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1. 8A

Riemann fi/#I1Z 5 W T, Riemann ZE[HNDOERD LRI, FFTHNIZE KIBHIIZ
FEHIZRSFARSTWS. H Riemann EZI2BWT, FHEDOWIZEN R I 1, %@5’
X Riemann A DIGAE L EMFEIZT Fa Yy —N@HT 55, UIXUIXEFIZBEEN
E 5. ERNRELNE, # Riemann ZHERIKN OIS ZHRRARITFEE S 155 EDIRAL
THIEDRHDLE VI HDT, ZOHE, HRLERVIFHHLRL DL 256, R
DI L IRRRGR DR T E RV, ZOFEETEIRILT 280 SR, SRS %
FRIR L IEEN D . SRR ZRRADIRSTIE, [2] 22 EE L. REFTIE, # Riemann
ZETHIIE N D 2 IR 73 2 RRAK & HCBEN DER 3 ZRRIRIZ DWW T dr o 72 2 & 2 WENT 5.

2. ¥ Riemann ZZE R D £ D L #kE
545 (p, ) D mIRTLHEE Buclid Z2[H %

p+q
R;ﬂ::( - Zdaz+2dw>
=p+1
TEDD. HU, (11, ,2m) ER" OEHEEET, m=p+q, p<qZiEzd. EHK
ce RIZHL, R N

Qr.:={z e R | (z,z), = c}

ZRED, R ADUWEEBIZESFEFREZEAT S, QL 1, cDIEIZ & > TR
2T 5.
Sy (r?) == Q;’fr%, H (—r?) = ;”JFL_T%.

Inolk, Thzh—EWmeE 2 —r? 286, WEHTH Y, TNTNHEHp
D m IR TCHEEERI, HFOUHZEH &\ 5. #E Buclid 2 R 2 &7 b D 2L T, #
Riemann ZEfi L IERZ £ HB. p=0D L &, HIZRiemann ZEfETH 5.

c=0D&%, QUyiE, A0, - ,0) IcHE—DIR R R 2ROl Ic 2 b, &
%%%ﬁﬁﬁﬁ&k?é.Am~—pﬂo\m}i JeE 2 I, 5 Euclid 22N 0 2 i
FCHEERRTE & 72 5. Je#ElE, JBIEL7ZZERIE L WO RELEDTH S S.

PIF, WronwiRky, #22fid# Riemann B 252 5. 22T, W Dhids
DUEfFZ S S, M) = M (e) Z N {XyufE Riemann ZZf]fE & 9%, ZZTe € {0,£1}
Th5. TabL, MY(0)=RY MN(1) =SVN(1),MV(-1) =HN(-1) Th 5. %7,
(M, g) %4584 s D mRTTHE Riemann ZEAK, ¢ : M — M 2 FRIGZDIAA LT
5. h, HCENENGIZ LD M FOBE_RAREA, FHHERT MLGLT 5.

SRR o(M) 123 L, 2R TH 2 L1k, BoHARKADEERIZHA L Z
Thb. Tibb, h=0%{~TILTHb. BN BHDEWVIE, FHIMERE)THLH L
I, HZBAERD NV —AWEEMIHEZ D2 THD. Tbb, H=0%H/T



ZLThb. RIFEHDZRIATH S 1L, FEZHAEAD ML — AL AR5 DMEER
MR B ZETHD. Thbb, [EEDX,Y € NITM)IZH L, h(X,Y)=g(X,Y)H
-2 ThHD. EELD, UMK THZ Z L DBEFSEMIE, BN2DOE
BATHHZ & THD. D=, B LH SN Riemann ZZ[H N O IBIRE /3%
BRIz OWTEET 5.

