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RS @B B PR

ERHFLEOTRERGLF A, WX T HBERE WA
BT BT K — A F BRI I XA
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theory comes inductively from experience. Even the great Newton
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FURBCE AR R A LRI, o TR T2 IS (O A 2 HE 2
TR OB A 5 R R R B AT S A — AN
W, AR IR BT T 45 AR BB I B T
IR 0 24— 3 1 S S5 o, A T LB el B — 8 R — S
AR A FEIE AR BRI ARIE I AL R 18RE

SRR PR A B — 2 R R R A R B 3 R
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ARFE % CRL E. A. Burtt, 1925; A. Koyré, 1965), 1ttt 8 %
W1, TS MR, LA SR BRI SCIE £L A% B B S
N, JRHBEERER LI, TS H A AR A L
SEBCEM . AT L i B G0 T A B A, T B A
7 24 %o Sk B R 0 R L L S Y SR B S M A R . M
PRI, BAFAE—FRIRELA T, 455 R AR P, WK
2L R R A T A AR S B AT R AR AR SR

i b2 [ — AN R A R 55— A T TR, Bl
A GHEN, ERREORE T, BNHEEHIEBRT, HHEEE
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TR FRIPER, DA A HE T2 B3t 77 9B b s BF 5T B 0 1 o B K 4
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BIHBE L X R (BRI R AR R, (B LA
5596 Mook 8] B 00 Y 4B A B, R R U SE 1K B S AE M RR
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Ay,

SHEEH AR LA B R R, AR R4 AR
Bl % 3 X (phenomenalism) , 3 b ] 308 0 Jak Fr 22 36 2o 240 L 302 U390
B, T EHBAAR RN R LA RA A, HIPEHLS
B, S — MR L (LU Y — 2 7 8 R A A3 00 10 3 A ) 5 3y
B o

T BRMBAERE —BWAE, KM, BT a0 R L5
KARPASK, AFLERT T HE R AR S8 3 2 1 R T IR0 (1 454 R
S B I R AT IRE B 2540 5 R S 2 B R AT IR L4 48 F A
WIRIH , REEIER, 40— R, BREWXRETN
R R —RE SRR, (EP R A R AR T L S
WS EA — SISy, TSR A SEAE R TE E AT BT R
HREHRR P RMEAEG HHA, —BRANER T M LR
AL, ML R AW LA MR, RAREES
R

1.2 WL
T L2, TEANTREARAGIRRE, SR 5T 97 ) AR 454 O TR
HA . B5E, TR E 2w R Tt 5050 B bR A 4 HRY, 5R
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FULHE R H A A PR R A AR R, SRR AR YR
KRB RRATIEE KR AR, IB2 P
BRI : R OKROTEWG A MR LEURY AR R L R B B 1k
gy Pk A R A—HF . R R s,
25 S AR 47 AERIEIR I — RO Y R AR
RFARAE, BT b2 R 5 S I B A ) SRR B S A IR R A
—i, MARSBNKBREYRRE—R, ENEFILSKAR
W (Leibniz) RFERIERYTF R, MXAFBR LM EEFR, AR
FHRIAER . — YIRS B T E T 3L ) 5 9 1t R A A
HEE, CERAEMHEMER TRAESMESD, HE, EW
RAVE R AARE, AT OAFAERE TG, S sl 8 i A ) 5
A SAERE

FW, T L2t 0 Rl 57 A SR b RO, B,
TERE ) — VRSB XA FREREAR, AR 24 B4 E I 18] o 28 4 3 e
BEFE SR —,  FRU, ML R B AR B — A ARl R R T
o RS AT b2 BB B2 B ) A o 40 SO T B
WHRE AR A G, BRI, G—YERE, R
FERACIREL . R, X S o fo T B R PRSR P R, AR
3R EARIIIBAE, HAT BY B8 SR AT S s AT SR AR Y

B, EEE A RS R BB S TR BRE, TR R Rt T
BRI S BT R, I HARM AR TH XM B R B AL
My zRny. SNSRI BRR, T LS R R
Hefy. HBRRBE, TR LR M AR R B, RS
R EaRK. (HE2, XEAGARIL SRR E WS E

PR A E B R, UETEMMAFERR, SERERHHE

|wim sie|
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—RRRELRE.  BEARIKUH SRR M BB T A R LR, T
BLARSE B BRE TR BB AT BT IR S5H, LT
T ST A — A RS

PRJE R (William Whewell) § 2534 1 ;

HERAXTFTRZNERE, FREDE RN L P
RHMTL¥ TREANAFGH T LE TUNAFHH T
E¥RFE B ARG ERAENHT LF NGRS LS
E—R,TFREHHHR.

(Whewell, 1847)

TEMBAEESCTAF B BIOTHE, Tl L BB i Ry s
RRMEEOHAFWN, R, LXEREMR, Bl LR T —#
AESL P TR RS R I IR TR MR O RE SR AR
A, ERBLBIRAEN EEE B R RRER, HE, EEH
BIBAE, BREO3IRS TR b2 S AR SR A A 50 B B AR £ th 5 P A
BRR,  —FhBLSRAOMRE R AR B E IO R R i, b A
T, YIR. . GRS 25 AE AT H R DL R, XA R Ty B

7 WRATEE, BHERERGATER. W, FEI¥HERAE
RR AR RWHEAIX I BTEIE, (RS AT AR YT & R
IR, BB T RRLRAASIA, A 6 55 4ans R, B AR
BB T3, I B R EREIR A T2k,

YR S b2 2 WM IR 0 FRRE M. EM 19 i
R R BB ORI 5T SURIRHE 1 & R, 5 SRS P I
BHEYE, W LB EI RN ZRN, B—HE, B
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R KRR, FHRRTHYE, BT 5 SAERe N RR, WA
WRNTGT LA, 3 HIR A BCE TR XT3 R e,
RARNSERSERIS P IA S, PHESHW LEZ M
HRBRLRERRRIAE, SR L2 T Y HE R AR
bRy, AR A ARG T — 2 el R b2 A
Rk, IR, B % K —3E 1% R (Aharonov-Bohm effect) * 55 il
JRA %R (Bell inequality) ) X KB 5% £ £ 43 I A K 0 88 1 7 it 7 9%
BARIR AL SR TR AR, XY SRR R AR AT B
i b, T AR, AR (1978) R F B SRR R
¥ k%% (experimental metaphysics), 38T fERITE T b 24 B
3 7 o B Y AR

e, UOUERT L2 AR e R T 2R NS 5 2B
M — AT ERZORAY R YN, MR, ER EERETY
ST B AMETRY A T (9 30 A AT R AR R L, T Lt AT
b AE R T E RS A SR R B R R B b, B
L2 RATREBROORIE 2. TE3h 0 B 0 7 2A AR B D AR R 1
RHAGI BT, TR R BN (U T 4 BB i (B - R 2 4
i EL 5 B AT 5B IR SR A . B — 25, BRARSCIEE
HEEW RIFHE G ERC R T AR, 11 HRALERH AR
JH, ARASIER AT LB M A & R R S B

1.3 ERH
AR IGE, DRSS B MRS R BRR .

* MFRABRL, — %
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ISR H 2 — bR AR AR, TR R R, bRl
BRARARMFHE BN, (ER, RHEERLZM#(Aristotle) ,
FAERARFRREFE: FRE. BXAHE. SITEMEME,  EE
ARPREXGRART, #SL7E H s EER o H e R, RMRNES
IR, BEEFRDIE S B R A B IR PR FE SO BT
WEE, FFRT R MR AR . I, AR, 7
W, A (Galileo) 55 JLAR{E th 57 B A BUHL 5 3B A1 AE 45
MR RE R RMRTR . ARNBCE M —ERE L
SHTRARGE K. BR, £ EGRRREGTRS, B
. A A B R, AR LA B ) (R R 6 R,
5 H A BRI R [ 2, 30 A7 B S8R o S PR ] i ) 4 R
BRI, Wb S, REVLRE, BRI
S LA A B (B 25 6] gy 32 st MU, T EL T O A e A
850 AN T SR i 2L 3 SO AR ) S SR8 1 BT AR R
NEMRAARFAGER, REEFIL, FHERSENTR
Y, RAFAERZ, EMIASE AR S 5 My AR By, 1R
T 5 58 B T AL 4 £ 12 3 A A 2 Al 9 5 5 FE R LA A%
i, REBEAE RN, A6 0 W 84 T 7 00 5 R 5 B
EMERIES), EAMRITFEYN EH" T, FEREQOTHE
T — G TOBEHE R A ILRE ML PE . REBE S A, R, R
WA, JIRBF W E AR, R T B SRR 1 B ok
XKoo MTFAB, AR TN (Huygens) S3AT R oA BE, B
B AT B B LA ST MR . TR, 7 60 i B SR ST
BRSPS, XA B T A R R SR R, AR
TR LRE TSR RGN E, FHREAFEYERY
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SNIUT B, REFR, RERIAEFRIELE.

FAEERFR I F R, B MERR, BRRRTUR
AR PRI B TR T 9 HER R ARRE , ARIR L LR 7 o )
AT TR, AESS AB R, R — 2 R RN B
R, XEBURR BN R RAELTER, RN IEW R R R
LB SR . R, X A A IR RN T
MG, RIS, MR LT DARR R B H 44T 3
SRR, A B RS S T BRI T A R R AT,
ER ISR . B SESH S A AR ERMRE, BT 5
AR RIS AR R &, REEDIERA AR E
BT PGB T2 B OR R

EXEMBR, RAE MR RG R, HEMHE
SR AR, WEEES AR, W H, A E
R EEHZ AT, URALZR EW B AR ERRR, ®x
FARAERREW AR, BRI, ARk 51
B R B AR R TR S, B, RULA B A
TEIF MR B A S h, RETEX BT HRER S

AT —MERALAE B ROEAERME, SHAEETSRR
SR XH. BEIEEROBEE R, @R, ~MREAHSEEX
ERREEBREKR, FRIEVERERN. Eik, BEQFE
PIZSLAUIN DAV 2, DASL IV X TF BT DR (9 BLR M B R 2%, (H
S, TRV A ) B 52 40 4T B A A RE LR A UR Y B T o
BEAE MDAV, DAGESX A H I ARASSCBL? XXM, RHBE—
FAEAH AR M B LR AR, R UM A M LR
EUAI G h R 0 £ 28 AR A f IR AR R — FRARED iy S5 M AR AL
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FRRMGEHS, —MEBEA B 58U E BRI A .
YEBLHB-WEG M R A BRI LA . mBARA
— RIS T WA S A B — 4L AR L — B BB R 6 7 24 B SR R
B, AP RTINS R4 th T G R BOSE R
i B RS B O XA KA. B, K% 3O MR
BRI LA R S0 ) 328 30 B A S5 — 6 At 2
SR, ENYEIARTHEL, WEESFRMBTRE, fim,
AR KIE N W H R L GAF AR GTL T L B0, 18 5 19 1
B FABYIL SRR T 1 MR, (00 AR 7 (BB T R 1 — M
HERWIAE, BT ARSI EEEE, H0ENRE, k. R
SHH%, AEH ARG ARG, LR GRE T RER
DI HBITNG, T E ARG T UG AL 00 I 57 R

L4 &fkig

SRR RB IR, 15 SR R 2 5 M S, A
1 Contology) 1A 7 SEAE 1 B B 16 b R AT H MM B, B
SERAFAEA KM, BN S5 ERSMERP TR0 B AR X%, R
—RARIRA T XT IR R, AT A 0 A
SLEEER. K BT AR R B G5 op A W S AR
IR .

BRERX—RIBZHARFRIL A (substance) , FIHITRALIRIE it 7
W, FoP ARG BB R T, EWRRBDERI, &
TRIORR, BEEAELM M IO FAEM R X L, S &
2, FPRIIRER XK UK LG 52 FR A7 7E ) (entity) 55 4k (individual)
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AW, G, ATIAEEE SRS, 0 FFER YRR A
N EERMAGTRE, P XRARBEF AWM, R LI,
HEEHERFEEG S, BABARBEEXRRREL, RATWA
MIREMs RN, MY BTIERSEINA th 4, (R —FhBOE L5
PR FRAFAE ) 2 [ VB S R T S, LR BCF AR LR —
FhASR AR, TORE R REAW BB X R E L, X AR R
W RAECERHRRES" —NOITF. 55— 0T RBERE
#§(Whitehead) f i B P2k &8, RIBFIFIE, WEHREARR—F
RASRIETOR S RE . BYIH, WX SR —FRR, —FXT
EAYEHREROH LKERER, e, BARMELLE
B —FhGEH, SRR — IR, T PTG AR VAN E A SRR G 1 B
A A R R

B4R, R AIERA P IS, THR (Julius Mayer) i B 3%
MR, AR QRGBSR , Sk RESH R 5,
B YRR AR R AU A Y Sk, T X B R BR (Meyerson) i, K
FRAFEDX TR EEN, AN YHMAEXRRLR S, FER
B, MER R, RS LT SRS KRN S KR,
SRR RAR L T WIS B Y, T ELR T e My S R T
R,

o, HHAaREAIR?  SCH R AR R G S AR A P Y B
KW, LA AE T 245 6] 5 b 6] o, 25 ] A5 B ) IR S
AerpspAE, T ELBTAT 3 At A5 4 4 B 6 0 T X A . BEARSRAERY)
AR R EAREA SRR KT, IARBIE— BT L E, TR
FRIORE X b, MERSfEm — R, BAEA S — B, REEM
BBk, Bt MaRBEREE, ERRAKEEHER
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R, TG-S RE T B SRk, ER2, AN
iR KA AR, W3l I BB SR B R A (S RIS
HED . WEEMBREHOBR, REFEN, BLEOFEERRET
FEMHAIY A, ABHERGIEZ R, —HokdR, ME%
AT LA RRR, EIME TR XTF R4
FERAT AR

ELRY IS, WRILBEE R ERELk, TR
BHABET . BTHE, oA ERFEAREHSEN, HHMEY
SRR B W TR, T LR BB DAk, XT3 R
W, FARREATEFE 0, XA SRR BB B I (matter) i
BI, WRIEHAGHRIKE, WFRXFMESIER,

TERATR KNG, ol 5 FHUA U AR IO AR WL B
X&, B RIS AR A SR B Ak G ] A R
HORLT 5 R AT R IR ) 5 G T2 G -R LIS R 5 4 4
). MEARZE ERARMIR, W HESEH IR,
AR R BERTRG, AT DAS XA G 3 A
A KA AR, 43X HL R — ¥ (identity) J phy ok A4 ik g S A e %
HERY, T AT X 4)# (distinguishability) 7 5 T %$ 42 ) 25 6] 29 % i) A
T (impenetrability) A7 IR, A BIRESE ¥ 2 58T
AHBRARAY, B PIE LA BIMA, (2R T 0T X 404 55 R AT A
PERIBOR, AMRRME G B O T AORE& e 2e, ER TS, A
FRFURMEREFRT, EENEARBBERT RS, RN
HRLFH XA, B, BAIRRA, (5004 R ok
T EERENW LR, S AR TE,

BERBERBT RO X T LEOMEH— DT, B 48
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HHTRIER A KIS HAIES, %L, ERBEERENRX
R EARE, F0E BAR SR RIESNN, T 1F 0 1E A A A i
BE, B, R, R — R BER AR T AR H A,
BERA BRI N R, BI, X4 (Carl Neumann) 7
FRoAER AR, T ELARNS B SRR, 2SO I R R R AE A
T SYREEGBER Y, T REREE, RIEMEEE, R
e BB MR T B SR AE R SR, SR MR TR X, W
WEHFRE, ER, MEREWAEAS ST MR, R AR
Tl AT 6 2 R (R BT A SR 2 2SR AR T, R B AR R <1 4
MRHE, ERRERERHEHNER, BAXFMRERIERM AU
o R ME BB DL T4 B A5 1 07 (James) f 21 il 3 A5 PRAF I O SRR 9
SIS,

SPAG TR A — A2 IR BB (X T4 5 i IS R A
i, i X F AR AT R A, ERATAKAE— DA
%, XA A E MBS 5. R B o i 2 R
St FHMBAMIRE . 719 e EE S, FHE LA
FPWIEE, AR ASEE, 25N HhsL T ARk, B
SATEN T RERAFAET Y, (R, XFCHREA SR, T
FVEWTH, FARR—FE, T FRME A 02 5 E A U A K
—FRAS,  XERE X T E TR, IR BN, B
ARG, A YE LT 7716 BT S A SR DAK A S I, T
ER LEER 3N

AP SR TE , HUBE DA A 1) 25 B A9 37 1 S P ek ) 25 e
BRI TR SRR TR AR A 0 i AR A R e, O
B2, REROER, ERVRAKN R, A4 8L T 5 R 5%
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bk, RXOTTAEL R, FEXFNWIE T, AR T 5 REME— T AR Ag
FEFFRR, MIARERI T —Fh RN B RO RETEEE. EFHWEH, X
FHAEMAREBRD I B AR R 2, TERT SRS I IE
B, RATREIRIEM 25 AURTE BB H RIS BN Z BLe e SCHIXE 8
L BERRRATEN, FAEIEREENE 5, Wi L EEY
RBG GG, THRIERR A WL, 0 50K 3 2 R A A
BRSNS EAE R, BREYHES EIHFR
SRR,

A IELE S MK TFR, 351 B TR B B
HELIBEL AR M5 2 B B 5 A 2 TR R AT AT B R
AR, BT AT A R 3 R S B A — R R (R
6.5, (HR, MBI R T NMEM BT, MAa B
FREERKARRY, T35 6 B e N R 1,

LB MRt R B A AR, TR R — R B
BOAKE— MRS I, FE4E % HOX R B2 E R R, O R —
FRB AR, AR R AT B RS TE, 55 B L AEALR
WATATEAR A TR A K, BRRTFHRAK, A5 AR
AEKEFIA, FFOIT M H RT3 WA, 50 FRFFHR
RFZIAET CHF AR 5B B B, WRERT
HRAHI, ERHE X EREERN AL, Bk, ShE
THUBRDAK, BOfsk PR 1 P B0 4 B0 /R REZE HUBRA0 491 18 B R .
U, BHIAT —MRSLH . R AEE A BB A b g o 5 1k,
TR 5 T — 4 5 SR F- T 3 e (L3 2 30)

A ARE R BB SR A BB AR i B A T,
B2, FRRE S LW, B NEIS BTBS 0 £ 7 A R B —
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ARFRY . HIERATEH RSN, T L2 RA R4 BT,
X LTS AE A BR TR A H R B S HE R T
%, (AR, EWMRAIERE PRI IR, &ERBHT LR
. B0 20 HHEFEHRERY, PREARR ST EH. W
IHA A BRI R — R, AR, EEANAK
G, TR AA IS A W AR ARROE T SR

FARRB S B B, B, XABIRIF A SRR
KRBT RII, TiLwRELRENHEERLIH, HK, wH
HORF VR P BRI — NI, TEIRAFTE 11.4 BN S 1
SR IRE, BEABEMEAEE, HROARZRAAENH
Xt E WA, XA A EAER R ARER, XEREEE
[SE S

L5 me5HEE

Pi s AR E AR SA, T ER I RA A, SRS T
EHFHIL. RIS T A A b R AR, B RS
R A FURX B SR ST A, T A AURATE TR ORLRARE
L sk R ST R, T 8 R SR 7 Sk A R R
TR AR TRATT 6 2 5 A R R J2 AR08 LA R 7 L B2 ) A e T 8 0 < 2
), T ELALEE 7 S AR ML TR AR TI T, X RRA
MG F BT AN, P R % 5 IAE 2 IR, 3L
H R R B %, R 2R MILE S Kok BHAR
TR AL GBI KRR o

B, — A S WP R A — b N S SR 0 R A K
PisriEsh R, BRSO A B, DA 2 6 S R T

1w s
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[15]

T~ T SR B 0B S0 B KT 5 3 3 O AR
HmATIFE R — S RIE R E Br.  BEA— 2R R R, 55—
LEHVREBAY, HBAXS — D RAT AT 2 0 RO BBERBE, Bl
BB A AR MBI E R R " fERE R, X2
ARV — R, AR 5 TRk AR B st 5 ALK 7 T
S DA X R AR,

BB, PR S — FE R, R T A8 A 2 o4 B k.,
WG, PEEMREEFT R QM. K, Bk E M
FIRE, fRER AR BB, AR BEAR VE BRI ph A R 4R, o
=, AREBSUE BRI, Kk ERZHLBFEMIHFEY
WM, AT S AR RIS B A R4, TEL, AREER
HEAIE 7. 24 B TR A SCAER 5 o 750 380 A e o R AR SR 1 SELARL. 1
W SRESAER, XA TR MR- MRS, S
SOREPRYE . AR AR R 09 2K b, BRI R 2R AR L R
i,

FERAH QMR B, Ha” HIRPE R B
KRR, KEEWHAERGHEZANXR, QEERAK. B
PO SHLLFLEM, MW Bl ChRERERR, #w
FREER, R, HEBWRSRRRAZLET, CRESME
FUARS T RORX I bR AL, ER, et 2 BS99
B L, EXAREES B R A&, AR AE ™~ E
SRR, AU BGOSR A AT B
FIEHIER B ARG B 0T 40 SR SRR AW, Lk
e EARSI E RRT AEHRAE AR E AL 2 2 M R
ZEM. BETRAKEA, BHEIE S M S HHIE BB 6 1L
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COEBMERT AR, WTRA b, RIEWET ARRENE S

SEROBET E, TARMSHE, ERBERMER, BRREK
IFEMA T S RO RER b, A2 AT AR A A, SR R
TRV — P 735K 5 b T 5 o B 5 4 ) PR RO

AR, PE g EBRARGE SR B I DR AR, H
B2, BEHAT AR B AR AR SR KRR B A
IR E R, PIBE S BOR TR R K Py A
BFFCH AR T R IEM R ESR, XA E RS E DT T
TR, XRRPHE K 0 I EAE, TRIR T AR
KA, B, PE R AE SRR X LR AR P s, HBG
AR AE DA YEAE S TP 0 A MO BT AL, SR MRbEBE, AT
FEXAFEEPEMAR, B 20 #2508 EAEN BB, K
BT H LTI TR AL A th FRARRORE. O 1) BRLWAL, B4R
TRTE S EE B SR E AR E S A KRGS .

L6 FEHVHHE

RGBT A (Faraday) 85 % 1525 B R S A9 He
BT AR A LR SR Sb, S AR GIAE 3 At R AR A
HECE, SR R B TR T ARG, T 2E 2B R W HE 2 SCARL X 3 th
BUAEA B AR, (EUR, PRI TBE T 48 8 A A2 R
BOBSEA AR A S, BTOA, FER ISR E, XA By
SRR & N

T RS MU KSR o RETF E BT, BIE % R A
J7SCHERE (GTRO FRFFAE . 76/ SUHIRIE Y, fi AR BLAE A 1
51085, b E LTS HOR AT S B R R — R, TR A

|mim sl
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B, BT SRS AR AEIX A7 18 8 I 46 R A JLAT 44 90

FUSURAHE R RA SIS, ERETREIEYE.
BB EAARE, BHRBTMYE, FEHEZ HXR
MR, EH L, FESMHERE, Bk, BRENEEGERD
#F, JEAIFRE Yk (ponderable bodies) % 55 & p i 51 1145 SRt 23 1y
JUFTEHRME— P IAE . 513 7 R 0 L2 AR B9 % B G A ax A
PR AAER L 4.3 49, /RJG, 4K (Hermann WeyD) 5% T
(Arthur Eddington) % J& T —Fila. HRIEXFA, BHZ2m LML
MR R Y BRIAE , T 51 J135 T A6 R XA U G54, 402 B P
R BB i 25 Y SR — R BB, BSOS R ILT AR,
RV A B LTRFL 5.2 495, BEHHEE SMAKH
BN, E, BRI GE— 55  H05] 35 0 MR R Ak
BIAER BRI — TR, BRI IF IR, TER AR X
b SRR P R 25 T LA | 1A RE R ST 3 T 3B BT
FEAE 1915 4F S 1™ U2 ¥ [ F A 8 47 T 42 th 9 4 7 €5 36 3 Cpoint-
coincidence argument ), RAE X RN 55 L AT 404 (R 4. 2 4,
5.1-5.390, BABFHRAKRRERE, BERRQMIES, &
B RS R R .

JUSCHXT A T LT AT th K e ARG 2
B, AMFER TS (D310 5 BB %—, (D@ER3IA
MRS, RS BRSO S— (GiDF S BT RS
s WYRGHIGE—. XL K 2 BORTE IR LT F A
9. (B, FRIFUENA, 1638 JLOTA SR BE AR A0 55 ), FEIE BT
RE AR AR, AR £ FBOX MR B L 539, Xk
W TRIOEK: BILTRATRAAEN, ER, HILMASES
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TR G 9 e ) R LA . SR AR SR EAE R,
BRI

HE, JUTRGRATERNE, A TREE e E 2
B SO R R, AT A AR S A ) 1 B R
o, R LM RA AR A R, AR R R R T A
WTEFAIRIT| HFRO W DL TR B, FAEHR LR
B, BSRTHOERFHMERNILARERR, TH
AT R, R SREE, XA FENERGES RN
iig.

20 A EE R 5 — N EEAER, 18T %% Jordan) 5
KB REMETRE Y, WRTHAN. AAELAENER, A
GUNT PR TERTS T . WA, BFILEX 828 ] RE it
SARETIRE, TXSHARERETFE, K, EhEHE T
GBS CE, AR, B S ELAE P A T BE R R SR 2
RYEEEAME, BE, ERFERE, TR TR TRE
ROVESERAE, RERTRAELH N2 BEHA RN, X2
SRt S EAE A R F B, BTA, REFEA RS
P 73516 (QF D R4 B 16 5 G — R R IR? XX A R
[ R T okt A A A R BT 598 o A4 A OB R

WA, tHadik 7B E AR E? S R X A I 8 AR e
&, BRI R T A WA R T R 350 R i .
AEAEARRT IR T A2 A, XA S 38 o P R A X
#4717 % 3 (de Broglie) 5 # 5 # (Schrodinger) 5 5 b8 30 f) S 45 16 1
. WARESAKE, EERTFARKE, B, G108, ¥
FRFG R FRT BRI, B2 2 40 nT R i 4
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(18]

o (BR, XFKERWABE T ERE: EXEEES, R
EHAYE S YN AR SR GENE A OB, AR
B BUAE A HEMAE 0T AERE ) 0 B B b B R O . XS R
RIS T AR S T E AR, R A E
.

S8 (Max Born) 764 3 86 o 45 40 3 R B0 ST M, R T
HBA AR SR, T HBR T T AR, ER, BBHAR
ERGMER T AN, FERFEAER — L E N, 40 T4 50
ST WLy, BT AIXRE R e R Y R, AR A
BRBARRE — M L 7. 140, AIBLSYERE, SRS SEAER 1Y
SAA ARSI Z " LT 2% S M0 S A T 4 7 e R 35
LT TR, T EL i 5530 b A e 1 B RS Tl R

BZ, dHHXEHER T AEONRR R, BT B R
PESAEMRRRI BOF TR OASh, ST 55 A IR B 45 M (BB 77 D)
FETRTF ARG YRR R OS2 MR AR,
PR 22 SR T 522 SU7 M RV i — BRIE R — R B A A i
BRI, APREMTRRAREA, MNEX—EEN TR
E RS R, BT B S BRAEAEY 4 M RN T B S A
WEN W BE A, 2 A Tt R O H A ek, B
BPUR—FkEE, IR GEMR BT EE R RRRREL  R, A
TTARE T A TS, R R R 2008 T 5 205/
TR, HE T3 AT SRR T4 0 LG sk o T 5 A 6 1t
B, AT,

* WBSTHOWRLEOWS, —kK
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[iER e S27l SEAL| VNP RSN OE ¥ pae 2 3Tk 88 PN ]
AR T . AR, W TS RIEA PR TR —
Yol FAk(second quantization) 55378 T{k (field quantization), X4
BEFAETR TR TFAESHAK, “KRFRBRFLRELESHH
HEX, ERRRTHRTRETH - FHRKER. EXHERR
o, RLTFRAKER, EIMe4E SERRRAR RS Z B —F 7
BiEB%, MMRFALEMFHRMBETAE, SKMAR, it
TFARRR R 35 R TS & R i LA &, B RA A S
R SRR SR S RO TR, T S A AR A AR o 3 B T I
RGBRME.

B2, fEARMIRHO MR T, Y0715 0 R 2] 57 %
TR, BRTRRT RRFEE (R, S, mARH
A5, EHHERRLT M —F R, Eh LR EA EER, X
AR F AR B LE, BRIEANSARZ s AR T 325
Bk (WFAE) WRTARYLE, BR, XR—NEXEAEH
T L2 M, B SRR FRAT 9 S AR A L O R B

XA R BT HARTEN, WRTPATE, ENARRKE
BRI, AN XMNEBBERT, XFREFNREREZ
— KB A R E ME (1927, o, BELIEFHEME A, AR
S th—FORLT AR A 81, TR SRR T RO A R, X
0 1 8 7 T 4R ) ST T 2 R S bt R Fh KL A
Hi, BARRBRILEIRM. :

224 5 4 4% 4 (Wignen) 5|A B 88K T35 746, 7R T5Hi
WIFERE T F 4R T WM. B, R ERMMBRRA T
B BREA AR AR . ORI B R B TR Rl — Fh kg, &

|w1m s
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[20]

W, SR T R T AT AR A T Sk, T i
LA MRETE IR — 22 P RS R B b, UK, BIARMKIBEIAR T
BLFAGEE . YIRT (BORT) RFYE M — Rk BB ML A HE, T
AR —FEE WA, AR, EXRE TR K. &
FHRIE T HRR— A EBAEE, WETHRA.

B, SAEHWRANEIE, BAELERBNBRIE T T &
A, RT LR EGEME. ATSIAT — AR HES,
RH AR B BN 2 SUR T AR S, BT b —Fh
KRS MY, BHRARREFR NS HG A K #E, B
FROHOERE T EHELIFLE, 20 142105 1 1P IR % it 7
LR, XY 5 — B AR RS GEIMPLBD — R M T — R B 4
g, WA NS (ephemeraD A fhifs, 7E8k TI7ib AU LA
FA, 4402 H IR A RS, T T AR &,
R 585 AR R F AR T

RTHEHHARE R AR M S, R —Fh
HURT T W % 5 T IEL RS REAR A (RIS IR, KBS % T
EANBT L K (Weisskopf) i) HL - F B 955 /%4 K (Dancoff) %
SRS ER T2 K000 E, REEN, FETRELE
2K SRR R U A RS R AR PG, TR B2 R .
F O, B SCHX G, MEGERBERSSHROELLER
A H BB BRI o Al AR A B T S K U
HRUATER , SXAULP- 00K 20 P25 R T BB UR — R G bk . R RAT
AT —FROR R A R RO WIME IR B, IRR 20 FA) 36 T 94 2 480
AR SR I B B R 2 MR R B

FERTF WIS, e G 097 RAEPT 7R R F 2903549
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G, o, MEAEAE R T R A Ak B, X R
HORE S SCRBFOE SER, UK, M AR L G 3 ok
ety , TR R & TSR T 7R T2 16 4R i B T8O
ROk, CHEI, BTSRRI R R A
S TR RAR T 3 7 19 5 SR & (localized excitatiom & .

B, BFARHEXR, RIRME (local excitation) W4 5E {13
FERBORASRAR TR, B, SRR LR R LR
— AR RET, LA SRR TP E M A AR,
MAHBRRENLR. HE, MEERRRh B RS RRT
(B8 E PR ARKRT) Rteid, E B 7K S HE
YA BRINKABE, XRBTHIE B IR R AR
RER, KK, AHERSNABOEHTZHET, SBENSLR
FHIEAERB AT KTR, X BRFE 4 9 % R ik (divergence
difficulty) . B, HESXAHE A EXESCE o, BT AR
BPRA—AEEOHEE, EFHR L, XA EERF BT EELR
PRt .

JFAD B T A ) A I 8 T 95 A i e 0 ik 5 P g S
SEPE, XTI AR IR R o B Rl B R B AR
fb. BARTHREHN¥HNETREAENER, BXTHEEMER
HPOKIRIE 5 R FRB A WA FRRARWEEANER, Fid, X
A BRI M B 5 3 o P 09 A5 78 4 (gauge invariance) i) B8 AR 5 R o
FURE A e A A LA AT A — MR, DATE B F 35 9
e A% A LA T A R R O Y B 4 L 5 A
E1N

MEABHEBRGIAMNE S, RAREHRTREH I RHE

|mim si|
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HEFIRSRAMER RN 25 GO B8 el B MEINAE ALy BE4E,  ZERLSE R
WIS S B 5 ) SCRIHE s 5 1 BB f 2 AR 2 B0
TSRS B 5] Jy B — LT G AR R B (U)o i R M
%), MAESR GBI LT, B L4 4 AR 4T R
o 7SRRI TE Y B 45 4 2 B R O MBI, R
HUTEREIE ALt T RS2 LAY

A A i B0 KR L] 5 AR R S 3 e
(Kaluza-Klein theory) 2 %47 FF T 1 7 L7 95 5 i 25 iS4 b JL
FIEHARTTOL 1.2 4545 11345, Filk, WRRITIEHMEHH
FRIBRXFEWE R ML REE SEAFET RSN, B
FFAET I 22 ARV RS MR 1 5 — o LT 489 R T 53 B St D I6 ) ik -4 0
YA BURY CHUTE S ik -5 90 S AM B, 9 A L A8 1 44338 o iR
FERD , A8 AAE MRS 20 G A 2 T AT 404905 9k 3 4 909 45 7
AT .

ANGER DB R B, R TER T AT HE TS 2
Jei s TSR A K5 JLAT 49 G A% 1 b VD00 R A I T
B XAHERORE, GEOREH BT ARSI BIe A k2
D M 2 SR LA T A G R AR 4 6 1 B AT
BT, MR G A RO I B BIE R A A
PRITHERS, AT & BLA A 5% A t 7 A A AR B OB e, 7 L
MR —SBARFAE R SCIRAE S — PRI IR, I P A 3 A 4 0 11 25
(R, 12.4 %D,

BOAVRFAE /R 3 A% 00 65 AR AR 8 A A 26 1) — S0 45
S BRI R R AR A S R O SN, R
BRI, T2 R A0 T I A 3 5 ) 36 6 A 0 7 A o
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FREBAARN, Aif, ~RELEANEFOEHXR, EW
RIUAE IE A s o 1 SR IR R AR HE 55 B XE AR bE . LT A, T
%, BRUSEZFIFFEGZFEVRRFEN. RIWW, RTHR
SRR AT ACH, IAT X LR A 0 1 RS 9 SRS M A R
mo—B Y. Bk, MEEWSNR A, R RRE EE R  BUR
1 17 P RS AR A TR R MR A AR S R T 2 B RS, AE— 2
AR, AR RIESEN. BN SHEEN.

55—, I 20 H S Y B S84 AT AU AR R LR
PR, FRAT A S BURHF B A A o A6 SR BB IE S B R M) B 2 R T
R, Flb# e T YA WK FKLER” (convergent realism),
ARG A AR R G G SRR AR R, BT
RN 2 45 i 1 BL I 5 B0 23 2 R o ) SO AR S ISR AT T
AR A BB 0 SE A 7 T 9 B0 57 ) S AE M B 2 S LA R PR
g, IBALERE A ML AR K, MG FUR IR R &
—FIr R,

FRCRREE AT OLBTHR th A SERIBF S 0 R K 7 16, R T el R AR
A AR AR Y KR I, X T M R R, B
BRoCH Iy BB AL R, ROBREAER. T
FbEIR, — AU IR AR PR R, (A A R
LRRAEMAET, BARERAAEAN, HR, LEEaW, 0
AR T il 2 MR B S T BRI IR M LE A o

BB H X AR R BT B, R IR B A I B4R Ly
B, ARBEERR KR, DL G A A O R A —
AR, (EJR, HERSRAIL, WEAR R BLE M RSB AR 6 1
SETTRERY, HRA R 2 %) 4k B2 RCE 2 R AT ARV AR T IO 0

|m1m s
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[23]

A BRI AR KRR, AT ST MR AR BRI T
HAEHAG AP, BREEA RN 55| B A% AR HH
G, AR T S SRS (B SR RE— Akt S
T30 ) B AR SR —— AR AR R ) T 4 4 G A AR 7 A i 4 R
A

R
1. R, Zilsel(1942),
2. fim, W Gross(1992)#1 Weinberg(1992) ,
3. 1, Cantor and Hodge(1981),
4. I Strawson(1950)
5. AERMAKICHL LARRRES 7 Sa0rhe PR RERER,
6. G, W Redhead(1983),
T RTEARER EFINFRTFHR, —RiBUELE 4.2 Wep ity
8. 7 e, T o M AA AR T 3¢

AR E R,

9. BHSGHMATHREATHRS, HhUKBA BRI, 3 65438 1L E R
X, MR EHHRA TG, UKRRES PRI MM AL iR,

10. HPRLT 69 M UR —FRIROR . R0 — TR BB T 752 9 25 (DS AR B
WE, BRTFOAECHOR— A, — B S MR 5 E (Brown
and Harré) #i¢3(1988) PR, IEBRT 0GRS EME, COuRMESEiT
H R4 #548 FT#E# (L Feynman and Hibbs, 1965),
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B2HE
%43 i X

BARRITHIRA M KRR M B BRI RTF IR, R
i, ARG BT R, TABREILIR A i R R
PITEE N, AR MERR AF 35 0 U KB B R Ak R R, I
ASHNGRIGE S, AEH AR X — R, X —
i H OB RIREE U, Kb MBS T R B HIGEN £
LG RRIRA R, !

2.1 HFERPAWEER

ERATAESS 1 B RR BN, EE R B B AN e
BTt 5 6 B A A € ization) 5 %3¢ 4k ( ization)
AROKET AMNXTLES RS, REHRILSRER
YRR F RO, WEURALREHHOYIR. REITFH
) 5 3L/R (Henry More) % i 1 P 2 SC (09 W A3, 4730t SR A2 454
ERECEN, ERFENGE, WEERGABEE, KRR

|mem ensmenye|
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[25]

FOEZ MR Y TR, X, 5 BE T DRI TSR T
2, MR R ILRBLAOIBRE AT DARBUBOR O TEAS, SRR 3
MK (Gassend) . BRE 54 BRBAIFE, EMBRND LHEEH W
HRRE, X P F7 AR 2 6] 2 50 S BT XA B9 R () BT
R IR LR R, A AT REAS 640 I 11 25 132 3 o 2 BB
SIOPCEANE, PR SRR TSR, G, B ESE
I, B AR S TR, (R, TS H L
B, RAFFAh: BRMIRE— “BENA AL R Mk —
FAAET HARBFLER B JURBCE LRI, s RIS I
M, BRMERESH2ER, M hHSBARMES, w5 T
YRAERMA AR, E WA R B AOARE, X — ST XA
R F7 5 K % B S IR SR A ) A —
RAVBIAA PR U AT RRE 51 ). PRk 2y AR
BRI AR BRI 168, W RILKRS, AR
TEMESS, RXIHEE 1 A8 R AR AR B MR . S8 AT
ISR G K 400 A B ol A 0 490 0 5o 0 35 A1 0 £ 38 A1
o XFIIEMREMICUGI TR FILOREE . RIBWRIL,
BP0 U0 ) SRR 15 L 25 A — P B o R ER . BEAA
BB T B S 2 2 ORI, TR A A
AT, X, W-FILBIER I LRI 3 iR
PR 8 0 o 4 SO 328 30 5 380 4 MM ) (contact action)
ERTRERS, KT RYHZEHIFH 07 B8 5B 75
B, UBARA AT B Bl TR0 A 4 32 5 A R S O 3
WP RSAR IR E S, e AE R R BE /. (R, M
AR LY, AR MR 2 075 1 2 A 1 — B S A0 AT R A4 AR S
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B, (e b, AR RO 12 8 3 IR B B A
1A BRI AT RSO R RS S, T SLAE B PR s S L
HRILE TR TE RS AR T, X — R AR BRI AR,
R B A 1 A T SRR N I Ty . B SR 2 B B R
PRI, St B T A AR .

R, 55— AN R R P )2 AR T TR, AR
B HRIAL R S R AR R R R R A, AR AR
&, MRRELAERREERAADSEN I WBEEERTE, B2
TSR TR, DR LR T AR S K. B,
EEERMITE F = ma IPRLT ERXR, BARYE L ME
BEHRE. BEARCE SRR IR FUERE, ARBH L
WRAMRE, FBH— L1 SR, HHRERSRE T
2R 7 (Locke) | N1 53¢ (Berkeley) 5 (ki (Hume) , e Pt o
XS, AEH CESRE, BEWRRLAERTENFRAE
B M T A BE TSR AT SR, ARG I A 150 TR P R R BT
SR A il M T o

RIS 2B e R T, B AL IR SRR T T
R GRL, RESERRESMEMKRN), KMiRUIELT
O TEME A PIZ R A0 B, BRI RER ) (R A L R
fe. MFHRMBIKR, WHNR 2 HAMES, BRECHES 1
YRR BT, T 517 MR A A B B R s, A&
PA—FR AT SR R A

et & 3 BE A1 P A 41t P 1 10U B 4k 52 (Roger Boscovich) Bt
4, RATRITESRASE, i T3 B PR B R L 0t 7
TEFESEPE I E R BA0.  WENTRHAE SRS, A0SR ST AR T

|mew samenxe|
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[27]

RARE, WAECTIRAR, HERH M RELQEWL, Wi LW
RENE A, EIIREEERREEM T, MiiRE—A T
KeF1, FtRB T MAERS 69 T 55 BIR, MO0 R4 SO kA8 th 45
W&, YR AR RTE) R R AN, RAMEHN RS, B
BR/NU BN Z B BE R BT . AR UL, )¢ 2 18] 9 s i
JE AL SE B B HEAE DRI 2 18] B 1 0 1 S R JCR R BB )

T AR MR A S B RO — A B I, B R R
MRHRRG? RERMNNLILERMEREELOEEG? GRA
RFIRR, MAERNTEAD —FKEREAEY, AETRBES
[P BRLAEHER?  WURE RGN — RIS A, MATMAR S
PRI 2, FRATT 00T Gl il 42 55 A 330 o T 58 A1 5% B 0 38 R 2
LR ATRBI , AL B A TR S S il A ) S
BOFERORBURT ML, FHE 1ML T TR T 1 AP AE 1
MESAOMIAEG R, X ERPN T EROT . R Sy
K, HOBESERE. ETHRBEREN, b FRELE
BOWEFAEE XAELE . A AR 183485 B0 78 Al ) 2 o Ok
T, WBATAEFTAR K H ) AR A SR A RE 1. X F MO A4 5,
EMRFF A, F A RBAEMTEEIRAO MBI, R RFRAE TR
RS T SURAT SRR A ) — R 5 SR B

2.2 EENR

BT AR 3 B PR, SR LSS E X
PTG 60 38 T, (FLJ2 % LAGE BE A 63 0 B 4 9 0 4 08
FIT &, XFBRIEENUR I R0 A FOAR . AR S b
TIERRRETR BRI RAUNE R A0 A IE 0k s ERLARIS b, TR B

20 e sgienome e |



SR B AR, AR TSN R AR, AR I
Ht PAK UL h R BN

UABBAEEARG &, FEHFARGERE. URBEX
FHMM AR BT, ET ARG #0 RHINGETT 1, &
BRAESCRR A BAER AT, X AT R, DAK LR A SR
PEEARBRIRAN R, W HEEEGR, —JEA BRI A
KUK AE T WRE S FRAEULAR IS, AT, & 6, L B
551, P, R LS A5 B R JLA IR R RO
HAHAS .

e # B AF F SR A2 BN (A A IR B, R AK S
EGEUDEMBI K, ik, BERES RRME, KSRE, ©
A6 231 SR A 7S A 2 7 370 4 4 o5 BT R 1128 ) B A8 b
AAARFETFHMRCHTER . ENRASRE. AT RE. TR, e
BABHED AR T EA 6, R TXAE—A ARHE
&, FEREAHTI A0 ERRRE, AR TERILKELEE
RLTHE NN A9 FE A7 5 04 A (MR, A MSTRRAE S | 0 R 30 S W I
R T REAN A9 HE R SRR, X SRR T R T R A B
Sk, SRR, EHER IR TR E Y,

AT AR RS i B 5 R R, WX B AR
S A AR BAR: 2T, FBIAG AR A R BB 5
RAARBFIR. RRET YRS EA I EARSE3 S
B, AKKLT, ﬁﬂ%ﬁiﬁﬁlﬂ?iﬂ?gﬁ%, B R, SR
B A, WA, RREEMEINE, AR ST R K
BT, AT, AR BT 4 WU MUK SR DLAR N BEAs . B
AR s TR F A ARG, esh, 10 R BE A R

|m2m @pomcmnE|
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RV REALE S DAAORL T R FF ) — 5 BE Y_E5 A PR A HE P A1 BB

AL, ARG AR A — A EEWIHE, FREH YR
B, AR, A AK AR B R SRR T M
R, AEAFBRAKRAT E R HER T, R AR, B, W
I RAEN R BB ARRE , 1ERTI B —FR G R, S AR,
MR — R BRI, A0 DA AR 7 M A T L2 AR

He S A TR 36 A o B 1 h 0 SR B DAK R, B B 9
ERMEAERT. MTRARK, BAUK, SBEY AR
&, WETAMMRA, BB R, 3% % AR Z R
WREYIBA R, A X e B B B, R TR
(force plenum) HRI, FIHIFERLZ —FIGHESEIK, B8 1ERIES)
HRBEREE AL T . B, XEFHA R KRB, B RIIE N R
RHDIT IIGFERA BT XL 045 R — A8 12— (K 7
JTHIE . 40[F ¥ & (Peter Heimann) 55 % 32K (J. E. McGuire) i §i2 75
BOARRES, AEMERILBIRE ., . K RK S B ROBE R
B, RATRILT 1S A o PN B O B 9% 5 95 7 10 0%
o BBR K AR v Cactivity) 5 1E R IR o LK E X
— R

(B, —RRATE LA A WA LAK 3B ) 9 W IR, A —
FHEESEAT IR, NERERAEE, WRER b RR TR, HR6E
FRAUER AR B 1B 0 1B MR B A R S, F R
H, JCEER, ERAAHNARORT, SREHT 85U
FIORPE, BMTSAE T8 A AEd Ty, B, R 16 6 LI 2%
PN R FEE

BT XTHMFR . KRR — LW 2 5, 3 Fikhe—Fh
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BN MRS, EF) 1802 4E4E M7 « # (Thomas Young) # i iy
WENBE, A MR EEEAEK. RSB, AR
BB A AR P BB R T — AR M A PR AL S
BEEh— BB, AR, EFIEAKTE 1816 4 JE R H (Fresnel)
HFR T, BRI E B

B, FEPARD R BN BT PO, UREENZ
B 694 I 1 7 4L 1 (Navier, 1821; Cauchy, 1828, [ ifi ff f i) i 4&
R BOE R AR H L BORLFZ EA AR AT . B BB IR IE
TEX AT, TR AR BB A RTRR, RA
W REEACE BRI E KT E.

WEAR 2 1 T A HE A AR A, thL SR ) AL LA A T 5 1
AL, X — 35 RS 5 AT B A RAR S, R S
(George Stokes) 5 g i + % 1 i (William Thomson) * F 19 {42 40
AERTEN AR BCFBI I b R, 00 AT 37 6 2 SR A AR &
o, FATRESAER PR TR T, MNRITGTT /NS Z 1
Vi -1:: b Buk RSN E (B4 P SALOE (&P S P
WEHAE AT AR TCIT/NBS A ER S A WS T . 2
HEGEATRBCEREN , R AR RS RS/ A I AR AL R 2
S RRRT, WAY R R R BB B, X 7] B BF S oK
fE R ORI MRS, T 35 B A 5L gk el B 3% B 0 (Laplace) . 1
# (Poisson) 544k (Green) K J@ild ok , 576 1 S0 I o 1 b AR i 1))
HH*.

R, FERTG | SIS RS, S TR A R A R

* BIERSCHE,

|28 samiem|
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[30]

P RRE SR ZE R — RS FRE W R R, T SR — RS R -
R T RAR D BT A B E i — R, ARESH HHE
AT ZEFHI—R. HFINHEEREO R THUSIABEXT
P05 23 18] o 0 A ML) G A5 | 17 O MEFE IR 2 5, R B AE AT
YEPER . FEELCEBGHERTR. WRABRMERLEEY, ®
HEIPRLT Z WA R Y, — AR R B
BT IE GBI, T SR MR — R T, ot 25 ) o £
— R RESROE SO R & . B, BRBEMT
SEENRBFRTK

B, Al AR —FE R R TR, R EH
A B Y A S FRAE R G 4B S B R R, AN A B
SERUARE €1 1 e F M T HE S A1 B 4B AL W4 2 I B 16 e B
WATREE, MRREESEREOB. FHBHU, EHHHR
VIV = dnp 1, (RSB ERE — AN V8 T SRR AR
W77 5% BE B 3, T B (5 B B i A — S BE A Y
FEFTRHY o 2 FIAIGA KB, HUC AR, %8S aeas s 1L
RRAY B AEYE ) G RO, 3Pl A I A 0 £ 8
A1 68 B 11 P 0l P —— 0 B AR R — A s
Bilfo XA, AT A A i RRAEAET % AL Y 30
COUANBE R (KA R 2R 200, T 28 VR B 1 T R g 11 o
B RAS M2 o

RIS AR IR — R B SRR, S5 R AR B
FER Iz 1B H AP A0,  (ELR, QSR EA RS bR A
SR, AAT RS A A YR 1 e T B S S R B A1 I ) 26 G
Ue? —FhATRER MR IESEMR MBS B R BN T, RAKAE
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Y P RAERN, EERT LR ERSAWE, CORA
ik, AR R, CRE AL IR ST R AR, OF
LR S SR

19 142 40 4F AR B — R BOE 5 AR R B Jy AL S 73X A L
PR, WHETENTA L) 010 T S S AL B e R A AR AL AR T IR
SRR, TR e 52 4 HE SRSk Pk BB A i AR SER:
PGSR IR K, MR LA R B R AT RER, X
B, RANE IR E A TS AN LB BRI
i, WAERIS R HINT . XA REIET R, BB
FEFATA MRS E AT E TR, EME L, XTI
TR KRR WA G R

2.3 HURAKIRIE

19 HAFR A MRZ R TTRRIMGR, HHRERNEL
BB AR, X EBREDTRDN - H5IEREHLAE, X
ARG T — R AR D R BRI A ke Bl L
W, HERISIFRIN, BORME - HlTh. Elis SRSy
FUEAI B R S RETTIE, 51 AMIAREDE AR BT e i3
SAIEEHHET, BTAERBEEIE b RHE T MR AR, IR R 2
FEAEN A BB A PR MIHE o

FLREIL G RE S T R S M R B A P AR R R B R, e
BB EERN N T2, REWOOT T AEREY IR
(Coulomb) , {445 %45 (Ampere) iy RGE R H R 2] RIGHIBI T
AT AR 4y B 5 5 11 (Weber) 15 2 #} 98 % (Helmholtz) ity R 4%
BB, FLERAFRERGSINL, R T AR AR R T

[m2m ensmene|
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[32]

TR B AR R R F AR A U, AR IE SR A A
Rt i S AR R AR BELAE T o

B, XPE—FhiAfE By S EEFERA, BRTAERRE
HEEMHE EHEHEZARHAT. WRRIEHOMEE NS
RPTH B RIRIFR , TR TAEH B &L BB R Y ke %17
. HRRBCU R BN E , A RS HR R E S R
RARBYIRAT K 19 B i A, B4 IE 0% 4R 43 4 (John Heilbron,
198510, 18 42 80 SFRMIMERTLH T “H” WS, %
BHEM 57 XARE.

R, £E 18 405 19 BRI R R RN HME, AR LR
RFRAETH, MARYIEENR R, BERHEH. HRKBRE
B FAE T Y AT BT, B TR RO, B RE
B, RIVABETEREOEROFHZAAET, BHRHE TR
HACHYEIAE AR, BB S KR BORKM, BT R
HEWERBATIAE KOPEIRZ 5, NMIRERA HAER, K
B RESIES .

FEE BE A —FhB B R, B SRR, A5
SMBENRAGA PG, 1844 4F, KRS IE T OGR4 ST X
FYFORLTJ2 77 AWK 9 Ao DB BE T ELRE th 7E 4R IR T 2 )
B R SR B A i ), TR X Stk idhg. M E
oK, LRI ARG X B ) R RAE , X 26 H1 2R 1) Ty 160 AR ST T
Talo IR, SRS AKX B, L0 X T 4 T R AR A
IE, SRR IR — MRS R 55 BRLT 5 A
HEFUBE , PGS A ORI B0 65 TP B, ELVE IR IR
BIE—FMSLIFAE, XS Lk, R AR T G
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W, RS IGIE, RAHEX AR 9 ) R R T — LT
25RO BN T, A0 BOREBORL T RO AR, #RTT, 2B
R DA A BRE V0 T BP0, L5 X DA AR S ) 4
E. WERERAEERAKRIIE, BAMKILE X LT
1055 5 A S R B R T RN . A B, YRR
34T A 4t AR AR AR AT HAR B AT T BB K SRUTT B BREE AN
Frie O RAE, SRR, Eah HOR % R AR
A, BaER “RAVHRZ K" 1R A HR I I AR KRS
(Faraday, 1844),

h TS SR A — R S, SRR R T LK B
ARG : DERRERMOZEE S, WROFESBESN
% GD AR FENFLILRE, D RAER T H, (v)
kBRI A FRA R, R TR AR R A A R A MR
T, IR — A HIRR ) R G SRR B, SR B
R I RIGRBFR ) WL 5 KA DE R, AR
B, WRBE TEMELEE, A LENE LR R
LT HCEE A A A P B 22 (6] o SRR B 0 R — Rk, AR AR 7T DA
B REhaE, XA RLIUK AR B2 6, B0, B
Sy CHn SRR 2 DA BB ()7 40 22 T 458, I L) R E 3 B
1] ] 8 o S o A A A PR O 2 (B, R B R A B I [
BRARFER . PO XRS5 R 8 A R B, B
B - TN, KBRS S B M — AR TR B Y A R
FIRIITE .

WA - TN SR IR LA, WA AR, WM
A, BRUE - VU I SEAE 1845 SE RS T R RS 0 Lot
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(33]

(Fourier) #ufk G TAEZ [ i TE XA 4, T /5 26 1847 4E 4t LS T
WA R S A T AR 2 R R . R
A o) — F P 7 R 8 7 A5 T T ) 0T 4 ST AR SR A R A
FH TR CERER R T MR R RN . fE 1849 4F A 1850 4F,
B - TN AR GEHY T X AR, I EISTE TR B
ST BT AR 2 S 5 )R 00 0 6 5 51 R DA R

HIG, HHE - WIS RS, RRRR, BTk
BIBMBENE AT, BARATASE TR, —FhiEsmH #
PRELEM T, AOXFUUB AR B B At &, BUBE - I IR T —
RIVER, HPUAKR—FET HRRE 3 /15 54k, I HE
SR ARFHEFBT, M 19 e 50 4RI, B - Hi
FIIFHERH A 3045 R 0 DL R AT IR R, 1856 4F, i
ST 1847 SFIRTY R AR S FRIR . FEAD S 1858 4F K MR 4% 5
FIRMEE B TAE X TAERM, — 52008 HEi5 3 B A 3R A )
B, B - HIBIMEIEE, BIRAKR RN E R, XLk
TR TR ISR AT AR FHBORT. XRE MRS ET
GG TERIBERRA ORI, 305050 T 1 0 B ) e
fel e P AL,

BRHE + I K DAK 9 SEARAE 19 4D TR MASBIA B, R
T, AR BT AR AR R AT DU AR AE . A X T A I
P AR BY T 22907, (52 U - Vb O 9008 5
I IR, 1884 4F, B - BHIBTAARK .

ERGEE A FRHIRERZ W RATREHE, o
REBEH MRS, RREERE. RERTRUEMT
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RAE AL AR, RO R AR R R R T EM A AE RS
RHE.
(Thomson, 1884)

HETHTENBREE - HIARRE R, BT B
W, HHEADEE L, ANBEARSESARMBELEL R, %
SERTHIE T R — A E SN RN T KRN
BTG, IR A T N2 S S o i T s A A
W, BRENRBEEOET. MMEASROWZ TR, ERME
R T 6 1R R R i — AR BB R %538 (1861/
1862), AT, HWIEEAESEARAFE, TIRAR IR EK Rk
B, EAMIBICEAY BRI I B 1 B R B AR T B
AR, ETEH RN AR IR F N SR, R R A E
S B — DA R AR IR

FTEHT Y AK B AER B - AN —HE, EYER EtRSE A
HUbREY. 7 1861/1862 4F (i 4 B J1 &) (On physical lines of
force) Wy SCH, F W MIHABER B B AL, BRI R
FALE— UL B, B — S O T RO AR IR 0L, ki il
HEERESER, RANE, HREM 1864 ST 1, ZRuMiHE
FALFE TR AK B R R AR, fth 1864 4FIE L CEBEIAHY
HAFHIL) (Ad ical theory of the ic field), J2ftu
B R ) R R S B S CRIRS B DB J12# 07 SR R 07
Ho RTRGATATI B AR B9 B ARHLE B R B B BB, 3 A0
SRR AU AR, 22 ST F A DR B B 28 4 R B HE S
LB TR (1873),  MERBIX A3 S E R YU, B

[w2a samon|

[34]

41



[35]

42

A5y S W RS B F B SRR T4 2 TR R A

TERARE S L, TN HRIEFN.  fthxf BT A B SE i AR
SERUBRAY, BRI AR R 4 I3 SRR, R E A T R
B AEA-RY , AR AR T REAFAE % 2 T E A AU ARRE, (B
2, ETNEHX RS X A ER A R, BAME N
T HBEAE M A R M B FOR (B M B A W R A
W, B3 RR BB — R 3 ¥ R G — AR —
HPRAS, LA RARARR, Al ) DAK R IR ARLT ) WA A 1R
Bo SRR — LR S R R A, BB ZE R 7T i IR L b
AE, WARIESYTASRE S LITELE, B3 8 ML A g
Hufiz .

MMNEHER, ZRMEFROREETMRZ — 2, Az
TSR T A LA, MK YL A, ERIEHE
I, WA EPOETHAE . " JHOTRALA AR R R T 7 i R R
AR RS, X R — Y B R R E T W A A R &
AR, XURBIH., B, RRSK I RRRERIAEX M HET
WA KRR AR T, (R, RREERE N
G AR AR AR — DRI B 55— iR A i BT
YIEIAE? EEAR. RTHERARE, it

EMFRERER R P HEH REZAEI DR EGR AL
ZRNRY, BLAEHNEARARCFETEAFHMR S 0
H el

(1873)
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KT RERFET AL, At

MR AREFETEAN KL BF X
ARFUREBARTES? ZEEF Y RBARF TR A
ke B 5 — A MR 00 A — R A SR e R T
— Ak 2 G X RATE B F MR BT R

(1873)

KAMGUER) H R BIR, KA 1 45 A7 Ak i A AR A6 A T 4
M. B, ERHHEAN MIRSTET ML S IR R %
AEME, AEARANER DAK Rt S

EMCELGE, 2T 3 10 3 0 AR B UBRAT IR OARE 5 2 5 %
SR —FEM AR, KBS MERR, £ HRENU
A gl S T LR AT R A9 H R, K —ADRLF R — AR R AT
(Maxwell, 1873), X &T 1868 FAN MM FR M, #
FEWTH IS IE R K B T R, R R R R
THURAARIHER, HRIFAAE T — SR

TEME B, B ARRS — X S — AR AT A
TR . B AR 19 122 i 0 1 0 B 2 5005 ok 4 A1 MO R
&, EAELEFER WA B 5, e RAERRFFH LI,
Fix BRI KT OB LSS, XA
Geil i Ak (Schelling) 55 MR AR B 1 S84 2 45 19 1 42 ) 8 R S0 4R 4
FhRAEWH.

S5 TE A G YR &, HeAT RVt TR T R
EEHNEEME, XHIER BN ERR, TiARBEEE

[m2m ewmenxe|
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[36]

AFHEVIREEFR, TAERROGE— R B, T E M
HERFWEFBLT, L, RESH.

HIRBE S Tyt 2 AR R KT LR (R R A
J0 o SR SR BT IR 3 B A W e A A A — R A
A 22 3t o 48 SR 3t 5 A T v 2 R 9B A — o 4 R L 2 3t
FAWAH A HIE A AR R A EH 3

ERBEEREYEE P LR, G, BIREB
NFMMER, ERHT W FARDI R S F— R KA, K
TR A A 2 (A S ) Y S i, S L — R I A Ak
W, WWE—FBLAEBE, WRIEWHEORS, BWETHE
BAME S AW, TEMERE W AOH ISR 8IS T MEREIG IR AR R 1R
B AL R, KATF 19 2RS4,

TERERE, X 5 4 K @ 0 55 — %0 Wk B % 357 (Gauss) i) i
(1845), BPLSEFFAER 2697, REAETIE DA FR3s HE 15 HiL A 2 [ 44 4
HHLEM . Hai9%4E 3 & (Bernhard Riemann), BT #{7 & 2 ik
RIRBAER PR BOF R, —TFHh, R B (1853) A YR
SIARKE BRG] A1) SR ) 9254k B FEL B3R 4247 51 0 5 96 1038
B ARG TR HERE 5100 T Al e R ATAREEA . FEW 48 A A
RHEA TR T (9T ST BT MR, 33 AT 1438 B AT AT T4
VAKBEESR, TR S8 AR UM T DA RO B, R, BB
ARLEFFAERY . BREHEW , [FIRE 9 DA K 0 5 24 12 51 4 48 B 848 0 o
SRBOIRSINE A . AT, BB E I — AR, T
B DAK BRI S0 R R T R O
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R TN H RSB L RILE, REEMBGE—UAKIF R
RAT. REEB, EEM—APHEHTEHERORE, K24
fE LY BEEA TR E R RRREHBR" F %I KA,
i L3 7 W 25 R SRR R DAK, FF ELBR HH— R RES TR 1 50
FEARRI I TR UK E B, B PITRRAXUK
MRFEGH TR, B A TERR R T AR W AT
PRE R RRED BT . 51 SHMXFFES N4 &
P T AP ERAHUE R, TESE T G5 — X AL AR Y T AR

7E 1858 4 AT MBI L E MR OR, REEH THME
[ 5

RELRA W RBRA T HIERA N RS ER TR
BER W TR LR R CE T LM R ERRAE TR ©
EAFNEACE S I PAR L TR S o8 SRPE S P S N
ERMRR B AL BRSO T RE S LR BB TR
HE .

CE )5 F 1867 4t O

) AR B XA, RBRWA TR VIV
~1/c222V/a12 + dnp = 0 BB RS H R V2V + 4np = 0,
THRSER— R, SR c M sME i (1861, A
MK, SR R A A ) S — YRR A S R T RERY
ERIERBGE— NI, RN KIR S FHRI ) RIC IR
BRI AR DAFEDAK s 4R T Z ) B R AR, DAB AR i)
REGUE., RAXFTR, bR DR T ARAGER, HERA

[m2m emmenxe|
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[38]

KPR B I FAE . X0 AR &R LR AR 2 T Z A
AR, BORFE SR AR PR A 57 L 25 A4 N, FE5X MESR B
TRESAER BRI, REWNOUURE I I FRER . MR
“PAKIE B E AR S B R T (R BLAN ™, T ELDAK B 1%
B SRR 2 B I TE S IR S S AR fE 2 1 (1858) X e BAR S
B - BTN, F A, PAKJE R M E U A B9 (Fitzgerald) | ¥4
(Lodge) 5 i1 3/ (Larmor) i 3 17 4 B8 ) AR A 0.

AR ST DAKIR 25 8 o O i —F oy R BAR, BT A
REGHEAS , AT INGR T AEJR e 2 37 9 S48 ) 92 B 76 4 0 B30
R, X IELRET @ TAEFTRBMMAEE, H TRk HAagS
PARRLT 2 [ R EERE /7, W @A I R B T R BRI KT
Tl SR B AL, EHRAX S B EE AR BL 2 22 2 19 98 S (1868)
F, R, B IERREIIN . RS S, TR K
. BIANRAAFHHR" . RIE, GIES T GRS,
A TR AR SE R B, DAKRERO TS, A4S S A
BRI AR LA Z AR, B AR T REH ) 14 6 95 1 0 R S
GEWIAKIR | BRAG BAT W B — 4, I B BEHISE T H—fE X 2
YRR B

AL BRI DAK , SEISAETT 1A 9, I W 725 6] o £ 4
BRI, WSS TE—MERGAMTMAL, FEFE L ERMTE
WXRTFFRBMEFG S5, B, 60 W RE I # AT 7050 B 103
P S A HB I TA A M B 1 WL A B SR

BAERMA ], S0 RRAET 2S00 655 0 5+ 8 2 A B 4«
REAEAFAE—Fh AW AT SRR 6 T IR SRy B 9k, Ik
HIEGAC L BRI B? 20T B RS R UM &, FEM

[ 20 ttsesmie mome s e |



Xt AHR R, B E TR AR, BULTER B A R
PR AT TR

F I, BRI - ¥ WS A ¥ i 2 Csubstratum) ffy A
AR S E T RSB P e, RS BT HUR R
ENE, TEXDAHT, FEEWRRBRAGNOBET, FHERR
RAER T, URARLT SRR, AT, 1B - B
HETHTH TR, RERTSHRARER AW RT, B
KPS LB HRR BT RBRRE N A K B ) 5 s Al
BOANARTRAKEHRR, RAEWBER, A ERRAREY
AT DA S ) DA TR 1 3 ) AR B AR .

B, AT VAT RE S92, BB ST 1864 4 LRk 3A 3 1
LIRS E YIRS R R, BRI R ALK . SR
BB FEAJE K HE AU R 2 55 B A AR B, ST
FIHEHE(W. K. Clifford) 5 8w, #2 (Heinrich Hertz) 7 Z B
W DV S AR S, R S 2 5 — R AR AR (R S
JeAEbk, BEAh, 3R K IR A I S ARLP R — B E
B FEA PRI, IR © IS RIURIELE

JE + U TG A3 A K B B RGN, A HRAE R A
PAK A WIS B R0 fER IR, P .

— 6 AT 2 6] 0 R R AR B R A R

R IE L M54 A A A R A R T A O A (AR e
BEEE D —AMER G RAER . ERRUKR IS AR,
(1883)

[mem @msmene|
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B2, HaRE “UKDEF SRR FHBEYROEE . B
M, AEER T AK B AR A R .

FEHASLAML 19 142 80 % 90 ERMUKIIBHA X R, Mt g
BRI — YR AT AR R 38 T2 0553”9V (1885), A
WEARSANBABOIR, FERPIRRIEIZS, B —RAFFERH R R
BRI BARNEIR T 58 —RRAFAEATLL I 5 0 9 P R R AN 28, 7T
VAR T30 112 o 36 4 09 DA K —— #1955 4 Fo 13 ) SR —— 1y 4
HEPERT,  QUBRRBE, I3 DAACHR IR AR AR 6 A2 3 2 IR 3 K
HIR G (MacCullagh system) iy — 445 5 I 3 18 FE 28 o 7 B th e g, I
AL SENTHR L RO TBRE XM TR T4 R h 7 R G AR R R AT
I, ¢ XBEATRIT VR KA 5 — R AR,

BFURRBE— R IEE UREIE YK, h5a T W
TAE, XOHFERMSF MR TBMES. XM G RES ¥
AES LI, 3 S7 5 W TR R 1 GAURA KIS % 19 5
R B, BB A KBS T TR, X LA
SRR B R, TERRGE L, FE AR RORIN B H RS, B
BIALTLB R R LARBR L, X FIBILR B 4 AT, B
LD AE WU 77 SR th e B B TR kR A AL T
B, {H, RIERERH

BB R o B AR5 RN R B 3
TR A F R G HAT A o Rt B AR R A A AR
(1894)

T, FESURRE Sk T (the tail wag the dog), XE# X THE I
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B A A . ST Rl S R B ) R T A 11 1 AR
W—4, TiAREE R KR —F R RS, ARE
EAS I, FERIBURT R B A RRJEN LRIE, TR A KH
0 FUR T R R A A R

R, RBREH— 5 IE AR B AT &, 1894
A, MBCHAEAPURY) IR R R IR IR . 1900 48, 7SR W
WVFRAT BERE DA P — Fh M, (BB AR DAK R R 9 S ) — A 45
W, NTIIIA T B « BE YRR SRR, “EER
TERIBUREEW T, B455(E. T. Whittaker, 1951 3Fi3. “Bl
LK, UKFFEB ERE—RIEWRN R, SR hFELI 2L
05 RIRE BT LB TR R . 7

SOFA SRS BN B K A R ARG B B FESL
SRS S TR, REKRT A ARG —. BEit, &
AT R SR A R . BB R A H R A
FHUMAE, 2 AR LIRS A5 MRS BB W R
F P, B MYUBRAK RS54 S . AEHUM A RS

2.4 HE@HL

TENUM AR IS , LB R (U — R SR A6 2 3 e A T 5
PRk ARRER TR BE AR J 8 ) ems . T EL, T RS ARAS
51 B 4 8 A SRIBR A R 2 A7) o 5 A 2 B i DA 3 L 370 4 4
FH e Al it ) ELAT I L5 B0 D IR B D R O L R 8
WA Y BSCAE M) —FhRAE.  {ER, BEAR A B E M il
RO RV AK I —FRES, ARSI 1R, BRI it 7]y 2

|mew aumeme|
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[a1]

WHAHBRAKIAE, T AR BRFE .

BTG, DAKS ¥ B Y A 22 B R A BRI Y. XA
U - TS RLBUR KT YR GE— AKERE o L, A2
e, YIBRL T2 AR B B I IR IR R (GE
HIREBURIGIE R O IRRE) . B4 BB A AL 4 3 P DA K o e 4 R 28 1)
Holve  BEARAKAEE @Y AR S R E R4, BB AL B2 6
AWM 20, MR, MR A B A, YR
RFMT GBS ER, Ak, PR R RR B AR R BT 4 5
SEHRBUBR DA A — FobRAS , BRIt DA P 2 5 0 L S R
YR TR ¥ 2, AT AMERTURBR R KK, 4%
RS HERE T AR, T H, BEA AW B B2 R X R
BT ARSI NG E , A8 A 5 A 2 18] (AL LA gk i
P FrE T AR R R VB R AL B, X — B BN T XA EIAE R
HLREIA I BT .

EH1 AN 22 T30 5 B3 5/ 1 S ) T 27 SR A b B 98 18 2 O U
KA L 5 A RS e ) MR 2 ) 3 ) 2 vk L o e DA K ) 12 40
WARAER, T HEAHCHNEREEN. HW, HEPAKN
HUBRAK A SBAR, DAK RB4S I B R R 2 3k R, LA A R il ad
HUBRGHI R IR . (R, AR 2690 2 50 307 0 R AR i L1k
B T MR RO B R, I BRI T HE O T A A R 52 & ML HUARBE Y £y
BRI BTER, M AT R E T B %A YU R A
AR,

WRETH T RREBIA KRB, SIERRTET
RS 9 DAK BB i ) 36 R ) B A L, W40 2 SV M R i
PR 3 DA BB A A R 5 4 W B DA KR LM . AR S
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A 5E A b 4 B ke, T A R ) PR AL T DAK 5 0
ZWERGHE AR . AE A IEA IS, T AR R R A B DA
e RS T (B TR T R, T 0 A B R A
i, AR bR BT AEHUIRE . A E AK BRI T BT A LA
B, BN sk, fEXMER S, BB ER
PAKHPRAS . BEARVAKBA YUBRE R, o RUR 0 R4 R R 3%
S5Y R ERIEE R, RARBAREA 5P RN AR
fir, B, SRR YR —FhY B IAE, T AR —F
RAS, Y IF—RERAT R, DRI A AU R B A

WAL R AR 2 3 T A, I X T AR RS s 25T
T S BEARTX MBS T At 4 4 DAK 5 0 R 2 R 56 R R LA,
Xt F A 36 T A B A — R A R B E Y, IARMEGS R — LR
B, RRENIERE A AKEE PR T IR, EETE
E. AFAbRE, ARG RIREILR. XEEE XM
FATASERARSAX T 5 — W, R PTA AR ZE 3 #
X TFRAKIMIGESh” (Lorentz, 1895), B, PAKIFELH S
B 1B B TE AR W B OB S R, R A5 4B P MR % )
AR EFEA .

i HL, AR AKTE R PR I B R SR, DAK Y 36 i
TR A R R BB T BRI, TSR BB Y SR X e 1 AR 97K
RBTERA, W% BB, YWKRIEUK P, BT,
BUEYIA K/ TSR, R T 0 A RUE A M 0 0 B
FEUEEC IE DAKRE S8 b BTV O, Rt i P 1887 4R % S
Fh—2L8 3258 (Michelson-Morley experiment) ()75 5 4% 524k i 7 8 il
B, ERPEARNER, 4T AN ELERENREAKSWHE

|m2u sumenxe|
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[43]

ST 2 I — AR MY BB AR SR, B AR R A,
RAEEEA MRS TFHEEM. (ER, BRI KR K
YFRERBEWN, H LB R T HEMO B, BaNY K
AHBRBE M R SR, AR DMEAK S B K4 PR

YIRS AKX R, W% HAES T 2503 1% 07
%, BB SR GBI AR (R M R ) A
FORUACRAH RS . AT, PR RBE RN SR X R,
BT 5HMMEER, REEFBRRHAKSYREGIREKR. |
ETML, WERTRMBSES, BB T AKM RS, Rt
FER G BRI 75X A L TR TR R P 035, gt
JEYL, ST AT RIS A A, R — R A
“HJEz)" 71 (‘pondero-motive’ force), EJI i iff i) ¥ & % F1 3k A
T,

A R TS DAK K TR AR 24 T HUBE 37 B 3 R )
T, EARRRA T, FHHESHEBEH G, FBAERS
B A ML RANF . WE— R0 00 06 18 2 T i T R,
B, i HEH ) 2B FE TET S MR AR 5 W B ) oL g 2
W —FRERET s fE MBS b, R R DA R FEREh h2g
U A HURLT 2 48 ) R ARG

AR TIE I — AR, M RON TS B) UK GE AL 35 1)
A FIE, DAK 3B B B RS T B SAE . ST R
B MR L DA BB R AN B . A (Poincar®) P46 2%, BKIG#
BT AEE =B Ew, WERSRERRY SN, HE, 4T
AR, DAK A S — B 935 3 9 HL 5 0 A A A R I R
G © B, SETHLEKB, FRAK S5 R IR, T EM R
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W) R R R T AR BN A WUE = S A R S R AR

WA 2SS AR 2 16 5 e (B ) A, T EL A SRR DA KT DA
KM BHR, KT, RENL, HCEERI G T XY HY
HARBIE, FAMIEGAAS IR R R IER R, AR
USRS, e B Ak SIS Lok R B B, R
B F 2 AR A PR R B AR, TR,
il EL AR BOR RO Ry BT E M. ARSR, I EmR
BB R AR 0L, IR, EEY R KR
TS FR, b R R R E L, AR BN EERN. B
Wi, A2 A B TR

WAL AR R J12AAE 19 48 90 SERBET R R, DR
BRI ST ST CE T 7 2 ) 47 2 At VP HE R 8 I MGRIE R T X —
KO, A2 TR 7E F R RO LAt SRR S A A e o AR A
W, R THREWMIEM. BRI RETERE.
FEER L HIEATIEN B TR, MIEY LB %L RR
SRR R X — 2 AR PR

REAARAGAEH—F  BERZAE, UWEHRRA
RBEHRATREN.
(Einstein, 1949)

xR

1. %F41%, W Cantor and Hodge(1981), Doran(1975), Harmari(1982a, b), Hesse
(1961)BA% Moyer(1978),

2. 1, McGuire(1974),,

3. B Wise(1981), RELMH3(H,

|2 enmenne|
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4. 10, Stein(198D),

5. AT ARKMFESHF, B, W Nersessian(1984),

6. TEQIYTHE BT th AUTRRE , 4020 AR A S S IR A 3 SET 5 B A
Ke, HHAR THRFENFEB =/, ERHEET, BHHLHE
LA 3 I 23] = B A ) 243 B 19 it
RrtoAsk, ERMEALSTEE ZHE, IR THRENIEEHEBANER, Wi
ARSI ROIESD FEAGFNE, KRETA— SRS 892 RR LI

. B S EE ¥ ARV, TER Stein(1981),
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ZISHIHNE, 18T RRBREE A i3h 1 B Cefficient cause)  [45]

FEA RN, SRR, B - TG B
AR SAIE R, ERTIAFRIEAR (LHET) SHOAFE (GEGEA
K) . RS TR, ARG RE, ENARYELE,
R, ERHURAK R —FORAS, BARMLELE. ERLENE
A, FHURB AR AR, B2, BERMER M AR
H2F T HAY R, 2T B 25 (void space) i [R] LiF, ARA4 Sk
SHMSL AR, SRR, FIt, EYEERR
I T HBR RN, — RS AR LRI R, SAT
TERLT A bk (5 25 [ AL AT — ) S5 _E i J 2 M SR U0 R

TR TAE 2 R SEL  B SURIRHE TP RA T BT TE R, ik
AR TORA KN EM R T, (HR, EXRMELE,
NG IR A TEIL.  FE 4G 2 LB 7 2 DA B e SUAR R B
AL A ) (B 200 BT S . B, 3 2637 1 i S AR AR AR ARLF R
B, MR (REE), SHEERE, B2 RN, B
FRAVIFAESS 4 SR BRI RTRRE, XA KA 0 LR A% 1 B B B 8¢
ARBAGRMN, A, BE) X R R, iz HRE
£t (point-coincidence argument) (I, 4.2 45), % [ #{7HHiE# T
SRRMILIAELE, T ERAEN S SR, WiFdT
XA, &RENEEE) SR SRR TR, R

FTSCHXHE A AT 6 20 HEAB3ABI H & A, B BRI F AT e

i A7 ME— AR PRI 3 — D ERE

MRt SRR E, SI3BAE SCHRHE thl % B 25 LT 45
MThfE. SFRL, 7R RES R R P I T A ERHG—
JUT#45 (geometrical programme) , i #IX KRR —F K JE,

[ S—f A A A L5 |
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MR AT A S35 GE I SR . 3 2089 R R SR GE I H bE
HRTE SHENJUASEHRERR. XMEAGERLHRZ
BB, EWARHEHERCE S FEE, EEMBSURRRIKN. T
W& L, XA THGATHFRELRE T HEH L ILAEME
2, HRBTFHRSE S ARE T EML 11.3 4,

58 | 20 ezsmnoma s |



B3
% PRI 307 3638 1) 5 ) 3 1) 3 B

B [R5 70 Al P T LB 390 (1895—1902) FR 5] T 4 3 2 Skl
HIRRIEH. — 7, PURGE SRR Rk S i S T, T LS
FhR IO TR DA ALY 10 1 U R AT, DARIE I S
HF UK 4 (Wilhelm Ostwald) | # /K 3 (Georg Helm) 45 B 5 3= L 4y
FFMMIE, BT R T & NI R R T E R
W, st R, RS RRAREN. B0,
8636 b 3% 1) 5% (Max Planck) 5 8§ /K 24 & (Ludwig Boltzmann) f) #}
25, AT VAT GO AR R AL, [ R xRS, 55
RN SIS LR R[] , 2 DR SELAR £ S By A T L 89 D7 55 4
FRIFEAE, FHEENEN G SN A RIS, AR, WY
JEXH AR AOBETE, (5755 BHE R T AR BIHURER EBLZ
Sh, SUARBIE AR BEI—R D E SR ¥ EN. B
M, YER I AR E RS T, AR E R AR
S F T B AR R H A" (Einstein, 1949),

|9 9  EsE  1 ha03es |
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[48]

B RN T Yy B BRI R, SEARAN IR A B R 2460 1 4
5l RBES DARGHHIFEER, UREZXMERE, #%, W5k
TSI T AZ PR [ 7 R FEAER I ) BEAB AA . Dbxd 4
i 0 25 6] WA 1 Sk BT AR, vty T B BT X B S
ZRRENE S, A S SO TR . HR, —FE
TS IE R BT, T AEN 2 BITIE R B A Oy 2 T R B R 2
SHAR I, LS ER R T A B KR . AR A
A FRAEAERLE TG  HA R A BRI, e 3K SR
“KF R HE" (1890, 1902, 1904) J2 55 # A7 2 iy i ] DA K2
MRS WRBIKRE R, XERENEAE, REY
AR ZI, A G5 MATERLR" (Binstein, 1949),
BEME 5 % BT 10 % B A0 W 3E I B R A XM B3 (principle of
relativity) , AN ] B R A B) 12 55 W gh 2 b, BRI T 95 24 2 4R
R AR B SRR, MW RS RS % R
T — AR AR S R A R R, 33 55— AN — %
%53 (equivalence principle)— 5] 7 55 % & Bl X MER S T,
T3 5| 52 R T3 18 ) ORI i ———Fh ol K51 1503836

3.1 EREE

ARV, 2 DRSO HE DR M2 7 A 4 S 0 AL B i A
LR FEAE AR, B AR R IERG PRBE I A B Al X 25 10 15 1]
KA E ST 98 7 ) 954 3 (R4 0 R L o, (L A
BEYIEH . REDE AR RS R R, ATIBNER
HEHIE PR B 19 1R 80 4F AR AR B4 T EABOEN, B H
WiH19160) —BEIFiRH . “BIGEASLE B DK R DAk R F A

|20 wessimoma s |



AT BT, — 4, GBI T AR, " R4
S50 BB 75 S AR M I A0t K R

B, BRSO RIS I S BB K G £
i, MR B BRI RS, QI T B DM 2R E
XSS, B, BER2K S (1888) 744 2 /R K (Gustav Kirchhoff)
WfE R, b R R LR, E . BB R
B . HK, YIRS B SRR R 2 A R R T s LR
WA, PEREAE R R R T, AL WS R A R A
B, FEHBERRTURE, fEMERND R NLR NG, K
WHWAT 75 MBS, WA BRI B, A
VAR SR L a9 A UM AR, th T s B — SO KR
GERMR TS, MR R IR B, A6 R A Z S, &
BT — S W A M RE IR A MEBRIG H IE RN T
16, HIME ERROAHIESEYE, MATER 2 M 3L, e
BB AR ME— W ERRAFAE, TR B T — R ARSI

—BeMERE IS CRTRF FLAR B, FRUR I DA S BRI 46 2 T X AL
VLA M S IR 5, SR BT 9GHIE £ X Cpositivism) . {15 DA
RSB S AR T DA 1, B A8 AT R Ok e R )
. B, BRI 1900 REGKFE—FIL3, VEW TR % BT
FEAEERA L AR SR, 4 SR 4 X IZ B ARV 2 B 4 g A0 4R A
B™ o BBCRHER , DAk LR A E L2 BT AR B, IE
SRR G I HEH T SRR T — o BB B B 4 SO IR R e R
kg,

LR A2 R T AEL BT SR BT 5 Thib i K Ay ok B AR Ty 20
DA ST, MER R SRR ER B, DA EE

[ERE T F DEEEr

[49]
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BB DT AR 3 W T M S SRR, R D AR
AL, EOMEE. ERSESHRENE, ARSFHIRER S
FLERMTRE, R, txRE B RAER T, —LEHR
RSB I R, (BRRSGBIE_230ATT CH R B
D, AR FERAEELE. XFE, XM A M ETEHITH
PGSR W IR, TR, #IP. BESES
RN, X 8 M W KA A R, R
B, B LEMA R, DA R RN — I B
HAE,

Dk EEF M (HFMBE) (The Science of Mechanics)*
1883 AE AR, DAXHBT A “Maxdas MIRMEAPERG" SRt
HMES . xRS — SRR A

BAT AN 4 BEAEBUE 4 40t 28 1) o 4 04 38 30 4 K By 45
MAGEGRAE Y AR, FELR P &4, &I
BB AT Jy 2 TR R e RGO R GRS L%
iR,

(Mach, 1883)

THRE A 25 R HE VT el DU AR R - (D 23 R RS 772, (i) U
BT H R WA B IR K Rk BRI s W], AR R
GIDBF SRR T 5 —NEEE, G BE D 4 TR T — A
B R B K, AR T TP if e G AR A

* OB OB RS .
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B TR AR SR LM AREAE T, WER T DA
20 % SR AR T 2 B3R SRR .

2 EBHAKAE 1897 SERE] T DAY (MR o BEMZ
T, AR T IR A R B X T R A
A SR A R R EE Y (195200, T HiXAHEH BT hXT
TR “FTA Y ERB A SRR R RO & (1949), R BRTIE
B, PHIGHE A E TSR KR AR B AR L [ AR
(Infeld) 4K % & (Hoffmann) g3 i%, 19381, i “XABELS~ UM
AHiE A RA AT 105 AR AR — B, AR TR AR M EB A
S TR ORI R 3K (1930b)

SRR PR BE 0 48 3 PR T IR A X R S BAE (T2 B
AR LB 2 R A YRGB AR I T R e, (HAEAL S
SRAPRRE i R SR RHA HE A, R 3 Y (Kantianism) i)
BIEMRA RIS, BEH, BEH S50 00 0GR 5 JERLA ) &
B, R BB X T 28 e A4 3 R T SRR A S 50 SR G AR L
A LA 1 2 B DA K A7 56 4 X 243 18] 5 568 B 41 ) 2 B #R A 7
T MIEEHE, KA EE SRR R, LR EERS
JUARTIR, RIS AEERT .

AT, WREIIS LI SN AR, HEM IS e
TR BT SHEE R RBPIEE T TR (1) i AR 2 8%
SR A T AT IS, I ELABAS SR Ot — IR AT DATE 24 B L
RO MR . B A, (2) 52 FR i A BT S0 BRI AUF
XM EE,  BARE T R SRR RO R S A B S e R
T, TR S I S WA SR B (AR A (BRI A 5
TSI B A EE RSB R, DA TEIH R Gkt

|30 N 31 h 03RS |
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[51]

YERLIRE T, B BENTHEBAF AR T H AR 1E

ARBRJRAN, LE L SRS DART, 22 BRI 307 35L 50 O 36 ) 35
& (Bl 51BBL) (Science and Hypothesis, 1902), iX Xt % 4 & K
W, R R, B—-LBRNEeEE, W—KEn
G BAVRBUPEINHE XS 4% 25 6] 55 45 W6 () OO 75 5, X2 el 7
PRI R BB , XY HAREB A STXE, RS2 30 IR 5 v
PR, T HE— 2 4 ) e 0 3 S 3 347 16 B T 0 ) B
W, BTN UL AR — 77 B A3 10 29 E 3 LI #146 (conventionalist
epistemdogy) , 2

T REMARYE, EBMRAFICIER, WEREREMY B b
BT IR E SRV, AR WEAI U R ILIE G A5 2 4006 7T R
(Poincaré, 1902)7  fEHE i3 Il HEA BTN , e A1 306 % 1% T J K
JUATE R B, BUBRIE B9 0L LA B fth 1 19 R B4 38 2 (physics of the
principles) (B (LT 30, F HAE4 T % F (43 2506, (RRJLE
BILFIES PO W B ESRML 5, XTI, BREEY
—AMNERAEAR R LRARN, TidkERE.

ER, BMFEAEERHE, MRAEHTEHERORAE, T
AR TR 2228 AR A9 9E s I FLIE W0 BEA (1783) W 2 1y 75
B, WRECHIEMR, RGN T R A SR, W, 1
BRI, — MR, BT RREBBAG, BEEY REFEY
RATHBBERA B, 5LRAEBBR—FE, 5 RS 0 A
HE, RABEFEGGER, FRBANEREN., SRFLTLE
I AR A, R R AT K 7 T 9 A R S R
LRPWIA NS SE SRR S, B R E T 1
EEERZ A,
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T, HH4JRBE 15 DA E B 00 B 23 25 (O BLE I BRI
e BEANEN XA LAY 2 AR AR AE 0 = AR IR B
AR AR E L, ARSI RAER .

BRI, 5188 % R I FH N LBURS AR IR 5 i L
gL YRR, By, MBS H (Lagrange) 5
%45 (Hamilton) i 4847 3 1726 B8 DA R % 72 87 45 (Maxwell) H 2 3
W, BTEMARREE R, X AR R AR A LS EIE
H EBUR SRR RS, SR 2R N A AR ETE
S PEI AR G M, TR e e S T S [ £ B A0 R AR A
S, BV —Fh R,

R B A R IR A T M S B BRI B, AT IE
HEATAAKBIAE WA, BETILMEOHE, bR
FHTAER . MRTROWOGERAEE, BARZEBUEE
WREMGNERKIS, MTFEME, EBRENUIRRE, &
MRMEXMFRAOTOGETH, HTRTER.

