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LR ARG BE T Y AIME (Shapley Value) , g T
288 AZ O i (core solution). B G i 1 017 2% 4l 2%
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MR, VHE 3 A NECS NN 38 R, iE SR
132 DA

AR N — TR AP 703, — AR,
AR, FS b, AR T, ARl
fI (John Nash). ¥ F]. W55%)Je ( Mel Hausner). /K i
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Maxim Kontsevich Laureate in Mathematical Science

Maxim Kontsevich/ 3T #H#4L / %

PRETR 2012 FURRBFAFLBERDL T TH « FREH (Maxim Kontsevich ), ULk & fAER k. L A4k
FWE, HHREHEETMH. Motivic ROFERMHE T TN TFOIMIIE, AXRMEFTEALENRLRS.

MERMEBFMELRAHE T REFITHRZ IR, RRETZXLUHARNAEA, BREINETH
FUK, BEFANEFDE, ONFEIFHNEFHFNABCER N AP OAERA, LFXTHRRFEMN
HEETN (FEHERELGRNS) B—AEFEENER, BRXEFERETH OO EAEEHMMRT X — A,
R T — A A A F A fr T E——Motivic R, Ffn 8k # KA X — T RMR T KRBT F — 2
HELETFHEA (FEHEN SRR TRUNGHOFR ), REAFZEN “BEMHE” UEEHT —ZAHA
BB ETN, EH 5 xBE ) FWENTRRELAXHAALFEGUTERE ST ZEN “BHR N,
AABFERNNE S, XTBHEEHRFUEE, ARNFEEIRZET L EENAE S EREN, XP A S
B FRERER, 1994 FERREEEEGAHRERTS, T EEHRER T RWNHE, TELL “Hag
G AR X — B F A4 T E BT AR M A A

FERAE T 1964 5 £ THR B H A, 1999 £ & M EEAR, AN FEEFER/ETE AT 1992 £k E
E KB KRFHEFA, 1990 £ 1993 Fo Al A EED w i G w o L. EESHKFREHRITEER KK E
B ¥, 1993 E 1995 4F 7 £ E ok F 8w Al o R B A MG AR 1997 4F B w3 ¥ 1998 fFIEREL K

2008 4F 7 47 1% /£ ( Crafoord ) %% %7,

I was born in 1964 in a suburb of Moscow, close to a big forest. My father
is a well-known specialist in Korean language and history, my mother was
an engineer (she is retired now), and my elder brother is a specialist in
computer vision. The apartment where [ grew up was very small and full of

books — about half of them in Korean or Chinese.

I became interested in mathematics at age 10-11, mainly because of the
influence of my brother. Several books at popular level were very inspiring.
Also, my brother was subscribed to the famous monthly “Kvant” magazine
containing many wonderful articles on mathematics and physics addressed
to high-school kids, sometimes explaining even new results or unresolved
problems. Also, I used to take part in Olympiads at various levels and was

very successful.

In the Soviet Union, some schools had special classes for gifted children,
with an additional four hours per week devoted to extra-curricular
education (usually in mathematics or physics) taught by university students

who had passed through the same system themselves. At age of 13-15 1
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was attending such a school in Moscow, and from 1980
till 1985 was studying mathematics at Moscow State
University. Because of my previous training in High
School, I never attended regular courses, but instead
went to several graduate and research-level seminars
where I learned a huge amount of material. My tutor was
Israel Gelfand, one of the greatest mathematicians of
the 20th century. His weekly seminar, on Mondays, was
completely unpredictable, and covered the whole spectrum
of mathematics. Outstanding mathematicians, both Soviet
and visitors from abroad, gave lectures. In a sense, I grew
up in these seminars, and also had the great luck to witness
the birth of conformal field theory and string theory in the
mid-80s. The interaction with theoretical physics remains
vitally important for me even now. After graduating
from university, I became a researcher at the Institute
for Information Transmission Problems. Simultaneously,
I began to learn to play the cello and for several years
enjoyed the good company of my musician friends with
whom I played some obscure pieces of baroque and

renaissance music.

In 1988, I went abroad for the first time, to Poland and
France. Also in 1988, I wrote a short article concerning two
different approaches to string theory, and maybe because
of this result, was invited to visit the Max Planck Institute
for Mathematics in Bonn for three months in 1990. At the
end of my stay there was an annual informal meeting of
mostly European mathematicians, called Arbeitstatgung,
where the latest hot results were presented. The opening
lecture by Michael Atiyah was about a new surprising
conjecture of Witten concerning matrix models and the
topology of moduli spaces of algebraic curves. In two days
I came up with an idea of how to relate moduli spaces but
with a completely new type of matrix model, and explained
it to Atiyah. People at MPIM were very impressed and
invited me to come back the following year. During the
next 3-4 years I was visiting mostly Bonn, and also IAS
in Princeton and Harvard. My then future wife Ekaterina,
whom [ met in Moscow, accompanied me, and in 1993
we were married. In Bonn I finished several works which
became very well-known: one on Vassiliev invariants, and
another on quantum cohomology (with Yu Manin, whose

seminar [ had attended back in Moscow). Scientifically,
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a very important moment for me was Spring 1993 when [
came to the idea of homological mirror symmetry, which
was an opening of a grand new perspective. In 1994,
I accepted an offer from Berkeley, but one year later
I moved to IHES in France, where I continue to work.
In 1999 my wife and I were granted French citizenship
(keeping our Russian citizenship as well), and in 2001 our

son was born.

For a few years I visited simultaneously Rutgers
University, where my teacher Gelfand moved to after the
perestroika, and IAS in Princeton. During the last six years

I have regularly visited the University of Miami.

In my work I often change subjects, moving from
Feynman graphs to abstract algebra, differential geometry,
dynamical systems, finite fields. Still mirror symmetry
remains the major line. The interaction during the last two
decades between mathematics and theoretical physics has
been an amazing chain of breakthroughs. I am very happy
to be a participant in this dialogue, not only absorbing
mathematical ideas from string theory, but also giving
something back, like a recent wall-crossing formula
which I discovered with my long-term collaborator Yan
Soibelman, and which became a very important tool in the
hands of physicists, simultaneously answering questions
concerning supersymmetric particles, and solving the
classical problem about asymptotics for equations

depending on small parameter.
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FoBe BB AT, 5502 B A LA A (1
W7 —— AR BN RS, A AR R A et T
BT, WANA M, DUNTHEE, WA R
A, AR TR i T HBUT S s 15,
T T AR e T Ay, A3l 2 e Je 45 e K0 4
BEpTAE, RMPAE, WZP{E. BARTWPI, A25E
e (R RN DU, 280 LIS o i N ZIE A 2T
2N S RS P R AR A AT AR R A7 o

FRATr, LT, JATE T AR LT 35 e A5 B il
T b S AR PR i R L L 38 L B T 2R o A 2 B, B A
Ko WERIRTH, ZESGATBGT, MR T R
B K BT A2 T AAMESE B e B HL

PHAEFRENEET MK “EXBLFREETFXT, &
HEERAFECERE, " REREFFRE, BRARFENE
MEF . ZUHEFRER, Thoxf LH T & 234 4 by F K
FRERTREMPM, BAGRER “BTSHEBEEMETZ",

TEALEBBEXEFE T BRESREEHNNESL, HOIR : ==
BA T LA B R LR, E RN, Kb Z £ 815 kB
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SRR R
(BHieAeL . FEAREARDERLLPRBFFA, 25T
e F I, BRFHAFHR, DI R, BRI FHF R

RAEFZHrZEAEERII, ZERERFLOHFER,
BRI LN E, EEMOEARHILE, 2E5ARAEELE
BEFHEAALAB, FORTALRAH . 2004 F &0 8 £
LTS s, ERBERBENERLR B LAT IR L,
LB T hamm, EMsHBHRT NG LESRIERSS
HEARF, GEEFTHFEMR, FAFEEL, ATHRYP A2
A, RERBBITTHEL. NEFE EAES KRLESL AT
—OONHFNANE F 1)

E S X 2

(EEHAL FH, F4W, FTHF, ERA, BAE, &30,
ZAHiBIE, XALRE, ERFERLF, PRABAEL, 5%
2H, HMeF, £k, TEFTERRZASF, BHLLERHIL
Fre, AHEAE, Rk, 25TA, KL, 2LXT,
FAEZ L, AEALLAIUFF R MR, RARAMMERA T
M, BEiEE, — AR, LRILEH LY, DA, &
B, Lok (MEESE). (RFHE) MARFRT, £A%FF
2k, TELTNE, RETHARR, FENTANY, B
5 X iE,
R oAb, APE R, REAA, KIRFL, BEER,
BRI, A=GF, AZIUE TR, A E ERFR,
ANZEE, ATEH, Lk, EHZR, FHEEE HREK,
BoAAMR, BEAEE, RARR! CTHHFEA %)

5 2 e 7R ORI NI B M SR PR LR, Se Ak 2 SR
ANERZ T Ll N E A, SR AL
A BN BT AT U T IR) A LA 3 e AL

R RS e — A B B BN ARG, S 3
HARBLE, TR, GBS RN Gk A mimil
WEEHN, BRTREZMFET. AMIENMh . “ &1
e, PEeEETS, MEAECOR, AhAeLldmE, CEE, ik A
S BEAEET OB T, SEAE A S SR
) R

e E 2 B )a, v F ‘bl i MET
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HAEF AT “LEZR” By

SEREBE, AR AN TR, i AN AR A
JVH ZAAFE R 2R Se L BT AR LA, 1 EE AE Q0 b fe B g 1L
O T Tl Sl AR AN B, IR ST
EIE=V N NNGEE N A OE= ) 1P S R S S
K, SPERTTE A", — B AR O A, I
JESEANZEE 2009 AFAE = WAL 7] R 38 H 47 kD R B K 1R
NBEE CEEM, SHE, 1125-1210) 3k 76 B I 28 I ast
B BRI R IR (401, T, HT 340- H 278) 2k
WCRE CAEIRD -

T EFRMRE &, RILERERA.
—THESME, RHEFNHK,

ARG 5 B EAFRRA RN THA5 8, R R
7 B A I ACRDH: L BT B W B L AIE T L)
B AL, BHIRA RIS E MR, R, R
IRMEEE e, HON AR Ba s Bt !

(FIIHBENFFEEE)
ETEHAEE, HhlERAE.
TEBERORAE, PRERESF,
FNFELWEN, BREEH AR,
FELRRALE, ME&E—F L.

N A TRFRXEZARRK S0 AELL. L RFHAR
& (E) . REEBRAE, 1993,159-162; 5 L : 24k £4% . FE %
FEHR——a M E AT A R ,2008: 258-264.

& i

Bul BRSBTS AL A T AL
Wi B TS I 25 Z BT RO R, AR ik, 8
B2 B, RN EHRE TS NE. 740
AU BRI, 1992 SE A B IR E I “ &, ok
FHRPIRE R 800 EL R A MR, FFMNH T F
RO @ MEREE. 0% Bz, b,
gL RICE BEZFRAE . AL AR 5 TR STk R 3 W
fif, JFEEE “Amz A KM, Wil E TR EET
Ab, B SO 2587 30, 2012 47, FISEESRE I
E I 20 MRAK, IR IEZER IR 820 M4 2 ki, LI
RS [7) N £5% B 0y e A 5l 37 v L B2 SO AR H 5% ik )
PSS E o SEAEAT RS, Tl KA !

B
ARIFERFHAFHRELMAEL, WATHFR
T PHE, TEAFHEHT, BHFINEHFR,

XM, EARFERFEF FRHAIT,
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SRENES

W

B 1 Z&Ee T3 (&R : SnowCrystals.com )

HIAVE B XL S e,
AT K F AR AT 40 ) B i 2
MEy . ANV B A TAEHE AR
FORRXHS? SEE (EZRME) 77—
s SCEE L XA W REEELIN o (H (K
kb)) BRI T —ROCERL %
ERWREELM” 2. AAEREAK
BT SES R EAE P SR
AHEIR AR L KA, SR 107
ANEFITE TR, IWGET2E B
AR AT REA IR IS AE. AiLEH
XPIZAE I “ B ) I AN O
I R FAT U 55 25 T AR 1K) B TR K 1%
FATHOERE T AR, R BAT

AT RERAR T AT IS AE T 1, X
PR BE AL AT IR Fe AT 5 /K
R, AATRES B A o0 TR
WA D5 AETE R BB - EATH 2
DFp? AR A S N
EANTREAE TSN BRI ?
EFATE SR TR T AR T
FENENI P S e NIRRT AE T I
S ETHET. MRS R T
A AEAL Y 2 R 25 B L B SR Y
CEAE e YRR RMHAT R A
WFFT L7, L SRIAB IR B PY I A2 K 2
T A B SO R ) TR
1611 4, RICHAF LA F I B

B2 gHF TR (kR wikipedia.org)
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U= IVAV (2 F 3P 93 s TR (VA = A N
m AR e N R (1637 4R,
B F R EZ N RIRE — IR T
T[ALWIINTE ©0 JL-F o [ I, o 5 1
Y. KINEBARE « 50 (Robert
Hooke) 7EA 1665 4F H AR ¥ ¢ 2 1 &
WY iR T HRLE T ERTE
AE A 0 AR AR — B[] Ak T 45
RS
TERFS SR e i, A
REANPR 2 6 AR Yl R AR« DEFEE
(Wilson Bentley)o At {E 2> 45 i AR gl X
AT BRI REE A A — A
SR, At AE B T M Ay A 5
BT R ok (R ARRIE AR R T .
BT BT K EANL, PR
BT IR T St adl. e

A&
L3 £

B3 #akE it (kK wikipedia.org)

i

pl

TS, & T4 1885 4F 1 H
15 HI R TS — ik, (A —
M2, TR F L b
SRS fh—F IR T BT
Lk FEACI T, XL o TR
RECFEFEWE R, Wil [ arEg
WG AT 510 - W AT A AT
A AN I A 2 — U P i e
SK)e 2010 4F, Aldn R S LR
RN AL, fik 4800 FEoc. At
b AE I HI DA NI RS — 1
HURITE S T A PR A il 528 38 S 5 At
RPN BTl —EHi
EHWMH . 1931 4 12 H 23 H &
AT E T, SRR 1A
WRFEDAT H R, AR A
N TEIAE T e h . JERe s

* 'L‘I'ﬁ*ﬂ.tﬁﬁﬂ ..........................

e AL TT LRI, X SE AL
FUI LTI B . 1904 4, i IR
¥ o 1th « BLfk (Helge von Koch) K3
T RIS CORT A AR LA
DRI TG R i S i 2k 1,
FIR T R M Ze K d 16 T X
FL A R B 2k 2 —, 1K
RHELN) RHFEIR”. BR CRHFE
16”7 AREIEE X L EEA, 1
SERHR I E —— TR TR EIG R

AR — e K, A — e T ik
PAREAR S A

X5 AR 5 IE R 2
A ) P2 58 vh 43 5 55 B (Ukichiro
Nakaya). flifF 1930 42405 — kL
W TR HEFRAELRR=ELIT A
Laffh. s b, AhdET —A
TRIEEE LK TR IE A E &AL
TR E AT ] 45 5 U B RV RN K P 4%
NI AR F B S i PR
AT BRI SS AT E 4
KAESr g 80 PSR, Horpr—Fhmy 4 “ K
T, IR X AEIS N kST 2.
XA RYEFRA “Magono-Lee 2577,

KT YRR E RIrp 325 B8, B2
TR S0 W, H7E
A 4R BT IR S AL HLIR S

et —— 55 R A IR B ik
miE Lo HAEr, AMIPranEm 2, &
16 BB AR 1 S T RIR UK Z 53 1 1)
INIATE o AH AT 2K YR B I Qo] 4
G BN O 1T RS TN 11 F AEAT AR S0
D

1986 4, & [ VR vl B 0 J7 I
)4 B %% 5K i 2« M7 %0 (Norman
Packard) $& T — /> #% H &7 5 ) b
AR A BHURERL T  v S ) & T AR

B4 %53 Hex 1
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P th A PRI, 2 SR XT S et ]
R INERIE IR R R NS L P
Hi o U K2 7E 1950 ARk BERLAE
L/ (N REE =R NI /Rt O (2 B
WVE B2 T 45K A BRI X
— B N NETH LSBT T 4T
JFTKRIT.

v b v 2 e A B
FESSK b, BBl 7 — 4 BB
R G R AW E,
AT A i, WRAT A2
ST, AKX RUIAN GG i
RO LG T I R RS . X
AMERELEREL. K4 BRTAER
PR G e ik B 3L — iR
B A LERE B, Bt EAEE
R TAEETE . e, wr LUBGE 46
1A, 3 A0S AR L i, XA

'VVomhﬂMMMmMmsﬁ%ma

NS e R IRTAUA T, T
A0 5 — P &5 i M FR R “Hex 17,
O AFRON “Hex 1357, IXFERIE
PEVENIAE {3, 4, 5, 6} X PUANAL s H &
TR, 3L 16 Ak, Kl 4
SEBATU S — Ak BN Hex 1 1T
P —. = =&, LHF < IRIR
K# U (Stephen Wolfram) W57 11X
FhEREEN, AW S T 30 202 )5,
gEe 12

NATFRAE — R R 5 6 A B
Tk R e e E BRI TR 5 R o B AR
B, BRI ST AR AR S ARG SR
WREATRE LI T AL, —P)ER
W, KIERTEAEMN R HL L,
o a R P RN R S INIEEIE N
ABLT- S AR By 1 52 ) TS AR AR B i
U S REAE

e, AT — A
s E-NERERE T, Fh—A
TRFEG R — AR H. HERAEA
R I F LA — 8 A IR I
P Ht . R AT RE, bl
5 “Hex 17, %8 bk A B T “Hex
1357, =0 N T “Hex 13457, X
FEIRIAIR BB A N8 .

MNIXAF, FATE 2T oL
AU TT Uy oy Yol A 1) A £ AL D 1) IX
— LR RN, DA A T 2R R
R R — AN B, il
WAL AE (Steven Levy i ). &
H AR, EURR I
T3 VA UASE L AT A T R e 57 T
RAWT R S IE— IR A oo A ik
ML B E— AT R
SR RCNIR AL

L A i i -

B 5 i LT A R TR (M R AR )

R v J5 38 2 A R R PR
NATTREE5 Ae 1 21 g P 9 TR
TR o L FRATT H ] 380 4 702 5K A
X5 IR 8% Dy ke AT IR AR S
D TR s 3R 3 el B 2% 5 R
7 G A H AR R 58 R AR N B
LA BEAT L R 22 2 i e
e FTAT DR CH 3 R 0 B s
Kenneth Libbrecht). il 1984 4F k¢

b AR 2, FRA T e 2 A
U I N BT 2 e B AR AT A
I R kR o/ NS o o | PR (E B U =
KX T T KB X2 4B
400 S AT B W . — JT 4 R AR A
H VIR 58 42k T4 A, HAR P AL
A& S AR EC, W
5 T RS IR 1 B, R
AT BRI e oW A E b

HUESEE G

BRI T, HE K
TGRS - 2 DR R 2R
e X — s BRI AT 3 )y A
R BN BT A A AT D)
S SR AT N LA S B N
(¥] 80 il fi 16 2 35 Fho L 7E LL 55 Ax
T 1 P 1T &5 8 22 80 19 i —— 13
A~ Magono-Lee 25, 6 /N FIA175 3K V)
FEE, #OZRNIATEMIER. X2 4
FRMEXAET, BRAAIAT R
Mt S E S A S, H2n]
DL A 1) 4 i 5 16 2R TR .

WELSRMELEET, A
IR LA R A0 0 — 28— A
PO G S ) FARRE o T I L 1] Fr
ST FE AT S D) R A R R 1 e
WORAH P, BRI T % R
s A 1 DX Ty S 0 SR
SR B B LR N ARk
ikt DXV I AR T oL
Ty FE45 H )k R 20,

B/ B3B3
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ARAPR T X R T RN ERGIR.
EUXHHEFALAFE R, WD
AAREAAE, ARERE & ZLEAS
BERTHBWHT, ZEAREK6ANA
K BT, BREAREANEN.

