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ABSTRACT

An important issue in the study of the classification problem with the type
homotopy of topological spaces is the identification of the homotopy
group, especially the stable homotopy group of spheres. Adams spectral
sequence will be converged on the 3-torsion component of the stable
homotopy group of spheres 7 (S°). The E,-term of the Adams spectral
sequence is cohomology of the mod 3 Steenrod algebra Ext’; (Fs, F3). To
compute the E,-term of the Adams spectral sequence, we need to compute
Ext’; (F3, F3) = H**(Hom(P,, F3), 8) for any free A -module resolution
of FF5. In this paper, a free resolution P, for internal degrees t < 30 was
constructed.

TOM TAT

Mot vin d@é quan trong trong nghién ciru bdi todn phéan loai kiéu dong
ludn ciia cdc khéng gian topé la xac dinh nhém dong luan, ddc biét la
nhom a”é‘ng ludn 6n dinh cua mat cau. Day ph5 Adams hoi tu vé thanh
phan 3-xodn ciia nhém dong ludn on dinh ciia mat cau w5(S°). Trang E,
ciia day phé Adams chinh la doi dong diéu cia dai so Steenrod
Ext’y (Fs,F3). Pé tinh trang E, cia ddy pho Adams, ta cdn tinh
Ext’; (F;,F3) = H**(Hom(P,, F5), &) cho gidi thirc A -mé dun tu do bdt
ky ciia 5. Trong bdi bdo ndy, gidi thire tw do P, doi véi nhitng bdc trong
t < 30 duoc xdy dung.

1. GIOI THIEU

Mot s6 ky hiéu duoc sir dung trong bai viét dugc

quy udc nhu sau:

Ay, Dal s6 Steenrod trén truong nguyén tb p.

Ext}; (F,F,): D6i dong diéu cia dai so
Steenrod trén trudng nguyén to F,.

Tord(F,, F,): Pdng diéu cua dai sé Steenrod

trén trudng nguyén t6 IF,,.

E2*: Day phd Adams.

H™(X,F,): Dbi déng diéu bac n cia X.

Jl{gs,i}: A-md dun ty do sinh béi cac phan tir
Is,i-

Hom_4 (|, _): Ham tir Hom

»'$: Treo bac s.

Ker(d): Nhan cua dong cau .

Im(d): Anh cua ddng cau a.

Viéc tinh toan di dong diéu cua dai sé Steenrod,
ky higu Ext’; (F,, F,) (v6i p la sé nguyén t5), la
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mot van dé trong tam ciia Topo dai sb. Trang E, cua
diy phd Adams chinh 13 d6i dong diéu cua dai sb
Steenrod. Ké tir khi ra doi, bai toan nay di tré thanh
mot dé tai hap dan, thu hat nhiéu nha toan hoc quan
tam va nghién ciru. Tir nhitng nam 60 cua thé ky XX,
céc nha toan hoc di c¢6 nhiéu cong trinh nghién ctu
vé Ext’; (F,, F,), tiéu biéu ¢6 cdc cong trinh ciia
Adams (1958), Wang (1967), May (1970), Tangora
(1970), Lin and Mahowald (1998), Bruner et al.
(2005), Lin (2008) va nhiéu cong trinh khéc.

C6 nhiéu cong cu va nhiéu phuong phap tiép can
aé nghién ciu d6i ddng diéu cua dai s6 Steenrod nhur
dai s6 vi phan phan bac Lambda (Bousfield, 1966;
Wang, 1967; Priddy, 1970; Singer, 1983; Lin, 2008;
Chen, 2011), diy phé May (May, 1964, 1966;
Tangora, 1970; Chon va Ha, 2012, 2014), cac cong
cu bét bién modular va giai thic téi tiéu (Bruner,
2009; Rognes, 2012, 2015).

Viéc tinh toan giai thuc tdi tiéu ciing di duoc
quan tAm nghién cttu boi mot s nha toan hoc, cy thé
nhu Rognes (2012, 2015) d tinh dwoc giai thic t6i
tiéu vai bac trong t < 20 véi truong hop p = 2 va
bac t <16 véi truong hop p = 3. Bruner and
Rognes (2021) di dé cap dén viéc sir dung giai thic
t6i tiéu dé tinh Ext® (F,, F,) véi s < 100 va t <
200. Tuy nhién, két qua tinh toan khong duoc trinh
bay mdt cach twong minh. Cung ndm, Nassau (2021)
dé xuat thuat toan tinh gial thuc t6i tiéu trén dai so
Steenrod vé6i p = 2. C6 thé noi, viée tinh toan giai
thirc t6i tiéu cho truong hop p 1a s6 nguyén t6 1é van
con la mot bai toan ma.

Trong bai viét nay, giai thic t6i tiéu cua trang
E, cua diy phd Adams cho dai s6 Steenrod A tai
nhitng bac trong t < 30 da duogc tinh.

2. KIEN THUC CHUAN BI
2.1. Trang E, cia diy phé Adams
Duya trén cong trinh cia Rognes (2012), ta co

Pinh nghia 1: Giai thic Adams cua pho ¥ 1a
mot biéu d6 cua pho

v 2

K'l
trong dé 9: K° - YYs*1 véi moi s>0 sao cho
@) Mdi biéu db
Ys+1 _l) Ys L)Ks a 5 ZYS+1

1a mot day ddi thd dong luan.
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(b) Mdi phé K*giao hoan voi treo cua phod
Eilenberg-Mac Lane mod p 14 bi chan dudi va kiéu
httu han.

Mbi anh xa j:Y* — K°cam sinh mot toan ciu
j**HYS —» HK* trong d6i dong diéu mod p.

Bb dé 2: Cho giai thirc Adams tiy y, dat
Py = H*(X°K?),

0, = 0" H*(X°K*) » H*(X°'K°™)
va £ = j*: H*K® —» H*Y. Khi d6, biéu do
P 2ap s P P S HY 5 0
la mdt giai thirc cia H*Y boi A -md dun tu do, bi
chan duéi va c6 kiéu hitu han. Viét tat giai thire trén
nhu sau e: P, - H*Y. Néu P, 1a cac A -md dun tu do
thi giai thirc €: P, > H*Y duoc goi la giai thac tu do
cua H*Y.

Céc ddng cdu d, va € bao toan phan bac dong diéu
cua P, va H'Y, cac phan bac nay dugc goi 1a bdc
trong va duoc ky hiéu bai t.

Pinh nghia 3: Mot phan tir trong ddy phd
Adams E2* duoc goi 1a c6 bac loc s, bac tong t —
sva bac trong t. Mot phan ti trong F* c n*(Y)
duoc goi la loc Adams I6n hon hoac bang s.

Pinh Iy 4: Trang E, clia diy pho Adams cua Y
l1a

E, = ExtS} (H*(Y),F,).

bac biét, trang E , khong phu thude vao sy lua
chon giai thuc Adams.

