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Obmnrasg xapaKTepucTukKa padoThl

AxTyanbHOCTh TeMbI. OCHOBHOI IE/IHI0 U3YUEHUST AJITCOPANTCCKUX CUCTEM SIBJISCTCS 110~
CTPOEHWE COOTBETCTBYIOINIEH CTPYKTYpHOI Teopun. VIHbIMU CJIOBAME — 3TO CBe/IeHUE U3y UEHHS
paccMaTpUBAEMBbIX anreOpamdIecKuX CTPYKTYDP K U3YUeHHUIO CTPYKTYP, YCTPOEHHBIX 00Jee «IIpo-
cTo». OMHON U3 KOHCTPYKIHA, OCYIIECTBISIONINX TaKOe CBeJ/leHne, sBdeTcs pagukai. Veropu-
YECKM, HEPBBIM PAJUKAJIOM CTaj HAMOOJIBIIHIT HUJIBIIOTEHTHBIN U/ea] aCCOMUATUBHON KOHEU-
HOMEPHOiT aaredphl.

[lepBoHAYATBHO TIEJIBI0 U3YUYeHHS KOHETHOMEPHBIX aareOp HaJ MOJeM OBbLIH IOCTPOEHWe W
KJnaccuduranys aaredp HaJ MOJIAME BeIeCTBEHHBIX W KOMILIEKCHBIX 4ucesl. B gampHeiiem
HPOU3OIIIE/T IIEPEX0/] OT UCCICOBAHNSI KOHKPETHBIX CTPYKTYP, MOCTPOEHHBIX CIEIUAJIHHBIM 00-
Pa3oM, K WCCJIEIOBAHIIO HEMOCPEICTBEHHO AnredpamvecKuX Omepalnii, OmpeaeeHHbIX aKCHO-
MaTtudeckn. CTpyKTypHas Teopus KOHETHOMEPHBIX aiareOp OblIa mocTpoeHa K Haday 20 Beka.
Penraronmyto posib Tpu 3TOM ChITPaJ paJuKad — HAHOOJIBIINH HUJIBIIOTEHTHBIH H/Teall.

Cutery1omum 3Tanom ObLIO PACIPOCTPAHEHUE TIOHSITHS PAJIUKAJIA U COOTBETCTBYIOIIUX CTPYK-
TYPHBIX TEOpPeM Ha KOJbIa U aaredpbl, yIO0BIETBOPSIONINE YCIOBHIM MAKCHMAJIbHOCTA W MU-
HUMAJIBHOCTH JIJI U/I€AJIOB. B TO 2Ke BpeMd ¢ poCTOM OOIIHOCTH PACCMaTPUBAEMBIX CTPYKTYD
POCJIO YUCIIO TOSBJILAIONINXCS BOIIPOCOB, a HADOP M3BECTHBIX METO/IOB UCCJIeTOBAHNS, TPUMEHH-
MBIX B O0IIEM CJiydae, COKpamasics. B ¢Bsi3u ¢ 3TUM B TPUANATHIX-COPOKOBBIX I'0/IaX ITPOIILIOTO
BeKa OBbLT MIPE/IJTOZKEH Psifl PAIUKAJIOB, ¢ TTIOMOIIBIO KOTOPHIX OBLIN Oy Y€Hbl OCHOBHBIE CTPYK-
TYpPHBIE TEOPEMBI COBPEMEHHOH TeOPUHU KOJIeTl.

B xome naspHefiniero pasBuTHs TeOPHH KOJIEI, MOIyJell u abeeBbIX I'DYII, MOHATHE pa-
JIMKaJ1a ObLIO aKCMOMATU3UpoBaHo. B Hacrosdiee BpemMs 00JIbIIOE U AKTUBHO PA3BUBAIOLIEECS
HAMTPAB/JIEHNE TEOPUU KOJIEI[ U MOJYJell — HM3ydeHue Pa3/JIUuIHBIX CBOWCTB PaINKAJOB B KaTe-
rOpusgxX KOJel U MOjy/ieil 1 B3auMocBs3eit Mexk iy Humu. OHAKO, «KJTACCHIECKHE» PaTUKATIbI
HO-TIPEYKHEMY COXPAHSIOT CBOe 3HAUYeHHe W UT'PAI0T BaXKHEHINYIO0 POJIb B CTPYKTYPHON Teopwun
KOJIeTI.

B mocnenaux ncciemoBanusx mo Teopun abesieBbIX IPYII TPYHIbI, KAK MPABUIO, PACCMAT-
PHBAIOTCI BMECTe ¢ UX KOJblamu dH10Mopdusmon. OaHol U3 IVIABHBIX 3324 HPU U3YUCHUH
cBsI3eil MeyKIy abeseBOi TPYIIOH U ee KOJbIIOM HAOMOP(MOU3IMOB SBJIs€TCS BBISBICHHE 3aBU-
CUMOCTell MeXKJIy CBOHCTBAMU TDYNIBI W CTPYKTYPOii ee KOJbIa SHI0MOpdm3IMoB. Kak yike
OBLITO OTMEYEHO, B CTPYKTYPHOI TEOPUH KOJIEI BayKHYK POJIb UTPAKT PAJIUKAJBI, B 9aCTHOCTH,
pajgukasa /IxekobcoHa u HUIb-paguKas. [losToMy mpejcTaBiIsier HHTepeC W3yUeHne paTnKaIoB
KoJiern 3H10Mopdu3MoB. O1HO U3 TEPBBIX PAbOT, B KOTOPHIX CUCTEMATHIECKH H3YIATUCH KOTb-
na su0Mopdbu3MoB abeseBbIx Tpymi, apiasercss Tpya P. Tupca [19]. B wem paccmaTpuBaiuch
npuMapHbie a0eJIEBbl IPYIIIbI, UX T'PYIITb TOMOMOPMU3MOB U KOJIBIA IHA0MOPGU3IMOB. TakzxKe
B [19] paccmarpuBaiach pobiemMa OMUCaHust JEMEHTOB U3 paukana J[kekobcoHa KoJIhla IH-
JoMOphU3MOB IPUMAaPHOH abesIeBoii TPYIIBI B TEPMUHAX UX JIeHCTBUS HA T'PYIIIe: OBLIA JaHbBI