TABGAHREL: X5 AT LEM
B, FrARME, €K ERIHEEME
Y TR R 4

EHEREL: XAEANERE LA 6
MEARWBT, Wk 2 E XN HK.
" H R LW AT AR AR 4 8 xR AL
Ko BRERERLBHEATT 2HKERK
HFEAETISERERBD R, ik
BRELNEHER,

HEREL: xR -FEHERE &, fr
TR E, ESLNRERTZ KA S
AT B B3 LA A,

MR G AT & RRA,
BREETAE 28 42K, TURES
FRRALE

MR ER T IHHHERT RO T &
AREAR, FRKREEEAD. €N
RIIAERFANLRAN, EHEEHE
BESERAFERNHREET. €
MR B -tk F—K T8 RARE T Ko

BERAREL: BRE-NNATAEK, A
AR T RN, DOERE &K
RA, FEERABRAGT RBE RN

ARG KR —FHAM WRT WA,
EARAETSHRERD R LREXE
TArt, T HMIRE 2 N P09 SR
AR R

AR G AL XA 5 F S K R T ALY
AR, TR RS B — N RE AT
B AR RJE, FAEFRER R
E—ANREREREK, BRER RN
AR

BN 124K ERN: XHEHLERE
MR ELA AT RN, L — KB
— AT T 30 Ea .

ZARRTh: EREHEATT 2HKE
WL,E#E EKT REERERANZATL,
dert, HRHHEEBELRKT .

BER T 7R h R BN ACH MR,
AR, XBNRE S T &K SRR
Pt — R XM R M AR EARZ A

F1CRR: #FRAH )
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MW T AC R IEANUER, (H2
TA TR B AT HoAb AR BUAE, L
FE ARSI A AR, AATTATEL
BE T RHER AT RARTER

KFERE B T B A 18 6

W EAEAEA I FAT TR IR AR -
Bl6 & R FAl, fEWH &FT,

LI ENTUIE M. X — R AEBLAE

%§iﬁE@MEﬂ ...................................................................

FERCSE G, 1 0 N AR B R N K 2 5 4 B o B (A T e b iz
K% (Janko Gravner) gy HEER K 2% 221l 4 AL 1K T « 4% LR
HE Wi #i#% (David Griffeath) [ TAF. AWATITESE T VUSE ) I ) 25 &
W T Pl AR, R AR R, R AR R T A 2 S 1 S AR I B
TR o 6 7 SR 29 RIS FEL R TS 0T A S 56 5 A 1 A R 3t T — A4 AR
H 843 2 -2,

M T BTN 2005 LEES TFUATESE 5 AERETE, 2006 4 TFUA ¢ 57
3D B FEAE 2007 AESEAR TE AL T ERRE 25, ABATTIN AR 1 S N 4ETF LA
FATTRE T 3 T AEREAT T IR, 1930 T SR ] U g5 4L . e,
AT b HE B T IS A R HOE AN T L AT
U T — AR ER 58 : Hex 14 (% KT Hex 134 2,

BT, W5 35 46— EARREE [ — MBI 8, BT AR S
[R5 A6 AR S R — AN (R U 0 o BLARAT N 2% BRI A 1)
KR A BIHUEEL, (H N v T A e i R A .

TEMEEERD b, AT RRE T 2, MR R, 2
NN T AEIAREE E— R — 0. AR T e 45 W s ) 4% 5

MRHAFSHER T AER AR, AR &
SR T AN T R - Tk
K PR “—Rvh 1 I 5L,
INFLIGR NI, MUK Ay T AR TR
FERE BIXA FLIT I AN R T, &8
MR T AT MR NUE. i, &
ATERE R IXA Ml L4 18

FAT DI R IS4 20 T 1A
7 . 2004 4, R AE AT 3K D) RR 3k
BT EE “CEEAE A, 2006
A, 5 [ S ) R A A1 S D) e (1 1Y
AHIEE T BB T YA R .
2010 4, i diLdr “Aeghil « JB R
T At A1 TAE S E . B HL AL
AN T R S, AR AT
MEET TR K AREFELN
TEREED o

M 1980 AEARIE, HFR A GRIEL
FITUM TG BECAR . b i%
RS Mk A SR 5
Wis oy i e Joi A Sl R
BRI IS . AT IXEess ) o3
TN PR A A T HE S BT,
B F T LIEE FRET .

Sectored Plate Libbrecht)

Stallar Dendrita (K, Libbracht}

Simulated Stellar Dandrite

B 7 AR AEE AT AT A E I (RIR : Janko
Gravner 4243 )
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B 8 (kK : Janko Gravner 24 )

NRLF RGN IARE) )27, LLH e
Wy RL R B FEA,  OF ) EAEA WLAR R
(Mesoscopic) HJJz K L AMAE % {6 B
BOS AR Y AR, B AR
3 J) R G = ARG RS TR
TURAT B2 Bl B8RR34 T
PRI A B, IR ZIHR T H AR &5
M. W Katie T Bl
T GEvh- W BRI Tl 53y R PR 1) T

HR, JFE e 2B k. S35,
AT ST PR TRY the A ) B T =
Ye. K8 BonmEi by — . il
7 Matlab BRI R, AILEAE /e
P b TG 2 BB P Jon T s R 2%
Ro TATA T RESCALMT 0 25 R 4 T A
AR, DCBORT R T — 25 R S OR AL
REFFHEREK,

A0 BB T RE A BLAT R 1 AN

(1a) da)=2 Y &)

yeNT
1 i(2) = 2z + = i
(1b) di(@) = @)+ o2 Y di(w)-

yENE y#z

(1c) di’(z) = (1 — ¢« (1 —a(z — es)) - &' (x) + - (1 — ag(x + e3)) - df (z + 1),

By(x) = b3() + (1 = w(nF (), nF(z)))d3(x),

@ di(x) = w(ng (), n2 () ().
(3) If b (z) > B(nk(x), n¥(z)), then a}(z) = 1.
@ Bi(x) = (1 = p(ng (), n ()5 (2),

di(x) = & (x) + p(nf (2), nf (2))b; (x)-

B 9 (k& : http://demianrepucci.com )

Ko mMTieha M= ME (LBF
— A ). AL 4Rk
HR R TIXFRR, H—EH LR
G = MIBERR D, AR =
AR =M TG A B R
MZEZ ., XU, /8 HAR L =
JEERBPIXTE L, FLEE, BiE
HEH, AT BRENUIEN,
HAFAIG i, RS R, eiTh =
SN, T AT L, BT
LR IR o, BTS2 = A
e —MIETEEE. WELT
WA BB FR . R SR DIFEE
—AE  EFRPE SRR,
B — 41 2l b — ol AR . IR
TELCITER ) WA, IAE R R
— 41 o3 AR R AE F R B PR b B
ERERTR TREN=ME, 95
TR T = MIBEIRZ G, Et— R
e X PR

B Hr R AR T oY T =M BRI
oML, Ak, MAIAS A
B A SEDVRF (1 R A A4 . A AT
T 5 AR 5 AR 1 AR T 2 = A
TEL, TR B J A4 Bl 5 e A 2 = £
JEN o SXALT- 55 UG A1 S D) 14 55
ANTA] o 8 S 2 A A1 S DR BT
V189 2 15 1) 53 W0 2 7 4 I A5 R A 1)
W R T — TR LA RET
(0, T2 R A1 3R I U v g A
R MBI A T o MR EA
FEREIE A B AT KRB D)o A7 400
SME T LOEF RS, AR TR
2 AKEFR . A7 L R WX A (1)
TN TR AR =M
A — . B, AR
ESUTS e SIPS

2008 4 1, IR & B4 i
BT 58 A TR B R A ABATT IR AR
B, BIEHIEA. RIME. 2
FHE IR WL R, RE2E H ARSI
P AAT B TAE I LR IE . n] LU
AT ) T AR AE B U B T — A
B
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A 10 (kik: NASA)

'VVomhﬂMMMmmmsﬁ%ma

NASA B} 5 i « 74 (Tom
Clune) F1EE [ #x 26 AbAT] (¥ 3L ik 1
TT HALTE B ECF A . ARAT A v
SERUBEALS A T R MR AR R )
HE WS, B8 7 A W4
o B 10 w2 5 1 IUE A 90 K
SR A R AR KGE A B ) K B
PRS- . B 10 544
I R LS HI 0 ) ] 8 AR A S
DAL A b AT 56 T A% P SR 4 R A LR
HR M i A, Al T R — A bk 4k
PREFRCPE . AL, ATk AR
YRR HL I I ) S A AR SR
BEAIH RS 17 (MPD Al

“XIIRTTRT REBIMT I
I, ABATTBEAT SR R SR K0 B A
B o DAL SE A 5 S DA LS P L
(KIAEXTFR S A i o

BAE, AL RSB S
BN RAER SR T R
FHPGBE, W B A CAET AL
g IR KSR AN
HLRHE Jr 42 44 1 A 41T MATLAB F
J¥. Ak, PHIh MATLAB 4 Scripting
HE, PrilsfrE skl e th .
AT — AN IR 2B T TR 2L
I, B BRE A R A2
Hepz—.

REEHTIRIEAR o -

B 11 ARRLTEERMT R (R . #
FERA)

A — AW 9T LA A2 (phase
transition) 4 H K si. AR IEFR W)
EAMR S (s B 1. Wi
SRAE) AR, AR GO
RRAS Ny — PP AR, B WK AR —
SERIZAET, DKAR B K MK AR 78 <
&, AR A R ISR, FRAE
RIS FERR A ARAL o DR Sy ZK R OK 2
V) P 00 SR AS 2 [ 52 1, T BAE B 1T
AL FITRE R A A L A e B o)
XA B L S e R R (B U
I (A A ) R X AN SR b, i
SN ARG AR FRATT S 5

PGS L. XM ORI S I S
()T 46 1) AN 58 4 — FF, (H 2 B
n LA Bl IR ER AR R BEAE (O,
+ oo | I VK AR o AR E AETFEAIN
BN KA VK. FRATA AT B —
AR, T RUKITGRISAL, A5 ¢ i),
X [0, s()] BT K. AMIHR 5%
PERIBI UG 41, BATTAFEILE [0, 5(0)]
AR T IR

du_du

e (x,1):0<x<s(t),t>0
X

XH, w=u(x, ) BEE, s@) 2 HH
WG A ML FIREEREE, Pk
u(s(t), ty =00 JERE HHILF s SRR ]
AR Ee (Bl ), ATER %A
—ANE s B BH IR A
) “ ¥ 254F” (Stefan Condition) :

ds _ du(s(t),t) (50

dt ox
e B, 13 FR U B I TR AR A 2
N FEAE H L 5t EALRS IR AR Ak
B, J7 W AR S e AH Y I i B 23 5 7R
Bt “HHFAF R (Stefan Problem ).
H T O AS R PR JBT, FRATTFE R IR

N3 P)BRSIG R W, 78 A id gt b,
W IER RS, WA AIgRE T -
KR —MER RIS, HR
T LA e R (R ) SRR 2
et MG —AFALE y
RIS, JHEUE L= 1. Al
TEXv=u+Lly=u+y, XHE, y &
B : y=1, WH 0<x<s;y=0,
MEx>s; 0<y<1, MEx=5s,

y

B 12 S p(x) Fo 5B & R 2L D(2)
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v RE T ARSI . SN
H h(z) = min (z, 0) + max (z — 1, 0)o NI
AL SR AT R

_ov
ot ox’
o1 XA e, LR 5 R AR A5

o (0, + oo ] BT, MR u = h(v).
T3 RRAS B Jl R IR A (R S0 T AR Bk 5y 7
o KRR TE T, AT LUz
FHAS 53 R PR TG 1) 7 V24— [ E 1)
DX 5k LA B 5 R R HEL A

TS S A A TR
W, HUR A A R BT T A
AR AR I AT B TR R ) S AR INIX
FERIRERE, 5510 0 T8 R n) Y 1 4
55 A 0] BB ARG, R AR =
WEERMNCLER, Tiee hKkKRE
— 58 MR R R B 4 F B 1
MIXAS T SORE, ot — A4l i
o MW B, AR ZEA )t
WEHL A A3 R I (] A2 fk . —
S AR TE B R 2 75 40 58 FH AR AR 11
o B R A IR ?

2012 FF, o A 0 B 2E B
2190 « B Ei4RF (John Barrett) #(#% Fl
WARKE « 4142111 k% (Robert Nurnberg)
A7 5 7 ] T R TR K A G B .
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TEH A F AW E IR FR A EKRRFEE (Viadimir
Igorevich Arnold, 1937-2010) . fi 2 20 # 2 & H AWK F K= —,

YR FAEMAEI (1982)  K/AREKE (2001) AnEii k% (2008)

EX. X H 199763 A7 HEFAELEERKEXMAE (Palais
de la Découverte, 7 7% [E B % # & 0 WA 10 BT A RIS T,
DU C & 2 T Uspekhi Mat. Nauk 53 (1998), no. 1 (319), 229-234; 3
## i, Russian Math. Surveys 53 (1998), no. 1,229-236. 2% % T i A<
[ % http://pauli.uni-muenster.de/~munsteg/arnold.html. 78 F # & 7
HFRE, KL FBEFALR. BRREEFTEL, #FH0FD.
EZ b EEHks, A (BEXhR) 2528, 2FRFE R

BHFEBR X ERFLATEMNL, BRGRAZLH G5
THX. BXFRTHEAMEZTEL AT NH L. RERFEN
WEMT WEBRFTREUFERE. BMEAESE, AXH K
FRARIAR)T, HiE. AR YALERFNIT. KB, X THEEN
WE LR G AR CEME B E S B, AL ey o T
1999 4 & F b2 15 Ja 7c 0 M B4 5 6y 6 Yesterday and Long Ago (J3
ML, 2006 4F H L FE3F 2007 4F b Springer ) .

BB OUE B T AR B ARy A H], 3t B A 3E (Jules Henri
Poincaré, 1854-1912) H % F LB X F. EHFHEZ, SFBN
Ji A S HEHE 100 JE 4E
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B 1 3K 2008 SF8R:% K A F L T542 (A R kIR http://shawprize.org )

Her it YR — oy . Bt — T 1SRk, 2 H
R O Rt T E VAL /b et SR o AN/ S N (P

AR ECIE AR (RO e B . = MR = S A A
T80 2L B CRIRE TRk —FF, —A
SRS, AR & AR A BT

20 gl iy, ARSIy s e, HRRa
WA KA. B AR RAE T WSR2 22 55

P R XEE AR B AW A P, EME S A N
Kolmogorov and natural science (Russian Mathematical Surveys, 2004,
59:1,27-46) —C#, ETOA#4R 2| th H T 2% R [(a, b)], c]+H(b, o),
alt[(c, a), b1 =0T HFHZ AW =KA@M TES, HF[, ] hHER.
(AP FRER N ZFIZEFR, TLELAFERUERT
SRBEAFT. ) EHSNETUSE (EEHF AT E Nikolai
V. Ivanov #) XX % Arnol’d, the Jacobi Identity, and Orthocenters, The
American Mathematical Monthly, 2011, 118:1, 41-65. il 3% — i
F, FEHFENEFERP AL ESE “FEH” . —KS, 6%
BE AR R AT, TR 12 F R BRI AR, H AR E
EANYE:

Mathematics is a part of physics. Physics is an experimental
science, a part of natural science. Mathematics is the part of
physics where experiments are cheap.

The Jacobi identity (which forces the heights of a triangle to
cross at one point) is an experimental fact in the same way as
that the Earth is round (that is, homeomorphic to a ball). But it
can be discovered with less expense.

In the middle of the twentieth century it was attempted to divide
physics and mathematics. The consequences turned out to be
catastrophic. Whole generations of mathematicians grew up
without knowing half of their science and, of course, in total
ignorance of any other sciences. They first began teaching
their ugly scholastic pseudo-mathematics to their students,
then to schoolchildren (forgetting Hardy's warning that ugly
mathematics has no permanent place under the Sun).

Since scholastic mathematics that is cut off from physics is fit
neither for teaching nor for application in any other science,
the result was the universal hate towards mathematicians - both
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SRR FERANMECFBE . CHG EEE, R GeR)5E
il e, SEtREE RS, B N R K (il
KIXFOCEE, 2 ALK, BiFE 5.

MFFIRBVEE N, “2+3 5 F )17, fhariXFEm%
“3+2, DM IEIG SAZHA. MANFEIAN L, A

3% (G. H. Hardy, 1877-1947) H % E % 4 % ¥ %. %5 &E H
Bthth % Z (- HFRWEA) (4Mathematician's Apology,
Cambridge University Press, 1994) . B £k h: EfE RFiEFA
ERX -4, AFXOERELAEREN,; ERERMXF —
H BFERWERB LY. RERLE—X: BEHEF
Ft b LA H. (The mathematician's patterns, like the painter's
or the poet's must be beautiful; the ideas, like the colors or the words
must fit together in a harmonious way. Beauty is the first test: there is no
permanent place in this world for ugly mathematics.)

B3 xECRSHFIFEFR

on the part of the poor schoolchildren (some of whom in the
meantime became ministers) and of the users.

The ugly building, built by undereducated mathematicians who
were exhausted by their inferiority complex and who were
unable to make themselves familiar with physics, reminds one
of the rigorous axiomatic theory of odd numbers. Obviously, it
is possible to create such a theory and make pupils admire the
perfection and internal consistency of the resulting structure
(in which, for example, the sum of an odd number of terms and
the product of any number of factors are defined). From this
sectarian point of view, even numbers could either be declared
a heresy or, with passage of time, be introduced into the theory
supplemented with a few “ideal” objects (in order to comply
with the needs of physics and the real world).

Unfortunately, it was an ugly twisted construction of
mathematics like the one above which predominated in the
teaching of mathematics for decades. Having originated
in France, this pervertedness quickly spread to teaching of
foundations of mathematics, first to university students, then to
school pupils of all lines (first in France, then in other countries,
including Russia).

To the question “what is 2 +3” a French primary school pupil
replied: “3 + 2, since addition is commutative” . He did not
know what the sum was equal to and could not even understand

what he was asked about!

Another French pupil (quite rational, in my opinion) defined
mathematics as follows: “there is a square, but that still has to

be proved” .

Judging by my teaching experience in France, the university

students' idea of mathematics (even of those taught mathematics

Ber ot/ B3EEAN 56



REBRAR AR 10 1) L2 A 4!

AT I ENE A ST A e (B HED:
“HEAEAIETTTE, BUHRUEY].”

RS FRANAEVE B 225, R AEA DO = AN
5IX LN EA T R RS (LA R AR R AEAE “ R SS e A
il ] 4 HL2g S By (2 A —— O X S W] R AR I W (H K
B H RIS L i o

B, XS PRI AN T WA T
2 xy = 22 Jrif s 100 2 FEDRIZAF A e sl v g T ) B2 5K
MR AR P B ZHOTRE (Wx=7 =3t y=1'—20)
Z\m ¥ 22 Al (FE R sl K2 Bk E B e #d%) g4
/e eI

M ABIE IS IR EORHR (AP EIh “ R T REAR
RHEITARY 7) ° JTah,  KEEI IREE S IIRA ¢, X
Lei BN RE ) (MBI HORER — R — BB
(A E IV BER R ¥ N

SSR B ECEE” AR LT (i) PR S
(RVER 3R B W TR T WO RGRBR T B 25k Bl R
v BRIRKREE S B RN SRR BRI A R 1 I 1A 5
(01, Il 22 K AR 6 RIS 7 RN AL B B R b e &
f5i, FURFERRI 900 A5 BLORAT

F AR A, W e A o JLAT S AU LR RS (i ey
PERIECEFITHO, A RE MR )? = X + ax + b
YU AR S T, S B ANENIE T SR 4 28 CEANH]
FEE —SMGIAAR 73 UL 2 it 2 RO REPE BT, RV, - ] DLZR
PNEERE T Do AATIAN S 2 T R A S5 S Ak n] b !

RS BB R AN ? 1K A TIZA
LR AN 041 ISR VAL E VA N LIRS/ | BN I E i
QR RE RSN L IR B 45— A BRI ARRE H B A0 2
KM 7 AlAE 1966 ¥ BT T - HIERECAFRA S
WEEIR, MEASH ARG E . AT RED & Bl R DA Tk

YwmREERFNAYE, FERERKEPRR ST ERTH
R RAFLASEHBEELR HHURTANR TR, £AR
EHN0 P RAERSEE.

3 3% b3k (Guillaume Frangois Antoine, Marquis de I'Hopital, 1661-
1704) , HEHFH. FRMEST 0 HAME X4 KA Analyse des
infiniment petits pour l'intelligence des lignes courbes, 1696 <& H I
Wk bk R U B AL B

© % /K= (Edouard Goursat, 1858-1936) , & EI ¥ ¥ 5. fh#yif K45
1902 4 FF 44 I 22 B = A (B F i #42)  (Cours d’analyse
mathématique) . % 5 574 19 #2230 X T 1 7 0 CREAT B3 30
VLR 40 RN FF#FS (RFTHE) .

T4k 1% % & 3 (Ivan Georgievich Petrovsky, 1901-1973) #F % 1 1%
N RRE, RFERMEE 190G 16 FAAEE TR, ¥EELH
ok ak B FHEER RO .
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at the Ecole Normale Supérieure - I feel sorry most of all for
these obviously intelligent but deformed kids) is as poor as that
of this pupil.

