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[TEFE]JMOBA

Onuc yasazaavHens odedexindosux zpyn axkmusno sdilcnio-
emecAa exe Olavwe 100 poxis. 3aswauuao, wo wlavxicms
maxux docaidmenv HesnunHo spocmae. Ha ix ochosi sunu-
Kawmb Hoel nepcnexmueHi | camocmiini pozzaaymcenns 8
meopil zpyn. Odne 3 maxux poizanryxcenv 00epIYembes Ja
donomozorww noHammsa winvnocmi drs pignux cucmem nio-
epyn. HocaidweHHR 8 HwOMY npodosicyiombea exce Oinbuie
50 poxie. Onucy 2pyn 3 ymosamu wirsnoeml nopmaiviocml
ma malxe HopmaasHocmi 0AR pisnux cucmem nidzpyn |
npucesyicHa dama moHozpadia.

Asmop sucnosnioe wupy nodaxy ecim, xme nidmpumyeas
liozo na npomasl Gazamuox pokia pobomu Had MoHozpadplew,
Ocobauey sdavnicms sucaoarion wieny-kopecnondendy HAH
Yrpainu, dokmopy (iiuxo-mamemMamuinux Hayk, npogecopy
C.M. q’epnixﬂﬂ#lma dokmopy (isuxo-mameMamuitux Hayx,
npogpecopy | C.C. Jleslwennyl Oxpemo adaunuit eidnosidans:
HOMY pedaxmopy ma peyeHieHmam. Aemop mawoxw 2iuboro
adaunul dupexmopy Incmumymy nedazoziku AITH Yrpainu,
axademiny AITH Vipainu, npogecopy B.M. Madsizony ma
axademixy AITH Yxpainu, npoecopy C.V. M'ovvapenxy.

Maw wadiw, wo dawa mMowozpagia Oyde 3 yeazo010 cnpuil-
Hama cneylanricmamu 3 anzefpu AK 3a MOBUIHOKW OdepMAHUX
pesyavmamia, ma i nepcnexmuaoiy ix y3azaibHenib.,

Bepecenw 1997 poky Aamop




Bize Oineme cra pokim agifCHROETBCH iFTeECHBEe BHBYEHHA TPYO, ¥
AREX OEAKi CHACTEME I[Arpyn GajoOBOMALEANTE nesEl YMOBH
(ofmerxenma). SasHAYAMO, MO TeMI i ramGEEA TAKHX MOCTIMKEHD
HeROWHEG SpocTawTs. Llell HAUPAMOK gmpyenns rpyn Oepe ceilf
mouaTor o rpyn laminsroma (1], rpym Minnepa—Mopeno [2], rpym
IInigra [8). Ocobnmey pose B NOAAJBINONMY POUBHETKY NLOr0 HANPAMEY
girpasm  pobors  0.10. imigra [4 — 6), P.Bepa [T - 11},
O.T. Kypoma, C.M.Yepmixosa [12], C.M. 'epsixosa [18 - 81),
®. Xonna [32]), B. Hefimana [38 — 84]. ¥V mift minsam gocmiayens
opepxane OGAraTC BANARBEX pna?mnﬁl. s mmx malbinem sckpasi
sonca omatre s crarrax [12, 21 - 28, 95, 28, 86 — 42], slipEurax
EAYKOBRX Opans IBCTETYTY MATEMATHERE HAH Vxpaimm [48 - 61],
momorpadiax [62 — T9] ‘

3 meneximpoemx (H-) rpym, Tobro rpym, ¥ SKHX HopMATLEL BCl
mArpymH, DPOSOOYANCCH BEBYEHHA popimsERX (#K CKIFUERHEX, TaK i
geckiFyeEHEEX) TPYD, ¥ SRHEX JeAxa CHCTEMA migrpyn L safoBONLEAE
ynmosy mopuamsrocti (H). Ommc exiggesERX H-rpyn HABSAEHO ¥ poboTi
P. Hegeximaa [1], a seckimveEHEX — ¥ poSori P. Bepa [7]. 11 pofors

JAMOYATKYVBAJDN BAXTHANE HANDAMOK pocaipxess B Teopil rpym.



lFonosnOX0 MeTOX OBOTO HANPAMKY € ONEC Y3ATAMbHEEB JAefeKiHioBux
rpyn (ame., manpmxnan, (4, 6, 21 - 23, 26, 27, 29, 78, 77, 79 -
168]). 1Ii ysarancmeEEs jmegeximnoemx rpyn apificHiolrses 860
IMAAXOM SBYMEHHA CHCTEMH Oifrpyn I, mo € HODMANLHEMH B yeill
rpyni, a6o nocnalnesEaM BAACTEBOCTI n;pumnmﬁ pns migarpym ia I,
Cepen Taxux ysaranbHeHb BiASHAYAMO EACTYOHL NOCTiIREHHS.

[lepme cyrrese ysaransHeHHS AefexiEmoBRX rpyn  OJIepXKAaB
O.10. Illmiar [4, 6]. Bim onmcas ckimuenmi rPyoH 3 OAHEM i JABOMA
KJASCAMH CHOPDAMEHHX HEHOPDMAJNILHHX IATPYN, & TAKOM VYCTAHOBHS
HiNbNOTeHTHICTS cKimvewmmol rpymm, y sxol =opMansmi Bei
MAKCHMANLEL marpyon [4]. Ckisvenni rpynm o mopMameEaMB | ruMu
MAKCUMANBEEME miarpyname spevwans B. Xynmepr (i = 8) i 3. Anxo
(i= 4, 5) [80 - 82). . Baxxi [83] supuas cximgemmi rpymm, v axmx
BOpMasbEl  BCi  Mimimameni minrpyma. Bararo asropis  (gms.,
manpeknan, [B4, B85]) eueyamm rpynE 8 CRiFYEHHEWMHE KIACAME
COPAMEHAX HEHOPMANLENX HArpyO.

H. Iro [86], H. Ito, ¥, Cen [B7) runuanm rpynH 8 cKimueEHEEME
KJACAME HeiaOMOpDHEX HEHODMANEHEX MATPYL.

CAVBAMHMO, [0 SEYHEHHA L J0 CHCTEMH Beix abenemmx (A),
oExmivEnX (C) i BapiTe ReposkAafERX HEKMUAENX migrpyn rpynmn G ge
OPHBOAHTE N0 POSMIUPEHHEA Hadcy pgegexiamosux rpyn. Cyrreso
POSIIEPOETHCA KAAC AefeKiIHAOBHEX rpyn OpH opy:KeHHlI L 10 cHCTeMA!
mensraiveax (C) oigrpyn (H-rpymu); segmpxniwanx afenentnx miarpyn
(HA -rpymm); seabenesux (A ) migrpyn (H(A )-rpymm).

Onnec mepnmx H- 1 HA -rpyn onep:xas ©.M. JIuman [88 — 93].

Meraraminsromoni a6o H(A )-rpymn ssis B poarasa I''M. Pomanie
[94]. Pismi BnacTumocri meraramimsromosux rpyn otpumana .M. Po.
manic 4 M.@. Cecerin [96 -~ 87), C.M. Yepniroe [26, 27, 73)



B.T. Harpefenesrnit [98] onucas ckimuensi HeHINBLOOTEHTHI MEeTa-
raminpromori rpyma, 0.0. Maxmson [99] — cximwemmi MeTaramMiab-
TOHOBI rpymH 3 HemeRTpansHEM KoMyTamrToM. IloBEME ODEC NOKANBHO
CTYNIHYACTHX MEeTaraMiJLTOBOBHX TPYO OfeDIKANH M.D. Kyvaennnii Ta
aprop [77, 100 — 109].

[Ipe sMBYeHH] HECKIHYEHHEEX rPYN NPHPOAHO BEALIAIOTHCH Taxi
KJACH TPV, ¥ AKHX L anymym JI0 CHCTeME: HECKiFNYeHHAX HiArpyn
( INH -Trpymm); HECKIHUJeHRHHX afeneBnx miarpyn ( IH -rpyma);
meckinyennnx meabenepux mixrpyn (1H -rpymm).

KomcrpyrTuermi onac INH- T& |H-rpyn ojep:xas C.M. YeprixKos
(22, 23, 29, 78].

Knac TH-rpyn susuas C.M, Yepsixos [21, 26, 27, 73]. Busuenns
11 -rpyn npoposxsure M.@. Kyasermuit, C.C. Jlesimenxo, 1.51. CybboTin
ra agrop B [110 - 112]. KomcTpyKTHERHE OOHC JIOKAJILHO CTYIH-
gacTEX 10 -Ipyn MoxHS spaita 8 [TT].

- ¥ poBorax ®.M. Jimmaswa [113 - 120] i poGori @.M. Jiamasa,
T.T, JHenmewenwo [121]1 I seyicyersca [0 CHCTeMA: DPOSKIARHEMX Y
npaMuaE  A0OYTOK ABOX HEONHHHYHEX marpyn; MAKCHMANBHEX
afenesuX MmWArpyn pasry 1 HeIpocTHX NOpAJKIB;, MAKCHMAMBENX
abenesux migrpyn paary 2; pd-miarpyn pAs AeSKOro HpoCcTOro IHCAA
p € n{(G); HEUERIIYHAX pd-ninrlgwn; pPOSKJIAAHAY ¥y OpAMER JODYTOK
pd-miarpyn; abenenmEx Hemmemiwmmx pd-mLArpyIm, peckimgenEmx pd-
aiarpyn; Heckimpuennax abesesux pd-nmigrpym.

7.0. [lleMeTkop BABYAR CKiHueHmi rpyn#, ¥ AKHAX HODMAJILEL
nosTOpEi n-ieTARo Maxcumansel marpyou [122, 123].

B.T. Harpefiennkamii [124] pupuap criguensl rpyms, y AKX HOp-
mareal Bei memimsnoTenTRl miarpyns. KOECTPYKTHBHEI ONKC 3HAYHOTO

VAATANLHeHAS TAKAX rpyn oxepmxano B [T7].



fredy Myuwuia 4ev — lar) BMBYHAB TPYOH, ¥ AKHX HOPMANLHA
KOMHA IMArpYyOs KOMVTAHTA, )

I. opparo [128] i A. Dargpaxi [129] emeuanw wHeabenesi
JOKANBHO CKRiHYeHHI IpymH, v AKHX KOKHA miarpyna abo sbiraerscs a
CBOIM HOpMajisaTopom, abo HOpMANBHA. Koscrpyxkraepauit  onmc
ySaraJibHeHb TAKHMX rpyn omepxkaso B [130 — 133).

M.C. Yepnrikos [134, 1835] onmcam meabenegi rpyoM, y HKHX
BOpMAnbHEL Bei abenesi migrpynm, mo me obiraloThes o CBOIM
HOPMAJIIBATODOM,

JL.A. Kyprauenko, B.B. ITnaaes [1 36] onucanu NOKANBLHO Maiiwe
pusB ASHI rpynm, y AKHX HODMANBHA KOMCHA MArpyna, mo He Mae
CKiIHYEHHOI CHCTEMH TBipDHUX e/IeMeHTIB.

[ile onue mMeron sBy:KeEHS cueTeMu ¥ Gepe ceiil mouarok a pobir
C.M. Yepnikosa [80] i 1. KenmiTa [137]). Lmes nsoro merony nojsarae B
TOMY, mo B rpym G suginsersca Taxa Bracma migrpyna § (cemapyioua
MArpymna), mo KoxeAa miarpyna I, Aka Be MICTETECH B S, Mae mesHy
sractueictes V. Taxki rpynm Gygemo =asmearTm V(Z,S)-rpynamu, ¥
BADBAKY, HOnMW L — me sei migrpynm, mpocro — V(S )-rpyoamm,
R. Kenwmit [137] ra A.®. Bapanuik [138] nesanemxso scramosmau, mo
H(S )-rpynn MawTh cHiH'-IEHEHﬁ. orrriyEnd komyranr. [loeruit onmec
'H[:i]-rp:rn Oea Oyam-axux oOMeMens HABENEHO vV pofiorax
M.®. Kyoersoro ra asropa [77, 139). T.I'. Jlenewesxo [140] mocnin-
wysana cximgesni H(C,S)-rpynn.

JHEYH] POSMMpERHEA KJAACY AeAeKiBJOBHX rpyn BMHWKAKTE HpH
nepexoai six yMoBm wopmamsmocTi g0 mesKmx i VAAraneness, A,
HAOPWRIAL, a0 kpasinopMamsrocti [141], cyfropmpasroeTi (142, 149)

. Takox [166 - 168)), mopmanzatopuoi  yworn [2%, 4]



pposopmamsrocri [130 - 182, 144], wmaiixe sopmamsuoctl [84, 1486,
146] Ta in.

BynuEEMocH HA YMOBI Maixe mopmansaocTi. Haransewmo, mo
migrpyna H rpyns G HASHBAETECH Maft;xe HOPMANLEON MATPYOON
rpynz G, Koms lHAEKC [G:Ng(H)] cximvemami. Opmi ia DeporEx
pHAYHEX YBATANEHEHE AeNERiHJOBNX DY, gl mos sAsami 3 DOHATTAM
MafiyRe HOPDMANBLHOL MATPYIE, omepxami B. Hefimamon [34]. Bim
noxkapas, Mo rpyma, y axoi Bci miarpymE mafiyke HODMAMLHL, €
I;Eiﬂﬂmm geg meErpoM Tpymoml. Takmi ke pesyasTaT Omepan
I.I. €pronin [145] ana rpym, ¥ AKAX meiimxe HOpMansEi BCi TIABKE
abenerl migrpyns.

I.I. Epromin [146] posmouas BHEBUCHEA nepiogRYEEX TIpPyd, ¥
AREX Malise HOpPMANLH] BCl mgeckimwensl marpyns. Bir sCTAHOBRE, MO
TOKANLHO CKiEWeHAI rpyn® TAKOre popy abo ckipveHEHi Haj OeHTPOM,
afo e rpymamm Yepmixosa. 3as3HAYHMO, OO HE ¥ peakifl vepEiKOBCHKIR
rpyii Heckimwensi MArpyms Maitxe HODMANBHEIL. Henepiogwasi rpynm 3
AecKiEYeEERME Malime HOPMANPHEWMHN migrpynaMm  pAHimE He
B BYAJIHCE. \

B yeix pamime aragammx poborax ofMexeHEER B AOCTiIMYBAHEHX
rpynax HAKIAJAIHCE HA Bclh :ﬂ,nrpynz nﬂaxu‘i cnmuﬁ T. 3poaywNino,
MO YSArajLEEHHA TAKHX rpyn MOMHA ONEpKATH, HARIGLAITH
ofiMexxenas Ha meaxi mixcmcremm i3 . Gmaie.m 3 edexTEEHEX
anacTEROCTEl, MO AOSEONAE BRILIATH mpacsereMu is I, € BEIWHEHHEA
opmiei miarpynm is I B i=mry. [lpe meoMy Digxofi BRENKIN DOHATTA
rpassmraegocti [77, 147 — 168] 1 mimsmocri [169 — 168].

A. Mamgm [169] seiz i mocmimxysas ckimwennl rpynE 2 YMOBOX
miAeHOCTI HOPMAJNBHOCTI AnA BCIX migrpyn. I'pyna G BasRBRETHCH

TPYOoNK 3 YMOBOMO i ALHOCT] HOPMANBHOCTI IS seix olarpyn, =ERIOO




ana Oyas-sxol mapm marpynm A 7Aa B is G TakEx, mo A - BIACHA
HEMAKCHMANLEA miarpyna o B, » icHye mopmansas migrpyna N is G i
A<N<B. Bupueass TAEMX CKIEYSAHHEX PYO OPOSOBMEIR
M.®. Kysemumit, B.B. [mnaes [160 - 163]. Ii asropm ommcanm
rimsekE cxisgesni weminpmoTesTEL rpynm  Taxkoro pomy. Taxi
EiABDOTERTHI rpyns snepme cnucani apropom 5 [193]. B.E. lNopensxa#
[164] ommcar mecRimweEEl AORKANEEO CTYHIHESACTI IPpYyHDH 3 YMOBOKD
O AEEOCTI BODMANBHOCTL JUia HEecKirueraux afenesmx marpyvo.

JL.A. Kypaawesro, B.E. lopensxafi [165] orpamamm ommc
MOKANEEO Maliyke pOSBE HGHHMX TIDPYI G VYMOBOR miigsEocTl Maiime
HOpMANLHOCTL Ans Beix migrpyn. Bomm =masmeaiors rpyny G rpymomo a
MALEON (CTPOTO mABHEOI) CHCTEMON MANI)KEe HODMANBHEX MATrpyI,
axmo nag Gyak-AKEX GBOX 0O miarpyn A < B, e A — HeMAKCHMATbHHA
B B, icmye Taxa wMafxe HOpPMANLHA mnrpyna H, mo A<H<BH
(A <H<B) ¥ pobGorax [81, 166 - 168] repmis "mimemicors”
HACHEBAETRCA YoaranbeEenow minsgicTo. 1li poborm mpmceaweri ommecy
rpyn 2 mMmineEOX CECTeMON AOTOBEIOBAHEX i cy(mopMansEEX Digrpym.

B namiii pofori Taxomx pocamigmyiorscs rpynm ¢ ofmMexeEEAME
mOpMaTBHEOCTI TA I yearameEEHb ANA FeAKHER cmcrem marpyn. Ile
mgreeppxye i axryamsmicts. B mifi memmuamrTeca rpynm @ ymopaMm
IMiNsEOCT] HOPDMANMLEOCTI Ta Madme HOPMANBEOCTI ANA CHCTEM IMATPYT
ROCETE mEporEx xnaciz rpym. Ilomarrs mimsEocri Oasyerscs =HA
momarri mposimky (A;B). Hexafi G — rpyna, A Ta B - ii miarpynm,
A < B. Bigpiskom (igrepranom) [A;B] ((A;B)) HaomBAETHCA MHOMIEA
peix TeEx 1| Timexm TEX mgrpyn X i G, ans axEx A < X < B
(A < X < B), Iipgierepeanon (A;B] ™= [A;B) EASEBAETHECA MEOKHHA
BCcix TEX i TimexE TEX marpyn X i G, ans AkEx A < X < B um

A <X < B, Mpomimxom {A:B) masmeaerhca sigpisox, imrepsan um



misigrepsasn. MoayaeM npoMixKy /{A;B})/ BHasEBAETBCA YHCIO doro
enenentis, KOMEES 3 IEX TOHATH ARE MOMKIUBICTD puninsTe HOBi, plomi
gnacu rpyn. le miaTeepaxyeTsca OCHOBHHM TexcToM poboTH.

Pofora CHJAANBETHCH 8 UYOTHPBOX posainie. B nepmmEx TPBOX
poaainax MOBHICTIO OmMCARL JIOKAJNLEO crymimuacTi AK CKiEUeHHi TAK 1
peckinuensl rpynH 8 yMOBAME pismoi miassocTi HOPMAJTLHOCTL ANA
miarpyn (reopemu 1.4.1, 2.2.8, 2.8.1,8.1.1, 8.1.2, 3.2.1, 8.2.2, 3.3.1,
8.8.2, 3.4.1, 8.4.2). Pooain IV pprcasdeRNi AOCHIJKERRAM TPYD 3
obMexeHsAME UpiasEocT Malixe HOPMANLEOCTI ANA PloRMX CHCTEM
nizrpyn (Teopemu 4.1.1 — 4.1.8, 4.2.1, 4.2.2).

Ocmopmi pesynsTaTE poGOTH HOBi, MAKTH HOBHE nosegesHA |
onybsixomami y [169 - 204] 1 omaqHo yaaAranLMIOTE  Bigomi

peaYNBTATE 0O nexid Temareni.
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POBININ I
BYJIOBA JIOKAJIbHO CTYIIIHYACTHX LIH{ }IPYII

1.1. JOMOMIXKHI PE3YJIBTATH

Ozmewornsalll (dus, nanpurrad, [74, § 2]). ITidzpyna A
epynu G HAIUGREMBCE MAKCUMEALHOW nldzpynow G, axuwo a8 G He lenye
mawol nidepynu B, wo A < B < G.

Ipyna G hasusaemubes ceoew J-Maxcumarshow nidzpynoio.

Maxcumarvna nidzpyna epynu G Hazusacembcs 1-MakcumMaasHol
nidzpynow zpynu G.

ITpu n > 0 nidzpyna A epynu G na3usaemves n-makccumanrsiow e 3,
KOAU B0HA € MaxcuMaiwhow nildepynoiwe Feaxol (n-1)-makcumansmol
nidzpynu A zpynu G,

Crinvennl neodunuvni zpynu saemdu Mawms eracki Maxcumarsii
nidepynu, a odunuvnl ma dean! weckinvewmi zpynu, nanpuiiad,
K8GIIYUKAIUNE, He MAWOMb 8AACHUY MARCUMOAbHUY nidzpyn.

JI o me 51,1, Hexai G—dosinsna zpyna. Todl cnpasedaual na
cmynui maepinenna;

1) zpyna G modi | miavku modl we Micmumb GXACHUX HEMAKCU
Maashux nidzpyn, xoaw /G/ e |1.p}, p-—npocme wucro;

2) G = <g> modl | mirsku modl He nopodwycmeca c80IMU MaKCU-
MaAbHuUMU nidzpynamu, mobmo sci ¥ maxcumarvnl nidzpynu nopod-
aywomb exacuy nidzpyny M zpynu G, xoau /g/ = p°, p — npocme vuc
A0, a > 0; npu a= 0 nidzpyna M He icnye; npu a > 0 M = @f-g> ) -

edumna Makcumaasia nidzpyna i G,
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3) G = <g> modi | miavku modl He nopodRYEmbCa CB0LMU SRACHU:
MU HE MAKCUMQAbHUMU nidzpynamiu, moSmo acl eaacrl Hemakcu
maaski nidzpynu 3 G nopodxylomb 8AGCHY nidzpynny M 13 G, xoau
/g/ = p°q’. p.q — Ppianl npocmi uucaa, & >0, felol);npuat fi<Z
nidzpyna M He icuye; npu @ + =2 M=1—2- MAKCUMAALHE
nidzpyna 3 G; npu a + f > 21 8=0M=@P(G)) -G'— 2
saxcumaasia nidzpyna 3 G; npu @ +8>21=1M— MAKCUMAALHA
nidzpyna 3 G nopadry p*'q.

Josedenna. Heob xidniems. Teepiyenna 1 nemu ouenname. ITOKaA-
semo,mo opn ymosax 2 i 3 newmm G/ < w=. Oidcro, mexali me He TAK.
Toni G = <g>, /B/ —==iG= <gl><gd> = <g'><g">, mo HEMOMIHBO.
Onrxe, /g/ < «. llpm /g/ € {1,p) cupaseanBBe TBEPKEHHA 1 nemn.
Tony Gynemo BELKATH, IO /g/ € {1, p). Smiacw G = <x> x <y>, Ae /x/
= p*, a >0, cx> — cmaopchxa p-uiarpyoa 3 G, p — ppocTe MECHO,
<y> — ii xonmisCrHe LONOBHEHNA. fixmo /y/ = 1, TO TREPAMEHHEA 2Ta
9 memn cnpasesnamei. Hexas Jy/ # 1. Topi » G icaywTs ppesafivmmi 2
aaxcmmamsni piarpyos M, = @{<x> x <y> i Mg = <x> x <>, Ae
<y > — BASRCHE MAKCHMAALES pigrpyna o <y>. 3posymino, mo G =
M, Mj, | Tomy ymosa 2 jmemm me BEKOEyeThCA. FAKmoO Tenep /y/ & {1,9}
{q — OpocTe WMCHO), TO meolxigmicrs Teepxenns 3 NOBEAEHS.

Hexad /y/ € {1,9). Toal <y> = <gy> * <€2” /&1/ = ¢’ ., q — opo-
cre wneno,  # P, B> 01 /O(<g>)<gy>/ > 1. Beiacm <X <gr>
—mmmwnﬂ,mwmmmw
G. A ne meno)xAmso 04 ymosow nemm. Urae, /ge/ = 1, /B/ ~ AR
YMOBAX TEBOPAIENNA 3 nemn.

Mipn /g/ = p° maewo, mo a = 1 i ®mci mnacw weMAKCEMATLE]
piarpynu 5 G oDopoRRyRTH S{(G)). Tipn /gy/ =9 D{<xn>) T4 <g1>

. mrpcwd memakcnmanesi marpyns 3 G i ToMY BOEH DOPOJURYRTH
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MAKCAMANBHY IIATrPYOY b = ™A ) A =] A0 W widgue s F oAar
HeofixigmicTs AoBEgEHA.

Tlocmamuiems. JlocraraicTs AnA TBepiKeRHA 1 jemm OYeBHJHA.
Hexast G — rpyoa Taoy 2 xemu. Topi ®(G) — epmna BiIACHA .uaaun-
MansEA miarpyna o G. 3sizce M = ®(G) i nocraraicrs gosenena. Hexal
G — rpyna tuny 3 nemn. B mpomy BEmaaky G = <x> x <y>, /x/ = p°,
a>0, /y/=q" pe{01). lpaa=1/G/=pql eci snachi mRemMaxcs-
mebEl oiarpyns 3 G cnisnagaroTs 8 ONNHEYHON HArPynoo 1. Tomy M
= 1. Hexait temep o> 1. Toxi ®{<x>) Ta <y> — BJACHI HEMAKCH-
manbEl miarpyoms 5 G, Arki MOpoKRyTH mATPYIDY M = D{<x>) x <y>,
[G:M] = p. Bsigce M — maxcuMansea miarpyna s G. NocraTeicTe BAR
rpyu Teny 3 nemm popepess. Jiema nosejena.

Hacnxninor 1.1.1. IF'pyna G modi | mirexu modi ne micmumb
aaacHux Memarxcumansnux nidzpyn, woau /G/ € {1,p}, p — npocme
NUCRO.

Tlopenenns smnnmeae o yenm 1.1.1.

NMema 1.1.2. Hexali G — doslasua zpyna, wo mae snacil Hemax-
cumarsii nidzpynu, axi ecl nopodxcyome eracny nidzpyny M zpynu G.
Todl M < G, das Bydv-axozo npumapuozo exemenma x ls G\M <x> —
Maxcumarsna nidzpyna 3 G, G = <g, x>, de g — Oydvaxull exeMenm
ts G\<x>, /G/ # (1.1}, r — npocme wucao, { suioHyembcr mixbicy odue
3 maepdxmens:

1) M — 2-maxcumaxsia nidepyna 3 G | G afo yuxaivua zpyna no
padxy p° a>1i, abo /G/=pq. p. 9§ — Keoboe R3xoeo planl npocmi
wucAa;

2) M = ®(<x>), G — neploduxna zpyna;

8) M — maxcumansna nidzpyna yuralvnoi epynu G, /G/ = pq. p |

q — piani npocmi wucaa, a > I, /M/ = p*'q;



4) M — maxcumarsua nidzpyna meyuxalunol zpynt G.G= M <x>,
M A <x> = @(<x>), 028 6yds AK020 NPUMUPHOZO EAEMPHMA g la G\M

<g> — MaKcumaasha nidzpyna 3 G af<x>)=naf<&>)

Jlosedennn. Hexal G i M BAA0BONBHAKTE YMOBHE JTEMH. IMoxkameno
cnoyaTky,mo M« G. Ilpa /M/ = 1 oe 04UeBRAHO. Tomy Gyaemo BBANKA-
ru, mo /M/ > 1. fixkmo M = <a~, /a/ = r' , r — opocre uscno, y > 0,
ro oa Teepasenman 2 nemum 1.1.1 sci pnacai miarpyn® o M omopoamy-

otk D{M). Ane M micTETL eneMesT C rakul, mo ¢ ¢ (M) I <c> —

anacka memaxcumaneea niarpyna o G. Ssiack M = <c> | ToMy AR

Gyas-uxoro % in G oiarpyna glee>g — mnacua memakcmmansaa 8 G,

Taxam yaroM, z''cz € M |, anauats, MaG.

Hexait Tenep M — meumkalvHa rpyua. Toal M = <x;~», | — enement
amEoxnan ingexcis I, <x,> < M. 3sigcm <X;> -— BJISCEA HEMAKCHMANL-
ga migrpyna 8 G i Tomy ana Gyas-axoro z io G s'xz € M i, oma-
vuth,Ma G,

Hexati G — naxniusa rpyna. fikmo G — OpENApEa rpyna, T0 AJS

(G copABefIEBE TBEPAKENHA 8 nemm 1.1.1 | Teepaixenua 3 poaraamy:
BAROL JIEMHA.
Hexait Tenep G — memmxniuma rpyna | X € G\M. Toal G > <x>

Sposymino, mo x € M i Tomy <x> HE NOPOAMYETECA CBOIMHE BAACHE

mirpyname. Sa nemoro 1.1.1 <x> — TpEMAPHA MAKCHMANBEA MATPY:

na 8 G. [Ina GyanL-AKOTO eNeMeHTA § la G/<x> <g,x> me moxe Oyt
BAACHOXO ni.tl,rpynﬁm g G |, Taxen ymuEom, G = <g,x>. FKmo M-—mn
macaMAILEA marpyna 8 G, TO P(<x>) = M m <x>, /M<x>/ = /M/r
y — ppocre wucno. 3 ymosm G > M<x> § MaxcEMANBHOCTI <X> B
pamnasae, mo M > <x>, | romy M = P(<x>). Oerinpxm %

norinernil enxemenT ia G\M, T0 G — nepioawsna rpyna i ana G suax
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G, To ana G pErOEyeTsCa TBepa®enHa 4 nemn. Jlema NOBENEeHA.

Oamawewnmma i.1.2[26,73) I'pyra G nasusacmbea AOKAABHO
cmyninvacmow, xoau Oydv-axa W neodunuuna cilnvenno nup&ﬁ.tenn
nidzpyna mae sracny nidzpyny exinvenrnozo tndexcy.

Hacxinex 1.1.2. Joxaxswo cmyninvacmi zpynu G 3 nemu I.1.2
€ CXINNEHHUMU PO38 RINUMU 2pYRANL.

Josedennn. Hexat G i M aamomomemaiors yMOoBE nemm 1.1.2,
Fixmo G — omermiusa rpyna, TO TRepEWeHES Hacmiary owesmpmme.
Hexat G — menuxmiuma rpyna. Topi momas BBAMKATH, mo aas G
CHpaBe/mse TBEpARERNA 2 wm 4 nemE 1.1.2. MToxamenmo, mo /G/ < o,
Hitcro, mexaft /G/ = », Toxi aa semow 1.1.2 G micTars TAKHA ene-

MeBT X, mo /x/ = p , a > 0, p — mpocTe THCNO, <X> — MAKCHMANLEA
marpyns 8 G = <g, x>. la comagesns 1.1.2 nerxo BEILIREBAE, mo G mMae
meckimvennull samwwr mopMansEmx miarpyn G, G, > Gy;;. 3poaymino,
mo smalinerscs raxe |, Ang axoro [G:G} > p” . Beigem Gi<x> < G, mo

Teopewa i1l Joxassno cmyninzacmi spynu G, wWo Me no
HYPOMCA CA0IMU 6AACHUMU NeMAKCUMARBHUMU Ridzpynamu, au-
Ryomecs spynamu nopsdxy 1 ma p (p — npocme wucao) i
Kinxennumu posze sanumu 2-nopodwenumu Zpynamu, y sxux aci
ki Memaxcumarvui nidzpynu nOpodiLyOme 6AGCHY HOPMGALHY
tidzpyny M, | G laomoppna epyni odnozo 3 munia:

I) G — yuxaivna zpyna nopadxy p° , p — npocme wucao, a > 0, M
P(P(G)) — 2-maxcumarsna nidzpyna 3 G:



2) /G/=pg.plgqg— neoboa Raxoso plini npocmi wucaa, M=1—
2-mancumassna nidzpyna a G; _

3) G — epyna kesameprionle, M = ®o(G) — 2 MAKCUMBALNG
nidepynaa G;

4) G — yuxaivna zpyna nopadxy p°q. pl g — pianl npocmi wucaa,
a> 1. M — xaxcumazsha nidzpyna 3 G. /M) =p*'q

5) G = <x> \ <2>, [x/ = p* . /z2/ =p. a > 1. [x.2] € <x" >,
[G:C’] > 4, M = <xP> x<3> — maxcumaibna nidzpyna 3 G

6)G=R \<x> [R/=r">2, jxj=¢ . f>0,a+p>2rig
plani npoecmli wucaa, <x> — Maxcumaasha nidepyna 3 G, M = R
<x@> — MAKCUMGAbHG nldzpyna 3 G. ‘

Hosedenns. Heobxidulems. Humpo /G/ € {1,p) (p — mpocTe YMCIIO),
TO TEEDIKEHHA TEOPEME OUeBAAHE. Hexatt J’G}' ¢ {1,p}). 3a macalixoN

1.1.1 G mae spacsl meMaKcEMANGEl migrpyos | saAROBOJILHAS YMOB
pnaacHl memaxcmmanpmi miarp

OnESe B8

semw 1.1.2, oa TREpIIREHEAN axol seci
3 G HOpOIXYXOTH BJIACHY HODMAIBHEY piagrpyny M 1 mipse
TREpPAKENL OTANAHOL JIEME. 3a macaxom 1.1.2 G —

pors' oEa 2-NOPOAIKERA IPYTA. fixmo /G/ =pq, meplq— meoboB' #d
woso plaml opocri wmcaa, TO o M =1 — 9.maxcmmamsua nigrpyna o G|

mnm,ﬂ—rpwirmyluﬂmpau:.
Hexait G — mExmiTHAE rpyna. Topl oA TEePAMAHAAM 8 mewmm 1.1
fﬂ}ﬂp“q,{piqﬂ-piudnpomiﬂmm.u:-1].]'-[—:“.:':: Th!
marpyna 8 G, /M/ = p*'q1 G — — rpyoa Tamy 4.
Hexat G — menukxiuma Tpyna. Toxi mpun G copasepIN
reepReNKs 2 UM 4 NeME 1.1.2, sa axum G micreTe eneMenT X
mnf:f-q"*ﬂ}ﬂ,q—nmnm*a:b-—unncnmunin

a (1. Poarnngexo gra MOMANEl BEOAARE: 1) G — mineooresTEA rPYE

9) G — meuinsnoTENTHA YPYTA.

5



LrraTUn 4. 7 LUBUMY HALOBAKY U = Y X U, e § — CHIOBCEKA (-
miarpyna 3 G, D — ii xorisceke gonosmemns s G, Sposymino, mo Q>
<x>. Ocximskm miarpyna <x> makcaMansaa B G, To [G:<x>] — mpocte
grcno 1 romy /D/ € {1,r) (r — JIle.‘.TE-"IFﬂJI-D}. IIpr /Df =riQ = <x>
G — nuxniuma rpyna, 1o cynepeunTs Balopy G. Ssincn /Df=1,G =
Q, [Gi<x>] = q = r i, auaunTs, G — mpuMapHa rpyna, mo Mae qEKaig-
HY MAKCHMANBHY mMATpymy <x>. 3a rTeopemown 12.5.1 a [64] G — afio
rpyna teny 5 poarnsaysasoi Teopemm, y axoi [G:G'] > 4, afio G =
<a><b>, /a/ = 2", /b/ € (24}, a>1,G' 2 1. [Ipg x = 2 G — meabe-
NeBA TPYNA ODOPAAKY 8, mo He NOpOmKYETHCA CBOIMH BIACHHME HOMEE-
CAMANBEUME mArpynaMn, isomopdme rpymi xsartepmionis i Tomy G e
rpynow ramy 8 reopemun, M = @(G) — 2-MaxcumamsEa nmigrpyna s G,

Hexa#t o > 2 i G ne e rpynow Tany 5 poarnagysanoil reopemu. Tonl
oa Teopenmom 12.6.1 a [64] G mae paacHi muxmivai marpyme mopaaky 2
Ta 4, axi pemaxkcaManehi 8 G i mopogxyrors rpymy G, mo memoxIHEO,
Bunanox 1 posrassyTo nosmicTio.

Bunadox 2. PoarnsEeMo sEOBY ABAa MOMAEBEX sEoagkm: 2.1)
<x> a4 G; 2.2) <x> 4 G.

Bunadox 2.1. ¥ neomy Bmnaaky [G:<x>] = r, r — mpocTre wmeso, r
#2q. [lpa /x/ =qM=1 i G — rpyna Tany 2. Hexait /x/ > q. Toni G
= <x> A <y>, /y/ =r, <y> — HEHOPMANLHA CHNOBCHLKA r-MiArpyna o
G, <y> — memaxcumamsma migrpyna s G. IToarauamo wepes N miarpy-
oy @ G, moponReny BciMa CEIOBCHKAME r-marpynamu o G. Toxi N < G.
Ioxameno, mo G = N. Iifcro, mexait G # N. Toxi sa nemom ®parrimi
(ams., mampmxnax, [74, nema 17.1.8]) G = ND, e D = Ng (<y>).
dsince D =T x <y>, ne T = D n <x>. Bigomo, mp <x> = TT,, ne Ty -

cEnopchka q-miarpyna a3 N. Ane voni T = <x> | G — gmiasnorenTra



rpyna, mo Be Tak. Takmm umHEoM, G = N, a ne cymepeunrTs YMOBi TeO0-

. pemuE. Buuanox 3.1 POSTIIAHYTHH NMOBHICTIO.
Bunadox 2.2. ¥V promy srmagry Ng(<x>) = <x> — MaKCHEMANLEA
nigrpyoa 8 G. Beiacm <x> — cEnoscexa q-migrpyna s G, mo RATEKETH
HemTpy CBOrO EHOpMAmisaropa. 8a Teopemow 14.3.1 8 [64]G =R A <x>,
me R — xomnisceke momommenEs <x> B G. Ockimpkm <x> — maxce-
mamsEe miarpyna 8 G, o R — mimimamsEe BopMansHa migrpyna o G.
Bigomo, mo /R/ = 1" > 2 , r — mpocTe 4BCNIO. Ilpr o+ = 2 rpyna G
e: rpyoow THIY 2 reopemu. Tomy GymemMo BBasKaTH, MO o + B > 2. fAc-
mo, mo R — enemenrapsa afenesa rpyna, sci maacai mExaivsl miarpy-
mE axoi € BAACHAME HeMAKCHMANRHEME miarpynams o G. Bposymino
raKox, mo marpyna <x%> memaxcmmanssa B G i romy x9 € M. Iloxa-
wenmo, mo M > R, Jlificro, mpr f > 1 R — BIacHA HeMAKCHMAIBLHA
miarpyna 8 G i Tony R manesxmrs M. Ilpa =1 a>1 i R nopoa-
JyeTscsl CBOIME BJACHMMNE NERMIIYHEME Diarpymamm, Axki sa nome-
pexuin saypaxxemmsn manesxars M. Beincm M > R. 8a ymMosow0 Teopemn
G>M M=R ) <x9> — maxceMansga marpyna 8 G i, TaxeM IEHOM,
G — rpyoa tany 6 teopemn. Bunagox 2.2 mosmicTio posrnsmyro. He-
ofxigHiCTE JOBROEHA. _ _
JMocmamuicms. 3posymino, tgr; B rpymax G oopaaxy 1 == r (r —
POCTe WWMCJ0) BATANI HEMAE BJACHAX HEMAKCHMATLHAX MATpynm i To-
My G He HOPOMMYeTHCH TAKHMEA MLATpYTaMH. Hﬂeuﬂ BEAYKATH, INO
/G/ ¢ {1,r} i, Takmm wmmoM, G — rpyoa TEODy 1—6 puarmynﬂnﬂi-'
TeOpeME. 38 TBePIUKEHHAM JeMil 1.1.1 rpyne G Taony 1 ym 4 =®e mo-
POAMYETHCA CBOIMHE BIACHRME MLATPYNAME i TOMY AAA IpyO OHEX T

AOCTATHICTE JOBEIPHA.



B rpyni G Taoy 2 scl Baacel nemMaxcaMansai OATpYIHE COiBOARAIOTE
8 ONHEHYEOW miarpynow 1, a B rpym G tuny 8 — o d(G). 3sigcm mo-
CTATHICTH NS NHX THOIB TPYN goBenesa.

Hexalt G — rpyna rany b i M, — miarpyna a G, nopogxena ncima
BAACHEMH HeMAKCHMAILHHEME m,qrpynm 8 G. 3poaymino, mo xP &
M;, z € M,. 3sigcu M; > <xP> x <z> = M — MAKCHMANBHA mMarpyoa a
G. Moxameno, mo M; = M. Hexai M; # M. Tozi icaye BracEa memax-
CaEManbEE migrpyna X is G raxa, mo MX = . SeaunTe, X MicTaTs
eneMentT v, 8 M — enemesntT a raxmit, mo x = ay. flcwo, mo a = xiPyl .
Saigen x = x'Pzly | Tomy xiPx = zly, 8posymino, mo /x P x/ = /x/ =
p% « > 1, Ockinexm /2// e {1,p), T0 o ymoBm [G:G'] > 4 maemo Jy/ =
/x/. Ane Ttoui 'r:yﬁv — MAKCEMANBHA miarpyna a G, mo cynepeuwTs Bu-
Gopy X. lle cemauae, mo M; = M i gocrarmicTs gnm rpyn Tany b gose-
Rema,

Hexat G — rpynma Tamy 6. Ocximekm a + B > 2, 10 nei saacwi
migrpyn® o R e BAaCHEME HeMAKCHMAISHEME marpyname 0 G | <x©
== TEX BJIACHA HeMARCEMANLHE migrpyma a G. Tomy N » M — wmaxcn.
ManbEa miarpyna o G, NOpoAsena BCIMA BIACHEME HEMAKCHMAIISENME
migrpynars s G. [Moxaxemo, mo N = M. Cmpasgi, axmo me meé Tax, 10
N = G = M<y>, ge y — q-enemesnr. Jlerxo GawmTE, MO <xI><y> —
caoschka q-marpyna 3 G. He nopymyrous saramsmocTi MomaEs msasma-
TH, mMp <y> — BJACHA HEMAKCHMANLEA marpyna ¢ G. Byas-axa cm-
A0BCEXA q-miarpyna 3 G mmmmiwma i romy [x%,y] = 1, xSy - Jyf,
Ssiacm /y/ > /x9/ i, smaumTs, [/y/ = /x/. Ore, <y> — CHAOBCHKA q-
‘marpyna a G, axa MaxcumameEa 8 G, mo He TaK, i romy N = M. [o-
CTATHICTS AsiA Tpyn Temy 6 nomegena. Jocrarmicrs nosmicrio aosenena.
Teopema xosenena.



Osnawenns l.1.8 (dus., nanpuraad, [64, § 125]). I'pyna G, y

axol acl nidzpynu HOPpMAAbHI, HGIUBAEMBCA dedexindoaoo pynom.

Teepnanm=entoasa lll [64, meopema 12.54] . Hedexindoal
neabeneal zpynu G eUYEPNYIOMbCA ZAMIAbMOHOGUMU gpynamu, modmao
epynamu muny G = @ x D x A, de Q@ — zpyna xeamepuionie nopadxy 8,
D — exemenmapHa afenesa 2-zpyna, A — neploduyna alieaesa gpyna
fea inaoawouldl.

Tan dedexindosux epyn G enpasedausl meepowerHHA

1) axwo G Micmump eremenm HecKIHYeHN020 NOPROKY YU Nopadxy

8 moG'=1I;

2 ) yuxaivni 2-nidepynu G nopadxy Olasiue deox ..u!r:mmh G

Teopema 112 Hexal G — zpyna, wo Mmicmums HOPMAALRI
nidepynu Ny i Ng, daa axux Ny 1 Ng= 11G/N; ma G/Ng — dedexin-
doel epynu. Todi G — dedexindosa 2pyna, Kol & Hil BUKOHYEMBCR X0~

ya 0 odHa 3 YMO8!
1) Ny — nepioduyna zpyna Ge3 insonwoylit, Ng — zpyna Gea Inso-

Awyil, abo zpyna, Wo xicmumb eLEMERM nopadxy 8;

2) N; — wuenepioduina epyna Oe3 Anaonouiii abo 3 eneMeHman
nopadxy 8, Ng — gpyna 0Ge3 insoapyiit abo spyna, wo Micmumb eX€
menm nopadiy 8. '

Hosedennn. Hexalt G, N i N, aa,qnnﬂnam YMOBH Teop
fikmo G'=1, TO TEEep/KEHHA TeopeMu OYEBHIHE. Hexat G' = 1
Ockimekz N; M Ng =1, T0 MOXJIHBL NBA BHOANKR! 1) N; +G'; 2) Ny
G,

Bunadox 1. Y upomy smnaaky G/N; — reaGenesa rpyna, 8 TOM
nepiogmuea raminsToBOBAa IPyma, HEa 34 reepaxesEan 1.1.1
micTiTh enemenTie nopaaky 8. 3sigem 3a YMOBOH TEOPEME Na

neploxmuEa Fpyna, Mo Be MicTHTh IHBONROMIL. posymino, mo Ng M
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= 1, OBIACH Ng s 4L{u). Tenep /Ny — HeabDeneea rpymoa, a4 vHAYHTE,
pepiopuysa EinsmoTesETHA raMinepToHOBA rpyna. Taxmm YHMHOM, MAEMO,
mo i G — pepiogmuna miasnorenTsa rpyna. Hexa#t D — cmnosceka 2-
miarpyoa s G. Togi D A Ny =1, D — ramimeromosa 2-rpyna i G = D x
A, Ae A — nepioamuna HinemoTerTHA rpyna Ges imeomsonii., Ockinsxn
G/N; i G/N; — ramimsrorori rpynm, Ny n Np = 1, 0 G' — 2-rpyna.
8sigcn A’ = 1. 3a reepamennam 1.1.1 G — raminsrososa rpyma. Teo-
pemMa y Bunaaxy 1 nopemena.

Bunadox 2. ¥ nsomy munanxky G/N, — meabenesa rpyna, a ToMmy
BOHA raMineTOHOBA HINBNOTEHTHA nNepiogmvHAa Tpyma, y aAkoi N; x
Njy/No — mnepiopmusa afenepa rpyna Oes imsomoniit. Bsigcm N; x
N,/Ny; me moxe micrare xkomyrast rpynn’ G/No. Taxam unsom, G' +
N3, Cynepeunicre. Teopema mosenesa.

Hacaingox 1.1.38. Axwo zpyna G micmums Hopmarsui nidzpynu
N; t Ny mari, wyo Ny n Ny = 1 | G/N; — dedexindosa zpyna (i €
{1,2}), N; — aoxaavho yuxaluna zpyna 3 cunosckkow 2-nidzpynon D
dan axoi /D) e {24}, mo G — dedexindosa zpyna.

Hacnigox sunameae o Teopemna 1.1.2.

Teopema 1.1.3. Hexau G — 2pyna, N — i¥ nopmaasua nidzpy-
na i G indyxye na N z2pyny enympiwnix asmomopgiamia, moGmo dan
Oydv-axozo enemenma g 3 G 1 acix enemenmic x i3 N a N icuye ene-
Meum a mawuili, wo glxg = alxa. Todl G = NCg(N ). 3okpema, npu
Z(N)=1 G=N xCg(N).

Hosedennn. Hexast G sanosonvHAe yMmony Teopemu. Toxmi ansm ene-
mente g 3 G Ta Oyas-axoro x a N maemo g'lxg = a'lxa, ze 8 e N,
Beigcm ag'lxga = x = ul xu, geu = gal, ue Co(N),itTomyg=uaig
panemaTe fo0yTky NCs(N) i G = NCy(N). 3poaymino, mo N g CofN) -
ZIN). Armo Z(N) = 1, 0 G = N x Ca(N). Teopema gorenrua.



Haeaninox 1.1.4. Hexat G — 2zpyna, N — maxa i 2
nopodxcena Hopmanwia nidzpyna, wo G’ "N = N' < Z(N). Todl G =
NCg(N ).

JMosedennn. Hexait G, N = <a,b> 3a0BONEHAITE YMOBH HACHIAKY.
Toxgi G' m N = <c> < Z(N), ¢ = [a,b]. Hexait g — exemenT s G. Tozi
g lag = aci, g'lbg = bel. Beiaer gleg = (glag) (g bg) (g ag)(g'bg) =
a'leiblciacihel = ¢, a agaunts, [c,g] = 1.

Hexait d = a’bl. Ocrimsrn <c> < Z(N<g>), To sa BigomMmmm KOMY-
TaropraMyA cripsigsomenaavMn (xme., manpmkmaax, [74, §8]) [d1g,a] =
1. Bmaumats, dlg € Cg(N), Tomy rpyna G impyxkye ma N rpymy
pEyTpimuaix apromopdismis. Ba Teopemow 1.1.3 G = NCg(N). Ha-
caigox noBedeHnil.

Hacnigor 1.1.5. Hexali G — zpyna 3 yeHmpanrsHusm yuraly-
num xomymanmom G Todl drn Oydv-axol 2-nopodwenol nidzpynu N 3
ymosow G'= N'maemo G = NCg(N ).

Hacainox L.1.6. Fruo G — zpyna 3 KOMYymanmom nopadxy p
i N — 6Oydvaxa I 2-nopodwmena Healenesa p-nidzpyna, mo G =
NCg(N ).

Ozuauennalld][65] [Tidzpyna w(G) zpynu G, nopodxena
acima enemenmamu 3 G, wo mawmb nopadkoM npocme YUCAO, HAIU-
BAEMBCA HUNHIM Wapom zpynu e .

Teepaomxensrs 1.1.2 [658]. Huwnill wap zpynu G € xapaxme:
pucmuyHon | momy wopxaasHow nidzpynow zpynu G.

Teepaxennmalld [206, meopema B] . B crinvennilt 2-
zpynt G, waee winenomenmuocmi axol He Olaswe 2, klabkicms iH800-
yiit modi { miasku modl doplanwe 3, koau G — zpyna odnozo 3 Ha-

cmyniux Kaacia:




d Jur = RERURAALRHU MEMUGUAALIEYNUE SPHIME, REE iU MIME 87 epynug
xeamepnionls i epynu diedpa nopadky 8;

2) G=A )\ B, de wowxna 3 nidegyn A i B ato yuxaivha, abo i3o
mopdna zpynl weameprlonis nopadry 8, npuvomy ineonwoyin 3 B ae-
mums Yy Z(G),; "

3) G = <abc>, /Ja] = /b = 4, ¢ =a?, [a,c] = b%, [be] = 2,
[ab] =1;

4) G = <a,b,c,d>, Ja/ = /b =4, 2 = b? d? = g2b® | [a,b] = [c,d]
=1, [ac] =aZ? [ab] = [ad] = [be] = a®b%, [bd] = b2,

Jdema 1.1.3. Memayuraivna 2-2pyna G modi i miavku modl Mae
mpu iHasonwyll, xoau eona Heyuxaiuna | ne mae nidzpynu xeamep-
wionls ma zpynu diedpa nopadxy 8.

Hogedennn. Heolxidulcms, Hexait G o gocmmyBaHa rpyuna. 3po-
gyMino, mo G — menmxaiuma rpyna. B rpyni aiempa nopsaxy 8 o'ate
imsomonik i Tomy G me micrETe rpynm gieapa nopaaxky 8. INpuoyern-
mo, mo G micrETe miarpyny xsarepmiomiz Q. 3posymino, mo G =
<a><b>, /a/ = 2% /b = 2°, > 0,p >0, blab=al, r — nine me-
napae wEcno. Ockinexr Q@ — meabenesa rpyma, T0 G' # 1 i a > 1.
Hexait <x> = <a> n . 3a Teopemom0 npo isomopdion rpym Q/<x> —
nuxaiyma rpyna. 3eigen /x/ = 4, Q = <x, y>. Orxe, icaye Iﬁnrﬁ:.rna
A=<a>Q = <a><y>, /y/ = 4, y? = x2 = a”" | Bpoaymino, mo A =
<a><z>, ge <z> =A N <b>, [A :<a>] = 2, <a> — MaKCAMANLHA
miarpyna ¢ A. 34 teopenmorm 12.5.1 ia [64] G me moxxke OGyrm rpynow
KBATépHioEIE mopAamxy 8 wWm yoearanbHEHOK IPYnoX KBATEPHIORIB.
Animen /G/ = 8. 3nosy na Teopemow 12.5.1 is [64] A — rpyna xkeaTep-
nioHiB moprgKy & ado ysaranbEens rpyna keatepriomip. 3eiacn /wlA)/
= 2 i Tomy G mictars v, /v/ = 2, <v> n A = 1. dmaunts. icaye

minrpyna B = A A <v>, Ockimxm B A <a> — enemenrapua afencpn
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Beigcr G me micrmTe rpynm Keareprioris mopaaxy B. Heobxiamicrs
NOBEJIEHA., |

Hocmamuiems., Hexalt G = <a><b> — menmxniuma merammrimiwmEs
2-rpyna,mo He MicTHTE mMArpYD xKearTepHioHiB TA rpyn® giegpa mops-
wy B. Toui /a/ = 2%, /b/ =2, « >0, p > 0, <a> a G. Hexalt <a> —
Hmmmmﬂw&wBG.TumGﬂmA}ﬁa}i
[Ai<a>] = 2. 3maunTh, A — HEOQEKIIYHA CrPYOA 8 MAKCHMAJIBHON
mm“nm nigrpymomo, <a>. 3a Teopemomw 12.5.1 s [64] A = <a> A
<y>, /y/ = 2, [A:A'] > 4, w(A) = w(<a>) x <y>, /w(A)/ = 4. [Toxaxe-
Mo, mo w(A) = w(G). Hificao, mexast oe e Tax. Toal G\A micraTs v,
fv/ =2, 1 G mictuts miarpyny A A <v>. 3sinca maemo, mo B/<a> — |
enemeHTApHA Afenera rpyna mopAaky 4, Axa MICTHTRCA B nEKmigmEil
rpymi G/<a>. Cynepeunicts. Tomy w(A) = w(G) i, smauurs, 8 G mpm
igponronii. MocrarmicTs nosegesa. Jlenma gopemesa.

Heaenipgox 1.1.7. Bel cxinvenil 2-2pynu 3 mproma ineoxoylamy
| yeHmpanrvHUM KOMYMAHMOM SUNEPRYNMLCA ZPYNAXy MaKux munies:

1) G — Heyuwalyna mMemayuxaivna 2-2pyna, wo He micmume zpyn
kaamepilonle ma zpynu diedpa nopsixy 8, G'< Z(G);

2) G=U X X, de xoxna 3 nidzpyn U ma X € yuraienown 2-2pynow
v zpynow xeamepuionis, /U/ ::- {, /X/ > 1, w(X) < 2(G), [UX] <
w(l); : |

3) G = (<a> x<b>)<x>, /a/ = /b/ = 4, a® = x?, [a, x] = a? b*, [},
x] = b%;

4) G = (<a> x<b>)(<x> x<y>), /a/ = [b] = 4, a® = x* = {aq, y],
a’b? = [a, x] = [b, y]. b = y* = [}, x).

Hoaedenns, Hevodxidnicms, Hexat G — pocnigmysanma rpyua. Toxi

R0HA 3ANOBONLEAE YMORH TRepamenns 1.1.3, aa agan G — rpvoa TRy
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.1.3. 3a nmemoro 1.1.3 G me micTaTe miarpym KeaTepHiOHIB TA rpynm
jexpa mopaaky 8 i tomy G — rpyna vamy 1 macmiaxy. Hexafi G —
oyna Tany 2 teepaxkenss 1.1.3. Topi G=U A X, e U, X — ﬁm.ﬂl-

el qEKIiuEl 2-rpyns ui rpyne ksavepmiomis, Ockimexm G' < Z(G),
o w(X) < Z(G). Miarpyna X = <x,y> nmxaivEa 4= rpyna xsarep-
pomia. fAxmo /X/ =2, 10 G = U x X — rpyma tany 2. Hexalk /X/ >
2. Hemo U 1a X ogmowacHo mmExigm, 0 G — rpyoa Teoy 1 mBacmipgry.
Hexast X — purxivea rpyma. deigcm U — memmxniusa rpyna i, sma-
HTh, Pyma wsavepmionis. [a vaosm G’ < Z(G) smnmsae, mo [UX] <
M Z(G) = w(U) i smoey G — rpyma Tany 2 macxizxy.
Hexailt vemep X — menmmwxivea rpyma. [lpe memmxmiasocti U, ax i
pamime, [U,X] < w(U) i smosy G — rpyuma reay 2 macxigxy. Hexai U
{u}—mﬁmmju!-ﬂﬁ.ﬂpﬁ&-l G=UxX | G —
e Tany 2. Hexadt A > 1. Toxi G micravs migrpymm <u> A\ <x>,
u> A <y> 8 peETplsnbEEM xomyrasvom. Ocximexm w(X) = <x?> =
< ZG), 10 <x> va <y> iEgyRywTs 88 <u> asvomopdism nopagxy
da BiIOMENE WOMYTATODHEME CHieSiZEOWeREMME (IMB., HANDH-
(74, 83D [u, xP = [w, x*] = 1, [w, ¥I® = [w, y?] = 1. Bsigcn
+XJ] < w{<u>) i smosy G — rpyna ramy 2 macainxy.
I mapemrmi, mexalt G — rpyna Temy 8 =@ 4 Teepmwesns 1.1.3.

|

loxma ssaxaTw, m0 G — wemevamwxmiwma rpyma. Jlerxko noxasarts,
0 B rpymax ramy 3 srazasoro reepiwessEs <a> M <b> = 1 i romy G
Tpyma Ty 3 macaizxy.
Amanoriumoe B rpynax G remy 4 teepmmenna 1.1.3 <a> n <b> =1 |
G = <a, b, ¢, d>. [Moxxagzeno x = ad, y = be i ogepsamo, mo G —
pyna TAny 4 machigky. Heobxiamicts moregena.
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rpyna i G' < Z(G). IMoxaxxemo, mo G MicTETE TPH igBoynonii. Ba nem

1.1.8 B rpynax G tamy 1 TO4YHO TPH igsomonii. 'pyna G taOoie 2-—
HACHIAKY € rpynaM# BiAnosifEO KOMHOTO 8 THIIB TBeDAXKEHHA .13
3a namM TEepiKeHEAM B G TouHO TPH imBosmOmii. DocraTHiCTS A0
ma. Hacaigox aoseseHHH,

Teopema 1.1.4, Memayuxaiuni 2-zpynu 3 mproma IHE0AIOY
Maoms suzasd G = <a><b>, fa] = 2% /b/ = 2°, a> 0, > 0, b'lab
a’ (r — yine Henapue uucno) | sunepnywmMbCR zpynamu munia:

1)G=<a>x<b>r=1;

2)G=<a>A<b> a>1,BF>1,r=-1; '

3)G=<a>\<b> a>2 p>1,r=-(1428), 1 <k < a fra-k

4)G=<a>h<b>r=142% 1 <k <a pra-k
I 5) G = <b><d>, <b> n<d> =1, <a> N <b> = <a?' >, r=1+2*
<k<l<a<p [/d =2

6)G = <a><b> a>2 p>2 [<a>Nn<b>/=2,7="- I;

7) G = <a><b>, j<a> N <b>/ = 2, r=- (1+2%), 1 <k < & -
pg>a-k+ 1

Jlosedennn. Heobxiduicms. Hexait G — Meranak/iuna 2-
rproma imnomoniamm. Toal sa memow 1.1.3 G = <a><b> — me
HR MeTanHKJAIYEA rpyna, Mo He MICTETh mArpyN xsaTepHioHiB TA
gienpa mopaaxy 8, /a/ = 2%, /b/ = 2’, a>0,p > 0, blab = a", r
nine menapue umcno. He nopymyoun saranbH0CTI MOYKHA BBAXKATH,
<a> — mAaRcEMAAbEAE mExmitma niarpyna 3 G. Ockinsrs G —
nurUrivma rpyna, ro G > A > <a>, fe A — EenmkJIYEA MATPYTA a
[At<a>] = 2, Temep A — BenEKII4YRA 2-rpyna o DEKMYHEON MAR
MANBROW MIACDYTION <&>, AKA He MICTHTh MATPYIH KeaTeprioni



> 4 | sapmmgm A = <a> A <y>, [y/ = 2, w(A) = wi<a>) x <y> g G.
Hrmo G’ = 1, To OGea nopymerHaa saransroCcTi G = <a> x <b> — rpyna
ey 1 TeopemMn. ‘
Hexast G' # 1. Togi o > 1. Axmpo G = A, 1o A' = 1, A He MicTETH
1 giexpa mopaaky 8. Orxe, a > 2, vlay = al*2"", IToxaagemo b = y
i roni G — rpyna ey 4 posrragysamoi reopemu. Hexait G # A i, ana-
YuTh, [G:<a>] > 2. B poborax [101, 103, 107] emnwmcanmi Bci me-
igni meranukmiumi 2-rpyme G = <a><b>, <a> 9 G, [G:<a>] > 2,
1 opr ymoBi G' = 1 moxyrs Oyrz rpynamMmE ofgHOro 2 Temis 2—17
I peraaayeanol TeopeMmu. Heolxiguicrs gosenesa.

Hocmamulems. Hexaft G = <a><b> — rpyna ogmoro s temis 1—7
reopemu. Jlerxo Gaunrn, mo G — menmknivea merammkgiusa 2-rpynoa.
{Toraxenmo, mo G micTrTs ToumO TpE iEBOMWONI] Abo, iFmMEME croBaMHE,
w(G) = <c> x <v> — enemenrtapra abeneBa rpyna nopsaky 4, mge <e> =
i(<a>), w(<a>) < Z(G), /fe/ = 2, /v/ = 2. B cany aemdn 1.1.3 nocmrs
roxasaTH, mo G me micruTes i migrpynm xeatepmionis, ml rpyum giex-
08 nopaaky 8. lins rpyn TRmy 1 Teopemu: me sposymino. Hexait G —
A onEOro 3 TRoie 2—7 | G micTrTh BReabenesy miarpyny Q mopaaxy
8. Iloxnamemo A = <a>Q | <x> =<a> N Q. Ockimerkm A/<a> —

Seigcm /x/ = 4 i oMy [A:<a>] = 2 = [Q:<x>], fcHo, mo A = <a><z>,
me <z>= A N <b>, 22 € <a>i A’ # 1. B rpynax G xoH0ro 3 THmis
2—4 A = <a> ) <z>, ge <z> = w(<b>). B rpyni G tany 2 w(<b>) <
Z G}lmuyﬂ."-I.Hrpyrﬂﬂmuyﬂwa4npnﬁ}a-k w(<b>) <
GHA'-l.Tuuyﬂ—rpmmn'quniiﬂ-ﬂ-k.
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12.5.1 3 [64] A’ < <a¥> i romy A’ = <a?" > i A se micTurs mealGe
BEX miarpyn nopsaky 8, mo eynepeunts nubopy A.

Brpyonax oy 3 npr a -k =1 B > 1, mo Hemomnnso. Tomy o
> 1. Ase Toxi <z> = w(<b>) < <b?®>. Bpoaymino, mo b Zab? = -,; . Be
= (1+2K)2 = 1+ 2k+1 22k = 1 4 2k+1(142K1) = 1+4s2kt1 (5,2) = |
3pincu b2ab? = al*82'", Temep miarpyma G, = <a> A <b?> moxe Oy
rpynoo amme THoY 4, B Akifi A He micTHTh HeaGeneBumx MAIpym I
pagky 8, mo HeMOIKJIMBO,

Hexaft Tenep G — rpyna opHoro a Tunis 5—7 reopemu. B rpym
KOMHOrO 8 mmx Tunis [G:<a>] > 2, a > 2, /A/ > 8. V rpyni Tamy 6]
< <a’> i amomy aa Teopemow 12.5.1 a [64] A — alenesa rpyna 4m
na Minnepa—Mopeno, sxa #e MicTHTh Healenepoi miATpynNHE HOPS
8. B rpynax Tenie 6 un 7 <z> = <b?"’> < 2(G) i Tomy A’ = 1, mo
mosnmpo. Orixe, BAame NPHOVINEHHA B yCiX BENAAKAX NPHBOLATD
cynepeusocri i romy 8 G Touno Tpm imsosonii. [locrarmicTs A0BeNEs
Jlema poseneHs.

Haeninox 1.1.8. Memayunaiuni zpynu G = <a><b> KOMHC
munis 1—7 meopemu 1.1.4 ne micmams HeaGenesux nidzpyn nopss
8, axe micmams nidzpyny A = <a> h <v>, axka Moxe Oymu Heale
sow zpynow Auwe s zpynax G muny 3 vu 4 szadawnol meopexu npu f
a- kiA — zpyna Mixnepa—Mopeno.

Hacrigox smnmeae 3 nema 1.1.8 ra nopenennsa NocTaTrOCT
mm 1.1.4.

Haeainox 1.1.9. Heodunuyni memayuwxalvnl 2-zpynu G a o

a0 ineomoyii, aidsinnux ald Yucaa 3, sunepnyomesca spynamu muf

1) G — ueodunuvna yuxaivna 2-epunn. a G odva insoryial



"= b2, blab = al, 8 G 0dna insoswyin;
3) G = <a> A\ <b> — zpyna dMedpa, /a/ = 2°, /b/ = 2, a > 1, blab

al, 8 G ne meniue 5 insonrwyiil;

4) G = <a> \ <b> — ksaazidledparvna zpyna, /a/ = 2°, a > 2, /b/
2 blab = al*2"", & G ne menwe 5 insonwoyli.

Hoaedennn. HeoOxidnicme, Hexali G — HeogmEHYHA METANEKIIYHA
-rpyna. Topi BOHE Mae NEHTPANBHY iEBOMONIX ¢. Hrmo ¢ — egwsEa
geomouia a G, 1o sa Teopemow0 12.6.1 8 [64) G — rpyoa TEny 1 v 2

rAAJVBAHOTO HACHAKY. ToMy OyaeMO BRAXKATH B NOJANLINOMY, INO

G imsosmoni#k Gineme 3. 3a nemow 1.1.3 Ta nomepexmim G = <a><b>
MicTETs HeaGenepy marpymy mopsaxy 8, /a/ = 2%, /b/ = 2F, <a> 4 G,
> — MAKCEMANBHA OEKAivHa miarpyoa s G, G>Q,Q =1, /Q/ = 8,
ga>1,p>0 fcao, moG > A=<a>Q, AnQ=<x> /x/ =4,Q =
<x,y>. 3poaymino, mo A = <a><y> = <a><z>, [A:<a>] = 2,i Tomy ¥
<a>, z? € <a>, ge <z> = A N <b>. Bagmauumo, mo ylxy =
g'lxz = x'1 | IToraxemo, mo A = G. Jliicmro, mexa me me Tax. [Toxa-
ReMO CHOYATKY, mo [<a>,<z>] = <a®>. [Ipra =2 A = Q i [<a>,<z>]
Q = <a®>, Ilpm o > 2 i 3 oprnymenHa [<a>,<z>] < <a'> sa Teope-

ol 12.5.1 3 [64] opepmumo, mo A — afenesa rpyna 4= rpyna
! spa—Moperso, axa e micTETs Heabenesmx marpyo nopsaxy 8.
repeunicTs. Tomy sasmam [<a>,<z>] = <a?> i sa Treopemon 12.5.1 o
64] zlaz = o™, r € (-1, -1 + 227"}, Ockinskm A # G, 10 <z> < <b?>. B
[101, 103, 107] b'lab = at, t e {-1, (1+2F), (1425}, 1 < k < a.
8poaywmino, mo b?ab? = at’, ge, ouesmamo, t2 xourpyesrro 1 + g2k+1
po momymio 2°, 8 — HenapHe wECH0. 3posyMiio TAKOXK, Mo A ©
<a><h?>. Ame Tom r KORTPYeHTHO £2*" mo momymo 2% z =b2"", n -

ine Hepin’emre gmcnao. 3siacn r ¢ {-1,-1 + 2"}, Cynepeusicrn. o



reopemoo 12.5.1 s [64] G — rpyna TRmy 8 um 4 poar
macaiary. Heobxigricrs gopegena. [JocraraicTs OueBnHA.
Hecaingox 1.1.10, Hexali G — HeyuxaiyHa memayuxiivna
zpyna i <a> — W yuxaivsa nidzpyna wnal6ineuiozo nopadxy,
miemums G'. Axwo [G:<a>] > 2, mo 8 G mouno mpu inaonwouil.
Noseedennn. Hexali G sagosonsuse ymosy macmiaxy. Toai G
<a><b>, <a> < G, <b> < G. I[Iproyctamo, o 3 G Be TpE iEROMIO
Topi G — rpyna ogsoro @ Tams 2—4 macxiaxy 1.1.9 i [G:G'] = 4.
symino, mo G' < <a?>, Ane [G:G'] = [<a>:G')[G:<a>] > 4.
pegnicrs. Omxe, 8 G Touno TpE imsomonii. Hacxigox aopepenni.

 1.2. OCHOBHI O3HAYEHHA 1 SATAJBHI PE3YJILTATH

Osmagsennasal?2l Hexeli G — zpyna, A ma B — 11 nidepy
A < B. Bidpiaxom (inmepeaaom) [A;B] ((A;B)) na3ueaemsca M
wuna scix mux i mixexu mux nidepyn X 13 G, Gan axux A< X <B
< X<B)

ITiainmepsarom (A;B] wu [A;B) nasusaembcs MHONUNG ocix
! mizexu mux nidepyn X 13 G, draakux A< X <Buw A< X <B.

ITpomixcxom {A;B} masusaemscs eidpisox, inmepsar wu nisinm
648, :

Osmsaunennald2 Modyseu nponinrky /{A;B)/ nasusaem
RucAo llozo exemenmis.

Jema 1.2.1. Jan nowsms, esedenux ¢ osnavennl 1.2.1, cn

Ausl meepdmenna:




), koau A = B;

2) modi | miavku modi /[A;:B]/ = 2, wu /(A;B]/ =1, wu /[A;B)/ =
, koAU A — MaxcuMmanasHa nidzpyna 3 B; ;

3) modi i miavku modi /[A;B]/ > 2, wu /(A;B]/ > 1, wu /[A;B)/ >
, KOAU A — esracka Hemaxcumarvue nidzpyna 3 B;
4) modi i miaexu modi /(A;B)/ = 0, koau A = B abo A — maxcu-
sHa nidzpyna 3 B.

TeepaxeHEA NeMH BHILIHBAE 8 osEAYeHEs 1.2.1 Ta 1.2.2.
Oemavwensallds Hexal y zpyni G daa 6ydv-axozo eidpiana
B], de A ma B — rnidzpynu, ichye Hopmarsha uiﬂ:pyn;:l N i3 G
Ka, wo:

1) npu /[A;B]/ > 1: 1.1) N € [A;B];

2) npu /[A;B]/ > 1: 21) N € (A;B]; 22) N € [A;B); 23) N €

d)npu /[A;B]/ > 2: 831) N € (A;B); 32) N e (A:B]; 3.3)
€ [A;B). 34) N € [A;B].

Todi G nasusaemsea eldnosidno: H- , OITH(t]- , i’HH{r}- . ITH[ t]-
YIHH(r), ¥YIIH(r]- , VIIIH[t)- , YIOH[ t]-zpynoio.

Axwo r — sracmuseicme 6ymu Oydv-axow nidzpynow zpynu G, mo &
navennax eidnoeidnux waracie 2pyn Gyxea t onyckaemecs 1 4

siony ui wxracu zpyn Oydemo Hasuesamu ax H- , HIH( |- ,
Hf )- . OH[ ]-, YIQH( )- , YOOH( ]- , YUIH[ )- , VOIH[ ]-2pynu.
Bicim xaacis susnavexux mym zpyn OydeMo noIHaNAMU
nosidno wepes K(H)., K(OIH( ]). K(IQH[ )). K(IOH[ ]),
(YIOH( )). K(YIQH( ]), K(YIOH{ )). K(YIQH[ ]).

Ndema 1.2.2. Hexailt G — 2pyna. Todi cnpaaedausl maepdwernmsn:



zpyna;

2) zpyna G modi | miavxu modi ¢ I[H( ]- , I[H| )- , LIH]|
zpynow, Koau das Oyde-sxol napu nidepyn A < B lenye nopmans
nidepyna N zpynu G, wo, sidnosiono, N € (A;B], N € [A;B), N
[A:B];

3) zpyna G modi i mixvxu modi € YIQH( )- , YIIH( ]- , VIHH[
, YIIITH[ ]-zpynow, koau drr Oyde-sxol napu nidzpyn A < B max

wWo A HeMaxcuManrsha 6 B, icnye Hopmaawna nidepyna N epynu
aldnoeidno, N € (A;B). N € (A;B], N € [A:B), N e [A;B];

4) K(H) < K(IIH( ]) < K(IH[ ]) < K(VIUH[ ]),

K(H) < K(IDH[ )) < K(ILH[ ]),

K(I[H( ]) < K(YIQH( ]) < K(YIIH[ ] ),

- K(IH{ )) < K(YIIH[ )) <« K(YIIH[ ]).

K(H)< K(YOJH( )) < K(YIOIH( ]) n K(YIIH[ )).

Jlosefennsn. Tpanycramo cnouarky, mo G — H.rpyna. Toal
Syas-axol nmiprpyns X a G oa ossavennsamM 1.1.8 maemo [X;X] 3 N 4
Bpipecn N =X 9 G i G — pepeximnosa rpyma. 3posymino, mo Gyas-
peneximpora rpyna € H-rpyoomw i Teepa:xennn 1 nemm noeegene.

Hexait 8 G /[A;B)/ > 1. Toxni sa oomavennam 1.2.1 Ta nemow 1.
A <BiA — enacea marpyna a B. B cany oonavenna 1.2.3 G mae
Ky HOpMAMeRY miarpyny N, mo mignosigso N e (A;B], N € [A;B),
[A:B). Ockinskm ana mnacaol nixrpyna A nigrpyma B 3 G /[AB})/ >
sizoosigmo, (A;B] 3 N < G, [A;B) > N « G, [A;B] 3 N < G,
TREpIKEHHA 2 fOBENleHE.

Hexaft renep » G /[A;B]/ > 2. 3a oomauernam 1.2.2 ta nem
1.2.1 A — naacra EeMAKCEMAMLHA miarpyna 3 B. 3a osnavernam 1.

G mac raxy mopManssy miarpymy N, mo, rianoeriano, N € (A;B),



miarpyna A miarpyma B 3 G /[A;B)/ > 2 i, signosixgmo, (A;B) 3 N « G,
(A;Bl]aN <G, [A;B)a N 1 G, [A;Bka N « G, 10 TEEpPAKeHHA 3 OoBe-

JeHe,

8a TBepmmeHHEAM 1 pn:;rnamanni‘l anemu K(H) sanexuars scim
immamM ceME kaacam rpyn osmavenHs 1.2.8. fxmo /[A;B]/ > 1 i (A;B]
3INaG, [JA;B)a N aG,[A;B]aN«G, 0N e [A;B] i TeM Bineme ne
copasepnueo npm /[A;B)/ > 2. Bsigem K(IIH( ) < K(IOH[ ) <
K(VIDH[ ), K(IIH[)) < K(UIH[ ]) < K(VIOH[ }), K(IH[ ) <
K(IIH[ ]), K(IH( ) < K(VIOH( }), KIOH[ )) < K(YIUIH] )). Hexai
peni /[A;B)/ > 2. Toai is coiesigpomenns (A;B) 3 N « G maemo N &
(A;B], N € [AB). 3sincr K(VIIH( )) < K(YIIH( ]) n K(VIIIH[ )). Ha-
pemri, ie cnissinnomens (A;B] 3 N « G, [A;B) 3 N a G sunnmsae, mo
N € [A;B], 1 romy K(VIDH( ) < K(YIIH] ), K(VIOH] )) < K(YLIH[ }).
Teepaxenna 4 nosenene. JiemMa gomemeHa.

Jlema 1.2.3. Hexalt G — nenepioduwna YIIH[I]-2pyna, modmo
drs Oydv-axozo [[A;B]/ > 21 [A/ = o maemo [A;B] 3 N a G. Todi G
— afexresa zpyna.

Hoeedenna. Hexait G — pocaigxysama rpyma. Togi G wmicraTs
enemenr g, /g/ = « . [loknanemo <g> = B, A; = <gi> A, = <g¥>, 3a
ymosoro semum [A;;B] 3 N; < G, [AsB] 3 N < G. ficwo, mo <g> =
N;N; i, seaymTs, <g> <4 G. Omxe, Bei meckinuernsi nuxkniuni nigrpymm
mopuansEl B G. Hexalt x — nosimermii npuMaprnit enement a G, Toni
rpyna G micrars oigrpymy Y = <g> A <x>. IToxkaagzemo A = <gb- )
<x>, B = <g¥?> \ <x>. Toai /[A;B)/ > 2, /A/ = = i 3a ymoeow0 nemn
[AB]a N <G fAlcro, mox e N, N=<g2"°> ) <x>, 3 < =61 Y s
<g? > | romy Y' < <g®>, Bizomo, mo xlgx = g', afo vlox - g

pigen 3 ymoen Y' # <g?> npmwronae, mo x'lgx » g, Y = <g> x<x-, N



My B cuny Teepmxenss 1.1.1 G — aGenepa rpyna. Jlema goseaesa.

Osuavuenuasl2d[207]. [Hidzpyna A zpynu G HAIUBAEMBCR
Keasiyenmpaisnow nidzpynow 3 G, akwo ect Il nidzpynu HOpMARbHL &
G.

Jema 1.2.4. Hexaii VI[H[ ]-zpyna G mae nidzpyny D = <a;> x
<ap> x <az> x <az>, /@y = p; p; — npocme wucao, | € {1,2,3,4). Todl G
— dedexindosa zpyna.
| JHlosedenns. Hexaii G Ta D sagosonsnsors ymosa nemms. fxmo G
— Hemepiogw4Ha rpyna, TO TBEDA/KEHHA JIEMH COpPaBeJIHBE B CHIY Jie-
Mz 1.2.8. Hexa#t G — nepioguuma rpymna. [Toxaxkemo, mo <a> < G.
IMoxnagemo By 5 = <a;> x <ag> x <ay>, By g = <a;> x <ap> x <ag>, By,
= <ay> x <@,> x <ag>, A = <a;>. Tomi /[A;By;l/ > 2, j € {2,3,4).
osmauenaam YLIH[ }rpym [A;B;;]13N; <« G. Hemo, mo N 4
Ny= <ay,> < G. Amajoritmo JOBOJAMMO, IO IS Oyas-axoro i, 1
(2,3,4), <a,> <« G. Hexait x — Oyap-axmit p-enemenmr 2 G. Tomi
micTETs migrpyny X = D<x> i /D n <x>/ € {1,p}. 3posymino, mo <x
Mae ofmEwYENH meperEH Xoua O 8 ogmiew is migrpym <a;> x <Ag>
<@g>, <8;> x <ag> X <84>, <8;> ¥ <ap> x <ag>, <6> x <#z> x <>
He nmopymymous SAranbsHOCTL un@:ﬁa BBAKATH, MO "-'-I:"If""‘l U- - 1, &e
= <a,> x <ag> x <a4> i B G icnye migrpyma V = U A <x>. Tlornane
A = <x>, By = (<ag> x <ag>) A <x>, By - (<ap> x ';:a‘}} A <x>, By
(<ap> x <az>) A <x>. Toni sa osmavenmam YIIH[ }-rpym nacuo [A;
3 N a G, je {2,3,4), Temep N 4.y Nj= <x> a G. Orxe, Gyas-A
nExAiYEs npaMapEa Oiarpyna 3 G mopmassEa B G 1 TOoMy, SK
BagarTe, & — neaeximnoea rpyna. Jiema mopemena.

Jewma 1.25 Hexali G — YIH([ Jzpyna 1 X = U xV — 1

nidzpyna. Todi cnpasedausl meepdyeHHa:



o o L e U i s R b S R i PR i i o L L Al
npu niavnomenmuocmt U sona e YII[H({ )-2pynow;

2) axwo V micmump snacui Hemaxcumaavui nidzpynu, mo U — de-
dexindosa zpyna i npu U a G U — ksasiyenmpaavha nidzpyna 3 G.

Joeedennr. Hexait G ra X sagoponsHAKTL YMOBH jgemu 1 A —
Gyae-axa migrpyoa ¢ U. [Ipn ymosl teeprmensaa 2 nemu V mictars Vy,
ae Vi;— BnacHa HemaxcuMaaesHa niarpyna 3 V. Ormxe, /[A;Bl/ = 2, ne
B =AxV. 3a osuagesuam YIIH[ |-rpyn maemo [A;B]a N a G, N =(U
AN Vg, e Vo —miarpynniaa V, A= N U< U B=A. 3eigcu A
q U, Axmo opu nsomy U « G, 7o A 1 G. Orme, U —— gepexinanua
rpyna i opu U a4 G 6yas-axa 1l oiarpyna sopmanssa B G. 34 o03Haued-
aaM 1.2.3 U — gsasinenrpansua marpyna o G. Teepmwennn £ jeMu
ROBEAEHE,

Hexait sRkoHRYeTHCE yMOBA Tsepmx#eHHA 1 memu i mexadt /[A;B)/ >
1, ne B < U. [Toxnagemo By = B x V. Togi /[A;B{]/ = 2 i sa conaves-
aaM YIIH[ J-rpym [A;B;] 3 N a G. Hexaiti Ny =N n U. Togi N; <« U i
N € [A;B]. 8sigea U — IIH[ J-rpyna.

Hexat U — minsnorestaa rpyna i /[A;B]/ > 2. [Toxkamemo, mo A <
N; < B, ne N; 9 G. Copagai, ockinexnu /[A;B]/ > 2, 10 A < C < B. Ilo-
knagemo Cy = Cx V., Topi /[A;C;) > 21 /[C;B)/ = 2. 34 comaucHEAM
YIIH][ ]-rpyu maemo [A;C]3 M, 9 G, [C;B;] 3 My < G. [Toxnagemo N»
= U n Mg, Ng= U n Mg. Togi N, @« U, Ng < U. 3poaymino, mo A <
Ny, A <Ny, Ny< B, Ng < B. flxmo A < No, 70 (A;B) 3 Na s Ui U —
YIOH({ )-rpyna. fArmo N4y < B, To A < Ng < B i, smaunts, U —
VIOH( )-rpyma. B uporussomy pasi Ny = A, Ny = B. Binowmo (nms.,
pampexxan, [78, Teepmmenaa 1.6]), mo B miavnoresTHi# rpymi [ npn
ymopi A a U, B 4 U, A — Bracea FeMaKCMMAJBHE4 miArpyoa 3 B,

maemo (A:B) 3 N 2 U i sgoay U — YILUIH( )-rpyoa. Jlena aoresena,



K(IH[ ]). K(VITH( )), K(VITH( ]), K(YOH[ )), K(VIH[ ])
samxHenl 3a nidzpynamu ma gaxmop-zpynamu | HezamxHenl 3a npa

MuMu dodymramu.

Josedennsn. Hexait G — rpyma ogEOro is BoceME KJIACiBE rpym Teo-
pemn, X — gosinesa migrpyna s G i A < X < B. 8a yM0BOKO TeOpeME
MaeMo HopMmansHy miarpyny N 8 G, axa 0afoBoNbRAE BianOBiAHL
cniBpigEOmenaa osmEavenHa 1.2.8. Sposymino, mo N < X,i romy Bci
llmar.umani KJACH I'DYI S&8MEHEH] 58 DiArpynaMH.

Hexaiti G — poBinpEA (GAKTOP-TPYNA OJHOTO @ PpOSIIALYBAHEX
knacis rpyn, A < B < G. Togi A< B <G, ae Ai B — nossi npoobps
am A i B B rpyni G eigmosigro i G — rpyna ogmOro s knacis oamaver
ra 1.2.83. 3a oM e osHaueHEHEAM G Mae HOpMaNLEY miarpymy N, Axa
sagoBoMsEAe Bimmomizml coiesigmomerEa oOsHAYEEHA. 3poayMino, mg
ofpas N 8 G miarpyne N e G Temx sagoBONBHAE CIIBBiJHOMEHHA OGHA:
gerns 1.2.8. 3magnrs, nei posrnagysani KAACH rpyn saMKHeHi sa das
TOp—TIPYOAME.

3posymMino, mo rpyna KBaTEepHIORIB BOCEMOTO nopagky Q Gyme rpy:
O30 KOMKHOro 3 posrnsgysasoro xaacy rpyn. Hexa#t G = Q; x Qs x Qg %
Qq, Ae Q — rpyma xearepmionis mopsaaky 8, i € {1,2,8,4}. Bposynino,
mo G — mepeseximzosa rpyma, AKa MICTHTE eJeMeHTADHY abenesy
miarpyny nopaaxy 64. 3a nemow 1.2.4 G — pepeximgosa rpyna. Cyme-
pegHIiCTE. Enlﬁcn MONeH e poSrNALYBAHEX KJACIE IDYN HE € SaAMKHe
HEM 38 OpAMEME xobyrrame. Teopema josenens.

Haexingomn 1.21. Hededexindosa noxaabHo cmyninuac
YIIH[ ]-2pyna € po3s A3H0K LepHIKOECHKOI0 2PYNON0.

