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ABsTRACT. We study linear groups for the presence of elementary
Abelian T'I-subgroups of order 4. It is proved that if G = F* (G) - A,
where F'* (G) is a quasi-simple group that is a covering group for L, (q),
where ¢ is odd, A is an elementary Abelian T'I-subgroup of order 4. Then
F*(G) = La(5).
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1. BBE/IEHUE

MHorue 337391 TEOPUU KOHEUHBIX IPYIII CBA3AHBI C OMUCAHWEM KJIACCOB DY,
COJIEPZKAIINX TIOJIIPYIIIBI C PSJOM ONPEIeJIEHHBIX CBOHCTB. B wacTHOCTH, 6O0JIB-
0¥ WHTEPEeC MPEACTABISAIOT TaK HA3BIBAEMbIE IJIOTHO BJIOXKEHHBIE MOATPYIIBI U
T I-oarpy b,

[Moxnrpynna H konewnoit rpynibl G HA3BIBAETCs IJIOTHO BJIOXKEHHOU B GG, eciin
|H| géren, a |H N HY| nHeuéren s gwoboro g € G — Ng (H).

IMonrpynna A rpynnet G uaseiBaerca T [-noarpymnmoii, eciu A N A9 = 1 mus
aoboro g € G — Ng (4).

3amerum, 9TO IJIOTHO BJIOXKEHHAs 2-Tpynna sapjsercsa T [-moarpynmoii.

UccnenoBanue MI0THO BJIOXKEHHBIX MOArPymni Hadasoch ¢ paborer M. Cyuazy-
ku [9], rae ObuiM OnMCAHbI IPYIIIbI, B KOTOPBIX CHJIOBCKAsi 2-HOAIPYIIIA SBJISIETCs
T I-monrpynmoii. Cjenyomuii BaXKHbIH PE3YIbTAT B 9TOM HAMPABIECHUU OBLIT MTOJIY-
4eH X. Bengepom, KOTOpBIi B [2] onmcast rpymniis ¢ CHIIBHO BIIOYKEHHON MOArPYIIO.
M. Ambaxepom B [1] u3ydaguch NJIIOTHO BIOXKEHHBIE HOAIPYIINbI KOPHEBOTO THUIIA.
IIpu sTOM OCTanMCh HEWCCIIEIOBAHHBIMU CJIy4Yam, KOIJ/IA CUJIOBCKAS 2-TIOATPYIIIa
9TOIl rpyuIbl djieMeHTapHas abesieBa UM COIEPXKUT €IMHCTBEHHYIO WHBOJIOIMIO.

ZYULYARKINA, N.D., NozukiNna, T.G.,
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BBuay Toro, 9To B M3BECTHBIX MPOCTBHIX TPYIIAX, COAEPYKAIUX IJIOTHO BJIOYKEH-
HYIO TIOAIPYIIILY, 3TA MOATPYINIA OKA3bIBAETCH B OOJIBITMHCTBE CIy9aeB 2-TPYIIOi,
0cOObIil WHTEPEC MPEe/ICTABJSET M3YYE€HUE I'PYIIL, COAEPKAIMUX 2-IIOATPYIIIY, sB-
gsrornytocst T I-noarpymmoii. ONUCAHNUI0 TAKUX TPYTI TOCBANIEHBI MHOTHE PAOOTHI
®.Tummecdensaa u ero coasropos [5], [10], [11].

A.A. MaxHeBbIM B [7] ObLJT M3y 9€H CIIy9aii MIOTHO BJIOXKEHHO MOATPYIITBI KOPHE-
BOI'O THUIIA C HE3JIEMEHTAPHON IUKINYECKOH CHIOBCKOR 2-moarpynmnoii A mpu ycio-
BHH, 9TO CJ1aD0e 3aMbIKAHUE WHBOJIONUE U3 A B CUJIOBCKOHN 2-TIOATPYIIIe SBISETCS
abesieBoit rpyumnoit. Tam 2ke OKA3aHO, YTO IPU U3y YEHUH IIJIOTHO BJIOKEHHBIX 110/I-
TPYTI C HE3JIEMEHTAPHON NMUKJINYECKON CUJIOBCKON 2-MOATPYNNOA MOYKHO OTDaHU-
YUTHCS CIydaeM, KOrja 3Ta MOArpyna IuKandeckas nopsaka 4. Mm xe B [8] 61
TOJTy¥IeH CJeAYIONuil pe3yaprar g 1 I-moarpymm:

Teopema 1. ITycmv 2-epynna A asasemca TI-nodepynnot xonewnotd epynno G
u Gy = <AG>. Tozda 6vinosnero 00HO U3 CACOYIOUUT YCA0BUTL:

(1) A asasemcs yuraueckol usu sremenmaprots abeaesoti epynnot.

(2) [A4, A9 =1 dan a0b020 g € G — N(A).

(3) (A%0) = Ly(2"),82(2"),Us (2") uau SUs3 (2"), A aeasemca cuaosckot
2-nodepynnoti 6 <AG0>.

