['eoMeTpryecknit moJIxo/1 K cTadUILHBIM
rOMOTOINNYecKUM rpytmmnam cdep.l.
NuBapuant Xorda

[I.M.AxmeTbeB *

nocesitaercs namstu npod. M.M.ITocrHukora

AnHoranmus

B pabore pasBmBaerca reoMeTpHUeCKHil TOAXOJ K CTAOMIBHBIM
FOMOTOIUYECKUM rpymnaM cdep, OCHOBAHHBIM Ha KOHCTPYKIIUU
IlonTparuna-Toma. B pamkax  3TOro  mojxona  IOJIYYEHO
JIOKa3aTeThCTBO TeopeMbl  Ajamca 06 wHBapuanTe Xormda st
BCcex pasmMepHocTedt, nckaodas 15, 31. JlokasbiBaercs, uro mpu n > 31
B crabwiabHON romoronmueckoit rpymme cdep I, me cymecrByer
snemenTa ¢ naBapuanTom Xomnda 1. HoBoe mokazareibcTBO OCHOBAHO
Ha MeToJaxX TeoMeTpudeckoii Tonojorun. Mcmosb3yercs Teopema
[Tonrpsiruna-Toma B dopme Yosaeca o mpeicTaBjieHnn CTabUIbHBIX
FOMOTONHYECKUX  TPYTT iMoo Thin (SF(RP™))  BemecTsennoro
OPOEKTHBHOIO  GECKOHETHOMEPHOTO TPOCTPAHCTBA  (KOTOpBIE IO
teopeme Kana-IlTpugan smumopdHO 0TOOPAXKAIOTCA HA 2-KOMITOHEHTHI
CTaOWIBHBIX TOMOTONMYECKUX Tpymi cdep) Kiaaccamu Kobopamsma
norpyxkenuii (BooOIE rOBOPSA, HEOPUEHTUPYEMBIX) T — 1-MepHBIX
MHOroobpasuit B Kopasmepuoctu 1. MaBapmanT Xomda BbIpazkaecs
XapPAKTEPUCTUUECKUM  KJaccoM N — l-MepHOro  MHOrooOpasws
JIBYKPATHBIX TOYEK CAMOIIEPECEUEHHUs] IIOIPYKEHHOIO N—MeEPHOro
MHOTO00pa3usi, TPeJICTABIAONIET0 3aMaHHbIN 3I€EMEHT B CTaOUIBHOMN
romoronuyeckoit rpymme II,,.

BBenenne

[Iycrb Tpim(S™) — romorounnveckue rpymnibl cdep. [lpu yciaosuu m >
n + 2 3Ta rpynma He 3aBUCHT OT m u oboszuadaercs 1l,. Ona HaswiBaercs

*Pabora aBropa noiepxkena rpanramu INTAS 00-0259, PODU 08-01-00663-a.



cTabuIBbHOIT roMOTONMYEeCKOil rpymnmoit cdep B pasmepHoctu n. [Ipodbiaema
BBIYUC/IEHUs] CTAaOMJIBHBIX TOMOTONMMYECKUX TPYII SIBJISETCS OIHOH U3
OCHOBHBIX HEPEIIEHHBIX MPO0/IeM B TOMOJOTUU. DTa MPOOIeMa UMeeT BazKHOe
IPUKJIATHOE 3HaUYeHUe IPY N3y YeHNU IPOCTPAHCTBA BeIEeCTBEHHBIX (DY HKITHIT
(em. [B], r1.3) w mpm uW3ydeHHH 3aJadul ANMPOKCHMAIMK OTOOpazKeHwmii
Braoxkerusivu [Me2].

[Ipu BbIYMC/IEHUN 3JIEMEHTOB CTaOWJIBHONH TOMOTONMYECKOW I'PYIIIIbI
chep uzydaoT Te ajredOpamvdecKkue HMHBAPUAHTBI, OIPeeeHrue KOTOPBIX
Jaercst cpa3y st BCceX pa3MepHocTeill (Min Jisi HEKOTOpOil GecKOHedHOM
MOCIeJOBATEILHOCTH  pa3MepHocreii). Tem He MeHee, 5TH HHBAPUAHTHI,
KaK TPaBUJIO, OKA3bIBAIOTCS TPUBHAIBLHBIMU U He BBIPOXKJIAIOTCS JIWIIb B
HCKJIIOYUTEJIbHBIX CIydasix, moApodnee cm. [M].

OcHoBHBIM a/ireOpamvIecKuM WHBAPUAHTOM HA TOMOTOMHYECKUX TPYIIAX
cep sBisieTcss cTabUILHBIN WHBapUaHT Xotda, KOTOPHIH IMpejacTaB/sier
coboit romomopdu3M

h: HQk*l — Z/Q,

U KOTOpBbIi Ha3bIBaeTcd TakxKe wuHBapuantoMm Cruapoma-Xomnda, CM.,
wanpumep, |[M-T| no nosomy onpesesenusi u ocHoBHBIX cBOiCTB. CTabUIbHBII
nHBapuanT Xorda u3ydaercs B padore.

JIoKa3aTebCTBO Ciejiytoleii TeopeMbl ObLIO moTy4eHo AnmamcoM B [Al.

Teopema. Adamc [A]
Cmaburvhot unsapuanwm Xonga h : I, — Z/2, n = 1 (mod 2),
ABAALTNCA MPUBUAALHOLM 0204 U MOALKO mozda, koeda n # 1,3, 7.

Bameuanne. Teopema Ajamca B mpocToM ciaydae n # 2 —1 6bia 10Kka3ana
Anemom [Ad|. Cayuait n = 15 6b1 gokazan Tomoii (em. [M-T] r1.18).

Brocaencreun Ajgavic u AThs NpeJIOKUIN ATbTEPHATUBHBIN MOIX0M, K
U3yYEeHNI0 WHBAPUAHTOB XOTda, OCHOBaAHHbIN Ha pe3y/braTax u3 K-reopun
u Ha Teopeme Borra o nepuogmunocTu cM. [A-A]. B mocseayromux paborax
9TOT WOAXOJ TakxKe ObL1 0000mmeH. [IpocTtoe mokazarenncTrBo TeopeMmbr
Anmamca, 6gm3Koe K J0KaszareabcTBY Amamca-ATbH, OBLIO TpemToKeHO
B.M.Byxmra6epom B [B|.

Ompenenenne cTabuibHONO WHBapUaHTa Xormda mnepedopMyIupyercs Ha
SI3BIKE I'PYII KOOOPJIM3MOB IIOIPY2KEHHBIX MHOrooOpasmuii. B ocHoBe 3TOro0
MeToza Jexkar pesyabrarbl pador [El, K2, K-S1, K-S2, La|. Crabuibubrit
nHBapHaHT Xomoda PpaBeH XapaKTePUCTUIECKOMY UHCJIY MHOTOOOpa3us
JIBYKPATHBIX  TOYEK  CaMOIEDPECeYeHHs  WCXOAHOTO  MHOTO0Opa3us,
MPEJICTABJISIONIETO JIEMEHT B UCXOJIHON rpyline KOOOpAu3Ma MOrpyZKEHUIA.
Dro, Hanpumep, siBHO cdopmymposano B pabore [El], Jlemma 3.1.



DopMyTHPOBKA YKA3AHHON JIEeMMBI CTAHIAPTHBIM CIOCOOOM IEPEBOIUTCS HA
SI3bIK TEOPUU LOIPYZKeHUil 1pu nomMory KoHcTpyKimu [lonrpsiruna-Toma.

B caygae n  # 3 (mod4) mokasarenbcTBO TeopeMbl  Amamca,
HCIIOJIB3YIONee TEOPHUI0 MOrpy:keHuii, Ob10 monydeno A.Crouem B pabore
[Sz]. Cnenmyrommuit mo cioxuoctn ciaydait (Teopema Ajgema) BO3HHKAeT
mpu n # 2' — 1. Teopema Amamca B 3TOM ciydae Oblia IepeIoKa3aHa
reoMeTpPHYECKUMEI MEeTOJaMi B COBMECTHOI pabore apropa ¢ A. Ciouem |A-
Sz).

Jlastee B pabore Bcioay mpeanosnaraercs, uro n = 2! — 1. OcHoBHoil
pe3yJibTaT HacTodlneil paboThl 0000IaeT MPeablAYIIii W COCTOUT B
CJIe T FOTIEM.

Ocuosaasa Teopema

3n+3
[Iyctb g : M~ 1 17 45 R™ npousBoJibHOE 1VIaJIKOe HOIPYZKEeHHe 3aMKHYTOIO,

BOOOIIE TOBOPs, HECBA3HOIO MHOT00Opasus M, dim(M) = % + 7, npuyem
HOpMaJIbHOE paccjioenne V(g) TOrpysKeHusi ¢ U30MOPGHO cymMMe YUTHH
(”TH — 8) 9K3eMILIAPOB JHMHEeHHOro paccioenust k Hax M, me. v(g) =
(2 —8)k (B wactrOCTH, W1 (M) = 0, MOCKONBKY KOPA3MEPHOCTD IOTY 7KeHISI
g werna u wi (M) = (2 — 8)w; (k) = 0). Torza B Lpe/oJiozKenun n > 63
(r.e. mpu | > 6) cnpasemiuso pasencrso (wi (k)3 [M]) = 0, rae wy —

nepBblit xapakTepuctudecknii Kiaace [Htudens-Yurun.

Hosoe B jmokazarerncree OcuoBHOit Teopembl COCTOUT B NpUMeHEHWUH
IPUHIUIIA  TEeOMETPUYECKOr0  KOHTPOJIS,  KOTOpBIIi  IO3BOJIsIET B
KJlacce KODOpIM3Ma TOTpPY:KeHHs HaXOJAUTh IOTPYyzKeHHue, y KOTOPOro
HOJAMHOIrOOOpa3ue  KpaTHbIX TOYEK caMollepecedeHus: umMeer  OoJiee
HPOCTYIO CTPYKTYPHYIO TIpylIly HOPMaJIbHOTO paccjoenus. Hamommio,
YTO CTPYKTypHasi TpyIIa HOPMAJLHOIO PACC/JOEHUsT K MHOTro0Opa3uio
KPATHBIX TO4YEeK caMollepecedyeHnsi OTBedYaeT 3a IE€PECTaHOBKY JIMCTOB
HCXOTHOTO MHOT000Opa3usd W M3MeHeHHe BEKTOPOB CKOIIEHHOTO OCHAIEeHU
npu 00Xo/e 1Mo 3aMKHYTOMY IIYTH Ha MHOTOOOPA3UU KPATHBIX TOUEK.

[Ipu momonu craHjgapTHBIX PACCYXKJIEHUNU TEOpUHU IOIPYKeHuit u3
Ocnognoit TeopeMbl MOYKHO BBIBECTH CJIE/IyIOIIIEE.

Ocuosaoe Cieacraue

IIycts g : M™ ! & R™ — mpom3BogbHOE IMIaJKOe IOrPYKeHHe 3aMKHYTOTO
MHuoroo6paszus M"~! (koTopoe, BoobIIe rOBOPs, OPHEHTHPYEMBIM U CBA3HBIM



e peamonaraercs). Torga B npeanonoxkernnn n = 2\ — 1, n > 63 (T.e. npu
[ > 6), cupaseyuso pasencrso (wy (M) [M]) = 0.

SaMmedaHne. DKBUBAJICHTHOCTH IPEABIIYIIEIO yTBEPXK/ICHHS H TEOPEMBI
Anamca (npu [ > 4) nokazana B [E1,La.

OrmeruM, d9TO B TONOJOIMH CYIIECTBYIOT TEOPEMbl, OJIM3KHEe 110
dopmyauposke Kk Teopeme Anamca. Kak mpaBuiio, 3tu TeopemMbl ABISIIOTCS
cnenacrBusivu  Teopembl  Anmamca. Muorma camm 3T TeOpeMbl MOTYT
OBITH JOKa3aHbl AJbTEPHATHBHBIMU W 0OOJiee IPOCTBIMH MeTomamu. Kak
sameuaer C.II.HoBukoB B 0630pe [N|, kK Takum Tteopemam OTHOCHTCSI
Teopema Munaunopa-bBorTa 0 ToM, 4TO KacaTeJlbHOE N-MepHOe PACCIOeHHe K
cTaHgapTHOI cdepe S™ TpuUBHAIBHO TOrIA M TOJIBKO TOTIa, Korga n = 1,3, 7.
Dr1o Teopema Obla OTKphITa B pabore [B-M|. Dueranrnast momudukarms
M3BECTHOTO JIOKA3aTeIbCTBA OblIa HeJaBHO moJydeHa B [F].

OcranoBuMCs Ha CTPYKType paboThl. B pasmeme 1 HaIOMHHAOTCS
OCHOBHBIE  ONpeIeJeHnss W KOHCTPYKIMH  TEOPUH  MOTPYKEHHI.
Pesyibrarsl 3Toro pazjesia (hopMasibHO SBJISAIOTCS HOBBIMH, HO JIEI'KO
MOJIy9alOTCs W3BECTHBIMU MeTogamu. B paszgene 2 OcuHoBHast Teopema
nepedopMyInpoBaHa C HCIOAbB30BaHHEM O0O3HadYeHHil u3 paszgena 1
(Teopema 5) ¥ mpeJcTaBIeHBl OCHOBHBIE STAlbl €€ JOKA3aTeTbCTBA.
B pasgene 3 mpoBOAUTCS OCHOBHON 3Tall JOKA3aTeIbCTBA, a HMEHHO,
nokasbiBaercs: nepsast OcuoBaasi Jlemma 24, koropasi ObLIa BBICKa3aHa,
C.A . MeqmxoBbIM KakK THIOTe3a ¥ O00CyKIajgach Ha ceMHHape mpod.
0.Caexkn B 2006 romy, a Takke aHajorndnas eii Bropass OcnoBras Jlemma
25.

Pabora Oply1a HanmMcaHa MpH HEOTHOKPATHBIX O0CYKICHUIX HA CeMUHAPE
1o aJjiredpanveckoi TonoJioruu 101 pykosojcrsom 1pod. M. M.Ilocraukosa.
B macrosimieit Bepcum paborhl ucnpapieHa ommdOka B (OPMYJIUPOBKE
Ocnognoit Jlemmvbr 3 u3 [Akh|, koropast mpuBoamIach 6e3 10Ka3aTENILCTRA.

ABrop Osaromapur 3a  MHOTOYHCJEHHBIE  OOCYXKJIeHHS  IPOd.
B.M.Byxmra6epa, mupod. B.A.BacunbeBa, mupod. II. Jlangsebepa,
mpod. A.C.Mumenko, mpod. O.Caexkn, mnpod. A.B.Cxomenkona,
npod. FO.I1.ConoswéBa, npod. A.B.Yepmasckoro, npod. E.B.Illenuna,
mpod. II./Ix.Dxkm3a, H.Bpoackoro, C.A.Memuxosa, P.P.Cagsikosa,
M.B.Cxkomnenkosa.



1 IIpenBapureiibHble peAyKIINN

Hanomuum omnpejesienusi rpynn KOOOP/U3Ma OCHAINEHHBIX TMOIPYKEHUN B
eBKJIN/IOBO IIPOCTPAHCTBO, KOTOPBIE SABJIAIOTCA YACTHBIMU CAyJasMH OoJiee
obrmedi KoOHCTPYKIMH, n3noxkenHoi B kuure [K1| ua crp. 55 u B pazgene 10.
Caa3p ¢ kouctpyknueit [Tonrparuna-Toma obbsacusercs B [A-E|.

[Mycrs f: M™ ! & R"- ruajakoe norpyzenue, npudem (n — 1)-mepHoe
muOroobpasme M™ ! 3aMKHYTO HO, BOOOIIE TOBOPS, HEOPHEHTHPOBAHO
1 HecBa3HO. Ha mpocrpaHcTBe TaKuX IOIPYzKEHHi BBeIEM OTHOIIEHHE
koOopmanTaHocTn. CKaxkeM, dYTO JBa MOrpyzxKeHus fo, fi CBAI3aHBI
KobopausMoM, fo ~ f1, ecim cymecrByer norpy:xkenue O (W™ OW =
M tUMP™) 95 (R™ % [0; 1]; R™ x {0, 1}) Takoe, 4T0 BBIIO/IHEHBI I'DAHHYHbIE
ycaosus f; = (I)|szn71 : M1 95 R™ x {i}, i = 0,1 u, kpome Toro, Tpebyercs,
aT00bI morpyzkenue ¢ 6110 oproronanbao K R x {0, 1}.

MHO0zKecTBO KJ1acCOB KOOOPJAHTHOCTHU IOIPYKeHHUil oOpa3yeT abeseBy
IPYHILy OTHOCUTEJbHO OHEPAIUHU JIN3bIOHKTHOIO 00'be/IMHEHUS TIOIPY ZKEHUIA.
Hanpumep, Hy/eBoit 3j1eMeHT 3TOIl TPYIIbLI  IPEJACTABIAETCH MyCThIM
MOTPY’KeHWeM, a 3JeMEeHT, OOpaTHbIi K [JaHHOMY MOTPYKeHuio fo
mpejacraBiern  kommosuimein S o fp, rme S-3epKajibHasg CHMMETPHS
nmpoctpancTBa R™. Dty rpymmy obossaumM  uepes Imms(n — 1,1).
[To reopeme Yosuteca |Wa| ykasanmas rpyuna usomopdHa crabuiibHOI
POMOTONHYECKOH Tpymme limy oo Ty, (SFRP).

[Torpyxenune [ onpenensier u3oMOpdu3M HOPMAJIBLHOTO PACCIOEHUSI
MuOroobpasus M™ ! um opueHTHpYyIOmEro JIMHEHHOr0 pacCJOeHHd K, T.e.
usomopbusm D(f) : T(M™') @& k = ne, e e-TpuBHAIbHOE JHHeiiHOE
paccioenue Hajg M™ ! B 1OXOKHX KOHCTPYKIUSIX TEOPHUM XHPYPIUU
[JIaJIKUX MHOI00Opasuii Beerja pacCMaTpuBaeTcs CTabUIbHBIA H30MOpGhU3M
HOPMAJIBHOTO pacciaoeHws MHoroobpasmsa M"™ ! u  opumenTupylomero
JMHeHHOro pacciaoeHus k, T.e. uzomopbusm T(M™ 1) & k ® Ne = (n +
N)e, rme N >> n. Tloabp3ysich Teopemoii Xupiia, Jerko MpOBEPUTh, UTO
ecau JBYM TOTpY:KeHusiM f1, fo orBedaror uzomopduzmbr D(f1), D(f2),
KOTOpBIe TP CTaOMJIM3AIMN IPHHAJJIEKAT OJHOMY KJaccy (CTabuabHOro)
n3oMopdusma, TO paccMaTpuBaeMble TOrpyzKeHusi fi, fo OKa3bIBAIOTCS
PeryjaspHo KOOODJAHTHBIME ¥ JiazKe DEryJIspHO KOHKODJAHTHBIMHU (HO,
BOOOGIIE TOBOPsI, MOT'YT OKA3aThCsl HE PErYJISIPHO TOMOTOIHBIMH).

Han motpebyercs Takzxke rpymma Imm®/ (n—k, k). DaeMenT 9T0if rpymmsI
upejcrasien Tpoiikoit (f,k,Z), rae f : M"F a R"™ - norpymxenue
3aMKHYTOTO MHOrooGpasusi, k : E(k) — M™% mumeitnoe paccioenue
(ntst cokparenusi obo3HaUeHH naee JnHeiiHOoe (OIHOMEPHOE) PACCIOeHHe
1 ero xapakTepucTHiecknii kmacc B H(M™*;7/2) yp1 obo3madaem Toit ke
OYKBOIt), = CKOIIEHHOE OCHAIIEHHE HOPMATHHOTO DACCIOEHUS MOTPYZKEHHs



IpU TOMOIIA PACCAOCHHS K, T.e. M30MOPMHU3M HOPMAJLHOIO PACCIOCHH
norpyxenus [ wu paccaoenns kr. Tpoiika (f,k,Z) Oymer Ha3bIBATHCH
CKOIIEHHO-OCHAIEHHBIM TIOrpyzKeaueM. B ciaydae nedernoro k JmHeiiHoe
paccloeHne K OKasblBaeTcs opHeHTHpyiomuM Han M" * u obgsarennmo
K = wy (M"F).

JIlBa 37eMeHTa TIpyInbl  KOGOpAM3Ma, NPEJACTABJEHHbIE TPOHKaMu
(f1,k1,21) (f2, K2,Z2), paBHb, ecau norpyxkenust f1, fo KOGODJAHTHBI,
IpU 3TOM TpedyeTcs, 4TOObI IMOrpyKeHue KoOOp/u3Ma ObLIO CKOIIEeHHO-
OCHAIIEHO 1 TPEOYeTC s COrIacoOBaHne CKOMIEHHOTO OCHAIIEHUS Ha KOOOpAU3Me
C 3aJ@HHBIMU CKOINEHHBLIMH OCHAINEHUSIMH HA KOMIIOHEHTaX [I'DAHUIBL.
BamernM, uto mpu k = 1 HoBoe ompemenemme rpymm Imm®/(n — k k)
COBIA/IAET C IIEPBOHAYAIBHBIM.

Ompegenum romomopusm:

J s ImmA (0 — 1,1) — Imm®* (n — k. k),

KOTOPBIII Ha3bIBAETCSI TOMOMOP(U3MOM Tepexoja B KOPa3MepHOCTH k.
Paccmorpim mMuoroobpasue M'™~1 nmorpysxenne koroporo f : M'™~! qs R®
[PeJICTABIISET SJIEMEHT MEePBOii TPYIIIIBI, 1 PACCMOTPUM KJIACCHMUITHPYIOIIee

orobpaxkenne k' : M™ ' — RP? B BeecTBeHHOE IIPOEKTHBHOE
IIPOCTPAHCTBO BBICOKOI pasMepHocTH (@ = n JIOCTATOYHO), MPECTABIAIONIEe
Koromostormueckuit  kaace  w;(M™7').  Pacemorpmm  cramjapTHoe

noanpocrpanctso RP 1 c RP® xopasmeprnoctn k — 1. TlpemomozxKim,
4TO oTOOpazkeHue k' TpaHCBEPCAILHO BJOJbL BLIOPAHHOIO IIOAIPOCTPAHCTBA,
I ompenesquM mHoaMHoroobpasme M™ K C M™ ! kak mosmblii mpooGpas
3TOTO TIOAIPOCTPAHCTBA TPH HameM oTobpaxkenmm, M"F = x/~1(RPe—k+1),
Omnpejesium norpyzxenne f : M™% as R” kax orpanmuenue norpyzxenus f’
Ha 3a/1aHHOe MOJMHOT000pa3ne. 3aMeTuM, uTo norpysxkenue f : M™% s R®
JIOIIyCKAeT  eCTeCTBEHHOe  CKOIIeHHOe  OcHameHue. JleficTBUTEIBHO,
HOpPMAaJIbHOE pACCJIOeHHs moaMHOroobpaszus M™F C M™ ! ecrectBenno
m3zomopduo paccinoennto (k — 1)k, tne £ = 'y (3mecy u ganee, ecin
obo3HAYeHUE MHOIOOOpa3usi HUCIHOJIb3YETCsd B HUKHEM MHJEKCE, TO
BEPXHHUI WHJEKC DPa3MEepHOCTH MHOTOoOOpasmsi OIyCKaercsi). YKa3aHHBI
n3zomophusm = ompejessercs CTaHJIAPTHBIM CKOIIEHHBIM OCHAIEHUEM
HOPMAJIBHOTO pACCJIOSHHS K HoaMHOroobpasuio RPYF+1 B ymorooGpasmn
RP®, koTOpOe IepeHOCHTCS Ha ToaMHOroobpasme M™% C M'™~1 mockonbky
IPeIIIoIAraaoch, 9T0 K perynspao Baoas RPYFF1 Eme onmo mpsimoe
cjlaraeMoe B CKOIIEHHOM OCHAIEHWH = HOPMAJIBHOTO  PACCIOEHUsI
norpyskeuusi f COOTBETCTBYET HOPMAJIHLHOMY OJHOMEPHOMY PAaCCIOEHUIO
norpyzxkenus f’. DTo paccioeHne CJIyKUT OPHEHTHPYIOIIUM PACCIOEHUEM JIJIst
M'"=' nostomy ero orpanmuenue Ha M"F coBmamaer ¢ k. Tomomopdusm



J*I mepeBoAMT 37€MEHT, TpeJCTABICHHBIH TOTPY:KeHHeM f' B 3IeMeHT,
IpeJICTaBJICHHBIA TPOUKONI ( f, K, E) N3 »s1emeHTApHBIX T'€OMETPUYECKUX
co0DparkeHuil, UCIOJIB3YIOIIUX JIUIIb OHATHE TPAHCBEPCAILHOCTH BBITEKAET,
4To ToMoMopdu3M J*/ KOpPpPeKTHO ompejesieH, HOCKOILKY MPOH3BOJI B €ro
KOHCTPYKIIUU TIPUBOJAUT K TPOWKE U3 TOrO K€ KJacca HOPMAJIbHOIO
KOOOpIU3MA.

Ipu ycaosuu, uro norpyzxenue f : M"* as R" obuiero mosoxenus,
HOJMHOXKeCTBO B R™ Touek camoriepecedeHust morpyzxkenuss f obO3HAYALTCS
gepes A = A(f), dim(A) = n — 2k. D710 OMHOKECTBO ONPEAETAETCS MO

dopwmyie:
A={zeR": Iz, 20 € M" " 21 # 29, f(21) = fl22) = 2}, (1)

ono apsgercs 3aMKayTeM. Onpegenruv A C M™F o dopmyne A = f~HA).
Hanomuum cramjiaprioe oupejiejieHue  MHOrooopas3usi JIByKPaTHbIX
TOYEK CaMOIlEepecedeHnsl JAHHOIO MOTPYzKEeHHsT OOIIEro IOJIOKEHUs W
mapaMeTpu3yoOIIero TMOTPYKeHusi  MHOT000pas3wst  JABYKPATHBIX  TOUYEK
camoriepecedenusd. [IpocrpancTtBo N omnpejengerca hpopMyJIoii

N = {[(zr,22)] € (M"™F 5 M"™)/T" 2y # w2, f(a1) = f(x2)} (2)

(T" — wHBOJIIONUS, MEPECTABJIAIONIAS KOODJANHATHI COMHOMKUTENEl), a ero
KaHOHMYeCKOe HaKpbIBalolee onpejiesercs (hopMy1oit

N = {(1’1,$2) S Mn_k X Mn_k A 7é $2,f(l’1) = f(ZL'Q)} (3)

B upeano/iodkenun 0 TOM, 49TO IHOrpyzkerue [ OOWIEro OJIOKEHWUs,
npocTpancTBo N sBJIsleTcs JIaJIKuM MHOT00Opa3ueM paszmeprocru dim(N) =
n — 2k. D1o MHOroobpasne obosnadaercs uepes N 2F,

Ilorpyzxkenne g : N" 2% q» M™% napamerpusyiomee A, ompejensercs

dbopmymnoii g = 7|y, Tae T : Mk x M™F — M"* - crammaprmas
IPOEKIMs Ha IHepBHl COMHOXKHTeHb. llorpyxenme g : N"2F qu R"
napamerpusyomee A, onpexensierca dopmysoin  g([z1,xa]) = f(xq).

Bamernm, 9TO MapaMeTpU3yIONne MOTPYKEeHUsl ¢, § He SIBJISIOTCS, BOOOIIe
rOBOpsi, MOIPYKEHHAME 00miero 1moJoxkenus. OnpeneseHo JIBYJIUCTHOE
makpeitie p . N2 — N 26 npu sTom gop = fog. DTo HAKPHITHE HA30BEM
KAHOHMYECKUM HAKPBITHEM HaJl MHOIOOOPA3MEM TOYEK CaMONEePecedeHusl.

Omnpenenenne 1. Ilycrs (f, x,Z) npeacrasiaser saement us Imm® (n —
k, k). Oupegennm romoMopgusm:

hy - Imm® (n — k, k) — Z/2,
Ha3bIBaeMblil mHBapuanToM Xoida, 1o ¢popmy.ie:

hi(Lf, 5, 2]) = (" (M),



Ompeiesienns crabunbaOro naBapuanTa Xorda (B cMbicae Onupeenenns
1) npu pasimaHbIX 3HaUeHusIX k corsiacoBanbl Mexk ity coboii. Copmyaupyem
9TO B BHJIE OTJAEIbHOIO YTBEPIKICHUS.

IMpeanoxenne 2. Ipu zomomoppusme J* : Imms(n—1,1) — Imm*/ (n—
k, k) cmabusonoii uneapuanm Xonga corpanaemes, m.e. unsapuanm hy :
Imm* (n—1,1) — Z/2 u unsapuarm hy, : Imm*/ (n —k, k) — Z/2 ceasamnw
meoncdy cobotl no popmyae:

hl = hkOJsf. (4)

HokazarenscTBo llpemnoxxenns 2

IIycts f : M™% 95 R" — morpyskeHme cO CKOIICHHBIM OCHAIIEHHEM =
M ¢ XapakTepucTuueckuM Kiaccom k € HY(M™*:7Z/2), upeacrapisiomniee

snement s Imm® (n — k, k), npuaem J*([f']) = [f, x,Z] ana nexoroporo
snementa [f'] € Imm*(n — 1,1). Tlo onpenenenuto hi([f,x,Z]) =
(o (M),

C napyroii croponbr, M n=k c Ml NpeCTaBAAEeT UK, TBONCTBEHHBIN
B cMbicie Ilyamkape komukity x*~1 € HFY(M™1;,7Z/2). Dopmyna 4
crpaBe B, Mockoabky (k™5 [M™1]) = (k"F; [M"*]). HeitcTurennHo,
0bpa3 XapakTepucTuieckoro orobpaskenns k' : M1 — RP>® (k : M™% —
RP>°), He orpaHmvmBasi OOITHOCTH, JIEKUT B OCTOBE KJIACCH(DUIHPYIONIIEro
IpPOCTpaHCTBa pa3mepnoctu n — 1 (n — k). Xapakrepucrudeckoe 9nCI0
(k"L M™Y. (k™% [M™F])) coBmamaer co cremennio deg(k’) (deg(k))
kiaccudumupytonero orobpazkenuns k' : M™1 — RPL (k0 MR —
RP"%), koTopast paccMaTpuBaeTcsa 10 MOIYJII0 2 W ONpeessercs Kak
YeTHOCTh YHCJIa MPO0OPA30B PEryjsdgpHOTO 3HadYeHus orobOparkenus. [lpwu
srom 3uadenune deg(k’) (deg(k)) He 3aBucurT 0T BBIGOpPA OTOGpAZKEHHS
k' (k) B ykasauubii octoB. (HamoMmHIO, UTO KJIACCHI KOTOMOJOTHiT U WX
XapaKTepUCTHIECKHe 0TOOpazkeHusi 0003HAYA0TCs OuHaKoBO.) Crenenn
deg(k’) u deg(k) coBuagamT, OCKOJIBKY DEryJaspHOE 3HAYEHHE MOZKHO
BBIOpATH OOIIMM JI/Isi paccMarpuBaeMbix oTobpazkenuit. [Ipesnoxenue 2
JIOKa3aHO.

Cdopmysiupyem jpyroe (9KBUBAJIEHTHOE) OLPEJEJEHUE HHBAPHUAHTA
Xonda (B npennonoxkenun n — 2k > 0).

Omnpenenenne 3. Ilycto (f,x,Z) npeacrapager saement us Imm®/ (n —
k k), n — 2k > 0. IIycrb N"2¢ — muporoobpasme JBYKPaTHBIX TOYEK
norpyzxenus f : M" % ¢ R", N-KanoHHYeCKOe IBYJUCTHOE HAKPBHITHE HAT



N, ky € HY(N;Z/2) waaymuposan u3z £ € H'(M"*;7Z/2) norpyxenuem
g:N" 9 MR,
Omnpenenum s3uauenne romomopdusma hy, © Imm® (n — k, k) — Z/2 no
dopwmy.e:
hi(f 5, 2]) = (g [N"]).

Canemytomiee YTBEPKJIeHIE yCTAHABIMBAET 9KBHBAJIEHTHOCTD
Onpenenennit 1 u 3.

ITpennoxxenue 4. B ycaosuaxr Onpedesenusn 3 cnpasediusa hopmyaa:

(w4 (N2 = (s (M), (5)

JokazareascTrBo llpensoxxennsa 4

[ycrs f : M™% 95 R™ — norpyzenue cO CKOIIEHHBIM OCHAIIECHHEM = U
¢ XapaKTepUCTHYeCKMM Kiaccom k € HY(M™*;7/2), upencrapiasiomee
snement u3 Imm* (n — k, k). Tlycts N"?*-mmoroo6pasme AByKpaTHBIX
TOUeK caMoIlepecedeHHsl mHorpyxemma f, ¢ : N2 o R
mapaMeTpu3yiomiee mnorpyxenme, N"2¢ N2 gamonmueckoe
JIBYJIUCTHOE HaKpbiTHe. PaccmorpuM 00pa3  hyHIaMEHTATBHOTO KJjacca
G.([N""2%)) € H, _op(M™*,Z/2) npu norpymenun g : N" 2 g5 Mn-k
u obosHaumm uepes m € HF(M"*;7/2)-xoromonormyeckmii  kacc,
JBOHCTBeHHBII B cMbicie llyamkape kmaccy romosoruit  g.([N"2F]).
PaccMoTpuM  Takyke KOTOMOJIOIMYECKHiA 9HIepoB  KJIacC HOPMAILHOTO
paccI0eHns TOTPYKeHns f, KOTOPHI o6o3HaunM depes e € HX (M™%, 7./2).

[To Teopewme I'epGepra (cm. |E-G|, Teopema 1.1) cupasenimuba dbopmysa:

e =m. (6)

[TockostbKy 3ilIepOB KJ1aCC € HOPMAJILHOIO paccjioenus kk morpyzkenus f
paBen £® (KJacchl KOTOMOJIOTHIT M COOTBETCTBYIONINE JTUHEHHBIE PACCTOCHNS
obosHavalorca ommuakoso), To muKA G.([N]) € H,_own(M"F;Z/2),
ABolicTBeHeH B cMbicae Ilyankape xomukay % € HF(M"™*:7Z/2). Tlostomy
dopmyna (5) u Ipeioxkenne 4 joKkazaHo.

Bosee yno6uo mnepedbopmymuposars Ilpemioxenne 4 (B HECKOJBKO
Gostee obteit popme) Ha sI3bIKE KOMMYTATHBHBIX auarpamm. IIpucrymuM K
dopMyTHPOBKE COOTBETCTBYIOMIUX OIPEICTCHHIA.



[yctb g : N™2 9 R" morpy:kemme MHOTOOODA3HsA TOUEK

camomnepecedenuss norpyxenus f : M" ! 9 R" kopasmepuoctu 1.
Omnpeseeno HOpMaJIbHOE JABYMEpPHOE PaCcCJOeHHe IOTPYKEeHUd ¢, KOTOpOe
Mbl Oygem obosmadarh uepes vy : E(vy) — N2, (IlpocrpancTBo

JIICKOBOI'O PACCIOEHHS, ACCOMMHPOBAHHOIO C BEKTOPHBIM PAaCCIOCHHEM
vy, auddeomMopdHO peryngpHoi 3aMKHYTOH TpyOJaToii OKPECTHOCTH
HOT'DY 7KEeHHUS (. )

D10 pacciioeHne cHabKeHO JTOMOJTHUTEIBHON CTPYKTYPOii 10 CPaBHEHUIO
C TIPOW3BOJIbHBIM BEKTOPDHBIM paCCJIOeHWeM, a WMEHHO, ero CTPYKTypHas
rpynna kak O(2)-paccjioeHus JOMycKaeT PeyKIHUI0 K JUCKPETHON TpyIIe
JI3/Ipa, KOTOPYIO MbI 0003Ha4YnM depe3 Dy. DTo rpymma BoOCbMOro mops/iKa,
OHA, OLPEJIEISeTCs KaK IPYHIa HePeMeIleHnil IJI0CKOCTH, KOTOPbIE IEPEBOIAT
CTAHJAPTHYIO Tapy KOOPIMHATHBIX Oceii B cebsi (BO3MOXKHO, C M3MEHEHHeM
OPHEHTAINN U MOPSIJIKA).

B crammaprHOM KompenacraBiaeHnun rpynna Dy 3amaerca  AByMs
06pa3yIONUMHE @, b, KOTOpBIe CBA3AHBI MexK1y coboii cooTHomenuamu {a* =
b = 1,[a;b] = a®}. Obpasyomas a npejcTapieHa TOBOPOTOM IIOCKOCTH
Ha yroia 7, obpasywoulas b IpejicTaBieHa CHMMETPHell OTHOCHTEHHO
OMCCEKTPUCCHI TEPBOTO  KOOPAMHATHOTO YIJIa. 3aMEeTHM, YTO IJIEMEHTY
ba (mpousBemenue OyneM 3amUChIBATH O HPABUIY KOMIO3WIUH b O @
npeobpazoBanuii u3 O(2)) COOTBETCTBYET CUMMETPHsI OTHOCHTELHO MEPBOii
KOOPJAUHATHON OCH.

3ameuanue

B kuure [A-M| onmcama crpykTypa KOrOMOJIOTHiT 10  MOLyJIO 2
KJIACCU(PUIIMPYIONIETo TPOCTpaHCcTBa rpymibl Dy Kak Mojy/is Haj ajreopoii
Crunpona. UuBapmant Xomnda, KOTOpPBI ompefessercsd HHXKE Kak
XapaKTepPUCTUIECKOe HYHCJIO HAa MHOTOOOpa3sWdu TOYeK CcaMomepecedeHust
CKOTIIEHHO-OCHAIIEHHOTO MOTPYZKEHUS, 9TO BBIYHCJICHIE HE UCTOJIB3YET.

CrpyKTypHasi rpynmna HOPMAJBbHOIO PAaCCJ0€HWs MHOroobpasus
TOYEK caMoIepecedeHnd a4 norpyxxeans f : M" % 9» R", npu k = 1.

Vcnonb3yeM ycaoBrue TPaHCBEPCAJIHLHOCTH CaMOIIEPEecedeHus TOTPYKeHUs
f o M™! 9 R™ Ilyerp N"2-Mmoroobpasme caMoIepecedenus
norpyxerng f, g : N"? 9 R mapaMeTpusyomee MOTpyZKeHHe.
B cnoe E(vy), HOPMAJIBHOTO pacCIOeHHsI Vy Haj TOoukod x € N
¢durcupoBaHa HEYNOPSAOYEHHAs Tlapa KOOPAMHATHBIX OCell. IDTU OCH
0Opa3oBaHbl KacaTe/IbHBIMU K KPHUBBIM IiepecedeHus cjioss E(vy), ¢ aByms
BJIOKEHHBIMH JINCTAMHU TOTPYKEHHOTO MHOT000pas3usi, MepeceKaroInMucs
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TPAHCBEPCAJBLHO B OKPECTHOCTH 3TOi Toukm. [Io mocTpoenmio paccioenune
vy uMeer crpykrypuyio rpyniy Dy C O(2).

Ha1 npocrpancrsom K (Dy, 1) onpeeneno yausepcaibaoe 2-mepaoe D y—
paccyioenne, Koropoe obosHauum uepes ¢ : FE(Y) — K(Dy,1). Ckaxem,
aro orobpaxkenne 1 @ N — K(Dy, 1) sapasiercs knaccudunupyromum st
paccyioeHus vy, ecam omnpeenen uzomopdusm = : n*(1)) = vy obpaTHOrO
obpasa 1*(¢) paccioenust ¥ u paccJoeHHsT HOPMAJIBHOIO PACCIOCHHS Uy
norpyzenus ¢. B jajbHeiinemM caMo paccoeHue u ero KJaacCuQuIupyoIee
oTobOparkenue OyIyT 0603HAYATHCS OJNHAKOBO U B PACCMATPUBAEMOM CJIydae
MOXKHO 3amnucarh 1) = vy. MI3omopdusm = Oyaem HazpiBaTh Dy—ocHamnennem
IMOTPY:KeHHSA ¢, a OTOOpakeHme 1) OyJIeM Ha3bIBATH XapaKTepPHCTUIECKHM
kjaaccom Dy—ocnamennsa =.

3ameuanme. B jeiicTBUTE/IHHOCTH, MBI ONMUCAJIHN JIUIITHL YacTh DoJiee 001l
koucTpykimn. CTpyKTypHas rpynia s-MepHOTO HOPMAJIBHOTO PACCIO0CHH K
HOAMHOro06pasuio Ny TOYEK caMollepecedeHnsl KPaTHOCTH S IOTPYKEHHs
[ momyckaer peayKnmio K CTpyKTypHOH rpymme Z/2 [ X(s) — crierennio
HUKJIMIECKOI rpyunbl Z/2 ¢ rpyunoif mojcTaHOBOK MHOXKECTBA U3 S
sjeMenToB (cM., nanpumep, [E1]).

[lycrs tpoiika (f,s,Z), rome f : M™% & R" — norpyxenue,
= — CKOIIIEHHOE OCHAIeHHe HOPMAJIbHOI'O PAaCCAOCHHs TOrpyskeHust [ ¢
XapaKTepUCTHIeCcKHM KiaaccoM k € HY(M;7Z/2), upeicrapiager 3jeMeHT
rpymnsr Imm*/(n — k, k). Ham morpebyercs oGobmeHne mpeablTymiero
MOCTPOEHUsI, KOTOpOe OTHOCHJIOCH K caydaro k = 1. Hamomuuwm
onucanue (cMm., nanpumep, |[E1], [E-G]|) crpykrypHoii rpynisl HOpMaabHOTO
PaCCIOeHUS Vyy HAJT MHOT000pa3neM TOYeK CaMOTepecevdeHust MPOn3BOTLHOTO
IOrpyzKeHns OOIIero I0JI0ZKeH s IPOU3BOIbHOI Kopasmeproctu k, k < [Z].

IIpennoxkeune 5. Hopmanrvhoe 2k-meproe paccaroenue vy nozpyscenus g
npedcmasumo 6 eude npAMot cymmol k usomopdnuir konul deymeprozo
paccaoenus 1 1nad N 2K npuvem wasicdoe deymeproe paccaoerue umeem
cmpykmypryto epynny Dy u  xaaccuduuyupyemes omobpasicenuem 1
N2k — K(Dy,1) (ananozunmoe npedrosicenue dokasano 6 [Sz2|).

okazareascTtBo llpeasoxxkenus 5

[Myctb € N" 2 rouka Ha MHOrOOOpa3MH JIBYKPATHBIX TOYEK
norpyxkenus f : M" % 9 R". O6ozmaunm dgepes T;,T, € N" 28 9
M™% nBa mpoobpasa 3TOH TOYKH HA KAHOHHYECKOM HAKPBIBAIOIIEM
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MuorooGpasun. OproronanbHoe gonoinenne B npoctpanctse 1(g(x))(R™)
noupocrpanctsy g, (T, (N"2%)) apiagerca cjioeMm HOPMaJILHOIO PACCIOCHHS
E(vy) norpyxenus g naj Touxoit ¥ € N 2*, D1or ciroif npeacrapieH Kak
mpAMasg CyMMa JBYX JHHeHHHIX mpocTpancTs E(vy), = E,i @ E,, tae
nompocTpancTso £, ; C E(vy), aBigeTcs ¢oeM HOPMATBHOTO PACCIOCHA
morpyzkeuusa f B TOUKE T;.

[oanpocrpanctso E,; c10s KAaHOHIYECKH HPEJICTaBIeHO B BUJE TPAMOii
CYMMBI Kk YIIOPSIIOY€HHBIX JIMTHEHHBIX MOIITPOCTPAHCTR E(liwﬁ), j=1,...,k,
1 = 1,2, npudem (HUKCUPOBAHO CEMEHCTBO MOMAPHBIX U30MOPMUIMOB MEZK Ty
STHMH IIPOCTPAHCTBAMH, IOCKOJIBKY HOPMAJIbHOE PACCIOeHHE MOrpy KeHus [
OBLIO CHAOKEHO CKOITEHHBIM OCHAIIeHHeM B Kopa3dMepHocTH k. Crpynnupyem
CJION € OJMHAKOBBIMU HOMEDAMM j B JIByMEPHBIH 1moaciof ciaos F(vy),.
[Monyunm pasiaoxenne ciaos F(vy), Han kaxmgoii Touxkoir x € N2k
B TPSAMYIO CYMMY Kk SK3eMIUISIPOB MOMAPHO W30MOP(MHBIX JIBYMEDPHBIX
OIIPOCTPAaHCTB. [IpoBeeHHAss KOHCTPYKIHS HEIPEepBhIBHO 3aBHCHT OT
BBIOOpA TOUYKH T U MOKeT OBITH POBeIeHa OJHOBPEMEHHO IS KazK 0 TOIKH
6aser N" 2k B pesyabrare moayunTcs TpebyeMoe pas3iiozKeHHe PacCIOeHHd
VN B CYMMY YHUTHH HEKOTOPOI'O YHUC/IA KAHOHMYECKU U30MOP(MHBIX MKy
co0boit aByMepHBIX mojpacciaoenuii. Kazxmoe nBymMepHoe MmpsiMOe ClaraeMoe
kiaccudunupyerca orobpaxkenneMm 1 : N — K(Dy, 1), yro pokasbiBaeT
[Ipemnoxkenue 5.

Onpenenenune 6. Onpegenmum  Tpymnmy  KoOOGOpAU3Ma  MOTPYKeHUit
ImmP4(n — 2k,2k), B upepnonoxkenuun n > 2k. Ilycrs (g, ¥, n)-
Tpoiika, ompesessiomas D4-OCHAIEHHOE TOIPYKEeHne B KOPa3MEPHOCTH
2k. 3mech g : N"?* 9 R"™ — morpywxkenme, n : N" 28 — K(Dy, 1)-
xapakrepuctuidecknii kjacc Dy—ocnamenus V. OrHoireHne KoOOpIm3Ma,
TPOEK CTAaHIAPTHO.

