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OBILITAA XAPAKTEPUCTUKA PABOTHI

AKTyaJIbHOCTh TEMBI.

Juccepraronnasi paboTa OTHOCUTCST K MCC/IEIOBAHUSIM 110 T€OPUU WHBApUAH-
TOB KOHeYHOro Tuia (uHBapuantoB BacwibeBa mju Bacuibea—I'ycaposa) ma-
JIOMEPHBIX TOMOJIOMMYECKUX 00bEKTOB, TJIABHBIM OOPA30M Y3JI0B U 3allellIeHuil.
DTa cCpaBHUTETHHO MOJIO/IAst 06J1aCTh TOMOJIOIUH 3aPONIach B Hadase 80-X ro/oB
XX Beke B paborax B. Bacuibera (Mocksa) u M. I'ycaposa (Cankt-Ilerepbypr).
Ha mporsikennu 20 jerT oHa nepexkuBasia OypHBI 1IEpHOJT PA3BUTHS, KOTJA K

paboTe 10 3Toil TeMaTHUKe IOJKJIIOUUJICA LeJIbli PsiJi IePBOKJIACCHBIX YUYEHBIX:
M. Konnesuu, . bap-Haran, T.Jle, /I:x. Bupman, II. Kapree, JI. Kayddman n
AP-

Teopus okazaJiach, ¢ OJHONH CTOPOHBI, JOCTATOYHO ITPO3PAIHOil, OO TeopeMoii
Bacuibea—Konnesnua ObICTPO CBOJUTCA K YUCTOH KOMOMHATOPUKE JIArPaMM-
HBIX aJre0p, ¢ JIPyroil CTOPOHBI, BEChbMa, CoJlepKaTeIbHON, 1O BKIIOUMIA B ce0sd,
KaK JaCTHBIE CJIy4Yal, BCE N3BECTHLIE [IOJIMHOMUAJILHbIC I KBAHTOBbIC NHBaAPUAHTDI
y370B. [Ipu sToM MHOrME dyHIAMEHTAJBLHBIE BOITPOCHI, BOSHUKINNE C CAMOTIO Ha-
JaJia, HaIlpuMep, BOITPOC O MOJTHOTE CUCTEMBI MTHBAPUAHTOB Bacuibesa 115 y3J10B,
OCTAIOTCA OTKPBITBIMU 110 Ceil JIeHb.

ObnapyKuaach CBsI3b 9TOH TEOPUHU C PA3JINIHBIMU 00JIACTIMU MAaTEeMATHKH: C
teopueii Yepua—Caiimonca, ¢ accormaropoMm [pundenbia (a gepes Hero ¢ teo-
pueil 4ynces1 B BiJie HAYKU O 3HAYCHUAX KPATHBIX ,Zl;SeTa—(byHKILI/If/'I), C TOIOJIOTUEI
TPEXMEPHBbIX MHOIooOpasuii, rje Obl1 cKoHcTpyupoBaH naBapuant LMO 1o o6-
pasiy mHrerpajia Konmesuda, u BooOIle, NHBApUAHThI KOHEYHOI'O THUIIA HadaJIN
HAXOJITh B CAMBIX PA3HBIX MecTaxX (IPUMEPOM UeMy SIBJIACTCS TaK HasblBaeMasi
UIpyIIedHasi TeOpUsi MHBAPUAHTOB KOHEUHOTO THUIIA, ONMCAHHAS B JINCCEPTAIINH ).

Taxmm obpazom, ncceOBaHu 10 NHBApUaHTaM KOHEYHOTI'O THIIA MOTYT UMETh

HNHTEpPECHDbIC IIPUJIO2KEHNA HE TOJILKO B caMoit TECOPpHUHU Y3JI0B, HO U B pa3/IMYHBIX



00J1aCTIX MaTeMATUKU.

Ilens paboThi. [lebio paboThl SBISAETCS NCC/IeI0BaHNIEe PA3JIMIHBIX CBOMCTB
NHBapuaHTOB BacuabeBa y3JI0B U 3allellJIeHnil, 0CHOBaAaHHOE Ha X WHTEPIIpeTaIlnn
IIPU ITOMOIIY KOMOMHATOPHBIX aJaredp, MOPOXKJAEHHBIX I'paaMu pa3IndHoro poja

C JIOHOJIHUTEJIbHBIMU CTPYKTYPaMU.

Metoamp! uccaegoBanmii. Moit 001l METO — 9TO U3BECTHDLIN MeTO[ Dilje-
pa, OCHOBaHHBII Ha N3y4YeHUN OOJIBINOIO YUC/Ia YACTHBIX CJIydaeB, 3aTeM (popMy-
JINPOBKE T'MIIOTE3bI, ITPOBEPKE ee Ha 0oJiee CJIOKHBIX CIydasdX M B KOHIE KOHIIOB
JIoKazaTeabcTBe. B OoJiee 4acTHOM BHUJIE, MHE IIPUIILIOCH HCIIOJIb30BATH METOIbI
aJIredparvecKoil TOIoJIOTNK, TaKue KakK diljiepoBa XapaKTepUCTUKY, Pa3HOTO pPO-
Jla [1epeCTPORKI MHOI00OPa3nii, KOMIIbIOTEPHYIO aJredpy, KOMOMHATOPHUKY JIHa-
rpamMm 1 T.II. B riaBe 2 npuiioch NpUMEHUTH OCHOBHBIE T€OPEMbI MaTeMaTH-
YeCKOro aHaJjn3a Ha MHOroodpasugax, Takue Kak TeopeMy DyOuHu u GopMmysty

Crokca.

TeopeTtuveckass U npakTu4deckasi IIeHHOCTb. Jluccepraius nMmeer Teope-
THYecKuii xapakrep. PazpaboTannbie B Helt METOMLI U MOJTYUYEHHBIE PE3YJIHTATHI
MOTYT OBITH TPUMEHEHb! JIJIsT U3YUYeHUs y3JI0B, 3allellJIEHNil, KOC U TPeXMePHBIX
MHoroobpaszuii. MarepuaJjbl guccepTaliiii MOTYT COCTABUTL COJAEprKaHue CIeIu-
AJILHBIX KYPCOB, JIJIsI CTYJIEHTOB U ACITIPAHTOB, 00YIaIONINXCs 0 CHEIUATbHOCTH

MaTeMaTuKa.

