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1 5|5 [INTRODUCTION]

AR AR (CPG) A i AUR IR RE s, Hoh RV AR B B B 0L, A1
A RN, YoM ARIIZESAT N, WoBk. IRALZES) [1]. BA—ANETTH CPG fefafdit
PR, (B2 IIRER CPG RER TG AN F 5522, Qg AR ik 5 I€AT, LR KIE A I
BRI AL [2,3]. AR UIIEE T CPG B 5172 8] i A D1 45t

FELL, AT T B = A VR A (/KB O MR 22 7T (4] Sl PRI PEAL 2 5k 5] ARG CHLEDD 11
JUgE (9D) B PR 2 AR ME AL AR o BRATTE I PRI BB IR 1Y (6] WA, 4 OKEh I ) fL AR T
Ry T) FRARBIER, FAE K BRNE R 12— FrE A R AR TR TR V52 i 2
Bl EARK CPG R K =AM SE (7], SIERIEAFEA T4 Tritonia HiFik HLES AT Lymnaca FEIRE
CPG[8]. AR T ZAad BRI Z 2 an il A= b 4 30 A Bl o i SRR IROAR S B T SR PR ) o AT
TR T B e R SR A AR o B S A A L AR 5 R i T BE R AR R AR

AWM T — DR H LR, AT ERAME A RIEAE S SR A E CPG B
R 2 T FRR AL D o 1% R R TR 00 2% v R R AR O R M R A P 0 R T AL S AL JS ) Poincare 3%
IR ) 52 5 (FPs) BI2r XA o AT I8 2 T 4l MRS A IR BB JFANRS T AR B R,
FCVFMIEAR R P24 3] 025 SR IEAANE (9] BRI, 3 — M PE N 454G A g I SR, T A X AE
FRACL Y ELA TR BUESE RS & 10 =k & B R R A S ML, OB AR FRE [10].

RKMEZEL (DC), MR AMN -y, CHAEPRE - DRTFSEL WESHLFEDRE [5,11]. B
TS K 2 B am M (0 [l A5 2 B sh R URR K, 32 2B AN A LA RS2 [4,5]. FRATHE DC Fa& sl —
MIXZH, EEXLTHRE (DC20%). T (DC50%) A& (DC80%) IR KM . DC i a#L m—4
WTESHEER], BB T 7RIS A A1 40 28 7 B VR R0

FEXTF T, BATH B ARK B FE §oyn = 5 x 10708 MASRERE E— DT MISRE I EZ.
AR 3 9 L ORAIE 1 5 A X 218t S R S ML A BIARIR S PRIk SR VF SRATTRT MR- (K, VR ER B T
FEALH 5 IR [ RS54, CEIX ARG LR E PSS AT I [HE LR P R B . R P IB DL T 3R A3 A S 4 21
A FIRE R B SRAE & AR DR B b B R I O B2 T 2 BRI FRE 2 55— Dy XS5
g WIHIZT, ZS BRI Goyn TPromi] CHISS) BIRER ORISR BEE R g = Joyn (1 £90) 0 < g < 1o

F T RO 2% 4135 1) JEL 9T RT LAFE IS 8] e, BRATTRE SC T4 2 (Bt MZAARE 3 (ZL6) X T2 5400 1
Gt fE LK V; SEINIE BI{E O = —40mV NI RA HIAEIR (B 1), W] HIAEIR 2 4R 2 A1 3 M Al
$&Nﬁﬂ%ﬂ%<ﬂzu%ﬁ%ﬁﬁ&%mlm%%WE—M;%XT~4$%%%W%@{A&ﬁmﬁ@
(RO ARAL I IR ], FEERIZRY [0,1] x [0,1] 1 Agy mod 1. IXEEHIEIZE 40/ x 40(BE£) HA14 s L
WeHth . ERGERAERE 3-5 P GERGEOR MRFFRR T . 05, AT FOix Lot B i sh AR5, 4R 3VE @ AO0FT
AR, A IR A RS, JFESH DC M go BN HE AN 7.

