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OT PEJAKOJIJIETUW. B mpenmaraeMoii HMKE CTAThe MPEANPUHITA TOILIT-
Ka IIPOMHTEIPUPOBATH HEKJIACCUIECKUMU MeTonamu audepeHinaibHble ypaBHe-
HUST IAHAMUKU TBEPAOTO Teja. COOTBETCTBYIOININE PE3YIBTATHI OBIIN JOJIOYKEHBI
JI.JI. A6paposeim Ha xou(beperrnun “Kaaccnueckue 3aa4uu TUHAMUKH TBEPIOTO
teja”’, mocssieraHol 300-yeTuro co nHg poxkgenus Jleonapa Ditjepa, U BbI3Ba-
JIU UHTEPEC W JUCKYCCUIO v cayrmareneii. K MomenTy cpaum cbopHUKA B TEYaTh
pEelleH3nst Ha CTaThIo He ObLIa MOJIyUeHa, OTHAKO PEJKOJIIErds TIPUHSLIA PellleHne
BKJIIOYUTH CcTaTbio B cOopHuk. llpuriamaem uynrareseil, KoTopbiM OJin3Ka TeMa
paboThI, IPUHATH y9acTHe B ee 00CyKIeHNM HA CTpaHuiax xypuaaa “Mexanuka
TBEPAOTO Tesa”.

VIIK 531.38

(©2007. A.JI. A6papos

TOYHAZA PASPEIHINMOCTDb 1 KAHOHUYECKAS MOJAEJIb
YPABHEHUU 5UNJIEPA-IITYACCOHA

VceranassmBaeTcst, 9To 06muM penieareM ypasaenuil ditnepa—Ilyaccona saBisieTcsi IpOCTPAHCTBO
SKCIOHEHT 0T L-byHKIUN 3/1IMITHYeCKAX KPUBBIX HAJI [TOJIEM DPAIMOHAJBHBIX Yucesl. JaHHbIii
Pe3y/IbTAT SBJISETCS CJIEJICTBUEM KOHCTPYHUPYEMOM KAHOHUYECKON TreOMEeTPUIEeCKON MOIEJIN WC-
XOMHBIX ypaBHenwmii. [losrydennoe o0iee peleHne JT€MOHCTPUPYETCS HA, MPUMEpPAX M3BECTHBIX
WHTETPUPYEMBIX BOJTIKOB.

Beeagenne. Ozmoit 13 0CHOBHBIX MOJEILHBIX 3a/a4 TEOPETUUYECKON MeXaHu-
KU dBJIACTCA 3aJa49a O ABUM2KCHUU TBEPAOTO TeJia BOKPYT HeHO/:[BI/I}KHOﬁ TOYKHU B
KJIACCUYECKOM 110J1e TsKecTH. Jlannas 3a/1ada uMeeT MeCTb CyIeCTBEHHBIX Bele-
CTBEHHBIX TTAPAMETPOB: TPHU APAMETPA, OMUCHIBAIOIINE OTHOCUTEILHOE PACIIOIO-
JKEHIEe TOYKH 3aKPEIICHUsT TeJla M TOIKH TIEHTPA MAcC (OTHOCHTE/IbHBIE KOOD/IU-
HATBI IIEHTPA MAcC), ¥ TPH MapamMeTpa, ONMHUCHIBAIONINE TEOMETPHIO MACC TAYKETIOTO
BOJTYKA (TJIABHBIE MOMEHTHI MHEPIIUU TEJNIA).

Korga na ganmabie mapamMerpbl anpruopy HUKAKWX CIIEIHUAILHBIX OrPAHUIEHUH
He HAKJIATBIBAETCS, TO JUHAMHUKA TSXKEIOTO TBEPIOTO TEJa OMUCHIBACTCS YpPaB-
HeHnusiMu Ditiepa—llyaccona (wim — obmumu ypasaeHusMu Ditaepa—Llyaccona).
[IpuBemem atw ypaBHEHNA:

dM
W:[M’w]"i_h'ac]v (1)

=l )

Ypapuennsi (1) HA3BIBAOTCA YpABHEHUSIMHU Diljepa, WIN TUHAMAICCKUME YDaB-
HEHUSMH, a ypaBHeHus (2) — ypasuenusmu llyaccona, mim KuHeMaTHIeCKUMU
yDaBHEHUsIMU — OHU “3aMblKaroT’ quHamMudeckue ypasHenus (cM. [1]). Bmecs M
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Tounast pa3penrnMoCTb I KaHOHUY€eCKasd MOJAeJ/Ib

— BEKTOP KHHETUYECKOr0 MOMEHTA TBEP/IOTO Tejla, W — BEKTOD YIVIOBOH CKOPOCTH
Tesia, [, ] — OmepaTop BEKTOPHOTO MPOU3BEJIEHUS B €BKJUJIOBOM IIPOCTPAHCTBE
E3, ¢ — BeKTOp CMeIIenns: TOYKN 3aKPEIIeHns Tea OT IEeHTPA MACC Tesa, v —
BEKTOP, KOMIIOHCHTBI KOTOPOTO — IPOCKIINN €MHUYIHOTO BEKTOPAa BEPTUKAJIbHOMN
ocu HeHO,ﬂBI/I}KHOﬁ CUCTEeMBbI OTCYEeTa, 2KECTKO CBA33aHHOIL C CBKJIMAOBBIM IIPOCTPAH-
CTBOM, Ha OCH TIOJBUXKHON CUCTEMBI KOOPJWHAT, YKECTKO CBsI3aHHOM ¢ TesioMm. [Tpu
sroMm M = I - w; oneparop I npejicraBieH AUaroHaJbHBIMU MaTPUIIAMHU Pa3Me-
pa 3 X 3 C MOJIOKUTETbHBIMYA BEIECTBEHHBIMY SJIEMEHTAMU, Y/IOBJIETBOPSIOITUMU
HEPABEHCTBY TPEYTOJLHUKA.

CoBpeMennoe cocrogume mpobsjeMbl. /[aBHO M3BECTHBHI CAydYam TOTHONW pas-
pemnmoctu ypaptennii (1), (2) (rak HasplBaeMble Ciydan MHTEIPUPYEMOCTH L0
JInysumo—Aprossay win ciaydan “o0mieil MHTerpupyeMocTr’), COOTBETCTBYIO-
IUe CrenuajbHbIM 3HadennaM ¢ u I. Dr1o ciaygan Dditnepa, Jlarpamxka, Kosases-
ckoit. Kpome toro, ummeercsa Gojiee JiecsiTKa CAydaeB TaK HA3bIBAEMOI YaCTHOIt
unTerpupyemoctu (cM., Hanpumep, [2]). HoBble acumnrornaeckue MeTob! 110JIy-
4eHusi periennii pazsupatorcs B paborax A.Jl. Bpiono (cMm., Hanpumep, [3]).

MuorogucjaeHHbIE TTOTNBITKE HAWTH HOBBIE CJAYyYau OOINell WHTerPUPYEMOCTH,
OTIMIHBIE OT YKA3AHHBIX KJACCUUECKUXK, TPUBEIN K TUIOTE3e 00 WX OTCYTCTBUH
B HamboJiee 00meli (anannTuaeckoii) curyanuu (cum. [4]). Bmecte ¢ TeM, nmerorcst
MHOTOYHUC/IEHHBIE PE3YJBTAThl KAK O CJ0XKHON CTPYKType (ha30BOTO MpPOCTPaH-
CTBa BO3MYIIEHHOTO BOJIYKa Jitjepa, Tak u obime BoIBOgAL KAM-teopun st
VHTETPUPYEMBIX CUCTEM O XA0THU3AINU CTPYKTYPBI UX (ha30BBIX MPOCTPAHCTB MIPH
HaJlaraeMblX Ha HUX BO3MylleHusx (cm. [5-7]).

Ncropuyeckuit KoMMeHTapuit B KOHTEKCTE TTOTEHIMAIBHON pa3pemmMocT 00-
mieil 3a1a4m 0 TsDKeJIOM Bosrdke. B mamnoit pabore, B mpomosikenue pabotT |§]
u [9], pasBuBaeTcsa MOIXOJ, CBSI3aHHBIN C Hieeil MAKCHMATIBHO KOHCTPYKTHBHOTO
MCCETOBAHMTS ODIIEH 330891 O TSXKEIOM BOJIYKE, KOPPEAUPYIOMINH C MO IXOTaAMK
K. Beitepmrpacca u C.B. Kosanesckoit (cm. [1, ¢. 280-283] u [10]).

OrMmeTnM Tak>Ke, YTO KOHCTPYKTUBHOE MATEMATHIECKOE U KOMIBIOTEPHOE MO-
JenupoBanne ypasuenuit ditnepa-llyaccona B KOHTEKCTE UM NX PA3PEIIAMOCTH
AKTUBHO pa3BuBaeTcs JloHenkoii mkosoi Mexanuku (cm. [11]).

Ipepnaraemoe npoaBMKEHNE: KAHOHIMYECKASI TEOMETPUYECKAs MOJEb 00ImmX
ypasHenuii diiepa—Ilyaccona. B urore, HECMOTDs Ha IPENATCTBU, CBA3AHHbBIE C
Teopueil BO3MYIIeHni, obime ypapHerus Ditaepa—llyaccoHa 0Ka3bIBaIOTCS TOTHO
pazpermMbiMA. [Ipu 3TOM Mapa 0KC COCTOWT B TOM, UTO TOYHAS Pa3PEITMMOCTH
ABJIACTCA PEIYyJAbTATOM IKBUBAPUAHTHOTO MPOAOJIZKCHUA BOSMyH_[eHHOfI XaO0THu4ve-
CKOl auHAMUKHU, (HPOPMATHLHO OIMPEIETCHHON HaJ BEIECTBEHHBIM BPEMEHEM, yIiKe
Ha MIPOMEXKYTOK BpPEMEHU, BKJIOUAIOIIUI OeCKOHEYHO yiajieHHyr Touky. Takoe
TPOJIOJIKEHTE PA3PeITaeT BCe MHOYKECTBO OCODEHHOCTel, CBA3AHHOE C MAaTbIMW
BHAMEHATEIAMHU U, C MEXAHUIECKON TOUKM 3peHud, “BKIIOUAET CKPBITYIO THPO-
CKOTIMIECKYTO CTAOMIMIANNIO THAKETOTO BOJTIKA, COOTBETCTBYIOINIYIO YIETY TPABH-
TaIIH.

1. ®opmysiupoBKa pe3dyJibrara 0 TO4HOI pa3pemiumoctu. Chopmymnu-
pyeM OCHOBHOI pe3y/ibTaT, YCTAHABIUBAIOIIAN CTPYKTYPY OOIIEro pereHust ypas-
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J1.J1. Abpapos

Henuii Ditnepa—Ilyaccona.

OcHoBHag TeopeMa. YHu8epcaAbHOE NPOCMPAHCME0 pewerul obwus ypasHe-
wuti Jtsepa—ITyaccona, onucwearouur dunamuky eexmopa M (s), s € C xune-
UYECKO20 MOMEHMG MEAG, NPEICTNABAACMCA CACOYIOUWUMY HYHKUUAMU.

M (s) = exp(L(s, {EQ}));

ede {EqQ} — mnoocecmeo aarunmuseckus kpusur Eg nad nosem payuonaiviox
wucen Q, Pynryuu L(s, Eg) asaaomea L-Gynkyuimu saiunmuieckus Kpusur
Eq.

B3AMEYAHUE. 1. @yukuun L(s, Eg) mOIMyCKAOT CAeyIoliee IpeCTaBIcHIe B
BHJIE CXOIAIMXCA PAfoB JInpuxire:

oo
a(n)
L(s,Eq) =) =7 s€C Res>3/2
n=1
rae koaddunuenrsr a(n) oupeseIaoTcs KaHOHUYeCKUM 00pa3oM 110 KpuBoit Fg.
2. DumnTudeckad Kpusad Fg Hag monem () 3ataercd ypasHeHneM B adpuH-
Hoit popme (obobrmennoit hopme Beitepmirpacca):

2 2
Y+ a1y + azy = ZL'3 + agx” + asr + ag, rae aq,as,as,aq,a € Q.

3. llompobuble ompenesneHna 1 HeoOXo uMad HHPOpPMaNud O KPUBBIX g u
L(s, Eq)-dyuknusx cogep:urcd, Hanpumep, B [12].

Teomerpnueckas nunrepnperanus orsera. Pyukiuu exp(L(s, { Eg})) upencras-
JISTIOT KAHOHUYECKYI0 (MHOTO3HAYHYIO) KOODIMHATH3AINIO YHUBEPCATBHOIO Kaue-
HIA 6e3 MPOCKAIb3BIBAHNS CTAHIAPTHON chephl S° 10 TpexMepHOMY eBKJIHJIO-
BOMY IpocTpaHCTBY E°. YHHBEpCATbHOCTH KAUEHHA COCTOUT B TOM, YTO OTOD-
pakeHne KaueHnsd WHIAYIUPYEeT TPAH3UTUBHYIO MOHOAPOMHUIO TUIEPAOACKAIAPA —
“MaKCUMAaJILHOTO” TMPABUIBHOTO 9€THIPEXMEPHOTO MHOTOTDAHHUKA, BIUCAHHOTO B
cranapTHyio Tpexvepuyio cdepy S° (cm. [8]).

JlaHHas wHTEpHIpEeTAINs ABASETCH aHAJOTOM W3BecTHON wHTeprperannn [ly-
aHCO JBYKEHHUS BOJTYKA Ditytepa A7s 0OIIero Ciaydas.

CB43b ¢ MHTETPUPYEMOCTHIO BOJTYKOB 10 JINyBUIIII0—A PHOJIBIY. Y HIBEPCATIb-
HOe TPOCTPAHCTBO pernenuil ypasHenuit Jitepa—llyaccona, mHTErpUPyeMBIX 110
JIuy Busito—ApHOJIBILY, SBJISETCS NOANPOCTPAHCTBOM B IMPOCTPAHCTBE (DYHKIUI
exp(L(s,{Eq})) u npeacraBuseTcst IPOCTPAHCTBOM A3eTa—(DyHKIMIE KpuBbx Fg
(cMm. [8, 9] m mpuMepE! B KOHIE JTaHHOH paboTHI).

