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1. Ly do chyn deé tai.

Trong toan hc, cac plong trinh dng ax” + a.x"t + ... +
ax+a=0,a%* 0 trongdd x ladn &H,va a, i=0,.,n, lacéc
sb cho tée; duge goi 1a phrong trinhdai 6 bac n.

Viéc giai cac phrong trinhdai s6 1a mbt van dé kinh dién cia
toan hc. Vao tit ky tha 16, Tartaylia, Cardano va Ferrari timoc
cach gii cac phrong trinhdai sb bac 3, bic 4, Wi cac cong thc
nghiém la nhing biéu thic chi chira cac &n thic. Dén dau thé ky thir
19, abeldd ching © ring khong th tim dugc mot cong thic tong
quét nhr vay déi véi cac phrong trinhdai sd bac lon hon haic bing
5. Va saud6 Galoisda dua ra nét tiéu chin dé mot phuong trinh
dai sb c6 nghém la nhiing béu thirc chra ain thic. Phrong phap xét
nghiém cia Galois sau naguoc goi la “Ly thuyét Galois”.

Ly thuyét Galois & nét trong nhirng mi dung @ ban cia dai s6
hién dai, no lién quandén nhiéu ciu tric dai s6 khac nhr: nhém,
vanh, toong, khdéng gian veot.. Ly thuyét Galois c6 nhiu tng
dung trong nling linh wrc khac nhauia toan loc. Mot trong nliing
tng ding chi yéu caa Ly thuyét Galois 1a tim ngldim cin thic cia
cac phrong trinhdai sb, giai bai toan @ng hinh ling thréc ké va
compa. \6i mong mn tim hiéu Ly thuyét Galois va niing ung
dung aia no6, Toi chn dé tai luan van Thac § cia minh la:“Ly
thuyét Galois vasing dung”.

2. Muc dich nghién aru.

Muc dich aia luan van nay la tim Hu va trinh bay ly thust
Galois cling nfing tng ding aia né, @ thé |a:
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- Giai nhitng bai toan dng hinh Bing thréc ké va compa

- Tim nghém cin thic aia nhing da thic (con @i la tim
nghiém cin thirc cia nhiing phrong trinhdai s6 ) .

- Xét xem khi nao thi &1 phuong trinhdai s6 giai dugc king
can thic.
3. Péi twong va pham vi nghién aiu.
3.1. Pdi tugng nghién gu:
- Truong $ phic.

- Mot sb cdu tracdai sé nhu : nhém, vanh, trong, mo rong
truong...

- Phrong trinhdai s, dinh ly a» ban cia dai Sb.
- Bai todn dng hinh.
- Ly thuyét Galois.
3.2. Phm vi nghién gu:
- Giai phuong trinhdai sb bang ain thic.
- Ly thuyét Galois va mt s5 tng ding aia no.
4. Phrong phap nghién du.
- Nghién @&u cac tai Bu vé ly thuyét mo rong trong, 1y thuyét
Galois va cac kn thrc lién quan, nh gido trinh, sach gido khoa
cung ndt s tai lieu khac tr internet.

- Khao sat, phan tichdng hyp va minh ba ly thuyét Galois
cung nlieng ing dung aia no théng qua nimg vi di.



5. CAu trGc caa luan van.
Luan van gdbm c6 hai clrong:

Chwong 1, Gidi thiéu s lugc Vé ly thuyét mo rong trong va
ly thuyét Galois.

Chuwong 2, 14 mi dung chinh 6a luan van, trinh bay mt sb
tng ding aia ly thuyét Galois, bao gm:

1. Giai nhitng bai toan dng hinh é dién.

2. Tim nghém cin thic cia phrong trinhdai sd c6 bic nh
hon 5, va ghi bai toan:" khi nao nét phuong trinhdai sb giai duoc
bang cin thic”.

3. Ching minhdinh Iy a ban cia dai sb.
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CHUONG 1. MO RONG TRUONG
VA LY THUY ET GALOIS

Chuong nay nlc lai so lugc V& mo rong trrong va ly thuyt
Galoisdé lam @ s5 cho chrong saul.