Hoeedennn. Hexait G — pocaipmysama rpyna. 3a aemon 1.2.8 C

— mepiogeeaa rpyna. Hexaffi H — Gyaep-axka Heckimvensa mealesnes




osmavenuaM YIIH[ J-rpyn [<h>;H] 3 N < G. 8sigcn nerxo 6agara, mo
H < G. B cary Teepaxennn 6.5 a [78] meckinuerna rpyna G poss'assa,
S8a nemoro 1.2.4 G me mae alenepmx ‘migrpym, moO pPOSKIANAIOTECH B
mpaMuEl gobyrox Gimeme Hix TphOX nuc:mmnx MEORHEKIB, OTHe,
G sagosonsEse yMoBy mMimimamsmOCTI s abenesmx mixrpyn i romy sa
sigomum pesyasraTom 3 [208] G — wepmixoBcrka rpyna 8 mOBHOI Yac-
TaEOKN R. 3a Treopemow 1.2.1 G/R — cximwerma VIIH[ J-rpyna.

Hexa#t R = 1. Toxi /G/ < w. [loxarxemo, mo G — poas’ssua rpyna.
8pooymino, mo G mae ronopmmit pag 1 = Gp < ...< Gy < ... < G, = G,
$aKTOpE AKOr0 € eNeMeHTADHEME AGE/EeBEMH rpYOAMH YH OPOCTHMH
rpynaMu. Sxmo Beci daxTopm smbpasorp paxy abenesi, 70 G —
poss’'sama rpyna. IlpanmyeraMo, mo ans aeaxoro i > 0 G,/G,; — =Hea-
Genesa i Tomy mpocra rpyna. Tozi Gy/G;y micrars B/Gy; > A/Gyy > 1
1 /[A/Gy1;B/G;1])/ > 2. Ba osravennsam 1.2.8 [A;B]3 N < Gi N/Gy, —
HEOAMHHYHA BMAACHA HOpMansHA mixrpyma 8 Gy/G;,, mo cyoepeunTh
mpocrori Gi/Gy ;. Orxe, npE R = 1 G — posn’scra rpyna.

IIpg R # 1 G — poss'ssea rpyna za nonepexmiM. Bei Bmpaaxsm
posrasayTi. Hachigox noemsmmii.

T e opewma 122 Hededexindosa noxaivno cmyninvacma
YIIH[ ]-zpyna € pose ainoio ueﬁunmﬂcmﬂm ZPYNow, HeHOpMaAbHG
nidzpyna U axol moxe Oymu auute aenachow nildzpynox ofnozo 3
munie:

1) U — uurgaiyna nidzpyna nopadry p°, a > 0, p — doaiasne npo-
eme wucao, (e(UV)) =M aG; .

2) U — zpynn nopadxy pq, p i § — Heobos nakoao piani npocmi
Iﬁm.m. M=14aG;

3) U — zpyna xeamepnlonis nopadxy 8, @(U) = M a G;



4) U — yuraiuna nidepyna nopadxy p7q, @ = &, p £ & = pons
_npoemi vucag, M <U, M 2 G, /M/ =p*'¢;

5) U= <x>\<y>, [x/ =p.A>L Y/ =pP— dosiabne npoc
wueno, [<x>,<y>] <<x*> [U:U’] > 4, xoxua nidzpyna 3 U nopadxy
pf micmums U’, <xP> x<y>=M a G;

6) U = R h <x>, R — enemenmapHa aberesa Mminimanvna
marwna nidzpyna s U nopsdwy v > 2, [x/ = p’, pt r — piani npoc
wucAg, y € {1,2,3, B> 0, y+ f> 2, <x> — MAKCUMAAbLHA nidzpyna 3
U U'=R Rx<xP>=MaG, npuy>1 v+ i< 6.

Jlosedenns. Hexait G ta U saJ0OBONBHANTL YMOBH TEODEMH. Toni

1<U<Giosa macmiakom 1.2.1 G — pOGB A0HA VEPHIKOBCHKA rpyna,
filxmo /U/ — mpocre wmeno, T0 U — rpyna THIOY 1. Hexa#t /U/ — BE
npocre umcno. Toxl sa ymoBow 1 neMn 1.1.1 U mae BRacHI HeMaKCH-
vameaEi marpyns X. 3sigcm /[X;U]/ > 2 1 o2 o3HAYEHAAM 1.2.8 [X;U] 3
N(X) @ G. Axmo U nopoKyeTsca ¢cpOiME BASCHUME HeMAKCHMATbLHHN:
Hzmrpyn&uﬂx ro U mopopsmyerses i miarpynamm N(X). Tomy U 4
G, mo memoxsmeo. Orme, U He DOPORKYETBCHA CcBOIMHE BNACHHMH He-
MaxcuMamsEEME marpynamm i romy U saxoposnbEAE YMOBY TeOpeMi
1.1.1. 8a miew Teopemoso U i M MO®EYyTH 6yra TRoy 1—6. fAxmo U -
M — rpynu TEmy 1—b5 araganol TeopeMu, TO roai U ra M — mi;
opEOro 8 TEms 1—5 posrIALYBAHOI TEOPeMH.

Hexaft U — rpyna tany 6 reopemm 1.1. 1. TumU-Rh <x>, R
<x> 3AA0BONLESIOTH Ti )X CHiBBiAHOIMEHHSA, INO B reopemi 1.1.1,
/R =1"> 2,;::,’-pﬁ,|3:-ﬂ.y+[5:r2,rip——piaainpncﬂ ;
Ocximsxn & — BegeneximmoBa Tpyma, TO 38 JNEMOK 1.2.4 soEE H
wicTETE eneMeHTApEMX afemeBHMX WArpyN HOPAAKY rd. Bpigcm v
(1,2,8). Moxaxmeno, mo /G/ < . [lificmo, mexas /G/ = =, Topi €

MmicrTrTs KBasinmxmury marpyoy K, sxa sa nonepesriM He MOxe C



queth, B G iceye miarpyma V = K<x>, axa sa momepegmEiM TeéxX HOp-
mamsEa B G. Ane topi V n U = <x>.<4 U, mo memoxmaso. Orxe, /G/
< ., 3a Teopenoio 1.1.1 M =R ) -cxP:\: 4 G. INoxkamxemo, mo M' = 1,
Hicuo, mexait oe me rax. Toai aa Jmumu Pparrigi (gue., EEDpERIAL,
[74, nema 17.1.8]) G = MD = RD, ae D = Ng(<xP>). Bposywmino, mo
<x><D. Ocgimxr M' 21, 7o R D = R' — snacma migrpyna s R, R’
aD, R <R, atomy R ¢ G, Ockimeke R — mimimansaa mopmansua
miarpyna s U, 7o R' " =1i G =R A D, D 4 G. 3posymino, mo D —
eximwenna rpyna ofsoro 8 TRms 1—6 reopemn 1.1.1. Ockinsxr U 4 G,
0 <x> 4 D. Beigew D — meneneximpnosa rpyna i romy D — meabenesa
rpyoa Tany 2, 5, 6 reopemm 1.1.1. Bposymino, mo /x/ > p. Tomy /D/
minereea 5a pobyrox Glieme mix ABOX mpocTmx wmcen. Spiacw D me

moxe Gyrm rpynoro Teny b reopesm 1.1.1. Ba TeeppixemHEAM miel Teo-
pemm <x> micreErs D' ,<x> < D, mo cymepeunTs monepexasomy. Orixe,

D moxe Gyre rpynown tEny 6 reopema 1.1.1 i micrmrs M; 4 G, D/M;
— rpyma mpocToro mopaaky. 3posymizo, mo [R,M;]=1, xP € M, ,
[R,xP] = 1. Beiner M’ = 1, mo me Tax, i romy M = R x <xP>,

Hexait y > 1. [Tpnoyeramo, mo y + B > 4. Toai R micrare migrpy-
oy A, /A/>1,A<R, U — miarpyoy B = A x <xP> i /[A;B)/ > 2. 3a
oomaveraan YIIH[ J-rpyn [A;B] > N < G, Ockineku R 2« G, N 4 G, 10
RN N=N; 9G, A <« N; <R, mo cynmepeunTs MiniMansaocti R » U.
Omme, Yy + B < b6 iU — rpyna tany 6 poarnagysamoi teopemi. Teope-
MA [OBEfeHA.

Ozna=ennsn 128 (dus, nanpuxaad, [209]). Fpyna G Haiu-
BaemMbca OUCTEPCUBHOID, AKWO 60HA MAE cuaoachxuil pad, mobmo pad
sopmansnux 6 G nldzpyn 1 = Gy <Gy < ... s Gy < .. G, = G maxur,

wo npu n < 2 G — pepyna (p — npocme yucao), a npu n = I, 1~ i



pisni npoeml wucaa.

I'pyna G Hasusacmucs ducnepcushow 3a Ope, axwo npu I <1<
Pi = Py

Teopema 123 Hededexindosl nroxaiavio cmynikiac
VIIH[ ]-spynu G mawmb cKiHYeHHUll KOMYMAEHM, He MawOmb nidepyn,
wo poaxaadaombes 8 npamuii Gobymox Oinviie HiN mpvox HeoduHuw
HUX NPAMUX MHONHUKIE i € uepHixoacbiol ducnepcuskolo zpynow od
Hoz0 3 munies:

1) G — exinvenna Henlavnomenmua zpyna;

2) G — criHveHHa HiabnomenmHa He Ginblie HiX ﬁlnj:unnpuu 2py-
na;

3) G mae yenmpansny xeasiyuxaivny p-nidepyny R, das akol G/

— ciinvenna dedexindosa epyna.

Hosedennsn. Hexat G — pocnipxysama rpyma. Togi sa macsigxol

1.2.1 G — pose'ssHEA 4epHIKOBCHKA rpyma, KA 38 JIEMOK 1.2.4 ne
MICTHTB WiArpym, INO POSKJIAKAIOTHCA B HpAMEN Ao6yToxk He Oiabume
HiZ TPHOX HEOAMHMYHHEX MHOMKHEHKiB. Mommel BEOATKH: 1) /G ==
2) /G/ < 0. |

Bunadox 1. ¥ nromy sanagxy G MicTETS KBASINEXIIYEY D-HATPYIY
R, sxa 3a reopemomo 1.2.2 mopmamsna B G. Hexalt x — nosinsnmi

mpavapeni enemenT 8 G. Tomi B G icEye miarpyna X.- R<x> |

mo X = RN < G. Bsigecm X/R = <Rx> < G/R i, TaKEM YHHOM, BC
opemapsi mmxaiymi migrpyns mopmaneri 8 G/R i Tomy G/R — ne
IeKiHJ0BA rpyna.

[Ipunycremo, mo mnosEa gacrmma G wmae Oinpme HIX OnH

keagimukaivgy marpyny. Toai 8 G icHyOTe KBASIMMKAIYHI MArpyN



pxiggosa rpyma, i € {1,2}). 8a reopemow 1.1.2 G — genexisgosa rpy-

A, MO He TAK. 3Bifick moBHA wacTmEE G cHiBmazse 8 KBABINHEKIIYHOW
o-nixrpymoo R. h
Sa momepexEiM Aas OyAp-AKOro DpEMapHOro ememesnta X 8 G X =
R<x> = EN. He nopyioyo4us 3arafbHOCTI MOXKHA BBaXkaTH, mo /N/ <
w. 3pigcu [R,<x>] <« NN R, /NN R/ < =i romy /X'/ < . Orxe,
gpasipurgiusa miarpyne R gesxats v meaTpi X. Ockimexm G — wep-
EiKOBCBKA HijgbOOTEeHTHA rpyna, 10 G' * R i, agaunTts, /G'/ < «. 3sixcn
3 — rpyna Teoy 8 Teopemn.
Bunadox 2. ¥ opomy sroagxy /G'/ < «. Hexait G — minemorenTHa
i, Togi G = U xV, e V — HejzenexiHg0B2 CANOBCHKA D-HIArpYIA &
3, V — ii xonniscexe gonmosrenss B (G. 3a memowno 1.2.5 /V/ e {1,r}, r
OpoCTe YECHO, I # P i, SHAYHTE, V OpOMY BERNAAKY G — rpyna THOY
Hexa#t G — crinvesna meminpnorenTHA rpyna. [loramemo, mo G —
jecnepcuBaa rpyna. [IpamycrEmo, mo me He Tak. Tomi G MicTET:
iEiMATERY HeAHCHEpPCHBHEY miarpymy X, AKA, OYEBHAHO, POOB AOHA.
Hexali X' me micrETs /ROgHOI DpEMapHEO] CEMOBCHKOL miarpyns 3 X.
Toni B cany [209, §2.8] X = BD, e 8 — rpyne Illminra, D —
sminsnoTerTHE migrpyne 8 X, [S,D] =1, 8D =Z < %4(X), Z < D(S),
Z < (D). 3a Teopemor 1.2.1 X/Z = 8/Z x D/Z — VIIIH[ }-rpyna.
Bimomo [209, § 2.3], mo S/Z i| D/Z — meminsnoreRTEI rpymm. 38 Je-
oo 1.2.5 8/Z vy D/Z mae 6yTE gesexkinqoBow0 rpynow, MmO HeMORUIH-
5, Omxe, X' MicTET: x0ua 6 OZHY OPAMADHY CHNOBCBRY HiATDYmY 2
X. B cany [209, §3.2] X = PQ, P — CRNIOBCHKA HEHODMAABLHA B X p-
yoa, § — memopmaneEa B X CENOBCHKA q-miarpyma, p=q, P’ # 1,

P geizomopdHA rpyni keaTeprionis nopagry 8. 3a reopemow 1.2.2 P =



pE % 1< % QUURY B CROY [4Uy, 38.L4] A= AL, D=Q A <b>, D 4§

D — meminnnmoTenTHA mMiZrpyna, sxa san0BOABHSAE yMORY Teopem= 1.2
i moxxe Oyrm miarpymowo ramy 2, 6 sragamoi TeOpeME. FARmMO npar
T8, e D — migrpyne oy 6 Teopemm 1.2.2, 7o Qx <bP> =M 4 G
SHAYHTE, & < G, mo HeMOXINEBO.

Hexafi remep D — rpyma raoy 2 reopemu 1.2.2. Toni /D/ = gp,
p. Ocrinekm A mHanexmrTs MeTammKmiwmil miarpyui P, 7o A —
ORKII9HA ‘MeTANHKAIYHEA rpyna, [Ipe /A/ = 4 P — rpyna pieapa
paaky B, axa me moxe OyrE rpynoio TEmy 5 reopema 1.2.2,
peumicTs. 3navurs, /A/ > 4. Bpooymino, mo A )\ Q — memimsnoTent
rpynsa, #xka Mictarte marpyny Himinra S 2 mopmansmom MEeTANRK L
BOK) CHAOCECBKOK P-IATpYNow | HeHODMANBEON CHAOBCHKOO
miarpynmolo, q > p. Ba BIZOMEME peoyILTATAMH (AAR., BATDHKNA
[209, teepaxennn 1.1.1]) p = 2, q = 8. Baincn /A/ > B i amoBy B CH|
{209, § 3.2] /P'/ > 2 i, Takum ummom, P me mome Oyre migrpyme
TEOy O TeopeME 1.2.2. Omme, G — zmcmepcmema rpyna temy 1 reop

mu. Teopema nosemesa.

1.3. IEAKI 9ACTHHHI BHIIAIIKH

Oemewenna i3l (dus., nanpurxrad, [64, § 9.4]). I'pyna G
<a><b> HOIUBAEMLCA MEMAYUKAINHOW 2pYnoK, AKIO <a> < G.

Terepnamxennax 131 [66). Krac memayuraivuux zpyn 3¢
MeNuil 3a nidzpynamu ma paxmop-zpynamu, HesaMxHENUil Fa np
Wy dobymxamu | saMkHeHull 3a cxlnuvenHumMu npamumu dofymial

CXIHYEHHUX NPAMUX MHONWHUKIS NONAPHO 6IAEMNO NPOCMUY nopadxi



H oAuLTEMLE vepyiidmd RUJUOGETNIOCA ZDYNOKD LI MIOmda.

Oewmauenuasnld3. Healenesa zpyna 3 abencéumMu 61acHUMY
Wiozpynaxu nasusacmuvcs zpynow Mirrepa—Mopeno.
Haecainox 131 Hexai G — nroxanrswo emyninvacma
UIH[ ]J-zpyna, U — I Henopmarsma nidzpyna. Todl cnpasedrusi
BePONEHHA:

1) U — ckinvenna, He Olavie nix Ginpumapna nidzpyna 3 abene-
U eaacHuMU nidzpynamu;

2) U — wueniasnomenmmna zpyna Miarepa—Mopeno, wo mMoxe Gy-
nidzpynow odnozo 3 munis 2, 6 meopemu 1.2.2; |

3) U — nememayuxaiyna zpyna, xoau soma nidzpyna 3 G muny 6
pemu 1.2.2, y> 1, y+ < 5;

4) U’ — rzpyna, r — npocme wucao, 6yds-axa yuxnivua r-nidzpyna
U nopadxy Giavwe r micmums U

Hosedenns. Hexadt G Ta U sagosonsEsiors ymoBE Hacmigky. Tomi
— migrpyna oaEOrc 3 TEms 1—6 reopemm 1.2.2. Ouemmpmo, mo U
Cximwensa, Be Ginbme mix Gimpemapha rpyna. OueBMARO TaKOXK, MO
- mﬂﬂmmuﬂaaﬁmanunw_imwcnpumm
1 macmigky. Heminsnorenrsa miarpyme U rpymm G moxe
i JEIDé FPpYynow OAHOro s TEmiB Z, 6 Teopemm 1.2.2. Ajye Toxmi aa
1 macmigxy Bei Brecel miarpyms o U abenesi i romy sa
saveEEAM 1.8.8 U — meminsnorensTtre rpyne Minnepa—Mopero. Ta-
YHHOM, TBEDAKeHHA 2 HACKIAKY AOBeneHe.

Hcrmo, mo U’ — r-rpyna, r — npocre amero, Hexatk g — eJIeMEeHT 3
i /g/ = r% Tlokaxemo, mo <g> > U'..Ilpg U’ = 1 me ouesmano.
exalt U' # 1. Togi U — miarpyna ogmoro @ Tumir 2, 8, 5, 6 TEOPeMH
.2.2. B migrpyni U xoxmoro s Tanis 2, 6 sragamol Teopemm memae



reopemu 1.2.2 € rpyno KBaTepHiOHIB NOPAAKY 8, v axi#t sci oixrpys
nopaaky 4 micrars U'. ¥V marpymi U tany 5 Teopemu 1.2.2 pa ymoso|
miei Teopenn Oyfab-AKa miATPyna NOPAAKY r? amicturs U'. Orxe, sas:
nE <g> = U' , mo AOBOJHTE TBEPAKEHHA 4 macmiaxy. Hacnigox no

[Ixidma mawoms suzazd G = P \ Q, de P — Hopmaavha 8 G CUROSCH
p-nidzpyna nopadxy p°> 2, a € {1,2,3}, G' = P, @ — HeHOpMaAb}
yuicaluna curoscvia g-nidzpyna 3 G nopsadxy ¢*, f> 0, pt q — pla
npocmi yucaa, P'= ®(P) < Z(P), /®P(P)/ =p*, Ae(0]1},a-4— N
xasnux p no modyaw q, P(P) xQ — MaKcuMAALHA nidzpyna 3 G, Z(G
= @(P) xP(Q), ma euvepnyOMbCA zpYnamu munie:
| 1) P — zpyna xeamepnionis, g = 3> f:

2) exp(P) = /®(P)/=p>3,¢>2 =L

3) P — eaemenmapua alenesa zpyna, npu a = 1 a+ pf<béb.

Hosedennsn. Heobxidnicms., Hexafi G 3aj0pONIbHSAE YMOBH TEOpEN
3a reopemoo 1.2.8 G — crimvuesHA HeHiNLNOTEHTHA rpyna, Aka B CHi
(zmp., mampuxaax, [210]) mae puraan G = P A Q, me ana P A Q B=x
NYIOTLCA BCI YMOBH 8 MOYATKOBOTO (PODPMYMOBAHHSA POArAAZYBAHOL TH
pemu, oxpiM ymosm a € {1,2,3}. IMoxkaxxemo, mo G — rpymna oxmRorg
ranie 1 - 3 TeopeMn, | TEM CAMAM OJEDHHMO cHpasenIHBICT: STANAR
ymosu. fxmo & = 1, ¢ G — royuoe Tany 8 reopemm. Tomy Oyne
ppamarn, moa > 1. Mippa=2ia+ 08 <6 » cany [210] G — rp¥
oy 3. Hexafi a > 8 | M — Oyae-AxR MAKCHMAIBHA miarpyna @ P. ¢
sizomo [210], D(P) < MiM 4 G 1 B cuny gacmgry 1.8.1 M — wme

wrxaiuna rpyna.



yoy U = M x @{Q), axa moxe O6yrm aEme marpynomo Tamoy b Teo-
x 1.2.2 | TomMy e nmxaivEO0 rpymor mopagxy pig. Ase /U/ =
M//®(Q)/ > p°q®, mo memoxurmeo. La cynepeunicTs mokasye, mpo i <

Hexa#t P' = 1, Toai smsosy B cany [210] P — enemenrapHa abGenesa
A mopagry p°, a > 2. ficeo, mo G > P x ©(Q). 3a Teopenowm 1.2.3
nenexinnosa rpyna G me Mae miarpynm, mo poOSKJAKAKTHECA B NPAMEE
iyTor Ginbime HiZ TPHOX HEOQHMHEYHNX OPAMEX MHOMHEKiIE. 3Bimcm
— eslemenTapaa abenesa rpyna mopaaky pf, a =8, B=1, a+f <5

G — rpyna tanoy 8 Tnﬁp-eu:ﬁ.

Ilokamenmo, moopr a =2 a4+ < 5. fAxmo B < 8, To ne ouesnu-
D, Hexait fp > 2. Togi G micTrars miarpyny U =M x ©(Q), ne M —
cananeH: miarpyna e P, /M/ = p, /@®(Q)/ = q*'. Hxmo mpumycrs-
mo U 4 G, 7o seosy U — migrpyne tamoy b teopemm 1.2.2, axa
» HopMabEy B G miarpyny M, nopaaxy pq®’. Bsiger P n M, =
| 4 G, mo cynepeunTes BiJOMEM DeIYABTATAM ODPO rpm HImingra mpa
® = 2 (mme., saoparaan, [210]). Taxem umson, opr PP=1 1 o > 1
& + B < b.

Hexa® mani P' # 1. Toai sa mmacturicTic rpyn Imigra [210] P! =
(P) = Z(P) i U = &(P) A Q 4 G. Buaumrs, U safosonsEMe YMOBY TO-
g 1.2.2 1 mome Oyt TimpkE muxmaEow rpymom. 3eigcm ©(P) —
riyea rpyna. da snacrasicroo rpyn Mimigra [210] exp{®(P)) = p i
mp > 2 exp(P) = p.

[penycramo, mo P — meranmxriuma rpyne. Topl sa mracrmsicTio
Himigra (210] P — rpyna R!lﬂpﬂlﬂl!:.iﬂ nopaaky 8 I B nsoMy Bw
nxy G — rpynma TEOy 1 Teopem=.



THRICTHD I‘P}Fﬂ 11 ML lﬁJUJ L TOREMUNS L.esd WPy =ayL g Lol e

rpyrna IlIminra 3 HOPMANBHOI CHIOBCLKOW P-HIATPYTIONIO P/d(P)
pAAKY p"', AKA € HeHINLNOTEHTHOW IPYNO0 Minnepa—MopeHo TRE
posrasayeaHol Teopemu, o > 2 1 @ -1 € HOKAIHIKOM P 34 MOAYJIER
Ins rpyne G runy 3 posraaayeanol teopeMn o -1 € 12,3}, 3HOBY
pnacrapicrio rpyn HImigra npr « -1 = 3 @©(P) =1, mo neMox N
Taxim uuaoM, o —=1 = 2 i, ogaunrs, « = 3 i P — memerauniaivHa B
fenesa rpyna oopaary pd, fika, AK BIIOMO, MA€ EKCIOHEHTY P, P = &
€ NOKA3HUKOM D 3a moayreMm q. 3sigem q > 2. SHOBY 3a BAACTHBE
rpyn LlImigra [210] P/O(P) e mome OyTH eJeMeHTAPHOW abeel
rpynowo nopaaxy 9. 3simcn p > 4.

[Toxkaxemo, mo f = 1. Hexaii ue #e tak, Toal P > M = <¢> x S
fe/ = /x/ = p, <¢> = ®(P), M ¢ G. lNoxnaagemo N = M « ©(Q).
gpanyiienHamM N — afenesa HeNpUMAPHA HeNHKIIUHA oiarpyna
nopaaky p2q’”. Bposymino, mo N He moxe OyTH rpynow OAHOHN
tunis 1—6 reopemu 1.2.2. Tomy sa niew reopemow N a G, P n N
< (G, mo cynepeunts HeropnansHoeTi M B G. Orxe, i = 11 G —
rany 2 Teopenmu, Bei punaakn posrnasyri. HeoOxigsicTs foBenesHA.

HNocmamuicms, Hexatt G = P A Q — rpyma 0A=HOro 3 THOIE POST
AypaEOI TeopeMp. 34 BNACTHBICTIO SArAJLHOTO BHIMARKY TrpyIH
Maen0, 1o ¢ — ckigyenna rpyne Imixra (aus.,manpuxnsg, [21 )]

MMoxasenmo, mo G — YIIH[ Jrpynoa. Hificuo, mexadt /[A;B})/ 3
Moxaseno, mo [A:Bla N 4 G. Axmo A 9 G, 1 B a4 G, ro mo
pinmosineo N = A ya N = B i sce nosegeno. 3ninca A 4 G,B 4G,
>1, B> G. Ockimxm G' = P i B — Bnacma migrpyua @ G, o B
BN&CHA EinsmorenTsa marpyma saraany Py« Qp ae P > Py =F Ak

crtoncsxa p-uiarpyma 3 B, Q; — 1i xoanipcbKe NONOBHEARA



cen. Nani, ockinekn /P;/ = p?, 1o B rpym G Ty 2 /Q;/ = q i Tomy

B/ - p?, /Q;/ = q. Bes nopymeHHA 3araJbHOCTI MOMHA BBAXKATH, U0
£ - Q. 3sincu B P icAye makcumanera marpyoa Py 1 Py « G,.u;n HE
p rpyuax HImigra (gue., sanprxaag, [210]). 3sauurs, gna rpyn
By 2 aocraTHICTE JOBeJeHE. :
Ananoriyeo mosoxEMo gocTaTHicTs Ana rpyn G Tamy 3 mpan a = 3 i
s rpyn G taoy 1 opu § = 1.
Hexailt G — rpyna Tany 1 i f = 2. Ilpr niff ymosi Emmxai# map
HG) = O(P) x Q) < Z(G) i Tomy Bei enementn 3 G OpoCTOro NOPANKY
. ATk 2(G). 3rigcu Ta 38 ponepeamEiM /A/ e AOOYTKOM He MEHIe
i ABOX MPOCTHX YHCEN, /B — pobyTox He MeHINE HiXM YOTHPHOX
ocTax wmces, /G/ — pobyrox o'saTm mpocrux umces, [G:B] minmTnes
B 2. 3piace /B/ = 38, /P;/ = 4, /Q;/ = §. He nopymywoun 3araib-
MOMHA BBAYKATH, mo §;= Q, 1 oMy P;< G, mo 8 rpynax MIminra
psemso [210). Taxmm amsom, gas rpyn G Taoy 1 mocrarmicTs mo-
Hexak, sapemri, G — rpyna many 3. 32 monepemmim o e {1,2).
f oo = 1. Bame mosegeno, mo Py < P i romy /Py/ = 1, B — g-
pyna, sxa Ges DOpymeEss SAraxbBEOCT! HANENHTH MEKmivwEld nixrpyni
AcHo, mo A — BAACHA HeMAKCEMANLHA marpyma ax o B, vax 1 8 GQ.
Blacx A < ©(Q) < ZG) i Tomy A < G, mo me rax. Tomy ¢ = 2 i & +
6. 3poaymine, mo [G:B] gimarsca ma p, /G/ — pofyroxr OGinsme =i
Pruprox mpoctEy wmcesi, /B/ pinmreca ma mofyTok HE MeHIme HiM
Beox mpocrmx wmcen, Beincw /B/ = pa?, /Q/ = q®. Brosy Gea nopy-
feras saransEOCT] MOXES BBAMCATH, MO Q‘- @1, Py < G, mo B rpynax

igra memoxxmpo [210]. Orxe, sel pmmagxn poornsmyTi | TAM ca-

(M JOCTATHICTE JOBenena. TeopeMa XOBEJeHA.



Hacxninox 1.3.2. B nroxassko cmyninvacmiia VIUIH[ ]-zp,
[II midma G 3 ymoeu [[A;B]/ > 2 eunausae, wo a60 A < G, afo B 4

Haecanipneox 1.8.8. Jloxarsno emyninvacmi YITH[ ]-zpy
Miarepa—Mopeno su4epnyOmsca 2pynaxu munis:

1) G — zpyna xeamepnionis nopadry 8; |

2) G = <a> \ <b>, /a/ = p*, /b] = P, a > 1, f> 0, [a.b] = 0"
— doainbne npémme YUCRO;

3) G = (<e> x<a>) \ <b>, Je/ = p, /a/ = p° [b) =P a € {1
B e{l,2),p(a+p) >4, [ab] =c, [c,b] = I1;

4) G =P )\ Q — zpyna OImidma muny 3 meopexu 1.3.1.

Jlosedennn. Heobxidnicme. Hexalt G — xocaipysama rpyna.
sigzomMumm peayabTaramm (ams., sampexnag, [77, reeprxensa 1.1.1
sa Teopemor 1.2.8 G — m:i.mm OpEMADEA p-rpyma, Wi ckimw
rpyoa IMminTa.

Hexa#t G — p-rpyna, mo He € rpynow ozsore @ TEms 1, 2
ayeamoro macmiaxy. Toxi » cmry rsepamenas 1.1.1 o [T7] G = (
<a>) A <b>, /¢/ = p, /a/ =p% /b/ =P, a>0, B >0, [a,b]=c, [cb
1. Ilpu p (& + B) =4 G — rpyna gieapa mopsaky 8, axa, ogepmunt
rpYTIo THOY 2 POSrAAXYBAHONO HACIAKY. Tomy GyaeMoO BBANKATH,
p (@ + ) > 4. Bigomo raxox, mo Z(G) = <c> x <aP> x <hbP> = @
<aP> x <b> 4 G, <a> x <bP> 4 G. B cany reopemn 1.2.2 nigrpyma <
x <bP>, <aP> x <b> MOxyTh 6yTEH JRIE P-IArpynaMH OZHOIO 3 .
1, 2, b miei reopemm. [lns migrpyn cragammx TEm® a < 8, B<3
— rpyna TEOY 2. Broagox, xone G — mpmmMapHa rpyna, posriaR

goRBRICTIO.



SlOAnR T — HbouprEAaMmEapian CRPPIEE. AWLL WT T L N g T AP yain LLIMLUciB,

y axoi P' = 1 i G 2a/10BO/ILESAE YMOBY TEOPOMH 1_'..3.1 i ToMy e rpynoxn
runy 3 aranasol reopemn. 3sigcm G, — rpyna TEDY 4 pOSrNANYBAHOIO
pacmiaxky. HeobxigmicTs nopenena.

Hocmampuicms. Hexalt G — rpyma n:jmnm s TEnis 1—4 poaraagy-
panoro sacaiaxy. Toai B cany rsepmxensa 1.1.1 8 [77] G — ckinuersa
a i, OHAYATH, JOKANABHO CTymiHuacra rpyma Mimnepa—Mopeso.

anesEo B Teopemi 1.3.1, a ana rpyn G teEny 1 oe ouesmagro. ToMmMy B
ansmony OGynemo ssasxatm, mo G — rpyoa ogsoro 3 Temois 2, 3
1KY
Hexait /[A;B])/ > 2. Iloxamxemo, mo [A;B] 2 N < G, Axmo A 4 G,
B « G, 10 e ouesmgeo. ToMmy A4 G, B 4G, A £ Z(G), BN G = 1.
¥ rpynax xoyxsoro o tanis 2, 8 macaiaxy ana Oyns-axoro g € G Maemo
P € Z(G). Bposymino, mo /B/ > p?. Hasa rpyn G many 2 B = <g>, A <
(B) = <gP> < Z(G), mo cynepeunTs BaGopy A, i Tomy maa rpyn G Ta-
oy 2 mocratHicTs mopemena. B rpymex G tamy 3 [G:<c>] < pt. Beigcm
/B/ < p*. Ockinpke <c> He gomonmweTsea B G, To /B/ < pt i, omaunmrs,
/B/ =p?, a=p =2, JA/ = p. Ane sa mux ymoB A < w(G) = <e> x
-__P:- x <bP> < Z(G), mo cymepeunTts BrOOpy A, | THM caMmEM J0-
_ raicTs aaa rpyn G tany 3 gosexerna. Hacmiaox noeenesmi.
Teopema 1.3.2. Memayuxalunl YVIUTH[ ]J-2pynu G auvepny:
MR 2pynaMu munia:
1) G = <a> x<b>;
2)G=<a>\<b>, Ja/ =2° /b) =2, a €{2.3), f> 0, blab=al;
3) G = <a> )\ <b>, /a/ =8, /b = 2°, f> 0, blab = a%;
4) G = <a> A <b>, Jfaf = p°, /b/ = p, b‘lab-a‘*F',p"} 2,0 ~a-

B3 a-hak<a,a-k<f;



<h> = <aP™ >, <b> Nn<d>=1,blab=a"'P ", p*> 2, Z2<a=pi

6) G = <a><b>, /a) =8, /b) = 2, B> 1, [<a> N <b>/ = 2, blab
a’;

7) G = <a><b>, /a/ = 16, [b/ = 2°, B € (2,3.4), /<a> N <b>/ =
blab = a’l; |

8) G = <a><b>, /a/ = b/ = 16, [<a> N<b>/ =2, blab = a¥%;
~ 9) G = <a><b>, /a/ = 16, [b/ = . |<a> n<b>/ =2, P € (34
blab = a’; 1

j0) G = P x D, P — zpyna xeamepHhionis nopadxy 8, D — ckinv
na afeneed MemayuxkaiyHa spyna;

11) G = P x D, P - cunoscsxa p-nidzpyna G, /D/=q,pitq— pi3
npocmi wucaa, P — zpyna 00H020 3 HACMYRHUX munis posensdysa
meopemu: 2, /P = 2; 4, [P = p: 6, B< 4 |

12) G = <g> )\ <b>, fa/ =pr,plr — neobos' a3xoeo piani npoc
wucna, /) = ¢, p> 0, p =1 (mod q), r = 1 (mod q).[<a>,<b>]
<a>, b9 e Z(G);

13) G = (<a> \ <b>) x<z>, /a/ = p' — HenapHe npocme LUcio, /
=g/, p>0,p =1 (mod q), [<a><b>] = <a>, [2] € {1,r}, r — npoc
yucno, P(P(<b>)) < Z(G); npu /z/ = r b7 € Z(G); npu /2] =p B
3; % : 1 '

14) G = <a> A <b>, }a,’-p:rﬁ,fw;rqr.qir—piautnpoc'
wucna, p =1 (mod q), p =1 (mod r), [<a><b>] = <a>, Copn(<a>)
1;

16) G = (<a> x<z>)<b>, /a/ = p — HenapHe NPocme YUCAD, <2

— zpyna xeamepnionis nopadixy 8, blab = a’';



/b = /z/=q p>2 p=l(modg) [<a><b>] = <a>, [a,b9] =
fa,z] =1, [bz] =ba"" a
Hoaedennn. Heolxidnicms. Hexait E SAN0BONILEAE YMOBH TEOpeMH,
Tozi G = <a><b>, <a> < G, fxmo &' = 1, 70 G — rpyna Tany 1.
Hexa#i gami G' # 1. Axmo G — ramimeToHOBA TPyma, TO B CHIY
proxesas 1.1.1 G — rpyna rtanoy 10. Tomy B nogansmomy Gymemo
are, mo G — mepepeximaora Merammirivma rpyna. 8a Teopemolo
1.2.8 G — cxisvensma megmemeximposa mMeranmiiusa rpyoa 1 B cmy
sepoxenns 1.8.1 scl miarpyne G ra ii daxTop-rpynm MerammKaiui,

FOSTIAHEMO ABa MOXIEBl sEmagkm: 1) G — ckimuemna mimsmorenTaa

pyna; 2) G — cximuenna semimsmorenTHA rpyna.

Bunadox 1. Moxuaei sanagru: 1.1) G — p-rpyna; 1.2) G — me p-

T8 .

Bunadox 1.1. ¥ npomy pumagxy » cmny [101] /a/ = p*, /b/ = p’, «
1, >0, [<a>,<b>] = {al"::-, pPr>2,0<k<a, @ > <¢>=<a>n
b>, <¢> < Z(G), /c/ = pb, <b> 4 G. Axmoa-k=1,70 /G'/=piG
MeTANHKIIYEA Hemeaeximmosa rpyma Mimnepa—Mopeso, gxa Moxe
1 mume rpynoto tany 2 macmiaxy 1.3.3. 3sigcm G — rpyma tamy 2
60 4 poornapysanoi reopemu. Hexal nam o - k > 1 i ToMya > 2, a -
< 4, 1 <A < q. Bragurs, B G icaye miarpyna B = <b><aP’ ">, ITo.
eM0, WO <b> <N <BIiN < G. fixmo B aG, ro B = N i nce nose-
ino. Hexait B 4 G. 3poaymino, mo B — memmxiuna p-rpyna, exp(B)
p. Tomy B sanosonerse ymomy reopemm 1.2.2 i moxke Gyrm nmme
Ynow TRIY § srapasol TeopeMmH, Ans axol <b> — HeMAKCHMANLEA B
i1 <b> <M « G, M — oama s makcumanmnmmx migrpyn B. Ouixke,
1e N < B, <b> <« N < G. 8 usoro emnnusae, mo [<a>,<b>] = ¢’ =
<B.Areronik>a-A-2.TIppA=0 k=a-2 Tenep npu k = 1



.reopenu. fixmo k > 1, 7o B caay [101] G — rpyna ROy 4 TeopeMa.
Hexait Temep A > 0. Ilpm p* > 2 B caay [101] G = <b><d>, <b>{

<d> =1, /d/ = p*. B G icrye nigrpyna B = <aP” > )\ <d>, ana axo
m-:‘n;e noxasano same, abo B = N < G, abo <aP* "> x <d> =N, N 4
B8roBy G' <N, k=0a-2iG — rpyna Tany b Teopemn.

Hexait p¥ = 2. Togi 2 ey [101]p=2, k=1, a > 2, /<a> N
- 2. Ipa o = 3 8 cany [101] blab=al, > 1i G — rpyna
reopemu. Hexait remep.a > 3. Bposymine, mo A=1,1 =k > a - d:
= o - 3. 3Bimen o = 4.

Hexa# blab = a’l. fixmo npeEoycTETE, mo § > o, Tod = ab?" ™ 2
ToMy <a> N <d> = 1. Tenep smoey B = <a*> )\ <d> < (5. Ba Teope :_g
1.2.2 B <G, G' < B i romy G' < <a?>, mo menoxmeo. Omxe, B <4
G — rpynoa tany 7 TeopeMmn.

Hexait remep b-lab = a'l. Toai » cmay [101] blab = a{1+2"),
{2,3‘}. fix i mpr ymoni b-lab = a'l, merxo scramopmTE, mo 2 < B <
mpu k =2, =a G — rpyna rany 8 reopenm, anmpm k =8 G — !
oy 9 poeraaxyeasol Teopemu. Brnanor 1.1 posrassyTO DOBHICTION

Bunadox 1.2. ¥ opomy sunangy G = P x D, ne P — neabenesna {
noecska p-migrpyma 2 G, D — .E;EG.EHHII‘:IEH HiNLEOOTEHTHA C
xosurisceka migrpyna @ G. Sposymino, mo P MicTETE BUACHI HeMAK
sanEnl nireoyoe § o6 geson 1.2.5 D — Aenexingoss rpyms. Ooxif
G — mepepeximpmosa rpyma, 10 i P — mepeneximmosa rpyma. 3mi
cwry nemu 1.2.5 /D/ = q, p # q. 3posymino, mo P — rpyna ogmor
ranie 2—0 posrnagysasol Teopenmu i /P'/ > 1.

Hexali /P'/ = p. Togi P — moe GyTE rpymnoxn OJHOrO & TEIS 2
reopemu i G — rpyna raoy 10 posraanysasol TeOpeMH.



TO U — rpyna TROy 1U. Hexaik P — rpyna oamoro s taois 2—5, 7—9
posrnagyeanol Teopemu. B rpymi P xommoro s ranis 2—5 icaye
mgrpyna X = <c> x <x>, <¢> = w(G'), x ¢ ®(P) i G mictums mMATpymy
B = X x D. Ouerggro, mo B me m:un1a Gyre nigrpynon mopHOro o
Tanis 1—6 reopemn 1.2.2. Bsigem B 9 G, P'< B N P' = <¢> i tomy
/P'/ < p, mo cynepewnTs BuGopy P.

Hexalf P — rpyna ogmoro s Tunie 7—9 reopemn. Toni P micTaTs
marpyny X = <a®><b>, G > B=XxD. fIx i parime, B« G, P' < B N
< <a'>, mo memomumso. Oxe, y Brnaaxy 1.2 BCi MOMKIMBOCTI Bu-
wepnani i ToMy BEnazok 1 NOBEICTIO POSTAAHYTO.

Bunadox 2. V npomy sEnagxy aa teopemow 1.2.3 G — cximuensa
HeRiNBOOTERTHA MerammkiiuEa rpyma. B cmay [101] G = <a> ) D,
' » D] = <a>, <a> me micTaTs imBomonif, D — minzsmorTenTHA Mera-
HXNiYRA HeHOpMAJILHA miarpyna 3 G. fcso, mo D — rPYyTIA OGHOTO 3
mamip 1 —5 reopemu 1.2.2. Posrnamemo gani IBa MOMIEBHX BUOAIKR:
2.1) /a/ — menpocte umcno; 2.2) /a/ — npocre wmeno.
Bunadox 2.1. ¥ mpoMy BUmAgKy <a> < <c¢>, fe/ = r, <c> a G.
Jeximekm [<a>,D] = <a>, G — menimsnorenTsa rpyma, TO 3a BigoMmm
ayanTaTom (gns., sanpukaan, [15]) [<e>,D] = <e>. INoxnagemo N =
<c> A\ D. Ipanycramo, mo N < G. Togi G/N — aGesesa rpyna i G' <
N, mo HeMOM.IMBO, oCKimpkm G’ < <a>, <a> > <c¢>., Omwxe, N 4 G,
3poaymino, mo N — memimenoremrna maaposs ssma niarpyma. Hexait
¢> — HeMAKCAMANBHA mATPYTA & <a>, M; — MAKCHMANBHA miarpyna
- <a>, mo mictats <c>. Togi M; a9 G i G micTars meminsnoremTHy
Hixrpyny Ny = My A D. fx i pamime gna N, N; < G. Ane 1ogi N; -
[EHINENOTEHTHA HAXPO-e'saHA EHeHOpMAanwLHEa niarpvna o G, sxa moxe

JYTH JHINe DiaArpyiorw  Horo 3 Tunis 2, 6 teopemu 1.2.2.



.ca HA Ho0yTOK HE MEHDIe HijK TPROX HMPOCTHX WHCeN i N; 5e momxe
pigrpynowo Teay 2 Teopemn 1.2.2.

Hexai N; — miarpyma tuny 6 asragamol Teopems. Toxi
gacaiggom 1.3.1 N; — meranExiiyeEa rpyna Minnepa—Mopeno & HOD
MANBHOI0 CHJIOBCBKOI0 MiATPYMON HOPOCTOre mopsaxy r i 8 N; nonos
HIOETHCA €IHHA HEOAWHATHA BJACHA HOPMAJIBEHA MATPYOA NOPARKY I
8a mAmEM subopom B3 N, aomopmroerscs mizrpyma My, M; = 1, M, ¢
Ny, /M;/ — mempocre wmcx0. 3 miel cynepeyHOCT] BHILTHBAE, IO
— MAKCHMAJBHA MArpyma s <a>. 3@aymTs, /a/ = pr, p i r — Heoll
8'#6K0BO piami mpocri uncna. fcmo, mo N — migrpyna oxEOro 3 ATEL
2. 6 reopemm, N = <¢> A <b>, /b/ = ¢’, p > 0, ¢ — mpocre THC
[<a>,<b>] = <a>, p = 1 (mod q), r = 1 (mod q). 3a Teopemorw 1.28
<¢> x <b%> = M < G. 8sigen <b¥> 4 G, <b®> = Z(G) i G — rpyna THI
12 poernaxyeanoi Teopemm. Brnagox 2.1 posrnaEyTO.

Bunadox 2.2. /a/ = p — menapme wmcno i D — miarpyma ommora
ramis 1—5 Teopenr 1.2.2. Hrmo D _ migrpyna Tany 1 aragamoi
pemm, To D = <b>, /b/=q*, >0, p =1 (mod g) i G — rpyna TaE
18. | : :

Hexaft D — minrpyna teny.2 sraganoi Teopemm. Tomi /D) = 1
fAxmo q = r, 70 D = <b> x <z>, ,né fiens MOPYIIEHEN SATANTBROCT] MOXKE
BBAJKATH, IO [a,a] =1, /z/ = q. Ocrimsrn G — HeHiJBOOTEHTHA TPYE
ro [<a>,<b>] = <a>, /b/ =q, p=1 (mod q) i G — rpyma TeOy 13
peMu.

Hexaft q # r. Togi D = <b> x <z>, /b/ = q, /z/ = 1. Axmo [<&
<h>] =1, [<a>,<z>]# 1, To p= 1 (mod q), p = 1 (mod r), Z(G) =
Moxua seaxaTn, mo D = <b>, /b/ = qr i G — rpyna THoy 14 Teop

M.




1 (mod q) i G — rpyma TEny 13 reopemm. Bunagoxr, xoma D — rpyna
many 2 reopemu 1.2.2, posrasHVTO DOBHICTIO.

Hexait D = <z,b> — rpyna Haaﬂpﬂipnin, 10610 D — rpyoa taEny 3
reopenu 1.2.2. Ocximbkm Cg(<a>) 4 G, G/Cg(<a>) — mizrpyma o
Aut<a> i Aut<a> — muraivma rpyna, To 63 NOPYMEHEA BATANBLHOCTI
MOM(HA BBAXKATH, mo [a,z] = 1. Ockinsku G — HeHiABOOTEHTHA rpynoa i
b? € Z(G), To b imayxye ma <a> asromopdism mopsaxy 2. Ssigen b-lab
= a'li G — rpyna Tuny 15 Teopemu.

Hexa#t D — migrpyna tamy 4 reopeMu 1.2.2. Toai D — gexniusa
yna nopagxy q°r, Axa MicTETE HOpMamkEy B G miarpymy M nopaaxy
q™'r, B > 1. Bsigcm M = Cg(<a>), D = <b> x <2>, /z/ =7, /b/ = ¢F,
[2, z] = 1, [<a>,<b>] = <a>, p = 1 (mod q). fAxmo r = p, 70 B < 8.

anxi, Hexalt me me Tax. Tomi G > B = <b%> x <az>, /B/ = q"'p.
lloramemo, mo B > N > <az>, flxmo B < G, ro N = B. [Iprnoyermmo,
moe B 4 G. Toai B moxe Gyru nigrpynoso tuny 4 tTeopemnm 1.2.2, B> M
aG, /M/ = q"p. Beigen za e M i ToMy [<b>,<az>] = [<a>,<b>] < N
<a> = 1, mo memoxmaeo. Omme, § < 8 i G — rpyna Tenoy 18.
Hexait, sapemTi, D — rpyna tany 5 reopemn 1.2.2, Togi D = <b>
A <z>, /b/ = o, /z/ = q — npocre umeno, B =1, [byz] € -f-'.h‘lM},
Cp(<a>) = <b®> x <z>, [D:D' ] > 4. Ockinskn G — memimsnorenTaA
A, 70 [<a>,<b>]=<a>ip=1(mod q). [Ipga D' =1 D = <h> x
£z>, [8,2] = 11 G — rpyna Ty 18, Hexait D' 2 1. Ockinexn G — me-
araiuna 'rp:r,rnn. TO <¢> 4 D, [a,c] =1 i D/<¢> — mmakmiuna rpyna.
lIpanyeramo, mo ¢ € <b>, Topi <e> < <b9>, D/<¢c> — mepnxkniyna
rpyna. 3AuETh, ¢ € <b> i Tomy D = <b><c>. Bpoaymino, mo D' <
cc>, ¢ = biz), (j,q) = 1. Ockinsku [a,c] = 1, Cpl<a>) = <bd> » <z2>, ™
i=0 ( mod q). 3nimen c%= b4 § <c¥> > D' = <bd’ >. Towy b= 1.



.peopemn. Bunagox 2.2 posraAHYyTO HOBHICTIO, 8 3 HHM 1 BHTANOKS

HeobxigHicTs JOBEIEHA,

Hocmamuicms. Hexalt G — rpyma OAHOTO O THIIB 1—16
Tomi, oyemmxuo, G — MeTANEKJiYHEA TPyDa. Torameno, mo G
VIIH[ }-rpyna, To6ro ans Gyap-axoro /[A;B}/ > 2 [AB] > N <
fixmo G — pemexkiExoBA rpymna, TO ne OYEBHIHO i Tomy piim rpyn G 0
HOTO 3 ranis 1, § gocraTHICTS AOBEACHA.

Hexait G — memepeximmosa rpyna. Axmo A < G, wa B < G, Ton
gnaneMo A = N ux B = N i nce gosegeno. Tomy OynemMo BBASKATH, I
A4G,B4G. Beinem A=1, A + Z(G), B « Z4(G), B * G’ . 3poay
mo G — ckigyemsa rpyma i /B/ — pobyrok He MemRme Hi TDB
mpoctux umcen, B < G, a /G/ — poObyroxk EHE MeHIe Hi¥ YOTHDS
OpoCTEX YHces. 3HAUETE, AAA rpyn G TEOY 14 HOCTATHICTE HOBENE
Posrnamenmo ARa MOXEIEBEX pmmamkm: 1) /G'/ = p; 2) /G'/ — =empoe
ameno.

Bunadox 1. V npomy smnazky G — rpyma ogEoro o TEmE 2, 4, 1
18. I'pyna G xoxmoro 8 Tanis 2, 4 € METANEKIYHON P-rpymom i
pa—Mopeso THIOY 2 HACHIAKY 1.'3'3’ B8 TBEPAMKEEHSM AKOrO G
VIIH[ }-rpyoa. B rpynax G xoxxeoro 8 Tamis 11, 183G nB=1.
rpymi G Tamy 11 mna Syas-axoro g 3 G maemo gP € Z(G). ficso, mo B
<g>, A < <gP> =N 4 G, mo & norpi6=O 6yn0 nunéﬁ, ToOTO
reny 11 ¢ YVIIIH[ J-rpymnowo.

Hexait G — rpyna tanoy 13, Toni G' = <a>, /a/ = p. Hexai r #
Toni <b> x <z> — mmkxAivEa xo/urisceka miarpyna 8 G. Bes mopym
s sare;bEOCTI MOEA BRakar®, mo B < <b> x <z>, z € Z(G). Il
2/ = 1 <b%> x <z> < Z(G). Ba Teopemorw 1.1.1 A < <b > x <z> = N

G. Ilpm /z/ = 1 A < ©(D(<b>)) < Z(G) i Tomy A 4 G, mo HE TAK. |



& fOOYTOK HEe MeHIme HiX TPhOX OpoCTEX umcen, To B = 2. Bes nopy-

HHA saranbHEOCTI MOMEA BBAMAaTH, Mo b e B = <g>, Iliarpyna <b>
geEOopMansHa B G, <b> < B i Tromy /B/ = ¢%p, B = <b> x <z1>,
i/ =D, [a,2;] = 1 i, smagaTs, 2; € Z(G). Spoaymino, mo Z(G) = <b®>
<g>. 8sigcm z = z; i ToMy A < w(B) = <b®> x <z> = Z(G). Omxe, A <«
|, M0 He TAK, i, TAKEM Y@HOM, rpyna G Teny 13 e YUIH[ }-rpynom.
0K 1 posrnAHYTO NOBHICTION

Bunador 2. ¥ npomy smnaaky /G'/ — mempocTe wmeno i G moxe
TR rpyno ozsoro a3 tEmis 2—9, 11, 12, 156, 16. Poarnsmemo nand
) MOxmBEX BERODAAKE: 2.1) <a> "B =1;2.2)<a> "B = 1.
Bunadox 2.1. ¥ nwomy BEnagky gas rpyn G xommoro s tamis 2—9,
d ana Gyge-axoro g 8 G Takoro, mo <g> M <a> = 1, maemo -«:g‘l’:- 4
. dermo, me G/<a> — purnigsa rpyns. 3eigcs B = <g>, <g> N <a>
T'I,Ai-':gl”}imuyﬁdﬂ, me cynepexnTs ambopy A. Has rpyn G
¢ 12 B — g-rpyna, <b> — cmnoscera q-migrpyma 3 G, <b®> <
_'t S8pooymino, mo A < <b%> i Tromy A < G, mo sEOBY CymepeumTs
' A. B rpynax G xoxxmoro 3 temy 15, 1€ B — vem q-rpyma,
D,2> — CHJIOBCHKA g-miarpyna s (3, mo micTET: HOpMansEy B (F mMax-
psEy marpyoy M. ¥ rpymax G teoy 16 M = <z>, a 8 rpynax G
16 M = <b%> x <z>. 3poaymino, mo M manemmTs Gyns-axik cu-
kil q-odarpyni 8 G 1 A — BnacHA HeMAKCEMANBHA mATpYNE Ned-
oi cenorcexoi q-miarpymm 8 G. 3a reopemoro 1.1.1 A < M. Axmo M =
>, 70 A 4 G, mo Be 1ax. Hexafi M = <b®> x <z>, Toxi G — rpyna
y 16, B > 1. 3poaymino, mo A < M. He nopyinyious saramsaocTi
HA BBAXKATH, mc B < <b> A <z>, HRII;;{I A a(<b> A\ <z>), T0 A «
Orxce, A 4 (<b> A <z>), a ne moxumeo, xoxm fA/ = q. Ane /B/ >

‘inopa B < M, B a G, mjo ssoBy me tak. Takum gmmom, B « M.



a G i, oEpavmTs, N — IIyKaHA mArpyna. DHOAJOK .1 pustana
OOBHICTIO.

Bungdox 2.2. Hexalft G — rpyna TRIY 11. Togi G=PxD, P
royna Tuny 6 posrasaysanol reopenn, /D/ =4, 9 # 2. 3poaymino,
B A <a> = <ad> = <¢> < Z(G). Ockinvxn /B/ minmTecs Ha Ho0yTOK
Menmme EiNe TpHOX npocrmx umcen i G/<a> — NEKIIYHA rpyna HE
croro mopsaaxy, [G:P]l = q, To B/<c> — nMEKNivea rpyna DapHOTO |
panky. Axmoe B < P, 1o /B/ = 8 = /¢/[B:<c>]. 3sigcn = 3inpak
<g> maemo A < <g?>, A < Z(G), a Tomy A a G, mo semoxaaso. I
genmriamoct migrpyne B maemo B = <g><a?>, B> G'irtomy B ~.:
mo Tem memoxxsnso. Taxmm umHOM, B + P.ToniD<B,B=XxD,
YX=P~AB, /X/>2 fAxmo X — menukaiuna rpyna, 0 X > w(P) 4
i G/w(P) — nepeximaosa rpyna, a TOMY B 4 G, mo memoxnaeo. Or
X = <g>, /g/ € (4,8}, c € <g>. Ilpu /g/ =4 A< w(B) = <g?>x D
Z(G) i Tomy sHoBY A < G, MmO HEMOIKIABO. [ipn /g/ = 8 sa Teopemt
1.1.1 A < <g?> x D < Z(G) i Tomy A < G, mo Tex HeMOMNHEBO. [
ecratHEICTE A rpyx Tany 11 goeesena.

Hexait 3 — rpyna ogmoro a TEnis 2—9. Iloxnanemo <y=> =
B. Toni <y> a G, B = <y><x>, /y/ € {p,p?}. Bpoaymino, mo A £
<y> « ®(G) i G/<y> =G = <a> ) <b>, ne <a> = <a>/<y>, <b3
<y><bh>/<y> = <b<y>>, Ocximpkas A + <y=>, TO /A) > 1, ne
<y>A/<y> i <a> n A = 1. Ouenuzno, mo bPe Z(G) i B/<y> =
8poaywino, mo /B/ > p.

Hexait /y/ = p. Ocxinexn /B/ > p?, o /A/ > p. Toni A -r-tb{ *
Z(G). Spigcu <y>A=NaGi N < B.

Hexall venep /y/ = p?. Toai G moxe 6yTE 2-rpynow OZROrO 3

70, I'pyna G woxHOro 3 UHEX THME HE MAaE NAKNIYHAX MAKCHMA




BEmYEs rpyns. dAxme B — rpyne KeaTrepHiomis, TO A = @(B) =

(<e>) 4 G, mo memoxymec. Hexalt B me e rpynoio xeareprioris. Toai
¥ < <yi> < %UG), /v¥/ = 21 B — afenesa MeTAIEKJiUYHA rp‘.yna uH
yue Minnepe—Mopeso. 38 Syposs nux rpyn (ams., sanprkaag, [77,
pxerns 1.1.1]) B sicrure imsomonie d Tuxy, mo <d> n <y> =1,
OpOr0 BHOMAEBAE, MO G He Mome OyTE yoAraNLHEEON IPYION: KBa-
eprionis i G MicTET: HopMamsHY migrpymy <a> x <d>, w(G) = <a®> x
, <y?> x <d> < G. Jierxo GaupTH Temep, IO <y> x <d> = <y>
I(G) <« G i G/(<y>x <d>) — rpyna kpaTepHio®is mopaaky 8. 3siace B
G, mo Tex memoxwTERO, i TOMY gOCTAaTHICTE ANA rpyn G KOmHOrO 2
2—9 pomenena.
Hexalt G — rpyma Temy 12. Sposymino, mo Togi A + <a>, <a> N B
<y>, /y/ = p, B = <y> ) §;, {( fes nopymesns SAraMLHOCTI MOMKEA
1, mo Qp = B N <b>), <y> ¢ G, b% € Z(G}). 3a reopemore 1.1.1
< <y>x <b®> i ToMy A < G, mpo se vax i, saTwETs, gun rpyn G Tany
2 NOCTATHICTE ROBEKEHEA,
Hexa#i, maximens, G — rpynz omgoro 8 Tecis 16, 16, MNpeoyvermso,
pa € B, Toni ® rpyoi G ramy 16 G/<8> — penexisgosa rpynsa i Tomy
< G, mo seronumaso. B rpymt G tagy 16 B = <a> A Q., ge @; = B
> A <z>) 1 /Qy/ > q. 3siger @ > (b2l i ToMy G < B < G, mo Temx
pmoxinaBo. [Ipmoyeremo Tenep, moca € B. Toml <a>m B =1i B —
yoa o G, axa ez mopymeREs SATANMBEOCT, HANEMUTE CHIOBCHKIN
rpym @ = <z,b> a G. 3poaymino, mo A — RIACHA HEMAKCHMAIE-
miarpyna a Q. Spigcm A < M < G, ge M = <z> 8 roymi G =any 15, i
= <bl> x <z> g rpyni G taoy 16. Ak i swme, a60 A = <22> < Z(G),
D HEMOXKIHBO, 860 A < Q) = M N B 4 G. [lokaageno @) = N i Gvze-



nagxku poarnamyrti. [locrarricTs nosenena. Teopema JOBEJEHA.
Haeainpnox 134 Joxareno cmyninvacmi I[H[ ]-zpy
Himioma G suvepnyromber zpynamu muny 3 meopemu 1.3.1, y ax
e{l.2Yinpua=2 =1,
Hosedennr. Heobxidnicme, Hexait G — pocminsmysana rpyoa. T¢

sa nemowo 1.2.2 G — VIIH[ J-rpyna, mo sagoBonbHAE YMOBY TeOpe
1.8.1 i mosxe GyTH rpyno ojHOro 8 TeEmis 1—3 aragaHol TeopeMH.
rpyni G xommzoro o tmmie 1, 2 moxknagemo A = Q, B = @(P) x Q.
osmauennam IIIH[ J-rpyn maenmo [A;B] 3 N < G, 3sigce N — nopmMal
HAa HigBODOTEeHTHA miarpyna 6 (i, CHNOBCHKA Q-IiArpyna AKOl € m
noo Q. Tomy Q 9 G, mo B rpvmax IlImiaTa memomumBo, i, sHAYHTS
He € rpymnose ogHoro 3 Tams 1, 2 reopemn 1.3.1.

Hexait G — rpyna tany 3 reopemn 1.3.1. Toni G = P A Q, /P|
p*, a e {1,2,3}. Agkmo o = 1, To G — rpyna s macaigky. Hexai o =
Toxni P — enementapsa afeness rpyna nopaaxy p°. Hexait B < P,
= pZ, A < B, /A/ = p. 3a ossacemraM IIH[ }-rpym [A;B] 3 N < G,
s rpynax Ulmigre semommeo. Ssincw o = 2, Hexaim § > 1. [Toxnans
B=A\®Q) /A/ = p. Toni /[IA;B)/ > 1 i sa osmavennam LLH[ J-ry
[A;B]2 N aG, PN N=A 4G, mo cynepeunts Gyaosi rpyn ILlmi |
Taxom unaom, = 1. Bei smoagke posraamyri. Heobxinmicrs noe
Hi.

Hocmamuicms, Hexast G — rpyna @ macaigry. Toagi G =P A Q
rpyoa runy & reopenmmz 1.3.1, /P/ = p°, a € {1,2}, @ — nouxsiysa I
na nopaaxy q°, Q)< Z(G) i opr a = 2 [ = 1. Bpoaymino, mo G
nokansEo cTyuinyacra rpyna IIminra. [Moxamemo, mo ana Oyin-aK

pigpiaxy /[A:;B]l/ > 1 icaye miarpyna N taka, mo [A;B] 3 N a G;. i



. Hexati A 4 G, B 4G. Togi B> G, /B/ ginateca mHA ROOYTOK HE
nj:g:'rpm:npnmmm.ﬂninﬂnnpnm-ﬂﬂnﬂdﬂ;mﬂna

ax. Tomy a = 1. Heno, mo /G'/ = p. Togl B n G’ = 1. Bez nopymesas
ILEOCTI MOMCHS BRAMCATH, mo B EanemuTe cEnopchiift g-miarpym
= <h> g G. Ane Toni A < ©(Q) < Z(G) 1 Tomy A 4 G, mo sEOBY HeE
k. Bel momumsi smmagxm posraamyTri. Jocrarmicrs mosepena. Ha-
MoK HOReNeHWE.
Oesawen Ealdd[66]l Mpyne G Hasusaembca einepyunaiy-
D0, AKWO 60HA Mae ylawom snopadxosanult psd wopmeavhux 8 G
depyn, paxkmopu srxozo yurkalvrl
Tinepyuxnivna zpyna G 3 cxiHveHHUM 32adanum pROOM HA3U-
neca Hadpoas aanow [65]. -
Hacaigox 1.8.6. Bel: H-, HIH( ]-, OIH[ )-, YI[H( )-zpynu ¢ |
36 asnumy sinepyurxaiunumu zpynamy, Bel VIDH( )-zpynu HIxidma
UREPNYIOMECA  MEHIZBNOMEXMHUMY  MEeMOUUKAISHUMYE  2pynamMu
pa— Mopeno i cnienadaroms 3 epynamu muny 3 meopemu 1.3.1
a=1.

Hosedenns, Hexalh G — gocmpmysara rpyna. Iloxaxemo, mo G —
mepmmicni ama rpyna. fikmo G — gegeximzosa rpyma, TO e OYEBEJIHO.
G — mepepeximmose rpyma. 3a memow 1.2.8 ta Teopemor 1.2.1
 — meplogmwsa rpyna. B caay teepamenms 1 memz 1.2.2 H-rpymm

imgosi 1 Tomy momEa meayxaTE, mo rpyoa G me ¢ H-rpymorw. Ilo-
oo, mo G wmicTEThs meommEmuEY =HopMemsEy B O marpymy <x>.
purTyeTE 0, mo m:.: Sy ns-AKoro mmnm OPHEMADHOIO eJIeMeH-
x 8 G <x> 4 G. [Moemauamo 'Iﬂpﬂﬂ Z mepeTHH BCiX HODMAJNBHEX
rpyn ia G, mo MicTaTe <x>. Bpoaymino, mo ropi /[P{<x>);<x>]/ >



Hexast G — IIH[ )-rpyna. Toxi, ouesmano, /[<x>;Z])/ > 1. fli
<x>-MAKCEMAJbHA miarpyna s Z, To sa oosmHauemHam IIH[ )1
[<x>;Z) 3 N, N « G i, snaumTs, N = <x>, mo mHemoxmzeo. Hexail «
< B < Z. flcno, mo /[<x>;B]/ > 1. Toai sa osmavenmam IIH[ )
[<x>;B) 3 N 4 G. Ockimzkr N# <x> i N < B, 1o N < Z, mo
unuTs BaGopy Z.

- Hexait, mapemri, G — VIIH( )-rpyna i /x/ = p® Ipm a3
I<1>; <x>}/ > 2 | @ osmauemms VII[H( )-rpyn (<1>;<x>) > N .«
3eigcu N — meoaummuna HOopMansua 8 G nuxmiuma marpyna. IIpe
1 Oyap-Aixa nEKAiYEAE nigrpyna 3 Z Mae NOPAAKOM OPOCTe SH(
Hexal gna Oyas-axoro smOpaHOro X OEKMIYHA <X> —
migrpyna 8 Z. Topi /[<1>;Z)/ > 2 | sa osHAYeHHAM YIIH( )-n
(<1>;Z) 3 N < G. fcno, mo s cany Bubopy Zx ¢ Ni Z = N )\ <

fAxmo N — puxmivea rpyna, T0 JOBOMIKYBAEE TBEDAKEHHH CODABE
Be. Hexa#t N — memuxmivme rpyma. Toml /[<1>;N)/ > 2 i anosy
osuaverEAM YIIH( )-rpym (<i>; N) 3 N; 4 G. 3siace Z mae i 18
miarpymy N; A <x>, mo CymepeusTs MAKCHMEAILECCTI <x> B Z. &
9ATh, MArpyna <x> Hemaxcamansea B 2. Tomi /[<x>:Zl/ > 2 i
ospavyeBREAM YIIH( )-rpyn (<x>;Z) 3 N < G i ssoBy orpmmann Y
peusicts 3 Bmbopom Z. Takmm ummom, rpynma G mMae neoaumEm
OEKMYRY HOPMANBRY marpymy <x>. Ba rteopemow 1.2.1 G/<x>
rpyné Toro » xnacy, mo i G. Tenep, ax i pamime, G/<x> micrErs
OARNOYHy HOpMansEy nuxmiwmy niarpyny X./<x>. [Hoxnaxemo |
<x>, Xy = 1. 3poaymino, mo X4 < X; < X,. Poarnagaroun daxn
rpyny G/X,, omaxopmmo 3 will HOpMANLAEY HEOAMHEYHEY OHKJL

marpyny Xg/X,. Iobynory B G TAXOT0 DiZKOM BHOOPAAKOBAHOTO



[ EHAAAL ARATERAS mprvYAVRMEBAR AW TEA Ay, auvnn AR JEAROTO Y oRep-

MO X, = G. 3a osnavennam 1.8.4 G — rinepumkmivea rpyna.

ficEo, mo ckiEwemHEa rinepnuxknivma rpyma G Hn.mpoan'n;ina, a
IFYeHHA TiIepuesTpansHa rpyna G sazoBonnESE YMOBY Teopemm
.8 i oy sa ii TRepaKennaM G — pose'AsEA rpyma.

Ilepma wacTEmEa =HacHZKyY JoBexeHa. llosenemo apyry wgacTmEy
aiaxy.

HeoOxidnicme. Hexalt G — VIIH( )-rpyna IImigra. Toxi sa mome-
1 reopemorw 1.2.1 G sanososmerse ymosy Teopemuz 1.8.1 i mome
HAZPO3B H3HOW IPYNOX OZHOrO 8 THHis 1—38 sragamoi Teopem.
BLIOMHME BJIACTHSOCTAME HANPOSB seEEX rpyn IMImiara (mas., =a-
T 18y, [210]) G — rpyna Tany 8 reopemm 1.8.1, y axoi a = 1, Tobro
HEEINBIOTeHTHA METANEKIIUHA rp;ﬁ:a Minnepa—Mopeno. He-
HiCTE foBEXEHA.

gocmamuicme. Hexalt G — rpyne ramy 3 reopemm 1.8.1 i g = 1.
i G=P )\ Q — cxinuenmna HeHiMLOOTeHTHA MeTAmEK/TivHA rpyoe
nepa—Mopeso, /P/ =p > 2, /Q/ = ¢?, B > 0. MMoxamenmo, mo G —
[H( )-rpyna, To6ro xna /[A;B)/ > 2 (A;B) > N < G. Bposymisno, mo
=P, Px®Q) = U — mopmarsaa 8 G MaxcmMamsHa oExivEa
pyoa. Axmo P < A, To 3a N moxxna BrOpaTe Oyas-#KY BJAACHY
, 3 B, mo crporo micrats A. Hexali P + A. Tori P A = 1.
10 B < U, 10 snoBy N — mascma miarpyuma s B, mo micrare A.
ce B «+ U. Ockinskm Q — maxcamansma migrpyna s G, tc A <
). Axmo B = G, ro N = U. Hexaii B < G. Toai G = UB. Tenep Gea

MeHHA BAraTLEOCT] MoXxHa BBacaTH, mo Q < B. Tomy P 1 B = 1,

Q. 3posymino, mo A < D(D(Q)). IMoxnagemo N = Q) i orpa-



Osmavennsn 1.3.6. Hexemayuxkaivna zpyna 3 memayu
MU aAGCHUMU nifzpynaMu HAIUBAEMLCA MIHIMAALHOW HeMemay
HOW 2pYnoN.

Teopema 1.3.3. loxarvno cmyninvacmi minimarvhl ne
yuxaivul VITH|[ J-zpynu G mawms suzand G = AX, de A = <a,
sopmaawna 8 G p-nidzpyna, a = 1, X — g-2pyna, p { ¢ — npocmi ¥
ma auvepnylomsca :pynamu munils:

1) /G/ = p?, exp(G) = p;

3)G=AxX, A— zpyna keamepnionls nopadxy 8, /[ X/ = 2;

4) A — zpyna xeameprionis nopaixy 8, X = <x>, [x/ =~ 4,
@A), X =2Z(CG);

5) A= <a>x<b> X = <x>, /o = /b = /x/ = 4, [a.x] = a?, |
w xim gZh2;

6)G = A‘J'a X — zpyna [Imidma muny 3 meopemu 1.3.1, /A/
/x/ €lq.q%)

7) G = AN X — epyna IlImidma muny 1 meopemu 1.3.1, A
na xeamepniownie nopsdxy 8, /x/ € (3.9);

8)G=AMNX A=<g>x<b> fa/ = [b/ = p — HenapHue wuc
= <x> [/x/ € {g.¢*), p m 1 (mod q), [<a><x>] = <a>, [<b><
<b>, <b¥> = Z((G);

9)G=A )N X, A=<a>x<b>, fa/ = [b/ = p — HenapKe ¥
- x> [x) - qﬁ ﬁ:‘h 2. pal {modq). [<a><x>] = <a>, [<b>
= <h>, <hp¥> = Z(G), A — xeazlyenmpaawua nidepyna 5 G; |







ana F; HeMOMJIHBO 88 OSHAYMEHHAM rPYHH G. S8posymino Taxox, MO
7 He MOMYTH GYTH OfHOYACHO NUK/IYHHME IPYIAMHE. Beigcn i sa 0o
pefdHiM OpPH genuraigsoetri T B — nEXJYEA rpyne i mpH HemHK.
gocri BT = 1. fArmo Temep G — cKiEYeERO MOPOKEHA IDYNA, 0o &

MeTamEKiYEA ypyna i mpE HemmEIHYHOCTI 7 T = 1. Beiger G = 2
METATIMKIIYHA IPyNa, IO HEeMOMIABO B CHANY OOHAYMEHHEA G. He
— puxaiyEa rpyna. Sa momepenHiM T ge MicTETH eNéMEHTADHHX @
ﬁam miarpyn nopaxry p? i Tomy T — mEvivEa rpyna, Imo Srigs
pomepenEiM GAYBRJKEHHAM TEX HOMOMKJIHBO. 3maymrs, G mMoxe 0
peckipuenso nOpomxeHc rpynop. Ockimsxa JT/ < o, T0 &
geckiEuennc mopogmess rpyna, Z/B — peckiguenna mepiogEvHEA I
na, AKA 848 momepenmiM moxce OyrTm JmIme KBASIMERIIROK D-TPYIK
Hexalt q # p, § — OPOCTe YHCJO. FicHO, MmO Z/B — mepiogmuHEa
aKka MICTHTS HEOAWEWUEHY ejeMemvapry abenesy q-miarpyny B B
7/Bi/B/Bl = Z/B — xsasinmmxyjiyea p-rpyma. Beigcn Z/BY1 — Eel
MADHE TpymAa. ¥V HAMIOMY BENANKY MOXHA BBAYKATH, mo B9 — Oas
mizrpyose 8 Z i sa nomepenmmim Z/B% — KBasimEKIiuEE Tpyna i,
wmTh, NpEMapEa. OTPEMANE CYNEPeYHiCTh, AKA GABEPIIYE nosesel
meobxixmceri y Brnaaky, xomm G — AenekiEmosa rpymna.

Hexait G — mepenexigmoBa r;iﬁn&. Toni G mnnpmms-wun'
pemua 1.2.8, sa TBep/KeHHAM AKOL G — wi:niunnuh#n TpYHA.
MicTRTE KBasimarmiusy migrpyny R, TO, OUeBRIHO, G=RiG —
reny 11. Tony Gymemo ssasatm, mo G =e MicTuTs KBasinEKJAT
miarpym i, sEA9ATH, /G/ < «. PosrnaseMo g AB& MOMIHBHX BHEI
xm: 1) G — minsmorenrsa rpyna; 2) G — HeHI/ILOOTEHTEA Ipyna.

Bunadox 1. ¥V nsomy BRnoanky oa pesyanraramm 8 [211] G MO

TH JARIMEe P-TPYLO OZHOTO 3 THIIB 1 - 5 TeopemMn.



2121 G — rpyna IlImiara ogmoro a Tamis 1, 8 reopema 1.8.1. Axmpo G

rpyoa TRoy 3 sragasHol Teopem#, 70 a0 = 2 1 G — rpyna tEoy 6 Teo-
g. Axmo G — rpyna tuny 1 TeOpeMu 1.3.1, 7o G — rpyoa tEoy 7
eOpENH. |

Hexa#t pani G — sajgposs'ssEa rpyna. 3a pesynsraramm a [212—
4] G = A )N X, A = <a> x<b>, /fa/ = p, <a> < G, <b> < G, X —
ApEa WE GimpEMAapHA HiMBNOTeHTHA XOMIIBCEKA miprpyma s G, /b/
{1,r}, r — npocre wmeno, [<a>,<x>] = <a>, [<b>,<x>] = <b>, <b>
4 G. ‘

Ilpanyctamo, mo /b/ = r, r # p. Toxi sa pesyaeratamm 3 [212]
AX 4G, X — menmxiiuma cmnoscexa g-migrpyna i q # r. 3po-
mino, mo <b> A X me mome GyTH rpynmolo MOOHOTO 3 THOIB TeopeMn
2.2 i Tomy <x> )\ X 4 G, mo me tax. Orxe, conispigromenns /b/ = r
I # P HEMOMIHBI.

‘Hexat /b/ = 1. Toai » cany [212] A = <a>, X — nepeneximnosa

MATPHA MeTANMK/IIYEA g-marpyna e G, Axa, OYeBEAHO, MOKe Oy-
| ;mme rpynox TEny b Teopemn 1.2.2, mna axoi X = <x> A <z>, /x/
q",A>1, /z/ =q, [x,2] =x2", p=1 (mod g), [A,<x>] = A, Cx.(A)
<xT> x <z>, [X:X'] > 4. [Ipaoycramo, mo A > 2. Togl y € <x%, /y/
2, Tloxnapemo ¢ = yz. Togi X = <x><c¢>. Ockinsrm [x%,z] = 1, TO
> = <yd> = X' Bpigem <c> a G i G = (A x <¢>) <x> — MeTa-
gHA rpyoa, mo 2e Tak. ToMy A=2,q> 21 G — rpyna tany 10.

Hexait /b/ # 1, Togi » cany [212] /b/ = p. Ockinsxn migrpyna <b>
X mesopMassea 3 G, T0 sa macmigkom 1.3.1 X — opumapsa rpyna. B
ny [212) X = <x>, /x/ =¢*, B> 0, p=1 (mod q), <b> x <x%> = M
'.El:l,ncn <x> aAGiToMy Z{G) = <xU>. Ilpn } < 3 G -- rpvioe ™.
f 8 reopentu. Hexait f > 2. Ioxaagenmo B = T » <x9>, T < A, /T/ =



AG ANN=T4G1iTomy A — KBASINEHTPANBHA MArpyna a G,

— rpyna TAODy 9 Teopemu. Bei sunagxkm posraaEyTi. Heobxinmi
Be/IeHa.

Hocmamuicms. Hexalt G = AX — rpyna ogsoro s Ttemnis 1
posrsysaEol Teopemm. Toxi A < G. Ouwesmmmo, mo G — noxaJ
CTYDiEYACTA Tpyma. dposymimo, mo rpyna G Tamy 11 mimims
meranarmiyaa. B poGori [211] ycramosnemo, mo rpynH KOMKE
-ﬁmin 1—5 rex mimimaneri memerammmmiumi. ¥ pobori [212]
BIEHO, M0 rpynE xommoro 8 TEmie 6—9 rex mimiManeHi HeM
nEKJiyEi, a gas rpyn Tany 10 ne scramosneno B poborax [213,
Or:xe, sanmmaershea noxasarn, mo G — VIIIH[ J-rpyma.

B rpymoi G xomuoro s tTamie 3, 11 scl marpyns mopManssi i
— YIIH][ }J-rpyna.

Hexait /[T;B]/ > 2. Iloxaxxemo, mo [T;B] 3 N < G. Hxmo T < Gy
B 4 G, To moxnamemo Bigmosigmo N.= T ux N = B i orpamaemo,
— YIIOHI )-rpyna. Tomy 8 moganesmony Gyneno BpasgaTn, mo T 4 C
4G, T+«Z(@G),T=1,B*»G".

Hexasi G — rpyna ogmoro @ Teoie 1—6 reopemm. Iloxkamemo,
opomMy sunazxy G — IIH[ ]+r1:=:fnﬁ= Tobro mo mpe /[T;B)/ > 1 [Ti}
N, N «a G. 3posymino, mpo G — l:nimmm p-rpyna. 3EOBY ARIO |
G, B « G, 10, ak i epme, G — IIIH[ }-rpyma. TuwnaJﬂTemT-h ¢
4 G. 8 ymoprm B 4 G pmmimeae, mo B — BIGCHA HEMAKCHMAN
uigrpyna 3 G. 3posymino, mo /T/ = p, /B/ > p?, /G/ > pt. Ockinsk
rpynax G temy 1 /G/ = p?, 10, ouesmaro, G — LIH[ ]-rpyna. B rpy
Grany 2 /G/ =811 /B/ =9, /T/ =38, G mictars equay BOpMAX
enemerTapay abenesy miarpyny G mopanky 9 i mmxsild map Oyme
gEKJAiMEOl miarpynm nopagky 9 cmisnagae s Z(G). 3sigcm 3 ypax



PYTICKC oopagky 9. Hrmo B — pmemxniusa mi 0 T = w(B) = Z{G].
o semoxauno. Orae, rpyna G tamy, 2 e IH{ J-rpynow.
Owesmano, mo rpyna G TeEny 8 raminsromosa i Tomy G — IOH[ )-

I'pyna G TEny 4 mae mopanox 16, /B/ = 4 i xomna if nixrpyna no-
aaxy 4 mictaTs G', mo HeMoxnmeo, ockimskm B 4 G. Tomy rpyna G
rany 4 e INH[ }-rpynoo. |
Ipyna G rany b mae nopagok 82, w(G) = G’ = Z(@) = <a?> x <b?>,
xp(G) = 4 1 G me micraTs 'miarpym, lanuup(hm# miarpym xeavep-
tomis. deincm /T/ = 4 1 /B/ = 8, Ockinsxn G me micTats migrpyns
ksareprionin, 70 W(B) — memmuxaiuma rpyna i romy B 9 G, mo me Tax,
M yHHOM, rpyna G tany 6 e IIIH[ ]-rpvnospo.

Orme, rpynm G xoxsoro 8 Tems 1 - 6 e VIIH[ J-rpynams | masits
ILH] }-rpymams. |

Toit daxr, mo rpyma G xoxsoro s Tunie 6, 7 ¢ VIIH[ J-rpynom,
Jpefieno B reopemi 1.38.1,

Hexa®t G — rpyna rany 8. Ouesnzgno, mo /B/ almarscs ma gobyrox
i@ mexmme mix TPHOX mpocrux umcen, G > B i romy p = 2. Tenep /G/
pofiyrox worEpeox mpocrmx wmcers, /B/ — nofyrom TpLOX NpPOCTHX
2a, /T/ — npocre ymeno. Spigce B — marenmansra nigrpyna e G i
¢ 8 G mpocrmit imgexc. Ocxinmexr B> G, 10 A B, [G:tB]=pi A n
'- A; — HOpMANBLHA HEOAHHMYHA CHIOBCHKA p-miarpyna 3 B = A; A
X1>y /Ay/ = p, /%;/ = g% Ocximnre Z(G) = <x%>, 10 <x%> = <x®> =
{0) { w(B) = A, <x9%> — xpasimemrpansra miarpvoa a G, mo cynepe-
grs crissigromenmio T « w(B) i T 4 G. 8ravunts, y nsomy sumaxy G
= YIIH[ )-rpyna.



migrpyna 3 B, /A;/ € {1,p}), A 9 U. UCKLIBER A X =a=s = noneeass
pansea migrpyna 8 G, TO T = A x <x%>., Ocramge cnissigrOmeH
moxoraee, komu T mictare Takall g-e1eMeHT g, mO (A x <x9>)<g> =|
Bpiscm g He HAJIEKHTH migrpyni @parrini »xoxmol CHAOBCHKOY |
miarpyme 8 G, Ockinmpxm <x> — CRJIOBCHKA q-miarpyna 8 G, <x%>
D(<x>) = Z(G) manemars Oyas-axidt canoscexi# q-miarpynd o G,
<xi> = ®(<g>) | <g> — crAoBCHKA q-miarpyna o Q. Beigen B = Aj

<g>, <g> — MAKCHMANLHA MIATPYTIA O BiT — maxcaMAnbRA MArpY
» B, mo me Tax, Orxe, rpyna G Tany 9 e YIIOH[ J-rpynow.
Hexalt G — rpyma troy 10. Toai T + A. Hexait A < B. Toai X'
B. Bsince B n <x> = 11 /B/ = pq, mo0 EEMOMNIHBO. Taxmnm YRHOM
+ Bi, omaunts, AN B =11B - q-rpyna. Bea nopymenns daraisk )
mosena mpaxara, mo B < X 1 T — anacHs REMAKCHMANLRA MLATPYE
¥. Bposymino, mo X — rpyua tany b TeopeMm 1.1.1, v axof oiarpy
M = <x9> x <2> — eQNHA MAKCHM" TLHA IATpyNA 0 X, mo MicTETSE
anacEl memaxcamansal miarpyns o X, fixmo B = X, TO N = M. Hex
B < X, Tonl /B/ = g2, mo memommso, Orme, rpyna G rtamy 1€
VIUILH[ }-rpynow. [locrarricTs nOBHICTIO ROBE/GHA. Tﬂnpém Aosenes
H aonanlilnomr 186 Heexinvenunt ROKAALHO emyninvaé
winimansul  wememauyuxaiuwl  VYIODH[  J-epynu  sudepnyn 1
waadlyuxaivHuMNU zpynaMi.
B nosesenna nocrarnocti Teopemn 1.8.8 prnamsae Taxni HACTIAC
Hacainorx 1.3.7. I'pyna G xoxnozo 3 munis 1 -6 meope
1.3.3 e IIH[ ]-epynow.
Tenepaxenna 131 Ipyna G = (<a> x <h> )<x> mun
meopemu 1.3.3 mae sracmusocmi:

1 ,] \G'”- "-"..h:"-' x “"'ﬂ'ﬁ'} = -:'h",:- 1{{':3"_-::



3) dan Oydv-axozo f € G\G' maemo /f/ =01 Z(G) = <gd¥> = <x¥> =
"

4)G/G'=<@'a> x<G' x> — zpyna muny (3,3);

B)exp(G)=8; |

6) w(G) =G

Jlosenenna TRepaxenHa sunnusae o [66] ra [211).

