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FAROV—RZEBG B3Ry TREOBEREHR

iRk -® =& # (Mamoru Mimura)
mAaA-E &R ¥ (Yutaka Hemmi)

2T EHopf R W k LOEERRE > EFEMHopfRETH Y, —KRZEGR
EOREAEHIREL RV, p WEKITRWBOEU Z/p=1Z/p (p#0), Z/0=Q &7
0 UT, ZEIEREN-EROREIE—BE2ES, BAXBEIONTVRET
%o

PRV —-RBOLTHHLN S Hopf B ORBHIRFELVLTRD22oB5 3

1. mod p SteenrodfC# A (p#0) ,

2. HopfZER X O k 2R¥E LI I(DREQY R

Ho(X k) (H*(X k).

(mod p SteenrodfX# A » DWW T)H[15]

A OXEt O a WkeHFLTAREQY ~EHARTHS

1) EEOZEM X Z0BHEM A O3 (X,A) RUEEOREEE n 12X
UT a HMX,AZ/p)—>H (X ,AZ/p) BZ/v—EFENERTH 3,

2) MoMoERSH f:(X,A)~>(Y,B) WHEEYT ZEEUEE L H (Y,
BiZ/p)—>H*(X,AZ/p) XHUT ffa=aft BRYED,

3) ERHEFNER 6 I H(AL/p—=H" (X,AZ/p) XHUT da=38a
BIRY 2D,

Ap WIFAROEMCLVRHOIRKERY, TH6RREALTRE A
A =>Am @Ag & VBHopfEERS:

alxy)=(A a)x8y) (€A wm, x,YEH*"(X,AZ/p))

hiZEY A W@BEEOXNOIKREQAY —RCHpIREEUTERHT % Apm D
BRLBEBERIIHAIATLE I RBELULTOEMRTIE p=2 D& & {Satteo
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(deg Sa* = 1), p23 D& X {P*,Blwo (deg P* = 2t(p-1), deg B = 1) T
50, Th s OEIZEBRN(Aden relation)WdH 2 (cf HEFHH), THXRHEICHEL
TRBWY LD !

A(Sg®D)I=Z; 5¢'®Sq* 1, A(PH) =, P'®P*"!, A(B)=08R1+1R4.
FRENGOAREDY —RANDIERBEROFH(ELELZEIRARLT .

Sgtx = x® (dim x = t), 0 (dim x < 1),

P*x = x® (dim x = 2t), 0 (dim x < 2¢). |
Ap ORBEUTOHEEREM TS S5, DdHopfRE A« =Homz, o(A o,
Z/p) WROBREMREEIR>TVWS !
Awax= 2/20&1, 52,1,
Avpa= L/l &1, 2, 18A(10, T1,) pE3,
deg £: = 2'-1 (p=2), 2(p'-1) (p23),
deg v = 2p'-1,
P (ED=Z; 50 ®E,
P (r)=1:RI+ZT; &, Qv (1(j=p'),
BHU 2" Ams~>Amm @A w WRHE,
(Hopf B O 2 REQY —R2VT)

ZER X DHopfERTH B LWL, ERE®R 1 XXX>X T ulk, d)=pl )
~id: X=X 2AHALTHOBEETIEXLTE S, X HlopfEHOEXAFTE
Al X=>XXX (AMX=(x,x)) RUE p: XXX->X HoFEXh I ERUER
kY H*X;K), Ha(X3k) WHopf B3 ¢

A* D H(XGKO®H*(XSKZH(X X XK—=>H*(X;K)

g HYX SO HY(X X XK H(XSROQH(X 5K

it HoCXGROH (XIS H(X X X 50— HL (X 5K

Av s Hol X500 H(X X XGIOZHL(X O H (X 5K
TZTERLY A RU A WEAUDPO(RE>XOERT)EHRILR B, u*
BU pe WATUDZED TERV, HopfZER] X OFF 2 XXX—=X BEREME
—~HAWTHBEW p(uX1)2p(1Xp) XXX>X BHITDETRLS,
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FhREIPE—TMTHEEL nT=2pu  XXX->X BEOVZ2EZRENVS, HU
T:XXX=>XXX & T&,W)=,) TEESERERTHS. 0 BWRETPE—
BAEBGREIPE—TJHOTH N p* I H(XSO=>H(XGO@H (X k) BT u.

