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1. BBEIEHUE

B mocaegnme rogbl BO3POC MHTEPEC K U3YUIEHUIO aIreGpel KOrOMOJIO-
run XOXIMUIbAA, ¥ OCOOEHHO 3aMETHBIM MPOTrPECC OTMEYEH B PEIICHUN
STOU 3aJa4y A KOHEYHOMEDPHBIX aure6p Haj noaamu. B [1] 6su10 momy-
YEHO OMUCAHUE AMTeOPBI KOTOMOJOT MK X OXINAIb A3, I CUMMETPUAIECKON
rpynner S3 Haxg noteMm Fz, a Takxke s 3HAKONEPEMEHHOU Ipymnbl Ay
U LI AUDAPAIBHBIX 2-rpynn Hajg noaem Fo. B [2] amrebpa koromomo-
run Xoxmmabga HH*(R) omucana muaa caydas, xorga R — monyuennas
Q F-amrebpa. B [3] arre6pa HH*(R) onucana mis aire6p LudIpaJbHOTO
tuna us cepun D(3K) Ha g anrebpandecky 3aMKHY THIM TIOJIEM XapaKTepu-
cruku 2. B sTon pabore, B otautue or [1], IPUMEHAETC IPIMOR METOL
HOCTPOEHMs OMMOIYILHOU PE30JBBEHTHI /I COOTBETCTBYIOMMX aareop ¢
HOCJE LY FOIIMM UCIIOAB30BAHMEM €€ IIPU BEIMUCICHUN CPYII KOTOMOJIOT AN
Xoxmumibaa, a Takke YMHOXKEHUSA B aiaredpe koromosnoruu. Hamomumm,
4TO aareGphl AUdIPATLHONO, MOJYAUDIPATLHOTO U KBATEPHUOHHOTO THU-
OB BO3HUKIM B paborax K. Opaman npm KracCupuKanuu CPYIIIOBBIX
6JI0OKOB, MMEIOIIUX PYYHOU THIl npeacrasieHus (cm. [4]).

B nocaeayromem noaxox u3 [3] ObLI NPUMEHEH K HEKOTOPBIM CEPUIM
anre6p KBATEPHUOHHOrO Tuna [5—7|, audgpanbHoro tuna [8, 9] u mouy-
zms>apansHoro tuma [10]. Kpome Toro, moaxox u3 [3] O6bLI MCIOTB30BAH
A Beraucaerus aare6per HH*(R) maa aare6p Jlo-lyasna (cm. [11]) n
U151 LEJIOYUCIEHHOr 0 DPYINOBOr0 KOAbIA Z[ Dapy | “9éTHEIX” 1u5 IpATbHBIX
rpynm (r.e. nopsagka 4m) [12] (em. rakxke [13]).

Nmetorcs Takke 9aCTUYHBIE PE3YJIbTATHl, OTHOCAMIUECA K OIMMCAHUIO
anre6per HH*(R), moayvennee nis Tak Ha3beBaemMon aareGper Mébuyca
[14-16], 4/ HEKOTOPBIX CEMEICTB CAMOMHBEKTUBHLIX aare0p KOHEUHOrO
THIA OPEJCTABICHNS, UMEIOIINX ApeBecHbn tun D, [17, 18], gt cemen-
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CTBa aareOp KBATEPHUOHHOI'O THUIA C ABYMS MPOCTHLIMA MOIYJIAME B Xa-
pakTepucTuke 0Tau4HON oT 2 [19], a Takxke 1 MPYHIOBEIX OJIOKOB Y-
HOrO THUMA TPENCTABICHUA, MMEIOINX OMUH WIA TPU MPOCTHIX MOTYJIA
(em. [20)).

Hacrosmas pabora sasasercs npoxo/kerueMm crarbu [10], B koTopon
aarebpa KOroMOJOru XOXIIWIbIa, ObLIa ONUCAHA IJIA OJHOU U3 CEPUU
JOKAJTBHBIX aIreOp MOy I3 IPAJBLHOrO TUIA Hal alrebpandecK 3aMKHY-
TeIM TOIeM K XapaKTepuCTUKHA ABa. A IMEHHO, C IOMOIILIO0 OMMOIy TLHON
pe3oabBeHTH, mocTpoerHou B [10], mer onuceiBaem aare6py HH*(R) s
aarebp pacCMaTPUBAEMOU CEPUM B CAy9ae, KOraa OCHOBHOE mose K nmeer
XapPaKTEPUCTUKY, OTIMIHYIO OT IBYX.

1. POPMYJNPOBKA OCHOBHOTI'O PE3YJbTATA

[Iycte K — anrebpanvecku 3aMKHY TOE MOJE TPOU3BOILHON XapaKTepu-
cruku p := char K, R — komeunomeprasa K-aarebpa, A = R®* = RQk R°P
— eé obépreBatomas aarebpa, HH"(R) = Ext} (R, R) — n-as rpynmna xo-
romoyioruil Xoxumibga atrebpst R (¢ kosdduuuenramu B R-6umonyae
R). Aazebpa xoeomonoeuti Xorwuibda — 3TO JUHETHOE TIPOCTPAHCTBO

HH*(R) = @) HH"(R) = €D Ext} (R, R),

n>0 n=0

cHabxkénnOe —-npomsBegenueM. Anrebpa HH*(R) saBaseTcs rpagyupo-
BAaHHO KoMMyTaTuBHOU [21]; kpome Toro, —-npoussegerue Ha HH*(R)

coenagaer ¢ npomssenenneM Nonensr va Ext-anrebpe @ Ext) (R, R) A-
n=0

moayas R [22, crp. 120].
HOna k € N, k > 2, onpegeaum K-anrebpy Ry, = K(X,Y)/I, rge I -
ugean ceobonuon aarebpsr K (X, YY), mopox qéHHEIN daeMeHTaMu

X2y (X)L v2 (XY)F — (v X))k X(YX)F.

O6pasbl ameMerTOB X, Y OTHOCATEILHO KAHOHMYECKOI'O MOMOMOP(pU3MA,
u3 K(X,Y) B Rj, 0603Ha4aeM 4epe3 & U y COOTBETCTBeHHO. Anrebpa Ry,
— CUMMeTpUYeCKas JOKAIbHAA aarebpa, UMEIOmas PyIHON TUIl [PenCcTa-
Baenus [4, I11.1.2]; kpome toro, B repmunax [4, Chap. VIII] aare6pa Ry
— 5T0 aarebpa MOLy IU3 IPATLHOTCO THIA.

Manee 10 KOHIA HTOrO pas3fena MBI IPEANoaaraeM, 9to p # 2 (mamo-
MHUM, 9TO B caydae p = 2 aare6pa HH* (R ) onucana B [10]).
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s onucanma amre6per koromonorunin Xoxumabna HH* (Ry) nas an-
re6p Ry (k > 2) MBI HOCTPOMM HEKOTODPBIE I'DALyUPOBAHHBIE AIIEOPHL.
IIycts

Xl = {p1,p2,p3,ul,UQ,Ul,UQ,Ug,wl,’IUg,t}. (].].)

Ha amre6pe K (X)) BBegéM rpagympoBKy Takx, ITO

degp) = degp, = degp; =0, degu; =deguy =1, 1o
degv; = degvy = deguvz =2, degw; = degwy =3, degt =4. (1.2)

Onpepgennm rpanyuposannyio K-arre6py A; =K (X1) /I, rae ugean I;
HOPOXKAEH CICHYIOIIMMHA SJIEMEHTAMMA:

— crenenu 0: kil 2 o
pl ) p2 ) p3 ) (13)
pip; ma 1 <i<j<3;
— crenedu 1:
Piu1, Pauz, P3us, Pi tus; (1.4)
— cTeneHu 2:
P1v1, p3vi, p1V2, P22, (1 5)
Pp2v3, p3vs,
Yo, pavs; (1.6)
U1u2;
— crTeneHu 3:
p1w1, p3wi, (1.8)
plf_lwm P2w2, P3ws, (1.9)
u1v3, U201, U202, (1-10)
U203 + P1w2, Pau1v1 — Pawi; (1.11)
— creneHu 4:
pit, (1.12)
pot, v22 — 2pst, v32 +p12t, (1.13)
v1v2, V13, U203, (1-14)
U2W1, U1 W2, U2W2, P2U1W1; (1-15)
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— CTEeNeHu J:
VW1, V3W1, (116)
v1ws2, V2W2, (].].7)
V3W2 —p1U2t; (118)

— cremneHu 6:
w1 W2, (1.19)

a TaKXKe DJIEMEHTaMHU BHUIA

ab — (—1)98ade8bhy g Beex a,b € AL (1.20)

B cuny oguopoauocTu maeana I; aarebpa A; HacmenyeT rpalyupOBKY C
anre6psr K (X7).
Tenepp paccMOTPUM MHOXKECTBO

Xo = {p1,p2,p3, U, 4,01, 02,03, w1, W2, t}. (1.21)

Ha anre6pe K (X») BBOAUTCA rpagyupOBKa TaK, ITO

degpy = degpy = degps =0, deguj = deguy =1, Lo
degv; = degvy = deguvs =2, degw; = degwy = 3, degt = 4. (122)

Omnpegernm rpagyupoBantyio K-aarebpy As = K(X»)/I5, roe unean
I, nopoxnén ob6pasywommmu suga (1.3), (1.5), (1.8), (1.13), (1.14), a
TAaKXKe dJIEeMEHTaMu:

k, 1 " " .
Py Uy, P3Uy, PaUg, P1U] — P1U4;
k—1 "o
p1 U3 — P3U2, UjUs;

ko~ ~ ~ "
w2, p2w2, p3wz, U)vV2, U4V1,

” ~ ~ ” .
U V3 + P1Wsz, U4V3 + P1W2, P21 — PaWi;
"~ ~
Uy w2, UaWi, U4W2;
niwz, V2w, V2wW2, VWi,
~ Iy,

U3W2 — Pruy t;

wiw2;

u SJIEMEHTaMM BU A
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ab— (—1)%€296 hq  1ng Beex a,b € Xy,
Kpome Toro, ma amrebpe A; BBOIUTCA IPaLyUPOBKA, MHIYIUPOBAHHAA
rpanyupoBkont K (Xs).
Teneps paccCMOTPUM MHOXKECTBO
X = {p1,p2,p3,uy,v1, 02,03, w1, t}. (1.23)

Ha amre6pe K (X;) BBegéM rpafympoBKy Takx, ITO

degp; = degps = degps =0, degu) =1, (1.24)

degv; = degvs = deguvs =2, deg wy = 3, degt = 4. '
Ounpenenum rpagyuposanuyio K-anreopy As = K(X5)/I3, rae ngean I3
nopox aéu snementamu suga (1.3), (1.5), (1.6), (1.8), (1.12), (1.13), (1.14),
(1.16), a Takxe aIeMeHTAMU:

p1kU/1: pauyvr — (k= 3)pawi, pruywi

U DJEMEHTaMU BUIA

ab — (—1)9e8ad8bhy  nng Beex a,b € Xs.

Ha anrebpe A3 BBOAUTCA TpaIyUPOBKA, UHAYIIUPOBAHHAA IPATYUDOBKOU
K {X5).

Jlajee, paccMOTPUM MHOZKECTBO
!
Xy = {p1,p2,P3, Us, U5, V1,02, V3, w1, 1} (1.25)

Ha amre6pe K (Xj) BBegéM rpaiyupoBKy Tax, ITO

degpr = degps = degps =0, deguy =degus =1, } (1.26)

degv, = degvy = degvs = 2, deg wy; =3, degt = 4.
Ounpenenum rpagyuposanuyio K-anreopy Ay = K(Xj)/I}, rae nxean I

nopox aéu snementamu suga (1.3), (1.5), (1.6), (1.8), (1.12), (1.13), (1.14),
(1.16), a Takxe 2IeMeHTAMU:

k
D1 Ug, P2uy,
bius 4JIA i = ]-7 27 35
U4Us5; U5V2, U5V3, U5Vl — P2Wi;

uswy; uslt;
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W DIEMEHTAME BUIA
ab— (—1)%€296 hq  nng peex a,b € Xj.
Ha anre6pe A} BBOIUTCA Ipa1ynpoBKa, UHIyIUPOBAHHASA IPALYyUPOBKON

/
K (X35).
[lanee, pacCMOTPUM MHOXKECTBO

X3 = {p1,p2, p3,u},v1,02, 03, wy, t}. (1.27)

Ha anre6pe K (X;') BBeném rpanyupoBKy Tax, ITO

degpy = degpy = degps =0, deguj =1, (1.28)
degv, = degvs = degvs =2, deg wy = 3, degt = 4. '

Omnpegennm rpagyuposaunyio K-amrebpy A4 = K(X{')/IY, rae unean
IY nopoxnén snementamu Buga (1.3), (1.5), (1.6), (1.12), (1.13), (1.14), a
TAKXKE DICMEHTAMIE:

prui;
piwy st =1,2,3;

UaWyq, U3W4;
U IeMEHTAMYI BUIA
ab — (—1)9e8ad8bhy  nng peex a,b € XY
Ha anre6pe Aj BBOAUTCA FpafynpoOBKa, MHAYIUPOBAHHAA [PALYUPOBKOM

K(g).

[Manee, pacCMOTPUM MHOXKECTBO
Xy = {p1, P2, ps, uf, uz, 01,02, V3, W1, Wa, w3, t}. (1.29)
Ha amre6pe K (X,) BBegéM rpaiympoBKy Takx, ITO

degpr = degps = degps =0, degu) = degus =1,
degv; = degvy =degvy =2, degw; = degwy =degws =3, 3 (1.30)
degt = 4.
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Ounpenennm rpagyuposarnyio K-amrebpy Ay = K(Xy)/I4, roe unean
I, mopoxnéH saementamu Buga (1.3), (1.5), (1.6), (1.8), (1.13), (1.14),
(1.16), a Takxke dIeMEHTAMA:

k. 1 " . .
Py Uy, p3uy, piuz OJII 1 = ]-7 273)
"o
U1U3,
k~ ~ ~
P w2, paw2, p3w2,
piws AJsd i= ]-7 27 37
" " ~ "
D2w1 — P2uq U1, Uy U3 + P1w2, Uy V2,
uzv; ot =1,2,3;

"~ " ~ .
Uy w2, U W3, U3Wl, U3W2, U3W3;
V1ws, V3WwWs;
vaws + 2ust, viws miA i = 1,2, 3;

W1W2, W1 W3, W2wW3;
U dJeMEeHTaMU BUIA
deg adegb
ab — (—1) ba pmus Bcex a,b € Xj.

Haxower, na anredpe A4 BBOAUTCA IPalyUpOBKa, HHAYIUPOBAHHAA I'Pa-
ayuposkou K (X,).

Teopema 1.1. IIycte R = Ry, k € N\ {1}.
(1) Ecau p = 3 u 3 He geaur k, To aarebpa KoroMoaorus XOXIIHIb a
HH"(R) xak rpagymposannas K-aire6pa mzomopgra aarebpe Aj.
(2) Eciu p = 3 u 3 gemut k, o HH*(R) ~ A, kak rpazyupoBaHHBEIC
K-amre6per.
(3) Hpegmoroxum, aro p ¢ {2,3}, u p He geaur k.
(3a) Ecam, kpome Toro, p me geant (k — 3)(4k — 3), To HH*(R) ~ A3
Kak rpaayupoBaHHBE K-amareOper.
(3b) Ecum, kpome Toro, p gemut k — 3, ro HH*(R) ~ A} xak rpazy-
upoBaHHble K-aareopsr.
(3c) Ecam, kpome Toro, p gemur 4k — 3, ro HH*(R) ~ AY xak rpa-
nyupoBaHHBIE K-aareOpsr.
(4) Ecaup & {2,3} up gemut k, To HH* (R) ~ A4 kak rpagyupoBaHHEIC
K-amre6per.
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3ameuanue 1.2. U3 onucanus aarebp Aj,..., A4 Jderko ciegyer, 9To
anre6pa HH*(Ry,) (upu p # 2) Bcerma He KOMMY TATUBHA; IEUCTBATENIBHO,
BO BCEX CAYYIaIX MOXKHO yKa3aTh 0OpPa3yIoIIylo CTerneHn 1 n 06pa3yonryio
CTereHu 3, MPOU3BEJEHNE KOTOPHIX He PABHO HyIto (cM. 3amedanue 3.10).

B mponecce nokasaTeabcTBa TEOpeMbl 1.1 MBI BEIMHUCIAEM TaKXKe pas-
mepuoctu rpyun HH"(Rj). CoorBercrByiomue pesyabTaThl IPELCTA-
BJIAIOT CAMOCTOATENLHLI MHTEPEC, M MBI UX OOBEIWHUM B CJIEIyHOIIEM
yTBEpK ICHUN.