Jlemma 7. B npednosoocenuu ki < k, 2k < n, onpedesena
KOMMYMAMUEHAA 0UA2PAMMEL 20 MOMOPHUIMOE 2DYNN.:
sf
Imm?® (n — ky, ky) EAN Imm?® (n — k, k) LN 7)2
1 Ok, | o | (7)

Dy Dy

ImmPs(n — 2k1,2k) 225 ImmPi(n — 2k,2k) s 7/2.

okazareascTBo JlemMmbr 7

Oupeemum romoMopdusMel B guarpamme (7). Tomomopdusm
sf
Imm® (n — ki, k) RN Imm® (n — k, k)
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OTIPEJIeNIAETCS JOCTOBHO TaK Ke, KAK ObLT OTpe/IeIeH TOMOMOPMU3M mepexo/ia
B KOpa3MepHOCTDb k jiist ciaydast ky = 1. Tomomopduzm

Imm® (n — k. k) D, ImmP*(n — 2k, 2k)

HEePEeBOJUT KIacC Kobopau3Ma Tpoiiku (f, k, =) B Kiacc KoGopau3mMa Tpoiikn
(g,n,¥), tne g : N" 2 g5 R" — papamerpusyoliee IOTPYyKeHHE
MHOP00Gpa3ns TOUeK caMoriepecedeHus Horpyzkennust f (mpeamoaaraercs, 9To
norpyzenne f camonepecekaercs TpaHcBepcaibuo), W—sro Dy—ocuamenue
HOPMAJILHOI'O PACCIOCHUS IOTPYZKEHUS ¢, 1)—-XapaKTepucTuiaecKuii Kiaace Dy—
ocHatenug V.

[Tpucrynum K onpezeseHuio romomMopdusma

hpt
ImmP*(n — 2k, 2k) - 7./2,

KOTOPBIfI Ha30BeM W3paJibHbIM uHBapuantoMm Xomda. Oupegesnm
MOJrPYIILY

I.C D4, (8)

MOPOKJICHHYIO TTPEOOPAZOBAHUSIMU TLIOCKOCTH, COXPAHSIONINMHI COOCTBEHHOE
MO/ITPOCTPAHCTBO  KAaXKJI0T0 Oas3ucHoro BekTopa. I'pymma I. sasisiercs
s7eMeHTapHoil abeseBoit rpymmoi panra 2. OnpegeanM roMoMopdu3m

21, —7/2, (9)

OTBeYAONNii 3a Tpeobpa3oBaHWe B COOCTBEHHOM MPOCTPAHCTBE TEPBOIO
6a3ucHoro Bekropa. [loarpyumna (8) umeer uHIEKC 2 U ONPEJIETIEHO 2-IUCTHOE
HaKPpbITHE:

K(I.,1) = K(Dy,1), (10)

UHYIAPOBAHHOE ITON LOAIPYIILION.
Ob6o3naunMm uepes

Nn72k N Nn72k' (11)

2-THCTHOE HAKPBITHE, MHAYIHPOBAHHOE XapAKTEPHCTHYECKHM KJIACCOM 1) :
N2k K(Dy,1) u3 naxperrus (10). Oupeesien xapakrepucTuueckuii

KJIaccC: B
7l =loq'e: N** — K(Z/2,1),

e e N2 K(I.,1)- aByaIncTHOe HAKpPBITHE HAJ
k1accubumupyionuy  otobpazkemmem 1 ¢ N K(Dy, 1),
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unayuposannoe Hakpeituamu (10), (11) max mpoctpancTBamm 06a3a

1 11poobpasza 0ToOpazKeHusi 7 COOTBETCTBEHHO.
Dy

Omnpenennm 3Hadenme romomopdusma ImmPi(n — 2k,2k) — Z/2 no
dopwmye:

h* ([, m, ) = (1) 725 [N"72]) (12)

Huarpammva (7) ompegenena. KoMMyTaTuBHOCTH MPaBOTO KBaJpaTa
JUarpaMMbl  BBITEKAeT U3 MPIMBIX TeOMETPHYECKUX  PACCY:KICHMIl.
KomMmyTaTuBHOCTD TPABOro KBaJjpara JuarpaMMbl BeIT€KaeT npu k; = 1
u3 Ilpemroxkenns 5, a npu TPOM3BOJIBHOM k7 JOKA3aTEJIHCTBO aHATOTHIHO.
Jlemma 7 jmokazana.

Ham  morpebyercss — SKBHBAJIEHTHOE  ONpeJesieHHe  JIU3APaIbHOrO
unBapuanta ~ Xonda. Pacemorpum  nomrpynny B rpymne  O(4)
npeobpa3oBaHuii, IEPEBOJSNIMX MHOXKECTBO BEKTOPOB  (€1,€9,€3,€ey)
CTaHJAPTHOTO Dasuca B cedst, OBITH MOYKET, U3MEHSISI HATIPABIEHIST HEKOTOPBIX
BEKTOPOB U, KPOME TOr0, COXPAHSIONUX Mapy 2-MEPHBIX IIOAIPOCTPAHCTB,
MOPOKIEHHBIX OA3UCHBIME BeKTOpaMH (€1, €2), (€3, €4). IIpu 370M yKazaHHBIE
2-MepHbIe HOIPOCTPAHCTBA MOTYT, BOODIIE TOBOPs, HEPECTABIATHCA MEZK Ly
coboit. O6o3maumM HOArpymIy Takmx npeoGpasosanmii uepes Z/2P.
OmnpejiesinM 1eMOYKY TOATPYIIN WHAEKCA 2:

H, c H.c 7/2". (13)

[Toxarpynna H, onpeenena kak nogrpyima npeobpa3oBanuii, ”THBAPUAHTHBIX
Ha KayKJOM 2-MEDHOM IO/IIIPOCTPAHCTBE, TMOPOXKJIEHHOM MapaMi BEKTOPOB
(e1,€2), (es,e4). Dra moarpynma wu3omMopdHA TPAMO CymMMe JBYX
9K3eMILIAPOB rpymnbl Dy, Kazxkjoe unpsgMoe cjaraeMoe HHBAPHUAHTHO
JIeCTBYeT B COOTBETCTBYIOIIEM 2-MepHOM mojnpocrpancTse. [loarpymma
H: C H. onpenenena kak noarpyima npeoOpa3oBanuii, "HBAPUAHTHHIX Ha
KA KJIOM JIMHEHHOM TOIIPOCTPAHCTBE, MTOPOXKICHHBIX BEKTOPAMU €1, €3.

Ilycts (g,n,¥) npeacrapager siement us ImmPi(n — 2k, 2k) B
MpeINoIoKeHu, I4T0 N — 4k > 0 U 4T0 g ABIsIeTCS TMOTPYKEeHneM OOIIero
nooxkenus. Ilycrs L4 — Muoroobpasne JBYKpPATHBIX TOYEK HOIPY KEHHS
g : N" 2k a5 R"™. Ompesesiena Ganras 2-JTUCTHBIX HAKPHITHII:

L7IEI—E4k N L7IEI_C4]€ N Ln—4k (14)

B pe3yabrare cieaytoimeil koncrpykmun. OnpepeneHo napamMeTpusyolnee
norpyxkenue h : L" % a5 R" HopMmaibHoe paccoeHHe HOIpy:KeHHd h
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0003HAYNM Uepe3 V. IDTO paccjoeHne KpaccuHUIUpyeTcs OTOOpazKeHueM
¢ L% — K(7/3P,1). Henouka noarpymn (13) mmaymupyer Gammio 2-
JINCTHBIX HAKPBITHH KIACCU(DUIMPYIONUX TPOCTPAHCTB:

K(H. 1) c K(H.,1) c K(z/2" 1) (15)

HaJ [POCTPAHCTBOM-00pa3oM KJjaaccuumupyomero orobpaxkeruss ( u
GalmHioo  2-TMCTHBIX  HakpbiTuii  (14) Hajx IpOCTPAHCTBOM-IIPOOOPA3OM
orobpaxenus (. Hakpoitne Ly, — L" %, ompenenennoe dopmymoit (14),
OyIeM Ha3BIBATH KAHOHHYIECKHUM 4-THCTHBIM HAKPBITHEM HaJ MHOTOOOpa3HeM
TOYEK CAMOIIEPECeUeHUs] TIOTPYKEHU §.

OrmpeiesieHo orobparkenne KaacCupUIUPYONUX MPOCTPAHCTB:

UH/IYIUPOBAHHOE TOMOMOP(U3IMOM
¥ H, — 7/2, (17)

KOTOPBI ~ OTBeYaeT 3a  I[peoOpa3oBaHue  JIMHEHHOrO  COOCTBEHHOIO
MOJANMPOCTPAaHCTBA  BekTopa  €1.  Onpegenensl  KaacCupUIMPYONIee
oTobpazxenne (He : I_,’f_l_fk — K(Hg, 1) B pesysbrare mepexojia K 4-TuCTHOMY
HAKPBITHIO HAaJ OTOOpazxkKeHmeM ( M XapaKTepPUCTHIECKOe OTOOparKeHue
& L”H?Lk — K(Z/2,1) B pesy/ibrare KOMIOZHIMHA K/IACCUPUIMPYIONIErO
orobpaxenue (e ¢ orobpakennem (16).

IIpennoxxenue 8. Ilpednoroscum, wmo Dy—ochawennoe noepystcerue
(g,n, ¥), npedcmasasowee snemenm uz epynno, ImmP*(n—2k, 2k), aescum
6 obpase 20momopPusma

O - Imm® (n — k, k) — ImmP*(n — 2k, 2k).
Toz0a cnpasedaiusa dopmyaa:

(= (L) = (@)= [N =25)). (18)

HdokazarenscTBo IIpennoxxenns 8

Ilyctb g : N2 o5 R"™ — morpyxkenme ¢ Djocmamennem ¥ u c
XapaKTepHcTHIecKIM KiaaccoMm 7 @ N"°2¢ — K (Dy, 1), npeacrapisiomee
snement u3 ImmPi(n — 2k,2k) u3 obpasa d;. Ilycts L™ **-amoroobpasme
JBYKPATHBIX TOYEK caMollepecedenus Iorpyzenus g, h : L7 4 a5 R
napamerpusyoniee norpyzkenne, L' — ["~* ganonnueckoe nBysamcrHoe
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HaKpHTHE. PaccmoTpmM ofpas dymaaMenTambroro Kmacca h,([L"4]) €
H,_4(N"2%,7./2) npu unorpyxenuu h : L"* a5 N"2¢ y oGoznaunm
gepes m € H*(N"2k:Z/2)-xoromonorndecknii Kaacc, ABOHCTBEHHBII
B cMpicie Ilyamkape kmaccy romosormit h.([L"~%*]). PaccmorpmM Taxske
KOPOMOJIOPHYECKHI 9HIepOB KIacC HOPMAJBHOTO PACCIOCHHsI MOrPYZKEeHHs
g, KOTopHIit 0bo3HaImM depes e € H2H(N"=2F,7,/2).

[To Teopeme Iepbepra (cm. |E-G|, Teopema 1.1) cupaseymsa dopmyJia
(6). OGosnaumm uepes & € H*(N77**; Z/2), m € H* (N[ **; Z/2) — o6passi
KOIIUKJIOB €, 1M COOTBETCTBEHHO IMPHU KaHOHWYECKOM JBYJIUCTHOM HaKPbBITUN
]\_fs"f_% — N™2* CnpaBenimba Takxke GopMyJIa:

g =1m,
B YaCTHOCTH, CIIpaBe/TiBa bopmy.ia:

(7Y~ s NG ™)) = ()"~ [N ™). (19)

Mpasas  wacts  dopmymst  (19)  pasma  ho*(JP4([g,n, ¥])). Dro
XapaKTePUCTUYECKOE YUCIO B CHJIY KOMMYTATHBHOCTH Jjuarpammvbl  (7)
cosmamaer ¢ hpt([g,n, 9]) = ((7%)"~2%; [N"=2¥]) B npasoii wactn dopmymsr
(18). IlockombKy XapakTepucTmdeckne Kiaacchl (¥ : I_,Zf_‘““ — K(Z/2,1) n
nsf | L,; COBIAJAIOT, JIeBas 9acTh dbopmysnst (19) paBHa XapaKTepUCTHIECKOMY
ancay ((C*F)"=%; [Ly**]) us nesoit wactn dopmyant (18). Ipemioxenne 8
JIOKA3aHO.

2 Jloka3aTeJIbCTBO OCHOBHOII TeOpeMbI

[Tepedopmynupyem Ocuoryio Teopewmy.

Teopema 9. Ipu |l > 6 comomopdusm ho—>_g : Imm*/(3-2!7247,2!72-8) —
7.2, zadannwii Onpedeaenuem 3, mpusuaie.

BeiBog Ocunosaoro Caencrsus u3 Teopemsbr 9

Pacemorpiy romomopdmsm J 0 Imm*f (n—1,1) — Imm?/(3-2!7247, 2172 —
8). Cornacuo Ilpemtoxenmo 4, hy = hy-2_g o J*/. IlycTh smement B rpymme
Imm?/(n — 1,1) npeacrasnen norpyxkernem f : M" 1 & R™ w(M) = k.
Buauenne hy(J*/(f)), rae k = 2!72 — 8, coBmajiaer ¢ XapaKTepHCTHUECKUM
anciom (71 [M™1)). Ucnoansya Teopemy 9, mosyuaem rpebyemoe.

Jlna nokazarenbcTBa Teopembr 9 moTpeOyIOTCst BBECTH JIONOJTHUTEIbHBIE
omnpeiesieHust 1 0003HAYCHUSI.
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Onpenenenune noarpynno I; C I, C Dy, I, C Dy

Ob6oznaanm wepes I, =C D, mukandyeckyo mnoarpyuiy mopsijaka 4
WHJeKCa 2, CoJeprKallylo HeTpuBMajbHBIE 3jleMeHThl a,a’,a® € Dy (T.e.
MOPOKIEHHY 0 TIPE0OPAa30BaAHIEM TIOBOPOTA, MEHSIOIINM KOOPIHHATHBIE OCH ).
O6o3naunm uepe3 Iy C I, — moarpymmy ¢ HeTpPUBHAIBHBIM 3JEMEHTOM
a® ( npeobpasosanue nenTpasbHoll cummerpun). Obosnauum uepes I, C
D, — noarpynmy ¢ obpasytomumu a?, ab (npeobpazosanue CHMMETpPUU
OTHOCHTEJIHLHO GUCCEKTPUCCHI TIePBOH KOODIMHATHO YeTBepTH ).
Omnpegenenel roMoMOpdU3MBI BKJIIOUeHHS HOATPYNI: iq, : lg C 1,
tgp © Iy C I,. B caydae, ecoim obpa3 coBmamaer co Beeit rpymmoit Dy
COOTBETCTBYIONIUI MHJIEKC HPU rOMOMOP(dU3Max BKJIIOYEHUN OIYyCKAETCS:
idZIdCD4,iaIIaCD4,iblIbCD4.

Ompesenenne NOATPYNIEI iq, : Q, C Z/2F

Oboznaunm depe3 Q, — rpymnmy KBaTePHHOHOB TOpsiAKa 8. DTa Tpymmna
samana kompejacrasiennem {i,j, k|ij = k = —ji,jk = i = —kj ki =
j = —ik,i? = j> = k¥ = —1}. Onpegeseno cranjapTHoe IpejcTaBleHue
X+ : Qo — SO(4). lpeacrasienne X1 (Marpuna JefcTByeT ¢JieBa Ha BEKTOP-
cToJI6e1r) MePeBOIUT eJMHUIHbIe KBATEPHUOHHI 1, j, K B MarTpuib!

0 -1 0 0
1 0 0 0
00 0 —1 | (20)
00 1 0
0 0 -1 0
00 0 1
10 0 o0 | (21)
0 -1 0 0
00 0 -1
00 -1 0
01 0 0 (22)
10 0 0

VkazamHoe IpejicTaB/IeHue onpe ie/iger noarpynmy iq, : Q. C Z/2P¥ C O(4).
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Omnpenenenne noarpynno I; C I, C Q,

Ob6o3maunM 4Yepe3 iy I, C o« — IEHTPAJBHYIO MOArPYIIY B
vaa

KBATEePHUOHHOW TpyIIe, KOTOPasi OKa3bIBAETCS TaKyKe IEHTPAJbHOW W BO
Beeit rpymme 7 /2.

Obo3HaunM Uepes iy : I, C Q, —moarpyuny B KBaTepHUOHHO IpyIIIe

a:Qa )

HMOPOK/IEHHYI0 KOMILJIEKCHBIM KBATEPHUOHOM 1.

Onpeiesienbl Takzke roMoMopdusMbl BKIOUenus iy, : 1y C Z/ 2031, iQ

Q, C Z/2V

Omnpenenenne 10. Crpykrypuoe oroGpaxenue 1 : N 28 — K(Dy, 1)
HA3bIBAETCS IUKJIMIECKAM, €CJIU OHO SIBJISIETCS KOMIIO3UIHEH HEKOTOPOTO
orobpaxenus ji, : N"2¢ — K(I,,1) n sxmodenns i, : K(I,,1) C K(Dy,1).

Ompegnenenne 11. Crpykrypnoe orobpaxkenue ¢ : L' — K(7/201 1)
Ha3bIBA€TCA KBATEPHUOHHbLIM, €CJIM OHO dBJIACTCA KOMHOSI/IILI/IGP’I HEKOTOPOro

orobpazkenus A, : L' — K(Q,, 1) u Brmouenns K(Q,,1) C K(Z/2B] 1).

Humxke wnamM morpebyercd KOHCTPYKIHSA IPOCTPAHCTB DilieHOepra-
Maxkmneiina K(I,,1), K(Q,,1) u omncanne KOHEUHOMEPHBIX OCTOBOB 3THX
IPOCTPAHCTB, KOTOPOE Mbl HalOMHMM. PaccmorpuM OecKOHEeYHOMEPHYIO
cdepy S (310 cTATEBaEMOe MPOCTPAHCTBO), KOTOPAs ONPEIEsIeTcsi Kak
IpgMOil  1pejiesl OECKOHEYHOIlI IeIMOYKH BJIOXKEHHIl CTaHJapTHBIX cdep
HEYEeTHOI pa3MEepHOCTH,

S®=1lim (S'cS*c...cs¥tcs¥ttc... ).
[Ipu stom S#¥~1 ompenenserca no dopmyne S¥~1 = {(z1,...,2;) €
Cl|lza ] + -+ + |,zj]2 = 1}. Hyers i(z21,...,25) = (iz1,...,1z;). Tem cambim,

upocrpanctso S¥ /i caymur (2§ — 1)-MepHBIM OCTOBOM IIPOCTPAHCTBA
S /i, koropeiii HaszpiBaercs (2j — 1)-MEPHBIM JIMH30BBIM MPOCTPAHCTBOM
uay Z/4. Camo npoctpancTBo S /i siBjisiercst mpocTpancTBoM Dilenbepra-
Maxkseiina K (I, 1).

Ompegennv npoctpanctBo K (Qg, 1). PaccMoTpum GeCKOHETHOMEDHYO
cdepy S (910 CTArEBaEMOE HPOCTPAHCTBO), KOTOPAs ONPEIEJIeTCst Kak
npsMoit pejies1 6eCKOHEIHON MENOYKU BJIOYKEeHU cTaHapTHhIX cdep:

S® =lim (S?cS"c-..cSVtcsVtic. .. ).
—

Omnpesienieno noxoopaunarnoe jeiicrsue Q, X (C?)7 — (C?)7 na kaxiom
npsimoM caaraemom C? B coorsercrsun ¢ dpopmytamu 20, 21, 22. Tem cambim,
npocrpanctso SY71/Q, cayxur (45 — 1)-MepHBIM OCTOBOM HPOCTPAHCTBA,
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S>*/Q, u maswiBaercst (4j — 1)-MepHBIM JIMH30BBIM MPOCTPAHCTBOM HAJ
Q.. Camo npocrpancTso S®/Q, siBIsercs UPOCTPAHCTBOM Diljaenbepra-
Makseitna K(Qq, 1).

Onpeznenenne xapakTepUCTH4YeCKOro 4ucaa hy,,

[TycTh B IpeanoaoKeHun n > 2k Ha MHOIOOOPA3HU TOUEK CAMOIEpeCedeHust
N""2F  CKONIeHHO-OCHAIIEHHOIO IIOIPYZKEHHsI OIPEJIEJeHO IIPOU3BOJILHOE
orobpakenne i, : N"2%* — K(I,,1). OnpegeanM XapaKTepuCTHIECKOE
qucsio hy, , mo dopmyse:

Ry = (s [N 24), (23)
e g - NZ]_% —  K(I;;1) — ;aByIMCTHOE HAKPBIBAIOIIEE HA
orobpazkenmem i, : N2 — K(I,,1), unaynmupoBanHOe HaKPBHITHEM

K(41) — K(,,1), x € H"*(K(I4,1);Z/2) — obpasyromas, [N" 2]
— dbynmamenTanpublil Kaace Moroobpasug N 2% (Mmoroo6pasme N2k
COBIAMACT € KAHOHHYECKHM 2-THCTHHIM Hakpbipatommy N"" 2 ecin
cTpyKTypHOe otobpazxenue 17 : N" 28 — K(Dy, 1) ap/isercs nMKIM4ecKuM. )

Onpenenenne XxapaKTepPUCTUIECKOTO IHUCaA Ny, k

[lycts B mpemmooxkennn n > 4k Ha MHOrOOOpa3UH TOUEK CaMOIIEpPeCedeHHs
L' D, 0oCHAIIEHHOTO  IOIPY’KEHHS  ONpPEIeJeHO  IPOH3BOJBHOE
orobpazenue \, : L"™* — K(Q,,1). Oupejieium XapakrepucTuieckoe
quciio hy, , 1o dopmyie:

Pk = (Aqy; [Lal), (24)

re y € H"*(K(H,,1);Z/2) - obpasyiomas, A\, : L' — K(H,, 1) - 4-
JIMCTHOE HAKPBITHE HAJ, OTOOPasKEHUEM \,, WHIYIUPOBAHHOE U3 HAKPBITUS
K(H,1) — K(Q1), [L- dyngamenrambubiii Kaacc MHOTOOGpasus
Ln=*. (Muoroobpaszne L' ** me coBmagaer ¢ KaAHOHHIECKUM 4-THCTHBIM
raxpbiBatormuM L4 ecim cTpykTypHOe oToGpaykenme ( He aBiseTcs
KBATePHHOHHBIM.) Tae A, : L' % — K(H,,1) — 4-7TuCTHOe HAaKpLITHE
Haj oTobpaxkenmem ), @ L' * — K(Q,,1), nuIynapoBanHOe HAKDPBHITHEM
K(Q.1) — K(Q1), yv € H"*(K(H1);Z/2) - obpasyomas,
[Ln=4] — dbynaaventaapubii Kaace mMaoroobpasusa L4, (Muoroo6pasme
L% copnanaer ¢ KamommyecknM A4-mmcTHbIM HakpbisaommM Ly ',
ecm cTpyKTypHOe orobpaxenme ( : L' — K(Z/2Bl 1) asasercs
KBATEDHUOHHDIM. )
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Jlemmvma 12. Jlaa npoussosvH020 CKOWEHHO-OCHAUWEHHOZ0 N02PYHCEHUA
(f : M™% o R" k,Z) ¢ mmnozoobpasuem camonepeceuenus N"2F daa
KOMOopo20 Kaaccudpuyupyrouee omobpastcerue 17 HOPMANLHO20 PACCAOCHUS
0KA3DIBALTNCA YUKAUMECKUM, CNPABEAUBO PABEHCINGO

hk(f7 R, E) - hua,kn

20e Tapaxmepucmuueckoe YUCAO 6 NPasot YACmuU BbiYUCAEHO OAA MAK020
0MOOPANCEHUSA [bg, YMO 1) = 1q O [, tq : Ly C Dy.

JokazareascTBo Jlemmbr 12

PaccMOTpEM  IBYTHCTHOe HakpweITHe f[i, : NP 28—  K(Iz 1) maz
orobpaxenuem ji, : N" % — K(I, 1), unjyugpoBaHHOE JBYJIMCTHBIM
nakpbituem K (I4 1) — K(I,,1) wax npocrpancTBOM—00pa3om

orobpaxkenus. [locko/ibKy CTPYKTypHOE OTOOparKeHwe 1)  SBJISIETCS
IUKIA9eCKIM, MHOroobpasme N" 2% copmamaer ¢  KaHOHHYCCKHM
JBYIMCTHBIM HakpbiBalommM N" 2% Ham MHOrooGpasmeM caMolepecedeHus
N"2% porpyxennsi f. JlokasaTeibCrBO JeMMbl BbiTeKaeT u3 Jlemmbr 7,
MOCKOJIBKY OTOOpaKeHusl f[i, U 1) COBIAJAIOT U XaPAKTEPUCTUIECKOE YUCJIO
Iy, 1 BBIMHCIISIETCST KAK B JI€BOiT uacTu paBercTsa (12).

Jlemma 13. Jlas npoussosvrozo Dy—ochawennozo noepyscenus (g
N2k o5 R" W) ¢ mnoz006pasuem camonepecenenus LV, das
Komopoz2o kaaccugpuyupyrowee omobpasicerue  HOPMANLHO20 PACCAOEHUS
0KA3DIBACTNCA KEAMEPHUOHHBIM, CNPAEEIAUBO DABEHCNEO

hi(g, 1, W) = ha, ks

2de TapaxmepucmuMeckoe “UcA0 6 NPasoti “acmu GbIMUCAEHO 0AA MAK020
omobpasicenus N, wmo ¢ =i, 0 Ag, iq 1 Qq C Z/2B.

JokazareascTrBo Jlemmbr 13

PaccMorpum  4-muetHOE  HakpeITHE )\, : LP% — K(Hy 1) wmaz
orobpazkenuem ), : L" % — K(Q,, 1), ungymupoBanHoe 4-IHCTHBIM
makpoituem K (Q.,1) —  K(Q,,1) Haxg wnpocrpancTBOM—00pa3om
orobpazkeHus. IIOCKOJIbKY —CTPYKTypHOe oOTOOpazkeHune (  SABJISETCH
KBATePHHOHHLIM, MHOroobpasme L7 *F copmamaer ¢ kamommdecknM 4-
JIUCTHBIM HAKPBIBAIOIIAM E;‘JZ % Ha, T MHOTOOGpA3HEM TOUEK CAMOTIepecedeH st

L"=* porpy:xenus ¢. Jloka3aTeabCTBO JTeMMBI BEITeKaeT 3 I1peioxkennd 8,
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IOCKOJIBKY OTOOpaskeHud \, 1 (*/ coBIamzaloT m XapaKTepUCTHUECKOe THCIIO
h, r BBIUUCIHETCH 110 OTOOpPAyKEHUIO A, KaK B 1IPAaBOil 4acTu DaBEHCTBA

(18).

Onpenenenne 14. Ilycte N"?)  —  mHOroo6pasme JIBYKDATHBIX
TOYEK CaMoIepecedeHnsl CKOIIEHHO-OCHAIEHHOTO morpyxenus (f, =, k)
B npegmnosoxenun, uro f : M"F 95 R"™ — porpyxenne obiero

nojoxkenud. CKazkeM, 4YTO 3TO CKOIICHHO-OCHAIICHHOE IOrPYZKeHue
JOMYCKaeT IUKJINIECKYI0 CTPYKTYPY, €CJIM CyIIeCTBYeT OTOOpaskeHue
fa © N 2% — K(I,,1) (upm sTom, BoobmIe roBops, KaaccudbHIupyomee
OoTOOpazKeHne 1) MUKJAYECKHM He  [PEJANOJAraeTcsd) Takoe, — dTo

h#a,k = hk(f7 =, K)‘

IIpumep 15. U3 Jlemmbr 10 BbITeKaer, 49TO eciau Kjaccuduuupyiomiee
oToOparkKeHue 1) ABJISETC MUKJINIECKUM, TO MUKJIUIECKYIO CTPYKTYPY MOYKHO
3a7aTh oToOpazKkenneM i, : N" 2 — K (I,,1), tae igop, =1, iq : K(I4,1) C
K(Dy,1).

Onpenenenne 16. Ilycts L' * MHOroobpasme IBYKDATHBIX TOYEK

camonepeceuenns Dy-ocuanennoro norpyzkenus (¢, U, n) B npeiooxennn,
uyro g : N" 2 95 R"-norpyzxenue obmero nojoxenns. CKazkeM, 4TO 3TO
D, —ocnamennoe morpyzkeHne JIOMyCKaeT KBATEPHUOHHYIO CTPYKTYPY, €Can
cymecTByeT oTobpazkenne A, : L% — K(Q,, 1) (mpu 3T0M, BooGIIe ToBopH,
KyiaccuduIupyomee orobpaxkenne ( IUKIAICCKAM He MPEeNoIaraeTcs)
Takoe, 410 hy, . = hi(g, ¥, 7).

IIpumep 17. U3 Jlemmbr 11 BoITeKaeT, 9TO ecju CTPYKTYPHOE OTOOparkeHue
( siBJIsIeTCSI KBATEPHUOHHBIM, TO KBATEPHUOHHYIO CTPYKTYPY MOYKHO 33/1aTh
orobpazkenueMm A, : L"* — K(Q,, 1), rae ig, o \a = (, ig, : K(Qq,1) C
K(zZ/28)1).

Ham  norpebyercst  chopmy/impoBarh  HOHATHE — HUK/JIUYECKOH
KBATEPHUOHHOW CTPYKTYp 0€3 IMPEanoIOKeHUsT O TOM, 9TO OTOOparKeHus

f: M™% — R g : N" 2  R" gpugiorca norpyzKenusymu. Meor
chopMmyaupyeM HeoOXOAUMOe OIpejeeHne B MHUHHUMAJIbHON OOIIHOCTH
B mpeamonoxennn M"F = RP"F NnT o = Gn=2R /i Jtak, mycTb

d: RP"F — R” gpistercst raKuM 0TOOPazKeHHeM OOIIEro 10JI0KeHNUSI.
Paccmorpum KondurypannoHHOe MPOCTPAHCTBO

(RP"% x RP"™*\ Agpn-s)/T", (25)
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KOTOpOe TakyKe Ha3blBaeTcs "B3pesanublii kBaapar' mpocrpamcrsa RP™F.
DT0 HPOCTPAHCTBO 1OJIYYEHO IyTeM (DAKTOPU3ALME LHPSIMOIO HPOU3BEIeHMs
6e3 gmaronasn no uusosmonmu 17 : RP"F x RP" % — RP"F x RP"
[IePeCTaBILAIONIell KOOpAMHATEI. llocTpoeHHOEe MPOCTPAHCTBO — SIBJISETCS
OTKPBITBIM MHOTI'0OOOpa3HEM.

Ompe e TIM IPOCTPAHCTBO 1) Kak cepruueckoe pasayTue IpOCTPAHCTBA
RP™k x RPn* \ 2giag B Okpecrnocru Jjuaronansu. Cdepuueckum
pasayTHeM Ha3bIBAETCs MHOrooOpasme ¢ KpaeMm, KOTOPOe OIpPeIeeHO B
pesyabTaTe KOMTAKTHMUKAIMT OTKPHITOr0 MAEOr00Opazns RP™F x RP™=F \
Ydiag TOCPEJICTBOM IOCTOHHOrO BKJIemBaHUA c10eB chepusamun ST'Y g4
KacaTeJbHOTO paccaoeHusd 1'% g,y B OKPECTHOCTH HYJI€il CJI0eB HOPMATBHOIO
PacC/I0eHus AUATOHAIN Lgiqq C RP"* x RP" % Oupesesiens! ecrecTBeHHbIE
BKJIIOYCHMUSI:

RP™™F x RP" ™%\ %40, C T,
STEdiag C F[}-

Ha mpocrpancrse Iy ompemesena cBoGoxHast wuHBOTONHSA 1"
[y — Ty, xoropas ompemeseHa Kak MPOJOJZKEHHe WHBOIIONNH 1.
®akToprpocTpancTtso 1o/T" obosmadaerca depes g, a COOTBETCTBYIOIIEE
JIBYJIUCTHOE HAKPBITHE Yepe3

pFo . Fo/T/ — Fo.

IIpocrpancrso [’y gBisieTcs MHOrooOGpasmeM ¢ KpaeM U OHO HAa3bIBAeTCs
IPOCTPAHCTBOM — Pa3AyTus  KOH(MUTYPAIMOHHOTO —TpocTpancTBa  (25).
Oupesiesiena npoeknus par, : Oy — RP" % 910 orobpaskenne orobpazkenue
HA3bIBAETCST Pa3peleHneM JTHaroHaIu.

s npousBobHOTO oTobpaykenuss d onpejeaeHo npocrpanctso N (d)
TOYEK camoliepecedenns oTobpaxkenus d mo dopmy.ie:

N(d) = Cl{([z,y]) € int(Lo) : y # z.d(y) = d(x)}. (26)

[To reopeme TTopreyca [Por| B mpemnonoxenun o ToM, 4To oTOOpazkeHue d
obrero mooxkenus, npocTpancTBo N (d) gBaseTcst MHOrOOGpasneM ¢ Kpaem
pazmeproctu n — 2k. D10 MHOroobpasue obozHaunm uepes N 2F(d) u
HA30BEM MHOTO00OPa3neM TOUeK camorepecedenus: oroopazkenus d. [Ipu sTom
dbopmyna (26) omnpesessger BioKeHHe MHOrooOpasuii ¢ Kpaem:

ing) : (N"*(d),ON""**(d)) C (I, L).

Kpait ON""2*(d) mmuoroobpasus N"2*(d) masmiBaercs mmoroobpasmem
paspelieHnil KpUTHYeCKHX TOodeK orobpazkenus d. OrTobpazkenue por, ©

22



ioN(d)|on() ON"2(d) C 0Ty — RP"™* masmBaerca oTOGparKeHmeM
paspelennst 0cobeHHocTeil orodpazkeHusi d, 0003HAYUM ITO OTOOPaArKEHHE
qepes resg : ON(d) — RP"*. Oupeneneno xkanonmdeckoe IBYJIUCTHOE
HAKPBITHE

PN@) N(d)n—Qk‘ N N(d)n—Zk’ (27)
pasperBaennoe Haja kKpaem ON(d)"?* (mag sTHM KpaeM HaKpBITHe
apastercst quddeomopduzmom). TIpu sToM creyomnas JuarpaMma sBJIsieTCst
KOMMYTaTHUBHOI:

iney : (N"29(d),ON™2*(d)) < (T, 00)

N INE) 1 pry

in : (N"725(d),ON"=(d)) C (I, 0l).

Omnpenenenne cTpyKTypHOTO oTobparkenns 7y : N"*(d) — K(Dy, 1)

Onpenesium  orobpazkenue nr, : LI'g — K(Dy4,1), Koropoe Ha30BEM
0 Y )
CTPYKTYPHBIM  OoToOpaykenmem  "B3pesanHoro ksajapara'. 3Samernm,
yro BKJIOYeHme [y C RP"* x RP"* umgyunpyer wusomopduzm
dyHIaMEeHTAJIbHBIX I'PYII, T.K. KOpPa3MepHOCTb gauaroHaan Apgpn-r C
RP" % x RP"* paBua n — k > 3. CieoBaTebHO, CIIPABEINBO PABEHCTBO
7

mi(Lo) = Hi(To; 2/2) = Z/2 & Z/2. (28)

L () —
H,(T¢;Z/2). 3Bamermm, dTO 9TOT  aBTOMOPMU3M  He  sBJIsAETCS
ToXkKIecTBeHHbIM. 3acdurcupyem mzomopdusm rpymn Hy(Tg;Z/2) wu 1,
IpU KOTOPOM 06pa3ytoliasi mepBoro (COOTBETCTBEHHO, BTOPOTO) CJIAraeMOro
rpymmsr Hy(To;Z/2) (em. (28)) mepexonut B obpasyiomyio ab € I, C Dy
(coorBercTBenno, ba € I, C Dy), KoTopas B CTAHIAPTHOM MpeICTABICHUN
D, ounpegenena npeobpa3zoBaHueM CHUMMETPUU OTHOCHTEJIBHO —BTOPOii
(coOTBETCTBEHHO, TIEPBOIi) KOOPIMHATHOI OCH.

Paccmorpum  unaynuposannbiii  apromopgusm 71

Jlerko mpoBepuTh, YTO aBTOMOPGMU3M BHEITHETO COMPSAZKEHUS HOATPYIIIIHI
I. C Dy nasmement b € Dy )\ I, (B 910t bopmysie ssemenT b MOXKHO BBIGpATH
IIPOU3BOMBHBIM), ompeeenubit dopmytoit © +— brb~! mepexoaur npu
nocrpoennoM uzomopdusme B apromopdusm 1., OynpamMeHTaabHas TPy,
71(Ty) sBasiercs kBagpaTnaneiy pacmupenuem rpymisr 71 (L) mocpeacTsom
sjieMenTa b, U 9TO pPACHIMpPEHue OJHO3HAYHO C TOYHOCTHIO JI0 H30MOpdu3Ma
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onpenensiercss apromopdusmom 1), Tlosromy m1(Fg) =~ Dy u, 3uauwr,
oupe/ieseHo orobpazenue nr, : g — K(Dy, 1).

HeTpyano npoBepuTh, 9TO OTOOparKeHue Nr,|or, MPUHAMAET 3HAMCHUS
B noxanpocrpanctee K (I, 1) C K(Dy,1). Orobpaxenue 7nr, HHIyIUPYeT
orobpaxkenne 17y : (N(d),0ON(d)) — (K(Dg4,1),K(I;,1)), koropoe
HA30BEM CTPYKTYPHBIM OTOOpazkeHumeM. TakzKe HeTpyIHO HPOBEPHUTD,
aro  romorommueckmii  kimace xommosmmun ON(d) —-  K(I, 1) 2
K(I;,1) coBnagaer ¢ XapaKTepUCTHYECKHM OTODPayKEHHEM K O TeSy
ON(d) — RP"* — K(I4,1), KoTOpoe sIBIACTCS KOMIIO3UINHE OTOOPAsKEHNs
paspemtenna ocobennocteil resy : ON(d)" "2 — RP"* u Bnokenus ocropa
RP"* c K(I4,1) B k1accubumupyiomee TpoCTPAHCTEO.

Onpeneisienne MUKJANYECKON CTPYKTYpPbI AJd OTOOpakeHus d
RP"~* — R™ ¢ 0cOBEHHOCTHIO

[Iycts d : RP"* — R" kycouno-immeitnoe oToOpazkKenme O0BIIEro
MOJIOYKEHUsI, BOOOIE TOBOps, WMepInee Kpurudeckwme touku, k = 0
(mod 2). Ilycts Muoroobpasue N 2*(d), Boobime roBops, ¢ HEIyCTBIM Kpaem
ON"2%(d), cay»KuT MHOrOOOpPA3HEM TOUEK CAMOTIEPeCedeHns OTOOPAKeHHs
d. Orobpaxenne fion@ :@ (N"2M(d),ON"2*(d)) — (K(I,,1),K(I4,1))
Ha3bIBAETCs IUK/JIMYECKOIl CTPYKTypoil orobpakeHus d, eciam [ig N(d)
Y/IOBJIETBOPSIET KPAEBOMY YCJIOBHIO:

:UJa,N(d)|8N”*2k(d) = (iq 0 “)|8N(d)» (29)
rie k @ RP"* — K(I;1) — knaccudunupyiomee oTobpazkeHne st
obpasyrolero Kjuacca koromojoruii, i, 1 K(I5,1) C K(I,,1) — oro6paxenue
KIaccupuIUpyOmuX  OPOCTPAHCTB,  HHAYHUPOBAHHOE  BKJIOYCHHEM

HOATPYNI %q4 : Iy C I, , KpoMe TOro, BEIIOJIHEHO yCIOBUE
(t () (1); [N"72(d), ON" 2 (d)]) = 1, (30)

e t € H"(K(I,,1),K(I4,1);Z/2) — npousBoibHBIA  Kjace
KOTOMOJIOTH#I, KOTOPHIN IMepexoauT B 00pa3ylonuii K/jacCc KOTOMOJIOTHI
B rpymme H" 2%(K(1,,1);7Z/2) npun HHIYIEPOBAHHOM TOMOMOPQI3ME

J* : H" 28 (K(1,,1), K(14,1);Z/2) — H" 2% (K(1,,1);Z)2),
[N"=2k(d),ON"~?*(d)] ~ orHocHTenbHBIH  byHIAMeHTATLHLIH MUK
MHOI000pa3usi.

[Tycts ¢ : S”*Qk/i — R" gpasiercd raagKuM OTOOParKeHueM OOIIEero
[IOJIOZKCHU .
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PaccemorpuMm KoH(bUTYpamonHoe TpoCTPaHCTBO

(8" /i x S [i\ Agn-a) /T, (31)
KOTOPOE  TakKyKe  Ha3blBaeTcd  "'B3pe3aHHbiil  KBajapar"  JIMH30BOTO
npocrpanctea  S"2F /i, DTO  NPOCTPAHCTBO  TOJYYEHO  MyTeM

dakTopusanuu MPAMOTO TPOU3BeAeHNs 0e3 auaroHaJ v 10 WHBOJIIOINAH
T S™2k [i x Sn=2k /i — Sn=2k /i x S72k /i mepecTaBagiomeii KOOpIHHATHL.
[TocTpoeHHOE IIPOCTPAHCTBO ABISETCA OTKPBITHIM MHOTOOOPA3HEM.

OmpeiesuM IpocTPaHCTBO 11 Kak cepruueckoe pasiyTue IpOCTPAHCTBA
Sn=2k /i x S"2k /i \ Agn-2x B okpectHoctn amaronamu. Cdpepudecknm
pa3jyTHeM Ha3bIBaeTCd MHOroobpashe ¢ KpaeM, KOTOPOe OIpee/eHO B
pesyabTaTe KOMIAKTHhUKAINE OTKPBITOro MEOroobpasma S™~2F /ix §n2k /i\
Ydiag TOCPEICTBOM IIOCTOHHOTO BKIemBaHHs caoeB cdepusamun ST g
KaCcaTeTbHOTO paccaoeHns 1,y B OKPECTHOCTH HyJI€il CT0eB HOPMATBLHOIO
PaCCIOeHUsl TUATOHAIN Ygiqg C S7=2k ¢ §"=2F  OupeesieHbl eCTeCTBEHHBIE
BKJIIOYEHUA:

Sn—2k % Sn—?k‘ \ Zdiag C 1:‘1’
STEdmg C Fl.

Ha mupocrpancree I'; ompejenena coGogmas wuHBOIIONMA 1’
[y — T, Koropasg ompejeqeHa KaK MPOIOIKeHHe wuHBoTONMH 1.
®axropupocrpanctso ['1/T' obosnadaercs 4epes ['1, a COOTBETCTBYyIOIIEE
JBYJMCTHOE HaKPBITHE Yepe3

prl . f‘l/T/ — Fl.

[IpoctpanctBo I'y siBisiercss MHOTOOOpasweM ¢ KpaeM W OHO Ha3bIBAETCS
IPOCTPAHCTBOM  Pa3fAyTus  KOH(MUIYPAIUMOHHOrO —mpocTpancrBa  (31).
Ompesenena mpoekmua por, : OI1 — S"2)/i, 310 orobpaxkenme
oroOparkeHune Ha3bIBAETCs Pa3pelleHueM JIMaroHaJIu.

It mpOM3BOIBHOTO OTOOPAXKEeHHsl ¢ ONpeJeNeH0 npocTpancTso L(c)
TOYEK camoliepecedenusi 0TobpakeHus ¢ 1o gopmy.ie:

L(c) = Cl{([z,y]) € int(T"1) : y # x,c(y) = c(z)}. (32)

[To Teopeme Tlopreyca [Por| B mpe/noioxkennu o TOM, 9TO 0TOOpaKeHUe
¢ OBIIEero MOJIOKEeHUsT, TPOCTPAHCTBO L(c¢) ABIsSeTC MHOTOOOpAa3ueM ¢ Kpaem
pasmeproctu n — 4k. Dro muoroobpasme obosznaumm uepes L' 4*(c) u
HA30BEM MHOTOOOpa3neM TOYeK camorepecedenust orobpazkenus c. [Ipu sTom
dbopmyna (32) oupesessger BioKeHHe MHOrooOpasuii ¢ Kpaem:

ir(e) : (L"*(c),0L"*(c)) C (I, 0I).
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Kpait OL" % (c) mmoroo6pasmsa L"*(c) maspiBaeTcs mmorooGpasmem
paspeneHuii Kpuruieckux Touek orobpaxenus c. OrobparxkeHue psr, ©
ior(e)|one @ OL"*(c) C o1 — S"2!/i naswiBaercss oTOGparKeHueMm
paspelieHnss 0CO0eHHOCTel OTOOparkeHusd ¢, 0DO3HAYUM 3TO O0TOOparKeHHe
wepes resp : OL(c) — S"?*/i. Oupeseneno KaHOHUYECKOe JIBYJIHCTHOE
HAKDBITHE

PLie) - E(c)"*‘”g — L(c)"*A‘k, (33)

passeTBaeHHoe Han Kpaem OL(c)"*; mam sTEM KpaeM HaKpBITHe
apiisiercs Jquddeomopduszmom. [Ipu arom ciejytomas juarpaMma saBJIseTcs
KOMMYTaTUBHOM:

inge : (L"*(c),0L"*(c)) < (', 0T1)

l PL(c) l Pry

i) (L (c),0L"*(c)) C (Iy,0I").

Omnpenenenne noarpynnst H C Z/ 23]

Paccmorpum npoctpanctso R? ¢ 6asucom (e, e, es, es). Bekropa Gasuca
VZI00HO OTOXKJIECTBUTH ¢ Oa3uCHBIME enHnIHbIME KBaTepanonamu (1,1, j, k),
YTO WHOI/IA OyIeT HCIOJb30BAThbCs, T.K. IIO3BOJUT YIPOCTUTH (DOPMYJIBI
HEKOTOPBIX IpeoOpaszoBanuii. OnpeaenM TOArPYIIILY

Hc 7/28 (34)

KaK MOJIPYIIY MpeoOpa30BaHuil, Tpeodpa30BaHuii CIeIYIOMUX JIBYX THIIOB:

— B KaxI0il wiockoctu (€1 = 1,ey = i), (e3 = j,eq4 = k) gonyckaercs
(B3aMMHO He3aBHCHMBbIE) [peobpa30BaHusi, KpPATHbIE yMHOXKEHHIO Ha
kBarepunon i. [loarpynmy Bcex Takmx mpeoOpa3oBaHuii 0603HAYNM dYepes
H., sro moarpynna uzomopdua Z/4 & Z/4.