(4) A codepoicum nodepynny Ay underca 2, KOMoOpas UHEEPTNUPYETMCA INEMEH-
mom x us A — Ay, V = <A€> aeaaemea abenesoti epynnoti u Gy = Go/V

NOPOACOLLMCA MHOACECBOM HEUEMMBLT Mpancnoduyui TC .

(5) A = Qg X Ean uau A abesesa epynna nopsodka 4, 2pynna <Q (A)G> ane-

MEHMAPHAR, U, OAA MHONHCecma D anemenmos uz G conpasicéunuix ¢ ane-

menmamu u3d A —V, D a6a4emces MHOHCECTNBOM KOPHESHLT UHBOAOUUT 6
Go=G/V.

(6) A Z4 X Z4 u <AGO> = L3(4) UAU SL3(4)

(7) A2 Qs u <AG0> >~ (G2(2),G2(3), M1o, M1, M1 usu <AGO> ABAAETNCA 20-
MOMOPPHOIM 00pasom yrusepcasoroti zpynnos Lllesasne G* nad nosem u3
mpéx anemenmos, u A ecms 06pa3 02,(K), 2de K aeasemca dyrnoamen-
maasvholi  nodepynnoti G*, npedcmasaenHol  OAUHHBIMYU — KOPHAMU;
<AG0> = G*, ecau G* — 0pMO2OHAALHAA 2PYNNG PA3ZMEPHOCTIU HE MEHDL-
wetl, vem 4.

W3 3T0ii TeOpeMBI CIEyeT, 9TO HaMMeHee UCCCISIOBAHBI Cydar, KOTAa 3Ta IOJ-
IpyIa 3JeMeHTapHas abeseBa WU NUKJIMYecKad. B majbHeHIneM MUKIMYeCcKi
cayuait ucciepoBasica A.A. Maxuésbim u H.JI. Bronsapkunoii B paborax [12], [13],
[14]. B wactHOCTH, B [12] ObLITO TOKA3aHO, YTO HUKAWYecKas T [-MoArpymnma HopMa-
JIU3yer J00YI0 KOMIIOHEHTY (€CJIM TAKOBBIE MMEIOTCS ).

B nmannOit paGoTe aBTOPHI UCCIEAYIOT TUHEHHDIE IPYIIILI HA IPEIMeT HATAYHA B
HUX 3JIEMEHTapHBIX abeneBbix T [-noarpynmn nopsiaka 4. OCHOBHO# pe3ynbrat:

Teopema 2. Ilycmo G = F* (G) - A, 2de F* (G) — xeasunpocmasn 2pynna, a6as-
owaacs naxpuearwed 2pynnot dax Ly (q), 2de q newémuo, A — snemenmapras
abesesa TI-nodepynna nopadka 4. Toeda F* (G) = La(5).

2. IIPEABAPUTEJ/ILHBIE PE3YJILTATHI

B pambneitimem Oymem caurarb, uro A = Zo X Zo = {e, ag,bo,aobo} — T1I-
HOArPyYINIa KOHEIHOH rpynmnsl G.
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Jlemma 1. IIycmoe x — anemenm neuwémmnozo nopadka us Cq (ag). Toeda x € Cg (A).

HokasarenbcerBo. Ilycrs |z] = 2n + 1. Tak xak A asnsers TI-moarpynmnoi
rpymmet G, T0 € Ng (A). Ecma z ¢ Ca (A), To af = ag, b = apbg, (agbo)” = bo.
Torma

bo = b2t = (bgz”)m — b = aobo.

W3 monydvenHoro nporuBopedns, cieayer, 9to x € Cg (A).
Jlemma mokasaHa.

Jlemma 2. ITycmo A — anemenmapnasn abesesa T'1-nodzpynna nopsadka 4 xoHeuwHotU
epynno. G. Toeda A 1 Cq (a) das amobozo saemenma a € A,a # e.

HoxkazareabcrBo. [lycts © € Cg (a). Torma ana a € A, a # e, umeem
a=a"” € A” N A, cnenosarensio, A* = Au A <Cg (a).
Jlemma gokazana.

Caencrue 1. Ecau L — xomnonenma us Cg(a), mo A yewmpaausyem L.

Cuteryromiasi JieMMa [MOKA3bIBAET, 9TO eCJU KOHedHas rpynna G COmepKUT dJie-
MeHTapHy abeneBy T [-noarpymnmny A mopsinka 4, To A HOpMAIU3yeT JIIOOYI0 KOM-
TIOHEHTY U3 G, €CJIN TaKOBbIEC UMEIOTCHA.

Jlemma 3. ITycmo A — anemenmapnasn abesesa T'I-nodzpynna nopadka 4 xoHeuHot
epynno. G, L komnonenma uz G, moada A < Ng (L).

Jloka3aTeJibCTBO.

IMycrs G — KOHTpHIpUMED K JIEMMe HAUMEHBIIEro nopsika. Q4eBuiHo, 9T0 TOraa
<LA> =L-L%.[b . [%wb0 < GuG= <LA>-A.

