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1. BBeaenue

HamomuuM, 9T0 TpyIiia HOJACTAHOBOK HA3BIBACTCS MOUYHO 06aAHCObL MPAHUMUG-
HOT, €CcJM OHA 2-TPAH3UTWBHA U CcTabuan3aTop (MOOBIX) JBYX PA3JIMIHBIX TOYEK
enuander. Ilo Teopeme 2Kopmana KOHeYHAs TOYHO IBAKIbI TPAH3UTUBHAL IPYIIIIA
00JIaTaeT PerysspHoil abeeBoil HOPMAJIBHON TOArpyIoil. Kak BRISCHUIIOCH B TO-
cJIeiHee BpeMd, B KJIacce BCeX TOYHO 2-TPAH3UTUBHBIX IPYIII 3Ta TEOPEMa HEBEPHA
[1,2]. O606mennsim Teopembl 2KopsaHa Ha pasindHble KJIACChl GECKOHEUHBIX TPYIIII
C JIOTIOJIHUTEIbHBIMA OIPAHUIEHUSIME [TOCBAIIEHO MHOTO pabor. Teopema 2Kopmana
BEPHA, JJIsl TOYHO 2-TPAH3UTUBHLIX TPYII, B KOTOPHIX KOHEYHBI OAIPYIIIbI, TOPOXK-
JICHHBIE JIIOOBIME TPeMsl HHBOJIONUAME [3], mobbiMu ByMs sseMeHTamu [4] n stio-
OBIMI JABYMS 3JIEMEHTAMH U3 HEKOTOPOT'O KJIACCA, CONPAYKEHHBIX 3JIEMEHTOB MOPAIKA
> 2 [5], aua smmelHbIX rpymm [6] u gap. B Hacrosimeit pabore Teopema ZKopmaxa
06001IaeTCs HA TPYIIIBI, COJEPKAIIUE APy OOOOIIEHHO KOHEYHBIX 3JIEMEHTOB.

HeequaudmbIil 9/1eMEHT @ Ha3bIBAETCA KoHeuHbim B rpymme G, ecim B G KOHEd-
HBI BCE TIOATPYMITE Buja {(a,a?). Kakapli n3 HeeTUHUTHBIX 3JIEMEHTOB a,b TpyT-
bl G Ha3BIBaETCs 0600Werho Konewhum 6 epynne G, ecau B G Boinosusercs (a, b)-
YCJIOBHE KOHETHOCTH, T. €. BCE TOATPYIITH BuAa (a, b9) KOHETHBI.

IIycte G TounO ABakIbI Tpan3uTuBHA HA X, J — MHOXKECTBO MHBOJIIONM B G
u J?2 = {kv | k,v € J}. Xapaxrepucruxka G (Char(G)) onpeensercs cieayionum
obpasom [7]:

(1) Char(G) = 2, ecin smmemenThl U3 J He DUKCUPYIOT TOYeK U3 X ;

(2) Char(G) = 0, econ kaxapiit g € J? \ {1} GeckoneaHOro MOPS/IKA;

(3) Char(G) = p, rj1e p HEYETHOE TIPOCTOE, eC/H TIOPSIOK Kaxkaoro g € J2\ {1}
paBeH p.

Pabora Beinosinena npu dunaHcoBoi nogaepxkke Poccuiickoro donga pyHIaMEHTAIBHBIX HC-
cnenosanuii, [Ipasurenscrsa Kpacnosipckoro kpast u KpacHosspckoro kpaeBoro poHIa MOIIePKKI
Hay“HOW U HayIHO-TEXHUIECKOH NeATEJbHOCTH B PaMKax HaydIHBIX IpoeKToB 15-01-04897-a u 16—

41-240670.
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B BhimeykazasHbIX pabortax [1,2] OCTPOEHBI IPUMEPHI TOYHO JBAXKIBI TPAH-
3UTUBHBIX T'PYIIT XapPAaKTEPUCTUKHU 2 0e3 PeryJsipHbIX a0esieBbIX HOPMAJIbHBIX IO/
TPyII. DTU PE3YIbTATHI JAIOT €Ile OHO OCHOBAHUE IJIs M3YIE€HUS TOYHO TBAYKIIBI
TPAH3UTUBHBIX I'PYII IIPU JIOTIOJTHUTEBHBIX OT'DAHUYEHUSIX.