— mpeobpa3oBaHue, MepecTaB/IsIoNiee MeKIY coO0i OHOBPEMEHHO Tapy
Oa3ucHBIX BEKTOPOB €, = 1 u €3 = j u mapy Oa3UCHBIX BEKTOPOB € = i u
e, = k, coxpansig ux namnpassenus. O603Had9uM 3T0 1peodpa30BaHUe Yepes
t € H,.

Jlerko mpoBeputb, uTo cama rpynma H umeer mopsaok 32 u gB/sgeTcs
noarpymmnoit H C Z/2P unnekca 4.
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Onpepenenne noarpynnst H, C H u moromopdusma i, 51 : I, C H.

Omnpenemum romomopdusm Braodennd iy, i : I, C H, koTopslil nepesogur
obpazyromryio rpymnnsl I, B mpeobpa3oBaHune yMHOYKE€HWSI Ha KBAaTEPHUOH
i, JeiicTByIOlee OJHOBPEMEHHO B Kaxkjoll miaockoctu (e; = 1,ey = i),
(e3 = j,eqs = k). Onpenenum noarpynny H, C H kak cymmy noarpymnmst
1,1 ¢ I, € H n noarpynnsl, nopoxjennoit oopasyroueit t € H. Jlerko
poBepuTh, 9T0 cama rpymnna Hy mmeer mopsigok 16 m m3omopdHa rpyiime
Z/4 & 7Z/2. Toarpynna H, C H umeer ungekc 2. Oupejenenbl Takxke

romoMopdu3M BKAOYeHud i1 g, - 1, C H, moarpynn m romomopdusm
a,tlp

11q,H,
npoeknuu p, 1, - Hy — I, Takme, uro romomopdusm xkomnozunun I, —

PH, Io
H, —' I, aBiasieTcsa TOXIeCTBEHHBIM.

Omnpegesienne CTpyKTypHoro otobpaxkenns ( : L™ %(¢) — K(H, 1)

Ompegennm  orobpazkenme (r, : Iy — K(H,1), xoropoe Ha3oBem
CTPYKTYPHBIM  oToOpazkeHmeMm  "B3pe3aHHoro ksazapara'. 3amernm,
uro Brmouenne 11 C  S"H/i x S"%/i umaynupyer wusomopdusm
byHIaMeHTaIBHBIX TPYII, T.K. KOPA3MEPHOCTh AuaroHain Agn-zi; C
Sn2k /i x Sn=2F /i pasna n — 2k > 3. CupaBeqIMBO PaBeHCTRO:

m(0y) = Hy(T1;Z/4) = Z/A D Z/4. (35)
Pacemorpum  nnaynuposannbiii apromopdusm 1) H\(T;Z/4) —
H,(I'1;Z/4). 3Bamermm, 49rto 310oT  aBTOMOpGhU3M  HE  ABJISETCS

ToxecTBennbiM.  Sadukcupyem monomopdusm  rpyun  Hi(Dy;Z/4) B
rpynny H,., npu Koropom ob6pasyroiias nepBoro (COOTBETCTBEHHO, BTOPOTO)
cnaraemoro rpymmsi Hy(T1;7Z/2) (em. (35)) mepexommt B 00pasyioniyo,
KOTOpas B CTAHJAPTHOM mpejcrasiennn moarpymnst H, ¢ H C Z/2P)
OmpejieieHa YMHOXKEHHeM Ha KBATePHUOH 1 B JByMepHO# miockoctn (1,1)
(coorBercTBenno, B minockoctu (j,K)) M HENOABUKHO B JONOJTHUTENLHON
ILJIOCKOCTH.

Jlerko mpoBepuTh, YTO ABTOMOP(U3M BHEIITHETO COTPSAZKEHUST IO PYIITHI
H. C H na upoussoibubii saement b € H \ H., onpenenennbiit
dopmymoit © >  brb~!, mepexomiMT TpPH HOCTPOEHHOM M30MOP(hU3IME
35 B asromopduzm T,. Dynmamentanvhas rpynma 7p(['1) aBasgercs
KBapaTuaHpiM pacumpenneM rpymnsl 71 (1) mocpemcrsom ajementa b, u
9TO PaCIHIUPeHre OJHO3HATHO C TOYHOCTHIO 0 H30MOPGU3MA, OIPE/IE/ISTeTCSI
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asromopdusmom T, Tlosromy m(['1) =~ H wu, 3HAUUT, ompeeIeHO
orobpazkenue (r, : 'y — K(H,1).

Herpyano nposeputh, 4To oToOpakenue (r,|sr, NPUHUMAET 3HAMCHUS
B nomupocrpancree K (Hy, 1) € K(H,1). Orobpazxkenue (r, HHIAYIHDPYET
orobpaxenme ¢ : (L"*(c),0L"*(c)) — (K(H,1), K(Hy, 1)), xoTopoe
HA30BeM CTPYKTYPHBIM OTOOpazKeHueM. Tak:Ke HeTPYIHO MPOBEPUTH, UTO

. _ ¢ PH, .1
romoronudeckuii Kiaace komnosunun 0L (c) — K(H,, 1) —=" K(I,,1)
coBmajgaer ¢ orobpaxenmem 17 o res. : OL"%(¢) — SPH/i

K(I,, 1), koropoe onpee/sierTcs: Kak KOMIIO3UIIHsI 0TOOPAaKEHUsT Pa3peIeHust
ocobennocteit res, : OL(c)" 2k — S"=2% /i u proxenns octopa 1 : S" 2 /i C
K(I,,1) B knaccuduupyoiiee mpocTpaHCTBO.

Onpenesienne KBATEPHUOHHOW CTPYKTypbl JJis OTOOparKeHus ¢ :
S"=2k /i — R™ ¢ 0co6eHHOCTHIO

[Iycts ¢ : S"%/i — R" Kycoumo-muHeiiHOe OTOOpazKeHme OOIIEro
OJIOKEHUsI, BOOOIE TOBOps, uMelee Kpurndeckue touku, k = 0
(mod 2). ITycts MuoTOOGpasne L™ **(c), Boobuie roBopsi, ¢ HEIYCTHIM Kpaem
OL" 4 (¢) apasercs MHOrOOGpa3HeM TOYEK caMOMepecedeHus 0TOOPasKeHns
c. Orobpamenne Mg p) @ (L"*(c),0L"*(c)) — (K(H,1),K(H,,1))
HA3BIBAETCS IUKINIECKOil CTPYKTYypOH OTOOparkeHHs ¢, €CHH  AgL(c)
VIOBIETBOPSIET KPACBOMY YCIOBHIO:

/\a,L(c)|8L”*4k(c) = (iHbaIa O )\a7L(C))|6Ln74k(C), (36)

rae n : S"2* — K(I,,1) — xapakTepucTiieckoe 0TobpaskeHne o0pasyIomero
KJacca  KOroMmoJioruii  (BKJIOUeHWe ocToBa B KJaccHbUIEPYIOIee
npocrpancTtso), i@, K(I,,1) C  K(H, 1)- orobpaxkenne
KIaCCU(PUIUPYIONUX — IPOCTPAHCTB, HHIYIUPOBAHHOE TI'OMOMOPMU3IMOM
BKJIO4enust iy, 1, - I, C Hy 1, kpome Toro, Bbl1o/IHEHO ycjioBHE:

Moo (1) [L"H (), 0L (c)]) = 1, (37)

e t € H"(K(Q41),K(I,,1);Z/2) — §Opom3BombHBIH Kaace
KOT'OMOJIOTH#, KOTOPBIN IepexojuT B 00pa3ylomuili KJjacc KOTIOMOJIOTH
B rpyme H" %% (K(Q,,1);7Z/2) npu WHIyIXPOBAHHOM TOMOMOPQU3ME

7 H™(K(Qu1),K(1,,1);2/2) —  H" % (K(Q,,1);Z/2),
[L"%*(c),0L"*(c)] ~ orHocuTenbHBIH  DyHJAMEHTATLHBIH UK
MHOT000pa3us.

Caenytomume aBe JIeMMbl HEOOXOIMMBI JJIsi TPOBEPKH KOPPEKTHOCTH
OllpeJle/ICHUI [TUKJINYECKON U KBATePHUOHHON CTPYKTYPHI.
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Jlemma 18. Xapaxmepucmuueckoe wucao, onpedeseHnoe €80T HaACMBbIO
dopmyave  (30), we sasucum om ewbopa Kaacca Kozomoaoeul t €
H" (K (1,,1), K(I4,1);Z/2), das womopozo j*(t) € H" (K (1,,1);Z/2)
ABAALTNCA 00PA3YIOULUM KAGCCOM.

Jlemma 19. Xapaxmepucmuueckoe wucao, onpedeserHnoe €80T HaACMBIO
dopmyave  (37), we zasucum om ewbopa Kaacca Kozomoaoeull t €
H" (K (Qqu, 1), K(I,,1);Z/2), das xomopozo j*(t) € H" (K (Q,,1);Z/2)
ABAAEMCA 00PA3YIOULUM KAGCCOM.

dokazareascTBo Jlemmbr 18

Heitcreurensuo, npu apyrom Beibope t' momydawum, uro t — ' € Imo*
H" 21 (K(14,1);Z/2) — H"?*(K(1,,1), K(14,1); Z/2)). CnenosaTemnsHo,
kmace vt — phna®) € HYTPR(NTTR(d), ONTTR(d); Z/2))
HOJlydeH B pesyJbrarTe IPUMEHeHUs KOIPAHMYHOIO roMomopdusmMa
5 - Hn—2k—l<aNn—2k(d); Z/Q) N Hn_Qk(Nn_2k(d), aNn—2k<d); Z/Q) K
nexoropomy siaeventy r = pui(q), tne ¢ € H" N K(I4,1);Z/2) —
obpasyromuii Kaace Koromosoruii. Teneps 3amernm, 9T0 ToMoMOpdhu3M

(Han@lon@)®  H WK (1g,1);Z2/2) — H' Y (ON"**(d); Z/2)

SIBJISIETCSI  TPUBUAJIBHBIM. J[JIsT 3TOro JjoKakem, 4YTO TOJIMHOrOOOpasue
ON"=2%(d) C RP"~* npexcrapager myesoit roMosormaeckuii kiace. Mexonsa
U3 TeOMETPHUYCCKOTO CMBICIA XapaKTepUCTHUYecKux Kiaaccos lllTudens-
Yurnu (cm. [M-S|, naparpad 12), kaace [ON""2%(d)] € H,, o1 (RP" %, Z/2)
JIBOMCTBEHHEH B CMbicje IlyaHKape XapaKTepUCTHUYECKOMY  KJIACCY
Wiy (RP"F)  1lltudensa-Yuran HOpMaIbHOTO paccaoenus Ham RP™F,
IOCKOJIbKY ABJISETCS KJIACCOM TOMOJIOTH, MPEIIATCTBYIOIUM K II0CTPOCHUIO
PeIyKIHU CTaOMIBHOTO HOPMAJILHOTO PACCIOCHHS 3TOrO MHOTOOOpa3Hd 10

HOPMAJILHOIO pacciioenusi pasmepuocru k. Benomunm, uro n = 20 — 1,
IIO9TOMY  CaMblii  CcTapmuil  XapaKTepPUCTUYECKUH  KJacc w*(]RP”_k)
(HopMasbHOTO paccioenusi) uveerT pazmeprocTh k u Wi (RP"F) = 0
(Hanpumep, B mpocreiimenm ciaydae n = 4, k = 1 noayuum wo(RP?) = 0.)

JlemMma 18 mokasaHa.

JTokazareabeTBo JlemMMbr 19 ana/JIoruano u omyckaeTcs.

[Mycts d : RP"* — R" — Kycouno-immeitnoe oTOOparKeHHe OOIIETO
nonoxkenns, (N""2(d),0N""2*(d)) — wmmoroobpasume ¢ KpaeMm IBOMHBLIX
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TOUeK camMomepecedeHns: oroopazkenunsa d. [lycTth 3amanHO OTOOpazKeHme
fan@ @ (N"72¢(d),0N""*(d)) — (K(I,, 1), K(I41)), yaosrersopsioliee
rparndsOMy ycaosuio (29). Ham morpebyercst Kpurepuii mpoBepK# TOro, 910
0TOOPAKeHUe [iq N(q) YAOBIeTBOpger ycaosuio (30).

PaccmoTpuM ABy/IHCTHOE HAKPBITHE

Pa : Ny 72H(d) — N"7(a), (38)
HHAYTHUPOBAHHOE U3 YHHUBEPCAJbHOI'O ABYJIHCTHOI'O HAKPBITHA
K(Iz1) — K(I,,1) (39)

KJ1aCCUUIUPYIOMUX IIPOCTPAHCTB OTOOpaxKeHueM [l N(d) : IV n=2k(d) —
K(I,,1). TlockoabKy BBINOJHEHO TpaHuvHOe ycaoBue (29), orpaHudeHue
nakpoiTua (38) na kpait ON"2¥(d) okasbiBaeTcs TPHBUAIBHBIM JIBY/IHCTHBIM
HaKpbITHEM. 3aMeTHM, 4YTO B CJIydae, KOTjJa CTPYKTYPHOE OTOOparKeHue
n: N"2(d) — K(Dy, 1) sBasercs nukandecknm, Hakpeitue (38) copmagaer
¢ KAHOHUYECKUM JIBYJIMCTHBIM HAKPBITHEM, OIpe/ e eHHbIM hopMyJtoit (27).

Paccmorpum — orobpamenue o n@a : N"H(d), — K1)
HAKPBIBAIOIMX IPOCTPAHCTB, KOTOPOE JIBYJIMCTHO HAKPHIBAET OTOOparKeHHe
fan@ : N"?(d) — K(I,,1) upu asymucraeix nakperrusx (38), (39)
HaJ[ TPo0OPa30oM 1 00pPa30M OTOOPAIKEHUS [lq N(d)- OTPeenM 3aMKHyTOe
MHEOroobpasme R" 2 kak pesyabrar mogKIeiKu K Muoroo6pasmo N 2¢(d),
mwmaapa O"~2¢ gpymmermoro makpwitma ON""H(d), —  ON"T2k(d)
Biosb obmero kpas ON""2¢(d), = 0C" 2. Oupenenum orobpazkenue
pp o R* —  K(I;1) kak pesyinTar CKJeHKH OTOGparKeHmus
fia : N""2(d), — K(I4,1) ¢ orobpaskenmem

“alaNn—Qk(d)a
—

o 29 9N (d), K(I41),

rie pc : C"?* — ON"2%(d), — mpoeknusa TEIMHApa HA OCHOBAHHE.
OyHIaMeHTATBHBIH UK MHOT00Opasusa R~ oGosnaunm wepes [R)].

Jemma 20. /Jlaa omobpasicenus fian@ : (N"72%(d),ON""%*(d)) —
(K(1,,1), K(I14,1)) pasercmeo (30) sxsusarenmmuo momy, Kiacc 20Moa02ul

L ([RY2]) € Hy o (K (14,1);Z/2)

ABAAELMCA 00PA3YIOULUM.
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okazareascTBo Jlemmbr 20

3 rpanwasoro ycsosust (29) BbITeKaer, YTO KJACC T[OMOJIOTHIA
N ([ON"2#(d)]) B rpymne H,_op_1(K(I4,1);Z/2) pasen nymo (cwm.
SKBUBAJIEHTHOE yTBEpXKJEHHe I KJACCOB Koromosoruii B Jlemme 18).
[Iycts W2k ymoroobpasme ¢ xpaem W™ 2% = GN"2*(d). Obozmadamm

qgepes3
o Wk K(I4,1) (40)

CUHTYJISPHBIIT OTHOCUTEIbHBIN UK/, OCYHIIECTB/ISIONINI TOMOJIOTHIO HYJIIO
CHHLYJIAPHOTO KA Q|gwn-20 =  fla N(d)|onn—2k(@) B HOAIPOCTPAHCTBE
K(I;1) C K(I,,1).

O6pa3 ¢yHIaMEeHTaTBbHOrO KJIACCA MPH OTOOPAaYKeHHN (fiqn(d) Us ©)
N™2k(d) Uy W2k — K(1,,1) obosnauum uepes x € H, o (K(1,,1);Z/2).
OueBuyiHO, uTO NpH JI06OM BbIGOpPe OoTHOCHTE/NbHOrO IuK/aa (40) ycaoBue
(30), mepedopMynIupoBaHHOE JJIsi COOTBETCTBYIONUX AOCOTIOTHBIX KJIACCOB
TOMOJIOTH, COCTOMT B TOM, 9TO Kjacc romosoruit © € H,,_op(K(1,,1);Z/2)
SIBJISIETCST OOPA3YIOIIIM.

PaccMOTpUM JBYJIUCTHOE HAKPBITHE fg N(d) Ug @ @ N2 (d), U W2 —
K(I4,1) nan orobpazkeHnem fig n(d) Us @, WHIYIMPOBAHHOE M3 HAKDPBITHS
K(I4,1) — K(I,,1) Hag nIpocTpaHCTBOM-00Pa30M OTOOPAZKEHHS [iq, N (d) Ua ©-
O6pa3 dyHIaMeHTaIbHOr0 KJIacca IIPU 3TOM 0TOOparkeHuu 0003HAUUM 1depes
T € Hy ok (K(Iy,1);Z/2). Dnement T siByistercst 06pa3yroleii, TOraa u TOJIbKO
TOrJIa, KOUJA T sBJIdeTcs 00pa3yoiiei.

C apyroit CTOpPOHBI, KJIACC TOMOJIOTHI I MpeACTaBIeH 00pa3oM
dbyHIaMenTaIbHOr0 Kjacca npu orobpaskemmm pup : RV — K(Ig1).
JlemMma 20 mokasama.

[ycts ¢ : S 2%/i — R™ — kycouno-mmeitHoe 0TOOpaskeHme OBIIETO
nonoxkenns, (L"*(c),0L"**(c)) — wmmoroobpasme ¢ KpaeM IBOMHBIX
TOYEK CaMOIepecedeHns oToOpaxkeHuda c¢. IIycTh 3aJaHHO OTOOpazKeHHe
Aane © (L"%(c),0L"*(c)) — (K(Qq, 1), K(1,,1)), yaosnersopsioniee
rpanuuroMy ycaouio (36). Ham nmorpeGyercst Kpurepuii npoBepku TOro, 4ro
0TOOpaKeHNe Ay 1(c) Y/IOBIETBODsieT ypaBHeHuio (37).

PaccMOTpuM IBYTHCTHOE HAKPBITHE

Da - EZ_4k(c) — L”_4k(c), (41)
UH/IyIIPOBAHHOE U3 YHUBEPCATLHOTO JABYJINCTHOTO HAKPBLITHS
K(I,,1) — K(Qg,1) (42)
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K/1aCCUDUIUPYIOMUX MTPOCTPAHCTB OTOOPasKeHUeM Ag 1(c) : L) —
K(Qg,1). TlockonbKy BBINOJIHEHO TpanudHoe ycjaosume (29), orpanmvenue
nakpuitus (41) ma xpait L™ (c) okaspiBaeTCs TPUBHATBLHBIM JBYIUCTHBIM
HAKpBITHEM. 3aMEeTHM, YTO B CJydae, KOrJa CTPYKTYpHOe oToOpazKeHue ( :
L% (¢) — K(Z/2P) 1) apnsgerca mukimdeckum, nakpeitie (41) copmanaer
¢ KAHOHUYIECKUM JIBYJTUCTHBIM HAKDBITHEM, OIpejieeHHbIM hopmyioit (33).

Pacemorpum otobpazkenue g ro) @ L *(c), — K (I,, 1) nakpoisatomux
IPOCTPAHCTB, KOTOPOe [BYJIHCTHO HAKDBIBAET OTOOPAKEHHE g L (c)
L% () — K(Qu,1) npu asymmctabix Haxperruax  (41), (42) wman
npoobpa3oM M 00pa3soM OTOOpazKeHUsd Agr(). ONpejeauMm 3aMKHyToe
MuorooGpasme R4 xak pesymprar mogkieiiknm kK mmuoroobpasmio L™ (c),
mmnapa C" 4 gpynucrnoro makpeitus 0LV 4*(c), — 0L (c) Broan
obmmero kpas OL" % (c), = C"*. Oupenenum orobpakenne g : R4 —
K(I4,1) Kak pesyibTar cKJIeiiKi 0ToOpaKkenust A () : L™ *(c), — K(I,,1)
¢ oTobpazKeHHeM

)\alginfélk(c)a
—

Ccn 25 9L (c), K(I,,1),
rie poc : C"*% — 9L"*(c), — mpoexkmmsa UUIEHApPA Ha OCHOBAHIE.
n—4k b,

QynmaMeHTaIbHBI UK MHOTOOOpa3usa [ obosHaunM 4epes [R).

Jlemma 21. Jas omobpasicenus Agre) :  (L"*(c),0L"*(c)) —
(K(Qa, 1), K(1,,1)) pasencmeo (37) sxeusanrenmmo momy, Kiacc 20M002ul

AL ([R]) € Hy4u(K(Qq,1);Z/2)
ABAACTNCA 00PA3YIOULUM.

okazarenberBo Jlemmbr 21 anajioruyno joxasaresbeTBy Jlemmbr 20 u
OITyCKAeTCsl.

IIpennoxkenne 22. I[lpu k = 0 (mod2), k& > 8, npoussosvhuil
anemenm epynno. Imm® (n — k, k) npedemasaen crowenmo—ocnausennvim
nozpyocenuem (f, Kk, Z), 00nyckaOWUM GUKAUNECKYIO CMPYKMYDPY 6 CMBLCAE
Onpedeaerusn 10.

IIpengioxkenune 23. Ilpu k = 0 (mod 2), 10k — 1 > n, k > 8§,
npouseoavrviti anemenm epynnv. ImmP4(n — 2k, 2k), aesrcawuti 6 obpase
eomomoppusma 6 : Imms(n — k, k) — ImmPt(n — 2k, 2k), npedcmasaen
D, -ocnawennvm nozpyscenuem (g,n, V), donyckarowum keamepHuoHHyI0
cmpyrmypy 6 cmoicae Onpedeserus 11.
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JokazatenbcTBo [Ipemmoxkennit 22, 23 oCHOBBIBaeTCS Ha CJIEICTBUN
CJIEJYIONIEr0  HPWHIKIA  IJIOTHOCTH — HOJIIPOCTPAHCTBA  HOI'PYKEHU
B IIPOCTPAHCTBE HENPEPBIBHBIX OTOOPAaXKEHUIT € KOMIIAKTHO-OTKPBITOM
ronosorueii, M. |Gr, npemnoxenue 1.2.2 |.

IIpepnoxxkeume 24. Ilycmv fo : M 3 N zaadkoe nozpyscenue mercdy
3AMKEHYMBMY  MHO2000pa3UAMUY, NPUYEM MHo2000pasue N  chabrcero
mempurot b u dim(M) < dim(N). IIyemv g : M — N wnenpepuetoe
omobpastcenue, 2omomonnoe nozpyscenuto fo. Toeda Ve > 0 natidemes
noepyoscenue [ M G N, peeyaapno 2omomonmnoe mnozpystcenuro [,
oas komopozo dist(g; f)co < € 6 mempuke npocmparcmea omobpascerudl,
uHdyuuposantot mempurod b.

Ham moTpebyerca caemyiomiee ciejgctpue [Ipeamoxenns 24.

CaenctBue 25. [lycmo (f',k,Z') — npoussosvhoe crowenno-ocrausenmoe
nozpyoicenue, 20e f: M"F o R, npedcmasasiowee sremenm [(f, k,Z')] €
Imm® (n — k, k) u nyemo fi : M™% — R" — npouseoavroe nenpepuisoe
omobpasicerue. Tozda 0as Npoudeovrozo (ckoav y200Hmo manoeo) € > 0
cyuwecmeyem crowenno-ocnauennoe noepysicenue (f,k, =), 2de f: M™% g
R™ — noepystcenue mozo sce MH02000pa3us, NPeOCMASAAIOULAA MOM HCE
anemenm [(f',k,Z")] € Imm®/ (n — k, k), npuuem evinoareno ycrosue

dist(f1; f) < e. (43)

HokazarenbctBo Caeacreug 25

[To nmpeaioxkenuto 24 CymecTByeT MOrpyzkenme [, peryaspHO-rOMOTONHOE
f' s koroporo BbimosiHeHO yeiaoBue (43). PeryisipHas romMoTonust
CKOLIeHHO-OCHAIEHHOTO  MOTPYXKeHUs  IIPOJOJZKACTCA  JI0  PeryJIdpHOil
rOMOTOIINM B KJIACCE CKOMICHHO-OCHAINEHHBIX NOrpyzKeHmii. Ilostomy f
SBJIFETCH CKOIeHHO-OCHaIIeHHbIM 1 dsementol [(f/, k, 2], [(f, k, Z)] paBubi.
CaejcrBue 25 goKa3aHo.

Hawm rak:ke morpebyercst caenyomasi Jemma (OcnoBras Jlemwma),
JI0KA3aTeJIbCTBO KOTOPOH MPOBOIUTCST B Pasjese 3.

JIemma 26. IIpu k = 0 (mod 2), k > 8, cywecmeyem kycouno-aunelinoe
omobpasicenue d : RP"F — R"™ (¢ ocobernnocmuvio) obusezo norodicerus,
donycraroujee YUKAUMECKYIO CMPYKMYPY.
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BruiBog IIpeanoxxkeung 22 u3 Jlemmsbl 26

Paccmorpum orobpaxkenne d : RP"* — R" mnocrpoennoe B Jlemme
26. PaccMOTpEM  MpPOW3BOILHBIN 3mement rpynmsi  Imm® (n — k, k),
IpeJCTaBAeHHbIl morpy:kemmeM f' : M™% 9 R"™ co CKOIEHHBIM

ocramenuem (k,Z'). PaccMoTpnM XapakTepucTudaeckmii Kiace k @ M™% —
RP"* 310ro CKOLIEHHOIO OCHAIIEHHS U PACCMOTPUM OTOOpazkeHme fi :
M™% — R", onpenerennoe kax kommosumus f; = d o k. ObozHauEM
yepe3 £ MOJIOXKUTETbHOE YHCJIO, MHOTO MeEHbBIee PaJIuyca HEKOTOPOi
peryasapHoit oxkpectHocTH Up(gy mnommsapa N(d) (mommuorooGpasust c
0CODEHHOCTSIME) TOYEK caMorepecedenus: oroopazkenus: d. O603HAUNM Yepes3
gn@ : N(d) + R" napamerpusyioliee LOIDyKEHHE LOIHIAPA TOUEK
camoriepeceuenust. Bocrosbsyemes: CorecrBuem 25 1 OIpeieIuM CKOIIEHHO-
ocHaleHHOe Torpyxkenne f : M"F 95 R™, npescraBisioliee HCXOIHbIIH
snement [(f’, k,Z')] u mpu 3T0M Takoe, 4TO BBHIIOJHEHO yciaoBue (43).

Pacemorpum MHOroo6pasue N™ 2% togek caMomepecedeHns MOTPYy KeHUS
f, ompenenennoe mo dopmyire (2). OupeneneHo TOrpyXKeHue ¢
N"=2k 95 R"™ Mnoroo6pasue N"2¢ npencraBum B BHIE 00beIHHEHHS
JBYX 10AMHOroobpasnit N 2F = Z;Zl% U Nﬁ_% 1o o0Ieil JacTu TPAHUIHI
8ny;l% = GNI’Z_% . Bece st Mmuoroodpasus ¢ KpaeM OLpeIeauM Jajiee.

Jlng mpocTorhl 0003HAYEHHH IMPEIIOI0KAM, YTO PAIUYC PEryJspHOI
TIOTPY?KeHHOH OKPeCTHOCTH MOTPYZKeHHs MHOTooOpasma ¢ KpaeM N" 2¢(d)
TOYEK camolepecedernst 0Tobpakenus d (Biaju 0T KPUTHYECKUX 3HAYCHUIA
5TOT0 OTOOpaskenus T.e. Kpas ON""2*(d)), pasuyc peryaspHoii morpy AKenHoi
OKPECTHOCTH TIOTPY KEHNsI, OJIYUYeHHOrO OTPaHuYeHneM 0ToOpaskeHnst d BHe
PEryJISspHOil OKPECTHOCTH KPUTUYECKUX TOUEK U PAIUYC CAMON peryispHOi
BJIOZKEHHOI OKPECTHOCTH KPUTHYECKUX 3HAUeHUil orobpazkeHus d paBHBI €.
O6osnauum ykasaunbie okpectnocTr Yepes Un(q) Ug, Usn(g) COOTBETCTBEHHO.
Ormpe reium Ng/jk KaK MaKCHUMaJIbHOE IOJMHOroobpa3ue ¢ KpaeM,
9TOOBI 06pas g(NZ/;fk) JIeKaJl B PEryJIsiPHOI TOrPYKEHHOi £-0KPEeCTHOCTH
TOYEK caMolepecedenns orobpaxkeHus d. DTO O3HAYAET, YTO CYIIECTBYET
BJIOZKEHHE C’;‘Ijk C Un¢(q), KOTOpOE IpH KOMIIO3UIUH C HapaMeTPH3YOIIHM
HOIPYZKeHHeM OKPECTHOCTH MepPeXOIUT B OCPAHHYEHHE IIOIPYKeHH

MHOroobpa3usi  camolepecedyeHusi Ha 3TO  1nojiMHOroobpasume. Jlerko
onpexesmts orobpaxenne (NZZF ONL ) —  (N"72(d), ON"2(d)),
IpH KOTOPOM IIpo00pa3 Kazk/I0i TOYKH COCTOUT U3 Maphl TOYEK, 00pPa3bl
KOTOPBIX IPU OTOOpasKeHNH Kk £-0m3ku Ha RP™F,

Onpenennm NI’Z’% KaK OCTABIIYIOCS YacThb MHOroobpasusa N 2¢ o6pas
KOTOPOIi 11pu 0TOOpazKeHU! ¢ PACIIOJIOKeH B OKpecTHOCTH Uy (1Orpy 2KeHHOIH)
MHOKECTBA DeryJisipHbIX 3HadeHuil orobparkenus d (BbIIIe Mbl HPUBEJH

onpejgesienue AJjid aHaJOTHIHOI'O CJIy‘{aFI) WA BO BJIO?KEHHOM OKpPeCTHOCTHU
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Uan(a)-

IIpesiosiozkum, uro norpyzxenue g : N 2K qu R™ rpancsepcasibHO BIOJIb
OUp(ay- Torma obmas rpanuna 8N3;12k = 8Nﬁ_2k MOTPY7KEeHa B I'DAHUILY
peryngpHoil okpectHOCTH Upn(a)-

Muoroobpazue N~ 2% cnab:KkeHO XapaKTePUCTHUECKUM OTOOpazKeHHeM
ny @ N2 K(Dy,1). Jlerko mpoBepuTh, UTO XapaKTEePUCTHIECKOE
oroOpazkeHue 7y, OIPAHUYEHHOE Ha I10JIMHOI000pasue Nﬁf% C N2k,
roMoTorHo orobpazxkenuto B noanpocrpancrso K (I, 1) C K (Dy, 1).

Crpykryproe oroGpazkenue Ny g : N 2*(d) — K(Dy, 1) npogoszxaercs
¢ N""2(d) no orobparenns Myw * Una — K(Dy,1). Tlpu stom
orpaHmvenue Nu,y., : Uon@ — K(Dy4,1) roMoTonuo oTOOpayKeHUIo B
uoupocrpancrso K (I, 1) C K(Dy,1).

Herpysno upoBepuTh, YTO XapaKTEPUCTUIECKOEe OTODparkKeHwe 1)y
N2 — K(Dy, 1), orpannuennoe Ha TOAMHOTOOOpas3ne NC’ZZI% OIIpeIeIeHO
KaK OrpaHHYeHHe CTPYKTYPHOTO OTOOpazKeHU Ny (d) : Un@) — K (D4, 1),
IOCKOJIBKY g(NC’;;l%) 71exuT B Un(q).

[To ycroBuio ompeaeneHa IMUKIAYECKAs CTPYKTypa OoToOpakeHus d. ITa
CTPYKTypa OLpejesieHa 0ToOpazkeHueM [,y : (N""2(d), ON""2*(d)) —
(K(I4,1), K(I4,1)). Orobpakenne [iq n(q) TPOSOIZKAETCS JIO0 OTOODAZKEHHsI
Pa Uy - (Un(y, Usni) — (K(I,,1),K(I4,1)). Ilpu sTom u3 ycioBus
(30) BBITeKAaeT, WTO OTOODPAMEHUS oy g |Usn B NMUpy TOMOTOIHBI.
XapakTepucTuIecKoe 0TOOpazkeHue Ny (f)|N.,qcN(f) Ngjk — K(Dy,1)
MHJ[YIIUPOBAHO CTPYKTYPHBIM OTOODazKeHueMm 1y, HPU BKIIOYEHHHH

ny;l% C Un(a)- Crenosarensno, oToOpazkeHns Nyt M TNy, MOZKHO CKJIEHTD
B 07HO oTobpazkenne (i, : N 2F — K (I,,1).

JIoKazkeM, 9TO OTOOparKeHHe (i, ONpPeIeIdeT MUKJINYECKYI0 CTPYKTYPY
s (f,k,Z) B cmbicae Omnpegenenns 10. Paccmorpum  oToGpazkenue
MHOro00pasuii ¢ Kpaem, KOTOPOe OIPEIeasieTCst KOMIIO3UIUeH BKJIIOYEHUsI
U TPOEKIUH PEryJIAPHOl OKPECTHOCTH Ha IEHTPAJbHOE MOJAMHOrooOpasme:
F i (N, ONa) & (Unia, Usw) — (N"725(d), ON""2%(d)). U
9JIEMEHTAPHBIX eOMETPHYECKUX COOOPAaKEHHil BBITEKAET, UYTO 3T CTEHEeHb
TOr0 OTOOpAKEHHs COBIAJAAET CO CTEIeHbI0 OTobpaxkenusa k @ M™F —
RP"* Te. ¢ h(f,Z,k). C Apyroit CTOPOHBI, XapaKTePHCTHYECKOe THCIO
hy, ks mocanranuoe 1o dopmyie (23), Bbluucisiercss Kak crenenb deg(F')
orobpaxkenus F. JlokazaresibcTBo Boitekaer u3 Jlemmbr 20 u pasencrsa (30).

[Tpetoxkenne 22 moKa3aHo.

Jlemma 27. IIpu k = 0 (mod 2), n < 10k — 1, k > 8, cywecmeyem
Kycouno-aunetinoe omobpasicenue = ST /i — R™ (c ocobernnocmuvio)
00we20 NoA0IHCENUA, DONYCKAIOULEE KEAMEPHUOHHYIO CINPYKINYPY.
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JokazarenbeTBo JleMMbl (27) aHATIOTHYHO JOKA3aTeabCTBY Jlemmbl (26),
OHO TaKzKe MPOBOJIUTCS B pasjieie 3.

BreiBoa IIpennoxxkenus 23 u3 Jlemmbr 27

Paccmorpum  ckorieHHo-OCHaIeHHOe norpyzxkenue (f, k,Z), Takoe, dTO
5([(f,x,2)]) = [(g1 : N*2¢ & R" n, ¥)] npeacrapigeT JaHHLIH 371eMeHT
w3 rpymmst ImmPi(n — 2k, 2k). Ilo Ilpeamoxenmio 22, He OrpaHHIHBAL
OBIIHOCTH, MOXKHO CYHTATh, 4TO morpyxkenme f : M"F 9 R"™ nomyckaer
UMKJIMYECKYI0 CTPYKTYpy. Paccmorpum orobpazkenne ¢ : S""2/i — R",
nocrpoennoe B Jlemmve (27) u paccmorpum morpyzkenme g : N" 2% g5 R™,
ompejiesieHHOe B pe3ysbraTe nmpuMenenus [Ipeanoxenus 22 K 0ToOpazKeHUIO
KOMIIO3HITHH C O fi, : N"72F — Sn=2k /i - R™,

Paccyxmag mo amamormm c¢ JgokKa3aTedbcTBOM lIpenmoxkenns 22,
3aKJII0YAEM, 4TO Olpeje/leHa KBAaTePHUOHHAs CTPYKTypa D 4—OCHAIIEeHHOro
norpyxenus [(g,n, ¥)]. TIpemanoxenune 23 goka3ano.

HokazarennrcTBo Teopemsr 9

PaccmorpuMm  ckorieHHO-OCHaIeHHOe norpyzxkenue (f, k,Z), Takoe, dTO
S([(f,r,2)]) = [(g : N2 o R"nU)| npeicrapisger J1aHHbI
saement w3 rpymmer ImmPt(n — 2k,2k). Bocmoassyemca Ilpenmorkernent
23 u upexacraBum sgevent [(g,n, V)] Dy—ocnamennbim  norpyxenuem,
JIOIYCKAIOIIUM KBATePHUOHHYIO CTPYKTYPY.

Bribepem HarypanbHOe 3Hadenwe k takum, uro n — 4k = 31, k >
8, 9TO BO3MOMKHO B mpejamosioxenun n > 63. Ob6ozmaunm depes L3
MHOr00Gpasne caMOIepecedeHs MOrPyKeHns ¢. PaccMOTpuM 0TOGpazkeHue
Ao @ L3 — 831/Q,, koropoe 3ajaer KBATePHMOHHYIO CTDYKTYPY s
(9,m, V) n nocrpoeno B Ipeanoxkennn 23. TIpeanosokum, 9To A, ABIAETCS
TpaHCBepCATBLHBIM BI0JIb moaMuoroobpasna S7/Q, C S31/Q,. Pacemorpnm
B MHOT00Opasnn L3 mogmuoroobpasne K7 C L3!, onpenenennoe mo dopiyiie
K™= X\;1(S7/i). Onupemenm ¢ = \,| .

JlokazkeM, 9T0 MHOT00Opasne K’ mMeeT HOpMaTbHOE pacCIoeHme 6™y .
Paccioenne Yy mnan K(Qg, 1) mmeer pasmMepHOCTH 4 U OUPENENCHO B
navase paszgena 4. HopmanbHoe paccioenme vy m30MOpdHO pacCI0CHHIO
kC*w, rie w : E(w) — K(Z/2P,1)- xanonnueckoe 4-mepHOe pacc/ioeHmue,
ompesesiennoe B pasjere 4 mepes Ipennoxkenuem 42, ¢ : L3 — K(Z/28) 1)
—  XapaKTEepPHCTHYECKOe OTOOpaskeHHe, KIACCH(PUIUPYIONIee HOPMATLHOE
pacciioenue Muoroobpasus L3L,

Jlerko mpoBepuTh, uT0 kK = ”T_l —T7u k=0 (mod 8). ITo Ilpeioxkenuto
42 3akmouaeM, 9To paccaoenne vy | rpusnansno. Hopmanbhoe paccioenue
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MHOroo6pasus K’ mzomopdno cymme YuTHHU paccaoenuit 6%y @ vy|k. W3-
38 TPUBHAJBHOCTH BTOPOTO CJIATAEMOr0 MOJIyduM Tpedyembrit n30Mopdu3m
vk = 6% x.

[lo pa3sMepHOCTHBIM COOOpaKeHUsiM, He OrpaHHYUBag OOIIHOCTH, 0Opa3
oTobpazKeHus \,|x Jexut B ocrose S°/Q, C S3!1/Q,. Ilo Ilpentoxennio 41
crenenb deg(\,|k) werna. Iockonbky deg(p) = deg(N\|x) = deg(N,) = hy u
he = h(f, K, Z), noayuum h(f, k,Z) = 0. Teopema 9 nokazana.

3 OcHOBHOI1I Tall JOKa3aTeJIbCTBA

B »stoMm pasmene Bce oTOOpaxKeHHST W MHOTOOOpAa3us MPeIInoaraioTcs
KYCOYHO-JIMHEHTHBIMH, €CJIM CHENHAJIbHO HE OTOBOPEHO YCJIOBUE TIJIA/IKOCTH.

Omnpenenenne orobpaxkennd d : RP" % — R”

O6o3uaunm yepes Jy crangaprayio (n—k)—-mepHyto cdepy kopasmepHocTu k,
k=0 (mod 8), k > 0, koTopas moJydeHa B pe3y/abrare IKOHA "‘T’““
kommii oxpyzxHOCcTH S'. OGO3HAUNM cTamgapTHOe Bioxkenue Jy B R" depes
1y - Jo C R”.

Onpejesieno orobpazxkenue p' : S"% — Jy, Koropoe mnosydaercs B
pesyibTaTe B3sSTHA JKOHA T Konwmii cranjapTHhX Hakpuituii S' — S1/i.
CrangapTnoe geiictsue Z/4 x S™% — S"F xoMMmyTupyer ¢ oTo6pazKeHIeM
p'. Tem caMbIM, ompejeseno oTobpazenue p : S™%/i — Jy m orobpakenne
p : RP"* — J) Kak KOMIO3HIMS CTAHJAPTHOTO JBYIHCTHOTO HAKDBITHS
7 RP"k — S§nF /i ¢ oroGpaxenuem p.

Pacemorpum kommosummio iy, o p : S"F/i — J; — R", xoropymo
MBI 0DO3HAYUM 4epe3 ¢, U MPHUBEJIEM ITO OTOOparKeHue B OTOOparKeHue d
obero mosoxkenns Magoii d-gedpopmanueii (i, o p) — d (KAKyO HMEHHO
e opMaIuio 1 HACKOJIBKO MaJIBIM CJIe/IyeT BHIOMPATD MOTOKUTETHHOE THCTO
0, 3ajamee Kajgubp 310l jedopManuu, BbISCHUTCA LPHU JIOKA3ATEJIbCTBE
Jlemmvinr 30). Uckomoe otobpaskenne d : RP™™* — R" omnpemennm kak
rIa/IKoe 0TOOpaskenne ObINero TOJA0YKeHns, MoJIydenHoe B pesyibrate CO—
nedopmanyu Kagaubpa ¢, rae 0 << J, oToOpazKeHHd, IIPeJICTABICHHOIO
KOMIIO3HIeE]l CTAHIAPTHOTO IBYJINCTHOTO HAKPBITHA M H OTOOpazKeHms d.
B Jlemme 26 moKa3bIBaeTcst, 9TO 4TO it 0TOOpazkenns d (¢ 0cOGEHHOCTHIO)
CYIIECTBYET MUK/INIECKAs] CTPYKTYpPa.

:”[”0

Omnpenenenne oTobpazkenus c : S" 2 /i — R"

O6o3uauum vepes J; (n — 2k)-mepubiii noausap, k 0 (mod 8), k >

0, KOTOpbIii MOJVUYEHBIi B pe3yabTare KojHa =i+l — 1 KONHK
?

[\
]
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KBaTepPHHOHHOTO JIHH30BOro pocTpancTia S°/Q,. Cormacuo Teopeme Maccn
[Ma| (cm. Takke [Me|) onpeneneno siaoxenne S?/Q, C R* kopaszmepnocrn
1 u B upemnosioxkennu n > 4r — 1 omnpejeseHo cranjiapTaoe Bjioxkenue J; B
R", koTropoe obo3HaunM depes iy, : J; C R™.

Onpeneneno orobpazkenne p’ : S""2¢ — J;, KoTopoe mosydaercda B
pe3yJibTaTe B34TUd JIZKOWHA 7" KONUNA CTaHJAPTHBIX HAKPBITUIA S8 — 83 /Qa-
Crannapraoe geiicteue Q, x S"2F — S"=2k onpegesentoe npsmoit cyMMoit
r 3K3eMILIAPOB CTaHZAPTHOTO jeiicTBus Ha S°, 3amamnoro Qopmynamm
(20), (21), (22), kommyTupyer ¢ orobpaxkenunem p’. Tem cambim, OnpejeIeHO
orobpaxenme p : S"*/Q, — J, m orobpaxkenne p : S"2*/i — J; kak
KOMIIO3HUITHS CTAHAAPTHOTO ABYIHCTHOrO HaKphITHa 7 : S™ 2K /i — Sn=2k /Q,
¢ 0TOOpazKeHHeM p.

Pacemorpum komnosunuio iy, © p S /Q, — J; — R", koropyio
obozunaunm depe3 h. [lpuBemem 310 oToOparkenme B 0TOOpakeHwe ¢ OOIIETO
HOJIOKeHUsT MaJsoii d-medbopmanueii (Kakyo HMEHHO CJliejlyeT BbIOpaTh
nedopMaIiio 1 HACKOJIBKO MAJIBIM CJIe/IyeT BHIOMPATD HOTOKUTETHHOE THCTO
0, 3amariee KaauOp 3Toi JgedopManuu BBISICHUTCS TPH JI0KA3aTEThCTBE
Jlemmvbr 31). Uckomoe orobpazkenne ¢ : S™ 2K /i — R™ onpepenum kak
rIaKoe 0ToOpaskenne ObIIero IMOJIOYKeHns, MoIydenHoe B pesyibraTe CO—
nedopmanyu Kagaubpa ¢, rae 0 << 0§, oToOpazKeHHd, IIPeICTABICHHOIO
KOMIIO3UIHeH CTaHIAPTHOTO JIBYJIMCTHOTO HAKPBITHS T U OTOOparKeHUs C.
B Jlemme 27 10Ka3BIBAETCSI, ITO UTO JJIs OTOOpazKeHust ¢ (¢ 0COGEHHOCTHIO)
CYIIECTBYET KBATEPHUOHHASI CTPYKTYPa.

ITomgmpocTparcTBa m (PaKTOPHOANPOCTPAHCTBA IOMOJHEHHOTO
KOHMpUTYpanrOHHOTO MPOCTPaHCTBa Ajg RP"

B pazzesne 2 66110 ompeie/ieH0 IPOCTPAHCTBO [, ero JABYINCTHOE HAKPBITHE
[y m crpykrypuoe orobpaxenme 7np, : 1o — K (Dy,1). IIpocrpancTso
[y aBrgerca muHOroobpasmem ¢ KpaeM. OOG03HAYUM BHYTPEHHOCTH 3TOTO
MHoroobpasus depes I'g,. Orpanunyenue cTpyKTypHOTO OTOOparKeHUs 7p, HA
[go 0603HaTMM [epes 1y, : [go — K(Dy, 1).