2.2. Pai sb Steenrod trén truwong Fy

Dua trén cac cong trinh cua Ravenel (1986),
Milnor (1958), Steenrod (1962) va co6 mot so két qua
dugc tinh todn méi tai nhitng bac trong ¢ I6n hon
nhirng két qua da cé trong cac cong trinh nay, ta co:

Pinh nghia 5: Cho X 1a m6t khong gian topod
trén trudng [F5. Cac toan tr doi dong di€u tac dong
Mot cach tu nhién trén doi dong dieéu cua khong gian
topo X

PL H™(X, Fy) » HVW4(X, Fs)

dugc goi 1a Iy thura Steenrod vaimoi i = 0,n >

0. Céc toan tu nay thoa man

- P(x) =x,
; x3 néu deg(x) = 2i
— 3 =]
P {0 néu deg(x) < 2i’
— P*(xy) = Xiyj=k PP/ (y) (Cong thuc
Cartan),

véix,y € H"(X,F;) va deg(x) 1a bac cua x.
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Pinh nghia 6: Dai s6 Steenrod A5 1a mot F-
dai s phan bac, két hop, c6 don vi trén truongF,
sinh boi cac phan tir P%,i > 0 bac 4i va 8 bac 1, thoa
mén P° = 1, 82 = 0 va c4c quan hé Adem nhu sau:

L/3 i+t 2(] t) — i+j—tpt
-1 ( ) )P P

pipi =
Véi i < 3j
va
pigpi = S/l _qyi+t 2(—1t) i+j—tpt
pP = S (S ) ppep
[(i-1)/3]
Z ( 1)1 1+t 2(] ) )Pl+] tﬁPt

Véi i < 3j

trong d6 (Z) 1a hé sé nhi thic ldy mod 3; Ky
higu [x] 1a phan nguyén cua x, d6 1a sb nguyén 16n
nhat khong vugt qua x.

O day, toan tir Bockstein £ 1a dong cau néi sinh
ra tu day khop
0-Z/3->7Z/32>17Z/3 -0,
nghia la B: HM(X, Z/3) » H"(X,Z/3).

Trong Az, cho = (g,iy, &, 05 &), & =
01,i=0,ta dinh nghia mot don thue d6 dai s co
dang

pl = 'Bfopi1B€1Pi2 ---ﬁES—lpiSBES.

Pon thiic P! duoc goi 13 chdp nhan dugc néu
[ 23l +g,j=1

Bac cua don thirc P!, ky hiéu deg(P'), duoc
dinh nghia boi

deg(P) =4(y + i+ +is) + (g + -+ + &).

Ménh dé 7: Tap hop tit ca cic don thic chap
nhan dugc 14 mot co so cua dai s6 Steenrod A
(A3 duge xem nhu 1a khéng gian vécto phan bac
trén F3) va co s nay dugc goi 1a co s¢ chap nhan
duoc.

Khi d6, ta c6 co s¢ chap nhan dugc ¢ bac trong
t<30cuacAjla

PO (bac 0);

B (bac 1);

P! (bac 4);

BP*,P*B (bac 5);

BP'B (bac 6);

P2 (bac 8);

BP?, P?B (bac 9);

BP?B (béc 10);

P3 (bac 12);
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BP*, Pp (bac 13);
BP*B (bac 14);
P3P, P* (bac 16);
BP3PY P3P1B, BP*, P*B (bac 17);
BP*B, BP*P'p (bac 18);
P>, P*P* (bac 20);
BPS5, P53, BP*PY, P*BP, P*P1p (bac 21);
BP>B, BP*BPY, P*BP'B, BP*PB (bac 22);
BP*BP*p (bac 23);
P, PSP (bac 24);
BP%, PeB, BP>PY, PSBP, PSP1S (bac 25);
BP®B, BPSBPY, PSP, PSBP1B (bic 26);
BP3BP' (bac 27);
P7, P%P? (bac 28);
BP7, P7B, BPCPY, PGP, PSP1B (bac 29);
BP7B, BPeBPY, P°BP1R, BPCP1pB (bac 30).
Quan hé Adem véi t < 30
Plpt = 2P?,
P?P! = 0;
PP = pP?% + P2p;
1,3P2 — 2ﬂP3 PSB
P1P3 — P4,
P1p? = 0;
P2BPY = BP3 + 2P3p;
P3p% = p*p! 4+ 2P%;
PlﬁP3 — P4ﬂ;
P2BP? =0,
P3,BP1 ,BP3P1
P3BP? = 2BPS + BP*PY;
P2P3 — PS,
P?P? =0;
Z,BP3 PSB
P1BP* = BP5 + P53,
P'p* = 2P,
PP5 =0;
P'BP> = P°B + 2BP¢;
P3P3 = 2P% + PP,
Plﬁ’PG — P7B;
P?2p* =0;
P?BP* =2P°B + BP®,
P3BP3 = BPS5P! + PSB + P,
P1P6 — P7,
P?P5 = 0;
P*BP% = PSBP' + BP3P' + 2P°B + BP°;
p3p* = pépt + p7;
pP*p3 =2pP7;
P3P?2 =0;
P5BP? = 2P°BP' + PP,
P2BP% = 0;
P3BP* = BP°P' + BP7;
P*BP3 = PSBPY + 2P + 2PCP;
P2P6 P8
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3. KET QUA CHINH

Duya trén cong trinh caa Bruner (2009), Rognes
(2012, 2015), cac tinh toan da mé rong ¢ nhitng bac
trong I6n hon. Cy thé, giai thirc tu do cua F5 dugc
xay dung tai nhitng bac trong t < 30.

S
..—)1—‘2—)135_1—)...

Mot cich tong quat, ta s& ky hiéu g, 1a phan ta
sinh thir i+1 trong loc s, bt dau tir i = 0 theo tha
tu khong giam cua bac trong t.

Phan tir sinh dau tién i = 0 caa cac loc s déu co
dang gso = Bgs_10 va diéu kién di dé bd sung
thém cac phan tr sinh vao P, véil <s <30 la
chon anh cua cac phan tir trong P, qua anh xa 0
nhung khong thugc Ker(d_;). Riéng diéu kién du
dé bd sung thém cac phan tir sinh vao P; 1a chon
anh cua cac phan tir trong P; qua anh xa d; nhung
khong thudc Ker(e).

Tai tat ca céc loc bac s, ta déu ¢
as(PIgs,O) = {

Vi I = (go,11, 81,05 &), & = 0,1, ;= 0,
deg([) < 30.

Onéue, =1
neéu & ),

P'Bgs_1 néue; =0

Ta bat dau xay dung cac loc s v6i 0 < s < 30.
31 Locs=0

Ta c6 toan ciu e: Py — F,, dat P, = o‘l{go‘o} =
Aj 1a A -md dun ty do sinh bsi phan tir g, o Vi bac
trong 0. Ky hiéu goo = P° = 1.

Co s6 cong tinh cta Ker(e) dugc cho bai co sé
chap nhan dugc P’ gy, = P', c6 d¢ dai 16n hon hoic
bing 1. Danh sach co s& chip nhan dwoc cd bac
trong t < 30 cua A da duoc liét ké 6 muc 2.2.