Coyuait 1. <LA> = L - L% . Lbo . [%b _ peprpanbHoe IPOH3BEICHHAE YETHIPEX
pasaumgHbIX KOMoHeHT. Beeném cieyronme 0bo3HadeHus:

L=1L;, L%™=0L, L"=L; L%%=Ly,

Hip={ll"|l € L,1 € Ly}, Hsy = {I1%% |1’ € Ly, 1% € Ly } .
Ona  guaromamu Hy;, = {ll*|l€ Lq,l% € Ly} BbLIIONHSAETCSI PABEHCTBO
(l1%0)% = 2] = []% mosromy Hi o < Cg (ag) u, cnenosarensuo, Hy o < Ng (A).
Tax xak Hj o HOPOXKIAeTcs 3j1€MEHTaMU HEYETHOrO MOPSIKA, TO, IO JemMme 1,
H; 5 < Cg(A). Ho, B T0O ke Bpemst Hfoz = Hj 4 u, cneposarensho, Hy o = Hs g,
YTO HEBO3MOXKHO, TaK KakK Hi o n H3 4 Pa3aImdHbl B yKa3aHHOM IEHTPAIBHOM ITPO-
U3BEIEHUN.

Cnyuait 2.<LA> = L - L* — neHTpasbHOE TPOU3BEICHIE ABYX PABIUIHBIX KOMITO-
HeHT, a € A, a # e. Be3 orpannyenus OOIIHOCTH, MOXKHO CYUTATH, YTO @ = ag. BBe-
ném obosnavenns: L = Ly, L% = L. Kak 6p110 nokazaHo Beie, 1% € Cg (A).
3amernMm, 9TO B 9TOM CJIydae OHA U3 WHBOJIIONNN, copepkammxcs B A Oymer HopMa-
JIn30BaTh KOMIOHEHTY L1, a 1iBe apyrue OyayT nepectaBisath Ly u Lo, Obo3naxum
gepe3 x uaBOMONUIO U3 A, HOpManuzyoryo L. Eciu x nearpanusyer Ly, T0, Tak
Kak L 1mopoxpaercs sjieMeHTaMu He48THOro nopgiaka, nouydaem L < Cg (A),
4TO HEBO3MOXKHO, TaK KakK <LA> = L - L% CuenoBareyibHO, T HE LHEHTPAIUIYET
Ly. IlycTs p — mpocToe uucio, aensdinee mopsaok Li, mjis xkoTroporo B Li cyte-
CTBYIOT p-3JIEMEHTHI, He Jiexkaimue B menTpe L. IlockonbKy L1 sIBAgeTCS KOMITO-
HEHTOH, COBOKYITHOCTH BCEX TAKUX p-3yeMeHToB Oynaer nmopoxziarh L. Tak kak x
He uenrpasiusyer Li, To cyuiecrByer p-sjement h rtakoil, uro h ¢ Cg(z). Husa
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Hero, ¢ ofHo# croponbl, (hh®)" = hh®  a ¢ apyroii, (hh®)* = h® (h*)*. OTcrona
h* = hz
hao)* = z=1pao,
z € Z(L1) N Z (Ly). CrenoearenbHo, z sIBASIETCS He eIWHWUIHBIM P-3JIEMEHTOM W3
nentpa Li. B cuny BbIOOpa p, mMOpsimoK meHTpa L JEJUTCs HA BCE MPOCTHIE JIe-
surenn |Lq|. IleHTpbI KBa3UIIPOCTHIX TPYIIT ¥ UX MOPSIAKH MOJHOCTHIO OMWCAHBI B
[3] # Takux rpynn Her. CiegoBarenbHO, ciiydail 2 HEBO3MOMKEH M MBI MOJIY9aeM

(LYY =L,G=L-A,uA<Ng(L).

Jlemma gokazana.

JleMMa 3 TTOKa3BIBAET, UTO MPU UCCIIEIOBAHUN TPYIIM, COMEPIKAIIX KOMITOHEHTHI,
BOIPOC CBOAWTCS K M3ydenuio rpynn Buga G = F*(G) - A, tne F*(G) — xBa3umpo-
cTasi TPyIIa.

hh® = h® (h“o)z. Tax xax nmpoussenenne L Lo IeHTpaTbHOE, TO { (

Jlemma 4. Ilyemv G - e2pynna u3 @Gopmysuposku meopemsv. 2, mozda

ANZ(G) = {e}.

HoxkazaresberBo. Ilyctb AN Z(G) = v u © # e, torna A < G u, BBUAYy
crpoerus G, A < Z (G). Yro HeBO3MOXKHO, TaK KaK Z (G) HUKINIECKHIL.
Jlemma gokasama.

3. JIMHEVHBIE TPYIIITHI

Beumy Toro, uro kiaccudeckue rpymmbl [IleBajiie MOKHO IPEICTABUTH KAK IPYTI-
bl ABTOMOP(PU3MOB BEKTOPHBIX IMPOCTPAHCTB, HAM MOHAM00ATCSA CBEIECHUSA 00 WH-
BOJTIOTIMSIX U TIOJIyUHBOJIIONUSIX B TAKUX TPYIIIAX.