Ob6o3naunMm dYepe3 g, C ['go IOTUIAP JABYKPATHBIX OCOOBIX TOYEK
oTobpaxenns p : RP"™* — J), TOJTyYeHHBIH pa3iyTHeM IIOIH3IPA.
{l(z,y)] € Too,p(x) = p(y),z # y}. DTOT MOMUIAP CHAGKEH CTPYKTYDPHBIM
orobpazenuem 7y, : 2o — K(Dy,1), KOTOpOE WUHIYIUPOBAHO
OrpaHMYeHneM CTPYKTYPHOTO OTOOparKeHus 1r,, HA 2go-

Ompesenena cBobonHasi wuHBOMIOmNA Igp : RP™F — RP" K
[ePEeCcTaBIAONAA TOYKH B KayKJIOM CJ0€ CTaHJAPTHOTO JIBYJIHCTHOTO
nakpoitag RP" % — S"7% /i, Ha mpocrpanctse [g, AeiicTByeT HHBOMONHAS
Tr [ [

o . Too — D'go, KOTOpas oupeje/eHa Kak OrpaHMYeHHe MHBOJIOLMU Ha
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RP"~ % x RP" % mocrpoenuoit no uuBoIONNN Thp HA KazKIOM COMHOXKUTEIIE,
Ha nonpocrpancTso Lo, C RP™F x RP" % Ha daxropupocrpancrse o,
unaBositoruu 1" onpegenena dakropunsosonus Tr,, : oo — Too.

Ob6o3naunM 4Uepe3 Ygntidiag C 1oo MOAIPOCTPAHCTBO, Ha3BIBAEMOE
AHTHIUATOHAJILIO, KOTOPOEe O0Pa30BaHO BCEMH AHTUIOIAILHBIMHU IIapaMu
{[(z,y)] € Ty : z,y € RP" %z # y Tw(z) = y}. 3mecr u mamee
B 0003HAYEHUH JUATOHAJIBHBIX M AHTUIAATOHAJIBHBIX IIPOCTPAHCTB HHIEKC
0 omyckaerca. Herpyamo mnposepnThb, 9TO aHTUAMATOHAID Xgntidiag C
[’y sBisteTcss MHOXKECTBOM HEIOJBHZKHBIX TO4YEK JiIst HWHBOOIUU 1T, .
HopMmanbaoe paccioenne antuauaroHastu B g m3oMopdHO KacaTebHOMY
paccroenuio 1'(Xantidiag)-

Omupesiesium npocrpanctso 'k, Ha Koropom uuBoJionus 1, Jeficrsyer
csoboauo. Onpenesnm Iy = Too \ Zantidiag- Onpesenena cobojuast
MHBOJIIOIN S TFKoO : I'k,, — T'k,,. Pakropupocrpanctso ['g,, /TFKOO
0bo3HadIM gepes [ Koo -

[Tognommaap >go C ['go KPATHBIX TOYEK OTOOPAXKEHUS P MPEJICTABISIETCS
B BHJIE O0bEAUHEHUST Yoo = Santidiag U (o, TJ€ K{),—OTKPBITHIH TOIIOIHIID,
B KOTOPBIil BXOIAT BCE TOYKH U3 Y,, HE IIOMNABIINE HA AHTUIAATOHAD.
[Moanosmanp Koo C I'k,, MHBApUAHTEH [1PU UHBOJIOIUH TpKOO. O603HaUMM

Try,, | oo 1€pE3 Ty, . O603HAUNM (bakTOpHpocTpancTBo Ko, /Tk,, uepe3 kOO.
Orpannvenue CTpyKTypHOro orobpazkenue nry, : Loo — K(Dy, 1) na 'k, n
Koo obo3naunm uepes nr,, M 1k, COOTBETCTBEHHO.

Paccmorpum  mHOroobpasme ¢ 0CODEHHOCTSIMU, KOTOPOE OIpejIesIeHO
B pe3yabraTe 3aMbIKaHHSI OTKPBITOrO MHOrooopasums [, u moaydeHo
B pe3yJbTaTe MNPUCOCINHEHUS K STOMY OTKPBITOMY MHOIOOOPA3HIO
JUATrOHAJIBHOM U aHTUAMATOHAIBHOM KOMIOHEHT Lgiqg U Lantidiag- OOO3HAUNM
sampikanne Cl(Ko,) nommsapa Kgs (coorsercrsenno samwikanume Cl(Ko,)

~

noimdapa Ko,) B 3TOM MHOroobpasum ¢ ocobeHHOCTAME depe3 K (g
(COOTBeTCTBeHHO yepes R( y). Oboznauum 4epe3 Quntidiag = Santidiag )

0); Qdmg = arclzag N K(O); deag - K(O Qantzdmg C K( 0)- Haszosem
9T OANPOCTPAHCTBA KOMIOHEHTAMHI IDAHMUILBI HOJIMSAPA K (0)- Anasiornaso
OIIpEeTe/TUM Qdmg, Qantzdmg KOMIIOHEHTBI TPAHHIB TIOM3Ipa K (o 0)-

3amMeTnM, YTO CTPYKTYpPHOe OTOOparKeHWe 7k, NpomorKaerca ¢ Koo
HAa KOMIIOHEHTY I'PAaHUlbl Quntidiag- OOO3HAYUM 3TO LPOJIOJKEHHE Uepes3
NQuntidiag ° Qantidiag — K (Duy,1). Orobpazkenue 1qQ,,,.4.., TPeACTaB/IgETCH
B BH/JC KOMIIO3HUIUU OTOODAXKEHUS Nantidiag @ Qantidiag — K (Ig,1) u
oTobpazkenns BKIoUeHus i1, p, : K (I,,1) C K(Dy,1).

CrpyKTypHOE OTOOpAZKEHHE 7, HA KOMIOHEHTY (diqg HE MPOJIOIZKACTCA.
OmpenenieHo  0TOOpPaZKeHUE Ngiag : Qantidiag — K (Ig,1). Obosmatmm
epe3 U(Quiag) C Koo MaLylo peryisipuyio B3Pe3aHHYIO OKPECTHOCTb
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OTKPBITOIO KOHIIA, IPUMBIKAIONIETO K (Qgiqg. OIpe/esiena IPOeKIHst Projiag -
U(Qdiag) — Qdiag DEryisipHOil B3pe3aHHOl OKPECTHOCTH Ha IIEHTAJILHOE
nojmuorooopasue. Orpanudenne CTPYKTYPHOTO OTOOparKeHus 1k, Ha
okpecTHOCTD U (Qgiag) MPEJCTABICHO KOMIO3HIHeE(l OTOOPAKEHI 1/(Qyi0,) °
U(Qdiag) — K(Ip,1) m orobpaxenust iy, p, : K(I,,1) — K(Dy,1).
FomoTonmaeckne K1acehl OTOOPAIKEHHH 1)K o) T 1i/(Qyia,) CBA3AHBI PABEHCTBOM
Ndiag © PT'0)diag = PI,14 © 1K -

OnpenesnM CJaeAYIONYI0 KOMMYTATHUBHYIO JHATPAMMY MOHOMOP(MDHU3MOB
IPYII, KaXK/asi U3 KOTOPhIX Tpejcrasiena B rpytmne O(4):

I
e N
I, c I, ¢c Db ¢ E ¢ H. (44)
AN N
IC

B sroii juarpamme rpynna H nmeer mopsiaok 32 u gBiisiercs moArpyunoi
B rpynne O(4) wu Obuta panee ompenesena (cM. (34)) npwm momorn
npeoOpa3oBaHuii, 3alUCAHHBIX B CTAHJAPTHOM Oasuce {ej, e, €3 ey}
[Togrpymma E C H umeer mopgmok 16 um ompejensercs Kak TpYIIIa,
HOpOK/IeHHAs peobpazoBanusaMu 13 H, coXpaHAOmuMu Hey nopsiI09eHHY 10
napy mjockocreii (ej,es), (e, e4) (mamumvep, saement w3 H, 3azanubiii
Hpeo6pa30BaHI/1eM e — €3, €9 — —e€;, €3 — €3, €4 — €4, He JICXKUT
B noarpynne E C H). Bruouenne Dy C E saBasiercs neHTpasbHBIM
KBaIPAaTUIHBIM paciiupenneM rpymnmnbl Dy mocpeacTBoM 3/1eMeHTa ¢ TaKoro,
910 ¢? coBmajgaeT ¢ obpasyiomeil moarpymmsl I; C Dy. Iloarpymma Dy
IpeJICTaBIeHa JuaronabubiMu npeobpasosanusivu O(2) C O(2) @ O(2) C
O(4) cramgaprHOro BHAAa B KaxKjoii mape 1iockocreii (eq,es), (eg,ey).
OcrajibHble HOArPYIIIBl B guarpamme (44) ObLin OIpejiesieHbl paHee.

Onpenenensr abenesbl noarpynnsl E,, Ey, E., E; B rpynne E, koTopbie
SABJIAIOTCI KBAJAPATUIHBIMU PACIIHPEHUSIMI COOTBETCTBYIOMIUX MOATPYIIII
1,,1,,I.,I; B rpyune D,. Herpyano uposepurb, 4UTO OIpeeIeHO
eCTeCTBEHHOe OTOOpazKeHue ng. Koo — K (E, 1), xoropoe uHjpynupyer
oTobOpaskeHue JuarpaMM 2-ITUCTHBIX HaKPHITHI:

Koo — Koo K(I.,1) — K(E,1)

l - l (45)

Koo — Koo K(Dy,1) — K(E,1).
FOpI/I3OHTaJIbeIe OT06pa)KeHI/IH MEZKY COOTBETCTBYIOIIUMHA

MPOCTPAHCTBAMHU JIMArPAMM MBI [1epe0DO3HAYMM JIJIi KPATKOCTU depes
1,1,1n, 7 COOTBETCTBEHHO.
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Bxarouenns nmoarpymm I, C Ey, I; C Ey, 1, C E, BXoasT B KOMMyTaTUBHbBIE
JIHArpaMMbl TOMOMOP(MU3IMOB I'PYIIIL:

Ib e Eb
Poa | | (46)

iq,
I, — 1,

id,a l l (47)

Ia — Ea
i ! (18)

L, %I,
Ha mnpocrpamncrse T'k,, omnpejieieRa, B CBOIO O4Yepe/ib, CBOGOTHAS
HUHBOJIIONUA TfKoO : I'k,, — I'k,, mo dopmyie TfOo([(a:,y)]) = [(T(x),y)].
(Bamernm, uto [(T'(z),y)] = [(z, T(y)].) [IpocrpancTsa, Moty enHbIe U3 T'k,.,

Koo, 'k, Koo mocite pakTOpu3anuu Mo MHBOJIONUN TfK 00603HAYUM Uepe3
0o

ol Ll g

Ikoos Koo Tk,,» Koo coorsercrsenno. OnpejiesieHo 2-MCTHOE HAKPbITHE
ko, — FiiKow KOTOpOe HHIYIUPYeT JABYJIUCTHOE HAaKpbiTHE K)o — Kéo. [Ipu
9TOM OIpejeaeHa KOMMYTATUBHASA JUArpaMMa;

Ik, — K(E1)
R ! (49)
I, — K(H1).

ITongnmpocTparcTBa m (PaKTOPHOANPOCTPAHCTBA IOMOJHEHHOTO
KOH(UTYpamMOHHOTO MpocTpancTsa Aaa S 2k /i

B pazzesne 2 6bLT0 ompe e/ IeH0 TPOCTPAHCTBO [y, ero ABYINCTHOE HAKPBITHE
[, u cTpykTypmoe oTobpaxenme (r, : Iy — K(H,1). IIpocTpamcTBo
['y gamasiercss muOTOOOpazmem ¢ kpaem. OOO3HAYMM BHYTPEHHOCTH 3TOTO
muoroobpasust gepes ['1,. Orpanudenne cTpyKTypHOro orobpazkenusi (p, Ha
[y, o6o3nauum uepes (r,, : o — K(H, 1).
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O6o3naunm dvepe3 i, C [y, TOIUdAP JABYKPATHBIX OCOOBIX TOYEK
orobpaxenus p : S" /i — J, oupemesennniii dopmymaoit {[(z,y)] €
I, p(x) = ply),x # y}. Dror moamsap CcHAGKEH CTPYKTYPHBIM
orobpazkenueM (x,, : L1, — K(H, 1), Koropoe HHIYHPOBAHO OrPAHUIECHHEM
CTPYKTYPHOTO OTOOpazkeHus (p,, Ha 1.

Onpezenena cpoboanas mHBOMIOIUA Tgn-2isz @ S K/ — S /i
HEPECTABJIAIONAsT TOYKH B KaxKJIOM CJIO€ CTaHJAPTHOIO JIBYJIUCTHOIO
nakperTna S" 2 /i — S"72% /i, Ha npocrpancrse 'y, meficTbyer naBostonus
Tr,, I, — I, KOTOpast ompeesena Kak OrDaHHYEHHe WHBOJIONHAN
ma S"% x "% pocrpoennoit mo mEBomomuH Tgn-2k; HA  KAZKIOM
COMHOJKHTETe, Ha TOAmpocTpamcTso 11, C  S"2¢/i x S 2k/i, Ha
daxropupocrpancree ['1, mnasomonnn T’ onpenesena HakTOPUHBOIIONMA
Trlo e — T

Ob6o3naunM  49epe3 Ygntidiag C 1'1o HOAIPOCTPAHCTBO, HA3BIBAEMOE
AHTHIHATOHAIBIO, KOTOpOe 00pa30BAaHO BCEMH AHTHIIONAIbHBIME ITapaMu
{[(z,y9)] € T : my € S * )iz # y Tenon(x) = y}. 3mecr u
najgee B ODO3HAYEHUH IHATOHATBHBIX W AHTUIMATOHAJBLHBIX MPOCTPAHCTB
unjexc 1 onyckaercs. HerpyHo npoBepuTb, 4TO aHTHANAIOHAID Lantidiag C
['1o sIBIASIETCST MHOYKECTBOM HETOJBUKHBIX TOYEK [T WHBOJIOMUHA 1T, .
HopwmasibHoe paccioenne anTuauaronasn B [y, m30MOpdHO KacaTeTbHOMY
paccroenuio T'(Xantidiag)-

Omnpenenum pocTpanctso ['k,, HAa KoTOpoM mHBOTONUS 1T, AeficTByeT
csoboauo. Oupenesum g, = Do \ Zantidiag- Oupesesena cobojuast
UHBOJIIONUA TFKIOA 0 Ty, — Tky,. @axropupocrpanctso [k, /Try

oboznaunM 4epe3 L'k, .

[Mognommaap 1o C ['1o KpATHBIX TOYEK OTOOPAXKEHUs P MPEJICTABISIETCS
B BHJIE O0bEJAUHEHUST Y10 = Dantidiag Y K10, T K|, ~OTKPBITHIN HOIIOIHIID,
B KOTODBII BXOJAT BCE TOYKH U3 Y,, He IOIABIINE HA AHTHIAATOHAJb.
Honnommanp Kio C I'k,, naBapuanten npu uaBomomun I, . OGosHaunM

Try,, |k, aepes Tk, .. O6o3unaunm daxropnpocrpanctso Ki,/Tk,, depe3 K.
Orpannvenue crpykrypHoro orobpazxenue (r,, : 1o — K(H,1) na I'k,, n
K, oboznaunm depes (r,, u (k,, COOTBETCTBEHHO.

Paccmorpum  mHOroobpasme ¢ 0COOEHHOCTSIMH, KOTOPOE OIIpejie/IeHO
B pe3yabraTe 3aMbIKaHHs OTKPBITOrO MHOrooopasumss ['j, u moaydeHo
B pe3ysbTaTe MNPHCOCINHEHHsS K STOMY OTKPBITOMY MHOIOOODPA3HIO
JTUATOHATBHON U aHTUAUATOHATBHOM KOMIOHEHT Xgiqg U Lantidiag- OOO3HATNM
sampikanne Cl(K,) nommsapa Ky, (coorsercrsenno samwikanume CI(K7,)
MTOJIN3IPA f(lo) B 3TOM MHOroobpasuu ¢ ocobeHHOCTAMEH 4epe3 K(p)

(COOTBETCTBEHHO Uepe3 f((l)). O6Goznaaum wepe3 Quniidiag = Dantidiag )
Kay, Qaiag = Oaiag N Ky, Qaing C K1y, Qantigiag C K(1). Hazosem
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STH MOAMPOCTPAHCTBA KOMIOHEHTAMHI TPARIIIBI TIOTHIIPA K (1)- Ananormgmso

OTIpe/IeJTUM deag, Qantzdwg KOMITOHEHTBI I'PAHUIIBI TOJIUIIPA K (1)-

SameTnm, 9TO CTPYKTypHOe oToOpakenme (r,, mpojoszkaercs ¢ K,
Ha KOMIIOHEHTY TPAHUNBl Qantidiag- OOO3HAUUM 3TO IPOJOTZKEHUE Yepes3
CQuantidiag * Qantidiag — K(H,1). Orobpaxenne (g, ..., TPEICTABIACTCS
B BUJE KOMIOBULMU OTOOPaXKeHUst Cantidiag °@ Qantidiag — K (Qa,1)
orobpazkenns Briodenns iq, i : K(Qq, 1) C K(Dy,1).

CrpykTypHOe 0TOOparkenne (g ,, Ha KOMIOHEHTY (diqg HE IPOJIOJIZKACTCS.
Ompeneneno orobpaxkenne Chiag : Qantidiag — K (I, 1). ObosHaTHM
qepe3 U(Quiag) C Kio MAIyI0 pPerynsipHYIO B3PE3aHHYIO OKPECTHOCTD
OTKPBITOI'O KOHIIA, HPUMBIKAIOIIEIO K (giqg. OlUpeiesiena HPOEKIUs Projdiag :
U(Qdiag) — Qdiag DEryJisipHOil B3pe3aHHOl OKDECTHOCTH HA IIEHTAJIBHOE
nojamMuorooopasue. Orpanudenne CTPYKTYpHOTO oroOpaykenusi (r,, Ha
okpecTHOCTD U(Qgiag) TPECTABICHO KOMIO3HIIEH 0TOOPAXKEHIA (1/(Qi0y)
U(Qdiag) — K(I,,1) u orobpaxemns i, m : K(I,,1) — K(H,1).
Tomoronnueckne Kiaacebt orobpazxennit (k) 1 (U(Qgia,) CBA3AHBL PABEHCTBOM
Ndiag © PT'O0)diag = PH, 1 © 11K (4 -

OmpeiesinM CJIeIyIONIYI0 KOMMYTATHBHYIO JHATPAMMy MOHOMOP(U3MOB
IPYII, KazK/as U3 KOTOPBIX IpejcTasieHa B rpyimne O(8):

E,
N
I, c I, c Q. c H c G c G. (50)
\ N
HC

B sroit auarpamme rpynna Gl oompejesisiercss Kak moArpyiia HOPs/Ka,
128 B rpynme O(8), koTOpas MOPOXKJEHA NPH IIOMOIIM NPeoOpa3OBaHUIL,
3alMCAHHBIX B CTaHJIapTHOM Oasuce {ei,es, €3, €y, €5, €q, €7, €g}, CIeAYIIero
BHJIA:

—1 upeobpasopanme B  yIOPAIOYEHHOH Iape  MOJIPOCTPAHCTB
(e1,€2,€3,€4), (€5, €, €7, €g) MPOU3BOTBLHOMN TTAPOI FTEMEHTOB U3 MOATPYIITHI
Q. C O(4).

—2 mpeobpazoBaHue OJHOBPEMEHHO IIePEeCTABIAIONIee Taphbl BEKTOPOB
(e1,e5), (e2,e6), (e3,e7), (e4,es).

IMogrpymma G C  G! wuvmeer mopamoxk 64 m onpenensdercda Kak
Ipymma, MOpOkKIeHHas Tpeobpasopanmavu u3 Gl coxpamgommvm
HEYNOPSJIOUEHHYIO 1apy MOANPOCTPAHCTB (€1, €s,€e5,€5), (€3,eq,er,eg)
(mamumep, smement w3 Gl 3amammbiii npeoGpazosammem j € Q,
HOJIPOCTPAHCTBE (€1,€9,€3,€4) U TOXKIECTBEHHBIM IPeoOpa3OBaHHEM
B IIOAIPOCTPaHCTBe (€5,€6,€e7,€g) He jexxnr B moarpymme G C  GP).
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Briouenne H C G gBiasieTcsa meHTpaJbHBIM KBaIPATHIHBIM PACIIHPEHIEM
rpynnel H mocpencrsom  semenra dj Takoro, dro dj2 COBIAJAET C
obpasyromeit meatpa Iy C Q, C H. Ilogrpynna Q, mnpencraBieHa
JMaroHaJbHbIMU IIpeobpasoBanusayvu SO(4) C SO(4) @ SO(4) C O(8)
CTAHJAPTHOIO BHJA B KaxkKJ0ii mape MOPOCTPAHCTB (€1, €y, €s5,€q),
(e3,e4,€7,€8). [loarpynna E, C G nopoxkjieHa JByMs KOMMYTHDYOIIAME
npeoOpasoBanusivu. [lepsoe nipeobpaszoBanure KUMEEHT HOPSI0K 4 U cOBIIa1aeT
¢ npeobpazosanuem i € I, C Q,. Bropoe npeobpazoBanue mmeer mopsiiok
2, OHO OJIHOBPEMEHHO MEPECTABJISIOET Mapbl OA3UCHBIX BEKTOPOB (€1,e€s),
(e2,€5), (e3,€7), (€4, €3).

[Togrpymma H, C G mopoxkiaeHa cOOCTBEHHBIMHU ITPeOoOPA30OBAHUAMHE
B mape HOMIPOCTPAHCTB (€1,€2,€3,€4), (€5,€q,€7,€3) Ha NPOU3BOJBHYIO
napy saementoB 3 Q,. Ocranpubie noarpynner B guarpamme (50) Obin
oTIpejie/IeHbI paHee B pasjesie 2.

Herpyaao mpoBepuTh, 9TO OIpeeeHO eCTeCTBEHHOe OTOOparKeHne ¢
Ko — K (G, 1), kKoTOpoe HHAYIUPYET OTOOpAYKEHUE JUATPAMM 2-THCTHBIX
HAKPBITHIA:

K. & K K(H. 1) — K(G1)
! 1 — | | (51)
K., — K KH,1) — K(G,1),

rie moarpynma G, C G daBIsieTcs KBAJAPATUIHBIM  PACITHPEHUEM
rpyunst H.. TopusonrasbHble 0TOOpazkKeHHs MeKJy COOTBETCTBYOINIMMU
IIPOCTPAHCTBAMHE JHATPAMM MBI 0603HAIHM 1epe3 (, C, (,  COOTBETCTBEHHO.

Ha mpoctpamcTse leoA ompeJie/ieHa, B CBOIO OYepelb, CBOOOIHAL
MHBOJIIONU A Tleo :T'k,, — 'k, 10 dopmyiie Tleo ([(x,)]) = [(Tsys(x), y)].
(Bamernm, uaro [(Ts/i(x),y)] = [(x,Ts/(y)].) Ipocrpancrsa, nosydenHbie
n3 leo, Klo, k., Ki, nocie ¢axTopus3auum 10 HHBOJIOLNI Tleo

obo3HaYuM uepes Fﬁ(lo, Kllo Fﬁﬁo, Kllo coorBercrBeHHO. OupeaeneHo 2-

guctHoe Hakpeitue g, — T %(107 KOTOpPOe HHJIYIUPYET JIBYJIUCTHOE

HakpeiTHe K1, — K fo. [Ipm sTOM ompeeseHa KOMMYTaTUBHAA JHarpaMMa:

FKlo - K(G7 ]-)
| l (52)
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IMonmsaper K, R’O

Beenem obosnagenue:

n—"7 .
Tmin,0 = 4 5 ltmaz,0 = T0 — Tmin,0- (53)

OrmpereinM IOAITPOCTPAHCTBO f( (@) C f(()o 1o opmy.ie:
(1 7 z+1
Ko = pgh (5" \ ),

e Pg,. : Hoo — Jo-ecrecTBennas mpoeknus oCoOOEHHOCTH Ha CBOii 0Opas.

Onpege M TOANPOCTPAHCTBO K j0 C Koo 1o dopmye:
> — ‘maz, +1
Ko = pf((l)o(Jo \ Jgmes o,
[Ipu 3ToM crnpaBeuBa (popmyiia:
K[O} — Ul imax, OK

Tonosorus Ha npocTpancrTse K [0]o MH/LYIMPOBAHA U3 TOHOJOIMU JIOKAIBHO-
CBA3HOIO IIPOCTPAHCTBA B 1OpaBoii  dactu  (POPMYJIbI,  IIOJYYE€HHOIO
P CKJeiike M3BIOHKTHOrO o0beanHenus 1npocrpancTs. OmnpejesneHo
aBymacTHOE HAKpBIBaomee K\, (coorseTcrsenno Kjg,) Hal IPOCTPAHCTEOM
K (coorsercrpenno Kio).

Ompenenn npocrpanctso Ko (coorsercrseno Kp) Kak IPOCTPaHCTEO,
NOTyYeHnoe  3aMbIKammeM mpocTpanctsa Ko (cooTseTcTBEHHO Kigpo)-

OmnpesesiuM  ecrecTBeHHbIE 0TOODPaKEHUSI KO — K ©0), Ko — K. Orn
orobOpaxkenus OyyT P L—BJIOXKeHUSIMHU BCIO/LY, 32 UCKJIIOYEHUEM Hpoo6pa3OB
AUaroHaJJm n aHTUuAnaronaJJan, rage UMerTC g OCO6€HHOCTI/I.

Pazpermmeane ocobennocreit mommaapa K

Hna xaxgoro i, 0 < ¢ < g0, MBI IIOCTPOUM IOJIHIIP K(()i) u
MPOCTPAHCTBO RK(()i), KOTOpOEe HAa30BEéM IPOCTPAHCTBOM, Pa3pPENIaIONIM
0CODEHHOCTH TOJIHIAPA Kéi). [Tapamerp ¢ HazoBeMm ruryomuoii. IIpocTpancrsa
Kéi), RK(()i) KPOMe TOTO, SBJISIOTCS HAKPBIBAIOIIUMI TPOCTPAHCTBAMU TTPHU
2-JIMCTHBIX HAKPBITUAX T K(()i) — f((()i), Rr: RK(()i) — R_f(éi), 9TU HaKPbITHA

BKJIIOYEHBI B CJIEIYIONYI0O KOMMYTATUBHYIO JUArpaMMy OTOOparKeHuit:
RKM 2 gl
¢0/ | Rr |r (54)
K(,1) <& RRO 2, RO
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Beegem  0bo3HaveHns RQSZ-)ag = (pf)’l(Qgi)ag), RQSztidmg =

(pf)*l(Q%idmg). Awnasornanpie  0603HAYCHUS RQ&?QQ, RQgtidmg BBEJIEM

[JIsd COOTBETCTBYIOIIUX [ABYJIMCTHBIX HaKPbIBAaIOIIUX. PaCCManI/IBaeMbIG
IIPOCTPaHCTBa BKJIIOYEHDbI B CJEAYIOININEe KOMMYTaTUBHbIE JUATl'DAMMDbI:

RQ((;?zatidiag p—> Q((Lzztidiag
¢0 \ /nantidiag (55)
K(I,,1),
RQG., S Qi
¢0 \ 1/ Ndiag (56)
K(Iy41),

s okazaresibcTBa OCHOBHOT'O pe3y/ibTraTa pasjiesia HaM 1oTpedyercs
cTeAyIomast JeMMa.

Jlemma 28. —1. Jlas xaorcdozo i, 0 < i < dpapo, CYWeECMEYEM
npPoOCMpPAHCME0 Kél), €20 08YAUCTIHOE — HAKPBLEAIOULEE K(()Z) u  ba3a
06YAUCTNHO20 HAKPBIMUA Kéz)’l. ITpocmpancmea KSZ) Kél), Kéz)’l ABAAIOMCA

)
nodnpocmpancmeamu  npocmpancms Ko, K, f(é COOMBEMEMEEHHO.
Cywiecmeyem npocmpancmeo RKSZ) u €20 J8YAUCTHOE HAKPLLBAIOULEE
RK(()i) u 06634 2-AUCMH020 HAKPLIMUA Rkéi)’l, KOmopwuie 6KANUAIOMCA
6 Kommymamusrylo ouazpammy (54). Ha 06ysucmmom Haxpueaouwem
BOINOAHAIOMCA 2DAHUNHDIE YCAOBUA, KOMOPLIE ONPEIEACHD, OUALPAMMAMU
(55), (56).

~2. Cywecmeyem npocmpancmeo RKqy u ezo deyaucmnoe naxpusarowee
RKy, u 6asa 2-aucmmozo waxpwmus RKY, womopue  exmouaomea
6 HudcecAedyowyo  Kommymamuehyto duazpammy (57),  anaso2uumyo
Juazpamme (54). Ha 08YAuUCmHOM HAKPOIGAIOULEM BHMOAHAIOMCHA 2PAHUYHDLE
YCA0BUA, KOmMopule onpedesetns nustcecaedyowumu duazpammamu (58), (59),
anarozuromu duazpammanm (55), (56).

RK, % K,
¢o | Rr Lr (57)

K(I,1) < Rk, 5 K,
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pr
RQantidmg Qantidiag

¢0 \ 1/ Nantidiag (58)
K(I,,1),
RQdiag L Qdiag
¢0 \« 1/ Ndiag (59)
K(I41),

IMomusaper Ky, K,
Benem obosnadenue:

n—15

Tmin,1 = T; imaz,l =T1 — Tmin,1- (60)

Onpemennm moATPOCTPAHCTBO K ﬁ,) cK 1o TIO bopmyite:

(i) . —1 ¢ 7(0) (i41)
Ky _pf(lo(‘]l NS,
e P, Ky, — Jy—ecrecTBenHas Npoekiusi 0cOOEHHOCTH Ha CBOI oOpas.

Onpegennm oAIPOCTPAHCTBO K o C Ko mo dpopmyae:
> — (imax, )+1
Ko =pg (L \ Jy"77).
[Tpu sTom cupasegiuBa dpopMmyJia:
K[l}o — Uzigmaz,l K:Elo)

TomoJtorust Ha TpocTpaHCTBE K (1]}o MHAYIIPOBAHA U3 TOMOJIOTHH JOKAILHO-
CBA3HOIO IIPOCTPAHCTBA B MpaBoil dacTu (OPMYJIbI, IIOJYYEHHOI'O
Opu  CcKJefike JU3BIOHKTHOIO O0beJHeHUs HpocTpaHcTB. OnpeseneHo
JIBYJTUCTHOE HaKpbiBatotee K 1(?, (coorBercTBenHO K[1]5) HAJ MPOCTPAHCTBOM
K (coorrercrrenno Kpp.).

Ompeieium mpocTpancTBO K (COOTBETCTBEHHO Kl) KaK IPOCTPAHCTBO,
IOJIy4eHHOe 3aMblKaHueM Inpocrpancrsa K,  (coorBeTcTBeHHO K [1]o)-
OnpenennM ecTecTBeHHBIE OTOOpaYKEHUsI f(l — f((l), K, — K. 9t
oTobpaxkenus OyayT P L—BIOKeHUSIMH BCIO/LY, 32 UCK/IIOYEHHEM IIPOOOPA30B
JMArOHATNA U aHTUIMATOHAU, IJe UMEIOTCs 0COOEHHOCTH.
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Pa3spemnierune ocobennocreii moamdapa K,

)

Hma xaxgoro 4, 0 < ¢ < g1, MBI IOCTPOUM IOJHIIP K}i n
IPOCTPAHCTBO RKl(i), KOTOpPOe HA30BEM MPOCTPAHCTBOM, Pa3pPemIaroIiimm
ocobeHHOCTH TTOIMdApa K fi). [Tapamerp ¢ Hazoem Tryounoii. [Ipocrpancrra
Kfi), RK{i) KPOMe TOT0, SBJSIOTCS HAKPBIBAIONIUMHI TPOCTPAHCTBAMU IIPHU
2-TMCTHBIX HAKPBITAAX 7T : Kfi) — [A(l(i), Rr: RK{i) — kai), 9TU HAKPBITHS
BKJIIOYEHBI B CJIEIYIONYI0 KOMMYTATUBHYIO JUarpaMMy OTOOpayKeHuil:

REKM 5 KU
¢1./ | Rr Lr (61)

K(Q.,1) < RKY 2, kW

BBe):EeM 0003HAYEeHN S RQS’L')ag = (pf)*l(QSiLg), RQSﬁtidmg =
(pf)_l(QE;)Ltidwg). Anasiornunpie 0003HAYEHUST RQ&ZLg, RQsztidiag BBEJIEM

AJIgd  COOTBETCTBYIOIIUX ABYJHUCTHBIX HaKPbIBAIOIIUX. PaCCManI/IBaeMbIe
IIPOCTPAaHCTBa BKJIIOYEHDbI B CJeAYIONINEe KOMMYTaTUBHbIE JUAl'DAMMDbI:

RQt(zlr)Ltidiag L Qsztidiag
(bl \ /nantidiag (62)
K(Qa, 1),
RQuuy Qling
¢1 \« /ndiag (63)
K(I,,1),

it mokazaresibCTBa OCHOBHOI'O pe3yJibrara pasjiejia HaM HoTpedyercsi
CJIEJTYIOIIAST JIEMMA.

Jlemma 29. —1. /Jlaa kaorcdozo i, 0 < 0 < dpepi1, Cywecmeyem
K(i) p) K(i) IT
npocmparcmseo K7 u ezo dsyaucmnoe narpuesarouee K. IIpocmparncmea
Kfl), Kfz) ABAANOMCA  NOOINPOCTPAHCINEAMU npocmpancme K, K,
coomsemcemeenno. Cyuecmsyem npocmparcmeso RK{Z) u €20 dsyaucmmoe

HAKPHLEAIOULCE RKfz), KOMOpble  GKAIOUAIOMCA 6 KOMMYMAMUGHYIO
duazpammy (61). Ha 06ysucmHuom HAKDPLIGAIOULEM SLINOAHAIOMCA 2PAHUNHDLE
yeaosus, Komopoe onpedenenv, duazpammamu (62), (63).
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~2. Cywecmeyem npocmparcmseo RK1 u e20 dsyaucmmoe naxpuearouee
RK,, xomopvie 6KAOMGIOMCA 6 HUNCECACOYIOWYI0  KOMMYMATMUCHIIO
Juazpammy (64), ananrozuunyro  duaepamme (61). Ha  dsysucmmom
HAKDOIEAIOUWEM  GOINONHAINONCA 2PAHUNHBLE YCAOGUA, KOMOPLLE ONPedeeHbl
nustcecaedyrowsumy  duazpammamy  (65), (66), Komopwe ananoeuubl

duazpammam (62), (63).
RK, % K,
b, LR Lr (64)

A

K(Q.1) < REK, 2 K,

RQantidiag L Qantidiag
Cbl \ /nantidiag (65)
K(Qa, 1),
RQdiag L Qdiag
¢1 \« /ndiag (66)
K (L, 1),

IHommsapwr K, K 1

Beenem obosnauenue:

T'min,1 = S v tmazl = T1 — Tmin,1- (67)

OnpeneanM TpoCTPAHCTBO K ((;)) o opmy.ie:

(% — % i+1
Ky =pg 1\ ).

OmnpejiesinM IPOCTPAHCTBO K (1) 10 opmyie:

> — Z.ma:r, +1 i:imax, (1
Ky :pj(:l)(Jl\Jl( ) ) =Uig 1K((l))-

Oupejie/ieHO JABYJIMCTHOE HaKpbIBAIOLIEe K((f)), (coorBercrBenno K(qy) Hax

npocrpancrsom K ((i)) (COOTBETCTBEHHO K(l)).
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Mg kaxaoro i, 0 < ¢ < Gyg4,1, HAZKE OHPEJEJNM MPOCTPAHCTBO KY) "

npocrpancTBo K. OmnpemeanM TakKe eCTECTBEHHBIE OTOOpaxkeHus K ((1)) —
KY), Ky — K . D1u orobparkenus OyayT P L-ToMeomopduamamu BCIOMIY,
3a I/ICKJIIO‘{eHI/IeM YYACTKOB Pa3/lyToil JUAroHAId W aHTHIUATOHAJM, T/
NMeEeTCsI BBIPOXKAeHNe. AHAJTOITYIHO OIPEIeTuM ﬂBy.HI/ICTHbIe HaKpblBanume

Kf Dy HpPOCTPAHCTBO K M ecTecTBEHHbIE 0OTOOPAYKEHUST K — K , Koy —
K.

Hauajo moka3areancrBa Jlemmbr 26

[Ipu omnpenenenun orodparkenusi d ONPEIETISIIOCH TaKyKe OTOOPaYKeHue
g : S"*/i — R", xoropoe momydeno majoii P L-gedopmanueii obmero
TmoJTOZKeHns Kaanbpa 6 m3 oTobpaskennd iy, op : S" % /i — Jy C R™. (Cama
91a gedopManus U e€é Kaaubp 0 OyAyT sIBHO yKa3aHbl DU JOKA3aTEIbCTBE
Jlemwmbr 30). PacemorpuM Takzke orobparkenune g = rod : RP"* — SR /i —
R™.

Pacemorpum  mostmaap NIL{O TOYEK CaMOIlepecevdeHnusl OTOOParKeHud ¢
U JIBYJIICTHOE HAKPBLIBAIONIEEe HAJ[ ITHM IIOJUIIPOM NKO, OTIPE/IEJIEHHOE
B COOTBETCTBUM C TPABbIM HUZKHHM MPOCTPAHCTBOM B juarpamme (45).
Y100bI MOMYEPKHYTH AHAJOTHIO CO CJAy9aeM TJIQJKUX OTOOparKeHuil,
Jajiee BCe paccMaTpHBaeMble MOJTHIAPBI  (pa3ayTue OCoGEHHOCTell Ha
JUArOHAJN W AHTUJAHATOHATH B MOJH3IPAX HE OINPeJessiercs) TOUueK
camounepecedenusi Oyjaer HazbiBarbcs PL-mHOrOo0Opasmem ¢ 0COOEHHOCTSIMU.
DT MHOTOOOpa3usi ¢ OCOOEHHOCTSIMU MMEIOT OCOOBIN Kpaii, cocTosuii u3
TOYEK JTHATOHAN U aHTI/I,HI/IaFOHa.HI/I Tlomusaper Ge3 Todek JMaroHaam u
AHTUINATOHAJIN 0003HAYAIOTC N} Koo N Koo COOTBeTCTBeHHO. KazKplit Takoii
MOJTUIP HA30BEM OTKPBITHIM MHOI0oOpaszueM ¢ 0cobeHHOCTAMEH. OTKpPBITOE
MHOT000pa3ue ¢ 0COOEHHOCTAMU NKOO €CTeCTBEHHO BJIOKEHO B OTKPBITOE
MHOTOObOpa3ue Too.

Mmuoroobpasue ¢ ocobeHHOCTIMU NKO, B CBOIO O4epejib, CAMO CJIYZKHT
6a30if IBYJUCTHOTO HAaKpbITHA T @ Ni, — NKO. HakpbiTus omnpejesiensl B
COOTBETCTBHU € 00O3HAUeHUAMHU B juarpamme (45). OnpejeseHo OTKpbIToe
MHOTOOOpa3me ¢ ocobeHHocTaMun Ng, € KpaeM, KOTOPOe eCTeCTBEHHO
BKJIAJIBIBAETCsE BO B3pe3anubiit kBajpar [g. [Ipm sTtom Biiokenunm obOpa3
Ngy, JI€KUT B peryadpHoil oKpecTHOCTH Toimdapa K u ompejenena

KOMMYTATHBHAs JIHarpaMMa OTOOpazKeHui

NKOo C []6 — K(D4, 1)
R | ! (68)
NKOO C Ug — K<E7 1)7



B KoTopoii uepe3 U, U. obo3Havens peryigpHble  £-OKPECTHOCTHU
nopuosmsapos Ky C T, f((o) C fo coorBercrBerHo. [Ipasbie
TOPU30OHTAJIbHbBIE CTPEJIKH 9TOU JUuarpaMMBbl ABJIAIOTCA IIPOJOJIZKEHUAMN
orobpazkenuii auarpammvbl (45) Ha peryispHyoo OkpecrHocTh U. u Ha
daKTOPIPOCTPAHCTBO U. sroii OKPEeCTHOCTH B MHOIrooOpasusx ¢ Kpaem [,
[y COOTBETCTBEHHO.

Paccmorpum muoroobpasue ¢ ocobennoctssmu Nk, 1 0003HAYUM €ro
KOMIIOHEHTBI Kpasd 4epe3 Ng dgiag U NQ antidiag- 11epeobosnaunm Muoroodpasne

(0) (0)
¢ ocobennoctamu Ny, 1epe3 Ny ', a ero KOMIOHEHTHI Kpad 4depe3 Ng g U

Ng?mtidm ;- Hizke B okasaresbcrse Jlemmbr 30 onpejesena crparuduranus:
imaz,O 0
Ny*" C oo C Ny, (69)

(sra crpaTudukanusg COBIAJIAET ¢ KAHOHUYECKUM JIBYJUCTHBIM HAKPBITHEM
crparudukanun (135)).
Ob6o3HaunM uepe3

W = Ni,, \ Nitt. (70)

OTKPBITOE MHOTOOOpa3ue ¢ 0COOEHHOCTSIMU, CojiepzKaliee KOMIOHEHTHI Kpasd

(cp. (136)). .

O6osnaunv  kommoneHTbl  ero Kpast Np gios \ Nodiagr VO .antidiag \
i+1
Q,antidiag

i vitl _ 17 Avi vitl @ Vi
0bo3HaueHus1 NKO \ NKO - WK07 NQ,diag \ NQ,diag - WQ,diag’ NQ,antidiag\
i+l R ¥ 74O

Q,antidiag — Q,antidiag"

()
¢ OCOCHHOCTAMH Wdeg BKJIaJIbIBaeTcd B KOMIOHEHTY Kpad ['gag, a

uepe3 Wo jiog U Wo antidiag COOTBETCTBEHHO. BBesiem anasorninbre
i
[Ipu BrOXKeHUN WI((()) C U. C I'y mogmuOroobpasue

i
IOIMHOT000Opasue ¢ 0COOEHHOCTAMU Wé)mtidmg BKIabIBaeTcd B ['opntidiag-

AHasoruyuHbpIe YTBEpPKICHUS CIPABEIUBLL 1/ KOMIOHEHT IPAHHIILI WF(?

Hna xaxgoro ¢, 0 < ¢ < dpee0, ONpeJeeHa KOMMYyTaTHBHAS
muarpamMa (71) oTobpazkeHuil TOJUIAPOB ¢ BHIMACAHHBIMH TIOJ] IHATPAMMOMN
I'PDAHUYHBIMU YCJIOBUSMHU. B 1IpocTpaHcTBa, CTosinue B TPeThell CTPOKe TOi
JMArpPaMMbl, OTOOPasKAITCA COOTBETCTBEHHO INPOCTPAHCTBA IIEHTPAJBLHOMN
CTPOKHM KOMMYTATHBHOMN auarpaMmbl (72), KOTOpas TakyKe ONpejeseHa st
npousBosibHOrO %, 0 < 4 < 54,0, COOTBETCTBYIOUIETO HOMEDPY CTpaTa
MOJIN3/IPA TOUEK caMolepecedenns B crparudukanuu (69).
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K(I,,1) K(I,1)

KN KRN

Rf(éi) ) RQEiii)ag U Régtidmg RK(gi) — RQElii)ng U RQELi)Ltidiag
Lpr l Lpr l
KD Quing Y Qi K" D QuingY Quilidiag

U U U U

K\ o) 0 K o) 0
L Ln

K(E,1) K(Dy, 1).
['pammunble ycioBus B amarpamme (71) mHa mpocrpamcrse Qgﬁitidmg

3anuceiBaorcs dopmysoi ¢ = i, o M) Qg?ztidiag — K(I,,1) -

K(Dy, 1), na npocTpancrse Q[(;i)ag 3aIHICHIBAIOTCA (POPMYTION @ = iqq O Pp g ©
Qg — K (T 1) — K(Ig,1) — K(I,, 1),

Q.
K(I,,1) K (I, 1)
T fa \ fla T Ha "\ fa
W8 > Wy Wy W 5 Wl Uit
U U U U (72)
we oo 0 w5 0
L Ln
K(E, 1) K(Dy, 1).

['panmdnbie ycjoBus B aumarpamme (72) Ha IPOCTPAHCTBE Wc(gi,zmtidmg

52



. (Z) la
3aIMUCHIBAIOTCST (hopMyJI0it ¢ = i, © an(;)amdmg Wo antidiag — K(I,,1) =

K (Dy, 1), na mpocrpaHcTBe WQ 3aIUCBHIBAIOTCS (DOPMYIOH ¢ = i, O Py ©

diag
nw() WQ’dmg — K(I,1) — K(I4,1) — K(I,,1).

BOCHOJIbByeMCH CJeYIOIIeld  JIeMMOWH,  ITIOKa3aTeJbCTBO  KOTOPOii
IIPOBOJIUTCA B KOHIE pas3jieJia.

Jlemma 30. Cywecmeyem manan PL-depopmayus obwezo mnosostcerus
(i, © p) +— d makas, wmo 0aa KaHCO020 KYCOUHO-AUHETHO20 CMPANG

Wf((lg noausdpa N(d) 6 cpedueii cmpoke Kommymamuerot uazpammol
(72)  onpedeaenv.  omobpasicenus D WI(;) — R[A(éi), (@)

0
Wf((lg — RK[()l), HA3BLEALMDBLE 0MOODANCEHUAMU PA3PeULEHUS 0cobennocmetl, 6
coomeememeyrougue npocmparcmea emopoti cmpoku duazpammo, (71). Ilpu

IMOM ONPedeseHbv, 0MOobPaNtcerus. ﬂ((f) : W@ — K(Ia,l) /L((f) : Wf(ég —

K(1,,1) 6 duazpamme (72) no gopmyram ua = $oi®, Ma = pot®

IHocmpoennvie cemeticmea om06pa9fcenuu npu  PasAuNHYL i 6 (69)
craeusaromes 0o omobpascenut t NKO — RK, (coomeememeenno t
Nk, — RKy) u onpedeaenvr undyyuposarmve omobpascenus fi, = qb ot :
Nk, — K(I,,1) (coomeememeernno pig = ¢ ot : Ng, — K(I,,1)). Boaee
Mo020, 6LINOAHEHO COOMHOWEHUE T O [l = g @ Ni, — NKO — K(I,,1) u
BOINONHERDL 2PAHUNHBLE YCA0BUA HA KOMNOKeMAT NQ diag, NQ.antidiag 2PAHUYDL
cmpamu@uyuposaro2o MHozoobpasua ¢ ocobennocmamu Ng,, Komopwie
AHAN02UNHDL 6bmucaHuM nod gopmynot (72) epanusmnvim Yeao8uaM OAA
(1)

KOMNOHEHT, WQ diag’ VY Q.antidiag

cCooOmeemcmeeHHo.

