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nocesiaercs namsitu mnpod. M.M.Ilocruukosa

AnHoTanus

B pabore pasBuBaercss TeOMETPUYUECKHUI TOAXOA K CTAOM/Ib-
HBIM TOMOTOIIMYECKUM TI'pyImnaM cep, OCHOBAHHbBINM HA KOHCTPYKITUU
[Tourparuna-Toma. B pamkax 3T0Oro moaxoja moJy<ueH0 JI0Ka3aTe /b
cTBO Teopembl Amamca 00 mHBapmaHTe XOmda IS BCEX pPa3MepHO-
creit, nckiogast 15, 31. JlokazeiBaercs, aTo npu n > 31 B cTabnabHOIM
romoronudeckoii rpymme cdep 1I, He cymecTByer sjeMeHTa C WHBA-
puanTom Xormda 1. HoBoe qokazaTeibcTBO OCHOBAHO HA METOIAX I'€0-
Merpuueckoir Tomosioruu. Vcmonb3yercs teopema Ilonrpsruma-Towma
B dopme Yoseca 0 TpeACTaB/JEHUU CTAOUIBHBIX T[OMOTOIMYECKUX
rpynn limy_, 4 oo Trn (SF(RP>)) BemecTseHHOro NpoOeKTUBHOIO Oec-
KOHEYHOMEDHOTO TPOCTPaHCTBa (KoTopeie mo Teopeme Kama-Ilpummm
SUMOP@HO 0TOOPAXKAIOTCS HA 2-KOMITOHEHTH! CTabWIBHBIX TOMOTOTIH-
geckux Tpymnn cdep) Kaaccamu Kobopu3ma morpyKennii (Boobire ro-
BODPs1, HEOPUEHTUPYEMBbIX ) 1 — l-MEPHBIX MHOr00Opasuii B KopazmepHo-
ctu 1. UuBapuanTt Xomda BbIparkaecs XapaKTepUCTUIECKUM KJIACCOM
n — 1*MepHOI‘O MHOFOO6paSI/IH ABYKPATHBIX TOYEK CaMoIliepeced1eHusd
[OTPY?KEHHOI'0 N—MEPHOTO MHOr006pa3us, MPEeJICTABJISIONIEr0 33/ aH-
HBIIl 3j1eMeHT B cTabuibHOil romoTonuydeckoit rpymie I1,.

BBenenne

[Tycrb mpm (S™) — romoronnveckue rpyuibt cdep. [lpu yeaosun m > n + 2
9Ta rpymna He 3aBucut or m u oboszuadaercs [1,. Ona HaspiBaeTcs craduIb-
HOiI roMoTonuveckoii rpymnmoii cep B pazmepunoctu n. IIpobiema Bbrumc-
JIeHUs CTAOUIBHBIX TOMOTOIMYECKUX [PYII SBISIETCS OTHOU W3 OCHOBHBIX
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HEepeIIeHHBIX P0o0OJIeM B TOIOJIOIUMU. DTa MpodieMa IMeeT BaxKHOe ITPUKJIAI-
HOe 3HAYeHHe MPH U3y IeHUN TPOCTPAHCTBA BelecTBeHHbIX (byHKImit (eMm. [B],
11.3) ¥ OpH M3YYEHHHU 33Ja9H AIPOKCHMAIMH OTOOPAKEHUIl BIIOKEHHUSIMU
[Me2|.

[Ipu BbIYKCIEHNN 3/IEMEHTOB CTAOU/IBHON rOMOTOIMYECKOH rpyIiibl cdep
U3yJaoT Te ajredpamdecKue WHBAPHAHTHI, OIpeJie/IeHHe KOTOPBIX JIaeTcsd
cpasy Jist BceX pa3MepHOCTell (Wid Jijisi HeKOTOPOi GeCKOHeYHOIl mocieio-
BaTEJILHOCTU pa3MepHocTeit). Tem He MeHee, TH HHBADUAHTHI, KAK IIPABIIIO,
OKa3bIBAIOTCA TPUBUAJIbLHBIMU U HE BbIPOXKJAI0TCA JIMIIb B UCKJIIOYUTEJIbHBIX
caydasx, noapoduee cm. |M].

OcHOBHBIM aJireOpanvecKUM HHBAPUAHTOM Ha TOMOTONUYECKUX I'PYIIAX
cdep saBisseTcs cTabUIbHBII HHBapUAHT XoIii(a, KOTOPbIil IpeacTaBIsIer Co-
0oit romoMophu3M

h: H2k’—1 — Z/Q,

U KOTOPBIil Ha3bIBaeTCs TakKe naBapuanTom Ctuapoga-Xomda, CM., Halpu-
mep, [M-T| mo moBojy ompesenenusi 1 OCHOBHBIX ¢BOiCTB. CTabHIbHBII HH-
BapuaHT Xomda u3ydaercd B padore.

JIoKa3aTeIbCTBO CJIeIyoIeli TeopeMbl ObLIO mostydeHo AmamcoMm B [Al.

Teopema. Adamc [A]
Cmabunrvnut unsapuanm Xonga h 2 11, — Z/2, n = 1 (mod 2), Aeaa-
emeA MPUBUALLHBLM M0206 U MoAbKo mozda, kozda n # 1,3, 7.

3ameuganne. Teopema Amamca B IpocToM ciaydae n # 2F —1 6bL1a 10Ka3aHa
Anemom [Ad]. Cayuait n = 15 6b11 mokazan Tomoit (em. [M-T] r1.18).

Brocseacteun Anamc u ATbs TpeIOKUIN AJbTEPHATHBHBINA MOIX0/ K
U3yYeHNI0 WHBApUAHTOB Xormda, OCHOBAHHBINH HA pe3yabTaTax nu3 K-Teopun
u Ha Teopeme Borra o nepuogmuanocT cM. [A-A]. B mocsemyromux paborax
9TOT MOAXOJ, TakzKe ObLI 00001eH. [Ipocroe mokazareabcrBo Teopembr A qam-
ca, OJM3KOe K JjiokazaresbeTBy Ajtamca-Arbu, Ob110 npeioxeno B.M.Byx-
mrabepom B [B].

Onpeniesienre cTabUILHONO MHBapuaHTa Xomda mnepedopMyIupyeTca Ha
SI3BbIKe TPYII KOOOPJW3MOB IOIPYZKEeHHBIX MHOTooOpasuii. B ocHoBe 3TOTrO
meroga Jexar pesyiabrarbl pador |[El, K2, K-S1, K-S2, La|. Crabuibhbiii
nHBapuanT Xoiiha paBeH XapaKTepUCTUUYECKOMY HYHCJIy MHOIOOOpasus JiBY-
KPATHBIX TOYEK CAMONEPECeYeHUsI UCXOIHOTO MHOI00OPA3Ws, MPE/ICTABISIO-
Iero 3JeMeHT B HCXOIHOI TpyIine KoOopau3Ma MOrpyzKeHnit. DTo, HaIpuMmep,
aBHO copmymupoBano B pabore [E1], Jlemma 3.1. @opMyIupoBKa yKa3aHHOI
JIEMMBI CTQHJIAPTHBIM CIIOCOOOM MEPEBOJIUTCS HA S3bIK TEOPHUH TIOIPYZKEHUit
npu nomoitu Kouctpykiuu Ilourpsaruna-Toma.



B ciyuae n # 3 (mod 4) g0Ka3aTebcTBO TeOpeMbl AjiaMca, HCIOIb3Y -
Iee TeOpHIo TMOrpyzKenuii, 66110 moaydeno A.Crouem B pabore [Sz|. Cremy-
IONMI 110 CJIOKHOCTH ciiydail (Teopema AjeMa) BO3HUKAET 1MpH 1 7# 2l — 1.
Teopema Amamca B 9TOM ciiydae OblLIa MepeIoKa3aHa reOMeTPUIeCKUMU Me-
TOJAMH B COBMeCTHOiT pabore aBropa ¢ A. Crouem [A-Sz.

Jlastee B paboTe BCIOAY mpeanoaaraercd, 910 n = 2! —1. OcHOBHOIT pe3yb-
TaT HAacTodAIell paboOThl 0OOOIIAET MPEIBI YU U COCTOUT B CJIEIYIOIIEM.

Ocnosaasa Teopema

3n+3
[Iyctb g : M~ 3 17 95 R™ npousBosibHOE [VIAJIKOe HOIPYZKeHne 3aMKHYTOIO,

BOODIIE IOBOPsi, HECBA3HOIO MHOrooOpazus M, dim(M) = % + 7, npu-
4eM HOPMaJibHOEe paccyioenue v(g) morpyzKeHus ¢ u3oMopdHO cymme Yur-

au (2H — 8) skzemiisgpos JumHeiinoro paccioenus k mag M, Te. v(g) =

4
(%2 — 8)k (B wactmoctn, wy (M) = 0, HOCKOIbKY KOPA3MEPHOCTD LOTY2Ke-
nusa g werna u wi(M) = (2 — 8)w;(k) = 0). Torsa B npeanoIOKeHIH
n > 63 (r.e. upu | > 6) cupasenso pasencrso (wi (k)™M [M]) = 0, rae

wy — uepBbiit xapakrepucrudeckuii kiace Hltudesrs-Yurau.

Hosoe B jokazaresnscrBe OcuoBuOit Teopembl COCTOMT B NpUMeHEHUU
[IPUHITUIIA TeOMETPUIECKOTO KOHTPOJIsI, KOTOPBIN IMO3BOJISIET B KJacce KO-
Oopau3Ma MOrpyzKeHusl HaXOJAUTh IOTPYzKeHue, y KOTOPOro MOJMHOTIoo0pa-
31e KpaTHBIX TOYEK caMoIllepeceveHus uMeeT 0oJiee IPOCTYIO CTPYKTYPHYIO
IpyIIly HOPMAJILHOI'O paccjoenus. HalloMHIO, 4TO CTpYKTYpHAas IpyIiiia, HOP-
MaJIbHOI'O PACC/J0eHUs K MHOI00OOPa3uio KPaTHBIX TOYEK CaMOIepecedeHust
OTBEYAET 3a IMEePEeCTAHOBKY JIUCTOB HCXOJHOI'O0 MHOTOOOpa3us W U3MEHEHUe
BEKTOPOB CKOIIEHHOT'O OCHAINEHUS IIPU 00XO0/e M0 3aMKHYTOMY IIyTH HA MHO-
roodbpa3uu KpaTHBIX TOYEK.

[Ipu momomu craHIZapPTHBIX pacCyzKIAeHuit Teopun norpyzkenunit u3 Oc-
HOBHOI TeopeMbl MOYKHO BBIBECTH CJIE/LYIOIIEE.

Ocuosnoe CieacrBue

[lycts g : M™! & R"™ — npousBojbHOe IIaIKoe HOIPYKeHHe 3aMKHYTOro
MHOTo0Opasusa M1 (koTopoe, BooOIIe roBOps, OPHEHTHPYEMBIM H CBI3HBIM
He npejnonaraercs). Torna B npeanonoxenun n = 2! — 1, n > 63 (r.e. npu
[ > 6), cupaseuso pasencrso (wy (M)t [M]) = 0.



Sameuanue. DKBUBAJCHTHOCTb MPEIBIIYINETO YTBEPXKICHHS H TEOPEMbI
Anawmca (npu [ > 4) nokazana B [E1,Lal.

OTMmeTHM, 9YTO B TOIOJIOTUHU CYIIECTBYIOT T€OPEMbI, OJIM3KHE 110 (hopMyTH-
poBke K Teopeme Anamca. Kak mpaBuio, 3T TEOPEMBI SIBJISIOTCS CJIeICTBUSI-
mu Teopembr Agamca. VHOrma caMu 9TH TeOpeMBbI MOTYT OBITH JOKA3AHBI aJThb-
TepHaTUBHBIME U OoJjiee mpocTbiMu Merogavu. Kak 3amedaer C.I1.HoBukon
B 0630pe [N], kK Takum Teopemam orrocurcest Teopema Mustnopa-Borra o Tom,
YTO KacaTeJTbHOe N-MEepHOe pacC/oeHne K CTaHIapTHOI cdepe S™ TpuBHAID-
HO TOIJIa U TOJIBKO TOTJa, Koraa n = 1,3,7. 910 Teopema OblLia OTKpbLITA B
pabote [B-M|. DueranrHas MoauduKaIyst ©3BECTHOIO JOKA3ATEIbCTBA ObLIA
HeaBHO nosydena B [F.

OcranoBuMcs HA CTPYKType padorel. B pazgese 1 HAmOMUHAIOTCS OCHOB-
HbI€ OIIpEeJIe/IeHUs] U KOHCTPYKIIMU TEOPUH Morpyzxkenuit. Pesyjibrarsl 31010
pazaena (hopMaJbHO ABJISIOTCA HOBBIME, HO JIETKO IIOJTYYal0TCS H3BECTHBIMME
meronamu. B pasmene 2 Ocuoaasg Teopema mepedopMyTHpoBaHa ¢ HCIOTb-
30BaHneM obo3Haudenuii u3 paszzuesna 1 (Teopema 5) u npejcraBieHbl OCHOBHBIE
STAIbl ee JI0KA3aTe/IbCTBA. B pas3ese 3 mpoBOAuTCs OCHOBHOI Tall T0Ka3a-
TEJbCTBA, a MMEHHO, JoKa3biBaercs mnepsas Ocuosuas Jlemma 24, koTopast
obL1a BeickazaHa C.A.MequxoBbIM KaK IHIIOTE3a U 00CYZKIAJACh Ha CeMUHA-
pe mpod. O.Caeku B 2006 roay, a TakzKe aHaJorudHasg eif Bropas OcHoOBHAS
Jlemma 25.

Pabora ObLiia HalMcaHa 1IpU HEOJIHOKPATHBIX O0CYK/IEHUSIX HA CeMUHAPE
1o aJjredpanveckoit TonoJioruu 1oj; pykosojcrsoM 1pod. M.M.Ilocraukosa.
B nacrogmeit Bepcun paboThl ucHpasieHa omudKa B (popmymupoBke OCHOB-
woii Jlemmbr 3 u3 [Akh|, koropast npuBoguIach 6€3 J0KA3ATEIHCTBA.

ABrop OmaromapurT  3a  MHOTOYHCJIEHHBIE  OOCY:KIeHHS  IpOd.
B.M.Byxmrabepa, upod. B.A.Bacuibea, mupod. II. Jlangsebdepa,
npod. A.C.Mwumenko, mnpod. O.Caexku, upod. A.B.Ckonenkosna,
npod. FO.Il.ConosnéBa, mpod. A.B.Yepmasckoro, mpod. E.B.Illemuna,
mpod. II./Ix.9xkm3a, H.Bpoackoro, C.A.MemuxoBa, P.P.Caapikosa,
M.B.Cxkonenkona.

1 IIpenBapureiibHble peayKIuu

Hanomuum oripejiesienus rpyiin KOOOP/n3Ma, OCHAIEHHBIX OTI'PYZKEeHU B €B-
KJIAJIOBO IIPOCTPAHCTBO, KOTOPBIE SBJSIOTCSI YACTHBIMU CJIydasMu 0oJiee 00-
mell KOHCTpYKIuH, u3ioxkennoii B kuure [K1| wa crp. 55 u B pasmene 10.
Cea3b ¢ koucrpyknueii [Tonrpsaruna-Toma obbacaserca B [A-E).

[Mycrs f : M™ ! 9 R™- riajgkoe norpyzxkeunune, npudem (n — 1)-mephoe
muoroobpasue M™ ! 3aMKHYTO HO, BOOOIIE TOBOPSI, HEOPHEHTHPOBAHO I

4



HecBsA3HO. Ha mpocrpancTBe TakKuX HOrpyzKeHHuil BBEJEM OTHOIIEHHE KODOP-
naarHOocTH. CKazkeM, 9TO JiBa MOIpyzKeHus fo, fi CBA3aHBI KOOOPIU3MOM,
fo ~ fi, ecau cymecrsyer norpyxenne ® @ (W™ OW = My~ U M) 9
(R™ x [0;1]; R™ x {0,1}) Takoe, 4T0 BBIIOJHEHBI IPAHUYHBIE YCJIOBUS f; =
q)‘Min—l : M o R™ x {i}, i = 0,1 u, kpome Toro, Tpebyercsi, 4TOOHI TO-
rpyzkerne ® 6b110 oproronaabao K R x {0, 1}.

MHOKecTBO KJ1acCOB KOODOPJAHTHOCTH IOI'PY2KeHHil obpasyer abeJieBy
IPYIILY OTHOCHTEJILHO OIEPAMU IU3bIOHKTHOTO O0beJMHeHUs TOIPY KEeHUIA.
Hanpumep, Hy/JaeBoil 3/1€MEHT 3TO TPyHIIbI IIPEJACTABIACTCS IIyCTBIM IO-
IpyZKeHHeM, a 3JIEMEeHT, OOPATHBIA K JaHHOMY [OIPYZKEHHIO fy HpecTaB-
Jen xomnosumueit S o fy, rae S-3epKajbHasg CHUMMETPUs IPOCTPAHCTBA
R". Aty rpymmy obosnaanm depes Imm*/(n — 1,1). Ilo Teopeme Yomeca
|Wa| ykazannas rpynna msomopdHa crabHIbHOI MOMOTONNYECKOi rpyiiie
limk_)oo 7Tk+n(ZkRPOO)

[Torpyzkenne [ onpejesger ©30MOPMU3M HOPMAJBLHOIO PACCIOCHH MHO-
roobpasug M™ ! u opueHTHPYIOIEro TUHEHHOTO PacCJOeH s K, T.e. H30MOp-
busm D(f) : T(M™') @ k = ne, rae e TpUBHATBHOE JHHEHHOE PACCIOCHHE
Hag M" 1. B moxokmx KOHCTPYKIMAX TEOPUH XUPYPIUH LIAJAKHX MHOTO-
oOpasuil Bcerjia paccMaTpUBAETCs CTAOU/IbHBIA U30MOP(MU3M HOPMAJIBHOIO
pacciaoenns MHOroobpasus M™ ! u OpHeHTHPYIOIEro JMHEHHOTO PacCIoe-
uug K, T.e. m3omopbusm T(M" 1) @ k@ Ne = (n+ N)e, tne N >> n.
[Tob3ysich TeopeMoii Xupiia, JIerko IpOBepUTh, UTO €CJIH JABYM MOIPYKEHHU-
aM f1, fo orBedaror uzomopdusmsl D( f1), D(f2), Koropbie npu crabuin3anumn
IPUHAJIEZKAT OJHOMY Kjaccy (crabuibHoro) msomopdusma, TO paccMaTpu-
BaeMble HOIPYZKeHus fi, fo OKA3bIBAIOTCS PEryIapHO KOOOPIAHTHBIMU U JIa-
JKe PEeryJsipHO KOHKODJAHTHBIME (HO, BOOOIIE TOBOPSI, MOIYT OKA3aThCs HEe
PEeryJisipHO TOMOTOITHBIMH ).

Han morpebyerca Takzxke rpymma Imm?/ (n—k, k). DaeMent 9Toit rpymmbI
upescrasien Tpoikoit (f, k,Z), rae f: M™% ¢ R™ — norpyskenue 3aMKHy-
TOro MHOrOOOpa3us,  : F(k) — M™* nuneitnoe paccioenue (ji/1s1 cokparie-
Husl 0GO3HAYEHUIT Jlasee JMHEHHOe (OJHOMEpPHOe) PACCIOeHHe U ero Xapak-
TepucTHiecKuit Kaace B H(M"*;7,/2) mbr o6osnagaem Toit e 6yKBoif), =
CKOIIIEHHOE OCHAINEHNE HOPMAJbHOIO PACCIOEHUs HOIPYZKEeHUs IIPU HOMOIIN
paccyIoeHust K, T.e. 130MOPMU3M HOPMAJIbHOIO PACCIOCHUs MOIPYKeHus [ u
pacciioenus k. Tpoiika (f, k, Z) Oyjer Ha3bIBaTHCsI CKOIEHHO-OCHAIIEHHbBIM
norpyzkenueM. B ciydae Hedernoro k JimHelHOE paccaoeHne K OKA3bIBAETCS
opuenTupylomum Hajg M™% u obazarenbno k = wy(M"F).

JIBa 3sjeMeHTa IpyNIbl  KOGOpAM3Ma, IpeJCTaBJeHHbIe TPOHKaMu
(f1,k1,21) (fo, kK2, Z2), paBHbI, ecan morpyzxKenusi fi, fo KOGOPIAHTHBI, MPH
9TOM TpebyeTcs, 4To0bl HOrpyzKenue KoGopau3Ma ObLIO CKOIIEHHO-OCHAIIEHO



1 TpebyeTcs COIIacOBaHUE CKOIIEHHOIO OCHAINEHHA Ha KOOOPAM3ME C 3aIaH-
HBIMHU CKOLIEHHBIMH OCHAIICHUSME HA KOMIOHEHTAX IPAHHUIbLI. 3aMETHM, ITO
upu k = 1 nosoe oupegesienne rpyun Imm?®/ (n — k, k) cobnaiaer ¢ nepsona-
YaJIbHBIM.

Onpeaenm romomopdusm:

J s Imm® (0 —1,1) — Imm® (n — k. k),

KOTOPBIl Ha3bIBaeTCss rOMOMOPMU3MOM 1epexoja B KopadmepHoctsb k. Pac-
cMOTpEM MHoroobpasue M'™~ ! norpyzxkenue xoroporo f : M™ 1 as R»
IpeJCTABIAeT JeMEeHT IIePBOil TPYIIILI, I PACCMOTPUM KJIACCH(DUIHIPYIOITee
orobpazkenne k' : M™ ! — RP® B BemecTBeHHOE HPOEKTHBHOE IIPOCTPAH-
CTBO BBICOKOH Pa3sMepHOCTH (a = M JIOCTATOYHO), IPEICTABJISIONEe KOIOMO-
gorudeckuii knace wi(M™1). Paccmorpum cTanjapTHOE T10AIPOCTPAHCTBEO
RPe—*+1 — RP® kopasmepnoctu k — 1. [IpeamosoxKum, 9To oTobpazKenue x’
TPaHCBEPCAIBHO B/I0/Ib BEIOPAHHOIO IOIPOCTPAHCTBA, U OIPEIE M ITOIMHO-
roobpazue M™% C M™ ! kak moiHBII IpPoo6pa3 3TOro MOMIPOCTPAHCTBA
npu Hamem orobpazxkennn, M"F = x/~1(RP**+1) Onpenemum norpy:xenue
f: M™% 95 R" kak orpannmuenne norpyzKenus f’ Ha 3aJaHHOe IOIMHOI000-
pasue. 3aMernM, uTo morpyzxenue f : M"F a5 R gomyckaer ecrecTBeHHOe
CKOIIIEHHOe OcCHaIenue. /leiicTBUTENbHO, HOPMAJIbHOE PACCIOSHHS MTOIMHO-
roobpasua M"~F C M™~1 ecrecrsenno mzomopduo paccaoenmio (k — 1)k,
rie k = K| (31ech u Jastee, ecim 0603HAYEHTE MHOTOOOPA3UST HCIIOJIb3YeTCs]
B HUKHEM MHJIEKCE, TO BEPXHUIT MH/IEKC PA3MEPHOCTH MHOIN0OOpa3ust OIyCKa-
ercst). YKa3aHHbBI H30MOPGU3M = OMpeIesisieTcsi CTAHIAPTHBIM CKOIIEHHBIM
OCHATIeHIeM HOPMAJbHOTO PACCIOeHns K IMoaMHoroobpasmio RPY 1 5 ymo-
roobpaszuu RP%, KoTopoe mepeHOCHTCS Ha HoaMHOroobpasue M F ¢ M1,
II0CKOJIbKY IIPEJIIOJIArAI0Ch, uTo K peryiaspuo Baosb RP 1 Eue oxno
[PsIMOE CJIAraeMO€ B CKOIIEHHOM OCHAIIEHUH = HOPMAJIbHOTO PACCJIOEHUsI
HOrpyzKeHusi f COOTBETCTBYET HOPMAJIBHOMY OJHOMEPHOMY PACCIOCHUIO 10-
rpyzkenus [/, DTO pacc/loeHue CIYKUT OPUEHTUPYIONIUM PACCIOCHHEeM JIJIsd
M1 mostomy ero orpammuenme Ha M"F comamaer ¢ k. ['omomopduszm
J* nmepeBosuT 3/1eMenT, Hpe/ICTaBICHHbIH HOIPYKeHHeM f/ B 3JIeMEHT, 11pe;i-
craBJieHHbIH TPOHKOI (f, Kk, Z). V13 s/ileMeHTapHBIX 'eOMETPUIECKUX cO00pa-
JKEeHU, UCHOJIb3YIONMX JIMIIb OHSATHE TPAHCBEPCAJBHOCTH BBITEKAET, 4TO
romoMopdusM J*/ KOppeKTHO oIpejiesieH, MOCKOIBKY HPOH3BOJI B €ro KOH-
CTPYKIUH IIPUBOJIUT K TPOiKe M3 TOro zKe KJIacCa HOPMAJILHOTO KOOOpIu3Ma.

IIpu ycmosunm, uto morpyzxkenme f : M™% q» R"™ obmiero mosmozkeHmus,
HOJIMHOKECTBO B R™ TodYeK camoliepecedeHus: Horpyxkenusi f obO3HATALTCS
gepes A = A(f), dim(A) = n — 2k. D10 MOIMHOKECTBO OLUPEIEIIETCS 10



dopwmyie:
A={xeR":dr,x9 € MY F xy £ xo, f(x1) = f(xg) = 2}, (1)

ono sisercs samknyThiM. Oupegesmv A C M™F o popmyne A = f71(A).

HanoMuum crangaprHoe onpejesienne MEHOroodpasus ABYKPATHBIX TOYEK
caMoIlepecedeHns JAHHOIO MOIPYZKEHUsT OOIIEro MOJIOXKEeHUd W IIapaMeTpHu-
3YIOIIEro MOIPY2KeHNst MHOT00OPa3us JABYKPATHBIX TOYEK CAMOIEDPECEUeHHUs.
[IpocrpancrBo N ompejessiercs (popmyJioit

N = {[(z1,22)] € (M F x M"™")/T" s 21 # a9, f(21) = f(22)} (2)

(T" — UHBOJIONUS, IEPECTABIISIIONIAsT KOOPAUHATHI COMHOKUTEJIEH ), & ero Ka-
HOHUYECKOE HAKPBIBAIOIIEE OIpe/ieisdercsa hopMyIoii

N = {(zy,25) € M"F x M™% 2y # a9, f(z1) = f(22)}. (3)

B upeamnosoxkennn 0 ToMm, 9T0 morpyzkenue f obIIero mosioxKeHusi, IpocTpaH-
crBo N gBigeTcs TaajkuM MHOroobpasuem pasmeproctu dim(N) = n — 2k.
D10 MHOroobpasue obozHadaercsa gepes N2,

[Morpyzxenne § : N" 2 o M"F napamerpusyromee A, omnpemesisercs
dbopmyoit § = 7|y, rae 1 Mk x Mk — M"F — crangaprnas npoekius
Ha HepBLIi coMuoKuTeb. [lorpykenue g : N" 2% q» R™, napamerpusyoniee
A, onpenensiercst dopmysoit g([xq,xs]) = f(z1). Bamernm, uto mapamer-
pHU3YOIINe MOrPYZKeHus ¢, § He ABJISIOTCA, BOOOIE FOBOPS, MOTPYKEHHIMEI
obmrero mosozxKenns. OIpeeeHo IBY/INCTHOe HAKpbITHe p : N 2F — N2k
Ipu 3TOM ¢ 0 p = f 0 g. DTO HAKPHITHE HAZ0BEM KAHOHUYIECKUM HAKPBITHEM
HAJ[ MHOI00Opa3neM TOYEK CaMOIepPecedeHus.

Omnpegnenenne 1. Ilycros (f, %, Z) npeiacrapaser sxement us Imm®/ (n —
k, k). Oupegenum romomMophusm:

hy s Imm*f (n — k, k) — 7/2,
Ha3bIBaeMblil mHBapuanToM Xoida, 1o dpopmye:
hi([f, 5, E]) = (k7755 (MR,

Onpejienenus crabuibHoro naBapuanTa Xorda (B embiciae Oupeesnennst
1) pu pas3auYHBIX 3HAUYEHHSX k cormacoBaHbl Mexk 1y coboit. Chopmyaupyem
9TO B BHJE OTIEJbHOIO YTBep:K/IeHUs.

[peaaoxenue 2. [Ipu zomomoppusme J* : Imm*/ (n—1,1) — Imm?®/ (n—
k,k) cmabusonod unsapuanm Xonga corpansemca, m.e. uneapuanm hy :
Imm® (n—1,1) — Z/2 u unsapuanm hy : Imm*(n —k, k) — Z/2 ceazanw
menncdy coboti no popmyae:

hy = hy o J*. (4)



okazareascTrBo llpenmoxxenuns

Iycrs f: M™% 95 R" — norpyskenue co CKOIIEHHBIM OCHAIIEHIEM = U C Xa-
pakTepucTHIeckum Kjaccom k € HY(M™ %, 7,/2), upeacrasisioniee saement
uz Imm?® (n — k, k), upuaem J*([f']) = [f, k, =] m1s HEKOTOPOTO 3j1€MEHTA
[f'] € Imm*!(n — 1,1). lo onpenenennto hy([f, k,=Z]) = (k" F; [M"F]),

C apyroit croponnr, M™% C M™ ! mpencraBiger IHKI, IBOICTBEH-
Hblt B cMbicie Ilyankape xomukay #*71 € HFY(M™™1,7Z/2). Dopmy-
Jia @ cupasejyinsa, nockoubky (kM1 [MM7) = (kn7F; [M™R]). Teiicrsu-
TeJbHO, 00pa3 XapaKTePUCTHYeCKoro orobpazxkenusa x' : M™ 1 — RP™
(k : M™% — RP*), He orpaHmImBas OONIHOCTH, JEKHT B OCTOBE KJac-
cudunupyomero npocrpancTsa padmepuoctu n — 1 (n — k). Xapakrepu-
cruaeckoe wucao (kML [M™1]) ((k"F; [M"*])) coBmamaer co cremennbro
deg(r') (deg(k)) knaccuduuupyromero orobpaxenus £ : M™~1 — RPm~!
(k : M™% — RP"~*), koTopast paccMaTpUBaeTCst 110 MOJIYJIIO 2 U Olpe/ieisi-
eTCs KaK YeTHOCTh YHC/Ia IIPO00PA30B PErYJIAPHOTO 3HAUEHHs OTOOPAKEHHS.
[Ipu srom 3nauenue deg(r’) (deg(k)) e 3aBucuT OT BHIGOPA OTOOpaZKeHUs K’
(k) B ykasauublii ocToB. (HamoMHIO, 9T0 KJIACCH KOPOMOJIOTHI W MX Xapak-
TePHCTUIECKHEe 0TOOparkenus 0bo3uadaorcs oaunaxkoso.) Crenenn deg(k') u
deg(k) coBlaaOT, IIOCKOJIBKY PEryJ/IsipHOE 3HaYeHHe MOZKHO BbIOpATH OOIIUM
JUIsSI paccMaTpuBaeMbix orobOpazkenuii. [Ipeiioxenue 2 j0ka3aHo.

Cdopmyaupyem apyroe (9KBHBAJIEHTHOE) OIpeJeIeHne HHBapUAHTA
Xomda (B npeanonokennn n — 2k > 0).

Omnpenenenne 3. Ilycto (f, s, Z) npeacrasager saement us Imm® (n —
k,k), n — 2k > 0. Ilycr N"~?* — MmOroo6pasme JBYKPATHEIX TOYEK IO-
rpyxenns f : M™% 9 R", N-xanoumueckoe JBYJHCTHOE HAKDPBITHE HAJ
N, ky € HY(N;Z/2) unpyunposan u3 k € HY(M"*;7/2) norpyxennem
g . Nﬂ—Qk q_> MTL—k

Omnpenenny saagenne romomopdmsma by 1 Imm®/ (n — k k) — 7Z/2 no
dopwmyie:

= —2k . [ Arn—2k
hi([f, 5, 2]) = (rig 75 [INT).

Creayiommee yrBep:/ieHie yCTaHABJINBACT dKBUBaJIeHTHOCTL Onpeele-
amit 1 u 3l

IMpennoxkenue 4. B ycarosuar Onpedesenusn 3 cnpasediusa hopmyia:

(5 [N 24]) = (5 (D), )



okazareascTrBo llpenmoxxenuns

[Iycrs f : M™% 95 R" — norpyskenue co CKONICHHBIM OCHAIIECHHEM = M C
xapaxTepucTuieckuM kjaccom k € HY(M™ %, 7/2), npencrasisiomee sJie-
vent uz Imm®/ (n — k, k). Ilycrs N™2*mmoroobpasue ByKpaTHbIX TOUEK
camomepeceuenns norpyzxenns f, g : N* 2 s R"-mapamerpusyiomiee mo-
rpyxenne, N"~2¥ — N"2k_gapgoHmdeckoe IBYJHCTHOe HAKpBITHE. PaccMor-
pum 06pa3 bynaamenTaaboro kinacca gi.([N"~]) € H, o (M™% Z/2) upu
norpyzennn g : N""2% qs M"~F y o6osnaunm gepes m € HF(M"*;7/2)-
KOT'OMOJIOTMYECKHUil KJIacc, ABOWCTBEHHBIN B cMbicie [Iyankape kjaccy romo-
moruit g,([N"2*]). PaccMoTpuM Tak:Ke KOTOMOJOIHYECKHIl 3iLTepoB KIace
HOPMAJILHOIO PACCIOCHH IOIPYZKeHHd [, KOTOPLIA 00O3HAYUM 4epe3 e €
HE(M™F,7./2).

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

e=m. (6)

[TockosibKy 3ilIepoB KJjlacC € HOPMAJIBHOIO paccjoenus kk morpyzxenus f
paBen kF (KJacchl KOrOMOJIOTHIT 1 COOTBETCTBYIONME JTMHEHHBIE PACCIOeHUs
0603HAMAIOTCA OIHAKOBO), TO MUK Gy ([N]) € H,,_op(M"*; Z/2), noiicTse-
nen B cMbicae [lyankape xomukny k¥ € H¥(M"~*;7Z/2). Tlostomy dopmyna
@) u [pemnoxenne @ noxazano.

Bouiee ynobuo nepedopmyauposars [pemioxenne 4 (B HecKoIbKO GoJiee
obreii popme) Ha sI3bIKe KOMMYTATUBHBIX JuarpaMm. [Ipucrymum k hopmy-
JINPOBKE COOTBETCTBYIONIUX OIpPEeTeHMIA.

IIycts g : N2 & R™- morpyzkenue MHOrooOpa3ms TOYeK caMollepecede-
nus norpyxkenns f: M™ 1 a» R" kopasmeprnocru 1. Oupeesreno HopMaib-
HOE JIByMEPHOE PACC/IOEHUE MOIPYZKEHUs ¢, KOTOPOe Mbl Oy/ieM 0003HAYATH
uepes vy : E(vy) — N"2 (IIpocrpalHCTBO JIMCKOBOIO PACC/IOEHUs, acco-
IUAPOBAHHOI'O C BEKTOPHBIM PacCCJI0eHHeM Vy, JuddeomMopdHO peryrgapHoi
3aMKHYTOl Tpy6UaToll OKPECTHOCTH MOTPYKeHHHUS (. )

DTO paccaoenne CHAOKEHO JOMOTHUTEIbHON CTPYKTYPOIi 110 CpaBHEHHIO C
IIPON3BOJIBHBIM BEKTOPHBIM PACCJAOCHUEM, & UMEHHO, ero CTPYKTypHAadA I'PyI-
na kak (O(2)-pacciaoeHusi JIONYCKAeT PEAYKIHMIO K JUCKPETHOI rpyiiie [iu-
3jIpa, KOTOPYI0 MbI 0603Ha4uuM 4depe3 Dy. DTO rpylmna BOCBMOrO MOPSIKA,
OHa, OIIpeJIe/ITeTCs KaK I'PYIIIa IIepeMeleHnii IIOCKOCTH, KOTOPhIe IIepeBo-
JAT CTAHJAPTHYIO Hapy KOODAMHATHBIX Oceii B cebst (BO3BMOXKHO, ¢ H3MeHe-
HHUEM ODUEHTAIMH U HOPSIJIKA).

B crangapraom kompejcrasienun rpynna Dy 3ajaercs jByms obpasy-
IONUMHI @, b, KOTOpBIe CBA3aHbl MeKIy coboii cooTHomenuamu {a! = b =



1, [a;b] = a*}. O6pasyiomasg a npejcTaBieHa IIOBOPOTOM ILTOCKOCTH Ha yTroJI
7, obpasywomag b nmpejcrap/ieHa CAMMETPHEl OTHOCHTETbHO OMCCEKTPHCCHI
1IEPBOI0 KOOPJIMHATHOIO yIJIa. 3aMeTHM, 4TO 3jaeMeHTy ba (mpousBejenue
Oy/ieM 3allChIBATD 110 PABUILYy KOMIIO3uun b o a npeobpaszosanuii u3 0(2))
COOTBETCTBYET CUMMETPUsSI OTHOCUTEJILHO HePBOil KOOPAMHATHON OCH.

3ameuanue

B knure [A-M| onmcana crpykTypa KOrOMOJIOIH 110 MOJLYJIIO 2 KJiaccubuim-
pyfoiiero npocrpacTsa rpynnbl Dy Kak Moyt Has ajarebpoit CtuHpoaa.
Nuapuant Xorida, KOTOPbI OIPEJIe/IseTcs HIKe KaK XapaKTePUCTHIecKoe
YUCTO0 HAa MHOTOOOPA3UU TOYEK CaMOIepecedeHrs CKOIIEeHHO-OCHAIEHHOTO
HOTPYZKeHHs, ITO BBIYHCJIEHUE He UCIOJIb3YeT.

CrpyKTypHad rpynmna HOpMaJIbHOTO PacCJIO€HUs MHOT000Opa3us To-
JeK camoIepecedeHusd AJisg morpyzkeraus f: M" % 9 R", nmpu k = 1.

Vcnonb3yem ycaoBre TpaHCBEPCAJIbHOCTH CaMOEepecedeHns MOrpy KeHus f
M"™ 1 95 R”. Ilycrs N~ 2-mmoroobpasue caMornepecedeHns HOTPyZKeHus f,
g : N"2 &5 R"—napamerpusyoliee norpyzenue. B cioe E(vy), HopMasbHo-
ro pacc/jioeHus Vy HaJl TOUKOi x € N dpukcupoBaHa HEyHOPsI0YEeHHAs 1apa
KOOP/IMHATHBIX OCeil. DT ocu 0Opa30BaHbI KaCaTe/IbHBIMI K KPUBBIM II€pe-
cevenus ciost E(vy), ¢ AByMsl BJIOXKEHHBIMU JIMCTAME TIOIPYZKEHHOTO MHO-
roodpasus, IePeCEKAONUMUCI TPAHCBEPCAILHO B OKPECTHOCTH STOH TOYKH.
[To nocrpoeHuio paccioeHue vy uMeer CTpyKTypHyio rpyuiny Dy C O(2).

Hay npocrpancrsom K (Dy, 1) onpeeneno ynusepcasibaoe 2-mepaoe Dy—
paccJioenue, Koropoe obosnauuMm depes ¢ @ E (1)) — K(Dy, 1). Ckaxem, 9ro
orobpazxkenne 1 : N — K(Dy, 1) apaserca kiaccuduupyoI@M I pac-
CJIOEHUS Vy, €I onpeiened uzomopdusm = : n*(¢) = vy obparTHOro obpasa
n* (1) pacciioenust ¥ ¥ pacc/OeHusi HOPMAJBHOI'O PACC/IOCHHs Vy HOIPYZKe-
Hus g. B nasabneiiimeMm camo paccioenue u ero Kjaccudpuimpyioiiee orodpa-
)Kenue Oy 1y T 0603HaAYATHCH OJMHAKOBO U B PACCMATPUBAEMOM CJIyvae MOZKHO
3amucarb ) = vy. VI3omopdusm = Oyjem Ha3piBaTh Djy—0ocHaIenneM morpy-
JKeHUs ¢, a oToOpazkeHue 1 OyJIeM HA3bIBATH XapaKTePUCTUIECKUM KJIACCOM
D,—ocnamenna =.

3ameuanune. B jielicrBUTEIbHOCTH, Mbl OHUCAJIM JIUIIb YacTh OoJiee 0bIeit
KOHCTpYKIuu. CTPYKTypHAs I'PYINa S-MePHOTO HOPMAJIHHOTO PACCIOEHUS K
o AMHOro00pasmuio Ny ToUek caMoliepecedenns KpaTHOCTH S MOrpyzkeHus f
JIOIYCKAET PEJYKIHIO K CTPYKTYpHOii rpymue Z/2 [ 3(s) — clIeTeHuio K-
JIMYECKON TPYIIbl Z/2 ¢ rpynioii HOJCTAHOBOK MHOXKECTBA U3 § 9JIEMEHTOB
(em., nanpumep, |E1]).
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[ycrs Tpoiika (f,k,=), tne f : M™% & R"™ — norpyxenue, = — cKo-
IIEHHOe OCHAIIEHHEe HOPMAJIBHOIO PACC/JOeHMs NMOIPyzKeHus [ ¢ XapakrTe-
puctudeckum Kiaaccom k € HY(M;7Z/2), npeiacrapisier sjieMeHT TpyIIibl
Imm?/(n — k, k). Ham morpebyerca o6obTIIeHne IIPe/IbIIymero IoCTPOeHHs,
KOTOpPOe OTHOCUJIOCH K caydato k = 1. HamomuuM omucanue (CM., HapH-
mep, [E1], [E-G]) cTpykTypHOii rpynmnsl HOpMAJIbHOIO DACCIOCHHS Vy HAJ
MHOro00pa3ueM TOYEeK CaMOIepecedeHns IIPOU3BOIBLHOIO HOIPYZKeHus 001e-
IO TI0JIOYKeHHsl MPOM3BOJILHOM KopasmepHocTu k, k < [F].

IMpennoxenme 5. Hopmaarvhoe 2k-meproe paccroerue vy No2pyrcerus
g npedcmasumo 6 sude NPAmMot cymmo, k uzomopproix xonut deymepro-
20 paccaoenus n nad N2 npunem xasrcdoe dsymeproe paccroenue ume-
em cmpykmypryto epynny Dy u xaaccuduyupyemesn omobpascenuem 1)
N2k — K(Dy,1) (ananozunmoe npednoscenue doxaszano 6 [Sz2]).

okazareascTrBo llpenmoxxenuns

[Iycrs © € N" 2% Touka na MHOrOOGpa3UH JBYKPATHBIX TOYEK IIOIPYKEHUs
f: M™% 95 R™. O6osmaunm uepes Tp,Ty € N"2* 95 M™% isa npo-
obpa3a TOW TOYKM Ha KAHOHUYECKOM HaKpbIBafomeM MHOroobpasum. Op-
TOroHaJIbHOE JomoHeHne B npocrparctse 1(g(x))(R") k moampocrpancTBy
G+(To(N"2F)) apngerca cioeM HopMaJjbHOrO paccioenus F(vy) morpyzke-
Hus ¢ Hag Toukoit © € N 2K Dror cioif npejcTaBien KaK IpsMas CyMMa
ABYX JHeitHbx npoctpancts E(vy), = E,1 @ E, 9, 1€ H0oAIpocTpancTBo
E,; C E(vn), sBIsIeTCS C10eM HOPMAJIBHOTO PACCIOSHUs TOTPyKenus [ B
TO4YKE ;.

