Genus 4 hyper-elliptic curves and Galois groups of their coefficient polynomials
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COMmRTE, (E»OEK 4 OBBMHBEROBRBEERLIRANL £ORK
BZEAOT o THIZOWTERD,
1. BFEER
f(x) * HEBEFEEDO 9 RZFEXE L. INICXET 25 4 OBFEM MR
C: vy = f(x) = X+ax +ax+ax +ax’+ax +asx’+ax +asx+as
BLUOKRDIIIZKRBE R TERIN-EE
fi(u) = f(x) ® x+y, f: (u,v) = f(x) ® x+ux+v, f; (u,v,w) = £ (x) ® x+ux+vx+w,
fi (u,v,w,) = £(x) ® x'+ux’+vx*+wx+t
FEZD, I (X)) DF N /N7 A ZEH (Tschirnhaus  transformation) &
PRI D, ZZ T, fx) & gx) DEE x 1IZBET 5 %K (resultant) &, —
RFRNAERRECIEE LT, RO KD KRR T D -
f(x) ® g (x)= resultant (f (x) ,g (x) ,x)
=77 L. BBE®DFEE S (adhesiveness) i, BHEOWAI(+, -, x, N2 &b
FOHDET B, oT, Hlxid, IROL I RRBOMBEOERIZR &M
ST D,
fX®gx)=D"(gx®h&x))
fx)®g(xhx)= (fx)® gx)) (f(x) ® h(x))
fx)®@Exy)®hiy))= Fx® gxy))® hiy)
f(x)=g(x) mod h(x)— f(x)® h(x)=g(x)® h(x)
f(x)® x-y = f(y)
I, @p)EAT XL FADRBLET S, 20,
(a/p)=#i{xep:x¥*=amod p}-1 = (-1) **? mod p € {-1,0,1}
ETB, TDLEFRNDFAUNTAEBONL Y ¥ R
a = 2xep (i (x)/p), b= Zx,yep ((xy)/p), ¢ = Tx,y,zep (fi(xy,z)/p),
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d» = Txy,ztep (fi(x,y,zt) /p)
#Ez2, TNTEES 8 KREERN
£(x) = x*+ax +bpX +CoX +doX +pe,X +p bex +p X +p°
% f(x) DRFEL L IER (resultant transformation) &\, f(x)= 0 2 BFEE
BHERXE VW), REEBRLERIIA BRI L 7R (prime field)
p=GF(p)=Fp = {0,1,2,~,p-1}
WIS L TERIN D, EF-BILUERBIZ L » THRHER = KEFTERXORE)
DMEEENp PERE TH DL BMON TV D, RERITEIC
Vpe® = \p (cos () + i sin(6))
DROERETHELE. u <2 OEEBFEEL T
f(x)=0, X*+ux+p =0
NIEERE B DO, T,
£(x) ® x*+ux+p = p* (u'-au’+ (b-4p) u'+ (3pap-cy) utdy-2pby+2p’) ?
DEOIZRRTE D, ZOFFHRES
f(u) = u'-au’+ (by-4p) u™+ (3pas-cy) u+d,-2pb,+2p°
% f(x) DR L EK (coefficient  polynomial) £\ 5, FREFEX. BRERE
BREE T2, BRERIIEICERTOMRIMEIL 2D IZE LV a/hawn,
a=a/\p,b=b/p,c=cipVp,d=dip’
EBWIZEIEKX
f(u) = u'-au’+ (b-4) u’+ (3a-c) u+d-2b+2

% f(x) DZHEFR LA (normalized coefficient polynomial) &\ 5 , HEHELEE
FRAOE, 2FhH, EEREROEMEITI 2 UTOEKTH D, HET
BRI CEBLRALRETHY, SOBRTARTEICHT e THAAHE
(solvable) 2R RKDBETH D, BMPELEX fOFTa THITHER fKOD
REHLHEE LML OER T EHNTE LD LR TV RIEITTH D,

LT, BB THDHH. EM (difference  quotient) DA IZSN D, FIR
RO DEBLITEDOM

(f(x)-f(y))/(x-y)

TEHSNIHHATH S, YR, EHOWSILEYV BT LN TE 5,
L2l ZREZRTFIOEE LTRATE 2K 20T, THIXH 7%
REETD,
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flg (x,y) ={ f(x) f(y) i / i 1 1 I
g(x) g(y) X ’y

flgh(xy,z)= | f(x) f@y) fz2)/ ;| 1 1 1
g(x) gy) g(z) Xy z
h(x) h(y) h(z) Xy z

RELERT D, LROABREZAVAE. UL IR ETH D,
Bl 2 f B EX
f(x) =x"+ax’+bx'+ex+d
D& FITIX
1f (x,y) = X' +x’y+xy’+y’+ (C+xy+y’) a+ (x+y) bt+e
ThHH . xyD3IRAFATH 2, ZHIEIFTEEHNBERTH D, HiIZ. T
2 RE)RESIENO & & () (730 M #h 4 (coefficient elliptic  curve)
EWI, HELZEEREEBEZEL T REIREEHBREORTH D,
Fo. xty=u, xy=v &BIFIE
2u’+3au’+4bu+2viutavi+4c = 0
HDHNT, xty=s,xy=t & BITIX.,
(If (x,y) @ u-x-y) ® (t-xy @ u-x-y)= (u’+au’+ (b-2v) u+c-va) > =0
Thd, Zhid.
v = (u+au’+butc)/(2u+a)
EFEHRLTHS, 7.
1x[f(x,y,z) = X’+y*+Z+xy+xztyz+ (x+y+z) a+b
i xyz-ZER O Fg AT (ellipsoid) IZ72 > T 5, f(x) B EFHEEARXDBAEIC
FR¥ 4% M #mE (coefficient  ellipsoid) &> 5, PRI HIRER L BEIZLOR
AR EERER LIh D, REEAMES X HFET = [22]° OBEKT
ES-T. 2% 0, FEEABE S DL HET OAOEHLPER TRWVSE
L0 ED,

B 1.

C: vy = xX-3x"-2x-5x"+4x’-x"+3x’+2x’-6x-4
IOFE. p = 11 OBADRBI ML BN (representation  transformation
polynomial)

an=x""" F(7/12,11/12,1,1x) = X’
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an (x) [x]1x"1

- -4,6,2,3,-1,4,-5,-2,-3, 1 ~
-6,2,3,-1,4,-5-2,-3,1, -4
2,3,-1,4,-5,-2,-3, 1, -4, -6
3,-1,4,-5-2,-3,1, -4, -6, 2
-1,4,-5,-2,-3,1, -4, -6, 2,3
4,-5,-2,-3, 1, -4, -6, 2, 3, -1
-5,-2,-3,1,-4,-6,2,3,-1, 4
2,-3,1,-4,6,2,3,-1,4,-5
3,1,-4,-6,2,3,-1,4,-5,-2
kLA,azxma5,14/
DHEEDFETHD, Zhid, UTORBIEHHZERNTH S
BEREW R 2 OFM AR L sin- TR,
BEBKRE BT - HEBEMEUETHR 28,
B 17 EEFER S VED T L (2006)p.141
COZERIIFEEE Q LBEHTH Y. FEFu Ti
X-3x"-2x -5x+HAC-x 3 +2x-6x-4
=(x+1) (x+2) (x+4) (x+5) (x+6) (x+7) (x+8) (x+9) (x+10)= (x"-1)/(x-3)
DEIICHEENEL TS, ZOHAHHRIT
det(f(x))=f(x) ® f (x)=2"-17"-14389-60817139
UTRRELEBRZEROREOT—FThH D !

