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OB OZTHOM ABTOMOP®U3ME ITOPAIKA 2
BEPHCAIJIOBOI1 I'PYIIIIBI By(2,5)"

A. A. Kysnernos, K. A. ®uaunmnos

B craTbe m3ydaeTcs mEeHTPaAJIN3aTOp HHBOJIIOTHBHOrO aBTroMopdusMma 6epHcaiinosoii rpymmst Bo(2,5), me-
HSIIOIIEro MecTaMu obpasyomue 3aeMeHTsl Bo(2,5). s faHHOro neHTpain3aTopa HaliIeHbl IIOPOXK 110
II¥e 3JIEMEHTBI, BIUUCJIEHBI €r0 MOPSI0K, CTYIEHb PA3PEIIMMOCTH U CTYIIeHb HUJIBIIOTEHTHOCTH, ITOCTPO-
€Hbl BEPXHUU U HU2KHUI [IeHTPaJIbHbIE PAJIbI.

KuroueBsie cioBa: npobsiema Beprcaiina.

BBenenue

CBoboTHOI OGepHCANIO0BON I'PYNION HEepHoa 1 ¢ M 0Opa3yIIMINMK HAa3BIBAETCS TPYIIIA
B(m,n) = F,,/F", tne F,, — cBoboanas rpynmna paura m u F) — ee moarpymma, nopoxaeH-
Hasl BCEMU N-MHU CTeleHsIMU 3j1eMeHToB u3 Fy,. [Tpobsiema Beprcaiina st naper (m, n) 3pyaur
Tak: «fBisiercs s rpymnma B(m, n) xoneunoii?s I1. C. Hosukos n C. U. Ansan nokaszamnmn [1],
YTO OTBET OTPHUIATEBHBIN, €CJIU M > 2 U 1, — JIOCTATOYHO OOJIBIIIOE HEYETHOE TUCJIO, OJTHAKO
1715t HebobInuX HedeTHBIX 1 (5 < n < 663) npobsrema Beprcaiina ocraercst HepeleHHoil.

[Tycts By(m,n) = F,,/U(m,n), tne U(m,n) — nepecederne BCeX HOPMAJIbHBIX HOJAIPYIIIT
N < Fy,, auist kotopbix Fy, /N — koneunas rpymia nepuoga n. A. . Kocrpukun nokasads [2],
aro By(m,n) koHeuHa, eciau n — npocroe uncio. E. V. 3esbMaHoB 060011 3Ty TEopemy
Kocrpukuna Ha ciaydaii, korja n — crenedb npocroro uncia [3]. Orciona U3 pesyibraTosn
®. Xosra u I Xurmsna [4] ¢ ucnosnbzoBanneMm KiaccuduKanum KOHEUHBIX TPOCTBIX TPYIII
BBITEKAET KOHEYHOCTh Bo(m,n) Jyist IPOU3BOJIBHBIX M U N.

[Mockonbky U(m,n) > F, 9mu pe3yabraThl IMOKa3bIBAIOT, 4TO Hpobsiema BepHcaiiga st
(m, n) peraeTcst OJIOKUTEIBHO TOTJ[a U TOJIBKO Torja, korga U(m,n) = F 1. e. By(m,n) =
B(m,n).

Tax kak (2,5) — «HaAUMeHbIIasi» 1Mapa, JJisi KOTopoil npobsiema BepHcaiijia He pemnieHa, TO
rpynma By(2,5) npeacrasiser ocobuit maTepec. B [5] Berancien ee mopsaok (om pasen 53%)
U HaWJIEHbI ONpeesISIoNne COOTHOIIEHus. B HacTosieit paboTe 3T COOTHOIIEHUST UCIIOJIb-
3YIOTCSL JIUIsI MCCJIIOBAHNSI CTPOEHNUs IeHTpaan3aropa B By(2,5) mpeacraBuresst OQHOTO U3
JIBYX CYIIECTBYIOIIUX KJIACCOB MHBOJIIOTUBHBIX aBTOMOPGhU3MOB rpytmbl By(2,5).