Hayuynass HoBu3Ha. B guccepranum mpejicTaBiieHbl CJIeIYIONNe HOBBIE Pe-

3ysbTaThl. (IlepeducsaioTest TOJIbKO Pe3yIbTaThl, OMyOJIMKOBAHHDIE B U3JIAHUSAX

3 crncka BAK).

1. JloxazaTenbcTBO IepBOIl HETPUBHAJIBLHOI BepXHEll OIEHKN Ha pa3MEepHOCTH
IIPOCTPAHCTBA MHBAPUAHTOB BacuibeBa MOCPEJICTBOM U3yUYeHUsT XPeOTOBBIX

muarpamm (pasgen 4.1).



10.

Beejienue nonsitust rpada nepecedenuii Xop1oBoit quarpamMmer (pasjen (pas-
aes1 3.1) 1 mojtydeHue ¢ ero moMOIIbIO TIePBO HETPUBUAJIbHOI HUYKHEl OlleH-

KN Ha pa3MEPHOCTL IIPOCTPaHCTBa NHBapUaHTOB Bacuibesa.

[Tonmyvenne cymneprnoiMHOMIAIBHON HUZKHEN OIeHKN Ha pa3MEePHOCTD ITPUMU-
TUBHOTI'O MPOCTPAHCTBA B aJredpe XOp/IOBLIX JJHarpaMM IIPH IIOMOIIN BECOBOIH

CHCTEMBI, TocTpoeHHoft o anrebpe JIu gly (pasmern 4.3).

[TonHoe J1O0Ka3aTe/IbcTBO TeopeMbl KoHIleBu4a 00 yHHUBEPCAJbLHOM HHBapU-
aHTe BacuibeBa ¢ 3amo/tHeHIEM BceX MPo0Oe/IoB OPUTHHAIBHOIO JOKa3aTe b

crBa (riaBa 2).

Beenenne u usyuenne KjieifiHOBbIX BecoBbIX cucreM (pasmen 3.5). Onncanne,

B CBSI3U C 9TUM, PA3JI0KUMBIX KOCOCUMMeTprieckux (yukuuii (pazmen 3.6).
Brejenne n usyuenne anrebpsl 3-rpacdos (paszgern 5.1).

[TocTpoenne Teopun «UrpymiednbiXy WHBAPUAHTOB BacuibeBa, B N3BECTHOM

CMBICJIE JIBOTICTBEHHON 00bIUHOf Teopun (paszmen 5.2).

ﬂOK&S&TeﬂbCTBO CylmieCTBOBaHMsA MHBapHUaHTaA BaCI/IﬂbeBa, pa3JjJandaromero

OPHUEHTAINIO JIBYXKOMITIOHEHTHBIX CTPYHHBIX 3areriennit (pasmesn 5.3).

Brorunciienne cumBoJia nojimHoMa KonBest Ha TPEXCTPYHHLBIX Kpalll€HbIX KO-
CaXx, IIOJIYYEHHOI'O C MCIIOJIb30BaHUEM KOPOTKOI'O 3aMbIKaHN KOC 1 Ppa3JI02Ke-

rng Marmyca (pasmgen 5.4).

KoMITbIOTepHO-BBIUNCIUTEIBHBIE DE3YJIBTATHE: (&) HAXOXKEHNEe CUCTEeMBI 00-
pazytonux ajaredpsl 3-rpados jo crenern 20 (myHkT 5.1), (6) HaxoXKTeHEE
3HaveHnit JIn-ajredpandecKnx BECOBBIX CUCTEM Ha 00pa3yIoIuX aaredp jaua-

rpamm fkobu (myskr 3.3), (B) stBHOE pasjiozkeHue Jjorapudma accoruaropa



Hpundenbia 1mo 6a3ucy cBodoHoit aaredps! JIu, cocrogmemy u3 cjios JIunH-
nona (yrnoMmunaercst B pasjene 5.4), (r) gokasareberso [peioxkenns 1 u3

pazjiena 9.3.

11. Nzo6pereHne JByX CIIOCOOOB BbIUMCJIEHUS IOJMHOMa KOHBes sl IapHBIX

y3s0B (paszer 5.6).

Amnpobarust paboTbel. Pe3yiibrarsl paboThl JTOKIAAbIBAINCH U 00CY K IAINCH
Ha CJIEJIYIONX KOH(MEPEHINAX U CeMUHAPaX: MEXKYHapOIHOI KOHMEepeHIun 110
Teopun y310B B yauBepcurere Bacona (Tokwuo, 1997); Ha 0OMIEUHCTUTYTCKOM Ce-
munape [TOMU nox pykosojcrom nipod. A.M.Bepmuka B 2002 u 2011 rojax;
na 3acejannun Mockosckoro Maremarndeckoro obmectBa B 1998 romy; Ha cemu-
nape W.P.ITacdbapesuya 8 MUIAH B 2010 rojy; Ha ceMuHape Ioj PyKOBOJICTBOM
M.Konnesnuaa n H.Hekpacosa (IHES, ®@panrust, 2007 rox), Ha cemMuHape Mo
pykoBosictBom B.M.Apnonbia B Mockse B 1995 rojy m Ha ero ke ceMuHape B
[Tapuxke B 2006 rojy; Ha ceMuHape MO KBAHTOBBIM T'PYIIIAM I10]I PYKOBOJICTBOM
Kaccens (Crpactypr, 2010 rox); wa obmuiemaremarndeckom cemutape Orcedop,i-

cKoro yusepcuteta B 1998 roay u ap.

IIy6nunkamuu. [Io Teme guccepramuu HamucaHo 26 padbot, B Tom uncie 10
paboT M3JAHBI B YKypHAJaX U APYIUX M3IaHUSIX, BXoasmmux B cuncok BAK, u 16
pabor B pounx u3ganusgx. (B mepeders BAK mbr Brirouaem nznanus [1,3,4,5,6,7],
KOTOpbIe BXOAAT B cucteMy nutupoBanus Web of Science: Science Citation Index
Expanded).