(P, a, b, Cp, dp)
[[2,-1,-1,-3,-6], [3,-1, 1,-2, 12], [5, 5, 17, 43, 99], [7, 4, 20, 58, 186],
[11,0, 4,0, -74], [13, -1, 8, -33, 38], [17, -5, 0, 44, 0], [19, 4, 6, -31, -330],

[23, -3, 24, -55, 4381, [29, -8, 50, -272, 1474], [31, -3, 33, 94, -148],
[37, 5, 26,273, 1854], [41, -2, 24, 356, -1228], [43, -1, 39, -251, 25361,
(47, -1, 8, -101, 12901, [53, S, 144, 705, 98421, [59, -4, 32, -62, 784],
(61, -25, 376, -4218, 370001, [67, 2, 42, 592, 29461, [71, -2, 4, 300, -68801,
(73, -14, 30, 726, -8986], [79, -1, 100, 262, 5702], [83, 8, 85, 498, 35601,
(89, 7, 84, 305, 3054], [97, 13, 191, 2465, 218251, [101, 4, 84, -306, -1800],
[103, -15, 139, -461, -1133], [107, 18, 259, 2994, 362401,
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[109, -16, 196, -2996, 341241, [113, 4, 60, -324, 33507, [127, -13, 47, -96, 2312],
[131, 20, 256, 2884, 349901, [137, -12, 36, -733, 16700],
[139, -16, 303, -3778, 54640], [149, 11, 70, -57, -1278], [151, 3, 80, 699, 942] ]
TORIIEBERO 7T 7 THD :
£(x) = x*+ax +bx +eox +dax Hpeax’ +p bix +p’ax+p’ = 0
p=2~151
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BERODEREADODSAHIZOWTIE, f(x) 23 FEAfZ (non-solvable) D & X 2%
sin’ () +sin’ (20) +sin’ (30) +sin’ (46)

BT THAI LI DR, B4 OBEAEROBFED sin-FHAT
HbH, L, 1,23 OBEICIE., FEOEMEMEORBELH V. »i
DEOLIVWERLH- T,

sin’ (8) +sin*(20), sin’ (0) +sin’ (26) +sin’ (30)
RECHBTEEN) FHEIIENTHAI EHETHITEFASEK L TW
5,

B 123 FTRBETHZERNDOKRED 357 EFRITRZ->TNH I L&
bhHo, BEADOHEOZAEARXN IR OKRE 9T, YROZLanb, £
T2, RPIOBRBHTRWIEOGENL —ROIER#HETH Z &I
TEETHEINEE LR GQ%WiOKE%T%ﬁﬁ4kw9®i$EM
(critical) R BN HBBETHDH LB -TWVD,

ROTT7 7 sin(nx) DAOEBHZRLIZHLDTH S
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1/n- (sin’(x) +sin’ (2x) +---+sin’ (nx) ), n = 0~40

IORPL LD LHIC, B g MKELS R E EZD sin-FRIZ—HEDH
ZEI<,
UTFid, FRBEMMBROp<100 DBAOREZEBROELTH S
[2, (x+1) (xX-9x+6) 1, [3, (x+3) (x’-2x*-5x+8) ], [§, x*-5x’-3x*+32x-211],
[7, x-4x’-8x*+26x+4], [11, (x-4x-16) (x+4x-16) ], [13, x+x’-44x’-6x+168],
[17, x*+5x™-68x’-299x+578], [19, x™-4x’-70x*+259x+164],
[23, x*+3x’-68x°-152x+392], [29, x+8x’-66x'-424x+256] ,
[31, x'+3x’-91x-373x-272], [37, x'-5x’-122x*+282x+2668],
[41, x'+2x’-140x’-602x+166], [43, x'+x*-133x’+122x+2880],
[47, x*+x-180x’-40x+4956], [53, x'-5x’-68x"+90x+196]
[59, x*+4x’-204x*-646x+39701, [61, x'+25x'+132x’-357x-1430],
[67, x*-2x*-226x7-190x+6296], [71, x'+2x’-280x’-726x+2634],
[73, x'+14x°-262x>-3792x-27081, [79, x*+x’-216x*-499x+2384 ],
[83, x'-8x™-247x’+1494x+3228], [89, x"-7x’-272x*+1564x+3944],
[97, x*-13x’-197x’+1318x+3589]
FEROKRTHEHPp =2, 3, 1 OAEH TR, MOBEIENLZEXNTH
D, p<15l THRERRBRBARRIT X THAa7HIIS@W=4ThH5,
EANBRIN RV, BHEERRESZERN LR INDLI THAI L
DEBERT, ROLIHIICFRLTWDS :
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F48 - M
C: y'=1f(x),2n+l REER {(x) NIERMD & &
ZOFRPBEEXN IO a TEIZ, —&KIZiE, SSTH A
FISBI 72 G BT 2 BEHRT D 5

BEREARZERNOE, 20, Z8EAEFEX
f(u) = u'-au’+ (b-4) u'+ (3a-c) u+d-2b+2 = 0
a=a/\p,b="bp,c=c/p¥p,d=dvp’
DAEO[2210BDH L, B 3EOREEEL T3 xyz-EROAD
TT77@3ROES THD, 4 BORERTRTDHIZIL 4 RTOEMMBLET
HHEN, REVDAIEBRLIRTOEMA~ADOHE TLMREALTERLSTZD
Th b,

Ihb, BB FAMNLRIENE ZSORRLTEL, BRI EEZ.
MR ERBIC R TIE ARV, o, R, #RR. RS CREEIREL
EFREOEIZCEDEETHALTVALITHRY, LrL, 20LD
RRHEHREOLEGBEEETDH VD) [ HDAEEKRAEME] XEXHRM
BRTH 5,

C: y = f(x) = x’-3x’-2x"-5x°+4x’-x"+3x'+2x’-6x-4
f(u) = u*-au’+ (b-4) u*+ (3a-c) u+d-2b+2 = 0
p=2~151
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WITEEERERICOWVWTTHD, EBEESENZ
£(x) = x-ax’+ (b-4) x’+ (3a-c) x+d-2b+2

THdH00. BEERAMRT

1f (x,y) = X+xXy+xy’+y’-a (xX’+xy+y’) + (b-4) (x+y) + (3a-c)
Thd, BLT25H0Ep = 11 DFED (x+y) (11x*-48+11y")= 0 DH TH
%, det(f(x))=2"+17°-14389-60817139 TH 52 b6, 11 T HBI X OHE TIX
RONFISNEIREBE L TS,

C: y' = f(x) = x*-3x*-2x'-5x°+4x’-x " +3x’+2x"-6x-4
1f (xy) = X' +Xy+xy*+y™-a (x*+xy+y*) + (b-4) (x+y) +(3a-c)
p=3~15]
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BB EREZEECLDSDRAIINLOBEHABREIISHAL THEIDTH
D, HENLBHMBRE VT, HR,
y' = £(x) = xax’+ (b-4) X'+ (3a-c) x+d-2b+2
HBHN T
E: y' = -f(x)= - (x"-ax’+ (b-4) x’+ (3a-¢c) x+d-2b+2)

DHFR, ERTHARVPLEOERNSHDEED, YROZLTHD, Th
L2 EEOBHBRIIEN BRI EDLIICEELTHEIDTHASD
Dy, LTI @O x-EBEN (221123 WD Yy = fX)DFDT T 7% L
TH<

