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AnHoTanus

B pabore merom MomeabHON TOBEPXHOCTH MPUMEHSIETCH K ITPOU3-
BosibHBIM C' R-MHOr006pa3usiM KoHEUHOTo Tuia 1o biymy-I'pamy. Ho-
Ka3aH HAOOD OCHOBHBIX yTBepxKaeHuil. /lokazano Takxke, 9TO Jjid MO-
JIeJIbHON TIOBEPXHOCTH MOCTOsTHCTBO Baiym-1"pam-Tuna - 3o kpurepnii
roJoMOPMHON OTHOPOAHOCTH. BBISBIAEHBI OTJIMYUASA OT Pa30bpPaHHOTO
paree ciaydas kecTkux mogesneii. ChopMyanpoBana cepusi BOIMIPOCOB
U THTIOTES.

1.BBenenue

Ha sape CR-reomerpun A.llyankape [1|, npumensisi ¢BOIO TeXHUKY pa-
00Tl ¢ POpPMATBLHBIMU CTENEHHBIMU DsJIAME, UCCIEI0BA CBOWCTBA POCT-
Ka BELIeCTBeHHON T'MIePIOBEPXHOCTH ABYMEPHOI'0 KOMILJIEKCHOI'O IPOCTPaH-
CTBa, WHBAPUAHTHBIE OTHOCHTETHHO TOJIOMODMHBIX mpeobpazoBanmii. [Ipu
9TOM BBISICHIJIOCH, YTO KJIIOYOM K MOHUMAHUIO CUTYAIUU SBJIAETCI POCTOK
3-MepHO# cdepbl, KOTOPBIH 001a7aeT PAIOM dKCTpeMaabHBIX cBoiicTB. Ha-
npumep, ero 8-mepHasi JOKajbHas IPyIIa TI'oJIOMOPGHBIX aBTOMOPMOU3MOB
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MMeeT MAKCHMAJIBHYIO PAa3MEPHOCTb, €CJIH He OpaTh B PACUET TUIEPILIOC-
KOCTb, I'DYIIA KOTOPOil GeCKOHeYHOMEPHA. Y PaBHEHHsI POCTKA HEBbIPOZKICH-
Hoit rumiepriosepxuocTi B C? ( KoOpAMHATH (2, W = 441 v)) MOKHO 3aIuCaTh
B BHJIE

v = \z|2 + 4sensl Gosiee BHICOKHX CTeIeHeit

[Ipy 5TOM TUNMEPNOBEPXHOCTL {v = |2|?} - TPOEKTUBHO SKBUBAJCHTHASA CTaH-
napruoii cdepe {|z|? + |w|* = 1} - 310 U ecTb HaNIA MOJIEJIbHASA THIIEPIIO-
BEPXHOCTb.

Brioce icTBumM 3TOT MOAX0 PA3BUBAJICA U YCIIEITHO TPUMEHSLICA /I U3Y-
gerusi C'R-MHOrooGpasuii pasindHbIX pasMepHOCTeil [2| u KopazmepHOCTei
|3]. TIpu sTOM MOIE/NbHAST TTOBEPXHOCTH - AHAJIOT C¢hepbl - HEKOTOPBIM 00pa-
30M Mo udunmpoBaiack. B [4] aror noaxon (MeTos MO/IeJbHOM MOBEPXHOCTH)
ObLT peaJnu30BaH JJIs MPOU3BOILHOIO BEIIECTBEHHOTO POCTKA, OOIIEro moJio-
JKeHust (TP YCJIOBUM TTOJHOW HEBBIPOZKIEHHOCTH ).

Henasuo B paGorax Ca63esapu, Crupo [5] u ['peroposuda [6] 6bL1a qoKa-
3aHa g,-runores3a. T.e. GBLIO JTOKA3aHO, YTO CTAOUIU3ATOP HAYAIA KOODJIH-
HaT BIIOJIHE HEBBIPOXKJIEHHON MO/IE/ILHON 1TOBEPXHOCTHU CTApIIEro Beca 00Jib-
1Ie, 4em J(Ba He COJAECPKHUT HeJMHeHHbIX nmpeobpasopannii. Mnade 310 MOXKHO
BbIPa3uTh Tak. [loganrebpa g, moJeil MOIOKATEALHOTO Beca B aaredpe JIn
UHPUHATE3UMAIBHBIX aBTOMOP(MHU3MOB - TpuBUaJbHa. [Ipu 3TOM OTMeTHM,
YTO €CJIM OTKA3AThCA OT YCJIOBUS MOJHOM HEBBIPOXKIEHHOCTH, TO 9TO HE TaK.
Hanpumep {v = |z|*} - runepnosepxnocts B C? ¢o cTapImuM BecoM 9eThIpe u
HeTPHUBHAJIBHOI 1101are0poii ¢ . Cepust MHTEPECHBIX PUMEPOB C ¢4 HPOU3-
BOJIBHOTO TIOJIOXKUTEIHLHOTO BECa COMEPKUTCA B yyKe IUTHPOBAHHON pabore
6]

ITociie pokaszareabcTBa IHIOTE3BI BO3POC MHTEPEC K PACIPOCTPAHEHHIO
METO/Ia MOJEJIbHON MoBepXHOCTH Ha KJacchl C' R-MHOr006pas3uii, BHIXOAAIIIIE
38 PAMKH BIIOJTHE HEBBIPOZKJIEHHBIX MHOroobpasuii. Takum ecrecTBeHHBIM
panImpeHreM KJAcca BIOJHE HEeBBIPOKJACHHBIX MHOT000PA3nil ABJIAIOTCS MO-
poxknatomme C'R-mHOr006pasmns Konewnoro tuma. B pabore [12] mporpamma
METO/Ia MOJIEIBLHOM MOBEPXHOCTH ObLIA peaTn30BaHa JIJisk MHOr0OOpasuii mpo-
U3BOJILHOIO KOHEYHOr0 THIIa 10 birymy-I"psmy, HO ¢ HEKOTOPBIM, JOCTATOYHO
00pPEMEHUTEILHBIM, JIOIOJHUTEILHBIM YCI0BUeM. Pedb 1m1a 0 MHOroobpasu-
X, Ibsl MOJEAbHAS MOBEPXHOCTH 00181418 YCJIOBIEM KEeCTKOCTH. B J1anHoi
paboTe MBI OCBOOOJMMCS OT 3TOrO YCJIOBHSA W PACCMOTPHUM HMPOU3BOJIbLHBIE
MHOroo6pas3ust KOHEYHOro Tuna. Ilpu 3ToM cyIiecTeHHOR I HAIIEro ’3J10-
KeHUs ABJsieTcst Teopema Biayma-I'pama [8], KoTopasi ¢BA3BIBAET JBE TOYKU



3peHns Ha THI PocTKa C' R-MHOTOOOpA3Us: TEOMETPHYECKYIO (MOJIsT B KOMMY-
TATOPHI) M AHAJUTHYIECKYIO (KOODJMHATHI W ypaBHeHUs). B manHoii pabore
MBI OyeM, 1O TPEUMYIIECTBY, UMETh JIeJI0 C AHAJNTHYECKAM OTPEIeJIeHIEM
tuna (em.1.2). s ynobeTBa autaTesis MPUBEIeM 3/IeCh er0 FeOMeTPHIECKOe
oupeJe/IeHne.

[Tycte M - tmagkoe nopozxaaroriee C' R-mmoaMHOro0o0pasne KOMILIEKCHO-
ro JIMHEWHOTO MPOCTpaHCTBa Kopasmepuoctn K > 1, n > 1 - pa3mepHOCTH
KOMILIEKCHOM KacaresabHoit, & € M. Ilycts Dy - 310 pacupejenenue KOM-
IIEKCHBIX KacaTeJdbHBIX ompeneneHHoe Ha M B okpectHOCTH &, T.e. D =
T5;. Dro pacipejiejienne MOXKHO 33/[aTh C HOMOIIBIO 6a3uCHOIrO HAabOpa U3
2 n TJIaJIKUX BEIEeCTBEHHBIX BEKTOPHBIX noJjeil. /lasee onpeesum Oeckoned-
HYIO MOCJEI0BATEIbHOCTE pacupenenaeHuii [, onpenessaeMbiX WHIYKTHBHO
D,.1=1[D,,Di|+D,, v=1,2 ... Ilycrs, nanee, D,(§) - aro 3nadenue D,
B Touke &. Takum obpazom

T Mg =D1(§) C Dy(€) C ... C D,(§) C ...

[TockobKy 9Ta HEYOBIBAIOIIAS MOCIEIOBATETLHOCTD COCTOUT U3 TOAITPOCTPAHCTB
T'M¢, To oHa, HA KAaKOM TO IIare, crabunusupyercd. can aTo nocieanee mosu-
npocTpaHcTso cosnaaer ¢ 1M, To Mbl ToBopuM, uTo M B TOUKe § aB/geTCA
MHOTOO0Pa3nueM KOHEeYH020 Mmuna, ecliu HeT - beckoneunozo. IlycTh, nasee,

dy = dlmR Dy(f)
2n=d; <dy < ... Sd#,1 <du:d,u+1:---:doo

OTMmeTuB Bce Te HOMepa V > 2, A KOTOPBIX MPOUCXOIMI CKAYOK pasMep-
HOCTH, TIOJIYYUM KOHEYHYIO CTPOIrO BO3PACTAIOILYIO MOCIEA0BATEIbHOCTD 2 <
my < my < ... < my. Camy BeJIMIUHY MOJOKUTEJILHOIO CKAYKA Ay — A1
obozmaumm uepes kj, j =1,...,l. DTa COBOKYIHOCTH JaHHBIX

m = ((my, k1), ..., (my, k)

IJIIOC YKA3aHUE Ha KOHEYHOCTh MM OECKOHEYHOCTD TUIIA U HA3BIBAETCH (Ieo-
mMerpudeckuM) tuiom M B Touke £. HeTpyaHo 3aMeTHTh, 9TO €CJIU THI KO-
HedeH, TO KopasMepHocTh K - 310 cymMma Beex kj. s GecKoHedHOro Tuma
5Ta CyMMa, MEHbIIe KOPa3MEePHOCTH.

B paGore [8] aru maHHbIe 3aMUCHIBAIOTCSA B ApyTroM dopmare, a HMEHHO

m o= (M1, ., M1, Moy ooy Moy ooy My, ey ),
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IPU 3TOM YHCJI0 MOBTOPEeHUil m; paBHo k; 1 B CIy4ae, ecId TUI OecKOHedeH,
TO B KOHIIE 3TOI MOCJIeT0BATETHHOCTH CTABUTCS 3HAK OQ.

Hauee, nid Beakoro Mg, pocTKa BellleCTBEHHOI'O II0IMHOI000pa3usd KOM-
IJIEKCHOT'O TTPOCTPAHCTBA B TOUKE £ BBEJIEM B pACCMOTPEHHE CJIeAyIONue 00b-
€KThI

aut Mg, auteMe, Aut Mg, Aute M,

3aecp aut Mg - sTo nopaiuredbpa JIu pocTKOB BeKTOPHBIX IoJjeit B £, Kaca-
TeJIbHBIX K My, HOPOXK JAIOIINX JIOKAJIbHbIE 1-TIapaMeTpuyecKue IPYIIbL T0-
aomopduerx npeobpazosanuii M. Takue mons B koopaunarax (2, w) EMEIOT
BHI,

X = 2Re (f(z,w) oo+ 9(zw) o), 1)

rae f u g - pocrku, ronoMopduere B £ , aute M, - nomanredpa JIn aut M,
COCTOSINAS U3 TOJIei, oOpallalommuxcsd B HOIb B Touke &. Kaxmgas u3 3rux
ayreOp JIu mopoxkaer JIOKAJIbHYIO TPYIILY T'OJJOMOP@HBIX IIPeodpa3oBaHuit
M - Aut M¢ u Aute M, cooTBeTCTBEHHO (JTIOKATBHBIE ABTOMOPMHU3MBI POCTKA
U CcTabu/IM3aTOP TOYKHU B JIOKAJILHOM IPyIIe aBTOMOP(MHU3MOB).

2. Ananu3 Maaammx KOMIOHEHT OTOOpakeHust
n Teopema Bayma-I'pama

[Tycts M - rytajikoe mopozKaaroliee BelecTBeHHOe TI0IMHOI000pa3ne KOM-
miekcHoro npocrpanctsa CV momo:kurensuoit C'R-pasMepHOCTH 1 W IO-
JIOXKATEJTHHON BelllecTBeHHON KopasMmepHocTu K. [Ipyrumum crnoBamu M B
Kak10it Touke umeer C'R-tun (n, K), npu stom N = n + K. IIycts M -
ero poctok B Touke &. Ilycrs M, gBngerca nmopoxpmaromuM poctkom CR-
OJIMHOTO00PAa3MsT KOHEYHOTO THUIIA,

m=(My,...,M1,..., Mo, ..., Moy ..., My, ..., M)

= ((ml, ]{31), (mg, ]{32), Ceey (ml, k’l)),

rie m; u kj - HarypaJsibHble dHcIa, npuueM 2 < my < mg < ... < my. Kak
OBLIO CKA3aHO, OCHOBHOM pe3y/braT paborhl [8] 9TO 9KBUBAJIEHTHOCTDH T'eo-
METPHYECKOI'O U aHAJIMTHYECKOTO OLIPE/IeJICHNI THIIa MHOI0OOpa3us B TOYKE.
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Y100bI chopMyTHPOBATH aHAJTHTHYECKOE OIpeeneHne pa3odbeM KOOpInHa-
TBHI 06BLEMJTIONIETO KOMILTIEKCHOTo npocrpancTsa C' X wa rpynmer

2eC”, w eCh, ... weCq, k4. . +k=K

IIpm 9TOM IIEepeMeHHBIM Ha3HAUaOTCA Beca: (2] = 1, [w;] = m;. Te xe Beca
IOJIY9AI0T U KOMIIJIEKCHO CONIPSIZKeHHbIe TlePEMEHHBIE Z M W; H COOTBETCTBEH-
HO u; = Re w;, v; = Im w;. 910 cornamenne 103Boger PacIPOCTPAHUTD
I'PaayupPOBKY Ha CTelleHHble pAIbl OT 9THUX IIEPEeMCEHHbIX. A €CJIn OOIIOJTHHU-
TEJBHO MOJOKUTh

)=l =1, )= lpal=—m,

Owj 811}]-
TO U Ha BeKTOpHbIe 101, CTeeHHON psJl, He CO/IepZKAliil YWIeHOB Beca (i 1
HIzKe, 0603HaTNM depe3 o([L).
IlycTh OKaIbHBIE ypaBHEeHHsT POcTKa M, 3alucaHbl B BUJE

vj:q)j(z,i,ul,...,uj_l)+0(mj)7 ]:1,7l (2)

IJe BelleCTBeHHAs BeKTOp-3HadHAsS popma P; (T.e. €8 KOOPAMHATHI) MMEIOT
OJTHOPOJTHBII BEC M.

Kacaresibnag MoJesibHasd II0BEPXHOCTb pocTKa M - 9TO BelIeCTBEHHO aJl-
redbpamdecKas MOBEPXHOCTD (), 3a1aHHAsT COOTHOIEHUSIMI

’Uj:CDj(Z,f,Ul,...,Ujfl), ]:1,,l (3)

YciaoBre KOHEYHOCTH THUIIA - 9TO HEKOTOPOEe YCJIOBHE HEBBIPOXKIEHHOCTH.
Y100bI HOJIYUYUTD YCA0BHE KOHEUYHOCTH THIA B TepMuHAX (hpopMm P HYKHO ce-
JIaThb AOIOJIHUTEJ/JIbHBbIE TPeYTOJIbHO-IIOJIMHOMUAJIBbHBIC Hpe06pa3013aH1/15{ KO-
Op/IMHAT, KOTOPbIEe He MEeHAS BUJIAa YpaBHeHUH u BecoB hopMm P, MeHSIOT caMu
stu popmbl (mpuBenenne () K crangaprroit hbopme, Teopema 6.2 ctp.230 [8]).

Kazkiag KoopiuHaTa KazK10i BeKTOp-3Ha41HOi (popMbl @; - 3T0 JiuHeiiHas
KOMOWHAIIMS MOHOMOB BHJIA,

. . 6 i—1)k;
a1 an =71 > 11 Bk, Bi-1n G=Dkj—1
Zl DY Zn Zl .. Zn ull DY ’UIkl .. 711/(]71)1 .. u(j*l)kjfl

Cdopmynupyem jiBa ycaoBus Ha dpopmbl P.