1.1. MO RONG TRUONG .

1.1.1. Pinh nghia [5]. Cho hai twong F va K, @i F la nft
truong con da K. Khidé K dugc goi la mo rong (trong) aaa F.
Mot mé rong tiong FEC K condugc ky hidu la K: F. Nu K 1a
mot mé rong twong aia F thi K la mit F — Khéng gian veot

1.1.2. Pinh nghia [5]. Bac cia my rong trong K : F 14 6 chiéu
cia F - khéng gian vest K, ky hiéu [K : F]. Néu [K : F] hiru han
thita @i K: F la b rong hiu han. Néu [K : F] khéng hiu han
thi ta gi Ia mo rong vo han.

1.1.3. Pinh nghia [2]. Cho K : E & rat mo rong twong. PRN tr
u € K duoc i la dai sb trén E ®u no 1a nghim oaa mot da thic
khac O trong E[x]. Mt phan tr u € K khéngdai sb trén E
dugc gpi la siéu vét trén E.

1.1.4. Pinh nghia. Mé rong K : F duoc goi 1a mo rong dai s6 néu
moi phan tir cia K déu dai s trén F.

1.1.5. Pinh nghia [2]. M6t mo rong teong K @ F 1a nd rong don
nfuttntai u €K saocho K = F(u). Bhtr u duoc goi la
phan tir nguyén tly cia my rong don. Mot mé rong don ¢ thé co
nhiéu phan tir nguyén tiy khac nhau.

1.1.6. Pinh nghia. Cho f € F[x] va K la n¥ rong trong aia F.
Tanéi f phanrdatrong K hay K phanra rEu f co tie viét



dugcdudidang f = X—-u) X-w) ...X—=w); Wi a,u € K,
Vi=1n.

1.1.7. Pinh nghia. Cho 0= f € F[x]. Motmérong K dia F
dugc goi la truong phan rdga f trén F éu K phanrd f va f
khdng phan ra trongabky truong con thrc sy ndo @a K.

1.1.8. Pinh nghia. Cho K:F la mrong tmongva ue K la
phan tir dai sb trén FPa thic ¢ dic n nhit 0 = f € F[x] nhan
u lam nghém va cé & tir dan dau bing 1duoc goi 1a da thrc i tiéu
cua u.

1.1.9. Pinh nghia. Mot mo rongdai sb E : F @i la chuin tic néu
da thic ti tiéu caa mpi phan tir thusc E phan ra trong E.

1.1.10. Pinh nghia. Mét da thrc f € F[x] goi la tAchdugc trén
F réu mpi nhan & bt kha quy aia f déu khéng cd ngkim boi.
Mot mo rong dai sd E : F @i la tachduoc réu da thrc i tiéu cna
moi phan tir thupc E déu tachduoc.

1.2. LY THUYET GALOIS

1.2.1. Pinh nghia [9]. Cho E : F la dt mo rong tneong. Cac
truong con @a E clka F @i la cac trong trung gian @éa my rong
E:F. Kyhéu F |atp tit ca cac tmong trung gianea E : F.

1.2.2. Bdé[9). Cho@= H CAut(E/F). Bp T(H) ={bEE
[ w(b) = b, Yo €H} la mot truong trung gianga E : F, gila
truong trung gian & dinh i H.

1.2.3. B d¢[9]. Cho K la twong trung gian &a mv rong E : F.

Khi @6 Aut(E / K) la nét nhdom con éa nhém Aut(E / F); @ la
nhom con 6 dinh K, ky héu 8(K).



1.2.4. Pinh nghia [9]. M&t mo rong hirvu han E : F duoc goi la mo
rong Galois Bu F =T (8(F)). Khidé Aut(E / F) @i 1a nhém Galois
cia my rong tnrong va ky héu la Gal(E / F).

1.2.5. Pinh ly (tiéu chuin cia mé réng Galois) [9].

Cho mo rong tnong E : F . Cac énh dé sauday la trong
duong:

(). E latoong phan raga nmbt da thrc tachduoc trén F.
(i). [E:F] = (Aut(E/F): 1) <o,
(ii). E: F la ndrong Galois.

(i), F = T(G) wi G la mot nhdm con bu han cia
Aut(E/F).

