gobgoboooboo 12110 2001 0 155-165

155

Unimodal FIANEIRER S 12815
REB B arTo o—F

Fi#f 954 (Yayoi Nakamura) 3% DKL FRFERFERE:
& 18— (Shinichi Tajima) FIHKRFE LEMIFRLFEH

1 F

M BRAZFOBEKRZER f = f(z1,...,2.) XL, BACEZEORENBRIasTo Oo—8R
[1/far - for] € Hiy(Ox) 2525, 8L, fo; = 0f/05j, j = 1,...,n THB. IKEToI—H]
(1/fz, -+ fe..] @ annihilator {22V T, IRARK Y 3D,

Fact :f = f(zq,... ,z,) & quasiweight (ay, ... ,a,), quasidegree d,, D n EEHHRKLZHARXL T 5. f,, =
Af/8z1, ..., fo, = 0f [0z, (R L, RRIZEBZFHOREWBIaREa P~ (1/fe, - fo,] 25X 5.
(1/fz, - fz,] PWSMEEL LT annihilating ideal % Ann L E< &,

Ann = (fp,,... , fz., P)

ARE Y 3D, fEL,P:a1m152—1+---+anzn52—n+ndw (g +-+ay) THD.

(Ann D7 VT FEEIZOWTIE 2] 28RBEn\. )

TOBEERCD L, BOHERE far,... fo, P EAVTREMBITIAE D =B [1/fo, - fo.]
ERFM S LA TE S (4], [5] BR). 0%V, f REFRSARDOFE, REORBFT I HE 0 —i5
(1/fe, " fo.] ZFET T 2WMERAFE T enler M TEZ D LBTE D, ZHITHS, f RFEEFRSEN
DIEE, —HKIZ, 1O ERZE TRREMIRBT R0 D —REFRMT 5 Z LI TX 220,

41X, V.ILAmol'd {2 55348 ([1]) iZ7EV>, Unimodal FISERINSIF R R (B2, Ers, E14, Z11, Z12,
Z13, W12, W13, QIO‘ Qu, Q12, 511, 512, U12 ) i:ﬁ'ﬁﬁj—é{k@‘lﬁ}]%ﬁﬁjm{_u ‘/‘_ﬁ@ annihilator %%"’ﬁ
Lz, ZORE, —h o084, REMBFa st e P—RB2 BN T3 2 BOMSERENLEL 2
LT WAL,

AT, ETUDIT, §1 TER BRI L TaREn C—HOHAEEEZEN, §2 TERERE2E X
%. §3 T Unimodal R RUICHTHERREZ 5 X, K1%IZ §4 T Bimodal FERTH 5 Ei3 HMOFEITH
WTHERS.

2 REMBFHIKED S—HEOHEN (B, B)

X = C? LOFEFRLEKX f(z,y) = 22 + 25 + " THEZ S50 5 Epy & Unimodal singularity %% %
. fo=0f/0z =32+ y° f, = 8f/0y = Syt + Ty® L BL. fo, f, TEMENE Ox LOAFT L
I = (fo, f,) S L, BREEEENEF 2 > y TO S LT HHETGb = {523+ T7y%z?, 12524 — 1029yz?, 322+
¥, —21yz? + 5y} THALND. I DEFEATTANRIT = 101, I} = (25y + 147, 3125z + 151263),
I = (8,592 + 148,322 + %) TH2OND. Y ={(z,y) € X | fo = f, = 0} BLL, YV =
{3125z + 151263 = 25y + 147 =0} U{z =y =0} TH Y, RROEHEIZ 12 TH 5.

Y B Z/FORENBRFTaREa P—H 1/, £,] {S8 L, [1/f. f,] % annihilate 35 & % j O E
MFROERTBEAT T VE Annl) LB AnnD) 2K 5 L Ann() = (for fy, P, Po) 2555, L,
P = (5zy + Ty®)d, + 20z + 4292,

P, = (3500y? + 2058y)zd. + ((—1000y — 735)z + 7203y?)d, — 4000z + 7700y? + 84378y

(0, = 8/3z, 8, = 8/8y) THB. TNOLDIERAETHVWTRALESE2F >REMNBEFRartr O—3
o =[1/f:fyllo,0) PEBRZFHET S ([4] BRR). FERX f,0 = fyo = Pio = Pyo =0, |0(fe, fy)/0(z, y)|o =
12[1/ay] W< T LITEY, 0 DEE

*nakamura@math.ocha.ac.jp
ftajima@geb.ge.niigata-u.ac.jp
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oo [7]L - 1220703125 1 . 48828125 1 1953125 1

T oy 1483273860320763 247 T 10090208369529 =y 68641485507 oy
o125 1 312 A 1% 151 9765625 1
160948881 cy® * 3176523 23° * 21609 g7~ 147y 441471195647 27y
390625 1 15625° 1 6% 1 25 1 1 1