Caeacreue 1.3. (1) Ecimp #2 uptk, o

k+3, ecmm n =0,
dimy HH"(Ry,) =4 k+3+2[2], ecm n=3( mod 4),
k+2+2 [%} B OCTAJIBHBIX CIydadx.

(2) Ecomp=3wu3 |k, o

k+4+2[2], ecmr n=3( mod 4),

dim HH"(Ry) = 1
K (B) { k+3+2 [%} B OCTAJBHBIX CIYIAAX.

(3) Ecmp € {2,3} mp | k, TO

k+3+2[2], ecwm n=0( mod 4),
dimg HH"(R) =< k+4+2[2], ecm n=3( mod 4),
k+2+4+2 [%} B OCTAJbHBIX CIy49adX.

2. I'PyIIIIBI KOI'OMOJIOT U

IIycte R = Ry — K-aarebpa, onpeznenénnas B pasgene 1, mpu 3ToM,
ecyu He OI'OBOPEHO MHOE, IIPeIIoNaraeTcs, ITO XapaKTepucTuka momus K
orauuna oT 2. Aarebpa R momyckaer B kKadecTBe K -6a3uca MHOXKECTBO

Br ={(zy)" |0 <
10

i <k}U{(yz)' |1<i<k—1}
U{z(yz)' |0 <1

i<k—1}U{y(zy)' |0<i<k—1},

COCTOIIEE U3 BCEX HEHYJEBBIX [y Tel KoJadaHa aarebpsl R (oH cocTout u3
OJHOU BEPIIVHBL U ABYX IeTelb T U Y). B cBoo ouepens 06EpThHIBaIOMmIAs
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aarebpa A amrebper R pomyckaer K-6a3uc, COCTOSIIAU U3 DIEMEHTOB
BHIA

u®uv, rge u,v € Bg.

YMHOXeHue crnpaBa Ha daeMeHT A € A maayuupyer sHgoMmopdusm A*
aesoro A-monyma A; B maabHeumeM pagd MPOCTOTHI MBI OyIeM €YacTo
DTOT PHAOMOPGU3M 0003HATATH TAKKE Iepe3 .

PaccmorpuMm crenyromme saeMeHThl aareoper A = RS:

Y =yel-1®y, YT=yl+1lxy, (2.1)
X =z®l-1®a«z, (2.2)
=1l .
p1 = (ya)' @ (ay)* 1, (2.3)
i=0
k—2 . .
pr=—z@l-loz+y yloy) @yly) >, (2.4)

=0
=z(yo)" ' @1 -1@a(yn)*,
pt=a(ye) T @1+ 1@ a(ya) T,
b= (yo)" @ (zy)*,
T=Y"- X", o=X".¢.

Kpowme Toro, onpezneauM ciaegyiolme roMOMOP(OU3IMEL

<I>:<£1>:A—>A2, U= (pt ):A? = A,
2

— Y+ . 2
o ()

B kareropuu (aeBbix) A-MOyJIer HOCTPOUM CIEAYIOMMNA GUKOMILIEKC
Bee, PACIONOKEHHBIN B IIEPBON I€TBEPTU ILNIOCKOCTHU (HEHYJIEBHIE CTPOKU
u cToububl 3anyMepoBanbl uciaamu 0,1,2,...):
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| ¥
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(2.9)
Crenyromee yTBepx geHue gokasaso B [10].

Ilpegnoxenne 2.1. Ilycre R = Ry, u nycrs char K npoussoabaa. To-
ramusanusg Qe = Tot(Bee) Ourominiexca (2.9) BMecTe ¢ IODOJIHAIOLIAM
orobpaxernuem |i: Qo = A — R, mHAYOUPOBAHHBIM yMHOXEHHEM B R
(r.e. u(r ® s) = rs), npeacrapigeT cOG0H MEUHAMAIBHYIO ODOEKTHBHYIO
pesoabBeHTy A-Moxpyiaa R.

3amequanue 2.2. [Iycts @, -+, R — MuHIMaIbHAS A-npoexTusnas(=A-
cBOOOIHAA) Pe30IbBEeHTa aIrebpsl R, omucanHas B npegnoxenun 2.1. B
OaJbHENIIeM MEL Beeria 0y 1eM UCIIO/Ib30BATh YIOPS [OIEHNE IPAMBIX Cla-

raeMbIX B PA3/IOXKEHNN -0 WIeHa STOR Pe30abBeHTH @, = @ Bjj mo

i+j=m
BO3PACTAHWIO BTOPOro mHAekca j. COOTBETCTBYIOMEE DPA3JIOKEHUE MO-
ayaa @, OymeM HasbIBATb CTAHIAPTHBIM.

3amedanune 2.3. IIycrs [, o6o3madaer paur cBobogHoro A-momyasn @,
(BHOBB (), — 2TO N-U wWieH pe3oubBeHTH u3 upegioxenus 2.1). Torza
paccMaTpuBas CTpoeHue OukoMIniekca (2.9), mouaydaeM:

_{ 1+2[2], ecmm n=0( mod 4), (2.10)

=
242 [%] B OCTAJIbHEIX CJLy4Iasax.

PaccmoTpum 6GUKOMILIEKC Age, COCTOAIMA U3 OBYX MEPBHEIX HEHYJE-
BBIX CTPOK OukoMmILTeKca Bee ¢ HOMepamu 0 m 1 (a oCTaTbHBEIE CTPOKHU B
Aee mynesrnie). llycts X, = Tot(Aee). Creayromee yTBepx IeHAE TAKKE
noaydeso B [10].
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Ilpegnoxenune 2.4. Umeer mecro KOPOTKas TOYHAA IIOCIELOBATENb-
HOCTHb KOMIIJIEKCOB

0 — Xo — Qo — Qu[~4] — 0,

B KOTOPOH in: X, — @y — BIOXKEHHe B Ka4eCTBE IPAMOIO CJIaraeMoro,
am,:Qn — Qn_4 — IPOEKIHUA HA COOTBETCTBYIOLIEE IPAMOE CIAAEeMOe
(n > 4).

Mas Beraucaerus koromonorun HH" (R) aarebpsr R = Ry, MBI HCIIOJIb-
3yeM KOMILIEKC

(HomA(Qn,R), §" = Homy (d, R) ) . (2.11)
n>0

Tax xax s a6oro n > 0 Moxyasb (, CBOOOIHBIN, TO MOOOU DIeMeHT f
u3 Homy (Q,,, R) oroxgecTasercs ¢ mabopom ero suadenui f(el)) € R
Ha DJIEMEHTAaX KAHOHWYIECKOro 0asuca MOAyasa () (T.e. i-1 KOOpAUHATA
B e() paBma 1 ® 1, a ocTaIbHEE PABHLI Hya). B nambHenmmeMm, xorga
B TakoM Habope 3Ha4YeHUU f BCTPEUAETCS MOAIOCAENOBATEILHOCTD, CO-
CTOAIIAA U3 HyJEU, CKaXeM, U3 T IITYK, TO MBI TaKyi0 IOAIOCIEIOBA-
TeabHOCTH 0603HadaeM 4depe3 O,.. AHATOIMYHO HYJIEBYIO ' X S-MATPUILY
o6o3HagaeM depe3 O, ¢; IPU 5TOM MBI OIyCKAEM YKA3aHUE Ha PA3MEDHI
TAKOU MATPUIILI, €CJAM OHYU JCHBL M3 KOHTEKCTA.

Ormerum, uro eciu f = w*:A — A — romMmomMopdu3aM yMHOXKEHUS
cmpaBa Ha w € A, TO B COOTBETCTBUU C YKA3AHHBIM BBIIIE OTOXK IECTBIIE-
HUEM WHIYIUPOBAHHBLIM TOMOMOP(U3M a0EJEeBEIX I'PYIIIL

w:Homp (f, R):Hom(A, R) @ R — Hom(A,R) ~ R

JencTByeT caeayiomum obpasoM: 1 € R orobpaxaercs B w * r (rge
coorBercTByeT A-MOIYIbHOU cTPyKType Ha R).
[MosTomy mudpdpepennman

§%: Homp (Qo, R) ~ R — Homy (Q1, R) ~ R?
MOXKET OBIThL OTMUCAH CICAYIOMUM 00pa3oM: mid r € R
W)=Y "%, X" xr) = (yr —ry, zr — rz).

Crenyromee yTBepx aeHre GhakTUUecKu ToKaszaHo B [10, mpegnoxenue
3.1], MOCKOIBKY B COOTBETCTBYIOUIEM NOKA3ATEILCTBE HE HCIOIB3YIOTCS
orpaunuyenus Ha char K.
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IIpeamoxenue 2.5. (1) IIpocrparncrso HHY(R) gomyckaer B katecTse
K-6azuca caegyromiee MHOXKeCTBO

{(@y)"+ (o) [1<i <k —1}ULL a(ya) ™, ylay) ™, (ay)'}. (2.12)

(2) IIpocrparcteo Im §° gomyckaer B kavecTse K -6a3uca MHOXKECTBO,
cocroAmee u3 CIeAYIOMHUX 3JIeMEHTOB

(wy)* + (yz)',0) ama 1<i<k—1,
(0, () + (y2)') amn 1<i<k-1,
(y(y)', z(yz)’) am 1<i<k-—L

B wacrrocru, dimg HH®(R) = k + 3, dimg Im 6°(R) = 3k — 3.

3amedqanue 2.6. B naupnenmem mjus HEKOTOPBIX daeMeHTOB u3 (2.12)
OyZeM HCIIONb30BATH CAEIYIOLINe COKPAINEHHBIE 0003HATEHNSA:

, ps = ylay) (2.13)

Ormernm, aTo pi = (zy)’ + (yz)! (1 <i <k — 1), pf = 2(zy)*.

pri=ay +yz,  po = a(yx)kTt

[Ipexge ¥eM MPOAOMKUTL BBIUUCJACHUE TPYII KODOMOJOTUU, OTME-
TUM CJeRyIoIlee BCIOMOI'aTEeTbHOE yTBEpPXKIEHWEe, TOKA3BIBAEMOe Mps-
MBIMU BBEIYUCJICHUAMIU.

Jlemma 2.7. [usa saemenra Y € A paccmorpum oTobpakeHue
X:R— R, x(r)=xx*r.

Ecam x € {p~, ¥} (cm. o6o3magenns B (2.5), (2.7)), To X — Hys1€BOE OTO-
OpazkeHue.

Nudpdepenmman §': Homy (Q1, R) — Homp (Q2, R) ommceiBaeTcs cie-
IyIOmUM 06pa3oM: oA ri,rs € R uMeeM

6t (re,ra) = (Y sry, 01 %1 + @2 % 72).
[pennonoxum, aro (ry,rs) € Ker 6%, T.e.

YT s =yry +ry =0,
k—1

prombprxry = (yz)' - - (ay)t
=0 (2.14)

k—2

+ary + o + Z(yx)’y 1y - y(zy)F 2 = 0.
i=0
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IIpescTaBuM KOMIIOHEHTEL 3TOIO 1-KOIUKIA B BUIE
ry = Z AW, T = Z W (2.15)
wEBR wEBR

(Aw, tw € K). IlepBoe ypasuenue u3 (2.14) npuBogur K CJaeLyOmuM CO-
OTHOLICHYAM:

Aay)yi T Aye)yi =0 ama 1<i<k—1; 916

Ae(yeyi =0 mma 0<i<k—1; )\1:0.} (2.16)
Hanee, BTopoe ypaBuenue u3 (2.14) paBHOCHIBHO CHCTEME

B(ey)i t ey =0 maa 1<i<k—1,

Hoy(ay)i =0 ma 0<i<k—2,

kAy + (K —3)py =0, (2.17)

/\acy + /\yx - 2uy(1‘y)k*1 =0,

Al = U1 = 0.

Teneps amanusupys coornomenus (2.16) u (2.17), serko npuxogum K
CIeNYIOIMUM yTBEPK IeHUAM.

IIpeamoxenue 2.8. (a) Ecim p = 3 u 3 1 k, To mpocrparacrso Ker §t
)

JAoIycKaeT B kadecTBe K -0a3uca MHOXKECTBO, COCTOAINEE U3 CACAYIOIIHX

3J€MEHTOB:

((wy)l - (ya)*, 0) u (0, (zy)" — (y:v)‘) o 1<i<k—1, (2.18)
(y(wy)i, 0) o 1<i<k—1, (2.19)
(o,az(yx)") i 1<i<k—1. (2.20)

v, —), (@*, 0), (0, @y)"). (2.21)

(b) Ectzp = 3 u3 | k, To a1a moryienus 6asuca npoctparcTsa Ker 6
HAA0 B MHOXKECTBO, YKa3aHHOE B IyHKTe (a), BMecTo saeMeHTa (Y, —)
(cm. (2.21)) Brarouurs saementsr (y, 0) u (0, x).

(c) Ecm p # 3, To g1a noryderus 6asuca mpoctparcTsa Ker §' mago
B MHOXKECTBE, VKa3aHHOM B HyHKTe (a), saemenT (y, —&) 3aMEHUTH Ha
aaement ((k — 3)y, —kx).
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IIpepmoxenne 2.9. (a) IIpegnosoxum, aro qubo p = 3 u 3 He geaur k,
mubo p # 3. Torga npocrparctso Im 6' gomyckaer B kavecrse K -6asnca
MHOXECTBO, COCTOALIEE U3 CACAYVIOIUX AJIeMEHTOB:

((a;y)i + (yz)', o) u (o, (zy)! + (yaz)i) amr 1<i<k—1, (222)
(y(:ny)i, 0) " (o,az(yx)i) i 0<i<k—1, (2.23)

(0, y@y)* 1), (@w*, 0), (0, @n)*). (2:24)

(b) Ecitmu p = 3 u 3 | k, To gna moaydenusa Ga3uca ONpOCTDAHCTBA
Im ' mago ms mmoxecTsa, ommcanmoro B (2.22)—(2.24), ygamrs sie-

MEHT (0, y(xy)k_l).
N3 npemmoxenunt 2.5 u 2.8 BBITEKACT CICIYIOUIEE YTBEPK JCHUE.
Caeacrsue 2.10.

dimy HH' (R) = { k+2, ecm p=3wu3me gemr k i p £ 3,

k+3, ecmm p=3wu3 gemur k.

Ucnonsays memmy 2.7, moayaaem, 4to auddepermuart §2: Homy (Q2, R)
— Homy (@3, R) onuceiBaeTca dhopmyaon: aat ri,re € R
82(ri,me) = (Y™ %1y, —T % 13).
[pexmonoxum, 9T0 (r1,72) € Ker §2, n mpencTaBuM KOMIIOHEHTI Ty , Ty

B Buge (2.15). Torga aHAIOrMYHO MPEnBIAYIIEMY IPUXOIUM K CIE LY IOIIM
COOTHOLIEHWSM, CBA3BIBAIOIIUM KOOD IMHATHL pas3jokenuu (2.15):

A(xy)i = /\(yz)i o 1 <i<k—1;
Ae(ya)yi = 0 o 0<i < k—2
/l,(zy)z = /l,(yz)z IJIs 1 § ) g k—1.
ABammM3upys 5TH COOTHOMICHNA, IOIYIaeM CICIYIOMMe IBa, yTBEPK Ie-
HUA.

IIpeanoxenne 2.11. IIpocrparcrso Ker 6% gomyckaer B kagecrse K-
6a3uca MHOXECTBO, COCTOAIIECE U3 CACAYIOIUX JICMEHTOB:

((:vy)z + (yz)?, 0) u (0, (zy)' + (y:v)z> o 1<i<k—1, (2.25)
(y(wy)i, 0), (y(:vy)i, 0) u (O,x(yx)i) pa 0<i<k—1, (2.26)

(1,0), (a(y2)*™", 0), (0, 1), (@), 0), (0. (ap)*).  (227)
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IIpeanoxenmne 2.12. IIpocrpancrso Im 6% gomyckaer B xavecrse K-
6a3uca MHOXECTBO, COCTOAIIECE U3 CACAYIOIUX JCMEHTOB:

((wy)i — (yx)’, 0) moa 1<i<k—1, (2.28)
(0, (zy)" + (yx)’) gia 2<i<k-1, (2.29)
(y(a:y)i, 0) amr 1<i<k-—1, (2.30)

(0, (xy)k>. (2.31)

N3 npemmoxenun 2.9 u 2.11 HENOCPENCTBEHHO BEITEKALT

CaeacrsBue 2.13.
k+2, ecm p=3wu3 He geaur k wiu p # 3,

dimg HH*(R) =
e (B) {k+3: ectn p =3 u3 gemut k.

