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['eomeTpuyeckuii 1oJxo1 K CTabU/IbHbIM
roMoTonnieckuM rpymmnam cpep 1.
uBapuant Kepsepa.

[I.M.AxmeTbeB *

AnHoTanus

IIpencrapaeno pemerne [Ipobsemsr Kepeepa. Beognrces morsTre
abeJieBoil CTPYKTYPbI CKOIIIEHHO—OCHAIIIEHHOTO TTOI'PY 2KEHU s, OUITUKTH-
4ecKoit cTpyKTypbl Z/ 2[3}*OCHa,H_[eHHOI‘O [OTPY2KEHNS U OMKBaTEPHU-
OHHO# CTPYKTYpHI Z/ 215l _ocnamennoro morpyzkenus. Vcnonb3ys Bse-
ACHHBIC TTOHATHUA MbI JOKa3bIBa€M, 9TO IPU JOCTATOYIHO 6OJTBHIOM n,
n = 2! — 2, IPOM3BOIBLHOE CKOIIEHHO OCHAIEHHOE MOIPYZKEHIe HMeeT
nnBapuant Hy/eBoit Kepsepa. B jgokasarenscrse ucmosb3oBaHa Teo-
peMa O PeTpPaKIUU CKOIIEHHO-OCHAIIEHHOrO TOrPYKEHUs B 33/ JAaHHOM
KJIaCcCe HOPMAJILHOTO KoOOpam3ma. Jloka3aTeabCTBO TEOPEeMbl O pe-
TPaKINK TaK»Ke TMPUBOJUTCS B pabore.

1 Camomnepecevenune mnorpyxkenmii u llHBapn-
aHT KepBepa

[Ipobema MuBapuanros Kepsepa 1 sgBisiercsa OTKpBITOI mpobsemoii B AJi-
reOpamIecKoil TOMOJIOTHH, CM. IO TIOBOY aJredpamveckoro moaxoaa K perre-
uuio [S], [B-J-M]|, [C-J-M|. MbI paccMorpuM reomerpudecKuii moxon K pe-
menuto [Ipobiembl, KoTopbiit ocHOBan Ha pesdyabrarax [1.J[x.Dkkiaza [E1]|.
[To ooy apyroro reomerpudeckoro nogaxozaa cm. [C1],[C2].

PacemorpuM riaajgkoe morpyzxkenne f @ M™ 1 9s R n =2 -2, 1 > 1
obmero mosoxKenns KopasmepHoctn 1. O6osmaumm depes g : N2 45 R”
HOIPYZKEHHE MHOI00OPa3usl CaMOIIEPECeYeHMs.

*Pabora asropa nomaepxkena rpanrom the London Royal Society (1998-2000), POOU
08-01-00663, INTAS 05-1000008-7805.
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Omnpepnenenne 1. lusapuant Keppepa morpy:kenuss f ompeaensercda IIo
dopmyie

Oup(f) =< n? 5 [IN"] >, (1)

re depes Ny = wo N"72) obosnauen JByMepHBbIl HOpMaJ/bHbBI Kjace
Itudens-Yurau muoroodbpasus N2,

NMusapuant KepBepa siBjisiercss ”HBApUAHTOM KJIacCa PeryJisipHoro Kooop-
nu3Ma norpyzkenus f. Bosee Toro, maBapuanT Keppepa sBJigeTcss TOMOMOP-
dbuzmom

Q. : Imm* (n —1,1) — Z/2. (2)

Hopwmasibhoe paccioenune v, morpyxenus g : N2 ¢ R"™ gpugerca 2-
MepHBIM paccaoenueM Hag N2, koropoe cnabxxeno Dy—ocramennem. Kiac-
cudunupyomee 0TobpazKeHne STOro paccjaoeHus (KaK U COOTBETCTBYOIIUIL
XapaKTepucTHUecKHii Kjaacc) oboszHadaercsa udepes ny : N2 — K(Dy, 1).
[Tapa (g, ny) npejcTaBaser snemMent B rpyiune kobopausma ImmP*(n—2,2).
Fomomopdusm

op, : Imm* (n —1,1) — ImmP*(n — 2,2) (3)

KOPPEKTHO OIIPe/IeJIeH.

I'pynma xobopmmsma Imm/(n — k, k) obobmaer rpymmy KoGopamsMa
Imm?/(n —1,1). Hosag rpyumna onpeje/iena Kak IpyIa KOOOPAX3Ma TPOEK
(f,Z, k), vae f 1 M™% a5 R™ norpyxenne, npuuem 3ajai u30MOPpH3M
= : v(g) = kkpr, KOTODBIiT HA3BIBAETCsI CKOIIEHHBIM OCHaIeHneM, depe3 v( f)
0003HAYEHO HOPMAJILHOE PACCJIOEHHE IOIPYKeHHus [, Ky ABJISETCS 3a/1aH-
HBIM JIHHEHHBIM pacciaoenneM Hag M™F | xapakrepucTmaeckuii Kaace KOTO-
poro oGosHadaeTca Takxke depes ky € HY(M™ %, 7/2). Ornomenne ko60p-
JIU3Ma Ha IPOCTPAHCTBE PACCMATPUBAEMbIX TPOEK SIBJISIETCSI CTAHIAPTHBIM.

Ipymna ImmPt(n — 2,2) obobmaerca ciaemytonmm obpasom. Onpeje-
JIUM TpyIIbl KoGopauamos ImmP4(n — 2k, 2k). Kazkaplit s71eMeHT IpyIbl
ImmP+(n — 2k, 2k) npencrasien Tpoiikoit (g, ¥, ny), rae g : N"2F g5 R —
norpyzxenne, V-3 apaibHoe OCHAIEHHE B KopasMepHocTu 2k, T.e. pUKCH-
poBaHHbIl u3oMopbusM = : v, = kny, rue ny gBIgeTCd 2-MepHBIM pac-
ciaoenneM naj N 2%, Xapakrepucruueckoe oToOpazKeHHe 3TOIO PACCIIOe-
HUsI, & TAK¥Ke COOTBETCTBYIONNI XapaKTepUCTHIECKH KIAcC (COOTBETCTBY-
IONUIl YHUBEPCATBHbIH XapaKTePUCTHIECKHI KIacc) 0603HATAETCSI TAKIKe de-
pez ny : N 28 — K(Dy, 1), ny € H2(N""2%;7/2) (1 € H*(K (D4, 1);Z/2)).
OtrobpazkeHue 7y OKa3bIBAETCH XaPAKTEPHUCTHYECKUM H JIJIs PACCJIOCHUS Vg,
HOCKOJIBKY Vg = kn.



[To onpenerenuto romomopdusm Kepsepa (2) 3aman kommosurueii romo-
mopdusma ([Bl) u romomopdusma

Op, : ImmPi(n —2,2) — Z/2. (4)

TComomopdusm (@) nassiBaercs uaBapuanrom Kepsepa Dy—ocHameHHoro mo-
Py KEeHHsI.

T'omomopduszm Kepsepa omnpejiesien B Oosiee o0Ieit cuTyanuu 1pu 1HoMO-
1y upsiMoro 0606menust romomopdusmos ([2) u ([@):

@’Scf cImm (n — k, k) — Z/2, @’Scf 1= 0y, 0 O, (5)

n—2k

O, : ImmP(n —2k,2k) — /2, O} [(g.V,nw)] = (1?5 [N""). (6)

(dost k = 1 wossiit romomopdusm () coBnagaer ¢ BbIIEOnpe/ e/ IeHHbIM 10~
momopdusmom (@) mpu sTOM CrIeayOmAas AuarpaMMa KOMMY TATHBHA!

1 (S)
Imm(n—1,1) 2%  ImmPi(n—2,2) =% 7/2
LJ% LB, | (7)
5k ok

Dy

Imms(n — k k) —% ImmPi(n— 2k, 2k) —3 7,/2.

Hawm norpe6yercst 0606uuTh dhopmy.ay (@) ais morpykenuii ¢ ocHaeHu-
eM Gostee obmero suga. Obo3HaunM vepes 7/ 2 crmerenme 2771 sx3emms-
POB JIEMEHTAPHON MUKJINIECKON I'PYIIbl. DTa IPYIIIIA SIBJISETCS MOAIPYIITOit
B rpyme O(2971)) koropas onpejessiercs CIeayoNuM yCI0BIeM:

— Tlpeobpasopanusi u3z 7Z/29  ocrapisior uHBapuaHTHBIME - CiejLy-
omme d — 1 mabopoB 4, Qg_1, ..., 29 KOOPAMHATHBIX IIOIIPO-
crpancts. Habop mommpoctpancts €, 2 < 4 < d cocrour m3 20!
KOOP/IMHATHBIX IO/IIPOCTPAHCTB, MOPOXKICHHBIX OA3MCHBIMU BEKTOPAMHE
((el, .. .e2d—i+1>, cee (e2d_2d—i+1+1, RN egd)).

B uacruocru, Dy = Z/2[2.

__1.9d—1
PacemorpuM morpyzxenne ¢ : N %277 95 R™ o6mero moaoskenus Kopas-
meproctr k2971, Ckazkem, uto nmorpyzxenue g apisgerca Z /2% -ocnamennpim
(¢ kparHOCTBIO k), ecim oupeesien usomopdusm V¥ : v, = kny HOPMATILHOIO

paccjioeHue v, HOorpyzKenus g ¢ cymmoit Yurnu k sxsemiuispos 24~ -mepnoro
PACCIIOEHUS 1)y CO CTPYKTYPHOU rpymmoit 7/ old],
__Lod—1
Paccioenne 7y Kiaaccudunupyercsa orobpazkenmeM ny : N"F?

K(Z/219,1). (CooTsercTBytomuil XapaKTepHCTHUeCKH{T KIacc) 0OGO3HAMHM



Tak:Ke depe3 7)y). XapaKTepHCTHUYeCKHil Kjacc yHuBepcaibHoro 29 1-
meproro Z/2%-paccnoenns nan K(Z/21%,1) obosnaunm uepes 74. Taxnm
obpasoM, Ny(7lg) = nn. Orobpakenne 1y OKA3BIBAECTCH XaPAKTEPHCTHYE-
CKUM U /Il PACCJIOCHH V,, HOCKOIBKY Vg = kny.

Bceesosmorkubie tpoiikn (g, U, 7y), KOTOpbe ObLIM ONUCAHBI BBIIIE, M0~
pOK AT Tpymiy kobopmmsma ImmZ/2” (n — k2471 k2¢-1). B mexoropbrx
PACCYKICHUAX TpH ODO3HAUEHUSAX OyJIeT WCIOJIb30BAH JOMOJTHUTEIbHBII
WHJIEKC, CBI3aHHBIA CO CTPYKTYpHOU rpymnmoit. Hampumep, mpeacraBuTernb
rpynnst ImmP4(n — 2k, 2k) Gyaem unoraa obosnadars vepes (gp), Uy, NN )
u T.J.

MuorooGpasue caMonepecedennsi mpou3so/buoro 7 /214 -ocuamennoro
norpyzxenns asngerca 7,29 ocmamennpiv morpyzxenmem. Takmv oGpa-
30M, MHOTOOOpasme camoliepecedenus mnpejcrapisger Tpoiiky (h, A, (), rie
h . L" %2 ou Rr—norpyxenne, A : kCp = vy, ¢ @ L"F2 — K(z/2141 1)~
kaaccudpunupyiomee orobpazkenne 29-mepnoro paccioenus (r. Koppekrno
orpejiesieH ToMOMOP(U3M

52/2[d+1] : Imm® " (n — k271 k2971 — Imm®/?**! (n — k24 k2%, (8)

CTABSINIUA B COOTBETCTBHE KJACCY HOPMaIbHOrO Kobopamsma [(g, ¥, ny)]
KJIacC HopMaJsibHOro Kobopausma [(h, A, (1)].

Omnpezenena DOATPYNIA ijgy1) 7,/299 ¢ 7./2141 | kak moarpymma mpe-
obpasosanuil nogupocrpancrsa R2 T C R?', noposkaennoro nepssivu 201
Oa3UCHBIMEU BEKTOPAMHU.

OnpeiesieHa TOArPyIIa

iy : 229 @ 2219  7,/20 ] )

HHJIEKCa 2, KaK IOArpyIa Ipeobpa3oBaHuil MpoCTpaHCTBa KOTOPAad COCTOUT
13 Ipeobpa3oBaHuil, OCTABIIONNX HHBADHAHTHLIM KazKI0e IOIIPOCTPaH-
cTBO U3 Habopa (1.

[oprpymmna (@) unaynupyer asyincraoe nakpeitue gy @ K(Z/ ol @
7/2 1) —  K(z/2197 1). Xapakrepucruueckoe orobpazkenue (g
L+ K(7/219Y 1) pmaynppyer AByIHCTHOE HAKPBITHE Td41],L
L2 LR ys makperras Ty Ha KIACCHBUIMPYIONIM IPOCTPAT-
cTBOM. JIBYJIMCTHOE HAKDBITHE T(gy1),; MOZKHO OLIPEIEJIUTH TeOMETPHYECKH,
OHO COBIAJAET ¢ KAHOHMYECKUM JIBYJMCTHOM HaKpbITHEM HaJ MHOI000-
pasuem L' %" qouek camonepecedenus 7Z/2/%-ocnamennoro morpyzenus
(9,%,nxn) (cm. [A], pasnen 1).

Onpenenena npoexus pyg : Z/29®Z /2% — 7,/219 na nepsoe cnaraemoe,
KOTOpast uHIymupyer orobpakenne pg : K(Z/29az/24 1) — K(Z/219,1).



Jlaa mmoroobpasusa camomnepecedenns (h, A, (1) mpoussonbaoro 7Z/209-
oCHaIeHHOro norpyzkerust (g, W, ny) pacCMOTPUM JBYJHCTHOE HAKDPBITHE
(L Z_Lﬁkzd K(Z/2'9 @ 7./21% 1), nan xinaccudunupyionmm orobpaske-
HueM (7, KOTOPOe MHIYHNUPOBAHO HAKPBITHEM T[441),- DTO HAKPBITHE COB-
naJaer ¢ KAHOHMYECKUM 2-JIMCTHBIM HAKPBITUEM HAJI K,HaCCI/I(bI/ILLI/IpyIOL[LI/IM
orobpazenneM (g, : L™ — K(7/21%1 1), koropoe oupeneneno u3 reo-
METPHYECKHX cooOpazkeHnuii. XapakTepucTHIecKuii Kiaace (ppq o ¢)* (11q) €
H2" 1(L’[Zl] 24 72), g € HX (K (2,219, 1) oboznauuM uepes (g .-

Omupeneneno OTO6pa)KeHI/Ie Qtor = 3 O+ + O [q:

K(Da, 1) 22 k(729 1) 2 - 29 fe(z/200 1) 0 K (7,21 1), (10)
Ormpejiesiena 6amHs 2-THCTHBIX KAHOHUYECKUX HAKPBITHIA

Fn—k2¢ 7B Fp—g2d T[4 7r[dJ 7Fn—k24¢ ”d+11 n— k2d
Ota OalrHs HAKPbITHI CHAOXKEeHa XapaKTePUCTUYECKHM OTOOparKeHHeM B
muarpammy ([0) kraccudunupyomux npocrpancts. O6o3HAIUM Yepe3

oot = Tz 0 -+ 0« K(Dy, 1) — K(Z/2 1) (12)

OalIHIO HAKPBITU, MHIYIUPOBAHHYIO KOMIIO3UIEl roMOMOP(PU3MOB B Jua-
rpamme (10). Oupejesiena 0CIe0BATELHOCTD XaPAKTEPUCTHICCKIX KJIAC-
COB

(L € H2(Ln K 1 Z/2), -, Qa1 € H* (L’[Z] ks s 2/2),

Carnn € HX (L7, 2/2). (13)

Kak/plii s71eMeHT B 9TOH IOC/IEOBATEJLHOCTH HHIYIUPOBAH U3 Xapak-
TEPUCTHIECKOIO KJIACCA COOTBETCTBYIONIETO YHHBEPCATHLHOTO IPOCTPAHCTBA
B (I0). Bamua makporruii (11) # HOCIEL0BATEIBHOCTD XapaKTePUCTHYE-
ckux kaccos (13) onpenenena ne tobko s Z /2l —ocnamennoro muo-
r006p331/1;{ KOTOpO€ SIBJIAeTCS MHOr0OOpa3sueM CaMOIepecedeHns: HeKOTOPO-
ro 7Z/29 ocnamennoro morpy:emns, Ho W g Ipom3BoibHoro Z /2l
OCHAIIEHHOI'O0 MHOT000pa3usl.

[d+1]_

Onpenenenne 2. Nusapuant Kepsepa OF npou3Bo/bHOro Z /2!

z/2ld+1]
ocHarerHoro norpyzxenus (h, A, (;) onpeneaum cieayomnieii bopmy.ioii:

n— k2d

92/2 ari (B A, CL) = (7] [2]L S[N[2]]>a (14)

e gepe3 [Njg] obosnauen dyHnjaMeHTaibHbIl KIACC HAKPBIBAIOIIEIO MHO-
roobpasusi B Hakpbitun ([[2)).




k
z,/24

n,n — k2971) — 7Z/2, Koropwblii BKIOUEH B CJeIyIONLYIO
KOMMYTATUBHYIO JIHAIPAMMY:

[TocTpoeHHbIi HHBapHaHT oOIpejeaser roMoMopdusMm O

Imm®/2(

Ok
Imm®2% (n — k201 jod=1y 22 g9
l 62/2[d+1] H (15)
[d+1] 92/2[‘”1]
Imm®/27 (n — k24, k2%) —  Z)2.

B pasmene 1 ompezeneno noustue J,—CTpyKTypbl (abeqeBa CTPyKTypa)
CKOIIIEHHO-OCHAIIEHHOI'O IOTPYZKEHNUs, IPEJICTABISIONIEro 3JIeMeHT U3 I'PYII-
el Imm®/ (n—k, k). Jokazana Teopema 6 0 TOM, 9TO IPU COOTBETCTBYOIINX
Pa3MEpPHOCTHBIX OI'PaAHUYCHUAX U 110 MOLYJ/IIO 9JIEMEHTOB HEYCTHOI'O IIOPAAKa
HPOU3BOJIbHBIN KJIACC KOOOP/IM3Ma CKOIIEHHO-OCHAIIEHHOIO MOI'PYKEeHUs J10-
nyckaer J,—CTpyKkTypy. YC/I0BHE 3TOH TeOpeMbl IpejojaraeT CyIlecrBoBa-
HUE PeTPAKIHUH XapaKTEePUCTHIECKOTO KJIAcCa CKOIIEHHO-OCHAIIEHHOIO MHO-
roobpasus, cMm. Onpeaenenne 5. Teopema o peTpakiuu J0Ka3aHa B pas3jielie
8.

B pazsueine 3 chopmynuposano nousitue I, B :'[a*CprKTypr (bunukinae-
ckas crpykrypa) Z/2B-ocnamennoro norpyxenns. B Cieacrsuu 13 Teope-
MBI 12 J0Ka3bIBaeTcs, 4ro B ycaoBusax Teopemsl 6 (rae, B 4aCTHOCTH, OIIpe-
JIeJIEHO HATPYPAJbHOE THCIO M) TMPOU3BOJIBHbIN 3JIEMEHT U3 IPYIIIIbI

n-ng s n—mns N —Mns
Im(éZ/322[3] : Imm?® (n — 3 3 ) —
g ) (16)

8 8

upesacrasien Z /2P -ocuamennbiv morpyzkennem ¢ GHIUK/IHIECKOl CTPYK-
Typoit. st Takoro norpyzkenusi nnBapuantT Kepsepa BbIpazkaercs uepes
I, ® I,~xapaxrepucTideckuil KJaace MHOIOOOPA3UsT CAMOIEPECEIeHHsI.

B pasnene 4 chopmysupoBano nousrue Q, @ Qa*CprKTypr (GukBarep-
HHOHHAd CTPYKTypa) ana Z/2P-ocmamennoro morpyzxennsa. B Caencrsum
19 Teopewmbr 18 mokaswpiBaeTcsd, 9TO B YCIOBHAX Teopembl 7 MPOU3BOJTLHBII
9JIEMEHT U3 IPYIIIIbI

n—ns s n—mns N —Ng
Im(éZ/322[6] : Imm f(n ~ T3 33 ) —
Imm®/? (n = = _2” 1 _2”5)) (17)

6



npeacrasien Z /26 -ocmamennbiv morpyzxenneM ¢ 6HKBATePHIOHHOI CTPYK-
Typoii. /g Takoro morpy:kenms umHBapuaHT Keppepa BbBIpazkaercs depes
Q. & QafxapaKTepHCTquCKHﬁ KJIACC MHOI0OOpa3usi caMOIlepecedeHusl.

Aprop Guarogapur IIpod. M.Mahowald’a (2005) u I[Ipod. R.Cohen’a
(2007) 3a obcyxaenusi, [Tpod. A.A.BopoHosa 3a npuriiaienue ¢ J0K/JIa0M
B Yuusepcurer Munuecorst (2005). [Ipod. B. YepHoBa 3a mpuriaiienue ¢
nokaagom B Japrmyckuit Komremk (2009).

Pabora Oblia nayara na cemunape M.M.Ilocruukosa B 1998 roay. Pa-
6ora nocssmaercs namstu [Ipod. FO.IT.ConmosbeBa. Teopema o perpaxipmm
nokaszana Ha cemuHape A.C.MuineHko.

2 T'eomerpuvecknii KOHTPOJIb MHOroodpa3us
caMonepeceyeHud  CKOIIIEHHO-OCHAIIEHHbIX
OTrpyKEeHU

B stom m B mocienyomux paszaerax depes Imm® (n — k, k), ImmPi(n —
2k, 2k), w.r.a. Oyayr 0603HAUATHCA HE CaMu IPYLIbl KOOOp/AU3MA, & UX 2—
KOMIIOHEeHTBI. Ecjin 1epBblii aprymeHT B CKOOKax, 0003HAYAIONIMIl pasMep-
HOCTb TOI'PY?KEHHOTO MHOI000pa3usi, CTPOro MOJIOKUTEIEH, TO YKa3aHHAs
TpyIIa aBIgeTCd KOHeYHOU 2-TPYIIOii.

Hwsapanbuasg rpynma Dy ompenensercs CBOHM —KOIPEJICTABICHHEM
{a,bla* = V* = e,[a,b] = a*}. dra rpynna ssjisercs HOArpynuoi B rpyi-
e jaBukenuii wiockocru O(2), T.e. rpyunoii npeodpa3oBanuii cTaHIAPTHOI
ILJIOCKOCTH, COXPAHSIOIIEH apy HAIPABJIAIONUX PSIMBIX, HOPOXKIEHHBIX Oa-
sucHbiME BekTopamu {f1, f5}. DeMeHT a npencraBieH BpaleHueM mI0CKOCTH
Ha yroJl 5. DJIeMeHT b COOTBeTCTBYeT OTPasKeHHIO ILJIOCKOCTH OTHOCHTELHO
upsimoit ¢ obpasyiomum Bektopom fi + fs.

Pacemorpum noarpynny J, C Dy jusipajibHONR I'PYIIIIbL, HOPOZKJIEHHYTO
sjementamu {a?,b}. Bamerum, 4ro 3TO jNEMeHTapHasd 2-TIpylila padra 2.
DTO — IpylIa JBUZKEHHI, COXPAHSIONUX M0 OTAEJbHOCTH KAaXKIYI0 U3 Mps-
MbBIX [1, [y ¢ mHampasiagromumu BekTopamu f; + f5, f; — f5 coorBercrBeHHO.
['pynma xkoromonornit H' (K (Jy,1);7Z/2) Tak:Ke gBasgercs 3JeMeHTApHONR 2—
rpymoii ¢ ayms obpazyonuvu. Oupeeanm 06pasyomiyio g (k) TPYIIIbI
HY (K (Jy,1);Z/2), orsevaiomiyio 3a npeobpasosanust npsmoii [y (npsamoit Iy)
COOTBETCTBEHHO IIPU CUMMETPHUX ILJIOCKOCTH. KKOroMoIornaecKuit Kiace KoKy
apjisgercd snemMentom u3 rpynnsl H2(K (Jy, 1)Z/2)), koTopslii 0603HadaeTcs
qepes T.

Pacemorpum orobpazkenue i, : K(Jy, 1) — K(Dy, 1) u paccmorpum 06-
parHblit 06pa3 i; (7)) diiaeposoro kmacca T € H*(K(D4,1);7Z/2) ynusep-



CaJILHOTrO 2-pacciaoenus. HeTpyaHo IpoBepUTh paBeHCTBO
iy (i) = T (18)

Omnpefesrena pacIIeIIAOIIALACT IPOEKIU Dy 4 @ Jp — J4 Ha s1emenTapHyIO
2-rpyuny J,. Obpazyiomias odpa3a mpeacTaBaeHa KIaCCOM CMEXKHOCTH dJie-
menta a? (ueHTpajibHag cuMmerpus). Paciienisioniee BIokKeHne 0003HaA UM
gepes iqp 1 Jg C Jp. D10 BIOXKEHHE OIPe/IeIeHO TaK, YTO 00pa3ylomasd IpyI-
bl J; Ipu 3TOM BJIOYKEHUHU HEPEXOJUT B MOAIPYIILY CHMMETPHUIl ILJTOCKOCTH,
MOPOZK/ICHHYIO CUMMeTpHeil IpaMoii (.

Onpenenenne 3. [lycrb ckomeHHo-ocHameHHOe norpyzxenue (f, =, k),
f : M™% 9 R" upexcrasiager saement x € Imm* (n — k, k). Ilycrs
D,-ocnamennoe norpyxenne (g, ¥,ny), g : N 2* 95 R" mpencrapms-
er snement y = Op () € ImmP*(n — 2k,2k). CkaxkeM, 4TO CKOLIEHHO-
ocHarenHoe morpyzxenue (f,Z, kyy) aBasercs J,—norpyzkenueMm (abeeBbIM
HOTPY’KEeHIeM), ec/in CTPYKTypHoe orobpaskenue ny : N 2F — K(Dy, 1)
IPeJICTaBIeHO B BUJEe KOMIO3ULIUH 1) v : [V =2k K (Jp, 1) u orobpakenusi
ib . K(Jb, 1) — K(D4, 1)

Ounpepnesienune 4. [Tycrb ckorenHo-OCHaIEHHOE TIoTpy2Kenne (f, = k), f :
M"=* a5 R™ npencrasaser snement v € Imm*/ (n — k, k), npuaem n > 32k.
[Tycrs Dy—ocnamennoe norpyxenue (g, U, ny), g : N""2* ¢ R" apnserca
HOrPY’KEHUEeM MHOro00pa3us caMoIllepecedeHus: MOrPyzKeHnus [ W IpeacTaB-
nster saement y = 0 (z) € ImmP*(n — 2k, 2k). CkazxeM, 9T0 CKOLICHHO-
ocHamenHoe morpyzxkenne (f, = ky) jgomyckaer abeneBy crpykrypy (Jp,—
CTPYKTYPY), eClu cyliecTByer orobpazkenue 7, : N 2% — K(Jy, 1), yio-
BJIETBOPSIONIEE CJICAYIOIEMY YPaBHEHUIO:

n—32k

Op,(y) = (" n,5 :[N]). (19)

B srom ypapmennu xapakrepucrudeckuii kiaace 1; (1) € H*(N"?%Z/2)
cHOBa 0003HAUEH 4epes 1, v, [N]- dyHramenTaabubil Kaacc MEOroOoOpa3ust
N2k ny € H*(N"2%,7/2) — xapaxrepuctuueckuii kiaacc Dy—ocnamenus
U muoroobpasus N"2F xapakrepucruueckoe 4UmCIIO @sz OTIPeJIeJIEHO 110

dbopmye (H).

ITpumep

[IycTh ckomerHo-ocHamenHoe morpy:kemme (f, =, k), f @ M™% o R®
npefcrapager saement x € Imm*/(n — k k), n > 32k u aBngerca J,-
norpyzkenuem. Toryia ckoleHHo-ocHaleHHoe orpyzkenue (f, =, k) Jgoiyc-
KaeT abejieBy CTPYKTYPY.



Onpenenernne 5. Ilycto (f,Z,ky) € Imm* (n — k,k), f : M™% o
R", ky € HY M™%, Z/2) ckomennoro ocumamennss =. CkazkeM, 9TO Ha-
pa (M™% k) nonyckaer peTpaxkimio HOPAIKA ¢, eCH OTODPayKeHHe Kjy
M"k — RP>® npejcrasieHo ciepylomeii kommosunueii K = [ o Ky
M=k — Rpr=F=a=1 C RP>. Cxaxem, uro saement [(f,Z, k)] gomyckaer
PeTPAKIIMIO HOPSJIKA ¢, ECTH B 9TOM KJIAacce KOOOPU3Ma, CYIIEeCTBYeT TpOoiKa
(M™F =’ K);), JomycKaomas peTpakiuio IopsaIKa q.

Teopema 6. Ilycmo ng, n > ng, Hamypasvroe wucao suda 2° — 2, s > 6.

Hpednonosicum, wmo saemenm o € Imm*/ (n — nogs, tege) donyckaem pe-

mpakyuto nopadka q = 5+ 1. Tozda snemenm o donycraem Jy—cmpyxmypy.

JlokazKeM CIeIYIONTYIO JTEMMY.

Jlemma 7. /Jlaa npouseoavrozo namypasvrozo k', k' =1 (mod 2), K > 7,
cywecmeyem P L-omobpasicenue d - RP*¥ — R"™ obwezo norosicenus, ora
Komopozo mrozoobpasue N(d) ¢ ocobennocmamu ¢ Kpaem mover camonepece-
wenus omobpasicerua d donyckaem omobpasicenue ky(q) @ N(d) — K(Jg, 1),
oeparuuenue Komopozo na kpat ON (d) (kpat amozo mmozo0bpasus ¢ ocoben-

HOCTNAMU COCTNOUM U3 KPUMUMECKUT movek omobpasicenus d) cosnadaem ¢
. L/
komnosuyueti ON(d) — RP" % C RP® = K(J41).

Koncrpyknusi orobpakenns d : RP"* — R»

O6oznaunm vepes Jy crangaprayo (n — k')-Mephyto chepy KopasMepHOCTH

— / (Y3
k', Koropas mpejcTaBieHa KaK IZKOWH % = r xonuii okpyzKHoctH S,
O6o3naunm cranjaprroe Bioxenue Jy B R™ gepes 15, : Jo C R™.
/
Onpeneseno orobpaxenne p' : S"F — Jy, Koropoe mosydaerca B

pe3ysibraTe B3d4THUs JKOHA 7 KONWil CTAHJAPTHBIX 2-JTUCTHBIX HAKPBITHM
S! — RP'. Crammaprmoe anTumomaibuoe jeiicreue Z/2 x S™F — Sn=F
KOMMyTHUpyeT ¢ orobpaxkenuem p’. Tem caMbiM, OIpeseeHO OTODparKeHue
p:RP* — J,.

Paccyorpuny koMmosmmmio iy, o p : RP" ¥ — Jy ¢ R”. Orobpaxenue d
OTIPEJIEJIEHO B Pe3yJsibTare MaJjioit d-pedopMaruu OOIMEero MmoJI0KeHus STOTO
orobpaxenusd. ledopmarusd i, op — d 1 ee KaauOpP BEIOMPAIOTCS B IIPOIIECCEe
JTIOKA3aTeTbCTBA.

JokazareascTBo JIlemmbr 7

J10Ka3aTesIbCTBO aHAJIOTHYHO J0Ka3aTebCTBY Jlemmbr 24 u3 [A].



okazareascTrBo Teopembl 6

Onpegesmnm k = 2222, [IycTb 3/1eMEHT (v IPEJICTABIIEH CKOIIEHO-OCHAIEHHBIM
norpyxennem (f, =, k), f: M™% a5 R™. Tlo upeanonoKennio cymecrsyer
orobpazenue k), : M"F — RP"*=4"1 takoe, uro komuozumusa M" ¢ —
RP™~*=9=1 C K(J4, 1) coBnanaer ¢ orobpaxkenuem # : M™% — K(Jg4, 1),
q = "% + 1. Bamernm, a0 k + ¢ + 1 HeueTHO, 00O3HAYMM 3TO YHCIO depe3 k'
1 paceMoTpuM orobpazkenue d : RP"F — R”, mocrpoemnoe B Jlemme 7.

BoiGepem MOJOKATETHHOE THCIO0 € MEHBIINM PAIIyca pPeryaspHoii (mo-
rpy2KeHHoit) okpectHOCTH Uyey PEryJISAPHBIX TOUEK 0TOOpazkeHust d U MeHb-
M pajinyca pery/sapaoit okpectaoctu Uy () (II0rpyZKeHHOiT) KpuTudecKux
TOYEK 3TOro OTOOpazKkKeHms. PaccMorpmMm morpyskenme fi; : M™% 9 R" B
KJIACCe PeryaspHOil TOMOTOINK HOIPY:KeHHd f TaKoe, YTO BBIIOJHEHO Hepa-
BEHCTBO

dist(d o k'; f1)co < e.

[Torpy:kenue f; siBjisieTCs CKONIEHHO-OCHAIEHHBIM MOCPEJICTBOM =i C TeM
JKe XapaKTePUCTHYECKUM KJIACCOM CKOIIEHHOI'O OCHAIEHHS Ky, UPH ITOM
[(f1, 21, k0m)] = a, em. [A], Crencraue 23.

JlokakeMm, 9TO CKOIIEHHO-OCHAIEHHOE IOIPYyzKeHue f; gomyckaer Jj—
crpykrypy. O6osmaumm gepes NI 2F mmorooGpasme camomepecedenus Io-
rpyzxenns fi. Oupegenum orobpazenue 1, : NI 2% — K (Jy, 1). Pacemorpum
pejicTaBIenne MHOroobpasus V] n=2F g Bie 00beMHEHNs IBYX MHOI000OpA-

n—2k n— 2k n—2k &
3mii o 00ImIeil YacTu rpaHumer: Vg =N N(d) Uy Nye,“"- B aroit popmyne

n—2k
N{g) — MHOro06pasue ¢ Kpaem, 0rpykeHHO B PEryJIsapHyIo (HOrpyKeHHYI0)
okpectHOCTb Up(q) MHOTOOGpasus: ¢ ocobennocrsamu ¢ KpaeMm N (d) Todex ca-
Monepecedernst orodpazkenust d. Muoroodopasue Nj?egzk C KpaeM, HOrpyKeH-

HO B HOIPYXKEeHHYIO OKpecTHOCTb U,.,. OOmuil kpaii MHOroobpasuii N]’f,(lfk

N,’?eg?k SIBJISIETCS. 3aMKHYTBIM MHOroobOpasme pasmepunoctu n — 2k — 1, 310
MHOrooOpasue OIpyzKeHo B I'paHuIy HorpyzenHoit okpecrnocru Ugn(a)

Omnpejiesium na Muoroobpasun N~ 2F koromosoruueckuii Kjiace kqy, €

— _ Kd,N-
HY(N772F,7./2) orobpaskenumem NP2F 25 K(J4, 1). Ha momMuoroobpasmm
N,’?eg% ONPEJETUM OTOOPAKEHUE Kg N,., © Nyog g% — K(Jg4,1) kak Kom1o3u-

o npoexuun NJb2F — RP” M u prmovernna RP"F ¢ RP™ = K(J41).
2%

Ha mopmuoroobpasun Ny N( d) olpeJie/IuM  0TOOparKeHue Ky(q) : N]’\L,zd) —
K(J4,1) Kak KOMIIO3UIMIO MTPOEKIIUH N]’@(j)k — N(d) n orobpaxenus: kg :
N(d) — K(Jg41), HOCTpoeHHOFO B Jlemme 7. Orpanndenuss oToOpazKeHmii
KN(d), Kd,Ny., Ha Kpas GNK,( o I ONJ,?* TOMOTONHEL, OCKOMBKY OTOGpazKe-
une Ky @ N(d) — K(Jg,1) yrosiersopsier na ON(d) rpanudanomy ycJo-
pmio. Clle0BaTeIbHO, OMpeIeTeHo oTobpakenne kqy, @ Ni 2 — K(Jg,1)
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KaK pe3yJibTaT CKJeilKu 0TOOparKeHuii KN(d) Y Kd,Nyeq-

Koromomormaecknii knace 7.y, € H'(NJ™2*;7/2) onpenemnv Kax Xa-
PAKTEPUCTHYECKHH KJIACC KAHOHHYECKOrO JIBY/JIMCTHOIO HAKPLITHA N]' —2k
N{‘_% . [Tapa KOroMoI0rn4ecKux KJaccoB K n,, Td,N;, ONPEIENdI0T HCKOMOe
oroOpazKeHue 1y, n, : N1"_2k — K (Jp, 1). 910 orobparkenue OjHO3HAYHO Xa-
PAKTEPHU3YETCs TeM, 9TO 1y, (Kd) = Kany s My n, (Fe) = Fe,ny -

[Iposepum ypasuenne (I9). Paccmorpum orobpakenne k), : M"F —
RP"~#=4=1 y paccmorpum orobpazkemme ry, 0 MyTF —  RProkmal
KOTOPOE ONpEJeJeHO0 KAaK OrpaHHYeHne k), Ha MOJHBIH Mpoodpa3
Mp=10k — /=1 (RP"16k=9-1) ppoexuBHOro noampocrpamcrea RP™~16k—a-1
RP"~k=4=1 gopasmepuoctu 15k, B upeanosokennu, 4o orobparkenue k),
TPAHCBEPCAJIBHO BJIOJIb ITOIO MOJMHOT00OpA3Us.