Oxkonuanue mokaszarejgbcTBa JlemMbr 26

Jlokaxkem, dTO oOTOOpaKenwe [i,, ompejenentnoe u3 Jlemmbr 30 Ha
MHOT0OOpa3uu ¢ ocobeHHOCTsIMH ¢  KpaeM Ng,, HPOJO/IZKAeTCs 0
orobpaxkennss Ha BceM N(d) W yKazaHHOE IIPOJOJIZKEHUE OINpe/Ie/iseT
MUKJIHIECKYIO CTPYKTYPY /i 0ToOpazkeHus d.

Hanomuio, uto N(d) = Nuptidgiag U Nk, 1o obmemy kpato Ng antidiag-
[Hommsnp Nk, asaserca 6a30it 2-mucTHOrO HakpbiTud 1 @ N, — NKO
KOPPEKTHO ompejesena quarpamva (68). Ha kommonente Ny, nuk/mgeckas
CTPYKTypa oOIpejeseHa B pe3yJbrare IMpPOJ0OKEHHs OTOOPayKeHUs [i, C
Wgk,. B cuny BbIIOTHEHNS TPaHWYHBIX YCJOBUH I OTOOpazKeHUsS ¢
Ha RQantidiag, RQdiag Cleyer, 410 0oroDpakeHue [i, UMeeT IPABUJIbHBIE
rpaHnyHbie YCaoBusA HA N diag 1 Ha NQ antidiag- B dacTHOCTH, HA NQ antidiag
oToOparkeHue [i, COBIAJIAET CO CTPYKTYPHBIM OTOOparKeHueM, KOTOPOe
SIBJII€TCS TIUKJIMIECKIM.
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[Tposepum ycrosue (30) B ONpeIeeHUN MUKIAYECKOH CTPYKTYPBI JLIs
orobpazkenuit ¢ ocobeHnoctbio. Bocrosib3yemes Jlemmoit 18, corsiacuo
KOTOPOIi J0CTATOYHO PACCMOTPETh abCOMOTHLI MUK i @ RP % — K (14, 1)
(HATIOMHIO, YTO STOT IUKJI TOJIyYeH U 3aK/Ieiike 0ToOpaKenus [, : N(d) —
K(I,,1) Bmosb rpaHMIpB ABYMsl OJMHAKOBBHIMU KOIMHSIMU OTHOCHTEJIBHOIO
[UKJIa, KOTOPBIE BBIOUPAIOTCS] MPOU3BOJBHBIMU) W MPOBEPUTH, UTO IHKJI
fg oupepenser obpasyiouyio rpynubt romonoruit  H, (K (I 1);7/2).
O6o3naunm 31y obpasyomyio uepes © € H, (K (I4,1);Z/2).

PaccMoTpuM  erme  OfimH TOMOJIOTHUECKHiT Kjaace p.. o T.([N(d)]) €
H, x(K(I4,1);Z/2), xoropslii ompejeseH [UKJIOM, OOJIYIEHHBIM DU
MOMOIIM KOMIO3UINK KaHoHu4Ieckoro Hakpwitus 7 @ N(d) — K(I., 1) uan
crpykrypubim otobpaxenuem 7 : N(d) — K(Dy,1) ¢ orobpaxennem
p. : K(.,1) — K(I;1). Mnoroo6pasue ¢ ocobennoctsamn N (d)
paccMaTpuBaeTCsl KaK 3aMKHYTOe, T.e. KaHOHHYECKOe HaKpPhITHe OGepercs
pasBerBieHHbIM Hajg KpaeM ON(d). O6Go3HAYMM HOCTPOEHHBIH KJIaCC
romoutoruit wepe3 y € H,_(K(14,1);Z/2).

Jlokazkem, 4TO y gBIAsgeTCs 00Opa3yroImM KaaccoMm romosoruit. lamee
nposepum, 4ro xr = y. MelicrBuresibHo, KJjacc KoromoJioruii Yy’
JaBoiicTBenHbIil 10 Ilyankape Kjaccy TOMOJIOTHIT ¥, BBIYHCISIETCS KakK
HOpMaJbHBI XapakKTepucTmuecKmii kmacc w, € HF(RPVHZ/2) =
HY(K (14,1);Z/2). (Ilpa n = 2! — 1 KOroMoJOTHICCKHIT KIACC Wy He PaBeH
HYJTIO. )

Benomnnwm, uto N(d) = Nantidiag YNy antigiag VKo [T09TOMY sBYIIHCTHOE
HakpbiBatoniee N (d) TakxkKe [peACTABIAETCS B BUjE 00beIUHEHUs!
AByIHCTHBIX HakpbBaomux 10 dopmyae N(d) = Nuntidiag U No.antidiag Ni,.
CopasenmuBa  anasormdnas dopmyna R = Rgantidiag Y Rk, Ilpu
3TOM  RQ antidiag B NQantidiag PL-roMeoMopdHBI Kak MHOroodbpasus c
OCODEHHOCTSAMH C KpaeM, a OTOOparKeHUs [iq, Pe © 7] HA YKa3aHHON 0OIIei
YACTH COBIAIAOT.

Herpyano uposepurh, uTo MHOrooOpasme ¢ ocobemnocTaMu Ry,
SIBJISIETCST  JIBYJTUCTHBIM HAKPBIBAIOIIMM  HaJ[ HEKOTOPHIM MHOTOOOpasuem
¢ 0CODEHHOCTSAMU RKO. JleiicTBUTEILHO, MHOIOOOpa3me C OCOOEHHOCTSIMU
Nk, COyXKUT JABYJIUCTHBIM HAKPBIBAIOIINM 11T NKO. Buech u jgajee
I MHOTOOOpasuii ¢  OCODEHHOCTAMHU  HCHOJB3YIOTCA  O00OO3HAUEHHUSI,
COOTBeTCTBYIONME 0003HA4YeHusiM rpynn B jguarpamme (45). Ilpu srom
orobpazkenne fig|r,, 1 R, — K(Iz,1) npomyckaercs 4epes aByImcTHOE
HaKpBITHe Ry, — RKO, TMOCKOJIBKY CaMO OTODDAZKeHHE [ly| N, HAKDBIBACT
oroGpazkenue [i,| Ny Takoke JIerKO HIPOBEPUTH, YTO MHOrO0Opasme Npo

ABJIAETCA JABYJIUMCTHBIM HAKPbLIBAIOIIUM Ha/l Nll(()? IIpu 9TOM 0T06pa>1<eHHe

e 7_]|NKO HPOITyCKaeTcsl yepe3 JIBYJIucTHOe HakpbiTHe Ng, — N}(O. [HosTromy
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KazKIblil U3 IUKIOB T, § TOMOJIOTHYEH MUKy C HOCHTeJIeM Ha obIeil JacTu

Nantidiag .
Jlemma 26 mokasana.

Hauajo mokasareancTBa Jlemmbr 27

IIpu Ompe/ieeHAH 0TOGPAKEHHS ¢ ONPeIe/IOCh TaKKe OTOOpazKeHue i :
S"2k/Q, — R", kotopoe momydeno Mmamoii P L-medopmanmeil obmero
TIOJTOZKeHNs Kaanopa § m3 orobpazkennd iy, op : S 2% /Q, — J; C R™. (Cama
91a gedopManus U e€é Kaaubp 0 OyAyT sIBHO yKa3aHbl IPH JOKA3aTEIbCTBE
Jlemmbl 31 KOTOpOE MOJTHOCTHIO AHAJIOTHYHO JOKazaresbeTBy Jlemmbr 30.)
PaccmorpuM TakzKe orobpazkenne h = mo ¢ : S 2k /i — Sn=2k/Q, — R™.

Paccmorpum  momsap I}{I TOYeK caMolepecedenus OTOOpazKeHns N
U JBYJIUCTHOE HAKPBIBAIONIEE HAJ STUM IIOJIUIIPOM f/Kl, OTIPE/IeJIEHHOE
B COOTBETCTBUM C MPABbIM HUYKHUM HPOCTPAHCTBOM B juarpamme (51).
Y10o0BI HOMIEPKHYTHh AHAJOTHIO CO CAyYaeM IJIQJKHX OTOOparKeHMHil, jajee
BCE PacCMaTpHBaeMble MOJIU3AP (pas3iyTue OCOOGEHHOCTell Ha JIMATOHATH W
AHTHIMATOHAN B MOJIUIPAX He PACCMATPUBAETCS) TOUEK CAMOIIEPECETEHHs]
Oyzaer HazbiBaThCa PL-MHOrOOOpasuem ¢ 0COOEHHOCTIME. DTH MHOIOOOpa3us
¢ 0COOEHHOCTSIMU MMEIOT O0CODOBIil Kpaif, COCTOAIMN W3 TOYEK IUArOHAJIH
n aHTI/I}II/IaFOHaJH/I HOJ’II/IS,ZLPI)I 663 TOYEK JUATr'OHaJU W aHTHUIAWATOHAJIN
obosHavaoTcs L Koo L K;0 COOTBETCTBEHHO. KazK/Iblit TaKOii OJUIIP HA30BEM
OTKPBITBIM MHOTOOOpaszueM ¢ ocobeHHOCTIMU. OTKpPBITOE MHOTOOOpasue ¢
0CODEHHOCTSIMU f)Klo €CTECTBEHHO BJIOZKEHO B OTKPBITOE MHOroobpasme ¢
kpaem ['o.

Mmuoroobpasue ¢ 0COOEHHOCTSIMU ﬁKI, B CBOIO O4Yepejb, CaMO CJIyKUT
6a30if IByJMCTHOTO HAKPBITHA T @ Ly, — fLKI. HaxkpoiTus omnpeaeneHsl B
COOTBETCTBUU ¢ OOO3HaueHusIMU B juarpamme (51). OnpejeseHo oTKpbIToe
MHOroobpasue ¢ ocobenHoctsiMu Ly, € Kpaem, KOTOPO€ eCTEeCTBEHHO
BKJIaJIbIBaeTC BO B3pe3anublii kBajpar ['y. [Ipm srom Bjoxkenuum obpas
Lk,, 7neknT B peryaspHOil OKPecTHOCTH mnojamdnpa Ky m ompejenena
KOMMYTaTHBHAs JHAIPAMMa OTOOparKeHMil:

Lg, ¢ U. — K(H,1)
P ! (73)
LK1O C Ug I K(G, ]-)7

B Kotopoit dyepe3z U., U. o0o03Ha4YeHLI peryjsgpHble £-OKPECTHOCTH
mogmonmdapos K, C Iy, Ky, C [I'1 coorBercrBenno. IlpaBnie
TOPU30HTAMbHBIE CTPEJIKH 3STOH JuarpaMMbl SBISIOTCS IIPOIOIKEHHSIMEI
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oroGpazkenuii auarpammvbl (73) Ha peryisgpHyo OKpecTHocTh U, W Ha
daKTOPIPOCTPAHCTBO UE 9TOW OKpPEeCTHOCTH B MHOroobpasumsx [, fl
COOTBETCTBEHHO.

PacemorpuMm MuOrooOpasme ¢ ocobeHHOCTIMEH L, W 00O3HAYUM €ro
KOMIIOHEHTHI Kpas depe3 Lo giag U LQ antidiag- 11€peobo3naunm MuOro0obpasue
Ly, aepes L&gi, a ero KOMIIOHEHTBHI Kpas 4depe3 Lg?dmg U Lg)amdwg Huke
B jokazaresibcrBe Jlemmbl 30 no anasormu co crparudukanueii (69)

ompejiesieHa cTpaTuguKaIus

7;'maz,l 0
L™ C - C L. (74)
Ob6o3HaunM 4epe3
(6 _ z+1
Wy = L, \ L% (75)
OTKPBITOE MHOI0oOpasue ¢ 0COOEHHOCTAMH, COjiepzKaliee KOMIOHEHTDI K%)&H
i+1
Obo3HayuM KOMIIOHEHTY ero Kpas LQ dmg \ LG diag 1€P3 W5 tins
i+1
KOMIIOHEHTY L 4ridiag \ L§ antidiag depes WQ antidiag- DBEAEM aHATOTHYHbIE
[i Az‘+1 — W i i+l @) /i
0bo3HaTeHNs] LK1 \ L - WK )y HQ,diag \ LQ diag — WQ diag’ ~Q,antidiag \
[ i+l — W )
L§ antidiag = WO antidiag- 11PU B10OZKEHNN Wy C U. C I'y nogmuoroo6pasue

i
¢ OCOEHHOCTSIMU Wc(g)dmg BK.Ha,ZLbIBaeTCH B KOMIOHEHTY Kpad ['giqe, a

MOJIMHOTO00pa3me ¢ OCODEHHOCTAMU WQ antidiag

/()
AHanorndipie yTBep:K/IeHUs CIIPABEIIUBBL I/Is1 KOMIOHEHT IPAHUIIBI I/VF

BKIagbIBaeTcd B Lontidiag-

Ob6o3naunm OTKprToe MHOTOOOpa3ne ¢ O0COOEHHOCTSIMU C KpaeM L 2\
2+1
LY~ aepes WK O0o3HaYUM 9TH KOMIIOHEHTBI €ro Kpasi depe3 WQ dwg U

Wg)(mtidwg. [Ipn BIOXKeHUN W( C U. C T'y moamuoroobpasmue WQ diag

BKJIaJIbIBaeTCd B KOMIIOHEHTY Kpad ['giqg, a moamMHOroobpasme WQ antidiag

BKJIAIBIBACTCH B ontidiag. AHATOTUYHBIE YTBEPKIEHNS CHPABEIIUBBI [T
KOMIIOHEHT TI'DaHUIIbI Wr(‘zl)

Hna xaxgoro ¢, 1 < ¢ < dpee1, OIpeleleHa KOMMYTaTHBHAS
muarpaMMa (76) oTobpazkeHuil OJUIAPOB ¢ BHIMUCAHHBIMU TIOJ] IHATPAMMOMN
IPAHUYHbIMU yCJIOBUSMU. B 1ipocrpancrsa, crosiiue B Tperbeil CTpoKe 310l
JItarpamMMbl, O0TOOPAXKAIOTCSA COOTBETCTBEHHO HPOCTPAHCTBA IEHTPAJILHOM
CTPOKHM KOMMYTATHBHOM auarpaMmbl (77), KOTOpas TakyKe ONpejeseHa st
npousBosbHOrO %, 1 < 4 < 44,1, COOTBETCTBYIOUIETO HOMEDPY CTpaTa
MOJIN3/IPA TOUEK caMolepecedenns B crparudukannu (74):
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K(Qq,1) K(Qq, 1)

16 N AN

REY D RQuugURQuuaeg  REY e BQuy URQ, i

Lpr ! Lpr !

K 1(i) ) Qgi)ag U Q((z?btidiag K fi) ) Q((i?ag U Q((zi'r)ztidiag (76)
U U U U

K > 0 K > 0

1< 1<

K(G,1) K(H,1).
['pammunsie ycmoBust B amarpamme (76) Ha OpoCTpaHCTBe Qfl?ltidwg
3aIUCBIBAIOTCA (POPMYJIOH ¢ = i, O CQ@ ; Q((z?ztidiag — K(Qg, 1) o,

antidiag

K(H,1). T'pannunsie ycaoBus B guarpavme (76) Ha TpPOCTPAHCTBE Q((;i)ag

3aMUCHIBAIOTCS (HOPMYJIOit ¢ = i, O Py © CQ@) . Qgi)ag — K(H,, 1) —
diag

K(Hy, 1) — K(Qq, 1).

K(Qu 1) K(Qa 1)
A, A T X N\ Aa
Wi D WC(;,)dmg U Wg)antidiag Wil o Wg’)dwg N Wg’)‘mtidwg
] y ! g (77)
Wi o 0 wgl, o 0
L ¢ NG
K(G,1) K(H,1)
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['pannvnbie ycioBusi B amarpamme (77) Ha MTPOCTPAHCTBE Wq(;,)antidmg

Lo (1) la
3aIUCHIBAIOTCS (DOPMYJIOt ¢ = 7, O WO e : Wo antidiag — K (Q,, 1) =

K(H,1). I'pannunsie ycaoBug B mauarpammve (77) Ha IPOCTPAHCTBE Wg,)diag
3anuchiBaloTes GopmMysont @ =i 0Ppa© (e Wg)diag — K(Hy, 1) —
Q,diag ’
K(Hy 1) — K(Q,,1).
Bocnonszyemea  chaeayiomieit  1eMMoii,  JTOKa3aTeIbCTBO  KOTOPOU
LPOBOJUTCH B KOHIIE pas3/lelia.

Jlemma 31. Cywecmeyem manan P L-dedpopmayusa obuwezo mosostcerus
(i, © p) +— ¢ makas, wmo 0as KaHCA020 KYCOUHO-AUHETHO20 CMPANG

WI((? noausdpa L(d) e cpedneti cmpoke Kommymamuenot OQuazpammol
(77)  onpedenenv,  omobpascenus 0 WI(;) — Rky), (@)

1
i i y
W(i — RK() HA3DIBAEMBLE OMOOPANCEHUAMU PA3PEWEHUS 0cobennocmet, 6
COOMBEMCMBYIOULUE NPOCMPAHCNEN, emopou emporu duazpammos (76). Hpu

amom onpedenerv. 0mobpatcernus A9 W[(( K(Q,, ), A9 VVK1 —

K(Qu,1) 6 duazpamme (77) no gopmyaram AP = Got® X O = Potd,

Hocmpoennwie cemeticmea  omobpasicenul npu pasAudnus i 6 (74)
craeusaromea do omobpasicenut t LKl — RK, (coomeemcemeenno t
Nk, — RKi) u onpedeaenvr undyyuposarmvie omobpagricerus N\, = gb ot :
Ly, — K(Qu,1) (coomsememeenio A\g = ¢ ot - L, — K(Qq,1)). Boaee
M020, GUNOAHERD COOMHOWEHUE T 0 Ng = A : Ly, — ﬁKl — K(Qu, 1) u
BOINONHENDL 2DAHUYHDLE YCAOBUA HA KOMNOKEMAT Lo diag, L antidiag 2PaHULbL
cmMpamu@uyuposaro20 MHo2000pasud ¢ ocobennocmamu Ly, , womopwie
AHAN02UNHDL GbLnUCCLHbL./\/L nod gopmynot (77) epanusmnvim Yeao8uAM OAA
(1)

diag’ Q,antidiag COOMEEMCIMBEHHO.

KOMNOHEHT WQ

Oxkonuanue mokasarejbcTBa JlemMbr 27

JlokazaTebeTBO AHAJIOTHIHO PACCY KICHUSM M3 OKOHYAHUS JOKA3aTeThCTBA
Jlemmpr 26. Jlemma 27 mokasaHa.

IIpeaBapuTenabHBIil 3Tanm B AoKa3aTeabcTBe JlemMMbr 28

WznoxkuM 1miaH jgokazaTeabcTBa. MbI HaUHEM C TOrO, YTO ABHO OIHUIIEM
nomdApel Ky, Ko U CcTPYKTypHBIE OTOOpazKeHus 1), 7 Ha STHX IMOJUIIPAX
LIPH 1IOMOIIU KOOpAMHAT. 3areM juist KaxKaoro ¢, 0 < ¢ < 4,4, 0, HOCTPOUM

IIPOCTPAHCTBA RKéi), RKéi), cHa0OKEeHHBbIE OTOOPaKEHUSIMHU PI RKéZ)
KW pi o RKSY — K w orobpasenns ¢ : RKYY — K(1,,1), ¢ : RK"
K(I,, 1), KoTOpble Y0BJI€TBOPSAIOT TPEOYEMBIM IPAHIYHBIM YCIOBUSAM. 3aTeM
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nocTponM npocrpancTsa kKo, RKO, CHAOKEeHHBIe OTOOPAZKeHUSAMH pr
RK, — Ky, pi : RKy — Ky u orobpasxenust 6 : REK, — K(I,,1),
¢ : RKy — K(I,,1), KoTopble yJI0BJIETBOPSIIOT TPEOYEMbIM TI'DAHUTHBIM
YCJIOBHSIM.

IIpeaBapuTeabHBIil 3Tanm B AoKa3aTeabcTBe JlemMbr 29

V3nokuM I1aH TOKa3aTeJbcTBa. MBI HAUHEM C TOrO, UTO SIBHO OIIHMIIEM
moTu3Ipel K7, Ky u CTPYKTYpHBbIE 0TOOparkeHus (, é Ha STHX TOJTU3IPaAX
LIPH 1IOMOIIU KOOpAMHAT. 3areM jyist KaxKoro ¢, 0 < ¢ < 4,4, 1, HOCTPOUM
IIPOCTPAHCTBA RK@, R[A(I(i), cHa0OKEeHHBbIE OTOOPaKEHUSIMHU PI RKY)
KY), pr: RIA(Y) — f(fz) u oTOOparKenus ¢ : Rf(fi) — K(Qq, 1), ¢: RK{i) —
K(Qg,1), xoTopbie VIOBJIETBOPSAIOT TPEOYEMBIM TPAHUYHBIM YCJIOBHSIM.
Barem mocTpouM mnpocrpancTa RK7, RKl, cHaOKeHHBIE OTOOPAKeHUSIMUI
r: RK, — Ki, pf : RK; — K, u orobpaxkenus ¢ : RK; — K(Qa, 1),
¢ : RK; — K(Q,1), KOTOpbBIE YJIOBIETBOPAIOT TPEOYEMbIM I'DAHUYHBIM
YCJIOBUSIM.

ITocrpoenne crparudukanuii noausapos Jo, Ko, Kom oTobpakeHnii
K(O) - K(), K(O) i Ko.

YVIOPSI09YUM JIMH30BbIE ITPOCTPAHCTBA, 0Opa3ylolue JzKOiH, ducjiaMu oT 1

no 1o u obosHaunm uepes Jo(ki, ..., ks) C Jo MOIIKOIH, 0Opa3zoBAHHBIH
BbIODAHHBIM HAOOPOM OKPY2KHOCTEl (OJHOMEDHBIX JINH30BBIX HPOCTPAHCTB
S1/i ¢ nomepavm 1 < ky < -+ < ky < 1, 0 > s > ry. Iocrpoennas

crparrduKaIis HHAYIHPOBAHA U3 CTAHIAPTHON CTPpaTH(OUKAIINN OTKPBITHIX
rpaHeil CTaHJIAPTHOIO To-MEPHOIO CUMILTEKCa 0" P eCTECTBEHHON MPOEKITNN
Jo — 0". IIpooGpa3amu BepIIH CHMILIEKCA CJIYKAT JTHH30BbIE€ TPOCTPAHCTBA
Jo(j) C Jo, Jo(j) =~ S1/i, 1 < j < r, nopoxjaroniue JxKoiH.

OmnpeesiuM npocTpaHcTBo J; Kak IIOAIPOCTPAHCTBO B Jy, IOJIyYeHHOE
B pe3syibrare obbeaunHenust Bcex nojpnpocrpancts Jo(ki, ..., ks) C  Jo.

Onpegennm TpocTPAHCTBO Jéz), Umaz,0 = © > To O bopMyTIe:
(Z) _ 3 Tmin, +1
Joo = Jo\ S

O6o3HaYUM  MAKCUMAJbHYI  OTKPBITYIO  KJETKY  [POCTPaHCTBA
P (Jo(ky, ... k) wepes Ulky,.... k) C S"*/i. Takyo OTKpBITYIO
KJIETKY HA30BEM 3JIeMEHTapHbIM cTparoMm riaybunbsr (r — s). Touka Ha
snementapuom crpare U(ky, ... ks) C S™F/i onpenensiercss mabopom
KoopauHar (T, ..., Tk, 1), nae Ty, — KoopauHara Ha 1-cdepe (OKpyKHOCTH),
HAKPBIBAIONIEH JIMH30BOE IIPOCTPAHCTBO € HoMepoM k;, [— KoopauHaTa
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Ha COOTBETCTBYIOMEM (§ — 1)-MepHOM cHUMIUIEKCe JiKOiHA. [Ipu 3ToMm
ecan JjiBa HabOpa KOOPAMHAT OTOXKJIECTBJIAIOTCA MexKy co0oil npwu
peoOpa30BaHUN TPAHCSINAN MUKJITIecKoro I,-HakphITHs Ha 00Pa3yIoILyIo,
KOTOpOe SIBJISIeTCs OOIMMM JIJIsI BCero Habopa KOOpJAMHAT, TO 3TH HAOOPLI
OTIpeeNAIOT OHY H Ty 2Ke Touky Ha S™ % /i. Toukn Ha s7eMeHTapHOM CTpaTe
U (k1, ..., ks) 1€KAT B OObEINHEHUN CUMILTIEKCOB C BEPIIHHAMHI HA JTHH30BBIX
HO/IIPOCTPAHCTBAX JIZKOWHA C COOTBETCTBYIONIUMHU KOOp/iMHAaTaMu. Kaxk ibiii
snementapuwiii crpar U(ky, ..., k) cayxnr Gasoil ABYINCTHOTO HAKDPHITHS
Uki, ..., ks) — U(kl, ..., ks), KOTOpPOE WHIYIUPOBAHO W3 JBYJUCTHOIO
makpbiTua RP" % — S"~F /i mpn srmouennn [7(k1, oo ky) C SR

[Tommsap K(o) \ (Qo,dmg U Qo,antydmg) pasbuBaerca B O0bLeJUMHCHHUE
OTKPBITBIX HOJAMHOXKECTB (jementapubix crparos) Ko(ki, ..., ks), 1 <
s < r B coorBercTBUU €O crparudukanueir mnpocrpancrsa Jy. s
paccMaTpuBaeMoro Crpara YHMCIO 7 — S HEIOCTAIONUX KOODAWHAT 0
moJtHOro Habopa Ha30BeM TIyOmHON cTparta. OmpejiesieHO JIBYJIHCTHOE
wakpeitne Ko(ky, ..., ks) — Ko(kl, ..., ks), cormacoBanoe ¢ TOCTPOEHHOM
crparudukanueii 6a3nl.

Onwmmem snementapubiit crpar Ko(ky,...,ks) upu moMomm cucreMbr
koopawHat. st mpocTtorhl obo3HaveHwit paszbepem ciaydait s = 71y
[Iycte st mapbl Tovek (1, 2), oupejensonux Touky Ha K(1,...,rp),
dbuxcupoBama napa Todex (¥),i») Ha HakphiBaromieii cdepe S koTopas
MepexXoJNT B PacCMaTpHBAeMylo mapy (ri, Tp) mpu mpoexmum S F —
RP"* B coOTBeTCTBUE € HPOJIEJAHHBIM BBIIIE IIOCTPOCHHEM, O0DOO3HATHM
aepes (&1,,22;), ¢ = 1,...,79 HabOp cdepraecknx KOOPIMHAT KarKIOi
roukn. Kaxkmag Takag KoOpJAuHATa OIpeJesadeT TOYKY Ha 1-MepHOIi
cepe (oxpyzxmoctn) S} ¢ TeMm e HOMepOM i, KOTOpasd HaKpbIBaeT
COOTBETCTBYIONIYIO OKPY:KHOCTE Jo(i) C Jy B jzKoiine. 3aMeTuM, 4To mapa
KOOPJMHAT ¢ OOIIMM HOMEPOM HEOOXOAMMO OlpeIe/Isier apy TOYeK B OJHOM
cJI0e CTaHIAPTHOrO IUKJnYeckoro I,-nakpeitua ST — ST/,

HaGopsr koopauuar (&1,;,%2,;) PacCMATPHBAIOTCS € TOYHOCTBIO JIO
HE3aBUCHMBIX 3aMeH Ha aHTHIOAAIbHbIE. Kpome Toro, Toukn B nape (1, Ts)
He JIONYCKAIOT eCTeCTBeHHOTO YHOPSIOUYUBAHUS U MOJHATHE TOUKU ¢ K 10
uapbl Touek (I, ), gexkamux na chepe S, onpejenserca ¢ TOYHOCTHIO
10 8 paznmunbix Bodmozkuocteit. (ITopsimok rpynnsr Dy pasen 8.)

AHasorMYHOE MOCTPOEHNEe CHPABEIJINBO W JIJIT TOYEK 0Oojee TIyDOKHX
ssieMeHTapHbiX crpatoB Ko(ky, ..., ks), 1 < s < r. Ilpu stom, ecau HAGOPHI
KOOPJAMHAT 3JIEMEHTAPHOTO CTpaTa IOIYdYaloTCd APYr U3 ApyTa JAeiCTBHeM
HEKOTOPOTO 3JeMeHTa l,~HAKPBITHA, TO MEHBIIMHA CTPAT JIEXKHUT IEeJHKOM
Ha pa3/yToil jumaroHaau (eciam JeficTBHe 3a/[aeTCsl HJIEMEHTOM IIOArDY bl
I; C 1) nim antuanaronany (ecyin JeficTBre 33/1aeTCsT HA SJIEMEHT CME’KHOTO
kinacca I, \ Iy).
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(1 . .

OmpetesiuM oJIIP K((] ), 0 <4 < tnga,0 KaK JU3BIOHKTHOE OObeIMHEeHTE
BCeX 3JIeMEHTapHBIX cTparoB Iayounsl ¢. [Ipm ¢ > 1 paccmarpuBaioTcs
CTpAThl, TMONABIIKE HA IUATOHAJIbL WaM aHTuauaronanb. ([Ipu i = 0
JMAarOHAJIbHBI M aHTUJMArOHAJIBHBIH crpar orcyrcrByer.) Omnpeennm

> . o (i

nosmdap Ky B pesyibrare CKJIEHKH 00beuHEeHNs] BCeX IOJIHIIPOB K((]) pu
0 < 7 < yee0, IpUYEM IPUMbIKaHUdA T'PaHeil, oupejesdoliue CKJIeHKYy,
COIJIACOBAHHBI C IOCTPOEHHBIMM CHuCTeMamu Koopamnar. Ilo nocrpoenuto
MTOJTAS/IP K (0 COBITAJTAET C OIpeeeHHBIM paHee MOJI3IPOM K (( )) [Ipu 1 <

1 < pag,0 HOJIUIIP Ké ) orrmaaercs ot TOJIN/Ipa K ((0)) JIMIIIb B JI1arOHAJIbHbIX

1 aHTUWAarOHAJIbHBIX MMOAIIOJIUIAPaX.
OrmpeiesieHbl eCTeCTBEHHBIE OTOOPaZKeHU

K((ég K( 1 S i S imaa},Oa

K@) — Ko,

KoTOpble sBjsiorcs P L-romeomMopdu3MoM  BCIOZY, 3a HCKJIIOYEHUEM,
JMIMATOHAJBHBIX W AHTUAUATOHAJIBHBIX — MOAMOJIUIAPOB, HA  KOTOPHIX
3TH OTOOpaKeHUs COBHAMAIOT C eCTECTBEHHBIMU MPOEKIUIMHU YaCTH
pa3ayToil amaroHanum (COOTBETCTBEHHO, AHTHIMATOHANN) HA JIHATOHAID
(cooTBETCTBEHHO AHTHMATOHAJID ), MOHUZKATOTIIMH Pa3MepHOCTb.
Oboznaunm gepes f((()?, Koo HMOJIMI/IPHI, TOJIyYeHHBIE U3 f((gl), Ko B
pe3yJibTare yjaJleHus TOYEK Ha JIMArOHaJM U aHTUMATOHAJIH. '

CrangapTHBIM CIIOCOOOM OIPe/Ie/IAIOTCS IBYINCTHBIE HaKphIBaoIme /K él),
K ), K(()?, Koo HaJT TOCTPOEHHBIMU TOJIM/IPAME U OTOOparKeHU st

Ky = K", 1< <o,

K(O) — K().

IToctpoenne crparudukamnuii noanms3apos J;, K, K, n IMOCTPOEHNE
orobpaxkenmit K1) — Ky, K1) — K.

VropsiioanM JTUH30BbIE TPOCTPAHCTBA, 00pa3yolIne JKOiH, YucjaamMu oT 1

a0 r1 u obosnauum uepes Jy(ki,...,ks) C Ji moamzKoiiH, o6pa3oBaHHBIN
BBHIODAHHBIM HAGOPOM KBaTepPHHOHHBIX JIHH30BLIX mpocTpancTs S°/Q, c
momepavun 1 < k < - < ky < r, 0 > s > ry. Ilocrpoennas

crpatuduKanus MHAYIIHPOBaHA U3 CTaH/IAPTHOM cTpaTuduKanmm OTKPHITHIX
rpaHeil  CTaHZAPTHOIO 7T1-MEPHOIO CHMILIeKca O'' IIpH eCTeCTBEeHHOI
npoeknun J; — 0. [Ipoobpa3amMu BepIINH CHMILTIEKCA CJIyKaT JIMH30BbIE
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npocrpanctea Ji(j) C Ji, Ji(j) = S?/Q., 1 < j < 11, mopoxnawommue
JZKOTH.

Omupegennv TPOCTPAHCTBO J; KaK MOANPOCTPAHCTBO B J1, MOJIyYeHHOE
B pe3yibrare obbeauHeHunss Bcex nojanpocrpancts Jy(ki, ... ks) C  Ji.

Onpegeanm TpocTPAHCTBO Jl(i), tmaz,1 = © 2> 71 10 bopmye:
Jl(’l) —_ J{ \ J;min,l"rl.

O603HaIMM ~ MAKCUMAJIBHYIO ~ OTKPBITYIO — KJIETKY  NPOCTPAHCTBA
p Y (Ji(ky, ... k) wepes U(ky,..., k) C S"%/Q,. Takyio OTKPBITYIO

KJIETKY HA30BEeM 3JIEMEHTapHbIM CTpaToM rjayounbl 71 — S. Touka Ha
snementapaom crpare U(ky, ..., ks) C S"2%/Q, ompenensercs nabopom
koopauHatr (T, ..., Tk, 1), Tae Ty, — Koopauaara Ha 1-cdepe (OKpyKHOCTH),

HAKPBIBAOIIE JIMH30BOE IPOCTPAHCTBO ¢ HOMepoMm k;, [— KoopamHATa Ha
COOTBeTCTBYIOMEM (§ — 1)-MepHOM cuMILIeKce JizKoiHa. [Tpu 3ToM ecin 1Ba
HabOpa KOOP/MHAT OTOXKJIECTBJISIOTCS MexK/ly co00i#l npu 1npeodpazoBaHuU
TPAHCJANNE MUKJIXIECKOr0o (Qu -HAKpBITUS Ha 00pasymoILyl, KOTOpOoe
SIBJISIETCST OOIIIMM JIJIsT BCcero Habopa KOOPAMWHAT, TO 3TH HAOOPHI OMPeIeIsTioT
omny m Ty ke Touky mHa S" %¥/Q,. Toukm Ha 37eMEeHTapHOM CTpaTe
U (k1, ..., ks) 1€2KaT B OObEINHEHUN CUMILTIEKCOB C BEPIIHHAMHI HA JTHH30BBIX
HO/IPOCTPAHCTBAX JIZKOWHA C COOTBETCTBYIONIMMU KOOp/iMHaTaMu. Karxk ibii
seMenTapublit crpar U (k1,...,ks) cayxut 6a30ii ABYJUCTHOTO HAKPHITHS
Uki,... . ks) — U(k’l, ..., ks), KOTOpPOE WHIYNUPOBAHO W3 JBYJUCTHOIO
nakpbitas S"2F /i — §"% /Q, npu sxmouennn U(ky, ..., k) C S"2F/Q,.

[Tommsap K(l) \ (Ql,diag U Ql,amydmg) pasbuBaerca B O0bLeJUMHCHUE
OTKPBITBIX HOAMHOKECTB (3s1emMentapubix crparos) Kq(kp, ... ks), 1 <
s < r B coorBercTBUM €O crparudukanueir upocrpancrsa Ji. s
paccMaTpuBaeMoOro CTpara YHCJIO T — S HEJOCTAIONINX KOOPAWHAT JI0
motHOro Habopa Ha30BeM IyomHON cTpaTta. OmpejiesieHO JIBYJIHCTHOE
wakpoitne Ki(ki, ..., ks) — Kl(kl, ..., k), cormacoBanoe ¢ TMOCTPOEHHOM
crparudukanmueii 6a3nl.

Onummem snementapubiit crpar Kip(kq,...,ks) upum moMomm cucTeMbr
koopauHat. /Ijist npoctoTsl 0603Havenuii pazoepem ciaydait s = r1 [lycrs s
napbl To49ek (r1, Ta), onpeienstonmx Touky Ha K(1,...,7), dbukcuposana
napa Todex (I,¥;) Ha HakpopBafomeil cdepe S"2F xoropas mepexomuT
B paccMaTpuBaeMyio mapy (rp, ¥o) mpu mpoekmmm S"TH — Gno2R/j
B coorBercTBuEM ¢ mPOjESAHHBIM BBIIIE [MOCTPOEHUEM, O0OO3HAYUM dYepes
(Z14,%24), © = 1,...,r; HAGOp cdepUIeCKUX KOODAMHAT KayKJIOH TOUKH.
Kaxjias Takass KOOpJMHATa OlpejejsieT TOUKy Ha 3-MepHoii cdepe S ¢
TeM 7Ke HOMEpPOM ¢, KOTOpasl HAKPBIBAET COOTBETCTBYIOIEE KBATEPHUOHHOE
JIUH30BOE MpocTpancTBo Ji (i) C Ji B [KoitHe. 3aMeTuM, 9To mapa KOOPIHHAT
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¢ 0o0mUM HOMEPOM HEODXOIMMO OIpeeNseT Mapy TOYeK B OIHOM CJIOe
CTaHJAPTHOrO MuK/ImIeckoro Qg-naxpoitua S3 — S52/Q,.

Habopbr  koopaunar (Z71;,%2;) PACCMATPUBAIOTCA € TOYHOCTHIO IO
He3aBUCUMBIX 3aMeH Ha aHTHUIIOAa/ bHbIe. KpoMe Toro, Touku B nape (i, Ts)
HE JOIIYCKAIT €CTeCTBEHHOIO YIOPS0YNBAHUS U MOJHATHE TOUYKH ¢ K 110
napel ToUeK (Z1, 7o), mexkamux Ha chepe S"2F onpegengerca ¢ TOTHOCTHIO
10 32 pazimunbix Bodmozkuocreit. ([Topsimok rpynner H pasen 32.)

AHaOrmYHOE MOCTPOEHNE CHPABEIJIMBO M VI TOYeK Oojee TIyDOKHX
ssiemenTapubix crparoB Ko(ky, ..., ks), 1 < s < ry. Ilpu srom, eciiu HaDOPHI
KOOP/IMHAT 3JeMEHTAaPHOI'O CTpaTa MOJYUYAOTCS JAPYTr U3 JApyra JeiicTBHeM
HEKOTOPOro 3emMenTa Q, HaKpPBITUs, TO MEHBIINNA CTPAT JIEKUAT METUKOM Ha
pas3ayToil JumaronaJjin (eCJII/I JleficTBHE 3a4aeTcd dJ1eMeHToM noarpyumst 1, C
Q.) wim asTuamaronaau (ecam JeficTBHe 33JaeTCsl Ha SJIEMEHT CMEeXKHOIO
knacca Qg \ I,).

Onpeneanm moandap K Y), 0 <@ < 4maa,1 KaK JU3BIOHKTHOE O0beINHEHTe
BCexX cTparoB rayounsr ¢. [Ipu ¢ > 1 paccmarpuBaloTcs, B TOM YUC/I€, CTPATHI,
MONABIIHE HA JUATOHATL Win anTuauaronasb. (IIpu ¢ = 0 guaroHaJbLHBII
U AHTHIMATOHANBHBIN cTpar orcyrcTByer.) OmnpeaenuM MOTu3Ip K, B
pe3yabTaTe CKIeHKn OObeIMHeHHs BCEX IOJTHIIPOB K fz) mpu 0 < ¢ <
Umaz,1, IPUYEM [IDUMBIKAHUS I'PAHEll, olipejieJisiiollye CKJIeHKy, COIJIaCOBAHHbI
¢ IOCTPOEHHBIMH CHCTeMaMH KoopamHarT. Ilo mocTpoeHuto moamsap K fD)

COBITQIA€T C ONpEJeJeHHBIM paHee TOJUIIPOM f(((?)) Ilpu 1 < ¢ <

. ~ (i A (i
Umaz,1 TIOTHID K1() OTINYAETCS OT moJmdapa K ((1)) JINIIL HAa KOMIIOHEHTAaX,

JIEYKAIUX HA JUArOHAJbHBIX U aHTHU/IMATOHAJIBHBIX TO/IIOJINIAPAX.
OmnpejiesieHbl €CTECTBEHHBIE OTOOPaYKEHU ST

KO = KP, 1< <,

K@y — K,

KoTOpble daBsgiorca P L-romeoMopdu3MoM BCIOAY, 3a HCKIIOUYCHUEM,
JANarOHaJIbHbIX )41 AHTUINAI'OHAJIbHbBIX 1IOI10JIN/IPOB, Ha KOTOPbIX
TN OTO6pa)KeHI/IH COBIIaJal0T C €eCTeCTBEHHbIMU HIPOCKIUAMU HaCTHU
pasayToil auaroHasu (COOTBETCTBEHHO, AHTHAMATOHAJN) HAa JIHATOHAI
(COOTBETCTBEHHO AHTHUATOHAJD ), IMOHUZKATOTIIMH Pa3MepHOCTb.
Ob6o3nayuMm 4vepes K fzc),, K 1,0 TOMH3APBI, IOTydYeHHbIE U3 K fl), K, B
pe3yabTaTe yaajaeHns TOUeK Ha JHArCOHATN W AHTHIAATOHAIM. ‘

CrangapTHBIM CIIOCOOOM OIPEIE/IAIOTCS IBYINCTHBIE HaKphIBaoIue K. fl),

Kuy, K 1(22,, K, Haa MOCTPOEHHBIMH IOJIM3IPAMA H OTOOParKeHHs

K = K 1< <,
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K(l) — K().

KOOp,Z[I/IHaTHOG omnmucaHnme 3JJIEMEHTAaPHBbIX CTPpATOB IIPOCTPAHCTB
K(],o, KO,O

[lyctb = €  Ko(l,...,79) — TOuKa, Jiexkallad Ha MaKCHMAJIbHOM
3JIeMeHTapHOM cTpare. PaccMoTpuM HaOOpHI cepriecKnxX KOOpAUHAT T, U
Z24, 1 <14 < 1grouku . [Ipu KazK/10M ¢ BO3SMOXKHEI CJIeIyIOIIHe CIydan: Iapa
1-bIX KOOD/IMHAT COBIIA/IAET; aHTUIIOAIbHA; BTOPas KOOP/IMHATA TIOJIY YaeTCsI
W3 [epBoii B pesyibrare mpeobpa3oBaHust Ha O0pA3yIONIyIO (WM MHUHYC
06pa3yoIIy0) MUK IHIECKOr0 HaKpbITUs. COMOCTABUM YIIOPSAIOYCHHON Hape
KOOpAMHAT &1, T2; BBIYET v; cO 3HademmeM +1, —1, +i mam —i
COOTBETCTBEHHO.

[Ipu u3meHeHnn HAOOpPA KOOPAMHAT OJHOI M3 TOYEK HA AHTHUIOIAIbHBII
HaboOp, CKaxkeMm, HADOpa KOOPJAMHAT TOYKH To, HADOP 3HAYEHUH BHIYETOB
pU HOBOM BBIOOpe mpoobpasa Ty Ha ChepuvIecKOM HAKPBITUH TOJTYYaeTCs
13 IepBOHAYAJBLHOIO HAOOpa HM3MeHeHHeM 3HAKOB. [lpm mepenymeparmm
TOYEK HAOOP BBIUETOB U3MEHUTCSA Ha KOMILTEKCHO-CONPSzKeHHbI. O4ueBHIHO,
9T0 HAOOpP BHIYETOB HE M3MEHHUTCs, €CJIM BbIOpATh JAPYIYI0 TOYKY HA TOM
JKe 3JIeMeHTapHOM cTpate npocrpancTsa Ko,. s mpocrpancTBa f(()o
CHpaBeIJINBbI AHAJOTUYHBIE MTOCTPOEHUsI, T.K. 00€ TOUYKH CJIOSI HAKPBITHS
Koo — Koo J€2KaT HA OIHOM 3JIeMEHTapHOM CTpaTe.

DeMeHTapHble cTpaThl mpoctpancTBa Ko(l,...,7) B cooTBeTcTBHH C
ommpeaeeHHbBIM HAOOPOM BbIUeTOB Jensarcda Ha 3 tuna: I,, I, I;. Ecnu cpean
BbIYETOB HabOpa BCTpEdaroTcs Jiunib Bbruerbl {+i, —i} (coorBercrBeHHO
b Beraersi{+1, —1}), Gyzem ropopurb 06 3JEMEHTAPHOM CTPATE THUIIA
I, (coorBercrBenno tuma Ip). Ecau cpeau BBIYETOB BCTPEYAOTCS Kak
BordeTsl w3 Habopa {+i, —i}, Tak u w3 maGopa {+1,—1}, Gyzem rosopurhb
00 smemenTapHoM cTpare THma Iy JIerko mpoBepuTb, YTO OrpaHHYEHHE
XapakTepucTuIecKoro orobpaxkenus 1) : Ko, — K(Dy, 1) na s1emenrapubii
crpar tumna I, I, I; npeacraBieno KoMmosuimeir HEKOTOPOTO OTOOPaKeHUs
B npocrpancrBo K (I,, 1) (coorBercrBenno B mpocrpancrso K (I, 1) win
K(I41)) ¢ orobpaxenunem i, : K(I,,1) — K(Dy,1) (coorBercTBeHHO C
orobpazkennem i, : K(Ip,1) — K(Dg, 1) wim iy : K(Iz,1) — K(Dg,1)).
Jlast ¢cTpaToB MEpPBBIX JABYX THIIOB PEAYKIUs CTPYKTYPHOIO OTOOpArKEHMUSsI
(¢ TOYHOCTBHIO JIO TOMOTOIHMH) HEOJHO3HAYHA, HO OIpeJeseHa JHIIb ¢
TOYHOCTHIO JI0 OTOOPAYKEHWsI, COOTBETCTBYIOIIEMY TOMOMOP(U3MY BHEIITHETO
conpszKenuda B nogarpynnax I,, Ip.

