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MPOU3BOJHAS p -JTJIMHA p -PASPEIIMMOM I'PYIIIIBI,
Y KOTOPOM HOPMAJIBHBIN PAHT CWJIOBCKOM p -IIOATPYIIIBI OTPAHAYEH

1

Yemanoenena  gynxyuonanvuas 3a8ucumMocmsv  HpOU3BOOHOU P -ONUHbL P -pA3PEUUMOL  2pynnbl
OM 3HAYEHUs! HOPMATLHO20 PAH2A ee CUNOBCKOU P -noozpynnel. B wacmuocmu, ycmanoeieno, umo eciu G —
P -paspeuumas 2pynna ¢ CUl08CKOU P -nOO2PYNNOL HOPMATLHO20 paHed, He npesvbiuiaioueo 2, mo npous-
600Has P -Oauna ¢gpakmop-epynnet G/ CD(G) He npesviuiaem 2 (30eco CD(G) — nodepynna @pammunu). Eciu
G — p-paspewiumasn epynna ¢ CUL08CKOU P -HOOSPYNNOU HOPMATLHO2O paHed, He npesviuaiowezo 3, mo npo-

u3600Has p -onuna gpaxmop-epynnol G/ <I>(G) He npeegvlutaem 4.

Bce paccmartpuBaeMble TpyMNibl MpeArnojaraloTcs KOHEYHBIMU. Mcmomb3yroTcs
0003HaueHus, MpuHATHIE B [1; 2].
B 1956 r. @. Xomt u I'. XurMsH npeayioKuId MOHATHE p -IJIMHBL P -pa3periuMon

rpynnsl [3]. HanomuuMm ato ompenenenue. I[lycte G — p -paszpemnmas rpynna. Torga oHa
o0nanaet cyOHOPMaIbHBIM PSIOM

1=G,cG cG,c...cG,, =G, (1)

(akTOpBI KOTOPOTO SIBJISAIOTCS JUO0 p' -rpyniamu, Jubo p -rpynnaMu. Haumensiee 9ucio
P -bakTOpoB Cpeu BCeX TAaKUX CyOHOPMAaNbHBIX PANOB Ipymibl G Ha3bIBaeTCs p -AJITUHOU
P -pasperuumMoit rpynnbl G 1 0603HavaeTcs /, (G)

Pabora ®@. Xomma u I'. XurmMena onpeenuia OJHO U3 OCHOBHBIX HAIPaBIICHUH B U3Y-
YEHUM p -pa3pelIMMbIX TPYII — YCTAHOBJIEHUE B3aMMOCBS3H MEXAY MEPOM CIIO0KHOCTH CH-
JIOBCKOM p -MIOATPYIIBl p -pa3peliuMoir rpymnmnbsl G U ee p -JuiuHbL. PasymMHO mpeamnoso-
KUTb, YTO YeM OOJbIlIE p -IJIMHA TPpyIIbl G, TEM CI0XHEE JOJKHA ObITh YCTpOEHa €€ CH-
JIOBCKasl p -MOArpyMmmna.

B 2006 r. B.C. MonaxoB [4] mpuBes NOHSITHE MIPOU3BOJHONW p -JUIMHBI p -pa3peliu-
Mol rpymmel. [Tycte G — p -pa3pemumas rpynma. Toraa oHa o0jagaeT CyOHOPMAIIbHBIM Psi-
nom (1), kakeiit hakTOp KOTOPOTo ABIISETCS MO0 abeeBoil p -rpymio, Iu6o p' -rpymnmoi.
Haumensbiiee yucio abeneBbix p -(pakTOpoB cpeau BceX TaKUX CyOHOPMaIbHBIX PSAOB IPYII-
nbl G Ha3bIBACTCS MPOU3BOJAHON p -IUTMHOW p -paspemumoii rpynnsl G u 0003HavaeTcs

* Paboma evinonnena npu ¢unancosoil noooepoicke BPODHU (2panm Ne D17M-063).
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a w < o <
uepes [, (G) [Ipocreimme CBONCTBA MPOU3BOJHON p -IUIMHBL p -Pa3peIIMMON TPYyIIIbI IIPU-