[oanpocTpancTBo E, ; c10s KAHOHHYECKH HPeJICTABICHO B BUJE MPAMOiL
CYMMBI k YIODSJIOUEHHBIX JTHHEHbIX ToAnpocTpancTs £k, :), 7= 1,...,k,
t = 1,2, npudem (PUKCUPOBAHO CEMEHCTBO MONAPHBIX U30MOPMU3MOB MEZK Ty
STUMHU TPOCTPAHCTBAMU, TOCKOJIbKY HOPMAJILHOE PACC/IOCHHE TIOrPyKeHust f
OBLIO CHAOXKEHO CKOIIEHHBIM OCHAIeHHeM B Kopa3dMepHocTu k. Crpynnupyem
CJION C OJIMHAKOBBIME HOMEPAMU j B JIByMepHBIil mojcoit ciost E(vy),. Io-
JTyauM pasiaoxenne ciog F(vy), Ham Kaxoil Toukoit ¥ € N" 2% 5 mpamyio
cymMmy k 9K3eMILISPOB HOMAPHO U30MOP(MHBIX JIBYMEPHBIX HOIIPOCTPAHCTB.
[IpoBeertast KOHCTPYKIMS HEMPEPBIBHO 3aBUCUT OT BHIOOPA TOYKU X U MO-
JKeT ObITh IIPOBe/eHa OJHOBPEMEHHO JJIsl KazKIol Touku 6a3pl N 2F. B pe-
3yJIbTaTe MOJYIHTCS TpebyeMoe Pa3/IoKeHHe PACCIOCHHS Vy B CYMMY YHT-
HU HEKOTOPOTO YUCJIa KAHOHHIECKH U30MOPMHBIX MEZK/1y cODOM JBYMEPHBIX
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noxpaccaoennii. Kazkiaoe 1pyMepHoe IpsaMoe caaraeMoe KaacCupuiupyercs
orobpazxkennem 7 : N — K(Dy, 1), aro nokasbiBaer [Ipemioxenue

Omnpenenenne 6. Onpegesum  rpynmy  KODOpJAu3Ma  HOTPYKEHH
ImmP4(n — 2k,2k), B npeanonoxenun n > 2k. [ycrs (g, ¥, n)— Tpoii-
Ka, omperendiomas IDy,—OoCHAIIeHHOe IIOrpyzKeHme B KopasmepHocTu 2Kk.
Bnecs g : N" 2 q» R" — porpymxennme, nn : N2 — K(Dy, 1)~ xapax-
repucrudeckuit Kaacc Dy—ocuamenuss V. OTHOIIeHHe KOOOPAM3Ma TPOEK
CTaHIAPTHO.

Jlemma 7. B npednoaoocenuu ki < k, 2k < n, onpedeaena KoMMYymMamue-
HaA QUAZPAMMG 20MOMOPPHUIMOG 2PYNIN:

Imm*(n — ky, ky) i Imm®' (n — k, k) 7]2

1 Ok, | o | (7)
JP4 e

ImmP(n — 2k, 2k1) 225 ImmPi(n — 2k, 2k) " 7/2.

hy
—

JokaszareabcTBo JIlemmbi [7]

Omupegennm romomopdusmel B auarpamme (7). Tomomopdusm

sf
Imm® (n — ky, k) EAN Imm* (n — k, k)

OIIPEeIEISIeTCS IOCTOBHO TaKzKe, KaK OBLIT OIIpe/Ie/IeH TOMOMOPGH3M MIEPEX0/1a

B KOpa3MepHOCTh k s ciay4das k; = 1. lomomopduszm

Imm® (n — k. k) ks TmmPs (n — 2k, 2k)

IEPEBOJIUT KJIacC Kobopau3Ma Tpoilku (f, k, =) B Kj1acc KoGopan3Ma TPOHKH
(9,m,V), tiie g : N" 2% o5 R™ — napaMerpusyioliee NorpyzKeHue MHOroobpa-
3Usl TOYEK caMollepecedeHust OrpyzKenus f (IpemosiaraeTcs, 4To morpyzKe-
Hue [ camonepecekaercs TpancBepcanbio), Y—sro Dy—ocHalenune HopmMasib-
HOIO PACCIOCHH MOIPYZKeHUs ¢, 7)-XapakKTepucTuieckuii kiaace Dy— ocHa-
menns V.

[IpucTynuM K OIpeaeaeHnio roMOMOPdI3MAa

Dy
hy,

ImmP*(n — 2k, 2k) 2= 7Z,/2,

KOTOPBIil HA30BeM JU3/IpajbHbBIM HHBapuantoMm Xomda. Oupegesum mo/-
rpyuny

Ic C D4, (8)
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HOPOXKIEHHYIO IPeodpPa30BaAHUSIMHI ILIOCKOCTH, COXPAHSIOMUME COOCTBEHHOE
IO/IITPOCTPAHCTBO KazK/10ro 6as3ucHoro Bekropa. ['pymma I, asiaserca smemen-
TapHOit abesieBoii rpymnmnoit panra 2. Onpegesnm roMoMopdu3M

2.1, - 722, (9)

oTBevaloNnii 3a mpeodpazoBaHue B cOOCTBEHHOM IPOCTPAHCTBE 1epBOro Ha-
sucuoro Bekropa. [loarpyuna (§) umeer unjgekc 2 u onpejesieHo 2-JIMCTHOE
HAKPBITHE:

K(I.,1) — K(Dy,1), (10)

AHAYIUPOBAHHOE ITON HOAIPYUIIION.
Obosnaunm gyepes

Nn—Qk _ NTL—?I{) (11)

Q—HI/ICTHOG HaKpbITUE, MHAYIUPOBAHHOE XaPaKTEPUCTUYCCKUM KJIaCCOM 77 .
N2k K(Dy,1) u3 makporua ([0). Onpegenen XapaKTepHCTHIeCKHT
KJIacC:

7 =loq: N = K(Z/2,1),

rae 7 : N" 2% — K(I.,1)- apymmcTHOe HaKpBITHe HaJ KIacCHbUITHPYIO-
M orobpazkennem 7 : N2 — K(Dy, 1), unayupoBanHoe HaKPHITHAME
(I0), (II) wax npocrpancrBamu obaza u Hpoodbpasza OTOOPAKEHHUSI 1) COOTBET-

CTBEHHO.
Dy

Oupenesnnm 3uauenne romomopdusma ImmP4(n — 2k, 2k) —— Z/2 1o
dopmyue:

h*(lg,m, W]) = ((7°7)" 25 [N"24])) (12)

Huarpammva () onpezenena. KoMMyTaruBHOCTb IPABOrO KBAJIpaTa JIna-
rPaMMBbI BBITEKAET U3 MPSAMBIX TeOMeTPUIEeCKUX paccyxkaenuii. KomvyTtaTus-
HOCTH PABOIO KBa/IpaTa JuarpaMMbr BeitekaeT npu ky = 1 u3 [Ipeatoxenus
5, a pu MPOU3BOJILHOM k7 JJOKA3aTeIbCTBO aHajoruduo. Jlemwma [7] jokasana.

Ham norpebyercst SKBUBaIeHTHOE OIIpeiesIeHIe Uy IPaJbHOTO HHBapHaH-
ta Xomda. Paccmorpum noarpymnmy B rpymme O(4) npeobpasoBanuii, mepe-
BOJISIIIX MHOYKECTBO BEKTODOB (€1, €3, €3, €4) CTAaHJIapTHOrO Oa3mca B cebs,
6bITb MO2KET, U3MEHAdd HallpaBJIeHUd HEKOTOPbIX BEKTOPOB M, KpoMe TOro,
COXPAHSIONIUX HAPY 2-MEPHbIX MOJIIPOCTPAHCTB, MTOPOXK/JEHHBIX OA3UCHBIMU
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BeKTOpaMu (€1, €3), (€3, e,). [Ipu 5T0oM yKa3aHHbBIE 2-MEpHBIE MOJNPOCTPAH-
CTBa MOTYT, BOOOIIE TOBOPSI, EPECTABIATHCA MexK/1y coboit. O60o3HaAIUM IMO1-
IpyIIy TakKuX npeodbpa3oBanuii yepes 7/ 28] Oupenennm nenouky moarpym
HHJIeKCA 2:

H,c H, c 7/28. (13)

[Togrpynma H, onpegesiena Kak moarpyIna mpeodpa3oBaHuii, THBAPHAHTHBIX
HA KazKJIOM 2-MEPHOM MOIPOCTPAHCTBE, MOPOXKJICHHOM IIapaMu BEKTOPOB
(e1,e2), (€3,€4). Dra noArpyiia u30MopdHa IPAMON CyMMe JBYX IK3EMILIs-
poB rpynubl Dy, KazK10e nupsimMoe cjaraeMoe HHBAPUAHTHO JefiCTByer B COOT-
BeTCTBYOIEM 2-MepHOM mojanpoctpanctse. [lonrpynna Hz C H. ompenere-
Ha KaK IOArPYIIa Mpeodpa30BaHuii, MHBAPUAHTHBIX HA KayKJIOM JIHHEHHOM
HOIPOCTPAHCTBE, MOPOKJACHHBIX BEKTOPAMH €1, €3.

[ycrs (g,1m, V) upeacrasiser snement us ImmP4(n — 2k, 2k) B upes-
noJ10KeHun, 9ro n — 4k > 0 u 4TO ¢ ABIAETCA 1OrPyzKEeHHeM OOIIero mo-
noxkenud. Llycts L™ — mmoroobpasme JBYKPATHBIX TOYEK HOTPYKEHH
g : N" % 95 R™. Onpezesnena Gamas 2-THCTHBIX HAKPBITHIL:

LnH_54k N L?—I_C4k N Ln—4k (14)

B pesysbrare ciemyomeil KoncTpykiun. OupejesieHo mapaMerpu3yoiiee
norpyzxkenne h : L"* 95 R™ HopMmasabHOe paccioeHHe HOIpYy:KeHHd h
0003HAYUM dYepe3 V. DTO paccjoeHne KpacCuUIupyeTcs OToOpazKeHueM
¢: L% — K(Z/3B 1). Henouxa noarpynn ([3) ummymupyer Gammio 2-
JINCTHBIX HAKPBITUN KIACCU(DUIUPYIONUX TPOCTPAHCTB!

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

HAJI, IPOCTPAHCTBOM-00pa30M KJacCuHUIUPYIONero oroopazxkennsa ¢ u dari-
u1o 2-juctabix Hakpbituii ([4) wax npocrpaHcTBOM-11po0Gpa3oM 0TobpazKe-
nnst (. Haxpwrrue Ly, — L" % oupenesnennoe dopmymoit (), 6ymem na-
3bIBATh KaHOHUYECKUM 4—JII/ICTHbIM HaKPbITUEM Ha/ MHOFOO6paBI/IeM TOYEK
caMoIIepecevdeHusl IIOrPYKeHus g.

OnpeiesieHo oTOOpazkKeHune KJIaCCU(PUITUPYIONIUX ITPOCTPAHCTB:

K(He 1) — K(Z/2,1), (16)
UH/IYIUPOBAHHOE TOMOMOP(MU3IMOM
I8 H, — 7/2, (17)

KOTOPbIfl OTBedaer 3a 1peobpa3oBaHue JUHEHHOIO COOCTBEHHOT'O IIO/IIPO-
crpancTBa BekTopa e. Onpeenenst kiaccudumupyiomnee orodpazxkenne (e :
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L™ — K(Hg1) B pesyibrare mepexofa K 4-JTHCTHOMY HAKPBITHIO HaJl
orobpazkennem ( u Xapakrepucruueckoe orobpaxenme ¢ Lirtt —
K(Z/2,1) B pesyabrarte KOMHOAIUH KIacCCUPUIUPYOMEro oTobpakenue
(He ¢ orobpazkenuem ([I6).

IIpengyoxkenne 8. Ilpednonoscum, uwmo Dy—ocnawennoe noepysicenue
(9,71, V), npedcmasasowee snremenm us epynno, ImmP*(n—2k, 2k), sesrcum
6 00pase 20MOMOPPHPUIMa

S - Imm® (n — k, k) — ImmP*(n — 2k, 2k).
Tozda cnpasedausa dopmyaa:

() (L, ™]) = (@)= [N 5)). (18)

Hoxkazarenbcro IIpennoxkenus (8]

Ilycts g : N" 2% 9@» R" — morpy:xenme ¢ Dyocmamennem ¥ I ¢ Xapax-
TepucTHICCKHM Kiaccom 711 @ N"™ 2 — K (Dy, 1), mpeactapagiomee 3e-
ment uz ImmP4(n — 2k,2k) uz obpaza 0. Ilycrs L' **—mmoroo6pasue
JBYKPATHBIX TOYEK caMollepecedenus Iorpyxkenus g, h : L"% q» R
mapaMerpusyomee mnorpyzxkenne, L7 L% _kanoHudeckoe JBYJIHCT-
HOe HakphiTHe. PaceMorpuM 06pas dbyHaaMenTatboro Kiacca b, (L)) €
H,,_4(N""2%, Z./2) npu norpy:xenmn h : L% q» N"=2* g o6osnaunm gepes
m € H?*(N""2F;7 /2)—Koromoaoruueckuii KJIacc, TBOMCTBEHHBII B CMBICIE
Iyankape kjaccy romoiioruii h,([L"**]). PaccMoTpum Takzke KOroOMOJIOTH-
4ecKuil 3iIepoB KJ1acCc HOPMaJIbHOIO PACCAOCHUS HOIPYZKeHUs ¢, KOTOPbIii
oboznauum uepes e € H?(N"=2k:7,/2).

[To Teopeme I'epbepra (cm. [E-G|, Teopema 1.1) cnpasemyusa dopmy.ia
(@). OGosmammy wepes & € H*F(N7*%; Z,/2), m € H*(N]'7?*; Z/2) — o6passi
KOIIUKJIOB €, 1M COOTBETCTBEHHO IIPU KaHOHUYECKOM /IBYJIMCTHOM HaKPbITHUU
fo_% — N™ 2% Cupasenusa Takzxke GpopMmyJIa:

—

g =1m,
B YaCTHOCTH, ClipaBejinBa (popmyJia:
(T [N 24 = () (N2 24). (19)

Ipapas wacts dopmymst () pasma hb*(JP4([g,n, ¥])). ITo xapakrepn-
CTHYECKOe THCA0 B CHIy KoMMyTaTupHOCTH auarpamubl (7)) cosmamaer c
hRt([g,m, ¥)) = ((7%)"=2k; [N"=2F]) upasoit qactu Qopmynbt (I8). TTo-

CKOJIbKY XapaKTepucTHuecKue Kjaccel (*f : I_,Zf_‘““ — K(2/2,1) u ¥z,
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coBmagaor, jesas acTb (opmysl ([J) paBHa XapaKTepUCTHIECKOMY THCITY
((¢3Fyn=4k; [LE**]) u3 nepoit wactu dopmyast (I8). Ipeanoxenue B rokasa-
HO.

2 Jloka3aTeJIbCTBO OCHOBHOI T€OpeMbI
[Tepedopmynupyem Ocuoayio Teopewmy.

Teopema 9. Ipul > 6 zomomopdusm ho—2_g : Imm*/ (3-217247,2!72-8) —
7./2, s3adannwiii Onpedeseruem 3, mpusuaieh.

BeiBoag Ocuosroro Caencrsuga n3 Teopembl

Pacemorpum romomopdusm J3 0 Imm® (n—1,1) — Imms/(3-2!7247, 2172
8). Cormacno Ilpemaoxkennto 4, hy = hy—2_g o J*/. Ilycrh saement B rpymnie
Imm?/(n — 1,1) npeacrasaen norpyxemnem f : M" ' 9@ R" w (M) = k.
Buauenne hy(J*/(f)), rae k = 2!72 — 8, coBuajaer ¢ XapakTepUCTHYECKIM
ancsiom ("1 [M™1]). Ucnonbsys Teopemy [ nosyuaem rpebyemoe.

g nokazaresnbersa Teopembr [9 moTpedyroTcst BBECTH JIONOJHUTEIbHBIE
onpe/iesieHusi 1 0603HAYEHUS.

Onpenenenune moarpynm I; C I, C Dy, I, C Dy

O6o3na4anm gepes I, =C D, nuk/mmaeckyio moArpyIiiry mopsijika 4 wHiaekca 2,
COJIepzKalllylo HeTpUBUAJIbHBIE 3JeMeHTh a,a’,a® € Dy (T.e. IOPoKJIeHHYIO
peobpa3oBaHueM MOBOPOTA, MEHSOIMNM KOOpAUHATHBIE ocH). O6o3HAIHM
uepes Iy C I, — nmoarpymmy ¢ HeTpuBHAJILHBIM 31eMenToM a’ ( 1peobpaso-
BaHWe IeHTpaibHol cummerpun). Obosnaunm vepes I, C Dy — noarpymiy
¢ obpasyomumu a?, ab (1peobpazoBaHue CUMMETPUU OTHOCHTE/IbHO GUCCEK-
TPUCCHI TEPBOi KOOPUHATHO YeTBEPTH ).

Omnpezenensl roMOMOPGhU3MBI BKIIOUEHHA HOATPYNIL: iq, @ Ly C I gy -
I, C I,. B caygae, ecim 06pas coBmajaer co Bceit rpymmoit Dy cooTBeTcTBY-
IONUIA MHJIEKC 1IpU romomMopdusmax BK/oUenuit onyckaercs: ig @ Iy C Dy,
iaIIaCD4,inIbCD4.
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Onpenenenne noarpymnmst iq, : Q, C Z/ 23]

O6o3naanm qepe3 Q, — rpyliy KBATEPHUOHOB MOPsAKaA 8. DTa rpyiia 3a/a-
na koupejcrasienuem {i,j, k|ij = k = —ji,jk =i = —kj, ki = j = —ik,i* =
j? = k? = —1}. Oupesesieno crangapruoe upejcrasienne x4 : Q, — SO(4).
[IpesacraBienne x, (Marpuna JeificTBYeT cjieBa Ha BEKTOD-CTOJIOEI) mepeBo-
JIAT eJUHUYHbIe KBATePHUOHHI 1, j, K B MaTpHUIb

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

VKazaHHOe IpeICTaBJIeHue ONPe/Ie/IseT NoArpyy iq, : Q, C Z/2B € O(4).

Omnpepenenne moarpyma I, C I, C Q,

Ob6o3naunm uepes iy, q, : I¢ C Q, — LEHTPaJIBHYIO HOAIPYIIYy B KBaT€PHHU-
OHHOW IpyIle, KOTOpad OKa3blBaeTCd TaKzKe IEeHTPAJIbHONW U BO BCeill Ipylie
7./281,

Obozna4auM uepes i1,.q, : Lo C Qg — HOArPYIIly B KBaTepHHOHHOII rpyIIe,
HMOPOKIEHHYIO0 KOMILIEKCHBIM KBATEPHHOHOM 1.

Omupenenensl Takzke ToMoMOpgu3Mbl BKodenus iy, : Iy C 7./28, 1qQ, :

Q. C 7/2P

Omnpenenenne 10. Crpykryproe orobpazxenune 1 : N 28 — K(Dy, 1) na-
3bIBACTCH [UKJIMYECKUM, €CJIH OHO sIBJISIETCS KOMIIO3UIMEHi HEKOTOPOro 0TO6-
pazKennd i, : N2 — K(I,,1) u srmouennd i, : K (I,,1) C K(Dy,1).

Omnpegenenne 11. Crpykrypuoe orobpazxenme ( : L' % — K(Z/2P 1)
Ha3bIBACTCA KBATEPHUOHHBIM, €CJIX OHO ABJIACTCA KOMHOBI/IHI/Ieﬁ HEKOTOPOro

orobpazenns A\, : L% — K(Q,,1) n srmouenns K(Q,, 1) C K(Z/29,1).
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Huxke w©HaM morpedyercss KOHCTPYKIUsS IPOCTPAHCTB —ilenOepra-
Maxkseiina K (I,,1), K(Q,,1) u onncanme KOHEYHOMEPHBIX OCTOBOB 3THX
IIPOCTPAHCTB, KOTOPOE MbI HallOMHIM. Pacemorpum 6eckoHedHOMEPHY IO cde-
py S (3T0 cTArnBaEMoe MPOCTPAHCTBO), KOTOPAst OLPEIEISIETCs KAK HPSIMOi
npejiesi 6ECKOHEYHOM MEeINOYKN BJIOYKEeHHT cTaHapTHBhIX cep HedeTHO pas-
MEpHOCTH,

S*® =lim (S'cS*c...cs¥rtcs¥ltc... ).
[Ipu stom S#¥~! ompemensierca no dbopmyne S¥1 = {(z1,...,z) €

Ci|z1]* + -+ + |z = 1}. Hyers i(z1,...,2) = (iz1,...,12;). Tem ca-
MbIM, npocTpanctBo SP1/i ciymur (25 — 1)-MepHBIM OCTOBOM HPOCTPAH-
crBa S /i, KoTopbit Ha3bBaeTcs (2j— 1)-MepHBIM JIMH30BBIM [IPOCTPAHCTBOM
uaj Z/4. Camo npocrpanctBo S /i sBisercs mpocTpaHcTBOM Ditrentepra-
Maxkeiina K (I, 1).

Omnpenenum npocrpanctBo K(Qg, 1). Pacemorpum 6eCKOHETHOMEDHY O
cdepy S (910 CTArHBAEMOE HPOCTPAHCTBO), KOTOPAs OIPEIEJSIeTCs Kak
npsaMoit pejies1 6eCKOHEYHON NMENOYKHU BJIOYKEHUI cTaHapTHbiX cdep:

S®=1lim (S?cS"c...cSVtcsVtic. .. ).

Oupejiesieno nokoopaunarnoe jeiicrsue Q, X (C?)7 — (C?)/ na xax-
noM mpamoM ciaaraemoMm C? B coorsercTsun ¢ dopmyaavn ROZ2I22 Tem
caMbiM, npocrpanctso SY1/Q, caymur (45 — 1)-MepHBIM OCTOBOM IIpO-
crpancTBa S /Q, u HazbiBaeTcs (47— 1)-MePHBIM JIMH30BBIM [IPOCTPAHCTBOM
uas Q,. Camo npocrpancTBo S™/Q, sBiIsieTcsi IPOCTPAHCTBOM Ditentepra-
Makeiina K(Qq, 1).

Onpenenenne xapakKTepUCTHYeCKOro 4uciaa hy,,

[lycrs B mpemmnosoxkennn n > 2k Ha MHOrooOpas3wu TOUYEK CaMomepecede-
musg N 2F CKOIIeHHO-OCHAIIEHHOIO IOIPYZKEeHNs OIpe/Ie/IeHO MPOU3BOIbHOE
oTobpazKenue ji, : N"2* — K(I,,1). Onpejennm XapaKTepucTHIECKOe qHC-
70 hy, 1 10 dopmyie:

My = (s [NG72]), (23)

e fig @ NP 2F — K(I4,1) — aByancTHOe HaKphiBaoliee HaJl 0TOOparKeHueM
fo : N'28 — K(I,,1), uaaynuposannoe nakpoitaem K (Ig,1) — K(I,, 1),
v € H"*(K(I4,1);Z/2) — obpasyiomas, [N2 2*] — bynramenTaabHblil
k1acc MHoroobpasua N 26, (Mmoroobpasue N 2% copmamaer ¢ xKamoHm-
qecKnM 2-JIMCTHBIM HakpbiBaoommuym N 2F ecimm crpykTypHOe 0TOGpaskene
n: N2k — K(Dy, 1) sBasgercs nuKJIAIeCKUM. )
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Onpepnenenne xapakKTepUCTHYIECKOTO 4HCaAA Ny, k

[Tycrs B npemmno/ioxkennu n > 4k Ha MHOrOOOpa3UH TOYEK CAMOIIEPECETCHMUsT
L% D,—ocHAIEHHOIO OIPYKEHHs OIPEJIEJIEHO IPOU3BOJILHOE 0TOOPAZKe-
nue N\, : L' — K(Q,,1). Oupejenum xapakrepucruieckoe 4ucio hy, x
o opmy.ie:

Pae = (Aay; [Lal), (24)
e y € H"*(K(H,,1);Z/2) — obpasyiomas, \, : L' * — K(H,1) -
4-TMCTHOE HAKPBITHE HAJ, OTOOPAZKeHHEM \,, HHAYIHPOBAHHOE U3 HAKPHITHS
K(H,, 1) = K(Qu, 1), [L.]- dyngamenrtanbubiii k1ace maoroobpasus L4,
(Mmoroobpasme L' ** ne coBnasaer ¢ KaHOHMYECKHM 4-THCTHBIM HAKDBIBA-
oM L™ ecom crpykrypHOe oroGpakenue ( He SIBJISETCH KBATE€PHHOH-
HBIM.) T71e A, : L% — K (H,, 1) — 4-aucTHOE HAKPBITHE HaJl 0TOOParKeHueM
Aot L% — K(Q,, 1), maaynuposannoe HakpbitaeM K (Qe, 1) — K(Q,, 1),
y € H"*(K(H,,1);Z/2) — obpasyomasg, [L" %] — bynramentaibublii
k1acc Muoroobpasua L4, (Mmoroo6pasue L' * copmamaer ¢ KaHOHIe-
CKUM 4-JIUCTHBIM HAKPbIBAIOIIM L”H_fk, ecJii CTPYKTYpHOe OTODparkeHue
C: L% — K(Z/2B) 1) apnsierca kparepHuonubIM. )

JIemma 12. /s npouseosvhozo ckouerHo-ocHausernozo nozpyscerus (f
M"F a5 R", k, Z) ¢ mmozoobpasuem camonepecenenus N2k das womopoezo
KAGCCUBUUUPYIOULee 0mobpatcenue 1 HOPMAALHOZ20 PACCAOEHUS 0KA3LEAELTTI-
CA YUKAUYECKUM, CNPABEIAUBO DABEHCMEO

hk(fa R, E) = hua,lm

20e Tapaxmepucmuueckoe Yucio 6 NPasots “acmu BulYUCAEHO OAA MaAK020
OMOOPANCEHUA [bg, MO 1) = g O [lg, tq : Iy C Dy.

JokazarenbcTBo JleMMbI

PaccMoTpuM ABymmcTHOE Hakphitme fi, : NP 28 — K(I4, 1) mHam oTobpa-
KenueM i, 1 N 2F — K(I,,1), uHIynupoBaHHOe IBYJIUCTHBIM HAKDBITHEM
K(I4,1) — K(1,, 1) max npoctpancTBOM—00pa3om orobpazkenus. [IoCKOIbKY
CTPYKTYPHOE OTODpasKeHHe 1) ABJISeTcs NUKJIMIeCKuM, Muoroobpasue N2k
coBlIada€T C KAHOHUYIECKHUM JIBYJIMCTHBIM HaKPbIBAIOIIUM NTL—2I€ HaJ MHOI'O-
obpazueM camornepecedenns N" 2* morpyxenns f. JIoKa3aTeabCTBO JT€MMBI
BBITEKAeT U3 JIeMMBI 7, TOCKOJIBKY OTOOPAsKeHUS fig W 7] COBIAJAIOT U Xa-
PAKTEPHCTUYECKOE TUCIO N, j BBIYACIAETCA KAK B JIEBOH TACTH DABEHCTBA

).
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JIlemma 13. Jlusa npoussoavrozo Dy—-ocnawennozo nozpyoscenus (g
N2k a5 R 0, U) ¢ mmozoobpasuem camonepecenenus L% das womopozo
KAaccugpuyupyrousee omobpastcenue ¢ HOPMAALHOZ0 PACCAOEHUA OKA3BLBAELIT -
CA KBAMEPHUOHHHIM, CNPABEINUBO PABEHCMEO

hk(g>77> ‘I’) = h,\a,k,

2de Tapaxmepucmuv4eckoe “uUcA0 6 NPasoti “acmu BbYUCAEHO OAf MAK020
omobpasicenus Nq, wmo ( =1, 0 Ny, iq : Qu C Z/28.

HokazarenbcTBo Jlemmsbr [13]

Pacemorpum 4-ymmerhoe Hakpbitae ), : L% — K(Hy, 1) man orobpa-
xKenmem N\, : L% — K (Qq, 1), nHAYyIUpPOBAHHOE 4-JIMCTHBIM HAKDHITH-
eM K(Q., 1) — K(Qg, 1) Hax npoctpancrBoM—00pa3oMm oTobpazkerus. I1o-
CKOJIbKY CTPYKTYpHOe oTOOpazkeHue ( SBJISETCS KBATePHUOHHBIM, MHOT000-
pasme L' % copmamaer ¢ KAHOHHYCCKHM 4-JTHCTHBIM HaKDBIBAFOTITAM E?JX 1k
Ha,[ MHOT00Opa3neM TodeK camMonepecedennsa L™ ** morpyxennsa g. Jloxasa-
TeJILCTBO JIEMMBI BBITEKaeT 3 IIpeozkenns 8, MOCKOIBKY OTOOPAZKEHI A,
u (* coBmasaoT 1 XapaKTepuCTHIeCKoe THCO Ry, ; BBIMHCASETCS O 0TO0-

pazKeHHIo \, Kak B npaBoii yacru pasencrsa (I8).

Onpegnenenne 14. Ilycts N"~ 2 — muoroo6pasne IByKpATHBIX TOYEK CAMO-
lepecedeHust CKOIEHHO-OCHAIIEHHOTO norpyKenust (f, =, K) B npeano/oxe-
mnu, uto f @ M™% 95 R™ — norpyzxenue obmiero mnosoxkenns. CKazKeM, 4To
9TO CKOLICHHO-OCHAIEHHOE HMOIPY2KEeHHe IOIYyCKAeT MUKINICCKYIO CTPYKTY-
py, ecam cymmecTByeT otobpazkenne (i, : N 2¢ — K(I,,1) (pu aTom, Boobme
ropops, Kiaaccudunupyomiee oTodpazKeHne 1) THKJIMIeCKIM He IIPeIIoara-
ercst) Takoe, 910 hy,, 1 = hi(f, 2, K).

ITpumep 15. U3 Jlemmbr 10 BbITEKaeT, 9YTO ecu KaaccuUIupyomee oTod-
parKeHue 1) sABJIIeTCs NUKJIMIECKUM, TO IUKJINIECKYIO CTPYKTYPY MOZKHO 3a-
nath orobpazkenuem i, : N2 — K(I,,1), rae iq o g = 1, i : K(I,1) C
K(Dy,1).

Omnpenenenne 16. [Iycts L™ *Mmoroobpasne AByKpaTHBIX TOYEK CAMO-
nepeceuenust Dy-ocHanennoro norpyzxeuust (¢, ¥, n) B UPEIIOJI0KEHUT, ITO
g : N 2¢ 9 R™ norpyxenne obmiero mosoxennd. CKazkeMm, 9To 370 Dy
OCHAIEHHOE IOTPY?KeHHUe JIOIMYCKACT KBATEPHHOHHYIO CTPYKTYPY, €CJIH Cy-
mecrByer orobpazxenne A, : L — K(Q,, 1) (npm sTomM, BooOmE roBops,
Kiaccuduppyoiiee orobpazkenne ¢ IMUKJIXICCKHM HE [MPENOIAraeTcs) Ta-
Koe, 1to hy, p = hi(g, ¥, n).
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ITpumep 17. 113 Jlemmbl 11 BeITEKaeT, 9TO €CJIM CTPYKTYPHOE OTOOPazKeHue
( gaBasgeTcs KBaTePHHOHHBIM, TO KBATEPHUOHHYIO CTPYKTYPY MOXKHO 3a/aTh
orobpazkenuem N, : L' — K(Q,, 1), rae ig, o \a = (, ig, : K(Qa,1) C
K(7/2B1 1).

Ham norpebyercst cpopmyinpoBarsh MOHATHE MUKJIHIECKOR W KBATEPHIU-
OHHOI CTPYKTYp 6€3 IpeImooKe s 0 TOM, 9T0 oTobpaxkenns f : M™% —
R”, g : N"=2¢ — R" gpiaiorcsa norpyskeHusaMu. Mpl copMymupyeM HeobXo-
JEMOe oIIpe/eseHne B MAHAMAJILHON OOITHOCTH B Hpemonoxkennn M"F =
RPn—k N2k = Gn=2k /i Urax, uycrs d : RP"% — R™ apagerca riaaakum
oTobOpazkKeHueM ODIIEro MOJIOXKEHUSI.

Paccmorpum KondurypanmoHHoe 1npocTpaHcTBO

(RP"F x RP"\ Agpns)/T, (25)

KOTOpOe TaKyKe HasblBaercs "B3pesannbiii ksajapar' mpocrpancrsa RP™F.
DTO MPOCTPAHCTBO IOJIYUEHO IyTeM (haKTOPH3AIUU HPIMOI0 HPOU3BEICHU
6e3 auaronasu no uasosonun 1" : RP" % x RP"* — RP"* x RP" % nepe-
craBJisonieil Koopjunarbl. [locTrpoenHOe TPOCTPAHCTBO SABJISIETCH OTKPBHITHIM
MHOT00Dpa3ueM.

OnpeenM mpoOCTPAHCTBO 1y Kak ceprdeckoe pasiyTHe IPOCTPAHCTBA
RP"—F x RP"=k \ Ydiag B OKpecTHOCTH Juaronan. CdepuiecKuM pasryTu-
eM Ha3BbIBAEeTCs MHOr0OOpa3me ¢ KpaeM, KOTOPOe OIIPe/IeIEHO B pPe3y/IbTare
KOMIAKTHMUKAIIHE OTKPBITOro MEOTooOpasua RP™F x RP"—F\ Ydiag TIOCPE/I-
CTBOM IIOCJIOIHOrO BKjenBaHus cioeB chepusamun STY g, KacaTeJbHOIo
paccinoenuss 1 4,, B OKPECTHOCTH HyJIeHl CJI0€B HOPMaJILHOI'O DPACCJIOCHUS
JUATOHATH Ygiqqg C RP" % x RP"*. OupeieieHpl eCTeCTBEHHbBIE BKJIIOUCHHS:

RP™" ™% x RP™" %\ 0y C T,

STdeg C FO .

Ha npocrpanctse Iy ompenenena cBobomuaa uasomonud 17 : Iy — Ty, ko-
TOpas OIpejesieHa Kak IpojgoszKenne naBosonun 1’7, @axTopnpocTpaHCcTBO
[o/T' obosnauaercs uepes g, a coOTBETCTBYIOMIEE JBYJINCTHOE HAKPHITHE
qepes

pry : To/T" — To.

[IpocTpancrBo ['y gaBsgercs MHOTOOOpa3meM ¢ KpaeM B OHO Ha3bIBAETCS HPO-
CTPAHCTBOM pa3ayTus Koudurypanuonaoro npocrpanctsa (25). Onpeenena
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npoekmus por, : Oy — RP" " 310 0TOOpakenne oTobGpazkenne HA3BIBACTCA
pas3pelleHneM THaroOHAIH.

Jist ipou3BoJibHOTO OTOOpazkenust d onpejesieno npocrpancrso N(d) to-
4eK camoriepecedenusi oroopazkenus d 1mo (opmyiie:

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

[To reopeme ITopreyca |Por| B ipeamnosoxennn o Tom, 4to otrobpazkenue d
obrero noJiozxkenusi, npocrpanctBo N (d) sBisiercst MHOroobpasueM ¢ Kpaem
pasmepHocTd n — 2k. 9T0 MHOroobpasue oboszHauum udepes N 2¥(d) u na-
30BEM MHOI'000pa3meM TOUYeK caMolepecedeHus: orobpazkenus d. [Ipu srom
dbopmyna ([26) oupesessier BjioKeHue MHOroobpasuii ¢ Kpaem:

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

Kpait ON"?#(d) mmoroobpasus N 2(d) masbiBaeTcst MHOrOOGpaszueMm
paspelienuil KpUTHYeCKUX Toudek orobpaxkenust d. Orobpaxkenue pyr, ©
ioN(d)|on(a) ON™2(d) C 0Ty — RP"* maspiBaerca orTobpaskeHueMm pas-
perernst ocobeHHocTeil oTodbpazkeHust d, 0003HAYNM ITO OTOOPaAKEHUE depes
resq : ON(d) — RP" %, Oupeneneno KaHOHAYECKOE JBYJTHCTHOE HAKDPBITHE

PN() - N(al)”_m7€ — N(d)”_%, (27)

passeTsaennoe Has Kpaem ON (d)" 2% (maj sTuM Kpaem HAKDBITHe ABJgeTCs
muddeomopduzmonm). [Ipu sToM clieayromas uarpaMMa sBIsieTCsl KOMMY-
TATUBHOI:

i : (N"72(d),ON"2%(d)) < (T, 0ly)

L PNy L prg

ing  (N"=25(d), ON"26(d)) (T, dTy).

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

Oupegennm orobpaxkenue nr, : [y — K(Dy, 1), koropoe Ha30BeM CTPYyK-
TYpPHBIM OTOOpazkeHneM ''B3pe3aHHOro KBajpara'. 3aMeTnM, YTO BKIOUCHIE
[y C RP" % x RP"* muaynupyer nzomopdusM GyHIaMEHTAIBHBIX PYIII,
T.K. KOPa3MePHOCTh quaroHagu Agpn—r C RP"% x RP" % pagna n — k > 3.
Cute1oBaTe/IbHO, CIIPABEJIMBO PABEHCTBO

71 (To) = Hi(To; Z/2) = Z)2 & 7,)2. (28)
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PaccyorpuM  mHaymuposanmbii apromopdmsm 17 @ H (D Z/2) —
H,(Ty; Z/2). 3amernm, 9T0 3TOT aBTOMOPMH3M He ABIAETCA TOXKICCTBEH-
ubiM.  Sadukcupyem umsomopdusm rpymn Hi(Tg;Z/2) u 1., upn koro-
poM 00Opa3yiolast epBoro (COOTBETCTBEHHO, BTOPOIO) CJIATAEMOIO IDYIIIbI
H,(T;Z/2) (em. (8)) nepexoaur B obpasyromyto ab € I, C Dy (coorser-
crBenHo, ba € I, C D,), koropas B cranmapTaoM npejacrasiennn Dy ompe/ie-
JieHa Tpeobpa30BaHieM CHMMETPHU OTHOCHTEIHLHO BTOPOIi (COOTBETCTBEHHO,
IePBOii) KOOPAMHATHOI OCH.

JIerko npoBepuThb, 4T0 aBTOMOPMU3M BHEIIHErO CONPAKEHMsI TTOArPY bl
I. C Dy na saement b € Dy \ I, (B s10it dbopmyse ssiemenT b MOXKHO Bbi-
OpaTh MPOU3BOJIBHBIM ), ONpeaenennbii hopmytoi z — brb~! nepexoaut npu
nocrpoeHHoM u3oMopdusme B apromopdusm T, OyHaaMeHTa IbHAA TPYIIIA
71(Ty) aBageTca KBapaTHaabIM pacmmpernen rpynmsl 71 (L) mocpeacTsom
9JIeMEeHTa b, 1 3TO PaCHIMPEHHe OJHO3HAYHO C TOYHOCTHIO JI0 U30MOpdu3Ma,
oupeesiercst apromopdusmom 1. [osromy 7 (Lg) ~ Dy u, 3nauur, onpe-
neseHo orobpazkenue nr, : Lo — K(Dy, 1).

HerpyaHo MpoBepuTh, ITO OTOOpazKeHHe Nr,|or, MNPUHHEMAET 3HAUEHUS
B noxanpocrpancree K (I, 1) € K(Dy,1). Orobpakenue nr, HHIYIHDPYET
orobpaxenue 1Ny : (N(d),ON(d)) — (K (Dy,1), K(I;,1)), koropoe HazoBem
CTPYKTYPHBIM OTOGpazkKeHueM. Takzke HETPYAHO IPOBEPUTH, YTO I'OMOTOIIHM-
aecknii kaace xkomnosuman ON (d) —— K(I,,1) 25 K(Iz 1) coBnagaer ¢
XapaKTepUCTHIECKHM 0TobpazkeHneM k o resq : ON(d) — RP"* — K(I4, 1),
KOTOpOe SBJISETCA KOMIO3HIUU OTOOPArKeHHd pa3pelIeHus OCOOEHHOCTEil
resq : ON(d)" "2 — RP™* u snoxenns ocrosa RP"* C K (I, 1) B kiaaccu-
dunupyioliee MpocTPaHCTBO.

Onpenesienne MUKJANYECKONl CTPYKTYpPbI AJd OToOparkeHus d
RP"* — R™ ¢ 0coBeHHOCTBIO

[Iycrs d : RP"* — R"- kycouno-jmuneiinoe oTobpazkKeHne OOLIEro I0JI0Ke-
HHUsI, BOOOIIE rOBOpsi, nMeroliee kpurudeckue rouku, k = 0 (mod 2). Ilycrs
muoroobpasue N 2%(d), Boobie ropops, ¢ HemycTbiM Kpaem ON"2%(d), ciy-
JKAT MHOTOOOpa3neM TOUeK camoliepecedenns orobpazkenus d. OToOpazkeHue
fan : (N"2(d),0N""%(d)) — (K(I,,1), K(I5,1)) nasbiBaercss nuKin-
4eCKON CTPYKTYPOil 0ToOpazkenus d, eCllu [iq N(d) Y/IOBIETBOPSIET KPAEBOMY
YCJIOBUIO:

Ha,N(@)|onn—2ka) = (ia © K)|oN(d), (29)

e £ RP"F — K(I;,1) — kiaaccudunupyiomniee oTobpazkenue s 006-
pasyonero Kjiacca koromogsoruii, i, @ K(Iz; 1) € K(I,, 1) — orobpaxe-
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HUe KJIACCH(MUIUPYIOMUX IPOCTPAHCTB, HHIYIIHPOBAHHOE BKJIFOUEHHEM II0/I-
IpyNI ¢4, : I C 1,, 1, KpoMe TOTO, BBHIIOTHEHO YCJIOBHE

(i oy ()3 IN"72(d), ON" 2 (d)]) = 1, (30)

e t € H"*(K(I,,1),K(I41);Z/2) — npousBo/bHBIA KIace KO-
rOMOJIOTUi, KOTOPBIM HEepexojuT B  00pasymoluil K/JacC KOI'OMOJIO-
ruit B rpymne H"" (K (I,,1);Z/2) upn HHIYIEPOBAHHOM TOMOMOP-
puse i HH(K(L 1), K1) 2/2) —  H=%(K(L, 1):2/2)
[N"=2k(d), ON"~2#(d)] — orHOCHTeIbHDIH (DYHIAMEHTATLHBIN UK/ MHOT000-
pasus.

Ilyctp ¢ : Sm2k /i — R"™ gBnsiercst raKuM 0TOOparKeHHeM OBIIEro Io-
JIOYKEHUS.
Paccmorpum KondurypanmoHHoe 1npocTpaHcTBO

(572 /i % S"2 /i \ Agnai) /T, (31)

KOTOPOE TaKzKe Ha3bIBaeTcs 'B3pe3aHHbIl KBajpar' JMH30BOrO HpPOCTpPAH-
crea S % /i. DT0 MPOCTPAHCTBO MOJTydYeHO IyTeM (DaKTOPU3AIUU MPAMO-
ro IpoussejieHus Ge3 quaronau mo uapostomuu 17 @ Sk /i x Sn=2 /i —
Sn2k /i x S™72k /i nepecrasiisiomeit koopauHaTh. [locTpoennoe nmpocTpan-
CTBO 4dBJIdeTCAd OTKPbITbIM MHOFOO6pa3HeM.

