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Lo1 cam doan

Luan an nay dugc hoan thanh tai Truong Dai hoc Quy Nhon, dudi sy huéng dan ctia PGS.
TS. Phan Hoang Chon va PGS. TS. Nguyén Sum. T6i xin cam doan day la cong trinh nghién ctu
clia toi. Cac két qua trong luan an 1a trung thue, duge dong tac gia 1a thay huéng dan cia toi cho
phép stt dung khi dua vao luan an va chua ting duge ai cong bo truée do.

Tap thé huéng dan khoa hoc Tac gia

PGS. TS. Phan Hoang Chon PGS. TS. Nguyén Sum Pham Bich Nhu



LO1 cam on

Luan an nay dugc thyc hién va hoan thanh tai Truong Dai hoc Quy Nhon dudi sy tan tinh
huéng dan va gitap do ctia PGS. TS. Phan Hoang Chon, PGS. TS. Nguyén Sum va rat nhiéu nguoi
khac. Nhan dip nay toi xin gii 10i tri an dén tat ci nhitng nguoi da gitp dé toi.

Dau tién, toi xin gt 161 cAm on chan thanh dén PGS. TS. Phan Hoang Chon, ngudi thay, ngudi
anh va 14 nguoi ban dong hanh luon dong vién toi trong suét qua trinh hoc tap nghién citu sinh.
Mic dit rat ban ron nhung thay da rat kien tri gidng day, huéng dan cho toi nhitng kién thic co
ban nhat vé Topo dai s6 mdi tuan trong sudt 2 nam. Néu khong co thay toi khong thé co quyét
tam dé theo dudi viec hoc tap nang cao trinh do.

Toi xin bay t6 10i tri an sau sic d6i v6i PGS. TS. Nguyén Sum, thay da gidng day, huéng dan
va cho toi nhiéu y kién déng gép quy bau vé chuyén mon ciing nhu dinh huéng nghién cttu. Thay
13 nguoi nghiém ttc trong hoc thuat nhung lai rat gan giii, gidn di trong cuoc séng va la nhan
duyén dé toi tré thanh nghién ctu sinh ctia Truong Dai hoc Quy Nhon.

Loi cAm on chan thanh giti dén PGS. TS. Lé Cong Trinh, thay da luon dong vién va hudng
dan céc thi tuc can thiét dé toi c6 thé hoan thanh chuong trinh hoc.

Xin gtii 16i cAm on chan thanh dén Ban Giam hiéu Truong Dai hoc Quy Nhon, Phong Dao tao
Sau dai hoc va quy Thay, C6 ctia Khoa Toan da tan tinh gitp dd va tao moi diéu kién thuan lgi
dé toi c6 thé hoan thanh tét viec hoc tap tai truong.

Xin cdm on Ban lanh dao Truong Dai hoc Can Tho, Khoa Khoa hoc Ty nhién, quy thay co &
Bo mon Toan da chia sé cong viec, dong vien va gitp d6 toi rat nhidu dé toi c6 thé thuan lgi hoan
thanh viéc hoc tap nang cao trinh do. Cam on chi Duong Thi Tuyén da luon thau hiéu va cho em
nhing 16i khuyén chan thanh.

Xin cam on cac anh, chi, em cting hoc nghién citu sinh tai Truong Dai hoc Quy Nhon, dic biét
l& hai ¢6 em gai dé thuong TS. Du Thi Hoa Binh va TS. Luu Thi Hiép, da luon sat cidnh dong
vien, gitp dé rat nhiéu cho t6i ngay tit nhitng ngay dau ra Quy Nhon hoc tap dé toi vuot qua
duge nhitng kh6 khan va ¢6 thém dong lyc hoan thanh tét nhat chuong trinh nghién citu sinh ciia
minh.

Loi cudi cling, toi muén cam on dén dai gia dinh ciia to6i da luon chia sé, dong vién toi trong
lac kho khan, dic biet toi mudn bay to long biét on sau sic nhat dén me toi, nguoi da sinh ra toi,
sudt doi hy sinh cho chi em t6i. CaAm on me da cham soc cac chau dé con yén tam hoc tap. Cam
on chong da luén ung ho quyét dinh ctia em. CaAm on hai con da cho me thém dong luc dé me
khong ngiing c6 gang.

Binh Dinh, thang 04 nam 2021

Tac gia

Pham Bich Nhu
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Céc ham tit dong diéu va ddi dong diéu ki di 1a cac cong cu duge sit dung dé nghién citu bai
toan phan loai kiéu dong luan ctia céc khong gian topo. Mot van dé quan trong trong nghién ctu
bai toan phan loai kiéu dong luan ctia cac khong gian topo la xac dinh nhém dong luan, dac biet 1a
nhém dong luan én dinh ctia mit cau. Trong [1], Adams da xay dyng mot day phd, sau nay dugc
goi la day phd Adams, hoi tu vé thanh phan p-xodn ctia nhém dong luan én dinh clia mat cau
72(SP). Trang Fy ctia diy pho Adams chinh la ddi dong diéu ciia dai s6 Steenrod Ext®*(F,, F,).
Ké tit khi cong trinh dé ra doi, viec xac dinh déi dong diéu ctia dai s6 Steenrod tré thanh mot dé
tai hap dan, thu hat nhiéu nha toan hoc quan tam va nghién cttu. Tt nhitng nam 60 clia thé ky
trude, cdc nha toan hoc da c6 nhidu cong trinh nghién citu vé Ext™*(F,,F,) véi p = 2, tieu biéu
c6 cac cong trinh ctia Adams [I], Wang [65], May [46], Tangora [64], Lin [39], Lin-Mahowald [40],
Bruner [10] v& nhiéu cong trinh khac. Tuy nhién, day 1a mot bai toan rat kho. Cho dén nay, bai
toan xac dinh ddi dong dieu clia dai sd Steenrod van con md, dic biét 1a trong truong hop p 1é.

C6 nhiéu cong cu va nhiéu phuong phap tiép can dé nghién ctu déi dong diéu ctia dai sb
Steenrod nhu dai s6 vi phan phan bac Lambda (xem Bousfield [6], Chen [I1], Lin [39], Priddy
[54], Singer [56], Wang [65]), diy pho May (xem May [44], [45], Tangora [64], Lin [39], Chon-Ha
[14, [15]), giai thiic t6i ticu (xem Bruner [9]) va cac cong cu bat bién modular. Dién hinh cho cong
cu bat bién modular 14 dong cau chuyén dai s6 (hay con goi 1a dong cau chuyén Singer) dugc Singer
[57] xay dung nam 1989 va dong cau Lannes-Zarati duge Lannes-Zarati xay dung trong [72].

Dong cau Lannes-Zarati mod p duge dinh nghia lan dau tien béi Lannes-Zarati [72] nhu sau,
v6i o/-modun khong on dinh bat ky M va véi mébi sé nguyen s > 0,

oM Ext® (M, F,) — Ann((Z,M)%),,

§ day, v6i &/-modun N bat k¥, ky hieu N# 1a d6i ngdu ctia N va Ann(N#) la khong gian con clia
N# bao gom tat ca cac phan t1t triét tieu bdi tdc dong ciia cac phan tit bac duong ctia &7 va Z,M
la xay dung Singer.

Hon nita, dong cau Lannes-Zarati mod p dude xem nhu 1a mot phan bac lién két clia anh xa
Hurewicz H : 73(X) 2 1,(QX) — H,(QX) trén trang E, ciia diy pho Adams hoi tu dén 72 (X),
§ day QX := lim,, Q"¥" X la khong gian vong 1dp vo han (xem Lannes-Zarati [71], Lannes [70] cho
truong hop p = 2 va Kuhn [38] cho truong hop p 1a s6 nguyen t6 1¢). Do d6, viec nghien citu dang
diéu ctia dong cau Lannes-Zarati mod p con c¢6 lien quan mat thiét véi viec mo ta anh ciia anh xa
Hurewicz.