BeJICHBI B JleMMe | HacTosmiei padboTel. [TorydeHn o OIICHOK MPOU3BOIHON p -JTUHBI p -pa3-
pEIIMMO¥ TPYTIBI B 3aBUCUMOCTH OT CTPOSHUS TIOJATPYTIT TPYIIIBI MOCBSIICHBI padoThI [5—7].
HanomHum, 4to HOpMalbHbIM paHr 7,(P) KOHEYHOH p -rpynnsl P onpezaensercs

CJIEAYIOIUM 00pa3oM:

r,(P) = max log,, | XID(X) |,
X<P

rie X mpoberaer Bce HOpMalbHbIE NMOATPYHIBl rpynmnsl P, B ToM uucine U P. 3xech
®(X) — moarpynma @partuau rpynnsl X . M3 Teopembl beprcaiina o Gasuce (Teopema

I11.3.15) [2] cnenyer, 4TO HOpMaNbHBIA paHr 7,(P) ecTh HauMEHbLIEE HATYpalIbHOE YHCIIO
k Takoe, 4yTto ;Mo0as HOpMajbHas MOATPYyNNa p -rpynnbl P mopoxpaaercss He Ooiee uem

k snemeHTaMHu.
B.C. Monaxos B [8] ycTaHOBUII, YTO:
1) ecmu G — p -pa3pemmmasi rpymmna ¢ CHJIOBCKOW p -TIOATPYIIIIOH HOPMAJIbHOTO paH-

ra <3, TO p -JUIMHA HE MPEBBIILIAET 2;
2)ecmu G — p -paspemmmas Ipymnma ¢ CHIOBCKOHW p -TIOATPYINON HOPMaIbHOTO
paHra <2 1y HEYETHOTO p , TO p -AJIMHA HE MPEBbIMIAET 1.

PazButuem pe3ynpTaToB paboTHl [§] ABISETCA Cleayomas
Teopema 1. Ilycmv G — p -pazpewiumas epynna ¢ CUlO8CKOU P -NOOSPYNNOU HOP-

manvHoeo parvea < k. Toeoa

2
1) ecnu p ¢{2,3}, mo IZ(G/CD(G))Sk%:Hz;

2
2) ec pe {23}, mo I4(GID(G)) < #.

1. BcnomorareJibHbIe pe3yJIbTaThl
W3 onpeneneHuid p -IUIMHBL U IPOU3BOJHON p -IJIMHBL p -pa3pelIMMON IPyIIIbl Cie-

nyer, uto [,(G)<1(G).

Jemma 1. ITycmoe G — p -paspewumas epynna. Tozoa:

1) ecnu H — nooepynna epynnet G, mo I (H) <13(G),

2)eciu N — mnopmanenas nooepynna ecpynnet G, mo I,(G/N)<15(G)
ul,(G)<I(G/N)+I7(N);

3) eciu N — nopmanvuas p'-nodepynna epynner G, mo [,(G/N)= Z; (G);

4) ecru G u V' — p-paspewumvie epynnol, mo 1, (GxV) = max{l; (G),IZ(V)};

5) ecnru N u N, — nopmansnwie nooepynnet ¢ G, mo
1*(G/(N, A N,)) = max{{*(G/ N,),I*(G | N,)}.

Hoka3arenbcrBo. [ist p -pazpenmmoit rpymmsl G 3apukcupyem cyOHOPMAITBHBIN Pl

1=G,cG cG,c...cG, =G,
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rne G,/ G — 6o aGenesa p -rpynmna, 6o p' -rpymna, IpudeM Yucio abeneBbx p-(hakTopoB
conanaer ¢ t =17(G).
1.Pan 1=H,cH,cH,c...cH,,=H, tne H, =G NH Gyner cybHOpMaIbHbIM

psinom moarpymmel [ , npudem dhaxTopbl

H/H, = (G nH)/(G, NH)= (G, NH)G, /G,

1 1

spistorcs noarpynnamu gaxrop-rpynn G,/ G;. [lo5ToMy B IIOCTPOEHHOM Psijiec HOATPYTIIEI
H xaxnpiii dakrop mu6o p'-rpymma, mmubo abeneBa p -Tpyiina, Mo abenaeBbiX p -(akx-
TOPOB HE MPEBOCXOUT uncia ¢ . Takum obpasom, [ (H) <t =17(G).