ITycrs V' BekrOpHOE HpOCTpaHCTBO pasdmepHocTtd 1 Haj noiem k = GF (q),
q mewerno, Y = GL, (kymY < Y. O6o3Haumy wepe3 Iy, TOXKIECTBEHHDIH AB-
romopduzm npocrpanctsa V, a depes yIy (v € k*) aBromopdusM, npu KOTOpOM
KaXKIpIit BeKTOp u3 V yMmHOXKaercs Ha . Heenuawanbiii 371eMeHT w u3 Y HA30BEM
LOJIyHHBOJTIONHEH, ecan w? = Y]y . dcro, 4To uEBOMONNA 13 Y — 3TO HOJIYHHBOJIIO-
tuu. IlogyuHBomonuu, He ABJISIONIMECS HHBOIIONUSIME, HA3BIBAIOTCH UCTUHHBIMH.

Kaxk mokazano B paznerne 3A n3 [4], kaxk0i nHBOMONNN w € Y COOTBETCTBYIOT
nBa noampocrpanctea V" u V. w3 V:

Vi=Cy(w)={veV]ww) =v},V, =[V,w]={veVwk)=—-v}.

Torga mmeer mMecto paznoxenne V = VI € V., n TWN MHBOMIONAN w OTMPEIENAETCS
kak dim V. Jua mHBOIIONMU w THHA M 6a3uc B V HA3BIBAETCA CTAHIAPTHBIM,
€CJIM B HEM TIEePBbBIE N — 1M BEKTOPOB BBIOpaHbI U3 V|, a ToC/aeaHne m BeKTOPOB U3
V.. Ecim w — masomonua Tuma m, To u3 pasaena 3A [4] Cqr, (q) (w) comeprxut
HOPMAJIbHYIO MOJATPYIIILY H30MOPQHYIO

SLp—m (q) X SLy, (q) .
—_———— ——
Ly Lo
IIycrs pacemarpusaerca rpyuna H = GLy(q)/Z1, roe | Zy1| uéren u m = 3. O60-

3HaUNM W = wZ;. Torga moswsenit mpoobpas Cy (@) B GL,(q) comep uT moarpymy
u30MOPGHYIO
(SLm (Q) X SLm (Q)) : <T> ’
—_—— —
Ly Lo
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rae T JefCTBYeT Ha CTaHJAPTHOM Oa3uce CjeayrommMm obpasoM: T (€;) = €,
T(em+i) = ¢€; upu 1 < i < m.

IIycrs reneps w € Y ucerunnag noayuusosonus u w? = yIy. Ecm v = £2 nia
HEKOTOPOTO 31eMenTa 3 u3 k, o w = Blywy, rae wy uaBomonus u3 Y. Onpenemmm
B 3TOM CJIy4ae THI W KAaK MUHUMYM W3 THIIOB JBYX WHBOIONNN wi u — Iy wy. Cran-
JAPTHBIN 0a3uc 1 w OMPeaessieTCss KaK CTAHJAPTHBIN 0a3uc TOM M3 WHBOJIOMIIT
w1 win —Iywy, TUil KOTOPOH Munumasied. Eciu v ¢ (k*)z, TO THII I W CYUTA-
ercs paBubiM 0. Torma fjs MEHTPAIN3aTOPA CMEKHOTO KJIACCA, COAEPIKAIIErO W, B
HEeKOTOpOM YactHoM rpyunbl G L, (q), ero nosmeiii npoobpas B GL,(q) cocrour u3
OJIOYHBIX MATPWUIL, BUIA:

&%) (250) (4 3)

e A u B KBaJpaTHbIe MaTPUILI PA3MEPHOCTH M, F — eIUHUYHAS MATPUIA TON
K€ PA3ZMEPHOCTH.

B pambreitimem 6ymeM HMCIOMB30BATH CAeAyIOne ObOO3HAUeHHA: X — JacTHOE
rpyutbt S L, (g) 10 HeKOTOPOit LeHTPaIbHON HoArpyIie; yepe3 X * 0603Ha4MM MHO-
KECTBO TAKWX PACIHIMPEHUi TPyHIbl X, UTO JJIs JIIOO0H TpyTIIhI X u3 X* moboit
snement u3 X — X unynupyer #a X BHEIIHU{ BHYTPEHHE-MArOHAIbHbI AaBTOMOD-
duswm. ycrs g € GL,,(q). Ecim g € Z (GL,(q))-SLn(q), T0 yepes g Gyuem 0603Ha-
YaTh CMEXKHBIH KJIacC B 9TOM YaCTHOM, KOTOPHIH COMEPKNUT 37eMeHT gz € SL,(q),
z € Z(GLy(q)). Ecnn g ¢ Z(GL,(q)) - SL,(q), To depe3 g Gyaem oGo3HAYATH
BHENTHUN aBTOMOPGU3M, UHIYIIUPYEMbIil 31eMeHTOM ¢ Ha X.

Pazobném moka3zarenbCcTBO TEOPEMBI 2 HA U€THIPE JIEMMBL.