1.2.6. Pinh ly ( Pinh ly co ban caa ly thuyét Galois) [9].
Cho E: F lamréng Galois i G = Gal(E/ F). Khid6 cac

tuongung Galois XK: F = H va T : H — F lacac song &nh va
la nghich dao cia nhau. kn thé :
. e Ho = T(Hy) = T(Hy), ¥ H, H, e H;
(ii). Chi b cia nhém Bng bic aia mb rong trong, ngha 1a
voimoi Hy, H, € H :
Hi € H, = (Hx Hy) = [T(Hy): T(HY)];
(i). T(oHo") = ¢ T(H) va K@M)= o¥M)ot,
YoeeEG YHeE H, VMEF,



(iii). H G khivachkhi T(H):F lam rong chdn tic
(dodé Galois) va Gaf{(H)/F) = G/H.

1.3. NHOM GALOIS CUA DA THUTC.

1.3.1. Pinh nghia [2]. Cho n®t truong K, ndt da thic 0= f
€ K[x] bac n vaN = K(4y ..., u) latuong nghém auia f;
nhom Gal(N / K) dugc goi la nhom Galois €ada thrc f (hay nhém
Galois @a phrong trinh f(x) = 0).

1.3.2. Pinh nghia. Nhém Galois 6a ndt da thic tachduoc
fE€ F[x] la nhém Galoisia trong phan raea f.

1.3.3. Betthic. Cho f = R + ax™ + ... + g € F[x] lamt

da thrc tdchduoc, Wi n = 2. Goi @, a,, ..., @, la fit ca cac
nghiém cia f. bat D = T[] (ay - @), o la bigt thic
cua f =<j=n J

Ré rang, D=0 khivachkhi f khbéng cé ngléim boi. Ta ky
hieu G la nhom Galoiswa f trén F, va xem ;Gla nhdm con
cia nhomdéi xiang S.

Sauday € trinh bay nhém Galoisua da thrc kic 2, lic 3,
bac 4 va dé don gian trong bén luan, ta ga thiét F codac $5 khac
2, 3. Khidé mpi da thic bic 2, 3, 4 trén Riéu tachduoc.

1.3.4. Nhém Galois @a da théc bac hai.

Choda thic bic hai f = X+ bx + ¢ € F[x] tAchduoc. Goi
X1, X2 la hai nghdm cia f. Tacé:

D = (—%)" = (u+%) - 4xx, = —4c.
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Biét thac Dy = 0 khi va chkhi f c6 nghém kép. Nhém
Galois G dang ciu véi nhom con éa S.

Néu Dx chinh plvongtrong F thi 6= 1 = A ;
Néu Dr khéng chinh pliong trong F thi 6= S.
1.3.5. Nhom Galois @a da thirc bac ba.
1.3.5.1. Bai toan [9].Xac dinh nhém Galoisia da thic bac ba
f = x¥+ad+bx+c € F[x].

a

1352 Gii. bat x = y = ta cdda thic theo y

g = y+py+q € Fly] (1.1)

1
Vi p =T (-4 q = — (28 -9ab + 27c).

O day ¢ thay truong phan rdia f va g trén F laah
nhau va kit thac aia chdng @ng trung nhau. @ «;, a,a; la ba
nghémaia g. Taco: g = (y=&) (Y- @) (y-x)

bao ham hinhthccia g la
g = (Y-a) (Y-a)+(y-a)(y-a)+(y-a)(y-as)

@1 -ay) (ay - ag) ;

Do d6 g (@)

@2 - ay) (a; - a3);

g(ﬂz)
g (a5) = (@3- (@3- a).

Suyra @ [(ay — ax)(ay — a3)(a; — a3))?
- g(a) g () g (a3).

Mit khac & (1.1) tacé g= 3y + p. Dodé
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Dg = - (3‘1'12 +p) (30-'22 +p = - 2 as’ + 9p(a12a22 +

aas’ + ﬂ'zzﬂsz)"‘ 3F12 (‘7*12 +a” + lfI132) + p3]

Biéu dién D, qua caata thic d6i xang & cap S, S, S ciia
ay, o, a; VoichUying S= 0, S=p, $S= -q; taco

Dy= -4p — 274.

Do D, ciing la bét thic cia  f, béu dién D, theo cac &t
cua f taco: P = &b°- 4 — 4dc — 27é + 18abc .