C: ¥y = f(x) = x’-3x*-2x"-5x*+4x’-x +3x’+2x*-6x-4

y' = -f(x) = - (x"-ax’+ (b-4) x*+ (3a-c) x+d-2b+2)
p=3~151

INbn7 770y O LERIBFEBALEREDH IO THAS I, TIT
X, R B ORI A & S EER (envelope) e TR Y76 R2WVWD T
HDHBAKBIZEIRDTHAI D, BEBELELTEIELTRI D,

bolEMIZ, TbE L, BERBZERD I Z 7IZo0WTRESI 2D
CEWVOEBMLBERTH B,
C: y = f(x) = x-3x"-2x"-5x*+4x’-x"+3x"+2x*-6x-4

y = f(x) = x"-ax’+ (b-4) X'+ (3a-c) x+d-2b+2

p=3~151
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Bl 2. [AARLEX D —H
C: y’ = f(x)=x (x"+8x"+14x'-35)
IOBE fR)EEHN TRV, xX+8x+14x-35 TN T, O 4 o 7 B
[274]S(4) C{u%k13 384 =23 TH Y. HAIXiz
det f(x))=fx)® f (x) =-2°-5.7
ZDEEAUL,
HFEORE HLE - BHEZR), FlELEE,
RNy =z FRR-wHters0oAm,. MAEE. p72. %4 R
MHD5IHTH D,
UTHEBEERSZERD p<100 DEEOTFT—4 TH 5 :
C: vy = f(x)= x (x*+8x"+14x'-35)
(P, @, by, Cp, dp]
p=2~97

[2,0,-1,-2,-4], [3,0,-1,0,-8], [5,0,-6,0,25], [7,0,7,0, 0],

[11,0,10,0,-61, (13, 4,20, 92, 298], [17, -4, 12, -76, 5821, [19, 0, 44, 0, 11921,
[23,0, 31,0, 1168], [29, -2, -11, -42, 15721, [31, 0, 0, 0, 0],
(37, 4, 10, 156, 5941, [41, 6, 45, 108, 6481, [43, 0, 39, 0, 456],
47,0, 20, 0, -602], [53, -12, 56, 148, -2416], [59, 0, 8, 0, -6000],
[61, -10, 25, -56, 2128], [67, 0, 27, 0, 33521, [71, 0, 92, 0, 30461,
[73, 20, 116, -740, -148221, [79, 0, 20, 0, 46021, [83, 0, 103, 0, 37207,
(89, -10, 45, 308, -3432], [97, -30, 546, -7590, 85058]
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KDL DIIRBEEBFBRRNOBOSHFED S5 7TH D

AT AL
sin’ (@) +sin’ (20) +sin’ (30) +sin’ (40)
ROMNEI PEREATIERYR O, AIBTRVEEOSHORED
FlgE WO BBERRKTEITHE LB,

f(x)= X apX +bpx X +dpX +peeX’+p bX +p'ax+pt = 0

oo < S o0
<
be #0ood | Yo o %0
o o 915 ¢ Lo o0
» %o b4 ¥ ° ° & o
¢ ¢ o o] o
AN RS ° *o
& < o ¢ O
¢ T RLEE 0% 808 0°o°o°°° o
B W0l ¢ 02 0%
° < ‘9, 0, &
8 oo%w % 0B, & o °
@ b f o o

<
s %o 80 > oo
¢ °°‘§ % %o, &
L Y %30"(’ &o?@oo% : M
% °o°38°£°° LN PR

E-3
-15 %—lﬂo" TE %% 3$o°005>%° 1§, 18,
°
oo go °°§ Ogg @0(,@ (f. O oo
S ? oo <>°8 %oo °
8 oﬁa oo & ¢ % %o
§ < _anfb 3 0% f’oo oL
<¢ o"o"‘%‘%oo" o o °8 &o o°o°(§’
% 0 0 ®o 1o ¢ b
R o8 Toe &l e o, %
LN o_gﬁ + ¢ 00
W0 PO JEIPON

Elo. RBEFBRXORYGBORFIZERDOL I THD
C: vy =f(x)=x (x"+8x*+14x"-35)

f(x)= x"ax'+ (b-4) x+ (3a-c) x+d-2b+2
p=2~97
[2, x-9x’+2x+81,[3, x*-13x’+16],[5, x*-26x°+135],[7, x* (x*-21) 1,[ 11, x'-34x’+16],
[13, x*-4x’-32x*+64x+116],[ 17, x+4x’-56x°-128x+7521,119, x*-32x+242],
(23, x-61x’+800]1,[29, x*+2x’-127x"-132x+3892],[31, x'-124x*+1922],

[37, (x-12) (x’+8x’-42x-216) ],[41, x-6x’-119x+630x+320],[43, x*-133x*+8001,
[47, (xX+16x+44) (x’-16x+44) ],[53, x'+12x’-156x>-2056x-2734]1,[59, x'-228x’+18],
[61, x"+10x-219%°-1774x+65201,[67, x'-241x’+8712],[ 71, x'-192x’+64],

[73 X4-20)_(3-176X2+5120X-21 1001,079, x*-296x*+139241,183, x"-229x’+400],
(89, x'+10x’-311x°-2978x+44001,[97, X4+30X3+158X2-1 140x-2048]
DX, fx) DREHAMEED . BREFEXOATHELENRGEDN

BTHOBEIRBMLTWVWD I EBRD,
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UTORIBENRBEOTa THEREDETHD
p < 347
S(4)= 4!
[2, 13,17, 29, 41, 53, 61, 73, 89, 97, 101, 109, 113, 137, 149,
173, 181, 193, 197, 229, 233, 241, 257, 269, 277, 281, 293, 313, 317, 337]
D (4) = 2x4
(5,19, 23, 43, 59, 67, 107, 127, 131, 139, 163, 199, 251, 263, 271, 311, 347]
E(4)=2x2
(3,11, 71, 79, 83, 103, 151, 167, 191, 211, 223, 227, 239, 283, 307, 331]
C(4)=4
[31]

AT p<347 T, ZOREREHL OBEHY . SEORAMNREE
[7, X (x*21) ], [37, (x-12) (xX’+8x’-42x-216) ], [47, (x’'+16x+44) (x-16x+44) ]
[157, (x*-30x+136) (x+20x-114) ], [179, (x'+6x-300) (x’-6x-300) ],
BhHd, AINRLORERELONERBE A0 LEAVEETH L, &

EoEH

At | s@ | A@ E@ D@ | c@ | sk |
5 30 0 17 16 1 69 |

DEITHDH, Ad), CAIFIFIANT, AINRLONRAERETH 2 H1ER
BronFRTERY, HRBAEX
S(4)=12,E(4)=D4)= 1/4
ThHhhHI ETFRBRIND, £,
Big
A(4),C(4) »
. p=31DCAEBRWVWTHE LAV, p=31 TEIEEREKZERIZL
x-4x’+2, det = 2"
DEIITHRD THREHLRZENTH D,
UTIEERERO xyzzZZERTO 77 7%, BRD2FAMNPLOKE LT
HTDH, ERIERZDOIFEP B LEEFALPLRTWDENLTH D,
ECEBEETEOLICANGMLTVD I ENED,
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C: y'=f(x)= x (x*+8x°+14x'-35)
f(x) = x"-ax’+ (b-4) x’+ (3a-¢) x+d-2b+2 = 0
p=2~347