For example, these students have never seen a paraboloid and a
question on the form of the surface given by the equation xy = z?
puts the mathematicians studying at ENS into a stupor. Drawing
a curve given by parametric equations (like x = — 3¢,y =4 —
27%) on a plane is a totally impossible problem for students (and,

probably, even for most French professors of mathematics).

Beginning with I'Hopital's first textbook on calculus ( “calculus
for understanding of curved lines” ) and roughly until Goursat” s
textbook, the ability to solve such problems was considered to
be (along with the knowledge of the times table) a necessary part
of the craft of every mathematician.

Mentally challenged zealots of “abstract mathematics” threw all
the geometry (through which connection with physics and reality
most often takes place in mathematics) out of teaching. Calculus
textbooks by Goursat, Hermite, Picard were recently dumped by
the student library of the Universities Paris 6 and 7 (Jussieu) as
obsolete and, therefore, harmful (they were only rescued by my

intervention).

ENS students who have sat through courses on differential
and algebraic geometry (read by respected mathematicians)
turned out be acquainted neither with the Riemann surface of an
elliptic curve y? = x3 + ax + b nor, in fact, with the topological
classification of surfaces (not even mentioning elliptic integrals
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FRMR) FIFRIGZEE 5 1 M. Berry SR MR H1 I R FIABUE,
Amold B3 : R £MABIT £ AL, WFEALELIL
A,
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8 % 5 o EH7E (Louis Pasteur, 1822-1895), = El M A ¥ X ¥ %,

WAEMFNERLAZ —. EEER U LEEF N “There are no such
things as applied sciences, only applications of science” »

of first kind and the group property of an elliptic curve, that is,
the Euler-Abel addition theorem). They were only taught Hodge
structures and Jacobi varieties!

How could this happen in France, which gave the world
Lagrange and Laplace, Cauchy and Poincaré, Leray and Thom?
It seems to me that a reasonable explanation was given by L.G.
Petrovskii, who taught me in 1966: genuine mathematicians do
not gang up, but the weak need gangs in order to survive. They
can unite on various grounds (it could be super-abstractness,
anti-Semitism or “applied and industrial” problems), but the
essence is always a solution of the social problem - survival in

conditions of more literate surroundings.

By the way, I shall remind you of a warning of L. Pasteur: there
never have been and never will be any “applied sciences” ,

there are only applications of sciences (quite useful ones!).

In those times [ was treating Petrovskii's words with some doubt,
but now I am being more and more convinced of how right he
was. A considerable part of the super-abstract activity comes
down simply to industrialising shameless grabbing of discoveries
from discoverers and then systematically assigning them to
epigons-generalizers. Similarly to the fact that America does not
carry Columbus's name, mathematical results are almost never
called by the names of their discoverers.

In order to avoid being misquoted, I have to note that my own
achievements were for some unknown reason never expropriated
in this way, although it always happened to both my teachers
(Kolmogorov, Petrovskii, Pontryagin, Rokhlin) and my pupils.
Prof. M. Berry once formulated the following two principles:

The Arnold Principle. If a notion bears a personal name, then
this name is not the name of the discoverer.

The Berry Principle. The Arnold Principle is applicable to
itself.

Let's return, however, to teaching of mathematics in France.

When [ was a first-year student at the Faculty of Mechanics and
Mathematics of the Moscow State University, the lectures on
calculus were read by the set-theoretic topologist L.A. Tumarkin,
who conscientiously retold the old classical calculus course of
French type in the Goursat version. He told us that integrals
of rational functions along an algebraic curve can be taken if
the corresponding Riemann surface is a sphere and, generally
speaking, cannot be taken if its genus is higher, and that for the
sphericity it is enough to have a sufficiently large number of
double points on the curve of a given degree (which forces the

curve to be unicursal: it is possible to draw its real points on the
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B 6 1938 44 R & k4L ( M A F & 4 3] % Simone Weil,
Charles Pisot, André Weil, Jean Dieudonné, Claude Chabauty, Charles
Ehresmann, Jean Delsarte )
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IREWRAG KPR E AT B LT . B8, AR
FEIX HL R B 10 _EABLT- 58 A AN 7] (1 40 2 1) 4 N7 R
A i, B AT R AR A R TR 4R A AT K
I3 I, AR AR LT i S R A (] AT
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O A e /R B E (Nicolas Bourbaki) 2 —+# 4 —#FEHE¥ %K
NECIERNERESL, HARMERFTZ “REdr AREHE
bSVE# 4" o £ A http://www.bourbaki.ens.fro A /K B A% 2 A
SAivth il R AE R A EHRMEENAREE, BhTHEN
A G — et AAREEAY: B, ELABRHEE, ZHEW
FEMEIEL, G, REUMHBAFAERLNESF R K. &
SN RN REEN, FEM, HAEH. AREEM
118 1935 4442 5 21 A (4% E ) (Eléments de mathématique)
W —ZPEEURRMINTIA R, XEFEIE, ALTSH.

10 3 B8y M #T Hb 2 F /R « 7t (Carl Gustav Jacob Jacobi, 1804—
1851) o 1770 F4r 8] HAEW] T WP 5 fn g 3. HAEEFATE
TH S WA BRI, Bl 31=5"+22+ 17+ 17, 1834 4,

H LI T W BB AT $2 Fody R om O R B A
R, RFBETME @SR x. A5LET EE (LTI ENE.

B7 AREEFREINER (HFRE) Z—

projective plane with one stroke of a pen).

These facts capture the imagination so much that (even given
without any proofs) they give a better and more correct idea
of modern mathematics than whole volumes of the Bourbaki
treatise. Indeed, here we find out about the existence of a
wonderful connection between things which seem to be
completely different: on the one hand, the existence of an
explicit expression for the integrals and the topology of the
corresponding Riemann surface and, on the other hand, between
the number of double points and genus of the corresponding
Riemann surface, which also exhibits itself in the real domain as
the unicursality.

Jacobi noted, as mathematics' most fascinating property, that in
it one and the same function controls both the presentations of a
whole number as a sum of four squares and the real movement
of a pendulum.

These discoveries of connections between heterogeneous
mathematical objects can be compared with the discovery of the
connection between electricity and magnetism in physics or with
the discovery of the similarity between the east coast of America
and the west coast of Africa in geology.

The emotional significance of such discoveries for teaching is
difficult to overestimate. It is they who teach us to search and
find such wonderful phenomena of harmony of the Universe.

The de-geometrisation of mathematical education and the
divorce from physics sever these ties. For example, not only
students but also modern algebro-geometers on the whole do not
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know about the Jacobi fact mentioned here: an elliptic integral
of first kind expresses the time of motion along an elliptic phase
curve in the corresponding Hamiltonian system.

Rephrasing the famous words on the electron and atom, it can
be said that a hypocycloid is as inexhaustible as an ideal in
a polynomial ring. But teaching ideals to students who have
never seen a hypocycloid is as ridiculous as teaching addition
of fractions to children who have never cut (at least mentally) a
cake or an apple into equal parts. No wonder that the children
will prefer to add a numerator to a numerator and a denominator

to a denominator.

From my French friends I heard that the tendency towards super-
abstract generalizations is their traditional national trait. I do not
entirely disagree that this might be a question of a hereditary
disease, but I would like to underline the fact that I borrowed the

cake-and-apple example from Poincaré.

The scheme of construction of a mathematical theory is exactly
the same as that in any other natural science. First we consider
some objects and make some observations in special cases. Then
we try and find the limits of application of our observations, look
for counter-examples which would prevent unjustified extension
of our observations onto a too wide range of events (example:
the number of partitions of consecutive odd numbers 1, 3,5, 7,9
into an odd number of natural summands gives the sequence 1, 2,
4, 8, 16, but then comes 29).

As a result we formulate the empirical discovery that we made
(for example, the Fermat's conjecture or Poincaré's conjecture)
as clearly as possible. After this there comes the difficult period

of checking the reliability of the conclusions obtained.
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At this point a special technique has been developed in
mathematics. This technique, when applied to the real world, is
sometimes useful, but can sometimes also lead to self-deception.
This technique is called modelling. When constructing a model,
the following idealisation is made: certain facts which are only
known with a certain degree of probability or with a certain
degree of accuracy, are considered to be “absolutely” correct
and are accepted as “axioms”. The sense of this “absoluteness”
lies precisely in the fact that we allow ourselves to use these

“facts” according to the rules of formal logic, in the process

declaring as “theorems” all that we can derive from them.

It is obvious that in any real-life activity it is impossible to
wholly rely on such deductions. The reason is at least that
the parameters of the studied phenomena are never known
absolutely exactly and a small change in parameters (for
example, the initial conditions of a process) can totally change
the result. Say, for this reason a reliable long-term weather
forecast is impossible and will remain impossible, no matter how
much we develop computers and devices which record initial
conditions.

In exactly the same way a small change in axioms (of which
we cannot be completely sure) is capable, generally speaking,
of leading to completely different conclusions than those that
are obtained from theorems which have been deduced from
the accepted axioms. The longer and fancier is the chain of
deductions ( “proofs” ), the less reliable is the final result.

Complex models are rarely useful (unless for those writing their
dissertations).

The mathematical technique of modelling consists of ignoring
this trouble and speaking about your deductive model in such
a way as if it coincided with reality. The fact that this path,
which is obviously incorrect from the point of view of natural
science, often leads to useful results in physics is called “the
inconceivable effectiveness of mathematics in natural sciences”

(or “the Wigner principle” ).

Here we can add a remark by I.M. Gel'fand: there exists yet
another phenomenon which is comparable in its inconceivability
with the inconceivable effectiveness of mathematics in
physics noted by Wigner - this is the equally inconceivable
ineffectiveness of mathematics in biology.

“The subtle poison of mathematical education” (in F. Klein's
words) for a physicist consists precisely in that the absolutised
model separates from the reality and is no longer compared with

it. Here is a simple example: mathematics teaches us that the
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solution of the Malthus equation dx/dt = x is uniquely defined
by the initial conditions (that is that the corresponding integral
curves in the (¢, x)-plane do not intersect each other). This
conclusion of the mathematical model bears little relevance to
the reality. A computer experiment shows that all these integral
curves have common points on the negative f-semiaxis. Indeed,
say, curves with the initial conditions x(0) = 0 and x(0) = 1
practically intersect at £ = — 10 and at £ = — 100 you cannot
fit in an atom between them. Properties of the space at such
small distances are not described at all by Euclidean geometry.
Application of the uniqueness theorem in this situation obviously
exceeds the accuracy of the model. This has to be respected in
practical application of the model, otherwise one might find
oneself faced with serious troubles.

I would like to note, however, that the same uniqueness theorem
explains why the closing stage of mooring of a ship to the
quay is carried out manually: on steering, if the velocity of
approach would have been defined as a smooth (linear) function
of the distance, the process of mooring would have required
an infinitely long period of time. An alternative is an impact
with the quay (which is damped by suitable non-ideally elastic
bodies). By the way, this problem had to be seriously confronted
on landing the first descending apparata on the Moon and Mars
and also on docking with space stations - here the uniqueness

theorem is working against us.

Unfortunately, neither such examples, nor discussing the danger
of fetishising theorems are to be met in modern mathematical
textbooks, even in the better ones. I even got the impression
that scholastic mathematicians (who have little knowledge of
physics) believe in the principal difference of the axiomatic
mathematics from modelling which is common in natural
science and which always requires the subsequent control of
deductions by an experiment.

Not even mentioning the relative character of initial axioms,
one cannot forget about the inevitability of logical mistakes
in long arguments (say, in the form of a computer breakdown
caused by cosmic rays or quantum oscillations). Every working
mathematician knows that if one does not control oneself (best
of all by examples), then after some ten pages half of all the
signs in formulae will be wrong and twos will find their way
from denominators into numerators.

The technology of combatting such errors is the same external
control by experiments or observations as in any experimental
science and it should be taught from the very beginning to all
juniors in schools.

Attempts to create “pure” deductive-axiomatic mathematics
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have led to the rejection of the scheme used in physics
(observation - model - investigation of the model - conclusions
- testing by observations) and its substitution by the scheme:
definition - theorem - proof. It is impossible to understand
an unmotivated definition but this does not stop the criminal
algebraists-axiomatisators. For example, they would readily
define the product of natural numbers by means of the long
multiplication rule. With this the commutativity of multiplication
becomes difficult to prove but it is still possible to deduce it
as a theorem from the axioms. It is then possible to force poor
students to learn this theorem and its proof (with the aim of
raising the standing of both the science and the persons teaching
it). It is obvious that such definitions and such proofs can only

harm the teaching and practical work.

It is only possible to understand the commutativity of
multiplication by counting and re-counting soldiers by ranks and
files or by calculating the area of a rectangle in the two ways.
Any attempt to do without this interference by physics and
reality into mathematics is sectarianism and isolationism which
destroy the image of mathematics as a useful human activity in
the eyes of all sensible people.

I shall open a few more such secrets (in the interest of poor
students).

The determinant of a matrix is an (oriented) volume of the
parallelepiped whose edges are its columns. If the students
are told this secret (which is carefully hidden in the purified
algebraic education), then the whole theory of determinants
becomes a clear chapter of the theory of poly-linear forms. If
determinants are defined otherwise, then any sensible person
will forever hate all the determinants, Jacobians and the implicit

function theorem.

What is a group? Algebraists teach that this is supposedly a
set with two operations that satisfy a load of easily-forgettable
axioms. This definition provokes a natural protest: why would
any sensible person need such pairs of operations? “Oh, curse
this maths” —— concludes the student (who, possibly, becomes

the Minister for Science in the future).

We get a totally different situation if we start off not with the
group but with the concept of a transformation (a one-to-one
mapping of a set onto itself) as it was historically. A collection
of transformations of a set is called a group if along with any
two transformations it contains the result of their consecutive
application and an inverse transformation along with every

transformation.

This is all the definition there is. The so-called “axioms” are
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in fact just (obvious) properties of groups of transformations.
What axiomatisators call “abstract groups” are just groups of
transformations of various sets considered up to isomorphisms
(which are one-to-one mappings preserving the operations).
As Cayley proved, there are no “more abstract” groups in the
world. So why do the algebraists keep on tormenting students
with the abstract definition?

By the way, in the 1960s I taught group theory to Moscow
schoolchildren. Avoiding all the axiomatics and staying as close
as possible to physics, in half a year I got to the Abel theorem
on the unsolvability of a general equation of degree five in
radicals (having on the way taught the pupils complex numbers,
Riemann surfaces, fundamental groups and monodromy groups
of algebraic functions). This course was later published by one
of the audience, V. Alekseev, as the book The Abel theorem in

problems.

What is a smooth manifold? In a recent American book I read
that Poincaré was not acquainted with this (introduced by
himself) notion and that the “modern” definition was only
given by Veblen in the late 1920s: a manifold is a topological
space which satisfies a long series of axioms.

For what sins must students try and find their way through all
these twists and turns? Actually, in Poincaré's Analysis Situs
there is an absolutely clear definition of a smooth manifold

which is much more useful than the “abstract” one.

A smooth k-dimensional submanifold of the Euclidean
spaceRY is its subset which in a neighbourhood of its every
point is a graph of a smooth mapping of R¥ into R ~ * (where R*
and R" % are coordinate subspaces). This is a straightforward
generalization of most common smooth curves on the plane
(say, of the circle x> + y? = 1) or curves and surfaces in the three

dimensional space.

Between smooth manifolds smooth mappings are naturally
defined. Diffeomorphisms are mappings which are smooth,
together with their inverses.

An “abstract” smooth manifold is a smooth submanifold of a
Euclidean space considered up to a diffeomorphism. There are
no “more abstract” finite-dimensional smooth manifolds in
the world (Whitney's theorem). Why do we keep on tormenting
students with the abstract definition? Would it not be better to
prove them the theorem about the explicit classification of closed
two-dimensional manifolds (surfaces)?

It is this wonderful theorem (which states, for example, that any
compact connected oriented surface is a sphere with a number
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of handles) that gives a correct impression of what modern
mathematics is and not the super-abstract generalizations of
naive submanifolds of a Euclidean space which in fact do not
give anything new and are presented as achievements by the

axiomatisators.

The theorem of classification of surfaces is a top-class
mathematical achievement, comparable with the discovery of
America or X-rays. This is a genuine discovery of mathematical
natural science and it is even difficult to say whether the fact
itself is more attributable to physics or to mathematics. In its
significance for both the applications and the development of
correct Weltanschauung it by far surpasses such “achievements”
of mathematics as the proof of Fermat's last theorem or the
proof of the fact that any sufficiently large whole number can be
represented as a sum of three prime numbers.

For the sake of publicity modern mathematicians sometimes
present such sporting achievements as the last word in their
science. Understandably this not only does not contribute to the
society's appreciation of mathematics but, on the contrary, causes
a healthy distrust of the necessity of wasting energy on (rock-
climbing-type) exercises with these exotic questions needed and

wanted by no one.

The theorem of classification of surfaces should have been
included in high school mathematics courses (probably, without
the proof) but for some reason is not included even in university
mathematics courses (from which in France, by the way, all the
geometry has been banished over the last few decades).

The return of mathematical teaching at all levels from the
scholastic chatter to presenting the important domain of
natural science is an espessially hot problem for France. I was
astonished that all the best and most important in methodical
approach mathematical books are almost unknown to students
here (and, seems to me, have not been translated into French).
Among these are Numbers and figures by Rademacher and
Toplitz, Geometry and the imagination by Hilbert and Cohn
Vossen, What is mathematics? by Courant and Robbins, How
to solve itand Mathematics and plausible reasoning by Polya,
Development of mathematics in the 19th century by F. Klein.

I remember well what a strong impression the calculus course by
Hermite (which does exist in a Russian translation!) made on me
in my school years.

Riemann surfaces appeared in it, I think, in one of the first
lectures (all the analysis was, of course, complex, as it should
be). Asymptotics of integrals were investigated by means of
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path deformations on Riemann surfaces under the motion of
branching points (nowadays, we would have called this the
Picard-Lefschetz theory; Picard, by the way, was Hermite's son-
in-law - mathematical abilities are often transferred by sons-in-
law: the dynasty Hadamard - P. Levy - L. Schwarz - U. Frisch is
yet another famous example in the Paris Academy of Sciences).

The “obsolete” course by Hermite of one hundred years ago
(probably, now thrown away from student libraries of French
universities) was much more modern than those most boring

calculus textbooks with which students are nowadays tormented.

If mathematicians do not come to their senses, then the
consumers who preserved a need in a modern, in the best
meaning of the word, mathematical theory as well as the
immunity (characteristic of any sensible person) to the useless
axiomatic chatter will in the end turn down the services of
the undereducated scholastics in both the schools and the

universities.

A teacher of mathematics, who has not got to grips with at least
some of the volumes of the course by Landau and Lifshitz, will
then become a relict like the one nowadays who does not know
the difference between an open and a closed set.
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0.0600
0.0675
0.0300
0.0675
H ”/%» E‘\IZ
Horp PR ol 0.0975
0.2025
0.1800
| 02950 |,
BB T 8 I AOOR R . R,

o T HE (A 1) X BB R

S FianE

AR Z T7 il AR A T BRI R E 1) e AR, 3R
AT (2 — /NP R I B, DR R R HL 2 — AN IXRE R
B, B AR A R R B AN T
KRAAT n=250 {LATFIH] o AR H P R ZHUNTCHRZ 0 5 sk
F, BRUEREA TP A 10 M, S, P
MaE, M4BT 10 NTeoh40E 0. AT LB R
% (power method) [ V2R BIHEFE H (1 FAS i 4k 1o

VLTSI ? PSR T Ak B O, HE %
R RS 1

IM=HI*, k=0, 1,2, ...
ANTVE AR FSAE I T s L
— R R T RSB TRAET.
FATE S A7 BiiE B4 ie .