V6i p = 2, Lannes va Zarati [72] da chi ra ring ¢} 1a mot dédng cAu va @52 1a mot toan cau.
Sau d6, Hung va cac cong su [27], [32], [34] lam sang t6 céc két qua, ¢ véi 3 < s < 5 la tam
thuong tai tat ci cac phan tit c6 géc duong. Nhitng két qua nay c6 quan hé mat thiét véi cac gia
thuyét ctia Curtis [22] vé cac 16p cau cho truong hop p = 2 (va Wellington [66] cho truong hop p 18)
thong qua céc két qua ctia Adams [I] va Browder [8] ring nhiing phan tit bat bién Hopf va nhitng
phan tit bat bién Kervaire trong 7S° (néu ton tai) duge phat hién tuong ting bdi cac chu trinh
vinh ctiu trong Ext'*(Fy, Fy) va Ext?*(Fs, F,). Them vao do, véi M = H*RP>® va M = H*RP",
Hung va Tuan [34] da chitng minh duge rang o} 1a mot dang cau, ¢ 1a khong tam thuong va
©M Di triet tieu tai tat cad cAc phan tit c6 gbe duong v6i s = 2,5 = 3 va s = 4. Két qua nay ciing
chi ra ring, dang diéu ctia M c¢6 quan hé chit ché v6i gid thuyét ctia Eccles (xem phan thao luan



clia Zare [67]). Do d6, nhitng hiéu biét vé dong cau Lannes-Zarati mod p déng vai trd quan trong
trong viéc nghién citu anh xa Hurewicz ciing nhu trong viéc khao sat nhitng gia thuyét vé cac 16p
mat cau.

Nhu thao luan & trén, dong cau Lannes-Zarati mod 2 da dugc nghién cttu mot cach can than
bdi nhiéu tac gid trong suét thoi gian dai trong khi dong cau Lannes-Zarati mod p vé6i p 14 nguyén
t6 1é van chua duge nhiéu ngudi quan tam nghién ctu.

Trong luan 4n nay ching toi tap trung nghién ctu dang diéu ctia dong cau Lannes-Zarati mod
p v6i p lé.

Cu thé, chiing to6i thiét lap bicu dién ¢ mitc do day chuyén ctia (¢M)# trén phitc day chuyén
Singer-Hung-Sum ciing nhu biéu dién ¢ mitc do day chuyén ctia ¢ trén phic A @ M#*, véi
o/-modun M bat k.

Viéc stt dung dai s6 Lambda dé nghién cttu 4nh va nhan ctia dong cau Lannes-Zarati mod p
(1.6) cho truong hop M = F, tranh dugc viéc phai st dung két qua ctia bai toan “hit” cta Z,F,
nhu trong [30], [25], [27], [32]. V6i phuong phap nay ching toi thu duge duge céc két qua méi vé
dang diéu cua np]gp v6i s < 3 trong truong hop p 1é. Tuy nhién, véi s 16n, viéc tinh toan gip nhiéu
kho khian bdi vi quan hé Adem trong dai s6 Dyer-Lashof mod p R, néi chung khé tinh, & day R
c6 thé xem nhu 1a déi ngiu ctia Z,F,.

Dé khic phuc khé khian nay, ching toi da phéat trién toan tit Iy thita PY tac dong len
Ext®*(F,,F,) (xem Liulevicius [41] hoac May [19]). V6i M =F, va M = H*(BZ/p), ching toi da
chi ra sy ton tai clia cdc toan tit lity thita P° tac dong trén Ext®*(M,F,) va tren (F, ®,, Z,M)*.
Hon nita, nhitng tdc dong nay tuong thich véi nhau thong qua dong cAu Lannes-Zarati mod p ¢,

Mot ho {a; : i > ig} C Ext?"(M,F,) dugc goi la P°-ho néu a;41 = P%(a;) véi i > ig. Két qua
tren cho phép xac dinh ¢ (a;) thong qua ¢ (aio)Ldiéu nay lam giam dang ké cac tinh toan trong
viéc nghién cttu dang diéu cua @Ep véi s < 3 va ¢§”BZ/ P véi s < 1 cho truong hgp p 1a s6 nguyén
t6 1é. Chi y ring phuong phap nay ctia ching toi c6 thé st dung cho trudng hop p = 2 véi mot it
stta ddi vé bac.

Ngoai phan mé dau, phan két luan va tai lieu tham khao, luan an dudc chia lam 3 chuong.

Chuong 1, ching t6i trinh bay cic kién thiic co ban can thiét cho phan chinh ctia luan an.

Cac két qua méi ctia luan 4n duge trinh bay trong Chuong 2 va Chuong 3.

Chuong 2, chiing t6i nghién citu biéu dién mitc do day chuyén ctia déi ngiu ctia M trén phiic
day chuyén ctia Singer-Hung-Sum va biéu dién ¢ mtc do day chuyen clia dong cAu Lannes-Zarati
oM trén phitc A @ M#.

Chuong 3, ching toi trinh bay céc két qua thu duge khi nghién citu dong cau Lannes-Zarati
mod p trén F, va H*(BZ/p), ké ca truong hop p = 2.

Céc két qua ctia luan an cong bo trong cac bai bao [17, 18, B0] va da duge bao cao tai:

e Hoi nghi Khoa Hoc lan thit IX Truong Dai hoc Khoa Hoc Ty Nhien — DHQG TPHCM thoi
gian tit ngay 09 dén 10/11/2018;

e Hoi Nghi Toan hoc Viet-M§ , Quy Nhon, Binh Dinh tit ngay 09 dén 14/06,/2019;

e Hoi nghi Toan hoc Mién Trung-Tay Nguyén lan III, Buon Ma Thuot, Dak Lak, tit ngay
02-04/08/2019;



e Bao cdo Seminar Khoa Toan, Truong Dai hoc Quy Nhon, Binh Dinh.



Chuong 1

Kién thidc chuan bi

1.1 DPai s6 Steenrod

Vao nam 1947, Steenrod [61] da dinh nghia
Dinh nghia 1.1.1. Cho X la khong gian topo. Céac toan tit doi dong diéu tac dong mot cach tu
nhién trén déi dong diéu ctia khong gian topo X
Sql : HTL(X’ FZ) — H”+1<X7]F2>7
dugc goi 1a toan tit Steenrod v6i Vi > 0,n > 0.
Nam 1952, Steenrod [60] tiép tuc xay dung céc toan ti Steenrod trén truong F, véi p la sd
nguyéen to 18.
Dinh nghia 1.1.2. Cho X la khong gian topo. Cac toan tit d6i dong dieu tac dong mot cach tu
nhién trén déi dong diéu ctia khong gian topo X
P': H"(X,F,) — H""(X,F,),
duge goi la 1ty thita Steenrod véi Vi > 0,n > 0.

Cung ndm d6, Adem [3] da chitng minh duge rang tat ci cac quan hé trong dai s6 Steenrod
déu dugc sinh ra tit tap cédc quan hé

[a/2] .
SqSq® = Z ( b—i—1 ) Sq*tiS gt (1.1)

a— 21
i=0

v6i a < 2b ( trudng hgp p = 2) va

[i/p] .
Pipi— Z<_1)i+t ( (p - 1)(] - t) -1 ) pi+j—tpt’ (1.2)

— 1 —pt

véi ¢ < pj,

[i/p] .
PiBPj _ Z(_l)i—H ( (=1 —1) ) Bpi-i-j—tpt

— 1 —pt
[i=1/p] :
. — DG =) =1\ pirje
) ”t((p SUh )P*J ‘6P, (13)
t=0



véi i < pj (truong hop p 1é), trong dé he s6 nhi thiic 1ay theo mod p, ky hi¢u [z] 1& phan nguyen
clia z, la s6 nguyén 16n nhat khong viugt qua x va S 1a toan tit Bockstein.

Tt cac két qud trén, mot cach thuan tay dai s6, ta dinh nghia dai s6 sinh bdi cac toan ti
Steenrod (duge goi 1a dai s6 Steenrod) nhu sau.

