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IIpo meski rpynm 3 4epHIKOBCHKOIO I'PYIIOIO
aBTOMOP(I3MIB

Ipucsavyemves 65-pivuro npopecopa Kypdavwenxa Jleonida Andpitiosuua.

OTrpumano aBromopduuii anajor reopemu Illypa y Bunaaky, Ko JOoBijbHA HiArpymna
A rpynu aBromopdismiB Aut(G) rpynu G Ta dakrop-rpyna rpynu G nmo A-meHTpy €
YEepPHIKOBCHKUMH I'DYIIaMMu.

Kiro4osi cioBa: A-tieHTp, A-KOMyTaTOpHA HiArpyIra, Y4epHiKOBChKa rpyna.

ITony4uen aBromopdHsIii anaigor teopemsbl IIlypa B citydae, Kor/ia mpou3BOJIbHAS I10/I-
rpynmna A rpynnel aBromopdusmosB Aut(G) rpynnel G u dakrop-rpynmna rpynmnsl G 1o
A-1IeHTPY SBJISIOTCS Y€PHUKOBCKUMHU TPYHIIAMU.

Kmouesnie cioBa: A-ieHTp, A-KOMMyTaTOpHAasi NOArPYyNIa, YePHUKOBCKAasl IPyMIia.

‘We obtained automorphic analogue of Schur’s theorem for the case when an arbitrary
subgroup A of automorphism group Aut(G) of a group G and the factor-group of a group
G modulo A-center are Chernikov groups.

Key words: A-center, A-commutator subgroup, Chernikov group.

1. BCTVII

Hexait G — rpyma, A — niarpyna rpymnu asromopdismis Aut(G). Tokmamemo
Ca(A) ={g € Gla(g) = g,Va € A},

(G, A] = (g7 alg) = [g,0]lg € G, € A).

Baysazkumo, 1m0 B 3arajbaoMy Buniajiky Cg(A) He Gy/ie HOPMAILHOL MNPy TPy
G. Ase skmio rpyna BHyTpinmHiX aBroMopdismis Inn(G) mictutees B A, Inn(G) < A,
to Cg(A) < Cq(Inn(G)) = ((G), 1060 Ci(A) € HOPMATBHOW TiArPYIOK IPYIN
G. Takox oueruano, mo Cg(A) € A-imBapiantHoro miarpynoro. Iligrpymna Cg(A)
HasuBaeThea A-uenmpom epynu G.

Harowmicts miarpyna [G, A] 3aBxk1u Oy1e HOpMAJIBHOIO it KOXKHOI miarpymm A <
Aut(G). Hiiicro, nexaii g,z € G, a € A, Tomi

-1

g, alz =2 g a(g)x “a(gra)z = (ga)a(gr)ala e =

=[gz,o](a(z)) "z = [gz,al(z" (@) " = [gz, [z, o] ! € [G, A].
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ITPO JEAKI I'PYIIN 3 YEPHIKOBCBKOIO I'PYIIOKO ABTOMOP®I3MIB

[Tlixrpyna [G, A] masuBaetbes A-komymamoproto nidepynoro epynu G.

[Tozraummo uepes 7, BHyTpimmHii aBToMOpdi3M, dAKWil BU3HAYEHUN €JIEMEHTOM X,
10670 T, (9) = " tgw, Wia Beix g € G. Bigmitumo, mo akmo A = Inn(G), Toai A-nentp
rpynu G coiBnagae 3i 3pnvaiinum mearoM ((G) rpymu G, a Takok A-KoMyTaropHa
nigrpyna rpynu G cnisnajae 3 komyraarom |G, G] rpynu G.

