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AHHOTAIINA
B pabore nosiHOCTBIO OnUCHIBAETCsT abOCOIOT KOMMYTATHBHBIX KOHEYHO I10-
POXKJEHHBIX I'PYII U Hoyrpyint. AbGcomor (IpekHee Ha3BaHUe — CPAHUIA-

BBIXOJI) €CTh 0000IIEHNe IOHATUST PAHUIIBI CJIy JaifHOrO OJIy2KIaHus Ha TPYIIIe,
a MIMEHHO, aBCOJIOT IPYIBI (MIOJIYTPYIIIBI) ECThH MHOXKECTBO 9PTOIMIECKUX TIEH-
TPaJbHBIX MEp Ha KOMIIAKTE BCEX OECKOHETHBIX TPACKTOPHUil MIPOCTOTO CJIyvaii-
Horo Ouykjanug Ha rpynne. IleHTpajbHoil Mepoil (OTHOCHTEIBHO HEKOTOPOit
KOHEUHON CHCTEMbI 00PA3yIOIUX IPYIIILI UM HOJIYIPYIIIb) HA3BIBAETCA Map-
KOBCKasd Mepa Ha IIPOCTPAHCTBE TPAEKTOPHUil, Y KOTOPOIl KOIlepeXo Hble pacipe-
JieJIeHUsl BepOATHOCTell BO BCeX TOYKax €CTh paBHOMEpPHOe paclpe/iesieHue Ha
obpasyromux (T. €. Mepa ¢ MAaKCUMAJIBHON sHTpommedt). [yiaBHbIi pesysbrar, 1a-
JIEKO 0000IIAIONTHIT KJIACCHIeCKyIo TeopeMy Je OUHETTH, COCTOUT B CJI€ Ly OIIEM:
abCoOJIIOT KOMMYTATHUBHOM IMOJIyTPYIIIBI COBIIAJAET C COBOKYITHOCTBIO TEX IIE€H-
TPaJbHBIX Mep, KOTOPbIE OTBEYAIOT MAPKOBCKUM IEIIAM C HE3aBUCHMBIMU OJU-
HAKOBO DACIPEIEIeHHBIMU [IPUPAIIEHUIMU, 8 TOLUOJOTUIECKU sBJsteTcst (B 0c-
HOBHOM CJIy4ae) 3aMKHYTBIM JIMCKOM KOHEYHOI pa3sMepHOCTH.

KuroueBbie cJjioBa: ciydaiinHoe OJiyKIaHue, TPYIIA, MOJyTPYyIa, abCOJIOT,
rpaHunma-BeIXo, rpannta llyaccona—Popcrenbepra, rpannma Mapruma, spro-

JAnIecKad IEeHTPpaJIbHad Mepa.

Pa6ora BbimosHeHa npu gactuaHoil mojepxkke PODU (rpant 17-01-00433).
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1 Bsenenue

3ajiada OIMCAHUST MHOYXKECTBA BCEX OOPEJIEBCKUX MEP, YJIOBJIETBOPSIIOIINX TOMY
WK UHOMY YCJIOBUIO MHBAPUAHTHOCTH, SIBJISIETCS PACIIPOCTPAHEHHOM U TPAJIUIIN-
OHHOM Il HECKOJIBKUX 00JsIacTell MaTeMaTuku (Teopusl BEPOATHOCTEH, Teopust
JIMHAMUYIECKUX CUCTEM, Teopus rpadoB, Teopus npeicrasienuii u ap.). Han-
GoJtee ODOIIAsT MOCTAHOBKA IIPEJIIOIATAET HAJIMYNE HEKOTOPOIO OTHOIIEHUS K-
BUBAJIEHTHOCTH B GOPEJIEBCKOM IIPOCTPAHCTBE (HAPUMED, 3a/I8HO TPAEKTOPHOE
pasbueHue Jiist JAefiCTBYS TPYIIIbI) M 2-KOIWMKJIA HA STOM OTHOIIEHNH, a 33/1a49a
COCTOUT B OIMCAHUU BCEX BEPOATHOCTHBIX MEp, IJIsi KOTOPBIX JAHHBIA KOITUKJI
ecTh KommKa Pamona—Hukoanma.

Ecin kiaccsl 9KBUBaJEHTHOCTH CYETHBI, CAMO OTHOIIEHHE TUIIEPKOHEYTHO
(T. e. sABJsIETCST MOHOTOHHBIM TIPEJIEJIOM KOHEUHBIX OTHOIIEHUH SKBUBAJEHTHO-
CTH), & KOIMKJI PABEH TOXKIECTBEHHON eIMHUIIE, TO 3314498 CBOIUTCS K OIIUCAHIIO
TaK HA3LIBAEMbBIX [IEHTPAJIBHBIX MepP (CM. Jlajiee) Ha IPOCTPAHCTBE OECKOHETHBIX
yreit rpaayuposannoro rpada (auarpavmol Bparrenn). Ilonsarue neaTpaibHO-
CTH B OIIPEIEJIEHHOM CMBICJIE COBIA/IAET C IMOHATHEM WHBAPUAHTHOCTH, & UMEH-
HO: €CJIM BBECTHU IIPe00pa30BaHUe IIyTell, HA3bIBAEMOE aUYIECKUM CIBUIOM, TO
[EHTPAJIbHOCTh O3HAYaeT MHBAPUAHTHOCTb OTHOCHUTEIHLHO TOro ciapura. Orcro-
1A, HAIIPUMED, CJIe/IyeT, YTO MHOXKECTBO IIEHTPAJIBHBIX MEP 00pa3yeT CHUMILIEKC
Ioxke.

Cosokynrocmo 6cex ap200UtECKUT UEHMPANLHBLT MED OAL JAGHHO20 OMHOULE-
HUA IKBUBAAEHTMHOCNU, CHAOHCEHHAA CAGOOT MONO0A0ZUET NPOCTNPAHCINEA BCET
bopeaesckur mep, nazvieaemces abcomomom (cM. bosee MOAPOOHO O TOCTAHOBKE
u ucropun Bompoca [V14a, B14b]).

Crenua/ibHBINA CJIydail 9TOH 3a/1a9M, PACCMATPUBAEMBIH 31€Ch — HAXOXKJIEe-
HUE ab6CcoA0oma I CIydalHbIX Oy KIaHWi Ha TPYIIaxX, MOIYTPYINaxX W IJIs
muHaMuYIeckux rpadoB. B aToit pabore Mbl pa3BuBaeM MOIXO U JAEM PEIIeHre
YKa3aHHOI'O BOIIPOCA JIJIsi BaXKHOT'O YAaCTHOIO CJIydasi — I CIAyJailHbIX OJIyK-
JAHUN Ha CYETHBIX KOMMYTATHUBHBIX I'PYIIax U IOJyTPyIIax, — OH 00Jiajaer
CyIIECTBEHHBIMU OCOOEHHOCTSIMU 10 CPABHEHUIO C OOIIUM CJIyYaeM, HUXKe [PU-
BOJSTCS HYKHBIE ITOAPOOHOCTH.

Samernm, 9TO orpejesieHne abcoJIIoTa MO0 CBOEMY XapaKTepy HAITOMUHAET
onpesieJieHre TPAHUI[ B TEOPUU IOTEHIMAJIA WU TEOPUU CIIydailHbIX OJIyKIa-
uuit (rpanuna ITyaccona—®@rwopcrentepra (II®), rpanuna Maprtuna u ap.; oM.,
Hanpumep, [KV83]). 1 neiicreuresnbHO, abCcoMOT ecTh 0000IIeHNe, WM, IIpa-
BUJIbHEI CKa3aTh, meraju3arus rparutlsl [1D; 6osree TOUHO, OH HETPUBUAJIEH U
Torma, korna rpanuna [1® TpuBmasibHa, T. €. COCTOUT U3 OIHONW TOYKH, U IIOITO-
My a0COJIIOT JOCTABJISET BaXKHYIO JOMOJTHUTEIbHYIO HH(MOPMAIIHIIO O CIIyYallHOM
OJIy2KTaHUU Ha TPYIIIax.

DyHaMeHT Teopun abCcoJIoTa 3ay0KeH B padorax [V14a, Bl4b, B15]. B pa-
6ore [BM15] nosryveHo omucanue abCoJIOTa J1Jist CJIydast CBOOOHBIX I'PYIII U OJI-
HOPOIHBIX siepeBbeB. Hacrosimast pabora 0XBATHIBAET ITPOTUBOIIOJIOXKHBIN KJIaCC
rpymi, — KJIacC KOMMYTAaTUBHBIX I'PYIII U HOJyrpyi. B rorossmeiics pabore
MBI pa3bepeM ClIeLyIoNuil caydail — abCoIOT HUJIBIOTEHTHBIX IPYIII U, B 9aCT-



noctu, rpymi [eitzendbepra — 3TOT cirytail mpeacTaB/sieTcs Topasao boJiee CaoxK-
HBIM ¥ MHTEPECHBIM.

OcranoBuMcs 110/IpoOHEE Ha BOIIPOCE O TOM, UTO TOHUMAETCS [10]T OIIUCAHUEM
abcostroTa. AGCOJTIOT OTPEJIETIAETCS KAK COBOKYITHOCTh Mep. Y Mep Ha KOMIIAKTe
OECKOHEYHBIX IIyTeil MMeeTCsl IPsIMOe OIMCAHUWE — Yepe3 3HAYEHUS Ha KOHeY-
HBIX Iy TAX (T. €. 3HAYEHNsI Ha [UJIMHIPAX, OTBEUAIONNX KOHETHBIM Iy TsIM ). st
[EHTPAJIbHBIX Mep HMeeTcss 60jiee KOMIIAKTHOE IIPeJICTaB/ieHne — (DYHKIUSIMUI
HA MHOXKECTBE BEPIINUH JTUHAMUYECKOro rpada. ABCOTIOTY IpHu TAKOM TIOIXOJIE
OTBEYAIOT KJIACCHI IIPOMOPIMOHAIBHBIX MUHAMAJBHBIX HEOTPUIIATEIBHBIX Tap-
MOHMYECKMX (PYHKINH Ha AuHaMudIeckoM rpade. Eme omra dpopma ommcammst
abcoJiioTa — Yepe3 MePEXO/IHbIE BEPOATHOCTH MAPKOBCKUX IIEIlefl — BO3HHUKAET
3JIeCh B pe3yJIbTaTe TOr0, 9TO OTBEYAIOIIUNA [IEHTPAJILHONA Mepe CIydalHblil IIpo-
I[ECC SIBJISIETCsI MAPKOBCKUM. VIMEHHO 9TO OIHMCAaHUE IIPEJCTABIsIeTC Hanboee
TIOJIXOISTINM [T PACCMATPUBAEMBIX HAMU KOHCTDPYKIIHIA.