IO 11 12 13 14 160 ]61
1 0 0 0 0.0287 0.06 0.06
0 [0.5] 025 |0.1667 | 0.0833 0.0675 0.0675
0 105 0 0 0 0.03 0.03
0 0] 05 0.25 0.1667 0.0675 0.0675
0 0 | 0.25 |0.1667 | 0.1111 0.0975 0.0975
0 0 0 0.25 0.1806 0.2025 0.2025
0 0 0 ]0.0833 | 0.0972 0.18 0.18
0 0 0 ]0.0833 | 0.3333 0.295 0.295

AR, RS A T X R, G
T AW EEE, TR A 4on R, A L
AW U B ) LU R, T A TR E M U0 B
HIPIAS o BT 3K — JRU A, JRATT AT A —AN ] a5 2% [ e LA
AW EZEEHFL, XIS MR TR G B X
FE, FRAT S A I B2 W R EAE. (popularity) [FIAIR 1,
JL DRI I R

=N EEREE

HARTTAR 2B 1) = A ) B
*FA N ERRSD? (WEZESK)E, "I )L
FR—AH)
SR T R ER TR R AKX R
CTEEEHFEETEE T RIVEENE LY
X HBITEN S, LRSS RIETEN! T
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1, FA VR W S BATIN T, A4S Gk Ja I A
JE IR AR,

Sl AR B P RN RS AN T
pZ%, Horp—AMERZE S A

@—>@ by n—| O O
- 1 0

MBI T SRR NEEA TR

7° i® 72 |if=r
1 0 0 0
0 1 o |o

FEIXA T, A B TT I P O 0, X
FEFRATT TGV 3RS0 P A 9 L2 TR) A A B PEAS L o ) e
TR P, WA M. B, ERNERTR Y, &
MG Py 3R T — SE T B, R A R 4 A AT AT
Lo IXFEREFEIS R4 b i B A7 Bk o VA A Al 42 1) 1Y
TURR k&4 (dangling nodes), @ AR7E AT 5T 1 5K
B 90 286 TR AE AR AR 22 IXRE I A0 M 5 BRAT 1K G 31 AT A 213X
FEIR R, 70 02 17 FRATT 2 75 5& — i (¥ 22 A7 5E B RSP
ol 1S .

RGIAIBEHL /e P LB 0T 5 e i, 24 3kA)
Vil — AN, — PR FATTRER LI 24 7 9 5L — A
BERRIA S — AW, B, BATIEVTH S [ MR
TPy, H ML STATUT T WP, AT
FERIM BT P; BRI 1/

HI T B TR BENLI, BATTH T, 245 B A5 M T P
EAIS e R AFRAT I TT P, e B W 5T Py (I 8] Ty ;o
R AVEE BT WP, A ATRATLARIE AR E
PTTIIR . IX KA

T=% f—
pieB

e SRR o AT B B P, (K BT P AT I
B AN T7 R e SO U PP EL I T R R, Rk 1Py =
Tio 82— P BLIR I T HE 7 B AT LA A B AL % 1) 1
FEIXAS W BRI R] o n R AR 2 o) i A AR A 2
BT A AR B, IR ARG - % R B
WG R B, AT AR, fRe AR

\Y [athematics Stories| % ¥ £ ¢

Bl # R WU IEAEET A4 RIKED D,
X 43 ) T S5 AR B A R R T

FETFIXAERE, AR E AR M vT DU SR W BT HE 7 1) = 7 1)
FrHICZ TN 1o

AR, X IR AL AEAE A W A S FRATT A B
BRECI T, (RS b, FRATH S R A B o |,
AN TR A A AT B % . N T Mg 4RSS T, TR 2
BEALHL LR N — SR TT 5 g id, FeA B Bk vy UEE
BB HAATAT— AW T IXASRORAH 2 T8 R P H Al
WRBIE < K i oA 0 A5 T 684 1n
(AL VA T 0P =S E =Ry P 1Sy EP =S e =¥
AEAET o BATRASIE G GBI R S,

BAVZ AT, I AR T

@—@ ssems<|

1

= =
W W~

Hm 2, WL P, B M P WA, AR
PV E NN T

KEFE S A —AMBEFIE SR, B L AT oo AR 5 HLAE )
HIRN N 1o #0752, S BN RE. Bl HLAE FEH A — L8R
AT Bt BRSO A7 A PR =

KT HIGION A, A1 E S 2k HE A4
FPEIES B SUHERE A QR ¢ SR TR EE T A 1)
ANTCEIHN Un, HRH%ITCHI 0. W S =H+A.

R AR SEEL?

L A= 0 7 i s 50 A REZEP S K =Ry N L 1
(L IREAE )t e SRR S, FRATE I HRHBE S XN T4
TEAE 1 R IR i T S B B SR A IS T o 7RI
JEF, CAFFE R ZERME AN T 1 s e v, 5ERES 1
FUERHEEARIIAL 2] < 1o
FAVEE KEFE S (WARFAEME Y 4, H.
1=2>| 2 23] =2 - =

nls

XSHIFE S, ARBOR N TAHRFAEAE A; HORFAE ) B A7 AE — Nk ) 1
Vo KX BBAE DL R IFAN R BT, B R T AT
LA By FH AT 5 2% 5 BEAR v o] S B e KD AR 1 ek 10
AN

1 0=c1v1+c2v2+---+c,,v,,.
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M2 BE SRR UWTT

I'=SI%=c\v,+ ¢y dyvy +oot ey Ay,

I2=S1'=c v, + ¢y Jovy +t ¢, A2v,,

T'=STF =¢ v+ ¢y Mbvy +oet ¢, My,

M j>2 Wk, B BTAT AR A el T 1, DRI 2
— 0. ML= T=cvy, Ja# XN TR 1 AN
i 1 6 @

FRAR MR, T~ Tl | n B0E . 24 | n LE
BBET O, Mad—oamMyth, #lin, #ErFR EXMEER, EESH

paEli
0000 1
g_| 065 035 - 10000
“| 035 065 01000
00100
00010
TXANKE S (R AR N =1 Je 1,=0.3. N AEn] LLE
FHLLAhRAC 1) & 15 W83 FH G (o bsad 1 PR ) & 1.
WA FRATT AT LA 2
1LO& 105 70 Iz 72 I 74 IE
1 0 0 0 0 1
0 1 0 0 0 0
05 05 0 0 1 0 0 0
0 0 0 1 0 0
0 0 0 0 1 0
0.5 0.5 XML, 1B RS T AR, XA
VER B S (28 ZAVFREMEW AL |4, = 1, U ardmEyk
FI TP AT 0T .
2% TR AR P KT RE Ay < 1, FRATFGEHERE S AAJR (primitive)
Wi, XEWAE, WA m, S" AT TN IE. 52,
g—| 085 0.5 P ENA WL, B NG — N T2 ad m ANESL 5 AT DL
0.15 0.85 FEE AW, BAR, ik E S RIX AN T RN L XA

FAFo FiJm, BATEE BWTE IEARE S LISkEG — DA
FURFIEAE N A=1 ] 2,=0.7. W ERIATRTLUAE W, ARG BEHUAERE, AIAL |25 < 1.

o B T WS T Re e TR JE BERAR %, R T AT 0 AT AN M e B R TR
TR BOR . ) T 7% [ T 2%

ARz B

fE R VHEH, BATECEHFE S # L0 L 411 2,=1
F Ay < 1o BRI, FATATRES KB, X RUIFA R HAL,
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FESLBH, HIFES Oy

00 0 0 0 01/3 0
1/2 0 1/2 1/3 0 0 0 0
/20 0 0 0 0 0 0

| 01 0 0 0 0 0 0
0 0 1/21/3 0 0 1/2 0
0 0 0 1/31/30 0 1/2
00 0 0 1/30 0 1/2
L oo 0o o w3112 0 |

0
0
0
Hopopgarityr=| O
0.12
0.24
0.24
| 04 |

FERCEURTDUAS Y G SUHERAAE32 O 00 SR ALBAT TS
KRS+ B BUIHAT SLE M BRI T, BAREAAEK
KL I Rk, FRATIA BT I T A 2
NIE. A7 BT, Eas Tk, HNE
i T RERE ) o

(3)

1

Goe‘ ()X

FERATTHES, A BERIE AN RS (T HE, (H B
eRHMI . IEWHTA T oG TR AU 1R, IR Y
BT A “CEEEERM”, AR DY TR A < HE
BZANOKME " o XA IS EAEREEE S DRI 2 (reducible)
s R, ATRUE R

=2

SEhr b, AT LAIEW] - GURFERE S Awrgy, W--E
AEAE N IAT JC 0 T (R P RG )

XA, ARG TP, @A 4
B 2 ) P D B A A AT Pl AAEE — AN P B3 0 58 A 9
VU, IS AFRIXAS 45 & 580E T [ (strongly connected). 24K,
T R PRSI AN G AN AL TR P o T SR D ) 28 6 TV )
FERE S JEAATLI .

athematics Stories| %k % 4 ¢

{52, FbES BN, REWEEA PR
[ f e SR, FATRINIE T2 S WAL () AL, I 4] < 15
(b) ANTZy, AT RS ] R BT A IE

Ria—MEIE

TG BN AL AT LR R, AR & IE AL
MU T e i EATRE, FRATT I R BBk A A 2 P
WE « B AT R UL R R R A, O AR
BT ATART 22 1 9 T, st AL s I G At 9 00 P AT R
HTMHAELE, HAEE AT 031 ZHSH .
SR BT RERLBE e 1) 5 s AR AR . B, SR R0 I 1)
77 Bk IR R o, T BEATL 8 B T — > 1 () 6
1—-a.

FACHTA G 1R nXn SR 3, B3R ATTs Al LA
PRI HBE (Google matrix) :

G=aS+(1—Oc)lJ
n

R G NBHUEEE, DU ERBINUERE A . i
1M, FE B G P A TR IE, I G AR S HAN T2, AT,
G fA7EME— 1 PRG I & 1, 5 & W] Ol Rk A

SR a ERE AN EENRE, FHa=1, WG=S.
XA BATTTHRS R 2 S A6 1) W) 4 B B 45 48 o SR TTT, 45 = 0,
WG = 1/nJo HLRIFRATTEDF R —ME RSB 5T Z [ # AT
ERMMG, COZWR T RGN M AR . AR, K
T 2AT o AT T 1, AT DRALE ) 2% 1 B 45 A4 7
TP IIRER K.

SR, AT S O, T SIOR E
HI S AR AR (K0 2L ol BROE K TS AR AR, SRk
W TSR AMRPIEE I RAEL A o] = o0 IXRORAT 24 a0 11,
WAL B SRS AE R IXA PG5, T
PP EREAIPE N F R G « AWMRANH L « AT IEFE 0=0.85.

HEHIFEE I

FIH AL, BATPTIHE AR MR ELE,
SR ELFIE, BT ZAR XA TE N B — YK n £ 0%
250 {41 nXn FERE L i b, AR RE T X RS T .
FIAEBEHLALEE S AT LS i R id e
S=H+A.

M A S AT R
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G=oH+aA ]

Horp JoouE A 1R, N

Gﬂ:aHﬂ+aAﬂligHﬂ

SR ey I El N BOE PN v i P I S ST =
— 3 R 10 AN TR AEE . T, sk HIF (R4 T,
ST ERE 10 ANIRPv] . i, AEERE T —FF, AT
ITTCEMRMFE . AT, K AL 5 J1E RS T3 g
B T Y DL T PR T R AR — ] 58

oo U T T 0.85, A ARAIf AT 48, 55 250 F
100 A IRAFAS )& 1 1) —AS 2 U il o5 303X
AT LR A e 56 1o

MR, MR, e, MU N g, JoIt
W N, AR HIR, W2 I K R 45 A 1 T
B DN SR I B3 It BEAR N AS By . AR U, A8 EOK
29 1A B E R T o 1. i e A
LA B TUHE A 2 — N N30, — S8 AR ILRR
JA i EES (Google Dance) o

ATHRAR AT 75 1998 EUAE T 438K, IR M 45 39 K0
o2 IR RS AR VEH . IS K2
PR A5 % 5 | RS e L S 6 8 YR A A 7 i 3 AR AT R Al
WK o AER AT R, ATMA AT 7 22 “ HEBh AR
QU 2 R AR 52, MATESEAE, KHiER
FIEEGIN NI AR RIAEE, RSO R 5%
vt Fk, AR RS A S EdE e
SHARVPFILAAR 2 85 B Bk, BEHBBUR il 3k
PRV — g B, g FRER AL

A 1 A A o 5% 1100 5 4 R HEAT I D PR 1
FE e A —HE M2 HITS 5k, tige il « s SRS
(Jon Kleinberg) #&tH, T2 Teoma 82 51 S [ KL fili. =5k
Ly MR R R TR R TR R
iR, XA L B AT B AT A NS B AR SRk
(Googleopoly).

JRSCHERE

http://www.ams.org/samplings/feature-column/fcarc-pagerank

—_

. Michael Berry, Murray Browne, Understanding Search

Engines: Mathematical Modeling and Text Retrieval.
Second Edition, SIAM, Philadelphia. 2005.

. Sergey Brin, Lawrence Page, The antaomy of a large-scale

hypertextual Web search engine, Computer Networks and
ISDN Systems, 33: 107-17, 1998. Also available online at
http://infolab.stanford.edu/pub/papers/google.pdf

. Kurt Bryan, Tanya Leise, The $25,000,000,000 eigenvector.

The linear algebra behind Google. SIAM Review, 48 (3),
569-81. 2006. Also avaiable at
http://www.rose-hulman.edu/~bryan/google.html

. Google Corporate Information: Technology.

. Haveliwala, Kamvar, The second eigenvalue of the Google

matrix.

. Amy Langville, Carl Meyer, Google's PageRank and

Beyond: The Science of Search Engine Rankings. Princeton
University Press, 2006. This is an informative, accessible
book, written in an engaging style. Besides providing the
relevant mathematical background and details of PageRank
and its implementation (as well as Kleinberg's HITS
algorithm), this book contains many interesting "Asides"
that give trivia illuminating the context of search engine

design.
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=z http://weibo.com/wildmath

2 — A8 R A T AT I AT A 0 R, P T LS T AR G TS L B i T K Y L B e
A U] T 0BT FE K AT AR, EUT A B A A % iR 2R A
Fo e MNT A Z IS LE g R A B S, T L EC
P s 1R A TN L TR, T L 2 g o E G T RS
B 09 A BE KB W ECR KT I X R AR A T A, 7T A AT A R
1y 2 2 Fe 1709 L0 R

1Y/4
N

B 5T SRR A R SEIK B 2% o [ R )R
—H RS, EREAT O R, AT
T HLARE L 7 R gh A A A 4 98 4% B (Enigma)
L RGIALTT o TTPCERCE E RN K TR HR R
WiFE (Marian Rejewski) 2 {3 ( Jerzy Rozyck)
RN /R i3 (Henryk Zygalski) X A3 SR 3 i
W R DR TTER,  HIEART NG

[l 8 2 0 IR A% A O T A 4 et 2
HISUAIE S e (AR ED B, 3R N 1 75 5 1)
HEI . BUAZKVEZED 1 28 AL . U0 n
WA A R e T BER S B A 1) BE
WS BG5S RN — 477
“ehdxwb”, W 2058 AL AL (beauty) !

W Z 0B F AR KA (1905-1980, & ) FAEH(
1909-1942, ) Fedzha /R Bk (1907-1978, £ ) ) 98 N LR Lk ARG we e, [ 5 [

eI/ BTN T
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Z 18], AMERVF AR . — AR, 1 O
fr O B E I BETEAT, AR 2 ek . ¥ H
I BOE A, 2T s L, 247
figp 0 — RO BB o )R RN I T BRI B
A — N RERE IR, 1ML, RRRANRIL
v

AR 152 22 A5 85 R OV RN, 7 00 A 32 i i 40
S, AR G IENUES RS =R
RIS, anf it AR AR RE R, A
HLAE A AR R I B2 oK R R . X & %
ST TR (e €1 PN B S DN - il
g BEw . A, EEHREEX TS .

T RRIVUF A AL T XU AR 2
FEFE N R LU #EERR . i, WA
YR VF 22 1) 25 3T 4818 [ 21 i 22 /0 3
W, MR AR R A T
ko ARG I RO S E LS S, T
FEEOR B B HB0E S il L T
Z A, 8T ORI R K G S R R
i1 L EAG O T

il |5 N AE A I SIABA R A T 5% 11 B A
HONENL, BFESRR THEEDE 516
(i, AR R AR A T Sk FEE A
h T B AE R AR TR, R
— AT R, TR R S AR e 2 e Y My 4 0 SEAS T e AL
PE S RIEPIR FRIRLRE X —4l
PRI, HIE R 4 ] BF AR 2 ORISR S 1) T I T S T I

U BRI s S0, Al I IS =P BRI R T IR, XK
BUERNAT o B NIYZEIE, B XTI A s IS, I8 FIHESURER S0 B S s 35 ML
Rl AR PR RTEE R SEH T ACACRRRE T 10 7. MEREAEL T %Y
M =A7hE, I8 T PECAECAR P EIERFAL.

TR, SR SE AU SRR, DO HERTCYE I 1 ALACAM I R L
BV . TR I AL B ERHRA UL KGR, RO AT A 10 J5Mik b 8 4.
AR R R SR B, (R E) 80 4 A5 R, mUAEAh W P AL E, I
I R RTRR A o XA 2 e K B ) 7 i
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Bk Beurling

B R AR F IR AR

A RNATT SR THE RS DA% 3 (K 2 55 0 AE R 5 b, EISRE — AN
P R 2 B I o P SRBB PSR I () JAt I £ 40 SRAX,  IMTEIXZ BT (1) 1932-
1938 £F, P EARCMOIF TG, SMbEEAR N, HERHEAZIE  FHR M
B E RGP RGN, 2 AR A SO R B s B

R IR FT E MO A, T B g A UM SO A T I AR A X
Mo DACK 5 0 S T, ERRRZEA WA AR B2, AR
PEE R AR, BB K AIE AR, AIFAE AP M. AR
SEAMELLIS, S e AR B SR DAL e T R GO R R i D Se A

I TR R A A Y
Enigma %& & & 4% [f] G-Schreiber % i, {H
M 2 K05 T, A0 B ) S I B0 KT
Mo MRRDINE A R EAENLES R WL, A
SET LA R, HERK S B
LI PSR ES R TR DT 0
AT 2D A A% B i L
ERA PRI (Arne Beurling) o

il V8 7 i I S A R 1 B R AR, )
B EEAR . B Y SR AN &
B, (H AR 0 O I B B R AT Bk
P B B R . Ak, AT RN LA
“ LR FNACHE A A I B i G-Schreiber
W, R E AT ? 7 Aokt s i AN
I HCE R IR (1905-1986) HI ) WA BE AT 2 H8 85 7 CBe i AR ?
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WAVF I KRG B 1% G-Schreiber 2 11847 VF £ &
E AR . I SRR &2 5 A R R B D1k
© W A7VKT Peter Duren {30 £, BRI B A - B4R
PRt AR R T IRRESS R, RN AR . Duren Wk
o, R ECEERR. TR EET - HBURMIULE T
Duren [ 3k !

g ST BRI R, EIE T 0 S0 1929
AR, O] T S HT 3 4410 Denjoy F 4. E IR
sl BURMERA L B R E T S e
L OBEUERE T, KRR R T 6 KR
DR S HUERITR RN (Lars Ahlfors) 56K % T I
Ol ML T 1936 4EEREE.