B nacrosineit padoTe paccMaTpuBaeTcs CIydail, Korjia 0eCKOHEYHasI TOYHO JIBa~
2KJIbI TPAH3UTUBHAS TPYIIIa 00/1a/1aeT Mapoit 06001IIeHHO KOHEIHBIX 371eMeHTOB. Jlo-
Ka3aHa

Teopema 1. To4HO ABarkbl TPAH3UTHBHAS I'PYIIIa XapaKTEPHCTHKH 7 2, CO-
JepxKarast sjgeMeHTel a 1 b ¢ (a,b)-ycasoBueM KOHEUHOCTH, JJis KOTOPBIX |a||b] =
2k > 4, obitajtaeT mepuoIHICCKOH PEry/sipHOi abeseBoH HOPMAaJILHOMH MOTPYIIIOH.

2. Onpeﬂeneﬂnﬂ, BCIioMorarTeJibHbIe
pe3yJibTaTbl 1 CTPYKTYPa AOKa3aTe/JIbCTBa

ITycrs T — TOYHO J{BaK bl TPAH3UTHUBHAS TPYIIIA, YIOBJICTBOPSIONIAS YCIOBU-
saM TeopeMsl 1, n F' — cBsasanHast ¢ Heil mourn obiacts [7].

JIemma 1. Korga a” = b7, reopema BepHa.

JIOKA3ATEJIBCTBO. B 3TOM ciiyuae ¢ — KOHEUHBIH 3s1eMeHT rpynnsl T, |a| =
|b] > 2, u semma BBITEKaeT U3 TeopeMsl 2 B [5].

JIemma 2. Ecmu o # bT, To xors 661 oqun 3 31eMeHTOB a,b IpHHAIEKHT
CcTabmIm3aTOPy HEKOTOPOI TOYKH modru-obacta F.

JOKABATEJIBLCTBO. Ilyers a € F, a® = B 4 «a, B° = v # 3 u sanement t € T
takoit, uto ¢ = B, v = a. Torma 1 # h = at~'bt € T, u h € Ly = (a,b?).
IMockonbky L; wonewna, a ¢ T, u 1 # Hy = Ly N T, # L 10 L — rpymnma
dpobenmyca ¢ gonoanenneM H; 1 XoTa ObI OJUH U3 3JIEMEHTOB a, bt He mpuHa IIesKuT
anpy. Jlemma nokaszana.

JIemma 3. Ecun |a| = |b|, To Teopema BepHa.

JIOKA3BATEJIbCTBO. He orpanuuusag obuiaocru, cauraem, 4ro a € T, (nem-
ma 2), b ¢ T, u, saaunt, L = (a,b) — koHeuHas rpynna PpobeHunyca ¢ HEMHBAPU-
aHTHBIM MHOXKHuTeseM L N T,. B cuny cpoficts koHeuHbx Tpynn ®pobennyca [8]
noxrpynusl (a) u (b) conpsizkeHbl B L 1 JleMMa CJIe[lyeT U3 JeMMBI 1.

O cTpyKType A0oKa3aTeJbCTBA. JJIEMEHTHI @ U b BXOIAT B YCJIOBHUS TEOpe-
MBI CUMMETPUYHO, OCKOJIBKY U3 (a, b)-yciaoBust KoHedHOCTH coenyer (b, a)-ycaosue
KoHeuHOCTH. Kpome Toro, u3 (a, b)-yCIoBust KOHETHOCTH CJEYIOT (7, §)-YCIOBHS KO-
HEYHOCTH JIst JTIOOBIX 371eMenToB 1 € (a)” u s € (b)7. DrTo jaeT BO3ZMOKHOCTDL B
VCJIOBUSIX TEOPEMbBI CIUTATE MOPSIJIOK COOTBETCTBYIONIETO JIEMEHTA, JIMOO HEYETHBIM
MpOCTBIM ¢, 100 paBHbIM 2 mwin 4. CorjacHo jieMMe 2 BO3MOXKHBI CJIEIYIONINe JIBa
[IPUHIUIIAAIBHO PA3JIMYHBIX CJIYYas.