EE 1. ¢: M™ - R" 2 2BNEFERITDIAA LTS, ZOLE, ROVWTNNPD—D
DT IZERTH 5.

o AL R™ C R™ : #4322,

o S (r?) — R™*! . #EEKMH (r > 0).
EE 2. ¢ M™ — S*(1) 2 2FENERIFIDOAALTE. ZOLE, ROVTNHD—
DORHEAIZEHTH 5.

o A S™(1) € S7(1) : KM,

e S™(r?) C S™T(1) : /N (r > 1).
T 3. ¢: M™ — H'(—1) 22BENERIIDAALTE. ZOLE, ROVWTHUHLD
— DD FIZERTH 5.

o LA H™(—1) C H™(—1) : ¥4 %2,

o H™(—r?) — H™(—1) : AEhHE (r > 1),

o S™(r?) — H™(—1) : M (r > 0),

o R™ — HM™1(—1) : & 1 ERTH.

WINERMTE LIZELEZ 205, T, KIEHZHE Riemann Z2RK
N DB % AR D S JERE R AR S 5.

EHE 4 (M. A. Magid [5], S. S. Ahn, D. S. Kim, Y. H. Kim [6]). ¢ : M" — R? % 2
MERIZDIAALT L., ZOLE, ROWTNRD—DDREHMIZARTH 5.

(1) =AY Euclid #3022/ R C R ;

(2) #EEKIE S™(1?) — RTH

(3) HERHRZE[M H™ (—r?) — R

(4) IRTEH 2 5 05 FHEPEAE S 284K U

RP — R72 5 2 ((2,2),,, (2,2),).

BT, M OYEHHER 7 MV HIZ B2 S ZNZROME % FD.
H =0, H: ZE[W, H . KW, H S,
BBEOBI, RYNDORIRTL2T, FEMTRWIFRDZHRATHS.
A DEEOH] (4) ITIFIRD & 5 wBENH 5. RIPP NOMFEE N™HH0) &
N™0) = {(t,z,t) e RI'? | t e R,z € R}

TED D&, R 1B TH L. KoT, ZOFHEHREBRE DL HRIKE,
N™TL0) AD (d 2 IR T) IR i

R™ >z ((2,2),, 7, (z,2),) € N"H(0) C Rgfff



EADIENTEDL. 22T, HOEKRTLEi-7zDIE, BILZGFEE - 722K
DIEBILRIR D Z RGO EAMEDBBETH D Z LIZRHALT WD, L, N™HH(0)
MR TH D Z Lh 5, N™H(0) LIZ Levi-Civita A HRICHEE I N, O
ftx W T, Gauss DAXX Weingarten D RAXDPERZTE, N™H0) WO,
LB SRR TR ENERTTRETH 5.
X C, FEFHZE Riemann ZZ O5EG O T2 N T 5.

Z=E (B. Y. Chen, [3]). ¢ : M" = SI(1) 2 2IFNERIZDIAAL T D, ZDLE, K
DWTNRD—DDFEHFIZAFRTH 5.

o S™(r?) = S™(1) ; x— (2, V1 —12) (0<7r<1),
o ST(r%) = STAN1) ; x> (V2 —1,2) (r>1),

o H™(—r?) — S™1 (1) ; z+ (z,v/1+712) (r > 0),

o R™ — S™H2(1) ; 2+ (r(a:, T)s+1b— = re, V1+br r{z,z)s —rb+ %)
(r>0,0r?>—1),

o R™ — STH(1) ; (r(m,a:>5 +rb— ;l, Vbor2 — 1, rx,r(zx, z)s + b+ f)

) 4
(r>0,0r*>1).
T OHFERE S (1) WO RIBIE S S RAEDHEIL, R THD. EEE, FlIZIERD
FID & ENT VAR,

Y ST(1) = SIE(L) 5 x e (1, 1)

AR E DIZEENIZ R R 2D, F51FR 567\,
FER, o DR MVIGERD D &,

H=(1,0,---,0,1) € R™3

D, KR DZ e a5 (DX ) 2K TARW) .

HIZ, ZOBITHL, W ODDIIRENERDDH L. $ITHNHI LT, R
Rotld2, REBREZ1ITHS.