(I) koopiauHaThl HOPM  HE COMEPIKAT MOHOMOB BHJIA

a1 an - B11 Bk, Bi—1)1 ﬁU*U’“]’—l
. e . 72” ull . .. ulkl DY u(]*l)l . .. 7U(J71)k‘771

U COIPSAZKEHHBIX K HUM HU [PH KAKUX o U (3
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st (bopMyJIMPOBKH BTOPOTO VCJIOBUs HaM HOPTeOyeTcda oO0IIas HyMe-
pamms BCeX KOOPIAMHAT BCeX BeKTOp3HadHbix dopm P. A wmmenHo, mycrh
(f1,...,0r,) - 510 KoOpAmHaTHBIE bopMmbl Py, namee (Og, i1, .-\ Orytky)
KoopauHaTHbIe (bopMbl P U TaK gasiee ;10 koopamHar P;. Takum odpasom
HOJIHBIH YIOPSIIOYeHHbIH HAGOP BCeX KOOPAUHATHBIX (DOPM 310 (1, . . ., Of).

(II) mns moboro 1 < J < K dopma ¢ He comepKar craraeMbIX B

B11 Bk Bii—1)1 B—1)k;_y
C ¢] un PRI 7u1k1 g o e e 7u(]—1)1 PR 7u(j—l)k‘j71

JIJI BCeX j, TaKuX 4To j < J U c - HeHy/JIeBas KOHCTaHTA.

l'oBopmM, 4TO ypaBHenue poctka M, 1 moBepxHOCTH () 3aIIUCAHBL B CIMaAN-
dapmmnoti popme no Baymy-I'pomy ecim KoopauHATHBIE (DOPMBI YI0BJIETBO-
pstor yenosusiM (1) u (IT). TIpu sToMm roBopum, aro muOrooGpasue M B TOUKe
& m TOBePXHOCTH () B HyJIe UMEIOT Koheunbiti mun m no baymy-I'pamy, ecan
HH OJHa U3 KOODJUHATHBIX (POPM ¢; He PaBHA TOKIECTBEHHOMY HYIIIO.

Bameuanwme 1: Yeaosme (II) B ommmume ot ycmosus (I) mmeer pexyp-
PEHTHBINA XapaKTep.

Bameuanme 2: Hywmepammss BecoB myq,...,M; U COOTBETCTBEHHO BEK-
TOPHBIX KOOPAMHAT W1, . .., W; UMEET TeOMETPHIECKYI0 HHTEPIPETAIUIO (3TO
HOMEpAa 3JIEMEHTOB BJIOXKEHHOIT 1OC/Ie[0BATEeILHOCTH MOIPOCTPAHCTE Kaca-
TEJIbHOTO MPOCTPAHCTBA, IJIe IIPOUCXOAUT POCT pazmepHocTH, cM.[8]). B cu-
JIY 9TOr0 WX HyMepallis WHBAPHAHTHA II0 OTHONIEHUIO K JIOKAJBHO OHUIOJI0-
MopdubiM win C'R npeodbpazoBanusaM. B To BpeMs Kak BBIOOP HyMepalnu
CKaJ/IsIPHBIX KOOD/JHMHAT CaMOfl BEKTODHOH KOOPJIMHATHI W, - IIPOU3BOJIEH U
rooMop@HO He WHBAPHAHTEH.

[Tostomy mam Gyaer ynobHo u3Menuts yeaosue u3 ([8]), caenas ero roo-
MOpGhHO HHBAPUAHTHBIM. A uMeHHO, OyeM mpeanonararh, 9ro yeaosue (11)
BBIIIOJIHEHO JIj1¢ Tapbl UHJIEKCOB J < J JIMIIb B CJIy4ae, eCJiM OHU OTHOCATCS K
PG3HLM BECOBBIM I'DYIIIIAM, T.€. SIBJASIOTCS CKAJSIPHBIMHU KOODJIUHATAMHU Pa3-
HBIX BECOBBIX BEKTODHBIX KOODAMHAT (MMEIOT pasHbie Beca). JlJist WHIEKCOB,
COOTBETCTBYIOIIUX KOOAMHATAM OJHON BEKTOPHOU NEepeMeHHOW I'pyINbl w,
9TO He Tpebyercsd. 3a dopmyaupoBkoit Bayma-I"pama MbI ocTaBsseM TepMUH
cmandapmuasn Gopma, a JAJisi HAIIENO YCJIAOBUSL TEPMUH NPUGEIEHHAA HOPMA.
Camo ocaabmennoe ycaosue (IT) 6ygem oboznauars xax ycaosue (II')



[Ipm 3TOM yCI0BHE TOTO, YTO POCTOK MOBEPXHOCTH, 3aMNCAHBIN ypaBHEHNU-
amu (2), B mpuBesieHHON (hopmMe nMeer 33 aHHBIH KOHEIHBIH THIT 1 OTIHYa-
eTCsI OT AHAJOTUYIHOTO YCJIOBUs [jist cTangapTHOil hopmbl. Chopmymupyem
oba ycaoBus.

VrBepxkaenue u3 [8] (ycaosue koneunocmu muna das cmandapmmot
dopmu):
(a) PocTok moBepxHOCTH, 3anucanblii ypapHeHusivu (2), B cranaapTHO dhop-
Me HMeeT 3aJaHHbIH KOHEeYHBIH THIl 1M TOrJa M TOJbKO TOIJA, KOTJAa CPeIn
CKaJISIPHBIX KOOPAMHATHBIX GOPM (@1, ..., K ) HET TOXK/IECTBEHHBIX HYJI€il.
(b) JIr060ii pOCTOK KOHEYHOIO THIIA MOXKET ObITh 3AIUCAH B TAKOM BHUJIE.

Crieiytortiee yTBep K I€HUE - 3TO HEMTOCPEICTBEHHOE CIEJICTBHE ITOTO YTBEP-
JKJIeHUS.

VrBepxkaenue 3 (ycaosue kowewHocmu muna 0 npusedennots dop-
ML)
(a) PocTok noBepxHOCTH, 3aNMCaHbIN ypaBHeHusMH (2), B puBeieHHOi hop-
Me MMeeT 3aaHHbIIl KOHEYHBIH THIT 17 TOT/IA W TOJBKO TOT/1a KOTJIa KOOD/IH-
HaTHbIE DOPMBI (1, ..., Q) - TUHEHHO HE3ABUCHMBI.
(b) JI1o60it pOCTOK KOHEYHOIO THIA MOXKET OBITH 3AIMCAH B TAKOM BHJIE.
Aoxaszamenvcmeo: Ilpu mepexome oT mpuBeeHHONW (OPMBI K CTaHIAPTHON
dopme npeobpaszoBannble KOOPANHATHLIE BECOBBIE (POPMBI @ - 9TO JIHHEHHbIE
KoMOuHanuu npexunx gopm. Takum obpa3oM TOJTydeHHe TOXKIECTBEHHOT'O
HYJIsl BO3MOZKHO, TOJTBKO €CJIN Y HCXOMHBIX (DOPM HMesIach JINHeliHAS 3aBUCH-
MOCTb.

3ameuanue 4: [Ipu 31oM gcHO, 4TO eciu cpejir (POPM HET TOXKIECTBEHHO
HYJIEBBIX, TO JIMHEIIHAS 3aBUCUMOCTH BO3MOYKHA TOJBKO BHYTPU (DOPM OHOM
BECOBOW I'DYIIIBL.

[Tapamerpsr [ > 1, my > 2 uMeIOT JiBe HHTEpIPeTanuu. B anajuTudaeckom
IpEeICTABJACHUHU [ - 9TO KOJHIECTBO PA3IUIHBIX BECOB, 1M - MAKCUMAJIbHBIH
BEC B 3allMCH ypaBHEeHUH (2) B craHgapTHOi win npusejennoil hbopme. B reo-
METPUYECKOM [ - 3TO YHCJIO CKAYKOB Pa3MEPHOCTEH B MOC/IEI0BATEIbHOCTH
MO/IITPOCTPAHCTB, HAYMHAIONIEHST ¢ KOMILJIEKCHOH KacaTeJbHOW B £ W 3aKaH-
YHUBAIOIICHCA MOJHBIM KacaTeJbHBIM IPOCTPAHCTBOM, & 1My - TJIYOMHA CKO-
OOYHON KOHCTPYKIUU, HEOOXOAUMON I TOJYYeHHs IIOJHON KacaTe/lbHOM.
Yuemo g = my MBI Oy1eM HA3BIBATD CMapuium gecom. B ciydae GeCKOHETHO-



'O THUIla MBI 6y,IL€M nmojaraTb y = OQ.

[Tycts nmeercs JiokaabHO oOpaTnMoe roJoMopdHOe 0ToOparkeHne

(z = f(z,w), w; = gj(z,w)), j=1,...,1

poCTKa B HaUa e KoopAanHat My KOHETHOTO THTIA 1M, 33 JaHHOTO YPABHEHUSIMU
B CTaHIAPTHOU dopme

v;=®(z,2,u1,...,u1) + Fi(2,Z2,u), j=1,...,1 (4)
B JIPYI'Oi TaKO# 2Ke POCTOK Mo

v; = i)j(z,z,ul,...,uj_l) —i—ﬁj(z,z,u), j=1,...,1 (5)

rae F; u F; - sro o(m;). I mycts (Q m () - BX MOJeJIbHbBIE IOBEPXHOCTH,
3a/IaHHBIE YPABHEHUSIMH

Uj:(Dj(Z,f,Ul,...,Uj_l) jzl,,l (6)

Uj:®j(z,2,u1,...,uj_1), ]:1,,l
COOTBETCTBEHHO.

B nanbneitiiem Mbl 6y/1eM HCIIOJIB30BATH PA3JIOKEHUS

f:wa gjzzgj;u Fj: Z F}M7F~}: Z Fjw
1 1 mj;+1 mj+1

vae fu, Gju, £, Fj - KoMmonenTs Beca L.
BanuceiBag, 4To 0bpa3 My npunaiiexut My, moaydaemM TOXKIECTBO

Img] :éj(f?.f_aRegla"wRegj—l)+ﬁ‘j<f7f_7R'eg>7 j: 17"‘7l7
mpu w = u + (P + F) (7)

Pacemorpum Maaime KOMIOHEHTHI (7).

Hagnem ¢ rpymmsl mepeMeHHBIX wy. B Becax ot 1 10 (my — 1) noxydaem
Img;, =0, tme 1 < v < my — 1. YuurbiBagd, 4T0 ojHopoaHas ¢dpopma Beca
v < mj 3T0 TrojomMopcdHasg popMa mepeMeHHOU 2z, 3aKJI04YaeM, U9TO (1 =
912 = oo = g1i(m,-1) = 0.



B Bece my umeeM gy, = a(2) + pwy, fi1 = Cz, tae pu C - TuHeHHBI,
a(z) - ronomopduast ogHopoaHas dbopma crenenu my, . [loxyuaem

Im (a(2) 4 p1 (ug + i ®1)) = &1(C 2,0 2)

OTesas B 3TOM COOTHONICHUH KOMIIOHEHTY IOJI0MOP(MHYIO IO 2 U YIUTHIBasd,
gro $1 u Py He comepKaT TOJOMOPGHBIX caraeMbix, moaydaem a(z) = 0. 13
JITHEIHON KOMIIOHEHTBI 110 U1 - TojydaeM Im py u; = 0. Iocsie yero mosydaem

plq)l(z, 2) = &91(0 Z,@)

OTMeTnM, 9TO 3TO COOTHOIIEHHE PABHOCHJILHO TOMY, YTO OTOOpazKeHHe
(z = Cz, w; — pywp) mepesoaut "yceyennyto " moepxuocts v; = $q(z, 2)
npoctpancTsa C"*1 B apyryio "yceuennyio"moBepxnocTh v = él(z, zZ).

[Tepexoaum K KoopjuHare wy. KOMIOHEHTHI ¢o,, TJe ¥V < Mg 3TO BbI-
pazkenus BuAa Y. Yas (2, w1), e Yap (2, W) - Tonomopduas moauanHeiinas
dopma crenern « mo z u S Mo wy, npuueM « + my [ = v. KoMmoHeHTHI
ToxAeCTBa (7) BECOB V' < My JTAIOT

IHI (Z waﬁ (Z7U1 + Z (I)l)) = 0,

Otkyna cienyer, 9To g, = 0 mpu v < mg. DTO MOXKHO OBLIO OBI JTOKa-
3aTh HEIOCPEICTBEHHO U3 MOJYYEHHOTO TOXKIecTBa. Bocmosb3yemcst, omHa-
KO, JIpyruM ciocobom. leiicTBUTe/IbHO, g2, - 3TO rojioMopdHas (PyHKIMS HA
"yecewennom" mopoxaatoniem MHOrooOpasun Q1 = {(z,wy) 1 vy = P1(z, 2)},
Ybsg MHHMas 4acTh paBHa HYJI0. [loaTomy ¢o, - mocTOsIHHA, a T.K. €€ Bec
OO0JIbIIIe HYJIs, TO 9TO HOJIb.

B Bece my uMeeM gop, = Y. Uap (2,w1) + paws, TAE @ + My = My,
mpuIeM

Im (Z wag (Z, U + 1 (I)1> = ég(C Z,m, P1 ul) - p2(u2 + 1 @2(2, 2, Ul))>

B cuy yenosus (I) ero mpasasi 4acThb He COJEPIKUT CIATAEMBIX, TOJIOMOPQh-
ubIX 10 z. [losarag Z = 0, nosydaeM, 4to ecan o # 0, T0 Pap (2,u1) = 0, a
tos (uy1) - BemmecTBenHast hopMa Beca Mg, KOTOPYIO MBI IEPEOOO3HAUNM Tepe3
Oo(w1), T.€. Gom, = paws + O2(wy). CooTHOIIEHHE TPHOGPETAELT BH/L

ImOy(uy +iP1) = Oo(C' 2,C 2z, prur) — pa(us + 1 Po(2,2,u1)))
OTMeTnM, 9TO 3TO COOTHOIIEHHE PABHOCHILHO TOMY, YTO OTOOPaKEHME

(z = Cz w —prw, wy— prws+ Oa(w))



nepeBoauT "yeedenuyio"mosepxuocts v; = Pi(2,2), vg = Po(2, Z,uy) mpo-
crpancrea C"MHR g ipyryio "ycedennyio " nosepxuocTs vy = dy(2,2), vy =
(DQ(Z, Z, Ul).

W rak jmasiee 10 mocJie el BecoBoit I'PyIIIbl, cOoTBeTCTBYIOMIEH w;. Cdhop-
MYJIUPYEM IIOJIYyY€HHBIH Pe3yJIbTar.