[lepimi mocsizkeHHsT 3B’s3KiB MizK IieHTpasibHO0 (akTop-rpynoo G/((G) rpymnu
G ta komyTanToM [G, G| Gysu po3mnodari Iie Ha MOYaTKY MUHYJIOTO CTOJITTS B POOOTI
[. IIypa [1]. Bokpema, BiH BUBYAB BJIACTHBOCTI TaK 3BAHOTO Myavmunaikamopa Ilypa
(muB., Hanpukaa, [2]) rpynu G, gkuit nosuadaerbess M(G). Bin orpumas HacTymHMi
pesyabratr: axwo epyna G ckinvenna, mo [G,G] N ((G) i3omoppro eriadacmoves 6
M(G/¢(G)). Hisnime mousarrsa Mmyasrumuiikaropa [lypa 6y1o mommpene Ha J0BLIbHI
rpynu. Jlocizkennst 38’s3KiB Mix 1eHTpasibHo0 (akTop-rpynoo G/((G) rpymu G
ta kKomyTaHToM [G,G] B HecKiHUeHHUX Ipymax Oy/u BIEpIe MpeJcTaBieHi B poboTi
P. Bepa [3|. Bokpema, Bin josiB, mo skmo G/((G) ckindenna, to [G,G] Takox
ckinueHHa rpyna. Lle TBepKeHHsT B HAINl Yac HA3UBAIOTh meopemoro [llypa, xoua cam
[. [lyp B Taxiit popmi itoro He orpuMyBas. [HIlle TUTAHHS, IKE TPUPOTHO TYT BUHUKAE,
HACTYIIHE: AK N06 A3aNT MIdHc 00010 nopadku yenmparvhoi garmop-epynu G /C(G) ma
komymanma [G,G|? llpomy nuranHio Oyiao npucssdeHo Gararo pobit. Haiikparmii
pesysbraT 6ys0 orpuMano B pobori [4]: axwo |G /((G)| = t, modi |[G, G]| < w(t) =™,
de m = %(Zogpt — 1), p — ye natimenwe npocme wucao, axe diaums t. Bigpmn Toro, B
1iit ke poboTi OYJIO JIOBEJIEHO, IO B OCTaHHIl HEPIBHOCTI PIBHICTH JIOCATAETHCS TOJI i
TITBKU TOJIl, KO t = p", Jie p — MPpOCTe TUCJIO.

Ha meit uwac orpumaHo psiji aHasjoriB ta ysarajgbHeHb rTeopemu Illypa (mwus.,
HanpukJai, [5]). Bigbmn Toro, icaHyroTs pi3Hi MIX0/H 10 OTPUMAHHS TAKUX PE3Y/IHTATIB.
Cepen Hux € miaxin, sgxuit moB’si3anmit 3 rpynamm apromopdismis. II. Xerapri
B poboti [6] mosiB, mo saxmo A = Aut(G) ta G/Cg(A) ckingenna, to [G,A]
Takoxk ckindenHa. [Ipore ymosa ckinuennocti dakrop-rpymu G/Cq(Aut(G)) € nyxe
cuIbHOIO. 3BijcH, 30KpeMa, BUILUIMBAE, IO cama rpymna aBromopdismis Aut(G) Gyme
ckinuennowo. Binmitumo takox, mo y Bunaiky, ko A = Aut(G), migrpyna
C(A) masuBaetnest abcoaromnum yerwmpom rpynu G, a |G, A] — asmokomymamoproro
nidepynoto rpymu G. B pobori [7| Oyino posriistHyTO OGibIn 3arajbHUil BUIAIOK:
Inn(G) < A t1a A/Inn(G) ckinuenna. Jns 1mporo Bumajky Oyam orpuMani
y3arajgbHenHsa TeopeM [llypa, Bepa ta Xosura.

BayBaxkumo, 10 aBroMopdHMil anagor teopemu Illypa s goBiabHOI rpynn
aBTOMOP(}i3MiB He BUKOHY€eTbhCs. e imocTpye HACTYIIHMI TPUKJIAT.

Hexait p — nmpocre uncio, G = (a) x K | ne |a| = p, K = Dren(b,) — etemenrapna
abesieBa p-rpyma. Toxi rpyma G mae aBToMopdisM v, AKnil BU3SHAYAETHCA HACTYITHIM
qnaoM: «(a) = abj, a;(z) = x, pa koxuoro x € K. Jlerko mepesipurn, mo KoKeH
aBTOMOP®I3M (v Mae HOpsIoK p, a miarpyna A < Aut(G), sxa mopojpKena MHOXKHHOIO
{aj|j € N}, e ernemenrapuoio abesnesoio p-rpynoto. Bimem toro, Cq(A) = K = [G, A,
o610 bakTop-rpyna G/Cqs(A) ckindenna, asne miarpyna [G, A] HeckindenHa.

