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am LR S

A SOV IR 270 &2 2 1F % Leaky integrate-and-fire(LIF) ##&E 5 )L D) & 12 B
THMREEELDEDBDTHD., LTOIENSHRINS,

HIETIE, ARXOEAL U TR OB RAEE &R 5 s E M & OB
DTN, AFLICE - 728, L TZORMZHAT 5,

HB2ETIE, XY HRBOMBMIEORE DBKREEIC DWW TSR, Thsdb &
o LIFAREET IV EBIHT %, £z, TOMICH 5N 2 MBI T TV & D Lhig
HIT2 9,

HI3ETIE AHIAN 2213 2 RERMN72 LIF EET I OINE M T 5. Z DKRIC,
n#&HOFEKIELAZ 1, &EUT, BRI DEL frime : thoy = t, BEZL. TOBEBOEH
SEIEL R B Ui ST &1T78 0. £z, FKKEL ¢, 1ICB T BRI A ST ORI 6,
ZnHHOFKMMEEAZ L, FERNMHDOFEE (NDIP BAAHBLIED forase : 0oy — 0,
EEFRT D, TUT, ZOFB frae ¥ 1 EWER S N5 BICHED I O A B % [ix R 5K
EU. T BE S XA F A, R 5 1 3UE R HIRIRIE Y RSB fyme DN
GARZ 1272 WG EIEIE A AN IR ) EETE D Z &R,

B4 BT M 72 AT ISR B RS B — LIT SN T 7)1 00 BE S ER AT 12
ZHNTT S, ETIVREALTU Yy NBAICU £y b INZBEEA, KICEEICH)E
LT LWREANEL D ETIIN 2%, SEBRBEIER, 22 THET, HBE
BERBITRD, —EBEI g DIREMN oY@ EE ., 2BEEICHS % Ornstein-
Uhlenbeck(OU) 2 OFEERHEEICIHE TED I EERT, LT, 20 OUBED
RIBIEERE R 0 &2 WV, BRI OFEXAAN G Z 5 NEEEITBT 5. KOFE KA DO 5M:
(TR B B R RTINS 5 2 5. 3 510, T OWREERIK RIS DR AR
W&o T, nH&HDOFEKMAHD I by, 1TBT 2 HERANAHBRER TP : hyy — h, B7E
L. TOBEBET O ZHGRINCHITT 5, ZOEET P AN 245 ke R
TNV DISEMRITIT L AN S NSMAHBEB IR E . BRRNHEITHIRLZDDOTH
Lo iz, AT OUBREOWERKE M EZRNT, NT—ZART MV EDZINA 7
IO R ORI Z 52 5,

FOEEFBOETI, BAETHALFEREHNT, HERWE—LIF TFIILOAH
TSI BT 2 MF ORI RE 2 R8T 2 REIRBH S - O — L 0 Z/_RIRESIC O
TENENHND, 5B TENTT LHELRBIR E1T,. AYERICHT 2 EFIORE



MBLMERETRANELRDIBEETH S, IWEORZIZRTIHE (BEMSHL) 13, #
ROYIFRIT U7 idvy, REEIRIR TIIFKBIRRM % . BIRBEEIB T 2T 75D/ —
ARG PIVEHWTERT 5. INETOMRBIIRICBI T DHF9EIL. (55405 LM 58
OB ELTH DM THRAMEICET DI EEZRTDITKIBEL 2D ONEN ST, FIT
BN, WENLHIR DB Z T 572010, FEMHFILERKITT 5 R /435 50 13
LD TIRESNDNTHER R > THITT 5, BAERIICIE. WEEBRT v ILDR
Thﬂéhtmgﬁiﬁf BT S REE S E WS REE . Ml &8 — DZRE S
ZFFD LIF MR ETIVICBWTRIES 5, ZOREDEE T, W REBEE&EM: TRk
REZDATEDSDIZANNNSWEEZTTHB I EERT, SSEICANPRENEED
TERIRBI ST, S EPR O v VBIRICE > THMHTE ZENTE D 2 2B

BEETHITT 23— L ARREAR S, WHIZAMERS AN 2 WIRR TORER
HIRTH 2. AEES AN TE, FAIZEHSTOAIL > THEEFIVIZFE AT 5,
TOFEKBRIL, MBEMEOKORERZ EICI > TIREIND B 5 FIRER D 2 H D,
D UM BB O R BER 7378, MEZDUTDOMA S LIk D, &5y M
WWBWTRKERDHZZ I — L D ARIREIER, Tald, FHAETHN L2 ERSE
Z vy, R REER & ERREEIC T, e — L O AHIBR RO BEEZ TN DS,
FHTETIE, INETHR> TELR-MREBET IV E2LHBED THRLE, (AW
fE DY) BEMREETIIVER S, T2 TE, xR —~EFIRENTEHENC
BNLIZANRA 7 e EREDE,. 2ROEGETINTOHhEART, £, EAETI
ZRKT D2H—MREETIVOBEN T D RKREVWESIE,. HATHE2Z0EREDE 5= AN
A VHINRT ) DGR E BT T I ENTES, ZOWEEZHANT, BIERARDZED R
INA I I DffsHRZ . B—TT )V DA LFEK D S EATINICRD 5 ki % 5 2
Do KIZ, INSOHEIHEZMWT, (1) A OMBEHBEIB. (2) EHMELIL. (3) FX
FAIITMEEZRTHEEZERL. MEBRERGFEEE2MNTT %, ZNFNOREOEK
(1) TRMFICRBIEEOMBAESE, (2) TRMRERSE, £ LT (3) Tl
OIS MEFIC R BFEKT A X U BE DN L2 HRINICHE NI TS 2 ETH 5,

HSETIEIARLOMRERIET 5,
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F1E KFE

AR ZECEY T, BEABEHMRICL > THARLLOXRPT L Vo T F O R
BT Y5 VL ER SV AFNCEBR L. #OorOMBHIIEEMN LT, PRMEERNME
EY Do L UANFICREREHEVLFEL., o200 L 2MOBREZASM., % L Th
I T OBUR S Bl 12 X 2 NEMES AT 50 MEHIIIE. & ALFEMIEEY
HEZBHTHZLI2EoT, AT O08T 2 BRIV AF % OMBEHIIEMEET 5,
FOBBMSHERNTRT YV VBRI ). TDX HICEKRTIE, REMEHINROE
FENNVAFNCERT 2 Z20BHNBIIBNT, HICHESIOBELZT 5, —REWIE
EDXHICLTHBEREOPTHERLEZITR I D0 ?

[MEE] L=V o THRALERYFDY, T [WLE | [HELI. [/ 4X] Lvo
RERRD B WAL T 5o REME2MICL S [HT] OEHEZUTIIRT,

1. BOSLWYIE, 95 S AR EYE.

2. BRE- IV - TVERET, BBLID ETHHE - HERED 0T — 7 A0,
FRfET. /41X

3. LT B,

I LIDE I ICE P LARRREDDE LT, YA FADL A=VUdfF & T L I, 213
BWHEL LTORTOEET, FUFTOTHELR EMIHEE W [ES] BSHEET S & &
. TNERETE2DD, HE2VREBSLIRTTIES] DO oTT%: M| &
IFEZ LHTE Do MEMIIC L 2 HHRAEICB VT, BFIRYIC BT 207259
BIONRRBE EWICE 5T, BIES Xk EOREIFRLEIC BN TR 22V 0
B J.P.Segundo 139 U H = DHHICH 5B ESREIT —EOENEE 27 & X ICAK
SN BHIHEEEMORYAS, FHEIEO BB SV AREBIZ L > TERI NI FE2BE L,
ZOREF R REROFBIENZET VL o TN 2 & . BEOLVIRETIR, R0k
WM X > TIRBBRLORFIA OV A RMOBBEIIIE L CHliA D8y — 2 128| XA 2
Nbo, ZOF[ZARIMLTENTH S, b LERKIFEICZDX I RIFEREF VIS



2 EBIE FE

THBY. LedFEEIRITNE, 29 LB RIS o L& { LEHEN
RIOoTLIFVAEKICL>THFELL 2V, LA L, EBEOMEZEHTIE., MRITY
MR ABREMICESNENE E 23N REORZIC L oTw b ¥, Wik 5 ORIHES .
BIURBHROEBEMAERICBT HIHBIEL D) T CHEMFAL 2050288 & %2
HeaLePlEIND, Chid, EYORBERIC ) A AF—B0RE 2RI 2 L2 mR
T5o FHROBRIT. BIZS X LD [HE] PEPYOBBRLB BN TC—EOHEE
BN ECHILIIH D, |

AR BT B IEHLEE T, BURS X FOMF ORBBIREI 2 RET 2 WMELNH S,
Z DV & OHHER IR (Stochastic resonance) THh 5, HEFRILIRE 13, B M LETH
HRICBWT, #EELTERETELWIELHBZEHESIFET B, 2272
LIOMEFEMZ 5 (bHVIERELT) &, 5 (EOThW) BYLMEERETZORE
HESIRD LRSS NABR TH S, HERILIRIIITTA1981 412 Benzi b [5] 2K O
BFZ2ic BV TIRME L 72 B% 725, 1993 412 Douglass & [27] 259 ) H = DRI H 5 FEM
B% b b T, MM BV TOHRERSE LD L2 MO TR LI, ZhiE, 2
FUF 53] T v b [20] & T ORISR SNz, ) L-ERIFZEICAMIEE S,
FHIERIIE T 7V % F - BRREIRFFEDS, 1993 4E D Longtin[56] 12 & AT % 4D D (21E 5
AT a bz [31], FHERFLREDIZNICH | HHEOREZFRRT HBRIINL20H 5, Bl
ZATHEAIRE DIERTE DS 1 & o TRIBIL S B HEEIC X 2L (Linearization by
noize) AR 29] BB b N b, i, EREROBS 2 BREMAGMIICES 2L SITH
FENDBFEKOVAFNZ BT, l4 DFKRERNCBT 2BHESTOMNHEDOS iz L b L,
ADDEFE B L7 EBIROBIC L2 B8 ThH b, 2. ZROMBEMBOEESHT
DBFOMBCETI2HETH 5, VIS 2HNEHES L E T 5RO E AN
BOANESERE X5, THE, ANEFOY — 71268 bE THEMBHINLOFKEFL] H5HE
RPICFEA L, L2d Z20ORMER D 2 &) 2HEEEICB W TRDBEZICIHNS [68]o
e BE9iE, MeRRE &, AR O BHILEIC BV 5 HE ORBAIIRE 2 R
THHBROBERI D IBEL BT L DD, TOOI, BEEEABE T X
% LIF(Leaky Integrate-and-Fire) fifEE7 IV DIRFEV 2 RS FEZIR L, ThEefio
THERLIRHRICE T 5 REN LB 21T )0

KR LOBEIIUTOEY) TH 5, £2ETCHEROMBMROF O BRNWEE L L
. A THVS LIFEETVEENRT 5, FIET, HEOLVWRERNRGEIC
BIFLEFVORBAEBRD, F4EUTCIE. FFIATZ 2T MRS (BEEO



3

H%) LIF EF WICDOWTRN5 o BRIk LIF £ 7V OBHTIERGERHG 2 LIF £57
DIFNTE R EL B b, TTELETEFTVOBITEEBRS, BAEKIZIZ, EFVOH
T BANAL I FIOMETIEE . BRERSARL/NNT —ARS M VR EDEMEZITR D,
RICESETIE, BPADICHT 2 EFVOIREIREZIC L o THESND L) Rt
RIZOWT, FAEBOMITEEL VTRV X— FHEIBICHE > TREWICTHR S, MEt
Mg, BEIATI ZHEDLRWEETY . RERETIC L > THENICREGOR A ER ST
CEHFBHY, COGETHHTICLY ZOARMOFINIRE L ) FE IR 2HRH
MR SNz, TNEAMANE L COMFERIEHRER (T — LV ARRLEPITNhE) &
2 BRIEEENII LD, FE6ETIIZID I — LV ALIRICHET AR 82,
DERE—LIFEFVOBETH LD, ETECTRE—LIFEFAIET > EALIF £
FIVCBI) 2HERIIBEOBRRLZDMOBERITONVTIERNDS, RIBICE 8 E TGO
REFLdD,



F28 MRMREZTOBIEET IV

2.1 #REMAREOYE

AN 4 OTBRE R & 245, SRR g IE . ML, BHRZSE S & CHIR O
3ODEIDH RS (F2.1)0 KA FHOMIME (ERKT0um) . 22558 < (1mm BHE)
B F BBHA%E, 2 LT1ARE CHUTHE (B b0l im) 5545, BHRZHE
I S DATESDEERTH Y . BEFTTRTVE ) ICAE END . 2 OBHRE
BT, ADESHSTRET 2, ANEEHS2MIEL ) KEZETHIUL, A
Kotk ds OV AROBRIE B A RE L. 7 —7 VIROBEEEL TEOESH I 5,
ZOHPE TS PN L MR CRO MBI SR % EORORAAT E % B,

2.1.1 BFIEREN

MROERmIIBE SR T0 ADETEDLNS , 7D L ORI 2 WIREET, AR
DRI B L. S % 281 L TN —60mV 25 —90mV 12725, BY
X, BEOEWESTI10°V/cm DEIGET 5, BERBTOEM 25 ILEBMN &R,

MRBEREE —ER O . MO 2 BRINHEET 5. EEAETHLIEDE Z
AEZAHIRAFTVF v ANEFEINEAF OBY)EPFEEEINDL, A F F ¥R IVIEE
HRIEE BB T ST/ A= M NVAT—VORERDIES VXV B OBD. F v FVITIET —
FEFHINBENEHY) ., FY ANVORBELHET S, 20T, 77— MIowit ¥
oD/ TR ENS, MBEPIE, Nat, KT, Clm 2 EDAF VDY) . RICHFET S
Fr A NVEEAF 0 LTHRBAND A F VIREOBI 2K 2.1 1R,

BILRETIR, KT 2 BIRICERT 2K F ¥ A VD, 21D X HITKT ITIIED
NN TREGESELET 5720, PREINKY 25HT 5, La2L, »THEECHEHET
L, ERAVEZWICAL R, BERNNCERNGRSELTLE ). b ) LERANSY
L BEAEIOYEIHT, KT ORBADPELSIZ 01045, Z2OHEVELSLKT O



2.1, A O KL 5

%% 2.1: MBEPND A F VRE LKA F > OFHEM, RTIZEM L7205, EBITHRNIC
ADBEMeF->1BEZERBTERVERST (BIZITPO®) PHEET 5.