XapaKkTepu3annn paaukana JIxKekobcoHa Kosel SHIAOMOPMU3MOB IPSIMBIX CYyMM ITUKIAYECKIX



P-TPYII U MEePUOIUYUECKU MOJHBIX p-Tpylil. B manbHeiinem 3To HampaBiaeHHe OBLIO Pa3BUTO B
paborax M. /lyraca [14], /1. Xayzen u /1. A. /Ixkoucona [16,17| u npyrux anrebpancros.

Bagauamu nu3ydenns paankasia J[[»keko0coHa 1 HUJIb-Pa KA1 KOJIeT] SHI0MOP(MU3MOB TPYII
6e3 kpydenust Havas 3anuMarbest [1. A. Kpbiios [5]. VM 6Ly oIy YeHbl pe3yIbTATHI, XapaKTe-
pusyiomniue pagukaJ JIzkekoOcoHa u HUIb-paIuKaI KOl SHI0MOPMU3MOB TPy 6e3 KpyueHnus
KOHEYHOT'O PaHra, aarebpandecku KOMIAKTHBIX W BIIOJTHE PA3I0KUMBIX TPy 0e3 KpydeHus, a
TaKzKe HEKOTOPHIX KJIACCOB cMenmanubix rpymi ( [5,6,8]). CyuiecTrsennas gacTb HanboIee HHTE-
PECHBIX pe3y/IbTaTOB, TOJIYYEeHHBIX B JAHHOM HaIllpaB/JeHuH, BomLia B MoHorpadmuio II. A. Kpsr-
nosa, A. B. Muxaresa u A. A. Tyraubaesa [7]. B [7] rakxke chopMyIupoBaHbl OTKPBITHIE
npo0JIeMbI, CBSI3aHHBIE C PAIUKAIAME KOJIEI dHI0MOP(MU3MOB abeeBbiX TPYIIN, B 9aCTHOCTH,
3aja4a ONMMCaHus pajukaia /IkekobcoHa KoJIbIla HIOMOPMU3MOB cernmapadesbHoi rpyb 6e3
Kpydennd. Psa npobiieM xapakTepu3alii HEKOTOPBIX M3BECTHBIX PAJIUKAJIOB KOJIEIl SHI0MOpP-
dbuzMoB abesieBbIX TPYIIT U3 PA3IHYHBIX KJIACCOB 0003Ha4YeH B [9)].

B nacrosmeit pabore uccieoBanme BeIeTCs M0 CIeIYIONIMM HApaBieHnsM. PaccMaTpruBa-
eTCs HILThb-PAINKAJ KOJIBIA SHAOMOP(U3MOB BIIOIHE PA3I0KAMON abesieBoit Tpymnibl 6e3 Kpy-
yenusd. C MOMOIIBIO MPeJICTaBICHUs KOJIBIA HIOMOP(PU3IMOB TaKOU IPYIIIBI KOJIBIIOM MATPHIL
JIaHA ero XapaKTepH3alus U IMOKa3aHO, YTO OH COBIAIAET C CYMMON BCeX HUJIBIIOTEHTHBIX HIe-
aJI0B KOJIbIla 3H0MOpdu3MOB. 3y4daerca pajukasa J[2kekobcoHa KoJbIa 3HI0OMOP(MHU3IMOB O/1-
HOPOJTHOM cenapabebHON abeeBoit rpynmbl 0e3 KpydeHns. Takyke B padoTe BBOANTCS TOHSITHE
CHJILHO HEOOpaTHMOro 3HI0MOpdu3Ma abesieBoii IPYIIIB 6€3 KPYUEHHU U C €0 IIOMOIIHIO HCCJIe-
JYIOTCSI KOJIBIIA SHIOMOPMU3MOB BIIOJIHE PA3IOKUMBIX U cemapabebHbIX IPYII 6€3 KpYUeHus.

Ilenr paboTwi. [lesbio paborhl gB/SETCS W3yYeHHE PaIUKAIOB KOJel dHI0MOPGU3MOB
BIIOJIHE PA3JIOKUMBIX U CenapadeibHbIX aDeeBbIX TPYI 6e3 KpydeHus.

