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MG dau

Day sb6 va téng la mot van dé duge nhiéu ngudi quan tam. Van
dé nay thuong xuat hién trong cidc dang bai toan Dai s6, Gii tich, Ly
thuyét xap xi ho#ic trong cac ky thi Hoc sinh gidi Qubc gia-Qubc té.
Luan van nay dat van dé nghién ctu Day s6 va tinh mot s6 tong cac sd
hang ctia mot day s6 nao day. Mudn tiép can dugce, doi hdi nguoi hoc,
nguoi lam toan phai duge trang bi mot von kién thic vé day so, vé cac
phuong phap giai, hay cac thi thuat trong tinh toan va bién dai.

Chinh vi vay toi da lya chon van dé nay nghién ctu, nham giap nhitng
ngudi yeu toan ham hicu biét. C6 mot géc nhin méi bao quat hon, lap
luan sau sic hon véi nhitng bai toan vé "Day s6 va tong" va dugce trinh
bay qua nhiéu cach gidi diac biet. Ngoai ra con van dung mot sd kién
thiic ctia Toan Cao cip vao gidi quyét cac bai toan kho, dieén hinh va
hay gap.

Luan van dugc chia lam hai chuong.

Chuong 1. Céac kién thitc chuan bi .
Dugc danh trinh bay lai mot s6 két qua vé Vanh da thic, Vanh cac
chudi luy thita hinh thic va gidi thieu mot s6 Day s6 dac biét.

Chuong 2 . Day sb truy hdi va Tong.

Trinh bay vé Day truy hoi, Day xay dung qua ham. Dic biét, trong
chuong nay con gi6i thieéu cach tim giéi han ctia mot s6 day so, tinh mot
s6 tong dac biet bang phép bién ddi Abel. V6i nhiing vi du, nhitng bai
toan c6 phuong phap giai ngdn gon, dé hiéu va van dung nhiéu kién thic
khac nhau.

Luan van nay dugc hoan thanh véi sy huéng dan va chi bao tan tinh
cua PGS-TS. Dam Van Nhi - Dai Hoc St Pham Ha Noi. Ban than em,
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xin dugc bay td su biét on sau sic, long mén phuc vé kién thic uyén
bac, su quan tam va nhitng 161 dong vién ctia Thay. Da gitp em hoan
thanh luan van nay.

Em xin tran trong cdm on t6i cic Thay Co trong Truong Dai Hoc
Khoa Hoc - Dai Hoc Thai Nguyén, phong Dao tao Truong Dai Hoc Khoa
Hoc. Ddng thoi t6i xin gt 16i cAm on téi tap thé 16p Cao Hoc Toan K A
Truong Dai Hoc Khoa Hoc da doan két, gitup do toi trong sudt qua trinh
hoc tap, nghién cttu va lam luan van nay.

Song véi su hiéu biét ctia ban than va khuon khd ctia luan van thac
si, nén chac chin rang trong qué trinh nghién ctu, trinh bay sé khong
tranh khoi nhitng thiéu sé6t. Qua day, em rat mong nhan dugc nhiing ¥
kién dong goép xac dang clia cac Thay Co va cac doc gia cho luan van
nay.

Thai Nguyén, ngay 10 thang 07 nam 2012
Tac gia

Nguyén Ditc Thanh
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Chuong 1
Kién thitc chuan bi

1.1. Vanh da thuc

1.1.1. BDinh nghia

Cho vanh A 1a mdt vanh giao hoan c¢6 don vi. Ta goi da thiic (trén
A) bac n bién x 13 mot biéu thic ¢6 dang P,(x) = a,2" + a,_12" ' +
oo + a1 + agla, # 0), trong d6 cac a; € A duge goi 1a he s6, a, 1a he s6
bac cao nhat va ag 1a hé s6 tu do ctia da thic.

Néu a; = 0,7 =,2,...,n—1 va (a, # 0) thi ta c6 bac cia da thic 1a 0.

Néu a; = 0, v6i moi ¢ = 0,1,2,...,n thi ta coi bac ctia n 1a va goi 1a
da thitc khong (n6i chung thi ngudi ta khong dinh nghia bac déi véi da
thiic khong). Tap hop tat ca cac da thitc véi he s6 1ay trong vanh A dugc
ky hieu Alz].

Khi A = K la mot trudng thi K[z] 14 mot vanh giao hoén ¢6 don vi.
Ta thuong xét A = Z hodac A = Q hodc A = R hoac A = C. Khi do ta
c6 cac vanh da thic tuong ung la Z[z|, Q[z], R[z|, C[z].