Onpeeny MpoCTPAHCTBO 1 Kak ceprdeckoe pasiyTHe IPOCTPAHCTBA
Sn=2k /i % S"=2 [i\ Agn-2r B okpecTHOCTH muaronamu. CdepraecKnm pasy-
THEM HA3bIBAETCS MHOI0OOpasme ¢ KpaeM, KOTOPOE OLpPEIeIeHO B Pe3y/IbTare
KOMIAKTU(DUKAINI OTKPHITOro Muoroobpasusa S™ 2% /i x S"=2F /i \ ¥, mo-
CPeJICTBOM IIOC/IOIHOrO BKJIeuBaHud c10eB chepusanun ST,y KacaTeabHO-
ro paccioenust 1'Y i,y B OKPECTHOCTH HyJIell CJI0eB HOPMAJIBHOI'O PACC/IOEHHS
JTHATOHATH Ygiqg C S7=2k 5 "2k OupesesieHbl ecTeCTBEHHbIE BK/IIOUEHUS:

Sn—2k % Sn—Qk \ Ediag C fla

STdeg C Fl .

Ha npocrpanctse I'; ompenenena cBobomuaa uapomonua 17 : 'y — I'y, ko-
TOpad OIpeJeseHa Kak IpoaozKenne napoonun 17, @akTopupocTpancTBOo
['y/T' obosnauaercs uepes ', a coOTBETCTBYOImIEE JBY/JINCTHOE HAKPHITHE
yepes

Pry IFl/T,—> Fl'

[Ipocrpancrio I'; siBjisiercs MHOrOOOpa3ueM ¢ KpaeM M OHO Ha3bIBAETCS HPO-
CTPaHCTBOM pasiyrust Kondurypanuonaoro npocrpanctsa ([B1). Onpeenena
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npoexnud por, : 01 — S" 2 /i, 310 0TOGpAKeHHe 0TOOpazKeHIe Ha3bIBAeTCs
pas3pelleHneM THaroOHaJIH.

JlJ1st IpOU3BOJILHOTO OTOOPAYKEHHsI ¢ OLPeIE/IeHO TpocTpaHcTBo L(c) To-
4YeK camoliepecedeHusi oToopaxkenus ¢ no popmy.ie:

L(c) = Cl{([z,y]) € int(T'y) : y # x,c(y) = c(x)}. (32)

[To reopeme ITopreyca |Por| B npeanosoxkenun o ToM, 910 0TOOpaKeHHE
¢ 00IIIEro MOJI0KEHUs, TPOCTPAHCTBO L(¢) ABISETCS MHOrOOOpA3HEM € KpaeM
pazMeprOCTH 1 — 4k. DT0 MHOTOOOpasme obozHaunm uepes L' 4 (c) m ma-
30B€M MHOroobpasmeM TOYEK camoliepecedenusi orodpazkenusi c. Ilpu srom
dbopmyna ([B2) oupesessier BjioKeHue MHOroobpasuii ¢ Kpaem:

irge : (L" (), dL"*(c)) C (I'y,0T)).

Kpait OL"**(c) mmoroobpasus L" % (c) maspiBaercs mmoroobpasmem
paspeniennii KpUTHYECKHX TOYeK oToOpakenus c. Orobpazxkenue pgr, O
ior(e)|ore : OL"*(c) C Oy — S"7?*/i maswiBaercss oTobpazkeHnem pas-
pelreHnst 0cOOeHHOCTel 0TOOpazKeHus ¢, 0003HAYUM 3TO 0TOOpaKeHHe depes
resp( : OL(c) — S™ 2% /i. OupenesieHo KAHOHHYECKOE ABY/IHCTHOE HAKPBITHE

Preey + L(e)" ™ — L(e)" ™, (33)

passernjiennoe Hajl Kpaem OL(c)"**; maj 5TuM Kpaem HaKpbITHe ABJsgeTcs

sudpdeomopduzmom. [Ipu arom ciieyronias JuarpamMma saBJIsdercss KOMMYyTa-
THBHOW:

i@ (L"*(c),0L"*(c)) < (I'y,0I})

L pree L pry

irge) o (L™ (c),0L"*(¢)) C (I'y,00y).

Onpegenenne noarpynnst H C 7 /2P

Paccmorpum npocrpanctso R* ¢ Gasucom (e, e;, es, es). Bekropa Gasuca
YI0OHO OTOXKJIECTBUTD ¢ GA3UCHBIME eJIMHUIHBIMI KBaTepHuonamu (1,1, j, k),
YTO HHOI/IA OY/IET UCIIOIb30BATHCS, T.K. IIO3BOIUT YIIPOCTUTH (DOPMYJIBI HEKO-
TOPBIX IIpeoOpa3oBanuii. OUpeaeuM MOAIPYIIILY

H c 7/2P (34)
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KaK [OJIIPYIITY MpeoOpa3oBaHuil, Ipeodpa3oBaHuil CIeIyIOMUX JIBYX THIIOB:

— B Kaxk/0if wiockoctu (e = 1,e; = i), (e3 = j,e4 = k) momyckaercst
(B3aMMHO He3aBUCHMBbIE) MPeoOpa30BaHusl, KPATHBIE YMHOKEHHUIO HA KBATEP-
auon i. [loarpynmy Bcex Takux npeobpazoBanmii obo3nadum depe3 H,., 310
noArpymma uzomopbua Z/4 & 7. /4.

— mpeobpa3oBaHue, MepecTaB/IsIoNee MeKIy cobOol OJHOBPEMEHHO Tapy
Oa3UCHBIX BEKTOPOB €; = 1 U €3 = j u mapy Oa3uCHBIX BEKTOPOB €3 = i |
e, = k, coxpansisg ux namnpapienus. Obo3HadIuM 3TO 1PeoOPA30BAHNE Y€pe3
t € H..

Jlerko mpoBepurh, uro cama rpyumna H umeer mnopsjiok 32 u sBjsiercs
noarpymmoit H C Z/2B) nmaexca 4.

Onpepenenne noarpynnst H, C H u momomopdusma i, y1 : I, C H.

Omnpenenum romomopdusm Bkmodenud i, g : I, C H, xoropslit nepeso-
JIAT oOpa3yionlyio rpymmbl I, B mpeobpa3oBaHne YMHOXKEHUS HA KBaTepHH-
OH 1, JieficTBYIOIIEe OJIHOBPEMEHHO B KazKjioii mwjiockoctu (e; = 1,ey = i),
(es = j,eqs = k). Oupegenum noarpyuny H, C H kak cymmy moirpyiiibt
i, 7 : 1, € H n noarpynner, nopoxiennoit odopasyromeit ¢ € H. Jlerko
IPOBEPHUTDH, UTO cama rpymnma H;, mmeer mopsaaok 16 m m3omopdHA rpyiie
7/4®7/2. llogrpynna H, C H nmeer unjexc 2. OupeiesieHbl TaKzKe FOMO-
mMopdusM BKIOUenud iy, g, : I, C Hp noarpynn u romomopdusm npoexnun

i1 Hy, PH, I
pu, 1, : Hy — I, Takue, uro romomopdusm komnozuunn I, — H, —5" 1,

ABJIAETCA TOXKACCTBECHHDbIM.

Omnpeenienne CTPyKTypHOro otobpaykenus ( : L' **(c) — K(H, 1)

Oupenennm orobpaxkenue (r, : Iy — K(H, 1), koropoe HazoBeM CTpyK-
TypHBIM OTOOpazkeHmeM ''B3pe3aHHOro KBajpara'. 3aMeTuM, YTO BKJIIOUE-
mme [; C S"2%/i x S"~?* /i unpynupyer mzomopdusm byHIaMEHTATLHBIX
IPYII, T.K. KOPA3MEPHOCTb JuaroHatn Agnar; C S™"72F /i x S"7?F /i paBna
n — 2k > 3. CupaBejinBO PaBeHCTBO:

Wl(Fl) =H1(F1;Z/4) =Z/AZ/4. (35)

PaccyoTpuM  mHaymuposanmbii apromopdmsm 17 Hy([;Z/4) —
H,(T'y;Z/4). 3amernm, 9T0 3TOT aBTOMOPMH3M He ABIAETCA TOXKICCTBEH-
ubM. Saduxcupyem monomopdusm rpynn Hy(Ty; Z/4) B rpyuny He, npu ko-
TOPOM 06pa3yoIIasi MepBoro (COOTBETCTBEHHO, BTOPOI0) CJIANAEMOr0 IPYIIIIbI
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H,(T';7Z/2) (cu. ([B35)) mepexoaur B 06pasyomniyio, KOTopasd B CTAHIAPTHOM
npeacrastennn noarpynnsl H, € H C Z /2P onpenenena yymoxennem na
KBATEPHUOH 1 B JByMepHOil 1utockoctu (1,1) (cOOTBETCTBEHHO, B MJIOCKOCTH
(j,k)) u HEnOABHUKHO B JOIOJHUTEIBHOI MIIOCKOCTH.

JIerko npoBepuThb, 4T0 aBTOMOPMU3M BHELIHErO CONPAKEHMs TTOAIPY b
H. C H ua npoussosbubiii snement b € H \ H, onpenerennsrit bopmysmoit
x — bxb~!, mepexoauT mpu mocrpoenHoM mzomopdusMe B35 B aBToMopdu3IM
T.. ®ynmamenrtasibaas rpyimna mp () sBisiercss KBagpaTHaHbIM PACITHDEH -
em rpymust m (L)) nocpeacrsom ajiementa b, 1 9T0 PACHIMPEHHE OJHO3HAUHO
C TOYHOCTBIO 110 u30Mopdusma onpejenserca apromopdusmom 17 . [Tosromy
m(T'1) ~ H u, 3naunt, onpeneneno orobpazxkenue (r, : I'1 — K(H, 1).

Herpyaso npoBeputh, 94To oTobpazkenue (r,|or, IPUHAMAET 3HAYCHUS B
noanpocrpancrtee K (Hy, 1) C K(H, 1). Orobpazxkenue (r, HHIYIEPYeT 0TOO-
paxenue ¢ : (L""*(c), 0L"*(c)) — (K(H, 1), K(Hy, 1)), xotopoe HazoBeM

CTPYKTYPHBIM OTODOpazkeHneM. TakzKe HETPY/HO HPOBEPUTH, YTO TOMOTOIIH-
. - ¢ PHy, I
weckuit kjace xkommosunun 0L 4*(¢) — K(H,, 1) —' K(I,,1) cosna-

naer ¢ orobpazkenmem 1) o res. : AL (¢) — S"* /i — K(I,,1), koto-
poe ONpeeNseTcss KaK KOMIIO3UIHS OTOODAYKEHHS DA3PeIleHust OCOOEHHO-
creit res, : OL(c)"" % — S™ 2% /i u proxkennsa ocrosa n 1 S /i C K(I,,1)
B KJ1accuUIUPYIOIIee MPOCTPAHCTBO.

Onpenenenne KBATEPHUOHHOW CTPYKTYpPBI JJisi OTOOPAarKeHUsl C
S"=2k /i — R™ ¢ 0cOGEHHOCTBIO

I[Iycts ¢ : S"2% /i — R"— KycouHo-uHeliHOe 0TOOpazKeHHe OBIIero MoJI0zKe-
HUsI, BOOOIIE rOBOPs, UMeroliee Kpurndeckue tTouku, k = 0 (mod 2). Ilycrs
muoroobpasue L4 (c), Boobe ropops, ¢ menyctbiv Kpaem L™ 4 (¢) apis-
eTcs MHOrooOpa3ueM TOYeK camoliepecedenusi oroopazkenus c¢. Orobpazkenue
Aanie) @ (L"*(c),0L"*(c)) — (K(H,1),K(H,, 1)) nasbiBaercs nukiu-
9eCKOIl CTPYKTYPOil OTOOPasKeHHUs C, €CIH Aq [(c) YAOBAETBOPIET KPAaCBOMY
YCJIOBHIO:

Aa,i(c) lorn—1k(cy = (IH,.1, © Aa,L(c))|onn—1k(c), (36)

e n : S — K(I,,1) — xapakTepucTuieckoe oTobpazkeHue o6pa3yionero
KJIACCA KOMOMOJIOTHH (BKJIFOUEHHE OCTOBA B KJIACCH(DUIUPYIOIee MPOCTPaH-
crBo), ir, 1, : K (I, 1) C K(H,, 1)- orobpazxenne kiraccudunupyonux Ipo-
CTPAHCTB, UHAYHUPOBaHHOE roMOMOp@U3MOM BKJo4Yenusd iy, g, : I, C Hy n,
KPOME TOI'O, BBIIOJHEHO yCJIOBUE:

(Aa Loy () [L" (), 0L (e)]) = 1, (37)
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e t € H"(K(Qu,1),K(I,,1);Z/2) ~ npousBoJbHBI KIACC KO-
FOMOJIOTHil, KOTOpBIA IepexoJuT B 00pa3ymoolluii KJaacc KOrOMOJIOTU
B rpymne H" % (K(Q,,1);7Z/2) upn WHIYIXPOBAHHOM roMoMopdus-
ve j* 1 HYW(K(Q,, 1), K(1,,1);Z/2) —  H"*%(K(Q,1);Z/2),
[Ln=%(c), L™ *(c)] — ornocure/bHbI DyHIAMEHTANbHbI UK/ MHOI000-
pasus.

Crenyroniye aBe JeMMbI HEOOXOTUMBI I IPOBEPKU KOPPEKTHOCTHU OTIPe-
JeJIeHUN HMUKJIMYECKON U KBATePHUOHHON CTPYKTYPHL.

Jlemma 18. Xapaxmepucmuueckoe wucao, onpedesennoe Ae6oti 4acmvlo
dopmyan  [F0), me sasucum om ewbopa Kaacca Kozomonoeuli t €
H"2M(K(1,,1), K(14,1);Z/2), das xomopozo j*(t) € H" **(K(1,,1);Z/2)
ABAAEMCH 00PABYIOULUM KAACCOM.

Jlemma 19. Xapaxmepucmuueckoe uucao, onpedeiennoe Ae60l “acmuio
dpopmyav, (Fh), ne sasucum om ewbopa Kaacca Kozomoaozul t €
H" (K (Qq, 1), K(I,,1);Z/2), das xomopozo j*(t) € H **(K(Qq,1);Z/2)
ABAACTNCA 00PAZYIOULUM KAACCOM.

HokazarenbcTBo Jlemmbr [18]

Heiicreurenbno, npu apyrom Beibope t' mosydum, uro t — ' € Imo*
H" YK (14,1);Z/2) — H"2*(K(1,,1), K(14,1);Z/2)). Cnenosarein-
o, Kmacc s v (t) = (1 no(t') € H'"2H(N""?*(d),ON""*(d); Z/2)) mo-
JydeH B pe3yJbrare HOPUMEHEHHs KOIPAHUIHOrO romMomopdusma §*
H"2k=1(ON"=2%(d); Z/2) — H"2k(N"=2k(d), ON"2*(d); Z/2) x nexoTopo-
My sstementy © = pi(q), tne ¢ € H" " 1(K(I4,1);Z/2) — obpazytouuii
KJiacc KoromoJioruit. Tenepb 3amerum, 4T0 romomMopdusm

(Hav@lon@)" + H 71K (1g,1); Z/2) — H"* 71 (ON"*(d); Z,/2)

ABJIAETCA TPUBHAILHBIM. [l 3TOrO  J0KAazKeM, dTO  IIOJMHOr000pa-
sue ON""?%(d) C RP" % mpencrapager mHy/eBoii rOMOJOrHYECKHi
Kiacc. Vcxoisd M3 reoMeTpudecKoOro CMBICIA XapaKTEPUCTHIECKHX KJIac-
cop Iltudens-Yurun (cm. [M-S|, maparpad 12), xmacc [ON""2(d)] €
H, o1 (RP"*:7Z/2) npoitcreennen B cmbiciie [lyankape xapakTepucTude-
ckoMy Kiraccy Wy, 1(RP™ ) IItudens-YuTHE HOPMATLHOTO PACCTOCHIS HaT
RP" % HoCKOJILKY fAB/IgeTcs KIacCOM TOMOJIOIHil, MPemaTCTBYIOMNM K IO-
CTPOEHHIO DEJIYKIUH CTaOMJILHOIO HOPMAJbHOIO PACCAOEHUST 3TOTO MHO-
roobpasusi 0 HOPMAJIbHOI'O paccjoeHusi padmeproctu k. Bemomuum, 4ro
n = 2! — 1, mosTOMYy CcaMblii CTapIInii XapaKTepUCTHuecKuil Kiace W, (RP?F)
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(HOPMAJILHOTO pacc/oeHns) uMeeT pasMepHocTh k 1 w1 (RP" ) = 0 (Ha-
npumMep, B npocteiimem ciydae n = 4, k = 1 nonyuanm w(RP?) = 0.) Jlemma
18 nokazana.

loxazarenbcTBo Jlemmpr [19 anasornano u onyckaercs.

[Iycrs d : RP"F — R"™ — xycouno-juueiinoe oTobpazkenne obIIero mo-
noxenns, (N"2%(d),ON"~2(d)) — mHOroobpasue ¢ Kpaem JBOHHBIX TOUEK
camorepecedenus oTobdpazkenud d. IlycTb 3aJaHHO OTOOPazKeHHUE [l N(d)
(N"2k(d), ON""2*(d)) — (K (14, 1), K(I4,1)), yaoBaeTsopsiomiee rpaHuaHO-
my yeaosuio (29). Ham norpebyercss kpurepuit IpoBepKH TOTO, 9T0 0TOOPA-
HKEHHe (I, N(d) yAoBiaersopser ycaosuio ([30).

PaccmoTpum ABYIHCTHOE HAKPBITHE

pa s N'72F(d) — N"2*(d), (38)
UHIYIHAPOBAHHOE U3 YHUBEPCAJbHOI'O JABYJMUCTHOI'O HAKPBITHUSI
K(I4,1) — K(I,,1) (39)

KJIaCCU(UIUPYIONHUX IIPOCTPAHCTB OTOOpazKeHueM [l N(d) @ IV n=2k(d) —
K(I,,1). TlockobKy BbimosHeHO rpanudHoe yeiopue (29), orpanndenne Ha-
kpoitus (B8) wa xpait ON"2*(d) okaspiBaeTcss TPUBHATILHBIM JIBY/IHCTHBIM
HaKpbhITHEM. 3aMeTHM, 49TO B CJydae, KOIJa CTPYKTYPHOE OTOOparKeHHe
n: N"2(d) — K(Dy, 1) asiserca nukinuecknm, nakpeitue (38) cosma-
JIaeT ¢ KAHOHUYIECKUM JIBYJIMCTHBIM HAKDBITHEM, ONPEIeJeHHBIM (DOpMYJI0ii
7).

Pacemorpum oroGpazkenne fig vy @ N 2F(d), — K(I4,1) HaKpBIBaLO-
IIX HPOCTPAHCTB, KOTOPOE [BYJIMCTHO HAKPBIBAET OTOOPAKEHHE [lg N(d) :
N"2(d) — K(I,,1) upn asymucrabix nakpbrrusx ([B8), 39) wan npoob-
Pas’oM 1 00pa30M OTOOPaKEeHUs [iq N(q). ONUPese M 3aMKHYTOe MHOrOOOpa-
sime R"~?F xax pesynbrar moakIeiikn K MHOoroobpasmio N"~2(d), mummmapa
C"=2F npynucraoro nakpwrrus ON"2%(d), — ON"~2(d) Broan obmero Kpas
ON™2(d), = 0C™2. Oupenemum orobpaskenue g : R"2F — K (I, 1) xak
pesyabTaT cKieitkn orobpakenus fi, : N 2(d), — K (I, 1) ¢ oTobparKkenu-

eM
Ha'aﬁn—Zk (d)a
—

cn2k 2 gNm(d), K(I41),

rie pe 1 C" 2k — ON"=2¢(d), — npoexknus nuamHApa Ha ocHoBanue. Pyna-
MeHTaJIbHBIH UK/ MHOTO0Gpasus R 2% obosnaunm uepes [R).
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Jlemma 20. /Jlaa omobpasicenus fian@ : (N"72%(d),ON""%*(d)) —
(K(I,,1), K(I4,1)) paserncmeo (30) sxeusarenmmno momy, kaacc 20mono2uil

. ([R"2M) € Hyon(K(14,1); Z/2)

ABAAEMCHA 00PA3YIOULUM.

okazareascTBo JIemmnbr 20

3 rpanwuanoro yciaosusi (29) BbITekaer, YTO  KJIACC TOMOJIOTHMIL
faN (@ ([ON"2#(d)]) B rpymme H,_op—1(K(14,1);Z/2) pasen mymo (cm.
SKBUBAJIEHTHOE YTBepXKJeHue s KjaccoB Koromosoruii B Jlemme [I§)).
[Iycts W2k mmoroobpasme ¢ xpaem W™ 2 = IN""2*(d). Obosnaanm

qgepe3
o : W K(Ig,1) (40)

CUHI'YJIAPHBIA OTHOCUTEJbHBIA ULMKJ, OCYIIECTBIAAIOIUN I'OMOJIOIUIO HY-
JII0 CHHTYJIAPHOTO IUKIA P|gpn-2t = [la,N(d)|gnn—2k(q) B HOAIPOCTPAHCTBE
K(14,1) ¢ K(I,, 1).

O6pa3 byH/TaAMeHTATbHOIO K/Iacca HPH OTOOPaXKeHHH (fiq () Yo ¢)
N"72k(d) Uy W2 — K(1,,1) obosnauum uepes x € H, o (K(I,,1);Z/2).
OueBu/HO, 9TO HpU JIOO0M BhIOOpE oTHOCHTENbHOrO mHKIa ([Al) yciaosue
B0), nepedopmynnpoBanHOe Jisi COOTBETCTBYIOMUX AOCOTIOTHBIX KJIACCOB
rOMOJIOTHIf, COCTOUT B TOM, 4TO Kjacc romosoruit x € H, o (K(1,,1);7Z/2)
SIBJISIETCS OOPa3yIOIIUM.

Paccmorpum JABy/ncTHOE HAKPBITHE flg N(d) o P N""26(d), Ug W2k —
K(I4,1) man orobparenueM f[iq n(y Up ¢, MHIYIEPOBAHHOE W3 HAKDPBITUS
K(I4,1) — K(I,,1) Hay1 1pocTpancTBOM-00Pa30M OTOOPAZKEHHUS [y N (d) Ua ©-
O6pa3 dyHIaMEHTAJIBLHOTO KJIAacCa IPU 3TOM OTOOpaKeHHH OOO3HAYHM de-
pe3 T € Hy op(K(14,1);Z/2). Dnement T siisiercs oOpas3yromei, Toraa u
TOJILKO TOIJIA, KOIJIA X SIBJIAETCS 00pa3yIoleii.

C apyroit cToOpoHBI, KJIACC TOMOJIOIHI I mpejcraBjieH obpa3om (yHaa-
MEHTAJILHOTO Kjacca npn orobpawennn pup @ R — K(Iy,1). Jlemva 20
JOKa3aHa.

[ycrs ¢ : S 2 /i — R™ — kycouno-uneiinoe oTobpazkenue 0bMEro mo-
noxenns, (L"%(c),0L"**(c)) — mHoroobpasme ¢ Kpaem JBOHHBIX TOUEK
caMolepecedennd oTobpazkenus c. IlycTb 3aannHo oToOpazkeHue A, ()
(L"=*(c), 0L *(c)) — (K(Qq, 1), K(I,,1)), y10oBI€TBOpSIONIEe TPAHUTHO-
My yeaosuio (36). Ham nmorpebyercss kpurepuit 1poBepKn TOro, 9T0 0T0Opa-
KEHIEe g [(c) Y/0BIeTBOpsieT ypasuenuio (37).
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Paccmorpum AByincTHOE HaAKpBITHE
Pa: Ly~ (e) = L' (0), (41)
UH/YIIIPOBaHHOE U3 YHUBEPCAJILHOI'O JIBYJIUCTHOIO HAKPBITUS
K (T4, 1) = K(Qa, 1) (42)

KJIaCCU(PUIUPYIONHUX [POCTPAHCTB OTOOPazKeHUEM A () : L% (c) —
K(Qq,1). Iockonbky BbIIONTHEHO TpanudHoe yciosue (29), orpanumverue
nakpoirns ([AI) wa xpait OL"**(c) oxkasbiBaeTCs TPUBHAJLHBIM JIBYJIHCT-
HBIM HAaKPBITHEM. 3aMETUM, 9TO B CJIydae, KOTla CTPYKTYPHOE 0TOOparKeHHe
C: L"*(c) — K(Z/2P, 1) apngercs nuxiamueckum, naxporrue (&) cosia-
JAeT ¢ KAHOHMYECKUM JBYJIUCTHBLIM HAKPBITHEM, OLpPeIeJTeHHBIM (hOPMYJIOi
B3).

Pacevorpum orobpakenne A, 1) : L' **(c), — K(I,,1) nakpwisaio-
X [POCTPAHCTB, KOTOPOE [BYJIMCTHO HAKPHIBAET OTOODAKEHHE Ag [(c)
L% (¢) — K(Qq,1) upu asysucrabix naxpeirusx (d), [@2) wan npoob-
pasoM H 00pa30oM 0TOOpazKeHHd Aq (). OUpesenM 3aMKHYTOe MHOroobpa-
sme R"** kak pesymbrar mogksreiiku K MHOroobpasmio L' **(c), mmmmmapa
Cn=4 npynucraoro maxpwitus 0LV 4*(c), — L%k (c) Broab obmero Kpas
oL (¢), = OC"*. Oupeneanm orobpazkenne \g : R**%* — K (I, 1) kak
Pe3y/IbTAT CKJIefiKi OTOOPaZKeHns \, L) L= (c), — K(I,,1) ¢ orobpaxe-

HUEeM
Aa I@I:n74k (Aa
—

ok 29 9L (o), K(I,,1),

rae po : CP% 8L”_4k(c)a — MPOEKINUs MIIHHIPA Ha OCHOBAHUE. Qyuma-

MeHTaJIbHBIH UK/ MHOTO0Gpasus R™** obosnaunm uepes [R].

Jdemma 21. Jlaa omobpasicenun Agrey - (L"*%(c),0L"*(c)) —
(K(Qu, 1), K(I,,1)) pasencmeo (37) sxeusanermmo momy, xaacc 20Moro2ul

Ar([R]) € Hyean (K (Qa 1);Z/2)
ABAAEMCA 00PA3YIOULUM.

JokazarenbcTBo Jlemmbr 21 anaornaso m0Ka3aTeabCTBy JIeMMB u
OITyCKaeTCs.

IIpengmoxxenune 22. [Ipu k = 0 (mod 2), k > 8, npoussoavrwiii sremenm
epynno, Imm®/ (n—k, k) npedcmasien cxowenno—ocnauentsm nozpysicenu-
em (f, k,Z), donycrarouwum yuriuveckyro cmpykmypy 6 cmuicae Onpedene-
Hus 10
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IIpengioxxkenue 23. Ipu k = 0 (mod 2), 10k — 1 > n, k > 8, npo-
uzeonvhwll anemenm 2pynno. ImmPt(n — 2k, 2k), aesrcauyuti 6 obpase 20-
momoppusma & = Imm*S(n — k k) — ImmPi(n — 2k, 2k), npedcmaecaen
D, -ocnawernnvim noepyscenuem (g,n, V), donyckarouum KeamepHuoHHyo
cmpykmypy 6 emuicae Onpedenenus [T

HokaszaresbcrBo [Ipeioxennit 22 OCHOBBIBAETCA Ha CJEJICTBUN CJIe-
JAYIOLIEro MPUHIKIIA IJIOTHOCTU HOAIIPOCTPAHCTBA LIOIPY2KEHUIl B IPOCTPAH-
CTB€ HEIPEPBIBHBIX OTOOPaKeHU ¢ KOMIIAKTHO-OTKPBITON TOIOJIOIUEi, CM.
|Gr, npeoxenne 1.2.2 |.

IIpenaoxenne 24. Ilycmv fo : M & N zaadkoe nozpyscerue mencdy
3AMEHYMBLMU MH02000pa3UAMU, NPUYeM MHO2000pa3ue N craboceno mem-
purot b u dim(M) < dim(N). IIyemov g : M — N muenpepwvienoe omobpa-
orcenue, 2omomonnoe nozpyocenuro fo. Toeda Ve > 0 natidemcesa noepyorce-
nue f @ M % N, pezyaapno 2omomonmnoe nozpystcenuro fo, 0af K0mopozo
dist(g; f)co < € 6 mempuke npocmpancmea omobpascenul, UHOYUUPOBAH-
HOU mempukot b.

Hawm norpedyercs caeayioiee ciejacrsue [Ipeioxenns 24.

CaencrBue 25. Ilycmo (f',k,Z') — npoussosvroe ckowenno-ocrauserHoe
nozpyoscenue, 20e f: Mk o R"™ npedcmasasowee aaemenm [(f',k,Z')] €
Imm* (n — k, k) u nyemo fi : M™% — R" - npoussoavioe nenpepuisroe
omobpasicenue. Toeda das npouzeoavrozo (ckoav yzodno manrozo) € > 0 cy-
wecmeyem ckowenmo-ocrauenmoe nozpyscenve (f, k=), 2de f : M™F o
R”™ — nozpyorcerue mozo stce mno2000pasus, npedcmasasIOWas MOM HCE INe-
menm [(f',k,Z)] € Imm® (n — k, k), npuuvem svinoaneno ycrosue

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

HokazarenbctBo CiaeacrBus

[To mpemokenunto 24 cymiecTByer morpyzkenune f, peryiaspHo-roMmororntHoe f’
JJIsi KOTOPOro BbimoiHeHo yceaosue (A3)). Peryiasgpras roMOTONMs CKOIIEHHO-
OCHAIIIEHHOI'O 1IOI'PYKeHUsl IIPO/I0JIZKAETCsl /IO PeryJ/isipHoii TOMOTOIINU B KJ1acC-
ce CKOIIEeHHO-OCHAIEeHHbIX mnorpyzxkennii. [lostomy f sBisiercss ckorenno-
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ocuarmenubiM u dtementsl [(f') K, 2], [(f, &, Z)] paBusl. Crencrsue 25 mo-
Ka3aHO.

Hawm rakzke norpebyercs caenyiomast jgemma (OchoBras Jlemwma), JoKa-
3aTeJIbCTBO KOTOPOIl HPOBOAUTCH B pasjele 3.

Jlemma 26. IIpu k = 0 (mod 2), k > 8, cywecmeyem kycouno-sunetinoe
omobpasicenue d : RP"F — R" (c ocobenrnocmuio) obuezo noaosicenus, do-
NYCKAOUWELE YUKAUYECKYI CMPYKMYDY.

BoiBon Ilpennokenus n3 Jlemmbl

Paccmorpum otobpazkenue d : RP" % — R", moctpoennoe B Jlemme 26. Pac-
CMOTPHM IIPOU3BOILHEI 31eMenT rpymmsl Imm*/ (n—k, k), npeacrapaennblii
norpyxenuem f' @ M™% 95 R" co ckomrennpiM ocuamenuem (k,Z'). Pac-
CMOTpPUM XapakTepucruueckuii kiaacc & : M™% — RP" ¥ 3roro ckomrenHoro
OCHAITIEHHS U PACCMOTpUM oTobpazkenue fi : M™% — R onpenenenHoe Kak
komnosunusa f; = d o k. O603HAUUM UYepe3 £ MOJOKHUTETbHOe YUC/I0, MHOIO
MeHbIIIee pa/iyca HeKOTOPOil peryispHoit okpectHocTH Uy (g) mommsipa N (d)
(moaMHOrO06pasus ¢ 0COGEHHOCTSIME) TOYEK CAMOIIEPECcedeHnst 0TOOPAKEHUST
d. Oboznaunm depes gy(q) : N (d) 3 R™ mapamerpusyiomiee norpyzKesue mo-
JImdApa ToUYeK camorepecedenusi. Bocnosb3yemcs Coencrsuem 25 u onpee-
JIM CKOIIeHHO-OCHAIMEenHoe morpyxKenne f : M™% a» R" mpencrapisiomniee
ucxoaublii saement [(f', K, Z')] u opu 5TOM TaKoe, YTO BBHIMOJTHEHO YCJIOBHE
“43).

Pacemorpum Muoroobpasue N™ 2% rouex camonepecedenns HOrpy KeHus
f, onpenesennoe no dpopmyae (2). Oupeeneno norpyzenue g : N~ 2% g5 R™.
Muoroo6pasue N"2¥ mpejncraBuM B BHje 00beIMHEHH JBYX IOIMHOI000-
pasmit N" 2k = N?yjk UNI’;_% 110 001Ieil YaCTH IPaHUILI 8]\76’;&% = 8]\7{;_%.
Bce st MHOr00Opa3us ¢ KpaeMm OIpeIeTnM Tajiee.

Jlutst npocToThl 0003HAYEHUTT ITPE/IIIOI0KUM, 9TO PAJAUYC PEryJIAPHOIl 1m0~
IPYKeHHOl OKPECTHOCTH HOrpyzKeHns MHOroobpasus ¢ kpaem N"~2¢(d) To-
YeK caMolepecederust oTobpazkenus d (BIATH OT KPUTHYECKUX 3HATCHHUIA
9TOro oTobOpazkenus T.e. Kpad ON""2¢(d)), pagmyc peryaapHoii mOrpyzKenHoi
OKPECTHOCTH IIOIPY2KEHHsI, IOy IeHHOI'O OrpaHnIeHneM OTOOparKeHns d BHE
peryJjgpHoil OKpPeCTHOCTU KPUTUYCCKUX TOYEK U PAJUYC CaMOil peryidpHoOi
BJIO?KEHHOI OKPECTHOCTH KPUTHYECKUX 3HAUEHUl OToOpazkeHusi d PaBHBI €.
Ob6oznaunm ykasannble okpectnoctu depes Un(qy Ug, Ugn(q) COOTBETCTBEHHO.
Onpenennm N?yjk KaK MaKCHMaJIbHOE IMOJMHOTrO00pasue ¢ KpaeM, UTOo-
6b1 06pas g( N, C”yjk ) JIezKaJl B peryJisipHOii HOTPYKeHHOIl £-OKPECTHOCTH TOYEK
camMornepecedeHust 0TooparkeHus d. TO O3HAYAET, YTO CYIIECTBYET BJIOKEHUE
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n—2k
Ncyd C Un(4), KOTOpPOE IIpU KOMIIO3UIMHA C IAPAMETPU3YIOMHUM [OrPY2KeHH-
€M OKPECTHOCTH IepPeXOJIUT B OrpPaHUYEHHe MOTPYZKEeHHT MHOIooOpa3us ca-

MoOIIEpecevyeHus Ha TO MOJAMHOTrooOpasue. JIerko omnpeje/inTb 0ToOparkeHue
(N2 2P OND ) — (N™2R(d), ON™2%(d)), npn koTopom mpoobpas Kaz-
JIOI TOYKHM COCTOUT U3 Iapbl TOYEK, 00pa3bl KOTOPBHIX MpH OTOOpaKEHUU K
e-6omm3Kn Ha RP™F,

Onpenennm NI’Z_% KaK OCTABIIYIOCS YacTh MHoroobpasusa N ¢ o6pas
KOTODOIT 1mpu oToOpazKeHHH ¢ pacnosioken B okpectHoctd Uy (HmOrpyzkes-
HOIT) MHOYKECTBA PEryJsipDHBIX 3HAYeHUiT 0ToOparkenust d (BbIIEe Mbl IPUBEJII
ompejiesieHne Jijisi AaHAJIOTHYHOIO CJIydast) WJIM BO BJIOKEHHOI OKPECTHOCTH
Uan(a)-

IIpeamonoxmM, 9ro norpy:xenme g : N2 q» R™ TpancsepcaibHO BIOIb
OUn(ay- Torma obmas rpanuna 8]\76’;&% = 67]\71’;_2'C HOTPYZKEeHa B I'PAHUILY
pery/sipaoii okpecrnoctd Uppn (q)-

Munoroobpasue N" 2% cnab:keno XapaKTepUCTHUECKHM OTOOparKeHHeM
ny : N2 — K(Dy, 1). JIerko IpoBepHuTh, 9TO XapaKTePHCTHIECKOEe 0TOO-
pazkKeHwue 1)y, OpaHTICHHOE Ha ITOJIMHOT000pa3ue Nﬁ_% C N"2k tomoromn-
HO oTobpazkenno B nognpocrpanctso K (I, 1) C K(Dy,1).

CrpykrypHoe oroGpazkenue 1y gy : N"2%(d) — K(Dy, 1) upogonzxaercs
¢ N""2%(d) no orobparkenns Mne * U@ — K(Dy,1). IIpu sTom orpanude-
Hue Nu, . - Vana — K(Dy, 1) roMoTonHo oro6paKeHuio B IHOAIPOCTPAH-
crBo K (I, 1) C K(Dy,1).

Herpynno mnpoBepuTb, 4TO XapaKTepUCTHUECKOE OTOOparKeHme 1)y
N2k — K(Dy, 1), orpannuennoe Ha HOJMHOr0OOpasue N?yjk OIPeJIeJICHO
KaK OrPaHMYeHHe CTPYKTYPHOro oTobpazkeHus 1y, (q) : Un@ — K (D4, 1),
HOCKOJIBKY g(ny;le) aexut B Uy(q).

[Io ycyioBHIO ompejesieHa MUKINYeCKasd CTPYKTypa oToOpazKkeHus d. Drta
CTPYKTypa OIpeJeeHa OTOOPAKEeHHeM [, n(g) : (N"72F(d), ON""2*(d)) —
(K(I,,1), K(I4,1)). Orobpazkenue fiq n(d) HPOLOJIAKAETCH [0 OTOOPAXKEeHUsI
HaUy gy - (Un(ay, Usn(a)) — (K(I4,1), K(I,1)). IIpu srom u3 ycirosus (30)

BBITEKAET, 1TO OTOOPAKEHUSL fiq, U7y, d)|UaN( o U n\UaN( o romoronnbl. Xapakre-

PUCTHYIECKOE OTOOPAKEHUe NN (f)|N,, cN(f) : Nc’;jk — K(Dy, 1) unynupo-

BAHO CTPYKTYPHBIM OTOOPAzKeHUEM ]y, UPU BKIIOYCHUNU NZ;Z% C Un()-

CurezoBarTesbHo, 0T00parkKeHust [, , U 7)N;, MOXKHO CKJICUTb B OJHO 0TOOpa-
xemme g : N — K(I,,1).

JlokazkeM, 4TO OTOOpazKeHHe f[i, OIpeJesel IUKIHIECKYI CTPYKTY-
py st (f,k,Z) B cmbicsie Oupegenenns [[0. Paccmorpum orobpazkenue
MHOr000pa3uil ¢ Kpaem, KOTOPOE OLPeJeisiercss KOMIO3UIUeR BKJ/IIOYeHHst
U [POEKIUH PEryjsiPHOil OKPECTHOCTH HA LEHTPAJIbHOE IIOAMHOr000pa3ue:

F o (NcyclaaNcycl) & (UN(d)aUaN(d)) - (Nn—2k(d)7aNn—2k(d)) I3 sute-
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MEHTAPHBLIX F€OMETPUICCKHX COOOPArKeHMNl BLITEKAET, YTO Ta, CTEIeHb STOI0

0TOOPAYKEHUS COBIATAET CO CTENEHbI0 0Tobpakenus k : M * — RP"F re.

¢ h(f,Z,k). C apyroit CTOPOHBI, XapaKTEPUCTHIECKOE HTHCJIO N, j, HOCIH-

tanHoe 10 dopmyse (23)), Borancasiercs kak crenenb deg(F) orobpazkenust

F. NokazarenbcrBo BoiTekaer u3 Jlemmvbr 200 u pasencrsa (B0).
IIpennoxenne 22 noka3ano.

JIemma 27. IIpu k =0 (mod 2), n < 10k—1, k > 8, cywecmesyem xycouro-
aunetinoe omobpasicenue = S"2* /i — R™ (¢ ocobennocmvio) obuezo noso-
oHcenua, JoNYCraULee K6AMEPHUOHHYIO CMPYKMYPY.

Hokazaresnbcrso Jlemmbl (27) ananornano gokasarenbcrBy Jlemmb (26)),
OHO TaKzKe MMPOBOJIUTCS B pasjieie 3.

Beiso, Ilpennoxkenus 23] n3 JIlemmbr

Paccmorpum — cKOIeHHO-OCHAIEHHOE  norpyzkenue (f, Kk, =), Takoe, 9TO
S([(f, 5, 2)]) = [(g1 : N2k & R™ n, ¥)] upejcrapisier JaHHbIi 3JeMEHT U3
rpynnsl [mmP4(n — 2k, 2k). Tlo Ilpenioxennio 22, He orpaHAYHBAdg OOIIHO-
CTH, MOYKHO CUHTATh, UTO morpyzkenne f : M™% qu R™ nomyckaeT nmukimde-
CKyI0 CTPYKTYpy. Pacemorpum otobpazenue ¢ @ S"~ 2 /i — R™ nocrpoentoe
B Jlemme (Z7) n paccmorpum norpyzxkenne g @ N 2K q» R™ onpeesennoe
B pe3y/ibrare npumenenus [Ipejioxkenust K 0TOOParKeHUI0 KOMIIO3UIMU
Co iy : Nn—2k N Sn—2k/i — R”.

Paccyxmas mo anaioruu ¢ mokazareabcTBoM lIpemroxenus 22 3akiro-
JaeM, YTO OIlpejiesieHa KBaTEepHUOHHAS CTPYKTypa Dy4—ocHaIenHoro morpy-
xenust [(g,n, V)]. [Ipemyoxenne 23 noxazauo.

lokazareabcTBo Teopembl

Paccmorpum — cKoleHHO-OCHAIEHHOe  norpyzkenue (f, Kk, =), Takoe, 9TO
S5((f,5,5)]) = [(g : N"™2* & R™ n, )] npejcrapisger JaHHbli djeMeHT
w3 rpynmsl ImmPt(n — 2k, 2k). Bocnonbsyemca Ipemioxennem B3] n upe-
craBuM syement [(g,7n, V)] Dy—oCHAIIEHHBIM MOrPYKEHHEeM, JIOMYCKAIOIIUM
KBATEPHUOHHYIO CTPYKTYPY.

Bribepem matypaJsibHoe 3Hadenume k takuMm, 4to n — 4k = 31, kK > 8§,
4TO BO3MOYKHO B HpeNosokennn n > 63. Obosnaunm gepes L3 — mmuoro-
obpasue caMonepecedeHust MOrpyzxenus ¢. Paccmorpum oroOpazkeHnume A, :
L3 — $31/Q,, koTopoe 3aj1aeT KBATepHHOHHYIO CTPYKTYpY Ang (g,n, ¥) u
nocrpoero B [Ipennoxennu 23l [Tpeamosmokum, 910 A\, ABISIETCH TPAHCBED-
caJIbHBIM BJI0JIb HoAMHOroobpasusa S7/Q, C S3'/Q,. Paccmorpum B MHO-
roobpasun L3! mommmuoroobpasue K’ C L3', onpenenennoe no dopmyie

K7 = )1(S7/i). Oupenennm o = Ny |-
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JlokazkeM, 9To MHOroobpasne K’ mMeeT HOpMaIbHOEe paccaoenue 6p*y .
Paccioenne yy Hag K(Q,, 1) uMeer pasmMepHOCTb 4 U OMpeJIeIeHO B HAYAJIE
pasziena 4. Hopmanbhoe paccioenune vy, udomopdHo paccioenuto k(*w, rue
w: B(w) — K(Z/2B! 1)~ kanounueckoe 4-mephoe paccioenue, olpe/ie/en-
noe B paszene 4 nepen Hpemioxenuem B2, ¢ : L3 — K(Z/2B) 1) - xapak-
TEPUCTHIECKOe 0TOOparKeHne, KJIacCuuIupyoIee HOpMaTIbHOE PACCTIOCHIEe
MHOroo6pasusa L3

Jlerko nposepurnb, uro k = ”T_l —7u k=0 (mod 8). ITo Ilpemioxenuto
3aKJI0YaeM, 9TO PaccIoeHne Vy|x TpuBuaibio. Hopmasibaoe paccioenue
MHoroobpasus K’ uzomopdno cymme Yurnu paccioenuit 60*x @ vy|g. 13-
33 TPUBHAJBHOCTH BTOPOTO CJATaeMOro IOJYIHM TpedyeMblil m30Mopdu3M
vk = 6p*X.

