & bj —+ a; & CLj & [blbj] =0. (1)
1,
[Iycts r =Y a; ®b; € M ® M. B paborax [1, 2] 6bu1a mokasaHo, 9TO €CIIU KOCOCHUMMe-
Tpuueckoe (To ecTh 7(r) = —r, rne 7 — MOPQU3M MEPECTAHOBKU) PEIIEHUE KIIACCUUECKOTO
ypaBHenus Ylura — Baxcrepa (1), To omeparop R, meiicTBYOIINIT IO IPABILILY

R(a) =Y (b, a)a. (2)

rze (-, -) — dopma Kummuara va M, ssisercs onepaTropom Porsr — Bakcrepa seca 0. Ecin
XKe T — He KOCOCHMMETPHUYECKoe pelenne ypasHenus ylura — Bakcrepa wa M, o B [3]
OBbLIO YCTAHOBJIEHO, UTO OmnpeneiienHbiit B (2) onepatop R Gymer omeparopom Porer — Bak-
cTepa HEHYJIEBOTO Beca. B mamHON paboTe M3ydaeTcCsl YCJIOBUE, IPU KOTOPHIX yKe OMepaTop
Porwi-bakcrepa ma mpoctoit anrebpe Manbiea M wHOynupyeT pelleHne KIacCUIECKOTO
ypaBueHus ylura — Bakcrtepa.

Teopema. Ilycte M — mpocras koHeUHOMepHas ajarebpa MaJibieBa Hal moaeM Xapak-
TepucTuku He paBHOi 2 u 3 u R — omepatop Porer — Bakctepa Ha M Beca \. Ilpenmomo-

xuM, 9T0 R+ R* = —\id, rme R* — omepaTtop, conpskeHHbII onepaTopy R oTHOCHTETBHO
dopmbr Kunnuara, a id — moxnecTBeHHbIT omepaTop. Torma Hammerca v = Yy a; @ b; €
M ® M — peutenne kiaccuueckoro ypapaeuns Slura — Bakcrepa (1) ma M takoe, uro
R(a) = > (b;,a)a; mmsa moboro a € M. Ilpu sTom 7(r) = —r TOrga U TOJBKO TOTLA, KOTLA
A=0.

CIIMCOK JIMTEPATYPHI
[1] Benasuun A. A., Hpundensn B. I, O pemenusx kiaccmueckoro ypasHeHus Snra — Bakcrepa mis
npoctbix anre6p Jlu // @yuku. anamus u ero npmir., 16:3 (1982), 1-29.
[2] Cemenor-Tsan-IlTanckuit M. A., Uro Takoe kimaccudeckas r-marpuna // OyHKI. aHanIus u ero mpui.,
17:4 (1983), 17-33.
[3] Goncharov M. E., On Rota-Baxter operators of non-zero weight arisen from the solutions of the classical
Yang-Baxter equation // Sib. El. Math. Rep., 14 (2017) 1533-1544.
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O6 acuMOTOTHKE B OTHOCUTEJIbHO CBOGOMHOM JIN€BO HUJILIIOTEHTHOWN ajirebpe

A. B. I'pumnu

[Iycrs F = k(1,21,...,%y,...) — CBOOOIHAS CUETHOHNOPOXKICHHAS YHUTAPHAS ACCOL-
aTuBHas anreGpa Ham momeM k xapaktepucturu # 2,3, T — T-unean amre6per F, mopo-
JKIIEHHBI ITIMHEBIM KOMMYTaTopoM (1, ..., 2] u F() = F/TW — orrocHTensHo cBOGOmHAS
JEeBO HUJIBIIOTEHTHAas ajreOpa wHnekca [. Ilyctb, manee, M,, — TOOIpPOCTPAHCTBO aJire-
6psr F'(D) | cocrosinee w3 TOMMINHENHBIX MHOTOUIEHOB OT HEPEMEHHEIX T1, ..., Ty, 1 P —
MONNTPOCTPAHCTBO B M,,, cocTOMIIee N3 COOCTBEHHBIX MOJIMINHENHBIX MHOTOUICHOB.

Ckaxem, uro dyukuus f(z) maxcopupyem dyukuuio g(x), ecau njs HEKOTOPOTO UUCIIa
~v > 0 u s Beex mocTaTouHo Gonbiinx z umeeM f(x) > vg(z). Obosnauenue: f(x) = g(x).
Ecmn f(x) < g(x) u f(z) > g(z) omHoBpemenHo, To Gymem rosoputhb, uro f(z) u g(z)
Pynryuu 0dnozo nopgoka pocma. O6ozmauenme: f(x) =< g(x). s amre6p FO) u F()
B [1], [2] nokazamo, uro dim M, < 2"n?*™ uw dim P, < n?*™, rne | = 2m +3, m = 1 u 2
COOTBETCTBEHHO.

Teopema. s mro60ii amre6psr F'2™3) pyveror mecto coorromenns dim M,, = 2"n?™,
dim P,, = n?™.

IMokazaTenbCTBO OCHOBAHO HA IIPUMEHEHUN TaK Ha3LIBAEMOI pacwupennot aseeopvl I'pac-
cmana (cm. [3], [4]).
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O rpadax menuTesienl HyJIsT KOMMYTATUBHBIX KOHEUYHBIX KOJIEIT

E. B. 2KypPABIIEB, A. C. MOHACTBLIPEBA

IIycTs S — KOMMyTaTHUBHAS HOIYTPyIIIa ¢ HyJdeM. BeemeMm Ha S OTHOLICHNE S5KBUBAJICHT-
HocTH: Va,y € S x ~ y < Ann(z) = Ann(y). Knacc skBuBamenTaocTn snemenra x € S
GymeM 0603HAYATH [x], & COOTBETCTBYMOIIEe HAKTOPMHOKECTBO S/ ~. Mbl MoxkeM paccMma-
TpUBaTh (PAKTOPMHOKECTBO S/ ~ Kak MOIyrPyIIly OTHOCUTENLHO oneparuu [x|[y] = [zy].
I'padpom menurenenn myns I'(S/ ~) momyrpynner S/ ~ Gymem HasbBaTh rpad, BepIIMHAMEI
KOTOPOT'O SIBIISIIOTCSL 5JIEMEHTHL S/ ~ u nBe Bepmnssl [z], [y] (He 06s3aTeIbHO pas3imdHbe)
COemUHSIIOTCsT peObpoM (mn meTsielt) Toraa u Toiabko Torna, korna [x)[y] = [0] (paBHOCHIBHO
xy = 0). Hama menb — yka3aTb MeTON MeOMETPUUIECKOrO m300paxeHus: rpada memurese
HYJIs ISl KOHEYHBIX KOMMYTATUBHBIX KOJIEI C €IUHUIIEI.

[Iycts R — KOHEYHOE KOMMYTATHUBHOE JIOKAJIBHOE KOJbIO ¢ enuuunei, J = J(R) u R*
— COOTBETCTBEHHO €ro panukail J[kekobcoHa u rpymmna o6paTuMbIX 37eMeHToB, F' = R/J =
GF(pr), F* = F\ {0}.

Paccmorpum  cyuait, korma charR = 2 m dimpJ/J? =2, dimpJ?/J3 =2,
dimpJ3 =1, J4=0, R = F® Fu; ® Fus ®© Fv; © Fvy @ Fw, toe {uy,us, vy, v, w} —
Gasuc J mam monem F, ui,us € J\ J?, vi,va € J2\ J3, w € J? (em. [1]). B paGote
[2] xmaccubuIMpoBaHBl ¢ TOYHOCTBIO M0 M30MOpGU3Ma BCe Koibla R ykasaHHOro tuma. B
HACTOSIIEN paboTe HAMU MOCTPOeHBI rpadbl mnenurenein Hyas 1'(S/ ~) Bcex Takux Koser.
Hasee, mus nmpuMepa, paccCMOTPUM OIHO U3 KOJIEIl CO CIIEMYIOIINM YMHOXKEHUEM Oa3MCHBIX
5IIEMEHTOB:

2 2
ul = V2, UiUy = U2 = V1, U1V]1 = UQV1 = UQV2 = W, U1V = ZW,

rie z — Takoit snement F, uro z + 1 ¢ (F*)3, 2 # 1 (em. [2], Teopema 1, myHKT 9).
B sTom ciyuae

R=0] |J [ +uo]Uu] | [u + kivo]

n; €F\{0,1} kicF
U (w1 + w2 + Liva] | [mivs + v2] U for] U [w] U 0],
l,eF m;EF

rnoe

[niuy + uz] = F*(njuy 4+ uz) + Foy + Foe + Fw, n; # 0,1,
[u1] = F*uy + Fuy + Fug + Fuw,
[ug + kjva] = F*(ug + kive) + Fv1 + Fw,
[up + ug + Liv1] = F*(ug + ug + live) + F(v1 + v2) + Fw,
[m;v1 + vo] = F*(mivy + v2) + Fuw,
[v1] = F*v; + Fw,

[w] = F*w, [0] = {0}, [1] = R*.

Ha pucynke 1 npencrasieno reomerpuueckoe usobpaxenue rpada ['(S/ ~), 3a ucko-
vyenueM BepimH [0] u [1] ([0] cmexua co Bcemu Bepruaamu, a [1] cmexua Tombko [0]).
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[ua] [niug +ug]  [ur +ug + livs]

YR

NN S
N =
= —

eciau m; = z;
ecma 1+ m; +minj +njz =0, m; # 1,z
ecnu m; = 1;
ecu l; = (1 + 2)k;.

Puc. 1

B mannoM m306paxkeHuu BepIInHBL [n;uy + Usl, [u1 + us + liva], [mv1 + val, [us + k;vs] o10
rpynnst Bepiun rpada ['(S/ ~), npuueM myHKTUpHBIE pe6Gpa 03HAYAIOT CMEXKHOCTDH BEPIIIUH
rpada Ipu BBLIIOJHEHNE HEKOTOPBIX YCJIOBUMN, YKA3aHHLIX BHU3Y PHUCYHKA.

CIIUCOK JIMNTEPATYPBI

[1] Raghavendran R., Finite associative rings, Compositio Math., 21 (1969), 195-229.

[2] Zhuravlev E.V., On the classification of finite commutative local rings, Siberian Electronic Mathematical
Reports, 12 (2015), 625-638.

[3] Bloomfield N., The zero divisor graphs of commutative local rings of order p* and p?, Communications
in Algebra, 41 (2013), 765-775.

Aamaitickuti 2ocydapcmeennbiti ynusepcumem, 2. Bapnaya
E-mail: evzhuravlev@mail.ru, akuzminal@yandex.ru

151


mailto:evzhuravlev@mail.ru, akuzmina1@yandex.ru

MamnbneBckue urerus 2018 Teopus koJterr

O6 o6benuHEeHNN IIMEXTOBBIX MHOT006pa3uii ajarebp

. M. ICAEB

I[Iycts ® — mone xapaktepuctuku Hyab. Muoroobpasue 9 nuueitabix P-anrebp Ha-
3BIBAETCS KOHEUHO Oa3UpyeMbIM, €C/IN B KJIAcCe BCeX JMHENHBIX P-anrebp OHO BBIIEISIETCS
KOHEUHBIM HAGOPOM TOXKIECTB (3TOT HAGOP HA3LIBAETCS (GA3MCOM TOXKIECTB MHOTOOODA3WsI
). Muoroobpasue 9 HA3BIBAETCS IIIIEXTOBBIM [1], ecim Besikoe ero monMHOroo6pasme Ko-
HeyHO Gasumpyemo. Xopolio m3BecTHa 3HamenuTas Teopema A.P. Kemepa o mmexToBocTu
POM3BOJILHOTO MHOTOO6pasus accomuaruBHbx P-aare6p [2]. B To xe Bpems cyiecTByoT
IpUMephI He KOHEUHO 6a3upyeMbIX (& 3HAYUT, HEIIMEeXTOBbIX) MHOTOOOPA3Uil HeaCCOIMATB-
ueix $-anrebp (3, 4, 5, 6, 8]. B 1977 romy I'. B. ITopodees mokaszana Teopemy o IIIEXTOBOCTH
MHOI000pPa3usl, SIBJISIOIIEroCs: OOBEIUMHEHIEM IBYX IIIEXTOBBIX MHOrooopasuit [3]. Hexoro-
pBle pe3yabTaThl U OTKPBITHIE BOIPOCHI [0 MAHHOI TeMe cHOpMyIupoBaHbl B pabore [7].
Ha camom mene B 3| mokazaHo, uTo 0O6benuHEHNE ABYX MIMEXTOBLIX MHOTOOOPA3UNl yIOBIIe-
TBOpsIET YCJIOBUIO MUHUMAJIBHOCTU MJIs TOAMHOTOOOpasWil M yTBEPKIAETCsI, ITO OTCIONA
BBITEKAET IIMEXTOBOCTH OObenuHeHus. B HacTosen pabore moka3aHO, 9TO 5TO He Tak. A
MMEHHO, CTPOUTCSI IPUMEDP MBYX IIMIEXTOBLIX MHOTOOOpasuit ®-anrebp, o6benuHeHNE KOTO-
PBIX HE SIBJISIETCSI KOHEYHO GasupyeMbIM (& 3HAYUT, He SIBIISIETCS IIIEXTOBBIM ).

[Iycts Ay = (v1,v2,€11,€21)0 1 Az = (v1, V2, €11, €12)p — UETBHIpEXMeEpPHbIE P-asre6pHhI,
HeHyJIeBbIe TIPOU3BENCHN Oa3UCHBIX 3JIEMEHTOB KOTOPBIX 3aal0TCS IPABUIIOM: V;€;j = Vj.

Paccmorpuy anre6py Az = (vi,v2 + €11, €21) 4. JAcHO, uTo A3 — momasre6pa amreGpbt
A

Teopema 1. Ilycts My = Var Ay — mHOroobpasme, mopoxkmeHHOe ajarebpoi As,
M3 = Var A3 — mMHOroobpaswme, nopoxmnearoe ajarebpon As. Torma 9y, M3 — mmmrexToBs!
MHOroo0opasusl.

Teopema 2. Muoroobpasue I = Var(Ay & As) He nmeeT KOHEUHOro 6a3UCa TOXKIECTB.
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O mouTu 3HrejIeBBIX L-MHOFOOGpaSI/IHX BEKTOPHBIX IIPOCTPAHCTB

A. B. Kucauuua

[Iycts F' — mpomsBosbHOe mosie, Y — BEKTOpPHOE MPOCTPAHCTBO HAM moJjieM F', sBiIs-
OITIeeCs] TOMITPOCTPAHCTBOM ACCOMUATUBHON F-amrebper A, mpuyem A mopoxmaeTcs mpo-
crpancTBoM E kak anrebpa (B 5TOM citydae GyeM rOBOPUTH O BEKTOPHOM IPOCTPAaHCTBe F,
BJIOKEHHOM B acCOIUATUBHYIO ainre6py A). ToxmecTBoM BEKTOPHOrO mpocTpaHcTBa E Ha-
30BEM aCCOIMATUBHBIN MHOTOUIEH, KOTOPBIN 00paIliaeTcs B Hy/Ib B ajrebpe A Ha 3JIeMeHTax
npocTpaHcTBa F.

Kracc Bcex BEKTOPHBIX IPOCTPAHCTB, BIIOKEHHBIX B aCCOIMATUBHBIE aJreOphl U yYIOBIIe-
TBOPSIOIINX BCEM TOXKIIECTBaM IPOCTpPaHCTBa F, OyneMm Ha3bBaTh L-MHOTOOOpAa3uneM, Mopo-
XKIEHHBIM IIpocTpaHcTBOM F, m ob6o3Havats Vary FE. L-mMHOTOOOpasme Ha30BEM DHIEJIEBBIM,
€CJIN OHO YIOBJIETBOPSIET TOXIECTBY DHIENS [Z,Y,Y,...,y] = 0, 1 HOUTH SHIEIEBBIM, €CIII
OHO HE SIBJISIETCSI HHTEJIEBBIM, HO BCSKOE €ro cOOCTBeHHOE L-TIomMHOroo6pasne — HHTENeBO.

[TouTnu sHTENeBBHI MHOrOOOpa3mWsl aCCOUMATUBHBIX KOJIEIl U JIMHEWHBIX ajireOp u3ydeHbI
0. H. Mansnessim u O. B. ®unorenosoit [1]-[4]. B uacTHOCTH, IOIyUeHO OMUCAHEE TOUTH
SHTEJIEBBIX ACCOIMATUBHBIX ajre6p Hall MPOU3BOJILHBIM TOJIEM.

Teopema. Ilycte A — anrebpa vam moimem F u M = Varp A — mourwu sareseBo L-
MHOroobpa3sue, IopoxkaeHHoe ajarebpor A, paccMaTpuBaeMoil KaKk BEKTOPHOE IPOCTPAHCTBO.
Torma A coBmamaer ¢ ODHUM U3 CJAETYIOIINX MPOCTPAHCTB:

{2 Maver) a={ (2 Oaser)

OTMmeTnM, 4TO B ciaydae G6eCKOHEeYHOro moya F crmcox F-anre6p, HOPOXKOAIOIIIX IIO-
YTH SHTEICBBI MHOT0OOPAa3us, COBIANACT C IPUBEICHHBLIM CIICKOM BEKTOPHBIX IPOCTPAHCTB.
Ecmu e F' = GF(q), To L-MmHOr006pa3ue, MOpOKIEHHOE IIPOCTPAHCTBOM

a0 ={(6 otw)|ove P}

rme 0 € AutP, o # 1 u none naBapuanToB F = P gBIsgeTCs MaKCUMAaJIbHBIM TOAMOJIEM B
P, comepxkuT cobCTBEHHOE HEIHIEIeBO L-OIMHOTOOOpAa3ne.
WccenenoBanue BBITIONIHEHO 3a c4eT rpaHTa Poccuiickoro Hayusoro ¢onma (mpoext 16-

11-10002).
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O MUHIMAJIBHBIX HEHYJIEBbIX L-MHOF006Pa3I/I$IX BEKTOPHBIX IIPDOCTPAHCTB

A. B. Kucaouuug

[IycTts F' — mekoTopoe noste, Y — BEeKTOpHOE MPOCTPAHCTBO HAM mojieM F', SBIsIOIeecs
MOAITPOCTPAHCTBOM acconuaTuBHON F-amrebpsr A, mpuuem A mopoxmaeTcss IpOCTPAHCTBOM
FE xak anre6pa (B 9T0OM ciryuae GyIeM FOBOPUTH O BEKTOPHOM TIPOCTPAHCTBE F| BIOXKEHHOM B
accormaTuBHyio anre6py A). ToxmecTBoM BEKTOPHOroO mpocTpaHcTBa F HA30BEM accolma-
TUBHBI MHOTOUJIEH, KOTOPBIN OOpaIaeTcs B HYJIb B ajaredbpe A Ha seMeHTax mpoCcTPaHCTBa
E.

Krnacc Bcex BEeKTOPHBIX MPOCTPAHCTB, BIIOXKEHHBIX B aCCOLUMATUBHBIE AITreOpBl U YIO-
BJIETBOPSIOIINX BCEM TOXKIECTBAM INPOCTpaHCTBa F, OymeMm HaswpBaTh L-MHOroobpasmeM,
TOPOXKIEHHBIM IIPOCTPaHCTBOM F, u obo3nauath Varp F. L-muoroobpasume M Ha3z0BeM Mu-
HUMAJIBHBIM HEHYJICBBIM L—MHOI‘OO6pa3I/IeM (OTHOCI/ITGJI]:)HO BKJIIO‘IeHPI?I) I aTOMOM, €CJI
s moboro L-muoroobpasus N us sxmouenus N C M caenyer, aro au6o M = N, mu6o
N — mynesoe L-muoroobpasme (T.e. L-mHOTOOGpasue, 3amanHoe TOXmecTBOM T = ().

MuHuMa/TbHBIE HEHYJIEBbIe MHOr00Opa3ms M3ydajnCh BO MHOTUX KJIaccaxX ajrebpamde-
ckux cTpykTyp. Hampumep, A. Tapckuit mokasas, 4To aTOMBI B KJTacCe KOJIEI TIOPOKIAIOTCS
au60o npocteiM mosieMm G F(p), mubo kombioM ¢ HyseBbIM yMHOXKeHUeM [1]. B macrosieir pa-
60Te M3yvyaeTcsl CTPOEHNE aTOMOB B Kitacce L-MHOroo6pasuii BEKTOPHBIX ITPOCTPAHCTB HA
IIPOM3BOJIEHBIM TIOJIEM.

Teopema 1. Ilycts F' — 6eckoneunoe mosie. L-muoroobpasme M BEKTOPHBIX MPOCT-
paHcTB Hang moneM I sBisercs atomom torga u Tonbko Torga, korga M = Varp (zy = 0).

Teopema 2. IIycts GF(q) — KoHe4HOe mose u3 q 31eMeHTOB (¢ = p", p — HpocToe
uncio). L-muoroobpasus My = Varp (zy = 0) u My = Varp (x —29 = [z, y] = 0) BekTOpHBIX
npocrpascTB Hag mnoneM GF(q) ABIAOTCS aToOMaMm.

ATombr B ki1acce L-MHOroo6pasuii BEKTOPHBIX MPOCTPAHCTB HAJ KOHEYHBIM TOJIEM U3 (
3JIEMEHTOB He ucuepnsiBaioTcs L-muoroobpasusivu My u My, Hanpumep, L-muOrOO6Gpa3sue
M = Varp([z,y] = 0,2 = z,2%y = 2y? 2> + 22 + & = 0) aBugeTcs aTOMOM B Kiacce
L-muoroobpasuit Han nomem GF(2), ornnaasiM ot My u M.

WUccnenosanue BBIMOMHEHO 3a cueT rpanTa Poccuiickoro Hayusoro ¢douma (mpoekt 16-
11-10002).

CHUCOK JIMTEPATYPBHI
[1] Tarski A., Equationally complete rings and relation algebras // Proc. Konninkl. Akad. Wetensch. 1956.
Vol. 59. 1. pp. 39-46.
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JImreapu3zanuss aBTOMOP@U3MOB CBOOOIHBIX ITPABOCUMMETPUYHBIX ajire6p
paura 2

II. X. KO3bIBAEB, A. C. HAYPA3BBEKOBA

XOpoIlIo M3BECTHO, YTO aBTOMOPMOU3MBI ajareObpbl MHOTOYJIEHOB OT NBYX II€PEMEHHBIX
aBnsA0TCa pyunsivu (1, 2]. Bosee Toro, rpynmna aBToMOpGU3MOB 3TON anrebphl AOMyCKAeT
CTPYKTYPY aMaJIblaMIPOBAHHOIO CBOGOMHOIO Ipom3BeneHus (2, 3]. AHaJIOTUYHBIE PE3yilb-
TAThl TAKXKE HMEIOT MECTO IJIs CBOOONHBIX ACCONUATHBHBIX anre6p [4, 5] u cBOGOIHBIX
anre6p Ilyaccona Ham moseM HyJIEBOI XapaKTepPUCTUKN [6].

BekToproe mpocTpancTBO A Ham TPOM3BOJBHBIM IOJIEM Kk Ha3BIBAETCS MPa6OoCUMME-
mpuuHot aarebpo, ecitu I JI0BIX T, Y, Z € A BBIIOIHAETCS TOXKIECTBO

(zy)z — x(yz) = (22)y — x(zy).
[Iycte RS; — cBOGOmHASI TpaBOCUMMETPUYHAS ajrebpa OT OBYX MEPEMEHHBIX HA MOJeM k
MIPOU3BOJILHON XapaKTEePUCTUKN.

JI. Maxap-JIumanos, . Ko3eibaes, Y. Y MupbaeB nokas3aan, 9TO aBTOMOPOU3MBI CBOOOTI-
HBIX IPABOCUMMETPUYHBIX aJire6p paHra ABa sBIsOTCs pyunbiMu [7]. B HacTosiueit paGore
MIOKA3aHO, UTO TPYIINa PYIHBIX aBTOMOPGU3MOB arebper RSy Takxke MOMyckaeT CTPYKTYPY
aMaJIblraMIPOBAHHOTO CBOOOMHOTO MPOUW3BeneHnss. KpomMe TOro, UCIoiab3ys 3Ty CTPYKTYPY,
MBI JIOKA3aJId, 4TO JI00ast TPYIIa JIOKAJILHO-KOHEYHBIX aBTOMOPGHU3MOB aiarebper RSy co-
npsizkeHa 100 ¢ adPUHHON MOATPYNIIION OO0 ¢ HOATPYIIION TPEYTOJIbHBIX aBTOMOP(PU3MOB.
Orcronma cnenyer, 94To J1I060€ JIOKAJIBHO-HUIBIIOTEHTHOE nuddepeHnmpoBanue aaredbpsl RS
HaJl TIOJIEM XapaKTEePUCTUKU HOJIb TpUaHTyaupyemo. llocmenuuii pe3ynbTaT sSBIsSeTCS aHa-
norom Teopembl Perusiepa [8].

Pabora Boimonuena B pamkax mpoekTa AP05133009.
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HpOGKTI/IpOBaHI/Iﬂ KOHEYHBIX JIOKAJIbBHBIX KOJIEIl

C. C. KOPOBKOB

[Iycts R u R’ — accounartusuble Kombla. [lon mpoekTupoBanueM (MHAYE PEIIETOUHBIM
m3oMopdu3MoM) Koiblia R Ha Koibio R’ mOHUMAaeTcs m30MOpPGU3M ¢ DEIISTKU MOMKOJIEI
L(R) xonbua R ma permérky nonkomnern L(R') konsra R'. s yno6ecTa 0603HAUNM KOTIBIIO
R’ xax R? u mazoBém R mpoeKTUBHBIM 06pa3oM KoJbla R.

IIycte R — KOHEYHOE JIOKAJIbHOE KOJIBIIO, TO €CTh KOHEYHOE KOJIBIO C eMUHUIeN, i
koToporo dakTop-koibio R/Rad R — mose. OO6liiee cTpoeHIe KOHEUHBIX JIOKATBHBIX KOJIeI]
xoporto u3ectHo. CormacHo [1, Teopema XIX.4] mpon3BoibHOE KOHETHOE JIOKATIBHOE KOITBIIO
R npencrasumo B Bune: R = S@ N, rae S — MOOKOIBIO, YIOBIETBOPSIOIIEE OMHOMY U3 TPEX
yenopuit: 1) S = (e), e — enunuma xombma, 2) S = GF(p*) — nome Danya, 3) S = GR(p*,m)
— kombno [amya, £ > 1, m > 1; N — (S, 5)-monyns u3 pamukana Ilxeko6cona Rad R
KombIia R.

N3ydenne peméTounbix n30MOpGU3MOB KOHEUHBIX JIOKAIBHBIX KOJIEI] ObLIO HAYaTO B Pa-
6orax [2] u [3] u mpomomxeno B paborax (4] u [5], rme GbUIO yCTAHOBIEHO, YTO CBONCTBO
KOJIbITa OBITH JIOKAJILHBIM HE BCerga COXpaHACTCA IIPpU IIPOCKTUPOBAHUAX KOJICII. B JaHHOM
COOOIIIEHNN TTPUBOMATCS HOCTATOUYHLIE YCJIOBUS, MPU BBIMOIHEHUN KOTOPBIX MPOEKTUBHBII
00pa3 KOHEYHOTO JIOKAJILHOTO KOJIbIIA ABJISETCS JIOKAIBLHBIM KOJIHIIOM.

Teopema. Ilycts R — KOHEUYHOE JIOKAJIBHOE KOJIBIIO U (0 — IMPOEKTHPOBAHUE KOJIbIla R
Ha konbno RY. Torma B craenyrommx Tpex ciaydasx Koabno RP 6ymer JIOKaJIbHBIM KOJIBIIOM:

1) R = (e) ® N, rae e — enunmma xomena R, o(e) = pF, p > 2, k > 1, N — wmenynepas
agnurusHas noarpynma u3 J(R), a RY — KoIbLo ¢ equHHIEH;

2) R=F® N, rne F 2 GF(p™), n > 1, n He ABJII€TCA CTENEHBIO IIPOCTOIO YUCJIA U HE
ABJIAE€TCA IIPOU3BEAECHUEM ABYX IIPDOCTBIX YUCEJI, N - HeHyJIeBOIZ HUJILIIOTEHTHBIN nmaeaJsi;

3) R=S®N,rme S=ZGR(p",m),n>1,m>1, N — (5,5)-momymns n3 J(R).
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0] IIOJIYHIEITHOCTH I'PYIIIIOBBLIX KOJIEIT HaKprTI/If;I KOHEYHBbIX IITPOCTBHBIX I'PYIIII

A. B. KyXAPEB

Kompiio Ha3bIBaeTCsl MOJyLIENHBIM, €C/IU €0 MPAaBBLI PETYISPHBIA U JIEBBIA PETYJIsp-
HBI MOIYJIU SIBISIIOTCS TPSMBIMI CyMMaMU IIEITHBIX MOMyJleil. B "acTHOCTH, KaxKIoe ap-
THHOBO IIOJIYIIPOCTOE KOJIBIIO SIBIISETCS TMOJIyLenHbIM. FlMeeT mecTo Bompoc, aHAIOTMY-
HBII TIO0 COOEp:XKAHUIO Teopeme Mailke: Korma TrpymnmoBoe Koibino F'(G KOHEYHON T'PYIIbI
G wman momem F' saBisieTcs momynenHbIM? B HacTosiiee BpeMsi OTBET U3BECTEH TSI BCEX
P-pa3pelInMbIX U BCeX MPOCTHIX rpymni. Hampumep, u3 paborst [1] ciaemyer, uTo rpymnmnoBoe
koub1io Tpynnel Cymsyku Sz(8) Ham mosieM XapakTepUCTUKN 7 sBIsieTcs moirynensbiM. Om-
HaKO MaJIO M3BECTHO, HAIIPUMeED, O MOJIYIENHBIX I'PYIIOBBIX KOJIbIIAX HAKPBITUN KOHEUHBIX
MPOCTBIX T'PYIIIL.