Bl 3(a) Bos T (Adsr, Ador) B S5 XIFR PRI SR AL A K. %A AMRUER) FP, XM A3k
FEBAIT 220 76 (A1 ~ 3, Adar ~ 0) [ (LLED FP, (SREDFP (0, 1), (GO FP (3, 3), CREOFP (2,4),
PLE CRE) FP (35, %) FP HIMRSI BN EE GHEIR N RD I3 BRERE (e AL A kil o)
(0,0) BISBIRAE MG S A —DMERMGH CREZR), HEbR ERIFFR. mTBRRZKESHMHEIER,
LA B (AR 2 PO I AT RE SCR RSO, FP AR B AN KT 2T HE B (197 5o

FP AR TGE T IRIR B T N AR BUERES, RS Rmn . (1 <2< 3) Al (1 <3 <2) 734
ARFRNGURT T AT 1 T7 1 R TR, FEISEE A [ 2 s IRPUE RIS (i) A (i) 1) 0% BT (5,3) M
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K] 1: (Color online) (a) Three-cell motif with asymmetric clockwise vs counterclockwise connection strengths.
(b) Voltage traces: the phase (mod 1) of reference cell 1 (blue) is reset when V; reaches threshold Oy, =
—40mV. The time delays between the burst onset in the reference cell 1 and the burst onset in cells 2 (green)

and 3 (red), normalized over the recurrent time of cell 1, define a sequence of phase lags {A¢(£), Aqﬁgﬁ) }
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FIG. 2. (Color online) Five polyrhythms in the medium bursting motif at gy, = 5 x 1072 (increased to secure short transients for the
purpose of illustration). Inhibitory pulses (horizontal bars) suppress the targeted cells, thus causing swilching between co-existing rhythms:
(1 L{2[|3})in episode (i), traveling waves (1 <2< 3)in (i) and (1 <3 < 2) in (i11), followed by (2 L {1 || 3}) led by cell 2 in (iv). Having released
cells 1 and 2 simultaneously, cell 3 leads the motif in the (3 L {1]| 2} rhythm in the last episode.

K] 2: (Color online) Five polyrhythms in the medium bursting motif at gyy, =5 x 1073 (increased to secure
short transients for the purpose of illustration). Inhibitory pulses (horizontal bars) suppress the targeted cells,
thus causing switching between co-existing rhythms: (1 L {2||3} ) in episode (i), traveling waves (1 < 2 < 3)
in (ii) and (1 <3 < 2) in (iii), followed by (2 L {1||3} ) led by cell 2 in (iv). Having released cells 1 and 2
simultaneously, cell 3 leads the motif in the (3 L (1]|2}) rhythm in the last episode.

T K R 1] 2 v e e A CHLAR TR S B R D, HoAth = FP X RE T —ANH M AR RS 1548 (A ~ 2 1)
XN N SARER R (A =0 ). £ (3, 3) WIAE FP W (1 L {2)13}) B [ 2 Mt ()): FP
(0,3) XFRL (2 L {1][3}) B [ (iv)]: FP (5,0) XRE (3 L {1]]2}) B [l (v)]. FANERD], EKIEC
Bk.CoHLE [3] A Tritonia (0 LI H, FEIGBNANERE YT 2 (M D)3, HC %3] T XM AR, 7 Tritonia
CPG [fikilizikid 2 [8].

2 IhREIE P AR A R B O T A0 IR AIAL 0 A . X 3(a) W FP IRSIVAIPEAE R, 244 i
[ B SIS FFORETBURT, B AN PE AR B B B, A U Ak 7 o] LA A R L AR SR R S 1 25 2 — . A
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XPRR IR AEA TS0 T B LE R [ 3 F0 5(b)] Falkeh (B 4) ik (B 5(a)) R ER B2 —
AFRY P IS, TR T R AT SR kR, R R AR B R A AN T B [ R R
(1 <2< 3) fm4r (1 <3 <2) 178, BEANSRNE FPs — R ARER. X, SFREKED motif A~
KVTReF=HE SRR A, BONXE R FPs BB MR 51 4, FEAT I R FPs Z 8] °F-34 43