32 Locs=1

Xét toan cau d;: P, » Ker(e), ¢ day Ker(e) =
I(A). bat g, o = [B] 1a phan ti sinh dau tién cua
Pl-

Khi d6 ta tinh Plo g, Véi 1=
(e0rin, €157, 05, 85), €= 0,1, §; 2 0 va deg (I) <
29, két qua ta dugc nhu (1).

L6p dau tién khong thude vao A{g, o} 1a P* ¢6
bac trong 1a 4, vi the ta phai thém phan ti sinh thi
hai g, , = [P'] cua P, théad;(g,,) = P*. Sirdung
quan h¢ Adem dé tinh anh caa P! g, ; qua d,, khi d6
ta cod

P0.91,1 = P

61 €
> P —>Py—>F; - 0.
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Bgr1 - BPY;

Plg,, » 2P%

ﬁPlgm = 2BP?,

P'Bgy, = BP? + P%B;

BP'Bgi1 ~ BP?B;

P?gi, & 0;

BP?gy1 = 0;

P?Bgi, = BP? + 2P3B;

BP?Bg.. = 2BP3B;

P3g1’1 N P3P1;

BP3gy, = BP3P,

P3Bgi, = BP3P,

BP?*Bg.. + 0;

P3P1g11 — 2P4pl 4 pS:

P491,1 = P*P1;

BP3Plgy, = 2BP*Pt + BPS;
P3P1Rg, | v 2BPS + BP*P1 + P*P1B +
2P°p;

BP*gy, = BP*P;

P*Bg, 1 = P*BPY,

ﬁp4591,1p4ﬁpl§

BP3P'Bgi, = BP*P'B + 2BP°B;
Psgl,l = PSPI;

P*Plg, | v PSPY;

ﬂpsgm = BP3PY;

Psﬁgm = P3BPY;

BP*P gy, = BP°P;

P4,3P1g1‘1 - ZPSﬁP1 + 2,31:’5P1 + P6ﬁ +
BP;

P4P1,Bg1,1 - PS,BP1 + BP5P1 + 2P6B +
Pé + 2P5P1B;

ﬂpsﬁgl,l ~ BP>BP;

BP*BPY gy = 2BP°BPY + BPOB;
P*BP'Bg, 1 = PBP'B + BP3PIB + POP;
BP*P'B gy = BP3BP' + 2BPCP +
2BP3PB;

BP*BP'Bg,. = BP°BP'B;

P691'1 — P6P1;

P°Plg . » 0;

[’)Pégl,l = BP°P;

P®Bgi, = P°BPY;

ﬁpsplgm ~ 0;

PSﬁPlgl‘l - Péﬁpl + 2ﬁP6P1;
P5P1ﬁg1,1 - ZPGﬁP1 + ﬂP6P1;
BP°Bg.. - BP°BP;

BP*BP*g, — BP°BP;
BPP'Bg, — 2BP°BP,
Psﬁplﬁgl’l - 2P6ﬂP1ﬂ + ﬂP6P1[3’.
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Lép P3 khong thudc A{gio, gi1} Vi thé ta
thém phan tir sinh tha ba g, , = [P?] thudc Py co
bac trong 1a 12 théa man d;(g,,) = P3. St dung
quan h¢ Adem dé tinh anh cta phan tx P'g, , qua
anh xa 0,, taco

Pogl,z w P3;

Bgi, = BP?;

Plg,, = P*

BP'g., = BP*,

P'fgi, = P*B;

BP'Bgi. = BP*B;

P?gi, & P3;

BP?*g., = BP®;

P?Bg,, = P5B;

BP?*Bgiz = BP®B;

P3g,, » 2P% + P°PY,

BP3g,, — 2BP® + BP5P;

P3Bg,, = BP°P' + P°B + BPS;

BP3*Bgi, = BP°B,

P3P1g1_2 ~ PSPl 4+ pP7:

Ptg,, = 2P7;

BP3Pg, , —» BP°P + BP7;

P3PBg,, = PePB + P7p;

BP*g1, = 2BP7;

P*Bg,, = PBP* + 2P7B 4 2B P¢P;

BP*Bgiz = BPOBP' + 2BP7;

BP3P'Bg;, = BP°P'B + BP7B.

Tir cac két qua trén ta suy ra mot co s¢ cong tinh
cua Ker(d,) bao gom céac phan tu

(bac 2) Bgi,0;

(bac 6) P'B g0

(bac 7) ﬁplﬁgm;

(bac 9) 2P291,0 + (BP' + Plﬁ)gm;

(béc 10) P?B gy 0; BP*gro + 2BP g1 1;

(bac 11) BP?B gy o;

(bac 12) P?g, 4;

(bac 13) ﬁngl,ll 291, + Pzﬁgl,l + P391,0§

(bdc  14) P3Bgio0;  (BP? +2P3B)g,, +
BP*Bgiq;

(bac 15) BP*B gy ,o;

(bac  17)  (BP?+2P3B)gs1;  Pgip+
2P1.391,2;

(bac 18) P*P*Bgy,0; P*Bg1,0: BP>B Y1
2P*g10 + BP'B gy

(bac 19) BP*Bg.,0: BP>P*Bgn,0;

(bac 20) (P3P + P*)gy 1 + 2P%g, 5;

(bdc 21) 2P3 g, + P?B g1 2;

(2P*P' + P®)gy 0 + (P*PB + 2BP*)g11 + BP?
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(2P*P* 4+ P®) gy + (BP3P* 4+ P*P'B) gy 1;
(bac 22) PsﬁgLoi P*P'Bg1;
2BP*P'g, o+ BP*P'Bgy4;
BP®g1,0 + 2BP*B g1 z;
(bac 23) ﬂpsﬁgm; P*BP'Bg,,0; BP*PBY1;
(bac 24) BP*BP'B gy o; (P*P' + 2P%) gy 4;
(bac 25) (2BP° + BP*P1)gy4;
Psplgl,o + (P*P'B + P*BPY) gy 1;
(2P + P°PY) gy o + (P*PB + 2P5B) g, +
2P3ﬁg1‘2;
(bac 26) BP°g1,; Psplﬁgl,o;
BP®gi,0 + 2BP3B g1 z;
(BP°P + ﬁPG)gl,o + (BP*P'B + ﬁpsﬁ)gm;
(ZPSﬁpl + 2[3[’5[’1 + 2ﬂP6)g1’0 + P4,8P1ﬂg1_1;
(2BP® + BP°PY) gy + (BP*P'B + 2BPB) g1,
+2BP3B s ;
(bdc 27) BP°Bgy,0; BP P B g1,0: P°BP B gy
BP3BP gy + 2BP*BP'Bgy4;
(bac 28) ﬁpsﬁplﬁ%,o; Psplgm;
(béc 29) ﬂpsplgl,l; (P3PS + Psﬁpl)gl,l;
(PSP +2PB + BP®) gy 1;
(pépt + P7)g1’0 + 2P3P1ﬁg1_2;
2BP°g, 1 + (BP3P + BP*) g, ,;
P7g10+ P3P'Bgi 1 + P*Bgs,;
(Zﬂpspl + P6,B + Z,B’PE' + P5P1‘3)gl‘1;
(béc 30) P’ Bg1,0: P°P*Bg0;
(BP*P'B + BP>BPY) g1 4;
(BP*BP' + 2BP°B) g1 1;
(PSBP + BP°PY) g1 + P°BP'B gy 1;
(PSBP' 4+ 2BP°PY) g, o + (P°BPIB + BPSPY +
BP°B)Gg14;
BP” 910+ BP°P'Bgs 1 + BP*Bgy.;
2(BP°P' + BP7)g10 + BP*P'B g1 5.
33. Locs =2

Ta dinh nghia toan ciu d,: P, - Ker(d,). Dit
P, = dq3{.92,o’gz,1'gz,2""}- Lép c6 bac thap nhat
trong Ker(9,) 1a Bgy, = BIB]. Ta dat a2(92,0) =
Bgi0 co bac trong bang 2 trong P,, khi do
9, (P'g,,) dugc cho bai (1).