* 9805926501 2%5? _ 66706983 2758 | 153780 2298 _ 3087 P R TR
3125 1 125 1 571 11
0529560 2%y _ 64827237 | 41057 63 zhy |
/5. 2F0, AnnD) 2 AWEHE T, TS BEICRY T HE5 [1/zy] DRESRE S22 L%y
5. iz, Ann() ZFEACEAL L7 b DI, (48, 5yt + 78, 322 + 5, Py, Po) £725%. (BEL,
Po1 = (5yz + 7y%)d, + 20z + 424?
Py = 470880590578020y2d; + (—16817163949215z + 164808206702307y%)d,
—9765625000z° + (—80390625000y + 236348437500)z?
+(56273437500y® — 330887812500y + 1945620337500y — 11440247584500)z
+463242937500y* — 2723868472500y° + 16016346618300y* + 1930610421369882y
TH%D. Py, Pos D5, K87 2y 7% Dy [Ann(V) OFEAICH T HEBEN2 THB Z LHnhs.
KIZ, Ann® Z2RD B & Ann(?) = (fer fy, P) 2185, L,
P = ((68250000y — 24863426875)x? + (—37182906425y — 10656175824y)z)d?
+(—84375002 + (637980000y + 694297170)z — 3708061182y2)d, 3,
+((—885281250y — 128629930625)z — 179156250y° — 111958930125y — 54216894564y)d,
+(—18742500z + 154288260y)d3
+(—25312500z — 511875000y% — 2118711000y + 2082891510)8, — 5545968750y — 102242340375
Thb. IHODEAREZAVT e DRELHET S L,
o= 30517578125 1 1220703125 1 L 48828125 1 1953125 1
T ' 218041257467152161 zy  1483273860320763 zy2 = 10090298369529 zy® 68641485507 zy*
78125 1 3125 1 125 1 5 1 9765625 1

+ 166948881 zy® 3176523 25° © 21609 321,,7 T 147zy® 1441471195647 z2y

4390625 71 T 15625 165 1 2 1 11
9805926501 z2y? 66706983 z2y% ' 453789 z2y* 3087 z2y5 = 21 2248
3125 1 125 1 5° 1 11

9520560 2% 64827257 T 441 23,3 ~ 63 2ty )
2185,
7z, Ann(D ZREAICREHL L2 b DI, (8, 5yte + T8, 322 + oF, Py) X725, {AL,

Py = (620690779589826484980z + 42736086463561823556y%)3, 9,
+(32879237237110246500z + 16068800153474932500y° — 94484544902432603100y2
+256416518781370941336y)0,
+305257760454013025400y9
+((—1315628472217500000y + 1439969663151534375)z
—8814296054882311875y% + 103829170222453410000y + 3368010623675943713580)8,
—116577148437500023 + (—2060009765625000y + 116844758789062500)z?
+(—35487436523437500y° + 144556613085937500y°
~473028944554687500y — 4697651664385312500)z
+52404357304687500y* + 730337234189062500y® — 4874975501945062500y2
—20807036096166258750y + 500110503238150591500
THD. ATTN (38,50 c + 748,322 + 5, P)) DI VT FREEZHRT B LT, kn ) I v %k
Dx [Ann?) ODRRICEBTHEMEN 1 THHIEBFNB. #o7, By DHBE, Ann = Ann(® MY
3L,
123, MIERR Py, Py, P SOWBEIZONTIY, TR [3) BB &,
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3 EHER

Unimodal FISMERFR AU L, REMBFT 2 K€ 0 S—E2BEMT 2MOERBIZOVTHNS. £
TI¥, quasihomogeneous & 72 572 WA FOEERIZ OWTHET 5.

2Z¥ By : f(z,y) =22 +y" +azy’
Eig : f(z,y) =23+ zy® +ar®
B : f(z,y) =23+ + azy®
Zu : f(z,y) =Py +9° +azy
Zya : f(z,y) = 2Py + 2yt + az?y
Zis : f(z,y) =28y + 4% +azy
Wiz : f(z,y) =2 + 45 + az?y®
Wiz : f(z,y) = z* + zy* + ay®

3EHE Qu : f(z,y,2) =23+ y* + y2? +azy?
Qu : f(z,y,2)= a:3+y22+:nz3+az5
Quz : f(z,y,2) =123 +y +y2? +cwy4

4

4

3

o

S f(z,y,2) =zt + 42 z+:cz +a:c3z
S12 ¢ flz,y,2) = 22y + y?z + 223 + a2®
Uiz f(z,9,2) =2% + 4% + 2* + aays?

