AOTEEN G, (XIZZDES D EE) D AR DER
R
with Mathematica 14

Bl f(x)=x®+3x3+9x2+9x+9
2025 FF5H31H by  mixedmoss

o= X (FHEENZVWOT, J-bYIOFHEICIZ30MEEN MY ET]

In[307]:=
ClearAll["Global "]

§1. HOVEE G, [CDWT

BRI TAIRR6R IR ADHO TR Gal[FAELAIT,
3207W-TCHMNET. (RABFRABERLET.)
G2 IW=T: Gra, Gis, T36, Gug (Gro DERDEILN Gug DEBABF TR
Gas JN=T 1 Gug, Goa Toa, Hauas T12 (Gag DEBAEF K16y, DEBDEETRL)
G II=T: Gra, Co, He (Gr2 £Gag DFILBOEBDEL TGy, DEBDEFLLB)

G72 @ﬁ\%gﬁuli, 'fﬁlji(i‘ G72 > G36 > GlS > H6 = S3 > C3 > {ld}

Gyy [FEFOEZFIEBVNLSITTA, FIZE
G72: <0, >, O= (1) 2) 3) 4) 5) 6)) T = (1) 3)

TY. AOTED G, -T2 ARAOFELTL
[f(x) = (g (x))%+a (g (x)) +b (a, bIFEEE, gld3R=K) | H'HYET. FIZE
[f (x) = <X3+X2+X+1)2+4 <X3+X2+X+1) +1=x54+2x"+3x*+8x>+7x>+6x+6]
OHOT7EE G, TY. 0B,
[2RAER - 3 RAERX] QIETLLEIGEICAECIENTEXT,
INEEERIC 2 RARRR - 3 RAER] DIET,
Gal = Gy, YII-TG;,y, G, DARRRIIELIENTTRETT.
R Gal = G;, DAER(E AT THENBSRAERADEFHEIELHHTHY,
ZOADTH 7 %(FEN LORBFICEYVET,
(1BL fhfmonic M OBMBE TZOMEMEN 10U T DIHE)

CITCR EDLSIBEEAREICESEGal =
Gy, DAEREDFELTIF(x) =x®+3x3+9x%>+9x+9] #H0Y E(FET. 4B,
AO7EECDWTEELLIE sexticEquationsGaloisGroup.nb CELEE,
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§2

In[308]:=

In[309]:=

Out[309]=

In[310]:=

Out[310]=

.07 782 (Galois Resolvent)

SRARRICETTZDUummit KDERIL(1991F)D, fro(X)=(X- 6;) (X- 6;) (X- B3)(x- B4)(X- B5)(x- O) N'Z
OB TY. 122D TIE Galois Resolventld f0(x) D—D7EIF T, F=Galois Resolvent WS EE
FEHNTVNEREA. 6RAFEHICEIT BHagedorn KMEHIL(20004E) TS, Galois Resolvent EWVSE
ENEZ6NT, MDO10EEFEEDNTWET. —7 [Minnesota Journal of Undergraduate Mathe-
matics voll #1(20154F) ] Tl3 absolute Resolvent & L\ ZBIICH>TWADT, &F, TFo>-LZaEIE
BWEITY, AO7EROAPIZFEE)CEE>TVWERNTIN, EFEEHL, EmmyNoether KO
1915FEDFH X THNT=LITT. Noether KNNEDLIBILEZEV DN ILFIVERAN, TVE1-
H-#FE->TREETELEY AOTEEROBICFBETEENHVTT. FESETERARRAPTRA
BREEEER, RBTVICKBIDEORIBEZFE>TVNOTIN, Gal= G, DEFE SageMathZ{F->T
EELVWKNRONGHENDT, 4 EE Galois ResolventZfESZ&(CLELTE.