I T I ORIND A F+ > 5A5 & 'L
mM mM  FEES (mV)

MifeR st (Nernst)
Nat 12 145 +65
Kt 155 4 —95
Cl~ 4 120 —87
Ca’* 1077 2.5
Mg** 31 1.5

YA TERMEEMEONRND A F ¥ 554 & P EA
mM mM FHEENM (mV)

MfaA st (Nernst)
Na* 72 460 +49
K+ 345 10 -91

Cl~ 61 540 —54




6 | Hom AL ZOREEF L

A &

2.1: BRIR 2 BRI, FISHkaA, BREE, MEBRO3I OTHER I NG, ¥
F T A DVTIZ2.1.3H TR 5,
SEHEALIE . Nernst DX T

_ET

Fz
DEICKREND, 2T, B, BENLERL LIKORENOEMNTH S, K], K] &
MBLOHNENTOKT 14 Y DEET. R =28.317]/mol - K IIFMHER. F = 9.65 x 10* iX
Faraday E$. T I3#MIFBETH S, 2 34 Y OMET. Kt DAL 1 TH S, Nernst
DRI, 2flifF > ADREI[A] THAIEDERRT V¥V 2FE (EIX8BA) b
KT 2T v ) RTn[A] £ OFTH 5 ERALFERT 2 v VAKIROSMI L HRITE L&
HrbEHEIND,

BIZIEK],: [K;=1:10TH 5K, T=310K £ 35 &, RT/F iZi2iZ27TmV %2 DT,
IREM X E, = ~60mV L7425, 29 LABMELELMNTZOICKEMIC KT OESA~
WY BRI, BOTHhv, BEIREZEBLOT, a7y FL LTOREERD,
BOBERBIIBMEED 2 C = 14F/cm® T, ML ESEr = 20pm OEREEZ 5
. REED 4rr? ~ 1200pm? L 25D T, BEOEFRIIC = 12pF LEHEINS, Lo
T ATy YOmMAICEEEINIBRAEIZQ=CE,=72x1008 -0t %5b, B
REETHLZ L, BLXF4SX 10 HOA TV Eich b, MR KT OBEIL. BEDS
100mM = 100mmol/1 72 HiX, 44 Y EIT L T2.6 x 101 lic 2 5, K/ . BEMZE60mV %

K™,

E, In K, (2.1)




2.1. iR DM 7

FEHTHIT MBROAF Y EOA, bTFh 16 D1 RHT A2 TE v,

FESN D KT BEDSBAT 5 L. BB Nernst DR (2.1) 272 &% { % b, Nat 12Xt
THEOEBAEN LA L, ZOREBEPERTELVLLTH S, ZOKBEENMIE. Nat,
Kt. CI” 14 VEBHROBIHI0IK L EIATERRBLE 25, COEHRETOREN
3. K® Goldman-Hodgkin-Katz AN TERT I L T& 5,

_ RT In pna[Nat], + px[Klo + pci[C17];
F " p[K*] + pna[Nat); + poi[CL7],

ZZTpr. pNa~ poi BENEND A TV OFBBBHTH Y L [KH],. [Nat],. [C17], 13 EH
DAF VRE. [KY];. [Nat),, [CIT]; 3ERO A+ ViBETH L, ZoRid, EBHIKI
(ENDOBMINPOSRNERBICER T2 LALTRE) KBRS, X (2.2) 05
GrAEHIT, BEEMV IZNat, KT, Cl- OB BEMOK L BEAND 4+ ViEEICL T
REb, 2FY, HEAAVOBYRT S LPHEEMOREZIICLoTHRE S, LA T,
AFTVDBYRTIEEDAVYT 7 F P RAEEZDHE, [2.20D X9 AR O il 2%
TEBTHIEDTED, ZO%liEIHIE Hodgkin & Huxley 2SRE L2 d D TH 3 [38],
BRI BT BR2ET) Eng, Ex, Eci (3BDBD Nernst DR SFHEEN S, gy, 9k, gor 13
Na*', K*,Cl" Da ¥ 7 ¥ VAT, CAEBFETH S, CORBLzHAVI L, K44 VE
Wl Ing = gna(V = Eng)s Ik = g (V — Ex)~ Ioi = gol(V — Eci) & %2 5. EFHIRETIZ
Ing +Ix + Iy =0 CTH D H 0, BEEMV (BN E2REL LAEBOBENOERM) 13

_ INeEne + 9k Ex + goiEci (2.3)
INa T 9K + 9o

|4

(2.2)

V

&5,

2.1.2 REENM

T A NEB RIS L, BREE LA GBE) L. MRKEZELCCRILK
2EONMEDERITNS § 5 LBEEMISHEILEENY»S LA TS, Thibiame
W5, AL TRZELTHAMEERZR S & REMIFEEREEND»S S 5ICTRT
Ho CNEBIBENS, ROBEDER ZMBICEHN—ERMBEYT S, BHEMIIAE
BEPEAL, BEFRCETHEY S, BEZTILT2HEP L, RIS TEER
FIFEEAM b LA 5%, IREMDSHHELBR 5 L EBRANNA 7 IROFWEMNEILER
TEIWCRDB, TOLE, WMEMRIIFEAT S LV, 20k EOFVEENELE HE
BN LIPS, BB Z AT 5 & 9 107% 5 BN 2 Bl L 175, AR5k § 54t
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2.1, PRI O R 9

AT, HEVZBEICEMBLTOIRKT S, 2O L)1, AR EEMI
DV TEMEREZ R0, HEIEMARA L-BOERE (M1 IUB) E, vk sH#
K LCODGEBEMIIBTE L2, ZOMB 2 RIGH &8, #Roo%.,
IVBOMIE, XD KRELRHBMERICN L TIHEEENSE L S, 2 O LSRR &
152NN

LR AT NaT, KT, ClI” OB IMRE O T E 2 2 L3 (2.2) THALZZ. T
ABDERMEORS., BFILIKBTIE. pr : pnve 1 por =1:003:01ThHDH, £21 &
A (2.2) LV ELEENIZH —T0mV TH D, LA L, HHRETIE, 1:15:01 &, B
Nat 12359 5 ZBREAT500 EREC LD COKEBEBMIIH0MV &% 5, TNIRE
BEMOYE — Z7MHIZHIET %o pre 1E1~2ms TRIZRS 720, BEEMIIY— ZIELT
%, SWICEIEEEMICRE S, Nat O 2BEOEBAEAMOERICL Y, A, 71k
DIEBIBMARAET 5,

JREAABRMEICE L2, Nat OB BMRBIIAREBICKERELZ L 2T TR RN, B
BB L CRIEE D LB 5 & ZDBREALIESF L T pne 2T 50 $2E 20
B Lo TEJRIIBSML . pye T LRSS, ZOBVELIZE T, BRIIIHEE
MIE ER L. #IEEEMY» S 100mV F TRIZHEMB SN S, ZOBTAKRE D72 pk
SBEMOLATELICKELS R D, py, FEI VBBICIITTONEREIRREY . IGBEMIE
RTTHD, TDHRTD pp T FLRRELMERREI S, BOBBOREN E, & Kt 0
BN Ex BRESELY, E, — Ex 200 Kt 2B 3¢ 2 BERB D 2o, 207
O, HHEMORKRICIE, FHEMBAEL ZITHALZ Nat 2L LWAIT O KT SRR
CHHT 50 E2ATI ) LARKESZ MEMIIMED RS L. KT L Nat OBEEN
REINT, BILEEMNITOIC 50T W e W) BIASE U585, FOREII Na-K
RTHWHRS Do AF YR TIZATP OILFEZANVF—2HE LT, #BEAD Nat %
i, MRS D KT 2 ARRENICHA T 2, CHICX > TR O £ 4 Y REOEF %
PRSI NS,

2.1.3 JFTRAEEAM

B ORI IBT IS PN L, £ L OMORBRIIC S F 7 AR BET 5. ML
XY F T AN L CTEEEMOBEIBANESET 2, BROKBIPRWALTRDL, £
DEKEE ¥ F T A/PNEEELD L WIETFTARY v & LB, /INHEOE L /NEEIATET



10 Fow MM ZOBHET IV

HHMOEDO IR 200 AOEBED D, ThETFTAMBEER, Y FT AL
FEAOEDOMBD SMOMBENE(EET AN TH Do 7T T ATB W TNEER % MG
THMBE LT AR L RO, % 2T A B LIRS, FlidEE -1
Do OEESEDOREBIIFHHEMEL DL F T RS, TOVFT AZBEMEHEESE
NG, EEEMSEMEZEAL T F S ANERICGET S L, EHEMIZATZC
TEED, YT ABMBEANE T CIIMEZESI RV FEYEMIT T+ 7 A/NEE 2 R
LThHLEEEWE T v F 7T ABBANRE T 50 £OEEWH T Y F 7 A/NEEICDH 5
NI E I N 2 EEE T om OBOFIC, 1/MEH -V ETHEEI5,

IRICE ENBLHREWE DY + T AREANB XIZ TR, X (2.2) 0ZERBOL
ALY, BEMV 2EZAHIETH b,

BT T AT F T ABMBEOBIBE T SR T 1 27V AHELE Lk, Bios
[N ;T RARBEOREN (77 ARE) WWEALT B8, £ DBMELZ BEHRY -7
A% BAL (excitatory postsynaptic potential, EPSP) & I8, #IT@FMWBHAND ¥ F 7 A
BBAMELLE] &R TRZOBEME KIS F 7 AR ENL (inhibitory postosynaptic
potential, IPSP) & -5, EPSP, IPSP &% . BEEMIIER ILEEM I 2> TIZITHEKE
BEICRET 20 RERBBIVBOF -5 —-Th b,

RENZEEWE THH 72TV Vid, FHEYWOMEHESIICBT 5 BEEER
EMETH D L LB, FHEWO LB REEYICBT 2 AHEEZENETLIH 5,

PFTABRICBITAIEELEEO—DITMERIET 5N D, MEMRICIE, EIC22H
BOINEE & BRI ED D 5 o IO 2 MM > O GBI EMSFRICEO NS L &,
F T ABRITEEYICMEI NS, 15T, & DDOMBEMMEZ B L TREOGEEN
POXOELRELONLLE, VF S ABRMIIKREMITMESINS,

VI T AN MBERKBOBREMET S5 LIcE D, MINOET b DL EEWE
T T ABRICRB SN S, REYWHEZ 1 7B o FRATRE ST, BT+
B TR ENG, SN2 LR EWERBOETFRHFE LTS, ZORHALIERT H4EH
FHIGERLS . MR- EIRIC BT 5 BREMMMEIREMICBWTRENL, TEF VY
VHEREHRS T 5 LMMORBMIZHEER L., T F V) Y mERE S 2 b LR
WEMOREBAKELL LD, LPLWTROBETY ., MyMREBMOLBHERIIFECT
b, £, MSNED Ca’t BEZ T THRELZHBL., HICYF TS ARBEMZRES
b, THE, VIFTABRBMOERBINE 2D EHIT, BOLEPWL, £OIREIEIIH
INEIR B ORIBOBEEE IZ 25, 2 LTIV F T AKRBMNORBOLHBEIL., KTV
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SHIHED e SNODEBZERMBALY, TEF V) VHFRBETHFEREMELTE
FHHY 5 LmTITons,

2.2 Leaky integrate-and-fire(LIF) 8§ €7 JU

BEOZBHIMEZEIR & a7 % COBFIRBETEFT ML . BET OBEEMORK
FEVZRRaR L7z b DT, Lapicque E7 )V (19074, [50]) 72 %, FEEEOMIEMILIZ BT
% R% C OfEild Eccles (1957 4F, [28]) 1T & o TEBRMICHERE Shiz, H2.3(a) iI2BWT,

BRI THHRROBEEM V 1F

av Vv

EVIHS IR T, TORUL, BEEIBAAH: CLHME S, £ ) b/ SWEEMOEK
BOERBT b, VIS AKREBNOEECE RS L, BILEBM»S/NE L THVWENE
EAEC | TOREBEBWITEET 5, ZOBRBBENYREICBIT 2ERIE RC T,
WL O PIRMEER T 5~10ms LV b s, Iz, BERD 7 2 AR
FREMEANG R ONEHEEZDETNVTEZ b, 2 (24) L V. BEEMIZ

V()= VO + [ e I(s)/cds
ERATIOIRE B0 AN 1(0) 12
I1()/C = a3 8(t — kT)
@iﬁ&%ﬁﬂ»iﬂk&&?:kﬁ@%gzﬁ‘%Eﬁ%ﬁ%%ﬁ%m

V(t) — ae—t/T Z ekT/T

k=0

EREY, BEOHRIEZRT L LR 23b) DL ) ICEE D, CORPLLP DL I,
COETFTIVCIIEEMII Y F T ARTINEE L7k, —BR§H E2h, & & id#ikE
B (ZOBEV(0) =0mV) ~EEERNICEET 5, 72, EHICHREIRAI %
T5YF T AANIHEOICMESNLDOT, MEPYF T AANDEE L%RIC, BE
PITBEEBR . BROEL S,

Stein i¥ Lapicque €7 )V Z HERFGIIZIIR L2 BTV ERE L7 [96]o Stein EF N T
&, BLEEA L BEEM L O X (1) 2RO LD RHERMS FERNTERDbEN S,

dX(t) = ——)%(t—)dt + agdNg(t) — a;dNi(t). X(0) = 0,X(t) < So (2.5)
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N
l 7N 15
0
0 5 10 15 20 25 30
(a) %H]H@% (b) time

X 2.3: IR & T ¥ F 9 CIZ X 2EOEMEIFE (Lapicque €7 V) (a) & BEEMLD—
Bl (b)o ATVEFHASTABNSNAFII(H)/C = a X 2,6t —kT). THEDbLRERDL FTAA
T HRREANEHNICE 2 O NEGEIIET 5, /85 A—F la=5mV, V(0) = 0mV,
Sp = 10mV, 7 = 10ms, T = 5ms.

T 2T Ng(t), Ni(t) 13, BEFZNRZN I, A\ OB 2 Bfl (B—D Vv 72 b0) K
TV VBET, FNENEPSP, IPSP IR T 5. b LR to TEPSP S EF WIZAT &
NizE. VA§) —V(ty) = ags Thbb, JREM X(t) 13 ag ZITIEDOFINIY ¥ ¥ 7T
%o IPSPOBAIX., V) - V(tg) = —ar &% D X)) B KE S o TRDOAFENY v ¥
T¥ho TIT. ag,ar > 08T 5, T X(t) BSRKOBE S, 1GETRIE, 7 VI
[TEEIEA] 2 RET S, ZLTROBHX(@) 1o~y b &, BUIEK (25) 124€E-
TEALT %, Stein EF VBT, [THEEEM] OWHIZOWTITIREBRINTE LT,
BRERNDOA %52 5,

Stein EF VI, B F T AEE L TDEPSP, IPSP A>T AGHEICHERT 52 &
NTEL, 2T, EPSP 252 2HEWN L F 7 A0 pA, IPSP 2 5.2 2H#IMET 7 R
WeAEDDLT Do agp(k =1,2,---p) % EPSP OIRIE. a7y, (I =1,2,---¢) & [PSP D
W§& 3%, EPSP R IPSP X RT YV VBRI - THETLEER D L, KEMIIRD &
IR END,

dX(t) = —:X—T(tldt + i aE,deE,k(t) — zq: aI,ldN[,l(t) (2.6)

k=1 k=1

I T Ngi(t),(k = 1,2,---p) & Npy(t),(I = 1,2,---q) 1ZHE (BIEE) Agy, (b =
1723"'p)a /\I,la(l = 1’2vq) @ﬁ?‘/‘/i@*&'@ﬁ)z)o :h%*igﬁiE{uTZ): Q:KJZ V)\
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RD & 9 7% Ornstein-Uhlenbeck(OU) @R ICEHT L L DTE S,

dY(t) = (—@ + u) dt + dW(t) (2.7)

KIS N7z Stein TT VR (2.6) 26, R (2.7) T EHT 2 BBICOWT, [19] 2BH L%
VHHAT 5,

JEEN X(¢) R —F k< VI T BRELEZ L LDTED, R s ICBWTEBM Ty
THHLVIFRBOTLT, KH L IZBTBEEMD = & 2 55BN HERFEERE. wbw
5 BREMEREREBEIL. Chapman-Kolmogorov 2R,

fatly,s) = [ oyt )1 (2t ly, 5)dz
Rz BREBKEH—REDT, f(a,t|z,t) = f(z,t —¥]2,0) TH 2, f(z,t]z,0) %
f(2,t|z) TETo TITLz(0)=z0 & Lo tZt+ AL ' Bt LBENZDL,

Fla,t+ Atlzo) = /_ " (e, Atl2)f (2, teo)dz (2.8)

PROND, ANPET Y VBRI > THEMRICEET S EREL:-DOT, FILIHE
BEEHWALERDEHIICEST LN TE S,

f(z,Atlz) = {1 — At I:Zp: AEk + Zq:/\l,l] } 6 [1' - (z - %E)]
k=1 I=1 _
+Atk§i:1 AE k0 [m — (z — i? + aE,k)]
+Atzq:)\1’q5 [m — (z — Z—f—t — a”)] (2.9)

=1
ZZTH(2.9) 2R (2.8) ITARA L. WS f(z,t|ze) ZFIVT At THL L, kDX I
5,
af o P q
5 = %(mf/f) + D Mlf (= = agp, tlmo) — f(=,t]zo)] + D Mf(z + arg, t]zo) — (=, t|z0)]
k=1

=1
L%‘E@%‘Tﬁ—(\‘\ (1 - At/T)_l ~1+ At/T %ﬁfo f:o Egﬁ f(m - aE,k’t|'('60)7f(:B + aI,Iatle)
* x DJF Y T Taylor BRI %4749 L.
of _ @

at n2=1 7l 5gn )
Z

A= ==t
T

An = s (n:273))

P q
Hn = Z )\ka%’k - Z)\[CLLI’ (’n, = 1,2,. . )
k=1

=1
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Ehho TIT, ppy=0, (n=3,4,--)\ |m| < 00,0 < pty < c0 D7z ENB L HIT, ¥
F T ABEMNOWRIE ap p,ar; ZEB/NMIU, App, Ay TEBRRICT S (BAEH IS
DWTIL[76] BH), Thick ). BRHERTEBEKIIRD Fokker-Planck FER

()52 <z-w>

DIFELLTEZONE, 2T T = ppy =0 EBWI2, T2, 3o T HHERMS HE
Al
dX@):(—§¥l+M)dr+mva) (2.11)

Ll ko 3 (2.11) 1268 D) HESBERE X () 12 OU B X(¢t) LT 5,
TR R (2.10) TSRS B0 $F 29 — pr — 20, So — 7 — Soy ¢ —pr > T
EEBERT DL,
op 0 (x o 9%
=5 ()T 7o
b, TIT, pz,t) =elgq(z,t) LBL L,
o _rou, o0
ot 1z 2 Oz?

b, EHIT,
/ Z 2t/ r_ { t/T
t 2( 1), z e
&) BEER T UL,
dq 1 9%q
ot 20x7?