IMupdepenmuan 63: Homp (Q3, R) — Homy (Q4, R) onucwisaeTcsa dhop-
MYJIOU: It 71,7y € R

8B (ri,re) = (YT xry, =Y~ %7y, 0 %73),

u ecru (r1,72) € Ker 82, To npeacrapian r; u ry B Buge (2.15), moxy<amm
COOTHOLICHU:

)\(ﬁy)i + )\(yﬁ)i =0 ma 1<i<k—1,;

A =0
B(zy)i = H(yz)? oma 1<i<k—1;
:ua:(ya;)zzo IS 0<'L<k—27

=0, k- py =0.
OTcroa Jerko moIyvaeTcs cleryolee omucanue A1pa u obpasa 0°.

Ilpeanoxenue 2.14. (a) Ecmu p gemnt k, To npoctpanctso Ker §° go-
myckaeT B kadecTBe K-0asumca MHOXECTBO, COCTOAIIEE U3 CACAYIOLIAX
5JIEMEHTOB:

((a;y)i ~ (yz)’, o) u (o, (zy)! + (yaz)i) amr 1<i<k—1,(2.32)

(y(:ny)", 0) " (o,y(a:y)i) amr 0<i<k—1, (2.33)
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((wy)k, 0), (0, x(yz)kL, 0), (0, (:vy)k). (2.34)

(b) Ecu p me geant k, TO 411 nomyenns 6azuca npocrparctsa Ker §°
Ha0 U3 MHOXKECTBA, ONUCAHHOrO B HmyHKTE (a), yaamuts saement (0,y)
(cm. (2.33)).

IIpepmoxenne 2.15. (a) IIpesmomoxum, aro p gemur k. Torga mpo-
crparcTBo Im 82 gomyckaer B kadecrBe K-6a3uca MHOXKECTBO, COCTOA-
mmee U3 CIeyIOIHX JIEMEHTOB:

((:cy)"+(yx)i, 0, 0) u (0, (zy)’ — (y), 0) s 1<i<k—1, (2.35)

(y(azy)i, 0, 0) i 0<i<k—1, (2.36)
(0, y(zy), 0) am 1<i<k—1, (2.37)

((wy)k, 0, 0), (0, 0, :U(ya:)k_l). (2.38)

(b) Ecau p me gemur k, TO aaa moaydeHus 0asuca OPOCTPAHCTBA
Im 63 mazo xk MEHOXECTBY, omucartomy B (2.35)—(2.38), mpucoeants se-

MEHT (0, 0, (:Uy)’“)

Caeacrsue 2.16.
k+3, ec e Je. k,
k+4, ecma p gemur k.

[Mamnee, BHOBb UCIOAB3YA JeMMYy 2.7, MOLydaeM, 9TO auddepeHman
§%: Homp (Q4, R) — Homp (Qs, R) meiicTeyer ciemyrommM 06pa3oM: s
ry,re,r3 € R

§'(ri,m2,m3) = (Y7 k1, =Y T xra, pTary + V7 53, X7 x713).

Ecmu (r1,72,73) € Ker 6%, To npencrasum ry u ry B Buge (2.15), a Taxxe
3amumem 3 = Yy Vpw, Tae v, € K. Torma nna xosdpuumenTos

wEBR
DTUX PABIONKEHUY BBIIOJIHIOTCSI COOTHOIICHUS:

/\(zy)i = A(yx)i ms 1 <1< k—1;
/\z(yz)i =0 ot 0<e < k—2;
K(zy)i + H(yz)i =0 o 1<i<k—1;
Ha(yz)i =0 o 0<e < k—1;
p1 =0, Hy = 0,

V(izy)i = V(ya)i msn 1 <1< k—1;

Va(yz)i = 0B Vy(gyye =0 mma 0 <@ < k—2.
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Ananu3 5TUX COOTHOWIEHWI MPUBOAUT K CJAEIYIOIIEMY ONUCAHUIO AIAPA U
o6pasa §%.

IIpearoxenue 2.17. (a) [pocrparcrso Ker §* gomyckaer B xazectse
K-6a3uca MHOXECTBO, COCTOAIIEE U3 CICAYVIOMHUX 3JeMCHTOB:

(@)’ + @), 02), (0, (@) = @), 0) u (0, (@y)’ + (wa)')

g 1<i<k—1, (2.39)
y(x 02) g 0<i<k—1 (2.40)
0, y(z )gwmlgigk—l, (2.41)

(2.43)

(b) IIpocrparctso Im §* nomyckaer B kagecrse K -6a3mca MHOXKECTBO,
cocroAmee u3 CIeAYIOIUX 3JCMEHTOB:

((zy)" = (y2)", 05 ), (0, (zy)"+(y2)', 02), ( Oz, (zy)' = (yx)', 0), (2.44)
(0s, @y)' = o), ) (O ylay)', —alya)'),  (249)

(vay), 05) w (0,y(ey)’,02) amn 1<i<k-1  (246)

(0, =y, 2(y2)* 1, 0), (0, (@9)*,02 ), (0s, (@y)*, 0).  (247)

Caeacrsue 2.18.

di HH4(R) { k+4, ecmn p He gemur k,
im =
K k+5, ecmm p gemur k.

Ilpepmoxenune 2.19. /lran > 5 umeem:

dimgx HH"(R) = dimgx HH""*(R) + 2.

HdokazarensbcTBo. W3 npennoxenus 2.4 ciegyeT, ITO UMEETCA CIAEIYIO-
Ias TOYHAS OCIEeJOBATEIBHOCTD KOMILIEKCOB
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0 — Homy (Qs[—4], R) == Homy (Qa, R) —— X* — 0,

rge X'* = Homy (X, R). DTa nocieqoBaTeabHOCTh, B CBOIO OY€Peb, IIPH-
BOIWT K JJIMHHOU TOYIHOU KOI'OMOJOIMYECKON IOCJAEI0BATEAbHOCTH
Ar-t n—4 * n
A5 HHY(R) © HH™(R)
. A X (2.48)
~5 H"(X®*) = HH"*(R) = ---

BrerauciuM kKoromosiorunu BCOMOaTeIbHOIO KOMILIEKCa X°.

Jlemma 2.20. Adman >4

dimg H*(X*) = 4.

HokazareascrBo. Kak 06brano, X" = Homy (X,,, R) upu n > 1 oro-
waecteaerca ¢ R? (a X — ¢ R); kpome TOro, MBI yIOPA [0MABAEM IPAMEBIE
craraembie B X,, B COOTBETCTBUU C ITOPSIIKOM MPAMBIX CIAra€MBIX B )y
(cM. 3amevanue 2.2).

Ouan = 2m + 1, roge m > 1, quddepenmuan B X'® onuceiBaeTCs
dopmymon di;’.’“(rl,rg) = (Yt xr;,—Y ™ xry) (31€Ch MBI yIUTHIBAEM
aemmy 2.7). Torga anasoruaso gokaszarenbcrBy npegnoxesun 2.8 u 2.9
nosry4aaeM, uTo Ker dg?.”l “MeeT B KadecTBe 0a3uca MHOXKECTBO, COCTO-
slIee U3 DIEMEHTOB

((:Uy)Z — (yz)*, 0) u (0, (zy)® + (y:ﬂ)’) o 1 <i<k—1;
(y(xy)i, 0) u (0, y(:vy)i) o 0<i<k—1;

()", 0), 0, 1), (0. 2wa)*"), (0, @@)*),

a mpocrpancTso Im dic”.’“ “MeeT B KadecTBe 6a3mca MHOXKECTBO, COCTO-

Anaiee nu3 3JIEMEHTOB
((wy)i+(yw)i, 0), (0, y(wy)i) u (0, (zy)" — (yw)i)
o 1<i<k—1;

(?J(Cﬂy)i; 0) am 0<i<k—1; ((wy)k, 0).
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Ananoruiso A 9éTHBIX 1 = 2m, m > 2, umeem d3% (r1,ra) = (Y~ *
r1,—Y T %ry), u TOrga, NO CUMMETPUM, MHOKECTBO

((:cy)’ + (yz)?, 0) u (0, (zy)t — (y:c)’) o 1<i<k—1;
(y(:ny)i, 0) u (0, y(wy)z> o 0<i<k—1;

(", 0), (1, 0), (awa)*,0), (0, @y)*)

saBaseTcsa 6a3ucoMm mpocTpancTBa Ker d2X”2 a MHOXECTBO

(@) = @), 0), (w(ay)’, 0) u (0, (ay)’ + (v2)')

o 1 <1 <k—1;

(0, y(wy)z> o 0<i<k—1; (0, (:Uy)k>

sBasgercsa 6aszucoMm Im dg(”;""l. Orcrona ciaegyer, 9ro mjus Bcex n > 4
dimy H"(X*) = 4, npu srom H*™(X*®), m > 2, nopoxmaercs KOroMo-
JIOIMIECKUMU KJIACCAMU DJIEMEHTOB

(1, 0), (za)*,0), O, ), (0, @y)*), (2:49)

a H2"TH(X®), m > 2, mopoxIaeTcs KOroMOIOrIMeCKIMY KIACCAME dJIe-
MEHTOB

v, 0), ()", 0), (0, 1), (0, a(ya)*~). (2.50)
O

[MpomomxrM noxaszaTenbCcTBO npeanoxenusa 2.19. [Jokaxem, 4To K
CB3BIBAIOIMX roMoMopdusmoB A" n3 mocregnosareasHocTH (2.48) mpm
n > 4 umeeMm

dimgIm A" =1
PaccmoTpum caepyromyoo guarpaMMmy, ICHOIB3YyEeMYIO NPU IOCTPOEHUN
CBS3BIBAIOLIEI0 FOMOMOP(U3MA:

Homp(Qn—4,R) —=— Homp(Qn,R) —0— a7 — 0

=t -] )

xntl 0

0

0 —— Homyp(Qn—3,R) ——— Homp(Qny1,R)




KOI'OMOJIOI'M XOXHINJIb A 163

eciu f € X" — n-koumuka, to f = z*(f) s HekoToporo f €
Homy (@, R), n Torga A™(cl f) = cl g, rae g € Homp (Q,,—3, R) — sae-
MeHT, TaKoit, uto 7*(g) = 6"(f).

[IpennonoxumM TOMOMHATENBLHO, 9TO N I€THO: n = 2m, m > 2. IlycTb
f = (r1,m) € X?™ — 2m-xonuxa. Yepes v: Qo = Xom @ Qom—a —
Xom 0603HAMMM TPOEKIWIO HA HPAMOE CIAraeMoe U ONPeIeTuM f =
foviQam — R, Te. f = (r1,r2,0). BBugy noxasareascrsa geMmer 2.20
MOXKEM TIPEANOJI0KUTh, ITO f ABIACTCA JUHEUHON KOMOUHAIIUEN DIEMEH-
TOB, YKa3aHHBIX B (2.49).

Marpuna guddepenuunana szm UMeeT CJIEAYIOULYK OJOYHYI CTPYK-
TYypPYy

Y= p7 0 Opr-3
0 Y+t |pt Oirs
Q
dy, = Ot—s2 | d2Qm_4 (2.51)

rgel = Iy, = lh41 (eM. bopmyry (2.10)). llosTomy mus

r{(0). (s 0). 0. )}

cpasy noaygaem, aro 02™(f) = 0, u, crenoaremsno, A?™(cl f) = 0. C
apyroii cropors, ecan f = (0, y), 10 *™ () = (0,0,2(ep)*, 0 ) = 7*(g),
roe g = (Q(xy)k, O) € Homp (Q2/m—3, R); 0pu 5TOM 13 BIAA MATPULLI
muddepennuana 624 (z1a m > 4 em. (2.51), a nra m € {2, 3} mago or-
MEeTBbHO BBEIUCATH MATPUIE! quddepernunanos dy u dz) HEOCPEICTBEHHO
yemarpusaem, 910 g ¢ Im 624, Orciona crenyer, aro dim Im A%™ = 1.
To, wro dimIm A%?™t! = 1 ama m > 2, mokasbiBaeTcs aHAJOrWIHO (B
DTOM ClIydae, paccMaTpuBasd »iaeMeHThl u3 (2.50), moaydaeM, 9TO JWIIb
ma f = (0, 1) mueem A2 FL(cl f) # 0).
Haxouen, u3 rounocru nocregosareasuocru (2.48) caexyer, 94To

dimIm A"™! — dim HH""*(R) + dim HH"(R) — dim Ker A" =0

- )
7 TaKuM 00pa3oM Impu n = 9

dim HH"(R) — dim HH""*(R) = dimKer A" — dimIm A"™' =2. O
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Caeacrsue 2.21. (1) Ecmptk, To

k+3, ecmm n =0,
dimpg HH"(R) = { k+3+2[2], ecmr n=3( mod 4),
k+2+4+2 [%} B OCTAJbHBIX CIy49a4X.

(2) Ecomp=3wu3|k, o

k+4+4+2 |2, ecm n=3( mod 4),
&mKHH%R):{ [i} ( )
4

k+3+2 [ } B OCTAJIBHBIX CIydadx.

(3) Ecmp #3 mp| k, To

k+3+2[2], ecwm n=0( mod 4),
dimg HH"(R) = ¢ k+4+2[2], ecmr n=3( mod 4),
k+2+2 [%} B OCTAJBHBIX CIYIaAX.

3. OBPA3YIOIIUE U COOTHOMEHUA

[Iycte R = Rj. Mbl mo-mipexHeMy IpeAoNIaraeM, ITO XapaKTepu-
CTUKa, OCHOBHOTO TOisA p = char K orawuna or 2. MBI cenmdac KpaTKo
onmmem mHTEpHpeTanuio npomssenerus Nomexer B anre6pe HH*(R) =

P Exty'(R, R), ncnoassoBannyio B [3]. Ilycte pu: Qe — R — MuHEMATD-
m=0
Has1l A-IPOEKTWBHAT PE30ABBEHTA, OMCAHHAL B pasgene 2. Ilycrs

Homy (Qa, R) = (HOmA(Qn,R),5n)

— kommiekc u3 (2.11). Toraa gus xouukaos f € Ker 6" u g € Ker 6 umeem
clg-cf =cl(uT’g) THf)), rae T'(h) 0603HAYACT (-0 TPAHCIALMIIO
kormkia h. B garereimenm Mbr Oygem omuceBarh Tpancaaman T (h) (i >
0) ¢ DOMOIIBIO MATPUL], COOTBETCTBYIOLUIAX CTAHJAPTHBEIM DA3I0KEHUAM
mogyaen @; (cM. 3amedanue 2.2).

Caygau 1. Crmavarta MBI UCCAeLyeM caydan, korga p = 3 u 3 1 k. U3
npemaoxerun 2.8, 2.9, 2.11, 2.12, 2.14, 2.15 u 2.17 BEITEKALT CICAYIOIIEE
yTBEPXK ICHUE.
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IIpeanoxenne 3.1. IIpegmoroxmm, aro p = 3 u 3t k. Torga:

(a) mpocrpancrso HH'(R) mmeer B xavecrse K-Gazmca MHOMKECTBO,
cOCTOAIIEE U3 KOMOMOJIOIMICCKUX KIACCOB CICAYIOIHX SJI€MEHTOB:

(y(wy)",o) g 1<i<k—1, (3.1)

(v.—2), (@*,0), (0, )" ); (3.2)

(b) mpocrparcreo HH?(R) mmeer B xadecrse K-6asmca MHOXECTBO,
cocTosIee U3 KOrOMOJIOTHIECKUX KIACCOB CACAYIOUIUX SIEMEHTOB:

(o,y(a:y)i) s 0<i<k—2, (3.3)

(1,0), (x(yx)k—l,o), (0, 1); (3.4)

(¢) mpocrparcreo HH?(R) mmeer B xagecrse K-6azmca MHO«KECTBO,
cocrodujee U3 KOMOMOJIOMHIECKUX KIACCOB CICYIOIINX HJI€MEHTOB:

(O,y(xy)i) aa 1<i<k-—1, (3.5)

(y,()), ((:vy)k,()), (O,xy+yx), (O,x(yx)k_l); (3.6)

(d) mpocrpancrso HH*(R) umeer B xawecrse K-6azuca MHOM«KECTBO,
coCTOAImEE U3 KOMOMOJIOIMICCKAX KIACCOB CICAYIOIHX JI€MEHTOB:

(02, (zy)t + (yx)i) s 1<i<k-—1, (3.7)

(1,02), (2(y2)" =, 02 ), (0, (@9)*,0), (02,1), (O y(an)* ™). (38)

IIpeanoxenune 3.2. (a) [pocrpamcrso HH®(R) mmeer B xavecrne K-
6a3uca MHOXKECTBO, COCTOALICE U3 KOIOMOJOIHICCKUX KIACCOB CACAYIO-
IMuX BIEMEHTOB:

(Og,y(:vy)i,()) aia 1<i<k-—1, (3.9)

(1:05), (@y)*,05), (0,2(y2)*™*,02),

(Os,y,—2), (03, (xy)k)' (3.10)
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(b) IIpocrpancreo HH®(R) mmeer B xatectse K-6asuca MHOMKECTBO,
cOCTOAIIEE U3 KOMOMOJIOIMICCKUX KIACCOB CICAYIOIHX JI€MEHTOB:

(Oa,y(wy)i) gir 0<i<k-—2, (3.11)

(1,05), (w(ye)*1,05 ), (0, (2p)*,02 ), (02,1,0), (05,1).  (3.12)

JokasareabcTBo. (a) AHAJIOIUYHO TOKA3ATEIBCTBY MPEIIOKEHUN 2.8
u 2.9 moryvaem (JeTann BLIMMCIEHIH OCTABIAEM TIUTaTeTo), 9To Ker §°
IMeeT B KadIecTBe 06a3nca MHOXKECTBO, COCTOAIIEe I3 HJIEMEeHTOB!