O6o3uaunm 4depe3 p xapaktepucTuky mois F. HeobxomuMmbiM ycaoBHEM MOIIYIIEITHO-
ctu xomblia F'G ABISeTCS NUKINIHOCTH CUJIOBCKOUN p-nionrpynmnsl rpynnsl G. Ilycts G —
He p-paspeminMas IPyHna ¢ DUKINIYeCKON cmitoBckon p-monrpynmon P. Torma cymrecTByeT
HopMastbHBIA psin 1 C Oy (G) C K C G, rne K — HauMeHBIIas HOPMaJIbHAS IOATPYIIIA
B (&, cobcrenno comepxkamas O, (G). Ilpu stom mumekc [G : K| B3amMHO IpOCT € p U
H = K/Op(G) — npocras rpynma. U3 nonynennoctu F'G caenyer MOIyLENHOCTH KOIbLA
F K, aTakxe ero paktop-komnbiia F'H. CrnpaBeninBOCTbL 0OPATHON UMIIJTUKAIINT OCTABAIACH
OTKPBITHIM BompocoM. B HacTosIer paboTe momydeH KOHTPIPUMED.

Yepes 2.H o603HaUMM OBOWHOE HAKPBITHE T'PyNIbl H .

Teopema. ['pymmoBoe kombno rpymmnsl 2.5%(8) Ham 06BIM 1IOJIEM XapaKTePUCTUKI,
IessIeil TOPsIOK I'PYIIbBI, He SBJISEeTCS MOJIYIEIHBIM.

WccenenoBanue BBITIONHEHO 3a c4eT rpaHTa Poccuiickoro HaydsHoro Gouma (mpoext 18-

71-10007).
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CTpykTypa amMaJibTaMAPOBAHHOTO IIPOU3BENEHNUs B I'PYIIlle aBTOMOP(PU3IMOB
cBo6onubIx anre6p JIm panra 3

P. 2K. HAYPBI3BAEB, Y. Y. YMUPBAEB

[Ipobrema muHEapm3anmm aBTOMOPGU3MOB cBOOOMHBIX ajirebp JIm panra 3 6vutm mccte-
nosaubl M.B. [lesenunnivm [1]. B xonme pa6orsr [1] aBrop ormedaeT, 4To U3 3aMevaHUl
PEIleH3eHTAa CJIeAyeT CHEMYIONNI pe3yabTaT: «[ ' pymma aBToMOphu3MOoB CBOOOMHON aareOphl
JIm OT Tpex mepeMeHHBIX SBIISIETCS CBOOOMHBIM TPOU3BENEHUEM C OOBEOUHEHHOW IMOMTPYII-
nort. TOYHBIN B COMHOXKUTEIEN 1 OO0BEMMHEHHON TIOATPYIIIBI MOKHO U3BJIEYb U3 BHIKITAIOK
nyakTa 2.3». Takoe mpencraBiieHme SBIISETCS TPSIMBIM aHAJIOTOM IIPENCTaBIIEHUS TPYIIBI
aBTOMOP(DU3MOB areOpbl MHOTOUJIEHOB B BUOE CBOOOMHOTO ITPOM3BENEHUS C OOBEOUMHEHHON
noarpynnoi (2| u 3aciyxuBaeT 6ojiee TIIATEILHOIO U3y IEHUsL.

B 1964 romy II.M. Kou [3] mokasam, ato Bce aBTOMOPGU3MBI CBOGOMHOI aire6per JIn
KOHEYHOT'O PAaHTa sIBISOTCs pyuHbiMu. (CrienoBaTeIbHO, BCe aBTOMOP(OU3MBI CBOOOMHON ajl-
re6pw! /I OT OBYX mepeMeHbIX SIBISIOTCS JINHENHBIMI.

[Iycts L — cBoGomHas anrebpa JIu oT mepeMeHHBIX T, Y, 2 HAO IIPOU3BOIBHBIM TOJIEM K 1
Aut(L) — rpynmna asromopdusmos anre6pst L. O603HaunM yepe3 A — monrpyniy JInHEeRHbIX
aBTOMOP)U3MOB, a uepe3 B — moarpyniy Bcex aBTOMOpGU3MOB airebpsl L Buma

(ax + f(y, 2), Bry + Baz, 1y + 122),

rme o, 81, P2,71,72 € kua# 0. Ilycts C = AN B.

Teopema. ['pynma aBToMopdu3MOB cBOOOmHON airebpwl Jlu L 0T mepeMeHHBIX X, Y, 2
SIBJIIETCSI CBOOOMHBIM MTPOM3BENEHNEM CBouX monrpynn A u B o0beNMHEHHON 10 WX mepece-
JeHUIO, T.€.

Aut(L) = Ax¢ B.
DTOT pe3ynbTaT MO3BOJISIET, B YACTHOCTH, MOKA3ATh, ITO JTI060E JIOKAITHLHO-HUIIBIIOTEHTHOE
nuddepeHIIpPOBaHe CBOOOMHON anrebps! JIu OT Tpex mepeMeHHBIX SBIISEeTCS TPUAHTYIIIPY-
€MBIM.

Pa6ora Bemosnnena B pamkax npoekta AP05133009, MucTuTyT MaTeMaTuKu 1 MaTeMa-
Tuaeckoro mopenuposanus MOH PK.
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3HI[OMOp(pI/I3MI:>I IIOJIYT'PYIIIIbI HEOTPpHUIIATEJIBHBIX MAaTPUIl HAaQ JIMHEMHO
YHopsogo4YeHHBbIMU KOJIbIIaMM

B. B. HEmMuro

[Iycrs GL,(R) — momnas nuHeiHAs TPYNIA HAI JIUHENHO YIOPSIOYCHHBIM HeoOs3a-
TEJIbHO KOMMYTATUBHBIM KOJIbIIOM R ¢ obpaTtumoit msoiikoit. Ilomyrpynma G, (R) — mon-
nosyrpynna rpymust GL, (R), cocrosiias u3 MaTpUIl ¢ HEOTPUIATEIbHBIMI SJIEMEHTAMI.
B noknane 6ymeT mpuBeneHO MOKa3aTEIbCTBO CIEMYIOIIEN TEOPEMbI O KIaCCU(PUKAIIMT SHIO-
Mopdu3moB noayrpynnst Gy, (R):

Teopema. IIycts ® — samomopdusm momyrpynnsr G, (R), n > 3, roe R — mauneiiHo
yIopsmodeHHOEe HeoOs3aTeTbHO KOMMYTAaTHBHOE KOJIBIIO ¢ 0OpaTuMon nBoukon. Torma BhI-
IOJIHEHO ONHO U3 ABYX YCJIOBUH:

e O6pa3zom sHHOMOPGUIMA ABILETCA HEKOTOPAS HOATPYIIITA MOHOMUAIBHBIX MATPUIL;
e Cymecrytor M € I',(R), b € End(R. ), uerrpansuas romorerus ), rakue aro
comamaer ¢ @y o ®° o Q ma momyrpymme GET (R).

MI'Y um. M.B. Jlomonocosa, Mocksa
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IlenTpasibHbIE TIOPSIAKNA B KOHEYHOMEPHBIX HPOCTHIX aCCOIMATUBHBIX
cynepanrebpax

A. C. IIAHACEHKO

[HenTpanbHble TOPSAOKN B TPOCTHIX ajarebpax sBISIOTCS BaXXHBIMU IPUMEPAMU TTePBUU-
HBIX ajreOp BO MHOTmWX Kjaccax Kojerl. Tax, Bce accoummaTuBHble nepBuuHble Pl amre6por
MCYEPIIBIBAIOTCS MEHTPAIBHBIME TOPSIAKAMEI B MATPUUYHBIX ajrebpax, Bce MOPIAHOBHI IEP-
BUYHBIE HEBLIPOXKIEHHBIE Pl-aire6pot aBIISIIOTCS IEHTPATTBHBIMI TTOPSIIKAMEI B IPOCTHIX HOP-
MaHOBBIX ajirebpax, Bce ajbTePHATHUBHbBIE TEPBUYHBIC HEBBIPOXKICHHBIE AJIT€OPHI SBIISIOTCS
IIEHTPAJIbHBIMI MOPSIOKAMHI B arebpax OKTOHUOHOB.

[Mycts A = Ay ® A — Zs-rpamyupoBannas anrebpa. Ee cynepyewmpom HaszbiBaeTCs
yeTHast 4acTh neHTpa Z = Z(A) N Ag. Zs-rpamyupoBannas anrebpa A HasbIBaeTCs IEH-
TPaATBHBIM HOPSAAKOM B Zo-IPaXynpoBaHHOR anrebpe B, ecmn Z 1A = B. JlaaHOe mOHATHE
TakK Ke UrpaeT BaXHYIO poiib. Hampumep, mpum HAIOXKEHUU HEKOTOPLIX YCIIOBUN HEBBIPO-
KIEHHOCTU Ha YETHYI0 YaCTh, NMEPBUYHBLIE HEACCONMATUBHBIE HETPUBUAJbLHBLIE aJIbTEpHA-
TUBHBIE CyMEparebpbl NCUEPIBIBAIOTCS MEHTPAILHBIME MOPSIIKAMEI B MPOCTHIX aJIbTepHA-
TUBHBIX CcyTepajredpax.

E.®opmanex [1] mokasasi KOHEUHOCTH HAIl EHTPOM acCOUMATUBHON mepBuuHOil Pl-as-
re6pol (T. €. UEHTPAJBHOTO MOPSIKA B KOHEYHOMEDPHOI MPOCTON ajre6pe) ¢ HeTepOBLIM
neHTpoM. HemaBHO ObIo mOydueHO 00OOIIIEHVE STOTO Pe3yIbTaTa Ha aJlbTepHATUBHBIE U
HOpIaHOBEL anre6ps [2, 3.

B pabore nokaszana cremyrorias

Teopema. Ilycte A — HeHTpaJBHBIN MOPIAOK B KOHEYHOMEDPHOI IIPOCTOMH aCCOIHA-
TUBHOH cymepaJrebpe u mycts / — cynepueHtp A. Torma A BKIagbIBAETCS B KOHEUHBII
Z-monyib. B wactHOCTH, eciim Z — HeTepoB, TO A ABIIeTCS KOHEUHBIM Z-MOIYJIEM.

Pa6ora nonnep:xxana PH® (mpoext 14-21-00065).
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O cTeneHm CTAaHIAPTHOTO TOXIECTBA B KOHEYHOIIOPOXKJACHHON HUILIOTEHTHOM
anre6pe R ¢ ycnosuem dim RY /RN*! =2

E. II. IIETPOB

B pa6ore [1] 66110 MOKA3aHO, UTO BCAKASL ACCONMATUBHAS HUJIBIIOTEHTHAS. KOHEUHOMED-
Has anrebpa R HaIl IPOM3BOILHBIM mOseM ¢ ycaoueM dim R2 / R? = 2 ynoBneTBopsier cTas-
OJapTHOMY TOXIOCCTBY CTEIICHU YEThIDE

54($1,$2,$3,$4) = Z (—1)U$a(1)$a(2)xa(3)l‘a(4) =0.
ogESy
[Ipuuem sTa OneHKaA SBIISIETCS TOIHOM.

B mpomnecce 0606IIIeHEs] YKA3AHHOTO Pe3y/IbTaTa B paboTe [2| BHIACHUIOCH, YTO acCoIma-
TUBHAs HUWJIBIIOTEHTHAs 2-TIOPOXKIeHHAas ajirebpa R, Ham mojeM XapaKTePUCTUKN, He PaBHON
2, ¢ yeropuem dim RY /RN*! = 2 mpu N > 2, ymoBfeTBOPAT NMpHM MOCTATOMHO GOBITIX
3HAUYCHNAX YHNCJIIa N CTaHOAapPpTHOMY TOXKIOCCTBY 3HAYUTEIBHO MEHBIIENR CTeleHu, 9eM N

Crenyromas Teopema (B pabore [3]) mpemocTapisier ajaropuTM HAXOKICHUs CTENeHN
MUHAMAJIBHOTO TOXKIECTBA S-TTOPOXKICHHOW HUJIBIIOTEHTHON ajirebphbl HAI IOJIEM XapaKTe-
pUCTUKHW, He paBHOW mByw™m, c¢ yciopuem dim RY /RNTL = 20 N > 3, mna Geckomeunoro
MHOXKEeCTBa 3HaueHunn /N ompeneieHHOTO BUIA.

Teopema. Ilycmv R — npoudsosvnag s-nopoxicdennad (S > 2) HuIbNOMENMHAL Ga2e-
opa Had noaem  TaApaKMepPuCmuKry, He  PasHOl deym, c YCcA0B8UEM
dim RN /RNTL =2 N > 3. Toeda

1) ecau s < N + 2, mo R ydosaemsopisem cmandapmuomy moarcdecmey
T — ’7(N+2)(s—1)2+sm+1—m(s—l)s—s

Sr(xy,22, ... ;o) = 0, ade

m(s—1)2 —‘ u napamemp 1 6bl-

yucagTemca no Gopmyaam:
W42 (s=1)? s
s—1 *.
1Og31 (Nt12)(s—1)2—5 | ? ecau N < N ;
085 TeGeg
S'w
S *
logsl (N+2)(s—1)2—5 | 7 ecau N > N ,
08s T oismD)

3
I

log (N+2s)?1 1)? S
S— —S
logs s-(s—1)

)2,
(N+2)(871)278 log s.(N+2)S(s_11)
S — 1 5 (N42)(s—1)2—5s
(s=1)—s| s ° + s

N* =

CEE o

2) npu A0OBIT 3HAUEHUIT S cmee6pa R ydoenemeopﬂem cmandapmno./wy moofcéecmsy
SN+2($1,.T2, ,I‘N+2) = 0

ms—m—s)-s"+s
3ameuanune. Eciium > 3, To nima N = ( )

—24+mr,tmel <r < s™,

(s — 1)
HalIeTCsl Takas S-TIOPOXKIIEHHasI HUIBLIIOTEHTHas ajirebpa R Ham mojieM XapaKTePUCTUKH,
He pasHOH mByM, c yemosmem dimRY /RNT! = 2 xoTopas He ymOBIETBOpSET HEKAKOMY

nonuIuHeHOMY ToXnecTBy crenenu (1 — 1).

CIIMCOK JIUTEPATYPHI
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[2] Petrov E.P., Structure, defining relations and identities of finite-dimensional nilpotent algebra R with
condition dimRN /RN*! =2 // Siberian Electronic Mathematical Reports, 14 (2017), 1153-1187.
[3] Petrov E.P., Defining relations and identities of finite-generated nilpotent algebra R with condition
dimRN /RN*1 =2 // Siberian Electronic Mathematical Reports, 15 (2018), 1048-1064.
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ToxnmecTBa NOPIAHOBHIX ajIre6p myaccoHoBa TUIIA

A. B. Ilonos
s mobont cynepanarebpsl [lyaccona P MOXHO OmpeneuTh WOPIAHOBY CyIepaireopy
K(P), — rak maswiBaembiir my6ns KanTopa [1]. CooTsercTByioime HOpIaHOBLI alre6pb

suna G(K(P)), rme G(-) — rpaccmasoBa 060710uKa, OymeM Ha3bIBATH HOPIAHOBBIMU AJIre-
6pamu myaccoroBa Tuma. Jepes Jord o6o3HaunM Kj1acc Bcex Takux ajaredp, a uepes KJord
HauMeHbIIlee MHOroobpasue, comepxkaitee B cebe KJord.

Nssectrev pesynbrarom U. II. [lecrakoBa [2] sBIsSeTCs MOKa3aTeIbCTBO OTHOLICHIUS
KJord C SJord, rne SJord — mauMenbliiee MHOroobpasue, comepkaiiiee Bce CIelrabHbe
MOPIAHOBBI AJIreOPHI.

[Iycts S[X]| — cBobonnas anre6pa [Iyaccona Ha C4eTHOM MHOXKECTBE MOPOXKIAIONIX X |

a S[X]# — anre6pa S[X] ¢ npucoenunenHoit enuruneil. Boiemy B anrebpe G(K (S[X]7))
nonanre6bpy G(K(S[X])) © 1 ® Gy. Honyuennyro nonanre6py obosznaunm K .J(X). Kpome
Toro, OymeMm paccmarpuBaTh dakTopanrebper K.J,(X), kaxnas u3 KOTOPLIX OMPENesseTcs
IOTIOITHUTENTBHBIM COOTHOIIEHUEM U1 *  * Up 41 = 0 I JTOOBIX U1, . .., Upy1 € S[X].

Beenem o6o3navenus nist MHoroobpasuit V,, = var(K.J, (X)) u V = var(KJ(X)).

YrBepxkneuue. Vi C Vo C ... CV = KJord.

Onucanue TOXAECTB, MOPOXKAAIOIMINX MHOrOO6pasus V,, B KOHEYHOM CUETE MO3BOJIUT
OICATH TOXKIECTBA MHOTOOOpas3us V U NaTh OTBET HA CJIEMYIOIIYIO TUIOTE3Y:

I'mnores3a. Umeer mecto paBencTBo MHOroobpasuti KJord = SJord.

YacTb TOXKIECTB MHOrOOOpasuil V), OMUCHLIBAETCS CIIEMYIOIINMI TEOPEMAMIU:

Teopema 1. B mHOroobpasun V,, BBIIOTHEHBI TOXIECTBA

Ilpu n = 1 maHHas mapa TOXOECTB ABIIETCA O6A3MCOM TOXKIECTB V.
Teopema 2. Ecau f(x1,...,x) = 0 — ToxkaecTtBo MmHOro06pasus V, u g(yy,...,y;) =0
— TOXIeCTBO MHOroobpasus Vy,, TO:

(1) B MHOrOOGpa3suu V, 1 BBIIOJIHEHBI TOXACCTBA:

flxy, ..., x)(2122)(2324) =0, flxy, ..., x6)((2122)(2324)) = 0.

(2) B MHOrOOOpasuu Vy, 4, BBIIOJHEHBI TOXKIECTBA:

f('rla s 7wk)g(y17 s 7yl> =0, f(xla‘ . 7-Ti—1ag(y1: s 7yl)7xi+17' . 7-Tk) =0.
CINCOK JINTEPATYPHI
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yHI/IBepcaJ'II:Haﬂ 9KBUBAJIECHTHOCTDb YaCTUYHO KOMMYTAaTUBHBIX anreﬁp JIn
HEKOTOpPOro KJjiacca

E. H. ITIOPOIIEHKO

[Iyctes G = (A; F) — HeOpueHTUPOBaHHBIN Tpad 6e3 meTeib ¢ KOHEYHBIM MHOXKECTBOM
BepimH A u MHOXecTBOM pebep F. Yacmuuno xommymamuerot aseebpoti Jlu wam obma-
CTBIO TIeJIOCTHOCTU R ¢ emumHmIEl Ha3bBaeTcs R-amrebpa ¢ MHOXKECTBOM TOPOXKIAFOIIINAX
A ={ay,a9,...,a,} U MHOXKECTBOM OIPEIEJISIOUINX COOTHOIIICHUN BUAIA

{lai,a;] =0]a; u aj coemuuensr peGpom}. (1)

YacTuaro koMMmyTaTuBHy0 anrebpy Jlu, onpenenernmyio rpadom G ¢ MHOXKECTBOM BEPIITIH
A obosznaunm L(A;G).

Cepust pa6or asropa [1]-[4] (mepsas u3 kortopbix B coaBropcrse ¢ E.U. Tumornienko)
ObLIa OCBSIIIEHA M3y Y€HUIO BOIIPOCA YHUBEPCAIBHON SKBUBAJIEHTHOCTH 17151 HEKOTOPBIX KJIaC-
COB YACTUYHO KOMMYTATUBHBIX M YAaCTUYHO KOMMYTATUBHBIX MeTabeseBbix anrebp Jlu, a
UMEHHO, JIsl YJACTUIHO KOMMYTATUBHBIX (MeTabesneBbix) anre6p Jlu, onpenensiomnmmn rpa-
dbaMu KOTOPBIX SIBIISIFOTCS EPEBbsl (KOHEUHbIe U OeCKOHeUYHbIe) n uukibl. llens manHOM pa-
60TEL — 06OOIIEeHre Pe3yIbTATOB, MOJIyI€HHLIX B [3].

[Iycte G = (A; F) — HEOpUEHTUPOBAHHBI CBS3HBIN T'pad 6e3 TPEeyroabHUKOB U KBa-
IPaTOB, TO €CTh rpad, B KOTOPOM HET IUKJIOB minHbl 3 u 4. Yepes G* obo3raunm nonrpad
rpada (G, TOPOXKIOEHHLI BCEMU €r0 HEBUCSYNMU BEPIITHAMI.

NmeeT MecTO cremytoras TeopeMa.

Teopema. Ilycts G = (A;E) u H = (B; F) — koHeuHble cBs3HBIE rpadbl 6€3 Tpe-
YTOJILHUKOB U KBanpaToB. Hacruano kommyrarusHele anreoper Jlu L(A; G) u L(B; H) yan-
BepCajIbHO 5KBUBAJIEHTHEI TOTa U TOJILKO Torma, korga rpager G* u H* m3omopgHEL

Pa6ora Beimonsena npu dunancoBoi nonnepxkke PODPU (rpant 18-01-00100).
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O ToxnmecTBax ajJibTEPHATUBHOIO MOHCTpa u aire6pnsr CKOCLIPCKOTO

C. B. IITYEJIVHLIEB

Xopo1o M3BECTHO, YTO KOMMYTATHUBHBIX ajlbTepHATUBHBLIX ajrebpax S[X| (MmoHcTp) 1
Sk(X) (anre6pa CKOCBLIPCKOTO) BBITIONHSETCS TOXAeCTBO r° = ( (3Tm anreGpel paccma-
TPUBAIOTCS. Hall OECKOHEUHBIM IosieM xapakrepuctuku 3). B [1] 6buio ykasano Toxie-

4
crBo [[,_,(¢c,25,9;) = 0 cremenn 12, Bomommsiomeecs B anrebpax S[X| m Sk(X), rme
(c,z,y) = (cx)y — c(xy) obo3HAUaeT accouuaTop 3JIEMEHTOB ¢, T,y. HaiimeHo HOBOe TO-
KIECTBO

p(a7 b7 I, y? Z? t) :: (a7 b? m)(y? Z? t) - (a7 b7 y)(z7 t? x)+
(a,b,2)(t,z,y) — (a,b,t)(z,2,y) =0

crenern 6, BermonHsomeecst B anrebpax S[X| u Sk(X). Ilokasana Tak:ke HE3aBHCHMOCTb
CITEIYIOIIEeNl CUCTEMbI TOXKIECTB HAl OECKOHEUHBIM IOJIEM XapaKTEPUCTUKU 3: TY — YT,
(z,y,y), 22, p(a,b,z,y, z,t), H?Zl(c, xi,Y;). Kpome Toro, mokazano, uro amre6pst Sk(X)
u S[X| HEOTIMIMMBI TOXAECTBAMUI OT IISITU IIEPEMEHHBIX.

[TosyuenHbIe Pe3yIbTATHl UMEIOT HEIOCPEACTBEHHOE OTHOIIEHWE K TUIIOTEe3aM, BBICKA-
3aHHBIM B paborax [1]-[3].

Pabora BeImonaena nipu nmonaepxkke Poccuiickoro dporna GyHIaMEHTAIIBHBIX UCCIENOBA-

uuit (rpast N 16-01-00756).
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IIpocThie acumMmeTpuuHbIe ny6sim, X aBTOMOP®U3MbI 1 AudGEepPEeHITTPOBAHM A

C. B. ITyenuHUEB, O. B. IITAIKOB

B [1] 6eun onmcasb! ykaszaHHBIE OOBEKTHI ISl IPOCTHIX [IPABOAIILTEPHATUBHLIX CyIIep-
anrebp abeneBa Tuna. B wacTHOCTH, OBITIO TOKA3aHO, UYTO TPYIILI aBTOMOP(U3MOB SIBIISTIOTCS
abeseBbIMT, a cynepaareOpbl nuddepeHTnpoBaHNN HYJTEBLIMM.

B [2] 6butn onmcaHbl Bce KOHEUHOMEPHBIE CyTiepasirebphl ¢ 4eTHOR yacTbio My (amre6pa
MaTPUI[ TOPSIKa 2), OKa3aj0Ch, YTO BCe OHU JIMOO aJIbTEPHATUBHEL, UO0 UMEOT pasMep-
HOCTBH 8. AJIbTepHATUBHBIE CYIEPAITeOPHI 3aBUCST OT OMHOTO TMapaMeTpa U SBJISIOTCS 00
aCCOIMATUBHBIMU MyOisaMu Y osta, Tub0 albTepPHATUBHBIMU G-MEpPHBIMU CyliepairebpaMm
[[TecTakoBa; He aIbTepHATUBHBIE CyTepAIIreOphI ObLITN HA3BAHBI ACUMMETPUIHBIME Ty OISIMU.

N3yuensr m3omopdus3Mbl, aBTOMOPOU3MBI 1 TuDGHEPEHIINPOBAHNS ACUMMETPUYIHBIX Y-
6J1ell Hall TPOM3BOJILHBIM IOJIEM XapaKTEePUCTUKU # 2. BBemeHo MOoHATHE KAHOHUYECKOTO
0a3uca acuMMeTpUIHOro nyOiis BUIA B4‘4(w), 3aBUCSAIIETO OT MaTPHULBLl W € HEHYJIEBBIM
cjemoM, W yKaszaHa Tabiuila YMHOXKEHUs ONHOPOOHBIX djieMeHTOB. llokazawo, urto my6ib
SIBJISIETCSI TIPABOAJILTEPHATUBHON Cymepaarebpoil m ykKa3zaH KPUTEPUil e€ MPOCTOTHI. Y Ka-
3aHBI OCHOBHBIC CTIeNMaIm3anun my6meit Byj4(w) B 3aBUCHMOCTH OT CIIEKTPa ONPEIeIIAIONICH
MATPUIBL W: KOPHAAHOB, NUATOHAJIBHBIN (B YACTHOCTHU, UCKITIOUNTEIHHBIN U BHIPOXK ICHHBII )
1 0OOOILIEHHO XKOPIIaHOB.

ITBe MaTpumbl w 1 w', UMEIOIINEe HEHYJIEBBIE CIIENBI, HA30BEM JK6UBAAEHTHbIMU, €CITI
CyIIeCTBYIOT Takme cKamsap € € ® m marpuna s € SLy, uto w’ = 25~ lws. Ilokazano, uTo
my6mm Byj4(w) m Byjs(w') m30MOpGHBI TOT DA 1 TOIBKO TOT1a, KOT/Ia MATPHIILI W' 1 W SKBUBA-
JmeHTHBI. HalimeHbl Tpynmbl aBTOMOP(MU3MOB aCUMMETPUYHBIX qybOsiedt. [loka3zaHo,4To rpymnma
aBTOMOP()PU3MOB CKAJIIPHOTO 1Iy0IIs B4|4()\) ABIIAETCS MPAMBIM TpousBenenueM {+1} X SLo;
TPYIIIBI aBTOMOPOU3MOB BCeX MPyrux myoseinn abeseBbl. Beraucnensr cynepaarebpsl nudde-
penrnupoBanuii. Ilokazano, uTo anrebpa UeTHBIX MUDGEPEHIINPOBAHUIN CKAJISIPHOTO MyOJIs
B4|4()\) n3oMmopdHa slo; HeueTHBIE MUDGEPEHITUPOBAHNS UMEIOT TOJIBKO BBIPOXKIEHHBIE Y-
onu, cynepaiarebpsl nuddepeHITMPOBAHIT KOTOPHIX abeIeBHl.

CIINCOK JIMTEPATYPBI
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N3omopdu3mbl perieTok nopajirebp KoJier HelrpepbIBHBIX
OEeNCTBUTEIbHO3HAYHBIX QYHKIINI

B. B. CunoroB

Knaccuueckas Teopema INenbdanna—Kommoroposa [1] yreepxmaer, 4To st 1:060ro TU-
XOHOBCKOro mpocrpancTBa X crektp kosbla C'(X) HeIpepbIBHBIX AECTBATEILHOBHAYHBIX
byHKuuii romeoMopdeH CTOYH-4exXOBCKol KoMmnakTubukanuu $X. B wacraocTu, TOmomorus
npon3BosibHOrO KommakTa X ompemessercs kKoibroMm C(X). Dror pesymbrar GblT pacnpo-
cTpaHeH XbIOUTTOM [2| HA IEfCTBUTEIBHO-KOMIIAKTHBIE IIPOCTPAHCTBA X, HA3bIBAEMBIE Te-
[epb XBIOUTTOBCKUMMU (TONOJIOTUYECKOEe MPOCTPAHCTBO HA3BIBAETCS XBIOUTTOBCKUM, €CIIN
OHO TOMEOMOP(}HO 3aMKHYTOMY IHONIPOCTPAHCTBY HEKOTOPON TUXOHOBCKOI CTEIEHU HPSIMOIL
R). BaxHOCTH XBIOMTTOBCKUX MPOCTPAHCTB B Teopuu Kojell C(X) u CBSI3aHHBIX ¢ HUMUI
arre6pamIecKuxX CUCTEM HEIPEPBIBHBIX (QYHKII COCTOUT B TOM, UTO IJIsl JIFOOOrO TOIMO-
JIOTUYECKOTO MPOCTPAHCTBa X HAMIYTCsS TUXOHOBCKOE IPOCTPAHCTBO TX U XbIOUTTOBCKOE
npocrpascTBo v7X Takue, uTo Koibia C(X), C(7X) u v7C(X) kaHOHIUECKH N30MODPGHBI.
XBIOUTT IOKA3aJI, 9TO ¢ TOYHOCTBIO IO FOMEOMOpPGhEU3MA XBIOUTTOBCKIUX MPOCTPAHCTB VT X
u v7Y CYLIECTBYIOT JIUINb TOXIecTBeHHBIE n3oMopduamer koster, C(X) u C(Y).