£ [Gr=<0,1>,0=(1,2,3,4,5,6),7=(1,3) | (LI TARERAZIDRDIFET. HIRIL 6=(x1 +x3 +x5)
(X2 + x4 +x6) BZNICH VLT, RIC [Se: Gr2]=6!/72=10 BD T ,Sel& G, D10EIDFEIFLEIC 2 (TN
9. ZOREXTOESREII0EL, 6052510 DETOERTEIEL T p(x)= N(X-6510) (E
XL~x6DXIRREBY, p(x)EBBHMEROZERELYET. ZLTp(x) DI0EDEDIEELIE—
BH 6LHBRTIN, 013 GIldi > TRERDT, FEHKTY. BIL p()EHEEEKEoE D HLEELID
BEEY. ABESRARAOEE, BBEORELIDEEOTIN, eRARATIERVEYS, &
TET1F 210 ({x1,x3,x5,x2,x4 x6}DEH L UTRIR) 2 1EVEYT.

Clear[x1, x2, x3, x4, x5, x6]

510 = (set = Subsets[{x1, x3, x5, X2, x4, x6}, {3}1[1 ;; 101;
Table[Flatten[ {set[k], Complement[ {x1, x2, x3, x4, x5, x6}, set[kl1}1, {k, 1, 10}])

{{x1, x3, x5, x2, x4, x6}, {x1, x3, x2, x4, x5, x6},
{x1, x3, x4, x2, x5, x6}, {x1, x3, x6, x2, x4, x5},
{x1, x5, x2, x3, x4, x6}, {x1, x5, x4, x2, x3, x6}, {x1, x5, x6, x2, x3, x4},
{x1, x2, x4, x3, x5, x6}, {x1, x2, x6, x3, x4, x5}, {x1, x4, x6, x2, x3, x5}}

RICTF (x) =xb-a;x°+a,x* —as X’ +as x> —as x + ag ] CLEBEXZET.
B5 [ (x) O nRIFEAAMN a, (n=1, 2, ..6)] TT.
ZLTo=06,= (x1+x3+x5) (x2+x4+x6) EEWET, ZDL=

p = Product|
(X - (x1+Xx3+X5) (X2 +x4+x6)) /. AssociationThread[z10[1] » =10[k]]1, {k, 1, 10}]

(X- (X3 +x4+x%x5) (X1 +x2+x6)) (X- (X2+x4+x5) (x1+x3+x6))
(X1 + X4 + X6)
X3 + X4 + X6)
)
)

(
(X2 + X5 + x6
(

)
(X = (X1 + x4 +x5) (x2+x3+x6)
X2 + X4 + X6)
)
)

(
(X1 + x5+ x6
(

(X - (X2 +x3+x5

X1+ x3 + x5 X1 + X2 + X5

X1+ X2 +X4) (X3 + X5+ x6 X1 + X2 + X3 X4 + X5 + X6

) ) ) )
(x = ( ) ) (x=( ) )
(X - (X2 + X3 +x4) ) (X - (X1 +Xx3+x4) )
(x = ( ) ) (x=( ) )

NERRTEE x1~x6 OXFFRHELBDT, SymmetricReduction ZfEHT,
a;~as DRICELT plea t&MIXT. (FHELCE20MEEHNMVET)
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w1~ SymmetricReduction[f, {x1, ..., X,}, {51, .-, Su}]
p [CBIBNERITRE 51, ..., s,CBIEAERT {p, q1&5R%.

In[311]:=
makeP1O[p_] := SymmetricReduction[
Expand [Product[ (x - p) /. AssociationThread[z10[1] - =z10[fkl], {k, 1, 10}11],
{x1, x2, x3, x4, x5, x6}, {al, a2, a3, a4, a5, a6}][1] // Collect[#, x] &;
In[312]:=

plOa = makeP1O[ (x1 + x3 + X5) (X2 + X4 + X6) ]
out[312]=
al*a2®a3?a4-3a1%a2?a3*a4+3a1%a2a3%a4-a1a3’a4-2al1’°a2?a3a4’?+4a1%a2a3? a4’ +