(‘tlya z) € X =CiTxt L, fe = 8f(:c,y,z)/6:c, fy = 3f(z,y,z)/ay, f.= af(w’y)z)/az EB<. fz
fyo f: TERSNDATTNI = (fo, fy, ) XL, Y = V() KEEZFSREMBATaREr O—8R
(1/fzfyf:]) ® Dx L@ annihilating ideal % Ann £ 33<. AL, Dy 1T X LOBBRMSEREZEORE LT
%5. %72, [1/f- fyf:] % annihilate 35 & %5 V@ﬁﬁﬁ/ﬁﬁiﬁﬁﬁﬁiﬁéﬁiﬁ'éE% FTNVE Annl) L B
.o %, RARCERFOREMBRT 2Rt —A [l/f,,fyf,”(ooo) L5, X=C%> (z,y) DHEBHRE
ROREZZ V5 (52 ZR).

FOREREBRT.

Proposition 1
(i) F7/ v 7% Dx/AnnV) ORAICBTHEEE =2
(i) Fm/ v 7% Dx/Ann® OFESICBITHEEE =1

]l

)l

Theorem 2 Ann(®) = Ann

Theorem 3

(i) Homp,(Dx/Ann)), 'Hdimx(Ox)) = Span{dg, o},
ZIT, §o FRERIZ a%ﬁoww' B4 (dim X = 3 OHE X [1/zyz], dim X = 2 DFEIT [1/=zy])
THD.

(ii) Homp (Dx/Ann®), HiimX (Ox)) = Span{c}.

4 BHRrEtEER

HiEnZ & 7 FEICET 5 ARG ERE (8T a P—RBOERERR Ann(), Ann® 0ERKT) %, FiC
EFHRERTEZS5N S Unimodal HERIZX L, ZhEFh T D TEHL. *gf@ﬁ/k INTA—F —a B
EENDON, A THHa=1 ¢ LTHEERZTo . 71/7‘*)‘%)&%@%%&1, >y >z (2EEOBEIX
z>y) & LT, EREHFENEFZ AV TITo 72, BHRICAWVERAE 2 27 A (kan/sml, risa/asir) 12
DWTI[6] 2RI,
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2EH Eu : f(my)=23+y +24f
By : f(zy)=2t+a2b+4°
Eu : f(z,y) =2+ 48 + 238
Zu : f(z,y) =2y +° + 2t
Za : f(z,y) = 2Py +ayt + 22y’
Zis : f(z,y) =Py +P +2f
Wiz : f(z,9) =2t + 4% + 2%®
Wis : f(z,9) =z + 2y +4°

3SEHE Qo : f(zyz)=23+y*+y?+ad
Qu : f(z,9,2)=2%+y’z+ 22 +2°
Quz : f(z,y,2) =2+ 9" +yz2? + ot
S f(z,y,2z) =zt + yPz + 22% + 282
S12 : f(=,9,2) =2’y + 9z + 223 4 2
Ua @ flz,9,2) = 2%+ 4% + 2% + 2y2?

41 E,BRRR

f=2%+y" + 23,
fo =322 +4% ,fy = Ty® + 5zyt.
Gb = {523 + Ty?z?, 125z* — 1029y=3, 322 + y5, —21yz? + 5ytz}.
I=5LnI,
Il = (25y + 147,3125z + 151263), VI = (25y + 147, 3125z + 151263),
= (8, 53z + 735, 327 + 48), Vg = (3, 2).

Ann(l) (fI!’fy)PlyP?)
Px = (5yz + 7y3)a + 20z + 4232,
= (3500y? + 2058y)z0, + ((—1000y — 735)z + 7203y*)d, — 4000z + 7700y’ + 84378y.

Ann(z) = (fz) fy,P):
P = ((68250000y — 24863426875)z? + (—37182906425y* — 10656175824y)z)0?
+(—843750022 + (637980000y + 694297170)z — 3708061182y?)4, 0,
+((—885281250y — 128629930625)z — 179156250y — 111958930125y2 — 54216894564y)0-
+(—18742500z + 154288260y)0’
+(—25312500z — 511875000y — 2118711000y + 2082891510)4,
—5545968750y — 102242340375.
_, 5% 1 8% 1 51 5 1 57T 1 55 1 5 1
o=l 3o7m8 oy ~ T 7 T T8 705yt T T 58 3 op T ay
5 1 510 1 58 1 51 5t 1 1 1

T3-T2gy8 36711 g2y + 3579 z3y7 3477 3243 + 3375 724 3273 72,5 37 z2yb
55 1 58 1 5 1 1 1

+ 7658y~ i ghyt T i gt T 37 oty

4.2 E;BEBRA

f=22+zy® +8,
fo =32 + 45, f, = bzy* + 8y".
Gb = {4608z* + 125yz3, 32% + v°, —24y%z? + 5ytz, 523 + 84822, (—192y2 — 25y)z3}.
I=L NI,
L= (192y + 25,884736z — 3125), \/IT (192y + 25, 884736z — 3125),
I = (yz®, 24,322 + o5, 24y%2? — Byz, 522 + 8y%2?), VI = (y,2).

Aﬂn( ) = (faifysPI)Pﬂ)»
= (522 + 8y%2)0, + 15z + 163°,
P, = ((2688y® + 125y)z — 360y*)d, + (—240z + 50y?)d, + 5376y? + 575y.