Kaxkapiit s/meMenTapublii crpar npocrpanctsa Koo(1, ..., 79) JABYIHCTHO
HAKDBIBAET d/1eMeHTapublii crpar npocrpancrsa Koo(1,..., 7). pu srom
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SJIEMEHTAPHLBIE CTPATHl IPOCTPAHCTBA IA(07O(1, ..., Tg) Jenarcsa Ha tunbl B,
Ey,, E. B coorBerctBun ¢ tunom I, Iy, I; HakpsiBaromeii KOMIOHEHTHI.
Ara KaaccuduKayud COOTBETCTBYET PelyKIUU CTPYKTYPHOIO OTOOpAZKEHUs]
B npocrpancrso K(E,1) k orobpaxkenuto B nosupocrpanctso K (E,, 1),
K(Ey, 1), K(Eg4,1) coorBerctBenHo. JIjisi 9JIeMEHTAPHBIX CTPATOB GOJIbIITEI
rIyOUHBI TOCTPOCHUS AHAJIOIHYHEL.

KoopamHaTtHOe omnmcanme 3JIeMEHTAPHBIX CTPATOB IMIPOCTPAHCTB

Kl,oa Kl,o

Hng kaxpoit toukun = € Ki(1,...,71), Jexamed Ha MaKCUMaJIbHOM
3JIeMEHTapHOM CTpaTe pPacCMOTPHUM HAOOPbI cpepHUecKHX KOODAMHAT T ;
u To;, 1 < 4 < 7y Ilpm KaxKI0OM % BO3MOXKHBI BOCEMb CJIydaeB, B
3aBUCHMOCTH OT TOTO, KaKoil W3 3JeMeHTOB v; = (f9,) 'd1,; CTPYKTYpHOI
rpyunbl Q. MepeBOAUT NPH YMHOXKEHHH ClpaBa CHepuIecKyid KOOPIAHHATY
Z1,; B KOODAUHAY &g ;. ComocTaBuM ynopsI04eHHOI Hape KOOpAUHAT X1 i, T2
BbIUeT v; co 3nauenuem { +1, —1, +i, —i, +j, —j, +k, —k } coorBercrsenno.
[Ipu wu3MmeHennu HaGOpa KOODAMHAT TOYKH Z7 (COOTBETCTBEHHO Tg)
Ha TpeoOpa3oBaHWe TPAHCIANMA (IPaBOe YMHOYKEHWe) Ha 3JJIeMeHT ¢
u3 rpynnsl Q, HaOOp BBIYETOB NPH HOBOM BbIOOpe mpoodpa3a T, Ha
cepruIecKoM HAKPBITHHU MOJIYyYaeTCs U3 MePBOHAYAJIBLHOTO HabOpa BHIYETOB
YMHOXKeHHeM chpaBa Ha ¢ (COOTBETCTBEHHO YMHOYKEHHEM cjleBa Ha i 1).
[Ipu meperymMepaluu TO4YeK HAOOP BBIYETOB M3MEHHUTCS HA OOpaTHBIN (T.e.
BLIYET v; H3MEHHTCA Ha v; ). Habop BBIYETOB He H3MEHHTCS IPH H3MEHCHHH
TOYKH X TPHU TPeoOPA30BAHNN TPAHCISIINNA B HAKPHIBAIOIIEM P HAKPBITHN
f(l(l, oor) — Ki(1,...,r1). Tlostomy s 3J€MEHTapHBIX CTPATOB
MPOCTPAHCTBA IA(OJ CIpaBeJIMBHI AHAJTOTHIHBIE TIOCTPOEHMUS.
DJeMeHTapHble CTPAThl MPOCTPAHCTBA Kl(o)(l, ...,T1) B COOTBETCTBUU C
IHOCTPOEHHBIM Bbillle HAOOPOM BbIUETOB Jesarcs Ha 3 tuna: Qg, Ey, I,. Ecin
cpean BbIUeTOB Habopa BCTpedaloTcst qunib Boiuerb {+j, —j, +k, —k} wu3
kiaacca cmexnocrn Qg \ I, (coorsercrsenno Beruersr {+i, —i,+1,—1} u3
noarpynnsl 1,), mpudem TOIBKO BbIYETHI +j —j, JubO TONBKO BblYeThl +k
—k, (cooTBeTCTBEHHO TOIBKO BbIUeThl +1, —1, 1u60 TOJBKO BHIYETHI +1, —1)
Gysem ToBopHuTh 0 crpare Tuna Q, (coorsersrBento Hy). B npyrom ciayuae,
HaIPUMeEp, €CJIM CPeId BBIYETOB BCTPEUYAIOTCS KaK BHIYETHI U3 MOArpy b I,
Tak u u3 Kaacca cmexnocru Q, \ I,, 6ymem rosoputs 0 kKomnonente tuna I, .
JIerko mpoBepuTh, YTO OrpaHUICHIE XapPaKTEePUCTHIECKOIO0 OTOOpaKeHu s
¢ : Ky — K(MH,1) ua osugemenrapubiii crpar tuna Q. (Ep)
IpPEeICTAaBIeHO KOMIO3HINEel HEeKOTOPOro OTOOpaykKeHHsd B MPOCTPAHCTBO
K(Qu, 1) (K(Ep, 1)) ¢ orobpazkennem Briouenus i, @ K(Qq, 1) — K(H, 1)
(ip : K(Ep,1) — K(H,1)). Iy crpaToB 3TUX JABYX MNOATHUIIOB PEpyKIIUs
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CTPYKTYPHOTO OTOGpazKeHusi (¢ TOYHOCTHIO JIO TOMOTOINWH) HEOJHO3HAUHA,
HO JIMIIb ¢ TOYHOCTBIO [0 OTOOparKeHMsl, COOTBETCTBYIOIETO BHEIIHEMY
conpsizkennto B noArpynmnax Q, (E,) HEKOTOPBIM TPOM3BOIBHBIM 3JIEMEHTOM
u3 kiacca cvexuocrn H \ Q, (H \ E,). [dna snemenrtapusix Ttuma I,
orpannvenne orobpaxenue ( : K;, — K(H, 1) npexcrasaeno kommno3urmeii
HeKOTOporo orobpazkenuss B mupocrpanctBo K (I,,1) ¢ orobpaxkennem

sruouenust iy, © K(I,,1) — K(H,1).

Kaxkapiit smemenTapubiii crpar npocrpancrsa Kio(1,...,7) AByaIucTHO
HAKPbIBAET 3JIeMEHTapHbIil crpar npocrpancrBa Kio(1,...,r). IIpu s1om
SJIEMEHTapHble CTpaThl npoctpancTBa Kio(1l,...,r) geaarca wa tunsl G,

Gy, G4 B COOTBETCTBHH C TPYIIOH CHMMETPHH KOMIOHEHTHI (IBHOE
OIIMCAHME ITUX CTPYKTYPHbIX rpyun He norpebyercs). Paccmarpusaemas
KinaccupuKanus COOTBETCTBYET PEAYKIUH CTPYKTYPHOTO OTOOparKeHHs B
npocrpancrBo K (G, 1) k orobpaxennto B mnomupocrpanctso K(Gg, 1),
K(Gy,1), K(Gg, 1) coorBercrBento. [ljist s1eMeHTAPHBIX CTPATOB GOJIbIITEI
rIyOMHBI BCE MMOCTPOCHUS AHATIOIHYHEL.

~

IToctpoenne cTpyKTypHBIX OTOOpaxkenmit 7 : Koo — K(Dy, 1), 7
Koo — K(E, 1) npu momMouu KOOpaAUHAT

[Iycrb = [(x1,22)] — ormedennass Touka Ha Koo, Jexamas Ha
MaKCHMaJIbHOM 3JIEMEHTAPHOM cCTpaTe. PacCcMOTpUM 3aMKHYTBI IyTh
A SY — Ky, nHaumpaoomuiics ¥ 3aKaHUXBAIONIHICI B 3STOI

OTMEUYEHHOI TOYKe, IepeceKaroluii ocoOble cTpaThl TIyOWMHBI 1 B obIeM
MOJIOKEHNH TO KOHEYHOMY MHOMKECTBY Touek. Ilycth (&q,Z2)— BBIGOD
cdepuuecknx npoobpaszos Toukn x. Onpesenum apyryo napy (&), T5)
cdepudeckux MmMpooOPa30B TOYKU T, KOTOpas OyAeT Ha3bIBATHCSI CHCTEMOI
KOOPJMHAT, IIOJYYEeHHONl B pe3y/jbraTe eCcTeCTBEHHOIO IIpeoOpa30BaHUsd
CHCTEeMBI KOOPJIUHAT (Z1, E9) BIOJIb MyTH .

B perynsgpHbIX ToUKax myTH A ceMeiicTBO map cgepudecKux mpoodbpa3on
B OJTHOMAPAMETPUIECKOM CEMEHCTBE MEHSIETCS HEIPEPBIBHO, YTO OJHO3HATHO
orpejie/isieT Tpoodpa3bl B KOHEYHOH TOYKE MyTH M0 HAYAJbHBIM 3HAYEHUSIM.
[Ipu mepecedenun myTH co crpaToM IIyOWHBI 1 COOTBETCTBYIOIIASA Iapa
cepryecKux KOopJAHHAT ¢ HOMepoM [ peTepiieBaeT pa3puiB. [lockoIbKy Bee
OCTaJIbHbIE KOOPJIUHATHI OCTAIOTCS PEryISpPHBIMU, UX IHPOJOJIKEHHEe BJIOJb
IyTH B KPUTHYECKUN MOMEHT BPEMEHHU OJHO3HAYHO ormpejeseno. Ho s
3a/IAaHHON TOYKW T HA 3JIEMEHTapHOM cTpare riIyomabl () mpocTpaHcTBa
Ky BBIOOp XOTAOBI O7HOI Taphbl chepudecKkux KOOPJAMHAT C HEKOTOPOM
HOMEPOM OJITHO3HAYHO OIpejieigeT BBIOOP cdepudecKux KOOpPIUHAT CO
BCEMU OCTaJIbHBIMU HOMepaMu. Cre0BaTeIbHO, IPOI0IKeHe chepuIecKux
KOOP/IMHAT BJIOJIb HyTH OJHO3HAYHO OIPEJIEJEHO B OKPECTHOCTH 0CO00il
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TOYKH IIyTH.

[TpeobpazoBanue ynopsaaoueHuoit napol (1, Z2) B YHOPSIOIEHHYIO APy
(%},245) oupenmessier saemeHT B rpynmne Dy. DTOT 37€MEHT He 3aBHCHT OT
BbIOOpA My TH | B KJIaCCe SKBUBAJEHTHBIX ILyTeil, Olpe/IeJIeHHBIX OTHOIIEHHEM
romoronuoctu B rpymie 7 (Koo, ). Tem cambiM, onpejeser roMoMopdhu3m
71 (Koo, ) — Dy, npudeM HHIyIAPOBAHHOE OTOOPAZKEHHE

n: Koo — K(Dy, 1) (78)

COBIIAJIA€T CO CTPYKTYPHBIM OTOOparKeHHeM, KOTOpOe OBLIO OIIpee/IeHO
panee. CTpyKTypHOE OTOOpazKeHue

N Ko — K(E, 1) (79)

ompesesieH0  aHaJIOTUYHON  KoHcTpykiueit. Herpyano muposeputb, 41O
OrpaHHYeHne CTPYKTYPHOro 0ToOpazkeHus 1) (7)) Ha KOMIOHEHTHI CBS3HOCTH
omHoro snementapuoro crpara Koo(1,....7) (Koo(1,...,r)) romorommo
orobpazkennto B nomnpocrpancrBa K (I,,1), K(Ip,1), K(I5,1) (K(Eg,1),
K(Ep, 1), K(Eg41)), 9ro coOTBErcCTByeT THUILy M IIOJTHUILY JEMEHTAPHOIO
crpara.

Paccmorpum  ssementapubiii  crpar  Ko(ky, ..., k)  C K(()ZO_S)
(coorBercrBenno Ko(ki, ..., ks) C KSZO_S)) ray6unsl (rg — s). Obo3HadnM
depes

WKo(kl,,ks) —>K(Z/2,1) (80)

(cooTBETCTBEHHO Yepes3

A~

i Kok, .. k) — K(2/2,1)) (81)

— kaaccudunupyomee oTobpakeHnue, 0TBeJaionee 3a HepecTaHOBKY TOYCK
napbl 1pu 00Xoje 10 3aMKHYTOMY IIYTH Ha ITOM 3JIEMEHTAPHOM CTpaTe.
Orobpazkenne m (COOTBETCTBEHHO 7) COBIAAET ¢ KOMIO3UIHE

KO(kla s 7ks) i) K(D47 1) L) K(Z/27 1)7

(COOTBETCTBEHHO ¢ KOMIO3HIHE

A

Kolky,. ... k) - K(E, 1) -2 K(2/2,1),)

rie K(Dy, 1) 2> K(Z/2,1) (coorsercrenno K(E,1) - K(Z/2,1)) -
orobpazkenue KaaccupUIUPYIONMX MPOCTPAHCTB, KOTOPOE WHIYIUPOBAHO
snuvmopdusmom Dy —  Z/2 ¢ aapom I. C Dy (coorBercrBeHHO
saumopduzmom E — Z/2 ¢ aapom E. C E).
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JIemma 32. Ozpanuuenue omobpasicerus (80) ( coomeememeento (81)) Ha
Kaotcovill JAeMeNmMapnvill cmpam 20MomonKo KoMno3uyuL

mo: Ko(ky,... k) — S* € K(Z/2,1), (82)
( coomeemcineeHHo KoMno3uuyuuy
7o Kok, ... k) — S' c K(Z/2,1),) (83)

2de S' C K(Z/2,1)- eaosicerue 1-mepro20 0cmosa KAacCuGuuupyouLe2o
npocmpancmesa, Ty ( coomeememsenHo Ty ) —HeKOMopoe omobpatceHue.

JdokazareascTBo JlemMmbr 32

CrpykrypHOe OTOOpazKeHue 1) Oupeje/sercss npeodpPa3oBaHUEM KOOPIMHAT
ma crparax tunos I,, I, I;. Orobpaxenue (80) onpenensiercs
npeobpa3oBaHreM BEIOPAHHON (ITPOU3BOIBHOIT) TAPHI KOOPAWHAT C BhIYETaMH
i, —i gua crpara I, u ¢ Berueramu +1, —1 giaa crpara I,. g crpara tuna
I; oroGpaxkenune (80) mynesoe. [IpeoGpa3oBanue BBHIGPAHHOII KOODJAUHATHI
Ha CTpaTe JAHHOIO THUIA ONpEJeTIsercd orobpaxkenueMm Buaa (82), urto
JoKasbiBaeT Tpedyemoe B ciyuae orobpazkenns (80). dusa orobpazkenuns (83)
J0Ka3aTeJLCTBO aHaJIornado. Jlemma 32 gokasana.

Ham Takxke 1oTpefyercs JeMMa O 3-TOUEYHOM KOH(DHUIYDAIMOHHOM
IPOCTPAHCTBE, acconuupoBanHoM ¢ Hakpbiruem p : U(ky, ... ks) —
Jo(ky, ..., ks) nman spementapubim crparom nojudipa Jo. Cdopmynupyem
Tpebyemble onpesenenus (cM. nuzxe Jlemma 33).

Hng wakpeitus p : U(ky, ... ks) — Jo(ki, .. ks), 1 < ky < -+ < ks <
70y T0,min < § HAJ TPOM3BOJBHBIM 3JIEMEHTAPHBIM CTPATOM IIPOCTPAHCTBA Jy
onpeesum Konduryparuonnoe nupocrpancrso K3g(ky, ..., k) 1o dopmy.ie:

KBO(kl, .. -7k5> -

{(z,y.2) € UP(k1,.. k) p() = ply) = p(2),x £y, y # 2,2 # ). (84)
Ha npocrpancrse U3(ky, ... k) aeiicryer rpymia Ys:
0% X US(kr, o k) — UP(kn, . k). (85)

Orpanuvenue feiicrsust (85) Ha moAnpocTpancTBO (84) ABIAETCS CBOOOTHBIM
neficTBIeM, KOTOPOe Mbl 0003HAYHM Yepes3

OK3 - 23 X Kgo(k’l, .. .,k’s) — I_(B()(kl, .. .,k’s). (86)
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Omupegeneno dakropnpocTpancTBo 1o jeiictuio  (86), KOTOpoe Mbl
obozuaunm uepes K3o(ky, ..., k).

Ha mnpocrpancrse l_(30(k1, ..., ks) onpenesnena ¢BoGOHAS MHBOJIOIUSI,
HH/Ty IIIPOBAHHAS TOKOOPIMHATHON HHBOJTIONUE]l B HAKPBIBAIOIIEM HAKPBITHSI
U(ky,... ks) — ﬁ(kl, ..., k), obosHauaemasi depes ~.

Omnpeneneno  cBobomgHOe — jgeiicTBue  Ha  (PaKTOPIPOCTPAHCTBAX
COOTBETCTBYIOIMX WHBOJIONAN

6K30 : 23 X K30(k1,...,]€5)/ ~— K?)O(k?l,...,k’s)/ ~ . (87)

Onpegeneno upocrpancrso K3g(ki, ... k), xoropoe sisercs Gasoii 2-
suctaoro Hakpwitust K3g(ky, ..., ks) — f(?)o(k‘l, ... ks), onpejesieHHOe KaK
dbakropupocrpancTso 110 geiicreuio (87).

Omnpegenena KOMMYTATUBHAA THAPAMMA!

K3O(k17"'7k8) — (2371)
) ! ) | (88)
K3o(ky, ... k) =% K(X3,1),

B KOTODOii Yepe3 oy (COOTBETCTBEHHO 0() 0003HAYEHBI XaPAKTEPHCTHIECKHE
orobpazkenus: HakpbiTHii (86) (coorBercTBenHO (87)).

JIemma 33. Omobpasicenus oq, 6 6 duazpamme (88) mpusuasvHoi.

dokazareascTBo JlemMmbr 33

[Mockonbky rpymna wakpweitusa U(ky, ... k) — Jo(ky,..., ks) me conepxur
9JIEMEHTOB HEYETHOTO MOPSIKA, TO TPymna HakphiTus (86) MokKeT cogepKaTh
JIMIIL HeTPUBHAJLHLIC 3IeMeHTH mopsaika crememeii 2. Ilycern [ @ S' —

K3o(ky,. .., ks)~ 3aMKHYTHIil TyTh, BJOTb KOTOPOrO TOYKA ¢ KOODIMHATAMH
(Z,9,2) € K3o(ky,...,ks) mpeobpasyercs B TOUKY C KOOpIHHATAMH
(Z1,71,2") € K3o(k1,...,ks) B ToM xke caoe makpwitusa (86). Torma

N0 YCAOBHIO KOODAMHATHI 2 ® 2 smb0o COBHANAIOT, JHOO CBSI3AHBI
npeobpaszoBanneM Ha obpasyomyio u3 l;. Ho Torma m mapsl KoopaumHaT
(Z,21), (§,91) Tak:Ke CBA3AHBI TAKUM K€ MPeOOPA3OBAHUEM, MOCKOJIBKY
IpU TIepeHoCe BIOJb MYyTH KaxKJIas U3 TPeX COOTBETCTBYIOMHNX KOOPIMHAT
TOYEK CJ10st HakpwbiTus (86) mensiercs ommHakoBo. CJe0BaTEIbHO, TPU
mapsl TOYEK C COOTBETCTBYIONIMMHU KOOpJMHATaMu COBHamaioT. Jlokazano,
4TO OTOOpazKeHwe o0y TPUBHAIBLHO. /loKazaTe/jbcTBO st OTOOpaxKeHus 0
aHajorudHo. Jlemma 33 JoKazaHa.
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A

IToctpoenue cTpykTypHbIX OoTOOpaxkenmii ( : K, — K(H, 1), n
K, — K(G,1) npu momoIu KOOpAUHAT

[lycte @ = [(21,72)] — orveuennass Touka Ha Kj,, Jexamas Ha
MaKCHMAaJbHOM 3JIEMEHTapHOM CTpaTe. PaccMoTpuM 3aMKHYTBI IyTh
A S' - K, HaumHalommiica ¥ 3aKaHYUBAIOMHIIICS B ITOI

OTMEYEHHOU TOuKe, IlepeceKaronuit ocobbie crparbl iyouHbl 1 B 0bieM
MOJIOKEHNH O KOHEYHOMY MHOMKECTBY TOueK. Ilycrh (&1,Z2)— BBHIOGOD
cepuuecknx npoobpazos Touku x. Oupegesum apyryio napy (I, Th)
cepudyeckux mpoodOPa3oB TOYKU T, KOTOpas OYyJIeT Ha3bIBATbCsS CUCTEMOM
KOODJIMHAT, MOJYYeHHOH B pe3yJbTaTe eCTeCTBEHHOTO Npeodpa30BaHUsI
cucrembl Koopauuar (&1, &) BAOIb 1yTH .

B peryaspabix ToOYkax mytu A cemeiicTBO map cepuaeckux mpoodbpason
B OJTHOMIAPAMETPUIECKOM CEMEHCTRBE MEHSIETCSI HEMPEPBIBHO, UYTO OHO3HATHO
ompeJiesisieT IPooOPa3bl B KOHEUHONH TOUKE MyTHU 110 HAYAIHHBIM 3HAYCHUSIM.
[Ipu mepecedenun myTd co cTparoM TiyOHHBI 1 COOTBETCTBYIOMIAs
napa cdepudecKux KOODJAMHAT TpeTeprneBaeT pa3pbiB. [IOCKOIBKY Bce
OCTaJIbHBIE KOOP/MHATHI OCTAIOTCS PErYJISIPHBIMU, UX IMPOJIOJIKEHUE BIOJIb
OyTH B KPUTHYECKUH MOMEHT BPEMEHHU OJIHO3HAYHO ompejeseno. Ho s
3aJIaHHON TOYKH X Ha 3JIeMEHTapHOM cTpare riybunbl () mpocTpaHcTBa
K1, BBIOOpP XOTHAOBI OMHONI mapbl cdepudecKuX KOOPJAUHAT € HEKOTOPOM
HOMEPOM OJHO3HAYHO ONpejesiseT BbIOOp chepuuecKux KOOPAUHAT CO
BceMHu OCTa/IbHbIME HOMepamu. Cjie0BaTe/IbHO, MPOI0JIKeHne ChepuIecKux
KOOP/IMHAT BJOJb MyTH OJHO3HATHO OINPEIEJeHO B OKPECTHOCTH 0C00Oil
TOYKU TIYTH.

[IpeobpazoBanue yrnops09eHHol napsl (£, Z2) B YIOPSI0ICHHYIO APy
(,245) ompenensier snement B rpymnmne H. DToT 37€MeHT He 3aBHCHAT OT
BoIGOpa mytu A B rpynne 7 (Ko, ). Tem cambim, onpesenen romoMopdusm
(K16, x) — H. Nnaynuposannoe orobpazkenne

(: Ky — K(H,1) (89)
COBIAIAET CO CTPYKTYPHBIM oTOOpakerneMm. CTPYKTYpHOE 0TOOpazKeHne
(: Ko — K(G,1) (90)

ompesie/IeH0  aHAJIOTMYHON  KoHcTpykiuei. HerpyHo LIPOBEPUTh, 4TO
orpaHWYeHne CTPYKTYpHOro orobpaykenust ( (coorBercrBeHHo () Ha
onue 3snementapubiii crpar Ki(l,...,7) (cooTBeTCTBEHHO Kl(l, cey 7))
TOMOTOIHO 0TOOpazkeHuio B moanpocrpanctsa K (Qq, 1), K (Ep, 1), K(1,,1)
(B kaaccuunupyomme pocTPaHCTBA, COOTBETCTBYIONME KBAAPATUIHBIM
pacmuperusiv rpyni Qg, Ey, 1,).
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Paccmorpum  snmemenrtapubiii - crpar K (ky, ..., ks) (cooTBercTBEHHO
Ki(ky,...,ks)) roybunst (ry — s) npocrpancrsa Ky, (coorBercrBenno Ki,).
Ob6osnaunMm 1epes

Kk, ... ks) — K(Z/2,1) (91)
(coOTBETCTBEHHO Yepes3
7 Ky(ky, .. k) — K(Z)2,1)) (92)

— kaaccudunupymomee oToOpakeHue, OTBeJaronee 3a HepecTaHOBKY TOYCK
mapsl IpH  00XOJe MO 3aMKHYTOMY IIYTH Ha 3JeMeHTapHOM CTpare.
Orobpazkenue T (COOTBETCTBEHHO 7) COBHAJAET ¢ KOMIO3UIHE

Ki(ky, ... k) = K(H,1) 2> K(Z/2,1),

(cooTBETCTBEHHO €

~

ik, k) == K(G,1) L5 K(Z/2,1),

rie K(H,1) %> K(Z/2,1) (coorBercrBenno K(G,1) -2 K(Z/2,1)) -
orobpazkeHne KaIacCH(MUIUPYIOMHEX MIPOCTPAHCTB, KOTOPOe HHLYIIPOBAHO
snumopdusmom H  —  Z/2 ¢ saagpom H., C H (coorBercrBenHo
snumopdusmom G — Z/2 ¢ aapom G, C G).

JIlemma 34. Omobpasicenue (91) ( coomeememeenno (92) ) 2omomonto
KOMNO3ULUL

m o Kk, k) — RP? C K(Z/2,1), (93)
( coomeemcmeeHHo
7}1:[A(1<k17---aks)HRPQCK(Z/Zl)?) (94)

2de RP? C K(Z/2,1)- eaosicenue 2-Mepnozo 0CmMo6a KACCUPUuupyou,e2o
npocmpancmsa, T ( coomsememeento T )—HeKomopoe omobpascerue.

JokazareascTrBo Jlemmbr 34

CtpykTypHOe OTOOpazKeHue ( OmpeaesiseTcs MpeodPA30BAHUEM KOODJIMHAT
ma crparax tunos Q,, H,, I,. OroGpaxenne (80) oupenensiercs
npeobpa3oBaHreM BEIOPAHHON (ITPOU3BOIBLHOIT) TAPHI KOOPAWHAT C BhIYETaMH
i, —i mya crpara Q, u ¢ Berderamu +1, —1 g crpara Hy. /Ing crpara tuna
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I, oro6pazxenue (91) mymesoe. [TpeoGpaszoBanue BLIOPAHHONW KOOPIMHATHI HA
cTpaTe JAHHOTO THUIA OIpejessiercsa orobpazkenuem Buaa (93), MOCKOJbKY
kak orobpakenue S°/Q, — K(Z/2,1), coorBercTBytomee 3nuMopbusmy
Q. — Z/2 ¢ aapom I, C Q,, Tak u orobpaxenune S°/i — K(Z/2,1),
coorercTBytomiee smumopdusmy I, — Z/2 ¢ ampom I; C I, romoromnus
0TOOpaKeHUsIM B 2-MEPHBIH OCTOB KJIaCCU(MUIUPYIONEr0 TPOCTPAHCTBA. DTO
JoKasbiBaeT Tpedyemoe B ciyuae orobpazkenns (91). g orobpazkenns (94)
IOKa3aTeIbCTBO aHajgornduo. Jlemma 34 nokasama.

Ham Takxke morpebyercs JemMma, aHajgormdnas Jlemme — 33.
Cdopmympyem TpedyeMbie OIpeIeseHus.

Hna wakpeirust p @ U(ky,... ks) — Ji(ki, ... ks), 1 < k < --- <
ks <71y T1min < S HAJL TPOU3BOTIBHBIM JIEMEHTAPHBIM CTPATOM OMPeIesIIM
kondurypanuonnoe npocrpanctso K3y (ki,. .., k) mo dopmyre:

K3y(ky, ... k) =

{(z,y.2) € UP(k, ... ko) : p(x) = p(y) = p(2),x £ y,y # 2,2 # x}.  (95)

Ha mnpocrpancree U3(ky,...ks) peiictByer rpymma Y3, Iepecrap/ss
KOOD/IHHATHI:

0 : Ny x Uky, ... ks) — UKy, ... k). (96)

Orpanunvenue neiicrust (96) Ha mognmpocTpancTBo (95) ABIgETCS CBOOOTHBIM
NeficTBIeM, KOTOPOe Mbl 0003HAYHM Yepes3

OK3,; 223XKgl(kZl,...,k‘s)—>K31(l{?1,...,k3). (97)
Oupejiesieno  ¢akropnpocrpaicro 1o jeiicrsuio  (97), KOTOpoe MbI
obozuauum depe3 K3y (ky, ..., k).

Ha npocrpanctee K3i(ki,...,ks) ompemenena cBoGoIHAS HHBOJTIONNA,
HHAYIUPOBAHHAS  MOKOODAWHATHON  MHBOMIONUEH B HAKPBLIBAIOIIEM
wakperruss U(ky, ... ks) — Ulky,... k), ofo3mauaeMas HuzKe CHOBA

qepe3 ~. Omupejeseno cBoOOgHOE jeiicTBHe HA (HAKTOPIPOCTPAHCTBAX
COOTBETCTBYIOIINX HHBOJIIOIHIT

6K31 : 23 X K?)l(kl,...,k's)/ ~— K?)l(klr--aks)/ ~ . (98)

OnpeJIesIeHo  IPOCTPAHCTBO K 31(k1,...ks), xoropoe sBisiercss Gazoit 2-
muctHoro Hakpwitus K3i(ky, ..., ks) — K31(ki,...ks), onpenesiennoe Kak
dakTopupocTpancTso 110 Jeiicreuio (98).
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OnpegeﬂeHa KOMMYTaTHUBHad JUarpaMMa.:

K31(k17"'7k8) i) (2371)
l I (99)

K3y(ky, ... k) =5 K(33,1),

B KOTODO#l uepe3 0; (COOTBETCTBEHHO 1) O0O3HAUEHBI XaPAKTEPUCTHUECKHE
orobpakenns HakpbITHil (97) (coorBercTBeHHO (98)).

JIemma 35. Omobpasicenus o1, 61 6 duazpamme (99) mpusuasvho..

okazareascTBo JlemMmbr 35

JlokazaTebCTBO aHAJIOTUYHO J0Ka3aTeJabCTBY JleMmbl 33.

ITognpocrpancrBa K3), C K3, KSOO C k30

Onpenennm npocrpanctBo K3y mo dopmyiie

[(JJ, Y, Z>]> (I, Y, Z) S (anikfilpﬁ) ($) =D (y) =DJ (Z) € Jéo) \ Jérmm)7

(rme [ ] o3HAYAET KJIACC SKBUBAJEHTHOCTH TPOEK MPU M3MEHEHHH MOPSIKA
TOYEK) MpHUYeM ecou T = Yy = 2z, TO pj,(T) He TPUHAJIEKUT CTPATy
npocTpancTia Jy MakCuMasibHOi pazmeproctu. Oupeaeanm moanpeTrpascTBO
K30, C K3y Kak npocTpoaHCcTBO, 1MoJiydeHHoe u3 K 3 B pe3y/brare yaaaeHust
HEeYHOPAJ0YEHHBIX TPOEK TOYeK, MONABIINX Ha JBOHHYI0 WIM TPOIHYIO
JIUaroHab, T.e. Tpoek [(z,Yy, z)|, Jjisi KOTOPBIX BBIMOJHEHO XOTSOBI OJHO U3
paBeHCTB * = ¥y, Yy = 2z, 2 = x. lloanpocrpanctBo K3g, C K3y aBisgercs
JIBYJINCTHO HAKPBIBAIOIIMM HPOCTPAHCTBOM HaJl, HOJIIPOCTPAHCTBOM K30 C
K 3. Oupejiesienust 3TuX HAKPBITUHI CTAHIAPTHO U OMYCKAETCSI.

[Tpoctpancrra K 3., K 300 MOKHO OTIPEJIETUTH TO-IPYTOMY TP TTOMOIITH
CKJIeeK 3JIEMEHTAPHBIX CTPATOB pasiauduoii rryouust s, 0 < s < dp4.0.
[TpoctpancTBo K3p, (COOTBETCTBEHHO K 300) CKJIEMBAETCS U3 JTEMEHTAPHBIX
crparoB K3;(ki,...,ks) (coorBercrBento f(31(k:1, ooy ks)) raybunbr i, 0 <
i < Tyazo- IPH 9TOM HCHOJIB3YIOTCS 3JIEMEHTAPHBIE CTPATHI, COCTOSIIINE U3
HEYHOPAAOYECHHBIX TPOEK MOIMAapPpHO PA3JIMYHBIX TOYEK.

IMToampocrpancrBa K3, C K3y, K31, C K3,

[Toctpoenne npocrpanctB K31, K31, MOJHOCTHIO aHAJOTUYHO MOCTPOEHUIO
npocrpascTs K 3g0, K 3po.
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ITocTpoenne npocrpancrs RK,, RR’OO, RK,, RR’O IJisl pa3perneHus
OCO6GHHOCTeI:/'I U [OCTPOEHNE 3-JIMCTHBIX HAKPBITUN p3o @ RKogpo —
K300, ]330 . RK()O — K300; p3 . RK() — K30, ]33 . RK() — K30

PaccvorpuMm  moamomsap Kéi) C Ky, ompenemeHHBIi B pe3yjabrare
00beIMHeHNs BCeX 0COOBIX ¢TPaToB IIyOHHEL S, 0 < 5 < 7y 0, HE JIEZKAITAX
HEJUKOM Ha JUArOHA/IN WM aHTUIHATOHAJIM.

Pacemorpum  gmarpavmy  (45)  orobpazkenuit  KiaaccuduImpy OMmx
MPOCTPAHCTB. DTa AuarpaMMa WHIAYIHPYET CAeAYIONIYI0 KOMMYTATHBHYTO
JHarpaMMy:

RK{) — RK{)
| p3& 1 3% (100)
K3 — K39,

Ipocrpancrso RKS)  (coorsercrsenno RK(Y) B sroit amarpave
OTpeIe MM KaK TPOCTPAHCTBO YIOPSAI09eHHbIX TPOEK HeyHOps109eHHbIX TTap

{9 Iy 2] 2]}, 2y.2 € p'(JY) C RPH w # yy # 22 #
p(z) = p(y) = p(z) (coorBercTBeHHO Kak (DaKTOPIHPOCTPAHCTBO YKA3AHHBIX

i). II RKS (

Tpoek upu y™mHOXkenun Ha 1i). IIpocrpancrso 0o (coorBercrBEeHHO
RK (i)) SBJISIETCS HAKPBIBAIOIIUM POCTPAHCTBOM 3-JIMCTHOI'O HAKPBITUS
3(5) A3(5) K3(5)

p3s (coorBercrBenHO P3s’) Has upocrpancTBoM K35, (COOTBETCTBEHHO

K 3((35)). HaxkpbiTue pSES) (COOTBETCTBEHHO ;5328)) HaJI KazK/JbIM 3JIeMEeHTaPHbIM
crparom K3g(ky,...ks) (coorBercrBenno K3g(ki,...ks)) onpezmeneHo 1o

dopuyre {[z,9],y,2],[z,2]} — [z,y,2]. Tpocrpancrsa RK RK{
BKJIIOYEHBI B KOMMYTATUBHYIO JHArpaMMy OTOOpazKeHui (HaKprTI/Iﬁ):

RKYY — REK{
| 738 | #3) (101)
K — K.

B s10ii amarpamme orobpakenne (HaKpbITHE) w3 (cooTBETCTBEHHO
#3())  sBasercss TABTOIOIMMECKUM HAKPBITHEM, TMEPEBOMSIINM TEPBYIO
HEYTOPSI0UeHHYIO apy TOUeK [x,y], T,y € p’l(Jés)) C RP™* p(z) = p(y)
B Ty K€ CaMyl0 HEYIOPSJIOYEHHYIO Mapy TOYEK (COOTBETCTBEHHO B KJIACC
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SKBUBAJIEHTHOCTH TOM K€ TMaphl IpU JeHCTBUY 1), KOTOpas pacCMaTpUBAETCS

Kkak Touka na KO (coorsercrsemmo na K.%).

Ipocrpancrso  RKSY (cooTBeTcTBEHHO RK{))  nonyuaerca us
RK{)  (coorsercteenno wus RK()) B pesyibrare mpucoeimmeHus
BCEX dJIEMEHTAPHbIX JANarOHaAJIbHDbIX n AHTHUINAT'OHAJIbHDbIX CTpaToOB.
HpI/ICOG,ZLI/IHeHI/Ie JAUarOHaJIbHbIX U aHTHU/HWAl'OHAJIbHBIX CTPATOB IIPOUCXOIUT
TaK, 9TO ONPeJe/ICHa CJICLYIOmas JuarpaMMa 3-TUCTHBIX HAKDPBITHIA:

RK{Y — RK{
| p3® 1 p3® (102)

K3 — K3(.

KOTOpasl TOJYYAeTCs JUIbIOHKTHBIM oObeguHenueM juarpammbl (100) c
auarpaMMoOil TPUBHUAJBLHBIX 3-JIMCTHBIX HAKPBITHI HAJ AUATOHAJLHBIMH U
AHTU U aI'OHaJIbHBIMU CTPpaTaMU.

Jlemma 36. Komnosuuyus n® o w335 RKO(? — éz) — K(Dy,1),
2de 1) —ozpanuvenue cmpykmyprozo omobpascenus 1 ( cm. (78) )
Ha  COOMEEMCMEYIOULUT SJLGMGHmGpH’bLU cmpam  2ayouHbL S, 20MOMONHA

0MOBPadNCENUI0 1T, Dy © Nppls) RKO — K(I;1) — K(D4,1), ede
Oo

Mg RKéZ) — K(I4,1) — koppexmmno onpedesennoe omobpascerue,
Oo

KOMOpoe HA306€M CTNPYKIMYPHLLM 0TOOPAdtCERueMm.
Komnosuyus 7 o #3% RK(()? — éi) —  K(E, 1),

2de ') —oepanuvenue cmpyrkmyprozo omobpascenus 1 ( cm. (79) )
HA  COOMGEMCMEYIOUUL 2AEMENT {mmu cmpam  2aybumns, S, 20MOMONHG
omobpastceruto iy, E O Npg) — K(I,,1) — K(E,l), 2de Mg

Rf((i) — K(I,,1) — xoppexkmmo onpedeaennoe omobpasicerue, KOMoOpoe
HA308EM CMPYKMYPHHM 0MOOPAACEHUEM.

dokazareascTBo JlemMmbr 36

OrpannveHue  CTPYKTYPHOrO — OoTOGpazKkeHHst 1) (COOTBETCTBEHHO 1))
Ha 9JEMEHTapHBIi CTpAT TOMOTOIIHO OJHOMY W3 OTOOpazKeHHil B
nognpocrpanctBo K (I,,1) € K(Dy,1) K(I,,1) € K(Dy, 1), K(I4,1) C
K(Dy,1) (coorBercrBenno B momnpocrpancreo K(E, 1) < K(E,1),
K(E, 1) c K(E,1), K(Eg, 1) C K(E,1)). T'pynust E,, E, u E; asnstorcs
KBaJipaTudHbiMu - pacmupenusyvu  rpynn I, I,, I; coorBercrBenno wu
onpejiesenbl B aquarpamvax (46), (48), (47). Jloka3aTeabCTBO BBITEKAET W3
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S
Jlemvbr 33, MOCKOIBKY OTOOparkeHue 7r3<(3) €CTeCTBEHHO TT0 OTHOIIEHWIO K

KAHOHUYECKOMY HAKPBITHIO B oOpa3e u mpoobpasze. /loKazaTesbCTBO J1Jist
oTOOpaKeHus 7) aHAJIOTHIHO. JlemMma 36 mokazaHa.

OHpe,ILeJII/IM KOMMYTAaTHUBHYIO JHar'paMMy 3-TTMCTHBIX HaKprTI/Iﬁi

RKy — RKy,
1 3o 1 D36 (103)

K30 — K300,

U KOMMYTATUBHYIO JUATPAMMY OTOOpazKeHUii:

RK, — RK],

| 73, | 73, (104)
KOO — [A(Oo .

Huarpammva (103) (coorBercrBenno (104)) omnpesenena aHaJIOrMIHBIMA
dopmyramu kak (100) (coorBercrBenno (101)), BMeCTO 3JeMEHTAPHOIO
crpara B 0a3e HAKDPLITHA pacCMaTpHBaeTcsd Hapa IpocTpaHctB K3g, —
K30, (coorBercrenno Ko, — Koo). Juarpamma (104) Takske ompezeemna
anagormano. Juarpammvbr (103), (104) MOxkKHO OmpeesuTh MO-APYrOMY
Kak pe3yabrar ckiefiku cemeiicrBa amarpamm  (100), (101) nax Bcemn
3JIeMeHTapHBIME cTpaTaMi IIyouHbL s, 0 < 5 < ipyaq 0.

Omnpenenum mpoctpanctBa  RKj, RR'O U JuarpaMMmy HaKpBITHi
(BepTUKAJIbHBIE CTPEJIKH):

~

RKO e RKO
1 p3 1 p3 (105)

K30 — K30,

| 73 | #3 (106)
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[TpoctpanctBo RKj (cOOTBETCTBEHHO RKO) OIpeIe/INM KaK 3aMbIKAHUE
npocrpancrBa  RKy,  (coorBercTBEHHO Rf(go) T.e.  KaK  pe3yJbTrar
HPUCOCIUHEHUS BCEX 3I€MEHTAPHBIX JHArOHAJBHBIX M aHTHIMAIOHAIBLHBIX
cTpaToB Iayouusl 4, 1 < @ < 4,4, 0, JezKamuX Ha Tpanune. [Ipucoennnenne
JIHAarOHAJIBHBIX U AHTHINATOHAJIBHBIX CTPATOB IPOUCXOIUT TaK, 9TO KK IbIil
MIPUCOECIVUHEHHBIN AUArOHAJBHBIA WM AHTUAWRATOHAJBHBIA 3J€MEHTAPHBIN
rJIyOMHBL ¢ CTPAT JIEXKMT B I'PAHULE POBHO OJHOIO 3JIEMEHTAPHOIO CTrpara
rayounsr (¢ — 1). TIpocrpanctea RK)j, RK, pasperiaioniue 0coOeHHOCTU
BKJIIOUEHBI B uarparpammy (57).

Cnou Haj TIpaHUYHBIME 3jeMeHTapHbIME cTpatamu  K3g \ K3
(cOOTBETCTBEHHO K3, \ K 300) JEIATCS Ha CJeyronme TUmbl. Jls
9/IEMEHTAPHOIO ~ CTpaTa  IepBOro  Tuma upocrpancrsa  K3g \ K3
(coorsercrenno K3g\ K30.)) 1poobpas upu Hakpertum p3 (COOTBETCTBEHHO
P31 ) cocronT M3 AMIBHIOHKTHOIO OOBEIMHEHMS 3JIEMEHTApHOrO CTpaTa,
COOTBETCTBYIOIIEr0 PAHUIHOMY CTPATy HOIHIIpa Qdiag C Ko wmim
Qantidiag C Ko, (coorBeTCcTBEHHO Qdmg C K, nwm Qamdmg C KO) U Iapsl
OJIMHAKOBbIX PErYJIsIPHBIX JIEMEHTAPHBIX CTPATOB.

JInst 37eMeHTapHOro crpara BTOPOro Tuma mpocrpancrBa K3g \ K3
(coorsercrenno K3y \ K3p.), mpoobpa3 cOCTONT U3 TPEX OIMHAKOBBIX
9K3EeMILISIPOB JIEMEHTapPHOI0 CTPaTa, KarKIblii M3 KOTOPBIX COOTBETCTBYET
TPAHUYIHOMY CTpaTy Qd’iag - KO niamn Qantidiag C KO (COOTBQTCTBGHHO
Qdiag C KO njin Qantidiag C KO)

Oupegnenum npocrpanctBo RQy = RQgiag U RQantydiag (COOTBETCTBEHHO
RQO = RQdmgURQamydmg), BKJIIOUEHHOE B JuarpaMmy (58) (coorBeTcTBeHHO
B guarpammy (59)). IlogmpocrpanctBo RQgiy C RKy (coorBeTcTBEHHO
noanpocTpanctB0  RQuiay C  RKj)) ompegennM Kak perysipHYIO
OKPECTHOCTH  OObeJMHEHHs]  BCEX  JIMATOHAJIBHBIX  (COOTBETCTBEHHO
AHTHMANOHAJBHBIX) CTPATOB IIPOU3BOJBLHOTO TUIIA B HOIIPOCTPAHCTBE BCEX
JIHaroHAJIbHBIX cTpaToB. IloampocTpancrsa RQdiag C RK, (cooTBETCTBEHHO
OIITPOCTPAHCTBO RQdiag C Rko) OIIPEIETSIIOTCS TIOJTHOCTBIO AHATOTHIHO.

ITocrpoenne npocrpancrs RK,,, RK,,, RK,, RK, njaga pa3peiieHusd
ocobeHHOCTEH M MOCTpOEHME 3-JIMCTHBIX HAKPBITUR p3o @ RKjo —

K310, P30 : RKyo — K3103 p3: RKy — K34, p3: RKy — K3,.

[Toctpoennsi anajiormunbl  npegpayimum. [Ipocrpancrsa  RKj, RK,
pasperaolinue 0COOEHHOCTH BKJIOUeHbI B quarpammy (64). Chopmynupyem
JIEMMY, aHAJOTUYHYIO JeMMe 36.

Jlemma 37. Komnosuyus () o 735 RKS) — Kﬁ) — K(H,1)
20MOTOTIHG, 0TMOBPANCENUIO 11, H © Cp (o) RK(S) — K(1,,1) — K(H, 1),
1o
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20e CRKS) : RKI(? — K(I,,1) — xoppexmmno onpedeaernoe omobpasicenue,
KOMOPOE HA306EM CMPYKMYPHBLM 0MOOPAHCEHUCM.