Mycrs G = XA, X = F*(G) — uacrnoe SL,(q), n > 2, q He4éruo.
Jlemma 5. Cayuwati G € X* npu n > 3 He603M0HCEH.

dokasaresibCcTBO.

Honycrum, 9aro cymecTByer snemerTapaas abenesa T' [-noarpynna A uz G. Knac-
Cbl COLPSPKEHHBIX UHBOMIONHI B 9acTHOM S L, (¢) onucaus! B [4]. Bosmoxkusl 18a
colydast:

(1) ap cooTBETCTBYET MHBOJIIOIMA U THIIA 1M,
(2) ap coorBercTByeT noMynHBOMIONNA U THMA 0.

Coayuait 1.
IIycts ag COOTBETCTBYET WHBOIONMH U THIIA 1M, KOTOpas IeHCTBYET Ha, CTaH-
JapTHOM Gaszuce ciemyrommm obpazom: u(e;) =e; npu 1 <i<n—m, u(e;) = —e;

mpu n —m + 1 < i < n. Ecim m # § nmm gactHoe Oepércsa 1o MeHTpambHOM
[MOJINPYIIIE HEYETHOIO MOPSIIKA, TO

SLn—m (Q) X SLm (Q) < CGLn(q) (u) )
—_——— —\—
Ly Ly
L1 u L, HOpMaJbHBIE MOATPYNIBLI B IEHTPATIM3ATOPE WHBOJIONUE U. JlomycTum,
m>2un—m > 2 Ecmm q# 3, 70 L1 u Ly aBAAIOTCS KOMIIOHEHTAME, TIO9TOMY
A nenrpammsyer Ly n Ly. Ecim m =2 (n —m = 2) u ¢ = 3, TO COOTBETCTBYIOMAs
noarpynma L; & SLs (3), Koropasi TOPOXKIAETCs SJIeMEHTAMH HEYETHOTO MOPSITKA.
Torma mo jemme 1, A nenrpanusyer L;.
O6o3nauum uepes v snement u3 G L, (¢), coorBercrByomuii uaBosonuu by € A.

Torpa, ananoruuno, v € Cqy, (q) (L1), v € Cqr, (q) (L2) n v neiicryer na crangapr-
HoM Gazuce: v (e;) =ve; npu 1 <i<n—m,v(e)=—-ye, upun—m+1<i<n.
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Torma uv € Z (GLy, (¢)) u, cienoBaresibio, agby € Z (G), 94TO HEBO3MOKHO B CHJLY
JeMMBbI 4.

[Tycrs renepyr m = 5, X = SLy(q)/Z1, nopanok Z; uéren.
o pasmeny 3A u3 [4] mommsrit mpoobpas Car, (q)/2, (@0) B G Ly(q) Mpn ecTecTren-
HOM TOMOMOpP(hU3ME COAEPIKUT MOATPYIIITY:

(SLm (q) X SLm (q)) - (7).
——— N —

Ly Lo
WuBomonusa T, KoTopasd AeHCTByeT Ha CTaHJAPTHOM 6a3nce CeLyIOMuM 00pa3oM:
7(e;) = emsi, T(emyi) = €; upu 1 < i < m, nepecrasiasger L; u Lo. Eciu

m > 2,10 Ly n Ly mub0 ABISIOTCA KOMIIOHEHTAMH, JUOO0 TOPOXKIAIOTCS dJIeMEHTAa-
MU HEYETHOrO HOPAJIKA, MOITOMY OHHU IeHTpanu3ytorcs noarpymmoi A. [osropsas
PaCCyz<IeHns, aHaJOrMIHbIe CIydalo M # 5, TakxKe HOIyduM, 4To A mojarpymnna
nenTpa (G, 9TO HEBO3MOXKHO.

Eciiu m =1 unu n — m = 1, 10 ganuas curyarus pa3dupaercs aHaJOTHIHO.

Cayuait 2. Ilyctb ag coorBercrByer nmonyunsosonuu v tuna 0 uz GL,(q). To-
roa u? = ~Iy ama mekoTtoporo y € k¥ — (k:*)Q, n = 2m. B gamnoM ciydae
U = (Z,u) — maxmrueckas u Cqr, (q) (U) = Car,(q)(u) = GLn (¢%). Toraa us
pasgena 3A [4] cmemyer, uto cymectsyer smement x € GL,(q), meficTeytomuit Ha
crangapraoM Oasuce caemyoomum obpazom: T (€;) = emti, «(€m4i) = —e; upu
1<i<m, det(z)=(-1)", |z|=2, u®=—u, raxoii, uro

Car,(q)yz (W) = (GLw (¢°)/2) - (x),

rjie T WHIYIUPYeT MoJeBoit aBromopdusm mnopsjaka 2 wa GL,, (q2)/Z . Torna B
[EHTPAIIU3ATOPE MHBOJIOIUU g €cTb KoMmmonenta L = SL,, (qz). Moarpynna A

1eHTpaau3yer L, 9T0 HEBO3MOXKHO BBHJY TOIO, YTO Z (CGLn(q)/Z (u)) — HDUKJIAYe-
CKUIA.
Jlemma mokasama.