£ B FFHEALEN (1897-1965)

N G030 B IR MRS A% 1) B g R B T MR IR 28
B, AN B R AR A DRI Sy 3k =R B JR A 0 e A AR
AL S HH 0 5 S R AT T, AW AT SR — B LW
R, EREBBRAE R 5K, KT, BURK
B JRAR T FE B R AR TR, A N— SR R R BT
kIR R

BRI G RE 8, TR A RO RE— AW AR (1 A
2 A LREO TR IS RN Bk TR g 1
T IR A BRI, SAMIRA LB AL S5 2 AT
Bl 7R AR 0T T LA R 2R 25827 AR 1936 4F 1 416 S 4 i At
RIEH— JRAER G, AR ARS RN H PR, Hit
ol T IEHRER

5 ] AR I I 0 AR 25 1 SR 3 TR B SR
7 (Jesse Douglas). SATIHATEEHIE W, Sy K EALF A A (1894-1964 )
(Norbert Wiener ) S35 K4 0o W) 1K) 4 9 == A HE B
T8, MAADH . W R R
T L AT HA T T N, D B Al P SR E A R R R PO, R
e

T REKILES, ORI . HEgh 25 2 RAEPLSERL 5 HAb A A JE AN . A58 2RI E
SR AR R - eSO N ER . APEMEE A AR LI —IRE . R (F
HMIPUHED A A A RGBS, O . BT RAR SRR AR, S T LT8R M EIE A -
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K 1 U B P 298 24 N0~ B 1100 V9 N B0 v T T 2 A U R B 2K AR ?
AR A S TIRIE RIS %I, B 2R e — B R s CODEBREBKERS
5 AR o

HEFRIH, BAATHT Wb TIB/HR I 7 46 S FYF 1) e e
Io MU, UK S REBURH, s Eimm R T L L VTR
T BIRHRRGE, AR ARE b BT (O =

BB RN, R 2 EWOGR T F SR . B 2K A
P AENS W) ML . AT 5 CRIRAL,  BORMRt T I
FIBTRARTN L TR B B2, WAIEEER. BHAR
THZ bR, BRI BN B CRTE T B RS
WL AL PENSTHNE - S5, HRgr ! Mt

ANV BUE S AR AT AN A AR 5% . UL AT
REANHE, Faor Wi E D 8 8. BOIHREBORE b, Zaximy
o WO IR R BN K SRS J0 B — TR 222k, EE IR
FIFIATH T FERBRA 2L W24 - IR AHA B4

P TR RARREM . B X B R AR
R ‘ o P BT 50 AR AN % S BT AT Y
RN ? 2 G - U2 S IRAE X A AR AL — R ! POARBEFRARMK

TEM B BER 5 b, 1A
WALGVE2ALTT . PR R NI
B IRAR, AU, ffifa, AT
ORI 75 (B BT SR . m XA Zh A
P BFD 5 R IR SO IR
%o MBI 2EERIRES (Carleson) ¥
7L < 12 B I R AR B
L 4 [ IR NGl , R HT
TR 1) B M CH 2

2T 1905 4F 1 3 R K, 20 £

GAEIF R T ¥ E . A4 A

fr B fl ch — AR B R, A

EEMIEA Y B ANEIRN, M AN E G R bk RARME A U A N . Al

K6 W DAL T SR TN I, A TE

SEASTRANT G A H R AR S o WA 1 R A, BT A AN TRE I A . 1 B XA RS B,
T AR 7 AT i ST 5 T 22 DRI L (1) 7 2 A 2

IXANEAELE i B IR, XD 8 2 i 2 s s i AL ] Sl e KRR IR BR AR, AR
LRI REEA, NI DE £ B TEA TR, Al S PR RR I T P — BT Ek, %
STHK, RJERAE RN DB Z RR . MATH A 0SB IR KB, A Rel R i .
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B filF Ahlfors

W CRAE ST ORI BOR AR A5 PERENIEL, A A
CUREE R B I E T, 5 BURMAR b s b il mT
XA RIS 5 A R 4, AP AR PR AT B e ey L J LA
RIS et — s PRBES T, #0WAT A it R [
btz AL, SRR AN 2. R A
(K393 22l ] !

IRARAE S M BE IR 2 R AT 2, ] WA 2R A i 4 A
VR I8 A BT BP0 SR R K2 5O B i LU LT 1.
ST AN BRI B B AR 2GR, A R SRR [
KRB AR IR T WHIT A i —— L e i
W HE BARE, AbS T g - BARBE O Y
Big. WK

S N Bl KRR AT B AR B RO A . AT
. R e JENE R T BURAK - BUARRRIFE T R b - BT /R 30
B2 HERT RAH (1907-1996 ) PRARALAR R T, Bl RO 2 Bty AL 1 POl . (R A ST
0] MR T T 4 T T OB PR T R 7R R B D, 0 LB
HERRHE 22, K AR S b A R AR e )

BAA NG I T NP T R RR . 4t BEBC
SE R 2 0k o B IKOPR R T B Ak AR 1 ol
B EAT A0 A BRSSO A 7 S s 4 R0
LS EDALNIRE IR (e RO I% P NIIES P o3 UK (PN b4t}
N, BRI B, R AL 0 R
Y

RIS R - “ NI EE R =00, —3EIT R
F, TP TR, AITRER, AR AL ZEmAE
b ” Az B L TR P PSS B AOR D) AR
AT B T PLNAE LLA K iy e, R AT T T 3
BT BRSO o T, HoBE 2 S BE)— MARAT

HOE AT SO Loty S LB SO AR T LB
BT /R AR ST AT NFEAE R 282U “ B ik DURS”, (8
PR « Ui DURBAAZE JF, IR BARAN AN %7
KA MR B ). WETREIRA S, HELREAR B K FLNR BB A KT A b K2 A A 89
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Bl ZRAR ST G O U DURBEAN, AR . I IS5 22
5, BES VR 10 ORIl RXALHS M AR R G RAT T, 1
THAC AR IR 25 32 T AE 5 bty 210 B L, SR 5 25 31 4 22 Bl 492 (o] TR
& R ET I AR, Ae T AR E B T K,
X B R RZZ 2 B, JoPeTx v DURSIZ AL

B AR /R 2R3 B LRI B R AR T, AN I i DR %
VLT ROARVEZ Ao T BERF W AR AELE T U DURSCE 2 “ 1))
KEE T RE AL, BIESZASZATATIRAE H 7
MR, AFAE T SORII AT BEAR 24 56 i M R 5 - “ XA AL
PE, WNTE, B BA—EER, W, B

FEBRPE R G0, A7 foe 200 SO RO R 3. 2 M KK
FRIREE RIS IARYS T HRIRRE, IR 2

NEE N FEXEHE (1802-1885)

SRR TR E ORI ST T (T e K. AR R
ERSRRIRTT, ASLLZRIRAEZ S W FORSAT, MU T A0 5 FUE ) (2S00, A, A4 T k.

LEHVE S0 R, DRI AR AR S . BTRREITAEAY 21 % 54T K Denjoy FiAH, ‘& R THFAE
ALK LTS, R AR KA T . B BRI 2 ALK - ST I & T Vb A5 R
IRSERLE G, 2Rt — B84 T Mellin. Lindelof. Nevanlinna A2 2Pl KT, 22 ARAL K IE4 AN

KL — KA Mittag—Leftler

B PZ RIE - F R (1846-1927)

I TS g Y o B 2 AT S R DU (Abel) R, W)
RIS, 27 T N JERRIECA B, A3 ABA
AU UURY R KBS - SERBI DR . NS4 -1,
JURIEA RN, AESE e AR AR B I =R 1R 4
AL AT BRI ME— S PF RS « BT E RN, B o =4

— AR AT IROK B - ST L RN OG22
B2 e BBt 4% /R K% (Charles Hermite)o  {H 12 R KR 1755 Hs
FWEXALFRAT - “OREES T 1 AR A B BT, AR ATk,
EWr B KR T (Karl Weierstrass) [P URTE 2 FRAT T A
NBRIB Y NATT 8 B e ANARAR, (R IE B B 0 OB A,
UG RE IR S, IR AEEE ..

FEBIRRRE R R, BRI R A QR T 80 o de e A
LR e, PROKRE A FE R AR E S A 2R, FHR L
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ELRE UL, Be O B K e T A ) R AR BE N 3K (Henri
Poincar¢) w5 IXAPEHT H O - ARATERIE Bifl 2 2 424 5!
ARG FEAG AN S, TR AN IS L5 06 7 vt P i 8
T T INA I A% HEL T Y OR !

FE BRI B IR AL, e I BB O LY o T
FE LRI N E, BOF I B GOR I. ELBE 5K
PRORAKS Do AE IR, BRI < AR, JRAT
RANNTAEEN 7. RAEFUEECA N TN E =, R H
TSI LI R S HE PP - CEHf, FBRAR R =T

FEHF TR RS (1822-1901)

A

ELEAT LUELOE L IR ZOR A, AARAT LU AR WL K I B R ke . —
OVFEBFTURRHT R BORIKBS - SRR My, 20T N T BRI, kA AR
BRI LA TR T RS 5 KRR R K
6, RS T R S EARAT RO R KA, UL S IR AR L IR A

P A2 VSRR, U LR S R T
15336, WHNBRMEAMREDRERGE. SO ZBMIRIT | g pasonssdin
BEIUBARAS . BLT RS BB 0BT RO LSS P R K YS - K. @ (1815-1897)
S, R ARORBFO S L ISR, 96516 SO AENT T Acta Mathematica 24 7F

W Hi %] Phragmén

W BR T ORISR SCHEAA AR L G | B 3R R
KR A G )8, DU P 2 AR 0 B K ke b T A R
IR, S TR PR IROK IS - SRR A A I . TE AR B
Acta Mathematica H &0, HAEHERREV R 2R1iT, 4404 o
#6177 (Lars Phragmén) [/Nf, HIEH 7 & H @8 E
T ) 7

FLE S, R K E R T, R R AR A,
R E G R FBT I, A Z R A A TR
20 i I R IR OK R B Z 8 T M B N 3, AR

2 t';:t WAL TS K B R . B LR AR LR ST, b
Rt A C PR IS SR L. B E & DS HE I BT IR, K IH
P R BT (1863-1937) BRI T IR .
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KA - RN RA X b, B BUT X
S BOR PRI T E 1 60 KA. e I3 A TE T A L
T 2500 SEWIRR A, HIME AR TR A, HELF IS SO Ak
SUHITR . BITHBUR, i SCAVBERN 160 TR 270 0T
DI ST T AR 11 2500 5 B EHEE 2

M S 2 ) 2500 SR, AEPEINR A IARTERA T —4F,
BUEDEE T RDR e SEARMER A, A e B i ) U 45 e 3 1)
R, LA, RRAETEMRIN T I F PR BB T HE.
TAE, RPN K, AMUER A Z3ER 2GR,
/MR ANTE B R R T

PEINEAIE R (R e i B idk, &b hE T HEH
B o (U NSEENT A SO T 73 70 93 1) 6 B B —— IR
Hid, BAEKIE S R, KL T A CRECARA I
PRI XA BERZPIFIR R "I =R B MA R, JEkS

A5 2R A T MO IRZK) Phragmén-Lindelof R 2

FEHF R EmE (1854-1912)

HHERA Rl ( £2), ET~HHER, HFHE, £2F
FEF LT FAR, ARBAERBEIES L BRRAAF

AR EHFHARAL

R e ] 2

SRR M 2K =7 3 ok 31 f7
B AR R B OK B - 2R W),
TEAETT R i 0 B 22 o o
P T AR 2 390 18] 39t T 43 8
B AT B Al 1) Bee 1), B2
A G . BUIXRE, Pl -
E Rt/ SR VA & S P
1398 SO FE T B A T s e
B bRk TR R AR G,
ik NSRS A Ol TR
KR, KRR L B
AWM IR —. XA
W Gl T RIS .
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AR, T BB HMNTENE KA A
F AR R LR SR U L ) LA e 506 7 g, AT AR I L
Joth 2 P B SRR LloE SRR . SR, EESE) o R
A, Rl e T EoRT A ATTRER N,
VRG2S LA R AR

YIS B E R

AN AR, N FESE[E IBM Thomas J. Watson
Research Center T-AE (138 2% Hi ARV H B AU AR o 24k
% (Bernoit B. Mandelbrot, 1924-2010) #ist 7“3 [H ()3 7
LA 2K AT AR R, A TAE A
AL, MJLKRBNLT K — L i Hh B s i 200 s K
KAGERAT, WA RS, AR 28K S DR )
P BOLSEARE SR s 20, W Bk, Waavb
BRI AR  Jio, TR N R R

PEME, 793 R 2 B KRR Dk, KA
RIS RPETE R B X 88 FE— AP LIS .
R, S LIRS EAN U, AR 51k T “ o)
YT BPRES, G T A REMN I o T T U iR
SEPGMBET L, QIET fractal —i. i 7 O,
76 1975 A2 11— R b, Al /e 5 AR 2 R AR BT T L
TR T 0, BB AN TEA fractus (AL, HO
N (12 ] 2 frangere (77 A TR W 7)o At Hy EIEAR
B LA A [ 1] #1192 32 44 1] fraction (“A3407. “F#i4") K
fragment (“H4 577D, M “IEIRARZEN” —ANH7iA] fractal, T
TEABLART, Al — B H 98 ST fractional SR 7R AL I 73 %
AR X, DB R T i Sk, L2 R, JHR
HH fractal AR F AR b AR ZE B L BAS TUART 27 A fig Z1 i
BRI N I “IELTETE” LB . 3X A8
MUEA IR A, JEN T SR 5 (05 S g, kK i ).
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B A% 289k F (19242010 )

1967 4F, 2B PIERE (Fl¥) & ERETHH
N (R E R R LA 2K ) R AR B R S,
FIR T 50 TR T AR . 1977 4, A AR AR AR T B4
L FEAFE “Les objets fractals: forme, hasard et dimension”, Jf:
TR AL 32 11 i T 930 “PFractals: Form, Chance and
Dimension” (WA (7378 TR, HLUEFILEED), F “The
Fractal Geometry of Nature” (HIEAS (X HEARIM D TE LT o
fHE, D3RG TR, AR S ) S . B ¢
VEZHRERMIEF, 2K X AR R R A3
ARFNATHIEN, HH) 1982 AL AT HIE kG,
A Z BIRFAL T2 00, IFREIE T “ o B, it
TG RB T TIR “3 T2 L K47

SHPE T 2010 47 10 H 14 HFFH, AR ERE R
B A AR Sterling VFRE 8% 1BM 4K BE 1. 1993 45
ROR KA ARG 9 [ [ KRR B 1

YLADACATER, 0T JUA 27 Ry I sl AN [ £ R i A
[FIRERATAHRINE . AL T 23 T 1) AL vy DB 380 g L K2 K
Niels F. H. von Koch (1870-1924) A=A TEH“ & " K,
TE T RR P TR U R AR AN T ) T /N RO JZ ICAE
LN, Te KRR NI 78755

sz, AT 50T JUAT 1 g s AR IR W] AAT: 17 28 9
AR —FE 2. “RILE — AR E LB D] T X0
P hpix g, B 13 ] (L) i —ipidalE .
AR, BT vert TS IR T

B2 bwe (22) Fu—iasn !l

X — S R (AT g ), e T
AT (1250 24,7 2008 4F, 24 _RilgAgiE K
SR RARHE N F MR 2 B TR & . At
PGS, “ImE B L, AR48—/> Mandelbrot 43 2 5 !
P P20 R SGX RO, DR AR AR T, R
MBS A7 FHEERM T B W50, B
ST AT, WIS A TR RS

TR B e, g5 A T LA 5 5 v B ) T R
BTN 42 BT 10 e B T 01, Aot o ERRSA AR
KR FAT R E B B L 0 AT fhZR ST
HS N T4 BT s, JFRE T kg NS4
FRARE B . ik B R W R SR AT RS — A AR A 2
A, AR DY R 2 IR AR Be L

UL T 3 AR SO 80, B T LA 6 H 1 4R R A A
AR N AR w5 ? X BURPEAS I R T - T
REEFN 3T M54

TRRE%

IR EIE —FEL IS RO Rk, MR
AL, EAEF R AR BARR 4 BAT S KA K
AR IR G AT Wi K 2 R 2 e by SR, RIS
& T RFID MRS IE T T AR o b - BUAIE IR T = AR
R, RBIBOIIE N, DT  EHER AR MR,
1M H NG I H K, R TR R 73 TE A b
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T, PRI AT LLTE [FRE T AR A B o 45 A0 R R 2 1R
K, M HAE e AR 2 4% R 4 IR IS AR AR LA AN [R] A X
Wz,

O R S BE A BT 1% 53 T FE T B AR 778 1957 483 th
LT o Bt H 3 B R B DR 2 - TR R #9% Raymond
DuHamel F12%% 2= Dwight Isbell $i& t 1 X6 £ 01 B %1 Clog
periodic array). 7 K £k MR 51 5 4% 48 R 46 e A1) v A B,
A Z s sire e, T TRt 57 1 18, T R
FHBE /N W Sale A AT B8 D R PR~ F i B 2, T S BARG R E 1Bev
W, SF5F. PRI o) JERE SR 2642 FEHE (Cantor) HEFE
BRI R R b (Weierstrass) 2R PERES, Hur% H T
MRE (183D,

B3 5HHEF K&

T TB SR R B AR AL PR A Rk A 40 T 1988
A, R UK 2% ##% Nathan Cohen #5882 H, {HAHIGIH
FARWILHN T 1995 A4 —IER KR, — LR 2
EREINH 4.

B4 —RAMRGHTERE

B s AR (o) RE&

LG REA L, 5B R B T R4 /N KTy Ak A
—A&Z b, A AR, Bl s Ay ORI AR ke
INZLAES e H AN 58, BAT B INBCRe R AN 75 ZEARS M) T
£ BB R R 2 2 o B UG P B ok il B A T A 4%
PR IABIBHBTICHL, 34 n] AR Ak H B 1 VF R BRI R G I R
S, PRE, SEF BRI R nT LA UHF (862-928
MHz) #545 [ 76 2638 15 % 4% ' fl GSM+DCS  (900MHz Fl
1800MHz) XU 5)) K 28 22 4t P 49 B i N . H AN
WF5Y e fE GSM (900MHz). PCS (1900MHz). W4’
ok R4 (2.4GH2) S5 07 Mo AT LLAEAN AT Cln
cellular phone W55 g ) FIILABIC LR )ik % (nJoZk )
I ) laptop RFZEICASHIIN TR R 28 R 40) i RIN L,
R AL RERAMEMEFREIE RS . HUrEkK, W
TG — BRI AT (I AT (5 5 2 W A BT BE
SEELAFIME, 53 TR LR VT S o KA 75 N1

Pl =
B 6 THAMAH &SR L
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IR, NI ARG TS M U X e ) T R
MTHWASTE BEEFA T CanlEl 5 Fios), DA A v
JIRTLAMZHE . 85 b, BRT—Yiere sl i, R Btk o

PioE, Brin B K KA TEM B (Metamaterials)
HUH AR TEA B HE 1 (1) R e T 7 03 7% 18 B4 SOt A I 23 T2 )L
kg (B 6).

2011 fEIRAIRIE U, B o TG HIR 28 A i B8 AT
ASTEREEAT USSR A, R AT DAL gt ix dt
RN SEIAL TR (B 7).

B 7 B 2 5 M 6l T AR i R e s A P

IEBRR

53 TG LR 38 B IR A AR RN 23 TR R et —FE 1. BE
ek, TR AEAT PR AR T AR A 3RS 0 B il 2 DL IR £&
AT R, i DU AE AT B PR AR A A TE R 5 14 b i LA
BE LA i A

WFFUR L, LA G 1 L2 25 b HE 0 43 U 10 (0 A S ol
A3 A SRR T 5 RT LA RO e LA v i 1 8 o,
i P PR 285 5 AL L T ROt R v, TR A8
iRyt EE . B9 RN AR BRI — Ay
TEHRA SRR B 10 WD TR ARSI DA,

) 8 3% Ank @ 640 B LA B AR RO S A B gk 3 B

\Y [athematics Stories| % % 2 ¢k

B9 smbanataaall B10owuERg— AP

10 IR B A A B BT FARHE) T B = g — AN b
TR EARIOMGE, N, TS T ske B 10 A2 1 S
TR LR 7720 1] 12 40 T2 e )AL

(a) (h)

A 12 5B er i —Akitai bl

I3 TE HL A4 I HI TR A e D30 P 49117 2 i 1 Pawl
Scherrer Institute 23 WA 1) 73 T A4S (supercapacitor
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o{, ultracapacitor) 1, 2 ETE 444 Hy.Power (A% DK
FINATER, AR R NI 1463 D) % kb4 . 2002
1 H 16 H, Hy.Power AIHLE F T 47 T %i I Brig 5 &
KH Domodossola 2[RI T- 2 K i1 Simplon thi -1 ([
13)0 XBl AR o BEWS, 7 B R A% S, W

A 13 B4 5% b % % 69 Hy.Power % 4 ¢ b Simplon oLy = 7]

HXWOREHEF

iR 7 LR LR 3 T Ho 2528 20 DAL SR B, 34
M Peano HHZk CHEA:F 1890 4) FlA /KfHAF (Hilbert) H
g AT 1891 4F) R, IXPF gk an el 14 iR, XK
Mh&im i s SR AR B4 LK B, AR ik
(5 n DOER K E R 2" — 27, WK E®T . 4
TR ST, I LRSI — 4k 1 #h 28 (1) Hausdorff 4E 5508 2 AN 1,
AL Y EAT TR 2 TT AR AN 7 B

T A
DT b

Ble

(a) Peano #14&%

i

Br

(b) A 7R A8 4 o 2%
B 14 F@EIE b

FARMUL, A /R AARr 22 Wi 15 Jras ok AL 1

IbCEStS

1
1/16 2116 3/16 416 1 | Ylmm

= el

2T R A

L _{J_EL.J

4-'-|3 I—— :IE"
|

1 =y 16 = ‘::_r

0,0 0,0

BRiER

FERER FRER

B 15 A R AR A4 k04 AR

B R — PR R (Lindenmayer 245, 1)
LRG0, IRTREE 2% 5) BRC A% 1 0 1,
EHE 15 TP YO IRE AR FR R I 16 T 1 H L |
%H%W%%Eﬁm4¢m{i g}@ﬁﬂﬁgw¢%
AR M TR BT H H A B kA5 771 4
»mmﬁ[i H sy 15 A O 1

T 5 LABESRHE.

o LEE e
MR REE
=Tel [ B

Y L |

R NI ¢ efic]

B 16 A L- %50 AR A RIG4 8 4

Bl 17 mR T b B RS AT BUR BT RAR 1 A 7R 1A
Rt 2k 1, T IEAR N LG SRAT A 7R A il 2 P 7] a1
18 i

B 17 T e LEp A AR, 5 k)G KIF0 A RAG4E A B
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B 19 =44 RMatkw & A

&RIE

Rz, 73T JLATAE B AR S PR A TR AR )
I8P I8 HEAT W S 5

B T RS C AR ORI A R T i 4 18 23 TE
Fli X [ 3T (R0 LR TR R M T2 Bk, AE ARSI (170
ARG R R S5 7 (1B 200, ARESREE & 21 %5 Fh 73 T 51
F R TE LTS AL

FE I WSRO K — WIS, IR RBe A
TR NIZE) (ARSI AR RUBE R 24T
LEAR A o IR RN TR 2 AN 1, PRI Ay
IRAES LA, BEIE bnT DLIZ s D Nl 1 X ke
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B 21 S 2005 4 56 [ 5= T Sy A FE s 22 ) 41 5% 3 7 45
KBE AN IE IR IER S i S B SR ZE 2K (K KL 7 52
WA IR A TG o 55— MR 2 R B ey S 2 L v
AE PRI R (8 22) WA BRI TEEEH .