Eh b, TOWBFHERDREIL

1 (z' — z})?
q= exp | —————
V2t 2t

THb, VLI BEED LAD ET L, &IAYIC Fokker-Planck 322\ (2.10) DX

p(e,tlze) = j%awpkgg%ggq (2.12)
E[X] = zoe™" 4+ pur(1 —e7t7)
V[X] = %ﬁ1—aww

Lirhe TR (2.11) 1K) X(t) DBRHRFEBETH 5,
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2.3 {hO@FEET IV

FHESIAEE 7 WV IIAGH L TH D LIF EET NV OMICH v { D22 5 . Hoppensteadt[42]
KEBL 4DIT V=T HTTHIENTED,

FLIRE TV (Ordinary Language Models) . &#EEN AR O 7 OREE, Kbk % 3
THBIME S o Bl 2T, TR OMEHIBE THE SN S ] 2. [#EHEILEEE
MM T 5] LEBENICH2S,

‘WHEET )V (Comprehensive Models) . § TIZGd o M HFNEEL F— 7 §T
TERBLUTHRINDGET NV, BilZ ) L7 VIR T, BENRBRHPES T
v, BAIMLHEIE LTid, MEMIIC BT 5 Hodgkin-Huxley €7V (1952, [38])
PETONS,

#EERE T )V (Empirical Models) : & D, & 5 Wit { D9 D EE LA L L HE D
LR ENET Vo LIZLIE, MBOMRERSNEE L ZBETICHR SN 5, it
Ry Z Bl & L Tid, McCulloch-Pittz (1943) W% 5 €7 LR Hopfield [ (1982) %
T b b, BANITIIHBHRVRT WIS, ShSDEF IV EBHEOMERE DR
BB S BE I R\,

IE¥EE 7" )V (Canonical Models) : MDD TI#ERICBIT 2 5UkHE (/37 A— 5 25L& ¢
72l Ei2H BE (IR THHEROISEICBIN BNl BENIHEHR) Lvold s
FRFEHY L T — A (critical regime) ZHIFE T ABRICHV %, HABRL YV — AT
LAFRTNTCH, HOEYLEBRERETH ) LI > TEREF VIFE S
HLIENTEL, BIZFRLHREZEIET NV THoTD, /8T A—FREF VDK
B2 EDBNT, RED/{REM T EEEFVEZHZIE, €9 LABEADET VO
EWIKFEETIC, HLBRIUL Y -2 2 ER]TINEROREFARDL L P TE
B0 BIE LTI, U3y M A2V EOBS- R SIS 315 % VCON(voltage
controlled oscillator neuron) |7 77 47 - U —F 4 ¥ [93] R, WEHHI I X T4k
(281J %5 BVP(Bonhoeffer-Van der Pol) fRB) FETF VAT b 5,

X241 CHEWOETFTNVOREZR LT,
INOHDFHIZLT LIEEL D OTIE% . B2 1T Hodgkin-Huxley €7 )V id, 1950
FRETOERT—F LHPZERLLZVWEPORL L, BRBREFNVTHHLERLI LD TE
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Ordinary Illustration Empirical
Language 5 mpirica
Models Models

(]

g

en

8

=

2

£

O
Comprehensive Criticalregime |  Canonical
Models - Models

X 2.4: WHREWZICBTBEFVOBERKR ([42) L VEE) .

bo I, EREF VB NFROBEIR D HERSNDH, Fl 2 (TEEIRED O IREIR
BAOFE»HET Ve EHRT HHE. BEBIRBRIREIRE & Vo /2RO N i Ay
BB A TSR ENEFVEOT, REBREFVEDEZIONDL, 4 DDEFINVIFEFN
FNEF, @FeRHo TN, TN OMICELIFEL LV,

B EFVITEYEED L L HVEDS, 7= PBRAOBHEIZIE LW, £ Thwnij
AL PICERREFTVE LR D, AEEFNVITRTOBMOERER BRI L LW
HET, WOPRAIFELDIHLHTH S, EROMRMBIGEMS X HICEFT NV EHE
DETIBIC, ZOHEMEIEFHL, worid, V¥ - ZHVTIZZEDET VO
BB TERL LD, TNTHFLEZOETNVIIEROMBEMIE L ERT 51213
RELETH Do

MEERPYHFZF Lo TRIDAVONLEFVIIRBEETFT LV TH D, —KRICFDET
VElERT 5 E o id, EYWFEFICLDIEBRETNVTH S LWLV, KFH L TR LIF
HEETF VI, BBRETFNVICBT 5, LIF BF VAEBROMEABOME TR TEERT 5
b Tk 8725, EARMICEELMEEZMA THB Y. BFWHEH O TId. Hodgkin-
Huxley €7 )V 7 EEBARS &, BITHBRHFVR TV, 29 L2 ErH, RATHE
MBEOBRMIEBOEFTVE LTEBANICHTALIFEF VE L) HIFHENTHI LI
L7z,
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H3E RERNE—MEET ILOREL

COBETIZEPAN ZZT 5 RER/OE—LIF RETFTIVORE LB L. DBOEILB
JMERRORET VOB OERE S5, £, kFHORAELE 1, & LT, KK
FADBAR frime : ther — t ZEFE L. TOBEGOHEFEMBELCTHEHICEE Lk 2S5 B
2AT7% 90 7. BRRR G BT BFMATIONM O, £ k FHORKMMEAZ L, 5
KREADOER (bW BMAHBREIMMB) forase : 01 — O TEET D0 £L T, TOER
Sohase B¥ 1 EWER S 15 BICHE L P DAAH & % MERHEHL (rotation number)p & L. p 2%
B O SNAI R, EEE R O ISR IREY (BKRER fum. PEEB LR 2V
EIEH A AW LIAMEE ) EHRTED I LZRT,

3.1 EFJ
JEIAATD 1(t) % 30T B PEF Y LIF fiiE € 7 )V OBEELL V(t) ZROFRRIRE .
ﬂ%ﬁ = —¥+u+lm,va%§&, (3.1)
V(t) = So—= V(T =V, (3.2)

L, m BIRDRER. Vo+ pr ZFREIEER . So 13 KOBME. I(t) ZEB T oFBA
. Vo(< So) i3 kY B TH B, 22T ANIN B CLRTHEET D, T/ u %k
REIT A LIE), MR ER) LR ATIORETHE O, 2F Y L [TI(#)dt =0
ThHhLAhlREh, BET TEREM V() IX (3.1) 1o TEILT 5o Bl t THBE S, 12
HELIET D, COLEMBEETMIIRKLIZE AL T, BEEMITKOBERE t+ 12V, ~
vy bENnd, COEFNVREKROREMOREIRENICOWTMTHIRARL TH
53, BREZDAEE 25,

R TRKISEE/2L &, ROBKIEREXLZER T CORBMDOIRLFVIL, MOH
BRGB2)DHBELTRDLHITKRT I ENTE S,

’ f t
V2 (8,8) = Voe 7 o pr(1 = =0Ty 4 [ [(s)e= (=) 7ds, ¢ > ¢

¢
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kFEEHOFRKERZ L, L T5E, ty &t DRI

tp—tp_a

t ty —s
Vi (e, thoe) = Voe =0/ L yr(1—e™= 7 ) + / k I(s)e~ 7 ds
th—1

&b VIt tko1) = S0 £ 0.
So etk/7' Vetk 1/7‘_1_“7_( te/T _ etk 1/ +/ s/TdS
tp—1
ZL Tt WS HIEE 1 ICHTHHIIFTIT A L.
etr-1/7 {,uT—VE)-I-/k 7 I(s)els—te- 1)/Tds} = ¢t/7 {,LLT—SO-I-/ s)els~ t’“)/Tds}

kb, 2ZT

t tp—nT
/k I(S)e(s—tk)/TdS = Z / F (1T I(S (s— tk)/TdS
—00 tp—(k+1
1 S/ T
= g’-—f/—’-"—j‘/o I(S + tk)e / ds

lb\

F(t) = /77— o4 s [ T(s +0)eds)
= el {ur = So+ g J (s e’!"ds

o T, k—1BZHORBKRER 1 £ kFEBORKEA t, NETER fime 1 ti1 > e &
te = frime(tpe1) = F7F(tx_1) + (So — Vp)e1/"] (3.3)

DEHTRT LD TE D, ttb'tmaka%FWLE&Flu FEED LIt
LCT&MH

et/’T
%ﬁt) =— [ur — So+ TI(t)] # 0 (3.4)

R TBOREET 5. FUOHEELEVEER. 4, LV KEL DL, Ft) =
F(ty_y) + Soetr~/" @7z BAND t % ), ETNUE, BIR frime i m L ZEBHETHIL
WCED, FUPFETIPEID, WP D EBR fim. DTHEEIC X > TCROBEL
KELEDLS,

B3BEDIRDITRD LI IR ENS, 328 TRAMANZEDRZVWEEDINEIZDOWV
T2, ZOPETEF NVOMI OV RFIDEEEICENS S, < ur & &L B
MRSy > pur D2 ITKELPITOND, 33 TIL, So > pr DFAMZ B EHAS
DIRMEIT & o> TERKIERBFEFNICKRT T 205, F0-00&M%52 %, 34EHTIIER
frime  they > 1 KU HLIFEEHOP 9o £ LT, Denjoy DFER [23] @A L. D&t
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Bop EEEZ L D58 TEM N SVAY), EHEEEY L DRI KAH (BAERICBITS
FERIAT ORA) A[0, 27] THBIC R B = & 20T o 3.5 B CRBIE fu. : by — 1 AR
WHELBETD . frime PRI ERARBEETH S Z 255, Denjoy DFERZIIRTX
HZ LML, ZOWEIIAPIGE L., EFMICE GEALFAW) LIrFELEVWS
EEIRY o T/z. DIERBIMEIKFEE T —RICRE S 2 L 2R T, 3.6 & ClI R
BO—BHIIR-NLH, MHARHT 2BOMMIE B LB W L 2T 5, &
BICABOERELITEHTTI LD S,

3.2 FERAANENGE

JAATI DN E . So > pr TIREL BRI E Vv, M5 Sy < pur TIEERIZE
KL, ZDOEBIZEIC rlog((ur —Vo)/(ur — So))) &% 5o K 3.1(a) TIIEEKEEOE
B PHREARE UTHBNIR L, /37 A—% u 28I R, Sy = 15mV, 7 = 5ms &
BELDOT, p=So/r =3 &8I p < 3 TREADE BT, o> 3 TCRENNLR
KPEL, p DML LD ICFOHEENLERT S,

4 iR E LTANOBBTHE 0 & BY7=25, & LRI I b&0T o+ 1(t) #H L
WABEEZDE, dV]dt=—(VIT)+ (u+ 1)+ I(t) £ B SO EHS, M3.1(a) I
B LBEEIIATIOERBTEARTILEHTES,

DT AN LTHBMMICRAPEL 555 A—F B S, < pr ZIREIMISEE
. AJ153%% HMEL EORIBEEZFFO L EDAFKT B35 A—FHER S, > pr # BEWIE
BHEBEERZLIZT S,

3.3 RAPERERAICKERTT 358

FABAAT I(t) 123 L CH o R EA /2o 720 a CL EBEMSRMEL T TH L2 51E, B
WAEREEERNICGERT T 5, 205412

0< —mtin{f(t)} < p—— (3.5)

THbo M3.2 T, BRIPVFMEEHAICKRT$2HE LT, BEIAT I(t) = A{sin(27t +
0) +sin(47rt +20)} \ZBV) 5 BEEM V(t) OREHEE) &R L7z, K3.2 T, B4 RN
MO IZOWTHRSHEN (3.2) ROMHI i 72 TS DFIMBITEWICR DS 2\,
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(a) 0.15
8 0.1 F
8
=11}
=
=
S 005}
0
2 2.5 3 35 4
3
(b) © Bep | el
So So .’
~ R
> 4
Vo . Vo
0 20 40 0 20 40
time time

B 3.1: (a) AEAATI D WBEITBIT BFKED p A, (b)(c) BEERL DR FAJIRSE .
(b) 2% So > ut+ (c) D5 S < pur DFEITIET Do KERIIFEE ., MERIIFMES, TH
BHo INT A= 1S, =15mV, V5 =0mV, 7 = 5ms. (b)u =2.4. (c)u = 3.6,
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ZDZEZHMHLT, 4R 537 A=y 5HB (X (3.5)) TIRIEKI;AREBEREMICKRT T
AT ERRIZHET B,
321ZBVT, KR T4 REIRE- 1RO EENM

t
V*(t) = pr +/ I(s)e= (=) {s

Thbo MMITdV/dt=0L%BH (1, V) DEET, pr+ It + L) ST 5o KK
3. RENEOF TS, [T,2T) 0EBBENTT 2 5 BEICET &4 22730 TH 5,
DBEOEROME L. COBETIEAE L5, BEOUPSEEITT HEEM, S
Bz B X (3.2) DFHMARIT, BRIE LDICVANIIET L, ZOZ DS, Whk5EM
AT LTH, KRERO L ) ICHEICET 2 L) 2BEBN AR LITE L, HICB
Wty TWIZY Ly b SNZEEMIZ, KERE ) TIMET 5, Thid, 20H L%
KULEIBLFEVD, KEREL D) TOMEBMLI LY 20V, T, 22V TBWTH#
BHARASKR AL D ETHoTh, BEEZEST LT L DENEVW LI LAFTTELR Y, A
NEFIEHT ORMEST2DT, [0,T)DRHIT V12 £y b SNIEEMOEE 72
JERNITITHE, LoT, BRIt LYANCULTRT T 5,

3.4 E% frime : they — tr P RIALIZE

B1Z frime DM 7200121E, FITK (3.4) OFBIWzE8N 2 TER SRV, EFV
DEBE RIS T (ur — So < 0) THEHE. BYAD 1(t) OREFEHR0THS Z L
b RMX (3.4) 2 S VAt BULTHET 5. £ 2 T2 OETIHIRBIMEIGE $HI%
So < ut DA EHEH -

So < pT IZBVTHK (3.4) DERMAHHE WM SN DIZFAT I(t)

0< —mtin{I(t)} < p— % (3.6)