Teopema 5: Ilycrs (2 — f(z,w), w; — g;(z,w)), j =1,...,] obparumoe
rosiomopdHoe 0TobpazkeHne pocTka (4), 3aMcanHOTO B IPUBEIeHHOi hopme
Ha pyroit takoit poctox (5). Torma
(a) D10 oTOOpAKEHEEe UMeeT BT

(z = Cz+o0(1), wj — pjw; + 0j(wy, ..., wj_1) +o(m;), j=1,...,1),
rne C € GL(n,C), p; € GL(k;,R)
u e 0j(wy, ..., wj_1) - OAHOPOAHAS BellecTBeHHAsE (DOPMA Beca M
npudeM Jisd Beex j = 1,...,1

ImO;(us +iP1(2,2), ..., ujm1 + 1P _1(2, 2,1, ..., uj—2))) = (8§)
D;(Cz,C 2 prg, .., pjor 1) — p; ®;(2, 2, U,y ooy 1)

(b) IIpu 3TOM TPeyroabHOE B3BEIIEHHO OJHOPOJHOE OTOOPaYKEHIe
(Z — CZ, W; —» P; W; + Qj(wl, ...,wj_l), ] = 1, ,l) (9)

HEePEBOIUT MOJEJbHYIO MIOBEPXHOCTH () B MOJIEIBHYIO HOBEPXHOCTD ().
(¢) Hust kazxgoro j = 1,...,0 — 1 ycedenHoe orobpazkeHue

(z—=Cz w, = pyw, +0,(wy,...,w,_1), v=1,....7)

MEePEBOINT YCUEHHYIO MOJeIbHy0 mosepxuocth Q(j) = {v, = &,, v =
L..,j} PpOCTpaHCTBa~Cn+k1+'“+kj B JIPYTYIO YCEUEHHYO MOJICILHYIO HOBEPX-
Hocte. Q(j) ={v, =0, v=1,.... 7}

(d) HeiicTBre rooMopdHBIX 0TOOpazKeHUit Ha POCTKHA MHOIOOOpa3uii JaHHO-
r'0 THIA ITOPOXKJIAET JeUCTBHE B IPOCTPAHCTBE B3BEIIEHHO OJIHOPOIHBIX (hOpM
O = (P4, ..., P;) rpynmbI B3BEMIEHHO OHOPOIHBIX TPEYTOJIBHO MOJTHOMUAATb-

HBIX TTpeo0dpa3oBaHuii BUIA

(IJj(z,Z, Ul,...,’LLj_l) — (10)

p; ®;(C7 2, C- 12, pr uy, pyt (ug — Reba(uy +i @), ...,
pity (w1 —Re b1 ((uy +i 1), ..., (uj_z + i Pj_3))))
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(e) Crabmiusarop HyJsl B TPYIIE aBTOMOPDUIMOB MOJAEIBHO TTOBEPXHOCTH
Auty Qo comepxkut l-napamMeTpuydeckyo MoArpyIny

(z = tz, wj >t w;), teR" (11)

DTOH MOArpyIIie COOTBETCTBYET BEKTOPHOE I0JIe Beca HOJIb

0

0
Xo=2Re(z=—+ ) mjw; —
Z J ]awj

o ) (12)

(f) Ecoin MoziestbHASI TOBEPXHOCTD () MMeeT B HyJie KOHEYHbI THIT, TO 3JIeMeHT
cTabUIM3aTOPA ITOr0 JeiicTBUs, T.e. oTobpazkenue (17) OJHOZHAYHO OTpe/Ie-
JsteTcst cBoeil z-KoopauHaToit, T.e. mapamerpom C' € GL(n, C).
Jlokasameavemeo: B nynkre (a) ocragoch mpoBepuTb 00OPATUMOCTD JIMHEH-
HBIX OTOOpaKeHUi. DTO CAEAyeT 3 TOr0, UYTO, KaK MOKa3aHO BbIme, tudde-
PEeHIAJ HAIITero roJJoMOPMHOro 0TOOParKeHust B HyJIe UMeeT OJI0THO-TPEYTOIbHbIH
BHJ U 0OpaTuMOCTh guddepernuaia TpedyeT 00paTUMOCTH KazKJIOr0 JTUAT0-
HaJIbHOTO 6Ji0Ka, T.e. orobpazkenuit (C, py, ..., p). Ilyukr (b) 10Ka3aH Bbile,
nyekT () caeayer menocpeacreernno u3 (b), (d) caemyer us (c¢). Ilyukr (e)
- oueBngeH. /lokaxkem mynkr (f), momaras npu sTom d = &. Nneem s
onpezenenus (p;,6;)

Im (p] U}j + Qj(wl, ...,U)j,1>> = Q)j(C’ Z,@, P1Ug, ...,p]’,1 Ujfl).

rae w; = u; +19;(2, 2, u,...,u;—1) ana j = 1,..., 1. Ilpun duxcuposanzom
C' 5TH COOTHOIICHHS IO3BOJISIOT MOC/IEJI0BATEILHO OJHO3HAYHO OPEIeIATh
(pj,0;) mas j ot 1 1o l. JeficTBUTENIBHO, MYCTD y2Ke OJHO3HATHO OIIPEIeIeHbI
(pv,0,) mpu v =1, ..., j — 1, umetorca ase napst (p;,0;) u (p; +0p;, 05 + 66;),
TO

Im (50] w; + 59]'(1111, ceey wj_l)) = 0, rae

w, =u, +1P,(z,Z,u1,...,u,), v=1,..j
[ToCKOIBKY yCedeHHas MOBEPXHOCTD
Qi ={v, =2,(2,2,u1,...,u,), v=1,....j}

UMeeT KOHeYHBIH Tull, To (dp;,00;) = const u 9Ta OCTOSHHAA, B CUILY II0JIO-
JKUTeJTLHOCTH Beca, paBHA HYJII0. TeopeMa jloKa3aHa.
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B ciyuae, ecim orobpazkenust (17), onucannsie B myHkTe (¢), 0TOGpayKa-
0T MOJIEILHYIO MOBEPXHOCTH () Ha cebd, TO COOTBETCTBYIONLYIO HOAIDYIIILY
Autg Qq, cocTosyto n3 Takux orobpazkeHuil, obo3nadum depe3 (.

Bameuanue 6: (a) Kak 6b110 mokaszano B [7], B caydae, ecan MojenbHas
HOBEPXHOCTD kecTKast (P He 3aBuCAT OT u), HeMHEHAHbIE craraeMble ) - oT-
CYTCTBYIOT.

(b) lyist mosIBI€HMS HEHYJIEBOTO HEJIMHEITHOTO c1araeMoro §; #Heobxo1mmMo Ha-
JUYIHEe HEKOTOPOT'O MEeJOUUCICHHOTO YCIOBHUS, «PE3OHAHCAY, & IMEHHO, CYIIe-
CTBOBAHUsI MPE/ICTABICHUS BUIA

m; = 1My + ...+ Mi—1 1M1

C TIeJIBIMH HEOTPUIATETbHBIMI KO duImeHTaMu (i, B oTcyTcTBUT pe3oHaH-
coB noarpyimna GGy COCTOUT TOJBKO U3 JUHEHHBIX ITPeoOpPa3OBaHMIA.

(c) B obmiem ciyuae 6yaeM HasbiBaTh npeobpasosanus u3z G kas3usunedi-
HOLMU.

3. MopesibHast TIOBEPXHOCTH ()

Kaxk 6b1710 0TMe9eHO BBIIIIe, HAIIIA TPaLyXPOBKA IIPOIOIKAETCS H HA POCT-
KI BEKTOPHBIX moJieil. B pesyabrare anrebpa JIu Bcex BeIecTBEHHBIX IIO-
Jielt, aHAJUTUIECKAX B OKPECTHOCTH HYJIS, PACIaIAaeTcs B IPSIMYI0 CyMMY
CBOMX OJIHODOJHBIX KOMIIOHEHT BecoB oT (—my) u Bbimie. VI cooTBeTCTBEH-
HO, Jiiobast eé momaJsrebpa JIn wHacaemyer 3Ty rpajyupoBKy. B wactHOCTH,
aut Q) = >°%,, g, Hammaue B rpynne apromopdpusMoB mo00i MOIEIbHOM
HOBEPXHOCTH () rpaayupyoiieii moarpynmst (11) nMeer oueBuIHOE, HO BAXK-
HOE CJIeJICTBUE

YrBepxkaenue 7: (a) Ilycts Bexropmoe mome X = 32 X, € aut @,
Torga X, € aut () mjs Bcex v.
(b) Aare6pa aut () - KOHEYHOMEPHA TOTJIA W TOJBKO TOTJIA, KOTJIA OHA KO-
HETHOIPALyHpOBaHa, T.e. aut Q = >0 .. 9v- 1Ipu 3TOM OHa cocTOMT u3 MOJIeit
¢ HOJIMHOMMAJIbHBIMU KO3 dUIueHTramu.

Brech gepes 0 = 0(Q) (emapwut nososcumensvoill ec) MbI 0O03HATUIN
MaKCUMaJbHOe v, T.9. ¢, 7 0.
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MbI mpejmoaraem, 9To ypaBHeHHs! () 3aliCaHbl B TPHBEIEHHON (hop-
M€ W JUHEHHO HEe3aBUCHUMBI. DTO O3HAYAET, 9TO MOJEIbHAS MOBEPXHOCTH ()
B Ha4aJie KOOpAWHaAT HUMeeT KOHEYHBIA THII u, cjaeagoBaTeJbHO, MUHHUMAJIb-
Ha. B TakoM ciydae KpurepueM KOHETHOMEPHOCTH aireOpsl Jlm aut()y saB-
Jasercst yesiosue rogoMopdnoii mesbipoxkaennocta ([10]). B obmem ciaydae
YCJIOBEE TOJIOMOP(MHON HEBBIPOXKICHHOCTH HE HMEET KOHCTPYKTHBHOTO Xa-
pakTepa. D10 yCJI0BHE HECYNIECTBOBAHHUS HEKOTOPOIO BEKTOPHOIrO 1oJs. Ho
MOCKOJIBKY () SBJIsIeTCs rpapUKOM BeINeCTBEHHO MOJINHOMHUAIHHOTO 0TOOPa-
KeHud, TO IIPOBEPKa 3TOT'0 YyCJOBUA CBOAUTCA K IMPOBEPKE MaKCUMaJIbHOCTHU
paHra HEKOTOpOii MATPHIbl. B KOHKDETHOH CHTyallid TH YCJIOBUS MOZKHO
gBHO BIHCATH (cM. [12],]7]).

Onpenenenne 8: Eciu MomebHas MTOBEPXHOCTD () WMeeT B HaUaje KO-
Op/IMHAT KOHEYHBIH THII M IOJOMOP(MHO HEBBIPOKIEHA, TO MbI OyIeM TOBO-
PUTh, YTO OHA B Hadaje KOOPIUHAT Hesupostcdena. Ilpum 3ToM ToBOpUM UTO
C R-muoroobpasue M wnesvipootcdeno 6 mouke & € M, ecoin MojgeTbHasI MO-
BepXHOCTB () pocTKa M B TOUKe § - HEBBIDOXKJEHA B Hadajle KOODIMHAT.

s poctka MuHoroobpasua Mg ycjioBue HEBBIDOXKJICHHOCTH B TOYKE sIB-
JfeTcs TOCTATOYHBIM YCJI0BHEeM KOHeYHOMepHOCTH aut Me, HO OHO, KOHETHO,
He SBJISIETCS HeOOXOIUMBIM.

YrBepxkaeuue 9: i MomenbHON TOBepXHOCTH () YCJIOBHE HEBBIPOK-
JEHHOCTH - KPUTEPUiT KOHEYHOMEPHOCTH (KOHETHO MpalynpoBaHHOCTH) aut Q.
oxazamenvcmeo: Herpyano BujeTh, 9To, HapylIeHue JiioOOro u3 JIBYX Tpe-
OoBanumii onpejenenus 8 BejeT K 6ecKoHeTHOMepHOCTH aut (.

[TosepxHrOCTH () - 3TO TpadUK BENECTBEHHO MOJTUHOMUAIBLHOTO YpaBHE-
Hust Buja (6), mosroMy () B KayKJ10il CBO€il TOUKe - 3T0 MOPOZKIAMOIIee Belle-
cTBeHHO ajirebpandeckoe noamuoroobpasue CV kopasmeprnoctu K 6e3 oco-
Oennocteit. PasMepHOCTh KOMILIEKCHON KacaTeabHoil, T.e. C' R-pa3MepHOCTbD,
Bcrojty ojuHakoBa u pasia n = N — K. Habop K rpa/iuenToB onpeie/sronimx
ypaBHEHHIT BO BCEX TOYKAX MPOCTPAHCTBA MMEET MAKCUMAJJIbHBIIT KOMILIEKC-
uelit paur K. OaHako TUT MOXKET 3aBHCETh OT TOYkW (). B cBs3m ¢ arum
BBEJIEM B PACCMOTPEHHE CJIEIYIONINEe MOJIMHOXKECTBa ().

Q™ - coBOKymHOCTH To4UeK & € (), Takux 910 () B £ ABJSIETCA MHOTOOOpa-
3ueM KOHEYHOr'o Tula, deit Tun 1no baymy-I'pamy pasen

m= (M1, ..., M1y, Moy Moy, My, .., )
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= ((my, k1), (ma, ko), ..., (my, ky)),

OTMETHM, UTO IPU 3TOM Kopa3MepHOCTb K = Y k.

Q" - cOBOKYIHOCTH TOYeK & € (), Takux 4To () B £ MMeeT crapliuii Bec
paBHBIR 1, Tie 2 < p < 00.

Bce paccmoTperHbIe XapaKTEPUCTHKN TOJTOMOPGHO WHBAPUAHTHBI, TIOITO-
My OHH MTOCTOSTHHBI Ha KaxKJ/I0it opOuTe JeficTBHA T'PYIIBI TOTOMOP@HBIX aB-
ToMopduszmos (). Kak 6buio mokazano B [4] Bce BIOJHE HEBBIPOXKIEHHbIE
MOJIEJIBHBIE TIOBEPXHOCTU SBJISIIOTCS TOJIOMODPGHO OJIHOPOHBIME, T.€. TPYIIa
roJioMOpHBIX aBTOMOP(MU3MOB JIeHCTBYeT Ha HUX TpaH3uTUBHO. [lo3aromy,
B CJIydae TOJIHOM HEBBIPOXKAeHHOCTH () = Q™) ry1e m - 910 Tun () B HAYa-
Jle KoopauHAT. Ecau yKe MOTHOM HeBBIPOXKIEHHOCTH HET, TO CBOMCTBO TOJIO-
MODP]HOM OTHOPOTHOCTH MOYKET YTPAYNBAThCA W KAPTHHA CTAHOBUTCS OoJiee
pazHo00pa3HOIl.

s hopMyJIMPOBKH CJIEJIYIONIEro pe3yabTaTa HaM HOHAI00UTCA HOBOE
onpenerenne. [TonmuokecTBO mpocTparcTBa RY ¢ KoopamHaToil © GyaeM Ha-
3BIBATDH NOAYAA2EOPAULECKUM, €CTH OHO 33JIAHO YCJIOBHEM BHIA

Pa(z) =0, a € A, qs(x) #0, B € B,

rie A u B - KoHedHble HADOPHI HHIeKCOB. OOBITHO 3TOT TEPMUH HCIIOTb3YeTCs
It GoJIee MUPOKOrO KJIACCA MHOKECTB (HCHOIB3YIOTCsT OTHOIICHUST DOJIbIITe-
MeHbIe). Mbl MOJIBb3yeMCesl ITUM TEPMHHOM 10 TIPUYUHE OTCYTCTBHS GoJiee
HOJIXOAAIIETO.

Teopema 10: Ilycrs () - HEBBIPOKICHHAA MOAEIbHAS TOBEPXHOCTD.
(a) Ecau p(0) - 970 crapmmit Bec ) B nauasne koopaunart, Toraa p(§) < u(0)
st Beex &, r.e. pu(0) - 910 MAKCMMaJIbHOE 3HAUYEHHe CTapliefl CreleHu u,
COOTBETCTBEHHO,

©(0)
Q= Q"
v=2

B wacrHocTH, Ha () HET TOYEK OECKOHEYHOTO THIIA.

(b) Q¥, Q™ - 310 BeleCTBEeHHBIE MOTyaarebpandecKue MOIMHOKECTBA ().
(c) Kak (), Tak u m(§) npuaumaror Ha () JUIIb KOHEYHBIH HAOOD 3HAUE-
HUM.

(d) TIyeTh fiymin - MUHIMAJIBHOE 3HAYEHHE CTAPIIErO Beca M0 BCeM TOYKaM (),
mycTb QM - 3TO TOYKHU ¢ TAKUM CcTapriuM BecoM. Torma QFmin - OTKpPBITOE
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OIMHOZKECTBO ().

Joxasamenvcmeo: Tlponenypa onpeenenuns tuna no Baymy-I'pamy misa Q)
COCTOUT M3 BECOBOT'O Iepepas/oyKeHud IPaBbIX 4acTedl ypaBHEHUN B HOBOH
TOYKE U TPUBEJIEHHsI IOy YeHHbIX COOTHOIIEHNU T K cTanIapTHOH dhopme (miu
K mpuBejieHHON dhopme). Ofe 9TH mpoleayphl He MOBBIMIAIOT BECOB MPABBIX
vyacreit ypaBHenuil. C TOUYKH 3peHUsT TeOMETPUIECKOTO ONpeieIeHusT THIIA TO,
ITO BEC KAXKJIO IePeMEeHHO He MOBBICUJICS MOZKHO TOSICHUTD Tak. [Ipu mepe-
Pa3JI0yKEeHNN MPaBbIX YacTell ypaBHEeHHII B HOBOI TOUYKe & cTapiias BecoBasd
KOMIIOHEHTa ( MO OTHOIEHUIO K CTapOMy Becy) B HOBOi TOYKe ocrajgach 6e3
n3MeHeHUs. [lycTh Bce ycedeHHBle MOJETbHBIE MOBEPXHOCTH Q¥ mpu v < j
UMeIoT KOHeuHbIN Tuil. Vcnorp3ys 6a3nc BEKTOPHBIX MOJIelH, TOPOKIAIONTUX
pacipe/eaeHne KOMILICKCHBIX KacaTeabHbix D! MBI BHIUM, 9TO yCI0BHE KO-
HegnocTH Tuna () B ToUKe £ 0CTAIOCEH IPEZKHIM. T.€. BEC IIePEeMEeHHOH MOXKeT
YIACTh, HO HE MOYKET BO3DACTH. DTO JOKa3biBaer (a).