Hayumnas HoBu3ua. OcHOBHBIE NOJYUYEHHBIE PE3YILTATHI ABIAIOTCA HOBBIMU. K OCHOBHBIM

pe3yjabTaTaM MOXKHO OTHECTH CJIeYIOIIHe:

e OxapakTepu30BaH HUJIb-PAIHKAI KOJIBIA SHI0MOP(MU3MOB BIOJIHE pa3I0:KUMOi abe1eBoit
IPyHIbl 6e3 KpydeHus W MOKa3aHOo, YTO OH COBIIAIAET C CYMMO# BCeX ero HUIbIOTEHTHBIX

HIEAJIO0B.

e JlaHbl KpUTepuu COBIAJeHUud pajaukaia JIzkekoOcoHa KOJbIa HIOMOPPUIMOB OTHOPOI-

HOII cemapabesibHOl abeseBoit rpynmsl 6e3 kpyderus G ¢ ero uaeanamu H(G) nu H(G) N

F(G).

e OnucaHbl CHILHO HEOOPATHMBIE SHAOMOP(U3MBI BIIOJTHE PA3JJIOKUMBIX U cenapabe/ibHbIX
abeJIeBBIX TPYTI Oe3 KPyJYeHWs W NCcaeoBaHa CTPYKTYpa (DaKTOPKOJIeN KOJIer SHIOMOP-

GbuU3MOB TAKHX I'PYIIL O HJICATY BCEX CHIBHO HEOOPATUMBIX HIOMOPMU3MOB.

e lI3ydeHBI CBSA3M MEAJOB KOJIBIA ODOOITEHHBIX MATPUIL W KOJEI, TP TTOMOIIH KOTOPBIX

OHO TOCTPOEHO. YKa3aHbI CIOCOOBI IIOCTPOEHUS HJIeAJIOB KOJIbIA ODOOIIEHHBIX MATPHUIIL



IO naeajgaM COCTaBJIAIONINX €I'0 KOJICIl, OIINCaHbl B3aUMOCBA3U PEIIETOK HACAIOB KOJIbIla

0000IIeHHBIX MATPHUIL U KOJIEIl, ¢ TTOMOIIbI0 KOTOPHIX OHO MOCTPOEHO.

Teoperndeckas u mpakTUdeckKasd ITEHHOCTb. Pe3yabTarhl pabOThl UMEIOT TeopeTmde-
CKOe 3Ha4YeHne W MOTYT OBITh HCIOJB30BAHBI B JAMbHEHINX WCCIEI0BAHUAX IO TEOpHH abde-
JIEBBIX TPYII W WX KOJEI SHAOMOP(PU3MOB, a TaKyKe MPHU YTEHUH CIEINKYPCOB JIJIsT CTYIEHTOR
CTapIIX KYPCOB U aCIUPAHTOB MaTEMATHICCKUX (PAKYJIHTETOB.

Amnpobarnusa pe3yabTaToB. Pe3yabrarsl paboThl JOKIAIBIBAIUCH U O0CYKIAJINCH HA Ha-
yaHOM ceMuHape Kadegapbl ajgredbpbl ToOMCKOro rocyJapcTBEHHOIO YHHBEPCHUTETa, HAa HAayIHOM
cemunape kadeapsot anredpbl MOCKOBCKOTO rOCyIapCTBEHHOTO TEarOrniecKOro YHUBEPCUTETa,
HA HAYYHOU KOH(pEpeHIIMH, IOCBSIIEHHOR TPEXCOTIETHIO cO JTHsS poxKjenus .Jleomapma iire-
pa (Tomck, 2007 r.), na Beepoccuiickom cuMmnosuyme «AGeseBbl IPYIIBI», TMOCBSIEHHOM 95-
neruto JI.9. Kynukosa (Buiick, 2010 r.), Ha MeK/IyHAPOTHOM MOJIOJEZKHOM HaydHOM (opyme
«JTomonocor-2011» (Mocksa, 2011r.), Ha MeXIyHApOAHOW KOHbepeHin «MasbieBckue ure-
HHUsI», TTocBsamerHoil 60-1eruto co ausi poxaenus C. C. Fonuaposa (Hosocubupck, 2011r). ITo
TeMe juccepraruu omyoaunkosano 9 pador [20] — [28].

Ob6beM m cTpyKTypa paborhl. /lucceprannonnas paboTa COCTOUT U3 BBEJEHUS, CIUCKA
obo3HaYeHNii, TPeX IVIaB U CITUCKA JIUTepaTypbl. Pabora m3ioxkena Ha 82 crpannnax. bubiano-

rpacdus coIepKuT 28 HaUuMeHOBAHUIA.
ConepxxaHue padboThbl

Bce paccmarpuBaembie B paboTe TPYIIILI — abesIeBbl, KOJIbIIa — aCCOIUATUBHBIE U UMEIOIIIHE
eMHHUILY, MOAY/JIN — YHHTAPHBIE.

Bsenenne comepxut obocHOBaHWE aKTyaJbHOCTH peliaeMbix B pabore 3ajad, a TaKzxKe Te-
3UCHOE M3JIOKEHHE OCHOBHBIX IOJIYIEHHBIX PE3YJIBTATOB.

B nepBoii ritaBe cojepkarcs ImpeaBapuTe/bHble cBeJeHus 00 abeseBbIX IPYIIaxX, KOJIbIax
SHAOMOP(U3MOB, KOIHIAX 000OIEHHBIX MATPUI] U PAIUKAIAX, HCIIOJIb3YyEMbIE B MTOCJIELY OIUX
rJaaBax, a TaKyKe Psj pe3yJbTaToB O KOJbIlax 0000IeHHbIX MaTpull. B meppom maparpade co-
Opan psi HeOOXOIUMBIX B JlaJIbHEiIeM onpejeneHuil u (pakToB U3 TEOPHH adeJeBLIX I'PYII U
UX KOJIEIl SHI0MOPGMHU3MOB, HPHUBEICHO ONpeIe/IeHHe KOHEYHO TOIMOJIOTUH B KOJIBIE SHIOMOP-
bu3MOB 1 TEOpEMa O MPEJCTABIEHUN KOJIETl HIOMOP(MU3IMOB PA3JIOKUMBIX B HPIMYIO CYMMY
abeJieBbIX TPYIIIT KOJbIAMUA 0D0DIIEHHBIX MATPHIL.