al?a2?a3?a4?-2a1%a3%a4?-2a1a2a3%a4? +a3*a4? +a1%a2 a4 - a1 a3z a4’ -

2a1®a2a3a4®+2a1%a3%a4® +a1*a4* - a1*a2*a3a5+3a1>a2®a32a5-3a1%a22 a3’ a5 +

ala2a3*a5+al1®a2’a4a5+al®a2a3a4a5-a1*a2?a3ad4a5-al?a2’>a3adas-

al®a3?ad4a5+a1®>a2a3?a4a5+3a1a22a3?a4a5-a1°a3>a4a5-2a2a3’adas -

a1’ a4® a5 - a1® a2 a4® a5 + a1’ a2? a4? a5 - a1* a3 a4? a5 - 2 a1? a2 a3 a4 a5 - a1® a2? a5% +

a1* a2® a5 + a1® a2 a3 a5? - 5a1® a2? a3 a5 - al a2> a3 a5 + 5 a1® a2 a3 a5% + a2? a3? a5% -

ala3®a5?+2a1%a4a5?-a1%a2a4a5%+2al’a2?a4a5?+5a1%a3a4a5>-2ala2a3adas+

2a3%a4a5%-2a1%a4%a5% - a1’ a5> +a1*a2 a5’ +a1a2?a5>-3a1%a3a5>-2a2a3a5% +

a5* + al* a2’ a6 -al®a2®a3a6-3a1>a2*a3 a6 +3al*a2?a3?a6+3a1%a2®a3?a6 -

3a1®a2a3*a6-alaz2?a3®a6+al1%2a3*a6+3al1°a2?ad4a6-6a1*a2’> a4 a6 +a1’a2*ad a6+

al’ a3 a4 a6 -10al°a2a3ada6+15al’>a2?a3ad4a6-2ala2’>a3ada6+10al*a3?ad a6 -

14 a1? a2 a3% a4 a6+ 2a2”a3% a4 a6 + 8 al a3 a4 a6 + 10 al* a2 a4? a6 - 6 a1? a2? a4? a6 -

16a1® a3 a4? a6 +8ala2 a3 a4’ a6 - 8a3? a4’ a6 +8al%as®a6-2al1’ a2a5a6 +5al’ a2%a5a6 +

2a1®a2®a5a6 +ala2*a5a6 +al®a3a5a6-10al*a2 a3 a5 a6 - al% a2 a3 a5 a6 -

2a2’a3a5a6+2a1>a3?a5a6-4ala2a3’a5a6-4al’ada5a6-4al’a2ada5a6-

4ala2’ada5a6+4al’a3ada5a6+8a2a3ada5a6+4al*as?a6+2al1%a2a5%a6+

2a2%a5% a6 +4ala3a5’a6-8ada52a6-al®a6’+6a1®a2a6’-4a1*a2?a6*-2a1*a2a6’+

a2*a6® - 8al1’ a3 a6® + 12 a1’ a2 a3 a6 + 4 al a2® a3 a6 - 8 a1” a3’ a6 + 8 a1* a4 a6” +

8 al®a2 a4 a6 -8a2%a4 a6’ - 16al a3 a4 a6” + 16 a4? a6% - 8 a1®> a5 a6 + 16 a1l? a6> +