Dinh nghia 1.1.3. Dai s6 Steenrod &/ la dai s6 phan bac, ¢6 don vi trén truong F, sinh béi céc
phan tit Sq¢' bac 7 > 0, théa man S¢° = 1 va quan he Adem (1.1]) (cho p = 2); sinh bdi cac phan
tit P?,i > 0 bac 2(p — 1)i va 8 bac 1, théa man P° = 1, 3% = 0 va céc quan he Adem (1.2), (1.3
(cho p 18).

Ménh dé 1.1.4. (Xem Steenrod-Epstein [61]). Tap hop tit cd cic don thiic chap nhan dugc la
mot co s ciia dai so Steenrod </, wem nhu la khong gian vécto phan bac trén F,.

Ménh dé 1.1.5. (Xem Steenrod-Epstein [61]). Vdi moi i > 0, cdc todn ti P* khong phan tich
dugc khi va chi khi k la liy thia cia p. Khi dé, tap hop {Sq*|i > 0} vdi p =2 va{PP'|li > 0} U
{8} véi p Ié, la tap sinh dai s6 clia o .

Ménh dé 1.1.6. (Xem Steenrod-Epstein [61]). &, ciing la mot dai s6 Hopf va c6 mot co sé gom
cac don thic co dang 75°&7 11 €52 - -+ trong do €; = 0 hodc 1.

1.2 Moéddun trén dai sé6 Steenrod

Pinh nghia 1.2.1. Mot &/-modun M dude goi la khong 6n dinh néu v6i moi phan tit « € M,

e Sq¢'x =0 véi deg(x) < i néu p = 2.

o (°Pi(x) = 0 vi bét ctt deg(x) < 2i +¢,6 = 0,1 néup > 2.

Pham tri ctia tat ca cac &/-modun khong 6n dinh dude ky hieu béi U.

Dinh nghia 1.2.2. Cho mot &/-modun M, treo thit s ctia M, ky hiéu 3*M, duge dinh nghia béi
(SM)™ = M™*. Tac dong ctia dai s6 Steenrod len >_° M dugce cho béi 0(X5m) = (—1)°948%35(0m)
vimoime M val e .

1.3 Dong ciau Lannes-Zarati

Ham tt bat on dinh héa 2: M — U 1a phu hgp trai clia phép nhing &/ — M. Ham t nay
duge mo ta mot cach chi tiét nhu sau (M) := M/EM, trong d6 EM := Spang {3P'x: ¢+ 2i >
deg(z),z € M}. Khi d6, 2(M) c6 thé duge dong nhit véi «/-modun con ciia M bao gdm tat ca
nhitng phan ti bac khong am.

V6i o/-modun tuy § M, phép chiéu M—F,®,, M cdm sinh mot «/-dong cau Z(M)—2(F,® .,
M). Do d6, ton tai mot o/-dong cau (M) —F, ®,, M 1a hop ndi clia cic dong cau sau

IM)—— D (F,Q, M)——F,®, M.
Dong cau nay cdm sinh cac 4nh xa tuong ting gitta cac ham tit dan xuat i : Z,(M )— Tor? (F,, M).
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Dat Es 1a mot F,-khong gian vécto s-chiéu. Biét rang ddi dong diéu mod p ctia khong gian
BE, dudc cho bdi
P,:=H*'BE; = E(x1,...,25) @ Fply1, ..., ys),

§ day, ky hieu E(z1,...,xs) va Fplyi, ..., ys) 1an luot 1a dai s6 ngoai va dai s6 da thiic tren F, dugc
sinh béi cac bién x1,...,x, bac 1 va yi, ...,y bac 2.

Dinh nghia ay(M): 2,(37'M) — 9,_1(P, ® M) la dong cau ndi ctia ham tit 2(—) lien két
véi day khép ngan X
0P M —-PRM—X'M—0,
trong d6 P la o/-modun mé rong clia P; bing cach them mot phan ti sinh r1y; " bac —1.

Dat
O{S(M) = al(PS—l ® M) O---0 CY1( E—(S—I)M)’

suy ra a,(M) 1a mot «7-anh xa tuyén tinh tit Z,(X"*M) dén Z,_,(P, ® M). Dac biéet, khi r = s,
ta thu duge anh xa oy, (M): Zs(X7°M) — Do(Ps @ M).

Mit khac, véi o/-modun khong on dinh M bat ky, xay dung Singer Z,M (xem dinh nghia
trong Muc 2.1 § Chuong 2) la «7-mddun con cia Py ® M.

Dinh 1y 1.3.1 (Xem [74, Dinh 1y 2.5]). Cho o7 -médun khong on dinh M bat ky, dong ciu as(SM)
D(S1 M) — SRM la mot ding cau clia cic of -modun khong on dinh.

Duya vao cac két qua trén, véi &/-modun khong on dinh M bat ky va véi s > 0, ton tai mot
dong cau (pM)# sao cho biéu do sau day giao hoan:

as(XM)

Dy(S15 M)

Tor? (F,, X'~ M).

SAM——— P, @ M

Vi dai s6 Steenrod & téc dong mot céch tam thuong len Tor,(F,, X' *M) nen (@))# phan
tich duge trén F, ®,, XZ,M. Do d6, sau khi treo bac —1, ta thu duge ddi ngdu ctia dong cau
Lannes-Zarati mod p,

Dinh nghia 1.3.2. V6i &/-modun khong 6n dinh M bat ki va v6i moi s6 nguyén s > 0. Khi do,
dong cau
(e2)* 2 (Fp ®. ZM)" — Tor?,(F,, X M) = Tor?, ,,(F,, M). (1.5)

dugce goi 1a déi ngau clia dong cau Lannes-Zarati modulo p.

Lay d6i ngadu (nhu khong gian vécto) clia dong cau trén ta nhan duge dinh nghia sau.

Pinh nghia 1.3.3. Véi o7/-modun khong on dinh M bat ki va véi moi sé nguyen s > 0. Khi dé,
dong cau
P < Bt (M, ) — (F, @, B0 = Ann((ZM)R), (16)

dugde goi 1a dong cau Lannes-Zarati mod p.



1.4 Phic day chuyén Singer-Hung-Sum

Dinh 1y 1.4.1 (Dickson [23], Mui [49]).
1. Khong gian con cia tat cd cac bat bién dudi tac dong cia GLs cia Fplyy,. .., ys| dude cho
bdi
D[S] = ]Fp[ylv s 7yS]GLs = ]Fp[qs,07 R 7%,3—1]-

2. Nhu la mot D[s]-modun, (H* BE,)%" la tu do va c¢6 mot co sd bao gom 1 va tat ca cic phan
twco dang Reyy i, 01 <k <s50<4 <---<i <s—1.

3. Cdc quan hé dai so dugc cho bdi
R2
Rs;il o s ik

0,
( ) kl)/ZR k—1

CHAT ﬂkqsO )
o 0 <4 < --- < < S
Goi @, := H*BE,[L;'] 1a dia phmjng hoéa ctia H* BE, bang cach lam kha nghich L,. Tac dong
ciia GLg tren H*BE, dugc thac trién thanh tac dong ctia GL, lén @,. Dat A, := &% Ty := dFLs

trong do6 Ty 13 nhém con clia GL, gom tat ci cdc ma tran tam gidc trén véi cac phan ti trén duong
chéo chinh 1a 1.
Dat w; := M1 /Li—1 va v; := V;/qgi—1, khi d6 |u;| = 1 va |v;| = 2. Tt Hung-Sum [33], ta c6
Ay = Euy, ... ug) @F, v, ... v,

’ s

Fs == E(Rs;07 ceey Rs;sfl) ® Fp[Qiéa QS,17 s 7QS,571];

Goi A 1a khong gian con ctia A, duge sinh bdi tat cad cac don thiic ¢6 dang
T A S pPTHIET e 10,1),1 <0 < 5,0y > e,

va dat I'f =Ty N Af.