B §2 uzygarorcs cBg3u 1/1€a710B KOJIbIA 0OOOIIEHHBIX MATPHUIL U KOJIEIL, C IIOMOIIIHIO KOTOPBIX
IOCTPOEHO KOJBIIO0 0000IIeHHBIX MaTpHIl. [IpuBenem ompeaenerne Koabia 0000IEHHBIX MATPHIL
nopsijika 2. llycrs R, S — xosbna, M — R-S-6umonyib, N — S-R-6umoyib. [Iycrs cymecTBy-
10T OmMoyibable TOMOMOPppU3MBL @ : M Q¢ N — Ru ¢ : N g M — S. Jlaa nobbrx
n € N um € M nonoxum mn = @(m @n) u nm = p(n ® m). Ilycts romoMopdusmsr ¢ u 1

TAKOBBI, UTO BBIIOIHSIIOTCS 3aKOHBI acconmarusuoct: (mn)m’ = m(nm') u (nm)n' = n(mn’)



(m,m’ € M, n,n’ € N). Ilycrs

rom
Kz{( )|r€R,s€S,mEM,nEN}.
n s

MozkHO TTpOBEPUTH, YTO OTHOCHTE/ILHO OOBITHOTO CJIOYKEHUS U yMHOXKeHHsT MaTpurt /X obpasyer
aCCONMATUBHOE KOJIBIIO, HA3hIBAEMOE KOJIHIIOM ODOOIIEHHBIX MaTPUIL MOPSIKa 2.

Ilyets [ C R, J C S. Beenem caeaytomue obosnadenus: M(I) = {m € M | mN C I},
M(J)={meM|NmcJ}y, NI)={neN|MncClI}, N(J)={ne N |nM C J}. Cpasu
MEXKIy maeasaMu KoJbia K u uiaeanamu kojien R n S ONUCHIBAIOTCS B CJAEYIONIEH TeopeMe.

Teopema 2.4. ITycmo I — udean xoavua R, J — udean xoavuya S. Tozda caedyrowjue ymeep-

srcdenus PABHOCUNDHDL.!

I M
1) cywecmeyiom makue nodmnooncecmea Mry C M, Nry C N, wmo ( U) — udean

rxoavua K;
1 M(I)NM(J
2) 1) ) - udean woavua K;
N(I)NN(J) J
1 IM+ MJ
3) i — udean xoavua K ;
NI+ JN J

4) NIM CJuMJN CI;

Jlanublil pe3yabraT MOXKHO ¢hOPMYIUPOBATDL HA 93BIKe H30MOpPQU3MA IMOIXOIAIINX PeIIe-
TOK. XOPOIIO M3BECTHO, YTO MHOXKECTBA BCEX JIEBBIX, BCEX MPAaBLIX M BCEX IBYCTOPOHHUX HJIC-
aJI0B TPOU3BOJBLHOIO KOJIbIA T SBIAIOTCSH MOJHBIME AJeKUHI0BBIME penrerkamu. O6o3HaTHM
ux L(T), R(T) u D(T') coorsercrBenno. Ha kaxmoii u3 pemerok L(K), R(K) u D(K) omupe-
JesuM oTHomerue A caeayomuM obpazom. st upeana L (0fHO Win IBYCTOPOHHETO) KOJIBIIA
K oboznaunm [(L) ={r € R|FA=(a;j) € L:an =x}tu J(L)={ye S|IA= (a;;) € L:
ase = y}. st upeanos Ly w Lo (omHO miaw ABYCTOPOHHUX) TONO0KUM L1 ALy TOTAA W TOIBKO

]1 M1 IQ M2
toraa, Korjga [(Ly) = I(Lo) u J(L1) = J(Ls). Ecotm Ly = n Ly = , TO
( 1) ( 2) ( 1) ( 2) 1 <N1 Jl) 2 <N2 Jz)

Ly ALy paBHOCHIBHO TOMY, 9T0 Iy = I5 u J; = Jo. MoxkHO moKa3aTh, 9T0 A OyIeT KOHIPYIHT-
HocThio Ha Kaxknoil u3 pemerok L£(T), R(T) u D(T). lekaprose npoussenenus L(R) x L(5),
R(R) x R(S) u D(R) x D(S) Gyaem CIATATH PEHIETKAMHE C ,, TOKOODAHHATHBIME OICPATIUSMH.
B 91ux 0603HAYEHUAX CHPABEJINBA CJIEIYIONIAas TeOpeMa.

Teopema 2.5.

1. Pewemxa L(R) x L(S) (cooms. R(R) x R(S)) usomoppna daxmoppewemre L(K)/A
(coome. R(K)/A).

2. B pewemxe D(R) x D(S) nodmmnosicecmeo D(R, S) nap udeanos, c8A3GHNT cOOMHOULE-

HUAMYU NYHKEMNG 4 ) meopemol 2.4, ABAAEMCA NOANOT nodpewemKot, usomopdnot darmop-
pewemke D(K)/A.