BNk, BAWEAR TAHALZE BN FP a7, FONZESEEEIN g0 B9 Z; ek (a) SR, Xt
TR, B TSRl IR go — | BRI AEE, R (1 <2< 3) MR IR,
FEXE, AT (2,1) M FP fEREAHAALVE R A Y KT K5 . & 3 1 5(b) Zon T IRShHLIAR AL 5
B R T B A M A . B 5, 4 go HENEY 0.154 B, =ANBREEZEES (2, 1) A FP, Mg 51 72
b, FFER N T SRR R R E FP. [, HAh=ANDEgm (1 2) XNT (1 <2 <3) WEK FP #
By, AN, WG go MBE— DRI, ook A R 7 IR 5] 7R B el BT R (SND 43 X & HE AN
Ko ﬁMgM%?a<2<aw%MFPQw)mﬁéE£§Uﬁaﬂ FEMEIE ) = A T ¥R 2] FP (3, 2)
ZJE. KBRMEIRF IS ERAEEL, R SN 58 RAETEE /M go 1H 1.

J R B AR R BRI XUF I AN A : SN 73 ORAETEB R AR (g0 = 0.48), #573—AN5r XAE
B, AL T RSO ZE R RGN TR RE, T (2,1) MR FP &5 7 Ik
llE 541 Andronov-Hopf 54 torus 7375 . Bl 4(b) ik T1E g, = 0.2 B LA, BoR THEL4ER FP AR =
AN P 2 TRV S R R I AR AR 2. AR 2R 5 HURAUE T (1 < 2 < 3) RN L)1 H
A K, ~Ebf(y9&mwﬂFP£ ARFRE R 2 AT — NP HIERA ) (1 <2 < 3) 1928, M
A DU T RE I K 45

muiﬂg¢mxm% P S FAEW T A R AE M UT AT 2 A R TR, Bie RS .
BAR BT AR, B (1 <2 <3) M (1 <3 <2), D=4, ] B FRISIEE
AT, 7522 AR e A R T A e 6 2SR S A T SR ISAIESRAE B o DRA e AT R L i 4 L B )
REVEBE VIR G RIS I THEER, K4 oD =4Hi i I S 1A 30 0 2D 2165 5 2 i 2 ] 1 J6 75 72 — 4 st
R8T o AR A B I TH SR, 4 9D =200 [ Z2 1 3l 73 25380 T Syl 1 k4 2 TR AR S 3 i PR O 75 7 —
YEMUF I AT, TEB T EONEIR (D RTMLE T LU 2 AR, R B, R AR TR R ) 22 T 2
RIER . FFFERM, —4iREEME R ) WFRtEdoe, mHEH S be, G Rs
R IFRT S EMER o GHXAS & e B AL 9D IS 2T R IAEEE . o PRI REM 22 XA T
fi#, T HES H BAARA T MEEAS A SR AR AR R AN CPG 48N BLR A L HER AR RS2 22
RE . 7R RBUE A 40T W%
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FIG. 3. {Color onlineg) (a) Phase-lag map for the symmetric,
medium bursting motif showing five stable FPs: (red) dot at
~ (3,00, (green) (0, %), (blue) (3. %), (black) (3. 7).and (purple) (4.5).
corresponding to the antiphase (3 L{1]| 2], (2 L{1)| 30 (0 L[2][3]y
bursts, and traveling clockwise (1<2<3) and counterclockwise
(1 =3« 1) waves; the attraction basins are divided by “separatrices”
(stable sets) of six saddles (small grey dots). Arrows indicate the
forward iterate direction in the phase plane. {b) Asymmetric motif
at ge, = 0.154 near the saddle-node bifurcations annihilating three
stable FPs for antiphase bursting rhythms.