Tu Hung-Sum [33], I't := {I'f }s>¢ 1& mot F,-modun vi phan phan bac véi vi phan duge cam
sinh bdi

€ €s—1,,€1,0 €s—1, ls—1 s o1
ool iz = { (T e, 0

trong d6 I'g =T,

V6i o/-modun M, dinh nghia lily thita toan thé on dinh Sy(x1,y1,. .., 7, ys;m), véi m € M,
nhu sau (xem Hung-Sum [33] )

. e €1+i1t-testis, € —(p—Dii—er —(p—1)is—e
Ss(T1,Y1, -+ Ts, Ys;m) := E (—1)arn ST - utyg (P Dis—es

s

e; =0,1,
ij >0

® (8P - BP)(m). (1.8)

Dé thuan tien, dat Sy(m) := Ss(x1, Y1, .- ., Ts, ys;m) VA Sg(M) := {S,(m) :m € M} C A,®@ M.
Khi d6, Hung-Sum da dinh nghia



Dinh nghia 1.4.2. V6i &/-médun M, dat TTM = {(IT'*M)s}s>0, trong d6 (I'"M)y := M va
(TTM)s :=TFS,(M) = {vSs(m) : v € T'F,m € M}, 1a mot Fp-modun vi phan va I'"M 1a mot
phiic day chuyen.

Dé dé& nhé chiing t6i goi phiic day chuyén nay la phiic day chuyeén Singer-Hung-Sum.

Tu (L.8) v6i m € M bat ky, Ss(m) = >, aw! @ my, 6 day v' € Ay,mp € M va a; € F, véi
bat ky v € T'F C Ag,vS5(m) = >, ayvv! @ my.
Chov =73, veusoP VT € T vam € M, & day ve, € TS, vi phan trong It M dudgc cho
boi
O(vSs(m)) = (—1)%5 N " (~1) v 1 S,_1 (B P'm). (1.9)

el

Trong [33], Hung-Sum da chi ra Hy(I'" M) = Tor? (F,, M) v6i M la o/-modun bat ky. Do do,
't M 1a phiic thich hgp dé tinh Tor? (F,, M).

M

Meénh dé 1.4.3. Anh za M = {tMYs>0 la mot don ciu cia Fp-modun vi phan. Hon nia, M cdm

S
. A 2 A
sinh mot dang cau

H, (I M) = Tor? (F,, M).

1.5 Dai s6 Lambda va dai sé Dyer-Lashof

Dai s6 Lambda dugce dinh nghia va nghién citu bdi Bousfield va céc cong su [6], [7]. Dai s6 nay
13 mot phite thich hgp dé tinh dbi dong diéu ctia dai s6 Steenrod. Hon nita, Priddy [54] da ching
minh dai s6 Lambda A dang cau véi giai thitc co-Koszul clia dai s6 Steenrod.

Mot cach thuan tay dai so, ta c6 thé dinh nghia dai s6 Lambda nhu sau.

Dinh nghia 1.5.1. Dai s6 Lambda A 1a mot dai s6 vi phan phan bac, két hop, ¢6 don vi tren F,
dugc sinh béi A\;_q (¢ > 0) ¢6 bac 2i(p—1) —1 va pj—; (j > 0) ¢6 bac 2j(p — 1) thdéa man cac quan
hé Adem (xem [6], [7], [66] va [54])

L
Z ( ! i J ) )\i71+pm)\jfl+m = 07

i+j=n

1+ ]

i+j=n
véimoim >1van>0va

1
Z < ! i J ) )\Hpm,uj—Hm =0,

i+j=n

1+ ]
Z ( i J ) Pitpmbtj—1+m = 0,

i+j=n

véimoim > 0van > 0.



Vi phan dugce cho béi

A= 3 (277 >AHAJ~_1,
d(pnt) = Y ( tt ) (ANi-1htj—1 = Hi—1Aj-1),

7
i+j=n

d(o7) = (=1)%8%gd(7) + d(o)T.
Ky hieu Al | = X\i_; va AY | = ;1. Dat A, 1a khong gian con ctia A sinh béi tat ca cac don
thitc A\p = Afl_; --- A, ¢6 do dai la s.
Cho mét o7/-modun M, vi phan ciia phitc A ® M# duge cho béi

dA®h) =dN) @h+ Y (—1)tErU9dehy\e | @ pgl=P!, (1.10)

i—e>0
v6i A € A va h € M¥.
Dinh nghia troi ctia Ay hodc ctia I la e(\;) =e(l) =201 —€e; — Y 1 o 2(p— )i + > ;s €.

Khi d6, Curtis [22], Wellington [66] da dé cap dén mot dai s6 thuong quan trong ciia A, d6 la
dai s6 Dyer-Lashof mod p R va dai s6 nay dugde dinh nghia nhu sau.

Dinh nghia 1.5.2. Dai s6 Dyer-Lashof mod p R 1a dai s6 thuong ctia dai s6 A trén idéan (hai
phia) dugc sinh bdi tat ca cac don thitc ¢6 troi am.

Dit Q = pQ™ --- B<Q% 1a anh ctia A\; duéi phép chiéu chinh tic va dit R, 1a khong gian
con clia R sinh bdi tat ci céc don thiic c6 do dai s, khi d6 R, dang cau véi Bs]*.

1.6 Day phd

Dinh nghia 1.6.1. Mot day pho E 1a mot ho cac {E,,d,}, v6i r > 0 théa man

(i) E, 1a mot modun song bac véi d, 1a vi phan song bac (r, —r + 1) trén E,.

(ii) Véi méi 7 > 0, ton tai mot dang cau H(E,) = E,11.

Day pho sinh béi phic ¢6 loc

Mot loc F' tréen modun A 1a mot ho cac modun con FPA clia A sao cho v6i moi sd nguyén p,
FPA C FPT1 A Néu A = {A*} 1a modun phan bac thi F phai tuong thich véi phan bac. Cho mot
loc F' tren A, modun phan bac lien két G(A) duge dinh nghia béi GP(A) = FPA/FP~'A. Néu A
12 mot modun phan bac thi médun phan bac lien két G(A) 1a mot modun song bac xac dinh béi
GPi(A) = FPAP+a/Fr=L Ap+a Trong trudng hgp nay, p duge goi la bac loc, ¢ duge goi 1a bac bo
sung va p + ¢ duge goi la bac tong clia mot phan tit trong GP4(A).

Day

- CFP'ACFPACFPF'AC -



13 day hop thanh vo han ctia A vd modun phan bac lien két gom céc thuong ctia day hgp thanh
nay.

Loc F duge goi 1a hoi tu néu N, FPA =0 va U,FPA = A.

Loc F trén phtic day chuyén C' 1a loc tuong thich v6i phan bac va vi phan ctia C' (nghia la FPC
1a mot phiic con ctia C' gom {FPC™}). Loc trén C' cam sinh loc trén H*(C') dinh nghia bdi

FPH*(C) := Im[H*(FPC) — H*(C)].
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Chuong 2

Biéu dién day chuyén ctia dong cau Lannes-Zarati

2.1 Ham tu Singer

Cho ¥,s 1a nhom doi xing tac dong len tap co sé ctia nhom Es := (Z/p)* vary : B < X5 1a
mot don cau thong qua tac dong tinh tién. Ky hieu, Z/p la ¥ :-modun tam thuong cta Z/p va
Z/p la ¥,s-modun clia Z/p thong qua tac dong dau. Dat

Bls] := im (H*(szs; 7/p) 7 H*(BES;Z/p)) :
B[s] := im (H*(szs; Z/p) = H*(BE,; T:Z/p)) .
Cau truc cia B[s] va B[s| duge cho bdi ménh deé sau day.
Ménh dé 2.1.1 (Mui [49], Zarati [74]).
1. A[s] la mot D|s]-modun tu do dugc sinh bdi
p—2+(p—1>[%1}

{17 Ms;i1 ..... ikLs
010 <4 <--- < < s—1.
2. Bls| la mot D[s]-modun tu do dugc sinh bdi
sy sy, i s
o1 0 <igp < -0r < <s—1.

Cho &/-modun khong én dinh M bat ky, Zarati [74] va Powell [53] da dinh nghia liy thita toan
thé (khong on dinh) Sty(xy, 91, ..., 2s, ys;m), véi m € M, nhu sau

[m]

Sts(x1,y1, .., Ts, Ys; M) = (—1)S[T]L?‘m‘53(m) € P, M.