B cuny (a) /1 TpOBEPKH MPUHAIEXKHOCTH TOYKH (DUKCHPOBAHHOMY KOHEY-
HOMY TUILY IOCTATOYHO MPOBEPSTH JIUIb KOHEYHOE YHCJIO YCIOBHH THHEHHOMN
3aBUCHUMOCTH ¥ HE3aBUCUMOCTH IMOJIeH ¢ TOJIMHOMUAIBLHBIMEI KO durmerTa-
Mmu. Jlajee, MHOXKECTBO TOYEK (DUKCHPOBAHHOI'O CTAPIIEr0 BECa €CTh KOHEeY-
HOEe 00be/IMHEHHEe MHOYKECTB (PUKCUPOBAHHBIX THUIIOB, T.€. KOHEYHOE 00bETH-
HEHUE TOIyaIrebpandeckKux MHOKECTB. D10 joka3bBaet (b).

U3 nepasectsa 1(€) < 14(0) cireayer KoHEUHOCTD 3HAYeHHH (1(£), a /15 orpa-
HUYEHHOT'O CTAPIIEro Beca MMEETCsl JUITh KOHeTHOe 3Hadenue TUmoB m(&).
Dto gokazbiBaer ().

Crapruit BeC - 3T0 KOJUIECTBO BJIOYKEHHBIX ONEpaIuii B3ATHS CKOOKW s
OBI3MCHBIX 1I0JIeH U3 KOMILJIEKCHOM KacaTeJbHOW JOCTATOYHBINA s IOy de-
HUS TIOJTHOM KAacaTeTbHOW. DTO yCJIOBHE MOYKHO 3alMCATh KAaK YCJIOBUE MTOTHO-
THI PaHra Jjsd CKOOOK JAHHOI MIYOMHBI. DTO YCIOBUE BBIMOJTHEHHOE B TOUKE
BBITIOJTHSIETCS U B OKPECTHOCTH. B €Iy MUHUMAJIbHOCTH YMEHBITHTCS JITa
ray6una He Moxker. D1o mokaseiBaer (d). Teopema jgokaszana.

OrmeTuM, TakzKe, YTO MHHUMAJbHAS CTeleHb ypaBHeHui (), T.e. mq(§)
Ha OTKPBHITOM ILIOTHOM MHOKECTBE, OU€BHJIHO, paBHA 2.

C kaxkIoit ToOUKOi & MOIETBLHON MOBEPXHOCTH () CBI3aHBI TaKHe XapaK-
TEPUCTUKH Kak Tuil B Touke m(§) u crapmmit Bec B Touke u(€). Tor Tu,
KOTODBI MBI HCXOJHO CBsI3bIBaeM ¢ () M KOTODBIii MPHCYTCTBYeT B ypaBHe-
HUsIX () - 970 ee Tun B Hadatge koopamuar m(0). VI ecsm moBepxHOCTH He
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ABJIAeTCd O,ZLHOpO,HHOfI, TO TUII HE IIOCTOAHEH.

[IpojeMoHCcTPUPOBATDH, YTO TUII TOYEK MOJEJIbHON IOBEPXHOCTH HE 00si-
3aH OBITL TOCTOAHHBIM - HeTpyaHo. Ilycrsh rumepnosepxuocts B C? 3amana
ypasuenuem v = Re(z? 2). Ona saBjseTcss MOJEIBLHOI TIOBEPXHOCTHIO U eé
tun paser m(0) = (3). Eciiu Ty ke TUIEePIOBEPXHOCTH PACCMOTPETh B TOUKE
¢ = (a,b), To ee MmoxHO 3amucath B Buge v = Re(a) |2]* + Re(2% 2). Te. eé
tun m(€) = (2), ecim Re(a) # 0 mw m(§) = (3), ecmn Re(a) = 0. Anagoruumo
crapias crernenb (1(€) = 2 By Kpome JByMepHOii miockoctn Re(a) = 0 u
3 Ha 3TOH MJIOCKOCTH.

OJIHO W3 OCHOBHBIX CBOWCTB MOJIETBHON TOBEPXHOCTH 3TO TO, YTO JIOKATb-
Hasi rpymmna eé roJoMopdHBIX aBTOMOPQU3MOB HapaMeTpu3yerT ceMeicTBO
roJIoMO(hHBIX OTOOparKEeHHiT MezKTy POCTKAMH OJIMHAKOBOTO THIA. B vacTHO-
CTH, MOJIe/IbHAS TTOBEPXHOCTD SABJISIETCS CAMOMW TOJIOMOPGMHO CUMMETPUYHOM
MOBEPXHOCTBIO, T.K. MayKOPUPYeT O PA3MEePHOCTH CTAOHIM3AaTOP B TpYIIIe
JIIOOOTO HEBBIPOZK/IEHHOTO POCTKA.

W3 Teopembl 5 1oJIy4aeM CJie/ICTBHE

Caexncrsue 11: JTio6oe rosomopduoe orobpazkenune X pocrka (4), 3amm-
CaHHOTO B MpuBeneHHOi dhopme Ha APYroii Takoii pocTok (5) MOXKHO Mpej-
CTaBUTH B BHUJE KOMIIO3UIUHN X = 1 O , TJe

o= (z—=z+0(1), w;—w;+o(m,)) (13)

a 1 € Gy, T.e. JJIEMEHT I'PYIIBI KBa3HJIMHEHHBIX aBTOMOPMgU3MOB (), coxpa-
HSIIOIUH HEMOABUKHBIM HAYAJIO KOOPIHHAT.

[Tycrb umeecrest orobpazkenne (4) Ha (5)
(Z—>Z+f2+ W —>wj—|—gmj(m]+1))

Bammiiem st Hero coorHormenne (7) M BBIEINM B HEM KOMIOHEHTHI CJIeJTy-
IOIUX BecoB. B KoopamHaTax IPpyNIbl Wy BBIAEIAM KOMIIOHEHTY Beca My + i,
B KOOpAWHATAX W - KOMIIOHEHTY Beca Mo + p 1 T.1.Iloxyaaem

—Im gjm;+p) +
dq)j (Z7 Zy ULy ey uj—l)(fl—i—/u fl-i—[u Re G1(my+p)s -+os Re g(jfl)(mj71+u)) Tt = 07
1 < j < l,upuyem aprymentTsl B f u g 310 w, = (u, +1P,).(14)
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31ech MHOTOTOUMEM OOO3HAYEHBI WIEHBI COOTHONICHU, 3aBUCSIIHE OT HaOO-
POB Ry = (f14vs Gy (mi4v)s -+ Gmj_1(m;_14v)) TPE v < pi. Tlomydennoe cooTHo-
menne (FOMOJIONHYeCKOe YPaBHEHNE) MOKHO UCIIOJIB30BATh JIJIs1 BHIUHCIEHHS
Habopa h,,, ecju U3BecTHbl Bce HAOOPBL ¢ MEHBbIIUME HoMepaMmu. Jljig sToro
HY’KHO DEIIUTb OTHOCHUTEJBHO h, HeoJHOPOLHOe JIMHeiiHOe ajredpandeckoe
ypasuenue (14), rie BoIpazkeHue, 0603HAYEHHOE MHOTOTOYHEM, OIpPeIeser-
Cd Ha OCHOBAHM WM3BECTHBIX 3uHadenuit h, npum v < pu. [lockosibky pasmep-
HOCTb CEMeNCTBa perennii HeOAHOPOAHOTO JUHEAHOrO ypaBHEeHUA HE MPEBOC-
XOJUT Pa3MEPHOCTH MPOCTPAHCTBA PEIEHU COOTBETCTBYIONIETO OJTHOPOTHO-
IO ypaBHEHHsI MbI [OJIy9aeM, 9TO Pa3MEPHOCTh ceMeicTBa oTobpazkenuil (4)
B (5) HE HPEBOCXOJUT PA3MEPHOCTH PEIleHH OHOPOJIHOIO YPABHEHUsI

—Img; +d®;(z,z,uy,...,u;—1)(f, f,Re g, ..., Re g;_1) = 0,
1 < j <[, upuueMm aprymeHTsl B f U ¢ 3T0 w, = U, + ¢ D,,. (15)

DTO ypaBHEHHE MOy IeHO CJI0ZKEHHEM OJHOPOIHBIX dacTeii cooTHomenuii (14)
o BceM (. Temepb 3amernm, 4to ypasaenue (15) coBnagaer ¢ yeJoBHeM, 9TO
BeKTOpHOE Tosie Bua (1) siBisiercs saemenToMm aut ). Vltak, Hamu jgoka3ana
caeaymollas Teopema.

Teopema 12: (a) Pasmeprocts cemeiicta orobpazkenuii (4) na (5), co-
XPAHSIONMAX HAYAIO KOODJIMHAT, HE MPEBOCXOTUT Pa3MepHOCTH auty (Jo, B
YaCTHOCTHU

dim aute M, < dim autyQo

(b) Iycth @ - HeBBIpOXKAEHA 1 6 = §(()) - HOMEp cTapITeii 110 Becy HeHyJIeBoi
KOMIIOHEHTHI aiarebpbr aut (Qo. Torma ecau umerorcs jaBa orobpazxkenus (4)
Ha (5), COXPAHSIONIUX HAYAJIO KOOPIMHAT, Y KOTOPBIX COBIAIAIOT BECOBBIE O-
CTPYH B HavaJje KOOPAWHAT, TO 3TU 0TOOparKeHusI COBIaIaloT. B dacTHOCTH,
aBroMopdusM M, ¢ TOXKIECTBEHHON )-CTpyeil ecTb TOXKIECTBEHHOE 0TOOpa-
ZKeHue.

JanHoe paccyzkiaeHue BOCXoquT K pabore Ilyankape [1| u mpemcranis-
er cobolt BEpCUIO TEOPEMbI O HESIBHOM OTOOpazKeHUu B Kjacce (hpopMajibHbIX
CTEIICHHBIX DATOB. 06]_1[&5{ CXeMa TeopeMbl O HEABHOM OTO6pa)KeHI/II/I TaKOBa:
KOJIb CKOPO JIMHEHas 4YaCcTh HEKOTOPOTO COOTHOIINEHWS OJHO3HAYHO pa3pe-
IMUMa OTHOCHTEJIBHO TPYHIBI MEPEMEHHBIX, TO TO K€ caMO€ MOKHO CKa3aTb
u 00 UCXOJHOM HEJMHEHHOM COOTHOIIeHWH. B jaHHoil cuTyanuu JHHeiHasT
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YJaCTb COOTHOIIIEHUA 3TO COOTHOIIIEHHE

L(f.9) = 0:2(z,Z,u)(f) + 0:2(2, 2, u)(f) + 0u®(z, 2, u)(Re g) — Im g,

rae w; = u; + 1Py,

KOTOpOE, B CBOIO OYepPejib, €CTh B TOYHOCTH YCJIOBHE TOro, 4ro tmoue (f,q)
KacaTeJIbHO K MOJEJIbHON HMoBepXHOCTH ().

Sameuanme 13: OnwucanHasi BBIIIE PEKyPPEHTHAS CXeMa BBITHC/ICHUS
KOMIIOHEHT OTOOpazKeHHs C OIOpoii Ha omeparop L MOKeT ObITH jajiee yco-
BepIIEHCTBOBAHA U IpeBpalleHa B PeKYPPEHTHBIN IIPOLEcC BRIYUCICHUST KOM-
IMOHEHT OTOOPaXKEeHUs COBMECTHO C IPUBEIEeHHEM YpPaBHEHHUN POCTKA K HOP-
MaJsIbHOM popme. D10 ObLI0 caenano B padborax [1], [2] A HeBbIpOXK IeHHBIX
runeprosepxuocTeii. Tam ke ObLaa JOKa3aHA CXOJIUMOCTH TOCTPOEHHOH HOP-
MaJIbHOW (popMmbl. [Iprdem j1oka3aTe/bCTBO CXOAUMOCTH, JIayKe B 3TOH Mpo-
creiiieil cuTyanuu moTpeboBaIo HeMaJIbIX YCHIui. s mpon3BoJIbHBIX MHO-
roodopa3uit KOHEYHOI'O THIIA HEe TPYIHO OIMUCATH COOTBETCTBYIONIYIO OIlepaTO-
py £ dopmasibHyio HOpMasbHy0 dopmy. [Iporeaypa ee mocrpoenns: CBOANT-
Cd K TOCTPOCHUIO, B MOJXOMAIIEM MPOCTPAHCTBE (DOPMAJIBHBIX Ps/IOB, Hps-
MOT'0 JOTOJHEeHNs K 00pa3y onpeparopa L. Ho paccunThiBaTh, Ipu 9TOM, Ha
CXOJIAIYIOCS, IPUTOIHYIO JIJI BCEX CUTYAIUil, HOpMaJIbHYI0 (POPMY B 00IIEM
cJaydae He IPUXOIUTCH.

Sadukcupyem HEKOTOPYIO MOT0KUTETHHYIO C' R-pa3MepHOCTh PABHYIO M.
VMeroTcss THIBI, JIJIg KOTOPBIX BCE HEBBIPOXKIEHHBIE MOJIEIbHBIE ITOBEPXHO-
CTH JAHHOTO THUIA SKBHBAJEHTHBI M I'PYIIIL aBTOMOP(MHU3IMOB y HEX - H30-
MopdubI. T.e. o cymecTBy MoAeIbHAs MOBEPXHOCTD 0aHa. Ho 310 HeKITIOTe-
uue. B obmem ciydae npoCTpPaHCTBO HEBBIPOKIEHHBIX BECOBBIX (opMm () =
{(®y,...,P;)} pacmamaerca na MHOXKeCTBO opOHT AeficTBua mynkrta (d) Teo-
peMbI b, TpUYeM, KaK IIPABUJIO, CEMEHCTBO OPOUT 3aBUCUT OT HEMPEPHIBHBIX
napaMeTpoB (KOHTHHYATHHO). B CBs3M ¢ 9THM, a Tak:Ke B CBSA3HM C TeOpe-
Moit 12, chopmyaupyem Bompoc. Bepro s, aro npu ¢pukcupoBanubix C R-
pasmepuocTu u Biiym-I'pam-Tune cymecrByer paBHOMEpHAs, T.€. HE 3aBUCS-
masi 0T BbIOOpA HEBBIPOXKIAEHHON MOJEIBbHOI MOBEPXHOCTH OIEHKA pa3Mep-
HOCTH IPyIbi? JI9 HEKOTOPHIX THIIOB TaKie PABHOMEDHBIE, TPUYEM TOUHBIE
OIIEHKH HAIIMCAHBI.

[IpenmoRuM 31eCh paccy:KaeHne, MOKA3BIBAIOIIee, ITO TAKAs OIEHKA HMe-
ercss u B obmem ciaydae. 3adukcupyem CR-pasmMepHOCTb N M HEKOTOPbIH
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dbukcupoBanusiit Tut - m. O6o3HaunM gepe3 D(n, m) MAKCIMYM pPa3MepHO-
crefl rpyun aBroMop@u3MOB 110 BCEM HEBBIPOKIEHHBIM MO/IeJTbHBIM TOBEPX-
wHoctsim C' R-pasmeproctn n u Baym-T'psm-tuna m, a gepes Ds(n, m) mak-
CHMYM Pa3MepHOCTell CTabMIM3aTOPOB HAaYaIa KOOPJIMHAT MPH STHX 1 H 1.
O6o3naanm depe3 D(n, (1) MAKCHMYM Pa3MEPHOCTEH TPYII aBTOMOPMU3MOB
10 BCEM HEBLIPOXKIEHHBIM MOJIETHHBIM MIOBEPXHOCTIM CTAPIIEro Beca [ = my
u C' R-pasmepHocru n, a yepe3 Ds(n, i), aHAJOIMYHO, MAKCUMYM Da3MEPHO-
creit cTabun3aTOPOB HAYA/IA KOOPAWHAT TP 3TuX n u . Obo3HAINM depe3
D(n, K) makcuMyMm pasMepHOCTed Tpyni aBTOMOPGU3MOB 110 BCEM HEBHI-
POXK/IEHHBIM MOJIEIbHBIM MOBEPXHOCTIM C'R-pa3sMepHOCTH 1 B KOpa3MepHO-
ctu K, a uepe3 Ds(n, K) MAKCHMYM pa3MepHOCTel cTabUIM3aTOPOB HAYATIA
KOOpJMHAT npu 3tux n u K.

Teopema 14: Ds(n,m) < D(n,m) < oo, Ds(n,u) < D(n,u) <
00, Ds(n,K) < D(n,K) < oo.