—7, Dajczer-Fornari (ZIRZmR U7z, ¢ : S™(1) — ST(1) 2FRITOAAL L,
1<n<m-—s— 123551, ¢IxEHHNTHS.

£72, a e R\ {0}ITH L, IROFERIZDIAA

bo:ST(L) = SIHA(1) 5 7+ (a.7,0)

K, BIO Y = KEATHS.
WCREHESND SIE(1) O HETE

N™ (1) = {(t, 2.1) € STH2(1) | t € R,z € ST(1)}

IZ A 1-SER T B 5.
Vi, N™H(1)ND (b 5 EKT) 2B dhim

Y :ST(1) 22— (1,z,1) € N™ (1) C SIH2(1)
EABIENTESL., I, EH1TIT-7-5%

R >z — ((z,2)5 2, (r,7)5) € N™TH(0) C RI'H?



DFELTH 5.
JEHE AT D ST (1) N DAEF RAL DA A

X AT S ST w e (2,1)
XA 1 T h D, — 7, BRERE ST (1) IR EE AT IZ
piSI(1) = AL e (1)
W& oT, EEMICHOAD S, o T, IXGHERRRE U - HERH o A7
¥ =xo0p:SI(1) S AT S STH(1) 5 2 (1w, 1)

WhHbHEHRDILINTES.

DLEzEE 2, FEFIEZRE Riemann Z2F N O 2 IERIES 3 Z BRI D 5E2 R 0 8% L
2. KO EEIZIE, R RS 2RO GRBEO S E L.

1% Riemann 22K MY () DD Z B M 237 TH 2 L 1%, MY (e) NOERDI]E
b I O HIZ S G E NNl L2\ D,

— DD Riemann ZHMAF OERIZDIAA f1, f, : M" — MIDBPEFRTH D L 1E, H
LM OEEEWgPFEELT, fr=gofL T I L%V,

3. EHER
EHE 5 (S.). ¢: M — S(1) 2 AR LFNSERIDAAL TS, ZOLE, ROV
THPD—DDREIZ AHT%%
(1) SP(1) — SP*HH(1) 5 @ = (2,0) (4HIHEHY),
1) = ST 5 e (0,2) (G2IHERY),
2

5 (
(2) A
(3) S™(r?) — ST 1) ; z— (2,1 —712) (0< 7T < 1),
(4) SP(r?) = STAN(1) 5 o= (V2= 12) (r > 1),
(5) S7(1) = STH(1) 5 = (1,2, 1),
(6) H™(—r?) — S™(1) ; .+ (z,v/1+712) (r > 0),
(7) R — S’;ﬁl(l) s | () — Z,w, (x,x)s — Z .

BT, MOPRHIASEM T H UL, EEOWT NP — DT KB —ET 5.

EHE 6 (S.). ¢: M" — H(—1) &2 KRR 2FENERIIDIAALTH, ZOLE, RD
WP —D DRI T AHT%%
(1) H™(—1) — H" (1) ; 2+ (z,0) (ZHIHE),
H™ —1) — HH N (=1) 5 2 — (0,2) (RHRHH),
) s HMN=1) 5 2= (VI—712,2) (0<7 < 1),
—r?) > H™(=1); 2~ (z,vVr2—1) (r > 1),
—1) = 2 (-1) 5 x> (1,2,1),
ST (r?) — H™ M (=1) ; z— (V1+72,2) (r > 0),
7) R — H™ (1) ; 2 (<.L,L>S + Z,’JJ, (x, 1) + 2) .
ST, MRS HE T HNE, EEOWTNA— DI KIS 3T 5.

LS, 6 TRONTIHDERKIZT XN THHREI EHAETDH 5.



-
TR 7. 1™

s,t,r

&, R NORFZE (s,t,7) OFEHE r Sl m-FHTH D, IRTEHRZ

Nns.
H;r,Lt,T = {('\217 s Zpy L1, 7:178707”' ’Q’Zh.‘. S 2 Y1, 7yt’07"' 7(1) GRZH‘TL}
‘p, m—&:g—P
R, T U, RIS O 2 WA 2 Rk T B (2.

fiid 8 (Erbacher-Magid Reduction Theorem, (7], [5]). ¢ : M* — R Z &R DIAA
35, Ko e MMITRL, REEHET 3.