BEFMHBBIIOVWTLRFILTEL ¢
SR, BOWHTHERDRD SR HEENRZ D,
C: ¥y = f(x)=x (x+8x’+14x"-35)
1|f (x,y) = X +x’y+xy’+y’-a (x+xy+y") + (b-4) (x+y) + (3a-c)
’ p=2~347



R RSN RSB L TER xty = 0 L HICHRET HHEH
ZHEET D,

[3,5,7, 11,19, 23, 31, 43, 47, 59, 67, 71, 79, 83, 103, 107, 127, 131, 139, 151,
163, 167, 179, 191, 199, 211, 223, 227, 239, 251, 263, 271, 283, 307, 311, 331, 347]
THbH, SWICRDHEITELET

D(4)

(5, 19, 23, 43, 59, 67, 107, 127, 131, 139, 163, 199, 251, 263, 271, 311, 347]
E(4)
[3, 11, 71, 79, 83, 103, 151, 167, 191, 211, 223, 227, 239, 283, 307, 331]
DHBEITBELTNS, p=31 D CU) DHEIX
(x+y) (y*+x*-4)
ThHY, EAF22PCABELTWS, £,
[7, X (x*-21) 1, [47, (xX*+16x+44) (x’-16x+44) ],
[179, (x*+6x-300) (x*-6x-300) ]
DHAXEEN DD
[37, (x-12) (x'+8x’-42x-216) ], [157, (x*-30x+136) (x*+20x-114) ],
D EITIEL L 220,
C: y' = f(x)=x (x+8x°+14x"-35)
1f(x,y) = X +x’y+xy’+y’-a (X+xy+y’) + (b-4) (x+y) + (3a-c)
p=2~347,gal =S(4)
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&\

m..,m

35)
-4) (x+y) + (3a-c)

4

x (x*+8x"+14x

= f(x)=
y+xy2+y3-a (x

2

C vy

+xy+y’) + (b

2

— x3+x2

1 (x,y)

D (4)

2 ~ 347, gal

35)
4) (x+y)+(3a-c)

4

+14x

f(x)=x (x*+8x
tXy+y

C:

D+ (b

+y3_a (xl
2

2

2

Xy +xy

3

=X

1f(xy)

,gal =E(4)

~ 347

p:
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C: y' = f(x) = x (x*+8x"+14x"-35)
HE(xy) = X' +xy+xy’+y’-a (X +xy+y’) + (b-4) (x+y) + (3a-c)
p=7,31,37,47,157, 179

UTORE, y=fX)OFEOEEREMBRTH S
C y' =f(x)=x (x"+8x*+14x'-35)
y' = -f(x) = - (x*-ax’+ (b-4) x’+ (3a-c) x+d-2b+2)
p =2~ 347
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B 3.

C: vy =x-1) (x*+1)
det = -2".3°
ORI, AR THREFBRORB (= BER) PHEHSERIZRZS
BENEDLDOTH B,

[p, as, be, Cp, ds]
[[2,0,0,-2,-3], [3,0,-2,0,9], [5,0,0,0,-50]1, [7,0, -4, 0, -26],
[11,0,4,0,-154], [13, 4, 4, -52, -442], [17, -4, -24, -12, 910],
(19,0, 4, 0, -570], [23, 0, -4, 0, -7301, [29, 16, 64, -464, -5394],
[31, 0,28, 0,966], [37, -4, 4, 148, -3034], [41, -4, -56, -44, 4590],
143, 0, 36, 0, -602], [47, 0, 28, 0, -1274], [53, -16, 64, 848, -12402],
[59, 0, 36, 0, -2714], [61, -20, 100, 1220, -19642], [67, 0, 4, 0, -8442],
(71, 0, -68, 0, 53501, [73, 16, 60, 1136, 200061, [79, 0, -164, 0, 180547,
(83,0, 36, 0, -78021, 189, -4, -216, 84, 286541, [97, 16, 92, 1776, 314307,
[101, -16, 64, 1616, -333301, [103, 0, 252, 0, 318461, [ 107, 0, 36, 0, -15194],
[109, 4, 4, -436, -24634], [113, 28, 520, 7700, 960781, [127, 0, 284, 0, 46150],
[131, 0, 324, 0, 505661, [ 137, -36, 712, -11916, 1639501, [139, 0, 36, 0, -28634],
(149, -32, 256, 4768, -120690], [151, 0, 188, 0, 481661,
[157, -20, 100, 3140, -806981, 1163, 0, 324, 0, 524861, [167, 0, 92, 0, -23002],
[173, 0,0, 0, -598581, [179, 0, 196, 0, 60861, [181, -12, 36, 2172, -785541],
L191, 0, 764, 0, 2188861, [193, 8, -516, -584, 1514301,
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[197, -16, 64, 3152, -1028341, [199, 0, 508, 0, 1333501, [211, 0, 4, 0, -87354],
[223, 0, 668, 0, 1985981, [227, 0, 100, 0, -576581, [229, 20, 100, -4580, -150682],
[233, -68, 2344, -56236, 10001101, [239, 0, -196, 0, -3130],

[241, -16, -164, -2032, 160006], [251, 0, 4, 0, -123994],

[257, -4, -888, 756, 3330701, [263, 0, 92, 0, 104061,

[269, -48, 576, 12912, -454610], [271, 0, 92, 0, 139654 ],

[277, 52, 676, -14404, -527962], [281, -4, -984, 852, 4042061,

[283, 0, 484, 0, 1137661, [293, -16, 64, 4688, -209202],

(307, 0, 196, 0, -68154], [311, 0, 284, 0, 34406] ]

C: y' =x{&-1) (x+1)

£(x) = X +ax +bx +eox’+dpx +Hpepx’+p bex +p ax+p’ = 0

p=2~311
° b3
o 15% 6 o
° 8 ° L3 2 &o § o
& * %, °1°8>" 6 % ° @0
° % e, © 00 °
o ¢ ° ° odo % * © o
o s e . alte P e .3
o ° oo&oo& o, :‘ o mofpo o %
o o® A S T AT oo

FRAAPUREIVN RN X3 W ERAL
2% 100 BO Gepo’ % °1p  f5°
000&0%%0 -

°
ooo & ooo _6- °
oo o ° 9 5 LY

Loy

°°8°°°’°%o ;°
o o—15§> ° . o
ZoHE,. FREAERROAKNERCENRFEESON o TEIZOWTIEKRD
5 Th3B,
[2, (x-1) (xX+x-7x-5)1, [3, x*-14x+39], [5, x*(x>-20) ], [7, x*-32x"+128],
[11, ¥ (x-40) 1, [13, (x*-52) (x-2)71, [17, (x+8)*(x-6)*], [19, x*(x’-72) ],
[23, x"-96x™+512], [29, (x*-116) (x-8)°], [31, x'-96x™+1152],
[37, (x-148) (x+2)7], [41, (x+2x-112)°], [43, x*(x’~136) ], [47, x'-160x*+512],
[53, (x™-212) (x+8)71, [59, x*(x*-200) ], [61, (x’-244) (x+10)*], [67, x*(x*-264) ],
[71, x'-352x+25088], [73, (x’-8x-148)°], [79, x'-480x+56448], [83, x’ (x’-296) ],
(89, (x+18)"(x-16)"], [97, (x+10)"(x-18)°], [101, (x*-404) (x+8)°],
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[103, x*-160x*+1152], [107, x*(x*-392) 1, [109, (x*-436) (x-2)°],
[113, (x-14x-64)°], [127, x'-224x*+6272]1, [131, x* (x>-200) ],
[137, (x*+18x-80)°], [139, x’(x’-520) ], [149, (x*-596) (x+16)7],
[151, x'-416x*+36992], [157, (x*-628) (x+10)7], [163, x*(x*-328) 1,
[167, x'-576x*+2048], [173, x* (x’-692) 1, [179, x* (x*-520) ],