KiroueBbiM pesysbraToM HacTOAIIEH pabOThI sABJsgeTCs Teopema 3.1 0 TowM,
YTO B KOMMYTATHBHON HOJIyrpyliie (OTHOCHTEIBHO JIIOOOH KOHEUHO CHCTEeMbI
06pasyoIIX ) MHOKECTBO IPTOJANIECKUX MEHTPANBHBIX MeD (T. €. aGCOIOT) COB-
[Ia/1A€T C COBOKYITHOCTBIO Te€X IEHTPAJIbHBIX MEP, KOTOPHIM OTBEYAIOT MapPKOB-
CKHUE TIeNM ¢ HE3aBUCUMBIMU OJMHAKOBO PacCIpele/eHHbIMEU (H.0.p.) Ipupaiie-
ausivu. [lepexoabie BEPOSITHOCTH TENA C H.O.pP. IPUPAIIEHUSIMA OIMHAKOBBI BO
BCeX BepIUHAX rpada, — OHU 3aBUCIT JIUIIb OT 00PA3YIONINX, MAPKAPYIOIIX
pebpa.

Teopema 3.1, ¢ o1HOM cTOPOHDI, 06061aeT Teopemy jie PUHETTH, C IPYTOH —
COOTHOCHUTCSI C U3BECTHBIMU PE3YJIHTATAMU O TAPMOHUIECKHUX (PYHKIIUIX HA KOM-
MmyTaTuBHBIX rpymmax (cm. [ChD60, DSW60], a Takxke [Wo00, crp. 311-312]
u nupuBejieHHble TaM ccbuiku). Teopema ne @uuerrn ciemyer us Teopemsl 3.1
IpY PACCMOTPEHUU CJIydas CBOOOIHON MOMyTrpynnbl. [apmorudeckune GyHKITAN
CBsI3aHBI ¢ abCOJIIOTOM CJIEIYIONUM 00pa30M: B CJIydae I'PYIIIbI UMeeTCsI ecTe-
CTBeHHAsT OUEKIUsT MeK Iy IVIABHON 9acThIo abcostoTa (OnpejesieHne JaHo B §2)
¥ IPOCTPAHCTBOM KJIACCOB IIPOIIOPITUOHAIBHBIX MUHUMAJIBHBIX [TOJI0XKUTETBHBIX
cobeTBeHHbIX (byHKTHIT onepaTopa Jlamnaca.! (Ilomxpo6ree MbI ocTaHOBUMCS Ha
9TOM B JIDYI'OM MeCTe. )

Crarbst UMeeT CJIYIONIYI0 CTPYKTYPY. B maparpade 2 nanbl 6a30BbIe OlIpe-
nesernst. Teopema 3.1 mokasbiBaercs B §3. 3jiech yKe MPUBOJUTCS TeopeMa 3.2
C YPaBHEHUSIMHE JIJIsI onncanus abcosiora. Teopembr 3.1 u 3.2 O3BOJILIOT 11Oy~
9UTH OnucaHue abCOJOTa KOMMYTATHBHON IOy TPYIIIBL 10 HAOOPY OIPEIeIsio-
[UX COOTHOIIEHU . ABCOIOT ONUCHIBAETCS B BUJE MHOYKECTBA PEIIeHUl CucTe-
MBI yPaBHEHU B €BKJIMIOBOM IIpOCTPaHCTBe. B TOoM ke naparpade npuBouTcs
Ppsia ipuMepoB Takoro onucanusi. B §4 u3 reopem 3.1 u 3.2 BBIBOIATCST TEOPEMBI

131ech ¥ masiee [yIst TOMYTPYIE ¢ (PHKCHPOBAHHON KOHEWHON CHCTEMOi obpasyiomux S
nof, oneparopoM Jlamiaca (JarsiacuanoM) IIOHEMAETCsl ONIePaTOp Ha MPOCTpaHcTBe MyHKIUI
Ha MOJIyTpyIne, nepesofamuil bynkmuio f B dynkmuo Ly, onpeaenaseMyio MpaBUIoM

Ly(g) = é S f(gs).

seS



O TOIIOJIOTUYECKON CTPYKTYype abCOJII0Ta KOMMYTATUBHBIX I'DYIIL U ITOJIYTPYIIIL.
AbGcomor B 9TOM Cirydyae KOMIIAKTEH, a Jjisl IPYIII U IOJIyIPYIII C COKPAIEHUEM
SIBJISIETCsT 3aMKHYTBIM JTMCKOM KOHEUYHO# pasmeprnocTu. OCHOBHAs TEeXHUUIECKAS
TPYAHOCTH JOKA3ATEIHCTBA ITUX TEOPEM 3aKJIIOUACTCH B OIMCAHUY BBIPOXK ICH-
HOI yacTu abcosora. Pa3perraloree 3Ty TPYIHOCTb TEXHUIECKOE yTBEPKIEHUE
BBIHECEHO B OT/IE/IbHBIN maparpad 5. B §6 obcyxkmaercst cBsi3b abCOJIIOTa KOM-
MYTATUBHOI IOJIyTPYIIIBI C MYJIBTUILINKATUBHBIMY [IOJIyTPYIIIIOBBIMU XapaKTe-
pamu.

Asropnr 6aarogapus B. Kadimanosuay u C. TlogkopbITOBY 3a IeHHBIE 3aMe-
JaHUSA U O0CY K ICHUS.

2 Heobxoaumble onpeaesieHus

Hamum cHavaa erne pa3 ompejesieHne abcorora st rpada, He TpuBJIeKast
TepMuHoJioruio rpymi. [log epagom GyreM TOHUMATH JIOKAJTBHO KOHEIHBIH OPH-
E€HTUPOBAHHBIN rpad ¢ oTMedeHHOM BepmuHoii. [leTin n KpaTHbBIE pedpa Jomyc-
katfores. [Tymem B rpade Ha3bIBAOT (KOHEYHYIO MM GECKOHEUHYTO) TOCTIeI0Ba-
TEeJIbHOCTh YepPeJIyIOIUXCs BEPIIUH U pebep BHa

V0, €1,V1,€2,...,€En,Un,

B KOTOPOIl €}, — pebpo ¢ HAYAJIbHON BEPIIMWHON Vg1 U KOHEIHON BEPIIUHON vy
(u Bepruubl, U pebpa MyTH MOTYT HOBTOPATLCsA). Mbl paccmarpuBaem rpadwl,
B KOTOPBIX UMEIOTCs OECKOHEYHBIE IIyTU C HAYAJIOM B OTMEYEHHOU TOYKE.

IIycts I' — rpad yxazannoro Buja. O6o3natuM gepe3s & MHOXKECTBO BCEX
BBIXOJSIINX U3 OTMEYEHHON TOYKM OecKOHedHbIX myTeil B I'. D10 MHOXKECTBO
KOMIIAKTHO B cyiaboit Tomosorun. PaccmarpuBaroTcss 60pesieBCKre BepOSATHOCT-
HBbIE MepBI Ha 9TOM IpocTpancrsBe. Eciin 3amana takas mepa, Mepoil KOHETHO-
ro myru R (c HAYaIOM B OTMEUYEHHOIl TOUKe) OyJleM Ha3bIBaTh MEpy IHJIMHIPA
Bcex OECKOHEUHBIX ITyTel, HaunHatomuxcs ¢ R. Mepa v Ha 21 Ha3bIBaeTCs UeH-
MPaavrot, eciii OHa 00J1a/1aeT CIASAYIONIM CBOMCTBOM: JIJIsl KaXKJ10# BEPIIMHDI U
rpacda [' u Kaxka0r0 HATYPAJBHOIO N Mepa V¥ MPUHUMAET OIMHAKOBBIE 3HAUE-
HUS HA BCEX IMYTSX JJIUHBI 1, BEAYIUX U3 OTMEYEHHON BEPIUHBI B BEPIIAHY 0.
HenTpasibable MepPbI 00PA3yIOT BBIMTYKJIbI KOMIIAKT, SBJISIIONIUNCA CHMIIJIEKCOM
(cm. [B15]) B kommakTe Beex mep Ha Hr. LleHTpasbHast Mepa HA3BIBAETCS IP20-
duneckot (M pe2yaaproti), eCIIU OHA SIBJISIETCST SKCTPEMATBHON TOUKON B 9TOM
CUMILIEKCE.