Omxke, jyst moBuibHOT miarpynu A rpynum aBromopdismis Aut(G) morpibmo e
BBOJIUTH JI€AKi JTOJATKOBI OOMEXKEHHS.
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B pobori d.JI. IMonosuipkoro [8] 6yso oTpuMaHO HACTYIIHE y3araJbHEeHHsI
reopemu [lypa: axwo uenmparvha gaxmop-epyna G/((G) epynu G uepnikoscovka,
mo komymanm |G, G] makooc e wepnikoscororo epynoro. Haragaemo, mo rpyna G
HA3UBAETHCSA YEPHIKOBCHKON, SKIO BOHA MICTUTH B CODI TaKy HOPMAJIbHY abeseBy
niarpyny Div(G) = Q1 X ... X Qp, mo dbakrop-rpyna G/Div(G) ckindenna. [Ipn
mpoMy Q; , 1 < 7 < m — me xBasinukuivni rpymm. Yucnao m e imeapianTom rpynm
G, i Ha3UBAETHC MiHIMaKCHUM panzom Tpymu G ta mosuadaerbest mm(G). Taimoro
XapaKTEePUCTHKOIO YePHIKOBCHKUX Ipyl € Muoxkuua [[(Div(G)). Mu 6ynemo nosnadarn
i1 crnenjanpauM cumBosioM Sp(G). e oxmum iHBapiaHTOM YEPHIKOBCHKUX TPYIl €
nopsiiok dakrop-rpymun G/ Div(G), o(G) = |G/ Div(G)|.

Hacrymnna Teopema mpejicraBisie co0010 TOJOBHUAN PE3Y/IbTAT JIAHOT POOOTH.

Teopema A. Hexai G — epyna, A — nidepyna epynu asmomoppizmie Aut(G), i
nexat Inn(G) < A. Arxwo gaxmop-epyna G/Cq(A) ma nidepyna A wepriroscoki, mo
(G, A] makoorc weprikoscvra 2pyna.

2. JOIIOMIZ2KHI PE3VYJIBTATN TA JIEMU

Jlema 1. Hexati G - abesesa epyna, A — nidepyna 2pynu  asmomoppiamie
Aut(G). Ipunyemumo, wo daxmop-epyna G/Cq(A) uepnikoscora. SHdxwo nidepyna
A ckinuenna, mo nidepyna (G, A] makoorc weprikoscvka.

Jlosedenns. Hexait a@ € A. Posrusnemo Bimobpaxkenus d(a) : G — G, ske Jie 3a
nactynanm npasuiom d(a)(g) = g ta(g) = [g, o], g € G. Posrnanemo

d(e)(uv) = (uv) " a(w) = v a(u)a(v) = u a(w)v alv) = da)(u)d(e)(v).
Inaxime kazy«n, piobpasers d(a) e ertomopdismom rpymn G. Bisbi toro,
Im(d(a)) =[G, o], Ker(d(a)) = Cg(a).
TAKHM THHOM, MH MA€EMO
[G,a] = Im(d(e)) = G/Ker(d(a)) = G/Ca(a).

Ockinbru a € A, 1o Cg(A) < Cg(a), 3Biaku orpumyemo, 1mo G/Ca(a) < G/Cq(A).
Otrxe, dakrop-rpyna G/Cq(a) 4epHIKOBCBKA, a TOMY YepHIKOBCHKOIO Oyje 1 rpyma
G, al.

Ockinbkn A — ckinuenna rpyna, 1o A = {ay, ag, ..., a,}. 3a Jlemoro 1.1 poboru [9]
MaeMOo

G, A = [G,aq] - [G,as] - ... |G, ap].

Tobro [G, A] € 100yTKOM CKIHUE€HHOTO YnC/Ia YepHiKoBCchbKux rpyi. OTxe, rpymna [G, Al
TaKOXK depHiKoBcbKa. Bimbmr Toro, mm([G, A]) < rmeg, Sp([G, A]) C 7, o([G, A]) <
(0g)", ne mg = mm(G/Cq(A)), m = Sp(G/Cs(A)) ta og = o(G/Cg(A)). Jlemy

nosejiero. [
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Jlema 2. Hexau G — abeaesa epyna, A — nidepyna epynu asmomopgizmis Aut(G).
Sxwo  daxmop-epyna G/Cq(A) ma nidepyna A weprikoscori, mo [G, A] maxooc
YEPHIKOGCHKA 2PYnd.