Zokasamenvemeo: lokazkeM nepBoe HepapeHcTBO. [IyeTs () - Ipou3BoJib-
Has HEBBIPOXKIEHHAS MOJIeJbHAs TOBEPXHOCTh TPU (DUKCUPOBAHHBIX N U M,
a aut Q¢ - anarebpa JIu B Touke £. YTOOBI OIEHUTH PasMepHOCTb AJIreOpHI
B HyJI€ JIOCTATOYHO OIEHUTH 3TY PA3MEPHOCTDH st OJM3KON K HYJII0 TOYKE
BHe COOCTBEHHOTO AHAJUTHYIECKOrO MOIMHOXKeCTBa (B TOYKe OOINEro moJo-
xkenus). [loBepxHOCT () - TOJTOMOPMHO HEBBIPOXKEHA U BCIOLY MMEET KO-
Hednblit Tui. Ilosromy MBI MOKeM BBIOpaTh OJM3KYIO K HYJII0 TOYKY &, B
KOTOpOil K () mpuMerumo ciregctsue 12.3.3. u3 [10], B cooTBeTCTBUE € KOTO-
PBIM JIOKAJbHBIN aBTOMOPMU3M () OHO3HATHO ONPEE/ISIeTCs CBOeH cTpyeit
B Touke & nopsiaka (K + 1)n, rme K - KOpasMepHOCTh, COOTBETCTBYOIIA
THILy, T.e. CyMMa KpaTHocTell Ad AaHHOTOo Tuma. [Ipm 3ToMm pasmepHOCTH
00 BEMITIONIEr0 MPOCTPAHCTBA paBHA N + K. DTO 1aeT paBHOMEPHYIO ONEHKY
pasMepHOCTH cTpyHu. s mokazaTeabcTBa BTOPOT'O HEPABEHCTBA 3aMETHM,
91O Jiyist (PUKCUPOBAHHBIX 3HAYEHUN 1 U [ CYMIECTBYET JIUITh KOHEYHOE YHC-
JIO THTIOB BO3MOXKHBIX TUIOB M. Jlokaxkem (c). [lycth () MogeapHasT TOBEPX-
HOCTH. PaccMOTpuM TIOC/IEI0BATEIFHOCTE pacipeiesiennii [, TOPOXKIEHHOe
KOMILTEKCHBIMU KAacATeJbHBIMHU C TIOMOIIBIO ONepalui B3ATUS CKOOKHU. Ec-
JIM UMEeEeTCs TOTHAd OKPECTHOCTh TOUKH (), TJe Pa3MepHOCTh, He JTOCTUTHYB
[OJIHOM, HEe BO3POCJIa B KAXKJ0W TOUYKE XOTd Obl HA €IMHMUILY, TO ITO 3HAUMUT,
ITO ITA MOBEPXHOCTH B KAXKJIOW TOYKE 3TOH OKPECTHOCTH MMeeT OeCKOHedU-
HBII THII, & 3T0 npoTuBopednT Teopeme 10. Takum obpazom, B TOUKe 0061IEr0
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MOJIOYKEHUsT TIyONHA TTOCTIETOBATEIbHBIX ONepaInii B3ATUS CKOOKH, a 9TO U
€CTh CTapliias CTeNeHb (i B 3TO# Touke, He mpeBocxoaut K + 1. Tenepnb Tperbe
HEPABEHCTBO CJjeyeT u3 BToporo. OMeHKn 71 CTa0UIn3aTOPOB - OYeBU/THHI.
Teopema mokazana.

OneHKH Ha Pa3MePHOCTDb, KOTOPbIE BO3HUKAIOT B 9TOM PACCYKJICHUN, OYe-
BHJIHO JaJ€KN OT TOYHBIX.

loromopdHas HEBBIPOXKIEHHOCTH BEIIECTBEHHO aHAJIUTHYECKOT'O MHOI'O-
obpasud - 310 riaobanbHasl XapakTepucruka. ['omomopdHast BEIPpOXK/IEHHOCTD
B OJHO# TOYKe 03HAYAET roJJOMOP(MHYIO BBIPOXKIECHHOCTH BO BCEX OCTAJIbHBIX.
Taxk ke ¢ romoMopdHOI HEBBIPOKIEHHOCTHIO. HO KOHEYHOCTD THIIA MHOTO-
o0pa3ugd B TOYKE - 3TO XapaKTEPUCTHKA, KOTOpas JlaxKe Jijisd BEIeCTBEHHO
AHAJTUTHIECKOTO MHOI000Opa3usi MOXKeT MeHsIThest. [IpocToit npumep - rurep-
nosepxuocth B C2, 3aannas ypasuenuem v = u|z|2. Ojnaxo, Kak J0Ka3aHo
B TeopeMe 10, 1y1d MO/IeTBHOM MMOBEPXHOCTH 9TO HEBO3MOXKHO. 13 Teopem 10
n 12 noaydaemM cJiejICTBHE.

Caencrsue 15: Ecin MojenbHast TIOBEPXHOCTH () HEBBIPOXKIeHa (Ormpe-
Jejienne 8) B Havasle KOOPAUHAT, TO TO OHA HEBBIPOXKJIEHA B KaXKIOi TOUKe.
ITpu srom dim aut@)e < oo 114 Beex &.

OTmeTnM erie 0JTHO OOCTOATENHCTBO. B cOOTBeTCTBHUM ¢ omlpe/iesieHueM 8
yCJIOBHE HEBBIPOKIEHHOCTH MHOTO0ODA3Ws B TOYKE ITO YCJIOBUE HEBBIPOZK-
JIEHHOCTH er0 MOJEJIbHOM TTOBEPXHOCTH B JAHHOU To4ke. B cBOIO ovepenn,
YCJIOBHE HEBBIPOKJICHHOCTH MOJEJBHOI IOBEPXHOCTH COCTOUT M3 JBYX Tpe-
ooBanwuii. I3 ycioBus KOHEYHOCTH TUIA U TOJIOMOPMHOIT HEBBIPOKIEHHOCTH.
YceaoBue KOHEYHOCTH THIA JIJIS POCTKA U TO YKe YCJIOBHUE [ ero MOJIeTbHO
MOBEPXHOCTH - 9TO OJIHO W TO Ke ycaosue (cM. [8]). A Kak CBSI3aHBI YCJI0O-
BHS TOJIOMOP(MHON HEBBIPOXKIEHHOCTH JIJIT MHOTOOOPA3us W JIJIsl MOJIETbHOMN
nosepxHoctu? M3 teopemsl 12 cpal3y mosydaem

CaencrBue 16: IlycTb nmeerca poctok Mg U ero MojejbHad MOBEPX-
HOCTb (o. Ecin Qo - HeBBIpOKIeHa, TO M - T010MOPGHO HEBBIPOZK IEHA.

T.e. N3 HEBBIPOZKACHHOCTHU MOﬂeﬂbHOﬁ MMOBEPXHOCTH CJICAYET BBITIOJIHEHNE
oboux yciaoBuii u Jyist pocTka. [Ipu 910M HpoCTOil IpUMep rUIepHoOBEPXHO-
cru B C? Buna {v = |21]* + |22|?} mokasbiBaet, 4To U3 ro10MOPMHON HEBbI-
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POXKIEHHOCTH MHOTO00OPa3usa TOJOMOPQHAS HEBBIPOXKIECHHOCTh MOIEIbHOM
MTOBEPXHOCTH, KOHEYHO, HE CJIEJIyeT.

B [7] OBLIO MOKA3aHO, UTO Il »KECTKHUX MOIEJIbHBIX IIOBEPXHOCTEH, T.e.
JIJIS TOBEPXHOCTEH 3aJaHHBIX YPABHEHUAMH U; = (I)j(z, 2), j =1,...,1 neob-
XOJIMMOE YCJIOBHE T'0JIOMOP(HON OJIHOPOHOCTH, YCJIOBHE IOCTOSHCTBA, THUIIA,
mo Baymy-I'pamMy, sgBisercs mocTaTOYHBIM. DTOT K€ KPUTEPHl OCTAeTCsa B
CUJIe W Jad TPOU3BOJIHHON MOAEABHONU MOBEPXHOCTH KOHEYHOTO THIIA.

HyCTb MOJZeJbHad IIOBEPXHOCTDH Q 3alaHa YpaBHEHUAMA
Uj :(I)j<Z,Z,U1,...,'LL]',1), ] = 1,...,[,

rie @; - dbopma Beca m; B MoaUMHUITPOBAHHON cTaHIapTHOH dopMme, riie Ko-
opanHATHBIE (DOPMBI JTHHEHHO HE3aBUCUMBI, T.€. () B Hadaje KOOPIANHAT HMeeT
koneunslit tunt m. Ilycts € = (a ,b1+i ®1(a,a),...,b;+iPi(a,a,by,...,0-1))
HEKOTOpast TOUYKa ().

Teopema 17:

(a) Jasg MOENbHOMN TMOBEPXHOCTH KOHEYHOrO TUMa () roJoMopdHbI aBTO-
MOpGbU3M, TePEeBOIANINI HAYAI0 KOOPJAMHAT B TOUYKY & € () cymecrByer B
TOM U TOJIBKO TOM Cjydae, ecn () B £ umeer TOT ke Tumn 1m0 Biaymy-I'pamy,
YTO W B Hadaje KOODAWMHAT. B WacTHOCTHW, 9TO O3HAYAET, YTO YCJIOBUE IIO-
CTOSIHCTBA THIIA SIBJIFETCS JIJIS MOJIETBHON MOBEPXHOCTH () KPUTEPUEM TOJI0-
MOpP(hHOR OTHOPOIHOCTH.

(b) Ecau Tuinel B Hadase KOOPAMHAT U B & COBHAAAIOT, TO MEPEBECTH HAYAIO
KOOPAMHAT B £ MOYKHO HE MEHsIsl BECOB KOOPINHAT MPOCTPAHCTBA TPEYTOJTHHO-
HOJIMHOMUAIBHBIM OTOOpazKeHHeM Sg BUIA

2= z+a, w; = wj+ Pi(z,w,...,wj_1;§), j=1,..7,

rae Pj - rogoMopdHbIil MOAHHOM OT (2, Wy, ..., W;_1) BECA CTPOIO MEHBIIErO
M, TPIYEM 3TOT «CABUT» S¢ B TOUKY & OmpeJiesieH OJHO3ZHATHO.
Hoxasameavcmeo: PacemorpuM mpeobpasosanue (2 — z + a, uj — u; + bj),
KOTOPOE TMEPEeHOCUT HAYAJIO KOOPAMHAT B TOUYKY (a,by,..by). s xaxmoit
BeKTOp3Ha4HOI hbopMbl P, MOXKHO 3a11CaTh

(I)j(Z + a, Z+ C_L,ul + bl, cey Uj—1 + bjfl) =
CI)](Z,E, Uy, ...,u]’_l) + A(I)] (272, Upyeery Uj—1, a,a, b17 ceey bj—1)7
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rJe I KayKI0ro GUKCupoBaHHoro (a, by, ...b;_1) paznoxenne A®; B cymmy
BECOBBIX KOMIIOHEHT COACPzKUT JIUIIIb KOMIIOHEHTBI BECOB, CTPOI'0O MEHBbLHINX
m;. B HOBBIX Koop/mHaTaxX ypaBHeHuHe () He MMEIOT HH CTaHIApTHOI dop-
MBI, HU IpuBeeHHON (opmel. [IpaBeie YacTu ypaBHEHHil IepecTaroT OBITh
B3BEIIeHHO OJTHOPOIHBIMH.

[Iporeypa mpuBejieHust K CTaHIAPTHON hopme, onucanuas B 8], sBister-
Cs1 OMIArOBOil MPOIIE/1y POil, 3aHyMEPOBAHHOIT HOMEPAMU KOODIAUHAT TPy b
w. T.e. ecyim TOT MPOIECC OCTAHOBUTH 0 €r0 OKOHIATE/THHOTO 3aBEPIIEHHSI,
TO Beca y»Ke Ha3HaveHHble 00pabOTAHHBLIM TEPEMEHHBIM B JlaJbHEHIeM He
MEHSIIOTCs, KaK W BHJ IOJYYeHHBIX KoopauHaT ® B craHmapTHO# dopme.
PaccMoTpuM mepByio TpyIny ypaBHEHHE COOTBETCTBYIOILYIO KOOPIHHATE W .
[lepemenHnasi z, HeE3aBHCHMO OT JaJjbHeiimiero, umeer Bec 1. CoorBeTcTBEH-
HO He M3MEHHJICA Bec ( 374ech pasublil cremenn) dhopmst $y pasmbiii my. Bee
BO3MOXKHOCTU IJId YAAJCHUA TTOABUBIIUXCA CJIala€MbIX BECOB, MEHBLIITUX 7717,
PeAN3YIOTCsl MOJIAHOMHUAJBHO-TPEYTOIbHBIME Pe0OPa30BAHUAME, HCIIOJIb-
3yIolue roJaoMopdgHOCTHE MOHOMOB BHIa 2%. Takum obpazom youparoTcs Bce
IJIFOPUTapMOHUYECKHe 4jieHbl. Ecjim B Kakoi-/inbo KOOP/JMHATE I'PYIIIbL Wy
MIOCJIE TOTO OCTAJIOCH CJAraeMOe BeCa MEHBINEro 1My - 9TO O3HAYAET M3MeHe-
HUTE TUIla. A UMEHHO, ITOdBJIEHME HOBOT'O Be€Ca, MEHbIIIEC MUHUMAJILHOT'O BeCa
my. Takum obpa3oM, U3 yCI0BUs COXpAHEHHS THIIA CJIEIyeT, ITO IOCJe Tpe-
YTOJBHOTO mpeobpasoBanus Buma (2 — z, w; — w; + Pi(z;a,a)) nepsas
TPy ypaBHEHUT BO3BPAIIAETCS K MPeXKHEMY BUIY, a uMeHHO v, = Pq(z, Z).
[Tpu sTom nosimaoM P; onpejiesieH 0 THO3HAYHO.

Jlanee, nmycTh MbI OCYIIECTBUJIM TPUBEIEHHE B TOYKe & K CTaHIAPTHO
dbopme Beex ypasHenuii rpymn (wy,ws, ..., wj_1). Beca Bcex 9THX mepeMmeH-
HBIX OCTAJIHCh TEMH K€ M COOTBETCTBYIOIINE KOOPIMHATHBIE (DOPMBI HE II0-
MeHstIuch. IIpn 9ToM Beca BceX claraeMbIX, CTOSAIIAX B IIPAaBOil 4acTu ypas-
HEHUs J-i TPYIIIBI OIPeie/ieHbl. B 9acTHOCTH, cTapIiee CjaraeMoe nMeeT BT
(2,2, u,...u;_1) 1 Bec paBHBLT m;. Bce BO3MOXKHOCTH 17151 OCYIIECTBIICHNS
CIIELYIOIIETO IIATA OCHOBAHBL HA TOJIOMOP(HOCTH MOHOMOB BHIA 2% w)" ...wfﬂ’ll
BECOB, MEHBIINX 1M; U OHH PeaJIn3yI0TCd TOIHHOMUATIBHO-TPEYTOJIbHBIMHE IIpe-
obpaszoBaHusaMH Buaa w; — wj + P(z,wy,..w;—1) (z u Bce Miagmme w -
HA MecTe), IpUYeM BeC MOJIMHOMA P CTPOro MeHbIme 1m; U IIOJHHOM OLpe-
JIeJIeH OIHO3HAYHO. KC/Im mpm 3TOM HMCUYe3HYT HE BCe CJiaraeMbie MeHbIIe-
ro Beca, TO ITO O3HAYAET YMEHBINeHWe KPATHOCTH Beca m; W yBeIndeHue
KPaTHOCTH OJHOTO M3 MEHBIIHX BecoB. Takum oOpa3oM M3 YCJIOBHSA COXpa-
HEHUsI TUIA CJIEAyeT, YTO YpaBHEHHUE j-ii IPYIILl BEPHETCS K CTAPOMY BHIY
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v; = ®;(z,Z,uq,...uj_1) U IepeMeHHBle TPYNIBI w; COXPAHSIIOT CTAPHI Bec
m;. 3aBepInas TOT IPOIECC MBI OJIydaeM J0Ka3aTeIbCTBO TEOPEMBL.

[Ipu poxazaresbcTBe TeOpeMbl 17 MBI HUCHOJIB30BAIH HPOIECC ITOCTPOe-
HUS CTAHJIAPTHON Wjin npuBeieHHON GpopM ypaBHenus nopepxuoctu. meer
CMBICJI €IT[e Pa3 BEPHYTHCS K ITOMY MPOIECCY W JaTh ero DoJiee ajaredpande-
CKOE W AJITOPUTMUIECKOE OMUCAHTE.

Wcexoamno Mbl HMeeM YpaBHEHHs POCTKa MHOTOOOpas3us B HadaJje KOOP/IU-
HaT BUIA v = F(2,Z,u), tae F' - BelecTBeHHBINH BEKTOP3HAYHBIN CTEMEHHON
psJ1 6€3 CBOOOJHOTO U JIMHEHHBIX WieHOB. [IpocTpancTBO BCeX BENECTBEHHbIX
CKAJISIPHBIX PANIOB OT (2, Z,u) depe3 F. KommiekcHas KacarejabHas B Hava-
Jie KOODJIMHAT - 9TO TJIOCKOCTh IepeMeHHoro z, T.e. {w = 0}. TIpucBanBaem
IepeMeHHOI 2 Bec 1, BceM oCcTaJIbHBIM - 00. BriocsieicTBun Beca rnepeMeHHbIX
rpynnsl w OyIyT MOJIyYaTh HOBbIE KOHEUHbIE 3HAYCHUSI.