1.1.2. Cac phép toan trén da thic
Cho hai da thiic:
p(z) =ag+ a1z + ... + apa™
q(z) = by + byx + ... + bya”
Khi d6 phép cong va phép nhan hai da thiic la
p(z) + q(x) = ag+ by + .. + (@m + bp)T™ + bpr@™ ™ + ..+ bya™.
p(z)q(x) = agby + (aghy + arby)x + ... + (agby + arbp_1 + ... + apby)x® +
. + Qb ™ trong do6 ta gid st n > m.

1.1.3. Cac tinh chat cd ban

Dinh ly 1.1. Gia st A 1a mot truong, f(x) va g(x) # 0 1a hai da thic
ciia vanh A[z], thé thi bao gid ciing ¢6 hai da thiic duy nhat ¢(z) va r(x)
thudoc Alz] sao cho
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f(z) = g(x)q(z) + r(x) voi deg r(z) < deg g(z)

Néu r(z) = 0 ta néi f(x) chia hét cho g(x).

Gid st a la phan t tuy ¥ ctia vanh A, f(2) = a 2" +a, 12" 1 +... +aiz+
ap 1a da thic tuy ¥ ctia vanh A[z], phan ti f(a) = a,a” + a,_1a" ! +
... +ara+ag c¢6 duge bang cach thay x béi a duge goi la gia tri ctia f(x)
tal a.

Néu f(a) = 0 thi ta goi a 1a nghiém cia f(z) = a,2" + ap_12" 1+ ... +
a1 + ag. Bai todn tim nghiém ctia f(x) trong A goi la giai phuong trinh
dai s6 bac n

™ + ap_ 12"+ .+ aiw +ag =0, (a, # 0)

Dinh 1y 1.2. Gid stt A 13 mot truong, a € A, f(x) € Alz]. Du s6 cla
phép chia f(x) cho (z — a) chinh 1a f(a).

Dinh 1y 1.3. S6 a la nghiém ctia f(x) khi va chi khi f(z) chia hét cho
(x —a).

Gia stt A 1a mot truong, a € A, f(z) € Alx] vA m 1a mot sd ty nhién
(m > 1). Khi d6 a la nghiém boi cap m ctia f(z) khi va chi khi f(x) chia
hét cho (x — a)™ va f(z) khong chia hét cho (z — a)™.

S6 nghiém ctia mot da thic 1a tong s6 nghiem clia da thiic d6 ké ca boi
clia cdc nghiém (néu ¢6). Vi vy, nguoi ta coi mot da thiic ¢6 mot nghiem
cap boi m nhu mot da thic ¢6 m nghiém trung nhau.

Dinh 1y 1.4. Da thic f(z) € A[z] bac n > 1. khi d6 ta c¢6 két qua sau:
(i) Néu a € A langhiem cta f(x) thi f(z) = (z—a)g(x) v6i g(x) € Alz]
(ii) f(z) c6 khong qua n nghiém phan biét trong K

1.1.4. Mot s6 vi du

Vi du 1.1. Cho a € R* va cho 2 s6 nguyén duong m, k. Gia st da thic
P, () bac n sao cho P,(z™) chia hét cho (z — a)*.

Chitng minh rang P,(z™) chia hét cho (2™ — a™)*.

Bai giai: Theo gia thiét thi P,(2™) chia hét cho (z — a)*. Vay nén
ma™ P, (x™) chia hét cho (z —a)*~!. Do hai da thic 2™ va (2 —a)*!
nguyén t6 ciing nhau, nén P, (z™) chia hét cho (z — a)*~!. T d6 suy ra
P{* Y (2m) chia hét cho z — a. Vay nen
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Py(a™) = P.(a™) = ... = P D(gm) = 0.

Do dé P,(t) chia hét cho (t — a™)".
Thay t bdi 2™ ta c6 két luan P,(z™) chia hét cho (2™ — a™)*.

Vi du 1.2. Phan tich thanh nhan tit 4(a® + ab + %)% — 27(a®b + ab?)?.
Tt d6 suy ra 4(a® + ab + b?)3 > 27(a®b + ab*)? v6i moi a,b € R

Bai giai: Ta nhan thay f(a,b) = 4(a* + ab + b*)® — 27(a*b + ab?)?
la da thic thuan nhat va déi xing cia a va b. Vi f(a,a) = 0 nén
f(a,b) = (a —b)g(a,b). Vi da thitc ddi xting f ma chia hét cho a — b
thi n6 chia hét cho (a — b)?, (chiing minh.) Dat a; = a + b,ay = ab.
Khi d6 f(a,b) = 4[a1? — as]® — 27a;%as? chia hét cho a;? — 4ay. Vay
f(a,b) = [a1? — 4as][201 + a] > 0.

