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SRR -EN RERRARE T FRMESE RS B ER B
AGER TR OHE HAK S ENFER Svlow EEF B abel BEEVEEH  F b B
B CES EEER B MRS FHEN REANKRKER AR
Bt M - TR R CER BB LR B IR Galois FHHE R
A YK R A G R A RIS BT KR B R
MP L MPELY & ARTE SSEHE ABEHREETE, S RMA
AR SRE R

ALREGERHIMTRBENE IUE L BHRLEHMNH, B4 MR
Sl mEOFEEE R 2EF B SRR NBEROECEA
BN -PENRK EEER AR EN RS

A B ARG KA B TR K MR B R 0 & phh A8 (e i
REOBREAOHM A FEARFTHENBE THEREATHIT AN S 55,
Al B R ROR M E A

e ——————— . B R AR e T R T W S g e e
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EHHE B MRS A A T H BRI, AR R &)
MR HET NS R(PEAREMREENE), KT A
AR I B R SR AT B AT B IR FR B9 K AR B S R
pifb. A TP TTHET R EENGENGE  BREHRAE
WP AN RS R A B A AT BURGE R TT A A ¥ L G R i
AR NG T Td . S RALTWER LR
Troh, A R AR AR R IR A T A L.
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WERBERAREKFW - NEEL X, C2EAHREHREE
MW EHRBEENES) URAERXRLUEMFREFZE N B4
(A AH) HEREYAREKE ARYEZ ARALFE U ENLR
¥ ARARE URFHFERBTEST EELERPHAT T XS4
EEHR BEARBATHERSHEEZL R MEARBERELE R
ARFRFRMETEBRZL - oA HFXITRE? EERE A
DO ERURALTAERFAHEMEARBT RN KL, 2002
ERFFUAUFBEFR 205 F L HBMEARERW R EE
BRAR FEHEEEUTILFEHT — L 2R

BEANR MEFL RIMABEHKNERB AL KA LK
HERBWHY NS FEHDBEEEAPEARS ZHAE, HAL
HAEERRAENAR 2 HARZE . 4R F X . £2F
BYKEREGRM, A TE -—FHALENETL . F-FENELE
BEA S _SWILEEA F-ENTARBYRKRE RN,

ENTHNER, BSHMIRA RNES FF, AT EEMK
Ml THERA BEBETUAREEAHE, #TUAXSFENL
W BTUAERHEREFEETARARE BFEF -F 51,
RITHTHNERNGA T EERIRE T REFHEH T, AF
ANRTEHE, —ERE B ARBEACHERES XERNEN
EAYETUASPERRLLARBHEAMEABARE L R
NAEERitF A pEMAHEL L MEERBRAH R, Bk
¥ -z S, RNARK - REERE U, WRERSH2HAXH
Z, Wik BemE R, I H T HORANNBSZE EAENTH
—FRETBEE S ER B LA EE - o REXRBER S Z,
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WAk BRI BN AEX - Y ERAT T ANBEGEEE AN TR
B MR B R 4 M AEE I a7 abel B, R AT M T B E R HH
RIERT 2, }XZ, REHBES BN L (m,n) =1, AT LR H
7,2, REEMTZ,, LWwEE -F§3,HNHFTRAEEY
BAREXRPLELRGZE BHE B HRMGM S WA §4, 810
AT RBEEBA Galois R EREARE T, ROAELH LA
WA UEAEZAANERAN AL 6T 4L 08—
FWHNEERLRS Y, F_EWAEEGR 6T . FZFRAEES
RT 3%, ERLEE. _

BASHE, AERERNEZ RIS TEENHRABELHZ
MEAFENREE. B, EE—-F 4, ROAERNZ A EE %
ERBHRX -—BBEHAFTHER IHETHARANBA £ -F
SI,EMMK 20y FHIHWEREC TARERET 27 +5°-1=0
520y FHz=0MR, XTHERAEEMLRE 2+ +22-1=0 5%
EEE 2+ - 1=0WXEE 5 HEEAEE2 CHHIA 3T
LEAKEFTRARBES [ FL oW [ R FREHE, AR
W B EE RS RN TEENEE, AR A KH
FOEBTRAENER . RAEHART. ERTIPHNTEHRFLERX
BEF WHAHEBINABEEATENER IR XBREE
EoMEES. Awas—F§T,RNELFENEALAIN
BSHabel BA SO M A FEMHN LA, F HX L abel HARAMT
EHBAEET I NEFRBNER, RGN . EAR bl BE T &
ARG BE Sylow BF-FEEFEXMAIEPE N TR
abel p~ B M AW abel p - HHEHER M, KN TH
AMEHAE FEHFTRANMABAZREEABE RN HKE T HIL
W