Pacemorpum norpyzxenue fp © M™% 95 R", koTopoe omnpeesieno Kak
OrpaHHYeHHIe IOIPYKeHus f1 Ha noaMuaoroodpasue iy, : My~ %% ¢ M™% Tlo-
rpy2KeHHe siBJISeTCS CKOIIeHHO-OCHAIIEHHBIM B KopasMmepHoctu 16k. O6o3Ha-
YUM CKOIIIEHHOE OCHAIIEHHE ITOrO MOTPYZKEHUS Yepe3 Zo, a XapaKTepHCTH-
qecKuil KJIacC 9TOr0 CKOIIEHHOrO OCHAIIeHus depes ky, € HY(My~1%% 7./2).
[To mocrpoennto Ky, = ihkn. Tpoiika (fo, 2o, Kar,) OUPEAEIsieT SIeMEHT
JI* () € Imm®! (n — 16k, 16k).

Pacemorpum MHOrooOpasue TOYeK CaMOIEpecedeHus HOUPYZKeHHs fo U
00603HaYUM TO MHOT00Opa3ue Jepes N;‘P’%. OnpejiesieHO eCTECTBEHHOE BJIO-
JKEHHE

in, @ No—32F ¢ Np—2k, (20)

@DyHjaMeHTaJbHbI KJIacC PAacCMaTpUBAEMOr0 II0JIMHOI000pa3us LpeIcTaB-
Jasier nuka iy, «([N2]) € H, 301, (NT72%: Z,/2). Dror nuxa apoiicrsenen B
cmbicate Tlyankape uukiy nyt € H¥% (NP, 7,/2).

JokazeMm, aro nogmuoroodbpasue (20) meuKoOM COAEPKATCA B MOJMHO-
roobpazun N 2% C N?_% , T.e CIpaBeJINBO BKJIIOUEHHE

reg
Im(in, (N3 ~%%)) € N2 € NP2, (21)

Paccmorpum  crpykryproe orobpazxkenue ny (N (d),ON(d)) —
(K(Dy, 1), K(I;,1)) u obo3naunm cuoBa uepe3 ny@ < H?*(N(d);Z/2)
XapaKTepUCTUIECKUN KJIACC, KOTOPbI WMHYIMPOBAH U3 yHUBEPCAJIbHOIO
knacca ng € H?*(K(Dy4,1);Z/2) (13 5iinepoBoro Kaacca yHHBEpPCATBHO-
ro Dy-paccioenns) oroGpazkeHneM 7)y(q. Kiace romomormit (k) e
H,_30,(NT7%*:7,/2) npencrabien MUKIOM, OrpaHHYeHHe KOTOPOIO HA MOJ-
MHOroOOpas3ue ¢ Kpaem N]’@Zf)k C NI coBmaaer ¢ HOJHBIM IIPOOGPA3OM
orHocuTebHOro muKIa ((1n () ") P upn npoexun N]’f,zdz)k — N(d) ua nen-
TpaJbHOE MOJAMHOr000pas3ue ¢ 0COGEHHOCTAME ¢ KPAeM B PEryJISIPHOl morpy-
KeHHOW OKPECTHOCTH.
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[To coobpazkeHusIM Pa3MEPHOCTH, TIOCKOJIbKY pasMepHocTb dim(N(d)) =
n —2k —2q—2=n— "3* — ng — 2 MeHbIIEe KOPA3MEPHOCTH IIOJMHOT000-
pasus (20), koropas pasua 30k = %&"S)
KJIaCC, ABOMCTBeHHbL Konukiy (nn(q))'"F, npeacrasien B N(d) mycrbivm MHO-
roobpasuem. 1o pokasviBaer dopmyiy (21).

Tenepsb ays nokazaresbersa (I9) 10cTaToMHO 3aMeTHTD, 4TO B CHJLy (HOD-
myier (210), Kouuka ny n, € H2(NJ2%;Z,/2), orpanmdaennbiii Ha MOIMHOr006-
pasue (20), coBuajgaer ¢ orpammyenneM Komukia ny, € H2(NP?*:7/2) na
510 Ke MHOrootpasue. Tem cambim, dopmyra (I9) u Teopema 6 moka3aHbI.

, OTHOCUTEJIbHBIA TOMOJIOTUYIECKII

3 I,®I,-crpykrypa (6unukinmdecKas CTPYKTYy-
pa) Ha Z/2P-ocmamennom norpy:xenun

Benomunm onpesesienne mukangeckoii noarpymust I, C Dy, em. [A], pasaen
2. Onpegeum TOArPYIIILY

bawa : L, ® 1, € Z,/2H. (22)

B eskmmmoBom npocrpancrse R® ompejesen opronopMmasbHBIi Ga3uc
(e1,...,eg), IpH IOMOIIH KOTOPOTO Ompeedrach rpymma Z /214,

Obo3naunm obpasyionue ciaaraeMbix rpynmnbl I, & I, wepes a, @ coorser-
ctBeHHO. OnuireM mpeodpa3oBaHus U3 Z[;H, KOTOPBIE€ COOTBETCTBYIOT KazK 10
obpasyromieii. Pacemorpum Hosbiit 6asuc {fy, ..., fs}, oupenesnennpiit hopmy-
JIaMH1 f2i—1 — €9;,_1 +82i, fgi = €9;,_1 — €9, 1= 1, c. ,4. O6pa3y10maﬂ a nop4d -
Ka 4 mpejicTaBiieHa MOBOpoToM B Kaxkoii mwiockocru (f1, f3), (fs, f7) ma yron
7 M OJHOBPEMeHHOI menTpaabHoil cumMerpueii B miockocrn (fy —fy, fs —f3).
Obpasyromas G npejcraBieHa moBoporoMm B miockoctax (fy — fy, f5 — fy),
(f2 + f4,fs + f3) ma yron § u oanospemenHoil HeHTpasbLHON cHMMeTpueil B
wiockocru (f; — f5, f3 — £7).

[Tokaxkem, uTo rpyia npeodpaszoBanuii I, & ia uMeeT MHBAPUAHTHBIE
(2,2,2,2)-MepHble MOAIPOCTPAHCTBA, KOTOPbIe MBI OGO3HAYHM dYepe3 Rg, 4
]Ri_, ]Rgﬁr, ]Ri_.

[Toaupocrpancrso Rg’ . nopozieno napoii Bekropos (fi +f5, f5+£7). TTox-
LPOCTPAHCTBO R%_ 1opozkieHo napoii sBekropos (f; — f5, f3 — £7). Tloaupo-
CTPAHCTBO R?L’ . nopozieno napoit sekropos (£ + £y, f5 + fs). IToanpocrpan-
crBo R? _ mopozkieno napoii Bekropos (fy — fy, fs — f3)

a,—
™

Obpasyomasg a JeficTByeT IOBOPOTOM Ha YroJd 4 B KaxKJOi IJIOCKOCTH
Ri iy Rg,_ U CUMMeTpHueil B IJI0CKOCTH R?h_, KOTOPAasi, O9eBU/IHO, KOMMYTHUDPY-

er ¢ jeiictBreM obpa3syroliei ¢ B 3roi miockocru. Obpasyromias @ jeicTByer
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s - 2 2
IOBOPOTOM Ha YTOM § B KaxKoit mimockoctn RE | RE  m ojHOBpemMenHo men-
TpasibHOI cuMMeTpHeil B IiockocTn R2 | KoTopas, 04eBH/[HO, KOMMYTHPYeT
¢ JeiicrBuem obpasyromieii a B srom miaockoctu. [ogarpynna (22]) onpeenena.

V100HO nepeitT K HOBOMY Oa3ucy
(h1,+7 h2,+7 hl,—7 h?,—7 h1,+7 h2,+7 hl,—7 h?,—)‘

[Taper Bextopos (hj 4,hy ), (hy_,hy_) 3agator Gasucel B mommpocTpan-

) ) X .
crBax R RZ _ coorsercrenno. Jlamee mapwer BekTopos (hyy, hy ),

a,+
(hy—,h, ) sagaior Gasuch B noanpocrpancreax R2 ., R?_ coorsercrsen-
HO.

PaceMoTpuM HOAIPYINY 7hgiqas © Lo @ I, c I, ® I,, xoropast ompesie-
JIeHa, 1psAMOil cymMMmoii rpyiibl I, ¢ 3jieMeHTapHON 1OAIrpYy IO id BTOPOIO
caaraemoro. OnpejesieHo BIOKEHHe Lamd I, & id CcCZ/ 2[3}, COTJIACOBAHHOE C
proxkerueM (22)). IIpu 5T0oM ompejieieHa KOMMYTATHBHAS HAIDAMMA.

PN D,
bawd b i |
Lol = 7,/28 (23)
logdasa + i
Lol =% 7./214.

Onpenesmm TakzkKe BKIOYEHHE Uy awd = o DPyd J,C1, @id. [omomop-
busm igyp 0 Jp — ia olpe/ie/ieH KaK KOMITO3UIMST TOMOMOP(U3Ma HPOEKIUK
J,— I, u roMoMopdu3Ma BKIIOYEHIS I, c 1, [Ipu sToM ompeeeHa KOM-
MyTaTHBHASA JTHarpaMMa;

3, "% p, "™ p,eD,
i qd ) | iz (24)
I, &1, g 7./281.

Ompenenernne 8. [lycrs Z/2P-ocnamennoe (Z/2%-ocnamennoe) norpy-
wenue (h,A,Cr), h : L"%* 95 R (h : L" 8 95 R") npeacrasiaser sie-
ment z € Imm%? (n — 4k, 4k) (z € Imm?%?" (n — 8k, 8k)). Cxazxem, qT0
s10 Z/2B3-ocmamennoe (Z/2%-ocuamennoe) norpyzxenne spusercs I, & I,
ocuamtennbiM (I, ®1,-0CHAIEHHBIM) TOTPYZKeHIEM, €C/TH CTPYKTYPHOE 0T00-
pakenue (g @ L% — K(Z/2B 1) (¢p « L% — K(Z/2% 1)) npeacras-
JIEHO B BUJIE KOMIO3UIUK OTOOpazKeHust C,qujy, L% — K1, ® id, 1)
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(Camar : L% — K(I, ® 1,,1)) u oroGpazkenus i K(I, ®1;1) —

K(Z/2P1)  (laga : K1, ® 1,,1) — K(Z/21%,1)).

a@d :

Pacemorpum ananoru coornomrerust (I8) ais rpynn I, @ id unl, ® f[a,
OCHAIIEHHBIX TIOIPYKeHUii COOTBETCTBEHHO.

Tpymna xoromosoruiit HA(K (I, @ J4,1);2/2) (H} (K1, & 1,,1);:Z/2)
COJEPHKHT JIEMEHT T,o i (Tama), KOTOPBIil OIPEEIACTCS HIZKEC/Ie1YIOmeM
ypasuenuem (23]) ((26])).

Pacemorpuy otobpazkenne i,.; : K(I, @ I,1) — K(Z/2P,1) (
bopa @ K1, ® I,,1) — K(Z/2¥ 1)) n paccmorpum obparmeii 06-
pas i (73] (i524(T14)) xapaxrepucrnyeckoro siieposoro Kiacca Tz €
HYK(Z/2¥),1);Z/2) (14 € H3(K(Z/2¥),1);Z/2)) ynusepcanbioro pac-

cinoenus. Onpereimm

irod(TB) = Tosds (25)
laea(T]) = Tama- (26)
[d+1]

B pasaene 1, mna Z/2197 ocnamennoro morpyzxenns (Z’A’CL)Q Haps-
ny ¢ 2d—MeprIM XapaKTepucTHIecKuM Kjiaaccom (; € H* (L"F*:7Z/2),
PACCMATPUBAJICS TAKXKE 2-MEPHBIH XapaKTepHCTHIeCKHil Kimace (g €

[—]2([/[1 K27k, s Z/2). dna orobpazenns (0 L% — K(I, @ I5,1) (Caga :

L% — K(I, ®I,,1)) anamorom xapakTepHCTHIECKOTO Kaacca (pjz CIIy-
KT Xapakrepucruiecknit kinace G € H* (L **;Z/2), npu d = 3 ({1 €
H2(LP~%:7,/2), upu d = 4). Oupejeanm 3101 2-MepHbIl XapaKTepUCTHYe-
CKHI KJIacC.

XapaKTepucTHIecKuii K1ace (p, [, MHLYIUPOBAH U3 YHUBEPCATLHOIO K/IAC-
ca 7, € H*(K(Jy,1);Z/2) upu orobpamenun G : Ly~ — K(Jp 1)
(O Ly~ 8 K(Jy,1)). Orobpazkenue (b, OTIPEJIEIEHO KaK 2-THCTHOe Ha-
KpbITHE 0T06pa>KeH1/15{ (N OTHOCHTEJILHO HOAPYIIBL 4y 4ot Jp C I,ol, (kax

4-TICTHOE HAKPBITHE OTHOCHTEJIBLHO IOATPYIIBL ey : Jp C I, & 1,). Dro

2-ycTHOe (4-THCTHOE) HAKPBITHe HaJ MEOroobpasuem L™~ (L") ornocn-

TeJIBHO HOALPYIIbL Gy 4o i (i,apa) ODO3HAYACTCH YEPE3 Ty Lo i - Ly~ — [n—ik
. Tn—8k —8k

(Tbama = Ly 0" — L"7%%),

Ounpenesienne 9. Ilycrs Dy—ocnamennoe morpyzxkenue (g, V,ny), ¢

N™2k q» R™ mpencrasisger saement y € ImmP4(n — 2k, 2k), npudem
n > 32k. Mycrs Z/2P-ocnamennoe norpysxenue (h, A, ), h: L™ * 95 R®
ABJIAeTCdA HOIPyzKeHueM TOYeK CaMollepecedeHusd IOIrpy2KeHud g U 1peacraB-
nster smement z = 6427k (y) € Imm®2 (n — 4k, 4k). Ckaxewm, uro Dy
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ocnamennoe norpyzxenue (g, V,ny) gomyckaer I, @ I,~CTpyKTYpY, eciu Cy-
MECTBYeT OTOOpazKeHne (g i : L% — K(I, ® I4,1), yrosaeTsopsiorniee
yPaBHEHUIO:

_n—32k _

Ob,(¥) = (75 i £ (CL) " 3 [La]), (27)

rie [Ly|— dyHmamenTagabHbIil Kjace MHOrOOOpa3usi Lg‘_A‘k , XapaKTepucruJe-
cxoe ncsio OF  onpeaeneno no gopmyse (@).

Ompenemenne 10. [Tycrs Z/2B)-ocnamennoe norpyxenne (g, V,ny), g
N4 o, R ypencrasasier saement y € Imm?%2" (n — 4k, 4k), npuuem
n > 32k. Ilycrs Z/24-ocnamennoe morpyxenne (h,A,(r), h: L" % au R
ABJIAETCS OIPYZKEHNEM TOUEK CAMOIEPeceueHrsl OrPY KeHNd ¢ U IPeICTaB-
aser sunement z = 0220k (y) € Imm®/2 (n — 8k, 8k). Ckaxewm, uro Z /253
ocHaennoe norpyxenue (g, V,ny) JomycKaer OUIMK/IHIECKYI0 CTPYKTY-

py (I © I,—cTpyxrypy), ecim cymecrsyer oToOpaxmenne (upa,r : L8k
K(I,®1,,1), yaioBierBopsitomiee ypaBHEHHIO:
_n—32k _
62/2[3] (y) = <7r;,a69d,L(<L)3ka,L2 (L)), (28)

rie [Ly|— dyHmamenTagabHblil KJace MHOrOOOpa3usi L’g_% , XapaKTepucruJe-

k
cKoe umc/io 07 Jole) OUPEEIIEHO 110 dbopmyste ([I4).

IIpumep

Mycrs Dy-ocnamennoe ( 7Z/2P-ocnamennoe) norpysxenue (g, ¥,ny), g :
N2 5 R™ (g : N™™%* a5 R") upescrasiser suement y € ImmP4(n —
2k, 2k) (y € Imm®*" (n — 4k, 4k)) u ssrserca Jy—ocnamennpv (I, & I
OCHAINEHHBIM) MOrpyzKeHueM, npudem n > 32k. Ilyctb Z/QBLOCH&HLGHHOG
(Z/2"-ocmamenmoe) morpy:xenne (h,A,(r), h : L% a» R™ (h : L" % o
R™) upejcraBisier jeMeHT z = SLI2Nk e I/ (n, — 4k, 4k) (z =
S22k ¢ P22 (n — 8k, 8k)) n sBasiercs I, & I, ocnamentbim (I, ® I,
ocHamennbiv) norpyzxennem. Torma Dg—ocnamennoe (Z/Q@*OCH&HLGHHOG)
norpyzxkenune (g, V¥, ny) monyckaer I, & I;—crpykrypy (I, & I,—crpykrypy),
3aanHyto peaykinueit C,q i (Caa,L) CTPYKTYPHOTO OTOOpazKeHust (r,.

Crenyrorie TeopeMbl aHAJOTHIHBI Teopeme 7.
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Teopema 11. IIpednoaoscum, wmo Dy—ocnawennoe nozpyocenue (g, ¥, ny),
Dy _ n—ns n—n _ 95 __
npedcmasasem anemenm y € Imm>P*(n o Es), s = 2° =2, n >
_n—ns
ns, s > 6. Ilpednoaosicum, wmo 3adano omobpasicenue npy @ N7 16 —

K(Jy, 1), npu amom 6vinosnero ypasHerue:

15(77:—77,5) ns
@1]34 (y)=A(ny * )771),21\75 [N]), (29)
2de [N] — dyndamernmanvrodi waacc mnozoobpasus N 16 Op, - za-

paxmepucmuseckoe wucao, onpedeaennoe no dopmyae ([@). Tozda sne-
n—ms

menm, JE2 5 (y) s epynne ]mmZ/Q[S](n -

n—ms N—MNs

8 » 8 _
7./ 2B —ocnawenmom nozpyscenuem (h, A, (L), womopoe donycwaem I, @ I4-

) npedcmasaen

Teopema 12. Ilpednorosicum, mo Z/2[3Locnawenuoe nozpyatcerue
2/2[31(

n—mns N—Ns

(9,¥,nn), npedcmasaaem snemenm y € Imm n — "tgte ) ng =
2° =2, n > ng, s > 6. Ilpednorosicum, 4mo 3adarno 0omobpariCenue M,q. n

n—ns

N - KI,® id, 1), npu amom 6viNOAHEHO YPABHEHUE:

T(n—ns) nNs _

0% o (¥) = (T} s wIN) ™ = Tyins [NB)), (30)

n—ngs

0 6 N3 6 1
20e  Hakpvuvlearowee MmHO2000pa3UE b u  omoopaxncernue 77b,N

N:_ — K(Jp, 1) nad 0m06pa9fceHueM_77[3LN ONPEICAAIOMEA COBEPULEHHO

anansozunoim nowamuam 6 (Z7), wepes [Ny obosnauen dyndamernmanvroid

n—ns
8

n—mg

8

e
Kaace mrozo00pasus N,
(3] n—mns — _
Tozda snemenm JE27555 (y) 6 epynne Imm n — gt B nped-
cmaeaen 728 —ocnawennvm nozpyscenuem (h, A, (L), xomopoe donycxaem

I, & I;-cmpyxmypy.

2/2[3](

Caencrsue 13. IIpednoaooscum, wmo evnosnens ycaosus Teopemos 6 (m.e.
Ng ABAACMCA HAMYPANOHBIM YUCAOM 8Uuda 2° — 2, n > ng, s > 6 U asemenm
—Ns N—Ng

r € Imm® (n — noge, ) donyckaem pempaxuyuto nopadka q = ). To-

k k .
2da anemenm Oy © 5[2] (x), onpedesernvlll npu NOMOUWU KOMNOZUUUL 20MO-

moppusmos (8), k = "z3=, npedcmaeaen 7./ 2B —ochawenmvim nozpyosrcenuem
(h, A, (L), komopoe donyckaem OUUUKAUNECKYIO CIMPYKMYPY.
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4 Q, & Qa—CTPYKTypa (buKBaTEepHUOHHAS
crpykrypa) Z/2P°-ocmamennoro morpy:xe-
HUS

Benomuum onpesesenue kparepuuonnoi noarpyuus Q, C Z /2B koropas
comepxkutr noarpymnmy I, C Q,, em. [A], pazmen 2.
Oupegenum mOArpyIIILy

iquen, : Qu®Qa C Z/21%. (31)

Paccmorpum 6asuc (hy 1, he -, hy 1, hy | f11,+, f127+, flL_, flz_) IPOCTpaH-
crBa R®, KOTOpEIiT GBI OIpE/esIeH IPH IOCTPOCHNH OMIMK/IMIECKOI CTPYK-
TYPHI.

Omunrem 6asuc mpocrpanctsa R32. tor 6asuc cocrout u3 32 BEKTOPOB,
pa30UTHIX Ha JIBA IMOAMHOXKECTBA U3 16 BEKTOPOB

hl,*,**; h2,*,**7 h3,*,**7 h4,*,**7 (32)
hl,*,**; h2,*,**7 h3,*,**7 h4,*,**7 (33)
r1e CHUMBOJIBL *, ** HE3aBUCHMO IPHUHHMAIOT 3HAYCHUA +, —. B KazKJIOM H3

[O/IIIPOCTPAHCTB, MOPOkKAeHHBIX 4 Bekropamu (B2)), /st KOTOPBIX CHMBOJIbBI
%, % IPUHIMAIOT OJIMHAKOBbIC 3HAYCHHUs, TpejcTapienne rpynnsl Q, @ Q,
3a/IaHO TPUBHAJIBHO HA BTOPOM ciaraemom Q,, npu stom obpasyromue i,j,k
craraemoro Q, mefcTByloT ImpeoOpa3’oBaHUAMH, OIPEICJCHHBLIME MATPHIA-
MI:

0 -1 0 O

1 0 0 0

0O 0 0 -1 | (34)
0 0 1 O

0 0 -1 0

0 0 0 1

10 0 0| (35)
0 -1 0 0



00 0 -1
00 -1 0

01 0 0 (36)
10 0 0

Obpa3zytomasi i (j) mepsoro ciaraemoro Q, JefcTByeT HEHTPAJILHON CHM-
MeTpueii B KaxK10M 4-MepHOM mojnpoctpancTse (B3)), mOpOKIEHHOM BEKTO-
paMu, Jig KOTOPBIX MHJEKC * (%) NPUHAMAET 3HAYEHHE —, a MHJEKC *%
(%) npunEMaer J060e (DUKCHPOBAHHOE 3HAYEHHE, B OCTABIIElics mape mpo-
CTPAHCTB, MOPOXK/AECHHBIX BeKTopamu (B3)) jeiicTBre TOXKIECTBEHHO.

B kaxJ0M 13 moAnpocTpaHcTB, HOPokKAeHHBIX 4 BekTopamu (B3) , as
KOTOPBIX CHMBOJIBL *, ** IIPUHAMAIOT OJUHAKOBBIC 3HAUCHHH, [IPEICTABICHUE
rpymmsl Q, @ Q. 331aHO TPUBHAJIBLHO HA LEPBOM caaraeMoM Q, IpHdeMm
obpasyrome i,j,k craraemoro Q, mpecrasiaens Marpunamu (34),(35), (30).

Obpasytomiasi i (j) Broporo cjaaraemoro Q. AefiCcTBYeT HeHTPaIbHOI CHM-
Merpueii B KaxK1oM 4-mepHoM nojipocrpancTse (B2), MOpoKIeHHOM BEKTO-
paMu, Jig KOTOPBIX MHJEKC * (%) NPUHAMAET 3HAYEHHE —, a MHJEKC *%
(%) mpuHEMaer J060e (DUKCHPOBAHHOE 3HAYEHHE, B OCTABIIEIiCs mMape mpo-
CTPAHCTB, MOPOXKIeHHBIX BekTopamu (B2]) meiicTBue ToxkmectBenHo. [T0CcKOIb-
Ky 1peobpasoBatue IeHTPa/IbHOIl CUMMETPUH JIEZKUT B IeHTpe rpylbl Q,
(Qa) 1peoGpasoBanue JI60ro seMenta u3 Qg (Qau) B HENIPUBOIUMOM I10/I-
npocrpaHcTBe mpejcrasieHus Q, (Qa) KOMMYTHUPYET C 3JIeMEeHTaMU YKa3aH-
Horo npejcrasienust. [Toarpynna (BI) onpenenena.

Pacemorpum noarpynny iq, i, g.aq. : Q.®1, € Q.®Q,, KoTopas ompe-
JlesieHa IPAMOM CyMMOit rpy bl Q, ¢ MHKTHIeCKOil TOArpyoit I, Broporo
caraemoro. Onpejie/sIeHo BIOKeHue iq o Qa eI, C 7/2H | wupynuposan-
noe u3 Biaoxkenust (BI). [Tpu srom onpejesena KOMMyTaTHBHASI HarpaMMa;

Jy BN D,

Upapd 4 | iz |
Lol laed 7,/28

ia@d,a@[z | 4 i) |

ILol, Lo, Z./214 (37)

UL, o1, Qual, | , i)
Q ol 2 7,/

1Quoi0QuoQa | , ie) |
Q.eQ, | 7/

KOTOpast BKJO4aer B cebs quarpammy (23)) B kadecTse moaamarpaMmbl.
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Crenyrotiee onpejenenue anajsoruano OupejeneHuio 8.

Ompenenenne 14. Iycrs Z/20-ocnamennoe (Z/2/%-ocnamennoe) norpy-
wenme (h, A, (), h : L"7% o R™ (h . L"3%k 95 R") upencrasaser
snement z € Imm?%?™ (n — 16k, 16k) (z € Imm?%?" (n — 32k, 32k)). Cka-
xeM, uto 310 Z /2P -ocmamennoe (Z/2/6-ocnamennoe) norpy:xenne apisger-
ca Q,®1,-ocmamenupv (Q,®Q, OCHAIEHHBIM) TOIPYZKEHIEM, €CTI CTPYK-
TypHoe orobpazkenne (g, : L"10% — K(7/200 1) (¢ : L"3% — K(7./219 1))
IPEJICTAB/IEHO B BHJIE KOMIIO3UIIMT CQaeaia,L c LR K(Q, @ ia,l)

Cquaa,r @ L' — K(Q, @ Q.. 1)) u orobpazenus iguei, @ K(Qa @

I,,1) = K(2/2P11) (iq,aq, : K(Qu® Qu. 1) — K(Z/29,1)).

Pacemorpum amasoru coornomrennit (I8), (25), ([26) mig rpynn Q, ® I,
1 Q, ® Q, OCHAEHHBIX IOIPYYKEHMil COOTBETCTBEHHO.

I'pynna xoromosornii H'(K (Q,®1,,1);Z/2) (H?(K(Qu®Qa,1); Z/2))
COZIEPIKUT JIEMEHT Tq oi 5 (TQ,mQ,» KOTOPbIH OIpPEJIe/ISercs HIKec/1e/1yio-
M ypasuenueM (38) (

Pacemorpnm orobpazenue ig o @ K(Qa © I,,1) — K(z/29 1)
(iqueq, @ K(Q. ® Q.. 1) — K(Z/2F 1)) u pacemorpum oGpaTublii 0Gpas3
iq, @ia(T[g,]) (Z*Qa @QE(T[@'])) XapaKTePUCTHIECKOIO 3iiIepoBOro Kjacca Tz €
HS(K(Z/2P)),1); Z/2) (11 € H?(K(Z/29),1); Z/2)) ynusepcanbuoro pac-
caoenusi. Oupeaenm

1Q.e1, (T5) = Tq,ei, (38)

0,00, (T6) = Tq.eq.- (39)

Hust orobpazkennst (g o : L"'% — K(Q, @ I,,1) (quaa, @ L3 —
K1, & id,l) aHaJIONOM XapaKTePUCTUYECKOr0 KJIacca, 5[2],L CIIY2KUT Xa-
pakrepucruieckuii kimacc C,; € HA(LP'%%:7/2), upu d = 5 ({1 €
H?(Ly=2%,7,/2), mpu d = 6). Oupejeany 3TOT 2-MepHBIl XapaKTepHCTH-
YeCKUil Kjacc.

Orobpazkenue @L Olpe/ieJIeHO KaK 8-JIMCTHOEe HaKpbITHE HaJi 0ToOpa-
KeHHueM ([5) 1, OTHOCUTEJBHO HOArPYHubl iy q o Jo C Qo @ I, ( xak
16-1ucTHOE HAKpbITHE HaJl 0TOOpaKeHueM (g7, OTHOCUTEILHO HOAIPYILIbL
ihguag,  Ib C Qa @ Q.). Hax muoroo6pasuem L' 10 (L7=32%) ykazannoe
HAKPBITHE 0003HAMACTCS 9epes Ty, o «i 1 (T) q.eq..L)-

Ompenemenne 15. I[Tycrs Z/24-ocnamennoe norpyxenne (g, V,ny), g
N8 o, R"™ ypencrasasier saement y € Imm?%2" (n — 8k, 8k), npuuem
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n > 32k. Ilycrs Z /2P ocmamennoe norpyzxenne (h, A,(p), h: L"716% 95 R
ABJIACTCS MOIPYZKeHHeM TOYeK CaMOIepecedeHrs HOTPYZKeHUd ¢ U IPeICTaB-
JISIET 3JIEMEHT 52;/2[51 (y) € Immz/2[5]( — 16k, 16k). Cxasxem, uro Z/214-

ocuamennoe norpyzxenue (g, ¥, ny) gonyckaer Qq & I o~ CTDYKTYDY, €CJIH Cy-
mecTByeT otobpazenue (q i g ¢ L™ 16k K(Q, @ 1,,1), yroBrersopsiio-
mee ypaBHeHUIo:

_n—32k

92/2[41() <7TZ7Qa@ja,L(§k)Cb 2 [Ly)), (40)

rie [Lp]— dyHIraMeHTanbHbI KI1acC MHOr0OOpa3ust LZ‘IGk , XapaKTepucTuie-

CKO€ 1HCJI0 62/2 (y) onpeneseno o dbopmyse (I4) npu d = 4.

Ompenemenne 16. [Tycrs Z/2P)-ocnamennoe norpyxenne (g, V,ny), g
N7=16k o, R™ pgpencraBiasger saeMeHT y € Imm®/2? (n — 16k, 16k), npuaem
n > 32k. Ilycrs 7 /2% -ocmamennoe norpy=xenne (h, A,(p), h: L"32% 95 R
ABJISETCA MOIPY2KEHIEeM TOYEK CAMOIEPeCedeHns HOrPYKEeHUs ¢ U IIPeICTaB-
JIAET 3JIeMeHT 5Z/2[6] (y) € Imm%?" (n — 32k,32k). Ckaxewm, uro Z/205—
ocHamienHoe norpyzxenue (g, ¥, ny) momnyckaer GUKBATEPHHOHHYIO CTPYK-
typy (Qa @ Qa*CprKTypy) ecin cymecrsyer orobpazenne (q aq. 1
L3 & K(Q, ® Qq, 1), yI0BIETBODSIOLIEe yPABHEHHIO:

_n—32k

@Z/2[5J( y)=1(G * L)), (41)

rie [Lp]— dbyHaaMeHTanbHBI KI1ace MHOr0OOpa3ust LZ‘32k , XapaKTepucTuie-

CKO€ 49HCJIO @Z/2 (y) onpeneseno o dbopmyse ([4) npu d = 5.

IIpumep

Mycrs Z/2W-ocnamennoe (Z/2P-ocnamennoe) norpysxenue (g, ¥, ny), g
N"=8k g5 R? (g : N"~16k g5 R™) npescrasusier suement y € Imm%/2" (n —
8k,8k) (y € ImmZ/z[S]( — 16k, 16k)) u ssasercs Q, @ I,~ocnamennpim
(Qa & Qa—OCHameHHHM) norpyzkenueM, npuueM n > 32k. Iycrs Z/2P)-
ocnamennoe (Z/2%-ocnamennoe) morpyxemne (h,A,(r), h : L' 1% au R

(h : L"3%F &5 R™) npeacTaBasgeT S1eMenT 52;/2l51( y) € Imm®?™ (n—16k, 16k)
((52/2[6] (y) € Imm®? (n — 32k, 32k)) u asusercs Q, ® I,—ocHamennbim
(Qu @ Q, ocuamenmeM) morpyzxennem. Toraa Z/ 2[4LQCHameHHoe (7./2P)-

ocHarennoe) morpyzxkenue (g, U, ny) mpomyckaer Q, @ I,—crpykrypy (Q, @
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Q.- CIPYKTYPY), 3aJaHHYIO pepyKiueil Cquetnr (CQuei,.r) CTPYKTYDHOTO
orobpazkenus (.1, ({[s),L)-

Crenyrorie TeopeMbl aHajgorudubl Teopemam 6,11,12.

Teopema 17. I[lpednoaootcum, umo Z/Q[‘q —OCHAUWEHHOE NOo2PYdHCEHUE
(9,V,nN), npedcmasasem asemenm y € Imm2/2% (n — 250, 50), n, =
2° =2, n > dn, + 168, s > 6. Ilpednosoostcum, wmo 3adaro omobpasrtcenue

Nawa,N - N~ T — K(I,®1,,1), npu 9mom 6binoaneno ypasHenue:

3(n—ns) ns _

O ot (V) = (T i v Mg X V7w [Va]), (42)

n—ngs

4

Il — —
ede mnaxpuearoujee mnozoobpasue N, u omobpasicenue My N

n—ns

n—=—y

N,
Ho ananozuurolm nonsmuam 6 (Z0). Tozda saemenm J, 32 (y) 6 epynne

7,/215]
Z/2[5]( ) npedemasaen 7,/2P ~ocnawennvim nozpyorcenuem

— K (Jp, 1) nad omobpasicenuem nu.n onpedessromes cosepuien-

n—ns

n—ms N—Ns
2 7 2

(h,A, (L), xomopoe donyckaem Qg & I,-cmpyrmypy.

Imm n —

Teopema 18. Ilpednososicum, wmo Z/2[5Locnau46mtoe nozpyatcerue
2/2[51(

n—ms nN—Nns

(9,¥,nNn), npedcmasasem snemenm y € Imm n — "gte MRe) ng =
2° =2, n > w, s > 6. Ilpednonrootcum, wmo zadaro omobpasicerue

n—ns

NQuoi, N ° N2 - K(Q, & ia, 1), npu amom BvINOAHEHO YPABHEHUE:

0% a5 (¥) = (T gt n (I ) ns [NB]), (43)

_n—ns

2

AT —
ede  maxpuearoujee mnozoobpasue N, u omobpascenue My N

N;—%

nonamuam 6 [{0), (42). Tozda snemernm Jﬁ?; (y) 6 epynne Imm
ns) npedemasaen 7/ 26 -ocnawennmm noepyocenuem (h, A, (1), xomopoe do-
nyckaem OUK6AMEPHUOHHYIO CIMPYKIMYDY.