(-a1’a2’ a3’ +3a1%a2”a3" - 3ala2a3’ +a3°-2a1’ a2 a3a4 -a1* a2’ a3’ a4+ 2a1% a2’ a3% a4 +
2a1*a2a3’a4+2ala2?a3®a4-a1%a3*a4-2a2a3*a4+2a1*a2’a4?+3a1°a2a3 a4’ +
10a1®a2?a3a4’-2ala2>a3a4’-3a1*a3?a4’-22a1%a2a3%a4%+2a2%2a3%a4%+
10ala3’a4®-al1®a4®-10a1%a2a4®+2a1%a2%a4*>+10a1®a3a4®+8al1a2a3 a4’ -8a3?a4’ -
8al?a4*+a1®a2’as5+6al1*a2’>a3a5+al?a2*a3a5-a1°a2a3?as5-15a1a22a3? a5 -
6ala2®a3?a5+al*a3®a5+10a12a2a3’a5+4a2%a3*a5-ala3*as5-6a1°a2?adas -
8a1®a2®a4a5+ala2*ada5-2al*a2a3a4a5+10a1%a22a3a4a5-2a2>a3adas5+
7al®a3?a4a5-10ala2a3?ad4a5+6a3%a4as5+13al1°a4?as5+6al1®a2a4?as -
4ala2?a4’*a5+10al1*a3a4?a5+8a2a3a42a5+4al1%a2a5%+4a1*a2?a5?-2a1%a2%a5%+
a2*a5%-4a1°a3a52+11a1®a2a3a5%+20ala2®a3a5?-14a1%? a3? a5? - 16 a2 a3? a5% -
19 a1* a4 a5® - 6al?a2 a4 a52 - 6 a2% a4 a5* - 18 al a3 a4 a5% + 8 a4 a5% + 7 a1® a5> -
6ala2a5>+14a3a5>-7al1*a2*a6-4a1?a2’a6+2al’ a2’ a3a6+28a1°a2>a3 a6+
9al1a2*a3a6-al®a3’a6-42a1*a2?a3’a6-6a2>a3’a6-5a1>a3a6+30a1a2a3’a6-
12a3*a6-10a1°a2a4 a6 + 4a1* a2’ a4 a6 + 20 a1 a2 a4 a6 - 2 a2* a4 a6 + 2 al’ a3 ad a6 +
10a1®a2a3a4a6-30ala2’a3ad4a6-26al1>a32ad4a6+4a2a3?ada6-14al1* a4’ a6 -
36 a1 a2 a4’ a6 + 16 a2 a4% a6 + 56 al a3 a4 a6 - 32 a4> a6 + 4 al’ a5 a6 + 6 al® a2 a5 a6 -
44 a1® a2% a5 a6 - 16 al a2 a5 a6 + 14 a1* a3 a5 a6 + 74 al? a2 a3 a5 a6 + 26 a2? a3 a5 a6 -
4ala3?a5a6+36al®>ada5a6+24ala2adab5a6-24a3ada5a6-30al?as5?a6 -
20 a2 a5% a6 + 6 al® a6” - 48 al* a2 a6% + 26 a1? a2 a6* - 4 a2> a6% + 52 a1® a3 a6% -
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72ala2a3 a6’ + 48 a3° a6” - 72 a1’ a4 a6’ + 16 a2 a4 a6” + 32 al a5 a6’ - 64 a6°) x +
(3a1?a2*a3?+3a1% a2’ a3’ - 6ala2’ a3’ -6a1’a2a3* +3a2% a3 +3a1a3° + a1’ a2’ a4 +
4a1®>a2’a3as+3ala2*a3as4-a1l*a2a3’a4-10a1*a2’ a3’ a4 -4a2’ a3’ a4 +
a1’a3’ad4 +12a1a2a3’ a4 - 6a3* a4 - 5a1%a2% a4® - 12 a1% a2’ a4’ + a2* a4’ -
al® a3 a4’ -12 a1’ a2 a3 a4’ - 2al1 a2’ a3 a4’ + 13 a1% a3% a4’ + 12 a2 a3% a4® + 10 a1* a4® +
28al1%a2a4®>-8a2%a4®>-24ala3a4®+16a4*-7a1®a2%*a5-3a1a2°a5-11a1*a22a3 a5 -
8al?a2®a3a5+4a2*a3a5+al1’a3?a5+29a1%a2a3?a5+42a1a2%a32a5-15a1%a3%a5-
24a2a3’a5+9al’a2adas5+48a1%a2%ad4a5+12a1a2>a4a5-9al1*a3adas -
33a1%a2a3a4a5-6a2*a3ad4a5-9ala3’ada5-55a1>a4?a5-8ala2as?as-