Néu f khi quy trén F thi nhém Galoisi@ n6 tring %i nhém
Galois @ia mbt da thrc bic hai @ia F. Ta chcan xét khi f Mt kha
quy. Khidé (G:1)=3,dod6 G dang d  au i Az haic Vi
Ss. Néu Dy chinh plwong trong F thido GZ Aj suyra G = A
Khi d6 truong phan rd E = F@) voi i € {1,2,3}. Nu Dy
khéng chinh ptiong trong F thi 6= S va E = F( \/D7f)
voi i {1, 2,3}

1.3.6. Nhom Galois @a da thirc bac bbn.

1.3.6.1. Baitoan [9]. Xéac dinh nhém Galoisia da thic bac bjn

f = ¥+ ad+bd+cx+de F[x.
1.3.6.2. Gii.
a
bat x = vy - Z ta cdda thic theo y

g = ¥+ py+r €FY;
1 1
V6i p =E(-38?+8b); q =E(a3-4ab+80);
1
r= ——(-3d+ 168b — 64ac + 256d) .
256
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Goi cac nghtm cia g laay, a,, as, a;. Goi G la nhom Galois
cia g (éinglada f). Neu g latich éa mot da thic bic 1 va tc
3 trén F thi nhdm Giing ciu voi nhdém Galois aa nmt da thic
bac badd xacdinh ¢ trén. Nu g la tich éa haida thic bat kha quy
bac hai trén F thi trong phan r& [ cia g trén F la
F(y/d1.Jd2) v6i dy, b EF.Néu o = &d, véi a € F thi E la
mé rong kic hai trén F va CG= Z.. Néu khong thi G
& Zox Za,

Ta xét tuong hop g kit kha quy trén F. Khido, ta bét rang
véi hai nghém tly ¥ @, @ cho tusc cia g, bn tai mot phan tir
o € G bén a; thanh g. Nhing nhém conita S thoa man tinh
chat do la:

S A
Ds = {1,(1324),(12)(34), (1423), (13)(24),(14)(23),(12)(34)}
va cac nhém con lienpe™'Dg ¢ cud Dy
K, = {1,(12)(34), (13)(24), (14)(23));
C, = {1,(1234),(13)(24), (1423)} va cac nhom con liérpp
o'C,o0 aa C.
Nhom Galois G &dang ciu véi mot trong cac nhém trén.
bat 8, = (ay+a@) (as+ay); 8, = (o +as) (A, +ay) ;
b = (o + ay) (0 +as).

Taco 8,+8,+8; =2p; 6,6, +8,8;+ 8,8, = f — 4r;
6,6,8; = - d. Suyra8,,8, va 8; la banghim aia
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h(X) = X-2pX+ (F-4nNX + ¢
(1.2)

bathic (1.2) la gii thirc bic ba @a g. Ta thy rang

B)— 8, = ooy + apoy - oo, -ty = - (@ - ) (0 - o).
Tuongtrtacod: 6;,—6; = -(@-a3) (a-ay),
B,—8; = -y -a) (as - ay).

Suy ra bét thac cia ghi thirc (1.2) trung i biét thirc aila ¢
(do d6 ding trung i biét thirc cia f ). Tir cdng thirc tinh bét thac
Di = &b?— 4B — 4dc — 278+ 18abc, ta cé bi thuc cia gii thuc
(1.2) la

Dn = 16fr — 12801 +256f — 4p'q” — 27¢ + 144pdr (1.3)
Thay cac giafrcia p, g, r trong (1.3), taco

Df = - 6acd + Kalc? + 144dbd® — 4db’d + 144bdé
+ 18abé 192acd + 16Bd - 128Ad° — 80Bacd + 18%cd
— 274d® + 2564 - 4dc® - abc? - 27¢.