B mocneamem, Tperbem, maparpade mepBoii IJIaBbl NPHUBEJIEHLI ONpEICJeHHS U XapaKTe-
pu3anuu u3yvdaeMblx B pabore pamukanos (pamukasn J[:KekoOCOHA, BEPXHUIT W HUZKHUI HUJIb-
pajnKasbl, paaukas JIeBUIIKOTO0), a TaKKe HEKOTOPBIEe UX CBOWCTBA B MPUMEHEHHH K KOJIBIIAM
SHI0MOPhU3MOB B 0000IIEeHHBIX MaTpull. [IpuBeseM onpeenennsd paccCMaTPUBAEMbBIX PaIUKa-
JIOB.

KOJIB]_[O R Ha3bIBACTCA II€PBUYHBLIM, €CJIN IIPDOU3BEACHHUEC €I'0 HCHYJICBBIX HJICAJIOB ABJIACTCA
HeHyJieBbIM weasoM. Vgean P kosbiia R HasbiBaeTcst NepBHYHBIM, ecian R/ P — nepBudHoe
KOJIBIIO.

Onpenenenne 3.3 [10]. [lepeceuenne Bcex MEPBUYHBIX UIEATOB KOJIbIA R HA3BIBACTCSI
MMEePpBUYIHBIM PaJUKaJIOM WUJIN HUXKHUM HUJIb-PaJUKaJIOM KOJIbIA R HepBI/ILIHBIﬁ pPaauKaJl KOJIbIla
R 6ynem oboznauars P(R).

Wneas, cocrodnuii u3 HAJIBIOTEHTHBIX 3JEMEHTOB, HA3BIBAETCH HUIb-HICATIOM.

Onpenenenne 3.7 [10]. HauGosbummii HUIb-u1ea1 Kobla R Ha3bIBAETCS HUITb-PaINKATIOM
koabra R. Hunb-paaukan kosbna R 6ynem oboznadars N (R).

WNnean I xkonbiia R Ha3bIBaETCS HUJIBIOTEHTHBIM, €CIIN CYIIECTBYET TAKOe HATYPAJIhHOE TUC-
Jo n, 9ro I™ = 0. 9TO PaBHOCUILHO TOMY, YTO T1Zs3...xL, = 0 OpH JOOBIX X1, To,...T, € I.
WNnean L xonbna R Ha3bIBaeTCs JOKAIbHO HUIBIOTEHTHBIM, €CIH KayKI0€e ero KOHEeYHOe MOJI-
MHOZKECTBO MOPOKIaeT B R HIJIBIIOTEHTHOE TOAKOIBIIO (O MOIKOIBIIOM KOJIbla R moHnMaer-
CA moArpyima ero a,ZL,ZLI/ITI/IBHOIU/I I'pynnbl KOJIbIla, 3aMKHYTasd OTHOCHUTE/JIBHO YMHOXKCHHA, HO HE
0bs13aTeILHO COJleprKallas eJUHUILY KOJIbla R).

Onpenenenne 3.8 [1]. HauGombimii T0KaTHHO HUIBIOTEHTHBIN Waean KoJablia R Ha3bIBa-
eTCd paJuKaJIOM HGBI/IHKOFO HUJIN JIOKaJIbHO HHUJBIIOTEHTHBIM PaJUKaAJIOM KOJIbIA R Pa,ZLI/IKaJI
JleBurkoro koJibia R Gyaem obosuadars L(R).

Bo BTOpOIi T/1aBEe BBOAUTCA HOHATHE CHIBHO HEOOPATHMOTO HA0MOpdu3Ma abeieBoil Ipyi-
bl 0€3 KPYYeHHsI U ¢ eT0 TIOMOIIbIO HCCJIEIYIOTCS KOIbIIA IHI0MOPGMU3IMOB BIIOIHE PA3T0KUMBIX
u cenapabeabHbIX pymn 6e3 kpydenus. B §4 mano onpejesenune CHbHO HEOOPATHMOTO IHIO-
MOpdU3Ma, JIOKa3aHbl OCHOBHBIE CBOIICTBA TAKUX HJIOMOP(MU3IMOB U TIPUBEICH PsiJi TPUMEPOB.

Onpenenenune 4.1. Ilycts G — abesieBa rpynma 6e3 Kpydenus. ByaeM roBopurb, 4To
supomopdusm a € E(G) cunbao HeobGpaTuM clieBa (cnpasa), ecim paBeHcTBO fag = ng (afg =
ng), vae g € G, p € E(G) un € N, BO3MOXKHO JHIIb B cirydae, koraa g = 0.

B npumepe 4.4 paccmarpuBaercsa rpynmna G = Z @ Q. Koawsno sagomopduzmon rpymmsr G

Z 0
H30MOP(MHO KOJIBILY TPEYTOJbHBIX MATPHIL: 0 . Ilokazano, 9T0 MHOXKECTBO BCEX CHIBHO
0 0
HEOOPATUMBIX SHIOMOPGU3MOB I'PyHIbl (G MOXKHO 3allUCATH B BHJIE , OTKYyJla CJIeyerT,
0

YTO CYIIECTBYIOT SHIOMOPGU3MBI, HeoOOpaTUMbIe HH B KOJbIE dHIOMOPGU3MOB rpymnbl G, HI
B KOJIBIE €€ KBa3UIHJOMOPMU3MOB, KOTOPbIe HE SABJLIOTCH CHUJAbHO HEOOPATUMbBIMHU B CMBIC/IE
onpenesennsdg 4.1.