B 20 Purkinje #b £ 40 fi

A 21 BRAERGAAR R

B 22 B3 2 B R P SR0  E S B A AL R
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TEP AL 2Z A, 77 HE 28 v 2% 5 3 2 L P AR
PRI L ] 254 0 A2 DAAS R I PR B8] s T AR 1) A0 HE A 1
TEA 0G5 OV A T EATRE TR e R AT 8 ) 2%
SR AN AT, R LA S ) A5 B R oy LA 4
BB IS KT SR BV EAR T A (0 7 TR 4R AE TR AR
WE, CEMILT BB I8 (fractal filter),
{4 TE 4wt (fractal coding) [WETED TEEZiHi A (fractal
image compression), 2%,

S TEAE TARER T i A 2 W SO ke im0 g o T i
LR I APk . DL ETITR R A4 e AR ], K%
TP P A B TR T S TR A AR I A
K 23 Jion, REPANMBEEA d CHAZ : 2K D (1R SR
IR 4 CRAT 2 “PTTK ). FEFRZEA U CRAT : AREF)
HVE Pl E=AU [ d CHRAT - ARES /KD X,

E
U e

U, =U, + AU

A
=>| 7 |«

B 23 AAFH LA E

BRI R C (AL VAR ) S HAFBI L RE i (AT -
B d g

A 1
C=¢ge—, J=—C(AU)
Ord 2()

o g=8.85X 107" (HAAL « Whdr/ K) E—PIAFH, &,
SEPTYCFAR AR B A B B (lan, S0 1, K
Jy 81D

WAE, — A RARSE 140 AR BT 2 R B0 1) 1
ST AT RTIRGR 5 R B T B8, e 43 54 S
FHIZ o TE U S5 e 10 TR R R A Tk =02
TREERN AT Rr s B FA T R

BT, WECE AR SR, TR M T 4R S
P B H SRR TR (B, A%, 1L
IEFI9R TE LA 22 A AR K IRT8 0 A5 1 TT R A2 3 . Ay ERTEA
AR, BEGRFABORIGEE P R RSN, AR E
F5 T JUAATSRAT R 22 .l >Rl T 1) 45 S o 92 T

Bt
F# R ¥t Maciej Ogorzalek ##% & it 7 — 6 40 5 % .
U R A AR B A B T R 3K TR R B R RRAR R T

—_

. http://en.wikipedia.org/wiki/File:God the Geometer.jpg
. http://www.fractenna.com/whats/110915.html

. H. Samavati, A. Hajimiri, A. R. Shahani,G. N. Nasserbakht, and

T. H. Lee, “Fractal capacitors,” IEEE J. of Solid-State Circuits,
33(12): 2035-2041, 1998

. R. Aparicio and A. Hajimiri, “Capacity limits and matching

properties of integrated capacitors,” IEEE J. of Solid-State
Circuits, 37(3): 384-393, 2002

. A. M. Elshurafa, A. G. Radwan, A. Emira, and K. N. Salama,

“RF MEMS fractal capacitors with high self-resonant
frequencies,” J. of Microelectromechanical Systems, 21(1): 10-
12,2012

. http://ecl.web.psi.ch/supercap/index.html#power

. F. Gassmann, R. K6tz and A. Wokaun, “Supercapacitors boost

the fuel cell car,” Europhysics News, 34: 176-180, 2003

A iR, &
YT K8 F LA Rk
#3%, IEEE Fellow,

Her ot/ B3EEAN 88



athematics Stories| %k %% &4 £

TREN OPEBCERE) W54

BRUEE AN FR A

FER (1893-1976) PR EMARTI TAE, e pk 4]
SN, ZERARIA R, MECHAE R a5 TER
HREAE. Mok H EgT GRTTPHE). CGHRHR) M (Buh
FITD = RS, kL= A CNREHR ) (41
HEY SFEA TS T 4

AT MEATFIAT S, BPEAR 1951 4F 0 — AR ali 4 4
FIZEARF (P E S 2eE) US4 . XA B AR —
AEEZNNEEST7E I T U 7E I Bl L FE R A e N O e
AN | TR N e = B N /22 SR | o 1 NG 1 7 SN
RFS LI ECER 2 . W= e —.

SR

—hJA—xE+t+_p

| fHBEERER
' Ra = PRV Tabd Dl B

HE A (1898-1951)

MR, Tk, 1898 4E 2 H 3 H LT Rg 44
kg 2R 0 2 TR I AR (R ORI
NN =R, AT, PRk, O BRI [
PEF % B AR B2 XA B L UF 22 (0 /N 2, i B ELIR
RS A AR BRI, WA &L,
1919 4777 2 TN A0 58 i S5 90 24 A R (b R i 9 K 2
Rl g 2B ) BE, ARKIRAE I Lo r m A i 2
B AERUREE MRS BREMRRS: . B K% Rifgsy
FRE BRASE RISl RE. RIUKE. ik,
JUUG K R ERAT . 1948 4E 9 J1, b N AL T Ui
TR (ALt IRE K2R3 S Sl e KR R R b

AGAF 3 (1898-1962 )

FATHBE, REBHRATEIR MBS BRI A TR
RIS PN AR, MRS R A& s % (Gl
MFRK). 194946 17 H T3 65, BEARYE LA
RV I 48 55 “ iRk aE S AL TS K00 &6 2%
BRECRIOSE M, JFriseie s, JLUEmR .

WERIT R S EWONE R S LR, T 1951 4F 10 H 9
Pl R A, &4F 54 % . BERIRB K 08 3 1L 5ty
K2R A 1 B L AR L AR, R < IRATE SR}
SRR 7. 1951 45 10 J1 21 H, AEFU s K2 #0045 K
BERTAT. (PEEAAE) SR 5 — 07 g
WEEDPO HERERGEMRERLEN . JbatiE %,
JU= AR E A o SRR R IE WSy, AL RUNiE KA
I IRBG L= 24 VAT AERtTT 4l FAT R i
B P EBCE S IR AR PEAR, AR I R IpeE
HAl i mESR”, BT EE2 1951 4 8 I AEdbmt NN
[T H—REEARR NS, HepdsE =T, R
WA AP 3 CP R BT iR e,
B s R NRRVE F ORI N7, DGR, S NI
A, MRS TR A, BRI (B 1D BEARIR
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A (PR REY B2 ST .
R ERU T B e BRI, h—
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3 AN 4D, WA CEATBUSS BEE S HE . b R R RO
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THRINES JHAE, (AR R i E R E S A
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PUEAE . EREE e E RS LT, ok
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70 FR K80 FRAMAET R AF®FMEFETA,
WL BTN L ARA K

— LR AFHETLH (1906-1996) fk. M2 F
E#—E2arxPl—A4al XLWHTR. ok FHE.
BRI ER TR, TUM, WEFREFER
KFR K TR (1868-1940 ) = %48 (1886-1964 ).,

HMUHMNREAERAAFERALHALAT,
B R T KSR & B L R K 30 e A FE R
do BES, GUBMBY LR BAEATARE, ENML
FRAEBLK, REAENLIARERAE LT EHEETT
B R R R I K F AL R AE X — AR R
& i o

Wb & T R, IR R S U R —
MARBHRAG, ZW, WL EALHRTURABHZE
Kb, M EN “FEEERAT, “HRHELE". #
BRRAEBN T NRYER (L, FEMEFZAN
WRFK), BHEL —RR—RRANWELN T

(1978) Hh¥#H, MEEHRBFWMAFEF £ LF — kit
REBIMEENEFONE ook, HULFRE, #
RTERRALERZFRNELE, BE-NMEARE, Hih
WHARTF I EHRLXELARTERAFX. BN
AALE —NF—HE, WIERERZ 02— AN
W% Z

WAEREHE, XW; P FHEE, ER; S
Wk, BH. YRE - RAEEFERBAFMERXRANS
WEH LN MAET T AFEFELREWE o, BE
M TR L ERFRXNIR X, BRERXSH)E
FE| KRB AFHBAE RN (REE—WERFNE
—AA) BEBEAFEFREV NG BRELS RIFE
W& —REAMFREE, GEMERREN K, RYH
REAKTELRE —FWZHRET, @FR LALNET
WA, REEAMKEMF DGR T L RN Ao
MAFMREFAREDERGAKRNEEARFFUFH &
B, A Esh, ERXRERGEN KRG FEELERT R
EEg, REHRT AR AR LD,

LS4 S ERRFXHHERK 100 A4 EF, TS A
SIEMRZEENES 20, XMNA RN BREE KA
FHER 0 FE, M — A AT RE A A Efwm 24
B — 4 EF, AR ERR R EAER N EARK
YA 77 R A, RAEFITAR KK AL L E
NGRS 7/ R

D ERR
FREBREEANIEL T, A TEFXEGENESF
Bk, Eamisy, S, RENHS, HHEANAE
PR N AFKBERE, Bl TENRIARRER
A, XM RKMAEE, v M ETAERGE
By ) AL BE R AR 65 AN L M By R 3 B AP ER( 1888-1959)
REBLFE, AALIRT MmN ERtEF, T
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#AiE (1891-1962)

Hit B Z7EL—ARCHHT. RERTTNLT
RERMAAANFAWALATREE. RBEA, mEHp T,
HRE—FHFR “EERA" X B G AATH X E
[RRFEA, BRALK! THERIHRBEATHFTER.

BHEBRLMWENEF 1913 £ LR S04 T RELTF
kA3 #F AR, KA 100 FRE R, HELEBATHFE
BHATARBES, KFERHMAMFILF—FHFE,
1 ¥e, EREHRSIF—HN, RiEERRF—AET
FMELFMEERFES, ARFLEEET, WULF S
NENFELERFRANBERREFENTAFIN— R,
W kR, XL FHEFRZAUNEL, FARRE
AERBNFERAE, REHHEHEGHF T E . BFF
AP FH A RRBHFE, OF, REHEEERE
EEEEAEXYTF AR E X EFHBE (John Dewey,
1859-1952) VL B3 4 % Fif okt o P ATBUE T, JEAL
FEWAT R BORE ., BERNMZHEFE, XL ANELE
WNEEEZTHRBARFTELENBEFMER, FHEH
B REIRE, ERNE —EEHEREHXNED
MR 2 —, K4 a5 It BRUE BRI 91 E (1891-1962)
Wt AR AL AENIES R, XLEFLmE
B FTAEERSFAMRE T BTN B d R EHH K
NATHS SR EFENES XN, wREZ2MEE— &P
BOREE, TS RMEIE . — AR EERERANTAA,
—ANRBRE, BF-AMERHELEAE, YR WHARKELE,

[ e

XA Sk

JUt 4 o A A R 3k U+ SR E R T ok F AR
fr R+ F,

WAEFENEME AT, FELT HE S
SRt FMN L FIEFRE LT, 2R KSR
HIANEEWELPRAE, NFW, WEET LiERTE
NFYR R, PEAF 1906 £l —HEREFHEEY
HEAMA, PEOHAEYRFET R, HE55HLEREER
AP ERAFINA L, T T A Y BRI WA
BHRET—REMBEHSH, FHAEEXNFEE ALK
FHRK, REEXNFRE, REBNSFTEA S, 45
R TEMA iR “Ehkwik” WEXRY, BE K
FEHW H—FHF, BRT KM 20 FHHAZNGTERY,
HHLT AENAIE.

VLA 1989 4F R AR, RE T Mt E A ¥
EHEAEHRECHHF  REEGTHEEGE —KE D
AR “HEZBFBAE", —KkFRK, BLEHETP
B ATHE, WATHE. AN ET, WAL —
N, BT R, AZESAT £ o7 (1903-1977)
FoH koL AR (1881-1940) WAL T, MAEH
FE—ANFE, XEAZGFEREERDLNEY, RS
TH—82. AL ERBEFRM, EEA-I AR
RE—HR. TRZAZEHEXINFANELFE TR, &R
elk—xt, BWHEERZ@EME,

PIE S AR, THM g, A E
B, e BB B — AR 20425k By LR A T S R
1908 473 WU /R b %3515 2% 7 %@ (1871-1934) Wy &,
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E#IL (1859-1916)

HFETHETS T A MR i, 2648 1990 4 3T 4
B, WA EWAXRW 7

o R R Y R 3R R R — AN AL BRI A 2P 4
BAF, ARENEXHEY T 7 EILR &6 — Aok X
A, RTHRARDZIHTF YL (1859-1916 ) X
MNREW, FEARTIEA TREWSFEHERT LS 72X
K e, ER A H T REEFT 24,
KB R AN, BEUSTYZERAWT R X—F, %
KW 4%, i R FE 7500 1889-1931 )2 F# ¥l ey ok T
HEib EHOHH K L E (1878-1958) F —FEHy 2,
FRX—AMEEAK, YET “hait s W, Z2 K
Bx E B WA A, A By X E AR
KFEx, TFHE, HERH, ZHES, wEFy, f
B (EER ) —FHEIZH K 1E3 (1898-
1982) A B —£ A, FEE, MATHBEHAN REDATF”,
BEALATN HKFEE (1901-2001) FE A, WA T
WM E R M, RS RT EE LR E R
TRIMAT RENRFE, RXBADIRFRT BRAL BN
FAWFIN, MAR-ANTUMNE “RERZFN A5
T

REBHAETAEATIONRTEA D AREATRMN, &
RAXMEZTF. HTRFRETHERX, WRARFEFEE
FEORER, REFFIUBENRE, ELETEEZZR,
MANHE R GET S RZ RN ERFRETEEE. 13
Yo, R ERRR - RIERRZERE, HFHENKES
FroFEs TR EZABRNEFRR, BHET —MAR,
REFRECHEHR LI AN B2 FR—F ¥R, =FF
MEHT IHAFRBEIREY ., X2 —IFKRRNFR,
BRHATHHRAL LR  NERAFEMERS FHE,

R I

1930 FRRXBHFRN AL EFRKE2EHRL. #HF
% 7] 4 % % (John Leighton Stuart, 1876-1962) %45k Yy #
EARE, REWE, AIRERNBEAN LA T2 —
ERMARERF AN ERAN, X—FFHMEAR—
FIHRKELT K. 7 —AZHNRTEH., £FH
b, thay TR E4 (1893-1986) #H A%, HE KFhF
AwmREREAANLFERNE, TUEETEREENRK., &
W FOH A AE (1921-2000) W FEE. FRXANAFERET
RIETREHZ ., WEZE. BHL THATHN (BRTHE
F)®PH—B#ZA “EHERZEM, BEERZFE. #
EHBAEERXLTUREART BN HEZEH., #EEN
¥ ek F i R 3 R AR 7 w R (Albert Abrahan
Michelson, 1852-1931) 5 4, 1926 SR H + ¥, fb
1932 4F itk 7 N EE T ¥ AL B EH 3%, 5 FFHK
#r 47 ( William Vermillion Houston, 1900-1968 ) % 3. 3 & %
T NEREEAFFHRALER, XRRETSEFZH
( Willis Eugene Lamb, 1913-2008 ) & FL3E 3k # /R & wy “ 2
WA, Bk TR Y S E ¥ R E S E R
EWABEHRNREERENEL —F, PEARKE L
] 2 AR T — 4

WEHRTEAFERRALNFEFRT RXWH, #
1931 FARB L | B 4F 5 BUE £+ 0, 1938 4F 7 3% [ 5
MAFFFEREITTE£EE LM KE (1910-1992) B
Ttk AR EAS (1912-1994), #1934 4 Fn 1936 4
SEIREFE L, B, 194 ETFTEHRAFELINE
T H R E 4 PR F R 55 1L ( George Eugene Uhlenbeck,
1900-1988 ) By & T2 2| + X F . 342 — 3t o 4 4y 3
RE, bEhiniEd, XAZVEFHFELTAEELR
WENTFUAZ—, EFUNRAERS A F R4 ELE D HH
— LRI, FHRNFM H — A4 7% (1914-1997), K
BV ETEZEYF, 27 RBARFARFHIELF
fr, ERBRAFPENREZR, HERERKFETYHRE
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HKEWHKLSKE, MAPENASERGFATE, Bk “ERELE” WETLH
RE—BHREAFFATIE—H, #18 “¥REW” HEAF£FERK MR
A AR ZANIAE S . 2008 55, 7E £ E £ 46 45 5 00 &) 46 & KB R4
THEEFEHARMAUMELE, oM Th T EMHERE, TZE, “57,
AEEE” XEETFE.,

IF R BENBRTEARFNEE, BTN EECERT FRAFN
AT IR AHERFR, —FRHENNER, MREXBEARRFENL, T
BUHBEAFTHER, —MPANEELREZNTEN, RYHILERA, B
At (#) SBENERNMA—HFEWRE, 20Uk, BEFLmdRH
EOCRGERZET TURR CRHERGZE,

19324, RRMAFENVEHEARGFRERMLESH, WEFHK
B EFA, MAREETE, WAL, FLEERKNEKR, RAKFE
HE IR A KA E R EA, T 1936 ££ N EH N A 2108 F KK E
W, VR, YMfn R EEE N EREN, B MEAWHNELERRKN £
B A——i% IR 4 P 3 3K 45 % % S AR (Robert Andrews Millikan, 1868-1953 ),

e TP ‘ﬂ;

T

SRR
AREREAR
AREELRER
AREEL ARG
TR FEHA D I
BAA KL
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% A% (1868-1953)

T ERR AL AT KERK AR HE
FEFE, NUE BERATRRE" WREL.