Vi du 1.3. Cho hai da thiic

f(z) = 2! — 2!t — 4+32% — 22 + 23z + 30;

glx) =2+ 2z +m

Hay xac dinh cac gia tri nguyén m sao cho ton tai da thic g(x) dé
f(x) = g(x)q(x) véi moi x € R

Bai giai: Ta ¢6 f(z) = g(x)q(z) + r(x) v6i moi x € R
trong d6 r(x) = az?+br+c. Tacan timm dé r(z) = 0, ticlaa = b = c.
Thyc hién phép chia f(z) cho g(z) ta thu dugc r(x) = (m? + 6m? —
32m + 15)a? + (5m? — 24m? 4+ 16m + 33)x +m* — 6m> + 4m? + 5m + 30.
Giai hé phuong trinh

m? +6m? —32m+15=0

5m3 — 24m? + 16m + 33 = 0

m* — 6m3 4+ 4m? + 5m + 30 = 0.
ta thu duge m = 3.
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1.2. Vanh cac chudi luy thira hinh thiic

Muc nay tap trung nghién cttu vanh cac chudi luy thira hinh thitc mot
bién trén mot truong . Ky hiéu

K[[z]] = {ap + a1x + aga® + - - - |ai€K}:{Zaiazila¢€K}.
i=0

Mbi phan tit f € K[[z]], f = a;z' v6i 2° = 1, duge goi 1a mot chudi luy
i=0
thita hinh thic clia bién x véi he tit thuoe K. Dé bién K|[[z]] thanh mot

vanh giao hoan c6 don vi ta can cic phép todn sau. Cho f = > a;a%, g =
i=0

" bzt € K[[z]] ta dinh nghia f = ¢ khi va chi khi a; = b; cho moi
i=0
1=20,1,... va
f + g = Z(CLZ + bz)xl, fg = Z(Z ai_jbj)a:i.
i=0 =0 j=0

1.2.1. Két qua chinh
Meénh dé 1.1. Véi cic phép toan trén, K[[x]] lap thanh mot vanh giao
hoan c6 don vi .
Chimng minh:
Viéc kiém tra céc tien dé cia vanh 1a thod man.
Dinh 1y 1.5. Chudi lu§ thita hinh thic f = > a;2 1a kha nghich khi
i=0
va chi khi ag # 0.

Chimng minh:

Chudi luy thita hinh thic f(z) = Y a;2" 1a kha nghich ctia K[[z]] khi
i=0
va chi khi chudi lu§ thita hinh thic g(z) = Y bz’ sao cho f(z)g(x) = 1.
i=0
diéu nay tuong duong véi he agbp = 1, Y a;—jb; = 0 chomoii =1,2,....
j=0
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Coi cac b; la an va hé gidi dude khi va chi khi ag # 0.
Chudi g(z) duge goi 1a nghich ddo ctia f(x) va doi khi viét g(x) =

Chudi f(x) duge goi la chudi hitu ty néu co p(x), q(z) € K[z] dé f(x)
]% hay f(z)q(x) = p(z) trong K[[z]]. Néu ¢(0) = 1, bac cta f(z) la
q(z

deg f(z) = degp(x) — deg ¢(x). Néu ton tai ham (dai s6 hogc siéu viet
F(zx) sao cho f(x) = F(x) thi

F(x) dugce goi 1a cong thic dong ctia chudi f(x).

N~—r

00 ‘ ) 00 ‘
Dinh nghia 1.1. Gia st f(x) = ) a;a". Tong f(a) = > a;a’ dude goi
i=0 i=0

n
1a mot tong vo han. Néu ton tai lim > a;a’ 1a mot s6 hitu han A thi

OO .
A duge goi 1a gid tri clia chudi luy thia hinh thic f(x) = Y a2 tai
i=0
CX) .
x = «. Doi khi A con dudce goi 1a gid tri ctia tong vo han Y a;a.
i=0

Trong vanh K[[z]|] ngudi ta quan tam t6i tinh hitu ty va cong thic
déng clia chudi dé nghién citu tong (néu né ton tai) hay cac he s clia
bieu dién chudi. Khi ndo can tinh mot tong cu thé ta sé xét t6i tinh hoi
tu va tinh gid tri ctia chudi.

V6i mot ham f(z) bat ky xac dinh tai = a, ta biéu dién né qua chudi

oo f(n)
luy thtra hinh thic f(z) = > / |(a)
n!

n=0

chubi luy thia K[[z]] va doi khi ta con coi ham nay nhu mot chubi luy
thira hinh thitc khi khong quan tam téi tinh hoi tu chudi.

V6i = € R, khai trién thanh mot chudi luy thita ctia mot s6 ham don

(r — a)™ dé c6 thé coi n6é nhu mot
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