Ann(z) (fz» fy)P))
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P = ((7077888y — 4492800)z? + (—13639680y° — 139200y* + 71875y)z + 9000y*)5?
+((1244160y + 24000)z + 28750y2)d, 0.
+((155713536y — 3041280)z — 43868160y® — 288000y + 402500y)0,
+(42467328y? + 6773760y + 24000)9,

4566231040y + 55710720.
24838 1 24237 1 23636 1 23035 1 22434 1 21833 1 21232 1
e I A NI N B N

263 1 11 2835 1 4 2273¢ 1 22138 1 21532 1 29_3 1
53 zys 5zy9 512 mzy 510 z2y2 58 zzys 56 T y 54 zzys
2% 1 B 2359296 1 12288 1 26 1 4 1 1 28 1 ]

52 1:2y6 57 a:3y 55 zsyz 53 33y3 3.5 13y4 3. 52 z:4y

4.3 EL BEBR4A

f=a+a2y°+48
fo =322 +15, f, = 6z + 8y".
Gb = {323 + 4y%z?, 9yz* — 64ya®, 925 — 64z*, 322 + ¢°, —4yz? + y¥z}.
I =1 NI,
11 = (9z — 64, 3y? + 16), vI1 = (3y® + 16,9z — 64),
= (3% + 4y’z?, yad, 2*, 32% + o8, dyz? — Pz), Vo = (y,2).

Ann(l) <f:>fy,P1,P2>
P = (3z? + 4y%2)0, + 9z + 87,
Py = ((99® + 32y)z + 44°)0; + (3y* + 16y%)d, + 42y® + 176y.

Ann(z) = <fmfy, )a
P = ((8064y* + 1600512)z? + 2076672y*z)d2

+(—3024yz? + 18432yz — 40963%)9, 9.

+(933121:3 + (84807y2 + 554688)z2 + (—7452y* + 756288y% + 7117824)z
420160y — 29184y* + 6201344y?)4,

+(—6912z — 9216y2)62

+(31104ym + (28269y + 268272y)z — 2484y° + 380736y3 — 368640y)d,

+4354562% + (354294y° + 3050784)z — 17172y* + 4063680y? + 746496.

3¢ 1 3% 1 31 31 11 32 1 3 1 1 1

—2T;1;+W$_21_3xy +29:v 25a:y 21511:2 +211:z:y 2—7_z2y5
n 1 1 11 L+ L 1 :% ]
233 z2y7 29 g3y ' 253 3:3 3 2332 :z:4 ’

4.4 7, BBEREQ

=23y +zyt + o5,
fo =32y + ot f, = 2® + 4ay® + 5yt
Gb = {3yz? + y*, % — 15yz? 4 4y%z, —11yz® — 15y%2?, 5856425 — 37125z* — 759375y%22}.
I =1 NI,
I, = (121y + 675,1331z — 10125), v/T; = (121y + 675, 1331z — 10125),
= (3yz? + y*, 2% — 15yz? + 4y3z, 11yz® + 159222, 112* + 225y%2%), VT2 = (y, 2).

Ann(l) = <fa:) fya P1>P2>,
= (33z% + 45yz)0, + (22yz + 30y?)d, + 187z + 240y,
P = (2/0:8 +(- 79242 —3150y)m—220y )0z + (345yx — 528y3 — 2475y? )6 + 1770z — 4488y? — 18675y.

Ann(2) <f-’nvfy) )1
P = (162148800022 + 2211120000yz)d2
+(—15075371852% — 463117050yz + 2171748375y?)9, 8,
+(833546736z2 + (—3104767072y — 8186767725)z — 746016700y? + 17492101875y)0,
+(63147480x2 — 1332723150y — 1934772750y2)32
+((555697824y — 10098876810)x — 2041779168y> — 29844557550y)0,
+4723431504x — 17355122928y — 112679770725.



1111 1 119 1 117 1 115 1 118 1111 118

o=

114 1 112 1+L1+1151 1131+111
3755 2 y 3453 z2y4 3.5 zzys 3956 msy 3654 zsyz 3352 zaya
112 1 1 1 _li]
3653 24y  32524y2 32y

4.5 Z,BRBRA

f=2by+zyt +2%°,
f=32%y+yt + 2208, fo = 2® + day’ + 3%y
Gb = {3yz? + y* + 2y3z, 2% + (3y? — 6y)z? — 24, (—14y + 5)z® — 30yz? — 5y — 10y%,
(105y — 55)z* + 484yz3, 73525 + 605z — 5324yz®}.
I=5LNI,
I = (35y — 121,245z + 1331), +/T; = (36y — 121,245z + 1331),

160

1 118 1

317512 gy 314510 zy? oy T 3B a8 zy® 38506 gyt oy | 35i g5 2y’ 3252 2y * 3150 z?y 31057 g2y

= (3yz? + y* + 2yz, 23 + (3y? — 6y)z? — 2y, 5zt — 44yz?, (14y — 5)z3 + 30yz? + 5% + 10y%)

\/I—2 = (y’ 1:).
.Ann(l) (fmfy’PI)PZ)v

Py
P,

(14022 + 248yz + 44y?)8, + ((70y + 33)z + 125y?)8, + 770z + 1158y,
((84y + 124)z? + (—672y% + 2770y)z — 42y® — 176y%)d,

+((42y? — 169y — 132)z — 609y + 2008y2)d, + (462y + 340)z — 4914y? + 16686y.