Cyth TOYHOII pa3spemmmoct. MOXHO CKa3aTh, YTO TOYHAST PA3PENTUMOCTD
obrmmx ypasaenwuii Jitmepa—Ilyaccona siBasercst abCOTIOTHO KAHOHUIECKUM CBOTi-
CTBOM 9THX YPABHEHUN M aHAJUTUYCCKHU BBHIPAXKAET (DAKT CYIECTBOBAHUS KAHO-
HUIECKON TeOMEeTPUIECKON MOIe TN JaHHBIX ypaBHeHuil. VIMeHHOo 5Ta B3aNMOCBA3b
ajirebphl, FeOMETPUN U aHaJm3a, st obmx ypaBuenuit ditnepa—Ilyaccona, npu-
BojidIas K (peHOMEHY MX TOYHOU Pas3peniuMOCTH, COCTABJLET COJEPKAHUE U Ha-
3BaHUE HACTOAIIEH PabOTHI.
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Tounast pa3penrnMoCTb I KaHOHUY€eCKasd MOJAeJ/Ib

Cxema nosryuenusi TOYHOI pasperumoctu o0mmx ypasuenuii Jisiepa—Ilyac-
cona. Cxema JieficTBuit abCoJIFOTHO NapaslieSibHa CXeMe KJIACCUYeCKOU TEOPUH BO3-
MYIIeHW, TPUBOLLINEH, HATPUMED, K HEWHTEerpupyeMocT 1o JInyBuiiio—ApHos-
1y c1abo BO3MYIIEHHOTO BosTuka Ditnepa (cm. [5]).

ITycts Hp — ramunbroHnan Bo9IKa Jitaepa (HEBO3ZMYIIEHHBIN raMUIBTOHUAH ).
Torma MHOKECTBO TPAEKTOPHBIX HHBAPUAHTOB (YACTHBIX WHTEIPAJIOB) €10 aHAJIH-
TH4IecKoro Bo3Mmytenus Hy+eH MoxkeT ObITh IPeICTaBICHO MHOTO3HAYHON CHM-
MeTpHeii — oJHOMepHOH rpymmnoit koromosoruii H(g®(Ho + eHy), g (Ho)(z(t))),
rae g°(Ho+€eH1) — orobpaxkerne ha30BOro MOTOKA, COOTBETCTBYTOIIEE BO3MYIIEH-
HoMmy ramunbronuany Ho + €Hip, a z(t) npunamiekur npocTpancTBy (ha30BbIX
TPAEKTOPHUil BOJTIKA DilIepa.

Yuer cpoiicTBa 06paTUMOCTHU IO BPEMEHM YpaBHEHUN BOJYKa Diljepa 1103BO-
JISIET 3aMeTUTh, 9YTO €/INHCTBEHHON CBA3HONW MHBAPUAHTHOW OpOUTON MHBOJIIOIUU
obpaTuMocT B ero (ha30BOM TTPOCTPAHCTBE OKa3biBaeTcs cemaparpuca. Orcio-
Jla cyietyer, uTo JH060e SKBUBAPUAHTHOE aHAJIUTHUIECKOe BosMyIerue Hy + eHq,
KOTOPOe TakKe 06paTuMo 1o Bpemenu (B cujry o6parumoctu obummx ypasHeHui
Ditnepa—Ilyaccona), nHaynupyer cCOOCTBEHHYIO CHMMETPHIO CEMapaTPHUCHL. VMeH-
HO 9Ta CUMMETPHSs, 110 CyTH, U OIIPEJIEIeT BCIO CTPYKTYPY BO3MYIIIEHHO (ha30BOit
JUHAMUWKH.

B nTOTre OKA3bIBACTCH, YTO DKBUBAPHAHTHBIEC BCIICCTBCHHbBIC CUMMETPHHN Ce-
naparpuchl (€e SKBUBapUAHTHBIE YHIOMOPdU3MbI HaJ| R) KaHOHMYIECKH KOOPIu-
HATHU3UPYIOTCS 3eTa—(pYHKITUSIME JITHITHIECKUX KPUBBIX HaJT (), a ee 9KBUBA-
PHAHTHBIE KOMILIEKCHBIE CHMMETPHY (9KBUBAPUAHTHBIE ABTOMODPMU3MBI, TPHUIEM,
TOXKe, B UTOTe, oupeenentbe HaJ R) — yxke L-QyHKIUAMA TaKUX KPUBBIX.

Koopauunaruzamus ykasanmoit (pra30BOit KapTUHBI [JIsT BO3MYIIIEHHOTO BOJIY-
Ka Jijiepa KOHCTPYKTUBHO PEAJIU3YeTCs TOCPEICTBOM OCTPOSHM S KAHOHUIECKOT
TeOMETPUUECKOH MOJen AUHAMUKHA B (PA30BOM MPOCTPAHCTBE OOIMINX ypaBHEHUH
Ditnepa—llyaccona u mocsieIyIoIero BBeJleHNs Ha, Hell KAHOHUYECKUX KOODJIMHAT.

CcbulKy HA UCHOJb3yeMble MaremMaruyeckue moHstusi. Mudopmanius o mioc-
KOoCTH JI0DaueBCKOTO, PeIeTKax, KOHEYHBIX W YHUCIOBBIX IIO/I9X, aOCTPAKTHBIX
rpymnmax, rpynmnax m anredpax Jlu, rpymnmax roMosioruii, KOroMOJIOTuil, TOIOI0-
TMHYECKUX KOMILJIEKCAaX, MO/YJ/IAX, TCH30PHbIX IPOU3BCICHUAX U PE30J/IbBEHTAX MO-
nyneit cogepxures B (13, 14]. Undopmarnust 06 /UIMITHIECKIX KPUBBIX HAI (),

CBOJICTBE MX MOJYJISIPHOCTH, a TakKyKe uX L u 13era-dyHKIUAX COAePKUTCS B [12,
15].

2. Kanonuyeckasi reoMeTpuveckasi KOH(pPOPMHAA MOJI€jib YHUBEP-
casibHOro ¢a30BoOro ImpocrpaHcTBa obinmux ypasuenuil Jiijepa—Ilyac-
cona. Kamonnueckas reomerpudeckast KOHMOPMHAS MOTETb (ha30BOTO MPOCTPAH-
cTBa 00mux ypaBuenuit Ditaepa—Ilyaccona, npeacrasisionas (pa3oBoe MpoCTpaH-
crBo RO[y,w] ®@p Z87°[t — —t]), te Zo[t — —t] — cummerpus obpaTUMOCTH
IO BPEMEHU WMCXOJIHBIX YPABHEHWIl, CTPOUTCS B BUJE CIENUAILHOTO KOMILIEKCA,
SKBUBAPUAHTHO MOIMMPUIIMPYIONIET0 N30METpUM ockocTu JlobadeBckoro, mpe-
Bpalliasi UX B SKBUBAPUAHTHBIN OUKOMILIEKC.

TTocTpoenne yka3zaHHOTO OUKOMILIEKCA PEATHIYETCS C TOMOIIBIO BBEIEHNS YHHI-
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J1.J1. Abpapos

BepCaIbHOM MOJYJISPHON Maphl “YHUBEpCAIbHAS JINITHYECKAS KPUBas HAJT TI0-
jgeM () — YHUBEPCAThHO TTApaMeTPU3YIONas ee KpuBast .

JaHHblit OUKOMILIEKC ONpeJIeNdeTcd KAHOHUYECKH U MMEET CMBICT OpOuTHI
VHUBEPCATHHON KAJTMOPOBOYHON CHMMETPUY WCXOAHBIX YPABHEHUM, T.€. JefCTBU-
TEJIbHO [PEICTABJIAET KAHOHMYECKYIO I'€OMETPUYECKYI0 MOjesb (ha3zoBoro Ipo-
CTPAHCTBAa UCXOIHLIX YPAaBHEHUH.

Ero mocTtpoenne peannsyerca HuKecaeayiomuMn gemmamu 1-3. s memgoct-
HOCTHU BOCIIPUSATHUS CHAYAJIA ITPUBOJIATCS UX (DOPMYJIUPOBKY, BBOJSIIINE IPUHIIN-
IIHaJIbHBIC JJId ,ZL&J'[])HGI‘/JH_HQFO reoMeTpuvdeCKnue m aJ'[I‘€6paI/ILIeCKI/Ie KOHCTPYKIIUU.
Cxema JI0Ka3aTe/IbCTBA, JIEMM TTPUBOIUTCS [TOCTEe 9TUX (POPMYIUPOBOK.

BCQ BOBHUKAIOIMKWE B 9TUX JICMMaX reOMETpUYICCKue MOIe/11 6y,ZLyT KaHOHM1YEe-
CKUMW, T.e. HEIPUBOJUMBIMU MOJEJIMHU C TOUKN 3PEHU TTPOCTOTHI COOTBETCTBY-
IOMUX UM CUMMeTpuil. ByneMm feficTBOBATEH MOCTAEA0OBATEILHO W HATHEM MOJIEITH-
pOBaHWe ¢ KHHEMATUKHU BOTIKA Ditepa B JOKATbHO-TPUBAAJBHEIX KOMIOHEHTAX
€r0 JINYBUJIJIEBOTO CJIOEHUS.

Jdemma 1. Kunemamuxa soauxa Dtsepa (Popmanvroe npocmpancmeo nepe-
MEHHDIT Y, W ), COOMBEMCMEYI0OULAA 110601 C8AZHOT KOMNONEHME DACCAOCHUA Pa-
306020 NPOCINPAHCINGA HO AUYSUANESDL TOPBL, ABAACTNCA NOOMHO00OPI3UEM 6

MmHozoobpasuu B @ry B, 2de R[t] — dopmanvroe sewecmeenmoe spems.

Mnozoobpasus (yrnueepcasvrvie Kpusvie) Eg”i”, Eg"w’* ONPedessIOMCA CAEDY-
0UWUM 00PA3OM.

1. Opbuma ceasnozo obsedunerun usomemputi modesu Kaelna naockocmu
Jlobanesckozo u anasumuneckur uzomemput, ee addumuenozo abcoatoma (mo-
noaozuneckot okpysicnocmu nad R co empyxmypot addumuenot epynnu), pe-
aausoeannozo cummempuetc PSLy(Q), npedcmasasem yHUSEPCavHYIO IAMUN-
muueckyro xpueyro nad C (obosnavum ee EF™ ). Jpyeumu caosamu, EH™ =
= Isom(A) ® pgr, (@) Isom(A(R4)), 2de Isom(A(Ry)) — anasumuneckue usomem-
puu addumusnozo abcoaroma A(R4).

2. Ilepsenti kanonuveckut yuks Kpusot Egm” PEAAUIYEMCA IKSEMNAAPOM DA~
YUOHAABHOZ0 AGOCOAIOMG, OCHAUEHHBIM aOOUTNUBHOT 2DYNN0BOT cmPyKmypot, 6Mmo-
POt KaHOHUMeCKUT YUkA DEGAUSYEMCA PAYUOHAALHBM GOCONOMOM ¢ MYADTMUNAU-
KAMUSHOU, cmpyxmypod.

3. Kanonuuecku onpedessemuviti epynnosoti 3axon Ha ynopadodennot duazo-
HAAU NPOU3BEIEHUS NEPBO20 U GMOPO2O YUKAL KDPUBOT Egm” usomopper epynno-
BOMY 3AKOHY HA Elém'”.

4. Kpusas, obaadarousas ceolicmeamu 1-3 no ommowenuro ¥ 3amene addu-
MUEHO20 2PYNNO6020 3AKOHA HA MYALTNUNAUKATMUEHDIT 3A4KOH, AGAACNCA KPUGOT,
YHUBEPCAADHO TLAPAMETPUIYIOULLT KPUSYIO Egm” (0bosnanum ee Egmv’*).

Crenyrommii sran JeficTBUl eCcTeCTBEHHBIM 00pa30M COCTOUT B MOJEIUPOBA-
HUW KWHEMATUKY BOJYKA, Dijepa, MPOJOIKEHHON TOCPEeJICTBOM JeiicTBusS 0T06-
pazkeHnst nHBOJIOIMYU oOpaTumoctn Z5 [t — —t] Ha GECKOHEYHBIH TPOMEIKY-
TOK BEIEeCTBEHHOTO BPEMEHN. DTO MPOIOJIKEHNE TTPUBOINT YViKe K OUTpPYIIOBOiH
CTPYKTYpE Ha PAIMOHAILHOM BEIEeCTBEHHOM abCoTioTe I0CKOCTH JlobadeBckoro.

Jemma 2. Kunemamuxa eoswxa Flaepa, coomeememesyowas 410001 c8A3HOT
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KOMNOHEHME CAOEHUA (PA306020 NPOCTMPAHCMEA HA AUYCUAAEEH, MOPHL, NPOCON-
oHCEHH020 8 TR = 00, AGAACTNCA NOOMHO2000PA3UEM 6 MHO2000DA3UU E]%"Z“(Q)®R[t]

E]L%nw’*(Q). |

Mmozoobpasus (ynusepcaavrve xpusme) ER"(Q), ER™""(Q) onpedeasromes
CAETYIOULUM 0OPA3OM.

1. Opbuma omobpasicerus c6a3H020 006IUHERUSA, NPEOCTNABAEHHO20 CUMMETT-
pueti PSLy(Q), usomempudi Isom(A) modeau Kaetina naockocmu Jlobanescrozo
A u anaaumuveckur usomemputi Isom(A(R)) ee abcoaoma A, npedcmasizem
CNEYUAALHYIO 2AAUNMUNECKYIO Kpusyro (0bosnavum ee " (Q)), onpedeasemyro
Kax Guxomnaerc B (Q) = Isom(A) ® pgr,(q) Isom(A(R)).

2. IHepevili Kanonuveckutll Yuka Kpueot E}‘%"W(Q) PEAAUYEMCA IKSEMTAAPOM
PAYUOHAABHOZ0 GOCOMIOMEA, OCHOUEHHBIM GOOUTNUBHO-MYADTNUNAUKAGTNUGHOT 6U-
2pynnosoti cmpyrmypol, a4 6Mmopoti — IKIEMNAAPOM PAUUOHAADHOZO GOCOAIOMA C
MYADMUNAUKGMUBHO-aIduMueHot 2pynnosoti cmpyxmypot. Ipu smom epynno-
evie adOUMUBHAA U MYALMUNAUKAMUBHAA CMPYKEMYPbL, DACCMAMPUBLEMBIE KK
2PYNNOoGuLEe CMPYKMYDPHL HA ABCOAIOME, KOMNOHUPYIOMCA UMEHHO 8 YKA3AHHOM NO-
padke.

3. Kanonuvecku onpedessemoiti 2pynnosoti 3axK0H Ha ynopadouennot duazona-
AU MPou3sedenus Nepeozo U 6Mopo20 UUKAG KPUGOT E}%"“’(Q) uzomoppen (mmo-
203NAYHOMY) 2PYNNOBOMY 3aKONY HA EI%”W(Q)

4. Kpusasa, obaadarowasn ceoticmeamu 1-3 no omuowenuto % 3amene adou-
MUGHO20 2PYNNO6020 3AKOHA HA MYALTUNAUKAMUEHDIT 34KOH, AGAACMCA KPUGOT,
ynusepcasvno napamempusyrowets spusyto EX(Q) (obosnanum ee Ex"(Q)).

3AMEYAHNE. MOXKHO TIOKa3aTh, 4TO Creruantbaas Kpupasg B (Q) aenserca
YHUBEPCATBHON MOTYCTAOMIBHOM S/TMITHYECKOH KpuBoil Ham ) (cM. cooTBeT-
cTByIOIIEe onpe/enenue B [15]).