Kompro C(X) sersercs R-amre6poit. Hemycroe nonmuoxkecrso A kombua C(X) GymeT
ero momasnre6poit, ecmu f + g, fg,rf € A mna mobbix f,g € C(X) nu r € R. O6o3naunm
gepe3 A(C(X)) pewerky R-nmomanre6p xonbua C(X) orHOCHTEnBHO BKiIoueHns . B 1997 r.
E. M. Beuromos 3amerun [3], uro B Teopeme XpronrTa Koo C'(X) MOXKHO 3aMEHUTH Ha
pemerky A(C(X)). Hpyrumu cioBamu, miist JIIOOBIX XbIOUTTOBCKUX MPOCTPAHCTB X u Y
m3omopdmsm perretok A(C(X)) n A(C(Y)) Bredaer romeomopdusm mpocTpancTts X u Y.
Orcrona, B 9aCTHOCTH, CIIELYET, YTO IJIsi IPOU3BOIBHBIX TOMOJIOMMUYECKUX IPOCTPAHCTB X
u Y msomopdusm pererox A(C(X)) u A(C(Y)) Breger nzomopdusm xomern C(X) u C(Y).
[Mockonbky npu mzomopdusme kosterr C'(X) u C(Y') obpazoM momanareOphl ABIISIETCS TOMAIITe-
6pa, obpaTHOe Tak:xke BepHO. CytrecTBytoT i m3oMopdusmet pererok A(C(X)) u A(C(Y)),
KOTOpBIE He mHAynupyoTces nzomopdusmamu xkorern C(X) u C(Y)?

Hamu mosywen criemyrommuil pe3yibrar.

Teopema. /[ mpou3BOJIBHBIX CBS3HBIX KOMIAKTOB X © Y H30MOP(OU3M DEIIETOK
A(C(X)) u A(C(Y)) mazyuupyercs nzomopduzmom rxomer; C(X) u C(Y).
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Bnosne naeMIiIiOTeHTHBIE FOMOMOp(I)I/IBMbI abejieBBIX rpyIiin

A. P. YEXJI0OB
HYCTI) f € Hom (A,B) n Hr(f) = {Zngsz |gz € Hom (B,A),SZ' € Hom (AaA)}v

Hi(f) = {Z sifgi|gi € Hom (B, A),s; € Hom (B,B)}7 Z(n) — nmKIndecKas CPyIIIa IIo-

7
paOoKa n, P — MHOXecTBO Beex IIPOCTBIX YUCEJI.

Fomomopdusm f € Hom (A, B) HassiBaeTcs:

1) enoane udemnomenmuvim cnpasa (caesa), ecnu f € fH.(f) (f € H(f)f) (em. [1],
[2]);

2) pe2yagpubim, eCu CylecTByeT Takoi romomopdusm g € Hom (B, A), uro f = fgf.

Besikuit perysnspabIil ToMOMOPGU3M SIBIISIETCS BIOJIHE MIEMIIOTEHTHBIM KaK CIIPaBa, Tak
1 CIIeBA.

IIpensioxenune. 1) Ilycro

A=A16---®A, u B=B1 & - ®B,,

A=A, 2B =2PZ(p), B=..=B,=][[Z0p),
pell pell
rmen € Nyn>1, I CPu|ll| =N Torna Hom (A, B) comnepXut He perysspHble BIOJIHE
UAEMIOTEHTHBIE CIPaBa TOMOMOP(DUI3MEL.
2) Ilycre
A=A®---®A, u B=DB @ - @ B,,
rmen € N, n > 1,
A =2B ... 2B, =2Z(p%), Ay=...=A,=Z(p).
Torna Hom (A, B) comepXutT He perysispHbIe BIOIHE UAEMIOTEHTHEIE CIIEBA TOMOMOP(MI3MEL.
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Hochschild cohomology via Morse mathching and Anick resolution

H. ALHUSSEIN, P. KOLESNIKOV

Homological methods allow us to get important information about the structure of
an algebra. For associative algebras, Hochschild cohomologies play an important role in
structure and representation theory. Finding the Hochschild cohomology group H™(A, M)
of a given algebra A with coefficients in a given A-bimodule M is often a difficult problem. In
order to solve this problem one needs a long exact sequence starting from A, a resolution of
A. The most natural bar-resolution is easy to construct but it is too bulky for computations.
Another approach was proposed by David J. Anick in 1986 [1], where it was built a free
resolution for associative algebra which is homotopy equivalent to the bar-resolution. The
Anick resolution was also used to find Poincare Series. Computation of the differentials
in the Anick resolution according to the original algorithm described in [1] is extremely
hard. In order to make the computation easier, one may use the discrete algebraic Morse
theory based on the concept of a Morse matching defined in [3, 4]. This concept was used
in geometry first, then it became applicable in algebra. In the present work, we apply the
Morse matching theory to find the Anick resolution and calculate the groups of Hochschild
n-cohomologies of the Manturov group (which has applications in Dynamical Systems[6]),
Weyl algebra and chinese algebra.
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Realization of Buchberger algorithm for bicommutative and Novikov algebras

A. S. DzHUMADIL'DAEV, K. M. TULENBAYEV
An algebra (A, o) is called Nowikov if a1 o (a2 0o az) — (a; oaz) oas = aj o (az o az) —
(a1 0 ag) o az, ay o (ag 0 ag) = ag o (a; o ag). Bicommutative algebras are defined by the
identities ao (boc) = bo (aoc)and (aob)oc = (aoc)ob. Base elements of Novikov algebras
and bicommutative algebras can be formed by elements that are right-bracketed products
of left-bracketed elements. We write them as a sequence of rows put down each other. Rows
corresponds to left-bracketed elements and columns to right-bracketed elements.

[ [ ] ([ ] [ [ ] o

We denote a; ; element from € in seixNewx (7,7), at the intersection of i-th row and
j-th column. The rule of filling is following;:
- Qg1 Z Ai4+1,1, if T, = TZ'Jrl,’i = 1,2, e, — 1.
- sequence

An2:  Qpr,Apn—-12" " " Qpn-17r,_1 " A1,2° Q1 ry

is non-decreasing.

Theorem 1. Let A be bicommutative algebra then base in terms of hooks give us
Grobner-Shirshov base

Theorem 2. Let A be Novikov algebra then base in terms of Novikov diagrams give
us Grobner-Shirshov base

Realization of Buchberger algorithm for Novikov algebras differs from polynomial case
because we need reduction to Novikov diagram from Young diagram with arbitrary filling.
Realization of Buchberger algorithm for Bicommutative algebras needs new definition of
S-polynomials.
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Hochschild cohomology of algebras of dihedral type

M. FiLiprov

Algebras of dihedral, semidihedral, and quaternion types have appeared in the work of
Erdmann [1] on the classification of group blocks of tame representation type. Since then,
their Hochschild cohomology groups were studied extensively. For example, the Hochschild
cohomology algebra was calculated for a family of local algebras of quaternion type in [3],
furthermore, in [4] the algebra HH*(R) was described for the family of local algebras of
dihedral type, and in [5], the algebra HH*(R) was described for a family of local algebras of
semidihedral type.

The present paper is devoted to calculation of the Hochschild cohomology groups for
algebras of dihedral type contained in the family D(3R) (in the notation of [1]), hereby
continuing the work of the papers above. In the calculation, we apply the approach from
[2]. A specific feature of this approach is that, on the basis of some empirical observations,
the minimal projective bimodule resolution for the discussed algebras is constructed, and
then the resolution is used in the calculation of the Hochschild cohomology groups and also
the multiplication in the Hochschild cohomology algebra.

The work was supported by the President’s Program ”Support of Young Russian Sci-
entists” (grant MK-1378.2017.1).
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Codimension growth of central polynomials

A. GIAMBRUNO, S. MISHCHENKO, M. ZAICEV

Let A be an algebra over a field F' of characteristics zero and Z(A) its center. A
polynomial f = f(z1,...,z,) is called a central polynomial of A if f(ay,...,a,) € Z(A) for

any ai,...,a, € A. In case F' takes only zero value, f is an identity of A whereas if f takes
a non-zero value in Z(A), we say that f is a proper central polynomial.
Let P, = P,(z1,...,x,) be the subspace of all multilinear polynomials on x1,...,z,

of the absolutely free algebra F{X}. Denote by Id(A) the two-sided ideal of F{X} of
all identities of A and by Id*(A) the subspace of all central polynomials of A. The value
cn(A) = codim (P, : P, N Id(A)) is called the nth codimension of A. It is known that in
associative case the limit exp(A) = lim,, o V/cn(A) always exists and is a non-negative
integer called the Pl-exponent of A.

In 2016 A. Regev introduced the notion of central codimension ¢7(A) and proper central
codimension ¢ (A) by setting ¢?(A) = codim (P, : P, N Id*(A)), c(A) = codim (P, N
Id*(A) : P, N Id(A)) (see [1]). In the papers [1], [2] it was proved that for any finite
dimensional associative algebra A the limits exp®(A) = lim, .o /¢S (A) and exp?(A) =
lim,, 00 V/cZ(A) also exist and are integers. Moreover, exp®(A) = exp(A) provided that
exp(A) > 2.

Similar numerical invariants can be naturally defined in the more general case of non-
associative algebras as well. In the present talk we announce the following result. Let W be
the five-dimensional algebra with basis e_1, eq, €1, €2, 2z and with multiplication table given
by e_1eg = e_1, e_1e1 = eg, e_1€3 = €] = €pe1, €pey = €3, ezeo = z, where all remaining
products are supposed to be zero.

Theorem. The exponents exp(W), exp* (W), exp® (W) do exist but are not integers.
Moreover, exp(W) = exp*(W) = exp® (W) ~ 3.610718614.

The first author was partially supported by the GNSAGA of INDAM. The third author
was supported by the RFBR, grant 16-01-00113.
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On graded U.J-rings

E. IL1G-GEORGIIEVIC

Recently, in [9], a UJ-ring is introduced as an associative ring R with identity 1 such
that 1+J(R) = U(R), where J(R) and U(R) denote the Jacobson radical of R and the group
of units of R, respectively. As it is noticed in [9], a ring R is a UJ-ring if and only if the
set of all quasi-regular elements of R coincides with J(R). This characterization motivates
us to define a graded U J-ring in a similar manner. We observe an S-graded ring inducing S
[6, 7, 8], that is, a ring R whose additive group can be written as a direct sum of a family
of additive subgroups of R indexed by a partial groupoid S, such that R;R; C R whenever
st is defined, and RsR; # 0 implies that the product st is defined. If S is cancellative, then,
by [2], a homogeneous element x from Ry is graded (right) quasi-regular if and only if either
s is not a nonzero idempotent element of S, or if s is a nonzero idempotent element of S,
then x is a classical (right) quasi-regular element of the ring Rg. Also, if S is cancellative,
the graded Jacobson radical J9(R) [2] is the largest homogeneous ideal of R all of whose
homogeneous elements are graded right quasi-regular (which are then graded quasi-regular).
We define an S-graded ring inducing S to be graded U.J if the homogeneous part of JI9(R)
coincides with the set of all graded quasi-regular elements of R. We give basic properties of
such rings and discuss their connection to graded nil clean rings, which are introduced in [5].
Also, we examine the graded U J-property of Morita contexts, corner rings and polynomial
rings.
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Split Hom-Leibniz color 3-algebras

I. KAycoroDOV, YU. Poprov
A Lie algebra g is called split if there exists a maximal abelian subalgebra h C g such

that
g:h@ @ Jas

ach*
where for a € h* the space g, = {z € g: [h,z] = a(h)x for all h € b} is called a root space.
If o # 0 is such that g, # 0, then « is called a root of g.

The class of split Lie algebras includes, for example, classical simple finite-dimensional
Lie algebras, Kac-Moody algebras, the Virasoro algebra and many others. Motivated by
deep structural results on split Lie algebras with certain restrictions on the root system
obtained in [6, 5], in the paper [1] A. Calderén began the study of Lie algebras over an
arbitrary field and an arbitrary root system. His results were later generalized for various
algebraic systems of Lie type.

We introduce and study the class of split regular Hom-Leibniz color 3-algebras and
the class of split Leibniz color 3-algebras with an automorphism. These classes are natural
extensions such previously studied classes as split Leibniz 3-algebras [3], split regular Hom-
Lie color algebras [2], and many others. We establish a 1 — 1 correspondence between the
classes of split regular Hom-Leibniz color 3-algebras and the class of split Leibniz color
3-algebras with an automorphism and describe their structure. Particularly, we show that
an algebra T' of one of these two classes satisfying some additional technical conditions is of
the form T'=U + ) I; with U a certain subspace of 7" and each I; an ideal of T such that
(1,1, 1) + [1;, T, 1] + [I;, I, T) = 0 for j # k.

The authors were supported by RFBR 18-31-00001 and the President’s Program ” Sup-
port of Young Russian Scientists” (grant MK-1378.2017.1).

REFERENCES

[1] Calderén A. J., On split Lie algebras with symmetric root systems // Proc. Indian Acad. Sci. Math. Sci.
118 (2008) 351-356.

[2] Cao Y., Chen L., On split regular Hom-Lie color algebras // Colloq. Math., 146 (2017), 1, 143-155.

[3] Calderén A.J., Sédnchez-Ortega J., Split 3-Leibniz algebras // Journal of Geometry and Physics 116,
(2017), 204-215.

[4] Kaygorodov I., Popov Yu., Split Regular Hom-Leibniz Color 3-algebras // arXiv:1807.04609, accepted
in Collog. Math.

[5] Neeb K.-H., Integrable roots in split graded Lie algebras // J. Algebra 225, 534580 (2000).

[6] Stumme N., The structure of locally finite split Lie algebras // J. Algebra 220, 664-693 (1999).

Universidade Federal do ABC, CMCC, Santo André (Brazil), Novosibirsk State University, Novosibirsk
E-mail: ivan.kaygorodov.84@mail.ru, yuri.ppv@gmail.com

173


mailto:ivan.kaygorodov.84@mail.ru, yuri.ppv@gmail.com

MamnbneBckue urerus 2018 Teopus koJterr

The degeneration level classification of algebras

I. KaAvycoropov, Yu. VOLKOV

The general linear group GL,, (IF) acts naturally on the set of all algebras of fixed dimen-
sion n in a given variety M over a field F (whcih is an algebraic variety). Given A and B
in M, we say that B degenerates to A if A belongs to the closure of GL,, (F)-orbit of B (in
the Zariski topology on M). The notion of a degeneration is closely related to the notions
of a contraction and of a deformation.

The notion of the level of an algebra was introduced in [2]. The algebra under consider-
ation has the level n if there is a chain of n nontrivial degenerations that starts at the given
algebra and there is no such a chain of length n + 1. Roughly speaking, the level estimates
the complexity of the multiplication of the given algebra. For example, the unique algebra
of the level zero is the algebra with zero multiplication and an algebra has the level one if
the closure of its orbit is formed by the zero algebra and the orbit itself. At this moment
there are no many results about the levels of algebras. The algebras of the first level were
classified in [4]. Associative, Lie, Jordan, Leibniz and nilpotent algebras of the level two
were classified in [1, 3].

In our work [5] we try to develop a way to classify algebras of small levels. We classify
all the algebras of the level 2 and give some portions of the classification of algebras of
higher levels. In particular, we recover and correct the results of [3]. It is interesting that
all the anticommutative algebras of the second level are Lie algebras and all the alternative
algebras of the second level are associative.

The authors were supported by RFBR 18-31-00001 and the President’s Program ”Sup-
port of Young Russian Scientists” (grant MK-1378.2017.1).
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Automorphisms of an enveloping ring R of a nil-triangular subalgebra of
a rank two Chevalley algebra

A. V. KAZAKOVA

A Chevalley algebra over a field K is characterized by a root system ® and a Chevalley
basis. The latter consists of elements e, (r € ®) and a suitable basis for a Cartan subalgebra,
see [1; § 4.4]. The subalgebra with the basis {e, | r € ®T} is said to be nil-triangular and
is denoted by N®(K). By the Chevalley Basis theorem, the value of e, x e4 is equal to
Nyserys if r,s,7 + s € T and is equal to 0 if r + s ¢ &T. Here N, is either +1, or +2,
or (for Go-type algebras) £3. Let R = (R, +,-) be a K-algebra with the same basis. We
put e,es =0if r+s & ®. If r,s,7+s € & and N, s > 1 then we put e,es = e, and
eser = — (N, s —1)e,ys. We replace the multiplication of R by the operation xxy = xy —yz.
We obtain a Lie algebra R(~) ~ N®(K). This construction of the enveloping algebra R
of a Lie algebra N®(K) was suggested by Levchuk. For A,,_;-type algebras, this algebra
is isomorphic to the associative algebra NT'(n, K) of nil-triangular n x n-matrices over K.
One of the main problems of our research is to find automorphisms of the enveloping ring R
of a nil-triangular subalgebra N®(K) of a rank two Chevalley algebra over an associative-
commutative ring K with unity. For As-type algebras, such automorphisms were described
in [2]. For the remaining types (i.e., By and G3), the description is suggested below.

Theorem 1. Let R denote an enveloping algebra of a Ba-type Lie algebra N®(K). Then
each automorphism of R is the product of a diagonal, ring, and annihilator automorphisms,
an inner automorphism of the form xz,(K), and a suitable automorphism of the form

E(d,t) i ep ey, eqr>eq+deaip €atb > Catbs €2a+b > E2atb-

Theorem 2. Let R denote an enveloping algebra of a Ga-type Lie algebra N®(K).
Then each automorphism of R is the product of a diagonal, ring, and central automorphisms,
a root automorphism of the form z,(K), and a suitable automorphism of the form (where
te K)

E(t) s ep > ep, eq > eq+te3ath, €atd > €qtb + t€3a+20,

€2q+b 7 €2a+bs €3a+b "7 €3a+bs; €3a+2b "7 €3a+2b-

The participant was supported by a travel grant provided due to Prof. H.P. Sankap-
panavar.

REFERENCES

[1] Carter R., Simple Groups of Lie type. New York: Wiley and Sons, 1972.
[2] Levchuk V.M., Connections between a unitriangular group and certain rings. II: Groups of automor-
phisms. Siberian Math. J. 24 (1983), 543-557.

Siberian Federal University, Krasnoyarsk
E-mail: alvkazakova@gmail.com

175


mailto:alvkazakova@gmail.com

MamnbneBckue urerus 2018 Teopus koJterr

On the Hochschild cohomologies of associative conformal algebras

P. S. KoLEsNIKOV, R. A. KozLov

An algebraic formalization of the properties of the operator product expansion (OPE)
in 2-dimensional conformal field theory gave rise to a new class of algebraic systems, vertex
operator algebras. The singular part of the OPE describes the commutator of two fields,
and the corresponding algebraic structures are called conformal (Lie) algebras (or vertex Lie
algebras).

Associative conformal algebras of conformal endomorphisms are of essential importance
for the study of finite representations of conformal Lie algebras (Lie vertex algebras) via
associative conformal envelopes of finite Lie algebras. The latter algebraic structures belong
to the class of associative conformal algebras with a finite faithful representation (FFR, for
short).

Since the splitting of a semisimple part plays crucial role in the study of Ado-type
problems for finite Lie conformal algebras, it is reasonable to investigate the similar problem
for associative conformal algebras with a FFR. A natural tool for such investigation is the
computation of Hochschild cohomologies for conformal algebras.

In this work, we explicitly describe all those semisimple associative conformal algebras
with a FFR that have trivial second Hochschild cohomology group relative to every conformal
bimodule.

The work was supported by the Program of fundamental scientific researches of the
Siberian Branch of Russian Academy of Sciences, 1.1.1, project 0314-2016-0001.
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Representations of generalizations of Jordan algebras

Yu. Porov

Noncommutative Jordan algebras were introduced by Albert. He noted that the struc-
ture theories of alternative and Jordan algebras share so many nice properties that it is
natural to conjecture that these algebras are members of a more general class with a sim-
ilar theory. So he introduced the variety of noncommutative Jordan algebras defined by
the Jordan identity and the flexibility identity. The class of noncommutative Jordan (su-
per)algebras turned out to be vast: for example, apart from alternative and Jordan (su-
per)algebras it contains quasiassociative (super)algebras, quadratic flexible (super)algebras
and (super)anticommutative (super)algebras. However, the structure theory of this class is
far from being nice.

Representations of alternative and Jordan superalgebras are considered in various works.
For example, in the paper [2] Martinez and Zelmanov used the Tits—Koecher—Kantor con-
struction to describe irreducible superbimodules over superalgebras M,, ,(F)(*), JP(n),
Josp(m,2r), and Jordan superalgebras of supersymmetric bilinear forms over algebraically
closed fields of characteristic 0. Some of the Martinez-Zelmanov results were generalized to
the case of arbitrary characteristic # 2 [1, 6].

Central simple finite-dimensional noncommutative Jordan superalgebras were described
by Pozhidaev and Shestakov in [3, 4, 5]. In this talk we will discuss the representations of
these superalgebras. Our main result is the classification of all irreducible finite-dimensional
representations of central simple finite-dimensional noncommutative Jordan superalgebas of
degree > 2 over an algebraically closed field of characteristic 0. In particular cases, we also
obtain complete reducibility of modules and Kronecker factorization theorem.

The author was supported by the President’s Program ”Support of Young Russian
Scientists” (grant MK-1378.2017.1).
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O kiyaccax MyJIbTUQYHKIINN, TOPOXKAEHHBIX MAaKCUMAJIBHBIMI YaCTAYHBIMU
YJIbTPaKJIOHAMU

C. A. BAnMAEB, 1. K. [IIAPAHXAEB

Mycts A ={0,1} u F' = {@,{0}, {1}, {0, 1}}. Onpenenum cremyrormue MHOXKeCTBa DyHKITHL:
P ={flf: A" = F}, Py = U Py,

Py, ={f|f EPQ*in u |f(&) =1nnsBcex & € A"}, Py = J Pap-

®ynxuun u3 Py Ha3bBAIOT QYHKIMAMEI anreGpsl Joruky, u3 Py — MynbTudyHKITIMI
Ha A.

B paGore [1] onucaHbr Bce MaKCHMaJIbHbIE YACTHIHbIE YIIBTPAKIIOHEL MyIbTU(YHKIII Ha
A. B nokmanme paccMaTpHBaeTCs BOIPOC O IPUHAMIEKHOCTH MYIbTUDYHKIINN MaKCHMAIIb-
HBIM YaCTUYHBIM yIbTpakioHaM. Hampumep, mist GyieBbIX QyHKINN aHAIOTUIHAS 3a0atda
perrranace B [2].

KoMIBIOTEPHEL 5KCIEPUMEHT YCTAHOBUII, ITO MYJIbTUGYHKINA OT TPEX IePEeMEHHBIX
naioT 91 Tun pynkunit. VccaenoBanue CBORCTB My IbTUGYHKINIA TO3BOIAIIO MOHU3UTH BEPX-
HIOIO OIICHKY. Takum o6pas’oM, MMeeM CIIeLyIOIIee YTBEPXK ICHIE.

Teopema. Ywuciao K1accoB MyJaIbTHQYHKINI, TOPOXKAEHHBIX OTHOILIEHUEM ITPUHAIIEXK-
HOCTH MaKCHMAaJIbHBIM JaCTHYIHBIM yJIbTpakiaoHaM, He MeHee 91 u He 6ojee 1655.

Pabora mepBoro aBTopa BbInoTHEeHA TTpu nonaepxkke PODPU, mpoekt N 18-31-00020.
CHUCOK JIMTEPATYPBI

[1] Banmaers C. A. Kpurepuil mosHOTHI MHOXKECTBA MyJIbTUQYHKIUN B IIOJTHOM YACTUYIHOM YIIBTDAKIIOHE
paura 2 // Cub. snekrpon. marem. u3s. 2018. T. 15. C. 450-474.

[2] d6nouckuin C.B. O cynepnosunusx ¢yskuui anrebpol moruku // Maremarnueckuii c6opaux. 1952.
T. 30 (72), N 2. C. 329-348.
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O C/I02)XKHOCTHU CTPOEHUS PEIIeTOK KBAa3MMHOroo0pa3mili KOMMYTATUBHBIX KOJIEI]

A. O. BAIIEEBA
Hoxa moCBsIeH CIoKHOCTH cTpoeHus perreTku Lq(K) monkBasmMHOrooGpasmit KBa-
SI/IMHOFOO6pa3I/ISI K KOMMYTaTI/IBHBIX KOJIEII C e,[IHHPILIefI. ,HOKaBaHa CJ’IeIIyIOLLIaSI TeopeMa.

Teopema. [Ing kaxkmoro m3 mepevncIeHHBIX HUXKe CBOHCTB B pemrerke Lq(K) ecthb
KOHTHUHYYM 3JIECMECHTOB, O6JTa,ZIaIOHII/IX S5THUM CBOWCTBOM:

Hepa3permnMoCTb HpOﬁﬂeMbI BXO2KOEHNA OJI4d KOHECYHBIX KOJICI].
Hepa3permnMoCTb KBa3M>KBaIl[IOHAJIbLHONI Teopumn,

CyILIIeCTBOBaHE€ PEKYPDCUBHOI'O HE3aBUCUMOI'O basmuca KBa3UTOXKIECTB,
OTCYTCTBHUE HE3aBUCUMOI'O basmuca KBa3UTOXKIECTB,

- CyILIIECTBOBaHUE W-HE3aBUCUMOI'O ba3mnca KBa3UTOXKICCTB.

Pabora monnepxana MunuctepctBoMm obpaszoBanus m Hayku Pecmybrmumku Kazaxcran

(rparT AP05132349).
CIIUCOK JIMNTEPATYPBI

[1] Kpasuenko A. B., Hypakynos A. M., llleunedckn M. B. O cTpoenun pemeTok xpasumHOroo6pasui. I.
HesaBucumas akcnomatusupyemocts // Anre6pa u smorumka. 2018. T. 57, N 6.

[2] Basheyeva A. O., Nurakunov A. M, Schwidefsky M. V. . Zamojska-Dzienio A. Lattices of subclasses.
IIT // Siberian Electronic Math. Reports. 2017. Vol. 14. P. 252-263.

[3] Bameesa A.O. Ksasumuoroo6pasus komMmyTartusHbix kosenr // Bectrnux KasHY. 2018. T. 97, N 1.
P. 54-66.
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Penterka ¢popmyiibHO-OOpeneMMbIX NOAKBA3MMHOT0O00pa3uil MOJTHBIX TEOPUl
KBa3MMHOT006pa3ms IOJIHbIX TEeOpUil

M. 1. BEKEHOB

[Iycts L — cUeTHBIA S3BIK IEPBOrO HOpsOka u K — KBa3sMMHOrooOpasue 3TOro SI3BIKA.

[Iyctb T — MHOXeCTBO 5JIEMEHTAPHBIX TEOPUI BCEX MOMEJIEN 3TOr0 KBa3UMHOT00OOpa-
315, KOTOPOE HA30BEM KBa3UMHOTOOOpA3MeM IIOJIHBIX TEOPUl 3TOr0 KBa3sUMHOroo6pasus (ma-
Jlee KBa3UMHOTrooOpasue-T), obIamgaronero GakTHIecKn TeMI e CBONCTBAME 3aMKHYTOCTH
[1], onpenesnsouMy KBa3MMHOTO00pa3us Momesein [2].

Bo3pmem mpomsBeneHme Bcex TeOPU 3TOr0 KBA3UMHOTO0OPA3Us-T, MOIYyINM TEOPUIO U3

5TOTO XK€ KBa3UMHOTOO0Pa3us-T, TO ecTb 11 * 15 * ... = Tj;.

Teopema (Baiumreitn [3]). Ilycrs A, B,C' — Tpu monenn s3pika L. Eciu A = Ax B x
C, To A = Ax B ( 3mecp * — mpousBeneHne Mogesieil, = — 5JIeMeHTapHAas S5KBUBAJIEHTHOCTH
MozneJier).

CnencrBue. Eciu Ty =T T x 13, ToT7 =T x T5.

Teopema 1. B kaxknoM KBa3smMHOroOOpasuu-T MOJHBIX TEOPHIT CyIIecTByeT Teopus 1’
Takas, 94T0 14 jrobor T sToro kBasumuoroobpasus-T, T x T' = T'.

Onpenenenne. Ilycts T — xBaszumHOroobpasme-T, 11 — e€ro momKBa3mMHOI00Opa-
sue-T. HazoBem 11 (popMyJIBHO-OIpEneTUMBIM MOOKBA3UMHOI00Opa3ueM-T KBa3UMHOIO-
obpasus-T Tk, ecim cymectByer 11 € Tk, Takas, aro nusg jqobon 1 € Ty, T Ty = T}
TOorma m TOJIBKO Toraa, korna I € Tk .

HexoTopere kBazuMHOTO0Opa3Us-T MOTYT He OBITH (POPMYIBHO-OIIPENEeTIMBIMU.

Teopema 2. Bce MHOroobpasus-t ¢opMyJIbHO-OIPEReTUMBI.

Teopema 3. Ilepeceuernme ¢opMyILHO-OIPENETUMBIX TOAKBA3MMHOI000pa3ui-T KBAa3MH-
MHOroo0opasnus-T (OpMYJIbHO-OIPENETIMO.

MoXHO TI0 W3BECTHON AHAJOTUM ONPENeIUTH PEIIeTKY (HOPMYIbHO-OIMPENSINMbBIX TOMI-
KBa3UMHOTO00pa3Ui-T JIFO60Tr0 KBA3MMHOTO00OPa3ns-T.

Kgasumuoroobpasue-T — airebpa ¢ omepalieil Ipon3BeneHusl TEOPU.

Teopema 4. Eciu sinemenTapHas Teopus 5ToN aareb6pel crabuabHast [2], To popMyabHO-
onpenemMbIX IOOKBAa3UMHOI000Pa3ui-T, 3TOr0 KBa3UMHOI000pa3us-T He Oojee 4eM CIETHO.

Hammas paboTa ocylecTsisiachk npu nognepxke rpanta KH MOH PK AP05132688.