— K(Jy,1) nad omobpasiceruem nu N 0npedessomes aHai02uHo

7,/216] (nm n—

Caencrsue 19. IIpednoaoscum, wmo evinoarero, ycaosua Teopemos 6 (m.e.
3adano namypasvroe wucao ng euda 2° —2, n > ng, s > 6 u 3adan snemenm

s n—ns n—m . _
x € Imm® (n — 5= 2=)  gomopuud donyckaem pempakyuio nopadka q =
% ). Tozda anemerm

52[5] © 52[41 © 52[3} © 51’54 (z), (44)

onpedesernuill NPU NOMOUY NOCALIOBAMENHOT KOMNOZULUL 20MOMOPPHUS-
— n—n 5

mos [B) k = 2. mpedcmasaen Z)2P-ocnawenmom  nozpyorcenuem

(9,V,nN), Komopoe donycraem GuKEAMEPHUOKHYIO CINPYKMYDY.
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5 Pemenne IIpobiembr KepBepa

B sTrom pazzesne Mbl JOKaxKeM CJIeLYIONUil Pe3ysibTar.

OcuoBuasa Teopema

CymecrByer HaTypajbHOe [y Takoe, 4TO /I HPOM3BOJILHOIO HATYPaJbHO-
ro | > ly, n = 2! — 2, unpapuanr Kepsepa, onpejenennbiii dpopmysoii (1)
TPUBUAJIbHBINA.

HokazarenbcTBo OcHoBHOIT Teopembr

n—"ns

Onpegeum n, = 2'% — 2 1 oGozuauum 222 gepes k. [To Teopeme 29 (Teope-
Ma 0 PETPAKIMU) CYIIECTBYET HATYPAIBHOE [y TAKOE, 9TO JIJIs IIPOU3BOJIHHOIO
HATypaabHoro | > ly mpomssombHbIl sement © € Imm®/ (n — k, k) nomyc-
KaeT PETPaKIMIO MOpAIKa &8 = 211 — 1. He orpanuuuBasg OOIIHOCTH Oy-
JIeM CYUTATh, 9T0 lg > 13. [10CKOJIBKY BBINOJIHEHBI PA3MEePHOCTHBIE YCJIOBHSI,
chopmyauposanubie B Teopemax 6,17,18 no Caeacruio 19, B Kiracce Kobop-
nusma saementa (@) cymecrsyer Z/2P-ocnamennoe norpyzxenue (g, ¥, ny),
JIOILyCKAloIee DMKBATEPHUOHHYIO CTPYKTYPY.

Paccmorpum  MHOroobpasme camomepecedeHust L' mOrpy:KeHHs g,

dim(L™) = n,. Muoroo6pasune L™ cHAGKEHO 0TOOpaKeHHEM

Cqueq, : L™ = K(Qa ® Qa,1). (45)

DTO OTOOpazKeHHe IpeJ/ICTaB/IsSeTCd IPSIMBIM IPOU3BE/IEHHEM JBYX O0TOOpa-
JKeHUN

Cauoq, = Ca. X Cq, 1 L™ — K(Qq, 1) x K(Qq, 1). (46)

Hawm norpedyercst cienyrorias Jjiemma. Paccmorpum oOpa3yionuii Kjacc
KOrOMOJIOT il TQ, X Tg, € H3(K(Q,®Qq, 1); Z/2). O603ua4mm CQueq. (pq. %
Po,) € H8(L™:7Z/2) gepes PQuaQ..L- Pacemorpum 16-MCTHOE HAKPBITHE
Ttot,I Lf;} — L". Nnaynupyem KJiacc PQ.eq, Ha HAKPBIBAIOLIEE B KJACC

ﬂ-:ot,L(an@Qa,L) S H8(Ii?2?; 7/2).
Jlemma 20. B epynne H8(Z_LES]; 7.]2) 66ln0AHEHO PABEHCNBO:

7T;tkot,L(Pcza@ciza,L) = EIiL- (47)
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JokazareascTrBo JIlemmbr 20

ZLOKaBaTeI[bCTBO IIPOBOJUTCA HIPAMbDBIM BbIYUCJ/JIEHUEM M OIIYCKaeTCHd.

PacemorpuM moaMuoroodpasue ix : K C L™ 1BoficTBeHHOe KOrOMOJIO-
IHYECKOMY KJIaccy pi;a_éQa € Hms=Y(L"s;7/2). Muoroobpasue K4 cnabuke-
HO OTOOpaKeHneM (o oo, x @ K™ — K(Qq @ Q., 1), KOTOpOE ONpEIEIeHO
KaK Orpatmienue oTodpaKenns (q gq, ; Ha HoaMHOroodpasue K W cprs.
Oupesiesieno 16-mcTHOe HAKPBITHE Ty i+ Kt — K. Oupenesen unynu-
POBAHHBI XapakTupucTHIecKnii Kmace (y x € H(Ky; Z/2) = %Z,Qa@Qa(éb’L)'

®opwmy.a (A1) npuobperaer Bu:

0% (y) = (&,3: (L)) (48)

[To JIemme 20 xapakrepucruaeckoe qucio (48]) paBHO XapaKTepHCTHIECKOMY
YUCITY

(Goui [Lo))- (49)

Hokaxewm, uro xapakrepucrudeckoe duc/io (49) obpariaercst B wyib. Hagy
npocrpanctBoM K (Qq, 1) (K(Qq, 1)) onpeseneno 4-MepHOe paccioenne pq,
(pq,) co crpykrypmoit rpynmoit Q, (Qa), em. [A], pasaern 2. Crenosatenbmo,
a1 npocrpamctBoM K (Q, ® Qq,1) = K(Qq,1) x K(Q,,1) Takxe ompeme-
JIenbl 4-MepHbIe PAcCIoeHnd Xq, U Xg,) 110 dbopmyre xq, = p*Qa 5Q.0. (PQ.),
XQ. = Py,0a..0, Pa.)-

Hopmasbaoe paccioenne K MuHoroobpasmio K mpejgcrasieno cymmoit
Yuran

Vi = (29 —2)(CQu.x @ CQa,K) @ Ok, (50)

1€ (Q..x = Cq.eq. (XQ.)s Cqu.x = CQuaq. (Xq.) {2k -orpanntienue HopMaib-
HOTO PaccI0eHHs MHOTooOpassa L™ Ha momMuoroobpasme K4 C L7,

Paccnoenne € m3omopduO cymme YuTHE k KOmuii 32—MepHOI0 paccioe-
Hust (g CO CTPYKTYPHOI rpymmnoii Z/ 21 TTockombky k = 0 (mod 27), a Gaza
K™ umeer pasmeprnocts 14, To paccykaasd 1mo aHajaorunm ¢ IIpesjioxennem
34 u3 [A], 3ak/ar0uaeM, 94To pacciaoenue (Qx TPUBUHATIBHO.

PaccemorpuM MHOTOOGpasme —K ', koTopoe momydeno n3 K'* msmenenn-
eM opuenTamuu. PaccmorpuM orobpazkenne F = id U —id : K*U —K'% —
K. Boraucaum xapaxrepucrudeckue nukiabt pi(vx), pi(V_x) HopMaibHOro
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paccioerns Maoroobpasuit K4, — K, koTopoe ompemeseHo Ha KayKIo# KO-
uu MHOTo06pasus 1o dhopmysie (B0) (M. anasornusoe Boruucaenue B [Ipej-
aoxennn 33 u3 [A]) CoriacHO BBIYUCIEHUSIM, HOJLYYUM, 9TO IUKJI

Fo([p1(vi)]? U [pr(v-k)]]) € Hio(K'; Z) (51)

JABOWCTBEHEH B CMbIcIe llyaHkape KONUKJLY <<3 £Q <), e v €

HY(K(Q, ® Qu,1;7Z) nemyuesoii KOrOMOJOIMUECKHMH KJIACC, HHLYIUPO-
sanublit u3 sjemenra 4t € Im(H*(K(Q,),1;Z) upu romomopdusme

Pe : .
HYK(Qq,1);Z) 25 K(Qu @ Q. 1).
YcaoBue HETPUBHAJIBHOCTH Xapakrepucrudeckoro unciaa (48) sxsusa-
JIEHTHO TOMY, UTO OPHEHTHDPOBaHHBIH MUK (g o6, x+([K]) € Hia(K(Qa ©

Q.. 1);7Z), Upu PA3IOKEHHH 10 CTAHIAPTHOMY 6asmcy, COAEPIKHT MOHOM
aq, ® aq,, e aq, € Hi(K(Qa,1);Z), ag, € H7(K(Qq,1);Z) — obpasy-
e, Ecsm aucao ([A8) ue pasno myso, ro nuki (BI) ne obpamaercs B HyJib,
IIOCKOJIBKY YaCTHOE KJIACCa IOMOJIOruil aq, ® a¢, Ha K/IacC KOrOMOJIOTHH 7y
He obpamaerca B Hyab. C Apyroif CrOpPOHBI, IO MOCTPOCHHIO OTOOPAKEHHE
F kobopmanTHO mycTomy u xapakrepuctudeckuii muki (BI) obpamaercsa B
HYJIb.

JToKa3aHo, 4TO Ha KJACCe OCHAIIEHHOIO KODOPAM3MA I XapaKTePHCTHYIe-
ckoe unciio (6) pasro nymo. [Tpobsema Kepsepa pemniena.

6 Jloka3zareiqbcTBO Teopem 11 u 12

Haunem jokazaresibecTBO €O ciejiyionieit Kouctpykiun. Oupeiesum 9ucio
n—m, .
n, u3 yciaosus Teopembt 6. Pacemorpum muoroobpasue ZZ = S~ 16 173 /i X

n—

St 3 /i, dro MHOroobOpasme ABIAETCA IPAMBIM IIPOU3BEJIEHEEM CTaH-
JAPTHBIX JUH30BbIX mpocrpacTts (mod 4). 3amernm, uro dim(ZZ) > n.
Boibepem BHYyTpH MHOTrOOOpasus ZZ HOAMHOIoobpaszue Z ¢ OCOOEHHOCTSI-
MH B KOPa3MepHOCTH 2, Takoe, 4TO Z BKJajbiBaercd B R", B 4dacTHOCTH,
dim(Z) < n. ITo noBoay muOroobpasuii ¢ ocobernocramu cM. [B-R-S].
Paccmorpum B MHOrooOpasun 7 ceMeiicTBO IIOAMHOTI000pa3mii

) . . 15n + ny, + 64
Zj> ]:Oa"'>]max> ]maz:3—2

n—ns

16

n—ns

+4 1 KOpa3MepHOCTH N — 75 + 2, OUPEJEJTCHHOE 110

Pa3MepHOCTH 1 —
dopmy.ie

n—ng

Zo=S"" 3 ix SYi, Zy =SVt ik SO, L
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n—mng
1

Z;=S""me E i SUTL = Sl/ix SV

]maz

Biioxkenue coorBeTCTBYIONIErO OJIMHOI000pa3ust ceMeiicTBa B MHOTOOOpa3ue
Z Z oupejie/IeHO Kak IPsIMOe HPOU3BEJIeHNe JIBYX CTAH/JIAPTHBIX BJIOYKEHUI.
O6begunenmne U””‘“”Z cemeiicrBa noaMuoroobpasuit {Z;} mmoroodbpa-
3us Z/Z sSBIASeTCsd HOJII/IS,ZLpOM (cTpaTndUIUPOBAHHOBIM MOAMHOI000pA3HEM
¢ 0COGEHHOCTSME B KOPa3MepPHOCTH 2) pasMepHocTd n — 2= + 4. KoTopoe
o0bo3HaYNM Zug C L 7.
Paccmorpum nenouky moarpyui

J, “‘Bdl ol e0d.age I, o1, (52)

KOTOpast MHAYIUPYeT OAIHIO 2-JIMCTHBIX HAKPbITHIL:

xx P2 yy 2 77 (53)
Onpenennm 6aNIHIO HAKPBITUM
Xp — Moy a®d g Zaga- (54)

Dra GamrHs HAKPBITHI WHIYIUpOBaHHA U3 menouku noarpynm (B2) opu mo-
MOIIH BJIOXKEHUST Luq, C ZZ. Takum 00pa3oMm, HaKpBIBAOIIee MPOCTPAaH-
crBo X, B Gamne (B54]) Takxke sBisiercss crpaTHhUIEPOBAHHBIM MHOT000-
pasumeM ¢ OCOOEHHOCTSIMH B KOPAa3MEPHOCTH 2. DTO MPOCTPAHCTBO OIPe-
JIEJIEHO SIBHBIM 00Pa3om KAK obbe/luHeHNEe CeMeiicTBa MOAMHOTO00pa3uil B
XX =RP" 16" 13 x RP" "1~ +3, oupeuesenunix 1o Gpopmyiie:

n—

SXRPY, .., X; =R« RPYT

Xo =

X, =RP!x

max

Cpe/nee HakpbIBafolee TpocTpancTBo Y, o i b bamme (54) Takxe sapiser-
csg cTpaTudUIIPOBAHHBIM MHOTOOOpa3neM ¢ OCOOEHHOCTIMHI B KOPa3MepHO-
CTH 2. DTO MPOCTPAHCTBO SBJIACTCA O0beJIMHEHHEM CeMeiCTBa IOJIMHOT000-

n—mn . _n—n
pasuit B YY = S" 16 3 /i x RP"™ 16 3, onpejeseHHbIX 110 GopMye:

_n—ns

=S5" PAXRPY, L Y, =8""1 T i x RPFT

X;,... =SY/i x R 513,

' Onpenenenbt OTO6pa}KeH'I/IH nx : Xo — K(Jp, 1), ny 0 Y05 — K, @
I5,1), nz : Zaas — K(I, & 1,,1), corslacoBantble ¢ BKJIIOYEHHEM HOAIPYIIIT
(52) u Gammeit nakpeiruii (B4). Orobparkenue 7x NPEJCTABICHO HPSMBIM
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nmpom3BeienneM oTobpazkennit nx ¢ X1y j : Xp — K (L4, 1)x K(id, 1). Orobpa-
KEeHHe 7)y TPeJICTABICHO MPAMBIM TPOU3BEICHIeM O0TOOPaKeHutt 1y, X Ny, :
Yooi — KLy, 1) x K(id, 1). Orobpazkenune (7 IPEJCTABIEHO HPSIMBIM PO-
u3BeeHneM 0To0paxKeHuit 7, X Cz4 @ Zawa — K (14, 1) x K(I,,1).
Onpenennm MHOTOOOpasue ¢ ocobennoctaMu J. /s mpou3BosibHOTO § =

n—mns

0,. .., Jmaz OUPEIENHM NPOCTPAHCTBO J; = S™ 16 213 x S%+1 Cdepn

n—mn . .
Sn=Te 243 G2+ epeobosnaunm 1yt kparkoctn gepes J; 1, J; o cooTBeT-
crsenno. Cupasemyusa dhopmyna J; = Jj1 X Jjo

n—ns
16 +3,

Omupejiesieno cranjapraoe Bovenue iy, @ Jj1 X Jjo C S* 3% S
rjie KaxKJblil COMHOXKHMTE/Ib BKJIOYaeTcs B cdepy-o0pa3 KaK CTaH/aprHas
moacdepa, JTexKaias B IOAMPOCTPAHCTBE ¢ COOTBETCTBYIOIINM YHCIOM II€p-
BBIX HEHYJIEeBBIX KoopauHaT. Obbeaunenue U;:Z‘(‘f” Im(i J].) 00pa30B BCeX ITUX
BJIOZKEHHUI SBJILIETCS HCKOMBIM IIPOCTPAHCTBOM, KOTOpPOE ODO3HAYHM Uepes
JCSTa S x 8T,

Onpenesmm pa3sBeTBAEHHOE HAKPBITHE

0z Lawa — J. (55)

Mg kazxxaoro j = 0,. .., jmae OIpeseanm orobpazkenue ¢, : Z; — J;. Oupe-
JleJIeHbl CTaHIAPTHBIE pa3BeTBIeHHbIe HAKPbITHs (cM. [A], miaBa 3, Onpeje-
JieHre orobpazkenus d):

n—ns __

Py SRR R, (56)

Pz YT — SV, (57)

Orobpazxkenue @ 7; OLPEJIEJICHO KAK JIEKAPTOBO IIPOU3BE/ICHIE PA3BETB/ICHHBIX
HAKPBITAA

n—ns _

o Lo 243 /s 241 /s
$z; =Dz X Pz;2: Zj =51 J /1 x §% /l — Jj71 X Jj72.

Ompegeneno passerienHoe HakpbiTue (Do) B pesyiabrare ckiaeilku pas-
BeTBJICHHBIX HAKPLITHH ¢z, 1O HOJIPOCTPAHCTBAM HONAPHBIX IIepeceveHnit
ceMelicTBa II0JMHOr000pasuii Z; B MHOroOOpasuu Z Z.

Onpenemm pa3sBeTBAEHHOE HAKPBITHE

Py : Ya@d — J. (58)

g xkaxnoro j =0, ..., Jmee OUpeneanM orobpazkenue ;1 Y; — J;. Oupe-
JeJIieHbl CTaH/aPTHbIE Pa3BETBJICHHbIC HAKPbITUA

n—

. Qn—12Es 2543 /s n—270s 2543
py;1: 8" T Ji— S" e , (59)
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. Twp2j+3 2j+3

Py, 2 s RPHT2 — G597, (60)
Orobpazkenue y; OIPEJEJICHO KaK JeKaPTOBO IPOU3BE/IeHIe Pa3BeTBICHHBIX
HaKPbITUA

n—ngs

Py, =Pva X pyp Y =5

_2J+3/i X RP2J+1 — Jj71 X Jj’Q.

Omnpejeneno passersientoe Hakpbitue (B8) B pesyibrare ckieiiku pas-
BETBJIEHHBIX HAKPBITUIl Qy, 110 MOJAIPOCTPAHCTBAM IONAPHBIX II€pecevdeHuii
ceMelicTBa IIOJMHOr000pasuii Z; B MHOrooOpasuu Z Z.

Onpenenum BiaoxKenue ¢y : J C R"™. D9To BoxkKeHne CTPOUTCS B pe3y/ibTa-
Te CKJIEHKN CTaHJAPTHBIX BJIOKEHUIM TOPOB B CEMENCTBO Jynqe + 1 €BKIMIOBBIX
nojpocrpancts B R™ pasmepnoctu n — = + 6, 1POXOAAMINX Yepe3 Hada-
Ji0 koopauuart. IloampocrpancTBo ¢ HOMEPOM j ceMefcTBa COAEPXKUT THapy
IPOCTPAHCTB JOHOJHATEIbHBIX pasMeprocTeil R? 16 ~2/t4 R%+2 pepece-
KaIOIKUXCA B HadaJie KoopJauHaT. [lapa moanpocTpaHcTB ¢ COCETHUME HOMe-
paMu IepeceKaloTcsd IO MOJAIIPOCTPAHCTBY KopasmepHoctu 2. [lepeceuenue
B HPOCTPAHCTBE C MEHBIMUM (OOJIBIINM) COCEJHUM HOMEPOM TepsieT KOpas3-
MEPHOCTH 2 BJIOJIb IIEPBOTO (BTOPOIO) MOIPOCTPAHCTBA BBHIODAHHOI MAPHI.
Buyrpu npocrpancTBa ¢ HOMEPOM j cemeiicTBa pacCMaTPUBAETCS CTaHIAPT-
Hblil TOp J; ¢ 00pa3yoMmuMI BJ0/Ib BHIOPAHHBIX JIONOJTHHTEIbHBIX II0JIIPO-
ctpancTB. O0beuHSS CeMeiicTBO BJIOKEHHUN TOPOB, IMOJTYYIUM BJIOKEHHUE 1 .

Koucrpyknusi orobpakenus dy : Y, ; — R"

Cuavajia ompeeJ M BCIOMOTATEIbHOE OTODparKeHue OZZ C Zasa — R™
9TO0 oOoTODOparkeHue OIpeaeeHOo B pe3yjbTaTe MaJioil peryngpHoir PL—
nedpopMani KOMOO3UIUNA 170 Py : Laes — R™, mpmdeM cama aedopMarus
ee KaJuOp € BHIOMPAIOTCS B IIPOIECCe JOKA3ATETbCTBA (CM. aHAJTOTUIHOE T10-
crpoenue B [A], JTemma 24). Pacemorpuy KoMuosumuo dz o @y Y, — R"
u ompe/ie/iuM uckomoe orobpazkenue dy : Y, ; — R™ B pesyibrare maiioii pe-
ryngapuaoii PL—nedopManun 310l KoMIo3unuu Kaamopa &', npuuem &' << €.

Koncrpyknusi orobpakenus dy @ X . ; — R"

OnpeesiiM BCIIOMOTaTe/IbHOE 0TOOPAYKEHHE dy Y,.q — R". 910 orobpa-
JKeHUe OlpeJIesIeHO B pe3yJibrare MaJioi peryisipuoit PL—iaedopmaiiun Kom-
no3UIMK iy © @y @ Y ;5 — R" npuiuem cama gedopmanua u ee KamauOp €
BBIOUPAIOTCSI B MPOIECCe JOKA3ATENIbCTBA (CM. aHAJOTUYHOE MOCTPOEHHE B
[A], JIemma 24). Pacemorpuym kommosumuio dy o gy : X, — R u onpese-
JIUM BCKOMOe orobpazkenue dy : Y, — R™ B pesy/brare MaJjoil peryispHoit

P L-nedopmanun 31oit KoMnosunuu Kajanopa €', npuuem & << €.
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I, id—CprKTypa njss orobpakenud dy @ X, — R”

Paccmorpum mosmsdap camoliepecederusi 0To0parkKeHus azy : Yiea — R n
obosmauum ero uepes N(dy). Hommsap N(dy) ssasercs MEOrooGpasueM ¢
0cobeHHOCTSIME (B KOPa3MEpPHOCTH 2) ¢ KPaeM, 9TOT Kpail 0003Ha4YnUM depes3
ON (dy).

Paccmorpum monusap camonepecedenust oroopaxkenud dy : X, — R”
u obosnaunm ero udepes N(dx). Homuwsap N(dx) sgBisiercss MHOrOOOpa3-
eM ¢ 0CODeHHOCTsIMH (B KODAa3MEpPHOCTH 2) ¢ KpaeM, 9TOT Kpaili 00603Ha-
aum gepe3 N (dx). Muoroobpasue ¢ ocobennocrsimu ¢ kpaem N (dx) npej-
cTaB/gercs B OO0beJuHEeHHEe JBYX MHOro0Opa3uil ¢ 0COOEHHOCTSIMHU C KpaeM
N(dx) = Nx,antigiag U Nx,r 10 00IIeMy Kpaio, TAKHEM 00pa30M, 9TO:

1. Muoroobpasue ¢ ocobennocTaAMU ¢ KpaeM Ny fABjdeTcsS HaKPbIBAIO-
UM IPOCTPAHCTBOM TIPU PETYJISPHOM 4-JIMCTHOM HAKPBITUU Py . Ny —
N(dy).

2. Muoroobpasue ¢ 0COOEHHOCTAMH € KpaeM Nx antidiqg BOSHHKAET IIPU
JebOpMAIIH ABYIACTHOIO HAKPBITHS Py, Xp = Y, BHYTDH DEry/IsipHOi

a
Paccmorpum monusap camonepecedenust oroopaxkenud dy : X, — R”

u obosnaunm ero udepe3 N(dx). Homuwsap N(dx) sgBisiercss MHOrOOOpa3-
eM ¢ 0CO0eHHOCTSIME (B KOPa3MepHOCTH 2) € KpaeM, TOT Kpail 0603Ha-
aum gepe3 N (dx). Muoroobpasue ¢ ocobernnocrsimu ¢ kpaem N (dx) npej-
craBjisiercss B O0beJluHeHne JIByX MHOrooopas3uil ¢ 0COOEHHOCTSIMU C KpaeMm
N(dx) = Nx,antigiag U Nx,r 10 00IIeMy Kpaio, TAKHEM 00pa30M, 9TO:

1. Muoroobpasue ¢ ocobenHoCTAMHI ¢ KpaeM Ny fABjdeTcsS HaKPbIBAIO-
UM TIPOCTPAHCTBOM TIPU PETYJISPHOM 4-JIMCTHOM HAKPBITUU Py . Ny —
N(dy).

2. Muoroobpasue ¢ ocobennoctsiMn ¢ KpaeM Nx gntidiaqg BOSHUKAET 1IpU Je-
dbopmaluu IBYITMCTHONO HAKPBITHSI Py BHYTPH PEryJIgpHON (MOrpyzKeHHOI )
OKDECTHOCTH HEOCOOBIX ToueK moamsapa dy (Y. ;).

a
[Tosropsisa paccyzkaenus u3 Jlemmer 24 [A], onpenennm oTobpazkeHue

(morpy:keHHoi) OKpecTHOCTH HeocoOBIX TodeK momusapa dy (Y, ).

Ca@d,N(dX) : (N(dX>? aN(dX)) - (K(Ia > id; 1)a K(Jb> 1)) (61)

D10 0TOOpaKEeHNE ONPE/IEJICHO B Pe3y/IbraTe CKJICHKN XapaKTePUCTHIECKOrO
orobpazkenusd Ha Ny gntidiag C IPEABAPUTEIBHO MOCTPOCHHBIM OTOOPaZKEeHIEM
Ha Ny, 10 aHTUAMANOHAIBHON YaCTH I'PAHUIbI, I/l YKa3aHHbIH oToOpazKe-
HUsl TOMOTONHBL. ['panudnbie yeaoBusg Ha ON(dx) ONpeIeasoTcs KOMIIO3H-
nueit ON(dx) C X, 2, (Jp,1). Orobpaxenne (BI) onpexenser I, @ I,
CTPYKTYPY JjIsd oToOpazKeHus dx.
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I, ® ia—CprKTypa g orobpakenms dy : Y, ; — R"
AHAJIOTUYIHO TPEABIIYIIEMY MOCTPOCHUIO, OIPEIETUM MHOTOOOpa3ue ¢ 0Co-
Oennocrsimu ¢ Kpaem N (dy ) u orobpazkenue

Ca@d,N(dy) : (N(dY)a aN(dY>) - (K(Ia D iaa 1)7 K(Ia D id> 1)) (62)

['pannunbie ycaosust Ha ON (dy ) onpenensiiorest komnosunmeit ON (dy ) C

ny . .
\ =% K(I, ® 14,1). Orobpazxenne (62) onpenenser I, ® I; crpyxrypy
11 oToOpazkeHus dy .

Koucrpykuusi D,—ocHamensoro norpy»enns ¢ I, ® I,—ctpykrypoii
B Teopeme 11

n—ngs

[Tycres 3amano Dy—ocnamennoe norpyxenne (g, V,ny), g : N*~ 16 G R™

n—mns

[To ycoBuio TeopeMsr 3a1an0 orobpazkenue n, n : N* " 16 — K(Jp, 1), mpu
srom BoinosiHeHo ypasuenue (29). Orobpazkenue 17, y OLpPesessieT OAHO3HAY-

_n—ns
HO (C TOYHOCTBIO JO romoronuu) orobpaxenue 7, x : N 16 — X, 1o-
ckostbky Xp BrJIajbiBaercst B K (Jp, 1) Kak 0CTOB CTaHJAPTHOIO KJIETOYHOIO
pa30bueHns, KOTOPBIi COAEPKUT MEHBIIHiI OCTOB CTaHIAPTHOI'O KJIETOYHOI'O
n—n R
pasOuenus pasmepHocTa n — 5= + 1 = dim(N) + 1.

n—ns

Pacemorpum kommosunuio dy o nmpx @ N' 16 — R"™ u paccmorpum

MaJyio JiepbopManyio 3Toro oTobparkeHusi B IIOIPYKEHHE ¢ B KJacce pe-
o _n—ns
IYJASPHON TOMOTOIMK JAHHOIO IorpyzxKenns g : N~ 16 G R"™. Kaaubp o
nedopmanun dy on, x — ¢ Beibupaerca muoro mMenpinnM €', [lorpyzkenne ¢
cuabxkeno Dy—ocuamennem Wy ¢ TeM Ke XapaKTepPHUCTHIECKAM KJIACCOM 1)y,
" D n—ms nN—mn
npu 3roM Tpoiika (g1, V1, 7y) onpeaender B rpymne Imm>t(n — ", )
SJIEMEHT Y.
n_n—ns
Obo3uaunm gepe3 L™~ 8 MHOrooOpa3ue caMoIlepecevdeHus MOrpy KeHust

g1. Onpeniesieno paszbueHne

n—ns n—ns

’ (63)

n—ng n—

L'""77s =1L

n—

UL,

cycl

n—ngs

8

n—

1o obuieit rpanutie. [pu srom muoroobpasue L HOT'PYKEHO B PEryJIsp-

n—ng

8

cycl

n—
HYyIO (IOrpy2KeHHy10) OKpecTHOCTD noamdapa N (dx ). Muoroobpasue L,
[IOTPYZKEHO B PErYJSIPHYIO (MOIPY’KEHHYIO) DPEryJIsiPHBIX TOYEK MOJIHIIpa
dx(Xp) Tak, 9TO OHPEIeIeHO OTOOPaKEHIe

85— Xb (64)

TLy -
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IPOEKIUU 3TOi dacTu MHOrooGpasus (63]) Ha MeHTpaTbHBINA MOJUIAP B pac-

cMaTpuBaeMoii okpectHocTu. OOIasg I'paHHIla TUX MHOTOOOpaswil Mmorpy-

JKeHA B PEryJIsipHYIO (MOIPYZKeHHYI0) OKPECTHOCTh KPUTHYECKHX 3HAYCHHUIA

orobpaxkenus dx : X, — R™ (em. anasornanoe Ilpemnoxenue 20 u3 [A]).
Omnpenes M UCKOMOE 0TODPazKeHne

n—ns

Ca@d,L : Lﬂ— 8

Orobpazkenne (,.; 3aJaI0M OTAEIbHO Ha KOMIOHeHTaX pasouenus (G3)).

n—ns

8

— K(I, ®1,),1). (65)

n—

Ha xomnonenre L, OTOOpazKeHue (. j; OUPEJIETeHO OTOOpazKeHHeM
([61]), xoTopoe MmMpOIOIKAETCS HA BCIO HMOTPYZKEHHYIO DErYISPHYIO OKPECT-
HOCTb MHOT0OGpasus ¢ ocobennocrsiMu N (dy) BHe KPUTHYECKUX 3HAYEHHUIA.

n—ns

8

n— £x3
Ha xommonente L, 0TOOpazKeHue (o iy OUPEIENEHO KOMIO3HIHeit

n—n2—ns TLy, Zb,a@d

nx T
Lb 8 —>Xb —>K(Jb,1) e (Ia@]:d,l).
Ha obmieit rpanune ykazaHHbie 0TOOparKeHHsI MOXKHO CKJIEUTb, YTO CJIE/LY-
er M3 BBIIOJHEHUs] TPAHUIHBIX ycsoBuii jyist orobpazxkenus (61)). Orobpaske-

mue (G3), onpenensaiontee I, @ Iy-crpykTypy Dy-0CHAIEHHOrO HOTPYZKEHMIS
(91, U1, mN) ompe/iesieHo.

Koucrpyknus 7/ 2Bl —ocuamennoro MOrpy>KeHus C OUIUKJINMIECKO
cTrpyKrypoii B Teopeme 12

n—ngs

Mycrs sanano Z/2P-ocnamennoe norpysxenue (g, ¥, ny), g : N* "5~ 9
Z/2[3](

n—ms N—Ns

8 ' 8

n—mn hd
TeopeMbl 3aJIaH0 OTOOpazKeHue 1),.,; @ N~ s © — K(I, ®14,1), upu sTom
poinosHeno ypasuenne (30). Orobpazkenue 1), ; y OIPeIeIgeT OTHOZHATHO (C

R™, oupejensiomniee sjieMent y € Imm n — ). TTo ycsiosuro

n—ngs

TOYHOCTBIO JI0 ToMoTOnNH) oTobpakenue 7, x : N"~ s — X}, HOCKOJIBbKY
X, BraagpiBaercs B K (Jy, 1) Kak 0CTOB CTaHJIapPTHOIO KJIETOYHOIO pa3bue-
HHS, KOTOPBI 3aBEI0MO COAEPKHT MEHBIIHII OCTOB CTAHIAPTHOIO KJIETOU-
HOrO pasbuennsd pasMepHocTH n — "2t + 1 = dim(N) + 1.

n—nm
Paccmorpum koMnosunuio dy o 7,qiy @ N"7 8 * — R" u paccmor-
puM MaJjiyio JiepopMaluio 3Toro orodparkeHus B IOIDYKEHUEe ¢; B KJjlac-
n—ng

ce peryaspHOii TOMOTOINH JAHHOIO morpyzkenms g : N" s G R". Ka-
m6p 6 gedopmanun dy o 1),.iy > g1 BHIOHPAETCA MHOTO MEHLIIHM €',

[orpyxenune g, cuabxkeno Z/3P-ocnamennem W, ¢ rem e xapaxrepucru-

YEeCKUM KJIACCOM 7y, 1pH 9ToM Tpoiika (g1, Uy, ny) oupeieiser B rpyime
Z/2[3](

Imm n — gte, T ) 9JIeMenT .
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— 7
O6o3naduM depe3 L™~ 1 MHOT0OGpasme CaMOIIepecedeHus IOrpy Ke I
g1. Ompeniesieno pasbueHne

n—ns

4
cycl U La@d'

n—ns

) (66)

n— n—

S:L

__n—ns

o obeit rpanutie. [Ipu sTom MHOrOOOpa3UeE L MOTPY2KEHO B PeryJIsip-

nns

1
cycl

HYyO (HOTPY2KEHHYI0) OKpecTHOCTH moJtmdipa N (dy ). Muoroobpasue L o

[IOTPY2KEHO B PErYJSIPHYIO (MOrPY’KEHHYIO) DPEryJIsipHBIX TOYEK HOJII/IS,ZLpa

dy (Y, ) TaK, 9TO OIpeaeneno oTobpaKeHue

(67)

. 4 .

T‘-La@d : La@d - a@d

IIPOEKIUN 3TOi dacTu MHOroo6pasus (60) Ha meHTpaJbHBLA IOTHIAP B pac-
cmarpuBaemoii okpecrrocT. OOmiasi rpaHuna TUX MHOrooOpasuil Horpy-
JKeHa B Pery/sipayio (IIOIDY’KeHHYI0) OKPECTHOCTb KPUTHYECKHX 3HAYCHUI

. . n
orobpazkenus dy : Y, — R" (cm. ananorumanoe Ipemioxkenne 20 us [A]).
OnpeeiuM UCKOMOE OTOOpazKeHue

ns

Cama,r : L™ E

Orobpazxkenue (e 33Ja0M OTIETBHO Ha KOMIOHeHTax pasbuenus (G6]). Ha

— K1, ®1,1). (68)

n—ns
4

KOMIOHEHTE Lcyd oTobparkenue (qaq 1, OUpeaeseno orobpaykenunem ([62),
KOTOPOE€ NPOJIOJIZKACTCA Ha BCIO PEryJIAPHYIO OKPECTHOCTH MHOIMO0Opa3ud ¢

n—ngs

—
ocobennoctamu N (dy ). Ha xommonenre L, *
JeJIeHO KOMITO3UuIneit

0oTOOpazKeHHe (ua, 7 ONpe-

n—ns

L “‘BdY - (L, ®1,1) 222" K(1, @ 1, 1).

Ha obrieit rpanuie yka3aHHbIe 0TOOPAKEHUS MOZKHO CKJIEHTH, UTO CJIEIyeT
U3 BbIIIOJIHEHUSI I'PAHUYHbBIX YCJIOBHI I/t orobpazxenus (62). Orobpakenune
[©8), onpenensiroree 1, & I,—crpykrypy 7./2P—ocnamennoro norpyzxenns
(g1, V1, my) oupejesieHo.

