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1. BEME, B8mMI

IR ERYEY), RN S R HEERE, E SR AR ME T (chythm), A£3XH, &
FIRF (oscillator) ZKFniE L BA FHAR R FERE, KB R A A% A soikeiEE 2
Bk b S RGBS, I HE SRR REFEr % 2 H M EER R B R EE
A SWERZEE, EYRAIIEE, BAINAHER. REATH =85 T8EG, BmEL
ARFH—EERE, e HioEis B ZIEYER DR, EFgaEMRERN
B, MEHENRHMEGHRERNRE, BE—-PH, 18 i L% MEREBER (hERE
%K) Jean-Jacques Dortous de Mairan #Z R ERERZEEZ, SIHIERAXERL
T, RENEFIVERE. (REERERS BENRR, RN EEE, UREBEERU
KE S EMN R (EBRING—ERER, ELRNEE.) 5 L ERET, ERMANSEOT
HRERCASHING 24 /NEFRY £ BUERA; B S 3 EMN RAERFRRE E T, (hReHERTIRG LLAE £ A HA
H) REFAIRTE H. BB R SR BR A BB R BT, EFF SR RRPNSG T, fER 1%
HER MR TEHIEE protein JRBEREERHAEELAEE, C. Hall. Michael Rosbash
K W. Young ERIHEFIT 2017 956 BRI 4 BEE, ARG H TR, ISRk -
{84 AR vl AR B — R

AR Y0

CEBN BRI, N NEBNERT, MRES SRS EES R, ZRFE=X
EBERKEE T IR IERET /7 KELRRGR, 4-IEHENT Atk K 5 2 — W # BRaY A R A A
HEST, FARRYEE SRE A A Bk BRI (R BN LBk EARENEEERE, F£. B. HY
FETIAR 2R 0 E L & — TE A A A SO R R R, S/ N R A EAER R, v] DL R SE 20N
R R ER L&, BIBE I EE (Poincare-Bendixon Theorem), #E4-TEES) ERELE T
(HEE A AR RS HER), ZIER—HEEERER, ZEAEBRH LR —EE
R ERREER, Mot B2 N EAT R, RS TR ER, e A2
GHE A ESERHES, e/ DR, f6HEZEMEEE 1A 2RI R
THZIE, BE L, AEEAREIERER, REEMERE R RE, EREENGET,
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BRI AR E s AR s RS L Rr A ILEE) (RE)) < fham. BRT 2 ENER, §
R% HIAB RZ FEAEEREA. 1B%, BEFHEBRA BN ERER, EEKFEIEEREEDE
NEEIME R E, ERER, EFEEENYEEE T IEE R el R E R B EE
MEEZEH CHIFEF (thythm),

FHARLEZRFEDVEZFLIZE (The Alchemist) H1, Paulo Coelho #uiE|4F A4
Santiago #EH—KERAEHEEEZ] : He had noticed that, as soon as he awoke, most
of his animals also began to stir. It was as if some mysterious energy bound his life to
that of the sheep, with whom he had spent the past two years, leading them through
the countryside in search of food and water. " They are so used to me that they know
my schedule, ” he muttered. Thinking about that for a moment, he realized that it
could be the other way around : that it was he who had become accustomed to their
schedule. & BRI EHER S TEHE, EFEFHMHEBEMER Santiago HEHFEFHF T —KAVHEIR
TER. EMEMEIE L RABFFRER T, B, LHNVEFEEF A EGRELE L TRERE
firam ST amE AR BRCEIIE A, B—EEBHERERZ, & e K8 E P LRE
W ERERERE B, 7£ 1915 £33 1935 FEAF 20 BHEENT ISR SUE R RE
Science Eo

SR, BAR R L R AR BiE E BB, — MR BCE MR BRI F £ CHNEE £ (Huygens),
B+ AREFE RS R, MELEENRN T2 &8, §R—EHEEE—HE R,
DB AR EERE 2, B IMESER R E —ERFERN ARG R0 #, EEEERAEIMEE
RE—ET o FRENRENR S, HEEE LEERERNRE, EEMEETRNRHERERE. &
I, EMEERE VN RERE S, RIRE R EWREETNER L, BHEI], ~E—5
s ] S AR A C A (2 B AR, o S W M 18R 9 A ML 5 15 B, B TRIREE, o (A SRR
TR R — B EH M IRER R EE AR B, M5 T —EEHata 3OBERE E#HE, it H
REEE R EEEE AR %, RAFEM— T8, ETERR %, EMEZERER
TRt S g EE S tAYEEE, WSR3 T AR A IR E R AV RS DL A AR ER
EXRZEFR A1,