24 a3 a4 a5 -4 a1%a5? - 29 a1* a2 a5% - 11 a1 a2? a5% - 10 a2® a5% + 18 a1 a3 a5% -
57 ala2a3a5%+51a3%a5%+68a1%a4 a5 +36a2ada5%-11ala5>+22al*a2® a6+
26a12a2*a6+2a2°a6+3al’a2a3a6-82a1>a2?a3a6-68ala2>a3a6+5al1*a3?a6+
75al?a2a3% a6+ 54a22a32a6+3ala3’a6+7ala4a6+50al1%a2ad4a6-58al%a2?a4a6-
8a2’ad4a6-9a1>a3a4 a6+ 66ala2a3adab-6a3?ada6+74al®a4?a6-35al1°a5a6+
50a1®a2a5a6+ 114 al a2 a5a6 - 153 al? a3 a5 a6 - 174 a2 a3 a5 a6 - 84 al a4 a5 a6 +
66 a5” a6 + 4 al® a6” + 114 a1* a2 a6” + 6 a2” a6 - 6@ al a3 a6 + 120 a4 a6’ ) x° +
(-3a1a2°a3-12a1*a2’ a3’ + 322 a3’ -3a1’a2a3’ + 18a1a2% a3’ + 3a1”a3* -6 a2a3* -
3a1%a2*a4-2a2°a4+4ala2’>a3ad+al1%*a3?ad +14a1%a2a3?a4-4a2%a3% a4 -
14ala3’ a4 +4al*a2a4?+28a1%a2%a42+12a2° a4* + 2a1> a3 a4? - 6ala2a3 a4’ +
2a3% a4’ -30a1% a4’ - 16a2a4> + 18 a1* a2> a5 + 23 a1 a2* a5 + 8 a1* a2 a3 a5 +
10 a1® a2’ a3a5-32a2a3a5-17a1°> a3’ a5 -82al1a2a3?a5+36a3*a5-4a1°adas -
72al®a2a4a5-90ala2?a4a5+72a1%>a3ada5+82a2a3adas5+76alad’as+
36 al* a5?+ 76 a1l a2 a5% + 44 a2? a5? - 1@ al a3 a5% - 94 a4 a5 - 38 a1* a22 a6 -
80 al?a2®a6-10a2* a6 -4 a1° a3 a6 + 60 a1 a2 a3 a6 + 230 al a2® a3 a6 - 52 a1l a3 a6 -
186 a2 a3? a6 - 48 al* a4 a6 - 76 a1 a2 a4 a6 + 36 a2? a4 a6 - 34 al a3 a4 a6 -
80 a4® a6 + 88 a1’ a5 a6 - 184 al a2 a5 a6 + 342 a3 a5 a6 - 74 a1” a6’ - 132 a2 a6”) x° +
(a2°+15a1a2% a3 + 18 a1* a2* a3’ - 12a2>a3? + a1’ a3’ - 18ala2a3’ + 3a3* +
2al1°a2’a4 +2a2%a4-4a1*a2a3a4-30ala2’a3ad-6al?a3?a4 +20a2a3%a4 -
al* a4? - 20 a1? a2 a4® - 26 a2? a4® + 10 al a3 a4” + 24 a4> - 22 a1® a2? a5 - 62 a1 a2> a5 -
2al*a3a5+88a2%a3a5+46ala3’a5+32a1>ad a5+ 140ala2 a4 a5-138a3 ad a5 -
111a12a52-94 a2 a5% + 33 al* a2 a6 + 156 al® a2? a6 + 20 a2> a6 - 3 a1 a3 a6 -
228ala2a3a6+138a3°a6 +113 a1’ ad a6 + 88 a2 a4 a6 - 43 al a5 a6 + 129 a6°) x* +
(-6a2°-30a1a2’a3-12a1*a2a3’+18a2% a3’ + 6al a3’ +2al1’ a2’ a4 +
12a2°a4+2a1>a3 a4 +36ala2a3ad-12a3* a4 +4a1? a4’ + 12a2 a4® +
13a1’a2 a5+ 78al1a2%a5-3al’a3a5-96a2a3a5-63aladas+
123 a5% - 11 a1* a6 - 156 a1” a2 a6 - 84 a2” a6 + 57 al a3 a6 - 114 a4 a6) X° +
(15a2* +30ala2®a3+3a1°a3’ - 12a2a3°-3al’a2a4 - 28a2° a4 - 13al a3 a4 +
a4’ -3al’a5-47ala2a5+36a3a5+58a1”a6+138a2a6) x° +
(-20a2°-15a1a2a3+3a3’+al*a4+22a2a4+11ala5-66a6) x” +
(15a2° +3a1a3-6a4) x* -