Haocalpnow 1.8.8, Heabeaesl memayuraiuni YIMH[ J-zpynu G 3
OMYMOHMOM HERPOCMO20 nopadKy 6BuYepnylOmMbeA EPYNaMu mMoKux
nle meopemu 1.3.2: 2, ja/ = 8; 3; 4, k=a-2;5—8; 11, P — zpyna
uny 6 meopemu 1.3.2, < 4; 12; 15; 16.

HNosenenns Gesnocepeanso BumnMBae 6 Teopemu 1.3.2.
Osmawensasldb[od) Mpyna, y axol Hopmaasul &cl neabenesi
gpynu, HAIUBAEMbBCA MEMAZAMINLMOHOE010.

Haeanimor 1.3.9. Heaberesl memayuraivul memazaniremonosi
H[ J-epynu G 3 koMymanmom Henpocmoso nopadky slvepnyiomsca
naxu maxux munie meopemu 1.3.2: 2, ja/ = 8; 3; 4. k= a - 2! 5;
¢ 11, P — zpyna muny 6 meopemu 1.3.2, f < 4.

Josedennn. Heobxiduicms, Bpoaymino, mo G 8ag0BONBHAE YMOBY
xky 1.8.8 | mose GyTit sHme rpynol OAHOrO 8 THMIB SraAAHOTO
y. Te, mo rpynu G xoxuoro s vuuls 7, 8, 12, 15, 18 a Teopemn
8.2 e MeraraminsromonusMn, sHrummsae a pobir [101, 108, 107). He-
lamicTs noBenena.

Hocmamuiems. Bel rpynu posrasagyBaHoro pacaiaxy € B CcEAY
acnary 1.8.8 cxipwennmmn AEIIBDOTEATHHMH MeTAIIKI aHM M
H[ }-p-rpyname 0 nuxydusam KOMYTAHTOM NOPSIKY p?. Beigen
NG' ) < Z(G) | oMy B cany pesymeraris 8 poforn [99] G — meta
meTomona rpyna. Noeraraicts momepena, Hacminok poBeaseuitit,
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1.3.2: 7—8; 12; 15; 16.
Hosedennn. Heobxidnuicms. Hexalt G — pocmimxysasa rpyna. 3p
aymino, mo G sagosoneHse yMoBy Teopemm 1.8.2 i moxe Gyra rpyno

ogsoro 8 TEmie 1—16 sragamoi Teopemm. Ocxinekm G — HeMer
ramqinsToEOBA rpyna, To /G'/ — mempocre wmenmo. Tomi G —
nERJivEa HealeseBa I'PYNA 2 KOMYTAHTOM HEIPOCTOro DOPAZKY ORHOL
é*rnn:in 1 — 16, mo He & rpyno XOAHOrO 8 TRmiR Hackuiaxky 1.8.9, a
e rpymom oxEoroe 8 TEnis macxigky 1.8.8. Beimem G — rpyma oxmoro
TEOiB posrasagysanoro sachiagry. HeobxinwnicTe xoBsenesa.

Moemamuicme nosegesa B Hacxigky 1.8.8. Hacrinor moeenenmi.

Teopema 1.34. Hexali G — noxaavno cmyninvacma YITH[
zpyna 3 minimarsnow Hememayukxaiuwow nidzpynow C. Todi 6 G
Manwrl acl nidepynu, wo cmpoeo micmams C.

Bel noxaavio emyninvaemt zpynu G 3 HeHOPMAALHOI nidzpynon
GULEPNYIOMBCA 2pYynaMy maxux munia:

1)G=P\Q P =<a>x<b> /a/ = [b/ =p* /Q/ =q.piq"
planl npocmi wucaa, ®(P) .'k & — menlavnomenmua spyna Mias
Mopeno, p = 3; ' _

2)G=(RxP)\Q,/R/=r, [P/ =p* /Q/ =g, 1. piq— nonaf
piani npocmi wucra, p #3, q =2, r =1 (mod q), R}.Q iPANQ
neninenomenmni epynu Miasepa— Mopeno.

Hosedennn. Hexait G i C saari 3 ymosm reopemu, X > C] X 4§
3poaymino, mo X — BeMeTAnUKIIYHA mATpyna, Axa Moxxe OyTH
marpymoiro Taoy 6 Teopem= 1.2.2. Smiger X = A )\ <x> — memian
TeETHA CKiFgemEA rpyma Minmepa—Mopeso, /A/ =p°%, /x/ =", pi
— pismEi TpocTi qnc.:m; a > 1, i > 0. Bpoaymino, mo G — weriasm



2 Teoy 8 reopemm 1.8.1. Togi G — cximwemna memiasnoremTHA

penepcasna rpyna i o € {2,8), a + f < 6.

[pamyerenmo, mo o = 8. Toai A — rpyna tamy 1 reopena 1.8.8 i f
‘1, M = A x <x9%> < G. Bsigce A < G. Hexait P — cmnoscera p-
rpyna 8 G, @ — cunoecexa q-miarpyma o G. Ockimexm G —
iNueENA POGB A3HA AmcoepcEeHA rpyna, 70 G = PD, D — xosniscexe
osEerER P B G. He mopymywus saramsEOCTI MOMHA BBAKATH, MmO
><Q<DiPQ=QP. ficrRo, mo X N D = <x>, Ocximxr <x> < X,
D 4 G. Tomy D — miarpyna ogmoro 8 Tenie 1—6 reopemn 1.2.2i D
M; < G. Ockinmexr G — megemexiEAOBA IPYHA, TO sa Teopemow 1.2.8
MicTETS, miArpyn, MO POSKAANANTHCA B npaMmEl mobyrok Ginsme
TPLOX HEONHHEHYHEX OPAMEX mmm‘.niﬂ MicTETE marpyoy A
1 Bpigca M; = 1 | romy D mome Oyre jame marpymowo oxsEOro 8 |
1, 2 reopenn 1.2.2, a emawmts, /D/ = gr, q, r — meolor asxoBo
- mpocti wmena. [Toxnagemo Y = A A D. fixmo /D/ > q, 10 3a mo-
i reopemow 1.2.2 Y @ G 1 G/Y — cximvemma p-rpyna, iso-
pbua P/A. Moxummsi smmaaxm: 1) D — nexnmivea rpyma; 2) D —
gdyma rpyma.

Bunadox 1. ¥ mpoMy BROAAKY /<X>/ ='q, <x> — XApPAKTEDECTHYHA

T

D i, emaumTs, X xapaxkrTepucTEama B Y, & romy X < G, mo memoms-

Bunador 2. ¥ nsoxy sunagxy D — rpyita Temy 2 Teopemm 1.2.21 D
<x>, /y/ = r, <x> N <y> = 1. PoarnggeMo Jani xpa MOMIEBHX
mazxm: 2.1)r=q; 2.2)r 2 q.

Bunadox 2.1. V npomy managry D = <y> x <x>. B cmay sigommx
'm*:rin (ame.,manpaxnan, [2156]) Oes wmopymeEsEs aaranksOCTi

4 BBAYKATH, 1IN0 A A <y> = U ge e rpyunow @pobeniyca. Ocrinexn



TAKHHA, mo /a/ = p, |a,y] = 1. SpoayMino, 1o <a= 49 U. 04 TeopeM
Mamxe (aue., sanpuxaag, [74, Teopema 20.2.2]) A = A; x <a>, Ay
enemexTapua abenesa rpyna nopaaky p?, A; < U. lna miarpyns X 1
oy 8 reopemn 1.8.1 8—noxkasEEK p sa mMogysnem q | Tomy A A <y>
micrers migrpyn HlIminra. 3sigce [A;,<y>] = 1 i Tomy [A,<y>] =1
sEAYETL, ¥ € M,;, mo Eemoxuaeo, ockinsxka M; = 1, Omwe, sunaj
2.1 semoRIERAH.

Bunadex 2.2. ¥V npoMy BEDAIKY OpE <xX> <4 D ogepmHMO, IO
xapaxrepucrayna B Y | romy X 2 G, mo ne rak. Ormxe, /D/ = gr, €
<« D, /x/ = q. Toal 8 cuny migomux pesynawrartis (Zus., HADPHK]
[B4]) D = <y> A <x>, <y> = D', /y/ = r. 8aopy U = A A <y> —
paxrTepucTEuHa nigrpyna a Y | romy U < G, Ocrliexa M, = 1, 10
HeHIIBOOTEHTHA TPYTA.

IIpmoyerumo, mo U me e rpymor @pobeniyea. Toal » cany [216
€ A, [a,y]=1, /a/ = p, a € Z{U) < A. ficmo, mo Z(U) — xapaxre]
ereuea miarpyoa 8 U, romy Z(U) @ Y | A micrts Bnacay seoamHEY

marpyny 8 A, gonyeTEMy BifjHOCHO <X>, mo cynepeéuuts Misimal
gocTi A B X = A A <x>,
Hexait U — rpyna ©pobemiyca, Toal ana Oyap-Akax ejeMen
npoerax uopanxie a e AldoD[ad) =1, B cany [215] ¥ —
dpobeniych 8 meROpMANLANM MBOREEKOM D, axwit ze moiwe Oyma 8
Senesow rpynox mopanry gr. Taxmm gmnsom, smoapxks 1 1 2 memo
nusl. Tomy trp o = 8 sarRmAETHCA POSrAAHYTH BROAJOK, KONH /D}
q. Sslger D = <x>, | a4 pucnepcmericro G P<4G, G = P A <%
Ocximexn X 4 G, 10 A < P. Ioxaxemo, mo A < Z(P). Hi#cno, Z(P
Q,AnZ(P)2 1, Z(P) n X — geoprravHA HOpMATLHEA B X p-mtiarpy
Ockinskn A — wminiMatsra sopmansga niarpynea 8 X, 1o Z(P) n



Np{<x>) = Cp(x) = Cp(x) = 1. chmun A — wumimiMansea BHEeMETA-

iyma miarpyna teoy 1 Teopemm 1.8.1, To, 8a nonepenmim HEHOD-
giureea 8 O migrpyna X, mo micrars A, mome Oyra ammme HeRiIBII0-
peaTrOw miarpynowo Tamy 6 reopemn 1.2.2. 8sigcm B < G. IToxnanemo
[ = B )\ <x>, flcso, mo V = BX, BnX = A, V/A=B/A ) X/A |
IV/A/ = pq. Ocxlmsre noxacmmk p 6a Moxysed q xopiemwe 8, To V/A
minsnoresTrA rpyna. 3eiger X < G. Ba semow Pparrinml (aos., BA-
parnan, [74, nema 17.1.8])) V = XZ, ge Z = Ny(<x>) = <x> A By =
x> x By, By= Zn B g9 Z. Ocklmexe Ny (<x>)=1, 0B nA=1,B=
A xB;, A <B, B; » 1. 8rince omafigersca Taxufl e6MOHT HOPAXKY P 8
1« B< P, axafl me manexnares A, 0 CymepevdTs DOOEPEXHLOMY.
Jrxe, BENANOK a = 8 DpEBOANTE A0 cynepewyHOCTI.

Taxnm wmmon, o = 2 | Tomy X — rpyna tany 6 reopema 1.8.8, ad
amesnaM axoi X — wisivamsmea menweranmxaiume rpyna, mo
C, 1 Tomy X = C. Balace npu X > C X < G, INTepma zacrana
ppopenu zosegena. lopenenmo i gpyTy WAOTHHY.

Heob xidnicms. Hexa®t C 4 G. Toapl sa nmonepeaminm C = A A <x>,
= p?, /x/ = q’, pi q — pioml npocri wmena, P < 8, A x <x9> a G,
dsigen A 9 G, <x%> a G, A — wimimansma mopmamsma mixrpyma 8 C,
Cx> — MAKCHMANBHA CHMOBCHLKA q-nim. ficmo, mo C — rpymna Te-
v 6 reopenm 1.2.2 | vouy p # 8, 2 — noracmmx p ea mogynem q, q >
. fix | pamime, sa Teopemor 1.2.8 G = PD, P — cmnoscexa p-
jgrpyna @ G, D — il xoaniscaxe pgomosmemma, G - cxiAverRAa
eELIBNOTeRTAA AMCHOPCHBEA TPYDA. Baigem x> <« Q <D, Q — cn-
sk -marpyna 8 G. Ockiseks G — poss'ssma rpymne, T0O Hé nopy-
Jum nArASRROCT] MOMHa BRaXxAaTH, mo G MicTETH ARCHEPCABMY
piarpyny PQ. Toni ado P@ = P A Q, a6o PQ = Q } P. Hxmo PQ - Q



- . -

aymino, mo Z(P) <« 'H. Bigomo, mo Z(P) N A # 1. Ocxinexm A
Migivasaa HopManeEA Eigrpyna sk 8 C, Tak 1 3 G, 1 Z(P)nC C
A < Z(P).

IToxaxemo, mo P il MeTanukaivea rpyna. [ificmo, mexait mg
rax. Togi P micrates minlMamsay memMeranmxmiumy miarpyoy T, sk
reopenoo 1.2.1 e VIIH[ }-rpynoow, mo SAA0BONLHSE YMOEBY TeOp
1.8.8 i mome Gyre Jame rpymow ogHOro 8 TROois 1—06 Teopemm 1.
[IpaoycrEMO, MO T — rpyna tEny 1 reopemm 1.8.8. Tomi P wmie
enremerr v, /v/ =pi <y>n A = 1. Bes nopymenss saransHEOCT] N

gEa peamatTH, mo T = A x <y>, 3a nonepeaaim T <« G 1 G/T — nexne
nosa rpyna, Iloxnagemo U =T A <x>, Tonl U/T < G/T 1, smaunTs,
G. 3a reopenow Mamxe (ame., mampmxiaaxn, [74, Teopema 20.2.2]),
OOPYOIVIONSE BArALEOCTI MOMEHA BBa)karm, mo <y> < U. Ocrimsrm
KAGHUK P 6A Moxynem q nopismwoe 2, TO <y> A <x> — minsnC
rpyoa. Beigem <y> < Z(U), U = <y> x C, ge C -~ xapaxrepm
pigrpyna 8 U, Orme, C 4 G, mo me rax. Taxmm ynmom, T e Mmome
v rpynowo taoy 1 Teopemu 1.8.8 1 mel enenmernT™s mopaary p man
A < Z(P). 8eigcm Np(<x>) = Cp(<x>) = 1 { Tomy [H : Ng(<x>)] = |
Ocxismrmr » rpynax tany 2 teopemn 1.8.8 e mementpanmsei ene:
mopaary 8, 7o T me moxe Oyrm rpynowo rtamy 2 sragasol Teope
Hexait T — rpyua ommoro o Tanis 8, 4 reopemn 1.8.3, Toml /T'/
T « G, T" < A, mo cynepeuurs mimimanmsrocri A 2 C. Orme, T ne
sice Oyra rpynon Tany 8 wa 4 reopemu 1.8.3.

Hexaft T — rpyna tany b sragaroi Teopemn. Togl /A/ = 4, q
aa reopemo Cmroma (ame., maopurnag, [74, reopema 11.1.1]) |
Ny{~-x>)] = 82 = 1 + Bk. Bmiacn 31 = 0 (mod 3). Age, ouennano, §



p, P — Meranmeaiusa rpynoa.

INoxameno Tenep, mo P' = 1. Hexalt ne me rax. Toai w(P') <« H,
(P') < A, w(P') # 1, mo cynmepeyrTs Mimimamssocti A B H. Bz;imzn P
mMeTanExaiuaa alenesa rpyma 8 HEOEKAIYHOK METANBKJIIYHON
darpymoro w(P) = A i /A/ = p?. Bposymino, mo P = <a> x <b>, /a/ =
B /b/ =p', w(P) = A = <aP" > x <bP’ "> | Tomy Ges mopymeHEs 3a-
ampaocTl MosxEa BRAaxaTH, mo a > 0, y > 0, a > y. [Toxaxeno, mo a
y. Hexa#t a > y. Tomi, ax migomo, PP’ = <a?" > — meopmmmvHA Xa-
spmcTeyEa umiarpyua s P. Tomy <aP" > <« H. 8eigem w(<a>) =
2aP" ' >) — xapaxTepHCTEYHA HiArpymna 8 PP’ nopagry p. BmaumTh,
H<a>) < A, wi(<a>) « H I romy w(<a>) <« C, mo cymepeunrs
iminamsrocTi A B C. Taken uuHOM, O = Y.

- Hexaii y > 2. Togl P > P; = <a> x <bP>, /bP/ > p?. Bposymino, mo
. me moae Oyrm mipgrpymomo mommEoro 8 THmis 1—6 reopemm 1.2.2.
ouy Py < G, /a/ > /bP/. Tenep ana P,, ax | pamime ana P, w(<a>) <
, Mo BEemMozxuTEBO. TakuM umHOM, ¢ < 8. fAcmo, mo G micraTs Higrpy-

¥y V=A)D. Ocximre CND=CNnQ=<x>4C, 7o D4ViID—

AT Y Il E

opmoro & tams 1—6 reopemz 1.2.2, D micraTre migrpymy M,
f 9 G, Cp(P) = Cp(A) = M. Ocxlnsxr G — mepegexiszopa rpyna, To
reopemoro 1.2.8 8 ypaxyeammam Toro, mo G micraTs miarpymy A x
[ maemo, mo M me micTETE miArpym, MO POSKJIANANOTHCA B OpAME
o0yToK ABOX HEOAMHNYHHEX NPAMEX MEOXEAKis., Moxmusi nsa Bm-
mxa: 1) VaG; 2) VaG.

Bunadoic 1. Y npomy sEnagky V < G, tomy A < P i, sHasnTs, 0 = ¥
2, V — meHimsmoTeETHA rpyna i ToMy V & miarpyoa TEDY 5 TeopeMm
2.2. 3a nonepegriM V = C i Tomy D = <x> = Q, /x/ = p®. Ilpn-

yeramo, mo B > 1, Toxi <x9” < Z(G) i 8 G icuye niarpyna K = <~a> »



reopeMm 1.2.2. Beigen K 9 G, <a> x <bP> = P, — canoncai
miarpyna o K i romy Py< G, flx i pamsime gna Py, w(<a>) < C, mg
MoxamuBo. Orxe, B = 1 i G — rpyna Tany 1 Teopemn.

Bunadorx 2. ¥V npomy srnaary [V,P1 < VN P = A, 3posy
[P,<x>]=P.Tomy P< Ai, casunts, A=PiG=P)\D=V, Og
ki olarpyna D xoxaoro s Tenis 4, 6 reopenm 1.2.2 micTurs mign
M, mo posknagaersca B OpaAMEM a00yTOK ABOX HEONHHHEYHHX
mmxin, 70D me moxe OyTE nigrpynmowo =i TEoy 4, Hi TEmY § arag
TeopeMH. AIRKINO NpHEOYCTHETE, Mo <x> 4 D, 10 C < G, mo sEeMozu
Omme, <x> 4 D — mepepeximmopa rpynoa i Tomy D me moxxe Gyr
minrpynol THoy 1, =i migrpynowo TEny 8 reopemm 1.2.2. fikmo [
miarpyna tuny 6 reopemm 1.2.2, ro /M/ = q, D =Q, Q@ = 1, mo
MOXKIEBC, SHAYHTL, SANMINACTHCH BANANOK, Xomm D — rpyma TE
reopemn 1.2.2, Toxl /D/ = qr, D' # 1, q 1| r — piexi npocri um
Bigome [64], mo D = R A <x>, ne /R/ = r, <x> = Q, /x/ = q,
<y>, fy/ =r, D =R, r=1 (mod q) i D — meslmnorenraa ry
Minnepa—Mopeno. Tloxmageno 8 = PAR. Togi 8 4 G 1 G = 8
TpunycrEmo, moe 8 — meminsnorexTaa rpyma. Axmo 8 — rpyna @
Gemiyca, T0 rpymor ©polemiyca, owesmzmo, e i migrpyna C. 3s
reymox @pobemiyea Gyae | G o memopMaisRAM MEOMERKOM D mopa
qr. Bigomo [215], mo » rpymi @poberiyca D — pmuxxivma rpyns. €
péumicTs. Urime, 8 58 ¢ rpymow Opobemiyea. Toxi Ges mopymem '.'
rrs=oCTI MOMES BBARATR, mo [a, y] = 1 i, cmaumTe, 2 €
Ceximren 8 — membmumorenrna rpyna, To Z(8) = <a> | Tomy <a> <
mo cymepeumTs MimiMammoerl A 3 C. Spinen 8 — minmsooresrna rpy
8= PxR, | vomy G — rpyma Tany 2 reopemn. HeoBxinmicTs nosens




i reopenm. Togi G =T A Q, T=PxR, /P/=p? /R/ e{l,r}), /Q/ =
P, 4, r — oDonapec pisHEi mpocti wacna, r=1(mod q), p=8,q=# 2, T
@' =[T,Q), U A Q =V — migrpyna Minrepa—Mopeso mopsaky pq,
0 ¢ MiEiMANLHOKW HeMETANEKIIYHOX rpynom TEoY 6 Teopemm 1.3.3
pymi G Temry 1 U = @(P), a & rpyni G Teny 2 U = P). OgeBnrgEOC, MO
criEuUenHE rpynoe, 4 TOMY BOHS JOKAMBEO cTymimgacra. I[loxame-
p,mo V 4 G. Hexalt VaG. Acro, mo G=TV, TnV =0, [T, V]=
NVl=U=V ., Bsigen U« G, G/U=T/Ux V/U — abenesa rpyna.
wimsxn G' = T, U < T, 10 T/U — meopummusmii komyranr G/U, mo
 rax. Orme, V 4 G.

Tloxamemo, mo G — VIIH{ Jrpyna, tobro mo npm /[A;B]/ > 2
3B]3 N < G. filxmo A oG wx B 4 G, 70 moxaazemo Bignoeigso A =

_B-Hlmnumnem.Tmnnuanw&maunm&m, mo
‘4 G, B 4 G, 8esigem /A/ > 1, /B/ pumrsca =8 nolyTox TPBOX
octEx wacen, B< G, B> G itoMmyTNnB=DaB,D<T,[BDle

'Hexad# [B:D] = 1. Togi B = D < Ti /D/ pimmr-sca ma Ro6yrox
950: WW;BWGWERH-WEiTﬂH‘?BMGH
ganxy G mome Gyra rpyooo Teoy 1, v axoi T = P = <g> x <b>, /a/
/b/ = p2, /B/ = /D/ = pb. Beizem B — memmxiiuma rpyna i ToMy
{P) = wiB) = <aP> x'<bF>, A < w{B) = N = w(P) ¢ G, mpo i Tpelia Gy-
 fosecr®, T00TO y mBoMY BEmARKY G ¢ VIIH] }-rpynomo.

'Hexa, maximens, [B:D] = g. Togl, B¢ DopymyousE IaraasLpoCcTi
e BeaRATH, MO Q@< B=D )X Qi G = TB. B rpyni G xoxsoro s
JrAsAYBaHEX THMS Q — 2-MaxcEMAnsER marpyna s G, G > B > Q|
y @ — maxcemancHEeE marpyna z B. 3eiace A He wMmictHTE q-

MenTiE i, Takas gEEoM, A = D, Ocxkimexku T = 1, o D a G, | no-
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Heaeninox 1311 Hexat G — naokasvko cmyninvee

VIH[ J-zpyna ¢ C — W HeHOPMAALHE MINIMGILHG HEMEMAYUK i

nidepyna. Todl C — HeHirbNOMEHMHA ZpYna Minnepa—Mopeno
padxy plq 3 HoOpMGALNOW cuAOschKkow p-nidzpynow, p L g — P
npocnii wuchaa.

Hacnigox GesmocepeEs0 BHIUIABAE 3 Teopemn 1 8.4,

Haeningox 1812 Hexalt G — AOKGALHO cmynikNg
VIIH[ ]-2pyna i C — i niavnomenmua MiNIMaAbHE HeMEMAYU
nidzpyna. Todi C a G i G/C — dedexindosa zpyna.

Hacninox GeanocepeEs0 BRILUTEBAE 0 Teopemu 1.8.4.

1.4. BYJIOBA IIH[ }-TP¥II I IX IIJAKJACIB

e ma 1.4.1. B dosimenitc O[H[ ]-zpynt G nopmaavui eck
yuraivnl nidepynu ma nidzpynu ®pammini eclx yuxilunux niog
Henopaxarvrunu 6 G Moxyms Gymu Auuie npumapil yuraivrl '
L.

Hosedenns. Hexalt G — pocnipxysana rpyna, U — i miarpyn
— ponimsamét enememr s U. Ilpmmycramo cnouatky, MmO U
nuxaivma rpyoa. Topi /[<x>;U]}/ > 1 i, smavars, [<x>;U] 3 N(x) ¢
Bpoeymino, mo umigrpyna N, Sxa nopoaxkesa BcimMa migrpynams N
ana scix x o U sopmivsna 3 G, Bpincm U=N1iN <« G.

Hexaf U = <x> — maxmiuma rpyna. fcmo, mo mpa /U/ € (1,
— mnpocre wmeno, M(U) a G. Hexait /U/ pinareci ma R00yTOK
mpoctux umcen. fAxmo U < G, 1o @(U) <« G. Hexait U ¢ G. 1



xrepucTauEa miarpyna 3 N i romy ®(U) < G. Takum unsoM, samwiu
) 4 G. .
Hoxaxemo, mo U — npumapea ouxkaiysa rpyna. Hexailt ne ne rax,

0 U — menpamapea rpyoa, Toal U = <y> x <z>, [fy/ # 1, /z/ # 1,
%'Q;U]f > 1, /I<e>;U})/ > 1. 3a osmayesnam INH[ }-rpyna [<y>;U] 3
(y) <« G, [<z>;U] 3 N(z) 9 G. 8siger N(y)N(z) = U < G, mo sHemMoxIn-
o, ockimekn U 4 G. Omre, U — npeEmMapEa oEKAivsa rpynoa. Jlema go-

Jema 14.2. Hexal G — L[H[ ]-zpyna, wo micmume nidzpyny U
AxB,AaG, B #1. Todl A— reasziyenmpaisna nidzpyna i G.
MHoeedennn, Hexati G Ta U BoaTo 8 ymosn nemu | X — posinbea
iarpyna s A. [lokamenmo, mo X 4 G. [Ipr X = 1 un X = A ne oue-
pano. 3maunts, 1 < X < A, Topi sa nenoro 1.4.1 X xB < G | Tomy (X
‘B)n A =X <« G i, osauuts, A — xsaslnesrpanssa olarpyna s G.
& JOBEJEHA,

Hacnipox 14.1. Hirnvnomeumnua nededexindosa LH| ]-2pyna
£ p-epynos, y axol nopmaavii acl neyuralynl nidzpynu.

Hoeedennn. Hexall G sagoponsese ymosy macnigky. Togl G sago-
sERe ymMopy Teopenn 1.2.8, ca TeepamennaM Akol G =P x D, P —
prepexianona cumoBchKA uepHiKopchka p-oigipyna o G, D — i gep-
K8 xonniscexe aonmosdesHs B G. 3a nemow 1.4.1 Bei me-
rdusi miarpynon o P sopmansri B G. IIproyeramo, mo D = 1. Toal
| genoro 1.4.2 P — pepeximsgosa rpyna, mo memoxxamso, Orxe, G —
pyna. Hacnigok nosegesnit.

M e ma 143, Joxaswnwo cmyninuacmi neniawnomenummnt HIH[ |
II-II G suyepnyiomecs epynamu Himidma muny G = P ) Q. P — cu

wxa p-nidzpyna 3 G, Q@ — cuaoecvka q-ni&zpynﬁ 3G. plq-- piani
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Jioeedennn. HeoOxidnicms. Hexalt G paaTo o nemu. Toal G a

poasasge ynory Teopenn: 1.2.8 | moxe Oyrn name cHiAmYeEHON
CHBEOI0 HeHiIBOOTEETHON rpynoik tany 1 sragamoi reopemn. 3siz
micrars migrpyny IlInigra 8 = P A Q, Axa B cBOX0O uwepry ca
1.2.1 sapomomsEae ymory Teopemm 1.8.1 i moxxe Gyrm mmme
onmoro @ tame 1 - 8 Teopemn 1.8.1. 8a macmigxom 1.3.4 8 e rp \
posTnAKVBaHO! MeMmE.
IMoxasxeno, mo S = G. Iiltcwo, sa nemow 1.4.1 B < G. Ba nem
®perrigl (1us., sanprEkaag, [74, nema 17.1.8]) G = 8D, ge D = N
DA P=Np(Q) = 1. Owepapguo, mo P 4G, G=PAD,BNnD=Q4
Bposymino, mo D 4 G 1 Tomy sa memor 1.4.1 D — mpamapEa oK
q-rpyne, v axof ®(D) « G. Bpigcr D = <y>, <y>>Q, Q 4G, ¥
Z(G). Topl Q < <y®>, Beigcn Q = <y> il romy D = Q, G = B,
uﬁxi.:mim HoBenena.
Hocrarmicrs rosegena B Hacuigry 1.8.4. Jlema gosesena.
Teopema 1.4.1. Joxarsno emyninvacmi nededexindosi ITH,
epynu G ¢ vepulxoacvrumu spynams, y axux /G e {p.p*), [C:Z(C)
{p%q,pq}, p | ¢ — Heobona'naxoso pisni npocmi YUcAG ma euvepnywon
epYnGML moxux munie: |
) G=<a> )\ <b>, /a/ =p° /b/ - pf a> 1, £>0, [ab] =aP '
2) G = <a><b>, fa/ = 8 , [b] € (4,8}, [<a> N <b>/ = 2, bl
al;
3)C=C x@Q, C — Heodunuvnra roxarsio yuiarivwa 2-zpyna, |

epyna keamepnlonie nopadxy 8;



ha keamepnlonie nopadxy 8, [ab] = c €C, /fe/ = p, /a/ = [b/ = p,

[C.<b>] = I; .

6)G = (<a> x <b>)<x>, /a/ = [x/ -8, /b/ =3, [ax] =0, [b x]

ad= x9; |

6)G = (<a> x<b>)<x>, ja/ = [bf = [x/ = 4, [@8,x] = a?, [b, x] =

g¥ = a’b;

7) G = (<a> x <b>)(<x> x<y>), /a/ = [bf = 4, a® = x3 = [ay],

¥ = [a,x] = [by], b¥ =y = [b,x];:

8)G =P )@, P — cunceceka p-nldzpyna 3 G, @ — cunroscska g

Mdzpyna 3 G, p | ¢ — planl npeeml vucaa, /P/ € p.p%). /1Q/ = ¢°, p>

0; npu /P/ =p p =1 (modg); npu [P/ =p% p#8,9>2 f=1,2—

KOIMUK P 30 ModYyrem q.

Josedennn. Heolxidnicme. Hexalt G maaro 8 reopens. Topl G oa-

DBOJILHAE YMOBY TEOpEMH 1.2.3,- g TBepaxeHHAM sxol G — wuep-

lixoBCEKA pPOOB SoHA HejenexiHAOBA AMCOEPCHBHA rpyna, NA% AKOI
samel sunaake: 1) G — cxkimverna meminsnoTesnTHA rpyna; 2) G —

EHTHR rpyna.

Bunadox 1. ¥ nrony srnagky G sagosonsEae ymosy nemn 1.4.3, sa

sprxensam akoi G — rpyna Tany 8 reopema.

Bunadox 2. ¥ nwomy emnagky G sagoposnbHfAe yMOBY HECHIAKY
.4.1, ca TeepimenEAM Arore G — p-rpyod o HOPMANLHEME He-
riypene oiarpyonana. 3 onucy uux rpyn [88, 89] onepicumo, mo G
rpyna ogaoro o Tanis 1—7 Teopemu.

Spooymino, mo B rpynmi G koxmoro 8 trois 1—8 G' i Z{G) mawoTte 1i
:_ pnacTasocTi, AKi Bxasami B MOYATKOBOMY (OPMYJIIOBARHI TEOPEMI,

xigHicTe mOoReneHA.



. 4 CARTTTES T ARl AT AW
dpoaymino, mo G — HejeaekiHAOBa NIOKANBHO CTYmiEwacTa rpyna.
rawenmo, mo G — INH[ }-rpyma. lins rpyn G THny 8 me gosenmemo
sacaigxy 1.8.4. Tomy B noganbmomMy Oymemo Beaskatw, mo G
HUTEOOTEHTHA P-TPYHa OXHOrO 8 THEME 1—7 TEOpeNME.

3posymino, mo B caury [88, 89] xoxma menmimuma migrpyna e
HopuassEa. Hexail /[A;B]/ > 1. INoraseno, mo [A;B] 3 N « G. Axn

AqG ua B <G, » TO HORJIAZEMO Bigmominmo A = N 7 B = N i nce 1t
n&qenn Tomy A4G,B 4G, B<G@G, B*@iB — nukruma rpyx
flcmo, mo /B/ > p?. Ockimsxu /G'/ < p?i B = <u>, 10, ax sizomo,
€ Z(G). Beany sufopy ATa B A = <uP>, 3pigcw ompm /G'/ = p Mae
Mo A < Z(G), mo me rak. Tozi /G'/ = p2, SayBaxmEMO, MO B rpymax
Kommoro & Tams 6—7 u® € Z(G) i roMy A < G, mo me TAK, A B IpPyNA
G xoxmoro o Tumis 1, 8, 4 /G'/ = p. Omxe, B mogansmomy G moxe 6
TH Jmme rpyno THOY 2 reopemm. Ockinskm <u> = B 4 G, o <@
coismajee s oxmiewn s marpym <b>, <(ab)?>. Mikcmo, u = alb), h-lah
al. Beincw npm mapmomy j u? = aZh? ¢ <al>, npmE menapeonmy | ud
b%. Ockimexm <a?> a4 G, b% e Z(G), 10’ A = <u®> a4 G, mo srozy =
moxmmeo. Orse, G — IIH[ }-rpyna. JocrarmicTs nosegema. Teope: .
HoBeneHa.

Hacninmor 142 Hexait G — zoxanrswo cmyninvacma Hedd
dexindoaa zpyna. Todl cpaeedausi mat maepxcen

1) 0ydv-axa ITH[ ]-zpyna € epynoio 3 HopxaAbHUMY HeyuralernuM
nidzpynamu;

2} ilcnyome Henepioduyni MHemayuraiunl zpynu G ma crinvenm
2pyna G 3 HOPMAALHOW CUROBCHKOI Z-nidzpynoto, axa taomop@ua :pyn
keameprionie nopadky 8, y axux HOpHaAbkl acl neyuaivui nidepyn
G — ne IDH[ }-epyna;
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a) G — IIH[ ]-zpyna; 0) G — zpyna 3 HOPMARLHUMU HeyUKAlY-
u nidzpynamu.

Hosedennn. Hexalt G osagosonsEAe ymoBy Hacmigxy. Toni
reepakeEHA 1 Bunimsae o memu 1.4.1. PB camy [88, 89] cepeg rpyn o
ROpPMATBHMME HenukaluanmE miarpyoamme e rpynsE takmx tamis: G =
¢a> \ <b>, /a/ = 4, /b/ = o, b'lab = a!, | rpyna IImigra G = P )
€x>, y axol P — rpyna ksarepuionis mopazky 8, axi mememeximjosi,
3 rﬁﬂpauum 1.4.1 sxasaml Tenom rpyn He moxyTe Gyra LIOH[ }-
rpynamss. Ilum TeRepmxenna 2 macnigky nosepero. B cmy [88, 89]
rpyua woxxuoro ¢ tonis 1—7 reopemm 1.4.1 e rpymoro, vy skoi Bei mHe-
akaival migrpynmn mopmansai, Ile # pgosopmTe TRepAIKeRHA B
iaky. Hacminox momeaeno,

Teopema 1.4.2. Knacu H-, HIH[ )- . IH( ]-zpyn cnisnadaoms
3 kracom Dedexindosux zpyn.

Hosedenna. Heobxidnlcms. Axmo G — H-rpyma, TO o8 JeMOI0
1.2.2 G — pepexingoea rpyna, Hexak G — IOH[ )-rpyma ux G —
HIH( }-rpyna 1 X — Oyas-axa i oiarpyna. IMorasxemo, mo X < G.
fixmo X = G, ya X = 1, 70 ne ovepngno. Tomy gani 1 < X < G. Ilpa-
myeramo, o X 4 G. Toai sa nemow 1.2.1 G — IIIH|[ J-rpyna, ana axol
cnpapejmpe Teepmxenna nemu 1.4.1. Bpiacm X = <x>, /x/ =p*, a >
0, <xP> a G. Nana IIH( Jrpyn G (<xP>:<x>] 3 N 9 G | tomy <x> = N,
mo ue tax. Hexali G — IIH[ )-rpyna. Ilosgaummo wepea Z nepernH
popMansEax miarpyn s G, axi micrate <x>. Ba snfopom Z > <x>,
icno, mo /[<x>;Z)/ > 1 | Tony sa osmagenram [ILH[ )-rpyn [<x>;Z) 3
N < G. 8elacu N < Z, mo memoxcnneo 38 enbopom Z. Omxe, sasman X
a G L Tomy G — pemeximmosa rpyna. HeoOxigmicts mopegena. [o-

erateicTs ovenngaa. Teopema gomegena.




BYNOBA JIOKAJIBHO CT¥INIHYACTHX YUIH|[ F'PYIX

2.1. AEAKI KOPHCHI PE3¥JIbTATH

Jlema 2.1.1. Hexali G = A xB — YU[H[ J-epyna t A — %
dexindosa nidzpyna. Todl /B/ € {1,q), § — npocme wucro. Axuwo G

AokaasHo cmyninvacma epyna | /B/ = g, mo A — zpyna odHozo 3 N0

nie 1—8 meopemu 1.4.1.

Hosedennr. Hexait G o reopemu. Toxi G sazosonbnse ymMoBy Jél
1.2.5, sa TeepmxenHAM skoi B He Mae BIACHHX HEMAKCHMANLHNX Ml
rpyn. 3eiace sa nemow 1.1.1 /B/ € {1,q}, @ — opocre uncno.

Hexaft /B/ = q. Axmo G — noxaneHO CcTYliEYACTa rpymna, 70, ¢
BHAHO, A — JOKAJBHO CTYIiHYACTA Tpyma. Seigce sa Teopemomw 1.
ta nemow 1.2.6 A — noransro crymimgacra IILH[ )-rpyma, mo &
BONMBHAE YMOBY TeopeMi 1.4.1 i moxe Oyrn rpyno ogHoro s taois 1
8 araganol reopemu. JlemMa ZoBegeHA.

Jlema 2.1.2. Heninonomenmnt YO[H[ J-epynu G 3 xoMymarm
nopadxy p, p — npocme WUCRO, Mawomb euzasd G = <a> )\ (<b>
<z>), Ja/ =p> 2, /2/ €{l, 8}, g — npocme wucao, [<a><b>] = <g
ma suvepnylomsca 2pyl.amu munla:

1) /bf =¢°, B> 0, q # p — npocme wucno, p =1 (mod q), bf
Z(G);npuz =1 <b¥> aG; npu f2/=p f<3;

2) /b/ = qr, g i r — piani npoemi wucaa, p = 1 (mod q), p
(modr), Copsf(<a>)=z=1.

Hoeedenns. Heobxidnicme. Hexafi rpyna G s nemm. B crury Teo]

mMit 1.2.3 Ta pesynwrarie 3 [216] G — ckimwesma rpyna smrnaaxy G



G/<a> — minenorenTHA rpyna. 3siacm D — ckinyenHA HiNBDOTEHTHA

ppyna, Ocklasxs G — memimemorenrsa rpyma i /G'/= p, T0 <&=> = G,
/a/ = p — npocre uucno. Taxum ummos, D' =11 p# 2. Bpoaymino, mo
<a>,D] = <a>, D ¢ G. Toai D rpyna ogmoro s THmin 1—6 reopemu
1.2.2. sa teepmennam saxoi D moxe Gytm nume alenesol0 rpyunow
oro a Tumis 1, 2, 4, b oragasoi Teopemu i D mictaTe miarpyny M,
M aG, M = Cp(<a>).

Hexalt D — rpyna Tamy 5 reopemn 1,2.2, Toal D = <b> x <z>, /b/
-q’, p> ﬂ,f:,f-q.q—npuc-mq:umn.p-I[mudq},M--ﬂh‘l}n
>, 3posymino, mo [<a>,<b>] = <a> 1 Tomy G — rpyna THOY 1
POOrNANYBAHOL NneMu.

Hexali D — rpyna tany 4 teopemn 1,2.2. Togl D = <b> x <2>, /b/
Q" p>0,/z/ =8 qis— npoeri ancna, p = 1 (mod q), M = <b¥> x
<g>, [<a>,<b>] = <a>, Hexail 8 = p. [loxnagemo ¢ = az. Jlerxo Gawm-
,mo /e/ = p i <c> 4 G. Ockinsxa b3 € Z(@), 7o B G icrye miarpyna
ce> x <bi> = U, IIpunyerumo, mo B > 2. Tomi /[<e>; U}/ > 2 i sa
oomavenman YIIH[ J-rpyn [<c>;U] 3 N 4 G. Ockinexkn <c¢> — HOP-
MANTLEA CHIOBCHKA p-miarpyina mopmansuoi 8 G migrpynm N, To <¢> <
@, mo wemoxympo, Orxe p < 81 G — rpyna Tany 1 nema.

Hexait D — rpyna tuny 1 reopemnm 1.2.2. Toai D = <b=,z=1, /b/
‘=g’ p > 0, g — npocre uncno, p = 1 (mod q), b2’ > 4 G i sHoy G —
rpyuna Tany 1 nems.

Hexaft D — rpyna troy 2 teopema 1.2.2. Toai /D/ = qr, qir —
‘weoboB AskoBo piasmi mpoeri uwmena, p = I (mod q), p = 1 (mod r).
'Hexatt q = r. Binomo [64]), mo Aut<a> — ouaiysa rpyna | D/M —
miarpyna s Aut<a>. [Tpm mamux npunymesnmax miarpyna D Tuny 2
rsopenm 1.2.2 & eneNEeRTAPRON a0eNeBow Tpynow nopaaxy q° i M = 1.
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rerTHi miarpynu. 3pigen, ax sigomo, p = 1 (mod q), p = 1 (mod r)
— rpyna tany 2 semu. Bel smnaaxkm posraseyri. Heobxiamicts &
neHa.

Ilocmamuicmy. Hexalt G = <a> A D — rpyna ogsoro o Tumnis |
nemu. Toxi, owesnaro, D = <b> x <z>, /z/ € (1, 8}, 8 — mpocre ¥ :
z € Z(G). fcuo, mo G' = <a>, /a/ = p — mpocte ymcao 1| G — men
ﬁu*renwna MeTamUKMIYEA rpyna oaxoro a Troies 12, 13 Teopemn 1.1
sa TBepmmenuuM aAxkol G — VIUH[ )-rpyma. HocraTmicTs nOBeAE
Jlema nosenesna.

J e ma 2.1.8. Hexaii G — npumapua unededexindosa YIIH|
zpyna G 3 KOMYMaHmMOM NOPRIKY p. p — RPOCME YUCAO, AKG He
Kaadaembcr 8 npamuli dofymox ceolx eracvux nidzpyn | micmu
Heabeaesy nidzpyny nopsadxy p’. Todl G Mae suznad G = CF, de €
noKaAbHO Yukaluna p-zpyna yu epyna xeamephionls nopadxky 8, [C
=], CAF=CNAF'  FemG' w=m<c> fc/ =p, F=(Q x<a>) \ <
/a/ €{p, p?), /b/ =p, [a,0] =c € Q, [Q<b>] =1, Q = <u,v> — &p
nopadky p wu p-zpyna Miarepa—Mopeno, /G/ > p® | € epynow 0dnol
munla: =

1) [<a><b>] = Q =C; npu /a/ > p C — zpyna xeamepkio
padxy 8;

2)C=<c> Q@=<u>A<v>, Ju/=p* , fv/=Ja/ = /b =p. 43
[uv] = [ab] =c= w'”, [Q,-n:b:-j.- o

8) Q= (<c>x<u>) A <v>, [¢/=ju/=[v/=/a/ = /b =p, [G
= [ab] =c €C, [Q<b>]=].

Aoeedennn. Hexait G sagosomsmse ymosy nemm. Tomi G > N

<x,y>, /x/ € {p, p*}, /y/ € {p, P*}, [<x>,<y>] = <c> =G =M', /¢



¢c>. Ba ymosow nemm TA Teopemow 1.2.3 G — YyepHiKOBCLKA PYUA,
0 me MicTETH eseMeRTADHENX abeneBEX mArpyn nopasxy pi.

Hexast coosarxy D' = 1. Toxl » cary BinoMoro pesyasTaTy [EE]D -
3 x Dy, ne C — cepsaETEA NOKAJMBAO NEKMIYEA MATPYDa @ D, mo
<¢>, Dy — i nonosuenas » D. 3nixce G = D) x (CM) i Tomy 8
Paos nemm Dy = 1 i, smayurs, G = CM. Ockimmen M < G, 0z € C,
,.r-plisl‘-c. fAxmo /x/ = /y/ = p, TO DOKnAneMO X = 4, ¥ = b, M
e F = (<c> x <a>) A <b>, {a,b] = ¢, @ = <c> | opepxumo, mo G —
oy 1 memm.

Hexait /x/ = p?. Toxi icaye i, gna axoro z'x = a, /a/ = p, i opa /y/
p poxaagemo y = b. fix i pamime, ORepxEMO, mo M = F = {(<¢> x
)A <b>1{ G — rpyna oy 1 nemm.

Mpm /x/ = p?i /y/ = p? emafixyreca Taxi i Ta j, mo z'x = 8, zly =
), /a/ = /b/ = p. Em.nipuiu:a.M—F-{{:}xmlhﬁh}lﬂ
— rpyna TRy 1 Jexm.

Hexail remep I’ = 1. [Toramemo, mo D me pOSKIANAETRCHA B mpsMEi
cpoix mnacmmx miarpyn. [ifcmo, mexal me He Tax. Topi D =
) x‘D,,.n.uD’-I}*,-G“-{c}—DHM—DgnM. Beigen G = Dy x
D;M). Ba ymonow semm Dy = 1, mo cynepewsTs HAMOMY NPEUYINEH-
3. Orme, D 5o pooraazaeTscs B OpaMmEil xo0yToK CBOLX pascHRX ma-
svn. Mosumsi ssmagem: 1) M = (<c> x <a>) A <b>; 2) M — wera-
iwma rpyna.

Bunadox 1. ¥V opomy mmnagxy D micrars Q@ = <u,v> — p-rpymy
epa—Mopero 1 G mictere marpyny U = D x <b™>, axa sa Teope-
oo 1.2.1 samosomsese ynmosy menm 2.1.1. B cmry miei nemu D —
oamoro s Trmis 1—7 rTeopemm 1.4.1 abo raminsToHOBRA rpymna.
/IY/ = p i D me posKnAzAETHCHA B opaMull gofyToK CBOIX



TEOPEMH 1.9.1 AUU 'iMIJIDTURUBURY 'Y LIRS .
Hexaft D — rpyna tuny 1 teopemn 1.4.1. Toal D = <u> A <v>y
-p, A>1, Juvl=c¢c = L Moxaxemo, mo /v/ = p. Hexait nf
rak. Toai G mictutrs marpyny V = <v> x <a>, flcmo, mo V a4 G 1\
rpyna Tamy b teopemu 1.2.2, oa TeepaXKeHHAM AKOI <vP> x <a> &
Bpiacu a € Z(G), mo memoncmuno. Ormxe, /v/ = p. [loxnanemo C =
F =DM, D= Q i opepmuno, mo G — rpyna Tuny 2 nemu.
Hexalt D — rpyna tany 4 reopemm 1.4.1. Togi D = CQ, C
KANLAO HMHKAIYKA P-rpyHa YH rpyna xsatTepuionis mopaaxy 8, Q = (
x <u>) A <v>, fu/ = /v/ =p, [u,v] =c e C, [C,Q] = 1. [Toxaaseno
QM. Toai G = CF, [C.,F] = 11 G — rpyna tanoy 3 neMn.
Hexait, mapemri, D — raminsromosa rpymna. Toal sa nomepenmmi
= C — rpyna kpatepmionis nopaaxy B. Iloksagemo Q = <¢c>, F
orpemaemo, mo G = CF — rpyna Tenoy 1 nemr. Banagox 1 poorass
oosHIiCTIO.

Bunadox 2. ¥ npomy sunsaxy M — meraumkmiuma rpyna |

pBaskaTE, mo O me micrars mealenesol miarpynm M = (<c> x
<b> mopaary pd. 3eigem M = <x><y>, /x/ = p?. Hexalt M me e}
nox xearepaionis mopaaxky 8. Toal M = <x> A <y>, /y/ = p | onoi
micrers oigrpyny U = D x <y> | ax y sunaaxy 1, D — rpyna
miomlp mopaaxky 8 um rpyne ogsoro @ THmis 1, 4 reopemu 1.4.1.
d e D, /d/ = p3, dP= c. Toal icaye uine umcno i raxe, mo d'x = &
= p, [a,y] = ¢ § G micrure M; = (<¢> x <a>) A <y>, /y/ = p, mo g
peumTs posSrasgysamomy sEnaaxy. Orxe, D — ne mome Syrm ml
mowxe xsarepmioxia mopaaxy 8, mi rpynow tEmy 1 reopenm 1.4.1, &
em D = (<c> x <u>) A <v>, [u,v] = ¢, /u/ e {p. p?}, /v/ € {p,

meony BEmagxy /D/ > pd. Seincm, Ges nopymenns saransmsocTi



¥y wi<u>) x w(<v>) x <e> x <a> nopaaky p?, mo memomnmso. 3ma-

, M — rpyne xmarepmionirs mopagky B.

Ax | panime, MOMHE BBAXKATH, MO <C> — MAKCHMANLHA unim.im
jarpyne o D. flemo, mo D micTETE miarpynmy Mimmepa—Mopero Q, axa
aroronbaAe ymosy macminxy 1.8.8 | moxe Gyte namme rpymorwn Tamy 3
yoro macaizxy. 3siace Q = (<e> x <u>) A <v>, /Q/ > 8, [u,v] =
L /u/ = 4, /v/ € (2, 4). [Toraxeno, mo /v/ = 2. Hexail /v/ = 4. 3po-
yuino, mo /x/ = /y/ = 4, x? = y2, [loxnagemo x; = ux, y, = vy. Toz
X/ = /vi/ =4, <> " <y> =1, [x, 7] = [ux,vyj =ct=11G
e Vi = <x;> x <y;>. Heamo, mo V; He Moxe GyTE rpynow »Xog-
oro & Tamie 1 —6 reopemm 1.2.2 i romy V; 9 G, Vi n G' = 1 i, onma-
Vi < Z(C) i Tomy QM = V; x M.

Hexasi Q = D. Toai mpa /v/ =4 G = V; x M, mo memoxxnuso. Or-
,_hr,f-EiG — rpyns TEIy 1 nems.

Hexalf, maximens, D > Q | mexal#f d — porinsank enement o D. Toai
e o marpyn <d, u>, <d, v>, <du, v>, <u, dv> e rpynox rTamy 3
pomiaxy 1.8.8. Bripcrm /d/ < 4 i romy D/<c> — ckimvenmna senesa
yne. Orme, D/<c> = <u;<e>> x <vy<e>> x <d<c>> x B/<c> i Gea
)WIDEEHA SAraNbHOCTI MOMES BBRYKATH, mo [u,;,v;] # 1. Ouesmpgso,
o <uy,vy> — rpyna ROy 8 macmiaxy 1.8.8 i roMy mMoOXHE BBRXKATH,
, @ = <u;,vy> i, oEBATHTE, Uy = U, vy = V. Toxi 8 ymoemw D > Q
mamsae, mo /d<c>/ > | | romy D micrurs mgrpyoy Up = Q A <d> §
i/ > 1. 3a nonepexmin /u/ = 4, /v/ € {2, 4}, /d/ € {2, 4). Acso, mo
2vid®> < Z(G). Toxi » G icmye migrpynma K = (<e> x <u?> x
<v>)) A w(<d>) nopaaxy 16. 3a pabopom (<c> x w(<v>) A w(<d>) —

jeresa rpyna i, amawaTh, K — eneMenTapEA a0eeBA rpyna NOPAIKY



BeJeHa, _

Teopema 2.1.1. Hededexindost YIUIH[ ]-zpynu G 3 xomy
mom nopadxy p, p — npocme uucao, mawms sussnd G = CF, C —
KaabHO YUKAIUKG p-2pyna uu zpyna kaamepnlonle nopadxy 8, [C.F
I,F=(Qx<a>) A <b>, [ab] € <c>=G'=F'< Q= <uv>, [¢/
Ma GUYEPNYIOMbCR :pYnamu munis:

1)G=F=(QX\<b>)x<a> Q=<e> /b/=¢, >0, /a/ ell
piq — piani npocml wucaa, p = 1 (mod q). v’ e Z(G): npu fa/ =
€ Z(G); npu /fa/ =p f<3;

2)G=F=Q)\<b> /Q/=p, /bf =qr,p qlr — nonapho
npocmi wucaa, pal (mod q).pal (modr) C.p. (Q)= 1

3)G=F=Qx<a> Q=<u>\<v> fu/ =p’ A>1, v/ =p
0, [uv] =¢c= w'", Ja) € (I, r), r — npocme wucao;

4) G = C xF, C — noxaabno yuxalyvxa 2-epyna, /C/ > 3, F =
<a>, Q — spyna xKeamepulonis nopadxy 8, /a/ € {1, r}, r —
VUCRO;

5)F =Q x<a>, Q= (<¢> x<u>) A <v>, [uv] =c €C, /u/
P2, v/ € {p. p®). /a/ € (1, r}, r — npocme wucao, /[C'/-[u/ v/ #
npu faf =1 [ul = v/ =p;

§)G=F, Q=<u>\<v>, fu/ =p* 4> 1, /Jv/ = Jal = [b] 3
[uv] = [ab] =c=uP , [Q<b>]=I;

7) Q= (<c> x<u>) \ <v>, Ju/ = /v/ = [e| = [a/ = [b] = p. [
=c= fab], [Q<b>]=1.

Jlosedennn. Heobxidnicms. Hexait G — nocaigxysana
[IpanyernMo cookaTky, mo G — mesiapnoresrna rpyna. Toal O o

ponsane yMony aemn 2.1.2, sa Teepwennam axoi G € rpymom

a rumis 1, 2 poarnaaysamol reopena.
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peX=1, A=1. Ockimsxn /G'/ = p, To abo /X'/ = p, abo /A'/ = p.

mopymyooun saransEocTi moxEa sBasxkaTH, mo X' = G’ i romy Al -

Ba teopemowo 1.2.3 G — megenexingosa YepHIKOBCHKA rpyma. Ilpu-

o, mo /A/ = r — mpocre wmcno. B cary nemm 2.1.1 X mome

| rpynow ogsEoro 3 Tanis 1, 3, 4 Teopemn 1.4.1.

ixmo X — rpyma taoy 1 Teopema 1.4.1, TO HOKNANEMO X=0Q, A=

5 C= X', F=XxA. 3eigen F = G i, onasurs, G — rpyna ramy 2

SrAAIyBAHOl TEOpeMH.

Hexalft X — rpyna tany 3 teopemna 1.4.1. Togi X = Cx@Q, C — xo-
o nExmivEa 2-rpyna, /C/ > 2, Q@ — rpyna KeavepHiOHIE DOPALRY
Moxnanemo F = Q x A i ogepumo, mo G = C x F i, smaunrs, G —
A TEOYV 4 POArAANYBAHOL TEOPEME. |

aft X — rpyna tany 4 reopexz 1.4.1. Togl X = CQ, Q = (<c> x
B) A <v>, fu/ = /v/=p,[uvli=ceC, /c/=p,[CQ] =1, C — o
JbEO NERMYHA D-IpyOs 9B TPYNS XBATEPHIOHIE HOPAZKY &. Iloxna-
No F = Q x A. Beigcs G = CF i romy G — rpyna Teny b poarasaaysa-
TEOpeME.

‘Hexa#t /A/ — mempocre umenc. Toxgi oa memoro 2.1.1 X — ramins-
- rpyoa. B cany reeppmenzs 1.1.1 X=QxDxA;, @ — rpyna
' ppmionis mopaaxy B, D — enemerrapma sbemesa 2-rpyma, Ay —
jommama abenesa rpyus Ges imposmonili. He mopymyoun saransa0CT
s gpackaTy, mo X = Q@ xD, A = A, x A. 8a reopemorc 1.2.8 G e
, MArpym, mo posxaaaswTsesa B npameit aoGyrox OGlmeme HiX
HeOARNMUNEY NMpAMEX MEOMERKIE. Bsigcn /D/ < 4.

.e:nﬁ /D/ = 2, Togi A — noxansE0 DEKAIYEA 2-rpyna i ocxkimbkm
gepenexiamona rpyna, To /A/ > 2. Tloknagemo A =G, F = @xDi

goskiMo, oo G — rpyoa THOy 4 POSTAAAYBRHOL TEOpEMH.
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s G, A — ¥ nepiogmune aGesene ponosHeHHA. dsigcE B €

rpepmoxenss 1.1.1 G — nefexiHZOBA rpyna, mo Be TAK.

Hexait temep G He POIKIANBETHLLA B aopaMull Ao0yTOK CBOIX HE
swenyx miarpyn. fxme G MicTHTE ReaGenesy miArpymy DOPARKY 8
G SaN0BONBHAE YMOBY JNeMH 2 1.8, 3sigce G — rpyma OAHOrC & T

miomis, ®i rpymnolo aienpa mopaaxy 81 /M/ > pl.

Hexatt M = G. Toai G sagoponrEAe YMOBY pacaiaky 1.3.3 1 i
GyTE Ipynow OfHOre 8 raois 2, 3 GROro HACHIAKY. 3elacu G — T
ogecro a Tunis 8, b pPOGrAAKYBAHOI TEOPEMHE.

Hexat M < G. Toal /G/ > pt. B BacHigKOM 1.88 M = (<c><x%
<y>, /x/ = 0% /9l = 9 @ > 0, B >0, [x.y] = ¢. He nopymyns
raMLHCCTI MOMHA BBEJKATH, LOO M — rpyna Minnepa—Mopeno

gafiMenmore nopEaKy. IloKa)KeMO, mo miarpyny M moxna
rax, mo M — rpyna TRIoY 8 HACHAKY 1.8.8. Oificno, Hexait ¥ — 3
CHMAIGHA JOKANMRHO MEKAIYHES MArpyTa o G, mo MicTHYE <C>.
a G i G/Y — opamrit fo0yTOK CKIHYEHHOrC YHCAR HEOAMHEYE
kansEe puxsdusax marpyn Y. /Y, 0 < r < n. 3poaymino, me G 0o

syerscn Beima migrpyname Y. Y, oG Mpul=r X, N Y

Ocklanke G — p-rpyna 1 /G'/ = p, TO G’ < Z(G) | ana Gyas-AKOTO
G gP € Z(G).

[lokaxeno, mo Y, = Y A B,
nmwsiuna p-rpyoa. Axmo Y /Y — xpasinmxaiyna p-rpyna, To [Yqd

, ne B, — HeoJHHHYEHA JIO

oo. Hexait /Y/ < oo. Tonl Y, micTaTh xpasinukaiuny olarpyny By

Z(Y,) i. owesmpmo, Y, = Y x B,. fixmo x /Y/ = @, TO



pasimmiivmol miArpynE Y 2a gonoMOrow KsasinEKmiuHOl miArpynd

. Bigomo [65), mo Y', = 1 i Toai ¥, - Y x B,.

Hexalt Temep Y,/Y — DHEKNIYEE rpyna. Tomi ¥, = Y<x.>. Hnmu
(A <x,> =1, 70 By = <x;>, ¥ = Y A <x,>, mo & Tpeba Oyno gomec-
=. Hexati ¥ m <x,> # 1. Togl ¢ € <X~ Kons Y — xBasimaxmiysa
pynia, TO @ YMOBR /G'/ = p BHILTEBAE, moeY . =11¥. =Y AB,.

Hexait /Y/ < «. 3a subopom /Y/ > /%./ 1 ToMy 58 GyAOBOK MeTa-

yEEX p-rpyn (AEB., HAOPEKA&A, TeOpeMy 1.2.1 2 [77]) maemo Y,
Y A B,
. Omxe, capwan Y, = Y A B, , B, — 2eORERIHA MOKANLHO IEKIITHA
. Bposynino, mo [By,By] < <c>. Axmo (BB} # 1, 70 [B, Byl =
. /B, <, /By/ < i(<¢>x B A B — magrpyna Miwzepa—
fopeRO MYKAHOrO THOY.

Hexaii [B,,By] = 1. Toni G = Y A B, geB=B;x..xB. x..xB
Hewo, mo B 4 G. Toni, overmaso, B — abenessa rpyna Opmoro o TRMDS
'_ 2, 6 reopemm 1.2.2 1 /G/ < . Spoaynino, mo G =e e rpymow Min-

sa—Mopeno i romy G Be DOPOIMYETECH ABOME eIeMeETAME. 3BiACH
— memmKiYHA Fpyna, B =e ¢ rpymow THIY i meopemm 1.2.2 i w(B)
enenenTapue abesesa rpyns DOPARKY p?, Axmo B — rpyoe TEOY b
sopenm 1.2.2, Ta B = <x> x <y>, /y/ = p, B micrETs migrpyiy <xP> x

4 G. Seinen [¥,<y>i=110 -‘{Y M <x>) ¥ <y>, MO CyNepevnThb
COrLAAYSANONY BEDANKY. SARIO Temep B — rpyna TEOY 2 TEOpeME
_‘2.2ir o B = <x> x <y>, /x/ = /y/ = p. Hexat & = Cy(Y). Hoxamemo,
poB=1. Axmeox e R, 9B y e 8, To 8 = 1. Hexaf me me TéK, TOOTO X
48 i vy ¢ 8 Tomd Y = <d>, /d/ = p, A> 1, [dx] = ¢, [dy] = d,
fels = <pl> = <o> = <dp”"' >, 3poayminc, mo | ra j Be xpatl p, i,

jmaunTs, iCHye Take n, mo ni + i m 0 (meod p). Moxnanemo z = x"y.
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F) x <z>, mo snoey Hemoxnnso. Bei sunaaxm posraanyau. Heol

HICTH JOBENeHA.

Hocmamuicme. Hax:aﬂ G = CF — rpyna oamorc & Tunmis
posrnAanyeaHol Teopemu. 3pooymino, mo 0 — Eezenexkimmosa
KOMYTAHTOM unpn,:[.ﬂy p. Ilokamemo, mo G — VIUIH[ }-rpyna,
pnn Oyms-sxoro /[A;B)/ > 2 [A;B] > N < G. [lificro, xna rpyn G
1 ua 2 me Bcramomseno B memi 2.1.2. Tomy B mopamsmomy Oy
BBlRATH, o G — rpyoa onmoro o rTumis 8—7 reopemn. Baynam
mo Axmo A < G uu B < G, 1o, ouesapuo, G — VIIIH[ )-rpyna. _'
A4G, B4GiG nB=1. fceo, mo gaa Oyas-Axoro g s G gl e
Orxe, opr nuxmunocti B A < @(B) < Z(G), mo cynepeunts ymosi
G. Takem yanoM, B — menmkaivsa abenesa rpyna 1| /B/ ainETse
AOoOYyTOK He MeHIN® Hi)X TPROX OPOCTHX WRACE..

Hexali G — rpyoa tany 8 teopemu. B cmny memmralumoctl
puxaiurow Oyxe paxrop-rpyna G/<u> | miarpyna <v> x <a>, @
/a/ = p, G — p-rpyna, /v/ > p, i, ogaurTs, W(G) = w(<u>) x w(<
<a> < Z(G). Ockimpkr G/<u> — aGenesa p-rpyna tumy (p',p), vy >
B — rem abenepa p-rpyoa tEmy (p°.p). a > 1, 10010 B = <g>
/2f =p° /f/ =piB — rpyna Taoy 5 teopemn 1.1.1, ana axol
w <gP> x <f> < Z(G), mo cymepeunrs ymonl A 4 G, | Tomy gocran
ANA IPYO TEOY 3 TeopeMH JOBeAeHA,

Hexaft G — rpyna rruoy 4 Teopemu. fixkmo B — noxanssE0 OH
rpyua, 10 oa nonepeanim /B/ = 0 | C — kpasigaxkmiuma 2-rpyna, §
em C < Bl C < Z(G). Jlerko Gauntu, mo wi(G) = w(F) x w(C) < Z
[(B:Cle {1, r). Ocximexe B4 G, 0B+ Z(G). Toni B>CiB=Cx
pe /=, f e w(G) < Z(G). Beigcw B <= Z(G), mo wemoxsuro. H



yol aGenepol rpynn tamy (2 ,2). Beigcr B = <z> x <f>, /z/ = 2%,

(> 1, /f/ = 2. Toal, sax i ana rpyn Teoy 3 Teopemm, maemo A < <zi>
<f> < Z(G), mo cynepeunts yMoBi A 4 G, JlocrarmicTs ana rpyn TH-
Yy 4 noseaeHa. |

Hexait G — rpyna ogsoro s troie 5—7 reopemna. [loxkaagemo U = C
irpynax oaxoro 8 Taois 6, Ti U = <u> — B rpyni G Tany 6 Teopemu.
oai U « G, U — noxanbHO NEKAIYHEA P-rPYNA YH IPYINA KBATEPHIOHIB
opaaxky 8 i Tomy G' = <c> < Ui U B = 1. 3eigcn [G:U] ainateca
i /B/ | [G:U] e gobyrxom Be Binsme HiM HOTHPLOX NPOCTHX YHCEN.
Hexait coouarky G = U A B. Ipmnycramo, mo npu nifi ymosi G
s migrpyny 8 = (U x <x>) A <y>, /x/ = [y/ = p, [U,<y>] = 1,
L,y] = ¢. 3poaymino, mo 8 — rpyna Tumy 4 Teopemm 1.4.1, y axol aa
jemowo 1.4.1 sopuansul sei repmrnivai nigrpynm i §/U — enemenTap-
a aGenepa rpyna nopaaxky p?. Binomo [88, 89], mo /w(Z(S))/ = p. fAc-
o, mo Tenep S=U A D, ge D = 8 n B, D — enemenrapua abenepa
pyna nopsaary p?. 3sigen D 9 G, 8 =UxDi D < Z(8), mo cynepeunTs
Mosl /w(Z(8))/ = p. Orte, G me micTuTs miarpymm S sasmavenoro Ta-
.- { romy G — rpyna tuoy 5, y axoi /u/ = p%, /v/ € {p, p?} i /a/ = 1.
e G' 211 B =1, o U £ Z(G). Ane Toni U — rpyna xparep-
joria mopaaky 8 1 /v/ = 2. flcao, mo G > V = U x <v>, w(V) = w(U)
<y>< Z(V) i V=Ux<z>, pe<z>=VnB, fz2/ =2, z € w(V) <
(V), G = VB i, snaunts, z € Z(G). 3sigen v € w(V) = w(U) x <v= =
.. ) x <z> < Z(G) i Toni v € Z(G), mo memoxnaupo. Omxe, ann
pornanyeasux romis rpyn U A B < G, 3siacn [G:U] — polyTok woTh-
BOX TTPOCTHX tI-HEEJ‘.I. /B/ — noGyrox TpmOX upocTHX uwacen, /A/ —
2 ygeso i, sEaunts, G He € IPYIOK TROY 6 reopemu. Ome, 118

pytr TiTy § TeopeMu JOCTATHICTE JOBeOeHA.
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Z(G). Ane ronl A < Z(G), mo cynepeunts ymMoBl A 4 G, Taxam vl
NOCTATHICTE ONS rpyn THEOY b mosexesa.

Hexait G — rpyoa taoy 7 Teopemu. [loxknagemo x = u, y = v, |
G micTaETe migrpyoy 8 = (U x <x>) A <y>, axa mae 71 x Bus
mo i pamime. fix i seme, noxnageno D = B N B. Ockinexu [B:U] ¢
[G:U] =pé, UnB =1, /B/ =pB, 170 /D/ = piD = <d>. Ia Oy
mm S [88, 89] Ta ymomr D N <¢> = 1 { w(Z(8)) = <c> maemo,
d e Z(S).

Hexait Z = Cg(<d>). Ockimexr /G'/ = p, d ¢ Z(G), 7o Z 2 G, [{
= p i Z micTere miarpyny <B,b,a>, [Iproycrano, mo U < Z. Toal
= p3 i rony Z = U A B, Z micTars niarpyny 8; = (U x <a>) A <b>,|
mae Bei T ax saacrasocti, mo | pamime nigrpyna 8. Ormxe, By = Ua
. Dy = 8; n B, Dy — enemernrapra alenesa nmiarpyna nopagxy |
7(8,), mo mHemoxmeo [88, 80]. Taxum wummom, U < Z. Ane !
[U,<d>] = 11i U < Z(G). Ocramaa ymopa Moxumsa, xoan U —
xkearepuionis mopsaxy 8. Tomy /G/ = 27, [Towxnamemo H=S8 ¢
Ockinbxa [G:Z] = 2 i Z me mictaTs U, 10 [B:H] = 2 = [U:(U n H) 5
o, mo UNH =<z>, /z/ =4, U =<{,2>, /f/ =4, [d,z] = 1, [{,}
f2 = 22, Ockimexka d e H< S, 10 d = gulvl, ge g € U. 3 ymosn [{}
[f,v] = 1 Bemmmsae, me [f,d] # 1. Jlerxo Gawarm, mo /g/ > 2. Ocs
ke [d,f] = [gulvlf] = [g,f] # 1 i [g,d] = 1, 10 Ges mopymenna &
HOCTI MOJKHA BBAYKATH, mo g = z. B ymosm d? = (zu'vl)? = z2(uly
pawmaeae, mo (u'vl)? » 1. Bpigce i Ta j me kparmi 2. Tomy mMoxHEE
mate, mo i = j = 1. [Toxnagemo h = fu. Toai [d,h] = [zulv fi
[z,{][v,u] = ¢* = 1. Bsincm h € H. Owesmznmo, mo /h/ = 4, h? = 2% |
= g% i H micrars K = <h,z> — rpyny xpareprionis mopaaky 8. '



| <b>, axa mae Ti  mnacrmsocri, mo i pamime Bresena migrpyna 8,

ns Axo0i MM ojepxasin cynepeumicrs. [ocraTmicrs ana rpymo tamy 7
opesera. Bei momnusl smmaaxm poaraamyan. JlocTaTHiCT: AOBefeHA.
JpeMA NOBEAEHA,

Jiema 2.1.4. Memazaminvmonoal YI[H[ ]-zpynu G noprdxy p" 3
ieseauM HEYEHMPANLHUM KOMYMAKMOM Mmuny (p.p) € epynamu odno
0 3 munis: i

1) /G/ = p*, p — HenapHe npocme yucao, G' — neyenmanvna nio-
pyna 3 G muny (p.p): |

2) G = (<a> x<b>) A\ <x>, fa/ = /x/ = p?, /b/ = p — Henapne
pocme xucao, [ax] = b, [bx] =a%, 0 <3<p.

| Hosedennn. Hexalt G sagosonsaae ymosy nemm. Togi /G/ = p" n
» 8. B enny reepaxenns 2.1.4 o [77) p — menapre npocre wncno, IIpa
=4 G — rpyna Tany 1 memn,

Hexait n > 4. [Mpunyeramo, mo G He MiCTHTL MeTAUMKIiYEAX mA-
Minrepa—Mopesno nopasxy Giasme p?. Togmi 8 cmny cnimsigno-
genns n > 4 | Teeprxenna 2.1.8 3 [TT] G = ((<a> x <1>) A <o>)<b>,
)/ = p™, m > 1, /3/ = /o/ = p, [a,0] = v € Z(G). [a.b] = &, bP =7, [b,
] =", e e (0,1); opppe =1 A =0, [Noknagemo M = (<a> x <1>) A
, Toai M « G, MP = <aP> a G. 3siagcu aP € Z(G). Hexait € = 0. Topni
} = ((<1> x <b>) A <a>) A <a>. B cuny reopemn 1.2.2 <t> x <b> x
P> < G. Beinck [a,b] € <o> N (<> x <b> x <aP>) = 1, W0 HEMOK-
. Omxe, £ = 1. Toai G = (<b> x <o>) A <a>, ae /b/ = p?. Ilpn-
T™MO, MO fa/ > p?. Toni aa reopemoio 1.2.2 <b> x <aP> 4 G i ano-
[a,b] € <0> N (<b> x <aP>)} = 1, M0 HEMOMK/NBO. Orxe, /a/ € {p,

2}, Ocximukm n > 4, 1o /a/ = p2. IToxknagemo X =a, a=b, b =12



‘p i, sgagnrs, G — rpyma TEOY 2 ROBOMMKYBAHOL NeMH. .

Hexeait Tenep G MIiCTETE MeTAONKAiURY marpyny Minnepa—Mop
A mopazxy Ginsme p®. Tonl B cany TBepAMEHHA 2.1.8 2 [T7] G *
Aex> = (<a> A <b>) A <x>, /x/ = /b/ = p — Henapse OgpocTe SHC
/a/ = p*, a > 2, [a,x] = b. Ouesnuno, mo A < G i <aP> a G. &

<aP> A <x> 4 G, 170 w(<aP> A <x>) = <gP’ > x <x> 4 G. fArmo <

A <x> 4 G, TO 3a TEOpPeMOw 1.2.2 <aP™" > x <x> 4 G. Orxe, san
vaenmo, mo <aP’ > x <x> <« G. Bsigcm [a,x] ¢ <b>, mo HeMO®
Orxe, posraffyBaHRl BEOALOK genoyknuenlt. Jlema nosenena.
e ma 2.1.6. Memazamiasmonoel YI[H([ ]J-zpynu G noprixy p
afenesuM HeYeHmMpPaAbLHUM KOMYMAKRMOM mMUuny (p.p.p) € Zpynt
muny G = <a>M, M = (<¢> x<b>) h <x>, [a] = [b] = p?, e/ -
= p — Henapie npocme wucio, [a,b] = %, [bx] = ¢, [ax] =P, &
ol+te ptp <o> x <bP> = Z(G), 0 < £ < p, 0 < t < p, 8cl Memayux
nidepynu 3 G abenesl 1 aci exemenmu nopadxy p 3 G naaexams G°
JNoeedenns. Hexalt G 8ajoBONBHAE YMOBY JEMH. Toni B €
teeppxennn 2.1.8 s [TT]1 G =G {x}rt};:-. /x/ = Jy/ = p*, G' = <%
<> % <6>, /x/ = [t/ = /6/ = p — HeOapEe HOPOCTe HUECHO, T € /[
[x,v] = o, [y, o] = «, [x,0] =7, XP = nt", yP = 1, © € Z(G). B
mo <n> N <y> =1 = (<n> x <yP>) N <o>. Innma.neun b=y, x=¢

= g, & = X, Toai G MiCTETs HOPMANBHY 'ﬁ:iqrpyny M = (<c> x <D=

ab = cl**tptb. t =, 0 < € < p, 0 s ¢t < p. Bigomo (aEE., HAUPEKA
[77, meopema 2.2.2]), mo BcAKa Heabenesa miarpyna 3 G MicTATS
Ockimbxm G' — Hemerammkaiuma migrpyna, 7o G' me mMoxe OyTH &

rPYNOI0 MeTANMKIIYHOI rpyna. 3BLACH B G me icrye HealeneBrX M
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fMoxaxemo, Mo Bel enemMeHTH DOPAAKY P 08 G manexars G'. Hificao,

ait e me tax. Toxi G\G' micturs d, /d/ =pi> G icaye oiarpyna G’

A <d> nopaaxy p"". Jpoaymino, mo [I,d] e ZIG) = <c> % <bP>, IIpm-

_ a0, mo [x,d] = 1. Toai 8 G icuye meabenena marpyma (<[x,d}> x
«x>) ) <d> nopaaxy p?, fxa, OUEBMAHO, HE micruTs G'. CynepevHicTs
8 reopemow 2.2.2 o [77]. Omxe, [x, d] = 1 i N =G A\ <d> — aGenesa
waxcemansHa niarpyna s G. 3poaymine, mo G =M A <d>. da Teope-
Mo 1.2.2 <c> x <bP> x <d> 4 G. 3sigcn [<d>M] < Z(G) = <c> x
_ | G/Z(G) — abenesa rpyuna, TOMY Z(G) » G', mo HeMOKJHBO. Or-
me, BCi eneMeHTH TOPHAKY P 8 G maneyxars G'. Jlema aosenena.

NMema 2.1.6 He lenyoms Memazamiibmonosux VIU[H][ J-zpyn G

Ropadiy p° 3 GOeneauM HEUEHMPAALHUM KOMYMANMOM muny (p*p).

Jlosedennn. Hexalt G cagoBONBHAE YMOBY nemn. IpuoycTEMO, MO
rpyn G icaye. Toal B CiuTy TBEPKeHHA 2.18a[17T)G=MA <n>, M
= <g b> — MeTAOHKAIYHA rPYDA, /{a,b)/ > p, [a,x] = O, [b,o] = [byx] =
ox]=1,[acl=1€ Z2(G), /n) = /¢/ = [o/ =p> 2. <a>nN<Ii>=1=
<> N <g>. Toai w(M) = N a G i Tomy B G icmye niarpyna A = <g>N,

A'21. Bpigcnn A > NiJA/ = p®. Bpoaynino, mo [Ai<a>] = p 1B cHIY

peppwennn 2.1.8 2 [TT] A = <a> N <g>, /a/ =p*,a>1,[a0]= ap™"

e 2(G), A — oiarpyna Minnepa—Mopeno. B cany TeOpeMH 2.2.2a[77)
A > O'. 3pinca A 4 G, P(A) ~ <af> g G. B G iceye niarpyna V = <aP>

e <n>. Acmo, mo [a.n] ¢ <> x <n> 1, 3HAYATH, <1>x <n> 4 G. Togi V

& G i aa TeOpEMON 1.2.2 V — rpyna Tany 2 ua b niel TeopeMn. B mia-

i V runy 5 teopemu 1.2.2 w(V) = <m=> x =12 9 G. CynepeunicTs.

we, v monce GyTm aAmme miarpynow TEOY 2 reopemn 1.2.2. Ane



. Bei prnagxa posranaayTo. Jlema goreneHa.
Teopema 2.1.2 Jloxarsno cmyninvacmi nededexindosl menm

saminsmonoal VII[H[ J-zpynu G suxepnyomscs zpynamu munie:
1) G — nededexindosa YIIH[ J-zpyna 3 KoMymarmox nopso

p — npocme wucro (meopema 2.1.1);
2) G — nededexindosa MemayuxrivHa MEmazaMiabmoHM

VIIH[ ]-2pyna 3 KOMYymanmoM Henpocmozo nopadky ( Hacaid
1.36);

3) G = (P ) <x>) x<z>, P — eaemenmapna aberesa spyna
xy p% /x/ = ¢’ P € (1.2}, p t ¢ — planl npocmi wucaa, P A <x>
nenirsnomenmua zpyna Mianepa—Mopeno, /2/ € {1,r}, r — npoc
yucao; npu f2/ =r f=1;

4) G = ((<a> x <b>)<x>) x <z>, [a/ = /x| = 8, [b/ = 8, [a.x]
b, [b,x] = a’% = x%, /z/ € {l.r}, 83 #r — npocme wucao;

5) G — zpyna nopadxy p* 3 abenesur HeyeHMPAAbHUM KOMYMY
mom muny (p.p), p — HENApHE RPOCME YUCRO;

6) G = (<a> x<b>) \ <x>, Ja/ = [x] = p%, [b/ = p — Hen
npocme uucro, [a,x] = b, [bx] = a®,0 <38 <p;

7) G = (<a> x <b>) A <x>, ;'I’{l_f = Jb) = p%, /x/ = p, [6.x] =
[bx] =aPb??, 0 <s<p, 0<t<p: npup>2 t? + 4s — nexead)
muyHull auwox 3a modyaem p; npup =2 t=g§=1I;

8)G=A\<x> A=<a>\<b> fa/ = /b = p%, /x/ = p — Hen
ne npocme wucao, [ab] = aP, [a,x] = bF, [bx] = I;

9)G =AM\ <x> A=<a>\ <b>, /a = /b = p?, [x/ = p, [a}]
aP, [a,x] = b?, [bx] = a®b', 0 <s<p, 0<t<p;npup>2 t*+
— NexsadpamuuKuill Auwiox 30 Modyrem p; npup=2 s=1;



. 7 — npocme wucao, [a,x] = a?, [bx] = x2 = gdpd:
11) G = ({<a> x <b>)(<x> x<y>)) x<z>, [a] = [b) = 4, ja =
Jx/ = [a.y], a?b® = [a.x] = [by]. b7 = y* = [bx]. /2] € (1, r}, r —

Rpocme YUCAO;
12) G = <a>M, M = (<e> x<b>) A <x>, ja) = /b] = p*, [c] = [x]

= p — HenapHe npocme YUclo, [ab] = x, [bx] = ¢, <¢> x <bF> =

{G). [a.x] = ¢, 0 < £<p, af = ci+%tpip, ) < t < p, 8cl eremenmu
nopadxy p 3 G naaexams G’ acl memayuralunl nidzpynu 3 G adeaesi;

13) G = <a>M, [a/ =4, M = (<a?> x<b>) N <x>, /bf = [2] = 4,

[n!lj-,t’ [b.x] = a®b? € Z(G), [a.x] = - bix2;
14) G = <a>M, Ja/ = p*. M = (<aP> x x<b>) h <x>, /b] = /%] = P°

p — wenapie npocme xucao, [bx] = a'PbiPxlp, 0 <ca<p, 0<st<p 0<

< p. [ab] = xP, [0.x] = blexke, 0 < f < p, 0 < k < p, Hexeadpamuy-
NUMU JUWKGMU 38 MOOYleM p € YUCAG: 2 + 4fs, 12 + 4f, k? + 4s; acl

exenenmu nopadxy p 3 G Hanrexams G, eci memayuralunl nidzpynu 3

abenesl;
16) G = P )\ <x> — zpyna [Ixidma, P — zpyna waamephlonis no

xy 8, /x/ € {3.9):
16) G = P ) <x> — zpyna Iimtoma, /P/ = p3, exp(P) =p, [/ = q

17)G =Pk <x> [P/=p" a € (2.3), /x/ =q’, e (23}, a + f <6,

A <x0> — neMlasnomewmua zpyna Mianepa—Mopeno, @ — ROKGJ:

HuK p sa modysem q.
18) G = P ) <x> — spyna Ppoleniyca, P — eaemenmapHa aberesa

gpyna nopadxy p° a € (2,3} /x/ =ar. P, 9 i r — nonapHo planl npocmi

Gucaa, @ — NOXGINUK p 3a nodynem q i Boplane noxasnuxy p 36 xo-



PRl RPEREAR By BTV T PR, MEamaee e ey T—a - . T W Tl

emury macaiaxy 1.2.1 Ta reopemn 6.4 o [78] G' — rpyna nopanky p®
> 0. fixmo m = 1, 7o G sagosonsEse ynoBy Teopemu 2.1.1 | Tomy €

rpyna tany 1 reopemm. Hexa#t m > 1. 3a reopemon 1.2.8 G — %
HiKOBCHEKA gRCHEepCHBHA HegefexlmfoBa MEeTAraMineTOHOBE Ipyna.

Hexatt cmouatky G = X x 2, X # 1, Z# 1. Togl X' = 1 abo Z°
He nopymymoun GaraabEOCTI MOKEHA BBaskaTH, MO X' # 1. B caay 1
penm 2.2.28[77]12' =11G' = X', /X'/ > p | romy X — megenexis
sa rpyua. Ba nemoro 2.1.1 /Z/ = r i X — rpyna oamoro s Tanms 1
reopemn 1.4.1 npm ymosi /X'/ > p. [Ipu nift yvosl X mome Gyra &
rpynow ogroro @ tanis 2, 5—8 reopema 1.4.1.