CIINCOK JIMTEPATYPBI

[1] Bexenos M. U. Pemerxa nonMuOroo6pasuii MHOroo6pasus MOIHBEIX Teopuil // AKTyanbHble IPO6IEMBL
YUCTON U MPUKJIIAIHON MaTeMaTuku. — AnmaTsr, 2017.

[2] Tamorur E. A. CnekTp u cTpykTypa Momenei noaasrx Teopuit // CnpaBodHas KHUTA 110 MAaTEMATHIe-
ckont soruke / Ilom pen. k. Bapsaiica. — M. : Hayka, 1982. — Y. 1. Teopus monereii.

[3] Keiicaep I'., Yen Y. Y. Teopus monmemnii. — M.: Mup,1977.

EHY um.JI.H. l'ymusesa, Acmana (Kasazcman)
E-mail: bekenov50@mail.ru

181


mailto:bekenov50@mail.ru

MamnbneBckue urerus 2018 Teopust Moneseit 1 yHUBEDPCAJIbHAS ajarebpa

OmnepaTop L, Ha KBa3sMMHOroo6pasmsx yHUBEPCAJILHBLIX ajireGp

A. 1. Bynkun

[TycTts n — mpou3BOIBLHOE HATYpPAIbHOE Yncio u M — T1060i KIace yHUBEPCATBHBIX
anre6p. O6osmaunm uepes L, (M) kmnacc anre6p G Takux, YTO [JIsE KAXKION N-TOPOXK IEHHOM
nonanre6pet A anre6per G emexkbiin kinace a/04 (a € A) o HauMeHbIeir KOHT Py HIUI 6 4,
comepxkareit A x A, sBisercs anre6poit u3 M. Mer usygaem kmaccst L, (M).

Teopema 1. Eciaun M — kBasumHOroobpasue yHUBEpCaIbHBIX aarebp, to L, (M) taxxe
SABJIIE€TCS KBAa3UMHOIOOODa3ueM.

Teopema 2. Eciu M — KOHIDY3HI-IEPECTAHOBOYHOE MHOIOOOpPA3UE YHUBEPCAJIBHBIX
anrebp, to L, (M) rakxe sBisercs MHOroobpasueM.

Teopema 3. IIycts P — mHOroobpasme kommytatuBabx noayrpymn. Torna Ly (P) ue
SBJIAETCA MHOTOOODA3UEM.

Teopema 4. CyiecTByeT KOHIDYSHII-IIEPECTAHOBOYHOE MHOI00Opa3rue YHUBEPCATIBHBIX
anre6p M rakoe, uro mHOroobpasue L, (M) He ABIAETCA KOHT DY HI-IIEPECTAHOBOUHBIM.
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CokpaTumbie 3JIEeMEHTHI PEIeTOK MHOTroo0pa3uii MoJIyrpyIin U SOUrpynn

b. M. BEpHUKOB, II. B. CKOKOB, B. FO. IIIATPBIHCKUN

OnemeHT x perieTku L HA3BIBAETCS COKPAMUMbIM, €CITU I BCeX Y, 2 € L m3 Toro, 4To
xVy=xVzuxAy=2xA z, BeITeKaeT, uto y = z. B [5] HalimeHo momHoe onucanme KOM-
MyTaTUBHBIX MHOIOOOpa3Uil MOIYTPYIII, SBIISIOIINXCS COKPATUMBIMU 3JIEMEHTAMU PEIIeTKN
SEM Bcex MHOroo6pasuil moayrpymnm, a B [3] HOIyYeH aHAJOTUYHBIN pe3yabTaT Il Pe-
merku EPI Bcex MuOroo6pasuit snurpynn (o61mpHyo nHGOpMAUo 06 SHUrPYNIax, B TOM
qucsie 06 UX MHOTOOOpasusx, MOXKHO HailTu B [4]). B maxHOI paGoTe HOIHOCTHIO OMICAHBL
POU3BOJIbHBIE MHOTOOOPA3HsI TIOIYTPYII [SIUTPYTII|, ABIIAIOIIAECS COKPATUMBIME DIIEMEH-
rtamu pemretku SEM [coorBercrBenno EPI|. Kak u B Gosee pannux paGorax [1, 2, 3, 6],
SIUTPYIIIOBOU PE3YyJILTAT HO (POPMYJIMPOBKE IIOYTU JOCIOBHO COBIANAET C IOy PYNIIOBBIM,
HO IOOKAa3aTeJIbCTBa 3TUX PE3yIbTaTOB CYLICCTBEHHO PA3/IMYalOTCs.

Yepez T u SL mb1 0603HaUAEM TPUBHAIBHOE MHOTOOOpa3ume M MHOTOOOpasme BCeX IO-

JypelIeTOK COOTBETCTBEHHO, & 4Yepe3 var Y, — MHOroobpasue MOJTyTpYIH WA STIHATPYII,
3alaHHOEe CHCTEMOU ToxAecTB Y. Yepes S, 0603Ha9aeTCS TPyMIa BCEX NMEPECTAHOBOK Ha
muoxkectse {1,2,...,m}. Tomoxum Xoo oo = var{z?y ~ zyz ~ yr? =~ 0}, X, 00 =

Xoo,o0 A VAT {T1T2 *+ Tin R To(1)To(2) " Tom) | 0 € Sm}, tme m > 2, Xpn = Xipoo A
var {z1xy - xp, 20}, rme 2 <m <n, Yy n = Xpp Avar {22 ~ 0}, rne 2 <m < n < oo.

Teopema 1. Muoroobpasue mosyrpymni V SIBIS€TCS COKPATHMBIM 3JIEMEHTOM DEIIIeTKI
SEM Torma m Toapko Torma, korma Jjmbo V — MHOroobpasme BCEX MOJIYTDYIII, Jub0
V=MVN, rzeM e {T,SL}, aN € {T,X,;, o, Yiun | 2 <m <n < oo}

Teopema 2. Muooroobpasue saurpynn V sBJIS€TCS COKPATUMBIM 3JIEMEHTOM DEIIEeTKI
EPI rorma u ronbko toraa, korna V=MV N, roe M € {T,SL}, aN € {T,X,,, », Yy |
2<m<n< oo}

COuCoOK JIMTEPATYPHI
[1] Ckoxkog II. B. IucTpuGy TUBHBIE 3JIEMEHTHI pelleTK MEOT0o6pasuii snurpymnn // Cub. s5eKTpoH. MaTeM.

u3s. 2015. T. 12. C. 723-731.
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WNu-Ta marem. u mexan. YpO PAH. 2016. T. 22, N 3. C. 244-250.

[3] Cxkoxkos II. B. CokpaTuMble 31eMEHTHL pereTkn MHOroobpasuit suurpynn // WUse. Byszos. Marem. 2018.

N 9. C. 59-67.

[4] Uleepun J1. H. K Teopum snurpynm. I, IT // Marem. ¢6. 1994. T. 185, N 8. C. 129-160; N 9. C. 153-176.
[5] Gusev S. V., Skokov D. V., Vernikov B. M. Cancellable elements of the lattice of semigroup varieties //
Algebra and Discr. Math. 2018. Vol. 46, No. 1. P. 34-46.

[6] Shaprynskii V. Yu., Skokov D. V., Vernikov B. M. Special elements of the lattice of epigroup varieties //
Algebra Universalis. 2016. Vol. 76, No. 1. P. 1-30.
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O 6orareIix (popMynax B MHOT'O3HAQYHBbIX CHUCT€MaX M HOBBbI€ KJIaCcTepu3alnum
MHOT'O3HAYHBIX BBICKA3LIBAHUN B JIOTMYECKNX MCUYNCJIEHUAX C NCIIOJIbL30BaHUIEM
Pa3JINYHBIX MHO2KECTB MO,E[GJ'IGfI

A. A. BUKEHTBHEB

JHoKmam MOCBSILEH PACWUPEHUI U YMOUHEHUIO PE3YAbMATNOE U Meopem 0 602aMblT MHO-
HCECTNGAT MUNOE, TOKAZAHHBIX PAHEe B CTAOUILHOM CITyYae WM C YCIOBUSAMHI CTAOMIHLHOCTH
Ha cayuat 602amuir cemetcme munos Had Napamempams, Mooeal MHO20COPMHOT MEOPUY C
H—KOMNAKMHLIMY (HACOILEHHBIMUY, 00HOPOOHBIMU) UBMEPUMBIMUY U BLIUUCAUMBIMU MOODEATMU
CO C80UCMBOM -0MOEAUMOCTNU HOBIL IAEMEHMOBE, DEAAUSYOUUL BbINUCAUMBLE MUNBL (Ha)
MAABIMY TLOOMHOHCECTNBAMY MOOEAL), COBMECTIHBIE C IMUMY MHOHCECTNEAMU, OM IAEMEH-
MO8 MeHbWEl MOJEAU U HAAUNUL Peasu3ayuti 6 6oavwet (¢ 6o2amvim cemeticmeom) modeau
8NOAHE ONPEICAUMBIT, BLIUUCAUMBIL (CMAOUALHBIT) MUNOE UAU HEDABAUUUMBIL IACMEHRMOBE.
Cmabuavrocmov meoputi e npednosa2aemcs, a HEKOMOPbLE U36ECTIVHBIE MEOPEMbL NOAYUA-
0OMCT KAK CAOCMEUL.

OCHOBHI)IMI/I NHCTPpYMEHTaMU NOKA3aTE/ILCTB ABJISIOTCA TEOPEMbI TUIIa KOMITAKTHOCTU,
pa3BUTas TEXHUKA COBPEMEHHOU TEOPUM MONEJICH, BBIUMCINMOCTHU, B YaCTHOCTHU, OJId JIO-
TUYECKUX UCUUCIIEHNN, JIOKAIBHON CTAOMIBHOCTH U HAIUUns ([Iaxe JIOKAJILHO) MOMXOMIs-
[IIX KOMIAKTHBIX M3MEPUMBIX (B MAJIBIX MOIIHOCTSX ) MOIEJeNl TeOPUH CO CBONCTBAMU
»#-OTIIeIUMOCTHI HAI PeaIn3alldsiMUi CEMENCTB CTAOUIbHBIX (onpe,uem/IMbIX, peKprI/IBHbIX)
THUIIOB. HpO,HOJI}KeHO N3y4deHNEe KOHCUYHOMEPDHBIX, IIPEAC/IBHBIX 1 NBYKapPAMHAJIbHBIX MOILGJIGﬁ
B KJIacce T€OPHUI ¢ MOKPBITUSIMHU, BBEIEHHBIX aBTOPOM, U nX 0600mIeHn#t. PaccMoTpeHb! Bo-
IIPOCHI ONPENEIMMOCTI CUCTEM C METPUKOU B HACJICACTBEHHO KOHEUHBIX HAIICTPOUKAX, U O
MOHLTHOCTAX TUIIOBO OIIPEHCJIMMBIX IIOOMHO2KECTB U UX CBOIICTB OBYKAapPAOIMHAJIBHOCTHA. WNure-
pec K 3TUM BOIPOCAM U TAKUM MOIEJISIM IMeeT U IPUKJIAIHON XapakTep B Houcke HauboJiee
UH(GOPMATUBHBIX (HETPUBUAJILHBIX) TUIOB IIPUKIIAIHON TEOPUH, JIOTUIECKIX 3aKOHOMEPHO-
CTell M KJIacTepU3alluy U YIOPSOOYeHUS TaKUX 3HAHUN C IOMOIIBIO IIPUBJIEYEHUS Me-
TPUUECKUX NI M3MEPUMBIX CUCTEM M PACCTOSHUN MeXIy MHOXKeCcTBaMu Momesei. Bce saTo
CJIY2KUT OJIsI BBEOCHUSI HOBBIX METPUK Ha KJIaCCaX S9KBUBAJICHTHBIX (pOpMyn 1 TUIIOB Ha N3MeE-
PUMBIX IOOKJIACCAX M3MEPUMBIX, BBIUYUCINMBIX (MeTpI/IquKI/IX) Moesiell, HeOOXONUMBIX IJIsI
pa3paboTK! ajIrOPUTMOB PacIO3HaBaHUs 00pa3oB, MOUCKA 3aKOHOMEPHOCTEH, OOHApPYKEHUS
penkux COOBITHHN W KJIACTEPHU3AIMM MHOTO3HAYHBIX (POPMYII-3HAHUI B JIOTHKe JlykaceBuda.
PaccmoTpensr Bompocel, kacaroinmecs: 0000IIEHNsT KJIACCUYECKOTO MONEIBHOTO IOOXOma Ha
KJIACC IPOTUBOPEYMBLIX MOJIEJIE, 1 He IIOJIHBIX MOoIesen (Ha KOTOPBIX HEKOTOPBIE (POPMYIIBI
He MOTYT OBbITb HE UCTUHHBIMU U He JIOXKHBIMIU), 3a[JaHbl CIIOCOOBI BBIUNCIICHUS] U yCTAHO-
BJICHBI U1 HUX DaHee M3BECTHBIE CBOWCTBA PACCTOSHUI U MEDbI HETPUBUAIBLHOCTU (OIIPO-
Bep:KUMOCTH). HaileHbl pasinyHble HOBBIE MOJHBIE METPUKM, METOMbI KIACTEPU3AINN IO
BBCOCHHBIM METPpHUKaM OJId MHOXKECTB (pOpMyJI B PA3J/IMYHBIX JIOTUKAX, U3YYC€HBI PA3JINIHBL
MHIOCKCHBI KadeCTBa OJIA CpaBHeHI/Ifl 1 CIIOCOOBI BB€OCHU KOJIJIECKTUBHBIX MCTPUK. HOK&S&HO,
4TO KOJUIEKTUBHBIC PACCTOSHUSA UMEIOT 0oslee BBICOKME MHIEKCHI KJIACTEpPU3aluil IO CpaB-
HEHUIO C NPYTUMU BBEIEHHBIMI MeTpUKaMH. B majbHeIeM INTaHIPYeTCs HCIOJIb30BaHue
JIYUIINX KJIacTepU3anuil Ojisi CTpyKTypusanuu 6a3 3Hanuii. HOBBIM I1aroM B TPUIOKEHU X
HalllX IIOOXOOOB ABJIACTCA MCIIOJIB30BaHUE PA3JIMYHBIX MaJIbIX KOHEYHBIX KJIaCCOB Moneneﬁ,

1HeKOTOpre U3 HUX BOIUIM B OUCCEPTAIUiO aBTopa «Teopum ¢ moKpbiTrEM U (HOPMYJIIBHBIE TOAMHO-
xkectBay, UM CO PAH, Hosocubupck, 1992 r., 134 c. misa cemeiicTB GopMmys, a TakxKe OIyOIMKOBAHbI
B cb6opHuKe, mocBsaiierHoMy 90-meruio akamemuka A.Jl. TanmanoBa — «Two cardinal theorems for sets of
types in stable theory», Kazaxcran, Anma—ATra, 2007, c. 67—69, 661 nosoxensr Anva-Are u HoBocuGupcke
— na exeronHblx MambieBckux yrenusx ¢ 2006 r., B Tom guncie xk 100—meturo akan. A V. Mambuesa u op.
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[PEIJIOKEHHBIX ABTOPOM [IOKJIAIA, ¥ B3SITHE [0 HUM (B KOHEUHOM YHCJIe) KOJUIEKTHBHOIO PAC-
CTOSIHUSI, KOTOpOe obecrieunBaeT 3OMEKTUBHYIO U ONTUMAIHLHYIO KOJITIEKTUBHYIO KITaCTEPU3a-
IO TAaHHBIX MHOXKeCTB ¢opmys1. OTBET Ha MOCTABIIEHHBIN BBIIIIE BOIIPOC BaYXKEH IJTsI TIOJTHOTO
ydera pasiindHbIX PACCTOSHUN [JIsl MAJIBIX KOHEYHBIX (MAJIBIX B COBOKYITHOCTH) MOMKIIACCOB
KJIACCOB Mo[esieil, u GyneT MCIOIb30BATHCS B MOMCKAX JIyUIleil u3 (pasyMHBIX) BO3MOXKHBIX
KJjacTepusanuii. B mocienueM mpemioxkKeHnn CONEePKUTCSI OTBET Ha BOIPOC 3aropyiko-JI6osa
0 BO3MOXKHOCTH 3(PPEKTUBHOTO UCIOIB30BAHNS HAWIEHHBIX KITACCOB METPUK IIPU TEOPETUKO-
MOIIEJTBHOM U CTATUCTUYECKOM ITOIXONe B MHOTO3HAYHOM ciaydae. Hatidenvt 6ce cnocobvi
300aHUT MEOPEMUKO-MOOEALHBIT MEMPUK HA HOPMYAAT MHO203HAUHOT A02UKY BbICKA3VLEA-
nuti (npu Purcuposannvir pazmepe N mno203naunol ao02uky u Kaacce modeqet). Pabora
BBINIOJTHEHA, TIpU (prHAHCOBOU nonnep:xkke PODU, npoektsr 14-07-00851a, 14-7-00249a, ka-
denper IMU MM® HI'Y u AuMJI HI'TY.

Hrnemumym mamemamuru CO PAH, Hosocubupck
E-mail: vikent@math.nsc.ru
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KiacTepu3aruss MHOTO3HAYHBIX JIOTUYECKNX BBICKA3LIBAHUN C yYE€TOM HOBBIX
PACCTOSTHUM TI0 HOBOMY KJIACCy MOMOEJIENl M Mep HeTPUBUAJIBHOCTEN

A. A. BUKEHTBHEB

B pabote paccmaTpuBaeTcs ogHa M3 aKTYAJIbHBIX 3allad — AHAJIM3 JIOTTYECKNX BBICKA-
3BIBAHUN 13 0a3bl 3HAHWUN WM MOJYYEeHHBIX OT dKcrepToB. [Ipm amamuse TpebyeTcs HAUNTH
6Iu3K;e BBICKA3BIBAHUS, BBISBUTH NJOCTOBEPHBIE, HAWTU HETPUBUAIbHBIE 1 T.0. [l KitacTe-
pHU3anuy 3HAHUHI, IIOCTPOEHNS PellaoluX GyHKINYT Ha OCHOBE (DOPMYJI-BBICKA3bIBAHUN, HAIO
BBECTU paCCTOsTHIE Mexny dhopMytaMu. B paboTe BBICKa3bIBAaHUS 3alIICAHBI B BuIe (OPMYIT
n-3Haunoil jgoruku. C OpuUBIeUYeHrEM TEOPUU MOEJIeil U HOBOTO KJIacca Momeseil (BKIIoJast
IPOTUBOPEYNBbIE — MIEPEMEHHAsI U €€ OTPUIAHIE MOTYT BXOOUTH B MOIENb) OMPENeISIFOTCSI
HOBBIE PACCTOSHUS MeXIy dopmysiamu, o000IIas MHOXKECTBO BO3MOXKHBIX KOX(PPUIINEHTOB

n—1ln—1 k I
o) = m»ZZn_l (Et). )

— KOJIMYIEeCTBO Bcex Momeneit, M (

MyJIa @ IPUHEMAET 3HATYEHHe ——, a 1 —

n—1?
00001I1a0IIIIIEe

IS(2)]

roe n —) — Tex Mopmesel, Ha KOTOPBIX (hop-

n—17n—1
#; 1 TaKXX€ HOBBIC MEPBbI HECTPUBUAJIBHOCTU,

Sn—1—k k
I(p) = p(p,1) = n|5(2)| Z n—1 M n—1)" (2)

rme M <%> — KOJIMYECTBO MOMeIel, Ha KOTOPBIX (GopMya ¢ IPUHUMAET 3HAUEHUE %
HoxazaHbl MHOTTE CBOWCTBA BBENEHHBIX ceMeicTB Mep. OTmermbHO paccMaTpUBAeM U Mepy
mepecedeHusl MONEJIEN JIs paccMaTpuBaeMbix map dopmyit. B pabore mccimenoBaHbl 1 10-
Ka3aHbl CBOWICTBA METPUKU IS BBEIEHHBIX PACCTOSHUN U Mep HETPUBUAIILHOCTU; OHU yUU-
TBIBAIOT MHOTO3HAYHOCTDb, CXOXKHU CO CBOWCTBAMU BEJINYNH B KJIACCUUECKOM CJIydae U €ro
0000ITIeEHNT ¢ TIEPBOHAYAIILHBIM KJTACCOM MOMEJEel, KaK W Pe3yIbTaTOB I 3—3HAYHBIX JIO-
ruk JlykaceBuua, n m3BECTHBIX CBOICTB PACCTOSHUN B OOIIIEM CIIydae, OTBEYAIOT HA BOIIPOCHI
I'.C. JI6ora, H.I'. 3aropyiiko. Ilpumenstorcst njist mpemjaraeMbiX ajJrOpuTMOB KITaCcTePU3a-
. (GOPMYJT M OLUEHKU MePhbl HETPUBWIHLHOCTHU (OMPOBEPKUMOCTU WM HELOCTOBEPHOCTH ).
OTnuune B TOM, Mepa HETPUBUAILHOCTH y Bcex (popmyi He paBHa (. PaccMmorpensr pas-
JIMYHBIE METONBI KJIACTEPU3AINN JIOTTUECKNX 3HAHUN HA OCHOBE HOBBIX DACCTOSHUN U Mep
HETPUBUAIBHOCTH, & TAKXKe METONbI CPABHEHUS PE3yJIbTATOB HA OCHOBE BBEIEHHBIX MHICK-
COB KavuecTBa KiacTepu3anuu. Ha TOT ciiydail mepeHOCSITCS U MOOXOMBbI 1O KOJIJIEK TUBHOMI
KJlacTepu3alum, n ee cBoiicTBa. [lokazaHo mprMeHeHUe KOIJIEKTUBHBIX PACCTOSHUAN B 3TOM
CIIydae C UCIOJIb30BAaHNEM MAJIbIX ITOIKJIACCOB KJIacca Beex Momerneir. Mepa 3HavUeHU NCTUH-
HOCTH (POPMYJIIBI HA MOJIEIN TIEPBOTO IOPSIKA MOXKET CIIYKUTH CTEIeHbI0 HETPUBUAILHOCTHI
(HEOCTOBEPHOCTN) B MHOTO3HAYHOM cirydae. 1loiydeHHbIe Pe3yIbTaThl PACIPOCTPAHSIIOTCS
Ha MHOTO3HaUHBbIE (DOPMYJIIBI IIEPBOTO MOPSIIKA CO CBOOOMHBIMU ITEPEMEHHBIMUI IIJTST JIOKAJIBHO
KOHEYHBIX MHOTO3HAUHBIX TEOPUN U C 3INMUHANNEN KBAHTOPOB. B Kiacce KOHEUHBIX MO-
nesiell pe3ysIbTaThl IIEPEHOCSATCS Ha MHOTO3HAUYHBIE (DOPMYJIBI IEPBOrO mopsnka. Pabora
BBITIOJTHEHA, TIpU Tronaepxkke rpanToB PODU, mpoektsr 14-07-00851a, 18-07-600a, kadenpsr
OMU MM® HI'Y u AuMJT HI'TY.

CIINCOK JIMTEPATYPBI

[1] JI6os I'. C., Crapuesa H. I". Jlornueckue pemarorme QyHKIME 1 BOIPOCH CTATUCTUYECKON yCTONIM-
Boctu perennii. — HoBocubupck: Usn-so UM CO PAH, 1999.
[2] Keiicaep I'., Yen Y. Y. Teopus monmenein. — M.: Mup, 1977.
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[3] Bukentrer A. A, JI6oe I'. C. O merpusanum OysieBoil anre6pbl MPEMIOKEHNT 1 MHOOPMATUBHOCTI
BoIcka3s. sxcrepros // Hoxknaner PAH. 1998. T. 361, 2. C. 174-176.

[4] Buxentnes A. A, JI6os I'. C. Setting the metric and informativeness on statements of experts // Pattern
Recognition and Image Analysis. 1997, Vol. 7, 2. P. 175-183.

[5] Epmos 1O. JI., Tamorun E. A. Matemaruueckas moruka. — M.: @usmarmuar, 2011.

[6] Bukentrer A. A., Koperesa JI. H. K Bompocy o paccTosHUSX MeXmy (HOPMYJIAMU, OMUCHIBAIOIIAMUI
CTPYKTypupoBaHHBIE 00BEKTH // MaTemaTnueckue meTonsl pacnosnasaaus obpaszos (MMPO-99), PAH
BII, Mocksa, 1999. C. 151-154.

UM CO PAH, HI'Y w HI'TY, Hosocubupck
E-mail: vikent@math.nsc.ru
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O kiacTepusanusax GOpMYyJI U CTPYKTYypHU3aIUU JIOTUYECKUX 6a3 3HAHUIM,
MHOEKCAX KAYeCTBA U KOJIJIEKTUBHBIX QJITOPUTMAaX C IIOMOIIbIO TEOPUU HOBOTO
KJIacca MoHeJiell 1 Mep HeTPUBUAJIBHOCTU

A. A. BUKEHTHEB

B pabore paccmaTpuBaeTcs omHa aKTyasibHas 3allada — aHAJIU3 JIOTUUECKUX BBICKA-
3bIBaHUN 13 6a3bl 3HAHUN U ee cTpyKTypu3anus. [lpm amanmze tpebyercs HaniTu Oau3Kye
BBICKA3bIBAHUS, BHISIBUTH NOCTOBEPHBIE, TPOTUBOpeYnBLIe n T.n. s kimacTtepu3anun 3HaA-
HU, TTIOCTPOEHUST Pelralonmx (QyHKIIUN Ha OCHOBE 3HAHUN — JIOTWYecKnX (GOpMyJsI, Halo
BBECTHU DPACCTOsIHIE MexXIy (opMmyinamu. B pabore BbICKa3bIBaHUS (SKCIEPTOB MM (a3bl
3HAHUI) 3anucaHbl B Bume (Gopmys n-3Hadsonl joruku. C NpPUBIEUYEHUEM TEOPUM MOIe-
JIell ¥ HOBOTO KJIACCA KOHEUHBIX MOmesell (CMEIIaHHBIX MCTUHHOCTHBIX 3HAYEHUN MepeMeH-
HBIX) OIpeIesieH OOIIWI BUII HOBBIX PACCTOSHUN MeXITy GOPMYIaMU € yIeTOM Pa3INIHBIX
IIapaMeTPOB-BECOB PacCMaTPUBAEMBIX MOJIENIEN MIJIsI BCEX PA3IMYHBIX UCTUHHOCTHBIX 3HAUeE-
Hul B GopMysiax,0000IIaI0IINX N3BECTHHIE!

n—1n— 1|k5—l| k I
1
p(p, ) = n,g(z)‘ ZZ M=) (1)

raoe nl¥) — kommuecTBo Beex Momeneit, M (ﬁ, ﬁ) — Tex Momesel, Ha KOTOPLIX (hop-

k L.
MyJla @ IIPUHUMAET 3HaAYCHUE 1> a 'QZ) TSR 1 aHAJIOTTYHO O606].LIaIOTCSI MEPBbI HETPUBU-
AJIBHOCTH:

10) = pli 1) = ,S@)'Z Car (R, @)

n—1

rme M <%> — KOJIMYECTBO MOJIEJIell, Ha KOTOPBIX (HOPMYJIa (¢ MPUHUMAET 3HAUCHUE %
PaccmarpuBaem Mepy mepecedenuss momesein map GOpMyIT IS ydeTa Oau30CTu (HOPMYIIHL.
B pabore nokaszaHbl CBOMCTBa METPUKHU IJIT TAKUX PACCTOSHUIN HA KJIACCAX SKBUBAJIEHT-
HBIX (DOPMYJT U WX Mep HETPUBHUAJIBLHOCTEN; OHM YYUTHIBAIOT MHOTO3HAYHOCTH, CXOXKU CO
CBOMCTBAMU AHAJOTUYHBIX BEJIMYUH B CIIydae 2-3HAYHBIX U 3-3HAYHBIX JIOTUK JIykaceBumua
u obtiero cayuas. Orseuaror mHa Bompockr I'.C. JI6oBa u H.I'. 3aropyiiko n UCIOIB3yIOTCS
B aJITopUTMax Kjacrepusanuu Gopmys u3 6a3bl 3HaHUA. B KjiaccmyeckoMm ciiydae paccMo-
TPEHBI KJIACCHI MOMEJeN, B KOTOPBIX MOMYCKAIOTCS B HEKOTOPBIX W3 MOMIeJeill MCTUHHBIMUI
MPOTUBOPEUUBBIE CYXKICHUS, KAK U HE BHIIOJTHUMOCTDH B HEKOTOPBIX MOMEIISIX TOXKIECTBEHHO
MCTUHHBIX (GOPMYJI, UYTO mefiaeT MHGOPMATUBHBIMI TABTOJIOTUN, 8 TPOTUBOPEUNBLIE — BbI-
MIOJTHUMBIMU Ha HEKOTOPBIX MOmesstX. s 5TUX KJ1accoB ¢ Teopueil Momesiell [jis HUX Iepe-
HECEHbI MHOTTE DEe3yJIbTaThl 10 PACCTOSHUIM U Mepe onpoBepxkumoctu [1, 4] u MHOrO3HAY-
HOTO city4as. it Bcex cmocoOOB BBENEHHBIX PACCTOSHUN PACCMOTPEHBI PA3JINIHBIE METOIBI
KiaacTepu3anuu GoOpMysI Ha OCHOBE HOBBIX PACCTOSHUI W MEp HETPUBHUAIBLHOCTH, & TaKwKe
MEeTONbI CPAaBHEHUs Pe3yIbTaTOB KJIACTEPU3aIlul — WHIEKCHl KaueCTBa, peajn30BaHbI Ha
KOMITBIOTEPE, MPOBENEHBI TEOPEeTUUECKIE SKCIEPUMEHTHI Ha MOMNEIBHBIX MPUMEpax ¢ 0ojiee
100 ¢popmymamu. B obiiem ciiyuae mo pa3IuyHBIM PACCTOSHUSM W UX WHIEKCY KAdeCTBa,
BBOMSITCS HOBbIE KOJJIEKTUBHBIE PACCTOSHUS HA OCHOBE HOBBIX ITOJIyUYEHHBIX PACCTOSHUS TIO
MTOMIKJIACCAM HCIIOIB3YEMbBIX MOMEJIe, a M0 HIUM HAXOMSTCs KOJIJIEKTUBHBIE KJIACTEPU3AIUN,
KOTOpBbIE B GOJIBIIIMHCTBE CIyYaeB MAi0T JIYUIIYIO KJIAaCTePU3aIluio MHOXKECTB (DOPMYJI IO UH-
IeKCy KauecTBa. Kak cjiencTBue yiIydIaoTcs Ppe3yabTaThl MOy YeHHbIE PAHHEe COBMECTHO C
Kopenesoit, Kabarosoit, PedenoBoir, ABUIOBEIM U IPYyTUMU CTymeHTaMu. HalmeHbr mpume-
HEHWST HOBBIX PACCTOSIHUN [JIsi CTPYKTYPHOTO aHAJIN3a KOHEUHBIX ITOIMHOXKECTB 6a3bl 3HAHUT
IJISL YIIPOIeHUs paboThI ¢ 6a30i 3HaHuil. B mranax aBToMaTU3allsa BCEX HEOOXOMUMBIX IIPU
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5TOM IPOIIECCOB U MPAKTUIECKOe TPUMEHEeHNE B KOHKPETHBIX 3a0a9aX, HAIPUMED, MEIUITNHBI
7 CTBHIKOBKU C QHAJIM30M KOHKDETHBIX TAHHBIX B MpuioxkeHusx. KoHeuHas Mepa 3HAUYEHUN
UCTUHHOCTHU (POPMYJIIBI Ha M3MEPUMON MHOTO3HAYHON MOMEIN TIEPBOTO TOPSIKA MOXKET CITy-
XKUTh CTENEHbI0 HETPUBUAIILHOCTU (HENOCTOBEPHOCTH) (HOPMYIIBI, & PA3IUUHBbIE MEPBI MOMI-
MHOXKECTB KaK HAJIMUME PA3INIHBIX Mep U/l SKCIEePTOB ¢ PA3IMYHBIMU MEPAMU B OIHOM
Monenu. [losmydeHHbBIe BBIIIE PE3YILTATHL IS JIOTUUYECKIX UCUNCIIEHUH BBICKA3bIBAHUI Pac-
ITPOCTPAHSIIOTCA Ha TakKme MHOTO3HAUHBbIE KOHEUHO-U3MepPUMble (POPMYJITBI C TTepeMeHHBIMUI