[181, (x*-724) (x+6)°], [191, x'], [193, (x*-4x-652)°], [197, (x*-788) (x+8)°],
[199, x*-288x’+10368], [211, x’ (x™-840) 1, [223, x"-224x’+128], [227, x’ (x-808) ],
[229, (x’-916) (x-10)7], [233, (x*+34x+128)°], [239, x*-1152x*+204800],
[241, (*+8x-596)7], [251, x*(x*-1000) 1, [257, (x+32)*(x-30)°],

[263, x*-960x’+100352], [269, (x*-1076) (x+24)°], [271, x*-992x*+236672],
[277, (x’-1108) (x-26)°1, [281, (x*+2x-1056)°1, [283, x* (x*-648) ],

[293, (x*-1172) (x+8)71,[307, x*(x’-1032) 1,[311, x"-960x™+51200]

RETHD,
AR b DT ¥ (x-a), (x+a) (x*-b), (F+ax+b)® OIS EEN S, LTI
EDORLHIETEERREORTH D,
X (x*-a)
[5,11, 19, 43, 59, 67, 83, 107, 139, 163, 173, 179, 191, 211, 227, 251, 283, 307]
(x+a) * (x"-b)
[13, 29, 37, 53, 61, 101, 109, 149, 157, 181, 197, 229, 269, 277, 293 ]
(x+ax+b)?
[17, 41, 73, 89, 97, 113, 137, 193, 233, 241, 281]
B bo0H e 7 EI
D(4):8
[3, 23, 47, 71, 103, 167, 223, 239, 363, 271, 311]
C(4):4
[7,31,79,127,151,199]
T, E@),A4) S@ ARG LRV, D@,CADOHBEBEEOHIT 2:1 Th
590 AWIBIITHLERBEL TR,

Bl X (x-a) | (x+a) (¢-b) | (X*+ax+b)?| S(4) |A(4) |E@) |D4) | C(4)
E%| 18 15 11 0 0 0 11 6

UTRER (= BERETEXOB)OSMKTH D, IRTEZRIIHE
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L7ebD%x, RAXEZT2HRLTEL,
C: y = x(x*-1) (x*+1)
x-ax'+ (b-4) x'+ (3-¢) x+2+d-2b = 0
p=2~3l1

Fre. ROKL., BEREZEHKXOFRK [-ab43ac] % 3 RITEHADO A
EQGLLTERLEBDOTH D,

[-a,b-4,3ac]

p=2~3l11

— 245 —



t10
Y .‘ -
e ey
Y tred -2 "2 4 ¢

$' ;_5

.0_ 5—10

ANREBRBENRLND, LHL, §XTOAAME?OHECHBR LI
SALTNDENI LIAETEED LN TITN R,
EC, FAMEEAEBHBRIIOVTIEROL I THS
X' (x*-a)
1f (x,y) = X+x'y+xy*+y’-a (x*+xy+y’) + (b-4) (x+y) +(3a-c)
=k (x+y) (xX+y-h) =0
(5, 11,19, 43, 59, 67, 83, 107, 139, 163, 173, 179, 191, 211, 227, 251, 283, 307]

(x+a) ' (x’-b)
[13,29,37,53,61,101,109,149,157,181,197,229,269,277,293]
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(x*+ax+b)?

[17, 41, 73, 89, 97, 113, 137, 193, 233, 241, 281]

D(4):8
[3, 23,47, 71, 103, 167, 223, 239, 363, 271, 311]
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UTOBSE, BERESZEXNCET 24 ROBBE-VWTTHSD, B

2 O f(x) DFn
f(x)+f(y)
Thd, ZOLIRERRABEANSMABENINDONEBMIEIOTH
BRREMBENPELVHAERETINBENTH B,
x*(x*-a) l
f(x)+(y) = (x+y") -a(x+y’) + (b-4) (x+y") + (3-¢) (x+y)+2 (2+d-2b)= 0
(5,11, 19, 43, 59, 67, 83, 107, 139, 163, 173, 179, 191, 211, 227, 251, 283, 307]



(x+a) *(x*-b)

(13,29, 37, 53, 61, 101, 109, 149, 157, 181, 197, 229, 269, 277, 293]
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(x*+ax+b)’

(17, 41, 73, 89, 97, 113, 137, 193, 233, 241, 281]
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D(4):8

[3, 23, 47, 71, 103, 167, 223, 239

363, 271, 311]

>

C(4):4
(7,31,79,127,151,199]
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Fll., Fzb=7HEIN
C: y*=x(x*3) (x™6x*+9x’-3)
det = 2°-3"
IOBITH, BESERETRTANTH 5,

(p, @, bs, Cv, ds]
[[2,0,-1,-1,-4], [3,0,0,0, 0], [5, -4, 5, 20, -801, [7,0, 7,0, 0],
(11,0, 11,0, 0], [13, -6, 13, -78, 4681, [17, 8, 20, -40, -410],

[19, 0, 76, 0, 21661, [23, 0, 23, 0, 0], [29, 4, 29, -116, -4641, [31, 0, 31, 0, 0],
(37, -8, 28, 232, -2378], [41, -8, 41, 328, -2624], [43, 0, 43, 0, 0],

[47, 0, 47, 0, 01, [53, 16, 164, 1072, 74141, [59, 0, 59, 0, 0],

(61, -10, 61, -610, 61001, [67, 0, 67, 0, 01, [71, 0, 284, 0, 302461,

[73, 24, 364, 4200, 397501, [79, 0, 79, 0, 01, [83, 0, 83, 0, 0],

(89, 40, 596, 3832, 175421, [97, 18, 97, 1746, 31428],

[101, 20, 101, -2020, -40400], [103, 0, 103, 0, 01, [107, 0, 428, 0, 686941,
[109, 24, 220, 3336, 525661, [113, 16, 113, -1808, -28928],

[127, 0, 508, 0, 967741, [131, 0, 131, 0, 0], [139, 0, 139, 0, 0],

[149, -20, 149, 2980, -596001, [151, 0, 151, 0, 01, [157, 22, 157, 3454, 759881,
[163, 0, 652, 0, 159414], [167, 0, 167, 0, 01, [173, -4, 173, 692, -2768],
[179, 0, 716, 0, 1922461, [181, 72, 2524, 56664, 8961181, [191, 0, 191, 0, 0],
(193, 14, 193, 2702, 378281, [197, 8, 20, -2056, -67946],

[199, 0, 796, 0, 2376061 ]
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C: y = x(x-3) (x"-6x'+9x’-3)

F(x) = x*+ax +bxX +,xX +dox " +peX +p’bx +p ax+p’ = 0

p=2~199
o JEE, Re
@ 12 ey
¢ 10 00 g <
< <
o ¢ o% @ S
o% LR s o S oogo
°%e 3 °® os° N oog < *
< o%% 0 o
° o 4 '
o ¢o0? ¢o 00 o ®
¢ ® o Fo 80 °
& o ° ° o
e 3}6 o $
- _E¢ o
. 0 5 o°_f %?%%o g 10
o 09, 00 °ge <
o 90 0 7% o Y
O L - o oo%
< o§ < L-243 <&
LY R d Z < "60 LN 3 K,
o8 o o ¢ o9
< 38 P ¢
% s ¢ 2 3
< —10 3
<,
° 2 N
LI
~14 ¢