A6corromom rpada MbI HA3BIBAEM MHOXKECTBO BCEX IPTOINIECKUX [EHTPAIb-
HBIX MEP HA KOMIIAKTe OECKOHEYHBIX IIyTeil C HAYaJOM B OTMEYEHHOI TOYKE.
ABCOIIOTOM KOHEYHO MOPOXKIEHHON MOJIYyTPYIIbl ¢ (DUKCUPOBAHHON KOHEYHOM
cucTeMoil 0O6pa3yoMUX Ha3bIBAETCA a0COJIIOT COOTBETCTBYyIOIIero rpada Kamu.
B sToM omnpenenieHnn BO3HUKAET TOHKOCTH, KACAIOIIAsICS MOJyTPyII 63 coKpa-
meHus. HamoMHUM, 9TO MOJIyTPyIa HA3BIBAETCS NOAY2PYNNOU C COKPAULEHU-
eM, ecJii B Hell He MMeeTCsl TAKOW TPONKHU 3JeMEHTOB a, b u ¢, 9T0 a # b, HO
ac = bc u/unu ca = cb. Buibop ormeuenHoil Bepmunsl B ciaydae rpados Kaun



IPYIII U TOJIYyTPYII C COKPAIEHUEM He BJIMAET Ha aDCOIOT, B CJIydae ¥Ke IOJIy-
rpyIi 6e3 COKpaleHus Oy1eM I0pasyMeBaTh, YTO B IOJIyTPYIIe uMeeTcst (U
n0baBJieHa) eJIUHUIA, ¥ UMEHHO OHA BLIOPAHA B KAYeCTBE OTMEYEHHON BepInu-
ubl. A6cosior mosryrpynnel G ¢ cucreMoit obpasyronux S 0003HAYAETCST Yepe3
Ds(Q).

Mepy v Ha KOMIAKTe IMyTeil OylaeM HAa3bIBATH HeBbLPOHCIEHHOU, eCIU BEPO-
STHOCTH KaKJIOI'O0 KOHEYTHOI'O IyTH — HeHyJseBas. Inasnol 4acmvio abCoIoTa,
MBI Ha3bIBAEM €r0 IOJIMHOXKECTBO, C(OPOPMUPOBAHHOE HEBBIPDOXKJIEHHBIMUA Mepa-
MU. MHOYXKECTBO BBIPOXKJIEHHBIX 9PTOJINIECKUX IEHTPAIBHBIX Mep Oy1eM Ha3bi-
BaTb 6bPOAHCIEHHOT 4acmblo abDCOJTIOTA.

I'paom semeaenus HazbiBaeTcst rpad, B KOTOPOM JIJIsT KaXKJI0M BEPIIUHBL U
MHOZKECTBO HyTeI‘/’I7 BeAymux u3 OTMeYEeHHO BEPpHIMHbLI B U, HEIIyCTO (B TaKOM
cJlydae rOBOPSIT, YTO U JOCTUMCUMG U3 OTMEUEHHO BEPIINHBI), U BCE ITH IIyTH
WMEIOT OJMHAKOBYIO juinHy. Ha MHOXKecTBe BepininH rpada BETBICHUS UMEETCs
€CTeCTBEHHAsI TPAJYUPOBKA [0 PACCTOSTHUIO OT OTMEYEHHOI BeprnuHbl. ['padbi
TAKOTO YACTHOTO BHUJA OKa3BIBAIOTCS B TEOPUU abCOJIOTa W HamboJiee OOTIH-
MU B cieytorieM cMbicie. ['pady [ ¢ orMederHo# BepImuHOi vy KAHOHUIECKIM
obpaszoM conocrapisiercst duramuseckut epad Dy, (T), — rpad BeTBIeHNSI, KOH-
CTPYUPYEMBIii cretyolumM o6pasoM: n-if arax rpada D, (T') sBisiercst Kornneit
MHOKeCTBa Tex BepiiuH rpada [', B KOTOpble U3 OTMEYEHHON BEPINUHBI Uy Be-
JyT myTd JmEsl n. VI3 BepumHbl v1 B BepimHy vz B rpade Dy, (I') BeixouT B
TOYHOCTHU k pebep eCiu U TOJIBKO €CJIU Uy PACIIONATAETCs HA ITarXKe, HA JIMHUILY
0OJIbIIIEM, YeM ITaXK BEPIIUHbBI U1, 8 U3 BEPIIUHBI 41 rpada I, orBeuaroreii Bep-
[IUHE V1, B BEPIIUHY U B [, OTBeYAIOIIeil BepIuHe vy, BBIXOIUT POBHO k pebep.
JIro60it rpad BeTBIeHUS N30MOPdQEH cBoeMy AuHaMmmdeckomy rpady. [Ipocrpan-
CTBa IyTeil ¢ HAYAJIOM B OTMEUYEHHON BepinuHe y rpada U ero JUHaAMIIECKOTO
rpada coBragaoT. A6costoT rpada coBnagaer ¢ abCoIIOTOM €ro JUHAMUIECKOTO
rpada.

Koncrpykius rpada BeTBJIeHUS MMeeT aHAJOI Ha yPOBHE I'PYII U IIOJIY-
rpyui. Monoudom eemeaenus Ha3bIBaeTCsi MOHOU, (IIOJIyTPyIIIa ¢ eAUHULEH),
rpad Kasn koToporo (0THOCHTENHLHO HEKOTOPOil CHCTEMbI 0OPA3YIOIINX) SABJIs-
ercs rpadom BerBiieHus . lojyrpyIia HA3BIBAETCS NOAY2PYNNOU GEeMEAEHU,
€CJTM OHA, SIBJISIETCS] MOHOUJIOM BETBJICHUS UJIH TIOJTy 9€HA U3 MOHOU/IA BETBJIEHUSI
yaanenuem equHuIbl. Clieryromiee CBORCTBO sIBJISETCS JIJIsl TIOJIYTPYIIT BETBJIE-
HUST OIPEJIEJISIONINM: YV TIOJyIPYIIIbl BETBJIEHUST OTHOCUTEHFHO HEKOTOPO CH-
cTeMbl 00pagytomux S I KaXKI0ro 3JeMEeHTa HMOJIYTPYIIIIbl BCe CJI0Ba HAT AJl-
dbasuToM S, IpeCTABIIAIONIHE ITOT IEMEHT, UMEIOT OJHY U TY Ke JJIUHY (MHbI-
MU «CJIOBAMU», COOTHOIIEHUSI B 9TOM CJIydae [MPUPABHUBAIOT JIUINb CJIOBA PaB-
HOI JtnHBD). B nostyrpy1ie BeTBieHNs] nMeETCsl KAaHOHIYIEeCKuit Habop obpasyto-
[IUX, COCTOSIIIUII B TOYHOCTH W3 BCEX HEIPUBOJMMBIX JIEMEHTOB ITOJIYTDYIIIIbI.
Cucrembl 06pa3yIomux, MOCTPOCHHBIE HA ITOM KAHOHUYIECKOM Hafope (cucre-
Ma 00pPa3yYIOIIMX MOXKET COJIEPKATH MOBTOPSIOIIAECS] JIEMEHTBI, T. €. BKJIIOYATH
3JIEMEHTBI [IOJIYIPYIILI ¢ HEKOTOPOHl KPATHOCTHIO) OyleM HA3BIBATH JOnycmu-
Mmomu. I'pad Kamm MoHOUIA BETBIIEHUS SABJIsieTCs TpadOM BETBJIEHUS JIUIIH
[IpU JIOIyCTUMOIT cucreme obpazytomux. [lomyrpynmne G ¢ bukcupoBaHHOl Cu-
cTeMoil 0bpa3ymux S KAaHOHHIEeCKAM 00pa30M COIOCTABJISIETCS MOHOU]T BETB-



senust Dg(G), onpeensieMblii ey omunM o6pa3oM: B KAIeCTBe CUCTEMbI 06pa-
sytomux st Dg(G) Gepercst Konusi cucreMsl S, a B KauecTBe HABOPa COOTHOIIIE-
HUlT — HOJAMHOXKECTBO II0JHOro Hafopa coorHomenuit mapet (G, .S), cocrosiiee
U3 TeX COOTHOIIEHUIA, KOTOPbIE OTOXKJIECTBIISIIOT CJIOBA PABHOM JJIMHBI.

3 AOGcoaroT KOMMYTATUBHBIX TPYIII U MOJYTPYIIII

Kak merpymHo ybeanThCsi, OTBEUAOMMI IEHTPAJILHON Mepe CIIydaitHbli Tpo-
I[ECC — Ha IIPOU3BOJILHOM I'pade BBIIMIEOINNCAHHOIO TUIA — SBJISAETCS MapKOB-
ckuM. s mapkoBckux ieneit Ha rpade Kamm mosryrpymnsl BOSHUKAET TOHATHE
HE3aBUCUMBIX OJUHAKOBO PACIPEICICHHBIX IIPUPAICHUAN: IIENBIO ¢ He3aA6UCUMbL-
MU 00UHAKOBO PACTPEIEAEHHBMU NPUPGULEHUAMY HAZBIBACTCS IElh, IePEeX0O-
HBbIE BEPOSITHOCTH KOTOPOH Ha Bcex pebpax, MpOMapKUPOBAHHBIX OIHON M TOit
ke 06pasyromieii, oMuHaKoBbL.2 [l KOMMYTaTHBHBIX TIOJTYTPYII BBIIOJIHACTCS
cJeyrommast KJodeBas TeopeMa, JlajeKo obodimatomias TeopeMy e OuHeTTH.

3.1. Teopema. Jlaa 4100070 KOMMYMAMUEHOT TOAYZDYNTOL U TMPOUIBOND-
HOUT KOHEUHOT CUCTEMDL 00PAYIOULUTL MHOACECTNBO IP200UMECKUT UECHMPAAD-
HOLT Mep (M. e. abcoatom) cosnadaem ¢ MHONHCECTNEOM MET UEHMPAALHOIL MED,
KOMOPbLM 0OMBEUAIM, MAPKOBCKUE UENY C HE3ABUCUMBMU 00UHAKOB0 pacnpede-
AEHHBMU NPUPGUEHUAMU.

Tem camvim, abcoarom HGTOOUMCA 68 OUEKMUBHOM COOMEEMCIMEUL C COB0-
KYNHOCMBIO BCET MET MEP HA MHOHCECTEE 00PAYIOULUT, KOMOPbLLE ONPEICAIIOM,
MAPKOBCKYIO UENd € YKA3AHHDIM CEOTCTOM UeHMPasbhocmu. enoe ycaosue,
suldesstousee maKue mepo. Ha 00pasyrwur, daro 6 meopeme 3.2.