[Iycrs {z,y} — obpasyromue rpyuisl By(2,5). Pacemorpum aBromopdusm ¢, neficTByro-
Uil Ha 0O6pa3yoIINe CJIELYIONUM 00Pa30M:

r—1Y,
VY
Yy — .
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[ycts Cpy(2,5) () — nenTpanusarop asromopdusma ¢ B Bo(2,5). lanee mia kparkocTn
Gyzem obosnauath Cp(25)(¢) Tepes C.
OCHOBHBIM PE3YJILTATOM HACTOAINEH PabOTHI ABJISIETCA CJIELYIOMAst

Teopema. [liss C' ©MEIOT MECTO CJIEJIYIOIIHE YTBEPIKICHUS:

(1) |C] = 5'7.

(2) Crynenn muibrnoraTHOCTH M paspeniumocti jyist C' paBHbI 6 U 3 COOTBETCTBEHHO.
(3) 3 — MuaEMAasBHOE wHCTO TOpOXK Aafomux C'.

< 1) Kak u B [5] 6yzem npejcrasiars sjgemedTbl Bo(2,5) B BUje HOPMAJIbHBIX KOM-
MyTaTOPHBIX CJIOB. B KadecTBe HEPBBIX JBYX KOMMYTATOPOB BO3bMEM OOpPA3yIOIIUE I'PYIIIIHI
By(2,5), koropsie 0603naunm 1 u 2, a nocseyomme ¢ 3-ro no 34-ii KOMMYTaTOPbI BBIUUCIIs-
I0TCsl peKypcuBHO depes 1 u 2 [5].

B sr1om ciayuae kaKkiplii ssemeHT g € Bg(2,5) OIHO3HAYHO NPEJCTABIISIETCS YIIO-
PSIIOYEHHBIM MIPOU3BEIeHNEM Oa3MCHBIX KOMMYTATOPOB B OIPEIECJICHHBIX CTEIEHAX ¢ =
191292 | 3494 e oy € {0,1,2,3,4} (i = 1,2,...,34). Unorga jyist KpaTKOCTH MBI Oyjiem
mucath g = (a1, a9, ...,034).

st mokazaTesbeTBa TeOpeMbl HeoOXomuMo Haiitu B rpymme By(2,5) Bce Takne semen-
TBI g, ITO

©(g) = @(1%...34934) = p(1)* ... p(34)*3 =191 .. .34%1 = g. (1)

IIpu moMoIu KOMIBIOTEPHBIX BBIYUC/ICHU, UCIOIb3Ysl CIUCOK COOTHOIIEHUN /i Oa3UCHDBIX
KOMMYTATOPOB 13 [5], ObLI BBIYHCIIEH PE3y/IbTaT JEHCTBUS ¢ Ha KayKIbIil Oa3UCHBIH KOMMY-
TaTOP:

¢(1) = (0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0),
»(2) = (1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0),
¢(3) = (0,0,4,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0),
v(4) = (0,0,0,0,4,0,0,0,0,4,0,0,1,4,1,0,1,1,1,3,4,0,1,1,4,1,4,4,0,0, 3,3, 3, 1),
¢(5) = (0,0,0,4,0,0,0,0,3,0,1,4,2,0,0,1,3,3,0,1,1,4,4,0,1,0,1,0,0, 3, 3,3,0, 1),
»(6) = (0,0,0,0,0,0,0,4,0,0,0,0,0,4,0,0,1,0,0,4,2,3,0,3,1,1,0,3,3,1,4,1,2,4),
»(7) = (0,0,0,0,0,0,4,0,3,4,1,2,2,4,0,4,4,1,1,0,1,1,1,1,3,3,0,4, 2,4, 0, 2, 3,0),
»(8) = (0,0,0,0,0,4,0,0,0,0,3,0,0,0,4,2,0,0,2,3,3,0,1,0,0,0,4,0,2,3,0,1, 3, 3),
»(9) = (0,0,0,0,0,0,0,0,0,3,0,2,3,2,4,1,4,1,3,4,2,1,1,1,3,0,4,3,4,2,1, 3, 3,0),