IlepBsrit mar. Ilycts my > 2 - 370 MaaaImas HeHyaeBas CTeleHb, MpH-
CYyTCTBYIOIIAsI Cpeau KoopauHaT F, mycTb Fi - 3T0 KOHEYHOMEPHOE JTUHEHHOe
MOITPOCTPAHCTBO B J, MOPOXKIEHHOE KOMIIOHEHTAMU KoopauwHat F Beca my.
[Iycts Hy =< 2% > - 3T0 HOANPOCTPAHCTBO B JF1, MOPOXKIEHHOE BEIIECTBEH-
HBIMH ¥ MHUMBIMH YaCTsIMH TOJOMOP(HBIX MOHOMOB OT z (IIPOCTPAHCTBO
IUIIOPUTAPMOHUIECKIX MHOTOUJIEHOB BECA My ), & TPOCTPAHCTBO S - MOIPO-
CTPAHCTBO MHOTOYJIEHOB B cTaHtapTHOI (popme. Toraa mpocrpancrso F| pac-
najaercs B npamyio cymmy Hi + Sp. lyers by = dim Sy u & = (9}, ..., CD]fl)
- Kakoii-n60 6a3mc 3Toro npocrpaHcTsa. lTenepb ypaBHEHUs POCTKA MOCTIE
TPEeYTOJbHO-TOJTHHOMHUATBLHOIO PpeoOpa30BaHus MOYXKHO 3aIlUCATh B BUJIE

(%1 :<I>1(z,2)+0(m1), U~1 :<I>1(z,2,u1,ﬂ1)

e wy = (Wi, ..., wi") - 4acTh mepeMeHHBIX IPYIIIBL W, KOTOPbIE COOTBETCTBY-
10T KoopauHaTaMm P, epeMeHHbIe W - 3TO OCTABIINECS [ePeMeHHbIE IPYIIIbI
w, a ®p - HTO COOTBETCTBYIOUMH UM NIPABbIC YACTH ypaBHenus. Temepn me-
pevennag w; € CM momydaer Bec m; I MBI HEPEXOINM KO BTOPOMY IIATYy.

Bropoii mar. [lycts ms > m; - 370 My1a/iilas HeHyJeBas CTerneHb, Mpu-
CYTCTBYIOIASL CPEIH KOOPAMHAT P1 , mycTh Fy - 9T0 KOHEYHOMEPHOE JIH-
HefiHOe MOIIPOCTPANCTBO B JF, IOPOXKICHHOE KOMIOHEHTAMH KOODAUHAT 1
Beca my. Iycrs Hy =< 2% (ug + i ®(2,2))"" > - 310 MOMUpPOCTPAHCTEO B
F3, NOPOKICHHOE BEIECTBEHHBIMYE M MHUMbBIMH JaCTAMHA TOJOMOP(HBIX MO-
HOMOB OT (z,w;) (POCTPAHCTBO TLIIOPUTAPMOHUYECKHX MHOTOUYJIEHOB Beca
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Ms3), & MPOCTPAHCTBO Sy - TOINPOCTPAHCTBO MHOTOWIEHOB B CTAHIAPTHON
dopme. Torga mpocrpancro JFo pacmagaercs B npsamyio cymmy Ho + So.
Mycrs ky = dimS; u & = (®), ..., ®52) - xakoii-mm6o Gasuc sroro mpo-
cTpaHcTBa. Temephb ypaBHEHUs] POCTKA, [OCe TPEyTOJIbHO-TOJTHHOMAATEHOIO
mpeobpa3soBaHusT MOYKHO 3aIHCATh B BHIE

V1 = @1(2,2) + o(ml), Vg = @2(2’,2) + o(ml), U~2 = &)2(2, 2, ul,UQ,ﬂQ)

rae wy = (wi, ..., w§2) - 9aCcTh IIEpEeMEHHBIX I'PYIIIBI W, KOTOPhIe COOTBETCTBY-

10T KoopauHaTtaMm Po, mepeMeHHBIE Wy - 9TO OCTABIINECS epeMeHHbIe TPYIIIbI
w, a Py - ITO COOTBETCTBYIOIUA UM [PABbIE YaCTH ypaBHeHU:. [lepeMeHHast
wy € C*? monyyaeT Bec Mo U MBI HEPEXOMNM K CJIELYIOIEMY IIAry.

B cayuae pocTka KOHEYHOTO THUIIA 3TOT MPOIECC 33 KOHEYHOE YUCJIO Ta-
roB (GOpMHUPYIOT ypaBHEHUA POCTKA B IpuBegeHHON dhopme. OOo3HATNM Ye-
pes H = Y} H; u Sy §;. OboznauuM 4epes 7 HPOEKTOP Ha KOMIIOHEHTY
S. Teneps ycioBuio, rapanTupyiomeMy, 4ro cymecrsyer "casur'Se nagasa
KOOPJMHAT B TOYKY & MOXKHO IIPHIATH CJACLYIONNH BUI.

YrBepikaeuue 18: Apromopdusm (), mepeBosIIIil HAYaJI0 KOOPJAUNHAT
B TOYKY

52 (Cl ,b1—|—i<I>1(a,EL),...,bj+i®l(a,a,b1,...,bl,1))
CYIIECTBYET B TOM U TOJILKO TOM CJIy4ae, KOrJga
W(A(I)j(z,z, Uy, ..., Uj—1, CL,C_L, bl, ...,bjfl)) =0

Juist Becex j =1, ..., 1.
Joxazamenvemeo: 1o caeayer U3 HAIIErO PACCYXKJICHUS NPH JOKA3aTeb-
CcTBe TeopeMbl 16.

Teopema 19: (a) Eciim ) - roroMopdHO OJHODPO/IHA, TO CMIHUCOK BECOB,
onpeJearomuX TAI () MIOXKeT OBITH TOJIBKO TaKHM

(m1 = 2, mo = 3,...,ml :l—|— 1)

(b) Ecam @ ogroposHast MoIegbHas TMOBEPXHOCTH KopasmeprocTH K, To
crapmmii Bec pu(Q) < K + 1.

Jokazamenvemeo: Ecniu my > 2, 1o qas a € C" obmero nmonoxkenust $q(z +
a,z + d) COJIEP’KUT HEHYJIEBble HE ILTIOPUIapMOHUYECKHE CJIaraeMbie. DTO
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O3HAYaeT yMEHBIICHHE MIHUMAILHOTO BECA 1. AHAIOTHIHO, €CJIH IMEeT I
TaKoil Bec m;, 9T0 Bec m; — 1 - oTcyTcTByer, To npu casure ®; B ToUKy obmIe-
ro noozkenusd B AP, mogBATCH HEHy/IEBbIe CJAraeMble Beca M, — 1, KoTopsie
(yrBep:keHue 16) HeJb3s peyupoBaTh K HYJII0. DTO O3HAYAET U3MEHEHUe
TUNA U TPOTUBOpPEYUT onHopoaHocTH. [loyuaem (a), myHkr (b) cpasy cie-

ayer u3 (a).

Sameuanue 20: [Ipu nepemeniennu B ToUKy & € () THI MOXKET IIOMe-
HATBHCS, OCTABASICHh KOHEYHBIM, TP STOM CTAPIIHN BeC m; He MOYKET yBeJH-
qurhest. [locse ocynecTBiieHust TPEeyroibHO-IIOJIMHOMUAJILHON 3aMeHbl KOOP-
JUHAT, MPUBOJIAIIEH HOBbIE KOMIIOHEHTHI K CTaHAApPTHOH (hopMe, MBI IOJIY-
quM ypaBHeHHs () B HOBBIX KOODJMHATAX ¢ HadaaoM B Touke &. Ecam Tun
JIEHCTBUTEILHO IMIOMEHSAJICH, TO B 9THX HOBBIX KOODJMHATAX IMOBEPXHOCTH HE
MOZKET SBJIATHCSI MOJIEJbHOMN. B Toit Koopaunate, riie NpOU30ILIO0 CHHKCHHE
Beca CTOUT HEYCTPaHUMas KOMIIOHeHTa 0oJiee BBICOKOTO Beca, KOTOpas ObLia
MJIaJTIIIel /10 CABHUIa U KOTOPYIO He 3aTparuBaeT MPOIece IMPUBEJeHUS K CTaH-
JaprHoit popme. DTo, OIHAKO, HE MEITAeT TOMY, YTOOBI MOBEPXHOCTH MOT/IA
0Ka3aThCs JIOKAJBHO OUr0JI0MOPGHO 3KBUBAJIEHTHON CBOeil HOBOMl MOJI€e/ib-
noit mosepxuoctu. Ho my1g peanusanuu 3Toft SKBUBAJIECTHOCTH IMOTPEOYIOTCS
peobpa30BaHUs, BBIXOIAIINE 38 PAMKH TeX TPEYTroJIbHO-TIOTHHOMHAILHBIX,
KOTOPBIE HCIIOJb30BAINCH IIPHU IIPUBEICHIH.

Anrebpa aut () MoxkeT OBITH 3ammcaHa Kak g + go + g4, IIe g_ - 9TO
CYMMa BECOBBIX KOMIIOHEHT OTPHUIATEIBHBIX BECOB, (o - TOJsI Beca HOJb, 4
- [OJIST HOJIOKUTEIBHOTO Beca. OUeBUHO, YTO KAXK/I0€ U3 TPEX CJIAraeMbIX
sByisiercs nogaareopoit JIu B aut ). Jlanum onucanuwe rpymi, COOTBETCTBY-
IONAX TUM TTOJAJTeOpaM.

IIycts G- - 3TO COBOKYIHOCTD TPYTOJBbHO-NOIRHOMAAIBHBIX "'¢IBUTOB" S¢
it Beex € npunajexkamux Orbg - opburte HyJsl B IpyIie aBTOMOP(MU3COB
Q. OueBunno (G_ gBisgeTCd IPYNION MO OTHOIIEHUIO K OMEPAINN KOMIIO3U-
nuu. [Ipu 3TOM MBI OJTy4aeM B3auMHO-OAHO3HAYHOE coorBeTcTBHe (§ — S¢)
Mexay Toukamu Orby m capuravu n3 G_.

JI106oit aBTomMopduszm () MOXKHO HpEJICTABUTD B BHUJE KOMIIO3UIUU IIPe-
obpa3oBaHusd, COXPAHMAIONIET0 HAYAJIO KOODJAMHAT, T.e. U3 cTabuam3aTopa u
npeobpazopanus u3 G_. [losTomy opbuta Hadasa Koopaunat Orby mo oTHO-
IEeHNI0 KO Beeil rpymnme Aut() coBmagaer ¢ opoUTO 110 OTHOIIEHUIO TOJIBKO

25



K geiicteuio G_.
[TycTn

5 = (CL,bl = le +Zb21, b2 = bTQ +Zb22, ...7bl = le +2bZl) € Orbo

TOrA Sg, B COOTBETCTBHU C IIPOIENyPOIl MOIyUeHNs YpaBHEHNUIl B IpUBe/IeH-
noit popme, nmeer Bu/I

zZ—z+a,

wy — wy + Aq(z,a,a) + by,

wy = wy + Aoz, w1, a,a,bry) + ba,
.. (16)
w; — wp + Ay(z,wq, ., wi—y, a,a, by, . b)) + by,

IIpu sTom nomnpaBounble ciaraeMsle A; (2, wy, ..., w;_1,a,a,bry, ...,brj_1) oa-
HOPOJHBI BECA 1 110 COBOKYMHOCTH EPEMEHHBIX, FOTOMOPQHBI 1O (2, Wy, ..., Wj_1),
nprdeM 00paIarTes B HOJIb upu (a, by, ..., b;_1) = 0. Takum o6paszom, ecin
Oparh pasokenue /A, M0 BeCaM TOIBKO (2, W), TO TaM COIEPIKATCS KOMIIO-
HeHTHl BecoB oT 1 10 m; — 1. Eciau § = 0, o S¢ = Id, 1.e. Hauary KoOpiuHAT
coorBeTcTBYeT eqununa B G_.

Kak muoroobpasme G_ coBuajgaer ¢ opouroit Hadasa Koopauaar - Orbg
T.€. HEKOTOPBIM MOAMHOrO0OpasueM (), copepzKaleM Hadago KoopauHar. B
caydae, ecan () - OHOPOAHA, TO €CJM MBI OTOXKIeCTBIM TIpocTpancTso CHE
nepeMeHHbIX (2, w) 1 npocrpancTBo C"E nepemennbix (a,b), ToO MBI OTOK-
necrsagem Q u G_. Ilpu stom G_ cranosurcsa C R-nonmuoroobpasuem CrHE
L100aJIHLHO TOJI0OMOP(MHO IKBUBaAJIEHTHBIM (). ITocse 1ero MoxKHO cKa3aTh, 9TO
Q neiicTByer cama Ha cebe TPeyroJabHO-MOJUHOMUATLHBIMA aBTOMOP(MOHU3MAa-
mu CHE,

13 Hammero onucanus CIBUIOB S¢ ciejyer, 4o ajarebpa Jlu, coorBercTsy-
forasg G_ npuHAIEKAT ¢_. JJoKaxkeM, 4TO eciIu moJie u3 g_

0 0
X:Re(f%qLZgj%)
J

obOpalaercsd B HOJb B Hadaje KOODJIUHAT, TO OHO paBHO HY/O. /lokaxkem
mo uHayKIuu. [lepBorit mar. f mMeeT BeC HOJIB,T.€. ITO MTOCTOSTHHAS, TTPUIEM
paBHasg Hyq0. /lasee, g; cocTONT U3 KOMIOHEHT Beca He BhIme my — 1. [lep-
BbI€ JIBE BECOBBIE KOOPAMHATHI 1-TTapaMeTPUIECKON IPYIIb Tpeobpa3oBaHHMii,
HOPOKIEHHBIX X UMEIOT BHU/I

z— 2z, wi; — wi+ g1(2)t+ wienbl Gojiee BHICOKOTO 1OPsijIKa 110 ¢

26



[oxcTaBass 970 B mepByO Tpymiy ypaBHenuil (), moaydaem Im(g;(z)) = 0.
Orkyna nosyuaem ¢, = 0. Ilycrs g, = 0 upu v < j. CoBepIieHHO TaKKe
HOJIy4YaeM, 4YTO MHUMas 9acTh roJJoMOp(pHOro Koaddpunuenrta g; paBHa HyJl10
Ha yCeYeHHOM IIOPOZKIAIONIEM MOJIEJLHOM MHOroobpasuu (7. A IOCKOIBbKY
3TOT KO3dUIIHEHT paBeH HY/IIO B Havaje KOOPJAUHAT, TO OH Hyao. Utak, g_
9TO aarebpa cooTBeTcTBYIOMAasd G_.

Paccvorpuwm, terieps G - moArpymiry npeodpa3oBanmii u3 CTabUIn3aropa
Ha4Ya 8 KOOPIUHAT BUIA

(z = Cz wj = pjw;+0i(wy,...,wi_1), j=1,...,1),
rae C € GL(n,C), p; € GL(k;,R)
u e 0;(ws, ..., wj_1) - OAHOPOgHAS BerecTBeHHAs (opMa Beca m;
npuaeM s Beex j = 1,....1

pj Pi(2, 2, wy, ., ujm) + (17)
Im6;((u1 + i P1(2, 2)), ..., (wjm1 +iPj_1(2, 2, us, ..., uj—2))))
=®;(C2,Cz,p1ut,.... pj_1Uj_1)

Yro6bI HoJIyunTh onucanue aarebpsr Jlu, coorBercrByionieii (g, paccMoT-
pum l-mapaMeTpuYecKyio MOATPYIILY BUIA

Cz=z+taz+.., pjwj=tBjw;+..,
Gj(wl, ...,U)j,1> = t”)/j(wl, ...,U}jfl)...,

rae t € R, a MEHOrOTOUMEM 000O3HAUEHBI WIEHBI OOJIee BHICOKOTO TMOPSIKA MO
t. TlomcraBum 310 B (17), BHLACANM JHHEHHYIO 10 ¢ 9acTh 1 nojoxuM ¢ = 0.
[Tosryaaem, aro ajarebpa Jlu, coorBercTBytonias 3Toit rpymme JIu cocrout u3
BEKTODHBIX II0JIell Bujia

0 l 0
X = Re(az Ep + > (B wj + vj(wi, . wj—q) £
J

=1

) (18)

TpuIeM

ﬁj (I)J + Imfyj((ul +i(I)1, couy (U'jfl + Z(I)j,1) =

7j—1

2Re(0, ®j(2)) + Y O, @i (B ) (19)

v=1

[Ipu srom ™Mbl BuguM, 9o (18), mpu yeaosun (19), - 310 obmuii BuI OIS
Beca HOJIb, T.€. go - 9T0 ajaredpa Jlu, coorsBercrByomas rpyuue Jlu GYy.
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[IycTs, namee, G - 3T0 TOATPyNIIa ABTOMODMUIMOB (), UMEIONTUX BU]T
z—=z+0(l), w;—=>w;+o(my), j=1,..1

Acno, 910 Mo, MOpOXK AArONIHe TpeoOpaszoBanud U3 (G MOTYT CONEPKATHCS
TOJTBKO B (. .
Peziomupyem.