Hexali X = <a><b> — rpyna tanoy 2 Teopemsr 1.4.1. Toxl /a/ =
/b/ € (4,8}, blab = a'l, /<a> N <b>/ = 2. [IpunycTEMO, mMO I #
Toni G — Meranuxniyra rpyoa i Tomy G — rpyna Tany 2 poaris
Hol Teopemm, Hexafi r = 2, Togi Z = <2z>, /z/ = 2 | G micTurs ®
nesy marpymy <b><za?>, sxe me Mictmts G' = <a?>, mo cynepes
reopeni 2.2.2 8 [77]. Bunagor, xoms X — rpyna tany 2 Teopems 14
POIrARHYTO. '

Hexait X — rpyna Teny 8 reopemm 1.4.1. Togi X = P A <x>
gesimsnoresTEa rpyna Minnepa—Mopeno, /P/ = p%, a € (1,2}, /%]
*, B> 1, piq— pisnl npocri wmcna, X' =P. llpra =1 G —
rany 2. Tomy » nopanemomy o« = 2. 3a Teopemor 1.2.83 G me micr

rpyna TRV 3 poarfAnyeaHol TeOpeMH.
Hexaft X — rpyna taoy 6 reopemm 1.4.1. [Ilpe r # 8 G —
tany 5 reopemn. Hexait r = 8. Toxi, ouenmamo, G' = X' = <a’> x <bi



n'l.r- [ - A T - — —— e g " =

CYynepeNRTh TEOpeni 2.2.2a[77]

fixmo X — rpyoa tamy 6 wm 7 reopexn 1.4.1, T0 G pignosinso
rpyna Tuwy 10 == 11 poaTnAAyBaNOl TeopeMu. |

Orxce, 8 nogansmomy Gyaemo BBAXKATH, IO G me POSKJAALAETHCA B
mpaunii aoSyrox CBOIX BAACHEHX marpyn. Poarnamemo nBa Mo masl
pamaaxu: 1) G — mlmsnooTesTHA rpyDa; 2) G — BeHEiALNOTEATHA IpPyua.

Bunadox 1. V asowy sruaaxy sa sabopom G Ta Teopemon 1.28 G
~ woDHIKOBCHKA P-TPYUA. 3BiACH B CEAY JeME 281c[77jope m > 1
JB/ < o, Tomy /G/ = p°, 1 < m < n > 8.

Hexali 0’ — wexsiuma rpyus. [lpm G' + Z(G) » cmNy TBepAMEeHHS
218 2 [77] G — wmerTannxkaiuma rpmltuuyﬂ—rpmmﬂ
POSTARXYBAROI TEOPEMI. Hexalt G' < ZG). 3a nemow 2.8.53 3 [7T7] G =
A LB, A= <a><b> —uermrnu:lmrpmiﬂ*-ﬁ'-:{a}iﬁ
swierers marpyny X = w(G') x <d> x B, ne d — DOpPONKYIOURH eJeMenT
s A. lIpn B = 1 sa TeOpemMow 1.22 X < G. Tomy [X,A] < G' n X <
w(G’). 3poeymino, mo [A.<d>] = A" = G’ < w(G’}. 8siaca G' = w(G'),
{G'/ = p, MO HEMOMIEBO. Orme, B = 1 § romy G — meramuimivaa
rpyua, To6ro G — rpyna TROY 2 POGTASAYBANOL TEOPEMI.

Hexalh sami ' — menmxaivma rpyns. B camy TRepAenms 2.1.7T o
{17] G' — aGesesa rpyna Tuy (p.p°) 4 > 0 aGo rpyna TEDy (p,p,pP)-
lpen =4 G -I;P?“TI!T?{P-PHGWMHLWH-
sanm. Saincm G + ZG). B cany TeepAmeNns 21.40[T7]p>2 1 G —
erﬁpmmﬂm.anlnuwmynhL
| [ipuoycramo, mo G’ — rpyna THIOY (p,p*), & > 1. Toxi sa senMoD 2.1.6
G' < Z(G). B cmxy reopenn 2.4.1 a [77] G micrers nixrpyma A A <x> i
X = w(A') x <d> x <x>, ge A = <a><b> — MeragExniuEa rpyoa, A <
<a>, /A'/ = p, d — DOPOLXYIOTHE SNEMEHT 3 A, [A,<d>] = w(A'). To-



rpynow tEny {(p,p°), A > 1 i, smaunts, MOmuuBl ABA BHODAZKE:
G’ — rpyna taoy (p,p): 1.2) G' — rpyna Tany (p.p.p).

Bunadox 1.1. V nsomy sanaaxy npu G' + Z(G) G sagomonsnse
By nemu 2.1.4 i romy G — rpyna tuny 2 sragamoi nemm. 3sigem G
rpyna tanoy 6 posrasagysamol Teopemn.

Hexalt G' < 2(G). Axmo G we mictrTs miarpyne Teny (p.p.p), T0
cany nemu 2.5.2 @ [77] G — rpyna oamoro o Tumie 10 um 11 poarn _
sanoi Teopemu. Hexait gani G micrmrs miarpymm rany (p.p,p). Toal o
Teopemoro 2.5.2 3 [T7) G = FxC, F = A ) <x>, A = <a> A <bs
o/ =p* /of = PP, /x/ = p' ,axB>1,y >0, [ax] = be"", Z(F)
<aP> x <hP> x <xP>, (' = <pp” "' > x <b?” ' « Z(G), a = B. 3poa

mo G micTETh marpymm X, = <bP> x <x> » C i X, = <aP> x <x> x

[Toxaxxemo, mo X, 4 G. Hexali ue me tax. Toni [x,a] € X3 N <b> =]
mo semoxcueo. Orxe, X; 4 G. 3a Teopemow 1.2.2 C =1, X, ~ <x>
<aP> | X, moxe GyT™a mume rpynow tamy 6 reopemu 1.2.2,

Mpunycrumo, mo a > 2. Toxi » rpymi X, Tuny 5 reopemm 1.2,
/X[ = p, W(Xy) = <x> x w(<a>) a4 G. Ane Toal X, < G, mo me Tax. Of
me, =} =2,

IIpanycTamo Tenep, me y > o. Toaj sa reopemorw 1.2.2 G mi
HOPMANBLEY 1HArpymy <xP> x <a> | romy 8 G icuye ropManuEa mim
na <x>(<xP> x <a>) = <x><a>. 3pincn [8,x] € w(<x><a>) = wi<x>)}
w(<e>) me wicrmrs w(<b>), mo cymepewmrs ymosmi [<x>,<a>]
w{<b>). Omxe, y < a0 | ToMy /x/ = p. Ba Teopemow 2.5.2 a [77] G
rpyna ogEoro e rtamis 7 - O poernsaysamoi Teopemm. Banagox 1.

POSrAANYTO HOSHICTION



ymosy nenm 2.1.56, oa TBEpIMEHHAM AKOl U — Ipyna TROY 13 PO3ris-
AyB&HOI TEOpeMH.

Hexa#t G’ < Z(G). Toxi sa Teopenomw 2.6.2 5 [77) G = F x C, ae F =
<a>M, /a/ = p% @ > 1, M = (<¢c> x <b>) A <x>, /b/ = p%, /x/ = D',
bx] =c, /e/=p,a>P >y >1, G = <c> x w(<b>) x w(<x>) =
wi<a>) x w(<b>) x w{<x>) < Z(G), [<a>,F] = [<b>F] = [<x>F] = G' =
F' , ©(F) = <aP> x <bP> x <xP> < Z(G). B rpyni G icaye nigrpyna X; =
- <bP> x <x> x C, AKA, OYEBHAHO, HE micteTe G'. Axmo X; < G, 10 X;
micrurs [<x>,F] = G', mo memommeo. Tomy X, 4 G i sa reopemow
122 C=1.

IMpeoyctamo, mo a > 2. Togi » rpymd G = F icaye miarpyna X, =
<af> x <x>, axa 38 Teopemow 1.2.2 mopmansea B G i me micTaTs G',
Ane, owennano, [X, F] micrars [<x>,F] = G'. Cynepeunicrs. 3maunts,
ag=0 =7y =2 3& reopemow 2.6.2 & [T7] G — rpyna oxsOro s THMmB
18, 14 poarnagysasoi reopens. Banagox 1.2 posrassyTo DOBHICTIO.

Bunadox 2. ¥ nsomy sEnagxy aa reopemown 2.2,1 9 [T7T]G =P A C,
G =P, /P/=p%a>0,C=2<x> 4G, C(P) = 2Z < Z(G), Z N <x>
= <x*>, 8 > 1, ®(P) < Z(G), /P(P)/ < p, opx 0 < k <8 D(P)<x*> in-
ayxye ma P/@(P) mespigmwmii asromopdion, mpm /P(P)/ = p P — cu-
noscyka p-marpyna 8 G. Ocximexks G’ = P, o o = m > 1. [Hoxnaxemo
U=®(P)xC. 3pooymino, mo U4 G, U =11iU — rpyna oguoro s Ta-
me 1, 2, 4, 5 reopenm 1.2.2. Ockinexkm G = PU — cximvennes memiy-
gorenT=a rpyna, o U me mome 6yrm p-rpynown. 3posymino, mo ©(P) x
Z=M < Z(G), [U:M] = ¢ — noGyrox me Oinbime Hi ABOX MPOCTHX WE-

cen.



LIpHOYCTEMO, IO U — TPYDRA THHOY O TEUPpEME L.£.6. LUARL AP ™

x <g> — q-rpyna, q#p, HP) =1, M= <x9=« <3> | = ingyxye
megsipnu#t asromopdiaonw, G = (P X <x>)» + 2+, /2/ = q, MmO CyDe
wgrs pubopy G ( G me pooxaausersca B upamnit godyrox ceoix
mux olarpyn). Omxe, U ne moxe Gyra rpynow tuny b Teopenn 1.2.2

Hexa#t U — rpyna tany 4 reopemu 1.2.2. Toal [U:M] = q. Bea |
PYIMIERNA JATANBROCTI MOMEA BEAMATH, MO /X/ = q",p >0, pweq
gpocre ypchae, U = <z> x <x>, ¢ & Z{G), -2+ — r-rpyna, r
Cexlmnia sa suGopom G miarpyna <x> me mome OyrH HEOAMRNNN
ppaMuM MEoxEAkoM 8 G, 70 <2> < @(P), Ane toal C = x>, G =F
<x>, B cuny reopemn 2.2.1 0 [77] G — rpyna Wimiara, Axa, ove
eAAOBONIRAAE YNMOBY Teopenu 1.8.1 | Momxe OyTe ARme rpynom of
runie 1, 2 mlel Teopemn. 8siacw G — rpyna oamoro @ Trmis 16,
poarnAnyeanol TeopeMn Blanosigmo.

Hexai§ U — rpyna tumy 2 reopemu 1.2.2. Tonl /U/ = qr. q » B,
zismTeca sa q, r — mpocre umcno. [punycrumo, mo r = 4. Toal U
rpyua Ty (q,q), U= C = <g>x <x> pne <p>=1Z, /i/ = /x/ =q 1=
snainsersen B G opAMEM MHOWHEXOM, mo cyuepeunts snbopy G. €
me, qar. llppgr=p U= «<z>xwex> 8 & ZG) /3/ =1, /X/ =
Ockimpxm nigrpyma <z> me Mome OyTH HEOAMNEYHWM HNPAMEM MK
auxom ypyrm G, ro <g> = ©(P) | G — rpyna llimlara (ans.,
2.2.1 0 [77]), axa, ax ! panime, Moxe GyTn rpynow oaroro s Trmis |
16 poarasayesnol reopems. Hexadl renep r « p. Toal @(P) =~ 1, U -
C — nuxaiyas rpyna I:Iﬂp:l.nl:‘j" gr. 3a npanymenunau O me poox.
neeThew B npAMull gobyTox cmoix saacmmx miarpyo | Towy Z = 1,
<>, /x/ = qr. 3einem G — rpyna reny 18 posrnaaysanol TeopeMs.

Hexatt, napemnri, U — rpypa vany 1 reopens 1.2.2. Toal U = «x
I 7 -qg°, B >0, piq — plexi npocri umcsa. Islaca € = <x=3,



IMICTHTE X7 5, "I J = &4 FLOALL &2 P TR A T — L o L L
8 reopenn 1.8.1, axa mpm a = 3 G6yme rpynow TeEmy 16 poaraaaysamoi
yeopenn, anpE a =2 f§ <8i G — rpyna THIY 8 poarnAgyBaHOl Teo-
penii. |

Hexalt x99 ¢ Z. Togi Z = <x% > { P A <x%> — rpyna [Imigra Tany 8
reopenu 1.8.1, y axoi opm o = 8 f=2iG — rpyna Tamy 17 poarns-
gysamoi Teopemu. HeoOxigmicTs noBeneHa.

JNloemamuicms. Hexai G — rpyna ogEOro 8 THIiB 1—18 Teopemn.
Bpoaymino, mo G cximveHHa, 8 TOMY JOKANBHEO CTYIDiAYACTA HelemeriH-
gosa rpyna. JANEMAETHCA NOKASATH, MO G — MeTAraMinLTOHOBA
YIUIH[ J-rpyna. Jins rpyn G TeEoy 1 Oe fOBefeHO B reopeni 2.1.1, &
s rpyn G TREOY 2 me poBeAeHc B HACIAKY 1.8.6.

Hexalt G — rpyna oxmoro ¢ teme 8—18 Teopernm i /[A;B)/ > 2.
Toxameno, mo [A;B] 3 N 4 G i G — weraraminsTOHOBA Ipyna. Spo-
-_nﬁnn.mnnpnﬁdﬁuEanumneuuN—Aq:nH—EiG—
VIIH[ Jrpyne. Touy » nogansmony Syaemo ssaxars, mo A 4G, B 4
G i, omawmTs, A = 1, B * G' . 3since /B/ nimersca B2 no6yToxK TPBOX
mpoctex wmcen. Ouesmaso, mo rpyna G rany & & mMeTAraMibToHOBOK |
POES NP MAE HeNOPMANLEEX MIATPYH, MOPAAOK AKEX LiNATLCH HE moby-
0K TPHOX OPOCTEX wmcen. Smincm mocrarmicre gnm rpyu G vamy § Jo-
penema. 32 reopesor 2.2.1 @ [77] memismmoremTEl IPYIE KOXEOIO 0
POSrAAMYBAEEX THOIN rPYQ ¢ MeTAraMUTLTOHOBEME. ToMy CANBINAETRCE
DOKA3ATE, Mo EemELmsoorerTHEl rpymm Teopexn e YIIH| j-rpymame.

Owesmapno, mo G’ — p-rpyna. [loxnagemo P; = G N B. Toxl Py < B
1P, <G

Hu:nﬂﬂ---rprmmimpaun.Tn.&iG—Pn{z},P-[{a}x
<b>)<x> — casoscera 3-miarpyme 8 G, /G/ = /P//2/ = 34/z/, G —

ginsnotentna rpyna, G’ = P’ = <b> x <ad> P — mimimanbna Hemera-



sirpronosa rpyma. Jlificro, Oyus-axa mneaGenena uiarpyns X @8

aicTurs meabeneny miarpynmy P°a P. Ane ronl /P*/ > 3*. 3aiace @
P' <« P* < X, Tomy X @ G 1 G — MeTaraMineTOBnOBA rpyna. a ’
mMaemo, mo B’ = 1. ficao, mo B = Py x ~y~. ne P=BnNnP —¢
nopchia 8-pmiarpynma 8 B, <y> — CRAOBCBKA T-OLArpYHA 3 B. 3poa
mo /Py/ < 8%, /y/ < r. 3a mmbopou B /B/ = 83 i /A/ — mpocre W
0. Jierxo Gaumts, mo /y/ = /s/ = r, y € Z(G). 3slacu /A/ = 3\ roi
A < P, . flcuo, mo /Py/ < 8 1 Py < Py . 9a TRepANeNHAM 1.8.11
eneenTE DOpAAKY 3 3 Py manemars P’ N Py = P;. 3niacn P, mae el
wy naxmivry niarpyny w(Pg) = P,. 3a reopemon 12.56.1 o [64) P
nukaigsa rpyna nopaaky 9. Bmosy sa reepmenuan 1.3.1 A < wiP3)
Z(P) N Z(G) §, onauaTs, A < G, Wm0 HEMOKIUBO. Orxce, rpyna G Tumy
e meraraminsromosow YIlIH[ jrpynow.

Hexalt G — rpyna Tamy 3 TeopeMH. Togl G — BeRiALDOTERTHA
momepensiM MeraraMinpToRoBa rpyma. Iloxamemo, mo G — VIIH]
rpyna, Ockinsxkm /B/ AlnaThca HA acOyTOK EE MeNMe HiX
upoctax wmcen, 10 /G/ — po0yTOK WOTHEPEOX OPOCTAX WHCAN, a /Bl
nobyTox Tpurox mpocraEx umcen. Ocxitskm P, <P.PaG P
noseuka p-miarpyna 8 G, ro P — HOpMANLHE CHIOECLKA p-miarpyn
B. 3a pigommm pesyastaTom [64] B = P, A B,, ae By — xonn
ponosuenus P; » B. MToxknagewo U = PB, fAcro, mo [G:P] — nobyx
xsox mpocrmx yucen. 3sincm [B:Py] = [G:P), a Towy /Py/ =P i /Uy
ainaTecAa HA AO0YTOK YOTHPBOX HPOCTHX SICEN. Otrxe, U = G. Ane n
P, 2 G, mo cynepeynTs MiHiMATLHOCTI P & niarpyni Miaxepa—Mog

P A <x>. Taknn wneom, rpyna G tnoy 3 Teopemn € MeTarsMiinTo

soro YUIH] }-rpynon.



[Dxinra oamoro @ Tamis 1, 2 Teopemm 1.8.1 sigmopiamo. 3a nonepeasim

| oA TREDIKEHAAM YKASAEOI TeOpeME AocTaTHiCT® axA rpyn G oEx TE-
pls gomesena. .
Hexa#t G — rpyna ogmoro o Tems 17, 18 Teopemu. 3a monepenminm
0=P ) <x> — HeEiILOOTEETEA, & TOMY MeTaraminsronosa rpyna, /P/
= p°, ®{<x>) € {q.r}, @ € (2,8}, & — DOKAIEHK p 3& MOAyNEM q, & —
pokRsHEK P na Momysesm r. Ssizcm » cuny minommx pesynsTaTiB (BEB.,
manpuxnan, [210)) P A <x% 1a P A <x®> — HeELTLOOTeRTHL IPyoRE
Miwnepa— Mopeno. ficmo, mo [G:P] minmTica =Ha noSyrox me Olreime
miX TPEOX OPOCTEX WHCOX.
Hexail Py = 1. Togi G — rpyna Tamy 17, /B/ = o®, p = 8, /A/ = q.
‘Bpooymino, mo B — cmnopcexa q-marpyna @ G 1 A = w(B). Ockimkn
w(<x>) < Z(G), 0 A = w(B) = w(<x>) < Z(G), mo cynepeumTs BuGODY
a. ‘
Hexait aami P, » 1. Toxi B = Py A X; , pe P; — mOpMameEa C=-
acscuxa p-uiarpyna o B, X, — [i xonniscsxe gonosmersna, 1 < Py < P.
B mesimnorentaif rpyni Minznepa—Mopeso a ROPMEUBHOK miATPYmO0
TﬁynnﬂﬁmumWanumiaﬁom:inﬂﬂlm-
., Ocximexm X, imgyrye ma P osigmmii apromopdiom, To X, <
). B posrnagysammx Tenax rpyn /Xy/ € {1,q} § roxy /P/ = p,
/X;/ = qi G — rpyna rany 17. Osesaamo, mo o = 3. Ase = rpymax G
| 1Topza=8 § = 21 rowy X; = 1. Cymepesmicrs. Omme, n10-
erarmicrs ana rpyn G xoxsoro 2 Tenis 17, 18 gorenena.
lina samepmenNEs XOBEJSHESR AOCTATHOCTI norpi6EO pOSrNAEYTH BH-
. woms G — rpyna oxmoro 8 Tmnis 6—14 Teopemm. I'pynma G
ia araganex rEnis mimsnorextua | w(G) — aGenesa miarpyna,
oK axol e gofyTox ABOX YH TPLOX OPOCTEX THCEN.



pea X noeinpey Heabenesy miarpyoy 3 G. [Moxamemo, mo X MicTe
dpooymino, mo G = F x <z>, /z/ € {1,r}, F — rpyna taoy 6, 7 Teap
mE 1.4.1 sigoosiano, y Axol sa nemoro 1.4.1 Bei menmukniusi .-'_
wopmansri. 3sigcn F — meraramisisToHOBA rpyna i sa Teopemoro 2.1
8 [77] 6ynb-axa neabenesa nigrpyna 3 F mictars F' = G'. Orxe, F 03
micturs G i Tomy G — meraraminbronosa rpyna. 3a smbopom B’ = ~-

Hexait B — puxaiuna rpyna. Topi A < BP < Z(G), mo semqom
Crse, B — menuraiusa rpyoa. Hexalt F "B = F,, Axmo F; —
oukaiyna migrpyna, 7o oa Teopemow 1.4.1 G' = F = w(F) = Z(F) < F
mo cvoepeunts Bubopy B. Takem uasom, F; — nuxaluna rpyna.
sague, mo exp(F) = 4 i [B:F,;] € {1,r}. 3a aubopon B maemo, mo /E
4r. 3eigce /F;/ = 4 | [B:F,] = r. Ockimpkr B — menuxaivma rpyna,
6ea OOPYIIEHHA JATAJLHOCTI MOXKHA BBaXxaTH, mo B = F; x <z> 1} / |
2. 3poaymino, mo w(B) = w(F;) x <2> < w(G) < Z(G) | B — rpyna
b Teopenn 1.1.1, pa Teepmmennam axoi A < w(B) < Z(G), mo nemo:
nuso, TakaM gmsoM, rpyne G momuoro o tamis 10, 11 e V
rpynon,

Orixe, G — rpyma oxuoro o Tanis 6—0, 12—14 reopemn. ficno, I
B UHOMY BHOAAKY G = <a,b,x> — p-rpyna i w(G) — enemenrtapsa ol
Jiera rpyna rnepAaAaxky p‘. -

B rpynax G xoxsoro 2 Tunis 6—92 maemo /G/ = p® | G me micrs
meabenesnx niarpyn nopaaxy p®. 8siacu scaxa meabenesa miarp
a G mae mopazox Ginsme mix p*. Ane roxi X < G i G — meraranmis
rouosa rpyna. Sa subopon /B/ = p? B' = 1. ficmo, mo exp(G) = |
Ocrinnke B 4 G, 10 B 2 w(G). [Tpanycrumo, mo B < U = <ab>.
B<UiB - rpyna tany b reopemdn 1.1.1 i Tomy A < w(B) = G ,

cvnepennts eubGopy B. Omwe, B + U. He nopymyroys aaramsmo



/ g - pi- Bel miarpyne nopaaky pﬂ s U, Hlﬂ,ﬂlﬂﬂi Bia G', e nuKAivER-

ME rpynamMa. 3siacu Ta 8 yMmosn B' =.1 maemo, mo F; = <u>, B = <u>
x <x>. Ane B rpymax G KoxHOro o POSrAANYBAEMX mEmiB Cy{x) = G' —
gnementapHa abenesa rpyna mopaaxy p2. 3 immoro foxy, Cylx)
jermte u, /u/ = p?. Cymepeunicrs. Hocrarricts ana rpyn G KomuOro
g ranip 6 —9 TeopeMu goBeseHa.

Hexait G — rpyna tuny 12, Tonmi /G/ = p% G' = w(G) — enemes-
tapua abenesa migrpyna nopaaxy p° 1 G me micTarTs meabenemmx mif-
rpyn mopsaaxy pd. Beigcu ¢ — wmeraraninsromOBa Tpyna. Sa Brfopom
B = 1. fix | panime, MoxEa BpaxkaTn, Do B = <u> x <x>, /u/ = p&,
/x/ = D — HenapHe UPOCTe WHCJO, MO BEMOXKMWBO, OckinskE Tgfx) =

G' i Cq(x) micTars <u>, Omxe, nocraTmicTs Ana rpyn G Tamy 12 gose-

Hexa# G — rpyna opsoro a tamis 18, 14 reopemu. Toxi /G/ = p%,
G' = Z(G) = w(G) — enemenrapna aGenese rpyna mopaanky pd, G me

, Healenesux mifrpyn nopaaxy p®. Bposymine, mo A/ > p,
pxp(G) = p?. Hexali X — byar-axa meabenesa miarpyna o G. Togl X =
<u,v>, /u/ = /v/ = p? i aa ymovoio, X — Hemeramminiuna rpymna., To-
My /X/ = pb® i, enaunre, X 9 G i G — meraraminerososa rpyna. Omxe,
! = 1, Qeximexn B ¢ G, 70 /B/ = p4, B » G, i romy B micrurs u, /u/
=p? ue®C) =G ,B=<u>» <v> [v/=p flceo, mpo A + G’ .
i, Gec DODYMEHMS BATANLHOCTI MOMHEA BBXKATH, L0 A MICTHTD
pIEMEET MEmpOCTOr0 NMOPAAKY 2%, Tobro /z/ = p?. Ouepmamo, mo z ¢
© G). B rpynax G poornagysammx tanip maemo Cg(z) = G'<z> i
Cq(z)/ = pi. 8 inmoro Boxy, Cg(z) mictaTe B i Cglz) = B x <¢>, ge /¢/
- p, /Cg(z)/ = p®, mo me rax. Orxe, ROCTATRICTS X POIITHAVRIHNN
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Teopema gOBEHEHA.
Hacainox 2.1.1. Memazamiavmonosl YINH[ ]-zpynu Gn
padky 2" 3 mpeoma IHSOANVYLAML € zpYnamMu odnozo 3 munis:
1) G = <a><b>, [a] = 2% [b/ = 2°, @ > 0, B> 0, <a> 2 G. G
memayuxaiuna zpyna odwozo 3 munie 1--7 meopemu 1.1.4, G |
Micmume nidepyn xeamepnionle ma dledpa nopadxy 8, #(G’) < Z{( G)
2) G = Q x<x>, Q@ = <ag,b> — zpyna xeameprlonis nopadxy 8, .;_-'
=27 y> 0.

Jloeedenns. Hexalt G 3as0BONLEAE YMOBY HACHIAKY. Axmo G
o G — meranmrmiusa 2-rpyna Taoy 1 macaiaky. Hexadt /G'/ = 2m;
= 0. fixmo G — meranuxyivEa rpyna, 70 G sanOBONLEAE YMOBY
penu 1.1.4. Ba Teepmxennan 2.1.4 o [77] meranmxiuma rpyna G
{ Timekm TOxi Meraramimbronoma, xoam ©(G') < Z(G). 3eiace G — 17
na TROY 1 pOGrAAAYBAHOIO HACKIAKY.

Hexait nami G — memerammisiuma rpyna, [lpe m = 1 G — mé
rAMiNBETOHOBA rPYOa, MO GAJOBOJLHAE YMOBY TEOpPeMH 2.1.1; 1
6yTH AEMe HeMeTADWKMUHO 2-rpynoi OAHOro 8 THMIS 3—7 arag
TEOpEMH.

B memeranmiuiusif rpynl G ramy 8 réopemnm 2.1.1 Ginsme HiX T
impommonii i Tomy G me e rpymown Tuny 3. B rpyanl G tany 4 1
2.1.1 /C/ < =, /a/ = 1, Moxnagemo C = <x> i G — rpyna
posrnagyBAHROro Hackisry. B rpyui G KoxxHOro 3 ranis 6—7 Teopd
2.1.1 Ginsme mixk Tpn imsomonii i Tomy G me moxke OyTR rpynow |
THILB.

Hexa# m > 1. Toxi G sagosonsuse ynopy Teopenm 2.1.21 G

fyTH rpynow OKEOTO 3 TAINB poarnaayeasol Teopemn. Jlerxo Gauml
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ey srbopy G. Hacminox nopegesnti.

Haeninox21.2 Hededexindosa Memazamiabmonosa YUIH[ |-
sgpyna G nopadixy 2", wo Micmumb ereMeHmaphy afenesy nidzpyny
nopadry 8 | ne Mlcmumbs nidzpyn u&nn;epulnuiu nopadxy 8, € zpynow
pdnozo 3 munle:

1) G = (<a> A <b>) x<x>, [a] = 2% /b = 2, /x| =2, a>1,[>
0, [ab] = a?"";

2)G = (<c> x<a>) A <b>, Je/ =27, y>0, ,fa,:;-d. /b =2 B e
(1.2}, [e.b] = 1, [a.b] =2

3)G = (U x<a>) A <b> U = <u> A <v> fuf = 2 A> 28 ju) =
ja) = /b/ = 2, [u,v] = [a,b] = u*' [U.<b>] = 1;

4) G = (<a> x<b>) A\ <x>, Ja/ = [b] = 4, [x] = 2, [a,x] = b2,
[b.x] = a%b*;

5) G = (<a> A <b>) A <x>, [a/ = Jbf =4, /x| = 2, [a.b] = a,
[o.x] = b2, [bx] = a®b®, 0 <t <2

6) G = ((<a> x <b>)<x>) x <2z>, [af = [bf = [x/ = 4, [3] = 2,
{a.x] = a?, [bx] = x? = a%b%;

7) G = ((<a> x <b>)(<x> x<y>)) x <z>, [a] = [b] = 4, /2/ = 2,
g2 = x¥ = [a,y]. a®b% = [a.x] = [b.y], b* = y* = [b.x];

8) G =<a>M, ja/ = 4, M = (<a®> x <b>) A <x>, /b =[x/ = 4,
[b.x] = a®b? € Z(G), [ab] = %2, [a,x] = b?x%;

9) G = ((<c> x<a>) A <b>) x <x=>, ja) = (b = [e] =[x = &,
[ab] = ¢, [cb] = 1.

Jjosedennsn. Hexat G — poCmimxyBasa rpyma. Toni G aanoBOALHAE
yumopy Teopemn 2.1.2 | mome GyTH, OMEBHIHO, JIle IPYHOK OGAHOIO 3

eums 1, 7, 9—11, 18 sranamoi TeOpeMH.
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By meopenm 2.1.1 i mome Sy amme rpynow ogEoro o TEnie 3—7 @
naHEci Teopemu, /G/ <o, r= 2,
Hexa# G — rpyoa taoy 8 Teopenz 2.1.1. Togl /a/ = 2. [lo
A=z b=v, & =ulonepmano, mo G — rpyna tany 1 machmigky.
HAemo, mo G me Moxe Syra rpynore THOY 4 Teopemm 2.1.1. He
— rpyze Teoy 6 reopemm 2.1.1. Spoasymino, mo C me moxe Gyrm If
o ksarepaiomis. Togl C = <c¢>, /fe¢/ = 2",y > 0, /u/ € (2,4}, /v/
(2,4). Hexa#t /a/ # 1. Tog /u/ = /v/ = 2. Moxnanemo uv = d. Tozi /
- 4, <d¥> = @', Axmo v > 1, 1o moxnagemo { = zu, z € C, /z/ =
Toni /2/ = 4, [f,d] = #2 = d? | <f,d> — rpyna xsarepmiomis nopag
8, mo =emoxenEro. Orme, vy = 1. [loxaagemo x = &, b = v, a = |
omepxEM0, mo & — rpyna TEDY ¥ pOSrAAAYBAHOTO HACHIAKY.
Tenep 2 = 1, Tonl o ywose Becmigxy Ta nem= 1.4.1 BROamEBaE, |
fuf > & e fv/ > 2. He oopyryous SEreyisHOCTI MOMHEA BBANKATH,
fuf > 2, Tonl /u/ = 4, /v/ e {2,4). TlokmageMo & = u, b=viG
rpyne TRy 2 HAC/IAKY. -
Hexed G — rpyna teuy & reopems. 2.1.1. Ifoxamemo, mo A
Hexa# me =e rax. Tomi /u/ = 4. loxnamemo d = ab, z = vd. 8al
d? = u? = z3, [u,z] = u®i <u.,z> -— rpyna keareprionis mopanxy 8,
menoncmso., Orxe, A > 2. [Moxwmagewo U = Q i ogepmano, me G
rpyoa TEOY 8 DOSIASKYBAEOTO HRCHIAKY.
Hexa% G — rpyna Taoy 7 reopeme 2.1.1. [loxnagenmo z = uv,
vab. Toni /fz/ = [t/ = 4, <2?> = <f?> = G’ = <[z,f]> | G w~icTH
nigrpyoy ksartepmiomie <z,f> mopasxy 8, mo memomxaueo. Orxe, G
moxxe GyTm rpyoow tAEoy 7 Teopemn 2.1.1.



Hexa#i G — rpyna oasoro 3 tanis 7, 8—11, 13 reopenmu 2.1.2. Tom
G-rpyna opHOro 3 THmB 4—B pOSrAAXYBAHOTO gacaiaxky. Hacmigor po-
BeleHHE.

Haeaninox 213, Joxassno cmyniniacmi HeMeémazamiaumo
woai VIO[H[ J-epynu G, wo poaxaadawomscs 8 npaMuit dobymox cE0LX
gracHux nidzpyn, € 2pynow odHozo 3 munié: -

1)G=@Q; xQy, Q1 Qg — zpynu keamepnionis nopadky 8;

2) @ = (<a><b>) x <z>, /a/ = 8, /b/ € (4,8}, /2] = 2, [<a> O
<b>/ =2, blab=al; |

3) G = ((<a> x <b>)<x>) x <2>, laj = /x/ =8, /b = [z} = 3,
[0.x] = b, [bx] = a3 =xf

Jlosedennn. Hexalt G sagoRoieHAE YMOBY necmary. Togl G = A x
B,ge A=1, B#1. Hexafi A" # 1 iB = 1. 8a nemoi0o 1.2,6 A1 B —
raninprososi rpynd. Toal B cEny TEEpIKEHHA 1.1.1 G = Q; x Q3 x D,
ne @, i Qg — rpyns xsarepuionis mopagxky 8, D — nepioprusa abese-
sa rpyus. lloxnagemo U = @; x Qa. Tomi G = U x D, ne U — muene-
gexingosa rpyna. 3a gemow 1.2.5 /D/ e {1,r} 1 U — NIH] }rpyua ox-
goro o Tunin 1—8 reopemu 1.4.1, mo HEMOMTHEO. ﬂ?me. D=11G
— rpyua TEny 1 Bacmiaky.

Hexait pamnd A" = 1, E; = 1., Ba reopemoro 1.2.8 G ~- nepiogauEa

rpyna i Tomy A i E — nepiopRynl rpynd. flgmo B mae pnacHi HEMAK.
cnMasbal llim'p}'n! ro oa nemowo 1.2.6 A — memeximaosa rpyna i G/
e {1,r}. Baigca BRNIHHAE setTaraMinsToRoBicTs rpym G, mo HEMOR-
awgo. Orxe, B He Mae BAACHRX BEMARCHMANBHEX plarpym | romy oa
aemom 1.1.1 /B/ = r -~ opocre wmicno, B = <> Hewo, mo [AY
planrnes uA gofyTox ABOX HPOCTRX HECEN. Ba nemnw 2.1.1 A — rpyuna
pamoro a tHrls 18 TeopeMn 1.4.1. gkmo ‘A — rpyna 0AROTO 3 THOIS

1,3, 4, 6--B arapanni TEopeMN, 10 04 TEOpPEHAMM 2.92ra2622[77]



,Tamie 2, 6 Teopemn 1.4.1. 3uony B cuay Teopem 2.3.2 ta 2.6.2 3 | -:,}j.
opr r € n(A) G — MeraraMineTOROBA rpyna, Lo SHOBY He Tak. Taxm
qauaoM, r € 7(A) i G — rpyna ogmoro s Tuniz 2, 8 poarns
macxiaky. Hacnmigox noesegenmii,

Haexinox 2.1.4. Kouymanm aoxarvho cmyninvacmoi sem
zamiremonosol YIH[ [-zpynu G mae nopadox p™, p — Rpocme XucAo
m < 4.

' Hacninox sEnnesae ¢ Teopenn 2.1.2.

Hacxninew 2.1.6. Hexats G = <g><b>, /a/ = /b/ = 8, [<a> 8
<b>/ = 2, blab = ¢! Tod! cnpasedrual meepdxenns:

1) G mac minvku mpu pisnl yuraiywl nidzpynu nopadwy 8:
<b>, <ab>; (ab)® = b%, Z(G) = <b¥>;

2) G mae miavxu mpu plani yuxaiunl nidzpynu nopadky 4:
<b?>, <a®> x<afb?>; [a?b?) = 2, af € Z(C), w(G) = <a> x <abt?> {
Z(G)

3) G mae minvku odHy Heyukaivny nidzpyny nopsdxy 8: O(G) =
<a®> x<a?p?>, <a?> = G*

4) G mae mineku mpu planl maxcumanrsni nidzpynu: abenree !
nidzpyny <a> x <a®b?>, ma nidzpynu Minnepa—Mopeno <b> A <a?b?>
i <ab> A <afb?>,

Hacxinox Gesmocepennso BHIUMBAE is coispigmomens ana rpymu G,
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Nema 2.2.1. Bel VI[H[ ]-epynu G, wo Micmamb nidzpyny dledpa
nopadxy 8, € MemazamiaLmoHOGUMU ZpYnaMu.

Jlosedennn. Hexan G — pocnipscysana rpyna | M — migrpyna
piegpa mopsaky 8. 3a nemow 1.1.2 M < G i scaxa oigrpyna X ia G, mo
mictiTs M, nopmansua 8 G. 3nigen G/M — pegexinnosa rpyna i G —
poas ASHA TPYNA 0 KOMYTAHTOM HNOPALKY om > 0, Akmo m = 1, TO
G — meraraMiLTOHOBA rTpyna, imo i TpeGa 6yn0 nOBECTH. Hexait m >
1. Toni G — Hejzenexinaosa rpyma, 3a TeOpeMolo 1.23 G —
yepHikoncexa rpyna. lo Hacmiaky 1.8.10 punnueae, MO METALMKIIYMHA
meMeraraminsronosa rpyna G He MicTHTB miarpyn gieapa OOPAAKY 5.
ToMy MOMHA BBAMATH, MO G — memeTanukaiysa rpyna. Hemo, mpo M
MICTHTS €ONHY MAKCHMAJILEY OHKJIUHY giarpyny <u> OopsAaxky 4.
8aigcr <u> < G. Hexait U = Cg(<u>). Toai U 2 G, G/U — migrpynoa ia
Aut<u>, Cyl<u>) = M, [Mi<u>] = 2 QOcrinexu fAut<u>/ =2 1 u e
2G), 7o [G:U] = 2, G=UMiUNnM=<u> Basnaxs nacnigxy £.1.5
G me pOSKAAAAETLCA B NPAMUN A00YTOX cpoix BAACHEX niarpyn. Jierso
GaurTE, mo U/<u> = G/M — pejexinfoBa rpyna i <u> < Z({U). Ssixcn
nmigrpyne U € poamupeHHsaM (EHTPANBHOL TMArPYNH <u-> 38 J0N0MOTON0
penexinaosol rpymu. feno, me U = U, x Ug — BifmnnoTenTHE rpyna, ne
U, — cunoscexa 2-miarpyna @ U, U; — ii xonniecuKke LONOBREHES.
Bpoaynine, mo Uy < G, Ug 4 G, UsM — HODMAABME CHJAOBCBHA 2-
giarpyna 3G i G = U, (U,M). 3a monepeaHim, Uy =1iromy G — 2
rpyna. Sposymino TaKOM, MmO WM = <u> h <x>, /x/ =2, M = <¢c> =
<u?>, Mpenycramo, wo U mae eRuHY QIATPYTY <C- OUPARKY 2. Tomi »
cany [23, 64] U — noxansHO INKAIGHA Wi CPYNA KEQTepPHIOHIB.

Sasnaxe reopemi 1.2.8 /G'/ < w. Mpanyctimo, wo U, = 7. Toai U



/G'f = /M'/ = 2, mo me tak. Jlerko Gaumtm, mo U me moxe Gyt

geckiAgenrol rpynow kearepHioris. Tomy /U/ < o, Ockinexn /
>2 o U=<z> jocrimxar G=UM, M= <y> A <x>, 10 G = <
<x>, mo cynepeunTts srlopy G.

Iproyeramo Temep, mo U mictare d, /d/ = 2 1 <d> N <c> = |

Ocxkimxa <u> <4 G, U/<u> — geperimgosa rpyma i G/<u> = U/<u>}

rpymoio gxienpa nopaaxky 8 wun enememrapmon abenesor rpynol
mopanky 8. fxmo (<d> x <e¢>) A <x> — rpyma aiexpa, TO ¥
mopmansas B 3 pa momepesmim. fAxmo (<d> x <e¢=) A <x> -«
aneMeETapEA abenena rpyna mopaAaky 8, To soma wopmansrs B G B CHA
TeopeMz 1.3.4. Brigca M n ((<d> x <¢>) A <x>) = <¢> x <x> 4
Hexesi D = Cg(M). Togi D = Cg(<u>) n Cg(<c> x <x>), D " M = <¢3
= Zi[M). [M:<c>]} = 4 i romy [G:D] > 4. 3a monepennim, [G:Cg(<u>)]:
2, Cgl<c> x <x>) < G 1 G/Cql<e> x <x>) — uiarpyna iz Aut(<c>
<x>). Bigomo [65], mo canorceka 2-miarpyme is Aut(<e> x <x>)
nopapox 2. 3sipcm [G:D] = 4, G = DM, D/<c> = G/M — nepexinaon
rpyna, G' = D' M’ [D,M] = D' M’'. Ockinsxa m > 1 | G/<e> = D/<e>)
‘M/<e>, 0o D/<c> — mHeaGexmesa rpyna. 3eigem D/<c> wmi
marpyny xearepmionis H/<c>, B cany 'rn'ipnmﬂm 1.1.11 8 [77]) 3'
MicTHTE <A>, /a/ = 4, <a> N <c> = 1 | G micrars migrpyny M x <a>
vy axol 8 cmny nemmE 2.1.1 M —- pexseximjoma rpyna, mo He
Onepmana cynepeqnicTs i sagepmye noreneHas nemm. JlemMa nosenesa,

Jeme 2.2.2. Hiavnomenmna nememazamiasmonosa YITH[ |
epyna G, wo Miemums Hewopmaisny nidepyny keamepulonle Q '
<xy> nopadxy 8, € afo zpynow xkeamepulonia nopadxy 2° '



2™ m > 1, aka Mae Hopmaasny nidzpyny C = @ x <d>, /d/ = 2, P(Q)
v <d> a4 G, D(Q) x <d> micmums ecl ineomwoyll 3 G I G/C —
‘dedexindosa zpyna. ' -
Hoaedennn. Hexalt G — pocnimxysama rpyna. [Ipamycramo, mo G
AIAETHCA B OpAMEN Ao0YTOK CBOIX BASCHEX tdnrpyﬁ. Toni G
. oBONBEAE yMOBY HACHAKY 2.1.3 i Moxe OyTa nmme rpynown THOY I
® 2 qroro HEACHIAKY.

Hexaft G — rpyna tamy 1 wacaigky 2.1.8. Toni G = Q; x Qa , Qi
Q; — rpynm kearepmionis mopaaxy B, w(G) = w{Q_l] x w(Qg) = G' =
w(Q) x <d> = C. Beigcm C < G, G/C — alenesa rpyma i neMa fosenena.
Hexa#t G — rpyna tamy 2 macmiaxy 2.1.8. Tomi G = (<a><b>) x
<>, [Toxamemo, mo mpx /b/ > 4 G me MicTETH miArpyIN KBATEPHIORID
saaxy B. Hificro, mexa# me me tax, Toxl x = a bz}, y = a;bjz].
/albl/ = /albl/ = 4 | romy Q < ®(<a><b>) = <a?><b?>, Ane
b e Z(G) i, omagurs, (<al><bi>) = 1, mo memoxcmeo. Omme, mpn /b/
> 4 G me micrmrs migrpynm xearepriomis mopagky 8. Toxal /b/ = 4 i
<g><h> — yoaransEeEa rpynsa kmarepmiomie mopaaxy 16. Iloxaagemo
2= d | ogepxEMO AOBeEHHA IEMH ¥ TNLOMY BEOAXKY.

Mproycramo renep, mo G He poskaafaeTsca B npaMult RoGyTOK
epoix snacamx nixrpymn. Toni G — 2-rpyma, y saxoi aa reopemowx 1.2.8
[G'/ = 2™, m>1. Hexalt G — smeranmmaxaiuaa rpyna. Tomi G
MAOBONBEAE YMOBY macmaxy 1.8.10 { mome OyTE amme rpynow
onporo & tanip 7—0 reopemn 1.3.2, I'pymAa G ROMHOTO 0 OTAAAHMK
mrls Mome MICTETH HEemODMANBHY rpynmy mmatepmiomis mopanmy 8
mame toni, monm G -~ rpyna HIETE;JHI'D!I!iH nopaaxy 2%, Orme, i ¥

HMhOMY ARTANKY NAMA NOPEAena.
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MicTuTE enemMenTapHy Aafenesy migrpyny nDopaaky 4 [23,
[Mossaunmo uepes M MiHIMANBHY HeMETAUNKIIYHY MArpymy
Toxi aa macniakom 1.8.12 M 9 G i G/M — aepexinaosa rpyna. B
nemu 2.2.1 G me mictuts marpyn aieaps nopaaky 8.

Hexait M -— enemenTaApHA abenesa rpyna NOpHARY 8. Hcno, my
micrars miarpyny D = QM. Basaaxu teopemi 1.2.3 G wue
enemenTapanx abemeBnx OiArpyn NOPHARY 16 1 aa Teopemow §
DQ) < ZG). 3sigen QNAM= Q) = ¢, je/ = 2, 1D:Q]
3poaymino, mo Q < U < D i [U:Q] = [D:U] = 2. Ockinexkr M
enemenTapna abenesa rpyna, o U = QD , ze D; = Un M. Ane
jeuyed e Dy, /d/ =2 1 @ <d>=1. 3sincs U=Q ) <d-.

Hexali N — MakcuMansaa oiarpyna 8 U, mo MIiCTUTL e/ieMel
Toni [U:Nj = 2, /Q n N/ = 4, 3siaca N = <u> Aed=-, fuf = 4,
Q@ ~ N. Ockinpkn G me micTaTs mArpyn Aleapa DOpAAKY 8 (

2.2.1), to [u,d] = 1. 3poaynino, mo w(N) = <u?- <« <d-, opu

w(N} @ G, Ovrmxe, sapmau w(N) < G. Des pnopyuweHHs OArE
MOMNHA BBAMATH, MO Q@ = <u><y>, 3Spigce ¢ MicTHT i
<y>w(N), <y> N w(N) = <y?> = <e>, <y>w(N) = <y> A <d=8
panime, [y, d] = 1. 8 mporo sdmimsae, o Q,<d>] = 1 i
aigiMeILbHA EeMeTEUMKAINKE TDOYDA THOY 3 TeOpeMH 1.3.3. 3pom
mo M = <¢> x <d> x <f>, [ipanycrumo, mo [Q,« =] < Q. Tﬂ,ui_':
anm d, ouepmuno, me @ x <> o G, Ane (Q » <d -} (Q x <f>) =
G, mo cynepeuurs aatopy Q. Orxe, [Q, <f>) + Q. 3siacw Q | &Ll
migrpyms 2 U, mo cxAaiaw0Ts NOBEME KAAC COPAMEHHAX 3 D oiar
Bpoeymino, mo U = QQF, [U:Q] = 2 i Tomy /@ M Qf/ = 4. Jnince

Q! = <x>, /a/ = 4. <x> 4 D 1 G nicTath miarpyuy <x> A <f>2



; y;-{f Cr = ff-:.] = f}r? A <>, Bﬂn{:n 3HOBY [Ffﬂ =] i TOMY [Q‘{f::-] =
1, [Q.-f-] < Q, moO HEMOXIHBO. Orme, M — =nHe Moxe OyTh

eleMeHTADHOK abenepow rpynoro mopaaky 8 i romy G me MICTHTB

mopraxy B, To M moxe OyTm Anme rpynow THOY 3 um & srazamol
teopenu. Jlna rpyn M KoxHOTO i3 SrajaEEX TROIB w{M) —
enementapua abenepa rpyna nopaaxy 4 i w(M) < G. NpanoycTuaMo, Lo
G\w(G) micTurs f i /f/ = 2. Toal G mictarts miarpyny w(M) A <>, axe
¢ mopepesnin me moxe OyTE Hi enreMeHTAPHO afenepoic Ipynow
gopaaxy 8, HI rpynow mieapa DOpAIKY 8. Ane roxi Bei immomsomii 8 G
erxats w(M). 3poaymine, mo G micrars miprpymy C = @w(M), QN
M) = <¢> < Z(G), [C:Q] = 2 i, ax pamime, T = Q x <d> — rpyuoa
3 veopemm 1.3.3. 3a macmizxon 1812 C <« G | G/C —
iexizposa rpyna. 3posyminoe remep, INO JUIR 3ABEpPIIEHHA NOBELCHHSA
_ geobxigsc moxasarm, mo /G/ < <. lpumyctmmo, mo /G/ = .
foxi 3a Teopemors 1.2.8 G wmicTETe DeHTPABHY XBAJiMEKIIYEY 2-
oyrry R i G/R — pepeximpose rpyua.
Mpmmycraso, mo @ N R = 1. Toxi RQ = R<z><y> = R<z>R<y> =
R x <a>)R x <b>) = (R x <a>) A <b>, /a/ = /b/ = 2, [a,b] = ¢ & R,
> = (RQY. Ane Tomi G micTuTs miarpymy ziegpa (<c> x <a>) A <b>
wxy 8, mo memomumuse. Orxe, RN Q@ =11 G/R = B/R x (R x
_"4 — raminsromosa rpyna, B/R — esementapra abenesa Z-rpyma.
fxme B=R,0G=RxQ i /G'/ =2, mo semoxnnso. Orwe, B > R
_::: sicruts enement b raxa#i, mob ¢ R, b? e R i R < R<b> < B. He
pWITYIOUR 3ATATBHOCTI MOMKHA BBAXKATH, MO R<b> = R x <b>, /b/ =

). flcro, mo G = B A Q. 3a momepexmiv P(Q) = <c> < ZG). Ane TOxi



ODOPpHAOKY 5, IDO HEMOXKJAHBO,. UTHeE, /Ly/ = ©0. JIEMA JOUBEIEHH.

Haeceanipagor 221 Hiibnomeumuna Hememazaminb
VU[H[ ]-zpyna G € abou 2pynow kseamepHionls nopadxy 32 |
CRIHYEHHOW HeMEMAUUKAIYHOW P-2pYnoiw 3 KOMYMAKMoM NopAoxy
m > 1, wo He micmumb nidzpyn diedpa 8.

Jlloeedennn. Hexaih G — pocmigsxysasa rpyna. Topl sa Teopen
1.2.3 /G'/ <w i /G'/ pinaTbCHA HA AOOYTOK JABOX HPOCTHX YHCEJ.

IIpunycramo, mo G — wmerauakaiusa rpyna. Toai G sanopoibl
yuopy Hacuaigxky 1.3.10 i moxe OyrH AMIIe rpydox KBATEPHIO
nopagky 82. Ormxe, v npoMy BANARKY HACAIAOK goBeneHH.

[Ipunycrumo tenep, mo G — HeMerauukaiusa rpyna. 3a
2.21 G me wmicrurs nigrpyn agiegpa nopaaxky 8. Banmimaen
nokasaTn, mo G -— cximvenna rpyoa. flkmo G poskaagaeTscs
opama# gofyrox cBOIX BIACHHX WIATPYI, TO AOBOJKYBAHE TBEp kel
paInEBae ¢ Hacaiaky 2.1.8. Tomy B mogansmomMy GynemMo sBasKATH,
G me posxjanaeThCH B npAMuil a00yToK cROIX BaacHEX migrpymn. Hi
G micTuTh HeEOpMAansHY miurpynmy ksarepaionis nopasky 8, To my
TREpPIIKEHHA cnpasennuse saspaxm jgemi 2.2.2. 3a smbopom G
rpyna. Ilpeuyeramo, mo /G/ = «. Toai sa Teopemow 1.2.8 G mics
nemTpansHy keasimmxmumy miarpyny R i G/R — peneximaosa rpy
Hexa#t G/R — meabemema rpyma. Toai G/R = B/R x U/R
ramigeToROBS Tpyne, g B/R — enemenrapma aGenesa 2.-rpyna, U/K
rpyna xsarepaiomis (ams. Teeppmenss 1.1.1.). Bposymino, mo G
BR, BA U =R. B cany macniaky 1.1.4 s [TT)] U =R x Q, ne §Q
rpyna xeavepmiomis mopaaxky 8 i romy G = B A Q. fAxmo Q 4 Gy
macainor crupaseanusalt s cuny nemn 2.2.2, Omxe, Q a G | romy G

% @, mo cynepeunts nadopy G. Tarnm uanom, G/R — nbenera my



mo icryors Taxl 2 Ta b o G, mpo fa,b] = ¢ | @ micrers migrpyuy D =
(R<a>)R<b>) = (R x <x>}R x <y>) = (R x <x>) A <y>, I/ = <¢>. He

HOPYINYIOuE SAramsEOCTI MOXEA BBaKaTH, MO [X,y] = ¢, /x/ = p®, /v/
=p’ a>0,p >0 B crry sigoMEx KOMyTATODHEX CHiBBiANOImeH:
174, §8] [x*" .yl ={x,y*" J=¢t" 2 1. Beigcma>m>1,f>m > 1.
,mo fxP™", yo™ '} = P = 1 | Tomy 3 G icEye miarpyns V = <c>
x 2xP™ > x < yi’._'} i wiV} — enemenrapes abenesa rpyoa DODRAKY
p’. Baspaxm macniaxy 1.3.12 w(V) 4 G 1 G/w(V) — aenexiuposa
rpyne. Ocximsxm G/w(V) micTeTs kpasinmxmwEy marpyny, 70 B CRIY
meeppmenns 1.1.1 G/w(V) — abGenesa rpyna. 3sigcs G' < w(V) n <¢> i
vouy /G'/ = p, mo me Tax. Orxe, /G/ < ©, Mo # sapepmye NOBEAEHES
mecmiaxy. Hacrigox pnosepenmil.

Heexinox 2.2.2. Cxinvenna VIO[H[ J-tpyna G nopadxy p". p
— HenapHe NPoCMe MUCKO, RKG He Micmumb eAeMEHMApPRUX aberesux
nldepyn nopadxy pP, € MemazaniALMOROS0I0 ZPYNO0.
Josedenns. Hexalt G — nocmimxysara rpyna. Toai /G/ = p™, m >
0. llpz m < 2 G — wmeraramineromcsa rpyna. Hexask m > 1. fixmo G
— MeTAnEKJNiwEHA Trpyna, T0 a& macuimxow 1.3.10 G —
weraraninmeToHOBA rpyna. Hexalt gani G — mRemMeTAnmXMYHEE rpyna.
ficmo, mon>m+1>2 [lpen =4 G — MeTaraMiNsTOHOBA IPYUA,
mo & tpeba OGyamo mosectm. Hexalt n > 4. Posrasmemoc pam pBa
woxuEsEX sEnagkm: 1) G — mimimamsma Hemeranmkmiusa rpyna; 2) G
‘Mae BracHI MimiMamsEl HeMeTANEK/MYE mMATrpYyIHE.
Bunadox I. ¥ gpomy smnaaxy G sagoponsuae YMOBY mpeuﬁ 1.3.3
{ Moxe OyTm mume rpynow taoy 1 um 2 arn.qa.no'f reopemMu. 3eince n <
5, mo cynepeduTs BubOpY G. Omxe, sEnanox 1 HEMONIHBEHE.



Jz/ =p" ., y>1, /a/ = /b/ = p, [2,b] € <a>, [a,b] = z**" ', 0 < &
[pm [<z>,<b>] = 1 G' = -f.:l"_':j. /G'/ =p I G — meraraminnol

rpyna. Tomy B noganemomy [<z>,<b>] = <a>. [Ilpmy= 2 /G/ - p
— MeraramineToHOB& rpyna. Hexast y > 2. Jlerxko Saunmth, mo i
Z(G) i G micrurs miarpyny X = <zPa> A <b>, y axof w(X) = <zp’
<b>, Axmo X 9 G, 1o w(X) <« G. fikmo X 4 G, o X — rpyna i
Teopemu 1.2.2, oa teeppxennam aAxol wiX) a G. Ormxe, sanxau |
G i romy B G icmye migrpyma <z>w(X) = <g> A <b>,
MAKCHMANLHOW B G | me micTuTy <a>, mo memoxauso. TaxenM wmi
G — wmeraramineroxosa rpyna. Hacnigox aomegenmi.
Jiema 2.2.3. Hexat & — nememazamirvmonosa VIU[H[ ]-2pyi
nopadxy pt, wo micmumse eremenmaopiy abeaeay nldzpuny M nops
p’. Todt /G = p™, m > I, n > 4, acl eremenmu nopadxy p
naxemams M < G, G/M — dJedexindosa zpyna | cnpase
Hacmynhi maepdweHHA:
1) G micmume Henopmaavry nidepyny X = <x> A <y>, /x/
Jy/ = p, A> 1, [xy] =c =" € Z(G), [X:<c>] > 4, <xP> x <Y
G, <c> x <y> =wfX) a G, G Hne micmums necleresux n -'f
nopadxy p°, wo € 2-2pynamu, XU MawOMb KCNOHENMY P;
2) drn Oydv-axux enrexenmis u i v 3 G, /u/ > p, v/ = p, <u,u3
<U> A €U MOEMO, WO W{<u,v>) = wi<u>) x <v> < G, 8 G HopMa.
nidepynu Ppammini acix yuwxaivhux nidzpyn | xomymanmu ¢
Heabeanesux nidzpyn;
3)aZ2pyni G G' < 2(P(G)).
Hosedenna. Hexalt G i M sagoromsuawTs yMopy aemu. Toal G
seMeTanuknivea rpyoa, n > 4, /G'/ = p™, m > 1. Basgaku
2.2.1 ta 2.2.2 G me mae migrpyn giexpa mopszaxy 8 1 sci miarg



/M — neaeximmoma rpyna. B gemeraramissronosifi rpyn G B cmay
eopenu 1.2.2 icHye memopmasbHE DArpYHa ¥ = <x> A <y> tEnmny b
xamoi Teopems, a Tomy /x/ = pb, /y/ =p, 8> 1, [xy]l=c= xP"” e
%G), [X:<e>] > 4, <xP>x <y> < G, <c> x <y> = w(X} a4 G.

Hexat C = Cg(w(X)). Toal C a G i C < G. Bimowmo [65], mo G/C —
2 3 Autw(X) = GL{2,p) | cenoscska p-miarpyna 3 GL{2,p) Mae

MeTAORKAiuRA marpyoa, M — meMerTanEKMiyEA WATPYOA, TO MA\X
Th z, /z/ = p | Gea mopymeHHS SArANBHOCT] MOXHA BBAMKATH, MmO
U, = X A <z>. 3aBASKH reopeni 1.2.2 U; <« G. Tloxaxemo, mo OyAs-

. enemenr d 3 G mopsaxy p mamexmTe M. Hexad me me Tax.

Toxi C micrars M, C micraTs w(X)M, w{X) < Z(G). 3a reopemoro 1.2.3
€ me micTETE enememTApEEX 8eneBmX migrpyn mopaaxky p' i romy
w(X) < M. 3a sabopom C micTaTs miarpymy w(X) x <d>, /d/ = p, AK&
ga Teopenoro 1.2.2 HODMANLHA B G. B G lesye miarpyna X A <d> =
<x>(w(X) x <d>) = Uy | sa Teopemow 1.2.2 Uy @ G. fcro, mo U; N Uy
= X < G, mo memoxmso. Omxe, icaye d, jd/ = pide G\C. dx i
pamime, w(X) A <d>. Ockimsxn G Ee MICTHTS giArpyn miexpa mOpPHAAKY
8, 10 3a Teopemow 1.2.2 w(X) A <d> <« C. fix i panmime, G wmicTaTs
mopuansEy oiarpymy Ug = X A <d> = <x>(w(X) A <d>). Ockinexn z €
CadeC, o U nU;=X <G, mo HEMOAFIHBO. Orsxe, BCi eleMeHTH
popanky p 3 G manexars M. 3siacu G me micTnTs Heabenesux MArpyn
popanxy p? i excnomesTH p, M = w(X) x <z>, U, = U. Bpoaymino, mo

X a U, ®(X) = <xP> i romy <xP> < U. [Ipz A = 2 <xP> = <c> 4 (G.



B¢ MicTATH miarpyn aieapa mopaaky B, o » caay [64] w(U,) = <z
<¢>, [Ipe Uz 9 G w(Uz) « G. INpr Uy 4 G ca reopemoso 1.2.2 w(Usg
G. B G icaye miarpyna <x>w(Uz) = <x> A <z>, sxa MaxkcEME
roMy HOpMANBEA B U = (<x> A <z>) A <y>. 3siace ®(U) = <xP>
sHAYETS, <xP> < (. Axmo g enemenr a G i <g> a G, ro (<g>) 4
Hexait <g> 4 G. lNoxnagemo U, = <g>M. Hxmo /g/ = p, 70 W<g>
G. Hexalf /g/ > p. Toal U, micrate Y = <g> A <f>, pef € M, /1/
DY) = <gP>, [lpa ¥ a G OY) = <gP> aG. [Ipm ¥ 4 C M0
smeoxaTw, mo Y = X i, sa nonepeamim, <gP> < G. Orxe, casm
Pi<g>) 2 G.
Hexalf H — meabenesa mizrpyna o G. Axmo H « G, o H' 4
Axme H 4 G, ro Moxss spawars, mo H = X i ronl H' < G.
Hexalf H = <u,v> = <u> A <v>, /a/ > p, /v/ = p. Uckinexn r'
mictETs marpyn giespe mopazxy 8, 7o B cuay [64] w(H) = wi<u>
<v>, [ipm H « G w(H) <« G, ope H ¢ ¢ w(H) mopwamnus 2 G
reopemi 1.Z2.2. Orwme, Ttneppmenna 2 pooriaasysamol neMm KO
gorHICTIO.
Bigomo [66], mo » eximvennist Z-rpyni G ©G) = <g?> gpan |
G i G' < ©(G). 3a nonepeanin, <g?> a G. fiemo, mo Cg(<g?>) a ¢
G/Ca{<g?>) — niarpyna o aGenesol rpym= Aut<g?>. 3simcm Cgl
mictere G, & Tomy G < Z{(IAG)). Teepamenma 3 neMm goBem
DOBEICTIO.
Ong sasepmeEns NOBAASHAA JIEMH CANMIDAETHCA NOK23ATH, IO N
wmicme Tmepmwxenms 1. Jins nnoro o ypaxyBAEMaM IODepPeLHD
povpiGrc noxanars, mo G me wicrETe migrpyn kearepmiomis Dopx
B.



Toal sa nonepeauin Q < G. MNMoxnagemo U = QM =Q A D, ge M = <¢c>
xD, <¢> = M~ Q = ®Q) < Z(G), D — enemenTapHa afenesa rpyna
popsaxy 4. [Moosauumo uepea U, MAKCEMANEEY migrpyoy a U, mo
sictete D, Topl U = <x> A Dl oa mpéuﬂm 1.2.2 U; < G. 3slgcen U,
nQ=<x> <aG. Ocrlnbks G He MICTHTE piarpyn aleagpa nopaxxy 8, To
Uy = 1. 3pooymino, wo D = <d,> x <dg>, /dy/ = 2, 1 € {1,2). B G
jenylors migrpynn X, = <x> x <d;=, w(X;) = <x?> x <d;>. Ba
rsepixennan 2 posrnanysanol semu w(X;) < G i oMy B G icayoTs
marpynu Y, = <y>w(X,) = <y> A <d;>. B caay roro, mo G me micTETH
miarpyn aiexpa mopaaxy 8 Y, = 1. Orme, U = @ x D. Basgaxn
reopeni 1.2.2 <y> A D a G, flewo, mo Q N (<y> AD)= <y> a0,
Moxnasemo A = Cg(Q). Jlerko Gaunta, mo A = Cg(<x>) N Cgl<y>) 1
ocklaskm <x> a G, <y> a G, 1o Cg(<x>) 2 G, Cgl<y>) < G. Bigomo
[85), mo G/Cg(<x>) — niarpyna o Aut<x>, G/Cg(<y>) — nlarpyuna s
Aut<y> | JAut<x>/ = /Aut<y>/ = 2. Ockineku x, y ¢ Z(G), To
[G:Cgl<x>)) = [G:Cyl<y>)] = 2. 3nixcu [G:A] < 4. Bpoaymino, mo QN
A= ®Q = ZQ), [QZQ) = 4 | G micrars nmigrpyny V = QA.
Owesmano, mo [V:A] = [Q:@(Q)] = 4 i Tomy V = G, fcno, mo G' = Q'
AQA)=Q A -Q 1 Tomy /A" > 2, 8poaymino, wo G/<c> = Q/<e>
x Af/<e > | Q/<c micTETh BRACH] HeMAKCRAMANLHI nigrpyna. 3a aeMom0
1.2.6 A/<c> = H/-~¢c» x B/<c> — ramiapTOHOBA rpyna, y nrol H/<c>
— rpyna wKeaTepHiosies nopagxy 8, B/<¢> — enemenTapHa abesnena 2-
rpyua. fleno, mo A=HB,HnB=<c>, H<G, B a0 i A micTurs
marpyoy M = <¢> = D.

[Moxamemo, mo G smicrars Q = <X,y — rpymwy kearepuionis
popaaky BiQ; mQ = 1, Axwmo H = <c> x Qy, To me ouesunaro. Hexail

piarpyna <c>He gomosEoernca B H. Toal ® cway Teepaxesns 1.1.11 o



[loxnagemo z, = xy; { Q, = <x;,2,>. Bposymino, mo /x;/ = /z,/

x{ = 2] = [%),24], Q@ — rpyna xsarepuionis nopaaxy 8, Q N Q,
Orxe, G micTaTs miarpyny @ x Q, Axa MicTETL HeHOpMANLEY mifl
kearteprionis Qg = <xx,,yz;> nopaary 8, mo memomuameo. T
ynroM, G He MicTRTs niarpyn xpareprionis nopasxy 8, mo | case
nopeneHnA nemu. Jlema nosemena.

Hacanipoxr 2.2.3. Hexali G — nememazamirsmonoaa YI[H[
Zpyna, wo Micmumb MODMAAbMY eAeMenmapuy aleresy n!d:pyny'.
noprdxy 8 | G/M — epyna xeamepuionis nopadxy 8. Todi
(<a><b>) A <x>, fa/ = /b = 8, /[<a> N <b>/ = fx/ = 2, blab -
[bx] =1, [a,x] € <a*>,

Hoeedennn, Hexali G i M sagosonsHAwTe YMOBY Hachiaxy. Tom
— CKiEveHHA 2-rpyna g xomyrasroM G' mopaaky 2™, m > 1.

Hexaft G posknanaerscs B npaMni goGyToxk ¢Boix Biacwmx rarpy

THOY 2 3rafiasoro HACAIAKY i, GHANMTE, Yy OBOMY BEOAAKY HACHIA
NOBeNeHMT,

Hexait Tenep G me posknaxnaeTscs » npamumit 7o6yToK crOiX BAACH
migrpyu. 3a nemown 2.2.3 eci imsomonii 8 G mane:xars M. 3a yMosC
G/M = <Mx;,Mx,> — rpyna keaTepuionis mopanky 8. 3siacm /x/
B, (i € {1,2)), M N <x;> = =x[>, (Mx;)? = (Mx;y)? = Md, ne d = [x

xg), /d/ = 4. Baspakn nemi 2.2.8 <x’> a4 G, x* € Z(G). Hexalt y & |
I fy/ = 2. Iloxkaxkemo, mo <y,x'> a G, [itHoHo.npa y € <x;> Mael
<y> = <x{>m= <y x!'>aG. Hexait y ¢ <x;>. Togi N, = <y,x'> = <
« =X!>. 3a nsemoiw 2.2.3 8 G icaye niarpyna X, = N, <x!> i G|

MICTHTE mArpyn mieapa nopaaky 8. 3sigen X = <x !> h <y> i X/ =



Taoy 5 Teopemum 1.2.2 | smoBy sa miewo Teopemow N; < G. B cany [64)
<x;>N; — abenesa rpyna um rpyma Mimnepa—Mopero, ro6t0
[x,v] € <x!>, [Toknanemo D = M<d>, Eh nonepenninm, [M,<x]>] = 1,
8sigcn D' = 1. Ipunyeramo, mo <x;> N <x;> = 1, Togl M = <y> x
<xy> x <x}>. Ane Toai rpyna ksarepuioris G/M nopaaxy 8 micrars
asl pionl imsomonii Mx| i Mx)}, mo memoxumso. Brigen <x,> N <x,>
=<xy> = <x}>1rToMy D= <y>x<z>x<d>, /fy/ = /z/ = 2, w(<d>) =
<x|>. Iloxknagemo Z; = M<x;>, Topi Z; = D<x;> = <x,> A Y, ge ¥ =
<y> x <z>, [<x%]/>,Y] = 1. Basgaxu nemi 2.2.3 <x’> <4 G, a oa
nonepeguis, ans Oyan-axoro enemenra u 8 Y <x!> x <u> <« G. 3sigca
<x|> x <u> < G. Bposymiso, mo Y micTurs enemernt y raxuit, mo d €
<x]> x <y> a G, /y/ = 2. Ockinexn sa nonepegminm <x/> a G, 8
popuannyift aGenesift migrpyml <x;> x <y> rvimexkm a8l DExdiusi
marpynE nopaaky 4 (ue miarpyma <x/> ra <d>), ro <d> a G. fcno,
mo <d> = <[x;,x3]> = G', Bes nDopymeHHA BATANBHOCTI MOMHA
spaxkaTH, mo d € <y> x <x!> <« <x;> A <y>, 3poosynino, mpo
<d><x}> = <x> x <y> < @G). B ckimuennit 2-rpyni (G)
DOPOAMKYETHCA KBAZpaTamMH enementis o G [66) i Tomy wmomumsi
pRNAZKE: 1) <x]> x <y> = <x? u’> neu € G, /u?/ = 4; 2) <x’> »
<y> = <x],u?>, neu e G, /u?/ =2,

Bunadox 1. ¥ peomy sapagky <u?> = <d>, Bamimoloun x, xa u,
feo nopymerHs sarasLBEOCTI MOXEA BRAXATE, MO G’ = <d> = <x!>. B
G leaye marpyna A = <x;><x,>. [Toxnagemo x, = a, x5 = b. Togl A =
<a><b>, /a/ = /b/ = 8, /<a> N <b>/ = 2, blab = af, r € {3,-1).
Bpooywino, mo /A/ = 25, /G/ = 28 Sflcmo, mo A — Meranmkiums




-2 i G=A)l<x> [lparr=8 A = <f><b>, ne f = ab? i b'!fb =1

Tomy 0aBMaH MOMHA BBaXkaTH, mo blab = a!, Ba nonepensnim, [b,x]
<bt>, TToxnanemo z = ab?. Toai /z/ = 2, [b,z] = b4, Axmo [x,b] »
TO TIOKJAmeMO X, = zx i omepsumo, mpo [bx;] = 1 1 G =A<
Omxe, sasmam [b,x] = 1. Brosy oa momepexminm [a,x] € <a'> | e]
rpyna @ Eacxiaxy. Banagox 1 posraAaByTHHA.

Bunadox 2. V usomy BmEmagky <x;> N <u> = 1 | G wicr
giarpymy B = <x!> x <u>, u € @(G). fAcmo, mo B N M = <x7> x <¥
ae <y> = <u?>, Tomy G/M wmicrars asl piumi iwsomonii Mx| | Mu,
pemoMINBO. BAnaxox 2 memoxcnuenti, Hacnigox nopenesni.

Hacninor 224 Hememayuxaivna nexemasamlAsmoKo
VI[H[ ]-zpyna G nopadxy p" Mae HOPMAAbLKY esemenmapHy aoe L
nidzpyny N nopadiy p*, p — npocme wucio.

Jlosedennn. Hexaft G sanosonpEAE yMOBY macaiaxy. fxmo
MicTHTS enemeHTapEy abenesy niarpymy mopsaxy pd, To TEepKeN
mACHAiAKY BELTHEBAE o TRepmmenna 1 semm 2.2.8. Hexadt G me mi T
enemenrapEmx aGenesgx nigrpyn nopaaky p?. Ocximexm G
HeMEeTArAMIJITOHOBA IPYNA, TO BOHA MICTETh HeHOPMANLEY Healbel
oigrpyny X, axa moxe Gytn same rpynown Tamy 3 um b Teopemn
fixmo X — rpyna Tany 5 sragamol TeopeMs, TO IIYKAHO HOPM 1
migrpynowno 6yge w(X). “fexat X — rpyna Tany 3 Teopemu 1.2.2. T
X — memopmansEa B G miarpyma Ksarepriomnis nopaaxy 8 i G
HeMeTANMK/JIYHEA TpPYymA, IO GAROBONLARE ymomy Jemm 2.2.2,
reepmnenEsM axoi G MicTuTs HOpMAaNLEY enememTapuy a0e :
nigrpyny nopaaxy 4. Hacnigox nosenenmi.

Teopewma 221 Bcd VI[H[ ]Jzpynu G nopadxy p

xomymanmom G’ muny (p,p). Axui micmums ecl eremenmu nog 27K
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G, /a/ = p° /b/ =P\, a € (2.3}, B € (1.2}, /X/ > p ma sunepnyomhca

tpynaMu munta:
1) G = U A X, X — zpyna xeameprionla nopadxy 8, U —

yuxaluna 2-zpyna, wu zpyna xeameprlonis nopadxy 8, [ UX] ~uw(lU);
ppuU’=1 [UX] =w(U);

2)U = <a> x<b> X = <x>, /a) = /b] = [x] = 4, [a,x] = a® [bx]
= x? = gop?;

3) G = (<a> x<b>)(<x> x<y>), U= <a> x<b>, X = <x> x<y>,
o) = /b] = 4. a® = x% = [a,y], a®b? = [a,x] = [by]. b* = y* = [b.x];

4) U = <g> x<b> X = <x>, Ja/ = [x] = B, /bf = 3, [ax] = b,
;.']'b..t} = gl = xb;

5) U = <a> \ <b>, X = <x>, /a/ =8, /x| =4, /b] =2, [ab] = x*
=af, [a.x] = b, [bx] = 1.

JHosedennn. HeoOxidniems. Hexail G sagoBONBLHAE YMOBY TGOPEMH.
Bposymino, wo G — ckiEyeHEa p-rpyns, y AKol sci abenesl mATPYOR
Meraunkaivyei. Ssigen npu p > 2 s comy [211] Ta ynorn G' micTuTs BCl
efieMeNTH HOPHAKY P 3 G smwmsae, mo G = UX mae saransuni
BErAAA TPYIE 3 Teopennm i e rpynuvwo Tamy 4 miei teopemu. Orxe, B
popansmony Gyaemo BeaxkaTi, mo p = 2.

MpaayctamMo coowarky, mo G < Z(G). Toni sa macniaxom 1.1.7 G
— rpyna oxgHoro 3 Tnnis 1—3 poIrAAIYBAHOL TEOPEMM.

Hexait renep G' < Z(G). Toai G’ = <c> » <d>, ae /¢/ = /df =2, ¢c €
2UG), d & Z(G) i G' = w(G). Hexait C = Cg(G'). Toai [G:C] = 2, G <
7(C) < C < G. 3sizen G = C<u>, C N <u> = <u?-, ju/ = 2% A > 1.
8poaymino, ro G me micTuTs miarpynn aieapa nopaary 8. Hexahh v €
G\w(G). Toai /v/ = 2, w(<v>) < w((3). fcno, mo w(G)<v> = V < G,

(V) 2 G.



LV = <> x <v>. Ane 1oai @(V) = <v2> i w(<v>) < Z(G). 3siacu w(C]

G’ < Z(G), mo memomumso. Orxe, w(<v>) = <¢», V = <y ) <f
w(<u>) = w(<v=>) = <¢> | Syapr-axka nuknaiyae niarpyna s G nopaax
micTuty ¢. Hexait D = w(G)<u>. Toui D = <u> A <d>. Ockinekn
Z(G), mo [u,d] = c. 3a momepeanim, A > 2. Bposymisno, mo G
HeMeTAnuK/IYHA rpyna i Tomy D < G, Hemo, mo /G/ > 2", A+1 >
exp(G) > 2% exp(C) » 2*"' > 4. Momausi sumagku: 1) C/<d -
nexaiyaa rpyna; 2) C/<d> — uwenuxaiyra rpyma.

Bunadox 1. ¥ npomy eumagry C/<d> = <v<d>> i rnu}*.f'
nonepeaniM, C = <d><v> = <d> x <v>. fcmo, mo /v/ = 27, ¥y
IIpu y =2 C = <u?> x <d> | G — meTaumkaiyma rpyna, mo He
Seigecn y > 2. 3posymino, mo u? € Z(G). He nopymywyun sars
MOXMEA BBaxars, mo [u,v] = d. Ockinsxku [v,d] = 1, 10 3a rigzoM
peaynsratom [74] [viu] = [u,v]? = d2 = 1, Beigen v? e XU
3posymino, mo G = D<v>, D’ = <¢>, Z(D) = <u?> < Z(G), D ~ <vi
<f> = <v> N <u> < ZD) n <v?>, 3 coissigromernns f e
BEILINBAE, mO <f> = <vi> N <u?>, fcmo, mo X; = 1, ae X,
<vi><u>, X = <vz<u?>, i € {1,2}. Aixmo X; — menuxmiuma |
TO BOHA MICTHTH X;, /X;/ = 2, <x;> N w(G) = 1, mo mexoxmmso. O
X; — nmxniuma rpyna. Toai <u?> = <v2>, flcmo, mo icaye menapa
ans axoro u?ly? = 1, Iloxaaneno z = u'v. Togi 22 = (u'v)u'v) = u
(viuv)i = v2yul (ud)i = v2uinidie'i ) = v2y2ih ge h = dle-t D) 2
Hego, mo h € G' i <h> m <¢> = 1, Beigen /2/ = 4, mo cymepewys
nonepegEsoMy. Bunagor 1 memoxnnsmil.

Bunadox 2. llprnycrmamo, mo C/<d> — wmicrars enemer

abenmesy miarpymy H/<d> nopasaxy 4. Toai H/<d> = <<d>x>



nanexxars w(G) (i € {1,2}). Cynepeunicrs. Hexalt, manpuraan, /x,/ =

4. Topi <x| > = <d-, mo cynepeunrs monepenasomy. Orxe, B C/<d>
Tlabku oxHa inBomonia. B cury Teopemu 12.5.1 3 [64] C/<d> — rpyna
xsateprionis nopagky 8. Hexait <d> xe somommioetnes » C. Toai »
cuny teepaxxenns 1.1.11 a [T7] C = <x;> A <xy>, /xy/ = /x5/ = 4,
[xy,%2] = x]. 3a nonepexnim, x| = ¢ = x}, mo memoxxaupo. Orxe, C =
<d>» x Q, ae Q@ — rpynma xsarepmiomis mopsaxky 8. flcmo, mo
exp(C) =4, A= 3i /u?/ = 4, Moxnagemo u = a, d = b, D = U. Toxai
Ja/ = 8, /b/ = 2, [ab] = ¢ = at. Hexait v = x, Tomi [x,b] = 1.
Bposymino, mo /U/ = 16, x2 = ¢ i x ¢ U. 3pigew G = U<x>.
Ocklankn G' € <c>, ro [a,x] ¥ <c>. Bes mopymemms saranssHOCTI
Moxna praykatH, mo [a,x] = b. [Toknagemo X = <x> i omepxmmo, mo
_ — rpyna Tany b poarnaayeanol reopemn. Heofxigmiers nopegena.
Hoemamuicme. Hexat G — rpyna ogsoro s tumis 1—5 Teopemm.
Toai /G/ =p", n > 8, p — mpocre umcno, G' — rpyna Tuny (p,p).
danumaerhcA moxkasatd, mo G — VIHIH[ J-rpyma i sci enememTn
aky p 8 G manexxats G'. 3a macmiakom 1.1.7 8 rpyni G rommoro 3
teniz 1—8 reopemm G' mictETh BCi imBomonii i G' < Z(G). B caay
'_11] aci enemenTy nopAAKy 3 rpynme G tany 4 manemxarts G,
lMoxaxxemo, mo i 3 rpymi G Tuny 6 meopemm Bei imBoO/mOnIl
manexars G', Jlificmo, mexadt ne me tax. Tomi G mictars d, /d/ = 2 i
<d> N G' = 1, Jlerxo Baunta, mo G’ = w(U) = <at> x <b>, at = x2 ¢
2G). 3posymino, mo d = alblxk. Ocxinexu d 2 G', To d ¢ w(U). 8siacs

— menapme wucno, [Ipaoycramo, mo i — mapre umeno, Toai d € @ x



a'bla’blx?*d;, ne d; = [x*,a'] | d; me mamemmuTs mEx iuHik oian

<a>, Mokaagemo x2kd; = d,. Bpoaymino, me <ds> N <a>=1 i ¢
(a'b)2d, = a?b? [a,b]iid, = a%id;, ge dy = [a,b])id; = atlid, § <d
<g> = 1, 3eigcn /dg/ < 2. Ane Toxi npu menapuomMy i /a%/ = 4, Ta
ygnoM, a2l d; # 1 i Tromy d? # 1, mo memoxmumaso. Orxe, i B
iy & »ei insomonil manexats G'.

[Toxameno, mo G — VIIH[ }-rpyna. B reopemi 1.4.1 scramons
mo rpyna G koxmoro s Teniz 2—4 e masite IIH[ J-rpymow i 70
VHIH[ }-rpymomo. Orxe, sanrmaeTscs NoxasaTe, mo rpyna G
yu b € YIIH[ J-rpynow.

Hexaift /[A;B]/ > 2. NNokaxemo, mo [A;B} 3 N 2 G, fximo A 4
B 4 G, 10 noknanemc A = N uz B = N i ogepxumo, mo G — VIIIH
rpyna. Tonmy B nogamemonMy OGyaemo BpasaTH, mo A 4 G, B 4 ﬂ,.
1, B> G i B — mnacma memaxcmManssa migrpyna ¢ G. 3posyM
mo G’ N B = <f>, /1/ e (1,2). Hexait w(U) = <c> » rpyni G Tany |
rpyni G Tany b <c> = <a'>, Toxpi /e/ = 2 i ¢ e Z(G). IIpamy
mo <¢> N B =1, B rpym G Tany 1 [G:Bl> /U/ i an=a
poarnaaysamux tenis [G:U] < 8. 3sigcn /B/ = 8, G — rpyna
reopeMn | B — rpyne xsarepmiomis mopaaxy 8. Tomi /A/ = §
suaumTs, A < Z(G), mo memoxumeo. Orme, ¢ € B. B rpyni G man
/G/ =82, /B/ =8, [A/] =2, <c>NA=1itoMy <c>xA=0G'&
mo resoxuieno, JJocrarricrs gaa rpyo G TEoy 5 TeopeMm® moBeneHaE,

Hexa®t G — rpyoa teoy 1 Teopemu. 3poaymino, mo G = ::.-:_
w(U} x wiX) < Z(G). 3pincm ana Gyas-axoro enemenra g 3 G g2 e | .
1, aEaunTe, B — Heuuxaivma rpyna. Ockimexkz B * G, To 8 B
oxma iwsomonia, i Tomy B cmay rteopemm 12.5.1 a[64] B —

wkeerepaionis. Toxi /A/ = 2 i, smaumts, A < Z(G), mo meMOMIHN



e wm a 2.2.4, Hexemazamiaemonost VI[H[ ]-zpynu G nopsdxy
. wo mawomb nidzpyny M muny (ppp) G' <« M. p — doalanne
me \ucAo, Maoms suzasd G = UX, U = <a> A <b> 4 G, /a/ = p*,
) = p%, B> 0, /X/ > 1 ma auNepnyombca zpynasy munie:
1)G=UMNX, X =<x> /[2/=p. > 2, [ab] = @, [bx] = L
gx] =b";

2) X = <x>x<z>, [b/ = [2/ =3, faf = [x{ =8, [a.x] = b, [bx]=
- x%, [bz] = [ab] = 1, [a.2] € <a?¥>,

Hoeedennn. Heobxldnicms. Hexai G — mocaisxysana rpyna. 3a
nenoie 2.2.8 G micTHTE HEAOPMATILEY seabeneny miarpymy X = <x> A
o>, /x/ =% A> 1, [y/ = P [xy] = 3P = ¢ € UG), [Xe<e>] > 4,
w(X) = N < G, marpyns @parrini Bcix DEKTINEEX Ta Beabene BEX
mwaﬁnnpunmnilﬂ. uduemmnupmrpaﬂmamnﬂ
{ G me micTETs mealenepux mATPYD HOPAAKY B ra mealemenmx miarpyo
nopsnxy pd 1 excnomentn p. Hexaif C=Cg(N). Toni C < G = CX =
C<x>, C N X = <xP>x <y>, C N <x> = <xP>, [G:C] = p. Bpoaymino,
mo N < Z(C), w(C) = N x <z> = M, /z/ = p. Ockimexn X ¢ G, 70 [G:X])
>p i M < C. Hexa#i u € C\M. Toai /u/ = " i aa nonepeamiv y > 1.
w(<u>) < Z(G). Hexalt N n <u> = 1. Toxi aa nemow 2.2.8 wi<y- x
<>) = <y> x wi{<u>) 4 G, X N (<y> x wl<u>)) = <y> 4 X, mo
:Eunmlnn. Orme, N n <u> = N n P{<u>) = wi<u>) « ZUG).
Ocximexn N + Z(G), To w(<u>) = <c>. dpoaymino, oo migpyns C

wictars V = <u>M = (<u> x <y>) \ <z>. 3sigen [u,2] € N = <e> ~

<y> < Z(C).
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DOPYIMEHRA JArEALHOCT] MOKHA BaaTH, mo [u,z]) = y. Jlerxo 6a "
mo V' = <y>. 3a reopemorw 1.2.2 V 2 G i tomy - y» a G, y € ZIG
ne Tak. Omke, [u,z] € <c». Tenep ans 6yar axoro enementa f 3 M .'
G micTurs nigrpyny <u> A <f>, /f/ = p, y axol 2a nonepenmin wi<
A <f>) = <¢g> x «f> a G, dpoaymino, mo M/<c> — ne
miarpyua o G/<c>, axa micTaTh KoMyTANT G/<c>, Ocxkiabxn ',-
meMeTaramMinsTonona rpyna, o /G'/ € {p?,pl).