DigE., REFEXOEZSMBIKROLD TH 5B,

[[2,x-9x‘+x+12], [3, x-12x’+18], [5, x*+4x’-15x*-80x-2807, [7, x'-21x*-588],
[11, x*-33x%-24201, [13, x'+6x’-39x*-156x-35881, [17, x*-8x*-48x’+448x-11392],
[19, (x’-228) (x*+228) 1, [23, x™-69x°-232761, [29, x*-4x*-87x*+464x-47560],
[31, x*-93x°-57660], [37, x'+8x’-120x"-1120x-76304],

[41, x*+8x’-123x’-1312x-137104], [43, x*-129x’-155316]1, [47, x-141x>-203228],
[53, x'-16x-48x*+1472x-9083201, [59, x*-177x°-403796],

[61, x'+10x’-183x>-1220x-4404201, [67, x*-201x*-592548], [71, x*-2822960],
[73, x'-24x’+72x*+1056x-38291041, [79, x*-237x>-9735961, [83, x'-249x>-11297961,
[89, x*-40x +240x’+6848x-9408448 1, [97, x'-18x'-291x"+3492x-1775100],
[101, x*-20x’-303x’+8080x-2080600], [103, x-309x*-2164236], [107, x*-9708752],
[109, x*-24x’-216x7+4512x-5151312], [113, x*-16x’-339x*+7232x-2889184],
[127, x*-16258032], [131, x'-393x’-44618601, [139, x*-417x*-5332596],

[149, x*+20x*-447x-11920x-66310961, [151, x*-453x’-6840300],

[157, x*-22x’-471x*+6908x-7614500], [163, (x’-5868) (x’+5868) ],

[167, x'-501x-9259148], [173, x+4x'-519x*-2768x-10298344] ,

[179, x*-45626384], [181, x'-72x’+1800x’-17568x-164415888],

[191, x'-573x*-138627801, [193, x*-14x’-579x*+5404x-14265788],
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[197, x*-8x’-768x’+6784x-15426881, [199, x*-627279841]
A7 D
[19, 163]
[19, (x*-228) (x*+228) ], [163, (x-5868) (x'+5868) ]
B bonr a7 #EE
S(4)
(2, 5,13, 17,29, 37, 41, 53, 61, 73, 89, 97,
101, 109, 113, 149, 157, 173, 181, 193, 197]
D(4)
[7, 11, 23, 31, 43, 47, 59, 67, 71, 79, 83,
103, 107, 127, 131, 139, 151, 167, 179, 191, 199]
C4)
[3]
BTGB BEEEFEROB) oMU TH D, 3KRTEMICHE
Licb xR L TE <,
C: y* = x(x*-3) (x-6x"+9x>-3)
x*-ax’+ (b-4) x’+ (3-¢) x+2+d-2b = 0

p=2~199

R EARAS  F I AET B A EICEQRBE THM LTV BT 1A
5.
AT, HROBEHAHRICO D THKOL I THS

&



(19, (x*-228) (x'+228) ], [163, (x’-5868) (x'+5868) ]
Hf(x,y) = xX'+x'y+xy+y’-a (C+xy+y’) + (b-4) (x+y) + (3a-c)
Z O%GE RS M BRI
(y+x) (x*+y) =0
ELRALERBRICHEELTLES,
S(4)
1f(x,y) = X+x’y+xy’+y’-a (K+xy+y°) + (b-4) (x+y) + (3a-c)
(2,5, 13, 17, 29, 37, 41, 53, 61, 73, 89, 97,
101, 109, 113, 149, 157, 173, 181, 193, 197]
AL, 2O R2]ZELRVLORESNH D,
[5, 29, 41, 101, 113, 149, 173],
[13, 17, 37, 53, 61, 73, 89, 97, 109, 157, 181, 193, 197]
DD Hhi b,
S(4)
1f(x,y) = xX+x’y+xy’+y’-a (x+xy+y°) + (b-4) (x+y) + (3a-c)
[13, 17, 37, 53, 61, 73, 89, 97, 109, 157, 181, 193, 197]

e
—Eron T

=

(5,29, 41, 101, 113, 149, 173]
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F————

L DOMABBRITT T

x2+xy+y2 = 4,‘x2+y2 =3
DARBEXET D, . ZTHHORFAEZBY (22 ICHNET H/HEH
X+xy+y’ =3
FICEERBROG ZEBICODANRGH LTINS, I, RIOHFK
BOTZ7IAFBICAETIAELT “BARH” RxTwiEbon—
DOEETHA I,
D(4)
HE(x,y) = X +xX’y+xy*+y’-a (x’+xy+y’) + (b-4) (x+y) + (3a-c)
= (y+x) (x+y*-3)
[7, 11, 23, 31, 43, 47, 59, 67, 71, 79, 83,
103, 107, 127, 131, 139, 151, 167, 179, 191, 199]
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[71, 107, 127, 179, 199]
DBESITRERAIZHEEL TV,

4 WOXMBHBRITITEE xf bbHd, ZHIZOWVWTIE, BlEdiT2aro
EBRERBRHFATREMRTHD, TNODEFOBRN, Ve THOEE
ODRBE LTORFBIZAMOIEEL > THBEBHL TERLI LIZEL, $5K
ThHORBLHBEVIBRETHS, LrL, BHIITERVL-

2. FREOZHIEALER
IO T, B 17T AEFELESURT T LQ006) pllT REOLZ
ATl A~T- | BHROZHIEA
a*b = b"a
DELEIHRSTHEKIZSDVWTORE THD, OB
f(x)=e*(x/(e*1)) +log (¥ (e*-1))
EVnS . BERTHD, I,
x/ (e*-1)
ANV =S BOAREE ERER) THD, (B EEETHDZ LT
e' (x/(e-1)) +Hog (x/ (e*-1) )= - (x/ (e™-1) ) +log (-x/ (e*-1))
Thd, ZOFEHEFIT
e (x/ (e-1)) +e* (w/ (e™1)) = log (-x/ (e*-1) ) -log (x/ (e*-1) )
LEMETH D, 2O FBREAKTRERIN-HBOEBIIIMTTHA D h,
Eiaix
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e (¥ (1)) +e™(x/(e*-1)) = e* (% (e"-1) ) -x/ (e*1) = x (e"-1) / (e"-1) = x
PRl
log (-x/ (e*-1) ) -log (x/ (e*-1) ) = log ( (=x/ (™1} )/ (x/ (e*-1)))
=log (- (e-1) /(e*-1)) = log (&) = x
THY, MBLEBICEHFEIxC>TN D,
ADOEFRBIZE-> T, ZOFXPMAIZL THLPNTZONOEHE WS,
X =y
WRAWT, y=ax EIRET S, BRVOEKHEND.
x'=x"ax) = (ax)x =y
THYH, ->T, JAHE L ->T,
ax-log (x) = log (ax) *x
THDHMN, xz 0 THDINbD,
a-log (x) = log (a) +log (x)
L, o T
(a-1) log (x) = log (a)
ThD, logla)=u B L, a=e"ThHD, DEY,
log (x) = log (a)/(a-1) = w/(e"-1)
ERBH, T, BEIZ, u ORDVIZ x ERTH, NAX— A1 HOBEK

x/(e*-1)
BEHTLEOTH D, hid, FEBITE xcot(mi) ROTH 5,
Sl 3 oF R
log (x) = log (a) / (a-1)
AN

x=a’\(1/(a-1)‘),y=ax=a'a"(1/(a-1))=a"(a/(a-l))
Thd, £lo, RO LB b,
xty =ar(1/(a-1))~(ar(a/ (a-1) ) )= a~ (1/(a-1) -a*(a/(a-1)))
= a(a*(a/(a-1))/(a-1))
y*x = a*(a/(a-1) )~ (@~ (1/(a-1) ) ) = a* (a/ (a-1) -a*(1/(a-1)))
= ar(a* (a/(a-1) ) /(a-1))
mhH, BETHBER Yy =yx Lzo T35, B,
f(x)=x"(x» (x/ (x-1) ) / (x-1))
. BAEKEX

e . 2



f(x)=f(1/x)