I, EEM—AEER RAA KR EFELHEHLRY, BE
WAL, —HhBeE RS AKRREMEHRR, WREMNR
BRFESCAE, AT AR L. BRI DA M XS 9y B A ) R AR T
HBORTIE 4. (HR, XFERHEEHE LA REEMA . 2
3 Th B 537 + BRI - 25 (Marius Sophus Lie) f 5 , JEHNFE4EH#A
YIRS A GE AR A B e B O R o, 1R LT SR B2
SJ—FfE LT B R, X E, RATE S KNI PR H B
L, BNGEHSEZER (structural realism), X F L5 4 B AHE MG TR
R, Bk, RMNESHAYEERNERME. K, XA
AR ERRMBEEMXROMIA. ROBESSUEFHRHLSH, A

[EXER T Ct Db

[52]



RRANA G LB [ 762 9 (things-in-themselves), X FRHE— 25 Jg JE il
iy 5235 PR — R 32 B TE A i 1 34 T Bk,

VAR HE— R ROR A 1887 4E 30 Se Bt —SE 5 S R DU G 18 A B
IO AL, eI IRE] T AN B0 RS ) T3 5 ) s
YIEAE RS, (R, ST RN, FrEWEEN RS,
TR A2 B G A DAK AP A SR AR TE) 7 4, T2 S e A B it
FAEMBRA I HBCE R RAR N, T, AXH B
FHZE o PP BUAE A A BRI o, T LA A SRR R T 9
Tk

T TSR B Tk, AT HZ T, R 242 B B N3 0 4
Foo ER, DB A0 A B S SRR 5 N S B BE A 3 A
IERRAZ R F R BV KR, BB T 0L B 2 PRV 4 35 A 60 A
WK AERXTTE, — UL SOA R 2 BRI A A K 1 T 3
Wik (Herbert Spencer Lecture) , #Ri% “iS MWL EE” (On
the method of theoretical physics, 1933), e {13 [ £ i 7 35 4%
WF: “BRNERICHE X RS FEHEIR LIS RR Rk, "
R, ERERGHEHRE BENER" , R TR IR
SEHEARFER AROBEHEBMEH" . “BRTURRA
BB, (ER P KA 7 52 J2 7R A AN 28 360 1 e
B QU PRI R AE TR 2 o - R AR B AR AE RS R R 52
ERXFERRIEME | XA EE R —, MR NI AR
1 %4 2% F X (genetic empiricist), 3 074 1A 53] 16 5 5L
PO R EBEMIBRER, 06 R AR M R 2 TR B 1 RG, 3F B

“GK M IRGR R — R B B R Y EOR E—HE , E
R, BER CE AR A TTAE S OB M B KRR B B4,
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SRR - SROE T ERAR ARG

(R, RIS YRR, RELYBOMIR AT % EWTIE SR (s3]

Z MBS RAE % R, EEXESFETOFHES: A
Bk LR, BESCELENKENSREL, XEMIXTREE
WS ERLEE, RGBS, X T LK
ML, B FWHER G TR R X0, 2 BRHER X HL BN 3K
AT A PR AKX A BB PE R P B S  THT ELARSE 2 A i (LB A b
AT A AR S T ORI, R T Tk B 2 R R 2 e
S, TET ORGSR SR, W RS LTS R, %
BRI 30745 R A 2 T RIS LA L R, T RAR T B 2 R 9 LAY
R E RS, AR, IR KT P i LT A AR
B 51 9155 BTk G S B i (L 5.1

3.2 FmyAExe

BT B AERHE, P SCHRXHEE 5 e % GRS . BB GH . K
WM (25D B % F R T4 B R AR, TR
(Minkowski) i3 i (1908) J2 3% [ {7 10 # iR I 3 B 0. 3 BRI MSE
S AP ANBRFE Y 48 2 (I 1895) 5 B3 (4 1902) iy ¥ 4, fH 2k
PUF AR T SRR R R A o B S A A, B
IS e SURIR 8 (1905) 2 % 1 2 1904 4F AR i o & SR HE
PN (1900) 3 % 16 2 510 TAEOIPAO 45 . (B2, BB % AEf
(1892, 1895, 1899) i 3CH MY HLZ — Mok th B s - Ph—SL B 5L
RMEEHRFIENER. BATLHHNILHE LR EH M
IRIES , EEAFER® b, BRI S X R i — RS
KR KR,

|w3® eI

67



MFR—RIVRRABE, UAOMERIBL. BERIEER
Hag L URRAE B 8RR, HFEDAK S TR M Bt S
AR R TR R A . B IR VAR 2R T — R
FHRtE, EEMRSREER. SRICH, 550 T 4t 1k S BT AT
FAAURMERRTE K . DAk, ¥ & 2 B0 o R 7T 3 DA K i 55 BR 3 ik L
RESZREIKIR, REEH—IMRESHR, @EPRERGR
&, RRERATEM LT REs R, HOEhMLHE, i HAExA
SEFN, FEBIN KM E, SR,

PR, SHURPAK R , 940 2 DAK SO VF R 35 S04 15 ) 7 2
WAL, (BR, B4R 2 S T S % R4
L2 A DA 52 5T B B SGE B R, ZEXT 2 BUR A bR 4
B, B —H5 — AR, XA 2% A LRt SR B T — Ak
MR, BT AR AK O, 18 B 10647 230 645 MRS T A
KIZ 3 i) ) 1 X% K W 1) 35 5 8051 Cpartial entrainment) 3 i 6 (L
Whittaker, 1951), {ERWT3hAK BOME, 161 05 172 o A BB A X
EIRBAME, I EL A EIEAEW AN T DK R34 52 30 80
LREH—BELRERY, HETHE EESNT mE3) 1 F B
BB AN, X7 AT o I S0P P 3 7 2 o th R A 2
. IRAFSURIXAE, AKRFBRFEAE R S5 % R ARG T e
TRAERE, BIRE S WEN N R A TR TG,

AR AL RN AR AR LTS T, o PR i 3 2% vy
AR ——30 8 1B 52 4 % 325 3 A 2 SIC 2 7 4 35 ) 280 12 O b
%, BEPIRAEIL SR AKE B I LA, AR FE SRR K 32
B e B 705 N AR P 07 V0 0 T T DA K B 260
XBHMBOL — BRI RE . W%, KB RET &
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GoRLT 5 AR Z ERE M A7 BRE IR, PR Al 4R o ) — B2 A
P %7 (Lorentz, 1809), 3 HL{K 2850 = SUIG 1) 5 ¥ 1€ 4537
R A R R R . 6 RRRLAR DL A AR R OB 1
AR, TR — A R A R 452, R B
LN AR, R BRI

PR3 (1902) HEBE T 9% 46 2 RS B PE B, BB A (D F SR — A4
P, HEEES MR H A E LR BLR, (DIEY
KRG T W LB RS TRIEIRS, ERGE T KA BRAR
fids AR R RS, AR GiD R TFAHIX D HZEZ S
& F 2 BB BRI, 75T R AR AR A

A0 26 (1904) 1) SCRICHS SR 55 BE BN AL DO BAR — B0, A
XA, O B BT 9 IR (6 i A XHZ 3) 7 (Poincaré,
1899), BT —HUNHR, WREAERCE BRI T — 4R
{93548 2% 75 $% (Lorentz transformations) f728 ¥t #L0 ; 763X 728 #t
T, mE R RRAEN., ER, W% XA RITER
B, A S A RO AR — B

TR E R R, W02 e AR 07 AL AR
WBHFR, TEREMEEEAKR EMRGE S &, &L T HEHH
il WAEARET S IBBMRGES R, RATIAEH T 12 R R A
ISP FAEAL , (EXPASHR T A A 1) AR (A D) ST R T 5 3L
Seif (A A RE S, T SRR th T e A B . B, %
R MRER R FRRY s ZEXE X b, AU S S i A e
HARG B, T EBA R B YA AR A R L
e, T BETE R — B, L7 BB AR IIE M) J 2 2 HE Y i R
e T, RIS A b, RN

[EEEE T2 R

[55]



[56]

FRGEATS $R R (11 F W5 25 e (Galilean transformations) ,

TR, B2 (19160 KIA,  “Fh MAT Pbs AL i B SC 3
UEBIAEX MR, W ELER “PEANSE - (A 1183 T s o
ISERALE, HFRT HMHELE (postulate of relativity), i
ARERMB—DER”

B, MR T AW, B, FEM 1895 4E ] 1904 4
A, VISR DA R AR FR TR PRI (D) R AE A 4y By
HHRMAR B AT BerE, GDYBEREFE MBS LR PR
AR o AR L T ) S P 3 AR 7 S X — 4 15 (1898)5
A IEMH B Jerzy Giedymin, 1982; X i, Zahar, 1982)4 A {5 fii
HEAEAARE , AR IR 0 Al 3 R DA Bt A R R R
AR R R 24 1 3h F A3

FW, FETEMFHIIEICA905) Aty A —TFRARE BB RIS 5
BTCHREI AR, AR AR, RO 4 XE B T ph 9 1 FE
SET o BB AR T A B R O K BSR4
HH RO 85 4 2 M, ST SERABE A 00 B R A X R AT T X0
R, IR ENFOR A BBOTE R, TAEFAE BBt T HLEh 13 0
RN, B, BEMSEAEBCE Y LS % BT iR T e
SRS

BEMSA B ARBIRR, TR A D IRRGER, XIFHT
X 8 2 ] 5 458 T ) 400 9, 3 6 5 HE 4 440 % T e (1897
1898, 1902)6 , 1yt 445 % [ I ) 3 VP2t S 3 S 208 ) B B
ZLhf. Bk, SRRSO IR B LE T i H A BN g
WERBRAGPREE, TLILR X DAK ZAFERIPRBE, 1T 33 Fh PREBE 6 2 f 9 24
EESCAPUEIRT]. 15 (RSB o, REMBERERR.
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KRONFECUALT LRFHEBR-AFEBT LFW
LR, A FRATRH, EERFEH R [URIRE DA RS
TR, A AN 4 A OB 18R LUK O B 2 T BOR
A — RS2 KM«

(1902)

PSR AR B AR K08, B, A SRS B R
UL 3.24) , fflE BT AR REATES MR FTIEH
f. FERE I A T 5t B R AT R A9 (statable) Y AF, BRIt A ok
B, AR AR A B, T 8 7E B o W] AR R LAY 2 B
HITF DA B 5 M SR o 2 H 250, PRLBAE 3R B S TR
(St Louis Lecture, 1904) s, JE AN REA 7 WUE DA 5 5L AR
HIRE Y RGN — .

FobE, B HENTH R AL — RIS S8 L MBI 3 AR
BT RS, (HR, ZHEMTHE RS R R E
BOME A A B G, AR T T A B AR A S
YIERP, SR NN FOR AR AN LR — LR D,

% PR 307 HEL3T 3o bR ) 457 ALBR B 7 A MR P T BAK Z KT I 8 K.
TEMIE 3 (19050) fTF 3%, Hd it <

FRIAHAM AT AR TE ST KA E R T H
WA ERRG A FAR B, FRAEM R T LA ERA
IR EAR T WA e ) T RRFR LS H
Fowma S AF N R AR RA KN, RO R
AR UL Ja ey A 3 e JR D 4R A B A Bt e

EXER T CEr ]



[57]

T PRIYTIEL AR ] A R SR T A 508 AN AR, TR A o R
B BIAAER: SRR LS P OAT E AT ¢ 3, TARK
BT RGBSR, 50— A B ETE T 1 G v 24 B oL R
ey T 55 AN A B RS R o 6 W B BRI ) — G5 ST R 2,
HPRIAKRRIAAEI PRI N IR, B POGELE S A8 p i
FHRBVAK, TR RENAEAT—FhHUE R . G 48 000 75 R B AR
SR B, AR FA7 2R BRI 6] 1 9% 1 28 ok R A8 7 24
ABHERZ EHARMMAEG,

FEWRBERT, WD ETBROVRERLE, HALERET,
PUATER AR R TR, 2 ER R IR A e i s e, Bk,
RPN R I, T OAKZ B, S HLET 6 18 2 57 1 9 e 1 A
&, WIS CE B, RO W FR XA,
BNAIFEEH T7 o S 2 AU AR T B R R B . %
BB R RS, G REEN S, AT, BE
BRI B S b, WIS & S0 A X1
BRSO, TR, R BRI ), 7 390 6 7R
R R R AR, B8 — A R 4 BT 2 0] B X ik
BE RXRRRIE AR 4 I 1) 5 4056 1R BN, ] i 2 6 A
Stk

FF I RV RR AL, ST Pl T 9 40 225 )2 40 R T AR o o 4 i
WS T AR R MR , B BOR IR X R RO 408, DR
FEFT—FRZ BR S BE E 45 1 IR B WRA UK, ®
B ARAERRA BB T E RN e S % RBIERE R, L
L RURGL R BeAT W B R S 2 AR B2 T

VA I B2 ik RS I55 7 BLAR 1t 50015 P thE R0, 77 FL 4y
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MG — BB T HER, AN F N S, R RN AP A B
5 T A2 ) 5 B TR AR R s SRR B, 95 7 W A8 2 AR I
RFESHF A B MFHESYREQRMIS, @IS
i 6] 5 446 % [ 55 AR A AR ARL R ) 62 L 9 S IR
BRI R IFE S, RS ZREEN AR, B
PR EOER A A B YIRS —, BRIy EEI
M SR FHE R, X FE R SRR S, K
o R AR T35 B R GE 0 R XPIRAS , 7R 5 5 A< BT H ML
W, 3 AR PR ER I R, TR AT B A
RGMBIHRE, BEZATER,

3.3 R SHILATRRE

AR A e + e (Felix Klein) URLIER A, n 4E5FEH L
fal2 R Eh n IR A2 B R O R P BIE R R AR Y. T IR MR 2R
H T EREWEN ROASEREREZ, IPBE—-N AR
AT L PR 2 HE -5 B AT SRR A B, BB SO 8 R A A2 0 e
ZERIHIUTET, EREERAE RS ET O AEEEE,

45 1905 4R (I 30, PEMISETIA T LA IEBS SR RIS I
JUTEXEXEEGBAE, i T KESRERA, #5c=1,
FrE T — AR B 25 X PR F J6 MR S B, M AE W 3%
WRABIE T — 28 (Lie group), i #E3X P BEBR Sy PU 4R 25
A S, EIRA T R AR, EARFT ZRFR
s o= 2 —x? - y? - 22 R, IS HREE, WRAL
ASERBGOIMM ¢, XFEGL, x, y, D BRIEZEE LR, B
LA AU I XA 25 [P G B SE SR AR 3. BRIEDASH,

[EEE 3 T2 CEEET T

58]
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[59]

74

i3 R B T — L ER LA AR S R, BN S R
AEABAL A AL FL A W40 2 AR PR I 4 B S O R BRI e 5%
BT, PR A AR AR A X e R B DU 4 R B T B

BRI IX S TR e BE IS AR K, SR T SURIRE I8 ) JLAT A
B BT R R KRR AN . HE 1907 4RI SO, BRI
SRR T A, “PRATT KT 6] TR SEAR A S AL AR X R
BOSROR 2R S BUAE, 28 ) 5 HeF ] o i thE SR 7 S B — 4N
HRARRRRATE” o fE 1908 SR ICR, A TERF A A BT
YIERE IR AR RN YE) R R R A LA %3 18] 5 I ] e i 0 4 i R
AREASEHE" .

AR B AT R, Ay A R M S I R L A
Al “LE S — IR — AR, B x v 20 t ORGE, R
AR (world point)” . BESAAEFTHLTY . AT I 2 #R4F 2E A )
B, AR RN B MR R AT o N, flieE T —
KT YRR, RPN — KR, —F iR L (world-
line)” WyEFt, Mhift: “RIBREEN, YHERTES LI EMN
fEx Sttt AR Z A X R e k. 7 TR AN, T
BB ABARS R AE” (world postulate), & “Fuifxt
AARR Xy oz CAEMIRIALERT . MEFR: NS UAE, ZEE AL
AR A G WY RS R, RAPH G — A G A KR
i AE (R

FHe SRR 10 5 R A 6 2 ) 5 o SEARL A AR A, 4 T A
X, SEASR A RS U e Ay B ) R [ 8 93 T A () 2
HHSEED , MUK N Z R, SR, I AR 46 %455 16 B
BHER AR 2 AR T, R AR D3RR AR T — A 25 ]
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HESE LI, R SCRIRE B T I BE e o, A R A AT
235 (6] 5 R X B 1) 4 300 B 0 4 R T —— D AT SR W AR it
R, AR HRRZ B AT R N A —— i B E],

BTSRRI, e SO HE 1A 2 S T 8 77 2 R e o 02
LR T TR . SHUE T 5 S R 1 A BB S 1 A
B, XFEBhEAE TR — R h R T R B gy = diag (1,
=1, -1, — DRAERISE LT (chrono-geometry) , ME—HIBLE T
B AT e S It 4 4 (el [ PSR X, I e f SR R
FE) . O (R TT  J47 B4E 4 B S 8 A O — R LA e At A
EAHANERE ., BTXHERMILTSER, TR bR
. B, WERBHRE YR - RE, WEEREE
AR I E R Z IR R .

SRR TR, B AT T A B O ¥ R S AR M DY
ST i G LA AT SR T ) B LT 2 R e SO
2= gy el = yi) (xf = yi) GRELE, j = 0, 1, 2, MR
TR 4 2 AN VE S R AE A, T X A R A MR 4K B4R g B A
diag(1, =1, =1, =1, BJLEARBERER IR, x5 H B ]
KRR FIERHx - yORBRIEN, ANEZRE, X—
RSB A ph A0 2 (R I3 TR AE A 44 B LA 2 3 1 b R AR R UL
BRI,

AE B AT ST REA MR eR e SCHE X R Bl — A B T e 307 8 O 4
28 I o S8 SLARE B B CRIBE DN SRR RAEM B 2B L, X —
BERRET . FEMNHE R REEPE TR L2 25, B
XPE T B R SRS, R, A ARSI
B, XGRS, (B, A% PRI A B SCAR R e A

[EXE 1720 CEEE T
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[61]

SEIRZ G, BISIARPRE AR T % BT 5 ¥ i £ 1 (19050)

3.4 3HEHIEIN: SRRE

BARP SRR BB T SRR 565 % 7 A AR R i 450 25
], HARERT SN —ARESH RGBS RAHRR KM
0], BE YRS TR BN SRR ESH R, WRMX
PEFRBR R SR T N EE B R e T I AT R
PEHIRIE, B EAEMEESH RN, B4, RENEBREE G
. R RO X T A L[R]3 E B R SR A L E 7
(1907b) ,

XX ASFFFENRR Y R WA R, I RBCT T XA K B
TERFWHEM ST, X R RARX R R, R RS %
REBERR. MBS B, R A BV, RGBSR & SR
FERE RS 51 ) T Z R LB X R, XA KA SRR B A %3
R,

FER T A g 7] Bt M O 25 2R 2 — B SR BB 5 EC M = mo
+ Eo/c?, Jop MBS RYEH R, Eo RHN T LR GEM 6
EOM— R X nt, RENEER — ARG R RS
B, RIPRINFA—NRE" , EYRTEN, HEEQYR, 1
R B, FEX R AT, AN]SR RS R T A
RIPHSEH, XY TR TS,

FRAFHERE, WA T A RSN E RAER, R
5 5170 22 B0 T AT A B B 8o A IR 5 31 R
B2 I, A B AT R R B A 3T B A R
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EAE e RATLAUE BN Y EA R RERE.
(Einstein, 1907b)

FEME R B 5 51 R R I IR M R b, B AT
B AH 925 (gedanken experiment) fHF ) T, $H T — B LERAH
FHrE.

FERFARE 515 oo Ty WE x B 1 DU E A0
FEy M TR L £, 5880, 5, F, ARSI
5%, P BTAYEBOANEE -y T, ZRNUEEH.

BB, FHYR £, W BERBESR £, HHE
R4 TR XA FHA A N3+ %0 B
AP —AEE, L ERNERE LIRS, ROXAE Y
(BRAEL £, 5 S, EBFTERTEAN. E, AREFH, R
TR EBR. I A5 5% RN mEEHE LR ELEHN,

(1907b)

e BT A (1912a) i 3C o 4183 A BR A Bk O 26 OFUHL (R BR EP) 72
1919 4 (IIE R, X ABAERN “R—4 PR AMBLRER"

HT AR, % BEATEEETSB0RE, IATERR
MM USSR A B T H51 7155, S BORBRAE ST N EE 3
KT R, RITEE| S35 AL BT R0 O T ICIFR), A
TR S5 AR5 B, AT, 5 BT LE h S5 R 1] th £
—ZRAERR “FAWARLES] N5 o % Ji A R R IR . XA
SCH X A FUR BB 055 % 8UF 28 (weak EP), 555 4R R )2

|3 EwRERE AR |
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Y AE— AT IIE RGP AL — AT T RCAO K ST 151 135 B i 1L
RGP BB R R, (L DR T A R T B 3R 4 R
(strong EP), 58 %3 BB B FE RGER T2 B0, UET
RETRERE B TAEM — MW BBk R A EA. £ FHEHes, %
BRI R T SR A R B

FEMRE b, SRR R REM B % R 0
PRSI (Einstein, 1907b),  SGRUFBA R K HAE Bt
HETE A 95 G0 32 A1 20 10 32 B 2 %5 R AR AE (0 3949 5] J1 357
A907b), Pk, XA T4 HGE B B R T A 3 A B
HRE R, WAV T X T e 5151 0135 o0 & A o0 1 B A0 (3 B
Q91D TEMFRATILE 4. 147 op 4 B A7 BIROARRE, 250 HE £ 3 A
R, AR NGBS F735 M (R 25 10 D) JLAT 4540 TS T
PR

G, A ARG A B 2505|155 HE B KT 4 W A
SIS LD, R Tk 2 T (9 4 HR K R (coordinate effect) ,
AL 2 IHE B 5% AR A AR (9 MR 23 6 o SR, TS SR A
PagER S R L, B, S IUREIT 5% Rk B, I HA
RAEBYE B, T EL, B4R %R R I Tk 4 s o
9 ST TR AT, B2 [0 T SR 07 6 2 1 0 4% g C el I T o O
BERL g YL SE 107 5 R 4 5 3 3L AR AR B AR B B L E ] H 35,
FURE B AF 22 9051 77 30 1) D e k™ —— " B I3 85— — A5k
BF.

AMVERAEE, B SRTIARGE 8 5 AFERE S| 155 1 B T4k
SIMBES RIS H R, BARE, SRR RSN
KMT, ERTEMRRIESH R, FlARERED SRR
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i, 10O AT A AT PR R R, X R, A
ROF 5 M SO X 9 4L, R DA A ST SRR i, X R B
. PRI, SRUFEBTEIN R B T g IR SE R
gk SCHIAHE BBYE R 00 R SR e, (R, RAEB SRR R A1
PR BT KMTEE AR, A B T K B 2 FLAE 1Y — FR IR,
EER, BTRA, EORAETE M GRS ISR, B ST ORI iR
d, FIAHAR ERHNEN, KB RM N E W AT, 1

IR, APRIAE Iy e TR AE T W R AR, BISR
ATBAER I, B A SRS R B MEIZH B H KRR
AR 2R 60 AL R (738 450 4 MV HEE 31 B %5 R I VRS H 2 5 220051
SRR, BARANTT A S, BEfe SERMEZZSH R
G AL PRI I P AT 8 80D R 24 L T BB S5 4 T X510
. BRBERS I T HER B R R ML 0 50 45 R BERY , TR 2
X BB B 5 % 7R B P 4540 03 4 R AN TR,
U R CTRATAS-HE I BB A 25 BRI AG ) SURA , BB A BT A
HHI S % RE VA A B SRA, 1B E 1 AT A o
R AL T, BiAS%RIRSME, BIZRKN2ESR DOk
ERENCLEEIPIE N

PRtk A ROREBTIROR 09 5 | T 08 T 5% RIES, ik
PR T — RS 2 1) 5 51 3 B K A R . RGR R
RORE LA O T4 TR IRTE T 51 03 T SRR X 22000, AR AR X 52
TRV B A AR A e, T LB BT 0 S AR A B AR ol 5
M. X EIRATI A B, X SR A 7 S AR T3 S
FEGIHELE.

X7 SCRIX R A, R 9 RE SCAT DASY BB S, B O,

| W3m BEWEEE S |
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o T BRTEL UL, T SRS R K T A 185 307 A 9 R DA e B AT
WA % ZOMBEMN. | SRR EIEHTA B4 YR L
SN ESH FHEBR WA Z BB 3%, W% RRAE
FINFERSH, ESRERLIRRRER, BA-IBERLAMLS
EHRERSG, RN T TR RO X, s
EATRSHE LEXAR L, X% RN, SR AR X
MR HARIR A TR, K, TE—MERBIRRS, BRI
Mgy A TR, AR IR AR B A, 2SS ALTT DA A 1 A
3, REERR—FMEHRNOTI 5. FTRYTEEM g, 4t T4
B MERFUPARNERAR R A, FEXEL L, SRR
A% ARG T 5| 8 O NS B AL,

VERE X — SR AT A0« 4015 7 A X P TR 5 50 TR 28 3
OB —HE, B PRIUTAE A L AR 80 A ek DA BT R A 1 S22
JREAIRIT, WA BRI BE N 200U 58 P55 52 5 AR
ERWCERFAEAR KERGE e R, X %
FRMEWANVRE R, (ER, IF 0% BT 5 5 B R A 19 36
B CFAMG, RERBBLSROMS, MkAT HEEAE
FZHEAL, " (1949) A % 8 37 15 %o 2 % 280 B 46 R B AR 1 38 3K
A, RATAT DABREE B — B e AN 9 2058 2 SUR 00 A1 7 3 B 3
PR SEL R B SRS B TR % R 0T HEL B S T 9 1 K Rt 1 A
BIRPRLYT RE IR 5 3 SR 19 WA SRR

e -3
1. fitn, W Seelig(1954), p.69,
2. BEMSRA IR S ARG JLSF BRI M, TR B — SR AN,

| 20 e sgienoma s |



RO 1% T WAZE B /R ¥ (Gerald Holton, 1973) FIK# (Arthur Miller, 1975) 5 B
(Jerzy Giedymin, 1932)1;1%@'1-(!—:1.: Zahar, 1982) 2 FIRIA—H, MFHILEMIGK AL
)

- S AR R A ST
KIBSAHRHE R PE R R o
3. G, FAREI973)HAGE T I FEH A S KR 5 B FNTH BB SRS RA TR
3RA ITRIE

4. G, FERNSK 1895 4F I K T AWM AT BRI A SR AR T A K A9 MIREIE S
1900 4, fis i iF EREFHIE LW, REBLEUAIENS" , BOHAE TG0
SRt AR R A RO RS (1902), 76 1904 49K - BESHIWUER, MIEAHIRG
VEIRERRA Y AR, PTG SE ER T  EL  5 S) E RE B W
WHLERMFER, AETRIA S WREAER S R R KR EREELHXFE
2, " (1904)

5. WRAERMBE XA ABABBLRUET  BHB T 9052 7 i HE ) B
A, " (Poincaré 1898)

3 14 T A UERATT A LS B, TARMEERH
&&EKﬁAﬂﬁﬁ’i‘U#h‘]ﬁﬂftWEi&. (Poincaré, 1902)

7. A 18 it 420 — B SCA b, I ] Wl A AR L R OO S UU AR, kB DLUR
(D’Alembert) e (FEHE4) (Encyclopedie) i)i 30 “HE3c” b, i e ) 158 U 4
(R, Kline, 1972, Theorie des Functions Analytiques, p.1029), HIRsHi e (5H7 1%
(Mechanique Analytique, 1788) &5 (A7 i $i&) ( Theorie des Functions Analytiques,
1797, GUERE ARG, RO AR MR PR CEt, ROTAES
FRAENAILOTE, THESHT R AEMATLATR M. ™ BB B B IFIE =24
AR AR R PP ) — LR B (EJR, X0 R DU AR BRSO R AT
FAERIE S RETLOT BT, B SRR TS LTI R AL — R 5107 TAEM B AR e
Je X—BAE 19 AR ZERER, T n M LRI R AW A AR,

8. I (IR 57 1) ¥ 10 2B LU BN BE, B2 e 39 20 0 95 10 B A PR

9. B Torretti(1983),

10. %, Friedman(1983),

11, [FREAG AR 0 7T i Ok RN 4 BURBR 9 B RUMBEE . XTI 4TS, W
Torretti(1983) , Friedman(1983) b4 % Norton(1989),

[am mEpsmamsymms|
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BAE
7SR iR

e SHIAHE 2 56 T BT K LR 22 (032 B M M S FE, 5
AL, TGRSR AR R i 25 LTS5 3 1 2 e, AR B R X T
SIASMEE . MBSCRI R AR S —5, EmFA]
TE 3.4 AT PR HAREE, REMFIN IR, WS BURE, S
BB K RIS W AORPELH , AEAS S R0 S0 51 135 kR
TRe  F2B RS AOR FE A AR R B 5T R B A WA R G,
T % R (191220 % B, ) BB 7= A IS S A B, B
TBRRILHRAFILOT R, % BHE[1913 47 55 4% % i & (Grossmann)
R IDAFC RS A BRI L KR BB T X AR, B TS
G150 B R AERLAT, I BS e e B
A AR SRR g0 K TR (4. 14, B 8. BT LA LI
AFSH IR BB, e PG 1 (1915a-d) 52 L T X 1 SRR 1 B2
ik,

5 SCHXHE R R 5| DM LA L R AEHEA. B2, B2H

[ 20 s s |



WX SRR RS A TR TR, T SO
WHR T BB RIR SR IIE— 2B, 51 AR S B
BERATH, BBAA A R—R” 192D, kR, HF
FSCHXT e I, RO 2B A 51 ) BE R B, T EL
XA B, WRE RN RAER, IAX L5 RN
392 1R AR LA PR 4P A R 3K T 3 i BT AT S
SESCAERS 28 FIX— 3PS ENESCRY , 3X — 3P SA bR ML A9 PR R
—FhRBL, R, B AT AR 5 KA B
e

4% DAY FEFRIN 25 O T BEALSAI , fth BT R B 30 S L el BE AL
AUE RIS SR AT ROR Y S TR E Y. MR, A BT )
TR RS, AR SRR T R RS, SR A A B
ITFAEAE ARG B il BE LA M ALY (4.2 49D . BRIk, BERLSA I 3
IR AR — IR I 2 i 3 2 B, e TF MR
KRB 5 YR AL R4 T — R BRR X R (4.3 949, 3 HIF 07
BIOAFRES Y ST HBANEMA. 49, X8, RI%K
BT SO T S 4 T HAT— IR i ST, MR AR, 5103
RIS ARG T, T ELA TR SR A Sl K 33 s ey
R 2

4.1 H50A

SRR RS, S0H AR R MR R A SR A R
HMBE R BUEMTS % RO TR, X AEE A 5 AAE
HENSIHEEFIHTER, XA B H R EE SR RS % R MK
REHX RS AR AE . R, T8 2 S 22

[ e st
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[67]

B, B S E O E B BB AR S
Wik, LU, ML B ME— BT AR BRI 2 i L R 51 3
MBeEE . R AR, B BT AR M — 5 RB) IE B #9307
B, IEATHEHE /R (1980a) 16t ITRRE , 753 A HEFR 6 K B —3F
2 T BRI YT ALY e O o I £ S %

T SRR — A S T M ) A AE R S g OUTE DB, B —
AR O AR R T B KR, 55— r A 51—
MEon. (R, HE 19134, RRENTHAREARIIENTINHK—
FBCEFR MBI, 8RN GEBUL R M5 A
BERL A AE AT BN, X RAI IR RT3, KRS
SIS R SLAERE B 5 M B Rk IR BUR A Rl 2 B

HELEH OIS IESE , 0 B A] R0 BT S AR AR, i
ZEHE A B AT — R AR AW, X — R ER
. fHR, —NSBRERMBERK., BoP7 20 R R 2 T
REW =R ZS 0], AT ETIRRBOIL RAGR . A2 8 (ZERL
AFURERIY, 552NN S % RO A AT B LT A
PR MRS . TR ENIAR LRELEGH, ERIEKRILE
i, R M ZENE R E RS DS B, MEBSWIRY R
B (555 I 5] 6 56 05 2 O T B0 — i g e O kI 4 )
D, A B AR 2 A5 TR S 15 R TR o

AR SCHXE , RIKSCRR LR R AE, (R, fEh—F
Hfl, BAVBATTAE L. DRIEBRIEZES, G RIHERERFF, i)
— AR EZ S RE B AT M B S R P BUE N SR, ER
Wi KB«
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A RE T T AR T K o W AT
RAEAREKA TRATFHEOMRATRERE]L AR S E
BXULHEARETERHANF x.

(19122)

B, BKJL BB — AR BT
AET SCRIX I B B AR A o, B BRI 0T3EL 0 Y T A B 4 9 E S
LN

BOLERILA T B F (- RAFROK . BA7HHE
A BRTRLERLTHARYE, BERESRLKRE Kt
BART . Bl RNEAFFRIA-A BT KByt 4
B E K A NEERN A,

(1916b)

HR, RIESHURENY RIEA,

KT AR AN — ML B R i FRASH RELE
H—AGHF. ANTRNLAAXBYER AN A FYHEEhE
THEEGGHEATE, WRELRKGHDEER G ITF
R, L EFAENAFEHAT, ZUATER R KL E
",

(1921b)

. B RITIEL BT B KL BB LT ) 202 4 22 4 g T 4 7 0 R

|mase rmtie|



[68]

W, ARIEFULESVE L, 8 R ILARE B HRR b A0 R0
RPN KA, mEmE L, AR AR R EIAER, LA
FEEATRA B RN T L. W7 (Gauss) B 5658 1 51 AAE R il £
AERRSR SERRGX AN A, R 5T 20 AL BRI R B A BERRL o A g — A
gy, SHEMEAMEMERRRER. MBI, RARE
AN B AAE B ARHR x5 Xps X3 x,” (Einstein, 1922), B
S, TE 2013 BRI U T R R (A 1922, 1933, 1949), AR A1 (D
FEA SR ) A 2 A e G 4015 S o e LA A ) 7 BT RER B9, 9F el 4
BORBRFTEREARRE . IRERF BT L BAR LM 2 G 38 8 g 47
WA B LEA RS, M4, BIROEBRBEMRE CGHRERT
T 786 39T SR ) 53 — AN AR PR L R BB | 3
R, LR R BN S T ORI 2 R B R A — A
AT X WAL R K4k AR L e M R 2 b, 7 (Einstein,
1922), 19124, R RMIHAE R MIETR & 55 B A (Ricei) 55 447 4
% (Levi-Civita) § TAEII IR T, BRELA T4 SUHXHS A XA %
SERERL S RHTH  MEAT R . 25, AT e
ARETIF b B X B H A, KR T XTSI N0 — B BoE b
(Einstein and Grossmann, 1913) ,
AERTRAXAERREXREEN, e, RARNEN
VO ZR 4 T B SO i R T R, 3 90 3% PR TR 4 T ok iy
JUICHRHE AR . FOUK, W I 4 R A A A 51 A A
EOLT, WA R ERAEROLEA M. B, e i
B BERUE TR th BERL g R A, T AR J2 b AR AR BROR IR 9. T
JE . 405 BT A 0 0 & R B BT B0 AREE, TR E RO
R T B R DU AT, R, KT DA G A R R R, B

| 20 bssm iy SR |



e SUHTE 8 1) PR T 5 37 0 F L B KR A 9 4 FLBE AL Sk )
.

FE SURIR IS R R A, B BIRTAEAES| 13 5 B 8 BKR
k. TEPSUHIR S AT B B AT R A, g = diag(— 1,
=1 - L Do BERAHHBR:

— A B AR TR R R L RESD . B R
FAE BT RAT B W R R W2 F AR 1, X2,
X3, X IBLEEANFRRF, gu WA ERY B TRT ZF 5
B ERK, FIR, R RENEDERLFR T EAN YR
WREH, X —E R TR —EHRF RS,
AT RATH R X A E S A S A YR T, B R
RGN AHHIARE g th bt 2T EMRAE—RH

(1916b)

ERETRFAE, BENEEK ‘g MR TINE" , #E “H
B3 S SCT T -4 2 [ ) BERUA () B o

4.2 HEME. TXHEE

RIS 5 ST 2 GE o 5 AT S O SRR TLAAT S M B BE AL
g0 MBCE AT S (RA TRBABE, I3 By
o, ART#—-EHEIN NG SN ELHWEXROKIT, R, 7
1013 47 BIHE 15 1 B T @A AT A HE IO, A R 0 08
PERFEYRA T WA Y, T MRS, ERESR, BR
BRI T 51 ST HHBHR , ARRERE 24 4 1E 3 2 45 4 19 35 e ST

|mam st |
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(70]

T, AEXAERY R BAR S % B W A BB
AR SEA YR (RP MRS % R i) FHER S E R, W
BB R E RS A S % RARIE NI 2 ERX S X
WM R, 519% RN T SHEMNRATIA TSI N,
HEAE g BIERTINAMBEFR, BR, B . M, XA
FORAEAEMBE LRI RTIA: g BTWER I T R, 5724 X
FAERKLREBSR DN, SRS, 1 SOHX Y R B R 5 07
R MR AR

KT g 0T SCHIAE TR, RS 5050 R 51 00 98009 2 4 0
CRMEA TR T A0 B0 7 Y502 o 400 4 4 k5 AR R b T )
ZB R — e T, 18889, > EATRS AL R R A
Br SRR KE, LR B 1 @ BTN R RAREE, 95 AUS T MUK
ME—BR) XS AR R, RENESHIMBEANT
AELSUAE 4 T S A B AT T SR ) SOV TR, R AR R
AL IAT T S 0 AR (1913), IR Z MR, 2 HET
AT AW EE TR DER IR, BRAHELR
WEBZ T, AR, °

G, B PN % B SCHAE T R A S IR 2 B T F R, R
AAVAE , MBENXRATT B, TR T — DB XA
IR RET LI, X R HRE) 9 TER R % 4 1925 708 E (hole
argument),  HAFTRRAGIE, LW SRR T AR HER — TR AR R 6 v
RAEBRME—HE SR IR AT TGRE, B RTELES RIRHE AR
T, KOKHEHE TG 9155 5 28 X ROBM . 5175 5 2500 %
R—TFRBERIRL 8,0 HYRUT D) AEMABMRL 4410,

TR B B 25 G R R A

|20 w3z momeas s |



RNFR—AHEEE G0 A RS S 300 AT R
HERA., WRATHRGE g0 T RFR K &4
x HERBH MAES PHEEREN VL RERLAE
W, LB ERAEE GOOXT.

B S LA K R HHLHER K LS
WA K U T AMH K R gl K ¥, A&
8o (DL RCEAT B 54O —#, gla A AL . gt B A0 A
5 G'(H&F. G'(xNE GOMRMANI A%, wRRAMN
R gl AR XK LR XL, B RRANTHR G 0O,
4 G'CObAE R BT K #9314 37,48 F 3 B F 52 b 9 (B —FF
TSP E

A RBAVEE A 5 BT RS SE S A4
HAF K GO MR L&, ExtF K'#)G (bR
B, FRMARF K 86 OWHREM. ZH—K AT
K HFEXFANATANME GOE G'(xX), REXFAMEARHM
b — B B B BT R A o — T R — B ST
DA RITRE

(1914b)

HRIERAS MR R, W, HKRE G ORI,
BEaEE I U FERD IR ( “HEELE™ ) LA (R ESK, active)
A (KSR BE, diffeomorphism), MR G () B4,
AR AR, ERSERS GBS T B EMS
G'(o, MRA—fERKRBHE T H S, K, —AFHFERO
MHHEHE(GO ER: IR G () BRFHBH— MR, RAEHEHR

[smam st



(7]

(BHR Y G' COBRFGHRE—IMM. =, G5 G (ORRA
—ABRR KO BFA—A s B AW LR ik, e
JURG, ZRNTERRE], | SRS AR 7 —H ik Sk dit ) A —
PEBERS, AR TTRER S, BB, )T IS TR
e, BRA 2.

AR UER A T V¥R BRI, 77K G (0 G COfE
ZEREPREFRFAGYERGL, A, BRI ERMARS
Ug? S, MIFRA TS SRR, B2, AEWE, MK
fBGE T B 28 A [ ) 55 5% S B B ST 8 (AR e o E R T 1
FOYTBRE — ). BIE AR AT S S LR AR, W
AU E LB AR LE I 25 F W B E AT B0k, IER XM
AR AR — A L AR GO 5 G'(x), RYBR1E
P EATR B, AN, AR AR A A S R _E 1 S B
] — Ve J31 et B Jy 2 AL e SRR , AR AAE [ — B 53 25 A
REBRA EEE, RS0 E, B ERETF AfIH
YIBRIAE R MR L R3O

TR, —AER AR, XMRRAEYEERETRIE, 7
IS HESET , BEARAXT I GRS 1200 25 S, R Y
b R DO SR A TRV TRV PRI, M T 48 S5 2 B it e
PRI — Y, A8 A A B R T R AE AT, - FE B SURITIE i 1758
SR B, 4T RIS A S B AT S
HIR, SRR T AR AL A, B B A R A B 45 W
AU P A 2 (B R A I TRV S DL £ €, SRR AO M 25 K Sy
SR, AT BB ATRIER . HR, 7S IS IE
HE, RAFAEX RS R T 0 254 AL 19 I3 J72 1) Mo 45

| 20 wepsmic ot g e |



Hy, AR R R R TERR . LR, b T R RX A
FOEE R A BRI, E 2 WP R RBRE .

DI ELE TR T 57 RO AT R At AR S e AR, R
FLRAEARE J1 R 1915 4F 11 AR/KEIE H ABES BRI, AR T
— R XA B, AR OS TR K. R
B (1915¢, 1916a &5 1949), 3T 5% A5 i iy B S WY BRI AE
AR SURIRG R 5 XS 2 FFFE B A R 2 5. FEBR SUHIXT i
o1, ARARCE 5% R I A B B A0 B CIERD R, BN IRE I
HEZE IR R A AR S % R0 77 B R 2 X BRI
e 5 BAT LT 3 12 AL B AE R 25 A . S A
B, KRR 2 A 5 BN 1) LA L T 3 2 ML ) MU R S A

B2, 6] SCRIRHE T, BFA Py EE S (00 0 5 L A Y 1 B
SRR, A AR B LRIt R R A9 32 LA, B % AT A (point-
coincidences) iy & b 138 i 3 11 2% BE ML 19 B Hi 3k, R ME— RO SCEE
SikET 5% REEENERM G, AEAEFHEST G0 LRA
FOE B IE R B ARABBIRAE, LB TR B S M — AR R
o XEHEEHG T ERRIEHSE R K 5K 19ET9 BIAE
P, T EL R T 7 (A 5 A R A4 28 WL 1 5 B (Einstein,
1916b),

WA T SCHIE I o LT 9 A0 5 A BERLA o R € A1 9 225
WA ZSE IR 5 9 R, T84 FLAT 24— A0 AL S e A3 4 i
i, A AEBE XA, SRR, TEST R, e
SERERLSA SR MRS 35 77 BR AR, AAFTEAE M 25, AEXARAT
F, RS EE, B4 RORARRNR G (05 G'(OR
FR—AARRRE R, R, AR EM YN

EXE el

[72]



(73]

Ao HTFRXAEG, RENIEER.

EELELHF - NRRYHANTE ¢ REEHWRELH
AN 5] A9 3 bl CRL Bt 55 30, 42 PR 3 14 A M R T i B oeeoee
R g ARG (REE b, BA T Rk b oy
ERES ST ELNE RS BT E
HEEHAF - A REBE BLENBRREELE N,

(Einstein, 1915¢)

EBEE, [T ISR Z AT CEIERTE ARG A B 2 2D
R, IR AL OB 5 —AB S S R
TAESE, XA B IR T A A Y B A B CHD G AL 57 S
WHELERFRD , 254 T 2 7GR TR A7t SV e B 7 Y
R, ATTEE 2 BATLELE 10 ) 3P 07 R O 3 B R T 8 g
R, S, BEARZE RT3 0 B e O RS0 Y X4 R o
58 OUOUR YT b B S (o 25 ) 2 ), T L 13
HIBRAN RS PR A BIRERb K3, B4, MY
MR BR Y AR SAXBET (L), %8, B
BEN T SURSHE M R A, SRR X ERR, W
P 18 3% 75 #2 (Einstein, 1915d)6 ,

G == k(T = GguT) W
nHE, S,
G~ 2guG == kT
o~ §8nG == KT, @
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AT RN, [ VISR A AR R RO B0 ko
{2, SAMEMT, BSR4 & (Eric Kretchmann, 1917) AR EALR
SRR, M IEN, BEAE (T 2T S B T
SR, R — R SCHERTBS, T S
A B RN A B SRR, DA% AT %
RISV AT HE ALY R B — M. SRR,
MR, T SCHNASHEAE R R — AT S R B RA T R
W, K& TR,

FRARAMSE, BT FRSRRR, %, ML
WIRRRIEAES, |- X, EMELE SRR % W
SRHETIARIE I AR HORE 2403 b 2 6 6 E B 240K 2518 Cpoint-
coincidence argument) #9£ 5, TR £iE ME BB 2 ) M T AE
o A R 3 SRR, 3 SR B 3 173 R K
W, B, AEMRERE, SR R — MR, T
A XA 53R A K X RS B B
WATEAR, A BRI H R R AL, AER AR, X
WA s AR,

0K, AL AT AL 31 A — B BN 4 G S
ARSI, BRI SRR G 41 B
WHSHIRHE)BR UHEMTE R, KR RN, B, BT
W IE R 5 R R SUA A R A, AT
TR XL SR MBI, R MR,
WSS LR HE RN, B, EHHIRHEM RS, 4
MR B T AR AL 5 IS L%, DA B 95 1R
RSB GRS R, XM, TR X

|mam st |
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AR Z AT EE I Y B AR DB, A B AR S TS %
A, FWT R L BB EF ke, HAE R
RFHERMSE, i1 TV SCHME T 0 Al 10 A2 SR X 2 7 i
FA RS, BEE A SRR R

L HEBR T LS VTR, T VIR S R P SR B A
PTZBEBRR, L REZIT AR BERR T B X TR X
RECREL, B T2 A M F 5| S35 0 S AE WA, 7

4.3 YR—MWE515. DHRE

BRERA BRI HAED, AE) S AR e Rk AR X R
B, AR TRAYHAAFNBERRN—NER, HRABORITRY
R R BOR B R X MM R, 1918483 F, &
T MR A (b) SR 2 5, BRBIEE —KIBE T ‘G
MIFF” (Mach’s principle) g9, IHEE I, 1K) ORI
FHRAE = A BN —

© BHRE: CHrbhhthty RBAE. RAKEAEE
—HAA SR BRI B RAEN R LT ARk
B (T KR A4 G375 7 R 0 e IR K TR 5 e 8,

(Einstein, 1918a)

WS, REHEES .

LAHT R B A SR (a) B () 2 ) Y IR ), X — i ok

RELABET LHEZ HALK BN FERAD R ER
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4 05 AN A 1 A LA O R T R
[Qz =]

B PRI HE 1 % T L CMIP) ) 6 (2 J 4t AN BE ), BRHERIB T —
W R RAE AR LS T R ST R, R, 7
QDR Thbk ORI B A AL, R 26 A FE AT 51 0 37 B 66 10 S 4 I
TitEte., MEER, WHRFEH DA RBMS 5 H 5 NG wE
1, BB T B X T R AT RO 25 S G A (R o

S o R R R, B R R SO e A
AR, AT, 767 UM P T BB, IERA R
LAMEHBGIEE, THERANEERORAR. AL, BEYE
B9 7 R T AT SR 5 AR SURI X R A Thh E BB, SBR
b, BAE19134F, BEBHEME A E T LM Dk E LR,
RSt -

o o b L 4t A LR R A W B R
w3 Lo SR 2R 2 A vy R A 2 X AL A
By EH K

(1913b)

H HEFR:

X5 I AR B AR A — B, B MR R T BT R M A OB
FHEAAMRTHMIER.

(Einstein and Grossmann, 1913)

| as rsomstie |
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£ 1913 48 6 25 H A Thhhg —BHE s, 2 0 A P i 550

EX G FRBARGTR HBELRNHE, BAFLE
EHRURATERME A X GEXTEAAMLS
(Newton pail experiment) # % j& % 4 4 4,

(1913¢)

1916 4P Ty HER, 3% D5 T IEL7E 0 o B S EOAR Ok e At
EOART, BHEWE AR SR AA R ZIE T (1916d),

TEIRATEE 3. 145 b BAOTRE , Doy B0 £ 20t 32 B 48 1
BT RN TR W, TE T AP R E AR, x4
WA S IR, ARE T AR R DEA, 4 X2 MR
TEREE, RARGHAGERER . ax2smpwke, @24
fHARTIREE A 2518, A B0R BT 5 4 %4 25 [ 5 0 a0
SRR A0t 25 (IR AR B, A 23 1] B 5 7 A T L 9 4 2
B2, HIBERKANTE OB A, 2R ARSI, AR
A2 N

A0 0 B AR S B R 3R AT, ACHE XA 8 i 4 R
RFEETRFHH QA XN AR b THIRG I K&
LVS oRiby & TR

(Mach, 1883)

X BHR T A 2S F A HESES, BAIX TFWRS % Ry Az
RS, °
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HNEH SYHSE RBRTNME. ER, K aMTE
BRSPS, IR MR, T, EME BRGIXZ
JEEERURAIRRE, WA SRR, AR SYESE R B
AR 25 A R R AT A, AR 0 S SBR[ Sk Y
SRAHE A RER -

RHARGALERE, wREEEE S REH I LEH
(league) * Bty ot i, EB LA EH WL R,
(A B

TERRH T AR, A BT P A A R B E A R R AT Y
B, “SRGTFERATHE, TR T AZE” (Mach, 1872), X
BAR T DA BN S — M. BB RERD R F R H g
A FHY RIS RER .

LR RYERE T DHEE WRR, M FEANSELR
HA R R RENR, e EL40 T Dk BN S ME A
AR YR A X R B R (X RERFSERT), BN
AR, PARAAH B RAE AR AR BE . (ER, DHKE
SAHE AR B, RSB EE A R Ed. BEER
B SEARARRE T Mt 4 AL I B 51 RE B 7 R 3h 7y G IR ME )
PR ERNA G, ERXSREYEN 0P %K S RS
xt. B, ST HSR T AR AR, 3% DR TR A J51 45 BT O R R
EHWREA. XRE R AERS A R, B % B3 A48 BT A

* MR KA, 1 BAHST 4.8 Tk, —FF

|mame rsmstie|
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[77]

B 5| T S AR A T 2 2 A SR 4 2 R BRI AR, R,
YRR EWE, 51 HHE S, “DHOREEETEeMNE
J&” (1929b),

AEF TS  Thh SR I8 o, A7 E 0 D SR A B 42
IE, R IE AR IS HEAR M ROR T % BT B AR S Tk B A 2 [l
BRI, AER RN O B o TR A A R R, R OUR 1k
BRER, T ELALR RS BB, LUK, 7E 3 DRI IE X D b A A
TR CHPHR R AR L B A7 DA B R S 0 O 00 9 PR SRR LA D
BOHES R, T SRR R R (WA RS % R, 75X
LBH RN AR, R B SR, RIS BT
0o B, DR BRSOk % BOR R T AU R
SRR PR YRS IR T AR T LAt R 4 5 S8 ) 2 e 4
BET R LI MM, WRESH RBHF T ENRLXEE, i
2T e ALK ARt CHRE R 3K ik (R 5 T W —5 ) 0 85 5 i 2 g
JUAR 258D 2 A AR X 25 6] B A TR A T o

TEANFAT L TSR B, 5 D I0THE 48 AN A 4 3 o I 43
thidke, BT FEEAT @ AHMIPMIEIN, —TF e, % B HE AT AR E 2R
B, AR PEBREAE A AR AR O o AR, S ARAES X
HTER AR, (R, EFEA 8 XTI LT R b At
PEIREAEY B LR AT ROV E S T, RHEWHEIEE, & T 8%
R, AT LB SIS A9 LR, T X W DA A sk — 4
BRSLHY . B S A R SRR, DARAES SUMIRHE 9 — 26
T AW R (O WEIE B (I 22 19 J LA 45 M K 77D 5 52 7 Y
PURAAEZ KR G 2 S H AR IR 5 de s (i) i 25 4 5 g
A% PR (3T [ B R A4 O e A 0
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BETCEEN, TR SEAR SR WO A B BN T SRR Y
TAE. B, TR LE T SO o 4 AR 5 b —
R ATA S WA, AT DGEREE R, I H
PRI ERR, A A X T N IZ 3 5 s (AR AT S
% ) MRS DR B AR RO HE S, S RUR A T D T Bk
BT R R Z R GUDAHTAER B, AR ZENTE
PRSI T Sk 5T 4 I R 45 1) o 16D JEE A% g ) E — FLS SRR B R
AL, FHooh 28 ] R D BEMLGS MM R X R 9 B, IR YR P PR 1Y
EF, VER, BRESEEE ST SRR R, #SHT—
SRR I W, XEH W, SRGHEL, A TIHX
FARPER AR B ASRA H SR, XA H A, B
g ¥, DRIB S PP IRRER” &% % (Binstein, 1921b),
B X A B, B AT B 4B RS (Machian effects)

SEhr b, DATF JL A Th B A 1913 47 ik B % BR 30 38 L )
T, XEGT IS 3 M 2 A IS (SR B T & A1) i 2 A
ERATDHERE, (A YAHRERRERD Y RHEER, 29
B R S Bk G 4 1 (Elinstein, 1913b), (B) 24 3 #4944 1 3
i, — A k—5E 2B E A (Einstein, 19132), (O —AMHEFFI 2
ik, W ELE B B A A A R B R AR
(Coriolis field), bAK—/~@§L»713% (Einstein, 1913¢), X[ 4F
BUR (OB, B % kA, R 60366 15 P D R0 3L DA B
SKH V6 AR kT SO X I 3 O R Y R B AT O A 4
(Einstein, 1922), {EJ2, BN R D& 3% A E 0 R 7E
g (D) e RIAR K

|3 ame st |
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HER KA R T A TR A,
ARFEREZ G RAAEGEE, FU RAEXL T HF
ELE RS ¢ SEVAEENY S 2 1. PF 42 TN

(1917a)

R, Wi (D)5 % ENTE S 5 B & F MR e F G ey, b
— A~ i U & (Schwarzschild solution), £ % P4 #i 38 i 45 3¢
Q915 s, B3 T FL2S b — A W ASBR AT BR I A2 0 A5 | 0 373 14 o
JALHES X AME, WL P (Schwarzschild, 1916a) £ By F 3| 1 #4b &b
EGWBTER = 0DWBRR, 050 MBRAER , 85T 3—
AREEE 59 2 B B 25 o ) IS T 68 O M8 R C— A KPR«
ds? = (1 - a/r)c2dt? = dr2/(1 - a/r) - r2(d6? + sin? fdp?)
@
Hep,
r=(R®+a®1B, ffja = 2Gm/c?

DA E TR M AR BT RS, B, —MRBY
RAZEMBE, MARTEFH IR —HWEAHEE, 5y
2, XMERSHE (D) MR,

% PUUTSER T BRI B G, T EL7E 1916 4F 1 H 9 H 5 {54
MEFCTE3E: B3 % B AR XX A B A9 B AL, ™ (1916b) (7
R, XANBCEA TR AR R, R T T 7 T
HIO#LY

EREWANF RERGE R, AURFERE LG AL

| 20 tirsesmionom e |



(iR ES T S EZ 108 VO Y% ¥k a-A0
P —MERT, REERWEERESBET, ZAF AL
4 A B S R

(1916b)

T SO G R ECARRE th 1 3 o 7 AR CRTTRUE T BEATE o Rz Ak
AT BT A G ) 1 € B3 SRR ) R 1 T AR I DR,
B BEAE R I 30 (19160) 1, YR WA BIEARMNBTE B
REPRIBEYIR" M, X8R AR B AR 5T X4 TR AL () W]
I EAAOUR, AT SRS T — AT I 300 7 S ) T AR
HAE R B A A B Sk

BTSN, IBARAHE TR RO ARG T — N E
BOUESE . AMTIDAE®E R O REEE LI 2], ERMBTAE M T4, 1]
HRAEFEEN, (FREREMHEGTE, KM, 5, 9EA
RAFER, B, DREER B RN, BAREBH
RS B TR T BRATI AT A L 2 A 25 i [7]  3 1  0
.

{EJ2, IEMATEHS(de Sitter) #8 A ARAE, AKX Ay 4R B o
SEIE AR AR T . ”Efﬁ:"éiﬁﬁﬁﬁiﬂ%%iiﬂﬁ-%#%ﬁ
FSCHEXHE AR R 2, B ERRT SRR TR %
AR YA X T S 07 A RELARL, R S48 0 s [ ) B 2B R AR ) — 4L
Gre —MBORBL, RFFAEEMEMME, EL%ENTHETE 1916 4
10 A4 W1 % (Besso) i f& P RN B M H0RE, 251K Ry 3
SEHT SCHRHE AR S, B R BB AR A T et 25
T, Witz ER RN BASL T 2% R HR AT e, HE,

|mame rscsmstie|
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[80]

TEAst A ) —FF, BT TR LR R R T B R, I R
MR : T A PE TERIEAL S SIS, 330 dik A 5 B A
BRAEFIA BRI, B, SRR A RS, Dk
#)4i(Machian programme) () ¥ 3 1f R LB R K €1,

B2 P ) T (D) BB, Fe oy RO BRI, B
BRI 397 250 AR B AP DA B 15 300 5325 A2 09 T I & AR 1K 2R 110 45 R
URRE L, ph R DRt L R T S L T 0 4 o S e
917a), XM FH T MM T HF M4, MR
BIEF A DR EE NG R, FHEOEERBA T EEH
Wi AR5 O, X 2E (19182) 36 3 o At o T ok JBE B g K A
VAR (1922) 5 3C i Th A SO 9 R AGHE P88 THER, R, 2
B TR AR, LRI MR R B — T DAY,

FPHEIA N, SO (AT SCHIR 6 9 — NS5 R (1922),  fH
R, AE LKA 2 —ME BB AR, M 92hR b, bk
SRR BURI LI T SO X 1S, A —Fh LR . AR
PR, BT IREE, O T M A R AR AR R kA
BAEER A 4, BFESRAT 8 )L ES—NERBG S
RALER. R, RN T SRR, MRS T SRS SRS
—MEIE, #4059 H 24— 5L e (Brans-Dicke theory), 16

EREMYRBAARAET, (B 5O RN AR §
HESR R . AR, SR B 4T B AR S 4 2 B A — E
PRI, FERXSEHER T, BT KT 2 B0 IR BB i
ROTAL RATHE, XA R ERNEZ T, ER, X ME
B, EW EHRBE, ERATEEY TSRREARE., Bk,
AERXAESEH, o RRTEAL Y AR PR T 4 1 4 % 25 TR A
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T L 5 A S b 2, S IR T A 4 A I R A R R
JL, AR A ELE, R AR 2 R R A Ok
W, MRBBETEENIME TSN, RATHAWRSHEFS
IR £ 32 R SR B0, LR 2 LB VR RO ST %
ZE M0,

THSRE B A S, A T R AL SR X e Y A6 B
B, WA MA@ B AR, A, A ABSER )
AR TR AR A B SR R, B AR, RSB IES
SRS, HHEEERYS DR FE AR NER. XN
SR BT R AT L 3 R B, (ELANR) BT e, KRBT, @A
BIATAEHE AT ORI 1 0 55 — M IE, $57E T — A7 i
o WAPEERR, HLTHBR A 1 5 0N 0T 7 R ) A ) SR I
W, HERRL, Tk IR X R SN, TR R A
SCHXHE R A SRALRHR S R, X U AR T o T
AR, XA T A,

I A % B PRI A AAE AT A TR B T L, SR e T
B —AHE, DHEEER TR EOR RN S G, R
FEAERME— SR SZ SR, A 20 HEZE 20 EAR P IITT 4G, 4% B
HIFABS — R 10 B VAS, fghdi4e T X Ei# (L 5.3
), MRIEH, KRR PR G0N AR IR T, 2
BT ga” (19542), ZFEWHNILA KB EHE R, HTHR
SER S—fE R Ty, AR MR R ER, k5]
T FEEAE, BRAT KXk £ 7 i) S FR AL B SN ) SR ¥ 1
Apsesiztie bk, BE R T 3 A X L 5 6 8 A B AL AR B 4
Bt GERR, BRETHE, ROERREY R, AR % R IE ok

|mase rosmntie|
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IR, RA—RER KR R B ARG N WA AREMER. RE
BRI M T W B S AE ) KRR, R R k. B
M, YIRAEARIE b5 T 5 Y S5 B U T B AE R . MR —
AR B, B BRINTIELR 45 T fb /5 o % T Sk IR F Y 3235 -

BREWI R B AT ERE D M RE. IR A
FAMRA “F e Ay 417 o — oy 43 S A (T EL A A o
BETEA b CNEAREWFATEYRK.

(1954a)

e PR T Th SRR S 1t — S R B RY, ARAR
ROTR, T EFERHADDHFI: MP 5 MP2, B D55
W RIS BT R T B % B TR BT HE 4L ) MP1 , ERRETRRE Y
ISR PRE N W TEAE S LM M — P RAE, MP2 R FNTE
TEG— e IR 1, ELARI 2 AE A SR T e AR S 3
RREPYIIAE, FEX LML o, RATTUARRT N, i
2B SR M T SIS 2P, A T B N I 25 K 3
JURIEHIBIRA, REFE 5.1 1 EZ e, XA FE A i dik
Ky RFWZGHM AR, T LI e (9 S35 M W 96 b 0348 I
ThikAY . XRNSLI (MP2) 55 T 7. 3% (MP1) 2 ] # M — X 51 22,
% PAUTSEL 55 T A2 VTR T 00 RO 40 th 28 (77 8 9 BB 2 454
TS &SN

1952 4 5 1 12 HABUBIMA S, 2 RWHES®.,

W RS T ml b Rl L H Ao kRN B, 3
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KA RA A B BN T R ——REAR
FHEMEREENTHERTEHER
(1952d)

RO E AR I, 2 BT A IR R R TR, B2 T
TR R AL SR 5 1, BURE LR M KR MPy
o, XA BB RO LERSL, MR RS RE
R, i HIEMRATRAE TR AR, CRARMEE A A KL
R0 T R 3o

4.4 AFRHEERYE. ANEEFERNSE

WESR 2 PATIEAE T SURIRHE A9 W) 08 FU . HE LR A B B2 AR
FARAET A3t 20 GEA W RO RAHBD WP, T2, ATHE
A, M AU AR, — AR RS B ) BE
s BEREROAORHPERR, IEUNA-MI BB R E BT IERIREE, B
XAEERBR L. BN EHHRGDRRAEHRR, X2
TR R A AEAE R A0 25 1R B — A P R R AR A . 28 T RISFIE
AT, B RNTHEBRE AR, KRBT — EfE AT A i
R, TEANHTTE AR B0, XA SR 52 B AP HE AG SR BE TS R
i, PTIRF AR E T X T R ARG T DA
0L A AR IR, SRR B BUE XTI SO XS R 2
At aritd, P b, % BEMTE—E TR I R A X R T
2B R, 18

TEHSL AT REAG , % B R P To R A W R AR, X
S Thh % T — AN A T4 T P T LA R A B

[mam rsvmarie|
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[83]

TR BRI, IR B R R RES
CAHRETE, W HEE AR RTRGE. e T A
AR FCIE IR — Tl AT AR X — PR A, 19
£ 1916 4 9 / 29 H 5 HEPIRFA RIS H, BEMIERE T gn it
— ) SR A S A A

0 0 0 =

0 0 0 =
)

0 0 0 =

®© o o w?

PR SLZA B RS S BT AR A S B iR
MA R,  BEARLETCHITZAL 0 RT3 3 (degenerate field) {4k
TiARH . R RIS, B4 USRI B A 9 B R 52
AU I gEAR b, XAt R A R, 2

PETIRE H CRT AR S 5 S A ) — AP SR L,
B A 9 ] 2 S — DD HE TR R R R AT (1917e), Bk
AERE, AT BUD IR 2% 7 5 LA A A A 5 ) 6 PR 3
Tt s TAERT % 8K ARA AT IR 22 1AL 8n o A AESE A HINETE
TR, EAERATE T, 4514 R AR AR

BRWOAER “FHEERE BINRD], WAL ST b
RAEEER) . (ER, EQ ST B A ROARRE , X/ 2 1) CE
DA PR SERMIE, MV EAE I, FER, 4B
PRI 57 A ) 2 SO fth 28 % B0 AR 35K A ) ¥ 060 D o ) 3 1
i, BRI SCHI X 0 TR & 0 BT v, B B
FOF R R R — A TR, R RGRE, R5E—4

| 20 tit 2536 ey i |



BRI B AR A AR <

WRATHIETHERE-NEZE)E ARG (HSH)
HEE MRNTLFFEEMIA NI A,
(1917a)

W2, W BBPIE AR S0 5 & MR, B BT RIE
T

AN YRARE BRI RANEL BRE FHEEAR
R VA BB
(1917a)

MHXAREFHAHE T WM LI, CRMYRENZEZ XA ¥
SBHEER

B2, JTRAXAEA, RENHLHE EMR TR, W5l
AFHFHE A, SR OB

G = 38 == k(T = 58uT) &)

BIA A iR, EERRR THI— A G M—EWRENEEE
ARSI B AR, B A 0, AR AR,
K + 9 B4 & (Alexander Friedman, 1922) i jg %t b 4E 7 8 & R
O PRFR— T R A0 2 PR WA PR, O T 88 BRI RS BT R Y
WS, ERCF L, KRS -DERGTEHEEE, AR ESHE
FLH AR Q916D fl[Fl.  EBMEZFIMAET . MBI RIT

[mam e
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(84

AL R TT HIF IR AL, T e PRI By - i A 25 LU Ry, 2

A TR SR M. BT AR N A I R R
TTVRR R RE R, BUE L R B BN B R (U D,
WTHINRIL, HEBY RS AL EWK, FEET M
T AMRRRFINFIEDHET, REF—FEBERT M
AHREUEA ML TR, R, HHFFHERROWE, &
VR34 488 R 308 S A TR h e R SR FE TG, AT 7 5 o i
e SHMFERR ZET SR HE %R

kee? = 23 = 2/R? (6)

TR AT E SN X SR E BB IR T PR A TN R A A AT S B
M, TR TE R % R T4 8 A SR AR TG
NSRS HLR I TR S E— 2%, FBA A RIS AR
ARLER), BRRFESH. ERARLEN, Bh— AWM, R
BARRBEH, BWESM LERIWTHEG RO DEH, ERE
FEoH, ENBIET MG FBORE DGR, F0mms
(1917a, b, ¢, DFRBIMIAHE, L0 A LBHIHEILAE, BIE—4
REYHF 7Y, HRESE BB NH T RIR,
ds? = (1= 2r2/3)de? = (1 - ar2/3)"1dr? — r2(d6? + sin? §dp?)
)

HAERERE R = G/OV2, RREMWIHE R B ki, HxR
ZF, BRHRGE A bR R T AT,

RFWHEX B B % — AR, EWERTEH (1917a) JFitd
BRETRARRE, AT AR R 8«

| 20 treesiaom R |



R A A R B R T R T R A A
R g I B AR TR B EARA TR S

XX AT, MEPTRHEELE, BERERS B b, FrAEEN R (R
h, Bz, BRBSS MBRAN AL, BB ENE S
I 3 o S0 MBS 3 S SR A, B AE — R R
(world-matter)” (1917b), MFHEiH, HEERL A F, BAT
AR AN/, TE 0 FRAT % T K PR B3 R R AR
MBS R A R 5 S T R B S R AR W E R T, A
ET5EML, RIPTE CHMBYTR A AL ZHH" (19172),

T PR SE R R A U A 00 HEFE, A % PR U7 AR 26 1 PR A A0 A
Q97 e, flEFFAE R A2 SPRAFAE B AP, ARG A a9 fiE it
WHEHRGAERGEERNB SN, B, GRERYERREE
IR EFBAEHES], 545 BT Q9170 iBIE, RE BHT
HO R E AR DA, SR — KA, TRE
ASRAGERN, FHOEEHOEGOT, HARE A BKiHa
PR B A T BN, IR ABAMEX R R, YR KAtk
UHMPAMEIE, T ATED SR AMFE, RAELAI5IA
AR, XA RN, AR AR, CRESRT
PSR, WURNS DL R, A4 P48 A4 A B4 A R
i A R G0 ] AT SR R ARRE AR R Lk AT ARE— 20
EH, RRA MR E BB R A CREER
Hdbf. BRI RM YL (de Sitter, 19170),

SRS R R A R 3, R TR 1917 4E 8 1 8
HAMPEHEH —BHE (1917001, SR T RO FE R —DRIE.  BE

|mawm st |
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[86]

110

SRTEBERL B 1, de? 2R cos? (r/ RYWWZ , IRATERER r = <R /2
AL BT BRI SR AR B AT G TEANAE 5| A7 R A A 4B SR,
ER i 1) F ¥ LR RE (51 07 35 i S0 ik gap S T F 0, 22 BRI S47 40 HIE
M. PR RGBT WM TR — N B YRR, T
R—AYEFEE R PAERE r = «R/2 (87545555 7 f9 77 8 ] E g it
Fo " Q18D ATABAR Y R, R TS 4 A B, X AN
UE G5 32 R T SEL 00 £ At ) SRR, (7 N B i S 0

B, PRI TR A AR L4 % BT AR (Do
b R AR, DA B GiiD R B ATk M. 7E B R MR IR A4S 4
(Einstein, 1917e) {5351, #EPG4HIFEH .

R B r = nR/2 T, g LEEH 0, T4
RNRB"LRRS KR B BR o) FRRMNEAT —HF
T IR By SR e T A A T AR — R e X R AR
Iy i # A 19 — F 4 AL H| (materia ex machina) .

FEA917c, A, PR IRIE T B A W Eakm” , B
AT AR 0 BRI ) 2 S Bk L, R AR AR R T i ) 3k
", =

TR DS RS X, BRE A SREB 5%
HEFIMRFE: PIEMEFHOBSHE, EMEE, 45 Hitn
FLREAKR I8 51 915 VORI — S B ST OB, A BRI
SERE. T B 2 G 9 5T A R 3 RE B IR, 2 AE
e SEF IR AR RO RO SR T T BRI, LR
WPEEN T, FARMKE TR, RF BT —A A, BSEReE L,
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FREESSREFTHILIA « HEES 1922, 120IEH T RE A
5B RS SLAT IE R (EL S (b0 0 T 1 3 7 R T R 5 AR R R
oo CATRH— SRR, 55— AR, AT I
AT, RATHILK - 9 HES E CIEMB0EMERNREE
FERR R %, H% 5 EMRH T 8k F 8 (evolving
universe) YRR, B BIRTE TR IEH BT H AR, HR
TR LI - b LA A A AR S 2 BT HOA R B, A S 07 R B
VARSI 25 A W B 112, W RVPETE NS IR, AR AB XS BT
A B B P LR PR BEAS BE (Einstein, 19230,

16 1931 48, MW BAERT . ERMEER LK -
B TAERN LT, Ho A i 4500 A 5 7 2 5 it 4 (Georges Lemaitre,
1925, 192D R AE VAR BRI, EH R T WA TH M BA,
BT MR, B E SR RYUE SR, RS T
FRHWGE. WM L92D) BBR A T A, JEAE 1931
M. X-5MA%)sEH (Hubble's law, 1929) f) % Bl——& A /73 BR %
AW Bt 5 A ——F % T 15 (Eddington) X T % PR 37 38 1 25 5 k7
TEMI1930) i, AL T IR ST IR B 2. AR
ZEERR, 761931 4, ZRENTHEM TN B EF RS
RO (1931), TAEPIFFEE T & “RETCBEN, BIHERFH
AR AR B, H ELAZUE i 16 B A AR AR A AR LS
HEEMN S PEZ, 7 193D

24 PRI CL R A F 24 B i BT R B 9 AE 1917 AR @S
THIMSHEF w20, 5, X FEArTassn e, Rt
AR BT AR, WAREE T T RN MR ST
FREERRMIES” . S, WS BTHNEA, f BAEE

|mase rsmssie|

m



[87]

12

FAtE S 1917 FEEFAE, IEW T SN TR SRR RS D
MBI, Hi, REETRE, BT ORISR A E R
L, DHBKLIURTE. MIHELE 1920 48 11 7 4 HA B A YA
WE A (10134 SR EAER” | A 2 38 T 7T F) 4 i
920), XhR ERRT ZEYHECKE—EHZE AW~ T
16, SXFF 46 T4t i) 3 6 8k (Leiden Lecture, 1920a), 3 H4%F s
JERMG— B,

AMTATCABEAR, B2 AR 85 3 0 GRS T —AMHEZE,
Heh AR L W DAY G R 2, DREME
HERE) SRS b R R A AL, BN R, — i
B, BN TR B 5 55 7 R — SR s 2R, (BT A —
ANEBA R, TR AEY AT A SRR, T 10 T A o
DRI B AR T R, BI40, MK (John Wheeler, 1964a) 4 i 1
AR M fF % B 35 07 B AT A RO MR, MR LR
TR S B R A9 B & . X T8 B (D. J. Raine) %
YL, o AR S FE N, RO R T T R R, M
R, AERIEE, BEADHEEOARNTEH, RSN
EYE, BAREAT AN TR F AR T, 450 MR RIE L
AMIRESS LR 2, R — b T 5 B 10 42 S0 M 7 O BF 55, B
RT RO 2R R CEMHE MR, LRI ER — Fix
e,

b AR S O B R IR E TR, BREEY—FIER
WRGERe ., RAVERIKT 5 R RN G, BR T UM
L R T SR AR 55 6 o /N BB 1 SRR R AR, R4
X ASIITEAE , U ATTRR T A 5 77 A X T 4 6 23 (6] B e
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RIS DA R, EAFEAE R AN 2 AR, AAF
WA — AR R AR, I A S RS, B, Kl
B4R 5 7 (Godel universe, 1949, 1952) 5 3% 4K B #I (Kerr metric,
1963) UTERE MR, RABAVE. EXHERWE T, LRIEHELF
SR DARIRE, B IE AT #k 7 (Collins) 5 7 & (Hawking) f#) 1 3C
(1973a, L) RRERGIREE, TLUNE) 9 BB SR & r R HE, (D (e
I8 B A 0 B — AL R R 3 AR R e RS ED
S I T REHERE R IR B BB T — MR GO UEBIZE 587 J s
b AR T AR S T I B e D6 B A N — BB . R
EEB, X HROEA TR AT DASRAT A i VL W IE 5 ok 3 R (k] SR
(1975,

BEES—HRIEY, DRI R B A 2R AR SR .
A, G2 S PR B ) J A 5 T B R A S b i (B R B
YIE SRR T 30 07 2 A R 9 ) SR eSS & 1T 34 e 2
i B B R /IS LA ) BB O B B T L GD B A B B B A —iRK
F25 17 (Robertson-Walker universe) {37 ¥ W 1 3] i % B 2R X 1%
SR, AR RIKE RE i) 2 B RN (pair of galaxies) 765329 [a] BE /N T
SR R A R . B, RS, kR X
7y T 25 AR 86 B BE B HIE 3 i (1981)

WYFIER A, D REES SCERRN KA ftE, £F2 8
FAFFRX BRI DL PSR LR, B K IE AR A ( Wolfgang
Rindler) it 9A0FE,  “E BT BN, BT FER A Frpk
FREEMINEE T 977,
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1. 1 Stachel(1980a) ,

2. BENOALHRE LR R FERROTARSE R (WHRLE. RRNEELX
Wi, MAIREN B AR R, HEERNII LRBER,

3. KT MERM LMY, W, Stachel(1980b) 5 Norton(1984),

4. 1 Stachel(1980b) & Earman and Norton(1987),,

5. B, UORBRMLEE, U 4 00E I SO ol L H R R 8 S D A AR
RPAELN, W Stachel(1994) R HBFI S EH,

6. XE Gk AA G YA RAHA, T T leSH TR —ERKR, W7
R W ZEBAER K T BN A,

7. —2§¥i@% (Earman and Norton, 1987) is 1 fl 2 7CiE K SUR R 23 1996 4
WA, MEAHEA RS — AT R (GO b, B LN SUHRHE MBRIE i
e HLX AL, ARG BT, HWAE (1994 , AR
PURILE R SUHIRHE TG P 3h Iy 2 SR LS B FEAE , X PR Tt )il e O B A 466
BFFA TR HH BTG, TE, ) HIX A, W24 b
JERIFER EEMTL0L R — BIRAHE G MR, #BT ALE 0 FE T RO 2520, B
ZFRUEHIB TR RS LA ES R, B RN R SRS — TR A b
REAY R, TR, R SO BB B TR, 2SR R
AEFTHE ., KT H A AE, W Stachel(1994),

8. MY STRAEA LR RFRRY HAKR (G P T 2B
PR, VARAEICPOIRMIRIETT N, AR, RV MM RR SR G 5
AR, ” (Einstein, 19182)

9. BTN, WMBERA L EEEERIORMY, A —RHERHTH
R R RR A

10. i, W Raine(1975),

11, BEARZ B 57 07 B RO R, AR PR T O R SRR AL B,

12. 1 de Sitter(1916a, b),

13. 1 Speziali(1972), p.69,

14. i, Brans(1962),

15. BEDMES™ SCHIXHERUREAL S, WYREATRL T 89 R AR5 L —MRBAIR R, (7%
MTFEANEIRR, PRGN OIS A E R, I ER SR A AR 4 A,
ST hEY .

16. Brans and Dicke(1961).

17. R Lense and Thirring(1918); Thirring(1918, 1921),

18. RT % FNUH—PHF L IORPL 04, T Kerszberg(1989),

19. BEWHABOIRME(1916 45 F 14 H), 1L Speziali(1972),,

20. W de Sitter(1916a), % T tL i #X —h BA M BAMEDHAR, 10 713
H, 4% T HESHRPIF(19162)0 TR IR, BAMIERERE. YU
FIMAMSBESE ORI, HBBE] T — N RIEEE T RN 31 ) 5, x—3]hi
AR _EIADRF 1R (AN FE 6 R —E AT ALY BB R IR B, AP R T
ﬂﬂﬂﬁ!ﬁ&x‘?&ﬁﬁﬁ“ﬂﬂiﬁ LTI ARA B, " (Eddington, 1916)

21. HERk, RAEH, EHA: G RN e
TOHBH" (cylmdncal universe) #9.,

22 —BYCFBITH T NI (DHE S X MW LB, L Rindler(1977),

23. K BVPICHIB R ML A AR P, A7 2602 0 % 6 6 76 5.4 e
i,

24. ) Georges Lemaitre(1934),

25. £ Arthur Eddington(1930),
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26. I 10170), UARBUIR Speziali, 1972),

27. R, X Taub-NUT Z[6]) bA
E%‘Eiiﬁw&*ﬁmﬂ(ﬂﬂﬂbﬂjiﬁgﬁﬂﬁﬁﬁ&ﬂ)i?ﬁiﬁ"zﬁéﬁ H B AERT A
& H B ST SRR T RO MR G I IR

HHEE
BEHD BRI AR ~¢§A&?EE§3FS$§'##IAh‘]ﬁ,ﬂi‘ﬁﬁ!f'ﬁiﬁ‘%ﬁ&‘l b2
B A TULABALTEY — M E DRI, ERIMAR A R T EZ M H
B, ATDHSAEDHMNRIERIARE, L Reinhardt(1973), Raine(1975, 1981
5 Ellis(1989),

28. XTXEBAMME, N Raine(1975, 1981),
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BOE
JLAI 49

B PTG ™ SRS FF 61 T — il B AH 14 1 0 95 40491,
e LR REARAG RS J1% . AE R BT T 1 SO X 8 9 25
g AN6O LG, EAMIM—RABMEER T, X—BHHTF
PHEX NG A BRI G.2 ), EH LR T EHRLLRG.3
A9, B R 2 VR DA A TF K R 3R % SR
FE I BRI (A A5 B (5.4 4, ERHEE R —
LEREIE XS RTINS S, KA AR E B 1.3 o
BB HIBE) T R 0 T AR LA 4G A S R R E A B
W), FRATHULT- A7 T ety A 700 2 DR 9T 4 e 25 05 L AT S TF 3 —
G149, 2 BRI A I 2 VR3O AR T A A JL AT 4045000 L

5.1 FEFBMEEI S LAR
HELME S5 ¥ emts
—HORBL, —AHAEEE, FEEREMAEAMIIEN, b
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SEWREN SR S MM — L BT, KRR, —FULE
FOPEFR T S s ST T B BB R, BRI AS
My, BN, FEAECEOBE U R B A2, UL A4S (R K
) BRI LA B LT AR , S el HE A 2 16 (B ) ()32 3 2 25 A
BOFERR BB XTFRRE R B SIS0 20D BUE ), BERERR
B TR A S R . RS PRS T, BB
Haihgek, TR, 8% E RS E R E LT RAE
19, XREBRAIZ a0 R X B A 2 E MK T M T — 2R
B, FES SCHIXHE S, WA RRRY, (ot g, WA
Y SERIE RN LR, DR T LR A 32 30 2 Xk DA Bt I 3 12
ARG . HRUREE, 3 A AT AT AR Y U AR S
HRARE, RITLARS CVER., FI, Y450, Y%
AR e 2l 72 S TR AU SRR P G B, AR B R
AT SURIAHE sz B2 R BRIEREAN T3 7% S R B
HESEAREEHGER

AATAET AR 18] AR B, — 7 T 2 55 0 4% I B L JL AT 45
M, 53— T DAIE B i 4 % P SR T St BB B A R, 7E
B Z EAEFER RO R, X, 4% 5 R A X R
ERRA A AR B B, (ELR, At s A G 1)) B 5 T
g%, BT DARORAE R CHESh H 20D | SRR CEX R, A
EM XD, EXRTEMARMGELES L, FIAFX=ZMEL
LR 4aRT I X (absolutism), #5375 F X (dynamism) | X R E L
(relationalism) JAf %f 3 X (relativism) (5 326, #6# K T, MHE,
FERARS SO EBE e, RIMER R A S R, R
R, CHESRAY) 30K R CHEH ) B 3 YAt 3 SURA 3 R4
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CHHEY K.

TR RAHAXGIBS, A4 Lg% 55 6] i 6] (RO MR 4 52 2 (A 9
o TAES T, 0155 1A o IED) SR AR 1, 8 4 0 AR A S
Hixtiash. R, XELHEMMRZ, FELHEDI— KB,
BURBE, 228 () B A it A B o BB X BB R A LE, T 4a
XHEBNIFARBB —Fh X 25 6] (D, R X B AR, 4
XIS IR FFAE B0 BE R I 25 00 250 RO T 5 400 0 4505 0 B R i 45
XL RS X E S X, B, W R e A g i
HAEEHAR — R RS T, %L, KSR
AR T EMDBMAFIT . T XA, EXREY
BT — MEA A REE NI TE M IS AN GERANE R R b ek, )
RSN R I B A T 0 2 2 SR M 1Y 3 R XK
, FMT BRI T % B,
RANMEGHH A

T PUE AL CURAT A1 T AT « 41540256 T 25 16 5 e i) 4
EXA, ZEHIRRAGIRZI , DA R A5 690 5055 90 A
Wb R 28 R S Y B RY

T RISUTSELR A 500 P AR B AR T S U0 AR D b
MR, AR A AU A R AE 0, T EL oA 400 LA LA
RGIFER 2N, AFRREAR . MLAg%8 8], WEE AT
PARE— SR 4 AR P BT AEZ IR o o 3 AR T RR R DR, 2 1 A2
P HR R S B B X WA, oG, A
SR R R AR R AR, I R IR
S SN TIALARHR R, FEU, 2508 %5 ) 5 B TR T T
AP, REARER T UM RR AT TR B% R K4 il
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Ky, B E RIS W E RS % R,

KB AL T A LA 5 AL 25 6 e )
B GRR R YEIA Y, WS ¥ ERATRL,
BRI, WERSCAE” WAUR R A A S M ARE, — 7 2 ph %5 6]
IR R 53— 7 T E AT ST ST A 9 25 ) 5 B 635 31 26 )
FKAEAFAER T RM ALY 35 1] 55 B (B 3 7 7 7 0 SEL 480 R DA o
RBBIRE: WRAIEAEYIR, 716 5 i ] S0 o] DA 75
OB i) — FR AL SR & T 7 1E

T B, S L 0 BB A 3B s AR e, O RO 4
AR, ASRE N el T 2 18] ) 16 B B TR A A 5 L, 4R
HOIEERE , FURARXS T 1k — A B b 25 P R B B2 Y. Dbk
R XA R B DT BT B2 330, 3 (45 4 0 25 0 D 45 0 2 3
B — Il 0 S 175 CED A% # 1D) BROR A, T 4kl I R 2 e 7
BBHUER, P, R ARV, B T 4 6 B B S A,
AR R E AL — B B TRV T 25, e
S, SR Y RO AR B R, 1R A % 1A M PR T AR A 3%
ARVEA T2, R AR RO 25 A P55 4t v
(causal absoluteness) (1927) , 4

AFITF PO SORRHE R, 22 BRI HEL D00 SRR 9 th B
WHERS, W SRR ERERNFIL I LRER, W
AT L2 R AR F H %, H R % e
(1917b) b BAAE A4 -

@ “BTRAUA"EHRT“— Moy h® Lk, y
EAEYY 3
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(b)) “Hf 1 2 18] b Ao oy A6 T2 A Rk W A BE R S
CRES EOEEEEY £330k T2 AN

FET @ 5OW[ZIE, ENEER UHXHE F R, $
PR AT B I DA X AFAERG, I ELFRAEAR T — Mtk 2 i
BEH SR, SCRDE AR S T A A T R R B L L7
JURER B, ALt &, 3F % BB US4 5 % 30K
B, BRNCHET SRR PRE, XRE KN SRR S35 EE
MR, SRR BRI IE T 4% F 25, w5y m
SRAERI IR, T3V B0 B IR 2 PR B SR 53K O A 1 S R TR AR
ERFERXFEF S, BEYHERRT X TN, 6598
WA

R RS AU, 352 0 B A 0 2 AR R S T
XRER:

A2 0 B 2 4 N o 4 LB R R R R
HARETH KR LAWY RER T, XBEAX
W1 TR, R AR R R A ANE TR A
AR A1 A 0 R IRGE R AT B F 10 A8 3, [ 13) %
S RBREHA - ZRRERN DA RTEET S B, E
ASABBETEAHEARTRANAS ZHELFTH
RHAGMBEREZANEELERRE RN,

(1920a)

XMTFRFEGHEARDL, W20 T ERAX ., LR LR

120 |20ttt |



W, IS LRI R B R AR A MR RUREE, B
R RES A, FEit, RS KBTS N ER (8. ) HR
%, AT RARN, SBRBE, B2ROUH L4 T R R 1T
Sy, T LR, 2 DA BAT 58 25t B v A O 4 44

HEREKR, BAZRESENNZWAR E—ERRA WY,
HHRHS S, EOEHTHBHEL, XRELZET 20
20 ERP0t, BAMBEE AT 1923 FHXGE 38 (UFD R
R(G. 39, EMRHHE—FRFENE, FHNERERESS
23 BRI 5 9 B SR A X HE O RE A R B e 1, (BR8] 5 e D g A 2
FAEHEN AR ASER 7 RAG B R :

FMHRARFHERAARE T HAH LA, CNERS ERIAH
M — RN E T DA REIRERARE— WS
WA G kg —— A ATy —— 2 B 5 R

(19202)

53 5T B A Y T s 30 0 45 )69 o 4 % T SO AR
5, BHENALEGE—HIE T IR PR, TEERKREXEHN
A TR, ERARTRFHINLESE" (19500), * H4° H—F
IR R R LS, UK

R HEEER A RREUA SRR E G W
B S E R R RT X B R R E A
7% [ VR o — R A AR AR LA

(1950a)
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fod B — W

ZRRKETARYAREFNRE R, EFR LA
A e R BT T 51 437 (W B 3K gu) o A4 B Tkt
RAREAD) [ds? = dx} +dxd +dxd - dxd] [, T 2 4 5t
W,

(1952a)

XEFEWHANRBE, B o AAUHR T 55, T ELIFIR a4 T B
SMESER, BT, )

KRR ER e TR — AR % TR gu 37 094
HOF TR BR gu AT RMTLRNE. Tk
HWEEEANEAE WA FERAHNEE, HEKLHLHE
BRNFE AL RGN,

(FL)

BT H1 55 3% T 25 A% i b 4 S B T 3, 2 R BT 4E RL7E

1915 SRR — (L R REXH T, Bnt R4 T 28 HE,
EHED T CEROL 4.2, BRMFHMYEEIERY 5T
%ﬁl—ﬁ%ﬂﬁ%&kﬂ%ﬂﬁ)ﬁ%éf&% 8 FRIA R 5 T RE R B
B, MR 8w HYIE RRAR I LR T ES, HEREE ik

tos] I T EHBEMGH (ATIEAZ3) , BARMNBELHERER g0
M RKRGZTR , R SUR— A T4 2 R 1015 X
I, AR, IR g HWR RIS STI— 5, B EH
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oA A R M 35785 (RS — 50 BT E KM AFD , WA
TP TRV AR, A 5E R K R E LA
SR BAEATIR 2S00 1 AR A A, BB IR A SR 5 30 B
ZEFIBER . (L5 5 1) T R P B35 6 — 0D 48 R
2SR R R 4TI 3h A A

19524 6 H 9 H, ZEMTIEREIL WM E T -

KA LR B2 b A T DA T 4 7R A by S B R AR T
BAKEENERAE, HEEERTRATEMLA, B BER
RATGE R, AR EERTHARAKETEX

(1952b)

B BT A A RIRJE JLAR , 2o R ESR UL AT AY R R 37 10 4
i, FPPRE, RAMRAK, BIEY TSR E X PR T
ST, R FR R, AR R XA G R OB
PTG ARG RN E ARG, B0 RN R A AR R
yE SRR, AR TR 47 HE A IR (9 FEAE X J2 S 2 (1950D, 1952a,
1953),
£ B M d2 49 AT

5% BTG % R T SCI 25 O B IR R A1 R A R £ JLAT IR
SR BE R A TN, B4 ERE, EAR LRIAK, WA
LT S Y Y R BRI R . % NI SR A fi O A
HROEEH, “EARAT, REFEIDMER , HHE, “BE
I HE SRR E S EERRE R (1921a),

R ATRB MV, BB AR AT XL 57 b TR & (R 6
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PRSI, TR A AT 2 0 R S R B A TS B 2 B Py
FOBRMGATE A K. XL ABR AL BHNE helE, L
ISR BT M B X B AT AE R, e R, B
BB L2 (axiomatic geometry) i 4 b 5 A B 1 th 55 SEAE B 4
PORTIRAT KA B AT b B 7 SR 2 BT i S
5 RAERAR A BRI % & (Einstein, 1921a),

B, X TR PNTHAB, JUASE 0 E S H AT A&
WEMBENRLAEFEMITH” (1921),  “JLATBAEX T 5 R R
SR SN A T35 27 T S L 7= ) — R R
(19202),  ZHEHEWRIEY, A AW ERE “JLAF" —iF, %#FE
BREERA, KRR, AT — 2 AR B AR L 18] 45 AT ARG
HEFT RATAZ” L B SR HSr . AR A 6 (19210), i,
9T RESEX AL R S S R AT R AT, LA T 2
AR B LTI 2R S RESE 5 200 S AE R AT RE R, AT RR 2 3
A B EIEAHE” (19212), HAN “XRSEH Ik 2 2518 % R i
SEFR B FH 27 (19302), X B — Bl S5 JL A 2% (practical
geometry) fESS A E V¥R EMH X" (1921a), 5

MR EWE,  “THILTE" (R AFET I F R gd . S
F PR LA S SAE R SRR 2 [ S TR, AT Sty
JURTFETE R BT L AR 940 SR AR L B A 0 A T WA RO RE L, T L
XA FIRE R R A 2 RkREE (1921a),

AEBEINSA LTI, B h 5 F R 5 LA (2 TR B R S
M, M, TEEME T, A b I i B R LE LT AT
ORI, BIVE A7) 69 MK HEB 9 T e T R 4h A
%o B, U SYEIEZ M EEKRBRRAEEN, N
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i, RIS, TR T 2RanE s & & T oA R B,
AR, WRATA PR Z R0 B, BAHMR (AN
A, XAFZRASE, EMEG MM s —, S—-Mys
JUAA] 5 X0 AR — B, —BObE AT DA I SR [ 6 J LT, SRR B 2
HAR, HHBEY S 2 HBEROYERBHTAIKE. CHT, R
BEMFER LRI, FERIEEEIT I ATRA 24, REBIL
R LA R R AT AR S AR B IRIES 2R P
JEASRE B R, AMERRESEYEER, HFHRRFRULER
U, BERFEESE L, MR, BOLRGILTERAARNZ
Lo qu LS 2o

% TS LE RN bR A AR P I3 6 — BT . At AR AR SR B
SCHIRHE, RAFAEATE L ICIE (R, AT R B 16 71 6 1 AR R
ATFWEIEAE, (B, MORER.