©(10
11

(0,0,0,0,0,0,0,0,2,0,2,3,3,0,0,4,4,3,0,3,0,4,0,3,2,0,1,0,2,1,1, 3,3, 3),
0,0,0,0,0,0,0,0,0,0,0,0,0,3,0,0,2,4,0,4,1,4,0,2,1,0,4,4,0,3,1,3,0,4),
12) = (0,0,0,0,0,0,0,0,0,0,0,0,3,0,2,3,0,2,4,4,1,0,3,4,2,0,1,0,1,4, 3,2, 2, 3),
13) = (0,0,0,0,0,0,0,0,0,0,0,2,0,0,3,4,4,1,3,3,3,4,0,4,1,1,3,0,1,1,0, 1,4, 1),

(10) =

p(11) = (

(12) = (

(13) = (

(14) = (0,0,0,0,0,0,0,0,0,0,2,0,0,0,3,3,0,0,0,4,3,0,0,3,0,0,4,0,0,1,0,3,1,1),
(15) = (

(16) = (

(17) = (

€ € €

15) = (0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,3,0,0,0,1,2,0,1,0,4,4,0,1,2,1,3,1,1),
©(16) = (0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,4,4,0,2,1,2,0,4,0,0,2,4,2,0,1, 3,4, 2),
©(17) = (0,0,0,0,0,0,0,0,0,0,0,0,0,0,2,0,0,0,3,4,1,0,3,3,3,0,4,0,4,3,0, 1,2, 3),

)
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©(18) = (0,0,0,0,0,0,0,0,0,0,0,0,0,0,3,4,0,0,3,0,4,0,0,3,2,0,1,0,0,3,4, 1,2, 3),
©(19) = (0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,2,0,0,0,0,3,3,0,3,2,2,2,1),
©(20) = (0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,3,4,0,0,1,0,2,0,0,1,1,4,2,0, 2),
©(21) = (0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,3,2,0,0,4,4,3,4,0,4,4,1,0,0, 1),
©(22) = (0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,3,0,0,0,3,0,4,0,0,0,3,1,0,3, 4, 0),
©(23) = (0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,2,0,0,0,0, 1, 2),
©(24) = (0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,2,4,0,0,2,1,4,3, 3),
©(25) = (0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,4,0,0,0,0,4, 1, 3),
©(26) = (0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,3,2,0,0,0,4,4,0,4,2, 3),
©(27) = (0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,4,0,0,0,0,0,0,3,3, 3),
©(28) = (0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,3,0,0,0,0,0,0,0,0, 1,0, 4),
©(29) = (0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,3,0, 1, 3),
©(30) = (0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0, 1,3, 0),
©(31) = (0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,2,0,0,4, 0, 4),
©(32) = (0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,2,0),
©(33) = (0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,3,0,0),

)-

»(34) = (0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 1

Tak kak ¢ — aBTOMOpdU3M, TO
P(191292 .. 34934) = (141 ... 10910) (11911 ... 34%34). (2)

B [5] mokazano, uTo KoMMyTaTopsl ¢ 11 1o 34 mepecraHOBOUHBI U IOpOXKIa0T B By(2,5)
XapaKTePUCTHIECKYI0 HOPMAJIbHYIO abe/IeBy MOATPYIILY, OTOMY

(110111212 | 34034) = 1171119712 34784, (3)

Bepst Bo Bunmanue (2) u (3), HaiijgeMm Takue 371eMeHTHl v = 191292 .. 10%10, g0 p(v)) =
(101202 | 10*10) = 121292 | 10%10by,, rae by, = 1171112012 34034,

B pesysibrare mosiHOro mnepebopa, UCIoJIb3ysd KOMIIBIOTEPHbBIE BHIUUCICHUS, OBLIO TTOJTyYe-
HO, UTO BCErO TaKUX JEMEHTOB v OyaeT 625.

Bsuny Toro, uro komMmyTaTopsl ¢ 11 mo 34 mepecTaHOBOYHBI, HAXOXK/IEHIE CTeleHel a1,
12, - . ., (34, YIOBJIETBOPSIOMUX yCA0BHUIO (1), CBOAMTCS K PEIIeHUI0 CUCTEM JIMHEHHBIX ypaB-
uenuit Has nmostem GF'(5) ciemyromero Buma:

AG+b,=a (k=1,2,...,625).