YKazKeM, KaKiue UMEHHO Pe3yJibTaThl IPUHAJIJIE’KAT aBTOPY B COBMECTHBIX Pa-
boTax.

B pabore [1| MHe npuHajie:KUT BBEJEHUE MOHITHS XPEOTOBBIX JIHATDAMM U
JIOKA3aTe/IbCTBO KJIIOUEBOI JIEMMbI; COABTOD 3aBEPIIIII JI0KA3ATEIHLCTBO OCHOBHOM

TEOPEMDI.



B pabore [2| s npuymast KOHCTPYKIHEO aaredpbl 3-rpadoB, JT0Ka3al KOPPEKT-
HOCTb YMHOYKEHUS B HEM, U3YUUJ CBA3L MEXKJIy NPOCTPAHCTBOM 3-rpacoB U u
MPUMHUTHBHBIM ITOITPOCTPAHCTBOM B ajredpe Xorda XOp/I0BbIX JUarpaMM U Mpo-
BeJI ICCJIe0BaHNE CTPYKTYPhI ajaredpbl 3-rpadoB B MaJIbIX CTEIICHSIX.

B pabote [3| MHe npuHaIIe:KUT UCXOIHAS UJesT PACCMOTPEHNUST ceMeficTBa «Oa-
IeTHBIX» JIMarpaMM U JIOKa3aTe/JIbCTBO KBaJIPATHIHON aCUMIITOTUYECKO OIEHKU
CHU3Y Ha pa3MepPHOCTU IIPUMUTHUBHBIX HHBAPHAHTOB BacuibeBa, panee omyoOJImKo-
BAHHOE MHOIO OTJIJIHO B TPYIaX MeKIlyHapoIHoi KoHbepennnu [14], a B nanHoOi
cTaTbe 0000IIEHHOe COBMECTHBIMI YCUINSIMI Ha, CJIydaii MHOIOYJIEHOB ITPOU3BOJIb-
HOIl CTeIleHN.

B pabore [4] Mue npuHaie:KUT HANMCAHIE OCHOBHOI YacTu pasjesos 1, 2 u
4, B KOTOPBIX 3aI0JIHEH PsiJl TPOOEIOB B NCXOHOM JI0Ka3aTeIbcTBe KoHiepmya.

B pabote [7| MHOIO 1eJIMKOM HAITICAHO JIOKA3aTEJIbCTBO B pa3sMepHOCTAX 1 1 2
(maparpadsr 2 u 3), a Takxke jgokazana jgemma 9 u3z naparpada 4.

B pabore 8] mue npunajyieskut hopMyJInpOBKa TEOPEMbBI U €€ [IEPBOe JI0Ka3a-
TEJILCTBO, & COABTOPY — BTOpOE (YIIPOIIEHHOE) JT0KA3aTEILCTBO.

B 1ukiie copmectHbix pabor [11-13] MHe nmpuHA Ie)KAT CIeIyoIne Pe3yIbTa-
Tol: (1) njest paceMoTpenust rpada mepecevdennit XOp/IoBbIX IHarpaMM B KOHTEKCTe
Teopun NHBapuaHTOB Bacuibesa, (2) mocTopoeHue mepBoro mpuMepa NHBaApUaHTa,
KOTOPBIii MpOIycKaeTcs depes rpadbl epecevdennii (OH TPONCXOIUT U3 XPOMATH-
9eCKOT0 MHOTOUJIeHa 9Toro rpada), (3) GopMyImpoBKa i JOKA3aTeIbCTBO 0000~
IMEHHOTO YeTHIPEXIIEHHOIO COOTHOIIEHUS JIJIT BECOBBIX chcTeM, (4) mosydeHne
HU>KHEI OIeHKM Ha Pa3sMepPHOCTH IIPOCTPAHCTB MHBApPUAHTOB BacuibeBa, OCHO-
BaHHOE Ha MCIIOJIb30BaHUU BECOBOI CHCTEMbI, BOBHUKAIOIIEH 13 XPOMATHIECKOIO

MHOTOYJICHA Tpada rmepecedeHmil.

CrpyKTypa u obbem auccepranuu. /luccepraiius w3joxKeHna Ha 237 cTpa-

HUIAX U COCTOUT U3 O IJIaB, BKJIIOYAas BBOJHYIO, Pa3dOUTLIX Ha 27 naparpados, u



CIICKa MCIOJb30BAHHON JINTEPATyphl, BKI0YAIONEro 123 HauMeHoBaHMSI.

COAEPXXK AHUNE INCCEPTALIN
I'naBa 1. BBeaenmne

DTa 1/1aBa HE COJIEPXKUT COOCTBEHHBIX PE3YJILTATOB aBTOPA M BKJIIOUCHA B TEKCT
TJTs1 BOSMOYKHOCTU aBTOHOMHOT'O UTEHUS JIUCCEPTAINN 1 e INHO00Pa3nsd TEPMITHOB
n oboznavenuit. B meit mpuBoATCS OCHOBHBIE ONIPEIeIeHUs 1 TEOPEMBI, Ha, KOTO-
pBIX Oa3mpyeTcs U3JI0XKeHe OCTaIbHbIX IIaB. [IpuBejieM cojep:kanue 3Toil ryiaBbl

1o naparpadan.

[Taparpadnr 1.1 «Mcropudeckne cBejiennsy u 1.2 «Y3/bl 1 UX WHBAPUAHTHI»
NMEIOT OOIEeoNncaTe/IbHbI XapakKTep, U Mbl HE CTaHEeM UX KOMMEHTHPOBATL B

HACTOSIIIIEM TEKCTE.