(mepBoro mopsinka). PabGora BbimosHeHa mnpu mnoppep:xkke rpantoB PODPU, mpoext 14-07-
00851a,18-07-600a, xkadempur IMU MM® HI'Y u AuMJI HI'TY.
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Boctu perrennit. — HoBocubupck: Uzn-so UM CO PAH, 1999.
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HBa MaJIEHBKHIX MHOFOOﬁpaBI/Iﬂ MOHOMNOOB C 60JIBIITIM o0 beaIMHEeHEM

C. B. I'yCEB

B pa6ore [3] moctpoensr MmuOroo6pasus MoHonnoB X u Y Takue, 4TO PElIeTKH UX [OfI-
MHOT000pa3nii KOHEUHBI, & PeIeTKa MOAMHOT000pa3uit ux oovenuuerus X VY KOHTUHYAIbHA
U He YIOBIIETBOPSET YCJIOBUIO MAKCUMAJILHOCTH. Bosee TOro, u3 mokasaTenbCcTs paboThl [3]
JIETKO BBITEKAET, UTO IMOCJEOHS PEIeTKa He YIOBIeTBOPSET U YCIOBUIO MUHUMAJILHOCTH.
Tem caMbIM TOKa3aHO, UTO B KJIaCCE€ PEIIETOK MTOAMHOrOOOpa3uil MHOTOOOpa3Uili MOHOUIIOB
KOHEYHOCTh PEIIeTKU, YCIOBUE MAKCUMAIBHOCTU U YCJIOBHE MUHUMAJILHOCTUA HE 3aMKHYTHI
OTHOCUTENILHO 00BbennHeHnsT MHOTOOOpa3uii. HaMu mocTpoeH elite omuu mpuMep MHOT0OOpa-
3uii X 1 Y ¢ yKazaHHBIME BbIIIEe cBoiicTBamu. [Ipm sTOoM B Hallem mpumepe, B OTIAYME OT
npumepa u3 [3], maoroobpasue XVY nokpsiBaeT onHo u3 MHOroo6pasuit X u Y. Takum o6pa-
30M, B YKA3aHHOM BBIIIIE KJIACCE PEIIETOK KOHEYHOCTH PEIEeTKHU, YCIOBIE MAKCUMAJILHOCTHU
7 YCJIOBME MUHUMAJIHLHOCTHU He 3aMKHYTHI €I1le M OTHOCUTEILHO MePEX0Ona K MOKPBIBAIOIIIEMY
MHOT000pa3uio.

Y1o6br cHOpMyIHPOBATH HAII PE3yiabTaT 60jee TOUHO, HOTOBOPUMCS OOO3HAYATH De-
meTKy momMHoroo6pasust V. uepes L(V) u o6o3naunm uepe3s X MHOrooOpasme MOHOUIOB,
3aJaHHOEe TOXKIEeCTBaMU

ac2y ~ wa, w2yz R xyxrzx, rzeyty =~ rzyxty, rtyzry ~ rtyzyc,
a uepe3 Y — MHOroobpasnue MOHOUIOB, 3aIaHHOE TOXIIECTBAMMU
xzy ~ ya:Q, x2yz R TYTZL, TZXYLY = r2Yyxty, TYZTY & TYZYT, TYLItY < yrzety.

Pemerka L(X) sBisgercs 6-smemenTHol nenbio (2], a pererka L(Y ) — 7-21eMEeHTHON LEBIO
[1]. Msr mokassiBaeM, uTo MHOroo6pasue X V Y mokpbiBaeT MHOrooOpasue Y, a mHTepBaJ
(X, X VY] pemerku L(X VY) KOHTUHYyaJIeH U He YIOBIETBOPSET HU YCIOBUIO MAKCHMAIIb-
HOCTHW, HU YCJIOBUIO MUHUMAJILHOCTH.

Pa6ora BemmonHena npu nopmep:xkke Munucrepersa obpasoBanus u Hayku PD (mpoext
No.1.6018.2017/8.9) u P®DPU (rpant No.17-01-00551).
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06 anre6pax GuHAPHBIX U30JIUPYIOIINX (HOPMYJI AJIsI APXUMENOBBIX TeJI

II. FO. EMEILSIHOB

Ounpenenenne [1, 2]. Aprumedosb, meaa — BBILYKIIbIe MHOTOTDAHHUKY, OGJIATAOIIITE
IIBYMSI CBOMCTBAMU: BCE T'DAHU SIBJISIOTCS IPABUIIBHBIMI MHOTOTDAHHUKAMU IBYX WIN OoJjee
THUNOB, IJIS JIFOOON Iapbl BEPIINH CYIIECTBYET CUMMETPUS MHOTOTDAHHUKA, MEPEBOIIIAs
OITHY BEPIINHY B IPYTYIO.

Omnwucanb! anre6psl GUHAPHBIX n3oaupyomumx dopmyi (em. [3, 4, 5]) myst Teopuit apxu-
MEIOBBIX Tejl. Asre6pbl onucanbl miist 13 Tes, GONBITMHCTBO U3 HUX TOIYUEHbl YCeUeHNeM
NPaBUILHLIX MHOTOTPAHHUKOB, ¢ COOTBETCTBYIOIINME IpeobpasoBanuamu Tabmun Komu us
[6]. OTmeTnM, 9TO aareGphl MOy YMITICH KOMMY TATUBHBIE.

Teopema. Ilycts T — Teopus HEKOTOPOrO apXUMeNOBa Tea, B — aarebpa 6HHAPHBIX
m3osmpyforrux gopmysa teopun 1. Torma anrebpa B 3amaeTcs pOBHO OMHOH U3 CJICHYFOILIIX
arebp: amrebpori UT, anrebporn QO ,anrebpoir U, aarebpori UD, aarebport RO, aare6port
UNO, axrebpori PO, aarebpoir ID, aarebpoir UD, amarebport T, aarebporn RID, aarebpoir
RUTD, amrebport PD.

Pabora BemomHEHA TIpU YacTUYHON (MHAHCOBOW mommepxkke Poccuiickoro douna ¢yn-
DaMeHTAIbHBIX ucciaenoBanuil (mpoekt 17-01-00531-a) n Komurera mayku Munucrepcrsa
obpaszoBanus u Hayku Pecrny6nukn Kaszaxcran (rpart AP05132546).
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O mouTu meTepMUHUPOBAHHBIX ajire6pax GMHAPHBIX M30JIUPYIOIIIX GOpMYJI
MOJINTOHOMETPUYECKNX TEOPUN C YCJIOBUEM CHUMMETPUN

II. 1O. EMENbgaHOB, C. B. CyOOmIATOB

B pabote paccmaTpuBaioTcs anre6pel 2 GuHApPHBIX n3oaupyommx Gopmyn [1, 2| sie-
MeHTapHBIX Teopuit T (Spm) $-MOTUTOHOMETPHIT SPIM U, B YACTHOCTH, SJIEMEHTAPHBIX TEOPUI
T'(strm) s-rpurosomerpuit strm map rpynua (G, Gs) [3].

Taxk kak mo6as Teopust T'(Spm) uMeeT eAUHCTBEHHLIN 1-Tum p, ee anrebpa A GUHAPHBIX
M30IUPYIONIX HOPMYIT COBIATACT € MOHOUAOM ‘B, (1)

Hanmomumw (1, 2, 4], uro anre6pa 20 HasweBaeTcs (nowmu) demepmunuposarnot, ecin
IS JTEFOOBIX METOK U ¥ U MHOXKECTBO 1 - U OTHODJIEMEHTHO (KOHEUHO).

Yepes ¢(spm) 0603HAYAETCS YUCIO KOMIOHEHT CBSI3HOCTH S-IIOJTUTOHOMETPUE SPI.

Teopema 1. Anrebpa 2l 6uHAPHBIX H30IUPYIOIIIX (POPMYJT S-IOJTATOHOMET DHUIECKON Te-
opun T (spm) mapsr rpynn (G, G2) merepMuUHIPOBaHA TOrAa U TOJBKO Toraa, koraa |G| = 1
u c(spm) < 2.

Teopema 2. Auzebpa OUHAPHBLIT UZOAUPYOUUL HOPMYA 6CI00Y KOHEUHO ONpedeseh-
noti meopuu T'(spm) s-noauzonomempuu spm = spm(G1, Go, P) noumu demepmunuposana
mozada u moavko moeda, koz2da epynna G1 odHosaemenmua uau epynna Go KOHEUHQ.

Teopema 3. [lag 060t 6cody Koneurno onpedesennoti S-noAu20HOMEMPUY, SpIm =
spm(G1, G2, P), ne umernwet MHo20y20abHUK08, NPENIMCMEYOUUL NPOEKMUBHOCTU, CY-
wecmsyem pacwupenue strm’ = strm(Gy, GS, P’) s-noaueonomempuu spm na Hekomopot
naockocmu P’ makoe, umo aszebpa A 6unapnoir uzoaupyrowur gopmyas meopuu T (strm’)
nowmu 0emepMURUPO6ana.

Pabora BeIMOMHEHA TIpU YacTUYHON (UHAHCOBOU mommepxkke Poccuiickoro douma ¢yH-
DaMEHTAIBHBIX ucciaenoBaruil (mpoekt 17-01-00531-a) nu Komurera Haykun Munucrepcrsa
obpaszoBauus u Hayku Pecnybimuku Kaszaxcran (rpant AP05132546).

CIIUCOK JIMTEPATYPBI
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HpI/IMI/ITI/IBHaSI HOPMAJIBHOCTDB KJIaCCa MHBEKTHUBHBIX IIOJINTTOHOB

E. JI. EePEMOB

B paBore ommcanbl MOHOUIBL, HAZl KOTOPBIMU KJIACC BCEX NHBEKTUBHBLIX MOJIUTOHOB SIBIIsI-
eTCs TPUMUTUBHO HOPMAJILHBIM. [[pUMUTHBHO HOPMAJILHBIE TEOPUN TIOJUTOHOB M3y YaiOTCs
B [1-2]. B wactHOCTH, B [1] HOKA3BIBAETCSI, YUTO KJIACC BCEX IIOJIUTOHOB HAJ MOHOUIOM S IIPU-
MUTUBHO HOPMAJIEH TOTZIA U TOJBKO TOTMA, KOTIa S — JUHENHO YIOPSAIOUYEHHBIN MOHOUI;
B [2] mccnenyrorcess MOHOUABI, HAL KOTOPBIME aKCHOMATH3UPYEMBbIil KJIaCC BCEX CBOOOMHBIX,
MIPOEKTUBHBIX WM CUJILHO IIOCKUX IMOJIUTOHOB SBJISETCS MPUMUTABHO HOPMAJIHHBIM.

HanmomMauM HEKOTOpPBIE TIOHATHUS U3 TEOPUU TOJUIOHOB U Teopun Mmomesei. Ilycts S —
monoun. [lon (meBbiM) mosmmronom sA Ham MoHOWZOM S TIOHUMAETCST MHOXKECTBO A, Ha Ko-
TOPOM OIIPENIeIeHO MEeNCTBUE 3JIeMEHTOB u3 S, mpuueM enuHuiia S meiicTByeT Ha A ToXme-
crBerHo. Yepe3 S-Inj obo3maumm kitacc BCeX MHBEKTUBHBIX MOIUTOHOB Ham S. Popwmyiia
Buma 3z ... Jzg (P A ... A P,), nme &; — aTomapHas Gopmysta curaaTypst X (i < n), HA3bI-
BaeTcs npuMuTuBHOU. Ecmu ®(Z, §) — npumuTuBHas popmyia curaarypst 3, A = (A; X)) —
anre6pamdecKas CECTEMa CUTHATYPHI X, G,b € A — KOPTEXH 3JIeMEHTOB TOHl e IJIMHEL
a0 u §j, To MEOKecTBa (A, ) m ®(A, b) maswiBatoTcs npuvuTHBHEEIME Kormsaym. Teopus T
CUTHATYPBI X HA3BLIBAETCSI IPUMHUTUBHO HOPMAJIBHOM, €CIIN JTI00bIe NBE TIPUMUATUBHBIE KOIUN
nubo coBmamaioT, aubo He mepecekaioTcs. Kiacce K anrebpandeckux CUCTEM CUTHATYPBI X
HA3BIBAETCS MPUMUTUBHO HOPMAJIBHBIM, €CIIU TEOPHUS BCEX alreOpamdecKux CUCTEM Kilacca
K IpUMUTUBHO HOPMAaJIbHA.

Teopema. Kmnacc S-Inj npuMuTuHO HOpMAJIEH.

Pa6ora nonnepxana PODU (rpant 17-01-00531).
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HeKOTOpre CBOIICTBa HOIIyCTNMOTIO 060FaLLIeHI/I$I MOHCOHOBCKIX TeOpI/Iﬁ

A. P. EmKEEB, I'. E. 2KYMABEKOBA

B mamubiM Te3nce paccMOTPEHBI HEKOTOPBIE CBONCTBA, IOITYCTUMOTO O0OTAIlIeHUs] CUTHA-
TypbI HOHCOHOBCKOU Teopuu. (QGorarrienne Ha3bIBAETCS HOMYCTUMBIM, €C/IM OHO COXPAHSIET
ONIPENeTNMOCTE THUMA B JIIOOOM 5K3UCTEHINAIBHO 3aMKHYTOM DACIIAPEHUN.

[Tycts T — mpon3BosIbHAS TOHCOHOBCKAsI TEOPUsI Ha SI3bIKE MTEPBOTO MOPSIKA CUTHATY DI
o, C — cemantuueckast momenb Teopuu 1. Ilycte A C C, V-cl — monMmHOXECTBO B Teo-
pun T, rne V = V4, cl = acl u 8 To xe Bpems acl = dcl. Ilpuuem fioncoHOBCKast Teopust
HA3BIBACTCSI MOMYJISIPHOMN, €I MPEAreoOMeTpUsl 3adaBaeMasi OIepaTopoM 3aMblKaHus ¢l Hag
C sBnsercst momymsaproit. Ilycts op(A) = o U {cyla € AYUT, T' = {P} U {c}. Ilycrs
TY = TUThy3(C,a), € AU{P(cy)la € AyU{P(c)}U{"P C"}, rme {"P C"} — 6ecxo-
HEYHOE MHOYXECTBO MPEJIOKEHUN, BEIPAXKAIOIINX TOT GAKT, YTO UHTEPIPETAINS CUMBOIa P
SBIISIETCS 9K3UCTEHINAIBHO 3aMKHY Tasl IOIMOIENb B s13bIKe CUTHATYPHL o1 (A), 1 9Ta Monens
SIBIISIETCST ONPENeTMMBIM 3aMbikaHueM MHOXKecTBa A. IloHsSTHO, uTO paccMaTpuBaeMbIll Ha-
OOp TPEmIOKEHNN He 0053aTETbHO SABISETCSI MOHCOHOBCKON TEOPUWEN, W 3Ta TeOopus, BOOOITIe
TOBOpSI, HE SBIISIETCS TOJTHOW. [IpUYmHOI HEBBITIOJTHEHUS YCIIOBUANM HOHCOHOBOCTU SIBJISIETCS
OTCYTCTBUE aMaJiblaMbl B HEKOTODPBIX CIIyYasX, T.e. CYIIECTBYIOT KOHTPIPUMEPHI 00OTra-
[IIEHUsT TPEIUKATOM HEKOTOPBIX MOHCOHOBCKIX TEOPUI, KOTOPHIE HE MNOITYCKAIOT AMAJIbIaMYy.
B ciyuae momynsprHOCcTH Teopuu OymeT BBITOIHITHCS CBOMCTBO aMaiabrambl. [losTomy pac-
CMaTPUBAEMbBIE TEOPUU SIBIISIOTCSI MOMyIApHbIMU. [IycTh T — 1eHTp HOHCOHOBCKOW T€OpUn
TS u T* = Th(C"), rme C' — cemanTmdeckas Monens Teopun 1 .

Theorem 1. Ilycts T' — momyssapHas BBIIyKJIas HOHCOHOBCKAsS TEOPHS, TIOJTHAS I
V3-npennoxenunsi. Torma cienyrorine ycaoBus 5KBUBAJIEHTHBI:

(1) T* w-xaTeropmuna;
(2) T§ w-xareropmuna.
Theorem 2. Ilycts T — MomyIsspHAs BBIIIYKJIas HOHCOHOBCKAas TEOPHS, TOJTHAS A1 ¥ 3-
MIPEnIoXKEeHuIt, A1 KOTOporo BeimosHsercs Ry. Torma ciemyrorue ycaoBus 5KBUBAJICHTHBL:
(1) meopus T* wi-KaTeropuuna,
(2) mrobas cueTHas MOmENb B Epc mmeer anrebpaniecku npocToe paCIIIPEHHe MOLEH
B ETE.
Bce HeonpeneneHnbIe 30eCh TOHATUS MOXKHO U3BJeub u3 [1].
CIMCOK JIMTEPATYPBI
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I'm6punpl MOHCOHOBCKUX TE€OPUN

A. P. EmKEEB, H. M. MyCuHA

IaHHBI Te3UC OTpaXKaeT HEKOTOpbIE CBONCTBA HOBOTO IMOHSTUS, KaK T'MOPUI HOHCO-
HOBCKIX Teopuil. MBI ompernessieM OCHOBHBIE TOHSTUS W PAMKU IS U3yUE€HUS TEeOPETUKO-
MOIEJIbHBIX CBOICTB TAHHON TE€MATUKMU.

[Tycts T — HEKOTOpPast HOHCOHOBCKAast Teopusi B GUKCUPOBAHHOM s13bike u C' — ee ceMaH-
TUYIECKasT MOJIEITh.

OnpenenuM CyIIHOCTD aIrebpaniecKkoil KOHCTPYKIIIH.

[Iycts O € {U,N, x,+,8,[[,[]}, rme U — obbenuuenne, N — mepecedyenue, X —

F U

IEKapTOBO MPOM3BENEHNE, + — CyMMa u B — npsmas cymma, | [ — dunbrposannoe u [ [ —
F

U
VIIBTPAITPOU3BENEHNE.

Crnenyrolriee onpenesieHne naeT TUOPUI ABYX MWOHCOHOBCKUX TEOPUI OIHON CUTHATYPHI.

Omnpenenenne. ['ubpunom H(Ty,Ts) tionconoBckux Teopuit 11, Ty GymeT HA3BIBATHCS
teopusi Thy3(Cy [ Cy), ecnu ona itonconoBckast. [Ipu sToMm amreGpamdeckas KOHCTPYKIIHSE
(C1 D Cy) maswBaercs cemanTudeckuM rubpumom teopuit 17, 1.

SameTum cremyrormii GakT:

®akr. [lns Toro urober Teopust H(Ty,T) Obluta HOHCOHOBCKON HOCTATOYHO, YTOOBI
(01 L] 02) € Er.

Hanee 06bEKTOM HAIIETO UCCIENOBAHUS OYIET KJIACC SK3UCTEHINAIHLHO IPOCTHIX BBITY-
KJIBIX V3-TIOTHBIX WOHCOHOBCKUX Teopuil. B paMkax m3ydeHus HAHHOTO KJIACCa TEOPUIl MbI
TIOJTY IUJIN CJIEMYIOIITIE Pe3yIbTaThI:

Teopema 1. Ilycte 1" — coBepleHHAas BBIIyKJas 3K3UCTEHIUAJIBHO IIPOCTAs IIOJTHAS
i1 V3-1pensoxxerHuit HoOHCOHOBCKas Teopust; X1, Xo — V3-dcl-muaOXKECTBA B Teopun T, rme
M;=dcl(X;) € Ep, T; = Thy3(M;) — Takxe cOBEpIICHHBIC BBILYKJIbIE SK3UCTCHIHAIBHO
mpocTele moHble 418 V3-npenioxernuti noaconosckue Tteopum; Ch, Cy — HX ceMaHTHYECKHe
moznesn coorBercrBerHo. Torna, ecaun ux rubpun H (T, T>) sBiIgeTcs MOneIsHO COBMECTHBIM
¢ T;, To H(T;) sBAseTcs coOBepIIEHHON HOHCOHOBCKOU Teopuelt myd i = 1, 2.

Teopema 2. Ilycts Teopun T, T}, T5 ymoBmeTrBopstoT ycaoBusM TeopeMbr 1 u 1Y, Th w-
kareropmyHbl. Torna mx rubpug H(Ty,Ts) Takxe SBIIeTCA W-KaTErOPUIHOH HOHCOHOBCKOH
Teopuex.

Bce HeompeneneHHbIe 30€Ch MOHSTUS MOXKHO U3BjIedb u3 [1].

CIIUCOK JIMTEPATYPBI
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YucrToie IIOJIYIPpYIIIbI C HEHTPAJIBHBIM NOEMIIOTEHTOM

O. B. KHYI3EB

B [1] menmaercs 0630p pe3ynbTaToB M MPOGIEM, CBSI3AHHBIX C TAKUMU [TOHSTHUSIMA IS
VHUBEPCAITBHBIX aIrebp Kak MOTHOTA, PEAyIINPOBAHHOCTE, IPUMAPHOCTD U YNCTOTa. B sTon
paboTe, B UaCTHOCTH, CTABUTCA 3amada (mpobiiema 3.17): onucams nacaedecmsenno wucmote
an2ebpvl danH020 MH02000pa3ud aa2ebp. Mbl m3ydaeM HACTENCTBEHHO YUCTHIE MOIYTPY BT
B KJIaCCE MOJIYTPYIII ¢ IMeHTPAIbHBIM UIEMIOTEHTOM.

Hanomuum HekoTOpbIe onpeneenus. [lomyrpynnsl ¢ HeHTPaIbHBIM NOEMIOTEHTOM Pac-
CMaTPUBAIOTCS 31eCh KaK aJreOpbl ¢ OMHAPHOU aCCOIMATUBHON ONeparinell — YMHOXKEHUEM
U HyJIbAPHOI OIlepaIeil — BbIeJIEHIeM NAEMIOTEHTa, KOMMYTUPYIOIIIETO CO BCEMU dIIEMEH-
TamMu ajareOpHI.

[Iycts V — MHOroo6pasue Bcex MOIYTPYII ¢ HeHTpaibHbiM unemmnoTreHToM; L(V) —
perreTka monMHOroo6pasmit Mmaoroo6pasust V, X € L(V), A € V. 3amerum, uTo Kiacc
N — Bcex moyrpynmn ¢ BbIIEIEHHBIM HyJleM 1 Kitacc M — Bcex MOHOUIOB SIBIISIFOTCS TIOI-
MHOTroobOpa3usiMu MHOroobpasus V. B manbHelieM mom ¢jioBoM “TIOIyrpynmna’ TOHIMAETCs
anrebpa u3 Mmuoroobpasus V. EnuacreenusiM kiaccom X-sepbanbuoit Kourpysuiun p(X, A)
Ha noiyrpymnme A (p(X, A) — HanMmenbIas u3 KOHrpysHIuil Ha A, GaKTOP-TOIyTPYIIIEL TI0
KOTOPBIM TPUHAIIERAT X ), ABIAIOIIMMCS TONIOIyTPYIIon noyrpynnsl A, Gymer kiacc,
comepKalmil BbineneHHbI unemnoreHT. O6osHauator ero uepes X(A) u HasbBaror X-
sepoasom monyrpynnsr A.  Ilogmomyrpynmy B momyrpynnsl A HasbBaioT X-uucmot B
A, ecriu X(B) = X(A) N B. Homyrpyniy, y KOTOPOI BCE MOANOIYTPYIIIEL SABISIOTCT X-
YUCTBIMU, HA3BIBAIOT HACAECICMEEHHO X -UUcmot.

Teopema. Bcskas nomyrpynma u3 V saBaseTcs Kak HacaeacTBeHHO IN-UUCTOM, Tak 1
HacaencTBeHHO M-4ucTor moyrpyImon B KJIacce BCEX MOIYTPYIII C HEHTPAJIbHBIM UIEMIIO-
TEHTOM.

COuCOK JIMTEPATYPBI
[1] Maptesos JI. M. IlonHOTa, PEnyMpOBAHHOCTD, IPUMAPHOCTE U YACTOTA A ailrebp: pesyibTaThl U

npobsemer // Cub. smekTpon. matem. u3s. 2016. T. 13. C. 181-241.
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CTabuiIbHOCTh U CynepCcTAabMIBHOCTD KJIACCA AEJIMMbIX MOJIMTOHOB

A. UI. KPACUILIKASY

B paboTte paccmaTpuBarOTCS BOIIPOCHI, CBSI3aHHBIE CO CTAOUIBHOCTBIO U CYIIEePCTa0MITh-
HOCTBIO KJIACCA HEIMMBIX ITOJIMTOHOB. AHAJIOTMYHBIE BOIPOCHI IS KJIACCOB PEryIISPHBIX,
CBOOOMHBIX, MPOEKTUBHBIX, CUJILHO IIOCKUX IOJIMTOHOB M IS KJIaCCa BCEX IOJIMTOHOB Pac-
cMOTpeHbI B paborax [1, 2, 3|. B wactHocTn, B [1] nokazaso, uTo Teopus 10600 S-moaurosa
crabuinbHa (CynepcTabIibHA) TOTIA U TOIBKO TOrAA, KOrAa S — JIMHENHO YIOPSIOYeHHBIN
MOHOU (BIOJIHE YHOPSIIOYEHHBI MOHOWI).

Hanomuum mHekoTopsie onpenenenus. IlycTts S — MOHOUMI, T.€. MOIYTPYIINA C eITHUIEN.
Monoun S HasbpIBaeTCS IUHENHO (BIOJIHE) YHOPSIOYEHHBIM, eciau MHOXecTBO {Sa | a € S}
JIMHENHO (BIOIHE) YIOPSIIOYEHO OTHOCUTENIBHO O. DJIEMEHT ¢ € S Ha3BIBAETCS COKPATUMBIM
CIIpaBa, €C/IM W3 PaBeHCTBa ac = bc ciemyeT paBeHCTBO a = b mis mobbix a,b € S. Ilon
(eBBIM) S-TOMUTOHOM g A TOHUMAETCS MHOXKECTBO A, HA KOTOPOM OIPEHEIEeHO HeNCTBIE
s71eMeHTOB U3 S, mpuueM emuHuia mencrByeT Ha A ToxmectBenno. Ilycts K — kiacc S-
nonmuronoB. Mownoun S HaswiBaercs K-crabummsaropom (K-cynepcrabuin3aTopoM), eciin
Teopus 060ro S-monurona u3 kinacca K crabunbhaa (cynepcrabmwibaa). Ecmun K — xiacce
Bcex S-monmuronos, To K-crabunusatop (K-cymepcTabuin3aTop) Ha3bIBAETCS CTAOUIN3ATO-
poum (cymepcrabumuzaTopoMm). Hemumbiit S-moauron — 510 S-Tomuron gA, ymoBIeTBOPSIO-
it yermoBuio cA = A miist mo60oro cOKpaTmMoro crmpasa sjiemeHTa ¢ € S. Yepes S-Div
0003HaUYIM KJIACC BCEX OEJIMMBIX S—HOJII/IFOHOB.

Teopema 1. /la morouna S ciemyrorie yCIOBUAS 5KBUBAJICHTHBI:

1) momonzn S sBmsercs S-Div-crabummsaropon;

2) mMoHomz S ABIAETCA CTAGUIN3aTOPOM;

3) MoHOU S SBJISETCS JTUHEHHO YIIOPSAOYEHHBIM MOHOUIOM.