CHA(XGKHL(X K> HA(X k) BHEaEIDIER%S, MAEa» DR
HopfRROERICB U T ROERBS 5,

EH 1 (Hopf[81,80rel[2]) H WHENEAWIH» OTIRR I/ LOHopfIUET,
REORL/p—MBEEUTERETHZET S, COEERPBLEUVTRODE I ROHE
AL R I

H = ®H: (¥ O EE

ZZT H: 3kownwdsnh
p=2 O&E 772[x]1/(x*), t = 2° FhlL oo,
pz3 OEx () AWM Cdim x @ FE

(2) Z/plx1/(x®), t = p° F R o (dimx : B,
BU.t =00 O&EWE Z/Ix1/ (%) = Z/plx] &FE X %,
T 1 & UHopf M X W UT HYX: Z/0) BERUTH>HLIRBELUTOHE
BEADOIOT L,
HopfZZHIDHlE U T MAHEBFELieF)BPRERHITH S0, SHRIL—-TEMR QY =
{£:00,11=Y EHE I FO=Ff(1)=4%} WIRTEHEAONBZHE '@ QY XQY—>QY &
KV HRE M E—HETHopf ZHIILRS ¢

(2t 0=t=1/2
(F, 800 = ¢
e f (L) | 2t-1 1/2=ts1

FriopfZH X WU QX WARETIE—THRHopf BRI ZEBHSHATL
EE2 Milnor[14]) 1) FEOMNMEE G WXHUTZEM 3G T ¢G=Q(BG)
RALTDHDOBFEET 3.
i) EEOC(EMNREZGERARTIZER X KWL THEH G(X) T 20X =
G(X) AT HOREET S,
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FE L—TEEOREFE—ED LRV HpfEENEET 3 1 6l ST={%x
{1 DCayley#il,

HERORFT)NW-EHEDRE b € —B% 7 DHopf 22 (B BR(R TT)Hopf BRI Ik 21 v X
7 bLieBE A UEHERE D, BRaAINT MLieBR2LWTZOMAEERZAL
TRENEZ L OEEPEFRORTOHp I BRI U T ORI T 3 2 & BHBREAE
E—RUFERLVREATOS !

FE3 X EHRHpfZEME T 3,

i) Browder[4]) m B Ha(X;Z)#0 BRBIBROBHEITAW HA(X;Z)=Z
¥R, TOEBT £ WHU NE I HAX;G)>HaolX;G6) (G REEDT —
NLEHUERARERC RS, |

1) CHubbuck[81) X M 4 : XXX—X WAThE—wHmsld X 4h—
SAOREPE-RIEFD I X =S XXS!

ii1) (Browder[4]) n(X)#0 (n22) RBE3\/PD n WHEHTH S, X no(
X)=0,

iv) (Clark[61) X BA—TEHOREIE—BELTE n(X)RQ=0 %k
X =%, |

v) (Hubbuck-Kane[10]) n<(X) BWHHZ-METH 5.

vi) (Lin[12],Kane[11]) H.(QX;Z) WHHZ -MBETH 3,

UT X WA—7EMORE E—REEOGRIopf ZHCERL -7 2EDE ¥ 3,
BIAWE YN b2 iAis. COEEFE1I XV RPKYILD
1) H*(X;Q) = A(Xi,,Xr), dim x; = 2n;-1,
r® X OB, Qni-1,-,2n.-1) 2 X @(ﬁ@)ﬁ!&hﬁo X »saryns blie
BT, r T@FTOBETHL, T:2n;-1 =dim X &3, 2ZTROMER
EZx 5%

FISs (DEBRTHRL—TEEBEET 2200 (ny,,n.) OREERE
» 2

5, HEAL-TEE X H@%HREE Borel[2] kb, HBREORM LR
TRBHY LD
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H¥(X3Z/p) =2 A(xi,yxe), dim x; = 2n;-1.
koT, X OAEZM BX (Q(BX)MX)REXZZEREVRBADS °

486 (DEZLTEHRAL-TEMR X BEETAE X OAHEEN BX FE
REOEEEZBRVWTREART
(M H*(BXZ/p) = L/plyi,e,yel, dim yi = 2n,.

LORELO(MERRTER BX OFETZRDD (ny,-n.) OREREN
B ENEER S,

CZT X BEBHaAINT PLIeHOREEITH%. 5 T 2 X OBRK}—
5, WX) BWeylBET 3, k<HBATVAEES3R WX) & T OHEEM
BT @MU, k>T H*(BT;/p) AT 2. 22T H*(BT;;Z/p)"® %
ZOEARETZTERET S EAEEE T~>X PoRBENIHARSE BT
>BX RIAVEXOEGREEBERIN S,

(8) H*(BX;Z/p)=H*(BT;;Z/p)¥® =L/plty, -, 4. 1%, dim t, = 2.
ZETROESH SN RERYBS3

EEO (Borel[2]) p#0 D& xld W(X) OHKIX p £ETH3ET 3. 2O

rE@UANERERY, X3 |
H*(BX;Z/p) = Z/plys,-+,ye], | W(X) 1 =0n; (dim y; = 2ny)
WY Do |

EC Clark-Ewing B EDOBE2 BT ZZERIVMBESRROETEL:

V %tk k LOBE r OR7 PAERE. W & GL(V) OHERARET 3. <
DEX W i V EOMBRE SIVI=klt, . t.] (deg t, = 2) RHEAT 3.