Dé thuan tien, ta dat St,(m) == St,(v1,y1, ..., Ts, Ys;m) V& Sty(M) == {St(m) :m € M} C
P, ® M.

11



Cho mot &7-modun khong on dinh M, modun Z,M duge dinh nghia bdi (xem Zarati [74])
R M = Bls] - St (M) @ Bls] - Sty(M™),

trong d6, M T (tuong ting, M) la khong gian con chita tat cd cdc phan tit bac chin (tuong tng,
bac 18) ctia M. Khi d6, v6i mbi s > 0 phép gan M ~~ ZsM sinh ra ham ti khép tit U vao chinh
no.

Zarati [74, Ménh dé 2.4.6] da chiing minh raing Z,M 1 mot &/-modun con ctia PYLs @ M C
P, ® M. Tu do6, ta c¢6 ménh dé
Ménh dé 2.1.2. Cho </ -modun khong on dinh M bat ky, ZM chia trong (I"M),. Hon nita,
p=1(9y,
phép nhing chinh tic Z.M — (UTM), duge cho bdi A\Sts(m) (—1)5”/\[/57(2 +6)Ss(m), vdi
m € M*+0 ygi 6 =0, 1.

Bo dé 2.1.3. Cho phan ti thuan nhat bat ky X thugc B[s] hodc thuoc B[s], phan ti X ¢ thé dugc
bieu dién nhu sau

—1)21— —1)ie— £
g w[uilvip Yne LSy Prlis e néeu \ € Asl,
)\ I:(elvilv"'7687i5)ez'}’
= 2iy —p° 1 2ig—1
(-1 21— (p-DE e o
E wrui vy ? C UV > 7 neéu A€ Bs],

I=(€1,i1 er6s,is) €Ty

d day wr € IF; va téng duge lay trén tap 1L, trong do tap I, dugc zdc dinh mot cach duy nhat phu
thuoc vao . Hon nia, méi chudi s6 I = (iy, €1, ... ,is,€5) € L, théa man diéu kién: e, = 0,1, i), > €
voi 1 <k <swva

s

2ij—e; > Y 2ip(p—1)—> e, 1<j<s, v 2y >p " néu € Bls].
k=j+1 k=2
Két hop Ménh de va B6 dé ta c6 hé qua sau

Hé qua 2.1.4. Cho M € U. Véi phan ti thuan nhat bat ky v = A\St,(m) € BsM vdi m €
M?+3 (5 =0,1), v c6 thé dugc biéu dién dudi dang

v= Z wl(_l)snuilvgpfl)(ilﬂws_l)*el . _ugsvgpfl)(iﬁrn)—es Sy(m),

I:(elyi1a~~-vfsyis)€I’Y

g day wy € JF; va téng duge lay trén tap 1L, trong do tap I, dugc zdc dinh mot cach duy nhat phu
thuoc vao . Hon nia, méi chudi s6 I = (iy, €1, ..., is,€5) € L, théa man diéu kién: e, = 0,1, 1), > €
vdi 1 <k <swvai

2ij—e;> > 2p(p—1) =D e, 1<j<s, vaip>pF néud=1. (2.1)
k=j+1 k=2

St dung Hé qua va Cong thite ((1.9), ta c6 hé qué sau

Hé qua 2.1.5. Vi of -modun khong on dinh M bat ky, phép nhing chinh tic ZM — (I M),
bién nhiing phan ti trong ZsM thanh nhimg chu trinh trong (It M)s,.

12



Meénh dé 2.1.6. Cho M la mot o -modun khong on dinh, <M c6 mot F,-co sd dugc cho bdi
(5 = {Rg,loqg,l(] T Rggssflqg,ssflss (m)}
vdi moi m chay khap mot co sd thuan nhat cia M, op € {0,1},51 € Z, ji > 0,2 < k < s va

21+ o014+ 0, > |m|.

Bé dé 2.1.7. Anh za ¢, : _#,,— I, dugc cho bdi ¢n(01, 71, - ., 0, 5s) = (€151, ., €s,is), & day

ek =0 vai =p (1 +or+ -+ iktor) + Zf;[’f‘l(ps"“ — D) (k1 + Opper1), 001 1 < k <s,

la mot song anh.
B6 dé 2.1.8. Cho mot A-modun khong on dinh M, vdi phan tié thuan nhat bat kj m € M, cho
(Jlajla s 705ajs) € /|m| va (Elyila <o €y Zs) = ¢\m\(al>j17 s 7Us>js)- Khi dé;

RILG -+ RT_1q)_1Ss(m) = uStplPTYI T ey (Vi =6 g () - dom thite nhé hon.

Ménh dé 2.1.9. Cho mot o/ -modun khong on dinh M, tap hop tat cd cic phan ti
QI ®€ — /BESQil . ./BESQiS ®£

biéu dién mot Fp-co sd ciia (ZsM)* vdi I € Sy va L chay khdp co sd thuan nhdt cia M*.

2.2 Biéu dién & mic do day chuyén ctia dong ciu Lannes-
Zarati

D@ khéo sat dang diéu ctia dong cau Lannes-Zarati mod p véi p 18, dau tien ching toi xay dung
bi¢u dién ¢ mic do day chuyén ciia (*)# trong phitc day chuyén Singer-Hung-Sum va sau do la
biéu dién & miic do day chuyén ctia o, trong dai s6 Lambda.
Biéu dién ¢ miic do day chuyen ctia (¢M)# trong phiic day chuyén Singer-Hung-Sum duge cho
béi dinh 1y dudi day.
Dinh Iy 2.2.1 (Chon-Nhu [I7, Dinh Iy 3.1)). Vi o -modun M bit kj, dong céu (FM)# : B, M—(T+ M),
duge cho bdi

(s=2)(s=1)
2

v = (=1) ot

la don cdu va la biéu dién ¢ mic do day chuyén cia doi ngau ciia dong cau Lannes-Zarati (oM)%.
Ménh dé 2.2.2 (Chon-Nhu [I7, Ménh dé 3.2]). Vi o/ -modun M bat ky, dnh za
VM S RM — DBy (o, A S EM)

duoc cho bdi
Z’y — (—1)%+(5—1)(deg7+5) [X(”?)]

la bieu dién & mate day chuyén cia dong cau

(as(SM)) ™ BB M — (X M).

V6i M =T, v6i p 1a s6 nguyen t6 18, Zarati [74] da chi ra rang ZF, = %|s]. Do do, ta c6 he
qua sau.
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Hé qua 2.2.3 (Chon-Nhu [17, He qua 3.3]). Dong ciu (ps")# : Bls]— T duge cho béi

(s—2)(s—1)
2

vy (=1) ol

la biéu dién ¢ mitc do day chuyén ciia doi ngdu ciia dong ciu Lannes-Zarati (ps")*.

Do d6, lay déi ngau ctia He qua [2.2.3, ta c6 meénh dé sau day. Day 1a cong cu chinh dé nghien
cttu dang diéu clia dong cau Lannes-Zarati mod p gpfp .
Ménh dé 2.2.4 (Chon-Nhu [17, Ménh dé 3.4]). Pong cdu 3" : Ay— R, duge zdc dinh bdi
Q[
la biéu dién ¢ mic do day chuyén cia dong cau Lannes-Zarati gpfp.
Ménh dé 2.2.5 (Chon-Nhu [I8, Ménh dé 3.7]). Vi o -modun M bat ky, dong ciu

oM Ay @ M# — (B M)

(s=2)(s=1)
2

)\] — (—1)

duogce cho bdi
s—1)(s—2
M@l (1) TR e

la mot bieu dién ¢ mic do day chuyén cia dong cau Lannes-Zarati .

2.3 Ching minh Ménh dé [2.2.2

V6i bat ky M € U, tit day khép ngdn 0 — L2 SP,@M — X2 PQM — S15M — 0, ta ¢6 dong
cAunéi & (X2 =P, M) : H(EB,(o, o, S P9 M))—H,_1(EB,(, o, 272 5P, ., @ M)),
v6i0<i<s—2 6day Py=TF,.