Ann(g) = (.fz) fy’P)a
P= (194685857871120:1:2 + 420775133985360yx + 180463194172800y2)33

+(—82832632888320z2 + (—9751678231680y — 180463194172800) + 107193098960640y2)4, 0-

+(—133092828502732z3 + (1373829024443004y — 3548483873971782)z2
+(--315326509781’»1703,12 + 2838895228228440y + 76535249452200)
—696421142828840y° — 81448893497400y? + 1647347302339200y)6

+((—92078741076840y + 29963270244600)z — 70175382520320y% — 210540393201600y)6

+((—66546414251366y + 350146787028213)>
+(1071890730792481y = 3003414603538428y — 755979214347180)

—325846150902008y +2066998836578100y* — 1513707145196400y — 1864786339785600)9,

—732010556765026z> +(7765120865745538y 20427450896819658)x
—3303190350044904y> + 17240073586133520y — 6930858351546360.

5577 1 +5476 1 5875 1 +5’74 1 +5'73L+1L 31

1MNB8 gy 111 g 119 zy® ° 117 zyt * 115 =z¢% " 113zy8 11y’
s

54751 587% 1 5378 1 5.72 1 T

T 1110 zzy 118 zzyz 116 2ys 114 22yt 112 o245

5378 1 5272 1 5.7 1 1 1 527 1 5 1 22 1

+o =+ tom ot e aa T - TS — oo

117 z8y 115 z8y2 ° 118 2843 * 1123yt 11424y 112z4y? 115y

4.6 Z,;BRBRA

f=a%y+4% + 25,
fo =322y + 95, fo =2 + 695 + 5yt
Gb = {-Tyz® — 9y?z?, 3yz? + o5, 23 — 18yz? + 5y'x, —34325 — 7294%2%}.
I=5LNI,,
L =(Tz + 9y, 49y? + 243) VI = (49y* + 243 7:: + 9y),
Ip = (Tyz® + 9y?2?, Tz + 162y%2?, 3yz? + o5, 23 — 18yz? + Bytz,y32?), Vo = (y, 2).

Ann(l) = <.fza fy) P11P2>1
P, = (1422 + 18yz)d, + (Tyz + 9y*)d, + 77z + 90y,

Py = (722% + (—280y® — 891y)z — 105y*)8. + (99yz — 140y* — 567y?)d, + 486z — 1540y° — 5184y.

Ann®) = (f,, fy, P),



P = (366259320022 + 4709048400yz)d?
+(—2683171008z2 + 1890641088yz + 6866270208y*)0, 0,
+(—42710470250a:3 — 105737060100yz? + (—97769239650y* — 90813857211)z
—7368256665y + 55324766448y)0,
+(262919790z2 — 3426024924yz - 4839511698y )82
+(— 213552351253/1: + (—52868530050y% — 19843900587):1; — 48884619825y® — 1076714

—234907586375z% — 554097099675y — 502429306950y% — 667382260608.
77L_75L+73L_7_l_+741 721+11
2-39zy 2.31%zy3  2.39zy5 2.3%zy”  2-31222y2 2.37 2yt ' 2.32x2y0

$ 1 7 1 1 1 11 ]
~2.310 :c3y+2-35 33 2.33z%y? 3 xSy

4.7 W, BEBRA

f=at+y5 +alyd
fa= 4z® + 213y4, fy = 5y4 + 3323/2
Gb = {3y2z? + 5y*, 22% + yz, —92% — 5022, 62* — 5y°}.
=L NI,
I1 = (3y — 10, 27z% + 500), /T; = (3y — 10, 272z + 500),
I = (223 + yz, 3y%z? + 5y?, yzd, 62 — 5¢5,2%), VI = (y,2).
Ann(l) = <f::1 fy) Py, P2>1
Py = ((12y — 30)2? + 5y%)8, + (9y% — 30y)zd, + (78y — 210)z,
Py = (122 + (5¢% + 50y)z)d. + (9yz? + 50y?)d, + 7822 + 350y.
Ann(2) = (fz» fy>P>:
P = (12000z% + 20000y2)33 + (144000y — 480000)z8, 0,
+(—2915192% + (— 81675y — 1009800y — 933000)z)4,
+(—4500022 + 69000y% — 480000y)a2
+((— 210681y + 106110)z% — 723600y? + 240000y — 3840000)3,
—1878957z% — 5788800y — 5499000.
31 25 1 31 33 1 32 1 31
T107zy 108z’ 105z 10%zyt  108xzyS 102238
331 32 1 3 1 1 1 1 1
t o T0taty T 2 109257 T 3 1072558 T 2 102%9% 2710 359 |

o=

4.8 Wi BHREG

f=e+ay* +4°,
f= =42 +y*, fy = 4zy® + 64°.
Gb = {422 + y*, —6yz3 + y3z, —928 — £5}.
I =1L NI,
(9w+1 27y —2) \/I_l (27y -2,9z +1),
I, = (423 + y*, 6yz® — 43z, 4322, 25), \/I_z (y, z).
Ann(l) (fz’fnyI’P2>