OdepeHoil 3Tall COCTOUT B MOJEJIMPOBAHMM KMHEMATHKM BOJIYKA Jiinepa,
IIPOJIOJIZKEHHON TOCPEICTBOM JIEHCTBHST OTOOPaYKEHNsT WHBOJIIOIUN 00PATHMOCTH
[0 BPEMEHU MCXO/IHBIX YDABHEHUil, Ha OECKOHEUHBIH TPOMEKYTOK KOMILIEKCHOTO
BpeMeHH. 3aMedaHue K JeMMe D TOKa3bIBAET, 9TO JAaHHASA MOJENb IPEICTABIILET
KUHEMATHUKY OOIIEro aHaJUTHIECKOTO BO3MYIIEHUs BOJTYKa Jilaepa.

Caenyrorree yrBepaeHue hOPMYIUPYETCs TOJTHOCTHIO aHAJOTHIHO JIeMMe 2.
[TosToMy mpuUBeEM €ro COKPAIeHHyo (hOPMyJIUPOBKY (3TO HE KacaeTcs 1. 3).

Jlemma 3. Kunemamura soauka Disepa, coomeememeyrouas A0botl c8A3HOT
KOMNOHENME CAOENUA (PA306020 NPOCIMPAHCMEE N AUYEUAACEHL TOPHL, NPOOON-
2HCERH020 8 T = 00, ABAAEMCH NOOMHO2000DA3UEM 6 MH02000pA3UU gf;g(@)@mt]

E¢R(Q).

Mmnozoobpasua (ynusepcarvrve xpussie) E”é%g(@), g/Lg*(Q) onpedeaaromca

CAE0YOULUM 0ODAZOM.

1. Opbuma ceasnozo obsedunerus usomemputd modeau Kaelina naockocmu
Jlobanesckozo u uzomempuil ee KoMNAEKCUGUUUPOSAHIH020 abCoaoma (Monoso-
euneckoti oxpyoscnocmu nad C), peasusosannoe cummempuetc PSLa(Q), npeo-
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CIMABAAEM CNEYUAADHYIO IANUNTIUYECKYI0 KPUeyto 1ad (Q, onpedessemyro xar Gu-
KOMNAEKC gf;g(@) = Isom(A) ®pgr, (@) Isom(A(C)), ede Isom(A(C)) - ananu-

muueckue usomempuu abcoaroma A(C) =2 A(R) @r C.

1Ipu smom xpusas g’}’é’(@) ABAACMCA YHUBEPCANDHOT IAAUNMUYECKOT KPU-

60l 1nad Q. Imo snaxum, 4mo das w060t Kpusot Eg umeemea mownvil 20mo-
univ
moppusm Eg — C/R(Q)'
2. Kpusasa, 06400010108 cOOMBEMCMBYOUUMY CEOTUCMBAMU NO OMHOULEHUIO

K 3amene adoumueHozo 2pynno6o2o 3aK0Ha G MYALMUNAUKAGMUSHLT 30K0H, AG-
AAEMCA KPUBOT, YHUBEPCAABHO NAPAMEMPUSYIOWET KPUSYIO gfjg(@) (06osna-

YuM ee Eg%g*(Q))

3. Kpusuie Eg%g(@), EZf/Lg*(Q) ACAAIOMCA YHUECEPCANADHBMU IAAUNMUCCKU-

mu Kpusvmu das kpuens Eg u Xo(N) coomsememesento.
Teneps mpuBeseM CXeMy JTOKa3aTeJbCTBA JeMM 1-3. KOHCTpYKIUH! 3TOTO [10-
Ka3aTeIbCTBA, B OCHOBHOM, BBejeHbl B [8] u [9].

Cxema gokasarenbcTBa JeMMm 1 — 3. JlokasareabCTBO CBOJAUTCH K
KAHOHUYECKON KOOPAMHATH3AIMYA SKBUBAPUAHTHON KOMIAKTHQMUKAIME C ITOMO-
MIHI0 UHBOJIIONUN 00paTuMocTh Za[t — —t] cBOGOIHOTO ABOSKO-ACUMITOTUIECKOTO
IBIRKEHNsT Ha Celaparpuce ciaydas Diljepa, pealn30BaHHOTO SKBHBAPHAHTHLIM
KOMIIJIEKCOM:

2]
0 — {acumnrorndeckoe jBuKeHHE} —

0
— {nBosiko-acumnrornueckoe npukenue} — 0.

Orobpaxkennem quddepennuana 0 B TaHAOM KOMILIEKCE SBJISETCS OIePATOp KH-
HEMaTU4IeCKON TPYIIIbI NCXOAHBIX TaMUJIBTOHOBBIX ypaBHeHI/Iﬁ O6H_[eFO BOJIYKA —
onepaTop ypaeHeHnii Ilyaccona.

Ompefesienne SKBUBAPHAHTHON KOMITAKTHMDUKAITIN JBOSKO-aCUMITTOTHIECKOTO
JIBUZKEHNST TTocIeioBare bao Has noasamu R (remva 2) n C' (1emma 3) mocpen-
CTBOM 0TOOpazkeHus 00PATUMOCTH 110 BPEMEHU YPaBHEHUN BOJTYKA Ditjiepa [IpUBo-
IUT K ONPEIeIeHNI0 MOIYIAPHON Naphl “‘YHUBEPCATbHAS DITUNTUICCKAT KPUBAT
KpuBas Eggmv — YHUBEPCAJIBHO TAPAMETPUIYIONIAA €€ KPUBad Eggmv’*”.

9TO TONOJOIUYECKOe IIPOCTPAHCTBO KOHCTPYKTHBHO CTPOHUTCH IO KPHBBIM
Eg)m”, Egmv’* 1 n30MopdHO Eg?m” ®Rr Egnw’*. JlaHHOE IIPOCTPAHCTBO SABJISACTCS
opOuTOil CIENUaIbHOrO PACIIUPEHUsT PAIMOHAJIBHBIX M30MeTpuil miockoctu JIo-
6aIeBCKOTO, U COOTBETCTBEHHO, SBJIACTCS €CTECTBEHHLIM PACIIMPEHHeM H30MeT-
pun, opbuToit KoTopoil astercs napa B @p E&™"™ us nemmbl 1 (TenzopHoe
npomsBegeHne depercda HaI moaeM R 10 ecTecTBEHHON mpudmHEe — 9TO 00JIacTh
onpejiesienus MHBOMONUN Zo[t — —t|, opburaMu KOTOPO# U ABIAIOTCA TEH30PHO
[epeMHOYKAeMble 00bEKTHI).

BaTeM TTOKA3bIBACTCA, YTO KMHEMATUKA aHAJIUNTUYIECKY BO3MYIIEHHOTO BOJTYIKA
Ditnepa u3oMopdHa Kak pa3 MPOCTPAHCTBY Egé”w RRr Eg?"w’*, mprobpeTarorie-
My CMBICJI YHUBEPCAJIBHOTO (ha30BOr0 MPOCTPAHCTBA OOIIMX ypaBHeHWH Ditiepa—
yaccona, nsomopduoro npocrpanctBy RO[y,w] @ g Z8~°[t — —t].
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. -
Bzanmocesase gemM 1-3 cocTouT B TOM, UTO TPOCTPAHCTBO Eé’“” QR Eg”w’
HMeeT KAaHOHUYIECKYI0 CTPYKTYpy Oukommiekca (CW — GukoMILIekca):

0 — Egnw QR Eg’niv,* N E}L{nw(Q) QR E;%nw,*(Q) N

— BER(Q) ©r Bl (Q) = BE™ ©p BG™" 0.

Moysisiptble mapbl U3 AaHHOW TOYHON MOCIEIOBATENBHOCTH CTPOATCS Ha OCHO-
B€ KaHOHHUYECKOTI'O PACHICIIJICHHUA PaAllMOHAJIbHBIX I/ISOMeTpI/IfI IIJIOCKOCTH A JJIA
MOJEIUPOBAHUS MMH IBOSKO-aCHMITOTUIECKAX NBUKEHUNH BOTYKA Diaepa M X
AHAJINTUICCKUX BO3MYIIECHMH.

CBa3p aHHOrO OHKOMILIEKCa C JUIHNTHYIeCKIMI KpuBBIME Fg Hax moaeM
OTpaxKaeT YHUBEPCATBHOCTH KPUBBIX E&"w u Egmv’*. DTa CBA3b SABJSIETCS KAHO-
HUYECKOM u peaﬂI/I3yeTC${ KOHCprKTI/IBHO CTPOAIINMUCA TOYHBIMU IKBUBapPHUAHT-
HBIMH OTOOparKeHUSIMA COOTBETCTBYIOIINX CIENHAIA3AINN WHBOIOINH 00paTH-
moctu Zy Pt — —t:

Zy 0 t——1]

EQ N Evém'v X()(N) Zgaoo_[t?_t] Egzm'v,*7

)

rae Xo(N) — kpusast, napamerpusyomas Kpusyo Fg B cooTBeTCTBHH CO CBOMH-
CTBOM MOJY/ISIPHOCTH it KpuBbIX Fg (cm. [12]).
Hpyrumu cioBamu, CBORCTBO MOJYIAPHOCTH KPUBBIX [ S5KBUBAPHAHTHO 1 Ka-

" i UNLV ¥
HOHMYECKH peasiu3yercs CIpyKTypoii upocrpancrsa Eg™ @p EQ " KaK OMKOM-

wrekca: Kaxas napa (Eg, Xo(N)) peamusyercs B HeM Kak COOCTBEHHOE OJIIPO-
crpancTBo (mombukomiLiekc). Takum 06pa3oM, BAKHBIM OKA3BIBAIOTCA HE KPUBbIE
E¢g camu no cebe, a CBOMCTBO WX MOJIyIAPHOCTH.

. UV UNLV,*

Koucrpyknust moxyaspuoit napst EE"(Q) ®r ER"7(Q) cocrout B creny-
IOIMEM KAHOHHYECKOM PACIIEIIEHUHA OTHOCHATEJBHBIX PANMOHATLHBIX H30METPHIA
mockoctn A (3mech m manee — B mogenn Kiefina) Ha JBOMCTBEHHbIE SKBUBAPU-
anTHble C'W—-KOMILIEKCHI COOTBETCTBEHHO:

ER"™(Q) = (PSLy(R)/PSL2(Q))cw,

B (Q) 2 (PSLy(Q) \ PSLa(R))ow,

MMEIOIHE CMBICT 9KBUBAPUAHTHBIX PEIIeTOK U MPEJCTaBIAtomme (hakTophl MHO-
roobpasusi PSLy(R) no nesomy u npagomy jgeiicrsuto rpymnisl PSLy((Q)) coorser-
CTBEHHO.

K1109eBbIM MOMEHTOM SBJISETCS KAHOHUIHOCTH ONpPEJIeeHus JTAHHBIX KOM-
IJIEKCOB. ,

Monynsapuas napa E%"(Q) @p Ep"""(Q) upeicrasiser KOppeKTHO ompe-
JIeJICHHBIIT TeH30PHBI KBAIPAT SKBUBAPUAHTHON KOMIAKTH(MUKAIUE CBOOOHOTO
JIBOSIKO-aCHMITTOTHYECKOTrO JBuxKenns rU"0 (fR) =2 UV (t Qg ZB [t +— —t])
BOJTUKA Diigepa B BuIe OUKOMILIEKCA:

xum‘v(@)@Z ~ E}L{Liv(Q) ®R E]%nw’*(Q) ~
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= (PSLQ(R)/PSLQ(Q))CW KRR (PSLQ(Q) \ PSLQ(R))Cw.

Jlannbiii GUKOMILJIEKC KaHOHWYECKH IIPeICTaB/IgeT IIPOJOIKEHHOe B g = 00
JUYBIJLIEBO CaoeHne (ba30BOr0 MIPOCTPAHCTBA BOTUIKA Jilaepa.
o UNIv univ,*
Koncerpykiust MOy asipHOii napsl C/R(Q) QR EC/R (Q) cocrour B KOM-
maeKcrpUKAIME KAHOHIYIECKOTO PACIICIIeHNS KOMILJICKCH(DUIMPOBAHHBIX OTHO-

CHUTEJIBLHBIX pa]_[I/IOHa.HbeIX I/I3OMeTpI/H>'I IIJIOCKOCTH A Ha ﬂBOﬁCTBeHHbIe SKBI/IBapI/I—
aaTHBIe C'W—KOMILJIEKCHI

E&R(Q) = (PSLy(C/R)/PSL2(Q))cw,

2

EL™(Q) = (PSLa(Q) \ PSLa(C/R))ow.,

IpecTaBIsonye GakTOpl 110 JTEBOMY U OpaBoMy aeiicTeuto rpynmbl PSLe(Q).
Monynapraas mapa gf/‘g(Q) ®R Eg}g’*(Q) KAHOHWYECKN TIPEJCTABIACT TEeH-

30pHBIA KBajgpaT KoMminiekcudukammn %" (fo) KOMIaKTH(GUINPOBAHHOTO CBO-
BOHOTO JTBOSKO-ACMMITOTUIECKOTO aBuKernst " (tr) Bosaka Diinepa B BUjIE

OMKOMILIEKC A o 4 _
2 () = BY(Q) or B (Q) =

= (PSLy(C/R)/PSL2(Q))cw ®r (PSL2(Q) \ PSLa(C/R))cw -

JaHHbBI OMKOMILIEKC KAHOHUYECKH TPEICTABIAeT KOMILIEKCU(PUKAIHIO TPO-
JIOJIPKEHHOTO B t¢ = 0O JIMYBUJLJIEBOTO CJI0eHUsi (pa30BOr0 MPOCTPAHCTBA BOJTYKA
Ditnepa, MpeACTaBICHHOI0 B BIIE YKA3aHHOIO BBIIIE OMKOMILIEKCA. [

3. Kanonuveckas reomerpudeckasi KOHPOPMHAas MOIAEJb AUHAMU-
Ku o0mux ypasaenuii diinepa—Ilyaccona. Kanonnieckasi reoMerpudeckast
MO/JIeJIb JUHAMUKHA B YHUBEPCAJIHHOM (pa30BOM IPOCTPAHCTBE OOIIUX ypaBHEHUIT
Ditnepa—Ilyaccona cXeMaTnaHO CTPOUTCS B BUJE KOMITIEKCA — TPOU3BOIHOTO KOM-
IJIEKCA OT KOMILJIEKCA, IIPEJICTABJILAIONIEr0 YHIUBEPCcAabHOEe Pa30BOe IPOCTPAHCTBO
UCXOMHBIX YPABHEHUI, CIEAYIONIIM 00Pa30M:

01 02
0 — {acmMnrornueckoe aBuxkenue} — {IBOSKO-aCUMITOTUIECKOE JIBUKEHUE ) —

o))
= {aHasuTHYecKOe BO3MYIIEHUE JIBOSKO-aCHMITOTUIECKOTO JBuKenus ) — 0.