CJIG,ZLYIOHII/IG yTBep2KAeHNA yCTaHaBJIUBAOT CBA3U ME2KAY CHUJIBHO HeO6paTI/IMI)IMI/I IHAOMOP-



dusmamu rpynnsl 6e3 Kpydenus: (G, aHHYISITOPOM €€ TCeBIOMOKO/IS U HIEAJIOM €€ O3 IeMEHTHO
HUJIBIIOTEHTHBIX 3H10MOphu3MoB. HanoMuum, 910 TepMuUH «p fi-IOATPYIIIay 03HAYAET YHCTY IO
BITOJIHE WHBAPUAHTHYIO MTOJIPYIIITY.

Onpepenenne 4.3 [7]. [lceBaonokosem rpymmet 6e3 Kpyderust G HA3bIBAETCS YHCTAST HOJI-
I'PYIIa, MOPOXKIEHHAS BCEMU ee MUHUMAIbHBIME P fi-oarpynnamu. Obozuadenue: Soc G.

Ceoticmeo 7. Ecau a — cuavho Heobpamumvll sndomoppusm epynnot G, mo aSoc G = 0.

B pabore I1. A. Kpriiosa [6] onpenenen naean N(G) koabia sugomopdusmoB rpynnsl G
KaK CYMMa BCeX HIEAJIOB, COCTOSIINX U3 MOJEMEHTHO HUJIBIOTEHTHBIX dHIOMOPMU3IMOB, T.e.
TaKUX SHAOMOPGMUIMOB v, 9TO [ Kaxkaoro g € G cymectByer m € N co cBoiictBoMm '™ g = 0.
OueBuHO, 9TO 3TOT HAeAN comepkuT Hunb-pagukanl N(E(G)) koabna E(G).

Csoticmso 8. Ecau a € N(G), mo « cuavho 1eobpamum.

o0
B mpumepe 4.6 ycranasiusaercs, uro ais rpynmnsl G = @ A, tae A, — rpynmsl panra 1
n=1
u tuna t, = (n,n,...,n,...) (n € N), BRIoueHus u3 cBOUCTB 7 U 8 ABASIOTCS CTPOIHMH.

B narom maparpade paccMaTpHBalOTCI CHIBHO HEOOPATHMbIE SHIOMOPMU3MBI BIOJHE Pas3-
JIOKUMBIX U CcemapabesbHBIX TPy 0e3 Kpydennsi. HamoMHmM, 9T0 TpyTia Ha3bIBAETCST BIIOJHE
Pa3/I0KUMOIl, eCJI OHA SABJILIETC NMPAMOi cymMMoiil rpynn panra 1. I'pyrma Ha3biBaeTcs cernapa-
OeILHOI, ec/In Kayk10€ KOHETHOE MHOYKECTBO €€ 3JIEMEHTOB COAEPYKUTCS B HEKOTOPOM €€ BIOJTHE
PA3I0KHUMOM IIPSIMOM CJIaraeMoM. B ciydae rpymnm 6e3 KpydeHHs 9TH KJIACCHI OIPeIeIAI0TCI i
u3yuaiorca B |4, §85-87|. [Iist JaHHBIX KJIACCOB IPYNI 63 KPYUEHUST OKAZBIBAIOCH BO3SMOYKHBIM
OIUCATHh CHJIBHO HEOOpaTHMbie IHIOMOP(MU3MBI B TEPMUHAX UX JIEHCTBHS HA MPSIMBIX CJlarae-
MBIX paHra 1, a TakyKe TOJYYUTh PsiJl PE3YJIBTATOB O CTPOeHNH (PAKTOPKOJIEI MO UIEATY BCEX
CHJIHO HEOOPATUMBIX YHIOMOPQPU3IMOB.

Onucanne CWILHO HEOOPATUMBIX HIOMOPMU3MOB B TEPMUHAX UX AEACTBHS HA MPSIMBIX C/Ia-
raeMbIX paHra | BIIOJIHE PA3JIOKHMBIX U CenapabeJbHBIX IPYII AT CJIEYIONNE Pe3yIbTaThI.

Teopema 5.1. [lyemv G — enoane passoscumasn 2pynna 6e3 kpyuenua, G = @ A; —

iel
ee PA3NOHCEHUE 8 NPAMY cymmy 2pynn parea 1 u m; : G — A; — ecmecmeenHvie npeoeﬁuuu
(i € I). Indomoppusm o € E(G) cunvro neobpamum moada u moavko mozoa, ko2da 0as A100bix
undekcos i, j € I (ne obasamenvro pasauinnis) nepasercmeo moA; # 0 eaewem t(A;) > t(A;).

CaencrBue 5.2. Indomoppusm o cenapabesvroti epynnoe G cusvbio Heobpamum mozda
U MoAvKko mozada, kozda 0an Aobux deyr ee npamux crazaemus A, B panea 1 wepasencmeo
mtaA#0 (m: G — B — nexomopas npoexyus) eaevem t(A) < t(B).

W3 1aHHOTO ONHUCAHHS TaKxKe IOJYJaeTcs Caeayolnee CJIegICcTBUe.

CaexncrBue 5.3. Muooicecmeo Q(G) 6cer cuavho neobpamumols I1H00MopPhusmos cena-
pabeavholi epynnwv. 6e3 kpywernus G asasemes udearom koavuya E(G).

[MTocaieuuii (hakT MO3BOJSIET paccMaTpuBaTh (PaKTOPKOJIBIIO KOJIbIA HIOMOPMU3MOB Cera-
pabebHOM TpyIIIbl 63 Kpydenus G 110 ujeasy BeeX ee CJILHO HeoOPATUMBIX SHIOMOPGMHU3MOB.