[Taparpadswr 1.3 «MuBapuanTsbl KoHeunoro tumas u 1.4 «Anrebpa Xopa0BbIX
JnarpaMM» UMeEIOT IEeHTPAIbHBIN XapaKTep JJIsi BBeIeH!s, IMEHHO 3/1eCh JIaf0TCs
OCHOBHBIE OTIpejie/ieHnst 1 (POPMYIUPYIOTCs TIaBHbIE TEOPEMBI BCEil TeOpHU.

st Toro, 9ToObI 1aTh ONpe/ie/ieHe MHBAPHAHTOB BacuibeBa, Mbl BBOJIUM TI0-
HATHE 0CODOTO y3J1a U MPOJIOJIZKaeM MHBAPUAHTHI, TIepBOHAYAIBLHO 3a/IaHHbIE Ha
OOBITHBIX y3JIaX, Ha MHOXKECTBO BCEX OCOOBIX y3J10B. Ocobvim Y3.40M HA3BIBAET-
csa ToajiKoe otobpazkenue K @ ST — R3 apigiomeecs BIoxKeHneM BCIOLY, KPOMe
KOHETHOT'O YHC/Ia [POCTHIX JBOWHBIX TOUEK (T.€. TOYeK TPAHCBEPCAJIBLHOTO CAMO-
Tepecevennsi).

MHuOo>KecTBO BCeX 0COOBIX Y3JIOB C 7 JIBOMHBIMU TOYKAMU, PACCMATPUBAEMBIX
C TOYHOCTBIO JIO M30TONUHU, Mbl 0bo3HaunM 4epe3d K,,. B gacraoctu, Ky — 310
MHOKECTBO (KJIACCOB 9KBUBAJIEHTHOCTH ) OOBIIHBIX y3J10B. BykBoii K 6e3 mHjekca
MBI OyjieM 0003HaUYaTh 00beanHeHne Beex ICy,.

ITycts f : Ky — C — HexoTOpblil nHBapUaHT y3J10B. [Ipodosscenue uneapu-

arma f na ocobvie yaav, — 310 byuxnus f: K — C, copuajatomas va Ky ¢ f u



YAOBJIETBOPAIOIIaAd cxetin-coomuowernuro Bacuavesa

) = 1300 = 130,

Omnpenenenune. Oynkius [ : Ky — C mazpsaerca unsapuarmom Bacuavesa
nopsiKa (Win crernern) < n, eCIn ee MpoJ0JKeHNe Ha MHOYKECTBO OCOOBIX Y3JI0B
obpalraeTcs B HyJIb Ha BCeX y3J1ax, UMEIONX 06ojiee ueM 1 TOUeK caMoriepeceyde-
HUS.

OkasbIBaeTcst, 9T0 B BeKTOpHOM TipoctpancTse A = &2 (V,,/V,,_1 ectb ymHO-
JKeHHe 1 KOyYMHOKeHHe (YMHOYKEeHHe JlazKe JIByX eCTeCTBEHHbIX BUJIOB), U 9TO PO~
CTPAHCTBO JIOIYCKAET OIUCaHUe B TepMUHaX (&) XOpJOBbIX juarpamm, (6) ana-
rpamm Qefinmana, (B) anarpamm Koo,

Mur1 copmysupyem errie pyHaMeHTaIbHY IO TEOPEMY T€OPUN NHBAPUAHTOB KO-
HEIHOI'O THUIIA, KOTOPAasi CBOAUT TOIOJOITYECKIE BOIIPOCHI B 3HAUNTEILHOI cTere-
HI K KoMOMHATOpHUKe quarpamm. [loj eecosoti cucmemoti moHnMaeTcs JTMHEeHbII

dbyHKIMoHa Ha pocTpancTBe A (Win Ha ee OJIHOPOJIHON KOMITOHEHTE).

Teopema 1.2

(1) (B. Bacuibes) Besikast BecoBast cucTeMa yIoBIeTBOPSIET

(a) omuowrennbiM cootrommenusam: f(D) = 0 g moboit nuarpammsr D, co-
JIepIKAINeil N30MPOBAHHYIO XOPJLY, TO €CTh XOPJY, He MePeCeKaIoN[yIo HIKAKNIX

JIPYTUX XOP/I.

(6) YeTbIpexwIEHHBIM COOTHOIIECHUSIM

FO) = TN + FEP) = FE D) =0 (1)

(urypupyroriue 3/1ech XOpPIOBBIE AUAPAMMBI OTJIMIAIOTCS JIPYT OT JIpyTa MOJI0-
JKeHUeM OJTHOI XOPJIbl; TIpeIoaraeTcs, YTO K MyHKTUPHBIM yYacTKaM OKPYKHO-

CTH MOKeT OBbIThH IPUJIOXKEH JII000i HADOP XOPJI, OJUH U TOT K€ BO BCEX UEThIPEX



CITyIastX ).
(2) (M. Konneuu) Jlobast byHKIMsT Ha MHOXKECTBE XOPJIOBBIX JIHATDAMM CTe-
TIEHI M,, YIOBJETBOPSIIOIIas a) u 6), MPOUCXOJAUT U3 HEKOTOPOro MHBapuaHTa Ba-

CIJIbEBa MOPSJIKa < M.

[Taparpad 1.5 «OcHoBHbIe pe3ysbrarsl guccepraiiuny. (CIHCOK TPUBE/IECH Bb-

1e, 10/ 3ar0JIOBKOM «HaydHAsT HOBU3HAY. )
I'maBa 2. Unterpana Konmnesuya

Bo BTOpOIi ri1aBe j1aeTcs noApoOHOe J0Ka3aTe/IbCTBO (DYyHIaMEHTAIbHO Teope-
Mbl BacuibeBa—Konrmesuya. /lesio B Tom, aTo cam Konrmesnd B cBoeit opurnuasib-
HoiT ryOmkamu 1993 rojga orpaHnydmiIcs UL HAOPOCKOM JoKa3aTebecTBa. [lep-
BOE TIOJTHOE WMCCJeIoBaHne CBOMCTB mHTerpaJsia Konmesnda n 1oka3aTebcTBO €ro
YHUBEPCaJbHOCTH Cpe/ii nHBapuaHToB BacuibeBa ObL10 j1aHo B ctaThe C.UmyToBa
u aBropa [3|, Buagase Boimemeit B 1997 roqy kak npenpuHT nHCTHTYTa Makca
[Lnanka. B HaCTOsIIEM U3/I02KEHIN MBI CJIe/lyeM B OCHOBHOM TeKcTy KHuUrH [26], B

KOTOPOM KCIIPABJIEHBI HEKOTOPbIE OIPeXU CTaTbu (3.