Orobpazkennem muddepennuana 01 B TaHHOM KOMILIEKCE SIBIIETCS OIEPATOp K-
HEMATHUYIECKON TPYIILI UCXOTHBIX TaMIIBTOHOBBIX YPaBHEHUH — OmepaTop ypas-
mernuii Ilyaccona.

Orobpazkernem muddepennmana O, B TAHHOM KOMILJICKCE SABJISCTCH OIIEPaTOD
,ZLI/IH&MI/ILIQCKOI‘/JI TPYIIIBI NCXOAHBIX TaMUJIBTOHOBBIX ypaBHeHI/IfI 06mer0 BOJIYKQ —
ortepaTop ypasueruit Jitiepa—Ilyaccona.

OKBUBAPUAHTHAS KOMIAKTH(MUKAINS YKAZAHHOTO KOMILJIEKCA OTOOpaKEHUit
[OCPEJICTBOM HHBOJIIONMU Z3[t — —t] peanusyer 3KBUBAPUAHTHOE [IaKoe (K/1ac-
ca C1) mpomomxenme moToka Ha ha30BBIX TPAEKTOPHAX BOJUKa Ditnepa, dop-
MaJIBHO OMPEIEEHHONO HaJT BEIECTBEHHBIM BpeMeHeM R, yke Ha OECKOHEUHBIM
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Tounast pa3penrnMoCTb I KaHOHUY€eCKasd MOJAeJ/Ib

WHTEpBaJl BpeMeHU U, B UTOr'e, IPUBOAUT K I'PYHIIOBBIM 3aKOHAM Ha JLIUITHAYE-
CKWX KPUBLIX HaJ TOJjeM (), TIPeICTABIEHHBIM (PYHKITHIMN exp(L(s,EQ), VMEH-
HO KaK K YHWBEPCAJIbHOMY TTPOCTPAHCTBY peIeHuil o0IMmX ypaBHeHuil Jifjepa—
[Tyaccona.

Crenyromue yTBEPKIACHUS PEAJIUIYIOT KOHCTPYKIIMIO YKA3AHHON MOJETH.

Jemma 4. 1. ITpodoasicernoiti 6 tp = 00 Pas3o6bili NOTNOK USOIHEPZEMUNBECKO20
soauka Jiaepa npedcmasanemces cummempuet Ad(PSLa(R)/PSLa(Q)).

2. IIpodossicennoiii 6 tp = 00 Pas3o6vill NOMOK HEUZ0IHEPLEMUNECKO20 G0N~
xa OMsepa npedcmasasemesa cummempuets Ad(PGLy(R)/PSL2(Q)), asaaoweti-

CA IKGUBAPUAHMHDIM YEHMPAADHDIM DACUIUPEHRUEM np’U,CO€aUH€HH01j, CUMMETNPUU
Ad(PSLy(R)/PSLy(Q)).

Jdemma 5. 1. IIpodorsicennviti 6 to = 00 Pas06vill NOMOK U30IHEP2EMUNECKOL0
soauxa dinsepa npedcmasasemea cummempuett Ad(PSLy(C)/PSLy(Q)). Han-
HAA CUMMEMPUS NPEICTNABAZEN MHO203HAWHVIT 2pYynnoeol 3axon g° (Eé”“’) HO
YHUBEPCANDHOT IAAUNNUHECKOT KPUBOT Eggmv,

2. Ipodossicernnviti 6 tc = 00 $aso6viti NOMOK HEUZ0IHEP2EMUYECKO20 BONY-
xa Jisepa npedcmasaiemcs cummempuets Ad(PGLa(C)/PSLy(Q)), asanowei-
CA IKGUBAPUGHINHBIM YECHMPAALHUM PACUUPEHUEM NPUCOCOUHEHHOT CUMMEMPUL

Ad(PSLy(C)/PSL2(Q)).

3AMEYAHUE. Tor dakTt, uTo ¢dazoBas TMHAMUKA BOJTUKA Jiljiepa, TPOJI0JI2KEH-
Hast HA DECKOHEYHBIN MPOMEXKYTOK KOMIIEKCHOI'O BPEMEHU, OKA3bIBAETCHA JUHA-
MUKOI OOIIEr0 aHAJUTUYECKOr0 BO3MYINEHUS BOJIYKA Jijiepa, MOKA3bIBAETCHA B
gemme 10. Orcrofia ciepyer, 9T0 KWHEMATHIeCKUe CUMMETPHH, ONMCAHHBIE B JIEM-
Me 3, IPeICTABJISIIOT KUHEMATHIECKIE CUMMETPUHN TAKKe 0DIIEro aHaIuTHIeCKOro
BO3MYIIEHNUS BOTUKA Jitnepa.

IIpuBenem cxemy fokazarTebCTBa JeMMbl 5. OnyckaeMoe J0Ka3aTeTbCTBO JeM-
MBI 4 TIOJTyYaeTCsT OBEIECTBIEHNEM KOHCTPYKIINI JOKA3aTeIbCTBA JIEMMBI 5.

Cxema jgokazateabcTBa JemMbl b. 1. Ilyaxt 1 hopmynupoBku cie-
JLyeT U3 TOro, 9T0 UMEITCH TOUYHBIE TOCIE0BATEBHOCTH SKBUBAPUAHTHBIX 0TOD-

paxkenmit, BKrogaromue (pa30BbIii TOTOK Ha Mpoao/Kennn 12 B to = 00 Ipous-
BOJIBLHOTO HyBHIAIeBoro Topa 12 B cummerpmo Ad(PSLo(C/R)/PSLy(Q)):

— J(mod Zer)
rat

o T L PSLy(C/R)/PSLa(Q) MY

M Ad(PSLo(C/R)/PSLy(Q)) = g° (EE™)

JI1sT TPOAOJIKEHNH B {¢ = OO pallMOHAJBHBIX TOPOB Tfat ¥ JINYBUJLIEBLIX OJIOKOB

L;; cOOTBETCTBEHHO J7is TPOAOJIKEHIH NPPAITUOHATBHBIX TOPOB TZZTT

—— J(mod Z,,, ) — 7— 1
2 M L PSLL(C/R) P Ty (@) M

wrr

M Ad(PSLA(C/R) [PSLaA(Q)) = g7 (™),

ol



J1.J1. Abpapos

rae J — orobpazkenue mzomopdusma J =2 { gf}g(@) = Eg?gi”(Q)}, Ad(J)

— mpucoeguHeHHOe K J orobpazkenue, J ! — KOPPEKTHO ompejeseHHOe obpar-
Hoe orobpazkenue K J; orobpaxenus J(mod Z,, ), J(mod Z,,, ) — moxamm3anun
nzomopdusma J B aJAUTHBHYI0O W MYJBTUINIMKATHUBHYIO T'DYIILY KOHEYHOTO M-
9JIEMEHTHOTO KOJIBIA Zy, COOTBETCTBEHHO.

2. YTBepKJeHNE MYHKTA 2 CAeIYeT U3 CBOUCTB m3oMopduamMa J, urparorero
KJIIOUEBYIO POJIb.

Cummerpus PGLo(C/R)/PSLy(Q) aBnsgerca 3KBUBAPUAHTHBIM IIEHTPAJIb-
HbIM pactupennem cummverpun PSLo(C/R)/PSLa(Q). DKBUBAPUAHTHOCTH JaH-
HOTO PACIINPEHU BBIPAXKAETCA B €ro J-mHBapuaHTHOCTH. [J

4. Kanouuveckasi koopauHaTu3ausa KOH(POPMHON reoMeTpruiecKoii
Moesm (pa30BOTO MTPOCTPAHCTBA 001INX ypaBHeHuit dittepa—Ilyaccona.
Cureytorme yTBEPIKIEHNS KOOPANHATUZNPYIOT YHUBEPCATHHOE ha30BOe MPOCTPAH-
cTBO 00mKx ypasHenuit ditnepa—Ilyaccona.

Jemma 6. Jxsusapuarmmoe 6eKmMoOpHOe NPOCTNPAHCME0 (IKEUBAPUAHMHVIT MO~
dyav) HY(EE(Q),C) obaadaem xanonuweckoli pesoaveenmoti, npedcmasase-
Mot Oeckonennol mourol nocaedosamesvHOCBI 0mobpascernul modyaets:

= HYER™(Q), ) — o — HYEF™(Q),[27)) — H (BF™ (@), [17°]) —

— HY(EF"™(Q),C) — 0,

20e E}%”“’(Q) — YHUBEPCANDHAA IAAUNIMUYECKAA KPUGCASA, ONPEJEAEHNHAA 6 ACMME
2, wucaosol napamemp P npobe2aem 6Ce MHOHCECTNEO NPOCBLT YUCEA.

DTO TOUHBIN KOMILIEKC SKBUBAPUAHTHBIX MOJTYJIEl, MMEIOIINX CTPYKTYpY abe-
JIEBBIX OUIPYII, W HNPEACTABJISIONII MOJHY0 CUCTEMY T'eHepaTOPOB HEIPEPbIB-
HOT'O OTOOpPaXKEeHNS WHBOJONNE 0OPATHMOCTH 0 (pOPMaILHOMY BEIIECTBEHHOMY
BpPEMEHHU JIJIsi YpaBHEHN BOJTYKa Diliepa.

3AMEYAHUE. Kak bl 4ieH mMOCIeI0BaATE/ILHOCTA KOPPEKTHO OIIPEIeseH, M0-
CKOJIBKY 1Tt Kaxk1oro p orobpazkenne C[s] — C[p~°] maaynupyer amammrude-
ckuit aproMopdusm moasa C. MoXHO MOKa3aTh, UYTO ¢ TEOMETPUIECKON TOUKN
3peHusl JaHHas TMOCIeTI0BATETHLHOCTL MPEICTABIIET MOHOIPOMHOE TI0 KOODIWHA-
TaM ¥ O CKOPOCTAM (JIMHEHHOI, yII0BOii) aHATHTHIECKOE JBUZKEHIE TEeTPAdIPa
B nipocrpancree E3(R).

Jdoxkaszarenncrno. 1. Unes sorancienns. OCHOBHAS UAESI BRITUCICHUS CO-
CTOUT B PEAYKIIUU BBIUYNC/IEHUs] KOOPJAMHAT HA KAHOHUYIECKON KOH(MOPMHOI reo-
METPUYECKOi Mojiesin (ra30BOr0 IIPOCTPAHCTBA BOJIYKA Jiljiepa HaJi BEIECTBEH-
HBIM BPEMEHEM, TIOMOTHEHHBIM TOUKOH tp = 00 (/emMma 2), K BBIYUCIEHUIO KOOP-
IWHAT HA OTOOPAYKEHWM WHBOJIIONUN OOPATUMOCTH IO BPEMEHW, T€HEPUPYIOMIUM
YHUBEPCAJIbHYIO TPAH3UTUBHYIO CUMMETDUIO ,Zl;aHHOfI MOOECJIN.

IIpm sToMm, B crny cBOHCTB reoMeTpUIECKON MOJENN, CTPYKTYPa YKa3aHHOTO
oT0OpaKEHUsT UHBOJIIOIINN OKA3bIBAETCS ECTECTBEHHON CUMMeTpHU3allnell ee aJiiu-
TUBHON U MyﬂbTI/IHJII/IKaTI/IBHOfI KOMIIOHEHT:

Hl (E]%an(@), C) o~ HI(E’II%TH;’U(Q)’ C UJ(R) OO) ~
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Tounast pa3penrnMoCTb I KaHOHUY€eCKasd MOJAeJ/Ib

=~ lim HY(S'/Z0t — —t)|@p Z}t — t7Y, SY/Z0 [t — t™ Y @ Z3[t — —t]) =

n—oo
= lim H'(S'/i% s, S /8% 1),

e orobpaxenune C' — C'Ujg) 00 peanusyeT SKBUBaPUAHTHOE TONOTHEHUE 0I5

~ wniv ~ *, UNIV

C' ¢ nomompio orobpaxenus: J(R) = { CIR Q) = Ec/r (Q)}, onpenesenHoro

(B mrore) Hag R.

YKazanHoe 0TOOpazkeHHe WTEPUPOBAHHON OTHOCHTE/BHO| WHBOJIIONUK (MK
BUMHBOJIIONNN) SIBJSIETCST CUMMETPU3alneii KOMIOHEHTHI 0TOBparKeH s UCXOIHOT
dbyHmamenTanbHON nHBOTIOMMN (yCI0BHO 0603HaYaeMoit Za[t — —t]) ¢ HemoBIK-
HO#i TouKoii B tRr = 0 (310 0OTOGpaAXKeHuUe ii,x) 1 €€ KOMIIOHEHTBI C HEIIOABHKHOI
TOUKOM B tR = 00 (310 OTOOpaAKKenue i% ).

KoopaunaTe! Ha JAHHOM CHMMETPHU3YIOIIEM PACIIEIVIEHNH HCXOIHON HHBOJIIO-
VY YJIA€TCsl IBHO BBIYUCIUTD, IOCKOIBKY yJaeTCsl HaliTH KOOP/INHATE! Ha KaK JI0M
13 0TOOpazKeHuil MHBOJIIONUI 10 OTIEIPHOCTU U KOHCTPYKTHBHO OCYIIECTBUTE UX
CKJICHKY.

2. IlepeiijiemM HEOCPEICTBEHHO K BBIYUC/IEHUSIM, KOTOPbIE Pa300beM Ha ITa-
1bl. O6bekr, nojJieKaluil KOOPAUHATUZALUUN — KPUBast E}”{””(Q) — MOXKeT OBITH
IIPE/ICTABJIEH Y€ePe3 CBOU ITUKJIBI:

HY(EE™(Q),C Uyr) 00) = H' (1 [EE™ (Q)); e2[EF™ (Q))]).-
a. B cooTBeTCTBUM €O CTPYKTYPOU IUKJIOB SJIUNTHYIECKONR KPHUBOI E}g/‘g, orpe-
JIEJIEHHBIX B JIEMMe 2, HUMeeM

H (et [EF™(Q)], 2 EF™(Q)]) =

= H'(lim §'/Z"[t — —t]0Z5[t — 7)), lim (S1/2"[t — t7'|@Z5 [t — ~t]))) =

~ f(s! /plggo (C ®p, R),S* /plir& (C ®p, R)),

rae p = p(n) — mpocToe YHCJIO, 3aBHUCsIIECE OT HATYDAIbHOIO n; Fj, — nose u3 p
3JIEMEHTOB.

3)1er HpOCTOTy qucJja p O6eCHqu/IBaeT MyJIbTI/IHJII/IKaTI/IBHaH KOMIIOHEHTAQ
Z3[t — t~1] dynnamvenranbnoi nnsomomu. HarypasbHoe uncio n obecrednsaer
mpoberanyue MHOKECTBA BCEX TPOCTBIX YUCeNT (CM. TYHKT 2. JOKA3aTeIbLCTBA).