EAHREERAGHERS AT ERARR, €

B PR R LB T X A R AR TR TR E A
AAEAERALX T AKY KR FTLASHE,

(1921a)

PR, B EHEBIARE], MRS AR R A
AR R AR HIZ B2 00 TR TR B LR B B A, T AR AR DA
REAENEE LB RS, EEEYEBREMIHAE. R
i, MIRIEE, “HATETEA R KT R T A A e R
AR, ERATERLIE LA A B S R, X2
W, “ERCWELRM H A, RIESRXEMEOR
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ARG (19212),

Bk, T IEGR LTS SRR K, HTHH 8. 3%
HOG JLAT 2R S, B TS R 4 32 T S PR R AT S5 I B R A7 L,
[P PSP pIRCE S (52 TR

2, AMIRTHAA R, I B TTIA K 2 7 R —Fh st
FER (R JUETOE, (SR LT3 A8 fE 2 i R YERT 5 i Bl
AR ERAMER, TSR ERE, X R—FRM, Bk, B
PR HLARIA S SRR P SR R PR AR AR B, R B AR AR AR B
BEARNET., B, ERH-REMOEL L, HERBHIL
FPE ST T AR, B DR W ER T AR SME R HO, &
R 0715 e 2 £ 4 6 UL R LR ol 51 77 3 4 1 1 (1920D), TR
W, AR A 0 AR T LAAT 2 P 5 A A kS B 5 1 R T
FESHE T S T WRAT S5 R S L, S BRTAR A O AR I E
fy, TidESMERY. FEUC, BNHERE, D4Rt 22 SRS
Kymay), B0y R MRS, 55— E R A LY
TS S RS , RN ERAHEAN., BAMA
KT RN A TG, (R A A Y R F 1Y
JE—AWB, BIGE— BT B, AR (1949),

B, EIRATHE B ARG LT R AR Ll g
SR, BeE L g KRR, A G BN B A
P, B, FEAEAT RS RR A, BRI RSN T
T 80 BTG F IR, 8,0 FIARTRRAO Iy HUSE T Y B L
SRR 2, T (R JUATE AR, I8 AR R
TS B, U, 3507 TR R R AL S R (R
FEFAT AR Z MM EER X R, (R, R RNCER A
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BB BRI , X (A5 PR E ML 5 55 0 LA A% B4 0 B T
55 4 T SE (1918a), SXADLP A5 )T 7 Ak 3 B 3 e R — F 4
FEMOFI LT, 9838 DR S0 35 % SR T 7, X E AR LA
ek,

B, BENENIZH RS EPBINBRE, EAHR
A0 1 SR FEAE IR T4 s - ELAE A T b SR 5 ) 45— 39 18 9 1L A
di, BENEERANE], ENEEENH 0TI T, RREERE T
TR BRAS T 1k 0 23 ) S S S — B, BRI R B S
SO FRIG TR, UNEESRANS 558 LY EER
G, HERAE SN AEEmE, KL, BRENEERTE G
2 IR, B —FR . RE PR W Tl
BT AR g, " (1954a),

K, FEE—LRGRNILAZNYREREE, 2R
AU RN AR5 4 T 5 7 S ph 37 R A 1 (1950a) 4 i 25 B L if
TR, RAFLEAR A Y B A 0 — R G5 M M B (19522), 5]
SEMPRARMRS T LSRR 5% 2 B 25 R
RSP EA SR KA (19482) , O QIRBATITAE R BT H Y B A ik 2
Wik, 5 150 3 PRS0 HEL e — e o e TR 2 B PR PE R 88 2 8 0 1R R
USSR KRR .

ARFTRSL, 2 RN LR O R R EME LI

A AT RAEE AR 2 17 3 oy SERR B ) 2 b ey BE AL
XAMER R EEHERTE.

(Riemann, 1854)

|5 s

127



128

TEREWHERR, KB AN Fae AR S, R TR
Be, CABIISAR ARSI AMEARA B, {51 T A0 2 B
RELUNIROPUEES 3 1

e PUNTSEALT 3 70 45 SUR 5 | A AR i [ 1 2 4 LT 2
A LR TR R R, BT RAT 5 R R F LT
W LB BER, RRMCART, AW TT DA R LR o

B RNTIE R R LT R R A e LR TTIRZR, i R 25 5
SBREMPEIR A —Fh B, AR L, AR B A R —

5.2 JLARE: BH5BEMRE

RIS AR R, AR LA A5 (GP), H R
H 2 BHEAES SURIX 1 s ST R 1Y, RIFERI— A, 1
WHBNIEMR, JUTERE R FERFNO G, ERELE, Hr
BRMRTERM RN, W, SRR, B TS5 H0R
IO EEYE O T LR B T E A U 2 LA R B 5 ) 45
HREIIFHAER QL 3.4 4, LARAERIRS| H1 0030 J72% b JLA 454y
MORER . O, HM SR LRTSE” BOMRA, TLAT2E IR 55 907 M) b
FERUR B0 WIS S PRI R AE TR, DT I 2 0 JLAT 454,
WHREMER, FRERAEM, TR WM REY, T
B, JURTSER R 1 B 0 — A4 3, T4 B 1 R 0 L AT 4
JRASRE—SE X B SR AT 0 552405 10 DO, T S — A 8 0 ) 1) M,
TEANFRATAE 5. 1 WA R4 h g MBAE, XA AR B F 4 10 1854 4
BRI A I R,

MBRTIMBBIFH % BRI T 51 3 P L T4 5 e 2%
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BATARRCL AR R R R, T ELS | S35 LR 5 AERUL Do)

AR I 2 AT AR HE LR B g0 WERAE i, F el BERL AR M A
B, FELIUFIEE, 5 R R8T BUE 4 E RO L R A8 A R 3
AT S BB 45 o B AR AR A 5 R BOR A Y s 5 S IORRAEL, I
WRHAES SUHIRHE R | B R S LT R R E—&, U
IS RS LT R R FR . EXAEL L, RATATA
R REBUEIF R T 51 AL, BRRIRRN LR .

TR 4TRGBS A . 51 (B At A ELAE B O
it 2s SRR E LT SR AL, LTSI R T Y R S Y
Wi, HBYEOERKRFTEE. FEEOERASTREER,
i B S B S i B R R R . WM R — T AR Al L
F35 7 #EFil % 1) (Einstein and Grossmann, 1913b), {H g 3K iE 8 R it
R H—4 453 (Einstein, Infeld, and Hoffman, 1938),

JUTRGAE AR A SRAA S S RA . ARYERAR A, (D2
UG A B R B L SEAE Y, TR0 PR 3 B S AR M — R
i HLEA R TR SEAE RO s (D 5| 1A AR FI 808 19 R 2 3h
(R 25 LA 807 £ Joy sl i, o of 23 il R ) — R R B, 3 0 0 3
w2 REAB B Feik

FPTE A OAE AR R M. PRk, MR 1920 4F, fih
VB8RIET | F135 % 7 F 25 6] (1920b) , S0 AWML, 5 T & LA
WP LATEE M AR R, 2 DR 3 L B 2 i LT 5 AL
SSER . WA . A5 A8 0 26508 ) SC AR Bk 5 0 TOA A4 o T
AW S1E S (EARER R, L4 G 5 AR AR W S ) ST
TPERIRE SRR A LA AR R B, BAEEARR T ARG 24 48
25 (B AR FEWE Y B IR B 02 A, T AS AT 2 1R AR A ) 4 5

|wmsa summam|
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[w01]

F X BTRR B IR 2 B 5 R .

JUATER G 55 MR A S 2 S R LA A, FURIE BN RS
MR, BRPEEMERE IR MM, BIXF LY.
R, B L, BRARDIRE—HR. EHBRMRNE
B LA G5 A FE A 116 b i B (51 D 34 A o

FIE, LA G 55 R A T 1 £ A 1) 02 ] SRIE X A T 8
PRI E MRS 55 o 2 R0 A0 SR JLATIRAR . AR AR, L
K R AL W BT S RS AT R B A &, I B B 5T
W B Z AR, 5 E R ST E,
FrE R, BT BN S AR AT fE, daR S| 5.
ERA S, MR R F N, RO RN 2R, 762 R %
e, RGNS RME— R B S, AR T I 2 A R B R R
WA S s IR A T, RS YR /SR
HAR 51 135 R R A R YA

ZRWHHE T EE, EAMT SCHERR A 2 B IS 4 &
R BT AR RS TR, RABBEE—F5e, HpsInfE
b B SR AR AR B R

RELHEFYUEM T B FRRTRME R ILAE, F 25
B, XPIRAHEAMA MR R AR, 762 RTG530 R
SR, S R LA S A AR AR, AR B AR AT
SRR AR . KRR, TERULAT U A KR B R
JUTARISI A, 7T AT /55 49451 (field programme) i 5 A AL s B
RIEMB.

AR LRty LT B B LA I A HT A

| 20 tik 2355 0 oA % |



K LT, BRI IR G SRR R/ =Tk
MEW.

WA 2: 5] 1 WO e — R A S RARIE T B LTS
M, TR SR A WS MR R, FRA W XA N
FEEBEG— R FR K —TRERET RS,

M BRI S R T, BT AR 1 BN 2 R R A
16 20 42 20 SERB R, PRBEK b X E— IR IEBR, #
20 {142 20 4EAR YD, 3 PRI 357 4L 47 4R 3 25 ) A A AL — R L ST Y SC A
(1920a), %3 [8) @9 JLATEEHI FT BE LA — BU3A Y 1R (1922) , {ELRL 5 4F
VAJE, B B2 EE M X R B AR 5 IR A — 1, AR
I XASHETE R T Hie MR R B — " (192D,

XA, RRWHAR SR RSP BN A
. WRZE LSS AR R RAT S e TR RN A &,
HIERASI S AN RETI A EAE BT oE , AT AR E
AHIBE Y TOARS | S54SR EAE R 85 5B — Rk,
WHEJ LRSS EE RS, BIMANEZESE. LTERSA
FARFR I FIENE. ERERWR, FHROCLBNW T ZEN
SEE LA AL 945 5 T B 930 3T (1921, 1925b), IF 4FJ 76 % B AR L
WG

B, RATER T REEMLGL, EHEABBRROSE M
BN, % BHE B ARG 5 e LT, TR A 2 L5
Tt 1O BMBAEJULPIE S I EAE R R B, TR B RIS
BRI ULAIHRI. R LSS RS, B S| I
AR AT, SR AR T 3h S e e, B B

| w58 s
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[103]

HIFHE.

W R EARPHE R R B RNBE T 51035 5 B4 U4 a2
ZEKAMMA . EREMERCHOHBENNE, BT 0L
VASK, WA SCAE M R SR, ERBEE ISR, RHEX
HEGIBRNRAS S, BRENEYGARTES B SYRN KR .

ARG RN T WP B, — 7, 2 R0 i
FRFRUTB AL ) TR FE AL 30 e M — R U, R 3 28 A B e — SR I
B3I, BRI, LA MR FEAE T R A B R —
FhSik, MAREEY R, MR AR, 955 fE—Fh
EAYT, WAL R A 21855 77 7 ROR RO IRAE R AE AR
RSB BACH TR . 2 BT MR R B, b B
VRHE A R YT, 551 H735 — A H 2 1) — B B O i
PRI PR RIE R, X AEMRE b SR T P M L e vy 9 4
Ha, PfbE i, RS, TR, JLATE S I R
EHIARZEH A LR AR (1948b), 1EE X MR, B A SEE
JURTAASHE R T —SH B, NG 3 B

B2, EBHLAET X5 % PR A A R b JL
IS, EEHA = H B S F B EERARRE, FhER—H
Bk, TN, 51 HRIy TR, I B R
R — bl B bR M PR R T SRR S, T A AR fE
SURTLE M 2 A0 LA ) 0 95 A 00 2 6 O AL B R 30 36149 4
s ST R R AR A TR, 2 B T S DA £ 4%
19, BATE R — i A5 R BOX A b B R S 9 i ) 5 59
AR R G5 R A BRI W10 . AEP AR 2 6],
MRS 55— Ayt 3 Ik 5 i Ak (Binstein, 19292, b),

[ 20 ttsesmie ot e |



e BB TE O R L (1949) , Th bk X 4 IR B HE P HE R B K
U, B A TR TR ik B A LA PR —— T AR R B A
&, HE,

R o 2 A A A 2 B LR T i, RORE
A0 A 4 AR A B A T AR TR O 4 3 2 oy B A
Ayeeeee A A B AR IUEEAT T 8 AR M R 0 7 ok B R 1
Fipib ey K.

(1953)

T I X, A A WG 0 RE AR AR MR, EARER
2, RS NME MR 7 E Y 5 5 5 (B R, XA 5|
J13) B RS — e, EmRKT .

YR, B RNCHI AR —FREFREIAIE, SRS
2R TSR RE R, WA, ESERABRKTE, M
FHRMRRRA AR R? XA R B, SRR RS
PR —i , RAEAHJE R F .

5.3 #—SHER

REATE T PRI R B2 ) SCR T 38 089 35 J& AR AR B I B6F A A1 4
(David Hilbert)3 it 77— My 2 B A 75 B B 9 4R 2 (1915, 1917),
Bk (Gustav Mie) (R4 i i LR 1 (1912, 1913) 15 % BTG T X
ARG EIRN . FEMAIRTELIS B, WRAAREA A R, Mok
B BEH H (8o s 8w, o0 By o v Ao A, o) K, 135 14 DY
WATR: XETRAE 10 MEH 55N 8B KNS, B

|msa upmmer|
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TR RIS IR T 55 50 4 A T 5 RS An T XIS, M
TS T T X HETE i R, A RIS RIRR, A ) T E R AR 5 IR
B LR P A BCEE R, FAE n A AORIEX 4 A XR

AR BT LB R R ERAAEX
oI RR T B
(1915)12

A RAARE S A5 R A G — BE D LT R L R SRR B T SR
R, R, TR 8. 5B AxZ FIKER,
51 A i P TR JUAT 2 R AR A — RO

MEFRWERIATE AN g 5 LB TA X
(Hilbert, 1917)

B, BRI 16 R R LT A, A I8 R 2 h L
fUiH . Besh, PR A i LA R4 7E At Y B IE ot R R
.

o A S B 4R O JL AR 49 000 5 J 3 K T A R B 4t - A
G QD FIAM KBTI /NFEME. AXHE—FEEH L,
ARAEAS B 3 R il K A 2 KR B ILT IR T, B X R
KX, BRI T, SRS AR T EWHE RS T
EARIRAR L, BRI IR AR IY AT 9T PR, ST
MR BERAAE Bk, JRAES 25 1] o i AT RS SR v G
FEBBEE: af = al +(Th)a®, BREFIGE-F4EE M BA,
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SR VA (Hessenberg, 1917)1A g %5 i) ph K fik il 3 4786 3 R IR AR
HAA/NEETETE R, B K — 0 4B 22 8],

B P BE E 58 4 JLAT B Sk i 55 — A FE 42 e /R (1918a,
DY, 32 % P R B AR SR AR, SRR IR LT R B
WL — RS, B EAE R AT IR SEAE O I IR SR
BET, MH 3]0 Bt A AURMCR A LT B T (1922),
i H, AR — AR, HRSI S Rk B TR AN, A
REAEREHIBEST B8, IF HLI b B fr 4 B 1t SR LA o 0 A1 2 07
(1922; %7 1918a, b),

HTEABEH, SMRLAHET B EHAEHEE LA R, R
—AH KA, IS BERA B LAY, T AR T R A
-

RRIMARAEXBGERNLTHERAG LR E, B0
KREFRBBENAHRETR WL ESHHRNLEGALR.
REBREZFANTRALEANETHKEARTRE: T A
FERRMGE” LT P EAEE R, $H—DREREFE;
BAXKEHRLRTUR - A REBHATRIELEHH —
MR

(1918a)

B, AESMRILAT R, 1 BERAF EARME R 24 S T8 BT i %)
AL, AT 2 25 1 5 I I Y 5 — A o0 5 B Y G HE B0
SRR AR R IR ML R (gauge system) ,  [IREML, KA
IR IS AR B A RERA XK, i HRE AR — S

|mom |
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[106]

AR, WAL, BB RA AR fEX
— Rk, SMRIRIBCT 514~ 4 ST TGN PAT RES ) SBAR A B R
FROUR KT Ui R 2 (1B ARt ) O JF R B BBUARLR X P — Fh B
B RGBT R — R IERN.

8 AHAERL S LI WIREAA B p At EMY KRR,
EMEEX L WA g AR A EBNHEEN,
(Weyl, 1922)

SMRESR—ANEF I EE LA R ARV T . X F 845
PRAE TR SRR e i) A, DA B AR T — R A 4 F 1 R A
TERTEAN, A8 B g0 AR, Hob A RALHAOERMIELERIL. Sh
IRPERR: S8 R RS Y B 4 IR 00 B B Csupervention) f2 3 7] B
. " (A

ARG AR ERKRAERF S KE | 25 TR/ INE,
KHE T RERRY dI2 = 12dp, Hb dp REHMMER: dp =
Gudxt CREJUTZY d, = 0 REOBRIEE) . XEBRAM %K
HBOEARBLID) ds* = gudrrdxr $E, HEEES

8mw.o = Tuwo =T o = &y [69)
HEds® = gudxrder P AGW B 8w, ANTHEREERSHIFBE] d) =
A+ dllog 2o FRAMABHERIRHE, g drrdxs Hluder 25
Agdx’dxr B dudx” + dlog A) AL FEERAY, Kk, ERAFRIK
Bt Fro = ¢y = o, PRAFEHR L. XAWEE]FIMREA
FEMR IR, 18 o, MR DU A, R Flo SR RS .
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MBA R %, SMRIERA, ORI R A AL
5k (1918a, )13, 1] ELIZS (05 1064 T LR OB 95 e A
T H 9 g, WFARMIMF D RERE S B BIHREQ922) . du
EMAS AT ST T Py B, IR 26 B S A LT S R B AR 2 L
fif, B, SMREGG—EE AR T AR AHER 2L, BETEE
ERAURMGER, T EAE MBS S 2 L 2 FME . HER
WORER . T RIL A A S LAY LA, W5 S
MR SR AT, SMRIELE R R T 2 EHH B, e
JBF ILAT R G SRR A

SR I BE RS B R ] B (non-integrability) B &, SRR T KB
IR RIRGE X, IR T REMIT, EHITEYPRFLNEE
PSR, i 4 T B 5 00 M0 B) A i £k 0 B 5 45 % A F 7 (Einstein,
1918b), R [l BE, Ah/RECH 8 iR R H e A A AR
“BEARAE” W0, SRR T B A B o (192D), {HiX
SR, W EALE SE Y B ERE.

BARX MRS BT AR, 25— 2R (R ok
ETFEO WS, WOTY 26 A NS, MAFEENE
KRN, EMEGEBE R, SMRBY T BHFE ST AREA
Y2 KR, AEXARREE SRR EIG A R IR A T1
—SIEZ —" (1922), ERTY A MEAE R R BEE T
BARARRBRIE T, B A E A HEITHE BT (0 Bt ) 2 B0 5 W A o
%, HAMRIBRTE 1929 F BN TRABEUL 9.1, XK, Mk
TR P R PR T IBLAO R A P, AT B AT AT S R
VR, FERARE AR BAE, Sk b, wEE g
R SR ZER ISR Z AN XR, Do RYEEP RS AR

Exr el
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HEFEEZ —RBEZR)
R, FERT WA K, SMRE LT R M SE T R LB RS
BT A LN .

— ELAE AR B LT A B IR o AR R EAME R AR
AT o T BT R ARAT A SR AR AR R
(1921)

LRI ORI R AR LA SLATR R, 2 768
TEI0 BB R R AR LR, SR8
TR, R, AN, B SR 4,
BTEOEER, ROFDRGBAELTIHNLAT, TS
FEOHE R ITAIU, B TRt —i,

RIVR—BE, BT BACTAT B8 SR OB R, 1
MZFWEERERAT U FERR: SR dI2 = 12dg 5777
O, T2 TN B (D M3 5 1 2K, o, T AT R
8nboo EHHAL = 2K, p e da’ . TR, BIUFHA:

Sw.o = K. o = Kus, v = Kig, s AK 2k, = S
IR MR G B AT MBS AT
G = R+ Fro 300 Fio = Kyy = Kove
4 F o SEASURERLIANS, RFRESS
Ry = G + Hy.
b Hyo = Ko+ b = (S0 + (SBSE, — 2K ,S3,) AT
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BN G, DABCHRR A AR 5 HL K i 2 22500 Hln o
BT A2 50 1R A A SR R A ST AT

AT TS T AR LT, R RS S 0 AR
SRR LA, TR ESMRIOS SULR, AR A S RILAT. i
ik

RAVHFRE R R IR B 5 B U TR R
1 JUAT A R £ A R ) ] A SR e
(R £

HETCEEN, TIAMERGEHI LS T LT RS S, PAS LA
SRR B R B (L 11395,

B BHELERE L 5 SRR T 5 M O 4 2 B BT A e
SCHGME, PRk T SLAE R R A S AL SR bS5
(UFD), U TR B SRS R R 812050, BT
R R — SR A LTG5 H,  BURERCE BB, B
B W G — A ILB A R ARG bR T AR IR
ZEMBERLAEHIAN, 6 H A7 FE AR T 0 — B LN A5 k. (L
S, AR PUNTIR AORE L, AR PRI B B A5 ) AR
REEAEZH. FoA, AR Y TR b X PR L AR — 1 —
ek R4 25 6 (Einstein, 1923a, 19302), AXASEA BB H %K,
AT AL T B % UL A9 G — 538 AN R ) UG — R, R
SED LT BV, SEBR LR ILATAE i 5 — BB

FEZ W (1945 55 1948D) % T4 R M, MK~
AN ER IR gy iR, XAEFORFE T A1 o ARk

|5 summer
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[1097

it g0 RAGRAITI 13, Go— 3 (I W LAES o % B #8455 B %
sy :

8ik = S tiag, HH sp = sis an = ay

K s R AR T AR X PRI RGN %, T e B %R
TR IKR. A= HEFRE-FRHBIFER, &
RS SEL3E S JCFE TE BRI RS 7 I a0 S SF T AR AR SRR — PR
T GG R, BT —SRELS Glmsks]
J1ARR) , RENHEG R T I 9SO FRH S AT 85| 1) Hf 37 B
i) (1954b) ,

B, XL LR N, 510155 Rk T
FA—AGE—AEFA M. RN, ZEMEOE—HIREAR
P BRI, RAGMEAE LT SHEXHE M Fi 5510
AR EN IS A B IR SR, 2SIk, B SORR I B R
HBA BN R AL, R, IEMRRENE A CRIAR
Ak, “RATSERBAAEMT N EG RGN TR A M, &
MRAER AL LA A E S LRIAT LR (1954b),  MHAT
AT B AR ELAR A A S5 — I MR I, % BRUTE G — 3510 i B
AYIEA, EWAET 3 S W 2R LR Z X R, AR
FZEMEH KRR, W55 BEFZEMEHXR, BREA 2K
E R RSE Y NN

161923 4E5) 1949 4E 7 [6], ZPHWHAEN TRAR S, BEL—
e EBA N EEO R, WAL — R, BB T
—ASERP SRR T8, B A A BT R0 BB LT 4 6,
JEHH K SRAIEW T, S5AH EAR 5 2SS4 A SR AR,
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.75 5 SRR A R AT (AT i R T 3R ke g,
F1 A\ 20 48 70 4F R DA, RT3 AR AW T SR
BAEREMOL L2, (B2, EEXTHEERS, BKE5
WA HZEGHIRR, URARRN A ZFR X R, CBAEN
WA BRI SRR A AL B L., KERMFHEHE, #Ens
Gy X B 5 5 % 0T HL il (Higgs mechanism) , % - J5 i 46 3¢
FRUMAT D, BT S R D, % W S
— B JLT A RS AR G .

THABTERE AR, AR BT N 250, EMKE— i+, A
TEBR/MILRS S S ke B LTG5 M A T R AR SA I AE IR, T AR R
PERMAER AR I 2225, R KR L, FHECEBETLR
BHLR RO M SRR, BTOA, ) ) (1962) S AR ARRE, 4
FANAMGE — W ET S, " PTRR AR W
—, AR S 25—,

— I IR SR X ) R B 4 i S AR < ) v I
Hi%% 4 (Elie Cartan, 1922)$& i), MRHEH24, #ARANEMBER
BTSN 2 AR, 72 ey LA R AR IR Y A 5 oy
WEREIR, HUMESBEY - EERRRT . SAARE, #
iﬁilL‘AE%B&“%M4’%Eﬁﬁﬂﬁﬁm§¥?‘£{ﬂﬂﬁﬂ%%{ﬁjv PFEAR
AR IRRES T REK AT E B B — PSP

SHIAT S dI? 48T AR B 0 7 7R I R R R 19 SR A
k., f9%¢ (Theodor Kaluza, 1921) {5 & 76 B ML i) £ B B, 1L
T 4 IR TR RS AR ML k], BRI
YA R ITT RS B do? = Dikdxidx* (i, k =0, =+, 4), X
B D RAAEXFRICAA) 15 Aok, T S50YE gn (= Dy 25 v =

|5 npame|
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1, ooes &) HHEEH AL (= Doy v = 1, =, D%, LS 1548
oo BEWEF 4087  ARHE RN « 5E3E P (Oskar Klein, 1927), Ffi]
2RI oo 5 R YT PSRBT Rk, DASE Y IR 5 3 T
ARG R, FEXANB L, D BERSWR R T W R 5
A LA 2 g — RSB

T AT A B AR SR R SO - V3K R B BT
BB 6.5 95), A AR BT ST A A S 0 4k A 32 30 0 R v
P XEGRBTERE LR P AR TR, LR AT AR A
EETY. BRI 926) S E R,  “VE R 35 BRI JL AT
HMPWEEE" |, LB AETIADYEE RS Bl TSR
" .

EARBUR - TR AN QRD RN HEMBERR FHS S
BRI T, R 4R (Oswald Veblen) 5575 & (1930)
FHRBUEBESC. AT LAPYSE (Y 5 8 J LA (projective geometry) B
REET R AR N T AEER B0 A LT, 17 ELER] T 24 0+ 5
2% 5 A R O B R S TR R SR RN R - ST B A7
O BMFERS , K L1840 7% 53— KR B2 ) Oy B e — 4L
AR, AR ECEE W R SR, 1 4 SR L A R, X
WA LA B (1P S A 38 B 2 A X AE S R
g, 7

EEAEHW, FAE—REMS N EA BB ERANT, &
Lo TRE ZAAMRIER , RAE NG 750 X BRI ML 454
T LI 2 0 JUAT A M) R B CHE 11. 3 T p R 3He)

AR LT TR SR 22—, e 1962 FR R T H I
WA FELE OUEh 112) (Geometrodynamics), 1% %4 i i3 JLAT

| 20wz smien e 5 |



BRI, WA AR LA —FhR B, AR BT — Y1
FURTF LA, s AT AL Rt e, oA £ 8 I 2 LA A 5 P
AEASAFTE SUARRE R, 128 JLAT T T JLAT 32 o — Ry S AE
o3k 2 B, LA 9C 4K 38 o B i 95 7 4k T (Misner, Thorne, and
‘Wheeler, 1973),

KT RIS, B LR LSRN, B A 2L
PSR TES NG, MR, MR R Y R i
Fb H U3 2 B AR AR TG, R R T SRR FE B LT B
o, HETEHRAR T IUME A%, X FRLRET — S R
LR, IR, EIEEESIMRTILA A%, EERE, BR
O H R 5 | 16 75 5 JL AT A

HRAERTIUEIE 1%, FEUAVNE S e BT Bk, XS
T %338 %5 6] (multiply connected space) ik, i TIX LB, M
BGTER, 2SR HAT ARG .t F A A R B B 2
ZEA P A, T HLETTE RS R TR E A 25 (R e /N B PR 2
FERAGIES . ARUE MR, — RO RSB 1 —Fh LM
WA, T 45 O (R AR 2 3 S L AT Y S Ok R R
(1964b) ,

fE,  “RETFHRIET FEA TR I LA B SR A E R, R
AHER R TR S, BTSRRI R L,
XSRS WA LT i BN BRI AR Y, BT JLAT B 1 A48 K Cpoint
neighborhood) M, AT BN JLAT i SR80, 54k ) JLAT PRI o 2K
WO s B R AR ARSI B B AR Y S LR L. AR JLT R
S B AR, B A EAFAE — RSk — AR Z N “HIJL
EWEH U SR F S G, I B AR

fal” (pregeometry)

[ supme|
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[112]

ST AR,

BT AL T, JLAT 5 90 R ST W LTSS R A 4
M [ E R . —Fh R AR5 AR A BRI (chaos) (1973), 955 |,
Y AT R b R AT RO, R T LA 49 A R
. MYBEREL, BRI H SR AR TR R
MEZ—, — RS ML

BB PR IR 57— D BRI, A A A WA 5
HH, RIS, BB (1967a) HE T i %5 5549 ) fie B 7 ¥ (spinor
approach), TR EERE T &, ARMEAIE BT A KR35 5 e
F R AE M) 2 A R, AR A9, BEMTRL, R
VRESETE—TF RARRAT I 5 17 13 S MRS O 4R 1, AR IR 355 49 4 o
ML, FI, MBERE TSR 8L, tiE)
TR G5, S5 E WA RN, PR AR P AR
k¥,

Bif . @B RI(1967b, 1975) # th T EHEOLH M iE—H &
Higs (twistor theory) ——R Wil B 25 )L % 5 4 T804, k%)
FAERPIFIESSE: WAL ESEHRRENZWEE, #RHGH
LURRNLE R R T AR RN A e BT A2
WOSLRELRYE, 510 T ik it 7 R 00 S A /R (45 4 9 B S, 5
T F1A i BT R A R B DU A 2 e b,
R, LR A B R SR — N AR, e O
GEArTi A —.

R WK IALE H AT DAEI, B EEREE SUC2, 2) 5
BIRIR SR 25 CL (1, 3) i 15 SHIE T BE 2 8197 768 R ok ] 4,
5P I 4 75 o S ST L9 2 B 44 0 A RS 434 LA B,
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WG IS 1 AT R R R AE R, I EL LAk T 2 i R I A
AREBEAELI,

R, FERP NG, RAEALTE B IS5 i 2 ST R
T LR R A A, T — T RATE RS A BB B 22 RO A
REHMMER., XRURHE, RIEZEH, “EEEMESRAHTHE
M BIERER S B0 SR EARAN R (1975),  (ELR, BRI 2 SRS
T LT TR AR A R A KL, TRATAILT JLATAI TR
A B — A, RAMKMEHILEEORBEEART
.

5.4 HIMVEMR: TR, ARASRA

& NEFAFHR, BB WHEARERER LB LA A SRR A, 2
e K RS REATER, FLEE I, HERARTH
ML AZ LA, S AL A LT B R BB B, R R TR
Sk, EREHE, B NSRS R MYEER R, B
35| S 4T g DA SR B 355 45 ) F K6 5 9 R SR 4 P2 5
B MYHIAES ORISR F8 T T4 AINA R, R T2
HObAEH, FEBE T ) KR T 20 AL 60 SRR AN AR IR Y —
R, (HE, XERREER T R AERR. B
B, AEASKE) TR T IR, DAGE R4S (R 5 5 th 7 69 TV B ey
.

BEAMER T X0 IR R XA
(singularity) . ¥L% (horizon) 5 Bif (black hole) ,
¥ 5(A)

NS SRR SRR R BT 4R, W EE SRR K th B S 0

[msm sumams|

[13]

145



[114]

ML R AT BT, WURIATA — FHEEL IO
ds? = (1 - 2Gm/rc?)c?de? - dr?/(1 - 2Gm/re?)
= r?(dg? + sin?0dp?) (8]
G HL m g ik S8 2 1t ) 9 T 1 R BRve P B A 1 S,
G S @AW5I RS0 H), ROWES KM, 4 r = 2Gm/c?
Boro=omt, EMAMRREHESL, Y= G/0V2 i HE—F
PO IR, M r = xR/2ZHE W44, X RRE KA A A
fi#
ds? = (1 - ar?/3)dt? — (1 - ar2/3)"1dr?

= r2(d6? + sin?0d¢p?) 2)

29 K3 B0 BEHLAT S A BRI, B R LA A

T I (1918a) TA g, 78 VG 4 JE AL PP 10 43 A0SR 7 08 1 4 R

AR RIAAE r = ~R/2 Rl ERIHRT . SMR(1918a) 31

TEPIRF AT SRR —FOR TSRO, (HIRF B RS MR L
FAERRR" o {5 2 TR A R A, B 5 U A B 4
A REE R A R .

B T T BERLAT A0 ARRE AR R 5] T 28 B30T 5 MR 00 AR RE
TR, BRLAT A CRDREWRR T X E R,
ATV RESE AR S A B R A AL IR M
FETER MR LR R AR R A E " (Eddington, 1923),

B TR T BEALAT A SR AL BRAT A SR A A A R
R, BHERE (1932) SR 40 6 T G 27 A 840 2% 55 0 P Al 0 W
B — Ao FEXANEREER b, A3 HA5E. R KRB0 E A
DT P 27 A, 2S00 30 G 40 52 07 9 JBE 2 T 3 o 4 o R R 1

[ 20 fit g2 i eyt e |



A"

BT BT L B — R R LA . AR T AR
SRR, —MES, WRSLRER L, ERARFE. BT
PAEA A G T2 r = R /2 A sy BREE B P A E G B AE Y
L EARTEHPA, i BRI,

SRS — 40 R T — A, B 30 4 RAE B E R I K

e, T EL B KR T e AR, AR AN FE B (R /2) 1 KR
SR A X AN 1] 2 23 AT A

(Eddington, 1918)

AR B EE X R R2ETIB) (The Mathematical
Theory of Relativity, 1923) 1, 3 T it — 45 % & T ) BEMLAF sRY
AW, BRI

ds? = (1-2Gm/rc? - 2r2/3)c2dt? — dr2/(1 = 2Gm/rc?

— Ar2/3) = r2(dg? + sin?6de?) )
G MR RS AP AR RE 5B 2 A = 05k m = O TARED fiethip
W, BTBEEN:

gk HAT[HHRHAXLIFER - MFTERY
£, N dr R R T M RN B AR N - ER
KB ds, guty A EXHREMMA r = 2Gm/c? §r =
G/, - ARIEREA LEREETFHAR b F
CRTEE L. FoMROEERT RIRE-NEH AN

[E et

47
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BB B OFT AR B R
(1923)

AKX

EMPRERIRT, 7 = =R/2 Jb a9 IE B DR AR AR SRk b 2
To BXANRTEH N AL A FR A9 (L B bR T3 0 23 W BE S L g
RIZTET, PR A AR B AT B 90 4 B 28 R L AT I R RE &, 304 4
PIRVRERSEIL, FEMKMT, r = 2Gm/c2 RAEAT BRI AR
AES AR GEE Y, XA WA BN ERT—H R Y - i
2Gm /2, SR BE R TR FFIR IE ST R LLR), i B
7 ARG ) R84 1) T R ——{E RO AR 2 A B

30K R A0 A0 5 Tl A 4 5 T T P A 1 o A
fRC1932) AT il 330 b X B 560 B MR A R O B, 6
1) YL ST B 0 B R B R SR BRI A R AT R, XY
MR BOE 05 A AT . (DL AR T 455 0 M R B A
BRI, i A4 JE £ (Subrahmanyan Chandrasekhar, 1935), #%
3 (Fritz Zwicky, 1935, 1939), B #5 Mk 55 3% /K B} % (Robert
Oppenheimer and George Volkolf, 1939), P4 B B 4% ¥ Bk 15 407 45 4
(Oppenheimer and Hartland Snyder, 1939) 4, #:#75R kuifk. 3|
T GRRO 5 B K B R SRR TR A, LR D A R,
20 U0 30 AF AR, FUR, BXLETHFSE AT 5: FL Bk AR BT FE M0 R
WOARTEE, AR AW &Y, ER2% 4% (Howard Robertson,
1939)7E 1939 AE G ESH , W45 10 Ik 45 UM Fo V6 RE SERUBLRL Cr =
2Gm/c?) HEEMIL IR (r = 0) BYEFTRLT 306 T B Bk 347
SESRMTHUAA PRI 75 5 7 7R W7 S ) WS B A
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B4 T RE KRR R 4 A AR A S W4 A A RE R 21
BIFKE] r = 2Gm/c2 CHRLFHEIE r = 2Gm/c? B, MR EHMH]
MR R BRL TR, BITE 1 = « B, RFFRIM, &
RBL T RAEARE A2 r = 2Gm/c? J#F)ik r =0, FHit, ©
SPATTARHIZEI UL . MANSVLI % OSL 35K R, LEL AL A 452
W, FORL. X IR RORER AN BOR (B sy, B
FUSGHRHEERA LB T, ER, —ATFHRRTHESFRNAR
Wi F %, BEHERARIMEME AR, HERDIMA NGRS
FEMILM MR, X R M FIERLT 0Lk R, AR Lt
7 SCMIR 6 $ AT ] Pk A, IE 2 35 52 4R i 4 (David Finkelstein,
1958)FIATHIMSH R, HHAHRAMEERT .

MFYHEER, WANEL—HRESAHREN, K 1956 4
A (Wolfgang Rindler) ¥R F-RL5 (PHD & X 76 A (] 5 7 Bk 18] 42
BT (BT KA AP M BB AT AR DACE R MWEF op
IR —3, TRTA AR T R —2%, MIEAES, KTHRR
RRATFHFAERAEH, EFEHERFS, —PRBABFEHE M ERTS
Fiik, EAEG KWK LFAFSRINOIOET 5B T4 HH
% FREAEA BRI PO BIRRATHOE T, VAKKEA BRIR ] P R AE 2] i
AT (Rindler, 1956), MM E SCRMER Y. (HR, BA
185 SGE AR AT E 2R M FE i LR A, AR AT REZERIR B
SRS A BT LA A
XA

BRI E 1967 SF4E IR A B e R R, HE
SR A B A A R OR B B9 R . RLE 1783 4, K 4] /R (John
MichelD N AHE M BORL B %, FERFFELH RN —MICP, ®

[msm sumas|
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BT AT AE A AE I R G A RO R D 5 R R
(dark bodies, 1E411 20 £ 4F J5HL ¥R RR AT 1A AREE) 1 A, 30
T

SR TR A S R — A DL B O R AR T e Bt A s
3Rt K B R A A B Rt 42 1L 500 b 1 oy b ) A K B g
B R o BT A AR I R AR KA R Ok B TR S B A 5
3 38 3R B R

(Michell, 1784)

1 19 BHCHIGIN B B BUR G I OB B DAJE , K B1/R A S8 AR Bt
BT . AIEERERRT SRR sy .

AETSURRHE RS, RYIRI BB R RIS T, MR
AR AR AE B2 b B T o 0 (B — AN RO 951 135, e #3F
LA DI LA R AR, A R AR
ISR, LA R T e R R, AT DARIER, G L B AR R A G
BERY r = 2Gm/c?, BIBTIRAOMG T AT AR T B 48, Rt k)
IR BRI R, KB BSAF B b R I R,
#, HARAER, R FHRA,

ERIR T T Bk AR 0 5 5 2B A 3 RN o A
AR, AR FERAR SRR AR, DRI BIAR I 4 A
&, I LR A, SR AR R s T B AR TR R
LI GDHRRORYURAGULA, J6RLT 86 & BN A — AU, Y
LTI, FCHBERF £ b T AR OT TR, J005 S 146 Bk
WK, B, XA R R, T AT e A B R
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AR, (R, FERGEDFRARRONE B, AR ERIL R K
R TR, B AR B R M R AR T, B, 3T
ARSI E , Ok E R OB R AR, RAFET RIEN
W, (BRI B, T ELAE e LER, i) WA LA
S, /NT IR B AR RO R E M RS MRS . BRI S DBFEEBL A
WS TG, (R, MBI, X4 E R AEBRERR, &
HWEBIE S RS S DB E, B B S E AR TS

AR B AR LA A LA AR E T BI(1923),  7Efl
M (IE B L5 (The Internal Constitution of the Stars,
1926) 5, 3 T UHE— A MEAE 44 6 1 5 B0 ] DA P9 2 52 g 2 -

Hh A RWBE R UEFRRRNREER TR, L&
R E R R R, A AN O RBLE X,
UEFRERBE T AEENRY . = KBS LN ZER
HERBBER UETHREEGHERHXARK TRANTE
B RN RS Ao il T WO

(1926)

ML R SRR R R AT RE B

2T WL 32 2 A 1 B BE 2 A A B8R (1931, 1934) f
e, JEEIERT IR E RSN IER SR L, I T IR
JREEE, — AR T BRI, A T ELX R AR E TR
AT T %, HF G B AIR, AR TR A ik bk
o ISR, XHERERE Bk RLERR TS, BT
W93 4 T AE M ERRAE:  “X)LF RSB R I 24X
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[118]

VA RN R M FF AR —Fh SR R AR AR — R TR R T
Ak, "

fER, BTEMIEARAA BREMR S, W5 08RE X HH
FEITESkSE, P HERE (1935, 1930)IEH T, Y44 % B A A B/ it
B, HE5IREHERE, SBCRTENER. YBREFRR LT
E (PR R LD Rt RS 20, HAIR -5 448 (1939)
WA, XA T RERARE, SRS, BIEMNR
BERF SR BN TG R A (B R, EEI TR AE SRB ST
PR —A A7 . e, BEHERF P OLET 4
RAHLRKEWY 519, BN RERKSEREABFG—Y)
R, CRBTRER BRI YRGS R LA SN SRR, ST
A e 5 AR SR e S B AR A A . L Kerr, 1963, )

26 20 42 60 45 4%, MRBAE M2 P — AN, AP EER
B, AR AR AT A EE R, HR, EM 70 ER
Bk, AMNFFRHIAREIBAARZ B R0, fiR—A 8T &,
SRR B 2 S FE AT S A B SR B 3 1 v &

i, W <2Gm/c? fRE, B—MAEEAREESEKRSH
FRIR, B, BROPRR T EE KB5S R R Y
WHERE . BEAAT SCHIRHE I — B0t A 4 B B SE LB 4
W ELIRE AR EN R R0 IR A BN, 02 SR A O A
BB TR SR — B R E X EEY, (R, BAML
TR ORIAT AT TR EAR, RS R A  ARY.
¥ % (B)

AT RUAR T £ PRER RN T AEFE R A B A2 A B, JL b
ERGWAEFIGAIR, 5T 2500 5 6 2 WA, X AME

| 20 tesesmieoma wm |



mpy, A AURAERBCER MR X LE X, WY —AFIBE-T
AR SOR ] R LR A R, BRI AR R AR
R, fE7 SCHIRHE AR A UL 4.2 49, — M5 AU S A 87
FrRRMRSE S, BN HE RS R LT R, 9 i AR, R
HIAE P AT DAE X, W4 P RAER T4, HARBEAE
SRR R E XA B, FEST SUHIRHRRRER A, AR
AL — AN 23 R AR 5 IS T T SR 1 3 56 O o B A7
TR, RBARNA,

IR A S P HT1970), 2547 AR IR I 28 0 R 52 4 1
K X, Mi—ATA AR R AN, MR KK
RATHEM, BATRBATEN, —FATEH KN W LRE
%, TEEA R0 BRI 2 B (2 S5, RESSAHE TG o i BL (K 2k
FRIH MR RR T RAAEN, B A AR 2 8RR
T, (HR, XEE R RIS BRI M KR KR, 1R
RS A 2 OB AR TR, BRARX MBI A S AR IR K
A 44 (1 3 (Schmidt, 1971),

M AW, FERYIRIA A S 2 LR SRS K HO
R 3 BN KRR B A0 B S5R s B AR IR B Ak
S O SR T VLB SRR, TR R B A TR T S
0. B, BREAUHRIES T A ANBE, IR,

PER T L EEL ) SUNIER S S kbR A k]
BT E AN AR T8 WK TR0 % ok A
P SR 9

(1956)

[ERE Sl
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[120]

BEWGWENT AFMRIE, BT — 2 F F o8kt R
4 S 2R By B B 0 (D 3 T RR A e s i) 9 R E O AR
e GiD PR GVRBUXFER P AT : Fi@sE P A
F A ZAE P ACA ik 2 ) 5% B0 XA B U T 0 2 B (BB — A
SRR, TR YR BT A 5] H) TSR LR 5 R AT A A
FO—HAMMHEINEIE, TR T TR B 1k, &
SEF R AT, A A St 5 B

SIATRIME I IR R L IO S e BB 454 , O B I B b 2
R P S 225 ) 35— A J SE #8907+ /K (Martin Kruskal, 1960), {H#]
RYEDWARGHGI AR RS, HE5EE R, FHENBETXTF
AFRURLERE T ELX A58 A M T 55 190 oA 3 9 4 (D RS %
Y5 AT, B 4 0 R &—% W i 4 A M (Hawking-Penrose
singularity theorems)

FEERBEY T, DR AR 509 5 & PR &, G (4T
WK AT R A BB, T Giv) S (03 B0 5 S 0 5 R
Ji 3¢5 (Hawking and Ellis, 1968) , i H. tL 3 01 F f) £ 4 4 2 57 3
Ffo MR T D URE R DATE ML, BB SN A e [8] 5 5L
Wi, IBAFERX —YIRAE VAN, BEA A4 7R PG RG4S B 115 | 7728 8 e
R, AET BRI R B AR S ERASE, TR
BURE IR — AT A, SRR R B ST A, A
AHEIEAFAE X R 7 R A% By B SE A A, BN
EMRRA A B, 7 SOHHE BT R 69 4 41 5 1 oy 7
AR R R A, IE A0 SR BT AR, BT L
HRFIE A B B4 R H T 05 A (M 0

B b, MEFRETTI AN Cr = 2Gm/c2 5 r = 0) BA7

| 20 tit 55 e e |



RRAMHFHEEL, B r = 2Gm/c? RBMA R CEAEYIH LR
R g — R T 1 SUIE (975 0, B ehy T 7 — BRI 4 5 7 0
F R e IV, T LR 23R A6 T 1 1 D SR R AR R R
. Hir= OREMH-AFE, BAHERAR, RRFHEKN
RPN, BET XA DERAFENE, BRAESEIHTA
SEHEL LS HE IR T 36T I T 0 ST, T84 TR B 2 S
FERL R OA AALL A AN TE, T4 AR O S, B
AL,

FEWE L, AU E R, BAZE T AR HLA BT A
K, BARMME, UETRERSHEILFE, TREHE
WA F R SURRIR I 2 Al 5 7E B TR 1 o (A RO BRI — T R
{58, BN A — A R TAT . TR R SO i
A —AEA R HIE .

Pk, A T IRR SCRIRHE Bk, w0 % B —Fh B4 TR
JREAOHLM . % T A AL BRI B 8 B LN BE B, T
R SEAE R LR A B AR R WO A . Ptk EERIL
FBR R, RARTSINMEE O KRS BT IR W
L500), AESRBLAE ML LI A7 ACH B, PR SCRIX R Y
BObk, HIABARE VR SORIAHE R AR TR0 58 4 O R A BEIE o

BT 13 SO B 38— AR 0 ELE B
Ay Lk T I ME— F R T, A 0 R D AR A R T 2 O
A975), BRI, Akt % T 51 03 ik Bk AR A AR T
PRIRAETT#E SO Hawking, 1987),  {RJ, A —A— Byt 751
SRR, 4 (A SO 2 T 9 % WA 5 B4 AL (cosmic
censorship conjecture) , X MFARETHR— A AR B — DAHERA

[msam summs|
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[122]

BraLbE, BT X 416 tth 5ok 50 B A2 BR i) (Penrose, 1969) . BUAR
ROBE R L RLIE S BT SR SR IR T (ELRSAREABL ) A (T HIE B 58
BH NG,

ER

1. XFRXAFMM G L£15E9, W Earman(1989),

2. HREEB I AFAER i%iﬁ*ﬂg Eﬁ”:i&l’ﬁﬁiﬁl%‘fﬂﬁné H, 3R
(223 ) X A AE]]

3. A CHMAEREET . ’Mlﬁﬁli%ﬂiﬁqﬁﬁﬂﬂﬁiﬁfﬁlilﬂm ol
N, EEGSREEE ST (1978, p.99), AR “ZRHEYXHY
25 ) RS — A
VR, BN RAE T — R AR PR SE P LE, B4 RIS P ™ (I I,
p.163), JE & (John Earman) i ff4: EDE HEfER, B Z
BT IABEMTFYRFELE™ (1979), B, FiKIR LA SR ARRLE, D%
AL R MR S ALV, £ B DR 5 T A S R R TR AR AL 0, A W)
H, T ELBER PRI 4 B Lot 32

A XL E AR S SCRAE T R B R 4 S A R BI, AEgE 5
1" (De gravitation) E(FRZ ] “Jf- o EMER,
LR P BERER K HEE)" (1978, p.99), Iﬁnﬂ:ﬁ'}iﬁiiﬁfiﬂi%#]&‘lﬂiii&
BRI A,

5. MHBTERAGRL, JLAIIIKFN SRS 4 SR L — 5, BIRRT 2RI HA I A
REZFEEAFN, FERE,  JURLENF TR RN, i AR UE S
—fi5" (1678, in 1934),

6. PEMISEEI, 4R IONM THILRBILAIFER—BEG B, H PR R AT
T TRATVAT ABE Ao B L AR LT, BB EI S, I B R AR M
WE&%{?H&‘J' (1902),,

T RUBSEIA , T A ALY, R
ﬁﬁﬁilﬁbﬂ&ﬂ%vﬁ!ﬂi! % 7 /Al MG 3 # /K (Earman, Glymour, and Stachel,
197DFFEHR, XE, RIVZEBER A O T 2 BN KT R JLT55 R 3
FAUES S:5)URRE N

8. RLHF AL,
9. RG22 DR UL A 38 AR A0 LA D 5 ) R 2 WA T A, (L S e 2 5
53,
10. ﬁﬁ‘“iﬁmiﬁﬁiﬁﬁdwiﬁﬁiﬁ: R R SRR G R L
(‘HWJEE " (1948a)
. Bﬁﬁifﬁinﬂﬁ%mﬁmkﬂﬂ%i IR E S|
- ﬁﬁﬁ'(ﬂﬁ%tﬂ!&vﬁéﬁmw B, Stachel(1991), ﬁﬁ'fﬁ#ﬂ‘l‘iﬁ&%ﬁ&ﬂl&&

B E

HM

13 ShRHEH “EJZ;{MU!%HJBAS ﬁ m%mmaiw;ﬁnnwﬁm“
aezn,

14. 5 W, Schrodinger(1950) ,

15. AMTBRAREARIA M — SRR RS O Bt F 3009 LT T, 92 10,3 i,

16. 1, Papapetrou(1949), Sciama (1958), Rodichev(1961), Hayashi and Bregman
(1973), Hehl et al (1976),

| 20 ks notoe s e |



17. FINERBCEM— K, REMMABEN GRS EAR R, HIE
LR, MAKOEBR, A/NREE, FE, 2407 T 2
APRERAH—AERE, ENRBEISNR. EOMTFFIAVEERTEY W
iﬁh‘s’i%iﬁm#(!ﬂm# WZEEILFE)G? 7 8, RN TRANERSHE
EXRE EEK W BRI A RET? BEXRA
%K%ﬁ%@%? FE, #E%Jb#rﬁlﬂ

|wsm neme| 157






BN

EXHEERR
BTHAB

[ (R






X — R4 BT R A M LR R B R T3 ST (QFP S S RE AT (1200
T ) R T AT A R A A A LB A ELAE ) B £ S
B, 6 ENLEPRRMOREM 1927 4 AR B T Y I, XP
KBS RN DETFREN ¥ BB T, (DRFHHRTH.
3B 04 g AR 1A AN /K (Niels Bohr) %) B ) 24 A5 E I 42 th 9 R
a5 # (uncertainty) 1 ¥ (complementarity) F AR, %5 7 %
DA S R R BROE , xR T35 (QFD) Y KL L5 O 1 R
X FRFHCHOMSERPTRBUG L, FOAWE, XFEME=AT
SRR T FHI b B A A S AR T A i e B —
FE AR T, 7.4 WHERRRERR R ENEH R
FHEHBAA R AEFEIEGEE, 7.5 WRMRBRME, £
TR, AR A B A, X WA AR e T
AR BTRSF, B O A A R TR RN T R 7.6 LB
T 20 142 40 4E AR, 50 4F ARG A MO BRI E AL AW T
Ko H8EBETRTFHRNUOAFIFE, BHHETRMEMKE
FERTRIOZR, KICAT 20 #4270 4 RYI AR F @ T X
FREX.

[B=m wxmarmeRrEas| 161



[125]

$F 6=
2 FHEP R

HDRHE RIS BT 55 B R 03X — RS I R R R
WIS ARSI, A BT B4 A —FhE a9 7 AR L.
MR, fik 7R R R TR SR P, X — & R AAE 2 &
NS FE RS B TR T R — MRA RS, XA
PR AT 1 4k - ¢ (quantum postulate) %3, B EAEAT [ -3 7
VAP A 3 B A T R AR A R PR

TSR R T EICHR S R R — BB B, 5 IR i T i
ANAAIRT S YER T2, X PR 920 LR TR A 2 A T
TGP AIT . AT T 25 5 00 T3 0 04 X 0 BT
HHF ) — S AE

6.1 EZHETFH
FERRDRY) I 5 5T 2 )AL, 3 5 (19000 #5144
S REARLE S T R B SR AT AR SRR Ay . AR B 0 F

| 20 ik 50 A0 2 e



S, HS AR AR B IR TR AL R T SE T AT,
P R by BT RIS, P h R BIENE,
v IR TR,

YA ANINS, BERMREGEH R F T — R, AR
FALAEECR T B TR A S, MH, H AR TR
WEIRT AT R BT, e R, R IR TR — A
TR, B IARAT R AR T

X5 34k 4 18 (Wilhelm Wien) 114 30 (Arthur Haas) % 4 5l
RFMBMERRR, 4R (1909) 48 BRI ik 7 & fE LW R,
TR T R RN & SR AT e oh, B R HALR . B, B
AR AR X Skt is. ARIBAER,  “WURAER T AMRA Lt
FAEAT YRR L3, IRAE R AR i — A R T iy
(1909),

37 (1910a, by o)l FF 4N AE B8 X T IR 4549 Y 1630
AR+ J + i3 (3. J. Thomson) [ — F B A9 35 1 i A0 4 320
(Electricity and Matter , 1904) , A i fia] 7 Ji EL3E 7 F BRI 52 T
R ERAR R 2 R T, R R R T IO A RS R T S B R R
SRR TR T 38 e2/a (a R EURTHE 42 7T DAJH % W) 52 g
T hy Hik, B

| Epot | = hvs (€5}

B EONETEGTNNEHKER moPa = e2/a®, WBHIHRET
— AR

h = 2me(am)V/2, 2)
EHRED G, PR FARSRTFHREHRREE -, o =

|mem mememe|

[126]



2ry, VEMRT B MURTHIS R, m fla (RBLRET R RAD Z [
—XRRMBSL, TR R TEN R TR RS R RYE
KT

FAAE(Arnold Sommerfeld) R & M R F R AR B h, 1T
BRRFHFERERNAEAEARTHEENSER, EREX,
FERERT, R —NFT P EASE, R AE A th 3 50 SR HE
1911 SEAEAT G BRBATH R —BR/RF QW b, RAIEEF.

R, X b AE B R FEHRA”, B W F
FRUAE A FRA"— . RTABBORAFLE - LEF
AR 58 d Ry 2 2 5 B — AT O AR T MBS0 A A
R B RAR e — AN FHFWELS B4, RER AR
FHBRMP AR BREFREAT R 5.

(Sommerfeld, 1911b)

TR AR E (R4 LSRR ) ) B R AR (1911)  HE— 4
D7) R, HRtt, R 2 1 AR AR o 2 o — o ph 3 B S A
JARTF SR, FEPRRARIEMIAEE, WY

EREFTAEE AN E R PR FHRBME A —HB

Ao XMAAM T ALK RELUAEE h X L BUA R

oI R, RA XL FHCENBANRTREFORBT S S
EHE R RN, BRANEX B EZERA AR,

(Lorentz,1911)

64 |20 trEsmea e SR |



BORZRAIE LAV AR REEW ., M 19124 3 A B 7 H
&, Bi/R— ELAE B 0357 4% ) /5 A8 BF 5T BT (Rutherford’s Institute) T
M, fde2 T S EARAR T AT BRI — MU T I A
B . — AN IE RSB TR AT B 5 — N AT R B A L TR
P57 RAAELETXARTREHETH L XMRTREE
B RIS R LM R T R AR AL

3 1912 44 o, BURFFEAHIIE A5 BB BRI B E PR )
FREH, HfEdR T ERR.

EAMERE, A TFEARENFETHRERRE T H

) AR B F WA E LA AR R, GEE

MEANMERE R HFLEL Y A FHEHCXNFRA
FE), !

(Bohr, 1912)

G BERT OMBRMAFEE R TN, 7TH R
IR B 58 K Tl IR 7 T B R R A RN B — N A . B
Bk NRTFRE, EXMRTRES, S0 H¥HROMREE
TSR SR R, BB 932 3 RE B R R o B O R 3 1
<3111

TR H R U R FE8 45 A ) TR B S i T AT
TES, ERXIMGAES, AT -RABE, QFRTHESH
B, ARETFA—ESKEE B — A ESH & 5 R 5%
MBS, 8 E A4 B4R, B8 HER4) (André Debierne) i) 45
S, K52 473 5% (Johannes Stark) iy 45 52, fl Lk S8k, B/K

|mowm mrmien|



(1913a, b, G LASH T R TCR &M EE e, AR SR T
Dzs) A EEHARARA M AMRE,  BURM B LM Ee WA FE3h i
BT BB, ] AR AEX — B AR R b i — A AR,

6.2 EGMEBTFHL

2GR T BA RS (R, R R T
WFBEHTFUREY R, WYERT. A, G3EEHED, &
SR IRR X — . B S BB — M F B, XA
HORIN, BT RMHTEA N, SRS S R —Fh
KT, AR RRR S K090 SRV S 2 6 O 4 A R 45 B,
PR3 —HELAE A 52 e DATEAR o {ELEY el RBEHR RIS BB 1E, B
AMIXEF H e B S EA7 T RAFIOEMR

GG, 24 % BT HAE 1905 474 1 o ik F O M 5
(1905a), A BT He il FE S I AU IO BE BB iE,  EAE e
AT BRSO, % TR

BB AE o o 3 IR A6 M ] 3 30, TR
B RAFATH RS A6 SR E T Rt LRI,
PR LA R, o RS — A S A AT O O T 3
BRFAYFEPEAAR K RREBBNFHE,

(F B

BEFIABYOERLEHN, ZRMBMUTLACH L TES: W
B, AT I BT L A0 I B 4 R U B A R e
MBS IE 2 RA WA 5. MR, b oE R R A R

166 | 20 e sesmie o s |



1. RARAEZS IR A LR RER FRRALRC | BX ST R AEME
SHTTHA AR (FE), B, el TEBLRXT A B
TR — T R REDEM Y R A A
AR AR A — .

B A LE 1906 4FERE , W 19 50 AR BES TAR SR A B K
PEA R G (1906a),  HUHE F ST F 9 LB J 2 E A, BB
(19003 3et sk ) 4 T BEH 300 RS B HB (BB — IR T A SR 0 B L2
R, RIS TR HE o I — A RTFHOT R U Z R X
AR

o =8m?/c*U, )

R, FEHES TR X ARER
U = hy/"* - 1) (5)

(X—Fr XA T A RN ¥ M2 ER U = KTOHH
AR, WPEER T AR RR. R T RSN TR
WG, X BT R MAREF & A B S R

EREWHEES, Kbk, %E@E%ﬁiﬁﬂ%?ﬂ?ﬁﬁiaﬁmﬁﬁiﬁ
Z5h, BEEHABARE. R, MIRT 66 RR TR,
TR () AR SRS, BRI SRR (AIESHD) B AR, X
BB T 5 S BEEHE—S 8, KW WA
RIS P, GO R B M) 7E 4 B2 o 5L — AN 3 B U A IR
H—A TR (Einstein, 19062), R4S 564 AB E 1913 48
4 X — B

[FI4E, #46 % 37 45 (Paul Ehrenfest, 1906) BAAH [7] f %5 ¥ 2 37
M THIFE M S, EEEX - SRA B, fhid, mRR
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Mt A0 F IR, B T4 M S o 04 6 6 0 SR R
RSN, T 40 0 47 45 50 9 A
FRREFTHHE, 92 48 36 4R 10 30— 07 (Rayleigh-Jeans) 3k
A, AT 2B LR A8 00 (S 4 (Peter Debye,
191005 F EASSI T ¥ ML, SBAF—LIFHOBER Ndy =
Bm?/cSdy, WFFAIRTA— 1 HEDFMER U = hv/(eh™ -
D2, MBI T HEAAR, TR, (i, EEe
AR R T SRR, FHERRT 10
(1910a),

1909 4%, % B 70 4tk TS 30O R T8 UL 60 T 6 R
(1909a) | 3% —HFH18 554 1905—1906 4F b2 75 P-BLEHHAMHT Ak
BT ET ERGRIERR, SR A% T R R A
SR GE VT H T8 000 AT SR 4 O
EN:

(e?) = (phy + c302/8r2) Vdy 6
MR
(a?%) = 1/cphy + 302 /8m?) Ardy D
Fib VRSB, A BB HCR 0 BT TR, < 2B
W ERADLF AT FAHL 07 4 BV 09 R 95— FiL B s
SR OH M B B, 55 A BL (2 R0 45 UL 5 B
IS A, T L 4 G — 5 F 3 5 B B 32 2
e, EREGLG AT,

BRI, BEIUAT 1909 4 9 J 1925 FAERE/RK

BRI L,
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B o A A L TR TR R Rty T — AN B B A R A —
AT IR, SO K B T B D — A 5 2 e R A
S b T e AT 3K TR B AR K B LR, — R A
EES TP 358

(1909b)

Sy 7 HIE B3 T o 2 R e OB B 25 A R T RO 250D R AR 2
1, % WHELE ML IS ORISR th— MRS, XM R R B
FAEA 1923 4R 19330 (1923, D) PR FTHES, BT MR T
FLFER KRR, XS TTARIE LT AR ) R B S
SRR B GER AT R, MR, TR S
HEE ISR B .

1909 48 % RHFHE X FRM LM MEH T — MK EL, 2
Wt TR T B F WS, GRS, KT RME—
16, RWFRLEF BT B EEAME N, 1909 4, BHHUE
AR T ARG AU BORL R, X — RAEML 1909 45 5 A 23 A 5%k
a5 BB :

REARTFRENGERN A EHLALE O R X LEY
AT RAMAERGHATRE. EARR-AFKRAE
AEHFRFAE - RBARAEF AR N EH LR AR
RLEHFHLBA NS RAABA RARSN.

(1909¢)

B, BRATEEAER —EHE PR — DR
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SR 3R, TR GUF AR K T s A R R, TR
RTRMFHRNET s AR, R A, A RS o ik
e AR M B L DO ¢ MR AR ES . AR
K — E AR DA B E A SR T A

(Flb>

TEMB A BE /R PKERIE SC(1909D) o, 37 i B0 S #E AR B &K, KRS
S FR B G 4 (wave-particle duality) RIS — K AR, ¢

PR REMMEEE . — MR RA BALAEY, XA
ARFHRRAEN. AT, 552 BRI X TR R TS 5 —4
WEBERMRBZ, ZRETIHLE 1905 4£5| Af et T35 65 ER2RE
BT, HF 19164, ZREGIHAAA HRDRIDER TSR, R
BFHROFHE T THESBMA TX—Hk, FEEHER
(1909) AKX — WA H AN FRRIAR . “fIE 7 B R 49 A0 88 LB A %5
FE, MEH /c B, "

ZANBES| N ERATIVERNZ G, MTESEZIEE%RE
M 5T 39 (1916) Ay s ——k 4 1) B0 J2: 28 1R 347380 DA B b B8
JLH 1B (1909a, b)—F 1916 4F X [a B 48 4F B AH, X, AT
WESKEHFER. BUR ST SR T M EOL e I
JET T RN SUR. BRI
M, XMTAZRENEXT “FFORMES" M ANES En 56
A En BRI RE R K 5 — AN B ESER v AR
MAAWEMAR S XA, 5B R A
HERI Amn . Brn I Bum P HIRKE KR SZHEHFRIO
ZRHHEHEN S T HYI R ERAQ9160), M H/R BBE T a5
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HA N Em — En = hy, [T BT T A% B L0 SRA BRI
RGBS 2 4L T — AR

XA, BRHHEA A L RS RE A EEY, i
Sob AR AR R M TR AT BT B A O AR . AR BRI B AR
g, 7 (19160 EL, “—AE X1 % F R0 R FHER MR LA K
JLEART R (AL, Ei, 524 MR X TEa ol
BT, XS, — LR T W R KA KRR,
|K| =v/o),

162 FATHDGCR TR PR T, SRS g sis
[l S R A B, AR, 7E 1921 4B 1924 4E[H], AM1H
A HE, SR T EBEAEEYA T SR % e
(Stefan-Boltzman law) | 458 A1 & ORI B s A, T L L RE I A
FHM S, # W1 % 3% 8 B (Doppter effect; Schrodinger,
1922) 1 % B & % £ 4 (Fraunhofer diffraction; Duane, 1923;
Compton, 1923a), 3 #¢ 5  CAH R 1t i) B S AV & 19 T 7T Sk B9 i
HE, [HIERBERHI(Compton) X F X HABM M LRBFTLA TR T
TR AR S ) 2o B o

1923 4F, HE 45 (1923b) MIAEFF (1923) % B S T — bR T4
— A LT RO R RS PSR R

hK = P+ hK', he | K|+ mc? = he | K' [+ (c2P2 + m2c$)12

8

Foe hK . RKFP Sy SR SEHL T 90 3 ik A S kA T R 3
Bt X RSV T A AR TSR E 2 K.
AAx = (h/me)(1 = cos ), @

|mom mrmien|
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Hop 0 RAGRTHOBA . BEEE R IXA KR AR E G T AR
BEIEAMR, M Hges: XS —LRFERSA
AR, AR TR, " (1923b)

R0 TR T 50 7 2 R K 2 SR, B e 32 T A Rt T
R SN — M 48 DA BT B 4 B SR K 2 OB R B T 6
LSBT A TR R, AT, e DR J07 350 X 50 55 0 19 S 7
HRA A

BAF LR LR, FEX TR, TEA T
B BRAAUFAREERY RS AR,
(Einstein, 1924)

AEF BN IF O L0 B FRE SIS R AW T, EEMAIE
BRATSE ST 37 B A X B BORL — R PRI R . B, AT
LRI, BERBATD, RAEMEHRXEE, ~ (7L

% DRIYTSEL ) ST 30 TR AR SO T SRR RS, BV R B B A T
FEINR S Z B AR BB B RO PR, X ARRR I ROk A I
ME AR B2 AR, BT WAMTEBRAT L, T8 i
HARMUTBENRN LIS RO S TR, LT MR R,
F 0T 4 O S TRE 40 S R 6 IR T, RATEE R E H 2R
T, EBEEY, A BB LA R, ENBR, SRR
i3k 4¥ (Bohr, Hendric Kramers, and John Clarke Slater, 1924) 4§
9, SR BRI A it T2 el A o I D AT S 6 8 A s A i
FRISIE BT S A
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6.3 SERENFHIRE

76 19191925 4 [f], RTWEYE P RBIR T ERRBETHEAK
BEE, BURTE 1913 AR =MR SR (1913a, b, o, EAREAR
SAFEWT . O R TFREFEQES, GDEEREKH E1 - E2 =
hy, ERFREROERELE SHASHXEK, M, EH-IEE
B A RORE, 5 — U B A TR SR R A B UK B A X R I 2
(correspondence principle), ‘E7E 1918 4E B HRA N «

A E 2 () 2 B4R E BN A 4k A 88 B B RRME R

T, oty 3 A3 0 00 0% D4 0 T 5 ARGE 0 o SR 4 Ok
A S A oty R SR 3D A BT UM R A — B

(1918)

AL ABAE I T o R B T2 B0 9 S SR R T B, (R fo
VXA SRAE IR TE AR & L S

AT, MABHERAEE, H—, XMERERLARSNERT
B — R R, RZBH M, KT, RIEESKH
RO, RTAGRES SRTHRFHRRMPEERRKR, 3 BHL
BB 5 TS S0 B R — B, R — MK
B RAEFRLER, XGRS, PSRN HRSR SR
AR A KR

1B T T BGE (e, BRIEBE Lh 5 — M EFHBAE
A XHED IO T, WEEFMER I ESH R
FESZ B BGEMSE.  IER TR (1924) FF f A BOBRESE T R
FHOBOH R, FFIASUHBAE SRS A T 0 BRI 947 4 5 2 R T3

|mem mrmicnE|
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BRI Amn . Bon H1 Bum Z[E S THER
BBA2O Y e T eI MR T, SBT3
G AT Z A TR A A B — AR (LA 2 A AR
SR . BOBAERATIX — O R B 40 G 2, 401 SRS Fh 4>
BERMIRL A2, MBELBM BN LB HN BT %" W
A, WTFR n AN KB, RIEBRIX R, NES ' = n
— r RINBRE AR FELHE vn, n-c HLIHE V(. OM—HL,
WHRBE, S n o, BIGEHOHEAFRNE « MEBH

vn,n-r = vn, ) = win, 1, (10>

Hepv(n, DRSIEARGR, %FREHREmRySH. » =
dH/dJ, SHEX FR A BLF, (B BBF) v(n, o) = rdH/dJ =
(z/h)dH/dn 5 @FHH) vn, n-r = (Hnh) = H{(n = D h]}/h
HEATHB, BBINN, B ES Hn) - Hn - o &M
cdH/dn, BEEM v(ns OB va, 0o

SHLBR YT R 471 (Kramers and Werner Heisenberg, 1925) 416
THADEBERE T ASOEBHRO MRS, N0 EHES%
BT A (19204 KBR, SRS A KBRS,
ZHMEAEH, I A ETWRARMA, X8, MHCRFARTFA
SERT, PR R R R FRAERE, MRS Tk
B AT AR, M AME RIS K 2 BT f BT AR, 7
HABRERBREWREE, 3 RS ALR AR, NS m
B ni WIRBE R AN ni Bl k MOWRHE, 85 XT84 o (] n
kA,

LB FILTF 2R IERE A TR, M 2656 1 i AR 2 FI A

| 20 wsgienom s |



T A AR TE B T B 0 L AR, SR RN, MERRMATE
HF R CGETEHEMAYE X RO — R THILHE) (Ona

ical re-interp of ki ic and 1

relations , 1925) F LB TiX—%,

WHRORTPOEENSR: $—, ERTUEN, LBHNER
FEARG W MR AR — R T R R B B T
KT, MR (1925 Fil

POE R UL B2 SR B R d bS]
BB ERYHR SRR — RN E S F YR #
Eat FRWEWIETER P, SR FH ARG RS T RRE.

FEIRFWBEE, MARBARRI LR x MR — D O
HIEEN MR, TR, ELBIIIZEa I AR S, (AR x 87
WERAKRERIAKBTRIETS n fim i “SER" . #
m, ERBESSRNET S, x(ORM RN RIS

X(1) = 2 ageiet, an

BT TH—T aln, n— adeietn =t PR aqele 5, i
FERR, BE, FHWHRE | a(n, n - o) |2, SRARME LM
B x (ORI, BTN, ST aln, n — O WA
[CE=0N

AEXMIE IR, WA SR — AR X T L5
AT A IR ) 6 R 2 AT ER T MERE(E ), XA
AU ES R T R AR T B R, R, IR, —

[mom mrmieun|
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i, WA A AT, BT, BARESE
S RBHRTS%, —ANETFRHEARAE X, y flz AT RM A (Van
der Waerden, 1967), 55— 75T, H#5E 1% ) 5 R A2 R AT SR B
EBA AREEE I EIE R X (Born, 1949), BUL, 76 HMTHAMMEL
MBI T, WERRIALEIRAE I T flb A 3 3K (Heisenberg, 1971),
KFBEZR, BRECHMTEINWLEL. B—, —PWEXS
D7 DB B SRR BE  R IR R, B,
FER
Q, = dH/dP,, P, == aH/aQ,, 12)
el AR AR R A 3 24 2 BB DAR S R OR 3
R AGR AR T AR, A LTI, R X T T 0
BgERk, FAUEEGRANRTFRCRSKROEETR. %

=, BRRX—FRE, IH!?&#jSPdQ = nh BB E RN 5 KRR
PQ - QP = (h/2xD 1 as

YERRTBERFAAKN — MR R, HEEH ORI R BR
SUERTRABBEERMHMARE, BEAREHT 4 dh T A
B R RTFES X, B LH S LA,

6.4 MRM_—KYE. MEEMRTFSIT

DRI, T TS0 BORL — S W& JL A
WIEYE, HLEY REFAOWIRMR . 01 D8R AR 3 R
B MEMRSE YR AR — B, R A R RO AE B A
FetBN T, WA 1923 4F 9 — MR (1923) A, - 7E 1923
FHEH MR, EHPEAEY, —RETFREE— AR i
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FEROBE KGR, WRAMHAR” (19230,

DR EEWARR IR, H R R R RS TR
e, 7R RNTHIER TR TR A 0T, D RITE
PRRTYE, EEATXRR, WD RIEY R KR v B
KA SRTFHAERE fshi P RRER:

E=hy, P=h/2 14)
YRR B‘Jiﬂiﬁii@ﬁiyﬁﬁﬁéﬁﬂilﬂﬂ?§#§l’d0 = nh —4

R LTI, A P = /A WA $1/AdQ = 2xe/3 = n, W2

T 45 R S 20 N R A R R — O AR

RIS R R AL Z WA SO R TR A2 B, B
PR A T A D R, A B R U R R MR U R A
B, i H—EARREY R . A 1925 F X TR AR RT
BRI, B RBHBARIEX TSR, SR B B
RARGET BB

TR ) — A % AR B8 (Satyendra Bose) i TAE,
1924) JUE Gt Tk, BRI 2IRE I EIEMSE, B
OB BUIE AE IR TR TSR, AR R T R
F1924), (HEMRMEINE Q1D ELMRABE, AABEME
RO R T RS BE B ER, TiARSBOEMER. B,
NSRS TR MR SO, TBAE TR G AR
GE¥S B HERTF IR, T 52 7R 5 Fh 56 B L IE 204y 24 5058 o6
B, XS AR AR XA SR BB AT AR — MBS, B IENE
PR THELBE (19252) , GBS ARE R A 4L AL AE — P AR 47 9 B 0 R B —

[mem mrmiene|

[137]

177



[138]

178

AR, RS R TR R 2% B SRR G, B
FARUGHRF G X RH R RAGEET
1915 48 % Jg 2 5k (1915), /RJG X h B AT 1924 S |3 & 9
(1924),  HIE M — R F- W 5 R PR BE — 2 BT GRS i
TR, ORI E RBOF A MBS, ABMEET
bl SRR

HUE AR UA R —FESER A X R B, ZRENE
A925a)i@tik Vedy = nGWhv, (e2) = AGZ(W)2 ] Z(A
TR RSO BOED = Bmv?/e®) Vv, 1B A L RERR ST 3 7 il B Bk %
AR OTR O UE N

AW? = n(w) + n(W?/Z0G) (15)

KRG, RUFBRADM FHKBETERBEER, RE v EFE—H#
WMy = E/h = P2/2mh 35 3, I BLAERA 36500 T AR 3R
%8G, HRADFHE TR RRM R TR, S
TR T AT LM F B I BRAE— T TR BRI
NBB RN, BRI TRWTEARSE, FERE2LEE T, &
WRTRF RS BN . T 58 005 40 51 W o f B
R, HESBERNHE B EASEHAR EEHHL KRR
k., ARRUARMAER Y REMBE” (FL),

B, X R A7 BEANEBY, —E0Y BELI B
PRI CHRABRR , TR D BB B

WA ALY AR B, R R B S 2 A
BWATHARKRRY . Bk, FAALH - RAKD T LS
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— A ERTF AL AT
(B>

AT, MR TERS F i TLR, SXRB R .

2 A 0 E I SC A MR, ¥ K 8% 3% (Walter Elsasser, 1925) 2
H, BERMEAET 25 eV MR TS AT R GX AR
&, BN TRT ST, WESPER T HIEZ) ¥
HIKER" . M, B4R (Carl Ramsayer) . 4t #k (Clinton
Davisson) fl 7L & (Charles Kunsman) f§ Bl LR 45, PIFE4H
T AT SR W ISR o

6.5 HINNFMRE

AT R AR B R SR A0 L LA IR
[Einstein, 1925]” #Ji%, #¥E#% (Erwin Schrodingen) 74ty (&%
WA BRI (On Einstein’s gas theory, 1926a) —3C, B
TRV TR, RIBIEE, B RENTHH AR
WORAE SR AT B A —% RIS A TS T2,
HEE M TR, MRTHREX Y EROHES, A EFOHE
F, BEIE AR Gt RUR T IR SR S B b BT S S,
B AT Y SR TS A AR B R GE TR TRAE S T B IR T
Tiged. TR, EEssEik. “XB|kE, BT ARLEZEGY
B—BEMEX T EAN TR B2, RIOHTESE "
(1926b)

1E 1926 49 5 — Wit 30 (19260) 1, 58 15 4R T B MAE L
AUy ORI ER AR E A T/ NG B0 Z R K b, e

[meom mrmiewe|
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BN FERBIEZ FPAT T R, MERK:

BMNLAELBAH R RUERNRLRRR A THR
(472 k42 o IO 46 4 o LS, RATSL AN B 3h R R, T F

KERNHETREL.
(R L)
MBS i, KT BORLH I 0 I 2B
(139 LSHERTRRAABYERIA] N ERFUHX R, LR

ISARAE S S EE R RSN TS
AFEUBRA AN EEEINE R,
(Rl L)

BRAMEGRE, BEEH—-AESTEERTRTAG. @
R, MRERIXE-EE ¢ HFENE—2L, B
BFREFEN REREEOBS, “REEN, ¢ BRXK, BE
W, AR, FHEE MR ELTHA" (19260), FEXAERE
BT,

T AR50 B0 A 0 AR vy ARAE R TR W A A
AEHARERARA HEED TRAMD LU S RYFEH
R OB AT B AR A3 1 3 LA T A5 X5 (2) 2 F 70 2 0 K 30
A RARANERETFABIRETS 00— B,

(AL
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XS VAR R A ARG, R T T o O R Y )
XA PR 7.1 TS TR,

6.6 FWEMSEME

BT HE MPGRCR I T W2 E T RER RS, A
MR, BT H¥ GORFERARIN LI I o i W5 R F R
FIGHAH—MRARE " (Bohr, 1927), XAMR#HI KB, IE
WA, BAKETNTX -3, “WFAET #BEN
WECAE Y, AR T % 0K A 1 9 £E ¢ (Heisenberg,
1926b), {HR, WHTHARX AR, BEAERX MRAZEHI & T2
WERAE, WR—HHIEE, XHFRIENARToNS5H2
BRI PIEEAES, EAE RN, BEE SR D B RS,

BTEC RPN MR . B, BT ZMY
HAFEAOME, K, AL S AR T B Y R TR
S, RETREMLL, A R B R G R %
BRI R A BT R — 2 R A BB R B R (B eh B Ty 2 ik
HEAEED , AEMEMRE . BURRN SIS KRBT ¥
EAEREP I RN I, AR AL B 1 BB R T £ 8t
ERMEE ARG, B, BRI, EREXT 2K
TEH A FEE LA S FURRA T BESE B

LR, FEERXERE N RKER, EXN MRS R,
ATAN ST BB X T AR BFSE (1926) ;. ZEX—BFFEH, BB
THEEMRE, AT, BXMNFERXEREE, EAEREHH
SYRRIE Y, AR A A R T A LI AR A BB T, B Ut
WH (PaulDF ), B REWTER:

|mom mrmipme|
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—AARA p RAREE R, A g BAERKYR, 20
RE B B A ROE R R R RS,
(1926)

BRI SURIX —HER A 2L 5 (1926b) F 38 75 9 30 1 B T
B, KHITEAEM R T AR BBt i TAF bR 0, BB MRS 0R 3C bR b
RARE GEMSLHD R G — AN ER R, BB — 3 E NS4
REZEWM PO~ OP = (h/2xD) I Xt 5 R RARK—HF L, KAFH
R AIGRRER L T — TR BB AR I P 4 A 6T LA R
1 1R B T W ) R S AL RO R, BAABRAE LIRS,
A5 KA — S, R BRAE ] — 92 T o B OE U S
WRRMATEBA B BB O 2 B, 7 1926 4F 10 H 28 H S 4
Ay — S P AR

BT R RA A TR pq - qp = h/2xi ¥R B F 5
B R e Re (A — AR B R D R — AR
AL 18— AN e KU TR T S — AN A Y
BFHLE.

(#3| & Hendry, 1984)

ZE R T HFRERN T— BB, RERAXTABEXEQL
K. FEXFRXH, WHAQ2DREAYL “RTFLRFHIGE.
B, EREANTYIESLT o MR R REE B b
FOARTERMRER T %" | B 533 4 20 S R T 4 3 M0 R A —
ENXERERTER, I RWE KT IRERERSNEEGHR

|20 s noms s |



W ORTMBMRAR S . RIBERA, XEEAEREOBEE 10

WA T A AR R RG], H R R AR 5 K
R 3RE, CAWRTHEOERFRE, MFAEERENTEH
FRFREHT B EWLEE . XEMERRIAMHXR, I
M RBEEN K. M5HRREFEERNEAE, RO “HEY
HORE R PRBENT T CALE R BB X SR AR e i B
A T EE AT X B AR A TR

AT HESHRTHMAR . SR REAS S 2 SR i FR i i LAk
TER, WERRE MR B 1R O35 Gt MRS 9B R BB R
WERESOm %, HAFERELR, —MFA0EBELRRE ¥4
KREMBELR, XK W T A B R R E KR

APAQ ~h a6

ot AP AQ REBAMEMWEIRE, FHhE X R (16) X Mok
i, ST G AR A 25 (8 (N () o LB AR R, RRHERR
TR — S S R A M B R D B W LR, B
SFRAE MR IR BT U 72 o BB ) A7 SRAFAE G -9k 9%)
B, DR AR T RB05E KR X — e

AR 52 ¢ B E 08 R AR ) SO BB Rl A1 46
T HAOKXMMM X T AHEXR R E RS,
HEMPSH RS, 53 %R S AWM ED MR R — 4
N R R, E— MRS BRGNS KR
W TRAI, EAENEEM, GTERIE N, MRER
WO M1, ATt R R A R R IO BRRE SRR
wHR, FlN, MR- REGBERREEREEA S, X

[mos mrmene|
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A, EA RS, X R RIERE A, BB
R P E R R e R

WA, NYHELEY, FHEXRBEGNLRUA—FM—
KM HR, YRR TR R AR (RE B B
BAMTHCRER” , I ELAIH O RN R R AR X5
PR, BENSRZEHXAATER-MEHHXE. &
o SR RO 0 S IR A AR L, AR AR IR T
BF PRI, BTWO, AR B TR B
H— ML .

WA AT E X AR R T A1, R BRI, FRER
AR H T YRR BN — R, TR MR RRAD, 2
WGUR, “RIERLERAN KTV EF 2 A (L JLUR, A3 #8
FE R SRR R L) . EAER TR, BUR1928) 58, ¥
HITEHRA—Fh “ERARRTLMILE" #7705 TS
MRGEGE—R, BRI, 0T T IR AL AT 5085 2 K
- AR A D B S R D, S AR R R T
R2E . HM, BURER, BAAERORENEE, HiEE—
MEMZEHAZTROREMWESEE— MRS, DA
R LMK (L.

1927 4 9 16 HAERAMBREEFWEFEWHEELWE, HR
HTX—HEE— YR T X T BT EAMEN S,
i, BB R EOR, WA SRS EATEIE, FOARE
LU, YUK SRR S A SR B, S B A
SHPRLT, TARE RN B RN W . TR, BURRIA,
Y BRRBARL F AR JE AR 8, SERR LI UL R LA, B
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RAERMWE T, AHEHF. (B, RIEBRUR, BRANER
s 5 R SURTLAMER)—FIREFRITE , B0 IE N S6HE R R KA AR
HEFR. ORI, N TR ARR TR, BROR TP R
wE, !

1927 4, BEEAHE X RAELANREN RERR, BT ¥R
THRBPCE ARG RS, GG T —MRRHESR, T — 1B
YR, RN A 1 £ & A R MR R — B g
Ey, B ALY (reduction) MU TR BLH A AT 4 Bk, ARTIIX £
PR AR — SO FRATHE 5 BT 25 AR X A R S A8 737
WS KR B KB, BERARERSERBEEZA.

ER

1. RO RA T AR TR RSN, SETSBURRMAH -SSR, BHit, X8
ARERBFETH “BRER" - TR,

2. fEREY TR A D SOk T A R SRR F A RS Z FE T — DX,
BE—AET AR RSO E L. IR T ET WA dE R R TR
SR W SRR &L T I TR &'Nﬂﬂ!??‘iﬁﬁ%‘vé'i fa‘*‘“v&‘%

RAERFA— LT 25 B Ak, W Pais
(1986),

3. T RAE o U L E B T % B EA 893X M & (de Broglie,
1926, 1927a, b), AT, o T B0 BB 30 o it d i
WHL, Pk B R R AR, (R7.14. )

4. EARE, A A SURIE S, oA BRI B
Y RARBE R Bk M?—(iﬁlfﬁ%f)nﬂﬁﬁﬁﬁ AR RS I P WAL
R 2 JyF A R BYRE (de Broglie,

1962),

5. MR TS G« XSG, Lewis) fr 4t 7 (Lewis, 1926), HF@BTHRE
fEdk EC= hy) 250, A3 P(= hK, KRER), EMEGHKERE = c | P,

6. T H I (= nh) WRS, BEMBRIRRMHE vn, nc = (Hnh) = H(n -
Dk} = cdH/d) = o,

7. WESRENELHMERER, FHS |aln, n - o) |2 REK,

8. B —BEANHKEILER T M AT AP T HET), ENEESFHRTT
BMARRE, 3T H—HARFRAT PR (BOKT) KB, MR ARAbE T
PRSARER O 5 1, MOF—FRRMNE TS, MFNRN Rk — KRR,

9. WERIRW, EHEENFMHAT, REEBHIPEOBRAT, ENERCE LR
3 1 JLF-% 4t (Schrodinger, 1926¢),

|mom mEmemxe
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10. [Fl—4F, REPHFHA D48 P. W. Bridgeman, 1927) RE T Mo #REEL,

11 BURAREAFENER T ¥, BT RRERRFRTIAMNGRS, B
AR ERRASRTENEL DNTANEE, “Hit, ROXEAHSHE, RF
FEAERTS BT EEROMA, TIRIIN, &ﬂﬂ“ﬁﬂlﬁfﬂfﬁ?{ﬂ. ﬁﬂ!%
f RATBAH SMETRIB L ;.38
E, ﬁmzﬁsl&ﬁﬁﬂﬂf!ﬁﬂ‘?!lﬂ‘zmmﬂi’/ﬁ)ﬂ w'rrz)awmm am
AW TEAL XS0 BB RIFIE, ” (Bohr, 1928)

186 |20 tesmenma R |



BTE
BT 510 Rl T AR

XHE T8 (QFD 4T, T AMRIE E R BeE 4, Sy
SR, RECHESARK, XA ANEE EHAT,
AT A S AT, X — BRI S A A A R T 518
BEERMGREE, AT EMBESHRERATRER. 2/
AZE G — SR A T, A0S AR A AR K A L, (LR
BB A ST B EA A G X, A RE N ENTNENT SR
Bk, X, RAEAA KRR YR T 50 R R R 8
FRESR, | AEE i R AR SR, SRR DR TR A A
Bk, RBHARTRELENE, REBBRET STk
i (W22 0 (Redhead, 1983), i FX—#i H KR TR T 5
O Bl T B PO S AR, T AR S K R Y it F 5
WHBBAH, RIS R AR AT BRI

E—RER AT, R HLDASE (BT HEP, W R BR. T AL,
iR, B2, HZ MR, AREELSHEEHE R

|m78 mFmOmSEROTR |
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MR, TP BRI R 7 0 BTk TE, BT O MR
FHROMERBORSA, XTHEMER, CRHIE (RIS
FHE) WREAZA B TE, BTXBEAHNEERRI,
B =R .