Teopema 21: (a.1) g_ 310 anrebpa Jlu, coorBercTByOIast rpymnie Jlu
G_. llpu stom coorBercTBHE § — OS¢ OTOXKIECTBJIAET OPOUTY Hadasla KO-
opauHar Orby v MOAIPYIILY TPEYTOJbHO MOJMHOMUAIBHBIX IPe0Opa30BaHmii
G_.

(a.2) Ecomm @ - romomopdHuo omHoposna, T.e. Orby = @, 1o G_ oKa3biBa-
eTCsI pean30BaHHON KaK COBOKYIIHOCTb TPEYTOJIbHO-IIOJHHOMHUAIBHBIX IIpe-
obpasoBanmii Buga (17) napamerpu3oBaHHOil cucTeMoil napameTpos (a,b) €
C"K | y10BIeTBOPAIOMIX TOi Ke cucTeMe ypaBHeHwil, 9To n Toukn Q. Jan-
Hag TMapaMeTpu3anus MO3BOJIseT paccMarpuBarh (G_ KaK BEIECTBEHHO aJl-
rebpandeckyio nosepxuocts B C"ME rojomopdno sxsupasenTayio Q Kax
C R-muOroobpasue.

(b) go 10 anrebpa Jlu, coorsercrByoinas rpytie Jlu Go. Ipu s10M HeTMHEH-
HBIE WIEHBI Y; B o, TaK U HeTHHelHbIe WwieHsl 0; B Gy MOTYT NIPHCYTCTBOBATDH
TOJTBKO TPW HAJIMYWH DE30HAHCOB BUIA. 1M = 1 My + ... + [4j_1 M1 C TIe-
JIBIMI HEOTPUIATECJIbHBIMU [, .

(¢) g+ 310 anrebpa Jlu, coorBercrByiomas rpymme Jlu G,. Ilpuuem, eciu @
- HEBBIPOXKJIEHA, TO ¢, KOHEYHOMEPHA, KOHEUHOTPAJYHPOBAHA U COCTOUT U3
moJiel ¢ MOJTMHOMHUATIBHBIMI KO DHUITHEeHTAMA.

Joxazamenvcmeo: Ocranoch j1oKa3aThb TOJAbKO corBercTBue Gy — gy. 910
CJIeJyeT U3 TOr0, 4TO JII0OOH 3JeMeHT U3 CTabWIn3aTopa HyJIs MOXKeT OBbITb
MpeJICTaBIeH KaK KOMIO3UIus oTobpakerus u3 G u orodpaxkenns u3 G
(cencrrue 11) u mynkra (b) .

4. OTKpBITHIE BOIIPOCHI

Kaxk 6b1710 0TMe1eHO BBITIIe, ToJaredpa ¢, Py YCJIOBUU HEBBIPOXK TEHHO-
ctu (), COCTOUT U3 KOHETHOI'O YUCJIA BECOBBIX KOMIIOHEHT ¢ + ... + g5. Ecimn
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Q - 6noane HEBBIPOKJIEHA, a 1 > 3 TO, Kak nokaszann Koccosekwii [11], Cab-
sesapu u Crupo 5], a rakxke I'peroposuu [6], g+ = 0, 1.e. § = 0. Ecom ke Q)
SBJISIETCS JIUITb HEBBIPOZKIEHHOI, TO 3TO He TaK. Bo3znukaeT Bonpoc 00 oreH-
K€ CTapIIero moJoKUTeIbHOT0 Beca 0(()) moaaireGpsl g JJisi TPOU3BOTHHON
HEBBIPOXKIEHHOH ().

l'umore3a Ne 1 (HoBasi Bepcus ¢, -TUIOTE3HI):

Tunomesa-munumym: Cymecrsyer nocrosauas C(n,m), Takast 410 Jjist
BCEX HEBBIPOKIEHHBIX MOAEAbHBIX moBepxHOCTEl () ¢ C' R-pa3MepHOCTHIO N 1
Baywm-T'pam-tuniom m cnpaseinsa onerka 6(Q) < C(n,m). dpyrumu cio-
BaM#, IPH (PUKCHPOBAHHBIX 1 M 1 3HAYEHHE 0 HE MOYKET OBITH CKOJIb YTOIHO
OOJIBIITIM.

T'unomesa-marcumym: Eciu @ - mesbipoxiena, 10 6(Q) < u(Q), r.e. crap-
AR TTOJOXKUTEJIBbHBIA BEC HE NMPEBOCXOJUAT CTAPIIErO OTPUIATEILHOTO BECA.

[Tpumepst ¢ § = p - cymecrByior [6], B TO BpeMst KaK IPUMEPHI ¢ § > [
HAM HE M3BECTHBHI.

C sTuMu BOIpOCAMH TECHO CBs3aH BOIPOC O COOTHECEHUH JAHHON Teopun
MOJICJIBHBIX [OBepxHocTeil Konednoro tuna ¢ reopueit H. Tanaku [17]. B sroit
CBSI3M MOXKHO NPEIOIOXKATE CJie/IyIolIee.

l'umoreza Ne 2 : Ecian () - HEBBIPDOKIAEHA W TOJOMOPGHO OIHOPOIHA,
TO ¢g_ - pyHJIAMEHTAJIbHA.

B srom ciryaae Bompoc 06 oreHke §(()) - cTapiiero mogoxKuTeIbHOr0 Beca
g+ MOZKHO DaCCMaTpuBaThb B KOHTEKCTEC TaHAKOBCKOT'O MPOAOJIZKEHN 4.

B Teopeme 18 6b1J10 MOKa3aHO, 9TO JJIsi OJHOPOIHONW MOJIEJIHHON TTOBEPX-
HOCTH CIIHCOK BECOB HMeeT BecbMa onpenejeHHbI Bux m; = j + 1. Yro
MOZKHO CKa3aTb 00 UX KpaTHocTdx k;? [ig nmosepxHocTu

v; = (Im2)?*, j=1..1

tuna (2,3, ...,0+1) Bce ky = ... = k; = 1. D10 nosepxuocts C' R-pasmepHocTi
1 u kopazmeprocTH [. DToT puMep GBI paccMoTpeH B padore [22]. C npyroii
CTOPOHBI, JIJI BHOJHE HEBBLIPOXKIEHHBIX MOIEIbHBIX IOBEPXHOCTEH KPaTHO-
cTU OBICTPO pacTyT ¢ pocToM Beca. OIHAKO SICHO, YTO KPATHOCTH HE MOTYT
ObITH IIPOM3BOJIBHBIMHU.
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Bompoc Ne 3: Onucarb orpanndenus, KOTOPBHIM YIOBIETBOPSIOT KPaT-
HocTH BecoB (K, ..., k;) Ju1st rO;IOMODHO OMHOPOIHON MOJETBHON HOBEPXHO-
CTH.

B reopeme 10 (m.(d)) 66110 TOKA3AHO, UTO €CIU LUy, - MEHEMATBHOE 3HA-
YeHHUE CTAPIIEro Beca Mo BCeM TOYKaM (), TO QQF™in - OTKPBITOE HOAMHOZKECTBO
Q. OnHAKO MBI HE YTBEPKIAEM, 9TO 3TO €INHCTBEHHbI OTKPBITBINA CTPAT.

Bompoc Ne 4: CymectByior ju v < [iyin, T.9. Q¥ - orkpsitro? T.e.
CYIIECTBYIOT JTH OTKPBITHIE CTPATHI, OTJTUIHBIE OT MHHUMAJIHHOTO?

Badukcupyem napy (n, K), t.e. C R-pa3MepHOCTh U KOpPa3MepHOCTL. B
TeopeMe 14 OBLIO TOKA3aHO, YTO I/ PA3MEPHOCTEl BCeX HeBBIPOXKICHHBIX
MOJICJIbHBIX TIOBEPXHOCTEH MMeeTCst paBHOMEPHAs ONEHKA Pa3MEPHOCTH aB-
romopdusmos - D(n, K).

T'umore3a Ne 5 (HoBasi Bepcusi TUIIOTE3bI O PA3MEPHOCTH ):
ITycts Mg npon3BoJbHBIH HOPOXKAAIONIUH BEIIeCTBEHHO aHaJINTHYecKuil po-
crok C'R-pasmeproctn n n KopazMmeproctd K. Ecim dim aut M, - KoHeuHa,
TO

Ne(5.a)  mast mosoit pasmeproctn  dimaut My < D(n, K),
Ne(5.b)  mast pasmeprocru crabunuszaropa  dimaute My < Ds(n, K),

T.e. yrBepK1aeTcs, 9TO B CJIydae, eCJI Pa3MepPHOCTDb TPYIITLI POCTKA KO-
HEYHA, TO OHA He MPEeBOCXOIUT MAaKCUMATbHON Pa3MEpPHOCTH TI0 BCEM HEBBI-
POXKIEHHBIM MOJIETIBHBIM MOBepXHOCTsIM TOTO Ke C' R-turna (1.e.C' R-pa3sMepHOCTb,
KOPa3MePHOCTD ), & PA3MEPHOCTD CTAOMIN3aTOPA He TTPEBOCXOJINT MAKCUMYMa
pasmepHocTeit crabuinzaropos. Pazymeercs, (hopMmy/iupys rumnoresy, MOXKHO
Ob110 ObI (buKCHpPOBATH HE KOpa3MepPHOCTH K, a cTapiiuil Bec [ Wiiu TUI M.

s runepnosepxnoctu I' 8 C?) T.e. npu n = K = 1 wactp (a) rumoTessl
Jloctatroyno ouesujHa. [leiicrBuresibno, eciau ¢dopma JleBu 310it rumnepio-
BEPXHOCTH TOXKJIECTBEHHO HYJIEBas, TO JIOKAJIbHO - 3TO TUHEPIJIOCKOCTDH H
pasmepHocTb Oeckoneuna. [Iycts 3To He Tak. Bo3dbMmewm B okpectroctu € € I
JeBATDb noJiet u3 aut I'e. PaccMorpum a1u nosid B okpecTHOCTH 0JIM3KOM TOY-

30



K1, B Kotopoii I' - JleBu-HeBbIpo:KaeHa. Tam pa3zmMepHOCTH aareOphl He Ipe-
BOCXOJIUT PA3MEPHOCTH ajredpbl MOJEIbHON cdepbl, T.e. BocbMu. Takum 00-
pPa30M TOJIst TUHEHHO 3aBUCHMBL U 110 AHAJUTHIHOCTH 9Ta 3aBHCHUMOCTH TIPO-
nokaeTca B ToUKy &. OHAKO JTazke B 9TOIl CUTyallMH OIEHKA Pa3MepHOCTH
crabunmszaropa, T.e. 9acthb (b) 310 ropasmo 6osee TOHKHI BOMpOC, TpeOyIo-
muit 6otee ToRKUX paccyzxaenuii [18]. g runepnosepxnoctu B C3, T.e. nis
K =1wun=2runore3a N (5.a) nokazana B [19], a N\e (5.b) B [20]. Hst ru-
neprosepxrocTn B C*, T.e. g K = 1 uw n = 3 BOIpoc Ha CeroIHANIHTI IeHD
OTKPBIT.

B [21] na npumepe oBepxuocteit C' R-tuna (2,5) GbLI0 HOKA3aHO, YTO €CJIH
B Ka4ecTBe KJACCA MOJETIbHBIX ITOBEPXHOCTEH MOHMMATH BIIOJHE HEBBIPOXK-
JIEHHBIE MOJIEJIbHBIE TOBEPXHOCTH, TO TUIOTE3a He BepHa. A UMEeHHO, ObLJI IpU-
BEJIEH MPUMEDP MOBEPXHOCTH JIAHHOTO THIIA, HE SABJIAIONIEHCS BIIOJHE HEBBI-
POKJIEHHOI aBTOMOPMU3MBI KOTOPOil UMEIOT pa3sMepPHOCTH DOJIbIIE, YeM BCe
BIIOJTHE HEBBIPOXKIEHHBIE MOJEIbHbIE MOBEPXHOCTH JAHHOrO THIIA. B HOBOM
TEPMHUHOJIOTHH 9Ta IOBEPXHOCTH U3 3TOrO IMPUMEPA SABISETCS HEBBIPOXKICH-
HO# MOjeibHOT noBepxHoCcThI0 C'R-pazMepunoctu n = 2, eé tun no Biymy-
I'pamy m = (2,2, 3, 3,4) kopazmeprocts K = b.

B 7] mast sKecTKUX MOJEIBHBIX MOBEPXHOCTEH () OBLIO MOKA3AHO, YTO
rpynmna Aut () cocrouT u3 OHpAIMOHAJBHBIX OTOOpParKEHHH IIPOCTPAHCTBA
CV, 4bnu crenenn orpanuyYeHbl KOHCTAHTOI, 3aBucameil sumsb ot n 1 K. Jo-
Ka3aTeJbCTBO 0CHOBaHO Ha mpueme B.Kayma [15]. TTo Buanmomy, aTo ocraercs
CIIpaBEAJINBBIM 1 JIJIdA ()6]]_H/IX MOJCJIbHBIX HOBerHOCTeﬁ KOHEYHOT'O TUIIA.

I'mmoreza Ne 6: Ilycros () - HeBbIpOXKAeHHAS TOJOMOPMHO OIHOPOIHAS
MogzesibHast nmoBepxuocTh C'R-pazmeproctu n u tuma m 1o baymy-I'pamy,
Torga rpynma Aut () cocronT W3 GEpAIMOHATLHEIX Tpeobpasopanmit CV,
CTelleHN KOTOPBIX OTPDAHMIEHBl KOHCTAHTOU, 3aBUCATIEH TOTBKO OT 1 W M.

Besikoe mopozkgaioniee BEIeCTBEHHO aHAJUTUYECKOe IOJAMHOroo0pasue
M, nmveroriee B TOYKe £ KOHEYHBIH THUI MOYKHO, KAK Mbl BHJICJIH, JTOKAJIHHO
paccMaTpuBaTh, KaK BO3MYIIEHHE CBOEil MOJEIbHON IMOBEPXHOCTH. Y MeCT-
HO 3aJaTh BOIPOC 00 yCJIOBUAX IOJOMOP(MHON SKBHBAJEHTHOCTH pocTKa My
cBoeit MozebHOM moBepxHocTH (). Takue pocTKH, MO AHAJOTHU C THIEPIO-
BEPXHOCTSIMHU, MbI Oy/IeM Ha3bIBaTh chepuveckumu B Touke &. fcno, aro ec-
Ju pocToK M, sxkBuBanzeHTeH (o, TO B cTabmaunsarope B aut M ectb mose
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Xo # 0, a umenno mose, coorsercryioniee (12). MoxKHO TPeIIoKATh HEKO-
TOPbI KpuTepuit chpepuIHOCTH B TOUYKE, OJU3KUHI K TaBTOJIOIUN.

YrBepxkaenne 22: llopoxpnatonuii poctok Mg - cdepuien, Toriza u
TOJIBKO TOIJIA, KOIJIa ypaBHEHUA M B HEKOTOPBIX KOODJIUHATAX B OKPECTHO-
cru & nmeeror Buj (2), a nosre Xy - Bux (12) .

Joxazamenvcmeo: 3anucoiBas B 9THX KoopAuHaTax ypasaenne M kax (2)
u ucnosb3ys pacrsazkenns (11), mopoxaenubie Xo, moaydaem (6).