Truong phan rda gii thac h(X) chra trong toong phéan ra
cia f. Dod6 nhom Galois@a h la nhom tiong aia G. Ta cé
cac tuong hop :

1. Néu h Hit kha quy va B khong chinh phong trong F. Khi
d6 G khoéng cha trong A va nhém Galoist@ h ding ciu voi
S:. Dod6 cip oia G chia Bt cho 6. Suyra G =,S

2. Nbu h htkhaquyva DB chinh plong trong F. Khit6
G c A, vanhém Galoista h dang ciu wi Az Suyra G coap
chiaétcho3. Suyra G = A
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3. Nbu h ki quy va phan ra thanh ba nhanttiyén tinh
trong F[x]. Khid6 8., 6,, 8; thwc F. Dodd moi phantt G phii
cd dinh ching. Suyra G- K, Vi g Hitkhaquynén G = K

4. Néu h duoc phan tich thanh &b da thic bac hai va not da
thic bic mot trong  F[X]. Khi d6é c6 dung ndt phan tir trong
{6,,6. 65} thuwoc F. Ta co th gia thiét 6 thusc F. Nhr thé moi
phan tr cia G & dinh & nhung khéng 6 dinh 6. va 6. Suy ra
GcDg va GEK4 Vay G = 3 haaic G = G.

Chu y éing F(/D;)1a trwong & dinh i G N A, Ta co
DsN A, = K, va GN A, = {1,(13)(24)). Vsichay ding Gn A,
la nhém Galoiswa g trén F(D;)thi GnN A, c6 ép khdng nid
hon 4,dod6 G = R. Nguoc lai, néu g khi quy trén F(D;) thi
G =G

1.4. PA THUC TONG QUAT

1.4.1. Pinh nghia. Cho F la mttruongva s, ..., § la cac phn
tr doc lap dai SO trén F. ba thic g=t" -
51" 1 et (—1)7s, E F(sy ..., $)[t] goi la da thic tdng quét

bic n trén F.

1.4.2.Pinh Iy [9]. Cho F la mttruong va g lata thrc tbng quat
trén F. Gi Ey la twong phan rédwa g trén F( ..., $). Khi do
cac nghém t, ..., t, cia g doc lap dai sb trén F va nhom Galois
cia E:F(s, ...,s) la S.

1.5. MOT SO BAI TOAN MINH H QA

Bai 1 [4]. Haydinh xem ndi s6 thyc haic phrc sauday



15

V7, V5, 7% e+3, 3+i,42 +i ladai sb hay siéu \t trén
truong Q cac & hiiu ty.

Giai. V7, %5, 3+i, V2 +i ladaisitrén Q theo thty la
nghiém cia cacda thic co g sd hiuty : X -7, ®-5, (x-3f + 1
va (¥—-3F + 4%. Cacé =%, e +3 lasiéuvttrén Q vim
va e siéu vt trén Q.

Bai 2 [2]. Chang minh &ng moi mé rong hiu han cia twong R
cac $ thuc haic 1a chinh®R haic [a not trudng ddng diu vai trudong
C céc é phuc.

Giai. Cho F la mt mo rong hiru han aia B. Moi u € F ladai sb
trén R va coda thic ti tiéu g€ R[x] sao cho cding ciu trrong
R[x)/q(u) = R[u]. Nhung da thrc bat kha quy q€ R[x] co6 dic 1
hoic bac 2.

Néu qbac 1,tacé u thic B nénthdc R[u] = R Néu
Q. bac 2 (Vi q c6 bet s thuc am), thi thac R[x])/q,
=~ C = Ru]

Trong twong hpp F ¢6 not phan tir u sao chot = R[u] © F,
thi véi moi r € F vidai 6 trén B nén ¢ingdai sb trén C va coda
thec bit kha quy ©i tiéu g € C[x] va ding ciu trudong
Clxli(q) = Clul; nhung vi myi da thic bt kha quy q € C[x] phai
ladathrc bic 1;lonnravi u langmaia g tasuyra usC,
trong trong hpp nay Fc C.

Vay, moi mé rong hiru han cia R, néu phan bit voi R, thi
ding ciu voi C.
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CHUONG 2. UNG DUNG CUA LY THUY ET GALOIS

Chuong nay l1a i dung chinh ¢a Iuan vin, trinh bay mt sb
ting dung aia ly thuyét Galois.