Hoxaxewmo, mo /G'/ = p?. Axmo G — 2-mopommena rpyna,
nmopomcenow Gyae i G/<c>. Ane toai o ymosu G'/<c> = Z(G/<¢e
sanmIMBae, e /(G/<c>)/ < p | romy /G'/ = p?. Hexalh aani i"_-
NOPOARYETHCA ABOMA enemeHTAMEA. [Tokamemo, mo C/<y- ne micrs
migrpyns ksavepuiomis H/<y> nopaaxy 8. IHificso, sexasi ue me 7
Tobro H/<y> — rpyna wxsarepmionis nopaaky 8. Ockigsxkn G
MICTETH rpynm KsaTepHiomis nopsaxy 8, ro < ¥ > Hi} AONOBHIDETHCA
B cuny teepmxenna 1.1.11 2 [TT]H = <x)> A <y;>, /x;/ = v/
xy € C\M, y; € C\M. 3a nonepeanmin, x! = y!, o wemomanso. O3
C/< y> se micTnTs niarpyna ksartepuionie nopaaxy 8. '

Hexalt C/<y> micturs miarpyny H/<y> = <<y>rxy> A <<ysy a0
/%1/ > p, /<y>yy/ # 1. Toni ua nnuamnﬂiu- YT N o<x - =i
<y>N<y;>= 1. 8eigca H = (<y>x <xy*) A <y > { w(H) = M = <
w(<x1>) x w{<y;>). Ocxinexm /%,/ > p, 10 oa norepeamin w(<x;>
<¢>. Hemo, mpe w(<y;>) N <¢> = 1 | a2a gonepeanim /y,/ =
HNpaoycrumo, mo /G'/ = pd. Tomi G = M. Hexaflt C/cy>
MeTamEKIiwEa rpyna. Owesmamo, C/<y> wictmrs niarpyny M/<p
reny (p,p) i enememy <y>u, /<y>u/ > p. Toni [Cl<y>) > p’
smRMATE, C/<y> = H/<y>, Ocximsxkn M = w(H) = w(C) < ©{G),
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peMeTANMKMINHA rpynea. 3elaem C/<y> wietmre mMimimansry
gemeraunxsuyny niarpyny F/-y-, axa aoxe GyTH rpynow OABOTO &
rurin 1 --5 Tteopemw 1.3.3. 3poaywmino, mo F — HeMeTALKK /i YHA
. AKA MICTHT: MiRINAARHY HeMeTAUEKAIYAY niarpyoy D TteEx xe
runis Teopemuy 1.3.83, 3a Teopemow 1.83.4 D aGIF oG, [lpa D' = <y>
i FF = cy> naemo y € Z{G), mo HeEMOMJIHABO.

Mpuoycruso, wo exp{F/<y=>) = p, Tofro F/<y> — rpyoa Oy 1
reopemn 1.3.3. Toal ea oonepeaunim ans Oyae-akoro h o F\<y>
«h>~-y-=1 i /h/ =p. Bslace exp(F) = p, /F/ = p%, mo
penomausa. Orwe, exp{F/-y>) - p. 3a oponepenuin, F/<y> me momxe
Oyra rpynow Temy 3 um 4 Teopemm 1.3.3 (F/<y> me micrture rpyn
KBaTEPHIOHIE NOPAAKY 8).

Npamycruso, mo F/<y+» — rpyna taoy b reopemu 1.3.3. Toal
Fi<y- micrurs H/<y>, ae H/<y> = <<y>x|> x <<y>y;> — rpyna
oy (4.4). 10 3a DonepeaHiM HEeMONTHBO,

Hexast, mapemri, F/-y> — rpyna teny 2 reopenmu 1.3.3. Tonl p =
8iD — rpyna tTauy 2 reopemm 1.8.8, /D/ = 84, /F/ = 3% 3a
smow 1.3.4 G/D — aGenepa 3-rpyna. 3sigce M < w(D) =D’ | /D/
= §, mo memommnso. Orxe, saswman /G'/ = p%. Bsigca M\G' micrats
,/d/ = p. B cuny veopemu 0.2.1 a [TB) G = K A <v>, w(G) = w(K) x
<v>)=M, wiK) =G, G' = K' [K,<v>] < K | exp(K) > p. Mommual

g 1) K — weranpmemyma rpyna; 2) K — memeraumkmuma

Bunadox 1. ¥ ouony eunaaxy K = <a»><b>, /a/ = p*, /b/ = p’, a >
0, 0. /K'Y € {l,p}. 3a nonepeamim, K meisomopdsa rpyul
reprioHiR mopaaky B. 3poaymino, mo K — abenesa rpyna 4m rpyna
Miziepa — Moperno. 3sincm OGea DpopyimeHES J&rAABHOCTI MOMAA



[v.b] € (<aP> A <v>) N G' = <c>. Hceno, MO [a,v] € (<aP> A <v>)
- <o i, auAaunTs, G' = <e>, mo wenoxanso. Orxe, a < 3. INpu K*
@ > 1] tomy a = 2. lIpr K = 1 6ed nopylienss SaraibHoOCTi
pmaxats, mo @ > P > 0. Ocxinsku exp(K) > p, To a = 2, 3siacu |
{1,2). Moxnusi BHNAIK®: 1.MK =1;1.2)K' = 1. | |
Bunadox 1.1. Hexaii B = 2. Toai ' = w(K) < Z(G), vP € Z(G), W
- w(K) x w(<v>) = M + Z(G). 3niacu /v/ = p i romy G = KX,
p, [X:(K n X)] = p. K n <y> = 1. ficno, mo (K n X) < el
nonepeaninm, w(X) < G. 3siaen X = (K m Xiw(X) a G, mo BeMO?
Orwe, § = 1.
iTpa /v/ = p /G/ = p* i G — mMeraraminkTOHOBA IPyna, IO HE X
Tomy /v/ > p. Axmo [b,v] = 1, T0 b € Z(G). Sfxwmo /v/ = p-,
icaye miarpyna X, = <b> x <vP>, Bapnakn nemi 2.2.3 w(X,) =
wi<v>) <« G. fAcno, mo K N w(X,) = <b> a G | romy b € Z(G). Ox
aamwxan b € Z(G) i.M - —aP> x <b> x w(<v>) < Z(G), mo HenmOAAN
dsiaen /v/ = p%, [b.v] # 1 | G micrars seaGenesy miarpyuy (
<b>) A <v>, xomyrant axoi <[b.v]> < Z(G). Tomy [b,v] = a®, 0 <
p. Bea MOpymeHHA JMrANBROCTI MOXHKA BBAXATH, mO [a,v] = b. & 5
G = <av> /G/ = p° /X/ = p, /x/ = p*. Axmo KX = G, 10
paniwe npu } = 2 X < G, mo ne TaK. Orxe, KX < G, Toai KX =
<yP> — penesd TPYNA, MO IHOBY Ne TAK. BUDAIOK 1.1 seno '
Bunadox 1.2, ¥ upomy smnaaky [a.b] = aP. Hexad f} = 1. Hx
eupanxy 1.1 /v/ = p?, [lpu KX = G ozepxaM0 G=KA<x> /KD



Orme. KX < G, KX = Xg = K x <vP>, Bpooymino, mo p > 2, w(K) =
wiX)=0' | vomy X @0, mo EeMOKTHBO. Taxum umuos, [} > 1 i ToMy
wiK) = G' = <a?> « w{b>) < ZG). Ocxinpxm M = w(K) x w(<v>) ¢
20), To w(-v>) = <v> | /v/ =P He mopywyoNE saraJhHOCTI MOMES
G=KX1KAn X = <x> fcmo, mo <x> 4 K.

PUKATH, MO V =¥
Balacw 8> ~ <x> = 1, ®(K) < Z{K). Tomy x # d(K). Ane Togl K =

v4+ A «x >, Ben popymenms SEraABEOCT] MOXHA BBAMATH, mox=b |
by) = b*" . Ocximxn w(X) = w(<b>) x <y> < G, T0 [a,y] € w(<b>).
flemo, mo [X:wi-b-)] > 4.

Mpenycrnmo, mo (a.y] = 1. Tomi O micTETs marpymy <a> x <y-.
Bs newon 2 2.8 8P~ s 7y> aG. flewo, mo (<aP> x <y>) N <hb> = 1.
gsiacx [b.y] = 1, mo memoxcamso. Orme, [a,y] = 1. 3 mBOro BRILTHBAE,
wo [0,y] = [b.yP. ne | — mexpaTme p. [Mosaazemo by= a'b. Toai [by,y]
-1, by = /b = ¢, <by> N <a> = 1. Tomy Oes DOPYIICHHA
sarassEocTi womua smaxarm, mo K = <a> \ <b,>. Mpm p = 2 B cany
yoopenins 2.6.2 8 [77] G — weTaraMimsTOROBA FPYTA, mo me Tar. 3siach
> 2 wi<h>)= wi<b>) = <[a.y}>. [loxnageno b=b,x=yl
onepwumo G = (<a> A <b>) A <x> — rpyoa TRy 1 pPOSTAARYBAHNOL
yeopenn. Bunagox 1.2 posTAREYTO pomEicTIO.

Bunadox 2 ¥V usoMy BROAIKY K wietem Mipiuamay
peMeTANMWILiAEY OATPYTY D. axa moxe Oyrs rpynom OfBOrO @ TRIOIE
1—6 reopen= 1.8.3. Ba nomepexmin, D me :xoxe OyTE rpymnow MOAROTO
syamn 1, 8, 4 arasamol TeOpeME.

Htulﬂ- rpyna teuy b Teopema 1.3.8. Toai w(K) = G =D =
wiD) < Z{D). p = 2, G' — rpyua TEOY (2.2). ann wcaxoro g 8 G g* =

2(G), D sucrwrs enewerTe d; | de Taxi, mo /d;/ = fe¥qf v, Of =

141



sanoBONERAe ymMOBY TeOpeMmu £.2.1 | mome Oyrn aume rpynow

wn 3 araganol reopemu. Toai exp(K) = 4. Ouesnano, mo G = KX, |
K i oMy X = (K n X) A <y>. Jlerxo baunts, mo X' < K N X i (K
X)/X' — npuxmuma rpyna. Beiacw | K n X — npuxaluna y
Ocrinexn exp(K) = 4, 0o /K n X/ = 4 | romy /X/ = 8,
HeMOXHA0, ockinekm G me micreTs niarpyno aieapa nopaaxy 8. C
D — moxe Oyrm nmme rpynow THmy 2 reopemm 1.8.8. 3eiace D' =
=K' = w(K) = w(D) £ ZD). Hcno, mc K sanosonnnae ymony
2.2.1 | mome OyTH nume rpynow Teoy 4 sragamol Teopemm, Tobro D
K = U<u>, ge U = <a> x <b>, /a/ = /u/ = 9, /b/ = 3, [a,u] = b, [b,
= af = uf, w(K) = <a¥> x <b>, w(G)' = M = <a¥> x <b> x w(<v>), |
Z(K). llpm /v/ > 9 8 G icuye niarpyna <v®> ) <b>, Basaaxn 16
1.2.8 wi<v®> A\ <b>) = w(<v>) x <b> <« G. 3migcm <b> a @,
nemoncnmeo. Omxe, /v/ € {8,9). Bpoaymino, mo exp(G) = 0.
Hexait A = Cy(G'). Toai A a G, [G:A] = 8, A = (<a> x
<viz)<f>, f # 1. [Ipunycrnmo, mo /v/ = @, Toxl /f/ = 9. fAx | panis
anasnt C omepammmo, mo w(<a>) = w(<f>), [a,f] € Z(A). Hcwo, |
amafigersca Taxe |, mexpatne 8, mo /af/ = 3 | alf ¢« M, 1
Aemoxaso. Orme, /v/ = 8. Bes nopymemma saramsmocTi
BRajxarH, mo v = y. Jlerxo Savura, mo [b,y] = 1 i A = U A <y>,
ponepeamiM <a?> x <y> = <uds x <y> a Q. 3miace 8 G ice
miarpymm <a> A <y> | <u> A <y> | rony [a,y] € <a?>, [u,y] e
Axmo [u,y] = 1, T0 noxaaxemo y = z. Ilpunycrumo, mo [u,y] = 1.
[u,b] = u8, [u,y] = u®, | — mexpatme 8. [Toxxagemo x = b'ly. Toxi f:

= 0,6 =K )\ <z> [u,z] = 1. Tepencouaummo u ma 1, <x> x <g™> §



poarnamyro. HeolxinuicTs gonenena.

Jlocmamuiems, Hexat G = UX — rpyna Oogmoro @ rams 1, 2
socrnxaysamof Teopen. Toxd /G/ = p?, U = <a> A <b> < G, /a/ = p?,
b/ =p B >0, G = <ab> x w(<b>) « M = G’ x <y> < G, ae » rpymax
Grany 1 y = x, a s rpynax G Tany 2y = 2 i M — rpyna tany (p,p,p).
['pyna G Teoy 1 MICTETE HEBOPMANLEY meabenesy miarpymy <ab> A
<y>, & rpyna G Tany 2 micTuTs memopMAisHy Heabeneny marpyomy <x>
A <by>. 3miacm | oA OsHAuYEEHNM METArAMLIRTOROBEX TIpyH g —
geMeTAraMinsTOHOBA I'PYOA. :

Hexali /[A:B)/ > 2. Moxaxewmo, mo [A;B] 3 N < G. Axmo A 4G um
Ba(G, to noknageno A = N ua B = N | »sce nomexeno. Tomy B
popansmonmy Gyaeno spaxartu, mo A 4G, B4 G, A =1, B — Baacea
pemaxcmMansua marpyna s G, G' N B = <¢>, /¢/ € (1,p), /B/ > pe.

[Ipmmycramo, mo /¢/ = 1. Toni s ymomm G' = wilU) UnB =1,
Ockimxm [G:U] < p? i /B/ > p?, 10 ogepmamu cynepeunicrs. Orxe, /c/
= p. Jlerxo Gaumrm, mo ann Oyas-AKOro g @ G gP € Z(G). 3 oworo
sxmnwsae, mo B — memmixiume rpyna. Jlerxo nmokasatrs, mo M =
w(G). 3sizce G me wicreTs miarpyn alespa HOPAAKY B, meabenesmx
plarpyn nopaaxy p? Ta exCnOEERTH P.

Hexa#i B — rpyna xsarepamionis nopaaxy 8. Toai A = ®(B) i G —
rpyna TRoy 1, A =B <G = wiU) < Z(G) i Tomy A a G, mo BE TAK.
Bsizcn w(B) — rpyna tany (p,p), /B'/ < p. llpp p = 2 G — rpyna
rany 1 Teopemm, Bci imBomomnii 3 B manemars w(B). 36 HacniaxoM
11.7 B — meranmxaiyma rpyoa. [Ipe p > 2 3a peayabTATOM 3 [66,
211] memeraumimiuna rpyna B aictmre 860 migrpyuny TOpHIKY p? i
eKCTIOHEHTH P, INO B HAINOMY BHIAAKY HeMOXK.IUBO, afo HIATPYIY TADY

2 reopesit 1.3.8 i G’ < Z(G). 3posymino, uo G — rpyna Taay 2 nemnu,



MeTAnuKaiuEa rpyna. Jlerxo Gaumrm, mo B = cu A v, w/f

w(<u>) = <¢> | B — rpyna reny b reopenm 1.1.1. Butaca U n <
1. Mna rpyn G koxmoro s Tois semm /v/ = p, A « N = - uP> u s
Orme, A > 1.
Hexalt G -- rpyna rany 2 nemm. Toai <c - = <ad-, fu/ = 8,
Syas-axoro f s M <e»<f> < Q. Bolaem c>« -v-=NaQ, mo#
Gyno AoBeCTH.
Hexak G — rpyna Tany | pemmw. Toal G = U A <v»> = UB
gopymenss saransmocrl moxua ssaxarm, mo U B = <u-. Ipa
> p? w(<u>) = w(<b>) = <c>, Ane [U,"v>] = <c- Oalgcm <c>x
aG il Toy N 2, no & rpeba 0yao aonectTs,
Hexa#t, mapewri, /u/ = pi. Toal u = a'b). Oexianxn p > 2 | €
Z(G), o /b/ < p?. Bpoeymino, mo /a'/ « p?. Axwo (i,p) = 1, vo ¥
alPblP @ <b>. Belack <u> N <b> = 1, Ocxineks [u,v] = [a'b,v) = |
- h*F'_', ™ B = lthFH > 3 <y} A Ty — HEOMOTALRMAIYEA rpyna,
me Tax. [lpa (L,p) » 1 /b)/ = p2. Ase Toai uP = (a'b)p = 2'Phi¥ = bt §
<y > mictETe w{<b>) = <¢>» w(B)=:¢:s+v-al
INoxasxemo, mo u € Z{(Q). [liicmo, < aP> « <bP - & Z(U), vo
Z(G). Ocxklnnkm /bl/ = pf, P » 2, vo (jp) » 1. Tam bl & Z(G) |
e Z(G). 3pigcu B = <u>w(B) ¢« 0, mo cynepeunts subopy B.
sanman [A;B] 3 N 9 G, voéro 0 — VYIUIH[ }rpyoa. [ocrar
popepesa. Jlema qoseleHa.
Teopema 222 Hexmemasamiaemonosl YIIH][ ] epy
nopadxy p*, w0 mawme nidepynu .muﬂu (ppp) p — Goslasne np
NUCAO, MAOMY SUIARG G = UX, U = <a-<b+- @, ’a/ ¢ (PP &

P f>0, X #1 masuvepayomecs ipynasu riunis;



[ab] = a?, [b,x] =1, [a.x] = b"";
2) U = <a> x<b>, X = <x> x<a>, [b] = [2/ = 3, [a] =[x/ = &,

fa,x] = b, [b,x] =a® =28 [bz] =1, [a,2] € <a’>;

3)G=UMX, X=<x> /af = [bf =8, [<a>n<b>/=[x/=2D
lgp = a!, [bx] = I, [a,x] € <a¥>,

Josedennn. Heodxidnicme. Hexait G — aocaimxysasa rpyua. 38
.n!ﬁum 2.2.3 sci enemenTR nopAAKy p Hepemars M < G, ne M —
mixarpyne oy (p,p,p) @ G i G/M — peperingosa rpyma. Mo sl
smnaaku: 1) 0 <M; 2)G' £ M,

Bunadox 1. ¥ npomy Banaaky saspaxu jemi 2.2.4 G — rpyoa Tamy
1 urn 2 posrnaayeanol TEOpPEMA.

Bunadox 2. ¥ nsomy sunaaxy G/M = H/M x D/M — raminsToposa
myna, ae H/M — rpyna xearepulonis DOpPAAKY 8, DM —
gnememrapua abenesa 2.rpyma. 8sigen G = HD, HnD =M, H<G, D
< 0. Bpoeyxino, mo H — crximuenna meaGesnesa 2-rpyma, ARA MicTETS
popMansay niarpyny tany (2,2,2) i Axa ea TeopeMom 1.2.1 e VIIIH[ }
Pynoo.

[oxasxemo, mo H — memeraramimsromosa rpyna. [Iiicmo, /H'/ =
gm m > 0, Ocxinsxn sel impomonii 8 G, a Tomy i o H, manemars M 1
G/M — meafenesa rpyna, to H' — neesemenTapma aGenesd rpyua {
yony m > 1, Tpanycramo, mo H — meraraminsrorosa rpyma. Tonl sa
reopemow 2.1.2 H wmome Oyrm meranaiiiuforo rpynom THimry 2
pranamoi reopemu, mo memoMiamso. Orme, H — meMeraramliinroropa
rpyna. Ba macniaxom 2.28 H = (<a><b>) A <x>, /a/ = /b/ = B, /<a>
Noh>/ = /x/ = 2, blab=al [bx] =1, [a,x] € <gi> M = N x <x>,
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.w{<b> A <d>), [b,d] = c. Basaaxu neni 2.2.8 N < G.
IMorkaxemo, mo H = G, rofro D = M. Hexalt ne me tax. Toni

MicTHTE BHeOARHRuYHEE enemenT u. Ockinsxkm Bei iEBOMROUIL
manexars M i D/M — enementapna abenesa rpyna, 7o u’ € M, /uf
4. 3a nemow 2.2.8 <u?> 4 G i romy u? e Z(G). 3posymino, mo -
<a?>, <a?> 4 @, <¢> = w(<a?>) < Z(G).
~ Hexak <¢> = <u?>, Toai G micrurs niarpymy Q = <a? u>, /Q/ =
Ocxinexkr G/M =~ H/M xD/M, /a?M/ = 21 /uM/ =2, 7o @ "M =<
I ¢ — ennma insomonia o Q. 3siace B cany Teopemna 12.5.1 a [64]
rpyna keatepmiomie, mo cynepeuuts nemi 2.2.8. Orxe, <a> N <u?
1. Ocrimexn u? € Z(G), N ¢+ Z(G), 7o N n <u> = 1, Basasxa ne
2.2.8 <b?> 4 G, /b = 4, i Tomy ca Tiew x semow B G icHYN
BopmaneEl migrpyma <b?> )\ <u> | <b><u>. 3sigcn (<a>
(<b><u>) = <b> g H, mo memoxcmso. Orke, H = G — rpyna
poarnanyeasol reopemu. Heobxigricrs nosenena.
Hocmamuicms. Hexait G = UX — rpyna oamoro a Tamois
poarnsaysaBol Teopemu. Toai /G/ = p?. Ina rpyn G xoxmEOro
1, 2 pocrarmicrs gosenema B nemi 2.2.4. Hexadt G — rpyme :
reopemu. Togi p = 2, n = 6, G' = <a?>, G micreTs migrpyny M = <
x <d> x <x>, ne d = a%b?, <b> ¢ G. Ocximxm [b,x] = 1 i [d,b] =
= g% = b4, 70 B G icEye neaGenera memopmameaa mixrpyna <b> A <d
3sixcu G — memeraraminbromoma rpyma. IMoxaxemo renep, mo G
YIOH[ }-rpyma, o610 ans /[A;B)/ > 2 [A:B]3N <G. Axmo A < G
B < G, 1o moxsnazemo simnosigmo A = N wa B = N i sce gosese
Tomy B nogansmomy Gynemo spaykata, mo A 4G, B4 G, A=1,
4, B — pnaceEa meMaxcumamsua migrpyna s G, <a> N B < <¢> = <
daysaxumo, mo exp(G) = B. Hexalt Z = <¢> x <d>. Owernmzmo,



¢ ponoprwersca 8 G, [G:<a>] = 8, /B/ > 8. Orme, <a> N B =11
oMy <a> N B = <c¢>, .

[Ipunycrumo, mo B — nuxaiyma rpyna. Tomi /B/ = 8, /JA/ =21
gerxo Gaumrn, mo <c> = A, mo Hemo)xmuso. Orxe, B — menuKaiuHEA
rpyna. Ba nonepennim, d ¢ B. [Toxaykemo, mo c € w(B) -— rpyna THIOY
(2,2). Hexait uel ge taxk. [Ipu /w(B)/ = 2 B — rpyna KBATEpHIOHIE,
fixmo /B/ = B, 1o <¢> = A < Z(G), mo HeMOXKJHBO. Ocrinern B/<c>
— miarpyna o G/<a> | G/<a> — abeneea rpyna, TO /B/ = 16, B
wleraTs Sinpme nim ogmy igponwonio.

Hexaii f € G\M i /f/ = 2. Toai G micTurs nmigrpyny M; = M X=t=
M,/Z — rpyna Tany (2,2), mo =e micrars a2Z, /a%Z/ = 2. Bposymino,
moG=UM, UnM=2Z, U= <a><b> M = 2 x <x>, G/Z = U/Z «
M/Z, ne U/Z — rpyua xparepmiomis mOpAAKY 8, mo MicTHTE eNeMeHT
;_;iz, M/Z = <xZ>, w(G/Z) = <Za?> x <Zx> — rpyna THNY (2,2), mo ue
MlcTRTE enaua;a-r Z1. Cynepeunicrs. Omxe, el impomonii 6 G HAnexaTH
M | romy w(B) = B " M — rpyna rany (2,2). 8posymino, mo exp(B) >
9. Jlerxo Gaumrm, mo Aax Oyxs-axoro enementa g 0 G <gi> 401
M/<c> < Z(G/-c>). Bslace w(B) = <e> x <v>, v/ = 2 { w(B) <4 G.
fikmo A — enemenTaprA abenesa rpyna, TO A<wB)=Na4aG, mo il
tpea Gyno posecrn. Tomy B nopansmomy OypeMo BBaaTH, 10 A} =
2. Toxi /B/ = 16, B’ <« <c>, 8 B tpn insomionii. Ba macnigxom 1.1.7 B
~ neranuisiusa abenema rpyna um rpyna Mianepa—Mopeso, mo ne
wictnrs nigrpyn xearepmiomis mopamky 8. Tonl B = <a;> x <by>, ne
<py> M <a> micTHTh <c>. Bposymino, mo G = <a>B | tomy U =
ea>(U N B), <by> A U = 1, Bnigern /by/ = 2 1 /8y/= 8, Ba
':-mnape;miu, <al>a@, <a]>x <h;> = <al>w(B) = N 2 G. Bposyminn,

mo B -— rpynma tany 5 rTeopemMH 1.1.1, ana arof A < N. Orxe, | »



AoBeaenHa.

J e m a 2.26. Hexaiu G — 2-2pyna nopadxy 2% 3
thsomoylamu, axa micmums maxy uyeimpoasHy I[Hsoaw0 0 .
G/<e> — epyna muny (2,2,2). Todi G = Q x D, de Q — ¢p
xaamepnionls nopadxy 8, /D) = 2.

Jloseneras neMu BunmBae o Hacaigky 1.1.7. _

Haecainox 22.5. Hexat G — VI[H[ ]-zpyna nopadxy 2
rﬁpha.ua insonoylamu, axa Micmumv nildzpyny xeameprionis
<u,v> nopadry 8. Todl G micmume nidzpyny C = Q x <d> > G /d
2, P(Q) = <> < Z(G), /c/ = 2; npu yuralyuwoerni G' G/<e>
Micmums nidepynu xeamepilonls.

JHosedenns. Hexalt G — pmocmiamysama rpyma. Toal w(G) = N
<e>x<d>a @, fe/ = /d/ = 2, Bpoaymino, mo G micTETH miarpymoy €
QN. Beo nmopymenms saransEocT] MOXHA BBAXKATH, Mo Q@ N N = ¢ -;
= <c> | Toml C = Q A <d>. 3a recpenomw 1.2.2 C < G. Bpoaynisio,
C' = Q' = <c>. Beigcen ¢ € Z(G). Basnaxu nemi 2.2.5 C = Q x <d>.

Hexait G' < N. Toai upr uynxaivmocri G' opepxunmo, mo G’ = <¢
G/«~e> -~ abenera rpyna. Orme, B ubOMY smmEODAZKY =HA -::
AOBeneHEAH.

Hexaft G' ¢« N. 3poaymino, mo G/<c> — peabenena rpyna,
micTats oarpyny C/<c> rtany (2,2,2). Ipenyeramo, mo G/<c>
ramiseronosa rpyna. Toai B cany veepamemna 1.1.1 G/<c> wmien
miarpyny ksareprionis H/<c¢> nopaary 8 i G'/<e> = (H/<c>). |
<c> ponomuwerses 8 H, To H = <¢> = Qy, ae Q; — rpyna xsarepsiol
nopanry 8, w(H) = w(Q;) x <¢> = N i romy G’ < N, mo =e Tax.
=Cc>He ponopawoeTscA B H. Toal sasgaxue Teeprwennio 1.1.11 a [7

= <a> A <b>, /a/ = /b/ = 4, blab = a’l, ¢ = a?b?, Bsinck <c>H



0/«¢> — mepeaexlngoea rpyna, Ba teopemow 1.2.8 G/<c> me micTuTs

plgrpyn Trmoy (2,2,2,2). [Iproycramo, mo /(G/<c>)/ = 2. Bpoaymino,
‘mo C/<c~+ nigrpyna taoy (2,2,2) 8 G/<¢>, Axmo G'/<c> + C/<e>, 10
G/<c> wmicrmrs olarpymy G'/<c> x C/<c> tany (2,2,2,2), mo
WeMOXHBO B cHay Teopemn 1.2.8, 3sigcn G' < C.

Hexalt /G'/<ec>/ > 2. [Tlpunycrumo, mo G/<e¢> —
weraraminbrorosa rpyna. Toml G/<c> pajoBONEAE YMOBY TeOpeMH
21.2 | mome Oyrm ckimvemmor 2-rpymolo omoro o Tunis T—18
srajasol reopemm. B rpyni G/<c> xoxmoro s sragarmx tanis G'/<c>
= nesrpansna B 0/<c> enemenTtapua afenepa rpyna, Axka MicTaThCH B
Oyas-axift nigrpynd G/<c> ramy (2,2,2). Bsigcm G'/<c> < C/<e> |
youy Q' < C.

Hexa#t G/<c¢> ~ wemeraraminesromosa rpynma. Togl G/<c>
opONbRAE yMOBY TeopeMH 2.2.2 | Mome Oyrm rpynolw Teoy 1 um 8
praganol reopemn. B rpynl G/<c> tuny 1 sraganol reopemn G'/<c> —
enenenrapua afenepa miarpyma & G/<c>, Tomy, ax 1
pamime, G' < C. Hexa#h G/<c> — rpyna Tuny 8 reopemsu 2.2.2. Toal
O/<¢> wmae nuxalusnit xomyrasr nopaaxy 4, G/<e> =
(ccema><<c>b>) ) <<eox>, /<e>a/ = /<e>b) = 8, /<e>x/ = 2,
[<e>b) M <ea)<c-h) = (<e>a)l | C/<ec> = <<e>al> x <<c>a?b?> x
weo>x>, Balacn O = <c,n4,82b2, x>,

Mpanyerumo, mo <e> M <a> =1, Toal N = <¢> x <at>, Ocxlnpun
N wicrurs ncl inpomonii 8 G, 1o %2 = ¢ = (a?b?)2, Bpoaymisno, mp G' =
2> x <a?> | <> x <a> a G, Beigen <a?> « G | Tomy at € Z(G). BG
ienye uiarpyoma <a?> A <x> i [af,x] € <c>. Bpizem [aZx] = 1.
Ooxlnnxn <<cral> = <<esbi>, 10 <e> N <b> = 1. Ia ymoen [<c>x,

<c>b] = | sruAmPae, mo [x,b] € <c>. B G icave niarpyna <x> A <h>,



e (<e> x <a?>) m (<x> A <b>) = N. Bsigen G’ < N, mo cymepe:

snbopy G'. Orke, <c> N <a> # 1. Bsince a® = b® = ¢, <a> N
<pi> = <b?>, B O icaye miarpyma X = <a><x>, <a> N <x> < <@
[a,x] € <a%>. Bpoaymino, mo [X:<a>] = 2 i sa Teopemomw 12.5.1
fes mopymemEA SarassROocT] MOMEE BBaXATH, mo X = <a> ) <y
/x/ =2, [a,x] € <c> = <ab>, Bpigcm G = (<a><b>) A <x>. fcso, I
d% € Z(X) 1 Tomy at € Z(G). Bpoaymino, mo G micraTs mizrpymy ¥
<al><b?>, Bmosy {nib-unncnuaimm oiagrpyna 3 Y. B cany Teopel
12.56.1 6 [64] ¥ = <a?> )\ <z>, ge /z/ = 2. Bsigcn G mictaTs Gias
Tprox impomonifi. Cynepeunicte. Orme, G/<c> me moxxe Gytm
tany 8 reopedn 2.2.2. Taxen umnom, sapmae G' < C.

Hexai#t G' — nuxniusa rpyna. Togi C > G'. [Toxkamenmo, mo G}_I.
ae micTaTs rpyn xearepriomis nmopaaxy B. Hexa# me me tak. To
G/<e> micrmrs rpyny xeartepmiomin H/<c> mopaaxy 8. fAx |
mpe gomopmmmamoeri <e> 8 H i =megomosmmsamocti <c> B
omepmanmo, mo H'<c> — rpyna teoy (2,2), mo msanexuTs OEKM - "
rpyni G'. Cynepeuwmicrs. Orme, npm maxxismocri G’ =a
noeenenn#t mopHiCcTM.

Hexat G' — wenmraiama rpyna. 3a nomepenmina, G' <
[Moxamemo, mo G' < C. Hexalt ne me rmak. Topi C/<c> = (G/<e>
Banpaxn reopemi 2.2.2 G/<c> me mome Gyrm mEeMeraraMinsToHOM
rpynoo | Tomy [}:-”"n.‘.'- oAAOBOABLHAE YMOBY Teopenm 2.1.2,
reepokeraaM arol C/<e> manemures Z(G/<c>). 3eiger <u> 4 G, <€
4G 1, amaunTs, @ 4 G | Q < ®(G). Acno, mo Cg(Q) = Co(<u>)
al=v=) [GiCa(Q)] ~ 4, /Q m Cg(Q)/ = 2. 3sinem G = QCq(Q) i
£ M(Q). mo ne rarx. Oae, G' < C. Hacrdgox nosepennit.



wWo Micmumbs nlgzpyny KEAMEPpHIONI8 NOPACKY 4,1 U — HUK/IYHA
tpyna nopsadry Oiavue 2. Todl G mac euzand G = U A <x>, U =
<g><b>, fa/ = 2° a € (2,3), /b/ = 4, blab = al, a® = b2, /x/ € (2,4},
[a.x] € <a®*'> ma € epynow odHozo 3 munie:

1) G=Ux<x> [x/=2 a=23;

2)a=2, /x| =4, [bx]=a, [a,x] = aZ

losedennn, Hexalt G — pgocnipxysana rpyna. Toxpl saspaks
pacmaky 2.2.5 G micTuts migrpyny C = Q x <d> < G, npe Q — rpyna
xpaTepuionin nopanky 8, /d/ = 2, ®(Q) = <c> < Z(G), C > G' 1 G/<c>
 me micraTs oiarpyn ksarepmiomis. fAixwmo G/<c¢c> — neabesera rpyna,
0 B cuny teepagmesua 1.1.1 G/<e> — HeraminkTOHOBA Tpymna a
KOMYTARTOM DOpAAKY 2, axuil micrursea B niarpyni C/<c> Tuny (2,2).
Tomy G/<c> sagosonsuge ymosy Hacalaxy 2.1.2 1 mosxe Byrn nmme

rpynow ogrOro 8 Tunie 1—38 osoro Hacaiaky.

Hexa#t G/<¢> — rpyna tany 1 macmigry 2.1.2, Toai G/<c> =
U/<e> x <<e>x>, [<e>x/ = 2, U/<¢e> = <<¢>a> A <<¢>b>, /<c>a/ =
2 A>1, /<e>b/ =20, B> 1, <<c>al""'> = <<g>[a,b]>. Ockinbra G'
— muxniuEa rpyna, To ¢ € <a>, /a/ =2 a=A+1>2, <a> 4G, U
- <p><b>, <a> M <b> < <a?*'>, G = U<x>, U <x> = U n <x?> =
<a> M <x%> < <¢ >, 3poaymino, mo B G lcuye nigrpyna A = <a=<x>,
[8,x] € w(<a>) = <c>. B cuny reopemn 12.5.1 o [64] Ges nopymtenus
JRFATBHOCT] MOMKHA BBAMKATH, (0 A = <a> A <x>, /x/ = 2. flcwo, mpo
w(G) = w(A) = <e> x <x>, 8sigcn U micrars rinskn ogny imsosmonio.
B cnay teopemu 12.5.1 o [64) b? = ¢, blab = a'l, Ockinexn /G'/<c>/
=210 = <a?> 1o /a/ =8, Q= <a?h>, B cuny racaigry 2.2.5 Qw(G)

#= (= Q x <x>, 3sinca [Q,<x>] = 1. Bposymino, mo [ax]| & <>,



.nopanxy 8, mo semoxanrso (8 rpyui aieapa b imsonroniit). Ormxe, .:

= 116G — rpyna Tany 1 pooraagyeanol neMa.

Hexa# G/<¢> — rpyna tamy 2 macmiaxy 2.1.2. Toml G/<ec>
(<<c>a> x <<e>b>) A <<e>x>, f<<c>a>/ = 27 , vy > 0, /<<e>b3j
2 B e (1,2), /<<e>x>/ = 4, <c>a e Z{G/<c>), <c>[b,x] = <c>ad
Ockinpke G' — mExniusa rpyna, To ¢ € <a>, /a/ = 3%, a =y + l.:.
1, <a> <4 G. ficEo, mo B8 G lcmyrors miarpynm A = <a><b>, )
:.:a:u‘:::v. AN X=<a> w(<a>) = <c>, [G:A] = 4, x! € <c>.
Xy, = <x?>Q' micrars N = <¢> x <x;>, ae /x;/ = 2, x,
Bpoaymino, mo G’ = <a?"" >, Ockinskz [a,b] € <c>, 8 G TinbKE ¥
impomonii { x; # A, 70 38 A Tinaexs oxma imeomonia ¢. B cuny
12.5.1 6 [64] A — rpyna Rearepnionis nopaaxy 8. Baigcn b? = ¢ =
ficro, mo G' = <a>, [a,x] € <a®>, [b,x] = &, <b> N <x> « <¢> = <}
w <gd>, Axmo <b> n <x> = 1, 10 noxnagemo U = A i ogepxano,
G=UNAM\<x>.

[Toxamemo, mo [a,x] = a2, Mificwo, mexall ne me rTax. f
[a.x?] = 1, [x2,b] = [x,b}{[x,b),x){x,b] = ala'l = a2 = a2 = H?, Baix
micrars nigrpymy aleapa <b> A <x?> popaaxy B. mo memo:
Orxe, [x2,b] = 1, [a,x] = a? | oMy G — rpyna Tamy 2 poar
memn. Hexalt <b> n <x> # 1. Toal x* = ¢. 3poaymino, mo
[x2,b]} = ([x,b}{[x,b].x{x,b])! = (alfal,x]a!)= a?c = ¢l* &
Moknageno y = bx, Toni y? = bxbx = bx? (x''bx) = bx%ba = b2x? (;
Ix%h)a = bI¥xlcltia = eixZa., Ockimexm [a.x] € <c>, 10 [x%,a] =
Spoaymino, mo yv? ¢ 1, Ame y* = 1, Bmigcu /y/ = 4 i <y> N A
[Moxknagemo U = A, <x> = <y | ogepmamo, mo G — rpyna

pO3rIAAYBAHOI NeMH.



Mokamemo, mo ne memomanpso. [iflcmo, mexak ne me rTax. Tom G/<c>

w (Uj-¢e>» = <<¢-a>) A <¢-b>, ge U/<c> = <<e>u> A <<¢>v>,
Jererus/ = 2% A > 2, jeccovr] m [<c<cra>/ = f*:-:c}h:-f - 2,
ccrul’ | = [-e-u,re-v] = [<e>a,<c>b] = <e>[u,v] = <c>[ab],
[U/<e>,~¢>b]) = |. Bpoayxino, mo G’ < “u>, /fu/ = 2" a=A+1>81
0 < -u'>, Acwo, mo U = cu><v>, [Ui<u>] = 2. B cray Teopems
12.6.1 s [64] Gea nopymemnasx saraasmocTi MOXHa BBaXkatTE, mo U =
“u> A <y, /v/ =2 Fflcmo raxom, mo N = <¢> x <v> < U. B Q lcnye
marpyna A = <u-<a>, ana axoi, ax | gna oiarpyne U, saemo A =
<y> h<a-, /a/ =2 | a¢ U. Bolace a ¢ N, mo memomumno. Ormwe,
postaanysanull sROALOK Eemomausull. Jlema sosesena.
dAeoewma 227 Hexau G — YU[H[ ]-2pyna nopadxy Z" 3 mproma
Ilm.lnul.:.uu. wo aiemums nldzpyny xeamepnionia nopsdxy 8. Todl
G/ € (3.4) abo G = U<x>, U = <a><b>a(C, fa/ = /b/ = 8, /x/ = 4,
WNex-=<a>n<h>= <gi> blgh = a!l fax] = b, [bx] = addh?
Hosedenna. Hexallh ¢ — gocmipwysama rpyna. Toai G wmicrere
plarpyoy xsartepmiomiz Q = -u,v> nopaaxy 8. fAxmo /G'/ = 2, vo
aa gomenesma. Hexad /G'/ = 2™, m > 1. Hrmo G' — mmxmixna
mpyma. vo G sagososmmsme ymosy nemm 2.2.6, oa TRepIMenEAM SKOI
JO'/ = 4. Tomy sani G' — megexaivxa rpyna. 3a macnigxom 2.2.5 G >
C>G ,2eC=Qx<d> /d/ =2, w(Q) = DQ) = Q = <c> < ZGC), /c/
-2 w(G) = w(C) = <¢> x <d>, Armo G' — exemenmrtapna alenepa
rpyna, o /G’ = 4 i mema xomenena. Hexak G — meenemermrapua
rpyna i m > 2. Ocxinexn /C/ = 161 C > G' |, 0 /G'/ = B,
Bizowo [99], mo rpyna xmartepmiomia me Moxe OyTE KOMyTARTOM 2-

myne, ToMy G’ = 1 i G' = «u=» «d>, ju/ = 4, Tpuoyernso, o < .



avRuwRaNEBY. OBIACE RUDO <uUu-~ 49 U, AD0 V- 4 U. Tomy C/<gs

Menentpansua niarpyna raoy (2,2,2) a G/<c» | G'/<e> — rpyna ¥
(2,2). Tlpumycrumo, mo G/<¢> — MeraraMiIaTOHOBA rpyna. T
G/<c> aaposonbHae ymony reopemm 2.1.2 | mome Gyrm amme rpw
opuoro 8 Tenig 7, §—11 oragamoi reopemn. Tomy G'/<c> < Z(G/<
delacn <u> 4G,

Hexalt G/<c¢> ~— memeraraminsromopa rpyma. Toai
G8A0BONIbHAE YMOBY Teopemn 2.2.2 | moxe Oyrm namine rpynow
niei reopemm, y axoi G'/<c> < Z(G/<c>). Tomy <u> < Q.
eammaE <u> 4 G | <u>/<e> < Z(G/<c>). Bpoaymino, mo G'/<e
<u>/<¢> x <<¢>d> | <c>d e Z(G/<c>). 3nlacu G'/<c> — yemrp ’
8 G/<c> migrpyna tamy (2,2). fAx sragysanocs pamime, rpyna G/
~= rpyna ogHoro o Thoim 7, 9 — 11 reopemn 2.1.2 afo rpyna
TeopeMu 2.2.2. Tpyma G/<c> KommOro ja eragasmx Tumis aiow
netanrkmuny marpyoy U/<e>, ana axol w(U/<e>) = @Q'/<e>,
nonepearim, <v>/<¢> % Z(G/<c>) | romy v ¢ U,

Hexat X = UQ. 3posymiso, mo U n Q@ = <u>, [X:U] =
Ouesnano, mo B rpyml G/<¢> xommoro 8 vanis 10, 11 Teopens
scl imBomonil nemTpansml | Tomy G/<c> mome Oyrm amme g
runy 7, 9 reopemm 2.1.2 i rpynow tany 1 reopemm 2.2.2. Ina r
G/<c> srajammx tumis [G/<e>:U/<c>] = 2. Bsiacm [G:U] = §
smauuTh, X = Q. [lna rpyn G/<c> araganux tanois U/<c> = <<p>
<<c>b>, /<c>a/ = 4, [<c>a,<e>b] = <c>a? = <c>[a,b], /<e>b/ -
> 1. Bposymino, mo w(U/<e>) = <<e»al> x ccesb?’ ' > < B(U/<ed
D(G/<c>). fAcmo, mo U = <e><a><b>, /a/ ¢ (4,8), /b/ e {27,231,
= <u> x <d> s P(U). Momnani aunagrn: 1) <e> M *‘Lﬂ:“‘- 2 1; 2)

<a> =],



cgi> = <¢>, <aA> M <u> € <c>. Ocxlmexr G'/<e> = w(ll/<c>) <

0/<c>), To <al>/<e> < G'/<c>. Tomy bes NOpYmeHEA garanbHOCTI
MONHA BBAXKATH, U = a2, ficmo, mo U sicrmTs miarpymy A = <a> A
<> | A micTurs G'. 3slack G micreTs olarpymy V = A<v>, v £ A, V2
wc = a2, Ba momepexmin [u.v] = ¢, [v,d] = 1, [a2,v] = c. Tloxaanenmo
fbf - 2" Toni B € {y, v + 1), B > 1. Jnr rpyn G/<c> KOXHEOTO 3
POSrARLYBANEX THOIB [<e>a,<c>b] = <c>b?'". MomummBi BEUAAKH:
1.1) oiarpyna <a> ponopmwerscx B Uj 1.2) nigrpyma <a> He
gonosmoeTscs B U.

Bunadox 1.1.V meory sanaaky [a,v] € <c>x <b?' "> = N i /[a, v}/
<2, p=1y.3a nemow 2.2.3 wi<b>) < ZG) | romy N < Z(G). asiace
ad] = 1 1 [a,v] e ZV). Ane roxi [a?,v] = {a,v}* = 1, mo =e Tax.
Banagox 1.1 memommemil.

Bunadox 1.2. V usouy sEmazxy B =y + 1 > 2, ce=0b
:l’b"*'. Tlerko Gawmtm, mo U/<c> — rpyna OZHOrO 8 rauis 7, 9
reopemm 2.1.2, ans axoi <c>[a,b] = <c>b2, Ockimpke marpyuna <a> =6
gonosmwoersca 3 U, 10 <a> N <b> = <¢> = <y3>, | ockimxm G'/<c> =
c<e>a?> x <<e>b?> < HG/<c>), 0 <b?> a G i /<c>b?/ = 2. Bnincu
= 3. B cany reopenn 1.2.2 8 [TT] » mepoonritunosamill meTanmK i wHil
garpym U /U’/ > 2. 8sixcm [<a>,<b>] = <a?>. Aste Toni blab = a'l.
Spoaymino, mo <b?> we somommpwersca B <b?><v>. Ore, <bi><v> —
rpyna xsarepmionis mopauxy 8. Ocximkm ¢ € <b?> 4 G | <c>[a,v] =
<>b?, 1o <fa.vP = <b?>. Bes nopymeHsA gAraJEOCT. MOMCHA
ssamarn, mo [a,v] = b2, Bposymino, mo U/<e> — meabenesa rpyus i
romy G/<c¢> — rpyna TEDY 9 reopemm 2.1.2, y axol <c [b,v] =
<e>a?b™, ne t € (0,1).



ymors <a®> « G smnuimsae, mo - [b,v] - = < a?+, vobro [b,v] = a¥, |
nenapue umcno. [loxnagemo by = ab, Togl U = <a-<b, -+, /by =
[b;,v] = b%?, || )/ = 2, Bamisuswn b 5a b;, opepxmmo, mo [b,
= a%b?, Tomy mumna spataTn, mo t = 1. lMoxsasemo v =i ogepmmme
mo (G = U<x> -— rpyna a nevn. Banagox 1.2 posrasmyTo nosHICTO.
Bunadox 2, ¥V nsoMy sanaary <a> N Q= carmneer =], /af -y
<b> M <a> =] = <a> M <u-, Ax | pandine, paa rpyn G/«c > KOMBON
o poornspgysammx TEOis /b/ = 28, B 5 1, <c-[av) = ce-b?""
ZIG/<c>), B(U) = <a?> x <b¥>, u e D(U), expi®(V)) > 2, Bnince f
2, a omaymTe, w({<b->) = <e>, Tomy P G, [a,v] = b2
Bpooymino, mo Q' = <a?> x <b?’' ‘> = caf. ¢ <y Taxum ummom, s
lemye niarpyns <b> A <a?> a G 1 @(<b> A +a?+) = «b? . | youy «
a G. B O fcaye miarpyna <b¥><v>, y axit -b?» we gononmme
Ane toni <b?"'><y> — rpyna xsarepnmionis nopaaxy 8.
Mpauycramo, mo B > 8, Togl <bi-<v> —~ rpyna xsarepnion
nopaaxy Olasmme 8, are sapagsaxs Teopemi 1.2.2 mopmamnaa » 0. _'
voul ®» G lemye miarpyna <b=<v>, p axi® ularpyos <b= |
ponosEwersca. B cuny [64] <b><v> — rpyna xmarepriowis nops
Glnsime 16 o xomyramrom <b?>, /b¥/ > 4, mo memomanso, Orme, P » |
i Tomy Q/<e> me mome Gyru rpynow TRoy | reopenn 2.2 2.
Mommna spamare, mo af = d. fcmo, mo O micrars mlarpyny I
<bi> A <a>, [Noxaxenmo, mo G' = <d> » <b¥. <« Z(U). 3a reopemo
1.2.2 B a@. flcro, mo wi{B) = w(Q) = w(U) = N. [lorameno, 1mo N
Z(G). Nar usoro aocuts noxasaru, mo d & Z(17). Axmo [a,b?] = 1, N
[a,b?] = ¢ & Z(0) i <de> xapaxrepucrsuns nlarpyvna 5 B, Seiacn de
Z(G) i Tomvy d & Z(G), N < Z(G). Hexak [a,b?] = 1. Toni b? e« ZU

[a,b] & N, Ocximuru [N,<a-] =1, to {a,b]? = [a®,b] = 1 i, anaunts, &



(.b2] = (a,bP? = 1. Bsincm b2 € Z(U) i, smasmre, G' < Z(U). fleso, mo
renep [a,u) = 1. 3a ponmepensinm, fa,v] = b% 8a xOMYyTATOPHUMH
enissinmomennanu [74] [a%,v] = 1 = [a,v}* = b* # 1, mo meMOxMNEO.
Orwe, sunagoxk 2 =Hewmoxummsmil. Bci sAOAAKE poaraaryTi. Jlema
ROBejleHA.

Hacninown2286. Mpyna G sxasanoco & Aeml 2.2.7 muny Mae
moyno mpu Iraoroull,

Hosedenns. Hexalt G — pociimxysaHa rpyna. Togl G = U<x>, U
- <a><b> a0, [G:U] =2, /a/ = /b/ =B, [x/ = & U A <x> = <a> M
b> = <at> = <c» < ZG), blab = al, [a,x] = b [bx] = a®b?,
3poaymiso, mo wilU) = N = <¢> x <d> a G, d = a%b?, /d/ =~ 2, [d.,x] =
1, [a2,x] = [b%,x] = ¢. fixmo el iavomonii o G manemats U, o w(G) =
N i macnigox nosenesmii. Hexa#t G\U micTuTs ¥ i/y/=2.Topi G= U
\ <x ». Jlerxo BaunTs, mo sci miarpyms nopsaxy 4 o U HOpMATLEL, A8
penenTpasmseEl miarpyns G oxmoro 8 THHIB: <a?>, <b?>, N i manemate
plarpyad G' = <a?> x <d>, Bei puraival olarpyosE nOpAaKy 8o U
BEUEPTYIOTBCSH TAKHME mrpynamu: <a>, <ab>, <b>. Ockinexm b? ¢
%UG) i b2 € Z(U), To [b%y] = ¢. fcwo, mo y = ux), u € U. Ockimxs x?
tU.h’EZ{U]l[‘bz,ﬂtl,ml—nempmmiminl-l.
ApoayMino, mo y? = uxux = uxxuv = ux?uv = cu?v = 1, ne v = [u,x].
Mpw /u/ <2 v=1u?=11{romyc =1, M0 REMONIARO. Hexait /u/ =
4. Tomi u? = ¢, y? = v. 3a momepenmin, <u> € {<a?> <b2>}, [a%x] =
[b2,x] = ¢ i omopy y* = ¢ # 1, mo He Tax. Ommxe, /u/ = B. Ane Toai /u?/
» 4. Ocxinsku /c/ = 21 /y/ =2, t0o ¢ = u?v = u. Bsincw v = uf e
<u>. 3a nonepenHinM, <u> € {<a>, <b>, <ab>). Ockimska [a.x] = b® ¢
<a>i[b.x] =d e <b>, 10 <u> = <ab>, Ane [ab,x]} = fa.x][b,x] = bid =

a%hd = a® ¢ <ab», mo CymepeumTE YMOBI V € <u-. Onepatani



CYUEPOAAUCTI ANR BCIX MOMUINBEI OODANKIE U DOKAIYIOTH, MO
lmmomonii a3 G manmexars N = w(G), mo # rpefa Gymo mopect
Hacninox posepenn,

Jlema 228, Hememazamiavmonosa VI[H| | zpyna G nopad

3 mpeoma Ineomwoylamu, wo e micmums nidzpynu Keamepulon
nopadky 8, ¢ memayuxilunow zpynoiw. :
Hosedennn. Hexalt G — pocnlamysama rpyma. Toai sa 3 2
BOHA MicTHTh Healenemy miarpymy X = <x> )\ <y> raoy § Teope
1.2.2 /x/ = 2%, 4> 2, [y/ = 2, [2,y] = x* , w(X) = w(G) = w(<x>
<y — n;m,eu*rpu:.nn 2 G miarpyna tamy (2,2), <x'> x <y> «q|
Ioxamemo, mo G — meranmxniuma rpyna. [ificeo, mexal oe me _
Toai G mictars wminiMansmy memeranmmxmiumy olarpyay C, |
saoBONsHEAE YMOBY Teopemm 1.8.3 | moxe Oyru rpynow oxsoro s
1—5 araxasol Teopemm. Jlerxo Bawmrs, mo C — wmosme ByrTn
rpynow tauy 5 reopemm 1.8.3. I'pyna C arexamoro THROY Mae ol
H= <a> )\ <b>, /a/ = /b/ = 4, [a,b] = &%, <a'™'> — xapanrep
niarpyna 5 H. 3a meopemow 1.2.2 H < G, <a'> « @, <a’*> a G, wi
= w(H) = <a®> x <b”> = <a’> x <a’"> < Z(G), mo remonmBO. O
G — metammxriuma rpyna. Jlema posenens, |
Teopema 2.23. Hisvnomenmul nededexindoal YIUH [ ]apy
G euvepnyromscs apynamu munis; |
1) G = (<u> )\ <v>) x<z>, Ju) =p*, A> 1, jv] = p, y> 0. ,
f1,r), p t r = npocmi wucaa, fu,v] = u*" ';
2)G=C xQ x <z>, C - roxarsno yuxalyna 2 epyna, /C/ > 2, §
zpyna naumrpﬁ!nulu nopadwy 8, /2/ € {l,r), r — npocme wucao;
83)G = ((C x <u>) A <u>) x <2>, C - poxarvno yurxaluna
wu 2pyna xeameprulonis nop..té‘ny 8. [uv] = ¢ & C, fe/ = p, fu'
o.p') v/ € pp?) [Co<v>] = 1, J2/ € (1.1}, plr— npoemi v
1C ) uffv/ éfﬂ: npu fz/ =r fu} = fu) =p;



/b = p. [uv] = [ab] =", [ub] = [vb] = I

8) G = CF, C - aoxaavho yuxalynwa p-2pyna, su 2pyna
xsamepuionie nopadxy 8, [CF] =1, C N F = <c>, F = (((<c> x
<u>) A <v>) x<a>) A <b>, fuf = fu/ = fe/= [a]/ = /b/ =p, [uv] =
¢=[ab], [ub] = [vbd] = I; |
8)G = <a>h <b>, ja/ =8, /b) = 2%, f>0,b'ab=a;

7) G = <a> \ <b>, /a/ =8, /b/ =2, B> 0, b'ab = a*;
8)G=<a>h<b> fa/ =p° /b =p’, a>2 f>1 pa>6 blab=
ks’ .

9) G = <a><b> = <b><d>, Ja/ = p° /b) = p°, Jd] = p*', B> a >
2. pa>6, /<a> N<b>/ = p,<b> Nn<d>=1,blab=a'""";

10) G = (<a><b>) h <z>, [faf =8, /bf =2° B>1, [<a>n
<b>) = 2,b'ab=a’', f2/ € {1,r}, [bz] = 1, [a,2] € <a*>; npu [2/ = r
Pef23)npufp=2 [az]=1I;

11)G = (<a> x<b>)(<x> x<2>), /a/ = /x/ =8, /b =8, [a.x] =
b, [b.x] =a’ = x*. /J2/ € [1.r). r - npocme wucno, [a,2] € <a’>;

12) G - zpyna nopadxy p* 3 abexesum HEYeHMPAALHUM
Koxymanwmox muny (p.p). p — Kenapre npocme Lucro;

18) G = (<a> x <b>) A\ <x>, fa/ = [x/ = p', /b] = p - Henapne
npocme yucao, f[ax] =b, [bx] =a%, 0 <8 <p;

I4) G = (<a> x <b>) A <x>, fa/ = b/ = p*, /x/ = p, [a.x] = VP,
[bx] = a"b”, 0 < 9 < p, 0 <t < p; npup>2 ¢ + 45 —
Nexsadpamusnuill suwox 3a modyrem p; npup =2 t=g=1I;

15)G=AN<x> A=<a>\<b> fa/ =p" /b/=p’. f> 1, /x| =p
- wenapue npocme wucxo, fab] =a®, [a,x] = ", [bx] =1;

16)G=A X <x>, A= <a> )\ <b>, /a/ = /bf = p*, /x/ =p, [a,b] =
o [ox] =V [bx] =a®b®, 0<ea<p, O<t<p npup>2 t+4s~
Kexsadpamunnull RuwWor 36 modyrem p; npup =2 8=1;



{l,r}, r = npocme wucao, ja.x] = a', [bx] = x* = al;

18) G = ((<a> x <b>)(<x> x <y=)) x<z>, jaf = /b =4, a"=
- (ay], a®* = [a,x] = [by], & = y* = [bx]. /2/ € (I r) T - npod
RUCAD,

19) G = <a>M, M = (<¢> x <b>) A <x>, /2] = o) = gt e/
= p - Henapwe npocme wucao, [a.b] = X, [bx] = €, <> X P>
Z(G), [ax] = cP, 0 <s<p & = cArepv 0 < t < p, 8cl eaeMeNt
nopadiy p 3 G naaexams G, scl memayunalunl nidzpynu 3 G aderee

20) G = <a>M, fa/ =4, M = (<a®> x <b>) A <x>, [b] = |x]*
[ab] = £ [bx] = a't’ € Z(G), [a.x] = b'x"; |

21) G = <a>M, fa/ = p*', M = (<a"> x <b>) A <x>, jb) = (x|
p ~ Henapue npocme wucao, [b,x] = atb?x®, 0 <s<p 0<t<p. 0
<p, [ab] = %, [a.x] = pPx™ 0 < f<p, 0 <k <p, nHexsadpamusni
AUMKAMY 3G modyaem p € wucaal ¢4 dfs, 11 + 4, Ko+ -H.'
exesmenmu nopadwy p 3 G naaenwams G, acl memayuxalunl nidzpy

G abenesl;
22) G = <a><b>, /a/ = 16, /b/ = 2 pe(234) [<a> N <b>/
blab =a’';
28) G = <a><b>, /a/ = 16, /b/ = 2* B e (9.4) |<a> N <b>/
blab = a;
24) G = <a><b>, /fa/ = Jb/ = 168, J<a> N <b>/ = &, hlab = a';
25) G = (<ab>) A <x>, o/ = [b] = [x] = 4, <ab> ~ #§
xeamepnionis, [a,x] = a’, [bx] = a;
26) G = U A X, U - yuxaiuxa 3-2pyna 4u tpyna xeamepul
mopadry 8, X - epyna xeamepnlonie nopadny 8, [UX] < w(lU )&
=1 [UX]= w(ll);
27) G = (=a> ) <b>)<x>, /a/ = 8, /x/ =4, /b) = 2, [ab] =}
g4 fa.x] = b, [bx]=1



. <g> N <b> = <a'>, blab = a’, [a,x] =0b" [bx]=a"b"
Nosedennn. HeoOxidnicmv, Hexalt G - pocnifxysama rpyoa,
Poarnanemo asa moxnusl smpmazxe: 1) G — meraramineTOHOBA TPYIA;
?) G - wemeTAraMisinTOHOBA rpyna. |
Bunavox [, ¥V npomy sunaaxky G safoBoasHAE YMOBY TEOpPeMH 2.1.2

| Moxe ByTH nume rpynce oaHoro 8 THmois 1, 2, 4 — 14 poarasayeasol

TeOpEMHE,
Hexat G - rpyna temy 1 reopemm 2.1.2. Toai, ouesupHo, G -

rpyna oatoro a Tuois 3 - 7 TeopeMH 2.1.1, a Tomy G — rpyna oHOro 3
munis 1 - 6 poarnagysaHOl TEOpeMH,

Hexa#h G - rpyna tany 2 reopemm 2.1.2. Toal G - HiNBHOTEHTHA
werapmkalyHa rpyna s Kosyrasrom /G'/ > p, MO 3a0BOJNILHAE YMOBY
‘macaizky 1.3.9, oa TBepAMEHHAM AKOro G — rpyna ogsoro 3 THnis 6 -
10 posrnsaaysaHOl TEOpEMHE,

B rpynax G xoxsoro 3 Tanis 4 — 14 Teopemn 2.1.2 G’ - rpyna
muny (p,p), um Tamy (p,p,p) | G — rpyna oxEoro 3 THmiB 11 - 21
poarnaaysasol reopemu. Banagox 1 posrnanyad nosHiCTIO.

Bunadox 2. Ouesmauo, mo G - HeabGenesa rpyna 8 KOMYTAHTOM

EeNPOCTONO MOPHAKY .
Hexa#i G - meranuxiaiysa rpyoa, Toal BoHA 38/10BOJILHAE YMOBY

sacniaxy 1.3.10 | € minsnoTeHTHOW rpynoK ofaHore 3 THOIE LBLOTO
sacaiaxy. Jlerko Gaumts, mo G - rpyna oaHOro 3 ranin 23 — 24

pOArnAAYBAHOL TEOPEMH.
Hexali G - memerauuxaiuma rpyoa. Ockimexks G - HUILOOTEHTHA

gemeraramineTonona memeranmmkaiuna YIILH| |- rpymna, To0 3a
gacnlaxom 2.1.8 /G/ = p*, n > 4, /Q'/ =p", m = 1, Ba 1eopeMolo
1.2.8 O me micrets nigrpyn TEoy (p,p,p,p). Basasiku pacaiaky 2.2.2
ppit p > 2 G micrars oiarpyoy TEOY (PP, p).



SEsmamsass W mmvaiminD mLOoLpryum anuy LpEsPyEre AWNEL W BAINOE +]
ymory Teopenm 2.2.2 | G - rpyna omEoro a TEmim 1 - 3 aram
Teopemd, i Tomy G — rpyna oamoro 8 Tenis 15, 11, 10 poarnan
TeopeMn Bignosixmo.

Hexa#t G me micrars miarpynm tanoy (p.p,p). Ba nonepenHiM p =
B cany nemn 2.2.1 G me wmicrurs miarpynm aiempa NOPAARY
Ocrinskn G — memeranmmxniuma rpyna, 10 8 G Toumo TPR iEBOMN
Sasnarn nemi 2.2.8 G micrarte miarpyny ksareprioris nmopaary
cuny nemm 2.2.7 G — rpyna tany 28 posrnanysamoi Teopemn a6o
< 8. Bpoaymino, mo roni /G'/ = 4.

Hexaft G' — nmxniuma rpyna. Toal G samomosanuse vMOBY
2.2.8 | mome Gyt rpynoo oamoro a tanis 1, 2 aragamol nemmn, i
G - rpyna teny 10 ar 26 posrnaaveanoi reopemn Bianosinno,

Hexaf#t, napemrl, G' - rpyna rany (2,2). fAcao, mo sci laso
G mamemars G' | O samomomsume yrony teopenn 2.2.11 QG - _
onEoro 3 Tams 1 — 5 aragamol reopemn. I'pyna O kosmeworo a teris 9
4 Teopemn 2.2.1 e rpymow ozmoro 2 rumis 10, 11, 4 teopenm 2.
algnosinno, saxl e merarasissromommMn rpynama, o poar
paime. I'pyma G wxomsuoro 3 Tanis 1, 6 Teopens 2.2.1 e
ramnis 26, 27 poarnanyeanrol reopemu. HeoBxlixnicrs AOBeHERA,

Hoemamnicms. Hexat G —~ rpyna ogmoro 2 +tonis 1 - 9§
poarnaaysamol  reopeMm., Ouemngano, mo G -~ wuirsmore:
sepeaexisgosa rpyna. INoxamemo, mo G - YIIH[ Jrpyna. Ilna rpy
G womxmoro 3 Tania 1 - 9 we fopenero ® Teopemi 2.1.2. B rpynazx €
Tany 10 opr r = 2 1 » rpynax Q tany 11 npr r = 3 e AOBefIeHO |
reopemi 2.1.2. B rpynax G rosmmoro o rimnis 12 - 4, 15 mpu f = 2 5
16 — 21 nocrarwicrs nomeaema B Tift we reopemi 2.1.2. Jlas rpyn €
KOWBOTO 3 TaAnis 22 - 24 pocrareicrs nosenena ® machiaky 1.3.10
Ilan rpyn G Tany 26 we 27 socratiicrs norenena s reopemi 2.2.1. lla
oy G runy 10 npr ‘z/ = 2, rpyn’ G Tany 11 npu /z/ = 3, rpyn G



JMIMINAETECA JAoBecTH aocraTEieTs ana rpyn G ruois 26, 28.

Hexast G - rpyoa ogsoro @ Temis 25, 28 Teopemu. Ilokamenmo, mo
ana /[AiBY > 2 [A;B]a N <G, Axmo A <G ur B < G, To noxuagemo
A= Nuug B = N | Bce JoBenesHo, Tomy B nogansmomy G6yaemo
peackaTy, mo A 4 G, B 4 G, A # 1, B — BnacEa HEMAKCHMAIbHA
piarpyua 8 G, B » G, /G/ e (2%,2%. Bsinca /B/ e {2,2').

Hexa#t G — rpyna Tuny 25 veopemun. Toni /G/ = 2°, /B/ = 8, /A/ =
2. lMoxnagemo N = <¢> x <d>, ne ¢ € Z(G), <¢> = <a’> < <a>=0',d
= x! IToxamemo, mo d € Z(G). Ockimeka <a> < G, 10 x iAgyKye Ha
<a> asToMopdisn nopaaxy 1 uum 2. Beigcu [&,x%] = [a,d] = 1. Heno, mo
[x’,b] = [x,b)([x,b),x]}[x,b] = a" [a",x]a" = alea'=a% = 1. Ormxe, d e
Z(G).

Noxameno, o sci impomonii 3 G maaxemars N, Hexall ne ze tak,
Toml G\N sdeturs v, /y/ = 21 G = (<a,b>) x <d>) ) <y>, Heno, mo
/<a,b> = <<a,b>d> x <<ab>y> - EBenmkaiuma rpymna, mnio
geMo B0, Ormxe, N micters Bel imsomonii s G. Ocklieka A + Z(G),
o /A/ > 2, o semomnmpo. OTpumMana cynepeumicTs ¥ A0BOAHTE
gocrarricTs aanA rpyn G Trny 20 Teopemmn,

Hexa#t G — rpyna tany 28 rteopemu, Hexat B < U, Toal /B/ = 8,
Mpr nuxniusocrl B A = <a'> < Z(Q), mo memomnnso. Ilpu
gemmiriunoerl B mMaemo B = <a'> x <a’®*> = G', mo me Tax. Orwe, B
¢ U, Toal G = UB, lloxnagemo U n B = X, flcuo, mo [B:X] =21 X 4
B, /X/ > 2. Ba nonepexuim, o = a' ¢ X. Bpoaymino, mo <c> = A,
Hexaft /A/ = 2, Toxl » cuny macaary 2.2.6 <c> x A = N =w(G) « 0
| N - myrata nlgrpyna, Omke, B nopassmomy Gyidemo BBAMKATH, MO
/A/ > 2. Tonl /B/ = 18, /A/ = 41 A - nuxniuma tpyoa. feso. mo
{X/ = 8.



<gb> memopmansra 8 G. Beigcm <u> 4 U 1 Tomy <u> € {<b>,<ab3]

Ocxinsxe sel imsomonii 3 G manexars U (Bacainox 2.2.8), To <u>}|
nonosEKeThcA B B, B cmay [64] B = <u,v> = rpyna kaarepaion
nopaaxy 16, /v/ = 4, v'uv = u'. Ouesmgno, mo v = hx', ne h e |
Ocximskxa <b®™> = <(ab)’> < Z(U), b® ¢ Z(G), To, ovesnano, i = 1
crigpigmomenns s rpyne G srmimsae, mo [<b>,<v>] N [<ab>,<¥3
micrars d,, /d,/ = 2, <c> N <d,> = 1, mo AEMOMJIHEO. Asiocn 2
genmimiupa rpyua. Saysaxamo, mo U me wicTETs nigrpyl
wsarepmionis mopanky 8 1 exp(G) = B. Beigcm X me e I
kmareprionis mopaaky 8 | B — menmkiiuRa rpyna, AKe B CRTY [64)
mome ByTH rpyHOX KBATEPHIORIB DOPARKY 168. Orxe, B mictats
co> » <d>. 3sincn X — menmraiyna migrpyna nopaixy 82Ul rony
w ca?> ¥ <d> = @', B 4 G, mo memoxnnso. JocTaTricTs ana rpym
rany 28 aomenera. Teopema HORHICTIO AOBEJEHS.
Hecainox 227 Komymanm G’ niavnomenmuol VIUIH|
2pynu G € epeMenmapnoio aleresoio 2pynomw nopadxy we Glaviue Mix
abo 2 zpynow muny (4), wu (4.2), wu (8), npu yvomy G’ - epyna mu
(4,2), koau G — zpyna muny 28 meopeMu 2.2.3.
Hacnigox BROIMBAEC 3 TEODEME 2.2.3.

2.3, BYIOBA JIOKAJIbHO CTYOIHYACTHX HE
TEHTHHX VIIH[ }T'PYTI

Tema 23.1. Ciinvennl nenizvnomenmnl YIOH[ ] zpynu G,
siomams wemadpoas'asnl zpynu [Imidma, suvepnyrombca Zpyn
munia;

I}f}ﬂPhQ.F--ﬂ:u:rr{b}.fﬂf-fbf-p'*!Q!"E.P!ﬂ"
npocmi wucaa, ¢ > 2, 2 -~ NOKGIRUK P 3G Modyaem g, p =8, @(P) A

weniasnomenmua 2pyna Miaarepa—Mopero;



plani npocmi yucra, g > 2, p# 3, r &1 (mod g), 2 — nokainuk p sa
modysem q. P A QI R A Q — nenlavnomenmnl epynu Misnepa—Mopeno;

3)G =P AQ, P- exemenmapna aleresa zpyna nopaixy p*> 2 a
€(2.3),Q=<x>, /x/=¢" B e (128} plqg- plani npoemi yucaa, a -

| noKasHuK p 3a modyaem q, ¢ > 2, CofP)=<x">,ye (1,2}, y< p P )
<x'' '> - neniasnomenmua zpyna Mlairepa-Mopeno, a + f- y < 4;

4)G =P ) <x>, P - eaemenmapna abereaa 2pyna nopadry p®, p >
6, a € (2,8}, /x/ = gr, p, q | r — nonapno piant npocmi sucaa, g > 2, r
> 2, a - noxkaanuk p 36 modyrem §, @ — noxaInuK p 3a modyrem r, P A
<x'> ma P ) <x'> - nenlavnomenmul 2pynu Misnepa—Mopeno;

§) G = (P N <x>) x <z>, P - eaemenmapHa abereéa zpyna
nopadiy pt, Jx/ =q, /2/ =r, p, gl r— npocml wucan, p#q, p =8, 2~
MOKGIKUK p 3 modysem g, q > 2, P A <x> - nenlavnomenwmua zpyna
Mirsepa—Mopeno,;

8) G =P \Q - epyna [Imioma, /[P] = p°, exp(P) = [P’} = p > 3,
Q) = q. p L q - pianl npoecmi wucaa, ¢ > 2, 2 — nokxasHuxk p sa
Nodyaem q;

7)G =P A Q - epyna Himldma, P — zpyna xweamephionis nopaixy
8,Q=<x> /x] € (3,80}

8)G=PX<x> |P|=p" /%/=qr,p, qlr— nonapno plakl npotmi
\ucaag, p > 8, q > 2, P A <x'> — Heniavnomenmha epyna Miraepa-
Mopeno, P A <x'> - nemiabnomenmna nadpose aana minlmaisua
hememoyun aiuna épyna.

HoseBennun. Heobxldnicms, Hexat G — pocnimkysana rpyna. 3a
pow nemu G micrars mesaaposs asgy rpyny Iimizta M = P ) Q,

moxe Oyrm nmme rpynoso ogmoro 8 tanie 1 — 8 Teopemn 1.3.1.
gl /P/=p?, 0e(28),Q=<b>, /b/f=q" A e (1,2}, piq - plani
ancnd, Bposymino, tho M — memerattakniuna tpyna, Axmo M =



BLANMDOBILAHO.
Hexa#t M < G. Toai mpe M ¢« G M ta G 3a0BO/LEAITE YN
treopemn 1.8.4 i G — rpyna oasoro 3 raois 1, 2 poarnaayearol Jeml
Hexat M < G. Toni sa nemoio ®parrimi [74, nema 17.1.8]
MU =PU, P a4 G, U = N4Q), Un P =I(P), ®(P) < Z(M). 3pos {

mo U 4 G. Tomy U — rpyna oasoro 3 Tanis 1 — 6 Teopemm 1.
Ouesmnro, mo PP) x @ < U. Moxnasl mmnaaxm: 1)
merpinnnorenTra rpyua; 2) U — minsnoresTrA rpyna.

Bunadox 1. ¥ nesomy panaaxy U - niarpyos teny 2 um 6 ]
1.2.2. Hexa# coouatky U — rpyna teny 2 aragasol TeopeMu. f
- nobyrox msox plammx mpocrmx umcen. 3sigcs P) =1, P U
Tomy U = @ A <y> - meninsoorenTEa rpyua
nopanky ar, /Q/ =q, /¥y/ =r,q= 1 (mod r), U = Q. Acro, mo
nmeai smorentra rpyna Minnepa—Mopeno, o — nokasauk p 8a MO}
0, q>2.Mlppa=2 p+ 3. Hexali V = P A <y>. 3poaynino, mo C;
= 1, ixmo Cy(P) micteTs <y>, T0 <y> 4 U, mo BEeMOXIEBO,
C.(P) = CyP) = 1. llpr @ = 8 3a Teopemorw 1.3.4 G/P a |
nenexignonsa rpvoa, nto He Tax, Taxmm ammom, oo = 2, fcmo, mo
nigrpyna s Aut P, 3a reopemow 1.2.8 G - pmenepcesra rpyna | 9
OpH| r = p ogepximo, mo P A <y> - canosckKa ROPMAMLRA P-I ;
a G, Ane roxl <y> 4 U, mo se Tax. Orme, r 2 p, V - Heninsnore
rpyna i V @ G, 3a teopemow 1.2.2 V - rpyna name TEOY 3
reopemu i V - mimiMansma memeranwkiiuma rpyna tRmy 6 reop
-1.8.3. 3sinca V ra G sagononsnaoTs yMosy Teopens 1.8.41 G - 1p
onmoro 3 rmmis 1, 2 oramamoi reopemm. Ane moxi M = €
AiABIIOTEHTHA TPYNA, Mo Hemoxanso, Orae, U me mowe 6yTa rp
mny 2 reopemn 1.2.2,

Hexaft U - rpyvna teny 6 reopemn 1.2.2. Toxi U = R A

neninsmoteRnTHa rpyna Minnepa-Mopeno, /R/ =1', /y/ = t', A >0



mo <y> 4 U. Toxnagemo V = P<y>, Axmo V 4 G, T0 V N U =
OP)<y> aU, VNnU=ULl G=V. Apigce (P) =R, /R/=p=#t, G =
Ph<y>, pel(modt),p>2y € Z{E}}. Ockimkr Q < U, P A Q -
rpyna Mimigra i y* € Z(G), 70 Q = <y> i M = G, mo =e rak. 3siace V
¢0.Ilpa t =p r=gq, R — Eesopmanssa B G cuiOBCHKA q-miarpyna i
ocxlneky G - gucnepcmsEA rpyna, To V — HOPMAJBEA CHJIOBCRKA P-
glarpyna 8 G, mo memoxamso. Orke, p = t 1 V - rpyna taoy 6
yeopemn 1.2.2, Bpoaymino, mo V < G. Tonl R + P Bpigen r = p, @
‘wletrs meminsmorentry migrpymy P A R, Tenep smoay VvV ma G
JAIOBOJILHAKOTH YMOBY TeopeMu 1.8.4, sa teepmxenmsam saxol G' -
@ienoTenTaa rpyna, mo #e rTak, TakAM UYHHOM, BHOANOK 1
geMoRnEBEA,

Bunadox 2. Ocklmsxm M - memaaposs asma rpynma Ilimixra, T0
fHoxasEMK P 88 Moaynem q Glasme 1, Tomy Q < U — me 2-rpyna. Hexaft
U - menprMapaa rpyna, 3siace U moxe Gyra asme niarpynomn TRIY )
w 4 reopemn 1.2.2, Toul U = <y> x <23, <y> — q-rpyna, jg/ =1, ql
¢ - plomi mpocri umena, y° e Z(G). Spoasymino, mo M = P A <y>, Q=
<y>, fixmo 2 € D(P), ro G = M, mo nre rar. Orxe, <z> N P =®FP) =
1{ P - enemenTapra allenesa rpyna.

Mprnycramo, mo r = p. Toal P A <z> — memopmanmsna 8 G
cEnoscsia  p-miarpyna, wkomyrtamT sxol BaacHA nigrpvna 8 P |
gopuamsua 8 G, Ocklnsxr P~ mimimansha HOPMAJLHA ninrpyna 8 M,
10 [P,<z>] = 1. Tomy 8 G lcmye mlarpyna P x <y%> x <z>., i
reopemoto 1.2.3 mepeneximgosa rpyna G me wmicrars migrpym, o
pOsKNANAIOTECH B NpAMAR Ao6yTOK HOTHPHLOX HEOMUHHYHAX OPAMHX
wromankis. 38iacn o = 2, /y/ = q 1 G — rpyna tany 5 poaraAgvBAHOI
genu, pap2r G =P AU, ®FP) = 1. Agmo v =+ 1, ro U ~ rpyna

ramy B reopemm 1.2.2, <y"™> x <2> <« Qi G mierrTs mnrpyny P o« <y'>



romy /U/ = qr. fixmo [P,<z>] = 1, 1o B G icaye miarpyna P x <33
akoi P — rpyna tanoy (p,p) i romy G — rpyna tany 6 poarnaayas
nemn. Hexa# [P,<z>] # 1. Towmagemo V = P A <z>. Toal §

L
il
ol

genlarsnoresTaa miarpyna 8 G. Axmo V — miarpyna Minxnepa—1!
to mokaagemo U = <x> | opepsnamo, mo /x/ =qri G — rpyna T :
posrsnaaysasoi nemm. Hexa#t V  me e miarpymorm Misnepa—Mope
Tonl V micrats mracmy miarpyny Minnepa~Mopero 8 = P, A <
/Py/ € {p,p*}, Py < P.

Hexait enouarxy o = 2. Toal /P,/ = p, p= 1 (mod r). 3a reope
Mamxe [41]P =P, x P,, /P,/ = p, P, « V. Hxmo [Py, <z>] = 1, 10
= Z(V) 4 G, mo cynepeunts mimimamsaoceri P 8 G. Orme, Py A <y
rpyna Minnepa—Mopeno, V — miniManses seneranrraitaa rpyna T
8 reopemn 1.8.83 | romy G ~ rpyna Tany 8 poarasaveanoi nemn.

Hexa#t oo = 8. Ilpm /P,/ = p' asnomy 3a teopemow Mammne
teopema 20.2.2] P=P, x P,, Py a4V, /Py = p, 2 - NOKASEAR P
mun.yneu r i romy P, ) <z> ~ miastiorentna rpyna. 3siacm P, = Z{}
anosy P, 4 G, mo cynepeunrts minimanmsnocri P 8 G. Orme, /P,/ =p
=1 (mod r) | 8 G icrye ninrpyna P, A <y>, ne Py x P, = P, Py 4
duony armo [P,<z>] = 1, ro P, = Z(V), mo nemommaso.
[Py,<y>] =2 1. fix | panime, P, A <2> wmicrars niarpyoy ef
Mopetio Py A <y>, Py < Py, /Py/ = pl /[<2=(Py » P)) A <y>}/ > 28
osmavernam YII[H[ Japyn [<z>3(P, v P) A <y>] 3 N a G, 3angn
nemi parrinl [T4)V = ND = (P, x P,) A D, ne D = Ny(<z=). Ockim
P, P, <P, 70D =<2>x <a>, /u/ = p, <u> = 2(V), <u> 9 G,
remomcanso. Otme, ope a = 3 MaeMo cynepeusicTs, Bunagox, Komm

- HENPRMAPHA rpyna, PO3rISHYVTO HOBHICTIO.

Hexadl remep U - npamapaa rpyna, Ockinskn G — meni

rpvan, 70 U ~ cwnoscska q-miarpyoa s G = P A U, ©(P) = 1, /UJ



U - rpyna oasoro a Teuie 1, 2, 5 Teopenn 1.2.2.

Hexa#t U - rpyna tany 1 reopema 1.2.2. Tomi U = <x>, /x/ = ¢’ |
Q < <x>. 3slack f > 1. 3poaymino, mo Cy(P) = D(D(U)) = <xt'>,
Bli,ncuq-f-’:"}.ﬂ~=f4.'3‘,{?}-*':1‘*:‘.?-:&11]1:7-[1 a+pf-y<
41G - rpyna rany 3 poarnaayBaHol JleMH,

Hexa#t B > y. Tonl » mexexeximmorif rpymi G lcaye niarpyma P x
<x'' >, Bapnaxnm Teopemi 1.2.3 a=2,a+p-y<41 G - rpyna rany
8 posrnaaysanol semn.

Hexaft U - rpyna ™any 2 reopemn 1.2.2. Toal U = <x> x <z>, /x/
= /z/ = q. ficro, mo Q < U. Bea nmopymenna saransEocTl MOXMCHA
psakaTH, mo Q = <x>, IMoknagemo V = P A <z>, flcgo, mo P1 U -
genuxaiuni enemerTapul abenesl miarpymm 3 G. B cmay [215] G =e e
rpynolo @pobermiyca. Tomy mMoxea smaxars, mo V = P A <z> me €
rpynoro Ppoberiyca | V < G. Hcmo, mo Cy(P) = 1 | romay V —
gerimenorenTrA rpyna. Ockinsxka V me e rpynow @pobeniyca, ro lenye
ve P, /u/ = p, [u,z] = 1. Togi u € ZV) « G | Z(V) < P, mo
cynepewaTs MimiMansEocTi P 8 G. Orme, U me moxe Gyre rpymomo
moy 2 reopenm 1.2.2.

Hexa# U — rpyoe tany 5 reopemm 1.2.2. Toal G micreTs nminrpyny
Px D, ge D - rpyna rany (q,q). Ockinexm P micTrTs miarpyny Tamy
p), T0 3a Teopemow 1.2.3 omepamo minsnoremTHiCTH rpynm G, mo
rax |, sgaunTs, U me mosxe 6yre rpynow Tany 5 reopemnm 1.2.2. Bei
ke poaraaEyTi. HeobxigaicTs nomeness.