B naparpade 2.1 «IIpocreitmuii marerpas tuna Konmesndas Gopmyanpyercs
1 JIOKa3bIBACTCs MpUHaJIeXKalad aBropy Teopema 2.1, garoriasi HHTEIPAJIbHYIO
dopmyity s KoaddummenTa 3alenjieHns JIByX KpUBbIX B mpocTpancTse. Hacro-
sl naTerpas Konmesmnda npejacrasiigeT coOoil Jaaeko nuiyiiee 06001IeHne 3Toi

TEOPEMBI.

B cnemytomem paszesie 2.2 « KOHCTpYKIUA 1 OCHOBHBIE CBOMICTBa» JIa€TCs OITpe-
neslenne nnrerpaJia Konmesnda, KOTOPoe BMeCTe ¢ HEOOXOIMMBIMU KOMMEHTAPH-

SIMI 3aHIMAET HECKOJIbKO cTpaHuIl. MbI mpuBeieM 3/1eCh TOJILKO UTOTOBYIO (hop-
MYJLY:

Onpenenenune. Hnumeepasr Konuesuua ysna K — 9T0 ciieyommil 3/1eMeHT
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rorosineHust A ajaredpbl XOPIOBBIX JHarpaMM:

2= [ > une AT

m=0

tmin<t1<"'<tm<tmax

t] HEKPpUTHYIECKUEe

OxkasbIBaeTcs, 9To I8 KOPPEKTHOTO oOpallennst ¢ unrerpajoMm KoHrmeBnda
T10JIC3HO PACIINPHUTE €T OIIpejieJeHne Ha ITPOM3BOAbHBIC CBA3KH B R3, TO ecTh
Ha OJIHOMEPHBbIE MHOI00Opa3us, MOMEIIeHHbIe B HEKOTOPBIN KOODJIMHATHBIN I1a-
paJeenuie]] Tak, 9To TPAHUIA MOXKET BBIXOJWTH TOJHKO Ha TOPU30HTAJIbHBIE
OCHOBaHWUs, TIpuieM TpaHcBepcaabHo. B maparpade 2.3 «Muarerpan Konmesnya

HJI CBA30K» H3Jlala€TCd COOTBETCTBYIOIIaA TEOPUA.

B caenyromiem pazjese 2.4 «CXoquMOCTb HHTerpajiay JI0Ka3aHo IPeI0yKeHne
2.3 0 cXoIMMOCTHU MHTerpaJia KoHneBnda ajisi TPOM3BOJIbHBIX CTPOIO0 MOPCOBCKMX

CBA30K.

Hasee, naparpad 2.5 mocBsilieH MHBaAPpUAHTHOCTU HHTerpaJia KoHiesmda. A
UMEHHO, 3Jlech JJ0Ka3aHa TeopeMa 2.2:
Hrmeepas Konuyesuua ne mensemes npu depopmanuts ysaa 6 kaacce (Heobs-

3amMmenvHo cmpoeo) MOPCOBCRUT Y3N06.

B pasjene 2.6 Mbl jjoKa3biBaeM, 4TO UHTerpa KoHIieBnda y3jia JJOMHOXKAETCs
Ha HEKOTOPBIl (pUKCUPOBaHHBIN MHOYKUTE/Ib IIPU U3MEHEHUHN Ha JIBa KOJNIECTBA
KPUTHYECKUX TOYEK. ITOT MHOXKHUTEJb IPEJICTaBJISET CO0OI TakK Ha3bIBaeMBbIii
nHTerpaj KoHieBundya oT Heysja, TO €CTh OT TPUBHUAJIBHOTO y3J1a, BJIOXKEHHOI'O
B IIPOCTPAHCTBO C JIBYMsI MAaKCUMyMaMH M JBYMsl MUHUMyMaMH. DTO CBOHCTBO
IIO3BOJINT HaM B CJIeJIYIOIIEeM Haparpade IoCTPOUTh «OKOHYATEIbHBII» NHTerpaJl

Konrnesnya, gBIAOMNIICA HACTOSBITNM THBAPUAHTOM Y3JI0B.
Haxkomerr, B 3ak/i0unTe/ IbHOM Taparpade 2.7 BTOpoii T/IaBbl Ha OCHOBAHUN W3-
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JIOYKEHHOI'O BBIIIE CTPOUTCS YHUBEPCAIbHBIN HHBapUaHT BacuibeBa, KOTOPBIi M0~
Jydaercs jejennemM B ajarebpe psiioB A wmHTerpasa Konnesnda jganHOrO y3i1a
Z(K) na epakenne Z(H)? rne H — TpUBHAIBHbI Y3€J1, BIOKEHHBIH B IIPO-
CTPAHCTBO C JBYMsI MAKCUMyMaMU ¥ JABYMs MUHUMYMAaMI, & ¢ — YUCJIO KPUTHIe-
CKUX TOYEK MCXOJHOro Biioxkenus ysia K. Torosas Teopema 2.4 3ByUnUT Tak:
Ynusepcarvnud unsapuanm Bacuavesa I obaadaem 6 mounocmu maxot oce
Cun0Tl, KK COBOKYNHOCTG BCET (KOMNACKCHOZHAYHVLT ) UHapuaHmos Bacuavesa:

o mobovix deyx ys3roe Ky u Ko evinosnsemes ax6u8aAeHMMHOCTIG

](Kl) = ](KQ) — Yovey U(Kl) = U(KQ).