[Tycts Q(G) obo3navwaeT MHOYKECTBO THIIOB MPSIMBIX CJIATAEMBIX paHra 1 rpymms! 6e3 Kpyte-

uust G. [lycre G — Brosiee paznoxkumas rpynna, G = @ G — ee KAHOHUYECKOE Pa3I0KeHHe,
teQ(G)



10 ecTh (G; — OJHOPOIHAS BIOJIHE pa3jiokuMag rpynna tuna t (¢ € Q(G)), HazpiBaeMasi TaKKe
OIHOPO/IHOM KoMTOHeHTO rpynnbl G. Hamomunwm, uro ajst mpoussBosibHOrO Tuna t depe3 G(t)
0603HAYAETCST TOATPYIIA, COCTOSINAS U3 BCEX JeMEeHTOB Ipynibl (G, THIIBI KOTOPBIX GOJbIITe
6o paBubl ¢, a yepe3 G*(t) — MOArpyImna, MOPOKICHHAST MHOKECTBOM BCEX JIEMEHTOB MDY b
GG, Tumsl KOTOPHIX cTporo Gombiie t. [ogrpynnst G(t) u G*(t) 6yayT BHOIHE HHBAPUAHTHBIMI
B rpynue G. Jljaga suonane pasiokumoii rpyunsl G u tuna t € Q(G) cupaseaus nzomopdusm
Gy = G(t)/G*(t) (em. [12, §86]. Mcexoas u3 sroro, ms cenapadbesbHoil rpymmbl G 0603HAUYNM
Gy = G(t)/G*(t).

Teopema 5.5. Ilycmv G — snoane pasaoostcumasn epynna b6e3 xpyuwenus. Toeda

B(G)/QG) = [] BEGY)
teQ(G)
u, Kpome mozo, addumusnan zpynna koavua FE(G) asaaemea npamots cymmot adoumusnols

epynn koavya || E(Gy) u udeara Q(G).
t€Q(G)
JlokazanHast TeopeMa He 0000ITaeTcss Ha TOT ciaydail, kormga (G — cenapabeabHas rpyIa.

OjiHaKO cIpaBe/IJIMB MeHee CHJIbHBIH (DaKT.
CaencrBue 5.6. [lycts G — cenapabesibHast rpyima 6e3 kpydenus. Toraa ¢pakTopKOIbIO

E(G)/Q(G) nzomopduo nomkosbiyy upsimoro npoussegenus || E(Gy), rne Gi=G(t)/G*(t)
=te)
I KaKI0ro TUlla t.

B §6 usyuatorcsa ycsioBust HusbnorenTHocTH niaeata Q(G) Beex CHIBHO HEOOPATUMBIX IH-
nomMopdu3MoB cemapabebHoi rpynnbl 0e3 Kpydenusi G. OCHOBHBIM pe3yabraToM naparpada
ABJIFCTCA CJICIYIONIasd TeopeMa (SKBUBAJCHTHOCTH YCJIoBHi 1), 2), 3) u b) cieayomeir TeopeMbl
M3BECTHBI HJIH HETIOCPEICTBEHHO CJICIYIOT U3 H3BECTHBIX CBOHCTB PACCMATPUBACMBIX PAIUKAIOB
1 Pe3ynbTaToB paborst |7]).

Teopema 6.5. Cuedyroujue ycaosus na cenapabesvnyio 2pynny be3 kpyuenus G paeHo-

CUADBHDBL.!

3) N(E(G))™ = 0;
4) QG)™ = 0;
5) Q(G) ydosaemeopaem ycao6uio m-MakCUMAADHOCTIU.

Tperbs riaBa cocrout u3 aByX maparpados. B §7 paccmarpuBaeTcs 3a1a9a ONUCAHNS PAIH-
kaJia J[zkekobcoHa KOJIbIA IHIOMOPGMU3IMOB OJIHOPOJIHOI cenapade bHON IPynibl 6€3 KpydeHus.
Ham morpebyrorcst obo3nadenns u HeKOTOpbie pesyibrarsl u3 [6]. Hepes H(G) obosmadaercs
MHOKeCTBO Tex sHpoMopdusMoB o € E(G), nis koropeix ax = 0 npu Beex x € D(G) (D(G)

— pesnmMas dacth rpynnel G) n s soboro © € G\ D(G) u3 toro, 4ro hy,(z) < oo caeayer
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hy(cax) > h,(x), rae gepes h,(x) oboszHauena p-BbicoTa saeMenTa x. Uepes F(G) obo3HataeTcs
MHOZKECTBO BCexX 3HA0MOpdu3MoB rpynnbl G, 06pa3 KOTOPHIX ABJASETCs MOArPYIIION KOHEYHOTO
panra B G.

U3 pesysibraTos [6] ciemyer, 9To )i OTHOPOIHON cenapabesibHOi rpybl 6e3 kpydenus G
crpaseyuBel BRaouenns H(G) N F(G) C J(E(G)) € H(G). OcuoBuble pe3yIbTaThl TAHHOTO
naparpada — Kpurepun coBnajgenus pagukasia J(E(G)) Koabia 3HI0MOPOUIMOB OTHOPOTHON
cemrapabesibHOIT Tpynnb 663 kpyuenns G ¢ upeanamu H(G) n H(G) N F(G).

Teopema 7.7. /lasa 0dnopodnoti cenapabesvroti epynnvt 6e3 kpyuenus G caedyrousue yeao-
6UA IKBUBANCHIHDL:

1) J(E(G)) = H(G);
2) dan udeasa H(G) ewnoanaemea ycaosue (x);
3) paduran J(E(Q)) samknym 6 konewnot monoaoeuu kosvya E(G).