NO(z):={£€T;M | A =0}.
£z, TOLEEILZEMNE NO(z) DER (f) EH e LT, €HTDH. Thabb,
N'(z) = (N°(2))" ={v € T; M | g(1,€) =0, £ € N°(x)}

TEDLND., ZDLE, N =], N'(2) IEROEDHRTH D, EHEHUZEL T
AT THD LT DE, SEMHE (m+ k) IRITD LR H L aviaw) 2RI E 7 2 kiR
E* CRIDPEIELT, o(M)C E*%¥i7=3. 22T, k=rankN' TH5.

f8 9 (B. Y. Chen, [3]). ¢ : M* — SI(1) (vesp. HP(1)) ZFRIIDIAHA, :Sp(1) —
R (resp. RV 2 WEEHETD. ZDLE, ARGHRf=109%2FERAD L, KN
[ AVAC RN

(1) ¢ WEATEERAR Y MVIGEFEED Z L ORBE+DEMEE,  f OB R~
R VG EROZLTH D ;

(2) PHVEATIIDIAATH D Z L DRBEFFEMIL, fIFETIEDIAATHEH I LT
H5

(3) ¢ BRIFNTH D Z L DBEFHNFME, fRRBENTHLILTHD.

I, FHERTHLEHS, 6DIHOA Ty FTHD.

¢ MM — Sp(1) BEBNERIIODAALIET S, ¢ 2IETH.: Sp(1) — R
ZRWT, RIMADERIIDIAAL ALY, ZOLE, MEILYD, f:=10¢: M —
RO EBERERIZDIAMIZIR D T £33 H % . Erbacher-Magid Reduction Theorem
£0, 5 (m+ 1) R ZEAEE CRITTBPFEELT, f(M)C E* &k
5. foT, ¢(M)=SHU)NETHDkD, E*DHARITELT, HEBHT .
R OFRLHZ LD, BFRI RIS T DWE AN
5. BRRICE*OVITREEFEL, EES)(1) L@ 2555 LT, TRl
RONEEFED. FNHEROGA L ERITFEITTHS.

&2 AT, FEHHZIRDEIEY) & 197-.
RE 10 (S.). m >2&9 5. RiE, IRXTERPBRARIEDLREEZ 52 5.
(1) S71 (1) x RO = STHI(1) 5 (2,8) 5 (£, ),
(2) SH(r?) x ROOL — STH2(1) 5 (w,8) = (Lo, vV1I—12t)  (0<r<1),
(3) SP1(r?) x RO — S™H2(1) 5 (w,t) > (V12 — 1, m,t)  (r > 1),
(4) H 1 (—r?) x ROOD — STH2(1) 5 (2,8) = (t,z,V1+712,t)  (r > 0),



(5) AT = ST (1)s 2 = (2, 1),

(6) AT x RYO! — STH (1) (w,1) = (8,2, 1,1),

(7) SPH(1) x RO — STH(1) 5 (2,8) = (¢, 1,2, 1,1).
2T, RO, SEMERR (R 0d?) DI L TH 5.

o e UTiREGT-.
M™, M; % 15 Riemann Z K, IRDEAMRZEMZ2EET 5.
{p: M — M| ¢: FEITDIAA} (C C°(M,M)).

M(M, M) % M DERLEBRECE] - 72p4 220, §74bb, GRERED RS ERML
T5.

MM, M) Z2%EEIZDAH G M - MODEY 25 ZMEMER., £z, ¢ BB
DHFEDEY 251 2% M(M, M)(C M(M,M)) TERTZ LIZT 5.

EIHE 11 (S.). LEDOHMHDOT, IRV T 5.

homeo.