3aMeTnM, 9TO yCJIOBHE KOHEYHOCTH THIA 3/1eCh HE HCHOJb3yIoTcsa. Ic-
OJIb3ysl 1mojie Xg, MOYKHO €CTECTBEHHBIM 00PA30M BBECTH T'PAILYHPOBKY Ha
aut M¢. Ilociie 3TOro MOKHO NpPEIIOKUTEL PAJ] HEOOXOAUMBIX yCJIOBHI ce-
PUYHOCTH, CBA3AHHBIX ¢ TeM, 94TO B Koopjauuarax (6) mose (12) mopoxkmaer
IPHUCOeTUHEHHOE JIefiCTBIEe Ha KayKI0# BecoBOil KoMmmoHeHTe aut ()

X — adXO(X) = [X, X()]

DKBUBAJIEHTHOCTh () O3HAa4YaeT, 4To noje X, JIMHeApU3yercs, MpruIeM Io-
POXKIEHHBI MM NPUCOEIUHEHHBIH ONepaTop AUATOHAIU3YETCS C U3BECTHBIM
HabOPOM COOGCTBEHHBIX 3HAYeHuit, a umeHHO (1,mq,...,m;) U ¢ KPATHOCTSIMU
9TUX 3HadYeHnil kj, COOTBETCTBYIONMMH THILY.

Bompoc Ne 7 : I[IpemioKuTh KOHCTPYKTUBHBIN KpuTepuit chepuaHocTr
MHOI000pa3us pukcupoBanuoro biym-I'pam-ruiia.

s HekoTopbix C' R-THIIOB, B YaCTHOCTH JIJId THIEPIOBEPXHOCTEH, OTBET
Ha BOUPOC 7 U3BECTEH.

Ilycts Me - pocTOK HEBBIPOZKIEHHOT'O TOJOMOPGHO OJHOPOIHOTO IOIMHO-
roo6pasns KOMILIEKCHOIO IIPOCTPAHCTBA U () - er0 MoaeIbHasl IOBEPXHOCTH
B Touke £. Ilycrs M BemecTBEHHO aHAIUTHIECKOE BJIOXKEHHOE ITOIMHOI000-
pasue B HEKOTOPO 00JIaCTH , KOTOPOE SIBJISIETCS IIPEJICTABUTEIEM HAIIero
poctka. U3 jiokanbuoit onrOpoaHocTH M cpasy ciemyer, 9To MOJAE/IbHbIE T0-
BEPXHOCTH BO BceX Todkax M 3sKBuBajieHTHBI (), T.e. y M , mo cyimecrny,
MOBCIOY OJHA U Ta K& MOIeIbHas MOBepXHOCTh. Ho He BHIHO KaKuX-1ubO
IPUYUH 71 TOr0, 9TO0BI caMa, MOJeIbHASI TOBEPXHOCTD () ObLIa OBI IIPU STOM
roJioMoOpdHO OJHOPOAHON. B ¢BsI3u ¢ 9THM BOIPOC.
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Bompoc Ne 8: CyrecTByer i Takoe JOKAILHO OJHOPOIHOE HEBBIPOK-
JIEHHOE BellleCTBeHHOe MHOToobpasue M, 4TO ero e uHCTBEHHAs] MO/IE/IbHAS
MOBEPXHOCTH () OTHOPOIHON He sIBJIAETCSI ]

5. Uro ocTasoch 3a Kaapom

PaccMorpuM mpuMep IUIeprnoBepxHOCTH U3 paboThl [23|. D10 rumepmo-
BePXHOCTD B npocrpancTse C™2 ¢ KoopaunaTaMu (21, ..., 2,, ¢, w = u+1iv),
3aJaHHAs YPABHCHUIEM

v=2Re(z1{ + ...+ 2,(").

Hanuas rumeproBepxnocTh umeer tun o Baymy-I'pamy m = (2), npudem
Moje/TbHas moBepxHOcTh Q = {v = 2 Re(2,()} - ronomMopdHo BLHIPOK/IEHA
U pa3sMepHOCTh ee aBTOMOP(MHU3MOB - OECKOHEYHA, B TO BPEMsl KaK aBTOMOP-
dbusmMBI camoii TUMEPIOBEPXHOCTH - KOHEYHOMEPHBI (TeopemMa 12 ¢TaHOBHTCS
GeccoepKaTebHOl). DTO TO, 4TO MBI TIOJIYyYaeM MPH CTAHAAPTHOM MOAXO0/IE,
KOTJIa Beca BeeX KoOpamHaT z u ¢ OJIMHAKOBBI U paBHbI 1. Ho ecoim paccraButh
Beca nHade, a umeHHo: ([(] =1, [z;] = 1+n—j, [w] = n+1), To MOBEPXHOCTH
CTAHOBUTCSI B3BEIIEHHO ONHOPOAHON (Beca n + 1). K Tomy ke sra rumep-
MOBEPXHOCTDH TO0MOPGHO omHopoana. VMcmoas3ya  "mB3serrennyio'Bepcuio
KoHCTpYKIuu [lyaHKape MOYKHO TOJIYYHUTH OINEHKY Pa3sMEPHOCTH aBTOMOP-
bU3MOB 17151 pOCTKA BO3MYIIEHHON MUIIEPIOBEPXHOCTH

v=2Re(2:{+ ...+ 2,{") +o(n+1).

ZcHo, 9TO 3a 9TUM IPHUMEPOM CTOUT "'B3BelleHHas'" Teopusa MOOEIbHBIX
MOBEPXHOCTE!l KOHEYHOro Thma. llpym 3ToM mepBBIil mar B HOCTPOEHUH
TaKO# TEOPHUH, 4 MMEHHO JIOKA3aTEIbCTBO "'B3BEIIEHHOr0'" aHaI0ra TEOPEeMbI
Baywma-TI'pama, yxe caenan M.CrenanoBoii [24]. Bymryan nocrpoenHoii, Takast
Teopud 3HAQUUTEJIbHO pa3JABHUHET DaMKH IIPUMEHUMOCTU METOJa MOACJIBbHBIX
MOBEPXHOCTEM.

Bagauya Ne 9: Tlocrpouts "B3Bemennyo' Teopuo MOmENTBHBIX MTOBEPX-
HOCTEI KOHEYHOI'O TUIIa, BKIKIOYAIOIYIO BOSMOKHOCTH BBEJACHUA PA3JIUIHBIX
B€COB KOOPAMHAT KOMILJICKCHON KacaTeJbHON U OCHOBAHHOW HA TUIIE MHOI'O-
obpasusa mo Buymy-I'pamy-Crenanosoii.
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I'mobanrHag Teopusa ocobeHHocTeli. HeBbipoxK aeHHasT MOI€/IBHAS T10-
BEPXHOCTD SIBJISIETCS TJI0BATHHO ONpPe/IeJIeHHBIM 00beKTOM (aJreGpanaHOCTb,
HOJIMHOMHUATIBHOCTH AIre0phl aBTOMOPQU3MOB,...), HO TIPH 3TOM OHA CBsI3aHA
€ UCXOJIHBIM MHOI'OOPA3HMeM A0KaAALHO, ITO XapaKTEPUCTHKA POCTKA B TOY-
ke. IlycTh mMeercd TiIajikoe KOMIIAKTHOE BENIECTBEHHOE IIOJIMHOT000pasue
M xommaekcroro mpocrpancTsa CV BemecTBenHol pasMepHOCTH GOJIBIIEI,
gyem N. Ilpu 3TOM yCja0BUM KOMILIEKCHAS 4YacTh KacaTeJbHOI'O HPOCTPAH-
CTBa B KaXK/JI0if TOUKe 00si3aHA MMEThH MOJIOKUTEJIbHYIO pa3MepHOCTh. Mastoi
nedopmalieii B OKpecTHOCTH HEKOTOpOoit Touku M MOKHO CHSITH BCE BbI-
POXKIEHUS, & UMEHHO CIEJIaTh €ro MOPOXKIAIOIINM, BIIOJIHE HEBBIPOXK ICHHBIM,
HecepuunbM. Ecau cauTarh, 9T0 MBI HAXOJUMCS B CUTyanun, koraa g, = 0,
TO, 100aBUB K HECHEPUIHOCTH HEKOTOPOE IIPOCTOE JOMOJTHUTE/IHHOE YCI0BUE
HEBBIPOZKJICHHOCTH (HaBOBeM ero ycjoBueM ,ZLOHO.HHI/ITG.HBHOIU/I aCCI/IMeTpI/II/I)7
MOZXKHO cuuTaTh, 970 C'R-CTPyKTypa B 3TO OKPECTHOCTH PEAyIUPYeTcs K
{e}-crpykrype u mMbl uMeem C R-WHBApUAHTHBIN Pelep KacaTeJbHOIO pac-
cJIoeHust HaJ 9TOH OKpecTHOCTHIO (CM.[25]). OnHako mMmeroTes riobaibHbie
yCJIOBUS, KOTOPble (POPMYJIMPYIOTCH B T€PMUHAX XaPAKTEPUCTUIECKUX KJ1aC-
COB KaCcaTeJIbHOTO PACC/IOSHUsI, KOTOPhIE 3AIIPENIAI0T TPUBUAJIUIAIIIO Kaca-
TEJLHOTO PACCJI0eHUs HaJI BceM MHoroobpasmem. Ecim M Ttakoe maOroobpa-
3ue, TO mocJe Joboit aedopmanuu Ha M JTOJMXKHBI ITPUCYTCTBOBATH TOYKH,
B KOTOPBIX KAKHe-TO U3 MEePETUCTCHHBIX YCIOBUi (TOPOKIAEMOCTD, MOJTHAS
HEBBIPOXKIEHHOCTD, HEC(HEPUIHOCTD, JOMOJHUTEIbHAST ACCAMETPHUSI) HE BbI-
IIOJIHAIOTCH.

Bot npumep Taxoit cutyanun. [lycts M* - raagkoe KoMOakTHOe 4-MepHoe
WK JazKe aHATATHYecKoe moaMHoroodpasue C3, T.e. KopasmepHocTs K = 2.
JloKasbHO, mocae MaJoil edpopMaIni, MBI BCETIa MOYKeM CIATATh, 9To M4 -
9TO MOPOK/IAIOIIEe BIIOJTHE HEBBIPOXKAEeHHOE MHOTOOOpasue C' R-pa3MepHOCTH
n = 1, ero Baym-I'psv-run pasen m = (2,3). Ilycrs M* Tononornuecku
npocTo, Hanpumep, guddeomopdno 4-mepHoii cdepe, KOTOpasi, KaK U3BECT-
HO, He MapaJjuienun3yemMa. Kakoro pojga ocoOEHHOCTH BO3MOKHBI JIISI TaKOI'O
mHoroobpasusa? Pacemorpum Ty M kacarenpHyio Kk M B HeKOTOPOil Touke §.
Ecth aBe Bo3MoxkHOCTH. JIMOO 3TA MIOCKOCTH COMEP:KUT OJTHOMEPHYIO KOM-
IJIEKCHYIO KaCaTe/IbHYIO, JIMDO OHA CaMa siBJISeTCs JIBYyMEPHONR KOMILIEKCHOMN
IIOCKOCTRIO. B mepBoMm ciaydae M B okpecTHOCTH & SIBJASIETCH ITOPOK/1a-
fomnM C' R-muOroo6paszuem C'R-pa3MepHOCTH OIWH, KOPA3MEPHOCTH JIBa W
Ui Hero omnpefeser Baym-I'psM-tum. A BO-BTOpOM ciIydae MBI HMeeM Ie-
Jgo ¢ RC-ocoboit Toukoit. MHOXKeCTBO TaKUX TOYEK, OY€BUIHO 3aMKHYTO. B
TepMHUHaX KOMIIJICKCHBIX I'DaJAUEHTOB JIOKaJIbHbBIX OIIPpEAC/IAI0IUX beHKHHfI
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M = {p1 = p2 = 0} ycaoBue, uto Touka RC-0c00asi CBOAUTCI K TOMY, UTO
rpajuentsl (gradp,, gradps) KoammHeapHbl. KoaimHeapHOCTDb ABYX TpexXMep-
HBIX BEKTOPOB - 9TO /[Ba, KOMILIEKCHBIX WJIU YK€ TeTHIPE BEIeCTBEHHBIX YCJIO0-
BHUA. MOXKHO 0XKHJTATH, YTO Y€ThIpe COOTHOIIEHN Ha 4-MePHOM KOMITAKTHOM
MHOT000pa3uu B 00ITeM TIOJOXKEHUT UMeeIOT JINIb KOHeYHBIN, BO3MOYKHO IIY-
cToit HaOOp pemenuit. B KaxKjaoi TOUYKe TOMOJHEHUSA K STOMY MHOMKECTBY
onpejiesied tui 1o baymy-I'pamy. [Ipudem mocsie magoit pedpopmaiim Mbl
MOZKEeM CYUTaTh, 9YTO B TOYKE OOIIEro MOJOKeHNs (BHE COOCTBEHHOIO aHa-
JIMYIECKOTO TOJMHOXKeCTBA) 370 Gasosoiit Tum (2,3). Jonosnenne kK sromy
MHOXKeCTBY Ha30BeM B(G-ocobbiMu Toukamu. VTak, 3ajada cBOTUTCS K OIU-
cannio MHOKecTBa RC' n BG-0c00BIX TOYEK.

Beipoxaenusi Ha yposae 1-crpyn (RC-ocobble TOYKH) H3ydaauch B Ce-
pun pabor (cm. [27]). Ho He nmCKAI0YEHO, YTO HEYCTPAHHMBIE BBIDOKIEHHS
3aTpuaruBaior u baym-I'pamM-Tun Touku.

Bagaga Ne 10: Onucarb TunnYHbIe, T.€. HEYCTPAHUMbBIE MaJIoil Aedop-
Marueil, BhIPOXK/JIEHUS U UX WHBAPUAHTHI.

IToBepxHOCTU GECKOHEYHOTO THIA. BOT IpocToil npuMep Takol I'i-
nepnosepxnoct B C?
v=ul|z|?.

DTa rumeprnoBepxXHOCTh HMeeT DECKOHEUHBIH THII B HaYaJ e KOOPINHAT, & TaK-
JKe BO BCeX TOUYKaX KOMILTeKCHO! mpamoit w = (0. B ocTanpHBIX TOUKax 3Ta
IUIEPIIOBEPXHOCTH UMeEeT KOHeuHblil Tum (2) u HeBbIpoxKaeHa 110 Jleu. s
BEIECTBEHHO aHAJUTHYECKUX THUIEPIOBEPXHOCTEHl KOHEYHOCTh THIA B TOY-
Ke ODIIEero MmoJIoyKeHusi U 1o, I0MOp(hHAsST HEBBIPOXK/IEHHOCTD - YKBUBAJIEHTHBI
[10]. TTosTomy miast JoKa3aTesbCTBA THIOTE3H (5.4) TOUYKH OECKOHETHOIO TH-
Ta, JieyKaIrne Ha cCOOCTBEHHOM aHAIUTHYEeCKOM MOIMHOT000PA3NN, MOKHO WT-
HOPHUPOBAThH.

OpHako st MHOTOOOpa3uil 6OJbIIeil Kopa3MepHOCTH BO3MOXKHA CHTYa-
Ui, KOTJa roJioMOPOHO HEBBIPOXKIEHHOE MHOT00Opa3ue 6crody umeer Oec-
koneunbiit Tun. [Ipudem pazmepHOCTb aaredpbl JOKAJTHLHBIX aBTOMOPMU3MOB
MOXKeT OBITh KaK OeCKOHEYHOI TaK W KOHEYHOW. TakuM 0Opa3oM Jjisi TaKUX
MHOT000pa3nii rosoMopdHas HEBBIPOKIAEHHOCTD SIBJISETCS JIMIIbL HeoOXOIu-
MBIM YCJOBHEM U BOIIPOC O KPUTEPHH KOHETHOMEPHOCTH aBTOMODP(MU3IMOB JIJIsI
POCTKOB TaKUX MHOroo0pasmii - OTKpbIT. Torma kak s noBepxuocreil Ko-
HEYHOTO THUIIA HA OTKPBITOM ILJIOTHOM MHOXKECTBE B COOTBETCTBHH ¢ TEOPEMOit
CranTon-D6erdenbaa [10] romomopdHast HEBBIPDOKIEHHOCTD SIBISETCS KPH-
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TepueM KOHEYHOMEPHOCTH.

IIpooaema Ne 11: [Iycth umeercst roJioMOP(MOHO HEBHIPOXKIEHHOE Bellle-
CTBEHHO aHAJHTUUIECKOE IOJAMHOrooOpasue, 4eil THI BO BCeX TOUYKaX - OECKO-
Heden. Haiitn Kpurepuii KOHEUHOMEPHOCTH TOJJOMOPGHBIX aBTOMOPMU3MOB
POCTKa TaKoro moJMHOroobpasus .

[Ipu pabore Hax craThbeit aBTOp 00Cy K a1 ee comepzkanue ¢ M.A.CrenanoBoit,
H.I'. Kpyxuauapim u N.I.KoccoBcknM, KOTOpBIe BBICKA3aJM P/l EHHBIX 3a-
MeYaHnii, 38 9TO OH UM BechbMa HMpHU3HATEICH.
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