Josedenna. Hlokmagemo D = Div(A), H = G/Cg(A). Ockimpkn rpyna H
JepHIKOBCHKa, TO ICHY€E TMOKOJIBHUN PJT

ne miarpynu H; ckingenni ta A-imBapianti. Ockinbku ingexc |D : Cp(H;)| ckinaenHmit
Jutst KokHOrO ¢ € N, To rpymna D nofgiibHa. A OCKIIbKY O/Il/IbHA YePHIKOBCHKA I'PyTa
He MicTuTh cKindeHHuX (akropi, To D = Cp(H;), naa koxuoro ¢ € N. Inmumvn
coBaM|, Tpyna [ 1menTpaJisye Koxkuy marpyny H;. Biasnr toro,

H=|]JH,

ieN
a ToMmy rpyna D nentpasisye Bcio miarpyny H, Tobro D = Cp(H).
Posrisinenmo raxi enementn x € G, o x € C(A) Ta BUSHAUNMO BiIOOpasKeHHS 1),
D — G, axe jgie 3a npasmwioM 1, () = [z, ], a € D. dkmo f — inmmit aBromopdism,
TO
(aof)(z) =a(B(z)) = a(zn.(8)) = a(z)a(n.(8)) = zn.()n.(5),
a TOMy

77x<a © B) = x_l(a © B)('T) = x_lwﬁx(@)m(ﬁ) = 771(05)7796(6)'

Takum yunoMm, 17, — romomopdizm. Binbir Toro,
[2%, o] = 27%a(2?) = 2% (z)a(z) = 27w (@) 1n.(a) = (na(@))* = [z, .

Aximo 3acrocyBaTu iHIYKI0O, TO MH OTPUMAEMO, 110 2™, o] = [z, a]™. Ockinbku rpyna
H wuepnikoBcbKa, To icnye Taxe k, mo 1 = [2* o] = [z, a]*, sBigku orpumyemo, 1o
¥ € Cg(A). Inakme xaxyuau, obpas Im(n,) = [z, D] Mae cKiHYeHHY EKCIIOHEHTY.
Takum aunom, mu maemo Im(n,) = D/Ker(n,). A ockiabKH mOaiIbHa 9€PHIKOBCHKA
rpyna He MIiCTUTH cKiHueHHUX dakTopis, To D = Ker(n,), T06TO

D/Ker(nx> = <1> = Im(nm)

A ne osnauae, mo D < Cg(z), mis koxxuoro x € G, mo = € Cg(A). 3Bijgcu
BuiLnBae ckindennicts miarpynu A. Kopucryrouancs Jlemoro 1, orpumyenmo, mo [G, A]
gepHikoBebka. Biabm toro, mm([G, A]) < rmg, Sp([G, A]) C 7, o([G, A]) < (og)",
e r = |A], mg = mm(G/Cg(A)), 7 = Sp(G/Cx(A)) ta og = o(G/Ca(A)). Jlemy

nosejieHo. [

Bure 6ys10 3a3naveno, 1mo 3 Toro dakry, mo nearpaibia dakrop-rpyna G/((G)
YepHIKOBChKa, BUILIHBAE, 110 YePHIKOBCHKOIO Oy/e i rpyma [G, G| [8]. [Ipore y Brazamiit
poboTi He OYJI0 OTPUMAHO YKOJIHUX YUCJIOBHUX CIBBiiHOIIeHb. HacTynHe TBepmKeHHS
Jlae HaM TakKl CIHIBBIIHOIIEHHd, fK1 CTOCYIOTbCH YUCJIOBUX 1HBAplaHTIB YEPHIKOBCHKOI

IpyIN.
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Jlema 3. Hexait G - epyna, i nexati G/((G) - uepniroscvka epyna. Todi [G,G
makooic uepniroscvra 2pyna. Bisvw mozo, o([G,G]) < w(o(G/((G))), mm(|G,G]) <

mm(G/((G))o(G/¢(G)), Sp(|G, G]) € Sp(G/¢(G)).

Jlosederna. Tloknamemo mm(G/¢(G)) = mg, o(G/((G)) = o, Z = ((G) 1a D/Z =
Div(G/Z). Husa nosuibHoro enementy d € D posristHeMo Bijobpaxkentst {g : D — D,
sIKe BU3HAYAEThC 3a mpaBuioM () = [d, z], x € D. Mu maemo

Salwy) = [d,zy] = [d, ylld, z]¥ = [d,y][d, ] = [d, z][d,y] = Ea(x)Ea(y),

ockinmbru Im(&;) < ((G). Takum ansoM, &4 — 1ie ermomopdism D i Mu OTPUMYEMO, 0

[d, D] = Im(&) = D/Ker(&q).