2.1. DUNG HINH B ANG THUOC KE VA COMPA.

Trudce tién ta c6 th quy gi thiét caa mpi bai toan g@ng hinh @
viéc cho tage mot sd diém naoday. Vi du nhu biét mot d6 dai co
ngha la cho teéc haidiém sao chatoan thing rdi hai diém d6 co
d6 dai da cho; cho wwréc mot duong tron cé ngta la cho tedc hai
diém sao cho Bt diém |a tamduong tron vadoan thing i hai
diém d6 1a ban kinh; cho @oc mot géc nghia 14 cho troc badiém
ma tam giac @a ching cé Bt goc king gécda cho. Ging trong tr
nhu vy, mot hinh € duoc coi la ding duoc réu ta drng dugc nhitng
diém xacdinh hinhdé.

2.1.1. Pinh nghia [9]. Trong mit phing R?, cho haidiém
P, = (0;: 0), R = (1; 0). Mbt diém P € R* duoc goi la dung duoc
(bang thréc ké va compa) éu ton tai day hiru han R, P,,...,P, sao
cho P = Pvawimei j =2diém R xacdinhtr S, :=
{Py,Py, ...P,_1 ] bsi mot trong ba “ phépehg " sau:

1. Giao @a haidudong thing phan kit, trongd6é mdi dudng
thing di qua haidiém bit ky coa S .

2. Giao ¢a mpt duong thing qua haidiém cia S, va ot
duong tron c6 tamai mot diém aia  §; va co ban kinh ing
khoang cach gia haidiém trong ;.
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3. Giao @a haiduong tron phan i, trongdé mbi duong tron
cO tam 4i mot diém cia 4 va co6 ban kinhang khaing cach dia
haidiém trong $,.

2.1.2. Pinhly[9]. Cho e €E = R v6i E lano rong Galois éa
Q. @ dung dugc hing thréc ké va compa khi va dtkhi [E: Q] =2
voi r € N,

E

2.1.3. H qua [9]. Khéng tk¢ chia ba gécal

compa.

bing thréc ké va

2.1.4. H qua [9]. Khong té dung dugc diém (32, 0). N6i cach
khac khong th gip doi hinh hp phrong cé @nh king 1.

2.1.5. H qua [9]. Khong th dung duoc diém (7, 0). N6i cach
khac khong th dung duoc hinh vuéng c6 dén tich king dién tich
hinh tron ban kinhimg 1.

2.1.6. Pinh ly [10]. Pa gidcdéu n anh drng duoc khi va chi khi
n = 2p..ps, W py...., p lacacé nguyénd Fermat khac
nhau.

Tur day W sau véc tim nghém aia mdt phuong trinh dai s6
dugc xem niw tim nghém aia bt da thic .

2.2. TIEU CHU AN GIAl PUQC BANG CAN THUC CUA PA
THUC

2.2.1. Pinh nghia [9]. Mot mo rong E : F @i 1a mo rong ain réu
E = F@, ...,a,;) saocho&imoi i = 1,..,m dnta n:
a; " € F(ay, ..., a@). Khido ta ding néi E la rit mé rong cin cia
F. Tandi cac pin tr & tao ra ndt chibi can cho nd rong E : F.
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2.2.2. Pinh nghia [9]. Mot phan tr @ thudc vao ndt mo rong cin
E: F thiduoc goi 1a biéu dién dugc bang cin thic (trén F). Mt
da thic f trén Fduoc i 1a giai duoc bing an thic (trén F) du
truong phan rd@a f rim trong nét mo rong cin caa F.
2.2.3. Pinh nghia [10]. Cho mét day bng nhau cac nhém con
G=62GD>.2G = e 2.1)
(2.1) duoc goi la thap chén tic fu G la nhém con chin tic
cuva G, Vi i =1, ..,n.
(2.1) duoc goi la thap aben (cyclic)du no6 1a nét thap chén
tac dong thi oy la mjt nhém aben (cyclic)di i = 1, ..., n.
G;
Nhém G duoc goi la gidi duwgc néu tHn tai mot thap aben
(2.1) cho G.
22.4. PinhIy[10]. Véi n=4 thi S gidi duoc.
2.2.5. Pinh ly [8]. Moi nhém hiu han c6 dp la liy thira cia mt
sb nguyén & 1a nhom gii duoc.
2.2.6.Pinh Iy [9]. Néu nhém Galois@ada thic f trén teong co
dic & 0 gii dugcthi f ghi dugc bing ain thic trén F.
2.2.7. B qua[9]. Cho F latrong codic & 0.Da thic tong quat
g = P—st"+ ..+ (-1)s, khoéng gii duoc bing cin thac trén
F(s,...,s) khivaclikhi n = 5.