L6p dau tién trong Ker(d;) ma khong 1a anh cua
9, trong A{g,o} 1a2P%g, o+ (P + PPV gy,
Ta thém véo phan tir sinh tha hai g,, trong P, c6
bac 9 véi a2(92,1) =2P%g,0+ (P'B+ BP)g14.
Két hop véi quan hé Adem, ta tinh anh ciia g, ; nhu
sau

921 7 2P?g1o+ (P'B+ PPN g14;

g12; PGz 2BP?g, o+ BP'BYy;
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Plg,, & .3P291,1iﬁplgz,1 = 0;

P'Bg,1 = (BP? +2P3B) g1 + BP?Bgia;
BP'Bgz1 = 2BP3B g

P2gy, = (BP3 + 2P3B) gy 1;

BP?gy1 = 2BP3Bgy;

P?Bgy, = BP3Bgiy;

BP*Bgsi1 = 0;

P3g2_1 - (Ps + 2P4P1)g1,0 + (ﬁP?’P1 +
Psplﬁ)gm;

BP3gy1 = (BP® + 2BP*P1) g +
BP*P'Bgy4;

P3Bg,1 = (BP® + 2BP*P1) g +
BP*P'Bgy4;

BP3Bgz. = 0;P3Plg,, = (2BP° +
BP*PY) g, 1;

P*g,q1 = PPPlgy o+ (P*P'B + P*BPY) g 4;
BP*P'g,1 ~ 0;
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Pzﬂgz,z - 0;

ﬁPZBgz_z ~ 0;

P3gy, = (P*P +2P%) gy 4;

BP3gy, = (BP*P' + 28P3) g, 1;
P3Bg,, = (BP*P' + 23P%) gy 4;
BP3*Bgs, = 0;

P3Plg,, ~ 0;

P*g,, = 2P5P191,1;

ﬁP3P192,2 ~ 0;

P3P1ﬁg2’2 - (Zﬁpspl + P6ﬁ + 2ﬁP6 +
Psplﬁ)gm;

BP*g,, = Zﬁpsplgm;

P4,8g2,2 [ (Psﬁpl + [3PSP1 + 2P°B +
ﬁp6)91,1;

BP*Bgzz = (BPBPY + 2BP°B) gy 1;
ﬁP3P1.892,2 = (BP°P +3P5P13)91,1-

Lép tha ba trong Ker(0,) ma khong la anh cua
d, trong fﬂ{gz,o'gz,1'gg,2} la P2gyo+P?Bgiq1+
291 >. Ta thém vao phan ti sinh thir trr g, 5 trong
Pz Cé bﬁ.C 13 Vé'l 62(g2‘3) = P3g1‘0 + Pzﬂgljl +

P3P1Bg,, = (BP°P' + BP®) g, +
(BP*P'B + Zﬁpsﬁ)gl,l;
BP*g,, = BP°P'g, o+ (BP*P'B +

BP*BPY) gy 1;

P4,3g2,1 - (ZPSﬁpl + 2,[?PSP1 + P°® +
23P®) g1, + P*BP* B gy 1;

BP*Bg,. = 2BP3BP + BP°P) gy +
3P43P1391,1;

ﬁP3P1ﬁ92,1 = (2BPP'B + 23P6ﬁ)91,0;
P5g,1 v (P°P'B + P3BPY) gy 4;
P*Plg,, — (PSBP* + BP5P' +2P%B +
ﬁp6)g1,1;

ﬁpsgm - (BP°P'B +ﬁP53P1)g1,1;
P5Bg,q = (P°BPY + 2BPSPY) gy +
Psﬁplﬁgm;

BP*Plg,, = (BP°BPY + 2BP°B) gy 1;
P*BP'g,, = 0;

P4P1392,1 = (P7B + P°BP! + 23P6P1)91,0
+(P°BP'B + BPSPIS + PP gy -

Lép th hai trong Ker(d;) ma khong 1a anh cua

trong A{g20, 921} 1a P2gy1. Ta thém vao phan tir
sinh thtt ba g, , trong P, c6 bac 12 V6i 0,(g,,) =
P%g, ;. Dya vao quan h¢ Adem ta co

G2z P2g11;
Bgazz P .8P2.91,1§
P'g,, = 0;
ﬁplgz,z ~ 0;
P'Bg,, = (2BP3 + P3B)g1;
BP'Bgz; = BP>Bgia;
P2g,, = 0;
ﬂngz,z = 0;
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294 >. Theo quan hé Adem ta co

923+ P2g10+ P?Bgi1 + 2891 z;

BGzz = BP3gio + BP*Bgis;

Plg,3 & P*gio+ 2P By,

[’)Plgz,s = [’)P491,0 + ZﬁPlﬁng;

P1ﬁ92,3 = P4.391,0 + 2[”’3:391,1;

BP'Bgzz = BP*Bgi.;

P2g,5 = P°g1o + 2P*B g, ;

[’)Pzgzs g [’)PSQLO + Zﬁpzﬁgm;

P2ﬁ92,3 g Psﬁgl,o;

[’)Pzﬁgz,s = IBPS.BQLO;

P3g,3 > (2P + P°PY)g, o + (P*P' +
2P°B)g11 + 2P3B gy ;

BP3gy5 = (2BP° + BP3P1) g,

+(BP*P'B + ZﬁPSﬁ)gm + Z,BP3,891,2;
P3Bg,s = (BP°P' + BP®) g, + (BP*P'B +
2BP3B)g1,1;

BP3*Bgs3 = BP°BYi;

P3Plg, 5 - (P°PY 4+ P7) gy + 2P3P' By, 5;
P492,3 = 213791,0 + Zpsplﬁgm + 2P4.391,2;
BP3Plg,5 = (BP°P* + BP7) g, +
2BP3P'B g1 ,;

P3P'Bg,5 = (PCP'B + P7B) g1,
+(2BP3P'B + 2BP°B) gy 1;