2. SlcHo, uTO psf

1=GN/NcGN/NcGN/Nc...cG,/N=G/N,
Oynet cybropManbHEIM psagoM rpynmnsl G/ N ¢ pakropamu

(G N/N)I(GN/N)= G, ,N/GN =G, (GN)/GN =
=G, /G, "GN =G,,/G(G, "N)=G,,/G,/G(G.,, NN)/G,,

nzoMoppubMu axtop-rpynmam rpynn G, /G;. TlostoMy (akTopsl MOCTPOEHHOTO psaa
s pakrop-rpymmel G/ N Gymyt muGo p'-rpynmamu, nuGo aGelneBbIMH  p -TPYIIAMH,
¥ 9ucio abeneBbIX  p -(GaKTOPOB HE MPEBOCXOMUT 4ucina t. Takum oOpasowm,
[(G/IN)<t=1(G).

Ilycts N —nopmanbhas p'-noarpynna rpymmnsl G, v mycTh
=X,/ NcX,/NcX,/Nc...cX,/N=G/N,

cyoHopMasbHbI psax pakrop-rpynnsl G/ N ¢ dakropamu, SBIAOMUMUCA p' -TpyNIaMu
WK a0ENeBBIMH  p -TPYyNIIAaMH, TPHYEM YHUCIO aleneBbIX  p -(pakTopoB  COBHagacT

¢ [7(G/N). Toraa psin
ISNcX,cX,cX,c...c X, =G,

Oyzner cyOHOpMalbHbIM 11st rpymibl G, hakTopsl 3TOTO psjia SBIAKOTCS MO0 p' -TpyHnaMu
Wi a0eleBbIMH  p -TpyNIaMH, TPHYEM YHCIO aleleBhIX p -(pakTOpoB CcOBMAgaeT

¢ [;(G/N). V3 onpeneneuusi NPOU3BOAHOW p -AnuHBL cnenyer, 4to [7(G)<I/(G/N).
Tax kak yxe nokasano, 4to [, (G/N) <17(G), 10 I;(G/N)=1,(G).

3.Tlycte N — HeequuuuHas HOpMalibHas abeneBa p -noarpymnma rpynnsl G u

1=G,/NcG/NcG,/Nc...cG,/N=G/N,
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cyoropmanbubii pan rpynnsl G/ N, (aktopsl KOTOPOro sBISIOTCS JuOO p' -rpynmnaMu
win abeleBbIMU  p -TpyNIaMu, MpUYeM 4YHuciao abeneBblX  p -(DaKTOpOB  COBMAJAET

¢ [;(G/N). Torna
I<NcG cG,c...cG, =G,

TaKoro e tina psag rpymisl G, B KOTOpOM 4uciio abeseBbIx p -(pakTopoB paBHO 1+ I,(G/N).
13 onpenenennst NPOU3BOHON p ~JUIMHBI nony4aeM, 1o /,(G) <1+1;(G/ N). Ilo myHkry (2)
fokaspiBaeMoi iemmbl [ (G / N) < 17(G) , nostomy [,(G) <i+I[;(G/N),rne ie {0,1}.

4. Tak kak G u V' — noarpynnsl rpynmel GXV', to u3 nynkra (1) nokasbiBaeMoit
nemMMmbl - creyet, uto maxy,(G),[; (V)< I (GxV). IlokakeMm, HCIONb3ys WHIYKIHUIO

no |G|+

, 0OpatHoe yTtBepxxaeHue. Ilyctsh

1=G,c G, c
1=V,chc

cG, (2)
cV, (3)

IN
IN

..cG,

2
£

IN
IN

cyOHOpMaIbHbIE psAabl p -paspemumbx rpynn G u V', B KOTOpbIX yKcio abeneBix p -(hak-
TOPOB PaBHO l;’ (G) n l; (V) cootBercTBeHHO. IIpeamonoxum, 4TO OJHA M3 MOArPYIII
G/G,,, VIV, asnserca p'-noarpymmnoii. Ilycts, nanpumep, G/ G,, — p' -noarpynmna. Toraa
(G)=1(G,), a mno wmmaykmuu [ (G, xV)= max{l;(Gm )Ly (V)}. [TockonbKy
(GxV)/(G,xV)=G /G, ssserca p'-rpymnoid, To [;(Gx V) =17(G,, xV) u yTBepxknenue 4
CIIPaBEJIJIMBO.