—=

Ouesnjno, mo Z < Ker(&y), Tomy skimo Ker(&;) # D, ro D/Ker(£,;) 1epHiKOBCbKA
[OJIIbHA TPyIia. 3 iHIIOro OOKy,

[d? x] = [dd, x] = [d, z]?[d, 2] = [d, z][d, x] = [d, z]*.

CKOpHCTABIINCH 1HJYKIEO, MOXKHA NoKaszatu, mwo [d*, x] = [d,z|", maa Beix
narypasbuux n. Ockinbku D/Z nepiojudna, To iCHye Take HATypasbHE YUCIO0 k, 110
d* € Z. A tomy [d,z]* = [d*, 2] = 1, nna Beix x € D. 3okpewma, [d, D] mae ckindenuy
eKCIIOHEHTY, a TOMYy He MoxKe OyTu mnomiabHon. OTpumasn nporupidus. Ile osnaqae,
mo Ker(&y) = D, 10610 Cp(d) = D. A OCKiIBKI 1Ie BUKOHYETHCS I JIOBLILHOIO
enementy d € D, To ninrpyna D abesieBa.

Hexait V = {vy,...,vs} — Tpancsepcais niarpymu D B rpymi G. Toxi V' ckinyenna
is < og. Hnsa nosiibHoro enementy v € V' posrisinemo Bijobpaxkenns &, : D — D,
sIKe BI3HAYAETHCA 3a mpaBmioM &, = [v,z], © € D. Ockinbku D abesnea, T0

&olzy) = [v,29] = [v, yl[v, 2" = [v,y][v, 2] = [v, 2][v, y] = & (7)€ (y)-

Taxkum aunomM, &, — 1ie engomopdism rpymu D ta Im(§,) = [v, D], Ker(£s) = Cp(v), a
TOMY

[v, D] = Im(&,) = D/Ker (&) = D/Cp(v).

Ouesnnno, mo Z < Ker(§,), 3Biaku orpumyemo, 1mo [v, D] — 9epHIKOBChKa TOLIBHA
rpyna (Ko BoHa HeoguHH4HA). Bimbmr toro, mm([v, D]) < mg, Sp([v,D]) C
Sp(G/Z).

Ockimbku [G, D] = [v1,D] - ... - [vs, D] (mus., mampukiaz, [9]), To [G,D] —
YepHIKOBChKa ofiabHa rpyna. Binbir roro, mm([G, D)) < smqg < ogme, Sp(|G, D]) C
Sp(G/Z).

Leurp dakrop-rpymu  G/[G,D] wmicrurs B c06i D/[G,D], a Tomy
(G/|G,D))/¢(G/|G, D]) ckinuenna i i1 TOpsIIOK He TEpeBHINye Og. 1ol miarpymna
|G/|G, D],G/|G, D]] rakox ckinuenna i Mae nopsiok He Oiibine, nix w(og) = (o)™,
e m = %(logPOG — 1), p — ne HajiMeHIIe pocTe YKCIO0, fKe ALTUTh og [4]). Hapemrri,
pisuicts [G/|G, D], G/|G, D] = |G, G]/|G, D] nokasye, mo [G,G] - 1e 4epHIKOBCbKa
rpyna, Jyisi sKol MaroTh Micte Hacrynsi coieiamomenus: mm([G,G]) < ogmg,

o([G,G]) < w(og), Sp(|G,G]) C Sp(G/Z). Jlemy noseneno. [
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3. JOBEJEHHA OCHOBHOI'O PE3VYJIBTATY

Hexait G — rpyna, A — miarpyna rpymu asromopdismis Aut(G). Ipunycrumo,
mo K — me mopmasibHa miarpyna rpynu G, i mexait K rtakox A-imBapianTtHa. s
KOXKHOrO aBTOMOpdisMy « € A BusHaumMo Bifobpakennst ax : G/K — G/K 3a
HacTynHuM npasmwiom: ak(rK) = o(z)K, mia koxuoro x € G. OueBugHO, MO
e engomopdizmom dakrop-rpynmu G /K. Hexait x — takuit ejement rpynu G, 1o
ag(zK) = K, to6t0 K = a(r)K ta a(r) € K. Ockinmbkn K e A-iHBapiaHTHOIO
miarpymnoo rpymu G, to r € K ta x K = K. Takum amHOM, )¢ — 1€ aBTOMOP(i3ZM
dakrop-rpymu G /K. Binbmt Toro, skio «, f € A, To

(@of)k(2K) = (aof)(x) K = a(B(2)) K = ax(8(z)K) = ak(Pr(2K)) = (akofk)(zK).