W. H. Eccles # J. H. Vincent # 1920 F£EEB R T —FAMf7EERZHEHN
WRHH, ERFFARIEBMERRIBIREBE triode generator (ZMAE), iR
RE=ARE RN R, RBBERFRRIGREZERERE=ME FENEEN T8, RBERE,
EER, W LMERE, NI RHRERFICHEARERE. WERSHEM, 7 DUEHAZFEORER
[ Ry 1T DA SRR EA55%,, SEEEEEAE 1922 £ Edward Appleton K& Balthasar van der
Pol LG AE i, B RTIKIRFRERRE T HRERHRAERZRE, WTF—1E, Appleton G7&
1924 #E2 M. Barnett 3ET EEEKH T REEH MR ETGE R RHIER layer ($KE
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fEEREE), WA 1947 N EREERIHBM S E R E 2 R MY S

2. ALV 5w

RIS LR B A (universal) BIR7ER S EBMBIES] « SREHOEN] 2K SR,
B, BN, SEESSNRS RS, AT, OB —EREMRNaY. BRIEHH
2 N. Wiener 7 1950 EREBRISHNT alpha ¥4 REEHE—RIIRERKITIZE, £
2 A Winfree FBESEMEROEZE, BREFASCRRIEEE. 5T HENE, B3
SRS CR SRR EENE T, 7 Strogatz [12] B2, 1 Winfree BEHIET —
AT

The only way to capture the common features (biological oscillators) of chorusing

N

crickets, flashing fireflies, pulsing pacemaker neurons, and the like was to ignore all
their biochemical differences and to focus instead on the two things that all biological
oscillators share : the ability to send and receive signals.

#1352, Winfree 8 Huygens FMEfT REGR, AR LA LEHEREXRAL LRE
R, ER, Strogatz 1EiE BOUF R E 5 2R — 8 AR, i8 L oscillators #A%H
BEHRA R tendency (). Strogatz TER—EEEEZRE (i) Y. Kuramoto HJ
Bk

Picture them (the oscillators) as friends jogging together on a circular track. Be-
ing friends, they want to chat as they jog, so each makes adjustments to his preferred
speed. Kuramoto’s rule is that the leading one slows down a bit, while the trailing
one speeds up by the same amount.

BRI FEIMEAERZUER R MG RER S Sk, BEEEREC
EPERIHLE, FEAERGRAVTRE T, BRI E EIER B EENER 7 E R EMR
HI R REME, I H B BRI RE B R — B, #7E DL RS, FILIR RIS ik B R i B fe i
L EF LR Kuramoto model:

K& .
B =wi+ Zl“ki(ék(t) —0,(t), t>0, i=1,2,...,N, (2.1)

Hep 0;(t) € R B5 ¢ EiIRFROMBMHE. w, 2% ¢ EIRFOMEE. K 258 (K
BAKAMN). N BIEFEY, 5—FREHH Dy S—FEETHRS 2r BPEY, 0, 2
0; H—FEsY. EAETE LR E M EE A B Z AR, FE [y, e —EHarHBE e
I'i(0) > 0% 0 <6< m B2 Kuramoto ## T —@EERRMNERE, TEERLHHI
R, il (DUR HAAE R 2 B 528 [ model WIRIER) #BE—E Iy, (0) #EEK sin 0, &,
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BEE RA Kuramoto model JALL F 2R
. KX
bilt) =wi+ ;Sin(ej(w —6;(t)), t>0,i=1,2,...,N. (2.2)

AR TRZCHAEE S, —8F B U T ERENEER S BEREAERE (real

vector-valued function)

O(t) = (61(t),02(1),05(1), ..., On(t))
RMAFAIE (2.1) (FF (2.2)) 19— (FFES Kuramoto oscillator),
Definition 2.1. %55l FBE LR

lim (4;(t) — 6,(t)) =0 foralli,j=1,2,3,...,N,

t—o00

AIF M5 Kuramoto oscillator O(t) FIEMERRF S,
BRI CEEEMERTFREZGRINE.
Definition 2.2. EZEIEER k;; HE U TWERAERAL
Jim [6:(t) — 6;() = 2kyym| =0 forall 1 <i<j <N,
AIF M58 Kuramoto oscillator O(t) EMAIF 1k,

MRS CERERER R ARG ZGBRE, KFE R TR R, HAREEUE
FERARE Bt (BRI S, 2r BEENEEEVHENERIE FEERES.