2.3. TINH KHONG Gl Al PUQC CUA PA THUC CO BAC
LON HON 4
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2.3.1. Ménh dé. Cho not da thrc f € Q[x] bét kha quy cé lic p

nguyén 6. Néu f coding hai nghdm khéng thrc trong C© thi nhom

Galois @ia f la nhomisi xang S.

2.3.2.Pinh ly [10]. V6i n=5 thi § khong gii duoc.

2.4. NGHIEM CAN THUC CUA CAC PA THUC TONG
QUAT CO BAC KHONG QUA 4

2.4.1. Pa thic tong quat bac hai.

Cho g = Z‘t— st + $ ¢c6 nhom Galois’trén R(ss) la
S, = {1, (12)}. PHntr (1, 2) hoani ty, t, nén é dinh (& — b)?.

Dodd (b —1t)°€E F(s, 9). Cuthé (L —t)* = s°—4s. Kihiéu
Vs — 45, la mot nghigm cia ¥ — (s° — 4s), taco t—t =
Vs —4s, va t+1t = §. Suyracong tic nghEém quen théc

1 = a2
1

t; = 7(51 — Vsi— 45:)
2.4.2. Pa thirc tong quat bac ba.
2.4.2.1. Baitoan [9]. Tim nghém cin thirc cia da thrc
g = t-st’-st-s € Fs, s
2.4.2.2 Gii.

a.Cach 1.bathic g = 1-st?-st—s c6 nhom Galois trén
F(s, S ) & S. Ta cé day cac nhom con dmutic 1= Az;= S
c6 throng la nhém cyclic.
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I

Pit w =e= va y = t+at,+at V6 t, bt lacac
nghiém cia g. Wi moi o € A;, ton tai 0=i = 2 sao cho
a(y) = @'y, néno(y’) =y

Tuong ty, dit z = t+w,+wt; thitacd a() = 2,
Yo € A;. Mat khac \6i o 1a mot phép th le thi o(y®) = 2.

NGi cach khac, cac phtr v+ 72 va y7z° batbién wi  S;.
Dodéy’ + 7 va yZ° thwc F(s, S ). Nwthé v va 72 la
nghiém aia cung mt da thrc bic hai trén F(s $, &). Mat khéac, ta
thay rang

= §(51+y+2)

t, = l(s +a)2y+a)z)
2 3 1

tq = £(s +a)y+a)22)
3 3 1

Do d6 khi giai dugc y* va Z, taco nglim aia g. O day ta

c6 the tinh trc tiép
yz = §-3s va Vy+27Z = 25°-9ss,+ 27s.
b. Céch 2 (thong dung trong tirc hanh).
s
bit u =t ?1 Khi d6 ta coda thic bac ba theo u la
1 2 1
f = @+pu+tqg ¥ p = s--5% g=-—s5"+-s5%-%
] 3 .27 3 o
€ F(s, s ). Dodd Y+ 72 = -27q, §2° = - 27p.Khido
y’va Z lahaingdmaia ¥ + 27gx — 279 = 0. Twrdé

= 5_4 Oy2 L (Pys
y 3\/ 2‘*,/(2) +(3)
V4 = 3_8_ HZ £3
3-3- @+

saocho yz = -3p. Tadthdugc cong thirc nghém Cardano




U = = (y+2)
1 3

1
va 3 nghém cia f cho lbi u, = 5 (wzy + wW2)

1 2
Uz = — (o + w72)
3

2.4.3. Pa thirc tong quat bac 4.

2.4.3.1. Baitoan.Tim nghém cin thirc aiada thrc
g=f-sfP+stP-st+s € Fs,9%9)

2.4.3.2. Gil.

a. Cach 1. Nhom Galois , Saia g c6 day nhoém con chutic
1= K4‘=:| A4'=C] S;

Ke = {1, (12)(34), (13)(24), (14)(23)} Dat
i+ (+L); v = ((+t)(+t);
f+t) (+t).

Vi cac da thic d6i xing & cip cila Vi, Yo, Ys thuwc
F(s, & %) hén Y, ¥, y3 la cac nglim aia not da thic bac ba
trén F(s, & S, &), Ooi la giai thac bic ba @a  g.