M0 FHRX SIV]Y BRERBLRSLDOEBRRED?

Ml S[VI" BEMOaAERY - UTERTES, Thbs, ZM Y T
H*(Y;Z/p)=SIVIY 24 kTSOBEET 2D ORMERREH 2

PUTZhsOMES Clark-Eving[7] R¥->THEZ TV,

BB DV TRIRD K CH S hRRERBS 3.

12 ([5]0161031) char k= p &L, p#0 OX X1t W OB IW I p &
FTHBET 3. COEE SIVIT=klys,ye] ERBRDOLEFHRME W
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PEMHETHEIETHD, IHLIDEXIWI =10n; (deg ys = 2n) BV
Do

PR, W 2HIRE, I,” B p EBHER, Q 2 p EREKET S, 5, HR
BEEE® GL(Z:)>GLA(Qp) RUBRLBHEE GL (I, )>GL(Z/p) 2H
WT, W DL -RBEB Q- REARVI/p-KREEL S, COEETRBEY LD !

SEH13 (Clark-Ewing) fHi¥kH p EERERB W 20 TZOL/p-EMBL L
TOEERFAOHEMUEL Q- EMBE UV TCOERRBAOAMERI LOXMIGIL & U —x¢
—WREXHIET B, THRIDEE Z/plys, ¥y 1" & Qplys, o,y 1" ORBERURR
—¥9%. BU, B R LOBEAR Rlys,,yel, dimy: = 2n (ny S =ny)
RMUT r RU (ny,,n0) BEAFhBERRUBE L&

EHISKY, k=Z/p D& X OMEINE GL (Z,") OHRBAET GL (Qp)
OHMBELRI3DJBOOHHOMEWKL RS,

RICHEBEIIREZ B,

W14 char k= p & U, p20 Q&2 W ORKWE p EETHBET 3, T
QEEEBEOHHW-ZH ¥ WHUTRBHYILD

H*(Y/W;k) =2 H*(Y ;0"

RUWLL Y BB H (YOSt ] 222 THHW-20 Y O#RO
MIREwC R B,

W 2 GL(Z:,") OHBRBABET 5. COEX W It KWZ:)7,2) RIEET
. BU K(G,m) & (G,n) BDEilenberg-MaclaneZTH %, EW 21U H
BMW-Z2EEThE, W Y=KWZDL2DXEW REBRZEAT 3. <Hdh
T3 &3 H(Y R)EH(KWZpD7,2); R)ZRIty,,t] (dim ¢, =2, R
=Zp ,L/p,Qp) ERB. 2T X(W,p,m)=Y/W EBTUEEBEAHELLY
REiB5 ,

EEIS W R GL(Z:") OHFMBAHTHUEY p EFERDOET S, T3
W 5B GL(Qp) OEBBETHHIE, XBKYLD

H*CX(W,p,r) Z/p) /00ty 1 IY = 2/p0y 1,y ],
I Wi =TIn; (dimy; = 2n;)
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STHED p EFRQ-HHEHONBIZEU T Clark-Ewing ORDOERBD S ¢

FWIE W REEN p EERERBET S, COLE W HQ,-HRBEEUTO
TRRIXHARFH OLETARBUC-HMB LU TOERERRRRE2LB T L 2O
ERY Q, CEEThBZETHS, dRZDEE Qplte,,t:17 & CLty, -,
t.1" OBMBUBUE—HT 5.

C-BMBEDOAIEE Shephard-Todd[16] L& VR BN TV 3. TOMKEEAL TK
21B3%

EEIT W R GL (") OHRBOFHETHED p EXTHY, GL(Qp) K
BLVTEBBIR>TWVWEbDET S, 2OEE H*(X(W,p,r);Z/p) & UTRIR
TNA3ZHEARDOBMIKEORIPOBOINS !

T Z/plys,,ye] (dimy; = 2n) BEROREQAY—REUVTERINhER
S, FhREREA REOBELFE D, Adams-Wilkerson HERTEA » -R¥E
REBUTROBREE R .