7.1 HEREBRRE

RSB P EIARBRE, EMBIGE 7.3V HA
F, BERE-DRTFNS. B, BRENEREXTRT5HE
AR TR R E X EER, FHILtRX s — 8.

ST B R A AR — A BPR, BEZERER (Max Jammer)
) (kT F12452) (The Philosophy of Quantum Mechanics , 1974)—
HRRE . RATMIT IR _L 2 BRI R B 4 28 2238 G I B s
RS, SRS ERREMBETER, RS ARTTERTY
MR RBPELS| FEOMEE L, BN, AMNCHEZRX
TR BRI 5 B (1926) ¥ SE4R O MER R, X ERITFHMN
BT SRR DU TERIREIT AR A I A T R B
P (Ludwig, 1968), ST, X 26075 HRARX T3 X et
BTN, WA TRFHENAE. RBRFHLTE, W
B EARR AR ERREOE RIS, FRTESENRERER ]
AR A B — M E SRR, B, AT TERZE,
SEORE AT MR . DA— R SRR LR 3, X S AR 1 AR AR
HWRE—TENEA.

EMRANAE E—BERT T HEBIAY, BRI BRE, WR R
TR E ARG R, ERIET M7 B R4 R B (matter wave) i
. EEGFREOELS, SEMYRNFREHEKANRE -4
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FHEB, B AP E— RS Yas = exp[i/h(Et - PO R
Gt E RRRITHMER, PIRRTIZIR, S8, BT EE%
FHOBE Ve, BOHEST 2/Vee H—PEEK 1 =
expli/h(Et — PO)] RN v HWE B GUH E FRHRDOET
BRER by, PFRRHBEFHSIR /O, R Yl ¥1, RIE
RH), Wl R AR R TR A R, X —
W, ROVEPFBFINARF A KR T O, —MREERHE
R, BRI D AN, B AR, X
WA D R, W ASEE R, R, 4. ELHY
B, HERAEERERN, BEGEEGY, REIES
N3, BAFRIAERAER .

X, BRATI R AR R T A 0 A B R R A B R I
AL b T AR R R B, R SO P S B
B, ARG PR X —ARFEN P A, XX T WY
RPFROFEREXEER, AT BRI P Fh
% (DYRBIEB, (2) P FREOGHD P 5R (SE) Bext () i 50k
OB, EXRBEOE MRS, BB HETESY
FRLTFRESHRR. SRR, EEERTELXR, XRMEN
B EAIB B SR, X — B EEN

TR PO NRAA G R H KR ADRIERBE ML A
MATAA RS BB R R R RUE, HREMI, RMERT
FRHERTX A REY, —HENEERBRANRT SRy
¥R, YA EER IR RECREYRB , 3R IEY B SRR
T D BB, R 7.3 WX R IR A A B R
28

7% REFEMEBRGTAR |
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FEE S 2N D WA B B, S TE. MR-
RPRMERFTER, ANBRFETFIRORK, MEKEHK 5
JRFH R RS B A R (Schrodinger, 1926b), I 1 3 &
S A R 1R 6 S SR B BN, B RPN B 5 W 12 R
HHEH TR B (1926d), EHEHFZET —-MPKEE. B2
fa?

TE 1926 SE 1) 55— i 30 (1926€) 1, 52 5 PR R B R 2 A o
BAFEEL . RSB R YOV / U WK AT, "
BR, FEMEMEET, BHEEEREIH, XIEESTFRHA
RARRBTHEEHRE, I TR —FE, EE8th
1926 4R i) 53 — IR 3C (19260 o, ] “X— R G bt R 25 ] o A AL T
R T AR e, RABAMEEHRER TV /31, X
AT AR

(USSR LR ELES TS I TP
(1471 HW—EHFLTHRGREN FEHN AR, B, §A K
RAFLH I3 FRATREN T Mo &7

RE,
(Schrédinger, 1926f)

AR, RTRE “FMAFETHAEY LARO R, iR
T AT AR (FL), RS — R
R

VR BAI T AT R Z kMK
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ER—A LR FARRBAEY A TRERMN—EN
P ST NP AT S ES LS S
(FlB)

S, MR R SCE R R

B, A T W BEA H B A T My R SO, WK T
BFEMEENELTEN RSN FARKE, ¢ EREHN
47 Ao ¥ o — A3 7 8 148 o A T AT 0 KK

(A B

PR, A R B FF ST S 5 PR B A F A R 2 B S B
A NG it ik BN B R

AN V EORLT R ABEE V BB AR RR BTE B
B, B (19260) MR H 70K T A0k, 3K B S AE h B 41
B BACHBAR, 7E 1961 SRR —MIRSCH, B BN T
Mk — AN B P B ARG . S SO I AR R 2 e i R e 8 4
Fe O “BFREMERE R, ROLIUERTASBEEEN
FERERTT . OEAMHARRGFH RS ORT RS, RN
BEYWEMNWE—, BN, ERELTERAKX, B52RF—
By (3 “MECARHH E R, R i DA TS AT A 5 7
WRE|F— BT .

LA AR T 0 2 0 B AR A0 ) — A UL (EL B D R B S
A, BT P (1926, 1927a, DFEMMIMIE FR T, W5 D8
WA EERRET, BB EYEIERF b RAR,

[#7% RFHRmEKHNBR|
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192

MR8 B R T WA A 2 S, BB R BN T 03 AEHE, T
A D RN TR RAME ¥ 5| SR A —
FRMRERE R, Hit, MNP R, WEKEd AR T4
B, REFEERRMHN—HBH.

BRI PRSI RN R X A R, B —, BOR
REBCAE— D ILK M B, B, TEMBURAEM 1927 4F /96 3C b BT 4
iy, BWHAER 2/ Ve (Ve BREE), ElMATHHE c, B,
BRI RRH W AT 25 R i ME AT 7, TE AN 40 2% 1926 42 5 F 27 |
GHEEHE TR, M85 0T TR T RS MR
RAHBRE, WRARMYE LB UMM, EAIRBEER T —4
1 3nCn RRFHO MR APRA R BE, HBEH A 3n H250
RRE. B, BEBOREHRE LR, B0, ¥R
FRE, BRHEREC RO EE SO QT BAX, K
HAE LHRFIBFE RS, BOARFER A RE—E, RIS
BE—DMEBRZ A7 BB AFRR BB T “— M S5 A
AREMEFLE" DORAEEN. BEHRZIERRTWE P HGR
YR RN R, ANTEERORE BT Rt
PTG . (ER, MR (1927) R AR R BN 2 — R B
SRS .

RERFKOBEBOMERE, XM SERLTRELRTY
BB A AR WS — B, I B T A o 3 M 7 B
R,

BURT 1954 ESek i NURWBE K, “Hi e T H2Ed
HEATME, IR MRS R (1954 4 11 H 3 AR
REFENEMB) . AT, REKWAEET B EIH X TFHHS
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JeRFXRRHRE A (1909, b, FEfx TR R T, BA
YR h R AR AR, Al i«

[RLEFEAPTT FEC ST $:24 Sx T E LAy

A 4377 (ghost field) # & X E# ¥, RAZT —AHEF

E et SO RS T SR PEES S h
k.

(1926)

HEB, HWKRETENWRME, 8T —MERE.

FRATI A JLITUTEE JR  BURR 3 R 0T 451 1909 4F: () 0B 4500 3 .
1926 AERNLAZ EIAGBR O, ARBTRIAN, BEUR. SERLBRNTAING A5 1E
471 1924 4ERIW SRR, HLBR B 35 DR SE — AN IR T RE AR K 2 W
o R TR R B R S R R R . XA RS B B R TR
H, 2 AERRIR SR Z MM LA, WIS (AR REFT —H
5, EXEE PSR, WK T FEWAR T, HEAFH
“CRFIARMESE I B R L R R, X5 2 FNTE TR R Lk
WAL (Slater, 1924)

TE% R 1925 48 X F R BB 090 30, RATATAR ) 2 A
HER B AR S BB RS MR Z 5 — KR . R ENTEIEE
i % BB 5 B CHES SRS THIBR, R FY a3
AR, R EEH ARG T AR B, AR
HOBRG PA B — T, SRARALE SN T RE A AR BRI b R ey — T
AokE. BT, 2924 1925 4F )0 SO HORL R AR BB A2
A, HESER R BT R .

|78 RFmemsEROLL|
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KT BRBAMRE, BUBAEML 1926 4E WP ITHEMM A2
R EEREE R EGHEAWA LR E YRR TR SR T
ZEMXR, RIMHMESE “RF” WERE ¢ 5THRENT
ZREBXR, FHBHEERBETAHAXRRZEY “Fo%
H#E” , ATAREEITF

[ORS R FTERES ST e NPT LT R
j > 8

@ T, 5 LERB G EA T &I A BT W AT R A
BT REMRWES; MR REYRATRED, K
R 22 5 4y R I S R R

@) RRWBMERAM E— A ELHANRABEHETFF,
— A WA EIAE;

@ Bt ¥ EBATET ARSI FHHFA,

Rk, SR, BB TRIERE ) F R T B,
BRERBXT ¥ BT

| w|2de R RAE L AR dr AREBF BB HE, BT E
SZROEXLRREN N EF AR AREAERE PR B
o R .

(Jammer, 1974)

HBREAELREOT LS RRT R — SR,
BB IR S OB 25 B F I (1926b), J5 % R K B B0

| 20 e smienoma R |



FEWAREXR Q92D #itk, BERREAE

Y g EX T VEEN BB E LSS EE
AR FHEEHRTAERQRRI SR, EF -
H— AL E A .

(Born, 1956)

BEERAERTREAN “WHRIFEDL" . a2 FEEESON
A, XTRFE, “BFEARERNE" (AL, XTFXME
S, EAERRLT, BBMBR, ZHA RENTHRE
REN “EARETRMGARER" (AL, BRTFHARKEREA,
HHMESHNERE, BEREEH P, £ RN, HER 3
SRR, BEESENART, SARRREAETHNT
A7 (1949), fhEH: IR IRATFEA XS B TR PRI A EOK
HWEERAFY, RIVE2RSHEEREBMR? ~ (AL

B X —YIEREN, BRSO AU, RE AT R
KT RFHEHAKRILI, LAWK TR EEIE. REHE
ERREE—FOR T B R TN AR, ER, RBMRRS SR
BFARRRAMEN, 5834 KRR EFHE.

A 1926 4E RO SCH 5 — MR FHEB, BREEERENES
W (BT HEIS MR KB (The development of the interpretation
of the quantum theory) spiR®|. FEXFRICH , WHRIHFERK:

5 gUR OB B R RO A R [ B BB
AAEEWNHRE. - NARFTES R BERH, RO XS

| 7% RTHRESKBOTR |
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HRE-NHRGAHER P HHE, TFREBY M= BN
P AR ARG B AR,
(Heisenberg, 1955)

S8, BURSRBHRGRERENE, ORI E@ETT
M, BBLAMR AR 1R SRR, SRR
BAEXT R, TR FE X T — R 55 b
. XFB—MEE, SRAGITERTRE, LW TES, &
Sk, BBRGEERROEEE 0, B, REREREEIIA
A SR BRSNS, BBAAAEM 1926 4583
f) G R T SRR R RE X TS
LRI IR0 15 G, 22382 IR, 25 WA — e 2 TE A Y
Fh%, "

ORI, BRI RO, TE A AR A6 A 1927
SERIE SR BRI REINY , AR TS ORS00 MR T
HEMFAMBTRAE B FE, TR, NG5 5 AR
WEPE” | ER AR R AT WA, A TR
—RAA AT AR MR, RS, &5
BUTHBRG ¥ RACSHETE, Wi, ¥Ry
B EFCROH, TR R RA X T T 51500 —FA

A0 B A B 5 SR B — MR, R A A
TR 5 TR 080 R B SRR L, 4R BT (i
BOPEIAE, 5—FAT R WA Cporentia) HIER, B “3
TEMFER R Y, T 90K ot 5 WA 11 9E 2 [ oo
FELRAS™ (Heisenberg, 1961), 4 FX R AT, — 4™ H 364 0 i 0

| 20 tsesmie oma s |



(R B — A GE VR AD HR RO B PR R GE, AEVERR bR WHE A9 T
AREHEH, FE, ENEEESRAEN WA R—ARE
BB P AL, BORhICE B e PR AR 5 SISt R QR X8 B X
BRIP4 (Heisenberg, 1955),

WHE” XU BT, RS TR T AR
ORRR T T 08, % R 1 S SR R RR SR B 3 A — A TR
ik, WS, WAMAEE 1928 bR TR ik, HmAY,
WK - FRERMEMWIER, — n BT RENEEIBEMRS
ROERT ST (B —E R G R PO — KB MR F i =
YR TAHA%A, 3 B, WRAER IR FLRMBEZLRR
R F— AN B S AE R B AR E )7 1 (S Jammer, 1974),  fiy 3
.

AT BT 2 16 o b B R e B R AR O R
TZHMRAREBH BT, REFR A LPERR, EEH
SR FRE -5 FRE—HP) B EREER" ENEH/E
REAEENXREREEH FAAFAE SN R E L
®HE.

(Heisenberg, 1955)

BB, MR AN A R TR B R, ENA SR
FHE AL

KERKHEMR YRE" Rta. mMREI AR ]
FREY RO RS A BE, T8 2 R X B o8 2O S AE R MR B — Kk
, B SR REICIPRR R A BRI E D R RR

|78 mrmemsranmL|
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[153]

18 “BFMKAE” . B0, MR VR R R 8
T, AR B ;TR [ AR A A (o T B P A B R
BORME “FMEAE” 2 MTFRE DT ATHRERFH =4
WP E, WKW EO0RRMEY, REWLLE
W HSC b, MERREAITE FE R T SR TR K B R AR
WL FE X BRI 2 DK el A5 e, o6 PR R SORWAB B Y0 I
&, Lk ERPAXTRFHRASMSRBOEE, B2, 55—
JiTh, WY IE R ARSI, MR TR0 R R T AR A
YIRBAOEERZ b X RS FTRE R, T SR
R EE A,  E, XA LT R BR S AN
W B 0 A T G B R R 2 B TR, X LR T
AT 2P E R C LA AT T 60 Z4F, %A BIR th £ 8
TR 25

7.2 BFE

KFRTFHRAKM I, ERAEE L, KRBT AN TR
Ft(quantization) BEG I FEME . BEFULRKE 27 BT ILRBE
BFRRAAT 27 BT P A SO SRR Y 2 )6 6 R SR A
A7 ARG, SCHR AT ) — S B W R IR, A 1 ) R
TFHXBEHIRME, BTy BB R AR 1900 4 B33
RIRAEA I IR R E B, (BRR TR R
1925 AFMEARAA . BB, 292, RERRDA KB R R T 512 th 3L
VAEABCRSRR . b, B R S LR T B AR
HEXW—ATR, HE, —ARFRFRLERUG, THEHN
H—FISL A AE

|20 theesmichoma s |



BRI, 5 ATHO S SRR R EIE . AW S T B -1 B ) B T
EHERHIRF , BB AR TR, ffE— 8
M, EFPRETI L, BIRT L, TR TR R T
i, PR T B AR AR (RO, Y N o 8T B
SR, RUER TGRS, BAILEERME.

BTN, BTACH PR ERPTE R, FRRE R
P FHOBE R R TG 7E— MR T T RSN B T ST
e, FUA RS AR R B T RO IO RS S A R E B, X
B, fERRTORE TR T — R, BRI 8 iR
FHRER.

JEBAR A, i TR T o LT 0 R W Bt i e,
FAor TP S B ESHIKR ., Bilk, 5ESHIKRR ¥
SEENHF T AR (QO) AGXFRIZ B HE SEMTY e Pt ke MR
BUR, BETACAMEREZA B X B FEAT R T T Al R AR (FL A
WIS R, ERX RSB R TAOREY R it
RGETAL, T ELW BT RGE s R i A,

B, BURRRFACRE & T 230 AR AL O,

%ml=§NQ=nh§ﬁ,E*PEEQEHEWEM£ﬁﬁ§@ﬂ

R QR—AE, W4 P AU MEHED RN AREBY. X
ABUF T 03R4 A E IR S AR SR A6 BUUTAS (1916 4 il SR1E 2
iAW, MRRKLZMBESNBMIE, IA T R, BN
WS —AAEELE “BRE” & nh MHITAC.

B/RMR TS, BEAE S i 32 07 T R BT T i

SFEHER T WA TR EEITE =§PdQ = nh), MRTHET

|37 % RFmERE LT
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PP ERBK R B— RS B G FIR, R
4P (19232, ), BREKXK (P =h/A, J :§PdQ =2nrh/a =

nh, 2xr/A = n), BFARKME AR 5— 423 BT HKR
B, LRI GERE R i K B R — AN BB R,
TEANFCAREEY “HE A AR GE 0 IR fik 4™ 9 09 A P RO 03 SCBT R
B, BT IR R A 1B (1926, cv e ), XFFHEHK ¥
CHRF iR iR BT 2D B AE S BOR B, AR (BB A 4
FREEFD W E R MBS RE RN, B2 ¢ RBEREEST
—HEBA R AL, Ht, Bk W A28 S A AT R
(ESNEE 8

MBF Lk, WS VAR 4 R OB R —3R K G TG 5%

fﬁPdQ = nh BABE. R, HESFEUSEEFENEELER,

EAN “SEATBUAY" 1 W8 5 45 91 07 A% 48 0 7S 28 MR 50 1 A A e
B, EFSWAPROMEZEMOXR, HEEAAHL, LR
A 9 R0 T 4590 o A U 5 M A 25 TR A A I, AT
X ME TN R B R, BB, S
DR “EEAR R D BB R (progressive wave), ik i)
WIS BIRE R AERS" (1926b),

SBAZEIR A AR (1925), BB Y (1925), AR MK B vE
A925) /K, XIS, BTUMEAYEE LS B &
PRI LM TR E s R L. R, 83
BRI B RE 1 S R T SR A8 T 6 4 R MBR
XPEER 2 R (1929 580, WARATES R AN E R A
MR BB CEFRRT PN FEH R Tz A, HE AT

| 20 wrsesmienom L e |



BR TS hah f 2 R Ry E AR R T AR, XK
BTRARFAESHIGTR, FIRNBRERRERR, BBMNYY
A925) A AJGTEM 73X — . BBML LR, & BT RM
B, MBAPMQOWMEBEHBIF(P = X7 P, Q=

37, Qe OB, SRR T AR GPa0 = Podr =
nh B8R 1 = 2ni > (d/a))(Q.P_ ), HBICHIRITH Q%
F1920), X—EBERERERM D 7, (20/0D(Q.P-) MERMT
1/hX " [ + 7, P, n+ )= Qny n=Pn—7, W], F

B2, RTAKGEREN X [P(k)Qkn) - Q(nk)P(kn) =

h/2xi, SE RIERHERR A
PQ - QP = (h/2xD1 @

1925 4F , Pk vEi i T H AR 2 A BB TR, SRR T q i
AR AERT 5 X R (1925)

B IR AERT 5 X RIOPFRB A ML, FRERRT ¥
BEHRTFAMBERRO R, EX—BOERR R b, R
TR TR MR Q BOREE 2 S SRR P A 1E N 364
AR, FHEEANZH TS XR D), XFERKS TRT
#ik.

Ber R LR A FUR I RO SR TR 4, (3R I 48 D 2
BFBR, MR b, AMAHTAHE BT, Hit, X
FZIMEWE TR FOEEEHRRE, NMEERBCEEMR L, HE
HESHYIEMRERMAGCREL, Am, XERLRANGE, R
IR ZR XA BCFR P A ERE . AR, BUES AR .

|W7% REmOREEROBR |
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202

ERRALT ) B MR LR B KR4 S 430 (B i B 8 o T R
) 5FHAESHRRRMOBERAF Ht, WHRE TTRME 6
MEBR TR FHRFUESHFE BY, BHRE, HBIY
&, BEKRLTE, MfIXT R TR RE SRR R T IR
WES. B, GRACESEFHHRTLESHER, BaX
— R TR RREN T 5 BB TR R BB XN,

AT, X — B A OB R K B S B R R R R R K IR
T. EEEVSLEEBUEE N F AR S Z R R AN, R
AR ERAE T —MEA T R GV (R ERS B,
PR, B A926e)E M B MBI, BT g EH—
B, STEEHCHRR(Q S PRIRI— D3 22
CHOANE Q) X A AT RE , R4 B B TE M 36483 & p ¥ BEAL
BHLFh/13/0g) B, AXFH R, BFUKMGFDOERT —4F
AWARESR, TRESHHRTHIEBES XL, RE—1
WREMEE—MERH ¢ REPOBERR T OEL, 9 RREH—
AR, B AR AT A S — SRR,
HEME AEAT V(@ b, AV(OBHERRRE RSB
B, TR, MRXMFHERBET —HEBE TS, 5 V(RS
HF, B AV = a¥(q), A V(QOBHEH A H—EERH,
W@ R—AAGEM. AEMIERERET LI A, FRTE
AT AR AT BB, AT DARIESE Y, T AR B, &
AIE 8 42 T SO AR JE R B4 E&Sﬁﬁ%giﬂﬁiﬂ}ﬁﬁ
RFERFHR PR A A% G 6 4 182 5 7 X — /4y B0 44T 098 69 T i
#R.

AERE X — BN ERZ b, KT (19272) 5678 T X T A
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AT ARIORBRAT I, A AR AR R T2 R A T U R
KR, BB FERAMERRBIRER, XRRTEHRRT
PIRAETRIONTE . BRILUASH, BHAZBRERR. NTFRRRES,
Khrzifa i, A E SRS RS, QRS HERR G BVIRM «
#2IGla) , WAEH pRRMEL K EEHRKB: (B |G|

B =[[ @10 de @l Gla)da @1 p)  obB S

B UM RFAEX — 3 R RO RO AR R, Gl, #EE
W R (HE S — R RAE D7) 1 AR AE R 00 S S A PR R B
BERLRR R RI . X T — RS, BN o FI B AT
VAR % 5 Byl UL £ AE TS £

BAAHOMEMBELYET. &%, F5ROYERER
FRRT RA BRI, B e 19 sh A AL B 42y
AAEMERATTRE, e AR 8 8 R A ) BT 1
B, B, SR si A S HIe (75 AT B AL A R
A, RERRT RGN e B AE 5 $OE0R 10 S (B R T i 7
PEERS) I LA FAE fi it 2 51 o7 08 30 38t 1) S946F 1) A4 o6 ke R
IREPIERA, AR AL,

H X LA, TSR (D U B R T A B 358 &
PEo IRT, AT — AN 220 i R ) O B AE BT AT A B 2 B AR
BRIt R SE RNt E PSS SUNE S S 203
USZREs WX — ik FALRAE, AT AR — A RGN J1 38 3 i 2
ERTH.  “HEMTRNE" , REHE—HERERRRY
TSR, REHRE] RGO SRR R A,

ATREA A AR R AR A VISERRN, B Ty o 3

[m7% mEmemstanm|
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204

FEA R TSR T AR R, EEE EXAERTHLHE P, B
BT ¥ EE BB, RARKN, FEOR, R
MERIRTHRMFA SRR MBEE, HWNL 219250, o, K
RFL(1927b, o) . BT - FIHEFNLAL,1927), FER A (LY,
1928) . W ARAAFINLF (1929), DAK#K (1932), #RiE—HARA W
W GEARL T RERK PP A SERER, W7.39) RME Tk
OB MER, REEKRED T —MEFRER S KR T
W, XMAHBRTHRMYEEMBENRFOBF, FHILRA5E
RFHRAEKICRBN A — MR, X— SRATEE T — Wi
L

USSR RS RTFHEXRERNEY, KRB
YRGS LS A RBEBON T X — KR TF I 2 % B
., AT IR T A0 B8 R A0 TR R Z b, % PR 4R
“pi JRy R P 2 B R [ 7 PR A B R AU G B i, L RB A
AN BRTTTT= A S (19052) X AR g A0 B T4 T
%, BROWWRAELRCTRE, AR TRR, LTHE
BT TE RS o ) RO R, SURBR hy AOBEMCRY (1906), RGP
B, IR A ST ARERRRTRSE, RS- MERERT
FR— A B PRI, AT (1910b) 224 (1925) F K HiL 58
(1927b, o) frak&. P37 i fg B i B W7 DASE O 4 3 B S 1Bkt
R B3 U 10 e 5 KA (), skl o I R T 12 R T AL R
P TARF BB T T A 5 3RA% (A 4 KR 5E) o

AT, e PHE X TSR T BB b R X E R RA], 1
TR E R — RS0 (1905a) % BT M TR A SR e
SIRRERFAR” RTREYE. RENUHAOCR FREE —SHbE O
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TR (1909a, b, 1916c, d, 1917b) Fil B ¥ 4 ff 3 B (1923a, BT 3L (158
F, XAES 6 R WA, M, RAMBHPIRITE:

O ZENEH LR TFEAY R — Rl F 4 RUAHNE
FURAFREFRAG A ¥ B BT

G F 4 i F KRR, FAES ZENE LR FREAS
MR R, EFMETFF AERFRFHRARESD
FiE 3 I F AP R KR Bk, A — MR B
GOBEEYAH O ABEL N X —FHRRNELE S,

BAE, RBAFE T X R

7.3 FHERTFHL

EMRA LEREE, FHERTAMERFHEL: DGR
W, FHHAFEH) RT, XHBETSRTHERL
SRR T 9 1 BB T T AR AL G 35 M S — A I 5k e i
Fe.

MRRAMBEREWHH I, VhRR—FFETORZF,
[ et 4 32 3 R O AEL 0 SEARL, A PR R MR 37 E SR AR A9 B SRR R L
BRUAK, TR A Sy, MBI — DL Sk, A
WEERSEFIREYR, B2 9" FEEEE “HH" WEX
W, EHESEEEX, NEYEZTHGH~, BRXHUL, @
BXOHEAHBLAD, RZIFR. IR TFHRAHHGBHEHNT
BRI FEMEGER AR AR S IR ) WA LRI R
X—HFLRBTHHERRERESRE. — BT, HEA MK
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15, fESCRIESEN), MEAERT R, AR .

AT, ERFIHGEPTRS, £ FHRTT HEIBRET,
X AR S WA B TR — R AT AR — A8 SOR BB 9 18
Hef, MO — S R RIS, TR T AmE R it
TG BRI R, B AT i X — MR 0 T AT B S B 5T
TR LB, T HRR R B — 52k,

BHINK, Sk TALH BARLRAT DUE BB 3518 S 918 3 (1906)
FPEFERIE SC(19100), * ARG WG (AR, IR AL 25 8 25 ] o
RSB AE— MEIRT R, OB T YR R T it A Bt 718
VT HIRT, ARTEBY R T, oEaeHE ¥ 9 i,
B 2 e S S AR A SRR O B S AR AR B, B0 U ) SR
WA, B, XEIET LR S R Te, BR R
XD,

M TAEAER TR 8 b SR E BEA (R, 5%
AR —RIE X (1925) , L4 REHH T & F &M PQ -
QP = (h/2xD1 WGIEW, T B4t T 45 BUAE (9 3 40 5 S WG 30T 9 S @)
TEBAR, B RIGARE S AR RS S R, EEERIR, IR
B, R B EZH 2R AXTANARTEE, &
S BRBRAOEENRICA926) b, I fE A WA R,
LLIEHRI R~ AR B T E M IERT. XAy i
S RS AT I r RERRE. ©

B 2 PR TS A — B e B B v T Y T OB B
MY, Bt BRI L, S ABURIRE R
IR, T DASE A 4 B8 F F1 2 B T 2 50 0 6 3 A 5 T DA MR B
Uordan, 1973), XH, WZHEEHA. OBRRTUHOHRELHK
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{9 ELIE SR F ST, D) BORLIE R T 7T DAy 34 1 T i
ARG, BRI THEE, BEENEE LR T A AR
W AR by GE AR TR i), T EL3AT o052 (K3 it P = hK
GEfnflsge 1916 4E 38 SCR R RFI A9, W 6.2 49, Bk, RENE
KR TREERBWRT, MARUZRET, B, HHRT
A6 BARSEAERE XL GD B Y.

AT HIMEL M AR IE Y, TR L % 5 bR L
THr4. %t 1925 A RR TR0 S B R, b0 TAE LRI
B BERT AR RN T B3, iR, WA T
FMBE T DRETFHRTAESHEE, (DT RNESETHM
ABHEEOL7.29), FEIRMNEIN, 4430 H AR ERT
A ZRef ) WA 0 0 R B R AN T ML, BIRF IR A — 3
BT AR BNE T EE TS (DTN H RS G
BFALRY, GDIHAERAEH B 24 Rk SR S W P X i
ST B AT 4 A B R IR B R SO A 7 0 B R
75 2 6 1 5 YD A (6] 4 3 2 Rk A — A HEST. ERTRR WA,
FAKFAMEBL, ZMAE UEWTT iU I REAR I R T, X TR
M EBURE —NEER, (BSR4 5 R TABH X R,
45 b, AMAR SRR CET B MBE T B TIRTEA,
B B BT AL W BB R L T — R RA

MR, 1925 4R M T i A2 OB M LA, R 9 R )
PIRBAFLE, HRNGEI A 2 KMBRE, 1925 4, B AR
SRR, 4B 1926 4E6 TAEBUS RIS, WL
BEREET. HEBOBERIRBCI R T EASL R, HER
R A — 55 R A 5% B B 3 I L R TR 5K T KB w48 SCHY

|m78 REmemsEanE|
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[161]

W), RE, EMRMNCSWERMBIG, X T HEE % B R BOH B R
B —MRSERK, H-MESREN., EfN5ENRTFHEE
ETARMEARE, BT HEREOBROREZ IS, EF5—
MRTFHMR TP ESCRIRE. FHit, X508 TIeritie
TEAFHMT, XHA MR HX —E AW, W R RAT I
TRARA XA 2 7 B T4 10 BB B SRR SO PR B IR AR i
RS i

RAFAKBL T I8 30 “K T 40 K 51 AR e i Rt 7 3907
A2THAF, EMEXh FHIEEH ““RETFROEY” , W
YRR THERRE B Eost, 1972), XTFXMRX, HHES
AR, B, KRRASHTRTITREA? 2T
ATV, 241 25 (1973) R R AT, 245K ST SR %
=i, AMBERIESENE BFOAERY , RE SRT BT
W . Wb, AU EEEREA IR, IR 1925 it
ARBEE X T RFHRMIE L, WEEERABEESHEN TN
fo HZMB, BH/K(Gregor Wentzel, 1960) 7E s 3 F 1947 4 i
HRF S0 5T R BURIE X, WAEHEBEE “— A DB
B B CRZMRAE WERE .

BRBLTERNL 24T X B, ) 2% 7 Al 4b B 5 35 9 8 3C (Jordan,
1925; Jordan and Born, 1925; Jordan, Born and Heisenberg, 1926)
R T RATAIEEE W, TR A — e R S AR
B R A T X PR -

LEARE IS TN R ST LS & TR
RES-—MEHEK, NEEENFAREMNHBELLUFR
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WA RRMBEN, SEERBHRANEREARNLRTHE
FHYEAERGERBRURA R TR v, F—F T —
AEEN a R EBEA T R DARMBNRTEEMLE
A a2 MERT.

(1927b)

fatidith, bR i (St AR ) S V9 R A2 B B — AR
R “—RAEIRIEE” .

B WRE /DR o (8 R—ARTFREER N ER
FOWA o R &, PRATERL, A Vo (6012 REMR
AL & MR

(F L)

BAERERE, KRN ET FZEARN. OMEEETEER
FHRY, FHEETSRFARRER,  GDIEESH Y B Ml
SEWBERAHTIR, B BAESHTFHERMIM @O . X
LR A B R A O B (OGP B R T RO BT 2 ) X R
Bk, RRIX— R R R T A R E X E
H, HRINDHARAIAY .

FEX RSP KR AR — R, “JEBRIA ELAE A 06
BFMRZER —FE 2" o BTREX K, BEELY
SRR TR RS, RERVINTRAMEE RMHN
—F R,

[EX 3 S 02 T



KPrfE B T BB ““ K& FL” (second quantization) £

FEMT . MM—AA N AL L R 510 ok R 4

HMAERY v K, FHARZHML RGO AL R ¥ RER

V. =D, 0%, REKBRELTES r KN, N, =

| ar |2, @BEFIAZER by = a, exp (— iwst/h) =exp(=if,/h)NY?

b, = a; expliw,t/h) = exp(if,/R)(N, + DV2, 3£H4 b, fl

ihb; RWERTFAAKFGEMNISE Q80 . [br, ihb] ] = ihd,,

(62) ARG T —AELE, EXABEISS, HEEARETR F AN, Ok
FHOEH:

F= 23, W,Ny + 23 VuNY2(Ns +1 - 8,0 2expliC6r — 05)/h]
@

BE, BREZNTHESN, BARGRERT— —FHiER
B REGBER T, KT KRB TEH R TR, B X B %k
TR -

ARFH-HBHE, LERT - ARS WHEURRENE
HEARCERTERE. 4 MAEFHBKE, TUBAY
R TES SEHAM B TUBANRAEAKIEE T —
MEWHBERRAR NS, BhEAA 4.

(1927b)

FE—HPHRE— VIS BB TR, WX, B, RERR
AR FE 7. 1P HR B, S0 18 2 V8 o 00 407 S
AR T K ER A, KK, BARFAEBANR TS KR
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FALHIE 2 5E XL

G BRA R B, (B2 it TP R AR T
B s KT ANE, R, TR LR Y — A R
B ROME W R EH AR R TR SRR R i A R, T
MR AT, Bk T B9 B AT B % GEAE o 37 R B
AR RIAE b A kb FAERIEN %, HMARTARPE: (b
ihb; ] = ihds Kb, by ] = 0, —BMRRRTF, FFE, ““W
BT X RSP, SRR T 58 3 i it Tk i
HWERR, CREHTERTERR LRI L M KT
B ar (bOMaDOTERN. AR, T4 WK™ HF
G I 5 26 R SRR AR TR KR, R B W B
w4k ([bry by ] = 0,0, BEMRRXEARH R,

BAELRABI KA AAE . RAEX— S A LB T
WAL, X PR AR IR . IR EAT 5 4 A A
AR, %A HRIORER Er FIAIGLO, , DUB B —XHER 3 8 IE
WS Sy, HRMBRAE G AR [0 Es] = ko7 X
B, OESENME AT, EE, HEET. EHABLE, B
HHP— KR RR T

EAEREAERRR, GURRMERFATHL. Bk, SR
AR TR T A B0 (B A 3 B 4 1 4 1 S B B R — A1
WRT) HW, HIRT AR T, EART MR, Rk
B —Fh R SORTEME, B3 RES IR TR L.

EXAERET, RAYBGHERTOXR, BERKRYA
e, fEHR T RR A YR A — Ry 20 5 i B ISR R
HETFCXE, BARERRFAK, R\, #EEBEARZAR

|75 mrmiems gL
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212

T L RO T H IR RO B, RRFEX T RS R
O, G Q30 “HEHDERTAERS TR 005 4 BT
Efif, HRGRMEERT BN RIS RSN N4
HRTH, FAERM 1927 443 (19270 263 T L XTS5 R4
BN, AMRTH, OBAEMEE T EMA— 1, ERHEX
o, RIS M H 0 TR T 2 BRI 3 T A e A
BRBC MR, MDA T — i T B0 H R B AR T A
MR

AL TR B35 8 S 5 T A — 46 R AT LAE
AN, AR B WA S R T B
BAGFERERS A DRUURR, DETHESWHLR, QK
AN, BERH WIS OB 19— ED]
Qost, 1927; If, Dirac, 1983),

AT, X BRAN KR

(OF 2 SR PTEE LT LR & N
H—AREAR CATHRT 1 AR 3 0 4, R AT
HUHRBAEREIRTFOSTTNREHNEHR,

G ERHEHIWT A RTF R B AXGET, B
A SRR R T X EERAH T EAS, B
WA R KRR IR R EA RN, REH
TR YRR SR — R TR ARt

Gil) KEAHEEFEARTFANR — B RN EAH A
LUSE Rt Sl B3 T LTI €T E &2 A"F 1
D5 -RERAYR R T NEERER, RS
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R ) 5 A S R BORTT N — o 4R TR AT A X
ABMARKNELEd.

MR ATNFCOBMEX LR, AKX T 5t 7L AEE
LHMG AT R TRIR OB BB, EENREETT TR
KRR, JREZETX 8™ E T A F SR, XA
AR MR A S A SRR AR E B B,

KB TEAE MR T R — R iR 30 (19270) R, FEMLRY T R P,
RIS, S ERATHMARR, fik B T 55 82 1
LIRS, MAREEBEE, HFHBS ERATHWAMER, i
IR R TSGR R T, TARREE SN KR T,
AT EEET: AR —RSANRSDBRTT, AETERER
RTHEHASHBCEL EMAY, BT - OKEHE, fiEM, Wk
A, WHRMPKFTER. IR, X RS RUR M2
FRIPHRABEMES. Bk, XMR[ELFRZBER TR’
FHEHMERR, REAWATE: H—, BET KBRS
AR TR IR ER, BT, BWRTESWE SRR LT
HAORLTHIBE 7R ) 8 K37 16 o BT A i — A SE R 2 O AR & R

ILRATE SRR — AN RE . TR AR AR 58 51 37 oy 7
WHYW IO (19270, ©, EFBLSTMT: (A NEHMESHH K,
(ADIEHEAER N RS, WEERAT NG RGHLL E, Fio/
(SR, RAERTHN, MIENSEHAL0, = o), BEHR
B A R (A BUSE Ny A0, W2 B TR M a %,
[6r0 NoJ = ihdn, AT, TEMBYEEE S, FRSIRLE 1927 4R/ —
MR ICA927b) KBTI — R IR A5 5 — R =AEH

| w7 REmEBERROTR |
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214

SRR B HRE TRE, B—RRBNEAEHESE
e BOMNEMHR T REMBEEWH ¢ = 2 b/, %k, (B
il b, MEMIHER ihb; FIEWERTLAGHEN a8, (b,
ihby ] = ihdn, (Bo) il B—RWRBTFALKLE [0, N1 = ihds WIE
W q %, N OERTHOM 0, BEEBEMALD , WU FARIE b,
Fib; BRER,

b, = (N, + DV2exp(— i6,/h) = exp(— i6,/hINVZ,
b = NY%exp(if,/h) = exp(if,/h)(N, + D2 ®

PR FE P RNER, &k, EAKE R, ki
SR T 5 A R i BB AR T A 1K 4R R Ok R T (1927,
P-263; 1927c, p.715), Y HEFHIE—HREE “R5H—F
AR TR B, i3 ERIBH — LB E A R SR
HBF I RAT B B 18 (1927c, p.714), XA RS BT 4
WIRHRRE, 24815 1900 45 2 AR AL WAL, BB
A4 — B8R 6.2 4, 3 HAHE R BT 5510 R F A kit
a1 B ARG 7 7B, IRAESK AR FE A B 5 ) o S,
HE, MR EiE, MBAMRBT R TAREERFRER T
BTY, KRR IIEAE KRG A4 R b R TR R Ak — A
ERXR.

ARG T AN —FERAOBIR, A Jost) M AR A
Y, WIRKB RN R FIHCHIERE R RS RTUIRMRS
SAHEAER . " (1972)

RHOBRFBES )T WBERREY, BRNER
MY RBERIE o, SHRRIED, BBER— . b, B—4
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QB BRI T KR SER R S0 (1927b, © . SR, BRITEBA BIHH
BE ar H2—A QB RAF ar FEMIRT 55007 PR ,
5 b, FEfth 1927 4F X FERT I KA (1927b, © H FTRIAE A 58
A, ARUF, M 1929 4R, oK e B S0 7 9 WA I8 X
(1929, 1930, #§5I 1932) 1, BHKBLTLXT brs i BHY RS T
ars, T A — REAR T Ik TP BRI ) (A ok AR 18 7] DA

AT, MRS L, B X BARERRIRELI. B, R o
®b FEEWBEFEEENEX LN q 8, BHERR—AANW
&, AR NERAFRR, Ll o (bW a(bIiEH
PR IR TR AP A R KA, ZER TR, Bl — MR
FREABGEM—MRT WA, FEILIRIE A B AR S A E
. @R, SNFEAERERFRR, HK, @F (b, bs]
= O, B b (Fa) RR—A o, EXSRAMBEEXR.

KT WP — 5, REBATHKFL, ERIHOERT
G, eIk T N, MBSHHGL0, AR E—ER o . W
BRI, AMNERFEG B by RE—PcH, #
2, RZWARKI. N, F6, 2 QEARL HEhMIEX 5 X & (b,
byl = o i, X—BRRN TEMMMSISIERRIERY . T’
GVMBIRRBE TS A HEAREMN by M br KR c W BLIK
&, MWRBM N- F10, ZEN q % (Dirac, 1927b) XA —MEBRII B
Wik, WEZ, b Mb7 (Har Mar YRR cHMPE, RET
N fI0- 2 q BB, SRR R IR T AR — LR
R, MAR—ATESEM. UUELEREAE—Ec K, 20
A AR T, B—W, ERFEEE, REERTT
AR—AAI ¢ R FTRR .

[ 978 BB LROTR |
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216

Bit, HFFRARE, “SREFeT HERRAELK. R
HZ—: wRFEES, ERR—MPSME T, fiR—MERE
. FREZZ. EREAELRELER TN —Fr k.

BAE, LRI A — D RE : A2 KB R TSR
BRI MR AR A S WHAAT. EWRN LRI,
AR TS A A R E —FF, BB ST 5 B AR R — Pl
Y. ERKEL, EESERBREMRS SR8, B
HIHEWRARGREHR T, Ti/EENESAKRESET., REH
R R R, YRR R T R AR N — R E
WRRY, ELAUERE—HERG, RA ““KBTFL” . L
L, CRP-SBR—(CRORT I MES LT, ERART
FRBEZOME IR, R, XA FRE LA X TF YRR
IR A ARELRABE, I 550K TR X,
HIFEANEE , LRI AT ER — FiX 4 AR,

KA FEAEIL AT FIL AR FR AR — A BB MU, ARG h B
FOWEEN Ja2F, XA 1) ol 9 20 03 T 25 16 o ) 748 2 39 O 3 i
MR MITEB R, KR T — RS, BT — R
FHERS ERTRERS, RTEMO =205, R L
M, XMBAE LAY Wi T BT, SAeRTR
FHEEE, SHREHEMER, MTFERTHE, KwExR
THFIE, WRFHIE. MHRTHIEEREUT KR T
W75k, (BAEARMIE EEIRHIR, B0 E R AR B = A2 P iy
LM, TR 16 P B . AR, KRS R T 36
WHUR T BN T, (X BRI RIEL TR T,
UL, BT R T MR I RIBER BT SR B R
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(HI ERIBR, BOERBIR, WIS KAFENFTEARMA.

ST FK B, ECTRBR R R ISR TR AR AR
M, KEFPHEERMEE, REEEHE—FMITRTFE,
MR RYEEAEN—FERS, BEMERMRERKREY R
FAL” ATAR R LE %2 R AR A E A, KB
BFHRRGE T 8 TS RT W T R K BT 25 18 i 53— A 1
T XA RO EFZ—.

HI 24 4R 0 (1928) B th 9 F— 2502, FFAKBISE i BAEM B
FOLRTIWAE B Sk TR R £, ALK, RTHRY
VEAERIA RS, B R AR B b R TE At R 30 (5 B BRI AR 1A
£, 1926) i A5 | A Bt T BeE R AR TG . SRR BB T (2
W) FALY, AU EEES 2R, ERARK
FHEFHRICHR T, XERIBIE T S5RAE TS KE K
WAL HERME, AARPRARAXMRNS. SR, LR
WK TR R HORL T, (X AR, R T eaER
B, WA AR E AR P R BOR T, XTI AT, 4
YRR BE DRI AR A T R B FIA IR A R ME— R, B
POKT = MEREE A

MR “2077 K, KT RENRTHIERR, #
i —RE R SRR T G TR P A R R (LA
RRFETF AT AR 0 58 S, 8 05 W 2 3 1 R AR 27 IR (Pauli
exclusion principle) , ® 7EX R, H T RGRBOF—RTFEH
WAL TFH, BIATEEMBEREH a, a* R b, b*), FHREH
TR OREA S . SRR B IR T IR IR R T
LRI BN . — NIRRT R R A A BB A B KR R — A R

[ 578 RFHOES R |
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[169]

218

Fo B, PRTFURE—DGRT, BQGCR TR AR RT
R, SRR AR BN K, B AR R B AR

FERVIRT, G INLE Al 5 2404 B AR . “TE iR AT
e R TR B TR, o W TG R AT %
REBFEIYTRLT. ™ (Wigner, 1963) 3 BLAT AT | th 36 FX AR R B
H—ANEENE, AREER, JTA RS PR R T A
AT R R . EEEESOWREOAR? €l
—A R G R AR — S %2 P 5% /K (Leon
Rosenfeld) & if #fiT:  “ZestA B X LUMRE X b, 2% A9 bR
B KRB SN i\ B BB M, ~ (Rosenfeld, 1963)
(R, BEE L LA At AT B — A — B BLI, S E W AR
FAE— IR EF, XA GIHTAE TR TR, BAE
BASNR, ERFER, BIIFH IR T = R B AL,
R EFIR T —RARA A 2,

HIE, SRR TR T X F SR T B 12 0 B B o
MRRE . BRI, TR V8 R O 00 R 0 R O T S AL LS A 3%
BORFVO, XFMBRAE E R, T, BRSO T 8
VXA, MSERTFHBRAXR, —ALEETEQEHR, —
AT 5 N 66 8 R PR T R T, B A A9 T
T REABHEBENOWEE. TR, BT 00 RS8R B
HAERSHA . 7E 20 tH2HIE T s b — AT IR WL, FERTHiE
1928 FEL MM A0 SO R R AR, BRI S
BYRER MR, XA LG, RMRRRKTE
BRI B TR, RA I, 5 R B R ALk
DR BA BOTEHR, & 2K T FBGE LIS = 4 K B
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B, MIKTHIEABARE.

HK, FAECER TRFARE, WIRRT kT RERRE—
FE A TS OTERE, TR (BOR T3, R—FhFRT .

FRYE R T 1 TEGERRE, BT 5 R W B AR R,
FREBGERH RA BT /0B B R, ES R Bk
TR H AT Z B R K FEROREZIT, AT, EHR
ESEPR EAE TR RUR A MR, BRI, 0 AR 5 7E 18 R T
HR, RSB, RIFUREEBUTER, FEE—RFOY
B AL KSR — B BT8R

— BB R S T B R T B VB WOR M — R BT B
B, BEWKTHIEHRS, BonTFRERREREIRRS
B . B TR AR A LR — R I (D BB T IR 980,
AR 2 ERH T, WETHREHBEEA - HE—1 "=
WRTFAL™ ORRSHERZ H.,

TR TR R R W R SRR (b, , b5 ]
= O BAMBAR , BRI RK NI SRR R AL £ 1Y 5 4R W th 8
WA, HWEAF M ARRE R, KRS 1927b, ) 44 RBUKR
o« FEHBE (1927) DL K24 4 e b 4 (1928) BHIE o, FEAT br RIDF
MURT 3R FMN— A RFSKRED -+ RTESHER. B
i, — BXseEAFRoE X, BNV AR SR T %k Ls™
ERBRIOWE, BARRLT BEAE R — BRI 744D,
BRI S UL B 4 F7E A L AR PR B ARSI PR 398 I DA
eI, i, £, JtRT B R S ARG
HABE T, B AT, HEREHARE. EETHES, R
%03 T —IE X BB A A K, A X e R A 3 i

[W7% RFmRMEIOTR |
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220

7 A O K AR 7 {08 TR B A DA . K S SR th P ke 6 0 T
FTHHNR Sk TR 6 T2 R EAREMER, Eam kT
e R SRR S — AR A TR RBUTAR. XBHR
H—ABKTFEMUE, WE—DSEX, €5 EE, FHE
B ARETHRS SRR, XTHEEHNESWHRFET.S
FRE= MG,

EH—A3, RFHMBIG—H, —ER—MEENERZE
[, AT, T35 AL 2 BTl E 3 (local field), kR
B, HA R R A E X R E &M . EMRAEL
EERA, ERARR—A o B, MR- HF—ERFHF.
245t T35 1 R R AR, % TR B 19 2 S AR = A 20 B
A, AAGAEWEOMEENOWERRE, KW, EKR5IAMGK
HAEWEA9B00Z )5, FAFHER T MRS S8, AME8)
Fiksegh Sy A R T WA, 1A B A AT E A 1y E AR
B, XTREFESHESURINE T 4 WA,

WAL B HR T30 (FEEe T, W BREE M),
AROIE, ERFHWEAERTRAZEFE TEMMIE" R 5%
SRR . X-ERMRHIBE, RBRELR L, GFALH
PEER, YR R RMY BT EFIN R RN, flm, SN
Wi, “BATRBON T Rt i, M 1900 4F AR BRIRA S T
WM ERT , CRIKHITE 1927 SF R B MEp” (ost,
1972), MR, X—EKE 2T EEBEABER (1983), BREREL
W ARG T : AR SAIRIE R X AR B, R4 275 v T AR AL
%% (field representation) , [, W15 $F FAF &R MY,
T3 F 8 7 ¥ B 7T DAY fORL T4 % (particle representation), . #

|20 treesmienoma s |



i, TR —FhRG R, FIREAR AN, BT RS AR
ERFAARX S, B, AT B8 ] 4 7 £ 05 F L 7 3
TR, TR R R R, BARRARRKER.

2 LERTE S, KRS E KD KA R THOER T AR
HIEF R TFURP R R F AR R, XAHE—Fr B, 7T
St 4 ) e SR A I 3 AR R SR A AR R, TR
SERER. S, AT AR R TR OR AL, B
AT R, 30T PR U A i (R T Bk ) Z 8]
MIRBIEA T, I EH3 ARG RN TR BTk, XRH
. EXRRKRGEHWAR. ERBTE 1927 £ /90 30F, HHH
RF BT 2 B R 0 ) i TG R AR T, TR 47 B G R T Il AR i
Ak, MAES B, B E TR G, BE%) SH KR
(G, W) KR TFHRERHFE—, IR—KIE,

R GEAR ], FL 37 O Al A 3t i AR 3 i 0 e R R K
ENRMAE KRR, RN SR TFHHNYBRAMA. B
M, R, SRAECEER, HEERARTHRE. R
i, TEANSRBTRBAN, 307 DA ST R — B 34 OB BO fl— D
S (SRS, HIH B AR TR SR FA SR
U, BB RSN R R — g R, EXEE R,
FEIFdEmt, ERKR TR G, RANERARTL, B
BOLR T CEAE I E R IT R IR, 15 & PR K
[i2 SxIN

AR, RHSHEAT TR A IR T T B k. HA2,
ik -3 1 R O P B b AN LT AR o T AL AR 7 S BT
. Pril% A% (zero point fluctuations) 77 4E, WER¥ H EAEH

| w73 mrmemsmanp |
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25 (EIFESAT R T B0 9 T S PO A Ar e, Sk
Wb B T AR AR . B, FRATE AL B R RAE L
MR T AN ZIBRS . 55— AU 25 6] A AL B Y
B, EE T RTS8 (Weisskopf, 1939; 55 I, 7.6 41),
SR LT AR BB e T S B T, XA T 2SI R i
K4y 7K F-# 0L (Welton, 1948; Weisskopf, 1949), FE#K T 351
T, R R AR, SR TFR e, A B
BER B .

PR VER A R BN R B, B A e B e i
BN T2 ERH R, Kb, bR R R T RA R
fxHX— R MAFTRARE, B EFRRT . A R 5 2 4
ETFHBEERTFOME, X—MEHRN, bk, i FR—#
AP AE 1 BLIORL T (b B 09 7= 2 0B 2K AL (L FEBR th A R
FHEGHEABORID ., WHZ, MRBME, HRTILER
FHHBBAMRERN T RE TR, XRRT A RIS RS &
SR HETH

HL b, MR EE RS RANY TR, LY HE
FRGRAFHIME . P IR LT RR i MR BT 3 R A 1K
AR, KA BLSE Y I S R R, (E AR B — 4 B
BRF . AR, 44 TAEME AR BEE . MR {EE 1928 4840
HAOKTF IO CH, Wi ELAE 1927 £ 30, I8 MBS A 1
PR SR T

RANFEECFEERT], HYURIANOES BT BRI
AERE, XL T R S B A R RIBORL R A T R
HEREDMK., REAY.

| 20 titse e n S R |



E SRELT PR EE L VEN LSS S EES LS
CHRAKR DA, £ RFAERR T, KBRS B
HAFHREFEWRE; KT LG, AAE XA W —FE
HHSREERR AN U N B ERNER.

(1928)

HRRRP, BELMWILR, MATERBRMBMRRE AT E, AR —
FEAY RO RFGRTRBR. XH, WL R BB TR
B AR ET Y S A R B RN T

LS, KT T EMNRENTE, RAERETHHER
T, BERBM MR TR AR, RS, R
% BB AR BERBOURNLT, BTt AR A SR, TE 40 e Y B
T, TR EMNNRBEE. UM, SRRtk
Z AR B R 242 T A S A Bk T B A o

FEBHE, X —ikA8 AR TR ) B A A R R M BE AR R T 2
BT, BARATHOFAE. EREREELIRT, BAINE
BR 0 B A R PR AE AN (individuality) . B R BEBCR
ey, BAEENR IS, BRATESE, — T BEN
SAFRAE W A B RO B A RS B, 3R, T 0 B A DA
RfE.

7.4 HZT

RAFGAGR T, HIRAL—MNR T, AAAREE
IIBLEA A B IEMRRE.  0 7 XA W TR, bRk
#H—F 20 48 20 FR|M YL KA G R FAREHHZ

|57 % BFHORE LR
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.

REWHHALE T AKME LT, TR EE PN R
IEZMZER, AT, XAERRE BT IERSIATRERE, N
FREHE, HAFRERER., ERFH¥ER, HFRRFHA N
IR0 KL, FHEXR ANAO > 1, BKHFWRN 45—
MAEN B, LA DR TN T MBS, 1©

RBEHEN TSRS, EA T BT R X YR
#(1928a, by, KRFGMBN T —ANUEAEAE, BB ¥ A
FFAE,  AESIXEXA R — AN AT R RO MR B 77 5, B8 e — b 7 A 3
ZE: PIH O RS TSN, A I IE AR B B
(Dirac, 19302), [T, T HARHEFE, — B FMERST
ARESHREA AL L, I AEERR—-ADEOE, MR
R ARG TR, X GG TN — B R AR
NRVUEY, SATLE 5 AT o A 2 7R AT RRB Y , 336 25 S AT ik 4
B—ARAEBAIE R ER T, BRI i 18 28 7OR (R
Fo E—MRAABIEMRABIN, 193145 5, KRAERT
BUAHEIR (19300) FISMR (1931 LR, $E28 B M — R 4 IE ot
A HL T 4k ) 3081 T- (Dirac, 1931,

SR 55 W, BKHLTELE 1930 4 F] 1931 45 (W] iy R 7] W0 0 10 T35 £
REFLT W, AT Al 1927 4F A R AT M0 A9 B REROE THOEITHE. X
FE— A R AT BB, T4 BLAS , S VP A9 7 B R B 1 77
. BEARBHER, —MREET S ETFE - ERS, i
FAERT(HRE T HEO M-~ MSER TR E, S8, 4
IR B R T R K A

AT RS, WRIARE Q97D FFBAY, WA 5 ARTHie
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SRARETE, AP BT RC e A AT AR AR AT 2 2 ) Y BR O
BABUBE, XRMW. ERS—FE, EWb, HEMKT
WS NRTFHCREE T — AR ERM,. T E, AEEHT
A VRSB T 5T oL T AR X e B0 BT ) R ) — R Bl Oy
R, BEBNRABR-ATFERTRE, TWaEBTFH—BOH
S HEFR KR AN AT ABAY s 0 B TS AR 0 A S e A
CFESAEZ M) BAER. B, ATRIEMA RS2
A BGERE, WY R TR P X TN BRRME T —MRE,
LS T AR — R E B Y B R .

RAEER], PAMERGEESERE LT R’T A%, WTAE
WIB) 20 HEAD 2, FFIK ARl S AE ) R ) AR BT B
_-(Bromberg, 1976), #5% b, BB T B2 WA —FhEE IR,
A5 UUCKBRA R A — 2 SRR AE , SXREARRE T A A KB SR R
AEXE B T ARG, REERAIN T EME KSR AHR S,
I AT AKRBEA

KELFEIZE S KRR — A BFER, ST AR R—
ATTRAE AT —SMERY RLRE A O T AE I 0 B P T B R B R A
WAE, PR A T A AN T, R X UM A 1
G0, RTRORMRINMA, AR B, A AR R AL,
HAAERENEZHATRATFHEEOMRERE, BWEF
HLEE 3 Bk ) L —IE W S A

Bz, SIANERAZREWOHERRZ M, BERMOA—-4THBT
—IEHRTFH S, EHE XGRS VRN
B . R, —ANREEHRM AR T —ER TS v, XK
RAE I A A R, PR, RS A T —IE T

|7 % RFHEMEEEBOTS |
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[175]

MR, ENTRAE - MRAML TS - YRR, Wi, &
A HR—A f BRI F—E BTSN & RS, I Ex
— YL TR AR BERIE T, Wi N QMR T — MRS
WI3h 2 2 G A B,

FUZE SR bR A AR A I TC 95 £ Al FL TR BT 4% AL B M 3 B
CHRHO BB E, X TR K H Rk 2 HL 7 9 S ) B A R
BLAZA,  IEJ2 B84 3R A1 9 B (Oppenheimer and Wendell Furry,
193 RN, 3 A — B e BB e 7= A 0 T 2K SR 43 K
e REARIE, TABKFARBA BB, RN
FRAEARAER S, AXFITR, 1550 8RF AR gt ik
B, BTFMIERFOHFRIBIEATERE R, HA0 T K i # B
MBREHELH R T, AXMBRAGR, ASHRER U RRA
BFHYEEAENS, REBOR, EHNSHER S, Ham
R BUTAE, BN ANBISHBAC U B R

[RI4F, LA ARSI B % (Pauli and Weisskopf, 1934) 7 fis {1
N B SO 5 3 B — AR B AR R i 3 Oy B AT R T ALY
TAEd, MR T ARRESEERS AMBERARFGHATE, RE%
F 3R B A8 2 R B BT AT B AR ORL T BORL T, LT X 7= 2
MR, F4), MikATIA— DT TR,

BZ, ERXFEMILTERY, BFHEHEARBEHRY K
B, WABSIAMEM AT RM A AR T. Hit, &FH0ES
2 NIRRT RSN TR MR, B TR BB T B bR
e 1725 4 37 Bt T

AT REBAEF A, XL, 5 HRER R W
FHE AR T (Quantum Theory of Field , 1943) i, T

| 20 ttssmie o e |



TP, —ANTEITA G TR PR CBOR AE B s B
%i, 3 ELE. B i#t % (Schwinger, 1973b; Weinberg, 1977; Weisskopf,
1983), 4RI, P3H —L NERVONKR LN 2 W& RA E PR
R, FBOA RS & T T SR A U5 AR B AE AT BAE A L
ZSMREZ ., PSR, WY RN EEREEE T TR
SR IR MR RE T, NS R T MR AL
Shg—AESNR T, B2 AL SRR TN BRE AR .

X, RALED T & FHeHREL G ARG EE. —rm,
WP SRS, HENERFRE. Sk, SR, THA,
Tt A BN BB EAES, SRR, B— T EES, mR
# R ERARYBEMARTM L¥ P, REAHECEINRYIR
AR, AR, HEAREE MUK, H—HE, X
PR K E R PR ML ERA YRR, YRARE
2, EHX R RERZ TR EFEL MR . &
MREERAS R RY R E R E. B2, XUFR—ME
B, RAAAH T RBIX R, B TRERRIEHEREE
— R 3C & (pre-substance), —Fh LA WAV R KZERER. W
A — LA R LT AL, 02 BBk A A 3 K T A
B, BRI R A,

FAWAT, BAANEEEHERAFELLR TS, HAEY
s T HA, RALRIE R RERR TS, K
RFAELFE. WTERBEACLERNYER LB DR
FRALTHBED KB, RAVMEBEMA? Bk, RRMEPER TR
W —ADNEBHIAF OO Filid, ok ik, shEA MR
WA A AT HE, XUEKE, HTAREEXR,

| 7% RFHEESEHBOTLS |
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ST AR, (2R HOR R RS R AT, BR,
OC0) | H25) FroRIMXLIRIERYILT, 1 FAULR— Bk
F, THBERIHGENERTEN—RI. B0, Ya(O
[ HZ) =al —ABTF) + Da' | AT +—PHF)+ Da" | —
AT+ —AERT + — PR+, B Va0 RFHAHKS
(dressed field) JAF, a2 & W () WORTH R HAHRL T2 RO XHEE
X, 5%,

R, IR TRYIRT, TR MR 3hH i,
WFE, AMHRTYHHS, BA, RIOOFIEERS%ERGE
B XN RE A, BETHMGOR TR KR —MEF,
EH I R 7 5 I 4L (renormalization) B 4 By F A B AKH, 7.6
Fi1 8.8 454 M I T E AL

7.5 HEER

ROFFRERER T 5RO A, Ry b —
MRAENE, WETENFIERTEIR MR E R —AE 2%,
FEAFRAG I ERFR S, WERSHESE, Mo AREHTF N
B, BENAAEARA . 5RO R, R R TR, v
BORAZE SENT R T A BAR, ZEATTIBE B aE T AR
A RHELAR AR Z 6 7 SR A R T B U T S 4 B BT 1 48
BRI PE—Fh T 55 1) AR B T BB M, — M RWEER,
ARG LE . AR R, AMTRREAE— A T R
ANRBERE — A NIRRT R &7 5 A7
JEMGR ., MBS LY, X RSB ERGBE: B N5
HWE—FAR, U EERAE S EICRAR TR, MR

| 20 s smwnom s R |



BT LR B S — A BTICRE, X E RS — R LR B
s,

T HUREX — A LA R, AR IR A A St — A
KA P KRR

B AMENEDRET AN REEMAHETE=A
tkeyEsh, B, ARATFENSEUNERLREHHEE,
FlE b REHWER. PR X RREFNES R RAH—
AR R,

(1894)

) BEESE P R P REEY, Bh, B, CEMAELERA—
MEENRPMBLL R, B, EAFHEERERTHEE, M
REMASE FERANFE. Mie hEE" B4ar EEXA
16 B i e R i 2 R T AEL A ), BRI UL o b 2 BT 52 B B P
FRRBEAGIE, HCCRMEERTRGEMEERNN R,
BERRR, BRNTHEXT R0 B R %R “PES BEE
AAWEY, FATRMSEE, MK PR KFERET
AHEAERRLTF A AE

P vifE KRR T e R R, RE T K SBAR AN 3 R TR
HBAR, JEAXHE SRS 2 P EAE R WS R R
TFHR A AT, X DAA IR BE 1) M 6 H LB W 5 AT B R
FRBA” , MR ROTLARE]—F 5 0 XS D (5 B 8
i TG 7R (Dirac, 1932),

H9 b, HAUR Tl RS ELBOR . RLREA A AR AL

|75 mrmemesmnpR|
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FREFGHOX — 2 JE, T AR — R AR I e i ot it
FHRWHEEAREZ P, SIRSMER TR Z K RRET
BiR. H—, RO TR, M iR ) B R T,
KEEMEAR G M—DRFRE S —RTS, AR E
—AFREGE R R . R, ERTES S, BRON T AE
SNFHZEMLIK R, KT, NRFUSE, HEER
HF—EWRERRTHNR T, EQETFRURSWE T, i
%Mt F, ARATRROAERF, ENRE~EMER. R
B, AMEAEARRLT R B AR 8RR — AL, i Bt
AR VBT A% 5 B 0B 1 3 B 9% K 737 i — R R BUTE 3R i 1
by BRI, RT3 R Tt A A
., R RABROAE TR EER . B, WRANS
ZIEZNMX— TR FHRT , I H— RS T %
BAR, RFRLT 5 R R R

BPHR DRSNS I EAE, 1925, BB, WHMA
ErfE, 1926) FkHr7(1927b; c; 1928a, b; 1930a; 1931) | #y24F14k
H49(1928) | WERRAAIEFI (1929; 1930) THEMERIZ 114, B X%
FHEERGRFECHEFXBREBIEN., —ABESFHT
Pk BRI, BISEMEEAGR TSR, SRR THI
7 (Hideki Yukawa) ity /¢ F B4, BJ 384 T 06 A A 0 7 28036 40 i
B, HABASHTHEEE, X—WHRARMETEE
R, T AR TR,

AEAEF A BT BN A R R R S B U 4
Wk, BB REMAE R T AR A, BRI T AR
JH A AR A AR T E AR K

| 20 teesgiemma e |



1932 4F, R 5% (James Chadwick) &30 T F, BANNBY
P RAKIE . ZEBZ BT, AMEER G AER R R T
BT —R TR R B, RFRPR T RN, Aaa
¥, RIFER TR AT RE RN B R ARSI R, XA
BB F) T A FESE T IR M (spin-statistics difficulty), X — W
S B R FER (Franco Rasett) %t Nz (i &5t Wit (1929), EWIR
i 21 AR 1/2 RLF (L4 ANTTA 7 A8 ) U R T4
MBS, B, IE Q0 458 A % UL (Walter Heitler and
Gerhard Herzberg, 192945 i#), 8R40 RIRE, MR B F—
TR TARTIRI AR A4 O EREB AT , TR 28N LT R e
ot PR GET B A .

HEA R — MR R, SRIA By % B SRR LA (V.
Ambarzumian and D. Iwanenko, 19302, ETF&PHET “K&
TEMRAEE |, REHQETFHRRT 8, i B &M 5 R T
TR, 3 WA H B2 A T H T A L K Y R B
e, B ETRR SRR, O RRER, XA Z AR
FH, R R F TR T T 2 O i Y L F—iE TR A
AEAMERA, KRR — T RSN — A IE
BSZEMRTRE, SETERFEN. BHARETAYMLER
i THE1928) , FEL)SANGERS NGB o, 7= 2 R K A 4b 78
AR T R, FORA R TS 2 6 R BR A e
TR, HFBRASERETR XH SR 3 B TRk B
BN — AN EEAE, P b, XA K (1933, 1934)
BB A AR A B R EA E BB —.

W78 mEmemsmROBR |
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AR TEXT T % P (1932) 4 e F— R TR DA A 9 9T i,
HMFT A0 b TR TR ST RE Tl B, LT
(1932a, b) LRIBFFHEME—AEHEN 1/2 (AR F IR B P F—
JRFRRIAS— MR, JPAERLE, WM (1932a; b; 1933)
T ST KB, I B3R (19322) P b — A
ROFRE MR “HBERG” B, Mt FRUE T A AR R
—ANERCT AW, BB R, X — BB R
FobbE A IR TH — AR p . XARIALLT 0 TRERA |
FNME: +1RPFE, -1 RRTFE. 0 BREIARR TR
HEEAHE AR, ESRFHRBAEMXR, A, EHRLT6
SEZJRHER— AR CIERTZZ ) B B B AG ) G0 Gisospin) &, 7z
THER & th L3k (Nicholas Kemmen)#E 1938 4E5| A, H-1EBA /G OB 13
WHARES N LR PR EEENER, 7

AT, FERBER, WA LB R A TR, T
e 2 R — A iR TR T R R R A, EX A A
H, BTFERTRMSRE, IR AR THE. BH
ke, PR~ ANEART, AR — TR —
Fo XAFREMRE BRE, TEMBRAA X P THE AN ERPE
WEER, AT FES KR ENAS BTN SR TRESS, %
LT H; TR P BT, BHit, BA%ANER

‘B TR BIE R

WERRAG 22 B 7 1 B A A T 245 44 (Ettore Majorana, 1933) fif
W, AU DARMITE T S5HFROLK R, DAHRANCHN T
HIRTREPEIR %, 45 512 MAZ 7 A A ok (saturation) 1 o LT
BRREE K, AR AT — PR R] -9 204 1 35 4 7 7 35 B0
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BAMMA. BEF TERALRESRALRY, FTRETL
FRARFAWGAE, SNRXHRAHTRZRAN, HETHBREMA
[ 0 MBHR, HE ELR D0 B A 0 A2 e T EL AL B BB BE R, X
B, DRI R IATE o RIT RAAIN , TR 16 AU B Ut
AU LA BN A,
HAEERRBM BREEMPIIE 548 T EA BB, =
MBI T BATLAA LMW (1914), X R AV A BA AT AERY AR
., —FARRE SR (1930) BB S, BO/RULABRSF A4 B A
MM h ARG AR SRR AR

ERFRTTRAEELTRE T, REL NP IS, LA
1288 4FFHEFE - BUBRERHEY MNP FHA
BT —RA S, E S B E AT LR, XA R, R F
Fod Foytk 2 AR EQ930),[R]% T 5 Bk oy b RAT RS
Bt e .

(1933)

FEMFIBAT R, P B R T R ER, £
BMZMRECAETIRFE . FRHTREE RSB AT—
R B4 i AR, 9 4% e Ak (Francis Perring, 1933) fif #4148 th .
PR BAES B LT B A R B AR — 2, SR T T A
HRTOEEL, Ok BRI R KRN — GG, EHHE
Vi 0 T3 SR AR LA AR FEE

* LERERERE P . —EE

[EXE 3% S0 22 =7
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B, PORKHEIS W R M RAA TN A R R R BRI A
AL RRLT AR T R AR

ERRMRELM L FHATRARNBHELETETH
FoEYEMBRA MBI RKAT BN L WM TF
ARTF 7R, CMNAERTRIE P AR TR B b 2 F oy
RY AT o R B CRE R P AR TFHER—AD#F R
EREMEHCEATRAED LR F P b RER WA,

(1933)

HW, XTI E KRS Y TR M 07 v, RERR
AL H BT (BT, BT BOE L

HFHBRE o R UT AR S, AR EN WL ¢

R BAHREATETATHFREFASAANE RN E
EEE LN

(BB

AT IR SE— 24 24 0k T4 9 08 DA B X3 — Bk e 9 350 45
A, RS R T8 RS, TESRIEA S, BRI RR
BRI FIRYE, X —FORERE T XM it T 2
MRRRETEROME . SRR 4 2K B 36725 BIE BB A ok (1972)
B ARGRH O WHEE,

K, KA DY LA B 4F H (four-line interactions) %75 ¥, 7 20
42 70 4FRBIZ A —H XA B A EIE, SN — A HGE
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161, BRAEATY B 71 B 55 AR LA A R <

AR AR SR A TR~
FoEE R BTFHARY A BRT AL, — AR T BN
AT R AT A P RTHER,

[QC =]

SAMR YR, PR 55 LA PR ER R A 2 Pt T P Bh 0 A SRRl
TR A, ARE LT AR BT 7 A A R I 2K E e T I
R T2 T LR R 5 A LA 302 R PR 2K
F T NI R (Fermi, 1930), X —FhXILH
J% | Fidt. HdR TRk R 5 (Robert Mills) BRI, 3 HL hF %
FELIFEIE Y RE|— B TR A HE K BTRA .

TPk R HE W AR E AMEE, R, EEBAME
BhSEENRT. REFORTMGPASMS, Sl Rk
FAL” HEARE T CEFRP T R, BBk R
FE—ROWHETHFH A ABRTS, b “MBERFRERERR
WA, T ETFRARALR o AEASEIEERZE” (FL.

B8, ETFEXEUAERIEHMRERTFIARSRT, W
Mo, MFETRG, BAFEMBEREE, AAHAEZRENKE,
MIXFTHHA, PRSP FR— A W B, AR 1
R E A, R TXANRE, A TR A T
BT ISR — A HR R TR RE, W& A—Buy
AE BB, HT A T 7 A 0 8 KR R BT 45
BRI, ST LT I Y 8% K 3 LB (Fermi-field model) 3R

W7 mFsmemsmumnL|
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[183]

o, RIEX M, BT T R A BRI R T A
FRTFHRBSKER MR TFHIERS. "XE, RIEHEHE
Bk 5 FE R F A AR T BT B R A R RO R

Bk B RAETRI th B A0 — A T — BT X 0 B e 1y o
TR T Z B 32 e S B AT R ¥, X AT A ph 3% 4% (Tgor Tamm,
L3O RLTH] (1930 K JRMFIE “B 0y BRIE” R “Bihmh
FHMTFIER” F TR, EXPEEH, —MRFM—
FHEE R A SRR — AR F— P T T . R
Y, BE BAAEMK, HR, fER—F B, XAMEEER
R, H, EERXMEBMR I E, WA 8RR
T BRAMEMB LR, TR T MM,

BAMIETF—h T I BeRER N, EEfE LNREE
o AEHX—RBTIE h RIER, H—, TEYHEEE LH—K
UET: AHELAEA A A R (AR R RTS8, 2o, X
W T, B AR AR R T R
XML EERE, ERAH T HEN SR T R —8
BHRR. I, BIBAE 1934 430, 2 B BEHOB A0 46 ) Bk A
rEBEREICr), B r < h/met, I(r) =1, 3 m @ERHE
e P WL B R AR (1934)

M EF, BRI “PFRURTFRMEAERRE r~10 %cm
WL, HRRRY i A HE T B A R0 B A
200 me(me RHF R, BB FEIERFUAITE MBER
Lk, BTXESE m EUTRHRETRR, EHEXE—MDE
JEREFERE LK, 55—l e A A R F IR P T2 4 B R B A — K
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A, ART, AT ORI A R AR SR B X BRI B —
A KRR T B

AR SO EERER R RS, §)IFY XT
HEARTFRHMEAER" (1935 REHG I A TR T, RN
Mo W)IT 1933 T AOBETE, IR SRR TR A+
FARIREY, 891 P A o Z AT — A TR R
N AEX—RBIM AR A LA 2R, — DR
BPNTER AR B BRI G RSP, SBRR, (A5 HE (Yoshio
Nishina) 4 T % JIl — A 4F (9 1, B 32 4 — A B 66 °F B 3 IR X —
e, 2

ZIRARA, Sk, HAMBERTRE LR, ZKHRIGR
&, RTFENSR T EMBERONE, 2R TRFERE%
S, MHNKE, WRAFMME, BEHRTHREIES B LR
MR, X— KRR RTHAE, T, 71934 410
A%, i — A el . — S ETHBRMLERER
HY 200 me JRREP AT, AREENFHRT. X—BRRHAN
FHRGHHER, 1R IREAM AR

G BEFHEZAETUATILR. — Bhd—R3%, W
— AT e, BB AR TR R XL,
=L BAR—FMREER, XMHEERRRT B BAMEER,
BHH o FHUEF 2 R R RORE R R ERGE”
(Yukawa, 1935), X — RS2 580 ELAF A S5 A AR ) Z R R #9 eh
¥, LEBRTHROBEAFNZ—. =, BHREW “UH" , X
—AHRWEEE, RAERIECMNG. X—RIBHNXTED
i LA B AR TAEIX APk, i api 20 42 20 4R

[EXE I S210 2% T2
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Jrp R BRSSO B B, ANTRBLZ
RER” Tk, BHNOTHENE, PHEXNEFRER: A
AR RS A A A, B — A R T 2

FHBIZ, ROERE, G058 HE O FERBAREY,
LI FR B RE7E w] t — R A AR R, X AR — A e
aFkd, AZXMTR, HINKQTHRENERE, BREH
BY, WRATRSH BHENEY., BRI FTRABRS K
P, ERMR AR —F R TN RRE B, B 20 i
4250 ERRHIAK, %) XFBMEERANZRFRE(—FERE
HEBE T, BRHKAKNEIKT, SNHELHES FREBRT.
WSk, TERERMIEIE S, R RBHEARN ROECT, REAT
tERte BB N R B AT, R, £RABEAHEEER K
PR, BABAERAIRN, ENGIFREY, E4 KRN
BB P A R . T BB 3t R A K B O R,
PR BRI R Y, FEREAHEAER PR AT
BERMGE—.

AE AR BT /R B 246 (non-Abelian gauge theories) & F Jj s # &
ZHl, ERFHR P, WA A AR S TR B AT LS
To HRTF GOKTREEF) 2 6 694 EAEF i 5 — g i 7
i, BHBRTHAUSEMER, HFENERFYNRSE T
REGEHE, EHRHEAERNATRE2 RN, SERTHEHE
HH B, ERFRERTHEERANEAEE s, B
S, WRARBRPEIA TR R, BTSN R R — S
W, XH, RIWBE TEELNE, EEMERTHEHEELS
WRREEREMM, 7.6 15, 8.8 9 11.4 FHHT X — M,

| 20 treesmicoyma s |



7.6 EIEW
EF kB RARR

FERPHR THHIE S, K HOH X (divergence difficulty) 5 HL i
1 B BLAG 625 K Cinfinities) REMI X, AT, XARERTH
WA R, Eh AR, X—AERE AT,
R - T HIIAA88D), WETE— RN a WERTE AT I fE
5 e?/2a MIEH., B, Y—MEREETHEEETEN,
RAYEMAK, R, WRETFRRT A RER, AR
FRReb T ISR RUE . BENIE (1906) % 33 A 78 9 2 Y.
B, RHTE T Al A — N R TR S i IR R T, X
BRTRASARE, X— B A X R JLRAR 4T
Ekﬁﬁéﬂﬁ. i, FAEXRE— RO, AT R E S
AH—AAERpRE, B, IERBAH TR S R AR
gatE—Rn, RS TRTFHATMEER, W, HEsRAR
(Ernest Stueckelberg, 1938). i ¥ (Fritz Bopp, 1940). K #7
(Abraham Pais, 1945)  # [l & — (Shoichi Sakata, 1947)#1F% 3 fts
N, FEABAIBFSE T AR VAR, AR AN B AR R SRR

TE 41K 1922 4% S5 th ) (£ Rohrlich, 1973), FEAIEHT
TR AR, T ER AT AY, XA T X R
AR R, 9646 75 /K (Yakov FrenkeD 75 1925 4E # SeR tH.
R FIRAE e SRR IR TE T «

— ANt P e SRS e %3
T — ARk, BRI R RE EAHE DR
—AKFL RN FIM. B GRS R T e A R

|78 mFmemsmRmLL|
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TR ERARKAN BT HEX XD RUBKH FLA RS
GEFHOu A 2B HRBHERRAANRT", ZLEFFEY
EERTH WEAENT LR T, BMNEZEFRLRAHE
o RFHAUSZFH N THE, RE XML H D EAR
W, REHLEBEELEBR S ERpEBRwEa bH
RN FRANEH TRAXNFABLE R —RBAT.
(Frenkel, 1925)

R TR KT ST I BB A Y HE R R, IR ART
e PR BME R LA B — MRS R, FRETH
X — BB T, BN, WHKH T 1938 4 B9 ST R
B, “MFR—AUTMERRE, AETFRE L IRRSHNE
REgEE" . B, REMR, EE R K (locality assumption) 1
JE A — BB, AR ARARAIX B TEH A, fixtitT
FRHIR A E A TR LEME T, X RS AR B 2 i
M EIRME BB IE M MEAE T, BAT7E H ATSCH0 T DAZRAB i) A fik ey
RTEMBEMZR, I E A RR TR RAE, UETF LR
BRITIX LT P IR G

AR R, FBRTIR, KBTI B A B RN T
WPASZEE “HMEER" , HIE SR T T R E
B, R, ERBFLENHEERMHRT, BOAENESET
AU AR RROAZ MR “BAEAER" o XA SR BT o o
BRI, BT 55iSH HB, RERRBIT .
EFHRTHEF XMk

AR (19302 TR E], M 1¥ 4% 1A R T R4 4155 2 1 19

| 20 rsesmenome e s |



MR, SR AR — TR SR RAE TR, (L BCHE Dy Y A B
FHRAETI AR, BELE, EEFROAMEHXTREFLIN
HIXHE PR M — AR R B0 X (1929, X—EEM T L,
AR, A% AR TR T, W R B R,
VAR I o ) TR AR T R IR O R AR TR . BT
BN BBV 7 . AR A — L) 9 T 325 B A W R e B 9
FFRMRES, XREA TS, N TREGRTOHRER, B
BERFATR T, SRk, XA R R R R
#. BN, MRREEEN, BLELHFB—PRBHH
WM AN B BRI AT R, HE AR
FAMERE-RARARE" . X8, FIENEFTRIkART
SEHCHMMEEAER,  FIERARIRE 0SSR, KB
BT 5ie SHMHE R HIFERM, K (var Wallen) 3 L S F IR E
MRS BEER,  Ei, ) 1930 SEM L E R R BAR, B
BE R MR R AR E AR T
BRrEHFFABEHRKEX

KR, WA — Lo B AN, XA EEAT BRI 2
BB TS, ESNE TR, REATHEEE. B|ER
(1933a, b; 193 ZELHHER I —A “BEEEE" SIADEL %L
JIHE LR, B TE ) % i E] B 38 (multi-time theory; Dirac,
1932) i %, X —HHE, 8 RS T BOR T — DA B (R A2
BRor, BRI AT XM ENKEET RTR .
SERGX R R, ESMENE T, 5% T AR EAE A RORLT R
it FAEEAE, XH, FTfe SEET RELSIA-PEERT
PoCkISEBURY, MF—NEBTFRE, coGONLET 1, HHT

W7 % REHOmEHRGEL|
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PoCk), M EBEZARTE N U = e2/n :Po(k)dk., HEBB

PoCk) =1, MBI EBHRMERE. WRANE L o (k) B
cos(k), HBRBRABUNE A = 0, B4 coOIRH 1, IH A
RR—ADRRT, At U BRG TS,

FEBYFRXATER I &, ARG S i €45 512 6 1 B 2 1.
AT IR 5 R BIMRTENE , (EA SHUH AR o4k 1 i
PR RIBORA KR, T RFHRKB, XFEBREHN. X
TAEBLXAAEA K, KBTI 1939 SRR SO, WAEE R
JH R FFER B9 R e A O O 5 R AR, KBS
142 FRSTR R, AT RHX—HIF, HLEIIA—A RN
TFANGER, BB G AR 5 M (indefinite metric), BB, b4
B L3007 R BHIHFE o
EFHRTHARAR

BRI K (1934, 1939) ¥ SE i R AHTSE T 1 ik 1) o 9
FERETRATAE 2RO THRER S, —ARH TR/ R
FHIERE, XTAEU €2/ he RERIFRIFER B 0 — BBk BE, H
XA TEITK .

BWARE RN E RS RIN T, WL S RO R, i
R, BHT=ARE, BETFHRTECCEYETEET —MRR
wlEE. -, LABERTEBANE, HHMERA A HTH
B A2 “XETF RZ R A A BLEE B R, B R R R
RS — AR E RN T . E, BRI ER W =
e*/a REMITITR. B, WFA—AT I — %
HEAREIE, XA AR RAB RS, B

[ 20 titsasmienomis g |



) T WL, AR T R, (/) [ (B

— H2dr i, B, W E AR AR R, AP A AR
FORA AT H SR, SRR B 1 E Y L 375 37 ) T R A LR
W =, 20 1A SR K VE SR 00V 7 & R S RE TR, P
Wa = e2/rhem limp- «p? %iiHi,

BUNTRRG  E— 5 VA0S BT T KL 5 DA 4 Sl LA X —
W. MIEWB, B, WHAHEFERBER, EHFEARYET
ZEA—A HRHT o XA HEFNT BIERART AR, M
PR A — M DR, AR — LR, A
LR TR ERRIERT AP “ER, BR
AHEW T RTRRA., HR, R, AfHRaKIER T EEE—
AREBUHTRERNEAEER. Bk, B TRFRT RS
h/ mc ¥R BB RIER, X — A TR R
JE AR L B B O 16 0 R R O AL Bl R B KK,
Wy = mec2(e?/xhc)log(p + po)/me[3X B py = (m2c2 + p)HV/2],

R, FERFEELREE, ENHETHERRNHEET,
H—AGPIARTREE AR SO R BRI, . XML RER T
HERFE R, BT WM BN RS, ERBE AR
3, B G IR R A LR T B RSB AL, B,
SRS —AET, SRR T e, R,
BPHEH, —RTFHRFRER RN, BRI R AR TS
i Ua =~ Umg, SREFHRSHHHLLER (Wep = Ud — Unag
=0 MitE, RAVKH, B TFHE S E X H B TREHH
4. Wo = Ud — Umg == 2Umsg =~ 1/m(e?/mhc)limp= [ ppy

|#7% RFHOMELAOTLR |
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— (m2¢?/2)log(p + py)/mc],

W, BT PIRER W5 B T 200 P RO M R A R B A
2R, B, MEEEHX =S HRAERRESEN, BT
Wi R R BO0E Wa i 748, Bt WoliRBIZ RS Walt i
fHH: W= Wa+ Wy + Wi = [(3/2r0) (e2/hc) me2limp- - log( p
+po)/me+ o i EEBTRNE R AED, B8R BEE AR S —
e L8R X 2 1

BRI R TURIE T . R IR FHIEH, BT w0 BT
HABERERERN, TRAE-MRRR YR, ERX—3
JRANBE 2 T e ) e B R o Bk 5 B BEAN T R BOTUZ DN,
FRER R R IE X B R O TE I Z I, X — 45 502 20 1142 40 4F
REREELHESK— MRS, HEEBELERHE—H ZRS
RAEEMM . MSEROR, BT 507 52 4 2 HE S 765K
PRMAEREZ B, X4 AR A T3 — W7 3 2 iE
R, BPEKHISE R A SN B T RIS T — A A R,
S-S Y A RAE R A KA A, FAKR B E
B,

KEARZHEF A

AT, KIEHAEBE %R, RACIHT N SHTE
TR B R, T 32 ) 7 A BRI L 37 (1930b), M g IR 4
t, RAERATAEZME B AN b B2 T T R, (B2
LM LB B, TR A 2 T RO T 9T K L 5
AT TTRBBE” . WE— BT RIIA A K
KA TE FL I DA ST (] b,

R RAEHIRTERS G 5 96 LT — R T, BT

[ 20 e smic oy s |



BFHIE T2 A SN RIS K. R, 5 REHK
ROTHKEEDRRE, BREIHWEFERI—MERE, %
it AL 7 B2 o phy S0 30 HL R 3 7 A ) P —IE FLF R T T B
25 e B PR P O W BEATBR ST A R R R, LA IR 9 L
Q9O KB, MALF X RERASMRG AR Z LR (- oK),

K = @/of praae pysdp s /a7 p1as pr-rdp, wh

HBEARMHERZFET (- KOMBWE, MTRE p ERG, KT
ZRBUNEE . MATAK, X—ABAERT A B HE
HIBRE” |, ¢ “BUR TLERTA B BB/ BER I R B (Rb).

SR, KT XN AR TAE, 7€ 1933 4 10 A BIFMRR
HoUME, EEKREA AN, KB E T AR ERLEY
12 i W4 4 BL—38 52 3 8l (Hartree -Fock approximation), 4> fg 454>
WP AAREERS], R, BT S b — B i
Iz AT LI R, TR AT (A SM RS RE ) R B BE o AN
CRHELZ P A I % RE 7= A ) AT & BE o0 Z M i X R 2 o
= 4n(e?/hc)[Ap + B(h/me)? Ap], Hoop B R—MARHME, AR
MEBHFTK. BT A WGP I E 4 8 L (cut-off)
KhrvE

AHERT RFIAEW LR T AN B o, TRERG
EAXBRFEEAUREEA TR L LN, TRMZE
1/1378 F # — MRt

(Dirac, 1933)

w79 mEmemssaLL|
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[191]

TBLTESR T B R B A RS R F XS, £E
ECBEN R RS R RAAEEEXM, R, AR P
B AR L BRI, RUIX— TAEH AW RARRE .