BP*gy5 = 2BP7 g1+ 2BP°P'Bg, 4 +
2BP*B .z,

P*Bg,5 = (2P7 + P°BP* + 2BP°P1) g,
+(P°BP'B + BPSPS + BPB) gy -
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Lép tht tu trong Ker(d;) ma khong 1a anh cua
9, trong A{gr0, 921,922 923} 1a (PP +
P*)gy1 + 2P%g, ,. Ta thém phan ti sinh thir nam
g2 trong P, co bac 20 véi 8,5(g,4) = (P2P +
P*) gy, + 2P?gy,. Theo quan hé Adem, ta c6
G24 ™ (PPPY 4+ P*) gy 1+ 2P%g,,;
BYza — (BP?P + ﬁP‘*)ng + ZﬁngLz;
Plg,4 = (P*PY +2P%) gy 4;
ﬂplgz,zt = (BP*P! + ZﬂPS)gm;
Plﬁg2'4 = (P*BP + BP5 + Psﬁ)gm +
(BP® + 2P33)91,2;
[;Plﬁg“ s (ﬁp‘*ﬁpl +ﬁpsﬁ)91,1 +
2BP3B g z;
P2g,4 = PPgy4;
BP?gy4 = BPP gy ;
P?2B gy = (PPBP* + 2P°B + BP) g, 1;
ﬂPZﬁg“ = (ﬁpsﬁpl + ZﬁPGﬁ)gl,l-
Lép thir ndm trong Ker(d; ) ma khong 1a anh cua
9, trong A{gs0, 92,1, 92,2 923 G2a} 1a (2P*P* +
P%)g10 + (PPP'B + 2BP*) gy 1 + BP?gy1 . Ta
thém phan tir sinh tht sau g, 5 trong P, c6 bac 21
voi 9,(g,5) = @P*PL+ PS) gy + (P3PS +
2BP*)g,, + BP%g,,. Theo quan hé Adem, ta tinh
duogc két qua
925 = (2P*P* 4+ P3) g, + (P3P'B +
2BP*)g11 + BP?g1,;
Bgas = (2BP*P' + BP%) g, + BP3P B gy 4;
Plgz,s = Psplgl,o
+ (P*P'B + BP® + P5B) g1,
+(2ﬁP3 + P3,3)g1‘2;
ﬁplgz,s = ﬁPSPlgLo
+ (BP*P'B + BPB) g1
+BP3Bgi.;
P'Bg,4 = 2BPP* + PBPY) g +
P*BP'B g 4;
BP'Bgza = BP3BP* g1 + BP*BP Bgs;
P2gy5 = (P3PS + 2P°B + BP6) gy 4;
BP?gys = (BP°P'B + 2BP°B) gy 1;
P?Bgy4 = (PB +2BP) g0 + Psﬁelﬁgm-
Co so cong tinh cua Ker(d,) bao gom
(bac 3) Bg2,0;
(bac 7) P'Bga;
(bac 8) BP*Bgz0;
(bac 11) P2B gy,o;
(béc 12) BP?Bg,;
(bac 13) P' g, 1 + 2B g22;
(bac 14) P3g,0 + P*Bgzs + 28923 BP g21;
(bic 15) P3Bgs0; BPgz0 + BP*BYz1;
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(béc 16) BP3Bgz.0: P 92,2
(bac 17) BP g, 5; P?go1 + PGy ;
(bac 18)(BP? + P*B)ga,1;
ﬁplﬁgz,zi
2P*gy0 + P?Bgaq + P gss;
(bac 19) PPP*Bg,0; P*B g0 BP*BG21;
BP*gz0 +2BP'Bg,3;
(béc 20) BP*Bga,0; BP>P B ga0: P*g2z:
(bac 21) BP? g, ,; P*BGaz; (BP? + P2B)gy;
(bac 22) BP?Bg,2; (BP? + 2P3B) gy 1;
P3gy0+2P?Bg,3; 2BP3gyq + BP? gy 3;
(béc 23) P°Bgs,0; P*P*Bgz0: BP*BYa,1;
BP®gs0 + 2BP*B g, 3;
(béc 24) ﬁpsﬁgz,o; P*BP'Bg,0; BP*P*B gy 0;
(béc 25) BP*BP B g, 0; PPP gsq + 2Py ;
(BP? + 2P3B) g, 2P*gy1 + P*B g2 a;
P3Pg,1 + 2BP gy a;
(béc 26) BPP'g,4; PP Y22
BP3P' gy, + 2BP*Bg,,;
(2P + P°PY) g, + P3P1Bg, 4 +
2P3Bg, 3,
(bac 27) P°Bgy,0; P*P*Bga0;

ﬁngm +

(2BP® + BP5P) gy + BP?P'Bgy1 + 2BP3B gy s;

(BPP' + P°B + BP®) g, + BP*P g, 1;
(béc 28) BP°Bgs; ﬂpsplﬁgz,o; Psﬁplﬁgz,o;
P3P'g,,;
(béc 29) BP3BPBgy0; BP3P g, 2;
(2P*Pt + Ps)gz‘l + 2P3P1,6’g2,2;
P*Pg,1 + 2P*Bg,,;
P*P'g, 1 + (2BP% + 2P*B) gy a;
(bac 30) P*BP g, 1; BP*P gy 1 + 2BP*B gy ,;
(2pP*P? +.3P5)92,1 + 2ﬁP3P1ﬁg2_2;
(BP*P* 4+ 2BP5 + P*P'B + 2P°B) gy 4;
(PPY + P7) g, + (2P*P'B + P°B) g, +
2P3P1ﬁg2_3;
BP*P' gy + 2BP?B gy a;
P*gs, = 2P gy + P*P'B gy 1 + 2P*B g, .
34. Locs =3
Ta dinh nghia toan ciu d5: P; — Ker(d,). Dit
Py = A3{g50, 931, g2+ }. L6p cd bac thap nhét
trong Ker(d,) 1a g, o. Ta dit phan tir sinh dau tién
03(93,0) =g, cO6 bic trong la 3 trong Pzva
04 (93,0) duoc cho bai (2).

L6p dau tién trong Ker(d,) ma khong 1a anh cua
03 trong A{gso} 1a P1gy, + 28gs,. Ta thém vao
phan tir sinh thi hai gs; = P'g,, + 289, trong
P3 ¢6 bac 13. Khi d6 anh cua g3 ; qua anh xa d3 va
sir dung quan hé Adem ta c6 két qua nhur sau
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Bgs1 = BP g21;

Plgs, = 2P%g,, + 2P Bg,z;
BP'gs1 = 2BP?g,q + 2BP'B gy,
P1ﬁ93,1 ~ (BP? +P2ﬁ)92,1;
BP'Bgss = BP*Bgas;

P?gsq1 = 2P*fg,,;

BP?gs1 = 2BP*Bgs,;

Pzﬁgm - (BP? + 2P3ﬁ)gz,1;
BP?*Bgs. = 2BP3Bgzq;

P3gs1 = P3Pgy 1 + 2P g, ,;
BP3gs. = BPP' gy, + 2BPBg,,;
P3[>’g3,1 = ﬁP3P192,1;

BP3*Bgs. ~ 0;