6. Borumciienue moJIy9eHHOil TPYNIILI KOTOMOJIOTHIA IIPOBECTH C MOMOIIBIO ee
JIOKaJIU3anun 110 Mmod p, MpeIcTaBIsgeMOoil TOYHOM TOCIeI0BaTEILHOCTBIO 0TOOpa-
KEHUU:

1 — a(BE™(Q)) — c2(BE™(Q)) — 1modp,

3KBUBAJIEHTHON TOYHOMN TOCTET0OBATEIbHOCTHU
R : S
1 — S} [Ror, Clsl] = S'(D5™)"] 2 S}, 4[Cls] ©r, ] — 1,
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J1.J1. Abpapos

dia,
ryie p = p(n), s — Kanonudeckast Koopaunarta Ha mosye C'; D58 — KoppekTHO ompe-
JleJIEHHAs JTMArOHa b TEH30PHOTO MIPOU3BEIeHNsT abe/IeBbIX TPYIII, OpeIeIdeMast
CJIEIYIONINM 00PaA30OM:

D$#8 = Diag(DS* ®c¢ [s|DS),

e
+,%
D2

12

[DF, D] = generator(SL [R &1, Ols]),
D™ = Dy, D] = generator(S}(#[C'b] ®F, R]),

n D;‘ , D3 — apnTuBHO M MYJIBTHIIMKATUBHO 3anucanHas rpyima Kiefina Ds.
6. Orobpazkenus: Ry, u Sy, IpeJCTaB/IsSIIOT HEIIPEPBIBHBIE aBTOMODPMI3MBI OKPY K-
dia;
mocrn S1[(D5*8)"].
1 .
Orobpaxenue xomnozunuu I, " o S, npejcrasiser HEIPEPBIBHbBIN aBTOMOD-

dusm oxpykHOCTH Sl[(Dgiag)”]. B cuy ecrecrBeHHOR Fo-rpalyupOBKU MHOI'O-

di _
obpasus S1[(D5'*®)"] oTobpaskenme R, Lo S, apaserca Fy-rpaynpoBaHHbIM aB-
TOMOP(MUIMOM CTAHAPTHON OKpyKHOCTH S

_10
1 — SYF, @ Cls]] 2"

SOl @r By — 1.

Kazk1p1it HenpepbIBHBIA aBTOMOPQH3M OKpy:KHOCTH S' IIpejcTaBadercsa SKCIo-
HEHIIMATLHBIM oTobpaskerueMm. CienoBaTebHO, Fh-TPaIyHpPOBAHHBIN aBTOMOD-
busm R 15 S, okpyxnocTn S 1[(Dglag)"] [PEJICTABJISETCS JIOKAJIBHBIM 3KCITOHEH-
ITHaJIBHBIM OTO6pa>KeHI/IeM, KOTOpPOE B CI/I.Hy TPUBEICHHBIX BBITIIEC TOYHBIX ITOCJIE-
JOBATEJbHOCTEN MMeeT KAaHOHUYIECKUIT BUJT

(R, 0 Sp)[SM[(Dg®8)"]] = p~°.

2. Bo3MOKHOCTD peasm3arnuu J00ro mpocToro Iuc/ia, P CAeAyeT U3 TOUHOCTH

R; Lo Sp — WHBAPWUAHTHON TOCIEI0BATETBHOCTH 0TOOPAKEHHIT

J J
0—-N-=>Q=F,—0,
rie N — MHOXKECTBO HATYPaJbHBIX YUCEI, U BBITEKAIIEH OTCIOMa CIODBEKTHB-
J . .
HocTu orobpazkenusa N — [, MHJYIUPOBAHHOIO YKa3aHHON TOYHOM I0CJ/I€10Ba-
TEILHOCTHIO 0TOOpaKeHMil.

0. Teneps nemma cregyer mn3 toro, uro mukiel c1(EE"(Q)), co( EF™(Q))
MTPEJICTAB/ISFOTCS KOMILIEKCAMU TOYHOTO JTeACTBUS Ha HUX YHUBEPCATbHBIX (haKTOP-
OuunBosIONM limy, o0 (17 ) 1 limy, oo (77 ). Kommosuius srux jiefictsuil Kano-
HUYECKH KOODJMHATU3UPYETCst oToOpazkenuamu R, 168, p — oo, Take opra-
HU30BaHHBIMU B KoMILTeKc. CooTBercTByomias (T.e. 10 mod p) 9acTh yKa3aHHO-

I'0 KOMILJIEKCA MHUKJIOB IIPE/ICTABISIETCI KOPOTKOM TOYHOMN [OC/I€I0BATEIHbHOCTHIO
0TOOPAYKEHNIH:
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Tounast pa3penrnMoCTb I KaHOHUY€eCKasd MOJAeJ/Ib

1= e (BE™(Q)) "2 ¢y (BE™(Q)) — 1.

0

3AMEYAHUE. Tounyio mocaenoBaTebHOCTS OTOOpaKennit 12, 1 0.S) MOYKHO UH-
TEPIPETUPOBATDH CIAEAYIOMUM 00PA3OM:

— 9TO TOCJIeIoBaTE/IbHBIE (TI0 HATYPaJTbHOMY HOMEpY 1) Fo—TpaynpoBaHHbIe
6robopoThl haz0Boll JMHAMUKY BOJUYKA Diljepa, IPEJACTABJIEHHON B KOJIbIIE; TTPH
STOM TPYIIIEI D;r > D; " MOYKHO WHTEPIpeTHpPOBATh Kak (61)renepaTops! 61o60-
pPOTOB YKa3aHHOIO KOJIbIIA B IIPOTUBOMOJIOKHBIX OWHAIIPAB/IEHUSX;

— 9TO HeNpepbIBHAA OUMOHOIPOMUS TETPASIPA CO CBOOOHBIM IEHTPOM B €B-
KJIMJOBOM ITPOCTPAHCTBE E3 (T.e. MOHOZIPOMUIO TIO KOOPAMHATAM U KOMIIOHEHTAM
YTJIOBOH CKOPOCTH).

3AMEYAHUE. AHAJTOTHYHBIM 0OpPA30M MOXKHO TOJYIATHL aJIUTHBHOE TPE/I-
CTaBJIEHNe HATYpPaJbLHOrO IapaMeTpa Ha E}‘%”"”(Q), T.e. IPeJCTaBJIeHNe Tepe3 K-
BUBAPUAHTHYIO CYMMY CJAaraeMbIX BUIA N °, COOTBETCTBYIOIIYIO AJIUTABHOMY
NPE/ICTABIEHUIO JeficTBrs (DyHIAMEHTAIBHOM MHBOMOMN Za|t — —t] gepes pac-
cMOTpeHHbIe PAKTOP-ONMHBOIIONIHN.

Jlemma 7. JZlasa 41006020 Npocmozo 4ucCAG P UMEET MECTIO KODOTNKGS TO%-
HaA NOCALIOBATNENDHOCTND IKGUCLPUAHIHHL 6EKTNOPHBIT POCTNPAHCTG (IKEUCA-
PUAGHMHBL MOOYAET):

1 — Hl(E}léTLZ‘U(Q)’ [p—s]O) N HI(E%MU(Q), [p—s]l) 1.
JokazaTenbCTBO. YTBEPXK/ICHUE CJIEyeT U3 TOUHOCTH JeUCTBUl 0TOOpa-
Kennit baxTop-Gunnpomonuit R, Lo p, ONIPEJICJICHHBIX B JOKa3aTe/IbCTBEe JIeM-
MBI 7, Ha KaHOHHYeCKHX OasucHbIX mukiax ci(ER"(Q)),c2(EE"(Q)) xpusoii

UL o
EY (Q). lauuble neficTBUSA TPEJACTABIAIOTC TOYHBIMU MOCJIEI0BATETLHOCTMY
0TObparKeHmii:

1= o (BE(Q)) "2 ey(BE™(Q)) — 1.

BosmoxkHoCTh peaan3anyun 1000T0 MPOCTOr0 YUCIa, P CASAyeT W3 IyHKTA 2. I10-
Ka3aTeJbCTBa JieMMbI 6. [

Jlemma 8. Dxsusapuanmmoe 6exmoproe NPOCMPAHCME0 (IKEUBAPUAGHIMHBIT MO~
1/ puniv . ”
dyav) H ( C/R(Q),C') obaadaem Kanonuweckol pesosveenmot, npedcmasiae-

MOT beCckoHeuHot TOYHOT NocAedosaMEAbHOCMbIO omobpascenul Parmop-mody-
aed:
= HY(BER Q) ™)/ H (R Q), [p7°]) — -
= HY(EZRQ), [27%]) /H (BER(Q), [27°) —
— HY(BgER(@Q), 17>/ H(EER(Q),17°]) — H(EZR(Q),C) — 0.
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J1.J1. Abpapos

3AMEYAHUE. /lapHast m0C/Ieg0BaTeIbHOCTD IPEACTABISeT TOIHBIA KOMILIEKC
SKBUBAPHUAHTHBIX (PAKTOP-MOIY/IeH, IMEIOMKUX CTPYKTYPY SKBHBApHAHTHBIX abe-
JIeBBIX (DaKTOP-OUTPYTIT, U MPEICTABISIONINAN HEMPEPHIBHOE OTOOPaYKeHne MHBO-
JIOTHH 06paTUMOCTH 110 (POPMATHHOMY KOMILJIEKCHOMY BPEMEHW [T yPaBHEHUT
BOJTUKA Jijiepa.

DTOT KOMILIEKC MOKHO PACCMATPUBATH KaK 3KBUBAPUAHTHYIO KOMILIEKCH(I-
KaIliio KOMILIEKCA U3 JIEMMBI 6, MPeICcTaB/IMONIer0 HEIPEPLIBHOE 0TODparKeHne
rHBOIONNNA obpaTuMocTu 10 (HOPMAJLHOMY BEIECTBEHHOMY BPEMEHHM JId aHAa-
JUTHYECKUX YPABHEHWI BOJTUIKA Jiiyepa.

MoxkHO moKa3aTh, YTO C T€OMETPUYECKON TOYKM 3PEHUs JAaHHAS TTOCIEI0BA-
TEJIBHOCTD TPEJICTABIISIET MOHOIPOMHOE TI0 KOOPIUHATAM U TI0 CKOPOCTSIM (JINHEI-
HO#1, YIUVIOBO}1) aHATMTHYECKOe JBHYKEHHE TeTpasapa B mpoctpancTse B3 (C).

HdokazarenbcTno. JlokazarenabcTBO JIEMMBI OMUPAETCS HA FEOMETPUUECKYTO
MOJEIb JIEMMbI 3 ¥ SBJIIETCH SKBUBAPUAHTHON KOMILIEKCU(PUKAIINEH KOHCTPYK-
Ui JIOKA3aTeIbCTBa JIeMMbL 6, U IIPOBOIAUTCS 110 TOM X)e cxeme. [

Jemma 9. ,ﬂﬂ,ﬂ 4106020 npocmozo HucAaG P UMEEmM MECMo Kopomras 1mMovHaA
N0CACO0BAMENOHOCTIID 2K6UBAPUAHITNHBIT Man./Le’ﬁ,.'

1— HY(BE Q) ™) — HUEERQ), 1" — H(EgR(Q), [p°]°) — 1.

JlokazaTeabcTno. lokazaTebCTBO MOy IaeTCA YKBUBAPUAHTHON KOMILIEK-
cudukalmeii KOHCTPYKITHI MTOKA3aTehCTBA JIEMMBI 7, TOCKOJBKY B CHIY JI€M-

MBI 3 KpUBas Eg%g(@) SIBJIAETCS AKBUBAPUAHTHON KOMILIEKCH(DUKAIINEH KPUBOit

By (Q). O

5. Kanonn4deckast KOOpJAUHATU3ANNS KAHOHUTYECKOU reOMeTPruiecKOoii
KOH(POPMHOIT Mozesn (a30Boil AUHAMUKHA ODINUX ypaBHEHUN Diliepa—
Ilyaccona. 3aBepInafoimmM 3TaroM J0Ka3aTeIbCTBA TOUHON Pa3permMocTa 06-
mux ypasaenuit Ditnepa—llyaccona gBisieTcs KaHOHWIECKAS KOOPIMHATH3AINS
MTPOW3BOIHBIX KOMILTEKCHBIX PAIMOHAIBHBIX M30MeTpuil miaockoctu JlobaueBcko-
I'0 — KAHOHWYECKO KOHMpOpMHON Mome n (pa30Boil JTUHAMUKN JTAHHBIX YPaBHEHUH
B COOTBETCTBHUU € JEMMOM J.

JHoxazaTenbCTBO OCHOBHON TeopeMbl. YUeT cBONCTBA 0OpaTUMOCTH
110 BPEMEHHU, B COOTBETCTBUU C JeMMaMu 1-6, oTBeUaeT caeayrormeit ITMHHON TOY-
HO TTOC/IeI0BATEIBHOCTH 0TODPAYKEHMI:

0L 1= R—at) > ¢*(Hy) — ¢* (B (Q)) —

i J
S uUntv S
— ¢ (E¢R(Q)) — ¢°(Ho + eH1) — 1 5 0.
Hawm morpebyercs, kak u pamee, MyTbTUILINKATABHAS 9aCTh YTON TOCTIET0BATE /b
HOCTH, T10/Iy YAOIIAsICsl U3 HEE MOAXOASIIUM 0TOOPAKEHUEM OIPAHUYEHUS U30MOP-
dbusma J (9r0 orpanmuenne 0603HAUNM Uepes Jy ):

1= R— a(t) — g°(Ho) — g"(EF™(Q)) — ¢"(BE/R(Q)) — ¢*(Ho + eHy) 5 1.
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Tounast pa3penrnMoCTb I KaHOHUY€eCKasd MOJAeJ/Ib

C yuerom toro, uro 1 = id R«, rne Ry — MyJbTUILIMKATHBHASI CTPYKTypa Ha

R u B cooTBeTCTBUU C OIpE/IEJIEHUEM YHUBEPCAJIBHON KPUBOi g’}g’(@) JaHHas

OCJIEJ0BATETBHOCT MY JIbTUIIINKATHBHO paciierisgercs B unene ¢°(EE""(Q)) —

— g5( g]}}g(Q)), T.e. mMmeerca m3omopdusm saapa Ker F' ciepyromeit koMmmosumm

oTobparKeHuit:
Ker F' = g°(Ho) 0 g°(Ho + eH1),

U IIPU ITOM HUMEEeTCsd MHIYIMPOBAHHOE MYJbTUINIMKATHBHOE Pa3JIO¥KEHWE OJIHO-
MepHBIX KoromoJioruit anpa Ker F':

Hl(KerF,CUJX(C/R) 00) &
=~ H'(g*(Ho + eHy)),C Uy (c/R) ) ®Eg,%§(@) H'(¢°(Hy),C Uy, (R) 00) =

>~ H'(¢*(Ho + €H1)),C Uy, (c/r) 00) x H'(g°(Ho),C Uy, (r) 00),

rie orobpaxkenus Jy (R), Jx (C/R) aBasiorcs MyJILTUILTAKATUBHON peain3anueil
oTobOparkeHnit SKBUBAPUAHTHON KOMIAKTU(MHUKAITHHE 00J1aCTell OIIpe/Ie/IeHI yPaB-
HEHUI BOTYKa Dijiepa n obmmx ypaBHenuii Jitaepa—Ilyaccona cooTBeTCTBEHHO.
Ormernm, uro 3amena {1 =2 id Ry} — {0 = id Ry} B ykasaHHO# TOYHON 1mO-
CJIETOBATENBHOCTH B UTOTE TIPUBOUT K A TATUBHOM CTPYKTYPE JIJIsT HCKOMBIX WH-
BapUAHTOB, COOTBETCTBYIONINX aINTUBHOMY TIpecTaBienuto Gyukumit L(s, Eq).
[TocnenoBarenbHOCTH OTOOpaKeHnii, mpeacrasiagomeit norox g°(Hy + eHy),
COOTBETCTBYET KOMILIECKC, TIPEACTABJIAIOIINN MyﬂbTI/IHJ'[I/IKaTI/IBHym peam3annio
rpynnosoro 3axkona g°(Eg/r(Q)) na yHusepcaibHON KpuBoii Eg]}g(@)

1 — Ec — EE"™(Q) — E%%’(Q) — ¢°(Ec/r(Q)) — 1.