TR TH D, FTLAEIHFET S &) &M,
dv So
— =——+4p+1I(t)
dt V($)=So T

K. JEEMSHEME S T EICEDEE CRETLLEG LS RZ LI LENTED,
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3.2: BT =1 OFEIATI I(t) = A{sin(27t + 0) + sin(4nt +260)} 1ZBT HEEM V(L)
D RINEE), KAIZ TR - 2B OBEEMOBENZEE ., HiddV/dt =0 %
Y (V) DEATH S, KVERIT, [T,2T) O#BEANTT 2 6 MMEICHET 5 &M4% 0
VIREMTH B, T A—% . u =05V, =05mV, Sy =1mV, 7 = Ilms, T = 1ms,
A=2V/s,
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3.4.1 [[EEFERIEH

ZCT, AN BIE 2 EN T HBRICRE L2 BT 570, B (rotation
number)p ZEAT S, TTEDEME LT, B9 % gime(t) = frime — kT D X ) ITESH
T5, 2Ty kldgume(0) €[0,T) 27 TEK TH S, 22T,

G (®) = Grime(t), 02 (t) = Grime(Grime(t))

ET 5%, TOLE, MG, %
(N)
T gtime(t)
p = hm _Nj—_‘—-’t € [O,T)

N—oo
EEET Do ZIZTy Glime(t+T) = Grime(t) LD € [0, T) IOV THRARILTTHTH S,
BIEEFEE L LB ICEEL DD L LT, MHDEZPET oG, BElt =018 5
AT ONAMZ 0 & U, FEKEEZ t, 1[2B1T 2 AT OMME 0, = Qty + 6(mod 27) &
L7:WE, k—1FEOFKNA O, € [0,27) & k FEHOFKAMM 6, € [0, 27) ~NETHER
(circle map) fprase : Ok—1 > Ok BFIET Do Ok = fonase(Or—1) 1T

thase(ak) = thase(ek——l) + (SO - ‘/())eok_l/QT (37)
WCBITA2REBE LTEZESINS, 12771

1 27 — 0 -+ 0
_ 8/ _ —_—/ QD___]C o/Qr
Fionase(0) = € T = So+ Q(ET/T - 1) Jo ! ( Q ) ’ dso]

ET Do fohase TMAHBRBEME SR, T2, dF/dt # 0 & dFppe.(0)/d0 £ 0 X b
Sohase W3ERE 2 B BB L FHOERLER ., 7% bHEMHER (homeomorphism) TH 5, &
DI, FAOTHFREIMBIEL. T2bb iy <ty = g(tim1) < g(ts) THDZEDD | forgse &
[t] X {RAF (orientation preserving) DEMRTH B Z LWT D56 fohase DAL DSA: %572
JHE. Denjoy DEFFEEL Y RD Z LA 2 5 [23]0

o p XA H RS, T, 2 EDNNT A=Y AL THEEZBXTH 5,

o b LENGIEE p WEHE T, EVICER2DODERp,qillLoTp=pletTKEND
DTHNE, BKNAHDF] {0} 2B ¢ & %5 X 5 LWL 0 PHFHET %o kDT
TaRETNIT, EOMPMNALLMEE S {0, DFTHICEL ¢ OREFNICR 5,

o b LEEEEH p SEEER 512, BARRAOF {6,) 12 [0,27] 12 BWCHBETH 5,
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ORI B SRR R 7 5 /X T A — % FHISUI IE D Lebesgue M 2382 7 & b — VES THEK
ENb, 2L TEOMES (BTHEVHES) CHERERBIIEERRICZY . MAARTDE
RS AN & X, BEEREBUI AT R 589 A= EBICBWT, FOEETD
M UEEEE R L 52 & ThH D, ERICIE, FEERE LD S AT 134 7 VhOFHHEX
By =1/(p+k) DFHBIGAHDH 55 @i, MEEEFEEE (BHE) ORILTE
BB FEE (BER) 25,

RIT, Q— AT A—FFHEICET A VHRAMPEBOER. Wbwb 7 — /VFOFK
DOIRICE T 2 BHTHER B BB,

3.4.2 1:nfrtBRIEA

EIAT n A 2 Vil m BRKIFRE DHE T m : o AR LI5S, BAKEE fime
DUHETH B5E . MAHRMZ R /85 A — ¥ EHROBEFIL, VAHBBIMB fon. PHER
FRERITIEZFALT, ROLILEHNTE L,

9. 1 n fAHEBIOEL 587 X — 530D bFD, MARRE LA Z 6, L
5, FDEX 1 n MHEHBEBOBERIZIRD 2 ODEHPLKE 5,

thase(ok) = thase(ak - 2"7'77) + (SO - %)e(ek-—-2mr)/0‘r (38)
So— Ve —2nm) /T
F;hase(ak) = Fzﬁhase(ak - znﬂ-) + —'09_7__26(9’6 2nm)/Q (39)

a&@&dﬁw%%%ﬁﬁmgwﬁw::@uﬁwfﬁﬁﬁk&bé%#?‘ﬁcmﬂi
Fohase(0) DIEEDTO = 0, 1ICBNT1 L L BEMTH D —HINAHBEIIROL = fonase(05-1)
DIEE dy/dO_1 1E. K (3.7) & Op_y ICDOWTHEMS L2 R

do
F;hase(ek)—k = Fz:hase(ak—l) + (SO - %)eek_lloT
dbr_,

IhkFs,
LT oBRR

thase(a - 2n7r) = e—QnW/QTthase(a)‘ F}ihase(a - 2n7r) = e—2n7r/QTF;hase(0)
eI EIE Y, K(38)(39) %
(/9 —1)F(6x) = (So— Vo)e®/® (3.10)

(JWW—Ungzzﬁﬁi%WW (3.11)
T



3.4. BAZ fiime : tio — b DS B4 25

EBBLERICRERT A LD TED,

1: n MAHFEAEROBER 2 Q — AXT A— & FHICH <12id, X (3.10)(3.11) 2557 &
N5 XI12, A% QOBKE L TREMIKD TR,

FRIZIERGIEATT I(t) = Asin(Q) DA, R (3.10)(3.11) & 0 6, 2 EL T, 1: nfid
FIEI DR 2 HTHNI RO L Z AT E B [45], TR (3.10)(3.11) 1%

A
(e2n7r/Q'r _ l)eak/ﬂ’r uT — So + -————T—Sin(ak — go) = (SO — ‘/O)eek/ﬂr (312)
1+ (Qr)?
O /Qr So — V¢
(e2rm/97 _ 1)Z [uT — So+ Arsinf] = ———=¢*/ (3.13)

Or Qr

Ehbo 72721 ¢ = arctan(Qr) £ T %, X (3.12)(3.13) X 1
cos psin(f), — @) = sin b,
DR B, sinpcos( — @) =0E%DBIEDPDDPD, sing £0 LD
cos(B — @) =0, sin(f; — ) = £1
&0, N(3.12) KRAT B &, IERBEATICBIT S 1 : n AR EIROBE R
1+ (92r)? ( So — Va

e2nm/Qr __ 1

A=+

- —ur + S'O) (3.14)

PRONL, 1:n HEAMEBREASERNTET L, kKDL IR D,

A/ 1+ (Q7)2 Sy — V.
So - ( )( — —m+so) (Q < nfo)

2nmf/Qr _q
LIPS T e (3.15)
T V1+(Qr)? 1 S -V
- <e2n2/m _0 T KT + SO) (2 > nQy)

C T frime VAL HEEHRIOT, KB LV 0< A< p— 2 OEELHMLI2,
Qo &, EFZBEATIPENGEICHBENICGEE 28 KOAFER

27
QO == W (316)
uT—So
Thbo Wi, UTOXH L2,
62n7r/n901- — g2n/Qr 14 (QT)2
So 2nr [QT (’UT o SO)_—— (Q < nQO)
T e2nm[nSor _ p2nm/[Qr + T
(o = 50 (@5 nay)

Q= nQO TciEiEﬁS‘O t &Z) Z (‘.’.ﬁ§ﬁﬁ§5o
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3.4.3 m:n{IfBRHA
m :n MARERIIEB AT n A 2 VI m AR X ZEEIRT 5, T2 Tid
m BORKNABPEEE NS, Bl &K BRAHHI

(90—>01—>02—->---—>0m_1—->0m(=00+2n7r),

E%Y. {0,} ICHYT A m EOHEXNE MM T .

thab‘e(el) = thase(ao) -+ (SO - ‘/0)800/91-
thase(02) = thase(ol) + (SO - %)601/07

thase(em—l) = thase(am—z) + (So 7 )60""2/97'

Fonase(80)"™ /% = Fypase(Bna) + (So — Vo)eln/%"

ZZ ’6‘ thase(Gm) = thase(00)62mr/ﬂ7' "Gi) Z) [}
B0, 1 — 0, DX ERDZ7:012, FBROmFHORX% 6,y THITT 5,

do, S Vi
phase(ek)do Phase(ak 1) —s‘i':r_e % /Q
o a0y — thase(ok 1)+ J%Vleek—l/ﬂv'
dak_l Fzﬁhase(ak)

ZZTk=1,2,--,m&¥ b, LoT, HEIZ

d0,, _ Fzghase(ao) + &Q—TVQe%/QT e X F:l;hase(om 1) + MCQM_I/Q?
d00 zﬁhase(al) phase(a )
& BT Fppase(Om) = €™V EY, (60) £V
dOr, _ 1 Fzghase(eo) + &—%‘/&690/07 phase(am 1) + —L—_Qegm_l/QT
d_00 - e/ F}ihase(ao) o thase(a’m—l)
_ 1 pr — Vo + Arsin(6) o BT = Vo + At sin(0,,—1)
e/ yr — Sy + At sin(6p) put — So + At sin(0p—1)

E b, BT DEML O, /dl =1 TH 5,

Lo Tm : n AHBPEROBERL, {0} BT 2mBEOFERNE di,./db =1 XD
ERICEO NG, 1 n MAHFBIEROBROBEL 22D, ERREIADICBTOIERR
SRITIICRE 52w,
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3.5 BE&% frime : the1 — e PARHELIZES

EFVHRBMISE R (ur > So) Th YA, FBRAT I(t) DIRIESAZ W E | &
(3.6) DI SIF, fuime BUBEE Fire 2 BRI E %2 5o £ 7 VOBV SRR
(u7 < So) Dl BAIHEE 2753 DIEEE ASEEVHOBAIL. BIRARAOE
(& frime BRTHTH Do ZOHTIE, BB L RBHEOTH OIEEFRIZ OV T, fume
BT 3872 B ORARFRIE R OB R % Ko 5 BHTIE . SARFIISEIRIC BT 2 [

O BB B o

3.5.1 {I+8FI%A

BKERDER frime(t) BAEREE 2 BT t* LT Do frime(t) DEHENII LD, ¢
L dF(t*)/dt = 0 2729 o BRERDER frime(t) H5t = t* TRERLRIHE . MAHER
HETF fonase(0) 130 = 0*(= Qt*[mod 27] TAHREHEL BB F LT 0* 1F dFpa0e(0)/d0 = 0
T2 9o MMFE L2 E 6, £ T2 L. frime DATHLRIFEICBIT 2 A-Q /5T
A=FFELED 1 : n MAHFRHFROBFRIIRD 3 ODEHEOHNTILTH S,

1. ABBRBHR fonese DSFHAALAR 0, CHARSE T 2356, SF13X(3.10) LK (3.11)0
FIZIERBEATI DB EIRITICRE D, K (3.14) L& 5,

Mt 2. MARBREIM fonase DIEIHINLAE 0, TARESE L 2 1) | limo—o,—0 fohase(8) = Fohase(6r)
72T RFIE (3.10) & dFpnase(6r)/d0 = 0o $FICIEFRBEAT DB AT AD
RUEDRATHICRE B [45]0 3750 (3.10) 13K (3.12) &2 B0 Z LT Fl(6) = 0
£h

ATsin b, = So — pt (3.18)

PEOND, R (3.18) xR (B.12) ITRAL T 2HETH L,

A=\/1+(QT)2\I{( % — Yo }2+{M——m+50}2 (3.19)

T e2nm/QT _ 1)Q7- e2nm/Qr 1

RSN D o K (3.19) DAL S 1 DR G E VO
X<k b,

2n1r/Q‘r 1 _MT+SO' J: V)j(

Mt 3. MAHBRBRHI fonase DEIINIAH 0, THRESLL 2 1) | limg_g, 10 Forase(8) = Fohase(Ok)
WS R F(0%) = F(0r) + Soe®/ & dF0,.(0%)/d0 = 0o 72721,
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(@

3.3: EREATNCBIT A 1:1,1:2,1: AR, (a) IRBYFIK (So < pr)o (b) B
BHIH (So > pr)o A1, Az, As i3, ZNENALPOMNMFBIFILOZFF I 2 &M 1.
2. 3DLBONIADT T T ThbH, M (a) TBVT, A< p— 52 TH frime RTHE %
BHo NTA—=F u=2,71=5,V=0,(a)So =8, (b)So =12,

0 # 0, £ 5o ERBADOHE bEAFROSR AMAMNIKE T, Bt
HET 2o

PESOOEUPL/BONDE ADT T 7% FRCIERKEATICOWT, REM & BB
DICEFEBICHT TR 33T Lze &E1. 2. 300/ ND AZENETN Ay, Ay, A
EL72E &, 1 nAHFEIEBI, DAEESINTZQIRXBVTA <A< A EEIND,
1: n MHFHAMEC D258, D L fime ST HETH U, MAHBB IR fonase SXTABE 2
RTED Do frime AEBEEL ZFEOE L fohase I AME 2 LTRDIGEL 1 HTRD
LGN B, A X EDREDEERET b0 REMN2OL 2D ADHEBIZ A < A< A
TREAE22HD, Ay < A< Ay TREEDFT—2 LPFELR WV,

m : n MHFABIEEOBERIE . BB fuin. STHE TR WIS, EREATI OHE T b #ET
M2 HEEDZ <L BEIZLARE S 2V, R34 ICBEMICKRD m : n A FEHIHEZ
RL7z,

3.5.2 {IFARIHEASESIC 17 3 AEEHO—B 4

Coombes & Bressloff[21] 13, IEFHEATNCBVT, A-Q/3F A—FFHIZBIT D m : nfL
MHEPOEE., WbWwbs7T— JVFOFEVPELRLZ L2 LIz, L LEADIX34 TR
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3.4: IERZIEATNCBIY B m : n MAHFIEATES. Coombes & Bressloff[21] & xHHiF % 7
O, T-AFETHER L B E DT fripme ST HLGETH L, /85 A—% T = 1ms,
S =1mV, y =2V/s.
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L7z7 =/ VFDOEIZERL ST, Coombes b DIgH & BV iEo72, £DFEEIE. Coombes
B ERA L TNABRIMM O, = f(0,) DEBIRZ S LIZH o7, LTV 2, Coombes
5O, MARBEBIC BV CEERESOPMHEIC L ST —RICRES L L
). EXGHELZIRELZE VW S, £ZTHRE T, 3T Coombes b DIEHE L /-
7=/ VE OFVELR LML EZEAT . — k%2 BMATIOW TR, B¥ETH
FHEEATEISIC 31T 5 MO —BEMZFwm L b,

F3°, Coombes b & Fik & THERIEVE )RR L %572 firea DERICOVWTHEEL., IE
WIEATICBWCT — VE OEFELR LD E ) PRARD . R (3.3) DB frime : tr_1 — 1
PRI HLIGE .