LEXEETERM(D)(NABFRYBRENRERNE,EZ
BA—ANENEE 548851 (NP HERBERAFRFLRE

&y
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REFENLER EZANFH EFAZETEEARFREYR
AHAERBZHERAERS , A THARBRRSFEARK(D (IHH
BERNBETRERH SHEHFREN(EFARE(EM . TH)HAT
THIT. R R AT THEARESE - A ARNHAE . AGK LR, &%
RE(DHHABEHARBNAEB > AELE 2B FEA 7K.
BE K Ly THFRANMEZNK EHENERE K 3K M4
MBS (BT, Ae= Ae) BLJLEHRZE R EHENAERS X EEW
HUURESHBEEMBFETE AR SERNGR FERE
(MABRSART(FEH TS AXAHER), NBHE m # 1 £
7, PRy HAEL 7, WAHWHE AR RERE LI
SOREAHE B el RE A (AEEAETRMAEE
) BHEBNAHZ(EFRLERZR . BEE URERE
EAEREEN) MERRHSHNEN ANEH BT KELE
B NS HEXZAAFHARKRRER N - DHNLEE.
HNE(BERB(E R TMINELESS FAMITH T QL]
AREFRABMFE EATE-PARKTOHAEFHMAT L%
~HABR QLA AMAREFARNMER IHKNERASNE
—ESed FALRERREGHBL 2P E-DPREATO
WARE SR DG~ 2 BRZ T Aw KRR SR oy A
WHHHT Zio B -ETFHEES, D EX HH R 4E
BLoERIEH 2R EHENRN T E AT A TR THRE L &
BIRR -8 AANR[AJEEEHER BHETRFE TR
FwE HTHEHERKESHEARMRWHFRNE N BN, A A
FHEMWMEELNER.

AEREFFENFPBEFR RN AAFZ-NREFIRE
G ERAERKERE R EARF E, A AITRE AR
O THAEEAY L AR FNEE T HEARE T AR E A
BamBdyr R RINEAFOEETABEN - ABERLAR N



EHEEHT BRAUBAXA BT RAY, HTRE, BLHEEHY
PR R R U R R AR EHATEN A A
EHEBEURTE BAENHIAENLE NTELEEFHARE
RAKERF ZREEFEEFAN IR ANEBRHFEET X
WR,TUEFENFRE BE, A1 BMA B F4 B aT sk
B,XAHTHRNESER A THEBE.
AHhE-FHRET IR, FAMAIAARTRER.
AETHENGEARE BIHAFNMERBEARFRHRK
BOHERBOBRBOEM. H " "5t Qg B A AT H
MABETEARFER, BEXBAEEACE.
hERMARNREREANFRT , AAFTHRE LR
BT F8wFs.
EHEBRMHK L) A EFARAFRIEZREL.

f B
FhERE HKFHFFER
2003 % 5 A



§6
§7
§8
E_E
§1
§2
§3
§4
* §5
§6
BE=ZE
§1
§2

BRI SR G DR B RE , 1 (ARE , 6 B RE , X PRBE

HREAE, N ER - :
PERIR S  IERLFBF, B RE, AT AR RY -

EHH -

A BB abel BERILE

W26 ORI B, PR AR

AR KR A PRI A -
RECBOUE AN Galois SR HIH & -
e

YK o R A PR AY S5 #  IE LK
AT A A AN SR I K

HESS EMEH BYARSE, E—BETF

- (1)
- (11)

T #, B %, Lagrange @ 3, IEHFBER TRE oovveeeer
. (4())
< (50)

(25)

- (66)
Sylow GEHE «reereersereeeernit e e
- (92)

(82)

(102)
(114)

cesracrersser s ues aas (114)
- (134)
- (143)

M — lﬂ?ﬁiﬁ#‘%ﬂ CEHEE R MULESES -

- (171)

- (185)

(123)

(156)
(171)
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§3 AR ILZE I TR oo e e e s (195)
SITMEIRBTEER v e (200)
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HARMBL AT, XMW, SRS L, 005 8
FoAEA XTFRAE WAL G
fnfar B BT FR 1 (symmetry ) ?