[Io pasMepHOCTHBIM COOOpaKeHusIM, He OTPAHHYUBAs OOIIHOCTH, 00pa3
orobpazkenus \,|x Jexur B ocrose S°/Q, C S31/Q,. o Ipeioxennio
crenerb deg(A,| k) derna. [Tockobky deg(p) = deg(A|x) = deg(N,) = hy n
he = h(f, K, Z), noayuaum h(f, k,Z) = 0. Teopema [ nokazana.

3 OcHOBHOI1 Tall JOKa3aTeJIbCTBA

B »srom pasjzese Bce oroOpazkeHuss U MHOI0OOOpa3us IPeJIIOJIaralorcs
KYCOYHO-JTHHEHHBIME, €CJIU CHEelUaTIbHO He OTOBOPEHO YCJIOBUE IVIAKOCTH.

Omnpenenenne orobpakenug d : RP" % — R”

O6o3Haunm yepes Jy crangaprayio (n—k)-Mepuyto cdepy KopasmeprocTn k,

k=0 (mod 8), k > 0, kKoropas moJjy4deHa B pe3y/brare JKOifHA ”‘Tkﬂ =19
konmit oxpyzxuoct St. O6o3HaunM cranjapTHoe Bioxkenue Jy B R" uepes

1 Jo - Jo C R”.

Ompeneneno orobpazxkenue p' : S F — Jy, KOTopoe MOaydaeTcs B pe3y/Ib-
TaTe B3dATHe JZKOfHA 7 KOIMil cTaHJapTHBIX HakpbiTHii ST — S1 /i. Cran-
naptHOe geiicTBue Z/4 x S"F — S"~k xommyTmpyer ¢ orobpakenmem p'.
Tem cambiM, onpejeneno orobpaxkenne p : S™F/i — Jy u orobpaxenue
p : RP"% — Jy KaK KOMIOBHIMS CTAHIAPTHOIO JBYJHCTHOTO HAKPBITHS
7 RP"% — S" % /i ¢ oToGpazxenunem p.

Paccyorpum Kommosunmio i, 0 p : "k /i — Jy — R", KOTODPYIO MBI 000-
3HAYUM epe3 ¢, U IPUBeJeM 9TO 0TOOpazKeHne B 0ToOpazkeHue d 00mero 1mo-
JozKeHus MaJioit 0-edopmanueit (i, o p) — d (Kakyio uMeHHO JedopManuio
U HACKOJIBKO MAJIbIM CJIEyeT BBIOMPATH MOJIOKHUTEIbHOE YUCJIO 0, 3a/IaIee
KaJuop 310l jedopMaliu, BeISICHUTCs IpH JoKa3aTeaberse Jlemmvbt B). V-
kKoMoe otobpazkenue d : RP" % — R" ompeneanM Kak IajKoe OTOOpazKeHHIe
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0bIIero ImoJozKeHns, morydentoe B pesyabrate C° gedopmannm Kaaubpa &,
rae ¢ << 0, orobpazkeHus, MPEACTABIEHHOIO KOMIIO3HIUEH CTaHIApTHOIO
JIBYJINCTHOIO HAKPBLITUS T U OTOOparKeHusi d. B Jlemwme JIOKA3bIBALTCH,
910 4TO JJI OToOpazkeHusi d (¢ OCOBEHHOCTBIO) CYIIECTBYET MUK/JIMIECKAsT

CTPYKTYpA.

Onpenenenue orobparkenus c : S" 2% /i — R”

O6osnaunm vepe3 J; (n — 2k)—mepubiit moaudap, £ = 0 (mod 8), k& > 0,
n—2k+1

KOTOPBIl TOJTy9IeHblil B pe3yjbTare JZKOiHa ——— = 11 KONl KBaTePHHOH-
HOro JinH30B0ro npocrpancrsa S°/Q,. Cornacuo reopeme Maccu |[Mal (cwm.
Takzke [Me]) oupeseneno sioxkenue S*/Q, C R* kopazmepnocru 1 u B upei-
noJioxkeHun n > 4r — 1 onpejiesieHo cranjgapTaoe Bioxkenue J; B R™, koropoe
obo3HaumM 4epe3 iy, : J; C R".

Onpeneneno orobpazkenne p’ : S"~2F — J;, KoTopoe Ioaydaercd B pe-
3yJIbTaTe B3sTHs JIKOWHA 7 KOUWil crangapTHeix Haxpwituit S5 — S3/Q,.
Crangapruoe jeiictsue Q, x S" 2 — S"=2k onpejesientoe npsiMoii cym-
MOt 7" 9K3eMILIAPOB CTaHAaPTHOrO feiicTug Ha S°, 3amannoro popmyniamu
0), 210, 22), kommyTupyer ¢ orobpazkennem p'. Tem caMbiM, OIpeeIeHO
orobpazkenne p : S" 2k /Q, — J; u orobpazkenne p : S" ¥ /i — J| kax KoMm-
MO3HIUA CTAHJAPTHOTO JABYIHCTHOrO Hakphitud 7 : S"~ 2 /i — S~ /Q, c
oTOOparKeHueM p.

Pacemorpum kommnosunumio iy, o p 1 S"2*/Q, — J; — R™, xoropyio
0b03HAYNM Yepe3 h. [IpuBegem 310 OTOOpaAXKeHHE B OTOOparKeHue ¢ OOIIero
MOJIOKeHUsT MaJsioii 0-medopmanueil (KaKyl0 HMEHHO CJIeIyeT BbIOpaTh Jie-
dopManuo 1 HACKOJIHKO MAJBIM CJIEAYeT BBHIOMPATH IOJOKHTETHLHOE THCIIO
0, 3ajalee Kajaudp 3Toil JedopManum BeISICHUTCS P J0Ka3areabeTBe Jlem-
mbl BI]). Nckomoe orobpazkenue ¢ : Sn—2k /i — R" onpeje/inM Kak riajKoe
0TOOpaskeHne OBIIero MoJI0KeHus, moaydennoe B pesyiabrare CO nedopma-
mun Kasmopa o', rae 0 << §, orobpazkeHus, MpeJICcTaBIeHHOr0 KOMIIO3HUIIH-
eil cTaHIAPTHOrO JIBYJINCTHOTO HAKPBITHS 7 B oTOOpazKeHus ¢. B Jlemme
JIOKA3bIBAELTCSI, YTO 9TO Jijisi 0TOOpazKkeHusi ¢ (¢ 0COOEHHOCTHIO) CYIIECTBYET
KBaTepPHUOHHAs CTPYKTYypa.

IToanpocrpancTBa 1 paKTOPIMOANPOCTPAHCTBA ITOMOJTHEHHOTO KOH-
durypamnuonsoro npocrpascrsa aiag RP"F

B paszese 2 6bL10 ompeseneHo TpocTpaHcTBO [y, ero AByJIMCTHOE HAKPBI-
tue [y u cTpykTypHOe oTobpazkenne 7, : I'g — K(Dy,1). IIpocTpancTso
[y aBiisiercss muOroobOpasuem ¢ kpaem. OOO3HAYUM BHYTPEHHOCTH 3TOIO MHO-
roobpasust yepes I'g,. Orpanuuenue crpyKrypHOro orodbpazkenust np, Ha oo
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obo3HaIUM 4Yepe3 nr,, : Loo — K (Dy,1).

Ob6oznaunm 4depe3 g, C ['go MOMU3IP JABYKPATHBIX OCOOBIX TOYEK OTOD-
paxkenns p : RP"* — Jy nonyuennniii pasmyrnem nosmsapa {[(z,y)] €
Coo, p(z) = p(y),x # y}. Dror noamdap cHabKEH CTPYKTYPHBIM 0TOOparKe-
HHEM 75, * 2o — K (Dy, 1), KOTOpOE MHIYIMPOBAHO OIPAHUYEHUEM CTPYK-
TYPHOT'O OTOOpazKeHud 1r,, Ha 2go.

Onpenesena cBoboaaas nHBOTONHA TR : RP"™* — RP"* nepecrassio-
Ias TOUYKM B KAXKJOM CJIO€ CTaHIAPTHOIO JIBYJIMCTHONO HAKphTHa RP™F —
Sn=k /i, Ha npocrpancrse Lo, JeficTByeT mHBOIIONUSA Ty, : LCoo — oo, KOTO-
pas onpese/eHa Kak orpanmuenue nupojmonun na RP™F x RP™ % mocrpo-
eHHOI II0 MHBOJIONUN 1Rp HA KayKIOM COMHOXKHTE]E, Ha IOIPOCTPAHCTBO
Foo C RP"* x RP"*. Ha daxropupocrpanctse [, naBosonuu 1" omnpee-
neHa daxTopuaBoIONuI 11, : ['go — Lgo.

Obo3HauuM  uepe3  Lgntidiag C 100 IOAIPOCTPAHCTBO, HA3BIBAEMOE
AHTHIMATOHAJIBIO, KOTOPOe O00pPa30BAHO BCEMHU AHTHIIOAAJIbHBIME ITaPaME
{[(z,y)] € Ty : z,y € RP"* o £ y Tep(xr) = y}. 3necb u ganee B
0003HAYCHNN JHATOHAJBHBIX W AHTHAHATOHAJBHBIX IIPOCTPAHCTB HHIEKC (
omyckaeTcd. HeTpynHo mpoBepHTb, 9TO aHTHIHATOHAND Mgntidiag < Lo AB-
JISIeTCs. MHOKECTBOM HEIOJBHZKHBIX Touek Jyig unsosonuun Tp,. Hopmasib-
HOE pacc/oenne anTuanaronan B 'y m30MopdHO KacaTe bHOMY PaCCJIOSHHTO
T(Zantidiag) .

Omupegenum npoctpancTBo ['g,, HAa KOTOpOM mHBOJIONUS 1T, JeficTByer
cobomuo. Onpenennm I, = Too \ Eantidiag- Olipesesena cBoOOIHAST HHBO-
smounst Tty ', — D', Pakropupocrpancrso D'k, /TFKOO 0b03HaUYNM
qepes I Koo -

[Tognosmmap o C ['go KPATHBIX TOYEK OTOOPaXKEHUs P HPEeJICTABIAETCS
B BUJE OODBEAMHEHUS Yoo = Dantidiag U Ko, TA€ K, ~OTKDPBITHIH 10AIOIN-
/1P, B KOTOPBIil BXOJAT BCe TOUKHU U3 Y., HE HMOMABIINE HA aHTHIAATOHAJIb.
Honnmomusnp Koo C I'k,, MHBapumaHTeH IPH UHBOJIOINUU TpKOO. O6o3Ha4nM

Try,, | koo 1€pe3 T, . O603HAUNM bakTOprpocTpancTBo Ko, /Tk,, depe3 Koo.
Orpanuvenue CTpYKTYpHOTO oToOpazkenue nry, : Loo — K (Dy, 1) va 'k, u
Ky, oboznauum uepes nr,, 4 1k, COOTBETCTBEHHO.

Paccmorpum muOTroobpasue ¢ 0cOOEHHOCTSIMU, KOTOPOE OIPEJIeIeHO B pe-
3yJibTaTe 3aMblKaHUs OTKPBITOIO MHOTooOpasus [g, U MOJIy4YeHO B Pe3y/ib-
TaTe MPUCOEIUHEHHsS K TOMY OTKPBITOMY MHOIOOODA3HI0 JHArOHAIBLHOI
U aHTHIMATOHAJIBHON KOMIOHEHT Ygigg U Mantidiag- OOO3HAUUM 3aMbIKaHUe
Cl(Kyo) mommsapa Ko, (coorsercrsenno sambikanme Cl(Ko,) mommsapa Ko.)
B 9TOM MHOroobpasum ¢ ocobenHocrsivu depes K (o) (COOTBETCTBEHHO uepes3
K(O)) Obosnauum qepes Qantidiag = Zantidiag N K(O); Qdiag = aFdz'ag N K(0)7
Qaiag C K(0), Qantidiag C K (o). HazoBem s31n moanmpocTpancTBa KOMIOHEHTa-
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MH IpaHumpl noamsapa K ). Anagormnano oupeneauM Qiag, Qantidiag KOMIIO-
HEHTbI MPaHuUIbl HoJm3Apa K (o).

3aMeTum, 4TO CTPYKTYyPHOE OTOOpazKeHue 7k, UpojoszKaercs ¢ Koo
Ha KOMIOHEHTY TIPAHUIBLL Qantidiag- OOO3HAUUM 3TO HPOJOJIZKEHUE depes3
NQuntidiag © Qantidiag — K (D4, 1). Orobpazenne 1q,,,,4,., TPEACTaBIICTCA B
BH/Ie KOMIIO3UIUH OTOOPAYKEHU Nantidiag © Qantidiag — X (I, 1) 1 oTOOpazKe-
Hust BRIowenust i, p, : K (I, 1) C K(Dy,1).

CrpyKrypHOE 0TOOparKeHUe Nk, Ha KOMIOHEHTY (iag HE IPOJIOJIIKAET-
cst. OnpejiesieHo 0TOOPAYKEHUE Ngiag * Qantidiag — K (L4, 1). Ob0o3HaMHM 1epe3
U(Qdiag) C Koo MAIYI0 PeryisapHy0 B3Pe3aHHYI0 OKPECTHOCTH OTKPLITOIO
KOHIA, IPUMBIKAIOIIETO K Qiqg. ONpeenena IpOeKus projaiag © U(Qdiag) —
(Qdiag PETYAAPHON B3pe3aHHOU OKPECTHOCTH HA IEHTAJbHOE IOJAMHOI000-
pasue. OrpaHnvenue CTPYKTYPHOIO OTOODarKeHUsI 1)k, HA OKPECTHOCTD
U(Qdiag) TPEACTABICHO KOMIOZUIUEH OTOOPAKEHUS N/(Qua,) * U(Qdiag) —
K (I, 1) u orobpaxenus i, p, : K(I,1) — K(Dy,1). Tomoromuyeckue Kiac-
CBI OTOOpAZKeHUH Nk o M 1U(Qy,,) CBABAHBL PABEHCTBOM Mgiag © PT'0jJdiag =
D114 © MK ) -

Oupegeum CJIeAyIoy0 KOMMYTATUBHYIO JUarpaMMy MOHOMOP(HU3MOB
I'pyl1an, KazK/ad U3 KOTOPLIX IIpeJdCTaBJ/IeHa B I'DYIIIIE 0(4)

I,
J N
I, c I, ¢c Dy, ¢ E Cc H. (44)
AN N
IC

B sroit quarpamme rpynmna H umeer mopsaok 32 u gB/seTcs MOArPYII-
noii B rpynme O(4) u 6bta panee oupejesnena (em. ([B34) npu nomomm mpe-
o6pa30BaHuii, 3alMCAHHBIX B CTAHIAPTHOM basuce {ej, €, €3, e,}. [loarpyn-
na E C H umeer nopsanok 16 u omnpejensgercsa KakK IpyIIa, MOPOXKICHHAS
npeobpasopanusyu u3 H, cOXpaHSIOIMUMI HEYHOPSJI0YeHHYIO Mapy ILIOCKO-
creii (e, e3), (e, ey) (Hamumep, saement u3 H, 3ajanubiii npeobpasoBannem
€] — €9, €69 — —€1, €3 — €3, €4 — €4, HE JIC2ZKUT B HNOAI'PYIIIE E C H)
Briouenne Dy C E aBiasgerca nenTpasbHbIM KBaAPATHYHLIM PACIIUPEHAEM
rpynnsl Dy I0CPeICTBOM 3JIeMeHTa ¢ TaKOro, 4TO ¢2 COBHAJAET C 00Pa3y-
fomieit moarpynnsl Iy C Dy. Ioarpynna Dy npejcraBiena auaroHaJbHBIMI
npeobpaszoBamusamu O(2) C O(2) @ O(2) C O(4) cTangapTHOrO BH/IA B KazK-
J0it mape mockocTeit (e, e3), (€g, e4). OcrajabHble MOAIPYIILI B JAHAIDAMME
([A4]) 6bL1u oupesesiensl panee.

Omnpenesnenst abenessl noarpyimisl By, E, E.. E; B rpynmne E, koropsie
SIBJISIOTCA KBaJAPATUYHBIMHE PACIIAPEHUAMA COOTBETCTBYIOIIUX OAIPYIII
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I, Iy, 1., 14 B rpyune Dy. Herpyamo npoBeputrh, 4TO OLPEIETIEHO €CTECTBEH-
HOe OTOOpazKeHue Nizo, * Koo — K (E, 1), KoTOpoe HHIYIEpYeT 0TOGpazKeHe
JiMarpaMm 2-JIMCTHBIX HAKPbITHIL:

Koo — Koo K(I.,1) — K(E,1)
l 1= l (45)
KOO — KOO K(D47 1) - K(E7 1)

lopusonrajbhbie 0TOOpayKeHUsT MeXKJIy COOTBETCTBYIOIIUMH HPOCTPAH-
CTBaMH JHarpaMM Mbl IepeoOO3HATNM JIJId KPATKOCTH 4epe3 1], 1,1, 1) COOT-
BETCTBEHHO.

Bxmouenus noarpynn I, C Ey, I; C Eg4, 1, C E, BXoagaT B KOMMYTaTHBHbIE
JIMarpaMMbl FTOMOMOPMU3MOB I'PYIIIL:

Ib —_— Eb
Poa | | (46)

ld,a

id,a \L l (47)

id

I, — E,
idl | (48)
L, -5 1,

Ha npocrpancrse I Ko, OIPE/IesIeHa, B CBOIO O4Yepeib, CBOOOHAS HHBOJIIO-
must Tp, o Tig, — P, 110 bopmyre Ty ([(w,y)]) = [(T(x),y)]. (Bamermw,
aro [(T'(x),y)] = [(z,T(y)].) [IpocTpancTsa, nomyIeHHbe 13 Txons Koo Tk s
Koo mocne pakropusanuu 1o uasomonun Ty 0003HAUUM depes3 F%(O , Kéo

0o ©
F%(OO, K&O cOOTBeTCTBeHHO. OmpeseseHo 2-TuCTHOE HaKpbITHE ['f) — F%(OO,

KOTOpO€ MHAyONupYyeT ABYJINUCTHOE HAKPBLITHE f(()o — Kéo. IIpu sTOM ompee-
JICHA KOMMyTaTI/IBHaH ,H,I/IanaMMaZ
fKOo — K(E7 1)
R | (49)
I, — K(H]1).
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INognpocrpancTBa n (paKTOPHIOAIPOCTPAHCTBA MIOMNOJHEHHOIO KOH-
dburypanmmonnoro nmpocrpancrsa ags S" 2K /i

JT BLJIO OII JIEHO TPOCTPAHCTBO [, €ro JABYJIMCTHOE HAKPBI-
B paszaene 2 6b110 onpejeneno npocrpanctso 'y, ero CTHOE Ha
tue ['y u crpykrypuoe orobpaxkenue (r, : [y — K(H,1). IIpocrpancrso I'y
sBJIeTCA MHOrooOpasueM ¢ KpaeMm. O003HAYUNM BHYTPEHHOCTDH 9TOIO MHOTO-
obpasuga uepe3 [';,. Orpannmdenne cTpyKTypHOro oToOpazkeHus (p, Ha I'io
obosznauum 4epes (r,, : [ — K(H,1).

Obo3uaunm gepes Y, C ['1, HOJUIAP ABYKPATHBIX OCOOBIX TOYEK OTOO-
pazxenus p : S"" /i — J;, oupenenennsiit bopmyitoit {[(z,y)] € T'o, p(x) =
p(y),r # y}. DToT mOMMIAP CHAOKEH CTPYKTYPHBIM OTOGpazKeHHeM (s,
Y10 — K(H, 1), KoTOpoe HH/IYIUPOBAHO OPAHHYEHHEM CTPYKTYPHOIO 0TOD-
pazkeHud (p,, Ha 2.

Onpesenena csoGoanas uusosonust Ten-2; 1 S"2F /i — S /i ne-
PECTAaBJIAIONIAs TOYKU B KaXK/IOM CJIOE CTaH/IAPTHOTO JBYJIHUCTHOIO HAKPbI-
tua S""?*/i — S"7?!/i. Ha mupoctpancrse ['j, jeiicTByer HHBOJIONHs
Tr,, : I''e — T'io, KOTOpag omnpejesnena KakK OrpaHHYeHHe HUHBOJIONHU Ha

- ~ %, mocT HHOW 110 UHBOJIOUUHA 1 gn—2k /; HA KAZKJIOM COMHOZKHUTE-
Sn=2k 5 S7=2F nocrpoennoii o nuBOmMONHK Tgn—2k /; HA KAZKIOM COMHOZKUTE
Jie, Ha nojnpocrpanctso ', C S"2F /i x S"=2% /i, Ha daxropnpocrpancrse
Iy, unBostonun 1" oupesesena dpaxropuusosonus 1, : I'o — .

Obo3HauuM  4epe3s Ygntidiac C 1o HIOAIPOCTPAHCTBO, HA3bIBACMOE

g )

AHTH/IMArOHAIBI0, KOTOpOoe 00pa30BAHO BCEMH AHTHIIONAJLHBIME IIapaMH
{[(z,y)] € T1o : z,y € S"*/i,x # y,Ten2x(x) = y}. 3nech u manee B
0003HAYEHUN JIMATNOHAJBHBIX U AHTHIMATNOHAJBHBIX HPOCTPAHCTB HMHIEKC 1
omyckaercd. HeTrpyano nposepuTnb, 4T0O aHTHINATOHAID Ygntidiag C 110 ABIA-
eTCsl MHOYKECTBOM HEIOJBUKHBIX TOUYeK Jijist uuBosonun 11, . Hopmasbnoe
paccaoeHne aHTHIMATOHAJA B ['1, m30MOP(MHO KacaTeabHOMY PaCCJIOEHHIO
T(Eantidiag) .

Omupegenum npoctpancTBo ['k, . Ha KOTOpOoM mHBOJIONUS 1T, JeficTByer
cBoboano. Oupegennm L', = T'io \ Bontidiag- Oupesenena cBobognast HHBO-
.JIIOH‘I/IHATFKM : I',, — I'k,,. PakTopupoCcTpancTBo I‘Klo/TpK10 0b03HaUNM

gepe3 L'k, ..

[Tognosmmap 1, C ['1o KpATHBIX TOYEK OTOOPaXKeHUs P MPeJICTaBIAeTCs
B BUJle OODBEIUHEHUA Yo = Xgntidiag U Ko, TH€ K, ~OTKPBITBIN IIOAIOIN-
9P, B KOTOPBI BXOIAT BCE TOUKH U3 X1,, He MOIABIINE HA aHTHIAATOHATD.
[onmommanp Ky, C I'k,, MHBapUAHTEH DU WHBOJIONUN TpKlo. O6o3HauMM

Try, . |K, epes Tk, ,. O6osnaanm daxropnpocrpanctso Kio/Ti,, 1epes Kio.
Orpanndenne crpykrypHoro orobpazxenue (r,, : 1o — K(H,1) na I'g,, u
K, oboznaunm depes (r,, u (x,, COOTBETCTBEHHO.

Paccmorpum muOroobpasue ¢ 0cOOEHHOCTSIMU, KOTOPOE OIPEJIeIeHO B pe-
3yJIbTaTe 3aMBIKAHUsS OTKPBITOIO MHOrooOpasud ['1, U MOJIYyYEHO B Pe3yJib-
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TaTe MPUCOEINHEHUsS K TOMY OTKPBITOMY MHOIOOODA3HI0 JHArOHAIBLHOI
U aHTHJIMATOHAJIBHON KOMIOHEHT Ygigg U Mantidiag- OOO3HAUUM 3aMbIKaHUe
Cl(K1o) nommsapa K, (coorsercrBenno 3ambikanue Cl(K7,) nommdapa K,)
B 9TOM MHOroobpasun ¢ ocobenHocrsivu depe3 K (1) (COOTBETCTBEHHO Uepes3
K(l)) Obozuaanm aepes Qantidiag = Zantidz’ag N K(l); Qdiag = aFdz’ag N K(l);
Qaiag C K1), Qantidiag C K(1). Hazosem sTu moampocrpancTsa KOMIOHEHTa-
MU rpaHunpl noamsapa K. Anagormano oupenenum Qgiag, Qantidiag KOMIO-
HEHTBHI TPAHUIEI TTOAHdIpa K (1.

3ameTnM, 4YTO CTPYKTYpHOe oToOpakeHme (g, MNpoJozKaeTca ¢ K,
Ha KOMIOHEHTY TIPAHUIBLL Qantidiag- OOO3HAUUM 3TO HPOJOJIZKEHUE depes3
CQuntidiag © Qantidiag — K(H,1). Orobpamenne (q,, 4., TPEACTABIACTCH B
BH/IE KOMIO3HUIUA OTOOPAYKEHUS Contidiag © Qantidiag — K (Qa, 1) 1 0TOOpazKe-
Hus BKIodeHns iq, g : K (Qq, 1) C K(Dy,1).

CrpykrypHoe orobpazxenue (k,, Ha KOMIOHEHTY Qdiag HE TIPOIOTZKA-
ercss. Oupegerneno orobpaxkenue Cgiag : Qantidiag — K (Lg,1). Obosna-
anM depe3 U(Quiag) C Kio MaIyio DPeryisipHyio B3Pe3aHHYIO OKDPECT-
HOCTb OTKPBITOI'O KOHIIQ, HPUMBIKAIOMEr0 K (Qiqg. ONUpesnesena mpoekius
Projagiag © U(Qdiag) — Qdiag PETYIAPHON B3pe3aHHOIl OKPECTHOCTH HA
IeHTaJIbHOe IOJAMHOrooOpasue. OrpaHuYeHHe CTPYKTYPHOTO OTOOParKeHHS
Cry, Ha OKpecTHOCTD U(Qgiqg) TPEICTABIEHO KOMIIO3HUIHEH OTOOpaKeHHsI
CU(Quiag) * U(Qdiag) — K(I4,1) u orobpaxenus iy, g : K(I,,1) — K(H,1).
Tomoronnieckne Kiacest orobpazennit Cx ) 1 (U(Quy,,) CBA3AHBL PABEHCTBOM
Ndiag © PT'O0Jdiag = PH, X © 11Ky -

OnpeenM CJIeAyIONIy0 KOMMYTATUBHYIO JHArPAMMY MOHOMOP(HU3MOB
IPYIII, KazKasi U3 KOTOPbIX mpejcrasiena B rpymnme O(8):

E,
N
I, cI, c Q. ¢ H c G c Gh (50)
AN N
HC

B sroit amarpamme rpynna Gl onpeesnsiercs Kak moarpyimna mopsika 128
B rpymme O(8), KoTopasi MOpozKIeHa IPU ITOMOIIH Mpeobpa30BaHNil, 3aMHCaH-
HBIX B CTAHJAPTHOM Gasuce {ej, €z, €3, €y, €5, €5, €7, €3}, CIACYIIETO BHJIA:

—1 mpeobpa3oBaHme B  YIOOPSJJOYEHHOI  mape  HOANPOCTPAHCTB
(e1,e2,€3,€4), (€5,€6, €7,€3) NPOU3BOJBHON LAPOHl IJEMEHTOB U3 MO/-
rpyusl Q, C O(4).

—2 mpeobpa30oBaHUe OTHOBPEMEHHO I€PeCTAB/ISIONee Mapbl BEKTOPOB
(el, 85>, (82, 86>, (83, 67), (84, eg).
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Ioarpymna G C G} nmeer mopsanok 64 u ompesensgeTcsa Kak IpyIIa, M-
poXKleHHasd npeobpasopamnaMu u3 G, cOXpaHAOIIME HEYIOPAIOIeHHYTO
napy IHOAIPOCTPAHCTB (€1, €eq,€5,€4), (€3,€y,€7,€g) (HamMMep, JIeMEeHT u3
G', 3agmannbiit npeobpasosanuem j € Q, B nomupocTpanctse (e, ey, €3, e4)
U TOXKJIECTBEHHBIM I1IPeoOpa30BaHUeM B HOJAIPOCTPAHCTBE (€5, €q, €7, €g) HE
nexut B noarpynne G C Gl). Brmouenne H C G apigerca neHrpaib-
HBIM KBaJpaTHYHbIM pacmrupenueM rpynnsl H mocpegcrsom siementa d;
TAKOIro, 9TO dJ? coBnajaer ¢ obpasyromeit mearpa Iy C Q, C H. Iloa-
rpynmna Q, mnpejcraBiena uaroHasJbHbIME mpeobpasoBanusmu SO(4) C
SO(4) & SO(4) C O(8) crangapTHOrO BUJA B KarKJOil mape MPOCTPAHCTB
(e1,e9,€5,€6), (€3,€4, €7, eg). [loarpynna E, C G nopoxaena JByMsa KOMMY-
THPYIOMUMHA peobpa3oBanugaMu. [lepBoe mpeobpa3oBaHme HMeEHT MMOPSAI0K
4 u coBmajaer c¢ mpeodbpasoBanueM i € I, C Q,. Bropoe npeobpazoBanue
UMeeT IOPSJIOK 2, OHO OJHOBPEMEHHO [IE€PECTaBJIAI0eT Hapbl 0A3MCHLIX BEK-
TOpOB (e17 65), (e27 e6)7 (637 67), (647 e8)-

[Togrpymna H., C G nopoxkjaeHa coOCTBEHHBIMH IpeoOpa30BaHUAMHU B
mape MOJNPOCTPAHCTB (€1, €, €3,€4), (€5, €q, €7, €3) HA IPOU3BOJIBHYIO MAPY
sseMeHToB 3 Q,. Ocranpubie noarpymnmsl B uarpamme (B0) 6butu ompe/ie-
JIEHbI paHee B pasjesie 2.

Herpy/iHO HPOBEPHTD, YTO OIPEAEJIEHO €CTECTBeHHOe oToOpaszkeHne ( :
Ko — K (G, 1), koropoe HHAYIUPYeT OTOOPAKEHUE JUArPAMM 2-JTHCTHBIX
HAKPBITHA:

K, — K K(H,1) — K(G.1)
| 1 — | | (51)
K, — Ky KMH,1) — K(G,1),

rae noarpynna G. C G gaBigercd KBaJJpaTHIHBIM paciupenuneM rpymmsl H.
lopusonTanbHble 0TOOpAaZKEHUsA MeZK/y COOTBETCTBYIONUME MPOCTPAH-
cTBaMu amarpamM Mbl 06o3raanM depes C, ¢, ¢, ¢ COOTBETCTBEHHO.
Ha upocrpaucrse leoA olIpeJieieHa, B CBOIO O4Yepejb, CBODO/IHAS WHBO-

JIOIAA Tleo : I'k,, — D'k,, no dopmyie Tleo([(x,y)]) = [(Tsyi(z), )]
(Bamerum, aro [(Ts/i(x),y)| = [(z, Ts/i(y)].) IIpocrpancrsa, nosydenusie u3
'k, Kio, T'k,,, K10 mocie pakropusanum Mo HHBOTIONHIE T}, obosnavnm
1o
yepe3 [’ %{10, K 1lo r %{10, K 1lo coorBercTBeHHO. OUpeesieHo 2-JTMCTHOEe HAKPHI-
e T Kig — f%ﬁo’ KOTOPOE HHLYIUPYET ABY/IHCTHOE HAKPHITHE K1, — K 1lo.
[Ipu sTOM Ompejie/ieHa KOMMYTATHBHAS UATPAMMA:
leo — K(G, 1)
| l (52)



Ionusapsr Ky, Ky
Bsenem obosznauenue:

n—"17

T'min,0 = 4 ; imar,O =70 — "min,0- (53)

Onpenesmm TOAIPOCTPAHCTBO Ké? C KOO 1o popmy.ie:

K§) = pph (J§\ ),

e pg, Koo — Jo—ecrecrBeHHas HPOEKIUS 0COOEHHOCTH Ha CBOI 00Opa3.

OnpeestiM TOAIIPOCTPAHCTBO K o]0 C Koo 110 opmyiie:
Koo = pg (Jo \ Jg ).
[Ipu sToMm crpaBeiuBa hopmy.ia;
K[O} _ UZ—Zmaz oK( ).

Touostorust Ha HpocTpascTse K [0]o MH/LyIIMPOBAHA U3 TOIOJIOI'MH JIOKAJILHO-
CBS3HOI'O IIPOCTPAHCTBA B IPABON YacTu (POPMYJIb, IIOJIYYEHHOI'O IIPHU CKJIeii-
K€ JM3bIOHKTHOrO 00beauHenust npocrpacTs. ONUpeieneHo JAByJIMCTHOe Ha-
KPbIBaOIIee Kéo), (coorBercTBeHHO K[g)0) HAJL IPOCTPAHCTBOM Kéo) (cooTBer-
CTBEHHO K[o}o)-

Omnpejesnm npocrpancTBo Ky (COOTBETCTBEHHO KO) KaK [POCTPAHCTBO,
IOy IeHHOE 3aMBIKAHHEM IPOCTPAHCTBA K j0Jo (coorBercTBenHO K 0]o). Ompe-
JIeJTUM eCTeCTBEeHHbIE 0TOOPaZKEeHHS Ko — K ©0), Ko — K(g). 9T oTobpazke-
Hus OyjyT P L—BjoKeHusiMu BCIOJLY, 38 UCKJIIOUYEHHEeM IIPO0OPA30B JIMaroHa Il
U aHTH/UATOHAJIM, TJIe UMEIOTCsI OCOOEHHOCTH.

Pazpermmeane ocobennocreii mommaapa K

Mg xkazx 1010 ¢, 0 < 4 < 4000, MBI IIOCTPOUM ITOJIHIAP Kéz) 1 IIPOCTPAHCTBO

RK(()Z), KOTOPOE HA30BEM IIPOCTPAHCTBOM, Pa3peniaioniuM 0COOEHHOCTH 10U~
sapa K (@) . [Tapamerp ¢ HazoBeM rorybunoit. [Ipocrpancrsa K (@) RKéi) KpoMe
TOT'O, ABJSIOTCS H&KprBaIOH_H/IMI/I npOCTpaHCTBaMH IpH 2-JTHCTHBIX HAKPHI-
THSAX T : K(gl) — K , Rr RK RK , 9TU HAKPBITUS BKJIIOYEHbI B
CJIeTYIOTILY IO KOMMyTaTI/IBHyIO JIHarpaMMy OTOOparKeHwmii:
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REKY 25 K
b0, | Rr Lr (54)

K(I,1) <& RKY 2, KO

BBG,ZEGM 0b03HAYEHU ST RQEJ?W = (pf)_l(QgiZ:)ng), RQ;?Ltidiag =
(pf’)_l(Qgtidmg). Anasoruynple  0603HaUEHUA RQgi)ag, RQgtidmg BBe-

AeM IJid COOTBETCTBYIONIUX JIBYJIMCTHBIX HAKPbIBAIOIIUX. PaCCManI/IBaeMbIe
IIPOCTPAaHCTBA BKJIIOYEHBbI B CJI€AYIOIHNE KOMMYTAaTUBHbBIC JlUal'PaMMbI:

RQELr)Ltidiag p—> Q((Mztidiag
¢0 \ 1/ Nantidiag (55)
K(I,,1),
RQuuy 5 Qling
¢0 \« 1/ Ndiag (56)
K(I41),

Jlns mokazaTesbcTBa OCHOBHOIO pe3y/bTaTa pasjiesia HaM MOTpedyercs
CJIEJIYIONIAsT JIEMMA.

Jlemma 28. 1. Jlna xaocdozo i, 0 < 1 < Iy,400, CYWECTNEYEM NPOCTIPAH-

cmeo Kél), €20 08YAUCMHOE HAKPDLBANOULEE K(()Z) u 0030 06YAUCTIHOZ20 HAKDbI-
mus Kéz)’l. IIpocmpancmea Kéz), Kéz), K(()Z)’l ABAANOMCA NOONPOCNPAHCMEBA-
mu npocmpancme Kgy, Ko, Ké coomeemcmeenno. Cyuecmsyem npocmpan-

~ i i
cmeo RK(()) U €20 J6YAUCTIHOE HAKPBIEAIOUWCE RK(S) u 6a3a 2-AUCMHO20 Ha-

Kpolmua Rf(éi)’l, KOTOPBlE GKANUGIOMCA 6 KOMMYMAMUEHY Juazpammy
(54). Ha deyaucmmom HaKpui8aroulem 6wuinoAHANMCS 2DAHUYHBLE YCAOBUS,
komopuwie onpedeservl duazpammamu ([(B3), (20).

-2. Cywecmeyem npocmpaHcmso RK, u ezo dsyaucmHoe HaKpouiBarouLee
RKy u 6a3a 2-aucmmoz20 HAKPLIMUSA RIA((%, KOMOopbule BKA0UAINOMCHA 6 HU-
orcecaedyrowyro Kommymamuenyto duazpammy [(27), anaroeuwnyro duazpam-
me (57). Ha 08yaucmmom HaAKPBIBAIOWEM GOINOAHAIOMCA 2PAHULHBLE YCAO0-
68U, KOMopuie onpedeserv, OUazpammams, araro2uiromy duazpammanm ([(B3),

@0).
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RK, 2 K,

60/ | Rr Ir (57)

K(I,1) <& Rk, 2 K,

Iomuanpwr Ky, Ky
Beesem obosnauyenue:

n—15 _
Tmin,1 = R v Ymazl = T1 — Tmin,1- (58)

)

OmpeieiuM OPOCTPAHCTBO K 0K 1o IO popmy.ie:

o (7 — 7 i+1
K =pt (NI,

e pg, o K, — Jy—ecrecrBeHHasi npoekiiusi 0cOOEHHOCTH Ha CBOI oOpas.

OrmpejiestiM IOIIPOCTPAHCTBO K njo C Kio mo dopmyie:
Ko =pg (i \ {7,
[Ipu sTom cnpasesuBa dopmyia:
Ko = UiZg" K1)

Touostorust Ha HpocTpascTse K [1Jo MHAYIHPOBAHA U3 TONOJIOTHU JIOKAJILHO-
CBA3HOTO MMPOCTPAHCTBA B MPaBOil 9acTu (pOPMYJIIbI, TOJTYIEHHOTO IPH CKJIeii-
Ke IU3BIOHKTHOIO 00beUHeHHs HPOCTPaHCTB. ONpee/IeHo JBYIUCTHOE Ha-
KpbiBaforiee K 8, (coorBercrBenno Kjjjo) Ha/l HIPOCTPAHCTBOM K 8 (coorBer-
CTBEHHO Kmo)-

OmnpenenuM TpocTpancTBo K (COOTBETCTBEHHO Kl) KaK IPOCTPAHCTBO,
1I0JIy YeHHOE 3aMbIKaHHEeM pOCTpancTBa K7y, (coorBeTcTBEHHO K []o)- Orpe-
JIeJIUM eCTeCTBEHHbIE 0TOOParKEeHUsI R’l — K(l), Ky — K. 9t oTobpazke-
Hus 6yayT P L—BIoKeHUsIMHE BCIOJLY, 3a UCKJIIOUYEHHEeM IIPO0OPA30B JTHArOHAJIH
U aHTHIWATOHAJH, IJIe UMe0TCs 0COOEHHOCTH.
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Pa3pemnierune ocobennocreii moamdapa K,
0<i<i K@
Mg xaxa0ro 4, 0 < ¢ < gy 1, MBI IOCTPOUM HOJIMSAP K} U IPOCTPAHCTBO
i
RK f ), KOTOPOE HA30BEM IIPOCTPAHCTBOM, Pa3peliaioniuM 0COOEHHOCTH 10U~
; . ) : :
sapa K ") Tlapamerp i nasosem riyGumnoii. [Ipocrpancrsa K; ® , RK; @) kpome
TOrO, sIBJISIIOTCA HAK bIBaIOH_LI/IMI/I HpOCTpaHCTBaMI/I IpU 2-JIMCTHBIX HAKPbI-
1

TUAX T K§) — KY' , Rr RK RKf ), 5TH HAKPBITHA BKJIIOYCHBI B
CJIeTYIONTY 0 KOMMYTATHBHYIO JHArPAMMYy OTOOparKeHUI:

RKY 2 KU
¢r./ | Rr Lr (59)

K(Qu1) <= RE® 2, KO
BBenem o00o3nauenusa RQ,(i?ag = (pr)” (Q dmg) RQmm diag =
(pr)~ (Qamdmg) AnaJsiornunbsie  0003HAYCHUA RQdmg, RQamdmg BBe-

AeM IJid COOTBETCTBYIONIUX JIBYJIMCTHBIX HAKPbIBAIOIIUX. PaCCManI/IBaeMbIe
IIPOCTPaHCTBa BKJIIOYEHDbI B CJCAYION[HE KOMMYTAaTHUBHBIEC JHAl'DaMMDbI:

RQz(zgtidiag p—) Qantzdmg
(,251 \4 / Nantidiag (60)
K(Qa, 1),
RQz(iZz)ag L Qdmg
¢1 \1 / Ndiag (61)
K(I,,1),

st mokazare/ibCTBa OCHOBHOI'O pe3yJibTarta pasjiejia HaM oTpedyercs
CJIeJIyIONIas JIEeMMA.

JIlemma 29. 1. Jlas kaocdoeo i, 0 < @ < gz 1, CYWELCMBYEM NPOCMPAH-
cmeo K(i) u e20 deyaucmmoe HaKpwuleaousee K(i) IIpocmpancmsa IA(Y), K(i)
ABAAIOMNCA NOINPOCTPAHCTNEAMU npocmpcmcms K., K, coomeemcmeeuno
Cywecmsyem npocmparcmeo RK W 4 ee0 dsyaucmmoe HaKpuearouLee RK

KOMOpbE 8KAI0NAI0MCHA 6 Kommymamushyto duaepammy (29). Ha dey./tucm—

HOM HAKPOBAIOUWLEM BOINLONHANOTNCA 2PAHUYHDBLE YCAOBUA, KOTNOPDLE onpe(?e/be—

noL duazpammamy (60), (61).
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~2. Cywecmeyem npocmparcmso RK u ez0 deyaucmnoe naxpueaowee
RK{, komopvie 6KAI0MGI0MCA 6 HUNCECACOYIOWYIO KOMMYMAMUEHY JUua-
epammy ([62), anaroeunwnyro duazpamme (59). Ha dsyaucmuom Haxpwuiearo-
UWEM BHINOAHAIONCA 2DAHUMHBLE YCAOGUM, KOMOPLIE onpedeneHb, OUa2pamma-
MU, ananoeuiroimu duaepamman (60), (61)).