I'maBa 3. KoHCTpYKIIuM BECOBBIX CHUCTEM

B »s7oil ry1aBe uzjiaraloTcs pasndHble KOHCTPYKIIMH BECOBBIX CHCTEM JJIsl MH-
BapuaHTOB Bacuibesa y3/0B u 3aneniennii. Hekoropble n3 HUX IpUHA/JIEKAT
nemkoM aBropy (maparpadsr 3.1, 3.5 u 3.6). OcrajbHble BOCXOJAAT K paboTam
M.Konnesnda, HO B JIJAaHHOM TEKCTe CUJIbHO IepepaboTaHbl JIIsd cjydast YHUBEP-
caJIbHOI 00epTHIBAIONICH U CUMMETPUUECKO aareOpbl st ajaredpb! JIu mosrHol

MAaTPUYIHON I'PYIIIBI, & TaKKe €€ TeH30PHbBIX CTEIeHeil.

B naparpade 3.1 «IlocTpoenne BecoBbIX cucteMm 110 rpady nepecedeHnii Xop1o-
BOIl JIMarpaMMbly H3JIaraeTcs NpUHaJIerkallas aBTopy KOHCTpykKiud 1992 rosa
IIOCTPOEHUST BECOBOI CHUCTEMBI IIPU IIOMOIIN XPOMATHIECKOTO MHOrOU/IeHa Ipada

[epecevyeHuii.

B cienytonux tpex naparpadax (3.2, 3.3, 3.4) usjmaraiTcs Crocodbl mocTpoe-
HUS BECOBBIX CHCTEM COOTBETCTBEHHO JIJIs aIreOPhI XOPJOBBIX JUarpaMM, ajreo-
poI guarpamm @eitamana 1 aaredpol guarpamm fAxkoou. OcHoBomoIaraonme uien

3J1eCh TPUHAJIEXKAT, KaK g yzke ropopu, M.Konmnesnuuy; aBTopy mpnnajiesKnuT
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sgBHAs CHelUaJn3aIys o0NmX KOHCTPpYKInii st aiaredpa JIu gly.

B naparpade 3.5 «KeliHOBbI BecoBble CUCTEMbBI» U3JIaraeTcsd OpUrnHaIbHAs
KOHCTPYKIIUSI aBTOPa BECOBBLIX CHUCTEM, OCHOBAaHHAS Ha APYTIUX IPUHIMIIAX, UeM
CHCTEMBbI, TPOUCXOJIAIINE U3 MeTPpU30BaHHbIX ajreOp Jlu. (Bamernm, 410 MCxXO/I-
Hasl UJIesl, [OCY>KUBIIAsh TOJIKOM JIJIsl 9TUX HCCJIeI0BaHNIL, HalijeHa aBTOPOM B
osiHoOIt HeomybmKoBarHOM pykorcn F0.B.Marusicesuua.) JIoborbrrHo, aro 3a 10
JIET, TIPOIICIINX C BBEJICHUS KJICITHOBBIX BECOBBIX CHUCTEM, HUKOMY TaK U HeE yjia-
JIOCh JIOKa3aTh UX CBOJMMOCTb K JIum-ajrebpamdeckum cucremMam. B dacTHOCTH,
OCTAETCsT HESICHBIM, MOTYT JIM TAKHe CHCTEMbI PA3/TMIaTh OPUEHTAINIO Y3JI0B (9TO
OJIHA U3 TJIABHBIX OTKPBITHIX MPOOJIEM B T€OPUH WHBAPHAHTOB Bacuibesa).

Haxkoner, mocaeannit pasmen qanHoil riraBsl 3.6 « PazmoKuMbie KOCOCHMMETPH-
yeckne (PYHKINN» BO3HUK B IOIBITKE 0000IIUTH OJUH BCIIOMOTATeIbHBII pe3yJib-
TaT U3 HPEJIbIIYIIEro pa3jesia. A IMEeHHO,3/1eCh JaeTcsd KPUTepUii, BO BHyTPEHHIX
TepMHUHAX, B KAKOM CJIydae JIaHHash KOCOCHMMeTpHrdecKas (PYHKINsST HECKOJbKUX
IIepeMEHHBIX MOKET OBITH IIPEJICTaBICHA B BUJIE OIIPEICINTEsI HECKOJIbLKIX (DYHK-

nuit ouoit mepemennoii (Teopema 3.6).
I'maBa 4. OneHku pa3MepHOCTell IPOCTPAHCTB UHBAPUAHTOB

Kaxk U3BECTHO, TOYHbLIE PAaSMEPHOCTHU IIPOCTPaHCTB HHBaApPUaHTOB Bacuibesa
JJIAd Y3JI0B U3BECTHBLI TOJIBKO A0 CTEIICHU 12, a4 JJId aCUMIITOTUKN 9TOI pa3Mep-
HOCTHU, KOI'/la CTEII€EHb CTPEMUTCIA K 66CKOH€‘IHOCTI/I, N3BCCTHLI JINIIb HUXKHUEC U
BEPXHHE OIICHKMU. K YCTaHOBJIEHNUIO U ITOCTCIICHHOMY YCHUJICHUIO 9TUX OICHOK IIpU-
JIOZKMJIN PYKY MHOI'M€ MaTEMaTUKH. B HaCTOHH_[eﬁ IJlaBE OTpazKeH JIMYHBIIA BKJIa /]

aBTOpa B 3Ty ACATEJIIbHOCTD.

[Taparpad 4.1 «O1enka cBepxy i pa3MEPHOCTH ITPOCTPAHCTB XOP/IOBBIX JINa-
rpaMM». 3J1eCh M3Jaraercs CoBMeCTHBII pe3ysbrar apropa u C.B.YmyToBa 1994

roja [1], ¥To pasmepHocTu moCIEI0BATEIBHBIX (DAKTOPOB MPOCTPAHCTB WHBAPU-
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anToB Bacuibesa onenusatores tak: dim V,,/V, 1 < (n—1)!. Ha ror MmomenT 310

ObLIa HanJly4lllad U3BECTHad OIEHKa, BIIOCJICACTBUN HECKOJIBKO pa3 YJIyHdIIEeHHasd.