() = o), 04 ), (0, (29) + w2), 0 ), (02, (2y) = ()", 0),

?J(fﬂy)i; 03) o 0<i<k—1;
(xy)*, 03), (0, x(yz)kt, 02), (()7 —y, o(yz)*1, 0)7

(0, (:Uy)k,Oz), (Oz,y,—x), (03, (a:y)k).

C yuérom npegmoxenus 2.17, (b) orcioga BeBoguM Tpefyemoe yTBep-
XK IeHUe.

(
(03, :U(ya:)‘) u (0, y(zy)’, Oy ), roe 1<i<k-—1;
(
(

(b) YTBepxaenme cremyeT m3 omucarus 6asucos Im 6° u Ker §%: muo-
EKECTBO

(CE 1,03) ( y2)',0 ), (Ou, (zy)' + (y2)",0),

03, (zy)* ’) ( 2) n (Og,x(y:v)i),

o) o ) (omtnt )
k

') (0s.2). (05 ")
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cayxuT 6asucom amt Im 8%, a MHOKECTBO
(@) + @), 04 ), (0, (29)' = w2)',0 ), (02, (2y) + ()", 0),
(0s, @y)' + )", 0) 1 (0, y(a)’, 02 ),
roe 1<i<k—1;
(@), 05 ), (02 y(@y)’, 0), (05, 2(y2)’) u (05, ylay)’),
rie 0<i<k-—1;
(1,0s), (2=)"1,05), ((e)*,05 ), (0, (wy)*, 02 ), (0,1,0),
(02 (y2)" 1, 0), (02, (@y)*, 0), (0s,1), (05, (a1)*)
cayxuT 6asucom i Ker 66. O

Bergenmuum crenytomue ogaoponusie saemenTer B HH* (R):

— crenenn 0 : D1, D2, p3 u3 (2.13);

— crenenu 1 : uy = (y,—x), uz2:= (yzy,0); (3.13)
— creneHn 2 : v :=(1,0), vy :=(0,1), wz:=(0,y); (3.14)
— creneHu 3 : wy = (y,0), we := (0,yzy); (3.15)
— crenenu 4 t:=(0,0,1). (3.16)

IIpeanoxenne 3.3. Ipegmoaoxum, aro p = 3 m 3 1 k. [Juas saemenToB
MHOXKECTBA

yl :{p17p27p37u17u2avlav2av37w17w27t} (317)

B aireope HH* (R) BBIIOIHAIOTCA CIEAYIOIAE COOTHOIICHU:

Pyt =pi=pi=0, (3.18)
pipj =0 gma 1<i<j<3;
PLU1 = Pau2 = P3Uz = p’f_lw =0, (3.19)
P11 = p3v1 = p1v2 = pavg = 0, } (3.20)
p2v3 = p3vz =0,
pi vz = psvy =0, (3.21)
uuz = 0; (3.22)

prwy = pawy =0, (3-23)
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k—1

pi Wy = paws = paws = 0, (3.24)
ULU3 = UV = Uy = 0, (3.25)

U2V3 = —p1w2, P2U1V1 = P2wWi; (3.26)
pft =0, (3.27)

pot =0, v7 = 2pst, v +plt=0, (3.28)
v1Vy = V103 = Va3 = 0, (3.29)

UpW1 = U1Ws = Uswz = pauiwi = 0; (3-30)
vowy = vzw; = 0, (3.31)

viwe = vawy = 0, (3.32)

vzwg = prust; (3.33)

wywy = 0. (3.34)

HJoxkasareabcTBo. Coornomenus (3.18), (3.19), (3.20), (3.23), (3.24),
(3.27) nposepsitorcs HenocpeacTBeHHO. s [0KA3ATENIbCTBA OCTALIBHBIX
COOTHOIIEHUN HEOOXOMUMO BBIYUCIUTH TPAHCISIUY TOAXOISAIINX TOPSI-
KOB /I DJEMEHTOB U3 )|, IMEIOINX MTOJOXUTEJIbHYIO CTENeHb.

W3 mpemnoxenus 2.4 HEMOCPEICTBEHHO BHITEKAET CAEIYIOIIEE YTBED-
XK TEHIIe.

Jlemma 3.4. /lra awo6oro ¢ > (0 HOpoekiua Ha MOPAMOE CJaraeMoe
Tita: Qita = Xiva © Q; — Q; aBagerca i-ou Tpaucaauuen T (t) kouwm-
Kaa t.

Heo6x0 1uMble TPAHCIAY OCTAIBHBIX DIEMEHTOB U3 ) IPEICTABICHEL
B CJIEIVIOLIEH JEeMMeE.

Jlemma 3.5. B kavecTBe TpaHCIAImE 31eMeHTOB u3 Y \ {t}, mmerommx
MOTOKUTEILHYIO CTEIEeHB, MOXKHO B3ATH TOMOMOD(U3MEL, ONDEICIACMBIC
CACAYIOMIAME MaTPHIIAMHA:

To(ul) = (y®]—7_$®]—)7
—-y®1 0

k—2 ) .
0 —r@1— Y ywy) @y(zy) 2" |’
=0

T (u1) =
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T (uy) = (ya:y ® 1,0>,

- S
Tl(u2) — - 122' '
0 - ;iy(wy)’®y(wy)’“‘1“ +(k-1rey
101 Y o)’ @ rlyr)t 2
') = (121,0), T'()= =0
0 ;}(fvy)" @ (ya)k—1-"
s« (1®1 0 0
T ('Ul) - < 0 X —(:Uy)k 1 ® (yw)k 1) )

0 * ’
rae
k-1 ' N .
(T*(02))23 = Y yley)’ @ (y2) 771+ Y (ey) @ y(ay) '
=0 =0
O(vs) = 10 (0 —yzel-zey
T(s) = (0,y 1), T(v3)_(0 o1 )
20 v (0 0 —y(zy)" Tl @ (ay)t
T(oa) = (0 0 N ,
rae

(T2(U3))23:_$®$y_y$®$+y®$2+x2®y;

k—1
—y®l (yz)! @ z(yz)*~17¢ 0

T =,
1l
=

0 y(zy) @ (yz)k—1=1 0
=0

2y = (Y1 * 0 0
T(’wl)—< 0 ewmtroy x 0)

’
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rge
(T?(w1))12 =1@a(ya) ' —a(yz) ' @1,
(T?(w1))2s = — ylay)* ' @ (yo)"
—y®1 * 0 O
O P §
rge
(T (w1))12 =2 w(yx)* ' ®@1-2-10x(yx) ",
k—2
(T%(w1))23 = Zx(yfﬂ)i ® (ay)k 174
S )
rge
(TH(w2))13 = — Z(i — Da(yz)' @ (zy)* ' - Z(i —1)(yz)' @ z(yz)" 7,
k k—1
(T (ws))2s = = D _(i = Diey)' @yley)* ™ = 3 iy(zy)' @ (ya)*

T2 (wy) = 0 yoy®l —yrea(yzs)" (k-1)(yz)* @ (zy)*
2 0 0 yr @ xy 0 ’

3 0 —yoy®1l yrRa(yz)' —z(ys)f ' @ac(yz)!
T wz) = | 0 0 * ’

k
(T*(ws))os = Y (i — 1)(yz)’ @ (zy)*".
i=0
Aoxazamenbcmeo JeMMbl COCTOUT B IPAMOU IPOBEPKE COOTHOIIEHUN

pTO(b)=b, di—1 T'(b) =T ' (b)disdegp (i >0) mas b € Y1 \ {t} ¢ degb>0.

3amedanue 3.6. [[1s1 DaIbHENIIErO BaXKHO 3aMETUTh, 9TO (POPMY.JIBL
VLT TPAHCJALUN DIEMEHTOB V1, U, U3, W1, £ OCTAIOTCS CIPABEIJIUBBIMY [JI51
[IPOU3BOJILHOIO P (OTIMYHOrO OT 2) B TEX CILy4dasx, KOI4a DTU DIEMEHTEHL
BKJIIOUAIOTCA B MHOXKECTBO oOpasytomux aare6pet HH* (R).

Tenepr 10KA3aTEIBCTBO MPENIOKEHUSA 3.3 3aBEPIIAETCS C IOMOIIBIO
HIPSAMBIX BBIYUCICHUN C MATPULAMU, IPUBEIEHHBIMEU B JeMMe 3.5, U 3Ty
IIPOBEPKY MBI IPEIOCTABIAEM IPOAEIATh TUTATETIO. O



KOI'OMOJIOI'M XOXHINJIb A 171

IIpeanoxenne 3.7. Ipeanonoxnm, ato p = 3 u 3 1 k. Muoxecrso ),
ykasamgoe B (3.17), mopoxgaer HH*(R) xax K -aare6py.

HokazareascrBo. Ilycrs H — K-nogaimreopa 8 HH*(R), nopoxaéunasn
muOkecTBoM Yy U{1} (3zech 1 — egunnna anre6per HH*(R)). Mbr crasana

6 .
mokaxem, aro |J HH'(R) C H, a 3arem C NOMOWpBIO WHAYKLOHUE IO 7
=0
ycranosum Brmogenne HH" (R) C H.
Beuay sameusanus 2.6 uvmeem HH°(R) C H. s GasucHbx dieMen-
toB m3 HH'(R), omucannbix B npegioxennn 3.1, qacTs (a), CrpaBemBeL
COOTHOLICHNA

(y(wy)i,O) =pituy mim 1<i<k—1,

((xy)k,O) = pau1, (0, (wy)k) = —psur,

u moromy HH'(R) C ‘H.
2
Hanee, mis 6asucubix snementos u3 HH*(R), onucanHblx B npeatoxe-
auu 3.1, (b), cupaBesIMBEL COOTHOLIEHUS

(O,y(xy)i) =plvg ma0<i<k—2, (3.35)

(w(yw)’“‘l,O) = pav1- (3.36)

Caegosarensuo, HH?(R) C H.

AHAIOrMIHO IpenbIIymeMy 4if OA3MCHBEIX 3JIEMEHTOB IPOCTPAHCTBA
HH?(R), onmucansbix B mpegrozxennn 3.1, 9acTs (¢), moxydaem cregyomme
COOTHOLICHUS:

(0,u(ey)’) = pi ™ ws man 1 <i <k -1,

k—
((wy)k,o) = powi, (O,wy + yw) = u02, (O,w(yw) 1) = w1 —uvy,

OTKYIa CJI€qyeT, ITO HH3(R) C H. OrmeruM, 9TO 30eCh U HUXKE MBI IIPO-
M3BOAUM YMHOXKEHUE 3JIeMEHTOB ), UMEIOIINX [T0JOXUTEJbHYIO CTEIeHb,
UCIONb3Ysl TPAHCIALINY TAKUAX DJIEMEHTOB, IPeNCTaBIeHHbIEe B JeMMe 3.5
(M. Takxe aemmy 3.4).
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Hanee, mus saementos u3 (3.7) u (3.8) umeem:

(02, (zy)' + (y:v)‘) =pit mia 1<i<k-—1,

(1702):1’12; ( (yﬂf)k ! Oz) 2U1; (Oz; (z )k_l) = pst,

(07 (wy)ka()) = —uw;.
Taxum o6pasom, HH*(R) C H.
s snemenTos u3 (3.9) u (3.10) umeem:
(Og,y(:vy)i,O) =pitugt mm 1<i<k—1,
(y,03) = viws, ((Iy)k: 03) = pauiwy,
( z(yz) k ! Oz) =viw —U1U12;
(027% _:1/') = Ult, (037 ('Ty)k) = —p3U1t,
oTKy1a cregyer, wro HH? (R) C H.
Haxownen, nus saemenTos u3 (3.11) u (3.12) umeem:

(03,y($y)i) prvgt g 0<i<k—2,

(1,03) = v, (z(yz)*~',03) = povf,
(027170) Ut (037 )_U2t7

( ) = —upv1wq,

u, Taxum obpaszom, HH®(R) C H.

(3.37)

(3.38)

(3.39)

(3.40)
(3.41)
(3.42)

(3.43)

(3.44)
(3.45)

(3.46)

[anee HaM OHATOOUTCA CIEYIOLIEE BCIOMOIATENbHOE YTBEPK ICHNUE,

IOKa3BEIBaeMOe aHaIormIHo temme 4.7 B [10].

Jlemma 3.8. Iomoxum z := v = (1,0,0) € HH*(R). Tpancmamnma T'(z),
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t < 3, MoryT ObITH IPEACTABICHEI OTOODAKECHUAMI

() =(1®1 0 0),

1®1 kz_f z(yz)t @ z(yz)*=271 0 0
() = 2 ,
0 Z (@' e )00 (3.47)
T2(z) = (1 % ! )?— _(wy)k—10® (yw)k—l g) )
11 0 0 0
TE={ 0 181 ¥ s@e)eyet2 0

=0

Kpowme Toro, miai > 4

v = (HgH )

OTMmeTum Takxe, 9TO yKa3aHHBIE Bhille ¢popMyast aiasa T*(z) ocraworcs
CTIPABEIUBLIMY JIJIA TPOU3BOILHOTO P.

[IpomomxuM MOKa3aTEIBCTBO mpemaoxenus 3.7. Uagykuuen mo n mo-

KaXKeM BKIIOUCHUE

HH"(R) C H. (3.48)
IIycte n > 6, u nycts f = (f',f"”) € Ker 6™ C Homp(Q,, R), rae
f'=(r1,r2) € Homp (X,,, R) = X", f" = (s1,-..,5¢) € Homp(Qp—4, R),
¢ = l,_4 (mB1 UCOTBE3yeM oToxmecTBrenme X™ ¢ R?). Slcmo, uto f/ €
Ker 4%..

(a) Hpexnonoxum gomomauTensHO, uTo f' = 0. Torma f” € Ker §7%.
Ucnoneays aemmy 3.4, moaygaem: -t = (Os, f') = f. o ungykTuaOMY
npegnonoxkenmo [’ € H, a rorgau f € H.

(b) Hepexonsa k o0mEMy CIy<al0, CHAYAAA IPEAIONOKIM, 9TO 7 I6THO:
n = 2m, m > 4. I3 Buga marpunsl guddepeHnuana dggm (em. (2.51))
HOMY94aeM COOTHOIICHUE

p+*7'2+Y_*81 =0.