(1) OmuH U3 370€MeHTOB a, b IPUHAUIEKUT CTAOMIM3ATOPY TOUKH, a BTOPOH
peryssiper. ByjieM canTaTh, 9TO 3JEMEHT @ TPUHAJJIEKUT CTabMIN3aTOPY TOUYKH, a
b peryssipen.

(2) O6a snemenTa a, b crabmmsupyior 1o rouke. C TOYHOCTHIO JI0 CONPSIZKEH-
HOCTH OyJ/IeM CIUTATH, 9TO 00a dJeMeHTa a, b CTabMIN3UPYIOT OJIHY U TY 2Ke TO4UKy 0
nouru-obmacru (F,+,-).

Hamee, nuBosttoriun B rpytie 1’ 06J1a1al0T 0COOBIMU CBOMCTBAME U KaK MHBOJIIO-
UK B TOYHO 2-TPAH3UTUBHBIX Ipyax (CM., HaupuMmep, [5,7]), 1 KaK 2-31eMeHTbI B
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rpymmnax ¢ cucreMamu (ppobGEeHNYCOBBIX HOArpymI (cM., Hanpumep, [8,9]). Tlosromy
YKA3aHHBIE BBIIIE JIBA, CJy9ast PA3OUBAIOTCA HA COOTBETCTBYIOIIHE MOJICILY Tau.
(A) Duiement a crabumusupyer Touky 0, anement b peryssped, |a| = 2, |b] = g.
(B) Dmements a, b crabmwmnsupyior Touky 0, |a| = 2, |b] = 4.
(C) Dnementsl a, b crabunusupyior Touky 0, |a| = 2, |b] = q.

3. JokazareabCcTBO TeopeMbl 1

IIpensioxkenne 1. CrpaBeuBbl CJAAyIONIHE YTBEPXKIeHHs [5].

(1) (T, Ty) — napa ®pobenuyca, T. e. To NTE = 1 g smoboro t € T\ Tp.

(2) Muoxecrso J unosronmii B T memycro, Ty Tpansutusaa Ha J \ Ty, npous-
BeJeHHue JIIOObIX JABYX Pa3JIMIHbIX HHBOIIOIUA U3 T SIBJISETCS peryjaspHOH IOJCTa-
HOBKOH.

(3) st smo6bix uaBostronmn k € J u smementa © € T BBINOJHSAIOTCS DABEHCTBA
T = ToJ = ToN, u |JNToz| = |Np N Tox| = 1, N — MHOXKeCTBO 3JI€EMEHTOB
rpynnsl G, HHBEPTHPYEMbIX HHBOJIONUEH k, OTIHIHBIX OT k.

(4) Ecsm B Ty ectp unBoJonus a, T0 oHa emuHcrBenna B Ty u T aeiictByer
COIIPSI>KEHUSIMH Ha MHOXKecTBe J BceX CBOHX HHBOJIFOIUN TOYHO JIBaXKJIbI TPAH3U-
tusro. Ecm kv € J u k # v, To kv # vk, k! = v a1g equncTBenHoil HHBOIIONIH
t = t(v, k) € J u Bce HeeUHITHBIC dj1eMeHTH u3 J*2 conpsixensl B T.

ITepeuncnennsie Boimme caydan (A)—(C) ¢ TOYKM 3peHns CIOKHOCTH HE PABHO-
nennbl. HauGosiee mpocro 3akpbiBaeTcs ciaydait (A).