(22% + 3y*z)8, + 8z + 9y?,
(270yz? + 8yz — 33y%)d, + (—362% + 6y?)d, + 810yz + 50y.

Ann(z) = <fzafy’ >)
P = (4032z%+ (—5778y> + 896)x + 2673y — 168y?)02 + (4512yz — 2304y° + 672y)0.0,

((192456y +34272)z — 31068y + 6496)3, + (3362 + 504y%)92 + (9622843 — 600y)9,

+1058508y2 — 22680.
31 3% 1 31 11 31 3% 1 3 1 351
o=[ -3 iz Bk Poe T 985z2y T iz T 8525 T 3B 23y
2zy 2zy 23 ¢y 2 zy 2% g2y 2% ziy 2% zy 25 zdy
321 3¥1 1 1 31
2423 +25m4 24m43 2_5E]

161



162

4.9 Q) BWRR

f=2%+y* +y2? + 2’

fz=332+y3)f =4y3+z2+3zy2, f: = 2yz. »

Gb = {zy, 23, 3z¥ + 93, 1222 + 3y3z + 22, 222, — 328 — 4yz?}.

I=1 NI,
I = (zy, 28,222, 322 + 33, 1222 — 3y?z — 2%, 16y2? + z%2,122% — 2%2), VL = (2,9, %),
I3 = (z,3y + 16,9z — 64), /T, = (z,3y + 16, 9z — 64).

Ann(1) = (fz’ fya.fuPI’Ph PS)’
Py = 2220, + 2zy0, + 3229, + 15z,
P, (1822 + 24yz)0; + (12yz + 16y2)9, + (21zz + 242y)d, + 111z + 136y,
Py = (1622 + (72y — 1152)z? — 512yz — 3222)9, + (108yz? — 768yz)d, + (189zz2 — 134422)0,
+999z2 + (144y — 7104)z + 192y? — 1024y.

Ann(Q) = (fan fy) fz P>1
P = (1536z — 384y?)02 + (768z + 1024y)0, 0, + 153620,0, + (—1458z — 1080y + 10240)3,
+(432z + 486y* + 3168y)3? + 422420, 0, + (3888y + 21696)0,
+(12962% — 2304y%)9? + 72920, + 2187.

[341+331 32 1 3 1 1 1 32 1 11+31
T gz 2T gtz 2B gydz | P zylz 2 zydz 218 z2yz 2.3 zlyzd | 211 g2y
_] ?{ _yl _lyl N y 1 yl i ] y Yy Yy
27 223z 28322ytz  2923yz 253 28y2z 2333 z4yz

410 Qu BRRR

f=a3+y*z+z2284+ 25
fo =322 + 28, f, = 2yz, f, = 3z2? + y? + 524
Gb = {zv, 322 + 23,48, 15222 + 322z + y?,y2?, 375z% + 92% — 5y*z}.
I=1 NI,
I = (252 4 3,y,125z + 3), vT1 = (252 + 3, 9,125z + 3),
I, = (zy, 322 + 28, 1522% — 322z — y?, 4%, yz2, 922 — 5y*z), VT, = (z,y, ).
Ann(l) = (f!! fy1fnP1,P2: PS)a
Py = (1202? — 182z + 102%)0, + (120yz — 212y)d, + (60zz — 1222)8, + 660z — 111z,
P; = ((40022 + 182)z — 502%)9, + 212yd, + (—60zz + 12z2)9, — 60z + 800z% + 111z,
Py = ((400z + 18)yz — 5023y)d, + (—180zz? — 30023z + 21y?)d, + (—60yz + 12y2)d. + 111y.
Ann(Z) = <fmf‘yyfnp))
P = (162z + 2702%)3,8, + (—1500z + 840z)9; + (14252% + 1712)xd2 + 24690, 9, + 75030,
+(285z + 137522 + 1082)82 + (100002 + 1164); + 6500.
510 1 52 1 58 1 5¢ 1 52 1 1 1
2.36zyz 235 zy2? t+ 2-342;123 T 2.3% gyzt + 2.32zyz5  2-3zyz
57 1 5% 1 5 1 5 1 1 1
T9.3522yz | 2.3%z2yz? 238 p2ysd + 2.32z2y2%  2.3z2y32
5* 1 52 1 1 1 5
*162 z8yz 238 z3y2? tyg 2Byz8 238 atyz )

411 Q.. BRRR

f=22+9" +y2? + 2yt

fo =32+ 9!, fy = 5y* + 2% + 42®, f: = 292

Gb = {zy, zs,zzg, —4z3 — 5yx?, 322 + yt, —152% + 498z + 2%}

I=1L NI,
I = (zy, 2%, z2?, T5ya? + 422z, 1528 — 22z, 322 + y*, 162? — 4y3z — 2%), V1 = (2,9, 2),
Iy = (z,4z + 5y, 16y* + 75), VT3 = (z, 4z + 5y, 16y? + 75).