EBMETOHIOTH D, £, logfGIZHOWVWTREFTIWVWTHAI,

log (f(x)) = (x»(x/(x-1))/(x-1) -log (x)
S (IEN |

log (£(1/%)) = x* ((-1/x)/ (1/x-1)) / (1/x-1) * -log (x)
= x M (1/(x-1))/((1-x) &) +-log (x)
= x"(%/(x-1))/(1-x) *-log (x) = (x"(x/ (x-1))/(x-1) -log (x)
WL THEED, T2,
log (log (£ (x) ) )= x-log (x)/ (x-1) +log (log (x) / (x-1) )

Tbh b, oT,logx)/(x-1) DRV IT, IR —A FHORFREE /(1)
HET2REALBS &

log (log (f(e") )) = xe'/ (e*-1) +log (x/ (e*-1) )
., BEETHDLLVOHEIIRLZDOTH D,

ST, RWOHE

MO EE S BT
x=a’(1/(a-1)), y = a*(a/(a-1))
DEELARBETH A D,
x" = (ar(1/(a-1)) )~ (a* (-1/(a-1)) )= a~ (1/(a-1) -2~ (-1/(a-1)))
=a™(ar(-1/(a-1))/(a-1))
¥ = (M@ (a-1))) A (@ (a/ (a-1) ) = an (a/ (a-1) -2~ (-a/ (a-1)))
= ar (a”(-1/(a-1)) /(a-1))
IhHORITHREL L,
g(x)=x"(x*(-1/ (x-1))/(x-1))
el SR
log (g (x))=x*(-1/(x-1) )/ (x-1) -log (x)
log (log (g (x) ) )= -log (x) / (x-1) +log (log (x)/ (x-1) )
THbH, ZOHE, blogx)/(x-1)DRHVIZ, _RAX—A FHOFEKK
X (- ERATB L,
-log (x)/(x-1) +log (log (x) / (x-1) ) = -x/(e*-1) +log (x/ (e*-1) )
Thd, RPOBEE L ROBEII
log (log (f(e*) ) )= xe/(e*-1) +log (x/ (e*-1))

— 258 —



log (log (g (€)) )= -x/ (e*-1) +log (x/ (e*-1) )
ThHd,
log (log (f(e) ) ) -log (log (g (e ) ) = x (e'+1)/ (e’-1)
20 OB L BB ,
x (e+1)/(e*1)= x (e™+1)/(e™1)
ThodHh. logllog(ge))) bBEKTH D, ERICH
x/ (e*-1) +log (-x/ (e™-1) ) = -e*x/ (e*-1) +log (e'x/ (e’-1) )
= -'x/(e*-1) +x+log (x/ (e*-1) ) = -x/ (&"-1) +log (x/ (e"-1) )
ELTHENLrDLND, v
x/(e™-1) +log (-x/(e™-1) ) = -x/ (e*-1) +log (x/ (*-1) )
AW/ S
v x/ (e*1)+x/(e*-1) = log (-x/ (e*-1) ) -log (x/ (¢’-1) )
BHELNLD, TOHBED v
x/(e*-1) +x/ (e*-1) = -e*x/ (e’-1) +x/ (e*-1) = x
log (-x/ (e”-1) ) -log (x/ (e*-1) ) = log (¢*) = -x
ThHd,
e'x/(e*-1) -x/ (e-1)=x (1) /{e-1) =x
(x/(e™-1)) /1 (x/(e-1) )= ¢
mE. BRARBEBRTH LN KO REKRTH D,
log (x) = log (a)/(a-1),
log (y) = log (x) +log (a) = log (a) / (a-1) +log (a)
= log(a) (1+1/(a-1) )= a-log(a)/(a-1) = a-log (x)
BE- T, xy OMIT
y =ax, log(y)=a-log(x)
ZRBIZHMET D, 2E D, 175X
Xy
log (x) log(y)
H0THD, ZOXIIZLT, BaRENL, THEATENSE
x-log (y)= xa-log(x)=y-log (x)
NENND,
log (x) =log(a)/(a-1), log(y) =a‘log(a)/(a-1)
ROZODELIT L LITBERTH DN,
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log (log (f(e") )) = xe*/ (e*-1) +log (x/ (e*-1) )

log (log (g (€9)) = -x/(e*-1) +log (x/ (*-1))
IhooMbLEEETH D,

log (log (f(e")) ) +log (log (g (€9 ) ) = x+2 +log (x/ (e*-1) )
ThiT, E#E
x+2-log (-x/ (e*-1) ) = -x+2 - log (xe*/ (e*-1) ) = -x+2 (x+log (x/ (e*-1))
= x+2-log (x/(e*-1))
MobEIPDOND, DFED,
x/2+log (x/ (e*-1) ) = log (xe**/ (e*-1)) = log (x/2- (1/(e”+1) +1/("*-1))
AEERTHEEVI LT ERL, TORBOMS AR TH B,
8= ¥rN: O A =
(x/(e-1))" = ((e-1) -xe) / (e'-1)?
ThHoHNb, _
log (x/(e*-1))" = ((e*1)-xe")/(e*1)* (1) /x = ((e'-1)-xe)/(x(e"-1))
= 1/x-¢/ (e*-1)
2 /N
12+log (x/ (1)) " = 1/x+ ((e*-1) 2-€) / (e*-1) = 1/x-1/2- (e"+1) / (e*-1)
= 1/x-1/2* coth (x/2) = 1/x-1/2 - (€"+e™?) / (e"*-e™)
£z,
x/2+log (x/ (e*-1) ) = log (xe**/ (-1) ) = log (x/ (¢"’-€™) )
THdnb,
-x/ (e™-e**) = x/ (e”-¢**) = x/sinh (x/2)
NBEEZETHEIIELANTH 5,
xeY (e-1)=x/2+ (1/(e™+1) +1/(e”-1) )
xe™/(e*-1)= -x/2+ (1/(e”+1) +1/ (e™-1) ) = -x/2+ (&"/ (e"*+1) -¢**/ (€”*-1))
= x/2+ (-1/(e+1) -1/ (e"-1) )= x/2+ (1/(e*+1) +1/(¢*-1) )

b, _

(x2)/ (e+1) + (x2) / (€-1) )
DEIRRRLTHDE, IV, FEHZEIANV XA KO BEH2D
Thd, RYOBEEIZONT, ’

x/ (€-1) +log (x/ (e*-1) ) = -x/ (&’-1) -x/2+log (xe**/ (e"-1) )
= -x/2 ((e1)+2) / (e*-1) +log (xe"*/ (e*-1) )
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= -x/2- (e"+e™) / (e-e™") +log (x/ (e"*-e™))