Jokazamenvcmeo. Mepbl, KOTOPBIM OTBEYAIOT MAPKOBCKHE IENU C HE3aBUCH-
MBIMH OJIMHAKOBO PACIPEECJCHHBIMEA TIPUPAIICHUAME, I KPATKOCTH OyjieM
HA3BIBATD MEPAMU C H.0.p. Npupauenuamu. Ilycts P — KoHedHbIH myTh (¢ Ha-
9aJI0M B OTMeveHHOH BepmmHe) B rpade Kamm 3amamnoit moayrpynmsr (OTHO-
CHUTEJILHO 33JIaHHOM crcTeMbl 00pasyromux). JIeBbIil ¢IBUT B MOJIyTpyIIe 3a/1a-
eT roMeoMOp(U3M MEKIY IOJKOMIAKTOM & p GECKOHEUHBIX IIyTeil, HauMHaIO-
muxes ¢ P, 1 KOMIIAKTOM BeeX GECKOHEUHBIX MyTell (C HAYaJOM B OTMEYEHHOM
BEpIIHE), & TAKIKE U30MOP(DU3M ¢, MEKJTy TPOCTPAHCTBAME Mep HA 3TUX KOM-
makTtax.® Ecim v — sprojmdeckas menTpagbas Mepa u v( P p) > 0, 0603HauIM
4Yepe3 Vp COOTBETCTBYIOILYIO YCJIOBHYIO Mepy Ha & p. Torga mepa ¢, (vp) Tak-
JKe TeHTPabHa (TOCKONIBKY 3 a = b caenyer ca = cb). Kak HeTpyHO BUJIETS,

2B rorosseiicst paboTe [B17] BBemeHo Goulee obiiiee nmouATHE Mpakchepa, — npeodpasoBa-
HUS Ha IPOCTPAHCTBE IIyTell rpada, CMBICI KOTOPOI'O COCTOUT B caBure npupaiinenuii. [Toastue
MapKOBCKOM I[€IIN C HE3ABHCHUMBIMH OJMHAKOBO PACIIPEIEIECHHBIMY IPUPAINEHUSAMY epedpa-
3UPyeTCs KaK MOHsSTHE OEPHYJIMEBCKOIO TpaHcdepa.

3TIpuMeps! TOMyrpym 663 COKPAIEHNs] MHTEPECHBI, HO OTYACTH HAXOAATCS BHE HHTEPECY-
IOIIEro HAaC KOHTeKCcTa. B yactHocTH, rpad Ka/au Takoil nmosyrpynsl HEOJHOPOIEH: HA OJTHOM
ydaacTke rpada mapa pebep ¢ MapKHPOBKOIl S] M S2 MOXKET MMETh COBIIQIAIOIINE HadaIbHBIE
¥ COBIIQJIAIONINE KOHEYHBIE BEPIIMHDBI, & Ha JPYIOM ydYacTKe — COBIIAJAIONINE HAYAJIbHBIE, HO
HECOBIIQJAIONINe KOHeUHbIE. B pa3pe3e HACTOSAIIETO [0KAa3aTeJIbCTBa CTOUT OTMETUTH, 9TO B
cilydae MOJYyTPYNIbl 6e3 COKPAIEHUs] XBOCTOBbIE (DUIbTPAIMU Ha HOJKOMIAKTe P p U HA
KOMIIAKTE BCEX IIyTeil He 00A3aTeIbHO H30MOPQHEI.



B CHJIy KOMMYTATUBHOCTH IIOJyTPYIIIBI MBI MOJY9aeM, YTO NEHTPAJLHAS Me-
pa v Maxkopupyer (KOHEUHYIO IeHTpasbHyIo) Mepy V(P p) - ¢ (vp). Orcrona B
CHJTy PTOJUYHOCTH CJIEJIYET, ITO V = @, (vp). DTO IOKA3BIBAET, UTO I ABJISIET-
cst Mepoit ¢ H.0.p. mpupamerusvu. C IpyToil CTOPOHBI, €CM BCE 3PTOIAMIECKIE
HEHTPAJILHBIE MEPhl UMEIOT H.O.p. IPUPAINEHUS, TO U KaXK/J[asd IeHTPAIbHASA Me-
pa € H.0.p. IIPHPAIIEHUSAMU — 3PTOJIMYHA, MOCKOJIbKY HECOBIAJIAIONIUE MEDDI
C H.0.p. IPUPAIICHUSMHI B3aUMHO CHHTYJISIDHBI (BOIIPOC CBOJUTCSA K B3aMMHOI
CHHTYJISIPHOCTH HECOBIAIAIONTAX GEPHYJLIHEBBIX MeP). O

3.1 4IBHOe BbIuucieHue adbCoOJIIOTa

Teopema 3.1 maer perenT ommcaHus abOCOJIOTA, W JIajee Mbl 3aHUMAEMCS €ro
HEIOCPEJICTBEHHBIM HAXOXK ICHUEM.

s mpousBosbHON mostyrpyiibl G ¢ GUKCUPOBAHHONW KOHEYHON CHCTEMOi
obpasyrommx S MHOXKecTBO Fg(G) Mep ¢ H.0.p. IPUPAIIEHUSIMA eCTECTBEHHBIM
06pa30M OTOXKJIECTBJISIETCST C CUMILIEKCOM Ag BEPOSITHOCTHBIX PaCIpeIesIeHuit
na S: pacupezgenenuo p Ha S orBedaer mepa B Jg(G), y KOTOPOH BeposT-
HOCTH HpuparieHus Ha § € S pasua u(s). Pacupenenenue na S, y Koroporo
cooTBercrByomas Mepa B Lg(G) 1ieHTpasbHa, Ha30BeM npeduenmpasvhoim. 11o
Teopeme 3.1, B ciryuae KOMMYTATHBHOI MOJIyTPYIIIbI AOCOIIOT COBIAIAET C Iepe-
cedyerneM (S — 1)-mepHOro (BooGIIEe TOBODsI, HEBBIIYKJIOTO B IIPOCTPAHCTBE MEp
Ha KoMIakTe myTeit) cuminiekca Fs(G) = Ag ¢ 6eCKOHEUHOMEDHBIM CUMILICK-
coM Y g(G) NeHTPATbHBIX Mep:

A5(G) = Es(G) N Is(G).

Tem cambiM, Teopema 3.1 cBogur 3ajady ommcanus abcosora Zs(G) KoMMy-
TATUBHOIN TOJYTPYINIBI K 3a7a4ue ONUCAHUsI MHOXKeCTBa 0g(G) IMpPeIeHTpaIb-
HBIX pacupejesieauil B Ag. YeaoBue (Ipe)eHTPaJbHOCTH PACIaIaeTcsa B Ha-
6op HEOOXOIUMBIX YCJIOBUI (IIPEJ)eHTPAIbHOCTH JJIg AP KOHEYHBIX IIyTeil
OJIMHAKOBOl JJIMHBI, BEIyINX B ONHY U Ty ke Bepmuny rpada Ksmu. Hemno-
CPEJICTBEHHO W3 OIPEJIEJIEHUsI YCIOBUs TEHTPATHLHOCTH BBITEKAET CJIELYIOIIee
[IpeJIOZKEHNE.

3.2. Teopema. Beposmnocmnoe pacnpedesenue p = {u(s);s € S}t na xoneu-
Hotli cucmeme obpasyrouux S kKommymamuenot nosyepynno. G- npeduenmpans-
HO eCAU U MOALKO ecau 0aa Kastcdoti napvt 6exmopos (Mg)ses U (ng)ses us Ny
nPU YCA08UL

g mszg ns 6 Ny U E mS-SZE ng-s 6G (1)
SES seS sesS seS
BHINONHACTNCA PAGEHCTNEO

[T tsn™ =TT uls)™. (2)

ses SES



Hrvimu crosamu, npedcmasastowee abeomom s(G) mmoocecmeo npedyer-
mpasvhox pacnpedeseruti os(G) cosnadaem ¢ mmoorcecrneom mex pacnpede-
aenutl na S, Komopuie asasomes pewenuamu ypasnernud (2) das ecex koafh-
Puyuenmos, ydosaemeopsrowux yceaosuro (1).

Teopema 3.2 MO3BOJIAET MOJYUNATH ONMUCAHAE aOCOIIOTa KOMMYTATUBHOMA I10-
JIyTPYIIIBL 110 HAGOPY ONPEJESIONUX COOTHONIEHNH. YCIOBUs 2 HA3BIBAIOTCS
YPABHEHUAMYU YEHMPAALHOCTU U TIPEJCTABJISIIOT OCHOBHON UHTEPEC JIJisl U3yJe-
HUS TomoJIoruy abcoora. 1Ipu onucannu abCo0Ta B KOHTEKCTE TeOpeMbl 3.2
YIO0OHO YUUTBHIBATE CJICLYIONIHUE COOOParKEeHMs:

1. ITaper BekTOPOB, yzoBjIeTBOpsone yeaosuio (1) ma 3amanabix G u S,
dbopmupyioT momyrpymmy (o6o3uatnM ee depe3 RE(G), — 9Ta MOIyrpynna Omu-
CBIBAET COOTHOIIeHUs B MOHOH e BeTBieHus Dg(G)). s npoBepku npeiieH-
TPAJIbHOCTU JIOCTATOYHO IPOBEPUTH BBINOJIHEHUE YCJIOBHsl (2) JIsl IPOU3BOIIb-
HOTO MHOXKECTBa, 06pasyommx moryrpynnsl RE(G).