1E 1934 SEER S0, RRLTEN T B2 o AT HE A4S P REAT T
B, BTHEEWRREILHT AN, Bt “BER i EAR SR,
BB ERTHF KRR R UE T NERORT, X
FATAT AR BEX AR R E M R EE” (AL, XA EE
SRAGFFANBF ST HE I R A B R PO . SR EBHEERE R 7T
VAB RIS RFHERSY, R = Ra+ Ro, Jh Ry SEFIAMAN, H
B FHRAMAES, CHREEWMEN, HIt, FRFMERT
B R, AT BRI R AT 2 TR LR XL TF Ro ST A 2 Ra
H— AR, ARG A T T RIUE T A9 40 55 Ry HIXE R
MEERAMERE, A RYE A RLA, XBRE N LT
KiyH =R,

XE, RHFKOHERERELRM R PRER., (EXFE %
PR, Ra 5HSHHRRM PR T X R, X
Ao A AR B R LR A, (HRAE20 4230, 40 4Ef—H
AT S R AL R AR AT, BF 20 42 40 SRR
W EACHER S TR AR, X — B BT, KBTERTRI
BRI R R0 L93D Bt s WA LK, Fif B R s
KA RO L SR %, ARG, X
AT ERGTEIERT, B84 EE MR,
REMETFLAELLGLX LM

[FI4E, YRR (Rudolf Peierls) % 81 T — ML & 76 B2 M AL %3k
KB Kk, E5EMEABNAEENRER, %TFX—%

| 20 teesmichom s |



R, IR -

RGN - AN FEHRR AL FRRARFTSEHE
ShE I 4 T R AT A X WRE
(1934)

RRK RS AR, AMREERAE R R R R
BFABE-MARLAEN TR, WREOE LRI~ LB
GXA SRS ST RSV TRRO BRI D, RIRA LA 1%
WREE, X—ES5H— AR RAETe, Tl HERE TR
LEAERT “SMR” BRI G.  E, WARKTERR, RATN%
fBsE, BAVELELILR A A “Fhs £ HRIAMBWBEWGER, X
AMBUE 5 KB S BUE A — B

TR BB AER D, XA RA RN, BEHE—S Y

Fholx — b P L ENRE, RRE-AHRAREEE. B
REAKXBAERARGABOBEF LR AREXLFTRT
T EABAS MBI LB E,

((E=)

KUCEERY, [ EAURAMIR—BE, RRHTXHR T 5 A —
MRS E, BN EEERKEE, RIOERE, 781
R, FKHSE. b BARANER R, SRR AR R X T 18
FRHERHERT, (BRSO TTR— A R RO 7, IR

| w75 RFmECRELROTR |
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RTHRMEARLH, LRSS FFIA— ML, WX A H
TRERAERHE R AR AT
SN T & EALE R

1936 4F, AfIE &L TXFERAE I, B %6 3h ot 71 25 K 7t
RS TFHRSARR, SOURIH KM E R, J0o5 K E A B,
ARSI A R, EMETER R, 2R, ARG
i, BIEIEMHES, PR AR — B X 6 655 K it BU Ry 2
W, WEX—H, SRR (1938a) BIBRIR Y, AU TEET KM T
FRAAJUIE T2 A 0 8 0 R 40 B 1 R O 2%, SR, — ST ORI 2
R, W “BAT AR A4 AR " (Pasternack effect)®, gk fk 45t B
(1938a), ih(1938b) X4 1, PRk, LM BRIX— M FaEA
%, BHEEEYRYMATHHER S, REEHNCHR TR
X —ERR AR, H2, MEEN KRR MR B
" ERFHERIAR, ST RGR R REWER. S, ©RNHER
#% (Julian Schwinger) 7€ J& i, 3 % 1E fL 3 i (Schwinger, 1983) (i —
AR

HHGFR
1E 20 HiE48 30 ARG, FEMCH AR b B T 5 — R B9 KA
fiE. 2%, 795 B 01 3¢ (Braunbeck) 1% & (Wei DRB,

Fa(= e2/he) BRI K AEHHE HEARIBCE , 2% 80R
(Braunbeck and Weinmann, 1938), 31 | #l 3 /K 2& (Pauli and
Markus Fierz, 1938){3X AN A 1 o (9HE FRIF XA AT A6 IE 8 0 E
o MR, MRAIHAT T AR, BEB R « R
FERo AT T — R ok £ T IE AL AR R I A A e
(contact transformation) ik, #4MBITCI5 KK B R MR E T &

| 20 s smiep S R |



T, DA SR O R A A AR, AR TE IR WA
B MR . ARG R AR T RT S
WARE LR 5 — D BIE.

AT 25 WA 620U ) B AR TE MR PR 2 IR IR E
FHREK (1930 MR HEHIAL B T XA PR, BB A XS RS =
AERAY s DR ) BULE J A 1 B o T HEAT SO S P
TGRS s G ELIRTEYI A4 T I SR B HBOA 9 RE BT R B LT
IR XAy, (i) 45 A 95 B BT MO A 7 24 0 B R X
5. MuBgVHRRS, FERRS D RS GO o i G — TR BRI,
BRI R, TWAIFAH T —MHRILR, EH> D
g, WEEEZ: BIE I, ERRTURA R, ERbHAN
Hig M BSTRIEEIE, SRR BRBI.

FAT X TE A XA R, RO R A P T B IE ARSI BRAE
B A ST AR A AR . TEREB) SRR A BT R R B 1
FH R AR«

(R Serben B . 2t E T 5 A B kAT ERT
A A TR B o B HOAT AR T B0 S B B X B AR % e L
R,

(Dancoff, 1939)

B, AT i =0 A A BAE A —TZ R, PR
BB KA AF AR R A OB B IR T O ARG
AR, TTAM—MEA M RAEEREANR. " (AL BAR—BE
(Sin-itiro Tomonaga, 1966) ¥ 3L, IR FHEHRARIB 2K MG,

|7 % REHOMEKHGTR|

[193]



[194]

M2 “EERBEHT RS EERR" . RIS X —
VLB .
AR

3 20 it42 30 4ERK, FPEAETHIIRAER OB FREANT H S iRk
WZERHEAERD AL, CEFSYEERNRFHRRET
Fb. EXHEHIH P, —HIIA—A “FME5H” (compensative
field) A BRI T ok, P40 REF— MR A B I FHINE
WIFE YR, EX—2MF R, HIAEEY R R
(D’Alembert’s equation) i BAF I HAF (1 - (/k§ DI EE, —
AN I B B TR A BE R A R AW I AR 3. gk
R, BRI B A BBEE A = AL - AL, B A
= (/KD An. B8, BiE AL WRZEIHHR, AL WE—
ANFE A kh/c ERBNFRFR, B, HiFH Ry ¢
p=¢'—¢"=e/rA-er), Y r>1/kit, $=e/r, BIEH BB
% M= O, ¢ = ek, SXREKH 1/k RYBTFHARER., W
REBATFHRGE—AD 0 PUR™ S CEX TR SHF R
B, AR TEFAOERN FRREBEG, EXANTY
o, BTHEER-ME R,

BRI WM e, IR BRI, EXAER
B, YA B AR BAEBRN, EXAES OISR A EAL B B R
K, XRBFHLPORFRE. REGX—EHME, BEMNEM
SRR EAk AR R i #h 2 AR, X F IR (1945) 3R H (1947) Bk
(1948, with Koba, 1947, 1948) Fdifs AF B # HE KB, T
H, $tB SRS A2 M 8L Jr v (1948a, b) FUHL Al —4Ehr i
(Villars) AL 7 58 (1949, 54 T I B 45 AT 51 A — S BY 55 89

[ 20 s e poMEE S |



B E, SEEOELEM,

FPE AP, FI(1945) B T — TR B A K B X
IR RO RICGA AR THE—AIFOW, FXFh oy
K, BRXHX L5 RE F B TCITAAME  FORRA A TIEN , AT
ERBRAMSGREBAR. X TRTFHREWNEY, RIFEE TR
TRORAMEZ S, ER—APEER. SR KRAE, XA
WEN REFEESHETHE. MREAXR e = f(e @i
W, fRETFERBEMAFETFHEM BIWE, BLARTHE
REXHERBTL AR A, AT, WIFR A FE—Fh IR 535 55 25
RERERWHZUFORESHAME. FHilt, €8/ TFHCHE
L SWE YNV NCETN

I QMDD IS ARG T IR E RSO R G50 . b A ME
FHNRAGR C AT, Rili, KEXE MR EORELE 2
—ANJ#8,  TE@AF % — BB (Toichiro Kinoshita, 1950) & iR, 41t
WY RERATHILANZ S, B AN LB X R AR
MR, R, 48 C A FRBE ME— AL A0 2 34 B,
ERBEASIAT BRMOMEE.

SERE A CATFHMER—DAMETR Wk & iR B
SSRGSk P 4R P A AR R A L, At 9%
# %1 (Tomonaga and Koba, 1947), [ k#5k fl A B (Koba) 7 fti ]
AT ERET AR RBR T RETIER, BR, RAZE, &
THE A —FF AR Z R FO, i & 8, HREst
BRI TG B T AR AR B A T, AP B A
T. BRAGHIURE, HEENMTFRAKRHNEEXTE
W, FEMATMIE T —8HR 25, 768 FRMat b ol o5

[m7m mrmemswmmn |
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[196]
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K, BT RBAMARNGTZEEN T, BT EERAEBN R
2GR AR R T AT S BB R . XA, BKOE
AEEFARR R BE—RAHOEERR C A FHHAMELH—
St FROBOH SR T — M HRIE.

BEREXBE—TIFRREEM. MR 5R 8
BEF XA, SROGEMETROEELIENXENRR, it
TR RS HTRATAH R A A1 R A s TR LR 3 B0 LA X e P B g,
MRBEE., MASIARR TG, AXHE—F7 B0 B Cm
MEAERAPAERZY, RERTREWER, Hit, XR7He
Heidh, XR—Fh5 EIE ALy ¥ CE RSN BT 9 — R RO R
FH T, BARX BRI 1 B T E 10 bR & Y B AR (O 27 55 it
.
& EALE R R R

L2 A T IE AL SBUAR 44 T U1 4% (Hans Bethe, 1947) 1% 5 #7 (H. A.
Lewis, 1948) g T.#F, £ 22 # 1% 5 5 4 (Lamb and Retherford,
1947 R B EH R AW BB FARA, NAFEZTHR
OB AR K AR, A P AR A 5 AR ey R AR LA A
i, X—BAUENERFERPHEATIT R, BHERER 2%
. SR, DR

R Y8 S EES T B IAR & Lobe &G 2T
A RET P RAERY AR R RAKKZHO,
Ry, RAGS YHAY, KAKEELOBEERTHH
bl s S NP APY YR L S EE € S P
HELFERARAKABTARABAM TELRBNL

| 20 s sme R 5 |



R T 5 A A b M il P . SRR B R R
BT —AMHELH mc WHKER,EHFRTRY — KA
FHRABL.

(Bethe, 1947)

MR TR — A L2 G, DURE A XA R L T e AR
BT BR MBS, R8T — A5 LR (1040 JK D B 4
WRHEHEHTHER.

DU S FELRE R R AN R 3L R T XA TR A 3B — A
A L R AR 5 3 ) IR T R R RO 2, T AR (R B 22
BB, BRTHATRERSHEEMLS (X—REE R %
FFHTRA) , DU B EE AR B T A R R TR
VAR, SUR BN KEATTRE, AR A TN, XS
7 TR RIS R A A R MR T R B, 5 R
RE, el “GH" BF RN T RN E— S YRR T
g,

2 DUREA RS OB, X1 55 34 (1948) 488 R i 360 1F AL A8 P B i B 0
R AR E R A R, R AR R, X5
BEECBENAFEBERERE, BEK, REEEIEELSH
LTI R BB

BT - AON R, ERR B R RRT Y
LE SEERESEE X ER RS o
(Lewis, 1948)

|®7% REBRBESERGTLD
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BR, AAY— A YHES R (R THROMIT RS, X415
RATIEBTR R B B SR RA BN, B5 B SRS
EHABBORERY LA, BT 379 7 4O A XS R it
(ultra-relativistic energies) &b i) 2 %, 1E 0 48 B8 oh R #OFF R 8
B, B DA T30 AR A A AR % 5 B SR IR X 4 FF
k., ERFRFFHERENRE, FOPHesRRbk, BAR
WEERE A RAEBE, AAMEA AR T AR B R T 50
HORAIVER/ANER . SRT, AT 0K A0 4 B AT BASE L 5 A—
AN AT AERCF EATCASSIE, WY DA o 0 ) 5 6 5 0 T PR A,
TERXANE AL, 05 BRI L/ NK R

XA EEAC IS OL R T35 AR 5 5 I ARk i 10
TR AR , A I BARER S A& B, SREHM TAEB.
R, EAEME LA BTA L, %0000 IR A S A,
MG, ARSI T T R L6, At —
FREGE . FRLEHLE R ARMR 1E R T R & 1 A T e Y — R S 8
HRE, BEYE LY ERAESAFERY. 5Remis
B, X5 HER B RN B R B S A R “H” RIS,
VABRAG SRR R, [RE AAT LA PR o O 25 S R R R, S
A, WEMRFHRS T REGYEERM, Hit, LRRIS%
AL T E AL G LA o ) — N A,

RUSWOEUED DU 5 T T R0 30 o rhu R R k7= 2 ¢ M
TR R TEF o 05 20 MR8 P b, 42l
FE— A RAERH RO I -5 FHR R R B R R R TE 90 R R 2%
B, ME— B2 K 1 PR R T 0 R 0 SR W HBK EE, — B
FRRE BHFHR R 2B, X —BEE RN, HiL, XS

| 20 wreesmieooma s |



FS R, i AER K R BT KON, T DA £ LT B
FROEILRRA 0., Eit, WRGAERERRT N TS
TR, GBI, WA R A T T R R A B
M. R, OEFIGKR R T R R RO, S LA
S 0 T AR M A
EMER

FE XIS HT TR, XRAR—ABR LT KA
STRSAMROTERE AV, XIS WRIA, o MR R 0 X T WA B AR
N (canonical transformation 7k, EMFEAX—HAF. M
A 1948 B, XI5 HTHREI A B EE A I T R

KB LUMAAT AR RS F N EHRE, ARE R
7 H R T OR R T8 R A R T R K B R
(Rl k)

A IA S, B A R E DA T = AN I B A O TR T SR 9
L

CHRERETRE, TARL TR A FRE: TS
REMNBFHAEWERT SR LA - sRFH Y
LA R, A W T ARG EAARE,

CFlLE)

X AR AL A RO, R A AR A T2 — R, K.

|87 % BEHOMEERMOER |
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RR-FHLTHA- M REFRECTHE, RALMES
Eput s K. (BRIFANAUBCEEEEMET
Z,®

(1)

HF| 1948453 A 30 HFl 4 A 1 HERHEQWHIF, MEREA %
FAMENZES, SRR 1943 43) 1946 4E 1M E K8 T HIA
7RO T30, BT AR B RA A, X — e RE AR R
&, BRAX—I7E, M (1948b; 1949a, b) W HLREE A I IE B F—
W52 B AR &, R 28 T 9 T 358 i R .
RIEEBISE, MK LA R SRIERME T AR, X5
MARIEHHM, 2R EMRTEMISE S R ERH L
TR RS E T TR EERE, R T—ERT
SPE MR A K s ph LT A B R Y B R, RCT RO
RS, IR G

B4R 4 2 R M B X R T AR O R AR
REEAY e fom SHBRLHWHANE LEERRUALL
ERNFRBEECEFZP.

(R L)

DA B S OISR A0 S FE — o SE BRI RO SR, JF R 45
SEHEMIBEE TR, EWIE NS, 2850 RSN R HOBLSY . MERAS 73 A
IR AL T — RPN A VT, R AR M REAE, R
SERGEBMRE, X WLE WA SR T EE RS

| 20 trsesieaoma s |



EAR S, WkE TRy R E EALHGE— 5 M RRT5T .
EESE S

RAFHK FURE R BT TR R 2R, H BRAEMEN
BTSN RMBRZ G, AN EIERREG T — D FOEMHR,
(B At A% T TE A AR TR T LT o AR B — e R R,
5 UAEFIX 5 BT A R R SL A R, FLAE 1943 4F, KA
ACRHR T — X TR H MM R MRS, I Fil
HIRHEHERE R TIEIIENIRT 5 X R FEEE S 2 2 AR
WA, EAXAEMC, fhiB—A L IE A8 #: (unitary transformation)
FERBA S, X iR e AR A0S AR XA
B GSRBEDBEES T RS, RAMEERTRET TR, B
6, #F) A T AH E 4 J %4 (interaction representation), /)5,
MR, 2% AN E AR B, TR A 4R IE
A, RS XA EAFAERE, ETEROESEIR, 1
J AR RET BRETE, TR,

SR, TEALI R, WK B AR IR MR k. M
B, M RRIFEMER A, BB DU TARR, ARAKS|T
R

EAHCAREAT - ARETARERERGT RSEE,
HEE—KETHYEREBERET EHKR.

(Tomonaga and Koba, 1948)

T, ARG T ERER, WHEZN “ARAREER, U
MEME. B PR Rk N EA B, EXDTE

|97 8% RFHOMEEMITR |
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o, BORIIZ RIS B — N E Bk el RIEX BRI R
BN B BT IR, DARE B R BT, IS BT C A T35 A% —
A R4S R (Tto, Koba, and Tomonaga, 1948), 7817k il A B2 fy
WA, XA CAFHBMYEEEFELHBMERIZH, UK
WA E A RO RE, EREETXMUE R
B SRME.  ASR E AR R AL ER A5 R R R, A4 C AT
HSIAER N EEARE 7 8, AR, ERE ARSI h
B AN KR, EE, CAFHISHE EEE MR
A8, AR ACRI I A FI A3 5 9 T A o T AE AL AR A TR
®ERAHAL

EmEARE, TEABRFO—MLEBRER . ERTFHIeI
LR AARE S R, SCBR A R /MI, X AR
T, A1 BEIEIX 2 KR B T35 DA A R oh & B 4 55
TPk, MHEEMRAEIRE S, A WMERR SR, FEi, BT
AL SO 9 4 B 3 FAE M0y LA A3, ARAR R 2t L — 4 Y L
I, AR Tl A— R AR R RGO Y AR S RIS A 1 o7 2ok
TR, R LU R 9 R BT X TR R A 28 S
TR i6 (1948a) i i i (1948b)

BI85 X AL Y O X6 M AR 1E Crelativistic cutoff), X —
B~ REERIL, 45 AT R 0 & Ok AE, ISR
TR, GBI R ORFHER ., X —EA B S0 F
RT3 00 B 25 Bk %, BT T R 60 0 B R M g (w2 — k)

= J‘:[sz = k%) = 0(w? — k2 = 32)] G(A) dA B He I f 3 E o 4

SO = kD | XEL, GO R—AEMEECA [ GG d = 1,

| 20 tit 415 e s 5 e |



N TFER/TRHHREMER S, XBRER J‘:[Ukl - 1/(k?
-] GQ) da Bk 1/k?, EeFE, XEFRHEMET kD
= [T -rde - ew Rk,

T HRFHNESKE, S REAMRCATE, BXRE
SRR T =~ ie2/x] "Ly p 7+ q = m)TyuCyep
- m)ly, ] dp HHETHFHRANL, FHFIAKKEAET c(p? - m?)
Fcl(p+ @2 - m?], XH,spEBRBGpur), (y+p+7y-q
= m) My p-m) "L REEMHN (p+ @ M p RTINS
7[5 (Feynman, 1949b), b7 ¥ R7E DARESR M SFAE A3
AP A TS, B, BABFFXFHE. A,
NnESFND, WHRTFHSIAEYIEEREE, —NERSA m gk
TFHINL TR (m? — A2)V2 0T H FTRRBTENY .
% B B RAL B AR N RAFTE R — SR A I3, RATRR
BANLRSIARRMBHEF. R, BILZEHAFRIA—E
% (m? = 2DV EFRL T HITIRR, ARG — DR, B m

GHE S (m?) | R IL = j: [m(m?) = Jw(m? + 22)] G(A) dA

REE, WRLERRT —LIUKBT A 250, —Els.

HHF A BRCBRLF-BOR T AR S, T 0 AR S LA AT 1k B
i —HE. WE, 76 A BT RFROBRE, X—HAPBRFEEK
WA, LR, WMo, BIRKET A XA, B
ERARA, BARTE T IR AR, BERARX RO 5 AR Bk S
SHETERMRZE,  FFHH, R TR R E 2 HeAth
Rt F UL A BUR, A8 EIELIS BT AE A X Nk T 76

| %78 RFHEMEERMOT |
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FRMBEIFE. WR—HG REE NS B A E— R —
AEIEAHER, HB2X MBS HTEER .

AMWFE L, %8 RS HERIL SR T 5 A — MR (Rt
ABRBLT), DA i T IRAIA 0 (367 DRLF AL M o295 KT, 27
BRI EARFT LA TR SMERS,  AAMEEIE S,
AATA R RAE G BDRL T, BB R LR AR AT M Ay, I
HWsE A SRR AR, ANTELL, REBEXTR
IR R A . 40RO R M RS, XSy
SRBAHTRIK, HAEFN ERAATMBE, LR kA
X LA I8 K K IR (1947, 1950) 4§ % (Umezawa,
Yukawa and Yamada, 1948; Umezawa and Kawabe, 1949a, b)fi3{fth H
YLK, NRAIFHEE (Rayski, 1948), RAVKHMAE “HRieE”
(formalisO 2 #1, BT 9% 8 & 4b, %47 54 HR AN 4 5U/R 161 ¢ (Rivier
and Stueckelberg, 1948), i FIF4E R (1949),

PR G T IE AL T I A TR 5 43T R B0 1 A
HUAE D B RAEHE THROL T B RTE R, LR T — 4 A
(diagram rules), DAREFERAY MBI S HRETHRIBAHET, U
A7 RGP L R T AR R (1949D), I ARALIN 22— A
Tl AAMTR, (G088 MERANMTHRTFHIE MRS
PR, AT T Wk, DURE . XI5 A MR A T IE U AE
B, REH S WMEELMBH, BT A X —Y) % 8 & (Freeman
Dyson) i 1o 75— 53 47 F 41 € P A ) T R 1 2 ot — 4~ 1 08 ELSE 49
HIEATHRGE T ek ft,

Fo& 6 & E LR
ARG AT IUAF . XIS, Wik, IR % B B A X IE
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AR, RSB, MO Tt BUAE S SERE ST S
B R, T A 1949 4F YIS0 R GEHHR T AL B 06 K Y
TFACARSI1949a) , I ELYE [FI4F i 55 — ol SCBE o i A G T — 26
IR (1949D)

AR T e 2T BRI, o, MILIE T Rk
S AP R TR DA, LK, MBSE ST AIEA KO R
AT A SR PR T DAL AR AR K R TR, AT
x—ERMHN, AAT T I8 K 4 P B k= 3Ee/2
+Ep—4< 1, X8 Ec fi Ep 42 HIRER A H5h T RFF T2
W, BRSO, WAL TR R RE%, B
T AR, B ML B R T RO, FERE— S AT
o, AREIA T KT B R M A0SR, WAL RUR T 4R i
B, R R, %%, ERXEEE, fhiRmEit e
— A S SERETEI, BATRE % G A IR T A Al R s GO R
WA A R GiD A H G T St= Z2 St Di= Zs Dp
TR T = 21" T BRBARBEHE T Sc. Do A D CEAIR S
SHEEHOD; (VAFORERE ¢ =2 v, v'-=Z) v M
A= ZY? A, RERSSIREBH ¥, ¥ M Au, B Zi 2.0
CREGET . AR, SR TG, BT TR B
=AW AR, WPTA MBS B IE, RABMALE, LR
WEERZFFB—A “RIBET" (Z1' 22V, RIEHEES
nBAE s, BEH—AET el HILGH oo KB E R A
IR BB , HERBORM BT e = (Z1' Z2 ZYP)eo, W4
AFARTE UL O A o

| ®7 8% REHOMEWROTLS, |
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262

B, XRFERMEHR o« = e2/he 2P0, AR
HABMERABY, AMIARZENE: A AREFXE—MEXRK TR
H— AT AR IR R? Al A R B 4 A KRB R
SHETE RS RIE R, bR 3E, BAMMERFOIE T 4
FEREWIE AR KA AR SHE TE R AT BRAY, (ERE AR ARIE R X 2o 5t
BIERSRAIR A R
B

FIEAGORR M =AEESRAN. B, BREIEM
T BT, B, BHTH RMIAN N ET B fER )
ACHMAARL, =, @G R IE AR B DATS B3R T 558 69 th s
A CHEAE %SO LA B R #OT, GO FRA A EEW, i)
T SRR AT 0 2 A AT 4 B b B % H A — A TE s L
B, R TR, BT X - BEEAR, TAKEERENE
IE, I BRGNS AA R, Hilt, BTHRENBINA
A ERA DT B, R Y R B R BB
ERHZ—.

PSR 5 FX A

ARG, TIEABBEBURITHEZ —KHL 5 (1963,
1968, 1983) , /i T 1E AL AR AR BT A7 X 26 5K A2, ST 5 ek
TR, EKBER K, BiA X2 | IE L IRE R,
BERA — AT R, B — A AE R R, M
¥ef bR, WIEREORZE T KRR RIST /ME, X 5HeEHH
BEIIBAMR . B, R — R A ) SR £ 38 4 49 3% (Dirac,
1968), M#H Bk, KRN R TR R FFER R % «

| 20 tit w0 |



BMAFoEAF SR TFHMLIEAERFEX ERAMH

PR et MR R AR R R R B, 3 — AL R,
H P — T AL R R

(Dirac, 1983)

R, EIERERF S PHEROBERTXR, JHRSRR
BT R RO MEAERRAXR, R, ERR—
AR ROFI G AN, FH, ERRSVIEEE—
J AN B (Dirac, 1963), 7k 5 50 56 ZU it 37 5 1E b 3 58 VA L«
“DOAEM B bR A S A R AL, AT L A A R
#, " (Dirac, 1983)

KA B KPR, R A AR IA -

WL BN (EEM TR LR AR EMAE TR A ¥ty
EAEE ERELABAERERAOANRT, U H TAETK
B IR — A A R T R

(Tomonaga, 1966)

% & E AL P

B, FERKRLTEN B IE AT b — SR 2 AR {HR
Bk, MEHIPLLPA KA R, B MR IT2N T H LRSS
A, WL, WIEASRREER R LA,

YT B, BB IE S5 Kk A8 5 Bl 4 R Ot F (R —iE R
FADETEFT KT KK, RUBTFHEHBRARLERASH
R AT R T—IE B FXDMEAEH M ELETR. BARR

|78 Rrmemesammm |
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264

FRABEOYELAEE R ERITELY, BREF K RERTERE
JEAE . REER, XA RN ERRFHRT R T H 08
B2, AR 5 3 0 ol S SR AR 4 7 A B SR S A s 2
o BRI R HOR X R I W 2 R AR KR, TR ST E AT
AT, X HBLX LY ER T M e Z AR, EYE—
FB. EXFEST, EIEAT DAMA MY, EEE MG X
W56 K VA AR P B HE R, SR B TR 6 AT UL R
AR k. EMEEAR, ENRSRETHN

FRAYMERE-—MRBE. BT AEFAREABASF T
RAXAERE— w0, GAEARER A EEN.,
(1949b)

M EE, EIEGREBOR fE— 5T IR i (atomism) i _F 2
et T RREHA TG BERRA S, ERTHRERPL
JREG A TR T IR OB, JChR AR T R TIRORE: B
H AL B H BR800 6 3 6 4838 0L T B A SR 0 A AR
SR, oK IE ARG BT R R 6 5 R F 1 Catomicity) S &x, R
AABREAHE, X— SRR (1973) Wt i, R R
REEHAFAEG AR T YIS TR RS R AN, o
A W BT D RS 5 P X 85 AR A5 A 3 2 R A A0 4 R R
MBeE Bk, XAMEE CRAT E ST ZBBOMRS. O ML
SFHABEE, XAMEERTR, AR ] H B B A
VIR, FFAES AR, 35T B 47 A it 0 A e By
AT G .
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A7, AEAGR Y 5 A TR VT DA R O SOk . i
L HEBR T B AR T . ARG A B R X A5 B,
TEAGRR PSR T TS IR TR R, R Bk h B T IE AL B
WAL TR, WSk T R A B ARE B, R, KR
FHERFEARFR R0 S, FESCRERE b, AMIHERR T BT R
RAGAMREAEX, B, T AR E R, AR RS BRI A
R AR, AR, TIEALRRADNA T 472 A (point-like) REAE o

BN EIEACR T340 TR A A 125 18] b AE fRqB L4544
1 A (quasi-point model), BT DAE B 47 T8 BB — T
W, EARAR EWRIOZRE, B-EH, BERIE, R
P LB R AR B 12 DA B IDRL T P W5
M, PR TE A /NE B M i BTA B AR AR R, AR A e A
BORAE R —NEATERE WA ROEN, T EBRRITBALH
) — LB IR B

55 (1983) Ak (1966) % 18 2 445 Y BUSE BEIGAR LY, O
3% B 2 KA A A B AR 7 A B ig” (theory of
everything) #l L4, W SUBERU LR FUR— MERT BRI A BEAY BoF it
it —AIKRITGERE SRR, —HEARTHAEHREM, MR
BORBN K. KR EM, (R, BRI RETIRE SR
B, fECH B EBARMCHLBAD WIS, IMEFA R U LYY
GEHAT, BRENAE T — R UUT) B S5 H P ik CELE R R
HEAL FAOEMZ b, B, WREA N RIS 5
iR, FBan T HREMERER TR TR AT R AT
b, Bk, ERTHEHRAESBRMUPRATRREHN, X
RERLR 2 B 8 Q97D M FHRRIN A E . “RATH R RSB

| W78 mFmOREERGLR |
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Do OB FIAFEAE, BN B RITRAR A iR, 7

FEXFESE S, B FRMBHEER T BT —or, A
Al TR b, BT RS HAFAEAR R A XY, TR A A
MBS, B X AR S BRE R R IE B . MR
T HAG A RE AR RS R, BT — SRR RSB R,
SRR S A REE B — AN K. B — 5T, BT A5 1 —
MEE LM, [, R R AR, TR
WEHBT (R RALSHEIE. FHit, AERTH AR
FoRHE, G () Bt 25 M i ksl o B P sk
SRE, HHBERE. T HRAEEL, SEAGERASH
FEFTRSC, B, KA X TEIEML “BIERKALBIFHRE"
ABDWFE, WEkEBAREN. MR, REHET 0P
#, WEARRARER, SE85E—FEER.
A P

H—Iri, BRERTFRRE—-FCREE, XET¥ ERR
AT T BRI A S AR MBI GER, 20 42 60 4F £
B AR T B — ARG S HFE# i [ S-matrix theory, Bt
FHkk (bootstrap) AR, 2 J2 24 RURL T 4 28 2% o (K8 B9 — 28
o MR £ AE S5 AE SR ASME AT IR RAF, 3 R K — R
Wik MG, S 4E WA Gk 5% B i (string theories) 1 # 3% 7 it
(superstring theories) X #4% (dual modeD $#2 4}t T Bl , 7EiX— R Rl
b, EELE AR R A ISR M L I R AR R Rt
MR FRAEZ — 2, Hoh— Sl EHURA — RS2 T 55 K R
HRITR, WRIE R ERK, @K MERRER RN —
AEBAHEZR , FB 2L 50Xt T 5 IE AL L P75 ZAIE B 2 E B i
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HIEE I

AT, HA A AP R T Tk, B G, RBTA (207)

w1, WIECRREE E RIS R . EWBET e*/he /b
B2 1/137), SHESE, BRI R 7E— SRR LA RO £ 8
BRI 1k, XA R BAE T, REFFE D
BERIE A T R EE LY REU, BT ERER T RTH
MEFLEE KA, HLBN A SRS R R g —fF £ B AU R
g SR, HLEH AR A A A A P —
A T, RROIRMSMEER NG RERTXE
¥, EASREEMREERMERZN, XTXAEME, #£8.2
45, 8.3747, 8.8 1M 11.2 Wih & HE LML,

K, —AEAEE 0SSR AERA K, BT B
FEREEAF RN, ERREAEOAE ALY, TERIME
BT O6F) MR, A R R K% 6T — B AR
St BE A A, MIEAE R S MBIR, H B S BRE 5 AT
HiEM, BEERRTRE SRR GAUBREMX, XS
=M.

TR
XTFAFRHERMIGITHE, B1.49.
L Rosenfeld(1973)Fl van der Waerden(1976) ,
IR 7.3 45,
L Wentzel(1960) il Weisskopf(1980),
X HRPI0 BAE T4, R van der Waerden(1967) FI#4) 24 ) EHZ# (1973)
. AERRSERIE I (1927b, o, “h” LI LT h/2x, REMKWIEITIE
(1927b, o) hy A,
7. RAE19264E 8 A, KHLOHMM: QIR AR — M EROEE, XA EIEd,
FEREPH—MEER Xo, Yo, Zo, Lo Lk, FHa9¥Hhh Xo, Yo, Zo, to WFH—
HRITHERE—FR, " (19260)

o

3

| W78 REBOBSERIOLR |
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8. ERETFHWILST, MFURAR 0,0 N = ihdn, EIL b, b ~ b b, = 8.
BT RFR BRI LT ZE M B3 S — B, AEPORFHIE S, BT AL AT
ONs + Ny = ihdrss Bl br by + bl b, = 8 XBE—FT RMMEE, X584 KX
PROCERIIO R 25 0 6 3 /1 Ml — B, e e, ORI % B9 B9 & (W, Jordan and
Wigner, 1928),

9. IEMTR LW EMIAY, X0 X RA S RIEBR R T LR,

10. 3509 % OB S B AENA RIBR, AR R L RORSEE, A8 BRRAE

“IEMSFF" (normal ordering) i T SCif 24 (L Heitler, 1936),

T XTFRUFER T HFM B, W GRF %A Principles of Quantum
Mechanics . 19306) —H@ B s TG %3 F AR K BGAIE, WAL (1951,
1952, 1973a),

12. it BiRTRAX . TR RN SR RAS RS .
FRBPHER 0 T2 IR 0B F 000, ORI “SRIRE, 04
SR B MR L R, " (1985 48 5 A 14 H A9FL A K35 5 W Lee and Wick
a974),

13. HUED RAE/RMW1968), XA BRI AR A0 BAF A LI, L3RI,
Ay "I (middle term) AR AERARRE D “5—FIRT" , M AER S ih i8I
fei.

14. AR SR H it &, 1929, 1930) B J@& T — 4% i&
MR TS, BT EMBFU, A% KR S TR Ee % T T A,

15. HUEHEREGIHN (Wigner and Witmer, 1928), —/iAF8A F1 0 1/2 AL T-41
UGS RELAIRMIKGI, — e ETHE 1/2 BYRLT 4 0 & R
MB LT,

16. 3X— BB B2 4135 T 277 % 8(Yakov Dorfman, 1930) h35i,
17. R Yang and Mills(1954a, b),
18. MBI RAF F LI, WA “FF" SRKMLBAETHEY 4

BT

19. AP B 1| FBHAUR H E— (19358, bR,

20. K Hayakawa(1980),

21 Biif ““Ar BB (two-meson hypothesis) iy th 5 % T HAL 0 1| B AT I 56 «
ARFPEEARRBBAFGN T, AT 1 QIHS, BAT 1 REATHRIESY,
ST AP MT RAEFH AR BMWE, R Sakata and Inouc(1943), Tanikawa
(1943), YAJ% Marshak and Bethe(1947),

22. W, Euler(1936),

23. WNTHFANSE (Simon Pasternack, 1938) 1+ T 76 WLNH) B9 SURIBIA 5 28121 2Py 2
ZIEIMIERA R, X ROEAON 2 IR BB LD UES:, ABDAR I “2 8"

24. AETRNT, EERAFHIK MM TR AR . BR, R SEERRHER
K, B AL R PSR R,

25. RrBHRE], M T G2 A A U I A FUR R B — R, ISR
I BEMPE— LR, G, AR, DRI 0, R fi
Gill: RS NEBE ST R0 RIEAL TR AR, R DA
RIS, " (194842 4 A 13 H, #3| [ Schwinger, 1983)

26. BFA KR T (1946),

27. WEER, XEAMEEAN AN R L9, B A EMRITRASEHIY,
XA WM TG, FERE MRS A A %

28. KA SUR 4 RCF IR AR A RAEF , 1046 4T R WO R T, i
AR T 03 U BB BRI, T RS R A, MR LT
ARFRYFRA LA . PEHII(Abdus Salam, 1951a, b) ERAEMEIF RRIERAOL
T, TR B4 R 3 /12 9 HIEAL, KM CJohn Ward, 1951) f§8) F i 44
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BRA950), MpeT T EMRYT O ERZUERE, KOHEFURREFEEN 1

LR, R BT IE AL TR A2 A, 3
BT — 'Hﬁ%&v*ﬁ *m’ﬁﬁl%ﬁ?(lml#r?ﬁﬂwﬁ?ﬁ#ﬂ&?%?Eﬁﬁ&
o A R AR T

29. B, —4 FERT R BT HeRR

30. #PE(196DWIH, (7] FHEMS, HURIETFHER
ﬁféﬁﬁ!ﬂﬁﬁﬁ!ﬁﬂﬁﬂﬂﬁ AKX —WIE R EGE, AR, W1 A0E A R
), EHHERAE SURL R B R TEAL AT

R HIBL, KEIFS‘&M

31. B, EHWRITIH Sﬁﬁﬁewﬁiﬁ#ﬁﬂitwﬁﬁ HSRTHRHRA
R TR PR .

32. Chew and Frautschi(1961a, b ,c). 51 8.5 4,

33. £FiX—Pi, W Jacob(1974)+ Scherk(1975)fil Green(1985),

34. B, PeRbYE, %) A FERG T AR EACh T3RAILIEA T RO e i
BR), ARRFR—DXTF AN E—RATREGF EFT L TN —S—Hl
ANFEAREX— A TR A,

|%7% mFmemeBanE|
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270

LR
BT

AR FIHISHER A, TR HUR TR R 35 2 18 B AR RO BF
98, Rl T s )4 (QED), T s f¥, AR HEIE
BRI X, BeAs bl i L A AR GOS8 BT 028, BRI B — A
HHB TR F—R FHHOQFP—R S, R FHRHMCh—
RIS BN, IR EN T BT W3 J 2 R T R — 2
BEARHER SRR . T X AR B, ¥ MR 24 G FF 44,
AR T S SR L R AR B

8.1 ZERHHE

BTN R RAGE S TR RS F L TE %
SR 5 R AR 50 T B T RIS ) DA Sl i S8 55 A i 4
R T B 81— A R A A7 4 0 984 2 B R
A&, BT R ME— ) —— DA AT AR IR A0 A R M1 25 T AL LB B3
R, BELRNEREMKE —~ FETFEAMRRZFH=A4
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Bk,

AN B Clocality) i, ARIEKALT(1948),  “EHEh
Sy R R — AN 2 B A R, B, SRR R
MR . HEH, U0 AR S AE I R AT B ) A AR AR AR T
BB RS, TR THIE 30 1 R G BRSO T E
BT . FERT BN, R SR T R A — it
R BT 2 AT I AR, SRIRT A8 — 2% i BN
5 (Bt T RN 5 CHK T AR TG, BARIIE T FEAR XA
3 A RO W R B AR LA S AT

PO RGAARG., MM A 1925 4E Bk EAE 1927 4R 4T
BT 12007 S R R, LR 4 BB 22 SR 5 A i
TR T2 A, MR R A A PR T 0 A 8% 0k T 19 3
(Jordan and Klein, 1927; Jordan and Wigner, 1928), %M 5k F4H
R AR TP AR KA, XS RA AEA — D LR Y B
B, BRI 0 R Bk SR M. ARER o E RO, T
BT AL TR, T B0 Jo R VM 82 B T DARASHE RE I 19 i ik A
ifit, FUIEHRAR A BRSO R, FRER LT 1
BORLTAS, iR — MR ERE R TR, XM
FUSEAR AR TR T R PR AR B, XRS5 BORLIE R
], e T R Sy AL AR DU T A, SR B T A R
Fo MBCFLE, KRR FAF R IR IR E X, BUAERT A
B, S O FE I O AR TR I B e e R i e R AN B B

BEARBRICEMRRBL. TS OHR RN R
B, AP SRA N SR A VE RS Y . i TS -ER
B, TR, SRR, O, TRt ABMATHEEEER

|mew wrmmel
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272

AAERS, B S A SR — A% o — Y i) & (Weisskopf, 1983),  #&
T, 2407 SR A AR S ph L2 B A BRI, RS R R 2 S
X IR I BRI R, H 0 BB I F AR
JRAHTG, BIFRAE—FI AR AT, BB IR — v E 1) I S
AEHEE., BEZ, MIIKE RN T RAKEHBRE.

Mz, FEHER TSNS, R R T R RA T
AR HR R THRTFAARTRT, WENBREEKNE
R, B, RTHE AN EBRE S, A, RTEN
R ERA R RANEX LG, e TRNE, BiE
MARE LERET B0 EEE, BT 30X — B RBGE Y
BFHRGR WA AL R R Y.

BT BT BBl 2 o AR A 2 o 3 B R A R R T
A 7 52370 ) ) e i 2 6 9 R A £ SC Ry, PR M3 sl oy
A RS, WERHR TR R A OS2 P, M,
R TR D%, AR ELAE B R R R
Bo AT, BR T AN K IE PR AR 30 6 IR 0 S A B DA S, gk
XEHERTE, AR EAFEMEX—EIERERKSRIEE. A
o LA, EXEEEREER LORIROELEER, SETHER
AHENTT AR, F, REEMERAER, TiRRIMER, 2
BFEs N FHEEER. ENERTHLHIENRAFRYLE
B, TERAENE, R R T AR AR T )
HEMREEHPRAOAER, IS —HH A, ENRFY
WHAMEAEELN, AR M ERNEE, EORD
RFE TR, Xk 0T T30 N — 5 R & 2B R
JRH.
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8.2 KM=

20 42 40 4ERG I, FER TR N FHEELBRREREG R
FEHOHAE, BT RSB R A T A RS AR I
SRR —AEH . (ER, A B T vk R B BOR L AF
WBKIMA, X R IBHRE T A ATE 20 #4250 4F AP BE RRT
FRFFHEHIEREBT .

PeKIRYIAE 1933 AEHR th B AES A B BEE 1 AR ELAE A, X
— B AE 20 HH40 50 AF B PMETE , DABLIEFRRBEIR, I DAFH BEE
i KA T W AP BERMBARTEH XA, BHEEHSRT
M R B 45, BART BEh N R AR EIEL
fy, {2 (KamefuchD 7€ 1951 4E (R SCH Rt SRk U B KT
HEMEENRATEEY. BEXHBEY, MW e
WHRAAEELN. XRAHIX BN RN,

S F— AR AR KB, B ATE CAERG BT, JU A 1B
FERB B DHREA R, R KRR RS SR
L, EERAE AN, ENRERSHE, BhaXBE. &
i, FERKI IR (R b, ZEBEHE Gw(~m® K
¥, Gw MERKESEER I KRINES LB R BB
BR, FEit, BRETRESWERSRRBETLIT KR, £ W
TS, MARERTRAN, B2, ARENRENTEET
qrq*/m? q* WRBHMAHE B RO ERARE m 2, B FEMSE
FE R E R A m 2 BT A R ) R OB M, B
IR KBS F A8 IR S BT 2R AR AT EIEAR) .

TR FER WL, R BIRAE « /o TR T I B i
WA, MEENEZR, BRA LU BREREARTEEWR

|mem mrmme
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i), R, BTFXANTEEAEOBGHEBRKR, REFARAYG
6 R DR B —— T IE AR PP A P A i AE R —— R M B A T TLOE
AHERAAEBN, ERRTRG R, FIEf B h L R Fix
BRI A A TR, Y R WS — % EM—A R
HR” BTGB E 7S —A “TEHFR” W, T kA B
HARB T AW B R 9, TR, Wi LHaaen,
W EARERAT A TS, M FROHNOMEGHEKL 1 EXEE
(g2/he ~ 15) . BT HIZNHHE R R F LK — KK, B
GHOCRITIRWATHF TR, 225 F(Chew) iy S 4 MBS Oy 1
BRI F T i8R, EX— KR, RTFIEHEMELRZT
24 2 B B 2 KA R (R 8.5 4)

R, BIMEE B R, BT R RM R B, %
/K& (David Feldman) 7Efth 1949 4F (936 SO Rk ], &k A7 LR
AEAER A EIEAR) . 7€ 1951 4, 475 & (Peterman) FIfli % 72
SRR BB, EAE S L 5 RO LA O 0 S0, 9 B M) 9D J2 R
WEIEAR., BE, W QD REMA LI, BT RS
AR FRLT GEIN = A PRI T RS, BAGHEEAMES T
. RMEUESE, A0SR 2 BT BRI, R4 & R R G
RERFSBORIT KM TR 2, XA R, BIELES A
FIREH KT EIEABIC RSB “HART" R A Eme
1A H

BT XL Mo, BT EIE R T R — T
BRAREL, VAR FRREA X0 CP BEIR i 55 1 BLAR R H 4
HAEMXMEERROMA, HR, TIELMERREROHREM 20
42 60 SERALARA G E, i AMAHE, BELEL SR
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A A T TE AL B SR I 5 R T o B 378 W A FAERE R
RGN, A EERAR TR s L 8.7 4

PR AR RN B R B T — BN, BER
WEREFIE, TR TR, A RIELHAE.

8.3 WFAEEAMMEHSE

20 fit 42 40 4EAR AR, PR RE X 09— A AR BR, REH
AR EAE R EIER, BB, BERAT
WIELA B A R AT H R

AR NEXA R RREEN, H A e UK
W LW AT Hit 4 (Schweber, 1986), 7EHi#R % T it T3 2/
W IEAL B2 330 SCR R A, X0 SL 37 32 5 37 B Y B LAY
W, BEMB TSRO 8.2,

St FHABY B FKBE, GIANDURE, T AR T E LA
BT RB I — NIRRT B T 1 SO R — DR R,
R 7 33X 4 1] 45 £ 25 %8 2 45 5 #9 (WL Schweber, Bethe and Hoffmann,
1955), Al A1 HE B A1 (predictive power) Jy A1) L3 A5, i
TIEIEHER . BEREAYEREH) H AR A 2 SRR A 24 KB
M, M “EAEHRT —ERegAREENSE. RAE
EAMBE 45X —ER -5, BARTEIELIERH KB E
SRR CHETE 24 46 5 SR T S DA B, ERXERG LT E S
A&, i ELSCRE B ) B — A th AR RIS B H MR I B 2 5
HEORE S, ARG8T AR, 5 R A AR A
3 1/2 fye BURL T A0 AR ELAE PR RS B9 H BR8N AT AE AL A A D AL
AR RHERR, SRS AR EE R A T B — D EA RS

[ armens|
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Bz, EIES— AR R R G R SRA AR A AT
SETHBRRGIESR .

R, MIEAHELE B S NTEERIEZ S TR, R Kallen) |
Wil (Landaw FI Al A RIBE . FABHE 1953 4EMIIE SRR, ABT
HEEAHBERAROBREE, BRGRTRHHEPELH A
BIEAME—ERILFT RN, HFEKR, KSHEWHEREXAF
JERSIR B A TR S AR, R, E)E Rk
HEAPR T A ARFE (B 4, Gasiorowicz et al. , 1959), FEHILEH
AT — SR BT R RIS AT R8RSR RAE R 8 Lk
BUERRBF R E 24, HlTRIERER. £ 1966) 4 A5
KA T X — iR,

PoAE EALEIEE B0 — N R E ISR, R R
BABARIERY . ARPTES, B E RS REMAR IS AR A
WIRGERAR,  BOREIELIIS 074 2 — 40 5718 i MM o 3%
X EE B RIFH BRI AT, AMIRARREX G 2
WS HEEMBBOWTRER, FIt, BieYREARLRES,
AL HX A BN ER : R E MR RIAE 2R g LT —4
Y TSR, 55— B T E AL BE 40 K 9 ) B 2 SR
BAN, 19524, WAL T —NH MO ISIE, RWEE|
JE BT ) RERAOR I RO AN . B e 0TS (Hlurst, 1952) %
Hk(Thirring, 1953), {478 & (1953a, b) | ${3EJaffe, 1965) P4 K FoAth
B 3% # (axiomatic field theory) Fl # %% 35 i ( constructive field
theory) MUBRIBE R 4 (93138, H—HMET I FWiE . dkLH
WL MR SER K, REERZEEEF MRS
FRERA o
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ST, — R ET R R R X AR —
AWTEARE . 20 HE4E 70 AE R, MIREIAIB S AHNL T M
RUAOMR, X 2 A JG R H 6 i, A AR e L0 D R T E — 3 9
(Wightman, 1976), A7, XM RS ST s = n S ELEL
RS, BE SRV DULE R T R ST E, AT 1952
ETRE, RTRENESERAABNET, XM IRAMTTER
—ANWE R

AT, BAWR R R, FE&. BE, SR %K &M%
(Gell-Mann and Low, 1954), ¢4 M3 724 89 8 BB 4T A BB 58
U, EERTHIHFEN, EHEGEERNY—BRER, MLy
AT REHAK T . PR AR K, MIRIER DK
AUAERSRETH LR (BEEARR, S#H 5S8R
6 B SR 7% B 5 %5 (ghost states) [ i B (Landau, 1955; Landau and
Pomeranchuck, 1955), BiFf45REEY, MR EEE/RTH
EHEFEPRER .

TEF KK Z M IERT DURMFE I B, R R RERT @Z ¥
(QCD) &L THIL B 2 )G, AMIFET M TR Fashnyg
FRBRPRA, X T R T 5590 0 KA PR B A
B, R0, XAAEERAREEA. ANAARERE, it
WK RS RAERAAL T B (Collins, 1984), ik, HSL3RA Ty
SRBTHRARA I 10 F AR E R I N R SR, KK BB, B
FHWHE TR, f5REMMIRFR M ETE S, HRLT
AW EHRS .

ST EIEAE R, HRWEEROSERARR. SAZH
PR, ERERR - ERRAWE, FEAEMEL

| ek mFHAS|
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# (pragmatists), fi i1 ZAAIKIPIFE LR RG], ROH ML H
- EE I AR T

BN FOR A SE 35 S R WOt B . AT R B AR OO AR
HARH R R AR TS AR A T ELIE R R T35 A S
—BAERCR 8.5, MBI E, ERAHAMEAR L, Mt
ROV 25 Ak b A LA PR AR BT AL B (B, B R A T2
B, BRI AR SR, DA TR E A RN bt R T g
HATH 25785 T BT 5504 K M T IE AT B i B M R —
SRR SORE, R B T IE AR T R Eh 1 R B R S
EARERR AR B E R .

R T T E AL LR 1A 8, 3R (A B o i I A
W BCRE N2 —, 1] LB B o T T AL AR U S 44 ) T A T
T, H LR EIEANFBAREMHAIPE 2 —, BRI
B, R EIRI AN SRS IR R TIE (LA, 8 T % e
BRI YR 13 S G O MR, AT, RATRA
AR AE R ST — B R EHI . SERIRIHA K, BT 5ie
B — N ARBT G RFAE, BT PRI X — B IR 2
ARSI, A0 A ) T TE AR 5 R T AR O R AR G
RE ., AR/ B AR SR B, B, AR AR
FERU KT R SRR A ELAF T A B bt R, B 3] 26 Ty By
T TR

SR, MM A, SESIA S W X R AR, UL RS
MBREMIATAYIIE LA RSO SER, DA FE [ 7 RBIAT, 2R o]
BEM, XA T M EAR G R, R, IR
FFHR BT AT R LR, B ATEIEALTE B i i B AR ]
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SR, R TR AR B AR, MRS (1970, 19732, DFIAT
BT A CIEFEAR) 1 B0 30 35 K AR SE 3 3. XL
AEREHI X T4 R Go ity MR 60 T . L, AR 55 1 BT AT 4E B
J6. FAFAITRRING 5 X R A, HRAE A sk FaE.  BEsh, AT
RS, 1R RFEEES B R MRS

ORI, LS A R fE AN, BRT K.
AR I IR, BRIEHH KR AER, HREA R A
o RAMEEN]. BEE AR, X — IR AR T B A LA
FELHR S AE {5 A 0 AR AR B, SO A TSR R A L B 0 T
[ESiwaEE N

U, AHEERE A9 %, BIEALR A B R BN KR, A
ot B RO AE AT A B R 2 . At PR e O S R A RO
&, ET AR RO T O R R X — k. RS B 9 S
(HLEERERAE fth 1951 4E IR 3CHAT R, 7E 20 42 60 i 70 4E A Al
ST AR BB AE, BB 20 HE4D 70 4 4R A BN,
LA WIELERERIT 00 R B, BRIk, 38 IR T
SEHEAT BRI T IE AL AT B IE A AR L, S BT X T EIE
ALHNER TS I AR, % S BT T R R 2R .
B, AT AR T X TR T I E AR 0 %8, “H BT
(effective field theory) 77 ¥ FFtAFRAB BRI A E UL 11.4 9, FEX AR
AT EOMEESE T, — B R IN R, MR
B A A B SR AR A AR R BB (Weeinberg, 1979),

8.4 NBUFHE
BRI T IHRTE 20 4D 50 SERIF M BEHRGR , HREHBAR

XX S 7t
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T A BYEE RN TRTFHERRT RRMASE, AHLER
FRMSEERABURS , 138 77 9 it T30 I 3 S, A
e 0 ST 5 LB AR T

TERRAARHE SRR SR F . A B AR 2 B4l ok
B T SH R Y N TETE B VR, 3 24 A1 0 b 0 A A 2
HME— A .

LA IR A e B SR R T K R B,
BF TR B AR, AR 2 BAL 3 9 2 F A R O 1 AT 4
Yo AALELE AR LI B F——X S B F 17 A R A B —
MEE—RINEM B F A NEE R, MIREMETS
RN BOE, i R HBE KT R’ T 50 0 R
WEEE, BAKKREESERNERE T TR, HRMENERK
REGEEA BT HEUERARER A LEDR,

MFAEAHLERME, R RS TR, MIHEER

© BEEBMERR, HHRESHHEX LEE, BB, TR

SRS AR, AT A AR T 57 K A PR 36 80 1) T 95 K
YRR HOR E S, S AR A R S R A W R Ok
Ko B, MTFABASHRYERME, WFRERZ N P LA FHR
WA, LERXFIIT P EE R RAE P — 01 /NB 4 47 1
BRI, FRATABLLX A A 23 3R 0 B A Bl R 45 R 4 1)
WA E . AT EE, 3R T TE R SR A 4 B AR
B —ADBEFRIR, BRI THEEL: BT PR HORET AU
B, I A S R R TG 9T KRR, 3 2 T O B ) A A
A6, B, AT i BB { (smearing) MU & BIP R B, £E4
BRI B A SR B EACES 2 A4 — RO R B R
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SEF ARSI EFRE, BT SR MAOFERMBET RT K
S AR ST AR, — MR EIEAIE TR R ERE ., X
PR B0 0 B30 of 3 B 1 %, 9 LA A 52 % % (Fock repre-
sentation) #H %4 TE T %4 5 5 5 9 #h/R F 3 (Weyl form) i) — Mg #
HeRRih R, PRI AR AR E X E AT O AR
AT, RTHISHIEN R TR T RIT .

T IE AT o i 14 B D 52 4 R ] R T IEAGENE o i FE B
IR, AR MBI T OB TR AR AR, AR
FOEFR, — St B, T CE R E TR0, m
FTHE W S R A2 2R, T DA BY T4 A R RV LB
PA—Fh 4t 9 T R AT 4 H7 (Wightman, 1989)

Wk, PUX R E AU BN TE AR ER B ROV R RN AT
TEAGHy, $RT, A 20 42 70 4EAR IO, AMEATH T EXM
By, FHREEIE K7 B R T T E AR i 250, L —
ARAE AR O DAH B A, X TIBFE A — A RF SR
. —BRWEELIEOR, AAARERNEERSR, X5E
THEB MR RBO IR ML, AMEMNE, ERMRER P EEER
RFE SR LEE, K E DGR RIURTTR
(Wightman, 1986)

WSk, TEXELE N, AEAGRAERSEHELERCRR
TAFERE M B A 0B, AT, B IE L ) SRR E
B R MRS KR, TR R B WA I AR 2
FHEN R EREHEBR N BB LR, TR, REA G
40 SERRIRSE J, SR M R — T ARAG DO 43 18 0 R I, BRI A
TG AR R 716 S AR R AR 09 R LA T35 R 10

[ s Hrmma|
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BOE R, AR K PR, Kt 2 /0 T A AT S D Y R 0
ES'S

— AN EL A R S U, fE 1955 423 1956 4E MR,
AL TEM RS S MM R KRR TR MM . ARIER R, T
8 F¢ 73 F1 5 Bk /K @ (Lehmann, Symanzik and Zimmermann, LSZ,
1955, 1957) DA K 4% & (Wightman, 1956), & F35ies & EM S M
eI, REELEE KRS AR oA 2 (AR R, S0 AR ML S ED R
ik, IEANREEE(1989) 84 Zdk iy, HEAKER ) LSZ A A "R
RO e TR th & A7 BRI, T 2—n DR
RAER KB, LSZAMAR “WTF n=2, BIEMIGEHCRNHE
AT EEVERCAOR, HEE R — RAE R € HOK R AR R TR
1957) Z R, #E 1955—1956 4F 3 ] % % % T W5 i X T 8L 75518 4
MRER B AT 36 3C (1955, 1956), X Sifs SUR A 24 BEAL A R iR
FH AU ORI KRR T TR, XX T S SREMIR I K
JRREXEEN 8.5,

8.5 SHEKER

IEAESCR PN, 20 42 50 4R, BT AR RR
. BT 2 SRR 5 A LA S A T A B b
AYRAASE, A6 20 142 50 4R AR, BAIE RIL A% (19542, b, ¢,
d; 1955 g4, BR T AR E AR T RASh, AR LT B M. b
M5, RARTHEATNERECP R, ERIEAMEEEA &8
FER, It B PULER 28 AR T 378 R U, BN A IR L. A
PRPEH K AEMR . BARTT DA Az TE R FE S B 5 W 2 R TF Ui i —
Br R 2B, EREBAR ST REARKSI,  MAIE SR
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ik A 7 2 0 AT B T IE A MU S B A R A 24 A
R T A0 A — AN S AR T IR SEAT, BORR
B R RIRLR ) H S S SR L B R R AR A
8 7 5 AR T30 4 R B DL K R T O ik o A AR
4R 1 PR R SR B TR X — i, R A B A R Z H
B RN SO, (ELRR T — Rl Yy B R L A7 R 2
WP %5 1.

REFHR PR MRS EE S HRTRBES X, RTHE
o — AR, BT RMRM A HEART" XK,
AR T AR R AR R, 7E 20 4 30
AR, RATA B RENEE, BEANCERAS, +FREEH
WHR—ARTFH—AEFOEAR. B, WRSEEANR
HieHe, FAROIA R — MR, R X YN AR
oy, (EURAER AR R OREE M. AT BRI IR TR R T
REREAGRT, ENHP0E-MTEARERERASEER, FAF
B AL 45 SR PR B 26 20 42 50 47 (UG HAFN 60 4F AR 5L R BRI
KEFRT. AMEE ERER, ZEFRT AT RERBREAL
. B, BT HIEBEAE A EAR TR R T Z AR —
R4, FH 20 #4260 AR, XX —EMHBIFEXRMA T 1h
B, (ER IR 4 A AR R AR, © Bt 2SR I AR
HOTEEE P, RS AR R BLE . BUR EEA MO BOR TR R T
W, R RES,

BEAh, #E 20 42 60 AEFRHI, T MBAT BT AR ERT
SYRREED, Bk B A 4 i S B AR (Regge trajectory) HERIKARL
FREAEMER, 50 R IR R . R THIEOFR

|mem mrmoms|
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REF=EMRAT IO AR, B P UE QMK R HBIA T B MM X%
ZH.

TR, ORI R R M T —FMFas, B
At 89 17 24 9 2 4 (Regge pole) ALk B B3t Hl 44 45 7 — 2, T
JR— AN BER R 7 Fe——RHT S SERERE (SMT), 7E 20 fit 42 50 4
AR 60 48 £, 3 — B Ay 380 L A B IR P — A B B B 5
H9.

S AR L S5 V) B 3 ARG 7E 1943 4E 1 1944 4E 2 1 (1943, b;
1940, M —FER B TI5i0 09 BRMBINE. WRAX Tt T
BB E AL RBORAE L REREREM, RRWELABS
S, AhXT S HEE TR B AR R T 5518 MR R F IR
ARLAHE R . R 8 7E R R IER S S, B %
BHAANE . LKEPERINT I R — 9 R, B %
AE S MM, S MR MW, IR B SR B
B, TH, SHFEMS I ARMB N KR, WL, AR
(finiteness) RGBT A IMAY L5 HAR, 10 HIELRFH0 th BUHERS
TE—HIRMLESE, 52085 M — LI &, &Eps
AR S WHEAICRE ) TR, AT, X — 4R g 1
L R S B TR ARHTE 2 IR X R A4 7 (ost,
1947; Toll, 1952, 1956)F1 “Sra] A0S HCH H B 52 e o 4330 O A
HAER#? ", S35 /K 8 R M {H# (Gell-Mann and Goldberger,
1954; with W. Thirring, 1954) $ i 4 1P 8 49 491 (dispersion theory
programme) , 8

GREMEHTN I S HHETTHRIE T 31 1% R, XAEM R
GUPRRZH . WA S EHETTH T (1949, b), BRBSWER
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MG RR, BLEA R LR S R AR SUE R AR i —F ik, B

HEW R, FRE. KA R G A

FHBHUR A R SR BRI R G55 . A ] B SRLATR B S W A9 AR AT
AR, T AT 00 37 R (9 OO0 B R v RS, At AT B
55— “FE” , B3 LXFRHE (crossing symmetry), HEfE—4
WA PER , BERAE I MR I M 9% B R BT .

£ 1956 4E BFF Y B UIMTAE £ L, F/K B (1956) HFR, MRE
SE IR AN AE S RS [ B T o5 RS b, AB AR UME, AT
ML IEVER B E AR, MR — 2 AR, X T #E — DR L
TR, Fit, CEEBREEEENEZ —HRSANRE
—HIER A AR S RAEPD BRI R AT R, R R
B, BARTED YIS 2 ERR MRS, RN & AT IR
PAT, AAKL ARG A DS T S MM AR
MARFHHE,

F b, AP R SR R LM T H A,
L IE PR AR — SR 9 R 5 9 A R 7 ) — A AT R
S, PSR GRIIARNTHE) 1L U R 0 S0 A LRI k. DA
BEHFR, NG, BRI B A T G B A
Pagdr MR, B B AR AR R 7 DY, X MR
EEA PR R S AR, I H AR TR MRS XA T
BRI TR R, TR 0 A RN ¥ AR 1 40 2 R X A
—HANLEB K, AR R TR S RIS H “HR” R
Fe, FCH 20 #4850, 60 SFARMRMT S A FEHIEHE— 2 KRN IRA T1HY
A, °

Rifi, EA—NBHHETR, GHERRE -PEXERYE

[ mrmme
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K —ART N7 RGBT ARKEERE, EXA
Mg, R REAERS LXAT, EEAWRAES, K, BT
SMETBIEAITEAR A X, Bk, BEAEIX A J7 SR A LA T i —
ARG LB, 0T 5 S — A FAE WO W B AR AT R B Pl R
B KA FFA 1950 HBHFEM PG G R, WRHRER T
REFHRAR, 6T R X — M7 R B BRI, A,
TSR R GEIR AR S, XA RO — & AR IR B A 3
o AR, T ENE X — R R I A A AT IR, R
FHVERT S AR A 27 S B4 B A € (R HE B ZEAR T, B — AR F
BT NEERGE 007 MRS 1R A 2 AR

ATy ) L R DA R S A SRR 69 (DR Al
R I8 €5 K R (19550, b) 5 FERIN Y = At F—A% TS BiE
Q9SOIEEEE—iR s (I 82 AR B A BB RS 1) 38 SURHFR A (1954) I
SARHEE 1 (Mandelstam) i) XU €5 # % R (1958) G5 & 76— &2
Gi) JEMR AT A 40 M 2% 1 3 2 Bl #8 3 & (Regge, 1958a, b; 1959;
1960), iEFAKKH FEX B3R

) EAREEESIE AT A F— T U S (1953,
)53 1 T T IR AR AR B Q9SO KA, HHRW K
WIEACR, ERAFECE, BH R L EWME AR,
A A R SR B 1 WL AT %, R B M % T CDD i Y ¢ (CDD
ambiguity) (K47 B . 10 71 i) WL & 1E 16 GE RO IS B H 5538 P R IR
BRI, FEARE IR B AT R, At 5 L MO A T E B
WA, TR AR — BRI K, RO B ST
RATE iR, BAALR BB ISR O A RO R — R,
RRHXT OO —FFME: AT RIT S R A S, I
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7RI A A X S P S H AR g 5E A A X B HE 9 (Chew, Goldberger,
Low, and Nambu, 1957a, b), i H., @#XRASHHEM N MR
Pk —MEAT S SR TH T — R B A, 1

Gii) B8 WPk A 3R B AR FE AT A — R AR L (1954) i e 3k
s PR AIEMR ) — R R R, B R RASTRL T2 i 4
JRLFo SR G 8 A AU (5 1K R (1958) & M il B2 1 3 it
FARIMBATAE S, S0 R @ HUR G I B — R s (FE s fF il il
BERERD B (e ¢ F PR B, BB X, FE s 5
B B2 D ORRDTIE SR . & BUR MK B DU (R R — IR
BRI, BRSNS TR, XA
JIEFETTFE e A G SE AR T8 o 0 S AF AE T 38 U S A — A
zk.

XAHTT RITAERFECT T EM R T Mo R, W G
KR A BRI IR T BT = A T TS, AL
B b F—n /e FHSF(1960), AT EL, BA = M FURRBD S
e PO —AEHER 1 B RBEH T — M1, XFNLHER
PR B REAR R RS AT BRI, R —R HT e AT
PEAEAER—ARLTH 0 AT, MR R R X B S8 — AN R i
BlA. WiFZA, FEMIH A (Chew and Frautschi, 1961a, b) g
i, WAE o A TR A, AR TR AR TR RS, X
SR TAERE SUFTE P R T AR ARAE R “H X, FTARE
TR RO 82, T E R 3 R M — B B AT B A
W

SRR MY MR BE ] 5 P S I R A, 1
i H, BFFEE, BEEiS R R X RAEAL 69 ik R i — AL

[msm mrmmul
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MRS, PR SHE T AN FR . — N B LA R A 8 JE A e
HBAH IR R R, EERRERR, TARRRFSIE. E
XA, B 12 A A B R A R LE, TR
132 T R AR P SR B U R AT R SR E . ORI A
S BRI U I T A R T i L IE AR USRI A
S B, AR R e T B O — N SE YRR IR T R 0
PR 6T AU, X — RS A28 (Tullio Regge) sk,

Cii) 75 4F B3 407 25 B8 P i W E @ 80X R RS, 828 (1958a, b;
1959; 1960) RETERA, [RIRFE S % AE 4 3] 52 AR dik Cs) V- 11 A0 52 A 3 it
GOFmRATREN . B, 5 Pl — MRS IE R s f—
AMESTRE, T—ANEEORA (o) = ¥E) BRAARFN. W
SRR —fER (s > 0 F, Re a(OMELN —MEREBHE, BA
X — R EFE - BES TR YIRS RS, B
s, R, A OFE DA BRSBTS, AR TF—
ARFE js MAFERE R FRR. R, % s < 0w, EAIE
W], WA o ()45 MR MM E 0, B ) RIE,
B s FEHRTE, a(OWHR, FHit, REEBLE | < als) HHH
L, AR RS, XA ERE  FEOWLT N SRR
s < O WP, MBCYTEIRAYR, X KE 8978 B T 556 4 & HOE
EORAVGRERA

X ELE R LA 9 35 47 (1960, 19610) M H, H BB
WHERE PR IERN ., BAMATREM LR “B—F" 3
B F fgh R %M 38D B9 A R A (resulting extension) &
A, AFH P AT R UFE RS A R L, OB X HoR
M TERZRBALE: FART, 1Eh S EENHRA, LTEA
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E7/57 3o

WORE R X — AR R B IR TR R G T B e
Fife “#RE" (nuclear democracy) Ry, FTA 138 T # B 1E
RERBEABTRERMMRT, REREET, RBMATENBR
poF R, ATRA XD BRRRLT, TR R E R
B, TS H BT R T R B SRR, 1

BRI, KSR THEARR T KRR — MR TR
BB T BANL: HART 5 j Pl LR s i — R
B EABARBR, TEAR TR S MBI RARR, FRAE
JOPEEARESR, R HE, AT

WREAKREHEURT j=1/2% )= 0 EXR TR,
ML TOAA, EBH SEBTHERE M FHELETRHRT.
B—FE wRAFAEFONFRAKAE jFEENES
Lk TFEHEELERNERATRTIRESLEN THRARRS
w3 E R AR

(Chew and Frautschi, 1961a)

KRR T HH AT EB R, R MR —
PRIE R, SBT AR TSR S EHEEH—KER, BE
A4k 4047 (Reggeization programme), 17

fER— AR TSR AAESE, S SRR R h R HOR T
HiRAE 20 43 50, 60 ERFAMM — MR, A, HAo-
SRR 3 B ph RN FESR A, BN S R R TR0 B LR A TR
4% DOERBFHERRAEREMAR, GD{REANIAAT /R

|mem mrmme
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FHRIMRAT S SERE AR A5 2 1576 30 1 6 B P18 5 i st S MR Y
A SRR FEARA RN, SRR RE AR TR B E, B4R
P MIHE: FIAH RT3 — M ES R TR BEET R
P20, E RS RAEWOE S Y BRTHIX ., AU%RE
IEfb. P, FAEY)HE R i B3 R — R OB 9T A,
9 S SEREBLE Y SR Y RS . P b, I T B R A S
(1959 i, 7 20 1t 42 60 448 % J8 i) 20 AL MR AT S 4 B 40 ) 1l

AT, FERFIGIX BT RTHIE . WIS MRS KR
RAEMEEG. B TERLHOE % RES =B
JEROMETIRRASY, F LR T — Lo 972 ol SRR T 03X —3h 1 2%
MR, A TEE N 4 R R BT S5 R R R i R a0 i
0 FHEFERREEAR THORE, 2H/RSMYHBENY
W, AR A X T AR AR MR BT . BT GR
AREAE A B9 S 4EBE RS ) (S-Matrix Theory of Strong Interactions ,
196D —F5JlH], F 1961 4F AL WA FFAY—YitiB & BT —)
WOFs FEX YW, A ETEGE T A h0 BRI AR A IR S 4 s E0
WEBZ MR, X —-F LA MWS, EVNT5RTHEN
WA, TR T SIS, 2 R T RIMMEN L, BEAY
TESRAN LA I B o, BRI R A M i T 37 i T A S 6 e
W, 61962 4F 1 AEAMARFMERYAEL L LW E, F
962 EFFBH T N7 S HREHE, T F ol B BRI E
WA FIREATE 5590 8 —Fh ) BE 238 ) 3k 7 R 9 2,
FERAR,  “HEAHOIRMTLAE MRS, ZE20 S 4R Jr vk oh J e B A A
K, WXAHRHKGEL, WRRRATME, ®REEN"
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R BT R OBREMEREBR, (D
AWM, R, BT RR TR A, BT AT R
BB Hh & TE P R € UK R A — B8, R AR VFAAE
RARSE AR GEUS e BT 3018 o 0 S AR T s B A 3 0 X
BB . BRI BB ER T ZEK s B ML SR SR/ A, B
FHIRFA MR T T AL LS, BB S HHFERA T F
e, POARTLTEARD XAER, BRI
RFHORHE, RIEE, BABBRG T MBI — e,
s RT3 S RO MR RBAAS, BOA IR TR BE T 177
A EEAR SRR T, T RERGRT, HHNRET,
PR TEAYE L, Hitk, EREESERTEEESRTHESE
fR&Sr B, P FRETA 3R AH A R A B2 RR T . X
TEHERNFCA S SRR R A

MM, & FHEZHARRATEZEK, EERNRTHEER
FETHARLT AL, XN L5855 305 B R LAk BB of
2, WM. BAR TR, T RRAIE LS
SEAR 2K, DA T bk 3 X — 0 00 K 2 I 3L AT R AR AE L 2
B T B SR R (BN SR AR (K 1048 DASY , L4 2 AR T O AR
&9 74 4 1 22 (Kazuhiko Nishijima, 1957, 1958)  FFBR/K & (1958)
VAR A% (Rudolf Haag, 1958) () R TARBT X i, X SLAEH EHR,
RO BIS T E , AN TRIEAR T2 AR 2R, B R
HERTF P AEMF R SRR, SENMHREREX, EEEMR
R B . [ B S R 6 A R R R B AR A B
AT, 2B, M 1961 4F 6 F BRI £ F) 1962 4 7 A9 H A
R&W, AR T EXKES.

| e mrmme|
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HER MR B — AR A E B, A A PR —
JRIAER S 56 REHIE MO P2 RER . 7E 20 14T 60 4EARATEN, KR
YW TIRTFY IR, e ¥, RELERML
— SR AR (3R @RHO WA RER A FRIZH, R AIH
o B FeAT R AE S SERE TR AE 4L Py K45 A9 — 2078 B R AFIE SE I B4
RIS, XBERPRSAGEROE, AMEAKREFRNT
HRFILPATRUBER L L, MBS I8 NEARZ AR
HIER R o 3ER T AR R AT, AR B4 RT3
B, " EXFHETF. « TG, 3)IERFHH 5 k5, Hix
AR R B T — AN R AR5 T (1962a)

S SRS AEM B2 b R AT R R LA, A8 E 20 fi
%60 ERBMAERMAT. ARTFIHNFFE TAEQYHEER, R
R EN TS M PR A F R, AR, BT R — sk
BEHIBREE 24, REEMHEEEZ S, BRELAGERSL
EWHMETENBIE TN, R, HRE - LYMER, 6md
245 I 558} (Blankenbecler) , BRI 1L KPR E X BB
AR, MAIKBR SR T BRI SR g . A, MRS,
BRI T — S KA B, BRIEARXT S ERMIE S RTY
AR SRR, AR, RS S BN R
e, 28

TR, JLF- 85— G0N T B AR AR 2 5] T AN 7e
BT SRR S EAOIE S, B, AE 20 HE4D 60 R0 HTE
HEATT KT MWL BRI RO R O3 B RO BF ST . 20 55— R B
TFHRERA R, fERRA—ZARHNBH SR, 1 19641965
R[], AAHE (1964, c; 1965b) KT S HREEHIG A 38 THIEAE A -

[ 20 e szsmicmma s |



R R EAE O MBI BN, HARSMEAEEMERN (28
FHBRE ERUE TR, A S MREEISAELE A I HE SRR
ﬂfﬁﬁﬁﬁﬁ. AR B R B R B AR R R T
EyrEAET , ERNEBIIRN, RN —ERA R SR
HHPIT. HEHRER ERER"

HRREHBEERTHEETRER, RERRT CRL
B 1 S JE I b TR
(Weinberg, 1964a)

ARSI b0 B B B iy Bk i, MR EEE ML, W
JRPERA BB RN RGER , TR RIS HICH 45 L s
(JAb.

TR A BER M T M WAT 8 U, X — R SH—FR
WARRE W T -

AEF S AREFRT L G RM LR HBEWHAE, 7
WA THHAERATE S EHHRIEF - BEHRREETHEA
ik AR A £ o AT A AR B TR ARk,

(Dyson, 1965)

BFHIEH S EGERTE R AR AR ARSI T
O ESHEMESY  EAKGRLRT LR LA EFH R

ARFRERGRCMNYR T —RART.
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G ESERZRY I FRENET: TERTHRE A b
ERFHEERT.

Giil) ZRFHRF BATFERFE HETEFFEMAESER
Eipd AR FOREFLANX - LRIHANE.

Gv) ESEEZRFRALERTF . EMNUERTHH ¥ HE
- TERTFHRFIFFEAAACRSENEL
HF.

W SEEBRFALRAEMELT AGBNRE BT IR 4
HERHFAGRE ARETAEC AR EART, &~
EASRTEMNBRTANER. SERERTHBHRTH
EhEFHRTWEARS.

(Vi) W7 sk B, S 4 B SR 9b 38 Ak A T UL T 46 2t T A
RS RASINE TR T RISk, RAWS ¥
YEREBRE, RAGINETT TR YA, ERTF
EEE/R. AT EFHRAELGHRETTAIN Y, 0
XS A Sl EADEEL VEES S AL ES T
BTGB E. BT HRLHMAE Z P HEEA N m
#Hk, XE . HFRERLEH W KM (trial and error),
WTRARBNE KW, B A TRAT S LR A tb
BRHER TRFRY THR T A EEMEF,

Cvid) 72 S 4 BEIE 3 o F MO 56 30 19 4 — Cunification) 24K 1 895
ERFHRTERM LR W TERME LB,

SRTYHE A S SRR MRAT, 7E 20 42 60 4E AR o WITF 2 36
e, WO R B A A AL TR LA R X — ERR R B W A 2 4
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i, BB T e LA R, AR B BRI % A W IE AR AT .
KT, MBS L, HME S RTFHICH LRI AR, S EKHE
WA K — BN 1] AR A, MR AR, B EORAE ¢ (A«
{E A B3R T SR 4G 4 T AE s 5 0o AR A 36 Ak T SR AN R A 3 T
£, XS B R (dual-resonance modeD , Fidk, XX &
HRTIIL GO A A XI5 ASREE TR,

B B, B S MRS AR, BTFHREN— A
HER, —HATRE S HEHMSHMEENZ T, UGS B~ TRk
HHZFRENZ TR, —Sy i sO MR 755 R R S 4
RS g — R RIS, 55—ty e A S 45 21 1 LR
P ISR RYE . 2B R T35 10 B R 90 S MR e A
) —A~ 77 {4 (1985; 1986a, b), #ATH, #-FHHiRH S IR
KPR SLI BN ST, JLT B YR R EBRE N Z A
W s SXABFSERS T RA VAR T W B0 R, W RRIE R A
ey, 2

8.6 #BS<FIEMK MBI M AE

ST BTSRRI AR (R, ST AR PR R A
Bz ey, REEREEDT R SRR A T 3R T 60 55 M AR R A
M. JEX, ERTRIAMGMEMELARIR. ARR¥EY
PR, X SSHE ELAE I ADL-F AT AR 8 58 - i (hadron currents) il 45 (M4
W BOR AR, AN, 3BT R AR T R ok
B, AT, FESCREREE b, BRI R T AR TR, X
S8 -4 4 B30 73 25 5 O ) AR R 4 5 1 FEAE X S0 B A 7
ProkpesE. fE20 850, 60 4EAR, MRS RN IR T MBS Z MY

|msm mrsmme|
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WHEREZ I, RIEMEERT EIR MR T30 F B
RPFRMATE, Fit, AERYBMEFPE, EEEFHRERT
BN RBOR KRR A RS ), REBHIRT KRS
BT — MR, HFEBE BT — 20X AR I R, AR
B, R TYEE DS SEEIL RIS MR, £RR
FARE B WERTW. MR, X BRI RS
AERFRYE b, TR FR PO A AT DA S F 31 2 405 SR HE T LB A
W,

1E 20 tH42 50 SEARUFH. 60 EREM, —MBFR A F K
i B (PCAC hypothesis) FIFLAR B BT BF LR FEW B . EXA
TR, IR )RR B A X ANERIS (3 S A,
WU AR B A R b, X A SR A ST (symmetry
programme) , SARHTHEAIG S R EE —FF, RN BRA.
BZHRUR—MEERORY, HRRFARRETRTSE. ©
RMNBRTFH R REH KA, I B FIERRRTIT., XA
BFIEHY F BN §——R S5 4F (current operators), i A8 B _F & M
ESARAF AR K, I BEA S TR T 550 T A R O AT
B RARBERAWNMYES, WRAESHER, X
BB MASHE . @ TR TR B B 20
G778 MY B G — 20 358 R A GX A MR X AR IS S 4
B PEMTYE, L IEYESAX BD SR B EME R, ST — M
SLEEIEHERE, BUCRAE A8, ARG K SRR,
EEGUMERMFRIR LR, TIARME ¥ RGPS R, K
W3 1% R GER A AT AR o

WRRATRT YR, SR BUAERFh I R
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11 F B SOR B A S A R R e, AR MBI X
FHRECF MR R R, TN R E TR R,
ER AR, RER, EOR-AOE. MR, XMHHI
RGBSR MR, RERLH, #inUD, SU@),
SU %S, {ARERE, I, TR bR 2 5 R
a0 ST LA ML R TR B WA . DR 4 R TE AR AR A R T 3L
SR TP S0 b AT LR

KRBT, AR SEREE E O ERHRRY
BRI . BUWRAY— 7T, T B TR AR (S SERETT. T
R TE), A BT SR — A7 A B E LA TR 2 3037 el T 5
NI SR 0 2 5 4 T 0 T R s AR AR A T A (O
ARG, MEMATHEWE, SAEMNTRE, WE2RHE
WARE, W — T, X R AT 0 9 R A R
S, BBIRX MRS SENEE, YREEEEAR T RIATHE
VEATEMREO T AT, L, GRS T B 0 E L FAR, B
TR BEARIE 28 6 8 1) T 0 LS U 40 40 ) ST S 4 AR R S A
.

TEARAPRAEX W R G AR A B A, RANSH B R
B, MFREAT BRI 1967 £ LA BE TR, AEAH
W R LTEBRER, EAMN RN E LB TR BN
SRR MM, KRS AERARY, AR AR
Z—, EXHRRAET M, RESHRG AT
X, AT ERNSES, FARSFET X T RAKEY
B,  HGRRN T BRI & ) K% (anomalies) i) B K B
(R8.7%4), X—BREAEHEFTEEARNSHBL. FEM

|mee mrmme
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[232]

MGt RBEAR T Xk, TR T EE 0 T HE Ak, T LB
FEAR, RAEHONE S A IE G0 AR T IE (L e 7 B AL TR (L 8.8
), W EIEAH BSR4 T MM AR (R4 9D, %
FRAERGUX — A PRI REOR A SER 5 H 0, SRR SR0 &
R RAEHER B 1 B LA AR AR, R, AT
AMHIEH BOX AR B, R RN B B X 35 AR SR G T
Bo MR, XS IR [ B AR O W, WRIEN—AEEZ
EBE, BB T -AEREER, TS EH EE T EHE
T AR RLI TR

RAJEEL, BRAT

WIS RGEMXIRYE, T X ERA RT3 A1, speag 8
7E 20 42 50 AEARR SERTCRUY, AT, M S0 4EAKR, SAyys
PP E B, WAL ASE TR B, EREE, 2
i3 (Noether) i) T4, ARBFA SIS, FAERMIES) 2 R
GEHRFRYE, MR T —DXFRRERR . AT, XRS5 0
ARROBEBEENTR . BT, BN e T 5 A A
WBAE A AR, R ERAEFIFOX LM B, B R
WHRAFE AR BAIE L, ANIA YRR AR — I, T
R BRI FREAS ATEA R .

HUREE YA R HERR L T JRAY, PRSI, BT ays
SRR R TE, I AEROR 1S VDX FRIEIR, i U)Xt
PR G — YA K O THMAN, XMW, FEAKR
RYUHRPRAERIRR, A AR P R ST TR

HHBRARA LG, S LBENBY, WHERXTHR
(weak current) &4 T & BB,  # /K 138 (S. S. Gershtein) F13% |

| 20 titsa s M s 2 e |



£ 4 #45 (Y. B. Zel'dovich) 7EAbATTHIIE 3C(1955) s, B St BRI BOFF T
R R S A ik o CRUH B 9 S BB 6 ) 5 B 3628 LA SERb R IBR A S8
M, HERKSEEMD 1957 SRRSO M FRIES IRA T, TEAF 418 %
T G B T R G = AR, KRR AT E M A
oy th S ML LA PR LR LR - RO R Z BT, LS TR
F TR A AT A 33 v R LR R ) B R, A SR A LA
U 55 M LA 0 o ) SR B € F RS IO TF I RA OB A N
PN} -9

SRT, A TR L0 A% AN G ML AR o S SR M R e, R
S5 SR A R o AR OR P A B AT R IR SC SR J R
HEBE, ERRMFEREICR, pRERMAKRVRHEAEE
B, 1957 4EHERRRFE AN ER— MR R (A ME, HER
1 T/K ¥ 7 (E. C. G. Sudarshan and Marshak, 1958), &4 #% /8 &
AR B (1958), 3 i B SRR SRR B, SR EERE V-A Y
X, WESFE/RESWR Y T AT KIS, EX R E,
R0 55 R LA 0 2 RS IR M B K. AR AR A
AR S 4E A PR R A, A A S R A, B
FNIR @AW, 550 A0 SR TS5 R A R LA R B4 R — s A
B, B R OO R R A, B, TR Y RS
A SU (2) ] 4 1 X F vk 2 1] 45 S A IE R, 707 5 78 & (Sidney
Bludman) 7 fil, 1958 4F {32 o Bk — 25 P40 AR TIXFR R, A
[RIALRESU) Mt Bt R ) F4E SU) MFRHES , H X — X FRtEHE
HF .

A 5l 2 A TS 9 R A 5 M LA FH 1 (R R ) ML
WH M —AER, EX—REIE P, AW RARY S FIE

[EXE S ST
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BWAME, I SakuraD) 74t 1960 4E MBI, R i T—4
SEM AR LS A B R AR Ee. 1E
BUFEE S, B B = FER R AR, B
WHETFRH. JEMSERBHEETHA, AW, €8 RHER
o SEASUR A TRk 73793 2 A (R B R P B S AR ) FF B S O,
10.395) ], BAEH 6 T o FR A T BB BT, XA B R AR
PR RIR— TR, LRSS = WA X4 BT DUUR S —oK AR 2
MM E LT, )

TERTAIXSATY M, BB BRI /R B, 758, R
o, WEATERRE. BRI AR T, BOA KR E
HMAC R MM SRR, MBI T IR MIE R, (ER A — R T 42
BRI, XERBEBHENR, ENNBERETXREARRET
FH. BOWEERR, B0 KRR MR 5 R 23k T R G093
. » AT PA—Fh Ay T U A 77 2 TG H AL B S, R Gt
PRI RATRIA . BSCNI, KR AR SRR R 2R

AEMEHEHR IR AR 3R T 900 (o P B 4 e 7 2 L3 W W)
fit, EfRAGHRR, BN~ ML, MIFES W
HRGEENFE IR T, S 2 F X FRVE RO, 33— 46 A T 0 80 % 98 43 i Dy
AR — R R PR R, BTEEERE T, 4 e RY
RIETF Fi(g®) (=1, 2, DRFL, X—MBTHREATELAF L
XE XL

P Jm O | pyy = up), [F1(QH)(p' + P,
+ F2(0)(p' - p),
+ F3(02) 7, Julp)y, 1
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kg2 = (p' - P HRRAT £ (¢®), fn D, fila®),
84(a%), gp(g)Fl gp (g AT ARE L
@o3p" 1ypVu(O) | Plo = iu(p'),vp[y#f\,(Qz)
+ 6,0 m (0D
+iQuf (OO ]u(p)y (2
#n

@3(p' | pAu (O | Pry = uCp)yp 757,840 +iQ,8p(0)

+ip' + p)gp (@O u(Pg, @

Hep, Ve MA, S SRS ERERMBHUER, T g = P~ Pu.

55 (B TR R THOA N & T BORAE I AR X B A 55
(RO IR BIENFTAYEER. AEEBNXERRE T
R AT IR 7 2, B S 3ok 4 1 ph SRR L A1 R () 3 0 2 W R 1Y
16 20 42 50, 60 4E4%, ENIRAA KM, R, XLILRE T3
REBHBEAROTII, B, WS RA TR T84 N0 R
i, RE SRR EIPRRIRR, B, BAXREREE
BB TR TR TTR IR St A, B, AT RREE
F—IRFRSHTERE T, B — B8 (1957) | & H#E0 T Q r FHIFF
1E, SUETE 1962 4F, SWABIEX TX—HW. B=, BTRBRET
RATLNIE, BT BT AR G/ SR M) % B AT, 19T
LK. FE, SRR EE S AP RN .
BAE, LEFATMPT LA AT — M TR B 5.
Fi8 % Fk(CVORK

P08 @ AR SAEAMA] 1958 4R A SO HEW, MK B REAE R
AR THRVOMRETSY Ve RTFEN, MIOGIHHVRE

[msm mrmmer
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[235]

302

XA% BB R BT E B G (= G ()5 p AT BRAE Py
KEFMEHB G REEX—WMWEER, A — R, X
SR, MRBAMEHBIE, BERET [ OP R
F 1, BB B E AL, 57— X S8 A R S8 A9
RERXFER. R, BT AR B A A 6 — R
ik, B, SeBSRIERSME R B IEEMR Ve R L
BERBRA R —8Y . XUk, £ B 5678 = A A 1Y
BRI Vi 5 RGIER ERER JY = J% + 0% F—, T V. 5
R BLAER) FRESL Y. = T — i) [f—, Tl LRI J5™ C= s + 1) #R
LA SR AR AR D JR A IR i 7 Rk AL 3 =40 0 o
SRR, XML 00 HR A R R 0 58 0 R O 1) (e
HXBEAMHA TR, HII, hFxE— TR IEREN = T
G = T =D x) =1, @
X w T BRARRBE, HIRLH S MERETTALE
0| Volaty =22 ®

B, SFRBREIREREEN. 55— M0IFRA% B AR KR
SR T, B 5 TR 1 BT O 0 R R TR T2
LESES S R

Fi(Q?)* = Fi(Q»)P - Fi(QHN (6)
MR RS, FRGABDAM T —AXTF BRI [ (O
T -

fm(0) = F2(0P = F2(ON = (zp - un)/2M
= (1.79 + 1.91)/2M = 3.70/2M, 40

| 20 wesespionome e |



KBS R Y. K. Lee, L. W. Mo Rl HEFFiE 35 (1963) ,

FEARABRAR FYHEEE SRR, $—, BR
WATRRE, EER T e, R R A A 2 R AR AR A —
F, dET R T EAE K IEVEAHE : P73 E a5 R I T R A HAE R
B9 SUCR) [ REBEXH B, 5 76 7] A X FR PEBRAE T 6 B IR R
7, BRKR T ERR e, BT E KRR RS
WK R 00 SELAEL T A A S8R LA IR R ) 5 A LA U
X4 R BE FEA /S ST AR EL AR B R, — A FAE
SU2) x SU)XFRHET AR ik, 3038 b, <P S Ui B 9 2
YR T WHE R TR, A IERB,
WEEIFR T —AY RBHEER AR, =, SRR
I % S B T AR A QF 2 SUC2) 35 IR (BB AR 19 A2 B
Toe AP AE—ANHR T IE N 5 X R SU@ ZEREK

[QY. QY1 =ieQY, i,j. k=1,2,3 ®)

@ BAAR - AEATROEN. CLHEFETREN
PR 553 O SR AL F PR LR B ) 0L 2% iR 40 ) LB, X T
A5 S R (LA AT SR A0 RIS A FBE V3 R R B BB T
f, 2 PA3EA /2 (Gell-Mann and Ne’eman, 1964) 358 SU(3) 5t
FRUES, RSB H B ASZ (Cabibbo, 1963) 4 BERliKY, FEX A
W, BT A58 % A R SR B, AL (R (S MR B PO, [
FLAE SR Fk R = A B A AT, AR A ARG,
BT HIF R AES, HERE QY P& E AR SUB ZERH,
Wi«

[QY, QY1 =ifeQY a»fry=1,2, 8, ©)

[EXE s Tl
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Ho fop R SUR MR R, KT SHM AW I/ AAPEAT OF,
ST MR, FETFAEFRERS S, —FAE SUBL x
SU@IR AER AN KR

[Q4 (x0)s QF (x0)] = ifepQY (x0)s oy

[QY(x0)s Qf (x0)] = ifupy Q% (x0) an

B .