IIposepka ypasuenus (29))

Pacemorpum Dy—ocuammennoe morpyzxenue (gp, Wi,7y), TOCTPOEHHOE BbI-
me. 910 D,—ocHamennoe morpykeHme OIpeseaseT TOT Ke dJIeMeHT Yy &€

3 s e "
Imm®/?™ (n — nhs nois) Ho yCJIOBI/IIO MHOrooGpazue N "T6° cHabxKe-
HO oroOpazKkenumeM 7, y : N™~ — K(Jp, 1). Paccmorpum muOr00Opasue

n—n=ns
L™ 78" camomepecedenus IOrpyKenus g, cHabkenHoe orobpazkenuem (G0)).
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OnpeeiuM 110IMHOTOOOpa3ue

n—ng

n— n—ng

N, ?* CN' T, (69)
7(n—ns)
JBOWCTBEHHOE B cMmbicie  llyamkape — Komuwkay — 1~ 32 €
7(n—ns) n—ng
H w6 (N" 16 ;Z/2). Paccmorpum  norpyzkenue (00IIEro  I1moJiozxe-

n—n
n 2

S
uud) gy, : Ny % R™, onpeseneHHOe KaK OrpaHUYCHHE HOIPYKEHU ¢
na noamuoroobpasue (6J). Obosmauum 4epes Ly MHOTOOOpasue camornepe-
ceyeHus 1orpyzxenns gy,. OnupejejeHo BlozeHHe HOIMHOro0dpasuit

ns

Ly c L', (70)

Omnpejiesieno orodpazkenue
Cawd,L, * Ln® — K(I, 141)

Kak orpanuvenue orobpazkenus (6h) ma nmommuoroobpasue ((T0). 3amernm,
aro momMuoroobpasue (T0) mpeacTABAZET TOMOJOTHIECKUH KJIACC, ABOii-

7(n—mns) 7(n—ns) n—ng

crBeHHBIN B cMbicsie [lyankape komukiny ¢ 2 € H s (L" s ;7Z/2).
[Tosromy ypasuenue (27) S5KBUBATIEHTHO CJIIYIONIEMY:

n—ng
32

oF = (53 (Lol (71)

TN
Kanonmieckoe 2-micTHoe HakpbiBatomee L, ma muoroobpasuem (70)
n—ng

€CTEeCTBEHHO HOTPYZKEHO B HMCXOJHOe MHOroobpaszume N"~ 16 wu ero QyH-

JaMeHTaJIbHbI 1K1 npejacrasiasier (o Teopeme Tepbepra) romosornue-
. . . 15(n—ns)
cKUil Kiacc, IBOHCTBeHHBII B cMmbicie [lyankape Komukmay 7~ s2 S

15(n—ns) n—ng

H— 1 (N" "1 ;Z/2). Ypasuenne pasuenne (29) 5KBUBAJIEHTHO CJe/IyIO-
emy:

n—ngs
32

o () = (s [N)), (72)

e orobpazkenue 7y n, : Ny* — K (Jp, 1) ompeesieno B pe3ysibraTe OrpaHH-
deHns OTOOpaKeHus 1), y Ha moAMHOT00Opasue (6J).

st noKa3aTesbcTBa TEOPEMbl OCTAJI0Ch 3aMETHTh, YTO MPABbIE YACTH
pasencrs (1) (2) pasubl. D10 poKa3aHO B caepyiomieit semme. Teopema 11
JTOKA3aHA.

Jlemma 21. Kaacev comonozuti

G ([Lo) € Ho (K (In, 1);2/2), (73)

Mo (L)) € Ho, (K (Jp,1); Z/2) (74)

PaBHL.
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[Iepedopmynupyem JieMmy 1 oKazkeMm OoJsiee obiee yrBepzK aenue. Kiace
romodtoruii ([74) MoxKHO 0600ITUTH U ONpEIETUTh B Oosiee obIIell curyarun,
0e3 NPeJIoNIOzKeHHsl O TOM, YTO MHOrooOpasue Ly ABJISeTCsT 3aMKHYThIM.

[IycTh ompejesieHO 3aMKHYTOe OpPHEHTHPOBaHHOe MHOroobpasme R ¢

ocobeHHOCTAME B KopasMepHocTn 2 pasmeprocrn dim(R) = 27, § < 2r <

nx,b
. IIpeanosozkum, 910 3a/aH0 OTOOpaKeHue Ny g : R — X, =5

n—ns

= g
K(Jy, 1).
Paccmorpum oTobpazkenne gg @ R?” — R™ o0uero mosioxkenus, KOTOpoe

olpesieIeHO B pe3ysbTaTe MaJioil jedopmalieil oOIIEero IMmoJI0XKeHusd OTo0-

9b,R dx
paxkennsg R 55— X, —— R". OmpeneneHo OpHEHTHPOBAHHOE MHOTO-

obpasme ¢ ocobennoctamu 1" 4" camonepeceunns orobpazkenusi gr. Kpait

OT™4" mmoroobpasuss T 4" coCTOMT U3 KPUTHUECKAX TOUCK OTOOPAZKEeHUSI

gr. Omupeje/ieno KaHOHHUECKOe 2-JIHCTHOe HakpbiTue 174 — T4 pas-

BeTBJIeHHOe B/0JIb Kpad. Onpeseseno orobpazxenue (@ T4 — K(Jy, 1)

B pesy/bTaTe KOMIO3UIME HorpyzKenus T 4" 6 R ¢ orobpazKkenuem ny, .
OnpeesieH KJace roMOJIOTHiA

M1+ ([T1) € Hnar (K (J5, 1); Z/2), (75)

obobmaromuii kirace romosoruit (74)). Kiace romosornit (73) rakzke MOXKHO
0000IIUTH HA PACCMATPUBAEMbIH CJIyUail.
Onpenesieno pasdbueHune
n—A4r n—A4r n—A4r
T = uT (76)

cycl

anajoruauoe pasduenuio ([63)).
Kpait 9T 4 mmoroobpasus ¢ ocobennocravu 174 meamkoM jiexxur B
xommonente Ty~ %" n mpoexmus

o, T — X, (77)

anajioruunas oroopaxenuto (64), nepesopur kpait T4 B peryiasaphyo
JacTh MHOrOOOpa3usa ¢ 0COOEHHOCTIMHI Xp.
OrmpeiesieHO 0TOOpazKeHHe

Capir © (T4, 0T = (K(I, © 14, 1), (K (33, 1)), (78)

aHasoruaHoe orobpazkenuto ([Go).

[TockobKy KOpa3MepHOCTh OTOOpaKeHHs grp YeTHa, U MHOTOOOpasue ¢
ocobennoctsaMu R?" gBjsiercs OPHEHTHPOBAHHBIM, TO U MHOTOOOPA3HE ¢ 0CO-
OennocTaMu ¢ KpaeMm 1™ 4 taxike sBiaserca opuenTupoanHbIM. ClenoBa-
TEJbHO OTHOCUTEJIbHBIA KJ/aCcC IOMOJIOrUAil

<a@d,T,* : ([Tn_4r’ aTn_4r]) € Hn—4T(K(Ia ® id’ 1)7 (K(Jb> 1))§ Z/Q)
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SIBJIFICTCS TPUBEICHHEM [0 MOJYJIIO 2 COOTBETCTBYIOMIETO METOYHCICHHOTO
kmacca m3 rpynnsl Hy g (K (I, ® 14,1), K(3,,1)); Z).

Orpanuyenne oToOpazkeHnst C,q i Ha Kpaii OT™ " npunumaer 3Haue-
nus B nogupocrpancrse K (J,, 1) € K(I, @1, 1). O6pas dyngamenraibsHoro
MIKTA Cye 7, ([0T™*]) MHOrOOGpasms ¢ 0COGHHOCTSMIL, KPaeM, OIpe/Ies-
er HyseBoii muks B rpyune H, (K (Jy, 1);Z/2), 1oCKOIbKY JIEXKUT B 06pase
uyeBoit rpymisl H, 4. 1(K(Jy, 1);Z) upu romomopdusmMe NpuBeeHus M0
moyiio 2 (cMm. amasormdnoe yrBepzxienue B Jlemme 16 u3 [A]). Cuenoa-
TeJbHO, KJIACC I'OMOJIOTUIA

G ([Th] € Hiar (K (In, 1); Z/2) (79)

OIIpE/Ie/IEH.

B uacrnocru, xapakrepucrudeckue kiaccot (D)), ((9) onpeesnenst, eciu
B Kadecrse MHOrooOpasus R?" BbiGparh muoroobpasue R = RP? 21 x
RP?*! a B KauecTBe 0TOOPAXKEHUs 7, g BHIOPATH MPOM3BOJIBHOE CTAHIAPT-
HOe 0TOOpasKeHHe, ONpPEJEIEHHOe KaK JEKAPTOBO IIPOU3BEIEHUE HOKOOD/IH-
HATHBIX BJIOXKCHUUNI

, , @,
Mo, - RPZ271 5 RP2HL  x, T, ) X K(J,,1), (80)
[P MPOU3BOIBHBIX 3HadeHngX 7,7, 0 < 2t <2r — 2,0 < j < Jimaz-

JIemma 22. Obosnawum o6pas dyndamenmanvrozo xaacca My g, «([Ri]) €
Ho(K(Jp, 1);Z) wepes (2r —2i — 1 x 2i 4 1).

~1. Jlaa wnacca eomonoeuts (2r —2i — 1 x 20+ 1) € Hop(K(Jp, 1);2),
zadannozo omobpascenuem ([8U) xaace 2omonoeuts (1), aesrcawsut 6 mot
oice epynne, pasen (4r —4i —2 — 5 X 4i+2 — ), ecau oba wucia 6 crobkax
CMPO20 NOAOAHCUTNEADHDIE, U PABEH HYAND, ECAU TOMAOL, 00HO U3 wuces 6
CKOOKAT OMPUUATMENLHO.

-2. Xapaxmepucmuueckut kaace (79), obobwarowyut kaace (73) dan opu-
EHMUPOBAHHILT MHO2000pasUll ¢ ocobernocmamu npu 2r = n — 2= coena-
daem ¢ xaaccom ((73), obobwarouwuts rapaxmepucmuyeckud kaace (77).

dokazareascTBo JIlemMmbr 22

yTBep}K,ZLeHI/Ie 1 AOKa3bIBa€TCA IIPAMBIM BbIYUCJICHUEM, KOTOPOE OIIyCKaeTCs.
YTBepK/IeHne 2 BHITEKACT H3 HOCTPOCHUS OTOOPAYKeHUs dx, CM. aHAJIOTHY-
uyo dopmyry (16) B [A]. Jlemma 22 nokazana.

okazareascTBo JIlemmbr 21

n+ng

Ha6op crammaprupix orobpazkenmit (80) mpm 2r = n — ™

peajusyer

n—ng

n—
BCe 971eMeHTHI B rpymme H, n-n. (Xp; Z). Ilockonbky Muoroobpasue N, 2
2
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n—mns

="

OKa3blBaeTCsd OPUEHTUPOBAHHBIM, oToOpazkeHue g, : Ny — R™ xobop-
JAHTHO JU3IBIOHKTHOMY HabOpy craHgapTHbIX orobpazkenuii (80) B Kiac-
ce oTobpazKeHuil OPUEeHTUPOBAHHBIX MHOI00Opa3uii ¢ 0OCOOEHHOCTSIMU B KO-
pa3MepHocTu 2. XapakKTepuCTHIeCKne KJIacChl 0TOOparKeHus 1Mpu KoDOPu3-
Me oTobpazkenusi coxpansrorcs. Creg0BaTe/IbHO, XapaKTePUCTUIECKIE THUC/1A
(03) (4) pasusbl. Jlemma 21 gokasana.

IIposepka ypasuenus (30

Pacemorpum Z/2B)-ocnamennoe norpyzxenue (g1, W1, 7y), TOCTPOCHHOE BLI-
me. D10 morpyxerne onpeenser sement y € Imm?/2” (n — 202 Mro-
— K(Ia D
id,l). Paccmorpum MuHOroobpasue L7 caMoOIepeceveHns TMOTPYKeHus

g1, cHabzkerHHOe oToOpazkenueM (68)).
OnpeeiuM I0IMHOTOOOpa3ue

n—ng

n—m,
roobpasue N"~ s cuabkeHo 0To0pazKeHueM 1,piy @ N~

n—ns

n—

Ny (81)
3(n—ns)
,ZLBOfICTBGHHOG B cmblcie  Ilyamkape — kouukiay 1) 32 €
3(n—ns) "5)
H™ % “(N""5%;Z/2). Paccmorpum mnorpy:emue (0OIIEro — MOJIOZKe-

”—s

n—T

nug) gy, : Ny 3 R", onpejiejieHHOE KaK OrpaHUYeHUEe IMOIDYKEeHUs ¢§p
na noamuoroobpasue (BI)). Obosmaunm uepes Ly mHOroodpasme camornepe-
cedeHus NOrpyzKeHus gy, . OIpe/ie/ieHo BIOZKeHHe HOJIMHOr000pasmii

Ly CL (82)

Ormpeneneno orodbpazkenue
Cawirr, L7 — K (I, ®1,,1)

Kak orpanuvenne orobpazkenus (68)) ma nmommuoroobpasue (82). 3amernm,

aro moaMuorootpasue  ([82) mpesicTaBser FOMOJIOTHYECKHIT KJIACC, JBOM-
(n— ns) 3(n— ”s) _

cTBeHHBIH B cMmbicie [lyaHkape KOIUKJLY C € H (L :7.]2).

Kanonndaeckoe 2-JMCTHOE HAKPBIBAIOIIEE LZS Has MHOroobpasuem (82)

nns

_n—ns
€CTEeCTBEHHO HOTPYZKEHO B HMCXOJHOe MHOroobpaszume N"~ 5 wu ero ¢yH-

JaMeHTaJdbHbIi 1K npejcrasisier (1o Teopeme [epbepra) romosiorn-
. . .o T(n—ns)
YeCcKWil KJrace, ,ZLBOI/ICTBeHHbII/I B cwmbiciae llyankape KOIukiay 7~ 32 S
T(n—mns) ns)

HYS" (N

). Ypasuenue (28) 5KBHBAJEHTHO CJIEIYIOIIEMY:

n—ns

O, i (1) = (G, (L) (83)
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Ypapuerue pastenue (B0]) SKBUBAJEHTHO CJIEIyONIEMY:

n—ns
32

0,7 (Y) = (7,75, ; [Non)), (84)

rie Muoroobpasue Ny, U 0TOOpazKeHue Mo, Noy — K(Jp, 1) onpenesenst
KaK 2-JIMCTHOe HaKpbIBaomee Haj MHOroobpasnem N " oToOparkeHnem
naéBd,Nn . ]\/v?7 — K(Ia D Id, 1)

Jlng 10Ka3aTeabCTBa TeOPEeMbl OCTAJIOCH 3aMETUTh, YTO IIPABbIe YACTH
pasercts (83)) (84) paBubl. D10 N0KA3AHO B Caeayomieil Jemme. Teopema 12
JOKa3aHa.

Jlemma 23. Kaacevt comonozuti

Cb.Ly o ([Log) € Ha (K (I0,1);2/2), (85)

oo ([Lo]) € Ha, (K (Jy,1);2/2) (86)
PABHDL.

[Torpebyercst iemma, anajorudnas Jlemmve 22.

OmnpeeuM XapakTepucTHIecKue Kiaaccsl, anagornanbie ((70), (79). das
3aJIAaHHOrO HaTypasbHoro r, r = 1 (mod 2), ompeienuM ceMelicTBO OpH-
eHTHPOBAHHBIX MHOTOOOpasmit R = S¥—4Hl/j x RP¥-1 1 < 4 < 22
2r <n—"170 = dim(Y,4 ;) —4. B kauecrse orobpamenns 1,4 5 : R — Y
BbIOEPEM IPOU3BOJILHOE CTAHJIAPTHOE OTOOpazKeHue, OIPe/IeJIeHHOe KaK Jie-

KapTOBO IIPpOU3BeACHHE ITOKOOPANHATHBIX BJIO2KECHUUI
. . PY; Nomd .
. Q2r—4i+1 g/, 47—1 J a®d,Y
Nawdr, © S Jix R LY, —5Y = K1, ol,1),  (87)

IIpH HEKOTOPBIX MPOU3BOJIBHBIX 3HAUEHUAX %, 7, 0 < 7 < %2, 0 <7 < Jmaz-

Ompeneneno orobpazkenne gp : R — R", kax pesyabraT aedop-
Maluy OOIIEro IHOJIOZKeHus 0ToOpazKeHus dy © 1,4 g OUpeseseHo opuer-
THPOBAHHOE MHOroobpasme ¢ 0cobeHHOCTSME ¢ KpaeM 14~ pasmepHocTH
dim(7T") = 4r — n, kak MHOrOOOpa3Me CaMoIePecedeHnst OTOOPAKEHHS G, R
Muoroo6pasue ¢ ocobennoctsamu T ™™ CilyKUT KAHOHUYECKHM 2-JIHCTHBIM
Pa3BeTBICHHBIM HAKPBIBAIOMINM HaJI MEOroobpasneM T4 ", [IocKOIBKY MHO-
roobpasue ¢ ocobeHHOCTAMI 1T ~™ HOrpysKeHo B MHOToobpasue R%", mostomy
peJiesieH KJacC roOMOJIOTAi

G ([Th] € Han (K (J1, 1); 2/2), (88)

obobmaomuii Knace romosornii (85).
OrmpeiesieH KJIacCc TOMOJIOTHIA

M. ([T3]) € Hurn(K(3y,1):Z/2), (89)

obobarormuii kixace romostoruii (86)).
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Jlemma 24. Obosnawum 0bpas dyndamenmanvhozo xaacca 1, . ([Ri]) €
Ho(K(I, ®14,1);Z) wepes (2r —4i+ 1 x 4i — 1).

—1. Jlas waacca zomonoeuts (2r —4i+1x4i—1) € Hop(K(I, &1y, 1);Z),
zadannozo omobpasicenuem (87), xaace zomonoeutd (89), aescawyut 6 mot
N n - n
oice epynne, pasen (4r —8i+2 — § X 81 — 2 — ), ecau oba wucra 6 crob-
KAT CMPO20 NOAOHCUMENLHBLE, U PAGEH HYAID, €CAU TOMAOLL 00HO U3 “HUCEN

OMPULATMENLHO.

-2. Xapaxmepucmuueckut kaace (88), obobwarowyut kaace (83) dan opu-
EHMUPOBAHHBLT MHO02000pa3UL ¢ 0COOEHHOCTAMY NPU 27 = N — %, coena-
daem ¢ kaaccom ([8Y), obobwarowui rapaxmepucmuyeckul xaace (80).

okazareascTBo JIlemmbr 24

JlokazaTesbCTBO aHAJIOTUYHO JOKA3aTeJbCTBY JIeMmbr 22.

dokazareascTBo JIlemmbr 23

Pacemorpum napy MuHoroo6pasmuii, onpegenenubix dbopmystoi (8I)) u mepeoto-
3HAYUM 3Ty Iapy MHOTrooOpasuii depes

n—ns n—ngs

Nyt C N (o)

—ng

e
Mmuoroobpa3sue N[3} ¥ cHabKeHO 0TOOpaZKeHHEM

n n—mnm

Newd Ny = — K& Iy,1). (91)

n—ns

n—=—g
Mmuoroobpa3sue N[3} C TOYHOCTBIO JI0 HOPMAJILHOIO KOOOPIH3Ma COB-

n—ng

najgaer ¢ Muoroobpasmem L" s m3 Teopemsr 11, Te. apngerca Z/20P-
OCHAIIEHHBIM MHOroobpasueM camonepecedenns D4—~0CHAIIEHHOIO HOIPy 7Ke-
aust (g1, Uy, ny) MEOr006pasus N™ 16, OIHPeIeJSeHOro B ycaoBun Teopemsr
11.

[lepeoGosuaunm MHOrooOpasue N™ 16 wepes N{;}_ 16 . PaccmoTpuM

IOAMHOI000pa3ue

n—mns

n—ns n—ngs

N,y * CNy ™, (92)

n,(2]

3(n—ns)
apoiicteennoe B cmbiciae Ilyankape koromosiormieckomy Kiaccy 1y *°

n—n
n—n=ns

NN € H2(N[2} 16 . 7/2). OupeneneHo norpyzKeHne

n—ns

IN, N”[‘Q} i s R™, (93)

n,
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KaK OpaHUYeHUe TMOrPYZKeHus ¢, Ha 1moaMuorooopasue (02).

n—n
n— s

Mmuoroobopasue N 3]

, onpesenentoe B ([Q0) sBistercst MmEOrooGpasnem
n—ng

e
camolepecevdenust morpyzkenusi gi. [logmuoroodopasue NT7 3] 2, ompeJie/ieH-

noe B (), aBagerca MEOrOOGpa3meM camonepecedenus norpyzkenns (03).
[Ipumenum JlemMmy 22 K TOMOJIOTHYIECKOMY KJIAacCy

b,N, (2] N,%[Q} — X, C K(Jb, 1) (94)

u Boraucanm kiacce romosoruit ([OI]). Knace romosornii (O1I) ymosiaerBopsier
ycsioBusAM JlemMMbl 24, OBITH MOXKET, ¢ TOYHOCTBIO JIO MPUOABJICHUS YETHOI'O
romoJiorndeckoro kiacca. Ilockosnbky kiacest romosoruii (85)), (89) sexar
B I'Dylle, B KOTOPOI YeTHBIN 3JIEeMEHT PaBeH HYJII0, He OIPaHuYrBast OOIIHO-
CTH, MOYKHO HPEJMOI0KATH, 9T0 roMoorudeckuii kiaacce (4] onpenensercs
JIMHEHOU KOMOMHAIeil cTaH apTHBIX 00pa3yoluX, OMHCAHHBIX B Jlemwme
24. JlemMma 23 moka3aHa.

7 JlokazaresbcTBO Teopem 17 u 18

[TocTpoenuns B 3TOM pa3jiesie aHAJOTUYHBI IOCTPOEHHUAM pasjesa 6. Haunem
JIOKA3aTeIbCTBO CO CJieiylonmeil KoHCTpyKiuu. Onpege/iuM Iucyio ng u3 ycJio-
Busi Teopembl 6.

Paccyorpunm muoroobpasue YY = S i 0 /Q, x S5 /i Do
MHOI'000pa3ue fABJIeTCs MPIMBIM [POU3BEIEHUEM OJHOPOJTHOIO KBAaTepHH-
OHHOTO ¥ JINH30BOrO mpocrparcTB. 3amerum, uro dim(Y'Y') > n. Beibepem
BHYTpHU MHOTOOOpa3us Y'Y mommuoroodbpasme Y ¢ 0COOEHHOCTSIMH B KOpas3-
MepHocTu 4, Takoe, 9T0 MHOrooOpasue Y BkJjajbiBaercd B R". B gacrHocTn,
dim(Y) < n.

Paccmorpum B MHOrooOpasuu Y'Y ceMeiicTBO MOAMHOrooOpas3nii

3n+n, + 24

)/ja j:07“‘7jmar7 jmax: 16

pasMepHOcTH (1 — "7 4 8) m KopazMepHOCTH (n — " + 2), onpeeieHHoe
o popmy.ie

Yo =S" 75 /Q, x S3/i, 7y = S

Q. x ST/, L,

Y, = SrEER Q) SYT A, L, Y, = 83/Qa x ST

Biioxkenne cooTBeTCTBYIOIIETO MOIMHOI000pa3us ceMeiicTBa B MHOIOOOpa3ue
Y'Y ompeneneno Kak mpsaMoe Ipou3BeeHne CTAHTAPTHBIX BIOKEHUI.
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Jmazx

Obbeunenne UJZG"Y; cemeiictBa mopmuoroobpasuit {Y;} Maoroobpasus
Y'Y aBnsercsa noausapom (crparuduiupoBaHHBIM TOIMHONO0Gpa3HeM ¢ 0CO-
GennocTsaME B KOpasmepHocTu 4) pasmepnoctu n — "' + 8, Koropoe 000-
sHauuM Yq o5 C Y'Y

Paccemorpum nojrpyiiry

L el % Q, e, (95)

KOTOpast MHAYIUPYeT 2-JTUCTHOE HAKPBITHE:

Xx " vy, (96)
Onpeenm HAKPBITHE
PYquata
Xpet, — Yool (97)

1o HakpbiTHE MHAYIMpoBaHo noarpynunoii (O5) npu nomorm BIIOKeHHS
Yq.ei, € YY. Takum obpasom, maxpbiBaiomiee LPOCTPAHCTBO Xy .i B
Hakpbitun (O7) Takxke siBisiercsi crpaTudUIMPOBAHHBIM MHOI00ODA3HeM ¢
0CODEHHOCTIMU B KOpa3MepHOCTH 4. DTO MNPOCTPAHCTBO OIPEIETeHO SB-
HBIM 00pa3oM Kak o0beauHeHue ceMeiicTBa moaMHOroobpasuit B XX =

—ng

n—mn - _TL .
S0 /i x S»~—1 13 /i ompenenenubx mo dopmyiie:
) pe pMYy

i S, L X = ST i SHHB

X() - Sn_n

ijaz - Sg/i X Sn_n 4ns +5/i‘

Pacemorpum muorooGpasue ZZ = S" 210 /Q, x SPT20/Q,. Dro
MHOTO0Opa3ue SIBIIeTcs NPIMbIM HIPOU3BeIeHueM JIBYX OTHOPOTHBIX KBaTep-
HUOHHBIX HPOCTPAHCTB. 3ameruM, 4ro dim(ZZ) > n. Beibepem BHYyTPH MHO-
roobpasust ZZ 1mojMHOroodbpasue Z ¢ 0COOEHHOCTIMU B KopasmepHocTu 4,
Takoe, 4T0 MHOrooOpasue Z BkjajapiBaercs B R™. B wacrnocru, dim(Z) < n.

Paccmorpum B MHOrooOpasun ZZ ceMeiicTBO IIOAMHOTI000pa3mii

. ) ) n+ns+6
Zja J :Ow“?];nar? .71/71ar - #

pasMepHocTH (1 — "5 4 8) m KopazMepHOCTH (n — "5 + 2), onpeeieHHoe
1o popmy.Jie

2"5 +5/Qa X Sg/Qaa Zl - Sn_n

2ns+1/QaXS7/Qa, ceay

2ns +3/Qa

Z() — Sn_n

n 2ns +5—4]/Qa X S4]+3/Qa’ e Z'/

Imaz

Zy=5" =5%/Qux5""
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BiiokeHne cOOTBETCTBYIOIIEr0 MOIMHOTO00Pa3us CeMeiicTBa B MHOTOOOpa3ue
Z 7 onpejeneHo Kak MpsMOe [POM3BeIeHNe CTAHIAPTHBIX BIOKEHHIA.
I " .
Obbeunenne U Z; cemelicTba noaMHoroodpasuit { Z;} Maoroodpasus
Z 7 aBagercs noau3apoM (CTpaTuduIUPOBAHHBIM MOJAMHOT000pA3HEM € OCO-

n—m
1~ + 8, Koropoe 060-

OEHHOCTSIMU B KOPa3MepHOCTH 4) Pa3MepHOCTH 1 —
3HAUMM Zq oq, C Z2Z.
Paccemorpum nojrpyiiry

Qa & ia ZQa,@ia—yQ;z@Qa Qa @ Qm (98)

KOTOpast MHAYIUPYeT 2-JTUCTHOE HAKPBITHE:

o
YY' 5777 (99)
OnpeesinM HAKPBITHE
Pz -
!/ Qa®Qa
Qa@ia - ZQH,@QH,' (100)

Dr1o HakpbiTHe MHAYIMpoBano noarpynunoii (O8) npu nomonm BiOKeHHST

Zq.et, C ZZ. Takum 00pa3oMm, HaKPBIBAIOLIEE IIPOCTPAHCTBO é@i

wakpbitun ([[00) rakzxe siBisiercst crparudUIMPOBAHHBIM MHOrOOGpa3nemM
C 0CODEHHOCTSIMU B KOPA3MEPHOCTH 4. DTO HPOCTPAHCTBO ONPEJIEJIEHO $B-

HbIM 00pa3oM Kak o0beauHeHue cemeicrBa moamMuoroobpasuii B YY' =

SPTETEHS /Q, x ST 5 /i) onpenesienneix 1o dopmye:

B

Y'Ol — Sn_n s +5/Qa % Sg/i, e Y'jl _ Sn_nén_s +5_4j/Qa x S4j+3/i, o

Y/ =8%/Q, x ST

Jmaz

Ompenenens orobpazkenns 1x : Xy gj — K(L © Lo, 1), ny : Y o4, —

K(Q, ® 1,,1), ny - Y(’%@L — K(Q, @ 1,,1), nz : Zaueq. — K(Q. @

Q.. 1), cormacosanmsie ¢ rmodennsamu moxrpynn (O8),([@5) u HAKpHITHIME
@7),([I00). Orobpazkenue nx NPeACTABICHO HPSMBIM HPOU3BEACHHEM OTOO-
PazKeHnit 1x.q X Nx,a * Xy, op, — K (Lo, 1) X K(ia, 1). Orobpazkenue 1y upe-
CTaBJIEHO NPSAMBIM IIPOM3BeJeHneM OToOpazkeHuit ny.q, X Ny : YQa@ia —
K(Qq, 1) x K(ia, 1). Orobpazkenue 1y HPeJICTABJICHO IPSIMbIM IIPOU3BE/IE-
HIeM 0TOOpazKeHuii Ny q, XNy’ q 1 Y — K(Qq,1)Xx K(ia, 1). Orobpazke-

Q.el,
Hue (7 OPeJCTaBICHO IPSMbIM IPOU3BeleHneM oToOpakeHuit (7 q, X C Qu

Zo,00, — K(Qa, 1) x K(Qq,1).
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Onpeznenm MHOro06pasue ¢ 0cobeHHOCTAME Jo qj - ﬂﬂﬂgnponsiqﬂ;HOPO

J =0,..., Jmaz OIpeIeTHIM IPOCTPAHCTBO Jq, ; KaK JKOHH % KO-

Uit KBaTePHHOHHOTO OJIHOPOJHOro npocTpancTsa S°/Q,. [lpu Tex ke 3Ha-

. . _ Q4443

HEHHAX j OUPeLeHM IPOCTPAHCTBO Ji, ; = SYT, anddeomopduoe cran-

naptHoit 47 4+ 3-mepHoit cdepe, Koropoe yga00HO cebe MMPeJACTABIATH KakK

IIPOCTPAHCTBO JZKOfHA j + 1 9K3eMIIApoB cTammapTHoil cdepnr S°. IIpo-
CTPAHCTBO Jq, ; X Jia,j 1epeodO3HAYUM /TS .KpaTKOCTI/I qepe3 JQa@ia,j'

OmnpegesieHO CTaHIAPTHOE BKJIIOYEHHE | Jauois. JQa@ia,j C Jq.o0 X

iy joass D€ cOMHOKHTEND Jq,; (Ji, ;) BKIOYaercs B JjuKoin-o0pa3s Kak

CTAaHJAPTHBIN IMOIJKONH, IMOCTPOCHHBIN [JId COOTBETCTBYIONIEr0 YUCJIA OJ-

HOPOJIHBIX KBATEPHHOHHBIX IIPOCTPAHCTB (TpexMepHbIX chep) Ipu CTaH apT-

Jmazx

Hoit nymepanun. Obbeunenne U2 Im(iy, . ) 06pasoB BCex STHX BJIOXKe-
HUH SIBJISIETCSL HCKOMBIM HPOCTPAHCTBOM, KOTOpOe 0003Ha1uM 1epes Jq o
Jauei, € Jaui X i, ; -

Omnpeaennm MHOrooOpasue ¢ 0COOeHHOCTIMU JQG@QG' s MPOU3BOJIHHO-
ro j = 0,..., Jjee OUDEICIUM IPOCTPAHCTBO Jgq ,; KK JIZKOMHH ’”’“%8”12
KONl KBATePHHOHHOIO OJHOPOJHOro mpocrpancTBa S°/Q,. Ilpu Tex ke
3HAYEHUsIX J OIPEJIeUM ITPOCTPAHCTBO J:Qa,j’ snuddeomopdHoe npocTpaH-
CTBY JIZKOWHA j + 1 9K3eMIIgpa KBATEPHUOHHOTO OJTHOPO/IHOTO TPOCTPAHCTBA

S%/Qq- Tpocrpancrso Jg, ; X Jé ; 1epeobo3HaATMM JIJIA KPATKOCTU 4depe3
) a,
JQ.00..5° » )
OmnpeniesieHO CTaHIAPTHOE BKIIOUYEHHE f Tousans - JQ.0Q.; C Jq.o0 X
Jé o, rae commoxurenu Jg i, J . BKIIOYAIOTCA B JI2KOIiH-00pa3 Kak
Qavjma,:t . as] QGJ
CTaHIAPTHBIE IOZKORHDI, IOCTPOEHHBIE /IJIsI COOTBETCTBYIOIIErO IUCIa, O/I-
HOPOJIHBIX KBATEPHUOHHBIX IPOCTPAHCTB IIPH CTAHIAPTHONH HyMeparun. O0b-
g, 00 ) 06pa30B BCeX THX BJIOKEHUil sIBJISIETCS HCKO-
a a»]
. . /
M/bIM IIPOCTPAHCTBOM, KOTOpoe 0003HaIuM 4epe3 Jq oa.: Jq.0q. C JqQ.0 X
.o,
Qam];na:t
npeje/inM Pa3BeTBICHHOE HAKPBITHE

-/
emumenme U4 Im)(

g kaxoro j =0, ..., Jmae OLPEIeSUM 0TOOpaYKEHHE
oy Yooty — Jauet. (102)

Oupe/iesieHO cTaHIAPTHOE pa3BerBieHHoe HakpbiTHe (cM. [A], riasa 3, Oupe-
JesIeHne 0TOOPaXKeHust ¢):

n—ns __

Pyq, 1" "7 4j+5/Qa — JQa7j7 (103)
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Ompe/iesieHO cTaHJAPTHOE pa3BeTBIeHHOe HakpbiTHe (cM. [A], riaBa 3,
Omupejenenne orobpazkerust d):
py. 1:SYT T (104)
ia,j’ : Iay]’
Orobpazkenue (I02]) ompemesieHo Kak JeKAPTOBO IPOU3BEICHUE OMUCAH-
ubIX Boimre passersiennbix Hakporruii ([03), (I04) no mepsomy commoxuTe-
JIIO ¥ 110 BTOPOMY COMHOXKUTEJIIO:

n—ns __

p 1 STTERETIND 9N

SOYQaeBia,j = Pyq, ;1 X pyia»j7

Jaui X Ji, 5 = Jouei
Ompeneneno passersiennoe HakpbiTue ([0I) B pesynbrare ckieiiku pas-
BETBJICHHBIX HAKPBITHH Qy, . = 10 HOAIPOCTPAHCTBAM IOMAPHBIX Iepece-
uennii cemeficrsa noamuoroodpasuit Yo o . B MHOroobpasun Y'Y

OrmpeieiuM pa3BeTBICHHOE HAKPBITHE

vz 2,00, 7 J.eq. (105)

st kazkoro j = 0,..., 7/ oupejesanm orobpazkeHue

SOZQaEBQaJ : ZQE®Qavj - JQa@Qavj' (106)

OupejiesieHbl  CTaHJAPTHBIE Da3BeTBICHHbIe HakpbiTHs (cM. [A], riasa 3,
Ompejiesienne 0ToOpazKeHust C):

n—ns __

DPZq, 1" S5 4j+5/Qa — JQa,j? (107)

Pz, 1t SVt Q, — Jo.j (108)

Orobpazkenue (I00) ompeneseHo Kak JAeKApTOBO MPOU3BEIEHNE OMNUCAH-
HbIX Boimre passersiennsix Hakpoiruii ([07), (I08) no mepsomy commoxure-
JIIO U 110 BTOPOMY COMHOXKHUTEJIIO:

n—

= T I R A 4j+3
ngQa@Qa’j _pZQavj’l X pZQa,]”z ' S 2 ! /Qll X S J /Qa —

JQuj X Jqui = JQuaQu.i

Ompeneneno passersiennoe HakpoiTue ([05]) B pesynbrare ckieiiku pas-
BETBJICHHBIX HAKPBITHIl 0z, . 110 HOAIPOCTPAHCTEAM HOLNAPHDIX lEPEce-
a a»]
uennii cemeficrsa noaMuoroodpasuit Yo o B MHOroodpasuu ZZ.
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Onpenenum BJIOXKEHUE 17 . Jo. i, € R™ DT0 BrOXKEHHE CTPOUT-
Qa®la Qa@ a
cd B pe3y/abraTe CKJIefiku ceMmeiicTBa CTaHJIAPTHBIX BJIOYKEHHUIl ITPOCTPAHCTB

JQaeBia 1 0 <7 < Jimaz B CEMEUCTBO Jmar + 1 €BKJIMIOBBIX TOJIIPOCTPAHCTB

5(3 24
B R" pasmepnocTH ("++GS+) + 3, MPOXOaAMHUX Yepe3 HadaJa0 KOOPIUHAT.