V6i «/-modun N bat k¥, tit dinh nghia clia ham tit 2, ta nhan dugce day khép ngan ctia phiic
day chuyén 0 — EB(«/, o/, N)— B(«, o/ ,N) — 2(B(«, o/, N)) — 0.

V6i s > 1, vi B(«/, o/, N) acyclic nén dong cau noi
8, : 2,(N) = H,_,(EB(, 4/, N)) (2.2)
la mot dang cau.

Diat N = X'*M, ta nhan dugc biéu dd giao hoan sau day

D2 M) —2—— P, (B PL M) .. 2 P (P @ M)

Hy 1(EB.(S'7* M) 5> Hy 5(EB.(S2*PL ® M) 7+ = Ho(EB.(Ps-y @ M),

§ day, dé thuan tién trong biéu do nay ta ky hiéu B, (<7, o7, N) biang B,(N).
Tit biéu do, dong cau a(XM) c6 thé duge tinh toan nhu sau

as(XM) = ) (BP,_ 1 @ M) 00, 051 (Pyy @ M)o---06(X**M)od,.
Dit 0,1 = a1 (ZP,_1 @ M) 00, 00y (P s @M)o---08(X**M), khi d6 as(XM) = 1 00,.
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B6 dé 2.3.1. Phan thy € EBy_y(o, o/ S M) C By_1(,, 5" M).

B6 dé 2.3.2. Phan tit [X(7)] la mot chu trinh trong DB,(<f , o , 215 M). Hon nita, qua ding ciu
0.1 Z(S°M) = H. 1(EB, (o, o/, 51 M), 0.((X(F)]) = [{]-
)

B6 dé 2.3.3. Anh cia [y € Hy 1(EBs (o, o, 2 °M)) qua 651 dugc cho bdi
5o-1([F]) = (~1) TFTHHE DB [54] € gy (SR, @ M).

B6 dé 2.3.4. Cho v = ZIeIV wl(_l)snu?ngfl)(i1+nps—1),el . ugsv(p 1)(is+n)—e S <m> e BM C
(T M), trong dé m € M*"° (§ =0,1), khi dé

I€T,

s—1 s—2

(o (B P (gt (B0 P (0 m))
Dé chiing minh B dé [2.3.4] ta can céac két qua dudi day
Bo dé 2.3.5 (Hung-Sum [33]). Cho H*BE, = E(z) @ F,[y] va m,n € M vdi M la </ -dai s6 bat
ky. Khi do, ta co
1. Ss(mn) = Ss(m) - Ss(n);
2. Ss(z) = (—=1)*usy1;
3. Ss(y) = (
Hé qua 2.3.6.

—1)SUS+1 .

1. Sy(u;) = —uig;
2. Sl(’l]i) = —Vjy1-

2.4 Toan tw luy thira

Vao dau nhitng nam 60 Liulevicius [41], [42] d& chiing minh sy ton tai toan tit liy thira
Sq° : Bxt®H (Fy, Fy) — ExtS 2 (Fy, Fy).
Toan tit S¢° dude goi 1a toan tit Squaring co dién.
Hung [26] da xay dung todn t1t squaring trén d6i ngau ctia dai s6 Dickson P(Fy ®¢r, H.(BE,))
Sqo : P(Fy ®qr, Hi(BE;))q— P(F2; ®qr, H*(BES>)(26H-S)'

Sau d6, Hung [27, Dinh 1y 1.3] da chi ra ring toan tit squaring S¢° trén P(F; ®¢r. H.(BE,)) giao
hoén véi toan tit squaring c¢d dién Sq¢° trén Ext® " (Fy,Fy) qua dong cau Lannes-Zarati mod 2
©™2. Toan tit nay duge Hung-Tuan phét trién trong [34].

Céc két qua ctia Liulevicius [41], [42] va May [46] cling da ching minh sy ton tai clia toan ti
Ity thita cho truong hop p 1€

PO Ext® (F,, F,) — Ext?’"(F, F,).
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Biéu dién ¢ mic do day chuyen ctia P° trong A duge cho béi

€1 €s J— — —
){ /\pz‘l—l"‘)‘pz‘s—u € =-=¢€ =1,

SN ) =
0, cac truong hgp khac.

is—1

P’

i1—1 '
N ~0 . R
Bo de 2.4.1. Toan ti P khong lam tang troi cia cac phan ti trong A. Do do, ton tai mot todn
~0 .
ti, ky hiéu la P, tac dong lén dai so Dyer-Lashof R duoc cho bdi

~0 €1 /i1 €sMN)is) /BElQpil'..ﬁestiS; €] = " = €5 = ]J
LA prQr) = { 0, cac truong hop khac.

B6 dé 2.4.2. Todn tu 750 tuong thich vt tac dong ciua <. Dac biét,
~0 . . ~0 . .
7) ((ﬁﬂ@ll L. ﬂests)pk) — (73 (ﬁelQll . ﬂesQ%))Ppk. (23>
Tuong ty, toan ti lay thiua 750 tac dong len A ® H cling cam sinh mot toan tit lity thita trén
(F, ®., Z,P)* va toan tl nay ciing dude ky hieu la PP,

Ménh dé 2.4.3. Véi M =TF, va M = P, biéu do sau day giao hodn

Ext (M, F,) — 2 Ext>?“™ (M, F,)

oM l oM l

0
(Fp ®g¢ %sM)fé —P> (]Fp ®,§z{ %SM)§S+t)7S'

2.5 Truong hgp p=2

Meénh dé 2.5.1. Cho mot o7 -modun khong on dinh M, tap hop tat cd cdc phan ti Q' ® € vdi ¢
chay khdp mot co sd thuan nhat cia M#, I la chap nhan duge va e(I) > |€], biéu dién mot Fy-co
sd clia (BsM)* .

Ménh dé 2.5.2. Cho mot </ -modun khong on dinh M, phép chiéu oM = Ay @ M# — (B M)*
dugc cho bdi A\ @ L—[Q @1, la mot biéu dién ¢ mite do day chuyén ciia dong ciu Lannes-Zarati
mod 2 oM.

Ménh dé 2.5.3 (Hung-Tuan [34, Dinh Iy 4.1]). Biéu doé sau day giao hodn

0
Ext® (M, Fy) — s Ext>2C+) (M, Fy)

wi\”l soi”J

S 0
(]F2 X '%8]\4)?é —q> (IFQ O ‘@SM);#;—&-S?

vdi M =Ty va M = H*(BZ/2).
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Chuong 3

Anh cua dong cau Lannes-Zarati

3.1 Anh caa dong cau Lannes-Zarati mod p trén F,

Dinh ly 3.1.1 (Chon-Nhu [17, Dinh 1y 4.1]). Dong ciu Lannes-Zarati mod p hang 1
go]fp : ExtU(F,, F,) — Ann(B[1]%),

la mot dang cdu.

Dinh ly 3.1.2 (Chon-Nhu [I7, Dinh 1y 4.2]). Dong ciu Lannes-Zarati mod p hang 2
gog” : Ext2?t(F,, F,) — Ann(%[2]%);

chi khong tam thuong tai cdc phan ti c6 goct =0 va t = 2(p — 1)ptt — 2,0 > 0.

Chi y 3.1.3 (Chon-Nhu [I7, Chi y 4.3]). Tit két qua clia Wellington [66, Dinh 1y 11.11], Ann(R,)
duge sinh bai Q°QC, BQP'PDAQP i > 0, va Q*P Qs =p' +---+1,i > 0. Do d6, ©,” khong
phai 13 toan cau.

Dinh ly 3.1.4 (Chon-Nhu [18, Dinh 1y 5.1]). Dong ciu Lannes-Zarati mod p hang 3
SDEP : EXti;SH(va Fp) — (Fp @ %315},)?
la mot don cau vdi t = 0 va bi triét tieu vdi moi t > 0.

Bo6 dé 3.1.5. Néu \; € A, va Ay € Ay, sao cho QZEP()\[) =0 hodc 62”()\]) =0 th Gfik()q)g) = 0.