Jlemma 4. Korma sstlemeHT a crabuausupyer Touky 0, sjieMeHT b peryasipeH u
la] = 2, |b| = ¢, Teopema BepHa.

JOKABATEJILCTBO. B cuny npemyoxenust 1 mys sroboro smementa g € 1 Ko-
meunas moarpymmna Ly = (b, a¥) aBiserca rpymmoit Ppobennyca ¢ gomommerueM (af)
u smpoM, comeprkauM sement b. Ciemosarenbno, b* = b~ mua mo6oit nHBOIIO-
mu k € JudJ CV = Cg(b)(a). Iousarro, aro (V,{(a)) — mapa Ppobernyca
u |av| = |b] = q ana mo6oit urBomomun v € J = al BBUay npemioskerns 1. Ilo
gemme 2.19 u3 [9] V — rpynna @pobeHnyca ¢ HEMHBAPUAHTHBIM MHOYKHUTEJIEM @ U 1€~
pruogmdeckuM (ssemenTapHbIM) abeseBbiM siipoM A = Cg(b). Tlo semme ®@parTurn
T = AX Ty, u Teopema JIOKa3aHa.

JIOKABATEJILCTBO TEOPEMEL B C/IvUAAX (B) u (C). Urak, mycrs 06o6ien-
HO KOHEYHbIE 3JIEMEHTHI ¢ U b IpuHajjexaT crabunu3aropy Touku 0, mpuyem a —
MHBOJIIOIUs. B 3TOM Cily4yae MHBOJIIONUS @ B cTabuan3arope ToUYKH () e JMHCTBEHHA
7 Beep KOHEUHBIX TOArPYNH Ly, COMEpKaNTiuX HHBOIIONNIO ¢ U HEe COMEPIKAIMIXCA B
CTadMIN3ATOPAX TOYEK, COCTOUT u3 rpynn PpobeHmyca ¢ HEMHBAPUAHTHBIMUA MHO-
SKUTEJISIMH, COIEPIKAINNMI KaK ¢, TaK U HEKOTOPBIi smemenT u3 L. Paccyorpmm
cHadaJa 0ojiee OOIIYIO CUTYAITHIO.

Teopema 2. Ilycrs G — rpymma, a,b € G, |a| = 2, |b| > 2, C = Cg(a)
u gis moboro g € G\ C moarpynma Ly = (a,b?) xomedna u sIBJIseTcss IpyHOoH
Dpobennyca ¢ sapoM, He cojepxkamuM sjgaeMeHTb a u bY. Torga mHBOMIONUS a
Konewna n uzosmposana B G, b ¢ |a,G|, G = [a,G|C u 6o (a®) = [a,G] X {a),
6o b = 2" u s~ € 519Gl e s € (b) m|s| = 4.

JIOKABATEJIBCTBO TEOPEMBI 2 pa3o6beM Ha MyHKTHI, Ha, KOTOPBIE Oy/IeM CChI-
JIATHCSI IO Mepe HeobxoaumocTu. Tak, ImycTh ¢ — NpOu3BOJIbHBIN siemenT u3 G\ C
u Ly = (a,b9) = Fy X\ C, — koneunas rpymna Ppobenuyca ¢ HeHHBAPHAHTHBIM MHO-
xurenem Cy u anpom Fy, He cofeprKamuM 37aeMeHTHI a 1 b9. 13 Xopo1mo m3BecTHEIX
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cBO¥iCTB KOHeIHBIX rpyin Ppobenuyca (cM., HanpuMep, [8]) BBITEKAIOT Ciiemyomne
YTBEPKICHUA.

1. NuBomonusa B Cy €IUHCTBEHHA U C TOYHOCTBIO [0 COLPSZKEHHOCTH B L
MOXKHO cunTarh, uro C;, = L, N C. TI'pymna Cy ~ L,/F, nukindeckas, Tak Kak
Cyg = (a,b"), V| = 0.