P3Plgs, = (2P*P 4+ P®)g,, + 2P3P By, ,;
P*gs, = P*P1g, 1 + 2P*B gy ,;
BP3Plgs, = (2BP*P' + BP%)g,, +
2BP3P'Bg,,;

P3P13g3‘1 - (ﬁP4P1 + ZﬁPS + P4P1ﬁ +
2P°B)ga,1;

BP*gs. = BP*P gy1 + 2BP*B g, ,;
P4.3.93,1 = P4.8P192,1-

Lép thir hai trong Ker(d,) ma khong 1a anh cua

d; trong dq{g3,0:g3,1} la P3gy0+ P'Bgzs +

239, 5. Ta thém vao phan ta sinh thir ba g5 , trong
P3 Cé bﬁC 14 Vé’l 63(‘93,2) = P3g2,0 + Plﬁgzjl +
2B g,3- Duya vao quan hé Adem, ta co:

Bgsz ~ ﬁpsgz,o + ﬁplﬁgz,l;

Plgs, = P*gy0 + 2P?Bgy 1 + 2P B gy 5;
BPgs, = BP*gr0 + 2BP*Bga, +
2BP'B gy 3;

P1.893,2 = P4[’)92,0 + ﬁPzﬁgz‘l;

BP'Bgs, = BP*Bgsy;

P293,2 = Psgz,o + 2P2[”92,3;

ﬁng3,2 = ﬁpsgz,o + ZﬁPZﬁgm;

P2Bgs, = P°Bgz0 + BP3Bgaa;

BP*Bgs, = .Bpsﬁgz,oi

P3g3, = (2P% 4+ P5PY) g, + P3P'Bg,, +
2P3.892,3§

BP3g3, = (2BP° + P3P ) g, +
ﬁP3P1[’)92,1 + 23P3.392,3;

P3ﬁ93,2 i (ﬁpspl + P6p +[3P6)g210 +
ﬂP3P1ﬁ92,1;

BP3Bgs; = BP°Bgs0;

P3Plgs, = (PP* 4+ P7) g, + (2P*PIB +
P5B)gz1 + 2P3P'B g, 3;

P*gs, = 2P7 gy + P*P'Bg, 1 + 2P*B g, 5.

Lép thir ba trong Ker(d,) ma khéng 1a anh cua
cua d; trong A{gs0, 931, g2 } 1a P1g,,. Ta thém
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vao phan tir sinh thir tu g5 3 trong P; c6 bac 16 véi
03(933) = P1g,,. Khi do, dya trén quan hé Adem,
ta co:

933 © P92,

Bgsz P BP gzz;

Plgs3 = 2P%gy,;

BP'g3s = 2BP%gs,;

P'Bgs5 = (BP* + P?B)gs2;

BP'Bg3s = BP*Bgyz;

P?gs3+0;

BP?g3s = 0;

P?Bgsz = (BP? +2P3B)g,2;

BP?Bgss = 2BP*Bga.;

P3gs3 - PPPlg,,;

BP3g33 = BP3P'g,,;

P3Bgsz = BP3Plg,,;

.8P3,893,3 = 0.

Lép thu tu trong Ker(d,) ma khéng 1a anh cua
d5 trong
A{gs.0, 93,1, 932,933} 14 P3Plg, 1, BP g, Ta
thém vao phan tir sinh thr ndm g3 4 trong P; c6 bac
25 V6i 05(gs4) = P*P g, + 2BP1g,, . Dua vao
quan hé Adem, ta co:

Bgss — BP3Pg,4;

Plgs 4 = P*P'g, 1 + (2BP? + 2P*B) gy 4

[’)P193,4 = [’)P4P192,1 + ZﬁPZ[)’gz_4;

P1ﬁ93,4 = P4.8P192,1-

Co so cong tinh cua Ker(d;)

(bac 4) B g3,

(bac 8) P*Bgs;

(béc 9) BP*Bgs,0;

(bac 12) P?f g 0;

(bac 13) BP?B g3,

(béc 16) P*Bgs,0;

(bac 17) BP3Bgs;

(béc 20) P*Bgs,0; P*P'Bgs0;

(bac 21) BP*Bgs: BP>P'BYs.0;
P293,1 + (BP' + Plﬁ)g3‘3;

(béc 22) BP%gs 1 + BP'BYs;s;

(bac 24) P5ﬁ93,o; P*P'Bgs,; P?gs3;

(béc 25) [)’Psﬁg3_0; P*BP'Bgs30; BP*P B gs;

ﬁp293_3';

(bac 26) BP*BPBgs;

(2BP% + P3B) g3, + BP*Bgs3;

(bac 27) fP?Bgs4;

(béc 28) PBgs0; P°P'Bgs0;

(béc 29) BP°Bgso; PPBP*Bgs,0; BP P BYs;
(BP? +2P3B)gs3;
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(bac 30) ,Bpsﬁplﬁg&o; ﬁp3ﬁ93,3-

35. Locs=4

Ta dinh nghia toan cdud,: P, - Ker(d;). bat
P, = c/l3{g4_0, 94,1, 9420 }

L6p co bac thap nhat trong Ker(93) 1a £g36.
Ta dit phan ti sinh dau tién g, o cua bac 4 trong
P,, v6i 0,(P'g,,) dugc tinh nhu (1).

Lép dau tién trong Ker(d;) ma khong 1a anh
cua d, trong A{gy,} 1a P2gsq + (BP* +
P'B) g3 3. Ta thém vao phan tu sinh tha hai g, ;
trOﬂg P4 Cé bflC 21 VO"i 64(‘94,1) = Pzg3,1 +
(BP* + P1B)gs 5. Khi do, ta co

BYGa1 = BP*gs, + PP BYss;

P194,1 - .BP293,3;

3P1.94,1 ~ 0;

P'Bgss = (2BP3 + P3B)gs, + BP?Bgss;

ﬁPlﬁgM i .BP3.3!]3,1;

P?gy; = (BP? 4+ 2P3B) g3 3;

3P2.94,1 i 23P3393,3;

Pzﬁg4,1 = ﬁp3ﬁ93,3-

Lép thir hai trong Ker(d;) ma khéng 1a anh cua
0, trong A{ga, g1} 12 P2 g3 3. Ta theém vao phan
ti sinh thir ba g, , trong P, c6 bac 24
V6i 0,(gs2) = P?gs3 va theo quan hé Adem, ta
co:

ﬁg4,2 ind .BP293,3;

Plgs, = 0;

BP'Gsz 0

P'Bgaz » (2BP® + P3B)gs3;

BP'Bgsz = BPBgss. .