Komnosuyun (& o w3l Rf({i) — f({i) — K(G,1) 2omomonna
omobpasicenuo ix, G © Cppe RKY — K(Q., 1) — K(G,1), ade

ng(is) : Rf({i) — K(Qu, 1) — xoppexmmo onpedesennoe omobpasrcenue,

KOmopoe HA306EM, CINPYKIMYPHLM 0m06pa9fcenue./vz.

okazareancTtBo Jlemmbr 37

Jlokazare/ibCTBO aHAJOTMYHO JlOKa3aTe/JbcTBY JleMmbl 36 m BbiTEKaer u3
Jlemmbr 35.

[IpucTynuM K IMOCTPOEHHIO OTOOparkKeHMii B AHArpaMMaX pa3pemraroliux
0CODEHHOCTH.

Otobpakenns <b((f), éés) B nuarpamMe (5H4)

OmnpegennM oToOpazKeHUe gzﬁés) IpU TIOMOIIH CTPYKTYPHOTO OTOOpPAZKEHUS

i1,1, © Mgty - RKéiH) — K(I4,1), nocrpoennoro B Jlemme 36.

OTobpazkenne qﬁ((]? IPOIOIZKAETCS 10 OTOOPAYKEHUST gzﬁés) : RK(()S) —
K(I,,1). Ias noCTPOGHHOTO OTOOPAsKEHHs! BLIOTHEHBI TPAHUIHBIE YCJIOBUST
(62), (63).

[Tocrpoenue orobparkKeHus (ﬁ(()s) : Rf(és) —  K(I,,1) nomHocTbIO
AHAJIOTTIHO.

OTob6pakeHug ¢§S), &P B nuarpamme (61)

Shve) IIOCTPOEHNE aHAJIOT'HMIHO IPEAbILAYIIEMY H OIIYyCKa€TCH.

s ompesnenenus orobpaxkenuii ¢o ¢o B guarpamme (57) Ham
HOTPeOYIOTCSA BCIIOMOTATENLHBIE TOCTPOCHUS.

IToctpoenue BcromorareabHbIX mpocTpaHcTB X, X, Yo, Y5, Z3.,

Zs

s s+1 (s
OupeeiuM  IpOCTPAHCTBO Kéo) U K(()O ) ] ~ (cooTBETCTBEHHO K(()O) U
o (541 -
Kéz ) / ~),  KOTOpoe 0b03Ha4IuM 4epe3 Y (COOOTBETCTBEHHO 4Yepe3 Y ).

o s+1
HpOCTpaHCTBO OSO IIOJIYYE€HO B pe3yjabTaTe NOAKJJICUKHN IIPOCTPAaHCTBa Kéo )
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JTU3BIOHKTHOTO OObeJINHEHNS JJeMEHTAPHBIX CTPAaToB TIyOmHbl (S + 1) K

npoctpamcty K,

ryOunbl S. [Ipon3BoJibHBIN 3jieMeHTapHBIN CTPAT 1OJKJIEUBACTCS IJ1yOUHbI
(s + 1) kK Tem 3jIeMEHTAPHBIM CTpaTaM TJIyOUHBI §, HA IPAHUIAX KOTOPHIX OH
cojiepxkuTcs. Takum oOpa3oM, cripaBeinBa hopmyJia;

AOU3BIOHKTHOTI'O O6'be,HI/IHeHI/IH dJIEMEHTapHbIX CTPAaTOB

s _ s s+2
0o — 0o \ K()o .
,HJIH IIpOCTpaHCTBa OSO ClIpaBe/IJINBa aHaJIOT'HIHaA (bOpMYJIaZ
rs s o s+2
}/Oo - 0o \ KOO .
(s+1)

OrpeiesiuM poOCTPAHCTBO RKSZ) URK,, '/ ~ (coorBercrBenHo RK}E? U
RK(()SH) / ~), xoropoe obo3HaunMm uepe3 Xg, (COOOTBETCTBEHHO dYepes

o

5s)- DTO MPOCTPAHCTBO TOJIYYEHO B PE3yJIbTare MOJKJIEHKH IPOCTPAHCTBA

(s+1)
RKy,"’ IU3bIOHKTHOIO OObeIMHEHUS 3/IeMEeHTaPHBIX CTPATOB Iy1yOuHsl s+ 1
S
K IPOCTPAHCTBY RK(()O)
riyounsl S. IIpon3BoJibHBLI 3/1eMEHTAPHBINR CTPAT IOAKJIEUBAETCH IJIyOHHbBI
5+ 1 K TeM 371eMeHTapHBIM CTpaTaM [JIyOMHBI S, HA IPAHUIAX KOTOPBIX OH

cojiepxkuTcs. Takum obpa3oM, cripaBeinBa (hopmyJia;

JU3'BbIOHKTHOT'O O6'be,HI/IHeHI/IH JIEMEHTAapPHBIX CTPaTOB

s s s+2
0o = RK§, \ RKj.~.
g mpoctpancTBa X, cnpaBenmuBa anamorndHas dhopmyma:
s s s+2
OO_RKO\RKOO .

OupejieiuM  IPOCTPAHCTBO RK(Z_I) U RK(Z) U RK(ZH)/
(coorBerctBenno RKSV U RKL) U RKS™ ) ~), koropoe oGosHaumm
gepes Z5, ' (cooorsercrenno 4epes Zg, '). Cupasemiuba (bopMmy.ia;

s—1 __ s—1 s+2
ZOO - RKOO \RKOO .
JITs IpOCTpancTBa Zj, | CIpaBe//THBa aHAJOTHIHAs (DOPMYIA:
5s—1 s 542
Zso = RKj, \ RKj~.

OHpe,ZLeIIeHbI ecreCTrBeHHble BKJIIOYEHUA

Jxs, : Xoo C Z55 (107)
Jss, + Xo C 2557, (108)
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Iy, + Yoo C© Ko, (109)

o 5
Ty Yoo C Kg,. (110)
OmnpeeieHbl €CTECTBEHHBIE TPOEKITHH

Pxs, + Xoo = Yoo, (111)

Pxs.  Xoo = Yoo (112)

Omnpeseneno  OpoOCTPAHCTBO Yy B  pe3yiabrare  PHCOEIUHEHUS
K I[POCTPAHCTBY o~ BCEX JINATOHAJBHBIX W  AHTHIXATOHAJIBHBIX
crparos ray6unbl s um (s + 1). Oupejeieno mpocrpanctso Zg ' B
pesyjabTaTe MONOJHEeHHs HPOCTPAHCTBA Zg, | BCEMH JIMATOHAJIBHBIMH
U aHTUJIMArOHAJBHBIME CcTparamMu riybuasl (s + 1) u s, KoTOpble
JleXKaT Ha TpaHuile KaKoro-HHOYAb MAKCHMAJIbLHOIO CTpaTa IIyOHHBI
(s — 1) mpocrpanmcrBa Z5, . Ompeaeneno mpocrpanctso X 1o dbopmyste
X5 = zZ51\ Z[sfl], r7e TOIIPOCTPAHCTBO Z(sfl) C 7! ompenenserca
KaK TI3BIOHKTHOE 00beIHHeHITe MAKCHMATbHBIX CTPATOB TIyOHHBI (s — 1).
AHAJIOTUYIHO ONPeIeISIIOTCS IPOCTPAHCTBA Xg, Ys Zs L

OHpe,ZLeJIeHbI ecrecTBeHHble BKJIIOYeHUd iys @ Xg, C XO, iys Yo, C Y,
ige-t Zsot € Z57', upum sToM ompejenena KOMMyTATHBHAS JHAIDAMMA,
FOpI/I3OHTaJIbeIe CTPEJIKH KOTOPOii SABJISIOTCA €CTeCTBEHHBIME BJIOXKEHHAMU:

ixs

go —3 Xg

I pxg, I px;g (113)
s My
0o - YE) :

Anajornano onpejgesdercd aguarpaMMa

0o 0
I pxs. I pgs (114)
7 s 2?590 s
0o - 0-
Onpejiesienbl  cTpyKTypHble oToOpazkenus nys @ Yy — K(Dy, 1),

Ny Yy — K(E, 1), KoTOpble SBISIOTCA TPOJOJZKEHUSIMUA CTPYKTYDHBIX
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OTOOPaKeHIit 7y: = T, |y, Nys = T]KOO|YOQO npu BKIOUeHHAX Yi, C Yy,
Y, C Yo

ObozHaamM  KOMIOZUIHIO 7y © px; Uepes nxy X5 — K(Dg,1),
KOMIOSHIIIO 7)gs © P g ICPE3 7 g : X5 — K(E,1). 9tu orobpakeHus: TakKe
HA30BEM CTPYKTYPHBIMHU.

Omnpeesium nojupocrpancrso RQ§ C X§ no dopmysne RQG = X5 N RQo,
e RQy C RK,, X° C ZS_I C RKy — momnpocrpanctBa B RKj.
3ameruM, 4TO HPOCTPAHCTBO RQ)§ COMEPXKHUT HOANPOCTPAHCTBA RQE)S) C
RQE, RQ[()SA) C RQj, tae mpoCTpaHCTBa RQés), RQésfl) BKJIIOUCHLI B
muarpammy (55), (56). IIpu stom RO\ RQéS) = RQ(()sfl).

[IpoctpancTBo RQ){ IpeaCcTaBaseTCs B BUIE AUIBIOHKTHOTO 00be THHEHTST
ABYX nojinpoctpancts (komnonent) RQY = RQg,,,URQS 1 gia,- KoMIOHEHTS
RQ%ia, C RQG onpenenserca no dopmyne RQG,, = X5 N RQj,
Kommnonenra RQ) C RQ); omnpenensiercst mo dopmyrne RQ)
Xg N RQZntydiag' ; R
ero mpeJICTaB/ieHne B BUJe 00beuHenns JIByX Komnonent RQ)5 = ROy, U
RQfmtydiag'

PaccMoTpnM  orpaHmdenHme  CTPYKTYPHOTO — OTOOpazKeHHs  N)xs — Ha
noanpocrpancteo RQy,,, C RQG (cooTBeTcTBEHHO HA NOMIPOCTPAHCTBO
RQpiyaiag C RQG). Orobpaskenme nx; RQ3,,, PEACTABIEHO KOMIO3UINE
nx5lRQy,, = LD © NMRQY.,» TA€ TMRQ,, @ RQus, — K1) -
COOTBETCTBYIOIIee 0TOOpazkenue, ir, p, : K (I, 1) — K(Dy, 1). Otrobpakenne
nx;| RQ3 1 aia, TIPEJICTABIEHO KOMITOSHIIEH nx;| RQS iy = i1, D, © TRQS, yaieg?
A€ TRQS, iy © BQantydiag — (I, 1) — coorsercrrytomee orobpazenne,
iIa,D4 . K(Ia, 1) — K(D4, 1)

AHaJIOrUIHO PACCMOTPUM OTPAHUYEHUE CTPYKTYPHOTO OTOOPaAYKEHUST Nxs

s —
antydiag —

~

Amnasioruuno omnpe/jessiercst noupocrpanctso RQG C X u

s
antydiag

Ha noAnpocrpancrso REQ)y,, C RQ; (COOTBETCTBEHHO HA MOJAMPOCTPAHCTBO
A - A
RO iydiag C RQ)}). Orobpaxenue Mg

RO* IpeJICTABJAEHO KOMIIO3UIIUEH
diag

Nxslras,, = iE, E © MRGs,.,» € TRgs,, RQg, — K(Ep, 1) — mexoropoe
orobpazkenne, ip,u : K(Ep1) — K(E,1). Orobpaxenne ngs|pos

antydiag

[IpeICTaBJIeHO KOMIIO3UIHEl 1) X3 RG: = IE,,E°N R0 , LI g

antydiag antydiag rszntydiag ’
S y .
RQ;iydiag — K (Eq, 1) — mexoropoe orobpaxenne, ig, g @ K(E41) —

K(E,1).

Jlemma 38. B npednonosicenuu s = 1 (mod 4), s > 1, cywecmeyem
omobpasicenue dxs : X5, — K(I,1) ( coomeemcmserio (ng : X5, —
K(1,,1) ), ydosaemsoparouwsee caedyrousemy ycaouo:

—  Omobpasicenue dx; o —  K(I,1) npodoasicaemes do
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0mOOPaNtCENUA ¢ a1 Z5t — K(1,,1); omobpasicenue ¢yt @ 25" —
0o

. Frs—1
K(I,,1) npodorscaemes do omobpaicerus Qe Ly — K(I,,1). Jdan
NPOQOANCEHHBLT OMOOPANCEHUT, BOINOAHAIOMCA 2PAHUNHBLE YCAOBUA:

1,1, © L1, © MRQS,,, = PRQS.,, © BQtiag — K (L, 1), (115)
MRQS 1 i0s = PRQSviag © FQantydiag — K (Las 1), (116)
DL O TrGy,. = Pray,, * RQiiag — K(Ta 1), (117)
PEala ©TIRQS, .\ vies — PR iydiag - RQfmtydiag — K(I,, 1). (118)

JokazareascTBo JlemMmbr 38

Haunem ¢ moctpoenns orobpazkenus ¢x; . Onpegenmum roMoMOppusM @xs o
7T1( 8,0) — I

[Mycte [ : S' C X8o — UPOHM3BOJBHBIN KyCOYHO-TMHEHHBII
IyTh, TPAHCBEPCAJILHO IMEPECEeKAIONIHHA II0IPOCTPAHCTBO OCOOBIX CTPATOB
RK(()i; Y X{ o B KOHETHOM YHCJIE KPATHYECKUX TOYEK, KOTOPBIE 0003HATAM
wepes {tq,...,t;}

Ha sjiemMenTapHOM cTpaTe rayOHHbB S HOJIH3APa XJ,, COleprKalieM TOUKY
pt = 1(0), 0 € S'-ormeuennas Touka, BHIOEPEM CHCTEMY KOOPAMHAT
(#1(0),22(0),23(0)) (3amedy, 9TO mEpBBIE [BE KOOPJAUHATHI IPOU3BOIHHOM
TOYKM HA 3JIEMEHTAPHOM CTPATe MPOCTPAHCTBA RK(()‘Z) HEYOPSII0OYEHb ).

[Ipo0/IZKUM eCcTeCTBEHHBIM CII0co6oM cucteMy koopaunat (27(0), 22(0))
U3 TOYKHM pt BIOAL IYTH, T.€. COTJIACOBBIBas PETyISpHBIE KOOPAUHATHI B
OKPECTHOCTH KaxKJ0# u3 Todek {ti,...,t;} (10 1OBOLY ecrecTBEHHOIO
IPOJIOJIZKEHUsT  CUCTEMbl  KOODJMHAT CM. KOODJMHATHOE IIOCTPOEHUE
CTPYKTYPHOTO OTOOPaZKeHUsI 1)).

[Toyaum peobpa3oBaHue HCXO/HOM CHCTEMBI KOOD/IMHAT
(#1(0),22(0),23(0)) B cucremy woopauuar (&1(27),Z2(27),&3(2m)). Dro
npeobpazoBanme, KOTOpoe 0003HaunM uepe3 N(I), MpeacTaBIeHO MPSIMOit
CyMMOI JABYX 1peodpazosaunuii 71 2 € Dy, n3 € I, 110 nepsbiM J1ByM 1 TpeTbeil
KOOD/IMHATE COOTBETCTBEHHO. [10 MOCTPOEHNIO 7)3 COBIIAIAET C ECTECTBEHHBIM
IpeoOpa3oBaHUeM TPEThel KOODMHATEI.
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Onpenenmnm 3navenue romoMopdusma ¢xs Ha TOMOTONAYECKOM KJIACCe
nyrn [l] no dopmysie ¢x;  «([l]) = n3. Ouesnano, uro rovomopdusm ¢x;, » :
m(X§,) — I, xoppekTHO onpenenen. Orobparkenne Ggs (5 — K(I,,1)
OIIpeIeIeTCd AaHAJIOIMYHBIM CIIOCOOOM.

Ouesnno, uTo orobpamkenne ¢ys : X5, — K (I, 1) mpomomxaercs 1o
0TOOpaAZKEHUS ¢Zg—l : 751 — K(I,,1). OueBnano, 9To 0TOGpaZKeHHe ¢X80 :

X5 — K(I,, 1) upogosmKaercs 10 0ToGpazkenns Gpe-1 Z5 - K(I,,1).
[Tposepum, ¥To 0OTOOPAKEHUE 75! YIOBIETBOPSET TPAHUTHOMY YCIOBHIO
(115).

Paccmorpum samxmyThiil nyTh [ Ha kommonente RQg,,. Iycrs N(I) =
ma2(l) ®ns3(l), ma2 € Dy, n3 € I, — ecrecTBeHHOE TIPEOOPA30BAHUE CUCTEMBbI
KoopauHaT BAoJb [. 3amerum, uro 73(l) mpunasmmexur noarpymme I C
I,, 7.x. npeobpa3oBaHue 73 OUPEAEJEHO KaK €CTECTBEHHOe Ipeodpa3oBaHme
Tperbeil koopannarel. Jlasee B dopmynax sesge Oyaem Hpeanosararb, 9TO
773([) €1,

[Tpeamno1ozKuM, 9TO | COAEP:KATCA BHYTPH OJHOIO 3JIEMEHTAPHOIO CTpaTa,
ray6ounst s. [To Jlemme 36 mosyumm,aro 1y 2(l) € I; u, kpome toro, n (1) =
n3(1).

B o6mem ciayuae n12(l) € I, nockoubky | C RQgiag. Jokazkem, uro
pr,1,(m2() = ns(l).

PaccmorpuMm  3aMKHYTBHIE myThb [/, KOTOpBIA mosyden u3 mytu [ B
pesy/IbTaTe MaJoro CIBATA C HOAMpocTpancTBa RQ)Y,;,, B IPOCTPAHCTBO Vi
Cupur [ — [’ BoiGepeM Tak, 4TO KaxKjas TOUKa T € [, jerKamas BHYTpPHU
MAKCHMAJIBHOIO CTPATA IIyOHHBL § IPOCTPAHCTBA R(Q) 4iqy CIBUTACTCS B TOUKY
7', JlerKalyio B MaKCHMaJIbHOM cTpare riybunbi s — 1 npocrpancrsa Z3 ' ¢
JOTIOTHATETBHOM TAPOit TePBHIX BYX KOOPAUHAT (271 (1), T'2,j(z7)) C BHITETOM
v(j(2")) = —1. TpeTbio JOMOJHUTETBHYIO KOODJAUHATY TOUYKH & 0OO3HATUM
qepes '3 j(zy. OCTambHBIE KOODIHHATHI TOYEK IMYyTH, COOTBETCTBYIOTIHe
KOODJAMHATAM MAKCHMAJIBHBIX CTPATOB HpOCcTpaHcTBa RQ4iq, HA30BeM
OCHOBHBIME KoopauHaTaMu. [Tockonbky & € R(Q)jiqg, I€PBbIE ABE KOODIMHATHL
B OJIHOI ape OCHOBHBIX KOOPAMHAT TOYKH X’ COBIIAIAIOT: (Zill,j(x/) = xv’Q,j(x/)),
B TO BpeMf KakK Ilapa IepBbIX ABYX JOHOJHHUTEJLHBIX KOOPAMHAT TOYKH I’
PA3IMYIACTCSL.

O6o3naunm  vepe3 {Zi,...,Ts} KOHEUHOE MHOKECTBO KPUTHYECKHX
3HAUYEHUI myTH [, B KOTOPBIX HyTh IEPECEKAET CTPaThl riybmubl (s +
1). Kaxjaoe Kpurndeckoe 3HaveHWe T; MYTH [ ONpejensier napy OJIM3KUX
KPUTHYCCKUX 3HAYCHWI V;, 2; myTH [’

Bribepem c¢asuHyThIil nyTh [ B OKPECTHOCTAX KPUTHYECKHX TOYCK TaK,
qTO!

— B TOYKaX ¥;, Z; HAOOP HEPBLIX U BTOPLIX KPUTUYECKUX KOOPIMHAT
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MEHSIeTCSl HeIPEPBIBHO;

—B TOYKe ¥; HAOOP TPEeThbUX KOOP/IMHAT MEHSIETCs HelPEPhIBHO,

—B TOYKE Z; OJIHA KPHUTUYECKas TPeTbs KOOPJMHATA ¢ HOMEepoM J(i)
npu z; — 0 u ¢ nomepom j(i + 1) mpm 2; + 0 M3MeHsIeTCA CKAYKOM Ha
snement 0(x;) € I, B cooTBeTCTBHH € NpEINUCAHHBIM 3HAYEHHEM CKAIKA
Hapbl COOTBETCTBYIOIIUX TPETHUX KOOPJAUHAT BIOJH .

eficTBUTE/IBHO, PACCMOTPUM IYyTh M, M ! St — Z, KOTOpbIil
Opu KaxKJOM 4§ BHE OTpe3Ka [y;,2;] WMeeT BCe HYJIEBBIE KOODJIMHATHI,
33 WMCKJ/IIOYEHWeM OJHOH KOODAMHATHI ;) (9Ta KOOPAMHATA SIBJISIETCS
JOTIOJIHUTEIBHON KOOPIMHATON HA OTpPe3Ke [2;_1,¥;]), HA KOPOTKOM OTPE3Ke
[yi, z;] mmeer nBe mynesbie S'-koopaumaThl ¢ Homepamu j(i) m j(i + 1).
Koopjiuaarsl BbiOpaHbl Tak, 4TO B JIEBOM KOHIE OTpe3Ka ¥; HeHyJleBas
koopauuata j (i), B mpaBoM KOHIE OTPe3Ka 2z; HeHyseBas Koopaunara j(i+1),
BO BHYTpPEHHeil TOYKe OTpe3Ka S'-KOOpIMHATHI He M3MEHAIOTCS U ITOJIHbIH
HAOOP KOOPMHAT MPOJOJIZKAETCSA 110 JTUHEHHOCTH HapOil COOTBETCTBYIOIIMX
KOOPJMHAT HAa COOTBETCTBYIONIEH TI'paHW CHMILIEKCA KOPA3MEPHOCTH S
JKOoiiHA.

Buauenne n3(l) € I, npunamnexur noxrpynne Iy C I, u ero moxuo
BBIYUCJIUTH 110 (hOpMYy.Ie:

13(1) = pr,1,(m2(1)) H 0(:). (119)

IeiicTBUTeIbHO, TyTh [ TOMOTOIEH IyTH M B KJacce CBODOJHBIX IMyTeil.
loMmoTonusi sBIdeTcd IIOCTOAHHOH BA0AL Habopa S'-koopaumaTr u He
ABJACTCA HOCTOAHHOI BIOIb KOOPIUHAT CAMILTCKCA COOTBETCTBYIONIEH IpaHu
JukoiiHa. B pesysbrare 3T0# romoronumu myth m Ha OTpe3ke [z 1, Y]
IPOEKTUPYETCS B TOYKY, COOTBETCTBYIOILYIO Bepimuae ¢ HOMepom j(i), a
Ha KOPOTKOM OTpe3Ke [y, 2;| TyTh m MpOeKTUPyeTcss B OTPE30K CHMILICKCA,
COeIMHSAIONTHI BepuTuHbl ¢ HOMepamu j (i) u j(i + 1).

OmpenenuM myTh Mg, 3aJaB H3MEHEHHE MepBOil COOTBETCTBYIOMIEil
KOOPIWHATHI BIObL m. Jlns mytu mgo nmeem O(x;) = 1 mpum Kaxaom i, u
dopmyna (119) cnpasegympa. C apyroii ¢TOpPOHBI, TOMOJIOTHYECKHH K/IACC
IyTH M OTJMYAeTCs OT TOMOJOIMYECKOro KJjacca IyTH Mg Ha 3HadeHHe
1, 0(xi), aro noxaspiBaer dbopmymy (119) masa m.

s myTu I (ciemoBaTeibHoO, U it M) CHPABEINBO PABEHCTBO:

He(x,.) =1,

HOCKOJIBKY YHCJI0O KOOPAMHAT IpocTpaHcTBa 4§ KpaTHO 4. [lockosbky myTh
I’ 3aMKHYT, TO IIPOM3BEICHUE CKAYKOB KAzKI0H KOOPAMHATHL OJIUHAKOBO.
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['pannunsie yeaopust (115) mokazanbl.

[Iposepum, uTo oTobOpakeHue ¢ 751 YIOBJICTBOPACT IPAHMIHOMY YCIOBHIO
(116).

Paccmorpum  3amkuyThIE nyTh I, KOTOpBIH mosyden w3 nytu | B
pe3yJIbTaTe Majloro CIBATa ¢ MOANPOCTPAHCTBA RQ)G,1ydiay B TPOCTPAHCTBO
Z57'. Cmpur |+ [’ BoIGepeM Tak, 9TO KasKaasd TOUKa T € [, dexkamas
BHYTPH MAaKCHMaJBHOIO cTpara INIyOHMHBI S HPOCTPAHCTBA RQantydiag
CIBUTAETCS B TOUKY I, JIEKAILYI0 B MaKCUMAJIHHOM cTpaTe TayOunHbr s — 1
MIPOCTPAHCTBA Zg_l C JIOUOJIHUTEJbHON Hapoil IepBbIX JABYX KOODIUHAT
(21(ar), T2 j(r)) € BBITETOM V(j(7')) = —i. Tperbio J0nOIHUTENbHYIO
KOODJMHATY TOYKH %' 00O3HAYHM uepe3 I's j(,y. OcTajbHBIE KOODIHHATHI
TO4Y€eK IIyTH, COOTBETCTBYIOIIHME KOOpP/JUHATAM MaKCUMaJIbHbIX CTPaTOB
npoctpaHcTBa RQ)antydiag HA30BEM OCHOBHBIMU KoopAmHaTaMu. IlockoabKy
x € RQantydiag, TEPBbIE JBe KOOPIUHATEL B OJHO} IIape OCHOBHBIX KOODJIUHAT

Toukn 2’ coBHAAOT: (4’1 j(zr) = %'2(x)), B TO BpeMs KakK IepBas Iapa
JOHOTHATEIBHBIX KOOPANHAT TOUKH I’ Pa3andaeTc.
O6o3naunm  4epe3 {Zi,...,Ts} KOHEUHOE MHOKECTBO KPUTHYECKHX

3HAYEHHUI myTH [, B KOTOPBIX MyTh IEPECEKAET CTPaThl Tiybmubl (S +
1). Kaxaoe kpurudeckoe 3HaveHWe T; MYTH [ ONpejensieT napy OJU3KUX
KPUTHYECKHUX 3Ha4YeHuii y;,z; uyru [. Boibepem casumyToiii myth [/
B OKPECTHOCTSIX KPUTHYECKUX TOUYEK TaK, UTO BBIMOJHIIOTCS YCIOBUS,
aHaJIOru4YHble CHOPMYJIMPDOBAHHBIM BbIIE YCJOBUSIM /IS JIMAIOHAJIBLHON
KOMIIOHEHTHI.

Buauenne iy, 1,(n3(1)) € I, MoxknO BEIUHCANTH 1O hOpMYIIE

i1, (M3(1)) = m2(1) H 0(x:),

rjae 12 € I,. C apyroii cTOpOHBI, OYEBHIHO
[[o@) =1,
A

MOCKOJIBKY YHCJIO KOOPIMHAT MPOCTPAHCTBA £ KPATHO 4, a TOCKOJIBKY TIyTh
' mo ycioBHIO 3aMKHYT, TO HPOU3BEICHHE CKAYKOB KazKIOH KOODIMHATHI
onmmHakoBo. B wactHoCcTH, mOcKOABKY 73(l) € I mio(l) npunagmexur
noarpymme I; C 1,.

['panuunbie ycaosus (116) nokaszanb.

['pannanbie yeaosust (117), (118) nmpoBepsoTcs aHAJIOMHIHO.

JlemMma 38 moka3zaHa.
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Cdopmyaupyem u goKazkeM caeayionryio Jlemvy 39, Koropast aHATOTHYHA,
Jlemme 38. Dta jemma Oyier UCIOIb30BAHA JIJIsi OCTPOEHUSI OTODPAYKEHMIT

~

$1, $1 B qmarpamme (64).

ITocTpoenue BcmoMorareJbHBIX HPOCTPAHCTB Xi,, X{, YY), Y, Z7,,

S
Z
DTO MOCTPOEHHE MOJTHOCTHIO AHAJIOTHYHO M OMYCKAeTCS.
Ompezeneno cTpyKrypuble orobpaxennma (Cys : Yy, —  K(H,1),
Cy/ls . YE — K(G,1), koropbie moJjyuaercs B pe3yJbrarTe OrpaHUYEHUsT
o

CTPYKTYPHBIX 0TOOpaKeHnit (re,, (i, TPH BKJIIOYCHUAX Jyp jf,ls .
o
R . s

OGozmauny KoMmosunuio px;, © Qv wepes (g. : Xj, — K(H,1),
KOMIIOBHIMIO Pge © Gy uepes (g = Xj, — K(G,1). 9tu orobpaxkenus
HA30BEM CTPYKTYPHBIMHU.

S —

OmpeneuM  OANPOCTPAHCTBO Xl[] Cc Z7!' kak obbenumenue
noanpocrpancTa Xi, C Z:7' co BceMm 3JeMEeHTADHBIME JHATOHAJBHBIMI
U aHTHIAATOHAJBHBIMU CTpaTaMu TJIYOWHBI S W s + 1 mpocTpancTBa

— oS %

VA OupejiestuM  OJANPOCTPAHCTBO X{] C X kak oObenuHeHnE
noanpocrpanctea X2 C Z:~! co BceMu 3/1€MEHTAPHBIMHI [HATOHATHLHBIME
¥ AHTHIHATOHAIBLHEIMI CTPATAMI IIyGHHB S U s + 1 mpocTpancrea 25 L.

Ompejie/ienbl  CTPYKTYPHbIE OTOODayKeHUs ([ X{S] — K(H,1),
1

Cylel XF] — K(H, 1), xoropbie SIBISIOTCS TPOIOIKEHUSIMUE CTPYKTYPHBIX
1

oTobpazkennii (x: CXIS IpH BKJIOYEHUAX X7, C X{S], Xfo C Xl[s}.

O603HaYMM KOMIO3UIIMIO Pyl © Cyl[s] Jepes CX{S] ; Xl[s] — K(H,1),
KOMIIOSHIIHIO P ¢[s) © CYIS qepes CXF] : Xl[s} — K(G,1). 9Tn orobpazkeHust
TaK2Ke HA30BEM CTPYKTYPHBLIMU.

Ompe/ie UM HOAIPOCTPAHCTBO RQ[ls] C Xl[s] o dopmye RQ[ls] = Xl[s] N
RQ1, tne RQ, C RK,, X! ¢ Z;7' ¢ RK, — nomupocrpancrsa B RK].
[TpocTpancTso RQ[lS] OPEICTABILCTCS B BUAC AU3IBIOHKTHOIO O0LEIMHEHHS
JIBYX HOANPOCTPAHCTB RQ[IS] = RQEZ-]QQ U RQ([fitydmg AQHAJTOTUIHO CJIydat0
POCTPAHCTBA RQ%S].

Jlemma 39. B npednososicenuu s = 1 (mod 4), s > 1, cyuecmeyem

omobpasicenue ¢xs. = X7, — K(Qq,1) ( coomsememeeno Oxs + X —
o

K(Qa,1) ), ydosaemsoparowee caedyrowemy yeaosuio:
— Omobpasicenue ¢xs.  : Xi, — K(Qq,1) npodonscaemea do

omobpasicenus ¢ys-1 77— K(Qa,1) (omobpasicenue S D G
K(Qu, 1) npodoasicaemes do omobpasicerus ¢Zf—1 : Zf_l — K(Qq,1)). s
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npOdO./LOfceHH’bL.T 0m06pa9+cemui G6HNOAHAIOMCA 2PAHUYHBLE YCAOBUA!

i1,,Qu © PH, L, © TRQS,,, = PRQ., * FQiag — K (Qu, 1), (120)
Mt s = P10 ¢ Bty — K(Qui 1), (121)
PH,,Q. © "RQ%0 — ¢RQ;M : RQ;iag — K(Qa, 1), (122)

PH,Q. ° nRngydmg = ¢RQZntydiag : RQZntydiag — K(Qq,1). (123)

okazareascTBo Jlemmbr 39

Haunem ¢ mocrpoenns oTobpazkennd @x:. .

Ompenenny romoMopdusm dxs . 1 m1(X7,) — Q.

[ycts | : S' C X{, — TpOHM3BOJBHBIN KyCOYHO-TUHEHHBIH
LyTh, TPAHCBEPCAJIBHO NEPECEKAIONIMHA HOAIPOCTPAHCTBO OCOOBIX CTPATOB
RKIf; C X{, B KOHEYHOM 4YHCJIE TOYEK, KOTOPbIE ODO3HAYMM 4epes3
{t1,...,t;}. )

Ha sjieMeHTapHOM CTpaTe TIyOHHBL § MOTU3Ipa Xy, COAepKAaIeM TOUKY
pt = 1(0), 0 € S'-ormeuennaa Touka, BbIOEpeM CHCTeMYy KOODIMHAT
(21(0), 22(0), 23(0)) (3amewuy, 4TO HEPBBIE JBE KOOPAMHATBHI LHPOU3BOJIBHOIL
TOYKH Ha 3JI€MEHTAPHOM CTPaTe MPOCTPAHCTBA RK{? HEYTOPSIIOUEHBI ).

[TpooszKuM ecTecTBeHHbIM C110co60M cuctemy koopaunat (£7(0), 22(0))
U3 TOYKM Pt BIOAL IyTH, T.e. COTJIACOBBIBAas Pery/IspHbIe KOOPAMHATHI B
OKDECTHOCTH Kaxkaoil u3 Touek {ti,...,t;} (mO HOBOIY €CTECTBEHHOIO
IPOJOZKEHNsT  CHCTEMbl  KOODJMHAT CM. KOODJHMHATHOE IIOCTPOEHHE
CTPYKTYPHOTO OTOOPAZKEeHUsI 1)).

[Tostyunm npeobpa3oBanue UCXOJIHOMU CUCTEMbI KOOD/IMHAT
(21(0),22(0),23(0)) B cucremy koopmmuar (&1(27),Z2(27),&5(27m)). Do
npeoGpaszoBaHue, KOTOpoe 0003HaYuM uepe3 N([), TpejcTaBaeHo NpsMoil
cyMMoii AByX npeobpaszoBanuii 12 € H, 3 € Q, 10 nepBbIM IBYM U TpeTbeil
KOODJMHATE COOTBETCTBEHHO. [10 MOCTPOEHUIO 7)3 COBIIAIAET ¢ €CTECTBEHHBIM
1peoOpa3oBaHueM TPETheil KOOP/MHATHI.

Onpejiesinm 3nauenue romoMopdusma ¢x: Ha OMOTONUYECKOM KJlacce
nyrtu [l] o dpopmyite quio,*([l]) = 13. O"eBngHO, 9TO TOMOMOPDUIM Pxs . !
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m(X3,) — Q. KoppekTHO onpejesner. OTobpazkeHue ‘15)‘(-190 : Afo — K(Qq, 1)

olpeJIe/Is1eTCd aHaJIOIMYHbIM CII0COOOM.
Ouesuano, uro oTobpazkenne ¢ys : Xj, — K(Qq, 1) npomonxaercs 1o
OTO6pa}KeHI/IH Gzt : 7571 — K(Qq, 1). OueBnaHO, 9TO OTOOpAZKEHITE gb)gf
o

fo — K(Qg, 1) npogosnzkaercst 10 0ToOparKeHust ¢ZAffl : Zf_l — K(Qq, 1).

[TpoBepum, aT0 OTOOpaKeHHE @ z:-1 YIOBJIETBOPSIET TDAHITTHOMY YCIOBHIO
(120).

PaccvoTpum 3aMkmyTHIE myTh [ Ha Kommonente RQy,,,. Iyers R(1)
Ca(l) ® (), G2 € H, n3 € Q, — ecrecrBenHoe npeodpa3oBaHue CHCTEMbI
KOOpJAMHAT BIOIbL [. 3amerum, uro (3(l) upuuamiexur mnoarpymnmne I, C
Q., T.K. mpeobpa3oBanue (3 ONpeIeJeHO KaK eCTeCTBEHHOE IIPeodpa3soBaHue
Tperbeii KoopauHathl. lanee Besje Gyiaem npejamnonarath, 9to (3(1) € 1,.

[TpeamomoKuM, 910 | COAEPAKUTCS BHYTPH OJHOTO SJTEMEHTAPHOTO CTpaTa
riay6unbt s. Ilo Jlemme 36 nomyqaum,aro (i o(l) € I, u, kpome roro, ny2(l) =
n3(1).

B obmem cayuae (i2(l) € Hy, mockonbky | C RQgiag. loKazkem, 4ro
pr,Ia(Cl,Z(l)) = C3(l)-

Paccmorpum  3amMkHYTHIE 1myTh [I', KOTOpBI monydeH w3 myTtu | B
pesyJibTaTe Majioro ¢JiBUra ¢ nojupocrpancrsa RQ)y;,, B 1POCTPaAHCTBO A
Cupur | — [’ Beibepem Tak, 9TO KaKjasd TOUKa T € [, Jexkamast BHYTPH
MaKCHMAJIBHOTO CTPATA IIyOHHBI S TPOCTPAHCTBA () jiqg CABUTAETCS B TOUKY
x', JexkaIyo B MAaKCHMAJIBLHOM CTpare TyOHHbI § — 1 IPOCTPAHCTBA 7 Le
JIOTOTHATETLHOMN AP0l IePBBIX ABYX KoopauHaT (2’ Lj@) T'2,j(2 )) C BBIUIETOM
v(j(z")) = —1. Tperbio JOIOJHUTENBHYIO KOODJAUHATY TOYKN ' 0603HAUMM
qepes 2’ 3,j(z/)- OCTaJIbHbIe KOODAMHATHI TOYEK IyTH, COOTBETCTBYIONINE
KOOD/IMHATAM MAaKCHMAJbHBIX CTPATOB HpOCTpaHCTBA RQgiqy HA30BEM
OCHOBHBIMHU KOoopauHaTamu. [IocKoIbKY © € Rdeg, LePBBIE [1BE KOOPAUHATDL
B O/IHO{i TApe OCHOBHBIX KOOP/MHAT TOUKH &' COBIATAIOT: (1’1 @) = T'2(1))s
B TO BPEMsI KaK Illapa LepPBbIX JBYX JIOHOJHUTEJbHbIX KOOPMHAT TOYKU T’
pa3InIaeTC.

O6o3naunm uepes {xy, ..., T} KOHEUHOE MHOKECTBO KPUTHICCKIX TOCK
nyTu [, B KOTOPBIX IyTh IepecekaeT cTparbl rayomnsl s + 1. Kaxgas
KPUTUYECKas TOUKA X; IIYTH | ONpeIesIser napy OIU3KUX KPUTHIECKIX TOTEK
Yi, z; myTn [

Boibepem casunyThiii myTh I B OKPECTHOCTAX KPUTHYECKHX TOYEK TaK,
q9T0:

— B TOYKaX Y;, 2; HAOOP MEPBLIX U BTOPLIX KPUTUYECKUX KOO IUHAT
N3MEHSIeTCS HelPEePBIBHO;

—B TOYKe ¥; HaDOP TPEeTHUX KOOPJIUHAT U3MEHSIETCS] HEITPEPBIBHO;

—B TOYKEe 2; TPeThsl KPUTUYECKasi KOOPJNHATA U3MEHSIeTC CKAYKOM Ha

88



seMenT u3 Q, B COOTBETCTBUU C MPEJNUCAHHBIM 3HaueHueM 0(z;) cKaduka
COOTBETCTBYIOIIEH KOOPAUHATHI BIOJIb (.
Buauenue (3(1) € I, Boraucisiercst no dpopmyie

(1) = pu,x, (ma() [T ().
C pyroit CTOPOHBI, OYEBHTHO,

[[6@) €1,

LOCKOJIBKY YHCJIO KOOpJAUHAT IpocTpaHcTBa Z; Kparuo 4, ' 3aMkHyT U
POM3BEJIEHNE CKAYKOB KaK/J0# KOOPIMHATHI OJMHAKOBO.
[TocTponm B roMoTONMYECKOM KJacce 1y Tn I' myTh m, 1jIs KOTOporo

Ov;)) el, CQ, 1<i<s. (124)

B npeapiaymieit ¢popmysie KpuTudeckue TOYKH TYyTH 1M 0DO3HAYEHBI HYepes
{’Ul, N ,’US}.

Iyt m ompenenum ciaeayiomuMm odpazoM. Jag KaxKmIoit KOOpIUHATHI
¢ (bUKCHPOBAHHBIM HOMEPOM %y PACCMOTPHM OTPe30K v, = [, (0), ayy(1)]
nyru I'; gy Touek T € «y, KOTOPOIO KOOPJMHATA iy PEry/sipHa, IpUIeM
TpeTbd KOODJAMHATA T3.,, T € 4, C HOMEPOM ig M IlepBasd KOOpJUHATA
T14, C TEM 2Ke HOMEDPOM iy JIeXKaT B Pa3HBIX Kjaccax cMexHocTH Q,/I,.
OnpegeiuM TOMOTONUIO IyTH [' IPH MOMOIIM KOMIO3UIUH OTOOPaKeHUs
mapaMeTpu3aIud IyTH C CeMeiCTBOM BpalleHUil BIOJIb OpPOUTHI JeiCTBUA
kBarepuuona j na S® na yromst [0,¢5].

Jlst KazK10ro oTpesKa o, (t) ¢ jgeBbiM KOHIOM v, (0) u IpaBbIM KOHIIOM
@y (0) + (iy (1) — @, (0)) 3ama1uM Bpalenue BIOJb io-0i KOOpAuHATHI. J1jist
MOCTPOEHUs HENPEPLIBHON TOMOTONUU MTPEIoJaraercsd, 9YTO Ha KOPOTKOM
orpeske [, (t), a;,(t) + €], € — 0 mpu t — 14, Bpamenne MPOJOIKEHO TI0
JIMHEITHOCTU B 0OpAaTHOM HAllpaBJIEHUU TAaK, YTO CJABUHYTBIN IPaBblil KOHEII
@, (t) + € orpe3ska B KaxK/Jblii MOMEHT BPEMEHH { OCTAeTCsl HelO/BHKeH. B
JIEBOM KOHIIE CeMeficTBa OTPE3KOB (v, (1) m B cemeiicTBe NMPaBhIX KOHIOB MPH
t — 1— romoronusd HeMOJBUKHA, MOCKOJILKY KOODJAMHATA C HOMEDPOM %y B
IPAHUIHBIX TOYKAX OTPe3Ka (v, ABISTeTCSI OCODOIA.

B pesyiabrare = KOMHO3UIMH  HOCJIEJIOBATEJIBHOCTH  OMOTOIIHUI,
HOCTPOEHHON JI/IsT  KarKJIOfl KOOPJMHATBHI OIMHCAHHBIM BBIIIE CIIOCOOOM,
NOIYyYUM TyTh 77, TOMOTONHBIH TyTH [', KOTOpBI HMeeT 1O KaxKIoii
KPUTUIECKOH KOOpJUHATE CKaveK, yoBieTBopsmomieil popmyse (124).
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OrmpeiesieHa mocae0BaTeTIbHOCTE CKAYKOB {0,,(v;)} TpeTbeil KOpIHHATHI
B KPUTUYECKUX TOYKAX 1yt m. s myTu m, oueBuHoO,

H@m(vi) =1,

IIOCKOJIbKY 9HCJIO KOODJHMHAT TPOCTPAHCTBA Z; KPATHO 4 U TOCKOJBKY
IyTh M 3aMKHYT (MPOU3BEJIEHNE CKAYKOB KayKJIOH KOODJMHATHI BIOTb M
OJIMHAKOBO).

[Tockoubky C3(I') = (3(m) u (1 2(I") = Ci12(m), Broab uyrn I’ rpannynsie
yeaoBust (120) Takske BoimoHsOTCA. [ pannanbie yeaosus (120) goka3aHbl.

[Iposepum, 1T0 0TOOpazKeHHe ¢ :-1 YIOBIETBOPSET IPAHITHOMY YCIOBHIO
(121).

PaccmorpnM  3aMKHYTHIE 1yTh ', KOTOpBIA mosiydern u3 myTd [ B
pesyabTaTe Majoro CABHTa ¢ MOANpocTpancTBa RQy,. 40, B TPOCTPAHCTBO
7571 Capur | — I’ BeIGepeM TaK, 9TO KazK/[ast TOUKA 2 € [, JTesKamas BHYTPH
MaKCHMAJIBHOTO CTpaTa TIyOHHBI S MPOCTPAHCTBA RQuntydiag CABHIACTCS

B TOYKY ', JIeJKalllyl0 HA MAKCHUMAJIBHOM cTpare riayounsl (s — 1)
IPOCTPAHCTBA Zf‘l C JIOLOJIHUTEJIbHON 1apoil 1LepBbIX ABYX KOOPJIUHAT
(2'1,j(a1), @'2,j(ary) ¢ Bhraerom v(j(x')) = —j. Tperpio poOmMOIHHTEIBHYIO

KOOpDJAMHATY TOYKH I’ 0003HAYUM uepes '3 j(2)- OcTanbHBIE KOODAMHATLI
TOYeK IIYTH, COOTBETCTBYIOIIHWE KOOPJAWHATAM MAaKCUMAaJbHBIX CTPATOB
IpOCTPAHCTBA RQ)untydiag HA30BEM OCHOBHBIME KoopamHATaMu. IIocKoIbKy
x € RQantydiag, 1€PBbIE JIBe KOOPJAUHATHI B OJIHOII 11ape OCHOBHBIX KOODJAUHAT

TOUKH &' COBHALAIOT: (2'1 j(z/) = &2 j(21)), B TO BPeMsi KakK IIepBast apa [IByX
JIOTIOTHATEJILHBIX KOOPAMHAT TOYKH ' PA3JINIaeTCs.
O6o3naunm depe3 {xy, ..., Ts} KOHEUHOE MHOKECTBO KPUTHIECKIX TOUYEK

nytd [, B KOTOPHIX IIyTh Tepecekaer crparbl riybuusl s + 1. Kaxmas
KPUTHYECKasi TOYKA X; 1Ly TH [ oupeesser napy 0uM3KuX KPUTHIECKUX TOUEK
Yi, z; mytm [

O6o3naunm uepes3 {xy, ..., T} KOHEUHOE MHOKECTBO KPUTHICCKIX TOIEK
nytu [, B KOTODHIX IIyTh Ilepecekaer cTparbl riybuusl s + 1. Kaxmas
KPUTHYECKAst TOUKA X; IYTH [ OIpeIesisgeT mapy OJu3KuX KPUTHIECKAX TOIEeK
Yi, z; myta ['. BeibepeM cABUHYTBIA OyTh I! B OKPECTHOCTIX KPUTHUYCCKHUX
TOYEK TaK, YTO BBLINOJHSIOTCH YCJOBHS, aHAJOIMYHBIE COOTBETCTBYIOIUM
YCJIOBUSIM JIJIs IIyTH Ha JUarOHAJIHHON KOMIIOHEHTE.