2. Ilopanok mroboro snementa d u3 F; neveren, d* — d1, I, — abesesa rpynmna,
Fy C Ng, N, — MHOXECTBO 3JIeMEHTOB I'pynmnbl (G, MHBEPTHPYEMBIX MHBOIIONHEH a
(camraem, uro 1 € N,, a ¢ N,). B cuny csoiicrs koneunbix rpynn ®@pobenuyca
bl e C, nns ogHO3HAMHO omnpezetentoro sreMenta d € Fy. ITockombky (a, b9d71>
He sBMseTcsa rpymmoit ®pobermyca, gd~ ! = ¢, c € C, g = cd, Cy, = (a,b) u b € C.
Kpowme roro, d*> = ad~tad = ag~tag = ah™ah nns moboro h € Cy u [N, NHy| = 1.
C npyroit croponsl, b9 ¢ C msa moboro snementa g € G\ C, swaunt, b N C = b¢
u nepecedernne C' N CY N bE mycro. Odbopmud 5Tu HAKTHL.

3. Daement b comepxurea 8 C, G = CN,, [N, NCy| = 1, 09N C = % u
cNeInNy =o.

MuBostonus a HA3BIBAETCS U304UPosarkot B G, ecan Jjst Kaxkaoro g € G KoM-
myTatop |a, g] = a~tg~lag umeer koneunsrit HeweTHDIH TOPsATOK [10].

Buny nm. 1-3 umeem

4. Unpommorms a msommposana 8 G, CNa® = {a}, N, = U F,, J=a% =

geG\C

aN,

W3 nn. 2-4 cnenyer
5. Ly = (a,b%,d), tne g = cd, ¢ € C, d € N,, B qactnocru, Ly = {a,b?) =
{(a,b,d).
M3 1. 3, 5 BBITEKAIOT BKJIIOUEHUST
6. 0% C U (Lg\Fy)u (ba)G C U (Lg\Fy).
geG\C geG\C
O6o3HaUNM

vy=J % z= | % x=vyuz
(r)=(b) (r)=(ba)

W3 nm. 1, 6 u npeyioxkenus 1 ciaemxyer

7. Xa = X, nockoisky X C |J (Lg\ Fy).

geG\C

MuoxkectBa Y, Z u X 10 ONpeNeseHUIO SBJSIOTCA OO0bEIMHEHUSIMU KJIACCOB
COIIPSI?KEHHBIX 3JIEMEHTOB I'PyIIbl G U MHBAPUAHTHBI B (7, IO3TOMY M3 II. 7 BBITEKAIOT
paBEHCTBa

8. Xk = X nna seex k € a® uw XB = X ana noarpymmet B = (a%).
9. Tak xaxk Xb# X, r0b¢ Bub ¢ [a,G] < B.
10. ITo 1. 4 unBoutrorMst a w3ommuposana B G, u G = [a, G|C no semme @parrunn.

Samernm, 9TO HOPMYJIUPOBKA TEOPEMBI MHBADHUAHTHA OTHOCUTEIHHO 3aMEHbBI
9JIeMeHTa b JIIOOBIM 3JIEMEHTOM I[IPOCTOrO HEYETHOIO MOPAIKA U3 HOArpYyInl (b).
Jlerko ybenuThbcsi, 9TO TIOCTIE TaKOit 3aMeHbl Bee mir. 1-10 moKa3are bCcTBa OCTAIOTCS
B cuse, u upu |b| # 2" MOXKHO CUHTaTh, 4TO |b| = ¢ — HpOCTOE HEYETHOE HHCIIO.
B srom ciydae naBapuanTHbie B G MHOXKecTBa Y W 7 PA3JUIHbI, Y COCTOUT W3
5JIEMEHTOB TIOPsIJIKA ¢, & Z — W3 3JIEMEHTOB nopsiiika 2¢q. Vrak, npu |b| = ¢ B cuity
mm. 1, 7 nmeeM
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11. Za=Y,Ya = Z u, snaunr, Zk =Y, Yk = Z s mo6oro k € a©.
ITloun. 4 N, —a- aG, uYN, =Y uZN, = Z B cuny u. 11. CrengosarebHo,
(Ng) =[a,G] # B u B = [a,G]| X (a). Teopema jyist cityqas |b| # 2™ nokasaza.