Pk kR R, REE-DANAZHEF
Fh, WERNERERELAKBAEE XA (Maria
Sklodowska-Curie, 1867-1934 ) 48k, Ay 81 57k ( Enrica
Fermi, 1901-1954 ) #y% 4 | % #3553 43 (Emilio Segre,
1905-1989 ) R4 55 Bk AA TR, thEitib 2 g s
Ho M BRI TN S, FAREREELA, E
WEmANNY, RS HE, RAERFERR, RAA
FABZ P HMEREERAMET . IMARRE25 FHRT
ot ok A TR A FE R Y T 1908-2007 ), 1933 4E,
HETERBERANT TG EFAELHEERS, #
Beth gt R T R AL VI XA R HRIT. BAEE N T
mT AR E R IR A, KA1 8 T BT A A AR ROy
ABMHANEZR, BHENHEANIERTRITTT R
BENEYEARNE -, REHRTNOTALH R LR
EAE (1911-1983) A, %55, B X @#HEE K EE
MEFEEN, ML EEAERK S ST —ERHAR,
HEFEAN, HFEEEY, FFFPH TR KL,

REBTELFARE, FAEHLRA DB, By
MR A —RBEFEHINLE (1913-1975), it
IN—B PR, FRAMABNMRERTE
RAZEHEL (1895-1953) HEWFF 4, FhiT5#
S AARK T T8 “BEXA", NEERLETEE,
1975 FHBHERE, HFEEM -4 WD REENRES

3470 (1908-2007 )

K, AN T — LI A F K (1902-1973) E
WA10%, BERERFER Y #H, sHHbFEd R, &
WA E AR, Z WY k10 B E R
BHARFEREN “WEZR", RAHERNEEZHES
ERAENINFHAAY—=T4%, BFRT. hkH
FHARKILAE (1890-1975 ), DA & ¥ %35 3 sk 3k o) o [E 7
XU HAEARYE W EZLETT AR — 3“2 AT,
EAHNZIL, *FERILEN—SAEE; GRNTHE, T
FWALHE, R E-—ANDEHO

1934 £, R — & AN CERAHEEE) Wik
FEV B XRFEFLFM, 2 EhZERHE 45 (Joseph
Terence Montgomery Needham, 1900-1995 ) #7 % “Z 77§ #1”
WA K F IR LB, T AN TR R W,
-2 NEEERARAFRBE LT FHT R L WER
ZB#HANERE LA, BHRZF TR @S, —K
BRENFTHMTARGFRAFAFRE Y ER £,
WA AR R, 7 EA Ry, HARM, #ER
MNEFdwER, 85, h®, MEF AT, BERE
R A T R AT AR R

B, REERAAL, HEFFHELNEL, BE
KFPFLEFERAFRE, FHBELRFE M, oL
CAAE AR R IR BB TS, T8y ¥ %
o XH1936 FHEKXR, #hET (E, EE, ELEAAE
2, GREAELEHZHTANERN, AUAREZIENEY
a8, HESLR LKA
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545 PEERNTFREET THEGEFNAEFESD
TALTE HWIENZ, YR TR EH 1936 £
TR ET A ERNRAER, thy ERH 40 T, AHE=
S, BB S MAREMEY, RELHER RN EZRE,
EMF— RS TG, Bl HA L, fERET
BTY+HIUA, BHEMRFT 25 £, et, A 4%
HinE e, —HEAZRE WXFLEBFAELE,

FHE|EMMAFOAAREHEARE G, T
, REBRGEATWELSFRE B, EE-I X
B (HARAMTAHS), #EEET - ARERAT
BERMEEEAFZFEERAFE, —MEHE,
—MNEfFE, KT, XHE, FEFHERE. B4, £
SLEEHKEELERE-THXEEEEF B AN
WE AR, TREHACHARATEXE20K, AXELE
LKA A Victor Hik &k & EA LN ERF R EFAR
FHEEBRRSN. HENTEDERMER LR T X6
XSS bR

-3
W=
B# X
EIRERES

Y3

WEERAFELRLWETAYER, WHELER
AW —HHEERE L AZF T EimEsz R0
( Ernest Orlando Lawrence, 1901-1958 ) Fak 3k iy JE 732 2 QX B
K ¥ % (J. Robert Oppenheimer, 1904-1967 ) iF 72 7 B 2] K %
BHTE, MEXRHEEMETHE, —MMYELRE,
FEEGRIE AT SRS E, b X ok Rk AT b 5
B REEERRERR, T ERFGT AR BEEFHAL,

BEHZEEHBHILK FHE R L LLBE N M0 TR

BR B Ik R 64 T Aol 8 A2 10 50 A 8y B = 4 76 B o7
B —trth . BREERAFN—DFEAEB LA
WETIANA, RELEMF £ —HHhREHLH . HLH
EiLETHES L FELROGRMERAZ I, ZMHENE
EEFRREMARALE T REANEALTEFEEL
FHERAFES, ELARIABELMRA LW _FARR?
H L, R G R £ EE AR I A B R0 4R I B A
AEMREER “BFELE” BWH,

RROET, Wk, HESET AR —REATHE
SRR LRI T IR B L e b B, RERTAEE
KU FE £ T W R E(E4HE (Raymond Thayer Birge,
1887-1980) M iF N, Al b E R A T o E R S A ey
FE A S AR P IR T M, REFEREET T %,
HAMAS T RERES PSR BNYER 2 FRER T, —
MARBAM, AWM ERTHER—H2 1955 F
Ak, REEATERT MR —RNFREAAL PG,

A, B mplE, ERARFHERILLAHRT
FRzEMFEMS, #ETHEENN I ARE KA,
REHEEFERERR, RERFZHMHRERBTZETTHN,
Bi#, WANFNEFOE, MREXBEE U R RN LT
Ao AERET o ML EY T AR 5] A0 K 0 e AT B AR 2 B A
EEHREL B,

KM T ZEBAF, n b K A i AR
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KE, GFEFWEF RN AU ERBES, FHENE
BRIF4#%%, TEERFAEFENEF S, ToHE. —
FE, MAFAGHMRT., xef ZREFLHI FRNE
Fh, UERD AR RE, ER, EENAERTERET A
B ATET, MEFRAMNARELFELNN, R
4 T BB D 0B 4 (Readership ), = # ¥ T8 %,
B REN A EFT o AR AEF R/ LR EA
HHHERATR/HT o

TE, REBEOMLTENIWN A —FrEKD LK
MBI XA EEF, LEMME2EFE R ASE, I
ARKEAEFRBENEEAMTA, RBE, X—KF
HERWBRKFIRFEMRER B UL FS, FEMLH
BR, REAWL LEZXTEREFERNEY, BAMEEF
FANF WA ERANT /DI E

B, FPHREEREGFERRAKKEERX
BERBIWZEEZ G, R INTEFARN, TH
EERA. BT HERIESI, THBNARAEE, B
KE BRI EAE S . FELEEA, BEERE
WEEFLZ AL, AT L3 H, UMEREZRFT
E. XM 1814 FHE £ IF W T B % E 8 284 (Napoleon
Bonaparte, 1769-1821) f it B s T & F Al & 4 5
“BRARABMAeERERNEFY " — @, TE, %
RELES, §GREERFRERLFM, FFEMN
BEIHTHESHLE.

FREERE X

1937 F R XKW ¥R, ZEEMEGEMGTF, Fih
THE ZFRE LR MR AR R
HHL, wmEEEFHFHRFHFWEE (Max Born, 1882-
1970) A REF L HME M EEE DM EF KERER, W
W—HEFFLDOAERRT HWEDEZRNTAEAL, o
BAZEREEME, 9B FHNEEEBRBFELREH BAD
(Robert R. Wilson, 1914-2000 ), fn& Kk 4 3 F & & K B #H &
( George Michael Volkoff, 1914-2000 ) Fur £ 4, % — 4 [ IF
S R R E X M AKR R, AHED K #
BE “FR-NFHNEFR, BHE-NMRIFNFLE" B
BRKWER,

BTYRENETRESE, REMELENFTRAEE 1938
FI AR WFETRAF LB ILT EHANEE LS
By EE R . Mt A X ERTRS, LR A
B, BV —F L ERREIRE, EIm IR

FARM R R 2, PRI AL LTI — 4L
TRBFNEAFAERE

RUEHE R “B-FE" B R ENR, LM
F— N EH TR Z 1938 4F i o7 AT 38 5 By X T st 4R
HEdkp-ZERBEFUHLFERFEXX AN AL, &
—EWMHBHMERFEARUR TR AR ., XAES
WM—FRREBANIRERETX, £ 8 (1907-1998)
1933 FH b Xey R, WEEAEAN “RRETEE
& A7 B % (Lise Meitner, 1878-1968 ) - [F] 4 38 2
F W12 F # ¥ (Otto Frisch, 1904-1979 ) 7 5 W45 & h 41 &
FTHRAXMT1939F 1 A 19 K&E (i) 5L, &
FaRWE T Y IE S FATH MR R T K8y
B, EXHENERY, BRAAFHNE Sty ir %
M, (EREMEN IR AR B T ke, H
PR IR, ERNERNETFRAREET AR, £
Wi R TR T B R L WA, BAMEN— A ZTALA
ABRHHENRLERSAAT . ¥HEAASERINEYE S
J& B ( Pierre Curie, 1859-1906) % 4 3 /£ ¥ #] 2 W b 152 &
ERAREBEHEERAL, A=A UEFRARFREGRE
HEFEHHT ., YRBEXALAERA, BAMHARS
WIARE, o, WA UEREER Y FEN LS, BX
ot 2 5 Bt 3t B B R A B AU

REHENETHR TERZHOHLSIIOEE, BhE
M—BEREHTEEE, XEh—FWAE, £FFL—K
EA T 1993 F HAE M P CHE, FEAMMESE —ANF AN
BEFN N TEER. HPEEX, WHERL. THRE.
TAME, hEEET = FEMT A 2R ¥ 1951
FE RN FERFHR . BNUFRXEHHE (Glean Seaborg,
1912-1999 ) 1990 453X B4 2 fh 3 W 09 & 3% ¢ Al — K
BB AT, EAEERANDENANALH2 —, 2@
A ZRZ B, BRI BEfRG, WAL HERE
e R 5516 S Y TEL i ok S B B R DR By R BR . ASEERY
WE, EARBERME S, XA EFLMEN B RAEM—
EREAE TR T2 EN.

EHTEAT BT A WAL, X @R
B H—RELBTHERFRK “RBRRE”, @E#
72 B ] 4 ST AR RO I A M AR B T
AR, XKILARER ER BRI A AR ETX LI
SR, APELRNRERT T MRE, €34T B48H
HELE, ERmETRERE, MNET HDHELL. 1940
FxRAAREE—AEH Y LR KA XE M
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FEm (HEFL) L. ALUSRXHEENNEFE, T o
AEDOWHNHRBEME A CRALRETRNF L%
X EWANL T

REETNFAE (WEIFL) T, FLEZRHERE
WA R R K. SEEMNKFERSER 3R T HTH
B, —AMNXTRFREENEREAETREEERKRERSE
ik Ef s —EF “RZEF @R 7 TR, X@EL
ABBRIRERFNATEEERBROHZR LT KA
Fro Rk, —MNFEA, —MNoERYEER, KT R
LB —BUR TR R — LR

HEES

MHERFAM LR XEAFHLAEMM, REHT
AT E AT A N R AR S b R R
EE, REENKILEENERLERA BT, WkHEE
BXMEX LG AMERL, ABMAETELNE BREDF,
RAEER" TREFENFEAS AL, BRI, HH T
MHEE LTt o EFNNL, AFOARRERNE
%z . @4 (Johann Wolfgang von Goethe, 1749-1832)
EF KA (1892-1978) Frig ey (b FH R M) + &
NF R WELBR#E, WAL LARA? MEEWK
KIEA % D AGAG T A BN AR AR 2
W EE, AR R 2 B S 2 s S A
ARG ERTEZ R, BXMAETAFENEZEE
EABEFIRB TN E SRR, FE—H M 1936 FE
BHAEWME R NEEE —REMREENS L MNE (F
BT A )

At
e R L AR, Mt E, RSt

WR SN FAR, iR FRR G F RS, &K
BB, MERAMNELEGE, P EAZEZ %, MFEE,
JLBFE, HAZI, BEERF ., @RI, ZBRHTA
ATZiE, LAEYHRFZiE, ARFHRSL, mEBEw
Hh, ETRET—#, (WAH A, TAKE, mMALAX
B o

HWAMBBRHGA, TZHEAE, FRRFEATRE,
IR A RBA RGBT, KT ARG 2 A AR R AR
oG EIMEB IR, SEZEHRALY, S L, %
e R LN 3k NI L I N B S
177 MBI E R LR ; BARRM—MEFHA, LK,
#& /& Pasadena JL# Dr. Robert A. ( RiZ4E 4 M.) Millikan.

iy &/ E AW AR R E, HfE Geretics AR EFIHTE
PEFIAE, & B RLT, Ao A, LE R
AR, HABMTOA, BRAEDRAL, 9O RY, %
A KR

B AR ey LA ey 4adk, 2o TRER . H9R5E, #
A, HARAT A Al A R TR R — 11, AL
a9AF RAMAEE R BN, BRGE TR, R4
D172

ARARIE, RREX ZFRNEDG? HRT%,
#iE —N=xF+HA=+0H

HER—LAHWFH, IREHRABLREERE
HWEEA2LTHFEALE - NFHEHT, BEXET —
HAGHRETE, XRETEE -EFXANRI/W, NH
RAF W E T

RERAER LT oA NZ Bk £ EWE —
FENHENRL ., RRFEEAERENTEH N —%—
THRUWETRAWH ., ERNFRARTZ, EERE
B AR XA R RS, FGEEE, REEK, AXLFR
Bo —N—RBMFEEAAMNITALMELTHHZEE
BB, —FERFMORAE X, EibwllE aEfhKE
F3 Lk

B, “NEEAR, SELE? 7 1989 £ 4K+ A,
UTA R MERAER R ERE—F 7| HF BT X
FWHR ARG CLBRNER RN, BhEEH
NE|ZEESHLTRFH KB, BRPRBELE K
WBE, —MREETRENMREHAEFEAREETIL
EWERKX, F-NEBEMHEMRAA, Lo E2H
( Stanley Phillips Frankel, 1919-1978 ). {14 T % — i X
B — N P E AR A P, ERX LT
DBl E R — 4l R AN &, BAPRRIAZILE
REHE—RNFEHTEIANMRKAF, HEILL#
MR, “BR ESNBRREIFAEBRIFS, —FWHE
MM EGFikHg”, REEHXRRTEFXKMA, F
BAELZRM L, ERIAREATHEAFH KT “—
KEAMERTERE", bmF AL,

BB, LA R Rk Z A Fm A AL R R
RAERCEENWFNERE, RUZATE, REE
Tt W 29T AR R K T M o KK A e A B
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BRHFATH, BERRBAERATHE ATHE, 2ZMEXEA,
ERERERT SR ANK, MERRBITEEERT AN
Ehéd, AZMRELEEENT LY, HARFER
B LA, ZEAEEREIZEMGEEL, “EAAERE
W, SRR R B X FFECA B AT 1943 ok AT R B
FHHRFH, ELANAR, FERIHEFRER
% (Richard P. Feynman, 1918-1988 ) 7 fb th #7444 “Surely
You're Joking, Mr. Feynman” ®H #7 fl 2 “HLW 89 KK, #
BTEANTEE A R WARBMEZHRAN, 2
BAERTHANRA ., RERMER -—HXET., TEHR
POy AL R RN R EARR LT RTE, WiFEEY
JE AR K 2 = LROR T X kR U
MAEREZ R, LA EXANFEEFARENT T8
MW ABERFE DR T RBEETEHES, KRN0
ShEMFRT o

1940 S 2| 1942 F A X EHEFFANAAEAH 2N K R
BA, WHABT XY, B TaNE., X2 AEMNE,
WA REI L E — AR —EE R M., v E a4,
WARTE AL A 2R A 1937 S £ T M E T¥12 5,
WP EWER, FAREMITHXRERT T —%, 2
= CHELEREAKE, XEEVHER", MIINFEHEE
AU EFANB EX T HEKE, HFHREE, R
BIEEFRE &0 — A d E L FE Rl 1989 FHIZE], —
KREBEEMNEIFR M Z X LT, BEE L0
AR TE, 7208 L 0] 0 ko8 B, o b R (R R R I B 1R
OB 4,

1942 @ mMERNIEY REEFMERBE T 5
Fzdt, MERBEME—F. 1940 F b iF £ K F Ik &
T %% R[5 « +17 ( Theodore von Karman, 1881-1963 )
B O H KT F R KT (1908-2004), W E| X f#
WRERARW., Bk, TRBEFM, NEEET. &
TR AT —BOA M M T — R, R A A A I B
R B EAF B L R % i E — 4F B A AT R i E—
FERRARE, M AEERBETEN TR "X ZE
AN

1942 05 A 308, AFEREZR@EMENEL =T
BF¥AEH, BELREE, X—xtPEHALERK MEF
ATT AL, B e N E T F I 6y % A& (1911-2009 )
BT IEALE T WY, EREA, WRHBRFE
ERZTHRER. ZFWERCALNFNEHGHR, 2
A — TR E L FEFE— B FREF.

H#5AL

BZZH

WREEHNHEHHRET RS, —MELELLEL
ANERANERTE, IMREXPREFRN A ELEE W
EHMRICE ; 5 —MIELRTHFE, XHAFTLE R M
M i KE R Ao

ety £E, W20 4N WERTLEFANRT, K
H—NLHFEA, XEFEHF, REETZE A
—F EE bR R R B — LR F
HERFE R K ATk H, % in 83X R k&
B, XAMRFATEZEXANFZRY, BEXHTUHFNE
ALK FRARGNER MO R, EEMT ILE
WMo AR, MRREMER, —TFRETHAMAXNH
RAE, ILHFQHN MR L%, T, £EMEAE
R (Ronald Wilson Reagan, 1911-2004 ) # K X % 4% ( Nancy
Davis, 1921-) 73X Fir S A28 3 X An sk B, T o4 A 42 o A2 A
BAR, ARBETMLFMA,

BRE—J7E, HENHERK W, BHMKELT
— Nl A, AF ERENIT LR ERHELREL
MR EFE, WEFLMNEEMANE G, LERNEE
W EE, £ 1942 F 9 A 19 HE AP HFWHEd, Mt
P 254ty BB AR

CEEZARAERAEY, HIT BIFEAEM, L
WE I BRI E, RIFRGLHAWE, ZAE
PR E,”

RAETA R LR, RM@EEKEREHEHMS
IERSWEIE, BRERFNF R F_FRAERTTN
SPHE LB F AT R EA RN E N, s S
LLamE TRENESERE, —TTHAEERERLRMEX
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THyHiE, REE BRI FRGMKT A FH A, HHRK
RABEHE, ERAEELZLT EARGFTARE, RAZ
RAE R E — LT, AT, ROTBHMMRR, A
AREEHCHRABEAEL AT RN — L HALE
Jo b R o XA/ bR AR A T AR B R AR A A R
BT WA F KBS P RE

KT, BEEALRAENFREAST MW, REH
REARAFBZRE, AAMNEETERIEEES, W
TR LI P HE

Fat, EMA—F 1943 £ W B LRGN EE, —
MU RABENFEFEH N MRLFRT MATR S
FE N EHFERFRINES (1917-), HFREFE
(1910-1985) #uk4 & (1911-2004 ), 4 B2 % F 3K L A0 ¥
T (1916-1997 ), A& [Ty A A WA “fHAM” 75
%8 ( Wolfgang E. Pauli, 1900-1958 ) Fu4% & Fr o £ )5 »
€17, MHAARN B/ AREAERRER, EHEKE
EmMNEL, MEXBEBTA M. — & RIENT « K144
FWHABIEETF RN ETFHLZ XK

REBRLNHFWETHERT S RTFRAXRGAR
FEBMERT . 1944 F3 A, T HBULEASE, &
ERXH T RABPENAEREFNEA, WEREREF
Eiitxl, XREAHBRYLEHALHAEYLERATF W4
Ko i, #AFRLT —RHRER Kk,

MILE, RXBERAGMELEN I E 2 RENRK
EMEETE, BET T EN KL 1946 5, fRE LK
FHAFHEEWEFRTR, TEFARFHFELFHFTRR,
e - ZTRAARTREN 2 ARE. LFHATRE
HIRER, WRT —AMEFR, SR AER, EEZ AN
BEEREZMk, CIERZTHE”EEEERNRE
Heo YR ETTRAKMAA, FOUT I AR 1 A B 4l 32 2
FRRBFEF T ZHH K “FEFVIFT (cutopen)’.

RABAL ARG AN TEE AR, HRETEEH
L E IR, A AR T AT S AT F A&
PR TRETFHERERM T s wlltaFET
EHERBREERFENRZEZRER, ERABBHT B X
HAFFEEFBREANWER, Ak s FHRUEE R
EAHAAEH, AHA - LERAERHENMEL R
GHRARZHE, WEAKLFEFTHIA, WEELAN
BENTTWAMBE, HATHFRM T O T ERE

T TREMGEN 2N, SFNREFIBHE
B FHAFPWFTFREEAALEF AN, R EEHW
PIRMATHEEAEARNPFENRAAE T THKHE
MY P TR THREGHERILM .