Teopema 2. /ly1g monouna S ciemyroriue yCIOBUAS SKBUBAJICHTHBI:

(1) momoum S sBasgercs S-Div-cymepcrabunusaropom;

(2) moHOMAT S ABITETCS CymEpCTaOUIN3ATOPOM;

(3) mMoHOMI S ABISETCS BIOIHE YHIOPSOOYECHHBIM MOHOHIOM.

CIIMCOK JIUTEPATYPHI

[1] Mycrapuua T. I'. O crabunbroCTHOII Teopun moiuronos // Teopus monenen u ee npumenenne. — Ho-
Bocubupck: Hayka. Cub. orm-e. — 1988. — (Tp. AH CCCP. Cub. orn-e. n-t maremarukm; T. 8). —
C. 92-107.

[2] Muxamnes A. B., Opununukosa E. B., [Tamorun E. A., Crenanosa A. A. TeopeTuko-MoneabHBIE CBONCTBA
peryssapHbIx noiuronos // dyanamentanbaas n npukiaanaas matemaruka. 2004. T. 10, N 4. C. 107-157.
[3] Toynn B. Muxanes A. B., lamorun E. A., Crenanosa A. A. TeopeTuko-MonebHBIE CBOICTBA CBOGOM-
HBIX, IPOEKTUBHBIX U IUIOCKUX S-nonuroHos // dyrmavenTanpHas u npukianaas marematuxa. 2008.

T. 14, N 7. C. 63-110.
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N3oMmopdu3M nosryrpynn JIMHEMHBIX OTHOIIIEHUN

M. 1. HAYMUK

[Iycts V' — n-mepnoe BekTOpHOE mpocTpancTBO Han teimom F, LR, (V) — mynbru-
[UINKATUBHAS [OJIyTPyNia JuHelHbIX oTHomeHuir [1, 2]. O6osmaumm wepes LR (V) =
{a € LR,(V) : rank a < r}. Ilycrs, mamee, U — m-MepHOE BEKTOPHOE MIPOCTPAH-

crBo Haxg TeraoM H, LR,,(U) — MyJIbTUINIMKATUBHAS OIYTPYIINA JTUHEAHBIX OTHOIICHUI I

LR (U)={a € LR, (U) : rank a < s}.

Teopema. [lns Toro urobsr moxyrpynnsr LR (V) u LRS (U) npu n > 2 6buim u30-
MOp(HBI, HeOOXOMUMO U JOCTATOYHO, YTOOBI N = M, r = s u Tejio F' 6b110 m30MopgHO TeTy
H. Besgnit nzomopgusm ¢ moayrpynnel LR] (V') mHa nomyrpynmy LR] (U) nmeer Buzn

o(a) = bla'b, M)
roe ¢ — msomopdusm F ma H, b € LR} (U), rank b = n u ecim (oe;,fPe;) € a, 1O
(e, (YB)e) € ', e, ej m3 basmca V', coorsercTenHo €}, e); u3 6asuca U,

CanencrBue. Bceakumit aBromoppusm nomyrpynnsr LR] (V) mmeer Bun (1), rme ¢ —
aBromopgusm, b € LR} (V), rank b = n.

OT1oT pesynbTaT YacTUIHO 0606IIaeT pabory [3].

CHUCOK JIMTEPATYPBHI

[1] Makneiin C. Anrebpa annurusabix oraowenuit // C6. nepesonos. Maremaruka. 1963. 7:6. C. 3-12.
[2] Haymux M. U. lomyrpynna muneitabix otromenntt // Hokn. HAH Bemapycu. 2004. T. 48, N 3. C. 34-37.
[3] Tiyckuu JI. M. O marpuunsrx nosyrpynnax // Uss. AH CCCP. Cep. matem. 1958. 22:3. C. 439-448.
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IIpocThie cynepaToMHBIe GyJieBbI ajre6pnl ¢ BBLAEJIEHHON IIJIOTHON IHomaJire 6poun
KOHEYHOU ITUPUHBI

II. E. ITIAnbuyHOB, A. B. TPO®UMOB

B pabote uccrienyercs kmacc cynmepaTOMHBIX OyJI€BBIX ajireObp C BBIOEJEHHON TJIOTHOU ITOM-
anre6poit koneunon mmpusbl n (mamee K,,). Ius n > 3 xnace K, COmEpXKUT KOHTUHYYM
pasIMIHBIX d7eMeHTapHbiX Teopuil [1]. B [1] momyuena smemenTapHas kiaccubukarus aj-
rebp u3 knacca K.

WsBecTHo [2], uTO siieMeHTapHAs TEOPUs IPOU3BOJILHON OYJI€BON AreGphbl UMEET IMIpPO-
cTyto Monenb. B [3] nokaszano, 4To mMeeTcst POBHO CU€THOE UUCIIO PA3IINIHBIX SJIEMEHTAPHBIX
TEOpHil CyNepaTOMHBIX GyJIeBBIX AJIre6p ¢ OMHUM BBIIEIEHHBIM UIeAJIOM; B [4] mokasaHo, 4To
aJIeMeHTapHasl Teopus 10001 CylepaTOMHON Oy1eBoil ajaredpbl ¢ ONHAM BbIOEJIEHHBIM Hiea-
JIOM “MeeT TPOCTYIO MOOEb.

Omnpenenenne 1 [1]. TlonanreGpa B Gynesoit amre6pbl A HA3BIBAETCA N00a.42e6pOT
WUPUHBL N, €CITH TIOM JTI0OBIM aTOMOM TTomaJIirebpsl B HalimeTcs He 6osiee n aTOMOB aJireOphI
2, nmexarux oI HuM, 1 JIF00OM aToM ajre6psl 2 JIeXKUT Moo HEKOTOPHIM aTOMOM TTOOAJIreOphI
B.

Ounpenenenne 2 [1]. Iloganre6pa B Gymesoit anreGpsl A HABIBACTCS NAOMHOU, €CIIH
2 = suby (B, F(A)) — manmensbinas nonanrebpa amre6pol A, comepxaiias B cebe momasre-
6py B u unean Pperre F(2).

Teopema. /lig kaxnoron > 3 cylecTByeT KOHTHHYYM CyIepaTOMHBIX OYJIeBBIX aareop
C BBIIIEJIEHHOH IIJIOTHOH IIONAJre OO IIINPUHEI 1, JIEMEHTaPHBIE TEOPUH KOTOPHIX PA3THIHEL,
HUMEIOT IIPOCTHIE MOAEJIH U He UMEIOT CUE€THO-HACHIIIIEHHBIX MOMEIEH.

CIIUCOK JIMTEPATYPBI

[1] Taneuynor II.E. Tpodpumor A.B. Koneuno-akcmomaTusnpyemMble CynepaTOMHBIE GyJIEBbI aare6phl C BbI-
[IEJIEHHOI TIIOTHON monasire6pont koneunon mmpunbl // Cub. matem. xypu. 2016. T. 57, N 6. C. 1361—

1375.
[2] Toruapos C.C. CuerHble 6yieBnl anrebpsl u paspemmMocTs. — Hosocubupek: Hayxa, 373 c.
[3] Manpuynos I.E. O mepasperumocTu Teopuil GyIeBbIX anre6p ¢ BblOeNeHHbIME uneartamu // Amnre6pa

u sioruka. 1986. T. 25, N 3. C. 326—346.
[4] TTaneuyros II.E. Teopun GyneBbix anre6p ¢ BLIIEJEHHBIMI MIEAIaMU, HE MMEOIINe TPOCTON Monenu //
Tpynet Uucturyra Maremaruku. 1993. T. 25. C. 104-132.
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O6 onHOoM E-mipenmnoJiHOM KJjiacce runep@yHkKnun paHra k

B. U. ITAHTENEEB, JI. B. PABEIL

ycts By = {0,1,...,k—1} m 2E* — mmoxecTso Beex momvuoxkecTs Ey. Hj, — MHOXECTBO
BCeX TUnepyHKIUN panra k OmpeneseTcs CICMyIOMMM 0OPa30M:

Hp ={f|f:Ey —»2"\{a}}, H,=|JH]}.

He 6ynem pasnuuaTs OMHOIEMEHTHOE MHOXKECTBO U SJIEMEHT 3TOTO MHOXKECTBA.

Omnpenenenus cymnepno3unuy runep@yHKIUNE U OmepaTopa Pa3sBETBIECHUS M0 MPEIUKATY
PABEHCTBA I MHOXKECTBA TUNEP(YHKIMI MOXKHO OCMOTPETh, HApUMEp, B pabore [1].

E-3ambikanne mHOXecTBa () C Hj, onpemerisieTcss Kak MHOXKECTBO BCeX TUmnephyHKIINN 13
Hj., xoTOpBIE MOXKHO TIOTY YN TH U3 MHOXKECTBA () ¢ TIOMOIIIBIO OlepaIinii BBEAEHs (PUK TUBHBIX
IIEPEMEHHBIX, OTOXKOECTBJICHUS IIEPEMCHHBIX, CYIICPIIO3NNINU 1 PA3BETBJICHUSA II0 IIPDEONKATY
paBeHCTBA.

OyuKIMIO, KOTOpas Ha BCEX CBOMX HAOOpax BO3BPAILAET OMHO M TOXKE MHOXKECTBO A,
Oymem 0003HAYATH CUMBOJIOM A.

Teopema 1. Ilpu jgrob6om k > 2 cucrema runepyHKIIHIT {O, 1,...,k—1,{0,1,...,
k —1}} E-monnma B xmacce Hj.

CaencrtBue. Ilpu gobom k > 2 cucrema rumep@dyHKITHIT {O, 1,...,k—1, A}, rme A —
HEOMHOYJIEMEHTHOE MHOXeCTBO, F-moHa B kinacce Hy.

IIycTts m — HeKOTOpas mepecTaHOBKa Ha MHOxecTBe Ej. Onpenenum kmacc S, runep-
PYHKIIUT CHEOYIOIIUM 00pa3oM:

S7 = {F € H | n(f(ar,. ., an)) 0 f(m(@1), .. wan)) # B0 € Ei},
rze s JIo60r0 MHOXKECTBa B, ABJIAIOIErocs MONMHOXKECTBOM Ej, MHOXeCTBO 7B moHIMAa-
ercs kak {7b | b € B} .

Teopema 2. Kmnacc S, 3aMKHYT OTHOCHTEJIHHO OIEPALUil CyIEPIO3UILINN I Da3BeTBIIe-
HUS TI0 IPEANKATY PABEHCTBA.

Teopema 3. Ecim nmepectaHoBKa T pasjaaraeTcs B IMPOU3BEIECHHUE ITUKJIOB OMHOI U TOH
2Ke IIPOCTOH OJIMHBI P, TO Kaacc S, saBiagercsa IJ-npennonueim B knacce Hy.
COuCOK JIMTEPATYPBI

[1] TTanTeneer B. U., Paben JI. B. OnepaTop 3aMbIKaHus ¢ pa3sBeTBICHUEM IO NPEAUKATY PABEHCTBA Ha
MHOXKecTBe runepdyuknuit panra 2 // Becru. UT'Y, Cep. MaremaTuka. 2014. T. 10. C. 93-105.
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O KOMIIAKTHOCTU TOIIOJIOTU3ALUY IIOIIOJIHEHNSI PETPAKTUBHO PA3JI0XKUMON
(c 6a3oi THna w) anre6psul

A. T. Ilmayc
Anre6pa 2 = (A;0) Ha3BIBAETCSI PETPAKTUBHO PA3JIOKUMON ¢ 6a30il THUIA W, €CIIu
A= Ay, rme A, C Ay, it 1 < M € W U CYIMIECTBYIOT TOMOMOPGOU3MBL )" anre6p

1EW
2, Ha amre6per 2, (mpu n < m € w) Takue, uro Y1 (a) = a nng a € A,. Yepes 1, 06o-
3HAYNM TroMoMopdu3Mbl aarebpsl 20 Ha anrebpsr 2, IpomosKaronme ToMOMOPGU3MEL )"
(ms n < m € w). Ha anre6pe 2l ecTecTBeHHBIM 06PA30M ONPENEIIAETCS XayCIopdOBa TOIo-
gorust T (¢ momorsio cucreMmbl okpectHocTenn Dy, (a) = {b € Al (b) = ¥n(a)} mst a € A
1 n € w, OTHOCUTEILHO KOTOPOI o-onepamuu aiareopul 2 menpepbiBHBL. Ha anre6pe A1 —
o6paTHOM mpenenie obpaTaoro crnektpa ({A,|n € A} {7 |n < m € w}), paccmarpuBaemoit
Kax nonainre6pa anre6pst || A, CTOIB XKe eCTECTBEHHO OIpeneinMa TOnoaorust 7 (¢ moMo-

1EW
ubio cucteMsl okpectHocTent D) (f) ={g €A C [[ An| g(n) = f(a)}, maa f € A C [] Ay,
S% €W
n € w, COBHAMAIOIIAs C TOMOJOrMEl T MPpU OrPaHUYeHun ee M0 ajarebpsr A, ecTeCTBEHHBIM
00pa3oM OTOXIeCTBUMOIL ¢ momaarebpoir anre6pur A'. Ilpu sTom o-omepamun anre6psr A’
HEeIIpPepBLIBHLI B TomoJyioruu 7', Tomojorus 7' mosna, a aarebpa 2A mmoraa B A'. To ecTs
TomoJiormdeckas aarebpa 2l ABageTcs MOmoIHeHneM TOomoJIormdeckon aare6psr {. Bompoc o

KOMIIAKTHOCTH aJire6per 2 permaer ciemyromnias

Teopema. Tomonorus 7' ma amrebpe A’ (onmpeneneHnnas Bbllle) KOMIAKTHA TOTAA U
TOJIBKO TOrZa, Korga aarebpa 2| JIOKaJabHO KOHEUHA.
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06 N30JINPOBAHHBIX TOYKaX IIPDOCTPAaHCTB (I)yHKI_II/IOHaJ'II:HbIX KJIOHOB

A. T". ITuayc

B pa6ore [1] Ha coBokymHocTn F4 BCex (GYHKINOHAJIBHBIX KJIOHOB Ha MHOXecTBe A
BBeIIEHa CJIEMIYIONIas eCTeCTBeHHas MeTpuka: mist Fi, Fo € Fy,

1
d(31732) = min{néwmg");,ggén)}v ecnu §1 75 3'2,
0, ecmu §1 = o,

PeBpAIaoIIas COBOKYIHOCThL Fy B MeTpuueckoe mpocTpancTBo §4 = (F4;d), HA KOTOPOM
onepanun pemetku Ly = (Fy; A, V) OyHKINOHAIBHBIX KJIOHOB HA A HENPEpPLIBHBL 3MI€ChH
F(") coBOKyIHOCTB BCex He Gosee deM n-MeCTHBIX (DYHKIMIA 13 KiIoHa F.

B pa6orax [1, 2| mokasano, 9TO MPOCTPAHCTBA § 4 HOJIHbI, KOMIIAKTHBI TOT/Ia U TOJIBKO
Torma, Korma A KOHEYHO M OTMEUEH P WHBIX CBOMCTB DTUX MPOCTpaHcTB. HamomuuM, 94TO
KJIOH HA3bIBAETCS OUCKPUMWHATOPHBIM, €CJIM OH COOEPXKUT MUCKPUMUHATOPHYIO (QYHKITIIO.

Nmeet mecTo

Teopema. s mr060ro MHOXKECTBA A J1H06as OKPECTHOCTSD JIFOOOI0 AUCK PUMITHATOPHOTO
KJIOHA Ha A COHepXKUT M30JIUPOBAHHYIO TOUKY.
CHOUCOK JIMTEPATYPBHI

[1] Iuayc A. I'. PasmeprOocTH (OyHKINOHAIIBHBIX KJIOHOB, METpUKa Ha ux coBokymnHoctu // Cubupckue
5JIeKTpoHHBIe MaTeMarT. uspectus. 2016. T. 13. C. 366-374.
[2] TTuryc A. T'. O mpocTpaHCTBax QyHKIMOHAIBHEIX KJIOHOB. (B mevaTn)
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Ilosmuronsl Hao BEepXHEN IOJIYyPEIIETKON C JIMHEWHOUN PEIIeTKON KOHTPY3HIIUN

A. A. CtennaHOBA, M. C. KA3AK

B pabote m3yuaeTcs cTpoeHUe MOJIUTOHOB HAIl BEPXHEH ITOIyPEIIeTKOH, perreTKa KOH-
TPYHIINA KOTOPBIX JIMHENHA. VI3ydYeHnio MOJIUTOHOB C 3aIaHHBIME YCJIOBUSIMU HA UX pe-
IIETKN KOHTPYSHIIAN TOCBSAIIIEHO 3HAUNTEIBHOE KOIMJIecTBO paboT. B wacTHOCTH, yHapHI
C IUCTPUOYyTUBHON, MOOYJISIPHON PEINeTKON KOHTPYIHIINM, SIBIISIOIINECS IEMbIO, TTOTHOCTHIO
ommcanbl B [1]. PereTkn KOHrpy HIMI HECBSI3HBIX HOJIMIOHOB HAJ HOJIyTPYIIIAMI W3y YeHB
B [2]. B pabotre [3] mana xapakTepuCTUKa MOJIUTOHOB HAI MOJIYTPYIIIAME IPABBIX U MOJLY-
IpyNIaMu JIEBBIX HYJeH, IMEeOIINX JUCTPUOYTUBHYIO PelIeTKy KOHT'DYIHIIUI.

[Iycte S — monomn. JleBbiM S-noaueonom (Wnm mpocTo noauzorom) sA Ha3bIBACTCS
HEIyCTOe MHOXKECTBO A, HA KOTOPOM OIIPENEsIEHO NeHCTBIE MOHOUAA S, IPUUIEM eIUHUIA, S
neiicTByeT Ha A TOXIECTBEHHO. 3aMeTUM, YTO COBOKYIHOCTH BCEX KOHI'DYIHIIUN OJIUTOHA
s A obpasyeT pereTKy OTHOCUTEIBHO CIEMYIONINX OMePaIinii:

01 Ny =01 N0O,
01 V 0y — HamMeHbIass KOHTPYSHIUS comepkarias 61 U 0o,

rae 01,02 — xourpysHuun nosmurona gA. Oty pemerky Gymem o6osHauath Con(gA). Pe-
merka Con(gA) maseiBaercs museinomn, eciu 01 C Oy wmu 0y C 67 mius mo6eix 01,05 €
Con(gsA).

B npusenennoii auxke Teopeme (S; <) — BepxHsis MOIYPEIIETKA ¢ MUHUMAILHBIM HJle-
MeHTOM 1, paccMaTpuBaeMas Kak Mouous (S;-) ¢ oneparmeit ab = max{a, b}, rme a,b € S.

Teopema. Ilycts S — Bepxussa nomyperterka. Pemerka kourpysanuii Con(gA) mon-
rora gA JmHENHA TOrga U TOJIBKO Torda, koraa |A| < 2.

Pa6ora nonnepxana PODU (rpant 17-01-00531).

CIIUCOK JINTEPATYPBI
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[2] Hraxos . O., Crenanosa A. A. PelteTku KOHIPYSHIMI HECBs3HBIX HMOJIUIOHOB // IlanbHEBOCTOUHBLR
MaTemaTumaeckuit xkKypHuana. 2013. T. 13, N 1. C. 107-116.

[3] Xanuynmuaa A. P. YcroBust MOLYJISIPHOCTH PEILETKN KOHI'PDYSHIIMIT IIOJINIOHA HAL IOy IPYIIION IPaBBIX
u neBbIX Hysell // IlanmbHeBOCTOUHBIM MaTeMaTuyeckuii xKypuait. 2015. T. 15, N 1. C. 102-120.
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06 akcmoMaTU3NPYyEeMOCTH KJIACCA MOANPSIMO HEPA3JIOXKUMbIX MOJIMTOHOB HA
rpynmnon

A. A. CTENAHOBA, II. O. IITAXOB

CranmapTHOIl 3amadeil TEOPUH MOMEJeN MOJIMTOHOB HAI MOHOHUIOM S SBIISIETCS 3a1ada
OIUCAHUS MOHOUIOB S, aJreOpamvecKu eCTECTBEHHBIE KJIACCHI MOJIMTOHOB HAJ KOTOPBIMI
00IAIa0T TEMU MM WHBIMU TEOPETHUKO-MONEC/IBHBIME CBONCTBAMHI, TAKWM, HAIIPUMED, Kak
AKCIOMATU3UPYEMOCTh, KATETOPIHIHOCTD, TOJIHOTA, CTabMILHOCTL U T.4. B paGorax [1]-[4]
OIMCAHBI MOHOUIBI S, KJIACCHI PEryJIsApPHBIX, CBOOOMHBIX, MPOEKTUBHBLIX U (CUJIBHO, CIa60)
IJIOCKUX TIOJTUTOHOB HAJ KOTOPBIMEU aKCUOMATU3UPYyeMbl. B mamHOil paboTe aHAIOrMYHAsS
3aa4a pelreHa s KIAcca TMOMNPSIMO HEPA3JIOKUMBIX TTOJTUTOHOB.

Hamomuum HekoTOphie ompenenenus. Kitace K anrebpamdecKnx CUCTEM CUTHATYPHI X
HA3BIBAETCS AKCHMOMATHU3UPYEMBIM, €C/I CyIIeCTBYeT MHOXKECTBO Hpemioxkenuit 11 curua-
TYpHl X Takoe, 4TO ajrebpamdeckas cucrema A CUrHATYpBHI Y OpUHALIEKUT K B TOM U
TOJILKO TOM CJIy4ae, KOTma Kaxkmoe mpemnoxenue u3 11 ncrunuo B A.

Anrebpanmueckas cuctema A CUTHATYPBI Y. Ha3LIBACTCS TIOMIIPAMO HEPA3JIOKIMON, €CIIn
IepeceveHre BCeX ee HeHYJIEBbIX KOHTI'DYIHIIUN SIBJISIETCSI HEHYJIEBOU KOHI' DY HIIUEN.

[Iycts S — monoun. (JleBbiM) mosuronom g A HaIl MOHOUZOM S HA3BIBAETCS MHOXKECTBO
A, Ha KOTOPOM OIIpeNesIeHo NMeiicTBre MoHOouAa S, mpudeM enuHuia S meiicTByer Ha A To-
xnecrBeHHo. Eciu G — rpymna u H — noarpynmna G, to muoxectso G/H = {gH | g € G}
c onepanueit g1(g2H) = (g192)H, roe ¢1, g2 € G, sBnsercs nonmuronoMm Han G. Yepes SIr(.S)
0003HAUNM KJIACC BCEX TOMIMPSIMO HEPA3JIOKUMBIX IIOJIMTOHOB HAl MOHOKIOM S.

Teopema. Ilycts G — abeneBa rpynna. Kmace SIr(G) sBisieTcss aKCHOMATU3UPYEMbBIM
TOra M TOJBLKO TOTMA, KOUIa CYLIeCTBYeT k € w Takoe, UTO IJIsd JI000# monrpynnsl [
rpynnst G, eciu rpynna G/ H nonnpsivo Hepasnoxuma, 1o |G/ H| < k.

Pa6ora monnepxkana PODPU (rpant 17-01-00531).
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[3] Crenanosa A. A. AKCHOMATU3UPYEMOCTE U MOIEIILHAS IIOJIHOTA KIIACCA PErysipHBIX HouroHos // Cub.
maT. xypH. 1994. T. 35, N 1. C. 181-193.

[4] Bulman-Fleming S., Gould V., Axiomatisability of weakly flat, flat and projective acts // Communica-
tions in Algebra. 2002. Vol. 30. P. 5575-5593.
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O HEKOTOPBIX CBOIICTBAX rOMOMOP(MU3IMOB JINHEWHBIX cjieBa (crpasa)
KBa3UIr'pyIIn

A. X. TABAPOB, A. A. IABJIATBEKOB, O. O. KOMUIOB

B moksaze Haiimes obImit B roMoMOp(u3Ma IBYX MPOM3BOILHBIX JIMHENHBIX CJIeBa, (CIpaBa )
KBA3UTPYIIIL.

Ksasurpymnna (@, ) HasbBaeTCs JUHENHON cieBa (crmpasa) Ham rpymmoi (Q,+), ecin
oHa mMeeT Bunm zy = @xr + c+ By (vy = ax + ¢+ Yy), roe (p), € Aut(Q,+), B(a) —
HOICTAHOBKa MHOXKecTBa () [1].

Bce HEOGXOMUMBIE TIOHATUS U OMpPENeeHNs. MOXKHO HAlTu B [2].

IIpennoxenue 1. Ecmu v:(Q, ) — (Q, o) — romomoppusm xBasurpymnmsr (), -) Ha KBa-
surpymiy (Q,0), 1o y(ez) = €z,  Y(fz) = fya, TOe €z, (fy) — OpaBas (71eBas) mokaabHAS
eQUHHIA I 9TIEMEHTA T: Ty = X, fo& = &, (YT 0 eyy = YT, fryz © YT = YX).

OnemenT = kBa3Urpymnmsl (), -) HA3BIBAETCS TPABBIM N-CTYIEHHO UIEMIOTEHTHBIM, eCIII
(...((zx)z)...)r = 2. Tocmemmee PABEHCTBO KOPOTKO 0603HaumM depes 1 = .

Vv
n pa3s

Ananoruuno sieMeHT x KBasurpymmbl ((),:) HA3BIBAETCS JIEBBIM K-CTYIIEHHO WIIEMIIO-

terTHEM, ecmn z(..2(x))...) = x wmm B cokparensoM Bume Mo = .
—_————

k pas
[IycTs ¢ - romomopdusm KBasurpynnsl (Q, -) Ha kBasurpymmny (Q,o), ¢:(Q, ) — (Q,0).

Torna
(™) = (p(x),
p(Mz) = (p(x)).

Ioka3aTenbeTBO JIErKO IMPOBOOUTCA MHAYyKIMER 10 1. [locTpoeH mpumep KBa3sUTPYIIIIbD
5-TO TOpsmKa, KOTOpas UMeeT JIEBLIM 4-CTYIeHHO W MPaBBI 3-CTYIIEHHO UIEMIOTEHTHBIE
DJIEMEHTHI.

IIpennoxenune 2. ITycte (Q,-) u (Q),0) — aunerinble caeBa Han rpymmon (Q, +) kKBa-
SBUTPYIIIBL : TY = 12X + ¢1 + B1Y, Loy = o + co + B2y, ¥ - rOMOMOP(GU3M KBa3UT DYIIIIEI
(Q,-) mHa (Q,0): ¥(x - y) = vz 0 yy. Torma romoMopdu3M ¥ MOKHO IPEACTABATH B BUIE

o - h . -
v = Re,Lpyap20p] R_c, = Rp,p[2008, = Lo Ry0.
AHaJIOFI/Ique yTBep}KHeHI/Ie BepHO IOJIA CJIy‘{a,SI HHHeﬁHBIX CHpaBa, KBaBI/IprHH.
CIMCOK JUTEPATYPHI
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O moutu f f-yHuBepcaJIbHBIX KBa3MMHOroo6pa3msax

M. B. IIIBUOE®CKU

Ycranosieno, uro moboe noutu f f-yHuBepcasipHOe KBazumuOroobpasme K comepxut
nonkBa3uMuoroobpasue M C K, comepxkaiiiee KOHTUHYYM (Q-yHUBEPCAIIBLHBIX TTOTKBA3UMHO-
rooOpasuii, He IMEIINX He3aBUCUMOT0, HO MMEIOIINX W-HEe3aBUCUMBIA Oa31C KBa3UTOXKIECTB
oTHOCcHTebHO M. DT0 0G0o6mmaeT omun pesymsrar B. KyGeka n M. Buxiepa [1]. Iokasa-
TEJILCTBO 5TOTO Pe3yJIbTaTa UCIOJIb3yeT HEKOTOphIe unen u3 paborsl A. B. Kpasuenko, A. M.
Hypaxynosa u asTopa [2].

CHUCOK JIMTEPATYPBHI
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O 6eckOoHEeUYHOCTHU 3-TIOPOXKOEHHBIX PEHIETOK C JIEBOMOAYJISPHBIM
U OUCTPUOYTUBHBIM IOPOKAAIOIITNMU

M. II. HIyIIIAHOB
Hamomunm, sieMenT d peméTkn L HaselBaeTCsa JucmpubymueHbim, eCiin
Ve,ye L:dV (xANy)=(dVz)A(dVy).

SHeMeHTBI MOOYJ/IAPHOT'O TUIIA OIIPEOECIIAIOTCS II0 aHAJIOT U’ C ]II/ICTpI/I6yTI/IBHBIM 3JIEMEH-
TOM, TOJIBKO BMECTO TOXIOECTBa ,E[I/ICTpI/I6yTI/IBHOCTI/I HCIIOJIB3YyETCA KBa3UTOXKOECTBO MOOY-
JIIPHOCTH.

OseMeHT a peméTku L HA3BIBACTCS 4€60M00YAIPHBIM, ECITA

Ve,ye L:x<y—axV(aAy)=(zVa)Ay.
OnieMeHT a permérku [ Ha3BIBAETCSI NPa8oMOIYAIPHBIM, €CITI
Ve,yeL:x<a—zV(yANa)=(xVy)Aa.

I{BOMICTBEHHO OIpENeNsieTCsl KOIPABOMOMYISPHBIN 3JIEMEHT. JIerko mpoBepuTh, ITO JII0-
001 MUCTPUOYTUBHBIN AJIEMEHT SIBJISIETCS] KOITPABOMOMYJISIPHBIM.

KoneunocTs u 6€CKOHEUHOCTD 3-TTOPOXKIEHHBIX PEIIETOK C JIEBOMOMYJISIPHBIM ITOPOXKIa-
IOIIM ucciienoBaaucsh B [1] u [2]. B [3] yTBepxmaeTcs KOHEUHOCTE 3-TIOPOKAEHHON PEIIETKY
C JIEBOMOIYJIIPHBIM U CTAHIAPTHLIM (OMHOBPEMEHHO NUCTPUOY TUBHBIM U JIEBOMOIYJIIPHBIM )
mopoXk aaroruMu. Bo3HuKaeT BOIpoc, OyHeT I KOHEYHOU 3-TIOPOXKIEHHAS PEIIETKA, CPenn
MOPOXK JAIOLINX 3JIEMEHTOB KOTOPOU €CTh JIEBOMOMYJISAPHBIA U OUCTPUOYTUBHBIN 3JIEMEHTHI.
Joka3aHbBI CIenyonme TeOPEMEL.