2. Iapsr BekTopos w3 Nj, cocTosmme u3 IBYX OJHHAKOBLIX? BEKTOPOB, 06-
pasyior noamoryrpynny B RE(G) (obo3HatmM 9Ty mOAmoayrpyniy depes Rp).
VYpasuenus (2), orBevaroniye sj1eMeHTaM U3 R, TPUBUAJIBHBI, T.€. SBJISIOTCS
TOXKJIECTBAMM, TaK UTO JJIsI IIPOBEPKH IIPEAIeHTPAILHOCTH JOCTATOYHO B3AThH
IIPOM3BOJILHOE MHOXKECTBO BEKTOPOB U3 RE(G), maolee OPOK JAIOIIee MHOXKE-
CcTBO Tipu oObeauHeHnn ¢ Ry. VIHbIMu citoBaMu, 71 OMUCAHUST abCOTIOTa TOCTa-
TOYHO BBIOPATH CHCTEMY ypaBHeHwuii (2) Jyis TOro uiu MHOro Habopa HEKOMMY-
TATUBHBIX COOTHOIIEHU{l, SIBJISTFOIIErOCS OIPEIENAIONINM JIJIsi MOHOHJIA BETBJIE-
g Dg(G) 10 MOZyIII0 KOMMYTATUBHBIX COOTHOIIEHHUIA.

4

IIpumepsbl. 1. AGCOMIOT KOMMYTATHBHON HOJIYIPYIIIBI, CBOGOIHO MOPOKICH-
HOIt HAbOpOM 0Opasyiomux S, MpeICcTaBIeH CUMILIEKCOM Ag, MTOCKOJIBKY BEKTO-
pa (mg)ses 1 (ns)ses m3 N5 yaosaersopsor yeaosmio (1) ummb ecym cobraia-
0T, & TIPU COBIAJEHAN BEKTOPOB (Ms)ses U (Ns)scs ypaBHeHme (2) mpesparra-
ercda B TOXKJecTBO. Ha ypoBHE MOHOM/Ia BETBJEHUS TOT ¥Ke (PaKT MPOsIBJIAETCS
KAaK OTCYTCTBHE HEKOMMYTATUBHBIX COOTHOIIECHUIA.

2. Iycte G = Z, S = {+1,—1}. Kak u B upumepe 1, 37ech BeKTOpa
(ms)ses U (Ng)scs yaOBIETBOPSAIOT ycaoBuio (1) JIMINB ecy COBIAJIAIOT, Tak
uro abcomor /1, _1}(Z) romeomopden oaHomepHoMy cumintexcy. Ha yposne
MOHOUJIOB BETBJIEHUsI OObACHEHHE COCTOMT B TOM, YTO MOHOWJ, BeTBJICHUS JIJIsI
(Z,{+1,—1}) ecrb cBOGOIHBII MOHOWL ¢ JBYMsI 00pa3yOIIIMA.

3. Oyers G = Z2, S = {(+1,0),(-1,0),(0,+1),(0,—1)}. Homyrpymma
R&(G) nmopoxmena moxnoiyrpynmoit Ry u mapoit ((1,1,0,0),(0,0,1,1)). Droit
Iape OTBeJaeT ypaBHEHMe BHIA T1Zs = T34 B R*. AGCOMIOT IpecTaBieH me-
pecedeHneM MHOXKECTBa PellleHuil 9TOro ypaBHEHUsI ¢ CUMILJIEKCOM

{x6R4:in:1,xiZO}.
D10 nepecederne roMeoMOPGHO 3aMKHYTOMY JUCKY Pa3MepHocTd 2 (CM. Teope-
my 4.1).

40mun u TOT Ke BEKTOD B Ng MO2KEeT IIPEeJCTaBJIATh pa3Hble IIYTU OJUHAKOBOH JIMHBI,
BeIyIlIue B OJHY U Ty Ke TOUKY.



4. Tyers G = Z%, a S — cranjapTHas CHMMETPUYHAS CHCTEMA 06Pa3yIONIIX.
D10 — 00061IIEHNE TIPEeBLAYIIEro TpuMepa. CucreMa ypaBHEHUN B JJAHHOM CJIy-
qae CJIe/yIoNasi:

LT1T2 = T34 = **+ = T2d—1T24-

5.1Ipu G =Zu S = {0,+6, —1} Bo3HuKaeT ypaBHEHUE [IEHTPAJIBLHOCTH BUJIA
zl = zom$.

6. IIycte G — KOMMyTaTUBHASI ITOJIYI'PYIIIA C TPEeMsl 00pa3yIolmuMu a, b, ¢
U JIONOJIHUTEIbHBIM HEKOMMYTATUBHBIM cooTHoIeHueM a + b = a + c¢. Torma
G sBJsieTCd TOJLyTPYIIIOH BETBJIEHUs, TAK YTO MHOXKECTBO 0<(G) onpeeisercs
oTBeYAIIUM cooTHOmeHuO a + b = a + ¢ ypasuenueMm p(a)u(b) = pl(a)u(c).
Abcomor romeomopden TpoiHuky 1.

7. Eciu G — KOMMyTaTUBHAS HOJIYIPYIIIa ¢ 00Pa3yoIMUME ¢, b, ¢ 1 JOIO0JI-
HUTEJTBHBIM HEKOMMYTATHUBHBIMUA COOTHOIIEHUSIMU @ + b = 2¢ u a + ¢ = 2b, TO
abCOJIIOT HECBSA3€H — OH COCTOHUT M3 JIBYX TOUYEK.

3.3. Ilpennioxkenue. Abcoaom darxmop-2pynno. KOMMYMaAMUuEHOT NOAY2PYN-
noL NO KoHewHOUT nodepynne coenadaem ¢ abCONOMOM 2PYNNbL.

Jloxazameavcmeo. Ilyctb nan nosryrpymmoBoii suumopdusm Gy — Go u pac-
cMaTpuBaeTcs Hacienyemas n3 (G B Gy cucrema obpasyrommux S. Eciu mapa
BEeKTOPOB (My)ses 1 (Ng)ses w3 N5 yrosmersopser yemosmo (1) mma Gy, To
oHa yjoBjersopsieT ycsiouio (1) u st G, IOCKOJIbKY PACCMATPUBAETCH [OMO-
Mopduzm. ObpatHo, ecyin snuMmopdusm G — Go sABjsieTcss (PaKTOPU3AIUENH 110
KOHEYHOM ToArpyIe, a napa (ms)scs U (Ns)ses yAoBIETBOpsieT yeiaosuio (1)
g Ga, TO sl HEKOTOPOro HaTypaiabHoro k mapa (k- ms)ses, (k- ns)ses yao-
BaierBopsier yeaosuio (1) mua Gi. Orciona B cuity TeopeMbl 3.2 Cielyer, 9To
MHOXKECTBa, [IPEIIIeHTPAJIBHBIX pacipeenennii 05(G1) u 04(Gy) onuckBamor-
¢Sl 9KBUBAJICHTHBIMU CUCTEMaMH YPaBHEHHUI, OTKyma 10 Teopeme 3.1 BhITeKaeT
Tpedyemoe. O

Kommenrapun. 1. lcnons3yemas B J0Ka3aTeIbCTBE TEOPEMBI 3.1 Hest caBu-
ra BCTPEYAeTCs B BEPOSTHOCTHOI uTeparype 60-X TO/I0B B CBI3U C TapMOHUYE-
ckumu dyrknusamm; cm. [DSW60, Teopema 5], [Mo67, semma 1], a rakxke [Wo00,
Jemma 25.2].

2. Yke I HWIBIOTEHTHBIX TPYII yTBEPXKIeHue teopembl 3.1 He mmeer
MeCTa JIJId IIPOU3BOJILHON 3ProJiMYeCcKOi IIeHTPAJIbHON MephI.

4 Tomosorusi abcoJioTa KOMMYTATUBHBIX (IO-
Jy )rpymnn

MHOKeCcTBO BCEX IEHTPAJIbHBIX Mep, KAK Mbl yKe IIUCAJIU, sIBJIAETCS CUMILIEK-
coM, u abcostor siBisiercs ero rpanutieii [1Toke. CozeprkaTesbHbI BOIPOC: Ka-
KOB& TOIIOJIOTHsI, MHIyIIUPyeMast Ha abCofoTe ¢1aboit TOMoIornel Mep Ha KOM-
nakre myreii. B macrogmem maparpade U3ydaeTcst TOIOJIOMUA abCOJIOTa KOM-
MyTaruBHbIX (110Jy)rpynir. I3 Teopem 3.1 u 3.2 BhiBOmATCH (J0KA3aTEIHLCTBO
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[PUBEJIEHO HIUKE) CJIE/YIOIIIE TeOPEMBI O TOIIOJIOIMIECKON CTPYKTYpe abcotoTa
KOMMYTATUBHBIX TPYIII U roiyrpytin. Haubosiee BaxKHOE yTBEPKICHIE COCTOUT
B CJIEAYIONIEM: B Cjlydae IPYHII U HOJYTPYIIl C COKpAIlleHHEeM IJIaBHAs 4acTh
abCoJTIIoTa €CTh BHYTPEHHOCTH JIMCKA, & BBIPOXKJICHHAS — €r0 IPAHUIIA.

4.1. Teopema (o TomoJsioruu aGCOJIIOTA KOMMYTATUBHBIX rpymm). A6-
COMNOM, KOHEWHO NOPONCOENHOT KOMMYMAMUBHOT 2PYNNbL OMHOCUMEADHO N10-
601 KOHewHot cUCmemMbt NOAY2PYNNOBHLT 00PA3YIOULUL 20MEOMOPPEH 3aMKHYMO-
MY QUCKY pasmeprocmu pamed 2pynno.. Laasnot wacmu abcoaroma omeevaem
BHYMPEHHOCTD JUCKA.

Teopema 4.1 0b60bmaeTcss Ha TOJIYIPYIIIBI C COKPAITIEHUEM.

4.2. Teopema (0 Tonosoruu abcoJIOTa KOMMYTATUBHBIX HOJIyTPYIIIL C
cokpaieHueM). Abcosom KoHewno noposcoeHHol KOMMYMamueHot noy-
epynnoe G ¢ coxpaweruem (omuocumenvho 4106017 konewHot cucmembv: 06pasy-
owux S) 20meomopder 3amrHYmMomy QUCKY, PASMEPHOCTL KOMOPO20 AUbO CO8-
nadaem ¢ panzom epynnuv wacmmur® noayepynns G, aubo 1na eQUHULY MEHbULE
amoeo panea, ecau G ecmv noayepynna 6emesenud, ¢ S — donycmumas cucme-
Mma obpasyrowux. [rasnoti wacmu abcosoma omeevwaem SHYMPEHHOCTL JUCKQ.