ﬂaHHaH TOYHAA TOCJI€J0BATE/IbHOCTD CBA3aHA C I'PYIIIOBBIMU 3dKOHAMU Ha OCTAJIb-
HBIX 3JIJIMIITHYECKNX KPUBBIX OTO6pa}K€HI/IHMI/I €CTEeCTBEHHOT'0 BJIOXKEHUS 1d:

1 —Ef"™(Q) — ER(Q) — ¢°(Eo/r(Q) — 1
| 4d | id
9*(Er(Q)) — 9°(Ec/r(Q)).

B ofparnmom Bpemenu (HOBOM 1y106aIbHOM BPEMEHH) OJIHOMEpPHBIE (YacTHBIE)
VHBAPUAHTHI aHAJIUTUYIECKOr0 Bo3Mmytnenud Ho + €[ aBuo Beraucssiorca. Jasa
9TOTO MPOU3BEIEM TTPeOOPA3OBAHNS, TIEPEHOPMUPYIOITHE (Ha30BOe MTPOCTPAHCTBO
MCXOJIHBIX YpaBHEHUH “Ha KAHOHUYECKYI MOJEh JIJIsl [IPOU3BOJIBHOTO BO3MYIIIE-

HUsl IPOU3BOJILHOrO JBrzKenust & (t):
H = H'(¢°(Ho + eH1)(x(t)), g°(Ho) ((t))) =

= H'(H'(g°(Ho + eH1)(x(t)), g°(Ho)) (x (1)), ER (Q)).
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J1.J1. Abpapos

Orobpaxkenne nepesopymuposku R[t] — H(R, Eg%g(@)) OpeIcTaBIsgeT 0Tobpa-

JKEHUE TIePEX0/1a OT BEIECTEeHHOTO BpeMenn R[t] K yHuBepcaabHOMY 00paTuMoMy
BpeMeHU Jist obmux ypaBHenuii ditnepa—Ilyaccona.

B cuny ykazanHOro BhIllle MYJIBTUILIMKATUBHOTO paciiensenus sapa Ker F'
TTOJTy IaeM

H = H'(g°(Ho + eH1)(x(1), BER(Q)) x H(g°(Ho)(z(t)), EF*™(Q)).

Beruncanm nopnpocrpancteo g°(Hop)(z(t)) npocrpancTsa 0HOMEPHBIX HHBa-
puanTtoB H, mone3ysch jeMmoii 2, ompesessiomeii mepeHOPMHUPOBKY (HABOBBIX
TpaekTopuil Ha KpuByo FE"(Q):

9°(Ho)(x(t)) = g*(EF"™(Q) ® x(t)) = g (praq (BE"™ (Q))) = ¢°(Eqls, x(t)]),

TJIe PTay(t) (Eg%g(@)) — orTobparkeHne ecTeCTBEHHON IPOEKIIUN YHUBEPCATBHOM KPH-
BO ng;g(@), UMEIOIIElt CMBICT YHUBEPCAIBHOTO JIBUKEHWs, HA JBUKeAne X (t).

Tenephb W3 SKCHOHEHIMATLHOCTH IPYIITIOBOTO 3aKOHA HA KAKJON SJUIANITHIE-
ckoit kpusoit Eg[s, z(t)]) momydaem, 1o

9°(Eqls, x(t)]) = H'(Eqls, =(t)], X" (Q) ® Eqls, x(1))).

Hannbie koromosoruu onpesenenst Hax C'U /) 00, TOCKOIbKY yHUBEpCaIbHast

SJUIAIITUYECKAs KPUBas gf;g(@) B CUJIy €€ KOHCTPYKIIMU B JieMMe 3 OlpejiesieHa

Ha g CUJ(C/R) oQ.

Ananornuno ebranciasiercs nogupocrpancrso g°(Ho + eHyp)(x(t)) npocrpas-
crBa H. JIj1st 9TOTO HCIOIB3YeTCs JIeMMa 3, ONpPeIeJISiONas ITePeHOPMHIPOBKY
dbazoewx TpaekTopuii x(t) Ha KpUBYIO Eg’/%’(Q):

9°(Ho + eH1)(x(t) = ¢° (B (Q) ® Eqls, e, x(t)]).

W3 yuusepcanbhocT kpusoit Fg / R(Q) ¥ 3KCIIOHEHIUAJBHOCTU I'PYILIIOBOTO

3aKkoHa Ha Kpubix E¥'V(Q) u Eg[s, €, z(t)]) nomy4aem, aro

9 (BER(Q) @ Eqle]) = H' (Eqls, e, x(t)], B¢z (Q) ® Eqls, e, z(t))).

N3 momenu gemMmbl b caemyer, 9TO BBICITIHE TOPSIIKA TEOPUM BO3MYIIEHWH cTabu-
JIMBUPYIOTCA HA TIEPBOM TIOPSIJIKE:

9°(Ho + eHy)(2(t)) = g°(Ho + eHy + € Ha) (x(1)).

Taxum obpazoM, mpocTpaHcTBO H-MHBApUAHTOB TPEICTABISETCS KaK ITPO-
CTPAHCTBO CJAEJIYIONINX NWHBAPUAHTOB OTHOCUTEIbHBIX MHOTO3HAUYHBIX I'DYIITOBBIX

3aKOHOB! , ,
H = H'(¢°(BgR(Q)), 9°(EF™(Q)))-
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Tounast pa3penrnMoCTb I KaHOHUY€eCKasd MOJAeJ/Ib

[TockonbKy MMeET MECTO KOPOTKAsl TOUHAS MTOCIEI0BATEIBHOCTL OTOOpaXKEeHU i
1= g*(ER™(Q)) — 9°(Egjr (@) — 1,

TO npocTpaHcTBO H-unBapnanToB (B €ro MyJbTUTIMKATHBHON peannsannn H =2
1(,s( puniv s( [runiv
= H (¢°(EER (Q)®JIx (C)), g (EF™ (Q))®Jx (R))) nmeer KaHOHI1eCKYIO CTPYK-
TYPY KOMILIEKCA.
ITosTOMY yCTAHOBJIEHHE CTPYKTYDBI MPOCTPAHCTBa H-MHBADWAHTOB YKBUBa-
JIEHTHO BBIYHCJIEHUIO KOTOMOJIOTHI TAHHOTO KOMILIEKCA.

Beraucium oTHOCHTE bHBIE Koromostorun H (Eg, g%f{(@)) (B My/IBTUILIAKA-

THUBHOI peasn3alin), T0Ib3ysICh TOIHOl TOCIeI0BATETFHOCTBIO, ONPEIeSAIIeH

KPHUBYIO g]}’é’(@) (;memmbl 1-3) KaK KOMILIEKC:

B coorercTBum ¢ 1eMMOil 8 BHIYUCTIEHNS OTHOMEPHBIX JIOKATLHBIX (T.€. 1o mod p)
it HY(Eqg, B loc — 06 -
KOIOMOJI0T U 0, EF(Q))ioc (311€Ch BhIDAKeHue loc — 0bo3nauenune Jyis Jio

KAJIbHBIX KOTOMOJIOTHIT) TaKOBBI:
H'(Eq, EF"™ (Q)®Jx o = H' (Eq@((p™*)'/(0™*)°), BF"™(Q)) = (1-a(p)p™),

e Berpazkenue (p~°)1/(p~*)? umeer cmpic GhaKTOP-0TOBPAZKEHNA OIIPE/ICTCHHO-
ro BbIIE; KOhDMUIMEHT MHITIEHTHOCTH a(p) cnennduden qas Kaxk0i KpuBoii
Eg u siBiigerca ee JJOKaJIbHBIM MHBAPHAHTOM:

a(p) = HO(EQa Elzf}nw(Q) ® J><)loc-

B COOTBETCTBUM C JIEMMO 9 AJIA KOMHﬂeKCI/ICbI/IKaL[I/H/I JIOKAJIBHBIX KOTOMOJIOTHI
dakTop-kommexca EeliE(Q)/ER™ (Q) momygaem

HY(Eq® ((07*)/ (™) (0™*)% E&/R (Q)/ER™(Q)) = (1 — alp)p™ +pp~*),
rae KoddpuueHT THIUACHTHOCTH — YHUCJI0 P — HHBAPHAHTHO IPEICTABIACTCS KaK
p=H(Eqg, E&H(Q) © Jx)ioe/ H(Eq, EE"™(Q) © Jx )ioc

U SBJIAETCS IIPOCTBIM YUCAOM; IIPU 9TOM, B CHIy JleMM 6 1 8, BCe MPOCThIe YnCIa
peam3yIoTcs TaKuM 00pasoM.

Yucna a(p), p MpeacTaBasiOT COOTBETCTBYIOMIE KOI(MDMUIMEHTH HHITUIEHT-
HOCTH MEK/Iy OCTOBAMM TOYHOIO KOTOMOJIOI'MYECKOIO KOMILIEKCA, I1PeICTaBIAI0-
mero Kpusyo Eg. I3 onpenesieHns JaHHBIX GHCET CJIELYeT, YTO OHU SIBJISTIOTCS
KaHOHUYIECKUMHU CKAIAPHBIME NHBAPUAHTAME COOTBETCTBYIOMIEH KpuBoil Fg.

13 yKkazaHHO! BbIIE MYyJIbTUILIMKATHBHON pasIokKUMOCTH TpocTpaHcTha H-
MHBAPUAHTOB CIEIyeT, 9YTO B CIydae KpuBoit [g “obmiero mojoxkennsa’, COOTBET-
CTBYIOILEM BO3MYILEHUIO BOJIYKa Dilnepa, UMeeT MeCTO CJe/lyHollee Pas/ioxKeHue:

H'(Eq, EER(Q) ® Jx)ioe = H' (H' (Eq, B (Q)), EHE(Q) ® Jx)ioe =

29



J1.J1. Abpapos

=1 —aPp+pp>°)(1—alp)p™®).
YdeT CTpyKTYpPhI PE30IBBEHT /st TPoCTpancTs H ! (E}‘%m“(Q), C), H' (E}S’}}%’(Q), C)

B COOTBETCTBUM C jeMMamu 6 n 8, ¥ UX aluKJInIHOCTh (1emMbl 7 u 9) mamor

Hl(EQ>Eg‘7g(Q) ® J><) =
=TI = a)p= +pp~ ) [[(1 = alp)p~)~" = L°s, Eg),

p
rue LO(s, Eq) — obo3nauenue st Ho/y4nBIIeiics byHKIUA KOMIUIEKCHOIO apry-
MEHTA S.
N3 KaHOHMYHOCTH OIpe/leJieHus] YUCJIEHHBIX HHBAPUAHTOB a(p),p, a TaKkKe
KaHOHWIHOCTH omnpejesennst L-byHKipun (ero MysJbTHILIMKATHBHOTO BapUaHTa)
SIMNTHYECKOH KpuBoil Eg cienyer, 910

L%(s,Eq) = L(s, Eq).
Tenepb BHIYUCIUM KOTOMOJIOIHH IIPOCTPAHCTBA H | MpeIcTaBIeHHOT0 KOMILIEKCOM
1 — HY(g*(EF"™(Q)), CUy, (myo0) — H'(g*(EER(Q)), CU c/ryo0) — H — 1.

[To/1b3ysICh SKCIIOHEHITHAIBHOCTHIO TPYIIIOBOIO 3aKOHA HA YHUBEPCATbHBIX KPU-
BBIX qu/‘g(Q), E{"(Q) n ycTaHOBIIEHHO! BBIIIE CTPYKTYPOii MPOCTPAHCTBA KO-

romostoruit H(Eq, g,%}g(@)) B COOTBETCTBUU C €r0 MYJIBTUIIUKATUBHBIM IIpe-

crapnennem H'(Eg, Eg’}’;{(@) ® Jy ), monyaaem
H = H'(g°(Eq ® BE"™(Q)), ¢°(BE/3(Q))) =

=~ H'(Eq, H'(ES/R(Q), Bq)) = exp(L(Eq, 5))-

3AMEYAHUE. OTobpakenue HepeHOPMUPOBKU Fg ® Eg’}g(@) [IPEJICTAB/ISIeT
SKBUBapHAHTHYIO HaTYPaIbHYIO IapaMeTpH3aluio KpuBoit Fg, KoTopas oIlpe-
JleJleHa, KAaHOHWYIECKU B CUJIY KAHOHUYHOCTH OTpPEeIeHUs] KPUBBHIX E}‘%”i”(Q) u
Eg’}%’(@) B JleMMax 2, 3.

ITosromy Beipaxkenue exp(L(Eq, s)) npeacTaBisier SKBUBAPUAHTHLIN (MHOIO-
SHAYHBIN) TPYNITOBON 3aKOH HA S/LTHUITUIECKON KPUBOIi Eg. 3nech oH MOTyeH B
MYJIBTUIIUKATHBHON pean3aliun.

Teneps J10Ka3aTeNbCTBO TEOPEMBI CJIEAYET W3 CJEIYIOIIeil JIEeMMbI, COTJIACY-
o1eil KoMILIeKCH(UKALMIO (Pa30BOi AUHAMUKN BOJSYKa Jiljepa U3 JEeMMbI b C
KOOD/IWHATH3aINel ee aHaAJUTUIECKOTO BO3MYIIEHUSI, TTPOBEIEHHON TOJBKO HTO
Boie. [J

Jlemma 10. OynKyuOHAABHBIT KOMNACKC

1 — HY(g*(EF"™(Q)),C) — H'(¢*(Eg]R(Q)),C) — H — 1,
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20e H = Hl(EQ,Hl(EgV/L%’(Q),EQ)) NPeOCNABAAEM NOAHOE NPOCTNPAHCEO PE-
wenul obwux ypasnernut ddsepa—Ilyaccona.