[Taparpad 4.2 «Humxknsisi oneHka Ha OCHOBE BECOBBIX CHCTEM, OIIPEJIE/IsieMbIX
rpagoM 1epecedeHuity. 3J1eCh JIOKa3aHa TeopeMa O CYIIECTBOBAHUKM B KarKIOii
pPasMepHOCTH XOTs ObI OJHOI HEHYJIEeBOW OJHOPOIHON BecoBoOii cucteMbl. OTCro-
Jla yzKe, 10 OOIIMM CBOMCTBaM CBOOOJHBIX ITOJMHOMUAJIBHBIX ajredp, BhITEKAET
ACHMIITOTHYICCKAs HIDKHSISL OIeHKa THia Xapin-Pavanyipkana eV Ha pasmep-

HOCTH OJIHOPOJIHBIX KOMIIOHEHT aJireOpbl XOpJIoBbIX juarpaMM dim A,,.

B naparpade 4.3 «Huzxasist orieHKa Ha OCHOBE BECOBBIX CUCTEM, CTPOSIIIXCS 110
asirebpam JIm» MBI HCITOTb3YeM BECOBYIO CHCTEMY JIJIsl areOphl Juarpamm fxkobm
CO 3HAYEHUSAMHU B CUMMETPUUECKOIl ajredpe mpocTpancTBa gly JI/ist TOro, 4ToOb!
JI0Ka3aTh, YTO PA3MEPHOCTH MOAIIPOCTPAHCTB IPUMUTUBHBIX 3JIEMEHTOB aJIreOPhI
Xonda guarpamm Axobu P,(B) pacrer acuMnTorndecku obicTpee JIEOOro Moji-
HOMA. DTO JIeJIaeTCsl sIBHBIM IIPE/IbsiBJIEHIEM JIOCTATOYHO OOJIBIIONO ceMeiicTBa
JIMarpaMM 1 JIOKa3aTeJIbCTBOM UX JIMHEHHOW He3aBUCUMOCTHU IPU MOMOIIU HEKO-
Topoil crenuaiuzanun gly-BecoBoil cucreMbl. Bekope 1ociie Harucanus Halei
crarbu O. Jlacbax yJrydiina Halll pe3y/abTaT HaIIIM »Ke METOJOM: OH IIPOCTO pac-
CMOTDpeJI JIpyroe, OoJiee yradHoe cemMeiicTBo juarpamm flkodu. B urore mosyden
MUPOBOII PEKOP/I Ha HUXKHIOID aCUMIITOTHIECKYIO OIEHKY, KOTOPBIH AeP:KUTC 1

10 ceil JIeHb.
I'nmaBa 5. Pasnoe

B 3T0it r1aBe paccMaTpUBaeTCA U PENIAeTCs PsiJl PA3PO3HEHHBIX MTPOOJIEM, TaK

NJIM MHAYe CBA3aHHBIX ¢ KOMOMHATOPUKOI MHBapuaHTOB Bacuibena.

B nepom maparpade 5.1 jaHHO TJ1aBbl CTPOUTCS HEKash KOMMYTATHUBHasl U

accoluaTuBHas ajrebpa, MOPOXKJIEHHAasT OJHOPOIHBIMI TPeXBaJIeHTHLIMU rpada-

14



MU I10 MOAYJIIO OIIpE€AEJICHHOI'O poda COOTHOHIGHI/II;’I, 1 yCTaHaBJIMBa€TCsA €€ CBA3b C
pPa3JIM9YHbIMNA O6”b€KTaMI/I7 B 9aCTHOCTH, C IPUMUTUBHBLIM IIOAIIPOCTPAHCTBOM IIPO-

CTpaHCTBa MHBapHUaHTOB Bacuibesa u ¢ TeOpeMOﬁ 04 KpacCKax.

B paszzaesne 5.2 MBI cTpOUM <«HI'DPYIIEYHYIO TEOPUIO MHBapUaHTOB Bacuibesay,
TO €CTh TEOPUIO0 HHBAPUAHTOB KOHETHOTO TUIIA HE JJIsT Y3JI0B (BJIOXKEHHiT TIPSMOii
B R"™), a st koysnoB (runeproBepxHocreil B R", KoTOpble Mbl IPECTAB/ISEM
cebe kak MHO)KecTBa ypoBHs {f = 0} rmagxkux dynknnii, #He nmeonwx B 0 Kpu-
THYECKON TOUYKU. IDTa TEOpus JOBOJUTCS JIO KOHIIA B ciydasax n = 1,2, 3 u jaer
IIOJIHOE OIKCaHNe aaredPhl THBAPUAHTOB KOHEYHOI'O THUIIA: B KAXKJIOM U3 TPEX STUX
CJIydaeB oHa OKa3bIBAETCs aJredpoil MOJMHOMOB OT O/IHO obpasyioreil. B qact-
HOCTH, OHa He pazjimydaeT TOJbKO 3iljlepoBa XapaKTepPUCTUKY B pa3MEPHOCTH 3, 3a
YTO MBI I Ha3BaJU 3Ty TECOPHUIO «UTPYyIIeUHOli». BripoueMm, JoKa3aTeabCTBa BCEX

HGO6XO,HI/IMI>IX YTBep)K,HeHI/Iﬁ OKa3aJlMChb BIIOJIHE HETPUBHUAJILHBI.

Caenyromuit naparpad «OpuenTalins 3alell/leHnii 1 HUHBAPpUAHThI KOHEIHOI'O
THUITa» BO3HUK W3 HAIINX IMOMBITOK PEITUTH MPOOJIEMY CYIIeCTBOBAHUS MHBAPHAH-
ToB BacuibeBa y3/10B, pa3imdaioniux odbpalieHrne OprueHTalun. DTy IPo0IeMy Mbl
TaK 1 He PENIUIN, HO 3aTO JIAJII [IEPBOE CTPOroe JIOKA3aTEILCTBO TOI0, YTO aHAJIO-
rudHas mpobJjieMa nMeeT MOJIOXKUTEIbHOE PelleHrne B CJIydae JBYXKOMIIOHEHTHBIX

CTPYHHBIX 3alleIlJICHUIL.