JlemMma 6. Iycmo G € X* un =2, moeda ¢ =5.

rZLOKaBaTe.J'IbCTBO.

(1) Mycrs A = {e, ap, by, agbp } aBasierca T I-noarpynmoit rpynner G u G € X*,
X —uacrroe SLa(gq) mo moarpymme Z; u Bce WHBOJIONAN W3 A COOTBETCTRY-

1 0
0T UHBOJONUSAM Tuna 1. 3adukcupyeM WHBOIIONWUIO Gy = 0 -1) Ecmm

| Z1| neuéren (ro ectb X = SLa(q)), To u3 [4] Cq (ag) = {e; (g 2) } Tax

-1 0
KaK WHBOJIONWS by € A IOKHA MEHTPAJIN30BATE Gg, TO by = ( 0 1), u

-1 0
0 -1
ycts |Z;] uéren (To ectb X = Lo(q)). Torma

cc<ao)={€? (3 2)(2 g>;<507 OE;)

apbo = € Z (@), 9r0 HEBO3MOXKHO B CHJIY JIEMMBI 4.

mﬁéFQ‘}.
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3 crpoenust Cg (ag) ciaemyer, 4TO B Ka4eCTBE HHBOJIIONMU by MOXKHO B34Th

WHBOJIIONNIO TUma 1 Buga b _ﬁTaKKaKI/I:; 0 UZ_ 1 0
jts Ja 0g = % 0) v 0 = 1
1 0 A 9
creayer uv = 1 u v = 5. Torsa agbo = L o) (apbo)” = —E. Ecnu
X
(*1) ¢ (F;)z, TO agby — moyunBOsTONKs TUNA 0, YTO B 3TOM CJIydae HEeBO3-

mozkHo. Ilycrs (—1) € (F;)z, rorjga agby — uHBOMIONMS THna 1, ¢ = 1(4)

48
1 0 0 A 0 A
A‘{ﬁ’(o S0 0)}-
O6o3HauUM §1 = (g 2) € Cg(ag). Tak xak A < Cg(ag), TO
w 0o 28
by = (f}j 8) € A, orcoaa 5 = g nim % = fg. OTH pPaBEHCTBA

SKBUBAJEHTHLI cucTeMe ypasnenmit o’ = £/32. PaccMOTpUM KOJIHYECTBO

pemennit ypapuennit o> = +32. I3 TeopemsI 6.26 [6], mast HEBBIPOK IEHHOM
KBaJpaTHIHONW (DOPMBI f OT YETHOTO HMCIIa TTePeMEeHHBIX HaJ moseM Fy,
rJle ¢ HEeYETHO, YUC/IO pelnenuii ypasuenus f (x1,...,%,) = b, miga jmo6oro
be Fy, B F}' pano

R RCOR ] (CHERPY
rae A = det(f),

—1 mpm beF; —1 upu c¢ (F(;‘)2
v(b) = { _ n(c) = 2
¢—1 mpu b=0, 1 mpu ce (F))

Torna ypasuenue o = 82 umeer N = ¢+ ¢ — 1 = 2¢ — 1 peenuit, cpenu
KOTODBIX HEHYJIEBBIX U ¢ yeaosueM a # 3: N =2¢—1—-1—(¢—1)=q—1.
Vpasuernme o? = —f3% umeer taxke N = 2¢ — 1 pemenwuii, cpeu HIX
N = 2q — 2 nenyneBbix. Takum 00pa30M, KOJIMIECTBO PASIUIHBIX HEHYJIE-
BBLIX pelllenuii ypasHenmii o> = +432 ¢ ycaosueMm a # 8 pasuo 3¢ — 3. Tax

KaKk B F xomrdecrso map (a, §) pasmo A2 | = EZ::l’,gi =q¢*>—-3q+2, 10

us ¢ — 3¢+ 2 < 3qg — 3 caenyer, uro ¢ < 5. To ectb, upu ¢ > 5 B Fy Bce-
raa cyuiecrByer napa («, () KOTOpas He sBJISeTCs DEIIeHUeM yDaBHEeHUi
a? = +% u A ne asngerca nopmanbuoit noarpynnoit B Cg (ag).

2 0 0 2 0 4
Eciu q = 5, TO ag = (O 3>, b() = (2 0), a()b() = <1 0)

Ho, Tak kak L3(5) 22 A5 MOKHO CUNTATh, YTO
A=Vy={e (12)(34); (13)(24); (14)(32)}.

IIyctb € G — Ng(4), AN A* = wug, up € Vi, up # e. Tak kak
|Cas (uo)] = 82 = 4, To A = A® m, cnepoaremsno, A sBasercs
TI-noarpynnoit B rpymnme G.

B A ecrb ssnement, coorBercrByomuit mosyunsosonuu tuna 0. Pacemor-

puMm GLo(q)/Z1, vue |Z7| uéren.
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ITycts ag = (3 (1)), v ¢ k% q>5,rorma by € Cq (ap), rae

cowr={e (5 D6 %) (D)

. .. 1 0
HenmocpencTBeHHBII TOACYET IOKA3BIBAET, dYTO by = ( 1)

O[,ﬁqu7a2_’752#0}.