ITycrs |b| = 2". Kak u B cayuae |b| # 2", 3aMeHsieM 3JIeMEHT b 3JI€eMEHTOM
nopsika 4 u3 nmoarpynnsl (b). B cuy 1. 4, 8-10 TeopeMy 10CTATOUHO JOKA3ATD JIJIs1
rpymmst G = B(b), aro u 6yaer npeamnomararses ganee. Jdomycrm, ato b~ ¢ blaCl,
TOTIA KJIACCHI COTPSZKEeHHBIX daementos b¢ = bB =Y, (ba)® = b=¢ = b8 = Z 8
rpynme G = B(b) pasmuunbl. Kak u Bbllle, IOCIEI0BATENIBHO MOTyIaeM Y a = Z,
Za=Y,Yk =2, Zk =Y anascex k € a® u B = [a,G] X (a). B ciygae b~! €
pl3:Cl ppmonasiercst b = b~ st nogxoasmEro smeMeHTa feB,a=1bfle Bnu
B = [a,G]. Teopema 2 moka3zana.

JIOKA3ATEJILCTBO TEOPEMBI 1. Ilockombky (7T,7p) — mnapa ®pobGenmyca
(mpengmoxernue 1), qs moboro snementa g € 1T\ Ty koneunas moarpymma L, = (a, b9)
asngeTcd rpynmoit @pobennyca ¢ gonomuennem Cy = HN Ly n aapom Fy. Ilo npen-
goxenuio 1 Ty = Crp(a), cnenoBarenbHo, g paccMarpuBaemoii rpyunst G = T,
ee 3j1eMeHTOB @ u b u noarpynnsl C' = T{) BBINOTHAIOTCS BCE YCJIOBHS TEOPEMBI 2
u Bece mir. 1-11 u3 gokasarenbcrsa TeopeMbl 2. Ilyers 1 # d € N,y A = Cp(d)
u V. = Np(A). Cormacuo Teopemam 1 u 2 u3 [11] B paccmarpusaemoii curyarmn
BBITIOJTHSETCS

Ilpensoxxenne 2. CopaBeayuBbI CIEIVIOIIHE YTBEPXKICHUS.

(1) Ioarpynma A abeseBa, HHBEPTUDYETCsI HHBOJIFOIHEH a H CHJIBHO H30JUPO-
Bana B T.

(2) V rouno gsaskmel TpamsnTusHa Ha opbure A = o, A — perynspras ae-
JeBa HOpMaJsbHas noarpynma BV, H = V N1, — crabmmuzarop Toukn « BV u
V=AXNH.

(3)Ecom | | H*|>2,roH=To, uV =T =AXT,.

z€Ty

B o6oznauenusax pauuoii paborst T, = Tp. o 1. 2 Teopemsr 2 d ¢ C. Ilycrs
ceC,g=cde Cd Ilomn 5 reopemst 2 Ly = (a,b% d), d € Fy, u F;, — abenesa
rpymma 1o 1. 2 reopemsl 2. Crenosarenbro, F; < A n no npemioxennto 2 A — abe-
JIeBa U CUJIBHO M30JIUpOBaHa B T', T. €. COMNEPXKUT IEHTPAIU3ATOD KayKJIOI'O CBOETO
ssemenTa B T. Otcroga 3akiodaeM, 4o b° € V u BBHUY TPOU3BOJILHOCTU BBIOpaH-

Horo sementa ¢ € C' = Ty mveem b¢ < H. CiemoBarenHo, } N H x| > 2, 1 1o
x€Ty
1. (3) upemiozkenust 2 A — peryisipHas abesieBa HOpMaJIbHAs MOArPya rpymb 1.

TeopeMa 1 JJIA paCCMaTPUBaeMOI'0 CiIyvdasd JOKa3aHa.
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