F(t) = F(tg—1) + (So — Vo)et=1/" (3.20)

RWT HIEEEET 5. BATBKIAZ L) DT, K(3.20) 2A72TtD ) bLE/IME
Bt LT 5o BELL EFVHPRE 4 IZBKLTY &y b SSRGS, ROFEKES
b BEEAS O CHEECERETIRAL LTREEZLLTH D, 20 L EXFIET HAL4H
BRMEIIN3s DERELDL, ZLTm o MHERHERIIK34 L2, T—/VFOD
WIXEL 57\, /5 Coombes 513X (3.20) Z AT t I XT &t &ARLZ, ZDI2
DX A MABB AT 3.5 OEMOED/-7 T 7 Lix b, Coombes b DEZH R
SFEEFRI TG A= pOMMHRMHER L RO L T/ VFOFREZELS (21K
3)e 3.5 Tik, 21]ICBVT3 4 HRE 2: 3BV EL SN A-F LFRL DAV
T, BFIZIE, 21|03 IcEB L, ArFHED3 4 FHIBE 2:3HBMIIA=257=1T
3E2 B ER LIz, £ THAIE Coombes 5 LA L/8T A—F 2 v, LDFRED
BB EfTholo ZOKE., TTH3ADT—/VFDOELY, A=2571=1I1IBIF5H
MEZ2:3 Lad 0 BenI Ed8h o7 E5I2H3.5 TEHE fohases [rases Sohases
fhase ERARIZEZA, 3, DHPHAREZEL, FBRE LD EVFFTPo72, 2O
SrXy, EINAICEST, A=25,7=1Ti32: SAMEMIEL, 3 4 HEFMIX
HELWZ L9 o,

THZELY, FRIBEANDOEE, BADRTRT -/ VFOFRELRLT., 0&D0D
8T A—=F ORI LT, WSREICE S TRERES—FICHRT 5 2 LARREINT,
L2 LATRDERII D LRONIZNT A= FIZONWTLPBRTEL T, AN D EZEE
FIRoTBY, —HBIIKRITS, 22 THRAIE, —BNLZEAPATLED T, G H
WX ST EERRES—BICREDL L2 U T THL2ICT 5,

BEAZ frime DM TRVIGEITIE, BB Denjoy DRERZHEA TSI LATTEL VA, B
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@ 2= " - - > (b) 2rm

273 SN ] 3w |

w2 | /’_\/ mz/

0 : : : 0 L : - :
0 /2 T 3n/2 2r 0 w2 n 3n/2 2n
© 2n = T T T d) 2 T T
\
~—
3n/2 T 1 W2 [T
Y -‘;
a4 n /
r/2 (:_’::—__ 1 w2 ’-/~
o — L _j -___i_'_—_ 7
0 Lea™” () DS Lty
0 2 T 3n/2 2% 0 /2 T 3n/2 2

3.5: IERXIEATI I(t) = Asin(Qt+6) i< BT HAAHBBEEIR (2) fohases (B)Zases (€)Fhase
(d)fy RRRIE . BIEDELE L2\ IAC . IREAARRME % &2 3 2 B4l & R A D DA

phaseo N

WE SRR TR L2, 787 A—%: p=2V/s, 7 = lms, A = 2.5V/s, Q = 2r[radian/ms].
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U frime PSR IR 2 B SIS IIBE B T H NIE, Denjoy DEH % 1FITZN T FTHMATE,
BIERHE B AT G (R —BICHR T 5 [45, 23]

Frime * tho1 = t DSRAFENC B 2 PP, Tabb b <t >t <, TH5
ZER, VobbWiES, ICBITHBEBM V() OBEE dV/dt O FEALICER L TEHT 5,

5. dV/dt|vy=y, R dV/dtlv s, BERETH 254, R (3.2) DRHEMTH HEE
MV PENCRELZNWZ L XD, BHODIT, fime (SERZEFHEMEZTH S,

dV/dt|v @)=y, PIFFIEEICIETEDS, So ICB 5 dV/dt OFFFH L LI A 56 FRILE
U5 DEEMNIEEL dV/dt > 0 TRETIHEFICBRONE DT, SplZBWVTdV/di <0
L bt OFEBTIIFKEER ¢, IFELEE V. Lo T, Z2OFEBEERNT fiin DTV
AEXHIE LD, BRAMNMERTHLZ LD b0 72, fime B 1L1EBTHE T
EHLHHTH S,

So lZBWVTH VIZBWTDH dV/dt OF BRI LG 55%E. B4 RAHEGFIIBIT 5
JEEAMIIFIZITH 36 DL Ik Do KERII V() = pr + [L I(s)e & ds T, £D
MEMES SR T S BB SRR & & D ICHBBIEEYICHERIC V> N o T, HiE
dV]dt =0 % R12T T T T T, pr+7I{t+0/27) ZR L2 TDT T 7 XY EIZHBH V(L)
XdV/dt <0 T, TiZHb V(t)IZdV/dt>0TH5b, K3.61ZBNT, dV/dt|lyp=s, <0
ERALtDEBREP L L, HIEPIIBWT S 2 L oRELEEMSEET S, 2 THH
ETHIOEBEP LT 5, TDOLE, BAPELLBEBLTREMIIMMEZ dV/dt >0
THWAZL LY, P L 2R T 2P Tl BRIZHFITEI 52w, &
T, dV/dtly=v, > dV/dtlv=s, & D dV/dtlv@=v, <0 & 7% % t DFR QI LT HIRP
KEINBIEDGDD, TDIEDD ., frime (IEFEMBEHTHL LG5, L
Uy frime 511 B THH T L 2RTICIE, BB P OLEBRDOEER (tiep: £T5) IZBWT
V(tiess) = Vo, dV/dt > 0 ThH LEBMDS, BB P OAEWMORR (1, £T5) LVKRT
ﬁﬁﬁ@ﬁ%f%%ﬁ%(ﬂﬂ:%dwﬁ>o)L&w:t%ﬁ%?éﬁ%ﬁ&éob
L. U EOREEM S BEBBEICHERI V- NEN K S E 2RI tep I8BWT
V=S bhbBEBMNEV =V, L bBEBME DS, — Vo LHBLT, t>1,, KB
J 5 20DBEEMOEBIILT/NELS b, £oT, V(ties:) = Vo, dV/dt >0 THLHEE
MAHTADEE TV, 2KETHRHRLT !, LV FHICDY . fume P LLIEETD
B ENFRINDG,

PEXD, WORBFETE, fum SHFAMMT LI OBERICES Z L2, HEEE
BOOHEHFIC L ST —BICRE L 2 LA7RENTZ,
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3.6: & T SE LA O 1T B REBAL V() DR BIEIES), AT I(t) = A{sin(2mt+
0) + sin(4nt + 0)}. RERIZ V() = pr + [* I(s)e ) ds RT . LOMBMED &4
THIREMD ., BEIHGBT HICONT VBT &, FOEME V(1) — V() 13I8
RICHEARA T 5o RMIZdV/dt=0% AT T 7T, pr+7It+0/21) ZBRT 5,
INTA=F 1 A=2V[s, 7 =1ms, T =1ms. Sp=1mV. g =1.5V/s, V; = 0.5mV,
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3.6 ZLEEM

Coombes & Bressloff[21] 13, & DD /3F X — & QI U THEE O MERIEHAHFET
A, LWIH)BRTOLEEMZIBTE L. 7277HHTOBRR2X 912, Coombes 5 & 4
ETIINAHBRIMM O, = f(Or—1) DERVRL D, M35 THATH L, RAFEHRTE
ENT2Y T 7 DR ENABRIBE T L72H5. Coombes HIZFRORMS EO/F T 7
A B HIR fohase E B LT720 £D 728, H3E Coombes H DIFH 2 KA DRICHEMT
v, 51T, AEIRETOERRLD. RLADRIIBOT fiime : thmr — 1 FHFAHMZ
1: 1B Thb, 2O L, BEDDFXA—F ORI LT, FHHIRREIC X &9 [
RPN —BICRED L EBRT 5o Lo THRADRIIBW T, Coombes H DI BRT
DB EEAFIE L I\,

LPL, $50E20/835 A—FDHTU L DOREEIER O, BEOELZLREX
PANY — U BFET B, LI BRTOSREBEZERADRTHIHELET D, —KDOEHY
ATIDOBERILBHERIE OB ZROT DI EHNTE D, MBTHZOBIT, 2MHEDOR
T B FREKNANY — U BlRTR LTzo BT HAAHEERMABRIIE38 DX H Tk b,

3.7 COEDOEEYD
— B2 ERIAT I(1) 13T BIER ., BTFD 320,89 X— ¥ EBICHETE %,

FIR 1o KB DBUZ fiime : thoy — tp P FETH 5787 2 — ¥ 538, Denjoy DFEHR
[23] Z WA TE %, Denjoy I2& 5 &, T3 EEEREIMWHEMEITEFET —BICR
5, £LC. NEREISEEKOEE. BT {t.} FRABICTHHR2BEIC 2
b, SHIT, HEEHRESEREOEAIE. BRKFHIIBIT 5 AT)DMAHDT] {6} D
LB IX X [0,27] ECTRBICR 5,

0< —min{I(t)} < p— 2
t T

IR 20 frime(t) Bt € [0, T] KBV TARERES VL DD 5 HE . Keener[46] i & D X
b7z, Keener X HERIREASEIREB IR T —BRICREH LR LA, &5
2, EEEESEEROSEE {1 GANE 2D, BEEEOBEI Y —VE
S LTI T AN LIEFPNIDE L ST 2R LT Keener DFERIZ. fiime PTX
SHCEFMBER T, t € [0,T] BV TAERA L HREROHEIZHILERT S
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o LA IEE AL
o LV

(©)

period

3.7: ZREMERT RISV AFIOF, (c) DERIATI I(t) = A{sin(27t) 4 0.1 sin(xt)}
WAL T, BIHISRHIC LY (a)(b)2 EED RS A ZHIDFAE LD o /8T A—F: u=2V/s,
T = 1lms, A =2.5V/s.

(@) 4n T r (b) 4m
3n ¢ 3nf
2n / 2n

n / n

0 T 2n 3n 4n 0 n 2n 3n 4n

3.8: JHIATI I(t) = A{sin(2nt +0)+0.1sin(rt +0.50)} 1Z3xt3 B AIABR I (2) fonase
& (b) fohaseo 73T A—%: p=2V/s, 7 = 1ms, A = 2.5V/s.
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CLATEB, BEL Y. —REREIAS [(1) BT | EERKRAEEL .
O—‘%’C‘})Zao

—min{I()} > 5~ 2

EQAd B
¢
max {/ I(s)e"(t"s)/Tds} > So— ur

-0

F 30 BN AT R ERTIRT 5,85 A— & 4,

14
0 < max {/ I(s)e"(t"s)/Tds} < So— pt
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B4E MRHFIVE—ETT ILOIEH
BT

Z 2T, R IR SN HESRER T LIF M7 VORIV RFNCEET 5 — ki 72
FATIER 2R B0 & 2 THRNT 5 BITEIIRERRNNAHBREE T O E LICHE DI
THRING, COBEETIE. AYNERL 2 2 R EmRE ORI b 564
BREHRE . ERNLREAIC—RIELEIDTH S, HETOBEHIL., 1§52 HME
BIZLI24S 9 % Ornstein-Uhlenbeck(OU) @2 D@88 56 2 > CEHEEI NS 4088
RRSMIIH LB HEAORLE LTEHREINS, OUBREBORE., 8BS HIEH
5§55 7 BRAEBE B DAL TIRIITEIIC R E 537, BMEMICD . o EROF MR LY
Wz ), A LT, Buonocore b [11) DRET S, HREUEZRML AP L2T7T VT
U X 5% BT OU B OB A % RO, ERMMAHBBEETF 25815, X
. RNV AHEBEE T L Z20BEEETHLMMIH (P42 Ve T TL0) 12D
WTHERN B2 9. 610, ROMEARHSARLHEEFEE-> T, R84
FIDFEKBRGARLNT — AR PV Wwo IRt EE RO D FERERT. SOHER
ZRAWBMERTER LA L & B ICHHT 5,

4.1 =

BEMBENILINFR L OB ONEEFTE AN ZFNCER LT, MOMBERN®S,
FARIC BT B ) LIESEHO A h = XA 2 BET 572012, FEMEE IO 2 Mgk
MR DISEFIT IOV TEE K OEBRIS L ENTEL, BFEOHRE Y X7 2B % Av/:
%5 (73, 13] R, MR % IEMIREI T & A% L CHAT L2288 36, 61) 2 &, 83 &F
Thbo —H. ERIIBVT, HFINAETHNARETHN[39] L ICTHIHEEL
PORT LNV, SHICHETI. MEHROILEFEEZHMIZL (Bime LTiE, [81] %
R&) L7z, #eREIRBZ [27, 43, 64] B L THERDIGE R RELELEE D, 20
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7 M HH S B AL DI % AT L 72 EBRATRE DI 4 ST & 72, [29, 97, 256

Z b DEBRIIFFEICAIRE S h, MRET VR BV BRI 2 BTE OIS 2 S,
REME 2R BRI 2B T X SAREET NV ONFERIIA SR Sz (BRI,
40, 2,3]) 0 TROOHRICBVTL L RLFHL LT, A b O RERSIAER
Mg L o7z L RTEEEDET Db, AL ORERIIY 7Y v 7, FIENE» S0
LRESOBMEFACERS L OB 2 > 7 VT2 2 ik VBRSNS . MALES
BHBIE . Bl&BEC 2 0DRKERCBIT A ADEFOMBOBICHEYT28RERT, oh
5OEHDORMICE > TEFESWETIERIE, TOFBMELRAL T LICL D, A
EREZIEROOMALIREE 7 FAFTTED, 72720, TS IFRERNZGE
R 57 Th B, EF VIS EINLS L. BABERRERYTTATELVWEHES
T, B SNIRERI % T VOMH TR 2 ER L ZRBATERV, £10 2
BB S NLMREET VOIREEHRT 5113, FLOHERILEICR 5,

COEOHMIZ., MEH L) BN ERE 2T 2 LIFMEE T VORI Y — V2 IRT
BIETHb, EMLDLIF EFAREFEBEANEZITLLEDT A F I 2 21220 T
FATRRZE S D B (91, 45, 21]0 BOED 2 DOBFE[9, 71] Tk, TOEF VI E LITHEFD
B2 BHEPERSNI, TREOFETHRBTOAN, F4bbREEL TR
P LTRADPE L ZVANDHC SN2, 2 LT, BETORBES LR E LML
BAICBIT B LIF 7 VORKRBIIN SHzo ETNHOBER. FRATLICA
ES ORI EOMMIZY £ b 8RB LI REDTTHR bR, ZORERE
HESFARMTH S Z L ERT [49], . BHESIEUETH L Lz, ADEFO
MRRKIC L > T Y P ENBWEARIET. HEERHES BRSNS <
20T, AR ) SNEEDOF P LV RENTH S, L LIHEEDESISHT 2%
RIRATY BRI SN E THREST., B LoBEES S . WEEORE S I 2558
RENTES, AT, SEBEOEEIC X o TEREY S W2 FEXE Y LIF €5 U O N
BT BT LR RET 5. S CRAT A FERHBELRETOESOAL ST, B
U EDATTRBOBHEC S, EEORPEE I L TOBATE 5 —BMOBHET
b5,

oA OMATIEGRFICHIT B ERO LI 1k Bo TTRAR, HRMIET VO
JEBEMA Yy NEMIZY 2y FE3NTHEL, MDD T—EREICEET S T TORMA.
B DEMAERIZL Y, EBBMEICHT 5 Ornstein-Uhlenbeck(OU) ¥ 0> 058 8 I i i 2
ELTH|ADZERRT, RiC, BARBRICBIT 2 ANMMHOGHEERTHZ LICLD,
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REmMm K LIF €7V TOMALER MR 2 FERRN T T NV O%E IR U 2R AHER
HETEZERT 5. COEETIZ. OUBROMEBEMSA 2 HV TRITHICESNS,
HESRMIA AR BB E T 2 I A A IR LI 882 2 Lic & ), WA IR L
BRWER LGNS (VA7 NVERA N T L) 2RKD D, ZOMICHRBKERES . FK
HFEO OB, A/31 75O HCHBBE L X7 — 2_ 7 F v, AT EOEEH
BB E BN —ART PR EE Vo AN, ZHIOME R OBHNER Y52 5,
N DMFEEIIAEHZNERNICDBONDL LW IHFIEND B, LD FEL, EEY
VHEBHEETZCNOOMFELEESEL I LICL Y, BN ERE ST 2 HER
WLIFEFVEMAETL0EOORMES 25, &2 THRAREHHEIR, HRILIERPHSTIC
LOMIALBRDOBERICHLBBLHLPICTIBICOAENTH 5,
KEOHMBIIBUTOBEY THD, 428 CLIFEF V2 HH L, 4.3 8 CHERMAEER
HEFIZOWTHRRD, 44 HTIRIOWET L . A5 251 % B0 A B2 3 BI
WREGRET R L OBELFR U 5. MENVHBBEE TR0 2 L TCOMENEEREICD
WTIZ45 I THLSBNS, 4.6 i T DHEROBRBEBNT 5, HBIZ 4.7 TKE
DHBTFLD 5,