B ciyvae koMMyTaTHBHOM TOJYTpyIIbl 6€3 COKPAIIEHUS aOCOJIOT MOXKET
uMeThb 6oJIee CJIOKHYIO CTPYKTYPY (cM. ipumep 4 Boime). OHAKO KOMIAKTHOCTh
abCoJTIOTa U BUJL €r0 TVIABHOI YaCTH COXPAHSIOTCS.

4.3. Teopema (o Tonmosoruu abcoI0OTAa KOMMY TAaTUBHBIX IIOJIyrpyni 6e3
cokpamienusi). A6coarom npouseosvHOl KOHEWHO NOPOHCIEHHOT KOMMYMa-
mueHot noayepynnv, (OMHOCUMEAbHO 410601 KoHewHOT cucmembv: 06pasyoUUT)
xomnaxmerS, a ezo anaenas wacmv 20meoMopdra omEPLIMOMY JUCKY, pasmep-
HOCTL KOMOPO20 ONPEIEAAECTNCA NPABUAOM U3 Mmeopembvl 4.2.

Hoxazamenvcmeo meopem 4.1-4.3. Tlycrs G — KOMMyTaTUBHAS TOJYTPYIIIIA, C
KOHe4HOi1 cucTemoii obpaszyomux S. Teopembr 3.1 u 3.2 cBogAT 33184y OIUCAHUS
abcosora g(G) K BOUpOCY OnuCaHUst MHOXKecTBa 04(G) perreHnil cucreMbl
ypaBrenuit Buja (2) B cumiviekce Ag BEPOITHOCTHBIX PACIpeeaeHuii Ha S.

Zoxasameavcmeo womnaxmuocmu abcoatoma. st TpOM3BOIBHON TaphI
BEKTOPOB (My)ses U (Ns)ses U3 NOS [IOJIMHOXKECTBO pelieHuil ypaBHenus (2)
B Ag KOMIIAKTHO, TIOCKOJIBKY Ag KOMITAKTHO, 8 BBIPAXKEHUST B JIEBOW M ITPABOI
JacTsxX paBeHcTBa (2) HenpepbIBHBI HA Ag Kak dbyHkiuu or u. CreoBaTesbHO,
MHOXKecTBO 05(G) (a 3HauuT, 1 abcomor s (G)) KOMIAKTHO, Oy ydn mepecede-
HUEM KOMITAKTHBIX ITOJIMHOXKECTB.

Vpaenenusa uenmpaavrocmu. Ecam 1yt BeKTopos (my)ses 1 (ns)ses 13 Ny
BBIIIOJIHSCTCA YCIOBHE » . oMy 8=, _gNs S B G, BEKTOP (Mg — Ny)ses U3
Z° GyyeM HasBIBATH NpusedeHHvM 6eKmopom coommowenua mus (G, S). Eciu
BJIOGABOK BBIMIOJIHEHO PABEHCTBO ) o Ms = ) N, TPUBEJICHHBIA BEKTOD

5 I'pynnoti wacmmwvix momyrpymsl G HA3BIBAETCH TPYIINA C TEME Ke MOPOZKJAIONIMMH, ITO
n 'y G, COOTHOIIIEHNsI B KOTOPOil — TOJIBKO CJIEACTBUSI COOTHOIIeHui B G.
8B sureparype cummtexc ¢ samMkmyToit rpanureit [1loke nazpiBaeTCs 6ayIPOECKUM.
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COOTHOIIEHUsI (Mg — Ng)scs OyJEM HA3BIBATD UEHMPAALHOLM, YDaBHEeHHE (2) —
YPABHEHUEM UEHMPAALHOCU, & YPaBHEHHE (B epeMeHHBbIX [i(S))

[T Gutspyremmintmesnsd = T (u(s))memintmen) 3)

seS seS

HA30BeM npusedertvLm ypasrenuem yenmparvhocmu.” ObozHatanm depes s (G)
MHOKECTBO TeX pacrpejesenuii u3 Ag, KOTOpbIe SIBJISAIOTCS DENIeHUsIMU ISt
BCeX TIPUBEJICHHBIX yPaBHEeHUI NMeHTpaabrocT naps (G, S). Torma:

(1) Mnoorcecmeo 75(G) codepoicumes 6 05(G), nockoibKy 05(G) coBmaaer
€ MHOXKECTBOM JIesKamux B Ag pelrneHnii ypaBHEHUI EeHTPATHLHOCTH, & KaXkKI0e
YDPABHEHHE TIEHTPATBHOCTH (2) II0JIy9IaeTcst U3 COOTBETCTBYIONIErO IIPUBEIEHHO-
ro (3) ymmozennem 1acteit nocienero ma [, g(p(s))min{menst,

(ii) Eeau G — noayepynna ¢ cokpawenuem, mo ds(G) = o5(G), MOCKOILKY
B TIOJTYTPYTITIE ¢ COKPAITEHNEM KazKJI0e TIPUBEJCHHOE YPABHEHNE TIEHTPATBHOCTH
SIBJISIETCSI, OYMEBHUIHO, YPABHEHWEM TIEHTPATBHOCTH, TakK uTo 04(G) comepRuTest
B 05(G) (a ds(G) conepxurcs B 05(G) B cuny yrB. (i)).

(iil) Hepeceuenue o5(G) Nint(Ag) cosnadaem ¢ nepecevenuem MmHoHcecms
7s(G) uint(Ag) u 6 cayuae nosyepynno. ¢ COKPAULEHUEM, U 8 0OUEM CAYHaE, TI0-
ckoJIbKY B int(Ag) Boimosasgercs ycosue 1(s) > 0 npu Bcex s € S, u ypaBHeHue
IEHTPATHLHOCTH UMeeT B int(Ag) TO 2Ke MHOXKECTBO DEIeHN i, ITO U OTBETAOIIEe
€My TIPUBEJIEHHOE YDaBHEHUE [EeHTPATHHOCTH.

Tenepn 3aMeTuM, 4T0 MHOKeCTBO R 5(G') IPUBE/IEHHBIX BEKTOPOB COOTHOTITE-
auit 11st (G, S) aBstercs, 0ueBnHO, IOArpy ol B Z°, a nojmuoxkectso RE(G)
BCEX TIEHTPAJILHBIX BEKTOPOB COOTHOMEHMI — mbo comamaer ¢ Rg(G), mubo
ABJIETCS ee TIOArpyIoil Kopanra 1.8

Orcroza ciiefiyer, 9T0 MHOXKECTBA, ﬁg(G) u 05(G) MoMIANAIOT 110 YCIOBHS
npesyioxenus 5.1 (B obosHauennsix sroro npejioxenus, os(G) = Age (), u3
KOTOPOI'O BBITEKAET, 9TO MHOXKECTBO T 5(G) roMeoMopdHO 3aMKHYTOMY JHMCKY
pasmeproct |S| — 1 —rank(R$(G)) (3mech u naee rank 0603HATACT PAHT KOM-
MYTATUBHOI IPYIIIbI), IIPUYEM BHYTPEHHOCTD aucka dg(G) nexur B int(Ag), a
Kpait — B Kpae 0Ag.

s 3aBepienns: gokasareabcTBa TeopeM 4.1-4.3 ocraercs 3amMeTuTh, 9TO
npu Guekunu s(G) = 0g(G) rnasHas YacTb abCONIOTA IPEICTABIICHA Ie-
peceverneM o5(G) N int(Ag), paHr IpymIbl YacTHBIX HOXYyTrpynnbl G paBeH
|S| — rank(Rs(G)), a panr rpynmnet Rg(G) copnazaer ¢ panrom rpymmist Ré (G)
€CJIU M TOJIBKO ecyid (3T IPYIIbI coBlajaoT, Tak 4ro) (G, S) ecrb noayrpymma
BETBJICHUSI C JIOMYCTUMON CUCTEMOM 0Opas3yIoInX. O

"B obiueM ciryuae mosryrpyIbl 63 COKpaIeHns IPUBEIEHHOE yPaBHEHHE [EHTPATLHOCTI
He 00s13aTe/IbHO SIBJISETCSI YPABHEHUEM IEHTPAJIBHOCTH.

8Ec/u rpyIa 4acTHBIX TOMYTPYIIbI He HMeeT KPydeHus, To moarpyms Rs(G) u ﬁg(G)
SIBJISIIOTCS] JIMHEAHBIME HOIIpOcTpancTBaMu B Z5 .
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5 llpensoxkeHne o JMHEITHBIX IIPOCTPAHCTBAX

[Iycrs S — xoHEUHOE MHOXKECTBO, Ag — CHMIIIEKC BEPOSTHOCTHBIX pacIpejie-
nenmit na S, R — mpocrpancrso BemecTsennbx dynkmuit ma S, Vo € RS —
TTOJIMHOKECTBO (DYHKITHIA C HyJI€BOi CyMMOit 3HadeHnit. OToxaecTBuM Ag ¢ mosI-
MHO2KECTBOM HEOTDPHUIATEBHBIX (DYHKINN C €AMHIIHON CyMMOIl 3HAYCHU B RS,
s Bekropa k = (ks)ses n3 Vy 0bo3HaunM depes A, HOAMHOXKECTBO B Ag, cO-
CTOMAIIEE U3 BCEX PACIIPENeICHUN (1, YIOBJICTBOPAIOIINX YCIOBUIO

IT == TI (e (4)

s€S: k>0 reS: k,.<0

Jst mommuoxkectsa’ K B Vi 10103KIM

AK = ﬂ >\m-

KREK

Yepes Vi Oyuem oboznavdarh jmHeitHyio obosouky K K, yepes dim(V) — pas-
MEPHOCTH TOJIIIPOCTPAHCTBA. YCIOBUMCS TakKe 0603HauaTh depes int(M) u OM
BHYTPEHHOCTH U PAHUIIGI MHOTOMEDHBIX MHOIOTDAHHUKOB (6€30THOCATENHLHO K
00 BEMJTIONIEMY IPOCTPAHCTBY ).