E818 ([1]) FEEOEREA w -8 2/oly.,~ye] @imy, = 2n,) ©HUT,
U IIny B p &EROWE

Z/plyi,eeesy-l = SIVIF
AT GL(V) OBRMBHHE W PEETS. HU V BEK r ©Z/p-XT }
NEF, T6RIOEZXEIWI =1In; BEKVILD,

‘Clark-Ewing RU Adams-Wilkerson DR LV REBE 3

F19 IIn; B p &FKed5, COM(MEARTER BX BEETILDOL
E+AREER (ny,,n) B Clark-Ewing OR» 6B OB ETH S,

ETHBESRBES S, &, 5xrohnkd (ng,,n) WXLT Ony EXETRL
FYUERETHS. Lo THEERURIVLVRRES !

W20 (DERABRIGRAL—TEH X BEEITHWE, REAHART po BEET
%

(21) p2Zpo RBFEOFEK p WHUT Hny W p EXTHU DR (nyg,,n:)
W Clark-Ewing OR»P S8 dNh 3,
BN UTEELS PoROFHENS B ©
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FH FEOHRL—TZEE X WHUTLIe® G TREALTOOBEET 5 !
H*(X;Q) = H*(G;Q).
HUPHEBELFREERL -T2/ X OB (ny,,n) BQDEZEET, &2
A9 (2,2,2,4,4,4,6,6,8,8,10,12,12,14) W po=5 WU TQE AL T MBLiedt
ORRZWURS>TVRVL, T8b5 Clark-Ewing, Adams-Wilkerson ORI FHEHOE
EHREE AR TRV, B, Lin[13] &0, T3RABVERSA A REL

SEEB B 5D, FHMIERDL>TLRL,

EBS | ME | UK E 54 ek il
1| n | ()t pt(ntld! Q 2,3, ,(n+1)
2% n | gnint | pin,p=lmod m| QCH) m,2m, =, {n-1m,gn
2b | 2 on | w2, p=+l modm | Q(o+61) ' 2,m
3| 1 m | p=1 mod m Qo) | m
4 2 24 { p=1 mod 3 Qw) 4,8
5 2 72 | p=1 mod 3 Q(w) 6,12
6 2 48 | p=1 mod 12 Qli,w) 4,12
T 2 144 | p=1 mod 12 QCi,w) 12,12
8 2 96 | p=1 mod 4 Qi) 8,12
91 2 192 | p=1 mod 8 Q(i,v2) 8,24
10 2 288 | p=1 mod 12 QCi,w) 12,24
11 2 576 | p=1 mod 24 Qle,w) 24,24
12 | 2 48 | p=1,3 mod 8,p#3 | Q(/~2) 6,8
13 2 96 | p=1 mod 8 QCi,/2) 8,12
14| 2 144 | p=1,19 mod 24 Qlw,/-2) 6,24
15 2 288 | p=1 mod 24 Qli,w,s/2) 12,24
18 2 600 | p=1 mod 5 Q7 20,30
17 2 1200 | p=1 mod 20 QCi,n) 20,60




18 | 2 1800
19 | 2 3600
20 | 2 360
21 | 2 720
22 | 2 240
23 | 3 120
24 | 3 336
25 | 3 648
26 | 3 1296
27 | 3 2160
28 | 4 1152
29 | 4 7680
30 | 4| 14,400
31 | 4| 64-6!
32 | 4| 216+6!
33 | 5| 7261
3 | 6| 108+9!
35 | 6| 728!
36 | 7 891
37 | 8 |192+10!

p=1 mod 15
p=1 mod 60
p=1,4 mod 15
p=1,49 mod &0
p=1,9 mod 20
p=1,4 mod 5
p=1,2,4 mod 7
p=1 mod 3
p=1 mod 3
p=1,4 mod 15
p£2 or 3

p=1 mod 4,p#>
p=1,4 mod 5
p=1 mod 4,p#d
pP=1 mod 3
p=1 mod 3
p=1 mod 3,p#7
P27

pi

Y

pzll

Qlw, 7))
QCi,w,7n)
Q(w, V)
Qli,w,s/D)
QCi,/5)
Qv
SRV D]
Qalw)
Qlw)
Qlw, D)
Q

Qi)
Qs
Qi)
Qlw)
Qlw)
Q(w)

Q

Q

Q

85

30,60

60,60

12,30

12,60

12,20

2,6,10

4,6,14

6,9,12

6,12,18

6,12,30

2,6,8,12
4,8,12,20
2,12,20,30
8,12,20,24
12,18,24,30
4,6,10,12,18
6,12,18,24,30,42
2,5,6,8,9,12
2,6,8,10,12,14,18
2,8,12,14,18,20,24,30

BU *WUn>1 D> m=qgr, ¥k

2mis8
€ s

(ZE R

8 =e.:7(.i/mo

i =1, w=e2i73 5 =e2M/5 o=
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