Bnech, @ = (11, ...,0a34)7 — BEKTOp HEM3BECTHHIX 3HAYEHHI CTeleHeil KOMMyTaTopos ¢ 11
1o 34. by, = (B11,- - -, 334)7 — BekTOPHI C KOOpIMHATAME PABHBHIMU 3HAYCHAM CTETeHeil KOM-
MyTaTopoB ¢ 11-ro mo 34-it JjIs1 9JIEMEHTOB BUIA V. Aogxo4 — MATPHUIA, KAXKIBIA 3J€MEHT
@ij KOTOPO# BBIMHCIACTCS KaK ;5 = [B(j410), T. €. ABJIAETCS CTenenbio KommyTaropa (i + 10)
oy neiicreuem asromopdusMa Ha KommyraTop (§ + 10): o(j 4+ 10) = ... (i 4+ 10)P6+0)
(i, = 1,2,...,24). dpyrumu cioBamu, eciam w = 11113494 »g p(w) = 11711 ... 34734
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TO B BEKTOPHOM BHJE 3TO MOYKHO 3ammcaTh Kak Ad = 7, rme d@ = (aqq,...,a34) n
- T
Y= 15---,734)" .

[Tepenumem cucremy (4) B Buge (A — E)d = —by, tie £ — enuaudnas MaTpura.

Jutst Kaxk 1010 by, HEOOXOMUMO UCCIe0BaTh CUCTEMY Ha COBMECTHOCTB. JIjist aToro cHavasia
ObLI0 HalizeHo, uTo panr Marpuilbl [A — E] pasen 11. 3areMm, npu HOMONIM KOMIBIOTEPHBIX
BBIMHCJIeHH{T GBLJIO TI0JIyIeHO, YTO PaHIH PACIIMPEeHHbIX Marpul (A — E)|(—l;k)] Juist Beex k
takke paBubl 11. Takmm oOpa3omM, Bce CHCTEMBI YpaBHEHHUI COBMECTHBI. 1aK KaK YUCJIO Ia-
pamerpos Gyzer 24 — 11 = 13, To Kaxkjaas cucreMa umeer 5 pemrenmit. ObImee e 9HIO
perenuii pasuo 625 - 513 = 517, Ka1oMy HO/TydeHHOMY pelreHnio GyaeT oJHO3HAIHBIM 00-
pa30M COOTBETCBOBATH 3JIeMeHT rpymibl By(2,5), ymosaersopsitonuii yeaosuto (1). Ilepsoe
YTBEP2K/JIEHIE TEOPEMBI JIOKA3aHO.

2) Pacemorpum cirepyrorue saeMenThl rpytnbl By(2,5):

ki =(3,3,2,4,0,0,2,3,3,2,1,1,3,0,3,0,4,4,1,2,0,1,3,2,1,4,1,4,4,1,1,2,4,2),
ke =(1,1,3,1,4,2,0,3,3,3,0,1,3,3,0,0,3,1,4,4,4,2,2,4,4,4,4,3,3,2,2,2,2,2),
ks = (4,4,3,3,1,0,3,1,1,3,3,3,4,4,4,1,0,2,1,4,4,0,1,3,2,4,4,2,1,1,0,1, 3, 3).

[Mockonbky (ki) = k; (i =1,2,3), 10 k; € C.

[Tpr momomM KOMIBIOTEPHBIX BBIYUCIEHUI MOJTyIuM Hoarpymnmny K = <k1, ko, k:g) B KOM-
MYyTaTOPHOM IIpeJaCTaBJICHUN.

KommyTaTtopsr Beca 1: 1 = ky, 2 = ko, 3 = k3.

Kommyraropsr Beca 2: 4 = [2,1], 5 = [3,1], 6 = [3, 2].

Kommyrarops Beca 3: 7= [4,1], 8 =[4,2], 9 =[5, 1].

Kommyraropsr Beca 4: 10 = [7,1], 11 = [7,2], 12 = [8,2], 13 = [9, 1].

KommyTaropst Beca 5: 14 = [10, 2], 15 = [11,2].

Kommyraropsr Beca 6: 16 = [14, 1], 17 = [14, 2].