Takum gnsoM, Bimobpakenust ¢ : A — Aut(G/K), sike BU3HAYAETHCS 3 MTPABUIOM
O(a) = ag, a € A, € romoMopdizmoMm.

Jlosederns Teopemu A. Ockinbku mu maemo Brioderns Inn(G) < A, to Cg(A) <
Ce(Inn(@)) = ¢(G), sBigku orpumyemo, mo G/((G) < G/Cg(A), Tobro G/((G) —
yeprikoBcbka Tpymna. Tomi 3a meopemoro Ilonosuibkoro rpyna K = [G, G| takox
YEepPHIKOBCHKA, & 3 JleMu 3 BUILIMBAIOTH BCI YUC/IOBI CIIIBBIIHOIICHHSI.

[oknagemo Gy = G/K. JIng KoxkHOrO o € A BU3HAYMMO BiJIOODAXKEHHS (lgp
Gap — Ggp 38 HaCTYIHEM TPABUIIOM Oy (K ) = a(x) K, iyt koxkaoro x € G. OckinbKu
|G, G| — xapakrepuctuana niarpyna rpymu G, to [G, G| Hopmasbha Ta A-iHBapiaHTHA.
Bepyun /10 yBaru Bullle BUKJIaJIeHI MipKyBaHHsI, MU OTPUMYEMO, 110 oy, € Aut(G/K).
Binbmm Toro, icaye romomopdism @ 1 A — Aut(G/K), aknit aie 3a npasmiom (o) =
gy, o € A. Tormagemo Ay = P(A). Ockinbku G/ K abesnesa, To

(T9)av(2[G, G) = 7(2)[G, G] = g™ '2g(G, G] =z, g][G, G] = 2[G, G,

1t Beix x € (. 3ijcn Bummsae, mo Inn(G) < Ker(®), 3okpema, Ay, € eriMopdanm
obpazom A/Inn(G). A ne o3navae, mo Ay, — Y€PHIKOBCHKA IPYIIA.

Axmo z € Cg(A), 10 ag(2K) = a(x)K = K, niag Beix a € A, 3BiIKE OTPUMY€EMO
srmodens Co(A)K/K < Cg/k(Aw). Orxke, (G/K)/Cq/k(Aaw) € depHIKOBCHKOIO
rpynomo. Kopucryiouancs Jlemoro 2, Mu orpumyeMo, 10 [Gap, Agp] TAKOXK T€PHIKOBCHKA.
bBinbm Toro,

[Gaba Aab] = [G/[G’ G]v Aab] = [G7 A] [G7 G]/[G7 G]

dkmo g,x € G, 1o [g,z] = g 'z gxr = g7 7.(9) = [g, 7). Ue nokazye, mo [G,G] <

|G, A], ockinbru Inn(G) < A. Takum aunoM,
[Gaba Aab] = [Ga A]/[Gv G}

Haperri, [G, A] € posuipeHHsSM 9epHIKOBCHKOIO I'PYIH 38 JOMOMOIOI0 Y€PHIKOBCHKOI,
a oMy cama rpymna [G, A] 6yje 4epHIKOBCHKOIO.

3acToCcoBYIOUM MipKyBaHHs, siKi BUKOPUCTOBYBAJUCh IPHU JAoBeJeHHI Jlemu 2, mu
MOKEMO CTBEP/IZKYBATH, IO Iiarpyna Ay, CKiHUYEHHA, a TOMY MOXKEMO IOKJIACTH 1" =

T



O. O. IINIIKA

| Aup|. Bepyan s0 yBarn toit daxr, mo [Gap, Aw] = [G, A]/[G, G], Ta Jlemy 3, orpumyemo
HACTYTHI YUCJIOBI CITIBBITHOIIIEHHS:

mm(|G, A]) < rmg + ogma = mg(r + og),

Sp([G, A]) Cm,
o([G, A]) < (0a) w(og) = (0a)"(06)™ = (06)™*™,

e m = %(logpoG — 1) (p — ue HaiimMeHIIEe TPOCTE YHUCIO, SIKE JUIATH 0g), MG =

mm(G/Cs(A)), m = Sp(G/Cs(A)) ta og = o(G/Cx(A)). Teopemy nosezeno. [
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