FIG. 4. (Color online) (a) Phase-lag map for the symmetric, short
bursting motif showing only three stable FPs [bluedotat (1, 1), red dot
at {é.ﬂl]_ and green dot at U]l,l;]] cormesponding to a.n1.1ph§se rhythms
where one cell bursts followed by synchronized bursts in the other
two cells. Unstable FPs at (£.£) and (3,2) exclude the clockwise
{1 =2« 3) and counterclockwise (1 < 3 = 2) traveling waves from the
repertoire of the short bursting motif. {b) Map for the asymmetric
maif (g, = (L2} depicting a stable invariant curve near a three-saddle
connection around the FP at {-f-.'I].
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K| 3: (Color online) (a) Phase-lag map for the symmetric, long bursting motif revealing two equally dominant
attractors: (2,1) and (3,2) for (1 <2< 3) and (1 < 3 < 2) traveling rhythms. (b) Map for the asymmetric
(go = 0.3) medium bursting motif depicting two persistent attractors: the one for the clockwise (1 < 2 < 3)

rhythms prevails over the attractor for the counterclockwise (1 < 3 < 2) rhythm. Further increase in gq leads

to the only observable (1 < 2 < 3) rhythm, after FP at ( merges with three nearby saddles.
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TR FRg Ol H B PR 22 T T A ABE B DL = AR MR G 1oy T R 2h
dv
CE = _INaa - IKZ + IL - Iapp - Isyn+
I =g, (V- En)
Iy = 9K2m%<2 (V — Ex)

In, = Ny MNas Ana, (V — Ena)

mNa = My (V)

dhy
N2 = h%(V) -
dm
TK27K2 = myo(V) — mx2

XH, C = 05nF RBEHE: V ZRBA, ANV, Ing REARERE hyva FPRBETE my. B84
e Tk /WG mpo MIEFF AR I AMEER, Ly, = 0.006nA Z/MMER. HAXHEFEN
Ziy = 300S, By, = 20008, M g, = 8nS. KFEHAIA Ex, = 0.045 V, Ex = —0.07V, LK E; = —0.046 V.
[T B HCN 7o = 0.9 s Al Ty, = 0.0405 so [TEBRKRSE, hS(V), mB(V), mig(V), HEL
FBIRZEE HFEEH b, (V) = {1 + exp[500(V 4 0.0325)]] !

m, (V) = {1+ exp[—150(V +0.0305)]] 7, (A1)

1

meS (V) = {1 +exp [-83 (V +0.018 + V&5 )]} -
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fih P AT I R R L Vi AR R
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Lyw =Y Goyn (1 £ go) (EXR = Vi) T (V; — Ogpn) (A2)
j=1

WAL B = —0.0625 #BGE NN T Vi(t), ROTARIGMEITE . SRARES G o8 £ i IEZS R BORKBEL)

T (V;) = 1/(1+ exp[~1000 (V; — Ogyn )] }o BIH Ouyn = —0.03 V [IEFER N T 58K i A I IEHT REL 3
Bl KRR RMATE j ASFE 00 Rl B nt e RS A I RA A )G, — B & oIt iaiEsh, e s
.
AR TE S XS HL VEh IR Vije = 0.018 V, XTRT mss, = 1/2 MBS EE. £245 (AD
H, k> ViR S EIR e, IS o 2058 AP OB K 20 XS U IR R Ta L [—0.024235, —0.01862]; X
THUNE Vbt R NSRRI, BAE FAE N SO IR AGER RES o I 08 Vi, (B3 Ly ), R
ATAT AR G AR 1) o5 X b (IR [R]] /[ SRR JEHA] mtbe), T30, fEARRFH, AMEH Vik2 =
—0.01895 V, Vi¢ = —0.021 V 1 Vi = —0.0225 V, X RTHE (~ 20%) ' (~ 50%) FIK (~ 80%) #&
o ST WE TR 9 A R 9 R RN ik LR 2 TR R, DA R I W R AR ) 5RO, DA BRI A 7K O [
PR ORI e (1) 53 SUI)IE— B A n] AAE 225 S0k [10] 4k E] .