Buauenue i, q,((3(1)) € Qu/Ls MoxHO BBIUHCIHTD 1O hoOpMyITE

i1,,Q.(G(1) = Ca(D) H 0(z;) (mod 1),
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rie (12 € Qq. C Apyroil cTOPOHBI, 0YEBUIHO
[[o@) =1,
i

HOCKOJBKY YHCJIO KOODAMHAT MMPOCTPAHCTBA 4 KPATHO 4, a MOCKOIbKY IYTh
' Mo ycJIOBHIO 3aMKHYT, TO IPOH3BEIEHHE CKAYKOB KayKI0# KOODIMHATHI
onmHakoBo. B wacruoctu, mockonbky (3(1) € I,, (1o(l) upunagmexur
noarpynne I, C Q,. Homepa xkoopanuat B1osn I coxpasorcs.

[TocTpoum roMoTonblil myTn [ My Th M, TAKOH, 9YTO CKAYKH KPUTHICCKHIX
KOODJIMHAT BJIOJIb 1M YAOBJIETBOPSIOT yesaosuio (124). OueBumano

HG(:Q) =1,

IIOCKOJIbKY YHCJIO KOODJAMHAT TpocTpancrBa Z; kparHo 4. [Tockobky m
10 YCJIOBUIO 3aMKHYT, TO MPOU3BEJEHNE CKAIKOB TPETheii KOODIMHATHI
IIPOM3BOJILHOTO HOMepa BIOJb M oxuHakoBo. CrieoBaTebHO, BIOIbL M
rpanuyHbie yeaosus (120) BBITOMTHSIOTCS.

Cnenosarenbno, ang nyreit ', [ rpanmunbie ycaosus (120) taxxe
BHIIONHAIOTCs. ['pannunbie yeiosus (121) mokasanb.

['pannanbie yeiosust (122), (123) npoBepsaoTcst aHAJIOMHIHO.

JlemMma 39 mokaszaHa.

OTobparkenns ¢y, ¢y B muarpamme (57)

[Tocrpoum orobpazkenue ¢o B auarpamme (57). B mpocrpancree RKgo
OIpEJIeIUM IIOAIPOCTPAHCTBO RK(@ C RKy. lng storo paccMoTpum
CJIEJIYIONIYI0 APy MOJU3APOB (BepXHss JUarpaMMa) B BKJIOXKEHHE B 3Ty
JPYTOit mapbl TOMUIAPOB (HUKHSS THATPAMMA):

RK; C RK{ (125)

X o 8 (126)

[IpocrpancTBo RK([)Q] onpejieieH0  Kak 00pa3 MpPOCTPAHCTBAa Zy W3
quarpammbl (126) npu Briouennu. Ham norpebyercs ciiepyronias jJemMma.
Jlemma 40. [Ipoussoavnoe PL-omobpasicenue deymeprozo ducka f : D? —

RK, evmecnaemea 6 omobpasncenue f' : D?* — RK([)2 C RKy c obpasom 6
nodnpocmparcmee RK([)2] C RKy 6 pesyavmame ckoav y200mo manoti PL—

depopmavuu f— f'.
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okazareascTBo Jlemmbr 40

[IpoctpancrBo  RK, cHabKeHO  eCTeCTBEHHBIM  OTOOparkKeHueM B
MPOCTPAHCTBO 0"° X [ TpSMOro MpOW3BEIEHWE 7T~ MEPHOTO CHMILIEKCA
HA OTPE30K, IPHYeM CTaHJapTHAas TPUAHTYIANHSA IMIPOCTpAHCTBa-00pasa,
3aIar0masg  CTPAaTH(MUKAINI IPOCTPAHCTBA—00pa3a 10  KOPa3MepPHOCTH
OCTOBOB TPpUAHT'YJIALIUA COIJIaCOBaHa 1npu 9TOM OTO6pa)KeHI/II/I
co crparudukanueit HPOCTPAHCTBA-IIPOOOpa3a. [ToxnpocrpancTBo
RK&Q] C RKy comepxkuT Bce cTparhl mpocrpanctBa RKy riayOounb
0,1,2. Otobpazkenne f : D? — RKy MOXKHO TIepeBeCTH CKOJIb YTOIHO MAJIOi
nedopmanueit B orobpazkenne f’: D? — RKOQ] TaK, YTO IPOeKInus oOpa3a
orobpazkenusa f' B upocrpancTBo 60 X I TpaHCBEPCAJBLHO K CUMILICKCAM
pa30ueHns: U, B YaCTHOCTH, HE COJIEPXKUT OCTOBa Kopa3mepHocTu 3. Jlemma
40 nokasana.

OmpegeuM Ha MOAIPOCTPAHCTBE RK([)z] C RK, orobpazkeHune
P REP — K(1,,1). (127)

[To Jlemme 40 orobpaxkenue (127) mpomoJizkaercs 10 0TOOpazKeHUst
¢y + RKy — K(I,,1). Tlo Jlemme 38 orobpazkenue (127) ymoBierBopsier
chOpMYIMPOBAHHBIM B 3TOH JieMMe IpaHUYHBIM ycaosuaM. Onpemenum
nckoMoe orobpazxkenne ¢g : RKy — K(I,,1) o dopmye

b0 = ¢p.

Orobpaxkenue ¢g : RKy, — K(I,,1) yxoBaerBopsier TIpaHUYHBIM
ycioBusiM,  Koopbie ciepyr u3  juarpamm  (55), (56). Ilocrpoenne
orobpazkenus ¢y : RKy — K(I,,1) HOJIHOCTHIO aHAJIOIMYHO.

~

Orobpakeunnd ¢, ¢; B guarpamme (64)

DTO MOCTPOEHNE AHAJIOTHIHO TIPEIBIIYIIEMY U OMyCKAETCS.

oxkazareascTBo JIlemmbr 30

Pacemorpum otobpazkenue p: S"F /i — Jy u obosnaunm uepes C), MHITHID
sroro orobpazxenuns. Oupejesennbl orodpazkenus npoekuuit pr : C, — [0, 1],
ps : Cp, — Jop m IexkapToBO Hpom3BeJeHHEe TUX OTOOparKeHmil, KOTOpoe
obozmaanMm gepes3 F : C, — Jy x [0, 1].
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Anasormano paccMoTpuM oTobpazkenme p : RP™* — J, u o6o3maumm
yepes C, umwmHap 3roro orobpaxenns. Oupejenenbl  0ToOpazKeHust
upoekuit p; : C, — [0,1], py : C, — Jo n 1ekapToBO NPOM3BEEHNE ITHX
oTobpazkenuii, Koropoe obosnaunm depes F': C, — Jy x [0, 1].

Ompegeneno orobpazkenne 1 : C), — C’p, IpHUYeM CJIeAYIONNe THarpaMMEL
KOMMYTATHBHBIL:

p
D1\ i (128)
I,
¢, — ép
s\ S Dy (129)
Jo.

Pacemorpum Bioxkenue [; @ Jy x [0,1] € R™ x [0,1] u onpenenum
oroGpaenus I; o ' : C, — R" x [0,1], [; 0 F : C, — R™ x [0,1].
Huske onpeesaum orobpazkenue [ : ép — R" x [0, 1], koropoe mosy4eHo
B pesyabrare C'-Mamoro BO3MyINeHHS OOGIIEro MOJOMKEHHS OTOGPaZKeH!s
I;o F. Takoe BO3MYILIEHHE Oy/ileM HHKe Ha3bIBATH Jiecbopmatiueit romoTonuu
I; o F' B romoronuio f- Ilpu 3rom romoronuio f BeIOEpeM coBmagaomieil Ha
HUKHEM OCHOBaHWM muanuapa Jy C C'p ¢ Baoxennem I : Jo C R™ x {0}.
Kpowme Toro, morpebyem, 91066 KOMIO3UILHS Do, 1] © fe C, — [0,1] coBuanana
¢ pr, tae ppa) : R® x [0,1] — [0, 1] — npoexunst Ha BTOPOi COMHOKUTEJ.
Ompeneneno Takxke orobpaxkenue f : C, — R™ x [0,1] Kak KOMIO3HUIHs
f= fo T.

O6ozuaunM uepes Q C C'p — KaHOHWYECKOe HaKpBbIBAIOIee HaJ
HOJIMSAPOM TOUEK CAMOIEPECEUeHUs! TOMOTOLHH f, OIPEJeJeHHOE KAk
3aMbIKaHue 1o hopmyJie

Q=ClzeCy:3yeCpaty, flz)=fly)}
Ompenenena unsosmonus Ty : Q — @, mepecTaBiIgOLIAs TPOOOGPA3B TOUEK

camornepeceuenus. nsomonus T coxpaHseT 3HaYeHHst 0TOOparKeHHst pj.

DaxTOPIPOCTPAHCTRO MO APa () TPU ITOI WHBOINN 0003HATUM 1depes3 ().
PacecmoTrpuMm cTpatudurarmro

Joc--CcJgCJyCJy (130)
nupocrpancrea jkoitna Jo = Jy. Crparndukamus (130) onpegesser
crpaTuUKaANAIO MUJITHIPA 110 (hopMyIIe

Ci = 53 () (131)
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1 crparuduKammio Maoroobpasug S"F /i mo dopmye
(S" /1) = p~ (o) (132)
Omnpeenena crpaTudUKaII
Qoc--cQ'cq’ (133)

nommapa Q° = Q mo dbopuyre Q1 = (Q N é;) N Ts(Q N C’;) dakTop
crparudukannn (133) npu nasomonun Ty onpeienser crparuduKaImo

Qrc---c' cq’ (134)

HOJIUYIPA Q. O6osna4um uepes QJ¢ nepeceuenune QN Jy. Ilpu ycaosuu, 9o
orobpazkenue [ OOLIEro MOJOKeHUs, cTpaTUhDUIUPOBAHHbINH moJu3Ap (QJ¢
HAXOAUTCsT B 00mieM mosiozkennu co crparamu (130) moamsapa Jy u, Kpome
TOrO, BCE CTPATHI IIYOHHBI OOTBIIEH 7 ey CTpaTHdUKanu (134) apiasiorcs
MyCTBIMI.

Badurcupyem npoussosbhoe t € (0, +J], rae MOJOKUATETLHOE TUCTO §
Oy/leT ONpeJIeJIeHO B IPOIECCe MOCTPOEHNUs f Orpannuenne oTobpazenus
f:C,— R x [0,1] ma S" % /i x {t} obosmaumy wepes d = d( ) SR —
R™. Orobpazkenne d NByJIMCTHO HAaKpbiBaeT 0To0pazKeHue d. Pacemorpum
MHOT000pa3ue N Vi, € Kpaem TOYeK camolepecedennst 0TobdpazKeHus d.
Muoroobpasue N K, oupejesserca no gopmyie N Ky = = QNR" x {t}. D10
MHOroobOpa3ne CHaAOXKEHO eCTeCTBeHHOU cTpaTudukamnmeii

Np C - C Ny, (135)
Wi = Nig, \ Nic) ", (136)

KOTOpast onpejessiercss Kak mojcrpatudukamus crparudukanun (134).
Omnpeneneno nByauctHoe HakpbiTHe Ng, — N K, 1 cTpaTnduKanus (692
JIBYJIUCTHOTO HAaKpbIBAIONIEro. B mpeanosoxkenun, 4910 orTobOpaxkenue f
apysiercss P L—orobpaskenuem o01iero nojioxennst, crparudukamun (135),
(136) cocToaT U3 CTPATOB [VIYOUHBI HE IPEBLIMIAIONICH Taz.0-

(EcrecTBeHHO BBICKA3aTh CJIEIYIONIYIOMHIOTE3Y: IpUMeHsst Teopemy P L—
TPAHCBEPCATbHOCTH MOYKHO [OKA3aTh, ITO IPOU3BOJIBHBLI 2-UCK B OJIHIIPe

NY K, CHUMAeTcs C HOJIIOJU3/Ipa N3 ko, C N? K, CKOJIb YLOJIHO MaJibiM
IEBETICHHeM, T03TOMY dbyHIaMeHTATbHBIE TPYIIIBI TPOCTPAHCTB N?(O u N?(O\
N} %, cosuajator (cp. ¢ Jlemmoii 40).)
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Temepnb ompee/ MM FOMOTOIIIIO f 1. PaccMOTpHM HOPMaJIBHOE PACCIOeHTe
vy, » E(v) — Jo Bnoxenust iy, : Jo C R™. Buoxkenue i, onpejeseno kax
craHgapTHOe Bjoxkenue (n — k)—MepHOii cpepbl B €BKJIHI0BO IPOCTPAHCTBO
R™ ¢ kopasmepnoctbio k. Pacciioenne vy, sBiseTcsd TpPUBUAJBHBIM K-
MEpHBIM PaCCJIOeHHeM, IpHYeM II0 yCJaoBHIO JieMMbl k > 8. IlpeacraBum
paccioeHue Vj, B BUJEe CYMMBI Y UTHH TPUBHATHHOTO 4-MEPHOTO PACCTOCHUSI
e1 : E(e1) — Jy, TpuBHAILHOTO 2-MepHOTO pacciaoenus o @ E(gg) — Jy
1 JIONOJTHATENHLHOTO K €1 B €2 TPUBHAILHOTO pacciaoenus ez : F(e3) — Jo
HEOTPUIATENLHON pasMepHocTH pasMepHocTn (k — 6), KOTOpoe COJepkKuT
CyMMYy YUTHHU €3 @ €30 C €3 ABYX JIMHEHHBIX TPUBUAJBHBIX PAaCCJIOCHUI
€3:1 C &3, €3:2 C gs.

[Tepeobosuauum  orobpazkenue ([; o F) wepes  f_5. Boibepem
MOCJIeIOBATEIBHOCTD ~ OECKOHEUHO-MAJBIX  9UCET  0_1,00, - - -, Opgt15 Org42
Takylo, uto ;41 = o0(0;) m mocrpomM mHocienoBaTebHOCTL ClMasbix
P L—nedopmaruit

A~ ~

f—2'_>f—1'—>f0'_>-~'_>fro'_> ro+1» (137)

samaBag Cl-kammbp nedopmanmn ﬁ_l — fz OECKOHETHO-MAJIBIM IHUCJIOM
0;. YKa3aHHYIO TOCIeI0BATEIHHOCTh OECKOHEUYHO-MAIBIX YHCEJT MOYKHO
IPEeJCTABIATh KaK YOBIBAIONMIYIO IOCJIEI0BATETLHOCTD IOJIOKHTETbHBIX
quces, KaykIoe IOCTeIyIollee YHCJIO BBIOMPAETCS HACTOJBKO MAaJIbIM,
YTO YKa3aHHBIE B MOCTPOCHUU CBOWCTBA AIIIPOKCHMHUPYIOIIEH TOMOTOIINH,
JOCTUIHYTBIE Ha IIPeJbIIyIlIeM Iare, COXPaHAIOTCH. Beibop uuncia 9;
BO3MOYKEH, TIOCKOJIBKY CBOHCTBA, OTOOpayKeHwWst f;_1, JOCTHUTHYTHIE Ha
TeKyIleM 3Talle IOCTPOEeHHs, COXPAHSIOTCA mpu mpomsBosbnoilt Cl-mamoit
nedopMaIu JO0CTATOYHOINO MAJIOTO KAJIHOPA.

[Tocie 1HIOIO TOMOTOIIIIO fro+1 B 9TOil MOC/IeI0BATEILHOCTH IPeobpasyem
JIOTIOJIHUTENIBHOM  Jedbopmarnueil Kaaubpa 012, Otz << Opoy1 B PL—
oTobpakerue ob0mIero mojaoxKenus. [Ipn nMponsBOIBHOM JI0OCTATOYHO MaJIOM
t, 0 <t < Oryg+2, TOMOTOIIUS fr0+2 OIIpe/iesisieT HCKOMOe OTOOparKeHue
d= f ro+2 (t) R R

Ha mnpeasopurensunom miare gedopmarusg f o +—  f_ 1 cTpouTcs
BepTI/IKaﬂbHOﬁ BJOJIb IOAPACC/IOCHUA &1 B HOPMAJIbHOM paCCJ’[O?HHI/I VAJO‘
Kauubp paccmarpusaemoit gedpopmanuu pasen 0_1. Jledbopmanus f o — 4
CTPOUTCA TAKOi, 9TO TPOoOpas3 pjol(a(s)) Ka’kKJ0r0 3JeMEHTApPHOTO CTpaTa
a® c J, DIyOUHBL § CAMOIIEPECEKAETCS B TOTATIBHOM MPOCTPAHCTBE F(£1) s
paccioenns €, mag o'® B obmem momoxkenmu (KaK MOTPYKEHHS OBGIIEro
HOJIOKEHUsT 3aMKHYTOr0 P L-MHOT00Gpasust).

'Koncrpykims 6uima nomydena na cemunape C.A.Boraroro
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Ha nyresom mare nedopManusi f_; +— fo CTPOHTCS BEpPTHKATBHOMN
BJOJTb CJIOEB PACCIOEHUS £y, HEMOABWKHON Ha cTpaTte Cy&”. Kanubp
pacemarpusaeMoil edpopmanun paser dg. ledopmarus f_; — fo crpontes
Takoil, 9TO OrpaHHYEHHe OTOOPAXKEHHS f; HA IPOOOPA3 HIEMEHTAPHOIO
crpata o'®) rry6uHel 0 gBISETCS MOIPYZKEHHEM OTKPBITOTO MHOTOOGpPA3HH,
MHOZKECTBO TOYEK CaMOIePecevdeHrsi KOTOPOrO COBIAIAET € MHOMKECTBOM
TOUYEK TPOHHOIO CAMOIEpecedeH st HOrpy Kenust f_q, orpanundentoro na a(®)
U HE COEPKUT TOUYEK JBOWHOTO CAMOIIEPECEUCHUSI.

Uro6br ompenenuts gedopManuio f_ — fo ¢ yKA3AHHBIME CBOCTBAMY
JIOCTATOYHO BOCHOJIb30BaThCA JIeMMoit 32, cormacHo KOTOPOii, CTPYKTYpHas
rpyliia HaKPbITHS HaJi MHOrOoOOpasueM JIBOMHBIX TOYEK CaMollepecevdeHust
HA KazKJIOM 3JIeMEHTapHOM CTpaTe PeAyHupyercss K IeJOYUCAeHHONH. ITO
03HAYAET, YTO OCOOEHHOCTH JIBOHBIX TOYEK CAMOIEPECeTYeHNs] BHE MOYXKECTBA
TPOWHBIX TOYEK CaMOINEpPEeCeueHHns PACIpPOCKTHPYETCss BO BJIOXKEHHE B
KOPA3MEPHOCTHU 2 BJIOJIb CIOEB PACCIOCHUS E3.

Ha wmare c HOMepOM i pedopmanust fl_l — fz CTPOMTCH CHavaja ¢
HOCHUTEJIeM Ha Cp . IpenBapurenpnas gedopmaliius, KOTOPYO 0003HAYTIM
qepes fio, — fz’ , ABJIIETCS HEMOJIBUZKHON Ha é‘,gi+1). Jlasnee moctpoennast
TOMOTOI ST fl’ NPOJOIIZKACTCS. 0 TOMOTOIHH f; HA BCEM Op TaK, 9TO
OHA COBIAJAET C yzKe IOCTPOCHBIM paHee OTOODAZKeHHEM [;_i BHE
MaJIofl PeryJIipHON OKPECTHOCTH (KOHEYHOro Dajuyca) é*},“ U [POJIOJIZKAET
orobpazkeHue f; 1 B 9Ty OKPECTHOCTH HA BCE MPOCTPAHCTBO (jp o oo0IeMy
TOJIOZKeHnIo ¢ KoucTanToit Cl-ammpoxcnvaryn d;.

[locTpoenune nedopmarun ﬁ-_ — fl’, 1 > 1, ocymecTBigeTcsa
CJIe Ty FOTIIIM 06pa30M PaCCMOTpI/IM MPOU3BOJIBHBIN 3JIEMEHTAPHBIH CTpaT
o piybuabl © u3 J \J(H u paCCMOTpI/IM peranHon OKPECTHOCTh
U,» crpata o B O6’be,ZLI/IHeHI/II/I CTPATOB J \ JZ) rayouns (i —
1), npumbikaiomem k crpary a?. Okpecrrocrs U, HpejacTaBieHa Kax
o0beMHeHne OKPECTHOCTEIH Uﬁj—l’a(i) mo okpectroctsiv crpara oY) Bo

(i-1) , .
BCEBO3MOZKHbBIX IIPUMBIKAIONIUX cTpatax (3] ryounbt (1 — 1), Kaxpiii
crpar U 4 g PEICTABISCT coboit mpsivoe mponssenerne P x D2,

Hp006pa3 p- (Uﬂ§i—l)7a<i)) okpecrnocru U 40D o0 TPH orobpazKeHuu p

(Snk /1) =D\ (§nk /7) @) — g1 g 0603Haq1/1M qepes Vi, o. O6betunenme
f/bj,a no BceM b; oOo3HAYMM dYepe3 Va 9T0 O00beIUHEHUE SABJISCTCS
npoobpazom U, i) mpu oToOpazkeHuu p.

[IpooGpas %j,a IpeacTaBageT coboil mpaMoe mpomsBegenme 4771
JMCTHOTO HakpbiBatomero @ wag o) ma orkperreri 2-muck D2, Crosa
BOCIIOJIb3YEMCS  KOODJAMHATHBIM ~ OHNUCAHUEM OTOOPasKeHus p, OTKyJa
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BBITEKAET, YTO OTPAHUYEHHOE D Ha \A/'bj’a, SIBJISIETCS TPSMBIM IIPOU3BEICHIEM
CTaHIAPTHOTO PA3BETBJIEHHOrO 4-JIMCTHOIO HaJ| D? u napameTpusyIomero
orobpazkenus b; — 3;.

[lo npe1o/i0zKeHnio UHYKIMH TOMOTONHsE ﬁ_l, OrpaHuyeHHas! HaLA\Z1
HeNOABHKHA HA @, IpudeM s Kaxkgoro b; medopmamusa fio — fi_g
HampaBjieHa B TpaHcBepcagbHOM Hampapiaennn K Up ., n ee Clxammbp
CYIIECTBEHHO IIPEBBIIIAET J;.

OmpegeauM rOMOTOIIIO f{ OKPECTHOCTHU Vg — R", kak pesynbrar §,—
vastoit Cl—edopManu Ha Kaxa0fi OKpeCcTHOCTH V, BIOJIb KACATEJIHHOTO
POCTPAHCTBA K TPOU3BOJBHO BhIOpaHHOMY cTpary [ riayouwssl i — 1,
HpUMBIKafOIEeMy K «. lomoromnms fz’ CTPOHUTCS TaK:Ke KaK Ipu o =
0. B pesyabrare TOUKH CaMOIEpecedeHHs 3ieMeHTapHoro crpara o)
COBIIAQJAIOT C TOYKAMH TPOHHOTO CAMOIEpecedeHHsl STOTO 3JIeMEeHTAPHOTO
crpara npu romoronuu f_i. Ilpm 3roM orpaHnvyeHue romMOTONUH fz’ Ha,
I'DAHHILY OKPECTHOCTH Vi, B YACTHOCTH, HA IPAHUILY d(a)°" menTpaIbLHOrO
OoIMHOTO00Opa3usd a C Vba crpara (. HEIIOJ[BU2KHO.

OnpeneanM TOMOTOIHIO fl B De3yJbTaTe INPOJIOJIKEHNsT TOMOTONNH
f’ no oOIeMy TOJIOYKEHHIO, OJIM3KOH K TOMOTOIHH f,_ C KOHCTaHTOIt
C'-ammpokcumanun J;. Pe3yabTaToM TOMOTONHH dBASeTCS OTOOpasKeHue,
KOTOpPOE OIPEIEeHHO KaK OrpaHHYeHHe TOMOTOINN ﬁ opu tg = ;.
Orpannyenue 0ToOpakeHUst fz Ha KazKJIbIil 9JIeMeHTapHbIi cTpar ry1yOuHbI
4, 0 < j < i, upocrpancrsa S"*/i) umeer Toukm camonepecedenmusi,
KOTOpPBIE TIOJIy4YeHbl MaJIoit jgedopmalineit Touek TPOWHOTO caMoliepecevdeHmst
orobpazkenns  f;(tp). Orobpaxkenue f;(tgp) ObutO ompeaeseHo  HA
IpeIBapUTEIbHOM IMare KOHCTPYKIUHU. TOUKH, JeKalme Ha CTpaTax
riay6unbl (i + 1) (1 BblIE) HMEIOT CTPYKTYPY TOYEK CaMOllepeceveHust
obiero Buja. [Ipu 3T0M TOUKH caMolepecedeHust CTpaToOB Pa3HOil Uy OWHBbI,
y OTOGpaszKeHMsl, ONPEeAEJIEHHOT0 B pe3y/bTaTe TOMOTONNH fj, BooOIIE
rOBOpsI, MOI'YT MPHCYTCTBOBaThL. /ledopmarus fii — fi m, Tem cambiMm,
TIOC/IeI0BATEILHOCTD nedopmanuii  (137), 3a HCKIIOUEHHEM TOCTEIHEH
gedopmaryun fr, — fro+1 HOCTPOEHA. A A

[Tpucrynum x onucanuio jgedbopmanuu fr, — fro+1. [Hoamsdap Todex
JIBOITHOTO caMoIliepeceveHnsi BHe MOIN3/IPa TOYeK TPOHHOTO CAMOTIEPECeUeH s
rOMOTONUH fy 41 BEPTHKAJBHO PACIPOEKTUPYETCS BJOJb CJIOS PACCIOEHUS
€3.1. YKa3aHHOe PAacIPOeKTHPOBAHHE BHE TOUYEK TPOHHOIO caMoIllepecedeHus
KOPPEKTHO OIIPEIeIeHO, MOCKOIbKY KAHOHHYECKOE IBYJIMCTHOE HAKPBITHE
Ha/[ TIOJIU3/IPOM TOYEK CaMOIEePeceveHus, KOTOPBI COJEPKHUT TOJBKO TOUKU
repeceveHrsi CTPATOB PA3HON TIyOWHBI, OYeBH/HO, TPUBHAJILHO (TTapa TOYeK
B HAKPBIBAIOIIEM IOJIM3/IPE €CTECTBEHHO YIOPsI0UeHa 3HAUEeHHEeM IJIyOHHBI
CTPATOB).
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OTtobpaxkenue f, MOJTy9eHHOe TIpH ToCTexHell nedopmannn fmﬂ —
frots, omnpenensier mnckomoe orobpazkenue d (d) Kak orpaHmueHue Ha
S"Fi X {8,543} (RP"F x {§,,,3}). Orobpaskenne d wmeer AuUTH TOYKH
caMolepecedeHns KpaTHOCTH HE HUZKE 3.

Ob6parumcs K mocTpoeHuto orobpazxkenus (143) (cm. dbopmysry Huzke).
PaccMOTpIM  TOTHSAP  TOYEK — CaMOMepecevenus OTOOparKeHus Fro(810)
1 0003HAUMM ITOT HOMMIAP i Kparkocru uepe3 Nk, (rg). Bygem
MCIIO/IB30BATH anagormanbie oGoznauenns Ny, (ro+1), Ni, (ro+2). Tommsup
camMornepeceuenust orobpakenns d = fr0+3(5r0+3) 0003HAUNM Yepe3 NKO C
K.

Iommsap N, (7o) COTEPIKHT MEMOUKY BIOKEHHBIX OIS POB:

NK0(4; 7”0) C NKO(?);TO) C NKO(Q;T()) C NK(](TO) C ko. (138)

JlonmomHuTeNbHBINA HHIEKC 2, 3,4 0003HAUAET HOAIOJIUSIAP B HOJUIIPE TOUEK
camollepecedenns, COCTOANUN 13 3aMblKaHUs 1TPOOOPa3a MHOXKECTBA, TOYEK
kpaTtHocTelt He Menee 2, 3,4 coorBercrBerHo. Onpejie/ieHa TakKe MEMOTKA
BJIO2KEHHBIX ITOJITOJINSIPOB:

NK0(4; 7"0) C NKO(?);T()) C NKO(Q;T()) C NK@(TO) C Ko, (139)

JBYTACTHBIX HAKDPHIBAIOIIAX.

[To ycsoBuio obmiero nosoxkenust, moanoaumdap Ny, (4;70) C Nk, (3;70)
B guarpamme (139) Touek camorepeceueHnsi KpaTHOCTH He Menee 4,
BHYTPH II0JIM9/IPA TOYEK CAMOIIEPECEYEeHUsI KPATHOCTH HE MEHee 3, MMEeEeT
kopasmepuoctb 4. B uwacraocru, dyngameHTasbHasdg TIpynna  HOJU3IPa,
Ni,(3;70) \ Nk, (4;70) m3omopdua byHIaMeHTaTbHON TpyIIe MOIu3Ipa
NK(J (3;T0)'

OnpeiesieHo eCTeCTBEHHOE BJIOKEHHE

t: (Niy(3:70) \ Niy(4;70)) — RK, (140)

OCKOIBKY KAZKI0il TOUKe JBOMHOrO camomepecedenus momnsapa N (3;70)
COOTBETCTBYET eIMHCTBEHHAS TDeThs Touka Ha RP™F X §; ¢ mem e
obpazom npu orobpaxenuu f., (0., ). Orobpazkenne (140) npomoszkaercs mo
HEIPEPHIBHOCTU 0 OTOOparKeHU st

t: Nk, (3;70) — RK. (141)
AHaIOTMYIHO OMpeIeIeHO 0TOOpaYKeHNe

t: Nk, (3;70) — RK. (142)
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Ha sTame mocrpoenuns medopmarun fro = froﬂ TTOJTUIP NKO(B;TO +
1) Touex camonepeceuenusi orobpazkenus fr,y1(dr,41) PL-romeomopden
nosmdapy Nk, (3;79) Touek camornepeceuenust orobpazxkenust [ (0,,)
(mocjeTHUIT MOMIAP B 9TOM CJIydae pPACCMATPUBAETCsl [PH MeHbIeM
SHAYEHHN TMapamerpa ToMOTOmud t = Op41). Llo3TOMY JjIsl TIOJHI/IpA
N, (3;70 + 1) Takzke ompeseneno Biaoxemnne, ananormanoe (140), KoTopoe
1oJty1eHo orpanunuenuem (140) ua 10T HOMIOMUIIP.

[IpoBepum, 4T0 JjId TIOJIUIIPA NKO (3;79 + 1) BBIMOJHAIOTCSA TPAHUYIHDIE
YCTIOBWsI, TIpefycMoTpennbie B amarpamme (58), (cm. Jleny 28) Te.
IPOBEPHUM, 9TO 00pa3 MOIOIIIPA NdmgﬂNKO (3; ro—i—l) C NKO(3 ro+1) mpm
0TOOPAKEHNH { JIEXKUT B TOJIOHIPe Rdeg C KO, a obpa3s OO THA
Nantidz’ag N NKU(S,TO +1) C NKO(?),TO + 1) npu orobpazkennn t jexur B
noanonndApe RQantidiag C Ko.

Jlng JoKasaTeaberBa JIOCTATOYHO 3aMETHTh, YTO YKA3aHHOE CBOMCTBO
JUTS TIOJTHS/Ipa A]\Af Ko (3370 + 1)\ N, (4; 79 + 1) BBHIIOTHSETCS 110 TOCTPOCHUIO
sedopmanuu fs,  +— fs, . Ciejosaresibio, H0cKo/bKy orobpaxenne (141)
CTPOUJIOCH KaK mpojoazKenue orobpazxkenus (140) Ha 3amMbikanue npoobpasa,
IPAHMYHBIE YCI0BUS OY/yT BBIIOIHATBCS U /Il OTOOPAXKEHHsT (141).

Ha npeanociennem srane mnocrpoenns jgedopmanun fro = fT0+1
orobpazxkenne  fro11(0po41) HUMEET TOUYEK CaMOIepecedeHus KPATHOCTH
He MeHee 3, MOCKOALKY BCE TOYKH CAMOIEDECeUeHHs, KOTOpBbIEe He
ABJIAIOTCS TOYKAMHU CaMOIepecedenuss KpaTHOCTH 3 n 0oJiee yCTpaHaAloTCs
BEPTUKAJIbHBIM pacipoekTupoBanueM. [losromy moJmsap NKO(TO + 2)
COBIIAJIACT C MOJMJIUIIPOM NKO(S;TO + 1), a 3HaumT OTOOpaKemme I
onpejeseno Ha BeeM mosmdape Ni,(ro + 2) U yIOBIETBODSET TeM e
IPAHITHBIM YCJIOBHSM, 9TO H oToGpazkenne ma N, (3;70 + 1).

Hakonern, ma mnocienem srame Jyis MOJM3Ipa TOUEK CaMOlepecedeHus
oroGpakenus h cupasemso srmouenne N, C Ni, (1o +2) u Tem, cambim,
0TOOparKeHne

t: Nk, — RK,, t:Ng, — RK, (143)

C Tpe6yeMbIMI/I T'PAaHUYHBIMHA YCJIOBUAMU TTOCTPOEHO.
JlemMma 30 moxkaszaHa.

JdokazareascTrBo Jlemmbr 31

JlokazaTenbCTBO AHAJOTUYHO J0Ka3aTeabcTBy Jlemmbr 30. Jlemma 31
JIOKQ3aHA.
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4 Mmnaoroobpa3uga C KBAaTEepHUOHHBIM
OCHAIIleHuEM

Pacemorpum  rpynmy Q. KBarepumonoB mopsiaka 8.  OmpemeneHo
npejacraBienne o+ : Q. — SO(4), KOTOpoe MNEPeBOIUT eIUHUIHBIE
KkBarepHuoHsl 1, j, k B marpuupt (20), (21), (22) coorsercrBenHo.

[IpencraBiaenne Y_ TepeBOAUT eJIWHUYHBIE KBAaTE€PHUOHBI 1,j,K B
MATPHUIBI

0 1.0 O
-1 0 0 O
0 00 =1 |’ (144)
0 01 O
0 01 O
0 00 -1
-1 00 O ’ (145)
0 10 O
0 0 0 1
0 0 -1 0
0 1 0 O (146)
-1 0 0 O

O06pa3 rpy1ibl KBATEPHUOHOB IIPU IPEJCTABJICHUSIX X4 U X_ OHPEILISIOT
takxke moarpymunsl B rpymme Z/281 C  O(4). Bamerurs, uro BHemHEe
conpsizxenne noarpymnst H C Z/2P na spement w3z Z/28 \ H, 3azanusrii
npeobpasopanueM €, — —e, € — €, 2 < 1 < 4, omnpeueiser
apromoppusm H — H, npm koropom mnoarpymmna Imyy HTepexogauT
noarpyniy Imy_ eaununuanbix kBarepanonos B H, npejcrasienune KoTopoit
3agaerca Marpunamu (144),(145),(146).

Oupejesiena npsivasi cymma npejcrasienuii yo @ x— : Q, — SO(4) @
SO(4) — SO(8), sTo npeacrapienne obo3naunM depe3 ¢y . Onpemesneno
npejicraBienne X+ d xy+ : Q. — SO(4) @& SO(4) — SO(8), koropoe
0003HaYUM 4epe3 Py 4.

Ompegesiensl cBobopnbie geiictBus pr @ Qq x ST — ST, p3 : Q, X
S$3 — S3, nocrpoennbie 1o mpejcrapaenuaM ¥y o, x4+. CooTBeTCTBYyONICE
daxTopupocTpancTsa 6yaem obosnauaTh depes S'/Qq, S?/Q,.
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PaccmorpuM ofHOpoAnbIe TpocTpancTBa S’ /Qq, S%/Q,, onpeneneHHbIe
Kak (akTOpIpocTpaHCcTBa JelicTBuit pr, ps. OupejesieHbl mapa BEKTOPHBIX
8- u napa BekTOpHBIX 4-x Mepubix paccioenns (i 4 ¢ E((4) — ST/Qu,
Com 0 B(Gm) — ST/Qu ny ¢ E(y) — S7/Qu, n- ¢ E(n-) —
S7/Q, co crpykrypmoii rpynmoii Q,. IIpu sToM 8-Meprnoe paccioenus (.,
(+,— ACCOIMUHPOBAHBI C HPEJACTABICHUSIME 1y y, Y _ PACCIOEHUS 74, 1)
ACCOIMUPOBAHBI C IIPEJICTABICHUSIMU X4, X _ COOTBETCTBEHHO.

Paccmarpubas KiaeTounoe pasomenne npoctpanctsa S’ /Q,, 3aKIoqaeM,
aro HY(S7/Qu;Z) = H3(S7/Qu;Z) = 7/8. Tlpu stom obpasyromast
t yKazaHHOII TpYNIBI OmpejeseHa Kak obOpa3 (yHIAMEHTATBHOTO KJIACCA
[S3/Qq] mpu Broxenun S3/Q, C S7/Q,, KoTopoe mapaMeTpHu3yeT 3-0CTOB

K3 C S7/Q..

Ipenaoxkeraue 41. Ilycmvy K' — npouseosvhoe opuenmuposanoe
3AMEHYMOE MH02000pa3ue, CMAOUALHOE HOPMAALHOE DACCAOCHUE KOMOPO20
uzomopgdmo paccaoenuwo f*(kCy 1), f: K" — S7/Q,, s =1 (mod 2). Tozda
deg(f) =0 (mod 2).

HokazarenncTBo IIpennoxxxennsa 41

Bamerum, uto paccaoenue najg S’/Q,, moayuennoe us k(, , obpameHuem
opueHTaInuu, coBnaaaer ¢ k(. . PaccMorpuM oprueHTHpOBaHHOE (HECBSI3HOE)
muoroobpaszue KU —K', ¢ mHopManbHbIM paccaoennem f*kC, U f*k¢, .

Hoxaxem, aro B rpynne H3(S7/Qq;7Z) ¢ obpasyiomeii, 0603HaueHHO
qepes ¢, ClipaBe/IJInBbl PABEHCTBA!

[p1 (k4] = 4, (147)
[p1 (k¢ ) = 0. (148)
Cuavana mokaxkem pasenctBo (147) mpu k = 1. Paccioenme (4

SBJIETCS KOMILIEKCHBIM, CJeoBaTe/bHO, coryiacao CheacrBuio 15.5 wu3
kuuru [M-S| cipaBeyinBo paBeHCTBO:

Pi(Cop) = G 1) — 262(Cop). (149)
[Tockombky (4 4+ = 04 B Ny, TO cormacHo dopmyne (14.7) co((44) =
co(ny ®ny) = A(ny) + 2ca(ny). TockoTbKy KOMILTeKCHas pPa3sMepHOCTD

paccioenus 7, paBHa 2, C2(71) coBmajaer ¢ KjaaccoMm Dilepa m pasen t.

Tamee c? &) = 4c? . CymMmmupys JToKa3aHHBIE PABEHCTBA, C YIETOM
1M+ @1+ 1\"+ y py P ; CY

8t = 0, nomyuanm p; (4 +) = 2¢3(ny) + 4t.
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OcTtamock g0Ka3aThb, UTO

Ans) = 0. (150)

Cupaseyuso  pasencrso i*(ci(ny)) = 0, tme ¢ : S%/Q, C
S7/Q, ecrecTBeHHOE BIOYKEHUE, TTOCKOIBKY paccaoenue i* (1) TPUBHAILHO.
[omomopduzm

H*(S7/Qu;Z) - H*(S%/Qu; 2)

siBsisiercst  MOHOMOpdu3MoMm, mosromy c¢1(ny) = 0. Pasencrso (150) n
paserctBo (147) mpu k = 1 moka3aHbl.
Jokaxem paserctBo (148) mpm k = 1. Paccioenne (4 _ sBisieTcs
KOMILTIEKCHBIM, CJIeI0BATEILHO, O AHAJOIMYHBIM BHIYHCTCHUAM:
p1(Ch-) = 1 (Gh-) = 262(Cy ). (151)
Mockombky (4 — = ne @ -, 0 (s @ n-) = a(ny)a(n-) + c2(ny) +

c2(n-). B nmocnenneit bopmysie BTopoe m TpeThe caaraeMble COKDAITAIOTCS,
IOCKOJIbKY 9IJIEPOBBI  KJIACCHI PACCIOEHMIT 1)y, 7)— TPOTHBOMOJOXKHBI IO
3HaKy. AHAJOTHYHO TPEeJBUIYIIeMY BBIUHCICHUIO, UMeeM ci(ny & 1) =
A(ny)+ci(n_)+2c1(ny)cr(n). Cymmupys JoKazaHHbBIe PABEHCTBA, OJTY IUM

p(¢—) = A(y) + &(n-). Ocraerca samernts, uro ci(n-) = 0 1o
anagornausiM ¢ (150) Boraucsrennsiv. Pasencrso (148) npu k = 1 nokasamno.
Hokaxxem  (147), (148) mpm  mpou3BOJIBHOM  HedeTHOM k.

Cravana [goKazkeM, 4YTO Yy KOMIUIEKCHBIX pacciaoeHmit 20C4 4+, 21¢4 —
XapaKTepUCTUIECKUTl Kaace ¢ paBeH Hy 10, a c2(20(; 1) = c2(20(4 4 ) = 4lt.
[Tockosbky 2l + = 4ln,, To cormacuo dhopmyste (14.7) ¢ yuerom paBeHCTBa
(150), momyumm: co(20¢4+) = co(dlny) = 4dea(ny) = 4lt. Ananormano
nostyauM Co(20Cy ) = 4lt. Pasencrsa (147), (148) BBITEKAOT U3 ypaBHEHUI
(149), (151).

PaccmorpuM  orobpaxkenme F = f U f : K U —-K' —
S7/Q, opuentuposannoro (HecBA3HOr0 MHOr00Opasus). [lo mocTpoeHuto
orobpazkenne F' opmentupoBanno OopmanTHO Hya0. C APYyroit CTOpOHHI,
XapaKTePUCTHIECKOE THUCIIO

Fu([pr(kGe )] + [pr(kCy 1)) € H3(S7/Qua)

COXpaHSAETCs MpH KOGOpAu3Me. DTo 4ucjo pasHo Hymwo, npu def(f) = 0
(mod 2), u pasno 0, upu deg(f) =1 (mod 2). IIpeioxenue 41 pokaszano.

[Ipu mokazaresncrBe TeopemMbl 5 OBLIO HWCIOJIH30BAHO CJIeyIOIIee
[Ipemnoxkenue.
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O603naunM depes Z/21¥ rpymmy, monydennyio B pesyabTare s-KpaTHOTO
CIIETEHUS HJIEMEHTAPHON rpynnbl Z /2, KOTOpas ONpeae/IsieTCst aHAJIOTUIHO
cayuaio s = 3. O6oznaunm uepes w : E(w) — K(Z/28, 1) — ynusepcasibnoe
251 -Mmepnoe paccioenne co cTpyKTypHOii rpymmnoii Z/ 2lsl,

IMpennoxxenue 42. Ilycmv K — npoudsosvHuiti nosusdp paszmepHocmu
dim(K) = 7, cnaborcennvii omobpasicenuem o : K — K(Z/2P 1) u nyemo
©*(w) — obpamnwi obpas paccaoenus w npu omobpasicenuu p. Toeda das
1106020 namypaavrozo wucaa l, | =0 (mod 8) paccaoenue lo*(w) usomopgno
MPUBUANOHOMY.

okazareancTrBo llpeanoxxkenmnsa 42

O6o3naunm pacciaoenue [p*(w) uepes s, JlokaxeMm yTBepXKIEHHE 110
nnayknun. [Ipu s = 1 yTBepkenue Xopoino u3BeCTHO.

Bocnonbsyemcss tem, dro pacciaoenume Ys_1, S > 1, TpHUBHAJBHO.
Jlokazkem, UTO PpaccaoeHne 1), TPHUBHAJILHO. PaccMOTpuM IBYIHCTHOE
nakpoitie K — K, umaynuposamHoe moArpymmoii mmmexca 2 Z/28571 @
72U < 7/2Bl. Pacemorpum paccioenme 9. man K, oupegesennoe
kak Tpancdep paccaoenns Z/20%. Cupasenmmpa dopmyna 1, = Ys_11 D
Ys_12, IJle IpsAMBIe cjaaraeMble Us_11, Ys—_12 CYTb DACCIOEHUS HaT K ¢
MEHBIIAMHE CTPYKTYPHBIMH I'PYIIAMA. DTH PACCIOEHUS H30MOPQMHBI MEKTY
coboit, TpuYeM M30MOP(MU3M OCYIIECTB/ISETCS WHBOTONNe( HAKpbITHA K.
[To npejIoIoyKeHUIO MHJYKIUU PACCIOeHUust YPs_171, YPs_12 TPUBUAJBHBL.
CrenoBarenibHO, st paccjoeHuit Haj K crnpaBeinBO PaBEHCTBO 1, =
12725 @ 1257 %, rme Kk — JwWHeiHOe paccioenne, KiaacubuIIpyomee
makpeitie X — K, € — TpHBHAIBHOEe paccjoeHme. Pacciaoennme [k m,
TeM Gotee, pacciaoenne [2°7 2K, TPUBHAIBHO, CJIEI0BATEIBHO, PACCIOCHHE g
rpuBuajibHo. [Ipejoxenne 42 jokazano.

B sakimrouenun chopmysiupyem ciieLyroILy oruinoTesy.

T'unore3a (C.A.Menuxos)

s nmokazarenncrBa (OcHoBHOW Teopembl mOCTpoeHUMsT pasjesna 3 He
HyKHBI. TeopeMy 9 MOXKHO J0Ka3aTh METOJAaMHU HACTOAIIel paboThl Oe3
ucnosb3oBanust [Ipempaoxenuii 22, 23 B mnpeanosoxennu [ > 4 (T.e. npu
n > 15).
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