A /R BAER I (1962a) 15 — YR G 4R th o AL B AE 2 e,
At TSI e AR 3 K AR I 35 PR TR FE 58 94 e RO B S R T B
BEKRR. R, E5RRRBRIN A 20, ROLIERER
A—MEU—— FEMRRBE, RERBREAERS 202
S, HEXRE SR SRAKESE &,
H5TEMLARL

WRFH u (= Vi — Aw) BRBIS Ve B IRAE R T
18, IBAXT TR TS Ap KB TE A ATIR? T 4l 4 5 0
Boki, BIEMRET g4 OVMERMEEET 1(8,/fy ~1.25), %
BEMB/RSABDHW, MEXMEHHHET 1IN LR
EARHBREAXRMER), AN FHERME BB RAEE
fo, BRMBARFFIE, Bk, IRV AEFEM R, %
BEFT S BRI & L

AT 4R IR A8 /R 4 8 JB (John Polkinghorne, 1958) fil
i UJohn C. Taylor, 1958) R4y, L} 1 /5 4 & (1958) Fil J& /K 2L A7
(Feza Giirsey, 1960a, b) 4 R G B, i /5 4 & F1 2 /R 247
AR — AN 3R FR vk (516, DA MG 38 4% (1957) A1 /8 4] 3% ( Bruno
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Touschek, 1957 T4 560, B, XFREFMWBIT, MFEAX
FREFHPII A, SXHREEBHLR, X—HFRERIBTR
RBHTE R

AT, RS — B RO TER ] T ORGP i S o
PR TIULAERBA R, i, ABELL A ga/fy R
B, MM A AR EARN., $, FRRBAKNSRHE
(Goldberger and Sam Treiman, 1958a) FF# i, &M FHERFTIA
FROARPERNA, X5ERATE. B=, EWERERRE
g, CERAEHFE KN TEHRINER. BN, ENEHH
i, CREE—AS TN N FHENE, XBL5LRM
T

BFSUR K LA BLSC RN 1 S5 B ESRIET 55— A EI R 5, BT
4, MR HE W BT R R, AR 8 R
HTHMNETF « ATFHEHABXROR L, EROKITEE, <
AFRERR fr BRMOH B0 2 G HCE R ¢° (B8 « /T IR
WP B — AR, W BB = A TR A S X B R
F—RETFRNE, BdRER SR TR EEENLE. RELH
2R

fr=Mgs/8an az)

Fof MORBT IR, 84 RAEH BB H KM E NI, g
N THTFEMEEAEEER. BT SXRFAGBREZL, X
A2 X R A ERR TR LA RS LR R
IR, X — B FMRTH 5 PR SR AT, B BAR
HBBIT L, WA ISR G — RS, PR T AR Y

|mew mrmm|
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Ko XWEIETHBEARF BT, BA SR T I FEM %R
BB =2

TEFRE R EAM RIS SR, BRI 77 75 (1960d) (& 4% % 26
HERRLE, R A8 e S T R k) — A S Ay Y 20 ) B AR ) S
Mz b, WEEK, WR-AEXERBETH ¢ WHIE, £
¢ —~explia * 7y5) ¢ BT, AR, BaEREFE, R
Wi, GR A ASEX — 2 e TR RS, ARAR T2 A R,
XL B ., (R, - BRRSS, BT TK
BERBE TR F B CX TR = M TS ST M
), KRR ABREL. X PR R R R BB AR T« N TR
1, ERBEMRE « M T35 BT« A FIFIENRE T X, BT
R AAIRR TR .

SR, AR T K 8 M A 4E (Gell-Mann and Maurice Levy,
1960) AL, HBE /MO ER N = A FIRR RS, XA
TR, vs SBRERRBEE, « N FAGA RR, T E R R ER T
ERBREF 8, (4D H G, (g RN«

P AP o = u(p)lig,a (07,75 - GA(0 Q75 ]ulp).

Q=p'-p a3

EH, G, (O % =~ mo AMBEER, RET%TME%R 2
[ He—ANHE = T bR

GaCQ%) = 2f g/ (Q% + m}) as

MRS E K, WRRRILTFETEY g2 > m2 1 ZHONK K
BMUE), I HBREFERES, B2 XBOH—ABEXER
ADAMFRADF A,
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55— SR WUAT I I HE B i 3K 8 B IL £ 7F €] (Gell-Mann and
Levy, 1960; Bernstein, Fubini, Gell-Mann, and Thirring, 1960),
HTTBFTE AT, FEE B BEM A B o MU AR RN o BT |
HEATHRIE, HA AR BIT-HE 0077 4 T RS = A F I
IE Ho il R -

A, /ax, = pv*f $ 15)

AEX— IR, AR IR R . BRI K MR — R
F(gentle operator), 3 B Wk FL 40 B T 2 R WA GIK R (x
AFRRAAE, RQILEHETE ), 3 BELEY, E0H
A, SXEHRETER K E o A A K TR SRS, LRI 4
ATHTR T 2H) , XLHREITTI K. BT AR, HRWILF
.

B FHER MRS, XA EERE M. A,
EATES MR A, BRI YRR AL X B A6 R ik
(SSBYBRM ALY b, TERHk n AT B B R AR —
AR, REEHABTHE A RGN, 75 /R S8 I7 &
A KRR B, A R m A TR BT W SR E %
i3

BAELTEAE, FA B (gentleness hypothesis) — 3 < 1 4l
KRBV IR —FER S LR TR B, EWEE
PEAETFE S VFR R VRO R R ST EE B = A TR AR B B X 2
%, M N TFREEERETER, 2% ESNBNBHIT
Wio X RBARNAAE: Y« AT R B [ 5] Py 28 7% b
B, BXLEIE T AR R B AR R ML, TSR T — N EE B
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[240]

1, HEERERPHEL .

b b, BT REBIGHE « N FYRE OB, WHFE
RWR UL R 20 5 AR M BB SR TO., R
W, AWM RK. B, FEYABOEY, PHTEIK
BRI v+ P— L+ pGXEPRERT, LAKERT, RE—E
TFRIOWERTT M, 8T RBAFERYE, EEMR:

Mg~ G (BlaA2/ax, |Py ,q=p,—p  (16)
o P FRB wt + P — BT M, B ALAREE R
M, = limg—2[(g2 + p2)/212] (B | $2 | Py A7)

Goh g & n AT HghE, ¢ 2/2V2 8 o BHAD , KB RO
AR Y 77 AR L R GRS 7 B (15) Il A4 M B5TF q2 4t
WA ¢ = 04k, XPHBIBT N 5YWH « A T-IRIEH LK
PRIED -

2,
M5,

~ G2 f2| M, |? as
LROIF, QRO X R, RR T BMEE NS
MEERZEMRR, FLb, BoFEHRRBESER THRES
AIELAE AR LA 09— B4 X R . A0SR A 200 B8 L A4 D B
TEWR T(n' + a— ), HBAXEE IR Fo v AT 25 T 00 5 40 B4 0 46
BT (Bla it | a) o BREGRXE KR, PUAKIEN (1965), 765
FBRBECITMRA (B | aJ7 | o) HEFBMAMBHBE S HEE
BWTENR S, A EHREE AN, BB R R AR
HEERE RN, PIESHTIR Y « M F—B T E 2 0B
SRR, AEXTFRIFIGLHE = A+ F—H TSI AN (7 KM=y
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A FRBRE T MRIEW = AT T WERI 8, ZEAFERIEF
kS
g2/M = AN (y =0, vp =0, k2 = 0)/ KN« (k? = 0),

19

KM BETRER, -k BRWG A FHERYY, v =
= (py + Pk/2M, vp = gk/2M, py. Py F q SHIRMEET . &
THFRAT A FRN4ES R, FESIENAE 10%MKREMEZ
W, XX R KRB, 9

AEHRS PR R WA RS S TR Z o, A — R
BIBIS, B4 Rtk < A TR, HpZ—R o —2y ¥R,
TENEERE 2% (D. G. Sutherland, 1967) 155 /K45 & (1967) fif $ th i, #4>
SFEMANBERBARRERNE, XSKRMFE, BorTEME
BB —5 BRI R, 51 % T 30T 384 < 5 4 % o A B o AR 380
HIEC RIS, HRSHTHTREMEEARR .74,
AR

1961 4F 3R @ W SR, X TLEIR i H R 35 A AR R R
AR R MARBA AR E R R —AF RN 5 (ETC) X
R MR, XTSRS R R TR H A RERE R B
BENRBE, KA E R S YR GE R — SR SRR R
W45 i (Noether currents), 20 #E 42 60 4F AWM, AMIHERS T
TR PRI P — S R R A BB R
B, Bt FRERGE, RS AR, ROTMERE =K
B, B FRRY BB LAT R, SRS . S
SFAE, B CPT Stk (FER A S 2 6] S A B SE 4K
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AW TRARZEM) . B T RRE T, AT BRI P9 xS FR b,
T;:Lﬁ%ﬁi. ETHEEWFEER, BEFRERFS AR
W, BERESE, EAEAR R K T S8 5 AR A A 08 60 3 L% Bk
R G5 (7] A7 AT S5 3T DL < 45 AR 0K 2% 0 30 230 A% ik )
HWK, ERAET SBORARORES 8 B LR R

TEITiEe L, WACK H L T 3 A2 A A AT R, B
F £ PRI B H KB, B ALOUR S T ik i SRR R th i %
FRME, F7 A RRAT b X SRR ST RE A TE X 5 R R M. FEH
A EAFROT AR FR X e B, BN EERRRR, R
i, XFRITEE BRI R R RA R, FREET 3R TP W &
IR Z B BRI AR FRYE, 0 X R R BRI E B A £
AN IR, XA 1R 0 A O EL 20 B I R — N B L R G
TRVREL, B 0 5 22 O ) R T A R, 5 A 1 45 3 AR iR
PEARIBE R, PRS2SR A EIE LA IS, 7EARS b, XA W8
B SR R B A A DR R SR L

TEMYERE: BRI G bARaXA FBIRY — 3k, 3R /R @ RN
TR AR R BRI 55— Fh Ay v s 30 7k e R A R T AL
B, FFAETEMR 5 X R FRE M,

AEPTSE, SR 8 BT AR A A AR Y HE A st 5 S P ) 4
EABrB. EH—ANH B, 1926 FlRMEIIAMLE g MBHEp
=8L/8q, iLp, q1 = (h/2xD I Z[EAAIXHE MR ERR 5, Fk
AR, XA RS TR B H RS L AR, i
R e S A LA R A PR SR, 0 I T R s
(Thomas-Kuhn sum rule), %5 ~ MK Bt 5% bk I B4 35 B4 1 3 5%
HRFR BB R T 58 X, BB HAFRIX 5 R T I8

| 20 thsesmichom s |



HEEROEEABEZETE, B L, #RMXHRAHE
SRR, AT R KRR 5 3 R R, BB
ARATRFHREMREA, R, R L, HRBERLT
AR T AR AR, B A% 5 SRR S SRR AT 8 4 3 J 2
ML THEA KR, 2% R AR R IR, TR
XA BRI

Bep b, MBAT— DRI R R, R, I BAEERA
R; W— M HRRER,; H— LG

[R; (D), Ry(D] = iciu Ry (0, 20)

XA R R, WL, XGRS R
AT A B R (SRR @ MEE KT, oF
AT S KRB F G X AR AR, 3R @ AE 1962 4E IR
SRR T A SUG) B, XAE 1964 SE I SCH R I T — 4
SU) x SU) FAEARSL, & ik iAo i\ A5 DA K i
JIE R BRI o AR R R(9), AOFAD)®, HFFel T
—ATEK I RBB TN

M B E, fEX SR MG M EAEE R, B, R
B B BB S B A KR T, BRI AN
HEE. HOK, MBBEN SUB) x SUG) MFRIERR., A, B
T UOMBMFHEZ S, HASHTA PR ER S, Bk, X
RS DXL H R R A, TR LIRAL,

HORBXT XL A MR p, BERARA R ORI . W,
AR SR 0 X B T R AT R, RN E
BEH, Rit, REREETREMYBELBROERZH YN,
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EARRBER . FU, iR BCE ] I % 5 5 2 0 AR % AR A
A SRRV o 3 JLE 2 0 900K 3K P 7 32 ] B — A B AR T 400
RXBIZESR. B L, LF0R5 KR PR M IE N 3528 5t ) ok 3
B, SUREUT AL . SRR B H R B R BRI AR R
WG, BT T4, AARKR BRI, SHxts
RAMBHRIAE, HXFTR, KEMMEN, EERAERMEL
FEH 9 SUGH X FRYEB BRI WL T, AR AL AT A iAo S 48 A 8
b, TRAEE I AR SUR SIS X RMEX L, HRE
SU®) x SUR) MR MM NESEREYE, Fit, MAERYE
PSR ELAE A B — B D) P IS5 KR, AU R M &
ST —ANBSRAR AR AL AR X

R KT IR B F MR, AV AN — BB R
Pt R A B R ORI R . K R B T S B
FECRRBREE , 4 B2 A7 BT $EL 40150 A0 0 B0 E )26 Bk A A FE K 26—
o WEBh, AR TR T 55 A O SR T, Wl Pt 2
WTHERNEL. WRER, XTENRTHROSH 5 %R,
FRT RSRT FM A X5 R RRAF . T QR u,
WERBK R, diEit HE SR T8, MEERMKE, Bk, &
R B2 LI (1962a, 1964a, ) REIAJE, WELEILE kTS T
— AT B

XY, POERY K« A FRONE, BEREFERS
Cm = O, 145 e S0 R o BB 7 A S I A 8 6 R, #E R
VAT OL T A T4 SRR 4> 74 Bl VUM K AT 3
B B, EAEWSFEMBERERAEALGLR, LB~ [+
HHIEETCS THIREARE X R
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flaAg | iy =ik* (f1 AL LD @D
FIRE, EEPIAK x AT i B A B AT A R AR RETER BT 5
f | T#j& (x)a+j8C0) | i) (@22)

EBEHA B S, RGBT HE— P EAIER TN E R
Wb, BHAS T —ANEAA R H K, JERIEBRAN TR E
e,

SR, E P 1965 4F & K Jé (S. Fubini) #1 % 22 (G. Furlam 2 1 T
SBREX —MF R TS, XTX—RIAWPFEA R T HREH .
AT 0 BB D A X 5 3R 4 B G o 4 A — A o TR S 5 A
%, GDABH— M TFITR, GDETLFTKSRASIHE, @il
SEFA T LA R RGBT, B AR A 7 ks (William Weisberger) 43
IR HAAS T — RO R R WAL B R <t (o )R T
SR R FE R R TERE T 84 BRAEN :

1-1/g4 = (MR /g2 KM= @2/ Wlai (W)
M,

~ a5 (WIdW/(W2 — M%) (23)

BAARFAET AT | 84 | = 1.21, HESTREEE g5 ~ 1.23
JeH—H,

PR — WL SR E W BB R X F =/ TR F BTG
fEAESERE, PWRE KK, EROT X THSFER AR
BT RELGRR, HI, X —-RARLT —MEG, Ep
R LIRNIEE, EHERIX-HNAFO T HEMR, &
WEZ N, K2% 500 fi@SCRBEH G A%, CAEMRAEEBM/
AERANE N R R TIR .
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SR, FETCEON S B 2 sp A e A R, R4 i 3
e DXT o0 -2y FEEETRHFEFL—H/RESEM, (DF
H—4% B 35t (Callan-Gross) sR A1 E W (1969) , & B 7 76 R BE Ak AR
R, 0 0 S 1 P BORR T 45 T . X 2 R I 4 T
%, SRFRTE R A B0, R
A 5 R 3 P o 5 BT S X R A TR T AR, X
BRSO NF MR, AR R B R F RSN 1K A
FERARTHRE) . EWR, W5 X R ARRET HI AR #4047
MBS SE R R, [R5 T B ANBF 0 RY S ak

AT, AR —ERO KRN, MXAHHHT— IR R
WEEME . H— IR R BITEX A 49 4000 Y B 2% 0 B 0L
Ko BRTEIX AT A B A B S L o 5 R A LR,
I SRR ELAE PR SRR, T DA 5580 L Ao R 0L T A W SR AR
HEF RIS . R B Ok e B S R B ] 41 — R 230 T
. XM O,

FERX b, AR BRI KRR 2 W AT A K R T, A
BHRIGIRT L E RGBS, fm, FH/KES(1962a; 1964a, b
198D R, WARBGEMABRFAE SU3) x SU3) S FRHEAE By —FhamAf
AR RERRVE R AT BAY, B SR LA O —R AR T B 7 A
— AR, BN 5 KR RGARMTEIE ) — D e K.
PRI, R IR FR 55— AR AR 07 26 200 119 3880 10 3065 1 #
AR, BIAE 5 SR A T B0 1 B 3 7 2 A SR e
14298 (Bernstein, 1968) 4% 5 784 i) R B A4 s S (- 5 B T
PR MR R, B R A S

SR AR TR, PUABAY Bl 7EHESE R —K R T 2 B g 70
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W) TR AR . ST SRR A X8 B 4 R A
BRI, TR T ERTWEY RS AR R TR, WHE
WERSARAT, T TR ST I 55 O PR R R AR 5
A TR, B S M R B T — R R
R RIHEIL

B X RE IS, MR KRB S
AW T E A, B R R R, ERX R
7 SRS LA P 9 R R T L T B, SRR AR ERRAE
AT b, X SRAN AR o vk FAEXT AR Y B R B X
B, AT, UTITEREAR, AT A LR EHE ok,
1967 4R J7, AT WA IR B) T W 3K — 49 I B Fy 2 G
.

SR T I R B 7 R AT, 8 — A T ) o IR
(1966, 1967) FIiR{AH (1967a, 1968) FFAl, i fi]% @ T —FxH K AER
AR R RO RGERE GO e, BT FAESN H12, DAGE AA RS4R3
KT AT « A FREGER, S BERER, WRANH
T A FAERAE WA R H R I T RARBT A, A2
4y <A R PRI R 5 KR B RAF REI

SRATHEERRA T B R, AR T AR IR RS 2 18]
ARG EENARF, TEREREQRRFRIECH, ERKL T
1) A TR A PR B0 (RSP 3 A LA B H BRSO B
EAFAGEA AR, BERMEETK, FEXHR R WA R
M, BREIBRRE M. R, MEEER, ERMRKEL
HEAT TSR E R T TSRS PR R MR R BOT R LR, 2
HOBOS BB AR B T £ g4 BRI ABEE. BT XFHETT

[ srmma|

315



[246]

316

Wi, SR, WA IA A, 24 A 03 o] A — A B A B L
4B B O T R A R B2 R T B RS AR
F R R EF A, AR, B 24 36 e AN 5 R R e B
i, SRR, RESHRESEE,

Pk, G EEN S ERET CEH T EMIEETT
AR, X G A AL R GEsh R BTt BE L HER ok, BN
RN L AR RGBSR — DR, EEARFIRN KR
PARBREOE, TSR AR R RES &R ki
L1149, IRRANH BJF R MR 0156 A Z — LR BAARIX
—H, WA

FEVB A P KM ARBOT IR 2 R B b, 58
AT ERERT KT X BN MR, XA L
B TAERESE T #5548, EX N OURM A LR RBURA ST 3T
B X R R A B T A B K, X AR TR R MR R
RHAIERAT FEEACKEME, RAVFAES.7 WHMEE 1969 48 T
Pl — AL, 7R B X BRI B O B 2 0 PR B — 2 R S
HAE 8.8 F 11.4 HH 5K,

8.7 B

£ 20 HE42 60 SRR, 3T BIA I8 8 S HAT R 19 RABE
98, W SAREYIAE KA HEBREAT . (D) A 0ok o AR ORI #4513
S RARMTE R LT B 2 4030 BeAR i — DRI, ERBABA,
. DURFIEA AR, G 8 1E 3823 5F 48 3 5% 9 5K R g 032
YR — BN, ERBEFHRFR, FEE2, UK. HER. FEHM
oAty At s G AR % LA B E LB SE i — 30 4r, E 2 ol P 4
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BT, BRI ASEAT, XA L T R R R
B HATRITELE, SIS < L 2% i — I AR SUR LA T X A
ATV PR S TR, RIS A X — B B Ty
RIS SER WA, B4R TR — G — A BB AE R B
A8, SRy 5 B AT 45 R AR GRG0 X BR b 4 5 R 10 U AE SR
P TR, MTEESIAR S, EIE AR RGO R R A,
BE B R

SRR T IE U 45 % 5 5% AR b ) A AR 20 B A
HIPEAREE, BOEH AN (196604 th. X —PFBEMI IR T A
i 9% J5 B A1 4 A (Goto and 1. Imamura, 1955) DA J Jifi i #5 (1959) ,
K RARRGE R, Rt BOBRAMBRENE, £ HIE
FERAMAHE IS S, T RE SRR B, 7EW R O R
MARIER & BREA 2 [ RHE Vo fl V #xE 5 R LM 4,
— SEA WM T AR H A T

MR B AR GR. 1961 F, HRHERT —R
AR & BRI LR S B X T HAR R (196D, Ak
TERRFERICH, (D g T 16 R I 5 A2 i B 28 R ] 58 S5 5 30 0
N, PO RRBUNE, GDIEW TX 8RBk THAFRAEM
WA, PR AS 96 IE M IR 5 R AR, IR T
ERBRABIEAREREN S, SR RRBX T HAFRFRITN
BFFETAE (1969, 1970b, c; WF IO #PE T —AH K RAS, i
SCE TR A R 25 MBS Y R BN T Vo 1 V) iRt 5
KEFAFRIAERZD 51, B RESREH L EEE, MG
WRLEE R B F B BORERIBBNE, T LM 6 SO0 A Al B
SEBARH BN S
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WA AR Ky BUREAT, a5 X AR IE AT th F R & %
WA T, BT B TR IT A — A, 47 4E 1966 4F B
BRI, 298P0 (30 SRR 95 5 A BRI 8 1 W )
. 5@ — AR IR AR & B, ST — ek
FR oA H 4 H—2 8 70— B % (Bjorken-Johnson-Low limit, BIL
limit) iy He AR B ——B X —Bit, x5 R g 5 C MR
BB AT A KRG R T, BN T—ETFHE T
TARAETE A 1k, 3T 2 16 A 2khL 58 b A8 A — A B 1 9 7
W, — M FREE AP Z R 5 R T. X
—RWHE, HRDAEL ANMERAIEY T, 1EX 5 R E R 5 5
LR BEEGEN=ATZE: WTFSOMXMIELNIE A, 35K L5k
FHAEBRIBSNG,  1E AT BT 5 00, XA FEE B
AT, AL RGO A SRS, BibE Al bHE RS
FUETABAGIAMM A, XA LR — R RAE T . it
HW R B EMEG HEOBIH, X B HLZRARE S
AREEATEARM B, XA — AR, 850k 2 M
XA AR ) — RO DAL B = A R

ZLVGINAEEL ST, TR (1967a) 3645156 B T W Mt 2= 07
HRCHERE 5 AL T, KR T AR, PRSI, 24
WIRA R, ENX S TFEEREHREERY, RLEXTY
BeFog5 KRER MR AENIRBE, KAt s R A BHEE,

W AT NURERIN N, % 5 A9 I HEAT S 45 10 BAE — B85 ok
AEW S, AT A— RS R AR, R RU—F
BB RO B, 7 1969 4ELART, X R#EE5 Taoitie
—HESEERABIY . 1969 47, 4 A1 B 37 (1969) 7 L 2 15 (1966,
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1969) i 1 B TE W S5 I 1 53 X RO ER b, %% THATX T B A
HELBOAR T 10 5 SRR U B 5, 3T B BE ) 1O 1 BT KA B
$ir#% (Jackiw and Preparata, 1969) , [a] i 45 Bl 464 A1 52 ki (1969)
2 AP R X 5 AR AR P
o FTREXRAGHE

BRI WE R 5 — LB 5 S A A TN E VIR, RN
S, IXELHE R B E 4 S R 4% VAT RE 1 MR SR 2 [
SURAWIA—BR M. 1966 4K, FEBEZEM, ENTHE
FRIGMUAEZE (g = ORI, WS S 155 5% A0 A AC K
O BUE TS, M 3n SEKFHAR, ' X BE S LRAMFE, XH,
Ay AR AR R BB . S, RV R B R
LAER IR« A FHBTIR. B R ¢ D EB
FEWM g = 0 —HIEHET] g = mZ, hEEH R KW TR
RWAESH b KR — R T REMRRESZ . T — R AIOBLN, X — A
WARER AR, XRRANLEIN, S8R WA FHEEERME,
TR ELAE A B KRR 220 R 57, 3K T AT LA P R BB RE A1
—REASRR R, X LB R A R vk o 4 IE A TR
W. HLF2ETHIEE K /K8 3 (Riazuddin and Sarker, 1968), &
FRATAT UASR ) 15 2 X — B P BF 5T

HIREFR 6D T IR L MMM, EF 2 WML R
KA AEFIRE A« (L8, EW "~ 2y il o~ a0y, M
<AL R RO AR R S, B R T % o B i R
. SRR —MAE R, FRNS @A ANIE . BRI TR
WHRAD)RAREME, BAMIMEE = AF55 0B B BN,
VASERERS BT BI (B . /RS IR IR LB S AL —Fh
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PR IE A AR M. W X — B B A B B A, B L
7 & 4445 (Arnowitt, Friedman and Nath, 1968), R4 i1 B 42 th
BN TR R R F /R4 B8R B .

DURBEAB X F i RENIE 4 FIEB R M TITE, FRIES 0
MWERE TR LM AR, S IERROPIR LEZFH, WK
BHEEEVRERIF LR T —MABRIE X969, EXMLX
AR B — MR R TRIE, WA ERA R
AP ARATRME" | S HRE RE— A H R, EXAFE
o YRR E, FPWAFHTE , AT T AT BB 6 31
B KRS TSRS S R R R A AR By
JiHa  UURAHN B 5 V81 035K 1 P T 5F I B BF 9% 00 7 %R 0k A
B, 05 5T A AT O LA B 24 AR BEE ) B AR TR B R

DURFISTER IR, 7€ o BIH 8 BT 0 — 2y ARE T
—ANBEME, O, KT R B 2L A 4 A R
HEREEXT =0 — 2y AW, 90— MR B« AT
RSN, TGOWET, B TO) =0, I EEESER
HHBhZE, % I /R (Steinberger, 1949) %F X — it A iy
TURREY = AT R PR 00 2 (OB SR DR 28, T iX — Bt 3 5
FERIAF. 5 —J7if, £ o MR R R — i AR W B B4R AR <
TR R A — AR, R4S ) S %R B DR AS B B4
[RIBEE R, 3R U /R0 B A S o 1 B B

BT R MR, DURFIS R A — T R M, %
WM. Bk, NEH, 7 o SR 5b 545 0 3F
B TCORBET— AR, 24 B0 = A T 2 P 9 SR BB b
BRI, BRARAS 73X — AR BT O, X ANBISMT 5 355 S AE B % o7
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H—B R TR e, R TSR A 43 < A i 2R A B
RAMEZ B —Auhge, K, WABRABARNE, ExK. HX
ZA GRS AR, SRR IR < AR B R L SF
AR, B2 40 SR BB R B0 A R A B, B AT R
PPBRE MR R, I BRI, MR, 50
WU AU AL AT T RS, (ELADREIR T 84> 7 HE
Rt WA TR AL B X R R AR, )
IRAEAD 1968 4£ 9 A 2 H 54PN P IFESL.

BAME MR LRI, D ST AMBH o B EHFR
ABAFER KA. XRE R — MR RS

SR, — RGBT FE 2 SR A ST, (A
DURFIBE R AW X — Ry R, XMNHRERFECHFS 4N
HERYEAEREWA, HFRRAER LRI 2 68 SO A4
Lz b, URFIBTE K B — A ] B7 50 i 30 43 < 4 h 6
RIS B 36 18] 9L B AR 6] B 7 2SR i — B o

5 TR SERIAE 45 (1967a, D) —XFhig IR, %5 R R
WRAMXE, ENREE TP LT 8% —AEF &, IR
HRBH T —MZ WS FEM AR GO, XE, K@
I BE A2 P35 T35 (regulator field) i8S & # 3 &, — & B 3% 10 i ik
my NN AR my /gy = m/g = W, BIEYM my TR
EL e B PR B 57 16 A B AR ELHE I B R At R, DUUR
T EER AL A A TR, TR FEIE o BLAL LI
JrS, DAGEAR RS I (7 943 <F 48 b SR RS AR 2 18] (g e 28 DA S
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FERMEBA AT Z 2R, KRB

RIERIE, DURFNST AR SR ST T 2 B 1 5 1 2 R AR PR
WA, TP AT 1 A (1969) , 7 i LI Ak 15048 o BERY R iy
SRAHELAE P AR IE A, ST PR, RSB A BRHAAR T 5
WAL, UET REBALA AN iR L

S TUR—BTER ISR Z A QLML B MRy R
MELASLRE, RTTEMHMREIT —LEEW N, CHEENAE
FEATrIE: ORI 70— 2y FAE FRAE = M TE i R A9 T
Bk B BN, DR A A e 1A A T S K,
HARY B SRR I PR bk GO B 534 <t
SRR ARAE IR, BRI T Ay PR S50 47 40 1) S A7 b 9 A R 46 9 T 1E
BT, BRI, #5 J2 BT ) (1969) bA—Fh T 55 4. TR/
FEEA WX — RIS, T2 A8 SO BLE SR ] g
BRI RS MRS, A B UK A B B K 56 F 84 <F 4L 2
VRBERERIROR T RN, PO AR 2 IE o SR AR ST IO Al S
W, MRAEAEGEH o BERL PR I7 R GEAAN 040 ) R 3954 < 48 i 2 i
R, PEWAH T o0 -2y AN GBI, AW, MERHKRS
P AE X — (IR, SRt E 3 SCIE SC o BTt 45 ) B BB B — AR
FA969), 5L MAURALE fth X T He B LB S £ B SR, ASLF
IR—BURERIWE SO & SR, BN RTIEREBNES, BE—HE
AR 43 AR i S AR B  E  SEAT 58
R EER

Pl B8 5% -4k W 3 9y 2 o By 1) R T 0 T TE A 1 3 9 2
FEs R — TR 19 <A % W — U PR 40 O TR 2 5
BT, 35 3 S X R T S R R B A 2R
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AT TAUBRE TR B B RSB, AT, FERTRE
BIROTIE, YRZES B B A X T R RO B R A, X BT R
KB, X—BRRRATE, FNE S TR R TS S v A
VAL T R, MEBIHLBE, KX SR T TR X R
PERITRZGEPEAT , BT ATES) 712 0 S0 i AR SRR E Y TE X
AR Z IR R B, B R TES R, AR EX TR
ATVBAR Hh S SR e A ) AR GE R B S XA R T . 4% TR 3R
AR 1l 2% P A YR 0 TE B, — 26 R AERA B I BB X PR T
e, TRIOMC BT ) BRI B th BUEE A RL I VB R,
BRSO R B PR A AR PR SR A Hh 35 SR RS, X
JEERSTE IE R TR T R AR Y. AT, RS XL
B, BRI SE K T Y) U — 76 T S BT SR B 2 B

EWMETIT R, PR, BT EXNBEEMBSRENR
TBCECE AT KB DR TR AR B B B A S R 2 50, e
FE A PR KRB BB REESER, RWR
W, T LD 2 oo ARG B T R AR S e = A T i R
M. BT, 12 B 1A (Rosenberg) i) = f 71 i £k B i
AR (1963), 32 3 i) MR — 4 hr B AR I AL ke v X A = A
TR AR, RIS R ARG, ARl R
T4 RTE= TG MR W PRk & R, — MRS BB, %
FERTHER ORI, Bl AR SR 2 A R BOR P RS A
iR, B ANEBRREMBMREN MR, BEREEL
WRET Tl AR FE LB, B TAE R d AR
SRR

MBS P, AE St B A B H R B0 AR (S

|wem mrmms|
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AR RAFORPTAE. Hit, SRR EES R kKD %
B — BRI, AT, BTN TE N WA T E R
R PR B BR800 v 38 B 3 i R AR 5 R P
BB, NMEESTEAN= ARl RE, i &S T HERE
ZERAIE MR B R AT R, R, R
ik 8 A BR324 3«

3j5 (x)/ax, = 2imyj5(x) (24)
GROO™ = 9(x) 7,759(x), j5(0) = $(x) y5¢(x)) it

25 (x)/ax,, = 2imgj>(x) + ag/4m: FE (OF* . ¢, , (25)

VIAB A (A AR, AR SRR T T R
BT UG, RIS T AP 5 8= 0 2 9L, B
BT — A EAT RS T W3 7SRO RS F B 7, R
WRTRBLI.  AERFNIBE 7, REHBRIR, ZRREY S 7, 4
BOHUBR KB Kt F WML ao/dn: Fo COF® ¢, TR FFAE
Zig,

TS 45 7 R C25) A R SRS T o 4870 0 DR — S
B, 5 DU (51t BUAES 3 <0 K0 56 R AR B3
D < R 5 A MR 4 DL 5 DA — s X
WIBAG T SMARS I, B 1E B0 W50 A S MK R Stk T
F% =2y FE (e = 0.7 eI — AT, ERAT S
2. AR RS OUR RIS RS IR, & 5 3R ooy =
(7.35+ 1.5)eV FAEMEF.

B, A EIATAR R B 06 R — R 45
R EMBHREARK, ORHEOESEEREL, R
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AT, XM R TR A T EAZ AP MEE (259
MRS IE, MW RET = TURAR M KR, XA R Rz
S R ASAE AT BOA A SRR LT, R T A2 9 ol R IR A
M, MR TR KA AT (1969) 42 i i3 — B BB AR 7] R LY
JZRE, RAEER E T (1969) Bt i B — B H BB A . X
SHT-AEEELEH, X—FHENTFREMRIGREXEHE
fg, %t B3 3537 FAH K 3% (Julius Wess and Bruno Zumino, 1971) PAK
HIE R (1976 R IERE AR E X B,

T Hn RBTANEE, FEGHERD, QEHSIIENK
B R R ORI T B IE AL, SR AT H (5 i 1) R R T
EIEARERT , BIRE AR R 0 Bk TR0 222 HE SR ABUR
W, RS th IR SRR K, O

BT A% DUJR B B 5K 09 AL I HEOT, BB IRA BT R BRI
W, EARFHIT, 5 ERIAIE BT A KBRS AR S AR
KB, XEMITOAERBEY, WRAPFAEAENE. LIE
AT EIEAYE, AR R = TR MR BN C AR, =4
TR AR AR T EHSL B AR I 44

B SEAERT R 2 16 o 38 AR 8 S 9 B B — DL R — BT R R
. ANAHE AT IE A1 BT £ K (Gerstein and Jackiw, 1969) DA 2T
Q96D F REAEF MR . X — 85 MM AT EIEAEL R IR
MERRL B 1A BB K R (L 10.3 4),  AEEMBT R KRN,
SUG) x SUBHEAMES, BTAH—IRHKN VVA Z & E
VASE, ME—R IR R AAA MR, T BT ARG — A E AR
SUG)RHGM, MR E, B5MITEMTE RN H—
B WA ERMR B, KW HAE VVVA Fl VAAA J5 #% il & B fl
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VVVVA,  VVAAA il AAAAA Ti f it il B v it B
£ A2 N N R ARRT

FTF WA EIEACBN, JLFF B 1232 5) iR # (1969) iy Be i, ©
BRI R W R B B HOBR 354 #2 59 4F e B FF (operator product
expansions, OPE)fYHES, DA Athid 45 HE R ZEHE T A2 vs RAEHERY
by, AEHARFE T P DUR—SUER, AT, BRI
R T AL AR PR B2 (8 R A T AR O, TS R
SR BAHLMEREEENR L.

HABANAIE i TAE A, Wi ARSRAE A S A SRR AT o P R
BN AR, fERREX— R R IR, BR R P K R — T ik
FR, BARARBURIT, XFhFIATy R ARG 3R A AR b AR
A7 A 89— W S 40 R S5«

AOB(x) = ), Calx = y)On () 26) .

XE, A, BOOM On (XD A ARAEATE RIFHAF (HEAT . .
fEf kR, %), Cn(x—y) —HHFx - WRIFEM - 9?2 {%
B, EAHTEEHE A A MR T A X T MR ERT N
HE.

R RABUR IR T AL b X IEAC ) BT, AT,
R BUAE SR AE R A AR BEARZE v 3 SR b R RS, Ml A R
HRRBEARZEHERTE Cn (x — y) WA RIS, b K ARLBH
KT MBI T, 48K TECREOIEN SR 28 HIE
WBKRLRIRER GO 3F R BE TR & W BTTE S b, BURB
ATTHET™, AR LB 45 SR A fth 5 TS840 T4 F A SEAF BRI
FREIE B AFURTF . BUREME R SCP I8 A A E WA
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2+ AR A LA PR 20 P S B R A BETC R AP, @ AR IR
oA T TE AL ORI T BRI A PR B, X — R AR T2
IR LRGS0 SRy RUR R AR SR BR AR, ER
I 5 K AR B A AR AR AR
JRIRAEA ST L W A Sk PR O A BB LA R 9 8 BE A R
P, BEAS BRI B H B A KR PR T LR BUR B 7 R R
SOPERO RN B H BRSO BTRCIR , o R — W18 IO TSR, TR A
] vs AAEVER SRR, R TEAL BT 5 AR — a2
AEAE TR, 3 — S AUR AR R A A BB T % %%
(1970a, b, ¢; 1971a, b, c; 1972), 4 £ # (1970), W& F 5%
A970), Ff. BURSMBEER (1970), F/RSMBEK 7D, P
BIAAF AR, X ERARPHEEAMNBEYEN,
EMBATE T~ PR ERBNE, BRI TR EEARZE Y R
MRS S A AR, X —RHELT 530 T Al 1969 4F 13
o BIRAN S BAE N HOHT BE4E (scale dimesion) 25 4k, o i 45 BE I

FETE, (R BRI I R T A S5 0 RE AR AR W Y 2 6 4E (amomalous - (255)

dimension) v, P it bR B8 N 8 1 4 A0 RO R L B ARRE, BDBR BE 4
(scale law) 3SR ARSL , B ARALAURS 3 HUAR BE 4k i AL o

BRI A RN FEE T () #4H #/R S KT T
B 75 o R HLA A B A T A (1950 XA By AR B G 853
RIAER/IR, 4L ARk K (Fisher, Widom and Kadanoff) Ilf 5 3
S bt bR BERBGSOR T TAER R s GiD #8412 ft b P 6 11 R RS
PIREIEARE L. TP AU A S AR BRI A AL, BE S R AR
L, AR T EALBE ARSI TRLE s S — RS R RE —
FHSERBN S 7 KRS TARBE RN . A BE SR B 3X — Ty T AN 3L At

[ET S =27 L
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FERR T,

8.8 EIE{LE¥

20 42 70 4E Y], X T EIEABE RIS MR EH R A,
B L 247 BE S (scale anomaly) iy UL, SR HE R 25 A9 SR B
B, AW, Bk, ARTHCOERS, WHESRNRERBYE
SR, AR AR A AR BB R, 0 IE B IR ARAR B RS SR
T,

WES RN BRI (RERS YO, R
1177 A 38 3 B 8 2% 3¢ T F i 4 E {f I % R (smoothed interaction
representation) iy T fE(1951),  FEX—RKH, WA XELHEMER
RS RIS 50 FF , W T PR EIEALRON 2 4b, RS04 8
IWHRFTHE ., HTERHX—HR, WHERATERBROHES T
B BT PER SR g, KT E LT — T8 e s
—AEREEMEE ., RIEM0IEE, Y g Zkat, KRBT ¢
FROAHEL A PR B SO A SRS IE , DARE BRI & B A K
75 3 ALK — SO BB B M

SRANBEMTE, BEREAERE—RIIG PRSI
(1954a, b, c, d; 1956) 51, K@ T — I 1L HI B 1 Fl (smeared out
interaction) ARG . KBRS, HIEAE A A9 800 R R 8
BAE—ANER, TN KR R A R LB R, Y3 R IR
6 P ~1/a(HA a RATEAE A BTERED B, AR B K/ ih 2
TR, MIRZHL, TR AUBOR fE— AN 2 S R A A
W, BLEMEX MRS, BT R RS EMERET N, I
W T REEMER, XEFROILY R ERE. RAMPHE
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XA B 5 T ETA X B 0 B R AR BEAKBU . LS,
AR B R FUR & R —— I T 3h ) i A N R
FREEMSLAY,  BIREIN I N BB MR, BT B A B AT
RE R UAR R AE R o

“8 [E4LBE" (renormalization group) X —RiE ¥ 46 1 BLZE 7 4
FRARAIEIS RS MIe Q95D FEIMLIOP, M1
B3, BRETEMRFPEIAMMIARNIE KW, RbHkRE
WA ERPCERY, ERA RIS R TN, ERBTHBSE
B, R, XMEEEAYE LRRHXE, BRAR R K EE
HARSEHBNARSRE. MIIEHR, BBE X~ LR
AR S MW AR SR, MOKZR “EERR .
Attt T 5IA— A TEITRF R 1 — A5 R A T R

—4EJG, RS (1954) 7E X4 ik 7 W 3h F1 22 S ARAT I SE
o, EEABRMI R T EEAAREE, HE, MR, e
i e REBT BN E N BAERACAT R —MEE, HH e BB SR
% e, PIRMEM—NRABR, ESERARTE A LT3
EITHH XK. M A—O0Rf, e, ZERPIHMTe, YA onf, e 2
R eo, W, WMNKHM, dFTERERE, § RAFE
A2def/da% = ¢(ef, m2/2®), M A— o, BIEABRE ¢ EHR
Bed —AEY, WK e BT —MEER, B, Mm%
H, XA H RO —AER, WA e —EA —DRIKBT S0
BT e (AR, BORER BT IE Y /R @ik R AT A AE A A A

AENTH LRSI BAS 8 AR 3R @ ARSI TR, IRARAZEIL
St g MPIE A EIE AR, B2 15 T R B IE AR B
BAHBR . SERSFNE—B, SRERE KB ERA R EEL

EXE R =271l
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FREE BRI FMER , R EEAREREIE, i ity
SRR S AFAELE BIE AR R R A AR AR, AR, XL
ZEHSE R AP WAL Y 20 42 60 SEARA 70 R P A 2B &
B HE, EERENERBOTI, hTRTHEMGEI
Z IR B AT B ELAE A AT T AR BE RS o AR T IE AL B Oy B
AHTERAREME

AR A BT R R A, B AERORE TR i Yy
AR BE ST A ) SEAR el SRARBTRI PR 1), SBRIE ) B oy T IE AR AR BE
IR B EIEAR B, HISOREAEEENRE
AR AT, FERNHNEERD FTEL, RHh
BHUSROEQTR TEX., B, —MrEERESE—MARR
PYIEEENE ., BRGNS L T R IR B, B
2, WREEARNS R, AAEIEHA AT MR AR AR

AE ST /R S X T BT W) 2 ERAT A R , 2 iR
RETERAER LA EERRN, XA RRERER, @
FHTF TR AR, I BALE 8 AR S B X — e
o, BAER A UL T AT AT AR AR AR R e, AR R
FRLZ AN RE, eI T AT EMR B T it T
Bwf, H—AER R, AT R GERARE b, B 5]
A AT T IEALARAL, DATE SO il A S ) R A 1 e B T
WIELH, BMAT — MO R, MR BHE X TAK
HATI— MR Bk FEX A “WOEARE AW . ildREE
FEBR A AME AR A, REBR BRI — AR AT 92 94 o
fHI AL,

BIRLIHINE 20 140 60 ERAVMREIR ), W MAIR AT ik ReAn BE
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Ry, (BB 20 #4260 ER A, MTHITMAELMERE, A
HT R FHREAEA R WA BER R,  Bosh, 2R ARBBT
FUR T 5 A R SR R IF R R B AR R, AR T — 8
RIBEIE .

B, BT HIRRGET % 2 8 i 5 AR XA U Y
R b AT A 5 At ——EX — R R R T REM A, HE
b, XA AR, ERBREA. 1965 4, fEMAERT
(1965a, b) AR I F A ROS R B AR ) T —MAREERR, BRI A
Bz XA R, XHS T BREEWAIER /K. W. Essam and M.
E. Fisher, 1963) b &3k & /K (1964) B RABHILER .  BIRE X 42
W TAEREI R, B0 EE N TAEGRZE R, BURRRE
SRR LA, TEL, 224385 ol A sk — 1A 9 3 i B
BT KRR (lattice field theory) i, fih Rl B T IE AL T 4
BFRE] T — > AR L (1965) , B3R LB B 1 4 K B A3
AN R B RR R %, —FE, Rk (1966) LIl F A2
RAERRE R SRR — DA, AR RS T
A WAREERE, XA LR EEIEARERAKL T, BURBR
ORI T RHR B, B AT AR AR PR S
2o, R T BRI AR R, O

BURATE 1964 4E R IAFRBURTF HLK T — 2P QIR TAECR K
), B, ERMEUR, WARBURIFRMT ., EBYTHLH
R o bR HEERIE R B TR & 3, I HBTR T AR
T MBI AR BE AR 9 LA 45 SR (1961) A 4 52 (Mack) X F 38
AR AR AR AR R L (1968) 2 )R, BUR BT RA T W
FERBUR I, I LA AR B R B B R b

|msae mersmmsal |
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(1969), At B, WSR3 B i 4 BE A ——ly 1E U X 55 X R #9 A7
BERAE B RO 5E X——B A B e, A4 BT 350 T R AE AR |
RARBEARAER) . 68X Hob7 BEYE RE B 2 6] B A B AE F B2 O ELRE 3RS
BEHARS X SRS AL BT I SR B b i - LR

AT SR AT A i R Bk B G R E R
TR, X R P R R R AR ARG (D E e
o GE T 4EGE 4% IR (statistical continuum limit) , PA K Cii) % iF AL B
BRORF .

BB MRETE, BRBERE, BRI EEHAYREM
B FHRMARMRY, RERET AR, R —A g
BAGRE, BIINLERTZS b5 SR A SR8, A 5y T AR IR
HIPR— LG, AMER BB SRR E X, TBA AT AEE X
AR LSRR, © b — MR SR, Xk
AR LGN ARG, MR TRES, ERT
BENFRI S, XM SECECR#. E, T XERSE
WBFSE, MERRUGER. “GiHESGRRT X &7 R/R 5
XTRFHIE. HHRXTEEKBE S, SHEPOHR, X
SBFEA I TR 1975) o, B B IE LR BRI R, &
WA XT G ESGARRAO IR,

BOAMEE R, EORMEEEDG, — 2R R E
EAHRE WA SR, R T TIE RS 45 BEAR
XS T E BB 0, X E B R E I
ARTTRIR. M 20 B2 60 4R MRS M, AMFFHNAE, ;T
HIEH L BNE, T8 T 579 940 B RS M R 2 R T 38 M S
BR. RARBEH - AEROBERET “RAWE"
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(dimensional transmutation) fRf&:, Xt R AR T .

—ANEE AR BE RS Y 2 4 T X A RS AR TR b
T SRBEN, ESRA — AN REARF, BEHERR— R ERAE
TR, FRER S A — RO AL AT, EERAE— B
FETRAS RIS, BT BERLAINRERE G R, EEE
W A—MRAS RSB AN ARLESY, FIA—TRAS
R — B, BUR SRR AEMTIRIE AT FHZY &
WWAE” , EITH T X MM R, B, TR
A, AT T IE AL B o AR HE A28 S T 38 G S R R T
IR, BRI — BRI AT T AL T R AL B

G, BIERE R TR R AR R K LY
FZERBR, EERBRAMXGERXE, i LB EREN
CIOMAREH A, TEIE ATy Y G 78 4 F 50 4 A0 9 ¢ HERL ) RO 3
AR T QOET . ST, BRSO BOHR o0 #E& — Bk,
FFIGEFATHOIER N RRE, URFSRAXESRGTTE, 2
R, FERCFIAIER, MR AR AR R R R R KR AR B
B, FFREBEN RN A, RS, EmRARE1983)
R HEY, P IER S RAE P — A R B A R E E ET,
AR RE EIER TR A R .

HRIGERIRD, B TFIHE PR3 AR BT HL 3 J 2 o R e A
MR 8 REMA AN — AN TERBN L, RER, SF
RAEH/RE—H—ARBHEX L, RERAELAFORLE, Ry
HH, HEXNEE R EAEN. X —REAE AR
A, AN EEARTB#SA, Hit, 20 EREE
HPREERHE, JRSHEMEYBEN G UREBENHRET. H©
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AR, PA—FiE kA A7 2, T A R 0 AR B T LA E
9E, B AR BEA R P R REBR T R A . IS A A BB %
RARBER MR TG, TIEAGRE 7R AR B R BT 5T 45 Fh R AR E |,
5 1 2 AR G R R 3 R A MR

B8, WR—-AEEE R BRIE —RE IR
B, RIS FE 0 G AT A S 3 A TR AR R M A
XABIE AT AN W E % Bt (1978), AR — WL
WA KA RRBGAS A, IR EEAEE, 2R
T, WA WA A" AR b o) I A (0 S M,
BHUAER Wi % 4" MREE MRS Z R T E PR, JFHE
At — AN AR B ) BRI Ok SR AL (R B SKBRAY
W ATRER, GRS RS BUR B —IE & R A S s R, ARATE
R ISR AR AN A AR A EIEE .

AERXAT R A MRS R R ARSI T, A4 V2 M A A 8
R BEAE A8 — AN IE R BE O el B8 37 40 4 5 0 08 22 ) B R 4
W, BTEEANLENE, FEREEERIMBER, X—kE
R AR RBURIFAELR B F I SRR S b, B3t BUAE i B
AT B BLE R EIE AR S BBz b, MR LTy
BBA R R, W2X—FIE AR AR R, BT o e
ARUEIEAE, P B0, WRTEEE RS, BaMem
RMAREEAE R FIHOE LA, IR AR, o
RAHIERR. {H2, TTHHE—SWNEE2MEe, MRENHAN
R RRBIRB—EEIRAH A, BAETNRATEEWLR, H#
WAL 42 A R BT B AR ) 4 5 R — A AR A th B G T ¥
FrIEMGERZ—) , W HIEALAE BN ) B A PR FF 46 52 5 7 2 kAR CRL
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11.449),

8.9 REIED

7 20 42 40 4ER K, 50 4ERAD, P T X TR HF T
TEAL SRR 3 H R EE AL G, LR BT T
RFHEHBIGHER , X 1B R R T8 7E R 5 R SUR A S
BRI R T . RN IR, AR EX ML T 20
#4220 4F AR MERRAG AN 9 T35, ARJF IR RS 20 4 30
SEARA, 40 AFARPIMB RN R0 S SERFIIE, (HR, EHABAY
R 20 AR 40 AP AR B R BUK R TR M EELBILE
W, HUR TSI R PR T AR AR K, BAKRET
i RE T A M X

TEMFRATAESE A RFA o TR I, T3 AE 20 42 50 4748
AETFHRAMBIZ . BT R B A TG 50 7 T T AR SE T T
TE A AR U /R LA SR T T S B BT ERE R OASh, E R R NP
FABPIRE . ERAELERSR, FSRMEXTEMXR, &
AR AR R B 1 AR, BT R B ) R R — A R R
5, BIMRGT S REEG, 765 AR GE T RO AR ) SR
DA K SR A R T IE AL Uk, TR s A RBOT AR T 33 1Y
g, TEXBRE R, S50 MEL E 0 A RS, EO R
SZARBE .

HA, M 20 4 60 4R R, W IF MM, FERMEAE
JHUR, B 20 142 60 4EARAE j STVT ALY S SRR A
REEMIRBT, S HEEICEWITER . ALK IRAAE S JEREIR Y
FEAEREH , AT — T BT B B R R INL %
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Ko MWZF, EBILHT 1969 4FAENTHAHE L I 2 B OFFTHY
W BRI T AL A P O AR, RS R TR
(quark-parton model) , PAKFESf R HESE o S A4 A0 T 5.3 12
(quantum chromodynamics) , ##:3 3& T4/ B (9 BAKER

FESL R BRI BRI, SRR IR, BRI
RREN B SR H OB RTIRAR. TH, 7€ 20 fH42 60 4
UGS, AEAERT UK AORESR Y, AR T — R — 7
HORFIR LR DR RGBT, B2 F A BRI TR KA X 3
Pl DUR AFE S 0 7T T IEALHEROIESE, B) 1972 48, BTy P2 %1%
HTHAMBHAN— T BRNE—Fie. BETREMGERKSG
X —BER BB ) PP AR FE I SE IR, 1973 453X — GE B
nT.

SEAHELAE R o A BE A S 00 A A S A L AR o b i S0 %
B, GOBHE SAREIX 2 5 LA I BT DR LTS B 2E 20 48 70 4F 4%
RRIAT. ER, BEAIX TR GEM T & FHIL) R
TRBHR I T EERAENIER, ERTHE LORERTANK
HE, AT BT B3 4 9 0 A9 E (R R 8 R T Bl B R A
AEMB KR EE, BEECEHOTENR, ZL¥E
ET.

BAE—ANERHEANRR Y, i 40 EREERRS, %
FBRTFIFE, BT ARG, RAEEN AN RS
WREREAEEL, BTFXNREE, &FHHIUEN— P ERA
RAMBFTRE, Tt — 5 & RILTP 52 RAE— TSR R AE 2
ZA.
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TR

1. R, RAGXESISCPRBNSAMLTERALRT, X SEMLERSRIH
— AR YRR

2. XHFEBIM W A FHEE, W Kemmer(1938) 1 Klein(1938), A 14EMERE = 375
x— by PIBE THRAE. W AT ISR B RA MR A (1957) FOREEL ¥ (196D 7 fiy
15— R PO LA B RS . (X R SO RE R P A 4 X
(I, Weinberg, 1967b; Salam, 1968),

3 AT, ERAIH, R Weinberg(1963), Gell-Mann(1987).

B . {F458@(Wightman, 1978) £k
l?ﬁﬂ?%?ﬁ AT, EREZ A —RRE, ABHR X0 R TS
PSR, TR A S RO RO B E U A, AR B H BOR O, RT A
TR RN, W Jost(1965)F1 Streater and Wightman(1964), X FHi¥it, L
Velo and Wightman(1973) ,

5. XA RGE A AR, R (1988) e 2 FIBLE AR AR R M A UE R, BRh
URT RN — P EEGRYGED, BB — MEBERS™ 6, WRER
JRCA9BDFAHIMIMSL I,  Fi/K 8 (198D tFFXFE—FIL Y, fit 1956 4E U5 FISUTRHI, %
SMMRE— SR PE. HARBMINEN.: HSRMOETRE, BHARKEERE
Wil £ AR R AR, " (FLE)

6. ERTIHCHEL S, XTF X — £ MY 25 th B 19571958 4¢ (Nishijima,
1957, 1958; Zimmermann, 1958; Haag, 1958), &I, MM ¥, LAKT
AEARTZERAEARR, Fi, ER 0 S HEEMIE I H A9 FE S H 6590 8 5
T B TR “Z=0" SR ART-A M — I, X 5 FURRE % . C. Hovard
and B.Jouvet, 1960) A ¥ 8., W16 % (M. T. Vaughn, R. Aaron and R.D. Amado,
196D 1, FHIES: T MM (Lee, 1950), A EMBRAT, LT —RMLETYE
W, BB RELER I (19652 AR SCHRE] .

7. SERIRIRQ94DHRh T MRBTHERY B . 52824 (Kronig, 1946)IEMHTHE S R
HRRER.

8. T iit, W Cushing(1986, 1990,

9. AR MR BAED YIS B WA I, AR AR LT R — A B 0 55 102
K. MRRCRER SIS AREE AT AR VAL R IR M e B — A R A LT
IFAR IRORT e, B IR A T G MR I 30 0 0 4T 0 R T RE R R G AR B 7
(1956)

Fs AR A IR, XN AT
!?EE?‘IQE i) S0/ M A LT €5, 0 R (1958) — BT ACBOA M 2 S SE R 1™
Ao SR B e — 5 — S T /R B SRR TTRE R IA IS MM (i) FEAE 1958 4
9 H WA LS T H#/R R0 OIHAIFIE, GiDBR TR S BRI RS 2R & F
TS, EMRAAEXES S FRBINY, #/R B WRANEA LI ERE IR Hp
BB EERY —. MR 1962 FHIFRH, WARR ‘SRS HHEHE
A T A I T X L
MR, LRI T RA AR AT (19622),

AT, WARBFHXT S EHEMGHANYTFHRARNTE, MTERR, SEEE
SEEMIEA AR BOME— AT ARG HESE, VR THIEX HMELAY, R, HTR
REN, WARERER T, EﬁsﬁﬁﬂﬁwﬂfﬁﬁﬂﬁiﬁﬁFLEMl%ﬁe
Py - et
ii*’r"&ﬁ(ﬁi‘_ﬁ‘liﬁ‘e. ﬁ']’!ﬁﬁ‘ Sﬁﬁ&&ﬂl%ﬁmzn*iwiﬁﬂﬂ&ﬂ
BRI, ARKS. 798I AFFIRS (1955 Mfegd, X MELh, SRR
FEATANGIE G, REDSHRERARAHEL, ERA TR, BTHEMS
SERFERIGZ F Ak SOR RTINS BB AR TS S BT S AT
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10. X TFA BARMM CHOCR S, R FIE, SH I HAR (L. Castillejo, R. H.
Dalitz and Dyson, CDD) e Ml & 5 1 — BRSNS L, BHILE A AESE 2 A
SHBARMRYSE (1956),  CDD H (UGB # -5 WA AR THIXIRE, (B2, EQIE 20 42 60
SEREM AT, BT BT UL (R Collins, 1977),

11 XF GRS EREEIE 2 FAX AR RiTHE, W Chew(1989),

12. Blankenbecler, Cook and Goldberger(1962).

13. Charap and Fubini(1959).

14. Chew and Frautschi(1961a, b).

15, AEXFIEIE S, s FORAE C (EE PRSI RACHRTF 05, « FoRfERYd .

16. XF S SR M A KIC RERHE, W Capra(1979),

17. iR @3 T HAR T EAMMBAIBIVU e, RALAIE X (1989), X4 F WA
T £, R Cao(1991),

18. i, Chew(1989) fil Capra(1985),,

19. Landau(1959). FEAEAHT 5 (R. E. Cutkosky) 7€ 1960 4F i SO 4t T —Mad%
KIEHEAR I — S R

20. (A, FE PN P P 2 6 — b — % B A R,

21 SHRGM Rt TAE S SRR o T U B ORL T $e R B R R LA D .

22. Stapp(1962a, b; 1965; 1968); Chandler (1968; with Stapp, 1969); Coster and
Stapp(1969; 1970a, b); lagolnitzer and Stapp(1969); and Olive(1964) .

23, Chew(1989) i Capra(1985),

24. FEAER YL (1962 4F 1 D MBIE 2 “S0A SACRL T B 38 T A 1y
SEREHIE" (1962b) ¢ fiifE H W FLLI(1962 48 7 ) Lk liaBi R WA B4R TRI3
I (19620),

25. BRI AE 1961 4 T S AR T 93 5 HE W70 IX 5005 £ BB WS T XA
DR, e (1962) P BT 2, SR8 S — A 937 A (1961a) . gE R4
(1962a) AR 20 42 60 4= ARGV B I B ) 2 51

26. /KSR AE(1987, 1989)1 30, IR (1988 i d,

27. Chew and Mandelstam(1960), b\ Zachariasen and Zemach(1962),

28. §, Cao(1991),

29. Capps(1963); Cutkosky(1963a, b, ¢); Abers, Zachariasen and Zemach(1963) ,
YA Blankenbecler, Coon and Roy(1967),

30. BHAFBAR, 2% 7 UL SEH). 4 SR M i 4% (Blankenbecler, Cook and Gold-
berger. 1962) Bl HE S MG R THF. X F X A0 E L 1L fi4E Cao(1991)
3,

3L XT M4 S %R ie E W1 R 5 WA (9 fF 76, W Lehmann, Symanzik and
Zimmerman(1957), XT & it 4 i 7 J{UB) — A W B a9 4 WA, W Neveu and
Sherk(1972), 3 4184 51 J F 40 A 45—k /% 07 280 1 0 3K B A8 O R LA O, L
Green, Schwarz and Witten(1987),

32 ;e;».g;mgs;saw&m I Lehmann, Symanzik and Zimmerman(1955); %
FM , B Nambu(1955),,

3. Xﬁ‘&"“&ﬁ@i&‘ﬂﬂ*ﬂ% SBTFHEA S R 2 WS — 1
74, MEEE Cao(199D) it ST PR F) .

34. PCAC 2 “BBSHFHHBNAN" M8 F A,

35. AMEMRHTEL T Ul 16 S R A R A B

36. f,(0H (203 (p' | V(0 | py = iu(®y,f,(Ou(®d,, EX, Yp=p —0
B, SRR (2) BRI

37. CVC it B % % 3 A T AR £, OO R T M IE Ak, 35 — 15 A9 ) B0 GE B0 1T DA
Coleman and Mandula(1967) th #8],

8. EX T+ = Jﬂ'(lén('- 0+ TG (r, 0) , HIBFEMMERSHXR, ROH L, =
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Gl PN = @ e TP N = @ el ) p— W INSa PN

@ lpis™ 1Py p = P INIT I PN

K, T+ WRPERAER— A RGNERA TR, HEAT I = ji+ (= T o WMRR
X F1(g)* = £,(g2)s F2(gD)* = fn(g®) , WAHBRO ERNTEDAE R
i,

30. FERE, SHLA SUS) X Btk (B G xR AR, SU) xRtk (RILTER FidE
SU(2))7E 20 tE4E 60 SEARATMIMALAT, B — PR HRIFRYE, JRRBERRBORN Bk, 25T
RNIHEREIR, S5 =AM T ORI B —1E (1956) 16 3 i BT AL 50 ] (RAE
SUHTB BT RS ), FREF . ERMMAIRE T, SUG R SUQR) BRI
PR, SUG)L x SUBIR(SU)L x SUQR)IR) FAERFHE .

40. AR AR AR 5 X R E P B R FTAEAER, KT,
i, Gell-Mann(1962a, 1964a. b),

41, RS WRBRNIL T, 84O HIRLT £, (OB Rk E LR 35),

42, FARMSH AN GBS EE AR, KRGS BRI
#JEE, W Brown and Cao(1991),

43, F95F P AR SR BLAY 53— D TERY R - IN O 0 3 R0 OER A
FTRREN, XA, — MM TR (O AT FAEB A LR A
R AR TFEAE £% &, %6rT #HHSH (Nambu and Lurié, 1962)8 “FAEHE
T HRNEAE, X BB TR 7 FEH.

44, ARG TARRIHRAEMBEBATFRIE. 18R E U2 W L0 BB A B
WP — A/ MR BTN, EE R T BABBAIRIFREST, W R LB AR
HORAERE, WA REREA B RSB, DA RAE R TR B R R RO B R
8.7 471 10.3 ),

45. Y RMOTE®) — QD) By RE R ETC XA, BRARMBULR LS
. AT, SEFRAERSR, RS S B HCBREE , BTN A
#51E (R, Goto and Imamura, 1955; Schwinger, 1959), EFWR uo MRAKXR, R
Gell-Mann(1962a) ,

46. FRMURB 96D E, X—PRERH, BFHEZ I T —WRINRTHED
Pt BAERE L.

47, XA ER — PR, L5 LM 10 (1966) [ i 9, X2
AR J: Okubo (1966); Bucella, Veneziano, Gatto, and Okubo (1966); Hamprecht
(1967); Bell(1967a, b; with Berman, 1967); Polkinghorne(1967); Brandt and Orzalesi
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48. 1966 4F K, TEMHIAFRIFMILIA WM KRB Y ML LWL, BE "W
REGFETHE" JVF RS TIRMIE M A N, I R RAE IR M (Feldman, 1967) 1,
AEXWFYEF, W3R TETC X RIFER LR—MIEEN" AR5 0 WA R
B RARE, BAKHIEHTH o

49. W MAHF(Hamprecht, 1967) /R &M 196 WA T 44T, F#BRRK
5 (1969) fF T IRIAEM SMHT, T,

50. JBHBZERIME, XA APER— OB BN E ROR AR IE M H T,

51 AIARARGAT T HARECS X EAT TR X

52. MBMBISRR, FEBEEXT o— " MEASEEREMR, HFHNEERYTHE
hARIARESE SRR AR BOR R TR %A, W Adler(1969),

1 1990), ZEH/RHF@T 1966 4F 11 4 2 LR REW
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1968).
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55. L B LMINIE A SR BRI XAR ST, 7T A A AR — Bk,

56. tFARRFBIEEHL, i HFIE 4 (Fukuda and Miyamoto, 1949), DA K i i #
Q1951), #RF = fy T o 4R PR BAEAT TR 9 9H 00, X T X seahplag— B BEHI, W
Jackiw(1972),

57. RAVEMPTHB R ATRIHE TIXBHARIS BRI AAN bR,

57a. A7, TEMETHrARHIH(1985):  “%43X P45 F B K F (regulator fermion) i
TR , A REE AT 27 A — A0 ) GE 5 6 AR — RE A B K
e, ﬁdﬂlﬂﬂi{ﬁxﬁlmlgﬂﬂﬂﬂﬁiﬁﬁﬂﬂﬂﬂ "

58. B TR T A
W, HR2, Ef&%ﬁﬁ‘(Dﬂshen)ﬁ##xﬁ!i?ﬁﬁ&h‘lﬁ*(lm)Wﬁ%’W\E i
BEM—BRFIA, W Adler(1991),

59. FIABIHIERE), T B RMERIN, HIE M GURBMN, FRMT LR
Ik, MR SR TE SO AT AR T — R, B 6 A2 1 K A
R, HABKTHREREYE. 0 Adler(1969) Bt 9,

60. I Bh MR, L3
OB A A28 C S0 R 7 #3000 o, A0SR — AL TR 6 7 R s S, B4
HARD EERBITE R LR 7 AR, R OB o SRR B S SRR
BB RATAERE, Ao 29 MIDHROERO X F IR RIS 55— IO T

61. BOARFRERECR I, AT, BT R
(25) s, éﬁﬁmﬁﬂnﬂ?ﬁﬁﬁ, BRTRICHE, HiseRH % BARR
SE—ANHIAF, B Bardeen(1969) 1 Jackiw(1972), P IS 4» < 1 4 4% o AE P b JE
o DAY 7 R IE

62. XF5ARAMEAE R RKA T LA, B Adler(1970), XTFHIMCWE, W
Bardeen(1985),

62a. BXAEH] sk LR B S BUA RO B, BARILES A RAIEAIE,

63. WIRAT AR BRI E 2 A RO RS RBU O WU F 5 X, B4 & TEHERETBE)

o 'ﬁﬁﬂm%&ﬂﬂ’ﬂlﬂ*ﬂﬁﬁﬁm%m*ﬁ U/ i 4 PR R SU(3) x
SUG BT 8 R L

65. &Hﬁﬂm& MR 4 FLAR EE (Valating 1954, b, ¢, d), FFIR/R & (1958,
1967), PUsyFIE(1958), Wi (1958) AR 992445 (Brandt, 196D T B, KMk
R AR A BRI 9 TAE (1961 HIES:,

66. RTRAMES, BCBIRBIMINR. H47(1960) XF 6 hHie, LRI 1961
KT FMBE, AR Wi 4588 3 (Kastrop) i1 2 52 (4 Mack, 1968 1) % T3 T/
B, BRI BT, XML R K R 4K (1963), JER/R
(1960), ML (19650, b), IAKRKWR (1966, RICATEX, 1967) 4 MG H2%h
WEHPRRAY 5T HAE T %R, B Wilson(1969, 1983)718.8 41,

67. BN 19BDLER NUR SN, A Sl T 20 42 60 4ER ch i sy
WORRE, HFBIR A IR AR A T TR T M Ae i i S0 %,

68. (a) U HI MMM (Wilson, 1970a) 71 A$* BB (Wilson, 1970b)RG4H4F, ik
A E T 1T 55 WA AR A3 112 AT

(D) MBI, EAE—FTIGOHBY L, WEMSEE O EERH0EhE, &
GitPEE S, Mﬂ':l)\f:ﬁ??ﬁliu ERTHRTUIIAT EEANAe, P
T S A i 2 W k. E LN E ]
USRI AR PR, AT, fEGeit g, Wi'iﬁﬁ&!?&ﬁﬂl‘?ﬁiﬁﬁﬁ
)

0. THABRERA R, ERU/R i3 TR LAk 3740 ) W04 B RS P MR 0 24
(1969) iy 2 [ 47— AR 2 KT R AR T — 3 T MO R B
FHORRBERRAY], A IR P AE GO B AL T, BR80T
A SURAESEATAR S R T IE LTI R0 S R I 2 s, T T ARBEAASPE,
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3% FURFSARXAIS MR B AT BRI R B — R X, EILHA 8 BER
ABRBEHA BT TUR SRS R T @B 1) RERZ o, SRR HI R HWOE B, T
R Y A E A SR A A R (S 10.24) .

70. WK (1983) tyER D], R FUR M — B AR, X A
Sk, 3 EWRIFRIRK E B CBUIR T RX A B IS AR .

71, BURBIEALSA— RIS A BRI A URBOUN, E— 4T

1969), ¢ ¥ 7 (1970) VE4H R T /KB I HES I3

TR, EXAYE, HEARER ¢ RWRK, TARER/KSNEY
W RN, LARIEFRT, #R8 I EAURHGE.

72. PRIARF AT~ A BN TFRAE, MHTRAFE, HHHRE.

73. EMB/RSHEF G, BT RSS2 H AR R AT RIERK, SRR
s T AERSMERHR Y AR RS B BB

74. £ P.D.B. Collins(1977) ,
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RIS 06 T4 3R TRRR T B 56 T S8R AR ARG (260
HEMA RIS, KR ST SR K R T DUR L, A
R T AR R 60, e AR LA el 3 0 T 102 5 il
A RT 2 AR A B, W B LY, R R BB
B HLREIG KO HE S, 5 BT B SR SR ) 9 SEARAFAE BT AR . M
ki bk, B FAREA BRI, DATEAR S T Al o E
— AT R R — RO AR, L SO R R
AR, AR RABTIA N BT REM, EBTIRARKS TX—
A, B IF TEvE A — A BT A8 L R 2 ) I SR A
(HIFD),

ASEMEB N TR : S 20 HH42 60 4E AR ) B AR
PEREBRA K BL(L0. 1 45), SRUF A 20 HH42 70 4R RYIMTIL B iy R B
(10.245), Bl /R 8 R R A 5 T4 BT DUAR ALV B3 T T I
ACHEROERA (10.3 ), TP 8% 34 [ (R 448 T —Fh BLF B IR AU R

MM Ei, XAMERAERA E AR i &R AM AR, A
BHRAR BN R R 1 0 B 6 M (R VA G TR R SR U, T
BEAFAE RN HEERM AR THNEBEEEXR
0.4 45), ATFF@I T —Ff BT i 56 B 4 B F 40 0 AL 35 40 400
(GFP),

LT 5 A, % i A R L AF A A LV % (gauge
potentiaD ik, X4 AULE BT I iy B v AL ) o Tl SR A 48— T (111
). BRAERE T S T XX AR — YR, AT o)
TEKMS S, ERRRALE AR DMBRER NN %E— L, ERAE
IR L, BB M. B, 5T U R A R
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IRBRAKRAL2H),

BRI RO 2 RE Y EAEET, BRAAKENE XA
REHBE . XTRUGORERENE TFHE0IUTEMRRM T
HE, BRAHSIER, XROkE MRS R ETELH,
IRARIE S R TUR kB T BT 35 4 51 S A2 8 — Fh 5 B
ar.3#n,

M 20 48 70 4F AR DA, HLH3H A8 RGBS — S
&, RRTEHMRBE RN E AR T A H R 7, B RIEMIE BT
TG R T . F0 RRRE AR MR AT, ¥4 R R B ie
B, 20 KBRS R REZMEMBNIT M. ARG
ar4#,
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B9
WAEMREHZ B

X EEH ARSI RS BBk, Fie
LI PR B A S | AR B R B R A R, DA R
i A3 4 8 2 O SR

9.1 HEREH

EMRATLE 5.3 FTR B 0, MR EH R BARIET 1918
SEAMRGE— IR S 3R, R B T P I 25 o A JL AT O
(1918a, b), AMRIGEAEANTF: 7 SR & B T 8RR R AR
IR SE 2 Ah, KRR ME AR (scale) th X R R AE XL, BEA
A — AN A N — NS I BE B, SMRBRRBE— D BLLER
WRGENMBERGE, AESRBR, LR GAEH A Y BRI 54
RAAHFAMGLEE, hTYEES RO ER N EERL
K, SRR R LS VA SCHMAE e — e 2 o £ 4 S L2 O
fo ARIAMREGERIEARE t i B R R AR R 7, B
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SHEYBE P SR RAMT T, H, E1R%EGE TS e,
XA & R B AW E SRR AR A TE

RER BRI R, BIMRERBIESFHHEBRERRE T F
K, I ELBEERT S0 B IAS T RO L. RBTR R, W
FR A R G IR, BB Py B2 OUE N 3 (P,
= eAp/e) . XFER A BEH LR A AR R M B SUE B T R
WA E I E R EAE A AT, IE 3 T R B 0
RS BT O . 0K L Y A A AR AR B — i ) T 2 IR [ A
BN RGN RARM R T RS T, RFHEPH— %
RS R MR E G P AR P BHF (- 1h9/ax) FIRE,
XAE—k, IEMNHE5E (Viadimir Fock, 1926) iy &9y, BTz
Tyl ARSI AE IE W B BAF — 1h(9/9x, — ieAu/he) BRERY I,
AAAe B (Fritz London, 1927) 4 T4 5 i) TAEFISMR 6 531 T4
ZIHA Y, SMRE TR B, MRRARER T 6. %
(—ieAu/ho) BR, MK REMY. Hit, AT RE DA
25 (1~ (ie/he) Apdx, ] ~ expl— (ie/he) Apdx, ] BUCEREER L (1
+budx) , I EMAETT ABAERIOFRIERE (b, HESMR 1929 4E 193
SO, AR X S IR AR R, HHIBIHE T MBS B A
= AL = Ap 3 A B TIHIRAHO , DA R L T IR B R
SR ¥ — ¥' = WexplieA/he) (—XMFEAH .

L, EBRLRAR e A RE BB T B — T S R
MidBt.  SERIRT AR B B I SRR TS, B O R e A
AEHEAESEXNEN— KRB KX LM S RAOME S, FH,
AEHBRSA A FEAERI LT, A 09728 A0 Jik AT BT 6 i, E)‘Jizjiﬁ
WuMERA AR, M MBS AER, A AT R
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B2 5B Ax MRR LS (connection) i Hh I e, X Fh
PR R AL A LS e — R, MR AR R R W B B
R, B AR o R AL N 25 R B AR AR R O LA N . B IR AR O
X, MATRETHOHE FEEHE" , SR AT AN TR P
TR A B B ORI B B0 B el b, 5 IE R BT R AR T U 3R B
BE.

TERSMR B R R BRI SR, MR8 e A B R IS
PR CA94D g, BEAAIAE (A ARIT i 2 G B A3 — 2
FEAE ) FOGEIE A B R AT AR, TR A AR e Ry SR
SCRHE A ROBT R 268 5B AR AR R A X, I HaE R
[9/dxu — (3/3xy - ieAn/hc) ) B T EMIER, BIFHE BN B
M.

HEAREREREN. B—, WARTHFERA TS S HME
AR, =, AEERS CHXNRAERRLH EH
MABRERMOE, YR EEY. RSHRE. BRAMAER
Ak, H—BRII A, REYIRR. B .

$=, FAGER - HREE A8 BRI MM, FEHNRER
FTF AR E, GRS LA RAERGOEH FRAZR, B
LA TEA B TR AR R BB E A R R R
BOERBAER, BAXNECH2HER. £ REXMBH
X5, AR AR ESAE VB8 0L T PR L ER R AT AR, I
ARG U R AR R S bR LR VR, TR RN, E
f, IAARMERTABOHKAFAS . BHEAERR
RAEMVEEMBSC R, i, AR K E T G iR E R
QYT , WRFEZEBAREA TS by R R i R
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RAZER), AT R BAER,  HYARABEARH
IR R AR A B R AT, BATRAE “REW” Ak
BRI R A

9.2 WMEMEEARINAERE

RSB i B A SEAE G T4 ik 7 R OK AR U 1954 4 %3 1 B A 6
301954, BY IR, AT AR R0 BH PR (T HLTE R A9 B
Loy R DABRE BIE 13 SRR BRBE . b TR Bh AR,
S — S L, AR — Rl B A R R FE 45— i 2 SRR [
B, AR 2K R FRPER BE A o A0 S — R R BR A R TE AR e B 25
BHARR, IAXFI PR FIRE . B, 1 2R R
REBRYE, T SCAEBRAE B BRvE 2 SR AR B bE . TR, A SRAR X
AR e EEAEA T R A, R RREE ARG, B AR
PIRRI . B, MG R XA R SRR, TR T Sy eh
AR 2 — o o B R

B—RRETE SR T R T HRFGHELR 2, I H 25
TRMBEOME, B, 700 W RRBEAN R TRk
BRI, I BRI TS EAR T2 % Pl REM G, B
R T RIK AR RS A7 A0 BE BB S — R, AT T DA BT 5 R ) A %
T REYE AR ME— ) — R B, IR T ROR AR AR X A
FHEARA e AOBR S, PR 1 P 4 9 S5 2 (gauge principle), %
o AEREHU MR BT AR R 47 4R TR AR 7 32 A AT D IR,
TR BE AT (A S A A AR AR, A E R
AR TR A5 AT LA R BT e 2

AEBCF b, LIS AR BRI AR (L% B 16— R AL 1
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FEMFRYEROHE . R b, BRI — 2R K
PR, PR, I BUE T AP T UR A —Fh
LT BB SR R 2 ) B ASRAS , TRAER T B 7 AT
TR SRR AT X, B, AL, ARV fBUE S LA
FAE R AR A AR YE. ()RR AR 28 R 7 (A K 7 1 AR
YRR, R T R R (R — R R A IR
PR, R, SRR MR SRR, WBRR B, — B
i5s A AR T SRR, IR ALERTA S B A EE T T
Ko BRIEMHIRTAKRNAA RN R, X558 758 845 it
SRR S ER A3

HTBE AR FE SR EE, HIRTHKRAKGZ SR
RIS G, ERTRS DS, R ERELTIA
BB A FSOMREE, A SRR T BRI, B iR
THRKIRETA—FZ LM T ¥, SIAT IS Ba, 7EF BLAERE
A5 M By — B = S71BuS + (i/€)S7198/axu F, M Bu HILWBT
R F B RERESSE S X2 H B, XL S = exp(— i0COL) R
SRR L RERE G — A TR, SR (LR R AR BT DR 2R LA =A
S L, Li RBMAERIC. B, EHRTEE S, BN
2 e 5 L2 AR (R (S0 , T 150 FAH 2 (DL S = o i MLV B
@F B, #HIRTHOKRNTBT A IX L LR LA

P, BHUEWY By —EWE L WAYLLG: By = 2be < L,
AN R IR T KR T 9 B Ay e s o O 4 O 9 AR
SU) RS R R FAF RN . BRI, H—RRHT R AR
BURS, 4% Hansk B SU3) a8 (I i P B 730, #E7 2
Hoob AR BT DUR B S ERbRR .
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B, % Bu i+ AR b BTG T BRREN SR
SR 0 FE T SRR ELAR A, EAC R b A0 ) (A AR 2B 3R
FRHAE, R, B A MA. SHSRHEEER, £55F b
BB BRI E. B, RIO®A T oo A E
HTEARSEA N JRE, B EE, XAN R T55  IH KR Bk
D R S A T BT

9.3 B%A

Bt T RIKAR W AR AT 5 F ] BLRE RS M8 i SR, FF I
JAERRSRA A . XA e ] R A Z TS
AR AT EIEAGE . R BSRAE E A T, XA R R
PRI, TEQ%)1 T I G, S8 LA P A PR R
TR BT R, R R Tt 2SR R A A AT
BEAY. B0, EAEAEEE, b TREMEX R, 5
HAEHE O F AR TR, ERHE—k, MR 6 TFE
R AF R A A 2 AL

1956 4F, Py1Li3E & (Ryoyu Utiyama) if 33 76 3 9 12 (X FREE T B
BERGEI R RATE RN, AR S 19 07 305 A — o S — A 0 2
T —F R A E KRN AR F . E MR TR R
WA B A1 JR IR B AR RS, P LSS A I AL v EL S R B
SAERRERRYE, KRR, BRI RBOM A, FIhB S| A
WATHAF RO — AR, WL AT RRE S,
EAER T 51 77 L B8] — 2 (L 11,249,

MRS 957 M TR RIS H1, Mt T SU) B ity 7 —
A—RIRWT ST G LT B, 3 v R L 10 PR 0 55 ML A A
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He—FGE— T A ARRRE . KRR BT OL PO BB EN 5
R A, T R B T (W) BUBE 5 <F A 5
&, BR SUQ KB —A=ES, ZESTLRRENETNH
Tk W B T2 AR EORRB A B, B 5 A B bR 5
Tl GARRERE .

G AR A BT B (1958) | BERIAAIIRAE (1959) DA KA it
4 (1961) % A BT R 44, J& oK o it B% 5 48 0 3K 48 (1964 3 {1 A%
(1967b) F1 B4 (1968) 1l ATE4H M4 ,

MBI ESEATEE. H—, MEFE ARt
YREFAE SU@FRYE, DAEFEMELEM 0 FHAFER DS
. MR TAEMBSMR, Mo — R AT [ E i 2
KAEAER" UERBMEH B4R PR MY IER, XR BN
R A A 2 AR AR . S, R B G IR A 0 A
%, AAHBGRHE M PR — R, BB T E R
WEs FH, N T RARAMEE, BT EARTFE SUD BN
EAFR, XHBETTEERROPIRE PHERT TR, HRAR
MHRA—FS . B, MR R SR i K BB TR A
HIERG—KFWHHAR. AKX SRR THREH R, B
HIRRG—KARHEE, HAESURWBFRRBRBOTHAR
B, ATEEAGEBALAER, X—WUERBETHAGHE
AT O 7T EEERRAR. °

R 1 (1961) 36 AR A J2 08 4k 5 3 R 555 HH LA Y D LAY L
RIS —. RS SU BN, Rk —ME—K
AT AR AR B R A AR BOR A58 M. B A R T A
MR, WA SESH TS, SUQ)MHRE R M EER
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A, HERT SU2) Z5b, 47 5 38 & i i i 51 A — A B 0LR 8
UCD it g A g6 i . R UL B A B 45 F B % 2 SU(2) x
U, A F B M EAE 0 B A RR ) H RO A R B 3t
T WA W B ETAMRBRAM A, — 0 WO B TR 5
B TR G . R RO T b, R B
T—AF—W B TR, EREHRRARKA. MM
B, MRLEOOBRBARNR ., IR A DA SN G R 1 & e
W, EGE— R LA T A AR AR At T R RO, OF IS
PIKREA IR A, EHBRA R KRR —
HATEEAE, EHRRNER O F R AR IR AR

1 0 G — 2 A MR ML AR O 101 4D iy
BB WD T XA AE, 3L B 0 B IR s (1967 il g
C1968) 4 t AR rbr . R TAT S BT A7 3K AR R SR 3, AR BT DL /R ML v
WALE —AEAREAE, BRA REE 0T RIS, B
G HEWT AR P R RS T R R AT ALK, AT B M 2E
10.3 e A T RE G R B, 30 HE L0 B R B R0 R B B 9 9 B
& ERZERE .

BB R A TS G5 B — A 00 0 SR L
S 1960 4E SRR, BRI — AN A M B 16 R A
BEHEW RSB ELAE A B R R B R B R M
2 4 S8R LA S A R SR L B € T A, X B
HRESUQ) x U x UMD X, 3 HB IS =4S4 i % B
BN RO, BARANE TR,

TR VR X, BOF R Bh S P R A R R, — T
BEMER MMM 6 T 10 A A EAR R A R, 5. A
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55 AT ST TR AT B L L A R B H BRI A R LT
TR IR A BOR R, H AT AR, 7 (1960034
TEY R EUR B FR MY B RSB RUITR A AL, X7E JE R
TR A5 A ) T 3655 HURTEL AR 6 — A il JG — B A S
R, ©

HRIE ST 8 ot B T B A 30T L A B B 2 3B O — 2.
AL S — AR Bl XA T AR B B &R
A R B8 NG 4 (R. E. Behrends) 1+ . SLAR G BRI IR 373K
BRI, " (R B — AR

F AT 09 LA BN T RATTF AT AR 2 # R
& AR AR A R Bty R IREE R o
RAETEANERENTRARELRE. IHFENLFTU
ERAYERER. AT EHHEEMER EREHREN
TEEREREN P XTAEXES .