Ann(l) = (f,,f,,,f,,Pth,Ps),

g =

Q9
I
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= 220, + 2yd, + 22%9, + 9z,
P, = (8z? + 10yz)d, + (4yz + 5y%)8y + (10zz + 102y)d; + 50z + 55y,
= ((192y% + 600)z? — 375yz — 2022)3, + (—120z? + 9633z — 37542)0,
+(2402y%z — 40zy® — 75029)9, + (1200y* + 1200)z — 3375y.
A‘n,n(z) = <.f:m fy,fup),
P = (3750 — 1000y%)d2 + (1500 + 1875y)8, 0, + 375020,0, + (—4608yz — 3360y? + 24375)0,
+(720z + 1152y® + 6300y)02 + 1185028, 8, + (12672y* + 52950)0,
+(2880yz? — 4500y°%)8?2 + 13824y.
[291+251 21+271
T 3356 xy2z | 3254 gytz 3-52zy8z | 3355 xlyz
4 3V %1 ° 1 y

]

11 22 1
2-3z2yz3 3253 z2y3;

g =

+2 -3-5z2y52 + 3252 342, 2325 zlyz

412 S HRHRR

f= zt + yzz +z2t 4+ :z:sz,
f. = 423 + 2% 4 3222, y =2yz, f. = y? + 2zz + 23,
Gb= {zy,v3 (124 + 1522 + 642)x + 32y> — 822, 3222 — 8zz — 4¢® + 22,2 + 222 + 4%,
51222z + 752% + 6423, (—152% — 642%)z + 82°%}.
I=5LnNI,,
I = (25z + 128,y,5z — 16), v/I; = (252 + 128, y, 5z — 16),
Iy = (zy,82%x — 28,322 — Bzz — 4y + 22, %, (96y® 4 512z)z + 256y? + 1528 — 6422, 23 + 2z + y?, z%),
VI = (z,y, 2).
Ann(V) = <f:n fy, fz, P1, Pa, P3>1
P, = (8yz + 22y)0, + 4y?9, + 3zyzd, + 3yz + 36y,
P, = (64z? + 562z + 1022)d, + (—64zy + 202y)d, + (24zz? + 152%z + 96y*)d, + 242? + 152z + 84z,
P3 = (1622 + 102%)3; + (—96zy — 16y2)d, + (15z2* + 96y* — 4822)8, + (15z — 288)x — 1682.

-Ann(z) - <f:afyyfzyp>a
P = (480z + 3002)d? — 288y0.0, + (—2048z — 12802)0, + (—144z — 90z — 608)0.
+(—360z2 + 11522)92 — 2560y, 0, + 144y, + (—2304z? — 13442z — 540z* — 30722)0;
+((—1352 — 2112)z — 3168z — 19968)9, — 135z — 2088.

[ 5% 1 + 5% 1 5 1 1 1 5% 1 52 1 1 1 53 1
o= e e — — _ —_—
223 gyz 26 pyz?  29zyzd  22zyzt  219z2yz  2122yz2  2522yz? 215 23y3s
5 1 1 1 52 1 1 1 5 1

]

+2_8 z3yz? 28 z3y3z 21l gy 24 zhyz? 27 obyz

4.13 S, ¥BRI

f=aly+y?z+z23 425, ,
fo = 2zy + 28, fy= z? + 2yz, f, = y® + 3zz? 4+ 5zt
Gb = {x?+ 2zy,2yz + 28,(~10zy + 3z%)z + y2, —13y%z — 202242, —169y%z — 800293, 2197y%z + 32000y*,
—4000y%z + 130y® + 5072y}
I=1I NI,
I, = (40y — 132,400z — 169, 800022 + 2197), /T = (800022 + 2197, 40y — 132,400z — 169),
Iy = (2% 4 2zyz,2yz + 23, (10zy — 32%)z — y?, 1033 + 39292, y2z, 229%), VI = (z,y, ).
Ann(l) = <fa:a f‘y) fz, Pl,P2>’
Py = (104zz + 180022y ~ 42523)3, + ((600zy — 2952%)z + 130zy)dy + (—240zy + 782%)8,
—300zz — 30y + 702z,
Py = ((17000zy — 300022)z — 1100y — 7605zy + 152122)0,
+((3000y — 3000z)z? + (—2535y + 1521z)z — 75022y)d,
+(—2400yz + 1014y)0, + 1170z + 110002y + 195022