HI/I}Ke npuBeIeHbl HeTpUBUaJIbHBIE COOTHOIMICHUA JIgd 6a3I/ICHbIX KOMMYTaTOPOB:

1]=4,[3,1]=5,[3,2] =6, [4,1] =7, [4,2] =8, [4,3] = 7% -8 -10% - 122 - 14 - 152 - 162 - 17,

1] =9,[5,2] = 7*-8%.92.103-11-123.13-14%.152.163-173, [5, 3] = 72-8%.93.113.133.14*.15-16,

[5,4] = 14316 - 17%, [6,1] = 72-92-10-11-12-13 - 14* - 163 - 174, [6,2] = 73- 8% - 9% . 103 .
114123134 . 14% - 15% - 16 - 174, [6,3] = 73-81.9.10% - 114 - 122 - 13* . 14 - 153 - 162 - 17,

[6,4] = 14-16*-17%, [6,5] = 14*-16*-17, [7,1] = 10, [7,2] = 11, [7,3] = 10%-113-142-15%.16-173,

[7,4] = 14-16 - 174, [7,5] = 143 - 163 - 172, [7,6] = 143 - 163 - 172, [8,1] = 11 - 14 - 152 - 173,

[8,2] =12, [8,3] = 112-123-142-15-162-173, [8,4] = 152, [8,5] = 15-16-172, [8,6] = 15-162-174,
]

[8,7] =162 - 174, [9,1] = 13, [9,2] = 10* - 113 - 132 - 14* - 15* - 162, [9,3] = 102 - 11* - 133 - 143 .
154162172, [9,4] = 143-16-172, [9,5] = 14*-163- 17, [9,6] = 14*-163- 17, [9,8] = 16*- 173,

[

[11,1]

[12,1] = 153 - 17, [12,2] = 16, [12,3] = 15- 163 - 173, [12,4] = 16%, [12,5] = 162, [12,6] = 162,
[13,1] = 164, [13,2] = 143 - 16 - 173, [13,3] = 14* - 162 - 173, [13,4] = 16°, [13,5] = 16%,
[13,6] = 16, [14,1] = 16, [14,2] = 17, [14,3] = 162 - 173, [15,1] = 162 - 17%, [15,2] = 162,
[15,3] = 174,

JIi06oit smement g € K mipeicTaBuM B BHJEe HOPMAJILHOTO KOMMYTATOPHOTO CJIOBa
g=1%.2%. .17%7,

a; €{0,1,2,3,4} (i =1,2,...,17). Tak xak |K| = |C|, o K ~ C. Ucnosb3ysl BbIIIENPUBE-
JICHHOE KOMMYTATOPHOE TPEJICTABJICHIE, TOCTPOMM HUZKHHUI MEeHTpaIbHbI psa rpynms C:

COCiDCyDC3DC D 05D Chg=ce,
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e C1 = [C,C] = (4,5,...,17), Cy = [C1,C] = (7,8,...,17), C3 = [Co,C] = (10,11,...,17),
Oy = [C3,C) = (14,15,16,17), Cs = [C4, C] = (16,17).
Teneps ocTpoUM BepXHUIT MEHTPATBHDBIN Psijt rpyibl O

e=4yC Z1C 4Ly C ULy C Ly CZsC Zg=C,

vie Zy = Cs, Zo = Cy, Z3 = C3, Zy = Co, Z5 = C).

Jasee BuraucauM crynenb paspemmmoctu C. O = [C,C] = Cy. U3 nosydeHHbIX B
nynkre 2) coornomennit cienyer, aro C2) = [C), ] = (14,15,16,17) smasercs abesesoii
HOJI'PYIIION, O3TOMY CTYIIeHb paspermmoctu rpynnsl C' paBHa 3.

3) Tax xak |C/Cy| = 53, To 3 — MuEEMaTBHOE HC/I0 TOpoKAaomux C. >
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ABOUT THE CENTRALIZER OF AN AUTOMORPHISM
OF ORDER 2 OF BURNSIDE GROUP By(2,5)

Kuznetsov A. A., Philippov K. A.

The structure of the centralizer of an automorphism of order 2 of a special kind of Burnside group
By(2,5) is investigated. The generators, order, nilpotency class and derived length of of the centralizer
are computed. The lower and upper central series of of the centralizer are built.

Key words: Burnside problem.