31ech Mbl BOCIIOJIB30BAJIMCH HEPABEHCTBOM 1. > Hn, + 168, KOTOpPOE BBHIIOJI-
HeHo 1o ycjosuio Teopembr 17. [lpu ykazaHHOM HepaBeHCTBE Pa3MEPHOCTb
€BKJIMJIOBBIX IIPOCTPAHCTB PACCMAaTPUBAEMOI0 CeMelCcTBa MEHbIIe N.
[TognpocTpaHCTBO ¢ HOMEPOM j CeMelCTBa COJAEPKUT Mapy HPOCTPAHCTB
.. 5@Bnins+24) £ g 5i44
JIONOJIHUTE/IBHBIX pa3MepHocreii: R 16 774 RY7* nepecekaronuxcst
B Hadaje KoopjauHar. [lapa moanpocTpaHCTB ¢ COCETHUMH HOMEpAMHU Iepe-
CeKaIoTCs IO TOIPOCTPAHCTBY KopasMmepHoctu 4. [lepecedenue B mpocTpan-
crBe ¢ MeHbHIUM (BOJIBIINM) COCETHMM HOMEDPOM TepsieT KOpa3MepHOCTb 4
BJIOJIb 11ePBOTI0O (BTOPOT0) MOAIPOCTPAHCTBA BHIOPAHHON Hapbl. BuyTpu mpo-
CTPAHCTBA C HOMEPOM j CeMelCTBa PacCMaTPUBAETCS JIEKAPTOBO ITPOU3BE/Ie-

HHUE BJIOXKEHUM
5(3n4ns+24)

Qg JQ.g CR 16 L (109)

D Jy, ;s C RV (110)

L; j

asJ

Broxenne ([09) oupezeneno kax azxoitn 2224210 wonpit rozkenmit Mac-

cu S3/Q, C R* (em. [A], paszuen 3, Onpesenenue orobpazkenud c). Bioxkenue
(I10) onpeneneno kak crangapTaoe Baoxkenue (45 + 3)-MmepHoit cepbl B eB-
KJIUJ0BO 1pOocTpancTBO. O0beuHsIsi ceMeificTBO MOCTPOEHHBIX BJIOYKEHHHUIT,
HOJIyYUM BJIOYKEHUE 1 J i - Jq.ei, C R™.

OnpesieiuM BJIOYKEHHE Jouot, Jq.oq. C R". 9o Broxenue crponrt-
cd B pe3y/abraTe CKJIefiku cemeiicTBa CTaHJIAPTHBIX BJIOYKEHHUI ITPOCTPAHCTB
Jauetu» 0 < J < Jpag B CEMEHCTBO Jy,,, + 1 eBK/IHJIOBBIX NOANPOCTPAHCTE
B R" pasmepHoCcTH W + 3, OpOXOAAIIHUX dYepe3 HAdaJI0 KOODIUHAT.
3/ech MBI BOCIIOJIB30BAJINCh HEPABEHCTBOM 1. > 5”5—;84, KOTOpPOE BBITTOJTHEHO
1o ycaosuio Teopembr 18. [Ipu ykazanHOM HepaBeHCTBE Pa3MEPHOCTH eBKJINU-
JIOBBIX ITPOCTPAHCTB PACCMATPUBAEMOrO CeMeificTBA MEHbIIE N.

[TognpocTpaHCTBO ¢ HOMEPOM j CeMelCTBa COJAEPXKUT Mapy HPOCTPAHCTB

5(ntns+12) .. .
JIOHOJIHUTE/IbHBIX pa3mepHocTeit R~ s 5—1 R+ nepecexkaromuxca B
Havasie KoopauHat. [lapa moampocTpaHCcTB ¢ COCEHUME HOMEPAMHU Iepece-
KaIOTCA 110 HOJMPOCTpaHCTBY Kopasmepuoctu 4. Ilepecedyenune B mpocTpan-
crBe ¢ MeHbHIUM (DOJIBIINM) COCETHMM HOMEDPOM TepsieT KOpa3MepHOCTb 4
BJIOJIb IEPBOrO (BTOPOT0) MOAMPOCTPAHCTBA BHIOPAHHON Hapbl. BHyTpu mpo-
CTPAHCTBA C HOMEPOM j cemMeiicTBa PacCMaTPUBAETCS JIEKAPTOBO ITPOU3BE/Ie-

HHUE BJIOXKEHUM
5(n+ns+12) _5]-_1

i, g CRO s T (111)
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- .7 5j+4
iy, g, CRYTL (112)

%}2_1@ konwuit Bjioxkenuit Mac-

Bioxkenune ([[II]) onpeneseno Kak 1zKoiH
cu S3/Q, C R* (em. [A], pasuen 3, Onpejesienue orobpazkenus c). Biioxe-
nne (I12) onpeneneno xak mzxoitn j + 1 konmnn Broxkenns Macen S°/Q, C
R*. O6beauaas ceMeiicTBO MOCTPOCHHBIX BJIOYKCHHHI, HOJYIHM BJOKCHHE

ZJQaéBQa . JQa@Qa C R .

KoucTpykiug oTobpakeHus cy- — R”

. !/
Qa@ia ’ Qa@la
CuadvaJjia Ompeie/iuM BCIIOMOTATeIbHOE oToOpaxkenue dy . : Lo oo, —

QadQa Qa@Qa
R™. D10 orobpazkeHue OmpeneseHO B pe3yjbrare MaJjoil peryiasphoit PL—

MalKUd KOMIIO3ULUM e . 7 -~ — R", npuuem ca-
Aedopmar OMHIOSHIN L]0 w6, © PZq,eq. Q.9Q. ; IPHIEM Ca
Ma JiepopMaliisa U ee KaJaudp € BBIOMPAIOTCA B IIPOIEcce JTOKA3aTe/bCTBa
(em. amamormunoe mocrpoenme B [A], Jlemma 25). Pacemorpum Kommosm-

uto d . O Py’ Y. . — R™ u oupenesum HCKOMOE 0TODpazKeHue
H ZQa@Qa pYQa@ia Qa@la p 'ZL p
cy: . Y . — R"™ B pesyabrare magoii perynasapnoii PL—nedopmanun
Qa®lg Qa@la

9TON KOMIO3UIMK Kaaubpa &', npuueM &' << ¢.

. . n
Kouncrpyknus orobpaxkenns cx, . @ Xy gj — R

Oupegesnm BenomoraresibHoe orobpazxenne dy : Yq o — R™ 910 orobpa-
JKeHUe OlpeJIesIeHO B pe3yJibrare MaJioi peryisipuoit PL—iaedopmaiiun Kom-
. o . . n

HOSMIMH Gj o O Py, . ! YQG@IG — R”, npuuem cama gedopmaius u ee
KaJHOp £ BBIOMPAIOTCS B IPOIECCe JOKA3ATeIbCTBA (CM. AHAJOIMYHOE I10-
crpoenue B [A], JIemma 25). Paccmorpum komnosuuuio dy, . 0 ¢x,

a a a, a
X1 i, — R" 1 oupeje/ium uckomoe oToOpazeHue dXIa®ia D X1,
pe3y/abTare MaJjoii peryiasapHoit PL—nedopmaliyu 3Toii KOMIO3UIME KaJu0pa
g, npuuem £’ << e.

— R" B

Q. @ ia—CprKTypa OJist oTOOpakeHus S\ Xt i, — R"

Paccmorpum nosmsap camonepecedenns OoToOpazkeHud Cy. . @ Yq oi —
Qa®la Qa@ a

R" 1 0Go3uaunm ero uepes N (dyg, .. )- Hommsap N (dyg, 5. ) ABIASETCS MHO-
roobpasmeM ¢ 0COOGEHHOCTAME (B KOPa3MepHOCTH 4) ¢ KpaeM, 3TOT Kpaii 060-
3HAYUM Yepes3 aN(dYQaeaia)'

Paccmorpum nosimsap camorniepecedenusi 0TobpakeHust CXy o X1, 01, —
R™ u obosnauum ero uepes N(cy, . ). Hommsup N(ex, . ) sisisercs MHOro-
obpasuem ¢ ocobeHHOCTSIMU (B KOpa3MepHOCTH 4) ¢ KpaeM, 3ToT Kpaif 0603Ha-
anm vepes ON(cx, ;). Muoroobpasue ¢ ocobennocrsamu ¢ kpaem N(cx, )
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IPEJICTABJIAETCI B 00beIMHEHUE BYX MHOTI00Opa3uil ¢ 0COOEHHOCTIMU € Kpa-
eMm N(cx r IO 00IIeMY Kpalo, TAKIM 00pa30oM,
qTO:

= NX antigiag U NX

Io®liq )  PYC) P | PYC) P

1. Muoroobpasue ¢ ocobennocramn ¢ kpaem Nx, i, ¢ ABIISIETCS HAKPBI-
a as
BaIOLIMM [IPOCTPAHCTBOM LIPU PEry/IsPHOM 4-JIUCTHOM HAKPBITUHU DN,

NX —>N(Cy

Ia®iq,T QaéBia)'
2. Muoroobpazue ¢ ocobennoctsimu ¢ kKpaem Ny

er mpu JedbopManun JBYJIUCTHOTO HAKDPBITUS Py, o
a a

Ia®iq,I

Ia®ia,antidiag BO3HHKa~

I, EBia - Qa @ia

BHYTDPHU PEryJIPHOil (MIOrpyZKeHHON) OKPECTHOCTH HEOCOOBIX TOYEK MOJIHIIPa
éYQaeaia (YQa@ia)'

Paccvorpum mosmmsap camonepecedeHns 0TOOparKeHns ¢ Xy o, | Aasl,
R" u o6o3naunm ero uepes N(cx, . ). llommonp N(cx, ;) aBasercsa Muoro-
obpaszueM ¢ 0cOGeHHOCTSME (B KOPA3MEPHOCTH 2) ¢ KpaeM, 3TOT Kpail 0603Ha-
anm uepes ON(cx, ;). Muoroobpasue ¢ ocobennocramu ¢ kpaem N(cx, . )
HPEJICTAB/IAETCS B 00'beMHEHE JIBYX MHOI000pa3uit ¢ 0COOEHHOCTSIMU C Kpa-
em N(cx 110 0011IeMy Kpalo, TaKuM 00pa3oM,
qTO:

1. Muoroobpasue ¢ ocobenHocramu ¢ Kpaem N Xy, o, [ ABJIAETCA HAKPBI-

BAIONIUM IIPOCTPAHCTBOM IPH PeryIspHOM 4-JTHCTHOM HAKPBITHU Py
Ia®1q ;T (CYQa Bla )
2. Muoroobpasue ¢ ocobennoctsimu ¢ Kpaem Ny

= Nx Nx

1o®1g ) Iaﬂ)ia,antigiag Iaﬂ)ia,l"

N L
Nx
i, santidiag BOSHUKaeT 1pu

Aedbopmanyuu JABYJIMCTHOTO HAKPBHITUA Py, i, BHYTPH DETYIAPHOH (morpy-

I,
JKeHHOIT) OKpeCTHOCTH HeoCoObIX TOUeK nommsapa cy, . (Yq,qf,)-
[ToBropsas paccyzxaenus u3 Jlemmer 25 [A], onpenennm orobpazkenue

) (N(ex ,ON(cx, ;) —

CQa@ia ’N(CXIaEB' | Y Y )

I

(K(Qu® L, 1), K(I, ® 1, 1)) (113)

DT0 0TOOpaKEHUE OLPEIEIEHO B PE3YJIHTATE CKJIEHKN XapaKTePUCTHIECKOTO
orobpazkenusi Ha N Xy, oi, antidiag ¢ TPEIBAPUTE/IBHO IIOCTPOCHHBIM oTobpazKke-
a a

HUEM Ha NYQ wi, 0> 1O AHTHIMAIOHATLHON YAaCTH IPAHUIEI, [1€ YKa3aHHbIL
a a

oTobpazkeHusi TOMOTOMHbBIL. ['panudnbie ycjiobust Ha ON (cx OTPeJIEIAIOT-

h@m)
X1, 00

K(I, ® I, 1). Orobpazxenue
(I13) onpenensier I, & I, crpykrypy ajist oToOpazKeHus Cy

cst komuosunueit ON(cx, ) C Xy i,

Io®ig
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BukBaTepHunoHHassi CTPYKTypa Jid OTOOpa>keHus Cy- ! —

D S
]R Qa @ia Qa@Ia
n

AHAJIOTUYIHO TPEABIIYIIEMY MOCTPOCHUIO, OIPEIETUM MHOTOOOpa3ue ¢ 0Co-
Oennocrsimu ¢ Kpaem N(cy: ) 1 orobparkenue
Qa@la

CN(CYéa@ta) : (N(Cyéa@ia)’ aN(CYéaeaia) -
(K(Qu® Qu. 1), K(Qu & L, 1)). (114)
['panuunbie  yciaoBusi Ha ON (Cyé . ) OUPEAEIAIOTCS  KOMIIO3UIUed
Nyr . .
aN(CY({Q i ) C Yé o 28 K(Qq @ I,,1). Orobpazkenue (II4) ompee-

asger Q, @ Q, CrpyKTypy A 0TOOpazKeHusd Sy

KoncTpyknusa 7Y —ocuamennoro Orpy>KEeHusd C Qa@ia—CprKTypoﬁ
B Teopeme 17

n—mns

Ilycrs 3amano Z-ocnamennoe norpyxenne (g, ¥, ny), g : N*~" 1~ 9 R™

n—ns

Ho YCJIOBHIO TEOPEMBI 33aHO OTODOparKeHue Ngaan @ N' 1 — K(I, @
I.,1), mpu srom Boimosnneno ypasuenue ([2). OrobpazkeHue nye; n OMpe-
JIeJIsIeT OJHO3HAYHO (C TOYHOCTBIO JI0 TOMOTOIME) OTOOPAKEHUE 7uama, X

n—ng

N"="F* — Xy i, HOCKOIBbKY X o BKaagsmaerca B K(I, @ I,,1) kax
OCTOB CTaHJAPTHOIO KJIETOYHOrO pa3bueHus, KOTOPBIN COMEPKUT MEHBIIHil
OCTOB CTaHJAPTHOIO KJIETOYHOrO pas3bueHud pasMepHocTH n — == + 1 =
dim(N) + 1.

PaccmoTpuM KOMIIO3HUITHIO Cxp o O MXp i N~ — R™ u paccmot-
puM MaJjiyio JiedopMaluio 3Toro orodpakeHus B IOUDYKEHUEe ¢; B KJlac-
ce peryssipHoOil rOMOTOINH JAHHOTO morpyzkenns g : N "1 4 R" Ka-
aubp 0 pedopmanun CXp i, © MXp o 7 91 BBIOMPAETCS MHOI'O MEHBIITHM
¢’. [lorpy:xkenne g, cuabkeno Dj—ocHamennem W; ¢ TeM Ke XapaKTepPHCTH-

IECKHM KJIACCOM 1)y, IPU 3TOM Tpoika (g1, Wi,7y) OmpesesnseT B Tpyle
2[4](

n—mng

n—ms N—Ns
4 7 4
—ns

n
Obo3uaunm gepe3 L™~ 2 MHOrooOpa3ue caMoIlepecevdeHus MOrpy KeHust
g1. Onpeesieno pasbuenue

Imm®™" (n — ) SJEMEHT .

n—mng

> UL

n—ng

Ia@if (115)

n—ng n—

L""7= =1L

n—

cycl

n—ns

n——y

1o obweit rpanune. Ilpu srom muoroodbpasue L, MOI'PYZKEHO B Pery-

JPHYIO (LOrpY2KeHHYI0) OKkpecTHOCTb noswmsapa N(cx, . ). Muoroobpasue
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n—ng

n—
L; @12 IOTPYZKEHO B PEryJIsIpHYIO ([MOrPY’KEHHYI0) HEKPUTHIECKUX TOUYEK
a a

moudapa, dx

- (X1, ei,) TAK, 9TO OIpPeIeNeHO 0TOOpaKeHIe

n—ns

. 2
Lols ~ TI,@l,

n—

Ty, —

X, (116)

npoexiu 31oii yacru Maoroobpasust ([[15]) na nenTpasbHbIil 0P B pac-

cMmarpuBaeMoii okpecrHocTu. O0mast rpaHuNa TUX MHOrooOpasuii morpy-

JKeHA B PEryJIsipHYIO (MOIPYZKeHHYI0) OKPECTHOCTh KPUTHYECKHX 3HAYCHHUIT
. . n

oToOpaxkeHus Cx, . : Xy gj, — R (em. amasormanoe IIpenoxkenne 21 u3

[A])-

OrnpeieiuM UCKOMOE OTOOpazKeHue

n—ns

Cquatne L7 = K(Qu@ L), 1), (117)

Orobpazenne (g, i, ;, 33JaUM OTIETBHO Ha KoMIIOHenTax pasbuenns ([15).

n—ng

n—=y

Ha xomnonente L, orobpaxenue (q o, j OUPEAEJICHO 0TOOpaZKeHIeM

(I13]), KoTopoe MPOMOIAKAETCS HA BCIO MOIPYKEHHYIO PErYJISPHYIO OKPECT-

HOCTBH MHOT0OOpasus ¢ ocobennocTamu N (cx, o ) BHE KPDUTHYECKUX 3HAUE-
a a

n—ns

n
nuit. Ha xomnonente L 2
Qa@la

oToOparkeHue CQa@ia 7, OIIPENIeIEHO KOMIIO3HU-
nuei
_n—ns

n—"=0s Xy o,
L —5* X

nx ; . i . . X
| CY L,ol, =g K(I,®1,,1) Pl Gl K(Q,®1I41).

Ha obmieil rpanume yka3anuable 0TOOPAYKEHUS MOKHO CKJIEHTb, ITO CJIEIYeT
U3 BBIIOJIHEHHsI TPAHUYIHBIX yeaoBuil miist orobpazkenus (I13]). Orobpazxenue
([I7), onpenensiomee Q, ® I,~crpyxrypy ZW-ocnamennoro norpyxenns
(g1, V1, mN) oupejesieHo.

Koncrpykmus Z/2P°)-ocHamennoro morpyskenus ¢ GuKBaTepHHOH-
HOIl cTpyKTypoit B Teopeme 18

n—mns

Ilycrs 3azano Z/2P-ocmamennoe morpyzxenne (g, ¥, ny), g : N"" "2 9

n—ns N—NnNs
2 7 2
_n—ns

TEOpeMBbI 3a/1aH0 oToOpazkenue g i N"7 2 — K (Qu®1,,1), upu 3rom
oinosieno ypasuenne ([A3). Orobpazxenne g qj y ONPEIEIACT OJHO3HAM-

R", onpeneasomee saement y € ImmZ/2” (n — ). Ilo ycmoButo

n—mns

HO (C TOYHOCTBIO JI0 TOMOTONUN) OTOOpazKenue 1y : N™~ —-Y .
Qa®la QG@IG

) )
ITOCKOJIBKY BryapiBaercss B K(Q, @ 1,,1) kak ocroB crangapTHOro

Q. 0L,
KJIETOYHOI'O pa30meHusi, KOTOPbIil 3aBe0MO COAEPXKUT MEHbBIINi OCTOB CTaH-

JIAPTHOI'O KJIETOYHOro pasbuenus pasmepnocru n — “5= + 1 = dim(N) + 1.
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n—mn
PacemoTpum koMmosumuio ¢y . onyr . : N 2 — R™ u paccMoT-
Qa®ia Qa&ia
pUM MaJIyio AedOpMAIdio 3TOr0 OTOOpaKeHHsI B IMOTPYKeHHe ¢; B KJac-
n—mnsg

ce pery/spHOil roOMOTOIUU JIAHHOTO norpyxkenust g @ N" 2 ¢ R". Ka-

qmbp 0 medopmarnuu dyr ~ ©0nyr > g; BBIOMPAETCS MHOTO MEHBIITUM
Qa®la Qa®la

e’. llorpyxkenue g, cuabxeno Z/ 30l ocmamennem ¥y ¢ rem ke XapaKTepH-

CTHYECKMM KJIACCOM 1), IIPU 9TOM TPOiika (g1, W1, ny) oupeesier B rpyiiie
7,/215] (

n—ms N—Ns

Imm n — fRe IR ) gjleMent .
Obo3uaunm gepe3 L™ MHOrooOpasme caMonepecedeHust MOTPYKEeHUus (.
Ompeniesieno paszbuenne

L' =L, ULy o (118)

Ns

10 oOuieit rpanune. lpu srom Mmuoroodpasue L
(HOTrPY?KeHHYI0) OKPECTHOCTD moJmyapa N (dyQ o1, )- Muoroobpasue

1 IOIDY2KEHO B PeryJIsspHyIo
Ns
Qudl,
[IOTPYZKEHO B PErYJISIPHYIO (MOrPY:KEHHYI0) DPEryJIsiPHBIX TOYEK MOJIHIIPa
/

Cy/ . TaK, 94TO OIIpeJaeJIeHO 0T06 azKeHue
Ve o Youei,) TaK, pess p
N /
o . — .
ﬂ—LQaEBIa LQG@IE YQa@Ia (119)

npoexiuu 310ii yacru Maoroobpasus ([I8) na nenTpasbHbIil TOJIUAD B pac-
cMaTpuBaeMoii okpectHocTd. OOIas I'paHHIA TUX MHOTrOOOpaswil morpy-
JKeHA B PEryJIsipHYIO (MOIPYZKEHHYI0) OKPECTHOCTh KPUTHYECKHX 3HAYCHHUIA

oTODparKEeHUsI Cyé oin Yé ol R™ (cm. anasornanoe Ilpemioxenne 21 u3
[A]).
OmpeieiuM UCKOMOE OTOOpazKeHue
Cquai,r - L™ — K(Qa ® Qu, 1). (120)

Orobpazenne (g ¢, 3a7a/UM OTIETBHO Ha KoMIOHenTax pasbuenns ([I8).

n .

Ha xommnonente L7°, orobpaxenue (q oq,  OUPeIeNEHO OTOOpazKeHueM

(I14), xkoTopoe MpoIOIZKAETCS HA BCIO PErYJISPHYI0 OKPECTHOCTH MHOI'000-

pasust ¢ ocobennocrsimu N(dy . ). Ha kommonenre L . orobpazkeHue
Qa®la Qula

CQ.@Q,.r OUPEIEICeHO KOMIO3HIUeH

TL B ny, B . ) : - .
Ns Qa®la ! Qa®la Qa®la,Qa®Qa
Qa®l, YQa@ia K(Qa © Iaa 1) — K(Qa b Qa, 1)
Ha obmieit rpanuiie ykasanHble OTOOpazKeHUs MOZKHO CKJIEUTb, YTO CJie-
JIYET U3 BBIIOJHEHUS TPAHUYHBIX YCa0BHi 1y1s otobpazkenus ([14]). Orobpa-
xenne ([20), onpenensmomee Q, ® Q. crpykrypy Z/2P-ocnamennoro mo-
rpyzkenus (g1, Wi, ny) OUpeIeseHo.
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IIposepka ypasueunus (42])

Pacemorpum Z /44 -ocnamennoe norpysxenue (g1, U1,y ), 10CTPOCHHOE Bbi-

7./214
me. DTO HOTPYKEHHEe OIPEJeIsieT TO Ke djaeMeHt y € Imm (n —

n—ms N—Ns

4 7 4
n—ng n—ng

Nouei,n - N7 1 — K(Qu ® L, 1). Paccmorpum muoroobpasue L™~ 2
camMoliepecedeHusl MorpyzkeHust gi, cHabzkennoe orobpazxkenuem (I17).
Onpenesmm 0AMHOrOOOpasue

—n

n
). ITo ycnoBuio mMuOroo6pasue N™ "1 CHa0KEHO OTOOPAsKEHHEM

n—ns n—ng

2 NV (121)

n—_ns n—ng n—ng

asoficreennoe B cmbicie lyankape kouukny n,”> € H 1 (N"" 17;Z/2).

n—

Ny

n—

S

n_

Paccmorpum norpyzxenne (obuiero nosoxenust) gy, : Ny > 9 R”, onpe-

JeJIEHHOE KAK OIPaHuIeHne IOorpyKennd ¢; Ha noamuoroodpasue (I21). O6o-
n

3HAYMM 4epe3 L;'* MHOrooGpasue caMomepecedenns HorpyzKenns gy, . Ompe-

JleJIeHO BJIOZKEeHHe 10JIMHOro00pasuil

ns

Ly Cc L' 2. (122)

Ormpeesieno orobpazkenue

CQa@ia,Ln : LZS - K(Qa S¥ j:a7 1)

Kak orpannuenue orobpazkenus (I17) ua noamuoroodpasue (I22). 3amernm,
qro noamuoroodpasue ([22) npejcrabisier roMOJIOrHYECKHil Kjace, JIBOIi-

n—ngs n—ns

n—ns)
crBenHblii B cMmbicae [lyankape komukity (32 € H 2 (L 2 ;7Z/2).
[Tosromy ypasuenue (4] S5KBUBATIEHTHO CJIIYIONIEMY:

n—ngs

o () = (G [ L) (123)

TN
Kanonmieckoe 2-mmernoe Hakpbisaioree L, mag muorooopasuem (122)
n—ng

€CTEeCTBEHHO HOTPYZKEHO B HMCXOJHOe MHOroobpaszume N"~ 4 wu ero ¢yH-
JaMeHTaJIbHbI 1K npejcraBiser (mo Teopeme [epbepra) romosoru-
JecKuil KJiacc, JIBOHCTBEHHBI B cMmbicie [lyaHkape KOIUKJIY 77% S
H M(N”_%;Z/Z). Ypasuenne pasrenue (42) S5KBHBAJEHTHO CJI€IYIO-
HieMy:

n—_ns ns _
oy () = (v, [Nas]), (124)
e orobpazenne 1y, : Np'y — K(Jp, 1) onpeeneno B pesyisraTe HaKpbl-
THS HaJ OTPAHHTIEHIEM OTOOpayKeHud 7, y Ha moaMuoroodbpasue (I21)).
J1s1 1oKa3aTesbCcTBa TEOPEMBI OCTAJIOCh 3aMETHTDb, YTO IIPaBble YaCTH
pasencts (I23) (I124) pasusl. D10 gokazano B ciaexyiomeii gemmve. Teopema
17 nokaszana.
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Jlemma 25. Kaacev comonozuti

G (L] € Ha (K (3, 1):Z/2), (125)

o ([Nog]) € H, (K (J3,1);Z/2), (126)
ananozuunvie 2omonoeuseckum kaaccam (73), (74), pasroL.

[Tepedopmysiupyem Jjiemmy 1 joKazkem OoJiee obiee yreepzienne. Kiace
romodioruii (I26) mozxHO 0606mUTH U onpesesuTh B bostee 0bIIEil cuTyarun,
63 peJIoI0ZKEe sl O TOM, YTO MHOrooOpasue L,* AB/IAeTCs 3aMKHYThIM.

IIycTh ompeesieHO 3aMKHYTOe OpPHEHTHPOBaHHOe MHOoroobpasme R c
ocoberHocTsIME B KopasmepaocT 4 pasmeproctu dim(R) = 2r, 2r = —2

(mod 8), 5 < 2r < n — “FF=. [Ipeanosoxum, 4T0 3a4aHO 0TOOPAKEHHE

nx i .
. . R2r . La®la
Mei,r: B — Xpgi, — KI,e1,1).
PacemorpuM oTobpazkenne gr @ R* — R"™ 06miero mosioxenns, KOTopoe
olpejiesIeHO B pe3yJsibrare MaJioil jiepopmaliyeil oOIIEro MmoJI0zKeHus 0To0-

: dx. .
I1.01q, R *laai
paxkenns R?" % X1 i, —— R" Onpejeneno opueHTHpoBaHHOE

MHOrOoOOpasue ¢ ocobennoctsmu 1"~ 4 camonepecednns 0TOOpasKeHUA (g.
Kpait 9T %" mMuoroobpasusa 1" % cocTONT U3 KPUTHIECKAX TOUEK OTODpa-
KeHns gp. OIpeIeseHo KaHOHIIecKoe 2-THCTHOe HaKpbiThe 174" — Tn=4r
pa3BeTBIEHHOE BI0JIb Kpasi. OpeiesieHo 0ToOpazkeHne CQaeaia,T Y A .
K(Q.@ I, 1) B pesyabTaTe KoMIosuiuu norpysxkeuns 1" 4 9» R* ¢ o1o6-
DazKeHHeM Ny 4j g

OnpeesieH KJacc roMOJIOTHii

oty r([1]) € Humar(K (Lo © 10, 1); 2/2), (127)

obobuarornuit kiaace romostornit (126]). Kitace romostornit (125]) rakzke MozxHO
0000IIUTH HA PACCMATPUBAEMbIH CJIy4ail.
Onpenesieno pasdbueHune

n—4r __ gn—4r n—4ar
T =TT (128)

anajornanoe pasouenuio (I15)).
aif % muOroobpasus ¢ ocobennocrsmMu 17" HEJTMKOM JIEXKHUT B
K oT™ 4r 6 6 Tn 4r It

kommomente 7" 4 u mpoexmus
1,0l

T, (T — X s (129)

S PR Y

anajiornunas orobpazkenuto (II06), nepesomur kpait 97" 4" B peryasaphyo
4aCTh MHOrooOpasust ¢ 0cobeHHOCTSIMI Xy i .
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OrnpeiesieHO 0TOOpazKeHHE
Cquainr - (T, 0T") = (K(Qu @1, 1), (K(I, ® 1,, 1)), (130)

anasornaHoe orobpazkenuto (I17).

[TockopKy KOpa3MepHOCTh OTOOpaKeHWs ¢grp YeTHa, U MHOTOOOpasue ¢
ocobennoctsaMu R?" gBjsiercs OPHeHTHPOBAHHBIM, TO U MHOTOOOPA3HE C 0CO-
GennocTaMu ¢ KpaeMm 1™ 4 taxike sBiaserca opuenTupoBanubiM. CleqoBa-
TEJbHO OTHOCUTEJIbHBIA KJ/aCcC IOMOJIOrUAil

Cquet,e : (T, 07" ) € Hyogo(K(Qa ® L, 1), (K(L @ L, 1)); Z/2)

ABJIAETCA NPHUBEICHUEM 1O MOILYJII 2 COOTBETCTBYIOIErO HEeJ0YUCACHHOIO
kiaacca w3 rpynnsl Hy, 4 (K(Q, ®1,,1), K(I, & 1,,1)); Z).

Orpanuvenne oToOpazKeHus (q i, 7 Ha Kpail OT"~4" mpuHEMaeT 3Hade-
mus B nognpocrpanctse K (I, @ 1,,1) € K(Q, @ I,,1). O6pas dbymnamen-
TATLHOTO THKJIA (o, 7., ([OT n=4r]) MHOrOO6pa3Ms ¢ 0COGEHHOCTIME, KPAeM,
oupenensier myaesoit muka B rpymme H, (K (I,®1,,1); Z/2), nockoibky Je-
KT B 00paze nys1esoit rpynist Hy, g1 (K (I,®1,,1); Z) npu romomopdusme
IIPUBEJIEHUs 110 MOJY/II0 2 (CM. aHAJOrMuHOe yrBepzxeHue B Jlemme 16 u3
[A]). CaenoBarenbHo, KIacec roMOIOTHI

Croooe (D] € Huap (K (L 14, 1): Z/2) (131)

olpejieJieH.
B wacrnocrn, xapakrepucruaeckue Kiaaceol (I27), (I31) onpeneensr, ec-
JIM B KadecTBe MHOroobpasuda R?" BeIGpaTh MHOTrOOOpasue R = S2r—8i+l /i x
8i—1 /3 _
S®~1/i, a B KadecTBe OTOOpAXKEHUSI M, oi, r BPIOPATH MPOM3BOJILHOE CTAH-
JTapTHOE OTOOpazKeHHe, OIpPeIeeHHOe KaK JIeKAPTOBO IIPOM3BEICHUE MOKO-
OP/JIMHATHBIX BJIOKCHUHUI

_ L Q2r—8i+1 8i—1 _
SR x RP™ C Xy i, 5

Pr i NX; i .
Iﬂ; Xla@ia ﬁ;a K(Ia D Iav 1)7 (132)

IpU IPOU3BOJbHBIX 3HaUYeHUAX 1,7, 0 < 8 <2r+1, 0 < j < Jmaz-

Jlemma 26. Obosnanum obpas dyndamenmarvnozo kaacca Ny i . .([FR]) €
Ho(K(I, ®1,,1); Z) wepes (2r — 8i +1 x 8 — 1).

— 1. Jlaa waacca zomonozuiti (2r — 8i+1 x 8i — 1) € Hop(K (I, ®1,,1);7Z),
zadannozo omobpancenuem ([I33), xaacc zomonozud (I27), resrcauwuds 6 mot

ol



oice epynne, pasen (4r —16i+2 — 5 x 160 —2 — 3), ecau oba wucaa 6 crobkax
CIPO20 MOAONHCUTMENLHBLE, U PAGEH HYA0, CAU TOMAOLL 00HO U3 “UCEN 6
CKOOKALT OMPULANENDHO.

- 2. Xapaxmepucmuuseckud xaace ([I31), obobwarowuts kaace (IZ23) dan
OPUEHMUPOBAHHILL MH02000pa3uti ¢ ocobennocmamu npu 2r = n— "1 cos-

nadaem ¢ kaaccom [I27), obobwarowsuti rapaxmepucmuseckut xaacc (I26).

dokazareascTBo JIlemMmbr 26

YTBepK/ienne 1 10Ka3bIBaeTCs MPSIMBIM BBIIUCIEHUEM, KOTOPOE OILyCKAeTCs.
YTBep:K/ieHue 2 BbITeKaeT U3 I0CTPOeHUst oToOpazkenus dx, i, ) CM. QHAJIO-
a a

ruanyio dhopmyiay (20) B [A]. JIemma 26 mokaszana.

okazareascTBo JIlemMmbr 25

Paccmorpum napy muoroobpaswuii, onpejenenubix (opmyioii (I2I)) u nepe-
0603HAaYUM ITY 1Mapy MHOTroobpasuit yepes

n—ng n—ns

Noy? CNy * . (133)

n,[4]

n—ns

n_n=ns
Mmuoroobpa3sue N[4} * cHADXKEHO 0TOOparKeHueM

n—n
n— s

el [4) N[4] o KoL, 1). (134)

n—ngs

e
Mmuoroobpa3sue N[4} Y ¢ TOYHOCTBHIO JI0 HOPMAJILHOIO KOOOp/IM3Ma COBIIa-

n—ns

Jaer ¢ MEOroobpasuem L4 | KoTopoe siBisiercs Z/ 2[4 ocHarmeHHBIM MHO-
roobpasuem camonepeceuenns 7,28 -ocnamennoro norpyzxenus (g1, Ui, ny)

n—m
MuOroo6pasus N~ s, onpeneneHoro B yciaosuu Teopembr 12.

n—ns

ITepeobosnadnm MuorooGpasme N~ "5 wepes N[g}_ * . Paccmorpum
IO/IMHOT OO0 pas3ue
n_n—ns n_ "—ns
Nm[iﬂ CN[?J 5 (135)

n—ng
apoiicTeennoe B cMmbiciie [lyankape koromosiormueckomy Kiaaccy ny'® , Ny €

]{4(‘]\]"_n7—8nS

3] ;7Z/2). OnpeesieHo morpyzKeHme

n—n
n s

9N, 5 Nn,[_iﬂ * 3 R (136)
KaK OpaHUYeHUe TMOrPyZKeHus ¢, Ha moaMuorooopasue ([[35]).
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n—mng

4

, onpeziesiennoe B (I33)) apiagerca MEOrOOGpasmeM

n—ns

2
]

Mmuoroobpasue N, [Z]_

n—
caMolepecevenus norpyzenus gi. llonmuoroobpasue N, * , onpesenen-
noe B ([33), sBistercs MHOrOOOpa3mem camornepecedenns norpyzxenus (I30).

[Ipumenum Jlemmy 24 K 1OMOJIOTMYECKOMY KJI1ACCY

n—m
n— S

,r]a@d.,Nn’[g] : Nn,[3] ’ - IaEBid - K(Ia @ Id7 1) (]‘37)

u BerancuM Kiaace romostoruit (I34]). Kinace romostoruit (I34)) ynosierBopsier
ycsioBusim JlemMbr 26, ObITh MOZKET, ¢ TOYHOCTHIO JIO MPUOABJIEHUS YE€THOI'O
rOMOJIOTHYECKOro Kjiacca. 1lockosbky kjiaccel romojioruit (I20), (T26) Je-
JKaT B TPYIIe, B KOTOPOW YEeTHBIH 3/JeMEeHT paBeH HYJII0, He OrpAHHYHBAs
OBIIHOCTH, MOYKHO HPEJHOIOKHUTh, 9T0 romosiorndeckuii Kiaace ([49) ompe-
JleJigeTcs JuHeiiHoii KoMOMHaIMel CTaH/IaPTHBIX 00pa3yIOIIUX, OMMCAHHBIX B
Jlemme 26. Jlemma 25 moxasana.