Teopema 7.11. /[aa odnopodroti cenapabesvroti epynnol bes kpyuenua G caedyrougue yeao-
BUA IKBUBANEHITHDL:

1) J(E(G)) = HG)N F(G);

2) daa mobozo o € J(E(Q)) cywecmeyem maxroe pasaoscenue 2pynnv G, G = A® B, 2de
A — enoane pazaostcumasn epynna makas, wmo Ima C A.

B BocbmoMm maparpade paccMaTpuBaOTCS HUJIb-PAIUKAT U JAPYrUue HAJHUIBIOTCHTHLIE Pa-
JIMKAJIBI KOJIel, SHI0MO(DPU3MOB BIIOJHE PA3JIOKUMBIX TPy 6e3 kpydennus. C IMOMOIIBIO TTpe-
CTaBJIEHUsI KOJIBIA IHIOMOPMU3MOB BIIOJIHE PA3IOKUMOM TPYIIIBI KOJBIIOM MATPHUI] OXapaKTe-
PH30BaH €ro HUJIb-PAJUKAT H TOKA3aHO, YTO OH COBIAJIAET ¢ CYMMOI BCEX €ro HUIBIOTEHTHBIX
MJICAJIOB.

[Mycrs G — BHOIHE pasnokuMas rpynna 6e3 Kpydenns. B gaabHeiimem, ecan pasaokenne
G = @ A; rpynnel G B npAMy0 CyMMy TPyl padra 1 3adUKCHPOBAHO, Mbl OYJIeM OTOXK-
,ZLeCTBJZIGEI{l‘b KoJIbI0 E(G) ¢ COOTBETCTBYIOMUM KOJBIOM MATPHIl. HamoMHUM, 9TO 3JeMEeHThI
MATPHIBI [v;;|, COOTBETCTBYIOMEH sunoMopdusMy a € E(G), oupenensiorcs cieIyonmm o0-
pasoM: «;; = T;QTj, TJe T; U T; — eCTeCTBeHHble IpoeKnuu rpynnsl G Ha caaraemble A; u A
coorBeTcTBeHHO. C HENbI0 COKPATUThH W YHPOCTUTH JAJbHEHIINE 3aUCh TPUMEM CJIeyIOIee
COTJIAIIIEHHE: [JIsT 9JeMeHTOB 4, € [ Oyaem mmcats ¢ < j (i < j), ecm t(A;) < t(A;) (coors.
HA) < H(A)))

Onpenennm nogmuoxkectso V(E(G)) kombrna E(G). Ilycrs o = [oy;] € E(G). Tonoxum
a € V(E(G)), eciu BBIMOJTHAIOTCS CIEAYIOIIAE JIBA YCIOBHSL:

1) m3 vy # 0 cneayer j < i;

2) CyIIECTBYET TAKOE HATYPAJIBHOE YHCJIO N = (), YTO CPEM JIOOBIX TAKUX N JEMEHTOB
Qiyiys Qigjoy - - - 5 Qi gy, MATPHIBL @y 9TO 41 < Jo,02 < J3,...,0p—1 < Jp, XOTd ObI OJMH paBeH HYJIIO.

Bamernm, 4To onpesenenne MaoKecTBa V(E(G)) MoxKeT, BOOOIIE NOBOPSI, 3aBUCETH OT BbI-
6opa passtoxkenus rpynnbl G. Mbl He 6y1eM HEIOCPEICTBEHHO JOKA3BIBATH HE3aBUCHMOCTH KOH-
CTPYKIIMH OT BBIOOpA pas3ioxkeHus TpyHIbl (G, MOCKOJBKY 3TOT (haKT BJIEYeT OCHOBHASI TeOpeMa

JanHoro naparpada.
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HanomuuMm, uro No(K) ob6o3HaTaeT CyMMY BCeX HUJIBIOTEHTHBIX UIEAT0B HEKOTOPOTO KOJIb-
na K, P(K) obo3navaer ero nmeppuunbiii pagukan, L(K) — ero pagukan Jlesurkoro n N(K)
— €ro HWJIb-PaJINKAJL.

Teopema 8.5. [lycmv G — snoamne passosncumas 2pynna 6e3 KPYHeHUs, NYCMb 6bl0PaHO
ee pasaoorcenue G = @@ A; 6 npamyio cymmy epynn parea 1, ¢ noMowsb1o K0mopozo onpedeseto

el

mnoocecmeo v(E(G)). Toeda v(E(G)) = No(E(G)) = P(E(G)) = L(E(G)) = N(E(Q)).

ABTop mckpenne Omarogaput npodeccopa I1. A. Kporiosa, npodeccopa C. Z. ['punimona
u npodeccopa A.P. UexsoBa 3a meHHBbIe 3aMedaHusd, CIeJaHHBIE BO BPEMs €ro BBICTYILICHUI
Ha ajredpanmdeckux ceMmHapax TOMCKOTO rOCyJapCTBEHHOTO YHUBEPCHTETA. ABTOP BBIpaKa-
eT IJIyOOKYIO IIPU3HATEIbHOCTH CBOEMY Hay4YHOMY pyKoBoauTesio jgorenty B. M. MucsakoBy 3a
HOCTAHOBKY 3a/1a4, BHUMaHWe K paboTe U IMOMOIIh B OhOPMJICHHHN HAYUYHBIX CTATel U JUCCep-

TaIHN.
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