RK, X K,

o1/ | Rr Lr (62)

K(Q.,1) < REK, 2 K,
IMonmsaper K, K 1
Bsenem obosnauenue:

n—15 ,
T'min,1 = ] 3 Ymaz,l = T1 — Tmin,1- (63)

Oupejiesium IpOCTPAHCTBO K ((i)) o opmyiie:

(i) _ -1 (4) (i+1)
K(l) _pf((l)(‘]l \ ).
OHpe,ZLeJII/IM IIpoCTPaHCTBO K(l) 10 CbOpMyI[e:
K(l) (Jl \ J(Zmar 1 +1) — 7« Zmaac IK(( ))

OrmpejiesieHO JIBYJIMCTHOE HaKpbIBAIOIIEe K((i)), (coorBercTBenHO K(1)) HaJ
npocrpancrsoM K ((i)) (coorBercrBenno K 1))-

Mg kaxgoro 7, 0 < 17 < 4pqe,1, HUZKE ONPEJEJUM HPOCTPAHCTBO [A(fz) u
npocrpancrso K. Oupeesny TakzKe ecTecTBeHHble 0TOOpaXeHHs K ((Z)) —

K Y), Kqy — K . D1 orobpakenus OyaytT P L-romeomopduamamu BCIOLY,
3a I/ICKJIIO‘{eHI/IeM Y4aCTKOB Pa3JLyTOH JIMarOHa/IM U AHTUIUATOHAJIU, TJI€ UMe-
eTCs BRIPOXKIeHNE. AHAJIOTUYIHO ONPee/ MM JABYJINCTHBIE HAKpbiBatomue K fz)

U IPOCTPAHCTBO K| M ecTecTBeHHbIE OTODPaAZKEHU s K((i)) — K}i), Kqy — K.
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Hauano nokazarenncrsa Jlemmbl

[Ipu onpeaenennn orodpazkeHusi d ONPEIETIANIOCHh TaK:Ke 0TOOparKeHue § :
S"F /i — R™, koropoe nosrydeno magoit P L-nedopmarueii 0611ero moozxe-
Hust Kaaubpa § uz orobpaxenus iy op : S"F/i — Jy C R (Cama sta
nmedopMmanug u eé Kaauop 0 OYAyT IBHO YKa3aHBI IIPU JT0KA3aTeIbCTBe JIeM-
et B0). Pacemorpuy Takzke orobpazenne g = wod : RP"F — §n—k /j _, Rn,

Pacemorpum mostusap N}% TOYEK caMoIlepecedeHusl OTOOparKeHud § u
JBYJIMCTHOE HAKDBIBAIOILEE HAJ STUM IOJIHIPOM N Kos OIPEJIEJIEHHOE B CO-
OTBETCTBHH C MPABBIM HUKHUM MPOCTPAHCTBOM B auarpavme ([dH]). Yrobbr
O/TYEPKHYTh aHAJOTHIO CO CJAydaeM IVIAJKUX OTOOparKeHwWil, jgaJiee Bce pac-
cMaTpuBaeMble MOJHdP (pasayTre 0coOeHHOCTel Ha HATOHAJIN U AHTH/ A~
FOHAJIM B MOJHYAPAX HE PACCMATPUBAELTCS) TOYEK camolepecedenus: Oyjer
Ha3biBaThCst PL-MHOTOOOpa3nem ¢ 0COOEHHOCTAMEI. DT MHOTOOOPa3usi C 0CO-
OEHHOCTSIMH HMEIOT OCOOBIN Kpail, COCTOAIINI 13 TOYeK AUArOHAJM U aHTH-
,ZLI/I&FOH&JII/I [Tonusapel 6€3 TOYEK JJUaroHa/ i U aHTUIAATOHAIN 0603HAYAIOT-
ca N Koo N Koo COOTBETCTBEeHHO. KazK/bIil TaKOIl OJIN/IP HA30BEM OTKPBITHIM
MHOroobpaszueM ¢ ocobeHHOCTsIMHA. OTKPBITOE MHOrOOOpasue ¢ 0COOEHHOCTSI-
vu N Koo €CTECTBEHHO BJIOZKEHO B OTKPBITO€ MHOrooOpa3ue r 0o-

Mmuoroobpasue ¢ 0cOOeHHOCTSIMI N, Ky, B CBOIO O4Yepe/Ib, CaMO CIYyZKHT Oa-
30it IBYJINCTHOTO HAKPHITHA 1 @ N, — N, K,- HAaKpBITHS OnpeiesieHsl B COOT-
BeTCTBHU ¢ Obo3HadYeHusiMu B juarpamme ([d5]). OmnpeeneHo OTKpbITOE MHO-
roobpasue ¢ ocobeHnocTsIMH N, € KpaeM, KOTOpOe eCTeCTBEHHO BKJ/IA/IbIBa-
eTcda BO B3pe3anublil kBaapar I'g. IIpu sTom Biiozkenun obpas Nk, JeKAT
B DeryjigpHOil OKpecTHOCTH nosmdupa Ky U onpejesiena KOMMyTaTHBHAA
JrarpaMMma 0ToOpazKeHmit

NKoo C Ue — K(D4,1)
N ! (61)
Niw C© U. — K(E1),

B KOTOpOii 1epes U., U. 0603HATEHBI pery/sgpHble E-OKPECTHOCTH OO
poB K C I, K 0 C fo COOTBETCTBEHHO. [IpaBble TOpU30HTAILHBIE CTPEI-
KI 9TO JIMarpaMMbl sIBJISIOTCS HPOJIOIKEHUSIME OTOOPazKeHU THarpaMMbl
(@3) wa peryasipuyio okpecrrocth U. n Ha (HakTOPHPOCTPAHCTBO U. sroii
OKPECTHOCTU B MHOrooOpasusix ¢ Kpaem [, [y cooTBeTCTBEHHO.
Pacemorpum MaOTOOOpasne ¢ ocodbennoctamu Ny, I 0003HAUYUM ero KOM-
HOHEHTBI Kpad depe3 Ng dgiag U N antidiag- 11epeobosHaunm MHOFOO6paSI/Ie c

(0 (0)
ocobennocrsimu Nk, 1depe3 Ny, a ero KOMIOHEHTbl Kpast 1epe3 Ny, U
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0
NCE) Lntz’dz’a ,- Huzke B jokasarenscrse Jlemmbt Bl onpeaesena crparuduranus:

Npes® ... C NY, (65)

(STa CTpaTI/I(i)I/IKaL[I/IH COBIIaJa€T C KaHOHUYECCKUM JABYJIMCTHBIM HaKPbITHUEM

crparudukanun (120), (I217)).

Obo3naunm gepes
Wi = Nig, \ Nit! 66
Ko . ( )

OTKPbITOE MHOI00Opa3ue ¢ 0COOEHHOCTIMHU, COjiepzKaliiee KOMIOHEHTbl KPasi.
7 i+1 2+1
O6osuaany KOMIOHEHTHI er0 KPad N§ 400 \ V6 diag» NQ antidiag \ VO antidiag

i i
uepes W¢, diag 1 Wthidmg COOTBETCTBEHHO. BBG,ZLGM AHAJIOTUYHBIE ODO3HAYE-

\Ti 7,+1 77(4) 7,+1 \7i 7,+1
HAA NK \ N WK ) Q dzag \ Q,diag — WQ diag’ NQ antidiag \ Q, antzdzag
WQ amdmg HpI/I BJIOZKEHHHI WK C U. C I'y nopmuOroodbpasue ¢ 0cOEHHOCTSI-
MU WQ )dmg BKJI&,ZLBIB&GTCH B KOMIIOHeHTY Kpad ['44y, @ HOIMHOrOOOpasue c
0CODCHHOCTAMNI WQ antidiag BK/TA/IBIBACTCS B Lontidiag- AHAJOIUYIHBIE yTBEp-

JKJIeHUS CIIPABEJIIUBbI /1151 KOMIIOHEHT I'DAHUILBI VAVIE?

Jnga kazxkaoro i, 0 < 4 < 4,4, 0, OIpeseeHa KOMMYTaTUBHAA JUarpaMMa
([E7) orobparkenuii HOJIUIAPOB € BBIMTUCAHHBIME TOJ, THATPAMMON TDAHHY-
HBIMH YCJIOBUSIMU. B mpocTpaHcTBa, CTOMIIME B TPeTheil CTPpOKe ITOi Jua-
rpaMMbl, 0TOOParKAIOTCsI COOTBETCTBEHHO MPOCTPAHCTBA IEHTPAJJIbHONW CTPO-
Ki KOMMyTaruBHO# juarpammbl (68]), Koropas TakKe onpejesiena Jjisi m1po-
u3BOJILHOIO %, 0 < % < %040, COOTBETCTBYIOIIEIO HOMeDY CTpaTa IOJIH3/pa
ToveK camorepecedenns B crparudukann (G3).
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K(I4,1) K(I,,1)

Té N ¢ N

RKY) > RQY,URQN.u,  RKY  — RQL, URQY,

| pf l L pr l

K5 Q0,00 Y 5 QU 6
U U U U

KW 5 0 K\ > 0

L7 In

K(E,1) K(Dy,1).

['pannunbie yciaosusi B auarpamme ([67) Ha npocrpascTBe sz?btidiag 3alu-
ceiBaroTCa popMyIoit ¢ = i, O gy(0 : ijztidmg — K(I,,1) 2% K(Dy, 1),

antidiag

(@) b = i
Ha IPOCTPAHCTBE (g, 3auuchiBaloTcs GopmysIoit ¢ = igq © Prd © nQéii)ag

QY KT, 1) — K(I,1) — K(I,,1).

diag
K(I,,1) K(I,,1)
T fta N\ fa T tta "\ Ha
W5 W OV W 5 Wiy UW 8
U U U U (68)
w5 0 w5 0
11 In
K(E, 1) K(Dy, 1).
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['pannunbie yeaosus B auarpamme (68) wa npocrpancrse WQ antidiag

3a-
: Wéz,)antidiag - K(Ia7 1)

HHCBIBAIOTCA (DOPMYIION ¢ = iq O 1)y,()
Q,antidiag

K(Dy, 1), na upocrpancrse WQ diag 3a1MCBIBAIOTCS HOPMYIION ¢ = 14 O pp ©
My, Whiag — K (I, 1) — K(I4,1) — K(I,,1).

Bocmnosib3yemcest ciieyronieit jieMMoit, J10Ka3aTebCTBO KOTOPOH IIPOBO-
JUTCA B KOHIE pa3feJia.

Jlemma 30. Cywecmsyem wmanan P L-dedhopmavusn obwezo no.nowcemm
(ij,0p) d maxan, wmo daa Kascdozo KYCOUHO-AUHETHO20 CTPAIMA WKO
noausdpa N(d) 6 cpedneti empore kommymamuehnot duazpammo, (68) onpe-
deaeno, omobpasicenus t0 WI(;Z — Rf(éi), t@ WI((% — RK(()i), HA3bLEA-
emule 0MOOPANHCEHUAMY PA3PEULEHUA 0CODEHHOCTE, 8 COOMBEMCMBYIOULUE
npPoOCMpParcmen emopou empoku duazpammo, ([67). Ipu amom onpedenerivs
omobpavicenus il VV(Z - K(Ia, 1) ul WI(;()) — K(I,,1) 6 duazpamme

[68) no popmyaam [i ,ua = doild), = potl,

ITocmpoennvie cemeticmea 0m06pa9fcenuu npu pazauunos i 6 (63) ckae-
usaromes do omobpasicenuti t : NKO — RK, (coomeemcmeenno t : Ni, —
RKy) u onpedeserv, undyyuposanmove omobpascenus fl, = ¢ ot : NKO —
K(I,,1) (coomsemcmeento i, = ¢pot: Ng, — K(1,,1)). Boaee moeo, 6vi-
NOAREHO COOMHOWENRUE T 0 flg = Hq * Niy — Nig — K(Ia,1) u evinoaneno
epanuynvle Yeaosus Ha Komnonemar Ng diag, NQ antidiag 2PAHUYDL cmpamu-
Puyuposarnozo mmnozo0bpasdus ¢ ocobennocmamu N,, Komopvle aHa02uY-
not suinucarvim nod dopmyrot (68) epanuumvim YeA0BUAM OAA KOMNOHEHM)

(4) (4)
W diag: WQ antidiag COOMEEMCMEENHO.

OkoHuaHHNe gJoka3arejbCcTBa JIleMMbI

JlokazkeM, 4TO OoTOOpazKeHue [i,, oupeaenennoe u3 Jlemmer B0l Ha MHOr006-
pa3uu ¢ 0COOEHHOCTAMH C KpaeM Ng,, IPOJOIKAeTCd 0 OTOOparKeHUs Ha
BceM N (d) u yKazaHHOE HPOJIOJIZKEHUE ONPe/Ie/IgeT IUKINIECKYI0 CTPYKTYDPY
JuUTst oTOOparkenusi d.

Hamnowmuio, ato N(d) = Naptidiag U Nk, 110 0611emy kpaio Ng antidiag- 11011~
31p N, aBiagercsd 6a30il 2-1ucTHOr0 HAKPBITAA 7 @ N, — N, I KOpDPEKTHO
onpenenena auarpamma (64). Ha kommonenre N, MUKIXIECKAs CTPYKTYpPa
onpejiejieHa B pe3y/bTare HPOJOJIZKeHnd orobpaxkenus i, ¢ Wg,. B cury
BBINIOJIHEHUS IPAHUYHBIX yCIOBUIL 17151 oToOpazkenus ¢ Ha RQantidiags 11Qdiag
cejlyer, 4ro oToOparkeHue (i, UMeeT IPaBUJIbHbIE I'DAHUYHBIE YCJIOBUS HA
NQ.diag 1 Ha NQ antidiag- B dacTHOCTH, Ha NQ antidiag OTOOpaKeHNE [i, COBIA-
JIAeT CO CTPYKTYPHBIM OTOOparkeHueM, KOTOPOe SBJIAETCHd MUKITHICCKIM.
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[Tposepum ycrosue (BU) B ompejeseHun MUKIHYECKONR CTPYKTYPBI s
orobpazkenuii ¢ ocoberrocTbio. Bocmonb3yemes Jlemmoit 18, coriacao KoTo-
POit JI0CTATOYHO PaceMOTpeTh abcoMoTHbI MK g @ RV F — K (I, 1) (na-
HOMHIO, 9TO 3TOT UK/ IIOJIy4eH 1IpU 3ak/eilike orobpaxenus L, : N(d) —
K(I,,1) BioJib rpaHuibl JIByMs OJIMHAKOBBIMH KOIIMSIMH OTHOCHTEIHLHOTO
IUKJIA, KOTOPbIE BBIOMPAIOTCS MPOU3BOJBHBIME) W MPOBEPUTH, UTO TUKIT [if
onpefesser obpasytormtyio rpymmnsl romosoruii H, (K (I4,1);Z/2). O6o3na-
quM 9Ty 00pasyiomntyio yepe3 x € H, (K (14, 1);7Z/2).

Pacemorpum eme  ofiuH  roMmojiormueckuii Kiace pe. o T.([N(d)]) €
H, (K(I4,1);Z/2), koropslil onpejejeH IUKJIOM, MOJYYEHHBIM DU I10-
MOIIE KOMIIO3UINKE KaHOHHYIeckoro Hakpbitus 7 : N(d) — K(I. 1) uan
cTpyKTypHbIM oTobpaxkenunem 7 : N(d) — K(Dy, 1) ¢ orobpaxenunem
pe : K(I.,1) — K(I41). Muoroo6pasue ¢ ocobennoctamu N (d) paccmar-
PUBAETCs KaK 3aMKHYTO€, T.e. KAHOHMYECKOe HAKPBITHE OEPeTcs pa3BeTB/IeH-
ubiM Ha[ Kpaem 0N (d). O6o3HaYMM MOCTPOCHHBIN KJIACC TOMOJIONHI dYepes3
Y < Hn_k(K(Id, 1), Z/Q)

JlokazkeM, 9TO Yy ABJIseTCs 06pa3y oM KaaccoM romosoruii. /lasee mpo-
BepuM, 4T0 * = Y. /lelicTBUTe/bHO, KJIacc KoroMoJiornii y°?, mBOUCTBeH-
ubiit o Ilyankape kJiaccy romoJsioruii 4, BIYUC/ISETCH KaK HOPMaJIbHbIN Xa-
pakTepucrnaeckuit kiacc wy, € HY(RP"*:7/2) = H*(K(14,1);Z/2). (Ilpu
n = 2! — 1 KoroMoJorudecKuii KJaacc Wy He paBen HYJIIO. )

Benomuum, uro N (d) = Nantidiag UNg antiaieg Vo~ 1103TOMY ABYMHCTHOE
HakpbiBatoniee N (d) TakyKe OPeCTaBIsIeTcsl B BUIe 00beUHEeHHsI BYIHCT-
ubIX HakpeiBatomux 10 gopmyne N(d) = Natidiag U No.antidiag Np,. Cupasei-
JuBa aHasjorudnad gopmyna R = R antidiag U Rk, 1lpu a1oM RQ antidiag 1
NQ,amidmg PL-romeomopdHubl Kak MHOT00Opa3usi ¢ OCOOEHHOCTSIME C KPaeM,
a 0TOOpaXKeHusd [ig, P © ) Ha YKa3aHHON ODIIeil 4acTu COBIAIAIOT.

HeTpy/IHo IpoBepuTh, 9T0 MHOT00Opa3ne ¢ 0COBEHHOCTAMI Ry, ABIgeTCs
JIBYJINCTHBIM HAKPBIBAIOIIUM HaJ HEKOTOPBIM MHOI000pa3HeM ¢ 0COOEHHOCTSI-
MH RKO. HeiicTBuTenbHo, MEOrooGpasue ¢ 0cobeHHOCTAME N, CIyZKAT ABY-
JIUCTHBIM HakpbiBaromum st Ny, . 3/ech u jlajee jijist MHOroobpasuii ¢ oco-
OEHHOCTSIME UCIOJIB3YIOTC 0003HAYEHUsI, COOTBETCTBYONNE 0003HAYEHUSIM
rpynu B juarpamve (45). Ipu stom orobpaxenue fiq|r,, : R, — K(Ig,1)
IIPOIYCKAETCS depe3 ABYINCTHOE HAKPHITHE Ry, — Ry, TOCKOIBKY CaMO
oToBparKeHue i, | Nk, HaKpbIBaeT oTOOpazKeHue [i, Ny Tak:ke jerko mpo-

BEePUTh, 4TO MHOroobpasue Np, dABJIAeTCs JIBYJIUCTHBIM HAKPBIBAIOIIUM HA/JL
v =)
N, 1pn 9T0M 0TOOpAKEHUE P, O ul Ny, TPOIyCKaeTcs Hepes JIByJTMCTHOE Ha-

kpbitue Nk, — N }%. [TosToMy KaxKplil U3 MUKJIOB X, 3 TOMOJIOIHIEH KTy
¢ HocuTesieM Ha o01Ieit 9acTi Nyptidiag-
Jlemma 26] nokazana.

53



Hauano nokazarenncrsa Jlemmbl

[Ipu oupejesiernn oTo0parkeHusi ¢ OLPEJIEISJIOCh TaKyKe OTOOpayKeHHe h
Sn=2k /Q, — R™, koTopoe nostydeno Masoit P L-nedopmanueii 0611ero moo-
Kennd Kaaubpa 0 u3 orobpazkenus iy op : S"2*/Q, — J; C R™ (Cama
oTa fAedopmarus u eé Kaaudbp 0 OYAyT sIBHO YKa3aHBI IIPH ;LOKaBaTeJIBCTBe
Jlemwmbr BIl KoTOpOE MOTHOCTHIO AHATIOTHYHO JOKa3arebeTBY Jlemmbr [B01)
PaccMoTpuM Taxzke OTO6pa)KeHI/Ie h=moec:S"%/i— S 2/Q, — R,
Paccmorpum nosusip L TOYEK CaMollepecedeHusi 0TOOparKeHust h u

JIBYJINCTHOE HAKPBIBAIOIIEe H&,H STUM TOJIUIIPOM ﬁKl, OIIpeJIeIEHHOE B CO-
OTBETCTBHH € MPAaBBIM HUKHUM mpocTpancTBoM B auarpavme (BIl). Urobbr
HOIYEPKHYTh aHAJOTHIO CO CJIy9aeM IVIQJKUX OTODparkeHwuii, jrajgee Bce pac-
cMaTpuBaeMble MOJHP (pasayTre 0cOOeHHOCTel Ha HATOHAJIN U AHTH/ A~
FOHAJM B MOJHYAPAX HE PACCMATPUBAELTCS) TOYEK camolepecedenus: Oyjer
Ha3bIBaTbCsd PL-MHOrooOpasmeM ¢ 0cOOEHHOCTAMU. DTH MHOT00Opa3uUs ¢ 0CO-
OEHHOCTSIMH HMEIOT OCOOBIN Kpail, COCTOAIINI 13 TOYeK AUArOHAJM U aHTH-
;LHaFOHaJm [Tonusapel 6€3 TOYEK JTUAroHaJM U aHTUIUATOHAIN 0603HAYAIOT-
ca L Koo L Ko COOTBETCTBEHHO. KazK/1plit TaKO# MOJINI/IP HA30BEM OTKPBITHIM
MHOIroobpaszueM ¢ ocobeHHoCTsIMHA. OTKPBITOE MHOrOOOpasue ¢ 0COOEHHOCTSI-
MH f/Klo €CTEeCTBEHHO BJIO?KEHO B OTKPBITOE MHOTOOOpa3ue ¢ Kpaem [

Mmuoroobpasue ¢ 0coOOEHHOCTIMUI [A/Kl, B CBOIO OY€pe/ib, CAMO CJIYKUT Oa-
30il IBYJTHCTHOTO HAaKpHITUL 1 : L, — ﬁKl. HakpbiTus onpejeneHbl B COOT-
BercTBUM ¢ obo3HadenusiMu B juarpamme (BIl). OnpeseneHo oTkpbiToe MHO-
roodpasue ¢ ocodbeHHOCTIMU L, € KpaeM, KOTOpPOe eCTeCTBEHHO BKJIA/IbIBa-
erca BO B3pesannbiit kBagpar I'y. IIpu sTom Biokenun obpas Ly, Jiexur
B Pery/adpHOil OKpeCTHOCTH mo/mdapa K () u olpejeneHa KOMMYTaTHBHAsI
nrarpaMma oToOparKeHmil:

LK1O c U, — K(H, 1)
1 ! (69)
LKlo C Ug — K(G7 1)7

B KoTOpoii uepe3 U, U. 0603Ha9€HDI pery/sgpHble E-OKPECTHOCTH OO
poB Ky, C I'y, K 10 C fl CcOOTBeTCTBEHHO. [IpaBble TOpHM30HTAIBHBIE CTPETKH
STOM JIMArPAMMBI SIBJISIFOTCS TPOIOJIZKEHISAME 0TOOpazkeHuil quarpammabl (69)
Ha PeryJsipuyio okpectHocTb U; u Ha (PaKTOPIPOCTPAHCTBO U. sroit OKpecT-
HOCTH B MHOroobOpasusix ['q, r 1 COOTBETCTBEHHO.

Paccmorpum MmHOroo6pasue ¢ ocobennocTsiMu Ly, 1 0003HAYUM €10 KOM-
HOHEHTHI Kpas 4epe3 Lq giagU L antidiag- [1epeobosnatnm Muoroobpasue L,
Jepes ngi, a ero KOMIIOHEHTHI Kpas 4depe3 LS,)diag U Lg,)antidiag' Huxke B J10-
kazaresiberse Jlemmbl B0 10 anasiornu co crparudukamueii (63) oupepesena
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crpaTuduKaIus
L=t .- C LY. (70)
Obo3naunm depes
WY = Lie \ Lt (71)

OTKPBITOE MHOT00Opa3ue ¢ 0COOCHHOCTAMH, COJepIKaliee KOMIOHEHTBI Kpasl.
i i+1 i i+1
OBo3Hany KOMIOHEHTBI €10 KAt Ly 4iao \ L diags L0 antidiag \ LG .antidiag

(4) (4)
qepe3 WQ,dmg u WQ,antidiag COOTBETCTBEHHO. BBejeMm aHaormvHbie 0003HA-

7 Fitl _ i) 7 ritl i) 7i 7itl _
1eHnA LK1 \LKl - WK17 Q,diag \ LQ,dz’ag - WQ,diag’ LQ,antidiag \ LQ,antidiag -

Wg )antidiag‘ ITpu BaOXKEHUM WI({? C U. C I'y nogmuoroodpasue ¢ 0ocOeHHOCTS-

(1)
MH WQ’ diag BK/IAJDIBACTCS B KOMIIOHEHTY Kpast Idiag, @ mogmMHOrOOOpA3NTE C

)

i
0CODEHHOCTAMMI Wé’amdmg BKJIaAbIBAeTCH B I'gntidiag. AHAJIOIUYHbBIE yTBEP-

KIeHNd CIpaBeIJUBLI /I KOMIIOHEHT IDAHUIILI WIE?

; ,
Ob6o3HaYNM OTKPBITOE MHOI00Opa3ue ¢ 0COOEHHOCTAME C KPaeM L%)l \ngll

aepes W . O603maunm st kKommouenTH ero kpas wepes W uw®
K Q,diag Q,antidiag

[Ipu BaOXKEHWN WI({? C U. C I'y noamuoroobpasue Wg,)diag BKJIA,IBIBAETCS

B KOMIOHEHTY Kpad ['4qy, & moaMHOr0OOpasue Wégz,)antidiag BKJIaJILIBAETCS B
Fantidiag- AH&J’IOFI/ILIHL\IG yTrBepzKaeHud ClupaBeJIMBbl IJid KOMIIOHEHT I'PaHU-
I1BI ng?

g kaxkaoro i, 1 <4 < 4,4, 1, OIpeseeHa KOMMYTaTUBHAA JUarpaMMa
([2) orobparkenuii MOJIUIAPOB € BBIMTUCAHHBIME TOJ, JTHATPAMMON TDAHHY-
HBIMH YCJIOBUsIMU. B npocTpaHcTBa, CTOMIIME B TPeTheil CTPOKe ITOU Jina-
rpaMMbl, 0TOOParKAIOTCsI COOTBETCTBEHHO MPOCTPAHCTBA IEHTPAJIbHONW CTPO-
KU KOMMYTaTuBHO# juarpavmbl ([73]), KoTopas TakKe OpejeseHa s mpo-
u3BONIBHOTO ¢, 1 < 7 < 44, 1, COOTBETCTBYIOIIErO HOMEPY CTpaTa IIOJU3/Ipa
Touek camornepecedenns B crparudukanmn ([0):
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K(Qu, 1) K(Qu, 1)

N N

RK{" O RQu,URQMuue,  RE  —— RQL,URQ
Lpr | | pr |

K 2 Qg Y Qi K D Qi Y Qg (72)
U U U U

K > 0 K > 0
1< 1<

K(G,1) K(H,1).
['pannunsie yeiaosust B auarpamme ([2) Ha mpocTpaHcTBe sz?btidiag 3allu-
chiBatoOTCsA (popmylIoit ¢ = i, 0 CQ(i) : Qgr)nz‘dmg — K(Qq, 1) a, K(H,1).

antidiag

['pannunbie ycaous B quarpamme (72) Ha npocrpancTse Qé?a 4 3AITHCHIBAIOT-

cst popmynoit ¢ = i, o pp © CQE;-) ; Ql(;i)ag — K(H,,1) — KHgy 1) —
iag

K(Qq,1).

K(Qu, 1) K(Qa, 1)
T A N A T A \ Aa
Wz(g ) Wg,)dmg U Wéi,)antidiag WI(; 3 - Wg,)diag U Wéi,)antidiag
i} y y g (73)
WY oo 0 Wgl, O 0
L ¢ 1¢
K(G,1) K(H,1)
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['pannunbie yciaosust B guarpamme ([3) wa npocrpancrse WQ antidiag 38
Lo () '
nUChbIBalOTCA (POPMYJIOH ¢ = 1, © WO : Wo antidiag — K(Qg, 1) =

K(H, 1). I'panuunsie yciaosusi B quarpammve ([3) Ha HpOCTpaHCTBe VVC(2 diag
3aIUCBIBAIOTCS (POPMYJIOH ¢ = igq O Pp g © CW('L) WQ diag K(Hy, 1) —
Q,dia
K(Hg 1) — K(Qg, 1).
Bocmonssyemed ciaeayrornieit 1eMMOit, /10Ka3aTeIbCTBO KOTOPOW ITPOBO-
JINTCA B KOHIE pas3jesia.

Jlemma 31. Cywecmeyem wmanas PL-depopmavua obueeo nososicenus
(ij, © P) +— ¢ makas, 4Mo 04 KaHCO020 KYCOUHO-AUHETH020 CMPAMa WI({?
noausadpa L(d) 6 cpednetc cmpore kommymamuenot duazpammo. [Z3) onpe-
deaerwe omobpasicerusn £ WI(Q — kai), t@ WI({? — RKF), HA3bL6a-
emule OMOOPANCEHUAMY PA3PEULEHUA 0CODEHHOCTEL, 6 COOMBEMCMBYIOULUE
npocmpancmsa emopoti cmpoku duazpammo, ([74). IIpu amom onpedeneriol
0mobpacenU AW WI(Q — K(Qg, 1), A9 W[(Q — K(Qu, 1) 6 duazpamme

(3) no dopmyaan A = ¢oi®, A\ = ¢ot@.

IHocmpoernoie cemeticmea omo6pa9fcenuu npu pasausnox i 6 ([(70) ckae-
usaromes do omobpasicenud t : LKl — RK, (coomsemcmeenno t © Ng, —
RK1) u onpedeserv. undyyuposantvie omobparcenus Ay = qﬁ ot : f/Kl —

K(Qq, 1) (coomsememsenno N\, = ¢pot: Lig, — K(Qq,1)). Boaee mozo, 6vi-
NOAMENHO COOMMOWENUE T 0 Ay = Ay : L, — L, — K(Qq, 1) u etinoneno.
2PAHUMHDLE YCA0BUA HA KOMNOHEMAT L diag, LQ.antidiag 2POHUYDL cMpamu-
duyuposarrozo mrozo0bpasua ¢ ocobennocmamu Ly, , Komopuie ananozu-
noe svinucaroim nod gopmyrot [(I3) epanusnvm yeaosuam 0ai KoMnoOHeHM

() ()
WQ,diag’ WQ’antidmg COOMBEMCMBEHHO.

OkoHuaHHNe goka3arejbCcTBa JIleMMbI

J10Ka3aTe bCTBO AHAJTOTHIHO PACCYKICHIAM N3 OKOHIAHHS JOKA3aTeIbCTBA
Jlemmbl 26 JIemma 27 nokazana.

IIpeaBapurenbHbIii 9Tan B goKa3aTeJabCcTBe JIeMMBbI

W310:kuM 1171aH JIoKa3aTe1bcTBa. Mbl HAUHEM C TOT'0, YTO SIBHO OHUIIEM 11011~
y1pel K, Kou CTPYKTYPHBIE OTOOparKeHus 1), 1) Ha STUX MOJU3IPaxX IpH I0-
MOIIH KOOpAUHAT. 3aTeM ajid Kazka0ro ¢, 0 < @ < 4,4, 0, HOCTPOUM IPOCTPAH-
CTBA RK(()i), RIA(éi), cHaOXKeHHbIe OTOOPAKEHUSIMU P : RK(gi) — K(gi), pr o
RIA((()i) — Kéi) 1 0TOGpazKeHus o : Rf(éi) — K(I,,1), ¢: RK(()i) — K(I,,1),
KOTOPBIE YJIOBJIETBOPSAIOT TPEOyeMbIM I'PAHUYHBIM YCJAOBUSM. 3aTeM MOCTPO-
uM npocrpancrsa RKjy, RKO, cHabkeHHbie oroopazkenusivu pr @ RKy — K,
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pf : RKy — Ko u orobpakenus ¢ : RKy — K(I,,1), ¢ : RKy — K(I,,1),
KOTOPBIE YIOBJICTBOPSIOT TPeOYeMBIM IPAHHYHBIM YCIOBUAM.

IIpeaBapurenbHBIil 3TA B JOKAa3aTeJbCTBE JIeMMBbI

W310:kuM 171aH JIoKa3aTe1bcTBa. Mbl HAUHEM C TOT'0, YTO SIBHO OHUIIEM 110JIH-
yipbl K7, Kin CTPYKTYypHble 0TOOpakenus (, 5 Ha 9TUX MOJUIPAX MPH IO-
MOIIY KOOPAUHAT. 3aTeM 11 KazxK 010 ¢, 0 < ¢ < 45,44 1, HOCTPOUM IIPOCTPAH-
CcTBa RKf), Rf(fi), cHAOXKEHHBbIE OTOOPAYKEHUSIMH P : RKY) — Kfi), pr o
RKfi) — f(fz)  OTOBPAKeHUs O : kai) — K(Qq, 1), ¢: RK{i) — K(Qq, 1),
KOTODPBIE YIOBIETBOPSAIOT TPeOyeMbIM I'PDAHUYHBIM YCIOBUSAM. 3aTeM MOCTPO-
uM npocrpancrsa RK7, RK 1, cHaOKeHHbIe oToOpazkenusimu pr : RK; — K,
pf: RK; — K u oroGpaxenust ¢ : RK; — K(Qa, 1), ¢ RK; — K(Qg, 1),
KOTOPBIE Y/IOBJIETBOPSIOT TPEOYEMBIM I'PAHUIHBIM YCJIOBUSIM.

ITocrpoenue crparudukanuit noausapos Jo, Ko, Koum oToOparkeHmii
K(O) — Ko, K(O) — Ko.

YIOPSI0INM JIHH30BBIE IIPOCTPAHCTBA, 00pa3yoliue JIXKOifH, YucjaaMu or 1
10 1o 1 06o3uaduM depe3 Jo(ki, ..., ks) C Jo mOAIKOIH, 0OPA30BAHHBIN BbI-
OpaHHBIM HABOPOM OKPYZKHOCTE{T (OJHOMEPHBIX JIMH30BBIX IPOCTPAHCTB S ! /i
¢ Homepavmu 1 < ky < - < kg < r, 0 > s > rg. Ilocrpoennasi crparu-
duKanmyua HHIYIIPOBAaHA W3 CTAHIAPTHONW CTpaTH(MUKAINE OTKPBITHIX I'pa-
Heil CTaHJapPTHOIO To-MEPHOIO CHMILIEKCa 0" MPH eCTeCTBEHHON MpPOEeKITHH
Jo — ¢". IIpoobpaszamMu BepIInH CHMILIEKCA CJIYKAT JTUH30BbIE IPOCTPAHCTBA,
Jo(j) C Jo, Jo(j) = S'/i, 1 < j < r, nopoxgaioniue JIzKoiiH.

Oupejiesium 1pocTpaHcTBO J§ Kak 1OJIPOCTPAHCTBO B Jy, IIOJIyYeHHOE B
pesybrare o0beauHeHust Beex moanpoctpancTs Jo(ki, ..., ks) C Jy. Ompe-

JeJIUM ITPOCTPAHCTBO Jéi), Imaz,0 = © > 7o 10 (opmye:
74) 3 rmin,O"l‘l

OGo3HAYMM ~ MAKCUMAJBHYIO ~ OTKPHITYIO — KJIETKY  IIPOCTPAHCTBA
p Y Jolky, ... ks)) uepes U(ky,....ks) C S™*/i. Takywo OTKpPBITYIO

KJIETKY HAa30BE€M 3JIeMEHTapHbIM CcTparoM raybunbl r — S. Todka Ha
siementapaom crpare U(ky, ..., ks) C S"*/i onpenenserca mabopom
KoopauHar (I, , ..., Ik, 1), Tae Ty, — KoopauHata Ha 1-cdepe (OKpyKHOCTH),

HAKPBIBAIOIIEHl JIMH30BOE IPOCTPAHCTBO C HOMepoM k;, [— KOOpJamHATa Ha
coorBercrBytomiemM (s — 1)-MepHOM cumiLiekce jzkoiiHa. [Ipu stom ecin
JiBa HAOOpa KOOPJAMHAT OTOXKJIECTBJILAIOTCS Mexk/y coboil 1npu 1npeodpaso-
BAHUM TPAHCJIANNU IUKJIAIeCKOTO I, ,-HaKpbITHSA Ha 00pa3yoILyi0, KOTOPOe

58



SIBJIsIeTCA OOIMUM JIJI BCEro HaboOpa KOODPJAMHAT, TO STH HaDOPBI OIpeje-
JAI0T OfHY U Ty ke Touky Ha S" %/i. Toukm Ha s7eMeHTapHOM cTpaTe
U (K1, ..., ks) eKaT B 0OObEJINHEHNN CUMILJIEKCOB C BEPIIMHAMU HA JIHH30BBIX
MO/IPOCTPAHCTBAX JIZKOWHA C COOTBETCTBYIOIIMME KOOpAMHATAMU. KarK iblii
seMenTapHblii crpar U (K1, ..., ks) cayxur 6a30if ABYJIHCTHOIO HAKDHITHSI
Ulky, ..., k) — U(kl, ..., k), KOTOpOE WHJYIHPOBAHO W3 JBYJIHCTHOTO
nakpbitusg RP"% — S7=F /i npu promovenun U(ky, ... k) C S"F/i.

oumsup K, © \ (QO,diag U Qo,amydmg) pa3buBaercda B 00beAMHEHUEe OTKPbI-
THIX MOJAMHOXKeCTB (3stemeHTapubix crpatoB) Ko(ky, ... ks), 1 < s < r B
coorBercTBUU O crparundukanneil npocrpancrsa Jy. Jng paccmarpusaemo-
ro crpaTa 4ucao © — § HeJOCTAIOIIUX KOOPAMHAT 0 HOJHOro Habopa Ha30-
BeM ryOuHoii crpata. Onpeeneno asynucraoe Hakpoitue Ko(ky, ..., k) —
f(o(k;l, ..., k), cormacoBanoe ¢ moctpoeHHoi crparudukayeii 6asm.

Onwumem snementapusiii crpar Ko(ky, ..., ks) upu momMory cucremMmbl Ko-
opaunar. [Ijis npocrorsl obo3nadenuit pasdepem ciyudait s = ro [lycrs jijis
mapel Touek (1, Tg), onpexaesstomux Touky Ha K(1,...,79), duxcuposa-
Ha mapa Touek (iy,¥,) Ha HakphiBatomeii chepe S"F koropas mepexomut
B paccMaTpuBaeMmyto mapy (z;, xz) npu npoexmun S"F — RP"F. B coor-
BETCTBUH C IPOJETAHHBIM BBIIIE HOCTPOCHHEM, 0003HaUuM 4depes (T, £a;),
1 = 1,...,79 HADOp cdepuvecKrX KOOPJUHAT Kazxk/Jo# Touku. Kaxkjas Ta-
Kas KOOpJIMHATa Ollpejieiser TouKy Ha l-mepHoil ccdepe (okpyzuocru) S}
C TeM K€ HOMEpOM i, KOTOpas HAKPBIBAET COOTBETCTBYIONLYIO OKPYKHOCTH
Jo(1) C Jo B izKoliHE. 3aMeTHM, YTO Hapa KOOPIUHAT ¢ OOIUM HOMEPOM Heob-
XOJMMO OLPEJIENSeT Mapy TOYEK B OJHOM CJO€ CTAHJIAPTHOIO HUKJIMYECKOIO
I,-naxpoirus ST — St/

Hab6opsr koopaunar (&, %2,;) PACCMATPUBAIOTCS ¢ TOYHOCTHIO 0 HE3a-
BUCHMBIX 3aMeH Ha aHTHIoJajbHble. Kpome Toro, Touku B mape (xq,s) He
JIOIYCKAIOT €CTECTBEHHOTO YIOPAI0YNBAHUSA U IIOJHATHE TOYKH ¢ K 10 ma-
pbl Touex (I, To), Jdexkamux Ha chepe S"F, onpesenserca ¢ TOUHOCTBIO 10
8 pazsmuanbix BosmozxkHocreii. ([Topsanok rpynnsr Dy pasen 8.)

AHaJIOrTYHOE TIOCTPOEHHE CIIPABEJJIMBO U JjIsI TOYEK OoJiee Ti1yDOKuX dj1e-
MeHTApHBIX cTpaToB Ko(ky, ..., ks), 1 < s < r.IIpu arom, eciu HAGOPBI KOOP-
JIHAT 3JEMEHTApHOrO CTpaTa IIOJIydaloTcd APYT U3 Apyra AelCTBHEM HEKO-
TOpOro 3jaeMenTa I,~HaKpPBITUS, TO MEHLIINH CTPAT JIEKAT HEJIUKOM Ha pas-
JyToil quaronasnu (eciau jgeiictBue 3ajaercs sremenToM noarpynnst Iy C 1)
WM aHTHMATOHAIN (eCJIU JIefiCTBHE 3a/1a€TCs HA HJIEMEHT CMEKHOIO KJIAcca
I\ 1. '

Oupegennm moJIUIIP f(él), 0 <4 < dep0 KAK JU3BIOHKTHOE O0beauHe-
HUEe BCeX dJeMEHTAapHBIX cTparoB riaybuns! ¢. [Ipu ¢ > 1 paccmarpuBaioTcs
CTpATHI, MOMABIIKE HA JUATOHATL Win aHTuauaronaab. (IIpu i = 0 auaro-
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HAJIBHBI 1 AHTHMArOHAJIBHBI cTpaT oTcyreTByer.) Omupenennm moamdap Koy
. o (i .

B pe3yJIbTaTe CKJACHKN 00beIMHEHHS BCEX TOJIHIPOB K(() ) upu 0 < 7 < 4400,

puydeM MPUMBbIKAHUS T'DaHell, olpeiesisgolniue CKIeiHKy, COTJIACOBAHHBI C 110~

70
CTPOEHHBIMHU cucTeMaMu Koop/uuat. [To nocrpoenuro nousap K(g ) COBLIQ/IA-

(0 . . (7
eT C OIpeJe/IeHHBIM paHee IMOJUIpoM K ((0)) Alpu 1 <4 < 40,0 DONRIAD K(()Z)
OTJIn4aeTCd OT IMOJIU3APa K(((Z))) JIMIIIb B JUAT'OHAJIbHbBIX 1 aHTHINAI'OHAJIBbHDBIX
HOJIIIOJINY/IPAX.
Ormpe/iesieHbl €CTeCTBEHHBIE 0TOOpaKeHUsI

KD = EP, 1< <o,

K(O) - Km

KOTOpBIe sBjsiforcst P L-romeomopdu3mMom BCIO/Ly, 38 UCKJIIOYEHHUEM, JIHaro-
HAJIbHBIX U aHTUJMATOHAIBHBIX IIO/IIOJMIIPOB, HA KOTOPBIX 9TH 0TOOparKe-
HHsI COBHAJAIOT ¢ CTECTBEHHBIMU HPOEKIUSME 9acTd Pa3/yToil [uaroHajm
(COOTBETCTBEHHO, AHTH/IHATOHAJIN) HA JUATOHAJDb (COOTBETCTBEHHO AHTH/IHA-

06 K K,
TOHAJIB ), MOHUZKAMUME pa3MepHocTh. O6o3uauum yepes K., Ko, m0guI-

Ay oA
pPblI, OJyUYeHHbIE U3 K(() ), Ky B pe3ysibTaTe ymajieHusd TOUeK Ha JUArOHaId U
AHTHUIMATOHAJIH.
i
CraHIapTHBIM CIIOCOOOM OIPE/IE/IAIOTCS IBYINCTHBIE HaKpbIBaoIue K é ),

K, K(()ZO), Ky, HAJ TOCTPOEHHBIMU IIOJIH3APAMHI U 0TOOPAZKEHHS

K((é)) — (gl), 1 < { S imaz,Oa

K(O) — Ko.