4.2 ETFI

SRR LIF €7 VI3 7 AFEED O Oy BEN - IHIYE AT 2 207 5 0k
ROBSHIME LR T 2 (BRE LTiE, [17, 78] 221B), BHEMORMET OEHE VI
RDOXHICEBENS,

dv(t) = —¥+M+Juﬂﬁ+amvm,vayg&,
V(t) = So— V() =V,. (4.1)

CCTVIIEELL., Sp 3 —ERFEKERME, Vo(< So) BFKBED Y &y B (V25S~
FZETDHE, VBRIV LY FEND), T IEOREK. pr 3B ILEEN ., I(t)
ZIREROEIE S o IHETHE, £ LT W(t) 124E%E Wiener 818 T# DORRICET 5
XIS dW/dt BSART I AT IHET 5,
MEVHFELLZVEE (0 =0). BBEOBAIHL Y CRELLTL L, X (41) DM
RDEHH 265,

Vl

mod

! ! i
(t,t) = Voe =T 4 pr(1 — e~ 0=8/7) 4 /t' I(s)e~t=)"ds, ¢t > ¢ (4.2)



40 FAFE FERGRNE—MET TV ORI
AT I BT ORPEEFOHE. N (42) IZRDEHICTEXRI OND,
u T
Vinod(u, 0) = Voe M7 + pr(l — e_”/T) —I—/O I <3 + 2—7;9) e~ (=97 (4.3)

ZZTou=t—t,0=2rt'/T (mod 27) BHRBEDEKRINIBIT 5 ANOMNAHELT S,
CDETIVHRR ¢ TRKLZEE, ROFERIZY +uTREZZES ), 22 Tu > 013
Vinod(u,0) = So X7z T HR/METH B, 2% D . KM u PR OFEKRRICBIT AL
ICE o TEEIEERIND B,

MEDVPFLETHHE. ROX D LERERELIT > TRERII B Vi (L, t') & ZNLSL
DOVERFBH LRI E 25T 5 LB LR TV,

X)) =V(@E) -V}

mod

(t7t/)7 Swlnod(t’ tl) = So — V#zod(tat,)v (4'4)

ZZTX & S IZFENETNERERBOBREN., BMETH S, COBRREHRIZLY | LIF
EFNIIRDE ST D,

dX(t) = ———‘(dt+ ocdW(t), X(t) < Sk, 1),
T
Xt = Sk

mod

t,t)— X(tt)=0 (4.5)

ST RRMOFEKRHT, BRI LIZZDEIREFHFINS,

4.1 ICEBERIIEARANICH V2, K 4.1(a) PEBEBRRIO 7V OB & B HERE
BT, X (b) ERBOEEX LBIE Spot TH P COEFEBRICLY ., EEBM V() 1Z
Ornstein-Uhlenbeck(OU) #8f2 X (¢) ICE# I b, R, T NVDOFKEHEMFEIXZ O
RBEDDH HBELLBERNOMEMAREHE LTRKOLNS,

#1888 (first-passage-time, FPT) i3, ZOHE, KR TX(') =0 zHHE L7
BREX PNOT S, “BIETLIDICRELAKEHu (>0)Thb, T4bb,

FPT = inf{u : X(# + u) > Skt +u,t)| X (') =0 < SL,q(t', 1)} (4.6)
Eb, BRICHAM TOANES I 22T 558,
FPT = inf{u : X(u) > Smod(u,8)]|X(0) = 0 < Sp04(0,0)} (4.7)

LEEMIDIENTED, T 2T Spmoa(u,0) = So — Vinoa(,0) £ 5 56 Vo 13 R (4.3)
TEHREND, T2, 0= (mod 27) &F 5,
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(2) )

Voltage [mV]
Voltage [mV]

-80

B @ s T I R

B 4.1: IESRBEAT] Asin(Qt) 1B BB V(¢) OBEEILE . BEEREZD OU B
X(t) DEEEIZEA L. () MEFETOBREN (P77 0%ER) LESE L TOEEN (KE
M) T BME S iE—Eo (b) EEMAEHER L7 X(t) (FHF 7 OER) T, HEI 20
BEEIC0 LD, BEEBREN/-BEIZREBIKIET 2 BB Spnoa(t,t') = Smoa(t) &2 5
(KE#)o T,V IIRMOFBKBELTH S, 8T A—%: A=1V/s, T =2r/0 =30
ms, T =35 ms, g =2mV, S =—-65mV, u7 = -T70 mV, V; = —80 mV.

FPT (35T S FERBEEBIEL 9(Smoa(u, 0),u| X (0) = 0) 12 L72AT ) FERERK T, g3k
DREGFHENZ W27 17,

p(z,t0,0) = /Otg(Smad(u,0),u|0)p(w,t|5mod(u, 0),u)du, (4.8)
(for X(t) = > Spoa(t,8), and X(0) =0 < Sp,,4(0,0))

ZZT p(a,tly,s) Z OU B X(t) DEBHEREEEE T, XRXDX )itk s,
1 z — ye—(t—s)/'r 2
pletlys) = <o exp |- (49)
t,s )8
2
o2, = 02—T(1 — e~Ut=9)/m) (4.10)

X (4.9),(4.10) 13 OU @12 B1F % Fokker-Planck HRERXDEE LTRDBL LN TE 5,
BB FRER BB g ZHEE 2D RMIAT 251 2 LIF €7 VD A3 1 7 FIR
FICBWTEELRREZICR o RS BADORKIEEL ¢ TANE SO 6 T
ERLV) EZHDOTTROFEKE TORBKIFME u i g(Smoa(u,d),u|0) 15 o THAT 5
REBIZDOTH B, g BRIt TOATIMA O IZDOARET HDT, LT TIIEHD 7>
W g(ulf) LKLY B0 o T g(u|f)du TRAMDFKAAD O L) ST TRAKEEA
(uyu+dt) LR BHERERT KETIR, HELMEAHES %)% LIF 7 VOEE
VRO SR MHBRBEE T, g 2o TERT %,
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4.3 MEENNUEEREEFEMNMESH

MeE e BHES 2T 5 LIF EFMIZBW T, 5l&Ed 2 00 KORBEREIL.
B DFEKEFIZBT 5 ATIOMABICKE LKET b, €T, ZDETNVDOFRKY| DS
Wi RSB0, BABICBITAMMORTNCEE T 5o RADFEKMAM L RDOFEKAA &
. DT CHRREMERHMHBEBEET CTRBEND, A DT [94] 2 & ITHE
L7z,

BRI DOFEKNAATO &\ D) O T TROFEKAAM ¢ 5% (¢, ¢ + dp) DIXFIIZH HHESR
% f(|0)dp LETo f(plf) iE. BIOEHTE X N/ WEMARE S Hi g 2fFioT

f(pl0) = %iy (kT + %—0 0) | (4.11)

EEFTIENTEL, 22 Tt<0Tidg(t|0) =0 LIRET S0 ZOBBOICREIZONT
F. g(t) DIRBEBTHZ ONSEEB] L), FEEE N5,

OB ERCT, MO ERODBILITEL, ML LTORKINRAMG, TRE
7zl & ROBKELHNCBT HMM (1 FEORKAAHLIESR) SBEEBE A(e) = f(elbo)
CREDFERERE b0 T4 L 2FBORKMMIE. BEERE ha(p) = &7 f(|0)ha(0)d0
RO HBEERTH S, — NI n FHORKNMHOMHEREERE ,.(0)(0 < 0 < 27),
n=1,2,... k. ROFELHRYETIEICINBOLNG,

ha(p) = A%f@WM%ﬂﬁw,nzlﬂvn
L (Pha1)(@) = (P ho) (), (4.12)

T 2T ho ZWEIIAE 0o DDA T, ho(8) > 0, 27 ho(0)dO = 1 %723 P % HESRMAAH
BREET LA LICT S, P i, LY([0,27]) LOERRTHRIEEE T CTHS, 2T,
LY([0,27]) ¢, X [0, 27] 1BV THENFE ST RE 22 BAER D 22 )

27
£1(0,2x)) = {u < [0,27] = s [ July)ldp < oo}
Thbo LNICBIFH VA - 1d.

27
lulls = [ u(e)lde.

EEET Do
RN AEBREET- P, L' 25 ' ~OBBEE T T, B D kFHONALZA by
Zx LT
Phy > 0 and ||Phi|| = ||h|| for Ay > 0,k € L



4.3. WERMNVAHBREE T L LHESA 43

2’729, Ko TPRTNVITEHBET TH b, Lasota& Mackey[51] 12L& B &, b L~
TEBET PIZBVT, Phy = he, X7z L, 22T RTORMGA by 122V T

DR D hoo BME—FFFEST B & &, {Pr} REHEMICEE (asymptotically stable) T® 5
LI,

HEEBORATBR T P I f(0]6) 12 X > TR (4.12) 0 & 5 1o S s o BIIH
. &

F@l0) 20, [ f(eloyp =1
i BB f(ol0) TEES Nl T TRETOBE. (PP} HIENEE T B 7
DDYET G
/0 " int f(e]0)dip > 0

TH 265 ( LB [51] D Corollary 5.7.1.; [94][95][26])0 ML HME o 450 TR WIEDfHE
L AHRY . OUBRDOIEBREH ST g(1). HDHVIEENICE o TR S NS P O
B f(pl0) 3ECEDELE LS. LoTo ZEELTO 2B L2k 2128515 FHRIZ
infof(p|0) >0 & AR LTIV, BLELD (P} DEEMEEMEIEILL. n —» 0 iT& o
THONDIANEEE hoo 1. WHINAHDA ho ICE S FTHE—ICPT B,

AL hoo BMADA LIS, TRIBIEBILENTZF A7 VR T T HITHIET 5. T
BDH hoo(p)de B3\ FERAARDXE (@, + dip) HITDH BHERITHIET

HET P R#WELOT, 2OBEAMELMNIET 5 EABEEITRS {h,} OB ERET
LOERRRENZE) LL P RERXILOWRET LT, P— M PRUHLRER
BOEENTERINDIEETOARS MV o(P) ik, ERICEBROBEAMES & A PR
EEITRD D B, ZRICHEDPDS T, Tateno [95] 12X o THEENZ X H T, POFEA
., 230D Ph=Xh 22T HATRVAPFET S L) LEER . |\ <1 ik
To A=1DEBFMETH D, 5T, b Linfy f(pl0) > 0% 5HIE, 1 LIi3EILTOEAME
ZDOWT A\ <1 &b,

Doi et al.[26] & Tateno[95] 13, FEKNAHO & o ZBERALT 5 2 L2 & Y ERARTCIEE T
P2 ABRRITOIEFTHITHEMUL . HEXTEET P OBEAFHEOV: { 20 % BB KD
2o BAREICWRIZ, POEAFEDONL D%, BN f(&L |22 jk=0,1,--- N TH
END L) BIEFTHEF o GEUIITKRD 2, 2zt ), EBRRTHEETF 2 EBRXT
DHESRITHIE LTHRI ZLATE S, L L. COTHIOKE S 3RS 5 BROZ A8
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Ap =2n/NIHEIET H7:0, Ap Z2/hS LTEBOBEZH LSRRI ) ETH L, BE
EOFHEIC L E 2 BEFTE &SI T 50 ARRITTICHE L7z & EOREEIFRAHOE
FTRINLEZIARERTH 5o

D#gkcid, P OMEICE T 2 RN 2R L, HETPOBEAHELEANS b Ve
P BHLVAELRET o ZOHER, BEBILOBROZIANE Ap ICERITIIEE L
2\

9, —MEEE) ZEEL, PAERY A% 2 KBS TRE R BB D22/

L*([0,27]) = {u : [0,27] — IR,/:r lul?> < —I—oo}

CRRET 5o B f OEBEIC LY, PRLIZKE 0, 2r] TEBELZBEBTH S, fEoThD
MRS R BB (le. he L) 2 5IE, PRIZ2FEARIS THD, O LHh b, L2ITE
THEMICET 28 ELMEERELTRAATE % [100], P OEAMEE . lim,_o |Aa] = 0 2
DYFS A < & T IF(0l0)Pdedd THBTERFIL = Ay 2 M| 2 -2 2 ] --- 20
TRTIEDVTEL, BEEDOIZLAEPREFERTEAFBIZEDT H7:0, HIHE
BREVIZADVL DL DOREFEIZ L > TP OREREOERENIRENT LD,
LA hoo (T RDFED HFER

heol) = [ F(16)hoo(0)d6 = 0 (4.14)

0

DL LTEZzOND, S TRICEER f 5

/ 2” / 7 (0l0)dipdd < oo (4.15)

/o e &, RN (4.14) 2 E2HEART Ly FANVAFTBRNEMRR, HLAORTIE, HE
MEIZ0 ChVWARLMEE & 50T, MHASH»T VBB R 58RI NL, Lo
T, X (4.15) iz &b, $5L. 7L v FEIVADOER (Zabreyko et al.[100] IZ5H V>
FLONDHD)REH)Z L), BHOHEET P OBEABELEANRS P Vv e &5 I2HED
Hé:tﬁT*&&% BcEAMELICET 7 Ly FRVABBE f(plf) DEA RS b
W hoo(p) BME—ICFEAET DA ZOEANT P VIZRD X ) ICRE NS (3T [100]
Section 5.2.)o

hole) = 3 E B (6,0) (4.16)

n=0
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f(eld)  flplbr) - f(el0n)

Bn(so,0)=/027r/027r---/027r f(9:1|‘9) f(91:|91) f(91:|9n) d6d6; -0,  (4.17)

B, BROFEFEP /B LND,

Bu(,0) = cuf(4l6) — n /0 7 F(l€) Bar(€,0)de (4.18)

::"C—\Cozl\ Bo(QD,o):f(Qﬁla)VC“ = 0 n 1(0 0)d0 n—l 2 (ET;&’O LZ’))L\
COFHEERADRICEHNT 51T, Eﬁ&%ﬁlﬁﬁﬁg%%?% FDR0, TAIZHO
T eRb. TNTOWTHHT 50 {u.} & LPOXEELT 2,

[ un(@)uy(0)d0 = 0n # p) (4.19)
CDEE he P {u,} D7 - HETERENS,
Me) = 3 buunle) (4.20)
1 2m
W o= —— [ h(O)u,(0)d6
b = gk OO

TS fIIROL I ICEBEHENS,

o0

folo) = EO_EZ mntin (©)Un (6) (4.21)

Amn = e [ [ f(o10)un()un(0)dpdo (4.22)

Hum”2Hun||2
fERMN TEBTAZLICL T, HET Py 2EHT S,
N

Pub() = 3 |3 Anstallnl ] un o) (423

NS {umbicmeny EVI)ERETRON/ N RICZEH OGS EZH CER SN HEETT
29)79 o PN 2 ZOZMICRET 5 Z LITX D BHREK {un b 1cmen TP ZH BRI TIELL
TEb, Thbb, POTHIRRAZEE ann = Annl|tal2 TA = [an,] LERT S Z 28
T&bo COBFBRRITEL. Py REREEDBINIIKFET 5, BRADRTREHAS 2%
IDT, ZAEB T S N7ZEEE {cos(ph), sin(g0) }psoa>1 DEFITH 5, =HEKRE &
FEETARRE LT, RDADPBT 5N 5B, 1)K (4.20) & (4.21) ZFREFRAR f D
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T ZERICHIE L, Ap, &7 — U RIS T 2 6 i) MG hoo D7 — V) ZBEH
DREIIANA 2 FID8T — ART FVORKICHREZTE THN S, iil) f 258 5 R5E
FIZSESEMATERELHE. mRn E2HPLT IRV T — U BH A, FONEEL. Py
BP OTHREPE 2D, iv)P DERRITEE Py d 72, BEBZMH L2 2B HHEET
kb,