i

B KR EZEL SN=ZABUEE=AF (ENESK
A FERA X PR E IR R A A7

Fo-1

EE MRS LA E &N MR R T L
Ghe %R MR ENSEACESHEIE. BR, ¥ i e % r i
B RAE AR

% M (equilateral triangle) BYH .0 O, = %5 ErE



2 sl

Oflf

FOPAFER AR 0o, 0 WISPEL BT £ MRS o IR =M
BRSEHCESMEE,: = 1,2,3; FE LSS O WEMAT A

20 S R 000 DRI AR | RAE TR

FE b (REEAH) WIER (&) & # (R EZ®R
(isometry) ), MR P HE(K=ME) BE r TS EACESHWE
B, WA EE (R) BHMEETE I #35R(1) T

EHEE S FH AR ERECER 6 H—-F AU
W, HATX 6 4. K, FEZAE (EHRESRAME) KK
(W) BHABRERAS RITARTUR . FA=AEILFE=F
JE BB A X R

RO EH = AEHIAXN ) EHRHAR—MES:

G =1{l,060,0,,7,,73,73}.
FATHE, FEERAERLGR) ZHROFRBMHRBER(R) EH
HmBE e EEL=ARLERSEACESNEE, BAENH
RBGAXMER. H%n ZABAEERA R ZHRKER
UL R ERIMFR(E) 8. MIES G X T HET A REE W . ML
B RERES G EH—N(ZD) REEH .

— i, S EA SEHATE RILBS x SEIS H— 1A,
HHS LW— M —TRYEE, FHRHK S BB,

HMFE S Rk ESESE At LAES ¢ LR E

CECCR:S

GHHESEERI I S56FE—nEHRB(ERSA ) &%
FHATEAD.

EHEL,GCHENEREE P TR AW, 07! = 0010 = 1,
i =1,2,3.

Wb BT LA R KBRS E T RATH A TR
W1l WO EANESESMEEGCLEEXT T HE



sl 8 3
WOEE MR RNEDE CHE ob , FHEE ST &M
(D) XF GHIEETEa. b, A
(ab)e = albe) (B5ETH); (1)
(i) G PP TRe ER
ea = ae = a, Ya € G; (2)
(i) MF GH{E-tHa«. BE GP—1xEo, #115
ab = ba = e, (3)

W2 G #K—4 B (group) .
A, G PHREQ) XMITTER ¢« ZME—W.IFe ZHGC KA
I 7T & (identity element); & F G F It Ea,G PHR ) XKML E b
JEME— )RR b o B TTE Ginverse) ,1CHE o 1 FREG) AT UE
K
aa ' = ata = e. (4
N(4) RBE, o WERERE o, (") = a.
BEGMEBRTURNINE, IEfEa + b, NG FERN
(¢ +b)+c=a+(b+c¢), Ya,b,c € G;
WAL EMRAELER,ICH0;a WHETEIF Ha WHAITHE LW - a.
MR G MIBEEEERHRE, IMET G FEETRK b,
11 ab = ba JUFR G R 3TIREE (K abel 5).
M BT R L S = AT BT A AR (1) B A £
5 G, Xfﬁ‘:ﬂﬂxﬁfﬂﬁﬂ_@%lﬁﬁ“/\ﬁ fﬁ%mmﬁfﬁjl&ﬁﬂﬁ
{@V‘Aﬂ ﬁt.(,.%'@ﬂ; r E’Jﬁﬁ(('&) ﬁ(sy.mmetry group).
FREW, #’?TUFHHU’*;XTW&

.....
.............

WJ!ZD ﬂlk,’i T A %ﬁ%ﬁﬁ%ﬁimxxm%%ﬁ%%i&ﬁ,ﬂu@
0 - 23 HU R H LA X Bk B R AR B BE L TR 0 - 3.
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NNZNZNZNZNINY,

INZNNNNZNIN

\NZNZNNZNZN/NY,

INZNININININON

NZNZNZNINZNNY

NN
Bo-3

BEXEEESHIEETEANYE. OREE TEENTEN
MR BABRE -1/, WABE —&FEZL, WKENFERRE
8 (plane crystallographic group) (8¢ & X & B 1§ 4K 8F (wallpaper
group)). R.Fricke Al F.Klein ZE 16 F BRI M BB E — &
(1897) o, %t F I S MR BE #1753 25 . G. Polya £ 1924 F R — W L&
oL SE R T R T AR A 26 R 1T RORTE O SRR O A