BAE T A BUEBSURIAAL M5 48 Fl PYDSTOOL sh& R4 B8 (A 0.88)[12] #E4T. XA
R G SRR L o ASHIE E Hp IR 285 1) L Ak i B ANl B SO AR U TR R AL

M OD WL Al g 2D AH A B SR T XA OISR . AR MR x(t) = o (x05t) F
x(t) = o (xo;t + 1) BIFEABR O] DAY AR EA R GG R8I xo FIWIAE T F8 BAME R 2LHIE 1 (R — A
fifto I xo BECANFIREIR 7, (0 < 7 < T) Wi, FRATRTLA= A —H B LM 5, fERB IS HEIT,
IXLEYIUR i A W 2% RS T R A I — i il

B AR A { Aoy, Aol | MBI (Ao, Al ) FF. SRR T4 1 H98L
RS, RRRHAEINERE 0y = —40mV FENHELNZE. 04, trEE—NREEHISRER IS,
HT4iM A TR, ZE I AR SEEe r), FRA B R RS E (Ags,, Ags,) KAt e, HE—H, EN
FIA A Tapnen BB BRI ATE Adsy = Agoy = 0o HBHEAE Vi = O 5 ¢ = 0 KIS 2T E
t =0, AT L@ (0 <t < Tagnen ) BUEMIH G (0 < Ag < 1) KSEALIX M. 0T 5588 & F1/ NS
ﬁﬁﬁ@%ﬁﬂmmwdmmhA@Qz(Aﬁlmﬁﬂoﬁﬁﬁ%%?ﬁ&%ﬁi%%%%%%ﬁ@ﬂ%ﬁ
TERE S ARG B 40 x 40 HIJT MR .

BATI Vi = Op,. BIFRSIET (VO O 1O) MGG TE 1 76 t = 0 RS . AR5, BATERI @4
HETT 2 A 3 MIRREENE] ¢ = A@Y Taynen M APY Toynen 73 QUEATAGA LA AR . BRI, #1702 F1ER
TG 3 MHILG AL (VO,nO, hO) WIath. (ERRG S 0EE /N, RAVFGICRIETT 2 f1 3 5SF o0 1 ZHK)
FARL G751, K W28 IR BT B Tognen, - TEESRIVRE S GBS go BIIMARIRMED MBI T, Tyna M
BTG 1 WA — NS ERT 2 M 2R K, BAMER S B08 R BTG AHAL, (EYIURAE AL 5 78 7 8
W5 TR L S A E .

4 BEEK

1.L. Glass, Proc. Natl. Acad. Sci. U.S.A. https://doi.org/10.1073/pnas.0504511102 102, 10409 (2005).
Google ScholarCrossref



4 IR Fr

2.E. Marder and R. L. Calabrese, Physiol. Rev. 76, 687 (1996). Google ScholarCrossref

3.C. M. Gray and W. Singer, Proc. Natl. Acad. Sci. U.S.A. https://doi.org/10.1073/pnas.86.5.1698 86, 1698
(1989). Google ScholarCrossref

4.M. Bazhenov, M. Stopfer, M. Rabinovich, R. Huerta, H. D. I. Abarbanel, T. J. Sejnowski, and G. Laurent,
Neuron https://doi.org/10.1016/S0896-6273(01)00284-7 30, 553 (2001). Google ScholarCrossref

5.M. R. Mehta, A. K. Lee, and M. A. Wilson, Nature (London) https://doi.org/10.1038 /nature00807 417,
741 (2002). Google ScholarCrossref

6.J. Rinzel, Lecture Notes in Biomathematics (Springer-Verlag, Berlin, 1987), Vol. 71, pp. 251 291. Google
Scholar

7.D. Terman, STAM J. Appl. Math. https://doi.org/10.1137/0151071 51, 1418 (1991). Google ScholarCrossref
8.V. N. Belykh, I. V. Belykh, M. Colding-Joergensen, and E. Mosekilde, Eur. Phys. J. E https://doi.org/10.1007/s1018900"
3, 205 (2000). Google ScholarCrossref

9.E. M. Izhikevich, Int. J. Bifurcation Chaos Appl. Sci. Eng. https://doi.org/10.1142/50218127400000840
10, 1171 (2000). Google ScholarCrossref

10.A. Shilnikov and G. Cymbalyuk, Phys. Rev. Lett. https://doi.org/10.1103/PhysRevLett.94.048101 94,
048101 (2005). Google ScholarCrossref

11.A. Shilnikov, R. Calabrese, and G. Cymbalyuk, Phys. Rev. E https://doi.org/10.1103/PhysRevE.71.056214
71, 056214 (2005). Google ScholarCrossref