6a2x’ +x

%, FELEOE

6, = (X1 + x3+ X5) (x2+ x4+ x6)

Tl (BBHIC HageDorn RMEHSLIC(E T8k LT IOXNE>TVETH, —EBINELE>TNE
9. [BBONRYEEA. ) ploall EFEMNBEFERATIORBEEILICLT, G RERHKZEIC
EZET,

6p=(x1 x3+x3 x5+x5 x1)+(x2 x4 +x4 X6 +Xx6 x2)



In[313]:=

In[315]:=

In[317]:=

In[319]:=

In[321]:=

In[323]:=
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6, = (x1+x3+x5) (X1 x3+x3 X5+Xx5 Xx1) + (X2 + x4 + X6) (X2 x4 + x4 X6+ X6 X2)
64=x1 x3 x5+x2 x4 x6

6. = (X1 +x3 +x5) (x1 X3 X5) + (X2 + x4 +x6) (X2 x4 X6)

6 = (x1 X3 +x3 x5+x5 X1) (X2 x4 +x4 X6+ X6 X2)

INSIEDOVNTEI0 Z5100ER CEHRLXOE | [ BEARTRAADER 21T, JRICHE
p10b, p10c, p10d, p10e,p10f Z{EYETH, TNHDETE(L ploa SYECEMANNZOT, IVVF
(FAXV T TRUEERT closed cell [CANTHYZEY. MathematicaTld, HBIDQ/NSWN [T Y-I%
JU9ILTIEHEILTTSY, FEEROXERBICE IV - TELoT0/T1] - TR &&IRL
TLEEEL, MathematicaZBIFETHWAIL [formulas. txt] ZZELEEN, ERFELSNBNZE
RRRIDELMTY. 1A1TE28RFT.)

(*p1lOb= makeP1O[ (x1 x3+x3 x5+x5 X1) + (X2 x4+x4 X6+X6 X2)]*)
(+FERIEETO closed cell [CA-TLWET %)

(*plOc = makeP1O[ (x1+x3+x5) (X1 x3+x3 X5+X5 X1)+ (X2+X4+X6) (X2 X4+x4 X6+X6 X2)]=*)

(*pled=makeP10[x1 x3 x5+x2 x4 X6]=*)

(*plOe=makeP10[x1 x3 x5 (x1+x3+X5) +X2 X4 X6 (X2+X4+X6) ]*)

(*plOf=makeP10[ (x1 x3+x3 Xx5+X5 x1) (X2 x4+x4 X6+X6 X2)]*)

SETE—MROEETLEND, TTHBEMERMICTH - £ (x) =x®+3x3+9x*+9x+9] (LT,
pl@a, plob, ploc, pled, plee, ploef %{EY, &Hi% f10a,
f10b, floc, fied, fi1ee , flof L ZERX, ZDEEHEERHET.

f=xXx"6+3x"3+9x"2+9x+9;

as = CoefficientList[f, x][1;; 6] {1, -1, 1, -1, 1, -1} // Reverse;
f10a = pl0a /. AssociationThread[ {al, a2, a3, a4, a5, a6} - as]
f10b = p10b /. AssociationThread[ {al, a2, a3, a4, a5, a6} - as]
f10c = plOc /. AssociationThread[ {al, a2, a3, a4, a5, a6} - as]
fied = pled /. AssociationThread[ {al, a2, a3, a4, a5, a6} - as]
f10e = plPe /. AssociationThread[ {al, a2, a3, a4, a5, a6} - as]
f10f = p1of /. AssociationThread[ {al, a2, a3, a4, a5, a6} - as]
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Out[325]=

Out[326]=

Out[327]=

Out[328]=

Out[329]=

Out[330]=

In[331]:=

Out[331]=

Out[332]=

Out[333]=

Out[334]=

Out[335]=

Out[336]=

26244 - 238383 x + 216513 x? - 33534 x> + 5832 x* - 243 x° + 1053 x°® - 567 x” - 54 x® + x*°
26244 + 238383 x + 216513 x? + 33534 x> + 5832 x* + 243 x° + 1053 x® + 567 x” - 54 x& + x*°