ITocTpoenmne crparudukanuii moamsapos J;, K, Kl U TIOCTPOEHUE
orobpaxkenuit Ky — K, K1) — K.

YIOpaa09uM JIMH30BbIE IPOCTPAHCTBA, 00pa3yonye IKOIH, YucaaMu oT 1
10 11 u obozuadum depes Jy(ki, ..., ks) C Ji mOAIKOIH, 0OPA30BAHHBIN BbI-
OpaHHbIM HAOOPOM KBAaTEPHUOHHBLIX JIMH30BBIX HpocTpaHcts S°/Q, ¢ Home-
pavu 1 < k) < -+ < kys <71y, 0> s> ry. locrpoennasi crparudukanms nH-
JIyIHPOBAaHA U3 CTAHJAAPTHOI cTparnduUKanuu OTKPBLITHIX IpaHell CTaHIapT-
HOI'O 7']-MEpPHOI'0 CHMILIEKCa 0"! IpH ecTecTBeHHOI npoeknuu J; — 6. IIpo-
obpa3aMy BepHIMH CHMILIEKCA CJIy?KaT JUH30Bble npocrpancrsa Ji(j) C Ji,
J1(j) = S3/Qq, 1 < j < ry, HOpOKIaIoNIUe JIAKOMH.

60



OmnpesenM TpOCTPAHCTBO J; KaK MOJIMPOCTPAHCTBO B Ji, MOJTydeHHOE B
pe3y/abrare 061>e;LI/IHeHI/IH Beex nopnpocrpancts Ji(ki, ..., ks) C Ji. Ompe-

JeJUM IPOCTPAHCTBO J1 Imaz,1 = © > 11 10 popmyTe:
7: rmzn 1+1
T =T\

OGo3HAauYNM ~ MAKCHMAJIbHYIO  OTKDBITYIO — KJIETKY  IIPOCTPAHCTBa
P (Ji(ky, ... k) wepes U(ky,.... k) C S"%/Q,. Takyio OTKPBITYIO

KJIETKY HA30BeM 3JjieMeHTapHbIM cTpaTromM riaybunbt r; — S. Touka Ha
siementapaom crpare U(ky, ... k) C S"2%/Q, onpenensiercs nabopom
KoopauHar (T, ..., Tk, 1), vae T, — KoopauHara Ha 1-cdepe (OKpyKHOCTH),

HAKPBIBAIOWIEH JIMH30BOE IPOCTPAHCTBO C HOMEpOM k;, |— KOOpAauHATA Ha,
coorBeTcTBYyOIIEM (§ — 1)-MepHOM cuMILTeKce JizKoiiHa. [Ipu sToMm ecin 1Ba
Habopa KOOPJAMHAT OTOXKJECTBJIAIOTCS MeKJy c000il mpu mpeoOpa3oBaHUM
TPAHC/IANMA UKJINIECKOTO (Q,-HAKPBITHS Ha 00Pa3yIoINLyI0, KOTOPOE SIB-
JigeTcst o0IMM JIjIss BCero Habopa KOOP/MHAT, TO TH HAOOPHI OIPE eS0T
omny m Ty ke Touky Ha S" %/Q,. Toukm Ha 37eMEeHTapHOM CTpaTe
U (k1, ..., ks) 1eKaT B OGbeINHEHUN CUMILIEKCOB C BePIINHAMUI Ha JHH30BBIX
HOAIPOCTPAHCTBAX JIZKOMHA ¢ COOTBETCTBYIOMIMMHU KOOpAMHATAMHU. Kazkaprii
sieMenTapHblii crpar U (K1, ..., ks) cayxur 6a30ii ABYJIHCTHONO HAKDHITHSI
U(ki,....ks) — U(kl, .-+, ks), KOTOpOE WHJYIMPOBAHO W3 JIBYJIMCTHOTO
HaKpbITHA S"~ 2k/1 — S 2k/Qa npu srmouenun U(ky, ..., k) C S"2%/Q,.

[Hommsap K @\ (Q1 diag U 01 antydiag) DA3OHBAETCS B 061)e;LI/IHeHHe OTKPBbI-
TBIX MOJAMHOXKeCTB (3semeHTapHbiX crpatoB) Ki(ki, ... ks), 1 < s < r B
coorBercTBUM €O crparndukanueil npocrpancrsa Jy. g paccmarpusaemo-
ro crpara 9Mc/a0 © — § HeJOCTAIOIIUX KOOPAMHAT J0 HMOJHOrO Habopa Ha30-
BeM ruyOuHoOit crpata. Oupejeneno asynucrHoe vakpoitue Kq(ky, ..., ks) —
K 1(k1, ..., ks), cormacoBanoe ¢ mocTpoeHHO# crparTudukameii 6asml.

Omwumem snementapusiii crpar Kq(ky, ..., ks) 0pu moMoIu cucreMsl Ko-
opaunar. [jis npocrorsl obo3navenuit pasdepem ciyuait s = ry [lycrs jiis
napbl Touek (zy, ), onpeiensiomux Touky Ha K (1,...,71), dukcupobana
napa Touek (¥;,7;) Ha HakpbiBaiomei chepe S"2F koropas mepexomutr B
paccMaTpuBaeMyio mapy (1, o) mpu mpoexnmn S"%F — §"=2k /i B coor-
BETCTBUH C MIPOJIETAHHBIM BBIIIE OCTPOCHHEM, 0003HAIUM 4depe3 (T, £2;),
i=1,...,r; Habop cepuIecKux KOOpAUHAT KazKI0il Toukn. Kazkias rakas
KOOp/IMHATA OlIpejie/isieT TOUKY Ha 3-MepHoii cdepe S3 ¢ Tem ke HOMepoM i,
KOTOpasi HAKPHIBAET COOTBETCTBYIOIIEE KBATEPHUOHHOE JIMH30BOE HPOCTPAH-
crBo Ji(i) C Jy B JKoiiHe. 3aMeTuM, 94To Mapa KOOPAUHAT ¢ OOIUM HOMEPOM
HEeOOXOIMMO OIIpee/IsgeT Hapy TOUYeK B OJHOM CJIO€ CTAHJAPTHOIO IMUKJIAIe-
ckoro Q,-nakpbitua S® — S3/Q,.

Hab6opsr koopaunar (&, %2,;) PACCMATPUBAIOTCS ¢ TOYHOCTHIO 0 HE3a-
BUCHMbBIX 3aMEH Ha aHTUIOJaJbHbie. Kpome Toro, Touku B nape (rq,xs) He
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JIOMYCKAIOT €CTECTBEHHOTO YIOPSAI0UNBAHUS U MOJHATHE TOYKE ¢ K7 70 ma-
pbI TOUeK (T, To), JTexkammux Ha chepe S" 2% onpesensercs ¢ TOYHOCTBIO 10
32 pasamanbix BosmoxkHocreii. (ITopsaok rpynust H pasen 32.)
AHaJIOrMYHOE TIOCTPOEHUE CIIPABEJIMBO U JjIsT TOYEK OoJiee T/IyDOKuX dj1e-
mMeHTapHbIX crpatoB Ko(ky, ..., ks), 1 < s < ry. Ilpu srom, eciu HaGOpPBI
KOOPJIMHAT 3JIEMEHTAPHOIO CTpaTa IMOIYYATCa JIPYTr W3 JIpyra JeidcTBHEM
HEKOTOpPOro 3deMeHTa (Q,—HAKPBLITHSA, TO MEHBIIHHA CTPAT JIEXKUT MEJTUKOM
Ha pa3/yToil jumaroHaau (eciam JeficTBUe 3a/aeTCsl JIeMEHTOM HOAIDYIIIbI
I, C Q,) wim anTuuarosasn (ecjau JefCTBHE 3aaeTCs HA JIEMEHT CMeXkK-
woro kiaacca Q, \ I,).
Onpenes M moJauAP K fl), 0 <4 < lnag,1 KaK JU3BIOHKTHOE OObeInHeHne
BCeX CTPATOB TIyOuHbI . [Ipu i > 1 paccMaTpuBatOTCsA, B TOM YHC/Ie, CTPATHI,
MONABIIKE HA JUAroHa b win anTunaronatb. (Ilpu ¢ = 0 quaroHaJbHBI 1
AHTHHATOHAIBHBIHA cTpar orcyrersyer.) OupeseanM momusap Ki B pesyib-
g upu 0 < 4 < ipgp 1, IPHYEM
IPUMbIKAHAsT TPAHEH, ONpeJesIsione CKIeiiKy, COracOBaHHbl ¢ IOCTPOeH-

HBIMHU CcHCTeMaMu KoopjuHat. 1o mocrpoeHuio moJmsap K (©0) COBITQJIAET C

o (i
olpesie/IeHHBIM PaHee MOJIMIIPOM K((l)). ITpu 1 < i < e TOIMIID Kf)
o-(i
OTINIAeTCA OT mojudapa K ((1)) JIMIIb HA KOMIIOHEHTAX, JIEXKAIUX Ha JHaro-
HAJbHBIX U AHTHIAATOHAJLHBIX MIOIIOIAIIPAX.

Ormpe/iesieHbl €CTeCTBEHHBIE 0TOOpaKeHUsI

TaTe CKJIeHKN 00beIMHEHNs BCeX MOTHAPOB K (

K(Z) _>K£Z)7 1 Sigimax,la

K(l) - Kh

KOTOpbIe aBIs0TCa P L-roMeoMopdu3MOM BCIOJTY, 33 HCKJIIOYEHUEM, JTHAro-
HaJIbHBIX W aHTU/MATrOHAJIbHBIX ITOJIOJIUI/IPOB, HA KOTOPHIX 3TH OTOOparKe-
HHS COBIQ/IAIOT C €CTECTBEHHBIMU IMTPOEKIHUIMU YaCTH PA3/LyTON JUaroHaJm
(cOOTBETCTBEHHO, AHTH/IMATOHAJIN) HA JHArOHAJb (COOTBETCTBEHHO AHTH/(HA~

~)
rOHAJIb), MOHUZKAIOMUMH pa3MepHocTh. O6G03HAYMM Yepes3 Kfi, K, nomm-

JIPBI, MOJTyYEeHHbIE U3 K 1(2), KB pe3y/abrare yjiajeHus TOYeK Ha JHaroHa/In
U aHTUIAATOHAJIH. '

CraHIapTHBIM CIIOCOOOM OIPE/IE/IAIOTCS IBYINCTHBIE HaKpbIBaoIue K Y),
Kuy, K fzi, K, HaJa MOCTPOEHHBIMH IIOJIHYIPAMA B OTOOParKeHHs

Ky = K 1< <,

K(l) — Ko.
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KOOp,ILI/IHaTHOG OInInCaHMue 3JdJIEMEHTapHBbIX CTpaTOB IIPOCTPAHCTB
KO,oa KO,O

[lycrb x € Ko(1,...,79) — TOuUKa, JiexkKallas HAa MaKCHUMAaJbHOM 3JIEMEH-
TapHoM crpate. PaccMorpuM nabopbl cdepudeckux KoopauHaT Ti; U T,
1 <1 < rg roukn x. [Ipm KaxK7a0M 7 BO3MOXKHBI CJIeAYIONIAe CIyYad: IMapa
1-bIX KOODPJIMHAT COBIIA/IAeT; aHTHUIIOIAIbHA; BTOpas KOOpPJMHATA IOJIyYaeT-
csl U3 MepBoil B pe3ysbraTe Mpeodpa3oBaHus Ha 0OPa3yoOILY0 (WId MUHYC
06pa3yoIyi0) MUKIMIeCKOro HaKpbiThs. COMocTaBUM yIIOPSI09eHHON Hape
KOODJMHAT T ;, T2 ; BBIYET v; O 3HadenueM +1, —1, +i uau —i coorBercrBen-
HO.

[Ipu u3menennn HAOOpa KOOPJMHAT OJHOI U3 TOUYEK HA aHTHIIOIAIbHBIM
HabOp, cKaxkKeM, HAOOpa KOOPIMHAT TOUKH To, HAOOP 3HAUEHHII BHIYETOB IpPH
HOBOM BbIOOpe HpooOpa3a To Ha CHEpPUYeCKOM HAKPLITHH I10JIYyYaeTCs W3
ePBOHAYAJILHOIO HADOpa m3MeHeHneM 3HAKOB. [Ipu mepemymeparuu Todex
HAOOpP BBIYETOB M3MEHHTCA HA KOMILTEKCHO-CONpPs2KeHHBI. O4YeBHIHO, 9TO
HAOOP BBIYETOB HE U3MEHHTCS, €CJIU BHIOPATD JAPYIYIO TOUYKY HA TOM 2Ke dJjie-
MEHTAPHOM CTpaTe IpocTpancTsa Koo. /L1 npocrpancTsa Koo CIpaBeIHBbL
aHAJIOIMYHbIE TIOCTPOEHUS, T.K. 00€e TOUKH CJI0d HaKpbiTus Ko, — Koo nexkar
HA OJIHOM JIEMEHTAPHOM CTpaTe.

Djiemenrapuble crparbl npocrpancrsa Ko(1l,...,7) B coorBercrBUU €
olpejieIeHHBIM HabOpPOM BBIUETOB Jesdarcs Ha 3 tuma: 1., I, Iz Ecam cpe-
JM BBIYETOB HAbOpa BCTpedaloTcs Jmmb Boraerst {+i, —i} ({+1,—1}, 6y-
JeM ropoputh 06 saementapHom crpare tuna I, (Ip). Ecom cpenn Boraeron
BCTPEYAIOTCsl KaK BblueThl u3 Habopa {+i, —i}, tak u u3 nabopa {+1, —1},
Oyjiem roBoputh 00 daemenTapHoMm crpare tuma ly. Jlerko npoBeputhb, UTO
OrpaHHYeHNe XapaKTepHCTHIECKOro orobpazkenus 1) : Ko, — K(Dy, 1) nHa
sneMeHTapHbIi crpar Tuna I,, I, I; npeacrasiieno koMmo3uiineit HEKOTOPOro
orobpazxkenns B npocrpanctso K (I,, 1), K (I, 1), K(I4,1) ¢ orobpaxkennem
ia : K(Im 1) — K(D4, 1), Z.b . I((Ib7 1) — K(D4, 1) id : K(Id, 1) — K(D4, 1)
COOTBETCTBEHHO. [IIsi CTPATOB MEPBBHIX JIBYX THUIIOB PEAYKIHMS CTPYKTYPHOIO
oTobpazkeHus: (¢ TOYHOCTBIO JI0 TOMOTOIMA) HEOJHO3HAYHA, HO OMpe/eeHa
JIUIIIb C TOYHOCTBIO JIO OTOOParKeHHs, COOTBETCTBYIOIIEMY T'OMOMOP(MU3IMY
BHEIITHEro compsizkenus B noarpynmax I, I.

Kaxibiii ssiemenTaphbiii crpar npocrpancrsa Koo (1,...,79) ABysmct-
HO HAKpbIBAET 3JEMEHTAPHBI CTpar MMPOCTPAHCTBA IA(O,O(L ...,70). llpu
9TOM 3JIEeMEHTapHBIE CTPATHI MPOCTPAHCTBA IA(070(1, ..., Tg) JENATCA Ha TH-
usl E,, Ey, E. B coorBercrBuu ¢ tunom I, I, I; HaKpbIBafoIeii KOMIOHEeH-
ThI. DTa KJIaCCH(PUKAIUS COOTBETCTBYET PEYKIIUU CTPYKTYPHOTO OTOOpazKe-
uust B npocrpancrBo K (E, 1) k orobpaxkenunto B nojupocrpanctso K (E,, 1),
K(E, 1), K(Eg,1) coorBercrBento. [ljisi sjileMeHTAPHBIX CTPATOB OOJIbIIIET
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FJIy6I/IHbI IIOCTPOEHUA aHAJIOT'UYIHDI.

KOOp,ILI/IHaTHOG OIInCaHMue 3JJIEMEHTAapHBbIX CTpaTOB IIPOCTPAHCTB
Kl,oa Kl,o

s kaxoit rouku x € Ki(1,...,7r1), jexaieil Ha MaKCUMAJbLHOM 3jIe-
MEHTAPHOM CTpaTe PacCMOTPUM HAOOPHI chepudecKux KOOPAUHAT &1, U Tg,
1 <7 < ry. Ilpu Kaxk/J1I0M ¢ BO3MOYXKHBI BOCEMb CJIy4aeB, B 3aBUCUMOCTU OT
TOTO, KAKO W3 3J1eMeHTOB v; = (i9;) 'Z1, cTpykrypHoil rpynusr Q, mepe-
BOJUT IIPH YMHOXKEHUH CIIpaBa cepHiecKyio KOODAUHATY &1, B KOOpDAUHAY
Tg,;. ComocTaBUM yHODSI0YEHHON 1ape KOOPAUHAT I 4, £g,; BBIYET U; CO 3HA-
gennem +1, —1, +i, —i, +j, —j, +k, —k coorBercrBenHo.

[Ipu w3meHeHun HaOOPa KOODAMHAT TOYKH Z1 (COOTBETCTBEHHO To) Ha
npeobpa3oBaHue TPAHCSIUE (IPAaBOe YMHOXKEHHE) Ha 3JeMEHT ¢ U3 Ipyll-
ubl Q, HAOOP BHIYETOB IPH HOBOM BBIOOpE Ipoobpasa To Ha cdepuuecKOM
HAKPBITUH TOJIy4aeTCd W3 [I€PBOHAYAIBLHONO HADOPa BHIYETOB YMHOMKEHH-
em crpasa Ha € (COOTBETCTBEHHO yMHO:KeHuem ciesa Ha t~1). Ilpu nepe-
HyMepalui ToYeK HabOp BBIYETOB M3MEHHUTCs Ha OOpaTHbIH (T.e. BbIYET v;
m3MeHnTcs Ha v; ). HaGop BBHIYETOB He M3MEHHTCA IPH H3MEHEHHH TOY-
K T [pH IpeoOpa30BaHUU TPAHCIAINNA B HAKDPBIBAOIEM [PH HAKPBITHH
f(l(l, cooyr1) — Kq(1,...,7r1). IlosroMy jiist 9/1eMEHTAPHBIX CTPATOB MPO-
CTpPaHCTBA [A(O,l CIPaBE/JIMBbI AHAJIOIMYHbIE TOCTPOEHUSI.

DJieMeHTapHbIe CTPATHI IPOCTPAHCTBA Kfo)(l, ...,T1) B COOTBETCTBUH C
IIOCTPOEHHBIM BbIIIe HAOOPOM BBIYETOB Jieniarcd Ha 3 tuna: Q., Ey, I,. Ec-
JIM CPeJIH BBIYETOB HAOOpa BCTpeYaroTcs Jinib BordeTsl {+j, —j, +k, —k} u3
kiacca emexxknocrn Qg \ I, (coorsercrBenno {+i, —i, +1, —1}) u3 noarpymus
I,), npudem TOJBKO BbIYeTH +j —j, 1nb0 ToaBKO BbueThl +k —k, (coorBer-
CTBEHHO TOJIbKO BblYerhl +1, —1, 1160 TOJIBKO BbiueThl +1i, —i) Gymem roBo-
puth o crpare tuna Q, (coorBersrBento Hy). B npyrom ciyudae, Hampumep,
€CJIM CPE/Id BBIYETOB BCTPEUYAIOTCA KAaK BBIYETHI U3 IMOArPYHNbI 1,, Tak u u3
kiacca cmexkunoct Qg \ I, 6yaem ropopurh o Komnounenre tuna I,.

JIerko nmpoepuTh, 4TO OrpaHUYEHUE XAPAKTEPUCTUIECKOI'O OTOOparKe-
aust ( : K7 — K(H,1) ma snemenrapubiii crpar tuna Q,, (Ep) mpei-
CTaBJIEHO KOMIIO3UIIHEH HEKOTOPOro 0ToOpazkeHus B mpoctpancTBo K (Qg, 1)
(K(Ep, 1)) ¢ orobpazxkennem BKmovenus i, : K(Qg,1) — K(H,1) (i
K(Ey, 1) — K(H,1)). Jas crpatoB tux ABYX HOATUIIOB PEIYKIUs CTPYK-
TYPHOIO 0TOOPazKeHHs (C TOYHOCTHIO JI0 TOMOTOINH ) HEOHO3HAYHA, HO JIUIIH
C TOYHOCTBHIO JIO OTOOPAKEHHUsI, COOTBETCTBYOIIEIO BHEIIHEMY COIPSIZKEHUIO
B noarpynnax Q, (E;) HEKOTOPBIM TPOU3BOJBHBIM JEMEHTOM W3 KJIACCA
cemexknoctn H \ Q, (H \ E,). s snemenrapubix tumna I, orpanudenue
orobpaxkenne ¢ : K;, — K(H,1) npexcraBieHo KOMIO3HUIHEl HEKOTO-
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poro orobpazkenusi B npocrpanctBo K (I,,1) ¢ orobpazkeHnem BKIIOYEHUsI
ir, : K(I,,1) — K(H, 1).

Kaxkapiit smemenTapubiii crpar npocrpancta Kio(1,...,7) aByaucTao
HAKPBIBAET 9JIeMEHTAPHbL CTPAT IPOCTPAHCTBA K 10(1, ..., 7). IIpu sroM 3J1€-
MenTapubie crparsl npocrpancrsa Kio(1,...,7) gensrcs na tuns Gg, Gy,
G, B COOTBETCTBHH C I'PYIION CHMMETPHH KOMIOHEHTHI (SIBHOE OIMHUCAHUE
9TUX CTPYKTYPHBIX IPYII He noTpebyercs ). PaccmarpuBaemast Kiaccuduka-
s COOTBETCTBYET PEAYKIMH CTPYKTYPHOTO OTOOParKEeHHsl B IPOCTPAHCTBO
K(G,1) k orobpaxenuto B nogunpocrpancrso K(Gg, 1), K(Gy, 1), K(Gg, 1)
COOTBETCTBEHHO. [lJIs1 3/IeMeHTapHBIX CTPATOB 0OJIbIIEl TJIyOUHbBI BCE TOCTPO-
eHUsI AaHAJIOTHYIHBI.

ITocrpoenne cTPYKTypHBIX oToGpakenmii 7 : Koo — K(Dy, 1), 7
Koo — K(E, 1) npu noMoiu KOOpAUHAT

[Iyctb © = [(z1, 22)] — oTMedennas Touka Ha K., JekKalas Ha MAKCHMAJIb-
HOM 3JIeMEeHTapHOM cTpaTre. PaccMoTpuM 3amMkmyToeii myth A @ St — K,
HAYUHAOIUNCA U 3aKaHYUBAIOMKANACA B 9TO OTMEYeHHON TO4YKe, nmepeceka-
IONUiA 0coObIe cTPaThl IVIyOUHBI 1 B OOIEM MOJIOKEHUU 10 KOHEYHOMY MHO-
KecTBy ToueK. LIyt (i, T2)— BbIOOD cdeprueckux mpoodpPa3oB TOUKU .
Omupenenum apyryio napy (I}, &) cdepudeckux mpoobpa3oB TOYKH T, KO-
TOpasi OyJeT HA3bIBATHCS CHUCTEMOI KOOD/MHAT, MOJIYIYEHHOW B pe3ysbTare
€CTECTBEHHOIO 1PE0OPA30BAHUST CUCTEMbI KOODAUHAT (T, £2) BIOJIbL MyTH .

B peryngpHbIX TOUKax ImyTH A ceMeiicTBO map cgepuuecKux mpoodbpas3oB
B OJTHOIIAPAMETPHUIECKOM CeMeiCTBe MEHSeTCsl HeIIPEePBIBHO, YTO OJHO3HATHO
ompeiesgeT Ipoodpa3bl B KOHEYHONH TOYKE IMYyTH [0 HAYAJTBLHBIM 3HAUEHISIM.
[Ipu nepecedyenuu 1yt co cTpaTom riiydoutbl 1 coorBeTcTByIONas napa cde-
PUYECKUX KOODJMHAT C HOMepOM [ mpereprieBaer pa3pbiB. [lockosbky Bce
OCTaJIbHBIE KOOP/MHATHI OCTAIOTCS PEry/IsipHBIMHU, WX MPOJIOJIKEHHUE BJI0JIb
IyTH B KPUTHYIECKHIT MOMEHT BpeMeHN OJHO3HAYHO ompejeseHo. Ho mia 3a-
JTAHHOU TOYKH X HA dJeMeHTapHOM cTpare ruryomnsl () mpocTpancTBa K BbI-
60p XOoTs0bI OjHOIN Hapbl CHEPUUECKUX KOOPJMHAT C HEKOTOPOM HOMEpPOM
OJIHO3HAYHO OIIpejie/isieT BIOOP chepuIecKnx KOOPAUHAT CO BCEMH OCTAJIb-
aeiMu HoMepamu. Cjie[0BaTe/IbHO, MPOIO/IKeHne ChepuaecKux KOOPIUHAT
BJIOJIb IIyTH OJHO3HAYHO OIIPeIeIEHO B OKPECTHOCTH OCODOIl TOUKHU Iy TH.

[Ipeo6GpazoBanue ynopsaI09eHHON mapbl (£, Z2) B YIOPAI0OUCHHYIO HADPY
(%}, ) ompezensier smement B rpymme Dy. DTOT 371€MEHT He 3aBHCHT OT
BBIOOpA Iy TH [ B KJIACCE SKBUBAJEHTHBIX IyTeil, OIPEIe/IEHHBIX OTHOIIEHIEM
romoromnuoctu B rpyiie 7 (Koo, ). Tem cambim, onpejesern romomopdusm
71 (Koo, ) — Dy, mpudeM HHIYIHPOBAHHOE OTOOPAZKEHHE

n: Koo — K(Dy, 1) (74)
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COBIIAIAET CO CTPYKTYPHBIM OTOOpParKeHHeM, KOTOpoe OBLIO OIpeIesieHO pa-
Hee. CTpyKTypHOE OTOOparKeHHe

N Ko — K(E, 1) (75)

ONpeeeH0 aHAJOTMIHON KoHcTpyKiueil. Herpyano nposepuThb, 4To orpa-
HUYEHUE CTPYKTYPHOro orobpazkenus 1) (7)) HA KOMIOHEHTbI CBA3HOCTH O/~
HOTO 371eMeHTapHOro crparta Koo(1,...,r) (KOO(l, ..., T)) TOMOTOITHO OTOOPa-
xkeunto B nognpocrpancrea K (I,, 1), K(Ip, 1), K(Iy,1) (K(E4, 1), K(Ep, 1),
K(Eg4, 1)), 9T0 COOTBETCTBYET THUILYy U HOJITHILY SJIEMEHTAPHOI'O CTPATA.

Paccmorpum snementapubiii crpar Ko(ky, ..., k) C K(()ZO_S) (coorBer-
crsenno Ko(ky, ..., ky) € K{°%) ryGumbt ro — s. OGosnaqny uepes
Kok, ... ks) — K(Z/2,1) (76)

(cooTBETCTBEHHO Yepes3
7 Kok, ... k) — K(Z/2,1)) (77)

— KJaccuuImEpyonee orodpaKeHne, OTBEYAONee 33 MePeCTAaHOBKY TOYEK
apbl pu 00X0/1e 10 3aMKHYTOMY IIyTH HA 9TOM djeMeHTapHoM cTpaTe. OTo0-
pazkeHue 7 (COOTBETCTBEHHO 7) COBHNAIAET ¢ KOMIIO3HIHENT

KO(kla .- '7k8) L) K(D47 1) L) K(Z/27 1)7

(COOTBETCTBEHHO ¢ KOMIO3HITHEIT

A

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

rne K(Dy,1) > K(Z/2,1) (coorsercreenno K(E,1) - K(Z/2,1)) -
orobpazkenne KaacCupUIUPYIOMUX IPOCTPAHCTB, KOTOPOE HH/IYIHPOBAHO
saumopduzmom Dy — Z/2 ¢ aapom I, C Dy (coorBercrBento smumopdus-
mom E — Z/2 ¢ anpom E. C E).

JIemma 32. Ozpanuuenue omobpasicenus [Z6) ( coomeememeenno (77)) na
Kot SAEMEHMAPHBLT CTPA. 20MOTONHO KOMNO3ULUL

7 Ko(ky,. .. k) — S' C K(Z/2,1), (78)
( coomeemcineerHHo KomMno3uuyuy
7 Kolky, ... k) — St K(2/2,1),) (79)

ede S' C K(Z/2,1)- eaooicenue 1-meprozo 0cmosa KAACCUGUUUPYIOULE20
npocmpancmsa, T ( coomsememeenno T ) —HeKomopoe omobpanrcerue.
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JokazarenbcTBo JIeMMBbI

CrpykTypHOE OTOOpazKeHue 1) Oupee/sercs npeodPa30BAHUEM KOOPIHHAT
na crparax tunos I, I, I;. Orobpaxkenue ([76) oupesensiercst npeobpa3oBa-
HHeM BBIOPAHHOI (MIPOM3BOJIBHOMN) MAPhl KOOPAMHAT ¢ BblYeTamMu 1, —i Jjist
crpara I, u ¢ Berueramu +1, —1 g crpara I,. /g crpara tuma I; orod-
pazxenue ([[0) myaeBoe. IIpeobpazoBanue BHIGPAHHON KOOPIHHATHI HA CTPATE
JAHHOTO TUIIA onpeiesgercsa orobpazkenneM Bua (7)), 4To m0Ka3bIBaeT Tpe-
Gyemoe B cirydae orobpazkenus ([76)). Ijst orobpazkenust ([79) qokasarejiberBo
anajornano. Jlemma B2 nokasana.

Ham makyke mnorpebyercss JiemMa O 3-TOYeIHOM KOHQUI'YPAIMOHHOM
IPOCTPAHCTBE, acconmuupoBaHHOM ¢ Hakpbitem p : U(ky, ... ks) —
Jo(k1, ..., ks) Ha® smeMenTapHBIM cTpaToM moamdipa Jy. Chdopmyaupyem
Tpebyemble onpesetenns (cM. nuzxe Jlemma [B3).

Honst waxpeirus p 2 U(ky, ... ks) — Jo(k1, .. ks), 1 < ky < -+ < ks <
70, T0,min < § HaJIl IIPOU3BOJIbHBIM 3JIEMEHTAPHBIM CTPATOM IIPOCTPAHCTBA Jo

onpeie M KoHduTypamuonnoe npocrpanctso K3g(ki, . .., k) mo dopmyre:

KBO(I{?L . -aks) -

{(z,y,2) € UP(k, .. k) s p(a) = p(y) = p(2), 2 £ y.y # 2,2 # x}. (80)
Ha npocrpancrse U3(ky, ... k) neiicrsyer rpynua s
O'I23)(U3(k1,...,k3)—>U3(]{31,...,]€S). (81)

Orpannvenne jeiicrsus (§Il) na mognpocrpauncrso (BU) siBiasiercs cBOOOIHBIM
neficTBEeM, KOTOPOEe Mbl 00O3HATHM Yepes3

OK3g - 23 X Kgo(k’l, .. .,]{?8) — I_(Bo(k’l, .. .,]{35). (82)

Omupegeneno dakropupocrpancrBo 1o Jgeiicruto (82), koropoe Mbl 0603Ha-
aum depe3 K3g(ky, ..., ks).

Ha npocrpancree K3g(ki,...,ks) oupeiejiena cBOOOJHAs MHBOJIIONUS,
WH/LyIUPOBAHHAs MHBO/IIONUEH B HakpbiBatoem Hakpbitust U(ky, ... ks) —
U(ky,...,ks), obosHauaemasi qepes ~.

Onpenenerno cBoboHOE JeiicTBue Ha (haKTOPIPOCTPAHCTBAX COOTBET-
CTBYIOIIAX UHBOJIIONUNA

&K?)o . 23 X Kgo(k’l,...,k’s)/ ~— Kgo(k’l,...,ks)/ ~ . (83)
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OINpee/IeHo0  IPOCTPAHCTBO K 30(k1,...ks), KOTOpOE sIBNIsIeTCsST Gasoii 2-
muctaoro Hakpbitust K3g(ky, ..., ks) — f(?)o(kl, ... k), onpezenennoe Kaxk
dakropupocrpancrso no geicrsuio (83).

Omnpejesiera KOMMYTATHBHAS IHATPAMMA

K30(k17”‘7k8) — (2371)
! A | (84)
K3o(ky,... k) =% K(¥3,1),

B KOTODOii Yepe3 oy (COOTBETCTBEHHO 0() ODO3HAYEHBI XapAKTEPUCTHIECKUE
orobpazxkenus: Hakpbituii (82) (coorsercreenno (83)).

Jlemma 33. Omobpasicenus og, 6o 6 duazpamme (8) mpusuarvHoL.

HoxkazareabcTBo Jlemmsr 33

[Tockonbky rpynna Hakpbitusg U(ky, ... ks) — Jo(ki,..., ks) He comepxur
9JIEMEHTOB HEYETHOTO MOp#AIKa, TO rpynna Hakpeitusa (82) moxer comep-
JKaTh JINIH HETPUBHAJIBHBIC 3JIeMeHTHI nopsika creneneit 2. [Iycrs [ 1 ST —

K3o(ki,. .., ks)— 3aMKHYTHII 1yTh, BJOJb KOTOPOTO TOYKA C KOODJMHATA-
mu (Z,9,2) € K3g(ki,..., ks) upeobpasyercs B TOYKY € KOOPJMHATAMU
(1,71, 2") € K3¢(k1, ..., ks) B Tom ke cioe nakpoitus (82). Torma mo ycio-

BHIO KOODAUMHATHL Z U 2’ b0 COBIIAJAIOT, JINOO CBA3AHBI IIPeobpa3oBaHueM
Ha obpasyroniyio u3 I;. Ho Torga w naps koopauuar (I, &), (7, 71) Takxke
CBs3aHbl TAKUM K€ 1peodpa30BaHueM, MOCKOJIbKY IPU HEPEHOCe BJIOJIb Iy TH
KaxK/ad U3 TpexX COOTBETCTBYIOIIUX KOOPAWHAT TOYEK CJIOA HAKPbLITHUA (@)
MeHsIeTcs oanHaKoBO. C/ie0BaTe/IbHO, TPU Haphl TOYEK C COOTBETCTBYIOIIH-
MH KOOpJHMHATAME COBIAIafo0T. /loKa3aHo, 9To oToOpazKeHne oy TPUBHAILHO.
JlokazaTebCcTBO Ui OTOOpaKeHus 6 anajgorn4aso. Jlemma [33] moxkazana.

A

ITocrpoenune CTPyKTypHbIX oToOpaxkenmit ( : K, — K(H,1), 7
Ko — K(G,1) upu moMmomu KOOpAuHAT

[Iycts o = [(x1, 22)] — oT™MevenHast Touka Ha Ko, Jiezkalas Ha MaKCUMAJIb-
HOM 3JIeMEHTapHOM crpare. PaccMoTpuM 3aMKHyTbIE myTh A @ S1 — K,
HAYUHAOIUNCA U 3aKaHYUBAIOMKANACA B 9TO OTMEYeHHON TO4YKe, nmepeceka-
IONUiA 0coObIe cTpaThl IVIyOUHBI 1 B OOINEM MOJIOKEHUU 0 KOHEYHOMY MHO-
KecTBy ToueK. IIyctb (i1, T2)— BbIOOD cdeprueckux mpoodpPa3oB TOUKU .
Omupegenum apyryio napy (I}, &) cdepudeckux mpoobpa3oB TOUKH T, KO-
Topasi OyjieT Ha3bIBAThCS CUCTEMON KOOP/MHAT, MOJIYYeHHOW B pe3yJbrare
€CTeCTBEHHOIO 1Pe00PA30BAHUST CUCTEMbI KOODAUHAT (T, £2) BIOJIbL MyTH .
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B peryngpHbIX TOUKax IIyTH A ceMeiicTBO map cgepuiecKux mpoodbpas3oB
B OJTHOIIAPAMETPUYIECKOM CeMeiCTBe MeHSeTCs HEelPEPBIBHO, YTO OJHO3HATHO
orpejie/isieT mMpoodpa3bl B KOHEYHON TOYKE MyTH [0 HAYAJIHHBIM 3HAYEHU-
saMm. [Ipu nepecedenun nyrtu co crpaTrom IviyOuHbl 1 COOTBETCTBYIONIAs MTapa
cpepuyeckux KOOpAMHAT HpeTepieBaeT pas3pbiB. [[0CKOIBKY Bce oCTabHbIE
KOOD/IMHATHI OCTAIOTCS PETYISAPHBIMHA, UX MPOIOIKEHIe BIOIb IyTH B KPUTHU-
YeCKWiT MOMEHT BpPeMeHH OJIHO3HAYHO onpefenerno. Ho miga 3amanuoil Toukn
T Ha 3jieMeHTapHOM crpare riybunsl O mnpocrpancrBa K1, BbIOOp XOTAOBI
0/iHO# mapbl chepuvecKux KOOPJAMHAT C HEKOTOPOM HOMEPOM OJHO3HAYHO
onpe/ieisier BbIOOP cepudecKux KOOP/MHAT CO BCEMH OCTAJIbHBIMU HOME-
pamu. Cie1oBaTeIbHO, TPOJOIZKEHNE ChePUIeCKUX KOOPAWHAT BIOJb IIYTH
OJTHO3HAYHO OMpeJeIeHO B OKPECTHOCTH OCOOOi TOYKH Iy TH.

[Ipeo6GpazoBanue ynopsaI09eHHON mapbl (T, Z2) B YIOPAI0OIEHHYIO HADPY
(', ¥,) oupemessier sjiement B rpyiie H. D1or s/1eMeHT HE 3aBUCUT OT BbI-
Gopa myru A B rpyuie (Ko, z). Tem cambiv, onpejener romoMopdusm
(K10, ) — H. UnaynupoBannoe oTobpazkeHne

¢: K, — K(H,1) (85)
COBIAJAET CO CTPYKTYPHBIM oToOpazkKeHueM. CTPYKTypHOE OTOOparKeHHe
(: K, — K(G,1) (86)

olpe e/ IeHO aHAJIOMMYHONR KOHCTpYKIueil. HerpyiHo 1poBepuTsb, 4To orpaHu-
qeHne CTPYKTYPHOrO 0To0pazkenus ¢ (COOTBETCTBEHHO () Ha OMH IJIEMEH-
Tapubiii crpar Ki(1,...,r) (coorsercrsenno Ki(1,...,7)) roMoTonHO 0T0G-
pazxenuto B noanpocrpancrea K (Q,, 1), K(Ey, 1), K(I,,1) (B kraccudu-
HUpYIOLUe IPOCTPAHCTBA, COOTBETCTBYOIIME KB PATUIHbIM PACILIUAPEHUIM
rpyum QCU Eb7 Ia)-

Pacemorpum  ssementapubiit - crpar Ky (ky, ..., ks) (coorBercrBeHHO
f(l(k;l, ..., ks)) vaybunbt r; — s npocrpancrBa K, (COOTBETCTBEHHO KIO).
Ob6o3HaynM uepes

m: Ki(ky, ... ks) = K(Z/2,1) (87)

(cooTBeTCTBEHHO Yepes3

A

7 Kok, ... k) — K(Z/2,1)) (88)

— KJaccuuIEpyonee orodpaKeHne, OTBEYAONee 33 MePEeCTAaHOBKY TOYEK
mapel Ipu 00X0/e MO 3aMKHYTOMY IIYTH Ha djeMeHTapHOM crpare. OTobpa-
JKeHne T (COOTBETCTBEHHO 77) COBIAJAET ¢ KOMIO3UIIUEH

Ki(ki,. .. k) = K(H,1) - K(Z/2,1),
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(cOOTBETCTBEHHO C

Ki(ky,... k) - K(G,1) -2 K(Z/2,1),
mie K(H,1) -2 K(Z/2,1) (cootsercrsenno K(G,1) 2 K(Z/2,1)) -
oTobpazkeHne KJaaccuMUIUPYIONIUX IIPOCTPAHCTB, KOTOPOE HHJLYIMPOBAHO
saumopduzmom H — Z/2 ¢ aapom H. C H (coorBercrBerno smumopdus-
mom G — Z/2 ¢ aapom G. C G).

JIemma 34. Omobpasicerue (87) ( coomeememeenno (88) ) 2omomontio Kom-
no3uyuL

m o Kk, k) — RP2C K(Z)2,1), (89)
( coomeemcmeeHHo
1 Kk, .o k) — RP? C K(Z/2,1),) (90)

2de RP? C K(Z/2,1)- eaooicenue 2-Mepnozo 0Cmosa KACCUPUuupyou,e2o
npocmpancmsa, T ( coomsememeenno T ) —HeKomopoe omobpanrcerue.

HokazarenbcTBo Jlemmbr 34

CrpykrypHOe orobpazkenue ( ompejessercs Mpeodbpa3oBaHHEM KOOPIUHAT
na crparax tunos Q,, Hy, I,. Orobpazkenue ([0 onpeessiercst npeobpaso-
BaHUEM BBIODAHHOIT (IIPOU3BOJIBHOIN) APl KOOPAMHAT C BblYeTaMu i, —i Jjist
crpara Q, u ¢ Beraeramu +1, —1 mrs crpara Hy. g crpara tuna I, orob-
pazxenue (87) myaesoe. IIpeobpazoBanue BIGPAHHON KOOPIHHATBI HA CTPATE
JAHHOTO THUIIA onpeiensgercsa oroopazkenneM Buaa (8Y), mOCKOIbKY Kak 0TO0-
pamenue S°/Q, — K(Z/2,1), coorsercrytomee suumopdusmy Q, — Z/2
¢ syipom I, C Q,, Tak u orobpazkenue S3/i — K(Z/2,1), coorsercrayoniee
suumopduzmy I, — Z/2 ¢ supom Iy C 1,, romoronssl 0ToOpazkeHusiM B
2-MepHBIil 0CTOB KJIACCH(MUIUPYIOMIEro IMPOCTPAHCTBA. DTO JTOKA3BIBAET TPe-
Gyemoe B caydae orobpaxkenus (87). st orobpazkenus 00 moka3aTebeTBO
anasornano. Jlemma B4 nokasana.

Ham rakeke norpedyercs jemma, anajornunas Jlemme B3l Chopmyaupy-
eM TpebyeMble OIIpe/ie/IeHus.

Hng wakpeitus p : U(ky, ... k) — Ji(ky, ... ks), 1 < kg < - < ks <
T1, T1min < S HaJ IPOU3BOJbHBIM 3JI€MEHTAPHBIM CTPATOM OIPeIeTHM KOH-

dburypannonnoe npocrpanctso K31(ki, ..., ks) o dopmye:
[_(31(]'{31, ceey ks) -
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{(z,y,2) € UP(ky,.. ko) s p(x) = p(y) = p(2),x £y, y # 2,2 #x}. (91)

Ha npocrpancrse U3 (ky, ... k,) neiictByer rpymma Y3, Hepecrap/iss KOOD/IH-
HATBL:

O'I23)(U3(k1,...,k3)—>U3(]{31,...,]€S). (92)

Orpanunuenne faeiicreus (92) ma nognpocrpancrso (OI]) saBisiercs cBO6OHBIM
neficTBIEM, KOTOPOE Mbl 0BO3HAMUM Yepe3

OK3; 123XKgl(k’l,...,]{?S)—>K31(k’1,...,k’5). (93)

Onpegeneno daxropupocrpancrso 1o geiicrsuio ([@3), koropoe Mbl 0603HA~
uuMm uepe3 K3q(ki, ..., ks).