3AMEYAHUE. JIaHHBI KOMILIEKC MPEIACTAB/IAET MYJIbTUILTUKATUBHYIO PEaJIn-

3alWI0 TIOJTHOTO TPOCTPAHCTBA PENTeHuit 001K YPaBHEHU Ditnepa—Ilyaccona.
Kaxk 6b110 BiTe ToKazano, H = H'(Eg, H' (Eg,%g(@), Eq)) = exp(L(Eq,s)).

HokazarenbctBo. l. H-uHBapuaHThI — peIlieAns 0DIIMX ypaBHEHU! Jitjiepa—
[Iyaccona.

Qazorwlil moTok 0obIuX ypapHennit Jitaepa—llyaccona MoxKHO npeacTaBUTH B
BUsie (POPMATHHOTO AHATUTHIECKOTO BO3MYITEHNS (DABOBOTO TIOTOKA BOJTIKA, Jif-

Jepa:
dM

— = Hy(g°(Ho + eH1),9°(Ho)(zE(1))),

rae zp(t) € {zg(t)} — npocrpancrso dazoBbIx TpaekTOpUil BouKa Jitnepa.

Byznem paccmarpusath npejcrasienue (hazosbix notokos g°(Hg) u g°(Ho+
+eHy) B oproronaabnoii rpynme O(3) TpexMepHOro eBKJIMIOBOTO MPOCTPAHCTBA
E3. Takum obpa3oM, rpyIa OJHOMEPHBIX TOMOJIOTHI B IPABOI YaCTH yPaBHEHNH
IIpe/ICTAB/ISIET SKBUBAPHAHTHOE BEKTOPHOE CJI0eHre B mpocTpancTee K3, TTostomy
3HAK PAaBEHCTBA B 3TOM YPAaBHCHUN UMEET CMBICJI PABCHCTBA BEKTOPOB B TPEXMEP-
HOM eBKJIII0BOM IIPOCTpaHcTBe 3.

Hamra mess cocronT B TOM, 4TOOLI MOKA3aTh, YTO TPYIIA OJHOMEDPHBIX I'O-
mosoruit G = Hy(g°(Ho + €Hy),g°(Hop)(zEg(t))) sKBUBaJEeHTHA MPABBIM YaCTAM
obmux ypasrennit Ditnepa—Ilyaccona B ncxoauoit 3anucu (1), (2) u3 Havana gaH-
HOI pabOTHI.

Torma yTBep:KIeHIEe JeMMBI OyIeT CIeI0BaTh U3 N30MOP(MU3Ma SKBUBAPUAHT-
HOI JIBONCTBEHHOCTH

Hy(g°(Ho + eH1), g°(Ho)(p(t)) = H' (g°(Ho + eH), g°(Ho) (z£(1)))-

[TosToMy HagHEM IMOCIEIOBATE/IHHO BBIMOIHATH SKBUBAPUAHTHBIE MPEOOPA30Ba-
HUsI, TPUBOJAIINE TPYITy G K MPaBbIM YacTsaM o0mux ypasHeHu# ditmepa—Ilyac-
COHa.

W3 Momenu jieMMBI 5 CIeJIyeT, YTO UMEITCH U30MOP(MUIMBL:

Hy(g°(Ho + eH1), g°(Ho) (g (1) = Hi(g*(EER(Q)) wp(t) =

= Hl(gs(DQ KRR E}J’%nw(Q) QR D2>a xE(t))>

rne Dy — gerBepras rpynma Kueiina (cm. [8]), 3HaK paBeHCTBa MeXKIy TDYIIIa-
MU 3KBUBAPUaHTHBIX OJHOMEPHBIX TOMOJIOI U 34eCh 1 JaJiee O3HaYaCT PABECHCTBO
BEKTOPOB B IPOCTPAHCTBE % B yKA3aHHOM BBIIIE CMBICTE.

Ipymna Hi(g9° (D2 ®g E}“zm”(Q) ®pr D2) momyckaer cieayromee paciienieHue:

Hi(g°(Dy @ EF™(Q) ®r D2), xp(t)) =

= Hi(g°(BE""(Q) ®r D2),z£(t) + Hi(g* (D2 ®r BE™(Q)), 2p(t) =
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= Hi(g"(EF"™(Q)), 26 (t) + Hi(g*(EF"™ (Q))"), wx(t),

ITOCKOJIBKY MMEIOTCH CACAYIONNE KAHOHUYECKUE YKBUBAPUAHTHBIE N30MOPPU3IMBI:

g (EF™(Q)) ®r D2 = ¢*(EF™(Q)), D2®rg*(EF™(Q)) = g°(EF"™(Q))")-

[oiimem nasee. Vimeer MecTo cieayromias KAHOHUIECKAsT SKBUBAPHAHTHAS JIBOM-
CTBEHHOCTD MEXKIY SJUTHIITHIECK UM KPUBBIMA EEF(Q)(ct, c2),

g%%”f}(@))*(cf,cg) C COOTBETCTBYIOIIUME NapaMH 0a3UCHBIX IMKJIOB {C1,C2} u

(B (@)er,e2) = (BFP Q) (el h), e Zens 3= e,

[Mockobky Momens JemMbl 4 mpeacrasiger (pa30ByI0 JUHAMUKY MMEHHO BOJTIKA
Diinepa, TO BBIOJIHSIETCS PABEHCTBO

Hi(g°(BE™(Q)), g (t) = [M(t), w(t)].
Bumecre ¢ Tem, 13 yKazaHHoil BbiIIe BolicTBeHHOCTH KpuBbix E¥"(Q), (B4 (Q))*

CIIeJlyeT, 9To '
Hi(g*((BR™(Q))"), 25 () = [M™ (1), w" (2)],

rae BekTopel M™(t),w*(t) — BEKTOPBI TPEXMEPHOTO EBKJMI0BA TTPOCTPAHCTBA,
JBoiicTBeHHbIe K BekTOopaM M, W OTHOCUTEILHO 0TODpaYKeHUd SKBHBAPUAHTHOM
nsoitcteenrocTr TS0 (3, R) = T*SO(3, R) KacaTeIbHOTO M KOKACATETBHOTO TIPO-
CTPAHCTB K YHUBEPCAJBHON KOHMDHUIYPAIMOHHON CHMMETPHU MCXOJHOM 3a1adu —
rpymme SO(3, R).

WNrak, MBI yCTAHOBW/IM CTPYKTYPHYIO SKBUBAJIEHTHOCTH MPABBIX yYacTeil pac-
CMaTpWBAEMBbIX ypaBHeHui. Terneps yCTAHOBUM MEXAHWIECKWI CMBICT BEKTOPOB
w*(t), M*(t). Ycuoeue skpubapuanrsHoctu wuszomopduzma T,SO(3,R) =
~ T*SO(3, R), ¢ yaerom Toro, uto w € T*SO3,R)u M =1 -w € T*SO(3, R),
BBIDJIA/IUT TaK

T"50(3, R® Zs[t — —1])[M (1), w(t)] = T.50(3, R ® Zy[t — —t])[M"(t),w"(t)],

rne Zo[t — —t] — oTobparkenne WHBOIONMKM OOPATUMOCTH TO BPEMEHU OOIIMX
ypasueruti Jitepa—Ilyaccona, obycnaBiuBaoiiee yCjaoBre SKBUBAPUAHTHOCTH.

W3 msomopduszma sKBUBAPUAHTHON JABOMCTBEHHOCTH D CjIeyer, 910 BEKTOP
M*(t) nprobpeTaeT CMBICI BEKTOPA CHJIBI TSXKECTH, MOMEHT KOTODOi B 0frmem
CIAydae UMeeT yiKe HEeHYJIEBOe 3HAUEHUE 110 CPABHEHUIO CO CJIyYaeM BOJIUKa Jilje-
pa. CrefosarenbHo, BEKTOP w™(t) mprobpeTaeT CMbIC/ BEKTOPA CMENIEHNs! IIEHTPA
MaCC AHATUTHIECKOTO BO3MYITEHUS BOTUIKA Jitaepa.

Takum 00pa3zoM, yCTAHOBJIEHA KAaK CTPYKTYPHAs, TaK U (PU3NYECKas SKBU-
BAJIEHTHOCTh TIPABBIX YACTEH paccMaTpuBaeMbix ypasHenuit. [losTomy BekTOp-
nosuaunsie H-uasapuanrsr Hy(g°(Ho+eHy), g°(Ho)(xg(t))) neficturensuo yuo-
BJIETBOPLAIOT ObmuM ypapaenuaMm Jisiepa—Ilyaccona.

2. VHUBEpPCAILHOCTE TTPOCTPAHCTBA H-MHBAPUAHTOB.
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CBOIiCTBO YHUBEPCAJBLHOCTH (MJIM MOJHOTBI) TPOCTPAHCTBA WHBAPUAHTOB H

clelyeT W3 YHUBEPCATBHOCTH KPHUBOi g’}g’(@) JeftcTBUTETLHO, YHUBEPCATID-

Hocre  kpusoit B¢ (Q) Bmedger yHUBEPCATBLHOCTH (OBIIHOCTH) —peIIeHust
1(,s uUNLY &
H'(g°(E4 ji (Q)), C), xKoTopoe, KaK YCTAHOBJIEHO B JOKA3aTEIHCTBE OCHOBHOM Teo-

PeMBbI, IMeeT CTPYKTYPY KOMILIeKca 1 npeacras/iserca dyuxuusamu exp(L(Eg, s)),
rne Eg € {Eg}. Jlemma mokazana. [

6. DxkBUBapUaAHTHbBIE abe/ieBbI KBA/IPATYPhI BOJYKA Jiijiepa u 9KCITO-
HEHTHBI Ja3eTa-QYyHKIN JINNTUIeCKUX KpuBbix Hag Q.

1. B xagecTBe mpuMepa paccCMOTPUM B3aUMOCBSI3h XOPOIITO M3BECTHBIX KBaJ-
paTyp BoJTUKa Diliepa 1 Kjracca PyHKIUN, TPEJCTABISIONNX 00IIee PeIleHne J1J1st
BOJIYKOB, MHTETPUPYEMBIX 110 JInyBumto—Aprosbay (cm. maparpad 1).

Ipoteiypa, peann3yomnias TaHHY0 B3aNMOCBSI3h, TTO CYTH, TIPEICTABIAET K-
BUBAPUAHTHBIN MaTEMATUYICCKUN aHAJIN3 U CBOAUTCA K B3ATUIO B KOHEYHOM BHU-
ae W3BECTHON SJIIUITUYECKOMR KBaApaTyPbl B CUJIY ypaBHeHI/Iﬁ ABUXKCHNA BOJJIYIKa
Ditnepa. MeHHO 5KBUBAPUAHTHOCTb MCXOTHOTO MOJTBIHTEIPAIBHOTO BBIPDAYKEHUS
(Za-rpamyupoBanuoro abenaesoro auddepeHiyana) U TOCaeIYOMeil mpoIie Ty phl
€ro MHTEIPUPOBAHUS UI'PAIOT PEIIAOINIYI0 POJIb B IIOJyYeHUN pPe3yJbTaTa HUHTe-
TpUpOBaHUA B KOHEYHOM BHUJIE.

yqu YKa3aHHOT'O CBOMCTBaA 9KBUBAPUAHTHOCTU TEXHUYECCKU DEAJIUIYETCHA UC-
MOJTh30BAHNEM KAHOHMYIECKO Moesin hazoBoil TUHAMUKY BOJTUKaA Ditaepa (J1eMMa
4). IlpoBeneM yKazaHHYIO TPOIEIYPY HWHTEIDUPOBAHUS 110 STAMAM.

Pemmenus Bosiuka Ditnepa, BIpazkaroIne 3aBUCUMOCTH (DUBUUECKUX TIePEMEH-
HBIX 33712491 OT BPEMEHW, CBOJISITCS K 00PAIEHUT0 KBAAPATyPhI (CM., Harpumep, [1])

v du
nlt —to) = i/o VA —w2)(1 - k2ad)

rae n 1 k — panuonaibaple QyHKOuE oT MoMenTos muepimu A, B, C' Bonuka u
mapamerpa D, mpecTaBaSoNero OTHOEHNE TTOCTOSTHHBIX KBAIPATHIHBIX WHTE-
TPATIOB 3aTAtN.

Tenepsr ocHOBHAS WjEsd COCTOMT B PKBUBAPUAHTHOM ydeTe 3HaKa ‘17 mepen
KBaipaTypoii. OKa3bIBaeTCs, YTO TOT 3HAK OTPAYKAET CKPBITYI0 HHBAPUAHTHOCTH
UCXOJIHBIX YPABHEHUI OTHOCHTEIHLHO CUMMeTpun Za[t — —t| 06paTuMocTu 1o Bpe-
MEHHU. Y4UeT JIaHHOW CHUMMETPHUHU II03BOJISET B3sATh MHTErpaj B KOHEYHOM BUJIE.
[Tpu sTom cummverpust Zo[t — —t| peanusyer IKBMBAPUAHTHYIO CKJeiKy hop-
MaJBHO HECBA3HBIX HAT [ ABYX BETBEl MCXOMHON KBAIPATYPHI B CBA3HOE MHOTO-
obpaszue HaI 06paTHMBIM BPEMEHEM.

2. B cuny Mogesn (hbazoBoil AMHAMWKY BOJTIKA Diljepa, MOCTPOEHHON B JJeMMe
4 v y9uTHIBAIOMEH CUMMETPHUIO 00PATHUMOCTH IO Bpemenu Zo[t — —t|, namHyt0
KBaIPaTypPy MOXKHO IPeo0pa30BaTh CAEAYIONUM 00pa30M:

v du
=, T k=) -
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Ueq d
:/ i — :I(HEvk)v
By (1= u2) (1 = Kud,)

LI€ Ueq — TOKAJIBHBIN KAHOHMYIECKHH MapaMeTp Ha MOLYIAPHON KpUBOH E}“{Lw’* (Q),
napamerpusyiomeit kpusyio E¥(Q).

C MexaHWUYeCKOi TOYKM 3PEHUs ITO O3HAUAET, YTO B HOBOW IKBUBAPUAHT-
HOW HapaMeTpr3aluyd KWCXOAHBIA WHTErPaJ BBIYUCIACTCA IO BPEMEHM, KOTOPOE
HaTypaJIbHO MMapaMeTpu3yeT 06pasbl ABOSIKO-aCUMITOTHIECKUX TPAEKTOPHUI mpu
HEIMPEPBIBHOM Pa3PEIIEHUH CENapaTpPUCHl BOJIYKA Jiljiepa oT 0ocobeHHOCTell ¢ TIo-
MOIIBI0 0TOOpazKenus Zo[t — —t].