~2125764 + 767 637 x + 177147 x> - 203391 x> +
45927 x* + 8019 x° - 2673 x® - 567 x” + 243 x® - 27 x° + x*°

~118098 + 610173 x - 19683 x> - 65610 x> — 26244 x* + 5832 x° + 2430 x°® - 243 x” - 81 x®+3x° + x*°

175375530 x - 65367243 x> - 75464 622 x> -
21119859 x* - 2729376 x° - 158922 x® + 567 x® + 36 x° + x*®

229582512 - 255091 680 x + 140300424 x> - 50664042 x> +
12774267 x* - 2414448 x° + 300348 x°® - 23328 x” + 1296 x® - 54 x° + x1°

f10a,f10b,f10c,f10d,f10e,f10f%, BIEIKOEHFH TR D ELET.

Factor[fl0a]
Factor[f1l0b]
Factor[flOc]
Factor[flod]
Factor[fl0e]
Factor[fl0f]

(-3 +x) (-8748 + 76545 x - 46656 X - 4374 X - 3402 x* - 1053 X° - 702 x° - 45 x" + 3 x* + X°)
(3+X) (8748 + 76545 x + 46 656 X* - 4374 X° + 3402 x* - 1053 x* + 702 x° - 45 x" - 3 x* + X°)

(-9 +x) (236196 - 59049 X - 26 244 x* + 19683 x> - 2916 x* - 1215 x° + 162 x° + 81 x” - 18 x® + x°)
(-6 +x) (19683 -98415x - 13122 x* + 8748 x> + 5832 x* - 405 x° - 27 x" + 9 x* + %)

x (175375530 - 65367243 x - 75464622 X° -
21119859 x> - 2729376 x* - 158922 x° + 567 X + 36 x° + x9>

(-9+X) (-25509168 + 25509168 x - 12754584 x> +
4212162 x> - 951345 x* + 162567 x° - 15309 x® + 891 x” - 45 x5 + x9>

f10a =0 DEEBHEEL [ x =3 ] BOT, [ (X1 +X3+Xs) (X3 +Xq+Xg) =3 ] EBRYET,

[FI#RICF10b, f10c, f10d, f10e,f10f DB IBEAR(L, NEIC -3,9,6,0,9 £HRBDT, XHd20DMEHNKFY
M
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§3. fEZKHB

§20FERLY

O = (X1 +X3 +X5) (X2 +X4 +X6) = 3

Op= (X1X3 +X3X5 +X5X1) + (XaXg +XaXg +XeX2) = -3

0= (X1 +X3 +X5) (X1X3 +X3X5 +X5X1) + (X2 +X4 +X6) (XoXa +XaXp +XeX2) =9
04= (X1X3X5) + (X2XaXs ) =6

0= (X1 +X3 +X5) (X1X3X5) +(X2 +X5 +X6) (X2XaXe) =0

0= (X1X3 +X3X5 +X5X1) (XoXs +X4Xg +XgX2) =9

TR LRBDBIREY

$1= (X1 +X3 +X5) +(X +X4 +Xg) = a1=0

S6= (X1 X3X5)(X2X4Xg) = 6=9

S5= (X1 X3X5)(Xa Xa+tXaXe+XeX2)+ (X2 XaXe)(X1 X3+ X3X5+X5X1 )= O5=-9

[2RAEH -3 RARA] DIRICARNTNEXT,

§3-1. 2 RABERZEL [(xtx3+x5) & (otxat Xg) &K HB]
a=x1+x3+X5& B=x2+x4+x6 EBLE, (51)&(0,)D'6 a,B(& [ t2+3=0]D2f& L 1325, TH(C
a=X1+xX3+X5=1/-3, B=x2+x4+x6=- /-3 ELTLL,

§3-2. 3RABAEREL | (X1, X3, X5} & (X2, Xa, X6} ERAKD3B]
RIZup = x1 x3+x3x5+x5x1, Uy = X2 X4+ x4 x6+x6x2EHLE (6y), (6c) &Y
Uy, U ‘iﬁﬁ_é_’\ﬁ%ﬂ%:—ﬂt |—U1 + Uy = -3, o Ujq +f3 U, = 9_] (Dﬁgtﬁié.