Ograxo Jerko BugeThb, 9o Im pt NIm Y™ = 0, u mosTomy pt * 1o = 0.
Orcrona creayer, 4TO KOUENb

g = (fI; 01—4) S HomA(QZm—47 R)
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HA CAMOM [eJie BJIAETCA KOUUKIOM (Ipu n = 8 HaI0 yd4ecTb TAKKe, 9TO
Y * 1y = 0). Ucnoussys aemmy 3.8, mouygaem:

g- ,U12 = (f/JOf—Z)'

Beugy uwactu (a) nokaszarenncTsa umeeMm f — g - v € H; OpW BTOM 1O

UHIYKTUBHOMY mpeanouoxenuto g € H. CregosarensHo, Takxke u f € H.
(¢) Oycrs Teneps n meuérHo: n = 2m + 1, m > 3. Marpuua nudde-
perimana dy,, | UMEeT BU[

Yt  op ‘ 0 Ogp-s
0 Y~ |pt Oirs
Q _
d2m+1 - Ol—2,2 | d2m—3 (349)

3gech | = Uy, 0" = L1 (em. (2.10)). Tax kax 63et(f') = 0, To BBHIY
geMMbl 2.20 MOXKHO CIMTAThb, 9TO f' — IMHENHAA KOMOMHAIIUA SIEMEHTOB
mHOXecTBa u3 (2.50) u, B 9acTHOCTH,

roy = - 14 p" - x(yz)! (3.50)

s mexoroperx p, p” € K. W3 Buga marpunsr guddepernuana d§m+1
(3.49) caegyer, 4ro
pTxre + YT x5 =0. (3.51)

Beuay (3.51) umeem pt xry = 2p/2(yz)*~! € Im (Y 7)*, orkyna caenyer,
gro i/ = 0 m pT * ry = 0. Temeps paccMaTpuBasg KOIEMb

g = (fI; OZ—B) S HomA(QZm—37 R)J

BuauM, 910 62" 3(g) = 0 (mpm m = 3 mCHOIBL3yeM TO, ITO AIA Ty W3
(3.50) 0 * 12 = 0). Torga ¢ moMOmBIO JeMMbI 3.8 ToxydaeM: g - v =
(f',0¢—2) (mpm m = 3 yuurwiBaem, uro B (3.50) u/ = 0, a Takxke B
snementa (T2(2))2s u3 (3.47)). Jlanee, mepexons K daeMeHTy f — g - vl
paccyxpgaeM aHaaOrmdHO ciydaio (b). DTO 3aBepmaeT NOKA3ATEILCTBO

BrIOYeHuA (3.48). O

Iycrs A; = K(X,)/I; — rpagyupoBannas K-aare6pa, onperenéHaasn
B pazgene 1, rme X) u3 (1.1), a I} — cOOTBETCTBYMOWIUYN UAEAJT COOTHO-
menun (cm. (1.3)—(1.20)). (Henysresrie) o6passr MoHOMOB u3 K (X)) or-
HOCHTEILHO KaHOHWIeCKoro smumopdusma K (X)) — A; Taxxke Gyzem
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HA3BIBATH MOHOMAMU. IIpOM3BOMBHLIN D1eMeHT a € Aj 3anuChIBAeTCA B
BU € JUHENHOU KOMOMHAImu MOHOMOB (¢ xoddduuumenramu u3 K). Us
npemaoxerunn 3.3 u 3.7 creayer, 9TO CyMECTBYET CIOPBEKTUBHBIM DOMO-
MopduaM rpanyupoBaHabix K-aarebp ¢: A; — HH*(R), nepesonsmuin
o0pa3yluue 13 MHOXKECTBa X} B COOTBETCTBYIOLIME 0Opasyromme u3 )y
(cm. (3.17)); 3amerum, 4T0, He GOACH ABYCMBICICHHOCTH, MBL O003HAUIY
OIMHAKOBO DJIEMEHTHI U3 O00NX MHOXKECTB, KOTOPBIE COOTBETCTBYIOT APYT

apyry. Oycre A = @ A" — npamoe pasaoxenue arre6per A; Ha Of-
m2>=0

HODPOJHBIE OpsMble caaraemble. Teneps acts (1) Teopemsr 1.1 BerTekaer

U3 CJAeqyIOMIEero yTBEPXK [eHUs.

Ilpepmoxenne 3.9. /xg mo6orom = 0

dimK A;n = dimK HH™ (R)

HokazareascrBo. Ha xonbue muorowienos K[X)| BBeaém aekcuxorpa-
(pudecKkun MOpsAIOK TAKOU, 9TO

Wy > Wy >0 >V >U3>Up > Uy >T>pr > P2 > Ps.

ITIo mocrpoenuio A; — rpaayupoBaHHO-KOMMyTaTuBHas ajirebpa. Ilo-
STOMY B COOTBETCTBUU C TAKAM IODPSIAKOM JIOOOU HEHYJIEBOM MOHOM K3
A1 ¢ TOYHOCTBIO MO 3HAKA MPENCTABAM B BUIE

¢
f=wiws v1v§2v3 ultug’t p{pz P (3.52)
3/€Ch BBUY OLPEICMAIONINX COOTHOMECHUN aIre6psr A;
a17a27/82763771772782763 S {07 1}71-7.7.7[ € NU {0}7.7 < k

Takue npeacrapjieHus I MOHOMOB u3 A; MBI OTOXIECTBJISAEM C COOT-
BercrByOmmMMU MOoHOMaMu u3 K [A]].

Hazosém pedykyueti moroma f u3 A; mpomece 3aMeHBI HEKOTOPHIX MO~
MOHOMOB B f Ha Ipyrue >IeMeHTH 13 A; 10 caexyroomumM npasuiaM (a — b
O3HAYAET 3AMEHY KayKJOI'0 BXOXK IEHIA MOHOMA ¢ HA DIEMEHT b):

wap1 F— —U3U2, wip2 — V1ULP2,
2
vy — 2tp3, v3 tp1 ,

WoV3 — Ugtpl .
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JI100yto 3aMeHy M3 IPUBENEHHOIO BBIMIE CIKMCKA HA3OBEM 94EMEHIMADHbIM
waz2om pedykyuu. Tak Kak mocte Kaxmoro 3JIeMEHTAPHOrO IIAra PeryK-
UM HEHYJIEBOU MOHOM TEPEXONUT B CTPOrO MEHBITAN OTHOCUTEILHO JIEK-
CUKOrpagpUIeCKOro MOPAIKA, TO 38 KOHEIHOE THUCIO IIArOB MBI ITOLYIaeM
MOHOMBI, K KOTOPEIM YK€ HEJIb3Sl IPUMEHUTL HUKAKOW SIEMEHTAPHBIN
mar pexykuuu. ['0BOpuM, 9TO mpencrabBaeHue diaemenTa o € A; B Buge
JIMHENHON KOMOMHAIUNA MOHOMOB UMEET HOPMaAbHY GOopmy, €CIu HU K
OMHOMY M3 DTUX MOHOMOB HeJIb3f IPUMEHATH PeayKumio. [[oCKOIbKy 3T
DIEMEHTAPHEIE AT COOTBETCTBYIOT HEKOTOPLIM COOTHOIIEHUAM , BHITTOJI-
HAIIMMCA B aarebpe A;, To arobon saeMesT a € A; gomyckaer XOTs Obl
OIHO MPEACTABICHAE B HOPMAJILHOU (popMme.

Iycrs ¢; = dimg Al. Yepes ¢; o603HadmM “mcao MoHOMOB 13 Al
OPENCTABIEHHBIX B HOPMAJIBHOU (hPOPME; ACHO, ITO ¢; = (;. LIOCKOIBKY
mmeercs smamopdmam Al — HH(R), To ¢; > dimg HH'(R), u, Taxum
006pa3oM, JOCTATOYHO AOKA3ATh, ITO

¢ = dimg HH'(R). (3.53)

Hoxaxem, 9T0 Bce (HEHyJeBble) MOHOMBI, UMEIOLIME HOPMAIBHYIO
dopmy, cogepxaTca B CIETYIOMEM CIIICKE.

Monowmer crenenn 0: .
@ .
{pl} 07 D2, P3;

=

MOHOMEI cTenenu 4n, n > 0:

Um—i) i n—1 Uil Nn—1 N k—1 .
{Ul(n l)tl}i—o’ {wlvl(n l )ultl}i—o’ {tnplj}' o’ P, 1Py

MOHOMEI cTenenu 4n + 1:

2n—i)  Li\"™ 2n—i)—1,; 1" " w152 on n
{v1 urt }i:o’ {w1v1 t }i:o’ {wt i }j:o’ vy u1pe, uit ps;

MOHOMBIL cTeneHu 4n + 2:

2_.1,n 2 n—i)—1 yn—1
{Ul(n i)+ tz}i:()’ {wlvl(n i) ultz}izo,

k=2
2n+1
{U3tnp1]}, o’ 0" py,  vat™;
]:
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MOHOMBI cTeneHu 4n + 3:

- 3 n . a3 n
{,Uf(n—tﬂ-lultz}izo, {wlvf(n—t) tl}i:()’

N k—3
n,J n 2n+1 n.
{U3U2t Pl}_i , wat”, v uipe, wvaurt”;

(3mece n € NU {0}). Jlerko Bugers, 9TO BCe MOHOMBL U3 STOIO CIACKA
UMEIT HOPMAaJbHYIO (pOpMy.

IIycrs f € A; — HekoTopbIl HeHyJaeBOU MOHOM Buaa (3.52), umerommn
HOpMaJIbHY1O Gopmy. Cerdac Mbl NIPOAHAIU3UPYEM [OCIEI0BATEIBHO HE-
CKOJIBKO CJIy9aeB.

1) Opegnonoxum, aro B f Bxogur w. Torga BBUAY HEKOTOPBIX MOHO-
MUATBHBIX COOTHOIIEHUN, BLITIOTHAIIIUXCA B aaredbpe A;, caegyer, 9To B
f HE BXOIAT w2, V2, U3, U2, P1,P3; KPOME TOTO, HE BXOAUT Po (TaK KaK €CTh
penykuma wips — viuip2). Torga f coBmazaeT ¢ OOHUM U3 CJIELYHOLIAX
MOHOMOB:

wltl, wlvftf, wlultf, wlvfultl.

2) IIpeamnonoxumM, 9TO w; HE BXOAUT B f, HO BXOAUT w=. Torna aHaso-
PUYHO IIPEABIAYIIEMY 3aKII09aeM, 9TO B f HE BXOUAT V1, U2, U1, Uz, P2, P3;
KPOME TOI'0, He BXOIAT U3 U Py (TaK KAK Wavs — Ustp) U WaPy — —UsUsa).
Takum o6pasoM, f = wytt.

3) Iycre B f He BXOAAT wi, w2, U HPEAHONOKUM, UTO U; BXOAUT B
f. Paccyxgas aHAJIOMMYHO IPegbIAYIIeMy, IOLy9aeM, 9T0O B f He MOryT
BXOAUTbH Uz, V3, U2, P1,Ps. lpu srom ecau £ > 0, To e = 0 (rak xax
pot = 0). CregoBarensHo, f COBIAIAET C OQHUM U3 CJAEIYIOMIAX MOHOMOB!

il i, 4l i i
v t, vyurt’, v{p2, V{uU1P2.

4) ycre wy, we,v1 HE BXOAAT, a Uy BxoauT B f. Torga B f He BxOgsT
v3, Uz, P1, P2, 3. He BxomuT Takxke u) (Tax xak viu) — viup). Kpome
Toro, B (3.52) umeem j < k — 2, Tak Kak plk_lvl = 0. CremoBarensHo, f
PaBHO Ugte WIN vzulte.

5) IIycre wy,ws,v1,v2 He Bxogar, a vs Bxoaur B f. Torma B f mHe
BXOZAT U1, P2, P3. Kpome roro, ecau B (3.52) 2 =1, o j < k — 3 (Tax
KaK p’f_zugvg = —p’f_lwl = 0). CaegoBarenbHo, f coBIALAET C OAHUM U3
CIeYIOIMUX MOHOMOB:

vgtlplj (j <k-2); v3uzt[p1j (j <k-3).
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6) Ilycrs wy, ws, v1,vs, v3 HE BxOAAT, a u; Bxoaur B f. Torga B f me
BXOZAT Uy u P1. Kpome Toro, ecau £ > 0, To e; = 0 (Tak xax tps = 0).
CuenoBarenbHO, f COBIALAET C OTHUM U3 CJAEIYIOUINX MOHOMOB:

¢ ¢
urt®, uips, uit ps.

7) Ilycts wy, we, v, U2, U3, 41 HE BXOAAT, & U BxoauT B f. Torga B f He
BXOZAT Po U p3; upusToM j < k—1 (Tak xak uzp’f_l = 0). CregoBareasHo,
f:uﬂeplj,r,qe(léjgk—z

8) Hakonen, eciu B f He BXOgAT wi, We, V1, V2, Vs, Uy, U, TO SICHO, ITO
f coBmagaer ¢ ommmM u3 MomoMoB: tpd (0 < j < k — 1); tips; pF u po
(mpu £ = 0).

TaxwuM 06pa30OM, MBI TOKA3AIU, ITO JIOOOU MOHOM, MMEIOLIAN HOPMAaJIh-
Hy0 (GOpMy, COMEPKUTCA B MpuBenéHHOM Bhime crucke. C yaérom cuen-
crBug 2.21, nyukr (1), orciona BerTekaer paBeHCTBO (3.53). O

3ameqganue 3.10. U3 npuBeqéHHOrO ONMCAHMA HOPMAJBHBIX (DOPM CPa3y
moJydaeM, 9To anrebpa A; He KOMMYy TaTUBHA; TeUCTBUTEILHO, tiwy 7 0.
Amamornysoe HaOIIOLEHNE MOXKHO CAETATH, PACCMATPUBAA HOPMAaJbHLIE
BOPMBL Il DIEMEHTOB OCTAJIbHBIX aarebp A, As, Aj, A%, Ay (cm.
HUKE).

Cray4wau 2. Teneps npegnonoxum, 9to p = 3 u 3 | k. Uz npenioxenuit
2.8,2.9,2.11, 2.12, 2.14, 2.15 u 2.17 BeITEKAET CIEAYIOLIEE YTBEPK ACHUE.

IIpeanoxenne 3.11. Ilpesmomoxum, ato p = 3 m 3 | k. Torga:
(a) mpocrparcrso HH'(R) mmeer B kavecTBe 6asmca MHOKECTBO, CO-
cTosAIIee U3 KOMOMOJIOTHIeCKUX KIACCOB CICAYVIOMNX HIeMEHTOB:

(4(e)',0) mnx 0<i<k—1,

(0,2), ((:L“y)k,()), (07 (wy)k)§

(b) mpocrpancrso HH?(R) mmeer B katecTse 6aszuca MHOKECTBO, CO-
cTosAIIee U3 KOMOMOJIOTHIeCKUX KIACCOB CICAYVIOMNX HIeMEHTOB:

(O,y(xy)i) gma 0<i<k—1,

(1,0), (az(yw)k_l,O), (0,1);
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(¢) mpocrparcrso HH?(R) umeer B KauecTse 6asmca MHOKECTBO, CO-
CTOAmEE U3 KOrOMOIOTHIECKHIX KJAACCOB CACAYIOMINX JIEMEHTOB:

(O,y(my)i) ama 0<i<k—1,
(,0), (@y)*,0), (0,29 +yz), (0.2(ya)");

(d) mpocrparcrso HH*(R) mveer B KavtecTBe Gasmca MHOXKECTBO, CO-
crodinee u3 KOI'OMOJIOI'MIeCKUX KJIaCCOB CACeAYOIINX 3JEMEHTOB:

(02, (zy) + (yx)i) g 1<i<k—1, (3.54)
(1,02), (w(ye)"1,02), (0, (ap)*,0), (3.55)
(02,1) (02, (@y)* "), (02, (n)"). (3.56)

Ananornvyso npemioxkenuo 3.2 NOKA3BIBAETCS CJICIYIOUIEE YTBEPXK Ie-
HUE.