Bocnoabsyemest Jlemmoit 25. Habop crammaprabix orobpakennii ([32)
npu 2r = n — 25" peanmsyer BCe 3JEMEHTLI B IPYIIIE Hn_%(XI 7).

2
n—ns
2

e

n—
[Tockombky mHOrOOOpasme N, OKA3bIBAETCS OPHEHTHPOBAHHBIM, OTOO-

n—mns

2

n
paxkenue g, : Ny — R™ K0OOpPJAHTHO JIUIBIOHKTHOMY HAOOPY CTaH-
napraeix orobpazkenuit (I32) B Kiacce oToOpazKeHHi OPUEHTHPOBAHHBIX
MHOTO000pa3uii ¢ ocobeHHOCTAME B KOpa3dMepHocTH 4. XapaKTepuCTHIecKue
KJIACChI 0TOOparKeHus Ipu Kobopau3me orodpazkenusi coxpausrorcs. Cremno-
BaresibHO, Xapakrepucrudeckue anciaa ([20) (I26) pasubi. Jlemma 25 moka-
3aHa.

IIposepka ypasuenus (43])

Pacemorpum Z/20)-ocnamennoe norpyzxenue (g, V1, 1y), TOCTPOCHHOE BLI-
7,215 (

me. DTO MOrpyzKeHue Olpeaeasder djIeMenT y € Imm n — fogre I,

ToT e, uro u ucxoxnoe Z /2P -ocnamennoe norpysxenne (g, ¥, ny).

—-n n—mns

n
MuorooGpasue N"™ "2 cHab&KeHO OTOOpazKeHueM Nq i, n : V"7 2 —

K(Q, ®1,,1). Paccmorpum muOroo6pasue L™ caMolepecedeHusl OPYzKe-
Husl g1, cHabkenHoe orobpazkenuem ([20).
Onpenesmm 0 AMHOIOOOpasue

n—ns
Y

Nis © N" 3 (138)

n—ns n—ngs n—ngs

npoiictBennoe B cmbicie [Tyankape komukiny n s € H 2 (N 2 ;7Z/2).
Ob6o3HaynM uepes

L (139)
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MHOroo0pasue caMolepecedeHdd HOorpyzKenus gy,. Onpeneneno orobpazke-
HHe

(QuoQu.L, - L = K(Qu & Q. 1)

kak orpanndenue orobpazxenus ([20) wa moamuoroodopasue (I39).
Kanonuueckoe 2-jmcrnoe HakpbiBatomiee Lys naj muorooopasuenm (I39)

n—ns

€CTEeCTBEHHO HOTPYZKEHO B HMCXOJHOe MHOroobpaszume N"~ 2 wu ero ¢yH-
JaMeHTAJIbHbI 1K npejicraBiser (mo Teopeme [epbepra) romosoru-

n—m,
4yeckuil KJiacc, JBOUCTBeHHbIH B cmbicjie [lyankape Konukiy n 2 €
n—ns n—mns

H = (N"" "2 ;Z/2). Ypasuenue (4I]) 5KBUBAJEHTHO CJIe1yIOIEMY:

oo (W) = (G [Le])- (140)
Ypasuenue (43) 9KBHBAJICHTHO CJICLYIOMIEMY:

O, = (Mo [N, (141)

rie MuOoroobpasue Np, U oTOOpazKeHue Mb,N, Ny, — K(Jp,1) onpenede-
HBI KaK 8-JIMCTHOE HAKpbIBaioniee Ha i MHOrooOpasnem N™ n orobpaxkennem
NQ.oi.,N, - NT?S - K(Qa ® 1L, 1)'

s 10Ka3aTe/bCTBa TeOPeMbl OCTAJIOCh 3aMETUTh, YTO IPaBble 4acTH
pasencts (I40) (I4I]) pasuel. 1o goKazamo B caexyomieil Jlemme. Teopema
18 mokazamna.

Jlemma 27. Kaaccv comonozuti

Co.L([Lo] € Hi (K (J0,1);Z/2), (142)

o ([Non]) € Ho, (K (J4,1);Z/2) (143)
PABHDL.

[Torpebdyercst iemma, anajorudnas Jlemmve 22.
Omnpejennm xapakrepucrudeckue kiaccwl, anasorngusie ([27), (I3I).

st 3ajansoro HarypasabHoro r, r = —2 (mod 16) oupemesum cemeii-

CTBO OPHEHTHPOBAHHBIX MHOroobpaszuii R = S2—16iH1/Q, x S16i-1/i ( <

i < =502 < m— 222 = dim(Y/. . ) — 8. B KauecTBe 0TOGpazKeHHS
8 2 Q@I

NQuoia R : R* — YQ. @i, BpIOEPEM IPOU3BOIBHOE CTAHAPTHOE OTOOpazKeHue,
oIIpele/IeHHOe KaK JeKapTOBO IPOMU3BeIeHNEe IMOKOOPIMHATHBIX BJIOYKEHHIHIT

. . Py,
. . 2r—16+1 / 16:—1 ] J
NQuain g, * O /i x RP cY;, —
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77YQa@ia o
Youei, —— K(Qoe® 1L, 1), (144)

[IpY HEKOTOPBIX IPOU3BOJIbHBIX 3HAYEHUSX %, 7, 0 < 4 < T—gﬁ, 0<75<Jlu

Omnpeneneno orobpazxkenne gr @ R* — R", kax pesyabrar jaedopma-
UK OOIIEro MOJI0KEeHHsT 0TOOpaZKEeHMSs dyéa@ia 0 NQ.ai.. R OmpejiesieHo opu-
eHTHPOBAHHOEe MHOTOOOpa3He ¢ 0COBEHHOCTAMH ¢ KpaeM 14 ~" pazmepHocTn
dim(7) = 4r — n, kKak MHOrOOGpa3ue caMolepecedeHusi OTOOPaKeHHsl Jr.
Muoroo6pasue ¢ ocobennoctsamu T ™™ CilyKUT KAHOHUYECKHM 2-JIHCTHBIM
Pa3BETBICHHBIM HAKPBIBAIOIIMM HaJ MHOTooGpasmem 14", Muoroobpasue
¢ ocobernocTamu T4 " morpyzkeno B MEHOroobpasme R%", mosToMy Ipejie/ieH
KJIaCC IOMOJIOTHI

Cor([Th) € Hyp_n(K(Jp,1);Z/2), (145)

obobmatomuii knace romonornii (T42).
OnpeesieH KJace roMOJIOTHiA

To1+([Th]) € Har (K (Jy,1);Z/2), (146)
obobimatonuii kKiaace romosoruit (I43).

Jlemma 28.  Obosnanum 0bpas pyrdamernmanvrozo KAGCCa
NQuai,.r,.»([1]) € Har(K(Ly © 1g,1); Z) uepes (2r — 16i + 1 x 16i — 1).

~1. Jlna waacea zomonoeud (2r —16i4+1x 16i—1) € H,(K(Q,®1,,1); Z),
zadarnozo omobpasicenuem (144), waacc 2omonoeud (I146), aescawudi 6 mot
oice epynne, pasen (4r — 32042 — 5 X 32i +2 — ), ecau oba wucra 6 cKob-
KAT CMP0o20 NONOAHCUMENDHDLE, U DAGEH HYAI0, €CAU TOMAOLL 00HO U3 “UCEN
OMPUUATIEABHO.

-2. Xapaxmepucmuueckut xkaace (149), obobwarowut waace (I43) dan
OPUEHTUPOSAHHBLT MH02000pasuti ¢ ocobennocmamu npu 2r = n— "%  cog-

2
nadaem ¢ kaaccom (T40), obobwaowut rapaxmepucmuseckut xaace (I173).

dokazareascTBo JIlemMmbr 28

Jloka3aTelbCTBO aHAJOTHIHO JTOKa3aTeIbCTBY Jlemm 23,24.

JokazareancTBo JlemMmbr 27

Pacemorpum muoroobpasue (I38) u nepeobosnadum ero uepes

2 (147)



Muoroo6pasue (I47) cuabkeno orobpazkeHueM

n n—n

NQueia,[5] * N[g,]_T — K(Q,®1,,1). (148)

Muoroobpasue (I47) ¢ TOYHOCTBIO O HOPMAJIBHOIO KOOODAM3MA COBIA-
n—nm

naer ¢ mmoroobpasmeM L" "z m3 Teopembr 17, Te. apngerca Z/20P-
OCHAIEHHBIM MHOTrooOpasmeM camonepecedenns Z /24 -ocnamennoro morpy-

n—n
xennd (g1, V1, ny), rae muEoroodpasme N~ "1 ompejeneHo B ycaosun Teo-
—n n—ns

_n S n—
peMmbl 17. [lepeobo3nadum muoroobpaszue N~ 1 depes N[4}
[Ipumenum Jlemmy 28 K rOMOJIOrMYECKOMY KJI1ACCY

n—m
n S

nQa@ia,N[s] : N[S}_ ? - Yéa@ia C K(Qa S5 Ia7 1) (149)

u BeraucanM Kiaace romostoruit (I34]). Korace romostornit (I34)) ynosaersopsier
ycsioBusim JlemMbr 24, ObITh MOZKET, ¢ TOYHOCTHIO JIO PUOABJIEHUS YE€THOI'O
rOMOJIOTHYECKOro Kjiacca. 1lockosbky kjiaccel romojioruit (I453), (T46) Jie-
JKaT B TPYIIe, B KOTOPOil YeTHBIIl 3JeMeHT paBeH HYJI0, He OIDAHUYNBAs
OBIIHOCTH, MOYKHO HPEJNOIOKHUTh, 9T0 romosiorndeckuii Kiaace ([49) ompe-
JleJigeTcs JuHeiiHoii KoMOMHaIMel CTaH/IaPTHBIX 00pa3yIOIINX, OMMCAHHBIX B
Jlemme 28. Jlemma 27 moxa3aHa.

8 Teopema o perpaknumn

Mpr 10KazkeM CJeIyonyo TEOpeMy O PeTPAKIH, KOTOPasl NCI0JIb30BaIaCh
B (popmysiuposke Teopembr 6.

Teopema 29. Teopema o pempaxuyuu. Jis npoussosvbHo20 HAMYPaILHO20 d
cywecmeyem namypaavroe | = l(d) makroe, wmo npou3sosvHbIT INEMEHM 6
epynne wobopouzma Imm (2" — 3.1), npu I’ > 1, donyckaem pemparuuio
nopadka d — 1 (cm. Onpedenenue 5).

3amMeuanue

Heobxoaumoe n 70CTaTOYHOE YCJIOBHE CYIECTBOBAHUSA PETPAKINE mepedop-
MysupoBaHo Huxke B CjeactBun 34. DTo MO3BOJsSeT mepedopMyIHpoBaTh
Teopemy 29 6e3 uciO/Ib30BaHUS OHATUS PETPAKIMKU B CJeyolieil ¢popme.
Jl1st 1pou3BOJILHOIO HATYPAJILHOIO d cyliecTByer HarypaJjbHoe | = [(d) ra-
xoe, uro npu ' > | romomopdusm J& : Imm*7 (2" — 3,1) — Imm*/(d, 2" —
2 — d) paBeH HYJIIO.
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IIycts M"~*-3amxnyToe (n — k)-MepHOEe MHOrOOGpasme, HOIPYZKEHHOe B
R™ ¢ kopa3MepHOCTbIO k O CKOIIEHHBIM OCHAINEHHEM =); (XapaKTepHCTH-
4eCKMil KJIACC 9TOr0 CKOMIEHHOrO OCHAIeHUsi 0003HAa4YeH uepe3 k). IIpes-
I10JIOZKHM, KPOMe TOro, 4ro MHoroobpasue M"* cnabxeno cemeiicrsom 1-

KOTOMOJIOTHYIECKUX KJIaccoB Ay = {Kar, K1, . . ., K; }, KOTOPBIE IIPECTABJICHBI
0TOOpazKeHuAMA Kyr, ki © M™% — RP> i = 1,...,j. O6o3nauum HabOp
Ki,...,k; depe3 A,

Omnpenenernne 30. Oupeenny rpymny Kobopamsyma Imms/#-8i (n—k; k).
[IpeacTaBuTeneM 9Tolt Tpymmbl apadiorca Tpoiikm (M™% =y, Ay), Tre
M™% 3amkHyTOEe N — k-MepHOe MHOrooOpa3he €O CKOIIeHHBIM OCHAIICHH-
eM, CHADZKEHHOe CeMeilcTBOM 1-KOroMOoJIOrndecKux KiaaccoB Ays. OrHomenne
KO60p,Z[I/13Ma ABJIdeTCd CTaHAaPTHBIM OTHOIIEHUEM 9KBUBAJIEHTHOCTHU Ha MHO-

KecTBe Hpe,ZLCTaBI/ITeIIeﬁ, KOTOpO€ COXpaHAeT OIIUCAHHYIO AOIIOJJIHUTEJ/IbHYIO
CTPYKTYDY.

B cayuae j = 0 rpymmna coBnajaer ¢ rpyimoil CKOIMeHHO-OCHAIIEHHBIX 10~
rpyzKeHHbIX MHOroobpasuit Imm*! (n—k, k). Eciu IpemonoKuTh, 9To fy =
0, mpuYeM aHAJOTHIHOE YCJIOBHE BBIIOJIHEHO H I KOOOPIH3Ma, 33 1a0IIero
OTHOIIIEHNe SKBHBAJEHTHOCTH IIPEJICTABUTE e, TO MOJYIHM [PYIIY OCHAa-
HIEHHBIX KOOOP/IM3MOB MHOI000Opa3uii, CHaOKEHHBIX CEMEHCTBOM KOI'OMOJIO-
rudeckux Kiaaccos A’ Dra rpymia obozmauaerca depes [mm/ iR (n —
k,k). Ilo komcrpyknun IlonTparmma-Toma rpymma Imm/ %1% (n — k, k)
n30MOpdHA IIPAMOIT CyMMe Hn_k(Hj RP>°) & II,,_, rjme mepBoe cjaraemMoe
SABJISIETCS CTAOUJIBHOM MOMOTOIIMYECKOHN I'PYIIION ITPOCTPAHCTBA, szl RP, a
BTOpOE ciaraemoe siBjisiercst (n—k)-oii crabuibHOIT TOMOTONIYECKON IPY IOt

chep I, .
Omupe/iesien ecrecTBeHHBIN (TaBrasornveckuii) romoMopdusm
5« ImmJ 7505 (n — ki k) — Imm "0 (n — k k), (150)

IIPH 9TOM KOTOMOJIOTHYECKHUil KJ1ace ky; Habopa Ay, onpesesnsercs HyJIeBbIM.
Ompesiesien 1pyroit ecTeCTBEHHBIIT TOMOMOPGMU3M

JE o ImmTmefi(n — 1,1) — ImmST50i (n — k k), (151)
MoCPeICTBOM Tepexofa oT Tpoiik (M, 2, , A, ), TpeacTaBistomeit 3Te-

MEHT B MCXOAHOH rpytme Imms %1% (n — 1, 1), x Tpoiixe (M™% =5, Anr),
e nogMuoroobpasue M"F C MPT! npoiicreenno B cmbicie Ilyankape
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KOTOMOJIOrIIecKoMy Kiaccy kh' € HY'(My;Z/2), ckomennoe ochae-

HUE Z); OIpPEIEeIsieTcs CTaHJIAPTHBIM CIIOCOOOM, a HaboOp KOIOMOJIOTHYe-

CKHX KJ1accoB Ay nosyden orpanndenuem Habopa Ajy, Ha HOAMHOrooOpasue
n—k n—1
M™% C My

Onumem romomopdusm rpancdepa r; @ ImmfF--ri(n — k k) —
ImmsFiFi--ki=1(n—k, k) orHOCHTEIbHO KOTOMOJIOIHYECKOro KJiacca k. Ilycrn
a € ]mmsﬁ”“’“"“j(n — k,k) — UpOM3BOJIbHBIN 3JEMEHT, Mpe/CTaBIeHHbIH
Tpoiikoit (M™% =), Apr). PacemoTpum qBy/IMCTHOE HAKDBITHE P - Mf‘k —
M™% p; = k;+ k. Huke depes p; Mbl Gyjiem takszke 0603Hauarh JuHeiHOe
pacciioenne, COOTBETCTBYIONIee XapaKTePHCTHIeCKOMY KJjaccy p;. Onumrem
cKolenHoe ocHamenne =y, uaj M. Pacemorpum morpyzkenue o @ M"F ¢

J
R™ kopaszmepHocTu k, KJacC Pery/asipHOil TOMOTOIIMH KOTOPOT'O OIIpejiesIeH
CKOIIEHHBIM OCHaIeHueM =,;. OD03HAUNM depe3 V/y; HOPMAJIbLHOE PACCI0CHHEe
K . Han nBysmcranom nakpsiBatomem M onpe/esieHo HOpMaJIbHOE Paccioe-
HUE Vyp HOTPYZKeHNsl 0, MHLYIMPOBAHHOE U3 Vjy UPU HPOCKIUH Ps. Omnpee-

JIM CKOLIEHHOE OCHAIIEHHE = HOPMAJIBLHOIO PACCIOEHHUSI Vyy, KaK OCHALIEHue,
WH/Ty [TAPOBAHHOE U3 CKOIEHHOTO OCHAIEHUST = HA, CJIOU JIBYJINCTHOTO HAKPbI-
THS.

Mmuoroobpasue Mj cHa0KEeHO HabOPOM KOTOMOJIOTHMYECKHX KJIACCOB
AM]- = {IiMj,l%l,...,l%j_l}, UHIYIUPOBAHHBIX U3 33JaHHOrO HabOpa KO-
rOMOJIOPMYECKHX KJ1accoB ¢ 6asbl M™% npu nomomu maxpwirus p;. [To-
CTPOEHHOE CKOIIEHHO-OCHAIIEHHOe MHOrooOpasue Mj C YKa3aHHBIM HabO-
POM KJIACCOB KOTOMOJIOTHII IIPEJICTaB/IsIeT 3JIEeMEHT B TIpYyIIe KoOOpIu3Ma
Imms/is1Ri=1(n — k. k), KOTOpHIil ompe/enseT 06pa3 HCXOAHOTO 3JEMEeHTA.

ITpumep 31. [Ipeanonoxum, uro j = 0. Torga romomopdusm Tpancdepa
ri: Imm® (n — k, k) — Imm/"(n — k, k) usyqen B [A-E].

Obo3znauum depes
it g, @ Imm im0 (n — | k) — ImmFA0-Ri(n — k k) (152)

KOMITO3UITHIO TIOC/TIEI0BATEILHBIX TpaHC(hEepPOB OTHOCHTETLHO HAabOpa KOro-
mostormdeckux KiaaccoB Ay = {k; +1,...,k5,}, 0 < j1 < jo. Bomee mo-
JIPOOHO, 3TO O3HAYAET, YTO IepPBbIii roMoMopdu3M Tpancdepa OepeM OTHO-
cuTeNIbHO Kiacca ki, € HY(M"™*;7,/2), nanee Bropoil — 0THOCHTENIBHO KJ1ac-
- 1( yn—k. e
ca kj,—1 € H'(MJ";7Z/2), XoTOpbIil 10TyUeH UHIYIHPOBAHUEM Kj, 1 HA
JIBYJIUCTHOE HakpbiBatotiee M j”;k HaKpbITUs pj, U T.1. Herpyano nokaszars,
9TO Pe3y/IbraT HPUMEeHEeHHst TOMOMODMH3MA T, 41, j, HE 3aBUCHT OT CIOCOOA
VIOPS0YMBAHUST KOPOMOJIOIHYECKUX KJIACCOB BHYTpPH HabOpa C MHJIEKCAMU
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J1+1,...,j2. B cayuae j; = 0, romomopdusm tpancdepa ry, . j, CTPOUTCH
OTHOCHTEJIbHO HabOpa Koromosornieckux kiaaccos A’,. Hazosem takoii ro-
MOMOPGU3MOM rOMOMOPGU3MOM 1OJTHOTO TpaHcdepa 1 0003HAUYUM ero Yepes
T'tot- LOMOMOPdU3M 110JIHOIO TpaHcdepa MOXKHO Cpa3y OIPeIe/JUTh P 10~
MOIIM Iepexoaa K 2/2—IucTHOMY HAKPBITHIO ]\_ﬂz;t_k — M"* co CTPYKTYPHOMI
rpynnoit 7 /2’2 npu nomontu roMmomMopdusma

®ilky + ki) : HY (M™% 2)2) — 7./272, 1<i<js.

HaxpsiBatoniee Maoroodbpasme M ¥ B 5Toit KOHCTPYKIHE MOZKHO OIpe-
JIEJIATh KaK TOTAJbHOE IIPOCTPAHCTBO Z/—HAKPBITHA MPH IIOMOIIHU JIPyIrOro
yHOPsi/IOYEHHOTO HADOpa XapakTrepucruieckux kjaccos. [lomensiem mecramu
KJIACC Ky C IPOU3BOJIBHBIM KJIACCOM K; U OUPEJeJUM HAKPbITUE, OHUCAH-
HBIM BBIIIE CIIOCOOOM. Pesysibrar He W3MEeHHTCA. DTO CJEJAyeT U3 TOro, 9TO
BO-IIEPBBIX, Pe3y/IbTAT IIPUMEHEHUd TpaHcdepa He 3aBHCHUT OT TOT'O, KAaKUM
CIOCOOOM YIIOPSIIOUeH HAOOP KJIACCOB KOIOMOJIOTU, OTHOCUTETHHO KOTOPBIX
crpoutcsa Tpancdep. Bo-BTOpBIX, Ha HaKpBIBaOIIeM IpocTpancTBe M™F man
M™% oTHOCHTEILHO KOrOMOJIOTHYECKOIO KJIACCa K; + Kjy WHILYITUPOBAHHBIE
KJ1acchl Ky, Ry € HY (M™%, Z/2) okasbiBaioTcsi paBHBIMH.

IMpenmoxxenue 32. /lis 1100020 HamypasvHoz2o uemmoz2o wucasa k, k =
0(mod2), 20 -2 =n >k > 0, cywecmsyem makoe HAMYPLALHOE YUCAO
VY, 3asucaulee Moavko om k, 4mo 20Momophuam noarno2o mparchepa

Trop o Imm®fFme (n — | k) — Imm®T (n — k, k) (153)

mpusuUaALH L.

HokazareanscTBo IIpennoxxxenns 32

OrmpejiesiiM 1IOC/I€10BAaTEIbHOCTD HATYPAJIbHBIX YUCET Sy, f, - - - , S1, 1O YOBI-
BAHUIO UHIEKCOB OT n — k 110 1:

Spr = ord(Il,_x), Sp_p_1=ordll, 1), ..., s =ord(Il).

Baech uepes ord(Il;) obo3HadeHa cTeneHb 4YHCIa 2, KOTOpas PaBHA MOPSJI-
Ky 2-KOMIIOHEHTbHI i-Oiff cTabu/abHO# ToMoTonuydeckoil rpyiibl cdep. lasee
oupegeaum (i) = Z;:Zk $; W, HAKOHeIl, uckoMoe 4ucio ¥ = (1) + o + 1,
rie o = ord(Imm/TFt-me) (n — k. k)). Takum obpasom ¢ > (1) > (2) >
o= p(n— k).

[Iycty 3aman siemMeHT o € Immsf”“‘l""”“w(n — k, k), npencraBieHHbIi
Tpoiikoit (M™% =), Ay). Pacemorpum smement ry(q), NpeacTaBIeHHbL
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TPOMKOI (M”_k,:M,AM), OJTYYeHHBIl pUMeHeHrneM TpaHcdepa OTHOCH-
TEeJBHO KJIaccoB Koromosornii ¢ momepamu (1) + 1,... 1. Jlokaxem, 9ro
STOT JIEMEHT JOIyCKAeT PeTPaKIuio nopaaka 0.

Pacemorpum npoussejenne RPS x Hz_w(] RP°>° (), koTopoe 0603HAYNM
qepes X (¢(j)) u pacemorpum orobpazxenue A : M™% — X ((1)), noxoop-
JIIHATHO OIpeIeJIeHHoe HabopoM Aj; KOrOMOJIOrHIeCKHX KJIaCCOB, 3a HCKJIIIO-
YeHHeM KJIACCOB Ky1) + 1,..., Ky. llepeobosmaunm npocrpancrso X (¢(1))
JUis KpaTrkocTu 4depe3 X . PaccMOTpuM ecTecTBeHHYIO (hUIbTPAIUIO

Lo Xk x (k) oo X o (154)

KOTOpast Olpe/eJIeHa KaK TPOU3BEJACHNE CTaHIaPTHBIX (DUIbTPALUii 110 KazK-
soit Koopaunare. Kaspiit crpar X @\ X0+ 4 =1 . n — k, pacuajaercsa
B 00'bEIMHEHNE OTKPBITHIX KJIETOK KOpasMepHocTH i. KJerku onpeenstrorcs
MyJbTHHHIEKCAME (1 = (my, . .. ,mw(n_k)), my + -+ Myn—r) = &, m; = 0,
YKA3bIBAIONUMI KOPA3MEPHOCTh MHHUMAJBHOIO OCTOBA COOTBETCTBYIOIIEIO
KOODJIMHATHOIO IPOEKTUBHOIO IPOCTPAHCTBA, B KOTOPOM COJIEPXKHUTCS JIaH-
Hast KJIETKA.

[IpemmmoioKum, 910 OTOOParKeHne A HAXOAUTCS B OOIIEM IMOJIOKEHUU 110
orromenmio K duiprparmun ([54). O6osnaumm depes L0 C M™F— 0-mepmoe
II0JIMHOT006pa3Ke, OlpejeeHHoe KaK mpoobpa3 crpara X" F dbuibrpanun
Kopazmepnoct (n — k) = dim(M"F),

Paccyorpum 2¥~%¥(M - jmmerroe HakpbiTHE P M — M™% ynayun-
POBaHHOE HAOOPOM KOIOMOJIOIMYECKUX KJIACCOB Kpf + Ky(1)41, - - - » KA T K-
Ha mmoroo6pasmun Mk oIpeJie/IeH0 CKOLIeHHOe OCHallleHue =, U Habop
KOTOMOJIOIMYECKUX KJIACCOB Ay = Ky, . . ., Ry(1)), HHAYIUPOBAHHBINA U3 O]
Ha6opa Ay = (K,M,. . Ky(1)) Habopa Aj; Ha HaKpBIBAONEe MHOIooOOpasue
M maxpoirau p : M™% — M=% Paccmorpum Tpoiiky (M”_k, i Agp)- D1a
Tpoiika mpejcrasager Tpancdep Tpoiiku (M" 7 =), Ays) oTHOCHTEILHO Ha-
60opa KOrOMOJIOTHYECKHX KTACCOB Ky(1)41, - - - , Kyp- JLOKAZKEM, UTO 9Ta TpoiiKa
(M nk = - e Ay;) B KilacCe HOPMAJIBHOIO KOOODAM3MA JOIMYyCKAeT 0TOOpazKe-
nue \ : Mk — X, onpeﬂeﬂeHHoe HaOOPOM XapaKTePUCTHIECKUX KJIACCOB
Ay, 11 KOTOPOTO Hpoo6pas >\1 Y X™=k)) gpagerca mycThIM.

ITo npeanonozkennto k gerno. CiemoBaTe/bHO, MOCKOIBKY 7 YETHO, MHO-
roo6paszue M™% apisgerca opuenrupoBanHbiM. OGO3HAUNM [EJIOUHCICHHBII
koaburuent nepecedenus obpasa A(M"*) ¢ opuenruposannoii Kierkoit
u3 X R\ X~k pomepa g uepes 1k(j). AHAJIOrMYHO OIpPeIeIeH TAKKe
nenounciennsiii na6op {Ik(y)} ms orobpazkenus A. OueBuHO, U0 HAGOD
{Ik(11)} momyuen u3 mabopa {lk(u)} ymuozennenm na 2¢~ 0.

PaccMoTpuM ABYJIHCTHOE HakpbitHe p @ M™% — M™% unaynuposan-

iz
HOE KJIACCOM KOTOMOJIOTHUH Kj; M PACCMOTPHUM KOMITO3UIIHIO A MR 2
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Mk A X MuorooGpasue M™% apisercs ocnamenubim. OBO3HATIM He-
pe3 W, 9T0ro MHOrooOpasusi, HHIYIEPOBAHHOE U3 CKOIICHHOI'O OCHAIIEHUS
=y 1pu HakpeITHH p. O603Ha4NM depe3 Ay HaOOP KOrOMOJIOIHYECKIX KJIac-
coB {Kyy, R1, - . ., Ry(1) }, THIYIHEPOBAHHBIX HA 2-TUCTHOE HAKPBIBAOIIEe M
Ipu HaKpwuITHHU P. Tpoiika (M n=k 17> Aj7) OIpEETIsieT SIeMeHT U3 PYIIIbI
Imm/TFuRem) (n — k, k). Ilo onpeie e o MOpsaI0K PacCMATPHBACMON TPYII-
bl pased ¢ — (1) — 1. CnegoBarensro, ¥ — (1) — 1 3K3eMIIAPOB TPOHKH
(M7 F, Ex1> Ajr) HOPMAJILHO OTPAHTIUBAIOT.

Pacemorpum orobparkenne A MR X Habop kosdpdunuenron
{lk(\)} mepeceuenus o6pasa dbyumamentaibioro kiaacca A, ([M"*]) ¢ kier-
kayvu mpocrpancTsa X B\ X*+D) papen yapoennomy maGopy lk(j), Bbramc-
JIEHHOMY II0 OTOOparKeHHUIo \.

Paccmorpum Tpoiiky (2”)(—M”_k, —W 7, Aj7), KOTOpast OLPeiesieHa B Pe-
3yJbTrare JU3bIOHKTHOrO 00beauHenus 27, (o = ¢ — (1) — 1) sx3eMILIsIpOB
TPOWKHU (—M”_k, —W 7, A7) Baecs ocnamenue Uy, 3aMeHeHo Ha 0OpaTHOE
—W 7 TIyTeM H3MEeHeHNsT OPHeHTAIUHA TIePBOTO Ga3HCHOTO BEKTOPA OCHATIEHHS
(B wacTHOCTH, OpHEHTaNUs MHOrooOpasusa M IIpH 3TOM TaKiKe MEHAETCH).
Habop ko3ddunumentos nepecedenns st orodpazkenus 2°\, MOCTPOEHHOI'O
10 HAbOPY KOIOMOIOIHUECKHX KIaccoB (27)A,;, obosnaumm uepes k().

Paccmorpum  Tpoiiky (M mek =, Ap),  KOTOpag  onpejeieHa
KaK JHU3BIOHKTHOE O0beJuHEeHHe TPOHKH (M n=k =, Ay) ¢ Tpoiikoit
(29) (M —W 5, As). HoBas Tpoiika mnpejcTaBiseT TOT Ke 3JeMEHT B
rpymme Imms/ 1" (k n — k), 9T0 U HCXOAHAS TPOHKa (M"_k, i Axp)-
Ompejiesieno orobpazkenue N oM™ — X. Ipu stoM Ha60p Ko3bbunuenTon
k' (i), mocrpoenHblil Jjisi HOBOW TPOMKHU, PABEH HYJIO, MOCKOJIBKY HaOODbI
{29)k(p)}, {lk(p)} ormmuatorcs 3naKom.

Omnpeenena HOpMaJbHasd MEPECTPOITKA TPOKH (M mek =, Ay To ce-
MelicTBY pydeK MHJeKca 1 Ipu KOTOpOit 5\’_1(X (”_k)) = (). HauanpHblii sTamn
WH/IYKTUBHOH KOHCTDYKITHH OIIPe/IesIeH.

TTepeoGo3uaunn Tpoiiky (M™* 2y, Ayy,) cosa wepes (M™%, Zy, Ayp).
Otrobpazkenne, OCTPOEHHOE 110 HADOPY KOIOMOJIOTMYECKUX KIaccoB Ap 060~
3HauuM cHoBa uepes A : M™F — X. Ilo nocrpoenuio A\~ WX =k =
(). IlpuMenuM K paccMaTpUBAaeMOMY 3JEMeHTYy roMoMopdusM Tpancdepa

Thp (2415t 1y B PE3YJIBTATE MOJIY TUM TPOUKY, 0003HATAEMYIO JIsl KPATKOCTH

crosa uepes (M F ,:M,AM)

Mmuoroobpasue Mk OLIPese/IeH0  KaK HAKPbIBAIOIlee IIPOCTPAHCTBO
2¢(M—Y(2)_jpernoro makpeitust p : M™% — M"F OTHOCHTENBHO KJIACCOB
KOTOMOJIOTHH (Ky(2)415 - - -5 Ky(1)). CKomlrennoe ocnamenue =y, MHLYIIPOBA-

HO W3 OCHAIlleHUsI =), Upu HaKkpbiTuu p. Habop KOromoJiorndeckux K/jaccos
Ay ={Ky,- -, Ry } Ha HAKpBIBatonem MEOrooGpasun M"~* unaynuposan
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13 HAOOpaA (Kar, - - ., Ky(2)) IPU HAKPBITUH P.

Pacemorpum nipocrpanctBo X (10(2)), omnpenesieHHOe Kak IIPOU3BeIeHne
IPOeKTUBHBIX npoctpancrs ¢ uugekcamu (0,1,...,1(2)). Oupegeneno Biio-
xKenne iy @ X(¥(2)) C X(¢(1)), coorBercrBylomee yKazaHHOMY HabOpPy
koopauuar. [Ipocrpancrso X (1(2)) camo cuabxkeno crparudukanueit, Koro-
pas 0003HAYAETCA depe3

S CXNW(2) € XTH(2) € - € X (0(2)). (155)

Birozkenne iy 2) cormacosano co crparuduxaruavu (I54), (I55).

Habop A,; KOroMojorm4ecKux KJIaccoB OIpeenseT OTOOpaKeHHe
C MR X(9(2)). Tockomsxy A~ LX) (p(1)) = 0, 10 u
HX®R((2))) = 0.

Obosnaunm uepe3 L' ¢ M OJIHOMEPHOE TOJMHOI000pa3ue, olpeje-
nennoe 1o dopmyre L' = A~HX ™ F-1(4(2))). Orpanmuenne Koromoso-
I'IYecKuX K1accoB Habopa Ay, Ha moaMHOroobpasme L' gaBnsiercst TpuBHATD-

A
L

ubiM. B vacTtHOCTH, 9TO0 MHOTOOOpa3Ue L' sBasercs ocuamennbiv. Kommnonen-
THI MHOr000pasus L' MHIEKCHPOBAHBL B COOTBETCTBUN ¢ KJICTKAMHU CTApLIEil
pasMepHOCTH TIpocTpancTsa X" F71(¢)(2)). IIpu 3ToM KOMIIOHEHTa, COOTBET-
cTByIOIAs (DUKCHPOBAHHOMY MYJIbTHHHJIEKCY, PACIAIACTCS B U3 BHIOHKTHOE
obbeuHenne 2°' OCHAIIEHHBIX KPHUBHIX (BO3MOXKHO, HECBSI3HBIX), KOTODBIE
nuddeomopdHbl MeXKy cOO0I KaK OCHaIlleHHbIE 1-MepHble MHOI00Opa3us.
OrmpejiesieHO OCHAIEHHOE 2-MepHOe MHOroobpasue K? ¢ ocHameHHoi
rpammneii d(K?) = (L'). Ocmamennoe muoroobpasme (K2, Wy), ompene-
JIgeT 00pa3yIollylo PYYKH JJjisi HOPMAJIbHOIl IepecTpOWKH, IIPU KOTOPOii
KJIacC KODOpAu3Ma TPOMKHU (M n=k =y, Ay) coxpausierca. B pesyibrare
HOPMAJIBHOIO KODOP/M3Ma, ITOJYyYUM JPYTYyI0 TPOHKY, 0DO3HAYaeMyro de-
pes (M m=k =, Ay ). Habop Koromostornuecknx Kiaaccos Ay, ompejesser
orobpazenne X : M % — X (1(2)) u mpu srom XL X kD (4(2))) = 0.
PaccyzkmaeM mo HHIYKIUU U HEPEXOJUM K CJIEAYIONIEMY STaly, IIPH MO0-
MONIM 2°2—JIMCTHOI'O HAKPBITHS OTHOCUTEJIHLHO HAOOpa KJIACCOB KOI'OMOJIO-
ruit (Ry(3)+1, - - -5 Ry)). VI3mensiem mapamerp j or 2 jo n — k. Ha j-om
niare MoJiy4aemM TPOWKY (M]’-"‘_k,EMj,AMj), IpH 9TOM OTOOparKeHue 5\]-
M]ﬂ_k — X (¢(j)), mocrpoernoe no HaGopy AM],, VIAOBJIETBOPSET YCIOBUSIM:

X;l(X(”_k_j“)(zﬂ(j))) = (), a muOrOOOpa3UE X;l(X(”_k_j)(w(j))) SABJISIETCS
OCHAIIEHHBIM j-MEPHBLIM MHOTr00Opa3ueM, KOTOPOe OCHAIIEHHO OIPAaHUIHBAET.
[Tepexon K HOCIELYIOMIEMY STally OCYIHECTBIAETCS MOCPEICTBOM OCHA-
IIEHHOIT IepecTPOiiKN 1 HepexoaoM K 2% - TICTHOMY HAKPBITHIO OTHOCATEILHO
KJIACCOB KOTOMOJIOTHH (Ry(j—1)41, - - - » Kap(5))-
Ha 3akji04nTebHOM Hiare KOHCTPYKIUU HOJIYYUM JI€MEHT Tyor(cr) (M.
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(I53)), koTopLiit aBagerca rpapuneit B rpymae Imm® (n — k, k). Ipemtoxce-
ome 32 JT0Ka3aHO.