3.2 Do6i dong dieu cia dai s6 Steenrod

Trong phan nay, ching toi xay dung mot day phd trén phitc A ® fl*(BZ /p), day pho nay duge
xem la phién ban tong quit ctia diy phd da duge Cohen-Lin-Mahowald [20], Lin [39], Chen [I1]
stt dung cho trudng hgp p 1é. Sau do, ching toi stt dung day pho nay dé tinh déi dong dicu cia dai
s6 Steenrod Ext®*™(H*(BZ/p),F,) va st dung két qua nay dé khao sat déng diéu ciia dong cau
Lannes-Zarati trong truong hop M = H*(BZ/p).
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Day phé trén phic A ® H,(BZ/p)

~ Cho F" := F"(A® H,(BZ/p)),n > 0 la loc tren phic A ® H,(BZ/p), trong d6 FO(A &
H.(BZ/p)) =0 va véin > 0,

F"(A® H,(BZ/p)) :={A®h € A H(BZ/p) : |h| <n}.

Khi d6, £y = (F"(A.@ H.(BZ/p))/F* (A®H,(BZ/p)))! = X"A,, do d6, B> = H*(Ey™") =
Y Ex tfj“ “(F,,F,), va ELst = (F"H5(A ® H, (BZ/p))/F"'H*(A @ H,(BZ/p)))!, trong d6
F'H*(A ® H) = im (HS(F"(A®ﬁ*(BZ/p)))—>HS(A®ﬁ*(BZ/p))>. Do d6, @ys1EL™ =
Ext®t(H*(BZ/p), Fy).

Doi dong dieu cua dai so Steenrod
. dy o 1.2 32X ~
Vi phan E*%* =% E*1* duge cho bdi bo dé sau day

B4 dé 3.2.1. Vi phan khong tam thuong E*%* 2 E*L* duge cho bdi danh sdch sau day:

(3.2.111) b — agablt=1, vait > 1;
B2.112) ablw+r =1 s _ (k4 1)habltm=DptA+10" =1 i i > 0,1 <k <p—1,m> 1.

Dinh 1y 3.2.2 (Chon-Nhu [I8, Dinh Iy 5.3], Crossley [21, Dinh 1y 1.1]). Nhém md rong Ext%!(H*(BZ/p),

c6 mot F,-co sd gom tat cd cac phan ti
1. b= [ab[(pfl)pi*”] € Extgf(p_l)pi_l(ﬁ]*(BZ/p),Fp),i > 0,

2. k) = [ab[k#—ll] € Ext®?' =\ ([[*(BZ/p),F,),i > 0,1 <k < p— 1.

Vi phan E*1* LN E»2* duge cho béi bd dé sau day.

B6 dé 3.2.3. Nhiing vi phan khong tam thuong E%* LN E*** dugc cho bdi danh sdach sau day:

1) aob — a2ablt=1 wgit > 1;

3.2.312) apabmPtH — — (k+2)pab m=2pHh g 0 <k <p—2,m > 2;

3.2.313) apabl™P P =1 s (k 4+ 1)agh;abl((h=DptE+00 =1 g5 5 > 1 m > 1;

314) agabdl (mp+k)p'—p+p—2] __, (k + Daghab((m=1ptkp =p+p=2] "4y 4 > 1,m > 1;
3.2.315) hbl! — — hyapabl™ waii > 1,t > 1;

) hobl™PT — 10 — 1) pablm=DPH “ugim > 1 va £ # 1;

) hobll mp+e)p'—p>+kp+1] __, (e + 1)hohz.b[((ﬂ"b—l)ereJrl)zf—p2+l<:p+1]7 vdii > 2,m > 0;
3.2.318) hablmPHRP =1 (k4 1)h;habl (7= DPHRADP =1 i > 1 m > 1,0 < j < d;
319) h, ablmp+k)p" ™~ +p 7t =1 (k;Z)hi_1;172ab[((m72)p+k+2)pif1+pi*171]; vdii>1,m > 1;
)

hablmp+Rp'+(p-1p" =1 __,

5
6
7
8

(323
323
-
-
(323
(323
-
-1

0 (k — 1)hi_1.92abl=DPHRP 421 i g > 1 m > 1;

1
2
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‘11) hiab[(mpfk)pi+2+rpi+1+pi+u]_>(r;2) hi;271ab[(mp+k72)pi+2+(T+2)pi+1+pi+u]; véii>1,m>0,u=
(p=Dp~ -1
hiablmP R =p ]y (B 4 1) hyhyabl((mm ek DR =] g g9 > > 1 m >

Lo={p-2)p™ +p' +(p—1p~"'-1;

E2312)

B2.3113) hyabltmptRp —p i rul (kg 1) hyhyabl((m PR DY —p T g 59 > > 1 m >
O,U = (p - 1)pi_1 - 17.

B23114) hyablmpp 40 =1) Ly X qpl(m=Dptk+2p™ 1] > 0 m > 1;

(3.2.315) h,ablmp 2 +kp epiipi=1] whi;mab[(mfl)p”%kpi“+(6+1)p"+pi71]; vdi i > 0,m >
0;

(3:2:3116) h;ablmw 0P ="+l (0 4 1) hyhyabl (- DPHEDR PR g 59 > > 0,m >
]_,U) = (p - 2)pi+1 + epi +pZ - 1;'

B2.3417) hyabltmp+Op —p ke el (p 4 1) hhabl (- DpHA DR —p R ] g 59 > >0,

m>1k#p—2,2=pt —1.

Ménh dé 3.2.4 (Chon-Nhu [I8, Ménh dé A.3]). Trang vo cing EXM ¢6 mot Fy-co sd bao gom
tit cd cdc phan ti duge cho trong Bing |34

Béng 3.1: Phan ti sinh ctia E%1*

Phan tit Phan tit dai dién t Viung chi s6
aoh; apablP=Dp'=1] 2(p—1)p' —1 i>1
agh;(k) agabl?' 1l 2kpt — 1 i>1,1<k<p-—1
a(l) agabP+ 2(p+ 1) +1 0<(l<p-—2
hihi(1) hiabl?' =1l 2(p — 1)p' +2p' — 2 i>0
hih; haable=Dp' =1l 2p—1)(p' +1p) -2 | 0<jisj#ii+1
hih;(k) h;ab*?’ 1l 2p—1)p' +2kp’ —2 | 0<j,izj#ii+1
1<k<p-1
d;(k) hiabl?"+(p=1p " 1] 2p— VP +pY) |i>1,1<k<p-—1
+2kp' — 2
ki (k) hiablkr' et 1] 2k +1)ptt—2 |i>01<k<p—1
pi(k) | hiabl=DPTHGEADR L oy Y (pf 4 pitl) | i>0,1<k<p—1
+2(k + 1)p" — 2

Dinh ly 3.2.5 (Chon-Nhu [I8, Dinh 1y 5.4]). Nhém md rong ExtL Y (H*(BZ/p),F,) cé mot F,-co

s¢ bao gom tat cdc cdc phan ti duge cho bdi danh sach dudi day

1. aoﬁi = [)\(Zlab[(p—l)pi_l]} P> 1

~

2. Oé(]hl(k) =

[)\(llab[’“”i_”} i1 1<k<p—1;

3. a(k) = [A2ablPtH + (k + 1)AJab ] 0 < k <p—2;

4. hihi

(1) = [Myab? Y] i > 0;
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5. hihy = |\ @b 0P U] iG>0, A i+ 1;
6. hiﬁj(k‘) = [/\Ilji_lab[kpd_l]} i,j>0,5#4i+1,1<r<p—1;
7. ci(k’) = (P! ([/\Ilj_lab[karp*?}D i>1,1<k<p—1;

8. ki(k) = (P°) ([Ef:o jﬁ/\}ab[(’“_j)pﬂ]]) i>01<k<p—1;

r+i . .
9. pi(r) = (P°)! ({Z?‘é"‘ (Ji—'l),\;ab[@fl)wﬂlb i>0,1<r<p-1.