Teopema 1. Pemérka, cBOOOOHO MOPOXKAEHHAS TPEMs 3JIEMEHTAMU, OBa U3 KOTO-
DBIX AUCTPUOYTHUBHBI, & TPETHUH OJHOBPEMEHHO JIEBOMOLYISIPEH U KOIPaBOMOLYJIIPEH, bec-
KOHEYHA.

Teopema 2. Pemétka, cBOOOTHO MOPOXKIAEHHAS TPEMS 3JIEMEHTAMU, OOUH U3 KOTOPBIX
OIHOBPEMEHHO NUCTPUOYTUBEH U IPABOMOAYJIIPEH, BTOPOI OMHOBPEMEHHO KONUCTPUOY TUBEH
¥ KOIIPaBOMOLYJISIPDEH, & TPETHUI JIEBOMOAY/ISPEH, OeCKOHEUHA.

Teopema 3. Pemrérka, cBOOOOHO MOPOXKAEHHAS TPEMs 3JIEMEHTAMHU, IBa U3 KOTOPBIX
OIHOBPEMEHHO JIEBOMOLYIAPHBI U KOIIPABOMOLYJIAPHBI, & TPETHI ONHOBPEMEHHO OUCTPHOY-
THUBEH U IIPaBOMOLYJIAPEH, O€CKOHEYHa.
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O MHOXecTBaX IIpenesibHBIX TOUYEK B ajire6pax GepHYJJIMEBCKUX paclpenesieHun

A. 0. SJmyHCcKun
[Iycrs f(x1,...,2,) — n-apHas omepauus Ha Muoxectse {0,1}, a Xy,...,X,, — He3aBu-
CUMBbIE B COBOKYITHOCTU OEpPHYJUIMEBCKUE CITyJYallHble BEJIUYUHBI CO 3HAUCHUSAMU U3 MHOXKE-
crea {0,1}, paBuble 1 ¢ BepoATHOCTAMU P1, ..., P, cooTBeTcTBeHHO. Torma f(Xi,...,X,)
TaKXKe SBIISIETCS OePHYIINEBCKON CITyJalHON BETMIMHON, PABHON 1 ¢ BEPOSITHOCTHIO (:

g= > P{Xi=oa}-P{X, =0a},
flo1,...,on)=1
roe P{X; = 0} = 1—p; u P{X; = 1} = p;. Tem campim xaxnas n-apHas omepauus f
Ha MHOXecTBe {0, 1} undyyupyem n-apHyio omeparuio f Ha oTpeske 0, 1], maxomsIeMcst
BO B3aMMHO-OMHO3HAYHOM COOTBETCTBUU CO BCEBO3MOXKHBLIMU OEPHYJUIMEBCKAMHU DPAaCIIpee-
nenmsivu. st kaxxmoro MHOXecTBa B omepanuit Ha {0, 1} o603HaumM depes B MHOXeCTBO
MHIYIUPOBAHHBIX omeparmit, Toraa ([0, 1], B ) — anre6pa. Ilomanre6psr Takux aiare6p Gymem
HA3BIBATD AA2€0PaAMU OEPHYAAUEECKUT DPACTPEIeseHull.

Touky g € [0, 1] Gymem HasbBaTH Npedeavroti nis mHoxkecrsa G C [0, 1], eciu must mmro-
6oro € > 0 maitmercs Takas Touka r € G, uro 0 < |g—2x| < €. MHOX)KeCTBO IPEAEIILHBIX TOUEK
mHOX)ecTBa (G Gynmem obosHauaTb A(G). Yepes cg,c; 0603HAUNM QYHKINE, TOXKIECTBEHHO
paBable 0 1 1 cCOOTBETCTBEHHO.

Teopema 1. Ilycrs (G, ]§) — asrebpa GepHYJIIHEeBCKUX pacupeneseHuii. Ilomoxum
B'" = B\ {cp,c1}. Torma (\(G), /B\’) — asrebpa 6epHYIIHEBCKUX DACIPENETEHHIH.

O6o3naunm yepes U kiioH yHapHBIX onepanunii Ha maoX)ecTse {0, 1}. Teopema 1 BmecTe ¢
paHee yCTaHOBJICHHBIMI CBOMCTBAMUI KOHEUHBIX aareOp GEpHYIUINEBCKUX pacipeneieHuit [1]
MO3BOJIAET NOKA3aTh CJIEMYIOILYI0 TEOPEMY.

Teopema 2. Ilycrs (G, E) — asrebpa 6GepHyneBckux pacnpenenenuisi. Ecoun \(G)
koHe4HO, To mbo B C U, mubo |A(G)| < 2.

[Tpumep anreGpel cO CI4eTHBIM MHOXKECTBOM A((G) MOXKHO TOIyYUTh, PACCMATPUBAS 3a-
MBIKaHIE HEKOTOPOro pacupeneienus p, 0 < p < 1, oTHOCHTEIBHO cUrHATYDHL (D1, P2, P3 ),
roe m(x,y,2z) = (x Ay)V (yAz)V(zAz).

Pa6ora monrorosnena npu nommepxkke nporpammbl Ipesumuyma PAH N 01 «®ymma-
MeHTaJIbHasE MaTeMaTuKa 1 ee mpusoxenus» (rpast PRAS-18-01).
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Ehrenfeuchtness of almost o-minimal theories of convexity rank 1

S. S. BAizuaNov, B. SH. KULPESHOV

The present lecture is concerned the notion of weak o-minimality, originally studied
by D. Macpherson, D. Marker and C. Steinhorn in [1]. A subset A of a linearly ordered
structure M is conver if for any a,b € A and ¢ € M whenever a < ¢ < b we have c € A. A
weakly o-minimal structure is a linearly ordered structure M = (M;=, <,...) such that any
parametrically definable subset of M is a finite union of convex sets in M.

Let M be a weakly o-minimal structure, A C M, p,q € S1(A) be non-algebraic.

We say that p is not weakly orthogonal to q if there exist an A-definable formula H(z,y),
a € p(M) and By, f2 € (M) such that f; € H(M,«) and o & H(M, «).

We say that p is not quite orthogonal to q if there exists an A-definable bijection f :
p(M) — q(M). We say that a weakly o-minimal theory is quite o-minimal if the notions of
weak and quite orthogonality of 1-types coincide.

We say that p is not almost orthogonal to q if there is an A-definable formula ¢(z,y) such
that for any a € p(M) ¢(a, M) # () and there are by, by € q(M) with by < ¢(a, M) < by. We
say that a weakly o-minimal theory is almost o-minimal if the notions of weak and almost
orthogonality of 1-types coincide.

In [2] the Vaught’s conjecture for o-minimal theories was solved. Recently in [3] this
conjecture was solved for quite o-minimal theories. From the above works it follows that any
o-minimal or quite o-minimal theory has either continuum of countable models, or exactly
6'3™ countable models for non-negative integers I and m.

The convexity rank of a formula with one free variable was introduced in [4]. In particu-
lar, a theory has convexity rank 1 if there is no parametrically definable equivalence relation
with an infinite number of infinite convex classes.

Theorem 1. Any almost o-minimal theory of convexity rank 1 having less than 2%
countable models is quite o-minimal.

Corollary 2. Any almost o-minimal theory of convexity rank 1 having less than 2%
countable models is Ehrenfeucht.

REFERENCES

[1] Macpherson H. D., Marker D., Steinhorn C. Weakly o-minimal structures and real closed fields //
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On the shortest sequences of elementary transformations in the partition
lattice

V. A. BARANSKY, T. A. SENCHONOK

A partition A = (A1, A2,...) is a sequence of non-negative integers (the parts) in non-
increasing order A\; > Ao > ... with a finite number of non-zero elements [1]. A weight
of X\ is the sum of parts, denoted by sum(A). A partition A = (A1, A2,...) dominates
a partition pu = (p1,p2,...), denoted by A > p, if Ay < py, A+ Ao < pg + po, ...
AMFX+ o+ N <+ ps+ ...+ pg, ... All partitions of all integers form the lattice
N PL with respect to > (see, [2] and [3]).

We define two types of elementary transformations of the lattice NPL [3]. The first
one is a box transference, the second one is a box destroying.

Let A = ()\17---:>\i7---7)\j7---;>\k7---) be a partition, \; —1 > Xjy1, Aj_1 > Aj + 1,
Ai > 24+ Aj and @ < j. We say that the partition

H:()‘1>~~~7)‘i_17~~'7)‘j+17-"7)‘1€7"~)

is obtained from A by the boz transference.

Let A= (A1,..., Ay, Aj, oo, A, ... ) be a partition and A\; —1 > A;11. We say that
the partition

,u:(/\1,...,/\1'—1,...,)\].3,...)

is obtained from A\ by the box destroying.

Note that A > p in NPL iff u is obtained from A by a finite sequence of elementary
transformations [3].

Let A and p be two partitions such that A > u. The height of X over p is the number
of transformations in a shortest sequence of elementary transformations which transforms A
to u, denoted by height(\, ).

Theorem. Let A > p and C' = sum(\) — sum(u). Then

‘ > 1, 1
height(A, ) = > (A —pj) = §C+§ZW — -
T=1G > 1y =1

We found also an algorithm that builds some useful shortest sequences of elementary
transformations from \ to p.
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The lattice of varieties of implication semigroups

S. V. Gusev, H. P. SANKAPPANAVAR, B. M. VERNIKOV

In [4], the second author introduced and examined a new type of algebras as a general-
ization of De Morgan algebras. These algebras are of type (2,0) with a binary operation —
and a nullary operation 0 satisfying the identities

(x—=y) =z =)= (y—2)] and 0" ~0

where u’ means u — 0. Such algebras are called implication zroupoids. The class of all
implication zroupoids is a variety denoted by IZ. It seems very natural to examine the
lattice of its subvarieties. One of important and interesting subvarieties of 1Z is the class of
all associative implication zroupoids, that is algebras from 1Z satisfying the identity

(x —=y) =z — (y—2).

Such algebras are called implication semigroups. The variety IS of all implication semigroups
and several its subvarieties already appeared in the literature (see [1, 2, 3]). In particular,
the location of these varieties in a partially ordered set of some subvarieties of 1Z were
studied in [3].

The main result of the present work gives a complete description of the subvariety lattice
of the variety IS. In particular, we prove that this lattice consists of 16 elements and is
non-modular. In [4, Problem 5], the second author has raised the question as to whether
the lattice IZ is distributive. Our result gives the negative answer to this question.
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[1] Cornejo J. M., Sankappanavar H. P. On derived algebras and subvarieties of implication zroupoids //
Soft Computing. 2017. Vol. 21. P. 6963-6982.

[2] Cornejo J. M., Sankappanavar H. P. On implicator groupoids // Algebra Universalis. 2017. Vol. 77.
P. 125-146.

[3] Cornejo J. M., Sankappanavar H. P. Implication zroupoids and identities of associative type // Quasi-
groups and Related Systems. 2018. Vol. 26. P. 13-34.

[4] Sankappanavar H. P. De Morgan algebras: New perspectives and applications // Sci. Math. Jpn. 2012.
Vol. 75. P. 21-50.

Ural Federal University, Ekaterinburg (Russia)

E-mail: sergey.gusb@gmail.com

State University of New York, New Paltz (USA)
E-mail: sankapph@newpaltz.edu, bvernikov@gmail.com

211


mailto:sergey.gusb@gmail.com
mailto:sankapph@newpaltz.edu, bvernikov@gmail.com

MamnbneBckue urerus 2018 Teopust Moneseit 1 yHUBEDPCAJIbHAS ajarebpa

On dual Horn formulas

A. V. KRAVCHENKO

Dual Horn formulas were introduced in [1].

The original motivation was the idea of representing a context free grammar as a set of
elementary axioms such that production rules become dual Horn sentences. In addition, the
authors of [1] introduced the notion of a dual reduced product and characterized dual Horn
formulas in terms of preservation under this construction. In [2], another similar notion, the
dual direct product, was introduced.

We suggest a series of assertions connecting axiomatizability by special sentences (in-
cluding infinitary and dual Horn ones) and closedness under class operators. Some of them
can be regarded as “dualisations” of known results for Horn formulas (in particular, quasi-
and anti-identities).
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The countable spectrum of weakly o-minimal theories of finite convexity rank

B. SH. KULPESHOV

The present lecture is concerned the notion of weak o-minimality, originally studied
by D. Macpherson, D. Marker and C. Steinhorn in [1]. A subset A of a linearly ordered
structure M is conver if for any a,b € A and ¢ € M whenever a < ¢ < b we have c € A. A
weakly o-minimal structure is a linearly ordered structure M = (M;=, <,...) such that any
parametrically definable subset of M is a finite union of convex sets in M.

Let M be a weakly o-minimal structure, A C M, p,q € S1(A) be non-algebraic. We say
that p is not weakly orthogonal to q if there exist an A-definable formula H(x,y), o € p(M)
and (1, B2 € q(M) such that 81 € H(M,«) and By ¢ H(M,«). We say that p is not quite
orthogonal to q if there exists an A-definable bijection f : p(M) — q(M). We say that a
weakly o-minimal theory is quite o-minimal if the notions of weak and quite orthogonality
of 1-types coincide.

In [2] the Vaught’s conjecture for o-minimal theories was solved. Recently in [3] this
conjecture was solved for quite o-minimal theories. From the above works it follows that any
o-minimal or quite o-minimal theory has either continuum of countable models, or exactly
6'3™ countable models for non-negative integers [ and m.

In [5] B.S. Baizhanov and A. Alibek have constructed for every ordinal x with 4 < k < w
examples of weakly o-minimal theories having exactly xk countable models. Recently in [6]
the Vaught’s conjecture for weakly o-minimal theories of convexity rank 1 was solved. Here
we present the following theorem:

Theorem 1. Let T be a weakly o-minimal theory of finite convexity rank in a countable
language. Then exactly one of the following possibilities holds:

(1) T is countably categorical;

(2) T is Ehrenfeucht, namely T" has k countable models, where 3 < k < w;
(3) T' has w countable models;
(4) T has 2¥ countable models.
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On ranks for families of all theories of given languages

N. D. MARKHABATOV, S. V. SUDOPLATOV
We describe ranks RS(+) [1] for families Ty of all theories of given languages 3.

Theorem 1. For any language 3 either RS(7Ty) is finite, if ¥ consists of finitely many
0-ary and unary predicates, and constant symbols, or RS(Ts) = oo, otherwise.

The proof of the theorem uses the following assertions on ranks RS(-) and degrees ds(+)
for families of theories.

Proposition 1. If ¥ is a language of 0-ary predicates then either RS(7x) = 1 with
ds(Tx) = 2", if ¥ consists of n € w symbols, or RS(Ty) = oo, if ¥ has infinitely many
symbols.

Proposition 2. If ¥ is a language of 0-ary and unary predicates, with at least one
unary symbol P, then either RS(Ts) = 2¥ with ds(7Tx) = 2™, if ¥ consists of k € w unary
symbols and m € w 0-ary predicates, or RS(Tx) = oo, if 3 has infinitely many symbols.

Proposition 3. If ¥ is a language of constant symbols then either RS(7Tx) = 1 with
ds(7s) = P(n), where P(n) is the number for partitions of n-element sets, if > consists of
n € w symbols, or RS(Tx) = oo, if ¥ has infinitely many symbols.

Proposition 4. If Y is a language of 0-ary and unary predicates, and constant symbols,
then either RS(Ty) is finite, if ¥ consists of finitely many symbols, or RS(Ty) = oo, if ¥ has
infinitely many symbols.

Besides, e-minimal [2] families Ty, are described:

Theorem 2. For any language ¥ the family Ty is e-minimal if and only if ¥ = () or ¥
consists of one constant symbol.

The research is partially supported by Committee of Science in Education and Science
Ministry of the Republic of Kazakhstan (Grants No. AP05132349, AP05132546) and by
Russian Foundation for Basic Researches (Grant No. 17-01-00531).
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On 3-generated lattices with standard and distributive elements among
generators

K. E. RABOY

In [1] a 3-generated lattice is proved to be distributive if two of its generators are
standard. It means that such lattice has at most 18 elements. There is also an example of
a nonmodular lattice generated by three elements, one of which is standard, and the other
two are distributive. We have proved the following theorem.

Theorem. Let L be a 3-generated lattice. If one generator of L is standard and the
other two are distributive then L contains not more than 21 elements.

It should be noted that the estimate in Theorem is sharp.

The autor wishes to express his gratitude to A. G. Gein for the problem formulation
and useful discussions.

The participant was supported by a travel grant provided due to Prof. H.P. Sankap-
panavar.
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On approximations of theories

S. V. SUDOPLATOV

We study approximations of theories both in general context and with respect to some
natural classes of theories. Some kinds of approximations are considered, connections with
finitely axiomatizable theories and their e-spectra [1] are found.

Let T be a class of theories in a predicate language L and T be a L-theory, T' ¢ T. The
theory T is called T -approximated, or approximated by T, or T -approrimable, or a pseudo-
T -theory, if for any formula ¢ € T there is T" € T such that ¢ € T'. If T is T-approximated
then 7 is called an approximating family for T, and theories T’ € T are approrimations
for T

Theorem 1. A theory T ¢ T is T-approximated if and only if T' € Clg(T).

Theorem 2. For any theory T the following conditions are equivalent:

(1) T is approximable;

(2) T is T \ {T}-approximated, where T is the set of all theories of given language;

(3) T is not finitely axiomatizable.

Let A be a cardinality, 7 be a family of theories. A theory T is called (X, T')-approximable,
or A-approzimable (A-approximated) by T, if T is T’-approximable for some 7’ C T with
|T'| = A. A theory T is called A-approzimable if T is (A, T )-approximable for some 7.

Theorem 3. For any theory T the following conditions are equivalent:

(1) T is A-approximable for some \;

(2) T is w-approximable;

(3) the language L(T) is finite and T does not contain a L(T)-complete sentence, or
L(T) is infinite.

Theorem 4. A family T of theories contains an approximating subfamily if and only
if T is infinite.

A family T is single-valued, or e-categorical, if e-Sp(7T) = 1. An infinite family 7 is
called e-minimal if for any sentence ¢ € X(T'), T, is finite or 7T, is finite.

Theorem 5. A family T is e-minimal if and only if it is e-categorical.

Theorem 6. Any E-closed family T with finite e-Sp(7) > 0 is represented as a disjoint
union of e-categorical families Ty, ..., T,.

The research is partially supported by Russian Foundation for Basic Researches (Grant
No. 17-01-00531), and by Committee of Science in Education and Science Ministry of the
Republic of Kazakhstan (Grant No. AP05132546).
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On ranks for families of theories and their spectra

S. V. SUDOPLATOV

We define ranks and degrees for families of theories, similar to Morley rank and degree
[1], and the notion of totally transcendental family of theories. Bounds for e-spectra with
respect to ranks and degrees are found. It is shown that the ranks and the degrees are
preserved under E-closures Clg(-) [2]. The criteria for totally transcendental families in
terms of cardinality of E-closure and of the value of e-spectrum, for a countable language,
are proved.

For the empty family 7 of theories we put the rank RS(7) = —1, for finite nonempty
families 7 we put RS(7) = 0, and for infinite families 7 — RS(7) > 1. For a family 7 and
an ordinal a = 8+ 1 we put RS(7) > « if there are pairwise inconsistent X(7)-sentences
¢Yn, N € w, such that RS(7,,) > 5, n € w, where 7, = {T' € T | ¢ € T}. If o is a limit
ordinal then RS(7) > «a if RS(T) > f for any 5 < . We put RS(7) = e if RS(7) > « and
RS(T) # a+1. If RS(T) > « for any a, we put RS(7) = co. A family 7 is called e-totally
transcendental, or totally transcendental, if RS(T) is an ordinal.

Theorem 1. For any family T either |[RS(T)| < max{w, |X(T)|} or T is not e-totally
transcendental.

If 7 is e-totally transcendental, with RS(7) = o > 0, we define the degree ds(7") of T
as the maximal number of pairwise inconsistent sentences ¢; such that RS(7,,) = a.

Clearly, if ds(7) exists then it is equal to some n € w \ {0}.

Theorem 2. For any infinite family T, e-Sp(T) is finite if and only if RS(T) = 1. If
RS(T) =1 then e-Sp(T) = ds(T).

Theorem 3. If RS(7) > 2 then e-Sp(T) > w, witnessed both by some disjoint neigh-
bourhoods T, , n € w, and by some additional accumulation points.

Theorem 4. For any family T, RS(T) = RS(Clg(T)), and if T is nonempty and
e-totally transcendental then ds(7) = ds(Clg(T)).

Theorem 5. For any family T with |X(7)| < w the following conditions are equivalent:
(1) |Clg(T)| =2“, (2) e-Sp(T) =2, (3) RS(T) = <.

The research is partially supported by Russian Foundation for Basic Researches (Grant
No. 17-01-00531), and by Committee of Science in Education and Science Ministry of the
Republic of Kazakhstan (Grant No. AP05132546).
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Piecewise monotonicity for unary functions definable in ordered dense groups
of Morley o-rank 1

V. V. VERBOVSKIY

We consider the class of ordered groups whose elementary theory is o-stable accordingly
to the following definition. The aim of this research is to investigate properties of definable
unary functions.

Definition (B. Baizhanov, V. Verbovskiy).

(1) An ordered structure M is o-stable in A if for any A C M with |A] < A and for
any cut (C, D) in M there are at most A 1-types over A which are consistent with
the cut (C, D).

(2) A theory T is o-stable in X if every model of T" is. Sometimes I write T is o-A-stable.

(3) A theory T is o-stable if there exists an infinite cardinal A in which T is o-stable.

Definition.

(1) We say that Morley o-rank of a formula ¢(x) inside a cut (C, D) in M is equal to or
greater than 1 and write RM ¢ py am(¢)>1 for this, if {¢(z) } U(C, D) is consistent.

(2) RM(c,py,m(¢) > a + 1 if there are infinitely many pairwise inconsistent formu-
lae 1;(2) such that RMc py m(d(x) Ahi(z)) > .

(3) If ais a limit ordinal, then RM ¢ py m(¢) > a if RMc py m(¢) > B for all 8 < a.

(4) RMc,py m(¢) = aif RM(c py m(¢) > o and RM(c,py m(9) 2 a+ 1.

(5) A theory T has Morley o-rank at most « if for any its model M any cut (C, D) in
M Morley o-rank RMc py m(z = x) < a.

Fact. If a theory T has Morley o-rank « for some ordinal «, then T' is o-w-stable.

We say that an ordered group M contains boundedly many definable convex subgroups
if there is a cardinal A, such that in any group which is elementary equivalent to M the
number of convex definable subgroups does not exceed \. Otherwise we say that M has
unboundedly many definable convex subgroups.

Theorem. Let G be an ordered group, whose elementary theory has Morley o-rank 1.
Assume that G has boundedly many definable convex subgroups. Then any definable unary
function is piecewise monotone, where pieces need not to be convex.

The research is supported by the grant of MES of RK for the project AP05132688
“Relative stability”.

Kazakh British Technical University, Almaty (Kazakhstan)
E-mail: viktor.verbovskiy@gmail.com

218


mailto:viktor.verbovskiy@gmail.com

MamnbneBckue urerus 2018 Teopust Moneseit 1 yHUBEDPCAJIbHAS ajarebpa

On hyperassociative algebras

M. A. YOLCHYAN

The binary algebra (Q; X) is called hyperassociative, if it satisfies the following hyperidentity
of associativity [1]:
X(x,Y(y,2)) =Y (X(z,y), 2). (assy)
In this talk we characterize the structure of hyperassociative algebras. In particular, we
prove the following result: If (Q, X) is an idempotent and hyperassociative algebra, then
the relation

0" ={(z,y) € Q x Q| X(z,X(y,2)) =z, X(y, X(2,9)) = y; VX € X}

is the congruence relation of the algebra (Q, X); moreover, each operation of the correspond-
ing quotient algebra is semilattice operation and the equivalence classes are rectangular (and
idempotent) semigroups.
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On free left n-trinilpotent trioids

A. V. ZHUCHOK, Y. A. KRYKLIA

Recall that a nonempty set T" equipped with three binary associative operations -, i, and
1 satisfying the following eight axioms:

(xdy)dz=z4(ytz2), (zFky)- F(y - z2),
(xdy)Fz=zkF (yFz2), (x-dy)- z—:v—|(yJ_z)
yLlz=2 1 (yt 2),

(xLy)dz=xLl(ydz), (z-y
(xFy) Lz=xkF(yLlz), (zlytkz=zk(yk=2)
for all z, y, z € T, is called a trioid [1].
As usual, N denotes the set of all positive integers. By 2 denote the signature of a trioid.
Let z1,...,x, be individual variables. By P(x1,...,z,) we will denote the set of terms of
algebras of the signature 2 having the form z; oy ... 0,1 x, with parenthesizing, where
01,...,05h_1 € Q. A trioid (T, -,F, L) will be called left trinilpotent if for some n € N, any
x € T and any p(x1,...,2,) € P(z1,...,x,) the following identities hold:

p(z1,.. . xp)xx=p(x1,...,20), p(x1,...;25)Fx=21F ... Fx,,

where x € {H, L}. The least such n we shall call the left trinilpotency index of (7, -,F, L).
For k € N a left trinilpotent trioid of left trinilpotency index < k is said to be left k-
trinilpotent. Right k-trinilpotent trioids are defined dually.

The notion of a left (right) trinilpotent trioid is an analog of the notion of a left (right)
nilpotent semigroup [2] and a left (right) dinilpotent dimonoid [3]. It is clear that operations
of any left (right) 1-trinilpotent trioid coincide and it is a left (right) zero semigroup. The
class of all left (right) n-trinilpotent trioids forms a subvariety of the variety of trioids.
A trioid which is free in the variety of left (right) n-trinilpotent trioids will be called a
free left (right) m-trinilpotent trioid. If p is a congruence on a trioid (7),-,+, L) such that
(T,4,F, L)/pis aleft (right) n-trinilpotent trioid, we say that p is a left (right) n-trinilpotent
congruence.

We construct a free left (right) n-trinilpotent trioid and characterize the least left (right)
n-trinilpotent congruence on a free trioid. We also consider separately free left (right) n-
trinilpotent trioids of rank 1 and describe the automorphism group of the free left (right)
n-trinilpotent trioid.
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Endotopism semigroups of partial equivalences

Yu. V. ZHUCHOK, E. A. TOICHKINA

Let X be an arbitrary nonempty set and p C X x X. An ordered pair (¢, 1)) of transfor-
mations ¢ and ¢ of a set X is called an endotopism [1] of p if for all a,b € X the condition
(a,b) € p implies (ap, ) € p. The set of all endotopisms of p is a semigroup with respect
to the componentwise multiplication operation. This semigroup is called the endotopism
semigroup of the relation p and it is denoted by Et(X, p).

We denote by HEt(X,p) (respect., LEt(X,p), QEt(X,p), SEt(X,p) and At(X,p))
the set of all half-strong endotopisms (respect., locally strong endotopisms, quasi-strong
endotopisms, strong endotopisms and autotopisms) of p (see, e.g., [2]).

For every nonempty p C X x X the following sequence of inclusions holds:

Ei(X,p) 2 HEHX, p) 2 LEL(X, p) 2 QEL(X, p) 2 SEU(X, p) 2 AL(X, p).

With this sequence we associate a sequence of numbers (s1, s, S3, S4,55), where s; €
{0,1},i € {1,...,5}. We put s; = 0 if the semigroups involved in the ith inclusion in the
chain above coincide, and s; = 1 otherwise. For example, s; = 0 indicates that H Et(X, p) =
LEt(X,p), and s5 = 1 means that SEt(X, p) # At(X, p). The integer Z?:1 5,21 is called
the endotype (or the endotopism type) of p relative to its endotopisms and it is denoted by
Ettype(X, p).

A binary relation p on X is called a partial equivalence [3] if it is symmetric and transi-
tive. We denote the set of all equivalences on X and the set of all partial equivalences on X
by Eq(X) and PEq(X), respectively. Equivalence relations of PEq(X) \ Eq(X), | X| > 2,
we call as strict partial equivalences on X.

We find all possible values of the endotype of an arbitrary strict partial equivalence rela-
tive to its endotopisms. For a strict partial equivalence o on X, we describe its endotopisms
of all types and study different properties of the semigroup Et(X, a).

The publication is based on the research provided by the grant support of the State
Fund For Fundamental Research (project F83/43909).
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Bonpocs! yaudukanuu B npenqTabiInyHbIX pacinupeHusx S4

C. 1. BAIIMAKOB

YuudukanuonHas mpobiieMa IIpPeNCcTaBIsseT coO0M BO3MOXKHOCTH Ipeobpa3oBaTh (Hop-
MYJIy B T€OpeMy TIOCIIe 3aMeHbl lepeMennbix [1]. Bymem rosoputs, uto dopmyna ¢(p1, ..., Ps)
yrupuyupyema B L TOTIA U TOIBLKO TOTNA, KOTMIa CYIIIECTBYET MOACTAHOBKA (yHuduramop)
0 1 p; > 0 UL KaXKIOi p; Takas, 910 @(o1,...,05) € L.