Ha upocrpancrse K3,(ki,...,k,) onpenenena cBoboaHas MHBOJIONMS,
WH/Y [IUPOBAHHASI HHBOJIIONNEN B HakpbiBatomeMm Hakpoitusa U(ky, ..., ks) —
U (k1,...,ks), obo3HaTaeMas HUZKe CHOBa depe3 ~. OmpeseneHo cBOOOIHOe
JiefictBue Ha, (paKTOPHPOCTPAHCTBAX COOTBETCTBYIONIUX WHBOJIIOIUN

&Kgl : 23 X Kgl(k’l,...,ks)/ ~— Kgl(k’l,...,ks)/ ~ . (94)

ONpeJIesIeHo  IPOCTPAHCTBO K 31(k1,...ks), KOoTOpOE siBisiercs 0a30ii 2-
suctHoro Hakpwituss K3i(ky, ..., ks) — K31(k1, ... ks), oupejiejieHHOE Kak
dakropupocrpancrso no geicrsuio (04).

Onpegenena KOMMYTATHBHAS JUIATDAMMA:

K3i(ki,... k) = (23, 1)
! A | (95)
K3y(ki,... k) = K(%3,1),

B KOTOPOii Yepe3 o; (COOTBETCTBEHHO 07) ODO3HAYEHBI XapAKTEPHCTHIECKUE
orobpazkenus: Hakpbituii (03) (coorsercreenno (04)).

JIemma 35. Omobpasicenus o1, 61 6 duazpamme ([35) mpusuarvro.

JokazarenbcTBo JIeMMBbI

JlokazaTeibCTBO aHAJIOIMIHO JIoKa3aTesibeTBy Jlemmbr 331
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IToagnpocrpancra K3y, C K3, f(300 C f(?)o

Onpegesmm npocrparcTBo K3y mo dpopmyiie
(2,9, 2)], (2,9, 2) € (RP" )3 p, () = pay(y) = pug(2) € S\ Jg™),

(rme | | o3Hawaer Kjacc SKBHBAJEHTHOCTH TPOEK [IPU M3MEHEHHU I[OPSiIi-
Ka TOYeK) IpPUYeM eCIu T = Y = 2z, T0 py,(T) He OPUHAJIEKHUT CTPATY
IpoCTpaHCcTBa Jy MAKCUMaJIbHOR pasmepHocTd. OupeieuM HoAIpeTPaHCTBO
K3po C K3y Kak MpOCTPOAHCTBO, MOAyUYeHHOEe U3 K 3¢ B pe3yabpTaTe yaa-
JICHUSI HEeyNOPSAI0YeHHBIX TPOEK TOYeK, MONABHIMX Ha JBOWHYIO MM TPOIi-
HYIO JIHArOHAJIb, T.€. TPoeK [(x,y, 2)], I KOTOPHIX BBIIOJIHEHO XOTSObI OJHO
U3 paBeHCTB T = Y, Yy = 2z, 2 = x. lloampoctpanctBo K3p, C K3¢ aB-
JISIETCS IBYTUCTHO HAKPBIBAIOIIAM MPOCTPAHCTBOM HAJ MOJNPOCTPAHCTBOM
K300 C K3y. Oupe/e/enus 9STHX HAKPBITUH CTAHJAPTHO H OLYCKACTCHL.

[Ipocrpancrea K 3o, K 300 MOYKHO OHPEJIEJIUTH IO-JIPYTOMY IIPU ITOMO-
I CKJIeeK 3JIEMEHTAPHBIX CTParToB pas3indHoil riyounsl s, 0 < 5 < tpa00-
[IpoctpancrBo K 3p, (COOTBETCTBEHHO K300) CKJIEUBAETCsS U3 dJIeMeHTap-
uprx crpatoB K3y (ky, ..., k) (coorsercrenno K3y(ky, ..., k,)) rayGunsr i,
0 <4 < ez o- [Ipa 9TOM HCIONB3YIOTCS SJIEMEHTAPHDBIE CTPATHI, COCTOSIIIIE
U3 HEYHNOPAI0YCHHBIX TPOEK MONAPHO PA3JUIHBIX TOYEK.

ITognpocrpancrea K3, C K3, f(?)lo C f(31

[Tocrpoenune npocrpancts K31, K31, HOJHOCTHIO aHAJOTUYHO MOCTPOEHUIO
npocrpancTs K3gp,, K3qs.

ITocTpoenmne npocTtpancTB RK,, RKOO, RK,, RK, nas pa3perieHunsa
ocobeHHOCTEl M mocTpoeHue 3-JIUCTHBIX HAKPBITHiL p3, : RKope —
KBOO, p3 RKOO — KBOO, p3 RKO — Kgo, p3 RKO — K30
Pacemorpum moamoinsap K(()Z) C Ky, omipeiesieHHbBII B pe3yabTaTe 00be iHe-
HHS BCeX 0COOBIX cTpaToB IiyOuHBI s, 0 < s < 7, 0, HE JT€KaIIuX HeJuKOM
Ha JMAarOHaJIu UJINU aHTUAMNATIOHAJIN.

Pacemorpum gmarpammy ([@5]) orobparkenuii kiraccudunupyomux mpo-
CTPAHCTB. DTa JAWAarpaMMa HHAYIUPYeT CAEYIONY0 KOMMYTATUBHYIO THa-
rpaMMy:

RE{) — RK{)
| p3& 1 p3% (96)
K38 — K3,
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[TpocrpancTBo RKS? (cooTBETCTBEHHO RK(()Z)) B 9TOii jjmarpamMmme orpe-
JIQJIMM  KaK 1IPOCTPAHCTBO YHOPSAJOYEHHBIX TPOEK HEYHOPHAI0YEHHBIX [ap

{lo.9) [y 2], (2]}, wy.2 € p(JY) € RVH o yy £ 2x £ o,
p(z) = ply) = p(z) (coorBercTBEHHO KakK (HAKTOPHPOCTPAHCTBO YKA3aH-

HBIX TPOeK IpH yMHoxkenumd Ha i). IIpocrpancrso RK{) (coorsercrsento
RK) aBasieTca HAKDBIBAIOIIIM IPOCTPAHCTBOM 3-THCTHOTO HAKPHITHS p3s°
(coorBercrenno p3S) mas npocrpancreom K3 (coorsercrenno K3().

HakpoiTue p35f> (cooTBETCTBEHHO ﬁ35f’) Ha/l KayK/IbIM 3JIeMEHTAPHBIM CTPa-
tom K3¢(k1, ... ks) (coorBerctBenno K3y(ky,...ks)) oupeneneno mo dbopmy-

ae {[z,y], [y, 2], [z, 2]} — [z,y, z]. IIpocTpancrBa RK(S? Rf(éz) BKJIIOUEHDI B
KOMMYTATHBHYIO JarpamMMy OTo0pazkenuil (HakpbrTuii):

RK{) — RK{
| 738 | #38) (97)

)

B sroit auarpamme orobparkenue (HaKpbITHE) 738 (cooTBeTCTBEH-
no #3%) sBuisiercst TABTOJOIMUECKIM HAKPHITHEM, HEPEBOSAIIM 1EPBYIO
HEeYyHOPsIOUeHHYIO 1Iapy Touek [T,y], T,y € p‘l(J(gS)) C RP"* p(z) = p(y)
B Ty K€ CaMyI0 HEyNOPsJIOYeHHYIO 1Py TOYEK (COOTBETCTBEHHO B KJIACC K-
BUBAJIEHTHOCTU TOM »Ke mapbl 1IPH JeHCTBUM 1), KOTOpas PACCMaTPUBACTCs

KaK TOYKa Ha K(()‘Z) (coorBeTcTBEHHO HA Kc(,s)).

Jlemma 36. Komnosuyus 7' o 738 RK(()? — Kéz) — K(Dy,1), 2de
n®) —oepanuuenue cmpyrmyprozo omobpasicenus n ( cm. (7)) na coomeem-

cmeymuwz'z QﬂemeHmaprlﬂ cmpam 2/Ly5UHbl, S, 20MOMONHA 0m06pa9fceHum
: . (s)
IId,D4 e} T]RK(SS) : RKOo — K(Id, 1) — K(D4, 1)

o

Komnosuyus 1) o 3 Rf(éz) — Kéz) — K(E,1), 2de p®)-
ozparunenue cmpykmyprozo omobpasicenua 1 ( em. [TH) ) ma coomeem-

CMBYOWUT INEMEHMAPHOLIT CPAM 2AYOUHDL S, 20MOTONHG 0TOOPAHCEHUIO
: . pi)
i1, B © Mg ! RK,) — K(I,,1) — K(E,1).

o

JokazarenabcTBo JIleMMbI

Orpanuvenue CTPYKTYPHOIO OTODpazkeHus 1) (COOTBETCTBEHHO 7)) Ha dJie-
MEHTAPHBIN CTPAT TOMOTOITHO OJHOMY W3 OTOOpAazKeHHil B MOIIPOCTPAHCTBA
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K(Ip,1) € K(Dy,1), K(1,,1) € K(Dy,1), K(I5,1) C K(Dy4,1). Toxa3a-
TeJILCTBO BhITeKaeT u3 JIemmbl B3] mockobKy oTobpazkeHme 738 ecrecTen-
HO TI0 OTHONIEHWIO K KAHOHHYIECKOMY HAKPBITUIO B 0Opa3e u mpoodpaze. /lo-
Ka3aTe/IbCTBO JIjIsi oToOparkenus 1) anajorudno. Jlemma [36] jjokazana.

Onpege M KOMMYTATHBHYIO JUATPAMMY 3-JIMCTHBIX HAKPBITHIA:

RKy, — RKy

1 3o 1 p3s (98)

K30 — K300,

1 KOMMYTATHBHYIO JIHArPAMMYy OTOOparKeHMil:
RK,, — RK],
| 73, | %3, (99)

KOO B— KOo-

Huarpammva ([@8)) (coorsercrenno ([@9))) onpenenena anagorndubivu Gop-
mysamu Kak (Q6) (coorsBercrenno (O7))), BMecTo sseMeHTApHOIO CcTpara B
0a3e HAKPBITUS PACCMATPUBAETCA BCE IPOCTPAHCTBO K 3o, — K 300 (cOOTBET-
crBeHHoO Ky, — KOO). Jmarpamma [99 Takzke onpenenena anajgormdHo. /lma-
rpammbl ([O8]), ([@9) MoxkHO OnpeseUTh O-APYTOMY KaK Pe3yJIbTraT CKJeHKu
cemeiicra quarpavm (O0), (7)) Has BceMu s1€MEHTAPHBIME CTPATAME T[JIy-
ounnpt 5, 0 < 5 < ipgp0-

Onpenenum mpocrpancrsa RKj, RKy u JUarpaMMy HaKpbITUil (BepTH-
KaJbHbIE CTPEJIKH):

~

RK, — RK,
| p3! L p3t (100)
K3y — K3,
RK, — RK,
| 73 | #3 (101)
Ky, — K,.
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[IpocrpancrBo RKj (cOOTBETCTBEHHO Rf(o) ompenenM KaK 3aMbIKaHHe
npocrpancrBa RK g, (cOOTBETCTBEHHO RKOO) T.e. KaK pe3yabTaT IPUCOeTnHe-
HHS BCEeX dJIeMEHTApPHBIX JIMArOHAJbHBIX U aHTUIMATOHAJIBHBIX CTPATOB IJIy-
ounnpt 7, 1 < @ < U000, AeKamux Ha rpanune. [Ipucoennnenne nuaronasinb-
HBIX U aHTHU/IMATOHAJIBHBIX CTPATOB IMPOUCXOJIUT TaK, YTO KayK bl MTPUCOe -
HEHHBIN JUArOHAJbHBIA WM aHTUIUATOHAJIbHBIN d/I€MEeHTapHbIN TVIYOUHBI %
CTpaT JIe?KUT B PAHUIE POBHO OJIHOIO 3JIEMEHTAPHOI'O CTpaTa TJIyOUHBI ¢ — 1.

Coon Haji IrpaHudHBIME djeMeHTapHbiMu crpatamu K 3o \ K3p, (coor-
BercrBeHHo K 30\ K 300) JIEJISITCS Ha CJlejiytomiue THIbl. [Ijis sieMeHTapHoro
crpara nepsoro tuna npocrpancrsa K 3o\ K3g, (coorsercrsenno K30\ K30.))
poo6pas3 Mpu HAKPBITHH P3 (COOTBETCTBEHHO p3) ) COCTOUT U3 U3 BIOHKT-
HOI'O 061>e;LI/IHeHI/IH S/IEMEHTAPHOIO CTPATA MPAHMIIBI Qaiag B4 Qantidiag (COOT-
BETCTBEHHO Qdmg Wn Qanndmg) U Iapbl COBIIAJIAIONTUX PETYJISTPHBIX dJ1eMeH-
TapHbIX cTpaToB. /s s/1eMeHTapHOIo cTpaTta BTOPOIO THUIIA, HPOCTPAHCTBA
K30\ K30, (coorBeTCTBEHHO K3, \ K 300), TPOOOPA3 COCTOUT U3 TPEX IK3EM-
IISIPOB SJIEMEHTAPHOIO CTpaTa rPAHUIDL Qiqg WA Quntidiag (COOTBETCTBEHHO

de’ag nim Qantidiag)-

ITocTrpoenne npocrpaucTts RK,, Rf(lo, RKq, RK, nas pa3pernieHnsa
ocobeHHOCTEH M HOCTpOeHue 3-JIUCTHBIX HAKPBITUR p3, : RKj,
K310, p3 RK10—>K310, p3 RKl —>K31, p3 RKl —>K31

[TocTpoenust anaorudubl npeabLynM. ChopMyaupyemM JIeMMy, aHATOT Y-
HYIO JIEMME

Jlemma 37. Komnosuyus ¢ o 730 RKlO K(S) — K(H, 1) 2omo-
monna omobpastcenuro iy, g o (RK(S) : RKlO — K(1,,1) — K(H,1).

Komnosuyun (& om3l) : RIA(fi) — Kfi) — K(G, 1) 2omomonna omoo-
pasicernuro i1, g © Cpps RIA(fi) — K(1,,1) — K(G,1).
1o

HoxkazareabcTBo Jlemmsl 37

JloKa3aTeabCTBO AHAJOTUYHO TOKA3ATEILCTBY JIeMMbI U BBITEKAET W3
Jlemmbr 351
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IIpocTpancTBa RK(()S), RKSS) pazperniaoniue ocO6eHHOCTU BKIIOYEHBI
B auarparpammy (57); npocrpancrBa RKfS), RK%S) paszpemaroniue
0COGEHHOCTH BKJIIOUEHBI B guarpammy ([62)

[IpucTynuM K IMOCTPOEHHUIO OTOOpaKeHNIi B HArpaMMaX Pa3pemaroniux 0Co-
OCHHOCTH.

Orobpaskennus 4\, ¢\ B nuarpamme (54)

Ompesieiim oToOpazkeHne gzﬁ(()s) KaK CTPYKTypHble oToOpazKenusa. CTpyKTyp-
HOE 0TOOpazKeHue MpiltD - RKéiH) — K(I,, 1) ma npocrpancTBe-ipootpase
no Jlemme POMOTOITHO OTOOpakeHuto B mojmnpocrpanctso K (I, 1) C
K(I,,1).

Orobpazkenue ¢(()? POJIOJIZKACTCS 10 OTOOparKeHus ¢(()S) : RK(SS) —
K(I,,1). st nocTpOEHHOr0 0TOOPAsKEHUs! BBIIIOJIHEHBI I'PAHUYHBIE YCIOBUS
©0), 6I).

Tocrpoenne orobpasenns ¢f) : RKSY — K(I,, 1) cobepiiento anajio-
THYHO.

Orobpaskenns 6\”, ¢\ B nuarpamme (59)

DTO MOCTPOEHUE AHAJOTHIHO TPEJIBIIYIIEMY U OIyCKAETCs.

st onpenesnennst orobpaxkenuii ¢g ¢o B nuarpammve (57) nam morpeby-
I0TCA BCIIOMOI'aTe/IbHbIE ITIOCTPOECHUA.

ITocTpoenue BcroMmorareabHBIX OHpocTpaHCTB X, X, Y, Y§, Z3.,
S
Z
s+1

OGozmaunm mpocrpanctso K&, U K3+ (coorercrsenno Kj, U K5) gepes
o (cooorsercrsenno depes Y ). O6osuaunm npocrpancrso RKG§, U RKGS !
(coorsercrienno RKS U RK3) uepes X, (cooorsercrrenno uepes Xg,).
O6osnaunm npocrpanctso RKS ' U RKS, U RKi (coorsercrsento
REKSVURKS, URKSHY) wepes Z5 ! (cooorsercrpenno uepes Z5:1).

Onpeﬂeﬂeﬁm €CTeCTBCHHbIC BKJIIOYCHHUA

Jxg, - Xoo C Z55 (102)
Jss t Xoe C 255 (103)
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Jvg, Yoo C Koo, (104)

. .S s
JYOSO P Yo C KOO‘ (105)
OHpeﬂeﬂeHbI eCTeCTBEeHHbIe IIPOEKIINU

pxs,  Xoo = Yoo (106)

pis : Xoo = Vo (107)

Omnpenenens! npocrpancTBa X, Yy, Zg_l B pe3yJIbTaTe MOMOJTHEHUS MPO-
crpancTB X{,, Yo, Zoo ! re. no6aBieHns AMATOHAIBHBIX U AHTUIHATOHAID-
HbIX CTpaToB. OUpe/eseHbl eCTeCTBEHHbIe BKIOYeHHs ixs @ Xj, C Xg,
iyg Yoo C Vg, izs, ¢+ Zgo C Zg, UPH 9TOM ONpeJeseHa KOMMYyTaTHBHAS
JiarpamMMa, roOpu30HTaJIbHbIE CTPEJIKU KOTOPOHM SBJIAIOTCS €CTEeCTBEHHbIMU
BJIOYKEHUSIMH:

ixs

0o - X, (108)

! Pxg, ! Pxg (109)
Yo S5 ovp. (110)
(111)

Oupesesieno crpykryphble orobpaxenus nys @ Yg, — K (Dy, 1), Ny

Yy — K(E, 1), KoTopble mosydaercs B pe3yJibTaTe OrDAHHYEHHs] CTPYKTYD-
HBIX OTOOpazKeHuil 7, 7, UPU BKIIOIEHHAX Jys Jvs -
. S

Obo3HAMMM KOMIOBHIMIO Pxs, © Tlys, Uepes fgs : X, — K (Dy, 1), kom-

MOBUIMIO Pge O T)ye €PE3 Tgs X5, — K(E,1). Dru orobpazkenust Takzxke
o o o

HA30BeM CTPYKTYPHBIMH.
I JIEHO TIPOCTPAHCTB KOT HA3BIBAETCA KAHOHMIECKIM 2-
OmnpejiesieHo mpocTpaHcTBO X(,, KOTOpOe Ha3blBaeTCsd KaHOHHYEeC 2
JUCTHOE HAKPBIBAIOIIUM HaJ X(,, COOTBETCTBYIOIIee 2-THCTHOEe HAKPBITHE
untynuposanto u3 Hakpeitns K (I, 1) — K(D4,1) orobpaxennem 7x;. .
O603Ha4YMM 9TO KAHOHHYECKOE 2-JIMCTHOE HAKPbITHE Yepe3 Pygs : X, — X,.

0o

AHaylormdHO ompesesisgercsa IPOCTPAHCTBO X, U 2-HAKPBITHE Pxs 0o —
O S

Oo*
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JIemma 38. B npednosooicenuu s = —1 (mod 4) cywecmsyem omobpasice-

nue dxs o X5, — K(Ia,1) ( coomsememeeno Pgs X5, — K(I,,1) ),
Y00BAEMBOPAIOULEE CACOYIOULEMY YCAOBUIO:
— Omobpasicenue ¢xs. = X5, — K(I,, 1) npodoasicaemcea do omobpa-

oICENUA Pyt 7zt — K(I,,1) (omobpasicenue Gge-1 Z5 — K(I,,1)

npodoasicaemes 00 omobpasicenus @ ys—1 Zg_l — K(I1,,1)), npuvem das
0
nPoYoAAHCEHH020 OMOOPANHCEHUA BLINOAHAIOMCA 2PAHUYHBLE YCAOBUA:

NrQs = ¢xs,|rqy + BQH — KL, 1),

NrGs = ¢X§0|RQ3 t RQ — K(1a,1).

Hoxka3zareabctBo Jlemmsr (38)

Haunem ¢ mocrpoenusi orobpaxenus ¢xs . Obosnauum gepes Xy, (coor-
BETCTBEHHO X7, ) HOANOMMIAPE! B X, KOTOpbIe ONPEIeTNM KaK 00beTiie-
HHE BCeX 3JeMEHTApPHBIX CTPATOB [JIyOMHBI S, [/ KOTOPLIX IPOM3BEICHUE
BbI4eTOB [ 12, U1 2, BbLAEJEHHBIX KOODAHHAT (X1, T2) U3 TPOMKU KOOpAUHAT
(21, @1, 23) paBHo £1 (coorBercTBeHHO +i) M BCEX JEMEHTAPHBIX CTPATOB
riyOuHbl § 4+ 1, KOTOpBIE JIeKaT Ha I'PDAHMIE YKA3aAHHBIX BBIIIE 3JIEMEHTAP-
HBIX CTPATOB LJIYOHUHEBL S.

ITocTponm oTOOpazKeHus ¢beo D Xf, — K1, 1), Ox; 0 Xio —
K(I,,1). Jasee upoBepuM, 910 MOCTPOEHHBIE OTOOPAYKEHHs CKJIEUBAIOTCS B
onno orobpaxenne ¢xs X, — K(I,, 1).

Haunem ¢ onpejesienusi romoMopgusma (/bebov* r m(X5,) — Lo Hycrs
[:58'C beo — HPOU3BOJIbHBINA KYCOUYHO-JIMHEHHBIN Iy Th, TPAHCBEPCAJIbHO I1e-

. ~1
peCceKaronInii MoIPOCTPAHCTBO 0COOBIX CTPATOB PK(S’SO ) X{,0 B KOHETHOM

quC/Ie TOYeK, KOTOpble 0003HaduM depes {t1,...,t;}.
Ha snemenraprom crpare riyOubl s noamsapa Xy, ,, COAepzKaieM To4-
Ky pt = I(pty), pto € S'-ormedennas Touka, BbIOEPEM CHCTeMY KOOD/IH-

uar (2 (pt), Zo(pt), £3(pt)) (3amedy, 4TO MepBbIe 1Be KOOPJAUHATHI IPOU3BOJIb-
HOfl TOUKH Ha 5/1eMeHTApHOM cTpaTe npocTpanctsa RK\Y Heymopssouensi).
O6ozuaunm [[;_,vi2: = $(1,2), [[i—;vs1i = s(1,3) [[i=; vo3: = s(2,3).
B wacrnocru, mockosbky pt € Xj ,, MOXKHO BBIOpPATh CHCTEMY KOODJMHAT
(21 (pt), Z2(pt), @3(pt)) Tak, 9TO MPOU3BEIEHHE BHIYETOB

s(1,2) = —1. (112)
[Tockosbky cnpaBeminBo paseHcTBo s(1,2)s(2,3)s(3,1) =1, o
5(1,3) = s(2,3) 7. (113)

78



(Ec/mu 1ono/THATEIbHO MPeAnoIoKuTh, uro s(1,3) = 1, 1o s(2,3) = —1.)
YKa3aHHOe COIVIALIEHHE O MPOU3BEIEHNH BBIYETOB 0O0Jerdaer mpoBepKy (o
cpaBHeHHIO ¢ ycjoBueM s(1,2) = 1) rpaHUYHOrO ycJI0BUSI Ha JHATOHATBHON
KOMIIOHEHTE.

Paccmorpum npoussosbiyio Touky ¢t € {t1,...,t;}. IIpomosmxum ecre-
CTBEHHBIM CIIOCODOM cucremy KoopauHar ((pt), 22(pt)) u3 ToUKU pt BIOJIbL
IIyTH, T.€. COLJIACOBBLIBAS PErYJIsIPHBIE KOOPJAMHATHI B OKPECTHOCTH KazK IO U3
touek {t1,...,%;} (IO MOBOLY €CTECTBEHHOIO MPOJOJIZKEHHUSI CUCTEMBI KOOD-
JMHAT CM. KOODJMHATHOE MOCTPOEHUe CTPYKTYPHOro orobpazkenus 7). O6o-
sHaanM depes (2 (t —e), Za(t —¢)), (T1(t +¢), 22(t+¢)) cucrempr KOOpAUHAT,
[OJTyYeHHbIE IIPOJIOJIZKEHNeM HCXOIHOI CHCTeMbl KOODJMHAT B TOYKH t — &,
t 4+ € COOTBETCTBEHHO.

Omupeie/iuM IOHATHE IPeobpa30BaHKs MAPAJIIEILHOIO BbIIEIEHHOI Tpe-
Theil koopaunare Baosb mytu [. Ilycrs ¢ € {t1,...,%,}.

Ob6o3HaunM vepes oy (t), as(t) — 1Ba MAKCHMAJIBHBIX JIEMEHTAPHBIX CTPa~
Ta, KOTOPbIe MPUMBIKAIOT JIPYT K JAPYTY 10 JeMeHTapHoMy crpaty [(t) riy-
ounbl s + 1, comepxamemy touky [(t). Ha crpare «a4(t) BbiOpama cucrema
koopauHat (2 (t — ), 2(t — €), a3(t — €)). Ha crpare as(t) Beibpana cucre-
Ma Koopaunatr (2 (t 4 €), Zo(t + €), 23(t — €)). B romoronmyeckom kiacce |
BoIOEpEM IyThb, 9TO HpH KaxkaoM ¢ € {t1,...,1;} Kaxgass peryjspaast KOOp-
jquHara Habopa Zj;, ¢ # fo Win j # jo, B OKPECTHOCTH ! COXPAHSIETCSI, T.e
T;.j(t —e) = @; ;(t +¢). llpu sToM KpuTHIecKast KoOpAuHATA (Tj);j, MEHIETCSI
yMHOKeHueM Ha v1eMenT u3 I,. HerpyaHo Bugerh, 4ro b0 0HA U3 KOOP-
JTUHAT F1.5,), $2.j,) MEHSETCs yMHOXKEHHeM Ha —1, gnbo KoopauuaTa o, )
MEeHsIeTCsl yMHOXKeHHeM Ha ojuH u3 stemenroB {—1,+i, —i} u3 I,. Takoit
IIyTh HA30BEM CTAHAPTHBIM.

[Tomumo cucrembl  KoOpAuHAT (Z1(27), &o(27), Z3(27)), omnpemenen-
HOil B pe3yJbrare eCTeCTBEHHOIO IIPOJOJIXKEHUS CHCTEeMBI KOODJUHAT
(21(0), 22(0), £5(0)) BIOJIB [, OMpee/MM elle OJHY CHCTeMY KOOD/JHMHAT, KO-
Topyto obosHaunm 4epe3 (§1(27), J2(27), ¥3(27)). Dra cucrema KoopauHAT
Oy/IeT HA3BIBATHCA MPEOOPA30BAHHOI CHCTEMON KOOPJAMHAT BJOJIb CTAHIAP-
TU30BAHHOIO | HapaJLIeIbHO TPeTheil KOOpIuHaTe.

Pa300beM MHOKECTBO KPUTUIECKUX TOYEK MyTH | HA JIBa IOJMHOXKECTBA
{t1,...,t;} = UUV. Oraecem k nogMuokecrBy U-KpHTHIECKHE TOUKH, B
KOTOPBIX TI€PBasi UJIM BTOPAas KOOPJMHATHI MEHSIOTC Ha djeMenT +1. Orne-
CEM K MOJMHOKECTBY V—KPUTHYECKUE TOYKU, B KOTOPBIX TPEThsl KOOPIMHATA
MeHseTcs Ha 3jaeMenT us I,.

ObGo3HaunmM KpUTHYEeCKHe TOYKH moaMHoxKectBa U  wepes U =
{71, ..., 7 }. Ha Kax10M 13 OTPe3KOB [T;7T;4 1] yTH [ (BOBMOXKHO, YTO HAYAIb-
Hasl WM KOHEYHAsi TOUYKA TAKOI'O IyTH COBHAJET ¢ OTMEUEHHOM) NPOIOJIZKIM
CUCTEMY KOOPJMHAT CJIEAYIONMM CIIOCOOOM.
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g kazkaoro orpeska [7;7;41] ompemeanm U1(Tir1) = 0(1,1)&1(741),

Jo(Tit1) = 0(2,2)@2(Ti1), Y3(Tit1) = T3(Tit1)-
Buauenust 0(1,1),0(2,2) € I; BoiGpanbl Tak, 4TO BbIIOJHEHbl PABEHCTBA!

To To
| | Wy,2;s = | | U1,2:i5
i=1 i=1
70 70
| | W2, 3,5 = | | V2,3:i5
i=1 i=1
70 70
| | W31 = | | U3 1;i5
i=1 i=1

Iae  U1924,V23;, V31~  BBIUETHl AP  COOTBETCTBYIONIMX  KOODJUHAT
(91(73), Y2(73), Ya(i + 0)), wi 24, Wa3,, Ws 14~ BLHYETBI AP COOTBETCTBY-
rorux KoopuHaT (§1(7iv1), ¥2(Tir1)), (U3(Tixr — 0), (F3(7iy1 — 0) mosyuena
ecTecTBeHHBIM TpojoszkenneM (Js(r; 4+ 0) Baomrb [1;741] C L.

Wupivu CJIOBAMH, OIIpe Ie/ UM cucTeMy KOOD/IMHAT
(91(7i+1), U2(Tix1), U3(Tis1 — 0)) Tak, 9TO TpeTbs KOOpIMHATA ITOIl HO-
BOIl CHUCTEMBbI onpe/iejieHa eCTreCTBEeHHbIM IIPOAOJIZKeHUEM, a HOIIapHbIe
IIPpOU3BE/ICHUA BbIYE€TOB KOOPAUMHAT B IIPABOM KOHIE OTPE3Ka TaKHe 2Ke KaK
1 B JIEBOM.

[eomeTpudecKr MOXKHO IIPEJICTABILATL cebe, UTO CHUCTeMa KOODIMHAT
(91(Ti+1), U2(Tix1), U3(Tix1 — 0)) ompezerena caemyomuM crocobom. Crada-
JIa TIePeHOCHM cucTeMy Koopauuatr (1(7;), Z2(7;), £3(7;+0)) Brous [, npudem
B Ka)K,Z[bIIL/,I KpI/ITI/ILIeCKI/Iﬁ MOMEHT BpeMeHU OJIUH U3 Ha60pOB KPUTUYIECKUX KO-
opaunar ¢ Homepom 1 mwim 2 uzmensiercs. [lycrs st onpejeiennoctu Hadbop
c aomepoMm 1. [loampaBum Bech HAOOP KOOpDAMHAT ¢ HOMepOM 1 Tak, 4TOOBI
B KPUTHYECKHIl MOMEHT BpPEMeHHU MOIHAOOD PEryJIspHBIX KOOPAUHAT C HO-
MepoMm 1 u3MeHsieTcsi Ha OOpaTHBI, a ocobasi KoopjuHaTa ¢ HOMepoMm 1 B
KpHTH‘{eCKOﬁ TOYKE HE U3MEHACTCH.

B roukax U, rje meHsiercs oJ/iHa KOOp/MHATa W3 HADOPa TPEThUX KOOP-
JUHAT Ha jeMeHT x € I,, onpenenum mpeodpaszoBaHue HAOOPOB IEPBBIX U
BTOPBIX KOOPJMHAT MPU KOTOPOM KazKjias peryasipHas TPeTbs KOOpHMHATA
npeobpasyercs Ha 3j1emMeHT x € I,. B pe3ysbrare mosydum npeobpa3oBaHme
TPeTbUX KOOP/MHAT, IIPU KOTOPOM IIPOU3BEJIEHUE BbIUYETOB 110 BCEM KOOP-
JMHATAM B HAYaJIbHON M 1peobpa30BaHHO CHCTEMBl He H3MeHsieTcs (3/eCh
HCIOJIb3yeTcst paBeHCTBO § = —1 (mod 4)).

[IpeobpaszoBamue mcxoanoii cucremsr Koopaunat (Z1(0), Z2(0), £5(0)) B cu-
cremy KoopauHar (i1 (27), §2(27), J3(27)) ompeesum Kak mMocjie0BaTeIbHOe
npeoOpa30BaHue BIOJIb CHCTEMbI OTPE3KOB, OnpeeaeHHbX 1m0 U. D10 mpeod-
paszoBanue IpeJCcTaBlIeHo NpsAMOil cymmoil aByx npeobpaszosanuit Ny, € I,
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N3 € I; mo nepBbBIM JIBYM 1 TpeTbheil KoopauHaTe cOOTBeTCTBEHHO. [10 mocTpo-
eHUIO0 N3 COBIAJIAeT C eCTECTBEHHBIM Pe00Pa30BaHueM TPEThell KOOPIMHATHI.

Onpenennm 3HaYEHHE FOMO1»1()1)(101/131\4:3,¢X1sb0 HA F'OMOTOIHUYECKOM KJIACCE
uyru [I] no dpopmyie ¢be0,*([1]) = i1,1,001,1,(N12), e Ny o € L, pr, 1, Iy —
I;— npoekrus ¢ sapom ab € I, (Ecmu Bvecro yenosua (I12) ucnonbzoBaThb
yceaosue $(1,2) = 1, To mpoeknuio Py, 1, CJAEAYeT 3aMEHHTH HA IIPOEKIIUIO
P11, € gapom b.)

JokaxkeMm, 410 roMOMOp(hHU3M ¢Xlsbo’* : m(X3,,) — I, KoppexTHO onpeie-
JIEH.

[Iycts cucrema koopaunar (&(0),25(0),74(0)) morxydaercs U3 cHCTEMBI
koopauuatT (Z1(0), £2(0), @3(0)) npeobpazoBanuem ua x € I,. Tormza cucrema
koopauuar (71 (2m), §5(27), y4(27)), nostyuennas B pe3yabrare MpoI0JIZKeH s
(1(0), 25(0), #45(0)) BroJb | mapaieabHO TPeTheil KOOpANHATE TAKZKe MOJIY-
qaerTcst U3 CHCTeMbl KoopauHat (U (27), J2(27), y3(27)) npeobpasoBanueM Ha
x €.

[IycTb cranmapTusanus myTu [ BeiOpaHa aByMs criocobamu. [lpu snemen-
TaprD(HepeCTpoﬁKaX,QHHOﬁﬁCTaHﬂapTHBaHHHﬁB,prFyK)BHaquHe(ﬁXﬁo(X%
XpaHsiercd. B 4acTHOCTH, IIyCTh 3JIeMEeHTapHas IIepPecTpoiiKa JByX CTaHIap-
TH3AIUil IIyTUH [ COCTOUT B CJIEAYIONEM. DJeMeHTapHasd OCOOEHHOCTb MHO-
)ecrBa U, B KOTOPOH i—asi KPUTUIECKAsl TPEThs KOODJMHATA MEHAETCA Ha
—1 € 1, 3ameHsieTcs Ha JBe dJeMeHTapHbIe 0COOEHHOCTH MHOXKecTBa V', B
OJIHON M3 KOTOPBIX i—as IepBas, a B APYroii i—asg BTOpas KOODIMHATA $B-
JIAIOTCS KPUTHUYECKMMU U U3MEHSIOTCd Ha djiemeHT —1 € I;. B arom ciryuae
npeobpa3oBanue N 9 He m3MeHdAeTcd. KoppekTHOCTD ¢Xﬂoﬁ,q0KasaHa.

IIpucrynum K onpesesenuio romoMophusMa dx; . :m(XT,,) — L.

Ha snemenrapuom crpare rjiyOuHbl S HOHHSﬂpa.Xfw,COﬂepHQMHeMiTOq—
Ky pt = l(pty), pto € S'-ormeuennas TouKa, BbIGEPEM CHCTEMY KOOpJMHAT
(21(0), 25(0), £3(0)). O6osuaunm [[_, vi2; = s(1,2), [[—,vs1 = s(3,1)
[I[_ v23: = s(2,3). Ynopsiiouum jBe mepBble KOODIUHATHL U IOIIPABHM
KOOD/IMHATHI YMHOKEHHEM Ha +1 Tak, 4TO NPOU3BEJIEHUS BHIYETOB

s(3,1) =1,5(3,2) =1, (114)

TOT/IA
s(1,2) = +, (115)
OCKOIBbKY $(3,2) = —s(2,3), s(1,2)s(2,3s(3,1) = 1. (MoxkHO BOCIOTB30-
BATbCsl JIDYTHM COLJIAIIEHHEM O BHIOODE BBIYETOB, HAIIPUMED, MOC/IE YMHOZKe-

Husi HAbOpa BTOPBIX KOOpjauHAT Ha i, Bropoe ypasuenue u3 ([14) nepeiiger
B ypasuenue s(3,2) = 1.)
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[Iycts [ : St ¢ Xfao — IIPOU3BOJIbHBIA KYCOYHO-JIAHEHHBIA IIyTh, TpaHC-
BePCAJIbHO IePeceKaloNuii Mo IIPOCTPAHCTBO OCOOBIX CTPATOB PKéfo_l) -
f,o B KOHEYHOM 4HMCJIe KPUTHYECKHX TOYEK, KOTODble 0DO3HAUMM 4epes3
{t1,...,t;}. Boibepem myrn [ crampapruzoBaHubiM. Pa3obbeM MHOXKECTBO
KPUTHIECKHX TOUYEK HA JBa MOAMHOXKecTBa {t1,...,t;} = U UV. OrHecem K
HOJAMHOKECTBY U—KpPUTHICCKHE TOUYKH, B KOTOPBIX OJHA TPEeThs KOOPIUHATA
u3 Habopa TPeTbUX KOOPAMHAT MeHseTcsa Ha diemenT u3 I,. OrHecem K moj-
MHOXKeCTBY V—KpUTH4YeCcKue TOYKU, B KOTOPbIX OJIHA KOOpPJMHATA U3 HabOpa
1epBOil WM BTOPOit KOOpAMHAT MeHsieTcst Ha djement —1 € 1.

Ob6o3HaunM KpuTHIecKne TOuKH MHOKecTBa U wepes U = {7, ..., 7}
Ha kakaoM u3 orpeskoB [7;7;] myTn [ (BO3MOXKHO, 9TO HAYaIbHAS HJIH KO-
HEYHAsI TOUKA HTOrO IyTH COBIIAJET ¢ OTMEYEHHOM ) IPOIOIZKIM CHCTEMY KO-
Op/MHAT MMapaJLIeJIbHO TpeTheil KoopuHare. B Kax 10if KpuTudeckoir ToYke
MHOKecTBa V' npeobpasyeM HaOOPHI IEPBbIX U BTOPbIX KOOPJAUHAT CUCTEMBbI,
4TOOBI IPOU3BEJICHIE BLIYETOB HAOOpa TPETHbUX KOOPAMHAT BIOJbL IIyTH HE
U3MEHIIOCD.

B pesyabrare moaydnm mpeobpa3oBaHue HCXOMHONR CHCTEMbI KOOPIMHAT,
kKoTopoe obosnaduM depe3 N. IIpu arom R = N; 5 @ N3, Ny 5 € Ey, N3 € 1.
[IpeobpazoBanue N3 COBIAIAET C €CTECTBEHHBIM.

Oupenesny romomopdusm  ¢xp . @ m (Xi,) — I, no dopmyne
¢XISao7*([l]) = PE,1,(N12), ae pg, 1, : E, — I, — npoeknus ¢ sapom a. (Ha-
nomuio, uro K, sBjsiercd KBaJIpaTUYHBIM paciiupenrem noarpyiibt I, ta
rpynna uzomopdua rpymne Z/4®7Z /2. DneMeHT a® paclIupaeTca 3J1eMeHTOM
¢ 9eTBePTOro MOpSAIKa, ¢ = a?. DIeMeHT ¢ JeficTByeT yMHOKeHHeM Ha i Ha
Kazk Iy koopaunary.) (Eciu Bmecto pasencrsa ([15) ucmnob30BaTh paBeH-
crBo s(1,2) = 1, o Ny » € Ep u npoexkuuio pg, 1, : E, — I, cienyer samenntn
Ha IIPOEKINIO PE, 1, : Ep — I, ¢ sapom b.)

Jlokazken, 4T0 roMoMoppusM dx; .t (Xi.,) — I, KOppeKTHO oOmpe-
nenen. Cucrema koopaunar (21(0), 25(0), #5(0)) BeIOUpaeTcst HEOHO3ZHATHO,
B yacTHOCTH, KoopuHaTa £1(0) ompeesieHa ¢ TOYHOCTD JI0 TPeobpa30BaHs
—1 € I, Iycrs 24'(0) apyras xoopamuara takas, 9ro x'(0) = —a7(0).
I[Iycts koopaunata & (27) nomydena u3 z1(0) B pe3yabraTe eCTeCTBEHHOIO
npeobpaszoBanust B1oJb . [ycrs Koopaunara @5 (27) nosydena u3 Z2(0) B pe-
3yJIbTaTe eCTECTBEHHOrO peobpaszoBanust BJoJb [ Toraa, oueBuano, ¥ (2m) =
—)(2m). CrenoBaresnbro, npeobpazosanue N € I, He 3aBucut or BbIGOPA
[epBOHAYAJIBLHON CHCTEMBI KOODIUHAT.

IIpn n3Menennu cranjapTu3alui OyTH [, IpeoOpa3oBanue N; o He MeHs-
ercs. Fomomopdusm ¢x; . m1(X3i,,) — L, xoppekrHo onpejeJien.

[Tockonbky mo Jlemme (BO) cTpykTypHOe 0TOOpayKeHHe 7)xs HA MOIIPO-
crpanctee X7 NX7  C XS romoromno orobpazkennio B K (L4, 1) C K(Dy, 1).
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K1accudunupyronme orodpazkenus gx; , ¢x; . coraacopanbl Ha Xj (NXf
a b

u onpejesaoT orodpaxkenue dxs : Xg, — K(I,;1). Orobpaxenne ¢X8

Ag’o — K(I,,1) oupeeisiercss aHAJIOTHYHBIM CIIOCOOOM.

Hoxazewm yciosue. IIposepum, uro orobpazkenue ¢xs @ Xg, — K (I, 1)
IPOJOJIZKACTCA IO OTOOPAKeHHA QbZSfl : 757 — K(I,,1). Cnagasa 3aMeTHM,
uT0 oTOOpaxenne ¢xz : Xg, — K (I, 1) mpomonxaerca 10 oTobparKeHns
ox; + X§ — K(I4,1). Hokaxem, uro orobpaxkenne ¢xs @ Xg — K(I4, 1)
IPOIOZKALTCA 0 0TOGPasKeH s TPOCTPAHCTBA Z5 |, T.e. MPOBEPHM, ITO Cy-
MIECTBYET IIPOJIOJIZKEHNe Ha KarK/Ibli d/IeMeHTapHblil cTpar riiyoutnbr s — 1.

[Iycts a C PK(gi_l)*SﬂeMeHTaprIf/'I crpar iyouHel s — 1, npudem 3je-
MEHTapHbIe CTPaThl TJIYOMHBI S U S + 1, JexKallume Ha ero rpaHule, OTOK-
JIECTBJIEHBI C COOTBETCTBYIOIIUM MOAIPOCTPAHCTBOM B X§,. [l IPOM3BO/IH-
HOIO 3aMKHYTOIO IYTH [, JeXKAIIero Ha 3JEeMEeHTApHBLIX CTparax LIyOMHBLI S
u s+ 1 Ha rpaHMIEe a ONPEIEJEHO eCTECTBEHHOE IPeo0pPa30BaHUe CUCTEMbI
KOOpAHHAT B0 | 1 ssement 1 .([!]), Bocmoassyemest Jlemmoit B, cormac-
1O KoTOopoit 7o ([l]) € Is. Kpome roro, Boss | onpegeneno npeobpasosanue
N u, oueuano, X = 1. ([l]). [losTomy orobpazkenme ¢xs mpomoMKaeTcs
JI0 0TOOpPaZKEeHUS Qngfl (1 mpuTOM enMHCTBeHHBIM crocoboMm). ITTocTpoerue

0TOOpaKEHUSsI ¢Z§—1 : 75 — K(1,,1) anajgornuso.