Iycrte tenepy G/G,, u V/V, spasrorca p -noarpynnmamu. W3 BeiGopa psnos (2)

u (3) enenyer, uro 1,(G,) =1(G)-1, I;(V,) =1;(V)—1. [lelicTButensHo, y psaa
1=G,cG, cG,c...cG,

uncno abenesbx  p -pakTopos pasHo [7(G)-1, nostomy [7(G,)<I[;(G)—1. Ho ecin
1,(G,) <1;(G)—1, 10 y pana (2) uucno abenesbix p -akropos pasHo [/ (G,)+1<17(G),
4TO NPOTUBOPEYMT BBIOOPY oTOro psima. lostomy [7(G,)=1;(G)—1. Amuanornuso,

L,W,)=1(V)-1.Orcrona cnenyer, 4to
max{*(G),1* (V) |=1+max{{*(G,),I*(V,)}.

Wcnonb3ys  wupykumto, — momydaem:  [(G, xV,)= max{l; G, )}. Tak  kak

(GxV)IG,, xV,)=G/G, xV |V, sensercs abeneBoii p -rpymioi, To
1(GxV)<1+14(G,, x V) = max (G, 1%(V)}.

Vr1BepxkaeHue 4 1okazaHo.
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5.1ycte Ny u N, — uopmansusie noarpymnsl B G. Tlo nemme Pemaka, rpymma
G/ N, NN, ssnsetcs noarpynmnoi rpynmnsl G/ N, x (G/ Nz), o3TOMy U3 MyHKTOB (1) 1 (4)
JI0Ka3bIBAEMOM JIEMMBI CIEAYET, YTO l;(G/(N1 mNz))=max{l;(G/N1),lZ(G/N2)}. Jlem-

Ma JI0Ka3aHa.
Jlemma 2. [Iycme G — p -paspewumas epynna u t — Hamypanvhoe uucio. Ilpeono-

noocum, umo 1 (G/IN) <t ona ecex neeounuunvix nopmanvioix nooepynn N epynnor G,

o 1,(G)>t. Toeoa:
1) O,,’ G)=1;
2) ¢ epynne G cywecmgyem monbko 00HA MUHUMANbHASL HOPMATbHASL NOOZPYNNA,
3) F(G)=0,(G)=F(0,(G));
4) Co(F(G) c F(G).
Joka3zarenbcTBO. JIeMMma BeiTekaeT u3 [, nemma 4] npu 7z = {p}

3nece O . (G) — Hambomnblnas HOpMajibHas p'-moarpynna rpynmsl G, F(G) — noa-
p

rpyrina GUTTHHTA, T.€. POU3BEICHNUE BCEX HOPMATbHBIX HAJIBIIOTEHTHBIX OArPYI rpymmnsl G .
Jlemma 3. [7, teopema 3.1]. Ilyems G — p -paspewumas epynna, G, — cunosckas

p -nooepynna nopsoka p". Toeoa:

1) ecnu p & {2,3}, mo 1,(G) < HTH

2) ecu p € 2,3}, mo 14(G) < 1+%.

Jlemma 4. [8, nemmer 7-8]. Ilycmos P — p-epynna u N — nopmanvnas nooepynna

epynnor P. Tozoa:
1) log, |N/®(N) <r,(P);

2) r,(G/N)<7,(G) r,(GIN) <1, (G).

2. OcHOBHbIE pe3yJbTaThbl
Teopema 1. Ilycmv G — p -pazpewiumas epynna ¢ CUlO8CKOU p -NOOSPYNNOU HOP-

manvHoeo panea < k. Toeoa
2
1) ecu p {23}, mo 14(G/D(G)) < k%”;

2
2) ecnu pel23}, mo 14(G/OG) < FHEES

Jlokazarenberso. Iycts G =G/ d)(G), T.e. ®(G)#1. OueBMmHO, YTO CHIOBCKasS

p -oArpymmna G » TPYIIIBI G wuMmeer 7, ((_? » )S k . JleficTBUTEIIBHO,
G, =(G/®(G)), =G,®(G)/®(G)= PO(G)/ ®(G)= P/(PND(G)).
Tax kak ro temme 4 7,(G/N)<r,(G), To

(G, )<r(PUPN®G))<r, (G)<k .

n
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3Hauut, Qakrtop-rpynna G/ CD(G) YOBJIETBOPSIET YCIOBHIO Teopembl. [loaTomy

s p & {2,3} momyuum

K +k+2
4

5

12((G/0(G))/ d(G/0(G)) <

ai pe {2,3}

z;((G/@(G))/@(G/@(G)))gLf“‘.