Iesb HacTosIIEro pasjena — JOKA3aTeIbCTBO CIEAYIONIErO IPEJIOKEHHUS.

5.1. IIpengioxxkenue. Fcau nodmmoscecmeo K 2unepnaockocmu Vy asasemcs
AUHETHBIM NOONPOCTPAHCTNEOM UAU N0JZDYNNOT U3 6EKMOPOE C UELALMU KOOP-
Juramamu, mo MHoHceCmeo N 20MeoMoOpPHO 3aMEHYMOMY JUCKY Pa3MEPHO-
emu |S| — 1 — dim(Vik), npuuem enympennocms ducka A aescum 6 int(Ag),
a xpatli — 6 xpae OAg.

Pazobbem j1okazaresibCTBO mpeiozkenus 5.1 Ha cepuio yTBepKIeHU.

5.2. YrBepxkaeuue. /i 1106020 nodmmoocecmea K 6 Vy nepecevenue muo-
orcecmea N ¢ enympennocmoio int(Ag) cumnaexca Ag 2omeomopdro omxpoi-
momy ducky pasmeprocmuy |S| —1 — dim(Vk).

Hoxazameavcmeo. 3aMernm, 9T0 OTOOpaKEHUS
exp: Vo — int(Ag) u In: int(Ag) — Vo,

onpezesjieHHbIe IIpaBUJIaMi

evs
exp((vs)ses) = (Z evs) 1
sES seS

9Ec/u ganHBIe OIpee/eHns PAaCIPOCTPAHUTh Ha moaMHOXKecTBa K, He nexkamue B Vo, TO
9JacCTh HUZKECJIeIYIOIUX yTBep}K;[‘eHI/II‘/JI OCTaeTCsA B CUJIE. O,ﬂHaKO 3/1eChb MbI HE pacCMaTpUBaeM
0600111eHsI, — HAC B IIEPBYIO OYEPEIb UHTEPECYIOT cUMILIEKC Ag u V) KaK acCOnUUPOBAHHOE
¢ addunHOM 0600UKOM cuMIIEKCa Ag BEKTOPHOE IPOCTPAHCTBO, a BO BCIOMOIAaTEIbLHOE
npocrpancteo RS cummieke Ag u V BIIOXKEHBI JIMIIb Jisi yA06CTBA (DOPMYIHPOBOK.
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ln((pS)SES) = |Ilnps — z:lnpS ,
SES SES

SIBJIAIOTCS B3aUMHO 00parHbiMu auddeomopdusmanmu mex ity Vo u int(Ag). Jlo-
rapudmupys dactu ypaBaerus (4), Mbl BUIUM, 4TO omobpasicerus exp u ln da-
1om dugpeomopdusm meocdy mmooicecmeom A Nint(Ag) u opmozonasvrvim
donoanernuem x Vi 6 Vy. Ocraercs 3aMeTUTh, 9TO YKA3AHHOE JIOTIOJTHEHNE NMEEeT
Pa3MepHOCTD

dim(Vp) — dim(Vi) = |S] — 1 — dim(V). O

5.3. YrBepxaeuue. /Jlis 1100020 nodmmooicecmea K 6 Vy mnoocecmeo Ag
KOMNAKMHO.

Jokasameavemeo. Hua kaxnoro Bekropa k = (ks)ses MHOXKECTBO Ay KOM-
MAKTHO, MOCKOJBKY Ag KOMIIAKTHO, & BBIPAYKEHUS B JIEBOW M IIPABON dacTIX
paseHcTBa (4) HempepwiBHBI Ha Ag Kak dyskimu or p. Cienosarenbro, Ax
KOMITAKTHO, OYy/Iydu ITepecevdeHreM KOMIIAKTHBIX MHOYKECTB. O

5.4. YrBepxaeune. FEcau eexmopo k u k' 6 Vi xoaruneaprov, mo A\ = A .
Hoxazameavcmeo. Cremyer ns onpejnenenus A\, upn k u &' u3 Vj. O

5.5. ¥YrBepxkaenue. Fcau K — nodepynna 6 Vy, ekaouwaowas moivko 6ek-
mopot ¢ yeavtmy koopdunamamu, mo Ax = Ay, .

Jokazamenvecmeo. OrMeTuM, BO-IIEPBBIX, YTO ecjiu K — IPyIIa U3 BEKTOPOB C
TETBIMU KOOPJMHATAMH, TO B Vi KaxKJblii BEKTOD C PAIMOHAJBLHBIMA KOOP/IH-
HATAMHU TPONOPIUMOHAJIEH HeKOoTopoMy BekTopy m3 K. Otciona B cuity yTB. 5.4
CJIEJIyET, UTO BCSAKOE pacupesiesienne ( u3 Ax BXOIUT U B A\, €CJIU Kk — BEKTOP
B Vi ¢ palmoHaJIbHBIMU KOOPJMHATAMU.

Bo-BTOpBIX, 0YEBUIHO, ITO IIPH JIIOOOM (PUKCUPOBAHHOM PACIPEICJICHAN [ €
Ag o6e wactu paBeHcrBa (4), paccMarpuBaeMble Kak GyHKImu BekTopa (ks)scs,
HelpepbIBHBI Ha KasKJI0H KOMIIOHEHTE CBS3HOCTH KaxKJIO U3 cTpaT BHIa

RS, = {(ks)ses € RS : card{s € §: ky = 0} = m}.

Hakomnern, B-tpetbux, /i jgiob6oro m € Ny BEKTOPbI C PAIMOHAJILHBIMU KO-
OpJIMHATAMU BCIOJY ILUIOTHBI B crpare Vi N R;i (mocJietHEE CIIEyET W3 TOrO
dakTa, ITO 1epecevdeHre AByX JIMHEHHBIX MOIIIPOCTPAHCTB, MIOPOYKIEHHBIX BEK-
TOPAMHU C TIEJTBIMU KOOPAMHATAMHE, TAKKe TTOPOXKIEHO BEKTOPAMHU C TIEJIBIMA KO-
OPAMHATAME; 9TO YTBEPXKIEHUE CTAHOBUTCHA OYEBMHBIM, €CJIM PACCMaTpPUBATh
repeceveHre Kak OPTOrOHAJIBHOE JIOIOJIHEHNE K CyMMe OPTOIOHAJIBHBIX JIOIOJI-
HEHUI MCXOJHBIX IIOAIPOCTPAHCTB U 3aMETUTH, UYTO IIEPEX0J] K OPTOrOHAJIBHOMY
JIOMIOJTHEHUIO M CYMMa, COXPAHSIOT CBOHCTBO OBITH MTOPOXKIEHHBIM BEKTOPAMU C
LEJIBIMU KOODIUHATAMHU). O
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5.6. YrBepkaenue. FEcau adppunnas npamas L 6 RS nepecexaem cum-
naexc Ag no ompesxy I ¢ xonyamu 6 mouxkaxr a u b, mo mmuoocecmseo Ag—yp
nepecexaem L 6 eduncmeennoli mowke, u 9mMa MOUKAE AEAHCUM 80 GHYMPEHHO-
cmu ompeska 1.

Jokasameavcmeo. Yciosue (4) i BeKTOpa k = a — b IpuHUMAeT BUJ

[T weye= I () ()

SES: as—bs>0 reS: by.—a,>0

ITpu nBuxkenun Touku p 110 orpe3ky I or a k b dyuxuusa Fy (1), onpenessiemast
dbopmyoit B seBoit uactu yeaosust (5), yoeisaet, a dyuxmst Fr(u), onpeensie-
Mag GopMyJIoil B IpaBoii yacTu, — Bospacraer. [lockosbKy I BeicekaeTcst u3 Ag
mpaMoit, Halimercea ¢ € S cag =0m by > 0, a Takke r € S ca, > 0n b, =0,
tak 9ro Fr(b) = 0 u Fr(a) = 0. 13 sT0ro npsamo cieayer Tpebyemoe. O

5.7. YrBepxkaenue. Fcau K — aunetinoe nodnpocmparcmeo 6 Vo, mo dax-
mopusayua p: RS — RY/K daem zomeomopdusm meoicdy mmosicecmeom Ag
u 8NYKAbIM MHOo202parHuKoM p(Ag), npuuem nepecevernue A N OAg 2omeo-
moppno xkparo O(p(Ag)).

Paznenum nokazaTesbCTBO yTBEPKIeHUS 5.7 HA TaCTH.
5.8. YrBepxkaenue. B ycaosuar yme. 5.7 cyocenue p Ha Ax uHseKmMueHo.

Zloxasamesvemeo. CTpost IOKA3aTEIBCTBO OT MIPOTUBHOIO, JIOIYCTAM, UTO B A )¢
HafiryTest HecoBnagaomue Toukn ¢ u y ¢ p(xz) = p(y). Torma BekTOp = — Y
aexut B K, tax uro {z,y} C Ax C Ay_,, a 9TO IPOTUBOPEINT YTB. 5.6, ecyu B
KadecTBe L paccMOTPETh TMPOXOIAIIYIO Uepe3 TOUKU & U Y apPUHHYIO TPSIMYIO
(cM. Takxke yTB. 5.4). O

5.9. VYrBepxKaeume. B ycaosusaxr yms. 5.7 omobpasicerue p omnpasasem
mroocecmeo Ax NOAg 6 kpati O(p(Ag)) mmozoepannura p(Ag).