Jlocmamnicms. Hexa# G - rpyna ogsoro 3 tEmie 1 - 8
noornAaaveamol memm. 3poaymino, mo G - ckigveHHAS HeHiIBIOTEHTHA
[okaxemo, mo G — YIIUH[ }rpyma. lna rpyn G xoxeoro 3
- res 1, 2 e scrasonaeRo B Teopeni 1.3.4. I'pyma G romaoro 3 Tanie
3-8 mae purnan G=PAC, G =P, /P/ e {p'p') C =11 G~ rpvp

pxworo 3 Tumie 1 — 38 rteopemm 2.2.1 a [T7) i



}-rpyna. JocraTuicts AoBejena. Jlema foBefiOHA,

7 e ma 2.3.2. Cxinvennl nenlasnomenmul memayuxalunl VI
J-2pynu G suxepnyomuca pynasu munie:
1) G = <a> A <b>, [a/ = pr, p | r — neofos'ask080 plsni nend)
npocmi wucaa, /b/ = ¢/, B> 0, g — npocme wucao, p &1 (mod q), P
(mod q), [<a>,<b>] = <a>, ZiG) = <b'>;
2) G = (<a> \ <b>) x <z>, /a/ = p — Henapxe npocme
nq-',ﬁ:;ﬂ.f:fE(I.r},qlr—npnfnuuuuu.p-]'{ |
[<a>,<b>] = <a>, b* & Z(G); npu 2 w1 Z(G) = <b'> x <>
/2 =p B<3
3) G = <a> A <b>, /a/ = p — Nenapxe npocme VucAo, /b) = qr, ¢

— plani npocmi wucaa, p = 1 (mod q). p = ! (mod r), [<a><b>]
<a>, Z2(G) = 1; 1
4) G = (<a> x <z>)<x>, [a/ = p — Henapne npocme Mucao, <i

— zpyna xeamepnlonle nopadry 8, x'ax=a'; '
5) G = <a> )\ (<x> \ <z>), fa/ = p ~ Henapne npocme YuCAC
=g’ B> 2, /2/ = q — npocme vucao, p = | (mod ¢), [<a> <x3]
<a>, [x,2] = 2", [a.x'] = [a,2] = 1.
Nosedenna. HeoOxidnicme, Hexalt G - pocalaxysama rmrlll..-

G aanomonsEfe ymosy rmeopenmnm 1.3.2 | moxe Gyrn meHLILOOTERT
rpynomw oamoro @ Temis 1 — 16 sraxamof Teopemn. Jlerxo GaumTi, M
— rpyna nume oxmoro a Tanis 12 — 16 reopenn 1.3.2 | Tony G-
ofroro o Tanis 1 — b menm sixmosiano. HeobxlanicTs aosenena. [

TNocrataicrs goBegena B Teopeml 1.3.2, Jlema nowenena.
M e M a 238 Crxinvennl wnenlasnomenmul Minina

nememanuicaivnl epynu G, y axux acl nidzpynu Hinioma nadpo.ie &

AUNEPNYMMbCR 2pynaMi munls:



yucao, /x/ € fg.¢°) p = 1 (mod q), [<a><b>] = <a>, [<0><X>] =
<p>, Z(G) = <b'>;

2) G = (<a> x <b>) A <x>, /a/ = /[b/ = p — Henaphe r;pocme
vueso, /x/ = ¢ f> 3, p =1 (mod q), [<a><x>] = <a>, [<b><x>]
w <b>, Z(G) = <b™>, <a> x <b> - xeaslyenmparsna nidzpyna 3 G;

8) G = <a> A (<x> N <z>), /a/ = p — HenapHe Npocme YUCXO, /x/
= !, /2/ = q - nenapwe npocme wucxo, p = 1 (mod q), [<a>,<x>] =
<a>, [x,2] = x° [a.x*] = [az] = I.

Nlosedennn. HeoOxidnicms, Hexak G ~ mocnijxysama rpyna. Toxi
poES samomoNLEAe yMoBy Teopemm 1.8.3 | moxe Oytm smme
gl TLIOTEETHOX rPpymow oxsoro @ Tunis B8 — 10 niel Teopemun. dsixcw
@ - rpyna ogmoro a3 Tenis 1 - B posrnaaysamoi meMH sipnosinao.
HeofxlamicTs noBeneHa. '

NocrarsicTs aosesena » Teopemi 1.3.3. Jlema nopenena.

JMexa 2.8.4 Crinvenni neniavnomenmul YITH[ ]-2pynu G, wo
nicmames eaacwl newlavnomenwmui minimarvhi Hememayuxaivml
aldzpynu | @ G madpossainl éci nidzpynu lImidma, euvepnyomsCa
Nenadpose sanumu zpynaxu Ppolexiyca muny G = (<a> x <b>) A
<x> d¢ /a/ = (b = p — menapne npocme yucAao, [x/ = qr, g I T -
NeoOos 23x080 plani npocml wucaa, p 1 (mod q), p =1 (mod r), (<a>
x <b>) \ <x*> ma (<a> x <b>) A <x’> - Henlronomenmul Mminimanvil
ReMemayuKxAivKl zpynu.

Hosedenns. HeoOxidulcme. Hexak G — pocmimgxysarga rpyna. Toxl
0 wicTmTs BAACHY EerimnnoreRTHY MiEiMANBHY HeMeTAHKII YAy
miarpyny C, y axol, ax 1 » G, scl miarpynn INuinTa mAAPOIB A3l
3posymisno, mo C  3AXOBONBHAE YMORY JIeMH 2.3.3 | mome Gyta nmme
rpynow ogsoro 3 Tanis 1 ~ 3 aragamoi semu. Bpipcm C~ P Q, e P =
<a> » <b>, /a/ = p, /b/ € {1,p}, p — Henapre mpoeTe uucan. @ -



- v I. - -1] - - ‘- -'I'h"'-‘r q- o .- .HH’F‘—“H i i - Tl

nemi @partini [74] G=CU =P AU, ge U=NyQ), Q< U, Qa U,
4 G iU - nmiarpyna opsoro a3 tumis 1 — 6 reopemn 1.2.2, axa

MicTuTh BnacHuX Heabenesux miarpyn. Tomy Q' = 1. Axe roal ‘

rpyna nuime ogsoro 3 Thnie 1, 2 nemu 2.3.31 Q = <y, /y/ =
0, /b/ = p.
llpanyerumo, o G — Haapoam aasa rpyna. Toai, Gea nopymes
BArAJTLHOCTI MOMKHA BBaxKaATH, mo (0 MicTuTs HemlnnmoTerTHY Hij
V = <a> A U, 3poaymino, mo G' = P, fAkmmo V < G, o G/V - af --I.'-_'
rpyna i Tomy V > G', mo Be tak, Orwe, V 4 G, 3nigcun V - _'
oanoro 3 Tunis 2, 6 Teopemu 1.2.2, Ockinexu (<a> A <y>) <V,
nume rpyna Tany 6 araganoi reopemn. Tomy V = <a> A <x>, /x/ =¢
@ > 0, <x> > <y>. Hexa#h <x> = <y>, Toai C = G, mo memMoxIu»
deigcn y € <x%>, fHcmo, mo Q 4 G. Is maaposs asmocti
BHIUIMBAE, O <&> < G, <b> a4 G | » G icAyoTh HeMiILHOTERE:
HeHOpMANEHI niarpynm <a> A <x>, <b> A <x>, axi, ouenmzno, A
rpyos tany 6 reopemm 1.2.2, Ane ronl [a,x°%] = [a,y] = [b,x*] = [b¥]
1, mo memomnuso, Orxe, G ~ Eenanposs ' Aanma rpyna, |
Ockineku scl miarpyoma lliniagra 8 G sagposs'ssui, 1o sa Teopen
1.2,2 U ~ meranuxnaiuna rpyna, Hexa# 8 = C(P). [loxaxeno, ;-_:-'
e {1,t}, t - npocre umcso. Hificro, = NPOTHBROMY BROAIKY 84 |
1.2.5 G miorurs nigrpyny P x 81 P - xsasinerrpamua miarpyna 8
3since G ~ mazpoan'smsma rpyna, mo me rTax. Orme, /8/ « {1
Ocxlnsxm » migrpymi U tany 6§ meopesa 1.2.2 U micrwrs mopmam xy
G weopmumury uiarpyny menpocroro mopsaxy | ma miarpyna Hemems
8, r0o U - rpyna ogsoro » remis 1 - 4, 6 reopenn 1.2.2,
Hexa#l U - nixrpyna reny 6 reopenn 1.2.2. Toxi U = R X <x>, R

<x*> < Q. 3nlacn, sa monepepmiv /R x <>/ = § |, praunrs, /R/ 4



m wmagposs mami rpynm [Imigra. Towmy, 6Ges nopymessEs

yBoCT| MONEA BBaxaTH, Mo [<a>,<x>) €« <a>, [<b>,<x>] < <b>

| G - magposs'mama rpyna, mo cynepesnts BEBopy G. Orxe, U -
rpyna oamoro 3 Tanis 1 - 4 reopemm 1.2.2.

Hexaft U - miarpyna tmoy 4 vreopem= 1.2.2, Topi U = <x> x <g>,

[x/ “-q".B 0, /g/ =r|-x% =« <g> 4 0. 3a nonepennin, /x%/ =1 1|

OQ=(P*-5°)> 8> - mAZPOI® A3ma rpyma, mo cymepexsts subopy G,
e, || me mowee Gyrm rpymono tny 4 Teopenmnm 1.2.2.
Nerwo Bauwre, mo G - naapoas samas rpyna, axmo U - rpyna Teoy

3 reopenw 1.2.2.
Hexad U! - miarpvoe twny 2 veopemum 1.2.2. fixmo U - npamapsa
gyus | U me ¢ rpynow taoy | veopewn 1.2.2, vo /y/ = /2/ = q. B
[215] Gea popYioewEA JAraTMBOCTI MOMEA BBAXATE, N0 [P,<z>] =
P. 3slace P » <g> mar meonmAmwuadl pesrp, mo manexaTts P. Momxna
1 e, oo [e.8] = 1. Ase roal <a> 9 O 1 G/<a> — magposn’ssma
rpyna. 3sizcw | G - mampoas m3ma rpyuna, mo Be Tax. Hexait Trenep U
peabenena rpyna Tany 2 reopemz 1.2.2, Tomd U = <y> A <x>, Jy/ =
Q2 =r, |<y>,<g>] = <y> lNoxnasewo V = P )\ <3>, 3poaymino, mo
f ¢ G, 2> a U, Cl{P) = 1. Ocxkimmxm G — ZmECODepCEARAE rpyna
1.2.3), 7o V - menpumapss rpyoa | Tomy p = r. 3slace V -
pxinnorenras rpyna. Ocxlmxa /P/ =p'l V 4G, 7o V - olarpyns
6 reopemm 1.2.2. Ane roal V - memaxposn’'sama rpyna [lIminra,
) REMORANSO 38 Ywonow meMu. TakexM SRnoM, U' = 1, rofro U =

r :--t'lh_frf-q.flf'-r,qlr—!:ﬂ:lliﬂmw..

Hexad V = P A <3> - gpumapna rpyuns, Tobro p = r. ixmo V' = 1,
oV =<¢c> <P, /e/ =p, <c> aG 1 G/<c> - mazposs'saua rpyma.
| G - magpoos Rama rpyna, mo BemoxaEso. Omme, V' = 1. Ane
3l G = (P )\ “y>) « <3> ~ EAXPOS® AIWA TPVNA, M0 Hé Taxk. 3since p



<g> — HAJpPO3B A3HA Irpyna. ,

Hexa#t V me € rpynowo @pobeulyca. Tonl (218) e € P, /e/ = p, €
11 <e> = 2Z(V). 3rigca <c> 4 G | G/<c> — uaapoas’asua rpyna. Tomy
- HAAPO3B A3HA rpyna, mo He Tak., Orxe, V - rpyna @pol

3poaymino, mo U = <x>, /x/ = gqr | Tomy C = P A <x">, PA<x>=
<g> = V - meHinsnoresrtHa rpyna Ppoleuiyca, y axol scl marp
Imizra Baaposs sasi. Tonmy V ~ rpyna maoy 1 semu 1.3.3 1 G - rpy
POSTIAAVBAHO] JIEMH, .'

Hexath U — npuamapsa nuxsaluss marpyna taoy 2 reopems 1.2.2
piarpyne Tany 1 nlel reopemm. Tomi U = <x>, /x/ = ¢*, p > 0,1
ZG), y € <x>. fixmo <y> = <x>, 10 C = G, mo ue Tax. OTe, y €
i romy B > 1. Ilpunyeruno, mo B > 2. Toal /[<a=i(<a> A <y=))/ > |
oonavenuam VILH[ Jrpyo [<a>i(<a> A <y>)]3N <Gl NnP=4g
G. flewo, mo G/<a> — mampose'sssa rpyna | romy G — =AZpoan|
rpyna, mo He Tax., Omxe, p = 21 G — rpyna a semn. Bel »umi
posrysayTl. HeobxinuicTe nosegena.

Ilocmammicme., Hexalt G = (<a> x <b>) A <x> - rpy
posrasgysanoi semu. Toal G = P A <x> — uemaxposs AsHA rpyna, A8
<g> x <b> — cmanoschka p-nigrpyma a3 G, Belgcm P - mi
BopMassEA Hiarpyna 8 G, Ockbmks p = 1 (mod q), p = 1 (mod
cunoscaki miarpynm 8 G aGenesi, 10 scaxa tigrpyna [sdare
nagpoas #aga. Moxaxenmo, mo G — VIIIH[ }rpyna, 10610 ans /1 :;.'
2 [A;B]>N <G, flxmo A 4Guu B <G, 0 noxnageno A = N
N 1 nce poseseso. Tomy B nogamstuonmy Gynemo BNaxRaTH, oo A 4 ,_*_.
G, A# 1, G’ < B, Ocsinexe /G/ e nofyrroM SOTEPLOX MPOCTHX YRE
JB/ & noByTKOM TPOX npocTmt wicelt. Beisen /B/ = pqr, Orxe, O &
PrB=P, a0, /P,/ =p, mo cymepeunts sininamuocri P s G, Or
-~ ¥TIH] Jrpyna. Jocrataicrs fopenena, Jlema popesenA.



- L

Mdepynu 3 G Memauuralunl,

Hosedenns. Hexalt G — nocninmysama rpyna. IIpaidycrano, mo G
migiMansay nemerapmwxnaiary p-miarpyny C. Toal C —
darpyna oxsoro 3 Tenis 1—B6 reopemm 1.3.3. Bamaaxn reopemi 1.3.4
LaG | G/C — neneximnosa rpyna. 3eince G = P A D, P — cunoscexa
poizrpyna a2 G, D — iI xonnisceke neseximpose p'-gomonmemHs.
Uerlnekn G — membmenorerTra rpynoa, o D 4 G, 3sigen D mictars -

pemesT x Takmit, mo [P,<x>] = 1, p » q — npocre wmeno | [P,<x>] =
, Moxnanemo V = P A <x>, ficao, mo V — mesinsnoresraa rpyna | V
gictats oiarpyny HImiagra S = R A <d>, se R = P n 8, <d> —
MEOpDMANTLHA CEAOBCHKA (-mimrpyne 3 B, Ocklmxke 8 — manposs AaEa
pyna Uiminra, 70 /R/ = pip =1 (mod q). Acro, mo <d> mamemnrs
i canoscaxilk q-miarpynd s V, axa copaxxena 3 <x> i x* e Z(V).
<d> — cmsnosceska q-mizrpyna 8 V. Tomy » mogansmomy Bea
OpYyMmeHEA JAFANLEOCT] MOXEa mBaaTHE, o X = d. 3poaymino, mo C
~ rpyna ogsoro 3 TEnie 1, 2 Teopemm 1.3.3. Ocxkimmxm G/C —
eximnona rpyna, o R < C.

Hexait cnowatky C — rpyma tuny 1 reopemm 1.8.3 {| C' = 1. fcro,
o p > 2. 3a reopemor Mamxe [74, reopema 20.2.2] C=R x Y, ge
Y,<x>] < Y, Y — rpyna teny (p,p). loxasemo, mo Y = <y> x <z>,
| [<y>,<x>] < <y>, [<z>,<x>] < <z>. flxkmo [Y,<x>] = 1, 71O
oKV BAHE TRepImenns ouepmaHe., Hexa®k [Y,<x>] = 1. Toal, ax |
aaime, 8 Y » <x> icwye miarpyna Illmiara S, = R, A <x>, /R,/ = p,
R, xR,, [R;,<x>] < R;, /Ry/ = p. Iloknanemo R, = <y>, R, = 2>
fyzeMo mMaTE JOBOMKYBAHE TBEepIMemHA. Temep sicko, mo B G
pviorTs miarpymnm (R « <y>) A <x>, (R x <z>) A <x>, Y A <x>, \xi ne
pkyTe OvTe miarpynamMa wmonroro 3 Tanie 1 —6 reopemu 1.2.2 | Tomy

gne mopmnabhi 8 G. 3posymino, mo nepeTHH dragamux  minrpyr



(<c> % <@>) A <SD>, fE/J = JjA/ = /W T Py [B] T W MR

3poaymino, mo C' = <c> a G. lNoxkameno, mo { MicTuTs M4
<g>x <y>, ae /y/ = py <y <x-] < <y-. [lificho, OCKIABKE <C> &
C 9 G, o 8 G/<c> lcnye marpyna C/-c+ A - x- ¢+, Hxino
OArpyna HIMBDOTEHTHA, TO ICHye IUArpYyla Y/-ec» Taxa,
[Y/<c ,<x<c>>] < ¥Y/<e> 1 /Y /<e=/ =P Buigen /Y, = p°, [Y.~2
Y. 3a Teopemoio Mamue [T4] Y = <c+ = <y-, ge |*y~, <x] &5
Hexalt C/<e> A <x<g>> — mesiasporesrtua rpyna. Toal, ax | pa
pona micrErs nmigrpyny Dlmizra Y/<c> A <x<e-- | /Y/<e2/
Apigcu /Y/ = p*, [Y,<x-) « Y. Buony 2a Teopemoio Mauxe [T{:
<¢» x <y=>, |[<y~+.<x>] « <y>. He popymywoum garanssocTi
ppaari, mo y = a. B G leaye nigrpyna V, = ¥ A <x -, Hcuo, &
Moxe Byra niarpyiow moasoro 3 tunia 1 - 8 reopemn 1.2.21
4 G. 3a reopemow Mamike [T4) C/<c> = Y/<o> x &/<c>, 2/
<x<e¢>>) « Z/<c>, fix | pamime, [Z,<x>) < Z, T = ~c> « <b>,
<x>] <« <b>, B Q icaye olarpyoa V, = Z A <x . Ax | pna Vis
noxasats, mo V; <« G, flewo, mo V, m V, = V, = <e> A ~x&
MoxnagenMo N = C A <x>, Ocxlasxn B « N, ro N — meuiinnon
rpyna. 3a nemown @parrinl [74, nea 17.1.8], N = V,U, ae U
xC, = Nf(<x>),C,=CnU,QC, <C. 8ninen <6>NnC =1 C=
C,, mo semomauso. Otme, C  ue mowe Syrn rpynow rany | 9
1.8.8.

Hexzalt C — rpynoa tamy 2 veopemu 1.8.3. Toni C = A-u -,
<a> x <b>, /a/ = /u/ = 8, /b/ = 8, [a,u] = b, [bu] = a® = u*,
<b> x <a’> = C' <0, <a®> = BC) < G. 3anananu veopemi Mamns
MOMHA BBAMATE, MO [<b>,<x>] < <b~, Acmo, wo A — eawua 5
MAKCEMANLHA migrpyna 8 C. Balacw A o G, Ba recpemon Mam ®
fes MOpYINeHEA SATANLEOCT] MOMHS BRAMATH, MO [<a>,<x>] <



marpyny N, = <a> A <x>, 3a reopemoo 1.2.2 N, a G. 3sigca C n N,
w <p> «a C, mo Hemomnauso, Omwe, [a,x] = 1, He nopymyioun
garansHOCTl MOMKHA BBasKaTH, Mo R = <b>. IMoxkaanemo a®> =c i N =C
A <x>, Toal <c> a N, N — menl ILIOTERTHA rpyna, ®(C) = w(C) < A,
A/®{C) a N/DC). Ba reopemow Mamre [T4] C/PC) = A/D(C) x
Y/®(C), ne /Y/DC)/ = 3, [Y/@(C),<x®(C)>] < Y/D(C). Bsigcu
[Y,<x>] <« Y. B N lcuye niarpyna N, = Y A <x>. fAcsro, mo [C:Y] =8 i
pel miarpyne a3 C meranukaivsi, /Y/ = 27, ®(C) = <b>x <ec> < Y, c e
ZN,), Y/<¢> — abenesa rpyna. 3siace Y' < <¢>. B nigrpyni C sci
maxcuMansal oiarpyom, oxpim A, meabenesl. Tomy Y = <y> ) <b>,
/y/ = 9, ¥* = c. Ba Teopemoio Mamxe [T4] Y/<c> = <b<c>> x Z/<c>,
pe [2/<c>,<x<c>>) < Z/<c>, Bsipcm Y = Z A <b>, [4,<x>] < Z.
Ockiaexn Y — meranmxaiusa rpyma, 1o Z = <z>, fz/ = 0, 2 = ¢,
Ockinexm [e,x] = 1, mo sa migommmM peayasTaTom [74] [z,x] = 1.
Ouennano, mo C = A<z>, 3rosy B caay BifoMoro peayasrary [T4] [a,x]
= (z,x] = 1, 3migcn sunnusae, mo [C,<x>] = 1, mo me Tax. Omxe, G me
mome micreTE npumapAEax mimiMansEEx mEemerammxiiumnx nigrpyn i

oMy BCi cEnoschKRI niarpynu 8 G meraomrnluni, Jlema posenena.
Teopema 23.1. Heunlavnomenmul aoxarsno cmyniuyacmi

YIIH[ ] zpynu G € ckinvennumy ducnepcusnumu zpynamy ma esuyep-
RyOmMeca zpynamu munis:

I. Memazaminsmonosl 2pynu:

1) memaywxaivml:

1)G = (<a> \ <b>) x<g>, Ja/ = p — wenaphe npocme uucro, /b/
- ¢8>0, /2/ € (l,r) gl r — npocmi uucad, p =1 (mod q), [<a>,
<h> ] = <a>, ﬁ" eZ(Q);npuz =l Z(G)=<b'>x<z> npu jz/ =p f
i< §;



¢ — piani npocmi wucaa, p =1 (mod q), p 1 (mod r), [<a><b>]
<>, er} - -!; .
i) minimarvul nememayuxaivnl nenadpois asul epynu M mnidma:

3) G =P ) <x> — zpyna Mimidma, P — zpyna xeameprionl
nopadwy 8, /x/ € {3.9);

4) G =P )\ <x> — ueniasnomenmna spyna Mirnepa—Mopeno,
— gpyna muny (p.p), /x/ € {q.9°), Z(G) = <x*>, 8 — noxaanux p 3
Modyaem q, p | ¢ — pianl npoemi wucaa;

It ) epynu, wo smicmams saackl Hememayurxivnl nidzpynu;

6)G =P\ <x> P -~ exemenmapna afenesa epyna nopadwy p°, a
(2,3), /x/ = qr. p, q. r — nonapno planl npocml wucaa, @ — noKaIHUL
p aa modyrem q, — nowxaswur p aa modyrem r, P A <x'> ma P \ <x'
— zpynu Miaraepa— Mopeno; |

6) G =P\ <x> P — ereMenmapna afeaesa zpyna nopadsy p® .
2.3}, /x| =q°, f e (2,3}, a — noxazwur p 2a modysem q, p i Q8
piaul npoemi yucaa, P \ <x'> — epyna Minrepa - Mopeno, a +

7) G =P\ <x> — gpyna MMmtdma, /P = p’. exprP) = p. /x/
piq — planl npoeml wureara,

8)G=((<a>x<b>) \ <x>) x=<2>, [al = Ib/ = p, [x]/ +q, [2]
. p. Q. r — hpoeml wnean, p 2 q, (< x <b>) \ exs —
Minanrepa—Mopeno, 2 — noxaante p aa moduyem g, p =3, q > 2,

II. Hexemazamianmonnoei zpynit’

t) memanuraiyni:

) G = <a> A <b>. Ja/ = pr, p | r — we ofion'sawoan piani npoel

ynueaa, /b =q”, f> 0, ¢ — npoeme wucro,. p =1 (mod 9). r =1 (meo
q), [<a><b>] = <a>, Z(@) = <b">;
I0) G = (<a> x <z>)<x>, (@] = p ~- Henapue npocme wUCAQ

2. 2pyna kaamepuionia nopadey 8, x'ax ~ a';
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<a>, [x,2] =x¥", [a,x] = [a,2] = It

Il ) nadpose'asnl minlmasvkl HeMemayuxalunl apynu.

12) G = (<a> x <b>) A <x>, /a/ - /b/ = p -—— HenapHeé npocme
wucao, /x/ € {q.¢°), p = 1 (mod q), [<a><b>] = <a>, [<b><x>] =
<b>, Z(G) = <b'>;

18) G = (<a> x <b>) A\ <x>, /a/ = [b/ = p -— nenapue npocine
ueno, /x/ = ¢, > 2, p =1 (mod q), [<a><x>] = <a>, [<b><x>]
= <b>, Z(Q) = <b¥>, <a> x <b> — Keasiyenmparsna nidzpyna 3 G/

14) G = <a> )\ (<x> )\ <2>), [a/ = p — HenapHé Rpocme HUCAO,
/x] = @, [2] = q — Henapue npocme wucio, p & 1 (mod q), [<a>,
<x>] = <a>, [x,2] = x' [a,x'] = [a,2] = I;

Iil) zpynu, wo micmamo eaackl HeMemMayuKAlyRi nidzpynu;

18) G = (<a> x <b>) \ <x>, /a = [b/ = p*, p — npocme uucro, p
# 38, /x/ =q — npocme wucao, 2 — NOKASHUK p 30 moByaem g, (<a>
x<b’>) A <x> — Nenlavnomenmna gpyna Miraepa—Mopeno;

18) G = (RxP) )\ <x> [R/ =1, [P/ =P\ [2/ =qpglr—
nonapno piswl npocmi wucaa, p = 1 (mod q), 2 — nokasnux p 3a
modynrex g, ¢ > 2, R A <x> I P A <x> — uenlavnomenmul epynu
Misrepa— Mopeno,;

17) G = (<a> x <b>) ) <x> —~ nenadposeasna zpyna Ppolenlyca,
ja/ = /b) = p — HenapHe npocme Wucno, [x/ = qr { i P — Ne
offoa'narkoso piant npocmi wucaa, p =1 (mod q), p =1 (mod r), [<a> x
<b>) A <x'™ ma (<a> x <b>) A <x'> — minimasvil Hesmemanurafuni
2pynu.

Josedennn. Heofxiduicms. Hexalt G 3810B0NLHAEC YMOEY TEODEMA,

Axmo G — mMersumgnivma rpyna, T0 BOHA IANOBOJILHIE VMOEY MY

2.3.2 i ¢ rpyror oaworo 3 THnis 1—b asrazanol JemMm, A TOMY 1" -



rpynng QiHUIY & TBRLLD @y Ay &y &y &@ pgremsssstmg————= - 77F iy
pnopanbmonmy Oyaemo ssakartm, mo G — HEMeTANHNKIIYEA
Ockinskn G — HeHiNBNOTeHTHA Tpyna, TO BOHA MICTHTE IMIATDY
Himigra. Momnusi senaakn: 1) G micTaTs HeHAAPO3B AJHY niarpy
MImigra; 2) sel nigrpyos Hiviara 3 G manpoas asnl.
Bunadox 1. ¥ nsomy sunaaky G 3810BOJILHAE YMOBY JeMH
Moske GyTH JEINE TPYNIOI ORHONO 3 THIMB 1—8 aragamol neMm. -‘fff-‘
rpyna oasoro 3 ramis 16, 168, 3—8 poaraxysanoi TeopeMut BIATOBLAHO.
Bunadox 2. firmo mci saacul miarpynm 8 G meranmirivmi, 70 |
aanoBosbESE yMoBy nemu 2.3.8 | moxe 6yt amme rpynoio o7
ramis 1—38 sragamoi memm. ToMy G — rpyna ofHOro a THIIB 12—
POSrNAAYBAHOI TEOPEMH. ,
Hexat G micruts Bmnacel memeranmxmwmi nigrpynm. 3a
9.3.5 wmimimansni memerammiaiumi migrpymm 3 G e moxyTs 6y
slisnoTeRTHRME rpyuaMu. 3since G sagosonsnsie ymoBy nemu 2. 3.4
romy G — rpynma Tmmy 17 poarnanysanol nemsu. Bel »anan
poarnanyrl, Heobxinmlers nosenena.
HNoemamuicms, Hexalt G — rpyna oasoro @ tams 1—17 Teope
Bpoaymino, mo G — HeELAETOTEHTHA JNOKASLHO crymimuacTa |
oxiguenna amcmepcmeEA rpyma. IHoxameno, mo G — VIIH[ }rpy
MittcHo, ANA MEeTANEKAIYEMY rpyn e BCTAHOBIGHO B neni 2.3.2, )
rpyn G, mo MaoTs Hemaaposs'asmi rpynm Iimiara, — 5 seml 2.3
ana rpyn G tanis 12—14 — » senl 2.3.3, a ann rpyn G tanoy 17 -
nend 2.8.4. MocrartricTs aosesena. Teopena gonexeHa.
Hacalnaox 231 Kowymanm G' HeniAbnomenmuoi J0KaAl
emyninvacmol VIH[ ] zpynu G ne Olabiue Hiw OGinpumapHa 2py na
fiozo nopadox € Fobymiom He Olavliie HiX NOMUPLOX NPOCMUX YUC
Komymanm G’ epynu G moxe Oymu nealeaeeon zpynoi, Koau ein ;
nadae 3 nidzpynow xeamepuionie nopadxy 8 wu Healeresonw r
nopadiy p’ | excnonenmu p; npu yvomy G — memazamlismonosa 2p na.
Nlomenerma Geanocepenssd BHOJIRBAE 0 POITNAAVEAREX Tanis Iy

reopemn 2.3.1.



BYJIOBA YIIIH( )-TP¥I
TA JOKAJIBHO CTYIIIHYACTHX YUIH( J I VIIH[ )-I'P¥II

3.1. BYIOBA YIIH( )-I'P¥YIl

NMema 3.1.1, Hexali G — dosinsna VINH( ]-2pyna. Todl cnpased

Ausl nacmynhi meeporeHHA:

1) Gan Oydv-aKo20 HEOOUHUNHOZO enemenma g epynu G cnpasedanao

<g>>» N a G, [<g>:N] — npocme wucao;

2) G ne micmumb MiRIMAALHUX HOPMAALIRUX nidzpyn, Wo € eleMen:
mapnumu aberesuMu zpynamu nopadiy Olavur Hix p’, p — doslavre
Apocme YLucao,

Jlosedenns. Hexat G — pocaipxysama rpyma i g = il gopinsnai
geoxmEEuHEM esemenT. fkmo /g/ — npocre uucno, To P(<g>) =N = 1
4. Hexaft /g/ — nofyTox He MeHII® Hi)X ABOX HPOCTHX YHCE. Hurmo
<g> 4 G, To ByAb-AKA MAKCHMANLHA WATPYHA N a <g> xapaxrTepsc-
uuna 8 <g> | romy N 4 G, [<g>:N] — opocTe 1mcsO. Hexa#t <g> 4 G,
Bposymino, mo <g> micTars migrpyny A Taxy, mo [<g>:A] = py, Ae p
| q - me obos'saxoso piaui mpocti wmcna. Sa O3HAYEHHAM YIIH( }-
pyn (A;<g>] 3 N 4 G, Ockinskr <g> 4 GiA < N, 10 [<g>:N] - npoe-
te uncno. Teepaxenns 1 NeMu AoBejeHe MOBHICTIO

Hexa# P — mimimansmma Hopmenssa miarpyna a G mopsaxy p°s o >
2, Toal B camy TBEPAMEHHA 1 nemn P — esemertapraa abenesa rpyns, P
> B, /B/ = p’, Bpoaymino, mo /[1:B]/ > 2 i 3a odnaYeHAAM YUIH( |
mpyn (1;B] » N « G i, smaumts, /N/ € {p, p?), o cynepednts
winimansaoetl P 8 G. Teepixentn 2 aosenene. JleMa nonenena.

Memwma 312 Hexati G — dosiaspa VIIH[  }epyna. Tadi

thpasedausi nacmynnl meepdwenna:



mapruumu afenresumu zpynamu nopadry Olasuie Hixe p* . p — doslashe

npocme wucao;
2) axwo G = P ) <x> — exinvenna zpyna Minidma, P - cunoscek
p-nidzpyna 3 G, <x> 4 @, <x> — cunoscvka g-nidzpyna 3 G, pL g
piani npocmi wucaa, mo <x> — MaxcuMaavha nidepyna 3 G B -_:__1
Mmemapna alenesa zpyna nopadry p wu p* ;
3) G ne micmums p-nidzpynu eudy Z<x>, de Z - epyna muny (p.pj
Z<@G, [<x>C] =G, 2 n<x>= L.
Jlosedennn. Hexait G —~ pmocnimxysasa rpyna. [Ipmnycramo, mo (
micrnTs ejemenTApRy abenesy simiMasnbiy HOpMamsEY miarpymy P
/P/ > p’ Tonl P micrare A | [P:A] = p’. Bposymino, mo /[A;P]/ ;'5:-
/A/ > 1. 3a osEEYEHEANM YIIIH[ )-rpyn [A;P) 3 N « G. Bsigcm P> N
N # 1, mo cynepeunts migimassgocri P s Q. Teepmxennn 1 noseneno
Hexait @ = P ) <x> - cxinuenna rpyna [Imigra. Ba sna
rpyn IImizara (ams., nanperaax, [78, reopema 2.1.1]) G micrats nia
rpyity M = @(P) x <3>, axa Maxcemanssa 8 G | [P,<x>] = P. Hexe
<x> — HeMmaxcEAMANLEA miarpyma 8 G, Toal /[<x>;G)/ > 2. Ba
uenaam YIOIH[ )-rpyn [<x>3) 3 N« G, N<GiG = PN, P

[P,<x>] < [P,N] < P n N < P, mo memomampo. Orxe, ~x> —

(p, p*}. Teepamenns 2 neMn fOoBeneHe,

Hexatt G mictuts ninrpyny B = Z<x> 3 ymomaM® TRepAXeHHA
nmemn. Toal l.-’[{:?*:ﬂ]; > 2. 3a osnauennam YIIH|[ )-rpyn [<x>;B).
4G 1N <B. 3einen Z + N, Ba ymosoio treeprennn 3 temn [<x>,G
=@ < [N, G] = G' = N, mo cynepeunts cnispignomennusm Z < G' | -_j--:

N . Teepaxenns 3 nemr aopeneno. Jlemn noseaena.

afo cringennuyru Hadpoin RIMuMu 2pynamu, dra sxux cnapasedaydl

marpd WeHH A



doslavre npocme Yucao, |

2) minimaibHa HopMaAvHa nidzpyna epynu G mde nopadkom npoc
me wucho.

Hosedennn. Hexai G - pocnixysasa rpyna. Toni saBaAxH
gacaiaxy 1.3.5 G — noxaJbEO HAAPOSB A3HA, B TOMY JIOKAJILHO crymis-
yacTa rpyna, aka sa gemoio 1.2.2 e VIIIH|[ }-rpynowo.

fikmo G — minsnorenrsa rpyna, To ii MimiMansei HOpMANLEI mig-
rpyns MaloTh npoctEi nopagox [86).

Hexalt G — meninsnoorentHa rpyna, Toal G sagomonsHAE YMOBY TeO-
pemm 2.3.1 i Moske Byrm smme rpymnol ONHOrO 3 ranis 1 — 17 srapasol
reopens, | Tomy G - ckiEuesHA HAAPO3B A3HA rpyna. Bixomo [65]), mo
migimaneal sopmansai miarpynu 8 G MaoTs opocTHil MOPAAOK. Tsepn-
menua 2 Haculaky JoBeseHe.

Baspaxa aemi 1.2.2 VIIH( )-rpyma e VIIH( }Jrpynowo i Tomy
reepiykeHEA 1 HACHAKY BMIUINBAE 3 TBEPM)KEHHA 1 nemum 8.1.1, Ha-
cripox poveseHEE. _

Teopemadll Hizenomenmui nededexindosi YVIITH{ )-2pynu
0 suvepnyomsca 2pynamu munis; :

1) G = (<u> \ <v>) x <2>, fuf =p® A>1, v/ =p.y>0, /2] €
{1,r), pt r— npocmi yucaa, [uv] = w''

2) G = C x @ x <>, C — aoxareno yurxaiyno 2-zpyna, ¢/ > 2, 4 -
spyna xkeamepuionla nopadry 8, /2/ € {1,r}), r-- npocme wucao;

8) G =((Cx <u>) h <v>) x <2>C ~ Aoxaasnd yuxaluna p-2pyna,
wu spyna xsameprionis nopadxy 8, fuv] =¢c €C, fe/] =p Juf €
0.0 /v/ € ') [C<v>] =1, [2/ € {Lir), p } r — npocmi sucaa,
10 Ju) Jv] = 88; npu [x] =t fu/Jv] = p’;

4) G = (<a><b>) » <2>, /a/ = 8, /b] € 4.8), j<a>n<b>/ =2, b

lab = a', /2] € {1.r}, ¥ - npocme wucao;



b, [bx] = a’ = x% /z/ € {I1.r} r — npocme wucao;
6)G=AN<x> A=<a>)\<b> Ja/ =p' /b/ =p' B> 1, x| =
~ npocme wucao, pf > 4, [ab] = a°, [a,x] =&, [bx] =1;
7) G = ((<a>x <b>)<x>) x <z>, /a/ = [b] = [x] = 4, [2/ € {Ii}
r — npocme wucao, [a,x] = a’, [bx] = x* = a'b’; .
8) G = ((<a>x <b>)(<x>x <y>)) x <z>, [a/ = [b] = 4,a" = 2!
[ay], o’ = [a.x] = [by], b* = y* = [bx], /2/ € {1, r). r — npoch

Yueao; :

9) G =U ) X, U - yuraiuna 2-2pyna uu zpyna reameprion
nopadwxy 8, /U/ > 2, X — epyna xeamepnionis nopadxy 8, [
P(U), /Cx(U)] = 4; .

10) G = (<a> X <b>)<x>, /a/ = 8, [x/ =4, /b/ = 2, [ab] = &
a', fa,x] =b, [bx] =1.

Hosedennn. Heobxldnlems, Hexali G - pocnipxyeanma rpyna, @
nemoto 1.2.2 VIIIH( )-rpyna G e VIIIH[ }-rpynom, axa sanoso -.--.'-;_
ymony reopemu 2.2.3 | mome Gyrm nwme rpynowo oaHoro 8 THOIB
28 aranamol Teopemm.

fAwxmo G = rpyna onroro 3 Tania: 1 - 3; 10, /b/ € (2,4}, 2 € Z(@
11, z € e Z(G); 16; 17; 18: 20, [U,X] = @(U), /C(UY = 4; 27 ars
npamol teopemn, T0 G — rpvna ogroro 2 trnis 1 - 10 posrasays
teopemu mianosiann.

B rpyni G rommoro a tanin 4 ta 5 Teopemn 2.2.3 G' = w(Z(G)
/0'/ = p, @ mictuts niarpyny B = <v> « <a>, /v/ = /a/ = p, BA G
1. 3poaymino, mo /[1:B])/ > 2 i aa oswaveannm VIUIH( )-rpym (13
N « G. 3eisten /N/ = p. N = Z(G) i N = w(Z(G)), 1o nemoximse
Ommwe, rovna G we moxe Gyt rpyuono tany 4 un 5 teopemu 2,2.3.

Mpunyeramo. mo G - 1pyna oamnoro 3 Tanie 6 - 8 araa

reoperm. Toui G = =<u>, /u/ = p?, G\P(G) micTrte enement d, [<d>



| 9 | 3a ossavenuamd YIUIH( )-rpym (<d>;B) 3 N 44, & TOMYy N = W{=u-~j
| ) «d> i, anaunrs, N e mictars <u> = G'. Ase [<d>,G] = [Hft_i] = G'
i < N, mo semoncanso. Omwxe, rpyna G me Moxe OyTH rpynox KOAHOIO 3
ranis 6 — 8 arajanol TeopeMn.

Hexa#t G — rpyna tamy 10 tiei reopemn. IToxaxkemo, mo G - rpyna
ey 4 poarnaayeanoi Teopemum. [lidicmo, G = (<a><b>) A <z>, /a/ =
8, /b/ = 2", B > 1, blab = &, /<a> N <b>/ = 2. IToxaxeno, mo p <
4. Hexah me me Tax, Tobro f » 4. Tozi <a><b> = U = <b><d>, d =
"’ , /d/ = 4, <b> A <d> = 1. B cray macaizxy 3.1.1 <d’> <« G, a
vomy d' € Z(G). 3 immoro Goky, d’= ab?’’, a' ¢ 2G), b*' € ZG).
Cynepeunicts. Orxe, i < 4. TNokameno aani, mo z € Z(G). lifkcwo,
wexafi me me Tax. Toai /z/ = r. Ockimeke G — slasnorentra rpyna i U

- 2.rpyna, Tor = 2, [Ipa p = 2 gna rpyn G poarnaxysasoro THOY % €

%G) i Tomy Gyznemo sBaxarn, mo B = 3. [Moxnaxemo d = a’b?. Toal /d/
=2 d ¢ Z(G). lna rpyn G poarnanysamux rtEnis [a’z] = [b,z] = L.
3simen [d,z] = 1 1 romy G uim'r;. B = <d> x <z>, flcmo, mo /[1;B}/ >
9 | sa osmauenmanm YIIH( )rpym (1;B) 3 N « G, /N/ =21 N < Z(G).
He mopymyioys saraibHOCTI MOEHS BBAXRATH, MO N = <z>, mo #
tpeba Gyno nosecTH.

Hexa#t G — rpyna Teoy 11 reopenn 2.2.3. [loxaxemo, mo 2 € Z{G).
Hexa®t ne me Tax. Toal /z/ = 3, G micTars mixrpymy B=<h>x<z> b
¢ Z(G). ficeo, mo /[1;B]/ > 2 i aa osEATEHHAM YIIH( )-rpym (1:B) 3
N aG, /N/ =38, N < Z(G). Orxe, MOXHA BBAMKATH, 110 N=<z>{0-
rpyna TENY 5 poarasgyBaHOl TEOPEMH.

Hexait G — rpyna tany 12 reopemn 2.2.3. Toal G - BeMeTAILH KTl
ga p-rpymna mopaaxy p', p — Remapme npocte 4ucno, G' - ReneaTpaIHHA
giarpyoa 3 G Tany (p.p). Jlerko 6auuTs, U0 G me mieTHTs HiArpYIIV 110-

panky p’ i excnomwentn p. 3 mporo manmaBac, wo G - MIEIMAILIS



4 TeOpeMH 1.4.4. JBLACH U — I'pyna TaOoy 0 poarjiaflyBanol TEOPDEeMH,

B rpyni G xoxuoro 8 Tanis 13, 14, 16, 19 — 21 e niarpyna Z<p
Z =0, z e G\®G), saxa aunme YMOBY THEpPAKEHHA 3
3.1.2 i an axen G me moxe Gyran YUIH( )-rpynowo.

Hexait G — rpyna oguoro a Tanis 22 - 24 reopemm 2.2.3. Toal
<a><h> micrars nigrpyny B = <a®><b>, G' = <a’>, /[<b>;B)/ >
[<b>,G] = G'. 3a oaumavennam YII[H( )-rpyn (<b>;B) 3 N <G 1IN
<a'><b>. Ane [<b>,G] < [N,G] = <a'>, mo memoxnuso., Orxe, G
Mo’ke 6yTH rpymoio momEoro 3 Taois 22 — 24 teopemn 2.2.3.

Hexait G — rpyua Tany 26 reopemu 2.2.8. Topl G micrars niarpy
B = <a> ) <x>, /[<x>;B) > 2, [<x>,8] = <a>. Ba osuaueHm)
VIIH( )-rpyn (<x>;B) 3 N <« G 1 N < <a®> )\ <x>. Ane [N,G]
[<x>,G] = <a> < N, mo semoxmEso. Orxe, G Be Moxe GyTH
ramny 206.

Hexait G — rpyna taoy 9 reopemm 2.2.3. Toal /[O(X);XY > 2, 8
ossauesHaM YIIIH( )-rpym (@X);X) 3 N o G, flceo, mo /N/ =
[U,N] = 1, N < Cy(U), G micrars miarpyny B = <u> ) X, ne /u/ =
@(<u>) = D(U). Ockimxm /[X;B]/ > 2, 10 2a osmavenman YIIIH(
rpym (X;B) 3 N, < G. 3poaymino, mo N, = <u®> A X. Toai {X,U) :—f
AU = <u’> = w(U). flewo, mo G = V x <>, e V=UAXIV
gepenexingosa rpyns, Hexakh /g/ = r | B = X x <2>, ina Gyan-s
esemesTa d 2 X\@(X) maemo /[<d>;B)/ > 2. Ba comavenmam VIIH(
rpyn (<d>;B) 3 N, 4 G, romy [U,<d>] « U n N, = 1 |, smauars, [UX
= 1, Bpigen G = U x X % <z> | npw guxainsocrl U G - tpyma ramy |
poeraaaysamol meopemm, Ilpmoycramo, mo U - memmxaiuma rpyna
Toaxl U - rpyna xsarepuionis mopanky 8. Hexai U = <a,b>, ;.
<x,y>, @ = <ax,by>. flemo, mo Q - rpyna xearepmionis nopaaxy 8, §
sicTaTECR niv it UnQ=1, Posraameso nigrpynty B, = Q x <>, § .
Ana miarpyos B, nokawmeso, mo [U,Q) = 1. Ane [ax,b] = 1, ni



-],

fikmo [U,X] = 1, TOo OpH pmaxgiveocri U G — rpyna THOY 2
poarsAAyBaHol TEOpeMH. Hexat U — memmeuiuma rpyoma, Tobro U -
rpyna xsareprionis mopaaky 8. Toai G = U x X, i ax pagime, G Mic-
raTe miarpyny Q = <ax,by>, /[®(Q):Q)/ > 2. 3a osHANEHHAM YIOIH( )-
mpyn ((Q);Q) 3 N, < G. 3poaymino, mo /Ny/ = 4, G = UArQ [UQ]=
®(U), /C(U)/ = 4. Mosmauneme Q ma X, onepxamo, mo G — rpyna
frny 9 poarasxysaHOl TEOpeMH.

fixmo [U,X] = 1, mo [UX] = @U) i G - rpyna TEOy 9
pOSrNANYBAHOL TEODEMH,

Hexa#t G — rpyna Tamy 26 teopemm 2.2.3. fAxmo U — omxmaivHA
rpyoa i [U,X] = 1, ro G — rpyna TROY 2 poarnagyearoi teopemu. k-
mo [U, X] = 1, 1o [U,X] = &U) i G - rpyna Tany 9 posrnaaysanol
reopenu. fixmo renep U — rpyna XsaTepHiOHiR, TO, AK i pamime, [U,X]
= ®(U), /Cx(U)/ = 4 | amory G — rpyna Tany 9 poarnaaysaHOol Teope-
MH.

Hexat G — rpyna teny 28 reopemn 2.2.3. TMoxnagemo A = <x>, B
- <g><al><bl> = <x>G'. Toal /[A;BY > 2 1 3a oamaATeRAAM VILH( )-
rpyn (A;B) 3 N < G. Ane [<x>,G] = G’, mo cynepeunts ymMoni N * G,
Orme, G e mMome GyTE Tpynow pDOSrAAXYBAEOrO TRIY. Bel samagxn
posranmyTi. HeobxigmicTs AOBEAEHA.

ocmamuicms. [Ina popejesss AOCTATHOCTI TEOpeMEB YCTAROBHMO
CIONATKY cupasesnmsicTs HACTYOEOL JeMH.

Jema 313 Hexaii G — ¢pyna odnozo s munis 1 - 10 meopemu
9.1.1. Todi G = P x R — neploduyna nededexindosa Hlawnomenmua He
Glavwie wim Ginpumapua ckinvenna Had yenmpom ezpyna 3 KOMY
maxmom nopadxy p wu p* (p ~ npocme wucao), P = CuUI06CLKG p nid
ipyna 3 G, /R/ € (1,r), r — npocme 4ucao, R < Z2(G) i cnpaaedual

narmynii maepdweH A



— 2pyna muny 2 wu 3, y Axoi C - yenmpaavna 8 G xeasiyuraivia,

2pyna;

2) G'=P" modl | mlabku modi ne narexums Z(G), xoau p
(2,3): G - zpyna muny 4, G’ - zpyna muny (4); G — zpyna muny &, €
— zpyna muny (3,3); G - zpyna muny 10, G’ - zpyna muny
Tirevru a 2pyni G muny 4 xomymanm G’ € HeexeMenmaphow abereso
Zpynow,

3) Oydv-ara yuxaiyna nidepyna <g> 3 G Ma€ BUZARD <g> = < '1-
<h> <g> NP =<f> [f/ =p° 450, <g> "R = <h>, /h/ € I
<gf> = <f'> x <h> a G. Cnissidnowennr g° ¢ Z(G) mowe euxo -':':-
muca auute koau /g/ dlaumbcr na 8, exp(P) = 8 | G — z2pyna 00no#0
munie 4 ma 10;

- 4) Oydv-saxa maxcumassha ylaxom Paxmopusosana nidzpyna M 31
micmume w(Z(G)) | 1i nopadox € dobymrom 980X wu MpPsLOX NPOCMU
wucea, M'= 11 [M:w(Z(G))] € {1.p);

5) Oyde-axa nidzpyna B 32 G, dax axol G’ N B = [, mac suzizd B
F x H, de F — noxareno yurkaluxa p-epyna, /H) € {1,r) | drn e
BAGCHOI HeMaKcuMaavhol nidepynu A a B aunalidembea @nacua
Maavha & G nidzpyna N maxa, wwo A < N < B.

Hosedennn. Hexah G sapomonsusie ymony nemn, Toai G =P x R
oueBHAHl 3aranabEe TRepmwennx | veepamemnsa 1 memm, G' = P, B
rpyni G xoxuoro s teEnia 1 ~ 83 1a 6 - 9 G' - newrpansra 8 G ene
TADHA E&MH-P'ITFIIH- B rpyni G rany 4 G' - genenrpansua miarpym
Trny (4). B rpynl G teny § G' - mettentpamsma niarpyna tamy (3,3). B
rpyni G tany 10 G' — mememtpamsma niarpyma teny (2,2). 3 meon
BEIUTHRAE, 0 amme 3 rpym G tany 4 G' - meenemenrapua abenen
rPyTIA., Tnep.&mennn 2 neMn nosenene.



<g>, <h> = R N <g>, /1] = p, A >0, /h/ € {1,r}, h € Z(G). Moxaa
ssaykaTh, mo g = fh 1 Toai <g”™> = <f> x <h>, Axmo {" € Z(G), o g’
¢ ZG) | ToMy <g™> < G. Hexak £* ¢ Z(@G). Toxi A > 1. Ba
teepIsKeHEANM 2 fleMu TA BiIOMMME KOMYTATOPHEME CHiBBIAROMEHHA-
xx [64] » rpymi G xosxmoro a tamis 1 — 316 — 9 f* € Z(G). B rpyni G
moy 5 p =3, exp(P) = 9 | 6yap-Axka nuxniyea ODiArpyna OOPAAKY ']
wicTats memTpansmnfi 8 G emement nopaaky 3 i, smaumTs, A = 2,
w(<f>) = <f*> < Z(G). 3 uporo mmnumsae, mo G moxe Gyrm Jamme
rpynowo TEny 4 Ta 10 i romy exp(P) = 8, p = 2. B rpynl G xoxaOro @
gax TEOis oEkalgEa miarpyma mopsaxy 4 smicrare w(<a>), w(<a>) <
7%G). Tony mpr A = 2 £* € Z(G), mo cynepeuuts sabopy . Orxe, A >
9, Ane roai A = 3 1 /g/ nimateca ma 8, Tobro /f/ = B. Ouermamo, mo P
 aictets N = <a®> x <d>, /d/ = 2, N 9 G, <a’> 4 G { G/N ~ abenesa
mimeon dpaxropmsosama rpyns. 3simem f' € N, /f'/ = 4. Tomy <> g
[<a’>, <a'd>). Ockimxm <a®> 9 G, N « G i 3 N rimxkr sl pios
. gExriuml nigrpyme nopaaxy 4, ro <a’d> < G. 3sigem <f*> a G, Taxmm
. ymmoM, <g°> <.G | TRepamensEa 3 nemMm goBEAeHE.

3poaymino, mo w(G) = w(P) x w(R) = w(P) x R < M, ge M -
HOBLITBEA MAKCEMATLEA UinkoM daxTopmiosama miarpyna 3 G. Ocklms-
xux G — EimnoTenTHA rpyna, To B cEay [78] M’ = 1, Ouesngmo, mo R <
w(Z(G)), Z(G) N M = w(Z(G)).

MMoxaxxemo, mo /M/ — nob6yToR ABOX YH TPLOX NPOCTHX THCEN.
I'pyna G xoXHOIMO 8 POSTAANYBAHHX THOIR MAE BETAAN G=0G x <z>|
smwam G, — monoseemra <z> 8 G, moxame B OOHCY Ipyn G xomHOrO
TRy, A€ NpR BigcyTHOCTi Z B omEcy rpyne G seaxatTR z = 1, Z € Z(G),
/z/ € {1,r}, r — opocre gucno. 3sizcy M -lM, x <z>, ae M, = M n G,.
Sayeaxamo, mo G, 3amKIH p-rpyna, AKA MICTATE enemenTaprl abenesl
nlarpyne nopaanky p'. 3simcm M, — enementapra abenesa p-rpyna,



fixmo M, - Meranmkaiusa rpyna, ro M, - rpyna Teoy (p,p) 1
B npomMy Bumagky /M/ = /M,//z/ — pobyToK ABOX 4R TPLOX OPOCT

YHCeNa.
Hexa#t M, — memeranmxniysa rpyna. Toal G, MicTurs snacwi me

rapExaivel piarpyoe. Ockinsxa » rpyni G xoxsoro a Teuis 1, -l,,;.
8 G, - rpyna, y axol seci saacai miarpyma meranmkiaiumi, o G e MG
6yru rpynon nmx TEnois. Ouesmamo, 3 rpyni G tany 2 G,
rouno TP nenTpasssi B G imsomonii, B rpynl G TeEny 9 3a macaim
1.1.7 G, mex micrurs Tpm nesTpansil 3 G imsomonii. 3a reg
2.2.2 s rpyni G Tany 10 Touso Tpu imsomonii. 3 nEOro BEILTHBAE,
8 rpyuax G xoxxsoro o tTamis 2, 9, 10 M, - rpyna T™any (2,2), a ToMy
ge Moxe GytE rpynomo naEx tamis, Orxe, G — rpyna ogsOro 3
gz 6. Brpynl G rany 8 G, =G = A A <x> | Tomy M, = M. 3 onncy
sunaeae, mo w(A) = w(<a>) x w(<b>) = G' < Z(G) " M, A = <a>
<b>, Ockimskm G/A — nuxnlusa rpyoa, 1o | M/G' - naraivua rpy
3sigcm /M/ = p.

Hexza#t G - rpyna rany 8, Moxnagemo A = C x <u>, Toal G, =4

e

<v>, /u/ e {p,p’}, /v/ € (p,p’). Momua seaxara, mo /u/ > /v/. He
/u/ = p*. Toaiz = 1, G, = G I M, = M. IMoxnanemo A, = A N M. Tt
M/A, - niarpyna musnigmol rpyms G/A 1 tomy M/A, ~ maxal
rpyna. 3poaymino, mo w(A) = w(C) x w(<u>) < Z(G), fcwo, mo A,
w(A) i Tomy A, = w(A). 3siace A, - rpyna tmny (p,p) | /M/ =
Hexa#t Tenep /u/ = p | Tomy sa sulopom /v/ = p. Ba peaynsTaTo
[88, 89] G, ~ mepeaexinmzosa rpyna, y axol mopmansil sei meraxals
miarpyms. [Ipanyereso, mo G, micrars narpyna rany (p,p,p). Tog!
micrets giarpyny M, tany (p,p), and axol C A M, = 1, |, suaunrs, £
= C x M, - heneximzoma rpyna, mo semoxanso. OTive, sci ese

wl aenesi nixrpynm 3 G, mamrs nopamor p wn p. Aste toai ,-'.,



§8 TPLOX HNPOCTHEX YHCEJA. JIETKO DAMETE, My pimsmisasrny =
TeepasceHna 4 neME NoBHEICTIO AOBEAEHE.

Hexafi B — nosissna niarpyna s G i BN G' = 1. Toai B' = 1. IToka-
meMo coodaTry, mo B = F x <h>, ne F — NOKANEHO MHEKJIYHEA pP-IPYOA,
/h/ € {1,r}. Moxnagemo P, = P N'B. Ockimekn [G:P] € {1,r), To [P:P,]
e {1,r}. Axmo P, — noxansHO naxaiuea rpyna, o B = P, x <h>, /h/ €
{1,r). Tloxnagemo P, = F i oxepmumo myxaaai poaxnan B.

Hexa#t P, — ge JOKANLHO NAKAIYHEA rpyDa. Toni w(P,) — renrKIiTHA
rpyna. Ockinexm G — HiIBOOTEHTHA rpyna, TO G' N Z(G) micrars ¢ |
¢/ = p. ficro, mo G mMicTHETSH ninxom daxropusosary miarpymy M =
<> x w(P,). 3a TBepmmennAM 4 JeMn M - MAKCHMAJNBHAR IMiJKOM
paxTOpH3OBAHA NiArpyOa rpymns Gi/M/=p' 3elacez=1=R, G=P
| w(P,) = rpyna Tenoy (p,p). Jlerxo Gaumta, mo P, = B = F x H, ne F i
H - meopmERYEl NOKAMBHO NEXAiYEl P-rpynH. MoxEa BBR)KATH, IO
(F/ > /H/. B rpyni G tany 1 /z/ = p i B — niarpyna abenerol rpynn
0/<u> tany (p'.p). 3sigca /H/ = p i F — noxansno oAKAigEA P-TPYNA.
Brpyoi G Tany 2 /2/ =21B - pizrpyna 8 G/Q = C x <z>, Baincw F -
toxansEo nExsmiv=a rpyna i /H/ = p. Orxe, pna rpyn G xomuEOro 8
mms 1, 2 mykesa#k poskaag ana B anakperscd.

Hexafi nani G — rpyna oanoro o TeEnie 3 - 10. Toai /B/ < o i F =
d>, H = <h>, /{/ =p% /h/ =p,A>0,7y>0,A>y Brpyn G
woxxmoro a Tenis 4 — 10 icHye TAKA HOPMATRHA miarpyna A, mo w(A) =
0' | P/A — umknigEa uR oinkoM GAKTOPRIOBAHA IPYTA, afio P/A -
rpyna Tany (p°,p). ficwo, mo AnB=11iB - miarpyna 3 G/A. Ane
mniﬁ-'r-l,nﬁoﬂ}I.T—I.D‘rme.mnrpynﬂ-rnnin-l- 10

myxannf posxnan ans B arafnexo.



Axmo G/C - ninkom GaxToOpHsOoBAHA TPyNa, T A =y = 1, |
myxauuil poaknaan aaa B amafneso.
Hexait G/C — He ninkom ¢gaxropusosana rpyna. Toal /z/ = 1, /u/

p!, /v/ € {p,p’). 3sinca B — rpyma tany (p',p) um THOY (»',pY). B
nopymenHA 3aransHOCTI MOXHa meaxatH, mo /F/ ~p'ly e {l.!j.:
mo ¥ = 1, To myxasnft posknax ans B smafinemo. Hexadt y = 2. To
fu/ = Jv/ = p, C' =1, C < Z(G), [G:C] = p*, /B/ = p', a Tony G =€
B i, sausTts, G' = 1, mo Hemoxsuso, Omxe, nna scix sHnanKis m

pER poaxnan ans B amafineno.
Moxasxemo, uo anna Gyas-axol snacuol HeMAKCHMANLHOL

ae /f/ = p®, /h/ = r'. Momna ssaxarn, mo g = fh. 3a Teepaxen rli'_'
nemn <g’> = <f> x <h> = N 4 G, B cany reopemn 1.1.1 N - maxt
MabHA miarpyna <g>, mo micruts »cl maacal EeMAKCHMANBH]
om 3 <g>. Ocklmka A ~ sracsa meMaxcumasssa 8 B, To A <N <1
reepakeHnA B neME Yy OMOMY BROAAKY OOBEASHE.

Hexa#t B — meuwxaiuna nigrpyna. [paoyeramo, mo /B/ = oy, 1'__;“
G - rpyoa tany 2, w(G) = w(C) x w(Q) x <z> < Z(G). 3sincnm B)
Z(G). Bpoaymino, mo C < B N Z(G) 1 B ~ Cw(B) < Z(G). Ocximnxn A
B/IACHA HEMAKCEMANLEA nigrpyna 8 B, ro icaye N taxa, o A<N<
Bpoaymine, mo N 4 G. Hexait remep /B/ < . Ba nonepeanin | B om
semmxalanocrl B maemo B = <f> x <h>, /f/ = p", /h/ =p, &> 0, W
~ rpyna teay (p,p). Sa Teepamennnn 4 nemm G' me mowe Gyrm mel

mparseow » G niarpyoow rroy (p.p). 3place O me e rpynow XOAHON
s Tunin 8 — 9. 3a reopemow 2.2.2  rpyuni G rany 10 rouno Tpu (N

mowll, skl masemars G'. Opxe, G me e rpyna tuny 10. 3poaymian



dpaxTopEaosany niarpyny <c> x w(B) nopszaky p’. 3sigon G = P.

Hexadt B — uiakom daxropuaosass rpyna. Toal B nanexurs geaxia
| MaxcEManbEifl ninxon daxropusosamli nigrpyni M 3 G, 3a Teepmxen-
win 4 nemm [M:w(Z(G))] < p. 3eigcu B A w(Z(G)) micTats c 1 /e/ = p.
@ posksany B sunnmsse, mo /B/ = p* |, smaumrs, /A/ = 1. Ilokaaaemo
N=<c> Tosl A<N<BIiINaG.

Hexa#i Temep B — we ninxom daxropuaosasa niarpyua. Toml A > 1,
Mps nex ymosax 8 rpyni G koxeoro o tamis 1, 2 w(G) < Z(G). Tomy h
¢ 2(G). 3a Teepmxennam 3 nemu <f"> < G. fAcno, mo <> x <h> =N
4 G, Ockinbkm A — BAACHA HeMAKCHMAJBHA miarpyns a8 B, 1o sa Teope-
wowo 1.1.1 A <N < B. B rpyni G xomxkuoro 3 Tenie 4 ta b byas-axa

guxaiusa olarpyna nopsaxy p® mae Heopmmmunuil neperss 3 P = G,
3sigce G moxe Gyre mume rpymoto Teny 3. 8 ommey nux rpym 1 oc-
gk B n G' = 1, /f/ > p sannmeae, mo G/C — He uiaxkom darTo-
pusosama rpyma. Toal /z/ = 1 i Gea mopymeHHs SArajbHOCTI MOMKEHA
gsaxarta, mo /u/ = p% /v/ € {p.p’). Hexalt /v/ = p'. Ba TBepuxen-
aamE 3 Ta 4 gemm w(G) = w(C) x w(<u>) x w(<v>) = w(Z(G)). 3sigcu h
e Z(G). Ak i panime, A < N = <ff> x <h> < B,

Hexa#t /v/ = p. Toai G = C A B, lloxkaagemo U = C x <v>,
8posymino, mo v € Z(G), w(U) = w(C) x <v> < Z(U) 1 w(U) « Z(G).
Ocxlmska [G:U] = p’, [G:iC] =p* 1 G =C A B =UB, 7o U B = <d>,
/d/ = p. Ouenngso, mo d € Z(U), d € Z(B) i romy d & Z(3), <d> nC =
1. 8sigen w(U) = w(C) x <d> < Z(G), mo memommso. Orixe, Aun Belx
sanagxis (A;B) > N 4 Q. Tsepasxesna 5 nemu aosepene, Jlema josene-

“'
HNosegemo Tenep pocrarHicTs Teopemu, Hexall G — rpyna ozxsoro 3

turis 1 — 10 Teopemu, Toal G = P x R — rpyvoa, mo 3agos0fLisie

yuosy demn 8.1,3. 8sincn ans rpymn G cOpaBesnEBi BCi THEDNACHUA



maeThcA noxasatTH, mo G — YIIIH( )-rpyna.
Hexait /[A;B])/ > 2. INoxamemo, mo (A;B) » N < G. [lifcro,

4G 1B <G » cany reepmxenna 1.8 a [73) nerxo Gaumrn, mo (

N 4 G. Tomy B nogansmomy Byaemo ssamars, mo abo A 4 G, abo ._
(. 8 usoro mansnmpae, mo G' + A, Hexalt G’ N B = 1. Toxl
reepmxenasM B semn 3.1.8 (A;B) 3 N < G. Tody » nogansimomy 3
B = 1, INpumnycramo, mo B = <g>, Bpoaymino, mo B = <f> x <h>,
zf>=BnP,<h>=BnR,/{/=p", /h/e{lr),A>0,pir-pl
npoerl umena. Ba reepamennam 3 semm 8.1.8 <g’> = <f’> x <h> =
a G. Basnaxm reopemi 1.1.1 N & (A;B), mo # rpeGa Gvro zomect
Orxe, B — menuxniuna tpyna. JIna rpynd G xomsoro 3 tamnis 1
/G')=p, G <BiG nA=1, [Toxnazemo N = G’ A A. Tonl (A;B) &
4 G 1 goerareiers Lna nEX THOIR rpyn NoBeNEeRA.

3a TRepamennsand 2 nemz 3.1.8 /G'/ = p*. Ouesnano, mo /G/ <o
[MTpaoveramo, mo /A/ = 1. fixmo B MICTHTE BJISCHY HeOXHHEW
sopMansey 8 G olarpyny N, 10 {A;:B] 3 N « G, Hexalk B me micra
BJIACHNX HeoAMHAYHERX ROpMAansEwx B G nigrpvo. Toal B ne
mopmansenrx B O marpyn mpocroro nopazxy. Saiace G' — menaxmiuEs
aenenrpansia 8 G miarpyna L romy G mome Gvrm rpynom oar
reiin 5 wr 10. B rpynax O xomuoro s umx 1:m:ln G' - rpyoa
(p,p) i Byns-axa urkniusa miarpyna 3 G nopaary p' micTaTs nesTpa
ay 8 G niarpyny nopsaky p. 3sincm exp(B) = p | /G' n B/ = p. Jlen
faumre, mo B rpyrnax O xommoro 3 poarnaaysanax Tanis (caye
MAKCAMAMBEA iakoM daxropmaosana mixrpyna M = w(G) nopaaxy g
an p' 1 w(Z(Q)) micTrs wi<a>). 3ninen (A;B) 3 N < G, ae N = w(<a

Tipupyernmo tenep, mo A/ = 1. Hexalt P, = B n P. Toxai F
HeIAKNIYHA on TopesKA p-olarpyua a8 B, Moxomei aunaaxn: 1) G E'*::_
NG P,



ToAl (A;D) 3 N 9 b, 0 B TPeok UY/AU AUuBTCuUTaAa. l1umy mMuMman DDamales
mo G'A = B, Ockinsxu A — memaxcumanseEa 8 B, o G'nA=11A 4
G. Hexat D=P, n A, Togl D - nnnunﬁn;:n p-oiarpyna s A, D 4 P, /D/
>1, P, =P ADi /[DiP,) > 2. fixmo (D;P,) 3 N, <« P, 10 N, < G.
Moknanemo N = N,A. Toai (A;B) 3 N <« G, mo # tpeba Oysno jnosecrn.
Orsxe, MO}kHA BBaXKATH, o B < P,

Hexa#t G — rpyna tany 4, Jlerko Gauuru, mo Oyas-AKa NHKIIYHA
plarpyne nopaaxy p* 8 P micrars w(G'). 3siacn u::;;[l]} = p. Ana rpyo
gsoro tany [w(P),P] < w(P’). Toai [D,P] < w(P’) i Tomy w(P') x D = N,
a4 G. Ocximexe P' — umrxaivea rpyna oopsaxy 4, To (D;P;) 3 N,. 8a
monepensin, (A;B) 3 N « G.

Hexalt G — rpyna oagsoro 8 Tanie 5 — 10. Toxi GyAs-Aka miarpyna
nopaaxy p’ @ P mae s P’ neopunrysni neperus, Q' - rpyua rany (p,p),

w(G) — rpyna tany (p,p) 4= TNy (p,p,p). 8slace /D/ =p i P, — rpyna
runy (p.p.p). B rpynl G xomxsoro s Tanis 6, 6 P, = w(P) i w(P) miec-

ruTs enemesT ¢, /c/ = p, [w(P),P] < <¢>. Takum yunom, (D;P)) 3 N, =
<¢> x D a P, Ba nonepeauin, (A;B) 3 N < G.

B rpynl G xomnoro s Tanie 7 ra 8 w(P) = P = w(Z(P)). Beigcn
(D;P,) 3 N, < P. 3a nonepeasin, (A;B) 3 N a G,

B rpynl G xoxuoro 8 Tunis B ta 10 marpyna P se MicTET: QiArpyn
rany (p,p,p). Tomy B3 npomy msmuaunky G ne mose OyTH rpymnom
moxuoro is srajasrx Tunis.

Orme, y sanagky 1 G - VIILH( )-rpyna.

Bunadox 2. V usomy smnasxy G' n B = <c>, /e/ = p. Moxnusi
penaakE: 2.1) <e> a G; 2.2) <e> 4 Q.

Bunadox 2.1. Tipuycrumo, mo ¢ € A. Toal /[A/<e>;B/<c>])/ > 2.
Jle rpyn G tany 4 G/<c> - rpynma rany 1 POSIIAAVBAHOL TEOpENMIt,

Ine rpyn G xowmoro 8 trmis 6 ra 10 G/<c> — rpynma TuHmy 3



nearpansaa B G oigrpyoa teny (p,p) i G/<c> — rpyna oaroro a 4
1, 3 poarnapysamoi Teopems, abo G/<c> - raminsTomosa rpyma, |
monepexHiM um ramineTomoBicTio rpymE G/<c>  (A/<c>;B/<c>)
N/<e> 4 G/<c>. Ane roni (A:B) 3 N 4 G. Hexait ¢ ¢ A, Toxl <¢> n
= 1, ina rpyne G Tany 4 p = 2, KoxuEa niarpyna nopaaxy 4 o P x
HeoguHEYHEE mepeTrs 3 P'. 3sizcn A ~ niaxom daxTopusosana abes
sa rpyna. Axmo [A,G] < <c> A A, 70 (A;B)3a N=<¢c> ) A <G,

Hexait [A,G] « <c> A A. Toai A 4 G, Ockinexkm B rpymi G <¢
w(G') i1 ans Gyas-axoi ninkom daxropwaosanoi niarpyonm X o G [____
< <¢>, 70 gna rpyne G TeEny 4 srnagox 2.1 poarasEvaE mosEiCTIO.

Hns rpyn G xoxneoro o Tenis 6 - B [A,G] < <c>. Toxi (A;B) 2
<e> A A 40,

B rpyol G reny 10 memae meoammmuanx niaxom GaxTopr3osas
marpyn X, ans axkax G' N X = 1. Tomy G me € rpynoo meny 1
Broagox 2.1 poarnamys nossicTio. '

Bunadox 2.2. ¥ nsomy sruasry O me moxe GyTa rpynoio mogHON
Tanis 4, 6 — 9. B rpyni G reny 10 nenae BeopaEmuEmx ninxom e
puaoBaumEx mixrpym, mo MawTs 3 G opmEmumml meperms. 3sizcm G
moxe Gyrm rpynono Tany 10. B rpynl G ey b6 seaxa
rpyna 3 G sempocToro nopagky Mae 0 Q' meoxmmwwmmlt nepersx. 38
cu /A/ = mpocre wmeno, a' € Z(B), /a'/ = 8, <c> N <a’> = 1,
TeepIxenEaM 4 memm 3.1.8 Gyas-Axa MaxcmmansEa minxom dax
sosama mizrpyns M 3 G adernrs w(Z(G)), M = w(G), /M/ — noby
NBOX wWH TPLOX mpocTrEx 4mcen | /B/ ginmTeca ma gobyrox
rnpoctRx wmcen. B rpyni G tany B maemo a' € Z(G), a® € G'. 3
<a"> " B=1itomy /B/ - noByrox ABOX mpOCTRE nmi, mo =e 1
Banazox 2.2 posrasayralt nonmicrwoo. locrarmicts xopepena,
noBegsHA.



LS TR LD SR TR BLOAF TR G FIRER D LETRERITE R RIITREL I PO PR B TIRRR IRaT;

1) G = (<a> A <b>) x <z>, /a/ = p — Henapxe npocme yucio, [b/
= ¢, p>0, /z2/ € (IL,r}, g i r — npocmi uucaa, p = 1 (mod q),
[<a>,<b>] = <a>, Z(G) = <b%> x <2>; npu j2/ =p B< 8

2) G = (<a> x <z>)<x>, /a/ = p — HenapHe npocme LU0, <2, x>
- epyna Keameprionie nopadxy 8, x'ax = a’;

3) G =<a> A (<x> A <2>), /a/ = p — KHenapue npocme Yucro, /x/
= q", A> 2, /zf = q — npocme wucao, p = 1 {mnd g), [<a><x>] =
<>, [x2] =2, [a,x'] = [a,2] = 1;

4) G =<a> )\ (<x> A\ <2>), /a/ = p — nenapue npocme wucao, /x/
= ¢, /2/ = q — HenapHxe npocme yucro, p = 1 (mod q), [<a>,<x>] =
<g>, [x,2] = 2, [a,x"] = [a,2] = 1.

HMoeedennn. Heobxidnlcme. Hexalt G — pocnipmysana rpyna. Toal

B mnip;ndn 1.8.5 G - noxAnLHO HAADO3B A0HA, A4 TOMY JIOKAJIBHO CTY-
megacra rpyna, #AKa, OYEBHAHO, 3AK0POJILHAe ymMoBy Teopemm 2.8.1 i
uoxxe Oyrs rpymom oamoro 8 TEmis 1 — 17 srapanol Teopemm. 8 usoro
pruimsde, mo O — cklsvensa EAZRpOas AsHA rpyna. Sposymino, mo G
isgosonnEse yMosy nemu 8.1.1, sa reepmwennan axol pna Byas-axoro
prewerta g 8 G, /g/ = r*, ®(<g>) @ G, Beigcn 8 rpynl G TaDy 1
teopenu 2.8.1 Z(Q) = <x®> x <gz>, Hexalt » rpyni G sragadoro raoy
ft/ = p. Mornagemo A = <az>, B = <x*> x A, Bpoaymino, mo [A,G] =
<p>, 3 npOro BEIAMBAE, o0 B He MicTHTH Hupumm g G migrpyn N,
pnst axex A < N, 3a osmagenuaan VIIH( )-rpyn /[A;B})/ < 2, mo mox-
ympo upa f < 8. Orate, G -~ rpyna Tany 1 posrnanysanol Teopems.

3 semm 3.1.1 Ta mafposs ssuocrl G annaese, mo G Ae moxe GyTn
rpynom moxmoro 3 Tamia 2 — 8 reopemnm 2.3.1. I'pyna G xomxuoro 3 Ta-
‘ms 10 ra 11 arazanol reopemn e pignosiauo rpynofo 2 ta 3 poarnnpy-
saHOl TEOpPEMH.




msopmanseol miarpymm N o lmrepsany (Q ; G), ne Q — CHIOBCHEA |
niarpyna rpyna G i romy G me moxxe GyTm rpynoio ROAHOrO 8
tamin. Ipyna G Tany 14 e rpynoio Tmy 4 pOITAANYBAHOL TEOpeM
Ockimsra rpyna G xoxueoro 3 Tanis 16 — 17 Teopemn 2.3.1 e Hens

a8’ sanoI0 rpynom, ro G me moxxe Gyre rpynow nux TaEnie. Bel srna
poarnaeyTi. HeobxigmicTe nosenena. |

Hocmamuicms, Hexat G — rpyna ogHOro 3 raois 1 — 4 poaraaan
moi Teopemm. Bposymino, mo G — HeHlIkNOTEHTHA CKIHYEHHA HAAX
»'soma rpymna, Hokasmemo, mo G = YIUIH( )-rpyna, rofro ans /[AB
> 2 (A:B) 3 N < G, fAxmo G' < A, 1o, ouenraro, (A;B) 3 N 2 G. Ta
nomanemomy OGynemo ssaxars, mo G' + A, Jlerxo Gaunrn, mo miarf
mn @parriel scaxol naxkaivsocl miarpyns 8 G ropmansal B G. 3poay)
no, mo G = <a> A Q, ne Q@ = <x><z>, /a/ = p — HenapHEEe mpoC 3 1
eno, [<a>, Q] = <a>. Iornamemo A, = <a> N A. Momansl sunam
1) A, = <a>; 2) A, # <a>.

Bunador 1.V nsomy smnagky /[A/<a>;B/<a>]/ > 21 G/<a> &
fixmo Q@ — nemeximmora rpyma, To (A/<a>;B/<a>) 3» N/<a> 4 G/<
Ase 'romi (A:B) 3 N ¢ O, Hexatt Q — mepepexingosa rpyuna. Toal G
rpyma Ty 3 4u 4 poarnAnysaHoi TeopeMH, ¥ fikol Q — CHAOHCHKA
miarpyna 8 G, Ouesnamo, mo seaxa mixrpyna nopaaky ¢’ 3 @ miem
Q. Ockinsrz A ¢ Q' = <a>xQ, 0 AnQ = 1. Beigca JA/<a>/ 4
fleno, mo /B/<a>/ > q'. 3 mporo sumwiasae, mo miarpyna By
erporo mictmTs @'/<a>, Tomy G' < B, Ipn /A/<a>/ =1 (AiB) 3 B
G' 4 Q. Hexat /A/<a>/2 1, Toal /A/<a>/ =ql A =<a> ) <a,>, [
= q, <a,> = A N Q. 3a nonepeanim, Q' N <a,> = 1, Ocximrn /Q/ S
o (A:B) 3 N = AQ' < G. Ore, v srnaaxy 1 gocrarmicts A0BeeHa.

Bunadox 2. ¥ usomy Bnnaary Gea nmopvinerHA sarsisAocti

ppakaTn, mo A < Q. ficso, mo Cy(<a>) - mopmamsua B G Mak



(A;B) 3 N = <a> A A 9 G, Momuamsl sanagka: 2.1) A 2 G, a g B; 2.2)
A 4G,

Bunadox 2.1. ¥ upomy BEnagky <a> n B = 1 1, seauunrs, Ges
popymeEHA saraasHocTi, B < Q 1 /B/ mmm.cﬂ Ha zobyTox ZBOX mpoc-
rex uncen, Ouesmano, mo B miermTes <¢> | <c> wmicrars @', ge /ef —
mpocte umeno, ¢ € Z(G), Ilpe /A/ =1 (A;B) 3 N = <¢> 4 G. Hexal

L

/A # 1. Topi /B/ ainurhca Ha XoOYTOK TPLOX HPOCTHX HHCcea. 3Biacm
3 rpyni O wosxsoro a tenie 2 Ta 4 fﬂj-q,ﬁﬂl&ijﬁfmq’.
Ockinzkm A € Cy(<a>) — maxcmmansua marpyna 3 @, 1o (A;B) s N =
Cl<a>) « G.

B rpynl G xosxmoro 3 Tumis 1 Ta 8 Q manexurs B1 QA « G,
fixmo QA > A, mo (A:B) 3 N = QA < G, Hexatk QA = A, B rpyni G
mny 1 A < Cy(<a>) = Z(G) — marcamansua nigrpyna a Q. 3siace B N
Z2(G) = N — markcemans=a mizrpvona 3 B, Tomy (A;B) 3 N a G.

B rpyni G troy 8 sasaaxm Teopemi I1.1.1 miarpyna Cg(<a>) = <x%>
x <g> crporo MieTmTs A | <x%> x <2> —~ maxcamamsEa miarpyoa a Q.
Balace B N (<x® x <g>) = N -~ maxcamaimsEa nigrpyna 8 B, Tomy
(A;B) 3 N. Bpoaymino, mo /N/ > q. Ane roni Q' < N, Beigern N 2 Q |
rory N < G. [ocrarnicrs y sunaaxy 2.1 nosegena. |

Bunadox 2.2. ¥ npomy sunagxy /A/ = 1, /B/ pixwrsca ua noSyrox
TpLOX DPOCTEX umecen., Axmo [<a>,A] # 1, 10 [<a>,A] = <a> 1 A
MieTHTE Q-eNeMenT U, U € Q, <u> - maxcmmanbEa mifrpyna 8 Qi Q' <
<u>, Bposymizo, mo <a> A <u> - makcuManeEA nigrpyma 3 G.
Ocrinsxm <u> < A ~ BJACHA HeMAKCEMaxbHA minrpyna a B, ro a ¢ B.
Tomy <a> ¢\ B = 1 i, dgaunrh, <u> - MakcEManicEA nigrpyoa 3 B, mo
peMomaaEo. Bmmagoxk 2.2 memoxmsnii, Bel Bpoagkm posrasEyTi.
NloeratHicts mosaicTo nosenena. Teopema aosenesn.



crcinvennow nadpoae aanoio ne Glaswee wlae mpunpumapnoo epynom |

UukAiNHUM KoMymanmoM nopadiy p wu pq, p t ¢ — planl npocmi
Homymanwm G’ modi [ miasku modl mae npocmuil nopadox, Koau 3
2pyna muny 1 meopemu 8.1.2, epynu G minbKu 4LOZO MURY MONKYT
fymu mpunpumMapi.

Hacaigor Geanmocepenaso sRIUTEBAE B TeopeMm 3.1.2.

Hacaimox 3.1.2. Bel nededexindost VIMH( )-epynu G auss
nyomees zpynaxu munie 1 — 10 meopemu 8.1.1 ma epynamu munia
— 4 meopemu 3.1.2 alo naszsaHumu Huxve I4 munamu epyn,
enlsnadawoms 3 éidnosidnumu munasu epyn meopen 2.2.8 ma 8.8.1°

I. Hiasnomenmui epynu (aifnoaidunl zpynu 3 ofmuexwennamu !ru-;l
"ux 3 meopemu 2.2.3):

1) G - epyna muny 1;

2) G — epyna muny 2;

3) G - 2pyna muny 8; -

4) G - spyna muny 10, /b/ € {4.8), 2 € B(G);

5) G — epyna muny 11,2 € Z2(@);

#) G — zpyna muny 18;

7) G — epyna muny 17;

8) G — epyna muny 19;

#) G — epyna muny 26, [U, X] = w(l), /Ce(U)/ = 4;

10) G — epyna muny 27.

II. Henlavnomenmni epynu (aidnoaidul spynn a meopesu 2.3.1):

11) G - epyna muny 1;

12) G - spyna muny 10;

13) G - epyna muny 11;

14) G — epyna muny I4.

Moeedennn. Hexat G — pocninsmysana rpyna. Toni aasnAaxn RAcH

vy 1.3.5 G - 1oxANBHO HAADOGBR AJHA, 4 TOMV AOKMILHO CTVHiEYS



TEETHAR & UL FIPpydoa; £) U — JJOKAABHO CTYIIHYACTA HEHIJNLOOTEHTHA
VIIH[ }-rpyna.

Bunadox 1. ¥ usomy menanxy G sanosonbase yMOBRY Teopemu 2.2.8
| moxe 6y rpynowo oxmoro 8 Tanis arazamol Teopema. 3a foBeneEEAM
riel reopenn G — rpynoa oanoro 8 Tanie 1 ~ 10 poaraazysasoro macain-
RY.

Bunadox 2. ¥V nsomy srnaaxy G sanosomsmase yMony reopema 2.3.1
| moe GyTe rpyoowo-ogmoro a TEnis srazanol Teopemm, 3a nopenemmaM
riel reopemm G — rpyna oagmoro 38 tamie 11 — 14 posrasaymasord BA
exiaxy. Hacninox nomenenntt.