Omnuriem 1moJiHOE aredpamveckoe MPernsaTCTBAE I TIOCTPOCHUs PeTPaK-
UK 3a/JaHHOTO IOPHJIKA.

Jlemma 33. Ilpoussoavhuili anemenm 6  epynne  kobopou3mos
Imms/rvri(n — k k) donyckaem pempaxyuro nopadka i, moeda u
moavko moeda, K020 Js’“}(x) € Imms/rv-fi(n — k' k') (6 npednoaosicenuu
i <n—Fk <n-—k ) donyckaem pemparuyuro mozo sice nopaoka i.

Caencrsue 34. Jlas npouscoavnozo aaemenma x € ImmsTF-ri(n — k. k)
NOAHOE NPENAMCMBUE K NOCMPOEHUI0 PEMPAKUUY NOPAIKA ¢ (6 npednonostce-
nuu 0 < g < n— k) onpedeaero snemenmom J:f_q_l(x) € ImmsFiri-ri(q +

I,n—q—1).

g jokazaresiberBa Jlemmbr 33 jiokaxkem enie ojHy Jiemmy. [Ipejmo-
JI0¥KHM, 9TO CKOIIeHHO-OCHAIIeHHoe MHoroobpasue (M™% Z,/), cmabxen-
noe cemeiictBoM Ay = (Ka, K1, ..., Kj) KOTOMOTOIHYECKIX KJIACCOB, IIPe/-
cTaBjigeT 3AeMeHT B rpymme KobopamsMmos Imms/i#i-%i(n — k k). IlycTn
khy @ MR — RP" ki < n — k — perpakmua mopsagka (i — 1) oTHO-
CUTEJIbHO XapaKTePUCTUYECKOrO KJIACCA K); CKOIIEHHOTO OCHAIIECHUS =j;.
Pacemorpum nopmuoroobpasue QF C M"F, onpenesennoe mo dopmyiie
Q' = ki (pt), pt € RP*~1. Muoroobpasue (' cHAGKEHO eCTECTBEHHBIM OCHa-
IeHHeM = C HyJIeBBIM XapaKTePHCTUIECKHM KJIACCOM, HOCKOJIbKY IOJMHO-
roobpasue ' C M" % gpmgerca ocHaIEHHBIM IOJMHOrOOOpa3meM H IO-
CKOJIbKY OI'PaHUY€HHEe CKOIIEHHOI'O OCHAIICHUA EM|Q ABJIAETCA OCHAIICHUEM.
Kpowme Toro, onpesesen HabOp KOrOMOJIOIHYECKHUX KJIAccoB A, 0y YeHHbII
OrpaHHYeHHEeM KOMOMOJIOTHYECKUX KJIACCOB Habopa Ajp; Ha MOIAMHOroobOpasue
Q' C M™ . Knace kg = Ko IpU 9TOM OKa3bIBAETCA TPHBUATBLHBIM. T'pOii-
Ka (Q',Z¢, Ag) UpeICTAB/ISIeT JIeMEHT B IPYIIIIe OCHAIIEHHBIX KOOOPAN3MOB
ImmJTiFL-Ri (. — 4), KOTOPBIfE Mbl 0603HAYHM Yepes .

Jlemma 35. Tpotika (M™%, 2y, Apr), onpedessrowas aremenm T 6 2pynne
Kobopdusma ImmsH51-%i (n — k. k) npu yeiosuaz, onucannvis sviwe, donyc-
Kaem pemparyuto nopadka i 0MHOCUMENDHO KOZOMONOZUYECKOZ0 KAUCCA Ky
mozda u moavko mozda, kozda snemenm y € ImmITF1-8i (i n — i) aesrcum
6 adpe zomomoppusma & : ImmITF1-8i (4.0 — 1) — ImmsTFe-ri(i n — 1),

JokazareascTrBo JIlemmbr 35

B nauaJjie JlokazkeMm IOJIHOTY MPENsSTCTBUS K HOCTpoeHuto perpakiuu. [lo
yesoBuio jyist saementa y € ImmsTiF-ri (4 n — i) umeem 6(y) = 0. Pacemor-
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PHUM CKOIIEHHO-OCHANIEHHOe MHOToOOpasue (P =p) P = Q' cnabxen-
HOe HaOOPOM KOTOMOJIOIHYECKHX K/IaccoB Ap, mpudem orpanmdenne Ap|g
cosuajaer ¢ Ag. [Tocrpoum muoroobpasue T, onpesesentoe B pesybra-
Te nepecTpoitku Muoroobpasus M"* o pyuke, KoTopast OHUCHLIBAETCSH HUZKE.
Pyuka omnpejenena Kak cdepudeckasi rpaHUIA JUCKOBOI'O IOJOCHAIIEHUS B
MUCKOBOM (n — k —4)-MepHOM oCHameHnn =p HaJ MEOrooOpasuem P, Ilen-
TpaJibHOE MOJAMHOr00Opa3ne PyIKU UMeeT Pa3MepHOCTh (n — k — i), IPU STOM
pPa3MepHOCTh CaMOR PYUYKHM COBIAIALT C PA3MEPHOCTHIO 1 — k MHOroobpas3us.

Ouumem pyuky nogpobuee. PaccMorpum nmojpaccioenne B HOpMaabHOM
(ocuamennom) paccioenun Haj P nopoxaennoe nepsoivu (k — 1) Bexto-
paMi OCHAIEHUS =p B KaxKJIOM CJIOe U 0603HaduM depe3 Up moampocTpaH-
CTBO JUCKOBOI'O PACCIOCHH, ACCONUUPOBAHHOIO ¢ JAHHBIM BeKTOPHBIM. [Ipo-
cTpancTBO Up ABISETCS TEIOM PAaCCMATPHBAEMOIl pyUKH. DTO IPOCTPAHCTBO
SIBJISIETCS CKOIIEHHO-OCHAIIEHHBIM B KOpa3MepHocTu (1 — k) MHOrooOpa3uem
C Kpaem.

I'pannna OUp comepzxut nommuoroobpasue QF x D" F~% koropoe mpen-
cTaB/IsieT JUCKOBOe paccaoeHue HaJl MHOroobpasueMm Q°. Bropas komusa MHO-
roobpasua Q° x D" *~1 proxena B kommonenTy M" ¥ x {1} rpamumpr MHO-
roobpasust M™% x I u npencrasisger peryjisapHyIo JHCKOBYIO OKPECTHOCTD
noamuoroobpasus Q° x {1} € M™% x {1}. Oupesesum muoroo6pazue TmF
1o popmy.Jie

Tk = 8*((M”‘k X ]) Ugix pn—k—i Up),

rae depes 07 0003HAYEHA KOMIIOHEHTA TPAHUIBI, COOTBETCTBYIOIIAL IIEpe-
crpoennoit komnonente M™% x {1} rpanuupt O(M™F x I).

3ameruM, 9TO MOC/e CTAHIAPTHOW omepamuu 'criaazxkuBanusi yrjios'
muoroobpaszue 1"k cranourcs riajkuM (3aMKHYTBIM). DTO MHOTO0GpPa-
31e JOMYyCKaeT KAHOHHYIECKOe CKOIIEHHOE OCHAIEHHe =r C XapaKTepHCTHU-
JeCKHM KJ1accoM kp. OcHalmeHne = pa3MepHOCTH k IOJy9IeHO B pe3y/IbTare
CKJIEHKHM COOTBETCTBYIOIIUX CKOIIEHHBIX OCHAIMEHUN K PydKe W K MHOr000-
pasuio =; BJ10Jb obmeit vactu Q. Muoroobpasue T" " cnabzxeno Habopom
KOromoJioruueckux kjaaccos Ay = {kr, k1,...,k;} € H (T % 7Z/2), xax-
JIBI KJ1acC U3 3TOro Habopa MOJydIeH B pe3ysbTaTe CKJIEHKH COOTBETCTBYIO-
IMIX KOTOMOJIOIHYECKHX KJAcCOB Ha MHOroobpasmm M™% x I u Ha pyuxe.
Tpoiika (T"*, 2, A7) npeacraBiger Kaace KOGOPIM3Ma HCXOTHOTO 31EMeH-
ta (M™% 2y, Ayr) B rpynme xkobopauzmos [mmsfF-ri(n — k. k).

Joxazkem, aro muoroobpasue 7" F nomyckaer perpakiuio HOpAIKa i OT-
HOCHTEJIbHO KOTOMOJIOTHIECKOr0 Kjaacca Kr. JloKazKkeMm, 9TO 3TOT KOIOMOJIO-
I'IYecKHil KJIace IpecTaBIeH oTobpazKenneM rp @ 1" % — RPn—F—i-1 c RP>®
(kraccudurupyonee orobpazkenne 000O3HAYALTCS TAK:Ke KAK U COOTBET-
cTByOIIHUiT KOroMosiorndeckuii Kiaacc). Beibepem narypasbaoe b 10cTaroqHo
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OOJBIIIM, U PACCMOTPHM oTobpazkeHme Ky : M™% — RP’ nna koroporo
IIOJIHBIH IPO06Pa3 IPOEKTHBHOIO moanpocrpancTsa RPYTF+i  RP? kopas-
MepHOCTH N — k — i coBHaJaeT ¢ moAMHOroobpasuem (Q°.

PacemorpuMm otobpazkenne g : Pl — RPY="+k+i grpanmuenne kKoropo-
ro na rpanuny 0P = Q' coBunanaer ¢ oroGpazkenueM j|qi. Paccmorpum
otobpazkernne h : Up — RPP, xoTopoe ompeseneno mocpeactsoM "yTome-
nug"orobpazkenusa g ¢ P! na Up, T.e. mocpeJacTBOM pacHIupeHus oTobpa-
JKeHust ¢ 10 Mopu3Ma JUCKOBOI'O PACC/I0eHHs B PacC/I0eHHe peryJisapHOil
OKpecTHOCTH moaMHoroobpasus RPO~"+r+i  RP?. 3amerum, uro orobpaske-
Hue Mn_kUQiXankfiUP — RP® KOppeKTHO oIpe ie/IeHO, IIPU STOM OIPaHIYe-
HIIe 3TOT0 0TOOpazKeHNs Ha MojaMHoroobpasmue 7" F ¢ M *UUp me nepece-
KaeT moaMHoroobpasue RPY—"~F+ C RPY. ITocKo/IbKy OTKpPBITOe MHOI00Opa-
e RPY\ RP*~"~k+i ropoTonmieckn SKBUBATCHTHO MHEOr00Opasuio RP™—F—i—1,
TpebyeMasl perpakiud Kr HOPSIKa i B 3aJaHHOM KJACCe KOIOMOJIOIHIl 110-
crpoeHa.

JlokazkeM 0OpaTHOe YTBEpXKJeHHe, a HMEHHO, JOKaxKeM, 4YTO eC/IH
CKOIIEHHO-OCHATIEHHOe MHOroobpasue 1™ fomyckaeT peTpakiHio MOpsi-
Ka ¢ OTHOCHTEILHO XapaKTePHCTHICCKOIO KJIACCA KOTOMOJIOIH CKOIIEHHOIO
OCHAIIEHUs, TO OCHaMIeHHOe MHOroobpasue (Q', Wo, Ag), onpejenennoe Kak
poodpa3 TOYKMU HPU OTOOPAKEHUU PeTPAKIUU TTOPsJIKa ¢ — 1, OrpaHnYnBaeT
KaK CKOHICHHO-OCHAIEHHOe MHOI000pa3ue B KopazMepHocTH (1n—1), T.e. onpe-
JengeT Hynesoit amement 0(y) B rpymme Kobopamama [mmsFu-ri(i n — i),

[lycrs (W™ *+H1 =) — ckomenHo-ocHaIeHHO® MHOTOOOpasue ¢ IpaHu-
neit O+ = M FUMP ™, koropoe onpeesisier HOpMATBLHBIH KOGOPIH3M
ME2K/1y CKOIIEHHO-OCHAIIeHHBIME MEOrooopasusyu M"™* u M7 Kpowme To-
10, TIPEJIIIOI0AKMM, 4TO MHOrooOpasue M~ nouyckaer perpakiuio nopsjika
i. OToGpazKenue peTpaKiiu Mbl 0603HAUNM Uepe3 Ky, : M~ — RPm—F=i-1,
Ecin marypaabHOe 9ucio b 10¢TaTouHo Beauko (Hanpumep, b > n — k + 1),
10 orobpazxenue F : Wk — RPY g xoroporo F|ym—» = kary Fla, =
Ky, Te. Im(F(Mm=F) C RP+=1 C RPY, Im(F(M}F)) c RPn—h=i-l
KOPPEKTHO ompejeseno. Paccmorpum noaMuoroobpasue RPY—"—F+i — RPb,
KOTOpOe TIepecekaeT MoaMHoroobpasme RP" =1 C RP® (momvmoroobpasme
RP"*=i < RP’ comepxur o6pa3 muoroobpasus M" * mpn orobpazkeHnn
k) 0 Touke pt € RP"F~1\ RP"~*~~1 ;1 e mepecexaer momMHOrOOGpasme
RPn—k=i=1 c RP" %~ (nogmmoroobpasne RP" =1 C RP"*~i conepmur
o6pa3 mmoroobpazust M!'™F npu orobpaenun Khr,)-

Ob6osnadanm gepes P mogvmoroobpasme F~1(RPP"#+%) Tlo mocrpoe-
o P! = Q. Onpegennm CKOMEHHOE OCHAIEHHE = p Pa3MepHOCTH (1n—1)
KaK IpAMYIO CYMMy OCHAIEeHHH mogaMuoroobpasug P+t ¢ Wn—F+1 g ocna-
HIEHUST =y, KOTOPOE MOJIYIAeTCsl B Pe3y/bTare OrPAHUYEHHs OCHAIICHUS C
Wn=F+1 ja nommuoroobpasue Pt C Wnmk+l
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3aMeTHM, 4TO OrpaHHYeHHe OCHANIeHHd =y Ha OW"F+1 = Q" F copma-
JaeT C OCHAIIEHHEM Z¢. AHAJOTHYHOE YTBEPXKIEHUE CIPABEINBO JIJIA Ce-
meiicrBa KonukaoB Ap = {kp, K1,...,K;}, HOJIy4eHHBIX B Pe3y/IbTaTe Orpa-
HUYeHns ceMeiicra Kouukiaos ¢ Wk ya P CuesroBaresibo, j1eMenT
Yy, npejcraBiaentblii Tpoiikoit (Q', Zg, Ag), Jexkutr B sape romomopdusma 4.
JlemMma 35 mokaszaHa.

okazareascTBo JIlemmbr 33

[Io Jlemme 35, npengarcTBue K peTpakIud MOPLAJIKa ¢ B KJacce KoOOPIU3Ma
tpoitku (M™% =y, Ayr), upesacrasisionieii 3aJaHHbI 31€MEHT T B IDYII-
e kobopamsma ImmsFF-Fi(n — k k), copuagaer (B NpPeIOIOAKeHUH, YTO
perpakisi HOpsiika ¢ — 1 y»Ke I[OCTPOeHA) ¢ HPEISsITCTBUEM K PeTpak-
UM TOrO K€ MOPSIAKA % I MHOTrooOpa3us Mf_kl, KOTOPOE SIBJISIETCS 00-
pasoM smeMenTa z B rpymme Imms/-oRi(n — k' k') mpu romomopdusme
J o Immsteomin — k k) — Immss%i(n — K k'), Tlpu nocrpo-
eHUU [OCJIe/I0BATEIbHOCTH peTpakiuil Bce 0ojiee BBICOKOTO IMOpsijKa Oy-
JIeM CpaBHHUBaTh, B cooTBercTBUU C JlemMmoit 31, HeoOXxoauMbie U JOCTATOY-
HbI€ YCJIOBHUSI PETPAKIMH CJIEIYIONIEro MOPs/IKa /I dJIeMeHTa U3 HCXO/IHOM
rpymst  [mm/i%i(n — k. k) m aasa obpasa 3TOTO SJeMeHTa B TpYIIIe
Imms/i%i%i (n — k' k). Ha kaz10M mare KOHCTPYKIUH 00a OpesaTCTBHA
coBuaaioT. Jlemma 33 mokasaHa.

Jl1s ToKa3aTeIbCcTBa TEOPEMBL O PETPAKIIUU HaM IMOTPe0yeTcs KOHCTPYK-
nust, npuaaiexkamas Y. Komopke (em.[K]), moaHoro npensgrersust K mocTpo-
EHHMIO IOCTORHOr0 MOHOMOPMU3MA ABYX BEKTOPHBIX PACCIOCHMHIA.

[Ipeamosoxkum, aro o — Q4, f — Q7 — mapa BEKTOPHBIX PACCIOCHUIT HAL
muoroobpasuem Q4 (Boobre ropopst, Q7 siBisiercsi MHOrOOOpa3ueM ¢ rpaHu-
ueit) dim(a) = a, dim(B) = b, dim(Q?) = ¢, Upu STOM HPEAIOIATACTCS,
aro BuimoaeHo 2(b — a + 1) < ¢. lyerb v @ o — [ — mopdusm obimero
OJIOYKeHUsI, 0603HaIuM 4depe3 > C Q¢ — moamMuoroobpasue, OnpeeieHHOe
dopmy.ioii

Y ={z € QYker(u, : a, — ;) # 0},

T.e. OJIMHOI0o00Opasue To4eKk 0a3bl C BHIPOXKJEHUEM CJI0EB HPH MOPQU3Me 1.
BaMeTnM, 9TO MpH PaCCMATPUBAEMBIX PA3MEPHOCTHBIX OTPDAHHIEHHAX, JIJIs
MopdusMa u, 0bIIero noaokenus Mol umeeM rk(u,) > a—1. KopazmepHocTsb
moaMHOr000pasus ¥ C Q4 mpu sTom paBHa b — a + 1.

Ornuriiem HOpMAaJIBHOE PACC/IOCHHE K TOAMHOT000pasuio X C Q9. Obo3na-
quM 4epe3 A : F(\) — ¥ — jiuHeiiHoe pacciioeHue, OLPeIe/IeHHOe KaK 110J1e
aaep MopdusMa 1 HaJ 0coObIM moaMHOroobpasmem - C Q7. Ompeneneno,
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TeM CaMbIM, BKJIOUEHHe paccaoeHumit € @ A C «. Obo3maumm depe3 A, —
pacc/IOeHHe HaJI Y, ONpeeeHHOe KaK OPTOrOHAILHOE JIOIMOJTHEHUE IOIPaC-
caoennss £(A) C «. EcrecrBennpiit Mopdusm (nocioitnpit Monomopdusm)
vy : Ay C (B onpenenen. Paccioenune Ag onpeesieHO Kak Pacc/OeHHe, CJI0U
KOTOPOI'0 OPTOTOHAJIBHBI HAJ[ TOUYKAMHU X € Y B CJI0dX (3, paccjaoenus (3 moj-
npocTpaHcTBaM v, (A, ). HopmanbHoe paccioenne v(X) K MOIMHOI000PA3HIO
Y C @ ompeesieHo 1o (opmyie

y(Z) = A® Ag. (156)

B pabore [K2| (B KoTOpOIi IpuBOAUTCS CCBLIKA Ha GoJiee paHHUE PAGOTHI
TOrO K€ aBTOPA) OMPEJIEJISIeTCs IPYIa KOOOPAN3Ma BJIOYKEHHBIX MHOT000-
pasuii Kopa3zmMepHocTH b — a+ 1, mprmdaeM HOpMAaIbHOE PACCIOEHHE OIMHOIO-
obpa3usi, NPeCTABJILAIONIErO JJIEMEHT ITOH IPYIIbl KOOOPIN3MA, OHPeIe/IeHO
o dopmysie ([I56). Ykazaunast crpyKTypa HOPMAJIBHOTO PACCIOEHHS COXPa-
HseTcsd Ipu Kobopausme. g mpou3BoabHOr0 MopdusMa u : o — 3 0b1ero
OJIOXKEHHUSI OIIPeJIe/IIeTCs IPeICTABUTE b, 330N IEMEeHT B ONMHCAHHOI
rpyIme KoOOpAu3Ma, KOTOPBI CIY2KHAT IOJHBIM IPeNaTCTBUEM I OCTPO-
€HUsl OCJIONHOI0 MOHOMOPU3MA yKa3aHHBIX PACCJIOCHUN.

Ecan Q7 — muoroobpasue ¢ rpanurngeii, npuaem Mopdu3M PacCa0eHui,
3aJaHHbIX Ha BceM (Q4, oupejeed Haj rpanuneil 0(), To muoroobpasue Sy
KPUTHIECKUX CJI0€B HaJ| IPAHUIEH CAYKHUT IPaHANeil moaMHOrooopasus > C
Q?, 0¥ = ¥y ¢ HOpMAJTbHBIM PACCTOEHHEM, OIIPeIeTeHHBIM 0 AHAJIOTHIHOM
dopmyuie.

ITycrs v — RP2°~! — pekropuoe pacciaoenne pasmepuocrn (n 4 1 — 2F),
2% < n 4 2 a1 BeImIECTBEHHBIM IIPOEKTHBHBIM IIPOCTPAHCTBOM, H30MOPQHOe
cymme Yuruu (n+ 1 —2F) skzeMmigpos JuHEHHOTO HETPUBAAIBHOTO PACCIO-
ennst ke Hag RP2 1 OGo3naunm pacciioenne v @ k depe3 v. Oupejeena
€CTeCTBEHHAS MPOEKIHA 7 : U — UV C SAPOM K. 3aMETHM, UTO PACCIOEHHe
v — RP?~! gpistercst HOPMAJIBHBIM PACCJIOCHHEM K MHOrooGpasuio RPZ 1
pazmepnoctu (n — 2% 4+ 2). Tlo Teopeme Kosna |C| cranmaprhoe mpoektusaoe

k_
npoctpancTso RP? ~1 morpyzxkaercda B eBKJINIOBO HPOCTPAHCTBO Pa3MepHO-

cru 281 — 2 — k.

3amMeuanue

YT00BI 0CIAOUTH Pa3MEPHOCTHBIE OPAHMYCHHS B PAMKAX JAHHOTO JI0Ka3a-
TeJILCTBA, MOZKHO BOCIIOJIB30BATLCA 00JIe€ CHILHBIM Pe3yJILTATOM O TOM, ITO
npoexTuHOEe MpoctpancTso RPZF) 1 norpykaerca B R2F)—1=4% pre p(k)-
qucsio Pajiona-I'ypBuna, paBHOe COOTBETCTBYIOINIEH CTEleHu 4Yuc/ia 2, [Mpu-
gem b(k) < 2%, D10 yrBeprKenue SKBUBAIEHTHO CyNIECTBOBAHUIO CeMeHCcTBa
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(n + 3 — 2M1 4 k) mesaBucuMbIX ceveHuii paccioenus b.

Onpejie/1aM TIOHATHe CTaHJapTHOro cemeiicrba (n + 3 — 28 + k) cevenmuit
(ocobeHHOCTH CeMelicTBa CedeHuil JOMYCKAIOTCS) PACCIOSHUS V.

Onpenesienune cTaHgapTHOrO ceMeiicTBa cedeHHUil PACCJIOEHUH V

Bribepem nesbipozk iennoe cemeiicrso ceuenuit U = {11, ..., 9.}, s = (n+3—
o+l —l—k) paccjoenusi V. PaccMoTpum ceMeiicTBO cedeHunii o0IIero moJIozKeHust
U = {11,...,%s}, KOTOPOE TOJMYHeHO B pesy/bTaTe IMPOeKIuu cemeiicrpa W
upu 7 : 7 — v. CemeiictBo ¥ HA30BEM CTAHIAPTHBIM.

k_

O6osraunym depes X C RP? ~! momvmoroobpasne Touek 6a3bl, 18 KOTO-
PBIX CTaHIapTHOE CeMeiicTBO cedeHnit mmeeT ocobeHHocTr. OOO3HAUUM Uepe3
Vs, HOpMAJIbHOE PACC/IOCHHE K 9TOMY HOIMHOTI000Pa3uIo.

k_

Jlemma 36. Munozoobpasue Y C RP?~1 asasemca k-meprom nodmmnozo-

obpasuem, NPUYEM €20 HOPMANOHOE PACCAOEHUE Vs, CHAOHCEHO CKOULEHHBLM

ocHaweruemM Zy, TAPAKMEPUCNUYECKUT KAGCC Ky KOMOPO20 coénadaem c
k_

oepanunenuem Tapaxmepucmuueckozo xaacca k € HY(RP* =Y 7Z/2) na noo-

MH02000pasue ¥, Ky, = /<;|2C]Rp2k,l.

dokazareascTBo JIlemmbr 36

BrrancnmMm HOpMaJIbHOE pacciaoeHne vs 1o TeopeMe Kopmopke. Boliee Toro,
OIIpeJIeJIIM CKOIIeHHOe OCHAIIEHHe 3TOro pacciaoenud. Ilycrs A C WU — pac-
cJIOeHUE sjIep ceMelcTBa cedeHuit HaJjl 0coObIM 1ojMHOIrooOpasuem 2. Ilo-
CKOJIBKY CEeMeHCTBO CedeHMil sABJIsieTCs CTaHIapTHBIM, A = Ky. Paccioenune
U /) apngerca obpatHpiM K A. C IPYToil CTOPOHBI, PACCIOCHHE |y caMo
obparaer paccioenue ky. CraegoBaTebHO, OPTOTOHAJILHOE JIONOJTHEHHE K
U/\|x B paccioeHHn v ABIgeTCS TPHBHATLHBIM PACCTOCHHEM Pa3sMEPHOCTH
(28 — k — 1). TTo Teopeme Komopke paccioenue s, eCTeCTBeHHO n30MOPQHO
paccioennto (28 —k—1)e®@r = (28 —k —1)k. Dror usomopdusm onpeenser
CKOIIIEHHOE OCHAIIEHUE PACCI0EHUs Vs, C XapaKTePUCTHIECKUM KJIACCOM K.
JlemMma 36 mokaszaHa.

[Iycrs renepsb muoroobpasume M™ umeer pasmeprocrb dim(M) = m =
2% — 2 u ABIgETCA CKONIEHHO-OCHAIIEHHBIM B KopasmepHoctu n — dim (M),
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k_
e n = —2(mod2¥). Paccmorpum oTobpaxenme ky : M™ — RPZL
3aJaHHOEe XapaKTEePUCTUUECKHM KJIACCOM OCHAIMeHus MHOroobpasus M™.
[Ipeanoioxum, uro M™ cuabxkeno HaADOPOM KOTOMOJIOTMYECKHX KJIACCOB

Anr = {Kn, K1, - - -, Kj }, IPH 9TOM Olpejieien jieMent o € TSt (2% —
2,n— 2 +2).
Pacemorpuy paccroenne 7 — RP2L 5 = (n — 2% + 2)kpp pasmepro-

cru dim(7) = n — 2% 4+ 2. BameTnM, 9TO HOpMAJbHOE PACCIOCHHE Uy, TOil
JKe pasmMepHocTH n30MOp@dHO 0OpaTHOMY 00pa3y pacc/ioeHus: ¥ npu orodpa-
wemnu Ky : M™ — RP -1 1y = k% (). Pacemorpun otobpazkenue ¢y -
M™ — RP2 -1 « [T/_, RP*, onpesesientioe 1m0 mabopy KIACCOB KOFOMOJIOTHi
Ayp. Pacemorpum oroGpazkenne npoekuun 7 @ RP2 1 x szl RP> — RP2"~1
Ha IEepBbI COMHOXKHTEIb. Kommozumus 7ol : M™ — RP2k_1, OYEeBHIHO,
coBHAJaeT ¢ orobparkeHueM kyr. OupeaeanM mnoapaccaoenue ¢y C Uy KO-
pazmepnoctu 1 (t.e. pasmepuoctu n + 1 — 2%) takoe, uto ¢y = K3, (v).

Unaymupyem Habop ceuenmii Zp; = {&,...,&}, s = n+3 — 2L 4k
paccyioeHus ¢y u3 craggaapTHoro Habopa cedenuit W = {1y, ...} paccioe-
HUS v oTOGpazkeHneM k,;. O6o3nadnM gepes N*~1 € M™ nomvuoroobpasue
pazmepnoctu (k — 1) ocobbix cemeiicts ceuennii. Muoroobpasue N¥~1 crab-
JKeHO HabOPOM KOTOMOJIOTHYECKUX KJ1ACCOB Ay, MOJIydeHHBII OrpaHuYeHIeM
COOTBETCTBYIONIMX KjaccoB Habopa Ay, Ha 310 mogmuoroodbpasue. [Ipu srom
KJIACC K|y ODO3HAYAETCS epe3 Ky .

HopMmasbHoe paccioenue vy u3oMopdHO cymme YuTHu vy = Vy|y @
UNcM, TJe Vy—HOopMaJibHOe paccioenue MHoroobpasus M™, vyecy — HOP-
MaJIbHOE paccioenue noaMuoroobpasus N1 payrpu M™ cmabxkeHo CcKo-
IIeHHBbIM OCHall€HHUuEM C XapPaKTEePpUCTHUYCCKHUM KJIACCOM Kp. SaMeTI/IM, qT0O
pacciioenne vyy|y Takzke CHAOKEHO CKOIIEHHBIM OCHAIEHHEM C TeM Ke Xa-
PAKTEPUCTHIECKAM KJIACCOM, YTO JOCTABJISET CKOIIEHHOEe OCHAIMEeHHEe =
Muoroobpasusa N*~! B xopasmepnocru (n — k + 1).

Jdemma 37. Tpotika (N¥1 2y, Ayx) onpedeasem onemenm 2z €
Imms/rvri(k —1,n — k + 1), Komopoiti AGAACMCA NOANBLM NPENATCNGU-
em K mocmpoenuto pempakyuy nopadka (k — 1) das ucrodnozo asemenma
x € Immslrirs(2k — 9 p — 2k 4 2).

okazareascTBo JIlemmbr 37

k__ o .
PacemorpuM MHOroo6pasue ¥ C RP2 ! ocobbix cedenmii cemeiicrBa ¥, Ko-
TOpoe HIZKe Gy/eT Iepeobo3HaueHo uepes Ly, DT0 MHOrooGpasue CHabKEeHO
ecrecTBeHHON crparudukaiueii (buiprpanueii):

pcxlc.--cei el crp? (157)
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He orpannunBast 0OITHOCTH, MOKHO CIHTATh, 9TO KarKJ0€ MHOr0OOpas3me
B buwrprpanuu (I57) asasiercst cBsi3ubiM. [loamuoroobpasue Y, dim(%;) =
k — 7 roit dpuabTpannn onpeaeaeH Kak 0codoe moAMHOroo0pasue moiaceMeri-
CTBA CEYEeHUl, COCTOSIIErO U3 MePBhIX (s —i)-cedennii. 113 npsMbix Bbraucie-
HUIl BBITEKAET, 9TO (DYHIAMEHTAJIBHBIN KJIace [X;] cOOTBETCTBYOIIEro diieHa
dunbTpamun npeacrapied obpasyomeil B Hk_i(RP2k_1; 7/2). leiicrBuTe ib-
HO, 9TO CJIEJlyeT U3 TOTO, YTO YKA3AHHBIN UK/ JBOMCTBEHEH XapaKTepPUCTHU-
YECKOMY KJIACCY Wy yq_gk_pii((n+ 1 — Qk)/‘iRPQk_l).

[Ipeamonoxkum, uTo orobpazkenne kyy : M™ — RP2* 1 gpngerca TPaHC-
BepcaJIbHbIM BJI0JIb IIOCTPOEHHO{ cTparudukaium B odOpase u impoodpas crpa-
ruduranun (I57) Ml 06o3HAMHM Yepes

N) ,CNL,C---CN™tcMmm, (158)

npuydeM crapiiee MHOrooOpasue (pujibrpanuu N(’f_l COBIAJAET ¢ MHOTOOOpa-
sueM N*~! KoTopoe GBLITO IOCTPOEHO paHee.

[IpoBenem paccykjaeHus UHAyKIHe# 1mo napamerpy ¢, ¢ = 0,...,k — 1.
Paccyxaenust B ciaydae ¢ = 0 sjiementapubl. JeTHOMEpHOE MHOTroobpasue
M™ gBjsieTcsi OpHEHTHPOBAHHBIM, TOITOMY IIPEJICTAB/ISIET HYJIEBOI KJIaCC T0-
mostoruii B RP2" 1,

[IpeamonoxkuM, uTo oOpa3 orodbpaxkeHus Ky : M™ — RP2-1 yKe JIeKUT
B CTAHJAPTHOM IPOEKTHBHOM moampocrpancree RP2 271 ¢ RP2*~1, Torma

N,zj = (). 3amerum, uro crpar Xi ; MOXKHO BbIOpaTh B KJacce U30TONUH

TAK, ITO MHOZKECTBO TOUeK mepecedenns X, N RP? ~17% cocrour u3 emun-
crBenHoil Touku. /leficTBuTesbHO, HHAEKC HepecedeHHd (ByHIaMeHTaJbHBIX
Gpasuit RP? 1= ] 6 Rp?-1
KJIaCcCOB HOJIMHOI000pa3uii ,2;,_; B MHOroobpasun HedyeTeH
1 MOZKET PHHUMATb IIPOU3BOJIbHBIE HeYeTHble 3HaueHus. [Ipuvenssa npuem
YUTHH, MOXKHO BBIOpATh Yj_, B KJacce M30TONUH TaK, YTO reOMeTPUYeCKH
yKa3aHHbIe MOJMHOI000pa3Hd HepeceKaloTcd 110 MUHHMAJIbLHO BO3MOMKHOMY
MHOKECTBY TOYeK, T.e. TOUKa IepecedeHHsd BCero OjHa.

Ocnamennoe momvuoroo6pasue Ni _, | SBIFETCA PETYJIAPHBIM TpOOOpa-

30M TOUKH IIPH 0TOOpazKeHun B octos RP2" ~271 i Ipe/IcTAB/IAET SJIeMEHT T; U3
IPYIIBL KOGOpam3Ma [mumsTit ki (i,m —1i). Torga o Jlemme 32, HOCKOJIBKY
x; = 0, (d4ro cpasy ciemyer u3 mpeanosoxkennsa Ty = (), CyIecTByer HOp-
MaJIbHBI KOOOPAU3M 0TOOpasKeHUs ¢y TaKOM, 4TO B pe3y/ibrare I10JIydaeTcs
orobpazkenue (KOTOpoe Mbl 0003HAYUM YepPe3 ¢y, ), Jisk KOTOPOro 0bpas moc)y,
nexut B noanpocrpancree RP2 277 Jlasee nepexomum ot i K (i41) 1 moro-
pgeM aHAJOTHYHBIE PACCYzKIeHUd. B mpeamonoxkennn paBencTsa ry_; = 0 B
KJ1acce KoOOP/M3Ma MOYKHO MOCTPOUTH peTpakiuio nopsaaka (k — 1). Jlemma
37 moka3aHa.
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OCHOBHBIM IIPHU JIOKA3aTEJIbCTBE TEOPEMbl PETPAKIIUU SABJISIETCS CJIeIYI0-
Iee IIpeaoXKeHne.