Tak kak (D(G/ (D(G))=1, TO CHPABEIIMBO 3aKjIHOUeHHE TeopeMbl. IlosTomy B naib-
Heifmem cuutaem, uto ®(G)=1.

Ilycte G — rpynmna HauMEHBLIErO MOpsJKa, JJISI KOTOPOW OLEHKU IPOU3BOJIHOU
P -JJIMHBI HE BRIMONHSIOTCS. O4YeBUAHO, 9TO Bee (hakTop-rpynnbl G/ N yIOBIETBOPSIOT yC-

noBut0 TeopeMsbl. [1o nremme 2, B rpynne G CylecTBYET €IMHCTBEHHAs MUHUMAaJbHAs HOP-
MaJlbHas NOArpyIIa

OueBuaHo, uTo N < P . Ecin |N| = p“, 10, mo jemme 4 1), a <k, Tak Kak CD(N)zl.

[Tostomy G/ N m3oMop¢Ha MOATPYIIIE TPYIIITEI GL((Z, p). Tak xax

|GL(a,pX=(pa _lxpa _p)_m.(pa _pa—l):pa—l _pa—Z pl s,

rIe HOﬂ(s,p) =1. Torma

a=2 1 2 t

|[P|=p™-p* - p*pl=p

o nemme 3 /7 (G/@(G))S% npu p 12,3} n I, (G/@(G))£1+% mpu p € {2,3}.

Torma st p ¢ {2,3}

1+

+1 )
_ara+2 _kT+k+2
2 4 -4

1°(G/®(G))< (

p

U pE {2,3}

I+
[2)0{ a’+a kP +k+4
1(G/D(G))<1+ s

Teopema nokaszaHa.
U3 teopembl 1 BbITEKAET psif| CIIEICTBUM.
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CaencrBue 1. Eciu G — p -paspewumasn epynna ¢ CUio8CKou p -nOO2Pynnotl Hop-
ManbHo20 panea < 2, mo npouzeoonas p -oauna gpakmop-epynnot G/ ®(G) He npesviuaem 2.

Jloka3zareabcTBO. Tak Kax 7, (Gp )S 2=k, To, mo Teopeme 1,

K +k+2 k2+k+4}_ K+k+4 2°+2+4 5

2

[ (G / CD(G)) < max{ 1 , 1 1 1 5
T.€. ll‘j (G) < 2. CunencTBue JOKa3aHO.

CaencrBue 2. Eciu G — p -paspewumas epynna ¢ CUuio8CKOU P -noo0cpynnou Hop-
ManvHo2o panea <3, mo npou3eoonas p -onura gpaxmop-epynnvl G/ O(G) ne npesviuiaem 4.

Joka3aTejabcTBo. Tak Kax 7, (Gp )S 3=k, To, mo Teopeme 1,

k> +k+2 k2+k+4}_k2+k+4_32+3+4_

, 4
4 4 4 4

3

12(G1(G)< max{
T.€. [} (G)< 4. Cnencreue nokasaHo.
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Pykamic mactymiy y pagakupito 27.03.2018

Gritsuk D.V., Trofimuk A.A., Bondaruk T.V. The Derived p-Length of a p-Solvable Group
with Limited Normal Rank of Sylow p -Subgroup

The functional dependence of the derived p -length of a p -solvable group on the value of the normal
rank of its Sylow p -subgroup is established. In particular, the following results are proved: if G is a p -solvable
group and the normal rank of Sylow p -subgroup of G is at most 2, then the derived p -length of the quotient
G/ CD(G) is at most 2 (here <I>(G) is the Frattini subgroup), if G is a p -solvable group and the normal rank
of Sylow p -subgroup of G is at most 3, then the derived p -length of the quotient G/q)(G) is at most 4.