Co s¢ cong tinh cua Ker(d,) gom

(bac 5) B gao;

(bac 9) Plﬁg4_0;

(béac 10) ﬁPlﬁg‘w;

(bac 13) P?Bga,o;

(béc 14) BP?Bga;

(bac 17) P*Bga,o;

(béac 18) ﬁp3ﬁg4,0;

(bac 21) P3P1394,0; P4ﬁ94,0§

(béac 22) ﬁp3plﬁg4'0; ﬁp4ﬁ94,0;

(béc 25) P4P1394,0; Psﬁg4_0;

(béc 26) [)’Psﬂg‘}‘o; P4ﬁP1ﬁg4_0; ﬁP‘*Plﬁg‘w;

ﬁplg“;

(bac 27) BP*BPBGap;

(bac 28) P1gy,,;

(bac 29) P°Bgap; p5p1‘3g4,0; BP194,2§

P294,1 + Plﬁg4_2;
(bac 30) BPBgae; BPZP'Bga; P*BP*Bga:;
(BP* + Pzﬁ)gm; 3P294,1 + ﬁPlﬁg“,
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3.6. Locs=5

Ta dinh nghia toan ciu d5: Ps — Ker(d,). Dit
Ps = cﬂ3{gs,o'95,;'95,;' .

L6p co bac thap nhat trong Ker(d,) 1a Bg..
Ta dat phan tir sinh dau tién g5 , caa bac 5 trong
P, v6i 85 (P! gs,0) nhu (1).

Lép dau tién trong Ker(d,) ma khong 1a anh
cua s trong A{gs,o} 12 BP1g,,;. Ta thém vao phan
tir sinh thir hai g5 ; trong Ps c6 bac 26 véi
05(gs1) = BP'gs,. Dua vao quan hé Adem, ta
CO:

Bgs. ~ 0;

P195,1 = (BP? + Pzﬁ)g4,1-

Lép thir hai trong Ker(d,) ma khong 1a anh ctaa
05 trong A{gs 0, gs,1} 1& P1gy,,. Ta thém vao phan
tir sinh th ba g5 , trong Ps c6 bac 28 véi
95(gs2) = P1gs>- Khi d6, theo quan hé Adem, ta
CO:

BYgsz P BP194,2-

Lép thir ba trong Ker(d,) ma khong 1a anh cia
ds trong cﬂ{gs,o.gs,1} 1A P2g,, + P'Bgs,. Ta
thém vao phan tu sinh thu ba g5 5 trong Ps co bac
29 V6i 85(gs3) = P2gay + P gszva khi do ta co
Bgsz © BP?gss + PP B sz )

Co s¢ cong tinh ctia Ker(ds) bao gom:

(bac 6) B gs,o;

(bac 10) P Bgso;

(bac 11) BP'Bgs o;

(bac 14) P?f gs o;

(bac 15) BP?Bgs;

(bac 18) P3Bgs,o;

(bac 19) BP3Bgs o;

(bac 22) P*P*Bgs,0; P*Bgs,0

(béc 23) BP3P'Bgso; BP*BYs,o;

(bdc 26) P*P*Bgs,0; P*Bgs,o;

(bic 27) BP3Bgso; P*BP Bgso; BP*P'Bgs.;

BYsa;

(bac 28) BP*BP*Bgs,o;

(bdc 30) P6Bgs,0; PP P'Bgs,.

37. Locs =6

Ta dinh nghia toan cau dg: Py — Ker(ds). Dat
Ps = dq3{.96,o'96,1' }

Lép c6 bac thap nhat trong Ker(ds) 1a fgso. Ta
dat phan tir sinh dau tién g o cua bac 6 trong Pg, Voi
96(P"ge,0) nhu (1).

L6p dau tién trong Ker (ds) ma khong la anh cua
06 trong A{ge o} 12 Bgs,1- Ta thém vao phan tir sinh
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thtr hai ge, trong Ps c6 bac 27 Vi 94(ge,) =
B 9gs 1. Dua vao quan hé Adem, ta c6: fgg 1 — 0.

Co s6 cong tinh ciia Ker(dg) bao gom:

(bac 7) Bge,0;

(bac 11) P*Bgso;

(bdc 12) BP*Bge,0;

(bac 15) P?B ge,o;

(bac 16) BP*Bgeo;

(bac 19) P*Bgs;

(bac 20) BP3Bge,0;

(bac 23) P*P'Bge0: P*Bgs;

(bac 24) BP3PBgeo: BP*B g6

(bac 27) P*P'Bge o; P5ﬁ96,0§

(bc 28) BP°Bge0; P*BPBYgeo: BP*P'Bgso;

Be1;

(béc 29) BP*BP B ge, .

38. Locs=7

Ta dinh nghia toan ciu d,: P, — Ker(d). Pt
P; = 043{97,0:97,1: }

L&p c6 bac thap nhat trong Ker(d) 13 Bge - Ta
dat phan tir sinh dau tién g, , cua bac 7 trong P, véi
8,(P'g;,) nhu (1).

L6p dau tién trong Ker(d,) ma khong 1a anh cua
d; trong A{g, 0} 12 Bge,,- Ta thém vao phan tir sinh
tht hai g, trong Ps c6 bac 28 véi 8,(g,,) =
B 9ge1- Dua vao quan hé Adem, ta co:
Bgz. 0.

Co s cong tinh cua Ker(d,) bao gom:

(bac 8) Bg7,0;

(béc 12) P*Bgs;

(béc 13) BP*Bgeo;

(bac 16) P?Bge,o;

(bac 17) fP?Bge.;

(béc 20) P*Bgeo;

(béc 21) BP3Bge0;

(bac 24) P2P'Bge,0; P*BYe,o;

(bdc 25) BP3PBgso; BP*BYe,o;

(bac 28) P*P'Bge,0; P°BYe,o;

(bac 29) [))Psﬂgs,o; P*BP'Bgso; BP*P'Bge.;

BYe1;

(bac 30) BP*BP*Bge,o-

Tiép tuc qué trinh trén v6i 8 < s < 30, ta c6 mot
toan cau

0s: P = "q{gs,O' Bgs,l} i Ker(as—l)-
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Dinh nghia 8: Giai thuc &: P, - 5 duoc goi la
mot giai thirc toi tiéu néu
Im(0s41) € I(A). P,
va&i moi s = 0. Khi do,
1@ 0541:F3 @y Psy1 2 F3 Qu K
va
Hom(ds,,,1): Hom (P, F3) = Hom 4 (P, 4, F3)
1a nhimg ddng cdu khong sao cho
Torg® (Fs, F3) = F3 ®4 P = F3{gs,i}

i
va

ExtSy(F3, Fy) = Hom (P, Fs) = Fa{gy,},

v6i moi s > 0. Diéu nay twong duong voi khing
dinh s6 phan tu sinh cia P; 1a nho nhat tai moi bac.