12.P. Chanell, G. Cymbalyuk, and A. Shilnikov, Phys. Rev. Lett. https://doi.org/10.1103/PhysRevLett.98.134101
98, 134101 (2007). Google ScholarCrossref

13.E. M. Izhikevich, STAM Rev. https://doi.org/10.1137/S0036144500382064 43, 315 (2001). Google Schol-
arCrossref

14.C. van Vreeswijk and D. Hansel, Neural Comput. https://doi.org/10.1162/08997660151134280 13, 959
(2001). Google ScholarCrossref

15.M. Dhamala, V. K. Jirsa, and M. Ding, Phys. Rev. Lett. https://doi.org/10.1103/PhysRevLett.92.028101
92, 028101 (2004). Google ScholarCrossref

16.1. Belykh, E. de Lange, and M. Hasler, Phys. Rev. Lett. https://doi.org/10.1103/PhysRevLett.94.188101
94, 188101 (2005). Google ScholarCrossref

17.X.-J. Wang and J. Rinzel, Neural Comput. https://doi.org/10.1162/neco.1992.4.1.84 4, 84 (1992). Google
ScholarCrossref

18.D. Golomb and J. Rinzel, Phys. Rev. E https://doi.org/10.1103/PhysRevE.48.4810 48, 4810 (1993).
Google ScholarCrossref

19.D. Terman, N. Kopell, and A. Bose, Physica D https://doi.org/10.1016/S0167-2789(97)00312-6 117, 241
(1998). Google ScholarCrossref

20.R. C. Elson, A. I Selverston, H. D. I. Abarbanel, and M. I. Rabinovich, J. Neurophysiol. 88 1166 (2002).
Google ScholarCrossref

21.J. Rubin and D. Terman, STAM J. Appl. Dyn. Syst. https://doi.org/10.1137/S111111110240323X 1, 146
(2002). Google ScholarCrossref

22.N. Kopell and G. B. Ermentrout, in Handbook of Dynamical Systems, edited by B. Fiedler (Elsevier,



4 R B+

Amsterdam, 2002), Vol. 2, pp. 3 54. Google Scholar

23.T. Lewis and J. Rinzel, J. Comput. Neurosci. https://doi.org/10.1023/A:1023265027714 14, 283 (2003).
Google ScholarCrossref

24.N. Kopell and G. B. Ermentrout, Proc. Natl. Acad. Sci. U.S.A. https://doi.org/10.1073 /pnas.0406343101
101, 15482 (2004). Google ScholarCrossref

25.M. Bazhenov, N. Rulkov, J.-M. Fellous, and I. Timofeev, Phys. Rev. E https://doi.org/10.1103/PhysRevE.72.041903
72, 041903 (2005). Google ScholarCrossref

26.M. I. Rabinovich, P. Varona, A. I. Selverston, and H. D. I. Abarbanel, Rev. Mod. Phys. https://doi.org/10.1103/RevMo
78, 1213 (2006). Google ScholarCrossref

27.J. Rubin and D. Terman, Neural Comput. https://doi.org/10.1162/089976600300015727 12, 597 (2000).
Google ScholarCrossref

28.1. Belykh and A. Shilnikov, When inhibition synchronizes strongly desynchronizing networks of bursting
neurons, Phys. Rev. Lett. (accepted). Google Scholar

29.G. S. Cymbalyuk, Q. Gaudry, M. A. Masino, and R. L. Calabrese, J. Neurosci. 22, 10580 (2002). Google
ScholarCrossref

30.0. Spoorns and R. Kétter, PLoS Biol. 2, €369 (2004). Google ScholarCrossref

31.R. Milo, S. Shen-Orr, S. Ttzkovitz, N. Kashtan, D. Chklovskii, and U. Alon, Science https://doi.org/10.1126 /science.298.!
298, 824 (2002). Google ScholarCrossref

32.M. Barahona and L. M. Pecora, Phys. Rev. Lett. https://doi.org/10.1103/PhysRevLett.89.054101 89,
054101 (2002). Google ScholarCrossref