IIpengoxenue 38. Ilycmv n = —2(mod(2%)), n > 2% u nyemo daa sa-
dannozo snemenma x € Imms/im--ri (28 — 2 n — 28 4 2) pacemampusaemea
npenamcmeue Ti_1 € Immsf?"‘l""”“j(k — 1,n — k+ 1) & nocmpoenuro pe-
mpakyuy nopadka (k — 2) 6 kaacce kobopdusma x. Tozda anremenm Ty
AEAHCUM 8 00Pa3E 20MOMOPPUIMA MPAHCHEPa, M.€. CYULLCBYEM INEMEHM
Yp_1 € ImmsHrv-rivi(k —1,n — k + 1), das komopozo 7j41(Yr—1) = Tp_1.

HokazarenscTBo IIpennoxxennsa 38

PaccmorpunM HOpMasibHOe paccioenne vy = (n—2F +2)ky, K MHOrooGpasuio
M™, dim(M™) = m = 2¥ —2 u noapaccnoenne ¢y C var, ¢ = (n—2F+1)kyy
KOpa3MepHOCTH 1, KOTOpPOe OPTOrOHAJIBHO JIMHEHHOMY II0APACCIOCHUIO Ky C
vyr. CymecTByer HeBBIDOZKIEHHOE cemelicTBo cedennit {1, ...,&}, s = n +
3+ k — 281 paccioenns ¢.

JleiicTBUTENILHO, PACCTIOEHHE () ABJILETCS HOPMAJbHBIM PACCIOEHHEM K
MHOr00Gpasnio (¢ Kpaem), KOTOpOe OMpeJe/ieHO KAK TOTAJIbHOE MPOCTPaH-
crBO jtuckoBoro paccioenuss D(kyr). Hockoubky dim(D(ky)) = 28 — 1,
a(2¥ — 1) = k, no reopeme Kosna |C| muoroobpasue D(ky) norpyzaercs
B €BKJIXJOBO IIPOCTPAHCTBO R2k+1_2_k (aTo yTBepzK/ieHue chopmMyIMpPOBAHO
Kak ['mnoresa 39 u mpgamMoe J0Ka3aTeIbCTBO YaCTHOIO CIydas TOH TUIoTe-
3b1 mpuBouTest B Coepcrsun 40). B wacTHOCTH, paccioeHue ¢y JOIMyCKAeT
CeMelCTBO S HeBBIPOXKICHHBIX cedennii. He orpanmuupas oOMIHOCTH, MOXKHO
CUMTATH, YTO CKOLIEHHO-OCHAIEHHOE MHOIr000pasue M2 ~2 BpiGpaHo B KJacce
HOPMaJIbHOI'O KOOOP/IU3MA.

Pacemorpum, kpome Toro, cemeiictBo ceuennii W = {i,..., 9}, Ko-
TOpOE MHJYIUPOBAHO M3 CTAHJAPTHOIO CEMEHCTBA CedYeHHUil pPacC/JOeHHs
n+1-— Qk)KZRPQk_l upu orodpazkeHuu kys. OUpesesieHo HoAHATHE CeMeii-
crBa U B HeBHIPOKICHHOE cemeiicTso ceuenuit W = {i,...,1,} pac-
ciaoenust vy, Cemeiicrso W npoekTupyercst cemeiicrso ¥ npu HnpoeKnuu
Uy — ¢ BIOIDL TMOJAPACCTIOCHHS Kjyr. 1I0JHATHE HEBBHIPOXKIEHHOTO CeMeii-
crBa {1, ...,&s} B HEBBIPOKIEHHOE CEMEHCTBO CeueHuil pAcCaOeHust Vyy 000-
sHaanM gepes {&p, ..., &}

PaccMOTpuM, KpOMe TOro, CeMeicTBO cedeHuil 0BIIero mojiozxkenus X =
{X1, - Xs} Ha MHOTOOOpA3UH M2 =1 x | paccioennst V(Mzk_l) x I, KoTopoe

) - - h_

COBIIaJIaeT ¢ ceMeicTBOM {1y, . .., %, } Ha KoMioHenTe rpamunpt M2 1 x {1}
) L F ; K

u ¢ cemeiictBoM ceuennit {&;, ..., &} na xommonente M2 ~! x {0} rpanu-

npl. CemeiictBo cedenuit {Y1,...,Ys} HEMeeT, BOOOIIE rOBOPsI, OCOOEHHOCTH.

[ToxmuOroo6pasue ocobbx cedennii obosnaunm uepes V1 C M™ x I. D10
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3aMKHYTOe MHOrooOpasue pa3mepHocTd k — 1. AHAJIOrTIHO BBeJIeM 00O3HA-
qerue {X1,...,Xs} I OPOEKIUH DPACCMATPUBAEMOTO CeMeHCcTBa CeveHuil
B ceMeiicTBO cedenuii paccioenuss ¢y X I (0603HAYUM ITO PACCIOEHHE de-
pe3 ¢nrxr). CemeiicrBo cedenuit {x1, ..., Xs} TaKKe PacCMaTPHBAETCS C 3a-
JaHHBIMU I'PaHUYHbIMHA YCJIOBUAMMU, OlIpEJC/IEHHbBIMU ITPOCKIUAMU ceMelcTB
TOSIRTE  ( S

IIycts K¥ € M™ x I, m = 2F¥ — 2 — nmoaMHOroo6pasme pasMepHOCTH
k, oupejeseHHOEe KakK HMOAMHOroobpasue 0CoOeHHOCTeH cemelcTBa CceveHuii
{X1-..,Xs}. DT0 nOAMHOTOOGPA3ME UMeeT KOMIOHEeHTY rpanuisl K ¥ N (M™ x
{1}), xoropyto mMbr 06oznauum uepes N¥~1 C M™ x {1}. Cornacuo Jlemme
33, tpoiika (N*~1 2y, Ay), rae Zy — CKOIIEHHOE OCHATIEHHE HOPMATLHOTO
paccioenns momMuoroobpasusa N*~1 ompeenennoe mo Teopenme Komopke, n
ceMeiicTBO KOrOMOJIOTHYECKUX KIaccoB Ay = Apf|ye-1, mpeacraBiser sJie-
MeHT Ty, B rpymme Imm/ %3 (k — 1, n — k + 1), xoTopblii onpeenser
IIOJIHOE TIPENSITCTBHE K MOCTPOEHUI0 perpakiuu nopsijka (k— 1) B Kiacce Ko-
Gopauama x = [(M™, =y, ky)]. Pacemorpum mopnsaTHE ceMelicTBa cedeHuUit
{X1.--,Xs} paccioeHust ¢y 10 cemeiicrBa cedenuii {Xi ... Xs} 00IIero mo-
JIOZKeHusl paccaoenns (n+ 2 — 2’“);1 MxI- | pAaHIYIHBIE YCTOBUS 3alMACHIBAIOTCS
B BUJIE:

Xt| vmx {0y =4, Xi|mmx g1y =y, I=1,...,s. (159)

Bamerum, 4To oupejeseno Baodenune VEl C K* nomvuoroobpasuit Ko-
pasmepHocTr 1, mockombky mag VE~1 cemeitcrso cewenmit X = {¥\1...Ys}
BBIpOKIaeTca. [lomvuoroobpaszue VF~! 3aMKHYTO, HOCKOJIBLKY Ha TPAHHIE
O(M™ x I) cemeiicTo ceuennii X He mMeeT ocobeHHoCTei. IIpuvennm dbop-
mysty (I56]) jyist Berauc/ieHus: crabu/IbHOrO HOPMAJIbHOI'O PACC/IOEHUST K HOJI-
muoroobpasuo K* un x nomvuoroodpasmo V!l C K*. O6o3naunm wepes \
— JIMHEWHOe pacc/ioeHud gaep cemeiicTBa ceyeHui X Ha/I, VAL

JloKazkeM, 9TO HOPMAJIbHOE PACCIOeHne HoaMHOroo6pasus VA1 ¢ M™ x
I B obbemitrONeM MHOrOOGpa3nu u30MopdHO paccaoennto € d (m — k + 1)A.
JeiicrBuTesIbHO, OrpaHIYeHne HOpMasIbHOro pacciaoenust v(M™)|y usomopd-
1o paccioennio (n+2—2%)kyry 7, 1, Kpome Toro, u30MOpMHO TPUBHATLHOMY
paccioennto (n+ 2 — 2F)e, npuuem nzomopdusm BrIOUpaeTCs KAHOHUIECKAM
(me sapucamuy mu ot M™ mm or VF~1). Paccioenne A, momommuTenphoe K
JMHEHHOMY PACCIOSHHIO A B TPHBHATLHOM PACCIOHHU JHHEHbIX KOMOHHA-
IIIil BEKTOPOB CEYeHNH, IPeICTAB/IAT PACCIOCHIe —\, OOPATHOE K PACCIIoe-
o A. CreoBareibHO, OPTOrOHAILHOE JOHOIHEHHEe K 00pa3y 9TOro paceio-
eHust B paccioeHnn vy |y nsomopdno paccaoenuto A @ (28 —k —1)e. Vickomoe
HOPMAJILHOE PAce/Ioenne moamuoroodpasus VA1 ¢ M2 ~2x [ (tem cambim, 1
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cTabIIbHOE HOPMaJbHOe paccioenne MHoroobpasusa VF~1) msomopdno pac-
cioernio A @ (A @ (28 —k —1)e) =@ (28 — k — 1A

O6osnaunm depes Uy C K*-peryisipuylo OKpecTHOCTb HOIMHOI000pa-
sus V=L C K*. Tlose sanep cemeiicta {1, . .., Xs}, orpanugennoe na VF=1
(a, caemoBaresnbHo, 1 Ha Uy ) 3a/aHO0 JMHEHHBIM PACCIOEHHEM A, OIDaAHUYEH-
e ¢ K* ma VAl (ma Uy) m 10 paccioenne obosmauaercsa depes A. C
y9eTOM TOTO, YTO OrpaHHYeHHe Kazkaoro us paccioenmit (281N, (28"1)kyy
Ha nojMHoOroodbpasue VFl kanonnmueckm n3oMopgHO TPUBHAILHOMY pPac-
CJIOCHHIO, OPTOIOHAJIBHOE JIONOTHEHHE K PACCI0CHUIO CeYeHuil B pacC/J0eHnu
¢ x I|yyx-1 m3omopduo paccaoennio A® (2571 —k)e @ (2871 — 1) k. TIpu sT0oM
0 AHAJOIMYHBIM BBIYUCJICHHAM, HOPMAJIbHOE PACCI0CHHE K IIOAMHOrO00pa-
smo K5 C M2 x I (BHyTpu 0ODBEMITIONIEro MHOrooGpasus) u30Mopdo
paccaoenmio € @ (2871 — 1 — B)A @ (2871 — 1)ky ® A\, OTKyma ciemyer, 9To
CcTabMILHBIA KJaace n30MOpQU3Ma PACCMaTPUBAEMOIO PACCIOCHUS BbIYMC/Is-
erca 110 popmyie (—1 — k)X — (kar @ ).

OTcrona, B 9aCTHOCTH, BBITEKAET, YTO JHMHEIHOE HOPMAJBHOE pAaCCIoe-
Hue moaMHoroodpasuga VF1 C K*, copmasaomee ¢ JTHHEHBIM paccoeHneM
nojMuoroo6pasusg V! B peryasapnoii okpectHocTn Uy, 130MOpPQHO paccio-
eHHI0 A ® K. O6o3HaunM depes QF~! — rpanuiy pery/asipHONl OKPeCTHOCTH
Uy, t.e. Q¥ = 9Uy. Muoroobpasue K* \ Uy umeer KOMIOHEHTHI TPAHUIIBI
O(K*\Uy) = QU K* ! u gsisercss cKOMEHHO-OCHAIIEHHBIM B KOPa3Mep-
HOCTH N — Kk ¢ XapaKTepHCTHIECKUM KJIACCOM OCHAIEHUS Karxi|k\uy, - Jleii-
CTBUTEJBHO, HOPMAJIBLHOE PACCA0CHHE 3TOTO IMOAMHOr000pa3us ObLIO OIIHMCA-
HO BBIIIE, & IIOJIHOE HOPMAJIbHOE PACCJ0CHHE MOJIYYaeTCs U3 HOPMAJIbHOIO
pacc/ioeHus OJIMHOI000Pa3us B pe3yJibTaTe CyMMbl Y UTHU C TPUBHAJIbHBIM
(n + 2 — 2F)—MepHBIM paccioenneM, KOTOpoe KaHOHHYeCKH n30MOPQHO pac-
croernio (n + 2 — 28) ks

Tpoiika (N*1 Zx, Ax) (Q*1,20, Ag)), cocrosmmasg u3 MHOrooGpasus
NF=1 (QF1) Bmecre co cxomennpiM ocnamennem Zg (Zg) u cemeficTBOM
Ak (Ag) KOroMOJIOrHYECKHX KJIACCOB, KOTOPOE OLPEIEJICHO KAK OrDAHUTe-
uue cemeiictsa Ay = {K1,. .., K;} Ha paccMarpuBaemMoe HOIMHOro0Opa3ue
¢ 0bbeMTIoNero MHEOroo6pasust M2 =2 x I, OupesessioT COOTBeTCTBYIONLHe
S7eMeHTHI B TpyImIe Kobopamsma Imms/i#i-%i(k —1,n — k + 1). [lna kpat-
KOCTH 9TH JIeMeHThl OyeM 00o3HadaTh depe3 [K|, [Q], He ykasbiBas 10m101-
HUTEIBHYIO CTPYKTYPY CKOIICHHOI'O OCHAINEHUS M HabOpa KJIACCOB KOIOMO-
JIOruii.

IIo amagormYHBIM coobpazkenmsaM MHoroobpasme K* \ Uy, cHaGxken-
HO HabOPOM KOTOMOJIOIMYECKHX KJACCOB {Ki|m\uy,--.,Kj|Moy } B CKO-
IIEHHBIM OCHAIeHWeM B KopasmepHocTn (n — k + 1) ¢ xapakrepucrude-
CKHM KJIACCOM Kppmy | fk\p,, OHPEIENSET CKOMIEHHO-OCHAIICHHbIH KOGOp-
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musm mexay (K| m [Q]. ITo mocrpoenuto [K| = «p_; upeacrabiser
[OJIHOE MPEHATCTBHe K peTpakiuu nopsjaka (k — 1) uexomHoro saementa
(M?"~2 25/, Apr) OTHOCHTE/IBHO XAPAKTEPUCTHUECKOrO KJIACCA Kpy. DJIEMEHT
[Q] nosyuen B pesyibrare romoMopdusma Tpancdepa U3 HEKOTOPOIo 3Jie-
menta [y_1 € Immsfr-ririvi(k — 1. n — k + 1). Duement y,_; 3aj1aH
CKOIIEHHO-OCHATIeHHBIM MHOroobpasueM V*~! 1 HrabopoM KoroMo10rnaecKux
Kj1accoB Ay, KOTOpbIil MHAYIUPOBAH OrpaHUYEHHEM HAabOpa COOTBETCTBYIO-
mux kiaccos ¢ M2 72 x I, Bamernm, aTo MHOroobpasue Q1 ciyxur apy-
JaucTHBIM HakpbiBaiomuM Hajg VAL TIpm sToM Koromosormueckumii Kiace
ki1 € HY(V*1,Z/2), ornocurenbio koroporo Gepercs Tpancdep, cobla-
TAET C Kprx|v. XapaKTePHCTHIECKUil KIACC K¢ CKOIIEHHOIO OCHAIIEHHS =)
MHOroo6pasus Q! momyuen mpu Tpamcdepe XapaKTepHCTHICCKOTO KIacca
A\ = Ky CKOIIEHHOTO ocHammenus Zy. (3aMeTHM, 9To 3TOT Ke XapaKTepHCTH-
YECKHIl KJIaCC K MHAYNUPYETCA U3 KJIAaCCa KOIOMOJIOIUH Kji1 = K,M‘v npu
nakpeirun QF 1 — VETL) TIpenyoskenne 38 noxaszamo.

HdokazarenbcTBo Teopemsl 29 o perpaknun

PacemorpuM  HaTypaJibHOE 4YHCIO 1), ompeaenaenHoe B llpemimoxkenun 32
NIl 3HAYeHHWs ImapaMeTpa perpaknuu pasaoro d — 1. Torma romomop-
busm ([I53) mommoro tpamcdepa ma rpymme Imms/iFofe(d — 1,n — d +
1) okasbiBaercsi TpuHaibHbIM. OmupejenuM HarypasibHoe wmcio [(d) =
expy(eXpsy . . . expy(d) - - - + 1), nae uucso urepanuii byskuun expy(z + 1) =
27+! paBHO 1, a HavaabHOE 3HA4YeHHe T = d — 1.

[Iycts I'- npousBosibHas cTemeHb JBOiiKH, He MeHbmras, dem [(d). Ompe-
nenuM n = I’ —2. JIoKazKeM, 9TO IPOU3BOIBHEL d/eMeHT rpymmsl [mms/ (n—
1,1) sonyckaer perpakiuio HopsiKa d.

[Mosoxkum ng = I(d) — 2, 10 upeanoaoxenuto ng < n. Oupejgegum nocie-
JOBATEJBHOCTD U3 ¥ ances: 2ny = log(ng+2) —2, 2ny = logs(ny +2)—2, .. .,
2ny = loga(ny—1 + 2) — 2. Bce yka3aHHble YHCIA SBIAIOTCS HATYPATLHBIM,
pu 3ToM Ny, = d — 1.

ycrs x € Imm*/ (n — k, k)— upoussosibubrii a1ement, r4_; € Imm®/ (d —
1,n — d+ 1)-1osiHOE HpensATCTBIE K HOCTPOCHUIO peTpakiuu 1mopsiika d — 1
JUIsl UCXOJHOrO 3jementa z. Paccmorpum o6pa3 3TOro sjeMenra T,, €
Imm?/ (ng,n — ng). 3aMeTnM, 9TO MPENATCTBHE Ty | ABIATCA TAKZAKE Hpe-
IATCTBHEM K peTpakiuu nopsijika (d — 1) smementa x,, .

Paccmorpum npensrcersue ,, € Imm*/ (ny;,n — n;) K mocrpoenuio pe-
TPAKIUU HOPAIKA N I Ouy,. 1lo Ilpenmoxkenuio 34, cymecrByer sjiemeHT
Yn, € Imm*/*1(ny,n — ny), npeacraBiennblii CKOMEHHO-OCHAIICHHBIM MHO-
roobpasuem X{" ¢ XapaKTepHCTHIECKIM KJIACCOM Kym € HY(XT;,7Z/2) cko-
IIEHHOI'O OCHAINEHKS, KOTOPBIN HEePEeXOJAUT IIpH TpaHcdepe OTHOCUTEIbHO KO-
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TOMOJIOTHIECKOTO KJIACCA K1 = Ky |x, B JEMEHT T, .

Paccmorpum npenarcrsue y,, € mmsfir (n2,n — ny) K peTpakiuu Io-
psijiKa Ng JJIst djeMenTa Yy, . CuoBa no Ilpemioxkenuio 34, cymecrsyer 3je-
MEHT 2,, € Imm*/*152(ny n — ny) Taxoit, 4ro s1eMentT 79(z,,) NpemsT-
CTByeT K Perpakiiuu HOPsiIKA Mo I DJIEMEHTA Yy, . DJIEMEHT Tior(2n,)
r10719(2n,) = Ji(24,) = Tn, CIYXKAT NPENATCTBAEM K PETPAKIHE MOPSIKA
(ng) IS STEMEHTA Ty, . DTOT JKE FTEMEHT X, CYKUT HOJHBIM MPEsITCTBA-
eM K PeTpaKIuy HopsijiKa (ng) JJisi HCXOJHOTO JIEMEeHTa, .

Paccy}K,ZLaﬂ IO MHAYKOUH, II0JIydaeM, 4YTO HIpendTCrBue K IHOCTPOCHUIO
perpakiuu nopsika (d — 1) jyist sj1eMeHTa T 10JIyu4eHO B pe3yJibrare HpH-
MEHEHHUsI IIOJIHOTO -KpaTHOro TpaHcdepa K HEKOTOPOMY 3JEeMEHTY & €
ImmsFiriro(d — 1,n — d + 1). Tlo Ipemiokennio 32 ry(e) = 0. Creso-
BaTebHO, Tg 1 = (. Teopema 29 o perpaknum JoKa3aHa.

JlobaBiienue

O6o3naunm epes b = b(k)— IPOU3BOIBHYIO CTENEHD IBONKH, KDATHYIO CTele-
uu 2. TIpu sToM npenooraercs, ato n+2 > 2°%) . O6osnauny narypasibHoe
ancsio (n — 2b(k) + k + 3) gepes s.

Tunoresa 39. Ilpouseorvnnidi xaace xwobopdusma o € Imms/ri-ri(b(k) —
1,n—b(k)+1), npedecmasaen mmozoo6pasuem M*F) =1 co cxowennvim ochaue-
nuem Zyp u nabopom sapaxmepucmureckus kaaccos kyy € HY(MPF=1,7,/2),
kg € HY(MPW=1:7/2), i =1,...,7 maxum, wmo muozoobpazue M°*) =1 po-
epyorcaemces 6 npocmparcmeo RPF=2=F - Oreusanenmno, natidemes cemedi-
cmeo {&1,..., &} cevenuds nopmanvrozo paccaoenus v(M) = (n — b(k) +
1)k, Komopoe we umeem 6vipostcoerud.

[Ipu jokazarenberse [Ipesioxkenns: 38 Mbl BOCIIOIb30BAJIUCH CJIE/LYIOIITUAM
caeacrueM I'nmoresnsl 39.

Caencraue 40. IIpoussorvnnid xaace kobopdusma o € ITmms/i%-%i (b(k) —
1,n—b(k)+1), npedemasaen mmozoo6pasuem M*F) =1 co cxowennvim ochaue-
nuem Zyp u nabopom wapaxmepucmuneckus kaaccos kyy € HY(MPF=17./2),
kg € HY MY ®=1-7/2), i = 1,...,j. Ipu smom natidemca cemeticmeo
{&1, ..., &} cenenutd nopmanvrozo paccaoenus v(M) = (n — b(k) + 1)k,
KOmopoe He umeem euposcienut nad nodmmozoobpasuem NPF=2  protk)—1
nPedcmasAAoWUM IUAEPOE KAACC PACCAOCHUA K.

Mot jgokaxkem Coepcrsue 40 B upemnosioxkennun j = 0. Ilpu srom mbr
BOCIIOJIB3yeMCsl OCHOBHbBIM pesysbratom paborel [A-E|, cormacno koropomy
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ecrectsennbiii romomopdmsm Imm/" (k, 1) — Imm?/ (k,b(k) — 1) asngerca
TPUBHAJBHBIM (3TO yTBepK/IeHue MoKa3aHo B [A-E| naxke npu 6oJee ciabbix
Pa3MEepPHOCTHBIX OrPAHUYEHHSIX ).

3amMeuanue

['umoresa 39 (a1 mpousBoJbHOrO j BhITeKaeT u3 pesyabrata Kosma [C], co-
IJIacHO KoTopomy MHoroobpasue MP*®)~1 nomyckaer morpyzenne B mpocTpa-
crBo R2(F)=F=2 [13 cymecTBOBaHMs TAKOrO IOrPYKEHNS BHITEKAET, YTO HOP-
masibHOe paccioenue v(M) pasmeproctu dim(v) = n + 1 — b(k) umeer, o
menbIeii Mepe, (n—2b(k)+k+3) HeBBIPpOK IHHBIX cevenns. Has moaMHOroo6-
pazuen NY*)=2 c Me)=1 510 cemelicTBO ceueHnmit MOTABHO HE BHIPOZK IAETCH.

okazareascrBo CiaencrBuga 40 ipu j = 0

Jloka3aTebCTBO OCHOBAHO Ha TEOPEME O MOIPY2KAEMOCTH CTAHIAPTHOTO MPO-
exruBHOro mpocrpancrsa RPY®~1 g epkinnoso npocrpancrso R2HF)—F=2,

O6oznaunm st Kparkoctu dim(M) = b(k)—1 gepesz m. Torga dim(N) =
m — 1. OGo3HAUNM PACCIOCHUE V| nym-1 9€Pe3 Vy, HOPMAJIBHOE PACCIOCHHE
K MHoroobpasuto N™ 1 uepes vy, paccioenue kyr|y uepes ky. 3amernm,
aro (n — b(k) + 2)ky = vy 1 9T0 vy D Ky = Dy. Oupejiesiena IpoeKIust
T : Uy — Vxn PaCCJIOeHuii ¢ SIpoM Ky .

Bamerum, uro pacciaoenne (n—b(k)+2)kgpm siBasgeTCst 0OPATHBIM PACCIIO-
enneM K KacarejbHomy pacciaoenuto T(RP™) = b(k)kgpm U, ciienoBaTesbHO,
SIBJISIETC HOPMaJIbHBIM paccioenneM k RP™ pasmepnocru (n — b(k) + 2).
PaccMOTpuM HEBBIDOXKIEHHOE (CTAHIAPTHOE) S—CeMEHCTBO CedeHuii paccio-
erust (n—b(k)+2)kgpm. DTO ceMeiiCTBO OIpPEIETCHO, TIOCKOIbKY MHOI00Opa-
sie RP™ norpyzkaercst B eBKINI0BO mpocTpancTBo R2PF k=2 Pacemorpnm
orobpazkenne ky : N™ 1 — RP™ u unaynmupyeM 3THM OTOOPAsKeHHEM HeBbl-
POXKJIEHHOE S—CeMeiicTBO 00IIEero HOJIOKeHUs CedeHuil pacC/JoeHns Uy Hu ce-
MERCTBO NPOEKINI ITOr0 CeMENCTBA, KOTOPOE ABJIAETCA CEMEeiiCTBOM CeYeHU
(BOOGIIIE TOBOPSI, BBIPOXKICHHBIX) PACCIOCHUS V"

{77;17"'712]5}7 {wla"wd]s}NW*lx{O}- (160)

He orpannuusas obniHocTu, B Kjacce HOPMaJbHOIO KOOOPU3Ma MHOI'O-
obpasusi N1 BpiGepem npecraBuTe b, MMEIOIMH TOMOTOMMYECKHil k-THIT
npoctpancTBa RP*, HHIYIUPOBAHHBIH OTOOPAXKEHUU K .

Bynem paccyxiars mo uaaykiun ¢ napamerpom ¢ = 0,..., k. Ilyctp mo-
CTPOEHA IOMOTOIIUS

{921, ) )Zs}Nm—lx[o,ip {X1, ) Xs}Nm—lx[O,i]a (161)
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C 'PaHUIHBIMHA YCJIOBUAMU:

{)_(1, ey XS}N"L*1 X{O} - {wlv e 7¢S}Nm*1><{0}7 (162)
{)_(1, e 7X8}Nm*1><{i} - {wlv e 7¢S}Nm*1><{i}‘ (163)
IIpu 5TOM BBINOJHEHBI HUZKECICLYIONHe yeaosud 1-3.
~1. IomcemeiictBo {11, ..., Vs pyit1}Nm—1xq cemeiicrBa (163) aBmsgercs
HEBbIPOZK JICHHBIM.
~2. B cemeiicrse npoeknuit {11, ..., g} nm-1, ;) cemeiicrsa cevenuii (I63)
nofceMeiictBO {11, ..., Vs gy} Nm-1x{;} FABISETCA HEBBIPOK ICHHDIM.

—3. Tomoronus (I6I]) umeer, GbITH MOXKET, BHIPOXK/IEHHE ¢ TPUBHATBHBIM
JIMHEMHBIM paCCJIOEHUEM SiJIep.

O6oznaunm gepes L' C N™ 1 x {i} — i-mepnoe mojmuOrooOpasue Oa-

3bl, HAJ| KOTOPBHIMH HOACEMEHCTBO {11, ..., Vs py14i} Nm-1x{;} HepeceKaercs
¢ mozpaccyioeHueM Ky (T.e. cemeiicTBo mpoekiuit {&1, ..., & ky14i} BBIPOK-
JAeTcs).

BazosBsbrit m1ar nHAYKOUT

[pu i = 0 dbynpamenTaibublii Kiace muoroobpasus LY mpejcrasiser ro-

MOJIOTHYeCKHiT 3itepos Kiace B rpynue Ho(N™™ 1 7Z/2). Dror romosornye-

CKHii KJace JIBOIicTBeHEH B cMbicsie [lyaHKape KOrOMOJIOIMYECKOMY KJIACCy
— bk 1 — b(k)—2 Hb(k:)—2) Nm=1.7/9

wyky—2((n —b(k) +1)kn = wi(kn) € ( ; 7./2) ¥ IOJHOCTBIO

OIPeIeNIseTCsd XapAKTEPHCTHIECKAM YUCIOM

(WD (kn); IN™Y) = (wi(rar); [M™)).

YKazaHHOe XapaKTepUCTHIECKOe UYHCJIO PABHO HYJIIO, TOCKOJIBKY MHOT000-
pasue N'*)~2 opuentuposanno u nMeer l-romorommuecknmii Tunm RP™. Tem
cambiM, 1ipu ¢ = (0 B KJjacce M30TONUU HEBBIPOXKJIEHHOTO ceMelicTBa cede-
Huit {1, ..., s} Nm—1x {0} HailIeTcsa ceMelcTBO J/Id KOTOPOTO HOACEeMeHCTBO
npoekimii {1, ..., s ji1}Nm-1x{0} HEe BBIPOKIAETCA, YTO OOECIEUNBALT OC-
HOBaHUEe WHIYKIIAH.

Jl1st ToKa3aTeIbCTBA HHLYKTHBHOTO MPENOI0KIM, 4To romoronus ([61])
yZKe IMOCTPOeHa NpH ¢ = 1o — 1 ¥ MOCTPOUM TAKYIO Ke TOMOTOIHUIO MIPH ¢ = 1.
BuauaJie 1mocTpouM peryJisipHyio I'OMOTOIHUIO

{)Zl? s 7Xs—k-l—io-l—l}Nm—lX[io,io-i-l} (164)
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3aJJAHHOTO ceMeiicTBa cedennii {1y, . .. ,QZS_HZ-OH}NWW{Z-O} K ceMeiicTBy ce-
aeHnit {1, ..., Vs—ktig+1 } Nm-1xfip+1} (YCIOBHE PEry/ISPHOCTH Ha KOMIOHEH-
re rpauutbl N1 x {ig} BBIIOJIHEHO 110 UH/YKTUBHOMY IPEJIIIO/I0KEHHUIO),
JJIs KOTOPOH ceMeifcTBO Hpoeknuit

{1, s hrigr1 f M1 x fig 1) (165)

HE UMeeT BbIPOXKICHUA.

PaceMoTpuM ig-MepHoe moamuorooopasue L C N™ 1 x {ig}, cocrogmee
U3 TOYEK, B KOTOPBIX HOACEMEHACTBO {11, . .., Vs ktio+1} Nm—1x{ip} BBIPOKIA-
ercd. VI3 HHIYKTHBHOIO IIPEJINOIOKEHUS CIE/YeT, 4TO OrpaHuIeHne KJIacca
K Ha IOAMHOroobpasne L TpuBHaIbHO, CIe0BATeLHO, TOAMHOI000pasne
Lo ¢ N™ 1 x {ip} ssngerca ocnamennbivm. OBGO3HAYMM OCHAIIEHHE MHOIO-
obpaszus L uepes =.

Cortacao ocuoBHOMy pesyibrary [A-E| cymectsyer (ig + 1)-mepoe
CKOIIIEHHO-OCHAIeHHoe B Kopasmepuocru  (b(k) — 1) wmuOroobpasme
(T Wr), ¢ kpaem Ol audbdeomopdubim MuOroobpasuio L, npu
3TOM OrpaHHYeHHe CKOIIEHHOro ocHamenusa Wr Ha rpanumy L gapisgercs
OCHaITIeHIeM, KOTOpPOe COBIIaIaeT ¢ 3aJaHHBIM OCHAIleHHeM =; Ha Kpae L.

[Tockonbky N™ ! umeer romoronmueckuii k-tun RP* u HOpMasbHOe
pacciioenne vy CHa0KEHO KAHOHHYECKOH TpuBHAJM3aImedl Ha JIF0OO0M IOJI-
muoroobpasuu 8 N™ 1 pasmeproctu He Gosee k, CKOIIEHHO-OCHAINICHHOE
muoroobpasue [Tl yoxkno pacemarpusarh Kak moaMuoroobpasue ot C
N™ 1 x[ig,i0+1] co crabusibHbIM CKOlIEHHBIM OCHalIeHHeM W, orpaHuyueHue
koToporo Ha OI'*! copmamaer ¢ mommmoroo6pasuem L C N™ 1 x {ig} n
U 3TOM OrpaHHYeHHe Ky Ha HoamMHoroodpasue [Tl copnamaer ¢ xapakre-
PHCTUYECKUM KJIACCOM CKOIIEHHOIO OCHAINECHUSA =p.

Perynspuas romoronus ([64) onpepesiena mo nOAHATUIO TPOEKIUI

{X17 R XS—k-i—io—i—l}Nm*lX[io,io-i-l}7 (166)

U1 KOTOPOii nojmuoroobpasue (I Lio) < (N™1x[ig, ig+1], N™ 1 x{io})
CJIY2KHT IIOJMHOr000pa3neM 0COObIX CEYeHHi ¢ TPHBUATBHBIM JIXHEIHBIM pac-
CJIOEHUEM sIEP.

Tenepb noctpoum romoronuto (I61) mpu i = iy + 1. Ha orpeske [0, 7o)
roMorToiud yzke IOCTPpOEHa 110 IPEAINOJIO2KEHUIO HWHAYKIUU. Ha OTpe3Ke
[ig, ip + 1] Ha nomcemeiicrBe nepsbix (s — k + 49 + 1) BEKTOPOB romMoronust
cosmasaer ¢ romoromnueii (I64]). 3amernm, 9To 0cOOBIE CIOU TOMOTOMHM

{X1, - Xs—krio+2} Nm—1x[0,i0]
00pa3yoT MHOroobpa3ue ¢ KpaeM, KOTopoe 0D03HAYNM depes

(Af+L Koy « (N™1 x [0,40], N™ 1 x {ig}). (167)
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B cuny yesosus 3, mogmuoroodpasue (I67) siBasiercst ocuamennbiv. O6o3Ha~
YUM OCHAIIEHHEe 3TOro moaMHOroodbpasus depes Wa. 'panuma K MHOrooo6-
pasus AT gprgerca nogmuoroobpasmem ocobeHHOCTEl ceMeiicTBa cedeHnit

{1, Vs ktigra} Nm—1x{io) (168)

Bocriosibdyemest  tem, d9ro MHOTrOoOpasme O0COObIX CcedeHuil cemeicTBa
{4y, .. .'QES_]C_i_Z'O_i_]_}Nm—lX{Z'O} 3akirodeno B map U C N™ ! Byxem crpoutsb
romoronuio ([I6I) na mogcemeiictBe nepsbix (s — k + 49 + 2) BEKTOPOB Ha
MHOroobpasum N™ 1 X [ig, ig + 1], Hemoppmxkmyio Ha rpanune OU mapa U, u
copnaaromiyto ¢ romoronueii ([64]) wa momcemeiicrse nepsoix (s —k+ig+ 1)
BEKTOPOB. YKa3aHHYI0 MOMOTOIMIO HOCTPOUM TaK, YTO MHOIOOOpa3ue 0co-
Gennocreit cemeiicrBa cevenuii ([68) nepecrpanBaercst BIOJIb OCHAIEHHOIO
MHOI000pa3us ¢ Kpaem

(AP K™) C (N1 x [ig, 1o 4+ 1], N™ ' x {io}),

KOTOPO€ 3€PKa/JIbHO OCHalleHHOMY m1oamuoroodpasuo (I67) u coBunajaer ¢
STUM MHOrooOpasmeM Ha obmieii rpanumne K C N™ 1 x {ig}.

Tomoronus (I6]]) upu i = ip+ 1 Ha cemeiicTBe nepBbIX (s —k +1ip+2) Bek-
TOPOB HOCTpOeHa. [IpO0/IzKIM HOCTPOEHHYI0 FOMOTOINIO Ha BCE CeMeHCcTBO
$ BeKTOPOB Hajl MHOrooOpasuem N™~1 X [ig, iy + 1], obecnieuus BbinosHeHnE
rpanuunbix yejosuit na N™1 x {ig} u Bbinosnenue ycjiosus 3.

NuykTuBHOE Ipeanooxkenne nokazano. Cuegcrsue 40 B IPenoiozKe-
Hun j = ( 1mokasaHo.
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