16 Hh — 4 4 E 4% F A % (Senior Scientist ), 2 fi# 4
HRARANREFETEFTOLERENREFHAH TR
MR, MY £ E T 2 — & 0 U H R A AR B
MR T BRI AR, —RE, ATXIEEN TR
REHFKBXEYEAGERR SRS T £LE. 1949 5,
AT RELENTE, REBETLEREHAKRY, 2T4%
KEWAETEXERER ZHERFRNEF X,

BREMBE, REELRERVFRLIEXFHER
HE, WETERFRN L —EARE 19524, X5HE
GRKA P- R S e 3 RAUR 8 2 AR, 1951
ERFARABWRERFAFZHBEREN S FREA W%
&, 1838 2| # 3L kvt (Isidor Isaac Rabi, 1898-1988 ) #
B X AT 1944 4F 093 WUR /R £ AR A0 Z AN F A
KELGH, MEHE A BZ LN, BRAEFEE RG5
( David Hilbert, 1862-1943 ) % Bt £ 47, fiaiiEfaL, Kk
—F “HEAREBEE! D XEMETHRABMEAREFZRE
4 ( Amalie Emmy Noether, 1882-1935) & 1 2| FF £ 4R K =
EAHPR R ZIE, 252, 1933 FRFHEEENE
H, EEEOAGREEMAEERTNE FHFR A%
B BRER L FERHEA

BF, MTELSWH I, RRBEATRY -4
ERWE R, FRAGERARSE, B2, MAEX—FF
EEL EIFUE, SR MR HAN 1957 FEBTRK, %3
Wi 1958 45 J%, 4 L AR HT 3 A 2 0 3R A Fu B 4E o E ROR
M+, FRUEFATHERZNFER, FRZFFHHE
1953 F L ARG W s EFH R T MEFAEHERE, HE
JE R N B HI, B —4F 29 ¥ B R Oy XA K %200 £
EhE P RERNERT, BRENF AL —ARK, 2T
1975 EH EAENZEERELFT T, HHLMMT KIE

‘TPXEEF;%O

FIREA
RERAENE AL, 46T 1956 F 20l 54k T
A ESETHE, EHREFARFH T RLBANTRE K
BB SO AR F REMAT, T4 ERATE B B TR
KA BRI KT F R F AL ERAT A
1956 £ 4 A& EZ Mt A F AT T HEERT S
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Wk g — R “FrRFHELEE Hitet, BEWNENT#
Prigly “0-7 2", ERARERNEFT, —BHHEK
A RAT, Wik T, /K2 (Murray Gell-Mann, 1929-)
FBEELNHNETE. BET WA FE, 2P0 TAX
FEEIE .

bt — T H sk, e MmFTING, BT RAMNE A
WAL, T 0 A1 HEWT MHdesbZ ), B
T AR — AT ok, AR AT T AR By X,
REIBHERELRBET AR : 274 0 fo 1 ZR—#
BFUREFHRKRE? MEEASFZO TR, LhARLT
MARTEN, THAH, ARFTEREA—FE—HE s
FAn £ F 0 KRBT Wk T it Ao 5 8UE F 28 50 i XA

AL, AR RARE R S, e B, RIFALE—
AT RA TR, oo ST AT F AR T 2

WHIRH . THEBMIAE ALK B KR — KR, BEW -
B ] A 49 B3R

B2 WG, —H Ak Lok F o 4k 4
Wit 0 2k, Il—AEFA, —AEFELEXERL
B, BEAHARE, M016EF £ aESELEE 4
ARHE S Ak T dK S e Fgaalmitdd = Em, R
WEREFHRESTFENFRAEZEBMEIER L, 1k
B, EFMHEERLFHRAFE, - ZERE - EEN
FALER, NE2HERRS- ZREWERTFRFL
FEEHR R, MFRFEXIEMFRECEZH “2Ff
T8 EBMEERTRATEA LR MIEE, TREMNE
BRGNS, BRERE —RXE, RAYFA
A ATARL [ oy B K 7 A8 R T B B4 X B : Lee, T. D. and C.
N. Yang, Question of Parity Conservation in Weak Interactions,
The Physical Review, 104, Oct 1, 1956, X & & fi {18 3k 71 &
b R R X ERRE T LT UE R Lk
i %o

ERFPREABRNALNE - RERZLIRRE, &
Bgijd, #MERREEZR A fFa e, §Fohat
FOREEREF ALY - RRLB R, TEAFHHEN
LI AENBREAAE LT T RXBRGSFAE
*E M.

MEZRRBHCEWXNERER L EALT2, AF
K20 FREHRTEGRAT, BFEEE. EH—r TRk
BRI SRR THENEESE, T LR/ THTX
Mle, REE-HARFEHEENE “FHRAFE L,

Fh LR WA T . FHGE

RERTBAELRERTERLLESE, MEHTIE LK
B — RN L A, Fh I ERA, Wk
VR 60 tE A p- REWBR R, B—FWER, REXHEW
FILTF AT WATS T AKAE F B IRAT, WREAEN —K
LA LR ESZ

EARHKET REEE s WL Ll HERHN
HREFERMAMERA, FERRET 270 FA LR KE,
A R RRWIEF R Yot R R X 7 @ik &L
A B E A AR B E RATVE R, R A3 AN 52 e iy A D
R T A ARE R B A By A1 R LB % (Emest
Ambler, 1923-), # /£ # (Ralph P. Hudson, 1924-), 2 &
( Raymond W. Hayward, 1921-) DL K fib B #F % 4 b 28 3 ( Dale
D. Hoppes, 1928-). #[ WALk B 4 & K F B H E A Z KR
HER, e — IS AN ZE P EHEEE A

XA G ot 2 5 HF WA F A ER R T KW XA
Wtk fuz R, RERNAHES —L5% ., BENH, §
WATE B —F M —F., 7 A 24 B IE Y dhix — i W& T
—MRUETE LB T ENEHR L L AE T,
FHNEGENBHFREXAR AN R, FF#8 A 4
HREMERERE. XEXEELFXE =X, BARAT
ENLREEHRFTHEEEXTEGE NI, WHAR,
LEANAMG TR A RN RS EREREAENT
HRFEXNEE. YHATAEIATTERBEHZ Y
W e, R GEETB RN ERR— N, XA
RLETERERBAKEEES L, 23, E2TH, Lk
EHTHER  TR2ARENAT2 T e R@EHRIT
WEER “WEERM, BERT, ARE. AERE.

AELBHERFY, T EAN LRI, REH
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HIREH, Pl ks, 217 12 Atvdq, AW gEs
T A AV A F AR AR . R G A At AR A
WRLHRKIEFHRELSFE, Ednit, b6y EHRT I
7 ( Norman Foster Ramsey, 1915-2011 ) — % 2| # 4k T & Ik
LEIFXRWEHFTPEREGHEEATREFHRFE, 3
A KL 2B, AH T o RO SR B B A (R X A B AR
P E R R E M — AN EE LR, A b 2] B 5 R B A
HIEAN LI B A2 F AT E, HITH 50:1 By,
WA, HE, T HREM RS EL, WA E—
B, ZEMETW, FREZEENZHRIEH 1957 F
AAF M RMELS L, YHEE - WA REE, ®HwmTT
T —5K 50 &40 X FAH . T8 AN FF IS M B (E 4 =
WA YEERY  “BREARNEAENITR. B
HEAFTRER—LL 7, EEANLRK LSRN KL

REA “iFRE e’ o Flk, ZEERKKER
Fo, B, WM R A NSATINE, Rl
ERELCEAWIENT - EEWNFRAFERML, 2|7 X HF
HE, AN ER R T, EEFFRE IR TR
AR, BEBHF AL, FEMNE RS RERNE.
B, TAAW4E, BB EXFHEROTH “ALF
AEFR E, FHREEFARE—ER, XLALTAFRE
W AR By LB 4 3 2 K 22 2 (Leon M. Lederman, 1922-)
— AN, thEBATH —NERHE—T T 7 —F A
WEFERAFE, BBt Ry “EENRA” H
EMFT 21 ¥ 22|+ 48 A F %X (Richard Lawrence
Garwin, 1928-) B4 Y LB T £, WREER TR, FE
BITRIEAFRHEN “FHREERT,

LA78, 2B XAA - NFEER B TFH
FERE TP FHERRABEDT k. 2k
MEKEXREAT, #EFENTEE R A MEE, &
THETAOHMER 2 RIhEK, bERER —M E£3
EaBEE, RERK—RTH. LG EPES LA
FRNEHNLHEHWLF, BHEIATREENET, — T
FBAE

EREAHER T AN EETE, ELRIENRFE ZH,
REECEMAESTTREL AHNCEY, BER
LR RN, EAEEM, ZMANENCHE ., KL
MEHMRMANLTREBHRE, FRANAALETAZEHE
EH AR SR, ERIIERE, X2 - Ea1ER
SEHy, B P RRE - A7 il U KRR B R AR R AL
Ko REWELHT, AARVRFHT, XFELMAHR

FA AT RAE AR B ROR Ak, LA T ik,
AEM®E CABREETRAHRELXA, - TEL". %
¥ ERRETRMGE “—MEHFMERH L7 RELERE
HAFREBMEE —, LR — L0 AZFHHT.
KRMEZT XA T %

R DX TR, HELRHERE, FHENRK
AR 28 A WA FREMIUAR L I 0 AR
BB, ML 15 2ok iy P AR A [E SF ELA B TR AT AR AR 94T
FA A T WAL E A A SEae B T R 2 2] T
RN EEOERLT 2R IR ERFEEAN.
Avet ey X, EHAKBMBRKRE THMAMECRAASE, —Q
—EHEHR R RFEY, X —RTHAEEN LD
MsaH RN, ERHITHCASERTREmMiEN, itk
REHTFERMANGE COAR LT E, 1T EL
XEAE, WA XRZEAHT . L+FE LT @R #
e, EARLTENEARRRZIE, YDA M]x R B4R
METHRAMAN AT — AR T THEZ, G
RIEARERHZE, RNHFET 2 BB X ANTTREEH
B KSR

REMEANBXEEEENTAER -0 (WE
i) £, HERZ1957F2 A 158, 9FAFENEFZE
¥ # % ( Valentin Telegdi, 1922-2006 ) # 1 % &5 % & # [ it
MHFARFENE, EREAKMNEETIHR, BEEHmHL
LI ERA G HME SR F R, ERIAIAKRT
HRARER—HF L,

AR L, R A X S B SE 5E 89 AH AR R AR SF
BT ERNE AN, XFREFENRELERL L ERE
FTEREGRTHEL, RT PEERELNHAA, 1245
AEFE=ZN AU SR EFERETEERENZ R RS F
REhkzxk, AAREEARTREEBNALHE, AAX
VA 25T 3R 7 Lo e AR, Bk DART AR R e M A Bl A
W, WHARCITRERLE RIS EEHNTRTRALE L
et = A, REMEARATF AT TR, XA 1989 F B —
HH A IR IE A B R

R AEARB G THERT @O, LREL T,
KB BIRBA AT 43 m R TAE, A2 S &0 T4
B Jy AR B mAAA LA, ARRARRAAGE TR

HAWERNANT R @4k, BN EFmE MW

ERAR L FTRARTDESR, AHZLERFNEE ILL
MHABT. ££E, REFHEABREE-HBORIEE
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o, —HWHEWBT R ER AL BB E AL TR K
ko 19572 A48, BHEFHEAMHKRTRELT AKX
R, AAWEERS AR EEATN LK =M EEEATT
KA IRAT A F AR TR R T R &, AR B AL 4 i
EMBHE RETEFHRRZEERGEFTEAFNF
A, FUMAE, XRFHREHRTHETEERKA, THkK
THREMRZEZFRRFHNRERTE, WREMKEN A,
MR B A E R RARER T I, ERTEHFHRAKL
THBWREEZ WFAFHAE R, AERXRFERT L
REH -k E,

(E PR S
INIES RN R LN J-0- ¥ S PN
A TR R R AR ARG 2 HE TR I
AR AR B RREE—AFAT

REBAARE-—CLHAFTH, ERFM, LT,
A ER LR EER, WEZ RN ERK T ETE
XEFREEETEHRESE T LR L& RS 3GeV
B F A B ey E R TR, O RN AR MR
G FE, MEREHATTRTRMNE ., & he ik 550w i
BEFTHENAR. b—EREEZNFATRBRZET R HE
WA R R ap BAHER T o A F AR TR 3R
FHMBER, 60 FK, #XA X & &F BB KENE R
AT, RAHARLTFRETFENFRES X HEE
RESHTRENKR, FRERERNEL,

REZZBEHAR LA TE T XEN, REMKRE
AR EEFLN T REELIBENLS, R AKKEX
BT TR B T AR FA A S8, ey R R
P4 EERER— S, FENFS TS M, AR
Foyth ARG EERT, TATH R EAT N — T A de
HBEANRT A FTAENE, o, FEXANEA
ABEEFRT, AHEMHREETREEF, ELhE
MEFRPEEBREREFNEFE, 4 AT E
FUEEE, MM PENEERAFFTANZHREFT
oo Fnk B RATH ML, FELLF| R I FLEE
RN AL, ERFSHERMERNKRE, flomE .
# 24 (Cary Grant, 1904-1986 ) Fn{& i 47 « 72 /% ( Deborah
Kerr, 1921-2007 ).

ERE, BEAAFFEXEREENALLER, £E
WA LA e (1910-1998) CEM ) B 7 ity R %
T M —APk T RFR N A B L E, ¥

ik, ZpeE, FEGEE (1957)

ERERELE T ANGERTHLE, RAFEAT#EM,
TUMEAED>RRBE L. B8, BT X@EEG LN
FEBEL A ZRHE L, MEEZEEX K

B4 Ja By A A 2R B E RE Lo MR R R R .
MEAEBARLFEHEE R, ZREEENSWET
R, AHEN, CEORY., THFE A ERN L
K, pxExEREMK, EYE RELFANNE %
LFENAERB, T2 AH, T2 WL BT HT
£, ERLREZ EXNAUNELSANALEN, £LEEZF
EAREMEHEIEWNERRL T “BLHEWFHR" it
P MEER. REESEEFBZREM LR FRTA
SR, M 1974 FRBEELEHG P ET B
REMF L RELERNNE, E2ARFANAEHHF K
AR WX By “RAT” HWwEFE, W “FAA
WA SR “FALTFHAE", EERTEREHE
IH “Ai58FE0" Fitet, RUXFE—adE=
iE I HFE

“KEaREE, BONRT ST, BFORIERE A
ey KR o F, EE LA TR LA E R R G RF
9 7

AR A ALELEE L, RATE,
EHRAAMA - HREALN M EL T B, fllm
AR e, REIEH—AKK, L+ F— Bt x
T DL R BACR E o XX — 0 A T A AU B E
Kk, AHRFERBFOHREININ T REERT R, BEZ
R R B

RPN HA, LB AZE RERFELQ
MENETF AL AW, BRKTHEZEEE, HILTFHW
BBt s TREMR. B2, REEEEZERNTEL
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A, B IR 2R PG xSk ok B R AE Bt AR P N R
E—T. —BAK, SR IEd L THIRAF LA
etk A E A7 K KB R K I A R e o T
K, B, FERMBEET LD EWOHELERERE
AL 8 3 0L o R R IR R R B

MR AHF S LR ERNEER-RELN
WFAEEE, WRAFREWH AFHAKR, REHENE
H—ARFWLEA, RERSREAREZE, ERRSH
BBy R, BEAIR T Y4 A A AL (1927-2003 ) ( 4
RAEARN) 2P AEZEE (1996 FR#) e s
B RE, Mo T wlIERE L, Rg riiti e, (£E
BEFELLT) AEN—AEAXEPA—BRAEMNEL,
WAFHESTXALETABEHFRNAKL LT (1915-
2000 ) & BB RO AR v R B e ey Lok, A A R
— AW EALES, R MAE A NS —ETWR
WHRABAK, MTEXBELRERERE R ZEHF A
FHFT .

&t E
EXLZFEMH —BENEZR (FHEKRLT) R,
1973 F, RXPWREHRRBPATH L TBRFEXMAEL
M, XEBHEGFHFERTEITE N, M1
—E WA TR T, R M E AL E WA

N EHAENOE—EAES, ALRMATHET B
B AW Ao R AR P E B R R R I 0 T

1990 4, RAkAE, ERIGe kAT "M, RRBELFL” o™

H-NMARAETH R EFEN, i+ t. B4F ot
HUAFEERRA NIRRT EE £, RTHE, s E
RHRERLTAMELRT , AFRRXBELK FEH
EE CFEERE", ZRBEAEMANITFIENEE K EE
A, e P ELHRERENFRAFZELEEMITEANH
BAE, BEEVMNEXESY - FRZLRREUERE
TR, HRFEENRIFE, —WitRET. BB E
LW, 2RENKFLBVMNEEFTN, Bk,
ILFHAE, ATERETROEE, i EBE AT TRTH
FE RS BOFINGR AR, PR 50 R A £ Bk F AT E Y %
HEREENE, FEMNTRITEEEZ A, 1954 F,
AT TERHEFLLENFE, wAmNT £EE,

B2, R AFEETE, SHENFRNKE—H
HH. 1956 F, REMBERARFHERFKXE, TAH
KEEAFTHEEHSNEFRSUNDEFER, LHANE
HES —RERETFRR SOk B M a A F 4
e, REETBHEEALTFERIRMES, TREABE
BEARE., ERMAEARE-RMET PARZERZEH
TRARR. REBERFIEHREELMA  “RERMN=
MAN—kEBHER, TEFELENTN, THEERAN
ERWMAEAE S R L BB EFHE X HAE,
K—NeTRFESEOTREFRXMFFERFRZANE
— K EEEM. BERE924E, PERFRRIARFA
AR+ HEAB R ERBRE RS2, ETENEER
WEWERERERANZEESR, RFETEREASN
FEREFHR TG,
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1988 4, Zfttr, ERBRE PEMFRELLE (A=) WREATALGRXFERREMARELZEE

F MR E F I BT 1958 £ F0 1959 £ 4 18 4 & 78
R R . AT 1962 4F F 2| & 78 S in o BB 8 8 LK
BEEAaP, ERBAZHN 1956 £ WL &L ER K ERE
£WE, THA19 B —kERFENA—AEL, HBNE
SWTth, MAHERKERTHROENL, RRBU—IHF
KRBV AR, ENFEFREMTHR, hAH
EEFEERFHHERIRKREERTE TR NN,

L REAER N ERNE, ME—RKEFENE B AT
% 3 IR B SR AR A 9 E 2R 4K B T AT B 1 L 2R
WHEE 1957 F LB AP ARK KT HEE ¥ E, w1
ATIEMNITA X R IR EEFEFRBE R TR N EFZ
Ho 2 A2 H -2k 64, WHE-HIFFZANER
b kEM, 24 B, PHEREFNK LG, TFSH
EHRT—NB4, AERKE ZRHFIEREFERRZ A,
WHZ 6B, Mk E A — AT, ARMEE
Ha, mEET, B E e ki b, g,
FERE P —REAFRQERRELT EH. FER A
TRAEHCREMOGEITy LOyER, REETIRE,
BREENERAAERZANFEERFL., AXRBAER
P AARHE L ENSE, WRNERE, ETRNILK,
AR R R PR R4 ST RE
Rkitkl28 A%, CEMEERZ, EDABKETHRX
TF3A1IBERTHRERELRNNEEZAT. 1965 4 4
AT B R E G, Rk, AR AT S0 B IR AT A
HEE MR R B R AR, R AR X kR A %
ENEE, X—K, IEEFELNT G LR 2 EAik
B E A AR A R Y LR R R WA
1958 @ HE, KB F 4 A7 1959 5 fn 1962 F 3, W
A EEXTERTUMLN.,

1970 F E i F 2k b2 $ B % —F R FH# (Henry
Alfred Kissinger, 1923-) By R B MEETEE ZF R L
# (Richard Milhous Nixon, 1913-1994 ) 37 |5 & 5 . # ¥k
TFTRUALA, HBTE#F LA LB T 197157 AR T
FEAREANES, KT E—AEAEFERENEN L
e NFH, A E £ R LR E PR KRR At
¥ E_EFHHEMET AR, BERLIHS LT XAMLE
TRLFARSH, T FEN T AT R4 RN T 5
A F MATH R I SLE A B T A E 4 AR EE,
WA H

197349 A, TR X EAELTEE T AHE KM,
Jiet 53 K, 8%, REEEAFHAANERFREAAET .
8 A N — T FE AR E R SCES R E W
WEHL, KENERBWET, TELE, XEBMRIE
EREGRED, ARBHAEFREMBEMHFRED 21,
fof s HRE N ERKEFHERENLTHAR S =, BA
FEB, B TRIEENEABHLHE,

B2, SRERN LT, SENARE LGN L
MERZ . thrtmRE, “FRBET A K, HREKE
KR, REEX¥R, REBEFR, A&, RXEAFX
HTEFHRA, FEREZ R —R#FF T 7 il %
HEARKASEHLHT ZFHRA, RN kE—2IH
A, —RABA, MLENETENPE, B SR
B AMATK R,

o, WNEAEE, F5FT Y REBHTR
PR AEEREEHHERAY, Fe AL BHA R F
2 3 M A
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1982 -5 A, @R RFRKE R T XML RFIARS

MACE R, REEMRZKEE B EHFEG R, LA
W B —EH R, X — AR R AAE N LTI
HAART L, AFEHRAWREHKEAT, YHFS
AEZEAAKFH#HE R ZFREGTH DR (F_KEF) +
HxE ARG ERBENRA, B2, XTHREAFEME
RAFREEFNEFZLHER (ACREAEAF) ¥
AT, R AR BT F R AR B A B R 4
AlAEMTOERRME, XEFHAFXRETHE, BN
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