IIpeamoxenune 3.12. (a) IIpocrparncrso HH?(R) umeer B xavecTse Ga-
3HCa MHOXKECTBO, COCTOSAIIEE U3 KOMOMOJIOIHIECKUX KIACCOB CAEAYIOIINX
SJIEMEHTOB:

(02,9(ay)',0) amr 0<i<k-1, (3.57)

(5, 05), (@), 05 ), (0,2(y2)*",02 ), (0s,2), (s, (ay)"). (3.58)

(b) Ipocrparcreo HH®(R) mmeer B kavecTBe 6asmca MHOXKECTBO, CO-
cTOAIIEE U3 KOMOMOJOTMIECKHX KJIACCOB CICAYVIOIHAX SJIeMEHTOB:

(Oa,y(wy)i) gir 0<i<k-—1, (3.59)

(1,0s), (2(y2)*~,05 ), (0,(29)*, 02 ), (02,1,0), (Os,1).  (3.60)
Bergemuum crenytomue ogaoponusie saemenTer B HH*(R):

— crenenu 0 : D1, P2, p3 u3 (2.13);

— crenernn 1:  uf :=(y,0), uq:=(0,2);
— cTemneHn 2 : vy, v, vz u3 (3.14);

— cTemneHu 3 : wy = (y,0), we := (0,y);
— crenenn 4 : t:=(0,0,1).
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IIpeanoxenne 3.13. IIpegmomoxum, aro p = 3 u 3 | k. g saemenTos
MHOXKECTBA

1 ~
Vo = {p1,p2,p3, 07, us,v1, 02,03, W1, Wa, t} (3.61)
B aarebpe HH*(R) Bemoamatorca coormomennsa (3.18), (3.20), (3.23),
(3.28), (3.29), a Takxe creAyOmUe COOTHOIICHUT:
k. nm __ " __ _ " __ .
pruy = p3u) = paug =0, pruj = prug;
" k—1 .
ujug =0, Py U3 = P3v2;
k ~ ~ ~
PiW2 = pawy = p3wy = 0,
4
uy U2 = ugv1 =0,
" _ _ ~ " — .
U V3 = U4V3 = —P1W2, PaUiV1 = PaWi;
Ui”lﬂg = UqWy1 = U47:172 = 0;
VIWo = VoW = VoW = v3w; = 0,
~ "y,
V3W2 = P1uyt;
wlﬁz =0.
JdokazaTenbcTBO. AHATOIMYHO MOKA3ATEIbCTBY NPENIOKeHUd 3.3 M
BBIMUC/ICHUS [IPOU3BEICHUN DIEMEHTOB U3 )y, UMEIMIUX CTEIeHb OOJIbIIe
0, HAJO 3HATB [JIA DTUX DJIEMEHTOB TPAHC/IALUU MOAXOMAIIMX IOPSIIKOB.
Bsuny 3amedanus 3.6 MBI JO/RKHBL JOIMOJHUTENILHO BEMUCIUTE TPAHCILA-

LMY DJIEMEHTOB ), U4, Wy. DTU TPAHCIALYHA IPELCTABIECHE B CJIELYOLIEM
JIETKO IIPOBEPSAEMOM yTBEDKIEHUN.

Jlemma 3.14. B kawecTBe TPAHCIALHE SIEMEHTOB U}, U4, Ws MOMKHO
B3ATE FOMOMOP(MU3MEI, OTIPEAeIAeMbIe CACIYIOIIMA MATPUIIAME:

) = (y© 1,0),

-y®1 - kz_:l i(yz)' @ (zy)k—1-7
Tl(u/ll) — k_2z:1 . ' ;
0 — > (i + Dy(zy) @ y(ay)—2"

=0
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0 — kz_:l i(yz)! @ (vy)k—17¢
T () = e , ;
0 - ; iy(zy) @y(ey) "+l
@) = (over). @)= (P )
rae
k—1 ] k-l . '
(TH(ws))13 = — Z:zsn(yw)z ® (zy)k17 - ' i(yz)' @ z(yz)h 11,
o 5 | |
(TH(@2))2s = = Y ilwy)’ @ylay)* 7" = (i + Dy(ay) ® (yo) 7

i=1 =0

2~y (0 y©1l —a(yz) ol —(yo)h ! @ (sy)!
Tw2)=1{( 7 ’
yr®l—-yx 0

0 -yl 1xz(yz)r ! 0

3/~ _ k—1
Tl =1y o ey Y i) © (ay)h
=1

3amevanue 3.15. [lone3no oTMeTUTH, 9TO (POPMYIBI I TPAHCAALUA
DJIEMEHTOB U} , W2 OCTAIOTCS CIPAaBEIJIUBLIMY 1/ IPOU3BOJIBLHOLO p , Je-
asmero k (1 oramanoro or 2). Hogo6Hoe 3aMeIaHne OTHOCUTCA K TPAHC-
JUSIIUAM DJIEMEHTa Ugq (11 crydas, korga p £ 3 up | k — 3).

Ananoruvso npenroxeruio 3.3 10Ka3aTelbCTBO IpemIoKenus 3.13 3a-
BEPLIAETCA C IOMOIIBIO IIPAMBIX BLIYUCAEHUN; COOTBETCTBYIOIILYIO PO-
BEPKY MBI [IPEIOCTABIAEM IPOIEIATh IUTATEIO, ([

IIpeanoxenne 3.16. IIpeanonoxnum, aro p = 3 u 3 | k. MEOXKECTBO )>,
ykasarHOe B (3.61), mopoxgaer HH*(R) xax K -aareopy.

HMoxaszateabcTso. [lycrs H — K-nmoganre6pa 8 HH*(R), nopox néanas
muOXKecTBOM Vo U {1}. Mu mokaxem mauus Brmodenue HH"(R) C H
1 n < 6, TOCKOIbKY WHIYKIUOHHBIM mepexor (1o 1) OCYIIEeCTBIACTCA
AHAJIOTUYHO NOKA3ATENbCTBY HPEIOKEHUA 3.7.
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Bmouenne HH°(R) C ‘H yxe gokazamo (cM. sameuannme 2.6). s
Ga3uCHBIX 2aeMenToB 13 HH! (R), onmcannbix B npegroxenun 3.11, qacrs
(a), cupaBeLIMBLL COOTHOLIEHUS

(y(wy)i,o) =pluf gma 0<i<k-—1,
((azy)’“,o) = pauf, (Oa(fﬂy)k> = p3uy,

u moromy HH'(R) C ‘H.
2
Hanee, mis 6asucHbix snementos u3 HH*(R), onucanHblx B npeatoxe-
uuu 3.11, gacrs (b), cupasenauBo coornommenue (3.36), a Takke COOTHO-
IIIEHUS

(O,y(xy)i) =plvs mma 0<i<k—1

Caenosarersuo, HH?*(R) C H.

AHAIOrMYHO IpenbIIymeMy 4if OA3MCHBEIX 3JIEMEHTOB IPOCTPAHCTBA
HH?(R), onucannbix B npegroxermn 3.11, qacts (¢), mosydaem cregyio-
[I7e COOTHOIICHU:

(O,y(wy)i) =plwy ama0<i<k—1,
((wy)kao) = pawi, (O,xy + yx) = —U4v2,

(O,m(yaz)k_l) =w; — ujvy,
oTKy1a cregyer, wro HH? (R) C H.

Hanee, mis saementos u3 (3.54), (3.55) u (3.56) cupaBesauBL COOTHO-
wenusn (3.37) u (3.38), a Takxke COOTHOIICHUA

(0,(:63/)’“,0) = —ujw, (02,(333;)’“) = (1/2)pft.

Taxum o6pasom, HH*(R) C H.
Mus anemernros u3 (3.57) u (3.58) BomonHsaoTCA cooTHOweHus (3.41),
& TaKXKe COOTHOLICHW

(Og,y(:ﬂy)i,0> = piult aam 0<i<k-—1,
(O,x(y:v)k_l, 02) = vjw; — uyvl,

(03,56) = uqt, (03,($y)k) = pau4t,
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oTKy1a cregyer, wro HH? (R) C H.
Haxownen, s saementos u3 (3.59) u (3.60) BBIIOJIHAIOTCA COOTHOLIE-
Hus (3.45), a TakKe COOTHOLIEHUs

(Og,y(:ﬂy)i) = pfvgt o 0<i<k—1,

(0, (zy)*, 02) = —ujvwr,

u, Takum obpasom, HH(R) C H. ]

Iycrs Ay = K(Xy)/I, — rpagyupoBannas K-aare6pa, onperenéHaasn
B pazgene 1, rae Ay uz (1.21), a I, — coOTBETCTBYIOIIUY UAEAL COOTHO-
menun. U3 npegmoxennu 3.13 u 3.16 ciaeayer, 9YTO CymeCTBYeT CIOPB-
eKTUBHBLIN rOMOMOPGU3M rpanyupoBadabix K-aare6p ¢: Ay — HH*(R),
[IEPEBO IAIUI 0OPA3YIOIUE U3 MHOXKECTBA X2 B COOTBETCTBYMOIIME 00pa-
aytomue u3 Vy (em. (3.61)). ycrs Ay = €D, A" — npsivoe pasinoxenue
anre6pnl A» Ha 0OHOPOIHBIE NpsAMEIE craraemble. Temeps gacTeb (2) Teo-
pembr 1.1 BEITEKAaET U3 CIAEAYIOMIErO YTBEPXK ICHU.

Ilpepmoxenne 3.17. /l1g smroboro m = 0

dimg A" = dimgx HH™(R). (3.62)

JdokazaTenbcTBO. AHATOIMYHO OKA3ATEILCTBY NpentoxeHus 3.9 Ha
Koabue MHOrO4IeHoB K [Xs] BBeaém sekcukorpaduveckull MOPsSIOK Ta-
KOU, ITO

wy > We > v > vy >3 >uy>ul >t>p>pe > ps.

Jlrobou HeHyJaeBoU MOHOM ©3 Az € TOYHOCTBHIO A0 3HAKA IPEJCTABAM B
BUE
o1 \an, i, B2, Ba . yar, 1\y14L, 5, €2, es.
[ =wi" (w2) P ojvy?vgug® (u)) " p1py s

3[eCh BBUIY ONPEIEIAIOMINX COOTHOIIEHUN aare6psr Ajy

061,062,62,53,71,’}/4,82,636{0,1}, i:jageNU{O}a ]gk

Takue OpeACcTaBICHUA AJA MOHOMOB U3 A MBI OTOXKIECTBIAEM C COOT-
BETCTBYIOIMMY MOHOMaMu u3 K [As].
PaccMOTpuUM CIeyIOMMI COMCOK DJIeMEHTAPHEIX IIAN0B PelyKIUN:
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~ " "

Wap1 — —U3U| — —U3ly, w1p2 > V1U] P2,
2 2 2

vy — 2ips, vy — —tpy,

~ p k—1

WaU3 — Uy tp1 Vap3 > V3P,

1
Ugp1 — U P1.

(3.63)

AHaJIOrMYHO NOKA3ATEIBCTBY MPENIOKEHNA 3.9 ONpefeIaeTcs HOPMalb-
Has dpopma daeMeHTa a € Ay (oTHOCHTENBHO mAaros peaykuuu (3.63)) u
YCTAHABIUBALTCS, ITO JIOOOU dieMeHT a € Ay I0mycKaeT XOTs Obl OJHY
HOpMaIbHyo QpopMy. Haxomen, ¢ moMOMmBI0 HOCIEZ0BATEILHOIO Pa3bopa
psila CIy4aeB NOKA3BIBAETCS, IYTO BCE (HEHYJIEBBIE) MOHOMEBI, KMEIOIIIe

HOPMAJIBHYIO (DOPMY, COAEPKATCA B CASLYIOMIEM CIIKCKE.

Mosnowmer crenenn 0: .
i .
{pl } , P2, P3;
=0

MOHOMEI crenenu 4n, n > 0:

. —1 . n—1
2(n—i),i " 2(n—i—1 ;
{v (n l)t’} {wlv (n—i )u"tz}
1 ) 1 it
=0 1=0
J k 2
n n n .
{t pl}. , Vi D2, tDs;
=0
MOHOMBI crenenu 4n + 1:

. . yn—1 . a1 n—1
(0} L)

i=0 =0

.y k—1

"Nin, J 2n, I n n .

{ult pl} o’ Uy upp2, ugat™, ugl ps;
j=

MOHOMBIL cTeneHu 4n + 2:

. N . yn—1
{vf(n_m—ltz}' , {wwf(n_t)_lu'l’t’} ,
(3

=0 i=0
N k—1
" J 2n+1 -
U3 pl ) 07 ’1)1 D2, V2l
]:

MOHOMEI cTenenu 4n + 3:

{Uf(n_l)ﬂullltl}i:o’ {wlvf(n_l)tz}izo’

N k—2
n,.J ~ n 2n+1_ ./ n,
{U3U4t pl}, , Wat”, VU P, UaUgl’
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(zaan € NU{0}). C yaérom caegcreus 2.21, nyukT (2), 0OTCIO1a BEITEKAET
pasercTBO (3.62). O

Cny4au 3. Ilpeanonoxum, 4to p # 3 u p{ k. Uz npeioxenni 2.8, 2.9,
2.11, 2.12, 2.14, 2.15 n 2.17 BoITEKAET CIEAYIOLUIEE yTBEPK ICHUE.

IIpeanoxenne 3.18. IIpesmomoxum, ato p # 3 mpt k. Torga:

(a) mpocrparcreo HH'(R) mMeer B xadecTBe 6asmca MHOXKECTBO, CO-
crodinee u3 KOI'OMOJIOI'MI€CKUX KJIaCCOB CACAYOIINX 3JEeMEHTOB:

(y(wy)",O) qir 1<i<k-—1,

(k= 3y, —kz), (@n)*,0), (0, (=n)");

(b) mpocrpancreo HH?(R) mmeer B katecTse 6aszuca MHOKECTBO, CO-
CTOAmEE U3 KOrOMOIOTHIECKIX KJAACCOB CACAYIOMIAX JIEMEHTOB:

(o,y(a:y)i) amr 0<i<k-—2 (3.64)

(1,0), (x(yx)k—l,o), (0, 1); (3.65)

(¢) mpocrparcrso HH? (R) mMeer B kadecTBe 6asmca MHOKECTBO, CO-
CTOAIIEE U3 KOMOMOJOTMIECKHX KJIACCOB CICAYVIOIAX 3JIeMEHTOB:

(0.9(ey)) amn 1<i<h-1,
(3:0), (@y)*,0), (0.2y+yx) (0.2(yw));

(d) mpocrpancrso HH*(R) mmeer B katecTse 6azuca MHOKECTBO, CO-
CTOAmEE U3 KOrOMOIOTHIECKIX KJAACCOB CACAYIOMIAX JIEMEHTOB:

(02, (zy) + (yx)i) g 1<i<k—1, (3.66)

(1,02), (wa)* 1,02 ), (0,(29)*,0), (02,1) (Oz,y(ey)*~"). (3.67)

Ananmoruvso mpemiokennoo 3.2 JOKA3BIBAETCA CACIYIOUNIEE YTBEPXK Ie-
HHe.
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Ipeamoxenue 3.19. (a) IIpocrparncrso HA?(R) umeer B xavecTse Ga-
3HCa MHOKECTBO, COCTOAIIEE U3 KOIOMOJIOIMICCKAX KAACCOB CACHYIOMUX
SJIEMEHTOB:

(oz,y(xy)",o) i 1<i<k-1, (3.68)
4,05, ((@0)*,05 ), (0,2(y2)*"1,0z), (3.69)
(02, (k — 3)y, —km), (03, (azy)k). (3.70)

(b) IMpocrpancrso HH®(R) mveer B xawecTse 6asuca MHOXECTBO, CO-
cTosAIIee U3 KOMOMOJIOTHIeCKUX KIACCOB CIEAYVIOMNX HIeMEHTOB:

(Oa,y(wy)") gir 0<i<k-—2, (3.71)

(1,04), (az(yw)k_l,Og), (0,(:53/)’“,02), (01, 1,0), (03,1). (3.72)

Cay4an 3.1. [Ipeamnosoxum TONOJIHATEILHO, 9TO p He geqantT Hu 4k — 3,
H k — 3.
Bergemuum crenytomue ogaoponusie saemenTer B HH* (R):

— crenenn 0 : D1, D2, 3 u3 (2.13);

— crenenn 1 : uj = ((k - 3)y, —km); (3.73)
— cTeneHn 2 : v1, U2, vz u3 (3.14);

— crenedn 3 : wy = (y,0);

— crenenu 4 : t:=(0,0,1).

Ilpepnoxenne 3.20. IIpegnomoxum, 910 p # 3 u p He geauT HU k, HU
4k — 3, au k — 3. [l1a 2/1eMeHTOB MHOXKECTBa

Vs = {p1,p2,p3,u1,v1,02,03,w1,t} (3.74)

B aarebpe HH*(R) semoamatorca coormomernmsa (3.18), (3.20), (3.21),
(3.23), (3.27), (3.28), (3.29), (3.31), a raxxe caegyoUHIe COOTHOLIECHHUA:

pluj =0;
pauivy = (k — 3)pows; poujwy = 0.

JoxasareabcTBo. HaM 0CTanoCh BHIMUCIUTS TPAHCIALNY JUIIb TS 1)
(cM. 3amedanue 3.6).
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JlemMma 3.21. B kadgecTBe TPAHCIALME SIEMEHTA U} MOXKHO B3ATH FOMO-
MOPQU3MEI, OIIPEAEIACMBIE CACAYIOMIUMHA MaTPUIIAM:

TO(u)) = ((k—3)-y®1,—k-az®1),

riuy = (TETIel ),

rge

k—1
(T (up)hz = 231 (y2)' ® (ay) T,

k—2
(T' ()22 = —k-a @1+ Y (34 3i — k)y(ay) @ ylay)* ",
=0

3ameuanue 3.22. Ormerum, 9T0 POPMYJBL LIS TPAHCIALUAN DIEMEHTA
©] OCTAIOTCSA CHPABELIUBEIMEA W IIA Clydas, korga p meant 4k — 3 (m
no-npexkuemy p 1 k).