3.2. BY10BA JIOKAJIBHO CTYTITHYACTHX VIIH( )-IPyH

Teopema 821 Hirnwnomenmul nedededexindosl YIMH( |
tpynu G euvepnyromeca epynaxuy munia;

1) G — niasnomenmua wededexindosa YIMH( )-epyna, moomo
tpyna @ oduoeo 8 munia 1 - 10 meopemu 3.1.1;

2)G=<a> \<b> fa)/ =8, /b)) =2°, f<4 blab=a’;

§)Q=<as> \<b> Ja) =8, /b) =8 B <4 blab=~a;

4) G = (=<a> x <b>) \ <x>, ja/ = p', /2] = /b/ = p - wenapne
npocme wucao, fax] = b, [bx] =a%, 0 <8 < p;

B) G = (<a> x <b>) N <x>, fa/ = [x/ = p'. /b} = p — uenapue
nporme wucna, fax] = b, [hx] =a" 0 <8 < p;

8) @ = (<a> x <b>) X <x*, jfaf = /b/ = p*, /x/ = p - nporme
diea), fax] =B, [bx]=a"B", 0 «p<p D<t<p:npup>311 4%

petceadpamuritnti aumor 30 Modysesm p; npup =2 =8~ [;



fab] =a fax] =V, [bx]=a¥b?, 0 <a<p O<t<p npup>2 4
43 — nexeadpamuvnull Auwox 3a Modysem p; npu p —PE L

8) G=<a>M, M = (<¢> x <b>) h <x>, fa) = b/ = p*, Je/ = *
= p — nenapune npocme yucno, fab] = x, [bx] = ¢, <¢> x

Z(G), [ax] =cP, 0 < g<p, af =c"% 0 <t <p, ecl eremenm

nopadiy p 3 G naxemamsv G', eci memayukaivni nidzpynu 3 G aberesl

9)G=<a>M, ja] = 4, M = (<a’> x <b>) A\ <x>, [b) = [x/
[a,b] = x* [bx] = a'h® € 2(G), [a,x] = b*x";

10) G = <a>M, Ja] =p*, M = (<a*> x <b>) \ <x>, [b] = [x] =
p — Henaphe npocme wucao, [bx] = a¥b¥x?, 0 <s<p, 0<t<p 0&
<p, [ab] =x° [ax] =bFPx" 0 <f<p, 0<k<p, nexaadpamuunus
AuWIKGMU 3@ Modyaem p € wucaa: t' + 4fs, P+ 4f, B + 4y
enemenmu nopadry p 3 G nanrexcams G', ecl memayuaivnl nidepynu
* adenresi;

11) G = <a><b>, Ja/= 16, /bj= 2, B e {3,8), /<a>
=2 blab=al;

12) G = <a><b>, ja) = 18, [b) = 8, /<a> A <b>) = 2, blab = o'}

13) G = (<ab>) A <x>, Ja) = jb) = /2] = 4, <a,b> ~ epy
waamepnlonls, [a,x] = a®, [bx] = a.

Nosedennn., HeoOxidnicmo. Hexalt G — gocmipsmysana rpyna. To
aa memow 1,2.2 rpyna G sagososnnse ymony reopems 2,2.8 i
fvra rpynoto oamoro 3 Tanis 1 — 28 araxasol Téopema,

Hezaft G -~ rpyoa ofmoro o tania: 1 — 8; 10, /b/ « (4,8), £ ¢ Z{G
11, z e Z(G); 15; 17; 18; 28, [U,X] = ®(U), /Cy{(U)/ = 4; BT
2.2,3, Toni G - rpyna oamoro 8 ranis 1 - 10 reopenn 3.1.1 1 Tomy G
rpvna Tauy | posrasgyeanol reopemi,

Hexa#t G — rpyna tany 4 an b reopemn 2.2.8. Toal w(Z(G)) = €
/@' = pi G micrats nlarpyny B = <v> & <a>, /v/ = fa/ = p, B



oauavesnam YIIIH( J-rpyu (A;B] 3 N < G. Bpoaymino, mo N < Z(G),
mo memoxanso, Orme, G e moxe 6yra rpynomo Moasoro is arajaHmx
TROS, '

Hexa#t G — rpyna reoy 6 um 7 reopemn 2.2.3. lproycramo, mo ff >
8. Tonl b? & Z(G). Moxnamemo d = ab®, fAcmo, mo G' N <d> = <a> N
<d> = 1. Ba snemow 38.1.1 <d®> a G. Ouesmgmo, mo d? = a'h'.
Bpoaymino, mo d! e Z(G), b? € Z(GQ), a a* ¢ Z(Q), no memomsmzo.
Orme, B < 4. Togi G - rpyma Teoy 2 Ta 3 sragamol TeopemH
glanosineEo. _

Hexa® G — rpyna tany B wx O reopemn 2.2.8. IMoxaagemo B rpym

 QGrany 8g=b, a s rpyn G any 9 g = d. B cmay nemm 8.1.1 <g™> 4

G, mo B rpynax O poaraagysaEEX THOls memMomnEBO i ToMy G He
mome Oy'rm rpyoom oux TROE.

TNpanyctamo, mo G — rpyna Taoy 10 teopemm 2.2.8. Tloxamemo,
mo G - rpyus raoy 4 reopemu 3.1.1. Jna Oporo JOCHTE DOKAJATE, MI0
/b/ e {4,8), 2 & Z(Q). lMoraxemo coouaTry, mo z € Z(G). Ockinern
/z/ € (1,r), T0 opm menapmEoMy r me owesmamo. Hexalt /z/ = 2. Toal
b/ e (48} L mpu /b/ = 4 2 & Z{G). Axmo /b/ = 8, T0 G wicTRTH
plarpyny B = <d> x <g>, ne d = a®®, /d/ = 2, d ¢ Z(G). Ioxnagemo
A = 1, Toxnl, owenanmo, /[A:B)/ > 2 | sa oamavenmam VIIIH( }-rpyn
{A;B]3 N aG. Sposymino, mo BN G =BNn<a>=NnG =11 romy
N < Z{G), /N/ > 1. flemo, mo N < Bl B - rpvaa Tany (2,2). Omxe, Bea
nopyIneRHEs pAradsHoCcT] MoAHES BRAMATH, mo N = <z> | Tomy sapman
r e Z(G).

ITprnveramo, mo /b = 2" | B > 3. Toai b' e Z(B). IMoxkanaeno d -
ab’’ . Jerko Gasmra, mo /d/ = 4, =d> A G = <a> y <ds = 1,

Inpnarn nemi 3.1.1 «<d’> 2 G, d* = H"'hip e Z(G), mo pemo@E IR,



romy G — rpyne Teny 1 poarnagysaHol TeopeMH,
Hexali G — rpyna taoy 11 reapenn 2.2.3. ITokamxemo, 1o & €
Ockinexu /z/ € (1,r}, To mpu r = 8 oe ouesrgEo, Hexali r = 8,
G icaye niarpyna B = <b> x <z>, Ilokasgemo A = 1. Toai, ouenag
/[A;B)/ > 2 1 sa osmauemmam YIIH( }rpyn (A;B] > N 4 G. Spoaymi
mo B ¢+ Z{G), <b> 4 G, G’ = <a”> x <b>, B @' = <b>, Beigcu B ¢
i romy /N/ = 8. fleno, mo N n G' = <b> n N = 1, Orxe, N < Z(l
MOMHA BRAXKATH, mo N = <z>, Bslgca G — rpyna reny B
3.1.1 | ronmy G — rpyoa TEOy 1 posrnsaaysaEo]l TEOpeMH.
Hexa®t G — rpyna taoy 12 reopenu 2.2.8. Toxi G' = <e> x <b
= /b/ = p — menapme mpocre umchao, ¢ € Z(G), b ¢ Z(Q) | €
HeMeranmkiiyaa rpyna, fAxmo sci snacki nlarpyns 8 G meranaxds
o G rpyna tany 2 reopemn 1.8.8, a ronmy G — rpyna tany 5 reope
3.1.1 i, agawaTs, G — rpyna Tany 1 poarnaxaysasEol TeopemH,
— BnacHa Hemeranux/uma migrpyna 3 O, Togl M mome Gyre m
rpynor tHoy 1 reopemn 1.38.8. 8slaca M miersts enémenrt x, /x/ =
<x> A G =1, Hemo, mo [GIM] = p, @' < MI M = G ) <
Spoaymino, mo x € G\P(Q) 1 G -~ 2-noposmena rpyna | Tomy X ¢
Npauyverumo, mo £ & Z(M). INoxnagenmo A = 1, B = <bh> =
Ocrimxn O = <c>x<b>1G' NnB=<b> ro<b> 4G 1B 4G, fa
mo /{A;B]/ > 2 | sa osmawemmam YIIH( Jrpyn (A:;B] 5 N 4
Bpoaymino, mo /N/ = p, N < Z(G), Ben fiopyimesas oaraisHo
MoxcEa sRaatH, mo N = <z>, o me rax. Ome, x ¢ Z(M). Hexal
“ Cu(@). Toni @ < 2(C) <« C 4G, Cn<x> =1, G/C - niarpyua 8 A
@', Blaomo [85], mo Aut G' = GL{(2,p) | cmaosceka p-miarpyna
GL{2,p) mae nopaxor p. Ssigen [G:C) = p |, omagsrs, /C/ = p®, G
A <2>, U = 1. 8a nonepearim, C re mosme Gyra rpynoio rany {m'_
Are roail C = <a> x <b>, /af = p®, /b/ = p, & = ¢ € Z(G). Ockl/mKl



mawars, mo [a,x] = b. 3eincm G - rpyna Tany 4 posrnaxyearoi
TeopeMn.

I'pyna G xoxmoro a tanis: 13; 14; 16; 19; 20; 21; 22, /b/ e (4, 8);
28, /b/ = B: 25 Teopenm 2.2.3 e pignosinHo rpynaMm KOMRHOTO 0 THIIE
b~ 18 poarnaaysamoi TeopemMn.

Hexalk G — rpyna onmoro 3 Tenis 22 — 24 teopemm 2.2.3. Toni G =
<a><b>, /a/ = 18, /b/ = 2", B € (2,3,4}, /<a> N <b>/ = 2, [<a>,<b>]
= <g’>, ITokamemo, mo f < 4. Hexafi ne me Tax. Toui G micrams
exemesr d = a’b’, [a',b®] = 1. Beigen /d/ =41 <d> G = 1. B cany
mux 8.1.1 d* € Z(G) i d* = a*b’, B rpynax G posrangysasmz Trnis b
€ ZG), a* ¢ Z(G). Cypepeunicts. Otixe, G He Moxe GyTR rpynow TEROY
34 reopennu 2.2.8, a rpyna G Tany 22 ur 23 reopemu 2.2.3 moxxe Gyrm
amme rpynoio TRy 11 wm 12 poarnagysamol Teopemm siamoniamo.

Hexalk G - rpyna Tanoy 26 Teopemnz 2.2.3. Toal G = U A X. Ilpn
mrnivgocTl U [U,X] = w(U) < Z(G). Hexali C = C(U). Toal Ca G i
X/C - marpyna 3 Aut U, Ilpa /U/ =4 /AutU/ = 2, 3elnce [X:C] =
2. Hexait /U/ > 4. Toni Aut U ~ abenesa rpyna i, emaunrs, X' < C, 3
msoro smmmeae, mo G' < Z(G) 1 G' - rpyna Tany (2,2). Jlerxo Gavmrm,
mo ©(U) < Z(G). 3a monepenmim, [X:C] e (2,4). IIpaoyermmo, mo
[X:C] = 4. Toml C = X' 1 X/C ~ rpyna many (2,2) s Aut U. Axe roxi
X/C micraTs impepryrowut apromopdism Cz 3 Aut U. Bsigen z imayxye
s U rexx lmmeprywunft asromopdiam |, amawmrs, [U,<z>] = @(U),
{®(U)/ > 2, mo cynepeunTts cumissigmomemmo [U,X] = ®(U). Orme,
[X:C]= 2. Toui /C/ = 410G - rpyna Teoy 9 reopemn 3.1.1 i, amawaTs,
G - rpyna teny 1 posrasayeasol Teopema.

Hexakt U — menmxaiwma rpyma. Tomi U - rpyma xsarepaiosnis
popaary B. Hxmo /Cx(U)/ = 4, o G — rpyna Tany 8 reopemn 3.1.1 i
rouy G — rpyna t™any 1 poarasaysamol Teopema.




HOKJIBACMOD @ = <ax,Dy->. Toal U = U A g, ae § — rpyns xeaTepeionl
nopaaxy 8. Toxnagemo A = @(Q), B = Q. 3poaymino, mo B 4 G, &
oapavenusaM YUIH( }rpyn (A;B] 3 N < G. 3sigce /N/ = 4, Bamim
oy X Ha Q, oxepmumo, mo /Cy(U)/ = /N/ = 4 | romy G ~ rpyna
9 reopemu 3.1.1 I, omaumTs, G ~ rpyna Temy 1 poaraaaymasol
ME,

Hexali, nani, [X:Cy(U)] < 4. Toal, noxnasma X = Q, ogepscmm
mo G = U A Q, | ax pamime, /Cy(U)/ = 4. Baiace suosy G - rpyn
ROy 1 po&rmyunni TeOpeMHE,

Hexa®t G ~ rpyna taoy 28 reopemm 2.2.3, lNoxaagemo A = 1, B =
<ax>. Toxnl /[A;B)/ > 2 | sa ocamawesmam YVIIIH( }rpyn (A;B] 2 N ‘I
Jlerxo Baxura, mo /N/ = 2 1 romy N < Z(G), mo me tax. Orwe, O 2o
wome OyTu rpynow posrassysamoro Tuny. Bel smnazxa posrasmyr
Heobxigaicrs nomsenera,

I..
IJ.

Hocmamuleme. Hexat G — rpyna opsore o ranis 1 — 18 posrasay
mauol reopemm. 3posymino, mo G — mezemeximaosa mlrsnorexrTsa
ne, Iloxameno, mo G — VIIIH( }rpyoa. Onaa rpyn G taoy 1 1
8.1,1 ycranosneso, mo G - VIIH( )rpyma. 3a nemow 1.2.2 G
VILLH( }rpyna, mo # rpea Gyno zosecrm, Orme, » nosansmony O
rpyna oasoro s tams 2 -~ 18 posrasgysamof reopemm. Hexait /[A;B]/ 3
2, loxamenmo, mo (A;B] 3 N « 0. ixmo B «a G, 7a N = B | noe 50

sepono, Tomy B 4 Q. 8eigex G’ £« B, B - mnaces meMmaxce
warpyna a G 1 B « Z(Q).

Jna sasepmienEs KOBeAeHHA AOCTATHOCTI TeOpeMH HOReAEMO NA
cTynuy nemy.

Jlema 3.3.1. Hexall G - epyna odnozo 3 munis 2 - |3 meopex
321 Todi G - ¢xinvenna nededexindosa pepyna 3 womymaw
nopadiy p' wu p', p ~ npoeme wucao i enpasedausi nacmynul maepd
WEHHR!



Z(G) moxe mamu micye auwe npu p = 2, G’ — yuwaluna epyna nopad
xy € wu 8, modmo xoau G - spyna odnozo 3 munis 2, 8, 11 — 13;

2) e zpynt G munie: 2, f> 1; 8; 11 - 13 movno mpu ineonroyli;

8) womymamm G’ zpynu G € 060 MeYeHMPAALHOW LUKAINKOWD
nidepynow nopadxy 4 wu 8, alo zpynow muny (p.p) “u muny (p.p.p).
Komymanum G’ modi | miasxu modl € yenmpaavrow nidzpynon G, xoau
G - zpyna odnoeo @ munie 8 wu 7, G’ - epyna muny (p,p), abo G — 2py-
na odnozo 2 munia § wu 10, G’ ~ epyna muny (p.p.p);

4) daa 6ydvarol neyuxalunol nidepynu B 3 G nidspyna B N Z(G)
miemumb ¢ | Je/ = p. Juwe o spynt G muny 5 ¢ moxce ne Naaexamu
i

Jlosedenna. ficmo, mo G - mepeneximnosa ckiEvemEA p-rpyna 3 xo-
wyramron G’ mopaxaxy p' wm p’. Owesmawo Taxox, mo » rpymi G kox-
moro 2 Tamin 2, 8, 11 - 13 p = 2, Q' - wemesTpansma 8 G naxnivyaa
glarpyna nopaaxy 4 wm 8. B ycix immmx ssmnagkax G - rpynma rany
(p.p) u= Taay (P,PP)-

Hexak G - rpyna » ouxxiymaM xoumyrasroM. Tozl,sa monepeamin,
@ - rpyna ogmoro & Tams 2, 3, 11 - 13.

Hexak G - rpyna Tany 2 wx 8. Ouesmgno, mo (G) = <a'> x <b'>,
Hexait g € G\@(G). Toxi g « (a'b¥, a™b', a'b'), ne Itkl - menapre
YHCI0,

Hexal g = a'b¥. Toxl g' =a"™" impup <8 <g'> = <a’> = <a™>
«Glig'e Q). NMpx f =8 g = a“b¥ = a*, Bpoaymino, mo [~a">G] ~
<a*>, Bsincw [<g'>.G] = <a*> = <g*> | romy <g'> < G,

Hexalt g = a™'. Toai <g> = <b™> < Z(G) | romy <g"> 2 G.

Hexa#t g = a'b'. Toxi <g’> = <b?> < Z(G) | romy <g’'~ 2 G. Orwe.
e g ¢ G\DG) <g*> aG.



aHAYHTS, /g/ = 4. Akmo f < 3, 10 /At / =4 | <g'> = <a'> ¢ ’fﬁj

ToMy <g'> < G. Ilpu p = 3 samgaxu veopemi 1.1.4 =8 G rTous
lmsomonii 1, ssaunrs, g* € Z(G), <g’> < G. Orme, TRepaMeEEA
Ans rpyo G tany 2 ur 3 nosenese. |

Hexa#t G — rpyna teoy 11 wa 12, Toal [Gi<a>) < 4, B a
Teopemn 1.2.2 a3 [77] olarpyna <a> me ponosmoersca 3 G, ¥
/8/ = 2, 70 <a> N <g> < <c> = w(<a>) < Z((Q). Axmo /g/ = "
<g’> = <¢> a G, Hexait /g/ > 4. [lpunycramo, mo /g/ = 8.
g' e <a> <g'> < <a’> | romy <g'> 9 G. Hexat g* ¢ <a>. Tonl
<g> = <¢>, Je/ = 2 1 G = <a><g>, 3nince g' e Z(G) | amony
G.

Hexalt renep /g/ > B, Ocklmsxu exp(G) = 18, ro /g/ = |

<a><g> < G, Ane roal [<a><g>i<a>] < 4 |, sHaumTs, g’ € <a>,
9 G. Takum YuAOM, TRepimeHHA | ana rpyn G rapie 11 um |
aoBeeHe,

Hexatt G - rpyna teny 13, Togl /bx/ = B = exp(G). Banaa
reopemi 2.2.3 8 G Tpu nemrpamsui iusomonii. fAxmo /g/ = 4, 10 g
Z(G) i, smaumrTs, <g’> < G. Hexaht /g/ =~ 8. Toxl Ges mopymen
BAIANLHOCTI MOXKHA BBaxATH, Mo g = dx, Ae d Hanem=Ts rpyul Xa
reprionis <a,b> nopaaky 8. Ocklnexe /g/ = 8, 10 /d/ = 4, Hcmo, m
g' = dxdx = dxx(d'x'dx) = dx’d[d,x] = d*x*[d,x] = fa', ge { € ZG),
= d*x® Ocxlmsxn /g/ = 8, 1o /a'/ = 4. flcmo, mo g* = gig! = a¥' =
3posymino, wme [<a>,G] = [<g’>,0] = <a®> | romy <g’> 4 §
Taépmstenna 1 ana rpyn G Tany 13 poseaene.

Jlerxo Gaumre, mo » rpyni G xommuoro & ranin 4 ~ 10 g* e Z(G)

roNy <g’> a G, Orme, tTRepamenns 1, a is unm Teepmxennsn 2



FYBAHHX THIIE rpyl BEIUIHBAE COPABEAJIMBICTE TEEDMIKRCHHEN O JATME.
[osesemo, HaxiHeNns, TBEPAMEHHA 4 nemm, Hexaft B — menmraiyes
nigrpyra 8 G. Tonl /B/ > p. Axmo G’ <« B, 10 G'Nn B N Z{G) micTETB
¢l /e/ = p. Hexatt G' «+ B, Axmo G - rﬁynu oasoro 8 Tams 2, 3, 11 -
18, To soHA MicTuTh TaKy HopMansry niarpymy U, mo w(U) = wi(G') <
2G) i G/U — muxaiuna rpyna, Ockinexku B — Henmkaivyea rpyna, T0 B
A U mictars w(U) = <c> < Z(G), /e/ = p. B rpyni G xoxrOro s THmis
4- 10 w(G) ~ rpyma nopsaxy p? um p° | Mae excnomenry p, G’ < w(G),
Kpim toro, B micraTs nixrpyuy TeEOY (p,p). B rpyni G Tany 4 KoXxHA
glarpyna TEODy (p,p) micreTs 8* = ¢ € Z(G), /c/ = p. B rpyoi G
- gomsoro s Tanis 8 ~ 10 (w(G):{G' N Z(G) N w(B))] = p. Beizen w(B) N
i UG) = Z | [w(B):Z] < p. Ocximskx /w(B)/ > p, 70 Z micrars ¢ 1 /¢/ =
p. Tonl w(G) = 2 x <b>, ne Z = <a™ X <xP> < Z(G). 3nigen Z N w(B)
¢ 1. Ane Tonl 2 N w(B) micrars c 1 /e¢/ = p, Teepasmenna 4 nemn
posepene, Jiema nosenena,

[lpofoR:KEMO AOBEIEHEA AOCTATHOCTI TeopeMu. Hexzaft B = <g>,
Tomd (A;B] 3 N = <g*>, Ba reepmxennuan 1 nemn 3.2.1 NaQG, mo#
rpefa Gyno momectn. Hexait B — menmuaiuma rpyma. IIpanyceramo, 110
A = 1. Tonl aa Teepumennan 4 semn 8.2.1 B n Z(G) micTars ¢ i fe/

= p. Buigen (A;B] 3 N = <¢> 4 G | see goseaenHo. Tory B NOAANLIIOMY
/A > 11 /B/ > p.
B rpyni G xomsoro 3 rums 2, 3, 8, 7, 13 s sufopom B 1 Thepn-

wemsan 4 gemi 3.2.1 B A G = <c>, /ef = p, ¢ € Z(G), G micraTe

oy mopmansay nigrpyny U, mo Un B = <e> | G/U - naxnaiama
rpyna. 3sigcnr B/<e> - umknlumsa rpyna. Ocklnskr B — menmuniuna
tpyna, 10 B = <¢> » <u>, /u/ > p. 34 TEEPAREHAHM 1 nemn 3.2.1 u'
e 2(G). Mornagemo N = <¢> x <uP>, Toxt N a . 3posvmino, mo N -

MAKCHMAILEAE ninrpyna 32 B 1 aa reopemow 1.1.1 N micrtuts el snacei



mgleTs Aas POSrNAAVEAHAX THINEB IPynN AOBEJEHA.
Ockinexn /B/ » p' I B — BiaacEa HeMAKCHMANbHA miATpyna 3 a.

O se mose 6yrn rpynow ROy 4.

Hexzalt G — rpyna tany 6. Tomi p > 2, w(G) = G' ~ <x">, ge Q'
<a’> x <b>, <a®™> x <x?> < Z(G), exp(G) = p’. Ba NpROVMEEEAM ¥
B. Ipamyeramo, mo B N G’ = 1, Toal B N (<a> x <b>) = 1, <a>
chb> a4 G 1 G/(<a> x <b>) - nmxaivEa rpyna, mo Cynepes
menmxaignoeri B, Omxe, BN G' = <d> = B N (<a> x <h>), /d/ = p
¢ Z(B). Ocrinsxr G/(<a> x <b>) = muxniuss rpyna, 1o i B;_
nrxaiuga rpyna. 3 memmraiumoerl miarpyme B | mmxmusocri
maemo, mo B = <u> x <d>, me /u/ > p. Bpodymino, mo G = (<a?
<b>) A <u> i Tomy d € Z(G). fix | paime, (A;B] 3 N = <d> x < P>
72(G) i N < G, TakaM 4mAEOM, nocratricts ama rpyn G

nOBEeHA,
Hexa# G — rpyna ogmoro 8 Tunis 8 — 10. Basgaxn Teopesi 2.1,

_ meraraMimsToHOBA rpyna, ¥ axol G' = w(G) — rpyna Teny (p,pP)
cuny safopy B B' = 1, 3a mpmr.éﬁnnu 1 nenen 8.2.1 anan Gyan-ai
enementa g 8 G g* € Z(G). Bpoaymino, mo B==<u>»x<v>, fu/ »
> 1, /u/ > p. Baysmxumo, mo exp(G) = p' | Gyjs-aruil enene
nopaaxy p' me manexuts 4(G).

Hexaft v € Z(G). Toal /v/ = p. Tloxnagemo N = <u™ x <v>,
mo N < Z(G). 3a Teopemoro 1.1.1 (A;B]> N « G.

Hexaft v ¢ Z(G). Tpruyeramo, mo /v/ = p. Toai G — rpyna
8. Slero, mo v € G' | G micrars miarpyny V = <d~ » <b>, ne /d/
d € ZG) A @, [G:V] = p i G = V<h>, Ocxinexn v € Z(G), o [v.h]
=1, f e Z(G), /f/ = p. B G TouHO p CHPAREHMX 3 V eneMenTin i
mators saras vi. 3niten G mictETs Hopmaasay niarpyoy K o= <@

cv>, Jlerxo Gaunru, mo [<v>,G] = <a"> ¥ <bF= < AG), /8" = Ly



K. Orxe, /v/ = p. Togl /B/ = p°, Ssigcr G — rpyna TEOY ¥ 4m 10,
exp(G) = p', G' = @(G) = w(G) = Z(G) | G — 3-nopopxesna rpyna, ge u
ta v — aeaxl asa a Emx, 3sigem G = <h, u, v>., Bpoaymino, mo G' =
<fh,ul, [hov], [u.v]> = <fh.ul, [h.v]>. Ockinsxm G' < Z(G) | exp(G’) =
p, To /G’'/ < p?, mo cynmepeuntnr ymoni /G'/ = p®. Ua cynepeunicts 1
saBepPINYE AOBEAEHHSA AOCTATHOCTI ANAA PO3rNAAYBAHHX THIIB rpyi.

Hexait G — rpyna Teny 11 un 12, Toai G = <a><b>, /a/ = 16, /b/
¢ (4,8), /<a> N <b>/ = 2, [<a>,<b>] = <a®>. [Ipu /b/ = 4 G — rpyna
kpaTepHionis nopaary 32 i, smaumrts, G — rpyna Tany 11. Spoaymino,
mo /B/ = 8 i romy B — rpyna ksareprionis nopaaky 8. 3sigce G =
<a>B, ne <a> N B = <z>, [Gi<a>] = 2, [Bi<z>] = 2 i /z/ = 4. Hcno,
mo /A/ =21 <z> a G, Orxe, (A;B]3 N = <z> « G,

Hexa#t /b/ = 8, Toai b € Z(G) i G micrars TpE MarcEMAmbE]
miarpyne M, € {<a> x <d>, <b> ) <d>, <ab> ) <d>}, ged = a'b’, i €
{1,2,3). B cuny Teopenn 1.1.4 8 G Towuo Tpm imsomonii, axl cxaapna-
wrs migrpyny w(G) = w(<a> x <d>) = w(<a>) x <d> i <a> x <d> «
G. 3Beimcr w(<a>) x <d> = w(<b> A <d>) = w(<ab> A <d>).
3posymino, mo B < M,, G me micTurs niarpyn xearepeioris nopaary
B, Tomy w(B) = w(G) { B - me gieapansaa Meraumxaivek afenena
rpyna um rpyna Minnepa—-Mopero 3 UERIIYAOKN MAKCHMAILHEOIO
marpynoo <g>, rofro B - rpyna tuny b reopemn 1.1.1. Tloxmanemo N
= ®(B)w(B). Bpoaymino, mo ®(B) = <g’>. Ockimrr w(B) 4 G 1 3a
reeprmennanm 1 nemu 3.2.1 <g® 4 G, To N < G, 3a reopemormo 1.1.1 N
- MarcEMaasEa migrpyoa g B, mo sictuTte Bel naacal memarcumansmi
algrpyrm @ B, Tomy (A:B] 3 N 9 G, Orxe, rpyna G Tany 11 un 12 e
VIIH{ Jrpvnow, Bel memaaxs posraanyri, JlocrarHicts aomenena,
Teopewa gomesesna.



F 114 X7 | J EFEFE o GURTLIEgRIITiDUR ST WML riirio,

1) G - nenlasnomenmnua VITH( )-epyna, modmo zpyna G odno
munie I — 4 meopemu 3.1.2;

2) G =P )\ <x> — gpyna [Ixidma, P — zpyna reamepni
nopadry 8, /x/ € {3.8);

3) G =P A <x> —- neniavnomenmmua zpyna Miarnepa—Mope
=p' /x/ € [q9.9°), Z(CG) = <x?>, 2 — noxaanux p 3a modyrem q, .,
g > 3;

4) G = P A\ <x> ~ gpyna [ xidma, [P/ = p', exp(P) = /P .
npocme yucao, p > 3, /x/ = q — nehapne npocme wucho, £ —- noxas
P 3a Modyrem q;

5) G = (P ) <x>) x <2, P A <x> — Henlawrnomenmhna #p
Minnrepa-Mopeno, [P/ = p*, /x/ =q, p 28, q> 8, i2/f =r -
Nucao, r #p, 2 - nOKaIHUKR P 38 MOOYAEM q:

f) G=<a> ) <x>, /a/ = pr, p | r — ne ofos'aaxoso planl wena
npocmi wueaa, /x/ = ¢, B> 0, p =1 (mod g), r = 1 (mod
[<a>,<x>] = <a>, Z(([}) = <x¥>; |

7) G = (<a> x <b>) M <x>, faf = /b/ = p - wenapne _
wucao, /x/ € g’} p =1 (mod q), [<a>,<x>] = <a>, [<b>,<x>]
<b>, Z(G) = <b">»;

B) G = (<a> x <b>) h <x>, /a/ = /b) = p — Henapue u:,':.__
yucao, [x/ = q"’. A>2.p=1(modq) [<a><b>] = <a>, [<b>%
=<b>, Z(@F) = <b">, <a> x <b> - weaziyeumpaarna nidzpyna 3 G,

9) G = (R x P) N\ <x>, [R/ = r, /B = p*, /x! = q. p. 9 88
nonapio pianl npocmi wucag, r = I (mod q), 2 - noxainur p
wodyrem q. p=23a,q > 2, RA<x> | P X <x> ~ penigwnomenmul 20

Minraepa—Moperno.



Toni saspgaku yemi 1.2.2 G — HeEHLNROOTEHTHA JIOKAJBRHO CTyuindatia
VIIH[ }rpyna, 8Ka 38J0BOJIbHHE YMOBY TEODEMK 2.8,1 | momxe byrm
JEme rpynoio oaHoro 3 Temis 1 — 17 arafgaHol TeOpeMH. fcHO, mo He-
giaenoredta YIIH( )-rpyna € HeH|ILNOTEHTHOX JIOKAJBHO CTYIIiH-
gacroio YIIH( |-rpynowo,

Hexali G — meminspnorertEa VIIIH( )-rpyna. Toai G samoBoanHAE
ymoBy Teopems 3.1.2 | € rpynox opsHoro 3 ranis 1 — 4 araganol Teope-
Mu. Bsigeu G — rpyna THny 1 poarasayBaHol TeOPeMH.

Hexait G - rpyna oasoro 3 Tumis Teopemu 2.3.1: 13 10; 11; 14,
Toni G — rpyna ogsoro 3 Tanis 1 — 4 TeopeMn 3.1.2 signosigno | 3HOBY
G - rpyna TEOY 1 po3rnsjyBaHOl TEOPEMM,

I'pyna G xoxksoro a Tumis: 3; 4; 7, /P'/ = pi 8, /z/=r=p 9 12;
13: 16 teopemm 2.3.1 € siamosigHo rpynomo OJHOTO 3 THIIB 2 -9
poarjaaAyBaAHOI TEOPEeMH,

B rpyni G komsoro 3 rtumis 2, 5, 6, 17 Teopemu 2.3.1 icmye
geRopMaiLHa 8 G olarpyoa <x> DOpAARy qr H qE'. f > 1, Aaxa He Mae
gopManbHux B G MAKCHMAJNLHHX MIATPYH, robro <x%> 4 G, mo cynepe-
wyutk neml 3.1.1, Omxe, G ue Moxke 6YTH rpynow srajaHuX THIII B,

Hexa#t G ~ rpyna tany 7 Teopemu 2.3.1 1 /F'/ # p. Topgi PP=11P
- mimiManbua sopmaisHa nmigrpyna 8 G rany (p,p,p), WO CynepeMuTs
nemi 3.1.1. Ormme, rpyna G tuny 7 reopemu 2.3.1 npu /P'/ = p He
moxe 6yrn YIIH( ]-rpynolo.

Hexaif G — rpyna tTany B teopemu 2.3.1, 3a nonepenuin, jz) =1 =
p. Topl G' = <a> % <b> — MidiMaJbHA HOPMAJELHA piarpvna 3 G, /a/ =
/b/ = p i G micTure HeROpMANLEY B G pigrpyny B = <a> x <bz>, Axa
mae 8 Z(G) opnnuuuni neperns, Iloknagemo A = 1. Toni (A;B) 3 N «
G. Ouespano, mo /N/ = p. Bpoaymino, mo G' (1 B = <a> 4 (. rigen
Nrn<a>=1=GG n N, Ane Togi N < Z(G), 1110 AeMOMIHBO. Ormce,

rpyna G se moxe Syrn VIIH( J-rpynow.



<x>, pe P = <a> » <b> — CHNOBCBKA P-OIATYDYNA 3 1, /B/ = /D/ =§

/x/ = q, w(P) = <a*> x <b*> 4 G, w(P) A <x> — HeRlJILNIOTEeRTHA
Minnepa—Mopeno. Bapaaxu nemi 3.1.1 <a’> 4 G. Ouesnaso, mo <a®
< w(P) - mimimMarsEa mopManssa miarpyna tany (p,p) ax B w(P)
<x>, tax | 8 G, mo memoxnuso. Orxe, G e moxe OyTH rpynoio
rasaveagoro Temy. Bel srnaaxm poarnssyns. HeobxigmicTs noses

Joemamuicms. Jina goBeNeHHEA NOCTATHOCTI YCTAHOBAMO

COpaBeTMBiCTh HACTYOHOL NeMH.,
JMema 3.2.2 Hexait G — zpyna odnozo 3 munla 2 -~ § meopex
8.2.2. Todi G — meniavnomenmua ciimvenna He Olavute Hix mpunp

MAPHA 2pYNa 3 HOPMAALHOIW CUROECHKOW p-nidzpynon nopadxy p'
I He Glasuie wixe Sinpumapnum xoraiscvxum xomymanmon G’ nopadk
pt, pr uu p’r, p | r — ne o6oe'a3xoeo piaul npocmi wucaa | cnpasedail
Hacmynil meeponenna;
1) dns Oydv-arxozo npocmozo 8 3 n(G) | s.eaemenma g 3 G <g*> 46
Cnigsidnowenna g € Z(G) moxcause auise e zpynl G muny 6 npu &
p=r
2) epyna G modi | miavku modi MPURPUMNGPHE, KOAU BOHG 2f J
odnozo 3 munle: 5; 6, r #p; 18;
8) xomymaum G’ zpynu G € uyuxaivnow zpynoiw, xoau G — epyn
muny 6; G’ modl | miaexu modl nenpumapua 2pyna. xoiu G — epyt
muny 6, p # r; G" moJl | miabku modi neafiearsa zpyna, Koau
zpyna muny: 2, mofmo G’ - epyna xeamepnionia nopadxy 8; 4, m
(7'~ neaGeaesa zpyna nopadxy p' | excnonenmu p. p > 3;
4) zpyna G xicmums qu.unnbnly a G niawnomenmuy nidzpyny M
[OM]=q M=G' x<2>,2 € Z(G), G =M=x> /x| =q >0 5
2z~ q e a(Q );
B)Q =G AN<g>, 00 /g =T f>0,yef) 1)l & € Z(G).



HLOTO PO3TJAAY HABENeHUX B JeMi THIiB rpyi.

Hexait 8 — npocre uncio 3 n(G) | g — s-eJieMeHT 3 G. Ilpu /g/ €
{1,8) nerxo 6auuth, mo g' € Z(G) i Tomy <g*> < G, Hexant /g/ = 8.
Toni, ouesnano, 8 rpym G KoMxBOTO 3 ounie 2 -5, T-9 g' € 2(G) i
romy <g°> < G. B rpyni G runy 6 mpu p # T s =qi g e 2G) i,
grauuTs, <gi> a G, Ilpp p = r =8 g = & i <g”> 4 G. Ommxe,
reepAeHHa 1 JleMn JoBeJIeHe.

Tsepmxenaus 2, 4 | b nemu ouveBwpuul. flemo, mo aume B rpyni G
runy 6 G' — uaxniusa rpyos, a G' - geabenesa TPYNA TiJLKWA B Ipy-
pax G tunis 2 g 4. Komyraur G’ € HENPHMADHOW I'pyNoio JHIOE B
rpyri G tany 9 | mome OyTH TakuaM B rpyni G Tany 6 mpm r # p.
TeepakeHHna 3 JeMH JOBEjeHE, Jlema noBegeHA.

[loBegemo Tenep AOCTATHICTh TEOPEMH. Hexait G — rpyna Tanoy 1
poarnaayeaHol Teopemu. Toanl sa nemow 1.2.2 G - VIOH( ]-rpyua
opioro o Tmnmiz 1 — 4 reopemnm 3.1.2. Sa TBEPIKEHHAM arasaHol
reopemu G JIOKANBHO CTYNIAYACTA. Orxe, JOCTATHICTE ANA IPYD THIY 1
AOBEJEHA,

Hexaft gani G — rpyna Tany 2 - 9 poarnsaysasoi TeopeMH, JasB-
aaxn nemi 3.2.2 G - ckimvenia HeHINBIOTEHTHA, 8 TOMY i noxansHO
erymiguacTa rpyna. 3anHmAEThCHA NOKAJATH, IHO G - YIIIH( ]J-rpyna.
Nlificwo, mexait /[A;B])/ > 2. Iloxamemo, Mo (A:B] » N <« G, Sikmo B 2
G, To N = B i sce noeejgeno. ToMy B IMOAAJNBIIOMY fyneMo BROMATH, MO
B 4 G. Beigem G' + B, 3ampaxu jneml 3.2.2 /G'/ - nofyToR NBOX WM
tpeox npoctux wucen. Iloxnanemo T=G'AB. Toti TaBiT<G.B
cpary memm 8.2,2 T - xomrischka miarpyna 3 B. Ocklmxr G' £ B, 10
/T/ - oRMAAUA, ITPOCTE TACAO HH no6yTOK ABOX NPOCTHX HHCEN.

Hexaft G — rpyna tany 4 wva 2 mpx p = 1 poarasuiyBauni TeopeM.
Toni /G/ = p'q i /B/ — pobyTox ABOX UH TPBOX HPOCTHX qncen. 3



TeopeMH Z.1.1 3 |78] U me micTETE miaArpyn DopAARY p'‘q. 8

T
“

semwmsae, mo /B/ € {pq,p’} | Tomy /A/ = 1. Sicro, mo miz i
nopaaxy p* micrare @©(P). B rpynl imiara G miarpyna B nops TKY
Texx micrute D(G). 3pigcw (A;B] 3 N = ©(P) 4 G, mo # rpefa I
MOBECTH.

Hexait G - rpyna ogsoro a tenis: 6; 8; 2upu ff = 2 {1 /B/ ; THT
#a 8. B rpyni G xoxmoro 3 Tanis 6 Ta 8 niarpynma M = Q' x <x%
MAEKCHMAaNLHA KBasluesrpamsua niarpyna 8 G i, omaunTts, B
3since B mictaTs cunoscsky q-miarpymy e G. Orxe, » rpym G X
HOro ia poaraaayeasax Tumis rpyn 6es nopymensa aaransaoctl
sBaxaTd, Mo X € Bl roMy B = T A <x>, ne T - snacea olarpy
cunoscerol p-miarpyme G' = P s G. B rpynl G xomeoro 8 tenin 8 4
posraanysasol reopemm /P/ = p' i, smawmrs, /T/ < p'. B py
ivinra G TAny 2 npr f = 2 poarnAxysanol TeOpPeMI 3ABARKE TEOPE
2.1.1 s [78) memac niarpyno nopaary p'f:;’ I romy Tem /T/ _'_
lMoxknagemo N = T x <x*>. fcao, mo N - MaKCHMANLHS
B cany Teopemz 1.1.1 N micrmrs scl Bascai memaxcrnansrl niarpy
a B, Ocrinexa /T/ < pd, To, owvenmamo, T a Q. Bsiaem (A;B] 3 N |
<x"> 49 (G, mo & Tpeba Gyno zosecrn.

Hexaft G - rpyna tany 2 npu f =~ 2 | /B/ ~ me alnerecs =2 9, s
B<M=Px <x">, ®P) x <x*> < Z(G). Ovesnano, mo B = <g>, g
Z(G) i B - marpyna iy 4 reopemm 1.1.1, Bsigcn (A;B] 3 N = <ghs
0, mo # rpefa Byno nomecTn.

Orsxe, aocraraicTs aas rpyn woxxmoro a Tunis 2, 4, 6, 8 gosenent

Hexaft G - rpyna oanoro 3 tanls 3 un 7 posrasaveanoi Teopem
Toxi /G/ & {p’q.pq’} | canoscera p-uinrpyns P = (G’ Mae nopanox §
Anizen /T/ « p®. 3a subopom B /B/ € {pq, pqg*.q%).



DELEGE LAy ] 4 T & T NEy ELE AR L QR Ta e e et T oo -
Tonl B N Z(G) = <x*>, Ipm /B/ = pq u= /B/ = q' maemo /A/ =11
(A:B] » N = <x%> < G. Hexak /B/ = pq’. Tosl G = PB i T < G.
Moxnamemo N = T x <x*>. Toai samgaxm Teopemi 1.1.1 (A;B]3sN=T
¢ <x%> < G. Omme, mocrarsicts Ana rpyn xomeoro 8 Tenis 3, 7
POArNAAYEAHOL TEOPEMHE AOBECHA,

Hexa#t, sapemtl, G — rpyna oas=oro 3 Tums b = 9 posrasgysasol
reopenn. Tonl /G/ = plgr, p, q i r — piagi npocrl wEesa, CANOBCHKL P-
sisrpyna P ta r-miarpyna R mopMansEi B G i G me smicTern omarpyn
fopaaxy pq. 3a subopou B /B/ e (qr, p'q, Prl.

Hexa® /B/ almmrsca ma r, Toami /B/ e {pr, gr}, /A/ = 1, (A;B] >
N = R a G. Hexaft, sapemri, /B/ = p'q. Toal B - memlieumorentHA
rpyna Minnepa—Mopeso 3 HOPMAISROIO B G cHAOBCHKONW pP-OiArpynom
P nopaxxy p* | MakcEMansHO0I0 B B CRNOBCEKO0 §-HIArpymo0 DOPALKY
q. 3nincm A < P. Ocximnks P — Mmaxcamameea miarpyna s Bi A <P, 10
(A;B] » N = P a G. [JlocraThicTs ANK POIrAANyBAREX TRmBE Tpyn
posenens. TeopeMa AOBENEHA.

Hacailmeo x 321, JNoxasswo cmyninwacml nededexindosl
VIIH( ]zpynu G suuepnyombcs zpynaxu munie I - 18 meopemu
3.2.1 ma zpynamu munie 1 — 9 meopemu 8.2.2. Jioxarvno cmyninvacmi
VI[H( ] epynu, wo ne € YIOIH( )-epynamu, SuNepRyromuscR zpynami
munie 2 - 18 meopemu 3.2.1 ma 2pynamu munie 2 ~ B meopemu 3.2.2.

Bei zpynu maxozo pody moxyme Oymu 20 nuxuenasedenuMu
munaxu 2pyn, sufpanux 3 meopem 2.2.3 ma 2.3.1 aidnoaldno:

[. Hiannomenmui epynu (6lonosidnl zpynu 3 ofmeweHHamMu wu 027
nux 3 meapemu 2.2.5):

1) G - 2pyna muny 6;

2) G - 2pyna muny 7;



L - - - - o -

| excnonenmu p;
4) G - zpyna muny 13;
5) G — zpyna muny 14;
6) G — epyna muny 16;
7) G - epyna muny 19;
8) G - epyna muny 20;
8) G - epyna muny 21;
10) G - zpyna muny 22, /G/ & {2°.2°);
11) G - epyna muny 23, /G/ = 2%
12) G — ezpyna muny 285.
II. Henlavnomenmuli zpynu (8ldnosldnl 2pynu 3 oOMemenn,
Oea nux 3 meopemu 2.3.1):
13) G - epyna muny 3;
14) G - epyna muny 4;
15) & — 2pyna muny 7, [P’} = p;
18) G — 2pyna muny 8, r = p;
17) G - zpyna muny 9;
18) G - zpyna muny 12;
19) G - epyna muny 13;
20) G - epyna muny 16.
Hosedennna, Hexatt G — gocnipmysana rpyuna. Momaasl gsa

rm: 1) G — gimsnoresraa rpyna; 2) G — senlasnorerrra rpyna.

Bunadox 1. ¥ nsomy sunaaxy G sanosonsEA€ yMOBY TEODEMH
I mome Gyrm rpymow ommoro @ 'thmis 1 - 13 arapgamoi TeopeM
Bunanox 1 posrnasyred,

Bunador 2. ¥ nwomy sunaary G sagomsonsnase ymonry TeopeMa 3.4
i mome Gytn rpynom oamoro a tanis 1 ~ 9 aranamol Teopemn. Ilept
SReTHHA HACTIAKY JoBeaeHA. |



AK 1 PAHIIOE, W — I'PyunR VADVIY O snuas & @ aw == = 7¥Fyes s &=
ta 3.2.2 mignosigmo. Bposymino, mo rpyna G KOXHOIO 3 THNIB 2~-13
reopemu 3.2.1 € rpynow AKOrock 3 THNOIB TeopeMH 2.2.3 3 nesHEMA
obmexenEanME w2 Gea Eux, A rpyna G xoxsoro 3 tenie 2 — 9 Teopemn
8.2.2 ¢ rpynomw axorock 3 Tunie Teopennm 2.3.1 3 nenEAMAE oOMeKEHRA-
uE ue Dea AHX.

Ilpm poaraaai rpyn G xoxuoro 8 Tanis 2 — 13 Teopemn 3.2.1 nerxo
faumTE, mo BoHE GyayTs slanosiamo rpynamm: TEm® 1 — 12 poarnany-
BAHOMD HACHIAKY.

[lpr poarasal rpyn G xoxmoro 3 Tanis 2 — 9 Teopems 3.2.2 opep-
Mo, mo G — rpyna oxsoro @ tanis 18 - 20 posraagysamoro EACTIN-
xy siaoosiaro. Hacalmox nosesenmit.

3.3. BY10BA JIOKAJIBHO CTYIIIHYACTHX YIHH] )-I'P¥II

Teopewmas 3.3.1, Hiaenomenmnl nededexindoel YITH[ )epynu
G sunepnyromeca spynamxu munis:

{) G - nlasnomenmmua nededexindosa YIIH( )-2pyna, mobmo G -
spyna odnozo 3 munie I ~ 10 meopemu 3.1.1;

2) G = ((<u> A <v>) x<a>) A <b>, fu/ =p', 4> 1, v/ = [af =
b/ = p, fuv] =[ab] ~e"", [ub] = [vb] = 1:

8) G = CF, C ~ xoKaAcKO0 4ukAluNG p-zpyna wu 2pyna xeamepuionla
nopadxy 8, [CF] = 1,CNAF = <e> F = (((<c> x <u>) A <v>) x
<a>) \ <b>, ju/ = fv/ = [fe/ = [a/ = /b = p, [uv] = ¢ = [ab]. [ub]
w fobh] =~ 1;

4) G~ (<a><b>) )\ <z>, /a/ = [b} = 8, [<a> N <b>[ = [z/ = 2. h
'ab = a', [b.2] = 1, [a.a] = <a’>;

5) G = (<a> x <b>)(<x> x <z>), fa] = [x/ = B. b/ = [2] = 3.
fa.x] = b, [az] = [bx] =a®=x" [b2] = I



Hosedennn. HeoOxidnicme. Hexalt G — pgocniiysasa rpyna. op
aymino, mo G sasosoasHAEe yMoBY Teopemm 2.2,3 | moxe Gyrm
rpynoo oaHoro a tunis 1 — 28 araganol Teopemu.

fixmo G - rpyna ogsoro 3 Temis: 1 — 8; 10, z € Z(G), /b/ < 16; 1
z € Z(G)y; 15; 17; 18; 26, U — nuxaiuma rpyna; 27, 1o G -

ogaoro 3 Tunis 1 — 10 reopemm 3.1.1 sianosinuo | Tomy G —

taoy 1 poaraanysaHol TEOpeMH,

Hexa#t G — rpyna Tany 4 ua b reopems 2.2.3, Toni G - rpyna Tam
2un 3 pn:irna;:ynaﬂu]: TeopeMH BiADOBIZHO. |

I'pyna G xoxsoro s Tunie 6 — 9 reopemz 2.2.3 mae muxivEN]
xomyrasr G' mopsaaxy p° | Taksli mopoamyous# enemesnTt d, :qq
micTurTes migrpyny B = G' A <d>, 3poaywnino, mo /[<d>;B])/ > 2 1 8
osrauenEaM YIIH[ )-rpyn [<d>;B) » N < G. 3sigcu [<d>,G] < @ t
<d>. B rpynl G xoxmoro i3 poaraaayeaHEx THuis [<d>,G] =
Cynepeunicts. Omxe, posrasaaysadi THod rpyn He MoxyTs OyTH H?:f_
J-rpynaMu.

fikmo G — rpyna Tany 10, z € Z(G), /b/ < 18 ua G - rpyna
11, z € Z(G), To sa mounepeanid, G — rpyoa TEny 1 POIrAAAyBANC
TEOPEeMHE,

Ipunycerano, mo G — rpyna tuny 10, /b/ > 8, Tomi z = 1 {
MicTHTE DOpPOMKYIOuME enemenTt d = ab’’ ', G - makaiusa Tf
nopsiaky 4, G' N <d> = 1, Tenep, ax i aas rpyn tuny 6 — 9 reopen
2.2.3, onepxumo cynepeudicTs., Takum yanom, /b/ < 16.

Hexalt G — rpyuma tamy 10, /b/ < 16 uu 11, 2 ¢ Z(G) Teopen
2.2.8. Togi G — rpyna Taoy 4 va b nasol Teopemns sianosigso.

Hexati G — rpyma tuny 12 reopemu 2.2.8, 3poaymino, mo G
gemeTanarMuyna rpyna, Hexa# sci saacul migrpyom 8 G MeTanuxaius
Toai G sanosonbuae ymory teopemu 1.3.3 | mowxe 6yra amme rpyno
vy 2 araannol Teopemu. 3mimem G - rpyna tEMY 6 poarnaayRaHo



algry oigrpynoy M. desgaxke Teopeni 1.3.8 /M/ = p°, exp{M) = p, M =
G A <y> /y/ = p, v € G\DG). HAcmo, mo /[<y>:M)/ > 2 | aa
camawerman VIIH[ )-rpyn [<y>;M) 3 N < G. Ocrimsxa G - 2-nopon-
mena rpyna, 7o ¥ € Z(G). Beiace /N/ > p |, onauurs, /N/ = p’. Bpoay-
wino, mo G/N — aberesa rpyna i Tomy G' < N, mo semoxnanro. Orate,
rpyna G tEny 12 reopemz= 2.2.8 e rpymow TEny 6 poarnagysamoi
TreOpeMm.

IN'pyna G xoxsoro a taaie 13, 14, 16, 19 — 21, 20 reopemna 2.2.3
mictaTs nigrpyny B = U<z>, ge U = @', [<x>,G] = Q' | /[<x>;B}/ > 2.
Ba osmagsensam YIIIH[ )-rpyn [<x>;B) 3 N 4 G | G' + N, mo memom-
mawo, Tomy G me moxe Gyrm rpynmoo mogsEOro is posraajayBREMX TH-
i,

B rpym G xomuoro a Tania 22 — 24 reopemn 2.2.3 noknanemMo x =
b, B = <a'><x> i, ax | smme, oprizero Ko cymepeusocri.

Hexaft G - rpynma tany 26, U ~ nmraiuma rpyoa wm tEny 27
reopemu 2.2.8. Tonl G - rpyna maoy 1.

Hexa# G - rpyna tanoy 26 | U - rpyna x»sarepuiorin mopaaxy 8.
Armo [U,X] = 1, 7o G - rpyna oy 8 poarnanysamol reopemn. Hexah
[U,X] = 1. Toal ax | opu posenenni meofxigmocri Teopemm 8.1.1 ana
rpyn oworn TAOy oaepmumo, mo G - rpyma tany 6 poarnsavsamol
TeOpeMH,

Hexaft G - rpyna tany 28 reopemm 2.2.8. Tlownanemo A = <x>, B
= rg><g'>-h’> = «<x>Q', Toal /[A;B)/ > 2 i sa onnazernam YIIH[ )-
rpya [A:B) 3 N 4 G. flewo, mo N * G'. Asge [<x>,G] = G, mo
cyrepeaaTs ymori N ¥ G, Orwe, G me moxe OvTH rpynox poar isayae
poro Tauny. Bei srnsaxs poarnaryan, Heobxianiers OREIERA,

Toemamulemy. Hexaft G - rpyna onporo 3 winia 1 - 6 teopemu,
Ouermano. mo (1 - pitecnorestia weneseripiora rpyna. Howaskemo,

mo G ¥UIH[ )-rpvoas, Tofito [A;B) 3 N a4 G e JAIB] - 2. Jlan



G - rpyna tany 2 — 9 posrnapysasol reapemu, Axmo A a G, o N
| sce nosegeno. Omxe, A 4 G. Beigcn /A/ > 11 A > G.Ilpu B -.
mHinsnoTeHTHIE p-rpyni G samxaB aHARAETECA TAKA HOPMAJILHE I Ly

na N, mo [A;B) 3 N (me nerxo omepsartu 3 [73, mseppxenna 1.6]).

&

"
T
i

My B nogansmomy B < G,
Hexafi G — rpyna ogsoro 3 Tanis 2 uym 3 reopemu. Toai /G'/ = p, G
nA=1 fAxmo G < B, 10 [A;B) 3 N =G x A <G, mo & Tpeda Oy
nosectn, Otie, BAG = 1iromy B =1, /B/ € (p'.p'). B G lom
gigrpyna V, sxa micrurs G, raxa, mo w(V) = G' i G/V - ene
rapua aGenesa rpyna. fcmo, mo V n B = 1 |, smaunts, B — rex 3
menTapHA abenepa rpyna. Saysaxamo, mo W(Z(G)) = G’ = wi(V),
NMOKAILHO IHKAIYHA P-TPYNA 4E rpyna keBaTepHiouis nopagxy 8.
IMpunveramo, mo V A B = G, Ockinexu B - enemenTapna al
rpyne nopazky p°® um p', V - noxanseo maxaivea p-rpyna wum rpyl
xBareprionis nopsaxy 8, o B me moxe Syrm niarpynomo 3 Aut VI
3 meoro sEmaEeae, mo 3 € B N Z(G) | /z/ = p. Tomy w(Z(G)) micrs

G’ x <z>, mo memoxamno, Orme, V A B < Q i, enaunTs, G -

<g>, [G:U] = p*. Ockinnkr /B/ = p’, 70 G = UB, Ouenugso, mo
< 2(G), romy 3 € U BN ZG), /2/ = p |, smaunrs, w(Z(G)) u 3
x <g>, mo memoxuUrEeo, TaxmM amwos, rpyna G xoxHOro 8 THOIE 2
3 e VIIIH[ )-rpymom.

/a/ = /b) =8, /<a> N <b>/ = [z/ = 2, b'ab = a’, [b,z] = 1, [a,2]
w(G) = <¢> x <d> x <z>, ¢ = a' € Z(G), d = a'»’ | pnn Gyan-AKC
snenenta U 8 W(G) Maeno <c><u> 4 G, Baymamumo, mo ¢ ¢ V, ne ¥
Gyns-axa nigrpyna V s U i /V/ > 2. fero, mo /G/ = 2° | exp(G) =

Quigcw /B/ = (2%, 2%, 2%). Hexaft X = ' » B, Topl /X/ = 2



<> A = 1, Toni [A;B) 3 N = <¢c> x A a G, mo # Tpeba Gyrno

gopecrn. Orxe, 8 nopansmomy /A/ > 2. Tonl /B/ € {2¢, 2%} i ocrinbkE

exp{G) = 8, To B — HenmraivEa rpyna, SayeaskEmo, mo o ®e ﬁmm

marpyns Kearepeionis mopaaxy 8, D = <e¢> x <d> 4 G i G/D -

raxisisTOHORBA Tpyna. 3posysino, mo /X/ > 4.

Hexaft exp(A) = 2. Toai <c>A = N <« G i N € [A;B), mo & Tpeba

6yno nomecrs. Ommke, B noaamsiomy exp(A) > 2. 8a monepeasim, ¢ &
. A, fixmo &' e B, 10 <a’> = G'. Ioxnagemo N = <a'>A. Toni N < G i
[A:B) 3 N, mo & tpefa 6yno momectTn. OTixe, MOMHA RBAXATH, IO B
<> = <g>. Oexlmxnm /G/<a>/ =8, /Bn<a>/=2 | /B/ > B, 10 /B/
=16, /X/ =8,[B:X]=3i <a>nn X = <¢>,

panyernmo, mo d e A. Toal, aa nomepeasin, D=<e>x <d> 40,
D < A, G/D - rasimronmosa rpyna |, amaumTs, A 9 G, mo Be TaK.
Taxam unmon, d ¢ A. Mpaoyeremo, mo d € B. Toul N = DA = A(<e>
x <d>) = A )\ <d> a G | roxy [A;B) 3 N, mo # rpeba 6yno nosecrs,
Hexat Terep d ¢ B, 3migen X mae rimsxm oasy imsomonio. Sasaaxs
reopesl 12.5.1 o [64] X = <x>, /x/ = §, wi<x>) = <¢>, Dea
NOpYINeHHs SArANLEOCT] MOMEA BRaxkaTH, mo B = <x> ) <g>,
Bpoaywino, mo x'ax = a', <z'> = Z(G). Hexadl <x¥> 5 <g> = N =
<x'>w(B) = <x'>(<e¢> x <2>). Tonl, sa nomepenmin, <¢> » <z> 4G |
romy N < Q. Basanxm meopeni 1.1.1 [A;B) » N. Orxe, rpyna G rany 4
¢ VIIIH[ )rpynow.

Hexalt G = (<a> x <b>){<x> x <z>) - rpyua tany b reopemn, Toni
/G) = 3%, o' = 2, /x/ =9, G = <a’> x <b>, w(G) = G' x <z, Q) -
w(Z{G)) = <> = <a’>, nna Gyas-axoro enemenra v 3 w(lG) ~cr<v= 4

G, explG) = 9 i ana Gvar-axoro enementa u a8 G, /u/ = 9 maemo

wi< =) = <¢=, Ipoaymino, mo /B/ e {3°, 8"} i ¢ € B. Hexai /A/ — 3,



nosects, Ilpmnyerumo, mo /A/ > 3. Toal /A/ = 9, /B/ = 8%, G' ¢
fixkmo ¢ € A, To noxknagemo N = G'A. Buigcu [A;B) 3 N « G, mo

rpeba Byno posectn. Hexalt ¢ @ A, Tonl exp(A) = 3. Iloknanemo <e>
A = N, 3sijgcu [A;B) 3 N = w(G) <« G |, raxam unroM, rpyna G
reoperut € ¥ IIIH|[ )-rpymoswo.

Hexaft @ = U x X — rpyna tany 6 reopemm, Toal U | X -
xsarepHionl® mopaaky 8, /G/ = 2%, Z(G) = w(G) = @&(G) = w(U) x
= Q', exp(G) = 4. Ba sufopom A exp(A) > 2. Bsigck /A/ > 21 /B/
8, Ocximru exp(G) = 4, 7o B micturs G'. Buony » cuny sufiopy A
+ A, Ame A micrars u |l /u/ = 4. Ouenmgno, mo <u*> = Q' N Al
[A;B) 3 N = G'A q G. Orxe, rpyna G raoy 6 e VIIH[ )-ry
NocraTricTs nosenena, Teopema soBeneHA.

Teopemwma 3.8.2 Henlavnomenumnl roxaseHod cmynin
VHTH[ )ezpynu G suyepnyiombcA apynasMu munis:

1) G - neninsnomenmua YO[H( )zpyna, mofmo zpyna O odn ::
munie 1 — 4 meopemu 3.1.2;

2) G = <a> A <x>, fa/ = p — HenapHe npocme Hucro, [x/ = qr.";
r — piani npocmi wucaa, p # 1 (mod q), p & 1 (mod r), [ <a>, <2>]
<a>, 2(G) =~ 1; .

3) @ =P )\ <x> —~ nenlponomenmna gpyna Miszepa-Mopeno, -_:
rpuna muny (p.p). /%! € (§.9°), Z(G) = <x*>,p =8, 9> &

4)G =P\ <x> P - epyna muny (pp) /x/ = qr. P A =x37> ma P
cx> ~ genlasnomenmul epynu Miaaepa—-Mopeno;

)G =P )\ <x>, P - epyna muny (p.p). /2! ¢ {@°.q") P \ <x%>
wesiannomenmua 2pyna Mianepa-Mopeno;

) G = (P ) <x>) x <2>, P - 2?pyna muny (pp), P ) =x>

wentfannamenmua zpyna Misrepa-Mopeno, /x/ = q. /2/ =r.p 2"



ga nevormy 1.2.2 U QANORONBHAE YMOBY TEOPDEMH L.0.1 1 MUME UylTa
rpynow oasoro 8 Tumis 1 — 17 aragas0l TeopeMH.

fixmo G — rpyna oauoro a Tunis: 1; 10; 11; 14 reopemn 2.8.1, 70 G
- rpyna oxHoro 3 TEnie 1 — 4 teopemu 3.1.2 i romy G — rpyma Tuny 1
pOSrfiAAYBAHOL TEOPEMH.

I'pyna G wxomuoro o tanin 2 un 4 reopemn 2.3.1 e rpynoio THOY 2
yn 3 poarnaaysanol TeopemMn sianosinHo.

Hexait G - rpyna Taoy b reopenn 2.3.1 i /P/ = p’. Toni /[A;P)/ >
9, ne /A/ = p | sa oomavenmam VIIIH[ )-rpyux [A;P) 3 N < G, mo
cynepeunts MimimansHocti mopmassEocti P 8 G. 3 nporo BHIUIMBAE,
mo P - rpyna tany (p,p) 1 G - rpyna TROy 4 posriAnyBAHOL TEOPEMH,

Hexa#t G - rpyna tuny 6 reopemm 2.3.1. ik 1 Bamine, maemo, mo P
- tpyua Tany (p,p) i G - rpyna rany 5 poarasgysaHol TeopeMH.

Hexait G - rpyna teny 7 Teopen=z 2.8.1. Toai, ax i B rpynl G Tany
5, [A:P) >N 9 G, /A/ = p, A 4 G. Ane onl /N/ = p* | P — nopmassaa
cmnopcexa p-mixrpyna excoomemtm p rpvim IlImiara G. 8a Gynosow
rpyn Ilsmigra (ams., manpuxaaz, teopemy 2.1.1 8 [78]) P me MICTHTE
mopuarsanx 8 G niarpyn nopaaxy p’. Orxe, G me mome Gyrm rpymorn
tuny 7 Teopema 2.3.1.

Hexa# G - rpyna Taoy B reopema 2.3.1. Iproycravo, mo /2/ = p.
Mosmaunmo depes B = <a> x <b> x <z>, Ilpst nsomy B — rpyda Tuny
(p.p,p). Hexast A = <az>, fcmo, mo /[AiB}/ > 2 { nrn odRnAYEHHAM
VIIIH[ )-rpyn [A;B) 3 N < G, 3poaymino, mo /N/ € {p, p*}. 3 Gynosn
rpyn Minnepa~Mopero (<a> x <b>) A <x> (nmn., RAOPHEKAAN,
rpepamenssn 1.1.1 a [T7]) smnansae, mo 2 — NOKASHMK P 38 MOAyNeM
q, <a> x <b> ~ wMimimiLsra BHODMAJLHA nigrpvina 8 G, Jlerxo
perasoraTh, mo N ¢ <a> x <b>, Toami /(<a> x <b>) n N/ = p.

Ocilaskn <a> ¥ <b> — mimimansre mopMasbEa NLATPYNA 3 G, 1o (<a>

v cb>) A N = 11 oMy /N/ = p. Omme, N = A = <ag>. Hani nerxo



[A,<x>] = G' n A = 1, mo memoxumso, Ile osnauae, mo /z/ =r = pl
sHaunTh, G — rpyna Tany 6 posrasayeasol TeopeMu.

Hexait G — rpyna ogmoro 3 Tanis 9, 12, 13, 156 — 17 Teopemn 2.3.!
Topxi G = G' A <x>, <x> wmicruTh HemopMansEY B G CHnoBCEKY §
miarpymy A, [G,A] = G'. lloxxazemo B = G' A A. Toxi /[A;B)/ > 218
osmavensam VIIH[ )-rpyn [A;B) 3 N < G. B nsoro mmnamsae, I
[N,G'] micturs [A,G'] i crporo manesknTs G', mo Hemoxamso. OTixe,
He MoMe OYTH rpynow MOZHOTO i3 3ralaHMX THIIE,

Hexaft, gapemri, G — rpyvna tany 3 reopemn 2.3.1. Togui j[{:?_'
> 2 i sa osmavenusanm YIOH[ )-rpyr [<x>;G) 3 N a G, mo » rpyr
Mmigra G remosxnmso (aus., Ranpukaag, Teopeny 2.1.1 a [78]). Orm
G HE MoXe GYTH Ipynow TRmy 3 Tecopems 2.3.1.Bel BHNAIKA POSTA
HeobxiaricT: JoReeHa.

Hoecmamuicms. Hexalt G - rpyna ogmoro a3 Ttamis 1
poarnaayeasol TeopesH. 3poaymino, mo G —~ EemEiARDOTEHTHA 1ve)
HA, & TOMYy noxkansHO crynisuacra rpyma. Hoxamemo, mo G -
}-rpyna. Jiftcro, ana rpyn G tany 1 ne scramomnemo B Teopemi 3.1
Tomy B nogansinoMy Gyaemo ssaxars, mo G — rpyna oguoro 3 Tr
- B posrnanyeanoi Teopemu. Hexa#t /[A;B]/ > 2. ITokamemo, mo [Aj
3N aG. Axmo A < G, o moraageno N = A | sce goneneno. Tomy
G. Sninen A = 1, G' + Al /B/ pinarsca Ra nobyTOX TPHOX OPOCTE
YHCe. _

B rpynl G Tuny 2 posransaysanoi reopemu B = G, /A/ - 1 -
umcno. IMoraanemo N = G'A. Toai [A;B) 3 N < G, mo i Tpeba 6y,
NOBECTH.

W |
oo n

Hexa#h G - rpyna ogmoro 2 tThmae 8 — 6 posrnsayeanol

Toni G' - minimansuna sopmanssa niarpyna a G teny (p,p). G’ — caa

cuten parinrpyna a Gi G = Q' A X, ae X = <x> ~ xonmisckka niarpyl

LS



iB=P,A<x,>, aeP,=AnG,<x>=AnX,P,=BnC, <x,>=
B X.

Hexaft P, = 1. Toal B = <x,> i [G:G'] sismTeCcA HA A00YTOK TPHROX
NpOCTHX uMces. A ue MoMauBo aume B rpymi G TEmy 3, y sxol B =
<x>, /%/ =q’ 1 A= xS < Z(G), mo cynepeunts subopy A. Orme,
P, # 1. Bpoaymizno, mo /P,/ € {p, p’}. fAcuo, mo koxuuE eneMent iz X
laaykye sa G' seasigaufi abo ToTORHEA aBTOMOP(hIaM,

Ipunyeramo, mo /P,/ = p. Toai %, imgykye Ha P TOTOXRHHE aBTO-
mopdiam i Tomy x, € Z(G). Ane roai /x,/ € (1, q, r} i /B/ He pinuTbea
Ha nOBYTOX TPLOX MPOCTHX uHcex, mo He Tak. Orxe, /P,/ = p. flcuo,
mo /P,/ € {1, p}.

Hexa coouatky /P,/ = 1. Akmo G’ A A< B, 70 G' A A =N 1 [A;B)
3 N 4 G, mo # Tpeba Gyno nosectu. Hexasi G' A A = B, Toul A = <x>
w <x,>, Ockinsxkm A 4 G, To x; imayxye Ha G’ Hesmiguuit awrTOMOP-
dism, 3sigem A — maxcumanbREa mArpyua 3 B, mo He TaK. Taxum un-
som, /P,/ = p. A | panime, x, € Z(G). Axmo /x,/ =1, 10 [A;B) 3 N =
Q' « G, mo # Tpeba 6yno posecrn. Hexadl /x,/ # 1. Toxi /x,/ € {r, g} i
/B/ pinureca Ha Ro6YTOK YOTHPBOX NMPOCTHX YHCEJ. IMoxnapemo N =
@' x <x,>, Togi [A;B) 3 N < G. Orxe, rpyna G xoxuoro i3 posraany-
papux Tunis € YIILH[ )-rpynmow. locraTHicTs nosejesa. Teopema pobe-

AeHA.
Hacecaineox 331, Joxaseno emyninvacmi nededexindosi

VI[H[ )2pynu G euxepnyombvea zpynamu munie 1 — 6 meopenu
3.8.1 ma 2pynamu munie 1 ~ 6 meopemu 3.3.2. Jloxaavno cmyninvacmi
VI[H[ )zpynu, wo ne € VIHH( )-zpynamu, SUMEPRYIOMLCH Zpynamu
munie 2 — § meopexu 3.8.1 ma zpynamu munis 2 - 6 meopenu 3.3.2.
Bei zpynu mawxozo pody moxcymv Oymu 10 nuxuchasedenimMy mu

namu 2pyn, sulipanux 3 meopen 2.2.3 ma 2.3.1 sidnosldno;



£ TELADIRITEEMIFEFRE G IALE | TIRLMARLILERLEEES MPP-m— = ——7 7=~
nux 3 meopemu 2.2.3)!

1) G - epyna muny 4;

2) G - epyna muny 5;

3) G - zpyna muny 10,z ¢ Z(G);

4) G- zpyna muny 11,2 ¢ Z2(G);

5) G - zpyna muny 26, U - zpyna xeamephlonis, [UX] =1
I1. Henlasnomenmnui zpynu (eidnosidnl zpynu 3 ofmexcennanu

fea wux 3 meopemu 2.3.1):
6) G — epyna muny 2;
7) G — zpyna muny 4,
8) G - zpyna muny 5, G' - zpyna muny (p.p);
9) G - zpyna muny 6, G’ - 2pyna muny (p.p);
10) G — zpyna muny 8, p #r.
JMoaedennn., Hexait G =~ pocnijuxymagpa rpyna. Momtnasl 2
panagxun: 1) G ~ minsnorestra rpyna; 2) G — merlnsnoTeETHA |
~ Bunadox 1. ¥ nsomy sanagky G sajoBoNLEAE YMOBY TEOPeME 3.3.
i Mome GyTe rpynowo ogsoro a Tunis 1 ~ O aragarol reopemu. Banaj
1 poarnagyTRI.
Bunadox 2. ¥ osomy pEnasry G sajoBo/ibafAe YMOBY TEOpDeMH -;?' i
i moxe Gyt rpynoio ogmoro 8 Tanie 1 — 6 srasanol Teopems.
YACTAHA HACHIAARY AOBENEHA.
Hexait G — rpyna, mp safA0oBOfERAE APYIY HYACTARY Hacal ARy,
sk | pamime, G - rpyna ognoro 3 Tanin 2 - 6 ra 2 - 6 Teopen 3.3.1
8.3.2 pinnoeigro. Spoaymine, mo rpyna G xomnoro 3 THOIE 2 =
reopemnt 3.8.1 € rpynom akorock 8 TAnie teopemn 2.2.3 3 ness
obmescenuamn un Bea wRx, a rpyna G komwuoro 3 Tanie 2 - 6
3.3.2 ¢ rpvhoto sKkorocs 8 Tenis Teopemw 2.3.1 a nesraMp obm

pamin up Ge3 HUX,



perxko BGaunTR, 1Ne BOHH OyAYTE BIANOBINHO IPYNHAMH THILE 1 — u prsar
rAAAYBAHOMO HACALAKY.

[pa poarasai Tunis rpyo G Kozoro 3 Tams 2 — 6 Teopemu 8.3.2
onepyxumo, o G — rpyna opHOTO 3 THIIB 8 — 10 posrnAfyBAHOIO HA-
eniaxy sianosiano, Hacnigox AoBeleHHAN,

3.4, NEAKI HACNKH

Teopema 3.4.1, Bel ne VILH( )-2pynu, Akl Harexams nepe
muuy KAacls AOKBALHO cmyninvacmux VIOIH[ ) ma YILH( ]-epyn,
SUNEPRYOMBCA Zpynamis munis!

1) G = P )\ <x> - neniabnomenmua zpyna Minaepa-Mopeno, P =
epyna muny (p.p), [/ € (0. ¢k

2) Q= (P N <x>) x <22, P A <x> — Heniabnomenmua epyna
Mixraepa- Mopeno, P - epyna muny (p.p) [x] =q. [2/ =T, T #p.

Nlosedennn, Heobxidnuicms, Hexalt G - AocmiKyBaHA TPYUA,
Ocxinuxn O me VIIH( )-rpyma, ro G — BeaeaexlHEAOsa rpyna. Moss-
muni samaaka: 1) G - wiABNOTERTHA TPYOA; 2) G - meminLNOTERTHA

FPVIA,
Bunadox 1. Y unsoMy sanaaxky G safosoNibHAE YMOBY TEOpeMH 3.8.1

| moxe ByTH rpynox onHONTO 8 ranie 2 - 6 sraaarol TEOpPEMH.

'pyna G womnmoro a8 Tams 2 - b arafagol TeopeMm MicTHTE
piarpyoy B mauy (p,p), ana aroi ' A B =B Z(G) = 1. Ockinsrn G -
YILIH( }-rpyna, TO TOKJANEMO A = 1 1 oa osnauesnam YIIIH( }rpyo
(A:B] 3 N < G, 3siger /N/ > 11, aa nonepennim, N = Z(G), mo
cynepewars ymomi B » Z(G) = 1. Tomy G me mome Gvra rpynoo
araaanmx THois,

Hexat G - rpyna tany 6 reopemnm 3.3.1, Toal G = U > X, pe U =

a.b> ta X = ©x,y> — Irpyns KBATeDHIOHIB NOPAAKY 4. TMornanemo Q



He MicTHTh HOopMansEEX B O nmigrpyn mopaaxy Giasme 2. D::Hi.r:h!l_i"'
ymoBoio Teopens G ~ VIIH( J-rpyna i /[(Q)Q)/ > 2, To (D(Q):Q] 2}
< (G, mo cynepe4yuTh BracTusocTi miarpynu Q. Omwxe, G me moxe Gy
rpynoi Tany 6 reopemu 3.3.1,

Taxknm unsoM, G He Mome Ovre HinsmoTerTHOW rpynow. Bmo
1 poaranaayTHA.

Bunadox 2. ¥ npoMy BEnaaxy G asgoeonbEAe yMOBY Teopemu 8.3,
i moxe Gyrm rpynomo ogHoro a TEmis 2 — 6 aragamoi Teopemn. Hnmu':_
= rpyna oguoro o Tenin 3 yn 6 sraganoi Teopemn, 10 G — rpyna Tany |
yH 2 po3rnAAyBAHOI TeopeME Bianosiamo,

B rpyni G xowmmoro s Tthmis 2, 4, b. ¢ mEKaluAa xo/TiBCRKA
AeropMAnsEA B G migrpyna <x>, <x> MmicTHTE BIACHY HeMaKCHME n
niarpyny A, mo nopoamyersca BciMa mopMansaaMme 8 G oiarpyne
<x>. 3a yMoBO®0 TeopeMn (A;<x>] 3 N < G, mo cynepeynTs BAACTH
TAM migrpyn A ta <x>, Omsxe, G Be moxe Gyre rpynow moanoro I3
poarnAnyeaERX TAOin. Bumagox 2 poarnamyrtmii. Heobxinmicts nome

e

nena,

Hocmamnicms. Hexalt G - rpyna ogsoro & Tenis 1, 2 poar Y BA:
mol TeopemMm. 3poaymino, mo G - memimemorenTha cxinwemna, a TOMY
NOKAILHO CTYyniHUACTA HeRAApO3s #3na rpyna. Ba mreopemow0 3.1.2 G m
moxe Gyre VIIH( )-rpynow. Ocklaske rpyna G rany 1 wm 2 poaras.
nyeamoi TeopeM® € rpynown slanosigno temy 3 Ta 6 Teopemnm 8.3.2, N
G - YIIH( }rpyna. 'pyna G xommoro s poarnagysanRmx THi €
rpymown ogsoro 3 tamie 3 ta 5 reopemn 3.2.2 mianosinso | Tomy G
YIIH[ )-rpyme. llocrataicTs nosesera. Teopema noseaesa.

Hacainowx 341, Kracu doslavnux | Haeime A0xaASHO
emyninvacmux VIQH( ]-{ YIIH[ )epyn ne cnisnadarwoms | ne
mamuca odun @ odnomy. Ix nepemun micmumv kaac écix YHIH(

‘PYn. are wum wme asuvepnyemoca. ITepemun niasnomenwmuux rxaacis



VYUIH({ )epyn.

Hoeedenns. 3a teopemoro 3.4.1 K(VILH( ) n K(VILH[ ) =
K(VILLH{ )). Nonepenne cnissigsomeHHs cnpasejiiuBe HAaBiTE OpPH
YMOBI JOKANMBHOI CTYNiHYACTOCTI POSrAAAYBAHHX TPy, 4a 3rajaHolo
reopeMo0 Ans Hinsnoremtamx rpyn K(VIIH( ]) n K(VIIH[ )) =
K(VILIH( )). T'pyna G tany 2 reopemu 3.2.2 manexxnts K(VIIH( ).
ase ne panexuts K(VIIIH[ ). Tpyna G tuny 2 reopemn 3.3.2 mase-
wars K(YIIH[ )), ane se ganexnrts K(YIIH( ]). dsiacn K(VILH( ]
ge panexuaTts K(YIIH][ )) i masnaxkn, Hacninox aosejgenuii.

Teopewma 3.42 Kaac YU[H[ ]epyn micmumb 06 cIHAHKA
xaacia VI[H[ ) ma YIIH( [epyn, asre HuM He 8UYepPnyEmMbCA.

Joxaxsro emyninvaemi VI[H[ ]-zpynu, wo ne nazexamb of ed-
NANHIO KAacie aoKaAbHo cmynikvacmux VIQH[ )- ma VIIH( ]-zpyn,
BUNEPRYIOMBbCA ZpynaMu munie!

i. Hinenomeumnl epynu:

1)G=<a> )\ <b>, Ja) =p° /b =p’,a> 8, f> 1, pa>6, [ab] =
"

2) G = <a><b> = <b><d>, fa/ = p° [bf = Pl jd] =p, B> a>
2, pa>8, [<a> Nn<b>/ =p, <b> N <d> = [, [a,b] = a*""’ , <a>a @y

3) G = <a><b> = <b><d>, [aj = 8, [b) = 2, §> 3, [d] = 4, [<a>
A<b>] = 2, <b>n<d>=1,blab=a';

4) G = (<> x<b> x<a>) A <x>, Je/ = /b] = [a/ = [x[=p. p>
3, [ab] =b, [bx] =c [ex] = 1

5) G = (<a> A\ <b>) A\ <x>, fa/ = p', /b/ = [x] = p, p — nenapue
npocme wucao, [a,b] =a®, 0 <s<p, [ab] =b [bx]=1;

6) G = <a><b>, fa/ = 16 = [b/, /<a> N <b>] =2, blab=a'|

7) G = <a><b>, /a) = 16 = [b/, [<a> N <b>/ = 2, b'ab = a’;

8) G = <a><b>, /o) = 16 = /b/, |<a> N <b>] = 2, b'ab = a’;



<a> N <b> = <a’>, b'ab = a', [a.x] = b, [b.x] = a'b".

Il. Heninvnomenmnl zpynu;

10) G = P )\ <x>, P - éeyna muny (p.p.p). /x/ = qr, p. q.
nonapuo pisnl npocmi wucaa, P A <x'> ma P A <x'> - zpyni
Mlanrepa—Mopeno;

11) G = P X <x>, P ~ epyna muny (ppp), /x/ = ¢ piq - p
npocml wucaa, P A <x%> - zpyna Mianepa- Mopeno;

12) G = P )\ <x> - peniannomenmua zpyna Miraepa Moapeno, P
dpyna muny (pp.p). /x/ = q;

13) G = (P ) <x>) x <2>, P \ <x> - Heninvnomenmua epyn
Minaepa-Mopeno, P - 2pyna muny (pp), /x/ = q, j2/ = r;

I4) G = (<a> x <b>) A <x>, ja/ = [b) = g, [x} = g (=<a> A
<V'>) A <x> ~ peninsnomenmna epyna Miarepa-Mopewo;

16) @ = (<a> x <hp>) A <x> - Henadpoaa nana rpyna DPpodeniyea
P — zpyna muny (p.p). /X =qr.pe] (mod q), p = | (mod r), P
<X'> ma P ) <x'> - minimarsui Hememayuralynl 2pynu.

Aoeedenns. Heobxlonicms, Hexalt X = K(VILH([ )) u K(VILH( ]
3poaymino, mo K(VIIH( )) e X. Jlerko BaumTr, mo rpyns G ey B
Teopem= 2.3.1, y axof P ~ rpyna T™OY (P,p.p), me manexurs X. Bl
K(YUIH] J) > X, Orsme, Nepma YaACTAEA TEOPEME AOBEACHA.

Hexai#t 8 ra £ - sel noxansmo eryniguactl rpynn ia K(VILH] ) va X
siamosiamo. [Hns sas pmesna aosesenns  meofixlanovrl  tTeopemm

IBIATUNETHCA BHANRTH BCl THOR rpyn, MmO KANGKATH KARCY T, e T U

B 1T ANZI=0. ficwo, mo aocnipmynans tpyoa G ne mome Gyrm
VUIH( )-rpynon. Mosanst Bunaake: 1) G - winmsnorentna rpynna; !
(i - wneninsmotesraa rpyna.

Runadox 1. ¥ unomy sananky G sanosossase YMOBY Teopema 2.2, 3

I mome 6vTH rpynow oaHoro g THnie 1 -~ 28 aranamoi TEOPEMH,



11, = ¢ Z(G): 16; 17; 18; 26, [U,X] = ®(U), /Cx{U)/ = 4; 27 ¢
rpyname tanis 1 - 10 reopenn 3.3.1 sianoslano, To G me mome Gytm
rpyno arsaanux Thois reopems 3,2.3,

I'pyna G xomworo a nmis: 6; 7; 12, P' = 1; 13; 14; 16; 19 - 21;
22, /G/ e (2%, 2°); 28, /G =~ 2% 25 reopem= 2.2.3 e rpynams Tunie 1
- 12 macniaxy 3.2.1 slanosigmo, sa TeepamennAM sikoro el THOE rpyn
¢ VIILH{ }-rpynamm. Orme, G me mome Gyt rpymom moasoro |a omx
THEMOLS.

IMN'pyna G xoxmoro 2 ranie: 4, 6; 10, s ¢ Z(G); 11, z ¢ Z(G); 26, U -
rpyna xsatepriomin, [U,X] = | reopenn 2.2.3 ¢ rpynams Tamie 1 - §
macilaxy 3.3.1 sianosinmo, aa TeepamemEsAM AKOro Bcl THME PYO e

YILUH] )rpynamu. Orxe, G me wome Gyrm rpynox mogmoro ia mnx
TRIIA.

8a ponepesnin, G me mome GyTm rpynow sozmoro 8 Tenis: 1 - 7:
13 - 21; 25; 27 Treopenn 2.2.3.

lpyna G xommoro & Tumis 8, ® va 28 Teopenm 2.2.8 ¢ nlanoniamo
rpyao Taoy 1, 2 va § poaraaaysamoi Teopems,

Hexzait G - rpyna Tany 10 reopenn 2.2.8. Toxl, 3a monepennin, £ €
Z(G). lNMpm P < 4 3a Teepamennnw Teopenn 3.3.1 G - VIILH( )-rpyna
iny 4 Teopemn 8.1.1, mo we Tax. Salacm f > 8, /2/ =110 - rpyna
Ty 8 posrangyeanol Teopemm,

Hexaft G - rpyns veuy 11 reopemn 2.2.8. Ba monepennin, o e Z(G)
| G~ rpyoa vEoy § reopems 8.1.1, mo memorumEo.