Y1

Y3

Khi da giai duoc v, Vo, V3 cUng Vi ti+bh+t+t4 = g,
Suy ra CéC@ (tl +0L+t;+ t4), (tl + 14 60+ t4), (tl + 1, 6Hh+ t3) la
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nghiém aia cécda thirc bic hai cé & tor trong F(s, © S S Vi Yo
yg). Tu do g|é_| du'Q'C t, bt L

b. Cach 2 (Twong dung trong tic hanh). bat u = t - 1/4s
thi ta phai c6 mjt da thic bic 4 theo uf = U+ pd +qu + r.
Tuwdotinhduoe yi + Yo + V5 = 2D ; W2 + Viys + Yoys =
P —4r 5 Myxys = - d.

Suy ra gii thic f(u) 1a: X—- 2p¥ + (F-4Nx + 4. Céc
nghiém cia f cho bi

U = %(J‘ V1 Y2 + - ¥3)
uz = %(\/‘ ==Yz =y Va)
uz = %(‘\/‘ vy * Y2 =4 v3)
Ug = %(_\/_yl_\/_VZ - - ¥3)
Véi cac @n thic duoc chon sao choy =, V=72 . V=35 = -a.

2.5. CHUNG MINH PINH LY C O BAN CUA PAI SO.

25.1. B deé [9]. Moi da thic h¢ s thuc c6 kic lé déu co nét
nghiém thuc. Suy ra® khoéng c6 mit mo rong thac ar bac 1é.

2.5.2. B dé [9]. Moi da thic bac hai trénT c6 nghém trong C.

2.5.3. Pinh Iy [9]. Moi da thrc bac 16n hon 0 trén twong $ phic
C c6 ndt nghiém trongC .
2.6. MOT SO BAI TOAN MINH H OA.

Bai 1 [9]. Ching minh khéng th dung dugc da giacdéu 18 anh

bang thréc ké va compa.
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2m i 4
Giai. Ta ching minh cos; hay cos; dungduoc. Ta co

I3 3 [ T
cos~ = cos(3-) = 4cod—-3cos-
3 5 9 9
1 s T 1t n 1
& — = 4cod— - 3cos- = 4co§— -3cos- -— =0
2 9 9 9 3 2

mw
Pat u = cog, tacO 4—-3u - = 0« 8U-6u—-1=0.

B

ba thic nay fat kha quy trén Q ¢atu =y -1, taluoc da thic theo
an y la 8y — 24y + 18y — 3, At kha quy theo tiéu chin Eisen
stein cho p = 3).

Vay [QU): Q] = 3 = 2 nén theadinh Iy 1.13, coslgz
khéng drng duoc bing thréc ké va compa.
Bai 2[9]. Tim nghém cin thric ciadathic f = £ + 4t + 2.

Giai. bathic f coghithicbic 3 1A h = %—8x + 16 .Bit

thic D, = -4864 = -219. Nghém cia gii thuc h la
g = Foee et + 3-a- e

Xp = €—8+—ﬁ —8——ﬁ

X3 = wza—8+%2\/5>7 #8——\/7

Vay nghém aén thac t, &, t;, cia f 1a



1

ty = 5(\_x1+ V—x + —%3)
1

t, = ;(\_jﬁ V—x; x3)
1

ts = S (Va+ V- -x3)
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KET LUAN

Luan van “ Ly thuyt Galois vauing dung” da thrc hién dugc
nhitng Vin dé sau:

1. Trinh bay @ rong trwong va ly thugt Galois, minh ba
cac khai nim bing nhing bai toan g thé.

2. Trinh bay niing tng cung aia ly thuyét Galois, @ thé:
- Giai nhitng bai toan dng hinh é dién.

- Khao sét bai toan: Khi nao ahphuong trinhdai sd giai
duogc bing ain thic.

- Tim nghém cin thac dia cac phong trinhdai s6 bac 2, 3,
4.
- Ching minhdinh ly oo ban ciadai 6.

Hy wng raing mi dung @ia luin van s duoc tiép tuc mo
rong va hoan tlén hon, nhim co6 té lam tai léu tham kio cho
nhiing ai quan tandén Ly thuyét Galois.