Tenepp m0OKa3aTeabCTBO Hpenaox)eHusa 3.20 3aBepiraeTcsa ¢ IOMOIIBIO
IPAMBIX BBI‘II/ICJIGHI/IEI; COOTBETCTBYIOMIYIO IIPOBEPKY MBI IIPENOCTABIACM
IpPOAeJATh IUTATETIO. O

IIpepmoxenne 3.23. IIpexmonoxum, 9ro p # 3 u p He geaur k(k —
3)(4k — 3). MuoxecTBO V5, yKazanHoe B (3.74), nopoxgaer HH*(R) xax
K-amreépy.

HMoxaszateabcTso. [lycrs H — K-nmoganre6pa 8 HH*(R), nopox néanas
muoxkecteoM V3 U {1}. Kak u B gokasareascTse npemnioxenus 3.16, nam
IZocTaTo4HO Joka3aTh Bkaodenus HH"(R) C H gnan < 6 (3aTeM uHIyK-
UUOHHBIA TEPEXO0 OCYIIECTBAAETCA AHAJOTMIHO JOKA3ATEIbCTBY MPEIIO-
xenus 3.7).

Bimouenme HH®(R) C 'H yxe moxasamo (cm. 3amedanme 2.6). [laa
Ga3nCHBIX >aeMenToB 13 HH! (R), onucaHHbIX B npegioxenun 3.18, qacTs
(a), cpaBe IMBLL COOTHOIECHWS

(y(f”y)iao) = (-1/3)pjuy mmn 1<i<k-1,

(@y)*,0) = (k= 3)"'paut, (0, (zy)*) = =k 'poui,
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u moromy HH'(R) C ‘H. Bxmouenme HH?*(R) C H noxasemBaercs Tax
Ke, KaK U B JoKaszarTeJbcrse npegtoxenus 3.7 (cMm. coornomenus (3.35)

Tamee, mua GasucHbIX daeMenTOB mpocrpancTsa HH? (R), ommcammbix
B npegnoxenun 3.18, dacTs (C), moaydaeM CaeIyIomme COOTHOUICHU:

(O,y(xy)i) = (1/3)p vy mma 1<i<k—1,
((Cﬂy)k; 0) = paw1, (O,azy + Z/ﬂ?) =k~ uqv,,

(O,w(ysn)k_l) = (4k—-3)7 ! ((k —3)wy — u'lvl),
oTKy1a crexyer, aro HH?(R) C H.

s snemenTos u3 (3.66) u (3.67) cupasexnuser coorHomenus (3.37) u
(3.38), a Takxke COOTHOLIEHUE

(0, (zy)*, 0) = (3 — 4k) ' wr.

Takum obpasom, HH*(R) C H.
s snemenToB u3 (3.68)—(3.70) BemonHsrorcsa coorHowenus (3.41), a
TaKXKe COOTHOIICHWST

(02,y(xy)i,0) = (“1/3)piudlt nm 1<i<k—1, (3.75)
(o, :U(ya:)k_l,Oz) = (4k — 3)7! ((k — 3)vw, — u'1v12), (3.76)

(02, (k —3)y, —kx) = uit, (03, (xy)k) = —k 'pauit, (3.77)

oTKy1a cregyer, wro HH? (R) C H.
Haxownen, s saemenTos u3 (3.71) u (3.72) BBEINOJIHAIOTCS COOTHOLIE-
uus (3.44) u (3.45), a Taxke COOTHOIICHUE

(07 (xy)ka 02 ) = (3 - 4k)_1u’1v1w1,

u, Takum obpasom, HH(R) C H. O

Iycrs A3z = K(X3)/I; — rpagyunpoBannas K-aare6pa, onperenéHHasn
B pasgene 1, roe X3 u3 (1.23), a I3 — COOTBETCTBYIOIIUA UAEAT COOTHO-
menun. U3 npegmoxennu 3.20 u 3.23 ciaeayer, YTO CymIECTBYET CIOPB-
eKTHUBHEI rOMOMOpdU3M rpagyupoBanseix K-amre6p p: A3 — HH*(R),
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[IEPEBO IAIUI 0OPa3YIOLIKE U3 MHOXKECTBA X3 B COOTBETCTBYOIIME 00pa-

aytomue u3 Vs. llycte A3 = @ AY* — npsamoe pasnoxernue arre6per Aj
m2>=0

HA OJHOPOAHEIE IpsMbIe craraemble. Teneps gacTb (3a) Teopemsr 1.1 BbI-

TEKAeT U3 CJAeLYIOMIErO Yy TBePXK JEeHN.

Ilpepmoxenne 3.24. /l1g troboro m = 0

dimg A3 = dimg HH™(R). (3.79)

JdokazaTenbcTBO. AHATOTMYHO OKA3ATEILCTBY Npenitoxenus 3.9 Ha
Koabue MHOro4wieHoB K [X5] BBegém sekCUKOrpadUuvecKull MOPSIO0K Ta-
KOU, ITO

vy > wp > vy >3 > Uy >t>p > py > ps.

Cenvac MBI B CIIUCOK DJIEMEHTAPHBIX IMIATrOB PEYKINKA BKIIOYUAM CICTYIO-
muye mpeobpa3oBaHUs

vg s 2tps,  vi = —tpl, viu) — (k — 3)wips.

AHanornvHo I0Ka3aTEIBCTBY NMPEMIOKEHUa 3.9 OmpeerseTcs HOpMAaIb-
Hasa Qopma daeMeHTa a € Az U yCTAHABIMBAETCA, ITO JIOOOU SIEMEHT
u3 Az momyckaer xoTs Obl OmHy HOpMauabHYyIO (popmy. Hakomen, ¢ mo-
MOIIBIO MOCJAEI0BATEIBHON0 pa3bopa pAga CIydaeB JOKA3BIBAETCA, UTO
BCe (HEeHyJeBble) MOHOMBI, UMEIOIIE HOPMAIBLHYIO (POPMY, COAEPKATCA B
CJEYIOLIEM CITUCKE.

Monowmer crenenn 0: .
i .
{pl } 07 D2, Pp3;

i=

MOHOMEI cTenenu 4n, n > 0:
. -1 . n—1 N k—1
2(n—1i),i " 2(n—i—1 /1 4i 2 .
{vl( )t } ’ {vl( )wlult } ) {tnpf}, ) vlnp27 tnp3;
=0 =0 7=0

MOHOMBI crenenu 4n + 1:

. . yn—1 Y "
{,Uf(n—z)u/ltz}i:o, {,Uf(n i) 1w1tz}i:0

—1 , j k—1 ,
n n
) {ult pl}_ , Ut ps,
Jj=0
2n—1

vV twipe (aa no>0), wips (man n = 0);
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MOHOMBI cTeneHu 4n + 2:

. an . yn—1
A R L e

i=0 i=0
N k-2
" J 2n+1 -
U3 pl ,07 U1 D2, U2l 5
]:

MOHOMEI cTeneHu 4n + 3:
. n . n
2(n—i)+1 /i 2(n— i

{Ul(n i)+ ulltz} 7 {,Ul(n t)wltz} 7
i=0 i=0

, k2 ) ,
n n n.
{U3U1t pl}' , Ui wip2, vauit’;

(masn € NU{0}). C yaérom crencreus 2.21, myskr (1), oTciona BEITEKaeT
pasercTBo (3.79). O

Cayganu 3.2. Tenepsb npeanonoxuM, 9To p neaut k — 3 (1 mo-mpexxHemy
p1t k). 3amerum, aro Torga p {4k — 3.
Bergemuum crenytomue ogaoponusie saemenTer B HH* (R):

— crenenun 0 : D1, D2, p3 u3 (2.13);

— crenennu 1 : Ug 1= (O,x), Uus 1= ((wy)k,O);
— creneHn 2 : v1, U2, v u3 (3.14);

— cTeneHu 3 : wy = (y,0);

— crenenu 4 : t:=(0,0,1).

IIpegnoxenue 3.25. IIpegmooxwum, 9710 p HE geaut k, HO geant k — 3.
[1sg 1eMeHTOB MHOXKECTBa

Vi = {p1,p2, 3, Us, us, V1,02, 03, w1, t} (3.80)

B amre6pe HH*(R) semommsiorcs coornomenmsa (3.18), (3.20), (3.21),
(3.23), (3.27), (3.28), (3.29), (3.31), a raxxe caefyoLHIe COOTHOLICHHUA:

plku4 = P2Uyg = 07
pius =0 prgi =1,2,3;
ugus = 0;
U5V = P2W1, UsV2 = U5V3 = 0.
UsW1 = U5t =0.
JokasaTeabcTBo. [ HEKOTODPBIX DIEMEHTOB U3 )} TPAHCIANUA HOJ-

XOOAmMUX MOPALKOB YK€ M3BECTHBI, I HaM HaJO JUMb JOIOJHUTEJIBHO
BBIUC/IUTD TPAHCJIAINN OIS Ugq U Us.
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Jlemma 3.26. B kadecTBe TPAHCIALUU 3JIEMEHTOB U4 U Us MOXKHO B3ATH
rOMOMOP(MHU3MEI, OIPEACJAEMBIe CAEIYIOIUMA MATPULIAME;

T (uy) = (o,x ® 1),

k—1 . .
0 - Y i (yr)' @ (zy)k

2 _
0 z®1— Y iy(wy) @ywy)k—2"1

T°(us) = ((e)* ©1,0),

1y [(—@ytel 0
T (us) = ( 0 —(zy)* ®y(fvy)k—2>'

Tenepb I0Ka3aTEILCTBO MPENIOKEHUA 3.25 3aBepIIAeTCA C IOMOIIBIO
[PAMBIX BEMUCICHUN, U DTO MBI IPEIOCTAB/IAEM IIPOLEIAT IuTATEN0.[]

T1 (U4) =

IIpegnoxenune 3.27. Ilpexmomoxum, 910 p HE geaut k, HO p geaut k—3.
Mmuoxectso V), yxazaunoe B (3.80), mopoxgaer HH* (R) kax K -aare6py.

HokazareascrBo. Ilycrs H — K-nogaureopa 8 HH*(R), nopoxaéunasn
muokecrsom Vi U {1}. Kak u B gokasareascrse npegroxenus 3.16, nam
IOCTATOYHO AOKA3ATH BKIIOTCHNE

i=6
|J HH'(R) c H. (3.81)
=0

ITockonpky cOOTHOLIEHUS, CBSIBAHHBIE TOIBKO C Wi, U1, V2, Us, T, yXKe
ObLIV TIPEACTABIEHBL (CM. JOKA3aTEIbCTBO Npeaaokernu 3.7, 3.16 u 3.23),
TO MBI I KPATKOCTH IPHUBEIEM JUIIbL HOBBIE COOTHOIIEHUA, HEOOXOIN-
MBIe A [OLy4eHus BKI4deHus (3.81):

pfu;; = (y(wy)i,O) oma 0<i<k—1,

D3y = (0;$y)k); ugvy = —(0733.1! + yaz),

P tugs = —(O,y(wy)i) ma 1<i<k—1,
Uqv] = k(O,x(yw)k_l), ugwy = k(O, (wy)k,O),

U4’U12 = k(O,w(yw)k_l, Oz), uyt = (Og,m), p3ugt = (03, (:Uy)k>,
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plugt = (Oz,y(xy)i,()) oma 1<i<k—1,

UsV Wy = k((), (zy)k, 0o )

Haxonen, Bkmogenre HH"(R) C H s BCeX n yCTAHABIMBAETCS C IIOMO-
B0 WHIYKIAYA aHAJOTUYHO T0KA3aTEJbCTBY IPEITOKEHNuI 3.7. O

Oycrs Ay = K(X})/I; — rpagyuposannas K-arre6pa, onpesenéHuasn
B pasgene 1, rne X3 m3 (1.25), a I} — cooTBeTCTBYIOMMI MAEAT COOTHO-
menun. U3 npegmoxennu 3.25 u 3.27 ciaeayer, YTO CyMIECTBYET CIOPB-
eKTUBHBIN roMoMopdu3M rpagyuposanueix K-amre6p ¢: A5 — HH*(R),
HePEeBo AAImI 00pPa3yomue 13 MHOKECTBA X5 B COOTBETCTBYIOMME 00Da-
aytomue u3 Vs llycrs A = D, 5(A3)™ — npamoe pasnoxenue amre6pet
A’ Ha ogHOpOAHLIE NpsMEIe craraeMble. Teneps dacts (3b) Teopemsr 1.1
BLITEKAET U3 CICLYIOMEr0 yTBEPK ICHUA.

Ilpepmoxenne 3.28. /l1g smroboro m = 0

dim (A})™ = dimgx HH™(R). (3.82)

JoxasareabcTBo. Ha xoabue MHOrOwIeHos K [X]] BBe#éM meKkcuKorpa-
(pudeckun MOpsAIOK TAKOU, ITO

Wy >V > V2> U3 > Ug > Us > > P > P2 > Ps.

Cenyac MBI B CHUCOK DJEMEHTAPHBIX LMIAIOB PEIYKIWKA BKIIOYAM TAKUE
npeoOpa3oBaHUA

2 2 2
vy = 2tp3, w3 — —tp;, wWip2 — ViUs.

Kax w Bbune, onpenensercs HopMaiabHas GopMa aaemenTa u3 A} u ycra-
HABIMBAETCS, ITO JIOOOU DJIEMEHT NOMYCKAET XOTs Obl OIHY HOPMAILHYIO
dopmy. Haxowern, ¢ moMOIIBI0 IOCTEIOBATEIFHOI0 pa3bopa paga CIydIaes
IOKa3BbIBAETCsA, U9TO BCe (HEHyJIEBBIE) MOHOMBI, MMEIOINE HOPMAIbHYIO
dopmy, comepKaTCA B CAETYIOIMEM CIHACKE.

Mosnowmer crenenn 0: .
i .
{p1}707p27 D3;

=

MOHOMEI crenenu 4n, n > 0:
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. & yn—1 PO yn—1
{vf(n_z)t‘} , {wlvf(n ¢ 1)U4t’} ,
i=0 =0

N k—1
{t”pf } , vi"pa,  t"ps;
j=0
MOHOMEI cTenenu 4n + 1:
Y yn—1 ofr_ 1 .yn—1
{vf(n z)U4tl}' ) {wlvf(n 9 1t’}' ,
=0 =0

.y k—1
n,J n 2n,, .
{U4t Dy } i 07 U4t P3, Uy Us;

MOHOMEI cTenenu 4n + 2:

. an . yn—1
AR S (Tt T S

=0

k-2
2n+1
{U3tnp1]}, o’ 0" P, vat™;
]:

MOHOMBI cTeneHu 4n + 3:

{Uf(n—z)+1u4tz}i:07 {wlvf(n—z)tz}izo,

k—2

n, J 2n+1 n.
{U3U4t p1}_ ) U Us vaugt’”;
]:

(masn € NU{0}). C yaérom crencreus 2.21, myskr (1), oTciona BEITEKaeT
paseHcTBO (3.82).

Coaygan 3.3. Tenepnb npeanoaoxuM, 9To p aeaut 4k — 3 (u no-nmpexxnemy
p1k). Bamerum, aro Torga pfk — 3.
Bergemuum crenytomue ogaoponusie saemenTer B HH*(R):

— cremenu 0 : p1, p2, p3 u3 (2.13);
— crenenn 1 : uy u3 (3.73);

— cremneHn 2 : vy, U2, v u3 (3.14);
— cTemneHn 3 : wy = (0, z(yz)k1);

— crenenu 4 : t:=(0,0,1).
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IIpegnoxenune 3.29. Ilpexnoroxum, aTo p He geaut k, HO geant 4k — 3.
[l 5/1eMEeHTOB MHOXKECTBA,

Vi = {p1,p2,p3,u,v1, 02,03, w4, t} (3.83)

B aarebpe HH*(R) semoamstorca coormomernmsa (3.18), (3.20), (3.21),
(3.27), (3.28), (3.29), a Taxxke caegyroumme COOTHOLICHHU:

k
P1 U/l =0;
piwyg =0 grai=1,2,3;
VoaWyg = V3W4 — 0.

HokazareancrBo. Tpascasauuu 11 GONBIIMHCTBA DJIEMEHTOB (IOI0XKU-
TEIBHOU CTeneHu) u3 )4 MOAXONAINX MOPALKOB YK€ M3BECTHBL, M HAM
OCTAJIOCh BBIYUCANTH TPAHCHALNHA IJIA W4 .