[Iposepum, 4YTO BBLIIOJIHAETCS TPAHUYHOE YCIOBHE TpQs = Px;|PQ;
PQj — K(I,,1). 910 paBeHCTBO JOCTATOYHO HPOBEPUTH JIJIsl THATOHAJBHOIT
U aHTH/MArOHAJIbHON KOMIIOHEHTHI I'paHuIpl npocrpanctsa X§. [Iposepum
9TO JI/IsI JTUATOHAIBHON KOMIIOHEHTDI, KOTOpAs COJAEPYKUTCSA B IMOJANPOCTPAH-
crBe X(q,. [g anTuanaronanbHoil KOMIOHEHTBI, KOTODasd COJNEDPKATCA B
no/upocTpancTse Xgy NPoBepKa aHaJOIHYHA.

Paccmorpum saMKkHYTHI 11yTh [ Ha KOMnonente PO, . Ilycrs R — npe-
obpa3oBaHie CHCTeMbl KOODAMHAT BIOJb [. B cayuae 6(3,1) = 1, mpe-
obpaszoBaHne KoopAuHAT N BI0Jb [ COBIAJAeT C eCTECTBEHHBIM IIpeobpa-
30BaHHEM KOODJMHATHI I3 BAOIb [, T.K. B 9TOM CJIydae CHCTEMa KOODJIH-
Har (§1(27), 92(27)) coBuamaer ¢ cucremoii koopauuar (Z;(2m),io(2m)). B
srom ciaydae N = 1g.([l]) € Iz Ecam 6(3,1) = —1, To cucrema koopan-
Hat (U1(27), §2(27)) omrmaaercsa or cucreMbl KoopauHat (I1(27), #9(27)), a
Ha obpasymwoiyio —1 € I;, HO npu 3ToM N CHOBa COBIAJIAET C €CTECTBEH-
HBIM MIpeoOdpPa30BaHUEeM CHCTeMbl KOOpJAHHAT. B 3TOM ciydae cHOBa mveem
N = 7’]07*([”) € Id.

['panunynbie ycjaoBus Npoy = ¢X8
AHAJIOTUIHO.

Jlemma (B8]) mokaszana.

OcranoBumcs Juiinb Ha hbopMyIupoBKe ciaeayomnieil semmbr (39), koropas
anasornyna Jlemme (38)). Dra semma Gyger ucnosb30BaHa ISl TIOCTPOCHHSI

PO3 PQ: — K(I,,1) nposepsiorcs
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OTOOpazKeHuil ¢1, G B AHATpAMME ©2).

S S S S S

ITocTpoenne BcriomMorareJibHbIX HNPOCTPaHCTB Xi,, X{, Y., Y, Z7,,
S
A

DTO MOCTPOEHHE TTOJHOCTHIO AHAJOTMYHO U OIyCKAETCS.

Onpezeneno crpykrypubie otobpaxenus (ys @ Y, — K (H, 1), Cylso
¢ — K(G, 1), KOTOpbIE IIOJyYaeTCsl B Pe3yIbTaTe OIPAHNIEHHS CTPYKTYD-
HBIX 0TOOpazKenuil (k,, (g, TPU BKIKOYEHUAX Jy; jy,lso.

Obo3znaunM KOMIOBUIMIO Pxs O Cys 4epes ¢ % 0 Xio — K(H,1), xom-
HOBHIWIO Pgs © gylso gyepes ( %3 Afo — K(G,1). 9T orobparkeHus TaKKe
HA30BEM CTPYKTYPHBIMH.

OmnpejeieH0 TPOCTPAHCTBO X i, KOTOPOE Ha3bIBACTCA KAHOHHUECKHM 2-
JIMCTHOE HAaKPBIBAIOMIMM HaJ X{ , COOTBETCTBYIOILIEE 2-JIMCTHOE HAKDPHITHE
untynuposanto n3 Haxpeitus K (I, 1) — K(Dy, 1) orobpakenuem (x;, .

O603Ha91M 9TO KAHOHHYECKOe 2-THCTHOe HAKPBITHE Yepe3 Pxs : Xjo — Xi,.
1o
S ~ . S
AmnaJjioruuHo oupejeisiercs: IpocTpaHcTBO X{o U 2-HaKpbITUE Pxs, t Xio =

s
lo-

JIemma 39. B npednosoocenuu s = 1 (mod 2) cyuecmeyem omobpasice-

nue ¢xs @ X7, — K(Qq, 1) ( coomeemcmeenno ¢XIS c X7, — K(Qg,1) ),
ydosaemeoparousee CACOYIOWEMY YCAOBUIO:
— Omobpasicenue dxs = Xi, — K(Qa, 1) npodosscaemesn do omobpa-

HCENUA Pys—1 757t — K(Qq, 1) (omobpasicenue (bzls—l : leo_l — K(Qq,1)

npodoasicaemes do omobpasicenus yo—1 : Z70 — K(Qq, 1)), npuuem das
1
NPoYONAHCENHO20 OMOOPAHCEHUA GOINOAHAIONCA 2DAHUYHBLE YCAOGUSM:

RQ3 : RQ? - K(Qa7 1)7

RQ? : RQ? - K(Qaa 1)‘

CrQ: = Ox;,

Cro; = P33,

Hoxka3zarenbctBo Jlemmsr (39)

JlokazaTesbcTBO aHAJIOTHYHO JoKazaTeaberBy Jlemmbr (B8)) u onmyckaercs.

OrobGparkeHus ¢y, ¢ B AuArPAMME (5%4)

[ToctpouMm orobpazkenue ¢y B quarpamme (B7). B npocrpancree RKg, ompe-

JIEJIAM O/ POCTPAHCTBO RK([)? C RKyo. /It 3TOro paccMOTPHM CJIe Iy To-
YO [apy [OJUIIPOB (BepXHsisl JuarpamMMa) B BKJIOKEHHE B 9Ty JPYyroif
[apbl TOJUAPOB (HUAKHSSI JUArPAMMA):
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RK! C RK? (116)

X, c 29 (117)

2
[TpocTpancTBo RK([)} olpeJie/IeH0 Kak 00pa3 MpOCTpaHcTBa Zg U3 JlUa-
rpamumbl (I17)) upu Bxjrouenun. Ham norpebyercs ciiejyromias JeMma.

Jlemma 40. [Ipoussosvroe PL—omobpastcenue 06yme€m020 ducka f : D? —
RK, swmecnaemca 6 omobpasicenue f': D? — RK([)z C RKy c obpasom 6

nodnpocmpancmee RKE] C RK, 6 pesyasvmame ckoiv y2o0Ho manroti PL—
depopmavuy f— f’.

okazareascTrBo JIlemmbr [40)

[IpocrpancrBo RK( cHabDKeHO eCcTeCTBEHHBIM OTOOParKeHueM B IPOCTPAH-
cTBO 0"° X [ MpSIMOTrO IIPOU3BEIEHIE T(—MEPHOIO CUMILIEKCA Ha OTPE30K, IPH-
YeM CTaHJIapTHAsd TPUAHTY/IAIUS IPOCTPAHCTBA-00pa3a, 33 akIas CTPATH-
duUKaAIMIoO TPOCTpaHCTBA—00pa3a M0 KOPAa3MEePHOCTH OCTOBOB TPUAHIYJISIIHH
coryiacoBaHa MPHU ITOM OTOOparKeHuu COo crparudukanumeili TpocTpaHCTBA-
npoobpa3za. IloanpocrpancTBo RK([)Q} C RKy cojepKut BCe CTpaThl HPO-
crpancrsa RKy ry6unst 0,1,2. Otobpaxkenue f : D? — RKj MOXKHO mepe-
BECTH CKOJIb YTOJHO Masoii gedopmanueil B otobpazkenune f' : D? — RK([)Q}
TakK, 4TO MpOoeKIus obpasa orobpazkenus f' B mpocTpaHcTBO 0™ X [ TpaHC-
BEPCAJILHO K CHUMILIEKCaM pa30ueHusi W, B 9aCTHOCTH, HE COIEPKUT OCTOBA
kopasmepuocru 3. Jlemma [0 nokazana.

Onpenesmm Ha MOAIIPOCTPAHCTBE RK(?] C RK, orobpazkenue
B RKE — K(1,,1). (118)

Ha noanpocrpauncrse X] C RK([)Q} 0rToOpazKkeHne OUPEleInM KaK (yi1
X} — K(I,,1), nocrpoernoe B Jlemme (BR) mpu s = 1. Ilo 3roit xe memme
oTOOpazKeHne IPOJ0/IZKAETCA J10 OTOOPaKenus ¢zo Z) — K(I,,1). Tem
cambiM, orobpazkenune (II8) onpeseseno.

[To Jlemme A0 orobpazkenune (II8]) mpogoszkaercst 10 0TOOpazKeHust ¢g
RKy — K(I,,1). ITo Jlemme (B8) orobpazxenne (II8) ymosraersopser cdop-
MyJIMPOBAHHBIM I'PaHUYIHBIM ycaoBusM. CrenoBarenbHo, orobpazkeHnue ¢q :
RKy — K(I,,1) yI0oBIeTBOpsgeT TPaHITHBIM yCIOBHAM, KOOPHIE CeIyT W3
muarpavm (BD)), (B6). [Tocrpoenue orobpazxkenus ¢ : RK, — K(I,,1) nos-
HOCTBIO aHAJIOTUIHO.
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Orobpaxkenus ¢, ¢; B guarpamme ([62])

DTO MOCTPOEHUE AHAJOTHIHO ITPEJIBIIYIIEMY U OIyCKAETCs.

okazareascTrBo JIlemmsi [0

PaccmoTpum otobpazkerne p : S % /i — Jy n obo3HaunM uepes C), THIHHID
sroro orobpazkenust. Oupezaesensl oTobpakenus npoeknuit pr : C, — [0, 1],
ps: Cp — Jo 1 1€KapToBO IpOU3BEJEeHUe THX OTOOparKeHHit, KoTopoe 00o-
spaduM depe3 F: C, — Jy x [0, 1].

AHajornaHo paccMoTpuM otobpazkenue p : RP" ™% — J; n obo3naunM de-
pe3 C, muimHap Toro orobpazkenus. OnpeesieHbl 0TOOPaXKeHUs TPOEKIUT
pr:Cp —10,1],ps : Cp — Jo 1 1eKaAPTOBO NPOU3BEICHUE ITHX OTOOPAZKEHUI,
KoTopoe oboznadnm depe3 F: C, — Jy x [0,1].

Ompeneneno orobpazkenue 1 : C, — C),, IpuIeM CJeayonue JuarpaMMbl

P P>
KOMMYTATHBHBI:

¢, — G
Pr o\ i (119)
I,
¢, — ép
D7\ /Dy (120)
Jo.

Paccmorpum Brioxkenue [y @ Jy x [0,1] € R™ x [0, 1] u oupemesnm oTo6-
paxenus [; 0 F : Cp, — R" x [0,1], [; 0 F : C, — R" x [0,1]. Huxe
onpenenuM otobpazenue f é’p — R™ x [0, 1], koropoe mosy4eHo B pe-
sysprare C'l-MAJIOro BO3MYyIIEHHS OGIIEro MOJI0ZKeHnst 0ToOpazkerus 1 o F.
Takoe BO3MyIIeHHE GyaeM HEzKe HasblBarh aedopmarueil romoromnn Iy o F
B F'OMOTOIHUIO f . IIpu arom romoronuio f BbIOEPEM COBIIAQJIAIONIEH HA HUKHEM
OCHOBaHMM HuIHApPa Jo C C'p ¢ Baoxenunem [y : Jo C R™ x{0}. Kpowme Toro,
norpebyem, 4TOObI KOMIIO3UIHS Po.1] O f C'p — [0, 1] coBnamana ¢ pr, rue
Ppoa) - R" x [0,1] — [0, 1] — npoexuus Ha Bropoit comuoxkureb. Oupejieneno
raxke orobpaxenue f: C, — R™ x [0, 1] kak komuosumust f = for.

O6o3maduM depes Q C C'p — KaHOHUYECKOe HaKPBbIBAOIIee HaJl MOJTUII-
POM TOUYEK CAMOLEPECedeHns] TOMOTOIUA f, OIPELEIeHHOE KAK 3aMblKAHIE
o opmy.ie

Q=Cl{zeC,:IyeCpay flx)=fly)}
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Omnpenenena unsomonud Ty @ () — (), nepecTapisioniasg IPoodpasbl TOUEK
camonepecedenud. Nupomonua Ty coXpaHgeT 3HaYeHHs OTOOPaKeHHs pj.

DakTOPIPOCTPAHCTBO MOTHIAPa () IPHU STON UHBOJIIME 0003HAYUM 1depe3 ().
Paccmorpum crparudukaiiyio

Jyc--cJicdy (121)

npocrpanctsa jzoitna JJ = Jy. Crparuduxanua (I2I) oupesenser crparu-
dukaiuio nuanHapa 1mo GopmyJie

Ci = 55 (J3) (122)

u crparudukanuio maoroobpasus S"F /i no gopmyie

(S"H) =51 (Jp) (123)
Onpegenena crparudukarus
QCc-c@cg (124)

nonmyapa Q° = Q mo dbopuyte QF = (Q ﬂ;i,) NT5(QN C’;) daxTop cTpaTu-
dbukanun 124 npu nusoaronun Ty onpejenser crpaTudukanmo

QO c--cQ'cQ° (125)

nommspa Q. Obosmaumy wepes Q.J; nepeceuerme Q' N.Jy. Ilpu ycroBum, 4o
oToOparkeHue f obiiero 1oJ10kenus, crparudunupoBanublii moausap QJ¢
HaxoauTces B obmem nosoxkenun co crparavu ([I21) moawsapa Jy

[Tpu mpoussosibaoMm ¢ € (0, +J] orpanndenne oToOpaKEHUST f : C'p —
R" x [0,1] ma S™ % /i x {t} o6osuauum uepes d = d(t) : S"*/i — R". Or06-
pazkenue d ABYJIUCTHO HAKPBIBAET OTOOpaZKeHHe d. PaccmoTpum MHOT00OGpa-
3ue NKO C KpaeM TOUYeK CaMolepeceveHus 0TOOpazKeHusl d. Mmuoroobpa3sue
N K, OmpeJensercs 1o dhopmye N, Ky = Q N R™ x {t}. Dro MHOrOOOPa3ME
CHAOZKEHO eCTeCTBEHHO crparuduKaruei

Ny, € - C N, (126)
Wi = Nig, \ Nig!, (127)

KOoTOpasl ompejessiercss Kak mojcrparudukanus crparuduxanun (125).
Oupejeneno apyaucraoe Hakpbitne Ng, — Ny, u crparudukanus (62]) 1By-
JINCTHOT'O HAKPBIBAIOLIETO.
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EcrecrBenHO BBICKa3aTh CJICIYIONLYIOIHIOTe3Y: IIpUMeHsAd TeopeMmy P L—
TPaHCBePCAJbHOCTH MOZKHO OKa3aTh, YTO IPOU3BOJIbHBII 2-UCK B MOJHIIpe
VO V3 VO
Ny, caumaerca ¢ nogunoymdapa Ny C N CKOJIb yroJHO MaJIbIM IIeBejie-

HHEEM, I03TOMY (DyHIAMEHTAIbHBIE IPYIIL IPOCTPAHCTB N})(O i N})(O \ N %
cosmazaior (cp. ¢ Jlemmoii Q).

Terephb OIPELETUM TOMOTOINIO | 0} PaccMoTpuM HOpMAJILHOE PaCCIo-
enne vy, : E(v) — Jy Bnoxkenuns iy, : Jy C R™. Buoxenue iy, onpesie-
JICHO KaK CTaHJApPTHOE BJIOXKeHHe 1 — k—MepHOil c¢depbl B eBKJIMI0BO HPO-
crparcTBo R™ ¢ KopazmepHocTbio k. Paccioenue vy, sBIsieTcsi TPUBHAIBHBIM
k—MepHBIM pacCI0eHHeM, MpUIeM II0 YCJIOBUIO JeMMbl k > 8. Ilpencrasum
paccyioenne v, B BUjie CYMMbl YUTHH TPUBHAJIBHOTO 4-MEPHOTO PACCTIOEHHUSI
g1 : E(e1) — Jy, rpuBHAIBHOIO 2-MepHOTO paccioenust €9 : E(gg) — Jo
¥ JIONOJIHUTEIHLHONO TPUBHAJIBHOIO paccioenus €3 @ E(e3) — Jy Heorpua-
TeJILHOI pa3sMepHOCTH pa3MepHocTH k — 6.

[TepeoGo3uauum orobpazkenue (I; o F) qepes f_2. Bribepem mociemona-
TEJILHOCTh GECKOHEUHO-MAJIBIX YHCET d_1, 00, ..., 0p 41 (YKA3AHHYIO MOCJIEI0-
BATEJIHHOCTh MOKHO HPEJCTABIATH KaK YObIBAIOILYIO II0C/IeI0BATEeIbHOCTD
HOJIOZKUTEIbHBIX YHCEJI, KazKI0€ MOCIEAYIONee YUCI0 BLIOMPAeTCs HACTOJIb-
KO MaJIbIM, YTO YKa3aHHbIE€ B IIOCTPOCHUUN CBOHCTBa aHHpOKCI/IMI/IpyIOH_[eﬁ Tro-
MOTOIIUH, JOCTUTHYTBbIE HA MPEIBIIYINEM Iare, COXPAHSIIOTCHI) TaKy, 9TO
dir1 = 0(d;) m moctponm nocteposarenbaocTh C'l—nedopmanmuii

A A~

faormfamfo .= fief (128)

o uHAyKIuy, 3a1asag Cl-kamubp gedpopMalum Ha cTpaTe C}gi) OeCKOHETHO-
MAJBIM ucIoM 0;. [loc/iennsiss roMoTonns f B STOf IOC/IEI0BATEIBHOCTH
oyaer PL—orobpaxkenuem ob6iero noJsioxkenus. [Ipu jocrarouno masiom t,
0 <t < d,.1, romoronust f onpenensier orobpazKenue d.

Ha npeaopuresibuom tiare jiedpopmariust f_g — f_l CTPOUTCS] BEPTH-
KaJIbHOIl BJIOJIb MOJPACCIOEHUs €1 B HOPMAJIbHOM pacciaoeHun vj,. Kaaubp
paceMaTpuBaeMoil sedopmanun paser 6_1. Jledopmanus f_o — f_q crpont-
¢4 TakKoil, 4To mpoobpas pjol () kazxoro snementapnoro crpata al®) C Jy
[IyOMHBL § CAMOIIEPECEKAETCsl B TOTAJIBHOM MpPOCTpaHcTBe F(£1),(s) Pacciioe-
HUA €1 HA, a®) B obIeM 10JI0KeHnr (KaK HOTrPYZKeHUst OOIIEro MOJI0ZKeH st
3aMKHYTOr0 P L—MHOrooOpasust).

Ha mysesou wmrare gedopMamust f_1 — fo CTPOATCS BEPTHKAIBHOIL BIOJIb
CJIOEB PACCJIOEHUS €9, HEIOBUZKHOI Ha cTpaTe 0}5,1). Kaubp paccmarpusa-
emoit nedopmanuu pasen dg. [ledopmanust f_l — fo CTPOUTCS TAKOil, 4TO
OrpaHmvueHne 0TOOpazKeHus fo Ha Ipoobpas3 smementapaoro crpata ' riy-

!Koncrpyxkmusa 6blia moaydena Ha cemunape C.A.Boraroro
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ounbl 0 gB/IgeTCA NOTPYZKEHHEM OTKPBLITOIO MHOIr0o0Opa3us, MHOYKECTBO TO-
YeK CaMOIlepecevdeHns KOTOPOro COBIAJAET ¢ MHOZKECTBOM TOYEK TPOHHOrO
caMoTiepecedeHns norpyzkenns f_i, orpamngennoro ua oY) u He comeprur
TOYEK JIBOWHOTO CaMOIIEPECETeHNUsI.

Yro0bl onpejieursb jaedopmanuio f_l — fo C yKa3aHHbIMU CBOHCTBa-
MH JOCTATOYHO BOCIIOJIB30BaThCA Jlemmoii B2, cormacHo KOTOPOii, CTpyKTYp-
Has IPyIIa HAKPBITHA HAJI MHOroOOpa3meM JBOMHBIX TOUYEK caMollepecede-
HUsI HA KayK/IOM 3JIEMEHTAPHOM CTPaTe PELyIUPYeTCs K MeJOIUCAeHHON. DTO
O3HAYAeT, 9TO OCOOEHHOCTD JBOWHBIX TOYEK CAMOIEPECeUeHUsI BHE MOYKECTBA
TPOIHBIX TOYEK CAMOIEPECedeHus PACIPOCKTUPYETCsl BO BJIOYKEHHE B KOPa3-
MEpPHOCTH 2 BJIOJIb CJIOEB PACC/IOCHUS E3.

Ha mrare ¢ Homepowm ¢ mgedopmarius fi_l — fz CTPOUTCS CHAYa/Ia C HOCH-
TeJgeM Ha é}f’. [TpeaBapuresbuas jgedopmaliysi, KOTOpyo 00603HAYUM Yepe3
ﬁ_l — fi’ , SIBJISIETCS HETOBUYKHOI HA C*,Si“). Jlajtee mocTpoeHHasi TOMOTO-
nus fi’ IPOJIOIZKAECTCA JI0 TOMOTOIIUN fz Ha BCEM C'p TaK, YTO OHA COBIIA/IAET C
y?Ke TIOCTPOEHBIM paHee 0TOOpazKeHueM ﬁ-_l BHE MaJIOH PerysisipHoil OKpect-
HOCTH (KOHEYHOIO DPajinyca) C’éi) U IIPOJIOJIZKAeT OTOOpaKeHue fi_l B 3Ty
OKPECTHOCTDb Ha BCE MPOCTPAHCTBO ép 0 O0IEMY ITOJIOZKEHUIO ¢ KOHCTAHTOM
C'-annpokcumanuu ;.

[Tocrpoenune jnedopmarimu fi_l — fz’ , > 1, oCcynecTBIIsIeTCsl CJIe Ly IOIIM
obpasoM. PaccMoTpuM mpomsBosIbHELL d1eMenTapHblii crpar oY rryGuHb i
u3 Joi) \ Jéiﬂ) U PacCMOTPUM pPeryJIsdpHYI0 OKpecTHOCTb U, cTpaTa a® B
00beIMHEHUN CTPATOB Joi_l) \ Jéi) IyOuHBI ¢ — 1, HPpUMBIKAIONEM K CTpa-
1y a®. Oxpecrnocts U, s IpejacTaBieHa KakK O0beIHHEHHEe OKPeCTHOCTEl
Uﬂji_—l’a(i) 1o okpectHOCTSIM cTpata oY) BO BCEBO3MOZKHBIX MPHMBIKAIOIIX

(i—1) . .
cTparax ﬁj ryounnl ¢ — 1. Kaxaptit crpar U B o0 IPeJICTABJISIET CO-

B
Ugi-1) ) TPH OTOOpazKeHuu p : (Sn=k /) (SnR O Jéi_l) \ Jéi)
J )

6oit mpamoe npomsseaerne oY x D2, [Ipoobpas p— (U -1 () OKDECTHOCTH
]' 9

B
0b03HATUM Yepes3 f/bj,a. Obbegunenne f/bj,a 1o BceM b; 0DO3HAUUM Uepes3 f/a.
D10 obbeunenue spisiercs mpoodbpazom Uyw) 1pu orobpazKkeHun p.
[Tpoobpas f/bj,a npejcTaBiaser coboit mpsiMoe mnpomspegeHme 4771
JIMCTHOrO HakpbiBaomero a mag oY) ma orkpsrToiii 2-muck D?. CHoBa BOC-
HOJIb3yeMCsl KOOD/JIMHATHBIM OHUCAHUEM OTOOPaxKeHUs P, OTKYJ/IA BbITEKAET,
YTO OrpaHUYIeHHOEe ]A) Ha ‘A/bj,ih ABJIAEeTCA HPAMbIM IIPpOU3BEeACHUEM CTaHIaPTHO-
O Pa3sBeTBJIEHHOTO 4-JIMCTHOIO HaJl D? u napamMeTpu3yIonero orobpakKenust
b — B;.
[To tpeano/soKeHnio UHAYKIMU TOMOTOIUS ﬁ-_l, OrpaHMYeHHAd HA ‘A/a
HEIOJIBUKHA Ha (4, IPHYEM /I KazKI0ro Bj nedpopMAaIis fi_g — fi_l Ha-
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IpaB/ieHa B TPaHCBepCaJbHOM Halpapiennu K Ug, o U ee C'-xamubp cymie-
CTBEHHO IIPEBLIIIAET 0;. R )

Oupenenum romoronuio f; okpecrunocrn Vi — R™, kak pesyabrar ;-
MaJIoM leﬂe(bOpMaH,I/II/I Ha KaKJIO# OKPEeCTHOCTH Va B HalIPpaBJICHUU Kaca-
TeJILHOI'O IPOCTPAHCTBA K IPOU3BOILHO BEIOPAHHOMY CTpaTy [ TIyOUHBI i— 1,
IpUMBIKaomeMy K «. ['oMoromnmsa fz’ cTpouTcd TakzKe Kak npu ¢ = (. B pe-
3yJbTaTe TOUKH CaMOIepecedeHns daeMeHTapHOro crpara o'’ coBmamaor c
TOYKAMHU TPOWHOI'O CAMOIEPECedeHHs TOr0 JIEeMEHTAPHOrO CTpaHa HpPU ro-
motoruu f_q. [Ipu 9rOM orpanudenune romoTonuu fi’ Ha I'PAHUILy OKPECTHOCTH
Vi, B uacraocTy, na rpanuiy 0(a)? neHTpaibHOro HoaMHOrooGpasus i C VM
cTpaTa ( HEIOIBHKHO.

OnpeaeuM TOMOTOIIHIO fz B De3y/IbTaTe MPOJOJIKEHHs TOMOTOIHH fz’
110 00IIeMy MOJIOXKEeHHIO, OJM3Koil K romoromum f;_; ¢ KoHcrantoit Cl-
AIIPOKCUMAIUU 0;. 3aMEeTHM, 9YTO OTOOParKeHne, OIPeIeIeHHOE KaK Pe3y/ib-
TaT TOMOTOIHH fz nupu t < J;, UMeeT Ha KarKJIOM 3JJIEMEHTAPHOM CTparTe
OKDECTHOCTH OCTOBa ITyOHMHBI He Memee i mpocrpancTsa S™ /i) Touku ca-
MOIIepecevdeHns, COBIAIAMIIMI ¢ TOYKAMHA TPOHHOIO CaMOIIepecedeHus ro-
MoTomuu f_; KOTOpas ObLIa OIpeaeseHa Ha IIpeIBapUTeTbLHOM IMare KOH-
crpykimu. Touku, jexamme Ha crparax riyoussl ¢ + 1 (1 Bbie) umeoT
CTPYKTYPY TOYeK camoliepecedenusi obiero Buja. [Ipu 3rom Touku camo-
mepecevdeHnsl CTPATOB Pa3HON IVIYOMHBI, y OTOOparKeHHs, OIPEIETeHHOI0 B
pe3yJIbTare TOMOTOIINI ﬁ-, BOOOIIE TOBOPSI, MOTYT IIPUCYTCTBOBATD.

Jledopmarus ﬁ-_l — fz H, TEM CaMbIM, MOC/IEIOBATENLHOCTD Jedopma-
nuit (I28), nocrpoena. Ha nocieamem mare romoronust f, mepeBOAUTCS B
FOMOTOIHIO f obmero nosoxkenns Cl-maoit nedpopmanueit, npuaeM Kaganop
Op41 9TOH medOpMaAMK CYIIECTBEHHO MEHBIIe 0,. JTa J1edOpMaIisa COCTO-
UT U3 JABYX Imaros. Ha mepBom Imare pe3yabraToM AedOpMAaliuu sBJISETCS
TOMOTOIIHS fz OOIIero MOJIOKEeHHs, I KOTOPOil MHOXKECTBO TOUYEK CaMOIIe-
pecedeHns KaxKI0r0 3JIEMEHTAPHOIO CTpaTa COAEPIKATCA B MHOXKECTBE TOYEK
CaMOIIePECEeUEHUsT ITOIO K€ JIEMEHTAPHOIO CTPaTa, IPHU [MOrPYKEHHN f_l.
Touku camonepecedennst CTpaToOB IJIyOMHBI OOJIBIIEH %0 mqy OTCYTCTBYIOT 110
coobpazkeHnsiM pa3MepHocT. Ha Bropowm mare jgedopmanun TOUKHI Iepece-
YeHHsI CTPATOB Pa3HON pPa3MEepPHOCTH, KOTOPbIe BO3HUK/IN IPH IOCTPOEHHH
BHE OKPECTHOCTH TOYEK TPOIHOIO caMolepecedeHns TOMOTONuu f_q, BEpTH-
KAJIbHO PACIPOEKTUPYIOTCS BJOJIb CJIOS PACCJIOCHUS €3. Y KA3aHHOE PaCIIPO-
eKTHPOBAHKME BIAJIM OT TOYEK TPOMHOIO caMoIepecedeHns KOPPEKTHO OIpe-
JTeJIEHO, TOCKOIbKYKAHOHIMIECKOe JABYJIHNCTHOE HAKPBITHE HAJI IHOJTIIIPOM TO-
JeK CaMOIlepecevdeHns MexKIy CTpaTaMH Pa3HOW IVIyOHMHBI, OY€BH/IHO, TPHU-
BHAJIBHO (IIApa TOYEK B HAKPBIBAIOIIEM IIOJIMI/IPE eCTECTBEHHO YHOPSI0YeHa
3HAYEHUEM TUIyOMHBI CTPATOB).
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Orobpazkenue f OIIpeJIesIsIeT HCKOMOe 0TOOpazkKeHne d (d) mpu orpanuye-
nnu Ha S™F /i x {6,} (RP™F x {4§,}).

[To mocrpoenuto crparnduxanuu ([63)), (I26) romyckaor cemeiicTBO 0TO6-
pasxennii 1) WI(;) — RKY, (t® WI({Z()) — RK{), 0 <i < imaz,0 B
IPOCTPAHCTBA paBngHeHI/IH 0COGEHHOCTE.

Bouiee Toro, mocrpoennoe cemeiicTso orobpazkenuii 1% (t0)) cxnenaercs
B 01HO oToGpakenue f : Ny, — RKq (t : Ng, — RKj).

I'panndnsie yeaoBust Ha No giag, No.antidiag CTEAYIOT W3 TPAHHIHBIX YCJIO-

i (@) (@)
BuH Ha WQ,diag’ WQ,antidiag’

Jlemma [B0] rokazana.

HOCJIeTHUE TIPeLycMaTpuBaiOTCsS B Jlemme

HoxkazareabcTBo Jlemmsr 3]

JloKkazaTenneTBO aHAIOrHIHO HoKazareabcTBy Jlemmpr B0l Jlemma Bl moka-
3amHa.

4 Mmaoroobpa3ug ¢ KBaTepHHOHHBIM OCHaIlle-
HUEM

Paccmorpum rpymny Q, kBarepHHOHOB mopsizika 8. OupegesieHo mpeacranie-
e x4 : Q, — SO(4), KoTopoe epeBoJnT e MHIYHbIE KBATEPHUOHBI 1, j, k

B Marpursl (20), (210), (22]) coorBercrBenHo.

[IpescraBienue x_ MepeBOIUT e€JMHUYHbIE KBATEPHUOHHI 1, j, Kk B MaTpu-
B

0 10 0
100 0
0 00 -1 | (129)
0 01 0
0 01 0
0 00 -1
100 0 | (130)
0 10 0
00 0 1
0 0 -1 0
01 0 0 (131)
10 0 0



O6pas rpymibl KBATEPHUOHOB MPH MPEJICTABIEHUAX X U Y _ OIPEIETAIOT
TakzKe moarpynnsl B rpymme Z/2B € O(4). 3ameruts, 4To BHemIHee cONps-
wemne noarpynust H C Z/28) wa snement us Z/20 \ H, sazannniii npe-
oOpa3oBaHnueMm €; — —ep, €, — €;, 2 < ¢ < 4, oupejejisier aBromopdusm
H — H, upu xkoropom nojarpyuma [my, nepexogut nogarpyiiy Imy_ ejuu-
HUYHBIX KBaTepHHOHOB B H, mpejcrabienne KOTOpoil 3a/aeTcsd MaTpHIAMu

Omnpejiesiena npsiMasi cymMMa npejcrasienuii x4+ & x— @ Q, — SO(4) &
SO(4) — SO(8), sro upeacrasienue odbo3uadum wepes ¥y _. Oupenesneno
npescrasienue x4 @ xi+ : Qo — SO(4) & SO(4) — SO(8), koropoe 0603Ha-
IIM depes3 4 4.

Onpenesnens! cBoboauble qeiicTBUI pr @ Qu X S7 — ST, pg : Qu x 5% — 53,
IOCTPOEHHBIE 10 IPeACTaBICHIAM U4 4, X+. CooTBeTCcTBYyIOMEe paKkTOPIpO-
crpancrsa Oyjem obosnadars yepes S7/Qq, S2/Q,.

Paccmorpum ojHopojnbie npocrpanctsa S’ /Qq, S°/Qq, olpejeieHubie
Kak (HhaKTOPIPOCTPAHCTBA JefcTBuil p7, ps3. OupejeseHsl mapa BEKTOPHBIX
8- U mapa BeKTOPHBIX 4-X MepHbIX paccaoenus Ci . : E(( ) — S7/Qu,
Crmt B(G ) = S7/Qa ny 2 E(ny) — ST/Quy n- : E(n-) — S7/Qa
co crpykrypHoit rpymnoit Q,. IIpu srom 8-mepnoe paccinoenus (4 4, Cy
ACCOLMUPOBAHBI C IIPEJICTABICHUAMNA 4 1, 4 _ PACCIIOCHUS 74, T)— ACCOIH-
UPOBAHbBI C MPEJICTABJIEHUSIMU Y 1, X— COOTBETCTBEHHO.

Paccmarpubasd KJaeTounoe pasbuenue npoctpanctsa S’ /Q,, 3aK/109ae,
aro H4(S7/Qu; Z) = H3(S7/Qu; Z) = Z,/8. IIpu sT0M 06pasyiomas ¢ yKa3aH-
HOft TPYHITBI Onpejie/iena Kak 0opas dynpamentagbuoro kinacca [S°/Q,] nmpu
sioxenun S3/Q, C S7/Q,, koropoe napamerpusyer 3-ocros K3 C S7/Q,.

IIpennoxenne 41. [Iycms K7 — npoussoavroe opuenmuposarnoe 3amsmy-
moe MH02000pasue, CMabuAbHOE HOPMAADHOE DPACCAOEHUE KOMOPO20 U30-
moppro paccaoenuro f*(kCi ), f: KT — S7/Qu, s = 1 (mod 2). Tozda
deg(f) =0 (mod 2).

Hoxkazarenbcro IIpennoxkenns [41]

Bamerum, aro paccroenne Hag S”/Q,, momydennoe u3 k(y ;. obparmenuem
opueHTaId, coBnagaer ¢ k(, . PaccMorpum opueHTHpOBaHHOE (HECBI3HOE)
muoroobpasue K7 U —K7, ¢ nopManbubiM paccaoenuem f*kC, v U f*kC, .

Toxazkewm, uro B rpyuie Hs(S7/Qq;Z) ¢ obpasywolneii, 0603Ha4eHHOI Ye-
pe3 ¢, cupaBe/lj/IuBbl PABEHCTBA!

[p1(kCy 4)]7 = 48, (132)

[pl(kC-i-,—)]op =0. (133)
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Cuauasa nokazkeM pasencrso (I32) npu k = 1. Paccioenne ¢, sBiser-
s KOMILTEKCHBIM, CJIeJ0BaTe b0, cormacuo Craegcrsuio 15.5 u3 kuuru [M-S]
ClIpaBe/lJINBO PaBeHCTBO:

Pl ) = C%(C+,+) —2¢2(Cep)- (134)

[Tockombky (4 4+ = 04 B 0y, TO cowmacHo dopmyne (14.7) co((44) =
ca(ny ®ny) = c2(ny) + 2c2(ny ). TTocko/IbKY KOMILIEKCHAs PA3MEPHOCTh Pac-
CJIOEHUS 1), paBHA 2, ¢o(1, ) coBHajaeT ¢ KiaccoM Diutepa u pasen t. lamee
A(ny ®ny) = 4c3(ny). Cymmupyd Jl0KazaHHbIe PaBeHCTBa, ¢ yaeroM 8t = 0,

oy pr(Cyy) = 2¢5 (1) + 4t
OcraJioch 10Ka3aTh, 9TO

ci(ny) = 0. (135)

Cupaseiuso pasencrso i*(ci(ny)) = 0, e 7 : S3/Q, C S7/Q, ecre-
CTBEHHOE BJIOJKEHHE, IOCKOJBKY paccjioerue (1) TpuBuajgbHo. [oMoMop-
buzm

H*(S7/Qu;Z) - H*(5%/Qu; 2)

gBJgercs MoHoMopdusmom, modromy ¢ (ny) = 0. Pasencrso (I35) u pasen-
crBo (I32) npu k = 1 goKa3aHbI.

Hokaxem pasencrso (I33) npu k = 1. Paccioenne (; _ sBistercss KoM-
IUIEKCHBIM, CJIJIOBATEIHHO, 110 AHAJOIMIHBIM BbIIHC/ICHHSIM:

pi(Cr,-) = C%(C%—) — 2¢2(Cy-)- (136)

[ockobky Ci— = 1y & 1, 10 Co(ny B n-) = c(ng)er(n-) + ca(nyg) +
c2(n_). B nocnenneit dpopMmysie BTOpoe U TPEThE CJIAraeMble COKPAITAT-
Cs1, TOCKOJIBKY JIIEPOBBI KJIACCHI PACCIOEHUN 74, 7)_ TPOTHBOIOJOZKHBI 110
3HaKy. AHAJOTHYHO NPEeABIYIIEMY BBIYHCICHUIO, uMeeM ci(ny @ 1) =
A(ny) + (o) + 2¢1(ny)er(n-). Cymmupys Jloka3atHble paBeHCTBa, 10J1y-
anm pi((h—) = A(ny) + E(n-). Ocraercst 3amerurnb, uro ¢i(n-) = 0 no
anasorugubiM ¢ (I35]) Beraucienusm. Pasencrso ([33) npu k = 1 mokaszamo.

Hokaxem (I32), (I33) mpu mpomssosbrOM HederHoM k. CHadama o-
KazKeM, 9TO y KOMILIEKCHBIX paccioenmit 2[(y 4, 2[(y _ XapakTepucTude-
cKHil KJlacC ¢; pasen HyJo, a c2(20(4 4) = c2(21¢; 4+) = 4it. Ilockobky
21¢. + = 4lny, 10 cormacuo dopmyse (14.7) ¢ yduerom pasencrsa (I35,
nosyanm: (204 +) = ca(ding) = 4lco(ny) = 4lt. AHagoruduo mosydnMm

c2(21¢;,—) = 4it. Pasencrsa (I32), (I33) BoiTekator u3 ypasuenmit (134),
(I36).

Paccmorpum orobpaxkenue F = fU f : KU —-K" — S7/Q, opuen-
THPOBAHHOTO (HECBS3HOrO MHOroobpasusi). ITo nocrpoenuto orobpakenne I
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OPHEHTUPOBAHHO OOpAAHTHO HY/II0. C JIpyroif CTOPOHBI, XapaKTePUCTUICCKOEe
YHUCIIO

Fo([p1(kCe )] + [p1 (k¢ 4)]P) € H3(S7/Qa)

coxpaHsieTcss mpu Kobopusme. 1o wmcsao pasHo nyso, upu def(f) = 0
(mod 2), u pasuo 0, upu deg(f) =1 (mod 2). IIpemoxkenne Al nokaszamno.

[Tpu nokaszaresbcrBe Teopembl 5 ObLJIO UCIIOJIB30BAHO cjejyiomiee [1pe-
JIOYKEHUE.

O6o03maunM uepes Z/2[° rpymmy, momyuennyio B pesyabTaTe S-KpaTHOTO
CILJIETEeHUs] 9JIEMEHTAPHON rpyuibl Z /2, KOTopasi OIPEJIe/sieTCss aHAJIOMMIHO
ciayuaio s = 3. O6o3naunm uepes w : F(w) — K(Z/2 1) - yausepcaibuoe
25~1 MepHoe pacciioenne co CrpyKTypHOit rpyumoii Z /205,

IMpennoxxenue 42. Ilycmv K — npoussosvHuili nosusdp pasdmepHocmu
dim(K) = 7, cnaborcennuiti omobpasicenuem ¢ K — K(Z/21) 1) u nyemo
©*(w) — 0bpamnwil 0bpas paccaoenus w npu omobpastcenuu . Tozda das aro-
6020 namypasvrozo wucaa l, | = 0 (mod 8) paccaoenue lo*(w) usomopdro
MPUBUANOHOMY.

JokazarenbcTBo IIpennoxenus

O6o3uauum paccioenue [p*(w) depes ;. JJokarkem yTBepKieHHe 110 WH/LYK-
nuu. [Ipu s = 1 yTBepKaeHne XOpoIio W3BECTHO.

Bocmnosib3yemcst rem, dro pacciaoenue v, 1, S > 1, TpuBnajbHo. /loka-
JKeM, 9TO PaCCJIOeHHe 1), TPUBHAJbHO. PaccMOTPHM ABYJIHCTHOE HAKPBITHE
K — K, maaynupopannoe moarpymmoi mamekca 2 7Z/2B571U @ 7/2671 ¢
7./2"%!. Pacemorpum pacciioenue 9. nan K, oupenesennoe Kak rpancdep pac-
CJIOEHMSI Z/Q[s]. Cupasegiuba dopmyia w; = Ys_1,1 @ Ys_1,2, TIE TpsAMbBIE
caraembie 11, s 19 CyTb paccioenust Has K ¢ MEHBIIUME CTPYKTYp-
HBIMH TPYIIIAMH. DTH PACCIOCHHS U30MOP(MHBI MEXKIY COOOM, MpuIeM HU30-
MOphU3M OCYIIEeCTBAsAeTCS THBOMONIeH HaKpbIThs K. 1o ImpeamosoKenmo
HHIYKINAU PACCI0CHUA V511, Ys_1,2 TPEBHAIBHBL. (e 0BaTe/IbHO, /IS pac-
caoennit Haj K crpaseisInBo paBeHcTBo 1, = (2° 2k @ 12° 2¢, e Kk — auneii-
HOe pacc/ioeHne, Kiaacuduiupyomee Hakpbirue X — K, € — TPUBHAIBHOE
paccioenne. Paccioenne [k 1, TeM 6osee, paccioenne [2° 2k, TpUBHAJBHO,
CJIeI0BaTeIbHO, paccjaoeHne 1, TpuBuagbHo. [Ipemmoxenne 42 nokazano.
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