Teopema 5.5. Cywecmeyem unsapuanm Bacuavesa f nopadka, we npe-
socxodawe20 7, u dsyrkomnonenmmoe cmpyrroe 3auenserue L, marue, wmo
f(LY) # f(L).

DTa TeopeMa JIoKa3aHa, JIByMsi CIIOCOOAMU, OJUH ITPUHAJIICIKUT TIEPBOMY aBTO-

Py, BTOPOIl — BTOPOMY.

B naparpade 5.4 «Paznoxkenne Marayca u nonmaoMm Konpest» pedb mjer o

caejyromieM uccienoBannn. Pazjioxkenne Marnyca mpejcrapisieT coboil yHUBEP-
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CaJIbHBIN MHBAPUAHT KOHEUHOT'O THITa, KPAIIEHbIX KOC CO 3HAYECHUSIMU B ITPOCTPAH-
CTBE IOPU30HTAJILHBIX XOPJOBBIX Juarpamm. Kommosuus mHorodiena Konpes
¢ oToOparkeHneM KOPOTKOT'O 3aMbIKaHUsI KOC B y3JIbl TIOPOXK/IaeT CEePUI0 MHBAPH-
AHTOB KOHEYHOI'0 THIIA KpAaIeHbIX KOC U, CJIEJ0BATEJILHO, MPOIYCKAeTCs depes
paszsioxkerre Marayca. Mbl SBHO omMChIBaEM I0OJIyvdaeMoe 0TOOpaykKeHne Tropu30H-
TaJbHBIX XOPJIOBLIX JUATIPAMM B 11€JIOUNCIEHHbIE MHOT'OUJIEHBI OT OJ[HOI ITIepeMeH-
HOII M BBIYMCJISIEM €ro 3HadeHue Ha accorumarope JIpundesbia, oka3blBaloeecs
3aMedaTe/IbHBIM OECKOHETHBIM PsIJIOM, KO(DhDUIIHEHTBl KOTOPOro CyTh (TUIIOTe-
TUYECKN) AJbTePHIPOBAHHBIE CYyMMbI KPATHBIX J[3eTa~-3HAUCHNIT.

KopoTkoe 3aMblKaH#e OPOKIaeT 0ToOPazKeHne U3 IPYIIIbl KPalleHbIX KOC BO
MHOKECTBO (TOIOJIOTHYECKUX TUIIOB) OPUEHTHPOBAHHBIX Y3JI0B. Besgkuii nHBapu-
aHT BacuibeBa y3/10B MOYKHO IIPEBPATUTH, TAKUM 00Pa30M, B MHBAPUAHT KOHEUHO-
ro TUIa KpanieHbix Koc. CyIecTByeT YyHUBEpCabHbII MHBAPUAHT KOHEYHOTO TUIIA
KpallleHbIX KOC, 3aJlaBaeMblii pasjoxkenunem Marnyca. B sToit ctarbe Mbl gajuM
SIBHOE OlucaHne (4depe3 3HaUYeHUsl Ha OA3UCHBIX 3JIEMEHTAX) OTOOPAYKEHUsT T1PO-
CTPAHCTBA TOPU30HTAJBHBIX XOPJOBBIX JHArpAMM Ha TPEX HUTSIX, MOJIYdaeMOro
[P [IPOIYCKAHUN MHOro4ieHa KoHBest, IepeHeceHHOTO Ha KOChI, Yepe3 Pas3J/ioyKe-

nne Marnyca.

B pazunene 5.5 «/lokazareabcTBo rumoresbl IIMUTHIIKOrO O HapHBIX IUa-
rpaMMax» JOKa3aHa IHIIOTe3a, BbICKA3AHHAS N3BECTHBIM MaTeMaTHKoM Jlozedom
[TmuTsinkuMm B 1987 rogy n mpoctosBinas oTKpeITOi 24 roma. [TmuTeinkmit mpe-
IIOJIOYKIJI, YTO HEKOTOPbIE Y3JIbl HEBO3MOXKHO IIPEJICTABUTH TaK Ha3bIBAECMbIMU
mapHeiMi (matched) guarpaMmamit, TO €CTh IJIOCKUME JHArpaMMaMi, Bce Tepe-
KPECTKH KOTOPBIX PasbUThl Ha Hapbl IpoCTeiiiero Buja (KBajapar obpasyorieii
IPYIIIBI KOC HA JIBYX HUTsIX). MbI JOKA3bIBAEM, UTO TAKIM CBOHCTBOM 00JIa/Iaer,
HarpuMep, Kpenjeabubiil y3ea P(3,3,—3). [eno B ToMm, 4T0 ero BTOpOil mieas

AJlexcanjiepa OPOXKIeH B KoJlblle MHoroueHos Jlopana Z[t, t~1] snemenramu 3
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nt+ 1 u He MOXKeT ObITh TTOPOXKJIEH MHOTOUJIEHAMU OT KOHBEEBCKOI ITepeMeHHOl

22 = t+t71 — 2, Torna Kak mobasd mapHas JAHAPAMMA MO3BOJISET ITOCTPOUTD

ClienqraJIbHYIO MaTpHUIy AHGKC&H,ILGP&, 3aBUCAILYIO TOJILKO OT 22.

Haxowner, B nocyennem naparpade 5.6 «AJropuT™ BbBIYHCIEHUsT TTOJUHOMA
Konses 1o aBy10/1bHOMY T'pady», TEMATUUECKN CBABAHHOMY C IPEJIbIIYIINM, MbI
OIMCBIBAEM W JIOKA3bIBAaeM JIBa JIFOOOIBITHBIX aJITOPUTMa BBIYUCIECHUS MTOJTUHOMA
KouBest jijis1 y3/10B, UMEIOIMNX HAPHYIO juarpammy. OKa3bBaeTcst, /s TAKUX y3-
JIOB TIOJINHOM KOHBesI MOYKHO CUNTHIBATEL HEIIOCPEJICTBEHHO C (JIBY/I0JIBHOIO OCHA~

meHHOPo) rpada repecedeHnii COOTBETCTBYIONIEH XOPA0BOIi JIarpaMMbl.
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