Jlemma 3.30. B kadecTBe TPAHCIALUH >JIEMEHTA W4 MOXKHO B3ATEH I'O-
MOMOP@U3MBI, OIpPEAeAAeMbIe CACAYIOIUMHA MATPUL[AMHU:

() = (0,2(y2)" " @ 1),

1 _ (0 —x(yz)f el 0
I‘(w4)"(() 0 —a%yw)””'®(yw)k‘1)’
) (0 z(yx) el 0 0
T (wy) = (0 Y 0 —z(yz) '@z 0) ’
3 _ (0 —zy) el 0 0
T (wy) = (0 Y 0 —z(yr) ' ®1 0> '

Tenepp K0Ka3aTEILCTBO MPENIOKEHUA 3.29 3aBepiraeTcsa ¢ MOMOIIBIO
IPAMBIX BBI‘II/ICJIGHI/IIR/)I, 1 3TO MBI IPEOOCTABJAAECM IIPOOEIaTh INTATETIO.

Ilpeamoxenne 3.31. Ilpemmonoxkum, 910 p HE aeautT k, HO P AEIUT
4k — 3. Muoxecrso )Y, yxazaunoe B (3.83), mopoxgaer HH*(R) xax
K-arrebpy.

HokazareascrBo. Ilycrs H — K-nogaureopa 8 HH*(R), nopoxaéunasn
muoxkecrsom V5 U {1}. Kak u B gokasarerscrse npegntokenus 3.16, nam
IOCTATOYHO JOKA3ATH BKIIOTCHNE

i=6
|J HH'(R) c H. (3.84)
=0
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IToCKOIBKY COOTHOWIEHUS, CBA3AHHBIE TOIBKO C U}, U1, V2, Vs, t, paHee
OBLTA IPEICTABICHBI, TO MBI M KPATKOCTH IIPUBEIEM JNIIL HOBBIE CO-
OTHOLIEHWs, HEOOXOAUMBIE [JIA MOy IeHUA BKIoIeHus (3.84):

piuy = —3(y(wy)i,0) s 1<i<k—1,

pou) = (k —3) (:Uy)’“,O), psu) = —k(O,:Uy)’“),

wjws =~ (k= 3)(0, (en)",0),  wfol = (k- 3)(y, 0s),
paujof = (k=3)((e)", 05 ),
Viwg = (O,x(yx)k_l,Og ), uwiviwg = —(k — 3) (0, (zy)*, 02 )

Haxonen, Bkimogenne HH" (R) C H nis Bcex n yCTAHABIMBAETCS € IIOMO-
IIBIO UHAYKOMY AHAIOIMIHO JOKA3ATENbCTBY MPEANOKEHT 3.7. O

Oycrs A = K(XY')/I) — rpangynpoBannas K-anre6pa, onperenéHaasn
B pazgene 1, roe X us (1.27), a I} — cooTBeTCTBYOIMI HAEAT COOTHOLIE-
unu. U3 npegnoxkenun 3.29 u 3.31 creayer, 9TO CYyMIECTBYET CIOPHEKTUB-
HBI romoMopdusm rpanyuposBarubx K-amre6p p: Ay — HH*(R), nepe-
BOAAIMY 00Pa3yomme u3 MHOKECTBa X4 B COOTBETCTBYIOMME 00Pa3yio-
mme w3 Yy Mycrs Ay = D,,5 (Ag’)m — PAMOE PABMOKEHUE ANreOpLI
AY Ha ogHOpOIHBIE IpsiMEbIe craraeMbre. Temeps dacth (3¢) Teopemsr 1.1
BLITEKAET U3 CICAYIOMEr0 yTBEPK ICHUA.

Ilpeamoxenne 3.32. /lia mrob6orom =0
dimg (A5)™ = dimg HH™(R). (3.85)
MoxaszaTeabcTBo. Ha xonbue muorowienos K[X4'| BBeaém mekcuxorpa-
(puaecKu MOPATOK TAKOU, ITO
VL > Uy > U3 > wy > uy >t > p > py > ps.

Ceﬁqac MBI B CIIMCOK 3JIEMEHTAPHBIX HIAI'OB PEIYKIUUW BKJIIYIAM TaKWUE
npeoOpa3oBaHUA
2 2 2
vy > 2tps, v3 — —tp;.
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Kax u Bbuue, onpegensercs HopMatbHast GopMa diaeMenTa u3 Aj u ycra-
HABJIUBAETCS, ITO JIOOOU AIEMEHT AOILYCKALT XOTs ObI OHY HOPMAJIbHYIO
dopmy. Hakoner, ¢ moMOIIBI0 TOCAEIOBATENILHOT0 Pa3bopa pAIa CIydaeB
IOKa3bIBAETCsA, 9TO BCe (HEHYJIEBBIE) MOHOMBI, MMEIOINE HOPMAIbHYIO
dopMy, cogepxKaTca B CAETYIOIMEM CIUCKE.

Nk
{pf} o P2 s

i=

Monowmer crenenn 0:

MOHOMEI cTenenu 4n, n > 0:
. —1 . n—1
2(n—i) i | " 2(n—i—1) 74
{”1 t o’ vy waut”

1=0
N k-1 9
{t”pf }j_o , vi"p2, t"ps;

MOHOMBI crenenu 4n + 1:
. n—1 . n—1
2(n—1t i 2(n—i)—1 1
{vl(n )u’lt‘} , {vl(n ) w4t’} ,
i=0 i=0
’ j k=1 / 2n 1
n n n .
{ult pl }j—07 ult D3, U1 u1p2;
MOHOMEI cTenenu 4n + 2:

. an . yn—1
(20 Lty

=0 1=0
2 2n+1
{UBtnp1 } o, U D2, U2t
Jj=0
MOHOMEI cTenexu 4n + 3:
. n . an
e} L)
i=0 i=0
/ J k=2 2n+1, 7 /
{vgultnpl } o’ v T U P2, vault™;
]:
(zaan € NU{0}). C yaérom caegcreusn 2.21, nyuakr (1), oTcioga BeITEKaeT
paBeHcTBO (3.85). O

Caygau 4. Tenepb npexmonoxum, 9to p geaut k (m p € {2,3}). Us
npemaoxerun 2.8, 2.9, 2.11, 2.12, 2.14, 2.15 u 2.17 BEITEKAET CICAYIOIIEE
YTBEDPK ICHUE.
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IIpeanoxenne 3.33. IIpesmomoxum, ato p # 3 mp | k. Torga:
(a) mpocrparcrso HH' (R) mmeer B kavecTBe 6asmca MHOKECTBO, CO-
crosiee U3 KOrOMOJIOIHIeCKUX KJAACCOB CIEAYIOIUX JIeMEeHTOB:

(4(e)',0) mnx 0<i<h—1,
((wy)’“,O), (0, (:vy)’“);

(b) mpocrparcrso HH?(R) mveer B KavtecTBe Ga3mca MHOXKECTBO, CO-
cTodAIee U3 KOrOMOJIOMMYECKHX KIACCOB DJIEMEHTOB, YKa3aHHbBIX B (3.64)

u (3.65);

(¢) mpocrparcrso HH? (R) mmeer B xadecTBe 6asmca MHOKECTBO, CO-
cTOAIIEE U3 KOMOMOJIOTMIECKHX KJIACCOB CICAYVIOIHAX 3JIeMEHTOB:

(O,y(wy)i) ama 0<i<k—1,
(y,O), ((wy)'“,O), (O,wy + yw), (O,w(yw)’“_l);

(d) mpocrpancrso HH*(R) mveer B KavtecTBe Gasmca MHOXKECTBO, CO-
cTOAIIEE U3 KOMOMOJOTMIECKHX KJIACCOB CICAYVIOIHAX SJIeMEHTOB:

(02, (zy)® + (y:ﬂ)’) o 1<i<k—1,
(1,02), ((y2)*",02), (0, (ay)*,0),
(02,1), (Oz,y(wy)’“_l) (OQ,(ZL“y)k).

Ananornvyso npemioxkenuo 3.2 NOKA3BIBAETCS CJICIYIOUIEE YTBEPXK Ie-
HUE.

IIpegaoxenne 3.34. (a) IIpocrparcrso HH® (R) nveer B kazecTBe 6a-
3UCa MHOXKECTBO, COCTOAIICE U3 KOIOMOJOTHICCKUX KIACCOB CACAYIOIHIX
2JIEMEHTOB:

(Ozay(wy)i,O) qrg 0<i<k-—1,

(y,03), ((Cﬂy)k;Oa‘), (O,SU(yﬂ?)k_l,Oz), (03,(333;)’“).
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(b) Ipocrpancrso HH®(R) mmeer B kawecTse 6asuca MHOXKECTBO, CO-
cToAlee U3 KOrOMOJIOMMYECKHX KIACCOB DJIEMEHTOB, YKa3aHHbBIX B (3.71)

u (3.72).

Brigemnm crenytomme ogaOpoaHbIe saemenTe B HH* (R):

— cremenu 0 : D1, D2, p3 u3 (2.13);

— crenenn 1 : u == (y,0), usz := (0, (zy)*);

— cTemneHn 2 : v1, V2, v3 u3 (3.14);

— cTeneHu 3 : wy = (y,0), ws :=(0,y), ws := (0,zy + yx);
— crenenu 4 : t:=(0,0,1).

IIpegnoxenune 3.35. Ipegmonoxum, aro p ¢ {2,3} u p gemur k. /[dia
3JIEMEHTOB MHOXKECTBA
Vi = {p1,p2,p3,uy, u3,v1,v2,v3, w1, W2, w3, t} (3.86)

B aarebpe HH*(R) semoamstorca coormomernmsa (3.18), (3.20), (3.21),
(3.23), (3.28), (3.29), (3.31), a Takxke caegyroume COOTHOLICHU:

k.1 __ " o__
pru =psu; =0,

piug =0 grgi=1,2,3;
" .
uyuz = 0;

Ky = potiy = p3ts =0
PL w2 = p2wz = p3wz =V,
piws =0 gmai=1,2,3;

"
p2wy = pauy vy,

" o = 0 " =0
upvs +prwz =0, u;v2 =0,
uzv; =0 gma i =1,2,3;
uwe = ufws = 0;
Usw, = U31E2 = uzws — 0;
viws = vzwz = 0;
viwg =0 guai=1,2,3;
vows + 2ust = 0;
wle = wi1ws = 7:[72’[1)3 =0.
oka3zaTeabcTBo. TpPaHCIAIMM [IOIXOMANIUX MOPAIKOB A OOJBIINH-

CTBa DIEMEHTOB (IIOJOXKUTEILHOU CTENEeHU) U3 )y YK€ U3BECTHHI; HAM
OCTAJIOCh BBIMUCIUTD TPAHC/SALMAN 1S U3 U W3.
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Jlemma 3.36. B kadecTBe TPAHCAALIME 3J€MEHTOB U3 U W3 MOXKHO B3ATH
rOMOMOP(MHU3MEI, OIPEACJAEMBIe CAEIYIOIUMA MATPULIAME;

TO(u3) = (0, (zy)* @ 1), T (u3) = (% (xy)g 2 1) :

To(ws)Z(O,w®y+y®w), Tl(w3)=<% 0 0>,

Yy *
rae
w3 23:CU®£L“‘—£L“‘®£L“+ l®x” —-2-2°®1;
(Tl( )) 2 2 2.1 3 2 3 1
2 v (0 0 0 z(yz)F @ (zy)* T |
T(w3)_<0 0 —-2’y-—yz? —r22-2°®1 ’
3 (0 0 0 O
rge

k—1
T3 _ i k—1—i
(T%(ws))2a = ) z(yz)' @ (zy) :
i=0
Teneps mOKa3aTENLCTBO MPEITOXKEHUA 3.30 3aBEPIIAETCSA C MTOMOIIBIO
MPAMBIX BEIYUCJICHUN, U 3TO MBI TPEIOCTABIAEM MPOAEIATH IUTATETH0.[]

Ilpegnoxenne 3.37. Ilpegmonoxum, 910 p # 3 u p gemut k. Muoxe-
cTBO )4, ykazaunoe B (3.86), mopoxgaer HH*(R) xax K-aareopy.

HokazareascrBo. Ilycrs H — K-nogaureopa 8 HH*(R), nopoxaéanasn
muokecrBoM Yy U {1}. Kak u B gokasareascrse npegroxenus 3.16, nam
IOCTATOYHO AOKA3ATH BKIIOTCHNE

i=6
|J HH'(R) c H.
=0

CooTHOWEHUs, CBA3AHHBIE C U),V1, Vs, U3, W1, Ws,t, y&Ke ObLIM TpE-
crapiaeHbl. OKa3bIBaeTCA, YTO JUMb 1A NOKA3ATEILCTBA BKIOYCHUA
HH°(R) C 'H moHazo6urcs OHO AONOJHHTEIBHOE COOTHOIICHHE, a
mmenno ust = ( Os, (zy)¥). Hakonen, Bxmosenme HH"(R) C H g1a Beex
N yCTaHABIMBACTCA C MOMOIILIO MHIYKIMKA AHAJIOTUIHO TOKA3ATEILCTBY
[PEeIIOKeHUs 3.7. (]



200 A. 1. TEHEPAJIOB

Iycrs Ay = K(X;)/I, — rpagyupoBannas K-aare6pa, onperenéHaasn
B pazgene 1, rae Xy u3s (1.29), a Iy — cOOTBETCTBYIOIIUY UAEAL COOTHO-
menun. U3 npegmoxennu 3.35 u 3.37 ciaeayer, YTO CymIECTBYET CIOPB-
eKTUBHBLIN roMOMOpdU3M rpanyupoBasabix K-aarebp ¢: A4 — HH*(R),
MEePeBOIAIIN 0OPA3YIONIAE U3 MHOKECTBA, Xy B COOTBETCTBYIOMTE 00pa-

aytomue u3 Yy. llycte Ay = @ AJ* — npsamoe paznoxernue arre6per Ay
m=0

Ha OJHODPOJHBIE IpAMBIE caaraeMmble. Temeps 9acts (4) Teopemsr 1.1 BbI-

TeKaeT U3 CAEIYIOIIEr0 yTBePXK ICHU.

Ilpepmoxenne 3.38. /l1g mroboro m = 0

dimg A" = dimg HH™(R). (3.87)

HokazareascrBo. Ha xonbue muorowienos K[X;]| BBeaém aekcukorpa-
(praecKur MOPATOK TAKOU, ITO

wy > Wi > v >’U2>’U3>’U)3>U11I>U3>t>p1 > po > p3.

Cenyac MBI B CHUCOK DJEMEHTAPHBIX LMIAIOB PEIYKIWKA BKIIOYAM TAKUE
npeoOpa3oBaHUA

~ 1 1

Wap1 — —V3U, wip2 > V1Ug P2,
2 2 2

vy — 2tp3, vy — —tpy,

Wavg — uytpy, vaws — —2ust.

Kaxk u Brimtie, onpenenseTcsa HopMaiabHaa popMa daemenTa u3 Ay u ycra-
HABJIUBAETCA, ITO JHOOOU 2IEMEHT JOMYyCKALT XOTS ObI OJHY HOPMAaJbHYIO
dopmy. Hakomerr, ¢ moMOIIBI0 IOCAEIOBATEILHOTO Pa3bopa paLa CIyIaeB
JLOKA3bIBAETCs, 9TO BCe (HEHyJEBBIE) MOHOMBI, MMEIOMINE HOPMAIbHYIO
dopMy, cogepKATCA B CAEIYIOIIEM CIIKICKE.
Mouowmer crenenn 0: .
{plz} i , P2, P3;
=0

MOHOMEI cTenenu 4n, n > 0:

N yn—1 . yn—1
T N O s

i=0 i=0

Nk ‘
{t”pf }j_o, vi"p2,  t"p3;
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MOHOMBI crenenu 4n + 1:

. . yn—1 . a1 n—1
{vf(n_l)u’l’t’} . {wlvf(n ) 1t‘} ,

i= i=0
" j k=1 2n, 1
n n n .
{ult pl } ) ) Ugt ) ’1)1 U1p2:
7=0
MOHOMEI cTeneHu 4n + 2:
. n . n—1
2(n— 1,i 2(n—i)—1 i
R A A
i=0 =0
j k—2 on1
n n n.
{USt pl } 07 U1 D2, UZt )
]:

MOHOMBI cTeneHu 4n + 3:

{vf(n_l”lu’l’tz}i:o, {wwf(n_l)t’} R

1=0

k=2
{vgu'{t”pf} ;v py ) wst™;
(masn € NU{0}). C yuérom crencreus 2.21, myHkT (3), OTCIO4a BEITEKAET
pasercrBo (3.87). O
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