51

Ol

gl 1A R R P R R T

F AR A A 2 R S AR I A, B — 0 5 R A9 T 45 R A B AR
A 2 2 1) AP B . B AR X R R S CRR R R A
[B] . BL5E 1 S R4S (8] O X BR (4R ) BE, I SR BEA B — A, th AR
E SR, ML R E — DR o, W FRE o S 8 & B (space
crystallographic group) . Xt a5 Al GAK B AT 7 5, AT LA TR B AR
AR RIRRIEE R fE 1868 4 ,C. Jordan f B Bravais(1848) # & {4
M EN T IRSHEEEN? L BRRETZE L HE
X M E.S.Fedorov(1890) #1 A. Schonflies(1891) B T ¥ 85-F 1 18 ¥ .
Fedorov # Schonflies 43 51 2t 57 #1E B T %3 [a] F4 (KB 3 230 4. it
I EA R TLHE A T A RBHEM S — 4B+ . Fricke M1 Klein 71
16 35 (1897) sir % F i &4 & BF 09 2 25, 8k 2 22 F Fedorov Al
Schonflies ) LA B 3. Polya 76 1924 4F & & 0 30 &, A&
Schonflies 1) 15 &1 (i (4 3 .

BRJUEAF AT % AR (AR T 47 28), B REFGE R E
4ENERHERF AT BRAEFABERFL, HFRN#—4L
BAAF RS EAREF AE A, SR (Gauss) A 1799 F F 4
FRF FAF AL RN LR L EF At R SR 1813 F AL
AR TERFAARELE T AR LI IIUAT, A GEKRILEFIL
77 F @3 £ 85 A (H. Y. JTobauescknit) A 1826 F F44 ik 4T 2
% FEBATH LA £ % (B Riemann) £ 1854 FXRT Y EM K
HMAFAGTRBELT —F B2 ey U, PRERARGE R
F7, F Eby kA 2k 69 3E BR JUAT A 3 F 69 BRJU 2 AT LAT R B & JLAT F
B EA R ERIUETB R T 6T w6
KIUTE R T EHHH . MBI A, LAF — AT QB K
JUAT A%, 3 45 1

19 20 iy JLAT 2% [ M 2% e 8 36 SE A FF L, TEXRETE ST,
HARFU 2 N B R, S — B AOR R BT M B



6 S

ait

EXRAERB— B, & — U EWE - KBTI 2B EEK
2R RN (F.Klein) £ H /Y. 1872 4, Fi R R K B R K2
I BF B e 5k B U R B R T LA 2F G — B AR BRI LAY
2R R ILAI B A TR TR R AWM R R, S
VAR — M L2 AT R SR e B BEA XH AT E. X
YR P8 #R o (& /K B R 9945 ( Erlangen Program)>>- LGN RERIR GRS f
R REBIEES (R BB T RIFAE MM, Wt B0
SFAE S BE T AR FE AN AR (4 R B JUAAT, B S 05 5 TUART 5 BF 92 B FE TR i i
AR P B T AR FFAS AR PR R UL RO BT L. (R TIER () &
B, e SETHRMOESTUSEERILA(EIR)), R4
g, b K2 W RF 1996 & H AR .

Sk FRGEEECREAR TR 16 #%H S Ferro,N.
Fontana, G.Cardano,L.Ferrari £ /& % & T =k, Wk 5 # 654k X
BB ANBEARRTERFR(P , LA LRALGFTHE) @
WXMBEM. 37 18#%,3544 9 8 (]. L. Lagrange) £ 1770 4 &
kERI(ATREFEBOEE) WAL THRIT = WRFH
e MARX KM R E . £ 1799 %, &3 & (P.Ruffini) AR £
Ao TFurk—RABRATRARKTFERM AT 9#L, MR
R(N.H.Abel) £ 1824 £ B % IR T — A FOGERE A 42,2
—BEAFHORTHE) ALT EHAERATATEFR RFTE
BhE n=5404%%a,,a,, a0, BRAFH BAEMN—AH
X sk F A R A AR X AR R TR A AR

D a" et a, e +a, =0 (5)
A XA Bk A BT AR — AT AR K KB F MR g
MRAMET EMARSIHZE, KFEROEH—ANFEHEL:
Horteh ok 52k s ARX KBIEAF MK F K (E. Galois)
Mk T RE 1829—1831 FHM ZAM ALY, EL T H AR