BTHEUTHSEERSRN, HAg X = (r1,12,23,...,2yn), BMIEREREH
(diameter function)

D(X) := max(z; — x;)
]

PR AT IO E B # (diameter of phase function)
D(O(t)) := max_(0;(t) — 0;(1)). (2.3)

1<i,j<N
XEERIEE SRS AR (2.2) I R BEARGEE RS ER R L RHE, &
I E R —ER B A — M (RERGED. BREHEER) B—EER. 7 Q = (w1, wo,
Lwy)0<a <o

Theorem 2.1. &%

D(Q)) < Ksina. (2.4)
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H O(t) BGEM (2.2) B—MERE, T EERERE

D(O(0)) <7 —a, (2.5)
Rl
lim D(6(t)) =0. (2.6)

BH RET O(t) TEEARS b, FE—H, % D(Q) =0, Al

lim D(O(t)) = 0. (2.7)

t—00

HEL, BT Of) AR S

SEEEELE (1] B [3),
fEFRSAEM (2.2) WRSCHER, FEET# RSN DR B BLEt&E. &

,-Thu
N
BB (2.2) TGS
- K<L | - _
Mﬂ:wﬁwvgkm@@%ﬂﬁMt>Qz—Ll N, (2.8)

(2.2) 8 (2.8)MIA S LRI R S E.
SEEE BB ERT -

SE— . RIS (2.4) B (2.5) Hil
Lemma 2.1. B2 (2.4) Kz, 4 O(t) BHEM (2.8) #—(HE ELEBEERE (2.5), I
D(O(t)) < 7 — a, B ¢ > 0. (2.10)

BRI sine BBGREEY, 7 (2.9) MEEHT, BITTHS

S o =0 (2.11)
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BATERH ¢ > 0. EFTRERRLAZRFARET, HMATFA Lemma 2.1 #ME—{F
PANIEAEL 0;(t) #RR— 18R T E

S (2.8) W5 | AR 0, FHIERSBREONEHEBIGR ¢ 8%, WigE 5O,
AIELUTHY Lyapunov i85 f%:

[ 32 s = Sty = u0) + 3 S leoslh(6) = B5(1) —cos(d(0) = B,0)

1<j

EfE Lyapunov EEEGRERP 4.

B, BEIEE (2.12) EX . EESHEH ¢ HEERE, H2REMRE. WS
RS KRR, SXMAE &, BRIAAERME O(t) W_REEER, nILURESE
B

lim O(¢) = (0,0,...,0).

t—00
BERNEA T
tlim 0;(t) = w,
HREEEER = 1,2,3,. .., No. 8 & THHIEEEPME, ~EEL.
PLE#EEMN, #8777 TE Kuramoto IR FPFEIL L, FEIRFH AREHRGBELTY
AR

3. ME{BRIE

Kuramoto model #%% R7E&ETRRACHERN T, E 5 AHENHER. B2
EEIEERE, fIERRHE 2, 9], ERNYEGE GG RS H, 2R EXE 2R
(2.2) RIFEMNE mb B9ME, T3, FEMBR A EER 5 AR SRR | ft, TS i A v
WIEH A TR H, FRERIERE, TIRRN G TR MR T —%EE, /A TS ERN
R CRRBERE, F2REME 5, 6]

A, —sSAEYREENER T BRI BENRE, AERETRGERERNTY
R, EEEMAREE, BEE I, FNEERE, TEXRFR sine K¥. BRETENE
B RIEE D,

BRI LA LR E — M RS, TP THIHEE « B E R B RS E
RFRIRAERIE, Mirollo and Strogatz [10] $2it T —{EiaE +oBENR S L BEE R,
HATEREIRIRIE IR B Peskin #2815 OB R4 BRI MBI 78, Strogatz [12] XX &
%, Uk TIRE L EBYISER. A. Pikovsky, M. Rosenblum and J. Kurths[11] &% {#
AR A EVIARSCRRE, $EmERS 7S HERNET. Winfree [14] BFR—ARFHE,
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R% &L FER) dynamics {EMRATGEIHTE, M HELIUGRLD,
FHBBFE L LB R ME, BRER, ZERX, HEEEEs | ZrRR.
HE BB TR EMGINEGEZ, M A% & &I8UE |
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