Hexah O - rpyoa rany 12 reopemn 2.2.3. Toxal G’ = <> «w <b>, /ef
= /b/ = p - menapwe npocTe umcno, ¢ & LG), b e Z(G), /G = pl.
Axmo G - miriMarsia semeTanaxsdara rpyaa, o G - rpvos Tuny 2
reopesn 1.3.3 (. anaunte, G - rpyne tHoy § teopems 3.1.1, mo e
Tark Jeiaca (G MICTRTE BEIACHY MIRIMAIRHY HEMETANMEIIMAY niarpyeny

M., ara moxe Hyra nmme rpynow tany 1 reopesna 1.3.3. Orxe, M7 -



. R T e e L i T s ], S e
Co4(G'). Toni C @ G, G/C - miarpyna a Aut G, C < G, Bigomo [65],
cunosckki p-niarpyma a3 Aut G' mManoTs nopajok p. 3 NLOro BHILTHBAE,
mo [G:C] = p, /C/ = p°, C' = 1. Takum qwunom, C — rpyna Tumy [p',
ud (p.p.p). '

Ipunverumo, mo M’ # 1, Toai M = G' A <x>, /x/ = p | Oed
MOPVIIEHHA 3ATAJLHOCTI MOMHA BBa)AaTH, 1o [b,x] = ¢. 3poaymino,
G =C )\ <x>, Axmo C - rpyna tanoy (p,p.p), To C = <> x <b> x <>,
Bes nopymeHHs 3arajsaocTl BBAMKAEMO, 1o [a,x] = b i ToMy npr p >
G — rpyna Tany 4 posrnagyeasol Teopemn, Jlerko GaunTA, mo npe pr;- =
8 G ~ rpyua Tuny 5 poarasayeanol reopemu, Hexalt renep C - rpyma
ramy (p* ,p). Toai @(C) m» <b> = 1, /@(C)/ = p |, anauwuTS, 'l-;-i
Z(G). ficso, mo C = <a> x <b>, /a/ = p’, Ouepnuano, mo <a®> = <¢>,
Bes nopymeHHA 3JarajsHOCT]! MOMHA BBAXKATH, mo [a.x] = : _
3poaymino, mo ¢ = a”, 0 <8 < p, i G - rpyna Tany 4 Teopemm 3.2.1,
MO HEMOMJIABO, I

Hexat reriep M’ = 1, Toal M = C — rpyna tany (p,p,p). Axmo G\C
mictaTe X i /x/ = p, 70 G = C A <x>, 3poaymino, o C = <¢> x
x <a,>, Axmo G' A <x> — peabesena rpyna, TO MOJKHA BBANATH, l:lﬂ"
= G' A <x> | npmitnemo Ao poaraspysaEoro sunaixy. Axmo r_:f:'-
<x> — afenesa rpyna, o G' < Z(G), mo me rax. Orxe, ann a ia ':.".-'3
maemo /a/ > p, G = C<a> { C n <a> = <a">. 3slaca /a/ = p* i I?.
Z{G).

Hexat G' n<a> = 1, Togi G = G' ) <a>. Ocxlisen G'/<c> &
Z(G/<c>), 1o [a,b] € <e> | Tomy Q' < <c>, mo memoxnmso. Taxs
gpuon, a® € G' i, sEawmTs, <a®> = <¢>, 3posymino, mo C = @' x
G micTeETs miarpyny <a>Q' = <p> A <b> i G = (<a> A <b>) A
Oeximexn [b,x] = 1 1 b € @' , 10 Ges popymenna saras
sramacno, mo [a,x] = b. IIpm [a,b] = 1 ogepmumo, mo G - rpyna



- rpyna Tany b poaraanysasol reopemu.

Hexaft G - rpyna Tany 22 um 23 reopemu 2.2.3. Toai G = <a><b>,
/af = 16, /b/ = 2", B € {2, 8, 4). Tlpu p <4 G - VUIH( }rpyna
oasoro 3 TEnie 11 Ta 12 reopemu 3.2.1 mignosiaro. Orxe, B rpynax G
xoxxmoro 3 Tanis 22 - 24 reopemm 2.2.3 P =41 G - rpyna ogsOrO 3
vanis 6 — B poarnsaysasol TeopeMu Bigoosiaso.

Hexat G = U A X - rpyna tany 26 reopemn 2.2.3. fAxmo U -
nexaiyna rpvoa, o [U,X] = 1, /Cx(U)/ = 41 G — YIIIH( )-rpyna Tany
P reopemn 8.1.1, mo memomunmso. Orxe, U - rpyma keatepriomis
nopaaxy 8 | opu [U,X] =1 G - YIIH[ )-rpyna Teny 6 reopem=m 3.8.1,
mo 3HOBY Eemoxtauno, 3siaca [U,X] = ©(U). 3poaymino, mo /C,(U)/ =
410G - VIUIH( )-rpyna T™any P reopemz 8.1.1, mmo amopy HeMORIEBO.
Bei mmnagke posrnanyne. Baoagox 1 poarasuyvrai nosmicTio.

Bunadox 2. ¥V nsomy sunaaxy G sagosonsaae yMory TeopemE 2.8.1
i moxe Gyrm rpymoswn ogmoro 3 TEOis 1 — 17 arapgamoi Teopemu. I'pyna
G xommoro 2 Teois: 1; 10; 11; 14 reopenm= 2.3.1 2a macniaxom 3.1.2 ¢
YIIIH( )rpymow. Orme, G me Mmoxe Oyrm rpynoxw posraiaIyBaRExX
TROiB.

I'pyna G xox=oro a3 Tenis: 3; 4; 7, /P/ =p; 8, r=p; 8; 12; 13; 16
reopenu 2.3.1 sa macniaxom 3.2.1 ¢ VIIH( }rpymom. Orie, G me
moxce 6yTE rpynow poIarnAXyBAHAX THOIB.

lpyna G xoxmoro 3 tams: 2; 5, G' -~ rpyna Tany (p,p); 6, G' -
rpyna tTEOY (p,p) reopemm 2.3.1 sa macniaxom 85.3.1 ¢ YIOIH[ )-
rpyoowo, Orme, C me moxe 6yTR rpynom poarnsiyeasnx Tunis.

Taxnam ymEom, G me Mome GyTE rpymow monmoro 3 Troie: 1 ~ 4; ©
14; 16 Teopenn 2.3.1.

Hezalt G - rpyna Tany 5 srazasol reopesma. Toal G = P ) <x>, /P/
¢ (p* .p". /x/ = qr. MIpu /P/ = p' G - VIIH[ )-rpyna Tany 3



POOrJIANYBAHOL TEOPEME,

Hexalt G - rpyna teny 8 reopemu 2.83.1. Toal, ax | pagime, /P/ =
p* i, sauuts, G - rpyna Tany 11 poarnsayeasol TeopeMs, '
Hexat G - rpyna tuny 7 reopemu 2.3.1, Togl O = P ) <x>, /P/ =
p', exp(P) = p. Ilpu P' # | G - VUIH( )rpyna Tuny 4 reopess
8.2.2, mo wemownuso, 3sigem P’ = 1 I G - rpyma rvaRmoy 2
POBrAAAVREHOI TEOPeMH,
Hexa#t G - rpyna tumy 8 reopemm 2.8.1. Toal G = (P A <x>) »
<g>, /z/ = v, /P/ = p’ lpw per G - VIIH( )rpyns Tuny 2
reopemn 8.1.2, 1o ue tak. Orme, p = r | G - rpyna ranoy 18 poaras:
AVBAHOL TROPeMH, |
I'pyna G xoxsoro a Tanis 15 Ta 17 reopenmn 2.3.1 € rpynow xom-
moro a Tamin 14 ta 15 poarnaayeamoi Treopemu vlamosiamo. Bel moman-
Bi Brnaaxn poarnauyau, Heofxlauicrs posesens.
Jlocmamuicme, Hexa#t G - rpyna ogmoro @ vunis 1 - 15 posrasmy-
paHoi Teopemu, 3poaymino, mo (G - nomaasro crynimyacra me.nlm_._'l
noma rpyna. Iloxamemo, mo O - YIIH[ }Jrpyns. mo me maremurs
K(YIIH[ » v K(YILH( ).
I'pyna G kommoro a Tanis 1 - P poaraaaysanol Teopenn ¢ sianosias
mo YILH[ }rpymow wowmmoro a rnis: 8 9; 10; 12; 22; 23; 24; 28
reopemu 2.2.8.
I'pyna G xomuoro 8 Tanis 10 ~ 16 poaraaaysanol Teopemn €
siamo VIILH[ }rpynomo xommoro 8 ramis: b; 6; T; 8; 15; 17 reop

2.3.1.

[Moxamemo, mo G ¢ K(VIIH[ )) v K(VIIH{ ]). 'pyns G xommore
s auis 10, 11, 12, 14, 156 smicTars migiMansry wopMansuy mlarg ;
gopaaxy p°. 3nixen sanpaxm semam 3.1.1 ta 3.1.2 G ¢ K(VIILH] )
BIVIITH( ). Hexa#t /[A:B)/ > 2. Tlokamemo, mo » G we aexonyersel

wonne la crrienlagomens [A1B) s N 4 G an (A:B] 2 N 2 63,



NOTAHTHA TPYTA, AKA He MoMe GYTH Fpynol0 WoaHoro ia THNIE TeopeMm 83.1.2,
3.2.2va 3.3.2, | YoMy AOCTATHICTE ANR UBOIO THNY rPYN AOBejeHA.

Hexa®t G — rpyna oamoro 8 Tunis 1 — 9 poaraaaysanol reopemu. Toai G
- HinenorenTHa rpyna. B rpynl G xomuore 8 Thnie 1 — 8, 8 — B e enement g
raxufl, wo ~gP> 4 G. Bapauxn aeml 3.1.1 G we YIOIH( J-rpyna.

B rpynl G womnoro 8 rtunie 4 ra 6 poarnsaypatol TeopeMH icHye
niarpyna B tuny (p,p) Taka, wo B nZ{G) = 1 1 B 4 G. Ilpuayernmo, wo G
- YUIH( }-rpyna. [Moxaagemo A = 1. Toal (A;B] 3 N @ G, uio HemoxHEO
sa nonepeanin. Orwe, G we mome 6yrr YIOH( }-rpynomw.

Fpyna G xommuoro 8 Tunis 4 Ta B poarnsgyeanol TeopeMu MICTHTH
niarpyny is teepimenns 3 nemm 3.1.2 | Tomy G ne mome O6yru YIIIH[ )
rpynomwn.

B rpynt G momuoro 8 Tunis 1 — 3 posrnaayeaHol TeopeMH & TAKA
HeHOpMANLHA nlarpyna <g>, wmo <g> NG = 1, [<g>G]= G = <u>,
Juf = p?. TMoxanaemo B = <u> A <g>, A = <g>. Axmo VIIH[ )-rpyna, 1o
[A;B) 3 N <« G I N < w(<u>)} » <g>, o cynepeunts ymosi [<g>,G] = <u>,

Hexa# G - rpyna oamoro a3 THnia 8 - 8 poarnaaysanol TeopemM.
MNoxnngemo A = <b>, B = <al><h> Toal /[[A;B)/>2, [<b>G]=
<ad> = §'. lMpunycernso, o G - YIIH[ )-rpyna. Toal [A;B)s N <G i
N < <a®><b>, mo eynepeusts ymorl [<b>,G] = <a?>,

Hexalt G - rpyna tuinry 9 poarnagyeanol Teopemu. [Toknaaemo A = <x>,
B = <x><pal><bi> = <x>G'. Toal /[A;B]/ > 2. Axme G -~ YIUIH[ )-rpyna,
vo [A:B) » N « G. flcuo, o N ¥ ', mo cymepetuts ymoni [<x= G} = Q'
Hexafti nant G - VIIH( }rpyna. I[loxnagemo A =1, B = <ax>. Tonl
{A;B); = 21 (A;B]» N <@, 3siacwH, ovesnno, /N/=2 1N« Z2G), o ne
TAK.

(e, rpyinn G #e Mome Gyta ai YIOIHO J-, vl YILH[ Y-rpynown § Tomy

(v ¢ KINITLH] no KINHLHE ]). Doeratuicrs aonexena. ToeopeMa nopeneis.



I'PYIIH 3 YMOBAMH HILIBHOCTI
MAHIKE HOPMAJIBHOCTI NJISI TIATPYI

4.1. IMOIIEPEJHI PE3YJILTATH

Oswnmauennadll[68, §4.8). Muowuna eremenmis zpyuu-':_
KOMHUL I3 AKX MAC CRIHYENHY MHOMUNY CRPAMEHUX, € xapaxme
pucmuxnow nidzpynow G. IL[w ntdzpyny nasuaawoms FC-yenmpon
epynu G 1 noanavaroms vepes FC(G). Y

Oasmavenwnadl2 [Tidzpyna H zpynu G nasusaembves malixe
Hopmarsnow nidzpynowo epynu G (MH-nidzpynow), xoau indexe
[G:Ng(H )] crinvennuis.

Jl e m a 41.1. Hexali G — zpyna, y axoi das Oydv-arol ]
HeckinveuHux nidepyn A ma B maxux, wo A — eaacHa Hema
MaasHa ntdzpyna 3 B, snaudemsca MH nidspyna C 3 cniss HO-
wenhaxmu A < C < B, | H — W1 necxinvenna nidepyna. Axwo H nopod
MYEMBER CRIHMEHHUM YUCROM COOLX HeCKINYEMNUX sRACHUX HeMAKEU

maxvuux nidepyn, vu H xicmums mary ceow mopmaasny nidzpyny N,

- =

wo H/N -- nevepuixoscsxa aleresa zpyna, mo H — MH-nidzpyna .
G.

HAosedennn. Hexai G ra H szagopormemsiors YMOBY Y
lMpamycramo cnouarky, mo H = <H,, ..., H,>, e i e {1,...,n}, Hy=
HECRIAMeRHA BAACHA ReMAKCRMANLHA niarpyna a H, Toxl oa YMORON
aenmn G micrers MH-miarpyny C, a cniepiamomennam H < C; <
3posymino, mo H = <Cy, ...,C,>, | roMmy, owesmamo, H —.

miarpvna a (3,



tipRityvinmu, o aN = 1 1 posriAHeMO aa MOxNnel spnagkm: 1) H —
mepiognuna rpyna; 2) H — senepioamura rpyna.

Bunadox 1. ¥ nwomy Bunaaxy sasgska [65, § 26)H = 2, x ZIE x Zig %
Zy, pe Zy, Z;, Zg — meoxmmmuEi MOKANBLHO mEKwH] miarpyns, Z —
HeCKimvenua miarpyna. [Moxnagenmo X; = Z; x Z, Xg=Z,x 2 i X3 = Zg =
Z. Bpoaymino, mo X; — meckimwenna snacea HeMAKCHEMAJNBLEA TArpyna
s H,ie(l, 2, 3). 3a nonepenrin, H — MH-migrpyna o G.

Bunadox 2. V usomy sanagky H mieteTs BinbAy abenesy mixrpyny
B, pna axol daxrop-rpyna H/B oeplogmuna. Hexa#t B, — miarpyna o
B, mopommesa m-mMm CrememsmmE enememTis a B. Toxi H/B, -~
nepiogmyHa rpyma i /Bn/ = ®. Momna seamarm, ImMo m miJNTHLCA Ha
no8yToKk TPLOX PisHEX TpOCTEX umcen i, sEAumTS, H/B, = X;/B,, »
Xo/Bpy x Xg/By, /Xi/Bp/ = 1,1 € {1, 2, 8). Beinca X; — mecKRimyenma
BIACHA memaxcHmansEa miarpyma s H § H = <X;, X,; X,>, B8a
nonepeamin, H — MH-uiarpyna a G,

Orxe, ana posraanysamwx smnagkis nema AOBeJIeHA,

[Ipamycrrmo renep, mo N = 1, Topl, sa momepennim, H/N nopos-
MYETBCHE CKiIEYEeNNEN YHCAOM HeCKimveHRERX RAscEHEX HEMAXCEMAABHEHX
8 H/N miarpyn X;/N. Bsigem X, — wmeckimuemma mpacma memax-
cimasrsEA miarpyna o H. 3a pamime povemennm, H — MH-miarpyna a
G. Jlema nosenena.

Yepea P(G) Oydemo nosnavamu xa Keumaanny neplodusny
nopmarwiy nidzpyny zpynu G, a wepes T(G) — neplodunny vacmuny
eppnu G,

T ema 4.1.2. Hexalt G — zpyna 13 nremu 4.1.1, B € G Sxmo

G mlemumv nidspyny A= v F,, Fy =1, F, — “grdonyemuma nid
i dh



ADUNG, A E B ¥ SISLAESIEE L Iy IR . = ETYE

ysosmy Cg(Z) <« FC(G) dan Oyds axol adeaenol Hexepuixoacbkol
epynu 2 3 G,

Hosedennn. Ocxkinpkr A — mneckiEveHAa WMHOREHA, TO
NOpYyImeHHs OAraJMbHOCTI MOXH& BBAXATH, MO <g= M A = 1. He
M;, Mg — neckluyemul miaMHOMHER A, axl MamTs anacTEBOCTI
My = A, My 1 Mg = ©. Jani, mexait M; (sinuosiano M,) — necxis '
nigmuposxmea M, (signosimme Mj), Ana AKEX MHEOKHAS
(slgnoeigmo M;\M,) mecximwemma. [liarpyna afmF , A <g> (slaoonlamo

« F, A <g>) mecrimwemma | HeMARCHMANLNA B IIN"IFL A

daldy

(siamosizmo x F. A <g>). Tomy icaye makme nopmansaa » G miarpyns

H, (slanoaizno Hy), axa nemurd Mix EaMM. Maemo Tonl <g> <« H;n

H; < {;-"L.F’* A <g> M ,;;,*Fa A <g>) = <g>. Ocrliekn nepernn

Mafixe sopMansEax miarpyn e malixe NOPMANRMOW WArpyTION, TO <g
maftsxe mopmansna. 1le oamawae, mo [G:Ng(<g>)] < =. [Hai, o '
romy, mo [Ng(<g>):Cglg)] < o=, smninsae eximwennicrs inyg
[G:Cglg)]. Orme, g € FC(Q).

Hexalt 7 — afenesa mewepmixoscsxa marpyna s Z. fixmo Z -
weneplogmana migrpyna, T0 Oyas-aka I meckimgenna  muxaluns
marpyna <a> sa memown 4.1.1 ¢ MH.niarpynow 8 O, |, omausts,
FC(G). Hexa®t g — nonlmemmil enement cxiatweMmoro nopaaxy a Cal2)
8B4 nemow 4.1.1 H = <g> x <g> — MH-.plarpynow & G. |
gapantepneTHwaA  nixrpyna T(H) = ~g-» mopmamsna n Ng(H)
ocrlnnkn [G:Ng(H)) < o, 10 <g> -~ MH.nixrpyna o G. 8siace
FC(0). Orme, Cp(7) < FC(Q).



nonepenuin. Jlema goBeneHa.
Memana 4.1.8. Hexat G — zpyna 13 aemu 4.1.1, wo micmums
neploduuny afenesy HewepHIKOGCHKY ni@zpyny H. Todi G — FC-zpyna.
Josedennn, Hexait G 1 H na,nunnnl;.nnmb ymosy nemm. Toxi oa
nemolo 4.1.1 H — MH-nigrpyna o G, Axa oA JeMOI0 4.1.2 sEANeRATH
FC(G). [Noxnagemo Gy g Ng(HE). ficao, mo Gy a G, [G:G)] <= 1Gy =

H[}{H]* Seigcs H M Gl - Gg <] Nﬂ{H] i [H:ﬂgl < oo,

Hexatt y — nprmapamit exement & G 1 Gy = G, — Hopmanbme
sammuxanss G, iguocro <y>. Bposymino, mo Gg = {GI" /i e{0, iy

/y/}>. Oexinsxn Gy @ G 1 G < Gy, TO I:}I’H - HOopManbHA Afenesa

mewepHikoBeEKA THarpyna a Gg, 1, sHATETS. Gy — mixsnorenTEA Depi-
oNEYHA HEYEDHIROBCHEKA <y>-A0OYCTHMA marpyna, 8sigce G micTuTh
poss’ sory migrpymy U = Gg<y>. Ba reopemow 1 @ [87] U micrars
migrpyny V = A A <y>, ne A < Gy | A — minxom (axTOpERAOBAHA
neyeprEixoBchKkA afenesa miarpyna.

Hexait a, € A, Ly = <a;><¥>, Tonl A = Ly x Ky. Ioxnagemo Q; =

A K;* Ockinskn xoxea @ oiarpyn K" Mae B A crimuenmnit ingexc,
LES S

a miarpyma <y> cximuensa, TO iEfexc [A:Qq] cximwennmil, Soxpema,
miarpyna Q, meckimuenna, Ockimkn Q; < Ky, 10 Ly A Qy = 1. Hexa#
ag € Qy, Lg = <ag><¥>, Toal Ly M Ly = 1. 8nosy A = LjLg = K,, innexe
[A:K,] cximuwemmuilt, & TOoMy 1 miarpyna Q = o K mac B v

L LS =
exlpaenand  immexe. Amasoriyme mipryBaEHz  UPRABOAUNTE Q0
wockinUeEEO] MEONMANNE TARNX NEOAMAHUHEX <y>-ROUVCTAMAN miarpyn

{l, / n &€ N}, mo <L, / n e N> = "‘.,.L"‘ Toni s nemom 4.1.2 v =
n



Fuiir)] 1 OQURKLIBKEHE OH JEMORD S9.1.F BCl BJIAEMEHTR BEUCRIHYYHHEUTD

nopaaxky a8 G sanexars FC(G), To G — FC-rpyna. Jlema nosegena.

Jdema 414 Hexait G — zpyna I3 nexu 4.1.1. Ao G — ml
epyna, mo G cxinvenna Had yeHMpPoMm.

Hosedennn. Hexalt H — popinera miarpyna o G. Jlerxo Gav
mo H = MF, ne M — wnafiyxe gopuanssa oiarpyna o G, F — eximue
nopogxena miarpyma. Ocxinexks G — FC-rpyna | ockinexm poGyrTox
aBoX mMakxe HOpMANLHEX miarpyn e mafixe NOPMANRHON DiATPYTION,
'.;'n H-maii>xe mopmanssa miarpyna 8 G. Orme, Oyas-axa oiarpyna o ﬂi
matixxe mopmanena B G. Tenep sasaaxm [84] [G:Z(G)] < «. Jlema
ROBEIEHA. |

J e ma 416, Hexatt ¢ — epyna {3 aemu 4.1.1, wo micmums
neckinvenny me MH-nidzpyny F. Todl F — neploduuna nidepyna
necxinvenrozo Indexcy @ G 3 vepuiroacexumu abenesumu nifepynasu
| enpasedrusl meepdxwenna: .

1) F ne nopodwyemuscs cooimu NecKiuveHHUMU BRACKUMNY NeMXa
MaavHumu nidepynamu; !

2) a8 Heneploduunlil wu aoxarsho cmyninvacmit epyni G F —
wepuixoacsxa zpyna;
3) axwo F — wepuixoacera zpyna 3 noanow vacmunow R, mo R —
p-¢pyna, F/R — #pyna odwoeo 3 munia I — 6 meopemu 1.1.1. Bel
wepunixoacexl nidzpynu L 3 G, wo micmame F, ne ¢ MH-nidepynaxu,
npu yvomy afo F = L, a6o F uu-.uur:runn.nuu nidzpyna 3 L.
Jlosedennn. Hexait G ra F aagosonsamors ymosy nemn. Toal [GiF]
= o i sa memor 4.1.1 sakomyersca ymosa 1 nemm., Hexafi N —
HopMAnbEA nigrpyna a F cxismueanoro iapexcy. Toai sa teepamennam _

nemin F/N — ckisvenna rpyoa, o #e DOpOAXYyeThCA CBOIME BIRCHH -'



THOIB I — U TeopeMH 1.1.1.

paoycruamo cnouatky, mo F - Henepiopuusa rpyna. Toal sa
nemoio 4.1.1 [G:FC(G)] < =, Moxaagemo N = FC(G) n F. Toal N < F,
[F:N] < @, N micrars sel eneMents meckimuennoro mopaaxy s F, N
MicTRTE nepiognuyry wactmrHy T(N) 1 N/T(N) — abenesa
sevepHikoBChKA rpyna Oes ckpyry. Basaakm nemi 4.1.1 N — wmaiixe
sopmansna nigrpyna o G, 3posymino, mo F = <N, xj,...y X 000%™, N
<PF,n= D.- Bea mopymeHHs saramsHOCTI MOMHA BBAMKATH, IN0 <X;> —
npEMAPHA YWH HecKiHueHHA nERAiuEA IPyna i OCKiNBKE BCi enemMenTH
necKkiguenHOro mopaaxy o F mamexares N, 10 <x> — Ckinuesna p;-
rpyna, Buacmigox [20] N/Z(N) — n0oKansE0 HOPMAJILHA Ipyma i ToMy
7(N) micrers %, /z/ = . Hexai V| = <z>"""— nopmansue
saMEKAHHS <3> Bigmocmo <x,>. 3poaymino, mo V; — CxiEYeRHO
nopopsxesa abenepa menepioxmuma miarpyma 8 miarpymm Hy = V; <x>.
[Toknamemo Vi3 = \ff"m, ne [xy/ = p,p" . Topl Vyg @« Hy i Vy/V,3 —
cximvenna abenepa rpynd, mo MICTHTS eJeMEETH NOpAMKY p; . 3
nsoro sumwnasae, mo [V, 3/ = o, Hy mictars X; = V; 3 <x> 1 X/V, 3 —
pj-miarpyna o H,/V,; mopanox skol =He mnepesnmmye pi'. Ba
nonepemuim, X, — BJACHA HeMAKCHMAJBHA HeCKinueHHA mixrpyna o H;.
3a osEauemHAM posrisaysamoro Tumy rpyn [X;Hg] 3 Ny — MH.
oiarpyna o G, Bsigcm F = <N, Ny,...,N; 4o yNy>, 1m0 meMOMRIHBO.
Orxe, F — neplogaysa miarpyna. 3a semamum 4.1.8 1 4.1.4 »ci abenesi
oiarpynm 8 F wepriroscsxi.

[Ipunycramo, mo F — meuepnixoscexa rpyna, Toai B cany | 36] F
He NOKANLEO cxlmwemma rpyna |, smawars, F micrurs necrinveHay

neploguany exiavesmo mopogmery miarpynmy H, ara pe 2010BOILHAY



noxanesol cryumingaroeri F H micrurs meckimvenuu#t crporo cms

naEmoxoxk H = H, > Hy > ... > Hy > H;y; > ... HOpMAnbEAX

=

miarpyn H; ckimvemnoro impexcy. Hexalt T — nepermm Bcix mizrpy
Hy. Toni T @« H | H/T — meckinvenna ckimvenso mopomxensa rpy
[Mosravmmo wepes H' pexaprosmit moGyrox secix H/H;. :
Teopemi Pemaxa [74, Teopema 4.8.9] H/T nlarpyna s H*. IIpaoycrano
mo ana seix i (H/H;)"=1. Toai (H')" = 1 i romy H/T — poos’sana
ﬁacnimmnna CKIHYeRHO NMOpPOAKeHA MepiOAMYHA rpyna, IO Cynepe
Binomomy pesyisrary (ams., manpmxnsa, [73, rTeepumemmas 1.1j)
Belacn omaitperscs raxe i, mo (H/H,")" = 1. Bes nopymensis GAragbHO:
CTI MOXKHA BRAXATH, mO i = 1, 3a Teopemow 1.1.1 cxiguenma '
MOME HE NOPOIMYBATHCE CBOIME BAACHEMF HEMAKCHME ---~-~."'"_-'
miarpynaMu gmme Toxi, xomm ii Tperid xomyraur pipauit onmmmml.
3eincr H/H; nopommyersts CBOIMH BAACHEMH BEMAKCHMAILE I
nixrpynamn X, /H;. Bposymino, mo H nopoamyerscs cximge -F
YACJOM CBOIX HECKIHUEHHMX BIACHWX HeMAKCHMANBLEHX WiArpyn X 8
nemoro 4.1.1 H — MH-nigrpyna s G. 3 gsoro emnnasae, mo Gy AKX
CRIEYEHAO mopoamena meckimvensa miarpyna o F, 8 Tomy umen {
MH-migrpymamn a G i, spaunte, F — mecxkiavenno nopopsxena rpyn J;

Hexaft N = Ng(H,). Ocrinmern H; — MH-miarpyos a G, To N=>E
[F:N] < m». Mpanycrumo, mo N wmicturs mancuy- ACMAKCAMAIEN
marpyny X o F ckinvensoro 8 N imgexcy. Toal , X/ s = i 3 spbop:
rpymn G Maemo X < C < F, ge C — MH-niaepyna i [F:C] < o,
mo » F leaye meckimwenna cxkinuemmo oopogkeda noiarpyna D, r-l.'{'_"
Aol <C, D> = F, i, ockinwkw 3a nonepeamim, D ~ MH-niarpyna :I'é'i__
o F — MH-niarpyna. Cynepeunicrs. 3sincn nerxo Gaunti, mo uﬁu-.

= F, abo N -~ maxkcomassna migrpyna s F.



Ilyaexape [656, § 8] X = ;ﬁFN! — nHopmansAa B F nmigrpyna ckin-
Qg

uenroro imgexcy 3 N. 8a momepeariMd, X = N. Orxe, N <« F i [FiN] &
(1,p}, p — npocre uncno.

Hexait x — popiasunit enemenr a8 N 1§ B = H; <x>. Togzl, sa
nonepeaniM, B — MH-nigrpyna 8 G a, suaumrs, B/H; — cxinvensa
MH-miarpyna 8 N/H,. 3 nsoro sanausae, mo N/H; — FC-rpyna.

Hexa#t x — menearpancunii enemesr s H' 1 X/H; = Cy,y (B/Hy).

Ockinexku N/H; — FC-rpyna , ro [N/H;: X/H;] <00 1 sa sudopom x
[N/H;: X/H,] > 1. Bsigen 1 < [N:X] < w. Ba nonepegnim, N me
MICTHTH HECKIHUEHMHHX BAACHHX HEMAKCHManbERNX mniarpyn 3 F
cximuennoro ingexcy B N, Omxe, N =F, X a N i X — makcumanssa
nmigrpyna a N. Toai N/X — rpyna nopsaxy r, r — mpocre uucno, N' <
X. 8 immoro Goxy, B cmay subopy X H' ¢ X, Cynepeusnicts., Taxum
ypHoM, F — uepHIKOBCBKA Ipyna.

Hexaii G — menepiogmuyma rpyna. [loramemo, mo F —
yeprikoschbra rpyna. Jificmo, Hexait me me rax. Toxi F me noxaneuo
crymiguacra rpyna. 3sigen F + FC(G). [Moknagemo N = F mn FC(G).
Toni [F:N] < & i N — noxamsno nmopmansEa miarpyma o F [20]. 3a
nomepeaninm, N ueprikoscsra rpymna. dsigcm F — 4epHIKOBChHKE TPYOA.
TaxaM UMHOM, TEeDIMEHHA 2 JeMA N0BeIeHe.

Hexait R — nosma uactara F. Ba nonepeunim, F/R — Cxiguenna
rpyna opmoro o tamis 1 — 6 reopemu 1.1.1. fcno, mo F — noransno
exizgenna rpyoa i F = RD, ze /D/ < o. Ilpunycramo, mo0 R —
senprMapra rpyna. Tomi R = R; x Ry, e R, i R} — meckiawenni
xonmacsxi marpynz 8 R, R; <« F, Ry a F. lToxnagemo X, = Ry , X3 =
RoD. Tomd X; (1 & (1,2)) — snacei mecrimuemni memaxcuMa/nml



Ormxe, R — npamapea rpyna.

Hexaii F < L — weprikoscsxa marpyna s G e nosrowo wacrason K.
Togi R < K. Ilpeoyermmo, mo R < K. Tomi K wmicrars cxinvenmy
xapaxTepueTRUEY miarpymy K, ana axol F — snacEa meMaxcmme
marpyna 8 Ly = K,F. 8a ymosowo semn [F;L;} 3 C — MH-niarpyoa o G
a mopmorm wactmEor R. Hexalt N = Ng(C). Toai [G:N] < o, R a N,
Lij/R < N/R. 8sincm mopmanisarop D/R oiarpyma F/R B N/R
miarpynowo ckiagernoro impexcy 8 N/R. Orxe, [N:D]j<w, FaDIi F -
MH-niarpyna, mo memoxauso. Taxmm wmsoM, R = K. frmo *runnp.'-_
-~ HeMBKCHMANHHA miarpyna o L, to, A i pamime, [F;1.] 2 C — MH-
nijfrpyoa @ G i vmosy F — MH-pigrpyma o G, Balaca F —

MAKCEMANLEA nigrpyoa o L.

B opaoymessi, mo L — MH-niarpysa o G, ax i pasime oA

|
marpyna C, moxsa nokasats, mo F — MH-niarpyna. Cynepeusicrs.

llema moBRICTIO HOBenenA.

1 ema 418, Hexaii G =~ A A <b~, A — alencsa zpyna Oea
ckpymy, /b/ = p, p ~— npocme wueno i Cu(b) = | Axiwgo A mlcmu :
MaKi HopManrbri Heodunuuni nidzpynu A Ag. w0 A; 1 Ag = 1. mo G
He € zpynow la rewu 4.1.1.

Hosedennn. I[ligrpynu <b-A; nenepiommuni, a 1omy wMal ke
HopMasibRl B G assmAvm memi 416 , i = 1, 2. Ase roni maiiwe
nopmaneee B G i mapyns “he = (A; A <b-) (A, A <h>), 100 0
imaere [G:Cq(b)} exinwernmuit i, soxpema, Cy(b) = 1, a we cynepeun
ymoni nemm. Onepxkana cymepeunicTs nokasye. uio (b He ¢ 1pymow ln
aemu 4 1.1, Jlema norenena.

Mema 4.1.7 Hexait F - cxinvenna zpyna asmosmop@lamia ai—.t'j'

wob aficaedol epynu A exinvenmozo panzy, A, - weodusuvna Foon &



wo Ay NAg= 1 1 indexc [A:A Ag] crinvennul.

Hosedenna. Hexat A — nonosEeEEs rpymHE A, Ay — NONOBHEHHA
marpyms  A;. Komem#t arromopdlom is F wmomma opsosmAv=O
OPOAOBXATA K0 ABToMOpdlomy rpyme A. Ha A moxHEA nnﬁnmcn AK HA
pexTOopEE# wppoctlp BAE monem @ paolomAnsEEX YRceNn. SaABIAKH
reopemi Mamuxe [T4, reopema 20.2.2] sanm migmpocropy A lcmye F-
pomycTHMe JONOEBHeHHA A g. Ilpunycrmmo, mo Ag = }, M A, Ouesnpno,
miarpyna A F-gonycrmma. Ockinskm parrs miarpyn Ay 1 A; (siamo-
sigEo Ag i Aj) cnismagalors, TO cyma panris niarpyn A, 1 A, nopisawe
panry rpyna A. Ssincm | sunampae, mo immexe [A:A;A;] exingennanit.
Jlena pomenena.

Osmagennaddld (aue., sanprxnan, [68, ¢. 80)). Hexali A —
aferesa epyna, G < Aut A, Bydemo zosopumu, wo G — payloHanbno
Messidna epyna aemomopiaxie A, axwo Oyde-axa Meodunuuna G-
fonyemuxma nidepyna A suznavae neplodunuy gaxmop-epyny. Axwo G
= <g> mo Oydemo gosopumiu, woe @ — paylonarsuo nezsldnul
asmomop@iam.

Jl e m a 418, Hexalh G = A )\ <b>, A -- alenesa epyna 0Oes
ckpymy, /b/ = p, p — npocme wucno, Cg(b) = <b>, Axwjo G — epyna
la nemu 4.1.1, mo b indyxye ma A paulonansho nezaidnudl
asmomopiam | A — elavna abenreaa epyna panzy p—1I.

Hosedennsn. Hexait 1 = D « G i D < A. Ilpuoycramo, mo daxrop-
rpyna A/D memepiogmuwma. Toxi 8 A icmye enement g # 1, nnr groro
<g> N D =1, Hexa# 1 # d e D. Iligrpyna L = <d>0<g>C mae,
O4eBHIHO, CKiEYeHRY MHOMEHY MOPO/XYIOUHX eNeMenTin, a ia rufopy
eneMenTa g BuMIMBAE, mO i paEr crporo OGimpme panry mWArpvIn

<d>0, 1o nemn 4.1.7 opepmyemo toxal icaysaEra B L takol migrpynr V



1). Basnaxn semi 4.1.6 G me e rpymow la nemm 4.1.1. Onep:xansa
cynepeymicTe mokasye, mo b imayxye ma A paniomansro meamigmm#t
apTomopdhiom,

Hexait 1 # a € A. Tlpanycramo, mo a; = a, B2 = 2/ ¢ oy Bp = a)e
Ocximnxm Cg(b) = <b>, 10 a; 83 ... 8, = 1, Tobro PR A R

osmauae, mo marpyna <a>C mae parr k < p - 1. Is gosegenoro BRI
BROMBAE, MO i A mae panrr k.

[losHeYAMO uepes A nomoeremms rpymm A. Ockimexn seaxmll
ARTOMOP(IioM A OAHOGHAYHO TPOAOBXKYETHCS AO aBTOMOp(QioMy A, TO
Hexan ¢ — anproMopdiom A, mpomommyoumit aaTomopdian A, in.ujmnii
paniit enementoM b. Ha A Momma amsuTHCR K Ha BeKTOpEEH mpocTip

HAn Q, & ma ¢ — ax ma Horo nimiftme mepermopemma. Hexalt B —

MATPAOA 0BOTO jinilimoro mepersopemna B meaxomy Gaomcl. Ocxinpkr
/¢/ = p, To B OGyae wopemeM wmHOrouwIema Dy(X) = (xP-1)/(x-1).
Ockinexm nedt mmorownen messimmp# max Q (ams., mampuxaax, (217,
reopema 21.13]), To slm Gyae mimimaneamm Mmorownesmom marpmmi B.
Tonl xapaxtTepmcTnurnft mM=orownen f(x) marpanl B mae crenmins n i-
p~1. Ane n = dimA = k., Beigca opepmyemo.mo k = p-1, To6ro
niarpyna A mae pasnr p-1.

Posrnamemo ninrpyny X A <b>, g8 X = <x>0, 1 # x ¢ A. Ocxinska
BOHA Henepiogm<na, TC RORA Maibke HopMmanssa 8 (G oaBnAKE neMi
4.1.5 Ane ropi » paxrop-rpymi G/X niarpyna B/X = <b>X/X malime

Aopmasteaa. 3okpema, isgexe [G/X:Cg x(<b>X m A/X)] exinvenmd,

= 1. Hepefinemo o paxrop-rpynue G/X i, Bpaxopywun subip eneMmenta

Hexatt cX e Ca/x(<bX> n A/X). Ockinanxn Cu(b) = 1, 10 ccte® .. ™' ‘
¢, opepacyemMo pienicts (cX)P = X. Ila pismicts HORA3YE, WMo nigrpyna



SRTAsAs VARBATAOS: faE AL Wnanvoouvay. uyae 1 pyua Afa. e )
ogmauae, mo A — CkiEUeHEO popomxeHa alenesa rpyna. Jlema
HBOBeIEHA. |

Haeninpowx4.l.l. Hexalt G — zpyna 13 remu 4.1.1, G = FC(G),
P(G) = 1. Todl G/FC(G) — cxinuxenna p-zpyna, p — npocme wucao,

Hosedennn. Crimvernicts G,/FC(G) penausae o nemu 4.1.2, Hexaft
P: q € 7(G/FC(G)), p # q, K = FC(G), xK — enement nopaaxy p, vyK —
esleMeHT NOPAAKY q. lo nemm 4.1.1 ogepxyemo ckimuemricTs mopaxxis
/%/ 1 /y/, & ia pismocti P(G) = 1 | roro, mo »ci enemenTr FC-rpymu,
axl mawTs ckimvemmwil nopamox, ckaasawoTe B miE marpymy (mm=.,
manpuknan, [68, reopema 4.82)), srnnmsators pismocri /x/ = p, /y/ =
q. Poarasmemo miarpyma K A <x> i K ) <y>. Basgakm nemi 4.1.8, o
opgmoro Goxy, pasmr miarpynm K nopismwe p-1, a @ apyroro Goky, If
pamr popismre q-1. Ogeprama cymepeumicrs i nmokasye, mo (paxrop-
rpyma G/K opamapraa. Hacnigox nosegesmit.

Jl e m a 4.1.8. Hexali G — zpyna 13 aemu 4.1.1, P(G) = 1, G »
FC(G) = K.Todi G = K A\ <b>, /b/ = p — npocme wucro, Caolb) = <b>,
K — elavna aGeresa zpyna pamzy p—1, exemenm b indyxye na K
paytonarvuo nezeidnult asmomopgiam.

Hoeedennn. 3anaaxe [20] K — abesesa rpyna Oea cxpyry. Ockins-
ka2 G = FC(G) § P(G) = 1, 10 sasgaxm macmzaxy 4.1.1 L = G/K-cxin-
9eHHA p-rpyna, a ia memm 4.1.8 ogepxyemo, mo K — sinrna aBenera
rpyne pasry p—1. Hexalt K # xK = z € L. [Topaaox enemernra x crin-
uenENN JapaAkRE nemi 4.1.1. Mani, saszaxa nemi 4.1.2 maemo pinnicrs
Cg(x) = 1, 71o6ro Gyan-axnill asTomopdiaM i rpynm L me mue » K

HEPYXOMUX TOUOK,



rpyny asromopdiomis K afo ax ma rpyny nimifimax nepermopeHs _
(man Q). Ocxlmexm womme nimilime nepersopenss i L me mae n K
HEPYXOMEX TO4YOK, T0 L — nmxmiusa rpyna (ame., manpaxaan, [60,
poanin V, nema 8.12]). Hexat bK — cymimau#t xnac, axa#t nopog?
L. Toni G = K A <b>.

Hexa#t /b/ = p", IToxamemo, mo n = 1. Enement b lmayxye neaxe
nimifine nepersopemma npocropy K. Ilosmaummo MATPHINO NBOTO.
nepersopenHa wepes B. Marpros B Oyae xopemen MHorownema alaesma
xona @ .(X), a ockimexm mell Mmorowrem mecepinmmft mag Q (mmm.,

manpuxnan, [217, reopema 21.18)), 0 @ (X) — mimimamani

ynen maTpuml B, ITosrawmrmo wepen f(x) xapaxrepmcrmaani umrnqu
marprni B, Ockinsxm pamr K, a omauars, posmipmicrs K maa ﬂgr
nopismroe p~1, 10 deg f(x) = p-1 > deg ¢r‘ (X). 3rlace | rannABAE, mj
n = 1, tofro /b/ = p. Tolt dpaxr, mo b laagyxye ma K mia:nm:h}_l
seasigma# asTonopdion, smrumsae is nemm 4.1.8, Jlema gosesena,

Osnaxsennadld Mpyna G nHasusaemvcsa MH[ t]-2pynow,
arxujo O6yds-axuli eidpisox [A;B] epynu G, Ge nidzpynu A ma B mawmi |
aracmueicms 1, miemume MH-nldzpyny. Karac mawxux epyn Gydemo
nosnavamu wepes K(MH[r] ) -1|

Axwo r — sracmuaicmes 6ymu Oydv-axow nidepynow epynu G, mo
G nasusaemsen MH[ ]-z2pynowm.

Axwo v = BI, mo6mo /B/ = « mo G wnasusaemvca MH([BI]
2pynon.,

Arxwo r=I, moGmo fA/ = &, mo G Hasusaemsca MH(I ]-epynow.

Awxwo ¢ = T, mofmo A — wenepiodunna nidepyna, mo G Hasu

sacmuea MH[ T | epynomw.



saembcs MH[BT J-2pynow.

Hacecaninagorx 41.2. Kaac MH[ [spyn Harewxumb xaacy
MH{[BI Japyn, axuli cnlenadae 3 kracomw MH[I ]-2pyn. Ocmannii kaac
Haaewums waacy MH[BT ], axuli, 8 c600 vepzy, cniénadae 3 KAacoM
MH[T], | cnpasedAausi meepdnxenma:

I) kaae MH[ ]J-2pyn suuepnyemsca apynamu, Yy axux maiiwe
nopmMaasyi ecl nidzpynu, | enlenadae 3 xxacom cxinvennux nad
yenmpon gpyn;

2) waac MH[I]apyn suvepnyembch 2pynamMu, § Axux Malixe
HopMaavhil acl Hecxlnvenni nidzpynu;

3) xaac MH[T ]-2pyn éuuepnycembca ipynamu, Jy RxKux Maliwe
nopMaavhi acl neneplodusni nidzpynu.

Hoeedennn BRIEBSe 8 opmayemEA 4.1.4 i poborm [84], y axl#
noseneno, mo MH][ }rpynm crimves=ni man nearpom.

Teope ma 4.1.1. Heneploduunl weckinvenul nad yenmpom
MH/[I Jspynu susepnyombca spynamu Hacmynuux munie:

1) G =A N\ <b>, /b/ = p — npocme wucio, A — slacHa aleresa
zpyna panzy p—1, Cu(<b>) = 1, b Indyxye na A paylonaxasio neasid
Kul asmomopglim,;

2) G = A<b>, /b/ = p’, B> 0, p — npocme wucao, A = AjAy A, .
Ay, 06 Ay =CA<a>aG, [A) =4 CaG, /C/<mA<b = C.
<b> = <bP>, A/C = A;/C x .. x AifC x .. x Ap,/C gl nsna afetsao
zpyna panzy p—1, G/C — zpyna muny I;

Hosedeunn. Heobxidniems. Hexat G - poeniasevasms ipyns
Janaaxe nemam 4.1.8 | 4.1.4 G #» FCMG) i Avawx Axa nepio i
marpyoa C 3 G exlpuesma. Hrno C=PG) =1, o nem 4 1 B 410

prmakeae, 1mo (G -— rpyvna rany 1 poarasayaaaod deopesi Haoan |



ro6ro G/C — rpyna rEny 1. 8sigce nerxo oaepxarn, mo G — rpyﬁ

Ty 2 posranagysanol reopemn. Heobxignicrs nosenena,
Jloemamulems Mafize ouesnaHA. TeopeMma NoBeeHa,
Qaumavwennandlb Hexai G — nosna uepnixoscsxka spyﬂﬂ,-&

< Aut G. I'pyna A naszueaemuca p-aduuno nezaldwow, axujo G pe

Miecmumb & cofl saachux nosnux A-donyemumux nidzpyn. Axwo A =

<g=>, mo asmoMoppiam @ Hajusaembcs p-aduiHO HezsldHUM, |
Jema 4.2.10. Hexall G — vepulnoscexa zpyna, K — ¥ nosna

vacmund, Axwo G — zpyna 13 aemu 4.1.1, G # FC(G), mo G = Cg(K}.

HArxwo g € C\Cq(K ), mo enemenm g indyxye na K p-aduvno ne.-mlﬂﬂuﬂ_g

@amoMopipiim, |
Hosedennn. Jlerxko 6aunru, mo Cg(K) = FC(G). Hexait P — snacea

<g>-pomycTuma nopsa oiarpyna s K. Sapaaxm teopemi 1 o [38]

BHIUTHBAE icHYBaHHA TAKOl <g>-gomycrumol miarpyns R, mo K = PI’IE

nepetusi P N R cximwenmmit. @axrop-rpynr <g>K/P i <g>K/l

sasaAKE yemi 3 s [166] ckimwenni man nenrpamn. lo cm‘nii,nnume
<g-K/P N R < <g>K/P x <g>K/P snnnnsae, mo <g>K/P "R — FC-
rpyua, a is ckiggemmocri P N R ogmepxyemo, :ﬁn i <g>K — FC-

Ane ropi K < Z(<g>K), a ne cynepeunts srGopy enemenra g. Jlem

AOBONEHA.

Haeninorn 4.1.8. Hexali G — uepnixoscexa egpyna. Axwo
zgpyna la nemu 4.1.1, G # FC(G), mo G — MH[I]-2pyna.

Hdosedenns. Ili#icao, mexa#t H — meckimwemnma nmigrpyoa G, K —
moera gacTiEAa G. fxmo H < Cg(K) =~ FC(G), o H maiixe mopuMamsss

B G. fixmo H ¢ Cg(K), To sasnaxn nemi 4.2.10 ogepxyeno K < H.

Soxpema, imaexc [G:H] cximwemmmit,. Orme;, G -~ MH[I}-rp '

Hacnigox posenensit,



vacmuha, K = Ca(K ). Axuwo G — MH[I ]-zpyna | G # FC{G ), mo G —
gpyna odHo20 3 HACMynHUxX munis:

1) G = K<x> — p-epyna, p — npocme wucho, xP € K, p:uua K
dopienrwoe p—1, x Indyxye na K p-aduvno nessldnult asmomoppiim;

2)G =K A F, K — pepyna, p — npocme vucao, F — yurxarivua
Zpyna, nopadox AKOi 63GEMMO Npocmul 3 p, KowHulli Heodunuvnuil
exemenm 13 F Indyxye na K p-aduvino neésaldnull aamomoplam, parz
K e nepesuwjye q—1 das écaxozo § € a(F).

Hosedennn. Iz nemu 4.1.10 ogepmyemo, mo K — p-rpyma, p —
mpocre uwncao i womend enemesr io G\K imgyxye ma K p-agmuso
meapigamfl asromopdism. 3aspaxe Teopeni 6.1 o [89) opepmyemo Toai,
mo G/K -— pmxniura rpyns { abo /G/K/ = p, a6o G/K — p'-rpyna. ¥
pepmomy BEOagry G = K<x>, xP € K | io peaynsraria [88, § 8, n.1]
opepxyenmo, mo pamr K gopismoe p-1. 8sigcm G — rpyna tuny 1
POSIAALYBAHROL JTeMH.

Axmo G/K — p'-rpyna, o G = K A F. Io nema 8.6 pobGorm [89]
BEIUTHBAE, MO KOMERNE EeoxEEmyEn# enement io F mie ma mmxmsomy
mapi K Oeo mepyxommEx TowoK. Ssigcm | omepmyemo ofme)xeHRR HA
paur K, to6to 8 nuwomy eEnaaxy G — rpyna TRy 2 posrasnvBAKOL
nemu. Jlema gomenena.

T e ope ma 412 [Teploduunl roxarasne Malce poia sanl
Hecxinyeuni wad uyewmpom MH[I]-zpynu euvepnywmucs spynamu
Hacmynnux munla:

1) G — maliwe xaaziyuxaluna epyna 3 HeYeNmparLHoN kaailyur
alunow nidzpynow;

2) G =K A, <[> — yepnixosceka zpyna 3 HELOKARLHO UEATEHOW

aasnm yacmunoxn K. wn © cuaoacsexow p nidepynow @ G, p npocme



K p-aduuno nezsldnult asmomopghiam, pane K ne nepesuwye q-1 dag
Oydv-akozo q € n{<[>);

3) G = R<b> — uepuixoscska epyna 3 noeHow xacmunow K, /b =
P’ >0, p — nenapne npocme wucao, K — p-zpyna panzy p-1, R n
<h> = K N <b> = <bP>, b Indyxye na K p-aduuHno Hezsidnull
aamomopplam, R=K A <f> 4G, npu [ 21 R — epyna muny 2;

4) G = KF — uepuixoacbxa epyna 3 noenow uacmunow K, F
Micmumb maky HopMaashy 8 G nldepyny C, wo G/C — epyna muny &;

5) G = R<b> — vyepuirxoacerxa epyna 3 nosnow vacmunow K, R 1 @,
/o = p’, f> 0, p — Henapre npocme wucao, R N <b> = K N <b> =
<bP>, R=KF, [F/ < o, F micmums cxtuvenny nvopmaisny nidepyny C
3 G, wo G/C — zpyna muny 3.

JHoaedenna. Heobxidnlems, Hexalt G — pocniaxysama rpymna. |
Buacaigox [208], nem 4.1.81 4.1.4 G — wepHixoRCEKA rpyna 0 DOREOK
uacTano0 K i G = FC(G).

Hexait K — xpasinpawmuna rpyna. Ockimexn G — mecxkinvenna mag
neatpoM rpyoa, o K £ Z(G) |, omaumrs, G — rpyna Trmoy 1
poSrAAgyYBAROL TEOpeME.

IMproycramo Tenep, mo parr K me Memme 2. Axmo K = Cyx(K), ro
sapnaxm nemi 4.1.11 nerxo omepmyemo, mo G — rpyna Tamy 2 abo 8
POGrASAVRAHOI TEOPEME.

Hexait Tenep K # Cq(K). Jlerro Gaxurn, mo Cg(K) « FC(Q). FC-
nesTp Mo)ua samucars y eEraagl KN, ne N — cxlmvenna nigrpyoa,
IMpunyeramo, mo C = NO Io smemm Hinmara (ams,, manpaxnanx, [68,
§ T]) mannnpae eximgenmicrs C. Ane roai FC(GQ/C) = FC(G)/C, a io miel
piemocri swnamere pinmicrs Cg,o{KC/C) = KC/C. Orme, G/C - rpyna
tugy 2 Ao 3 poarasaysanol réopemn,



mo G — yepHiKOBCBKA rPymNA & UOBHOK NpPEMAapHON uactTnaOK K |
romy G = KF, ne F — ckimwemna miarpyna. Hexa#i D = KC. OckisKR
Ca@G, /C/ <w] K — noera wactera a G, o K < Z(D). Acno, tﬁuﬂ -
DF i D < G. Iloxnagemo F; = D n F. Toai F; « F 1 D = KF, i,
enaymnts, F; < D. Beinem F; a G i /Fy/ < . He nopymywoum
saransEocTl MOXEA msaxatE, mo F; = C, i romy G — rpynma tany 4
poOSrAAgyBa&HOl TEODEMH.

Hexali G/C — rpyna tany 8 posrnanysamoi Teopemu. Toai G/C =
R<b> | R 9 G/C. Bpigce G = R<b>, R < G. Ockimexn G —
YepHiKOBCLKA rpyna, y Aakol nmosmea wactmea K e p-rpynmown pamry p-1,
™ R = KF, /F/ < o. Tenep, ax i ans rpyn Taoy 4 poorasnysanoi
TeopeME, MOxnrA noxasarm, mo C < F, | romy G — rpyoa Tmny b.
HeoOxlanicts nosenena.

ldoemamuicmes pnx rpyn tamy 1 owesmpma. fixmo G — rpyma
onmoro o Temis 2 — 6, To serxo noxasarm, mo Oyas-axa oiarpyna, axa
manexnTts FC(G), maftme mopuamma 3 G, a Oyas-axa Heckinuwemma
miarpyna, axa me sanexuars FC(G), mae 8 G cximgenmaft imngexc 1 Tomy
Mafixe wopmaneaa 3 G. Teopena gomenena.

Teope ma 4.1.8. Henepioduwni necxinvenni nad yenmpox
MH[T ]-epynu suxepnyromscs :pynamu nacmynuux munis:

1) G = A\ <b>, [b/ = p — npocme yuero, A — slavna abeaesa
gpyna panzy p—1I, Cu(<b>) = [, b indyxye na A paylonaanuo neasid.
Null asmomopplam;

2) G = (((( K\N<ap>) A <ag>) ) .. ) A <ap,;>)<b> K -~
nopxaxvia ¢ G neploduyna nidzpyna, AXa € CKINNEHHUM POINIUDCHHAM
yenwmpaasnol nidepynu epynu G, a; — enemenm necrkinyennozsy

nopadry. 1 € (I, ... p-1}, ¥ ¢ K | G/K — z2pyna muny 1.



Axmo G — FC-rpyna, 10 G — cximuenna Haa UeHTPOM rpyna, Iliﬁm_,

mexalt H — popianea nigrpyna s G. I[lokaskemo, mo H wmafixe

sopmansEa B G. fAxmo H - menepiognuma niarpyna, ro H Maixe

sopmaneaa B G sa oomavennam MH[T J-rpyn. Hexafi H — neploauuna
miagrpyna. Toal sappaxu =aciaigxky 8.10 o [73] 8 G icaye enement a
Heckinuennoro nopaaxy raxkuit, mo a € Cg(H). Iligrpyma D = H x <a>

memepiogmuna, | Tomy Hopmassma ® nigrpymi N, imgexc axoi [G:N]

crinvennanit. Ockinexkm T(D) = H, 70 H <« N. lle i1 oomauae, mo
miarpyna H mafixe sopmansaa 8 G. Orxe, 8 G mafixxe mopmansni acl
miarpynu | sracxigok [84] G — ckiMwenHEA HMAJ HeHTPOM rpymna, mo
cynepeunts BubGopy G. 8siace G = FC(G). Axmo P(G) = 1, To in nens
4.1.9 samnueae, mo G — rpyna Aoy 1 posrasgysanol Treopemsa.
Hexaft P(G) = 1. TToxamenmo, mo P(G) < FC(G). Hdificwo, mexait P(G)

™ FC(G) = C. Toui C 4 G i [P(G):C) < = (qus. aemy 4.1.2). Ocrlankn
P(G)/C — crimuesna mopmansua nmigrpyna ia G/C, o 8 G icEye raxni

eneMentT A mHeckimgemmoro nopazxy, mo [P(G),a] = C. Tomy ana

poe.anHoro g € P(G) [g,a] = ¢ &€ C. Bangaxn nemi [dinmarma (zms.,

sanpukan, [656, § 63]) mopMansne samukamns C% = C;, — cximvenna

mopMAnNeEA niarpyna rpyma G. Hemo, mo » daxrop-rpyni G/C; enme-
mentn Cyg i Cja mepecrasmi, | romy migrpynma C,<g><a> lcmye.
Ockinexkre G — MH[T])-rpyna, 1o [G:Ng(C,<g><a>)] crinvennnit. Sala-
cn o ypaxyeapeaM coismlgmomens /C;/ < e, T(Cy<g><a>) = C,<g>,
C1<g> 4 Ng(C,<g><a>) ogepmyenmo, mo [G:Ng(g)] < . Ile comavas,
mo g & FC(G). Orme, P(G) < FC(Q), Ockimmrn G/P(G) — rpyna tany
1, 7m0 in ocrammeoro cnissigmomenms serxo ogepmyemo pimmicrs
[G:FC(G)] = p, p — npocre wreno.



TpaNeHOI miarpyou rpymnu G. Hificao, mexaf H — MAxcHMAnsHA mifg-
rpyna 8es cxpyry is Z(FC(G)). Basgaxu Teopemi 8.18 ia [78] nmiarpyna
H meoaneuyna i mMae ckimuennmit p-1 pasr (G/P(G) — rpyna taoy 2).
Oyesnano, HOpMANbLHE 3aMHKAHHEA N B T — IIOPOMIKEHA
abenesa rpyna. Tomy /T(N)/ < w. Posrnamemo migrpymy N<b>, ne
G/FC(G) = <bFC(G)>. Ockinexkn G — MH[T }-rpyna, 1o [G:Ng(N<b>)]
< w0, Hexait Ng(N<b>) n T(Z(FC(G)) = Z. 3a nonepeanim [K:Z) < =i Z
a4 Ng(N<b>). fleno, mo Z N N<b> = T(N<b>) n Z = M | [T(N<b>),Z]
< M. Ockinsxr /T(N<b>)/ < o, 10 ./M<b>/ < w | Tomy [Z:Cy(M<b>)]
< o, 3sigcn saonusae, mo Cy(M<b>) < Z(G). Omxe, P(G) = K e cxisn-
YeHHNM POSITHpeHHAM nerTpansHol miarpyma Cy(M<b>) rpynn G.

Hani, ockinexkn G/K — rpyna tamy 2 i [G:FC(G)] = p, 70, BEKo-
PHCTOBYIONE MipKyBAHHA Hosepemnsa nemu 7.1.1 8 [T4], omep:xyemo,
mo G — rpyna tany 2 poeraazysamol Teopeémm. Heobxizmicts mome.
AeHA,

Hocmamuicms, Hexalt G — rpyna ogmsoro s TEniv 1, 2 posrns-
nysamoi Teopemn. IToxayxemo, mo G — MH[T}-rpyna, To6ro gosimsna
meneplogmasa nigrpyna H Maiixxe ropmansua B G.

Hexatt G — rpyna Tany 1 reopemm. Armo H < A, 10, ouesna=O,
mo H maiiyxe mopmansea 8 G. flkmo H £ A, 1o AH = G, 3siacn aerxo
orpamata, mo A N H = Ay 9 G, Ocrlaskn enemenr b ingyrye ma A
pamioEaNLEO HeasiARE# asroMopdiom, T0 A/A, — nepiogmuma rpyna i
ocrlmsxn panr A crimgemmnil, 10 lo Ocrammsoro cuissinsomenna
vaemo /A/A;/ < o, Orme, [G:A;] < @ i, onaynrs, [O:H) < @, Le i
oomAuae, mo miarpyna H maitsme msopmansua 8 G 1 romy rpyna G reoy 1
e MH] T ]-rpynoro.



= ((( K A <a;>) A <ag>) A ... ) A <a,1>, | akmo H <FC(G), o H maitme
sopmansua 8 G, [Ipanyeramo, mo H + FC(G). Toal, OWeRHAHNO, IO G =
FC(G)H. Ockinexkn G/K — rpynma Tamy 1, TO, AK DOKASAHO BHINE,
[G/K:KH/K] < =. Bsigcn [G:KH] < «. Is ymoen Teopemn maemo, mo K
> 7, [K:Z] < o1 Z < Z(G). Tomy Ng(H) > Z i, raxan uanom, [G:Ng(H)]
< . lle i oamauae, mo H wmafime mnopmaneea 3 G 1, omawmTs, G ~

MH[ T }-rpyna, Hocraraicrs gopenena, TeopeMa noBenesa.

4.2, BYOOBA JOKAJBHO MANME PO3B'SA3HHX I'P¥I
3 ¥YMOBAMH IIIJBHOCTI MAMMXKE HOPMAJBHOCTI IJIA
PIBHHX CHCTEM NMIAT'PYII

Osmavwennn 421 Ipyna G rasusaembca YI[MH( 1),
VIIMH( ], YIHUMH[t)-, YU[MH[ t]-epynow, axwo dar Oydvaxoto
aldplaxa nidzpyn [A;B] maxoeo, wo [[A:B]/ > & | nldzpynu A ma B
sMawmb sracmusicmns t 8 G lenye maxa MH-nidepyna C, wo cnpa:
aedauae eldnoeidno oduwe la erpsldnowens. (A;B) » C, (A;B] » C,
[A;B) 5C, [A!B] > C.

Awxwgo r — ye aracmuaicms Symu doaslavuow nidepynow 3 G, mo G
Haausaemsca aldnosldno YI[IMH( ). YUIMH( ] YHIMH[ ),
VIIMH[ J-epynow.

Ao r — ye aracmualems I, mofmo A/ = o, mo G HoJuaaemsea
gidneaidno YIUMH(I), YUIMH(I]). YIOIMH[I), YIHIMH[I] ¢py-

FleiEd,



gacmucn  eldnosldwe VIUIMH(T), YHIMH(T]. VYIIMH] T ),
VOIMH[T ]J-2pynow.

Hacninor4.2.1, B huxue Hasedenilt mabauyl posuipom 3 x 4,
eaeMenmamy axol e 12 asedeHux 6 ﬁanaunnl 4.2.1 waacie zpyn,

empinamu axaaano, axull i3 xaacle € nidxaacoM IHwozo,

| ¥
K(VUIMH{ ))—> K(VUIMH( ]} K(VIQMH[ }))— K(VIIMH[ ])
v l T T3
K(VILMH(]))— K(VU[MH(I]) K(YOIMH[I))—> K(VI{MH[I])
+ ¢ e Y

R(VIIMH(T ) = K(VIUMH(T])  KVIMH[T)) —» K(VIIMH[T ])

Bei wageu mabauyl Masewams K(VIEMH[T]) 1 Miemams
K(YIIMH()).

Hacaldox Gesnocepednso sunausae 3 osnavernna 4.2.1,

Teseppn=xennad2l [166]. Kracu AOKAALHO Malixwe pos-
a'nanux YI[MH[ ]- ma VIIMH( )-2pyn enienadaoms mix coboio i
BUNEPNYIOMbCA 2pYnaMU HACMYynNHUX munis:!

1) G — cxinyenna Had yeHmpoMm epyna;

2)G =K ) <b>, /b = p — npocme HucA0, K — wsiavna aleneca
epyna pamey p—1, Cx(<b>) = 1, b indyxye Ha K payionaasHo Héael-
dHul asmomoppiam;

3) G miemums & co0l maxy cKiHYeHKY HOPMALbHY nidzpyny P, wo
G/P = K/P \ <bP> — epyna muny 2 | <b,P> = F — egpyna oduozo 3
Hacmyniux munie:

a) F - p-epyna 3 yuxaluHOw MAKCUMAALHOM nidepynoro,
6) F = <g><b>, a¥=b? =1, <b> 4G}

g) F = <a> )\ <b>, a9 = b¥ = 1, Cp(<b>) = <b>;



- - .-

na A nesaidno i 6ydv-axa yukaivia nidzpyna 3 F, axa ne exodums e P,
Mmaxcumanvha e F.

Teopema 4.2.1. Jlokaavno Mmalxe poze aznl neckinvennl nad
yenmpox VIUMH[ ]-2pynu poszs sanl, marwoms auziad G = D<b>, [bf =
p’. p> 0, p — npoeme wucao, D = Dy Dy .D; .Dp; a G, Dy= C X <ap>,
fa;f = oo, C — cxinvenna HopmaasHa nidepyna 3 G, D N <b> = C N
<b> = <bf>, D/C = D;/C x Dg/C x .. x D, ;/C — eirvha afienesa epyna
;ﬁmnay p—1 ma suvepnyoOmMbCR pynamMu maxux munla:

1)C=1,G =DM\ <b>, /bf/ = p, D — slavna affenesa zpyna panzy
p—=1, Cpf<b>) = 1, b Iudyxye na D paylonarsHo weasidnuli asmo-
Mopchiam;

2) C = <¢> x<bP>, fe/ € {l.r}, r — npocme wucao, G/C — ezpyna
muny I, C<b> — afereaa spyna, afio yeaGearan zpyna nopadxy rp, afo
p-epyna Mirnepa — Mopewo, axa He laomopgma zpynl dledpa nopad
wy 8,

3) C = <¢>, <¢=><b> — gpyna weamepnionia nopadxy 8, G/C —
necilnyenna dedpanvna zpyna;

4) C =Q x <bP>, @ A ~b> — cxinuenna nenlasnomenumua 2pyna
Minrepa — Mopeno, @ — eaemenmapna afieaeaa q-2pyna, q #p, G/C

- gpyna muny 1, /Q//b/ > pq.

Hoaedennn. HeoGxidulems Hexast G — pocnipmveapa wecrin.
q1eAEA ®aj meéaTpom rpyma. Toali G — rpyma oaworo a ranis 2, 8
reepxenns 4.2.1. 3poaymiao, mo G mae surasn G = D- b, /b = pf,
A = 0, p -— npocre upcno, D mictare mopmarmnay B G cxipuenny
niarpyoy C raky, mo G/C -- rpyna tany 2 srAzaHOro TREpAMEHHSA.
Anigen D a G, D/C — simsaa abenesa rpyna panry p=1, D m <b> = C

M <be = <bP>. 3 nworo sunausae, mo D = Dy ...D, ...D,y, D; = C A



rpyna pasry p—1. Sxmo C = 1, To @ — rpyna taoy 1 posraaaysanol
TEOpeMH,

Hexai C # 1. Togl G/C — rpyna Tany 1 pnﬂrnmﬂi TeopeMH i
romy G = DX, ne X = C<b> — ckinuensa miarpyna s G, /X/ > p, C -
i maxcumMansea HopManesa B G miarpyna i D n X = C. 3posymine, mo
b, 2 Tomy i X, me manemars FC(G), Bsincm ml <b>, il X ne mMomyTs
fyru MH-nigrpynamu s G.

Hexait /[A;B)/ > 21 B < X. Togi sa ocsmavennam YIIIMH[ }-rpyn
[A;B] 3 M — mailyke wopmanssa niarpyna s Q. fcwxo, mo miarpyna 3 X,
AKA NOpojena CKimuemmum uwncjgoM MH-marpyn s G, e MH-
miarpynoio o G. 3sigcm i ockinerm X me MH-migrpyma s G, A —
noelnbEa BaacHa HemakcumansHA migrpyna a X, osepmkyemo, mo X me
NOPOMMKYETHCH CBOIMH BAACHHMH HEMAKCEMAMBEAME DiarpymaMu.
Orixe, X osagoponsuge ymomy Teopemd 1.1.1 1 mome Oyrm rpymnow
ogoro 8 Tmmisa 1 — 6 pragamoil Teopemm i <b> = X, afo <b> —
MAKCHMANLHA rpyna o X,

Hexait X — miarpyna omgsoro s tenis 1, 2, 4 reopemnr 1.1.1. Toxi C
= <g> x <bP>, ge /e¢/ € {1,r}, r — opocre uncho i G — rpyna Tany 2
POSTAAAVBAROL TEODEeMH.

Hexait X — wniarpyna tumy 8 reopemm 1.1.1. Togi X — rpyna
xeareprionis nopazky 8, C = <c¢>, <b?> = <¢?> 4 G 1 B — rpyna
THOY 3 pOArnAAYBAHOL TeOpeMH.

Hexai#t X — marpyna teoy 6 Teopema 1.1.1. Toal X = <b> ) <¢>
~- gbenesa p-rpyna um p-rpyna Minrepa - Mopeno, ska me izoMopdiia
rpyni slempa nopagky 8, /e/ = p, /b/ > p, C = <bP> » <e> i 0
rpynd Tany 2. -
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rpyna TROy 4 poarnaayeanol Teopemn. HeobxiamicTs nosenena.

Hocmammuicms. Hexaft /[A:B])/ > 2. Ioraxemo, mo [A;B] 3 C —
MH-oigrpyna o G. fikmo A — MH-miarpyna 8 G ua B — MH-niarpyna
8 G, To Bee gmoseaenc. Tomy B mopansmomy Oyaemo BBaxaTH, mo A1 B
e MH-oarpyom 8 G. Ockinsxkn G/C — rpyna taoy 1 posraamgyBasoi
TEOpeMH, y AK0i, ouerEnHEO, Bei Heabeneri nmigrpyns MawTh CKiFuenHMMl
irnexe i mOopMmanicaTop BCAKO] Heckimyenmol afenepol migrpynm mae
rarox cximvenmsmi imgexc, T0 CB/C — ckimuemsa rpymna. Tomy Gea
NOpYINeHHA SATANLHOCTI MOHA BBaxaTH, mo B < C<b> = X. fcnmo,
mo A — BnacHa EemaxkcmmMansHa miarpyoa a X § X — rpyna oamoro o
tanin 1 — 6 reopemm 1.1.1, sa rTeepamennam saKol A < C a4 G, mo
cynepeunts Bubopy A. Orme, G — VIIMH[ |.rpyma. [locratmicts
nosenera. Teopema nosBeena.

Jema 4.2.1. Hexat G — YIIMH([I]-epyna, G = FC(G), G —
neneploduyno zpyna, a 6yde-axa ¥ neckinvenna neploduvna nidzpyna €
yepHixoscexow. Todi G = PB, de P < Z2(G), P — weasiyuxaiuno
nidzpyna, H = P n B -~ cxluvenna nidzpyna, B/H — epyna muny 3
maepdwenna 4.2.1.

Hoesedennn. Ilosmaummo wepea T Maxcrmanswy wepiommamy
nigrpyny & G, a wepea P — ii nosay uactamy. fxmo a — enement
HeckimwemHEOTO nopaAaxy, 10 3a nemow 4.1.2 P < Cg(a) 1 P < FC(G).
Hexatt g € G i /g/ cxiswersauit. [Tiarpyma H = <a>® e crimuemso
nopoaskenow FC-rpynow i ToMmy BoEA MicTATe g-anonyeTaMy 0es CKpyTY
migrpyny L. @axtop-rpyna G/L e VYIIMH[ Jrpymox i wicraTs
neckinvenny nepioawuny miarpyny. 3sincm sa aemow 3 a [166] G/L —
FC-rpyna.Ane rmomi PL/L < Z(G/L). Borpema, [g.P] < L. Ane P —
¥apartTepucTauaa nmiarpyvna FC(G), robro P < G, a Tomy [g,P] < P, |,



kpasinukiivea marpyna, 1o P = Py x Py, ne P;, P, Heckimuenni. Ae
Topi G/P; — VIIMH[ J-rpyna, awa wmae HecklEuenmy nepioguuny
niarpyny, i € {1, 2}, 3sigcn sapgaxa nemi 3 8 [166] G/P; — FC-rpyna.
Ia sxmouenna G < G/P; x G/P; oaepmyemo, mo | G — FC-rpyna, mo
ue Tax. Orxe, P — ksasinuxmiuua nigrpyna.

Paxrop-rpyna G/P — VIIIMH[ }-rpyna, a TOMY BOHA Oyae rpyoom
Tany 3 9 Teepixenns 4.2.1. Bokpema, G/P — ckinvemno NOPoOAMEeHA
maiixe abenena rpyna. Tomy icHye cximuenso nnpugméﬂa migrpyna B a
saacrusicTo G = PB. Ouesngro, mo migrpyua H =P ~ B CKiHueHHAa,
B/H=B/P n B = PB/P = G/P. JleMa gosenena.

Osuawenmna 422 [Tidepyna A 2pynu G Hazusaemses
cmandapmuun Jodymuom nidzpyn A, = C A X, , i € I, axwo Xy —
AOKAALHO yukalina zpyna, C A4 A, A/C — npamuic doGymor A,/C, npu
/=0 A=C.

T e opema 422 Knracu neploduunux noxansho Mailwe
pode sanux VIIMH{[I]- ma MH[I ]-2pyn cnianadaioms mix coboso.

Heneploduuni YU[MH([I ]-2pynu, wo ne ¢ MH{[I J-epynamu, maioms
suzand G = (RA)<b> = Rf{A<b>) = AF, d¢e B — yeumpaavia 8 G
keaslyuwaivua r-zpyna, /b/ = p°, f> 0, A a G, A — cmandapmuuts
doSymox nidzpyn A; = K )\ <a>, Ja;/ = o, 1 € {1, .., p—1hrip —
npocmi vuenra, K 9 G, /K < a0, A h<b> = K n<b> = <hp>, RK = C
= P(G) — maxcumanrsna neploduuna nopmarsna nldzpyna 3 G, F =
C<b> = T(G) — marcumansua neploduuna nidepyna a G, R ~ <b> =
I, F/R — epyna odnoeo 3 munie 1 — 6 meopemu 1.1.1 ma alunepny
lombca pynamu, y sxux G/R — epyna odnozo 2 munie 1 — 4 meope

mu 4.2.1, a cama zpyna G moxce 6ymu epynoko 0dnozo 3 munis;



panzy p — 1, C4(<b>) = 1, b Iudyxye na A paylonanrsio Heaaidnull
aamoMopplam;

2) G =R x (A<b>), K = <¢> x <b>, J¢/ € (1, q}, ¢ — npocme
yucao, K<b> — abeaesa uu epyna Mirrepa — Mopeno, G ne micmums
nidepyn diedpa nopadxy 8, G/K — epyna muny I;

3)CG = Rx(A<b>), K = Q x<bP>, /Q/ = q'. § — npocme uucho, y>
I, b indyrxye na @ Hessidnull aamomoppian, #(Q) = 1, G/K — epyna
muny I;

4) G = R x (A<b>), A = K x <a;>, p = 2, K<b> — epyna
xeamepnlonia nopadry 8, b'la;b = a);

5)G=R(A<b>), RNK =T < Z(G), G/T ~— epyna odnozo 3 munis
1 — 4.

Jlosedenns. Hexalt G — nepiomryna A0KANBERO Maii:Ke poss AsHA
VIUIMH[I}-rpyoa. IToxamemo, mo roasi G — MH[I}-rpyna. Mifcso,
Axmo G-cxkimuenna man memrpom rpyna, To G ~ MH([I]-rpyna. Hexait
tenep G — meckimwemmA max memTtpom rpyna. Toal smacaimox [208],
mem 4.1.8 1 4.1.4 G — vyepmikoscexa rpyna 1 G = FC(G). 3sigcm aa
gachingom 4.1.8 G — MH[I}-rpyna. Ilepma wacTHHA TeEOpPeME
norenesa. Jlopememo ii ApYTY YECTHHY.

Heobxidnuiems. Hexatt G — menepiogmuma YIIMH[I]-rpyna. fAcro,
0 — meckimuemma masa nemTpoM rpyma. fxmo /P(G)/ < =, 10 sangAKE
nemi 4.1.9 nerxo ozepxxyemo, mo G — rpyna oamoro o TEmis 1, 2
reopeMr 4.1.1 i, smaunrts, G — MH[I}-rpyna. Orxe, P(G) = o,
Bracainox [208], nem 4.1.8 1 4.1.4 G ~- rpyna, y axol sci mepiogmumni
miarpyns wepmixoscsri. Saincm G samosonbrAe ymMosy jnenm 4.2.1, 3a
rrepkeRRAaM axkoi D = A<h>, /b/ =p" B >0, RNAD=T, /T/ <o, A
- G, A < FCIG), T(A) = K, /K/ < =.



Bpoosymino, mo C » RK i G/R — rpyna oasoro o tania 1 — 4 TeopeMu
4.2.1. Bpiacn C = RK<bP>, Jlerko Gaumta, mo C < FC(G) i Tomy bP €
K i, omaunTte, C = RK. He mopymyoun SAralLeEOCTI MOMHA nném:nm.
mo RN <b>=1, flcro, mo T <G 1 G/T = R/T x D/T. 3a nonepexxinm,
D/T — rpyna ogmoro a Temis Teopenn 4.2.1. Bposynino, mo A/T/K/A
— plaema afenesa rpyna pamry p—1, a smaumuTs, A — CTaEgapTHEHR
po6yror mopmaasEEX B G miarpyno A; = K A <ap>, /a/ = o, 1 € {1, ...,
p—1). MMoxnamemo F = C<b>, Toai F = RK<b> = R(K<b>). 3aigca AF
= ARK<b> = R(AK<b>) = R(A<b>) = RD = G.

Moxkameno, mo F we MH-marpyna 8 G. Hdifkcwo, wexaft ne me tax |
gexalt N = Ng(F). Toai C < F < N, [G:N] < e i [F:C] = p. 3gigen /F/C/
= p i [G:F] = . 3a nonepegais, F/C coenamse @ ceoim nDeaTpa-
nisaropom 8 G/C i F/C — mopmansEa miarpyna mopaaky p B Hemepi-
opmuni# marpymi N/C. Ane tonli miarpyma F/C migmimma Big csoro
gesTpanisaropa 3 N/C, mo memoxmmueo. Orme, F me MH-ninrpyna o G.
Bsigcu F/R ne MH-oiarpyna s G/R. Ane roml oa nemow 4.1.5 F/R =me
OOPOMMYETHCH CBOIME BIACHEME HeMAKCEMAMBERME niarpynmemm |
roMy F/R — rpyna ogsoro s Temis 1 — 6 reopem= 1.1.1.

Hexali T= 1. Toxl G=RxD,C=R x K |, sa nomepeguin, D —
rpyna ogmoro o tanis 1 — 4 reopemn 4.2.1. Ane roni G — rpyna ogmo-
ro s TEmis 1 — 4 posraagyeanol TeOpeMH,

Hexa®t T # 1. Toxgl G/T = R/T x D/T — rpyua ogmoro o tanis 1 —
4 posraanveasol reopemm i, smagmts, G — rpyma tumy § reopemnm.
HeoOxinmicTs gopegena. |

Hoecmamuicms. Hexast G — rpyma o TREPMKERAA POATIANYBAHOL
Teopenu. Toai powa micTETS ueATPANBRY KeBasinmrkmiwmy r-riarpyny R,

ansa sxkoi G/R — rpyna oamoro o Tanis 1 — 4 reopemu 4.2.1. 3a nicw



HECKIHYEHHA Hal OEHTPOM HeneplogmyeHAa rpyna. dpoasymino, mo G =
RD, RnD=T, /T/ < w. Bracrigox teopemm 4.1.1 G me e MH]I]-
rpynow.

[lokaxxemo, mo G — VIUMH(I}-rpyna, To670 ans O6yab-AKOrO
AX;Y) > 2, /X/ = = copasegnmso [X;Y] » H — MH-miarpyna s G,
Hrxmo X = R, ro /[X/R;Y/R])/ > 2. Ba Teopemow 4.2.1 [X/R;Y/R] »
H/R — MH-nigrpyna s G/R. 3sigcn [X;Y] > H — MH-miarpyna a G,
Hexai remep X *» R. Togi R n X = Ty, /T;/ < © i, sgaunts, X —
senepioguyHA migrpynma. 3posymino, mo FC(G) = RA, [G:FC(G)] = p,
FC(G) — cxinuwemnma mag ceoiM memTpoM nenepiogwuHa rpyma i Bei
efleMeHTH HeCKiHueHHOro nopaaky 3 G mamexxars FC(G).

[loxnagemo V = X n FC(G). Toai V — gmenepiogmuna HopMaisEa
miarpyna a X, fixmo X < FC(G), ro [FC(G):Npgig)(X)] < @ i Tomy [G:
Ng(X)] < <.

Hexait X ¢ FC(G). Toni G = FC(G)X. Beo nopymenna saranssocti
MOMKHA spaxarn, mo b € X. Ockimsxu V — genepiogumusa FC-rpyna,
1o taspaxkm [20] soma micrare memrTpansmry niarpyny Sea cxpyry Vi
gaa akol V/Vy; — nokansro mopmanssa rpyna. Hexdlt Vg = V,<b>
Tomi Vo @ X, Vi < Z(V)., Ockinmeka G/R — crimuenno nopommena
rpyoa, To cxkimvemno nopogmemmmu Syayrs rpymm X | V. Baigem Vy
MiCTETS marpyny 6es cxpyTy Z, Axa Hopmamsna 8 X | ana axol X/Z —
ckigverna rpyna. Orme, C A Z/Z — jpooycrmma sigmocmo G/C,
Ockinsxkr G/C — rpyna s nemm 4.1.9, o G/C/C A Z/C — cximuerna
rpyna. 3 nwsoro eEmuiEBae, mo Z -- aGenesa rpyna pamry p-l.
Maxcevansaa sinsaa afenesa migrpyna W a FC(G) rex mae pamr p-1 i
sopMeuThEA B G. Tlornagero U = W N Z. Toal U < X | U a G. Heno,

mo G/U — mepiogmura ckimvenna max croim meatpom rpyna. Saiacu



U, UTHe, |[AJX] 3 H — MH-oiarpyna ¢ . [JocTaTHicTs JA0BEeNeHA.
Teopema moemicTIO fOBEneHA.
T e opema 423 Knacu uenepioduwnux YI[MH[T] ma

MH[T ]-zpyn cnlenadawms mix co6omw.

HAosedennn. Hexalt G — menepiogwyma VIIMH(T ]-rpyma.
[Toxaxemo, mo roxi @ — MH[T]-rpyna, 10610 mopinbHA Henepiogmuna
oiarpyna H o G maityxe sopeansua 8 G, Basgake neman 4.1.1 1 4.1.2
nerxko opepxatE, mo FC(G) micreTs BCi enemMesTH EHeckimwemHOro
mopaaky @ G i [G: FC(G)] < «. Hexast X — posineEa nepiogmuma
marpyna 8 FC(G). Baegaxe macmiaxy 8.10 o [78] Z(FC(G)) micTmrs
eleMeHT £ HeCKiEwemmOro mopaaxy. Omigcm i 38 osHauemmaM
VIIMH[T }-rpym [X x <z>; X x <z4>] 3 C @ N i [G:N] < «. Ockinekn
T(C) = X, 70 X < N i, emaumrs, X — MH-miarpyna 2 G. Orxe, FC(G)
— YIOIMH[I}-rpyna, sxa sa semow 4.1.4 cxisvemE:R mHax cmoim
genTpoM. 3siaca, npa H < FC(G), H — MH-nixrpyna s G.

Hexaft FC(G) » H. Ockimsxm [G:FC(G)] < w, To H = UX, ge U =
FC(G) N H, [H:U] < 0, X = <x3, ... ,%Xp>, /%)/ < 0,1 € {1, ..., n}. Ba
nonepenmiM, U — MH-marpyma s G. Bmacainox 8.10 a [73] Z(U)
MICTHTD efeMenT meckiEueHHOro nmopszky z. [loxnagemo W = <z><*>
1 Hy = W;<x;>. Jlerxo Gasmra, mo » W, icaye xapakrepmermuna Ges
cxpyTy miarpyna Vi i romy » G icryiors marpymm Vi A <x;>, X; = V4 )
<x;>. 8a osmavemmam VIIMH[T])-rpyn [X;;H] micrars MH-migrpyoy
Nj. Ocximexn H = <U, x;, ... , x,>, 10 i H = <U, H,, ..., H,>. 3sizgen
H — MH-niarpyna a G. Teopema nopenesa.

Hacaninpgowx 422 Knracu neneploduvnux YVI[MH(T).
YIOMH(T ], YOIMH[T), YIO[MH[T]-epyn cnianadaomn xiw
codon,
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