M (M (), My (<)) - =
{pt.} (n=m+1,s<p<s+lorn=m+2,p>s),
(X,0x) (n>2m+2, p>s+1)
ZT, e€{0,£1}, (X,0x) 1 F2REE X = {g, u} IZAFEREE Ox = {0, {u}, {g,u}}
ﬁ&bf'iﬂ‘ﬁgbla'ﬁf AL 2R FE Hausdorlf ZZEH TH 5 Z L ITHEET 5.

%12 (S.). n>m+2, p>s+1le€{0,x£1} £T5. FRIFDIAAG: M(e) = M7 (e)
DEY 271 ZEM MM (e), M7 (2)) 133 Hausdorff ZH TH 5.

INiE, ZEMEOMOERIZDIAADTZBRILNED, RIRTPREBEVREVIGEIC
PRI %MD B A REME 2 RIB T 5.

4. FHERDERD % ERIK
f: M — M : #ERiemann ZFRANDIZOHAA L TS, [IZLIFEHEZ gL L, K
v €MTg BT HLINETS. ZOLE, T,METIMIFIEBHELRLZDLD 2K,

RadT, M = RadT,; M = T,M NT,; M 2 {0}

MERSLT 5., LU s, ZORMOWMITIE, e e MIZIKEFET 5.
M I3 r-HH D ZRRIATH 2 L1, KIS

M >z — RadT,M C T,M
DB r > 0 D o 7B RadT M 2 DD L TH 5.
(M, g) % #& Riemann ZBRIK (M, g) WD r- I N2 MAL 5. 20L&, ThE
NWTM, TYM, f*TM O K

S(TM), S(T+M), 1tr(TM)



PEELT, REMZT.

T™M = S(TM)®RadTM,
M = S(T*M)® Radl'M,
ffTM = TM ®tr(TM).

ZZT, tr(TM)=ltr(TM)®S(T+M) Th 2. FEIET DA, —EMEITE <R LR
WIZRIZEET S, ZITELSNERY MIVES(TM),S(THM),1te(TM), tr(TM) %
Z W F $screen 734, screen MR 7 VR, SGHTRERI R 2 NOVER, BERRIANX 2
MVREMERNZ 8129 5. F7z, AR (M, §) D Levi-Civita #EfilZ, VTRT.
FEHIEE UT, #Riemann ZHRIKN O YCHRRD ZRMADIE 247 5 BRIE, 215
N7 MVHEDBECH IR S 2 WRAZA R MEE 2 R E, ARRITNER SR, F
S5NTZRZ N IVED 53R
f*TM =TM @ tr(TM)

AAWT, FEOX,Y e(TM), V eT(te(TM)) LT,
VxY =VxY +h(X,Y)

LWOEREBLZENTES., INE MODGauss DAREIEY, V. h&ZFTNTN M
LS, B AR IS [2).

I, X7 MVHRS(TM), S(TM), tr(TM) IZHEFEL TR E>T WS, T,
A LINRANRIRPL T H 203, RO Z LD ->TW5.

fi(M,g)— (M,g) % r-HMEDIAAE T D, Tihbb, MIEr-YHRES %HkARIC
BRoTWbed 5. haRT MVE{S(TM),S(T+M),ltr(TM)} (B3 % M O3
AEARETDH, Z0eE, MBI rSERE 2 RIETH D L 1E, h=0%1
TRV, M BRI r- KD EREATH D 81F, HDH e I(tr(TM)) BT
LT, h(X,)Y)=gX,Y)YHZ2W3ZL2\>. ZIT, X,YE(TM)Th5.
ISk, S(TM),S(THM),1tr(TM) IZARIF U 2\ &2 M 72 5T d 5 [4].
nIRTCIEHEIZIR CEFR I N T W=,

Ap = {z € R\ {0} | {r.2), =0},

A7 1345 Buclid ZE[H] RZLI NO LB 1 CEmTH 5. Tz, —IOERERTE O
%8, D screen 040 & YEHIREMII R 27 R OVERIZ—X—X iz H 5. EHEOEED Y
MIREITII R 2 MLV I (TAL) 2 52 %. 2O E, RPKILT 5.