Ménh dé 3.2.6 (Chon-Nhu [I8, Ménh dé 5.5)). Ext’*(F,,F,)-modun Ext>*(H*(BZ/p),F,), vdi
s <1, duge sinh bdi h; (i >0), hi(k) (i >0,1<k<p—1),al) (0<l<p—2),d;(k) (1 >1,1<
k<p—1), ki(k) (1 >0,1<k<p—1)vapi(k) (i>0,1<k<p—1) chi théa man cic quan hé
sau day

Oég/fzo =0 5

apho(k) =0,1 <k <p—1.

3.3 Anh ctia déng cAu Lannes-Zarati mod p trén ﬁ*(BZ/p)

Déang diéu clia dong cau Lannes-Zarati mod p (p 16) gof*(BZ/ P y6i s < 1 dugc cho béi cac dinh
Iy sau.

Dinh ly 3.3.1 (Chon-Nhu [I8, Dinh 1y 5.6]). Dong ciu Lannes-Zarati mod p hang 0
ey O Exty (H*(BLZ/p), Fy) — (F, ©. HoH' (BL/p))f

la dang cau.

Dinh ly 3.3.2 (Chon-Nhu [I8, Dinh 1y 5.7]). Dong ciu Lannes-Zarati mod p hang 1
er P Extl! T (H (BZp), Fy) — (F, ©., 0 H (BZ/p))f
dugc zac dinh boi
(i) hihi(1) s [BQpiab[Pi‘”} Vi i > 0;
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(i) hihy [ﬁ@?iab[@—”ﬂ—”} Wi 0 < j < i;
(iii) hah; (k) — [mpiab[kﬂ—ll} whi0<j<i, 1<k<p—1;

(iv) Fi(k) = (PO) ([BQF ab™]) i > 0,1 <k <p—1;

(v) Nhing phan ti con lgi — 0.

Hé qua 3.3.3 (Chon-Nhu [I8, He qua 5.8]). Dong ciu Lannes-Zarati mod p hang 1 @{{*(BZ/’?)
khong phdi la toan cau.

3.4 Anh cta dong cau Lannes-Zarati mod 2

Dong cau Lannes-Zarati mod 2 da dugce nhiéu nha toan hoc nghién citu mot cach can than trong
sudt mot thoi gian dai. Ching toi tong két cac két qua vé dang dieu ctia dong cau Lannes-Zarati
mod 2 ¢ da dugc cong bd bsi Lannes-Zarati [72] cho truong hgp s = 1,2, Hung va céc cong su
[30], [25], [27], [32] cho 3 < s <5 trong Ménh dé . Chung toi sé ching minh lai ménh dé nay
theo céch tiép can khéc

Ménh dé 3.4.1 (Lannes-Zarati [72], Hung va céc cong su [30], [25], [27], [32]).

(i) Dong ciu Lannes-Zarati mod 2 hang 1 ©3? la mot ddang cau.
(ii) Dong cdu Lannes-Zarati mod 2 hang 2 ©5* la mot toan céu.
(iii) Dong cau Lannes-Zarati mod 2 hang s =2 triét tiéu tai tat cd cdac phan ti cé goc duong trong

Ext®" T (Fy, Fy) vdi 3 < s < 5.

Bén canh viéc chitng minh lai cac két qua da duge cong bé vé dang dieu ctia dong cau Lannes-

Zarati mod 2 trén Fy ¢f2 1 < s < 5. Chiing t6i con tinh duge dnh clia cac phan tit khong phan

tich duge trong Ext® ™ (IFy, Fy) véi 0 < t < 114 qua ddng ciu Lannes-Zarati hang 6 ¢5>.

Dinh ly 3.4.2 (Nhu [50, Dinh ly 1.1])). Dong cau Lannes-Zarati mod 2 hang 6
052 : ExtSOT (Fy, Fy) — Ann((ZsM)™),
tam thuwong trén nhitng phan tit khong phan tich dugc trong EXt26+t(F2, Fy) voi 0 <t < 114.
Ngoai ra, diing phuong phap nay chiing to6i con kiém tra duge cac két qua ciia Hung-Tuan
trong [34].
Ménh dé 3.4.3 (Hung-Tuén [34]).
(i) Dong ciu Lannes-Zarati mod 2 hang 0 @g*(BZ/Q) la mot dang cau trén
Ext’, (H*(BZ/2),Fy).

(ii) Dong cau Lannes-Zarati mod 2 hang 1 of
triet tieu tren Span{h;h; : i < j}.

“BLI2) 1o mét don cbu trén Span{hi/ﬁj 11>} va
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(BZ/2)

(iii) Dong cau Lannes-Zarati mod 2 hang s gpf* triét tiéu tai tat cd cac phan ti cé goc duong

trong Exti;*(ﬁ*(BZ/Q),Fg) voi 2 < s < 4.

Cht § 3.4.4. Dya vao Menh dé [2.5.1] dé thay (F, ®,, %, H*(BZ/p))# dugc sinh béi
{ |:Q2i71b[2j,1]:| i > ]} U {(SQO)z <|:Q2(2j—1)b[1]:| + |:Q2J'+lflb[2]]) - > 0’] > 1} )

Do d6, dong cau Lannes-Zarati hang 1 @{{*(BZ/ ?) khong phai la toan cau.
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Két luan

Trong luan an nay, ching toi dat dude nhitng két qua chinh sau day:

1. Xay dyng biéu dién ¢ mic do day chuyén ctia (oM)# trén phitc day chuyén Singer-Hung-Sum

(xem Dinh 1§ [2.2.1) ciing nhu biéu dién day chuyén ctia ¢ trong dai s Lambda (xem He
qua [2.2.4), bieu dién day chuyén ctia o trén A ® M#, v6i o/-modun M bat ky (xem Ménh
de [2.2.5). Céac két qua nay sé duge st dung dé tim nhan va anh ctia dong cau Lannes-Zarati
©M v6i nhitng s nhé cho truong hop p 18.

2. Phat trién toan tii liy thita P° tac dong len Ext® ™ (F,, F,) (xem Liulevicius [41], [42] va
May [19]). Véi M = F, va M = H*(BZ/p), ching toi da chi ra riing ton tai mot toén ti P°
tac dong tren Ext® (M, F,) va tren (F, @, ZsM)#. Hon nita, todn ti nay con giao hoan
v6i dong cau Lannes-Zarati o (xem Menh dé [2.4.3)). Két qua nay da lam giam dang ké viec
tinh toan. Do dé, toan tit nay tré thanh cong cu quan trong dé nghien citu dang diéu cta
dong cau Lannes-Zarati mod p.

3. Khdo sat déng diéu ctia dong cdu Lannes-Zarati mod p ¢ trong truong hop M = F, va
trong truong hop M = H*(BZ/p). Két qua la ching toi da thu duge anh hoan toan ciia @Iﬁp
v6i 1 < s < 3 (xem Dinh Iy [3.1.1, Dinh 1y [3.1.2] Dinh 1y 3.1.4) va anh ctia o B%7) s

s = 0,1 (xem Dinh 1y [3.3.1 Dinh 1y |3.3.2)).

4. Cubi ciing, kiém tra lai cac két qua vé anh ctia dong cau Lannes-Zarati mod 2 da dudc cong
b6 trong cac tai lieu [72], [25], [27], [32], [30]. Két qua thu duge tuong dong véi cac két qua da
duge cong bé nhung véi phan tinh todn don gidn hon (xem Meénh dé[3.4.1] Menh dé [3.4.3).
Dua vao két qua ciia Chen [I2] vé cac phan tit khong phan tich duge ctia Ext®5T(Fy, Fy)
v6i 6 < t < 120, chiing t6i tinh anh ctia cac phan ti nay qua dong cau Lannes-Zarati mod 2
hang 6 theo cach tiép can khac, dé 1a ching toi khong dung két qua clia bai toan “hit” trén

P (xem Dinh 1y .

Mot s6 van dé nghién citu tiép theo

1. Chiing toi sé tiép tuc nghién citu dang diéu ctia dong cau Lannes - Zarati mod p trong cic
truong hop s > 4.

2. Chiing to6i dy kién sé nghién cttu dong cau chuyén Singer mod p véi p 1a s6 nguyen to 18.
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