0 -1
aopby = (7 0 ) (nm HA0GOPOT).
i (> Pec
yCTh 81 = “B € CalLy(q)/2: (a0), TOTIA

o L (a?+98 208

O T 2—4p2\ —2aB8y —a?-—qB%)
Hanpumep, npu a = 1,8 =2 b3t ¢ A. To ectb A 4 Cg (ag) u, cneposa-
TenbHo, A He sBasiercs T I-noarpynmoit B rpymme G.

Jlemma gokazana.
JIemma 7. Caywati G ¢ X* npun > 3 nesozmoorcen.

Joka3zaTeJibCTBO.

Obo3HaunM Yepes ¢ moIeBoil aBTOMOPMU3M MOPAIKA 2, T — HBEPCHO-TPAHCIOH-
pytomwmii aBromopdusm. Kak nokazano B siemme 4.27 [4], Bce aBromopdu3ambl 110-
pPAIKa 2 BHIA g, TJe § HHAYIAPYeT BHYTPEHHe-IHarOHAJIbHBIA aBTOMOPQU3M, CO-
npsizkerbl B G ¢ 1OE€BBbIM aBTOMOP(MU3MOM  MOPs/IKA 2, a BCE aBTOMOP(U3MbI
NOPsI/IKa 2 BUIA T COMPSKEHBI C (T, TOCTATOYHO PACCMOTPETH CJIEIYIOINE Ba-
PHAHTHI:

(1) ap = ¢ nosnesoit aBroMmopdusm nopsiKa 2;

(2) ag = 7 rpacdoso-moNIEBOI aBTOMOPGU3M MOPAIKA 2;

(3) momrpynma A wmeer Bug A = {€;G;G17,9917}, g U g1 COOTBETCTBYIOT i€~
mentam u3 GL,(q).

Ecom ag = ¢ nmonesoit aBromopdusm nopsiaka 2, roraa u3 pasgena 3A [4] Cx (ag)
CcoflepKuUT KoMToHenTy L, mzomopduyio sactaomy SL,(qo), e ¢ = ¢&. Cormaco
creacreuio 1, moarpynmna A nenrpasmsyer L, uro meBo3MOxKHO, Tak Kak Cg (L)
MUKJIAIeCKUA.

Eciu ay = ¢7 rpadoBo-monesoit aBromopduim nopsaaka 2, roraa mo jgemme 4.27
u3 [4] Cx(ap) conepxkur xommnonenty L, usomopbuyio SU,(qo), tae ¢ = g3, uto
HEBO3MOYKHO, aHAJIOTUYHO CIydvalo 1.

Ecmu moarpynna A umeer Bug A = {e;g; 917, @7’}, g U g1 COOTBETCTBYIOT 3JIe-
meHTaM 13 G Ly, (q). Bo3MOXKHBI 1Ba cirydas.

Cayuait 1. Duement g coorBercrByer uHposouuu tuna m u3 GL,(q) u ¢ > 5.
Mozxkuo cunrars, yro m > 2. Torma SLy—m(q) X SLin(q) < Car, (q)(9). Dnement
g1T uenTpasusyer KomuoueHry SL,,(q), T ueHTpasusyer JeMeHT ¢ H, CJeJ0Ba-
c 0
0 B )’
C e GL,_(q),B € GLy, (q). dnement BT nentpamusyer KoMmnorenty SL.,(q),
9TO HEBO3MOXKHO, Tak Kak B unuynupyer Ha SL,,(q) BHyTpeHHe-IuaroHa bHbIH
aBToMOpdu3M, a 7 — rpadOBLIil ABTOMOPQU3M.

TeIbHO, ¢1 Takxke TeHTpamusyer ¢. Ilpm stom ¢g; = < rIe
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Cayuait 2. Quement ¢ coorBercrByer nosyunsojonuu tuna 0 uz GL,(q) u
q > 5, n = 2m. Torga g nmeficTByer Ha CTaHZAPTHOM Oa3wce CaemAyOmuM 00pPa30OM:
gle;) = emyi, g(emri) = ve,1 < @ < m, v — ne kBagpar B GF(q),
X = SL,(q)/Z', nenrpannuas moarpymnmna Z’' coneput smement vI. B aTom cayaae
Cc(g) conepxur kommonenty, nzomopbuyo SLy, (¢%), koTopas nenTpammsyercs
moarpymnmnoit A. Ho 1enTpaiam3aTop 3TOH KOMIIOHEHTHI MUKJIUIECKUH U, CJIeI0Ba-
TEJbHO, 3TOT CJIydail HeBO3MOYKEH.

Ecmu ¢ = 3, To paccyxkieHus, aHaJOrM9HbIe Cay4dar0 1, MOXKHO TPUMEHUTH MDA
n > 6. Moxno cautarb, 910 m > 3, Toraa S L, (3) KOMIOHEHTA B IEHTPAIU3ATOPE
unBosonuu g. Ocratorcsa ciaydan n = 3; 4.