TEEBETHI I LOEEMLRRBETH D,
ROBEIZS>NTH
xe'/ (e*-1) +log (x/ (e*-1) ) = xe/ (e*-1) -x/2+log (xe™/ (e*-1))

= x/2 (2e*-(e*-1) )/ (e*1) +log (xe**/ (e*-1) )

=x/2+ (”+e™) / (e"-e™) +log (xe*/ (e*-1))
THY ., BT 2 (™) /(NIRRT IBHFEOHTH D,

log (xe”*/ (e'-1) ) = log (x/ (e”*-¢™*) )

X
~20 -10 0 20

X2, x/2+ (e +e™)/(e™-e™)

101

—2IU"' -lIU ' 0 ﬁj'ﬁJr.ﬁﬁZb
X

ORI, X2OFEFIZLIVELE S L TS,
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3. BADMHEE
KO b O EAE— KA Aperiif & LT, M+ I F— 20093,
vol48.10.3.570 DEFFEED F2RTRI Z L) WRBEN—T LB,
IR NI RERITBRICZS DO ABMIMIZBTNB LB B, ME
DEXRBIIRMOAIEELZBFATVLIDTIDHEEY TRNMT 5,
F3iE. 2 EXFEK (double logarithm) . log’(x) = log (log (x)) > Bf% .
x-log (x) *log(log (x))' =
B DV IE
[dx/ (x-log (x) ) = log (log (x))
PHREDOH L LTEBTDHLEVIBRTHHAKENEE-NLTHD,
ZORBRIEIA A F— DGR
0 = 1+e" (mtxi)
DELIEZBVEZZIELILDEFATVLEHLERLUEZRTH S,
BA#E—fKo
“BEFfOFEFEFRE"
(square prime factor of factorial sum problem)
X
S (n) = OM+11+2!+---+n!
BHABOFEFEFELONEILEMOBMBETH D, Hlxi.
' 2IS(2)=4
THHH., THITEETH D, 2009.02.13.10:50 (2
54503’|S (26540)
BROWOTDT M b —23FETHZ LITHBA LN, HEIZX.
BREFETIOTEIROAETFRL TS, LiL, ZHIT.
log (log (n))
DFEY . nEH DL exp’(n) = er(e™n) DEEEH
2,15, 1618, 528491311, 514843556263457213182265,
28511235679461510605581038657982805983853648817939444953417128836
Lol oder D (BRED)HZHTHAS LI TFRTHD, b, B
B, % 2 @B FA (Shiraishi number) X RO 277455 L#FEL T3S, =
DENEDEIBRETIOWMIZEZTLINRELATHDS., (&l F
BIILIELIZBTHS)



HEOHS L L TE, s(n)=S(n) modp &
a=1:s=2:forn from 2 to p-1: a:= axn mod p: s:= sta mod p
X > TEEL
S= {[pml:n<p,pls(n)}
EEL, FLT, SORXIZXFLT pis) 7 E 5 M check T35 L5 FHit i
ko7,
TORIEn = 2 ~ 6000000 (Z-2V T 1000 B Z DR BICBT 5 FHIC
XD S DB
#S=#{[pnl: k-10° <p < (k+1) -10°, pls (n) }
DETHD, MO T 7 TRIRIINTVHDIX
y =10¥log (k- 10°) , k = 1~ 6000
ThbH, ZhiE., sn)=s(n)= S(n) mod p A log(p) DEEITLLAEIT 5 &
RELEEZED S OB EINLBHETHD, ZORMLHAKLEFIL T
HZEETHRTEBREES,
#S =#{[pn]: k-10° < p < (k+1) - 10, pls(n) }
y =107log (k* 10°), k = 1~ 6000
160

1403
1201
100

Y80

o’ {000 2000 éoEp 4000 5000 6000
FHCBETIFEL SOFEEOBEE £, RCARBEL-T
1/log (x)
THHZ D, EFELSOnETORBRENEDOL ) THLMRKN
bd, W7 77, 1000 T OFEFOEL S OXOBEHITHOVTHER
DEE?»L S DEHEEFI LD TH S,
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4000 5000 6000

=200 1

-400 1

-600 1

~800 7

BrE LTE4P-)IZRIZZRL LD ZELC LT 525, 3000000 2 Y TH=
BEELERBLHDINORERRRERITBTIETLL I,
(T4 B&E

4 (Pr-S) I EREIFFLEZR D
FRELTBEELL), ZOFRORKEROINGFAENLENIEHAT
bHb, ALHNADI S5 7%, nDRbIZ 0B xT

(v, #(pr-S) [n])

ELTETRLELDOBRROLDTH D,

-200 1

=400 1

=600

1
-800 ]
]

LTORIZSP)DEICKH LT x mod pP BHEFTERVTIHTIZRD LD
% 6000000 £ TH~THbDTH 5,
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[[2, 01, [5,21, [7,1], [11,3], [17, 2],

(19, 81, [19, 41, (19, 51, [23, -81, [31, -8],

(37, 5], [41,-6]1, [211, 2], [233, 6], [313, 81,
(379, -21, [397, 41, [467, 4], (487, 4], [743, -4],
(839,91, [2213,-1], [2957, 2], [3359, 2], [3919, 4],

(7547, 11, [12511, 3], [13913, -6], [23117, 2], [34267, -1],

(49999, 61, [54503, 01, [79657, -71, [94613, 91, (189491, -8],
(191353, 81, [204557, 27, [288359, -91, [1330997, 31, (2018957, 21,
(2103083, 31, [2646983, -7], [3892379, -4]1]
EETHBEEFETD, 9~ 99X 19BOIXLKD 25, random & RET

HEODHBET DATREME
43/19 = 2.263157895

THo, BWEIZ. p =2, 453D 2B RO TWB, LTOLDEH
HOIBIZRZ LEZbDOTH A :

[0,2,1,3,2,8,4,5,-8,-8,5,-6,2,6,8,-2,4,4,4, -4 9, -1,

2,2,4,1,3,-6,2,-1,6,0,-7,9,-8,8,2,-9, 3,2, 3, -7, -4]
WOLDFFNZsot LD THD,

[-9, -8, -8, -8, -7, -7, -6, -6, 4, -4, -2, -1,-1,0,0,1,1,2, 2,2, 2, 2,
2,2,2,3,3,3,3,4,4,4,4,4,5,5,6,6,8,8,8,9,9]

T, HERIT

tn| 0 |1 |2 |3 | 4|56 |7|8]|9
+ 1212 814512 2]0]3]2
- 21110}, 2 00212 2]1

Thd, 20X 8ELEBLTVD, BFEHFIABEVHEAREZLOLOMRH
DDEHI . AELIZ DO, EOMEREA 1000 RiFDO H D Th 503,
[[1,713], [2, 2981, [3,94], [4, 24], [5,3], [6, 0], [7, 1], [8, 1], [9, 0]]

NEDORTHD, EROREVHDIZHOWTEEY S &

[4, [-855, -681, -563, -525, -423, -302, -61, -52, -38, -32,

3,15, 28, 41, 54, 68, 112, 115, 135, 152, 175, 194, 385, 46411,

(5, [-29, 4, 26411, [6, [11, [7, [-51]1, [8, [211, [9, (1]
DESITHD, ZOHETH 21X 8FE, S1 T 7EHRLTWD, 6 ED
LOWREEET, SEOLDN[-29,4,264]1 DX H I3 AGFET S,
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E5E:]
2,-SLIEFICEVWHBRILEEZ L 2D TH S D Dy,

2 % 3K
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