TRy |ap = TAy & 1tr(TA}).
ZDfEEANT, HHED Gauss DARZIRTERT 5.
DY =ViV —(X,Y),uN (XY e I(TA})).

ZZT, DERY D Levi-Civitaéfi TH D, N Eltr(TAY) OME5TH S, %72, V
Zltr(TAp) B9 2 A7 EOFERG L\ D . FMlllE, Bejancu-Duggal [2] 22t XK.
F7z, EBEIZEDT 72NNV LE= 14 HFET 5.



ER 13, JEHED Gauss DARIE, 1tr(TA7) DECTTITMKFT 5.
M %2 m iR Riemann ZHK T, TOHEMEs THD LT D, £z, ¢ M — A7
EEREIOAALTD. ZOLE, MOERN
Tﬂi:{VGFwWWQIﬂhmmazoﬁYGNTMD}
TEED. ZD&E, RZ MVROEREF
¢*TAY =TM & T+M

PEONS. £IZT, We(TAD)IZBT % Ar LOFEER YV 2 VT, M LD Gauss
DAXZIRTEDS.

VxY =ViY +H(X,Y) (X,Y € T(TM)).

EE 14, FEEO M ED Gauss DAARTHESND M EO#E: V' X Levi-Civita $#ft T
W, TMIZEZRD M EOFERIENFRT > Y Vi w %

‘(](W(X, Y)? Z) = g(X7Y)<Z7 N>p+l

TRED, VyV i =ViY +w(X,Y)e8L L, VIEM LD Levi-Civitafifii & 725, 7z
72U, gld M EO#E Riemann & & 3 5.

fi@d 15 (Beltrami’s Formula, [3]). ¢ : M* — R Z25RIEDAA LTS, ZOLE,
RISALT 5.

ZZﬁz%ﬁ¢KiéML®%§%% 2T % Laplacian TH b, H % ¢ DE¥Hh
BRI MNIGTHD.

i AN S RV ZEEEBRETD. 1oglldd M D Gauss DAREEH T L&, X
DEIITHRD.

DxY =VyY 4 w(X,Y) + B (X,Y) = (X.Y),1N.

15 KD, RDBHES.
R 16 (S.). A DRI R 2 MVERr(TAY) 2525 &, M LOXFERE T
VRI%

wX,Y)+HW(X,Y) = (X,Y), N

WEEDH, TOMIXIr(TAN) OFECTITRE LR\,

SEHEN DT L LT, H Lu b X3RO DOBEF SN 5.

o Ayt C RPN BHAR - BHT - EHATIER (8], [9], [12]).

o A3 C R NDZEMIMFRK # I & ([10]).

o A3 C RN ORI/ N R ([11)).

IS HATHEDHRT, (&) MmO H 2E&ZLTEY, Ah 7 —iiROE
Bfsced Zemaniz. 34hbb,

M? C A}« 7MW < M2 : S,



M™ C AgT 2RISR <= M™ @ A7 T —FH.
HIZ, [12] TlE, 2RI 8IS0 SMEDR LRI NT VWS,
DN, n=m+1056%2F A5 (§4bs, #Eifilm). ¢ 0¥tk H %

H = <Ag¢> Agﬁb>p+1

1
m
TEDD. FHLY, HXlr(TAY) DECHITEREL 2.

FRIZDAD ¢ MM — AT DR RTH D L1, H=0%MdIzw
5. I, LuDEHZEET S Z LRYE, —MILPHERIZHEY T 5.

17 (S.). (S™(r?) x S™(r?), —gst X gst), (H™(=r?) X H™(—1?), —gst X gst) (& AZPTL A
DIFNERIZDAAZR D, ZTIT, g XTNTNAEEMHIT K S EHE %2 ZERT
%. %7z, #Riemann ZFEOERM ST (r?) x H'(—r?) & £ 7 AZPH ~ORBUNER X
DirH e RO,

25 3Bk
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