1 0 O
IIpun=3,m=23memesrg= |0 -1 O
0o 0 -1

Ceram(9) = { (g 2) ’ Ae GL2(3)}.

Tax Kax 37eMeHTBl ¢17 ¥ T HeHTPaIu3yiorT g, 10 g1 € Cary(3)(9)-

10
B Car,(3)(g9) ects moarpynma H = { (0 B>

eTcs JIeMeHTaMH He9éTHOTO MOPAIKA U, CIe/I0BATEIbHO, IeKUT B IeHTPATN3aTOPe
sneMenTa g17. Tak Kak AT nenrpasnmsyer rpyminy SLs(3), ¢ mOMONbI0 HEMOCPE-

Be SL2(3)}, KOTOpas IOPOXKIa-

. 0 -1 0 1
CTBEHHBIX BBIYUCJIEHUH TOIydaeM, 9ro A = o ) B A= 0) Torga

1 -1
a 0 0
gr =0 0 —-1]7, (917)2 WHBOJIIOIWST ¥, CJIJIOBATENbHO, g17 ¢ A, Tak Kak
0 1 o0

umeer HopsIoK 4.
B cayuae n = 4 351eMeHT g COOTBETCTBYET MHBOJIIONNAN TUTIA, M, TIe M = 3 WU
m = 2. Illpu m = 3 curyanua anamoruvna ciay4daio 1. Ecau m = 2, Torma

10 0 0 0 -1 0 0 0 -1 0 0
A 0L 0 0 1 0 0 0 1 0 0 o0
17 loo -1 0o oo 0o —1f" jo o o 1)
00 0 -1 0 0 1 0 0 0 -1 0
0 1 1 1
" 1 -1 0 -1
BospMéMm  ajemenTt y = L o0 -1 o c CSL4(3) (917). Torna
1 -1 0 1
0 010
7 0 0 1 1
=11 o0 0 o ¢ A u, cnepoBaresbno, A we TI-noarpynua.
-1 1 0 0

Jlemma gokazaHa.
JIemma 8. Cayuwati G ¢ X* npun = 2 nesozmoorcen.

Joka3zaTejabCcTBO.
ITycrs X — wactHOe SLo(q), ag = ¢ mosesoii aproMopdu3M mopsizika 2, Toraa

q = ¢, OGL2(q§) (ag) & GLs(qo). Eciu q9 > 5, 0 SLs(gp) KOMIIOHEHTa U3
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IEHTpaIn3aTopa ag. lloarpynma A eé menrpanusyer, 9To, 10 jeMMe 4, HeBO3MOXK-
uo. CireloBaTeIbHO, B 9TOM CJIydae IPYIIa He MOMXKET COAEPKATH FJTEMEHTAPHBIX
abesnesbix T I-monrpynn nopsiaka 4. lamee Oyaem caurars ¢y = 3.

(1)

A ={e,q,p,g¢}, e g uaBomonust u3 PGLy(9). C yuérom Toro, 9ro siie-

. 1 0 0 -1
MeHT g B Cpar,(q) (@) compskén mmbo ¢ 0 -1/ b0 ¢ 1 o | A
b S
1 1 1 0 1 2
s1eMenTa b = < 0 1 ) u3 Cg(p) umeem o -1 =\lo -1 ¢An
B -
0 -1 -1 -2
1 0 =1 1 ¢ A. Cuenosarensno, A e TI-noarpyuna.

A = {e,gr,0,go7}, T € Ca (@) tre G = Aut GL, (q(z)). Henocpencreen-
HbIE BLIYUC/IEHHS TIOKA3BIBAIOT, 9TO JIEMEHTY § COOTBETCTBYET 10 CMEsKHBIX
kjaaccoB B PGL2(9), koropble, ¢ y4éToM COLpsizKeHus, pa3buBaiorcs Ha 5
KJIACCOB. B KayecTBe mpencTaBuUTeNei STUX KJIACCOB MOXKHO BHIOPATH:

(1 0Y (1 0Y [0 1Y)
A= o 1 )2 0o -1 ) B71 1)
(0 1. (o0 1
g4 = 1 -1 v 95 = 1 0 )

Bosbmém sstement b = (1) 1 u3 Cg(p). s vero nojgyvaem:

@)’ ~GT ¢ A (@) =gar ¢ A

__ \b __ __ \b _
(B37) =—G27 ¢ A; (GaT) = -7 ¢ A
Ecim B kagecTBe 3jleMeHTa ¢ BBIOPAH @5, TO PACCMOTPUM DJIEMEHT

0 1
y € Car,(9)(g5T), umeomuit Bui, y = 1 op) I€ P KOPEHb HEIpPH-

BoamMoro Hag, I muorodnena f (z) = 2 + 1. Torga ¥ = (1) 21]9 o ¢ A

Takum obpasom, Bo Bcex ciydasx, A ne apnsercsa T I-moarpymioi.

JlokazaTeabCTBO JJEMMBI 8 3aBEpITAeT JTOKA3ATETHCTBO TEOPEMBI 2.
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