- 3
INDS (ug, uy) - (E (1+-3), -2 (1- -3)

N w

F72 vi=x1 X3 x5, 1,=x2 x4 x6 EHBLE,  (6y), (Be)KY, vy, vy (FEIL—RARR [vi+ vy=6, av, +B v,
ZOJ(Dﬁgt@é. an\g (Vl, V2)=(3, 3)
LLEKY, x1,x3,x5 &fR(CIFFDIR AR eqll, x2,x4,x6 ZRE(CIFDIRARRR eq2 [LRODBRIC
A
eql: x*-ax®+ upx-v;=0
eq2: X>-pBx%+ u;x-v,=0
eql: x*-+/-3x’- 2 (1+ +/-3)x-3=0
eq2: x>+ /-3 x*- % (1- V/-3)x-3=-0

SolveZFHWT, IhbzfEE =0 OENLTKRES. (FZEHN5 Mathematica DSolve Tl &
OEEBIMTHONTVEEA.)
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In[337]:=
{x1, x3, x5} =
x /. Solve[x”~3 -Sqrt[-3] x*2-3/2 (1+Sqrt[-3]) x-3 == 0, X, Cubics -» True];
{x2, x4, x6} =
x /. Solve[x”~3 +Sqrt[-3] x*2-3/2 (1-Sqrt[-3]) x-3 == 9, X, Cubics -» True];

X1, X2 ZxRNLET.
In[339]:=

TraditionalForm[x1]

TraditionalForm[x2]

Out[339]//TraditionalForm=

i1 181 1543 [81 15m/§]2 27
+

—+— - |—+ — +
V33 2|2 2 2 2

i(3+/3 i)
15i 43 15i 4/3 \2 . A3
22/3\1/%+ . +\/(%+T)+2—;a(3\/§—a)

Out[340]//TraditionalForm=

i1 181 15i43 (81 15¢\EJ2 27
. .

_ = —_ — —

3 3142]2 2

2 2
i(3+3 +i)
N =S EETY,

CDEZREBIERELLNTHDE, TORIC—ELET.

In[341]:=
N[{x1, x2, x3, x4, x5, x6}] // Sort
Out[341]=
{-1.1786-0.71502 i, -1.1786 +0.71502 i1, -0.273154 -1.04191 1,
-0.273154 +1.04191 1, 1.45176 - 1.40516 1, 1.45176 +1.40516 1}
In[342]:=
x /. NSolve[f == @, x] // Sort
Out[342]=

{-1.1786-0.71502 1, -1.1786 +0.71502 1, -0.273154 -1.04191 1,
-0.273154 +1.04191 1, 1.45176 - 1.40516 1, 1.45176 +1.40516 1}
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§4 . FREKRHS (HtE)

§3DBITIE o + B BDT,
[Op iU +Uy=-3, 6c:auy+BUy=9] HMN—2RITICH>TREEFLELED,
a=RNEEF 6, 6. DIEND Uy, u, ERHBILIFTEXFHA. LHL,
f NGO TEREFEFEA. SoTuy 2 up, FE vy £ v, ODEKEE—FIBRYIIEET.

Fdlep=ur+uy | & Mo =uyu, | DENS {uy, uy} O [H] A,
B4 = V1 + Vs & sg=VyVy DIENS {vq, vy} O HE] AKRFYVET.
BE(C [s3 =viup+ vou] DIEEHEAEHERIEICEOT,
(U, Up), (Vi, Vo) DEAKRFVET,

(FAOFANLBRYTIE) Gog ¥ G1p OTIN-TERKY,
Gy, DI -TTIE flea~flof OBEBEEBEAE1DISREZDT,
INFEHT f=0 OMAKFVET,