Ann(z) = (fz,fy,fz’P>’
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P = (4732z + 72802%)92 + (—4550zz + 5915y)0, 8, + (—28700zz + 26390y + 35492)8, 0,
+(904300z + 150000022 + 36673)8, + (—12600zy + 409522)9, 6,
+((—9000000y + 2055000z)x + 1244400y — 373102)9, + (95552 — 900002y + 4395022)H?
+(—3000000zz + 1020000y + 1012000z)8; — 21000000z + 6916600.
21858 1 2753 1 2 1 21055 1 2452 1 2.5 1 3 1

T 137 gyz? + 134 zyzt 13 zy26 138 zy?z + 133 zy?z 3t 132 132 23322 13 zytz
295 1 235 1 2658 1 1 1 2552 1 225 1 2 1
135 z2y2? + 132 22yz2 134 2242 t 1322y2z8 ~ 133 z8y22 132 z3y?z 13 ziyz?

414 Up, BBRA

f=a%+9%+ 24+ zyz?,
fo =322 +yz2%, f, = 3y% + z2?, f, = 42% 4 2zyz.
Gb = {322 + 2%y, 2%z + 342, zyz + 223, —2% + 33, —3y® + 224, —6y%z + y*, —6yz? + 3z}
I=LNINI;,

L=(z+y+ 6,z2+18,y2+6y+ 36), VI = (z* + 18,z + y + 6,y + 6y + 36),

Ig—(y 6, :c—6 z +18) \/_—(z + 18, y- 6 1—6),

I3 = (3% + 2%y, 2%z + 392, z9?, zyz + 223, 222, y?z, y2?, 28 — ¢3,3y3 — 22 1Y, VI = (z,y,2).
Ann(®) = (f:h fy’fnplv Py, PS),
P = (48z - 11y%z — 622 y)a + (60y:¢: - 10y3)a + (362:: — 6zy%)0, + 324z — 6932,
Py = (4% - 24y:c)6 + (5yz? + 622z — 12y%)4, +(3z:: — 182y)d, + 30z% — 126y,
Py = (ZGzyz — 5762z — 60zy%)0, + (29zy%z + (1823 — 720z)y)d, + ((1622 + 72)yz — 43222)4,
—3622% — 3888:.

Ann(2) <fm fy) fuP>’
P= (864 - 144y1)0:0, + (~2c" ~ 276y)0, + (- 144:: + 864y)0? + (242° + 4322)9, 0,
+(yz + 21827 + 5616), + (362 + 647)32 —
1 1 1 1 1 1 1 1 1 1 1 1 1 1
P G T " - - - + - )

2538 zyz 2934 zyzd 2332 ysb 2233 zytz 2834 p2y2z | 2232 529228 2233 piy;

o=

]

5 Bimodal singularity F;3 ICBA9 55 H

2 EPHEBREKRBAX f(z,y) = 23+ y'0 + 2y" + 2y DED S Eyg & Bimodal HRAIZH L, AnnV) %
R, §4 LRBOHEZIToT-.
Ann() 2 AV TREMBTaRE 0 O—§ (1/f=F)l0,0) ZHATD &, KORBEEBS.
[ai +b—1- + 52326274982537898625543 1 + 354285915106436807093 1
zy ::yz 3101020 Ty ) 391018 y4
272111019228806143 L 3787973405502307 1 13210502493257L
381016 zgs 371014 T ) 361012 :l:y7
14232708293 L + 188727343 _l_ 438893 1 _ 2057 1
3561010 g8 34108 zy® 38108 zyl0 32104 gyl
7 1 24652664985303778499 1 75715525087212649 1

T3.102z12 391017 ,,Ty - 381015 2242
107457356825701 1 1264904961551 1 1815069901 1
371018 2248 361011 2yt 35109 z2y5
11224249 1 45899 1 49 1 _l_ 1 70850911193 1
34107 =248 33105 z2y7 32108 z2y3 30 z2¢° 361010 g3y
320395243 1 178207 1 4157 1 7 1 251 1 1

35108 x3y? 34108 348 + 38104 34 it 32102 2345 38108 2%y 3710 z* 7]
Eyg DRE, 1 EOWMIERREZAVHETII [1/2y] & [1/2y?] DF¥ e, b E2RHDBZ LITTE W
TENahB. TLDBL, KO (i), (i) 285.

(i) ®7/ Iv 7% Dx/Ann(V) ORKIZHT 5 EME =3
(ii) Homp, (Dx/Ann), H{y o(Ox)) = Span{[1/zy], [1/2y*], o}
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TOZ UL, BERD"EMES" LA ) Iy 7% Dx/Ann(V) OBEEOCBICIZM OS2 OBMENSH B Z
LERBELTWD EEBbh5.
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