EABBOERICL S P OITHIRRIIRD L ) ICERSI D,

ap = / / F(0]0) cos(j) cos(kO)dipdf, j = 0,1, k=0,1,-- (4.24)
bir = p/o /0 f(]0) sin(jp) cos(kB)dpdd, j =1,2,---,k=0,1,--+ (4.25)
2w p2m
Cik = ;35 o o f(]0) cos(jp) sin(kf)dpdd, j =0,1,---, k=1,2,--- (4.26)
27
dip = ;12— ) f(cp|0) sin(jo) sin(kf)depdl, j =1,2,---,k=1,2,--- (4.27)
2
t = = [ h(6)cos(nd)dh, n=0,1,-- (4.28)
7 Jo
27
T = 1 h(0)sin(n#)d, n =1,2,- (4.29)
7 Jo
1 2
o= ) (Ph)(p) cos(np)dp, n=0,1,--- (4.30)
2
& = L [TPH@)sin(np)dp, n= 12,01, (431)
7 Jo

L oT, HRARBUTOL S 2R 2B S,

[/1y)

flpl0) = T Z{%OCOS(JSO)'H’JOSIH(JSO)}

+ Z Z{aj,k cos(jp) cos(kf) + b, sin(jp) cos(k6)}

k=1j=1

+ io: i{cj,k cos(jp) sin(kf) + d;x sin(je) sin(k9)} (4.32)

k=1 j=1

h(0) = "2—°+§{qncos(ne)+rnsin(no)} (4.33)

n=1

PRY@) = T4 {n;cos(i) + & sin(jo)} (4.34)

2 &
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NI, RDIXIHICPLEEEXWMZ LI LNTE S,

£N dN,N dNJ 9% bN,l bN,N N
61 e dl,N s dl,l %’2 bl,l e bl,]\j e T
o =7mT] ... 0 e 0 a_02£ 0 0 ‘e qo (4.35)
M cee ON O 9—12"0' a4 0N ... Uil
N o eNN cccoeNg B2 oany o ann ... | | aw

ZZT. [T flplf)de =1 &0, 851 27 h(0)d0 = 1 DFAIZIE. [T Ph(p)dp=1L% 5
CEIWEET S, HoT, ago=2/mv go=1/7. L Tny=1/7rTHh5,
ERBBEAELTHL L ZLOBE, FOT VT (2T N {ar}, {bx}, {cix),
{d;x}) 3PEEEBRNTIHTOL 2D, SO LX), EERTHET P OEHFVIZHR
RICDWIEY AT L THHEMTE D, J|ADPFTRAEE TR, ZORTIZIER/NE L,
EAMEREAENS PV TIER S HERTE TX 72, 751K (4.35) THZ LN 5 P OHRER
TEBRS L7, BEEMLZICBILEET L5, COBITER. ROLHICPhLEAR
BoOMOEEE LTGEBT 2 5L Wi 5,

N
Ph 2+ Y (n; cos(ii) + & sin(je)) (4.36)

TR {n} & (&) BR (4.35) &fEoTRHE END, Mo * 0 ZHEBILT 5 20
TORBEERBT L L, K435 2ORDOLNIEFITHOKREENIZ, BEREICZZOM
BIZKL f(pl0) DRIANE AG ITHAF Lo N OfEIE ARE {ajk, bjk, ik, D} 255,k DB
ERICHEETHIESIIMEFET D, SO, POEAENESAELCETLIZ LS, HE
FP %, K (4.35) EHRKTOEFTHICE XHE 2 EREE, P OIHIZ0 ISEVEAE
0 THEMBL., BHENKEVEABE ZOBEERYZ M VOATHBEATOEET % K
THZEZERT b,

ZOHDEY Ty n — oo BB Prh DYPURHEICOWTHR L S0 K (4.13) IKBWVT,
C BEBB P R hoo ~NUKT 5 Z E RNz, TOWHITFADCRICES W2 d DTk ik
L f OSBRI BEE . Prhid hoo ~N—RRIRT 20 7R (4.13) TNV A |||,
DERTOPTEE R LD, Eid || || DEHRTH —RIET 2 LBV BT L 205



48 FATE FEREHROE AT TV OB EREET
THAT S, TR f O EBRTTRRLSGES. Ph O EBEMOTRETH S, EoTh
PUEGTTHIUL, PRRHGTTETRDE )T E %,

Qi) = (PhY(s) = [ 5o, O)b(0)d0 (4.37)

CDIEDD, b BEOPTEOWMASBUTOBELWATIENRENS,
, _ . 2T ﬁ
Pol) = Qhuslip) = [ 5o (210)hc (00 (4.38)

F-EBET Q OERE, S K (4.13) BT L 9 % hoo WCPUET 2 BEF {h,} I3 L
T Qhy — Qhoo(n — 00) BN LD PENRDIEDNF VR B,

n—+00
SHiCn 211 LT,

1

hnl) = hoo(@) < 5= [ 1ha(0) = heolO)1d0-+ [ 1K,(0) ~ Koo (0)1d8, Y € [0,211, (4.40)

EVHMERE LY,
|lhn = hoolloo = max |ha(p) = hoo(ep)] < -;;Ilhn = hooll1 + |[hy, — hig |1 (4.41)
b, TbbR (4.13), (4.39) BLU(441) 2 EEB L,
imlhn = hoolloo = 0 (4.42)

b Thbb, R {h}idn kL BT he ~—HRRIZPEET %,

4.4 X1 75IDKETRVEE

INF TOETIRERMMNAHBREET P L 20XEBUCOVTHRRTEZ, TOHTIE,
ABZEN 2 BRI ATRE 2 . BARNICIIEST ) ARES 2RI A LIF €7 VB
i BEKERS A FXEROMHBEEE. 234 2750 B CHBEERR /ST — AR bV
% EOMETEIIH LT, BRI S g RS b & AVBITER L 52 5,

RAEBAT. 9(|0) BBRMOBKHINA 0 TRE LI E ZITROBEK T TOFKERE
DHERBERBTH b, LoT. n— 1 FEHORKIZBIT BAAIDH hpoy [T LT2H) &
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E.n—1FBELRKEnFHORKE OB t, OMERBEBEREZAO L HICET S
LHTE D,
inlt) = [ G110 hna(0)d0, n=1,2,--- (4.43)

FRRIZEEKEIFR AT 0o (¢) 1 ROBIRE 72T
. r
ioo(t) = /0 9(t10) oy (6)d6. (4.44)

RARIRD A SRR, MBI F(0]0) . BRIORKIHA 0 Th 2 EHEDTET. K
DRKOBHD L7285 5% 5% Bo FREIZ. fo(pl0) 1. BEIDRABARNO THD &
VI RHEOTETn B HORRORAN LI B EVL S, LoT,

.n@wyzéhﬁhgﬂmﬂmmm%ﬁnnz1 (4.45)

E%Bo 12120 fo(pl0) = 6(p—0) T B, 2T, BMAMDFEKIAAO T2HEE DRADS
REfIREIRE G OBICRELLEIRETSE. n—-1FBORAKE nFBORX L OBEER
ty DOAIERD I ) ICEDLENRS,

QUM):A%ﬂwm&qummenEZ (4.46)

f:ff L\ 01 = 0+Qt1(m0d 271') t‘j_éo & OT\ *ﬂ%ﬁ1ﬁ*ﬁﬁ§hm(0) b:'ﬁéo .’Cﬁﬁ L\ %*)J
DFSKIWE £ 7% g(1|0) KB o> THAF 5 = & A ERF 2 & . 2 > DRAKEBORILRD &
IEERASING,

2 e (o]
%MZL‘M“QQ‘MA“”WWMWWMD‘ (4.47)
FERnFEEHEOMBEREIZAD L HICEEENRS,.
cn = (titn) — (t)%, (4.48)
ZZT
(1) = /0 " bioo (t)dt
FEHRKEBET 5,

254 SFIOETHEBEE. Bt = 0 125\ TEEDTAN AT 0 Tl L7z & L
LI CDEE, HHEORRIX M (¢, + At) THRKDE U BFERI(L]0) Z5HET 52
LHTE,

11H0) = 3 (t0) (4.49)
n=1



50 | H4E RGBT TV OB T

Ehb, TTTL(0)dt 1, Bglt = 0128V CHEORRIATINAI TE L L JiT,
ZOH LRt T n BFEKPFELT, RED n BIEHORAORHXE (2, 4+ At) THE
CAHERTH D, Bl2IE. [(¢)0) 3EE BRI g(¢|0) LR L TH Do n>1DFE I
RO LHITKRDLND,

hﬂmmzﬁya—mw+mmummm , (4.50)

ERETDOAFEIRT [0 + Qu 1. FERAOMEE (mod 2r) TEHET LI L LEHT 5,
tDBREVIGE, BEORKHINAM 0 TE U, BEXEt e (4t +dt) TTIT1EE
KA U BHERIIDAM o = [0+ Q) IRFET B0 ZDRAI hoo(p) &\ FAIC L72HH
MREBTHD, TOTLPH, t 2 FHREL LB L, U(t)0) 1TRD & 5 2 BB
Wb,

2

zmmgz%m4w+9m. (4.51)

1(t6) 2o TR/ 4 75O HCHBEBEERD & ) IZEHHETE %,
27
un:A hoo (8)1(1]6)d6 . (4.52)

EASRE VA, L(t) AR TER S N2 BB Q) CIURT 5,

_27r

Q(t) = /%m4w+nmm4mw . (4.53)

(t) Jo
LoT. HOMHBEEEZ
L(t) = Q) + R(?)

ERTIEDNTEDL, 22T, BERR)IF.tLEDICONBETIHEHBTHS, HOMH
BRI L(t) DIFATRIFRIR (4.52) D250 I12b b S Q¢) & 0 ~NERFET 5B
R(t) ~NMF 7= BRI . RICHBAT 2787 — A7 P VO RERFHEICEN P L6 ThH 5,
ISP —=ZANRYG KNI, AL ZF|DINT — AT bV PSD(w) 13 Bartlett(1978) 12X 5 &
HOMBBKL 2> TRO L HICEHTE S,

PSD@y:;%(1+iwny—m). (4.54)

7272 U (1) BRI T,

_Mwy:AwLupwwt. (4.55)
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Thb, HOHMBEAEYN T ORMES Q &£ 0 NRET2HA R EOHTL=0Q+R
EEEND, LoTHRT—ARY N VOBFERIL

PSD(w) = — (1 + R(w) + R(-w) + 21 ) gné(w — nQ))

= (1 + R(w) + R(—w) + %ﬁ > e |?8(w — nﬂ)) (4.56)

&b, ZZT
R = /oo R(t)e™'dt,
0

G & ap BERENQ E by D7 — ) LRBIOEHTH D,

— 1 T —in§2
gn = T/o Q(t)e "M dt (4.57)
1
o
AHDHEREREE. ADNPEI T ORWES 2(t) = I(t) & L. HAO7SOVRFIDT y(t) =
T8t —t) THAEET D, FOB, AMIHEMHBEEKEIAROL > ICh 5,

o, =

2 .
/ hoo(0)e™0dO (4.58)
0

] 1 rt o1
Re(r) = Jim 2 ["a(t+op0d = Jim LY 1+ 7)

'
t'—o0 0<t;<t!

_ éylwf(%+4)hwww& (4.59)

CHENT—ZNT M. HESRT—ZRY MV S, AR HEAEER R, T~
IEBICEIoTRDIIICEHZREIND,

00 . 2
Sey(w) = / R, (T)e ™ "dr = i D o nfBub(w — nQ)
—o0 t) 4
CZTa, i3 (4.58) TERSINA 7 -V ZBHKT. B, R IH) D7) TRETH 5, T
Tbb

B, = % /0 ! I(t)e~ ™4, (4.60)

4.5 PEEtEE

COHTIE., ShETHASINHKEELZTMET B0 BN 2 BUEETEEZ2EL (3
WY bo TRTOBERIIEEERE M g 5 TCICRENDLDT, T3 g DBMBEETEEC
DWTHMICHB L. RISV L DPD RIS, 2H| Ot B0 EES H<5,



52 AT FEEFRNOE—METT IV OERERT

MEBERRI T g DFE. MEARMSMA g 3R (48) 2B L TRESINS. TORIZ
g \ZBT A8 1 O Volterra B AR T, Bl BRLUSIBITICH S e TE L
Vo F 723K (4.8) DBOBIENETEICE T HEET 2LESH S, 825, Blp 3R
B, Tbb u—t &TDITHEN p(Sne(,0), t|Smod(u,0),u) ~ 1/\/t—u &% BHHT
» %, Giorno 5 [34] I3 ORBEBEDE & 2 R EEUKFERIC O W CHIEN IR 7 VT
AL %RE LTz, Buonocore b [11]1ZZDHEDFELWHHAZBAL, W 2»Df%
~L7z. Pk, IR 1< BRE & 1 FESRZREY LIF & 7 )V 2D\ T Buonocore 5 D7 VT
ALz FHT 5,

3 (4.8) ZRD & ) RS HENITERTE 5 [34]o

9[Smod(t,8),t]0] = —2¥[S,,.4(t, 6),1]0,0]+2 /Otg[Smod(s,H),3|0]\D[Smod(t,0),t|5mod(s,0),s]ds
(4.61)
ZZT, VIRRDE I ICERSINDIEFEBBEETH 5 [11]:

U[Smoa(t, 0),tly, s] = p[Smoa(t, 0), tly, s]H (2, 5, y)

Hts,) = Spa(t,0)+ 22D
exp{(t — s)/7]/T
1 —exp[2(t —s)/7]
1

HO = 3 (1= St - 2200)) (.63

{[Smod(t, 0) — pr]exp[(t — s)/7] — y + p7} + K@B2)

Z LT S,u(t,0) & Spoa(t,§) ORI TH B, BEE LA 010U, BB ZIEZ kAL
TR (4.61) DBEELDTO L D ICFHETE 5,

9[Smod(AL,0), At|0] = —2U[S,,.4(At,0),At|0,0]
k-1
9[Smod(kAL, 0),kAL0] = —2U[S,.a(kAt,0), kAL|0,0] + 2At D g[Smoa(j AL, 0), jAL[0]
j=1 ’

XWU[Smoa(kAL, 0), kAL|Smoa(j AL, 0), JAL], (k=2,3,--:).