Tir cac két qua tinh toan & trén, ta c6 dinh 1y sau
day:

Pinh Iy 9: Ton tai mot giai thuc tdi tiéu e: P, —
F; V&i Py = A{goo} va P = A{gy,|i = 0}, trong
d6 d,: P, » P;_; dugc cho trong nhitng bac trong
t < 30 boi

a1(91,0) = BYo,0;

a1(91,1) = Plgo,oi

61(91,2) = P3go,0;

a2(92,0) = B Y10}

a2(92,1) = 2P%gy o+ (P'B + BP1)g14;

a2(92,2) = P?gy,1;

62(g2_3) = P3g10 + P?Bgi1 + 2B912;

62(92,4) = (P3P' + P*) g1, + 2P%g,,;

0,(925) = P*P' + P5)g, o + (P°P'B +

2BP*)g11 + BP?g1:;

a3(93,0) = BY2,0;

a3(93,1) = P91 +2Bg22;

03(932) = P20 + P* Bz + 2B g3

a3(93,3) = Plgz,zi

03(g34) = P*P1g,1 + 2BP gy

34(94,0) = BY3,0;

64(g4_1) = P%g3, + (BP* + P'B)gs3;

64(94,2) = P?g33;

as(gs,o) = BYao;

a5(95,1) = BP'ga;

a5(95,2) = PG4z

05(9s3) = P2gay + P B g

a5(95,0) = BGa0;

66(g6,0) = BYs,0;
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66(g6,1) = fBgs1;
a7(97,0) = BYe.0;
a7(97,1) = BYe1;
a8(98,0) = BY70;
38(98,1) = BY74;

as(gs,o) = ﬁgs—l,o;
as(gs,l) = ﬁgs—l,l-

4. KET LUAN

Trong bai viét nay, cac tinh toan twong minh cua

giai thirc t6i tiéu cho dai s6 Steenrod A5 tai nhitng

TAI LIEU THAM KHAO

Adams, J. F. (1958). On the structure and
applications of the Steenrod algebra.
Commentarii Mathematici Helvetici, 32(1), 180-
214. https://doi.org/10.1007/BF02564578

Adem, J. (1952). The Iteration of the Steenrod
Squares in Algebraic Topology. Proceedings of
the National Academy of Sciences, 38(8), 720—
726. https://doi.org/10.1073/pnas.38.8.720

Bousfield, A. K., Curtis, E. B., Kan, D. M., Quillen,
D. G., Rector, D. L., & Schlesinger, J. W.
(1966). The mod-p lower central series and the
Adams spectral sequence. Topology, 5, 331-342.
https://doi.org/10.1016/0040-
9383(66)90024-3

Bruner, R. R., Ha, L. M., & Hung, N. H. V. (2005).
On the behavior of the algebraic transfer.
Transactions of the American Mathematical
Society, 357(2), 473-487.
https://doi.org/10.1090/S0002-9947-04-
03661-X

Bruner, R. R. (2009). An Adams Spectral Sequence
Primer. Department of Mathematics, Wayne State
University, Detroit M1 48202-3489, USA.
https://www.rrb.wayne.edu/papers/adams.pdf

Bruner, R. R., & Rognes, J. (2021). The Adams
spectral sequence for topological modular forms.
Mathematical Surveys and Monographs, vol.
253, American Mathematical Society,
Providence, RI.
https://doi.org/10.1090/surv/253

Chen, T. W. (2011). Determination of Ext>(Z/
2,7Z/2). Topology and its Applications, 158,
660-689.
https://doi.org/10.1016/j.topol.2011.01.002

Chon, P. H., & Ha, L. M. (2012). On May spectral
sequence and the algebraic transfer.
Manuscripta mathematica, 138, 141-160.
https://doi.org/10.1007/s00229-011-0487-0

Tdp 58, S6 chuyén dé: Khoa hoc tur nhién (2022)(1): 152-163

162

bac trong t < 30 bang tay da dugc trinh bay cu thé.
Nghién ciru dwoc ky vong c6 thé tong quat két qua
cho nhirng bac 16n hon va ap dung cho truong hop
tong quat v6i p 1a sb nguyén t6 1¢. Cac két qua nay
¢6 thé dwoc st dung dé nghién ctru dbi ddng diéu
cua dai s6 Steenrod trén truong F, véi p la sb
nguyén t6 lé.

LOI CAM TA

Dé tai nay dugc tai trg boi Truong Dai hoc Can
Tho, ma so: T2022-32.

Chon, P. H., & Ha, L. M. (2014). On the May
spectral sequence and the algebraic transfer I1.
Topology and its Applications, 178, 372-383.
https://doi.org/10.1016/j.topol.2014.10.013

Lin, W. H., & Mahowald, M. (1998). The Adams
spectral sequence for Minami's theorem.
Contemporary Mathematics, 220, 143-177.
https://doi.org/10.1090/conm/220/03098

Lin, W. H. (2008). Ext%"(Z/2,Z/2) and Ext>; (Z/
2,7./2). Topology and its Applications, 155(5),
459-496.
https://doi.org/10.1016/j.topol.2007.11.003

May, J. P. (1964). The cohomology of restricted Lie
algebras and of Hopf algebras; applications to
the Steenrod algebra (doctoral dissertation).
Princeton University.

May, J. P. (1966). The cohomology of restricted Lie
algebras and of Hopf algebras. Journal of Algebra,
3, 123-146. https://doi.org/10.1016/0021-
8693(66)90009-3

May, J. P. (1970). A general algebraic approach to
Steenrod operations. In the Steenrod Algebra and
its Applications: a conference to celebrate N. E.
Steenrod’s Sixtieth Birthday, Battelle Memorial
institute, Columbus, Ohio, Lecture Notes in
Mathematics, Vol. 168, Springer, Berlin, 153-
231. https://doi.org/10.1007/BFb0058524

Milnor, J. (1958). The Steenrod algebra and its dual,
Annals of Mathematics, 67, 150-171.
https://doi.org/10.2307/1969932

Nassau, C. (2021). Computing a minimal resolution
over the Steenrod algebra. Le Matematiche,
76(1), 3-18. https://d0i:10.4418/2021.76.1.1

Priddy, S. B. (1970). Koszul resolutions.
Transactions of the American Mathematical
Society, 152(1), 39-60.
https://doi.org/10.1090/S0002-9947-1970-
0265437-8



Tap chi Khoa hoc Trirong Pai hoc Can Tho

Rognes, J. (2012). The Adams Spectral Sequence.
University of Chicago Press.
https://www.mn.uio.no/math/personer/vit/ro
gnes/papers/notes.050612.pdf

Rognes, J. (2015). Introduction to the Adams
Spectral Sequence. Algbraic Topology I11- Mat
9580 — Spring.
https://www.uio.no/studier/emner/matnat/m
ath/MAT9580/v15/undervisningsmateriale/a
dams-sp-seq.010615.pdf

Singer, W. M. (1983). Invariant theory and the
Lambda algebra. Transactions of the American
Mathematical Society, 280(2), 673-693.
https://doi.org/10.1090/S0002-9947-1983-
0716844-7

163

Tdp 58, S6 chuyén dé: Khoa hoc tur nhién (2022)(1): 152-163

Steenrod, N. E. (1962). Cohomology operations.
Lecture by N. E. Steenrod, written and revised
by D. B. A. Epstein, Annals of Mathematics
Studies, vol.50, Princeton University Press,
Princeton New Jersey.

Tangora, M. C. (1970). On the cohomology of the
Steenrod algebra. Mathematische Zeitschrift,
116, 18-64.
https://doi.org/10.1007/BF01110185

Wang, J. S. P. (1967). On the cohomology of the
mod-2 Steenrod algebra and the non-existence of
elements of Hopf invariant one. Illinois Journal
of Mathematics, 11, 480-490.
https://doi.org/10.1215/ijm/1256054570