Joxasamenvcmeo. CTpost T0KA3aTEILCTBO OT IIPOTUBHOTO, JOIMYCTHM, 9TO B
Ax N OAg maiizercs Touka b ¢ p(b) B int(p(Ag)). 3amernm, UTO BHYTpEH-
HOCTH MHOTOIpaHHUKa p(Ag) HAKPBIBAETCSA BHYTPEHHOCTHIO MHOIOrpaHHUKA A g
(m, 6osee Toro, p(int(Ag)) = int(p(Ag))). Caenosarensro, B int(Ag) Haitger-
ca rouka y ¢ p(y) = p(b). Torma sekrop b — y nexur B K. B cuy yrs. 5.6
TOYKa b He JIEKUT B Ap_,, MOCKOJIBKY SIBJISIETCSI KOHIIOM OTPE3Ka BBICEKAEMO-
ro u3 Ag upsiMoii, npoxosimeil yepe3 Toukn b u y (cM. Takke yTB. 5.4). DTO
MIPOTHBOPEYHT IPEIOTIOXKEHUIO O TOM, 9TO b JekuT B A . O

5.10. YrBepxkaenue. B ycaosusr yme. 5.7 o6pas Q = p(Ax Nint(Ag))
cosnadaem ¢ enympennocmoio int(p(Ag)) muozoeparnura p(Ag).

Jokasameavemeo. Mbl jtokazaiu, 9ro cy)enue dpakropuzanun p Ha A WHDb-
exkTuBHO (yTB. 5.8), a MHOXKecTBO A ) Nint(Ag) romeoMopdHO OTKPLITOMY JUCKY
pasmeproctH |S| — 1 — dim(K) (cM. yTB. 5.2), 9TO COBIAIAET C PA3MEPHOCTHIO
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muororpanuuka p(Ag). Kax u3secTHO, 06pa3 HENPEPHIBHO20 BA0NHCEHUA 6K AU-
dosa mpocmparcmea 8 ceba omxpoim (Teopema Bpayspa 06 WHBAPMAHTHOCTH
obaactn). OTcioa BeITEKaeT, ITo MHOXKeCTBO ) cozepkutcs B int(p(Ag)) u or-
KpbITO B p(Ag). CienoBarensro, ecau 651 () He TOKpbIBasIo obsnacty int(p(Ag)),
B IIOCJIe/IHEl HAIIACH OBl TOYKA X, He BXOAANAA B (), HO BXOJAIIAS B €r0 3aMbl-
kaHue. [TockobKy A KOMIAKTHO, 9T0 03Ha4YaJI0 Obl, 4T0 B A x NOAg Halimercs
rouka b ¢ p(b) = x. OsHAKO 9TO NPOTUBOPEUUT YTBEPKICHUIO 5.9. O

3asepuwerue dokaszamenvcmea ymeepotcdenus 5.7. Tlockonbky Ax KOMIakTHO
(em. yrB. 5.3), w3 yrB. 5.10 caenyer, uro p(Ax) = p(Ag). TockoubKy cyxke-
nue p Ha Ag uHbEKTHBHO (CM. yTB. 5.8), OTCIO[A BBITEKAET, 4TO p JaerT Ou-
exkuuto Mexiay Ax u p(Ag). Ocraercss 3aMeTUTh, YTO HEIPEPLIBHAS OUEKIHs
METPUYECKOI0 KOMIAKTa SBJISETCs, KaK HETPYIHO IPOBEPUTH, rOMEOMOPQU3-
mom. Takum obpasom, p maer romeomopdusm mexay A u p(Ag), a ¢ yaerom
yTB. 5.10, romeomopduzm u mexiy chepamu A NIAg u I(p(Ag)). O

3asepuwerue doxasameavcmsa npedaoscenus 5.1. YTB. 5.5 CBOIUT CUTYAIIHIO K
CJIy9at0 JIMHEHOTO MOIPOCTPAHCTBA. B 9TOM cirydae roMeoMopdHOCTH CieIyer
u3 yTB. 5.7, & YTOYHSIONIEEe YTBEPXKICHIE O PA3MEPHOCTH — U3 yTB. 5.2. O

3ameuanme. FEcau nogmuoxkectso K mpocrpaHcTBa V) COCTOUT U3 BEKTOPOB
C TeJILIMA KOOPJIMHATAMH, HO He SABJISIeTCS ITOArPYIIIOi, MHOXKECTBO Ak He 00sI-
3aresibHo romeoMopduo aucky. Hanpuwmep, na S = {1,2, 3}

A{(lvla_2)7(17_2a1)} = {(1/37 1/37 ]‘/3)’ (1707 0)}

6 XapaKTepsbl

Teopust abCoOMIOTa KOMMYTATHBHBIX I'PYII M MOJYTPYII HMEET JIOOOIBITHYIO
nepeOpMyINPOBKY B TePMUHAX XapaKTepOB IOJYTPYHIL Xapaxmepom 31ech
MBI Ha3bIBa€M FOMOMOP(U3M B MYJIbTHILTHKATABHYIO TPYIILY HEOTPHIATEIBHBIX
BemecTBeHHbIX unces. Obnryo Teopmio xapakrepos cm. [CP61, JIe70, JleT1].

IIycts G — npousBoJibHAst KOMMYTATHBHAS IIOIYTPYyIIa ¢ KOHEYHOH CHUCTe-
Moii obpasyronux S, Dg(G) — monons Bersienust jyuist napsl (G, .S). Kaxmoi
nenTpasbHoil Mepe v apsl (G, S) orseuaer dynkuuonas f, na monouse Dg(G),
CTaBAIMIUI B COOTBETCTBUE 3JIEMEHTY Mepy BEIYIIEro B 3TOT 3JIEMEHT ImyTH. Slc-
HO, 9TO IIPU TAKOM COOTBETCTBUY (DYHKIIMH, OTBEYAIONINAE IIEHTPAJIBLHBIM MEpaM
C H.O0.p. IIPUPAIIEHUsIMUA, — TO B TOYHOCTH Te XapakTepbl MoHouna Dg(G), y
KOTOPBIX CyMMa 3HaUeHuH Ha 00pazyiomux u3 S equnndna (Oy1eM Ha3bIBATD Ta-
KHU€e XapaKTePbl HOPMUPOSAHHbLMY WU GEPOATNHOCMHbIMU). B 9TUX TepMuHax
TeopeMa 3.1 IpUHUMAET CIeAYIONTIH BUT:

6.1. CnencrBue. B abesesoti noayepynne G ommnocumensvho 110600 Koneu-
HOTU cucmemvl 00Pa3YIUUT S MHOAHCECTNBO IP2OOUMECKUT UECHMPAAOHBLL MED
(m. e. abcoarom) eviweonucarHvmM coomeememeuem v — f, buekmueno nepe-
800UMCA 6 MHONHCECNBO HOPMUPOBGHHHT Ryt -xapaxmepos na mornoude seme-
aernusa Dg(G).
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Hoxazameavcmeo. Eciu v — sprogudna, 1o (pyHKIMOHA f), ABJISIETCS HOPMHU-
poBaHHBIM R(|-XapakTepoM B CHIIy HE3aBUCHMOCTH U OJMHAKOBOI'O DACIIpejie-
Jienns npupaienuit (reopema 3.1). O6parno: ecin dynkuuonan f uwa Dg(G)
SBJISIETCS HOPMHUPOBAHHBIM R y-xapakTepoM, TO cyxkenue f Ha S maer npei-
[EHTPAJIbHOE paciipefiejieHne, Tak 49ro f = f, 1jisi cOOTBETCTBYIOIIEH 3TOMY
PacCIpeeIeHUAIO 3ProJIndecKoil eHTPaJIbHOH Mephl V. O

XapakTep HA3bIBAETCA MPUBUGALHBIM, €CTH OH IPUHUMAET HYJIeBOE 3Ha-
YeHre Ha, BCEX OTJIMYHBIX OT €JIUHUIILI dJIeMeHTaX Mmoayrpynnbl. Kak Herpy-
HO BHJIETh, MHOXKECTBO HETPHUBHAIBHBIX Rj-XapaKTepoB pacciamBaeTcs HaJ
MHOXKECTBOM HOPMUPOBaHHBIX R -xapakrepos co ciaoem (0, 400). Takum 06-
pa3oM, paccMaTpUBaeMas HAMHU 33/1a9a OMUCAHUS a0COJIOTa KOMMYTATHBHBIX
MOJIYTPYIIT IPAKTUIECKNA SKBUBAJEHTHA 3a/lade OMUCAHUS MHOKecTBa Rgy-
XapaKTepOB KOMMYTATUBHBIX MOHOHUJIOB BeTByieHUs. COOTBETCTBEHHO, YTBEP-
XKJieHusi 00 abCoJIFOTe KOMMYTATHBHBIX IMOJYTPYIIIT KOHBEPTUPYIOTCS B yTBEP-
KJEHUsI O XapaKTepax NoJyrpynn BeTBjieHus. Hampumep, teopema 4.2 maer
CJIEeTyTOTIIEE.

6.2. CuencrBue. Y xKoMMYMamuehol MOAY2pYNIb, 6EMBACHUL C COKPAULE-
HUEM NPOCPAHCMEO HEMPUBUAALHOIT Roy -Tapaxmepos 6 caabol monorozuu
20MEOMOPPHO NPAMOMY NPOUZBEIEHUN 3GMKEHYMO20 JUCKa onpedesennoli pas-
MEPHOCTIU HA OMEKPOIMLIT UHMEPEAN.

B ciiyuae KOMMyTaTUBHBIX U HUJIBIIOTEHTHBIX I'PYIII UMEETCSI COOTBETCTBHE
Mex 1y Ri-xapakrepamu IpyHIbI U TJIABHON YacTbIO abCoJIoTa. DTO COOTBET-
CTBHUE U3BECTHO M M3YYaJOCh C TOUKU 3PEHUsI COOCTBEHHBIX (DYHKITHUIT JIaniacu-
ana. OHO 00cyzKIaeTcs mojipobHee B TOTOBsMIECs pabore 06 abCoJIIoTe IPYIIITHI
leiizenbepra.
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