(A b

TEXMEHAPH P RR . BYIERR R B OB —RR
WHES, HlE R —A PO PG L B AR A TE R
“ATEIEHT RE TR, EMARNT. ENbEkEZE
(1987, ftafE 20 it 242 60 4RI —R /R WT IR 2k 2 068, 3 H3k
FE U A AE AR A P A L T A SO SR A AR A R AT IR
M, R CRBA TR BMB——FE KR WA
Ko R, FRS R HGRIRWEIE R R R B A DR,
it b, WA B —RR ST AR T A R T AR

|mom mammsszpm|
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Hoep i G/ S 20D B €0, FJ-5 8 KT SR Bl R/ sl 50) M 65 4
—i2. XS AR AEES PR SR E AR R
RGBT R P UG R RB T, BTRIARE U2 W S 5 AL
AT o

AR —RIRUTEIE 2 [ i B4 KK, e 20 42 60 4FARRE
WL KBRS, BB MABUROFR, MR AR
BBV S A B, IR G B R TS —ERTaR X R
(Adler-Weisberger relation), i, =5/K45 8 (1966) F 4t B i #Y %
T R AL AL T e L T —H 0 1 K R AR AR 3 2 SR DA
WA EMARNG. ERBOTRAS, WARKNTEAMIBS F
TR MAGUEL I (9 — We x) B0, T 5 R B 055 W 55 20U
FRBIR, Hoh W RERBEET. ERXH/REGS T E
BE, DURCI967b) \HLYEAE $e bt % th %, 4 1 By R i — B SU
S, BULH — ORI, B ARBORER A S 1 4 2% M A S
—RERMEAEGR, EONTRE /R IFEAHRBA Y
HAFRORVURIZAEN . BB BN R BN R AR W6 2 6] (93X A
BRI, F5/K45 & (1968b) L 2y W HLAR T AR 98— W 4 X R
e B DR AL B AT B IE A SIS, A — AN R 1
B, BSUA T T IEALERIR A VT DARU D M AR 4R o B 2 (A
TEMBRATREAE 10.3 45 b BT LAY, 5K 45 & XHH—K R BT 2RI 1y T
EARTER {5 O T REE R

ER
L. b L0 & IRHRIC A RTPRBE 5 SOARMETE i VIS B E&F‘E(Eﬁ?ﬁﬂhﬁmﬁ
FRMEITRRLE. @ B RN, BT
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R,

2. % C.N.Yang(1977, 1983),

3. MEH AT RFRAMEN T 2T MBH—HRH B H B3 KBS EHR
MBI, PR — ARG meAAr 9I5| AR H R, X3

BATRAMAER, Ehh T BT
M. BEik, € . B 8
BRI TR R LR

4. B, WEA/R(T. W.B.Kibble, 19611 Y. M. Cho(1975, 1976) 2 [f] ft§ 1 .
XFSNBATEXFHERIE S 9%, 5 0L Hehl et al. (1976), Carmeli(1976, 19771 Nissani
198,

5. i, W Glashow (1959), Salam and Ward (1959), Salam(1960), Kamefuchi
(1960), Komar and Salam(1960) , Umezawa and Kamefuchi(1961) YA RILAE# 153,

6. B0 30 (1960) 707 2 XFR ¥ Y 1 40 ik 1 3L A 38 S 2 180t AR WL 22
1, H Nambu and Jona-Lasinio(1967a, b)fl Goldstone(196 D) # 5., #£10.1 #ehA4 % T
BRI E £t i,
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%10 %
PTG S 1S 1R & 2 Al BT AR

BRI R, MR R LA 0 B AE S,
HZBE SR F SR LA A SR (10 1450 10. 2 459 BRI AT FIE
AEHIEBI (0.3 99, 535b, AR DUR SUAE B0 2 B0 — SO AR 1E
BB AESR I T KT M S AR, T LR TR e
ZEMPHESRERTURM.  FEHE— N ARALE BT IR TSR
B BT HL B 2 LA A AL 2 ) S A 7 1) 0 2L R IF 9 o o
BALRH I, BRI T ok, HEIRBAKTE, A4
HBORD RO FRARIE RS BB SO H . XA 4R BT UUR
HEA 0 A RARAFAE I (10. 4 45, X — B0 ] RS 238 CE AT
PR B HESE SUR B S 4040 X S S RERRAO TR AL, X — B0 4R 3
T BHREARRBIH MR

10.1 ERBEERKNEID . BRIREBER
SRR IR B S B X 38 A A 9 B e A BTk
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P, ERBH—ARETEE A G AE R AR W MR R R4 T, F
BRI A ARAT . A, EMMER NS KRS,
FERRNY— D EERERERE M EAROTR, XTEBROTR
FECGEFN SCED AR5 B R 28 1 (3] B 5 5L A5 R 0 38 i B At
T MR YX A A — ok Rk 2 BT B B & 3 R M S
(spontaneous symmetry breaking, SSB), !

fHak B RXFRIERE? BE —hks B H R BAEX BB G 1E
JITFRAZER, I BFE— MR G ZESHRMERRSE ED
IR, WREFRPORADABRSPEEREN Y0 £,
ARG X BRI B R BEBRA, TIPS T, BT R
I EEASEHTT S, FRPEIRAETE. ERERFM LIRS H, Xt
FRYEFF B BB LR, SRR, WM EESEYEEN LR
MARFRE . RATAELE SRR DR PR B B R FRHEBEBRA— A
BT B AR R AR A I R R R A, (HR R R
BRAWHAMER T MHER—RE BT EE, BRI i Atk
IR, EAEAT AR bR S A B R R R,

M 20 42 50 AERA AN, AR R T35 R0 ARIR B %
SRR X — B AEE T RRBTIE . AR A A (1959), KRG R
{11 [7) 3 44) #9541 7 JE B (G. Jona-Lasinio, 1961a, b), Bi/S&H
71l (Jeffrey Goldstone, 196D At—2e A, HHAHXARE, ¥E
WY A T IA K B A R YRR BAE 1960 4F 227 B4R 1 S0k
PAPIBRE. S, B RO FR B R AR B T B R B
8%, EHEHRIMA 1960 4F A HMAMEHSERZ N, S0
GAMK—BHRT, SAAEGR, B/ AT RER S WML A T Y 8
RN KSR ] i — FhBWR RO M EL WA

|m10% misHems LR |
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8 XA AEAEGTRER

B oy T2 b % AR b Y T B P 0 TA IR R T LR (A B R
(EngeD), 1893]pAK Bz #R/K  J& B (Pierre Curie, 1894), #iftE=
Felo 1 ARH CEIT R ROXHRRAE T EEL SR 2 4 LR 5 C B 7
KD BXFRYE . 2 f BB SR B PR BB A, BRI
FlaRAEREINS, b LM HFEERGERBLRK , *
FEAR AR S" (AL, BRI EUN 2 6T
s HopA Ll E AL B 1804 IR CZ R AT, X et
B ARG T8 — D IR AR, BT ETRAERS, X
W%iﬁtﬁ%ﬁﬁ‘]%/#*ﬁﬁ’ﬁﬁ@ﬁ. HCANA A B J7 2 o i B
SRR I T B Y A B B 0

FEGETH S A0ESE R, BEANSE (1902) £ 14 1R 3 ¥ 4= 451 8] v 3
SERRH RO RS AT A S BOW B A SR R IR, AEERZER L
it B R FREB B S — T RELEHRESERAM. WK,
BRRE MR RS KA G R EOE GRS, HREN
348 7 5E 74 (ergodic theorem) FTELR I, #ESLERAY KB ARG H “HEM
A" )RR LK

WERRAA KT RRBEME R 16 30 (1928) 8 ) T Jit 7 38 B B PRt i
BTG IRE, 2 —xF T E BRI ELAE B RE T — A
AR, B

Hij = JijSi + §j

Lo Si RS R4 M 0 O 4R A A _E IR T 10 BLRERAR) . AT,
e SU2) B MERERE T 2 T I RS VE R T 1R BT R . R B0 A B g
TR AT MRS, X ORERAEUS R S REALR
BORRR . BIRFAETITEMAET I, %7 LA BB HE

| 20 weesmienomes R |



W2, HAENMERIHR, ERHTRERHRERKR, KE
F BB BT TR T TR T 5 R AEAE (T R AR SR A A R 1] P 16
FRBESHIRE, FISSB A X 0 8 R X R R S A
“K¥EHE” (large-number argument) i) f BER MR, I HEWS R
BIREALSRIE (S) WOIEB(LFTZIE ., *

1937 4%, IS5 & A BRIE (1937) #E /T AE B i B WX FRHE
WS RIS, JEIRJE K X4 A & %8 (V. L. Ginzburg) 13
BB SRS M (19500, BASH i T8 B A0 Akt g i L
K, B, EXTHEEMEMITES, PHIEH, Tl
RRGHEAE ARG FRYE, §RSFRERRSE R4, Ht#LT
B R AR E T R RR THWERE . REETRER
BAERS. HK, BEIATHEFSRIEES, XFS RIS+
2B FRA AR E

ERIFHWRT, PHSIABSRTY “HRBERE ¥ R
MR, HE T MRS T ERRE, BH TEEMNLELE. MR ¥
AHE, WAl RMFERB—ELE, I HH ¥ HAYEIER
FEXFREY o

7E1958 4F 11 A 21 H, Wi FRARam L L — i
¥, Hil:

FRWAA T BA SRR B AR, AT
AR EH G LA PR e R E A
RATFER. INMNRREREAERGLSARN. RAEE
HRESNEE U LRSS

[0 musmemasammpm |
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oAk RE Himd

1 20 42 50 AERAR, MERRAEI 1 v B ke o) TR A BRAE 1
TEXEEOTR, CWRAKIERELE— IR T X 1R,
A AN A 355 75 R Gt R R LA B A A B, XS A
S AR R 3 12 Bt X 605 B P04 Bl B 5 5 6 (9 X R
Mo R TAEBEXASFIR, RGN E AR ERE, HEnE
JRBEE T AERT A RS S5 I B el

1958 4F, W RERY BLF 10 B V1A S E B N TD AT, AR AT
A8 TR B HRORRAS R AR RE P IR T30, P P (A A7 S, s
BT BERGL T HEAORL TR ELAE A R ) (1958), 7

AE— i 1959 AE AW A WL 0TS, WRMAE A 1EY
JRAAE B T35 R R RO, ARRE T PR T AR P A S LA
BRI PRI RS, TS B ik A Se R e E X
AP TSE 45— AT B4R T R BT A AR R M M (R
By WH, “4BRAWEEE - EEMRY K ST,
R b LEHEME CHZE BAMEE HRS, X iR
B WBBEARTEERES, X SRE—EREIN" , HHT
B “fE H RIS A — SRR LR T K ELIE" o B, f
HEEAS MR M “HRRYEREB A BERE, Blin, HR4RRT )
Jaef, AE[R) L RERE i I E R 7 S b T30 4 6 [ PR SR K o
BRI CHRE b ERED (F L.,

BRI R B 2 B PR 2 BB B e, S B
S, KM THIEFEF, HA BTN E KX FREBE A Rk
FIFRRSER B BT M. A, BRARA
FRBUXS B R FRYER BRI, DLAI A B R W AR, Mtk
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At NERIECEE R, 1
AARFRORA

20 42 50 4R ARG I SHIE BT IR, e AN RAME K
SRR A ROR R, T AR S o BT 0 B 1 H A A
SRR AR MRS, BT (1955 —MEREH P OUR T
AGREMLAY AEBRBERL, R, fiut5 & fF# 1 (Leon N. Cooper) il
Jiti HL 9% (J. Robert Schrieffer) 85X AN % Ji& il 5 1 i O B 18,
i BCS M (1957), FEMCER o, AEBU £ T WHKBORILE, B
BEFIRY s GEEE R LT RER, AT A S SRR E BE, A
B R POR TR RERL, SCRHRIR i HL T (6] AT -4 0 A SR A L%
SRR, 3 E “REBRT bR TR A 45 A T 5 0 A K et
K.

HLE A2 BCS B

AR BCS B ARLY Hh A T i A7 2 Jk 0 LR 6 S it
R, ALIETRTANRUY (Meissner effect, -5 { Py S R IR 00 56 2 i )
FOMRRE, (ELRSX HAEAERE E RIS, DRI AN (AT divA = 0)
RFAEE], 3R BCSEURRMIM AN, 45 &AM B HEAT XA
SEFRRBA FE, BRI, Fik, A BCSEigHS
TSFARBL, AR BCS A, Rk 20 40 50 AR /F I WA 5rit
HEE, 1

BT, 228 gk (P. W. Anderson) , R J& }{ff (Pavid Pines) , fii # 95
A AR E M BCS BUe g MR AR ZE ¥, 15 e R i AR B B BRI
WOWBOE, 12 BT IESE PRI — DR ERE, B AR AR
25 2 6] (9 22 5 AUOUEE T s S MR RS B0 o BT B & I AR 7S
SXFRAL S AR T AT AT A A SR A, ELA] PR 1) S5 S5 IR R A B

[10% i iemEERLR |
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FHEER AT AXR.

CERAMIAMARE T BT RN, LHHIEN T m R gk
RS THRAEN., MRRKEESCHEEERN, WHARHE
KT EHER T, I LRI B AREHEIR R, MY
ERATAERFAR N . (D BIE A P BOR T IR R AR TPE s WA
BeGD RA LB T MRS & A TR R, 5 BB 7516
3D R R T I T A, T 4 D A BT A L
e AL, BRI R SR T 16 2 [ — A
VA B Mt ik B , AR AR BE b S ol w5 AR

38 1) BCS 5 40165 7 36 i tf il 40 2

20 43 50 4E RS, HIHOR A T 1 K B B % (Bogoliubov) %t
BCS g HH 3R, H 0B B M W 45 B 50 R AT A
BRI NI T ARG AR P Al BRI 0 B K R
WEEMR, IR T MRRE SRR TS5 Z WA R
R HRE L A

M B KRB R AL T, U T o B ST R R S BT
ZEGHRERLT) AR F R, 33046 L 0125 5T SF 1 B e R — T Rt
77 #& (Bogoliubov-Valatin equations) ;

EWpe = e,Wpe + W, EW). =— e,Wi . + $Wpe (1)

B E = (e + $9DV2, Wy i W, RERH p. BN+ -
W T IRBRM, B Wy - SR LFRBNRS p. EIEN + 25
s ep REEFOKRE L WARMISEE, ¢ RIEE ST RN FEEFZ
TSI IR RERR, XIS R AT AR AR AR, Bk L T
WA AMER. AL, AR TAERYT, HIEAREHE 6 IR
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BCS—Hr & B 3 KIS I BB, (R b T AEBUR AL X9, RULAL
AR 1 e S TRV HUMAR T8 A s s o, 1

AR G T R T B 07 ¥R R B) BCS—i S B B R e
05 F B AR R, KX R T A RS L, I B E —
AR, SRR K ¢ S RURIEI R B, MRS T
SRR, RS “RAHEE" WA, B B RS
X, HUERYT “REESR" MERMMEREE, bah—
AEERHN: TETRONRRL —RAESR_AZRRT X
WA, XA TR RAM A, ERERE KEE
%HRX”

TR TSN BRI Feb, AR B R B A A B
IREBACRIMEIE) ,  HURIBF 45 SRR M & FBORM FE
AAMBEAZYE, BAHORTRY, BFESRNEHREYE,
A 2 S L T XA X S R R K CRAGAS) i 77 2E
FIHLIE R e B LR, 25 LR 5K B B B A 7 45 A T
[N
AR FHEETFHR

AR ST T B TARGEAAR B, A5 VT AR AR AR A S AR
R YR BRI REAT) . #LE 1959 S B 2L LR
—RERATEANEEMNA.

EFRH v FEREFNEF BRI HARRRYHFRET X
M A -k, WME R THREAXM KL
HETRGSTHER, BEENXAET BRYBABR
(Bardeen -Bogoliubov description) , i1 F fi 1 ¢ & B 7 F & #3

[ 109 sismeRa SRR |
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AR, BEAARDREAET RN T AMBTET —HRYE
BAEW, EREFHT R AMNGTURE v TEE. Bk,
W, AME S B S AHET P« A FERME N RAFES
T HEERABT—RET .

(1960)

—HEE, EETE 1960 SRR E P AL LW E, HTEEY
MR A T XA

A RABT
aHed REAT CRAERAKE)
FFMEAR — R bR EANA
33 AMHGHTHE
UMK AT CREHT )
wi Fheit
RERLH 5 R A CH A 9 38 AR

EHFRE L, RFMRLRTEHN. EMHEBR—RAROy
BAOTBRA D) vs AZERKBLTEHIE & i 7 B Z 8] 4 P B9 A1
AtE.  vs AR FERE i T RR A N -

E¥, = o« p¥, + m¥y, E¥Vy, =—g+ p¥, + m¥, @)

HAPE=+(p2+m)HV2, JtH ¥ Ml V2 BFEBKF vs BIFDAIE
Ao ERFS X RGBT RE m RSN — AR
FICFRETH TR KR, W ERXNFRBIAT 5 A2,
HT IR, MBEREFROBAT, JHSTRENET
X BOPR B RS, IR AR S ) AR AR BT A — RO, 16
HR—FRASE AR R XML b S, RA &
H. BG, MWARMFRBIRNZENBE, AR LRSS
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Rz, TR AT R —Fh W VS B ek R FERL S ), 1R FE AL
25 WG R AT T A B SR M AR A X T IO IO, X MRS IE R
BB RL. K, AR - AR TR,
I YRR TR A IR LR AR, B Ay AR k) O T S5 E
ERABHE" , BAMASERGX AR E E 0 H NI R
B 10 TR 0 B O R AN AR ) R A I
BoFE LRARIZ AL, EETIAT o AT BT RAMAHRBRA, BN
IR A B4 K E AR R L P BT 4R, SIEE T
Wi, XEEERARR IR AR GRS R ED M. SRR
SUFRUE A AR

X EEPATRR G I — 1 Sh R S B A 7 (plasmon) , % B {4 T 4E
S R SRR R R ) B LR O, A B S A
o, SRR TRATRI), — 7 TR A o AR AN A BRI
A—IERBA LG KB AL, R, RO S B e T
BRI KRG I SR AR, BA 5 .

R KB WER T A A AR R FE R FEN
BRERERFEACTFEARGARAR. BHRNCEEHR
X F E#E T R i — BB B B bR BER RS
TN, MEXMERRAREIN BLRTAEHRETH
kAR —F AR TRAAEFAEL.

(1960¢)

R AR EAMELREROREEL
BT B AR R TAE, EEEETHRAERES L

[#510% miHeNERROER |
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MYRBUYRGE SR T RZEM AL, ERXDPEEHARSE
%, BESHE EERIS RORBRA K, BT AR — A A X A
&o NTREBXADKW, EBREMIISHERIE M L L AR b 2
RAENHRBIE, EWHRAELHHE—DRIEN S —NRERZ
HRAWEEM, Hit, T—HREURIFR—ATEEMBE, 1
R FRAERE R AT ASE R AR TR L 0L R AT IS, KR
K —5,

L1294

KAEHEAE R T HEBHIEXBAAE, RRERTX—5
961, RAEWHEM TAER T l#IaHE. RENER RN
EREL, HRTRA - MERATHPOMROTRELR TS
W&, HA RN

L = ¢~ /axu)(@$/axu) — VI $], @

e VI$] = p28" - (W/6)($* $)2, fEn2 <OH A >O0R, %
G VISHEM | ¢ 12 = - 302/ 0 BB WS F1H A — RISk, Xt
BUMERHZEB PR AT RN IS, RWRESRTREAH
SN ilﬁiﬁiﬁﬂﬁ&%ﬁﬁﬁ%ﬁﬁﬁ. RGBS, BR, FH A
RYDU RIS B B T I BB MR SR E X Y, R
IR, TER AL AR R E B X PR R AE R T3
L

£ ¢ — explia) $ ZEHT, Rk B H P BA W B AL, HH
TR RA o 09 WRAEL T 450 AT S22, o007 500 o 4% A A
TERFICE LA R, MM LR T BEREEN, BEkAD
DAERER—RTRIOM, WTTBAR TR, MRRANM ¢ = ¢/ +

| 20 rsesmenoma s |



XEX—AH S, A RKEIFE X2 =1 $ 12 =-3p2/a, $' =
2-V2() + i$D), UBLRER F R B -

L = 1/2[(2$1/ax,)@$1/ax,) + 22 $5]
+1/2€0$5/ax,0(3$3/3x,0 + (A/6) x$1($77 + $37)
— A/24($2 + )2 @

KT O BA TR o/ T 1 FEIRS, TR 62, W5
F ¢ LIRS, b MERDHNE: FEAMOXFRYE, EEATT
BEMBT o, SCOTEANI MBS PR B R, — AR R
FHORLT, BIJE A BRI B o F B — A B e T,

SXAVRAR I JLANIE B 2 el RS . B B IR A A
(1962), WFPATFFIABE, XEESHFARMIEN, 76871
BhHHAE, B, BEGFERAPORTFATINS. £,
ot AL B 6] 43 R A RS T BE OB, T ORG-S5 K € 3 B 5 R AR RHIE
PXAFEREXEEN., LR, ERBXERE, ERESE
SEFRAE I A SR R — R R T, BN
TR ) 4L RS A T B 32

By, KAEHEN AR SEARAY, EH. —FEIT X
B IR E B AR TR A R B AR, AT, SHE
ot R A P BB T R € T IR AR A, UP X R
Bl R b ST A BT AT R, AR AR AR
XA AE(1961), 2

BEER

B R R AR AP MR ER XS TR RS,
1 E(Marshall Baker) fifH ¥ 76 1962 4F , i b 48 1 Ao bRk gk

| #5108 K5 LR KRR |
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370

B REER WURBIE AR AT, TIEm T8 —2. /A
SUOXTFRERIBERL R, 7] 5 SR AE RS B H oK B0 5| AAEFT X FR
PEBCERT, [RIREAETE 7] (L BEAN AR AT A (R0 FR VMR, 2R, AT
(Peter Higgs), BAfi/RAIHAARABINPENE B 2 FRYEBBRAA
AR AN B A T RS PR,

TR ABDLH TR A, MMM (1962a) (9 FF QI 3T
ik, TRSGRIET R EH WA RBW, RRMEROTHA—EE
HER, FEHFAPBRAENE LA BENERE, KR
SEARERT B R X FRAERBR S RO, RIS S B kT
AR

RILT MR R IR T AR T Ak AR %
ANABEHEFIAFEERE.
(1963)

TEANFRAT B T R F A9, 7T P00 BCS B ) B I MR o,
BATRRE, b, T RBNOREE, Sk FREEARE, R
T 6 Tk S, 8 30730 35 5, 50 5 3 24 LS 57 B LR 5% 0 A 44
A AERA RE R FEE T, WK, R .

LA o X R o 0 AR T AT, RA W R
ERRA—ARHAERETFRER AN AR T EAR.
KAMRBNFETFUFHE BRI TRAYTHRAEY
HEF.

(Rl L)
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BAERRIRIR 4 th R I TR e WE— L R 1R O B S T A B
WL A ST T R X M — DL, R AT G R A
o TR —RR TG (A D, MRS — ARV (RLERR A A
HHURD , BB 22 HAER TS P ICRA B, SRR
(1964, b), B#sHN4 57 (F. Englert and R. Brout, 1964), ##iL
JRJETE. WML H A /K (G. S. Guralnik, C.R.Hagen and T. W. B.
Kibble, 1964) 7 UL /R FRYERI I o BT U 1A, DAREEA AR A2
B R AR B TE o BT AR, R OB B R A S e
EE A0 R T

7E 20 43 50 4EAQJE 1, W ER A& A4 CEAG T R Bk
J&: MXEERERNEBS BCSHR, MM AT SR, Y
B AR AR EE A AT o MFRRAEE L A R MR TR 0 2 Rl _E 8 7 1)
AR TREEBE, AR FEZ 0B, AR b i
WA THNREEESOOHCR, hTXeiER, 8066 L
FRUEBEEAER LI, FEAPMEEBNESE. 8RR
s 5 BN AR AU RESE , AR W R R AR R T R R
SRR A R 190 R — A AR T S B

HEMHERBRGMA, ELRAMWBET &R TFHROMEE
i, IEWNHES A LA . “1947—1952 4F 3] [ 3R A #1AE U7 v Y
—ARHE, REM TR EARRHE AR R, T XSS
“BET AMNRARBUE, WA XS YR T 50 0 B A
AR BR—FEER LR, H B KR SR P B 3 H A%
e A" (1985), FEHRBIESL TiX X7 fEma v, MhmEAs s
CFE [ X FRUEB B T i TAER 3L,  “siVF s J AR T, 2
R F A KEE R AT EAGBEER” (1989), tgtR R A

[ 10% smissmiewmeRaeLm |



[201]

FERBEMI AR B »

10.2 GEREEEAGNHAD. FEAH

TERFE AWM AE R ER T, 55— wERmh
AT RERLE] , R IE S B WA REF R LS, RAEXMEEL
BT — AR T, BBE “WHEH th” (asymptotic freedom)
H “@a%%PH” (color confinement) fg ELARR i fY ,

BB T GRATEAEARLT . BTFRNPMERRE, #%
R, R TBEA RO 1 BRER 1/2 M EA LS TR R,
BORRMAR RS S AL IR T OB B B SR S, T8 F- A A A%
J1, EIRBI AR ST, (OURSE SR SER MR S AR A

SXRRH, WRAE ML R AR B b 5 S ALTC R L B £ T
BT 22 18] 4 25008 5 A 69 % S 1R ) A7, #6460 B Lt F /s O
SEE D, KB T Rl R TR TE R R D, DABROR
T SN BT AR () RASHE BB IAESR T, AT BE B LA
BMTMEMWAs “BE" (BRED, BAERT ZEHRE KB
T, BR8] i AR LA A RBP4 e

B EE, WL E R SE TIE BT A R & HOX K
B YT FHR R GhED KN, 5360 RS 35 AT 4
B AL (RO A=A RLR,  EMRAIES.8 H
BN, BURES T 0 EIEACBEA DT, T AR 75 8 57 sEE—
MEMETHRMR, LERRE RO RFRHEA, KRN
AT BB, 3 BLRERA T A MBI, b iR R AR
FeBURTT BT R WL .

FAANTH &S AW 6 B KRR PR T X1

| 20 tit 3w R e A |



M. WBFRASRT BEATRN TEZERA, RE L
WA ) R MRS L4 BT e IR « A B e R
FAE 94 T AR (running) 7 * 197D, MR, W
S A SR B D TS AE S 2 S o B TR,
M M 0 /NS B2 SRS R SR TSR, 7 8 5F S E
W, MR SRR S, A AW RS I, I B
FRSHER T, AW, ERR A B (1973) 57
faiki, TRFEREMEEET, BAMEUHIN HiR 5,

R LA RBA TR A RN, A, XH—DWNEE RGN (202

BHES, B ARER.

VGRS, KRR L B A T AR, K
FERAG R B — AN AE LR Y 1F BT R L WOE A i B K
(1972c), FE 19724 6 AW DLW b, 767 857 7 — LB
HATDZE, ALK RILM T B SR, AAEmASA
SU@BEH BT 11 8K 70 3 B DR SIS ERIS, 52 058 B f
e XAMREERFERIT 1973 FE LM T AR,

FO—SRHE H MK ZRAR, TR T RGN T, SRTHRKA
BRREMHRR. 1968 RSP, R D TR R
TR P TR A AR R T — SRR . RS HeZ
FEF, XASRANSLI 8RR R BE A MU R 00 47 T % (1969)
JHESHIRRE Wi FORXARIE, W EARIE T XM X R N«

mWi(v, ¢2) — Fi1(x),

W2y, ¢2) — F2(x),

*RATHEET MO MG RINET L. —FE

|m10% mismemesmnmm |
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w3y, g2) — F3(x) ()]

h m BEFHR, v = E- E', E(EDRBTHN O kE,
q? = 4EE'sin?(0/2), 0%, B0 < x(= ¢2/2m) <D,
XA KR ARG R BOF R BUKET v Mg?, SR80
HIHE x, i x 7% — = RRFRE.

HE2 5 (0 AN AR T A4 L 4 S 2% L (SLAC) 37 5K
FRIESE. 26X Seit R A 7 42 4 Fh LS Ty R BUR G 26 B ig o
4K 2 FURTEEHET AR BN B IE /LB O HER T HEATHD , BTN
A FIT R SR IS RBh F12F

HARREL RO, R KRB EELRFHWL T
LAY R B4R - BEAR RS2 O S P O B LR P S5 (1969) i it
SR, BT ABR AR THRAS, RIRE WL ST
BOAE T T FEARIE X 35k G DX SR s SRR X 380D v 9 R T— % T
WO, TR TS TR RE QIR T2/, 7 hTR
T FHE IR THEERER T AN TRGZE—HTAH
HEBNA LY, BAESHRIESE S, HAERELXHER, B5T
S AEARAT B A LA R B SR A

FA (1970) FI 74 & 57 52 (1970) IERFEHL S5 1 F 5K L) i 47 BE To %
HRREER RN LRES, EHAA T EEAHIRE, FHEE
MR BATER B R W RLER . 2 RO 8 5B 37
FER R B BURB AT RBURTF® , I —H B (N SRR
AU KA IR, DATE 4107 IR BE A S O . 20 S 4T 3 W
R, —BIEMEAERGIABIEE S, WA R AT AR,

TEWESE R &7 — AR, RAERS T A MR,
T PR 5 BATRE R E TR TS, SATI A A4 M ok B4 i
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E ik P

e b, XA — PR SR R TT R, BOR h FAREE T X
VAL RO T AL ERAT R, TR T AR — A KRB,

IR, S AEGRAT SRR Y, A E TG 56t 0 32 B P i
ke, H R TIE LB E SR B iEE. EWRMAES.8
AHRFI, RSBV, FREETE K RAEAE T IE AL TR AR
B AR, T A AR B P9, AT O £ BB R B AL
H X — ORI A e P A0, AR & R BRI
FREETE XAT A, X5 H B3I P AT A RAMRE ., Bk, AEUR#
BVLACE (LSS 8 SR HERE 67), AMIATHUM, 3R 1 W i bR BE TG X vk
A B3 ) 575 0 ) 5 4 B R LA RN TR E A A 28080 S E 1
BEF B, SRR IE WBR TG K PR B AR R I LR
.

ez b, IRRTE A R 2 oL R ) R B T KRR
BUERWIL H M RR AR Y, DAEMRER P RS AL
BN TR ARAL, BRI B AOBRE TC XN BB AL AR
SRR T ZEFHE “RRIRELRN" ). —HE 1973 4 10
A, BRSMESEREN, 0 A A BUE AR To R LR
IRADBRHETC XA AR REAB IE” o

TEAPIREE T, AP i 14k, {55 of % ) 3 7K & i 33K
HWIDTE 1972 4EJRPLE “UEWIE I3 1R T RE AR REAR JE T6 KA S I
oS, PRI AN — A AR SR AR R A 4 AEZ” (Gross, 1992),
WP WRAPIL KR, B, WITHIES, ABEAEER NN
%K, SCHBLHTIE A B, HRRIRBET R AEPT R, HOK, IEBIAR A fE
TFAENTE B mi5iR .

| 9109 K smRS RO |
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376

3 b, W (Giorgio Parisi, 197) RARMTER T H—%. i
TUEBABR BE 0 % S A WO e SRR, R AR B 7 (1973) HE—
AT L A AR R ) B A T DL /R e 2 S A T AR AL 3R
Wo  FAE—HED WR LR A VAR B b  SE R ) A BE i 49 AR (L
8.84DZ LI, B, MATHERE], bl BB KNS
GRAHENRK. HR)F, MAEY T EEECRNG—NMEERS
AL, EAEWNAS R AR R A, RS AN
B RO R, X RO R SRR R BT RN B S AR ELAE A A
IR B, PR N LA E 63 A TE U A R
M G5B, U Y EIEABR — B MR g AT A 2 Y
KL, BPELE AU WL B B, H 2 R BTG v A R4S B
fRE,

HPBHEIEME BRI T . R, XA % I B HE R IR
HAEIC WL E ) — KR AT, X — RIS T AR RAF, wTpA
HRMREL MBI AR TG XM, B, BA Rk, E0%ESE
Fof JUR SUAE B AW DL, 8037 7 % 4 3800 LA S HE 22 600 5 4370
WHER .

RGBT WA T ER 22 WAL 5 5 — B 3 O A e
SN, PR AER T S T R T35 1 R AD B L T, A
FRATAESTRE BEAL I K, IF ELEAT AR IR KA 9 A AR AR 0, 3
L Wi AR SR A o

A A AEA RO A5 R , kT W3 72 o A R ML 23 48 K 1 R BRI
ST R, AT AL AR A DL MO A, e KB S
A ADRIR YRR R SR B2 R T (LR T B T2 0L T R R
BTF—ERFIDNTE,  f—AHAF e BABZ M S WAL,

| 20 e ssmiomyma s |



T LA 2 LA T M A B2 U £ 5 K PR, ) Ut T SR 00 PR e
W R T e, TR eo/c, XEM e RAMME, BT e MHS
BER r A3, RURTRY TR TR — AT RO A e (DR, &
PETHER r ALR AT, 24 r AN, BRAETSAN, B e (R r
BRI T W/, LML BE - RN, TR, HERRE
log(e(r)) %t log(r) iy G4 B R BOEREER] .

1973 4E 9B R, BT IERM IURMEEBRRS| THHRERWTE
R TR R R 8RR KRR AR (L 10.3 4 5158
H——R, A% B TAE 1 T A o R AR A BT DL/R B i 75 BT
K. SutER, BHUR SR R (H. David Politzer) Hy T R [A iy
SRR, WHEAT TRME R, H 7B R, RERR B RBAE
WO HBCE I RS MO AT AR T . AE AR RT DL/R AL TR o
BERBGHEATR VT R, S WA MR, B RWHEA
Wi,

FECER DR ) MRS )L 11,1 49) JR 8 7 i3 1 25X Fh T
DURMAEHEC RIAT AR FE A, 76T 3ERT IR BLIE S i L bk sk
e, WRRB, ETRE-. BT W AHNS S,
AT (RO BB G, WSS E, RAEE
B DURTETE P it i, IRt R A AE R T DLUUR BRAE oh, #RTAT, 4
T T AR AR A T HISMO TR, E B 2 3R A T A2
PR PR RY, MRS EEESHE ST 17, B4
BT KR TFHRRRR SIS RS RS AR, HER
G WOL E H .

BHR BFHE B Wi 1973 WAEW, AEAT e )11 A . bk A s BT 0L
IR FUTEAR ELAE M A T EEAL S8, #ROR T RE R WL A i, WifE

|10 mismicmasammR |
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378

oL B B PT T TE AL 370 — S W R RS, X MR
ROt BR T RR IR LA 3 2 R G

R AT T UL/ 2E 1 o RO A B AR TR AT O (SRR, B
TR, TERKRN, B ARR) M RAR, DA i RHARBE TG K P Y
WL BT BE A (58, % 357 M4k /R D) 5 (Gross and Wilezek, 1973b)
THE T A BB ) A BT DL R AR SAE A1 S iR A LA
FARHEZR M AT B, MR AT, B —RRITELE I b R, BB
A e KA LA O S0 65 T BRI SR A AY T, EWEE ol e P
KT .

gt

MK, ERAKREN T, &7 EERRT) 8 @
HRRRAT R, FERXFRIE T b T B2 ol IR A SR S R R BT s 1, 9
Hx ey RO R TN, B RBEE N, BT GhR
OB BRAHERT) ASE, BrAT i 6 #2520 T RE B i 1 R B3R 72
Sh CBWT o I HIX ST Z AR KB B AR R — B0 .

REMPERERE, BRI SR E A8 A MR AR AR 8
M, I EAER S S, R AR B B X T 2 P R
AEH .

10.3 wEIELY

AEA— AL AE AR RT DR B R IR CR B A
TRANER G T, RARRAE B B ), BRAEBGEYR AT R E R,
BWEBAEFITRAE S . A BRI B A — AR R B e 4
G, ANABAER TR EE. M5 8R T HK AR 4B 1
ST A B AR DUR A G R, T B IEAC R R

| 20 e spsmn s e |



B, X A B % X X 5L 7E 7 W $0 E (power-counting
argument) * | R TS HRESEWANZE, BIOEK, &
SR IE B P o R A T SRR (B R T € T R D
i R RARAE R T SN ok U —Fh KT, (B XA CRIRREC %
WH EERARMNT (1954b), B, RN EEAKS, A
BATE RO EEAE, —HEF 1962 4F R B &I HE XN
HOLFO, IMEEAZHHR, FLE, WHEERBRNRHE
RS2 Mo IR BEARIE 30 thRRZ IR . VB B SR R FEAT X
W, HImE e (1967b) FIgE L (1968)

Bt 1957 4F AL AR o ARSI A S B, PAK 1958 4R 554
AR o R AT ST, BT W R TR LA
B R KR AT WO Z AR O 8.6 YA 9.3 4, AMTIAA
BB TR TR USRI R e T, o THHELeE
G ARG G B SRAE v A TR A R, PR R 4 R R 45 R
SRR TR AR RS . A TR R AR 6 th ST
BT FATIR ML, BT FR—A PR PR GRALX—HLH,
HUAE B T I R T B S ARSI R A 4, BB R A
SIE A A 8 K B 1 T B AE AL

BFSE A BT R BLAERE I 0 AT T E A6 9 B K R R T /S A 1
Wit SEARRT DRI BE & F AR SR T — A e, PR Sl
Bfo FAAARM, AT EERMNBBHAEAER, H5ESHiTe
SR T RUAE R E R AR R I AT T BN D — A P

IR, ARBTG5 o SR A 0 A AT T IE AL RAE B AR AL B

R RGNS @B KB EN MR, —

[ w10 pasmiems e |
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BEAR LA 2 S A A AR R B AR A, B, ZER IR KRBT
SEFRKRMEAER N, D0 (Matthews, 1949) ¥ 83| 1 HE K
BT LR T ROM AR A Z B — A E KX S # & BOE Y
WIEIEAL, 5 B AR, Th A T A A DR B U B O
(Glauser, 1953)  #§%(1952) LA B M A1 K (1951 K5 ¥fk, it
SRIHIRW A — P B AR, T & T e 55 1 DA B M A R I
WA, AT PR B FROW LT A T, R KR
P, MAFEFE. MMM, 7EHRRXA RRH
B, HFAUAG R SR BB FL S AR A BRI T T LE AL R A
i B R

A 78 ) PR i G ) LR A TR T — R L, AR
XA, G AR BT DL A e FLA e AL A i S
AFRER, XMATFRAREN. HREW, HFEHRAHK. X
7P A TR S B H (] R R AR L B (1959) CHE IR AR 114D, Bl
JEEH R BRI, M. N, IR, B /K (Komar) F 3t
WA, AR T 51 A B ) 7] HIE 1k o o 28 Y 7
o fEKL [ R AR B OS50 T AR B HER BB FBGE A
FTIX A M ERZIFAH T HIERHERE.

AT RGBS P, FBOEAG IR T A TR B AR A
FHEFHREREMUATF, N R LRI LR
SRR TR, B 5 A— MR R (RS ] H R 308 i
—TL - £ 42 Dub) ], EATUEKIMT ESH 6 -0 MLED , WE
SRR, A idiX ATV —Fh AR EIE b7 AL
HT X — R, MATEIAT — AR, BS% & R BT
Mo AT £ > 0 WBER IRt AT EIEAK . BEX—m

[ 20 theesmienma s |



IR, SRS ARG TS X IEHE

FHUAHRT A RBE K IEH, €98 EHRIRZ LI (298]

WEFRRAT T, 0T L IEYE Y R SURMR A T, B A SR
a4 8 S FBE AU 2 ) DU A BERZ —, BT DMRAE %
B AV R T TR R B, R SO s A A ) T S X
TEAE, 33 R A T IE A BT DU/R LSRR Ay oL R, R B
JEJLAEBSR A H AR .

AT DR BLE B0 1 B IE AL T — A B AR S B T
(1963), FAEF AR L, BB EMRTI T, AT BB,
WAt T A —MER S, B KRETENE, HPMEER R
JHTCRERL T80, 2B & iHe R OB St — 2 E AL
IR PR, XS RL BE 2 4 TE i SUR AR, DASE RE S5 3 —
5 R GEHIE S5 4 AU iy ] T IE AR

BN L IE AT, 23 A PR S R G TR % A ke ) A
(trees) FI | (loops) iX SEAREHEATHY . AR{EA A EH, B MR BE H
AE 92 B IX 3 A R 2 AR R I PR SR R AR R, B ATDRSE L T I
B — AR A TRBRN. B4, RESERKITE B
AR R o T AR T R AR R TE D I, R R 6 T i B
BB, DAPHEMEAREYE,  $08 S 70} s B U5 i L2 3 Bl
éﬁﬁ%ﬂﬁ%ﬁﬂ@ﬁ,E%%Ei&i?%%#ﬁﬁ@ﬁ%(ﬁ
P B 7 S SC, A LS e o P 5 o 0 5

USRI RE R, L IE S AR R A P ) R R L Y 4 B A S
ZIEE—FRER, ERIEZ SRR TSR, FLE, BRI
Mol w R AR B E AR KB, B8R E—1
P LT A — R SRR T S, AR IRR T R R ) & TE M AL SR Ik

[E AU e e A
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W, - EBE AR R EEMFTLTN S, BESH—
KL, BT RPEMBACZ S, BFRKE SRR A B, —H
TR, RER—HER, RE-THERTF, ERUERW
HLERDBGE B, B, TR E I OHEBE S5kt
FAHPCED) , AR LAY B BIS B B IR, XA
SPHER—MESLT, — A T BRLT R, BAK
JRTF B T, IF BRI A, EBAEA R T E kL
Fo BUEKEBBOIR, JH %S 8ARE H e RERA
BT (1963), B AR B AN A 1 0 B2 R N —— 40 2
AL IEHE—— IR E T v e

HTHRE LN, RBRHENBEFHEETHE Wk —
HRPG” o BXANE A LA SR R o AR R S — AN A A
W AR RS AR5 AR F 5L (ghost loop), LAfE k4 155)
AT VUR G ) BT R R B0 LS 20 1 2
B — L IOG B Y EE S, HERRBE, “GURAREE
# REEAAEMTAR Y, SRE A — A R AR T RS
APE R CR B, 307 B8 09 W B2 KRR R 78 B 4% (Bryce
DeWitt), fth | € th IE A6 4 SR A K R A S M TR L F 30

BT e 4L 65 BT B 0ot PR T AN & IF PR RO SE%8, 2R @ thitip T
TR R, o 3 o B AR A ) T A o AR S B
AR, 55—, A 58 T B 0 B 1 04 LR, PRk
HUFE B o i) R X R A IR T F Bl )2 o LR RS
B RUARES TR AR RN T A0 B IV A8, KRR R
APRRACRAS, A, VI AR G b R M 22, T 0 R ik 4
RN T 2B FACRS . SRR IRAT R A 52 2] 69 A A 4

| 20 e spiemm s |



T PEAE T Ak TRk TR 00T ) [F] — s € o

EXFEST, AR AMBEE, B, RERERRTES
)RR R — R BE , RHER R — AR OLTF IO, BANH
KRS E TN RS TR EN, B, B8
SREED —HEFFRBEKTE, 45 2 0, H—IAR
[FHRA0 . B (g — qrq,/#*)/(q% = #*)] i e 1 F 1 3 b
o ERAE— MR TR 42 TR . S TXAE,
MBI T — R IV HE FIE % BF i B AL 7 vk . o nfer, X
SR IR AR R HURE, AR T O A R 2R RORL T 19 £
TR A XA P 45 R I 9% B N, R
RAERTE !/ (q2 - rH R, HBEMIR AT EELMER—
FIER, HoH FRG KRS R IE R T EARR, BEAS
HEA N 9"q,/# TRAT .

ZHBBTAEMME, EEKF1964, 1967a, b, o) BH THIE
ﬁ%lﬂﬂﬁﬁzﬁ*miﬁ?(ﬂﬁﬁﬁﬂiw “ELIRTF ) B,
B L IERE RS AT WA, EAES| W R TEHh i) 3% 8L 8 HLI £
et BT TR, o, MR L e i S 4 A R
SRR 1 SRR ) R BOE R, X M BRI, ©

EMTE R B BB WO T, B AR, A48 A0 75 BL(F.
Englert, R.Brout and M. Thiry, 1966) th7 R ML+ Fth 7%
WEBHN, FhRRAE TR (6L — 9q,/42)/(q? - D] 1T
R, FHRIMK R, ERBEHTRAMEME, IR E,
MR EIEAH .

Y HEEB A B B % (L. D. Faddeev and V. N. Popov, 1967) M4 5.
BTN, HAEABRERAER, SHTHERERHREEL

#5100 s me R Em |
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. fEMRAIR T, REEEMAN, (BRI ERER
O R e 8 — MOV, S Al P SR AR 22 T S 9 8 B ML F L
W, SRR, i1FIAMR, BERSNRA R, AN, i
HRAE WA R RS R R TR S5, i T AT T
o LU A SO A R S A B H R B IR R i,
M) H ERHOR P BB I 2 [ A RIS A X TR —
AR K IEPE R B . BT EPTR R RIRLET L IE
ERBESR, TAE R BEHR R BB R S A A AR R — 4
AR, KIEWH AR AR R S, X — R
o TR o B R T — KRB

PR DA B v SEHD R A B PR M5, W S i 5 UK K 1
(1968a, b) i 371 i 58 & MLWE A ML X BT i ik, B MTE
1968 4FBLK, ot AR BT U1 /R AL HE A o B & AL B 8 i LR
%, IF HEDBREL AR AT, EONEN KRB LR
W EIEATIEH, DABGX MR EEE W #OTE T, AT, T
FRBAREEEHN T E—— B W, EREARETEPERR
WRR. B, KIEYEFEE MM, I ELSMEE A E S E Y
PR,

HERKA KA 2, 107 22 5 454 32 i 45 /R i & (1968a, b) 3 4EFT I
SRFLTEER S ) AT AR KR TR BT, BRAE X4
WA AR AL, 2 ATy v it R B 3 T3 AR R
BHEARN V-ARRMSERNER, BELFEMEEH. MR
BRI BLEH RO MU TN — R, RANEFRESE
e, XA, REHEMTER—SEHAR X R, REAREE
BT IER DRSS H S W EIEAERSRIERE. T2, %
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IR TF 42 £ A F P ASIE 9 At ) B AR o

ML, 105 TR A RRAE— AR E R, BRE
BENFEAFEEBHELAEANEERLIRERREY. Hith
Y, ARG AL LA, BN BRI A T A s
K, HIER A R — R TR ST R A SO TR S
HREHTS, EBE%EE, TR AR TO R B AT AM
TR PR U R AR R T 4 2.

AR R AR A AT EIEE, B RE R KRR T
B+ kuk /M2 /(K2 + M2 = i) S8 AT kuk, /M2 SX—, /4%
SRENEES . RIS ANRMIE, BERE, KPR, mR
AT —BHEAT RN e, ERREIE” , BRRE I RN
25, WB@HNHATRERCE, i B AR RBIBUE MR I, DA
B EHN T HAN T ABE, ERBERT A O/ (k2 +M? —ie)
TR, XA R 5 A 0 PR SRR T TEARRY .

HIRAF BFRAT K WX RO R A, TRR K S A A e
S IUR—AFH B8 e, BARIR IR DUR A2 5 381 & 0 SR B TR
XA R AR A AR S| A— 5 KR B 6 T B MR AT B AR
A, A KRR E (W2 + 078/ M) SRR KA
CWe), FEAN_EDABE AR A3 03 45 2 1 i 3 89 07 R BT i LA, 5
IRAFR KB, BRARHTENE I B B MU R ] (R dit 37 1 1 1 T Bk
BN BLET AR, (B S HiRE B X B R —E. B R, X
AR o] REREFE SO FE— AT X, HoAe TR MR

B + kuky/M2)/(K? + M2 ~ i) = kuk,/M2/CK? + M2 ~ ie)
= 0w /(k2+ M2 - o) , ®

[m10% RS |
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B REFER A L 2 BB RN, X — BUR BT A R R SIA
THRRMF T, ¥

FRFF S H R A EET KRER, HREM S
B . JG % 1R 35 /R (D. Boulware) 7€ 1970 4 5 3¢ o 1 7
FHBE B AN HAH AT, #HI & AAK(E. S. Fradkin and 1.
V. Tyutin, 1970)tuff T [FI#ER TAE, BALERIRSI B BBP5IA—
SO 7] A5 AMIE R —BOA#) , I B — AT, #Har
P8 — R 2 B B AL

AT B MTERISUE S B & MR N7V, HRKE 88—
AMEAZER, gk B A — I R A AR AR TR, AT DAE
W, ORGSO O B (B LB 1 RERY R, =M TR
ETL, AP AR B X ROTO B A IR ALY, fEX—RBEZ A, W
B LR 0 AT T A W R R B AL W, X — BT
TR Ay R d S Ak B € T B A A M R W] T E AL A
%, HMET XTI EEOH— SR,

MRS ERLGELE, 43R 45 8 A9 3 (1968b) FIR L EE, HY
EEY RS, B SR, — 25V T E A % 8 8 A2 AT
BE, A, AYEEREFSROAHET. HTHRYHEE
AN RA PRI FRYERIEIE , AT A A 452 B Rh ik k% 2L
6. FEF/REER (1968b) N BL R, FEIE BATXIFRYE, B A R B A
LB T BN AR, 5oh, M %A HRZE R R
B IR PY, e B B B O T AR e R X R AT E
i4:58

MO R RS AT, AT RAREHN, Gt
AES A IR R SRS I SR R AL 7 5 ) ) 7 B B R K AT

| 20 titse e 2 e |



Hoge BB B, 75 FE P LR BB T L EHI S BOR T IE K
. O MUR SR TE LR B A TR b R, E R B B R
oA R EIEACT A, B AR T R IR P B XA T, B
B AT O AEBE 2 R ¥R, R, PRI RN R R R
(A. Slavnov and Faddeev, 1970) BAH T, 77 J #it i ) % it it #
B, FERURE IR b, S 4093 1 1 %5 /R 45 & (H. van Dam and
Veltman, 1970) FFiE B34 31 417 S ER R K b, E2RFET R
A .

PRULTEACRISERE , 70T % P 8 2 P e 2 S8 B AL
2, WA T B el 3R 6 1000458 e B 1) & T M R 4 24 3
i, — AR, JET DR BUIE B W L T A & TE A A b Al
RFEEZ., AWEEANEPORESRNBARRLERN. FE
ARG E R, SR RAMEAE AR R — B e K L
JEEETGI ARG R BE B, BT N,
BRI AR, R 45X ey e Bt AR
e, —AERARLIER, SRRSO TR, BERRE
3 T AT B B H T B 30 PR R ) ) IR 2 A L AR
ZOXBAE G AIAE, BRLRE, WHRE % R0 R Fh 2 ALY
TR B2 A SRR, B TR L IERERAE,
RAEE 2 A L K

BRI, KA %R KA (1950) T i, I H i b4
(1956) F17#% 7 (Takahashi, 1957) 4" & fik - HL5h 7 2% op ML R AE
B — R

kul'u(q, p) = SF' (@) = S§'(p), k = q— p, ()

%10 % MEHOmEREMOTR |
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[304]

R Ly FSF RATTAMCMTURFE A0 RS, XS R
B, IR — SR RERSMRIIBAC R e OB ko AR, T A BT
HLRABRAE R 5 LI HL SRR R R, IRAGRNE,

AR VURBIE SIS WL T, WREREET. BTHLS
AR T ) T2 PRI 2 5h, B AEAE R B AR T DL AR A
ARG RA KM —GUE SR, WE, T X8ESR 58T
YT RSN O BB R, B AT A B3 R S Ak e i T v
BERIED . KA, F R 8 (1970) 533 48 1 G A% B 5 07 v
ANUR—RER A e, Sy Hl A0 I A B DL AR TS TG S T S
RAEE R, XS /R A2 (19633, b) RAEBBIRGRIE 7
724 (cutting equations) — &, #§ f i T 1 W 2 & 4 5 F £ 9 7 01 /%
MBI I X E ¥, B A6 5% BUELIE ) T TF Ak i A o T 36 A
S, AR IE e —E BHE R L E .

i, #1970 4 ER, Fi/R45 8 B LM T W M oe B & S
GRS TR — A0 B S N, M T 53 R
B CAIE R ST 3 TE A U, DA e A0 o] 3ot T S % A4 2 s A
M AF R R GBI AL A T AR K N, AT i S R T i AL
BT BRI 0 K TS . AT, 54K 8 S B B i AL
XA Bk 2 T ) B B T T LE AP SR B — N , HAAR  5T
FEREPESRAERIANR 7 VOt BORIE R R b, WA i, %
T, — ELR R N, SRS RR R T WE AR, e
IRRE R I VS R — AN R R R, R G A 2 G A R
(regularization procedure),  EiE B B 47 416 14 #6 A 4% — By 7 v it XL
TIATEH A FRAE, BB AA — SRR P, W
B, HIELEMAITE S T HFIT B AR 2 A T A R B X —
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AR RIS, FRAE BB — A, WIFR—AT
B—RRW B R T %, X RUAARPET L
M.

TEREIE AR (1971a) s, i B B P42 i T — AT
Fg, PR, I T ST G I i LR FR AR AR
i, HHERFT AT R R —KR AT, MR R T
FEHRFAN B e (1967) 3 F — Bl B E MR A A B 7 ¥, AR #6
RIAEA AR (1970) 76— MR ALTE b 30 B @ MU 4 Bt 7 3k, HF HLAR
T AL E AR T IE AR B H RO AR AR — KA P 9 5E
RE RIS, NI T# M EeEEANSZE, Bl
AHRER A ST, MHERFEBERILES OREESX, A
YT ENER K EE, R, S8R X T TR &G R
AT T IEACPERUER] Rxt R AR, S PR T AR L O v U
TEREE L.

T 1971 4R, o B A —K /R ER R BOR 1 — A R SRR AR,
i L RAARRER, HHTHAKRBEET, 4 RBHEIEWEMX
. HTFER/KESCHMPIZ (1967, 197005, A HEMIEHE
RATEERR, Fiti+2a 85 KA m RS Ry, #4883
A BRI TR T EEACTE ., A ANFRE I EEII
JrEAERER, HAEARAY - 2 (Benjamin Lee) X T o MAMEIEL
AR T, R R R R4 H— MR

FRE RO A BRI B R PR S AR R TER S
B BERAT RIS, B, KRB T8 AL
fEREERE. $T, TRRHEBHIMEEERELTSLE. B
=, tRBEEY, JoREE S IS ARE, BERIEmA

|m10% siHemEEROER |
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A - BRHEMART o AT EPTEY Y, MR i A B Ed
HERA B A RS, —HEMTX—%, BT R
BB T A ph AR 8 A B 6 ) 24 R T Al T 42 R R
oers, kAT BA AT K GIE B A1 R R ARk /R T B i 09 VT I OE 1kt
Ct Hooft, 1971b),

XA SO IR ARG 7 R B R AR A e 1
BAEHRT V7, I B SRR S MR A9712) ], BRI
HR—AFHA, X— SRR MR N &iE, R — it T
RN ISR AR BT G, BB R A O
TEBYIEY, R TYEENFEEORER,

BRI EA EREWE, A, BRREELRS, TF
FAGROABARECE . 8RR M ML FE, AU
FRW L, T ELR X 280 e AR T A BRI, AR EBOR A .
XARRFZ O ST, R O B A A AL B, XA
RAFERERH /R 8 19720 5P, EXAIB T, MR T
Fi 4 BE #4 (dimensional regularization) f) & 4 F, ©H L TE
R AR B B P R (TEHL R 5IA TSRO 58 T 4 ) 2Ll
b R s g RGO BB AT 2 e
gk,

B, WA B ERMERREES R KERMEE
Moo AFERAERIARES 2 (197200t T —FE R LA ik % Uy
RS, HA A T AIEEATIERT DUR A BRI 1 & TE 4 3 o] B AE AL v
HOTER , B AR A SB 25 K JRAT F T SR SE AL

FIRAF SRR AU KRR R B, (IE A
EXHAEAT B T B 0 ] B IE MR IE I AR B E X EERY, X
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ERHABEE, $—, Ry -EWEEARESMUE LXERE, BR
A HRAE SRR AR AR, B, ATEERRE T
ORI, 04 BIE BT RS I 46 4 T L IE S AL, XA
WIEEH A T — BRI R TSRS KR,

10.4  BE{K4SE

e L, ST FE A R AT . AR BLIEE IR R B
T, BRI AR E T R R RAFE, BoE T FHEE
o BF, HMEMMBEISHERNNGE, 55— LMY I R
AR P B A B, SN AR A MR T L S Skt
SRAHE, X HLI R R SRR S BT R TR T DR
A OH R M IHIMTH, TR K RNH R HFTH .

JRFFI TR LA A E A SRR R, R E,
EAVFER R R B B AR, RS b, BRI (1931 i B i
R R AR TR B AR R AR S, X RO AT R T, R
RESERARMEN R, BRI E KL THEARLES
WAL, MBI T — SRR CLH/R T
B RARREE, H YRS R R TR, AR
TR EWRAMRATEAE,  HIRT (1970) FHHER) 5 — %5 7 J& 4% IR oL
R Tk, I AR TR R R R Rk, FER
AR — R RARGE, O

JRTFIX KM 5 — R RHE L WP B R — P (ABY KR, - 7
H PR B PR A B AR . I B R (R. G. Chambers) ¢ ) —
AR, E B IRIE F o AbAb R % ) SR S i U I DX 7 £y
BB CHL SR B8 OH MR BB B S LR T R B3, B

[#10% MisHiemeR0LR |
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[307]

BIKBT Au N RTUATHIEY , a = o/he fA,dxn (RE

WML, KT AIRIA T el fiARAL .,

AB MRS URE , Kb RERWAR T E. H—, CHLT
M Ax WBESAEYE. BT, BEOR T RBGA M ARR IR E 3
HARRFAE .

TGN Fro RYBIAE, BA VRS, 40T i
FEAR, SRR, HEWRRIES Ax UG R BB B
R, BAYIIAENE, B EBA N A R 1 A 7= 4 AR 07
TTWRMBRL.  ABRR DR MR, R TEISS Fu B SRS
A H AR T R BT A RN . TR RO R A i
AR, R Fu S SEEH A 208, B, TEEMBES A
AALAEE BB 7 A o IR (R X BA WS, T H AR
IR R A, AR KR, BRIk
B, XREA BEEEARIA AT AR L bR b, KR AB RO X HLTE 3
YA LN — A EEE X,

B, AR AER DR B AB BUY, BRI T i BT
2 1 P R AT L A X AR AR B AT, AR, T
KA, A5 I PR A T A S5 BRI E )
I AR BT Y, T BT R S A A R Y, XA
BRIl ARG R R SE I, 9 SE O R R e, B
BB, HEIA ISR, MR M PRERAE s
7 MR R ME— . BRI R R 38 5 TE A R i
HEFEBRY—E B RO BA RS

AETER YA TS b R AU S — AU AR — 45 Y 2
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Wi, iR EEHBER, NRAE RIS
AE, XARRAMAEEM,  BghIR 1969 47 % I iy bl p g — I
JR—W 5 (ABD) [ # (Adler -Bell-Jackiw anomalies) ()1, 8.7 ¥5),
5 DL AR BASS BERA  BCRIA B B 3K SR AR IR R —
AMME, %WE PRIEK, WP =- Q/162)UF""F, =
2,01 [CF == (1/1612) ™ tr(FuA y — 2/3A.ApAy) ] (B 8.7 45
HTRE(25)), AP A TREES HBEBA M, BHRHEX AL
KA C bk EREMI, XBKE: B, REIRMMIEXH
TR R TR, RS dush R A sE e B gy R R
W, B, ERRTRESAEHORBITNE XK, EhHL
W, EHR TR BTN AR FE R A PR AL AR B R XA, TR
FEZ5 /NIRRT RS R o

B X L B A 4L R AR AL B A TR, XS AL
PR ICTT /ISR O R —FhPATALRS . #8FH B A S A 2R ]
B TRR . SRR R R R, MR AR —
SRS, IERRE AR AR R R A A R, X AR AT
ARBEMBHIABRSRTEXL, £ ABRN+, BEAWNFERE
LTI AR AR RO PR - AR BT R BRI — AR W
AT, FERFHNS S, LERBR MRS NVER T RAR
A5, EREFKLAREMT, IR IURBEISHRERT, 2
—AHHIT (A — SyASY = U-H(NAUG) - UL VU)X
BB KB A (r — ) — U19,U JeEfy:

w(U) = 1/24n2_|'dre‘1“ (U1 (N, U U (r
< [UM UM (NAU), (€]

| m10% missmemasanEL |
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[309]

HP UM RERBWOEL [ - DRSS RB.  FEHH 5L
T, ARAMES /NI RE KT RAERE UK. B/
EEHE— 2 bt SR bR RO R SRS

e b, XTSI A0 BE KRR A0 — Fh A TEAR, BRI LA
BB UMOMIMTEE. HTAHRFERN=RZ MW, EHIF
RS SO, B =AM AR A 1Y 4R R ERBR A T, PR AR 3
¥ b, USRS T NS BB BRIE a0, AR SR 2 AT
H, SXFBSTR T B E RS, FEERIT, BTN F 20T R
REEBMIELETY s 1 H R A IR TR LSS T B) 4 2
B~ W, DsEERI/RMERD = M%) = Z, i
H, fEAR BT DURBG A RAER (A — SyASy = U1(nAU(D
S UMD VUM F, i F50i 4K 9 91 (Wesszumino term, % 7% i
HRBD KRR M (U, EWMLEH R 2 Pl F B, REHR
LR B SR 7 Rk

ARMEERMESABERE, EH SRR %
B Us (= limrw U() ME—HUBE, 8, FEAEMAE FAER
WA FRAE BT DR AR b, R BR AT AL I BLF4E R #
ARG AT R TR R LR, I BT EIE At
A, R AR R 26 4 T DA 52 39 S0 S A B TR G HE I, AL
MRS AR . T B 9 B SR BB A S AR B — T2 24
RAEMAL11.19D,

B, M = AR B R P LA R A T IR B B A 1
B, BB OB, AR AR TR XTI A B A e T S A A
AR BRRAAER, TR ASERE LA T T A HLIE 28 3 SRk R ke 25 4 3
SROBTL, B THEX &, RORBEERZ—TF, EBEFS
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R, Be W expl/ )P, HIXHTA RS, HR iR
TS P A A 0 T ROA B, XA R AR A AL AR S R
HFER BB AT 2T 2nnh, 3o n jRB%. BRI AORE
AR, BT AERERS IR A AR AT = dxeg, U M
FEA R AT L, (S A M BORE F T &R dneg/c =
2nxh B 2ge/hc = n X —WHTKBER TR, ZETIEFLM
AR F PSR A RS RO R T EZ 6T, WT7ER
K963 (1985) i 3],

LTS RRAT AN, S 1R A A Al B DUR SRR G AR
AT LD RS AR B A TR, R AR B i
3 B BB U OUE SRS R TR, Baxti T
ALAAEER T LI 2 F57E R (1974) 3 A A K (A. Polyakov,
197 KB, 76 SUR) MWL+, e/ F AR RHE,
B Rt SUR) Al T4 AR A I B e Bl T, 72 T i
SIFREHTE (configuration) , SERSFAER AT RER N B F. JEE,
AR BN R T B A RS SRR WS AR, IF BAR AR T 40
FMRRAEN, PR 50 O M AR TR = 4 2 ) o R
SRR FERRR, R eRERd e TE, 2

BHERE WA RARTRIHT, DEEG-PRGE—H
WHEELE, R EMNS@ AR AR E, FEER
U BT ROFEFET B Ak, BRI, SR T 77 76 1 9 I 45 6 Bt
RS A A TR HE IR CEU ST 38D . IR i 7 v A AR SR i £
fEM.

55— AR /R S BRI ] R A R RS AE e B I, 9
LIRS .
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[310]

FELDREAR BT DUR MBI o, AMTRESE TR )5 CH i R AT AL
A0 = 0), BHMEA—LRIANNH BE, HMARLA R R
U, EMRREEEREX, BHIt, tFo =0 FXHESE, B
im Uy = Us DXEE U BHEBEKCGRE T O REER], 18
HVEHRBE] A" MBEAS Ai() =~ UTDAUD, #
F s CRECERT DUR MR = Z LR 2), % 4B IR #8178 78
WL, BEFFIE—MEMIME LR S e AR R R KT 2
I, EHMA® = U'VUER, n \-o—H8+, HEHit
WEE R TS N KR W R A AN, B WA =
Tne"Wn(A), Hf—A W (AT ZIBRUL AP HHE,
BT R FAESR—ERAMALR, EREFLERTS
ny SaWn' = Wi GXE Sn J2 L EFRD), B0k A RAA K
Un BT FRE, BEHSWA) = e MW(A), FrAMBEEZH
0 ZIE, 0 BRI, AR 0 12,

BTG A = ULt VU KT 7ERA A9 0 BT 772
HIGTEIF B RERAA, TIN50 BR AL e ) SR o
AR B, 2 T 0 99 94 6 o o 3 b 88— A A O R B0
AAERTAE TR —H, MRRREINEZE 2 [ AR S, 5
TR AN, TESURJE T DUAR LT BEE o, 5o 205 B F
F(instantons) , 5 %4 J5 [ # K FREERIS 40T, BEFWMH, K
RS, T 0 M BT YR X, 24k BT LR BITERIE B
T EHHECLF PR FIHERRR L1114 T, 0 ffemip
ERCARATRME, BATELK EE AR RORWE, 5

B2, REEAER M LR AR LA 5 A R ZE b9 BT A 2 e
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W, TR T REEIS N — A, A BT RR SR R A
R PR B BT DR TS G A BTARA, B R TR SR e
D T 5 R LA e DR AR 3R A 0 B

10.5  RARRAYEE

BRI A R R AT N E AR &, BRFSHEN
ERRE R, R LRI RS A, WARBABRN,
BEZOREHEE=A
1. X AN E—H M AR E R R KR

EMRNELFEE 0, RY RO EABHM L, KEEXT
{4 % XERRMERE B TAE R0 TAE A AR M. AL, M
ERAFREETENERRT, HERETREFRRA R
PERE BRI A R G5 T AE A AE SR L, AR B G TR S ok
1, B A AR, T DAL B oK F R 4 X B
BREGZER, REETERRM MR R T EEAE, XMHAER
BRGSO FRMR O FEAE R H WA S E, AT, HRXE
AR R ST E ) B BRI BRI T o AR AR A R R G BT A
FE S

G, RAMOE R O TR B —MEJK, R R
RARRR RN 564 2 EASM B, 8P AT I8 A9 75 16 197 32 & 7 (Higgs
bosons),  7ERIHBHIRES &, VAT WAHH A X FRAEREER, To Rt A9 TE B
MEB AT HURTTRER . PR UL R A0 d AT LG, SABNTE I 77 A5
HTZRMMCLEEN, NARRIFRBEE T, RERSANREN
BEARNIKT RGBT o

B, BRI PR, BAPREREH 5 AL X AR

[ 108 Mimems RO |
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[312)

SRINT — RS, R BE, PR T RGO 1 X F b ke 0
AYICE B ALY N ETE TR, WAEmRYIL, #kT
ARG E RSP BOE 5 )1 AR A B R 6 T E RS
AR FRAERE BT G Bk PR ik 30X ol XU TR 454 5 380 T R ME AL
UL 11130 . FRRER, B T B0 LB A 593 71 2 74
CHFARERMBIE WD 2 50, B4 — A~ AT AE R 134 8 F L
HLRE M BRF LRSS .

SAWOE—ARNAT R ARG TIA, CLIFR T HATERM A 3 i
T A ARL T AR S FOA LA R ) 2/ 5 00 45 M0 0 e —— 7
RORTREYE . HFHIR, ARSI 55 51 ML B0 49 911 A Ji 2 o 1
FEEIMR, W, TEUHR R RO R TR R, 5
R SR D J 0 S oA LA PR 7 A« A L A D o A
R TSR, A0 2 KT 55 2 60 9 B 0 ) AR A P e e
KRFETR. )RR RIS AR AR, R A AR T 0 o
e WELRBE, RAGIHELIER R SR EEHTE, BEE S
Sl B R, WS b, BRI AR A R, Bk
EFRPRIEA —DFOT . FK, BTN 22—
AHEBW I TR TR, SASEMTERAK, ARG
HWRATE, RS TEAMEL o, LA b, A7 AR X R
MR TN R T A AR . B T DB X A DA Kok
VIR L SRR T R R 4

VR 9 T B0 540 0 R 9 SO0, 40 A A
B WA RGO A SR R B 1%, T e AR 3 i A
SRR, IE QAR AL 5 50 T4 40 0 L B R T3
WAREEE, TR, RGN0 KL H XA P f 7 8t
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AT

W, EHFRAGMNEFRELMGEERKER, EHFRE
o, SRR, XA LRI IR L 2 16 AR A0 R LAY s R
i, fEARECRGET, RAES G TR, RITWWADIF
Wi T, MATHRMRILT B SRS KR, A
AR A AL R AR T AR BRI R BB R AR, AR
s A B LRSS (B 44 40 AL B B TR R, X T
LRy PR A R — AR TSR S A B Y R E AT AKX
R EANARRTYEEAEY? S OUR B BN YEE LA
Fi5 BB B 254 7

TR SCEE AR S AR 2 JE R I R AR BT
AT SR 10 WORLT-RI I 2 2 R P AR RE RS . A1 IF 8
A AR AR G TR SR BT BT A X, ERT
BE ERERER TR P, 5K B o R R 1 5 B
HOMBATAIAAT? AT A T i B A5 B A A BT AR SR BY T A 8L
o gEbRE, RIESEFEH—ER0EE, XEahNR
R, B R T AR, SO R R ARAE AR o B o
A B B

MBRARIEAERMSLI, WAFRABIRLT, FRIFER
GEIRTHRAR, VAR T 3RAR 68 R GEMIEXIFRA (3] SO FRAR AL B A,
RN B, B, B R TR TR AR S
AN EAREANEREEGH?

H L A IR B LU AR MERALH o RRAE AR RO TR AR R A
1y, TAESERHERE oA Y MK TR, RPN
A7 v AR % R SE A O R B — R FEAL R, T AR ATE

|05 mismeRskRnpR |

[313]



[314]

(technicolor) ff SEARLAE P (K93 72 S PRV BARL, (017 LU A5
I EEA RS . Ak, FRt ARG bR R R BT ) B AR
U SR 53 — RO, X FR L AREE 20 it 42 50 4F AR 7 &
(1957, 1958), FFHA/K & (1958) FIva#%(1958), LAKAE 20 fH43 60 4
AR A 00 e R (19652) F LAt — 28 A7 2 adad, kA kit
BRI S, EARTMEANTZENERREE.
. REHGHEF T 57

SR E, YRR R T QORI R, 7 B R R
RAHI SR AR R R BB AEIX, HWEELHBLS.3
). SR, BEEWOTE HA KR, Y RSEE, BTN
I B B AR AR AT R BB, B4R R WA g K
T, OHEARXERT NERFIHICHERE. AR, BEARES
BB R B AR SRR BT S BT 284 22 02 (Gross, 1992)

BRSPS N, R, WEAET Y 4 o W 1
TR WA AEE B P AE R . X UE AL S 7R T IE ARG
WUERRZ b, HEOR X 5 50 E R 3 SR AEATIE . T 2E
B BB BA SERA S SAEAERUEN 33 PR th 22 B0 A 3 DA —Fo
BT NHELAZ B2 159 77 SUHE A A ZL 5030 1124 SRR R W B2 X S R T
BT : A OORA UG 25 b SR P AR B AR, ELIE A WA 1
HEIHMERE « N F BT IR ORR, Bkt LPHORE, *
M. TEERKRIENT B7

AR T R EIS A T E AR IE N, BA0%
B—ABOMLF, EVAAORL T, B AT S E A M B e — A b
ARDIERSY , R A e R A — k. RSB,
EFEARA AP, ROTEEA R H LRAH T 0 E R EE
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IR, TR, PO A DR T 7 4E SR B B 1T i
B, WFELERE AN, Ao BV AR e 5 L FRATT A AR TR
FREAPFEMOER S, BAT R EMXRNEYSRAL
(Veltman, 1992), BAut, 7ETSEMRE b, 770 ik LTS B 19 5T
T IE AL PE R EI 03 SR AL T 7T BEBT B .

HEERMER L, BFHEHTEEREOHIEN, RigdEd
BT :88],  WR— A — A EEAMORZR, B
ZBEAERA T IEAR, FWRAR. A, SHEE G KIER
HONE RO, REh S AERYIE I TE MO BRI, B AR
] DUR AT ) T AF A bk EBGEW, AR, WH, T
Kb % B B2 B Tk 353 v R AT T TE A0 LA R ) £ Y o 1
CR 11445, B, SR T30 0 % B TR, DA RAEM 1
BT 558 R EIECHEERIR R, SR T —RIIR I,

R
1. XARIE ENE%#&&E(IB&Z)&W&S B A R R O L8 R
Hif BT A BROA A A, X TR R
ﬁegxmmmg«gjgw Brown and Cao(1991),

2. HERS VAT RS EY A 2 [ 2 R T, I BT “UE
SITRAET B AR R UG R G E, BIFTEM A" (Houtappel, Van Dam, and
Wigner, 1965, % WA RAIRI, 1949, 1964a, b), AEHEAAKPIEHR TXF 2
5, EAWIARS M, AR HARE) T A . WRCE,

FEQ931) W RABBHE BB T2, R0 HEHE 0 56T Xk 5 9 0 5 4 67 4% 32
%, WLENOERN E RN R BMAR. EORIITXORRAN, ARTHER
AR &5 r

2. oA

3. il L. A. Radicati(1987) s ¥ &1,

4. ERARNIE T, XA SRR —ESH R, R ARG RAR
HbE, ERVBMR T, §RBEEHSDMMBEAREE: KNSR, BARRE
yaeak, (R A BERN A BRICOVEIRR , I BRI T X BB R

5. §| @ Brown and Rechenberg(1988) ,

5 X ABOFIEMA lﬂa«?& 1022 SFSESERER A ¥ — AEGAEAE I B, ARt
o T C 1 K

nn:miwese] »rm 7)&}:*&@1 i, Cassidy and Recncnbeyg(lsss)

|05 meHEERGTR |
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[316]

7 A RAT R BRI AL P R T, 32 PR/ (1956) MR TR, M2
FRBEFEFEM “FLICT™ (spurions), [H oy WOk T80 AE A 75 o HRLE6 765 B4 L it
Ko XAV ERERRUR T L R AR, #Eﬁ?ﬁﬂﬂm?‘ﬁmﬂ‘ 7EFHW
Rk, #Re TR WT DAL
Fo NAS, RAYRRE 2N ARz RBE IR, HEFRESI ARQRE
MMAS— A, " AR G R/ B HE(1958),

8. Diirr, Heisenberg, Mitter, Schlieder, and Yamazaki(1959).

9. £ 1960 FF W YA 2L, WERRA R T ARAOF MR MR AL

“HL%E" (1960),

10. FEXTFARRHIFIL A 196D, BRI A 2 T L2200 Wb 2 e
RSB, HIFGIFHAE BB AN BB 0 AL B AR, I H il
TFABRAEARHL H O T AR R R AR TR RARK, SRAEE 5 KRN
R, WERRAARS E1 RXPRRYERE Y KRB0 W T T, FEAbME L2 Sy A ie g
RIEHRERLERLIG, WARE TRTWREOER, REMS, MR AL
A SR TR L5 L P R,

1. 535 99 L 0T DABMIS] 1956 4F, BCS MGt BN —4E. 4B WM.
J. Buckingham, 1957 1o B4 T Hh Ak, JE#1E 1955 F RSN, M MBCIEAOMERE TERVE I
A BRI SEAA ), REBOBUE AT R A WA RO . 3 R DER T8 4] 547 £ DA AL
AR, TSP ARR, ¥ 9B $F (Max. R. Schafroth) 7 1958 4F f ¢ T i1
WRONRNE BCS HES:,  fldtith, FAE 1951 SEAURRIERA T, 96 Resb W ALAURAS PERRIG o
BOLERDNE R — ISP L OUTNTNROE , — BT IR, thi R ik
W% (Schafroth, 1951),

12. Bardeen(1957), Anderson (1958a, b), Pines and Schrieffer (1958), Wentzel
(1958, 1959, Rickaysen(1958), Blatt, Matsubara, and May(1959). .

13. Bogoliubov(1958) , Nambu(1960).

14. R REE A UL SE RGN — W04, SLR IR — s RS A Y,

15. 75 J2 4 MRHITERERE ¥, 9B, I EHMERTPOEM—MBREX By, Hle
AKRITENFE DY = my FKRTERAE D GIRRA 19, B D1 7, PR&HER, M
ERTR m XS, B TR R v, A,

16. Nambu and Jona-Lasinio(1961a, b).

7. SR PBLIIR IR, MBI e i K T 6 T B2 o
AT, EXPIRS TR MR TR, " (19600)

18. WidbBL MR “RAAY s *T&Etﬁﬁﬁ%y&lﬂfﬁi!ﬁlﬁ?ﬂff’ﬁmﬂﬁ
SR - SURRAET HA0 WA FIC A, ™ (Nambu and Jona-Lasinio,
1961a)

19. £ Nambu(1989),

20. 1, BEHITLAE, BRI BT, WA TR 2
ARG D) = AR, R AR R, BARYE x A FHEBR
o, X ESRE AR, X FGDRERH « N TRERETS, RSUNFAK,
SRR RG], WRRHOT T —RHI R TR M RB A, EH R R
4 (Maurice Levy) AR KA (8.6 ), B, WRSRMN T/ T IR ATER
s AW H BRI . (Nambu and Jona-Lasinio, 1961a),

21. %ﬂw!ﬂﬁ&ﬂ“ﬁaﬁmmifxﬁﬂﬁmﬂtﬁlnﬁfﬂﬁﬁiﬁ&ﬁ%ﬁ#
TEBRAR TR, MRS TR INOE R 6T, M7 1987 BEAT, B
gt FS/ N ﬁ[mmm&mgisn. ms wm ERETE, ERBWRT, fF

*HE R AT RS 5 T X — L,
1 1989 4Ffih U AR < “&Pm?mmmmmur. = TR R, R —
RAAWEHL AL

< fE DHERE, BNhrEX
P RYIE AR, FE— R AL A S R M S B R E i, X
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HHEERAFRY SE| Bt AHREEAET LA
A S AR R, AERRA TR MWL o, BERA SR b A
BRI ICHR A, TR AR NP R R LR, — RIS
o AERBS T i, —H L RBAEAREEERET, 8

AT R 5 F GRS A FEBRD, WEEVA X
FR ST RS RE HA0 R, e R AT LA o TE TR A B £ T ) th LR A DR
PEREBRIGAETR, KRR TR XTFRMRRIEAERY, DA A RGP HE 18 DABK
M, B2z, EERANOE 6 TR A W E R
B, WK EIA RN T TR AR < AT E LB XR. HR
/R RFAE (1960) AR 11 IR 7 HOJB. 8K AW A A9 3 (J. Bernstein, S.
Fubini, 'Gell-Mann, and W. Thirring, 1960), TR IR 0P WA R KT A M
He. SRR i R L [TUES Rl ERLE
i« A THRARAEAET SR FWER S, S RAERa FEX,

22, AL SRR TN HE" MR BT A R0l 7 2 AR — AR
S, MR RO . 5 BCSHERBMKESMERS, RWEK LR
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R, FERHNHBEE D, Bt TEHOR A RKME, ENREIRSHAEDN G i
O — R ¢ AR A\ O K 5 (ML T o S 0, R 10 1 R R R
PEREERA RN AN B R BRI, O ELA BT R 0N RAE I B —
WA NYE, B HIEE Rt
SrgEmme FREE T, BT RMAR 5 R R E R, R, X
A TAERTT T WO D RS, L, WRATH AR — AR
CARHIT e A TR, S PR AR L AT LG

23. /R 8 FHRA R HUB LR R R O — AR (1987, 1980).  HT ALY

AR AL ) B — s AR E ALY
IR, A3 KR B T B B A B
S0 E RO, - BB AR T AR b R T W WAL, SURER K09 KR
o, AEAR HEtz L3RBT —FHLE, Sl

X 4648 T R B A HERMORHRE, A, MERET
XA PLR A R R, HUR, EABILR.

24. IE i@ #(1950) L4 B4 11 BT
PR, I AR T B — 4 KRR A AR HE 00 F A XERR PR BT AL 1
0, SFFRS ¢ RIS BCS BE P ILER BB BB ()75 B S A G 8
SR ST SRS, BV TE IR PR AW B, T LSRN
BT RA AR, A, FARE SRR R — R R, SRR
SRR THEERMER, WAESERRTHCHMCLHZRNA, REAXE
SR OIS B BCS BE T 1957 E R ST, ARRIIEMN.

25, EEMHELE KA P BLREGIHET B2 —, RIOWWE, ELIZRLE,
N JLBI D BN S B B AR TRV B, A AR R 9 B
S KHSEA R TR SR T OM I, AR IR A LR R ICIB A
SIS AR % O, Weisskopf, 1983), M 19 42 40 4F R, HIZR

Tk, I RFWAST AR R

Wb

26. Bloom et al . (1969) .

20, KT BTG TS AP IR, A X R AR,
1, Pais(1986) ,

28, FRATOMIFER "R W IRIRER" | W80 W
B SRR
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30. 1§, Jackiw, Van Royen and West(1970), Leutwyler and Stern(1970), Frishman
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31. Fritzsch, Gell-Mann, and Leutwyler(1973).

32. SR MU AIIC1973) DAk B R4 /R V) 50 (1973a, DY THIEHI KA.

33, MR TORM W* R Z B THEE SR MR — MR ML
Fer MG REIAT, R TTR S TR T A0 TORA b, B2 R B T K
TRERMEIE T, BT, WIS YI5E(19730) 8 et L E B B A 0T
Bt FLTIRMMGER, IR IR SATRIG B R B AR AT R, R

FHRARK, A ST A 20

34. G, . Wilson(1974) 1 Creuz(1981),

35. J Umezawa and Kawabe(1949a, b), Feldman(1949), Neuman and Furry
(1949, Case(1949), Kinoshita(1950), Umezawa and Kamefuchi(1951), and Sakata,
Umezawa, and Kamefuchi(1952),,

36. WS 9 REAYIERE 4,

37, AR (1963) T 040 X T 310 HI 6 &L LM BVEREH, BAWT
1962 48 7 A AEB =M AT AT

38, T PR IR KT A AR 2 I . T Aft o 6 5 P 23+ i
AN,

39, KA{EHTHIX AL ARAEFE L EMB BRI,  EQRBDRNRSEIN, F
fERTRX—TER, B ¢/q,/0* KT S EHE T RAEIERNTER.

40. B, REHTH 4¢ﬁfﬁiﬁ‘ﬂv X B ®
TR IS AR WHKRR, £

HURAH, " (1973)

A1, TEMFRATE R TR BB, M L TE AR DR B

42, 5 {1 A TR )2 A SR R A R Q988 2 ), AP A
SIAMHIARR R X AR A R4, AR ARSI R AR, ¥
. FEA TR T B T RO A ARG 2 ROE Y, (LR M DUR— 48
S R A L TR R . S, A SRR AR R AR B
FOARH IS, TH/A SRR H SRR, B=, ATRERENE
BEIARIR WAL, BTN SRR TR
ARSI, TR SRRk R, R AR R M B Bk A
B, REWAH/RGRRKE, FEHRMRBN T XN LARE.
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44, Sk, Witk (1972) Fugeh (19710 il i 6 B BN AR, h To Bl i —K
SIS Sl T SR S, R4 MR KRR EGR, RSN
A R AR R SRR, I H GBI B R BRI IER TR,
Einﬂﬁ’&em@iﬁﬁ“ﬂg E#JM’E{H%KE??E%Nﬁ%MBE!!WﬂW&

45. £24:) ] » WRART
Hoithy, RS TR ﬁ&wim‘ﬁ.

46. Lee(1969), Gervais and Lee(1969), bA% Symanzik(1969, 1970),

47. Lee(1972).

48. ‘t!&Eukﬂﬂ‘ti&ﬁ%{t BWR 75 ﬁﬁﬂﬂﬁ!ﬁﬁ’ftﬂ%’—ﬁﬂiﬁt{ﬁ
S BH; £ (s JERER

49. !951:, ﬂl?ﬁFQ&HE%QW‘I!EM&E‘JW#XIE!Z*. ARG
KA, FHTLAR A O R A B0 T T IE A 2 BT AR T R, BN
W G WM DIER BB PR A FIEF B B TRP RN T (~ 079,/ M2 gD By
FEi . Aad, SRR RATRETA X3 R TR, £ NMREEED, Bh
FUHAREAE, BT R SRR T (510 R MR, B, REA S
IRFFB AR R AR TIE, 31008 TR0 Y 7 T IE (6 bE 03 2R 2 % 130 M 07 306 1 IR

.
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S1. MRS A970)EiE S : “THE I F i ¢ YIG ¢ b 9B 2 TR A ML
Bt
¢ — 9j = gjexpliea) m
- MRRFEHGRA ej(= e1, ez, 7Eﬁﬂt$7)ﬁ“lﬁq MLER DT a
Wiﬁﬁ R, IFEBFE L BAEH.
H—HiH, MRFA RN ej e Wﬂ!ﬂg‘ e E%Hﬂﬂ‘)ﬁﬁﬂiv LTI 2n/e
BB, o« WRAMEERAR, BROIMEMST ¢ BRARN, BTZ, WR o 2H
I 2x /€, MABAERDBATHBHG.  Hitm (D LHMERRRIW.
52. i Wu and Yang(1975),
53. I, Jackiw and Rebbi(1976) 4 & Colman(1977),,
54. f Callan, Dashen, and Gross(1976), bAX Jackiw and Rebbi(1976),
55. Belavin, Polyakov, Schwartz, and Tyupkin(1975).
56. 't Hooft(1976a, b), Jackiw and Rebbi(1976), [319]
57. XF P F M TR MFEY 0 < 1079, I Crewther,
Divecchia, Veneziano and Witten(1979),
58. i Schwinger(1948b, 1970)7l Gell-Mann and Low(1954),
59. BRTEEX S EAE TN R T B3 N QBRI AT7 1 LA R, (X
SRR A AR P O kA SRR M R BB, I Wilson (1974 AR
Kogut and Susskind(1975),,
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%11 %
ALTE 5 0 i

IEQA AR — L7 B ) ) Y B2 BT AP IR Y, 1971 4E A
TR ik O B Y 3 6 AT IE AL 4 Y % 19 8 S2E W (Utrecht
proof),  “RF AR YR i 77 3 08 AT % F MRS A 1 1 S8 4 Oy R
(Lee, 1972), & “GLESMRANMKDY, M5 — MR N E PRI R E
JE” (Pais, 1986), SEMERHbBE, PR XI A5 E AR B4 2,
TP SR AR B RO RRE R R R, IR E
R AL PR BB E ) TSR R R — MGy ik E A A
AR AWK R SRS HER. O T A — TR T R 2
B i i 43 B2 (standard modeD) iR, & 55 U EIG R B T 0 3)
J1(QCDY A A1), MR SR b BB A9 L2 & L3R4
T RARRSE SR TYHER, ROBENE R HEYE, FE
EMBY KBRS — B f5 ) b T RE S HA1.29D),

I T CGFP) i)t B3| T X 20 fik 42 55 4 & & i S UE 3
e AERIESRGHE D LT RGBT H RIS A, 113 WA
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BORE—FREIREICLER . (ER I8 A BHIE KR B 4 AR T A
IR P A 0 (IR A TR B — A H A R AES . 11.4 95
S T — B ST HUTE 5 40 U2 BT DA M3 10 X T 55 R ST 7 1)
Hitie.

1.1 REREENGE

“PRMEASLAN" SXANAR TR YR T F K 8 B AE 1975 4F B K AE Y,
FRAEHRAA AMERNFREE, EHEROEA D, THRERT
MR FLEATE—RY 6 TRAR, FILHHABISHE T 63 f 2
REB N, WHLHOWERE, MEEENGGER T =07 H & R
SR (ORSHER Y, GDIHAEQIED, AR GiD#REY
B, FRMERURIE ST IR ) — AU AR R R AL A B A X
FREER B MG IR TSR, FuBR Ry R MRS
(19642) A% Hks (George Zweig, 1964a, b) £, MfIA = UG
KA BT SUD) BERIELIE, K B3R T P iy SUR) 3t
PR R — R i, RSO ETHORN 1/3, HHEH 1/2 A
BA BRI T R — D R T — 2, B41E AR RORLH
WEARSY, RTETHFAEEREIERA LY, BERREE
B — AN G RR S B T R IE % SO R B 1 L
WALB AR BERY, L% T AR PE A K — 2 R 7 1969 IR
), 24 P S LR T 8 o T I A B MO S0 DA 58
FHERGEH . BN S A0 H 2 AR T KR, SR
SRR A TALB (L 10. 2 45D ¢ 2447 46 3 10 Jcie 52 R oA 9 04 e
BUMTHE, P LA FRIM R RN, B 13 ETHR, 1/2
B, WEER, ENEERXRESRE. H—-PHBEELERN, BN
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PR T4 A AT B — B RS AR KRR, AR
LS R S R ALY, RSB AATIZE R T BT i A
AR A B % SR

B AR IR T ROK R WA A, FFE— B i,
W, ALY SHVFEABTRE (L 9.1 4, 53X AR AR AR
AR AR A AR, R RENLE, &
ARG EVEE N KA KA B B (10.149), DA B e T 988
. WRSSEREFFE ARRNRHERBAMEEG. 74, &
SRR A HE A 1 R YRS R B TR AT SRR R
X ARG HE G AR IR R Sr , RARBEA ) R Bk a9
AR, XA BN T R B T ALY AR 2 R (L 8.8 45D
HEB A BARB S T 76 R R Bl BUVR BE_E A BRAE ELAE R 945 2 TR
RIRLEH AR, FURBA AT 0B, M 8k B Wik
E HARGE— A AR, 7 IE A0 PR E B A T
4EFT R AR AL R 6 b A

ETH TR ERTE, RER—AETILE I, B R
EYER—F, WRWEMTMEHNEE L, ZHAERELHRE
N JB P BAFR— T H L R B €5 K4S I A X R B
LA P USSR TR S SR DD A 1T -5 8 £ 1 A 230 fUA ) 356
SHOBNER RS . XM EIECH R RS A SEE. T
AT, ARBXAME AL, BB AT S AR R A R B R A
H—RRNTERE R EIE AL, BA&P AT - MREMEES, AAF
TR TR —K RS RS R SR T T IE A .

WL AR R R IR 2 BR A L5 R 7 {5 (0t S A 8 B0 U G E
Bl b, FIGEEAR., X RERIOAERLD, MEAZHERN T EE
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feEZ I % & B, 20 48 50 4F AN 60 4 AR B IR T AR AR
Wi, MR, BHERAIBERIN, WSS E AR BRI S
(L1039, XFREAEEIENEE, AHAREEBEDETN &
FECHATI M), Al Tk 5% 4 P CHotm o S it A 7 BRI I
B, BRATHEXSERE R TR, L, JERIURR
FEE T T ECHE X B SR R — N E R PE R, BB
RIS I SR AR RS | X RN ZBOH AT
Frihy, GBS, MEAE, EHIBR SHE K, HAHRERNE
WRETMOTAE, IR RS IAT B4 W R
TR AGSZH AR B R G, RX AT TRT .
TS0 B S AN FREESK, &9 T W EEAME, HIEWT
LIV, BE. MAIKY T MBAZ MU R, WA LB
9, AR DURREEIE B AT IEALHAE R R T A, FF ELAR &L
AERTFR SRR 8007 K HHBGRAE B BT A s eo (e SR, #8
RERBEMETE
PR, BLAR

F£9. 3 W R A AR, BRAEARERT R A B ORER Y, W
SO HL A A AR T S . REAEIER
TR, X% P AP E RO T RA AR, B REE 2%
SR ) OFF R B 6 T R ER MERRAT R, FAERXFRHEBTER
ISR, Bl (D18 SU@) x UDAENGE— iR 5 I 11 Al
VLR LA RO MUTERE, i) SR PR 2 0 AR — A R T HLA 7= 2 T I

KT, KR AR LR WTY, B A B A —
AR T, WURBATE Y% B RN AR, BAXTTRE
(PRI, RERE LW E RMFERBATEIR, RS LB
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W BRXANRA, IE 40 R 45 8 AR CA W 7 16 948 (1973) o
RENY, XL RARES AEIRAY, X RO B Rk A4
FEEBE—BRR . FRAE RIS WA MBFHR £ (1979), ¥
FISC. YUK, PF4F M T A (D. Sullivan, D. Koester, D. H. White
and K. Kern, 1980) DA R JRSTBF S REAOBEIE,  JRHTEE B B RAGAS 3R 4
HOBURL £ 1967 4EB] 1969 4F MM MR+ RA AGIH. fEdktiay
(1968 48) AN (1970 4F) PR~ B &L L, KLl ER
FAMBIE R % T 1M 2), HEHRARD SUQ) x
U(1)” (Pais, 1986), 2

EMIRNTEREBIM, 247 B IE A 3789 SEB T 1971 4 6
AFEHH /R S AP S LR R, BRI
To BTAFRRG KRG 0 IEAMEE 2 50, 4Rk
(1971b, )M T EABE,  FEMRRFBIE 2 —, R
AV 5340 T 4 T SR R 4 T R 0 5 0
FORLZURR T AABHTHLIIST, FURHE 1 (196148 th AOAE R 200 .