3. Nurerpan I(Hg,k) (310 BEKTOPHO3HAUHBINA OOBEKT) JIONYCKAET KAHOHU-
qecKoe IPeICTaBIeHIe Yepe3 SKBUBAPHAHTHBIC YaCTHUIHBIE CYMMBI. JlaHnHoe mpe-
CTaBJIEHUE PeAIN3yeT SKBUBAPUAHTHOE OIIpe/le/ieHne nHTerpata Pumana i KBaji-
parypet I(Hp, k) n, B COOTBETCTBUM C MOJENBIO JIEMMBI 4, IMEeT BUI

I(Hp,k) = ) HY(A(R) ®psLy i) AR), F)),

riae Qk] = Q ®g k, A — abecomor nnockocru JIo6agesckoro.

4. Muorosuaunas rpymna HY(A(R) @ psr, o)) A(R), Fp)) npeacrapiser Ka-
HOHHUYECKU OIPEJeICHHYI0 IKBUBApHAHTHY dactudanyo cymmy I,(Hpg, k) mns
cymmel Pumvana unrerpana I(Hg, k). Yactuunas cymma Ip(Hg, k) sddextus-
HO BBIYMCJIAETCS Ha OCHOBE CBOHCTB Mojesn (a30BOil JMHAMUKK BOJTYKa Ditiepa
JeMMbI 4, a Takyke JeMMbI 6:

o0 Eumv(F n) ’un
0 | p
I,(Hg, k) = H (A(R) ®psr,qp) A(R), F})) = exp Z pT 7
n=1
rae Fprn — mose u3 p'' 37IeMEHTOB, U = p °, E;jm“ — PeAYKIIHS DIIAITHIECKON
kpupoit B4 (Q[k]) no Momymio p.

5. 3 onpepenenns nokaabHOi g3era-dyukiun kpusoit Eg (cum. [12]) crenyer,

qTOo

Ip(HE7 k) = C(Sv E;)Lniv)v
rae ¢(s, E;,“”“) — n3eTa-pyHKINA PEIyKINU KPABOi E}f?m'” [k] na kpusyio E;jm” =
= Eg?m“[k](mod D).
6. O6beaAMHNM TPYTIIIOBhIE YACTUIHBIE CyMMBI 1. 4. 9T0 00beANHEHIE COOTBET-
CTBYeT 9KBUBAPUAHTHON CKJICHKe JIOKabHBIX a3era-dynkuuit ((s, £,""). B cuny

ntockoit crpykTyphl B4 (Q[k]) (crpykTyphl abenesoro MHOro06pasus) u ¢ yue-

TOM KOHCTPYKIUH yHHBepcaibHON KpuBoit KF"Y(Q)) B sleMMe 2 SKBUBapHAHTHASA
CKJIefiKa Peasn3yercs SKCIOHEHIMAIbHBIM OTODpakeHneM

I(Hp, k) = exp(lim ¢(s, Bp ® BE™(QIK]) =
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= exp(((s, Eq ® EF™ (Q[K]))) = exp(¢(s, {Eg™" ),

e {Egm“t [k]} — MHOKECTBO 1M0/TyCTaOUIIbHBIX SJUIMITHYECKUX KPUBbIX Hagl Q[k]

(aT0 CcoefyeT W3 3aMedaHUA K JeMMe 2 0 moaycrabmibHocta Kpusoit B (Q)).
TMockonbky nmeercs nzomopdusm noreit Q = Q[k], To moayuaem, aro

I(HE, k) = exp(g(37 {Eée[ﬁwt )) — eXp(C(S, {ngmiSt ))7

rae {Effmwt} — MHOYKECTBO TOJTYCTAOMIHHBIX JIIANTHIECKUX KPUBBIX HaT ().

7. Bamernm, uto ucxomuwiit unrerpan I(Hg, k) n ero obpamenne (o6o3ma-
unm ero I~ Y (Hg,k,n)) m30MOpdHbI KaK BEKTOPHO3HAYHbIE cuMMerpunm. Jleii-

CTBUTEJIBHO, W3 KOHCTPYKImH Kpusbix E¥'(Q) u ER"""(Q) n usomopdusma
Q = Q ®qgk n = Q[n, k| creayer, 9T0 UMEIOT MECTO CJieyIONHe BeKTOPHOZHAY-
Hble PABEHCTBA!

I(Hp, k) = H'(¢*(E5"*(Q)), ) = H' (9" (BE"™ (QIn, K]))) ", C) =
— H'((¢"(BY™"(Q))),C) = I"\(Hp, k,n).

8. U3 m.m1. 6, 7 OKOHYATENBHO TI0JIyYaeM BbIpaXKeHue Jijisi 0bpalleHns KBapa-
rypot I(Hg): ‘
I"Y(Hpg, k,n) = exp(((s, {Eéem“t})).

9. Bekroprosnaunas cummerpus 11 (Hg) mpeacTapisger IMHAMAKY BEKTOPA
KMHETHYECKOTO MOMEHTa BOJuKa Jitnepa Mp(t), OCKONBLKY B cuty jeMmbl 4
kpuBas Ej"(Q) aBisgercs crekTpaabHoil KpUBOH NMEHHO BosdKa Diitepa.

10. O6cynum noydennblil pesyabrar. Urak, cay4aailt Ditaepa BeIIegeTCs cpe-
U IPYTUX CJAYyYaeB TOYHOW PA3PENIMMOCTH TEM, YTO €0 DEIeHUs PeICTaBJIs-
T0TCS A3eTa-PYHKITUAMA TOTYCTabMILHBIX JITAIITHICCKUX KPUBbIX Ha (). [losry-
CTAOMIbHBIE SJIANTHIECKIE KPUBBIE ngm“t HaJ () COCTABILIOT XOTs U 6OJBIIOE,
HO BECbMa CHENUabHOE MOJMHOXKECTBO BO MHOXKECTBE BCEX IJIIUINTUUECKUX KPHU-
BeIX Eg. B ompesgeneHHOM CMBICTE 9TO KpPHBBIE OOIIETO IMOJIOXKEHUS, MOCKOIBKY
B TOYKAX UX camorepecedeHnusi Ha adUHHON MMIOCKOCTH KacaTejbHble TPAHC-
BepcanbHbl. BMmecTe ¢ TeMm, mosycTtabujbHbIE KpPUBBIE ngmis'f MMEIOT MEHBIIIYIO
COOCTBEHHYIO CHMMETPHIO, 9eM, HallpuMep, Kpusble g ¢ KOMIIEKCHBIM yMHOZKe-
HueM (pereTka Takoit Kpusoit Fg nepesonurcs B cebst yMHOXKEHIEM HA HEKOTOPOe
KOMILJIEKCHOE, He JieXKalree B 7).

C muHAMWYIECKOH TOYKHU 3PEHUS MOIYCTA0UIbHBIE KPUBBIE ngm“t TOCJIe SKBH-

BaPHUAHTHON IIEePEHOPMUPOBKH (Eé;mm’eq = Effmm ® Zs[t — —t]|) npencrasasior

opburer THIOB HempepeBEOro (Kmacca CV) SKBHBAPHAHTHOTO Pa3pPEIIeHIs HAJ
nosiem R MakcuMabHOTO pasra (PaBHOTO TPEM) CEmapaTpUChl JMHAMUKN BOJTIKA
Ditnepa:

{Eg;m“t’eq} = Hi({Isomk=3(A)®psr, (@)} Isom(A(R)), C),
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e {Isom,=3(A) ® pgr,(Q) Isom(A(R))}, B cooTBeTCTBIM C JTEMMOi 2, TpeaCTaB-
JISIET MHOYKECTBO HEMTPUBOANMBIX KOMIIOHEHT TIOATPYIIITHI H30METPUI MOJIETH JTEM-
MBI 2, COOTBETCTBYIOIEN YCIOBWIO PABEHCTBA PAHTA TPEM.

W3meHeHre IUHAMUYECKUX [TapaMeTPOB YpaBHEHUI BOYKa Diljiepa UHAYIIN-
pyer Aecdopmaiuio (HGOpMBl BOJUKA U COOTBETCTBYET M3MEHEHUIO MapamMerpa k,
TPUOOPETAIONTETO CMBIC TTApAMeTPa YKa3aHHOH 1eOpMAaIinm.

U3 nosyuennoro seipaxenus: st Mp(t) caeyer, aro dusmueckoit nedop-
MAITMH BOJTYKA, COOTBETCTBYIOMIEH U3MEHEHHUIO €r0 NeOMETPHH MACC MOCPEICTBOM
U3MeHeHus mapaMerpa k, OTBeUaeT W3MEHEHHUe CIEKTPaJbHOW KPUBOM BOTIKA B
KJIacce MoJTyCTabnIbHBIX KPUBBIX Fg.

7. Apyrue npuMepsbl.

1. na caygaa Jlarpanka mporeaypa S5KBUBAPHAHTHOTO MHTETPUPOBAHNS CO-
OTBETCTBYIOIIUX KBAIPATYP MTPOXOIUT MO MPUBEIEHHON cxeMe g Caydast Diijie-
pa. B pesynbrare ayist BekTopa kuaerndeckoro momenta M (t) MOKHO IOy anTh,
UTO

My (t) = exp(¢(1 — s, {EZ™'})),

rie {Effmwt} — TaKKe MHOYKEeCTBO IOTyCTabUIbHBIX KPUBEIX F(Q).

IMockomsky dyukmuu ((s, Eg) u ((1 — s,Eg) ceasansl (DyHKIHOHAILHBIM
YPABHEHUEM, TO YTBEDPKICHWE O CTPYKType OOIIEro pereHus: Jjid ypaBHEHW
Diinepa-Ilyaccona, naTerpupyeMeix 1o Jluysumwio-Apronsay B kiaacce ((s, Eg)-
dbyukuumit (cm. maparpad 1), Beimonasierca. Bostee TOT0, BO3HUKAET WHTEPECHAS
KAHOHUYECKas JBOUCTBEHHOCTH BOJTUKa Dillepa u BoUKa Jlarpamxa.

2. Kunernuecknit Mmoment M (t) Bosraka KoBasieBckoii B KOHTEKCTE pa3BUBa-
EMOTO HOJIXOMA JOJIZKEH (9TO MPEAIIOIOKEHIE) BEIPAZKATHCS TaK

M (t) = exp(((s, EGM)),

rae ESM — HexoTopasd Kpubasg Fg ¢ Tak Ha3bIBAGMBbIM “KOMILIEKCHBIM YMHOZKe-
nuem” (coorsercrBytolee oupejeierue cM. B [15]).

3. B xagecTBe “MUHUMAJBLHBIX TTPUMEPOB BOJUKOB PACCMOTPUM MaTEMaTHIe-
CKHe MAFTHUKU. DJUIUNTHIECKAA KPUBaAsd, KOAUPYIONIAs TPOCTPAHCTBEHHbBIN Ma-

ATHHK, TaKOBa s 3
Eq = {y* = z° + 16}.

Jlannas KpuBas IpecTaB/IgeT opbuTy HempepbiBHOTO (K1acca CV) sxBuBapmant-
HOTO pa3pelleHHs eUHITHOIO PAHTa CelapaTpuchl (a3oBoH IHHAMIKHE BOTIKA
Diiepa, peaJu30BaHHON MPOCTPAHCTBOM qu > Eg ® Zot — —t] cnemyromum
obpazoM:

Eq' = Hy(Isom,—1(A) ®psr, () Isom(A(R),C)),

rje Egl — SKBHWBapWaHTHAdA TEPEHOPMHUPOBKa KPuBo#l K m COOTBETCTBYIOMIE
MU30METPUU OTIPEJIETEHBl B Mojiem gemMbl 2 (cM. Takzke m. 10 maparpada 6).
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Yucsio “16”7, B cOOTBETCTBUU € JeMMOH 3, sBJIg€TCS KAHOHUYECKUM HYJIbMEp-
HBIM HHBAPUAHTOM MOJIETHHON CHMMETPHHN, TaKKe KAHOHUIECKH CBA3aHHOMN ¢ KpH-
Boit Eg:

0
16 = H"(Isom,;=1(A) ®pgr,(q) Isom(A(R),C)) =

= H(e1(EQ), e2(E))) = HO(Dy ™, Dy"") = HY([Dy, Dy, [D5, D)),

rae c1 (Eéq)7CQ(E5q) ~ KaHOHWYeCKHe MHKIbl KpuBoit By, omeparopsr Dy, DY,

X X
D;r =, Dy + IPEACTABIAIT COOTBETCTBEHHO: aJAUTUBHYIO, MYJIbTANINKATUBHYIO,
AJIUTUBHO-MYJIBTUILINKATABHYI0,  MYJAbTHUILIMKATUBHO-AJIUTUBHYI0  3alHUCH
qeTbIpexdaeMenTHol rpymmbl Kieiina Da.

4. QuIunTUYecKast KpuBasi, KOAUPYIOIMAsi KIaCCUIeCKui (IIOCKWii) MaTeMa-
TUYeCKNil MadATHUK, TakoBa: FEg = {y2 = g3 +8}. lannas KpuBasi IPeJICTABIIsI-
er opObuTy HEenpepBIBHOTO (KJIacca CO) SKBUBAPUAHTHOIO Pa3pelIeHnd HYJIeBOr0O
paHra cemnaparpuchbl (pa30BOil AMHAMUKK BOJYKA Dilaepa, peaM30BaHHONR IIPO-
crpanctBoM Ep = Eg @ Zs[t — —t] cremyromum oGpazoM:

Eg' = Hi(Isom,r—0(A) ®psr,(@) lsom(A(R), C)).

Yucsio “8”, B COOTBETCTBUM C JIEMMOIL 3, ABISETCs KAHOHUYECKUM HYJIBMEDHBIM
MHBAPUAHTOM MOJEJIbHON CUMMETPUM, TAK2KE KAHOHUYECKU CBA3AHHOU C KPUBOK
Eg, n aBasgerca KaHOHIYECKNM BBIPOXKJEHNEM COOTBETCTBYIOIIEr0 HyIbMepHOTO
VHBaAPUAHTA )i IPOCTPAHCTBEHHOI'0 MASTHUKA:

8 = H"(Isom,;—o(A) ®psr, () Isom(A(R),C)) = HO(id[Da, Do), id[ Dz, Ds]) =
= H°(Diag[D2, Ds], Diag[Da, D) = H"(D3, Dy).

Astop 61arogaput A.M. Kosamesa 3a oTHOIIEHIE, CTAMYTHPOBABITIEE TTOIT0-
TOBKY JAHHON pabOThI.

Jannasg pabora BbllloiHeHa npu (HUHAHCOBOI mnoyiep:kke rpantos POOU
Ne  05-01-00454, Ne 07-01-00295 w rpanta Beaymmx Hay4IHBIX KO
HII-6667.2007.1.
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