YuuduxaTop o bopmysst ¢(p1, . . ., ps) HazoseM 6oaee obwum gem o' B L (ol < o), ecin
CyIIeCTBYeT TIONCTAHOBKA 02 Takas, ITO s Jo6oi Tepemennoit p; € Var(p): ol(p;) =
o%(o(p;)) € L. Habop yaudukaTopor CU (HOPMYTIBI (0 HA3LIBACTCS NOAMbIM B L, eClm Iis
moboro yEupukaropa o hopMyisl ¢ Hainercs o, € CU: 0 < o',

[MoncTaHoBKA T HA3BIBAETCS NPOEKMUBHbIM Yruduramopom mst a(py, ..., ps) B L, ecin
BBITIOJTHSIOTCSI 008 CIEMYIOITNX YCIOBUS:

(1) 7(a) € L (1.e. T — yHRbUKATOD AT 0);
(2) Do — [pi = 7(ps)] € L nna moboit nepemensoit p; € Var(a).

Uccnenyercs yaudgukamnms B mpenTabInIHbIX PACIITHPEHUSIX MOTAIIBLHON jIoruku S4, onu-
cannbrx JI. JI. Makcumosoit (2, 3], JL.JI. Ocakua u B.}O. Mecxu [4]. IJoBOIBbHO N3yUeHHBIME
B 5TOl cBs13u siBsitoTcest jjoruku PM1 u PM5 u3 nabopa, T. k. yHUGUKAINSI B COOTBETCTBY-
IOIIX UM U3BECTHBIX cucTteMax S$4.3 m 85 COOTBETCTBEHHO pacCMaTpHUBAIACh B paboTax
B.B. PribakoBa u B. [I:xuka — B 9aCTHOCTH, TIOCIEIHIM ObIIa TOKa3aHA €€ MPOCKTUBHOCTH
B obeux cucremax |5, 6]. IIpobraembr yaudukanun mis cayaaes PM2, PM3 u PM4 ocra-
FOTCSI OTKPBITBIMI.

B nokname paccMaTpuBarOTCs BOIPOCH! TPOEKTUBHOCTY, TUNA YHUPUKAINYN B JIOTUKAX,
MOJIHBIX HAOOPOB U 0CHOBHWIL (2paynd) yHUPUKATOPOB.

Wccnenopanue BouimosueHo nipu puHancoBon nonnep:xkke POPU, IIpasutenscTBa Kpac-
HOsIpCKOTO Kpast, KpacHospckoro kpaeBoro (poHma HAyKM B paMKax HaydIHOro mpoekTa N 18-
41-240005, a Takxe PoHmIa MOOAEPKKN MOJIOOLIX yYUueHbIX « Konkypc Mébuycas.
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O mosHOTe dpparmeHnTa ucuuncienus JlambGeka c onepanusiMu UTEpPaATAN
U IIepecevYeHus] OTHOCUTEJILHO PEJISINOHHBIX MojeJsien

C. JI. Ky3HELIOB

Ucuucnenne Jlambeka [1] onmchiBaeT aTOMapHYIO TEOPUIO YACTUIHO YIIOPSIOYEHHBIX
HOJIyTPYIII ¢ mesteHusiMu u 3amaércest akcmomavu A — A, (A-B)-C — A-(B-C) n
A-(B-C)— (A-B)-C u ciaenyolmMn IpaBUIaMI BEIBOIA:

A—-B B-—=C A-B—C A— B/C A-B—C B — A\C
A—C A— B/C A-B—C B — A\C A-B—C

(Bmecy A, B, C 0603ua9at0T (HOPMYIIBI, TOCTPOEHHBIE U3 IEPEMEHHBIX OMEePAIUSIME Y MHOKe-
uust (-) u nByx menenuii (\, /); — COOTBETCTBYeT YACTUYHOMY IMODSIIKY.)

EcTecTBeHHBII TpUMED MOIYTPYHII C NeJIEHNEM AI0T TaK HA3BIBAEMBIE PeAdUUOHHbIE
modesau (R-momenu): mycts Ha MHOXKecTBe W 3amaHO TpaH3UTUBHOE GUHAPHOE OTHOIIECHUE
U C W x W, Torma ero monMHOXecTBa 00pa3yioT moiayrpynmy ¢ nejgenusmu. Ilms R-monerei
BepHa TeopeMa O moiHOTE [2|: yTBepkmenune A — B nmokasyemo B ucumcieHun JlamGeka
TOra W TOJBLKO TOTa, KOIda OHO MCTUHHO B j000i R-momernmn.

B R-mopmenax paccMoTpum Takxke nepecedenue () U TPAH3UTUBHOE 3aMBIKAHUE, U
nonoxuTenbHyto nrepaimio Kiauan (7). IM cOOTBETCTBYIOT TIpaBmiIa;

A— By A— B A= C (4 = B),_, (4"~ B) ",
A—>B1ﬂBQ AlﬂA2—>C AlAn—)B+ At —- B

YnoMsiHyTas paHee Teopema O MOTHOTE [2] pacmpocTpaHseTcs Takke Ha PaCIInpeHIe
N. Ing pacumperns N u T OpenjaraeTcs CASAYOMUN YaCTUYIHBIN pe3yIbTaT:

Teopema. Ecau B ¢popmynsr A u B onmepanus © BxoauT TOIbKO B KOMOMHAIMAX BUIA
F/E*t u ET\F («utepamus ToJbKO B 3HAMEHATENIAX>), TO yTBepKaeHue A — B mokazyemo
B mcunciaeHnn Jlambeka ¢ omepanusMyu UTEPALUN U IMEPEeCEYeHHs] TOrAa U TOIBKO TOTIA,
KOrja OHO ICTUHHO BO Bcex R-momessx.

OrpaHunueHHOCTDH pe3ysbTara (GpParMeHTOM C UTepaIell TOIBLKO B 3HAMEHATEIISIX MOTHU-
BUPOBAHO TEM, UTO LEIUKOM UCUUCIIEHIe OTHOCUTEbHO R-Momeneit Heromuo — (s/(pAq)) A
(s/(eAna-a*))N(s/(p-pT ANQ))A(s/(p-pT ANg-qT)) — s/(p" Ag") (BapuanT KorTpPIPEMEDa
u3 [3]) mcTuHHO BO Beex R-Momernsx, HO He HOKa3yeMo.

Pabora nmomnep:xkana rpanToMm Poccuiickoro nayunoro ¢orma N 16-11-10252.
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NuTeprnionsaiimontoe cBoiicTBO B pacimpenusx Od

JI. JI. MAKcuMOBA, B. ®. FOH

Uccnenyercs npobiieMa MHTEPIIOIAINN B PACIIUPEHUSIX MUHUMAJILHON JIOTUKA Noxan-
coHa J.

N3BecTHO, uTO cama joruka J um Hanboslee BaKHbIE ee PACIINPEHNUs 00Ia0al0T UHTEPIIO-
mstumorHbIM cBoticTBoM CIP [1]. IIpoGrema MHTEPIONAMI OJTHOCTBIO PEIICHA IS KIIacca
CTPOMHBIX J-7I0ruK [2], BKIIIOYAIOMEro B ce6s CyNepUHTYUINOHUCTCKIE 1 HEraTUBHbIE JIO-
ruku. B "acTHOCTH, MOKA3aHO, UTO CYIIECTBYET JIUIIb KOHEUYHOE YUCJIO CTPOMHBIX JIOTUK
¢ mHTepnoisunoHHbIMEI cBoricTBoM CIP m orpanmueHHBIM MHTEPHOISIIMOHHBIM CBONCTBOM
IPR. Bce sTu jorukm ommcaHbl, U MOKA3aHBI X Y3HABAEMOCTH M PA3PEIINMOCTH CBOWCTB
CIP u IPR Ha xtacce CTPORHBIX JIOTHK.

B 1o ke BpeMms HEU3BECTHO, KOHEUHO UM OECKOHEUHO UKUCIIO PACIIUPEHUN JIOTUKU J CO
cBoricrBoMm CIP, u mpobieMa mHTePHIOISIIT HAl JIOTUKON J ellle majieka OT CBOETO PEeIeHNUs.

Bomurcst HoBasi cepus amreGp Moxamcona Gyn,n W PACCMATPUBAIOTCS BIIOXKEHUS THUX
anre6p. Ilomyden psnm HEOOXOMMMBIX YCJIOBUHI IJIsl TOTO, YTOOBI J-JIOTUKA MMesIa CBOWCTBO

CIP:

JlemMma. 1. IIycrs L mmeer IPR. Ecau Gy, 0,G1, € V(L) opur m,n > 0, o G, € V(L).
2. Ilycre L mmeer IPR. Ecmu Gy, € V(L), k > 3, 1o Gy 951y € V(L).
3. IIycre L mmeer IPR. Ecnu G145 € V(L), To G153 € V(L).
4. IIycrs L nmeer IPR. Ecau G145 € V(L), To Gy, € V(L) ams Bcex n > 0.
5. Iycrs L nmeer CIP. Ecmn Gg g € V(L), 10 Gy o € V(L) mms Bcex m > 1.

Ucnonesys momyuennbie Kpurepuu, Mbl uccienyeMm cBoiicTBO CIP B KOHEUHOCTOMHBIX
J-norukax. HamomuauM, 9TO cemenicTBO J-Oormk paszdmBaeTcs Ha CJIOU C MOMOIIBIO (POpPMYIT
To = P0, Tnt+1 = Pnt+1V (Pnt1 — m,)[3]. L — noruka xoneunozo ciog (Mnu KoHeunocaotnas
A02uKa), ecau L - m, I HEKOTOPOTO N, U JIOTUKA OECKOKEUH020 CAOA B TIPDOTUBHOM CITydae.
Mgl orpaHmYnMCS TPEOTEHTUHTOBBIMU JIOTUKAMU, T.e. paciuuperusmu joruku Od = J +
—-—(L — p). Hokazana

Teopema. CyirecTByer JIUIb KOHEYHOE YUCI0 KOHEUHOCTOMHBIX IIPEATeHTHHIOBBIX JIO-
ruk co cBorctBoMm CIP.
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AnropurMuyeckasi pa3penmMocThb ¢pparmenTa ucuucienus JlamGeka
C 9KCHOHEHIINAJIBHON MOAAJILHOCTBIO

E. M. ®O®AHOBA

Pacmmupenune ucuucnenus JlamGeka |L* momyuaercs u3 Bepcum ucuucienus JlambGeka
L* [1], B KOTOpOIl pa3pellleHbl IyCThle JIEBbIE YACTHU ITOCIENOBATELHOCTEN, 3a CUET €ro
paCIINPEHUs ¢ UCTIOIB30BAHNEM SKCIIOHEHIMAIILHON MOMAIBHOCTH (OCHOBBIBASCH HA, JIMHEl-
Hoit joruke Kupapa [2]). Popmynsr B |L* mocrpoensr n3 maGopa mepemennbix (Var =
{p,q,r,...}) c ucnonp3oBaHmEM TPEX ABYMECTHBLIX CBSI30K, -, /, \ U OMHOMECTHON CBSI3KHU !.

Ero akcuombr nmeror Bum A — A, a mpaBumita TAKOBBI:

' A Ay, B, Ay > C I'A—B

AL BAT. A SB V7 TS BA

A, A—-C (125); 1A, .. 1A, — B(_>')

LIALA—=CY 77 1AL L A, =B

Al ‘A, F, AQ —C Al, F, 'A, AQ —C

(—/) m anamoruuno (\ —), (= \);

AL T A Ay — ¢ perma); AL AT, Ay — G (perm2)
Ay, 1A, 1A, A2—>C(CO i) I A=C (el
AL A, Ay 50 O TA A S o s

[Ipo6rema BuiBOmuUMOcTH mist !L* anropurmuaecku mepaspemnva. Kawosuu u np. [3]
Hapsany ¢ |L* paccmorpenu ucunciienne 6e3 (weak). s 060uX MCUUCTEHUN OHU TOKA3AIIM
HEPAa3PeIINMOCTDb aXe B cilydae, Koraa ! mMpuMeHsieTCsl TOIBKO K (hopMytaM TTIyOnHbBI BITO-
KEHHOCTH HesieHuit e 6osee 2 (6omee Touno — (p/(q/7)) u ((p/q)/7)).

Ho ecam mbI paspemmmy mpuMeHSTb | TOJIBKO € MEepEeMEHHBIMU, MPOGSIEMa BBIBOIUMO-
CTU OKA3bIBAETCS Pa3pellInMa U NPUHALIEXRUT K Kiaccy NP (T.e., MoxkeT 6bITH perieHa ¢
TIOMOII[BIO HEAIETEPMUHUPOBAHHOTO MOIMHOMUAIILHOTO ajroputma) [3].

[IpomexyTounbIll ciaydait TiIyOuHBI 1 OCTaBaJICsS OTKPBITON 3a1aveil.

Teopema. IIpobirema BbIBOmEMOCTH IS UcIucaeHus Jlambeka ¢ 5KCIOHEHIIUAIBHON
MORaJIBHOCTBIO U orpanumdenueM 1 Ha riaybuny !-dpopmyn (mom ! pasperarorcs dopmysibr
BHAA G\ ... \q1\P/T1/ - .. /Tm) &ITOPUTMHYECKH Da3peIInMa.

Bripaxaro 6;maromapaocTh cBoeMy HayuHoMy pykoBomuterio KysuenoBy Crenany JIbBo-
BUYY 3a COBETHI U IIEHHBIE 3aMeYaHus npu pabore.

CHUCOK JIMTEPATYPBI
[1] Lambek J., On the calculus of syntactic types, Structure of Language and Its Mathematical Aspects,
Proc. Symposia Appl. Math., 1961, 12, AMS, 166-178.
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[3] Kanovich M., Kuznetsov S., and Scedrov A., Undecidability of the Lambek calculus with a relevant
modality, Proc. Formal Grammar 2015/2016, LNCS vol. 9804, Springer, 2016, 240-256.
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WppediiekcuBHas MogajibHOCTh Ha Henu Tuna w u nojgHora 1o II. C. HoBukoBy

A. II. dmnH, A. I'. MAKAPOB

N3yuatorcs pacimpenns CynepuHTYUIUOHUCTKON woeuky Jammema (= LC [1]) B s3bike,
comepIKarlreM, IOMIMO CTAHOAPTHBIX CBA30K A, V, —, =1, <>, IOMOJTHATEIBLHY IO OMHOMECTHYIO
cBa3Ky (+); moHsiTHE HOPMYIIBI COOTBETCTBEHHO PACIIUPSIETCSL.

p-Jloeuroti HazbIBAETCS MHOKECTBO L (HOPMYJIT PACIITUPEHHOTO A3BIKA, BKIIIOUAOIIEe NH-
TYAIUOHUCTCKYIO IIPOMO3UINOHAILHYIO JIOTUKY Int, 3aMKHYTOE OTHOCHTE/IHHO IIPABUII MOLLYC
TIOHEHC U MIOACTAHOBKY, U comepxkaitiee opmyiy (p <+ q) — (o(p) > ¢(q)) (axcuoma 3amens
dag ¢). p-Jloruka L masbiBaeTcs koncepsamuenot nad LC, ecou ngist moboit hopmynsr B,
He comepxkarreinr ¢, u3 B € L caenyer B € LC.

-Jloruka £ HasbBaeTcs noanot no I1.C. Hosukosy, eciu miist mo6oit dopmynst B ¢ L
p-noruka L + B mexoncepsatusHa Han LC [2].

CBsa3Ka ( MHTEPIPETUPYETC B MONenax Kpumke kak uppediexcuenad modaibnocmy:

zlF(A) =Yy > z(y IF A).

PaccmarpuBaeM 6eCKOHEUHYIO Ielb TUMA W (YIOPSIIOUEHHOE MHOXKECTBO HATYPAIIbHBIX
qucen), CHAGKEHHYIO UPPedIeKCUBHON MOMAILHOCTHIO, U MOPOXKIAEMYIO €10 ¢-10TuKy L(w).

Teopema. ¢-Jloruka L(w) sBiagercs moauasiM 1o 11.C. HoBUKOBY pacIIumpeHneM JIOT UK
Ilammera, u onpenenser HOBYIO ogHoMecTHYI0 cBs3Ky B LC mo II.C. HoBukOBY.

Bameuanue. B [5] ycranosnena nonsora mo I1.C. HoBuxoBy ¢-noruku L£C kiacca Bcex
KOHEUHBIX IIellell ¢ uppedIeKCUBHON MOIAJIbHOCTHIO.

IIpu sTom L(w) u LC wecoBmectumbl Hag LC' [4].

B [3] mokaszana, kak MUHEUMYM, CY8THOCTH cemeiicTa monosHenuil o I1.C. Hosukosy
moruku LC' B sI3BIKe C JIOMOTHUTEIHFHON OMHOMECTHON CBSI3KOM.
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Modal logic with the difference modality of topological Tj-spaces

R. E. AcouaMov

This talk is about topological semantics of modal logics. Several interpretations of the
modal box as an operator over a topological space are possible. Namely diamond-as-closure-
operator and diamond-as-derivation-operator have been pioneering in the semantics of modal
logic as far back as in 1944, in the celebrated paper of McKinsey and Tarski (cf. [2]). They
showed that S4 is the logic of all topological spaces and the logic of any metric dense-in-itself
separable space is S4. This remarkable result also demonstrates a relative weakness of the
interior operator interpretation to distinguish interesting topological properties.

The second interpretation gives more expressive power but also has its limitations. Ty
and local T separation axioms became expressible (cf. [1], [3]). We can increase expressible
power by adding universal or difference modalities.

We will deal with the difference modality (or modality of inequality) [#], interpreted as
“true everywhere except here”. The expressive power of this language in topological spaces
has been studied by Gabelaia in [4], the author presented axiom that defines Ty spaces.

First we give basic information, definitions and results from the theory of modal logics
and general topology that are necessary for the exact formulation of the main results.

Theorem. S4D7Ty has the finite model property.

Theorem. The logic S4DT is complete with respect to topological Ty-spaces.

REFERENCES
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A uniform take on (positive) FDE-based modal logics

S. A. DROBYSHEVICH

There have been some interest recently for modal logics based on the first-degree en-
tailment system FDE. Some of such systems include S. Odintsov’s and H. Wansing’s Bel-
napian modal logic BK and it variants, L. Goble’s system K N4, modal billatice logic M BL,
G. Priest’s system Krpp as well as systems over Nelson’s logics N4 and N3. It turns out a
lot of these logics are not that different from the standpoint of modal operators themselves,
yet are fairly hard to compare due to differences in non-modal languages as well as axiomat-
ics and semantics there are presented in. To address this problem we develop a uniform
framework for positive FDE-based modal logics in such a way that depends on non-modal
connectives as little as possible. On the level of syntax we make use of the original system of
FDE — formulated as single-antecedent single-consequent sequent calculus in the language
{A,V, ~}; on the level of semantics we will use Kripke-style relational models.

FDE-based modal logics are four-valued, which means that every connective is (seman-
tically) defined by two conditions we call assertion condition and rejection condition. Thus,
typical satisfaction clauses for O over FDE (with RE and R perhaps being equal) are the
following;:

poa FT Op <= Vy (zRh = py F* p);
p,xE- Op <= Jy(xR5 and pu,y F~ ).

In the proposed framework instead of conflating these two conditions we introduce two
separate types of modal operators: a V' -operator is the one satisfying the first condition; a
J7 -operator satisfies the second one; a full necessity satisfies both. Similarly, we introduce
It -operators, V™ -operators and full possibility operators. One of the main advantages of the
proposed framework is that we can work with assertion conditions and rejections conditions
of modal operators in a modular way.

To summarize, first, we show, how a number of non-modal connectives can be added
FDE both on the level of axiomatics and on the level of semantics, including logical con-
stants true, false, neither and both, bilattice operators @ and ®, weak —; and strong =;
intuitionistic implications, as well as their classical counterparts. Second, we axiomatize
systems FDE(X;Y), where X is a set of non-modal operators from the list above and Y is
a selection of modal operators of considered types, and obtain corresponding completeness
results. Observe that the completeness result is proved differently depending on whether
one of intuitionistic implications is present in X. Finally, we obtain some correspondence
theory results to show, which axioms should be added to force pairs of accessibility relations
to coincide.

The work was partially supported by the Russian Foundation for Basic Research (Project
No. 18-501-12019).
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A repetition-free hypersequent calculus for first-order rational Pavelka logic
with an expanded notion of an axiom

A. S. GERASIMOV

First-order infinite-valued Liukasiewicz logic L.V and its expansion by rational truth con-
stants, first-order rational Pavelka logic RPLV, are among the fundamental mathematical
fuzzy logics and can be used to formalize approximate reasoning.

We continue our investigation aimed at developing proof search methods for RPLV.
Starting from a hypersequent calculus GLV [6, Section 8.5.2] for LY with structural rules,
in [1, 2] we obtained a hypersequent calculus G3LY for RPLY. The last calculus has no
structural rules, all its rules are height-preserving G*LV-invertible and are repetition-free in
the sense that designations of multisets of formulas are not repeated in any premise of the
rules. These features of G*LY make it suitable for bottom-up proof search. In [3] we showed
that G3LY is a conservative extension of GLY.

What it means for a hypersequent H to be an axiom of G>LV is defined using only
sequents of H containing neither connectives nor quantifiers. In [4] we introduced a calculus
G2LV whose rules are the same as ones of G’LY and whose axioms are defined using all
sequents of a hypersequent under consideration. Because of this expanded notion of an
axiom, some GZ’LV—proofs are shorter than any GLV-proofs of the same hypersequents.

Now we establish that each axiom of Gg’LV is provable in G°LV, and thus the two
calculi prove exactly the same hypersequents. We also obtain several consequences of these
assertions.

Some technique used in our proof of the above assertions allows us to correct alleged
proofs of Theorem 8.48 in [6] and Theorem 6.1.11 in [5], which give a necessary and sufficient
condition for a prenex LV-formula to be valid in terms of provability in GLV. It follows that
a similar theorem holds for G2LV.
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Lambek calculus enriched with multiplexing

M. KANOVICH, S. KUZNETSOV, A. SCEDROV

Within (commutative) linear logic [1], an informal semantics of the exponential A is
to provide “any (possibly zero) number of copies of A,” which is guaranteed by contraction:
'AHIAR!A, dereliction: A+ A, and weakening: A+ 1.

In [3] the contraction rule is replaced by a weaker rule, the ‘multiplexing” rule:

AFARA® - ® A.

In the non-commutative case, here we propose an extension of Lambek calculus [4] with
the multiplering rule, where !A is interpreted as: “any positive number of copies of A, each
delivered at once to an appropriate place”:

3, Do, A, P, A, Ds,.., A, O B
X, 1A, $¢, P, Ps,.., P H B
We borrow the rule R! from light linear logic [2].

Our main results are:

L! (k>1) R AEC

(a) In contrast to [6], here we prove that the Lambek calculus with multiplexing provides
Lambek’s non-emptiness restriction, cut elimination, and substitution.

(b) The calculus is undecidable, even with formulas of bounded nesting implications.

(c¢) If we bound k within the multiplexing rule L! with a fixed constant kg, the calculus
becomes decidable, in NEXPTIME, at most.

(d) The calculus can be used for complex and compound clauses in linguistics. Namely,
in our calculus, grammatical phrases like “Mary that Peter met” and “Mary that met Peter”
and “John likes eggs and Mary cheese” are provable, whereas ungrammatical phrases like
“Mary that Peter met John” and “John eggs and Mary likes cheese” are not.

In closing, our extension of Lambek calculus has no weakening, no exchange, no con-
traction, but it does have multiplexing, it provides Lambek’s non-emptiness restriction, cut
elimination, substitution, and techniques for linguistic applications [7].
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Characterization for some tabular Ext(GL)

I. A. MARKOVSKAYA

In the article [1], A.V. Chagrov proved the fact that the axiomatization problem for
consistent tabular normal modal logics is algorithmically unsolvable. At the same time, a
finite axiomatizability was proved for a number of normal modal and the tabular superin-
tuitionistic logics [2]. For the case of G6del-Lob logic (GL), it is possible to construct fairly
simple axiomatizations, at least for the logics given by not very large frames.

Formally, the Godel-Lob logic is given by a set of axioms [3], which includes 10 axioms
of classical logic (A1-A10), the axiom of logic K, associated with the modal connective [J :

(A1l) O(z — y) — (Oz — Oy)

and also the axiom that extends the logic K4 to GL:

(A12) O(0z — z) — Oa.

The listed axioms are considered relatively to 3 inference rules: modus ponens, Godel’s
rule and the rule of substitution.

In this work we investigate the extensions of the modal Godel-Lob logic, given by the
closed frame classes of depth 3 and width 3, and proposed their characterizations by modal
formulas. The report will announce the results that already received, and also some further
research.

The participant was supported by a travel grant provided due to Prof. H.P. Sankap-
panavar.
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On algebraic semantics for Fisher Servi’s version of BK

S. P. OpINTSOV

Fisher Servi [1] defined an intuitionistic modal logic FS with the help of standard translation
ST, (-) from modal to first order language: a formula ¢ belongs to FS iff ST, (¢) is a tautology
of the first order intuitionistic logic. In a similar way, Odintsov and Wansing [2] defined a
Fisher Servi’s version BK™ of Belnapian modal logic as a set of all formulas ¢ such that the
standard translation ST, () is a tautology of the first order Belnap-Dunn logic. The logic
BK™ was axiomatized in [2] and characterized semantically via relational models with two
accessibility relations and two valuation functions.

The algebraic semantics for BK™ can be defined in terms of twist structures. Let
A= (A,v,\, -, 0B be a bimodal algebra. The full fs-twist structure over A is an algebra
AZ = (A x AV, A, —, L, ~,[0,0), where
(a,b) A (¢,d) =(aNc,bVvd), (a,b)V(c,d)=(aVec,bAd),

(a,b) = (¢,d) = (maVec,and), L =(0,1), ~(a,b)=(ba),
O(a,b) = (Ha, -0-0), O(a,b) = (-0-a, WD),
where 0 and 1 are the least and the greatest elements of the Boolean algebra (A, V, A, ).

An fs-twist structure over a bimodal algebra A is a subalgebra B of AZ such that its
projection 7B onto the first coordinate is A.

For a set of formulas I' U {¢}, the relation I' =7 ¢ holds if for every fs-twist structure
B and a B-valuation v, we have mv(p) = 1 whenever mv(yp) =1 for all ¢ € T.

One can prove that BKF is strongly complete w.r.t the semantical consequence =
Moreover, the class Vgg of algebras isomorphic to fs-twist structures over bimodal algebras
forms a variety, and this variety Vgs provides an equivalent algebraic semantics for the
consequence relation g with the defining equation p — 1L = 1 and the equivalence formula
(p < @) A (~p < ~q).

The investigation presented in the talk was supported by Russian Foundation for Basic
Research (project No. 18-501-12019-DFG-a)
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Logical Connectives for some FDE-based modal logics

D. SKURT

In this presentation, we will study the notion of functional-completeness or, better, the
class of definable connectives, for some FDE-based modal logics. This is along the lines of
previous work by McCullough [1] and Wansing [4], where results about the class of definable
connectives were given with respect to intuitionistic logic and various constructive modal
logics with strong negation.

For many-valued logics the notion of functional-completeness is well understood. Given
a many-valued logic and a finite set of n-ary truth-function, if every possible n-ary truth-
function of the logic in question can be obtained by finite compositions of the given set of
truth-functions, this set is called functional complete. However, for relational semantics as
for FDE-based modal logics, the truth and falsity conditions are given in terms of metalog-
ical verification and falsification clauses, not in terms of truth-functions. Our strategy for
obtaining results about the definable connectives is therefore somewhat different from that
for many-valued logic. We will first restrict the class of expressible metalogical verification
and falsification conditions, and then show that within this restricted class all metalogically
expressible truth- and falsity conditions can be expressed by object language formulas of the
respective logics.

The talk is organized as follows. First, we will recall the semantical definitions of the
systems KFDE, KN4, BKY~, BK", BK, and BK"+"-, BK{? MBL, cf. [2]. Then we
will proof the following theorem:

Theorem. In the class of L-regular connectives, where L € {KFDE,KN4,BKD_,
BKD, BK, BKD+D*,BKZIS7 MBL} the respective sets of connectives are functional com-
plete. Le., if an n-ary (n > 1) connective % is defined by means of an L-regular metalogical
formula @ , then there is an L-formula A such that the following holds: p4»w I A (and
=perw lFT A).

Finally, we will give some remarks about the difference between our result about func-
tional completes and other well-known results for the non-modal language fragment of ex-
tensions of FDE, see for example [3].
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Truth constants vs truth values in Belnap—Dunn modal logics

S. O. SPERANSKI
This is joint work with Sergei P. Odintsov.

We shall be concerned with the modal logic BK — which is based on the Belnap-Dunn
four-valued matrix, and can be viewed as being obtained from the least modal logic K by
adding ‘strong negation’; see [3]. Although all four values ‘truth’, ‘falsity’, ‘neither’ and
‘both’ are employed in its Kripke semantics, only the first two of these are expressible as
terms. We show that expanding the original language of BK to include constants for ‘neither’
or/and ‘both’ leads to quite unexpected results: adding one of these constants has the effect
of excluding the respective value at the level of BK-extensions. In particular, if we add
both of them, then the corresponding lattice of extensions turns out to be isomorphic to
that of K-extensions. An essential role in obtaining these results is played by the technique
developed earlier in [2]. Please see [1] for more details and further references.

This work was supported by the Russian Foundation for Basic Research (Project No.
18-501-12019).
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On Contra-classical variants of Nelson logic N4 and its classical extension

H. WaANsING, H. OMORI

In two recent papers [1, 2], Norihiro Kamide introduces unusual variants of Nelson’s
paraconsistent logic and its classical extension. Kamide’s systems, IP and CP, are unusual
insofar as double negations in these logics behave as intuitionistic and classical negations
respectively. In this paper we present Hilbert-style axiomatizations of both IP and CP.
The axiom system for IP is shown to be sound and complete with respect to a four-valued
Kripke semantics, and the axiom system for CP is characterized by four-valued truth tables.
Moreover, we note some properties of IP and CP, and emphasize that these logics are
unusual also because they are contra-classical and inconsistent but non-trivial. We point
out that Kamide’s approach exemplifies a general method for obtaining contra-classical
logics, and we briefly speculate about a linguistic application of Kamide’s logics.
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