A URRBAELBRM KO RIMERE, AR AR Y B %
SRR, i T MRS b AVOR 55 B AR b AR OR R R
W, AMTAKEBERGIER SUQT 23IREMA. XTFHME, £F
BT BARIR A E 7S (doublets)

Ve

Lew = [(A=75)/2]
e(p)

AF BT RN H 75 (singlets) (Reo = [+ 75)/2]e()),
TS W 0 = MO Ctriplets, . Wi 1 W0, B T4—BHE
TR, AMBIAT MR RER— Bl B
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U y—HIM XK KR35 B, MMM R FHEMEXRR Q =
Ty + Y/2, $d Q RWf, T, REFLE T WH=4r, HET
MY MEXS, BEXFHTR, BAHLERTAESU@T X UMDy
TR BT TS A LA T A, AR X AR B9 TR
AR T 6 R TRk T DA A AR — A A DL 2

A PARR YR O = T, + Y/2 BRI —FBRA, BILT35
A, WS FIB, WEMEHAE. MAELAE Z, RRJAREN
1 A R T -

A, = sin0, Wi+ cos6,B,

Z, = cos 0, W), —sin0,B,

Hoop 0, REBIIKEA (e = gsind,, = g'cosd,,, gHg R W, fIB, &
BMEHERO, B, EHTERER A KB B B, SRR
S48 R I A TR AT SR

MR TSR RS IEREN, R FERKFER
AU, R TG G T AR RN W ORI AT WAt X R
1972 4F 1 g BU/R TR B L B3 T 8 WA A, 4 AR AR RAF A
RMBAEE, S ZHRRERW LB HME, W, FREEM
#HR /R # - (C. Bouchiat, J. Illiopoulos and Ph. Meyer, 1972), PAK
BRI R (19724, MRARE P aEERGEHE R, B
LREHARIAE. R, NG, SHMRTZEMGRMME
HEW, I HANFBE R T SRR S MK FUER M =RME R, &
WHERE, BATEEAERASBBIR, B, ER7BHH
FE, HRERIERS X SET, A EF RN TRTH
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FRBEAMT BT, AT S N B0 e,

I R TR TR B Y R B F 2, R
Ay, FHRRNBRANS, T 1973 £
SESE, SHABIGH 5 — M HH, B0, Wil /9 R VRTH
KREAMBILHS, SERTEATRBEE, FRESE DRT K
TREAGES, FEBFATRNT. BHH WETHZHTA
1983 SEA RS, AMTANB RIS LR - EBEMA, 3t EHUR
TR
*F &% ¥ QCD)°

ERHI AR 0T 2 S, R o RFE SR 250 1
HEA R XM O 500 5 BB TS9O SR 5 e OF
HERER TR BT WA T, XA RIETER S 5]
AN I R, I AR SRS SR R, 76
FRAGE IR XA R, A TN T RATWE 6
SR REMRRIRAL X4, I ELSUA 3T DU LSS 4 7T R R Wt
MEOL 10,29, AR BB DUR SIS iS AR
WARBABI, Hol i RS R T TR S SRRT,

MRS X B0 — S TR — RSB, K5
ORISR/ ) 92 (1973) 25 44 A ) CHL 0D e SUORAR B3 s, 28 T —
A SUG SHIERE, XA ERET TRIRRA HHBERT, W
THMX K, WEERAME—F LT 5 M ERTH,
A, BT RO BB R 5 SUGE) )% S MU B I )
HHMIIAL, REA R 0% TR M 0 RATR A TR
SU BRI bk EXPRRIO R, 1 AMTHI% St B S 75 (I 41
R LRI, K EE S A 1/2 H IR LA SR
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i HEMIF &, ¥ %% (Moo-Young Han and Nambu, 1965)
FR, XA PR AT DA B A — IR b = i 2 D T T
e, BT X T G R TR Bk B R AR .

A S — TR AR BEAL 2 SURBESE SU)c (B T IR Bk
SUGHHE) X FFT B TR ARK, JFE AR BRI EER"
BT — A RRPEROEE, XNEIRERB SUGc ZES
i

BATI AN KA H oo JEATHy oo B SUBC 8
NEA,TREF SUB) & BRI H SURC MY
HEF AT HB BT R KL ETF RN FIRBRAH
£SUR #54.

(Han and Nambu, 1965)

BRSSO Z RN, BRREXTESR=88H
B g — Pl ST — B9 38 TR A RO SR AR BHA O AF, X
FEMBEHIE UG c BTE RN GHEAREET. GHFF
FREPHBRTN RN BENMRRT. ERTEBHEN
2T, XL RN BE—ERZE R, XAFLRELATA
AR, B, BELBAELE 20 142 60 4 AL BRIt AR B S i
B, POHE RS RABC TS, AR R, HIELBERIA
HEHE, HERAEHA.

5 TR BIATE RS TERGIESE T, ¥ 20 42 70 SE R LK
FRERCRHISRAL T . 1972 48, A AHER B 55 i R RN B mAn el
FIELK, AGIAQERSAENNES R RULEY, TEER

[ERE R AT
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BBFE=A B, AT S = 0 BN T B = 6% 414 B
HEW. 111973 4, BT, spELA /K& (Bardeen, Harold Fritzsch,
and Gell-Mann, 1973) 54 3 —F0 IR BB IESE THRER, XAbie
U TG 4 i R SRS e (KPR IS (S AT R BD 2w
i, I HAERRFAER A = — 2y SR IR T 2 A A4 1 A
PHHMZEFE—ERR, A TANE—ERICER T, Wik R
H 2GR THAREEY 1/3 B TR 7E 4 R B 5 SRR e,
B —IRUEA R A T AR B R R,

BTN BRB X T R THROCTERKRRE, D HTRML/RY)
R BT H P A R T TR ARG R TR H AR AR T
—HRERME

“ARAARIN NGB A RIERKFH=AZEA L, ¥
FATHE Bt F 0 % AR B SU3) X SU(3) AR 38 A48 I 4
JA SUR“E7HLIERE . A R W, 9840 16 8 AL 6B 00 4 % T
RAul Wt SU) X SUB) AR 5 89, 48 L4 4 Fl 49 Bl AL i
PREEATRCWELRORK. EXHRA T, BN TF
RGPy, TABARBRYHERPRTF SN EXE L
R B A LB Y A A CHLB) T S X ORED L

(Gross and Wilczek, 1973a)

AT SRAR LA IR T — 2, R 7E A BTSN Fik A Bk
B MR, AMTAT R, 0 ) ZE AT R I
HRPHWY, — KRB PR Bk E AR, BEA %
BATOFAE. B2, BPHMBRCHE, £HEEHE

| 20 e smieoma ene |



we,

EELBEFEH B RN B EEF (BTSN HRZ
CER 224 VNP S 38 PANICS A S ek 23
B AT R TR AR A R TR . X R
BEALT EMLTH R BREEAUANFAS IFEE
B33 B F A 7T DA AE A WL E R 5 i O BT K
AN R E MR A A

(Gross and Wilczek, 1973b)

FEASS WA R YSRGS, REMICTERWOE H i, ERE
M GROMB—AEBRICRRE ., B RERA R, B H dE
SRR B R TARBETC KA, AR T — N R KRR AR
Bl iE, B RS AR MBI O T L R
[RI I F 1973 4E 3K, PR BT 45 30 5 R R SR AR LA 49 W] 3 AR
HELVHRR, BRESFEMBREHLERRRRMX,

MBI TE— SRR RN 197447 AREMEYES
Wk, PR MRS %2 00 R IR "
(Pais, 1986), X SUR—MARBIRE LI, BE, SEMERER
KRAELEE LT BRI F,

JUAAJE, BRSO EI, WRA%E. BH LK I/ R
FENRBE “RER—RREH REXRME, IRBRERS
IR RREA, FEBESSE KR, BT ARSI RE X
AMREER/, XA T FBIAW R & AR T R, A
WAR T O NFAT. REE T AR AT MR B S
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BT AEEARTS X—JL00E T —MIESR, EIIERT,
BT R R R IR R 32

1971 SERFRRAAS I TARGEAR AR M P 28 L7, %) 1975
FEAEY AR B AN B R &S B T RS, AR
BT DO i L SRAE S AN B AR G — ik, 3 AT B IE fb
W CARR , T 58 LA A 3 7 2 th M — b R AL 785 i ) T — e
F A ) L BCREZR S B DAR R o

1.2 #—HHEmR

BARRERRRRY, BREAUSAENERSE, K THEM
AHBO, BN THEHEEWRAKA, TREGFLKA
(Cabibbo angles), VARET. %50, MLIEH & F A HWR T 89 T
BER, FE, WGE—TE R, BIAGE RAHLE 5 4 T A S L
Z—KA, WHETIES MR,

[V, AESX LT PR BE TR, Bob EE AR E IEABRIN R
PR, BN ELER R RS AR I R
RS, REUETHIGMBER, RHR, BFE. ZEMRAK
(Howard Georgi, Helen Quinn, and Weinberg, 1974) i & iF (LB 7
RRALR A PR R R A SR A R A A RO, RO BIR A
HFKRL 101 GeV 2] 106 GeV fEX HUTHI%, XFMAN, FHilE
XA A AL 4T DR BFE SR 49 9E, S F R — S % —
ROT RO FER, MAEKGE MR, AR RRE R A
RGBS A B TR BRAS , BT X LL AU S XA, T
G B T DA PR SR A R R R T R B —— Y T
fe, WEEMEARIS, A — RIVHAE, Tk F AR AR 0 B AT
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R

LR RE— R S AR R ARG, WS (SR T
BN TEAS A — R B 2RI BTSSR E SR, dAME—RIE
REH A X A YRS R FHE R S, B, BTk
FHBAMY RRAKBRTLERAE L L EE. FRYHR
AR BRI L ARG, T ER B B SR, KB AR
MG S .

Fit, REE—FAG—RAER SUR)Tx Uy #ISUBC &
VT — AN KB BB A AEA B, 3EoP A — B A AL B T 53
NI AMES, F—RERAERTAITRE— . BTH
#MEER M Jogesh Pati and Salam, 1973a, b) ## Hi K G — 9 B3
B SU) x SUOBAL, AR ph 736 5 ML (197 4 i fy SUS) B
Bz ob, & BT H A LA, OB AT AR A LA R Y B A AR
ZE, EAKREEFARER.

KG—#ie (GUTSs) i £ 4 A8 hy Z 8 (J. C. Taylor, 1976) ##%
S GA W R B — BB R« BT A ELAE R 4 SRR A B KR L
AR, % RVIS BB, A AHBERRSRER, N
—ANHUTERE G AN ¢ Fiih, BEREWEF = FO + FO +
F@ + ) e RABHR, W FO NN GPG =0,1,
2,9, HEGDGO DGV DG %, 4, G MmmEHDES
3| GO, fEUL R Ak A R A R AT (RF O R R
GO 38 BB AR 5 B AT BB KB A T GV, e,
EEMAGE—R—FAGHRSAZ—, BEESROKHEBRAMLY
fe. Hetn, W AAH A LE SUS) BER o fE KB # 5E 9 sin®0,, =
0.20, 17 T 5%k A i3 VT 0 0 20 7 S 0 B R T B R D

[ETE 3 e

[329]

417



[330]

418

KRG — B — I RS AR S SRR T & 9 U 1 £ A,
RIS A P BE § BORA B RO BTN . AE AT
SUGBRIH, & 24 ME— 1%, K& HH 12 MEFHEM: &
F.EAWHRET, ZHATMS MRT, #TH 12NN, A
M|MT MR X, XBEOTFREAREANIESHARET
RARRMMEX PR, B, EMNRESRERRFRMR. B
B, X FOTFHEFRAFEBYE T —AMHLE, P — B
WRETRE, XAFHERXTFHEFLROLENERMET 1
HOLf, L BRI B 6990 SR — S SR R PR AT A AR AR O

KGE—BRER WS HMHTEFET L, ERXLERILY RS
FOWR A 5| LT, R EKRE, el R
BN M ~101 GeV (8T, MR — A MR 45 M T3 BEAL Y
R, KG—HitRRERL ER BB, ERANME>ERENE
FAERFRYE, CABRSRBURR—B, St — AR T, AR
FHHY “BRoF” (missing mass) [, L IERR UK B S — B
RSN A SE AR R ok, BROLT BT ARYE. MWL R
M TFURARAREFEYRETS. dTFXENFELR ER
AR, AR REETE PR Y B MR kR, AT, XA IR
FHOLRE TR THERERM, BRAFWE.

AERG— B RWMFTRY) . WA 24, ENERBEFTR
HBHRG WS, AAKRG—HRRIEAT X~ B,
1974 4Ef+— A A Z IR AR A, FUHESH 4 G K 2 ol B o — A
BEGENE. AMEREAREOCHS T, RERESRAYT R3]
gl R, FERHERXFY RZE, HR—-TWHEERXT AR
FHFE P A PR E I ) o

| 20 tirsesmiea L RR |



PR R A T PR, AW RSN B 28— L
WY, AP (D 5] A AR R e R R B
P R R G GDRAT B — SN ERFR AT B
Elb s

S AN, 2 R TR R AR S R S R — R
ST XM, RAE 1917 SERR B A A REHIF R 4.2, 7
P33T 2IE AN CIpEL L R NG) M
VBB YN, ERTRA AR RS
RTINSO A R R R
HESH, WI— DS THBIEe S, HRAAE— M RIRR,
Hp s TSR ESTE, B hER R REN
HH.

B4 2ok 2 RHERHP AN AI R, SITME RS R oS
AR B BT OE Y, AR R A E, #iPE
WRBARRAGHBS DHLENL, EXRGTREBRNZRT
I ESNBI R R MR, AT, FIER) R —FR
SRATFRYE , R M — — R 51 0 AT o o 2 S 0 X AR 2K
B, E, XEEHE RIS P RER) R B R .

SR AN PRt AR B . (ELRE AL SRR A S UL Bl
HTHEE N, R RN PR, KRR 0T
W, W3, BUR(F.W. HehD R 5458 ) TAEES] T J8 3 8¢ 0
WA BA TR R LS H 5 ISR s A TRURIMRE,
XRA R B AW AR,

A HEETA R RIS RSB S S, AR EEL
HATIAGRERY, 20 XA T AL FRATVARRR 78 o i L 4 — 2 W 350 77

|11 % s

419



[331]

420

BIAMFAMRAAEIEMN. FAIEHAHWRLT, —EHRIE
LR FRHE(SU2) x UCD), B =4 A 55— 55 BB ) o 95 Kk
LK. FEREIINES T, ey EERIFE I ]SRN
FAAERIBE AT RO RE, AESI TR E AL,

SIS G ERE A, AT H RIS L P 8A
FAZ4t, RERAFEN. EERETI AR, EHELER
AT RS A B B b S| i X FR AR R b X PR, T
AT FAD RN XS FRAEAR R P BRTARYE, T EL PR BN 25 o £ o AL 4R 2 e
WHXKR. 7620 #4260 £ P, HEH NI H RN TEHS
FRTBRBER I TR BB G5 — . 2R IS, 72K B B — AR 2
T BERNSERE CP) AN BB AR AERE (T B9 55— 8 (G) HBBFEELBL
G =TQPHFAEXLBE ., AM15FH T KR A FEAE R (no-
go theorems) , FEILXFRH# G U FAF R EIRRENEBDOE T
P, DRSO G X — 351 B SR A W] B o % LA R 6] P ek Bk
P AT — ik . 2

ST AR R, 3 AT DA 4 ] B X A AR AR E B 2 S
RPFRHERS RA MR BB T A X, T Al R A 5 A
HHBATHE, IR TREATRRARR, HERE, BOHE
W E WA H—RIR R AT 2 ESHR, BB FRE
B S IER—FFERE SN FRAE LT D, TR B —Fhsh X FRi A
PRI B —, %

T MR, RONERF - FERTHIES, K
TR 1 iSOk T A4 B 3/2, MAMEMEE R B 6 TM%
KT RPN ER L SRR — RO, DHHAR—R
0 ST J SR ST 1 B A AT A BEXT SRSy . B M E A T M (A
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SEFRPERIR R, FRATTE BB AE S BE I LR b B 1 B A X
FAARmnsr. B, FERCE L, SR XL 3R B AT I
I, IR A A TERE R BENERE TR BT 8 3
BT AR P AR S o

EEHIE T, PRRFARTASRB RGN, XERSFH
— S PR SR LT R R 5| 1 ) AR RRAE B . I,
TE RIS R AR AR AT GIR T, ARy
HFGBNFOFARE . HHER 3/2(51 18T, gravitino) i) 3 HLE  Xf
FRUERTCIRRE . EHEN 2(5191F, graviton) i35 HLREI 25 X Btk
ALt PR S S5k 0 B 00 R R A 5 ) I S O e, X IE
St 2 S SR PR YE RS I 0RE 5 | T RE

ERBET SR, R TR Ny 1. R N KT
1, MABERMY RS . 3R 5] B 8 — DR BRI
2, BB T 530K 2 FRESh, B — AR UV
SRR, TEREAUATIR BB AR TR, HF I I B R A
WA AKRR, U A X AR AT R R A, PABCIES I A
eI AG IR, AE— N = 8 IEISMRIK SU) X FRAHIR
WRB, WIS 5 A7 H R i SU BEREF= £
KRGE—BIE BT R E R 1R AR 1/2 RS, SALREH
KSR, BXARER AN AR Z M X R AR AR, W
AR BN A R R G — 5 IR AT K], 51 A 2 18]
R RS | S ES P IR AT o

TERATFRYE T, RS PR ARG 5| ey 0
REBIENOH, FEY RGN R, BT RRTF G
BTG ZIEMIFRYE, W R T IE Y S MR

[ERTE
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[333]

o TABRYE, BETI AT O EMRENRT B30 F5IEM A
. AR, RASAE AR R S, PBRAE R XK T 5 1 i A
RENEB.  BEFF 20 fit42 80 4F 4X 0 4 3% 16 (superstring theories)
BB, SRR D TAT Y B SO 508k 5 1 A7 BT AE A 5| A E 4R
A BIfRR

11.3 BN LARGS R FIARANEE

TS —RRATE RTINS, SRR, AR 7T LA
LIS, TR 5 A, 7 S0 i 362 B0 % L
TSR BRI A LT A S S 80T )51 8y
WAV, (EAEY I 0 ATy A RS, 0%, EEERR A
AL AR PR ERAE DA R S8 M LA B0 R s B T ORI i A 20
HE42 20 SERUGH, BT sh 120 8L, D BEAHI AR A I RE
TRTHRG, X SRNEE-MOHETL, KB THHAN
AEAERES R TR, ’T55 R M AR5’ FrO%E,
PR 2 ) LA TG 5 o

XN G2 (B A 22 SR AL 2 B, ABCRA RS R BAEX
Wi Z R T ARSI, X ERIE LT AT RS
(conceptual revolution) ; 57 il 5 1l 4k i) BF 55 49 G4 A ] # 4% 14 6
Rif, EHEM EENAE ARG REAHEEROIE. B
S RANE, (E RN A ) 4R B R B R AR A s
B LT 4 2 T A 4 U)K B, A RAESR SE & 8 T OB M R AE
#t: (incommensurability) ¥ & A 7] ,

B, A =R A XA O, 5 EAERGE 40 4
EAYEER IS, B, AN AR 2 76 95 il 9 B 25 o
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Tt TSR P PR S 2 AT b SRR P AR
REEF, T A I 2 R — NS A AR AR A W B E N 2
JOIPRGE, B, FERARE TSR TR a2 R, kb
AT AR IR T G607 AR A RGEI AT ST b i 4 R ] R
TG IR NG, SR T SRS RN A R, E S
SCHIXHS i BUIEAS MORIHE AR, R K5 3 (O 2 G5 R B S 9 3) Ty o3
o AR SRANAIHEEHIRAY, AL FhFIA bR EAE H AR
AR LA X AN

B, AT DB ZE G5 PR R A — AR R,
FEILIR M T S B S . e 20 40 60 4RAR, BT ARRY
FIHIEN XA M AT T HEA QR TR, PR
A, BT RSO A EIEALRARSS, EN TR B R 255 =
A A R — NI DA TE , 35445 FR X ORI 3 . %0 5847 5%
FAERR 5 % R E AR, XERARNHET R
JUA LB A A AR AT SE S, R — LA S e T IR
Wi SRR, PRAUR IS WA IGR X T, fE 20 #4270 4E AR,
SRR R B R AT R, TR SEIE R BN A T I Y
M ERFIAERSIUEH, I3 A4 ST ERA RGN M KR
b, BT Ml RS 8 BOLERAG” Kk (1979), 4
T RA—ARIBOHBREN =D R, B8 T MRTFEE TP
A4 @ P “creation ex nihilo’ theory), 3 {HEX MK AL FE
Gith A HIEAL.

RTAE I HARWR IS S B2 R, g B i (1987),
FRMARA L IE R TSR, AR R, LR i
32, MRAESF R T ISR 7 2R e Y B, Bh

(R
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31 (Chris Isham, 1990), 1 A0 # i) 137 0 RE e 1%
Zik, VARSI ST LT AR B AR BT 5700 P 3 RE AR B
R, SREYT— R T b2 M LATRR S M i B A AR, ARk
RAEFH R A RGO VA A B cURR B R Th, E AR
ZHEH, BAEHE TS, & T 0 R SR AR A
TR, B BT AT 3 4 ] L 4 8 7 A A A5 R R 1 4y
Wo HTRXEREE, HEILAAGHRTHRINE _RBERH
2N

B, AR A, AT A PR B g LA
B, BAMBEIECIHER A LS| ) 2 S TR A S, R %
TR LT ARREE S 0 BL T A6 AR SC_E B LA 40 U0 B 7 3 49 43
o WIEPHM, BTG4 L RN R I T 9940

AL T VHEIXAGEE I, AT AR S P LE M
FHHATHE SR LR T B FHRG EA I b, d R %R
MR b,

RGNS 5 85 | AR 98 oK AR ) I 25 4 P 1 el JE G
BNV, XM T T SCHI R v 0L A7 T A AL BRAS B 7 1 X
B, MMIHREGIAGI %, kAL % h OB INE ., T
SURVRF 97| 70 9545 SE R A1) JLART M JI06 , 30K R 0 44k 35l o
PRI LTSt T B A SR KT A K, TR
BRARAELT4E A (fiber bundle) 3 fh it 25 () — AL A5 M) L9 kS . 6T
SORIR I AALE G 2 1] (3 AL 4549 _E A9 WRZIRIEL, (78 L 2
WHEA R LR LT M AT AR DA A, T LT SURIS B A B
DA RS B A TR L, X —ARSIR TR A IR, I,
PR T XM NG W H 2 —, ERBURE) I LT
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A, EE M HTURT P ILAI L (Yang, 1974,
1977, 1980, 1983, Wuand Yang, 1975), ffi#t A FRALE A IE
S B AR T BB S — IR UL 1T R LA 454 (1980).,

SKAPBETA Y R AL R T | S ILTAL, IX EAETLAT BU 5
BCERBALOOLS. 2 ). 4 PEMBERBRME R AL, BERT T
SCHEEHEEESR, AT T AT, IF LSRR UL
254, IS 5IA R AR R R

X FA REB IS B T HR S A ST, AMTAR 2 5 R AR e 1Y
G I S5 WA . A SRR R A A
Zeie), S HLERA T AR RR IR, FIALAE, AR = BRI N,
A RS %%, FER AR R X IR R,
L4 (fiber) , TSR P58 B F I 25 (O 45 SRR A A s ], R
FEAR [R5 A B R G A R ) 7 I BB AR R, AR R I
AT FRAERR I bR T A ST SFIET  HF HERGIAME
¥, RHEENHIE AR B BB, BRES T R 2 s B R E DT
). ET RS S AR T 0 F e A5 1) o BT A 5 T SRR
e 2 0 SR TR G P AR ), PR ABL PR A T 4R T Y
JIRCEA%

A, HIRZEGHEIP LUK AR FE M LAk, B AR o
JUAaT G5 # UL AE £ i IS TR b5 SR, T4 A A5 R R — R
254 (R ZE AR ZS AP LR, BB A B R AR, B
TERGI R —FE, B SLATIE A JLAT Ao 2 BN TE R SR TS5k

B LR BIE LR ARES L, AT HERERTE
HERNE L, i LR IEEE .

HTEMX— R, R EG. JLAER A

[ERE 7T
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426

AER SCHIRE I 2 W, E— fF ) 0 L, o 2 = 4 55 ] o g K UL S48 L
fol, FCAbE LA B RG24 R ATREAY , (ELR (L (LAE Ay — Pk p el
B Bk SRS 36 T R 9 J2 DU A et 25 o () B AT KT BE LA, & Rk
HALTNRIER LT, XAME S TR ARG, & SR
S0 LA 1 0 4 B 22 A (AR = 4 2 6l — A P FLRR, i L
VR 1 2 AL 2 TR0 4 P U ) S AR 8 R T 0 et 2 b
BRGIJUPISURRE TR0 R EE AT, Xt — R IE iU, 2
ARAR 2 AT AT SR 6 LA Ay 95 SRR 5| 7 #4757

T SCHIE I S FRAT 06— AU 5 | 740 A2 ) A A E I 2 1) J L
ISR AR o B FRATT A B AT I B LA 1 %, 9 ELEE Jit T
SR P IHX T SURRHETE R A, FEeb 5102 0 T 0 Ak 1 0E 9 2 f 3
A, BATIR R R R, TR BB R T AL,
0BT AN AL IR, SR T8 AR R A
T2 IR R AR RS, P BLAR 8 LA [ 24 9 76 A BLIE 9 I 2 J AT,
BEGHOOE, AR LINRB], BOIE I 25 LA 45 6 95 B b 23
TR IE SRR LR A R P o A O 6 2 R —
A T R R AR G

B2 B MR FR M CBRAF OIS, 519 2 ShAR ELA D A TR
XEAREWR? T ESIPHX TR, X SRR 2 5 89 L AT
SHHE— B BAE VLS S,

19214, BTWEIAT—AXTF “ULRGEHIHILA, 5w m .
R AR T YT SE R AR B, EX - REEMNENL L, BT
BULRIERE TSP RR SR EAE RO R TR, XH

R LA % PR AEL RS VB A 1 4 — 39 b B 0, e
FIEERISES LT MEAR X8 o BT IO (L 5.3 49D, IERRATH

| 20 e aoma e |



BREI, BT TR TR XS ATETe 44
I A A BB AR BRI AL T %

TR, RIS R R . P
B, A LRSI RE B T A T, (AR 22
FHF. W AARE SRS T RT3 0%, (LR
B K. (4G 1967 56, POFSELERANS £ B2 I R
BT, RAMAHRT (1967 i T B G RERLRE S T AR —
FEA: b = %, JO/r, ke =1, 2, 3, REFGAEN
B, AT R, TP RERR (L v, x)ORKIE. X
AR (R AT R SR AR R, R L, R —
AAHGHERE., TR T ST AT A5 0 SEOE T 9 A 22 0 9
BT R AT BEA R ELE O JLIT, 6 R—b RO MR
A HE LTS T — RS 025,

W LR R SU) TSR S T, SR
SRR AR I 1974 RN, AEAR T, MR TR
ST T A S T R TR, Y
R G IEREALIC T Mk (B 10,499,

HUERE 1 LB AR T (LT R I AIABU LA R
WERIE, BUMBAM B LTI AK TR TR, 3 X
B, (At+do) =1+ bk QO X dx?, Hoop pk o) RILTE 519 4
B, X, RSB RT, HHTROEE, HETER: D5
ST B AT GL ) o AT BRI F YRR L
G SR FEIR S AR SO AR AT, T i) 50 8 s J2 U7 90 04
PTG, BRI OL(O 31 M By 5 2 B4 1

ERE Tl
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[338]

428

BRI, H HLAT 685 0 WA OF &, i 32 ) 9 4 %) (R. Pavelle,
1975) #i¥, ERBIRT I —BBRERBEZRA, XATHES
NIRRT, BRI W TR ILATE R, XA B SR
HRAK MR T (1975) 3 T AL 10 W 1 458 TAAS AR, X
A ) R LOT PR, RIS AB 0% F0 9k BT DR B AR B
ADRRARTE, HA TGRSR T HRRRRR, ¥

H ) BRI RAE MR A T RHOE BTN, RUWE,
AL E  BARBOR SN IUOTAITAT, FE7E% 5 R e HEARE
BYNERILET,  XBRRARUA JLATERAE T R R O RE R 2 o, &
T JRAEAT 4 A BGRB8 AT DA O T 4 A B G0 20 B 402 3 38 11
P BERNSIES 1 R4 A — A A T AR , R 9 LA g UIE
51 R Al B A AR B — RO B2 B, DR 4
B

BARRAARRF SRR P BEWE T, Ry
S B S AR B o, % () 0 30 514 FE A G Bl S0 00 o 2 R B
1, T 5 WA — BT B4 A B S R 25 2 o, e
NTHRPE—SREEIE S, B MR 7, KRR
SRR FRERKE, FEBEETIRE N = 8 migs|
i ERABB T MBS IR R R B R, XL
RETVFSBIMGRIRYE, TR BN H RIS 580 5 A IR FR 4
Bk, SRR TR 5 905 B B0 6] 4 I R 19 LT
FRUER)—FREI, I+ ELBTAT 5 P AR BRPE AR 3 0 JLAT A I B £ 25
TRLJLART, 025 41 b 25 1] 4 BE ARG R 1 LT,

AT, ZERKFR e, PO TLATRISM R JLART 2 [ 56 R A2 B
W, X—FERERN. AERBEX L, XM HERRLAY, &

| 20 s smic o s |



ATHE B 3718 1 T A BUIE 9 RO AT AWR? LG8 A
AE DU 25 R UGS Y55 5 B T 51 1SR | I S A LA
HIBCRR A AR, RESF, RARENRS MK R
BTSSR AR A A . BRAER B B B BORE, B
FAREE T = 108 GeV A, HMEATAREEN R RERZ WL,
UL, BRSPS AR AR IR A R AL ik, Rad, BR
Rat awre diski ey PRUECE IPIE 3 LD IR EL N B e v ]|
FHFEHFLER 2 B LIS Z MMM ERRZT. RE, 7
DOMELSIESE S, UGB, HER S5 R B
GE—ARBRR AR AF R [, U BRI, H HRMERAE TN
N ATHIE Bl ) 55 B R B ) Aok R R TE K

FERCE T A0 SR A AR A2 AL 40 U LA R Y 1 B
i, KA GG T ARG, AR A 9 S LT
HOARMLZ Ak, B R A A 3 40 N L Ao 4 02 DB AR A X 31, I
W TS WG UAT NG (R X3 — AR, SR E AT Z B R % i
WAERBRIRI R, WEHRAIE. WERZHREFES S,
R M ARAR ELAR R 5 LTSS IR AR AR . AE ML 49 5] Bt 7 35 40 9
WP, YR, FEERBEEAE TR BTHRNATLIUS,
I 28 BB S B 45 T i 2 XERMEAN P4 A B P A LR S B A
WEFSF, B XA B AR A — A5 LA A SIS S BT ST,
BIRFHNGR R, F, R IRATIEAN 5 49 Gkl —F
BIFEAG, ARYEX —AO, HEAERE RT BE CB, T
BT R S — 2 UL HE IR, T2 KRS N
ST T ARG LG, UF R AT,

[ERE 2
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[339]

1.4 BSHAE: AR5

e 20 HE42 70 4E UG, 80 AR ARBIAY —/NBUR WL E U 2
J& . IERERAAR TR N, SIESAAG “AE R B AR T B R ) AR
BiwE b, BAARRE— LB 20 #4270 4 APk BRI 5
R . MRS L, MIARE],  CRuME RIS R R,
FA AR T A TeV 2247 IR RIS A 2" (1986a, b), {H
R, RTHIBHEAE, BRI R AT A, A 20 it
22 80 AFAR I IT SRR A AR R B . T8 3h 7 R« Y
TR AR ORRER R ILF M AME]. BT 500 F — 2
AR, 3 00 0 e 2 b % S UL A LT I AR AE B
B AR IR AE, MR R IR BGHERLIT RR BIEE. R
s, 55558 E AR 5 — B Bk, BAREEA R .
SEAR BT S i A6 B S A A A G

IR, K2 BRI AR (1979) R i H St B i 146 2 5 B
RNRE], M 20 42 70 SFRUFITFLG, et 2 40 4Ech, T4
WIS R O 2 R4 T —SRAYEMEE, A THAMER, —4
BRI P RS RN, 5 — MR T HISMGH Y EE 2 6
EAHBRORZEAEM, X REWAN A, Ik, 4. HFREM
W HIE A P AR R R B AR B T Y, ELXEX S O
BFHAERE. HW ARG (ARORR K. “EiEk
B CMEAETRRE A R e BT . AR R AT AL
IS M CHBHE” XEFE A KR, KRGS
RIS E RS R, XA RO R B R R
G Z A K TR .

TER AR (1978) B WA TiX B BBl AERR . Rkl

[ 20 s smie s 2 |



IRADLEAFIPE I BIS2E CR, 8.8 )T HE o K SRR iy Yy L,
1T IF {3 7 PR AL B A A7 AR LA A 6 28028 ) o AR B
YA, BWEAEEAMPE WKL (asymptotic safety) i)
S FAMBE L E RS EIEEE, A, XANERBLE
B ARG R K, B “HRHE” (effective field theory) 49
i, xRS e, — IR, BRI ST RIE T EER
PEAER I SRR, T WL L MR RS, A, REES
ST X EIEACHI R, I B EIE A R th P,
PR 8 T BT B B A M RO AR SR, O HIR R L5
AT HER B HOR AR AL
HEAEHE

Bk

TEMFRATLE 7.6 WHBIH, FIERT il AT DR wL 4.
S, EAERC IR T R S, P BRI, LREE T
S BN AR A 7 RE LR T B B ok, S5 A BT E
Afeik, S5, TERIR BT A 00 % GE 4 B L 22 e i v e L R
B HIA, BB E S E LGRS, EHEX
S HAE B bR R S, B2 VT i 5 R B E (Schwinger,
1948a, b), iXFhI: A (incorporation) I & % 5& X (redefinition) fif B
GHERZ BT AR TRER), BT IO 5, X HBRAIRET /8

T % (1948b) 1 8 7K #z — BS (1946) 2 ) % filh 4% $: (contact
transformations) 4} B JG 55 10, A% 1 T AR (A B bl B A 3 24 ML AR
PAE A 1 R et R IO R R . R AR A5 B
FEATAT AR, ABAH I AT 41 A AR5 o 91 R ik Do B T ke ) 1
i, EBRRIELBEU PRI, B ARE N E LA

[ERE T
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[341]

B R ARTT D2 R AR, A6 R AR o sy,

RBE  WRIRARTARK SR BERK, RILT —FR
Al FHEA IR AR — BRI 07 ¥k, M B T AL AR 3 o i TE.
THEGE, ARG R, 5 5% R & (1948¢) DA K MR F 4k L
(1949) 5| A M B B BN T7 FeeR, MRS X IR 43 8 o ] 400 X 4
ISP RE, SEE LTI AR B B L T A 1R kY. AR TR E,
B S R AL A, FF LI BB 4 E W] DAIE 4 647 0
B AR TRUE I R A AT R, B R A o R
Ko MR —RUORE, 2887 RAEVRANE IE AL i 3 A B AR T T,
ALLSP L G TRL A A A O MG 5, XMLt 2 B 4 g
2 LA

AT, A AL A 7 S 67001 25 401 T HERE 0 ol S A AR A B & o
HER: i 25 00 G B BB AE Y S A D REAE E R 1 o R R L
Y, I EAEARAMER MR AR TR, 58 IE S M (g 2 15 8
M, REATHERHEBIERA TS K, HEXMHT®, FAH
RERLRRARTR 2] T8, FF FLE TG AL 38057t T i o 397 s
SREFHR, EHEMEIT RS, BHE XS R IS E 8
WHTIAS Y H BB . A AR R R RS R,
RAEAL, BEARFMRL, I Eh T IES AT WRR, BRA B
i, BN, —RIMEE A RS B AR R T 5F K Rk
A, EREGA MG, MHEIEARATAN, XSEE
PO B F BN, FF FLAERRIE IR T 57 KB S 300 % BB
WRMRYIN IR, ©

EBIEBERFAAEREX. B, &8 RSHRT 0K
BT WAREEBREATR T, UBCETRIEMGHBE, WKL
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N A ) R S L — OB S AL 0, F P B R —
WUl — R R R HE A R AT R TERERE, A
ATV A IR B I D128 e h) 9 S8 G s ik AR L KR L , 7R R —
AR EA R R, B SN HB, AR
R RO BB, BB BT AE RELE, R)ERHE
BULBCH TS RXRER S A, EEEMR, LRIEBYEST K
XS T R AT R R, B A A R 2 S TR
Ak, AT AT 44 75 AR L A B B T S (B ok, X
FRBLELT- R TR, B — S 05045 T BT L ik i £
TR L, AL, AR S R A AT R R IR — AR X
SRR, AR M B R R

AR R AR 1L, FF A AR BT Y B A,
BB, WA, EAMER T RRGRY, i BB
LUE: A HRILIRBITIT K, I HSUAR, YR e
A CAMRBT®RIE. Lk, B 20 g 70 FRF UK, MHE
IEALR L AT L BRI TR, Bk B TR — RSk
TR, FEOXA LAY A M A R, A E SR
. Bt ST SOX A FE RS 5L, AMNARAK e

fERFF A, RN 5 — T AR R IR G AR 52 57 ) IR
AR AT) A T BTYE RRE 9, SRR LU TS K S HLE S T e AR AR B
S A RSO B 2, R RE RO 2 i 5 A R AL T B
. TRFRATTBE 4R B Al AR B B I3 (R I SR L AR O
%, AL TES KRS T, $5E, SR IHM 20 it
270 SERAR ORI A WS J1, IEREAEIGE RBHARH, R

[ERTE T

(342]



[343]

HRIEIRIETCST A, BAERON t AR & . AT AT R R B BT A
R T AR AR Gk S A R 0 JRORD A Rk B H R R A R
IEFREE) | HEES G X SR B E X, AR R AR IR W H
FRo RAZIERE], ANEEIE AR EAE R 051 £ 5 R AE T B
A B A — AN R .

SRASARL R B AR, B, R ERERMMBTH
AMEYEME AR GG NS A, AR, AP AR AT IR P 75 22
SMEFAREAE N, Bk S AR AR A R R, T HL, 5
RIS BB RSO E R, HERNARRE. 3
W, SAERHE R R B AR A . T EMKRER
FEARIIAT BV BB i R, SRAERTE SRR R X MR R S PR E R
SAERTEE ESIRMEMFGEM B, Fit, Rl Lo R —F
BB

TR AN B e A FOA R I B, DA R s
BERCPRBEM T . SCTER BNE IR R P — B R 3 SO ik
FERES R, TR AE S fit T3 A S s i BT A L R S, 9
HAER Ao B AR KA F 2, ABE AR SRR R R R
B ] 0 B e R EL A D B 1 B e ke vy % BN
AEH LSO RBAN, BRSO LRIE S B & PR A X &
Bt T HORIRATRR . BEARSHFR M B kT DAGE— SEBOR A2 i AT
T IE A LA PR A BT 00 S R 2 LAt B 5 4R 442 A ph o
MERIBERCIMTBRAL) , PR IR 1L Fr B 0k 38 0 5 300 o 0 J 33 o R ]
A ELAF: 3 1 kS AR K

ERPIESIEC 2K, BILM LM EH A ER, R
i, XEER AT AT E, R T G R a4 A

|20 trsespienmi s |



ATRBA , SRR R4 S SR AT T IE AL R R I IE A A LA R A A
BT HE A TR, RIS P IR

R A o

HEREGEREFF o, SR AY TE R (A 1O 4 AT 28 AT R B8 5043 1 1
KZIE, ERER R R IE B E SRR SRR, R, T
R A AT A, RS R0 B 3 77 SRS 4 A ARG fE
Bk, NS EEECRSBI AT, BT HRITERY
EHMMIE, WAUEE A EREEE, P ESEERREMAL
EEIEAM T RA G, ORI BUE 5 AR Sh 12 BOIR L IR K g
IR R FRE TR B . o T B A R L T B 0 X AR
B, BREAI SRR [ XA e R R BB A0 3 02 R, IR A A
W B AR OB R, SRR &2, AR IR 3h 24 T A R
FARFREEH ., ARG SR B, R4 FEE i A 3 IE AL bk &l
WK

FERT BN B, A IE AR A AR UCD R
FEXTFRERGMEEITRIR A . AL, BT XFRYERB[20 tiE 22 60 4
A B BB A 60 47 (R S H6 X FR PR B (ASB) T 31,
LA ROR AT A, AT SR X b3k 5 S BR A A 7T T IE AL M 2
5 ) 5% FR ) — % IR AL 51 A # o

HRKE B R, SRS, B R
FRYEB SR — N9 B 3h 1123 RGN IR PR BLS, BILE AR EAT 8 I
WA HFRASE BfaE. AR E, 3R FRERERY KR
EAEAT R, I ELTE A SRR L R FRYE, H el R GE R A B
H B D XRS5 B A A DU AT R S ) 4 R
SBAREVR, B ARG R NTERYE, B R FRARE 774

|#us mwiasms

(3441



436

Rl RN B S MBRERIER ., EIRMRE SR W
WU, XGRS (CHOMERRZ H.

ERTFHEE, BRI PRUEREAER B SRR i BT R i
FAEYEEL . E, HBEEBE 2 — GO R HnE 3 671
FAORSAMYBRWAT &, EREHCHERZ B, EHT#RE
W B RS FRERE B T4 BRIR B RAT . A 4h, A —
AL XA EEIR W, IS, 5800 X Rk
BRI R U AT R, B FMRRE LA BY T B R FR P BR AR Al
MA—MERIER, TR SBIABISH A EIEAME L 10.39), 3
IR, UATERRRAR TR B R BB BERT, B KRR B
AL WYL, R TEE R BT, AR LR, K&
L ] IR,

—BORYE, SRR RO R 2 RON 5 R e S R
IIBER L 8.7 49 . RGEAEIL LR P HTHIA 0 L0 B, A
AT REAEH R T AT BRI, B R R T RS A S X AR b A0
B AERCPIE, XL R S OE " T B, [t PR IE
AR FF DA BSR4 T It R .

BHIFRER A BT R WA AR, MHE
XA SRR BRA I 5, 2 SRR (1 R B A — R 3R A0 B 8 (L
TL1H0, WURW R R AR R a0, HO s 3 R A S
AetE, MATESE & BB X RRYER R, D0 e Y ] 9 IE Ao bk E
WK, WIRBT R RRE AR BB, A SRR R R e 1 3

* AERTIHE T, BMENTRUZ IR, N TR R R R, R e
W, —FE

[ 20 e szsmicnoma R |



BRTER, HERLZRANPGALY, GIMERRE < —yy 3K
ik v, AR R, SE A T RN RSN TR T,
EAA TRRE R T A h ¥ P RENERRWE . R
W) B TR EIE LB O S, A X — R RATEAE 8.8 4
iritad.

A8 s B A B0 i (EFT)

W EEAR I, ARNEEANERSSBCHEN AR SHK
k. EMEHEAB T AER A M HLE XA B R, X
ANSETEE SR P B FF SR (1973) | SRJF R T PRUR ZE 0T A AN R RS (T
Appelquist and J. Carazzone, 1975) lVAZARRY, X A& HE LA T
YT HORIESR b, ELAE B A 26354 b fth 377 S8 K ik iy T
WIECEICH, ZEHENE, EXRE0 P BRI EELRE,
BT T AR BE W AT AR AR ER AR AR, {H 7 Ao T R Bk T 0
5 6 8 ik 6 400 Al 4 T AL S IE

XAE A — A BRI R AE R A A BOH IR, WA
310 H R AAAR AL BT BT ST Y B B 7 TS SR E BT, R
Ui, B A 2 R AR AR BT R HORL T Y 52 4 3B (Weinberg,
1980b),

THEY T E AR R4, WA R, SRR, B
N SE 4 B T B IE AC RGN 2 BT A L3 DA B 4 R X, AT ) —
MRS, BR, ARCHENELBROMAKETIEE, X2
A AAEI SR AR R R E T, I B LA R W B BRI AR B
HECHW B ESERBE, ik BUAE 5 B R BR R A B AR 1 I
HETER A BORIE 2 . B, B R R s A A 008 Y i
&, HIT mE TSR B RFRRE, XM T N ATEER

[ERTE 7 |

[345]

437



[346]

— AR LA R R, H BN SEAE R BE DT R A
f AR, AT A3 At i 7 4E T Ak

e IEACBR T 5 ) AR E A HOp R & 5 i B 2 1),
IFHBIREFE. B8R AT 80 R G R GEAR BE R R = Oy 2
T, T TR A FORL T SRR R A A M BRI R X 0 RO i
BN A BRI AR . Rt WORRATICA IR T A A
BORE T EERBRAEH TR, BaXMFES ERHERT. W
WAERBAW A, TR TR BE B R BRAFE AR BE, A2 3T
IERRFAEARBE . R SRSXFb BRRFAE A BE A 77 16 SR T 76 S (7] A it A BE
FAMEREGT, HREERBERTH RN R KM AL
AIE,  BPAGE AR BE A0 B2 FIE R [R] B AR FE L Bk A4 5 (L 8.8 9).,
G AR BERMIRAEAR BE L i Bk 2 R I SE S & R A 7, OF LR RE
YrERE R E AL T IR, T 59 Sh— S AN 4 5 ELAE R A
PrERE R A DR R R

CEEARAEXT EREHIERE - EERR AR, KR
TR X TRAEYER A 1 B WA SO L TR T LRy, 4R
AE B 5 B o B B P G A LA B L T (I ZE SR
FERRE WA Z B PO BRZ MW T, 14— 241 B AR (1
MFRR, AREFES FERO LB CMBHEERLR, B4
FRLTRHMERE IR B R AR, B e TR AR R, XA
WK T RS TR B R T AR T, W R R, B
7 SR 340 A5 2R S AT BT AR 0 56T 554 LA R g 9 k3
WORR, EATRAEN ] EIE AT (553890 IR REIE L, #1
AR Lk 2 el TR 5 A A B A CH A R B 1 300
GeV), —HILRKMERXPIHILGE, Ao EIECEEREE Ko

| 20 @7 o MEE K |



i, TA A R B R RE AR EEAME, BARAH
W EIL R AR, R AR TR, WA
A% AT T TE AL TR Bt L P b A8, L I AR A R
B Ko
2 T & E AL AR

HROA W RO T RFS R AE AR R AR B B SRICR R 9B
R, HAVFAFHAROFRFWOAO T &, B—Fh, R LR
W E AR R AT B, AR AL RIS AR A HORIE L AESE L 2
EG KRB RGE M T R KR.  BEk, WEES BB AT
wah %, PR GE-EISKREA AL, CReRTR
SEFOMSEREIE IR, 55— b 5 R R A 0L i 07 XA
—B, BMBRAEAE— M R AT HIEAGAR ELAE P A RO R 3 S
H, G LR T A RO T, HF HRA B/ R AT EIEA
AMEAER. SRR R M) LR iR E XL, &
BB RE BT EIEALA), BYAR A EIEATM E/M BB,

SE RO BOE T AR KA B S P  S E B, e
FRA AN EECHSER TR WS R AT, HkE
REFEERATH, HIATIREAR 8RN a8 2 MR, RE
WX BRI RN R, RA Y5 Y i AR
KB, ARSI RBIREK, XALRLBREINAEER T
R A2 B0, 3L o g A I XA 5 SC I 0 A A R O 1
L W EHBA AR S EANIR, RRXARR, T
T IE AL BOR A BOF S A EIEACAEAE A R BT R £
—ABREE m AR Y B i OB P A BT A R B S IE AR LA
F b R EAREE MCOm) BT 4, H E M m/M K5

ERE T

[347]



[348]

Framdl.  H, FEREEREY M ERLT i A E A RO,
X SR HE AR AR AL I K

XS EIEAR R, CemByEy R e E
EACRO MR, IE QRS T (1985) Frift: “WIELR—Fh X FHE
AHELAE P ) 24 B AR T B AT JE O U B R 7 R,
XASFERAE AR AR, E R AT R AT I B 1k A A
Yo BRI b Ko Ay S A R i I A PR OE T A
AGHSE — e oL, 5 Bt 25 R OR VT I E AR A LR 4R B T R Y
At

TESKT B R 24 R BB R 79 1 1 S SR ) O R L,
FRIBEOEFRAER RAEER P RETERRE. BHEkR, o
WIERHEC SN EZ - P EIE L ERM. HEAMNEREI LR
SUBBTEH IRAE RS B TR, HRCHIE T RN E WHEE RS
MERERE HAER, BT ATEEMHEELEARA R R A
RAMERZ N, TERWECHEDRA B iR B Y EER, R%
H IR B R TR &

BT B S A BOAR S BB A 2 4, Hph—2e
W SRR A AT EEALEAR ., H58, AEELHER
SERMEEL LR, RELRET AR, B, ENWHAEAH
FRES), I ELIE Gl 45 0 USR8 R R X MR, B
=, EREMNMRREARNE, ENERE LT EF M RE,
WERASRIRE) , IXEY IR ESIR TR B TR ARk
BIREE, WA XRFCIEIR B EIE R, M 20 tH4E 70 4F
ARRIA, At 719 BB AR R W] B IEAL IR A 454, I EAB R T
BEAT IR ACEIE A B A pF L 8.4 99,

| 20 s smic L SR |



XA R E SIS e IR, B IE S A T B 1
B AR AT SRy . R AT A A R W IR E AR A R Y 7 RE AT
%, HEPHYRCLBEENRTHIEFRERQEZ—.

ERBOHCHRYRER S, AT HIERHEE R EN M F B,
Wk FA A E R REETBUL, I BT IR, BT
AGARIER T HLAB T E ARG #N, ERAKINEE S
WHER S, AW E B T Eh KA. R, BN
AARCHCIH LR, SRS, FAXTEMNNHeRREL
FEALAR LB JEo7 KM SRl 2 b, I B IR T Lk i T o SRR Y
TERE,

R, WRIATNEA A RO BT 1 ILE AL, B2H
BOARI NSRS RARAZ L, L MBPRA, BREE
Wi T5 MR, BT AR TRREO R 7M.
HEHRHMIERE, R T (19890) M) i #4 (Lepage, 1989)iF
WITHY, 49050 b ATRAS Y R R R ) B E A A OIS I R AT,
TREEM S — AR A AR L AR A A ORIk AR, X
#, FERRIEY BRI AR R AT, BRAEIE MR
T ERALER . (i) piy A AL B A O 4GB O R B T M S R A T
TEARROR AR AL, AR G RN A 7] T IE GG 0L, 46

Bk, 7ERREEMBTE, #IEERH R, H 8 H— A5
WHERE. R T AR Z 5h, A AR IR S
HIPTERZ SR IR A . T AE A BOA I B 41 TP AR R A A AR W] sk
RS, SXPERRA AR (DB L i F A 08 T 7 A i T IE AL
ARG, DA G 1 A7 FRAR L A5 AT 545 1k i S o T TEALHEI 0.

7 244 52 B T () B TE AL AR BUA — S . SR —, AR

[ERE T

(3497

a1



a2

BN EIEALBE A RS, (ERARBRIEX SR LR
e, FUCEAKE R RERE. B, ARG R e B
FEPU . SRT, XANE BHLAE OB A S B K SRR, R
W R A R BEOE R B, XPHEBRARG R LA E
WR, THE=, BERIERA AT, B A EIE AR
R R G AT E TR A 8L ) SRR LR NN, R, i
T SR R e ) KA AE R I, B 498 3 (zero-charge
argument) , 102 % 4 i R B R
RIRASALEX

AR TSI HE SR P A SRR R B T4 ATt A 45 R
AR EPRRIE TR, BAERIRS B R B 2k 3 45
T AN R U ROEALS, ERMBEL L, HRGR T
MR T R, B0 1E HHESE T BT F 5T 4 ST 4743
B, O HEBIBRME LT SR, SRS H R IR B
AR RARE BT, I EL B A ST

R S F AR RO R 7] 4 U U2 ] B R B Ak A,
Ik, AR BEAF LA X RE 0 RS — R AT M2, &
AT L2 A6 G R S - i 9%l o R ) T T R 42 1 S R
K EIERE BRSO T3 — B MR
i, KALIAPE G R A B, I LA B S R
WREBMXMME., TR, FiEEmR_mFRE, ik
A R OUE DX JE P IR, B (T 2250 VERH A O 5 RE AT
JE R RAYE, HEWTH 7 G REARE LB o B S PEROR B, E
B RE SR ORI TR A, A7 BT 2R YA A B 2E S AR
JBE LT R B A, kA G T A OB BT SR AT T

| 20 trsesmicnms s |



¥t XERTH—FYEE A TR ER. ERERE, B 0
REIK AT DA L R IR, — R A L SR AR X
HAT EH, BROAERESERREREN, LPARHE

AR R FEAT RO , B O I

Xt SEAEA RO S b SRR, MBI 209
FEE T ARG & L. — I, RGP 8 T SR
— R U S M 7 KRR BB R A AT R, EOER R
SRR B R A A A R PR R, fERT K 20 4F R, S REM B
REFIK LB NIRRT B e A B2 o, W]
DA AEX KA ST OB AR, RO, R — R SR RS M 1E 59 8 X _EiE
SRR TR TR

F—I7, B RN E EAA ROA 1 3 £ A R % VLR 6 LR
PEMIFETE, KRR AT AR EIR AR I 2 70 1 SO AT, 83X B Rkt
EREXFHERE T —AWERE. B, R E X
W RI R IR, ZRRLNEZHEN IR, D8 —IX
) RUURIREIRAOE, IR BN 21 B 0 RS B E A
FIRAER BRI BEIR .

WRAFEBKRZEXRN, ERBINRERBED, EH805
WA Y SR T8 10 2 0 3 SURA R ) T e GEfik 7318 R KR
A, TR TR RRs REFEMEREL, 55,
SRR 2 I 1 BOX AR S L EARS, B BARR TR FRE T E
SUA, FIFHIALE E X BE RN, R T HIeR
gk, BRI P S SRR B P RS R 8 B IE SR I RAE
B A A LA BT 52 S0 O 3 R A ATV S i A o
Hith, MXFAREER PSRRI,

| waemme| a3



[351]

ARk TR EAY = RS

FEX A5 B BT IS A SE R A e DA B AR A, A
BT L SR 2R B — 0 R R OE T R L. MRS
T2 L PR AE ST i T 377 16 B SR 2R 0 T LE AL R R 45 B B R
9, H BAE BRI R P A PR AUA . TR RS 6 0 U5 R B
W T RS 53 15 -G B J1 2 A BRI B B R 8O A 205
W LA, FRATRE 5 B M A ) e A BOF R I =43
AR B—, ERTEMESR R, B, ENESEHN T
FHEAERSERIBGE T RPHREE, £=, ENPOE - 8E
F RN EIELHE A RS

i, BT REE-DRARG . HEF R ERBH S
W, H ARG FIAHERRE, B A RATE R B 458 % it Lk
AP, ARSI L0 IR R AR A AT N R I
BN REER, BAXMABRAR—EAEREEEA M AREA
MRS SR BN, IRAERA BRI B, I EL AR A R
Ho BHRARAERBL, ARCERAFA O MERTREZY. H
B2, XA TEMERAS TS b LR R, R AR R
— MR BREEE, KRB HMARAAR—, RGBT
SORCFMARMEM. B, fEREEAE S R B, M
B, BRI EEERD, ARG RERES, BELELRR
TREBEANER, HAELER— M EMERAHTETA,

IR ARACE BB BRI T — Wt R %, —4
KT RTFHCERA PN, T2 b 10 BRR BT 52 2] 09— LM b o,
BRI B2 B PR 20 ST R SR A VR R MR Y B ML IR R, a4
IR LORR VRN BRI, PR B A X T Ry A N E

|20 tresmie e s |



oA, B HE RS (N DB I RERD | O REWAER
AR PRI LA B AR A R

VA R R ROR R X PR, X B 7 (1985)
WA 1995) T F , AR5 e FURTEARZ BIE I KRR L, B —
FOARG BN AR, AT, MR RAE B R, BAMG
VMBS R E S A 2 1, A% B T S S 4% ) 02 SO ) 9 2 A
A, S BT A A R o R IR R, RIBLR B
T AP B X 77 YR R R E, (LR AR ATET AN HE S EE
HERERTHEMEETHEL, HFANERZHIERARAIRIA
RIBETRILIE, BRI H LI BOR A RN IE 4Py B He

PRt B T — N A VR R SCRIER AR A (LA O, SR 3K
WERNMLRR, ERTHCHER S, LUWHERENT TR
WP L ERIMA? X THRE R MEIER, HniF
58 (1992) FIBTIE (1995) 4 S5 VP H Py R 5 3, XA FARFFAE,
A TR, AR B TS, T30 TR A T
AECHTEBEFIE ), AEBERRIA TR I QR SEAE R VIS i St o

Btt, XFRTHICHOER S, X T RFHIeMEAYEE LR
I, AR A BB T 55 10 7 1 1) 2 LR PO AR, i
L EH SRR, BT WEETR LN, SHX KR B
SR xR R AT RIS AT, Al E 2 A,

ER

1. XTRTFHOERER, LA —Leh il BT, JERBAER B LS 0 iR
W T, % TG4, W Callan and Gross(1968), Gross and Llewelyn-Smith
(1969) A 3¢ Bjorken and Paschos(1969, 1970), X F3:Meiit4y, W Bloom et al.(1969)
1 Breidenbach et al. (1969,

[mum mumme|

[352)

445



[353]

2. UMW BB (09K 2 345 2 A )R IE, REAE Proceedings of 1968 International
Conference on High Energy Physics (4 1 4) b & Proceedings of 1970 International
Conference on High Energy Physics (354 i #£5],

3. I, Veltman(1992)

4. SBIUFSTEMMAAICY. Hara, 1964 ¥KFIA, A ASCENS 1 T i A A S @A L 1
AT TR TR A, I BRN TR AR R P SRR, ERN
PR SRR F A FIRRY A8 30(1964), IF HLE MR . RIS T
JE#9#& 3 (Glashow, Illiopolos and Maiani, 1970)ifj 4 ,

5. Hasert et al. (1973a, b).

6. Aubert et al.(1974), Augustin et al. (1974) 14} Abrams(1974),

7. Goldhaber et al. (1976) b\ Peruzzi et al . (1976),

8. Arnison et al.(1983a, b)pARK Bagnaia et al. (1983),

9. BT 71¥X 4B K th BE4E Marciano and Pagels(1978), 7 HL %0931 F i
K.
10. SUE)BF (% — B8 S F RERYH a2 (BRORO ) SUR) T8, F1— AV Bl it
AR M T AR SUR) FRE, BAHANBRES SR T 5 SUB) = | A KR
.

11. Bouchiat, Illiopoulos, and Meyer(1972), A% Gross and Jackiw(1972),

12. Adler and Bardeen(1969).

12a. W, Adler(1969),

13 MRS, b TR SRR T O RS, PHNRTFRA
MARENN, XIFFR—DIXTFEHRREECFEICIE, TiRE, RRNE, KT
T 1 R R B,

4. AT R 7GR0 55— T e B B0 B SR8 A 0 2B AR B
SEHRRONTE I el R BRGEH0, TES AR MR, XRER BT o M B AR —
RO G,

15. Appelquist and Politzer(1975) , Harrington, Park, and Yildiz(1975), Eichten,
Gottfried, Kinoshita, Koght, Lane, and Yan(1975).

16. §i 4, W Fritzsch and Minkowski (1975), Cirsey and Sikivie (1976), Gell-
Mann, Ramond and Slansky(1978)

17. Weinberg(1980a).

18. 1 Misner, Thorne, and Wheeler(1973) A & Friedman(1983),

19. fim, W Utiyama(1956)f)1 Yang(1974) ,

20. B 10 FAGHR 49,

21. Bt SN (L93T) 4R Hh ) e ¥ o ) SUCA) R FRHE 12 14 e 0 4] e
HEREHGIR D IEAT AL, W 30— (B. Sakita, 1964) bA R J 4K 261 HLith-£ % (F. Giirsey
and L. A. Radicati, 1964) 51 748K SUCS) FI EHERE SUCD 1R TR0 & 7
%5 SRR S SUOXIFRYE, T BB BRI B AR 2 — (5
AR, XA RS Fhgi—,

22. fitm, W McGlinn(1964) Coleman(1965) A % O'Raifeartaigh(1965) HXW
i, T Pais(1966),

23 AEI MUK RTFRHE MR P AR B 1 BLE 6 %98 (Ramond,  1971a, b) AR 1Y
RANBEEL % (Neveu and Schwarz, 1971a, b) XF S RIRERRIE 4 et AWMU T 6,
BB FHDK D BB T 5518 (1974), FLRAABYHEIR 2 — 2 Bt
U G B 2

24. & van Nieuwenhuizen(1981)

25. ARWE R BB UARBAE h = ¢ = | ALI MR —BR, T4H5
A RB TR AP S, TPk T5 A — S8,

26. Hon, BEAEICRI1980) I N = 8 85y fF Wy A7 T 5 25, 5%
U ERICYITIL A S A, T RN L S ARRRTE ok B A A R RLT )

| 20 tesesgiemom e i |



HEFTH .

27, FI5 A SED TR T RS S RN, B AR, AR A
EEALRE N T, EELFTA YA AR LB A5 ) TN, AT RERERAS 1) T —
MR,

28. B, W Friedlander(1976),

29. Wheeler(1964b), DeWitt(1967¢).

30. AT A SO T A, FERIER ) T AR G R, RE
B “PIERI )" ERTMRRRE 2, AR AR % LR R O AR R 0 3
[, % Isham(1990),

31. Hartle and Hawking(1983).

32. Green, Schwarz and Witten(1987).

33. BT HARW, RAKM K ML3INHHRENFRAFS, TLRA gk
H—Br RN, g0 HBIZZ G| 1.

34. XBAHEA/R (Stanley Deser, 1970)HEW .

35. Yang(1974), Wu and Yang(1975), A% Danicl and Viallet(1980),

36. X FHM-FAE—HEMIE, W Hosotani(1983),  EHIEF R UK E T HUL
ﬂ'!i%ﬁ ﬂﬂ?&@v&ﬁtﬂﬁiﬂ?ﬁ

R

B EFAE AN o XAHFEEAS
W(bundlespdw)"’ﬂ‘l7ﬁ e #Ek?“%ﬁﬂ§iﬂl’i§$§ﬂméﬂlﬂ.é#. B b, S
2 TLAFE il X [354)

A REAEAR, %T ik, R Danicl and Viallet(1980),

38. XTHREMHIE, WABAIILIL(1969a, b,

39, FFICMMAMLITR, (7R B8R 08 T #e LT %, KA TR AR
), ERESHRBOERL, BRI SR HTX.

40. By (1980) WA —HMRERMTE . “XRF— &[Kﬁﬂ:iﬁﬁt]&ﬂﬁi
FHiz) ST R R R AR UL R R — 2 .

41. Polchinski(1984) /I Lepage(1989),

42. 7, Wilson(1983), Symanzik(1983), Polchinski(1984), JtJtf# Lepage(1989),

43, ORI EACHL A A L 2@ R RT3 i 96 6.3 ) S A I RETE DG, JF UL
37 ph TR AR R AT R T AR BB T R4

44, WX FRVERERR, Pol, SOOI RLE AR R B KR ITEE R,
X Bt K

45, ARCHRIRK AT IR AT, X — AUE T IHRIR A R R 1 B R
8.1,

46. W, Lepage(1989),,

47, XF AW EAE T E MR, f, W Veltman (1977) fl Collins,
Wilczek, and Zee(1978), JLEBGUERRAEN: WRGE—METR T REMNBIK
OB, AR T TR A0 R T T IE AR R A o PR o

48, PAIR(1970) 4 A A IRHBIRAE T % B 6 A% i o 9 % 56 3 SUTT 3 08 LRI
E2 8

49. Cao and Schweber(1993).

|mum mumms| 247



[355]

B12E
ARG a SR¥RAER

A JLEERT T 20 423530 00 7 S IE, A RbE A % JR
RYPET —ADFWRR IR, AEHEER b, RAEK — 5 IS 58
SRR Mo ) — R T BB, RARZ N “AIKiLLEA” (ontological
synthesis) , AT FHE AR FIBRE R K 09 A BB H—MBIE,

12.1 BEMAEROFEHRSR

ERRPEREA, KT R0 L R FEH S MU,
VAR IR BIR. R A AL, BRI SR E e %
H R4 € F) F AT EIE o IR, R 2, Bl
B, LY E X E R PIRER (Ernest NageD) S SORE—F “l it 0
WESTBER™ MR, VAR BT 24 SR A S PR R AE R I, 9
FERR RS A G AR 0 SR SR A TR R AT A
Y, FFHRIRBE G R B (1961), Ut iRl
RRPHRENERESEY, IF B RUE AT F AR Bie
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WL REE,  TiE 2 (commensurability) () A B 1F A B HOBE
Bl BG S .

S L R SE B AC T A — R S S A A RUA R e L
(Wilfrid Sellars, 1965) Fl 3 #8745 (19748t #9, T HL 2 BT AR %
B TS R s AR AR, AT B3R B IE
L, TEARESEHITEE S ERMRIFMR R R T, Ed B R
SERTERIE (S) R APREILJERTIE (OB (A B, BB A
S “BHERT AR AR A R BT I HICK R
PR AF R LR (R ).

AU A B BB # B 20 HE4E 50 4EARUE M, ] R XHE
“HERE TESEVE T B AL R By AR, W, WEARN.R
Hanson, 1958)#2 i1, #l2 s iME& M AU TR IE e, HPM
XL RUH T RAFEM., E/R Y (Stephen Toulmin, 1961) 1
H, B U 2 P B X R A R BRI B —
MR PTAR ., FEMITER, —AEISBS M ERRELNR S
R JGH

S W R AR A J A B S R T B B R T A i (Paul
Feyerabend), i fi16493737 7] A I R 7] i 2914 6 8 (incommensurability
thesis) I, ARSHX A CE, RS2 A E R B S
FARLEEIE R R A BRI IE T . B I S BE R RE P A R
WARREGE B, R B i 7 F R AT AT DASAR R A ik R
EERA. RAAEEDHE RS RIBN R B 5 AR,
A S il A A A AR, S A b, S B B A U Ak
A. M, 355(Larry Laudan, 198D AAEKRHES MW fEE,
B BB AR SRS AE SR AR IR AR AT BRI S B B B

[mzm wwiemessHELER|
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[357]

LESERNTE , EARREMAKISHET. XTFRRYE
S, B %Ak (Andrew Pickering, 1984) Wi, 1974 4F 2 Jg 9 B 4 38
2 CRBOM BL T2 45 1 9 BLAE 35 49 4300 A1 IF 32 CR B0 B2 F 8 73
WG, {E IR SRR 2 1A FE AR A 0 8 SRR 2«
EAVRT AR F I L8A R 0%,

RAGEAM” XA SRR R TR R S
(topic), % X (meaning) . 5%k (reference) #14sfk it (ontology), {H
RAEGFF Y TRAMAFEER, ER¥EEREA “TRKHE
A7 ORI R B K B IE B B B B R . KRR
IR E R SRS S SOR R BB, AR R AT B — AN
AFERERHBRLBBIRFM IR, HAME ORI B R
R, WEHRAX TR WREI" XA HREEEREEE
MR ER R EHM AR, TH, SRS M T R B
EMR AN, 32 R W BB S,

55 AL A TR U R o R, AT RIS SR e, R
SEREIEE AR LM, fE S SR SO A S E W B R O 12,2
FD. BERRHES N T RIEMER LSRN, B, iS5
FHBL, FERRIRIALE LB RE BRI, TR 102 A il
IR, 5, 8 ORI R I o B0 9 SR 1 B R
B, ERREA BRI M. =, BEmig sk
3T 06 TR BT A G0 SR PR, PR M S R
LB, 2k M A A R SN R 00 0 AU b R th
Ho BRRXF TRIEIEST RE T —MBRE H R A e 9
By B H AT (1974, 1985) AU, Hhey oo 8 0 0 31 ) gk
FERTEA TR A B8 B I A4k,
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i, EREESMAKEHES 2 A EAXS., RHEELE
FRIA, AL MBI EE, MPERRR. AT b B
TR A B R BSOS, B B AR A 40 5 B 2R R
TR EAF Ak, 7 (1985) X thAF A B B3 T HAE i ) 46 L
: “REHGEERLZM, 400N E ENHRAR 4O ARG KRB
Hipgm—mirm, ” (1970)

OB A AR, DR R I TR R AR R
W, H—, WE—EHEGE, BHERXEE KRR, REE, MF
MR MIE B A — & SR, B, DRI RAP
BORE R A A AAGEE, $=, WDIEH, SC47ERN
b B B — A A A BTSN Y FE R G LS S0 IS BN
ESO, ARIEHES A BEBE L R X ERAERK R
R i, SRS 6 B A BT RAEE B H 14 1R #Y
Blgd T (1981, 5 L 1985 430 .

ERRBFETE P AN ZHUEREY K LR SE, MRAEE
BRER th A T BT R, MR, REBAKAAD: M
T LA S BT BB, R — R A IR S AT — R R
FEAELAMBLER KGR . AW, ihieAREieEs, &
JEREAARECHERN AR, ERE XML,
St BUA 3 T AR R T S 2 0 O AR AR ST T R W
By,

12.2 RXRALEAESENER
BT AR AT 2 AR AR 2L 4, B4R T3 (Peter Achinstein,
1968)#H “i5 X AH % J® ¥~ (semantically relevant properties) f 4%

|12 Apisn SRz
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&, ARG TE RN DL, DAGE B (R RE A A (A 2 A
WA, EUARS R SR E b RER, St RER Y e
Rif X iy “EAKT FKfF, FOTAMSLTERHAR, HEMARE
X MRS MR E VIR, B, EAER T, REf—4
FREAEFL I EIE ARG (REFRIFF, ERHABIR P A RS
X, BAEFRATARFIE ISR, KB ARE R R TR .

TOABIY, AT AR T 8 SR SR, AT
(1974) $18 “&F1#5F5” (intentional reference) $2 t T % & L &
FAORRRE . 5T B0 00 4 ) B S MR o, IR R 1 S AR A AR (A8
AT T RE AT R SR B A R — SRR, S B
TR 0T A 2 R R TR B U A R 2 R,
MRE KT AWM R, L B 2 e AR s ey — SR B R
BT, #ORM— BB 5 — A FEC W B %AY, AT DABER
EREE SR AR, XE, RE— NI TR REIE AR
REERRERN R, (BRE R R LR B2
E. BEEARE GO RA AR R SR, FERAEEN
AT A VA R AT L AR BRI o o 5 R AT A 5

B, 5 RIRPAMERZ I, AR BN AT A ki 1 7
st 55— MUT BB 93 b 4 S ) HE R A R 1O H PR B R
i, BB, AR (AN AO F G R R R R XLy,
{ERA AW TIRER A, B2 WA AR AR E
FEPIIE X T BROR B B SRR L A — R, XA EE A BT
“BE SCF) 26 )™ (principle of benefit of the doubt), J#"k % i 2%
FEF AT AE (AR T, XAFEE B, FRE—4
AT SR AT FE R ELA B B 954 13 CHo i BEUR % o - A 46
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O AT R AR TN BRI, XHEA R Gt T
St TR, MR AR A R R, MR
A L T A AE S A R (Putnam, 1978), (R ERATRES
Yt R AR E B BIEHAR, I ELARARGE X AR PR E R R
BRRE,  FIR TR AR A A R o R W] AR [ RE A FR X
AHEAS SR, FHFR R RIS A VFRITBIEA F B —F ol
VA it AR T SR AR T oA i () 7 Ay 3 (] B

WA 97 HE— B UEN, MR BA SR EIC R R R R MR
B LIRS RS, B4 “BE A" BRA RV AR R AT
PEARAERE A RMF XIS AE S AR TR, iR
ESBRETEXERENREXMHIME. 55, HEHie
B, HIFUSOE S BUR T B S w AR B RAEBIE I LB I 05 e, T
B R BE B RIS, TR AR L.

AR 0 T YRS A SOBCAE 12.5 40 12.6 i, X ERA
BB LSRR RIS, SR SRITRA N ENA G
WHES R R, EHE QTS ERMMET, S8 ERIERE
OTERRA K B, SO BB Mk I 16 PR X A B R 1 LA,
), i ELEA B AR (R DA R BB A FE PR T R BT 1. B0
AT FT LA S0 (AR 1 e 5 T M 2 e 4 SR 2K L
MRERURAER), (e AR, HAhh BN FOERT BTRREY
IR, HEREBRRER, FERER, XEEESRITRE 4
JRHE” (structural properties) sk Se i iyt Bt X Ry RMEA Kk, X
SeEEMRYE, B A HERBIER, EOAREEEEREN K
B EE, I B e E B ARE R SRR B B E A
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454

12.3  FEEHEHRRE

AR B CHRNZ h SR A SIS OHER Z AT,
SR A N SRR R R AR E A SRR, it
LERETERRAAKRIE? HRE, LRSHPWRERHE
SRERIA B AR, MAKRRTFHEUGE—EH. &
R R A G M OB, R 200 S A A S A — AR WL ) 3R
. MTEEOERMZ b, WTAES TR SRR, B
AR TEREE | A IR R ERE ARG L,

ARSI ARE AR OER AR, AR Lt
RAPHEE., A ERQ918), B & (1927 £ /K 44 ¥ (Rudolf
Carnap, 1929) YA 5 #447 #5 /% (Grover Maxwell, 197D #SER %], ffi
ORI, AEREBRRETHE AR RA AR TR, R ETE
T BRI A RAE SR PR B I TE R bE. ¢ RTT, WX BRI, AN
TSR TCVET YA R SR A4, DA sk 6 7 A4 454
At AL AR G S 2 A FE AE B B v 7 TR 4 g R
BIFFLE. X B TR R (B X D) AR B — B R ¥ (B 50, 3¢
HR—T(EE 70 WA SR BT, T045H R R YR X R i
JRYE: BRI E AR AR,

TES5H SRR M R R R R, A PTG AR
i (essential properties), X #¢JRPEAEEIE  E X, I B MM
EM—AEIEE S — AN H BN HE RN TS REYRE, —BAMNE
BUDABT i 26 A R T AR BT (0 A R, TR AR B EAM T,
AR — R, REREUSE R, —MEELE
A ERA AR KBRS B B A MR, FIE AR L B A
IR REBR M BRI 2, T R BB B ST AR, B AE
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FRATTHRAE BT 0T 32 1 A28 Lo SERE b, RSB h SR E

B, SR — AR S B SRR TRATT B R R AR A 3 R T
R TERR A, T R e 246 e e B e S R B B T R 5 K R A
WiE. FFl, —AERABEINY, REMEAEERIFEES
bR . IRRRRE, AR R 1E A R BB BT
AR EATRG LG KR, FL, SH R X R R A
—4Y, WiH, B IEARETE T A0 A A i e — — 3
A3, SIS 4 I BT B 5 O IR R R Ok i B AR
R IRGEH W ARG K A MR G R 5 B B DA T
JEAR AT ) B ik 4 T B AR SE B R WY, R BB T
FOFR B R — P — AR B 55— A e 2 ]2 7] B

— X T AR B TR RALX — BT 68, b adist
X BREERI P IR FRAE . AT ULATALYE, ARFTRFIetE, WRYH
S T FR ) SN FRE (I35 48 23 B ) 9 S 7 A R 4
i, RS, AEHORE AR A R A KT SRR BB A B S
PR A RAE M B AR, R BEANSEM 19 42 (1895, 1902) gk 5]
HIAESH, FF EEERARE B, KB, fiEd. HiRTH
PR GFHIFEFOEATIRZ P, 5 P8RRI R AL e X 7
D S o R A B A (LA R[] SRR A SR AR D 1
MR AR, ERA SRR, R, MRS AH
ZEE PR, B — S BE . AL R 2 i
TSI R A RN HR . TR TR BT RN
S TRV, 352 B 1T DAAKE S8 o 81t 2K T 4 4 R AL AR B R
iR,

B, 7 52 v i iR 4 75 1 PR COFE o0 446 388 S L5 SCR) o] XL
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[362]

BOAREMBEARE. BRRR, AEIEHEERRRHILTTIN
SHRYERER . B, BT A UGS R RO R h ik
HRAATTREAAS" AR RS B A ELE LA RIEN B
EH REHREREY. HAKIEK PR B LS kY
RIEHS Z ER AT RN F LA AR R R 2 K%,
B T SE R o

FEFRR A IR () S A R A (R LG, b BB A
A RO 2 R 1 I, X A G — M E R (K
)y Bitt, EFIMEEEEHLKERYESER. THRFL
b R R X S S R 2

TEFHEENE R, T2 RIS H R T (BUE 2 o FE SR AR AR ) o
A G R AR BUR , 1F A TG S A R W5 G 2 BT O B0 S AR A
BB AR SN BERRR. AT, REYRIBOZSHR
M, A RTR B2 A OLOURE R B T AE 54 6 A o 0 L 0 G0 B
YR, B, BRSSO R BE Y R E R AR R
&, X RMSHIBERBUREIRR, AR EGERHEBTSIRN.

12.4 ZHFRREANHSES

HAE £ — AR IS E 2RO T — A0 AR Fit A it it g
BHESR, KT AMICHS, RIGOZEDL X T R0 — R Hisf
SR A R R BURAY . B GE— B8 ) AR IR UK
BT TS SRR SRS A dOR — R g, I ERA AT AR
VMY REAIRE S, T EAELSH R X b, A AR B R E
AR, ©

ERZE, JUAT4Y AR T 5 40 UL Atk B AR AT LA B
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I, DABCAT AT 41724 R AL A e R S . T, R
Fett AT A R OB TR IR R RAEA T LR TUATRY, FER 25 R
Wi, TiEE, MNARSBEEGR T, WHE, SRR
HG R, TR, SHETFAT ARG 2 A R AT RERY, IF
AAEARR R B RRRE T, BRI B R
BEAE, ABORAT A BB AROB R R TS A, M4, WEGIA
AR LTS HIES A B A RS R T2 Ry RATEMR 2
Hi 7 HE B AR e K SR SR 2 T — i U7 1) W

HEA RS E G, R AR R & CERSIBFRNE
B, WBERMFRGETBORY, EERNRER ERRXFFH
Gty A kIS SR E AT A, R4 M6 PSRBT 5 RN R T A
MR+ ARF

HTH L A SRR I T, 20 B IR A BTA T R
WAL HRE 12 (CED), 24z ) Rk B ip e, I
HAA BRI R (R 3.3 49, 7

5130 R LB kR 2 B 20 . B WAL (2 A
CHEPR SR FRD HE B SV CRIRXBRAE) , 33 i R0
BIAGI N, PEHEGRET M AR (GTR) (I 3.4 5F14.2
) JTHIAHETFOI T ILMTAGE, Heh SIS A i LA SR
TS B R A, ML A e, B UL 0T A SR 55
JAR, LA AR A R ICLOT A B SR B AR e
i, iSRRI — R BB 5. 115/ 5.2 %), X E,
JUAT 4440 2 i e B ) 2 2 (B ) AR S R R Y

BT HEN 12 (QED) R SIS J2E i 5 — N B A R %, U4
SRR TR A, LA SR THNEL, Lk
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[364]

PRTFHUGIA, RTUSHSFRYHERFEMLT.39), #&F
BN AEIFRN T RTHMG, b3 A @A B4R o B i 7 i 7
REHRE 5, FEXPROPREAREARIEF LI 7.3 45,

BTN PR LA RT), HEHBERARRT 258
PR LR G RS, I BN R REREENRT AR
R, X—MREFK, R, BRFFMBUFERIET R
RS BAAE” A AR AR AT BB 2 i B X 5 B
— AR, LEAEMTR R BIP R R A R B0 B 36 RO RE R R 4
HIRAERRER E, TR AR ST A IR 2 (8 B9 AR (R BB, M T
AELTHRERIRE L, (A AL A T X 40 336 o B R O 4
R, BT BRI LA, A BeAE 2o S 3h 6 R T 3h
2 B ARG A R B — RS, TRt RTINS
P A O TR 2 [ ) — T PR S

UGS BAOK T T ) %, B R T ROR AR B8 H0 (X
AR R SU) RGeS FR AR T 8 F L 3h A1 24 1 SR i UCD A
XFR, R E R R SR A . KRR R T
MAEHHG, I B AN G T8 2R R R 2 A 8 B
B FE RIS 5 40 SR BT 3 40 L2 (6] B A A T S 30 K 2 3
R, BRI PR R, RBRT . ERESR
B AR LAT R A 2 8] B % e SUR A 2RO IR 2

Rt T HLE) )N 2 S 12 2 [ O, XA
TR E A% A R S AT i B 70 20 ST S5 4 6 A1 54 IR e o
WTRFRIESEE,  AOULRTRSTR ORE, R CHXHERE B
R, CEALERN B S ik FIe 7 R X R AT M
FRG BB L 9.3 95, 11.2 471 11.3 4], i L AM
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A 44 HUTE 5 40 o B DA LT AR (L 11,3 94, a7 A
VER, PRI A A 6 RO S R AR R S A AE . BLTE S
RATURL LA 4040 2 5] A R G DASSORE — R 51 L B 77 X R BRAE
BRI R—EEEBE , DABCIRAT A2 F s B R A 3 4 B
2 JUAT 0 L Bk A (O 113 4.

AR WX — SR AR, B35 A G A AL LT 4 ST
A2 GBEIRR, RATERTHRICE PR BH 56 KB
BOL1L3 2 FARBER, XANELEFRA, HFanaxt
FINRBEE AR LS & i SRR SR A WA .

XA B GRET MR AR A AR SUR B —
GRATRAY” PBE, TR R R R, SUR
B BE T X AR B AR G O, AL RBEF S R
B DABTHIE—AEAR R A — s R AR B, LR
P SUE MBI SRR O B BCh AR LA RBE, G
AA MK, B, B T IS BRSSP R —
FERT, RUATEME1Z 39 4 1 AF i A 1k o i 1B) F i R LEY
WSS (N AR AR B e, Wk EmMEy SRR
FEHFRA), I EE R A RS, W RRE,
RS ENIFTAE A AR, AAE R IR R 28 1 &z s R
e AEXFGAT, VARTREMRE AR T B0E.

AT MBS A RS R B X T AR ML, HRBAER
GAMABGER SRR, WKL, LRSI REE T X
P AR SRR 4R, T R A TEXAR T
WA AN B, BT HRTRELERGE T 288 R
FRAOLR, M7 or B8R e TEERKE EXARTRT
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EHERFATEE. 195, 6.2, 7.2, 7.34), MHEHNM
WA REEE T BT NI R, A T
NARFTF BN (9. 24, EFAX=MIER T, Ut
IREEE BRI R, I B RATEI A R AR LA
T, AFA—BURFAE , 2% 1 8 45 300 0 300 5 ok (A4 D 9K B 7
VDR RBIIE (H T LR , B U B A A 2
feo B, FEIURRSE, 49051 1 B8R AR () — 350 Y
B ERTHAGT, ZHFURERTHH—BAR, AT
BRGHIFREBE b, T R BOR R T REH G — BB %
CGRILIHD.  Hit, EMX— PR, 6% =R 6l
WRRBREAELLG GRS ERWTRERZ —, HEK
SEREVRBO TN G L, KRS AR A K R b,
RFRAWA, ERPIHER Q96D R (197D Frik kg, Henal
AT AR IR B P R JE RTM AR R — kg,
FIH, BRIMRT R AL R w, SRR
PERIFRYE, JLAIE. B TR%), B, kR X Lk
AR IRARR A B R o 302 ) 5 5 L 0 o 40 S S 4
XHGTSE, W2 AT AE AR X E# “H %" (Aufhebung), B4
PREOTEIR, SRR R, B, B R UR DA K S 0 3 A 1y
BARREL, TEEEEA R UR MRS ER R B RIS,
P EIOPET B R O A T A Bt R4, e
JRBRATVRE R BAR, FNBRG— KN, BRERRE
A IR AR B 47 09 B A (R T A — R K,
TERTERXFRE FIBUR RGBS, RATEFRA I R
SRR IESH, R, BRI B BIE L5 H "
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REGBMRA “— AR BB AR (EAR S I SR A BLE
g™ . T T Rt RO 4 4 R R B RO R U K
T XA B B AL 57 8 H IR, BT AR T RAT SR Bt
A5 UIE G5 M ) 20 TE BB A RS, BAARTGE ., IR
Hi, fE E—BoRRE ST M CEESET RA RS Z
VA OB & S, T A AR A o L

12.5 BWESEMEREIER

FE— A7 P IR B T HELE b5 A8 R R S AR
R ER LS, ERESERHOIAS, BEREREE: OF
T8 25 T T 4 32 AU TR BT UL Sk B SL A5 AR R S TE . BRAR R
B ST T 48 HH AR S P — A A N B GBS H AR
AETF B 5 1 FARE A 19 BOAE, A (i) 28 A ORS00 sk 5B
7 th— s ) T BOMAGHE R R S, BT R SERY Sk,
R L “RK RERE, EREEE, IS
SRV SE R AR Py T CRE SR S EL T 4™ R 4549 X AR RS D
M. B ARA B BRI X

MYLAERERAKELTMSERFALESEE. F, —1
R o I AR 1E T — SRR ERAEAERE AR, B T
TAEWRTE R T, AR = M R RA K, W)
TR, W& i 7 2 R R B B S R A R AE SRR, I
B T R USRI — R ) R XHRE, BR S
IR EI TR T AR R B A SRR, 3L AT DARTA
WT AR UCERBBIRE, TBA MR LR TR T R S —
A BRI S5 o

|20 Atkiesa SHEkn |
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[367]

Y Q97 FEF A “TLIHS” (meta-induction) 38 & # X
BB TS . NSRRGSR SR M R, A
“BATEVFTENR S S AFR: EmERA — A RiEH R 50 4
HIHIRHEARTEFR—HE, R — D ARELER R S BUAE R R SOk
1/HE7 (FLL), REVAELIERR—THIRMEH,

b A 2 2 ) AR SR HEAT AR AL AR R AN K, DABSEAE
WEABAF IR I KAER TN . X LERARIE
AR A AR R B AR e, B L, HEAREIR
HRAEHT BECRIREN" , A A R IEA AR R T R
RIBMTEAFESEE. LR, HEIXHE—FERESE, Kk
“TCIR” REBURTIHFE L, HBHE R K Y B4R (unilinear) S,
R AR R AT BT R B AR PR S S AE 18, RERB B3 T
B

R LRSI RE, BT RaX AR, e
HF R, 2R AR G RS R R R P
FE, BIRIEFRIE SRS B A& 0 25 P 1 SCAE W AR
SRR, BERR, RENTY RO BEIEY, BERA R
S EEATE I B R A SR, R 24 R A R AT R 52
HEOBUERS . B, SRR BN AME R SE bR R R
SRS LAE

F38h— AN SCAE 1 1 10 IE 2 U 3 R 4% 48 25 4 4 £ (Hlesse,
1974), 24 E, Wl bR B A 1A AT BRI RL S S A iR R
BEMERBEHHCESE., BR, B TR~ MHLESHER
A8, PN ERR AR O HFRAL U T UL AR 5t O LA R 1
PEIMEX — L, AT AR IR KR SRR . EREIEE
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MRERE E, TR H AR E T AR,

XA RS E R RES S AR KRG EWRE, SRR
PR NTE LAE® . i’r‘ﬁﬁéﬁﬁlmﬁw AR 5
SAHTPBER, HEAREREICH S KEREREEX. WH, €
R R MR S A S R AR, B RS
RN SRR R SRR B, AEREAN
WEAAE A R BLAY tH R E SR BUR WBHER R, MRS
HAIPLE MBS AT EA B, FLE, BERE
4. REAE—RAORAHREROTEALIN, MR, HHRiEd
SRS A Y ALIN, EWm E— AR,

B, RATTVABA KL B 25 A X — RS AR S IR
A — MR R, R T R P 2 PR 2 8] 0 R A
PR, B3 A A A s o a2 W R O 45 T AT AR A T
e, fEX—MEAEER 2 b, AT AR Rt — Pl R B AR I

12.6 WBEASHFEEMN

P2 A (scientific rationality) XM & 5 HEMKE R EH
BRI, RA AR B AR X T SR e ot F 451
JRYE B AR TER BRI, AR R EA LR ATIE R 4E
HEEEHORR, EXIBWL L, KAERTUABEM R, BA
SR E AR R ME— R, S —O7 I, PR
SEHAS AR T X R A ERRA T R T REER, Bk, X
o i B T 5 R VA B DA B A L TE S B o A0 Hh R 0
#, #RLEL, 2
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X RE TR R K E R AR ROMWA, F T
MR, ke R T DA 0 A S0 s e O ) B LAY
B b, R R A R T 24 R A AR 5 DA R A (R R
SMEMETRIET R, EXIBLE, BEfEamBauaee
BYERCBER, B AR AR ENL. X 04 MW, K
HZ —RXBASEOEEEBMIFN SR BEEB AR, R
MRS RBPIELE, X0 R R LR, HPEX
HRERRALERBEMENORSEDOER, HRUEEHE
ARRRYE, DR A S T 24 SR B B B 47 2 9

B, T ARG A, (5% 0 B 9 S
PR R R R IE T (& L, AMABRA RS SRS,
IESFARRTEX AR I XA LI, REBIEA KIS WSS
AL E RN I, MR RRB R, X RS R %
TR AR BU . IR M55 H X RO TR I R X,
BN TG, R RASTRIAY.

TR S AEAEIS SR AR L, (018 h b
FROEEr AR Hh B SR R 52 K e Iy 18], )Tl R W58 £ 0 9 4 14 i
Trte) e B XA S5 — U A B B e, BB IE A 07 1)
BRMSNEER, QR RSO HE RRER, IR A %
RAK, MEHHMWAOATE, 8% EEEE, FERHFEH
WHBERIFE, TR AR EATHMOER. MR, 56
RN 3R S AR B PO E T Y AL R T REAR B

WAL S — BB SRINHBER KRR ARy, iR
FHIERY. BT SE B R A A AR, B SR A O O T T R
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EHSRTIT . T HBR T B BT, Ak BT
A, HEEREBEE - RFNEAAK—KFOREER, W
B, FERRE S BRI R RS E R E, ERRK
APER . IBCT — AN E RO S SR A WA R AR .
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