33.V. N. Belykh, I. V. Belykh, and M. Hasler, Physica D https://doi.org/10.1016/j.physd.2004.03.012 195,
159 (2004). Google ScholarCrossref

34.1. V. Belykh, V. N. Belykh, and M. Hasler, Physica D https://doi.org/10.1016/j.physd.2004.03.013 195,
188 (2004). Google ScholarCrossref

35.L. Zemanova, C. Zhou, and J. Kurths, Physica D https://doi.org/10.1016/j.physd.2006.09.008 224, 202
(2006). Google ScholarCrossref

36.1. Lodato, S. Boccaletti, and V. Latora, Europhys. Lett. https://doi.org/10.1209/0295-5075/78/28001 78
28001 (2007). Google ScholarCrossref

37.A. Yu. Pogromsky, G. Santoboni, and H. Nijmeijer, Physica D https://doi.org/10.1016/S0167-2789(02)00654-
1172, 65 (2002). Google ScholarCrossref

38.1. V. Belykh, V. N. Belykh, K. V. Nevidin, and M. Hasler, Chaos https://doi.org/10.1063/1.1514202 13,
165 (2003). Google ScholarScitation

39.M. Golubitsky, I. Stewart, and A. Torok, STAM J. Appl. Dyn. Syst. https://doi.org/10.1137/040612634
4, 78 (2005). Google ScholarCrossref

40.M. Golubitsky and I. Stewart, Bull., New Ser., Am. Math. Soc. 43, 305 (2006). Google ScholarCrossref
41.Y. Wang and M. Golubitsky, Nonlinearity https://doi.org/10.1088/0951-7715/18/2/010 18, 631 (2005).
Google ScholarCrossref

42.V. Matveev, A. Bose, and F. Nadim, J. Comput. Neurosci. https://doi.org/10.1007/s10827-007-0026-x 23,
169 (2007). Google ScholarCrossref



4 IR B=0

43.G. S. Cymbalyuk and R. L. Calabrese, Neurocomputing 38 40, 159 (2001). Google ScholarCrossref

44.D. Somers and N. Kopell, Biol. Cybern. https://doi.org/10.1007/BF00198772 68, 393 (1993). Google
ScholarCrossref

45.A. N. Tikhonov, Mat. Sb. 22, 193 (1948). Google Scholar

46.1.. S. Pontryagin and L. V. Rodygin, Sov. Math. Dokl. 1, 611 (1960). Google Scholar 47.N. Fenichel, J.
Differ. Equations https://doi.org/10.1016/0022-0396(79)90152-9 31, 53 (1979). Google ScholarCrossref

48.D. V. Turaev and L. P. Shilnikov, Dokl. Math. 51, 404 (1995). Google Scholar

49.A. Shilnikov, L. Shilnikov, and D. Turaev, Mosc. Math. J. 5, 205 (2005). Google Scholar 50.A. Shilnikov

and G. Cymbaluyk, Regular Chaotic Dyn. 3(9), 281 (2004). Google ScholarCrossref

51.A. L. Shilnikov, R. Calabrese, and G. Cymbaluyk, Neurocomputing https://doi.org/10.1016/j.neucom.2004.10.107
65, 869 (2005). Google ScholarCrossref

52.G. Cymbalyuk and A. L. Shilnikov, J. Comput. Neurosci. https://doi.org/10.1007/s10827-005-0354-7 18,

255 (2005). Google ScholarCrossref

53.T. G. Brown, Proc. R. Soc., London, Ser. B https://doi.org/10.1098/rspb.1911.0077 84, 308 (1911).
Google ScholarCrossref

54.T. Nowotny and M. I. Rabinovich, Phys. Rev. Lett. https://doi.org/10.1103/PhysRevLett.98.128106 98,
128106 (2007). Google ScholarCrossref

55.K. L. Briggman and W. B. Kristan, Jr., Annu. Rev. Neurosci. https://doi.org/10.1146/annurev.neuro.31.060407.125552
31, 271 (2008). Google ScholarCrossref



	引言【INTRODUCTION】
	致谢
	APPENDIX
	参考文献