ERICE NI, g[Smoa(jAL, 0),AL0],5 = 1,2,k — 1 DEIE g[Smoa(kAL, 0), kALI0] DFF
HifEbhb, 72, MADHE. Spmod & Spog TANABESORMT IZBT 57—
TR ZM - THTICET S EITEET 5,

COT NI XL L BETERERFPHRT 57201201, BEZA At X5/ E L RiTh
bk, AtDBKREVE, V97 ¢gDOTOEREIZLI IV KELLZ->TLE ), ZOHZR
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3. MEEREOMIENE — 7 2 FOL XIGRERCT VW, FIZ ITHTREIEDP o720,
ADNDRMEZ TR BIEFECKEVIGEETH L, COTVITIVIXLDEEIX, 57 ¢
DTOHEEN LITEVWHPEIDPTIMTE S, BEEZ LTI, BEHA AL 262
ROFFHE L RERRE (R4 OBEEEORER ) L0 1/10 BEI/NS SThITE v,
Flo, METRENREVEAICZ, V97 g D TOEEIFIRVEZTIAIGET %, o
THERRERSAOE— 2 2IE LSBT 5701213, At 2N E LT HUEND 5,
A DR E. At FHWEBREEO 1/1I0 DT iciRONE, 5H2BEIBLI LN
T&%, |

B MOEE. G b IHRWMLABBHEETORERETH L, ZOUY
LA & BERI RS ABRICRIRT 2 Z L STE B, 2072012, B EHESF
g(-10) ZHLAH O = kKA IZBWTEHi T 5, 72721 A0 = 27At/T. k=0,1,---,K T, K
BT/At DBEBERTETH. TN E D BB 38 (kA pAd) kand p=10,1,--- , K T
iS5 ENTEL, LoT, HHEAI LD L DIEDE 2 7B, S N5
A5 (PR)(kAB) I35 (4.12) Z BRAX THREMICHMiTA I LIk THRLA S,

hoo 13\ FEBDMIAGA ho 2> HIED | hyey & by & DFH 2 FREEDSTHNEL B D E
TP 2 RBEEHSENIRE S, REOFITIE, FH2R/EENTe=105 LYWL R D
I TRIEEIE L TRD72o by, DPSGRBE DI ho DBRUF BEET 2, B2 T, B
B EDATIDEE . IAAT ho(p) = 8(p — 00) IFIRBIICIREBE V2SR T 5, 29
UIRBHHR 28T 51213, 3 (4.35) DERRRTATHZ . HERELNICLX>oTN X NAT
FITEBL., TOFFIOEAMEL T HEAENZ MVEFHETLIZIV, DL E, &
DR M NVDEFE {0, &}, 1 <i < NWheo D7 =) TEBOELEICR S, Tbb,

hoo () =~ 1723 + 21{77z cos(ip) + & sin(ip) }. (4.64)

AL 7 OB CHERBEROEE. R34 750 B TAHBREE L(t) 3R (4.52) 10k > T
BHESIND, LoT, T9(t0) K (4.49) 2O RO LVLEND 5, EBRICI(1|9) 25HET
BIGEICIE, ERKDn T TL( ) 2FETELRVY, FRUTIEKRE 2 TTERHETIT
SRVETI(t0) 5K E B H. MBLEPH L, 2T, K (4.51) IR L7z 1(¢]6) D#EE
RE AT, ¢S REVCEBER (EBICZt > 2T RE) TXN, 1L.(¢0) & #ake o
EERN HHRECLEENORESSEHET 5, Thid Lizi(t)) e L. X (4.52)
10 L(t) B kDD, 2B, K (450), (452) B L (4.53) 12 B 2R AT AR T
T 5%,



54 EAE FERFRNE—AREET VORI

INTD —ZNRT M IIVDETE. 87— AT P VORI (K (4.56)) i3, 1)QDT7 -
BEADOREEZIHAE T L L 2) BB EHICRBEITRET BB RO 7 — ) TEBROER
DFHEILETH S, ZNODFHEICITEET — ) TEBMFFT 2) T LB TE D, B

RIL-Q»okRDD,

4.6 HEFEHER

COETIE, 45 B TRARHEEL 2 20 ANEF I L GER LB EER 2R
T 220DANNEFDIHLUEDIBELTOR—-IEZEREST, 5 0EDI3FELLE
D2DODEFHEDOERIBEETH D, ZRENIIOVT, WEBEES M g, AAERK
BAR f\ BKBRROA toow A28 7O ETAHBEBIE L & £ DT —ARZ v P O¥E
FHEREETRT.

B 4.2(a)(b) 1 g(t|r/2). T2bLAHMNAMHEG = /2 125 HMEBERMI A TH L, E
MIZASHOHELFEo THE LR T, O AN F MIIHERMT HEX (4.1) £
DIEEM V() 24 47— CTHREMICRD., BoNz V() ORRYZ AW TEHE L7224
HEREIECTHE, A4 T—ETROLIEE., BEM V() 2 BT — & THABUEL T
L7z, V(t) VRMEICERE L G0 2 RET 2 BICRENE L, AlBREITEROE
IS RBOONIMBEEL DD 48]0 &) LIBELYBR/NMNRICT A0, 17—
EORERZ AT LTI LTIDHEIED S B WETNE 2BERAZRA L (a)b)
CBWT, 45HDOFHBEL A AT —FED 2 0DFEHETROMERIIE S —BL,

[ 4.2(c)(d) {2 90E:ER M g(£]0) (e)(f) IIHERAAIBRIEE T ORI F(0]0) D 2
RILT T 7 Thho (a)(c)(e) DAMESIZH—DIEZHE T, (b)(d)f) PAEFIZ22oD
FEHBEDEREDLETH b, (e) DB f(p|0) 1Z. RADRKMMOIZL ST, ROFKp
PN T2BYDETATE— I %FEolz, JhUT, HEFRWLMAHRPLERT 5, B
KNP o =x/20 L&, AJMEFIL Asin(p) =1 ¢ EKfERZ LD, 2F D (e) THLN
2 flelf) DE—=21%, BAMORBKMAOIZE 5F, ROBRKIGAIEBTHRAL 72 5004
TRALRTWILEERT 2, (f) Ty @29 37/2 & n/2 B D% &5 L FIT f(p]f)
BE— 228D, I, () ITBIF 5 ANEF Arsin(t +0) + Az sin(Qat + %110) /2
En/357:0) CRAMICRKELZREOILICL S,

[ 4.3(a)(b) IZRMSH (A4 ZNVER DT T L) he(0) (c)(d) FFEKBFED A i (2) T
Hbo INLDADODT T TIZBWT, ERITASHOFETHELERTH Y., FHH
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DEALT T LBHERMDHTBERNE A AT —ETHELTROIERTH L, ADrHE—
BB DGE . (a) OFMAESAIZHEREEZR L. (c) DRAXEBS I AL B OEEED
BAXEARTE -2 282, Thid, 22005 &K BAD, BAAIMHETRKL, 20
RKEBIATTRPOBBE L 25 A% v Y TRRITHIET 5, 200 EREE AT &
TAEAE. (b) OMAMSAIZ2 2D ERD, it r/2 58 (6, L3 2) DIl 3n/2 1
DL Y bE o WIS 5 (d) DEKMESA . ANEMT LRPOES T/2 5D 2
BT CIL 2 #2, T/2fHETORKBBAAOUNL, FAAADT 0, fEL 6, 2 RE
CEDGETHE, TTHETORKEBSAOUNL. BREAM, L D) B LD
LHREAFY T LT, BIZFE CMMHT2 BRI TR LEBETH S, MHASFICRALL
52200UDH L, 0, ICBITHIUDFIESHMEL ., BIVEV, ZDRHITLZTII, 6,
FHET2 BRI THKL, L2 Z2D2 00FKOEREEIIERICEVEERHY 5 5,
FERERSMD L~ 0FHE TR S NBMNR A ZE DB ITIIET 5,

X 4.4(a)(b) AL 7 F|OHCHBEBIL(E) T, (c)(d) E AL ZFIDI/ST — 227 b
VPSD(w) TH 5o K4.4(a)(b) iICBWT, EITK (4.50)(4.51)(4.52) £ n = 101CDNVT
Al L CRHE LD DTH D, O AN T 23R (4.1) 445 —BETHRNTERD
1bDThE, ZO2ODFEEI LSS T T AL —FK L, B 4.4(a)(b) 5, R84
IO HCHBBE L) 3t > T T TICR (4.53) DEHBHE Q) ~T+o#iET b2 &
BB o Ba4(c)(d) D/ST—ARY bV PSD(w) i, 7 (4.56) £ WEHE L7720 PSD(w)
EATIEHBEEQ DBEBETT VI BBIROE — 2 25005, BEPERKTH 2720,
PTETNVIBEABROEE L EBED/SVADR S & LTHW,

4.7 ZOEDEED

RETIEABAT 22T 5 RGN % LIF €7V OBRWBITE L 8Lz, 20
NEzILDDBE, LTOX IR 5,

1) MIARARDTO ThH o L &, —EBIME So 10T 2 EEAL V(1) OH0mEREIZ. K (4.6)
DBHME Smoa(t,0) 123§ 5 OU B DA EBERFEICE LV FEINA 0 134 2 2038
B ¢ ORERBEEBI 9(2]0) 13, OU BEDOBRHEERERE p(e, t|s,u) AL
&5 R

t
p(z,1]0,0) =/0 9(u|0)p(x, t[Smoa(y, 0), w)du, > S;oa(t,0),0 < S,0a(0,8)



56 FA4E FHERGREHE AT TV OB T

() (b)
008 + 04 +
. 0.06 _ 03 }
g E
® 004} @ sl
0.02 | m ] 01
0 )ﬂb‘ 4 0
0 30 60 90 120 150 0 10 20 30 40 50 60
time [ms] time [ms]
(© )
2n
3n/2
0 [rad] 0 [rad]
time [ms] time [ms}
e) o

3n/2

T @rad]
""" /2

4.2: FVEAHRIAH 0 = 7/2 12 B} 5 (a)(b) WEARE S g(t|n/2) (c)(d) FIEBEE 57
g(t|0) D 2KILT T 7. LT (e)(f) HERMAHBRIEEAT P OBEE f(¢]0) o (a)(b) Tid.
EMT Giorno DT NI Y XL B[ TRDIZT T 7 2R L MRS HEXEF 17—
ETHRTREEMD O 2 7@ RS EFROCA NS T LTRY, (a) T, ¥
B3 600 T, FEREIZIA 0.005 ms T 440 ms DRFTE L. £ DM 10000 B DOFRKAHET
720 (b) Tk, ¥ ¥id 100 T, BEEZIA 0.01 ms T 40 ms DEFHE L. £ D 10000 [1]
DEEKHPELT20 (e)(f) ICBWT, 0 IFEMOREKRLIIBIT LEAMATIONME, 2 )&
HOFKAAT, p IZROBANHTH S, ATMEF [ (a)(c)(e) B—IEZIK Asin(Qt +0) ;
(b)(d)(f) Ay sin(Q2+46)+ A, sin((bt—}-%f@);/\"? A—%:8=15mV,p=2mV,A=4,=1
V/s, Ay =3V/s,7=5ms, T =2r/Q =30 ms, T =2r/Q =30 ms, T, = 27/Q =15

ms.
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1 T T T 2. T T T
@ ® >3
2+ ]
& 15 ¢ 1
2
1t ]
05t n t 1
{1 I 0 i
T 3n/2 2n 0 /2 T 3m/2 2r
0 [rad] 6 [rad]
© " ' ' ' (D "
0.08 | E 04 1
03t
S
=02 F
01 "
| ¥ fil N fll N 1] 0
0 30 60 90 120 150 0 30 60
time [ms] time [ms]

4.3: (a)(b MZARSZAR) & (c)(d) BAMRS o TXTORIZB VT, Giorno 5D 7 VI
DAL Zfo TROZFBBREE L VEIE LA 2 ERTRL. My HERE 4+ A
T—ETHRWTHZEEMY O X BRI L VEHE LS/ 2HIROE A 79 A TRL
720 (a)(c) (BBWE (b)) DX FZ T2, 42D (a) (BB (b)) THWAR
KFIDT—5 LR L b D& TRD, (a)(b) iKBWT, ¥ DEid 100 TH %, (c)(d)
KBV T, EVORE S (c)lms, (d)0.325 TH 5, (a)(c) TIHE—IERFHE. (b)(d) Tid
2ODIERFEE AT L LTHGW , H42 LR EATIESTH D, /35 A— 73X 4.2 L[F
CTH5,



58 AT MEREHE AT VORI

y T . 4
@ ®» °
0.06 f
0.04
[ d
0.02 |
0 @il A A pALIN NEL AN
0 30 60 90
time [ms] time [ms]
© 00 @ o1
0.08 |
0.03 |
) 3 006f
a a
2 002 @
0.04 |
0.01 |
| 0.02 1
0 T T T T T 0 T T T v T
0 Q 20 3 4Q 5Q 0 Q 20 3 4Q 5Q
angular é%quency angular fsréquency

B 4.4: A54 275D (a)(b) HCHBEBEE L(2) & (c)(d) 737 — A7 bV PSD(w)o (a)(b)
BV T, ERIARLHOFB:EZHTRD, FHROC AT 7 213, REMICEY 55
REEEBE A AT —HETRO CTHERICE AL 25D LEHE LT 45—
LEHEOBEE, 200 45D LIF EF VDT = 2 LEHE Lz AJIMEFIE. (a)(c) TidHE
—IER#EZ . (b)(d) T2 2DIEFEEEF I, (a) DFE. ¥ DOEIT 450 T, BrHZA
0.01 ms T 400 ms DEFHE L, ZDORRKIL 13302 |4 L7z, (b) DA, € ¥ OEUE 800
T, %I 0.01 ms T 400 ms DEEFHE L. £ DRHZEKIZ 40067 M4 L7720 (c)(d) 2BV
T, ANAEBOBRMETENS TV BEIRD/7 OV R E, THRALT 570K (4.57) 18D
52, REEETHREDOERTT I 7Lz WTFROANBK 42 LFLTH S, /¥
FA=F IR 42 AL TH 5,
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DffL LTERIND, ZOESHERE BRI v 72, BUEWIC
R L OB TRROBREMICIVRETH S, £ TH4 1L, Buonocore b [11]
WKLo TRRSNIFAMEERLABET VT) XA EHWT g(t)0) 251HE L7z,

2) WEMAK DA g(t]0) B AVT, BADFEEKNAD0 TH 5 SO TETDOROR KA
o DIERBTREBAI f(0]0) ZFTB L7zo €512, n—1 FHORKIMDOSH h,,_, D55
Z bl T, ROFEKMAMDA by, 1, BIERERXTE~ NV I 7HETFPIZLY

@) = [ F(pl0)hacr(0)d0 S (Pho_s)()
EEREINLZEEZRL,

3) WHIMAHGA I IEE T P &2 KA S TH O NBRKMHDOEE DA by 1. Ay =
Pheo Zii72F 0 162 T hoo JHET P OBEAMHE 1 ICXT 2BAEETH 5, HET
P HHERE EEB BRI R OB BRI s TER SNV I THETF T
HbHI LD, NHGTA he D—BUER LIz, O, PHL2 S L2OT7L YR
RWVLAERFTHDE LD MM he DF LB ER R, SALER R
EEL L-ERXTTHEET P OFBRRITEBRZE 2 72,

4) OU B DY@\ M 046 & vy T (WIEIRLACARAE L e vy) K EIRRSAR R IAE S
i, FEKERO BOHBBEE. A3 750 HCAHBEBEH L T A7 MV, &5
CADZEMES. & X84 25 & Lizifa o AL, HE/ ST — 2R
7 P VORI Z S 2, B TRERNLEE B L 206 %2R L7,



ErE BH—MBEEFTINICE T IERLIR
R

ErETIE, BABETHHLLHERZHV T, B— LIF MRE7 VIS BIT oHERLRE
AT 5o OO CRERILIEL T, FEIATICHT 52 ROBMEES, H 50 TRVWHESHRE
(HBEVEATER) CBVTEKRKELLBRTH L, BHANIH T ARHEEDTRERELE L
T, BEERCIEIBKEBSAOATNERICBIT 28 S BAEBEBTIIAA Z75|0/5
7 —ANRY M IVOATIEBERICBITILE—- 7 OHEBEZHETZTDO/INNT— AR PVOFEITIE
AL LRV D, T4 IIEMER L BEEEROM A BT, #EZMH ) RE
TOEZEATIHT 2 LIF REFT VOIS L AT L. EHIRARFELLZ L2
BT 5, BICH4 T, BEIIRICBVWTRAORMIEE 5 2 2 RE 2 HEEHEE (b5 VI
ATIER) ML o THRESNEDPHAL DT B0, RERERDOHERILEORF TR
BENRBHREESLIFITN IR E ., BREFEZROEZERTHHLIF ETVICE
WTHLOTHIEL, FDXIRNT A—FOEETICBWTREARBEESVSRILYT 5
PHLPICT D, 2L T, HICADREBIBET ZSHBHREWEE, Rl 2 FTME
BREREESI VI LAFEYEAERD Yy 7HRICI > THHETE L Z L 2R,

5.1 [Fig

HWRRIIBIT BEFHEND 5 EU R BEDOHTIC X o THE S N5 HRIPERNYH R
BICHS IR o7 BIZIE, BEICL ZBEU LOBFIIHT 2IREOMIAL (K &
LT, [81) 2R &) . AHIMHBEOHMM, #MEELERPEFTICBT a-L Y ARH
HIEHE OB [15, 17, 18, 20, 19, 53, 64]. FAME S IO T 2 RIBREDOHER I & 5 &#AL
[14, 27, 55, 56, 57, 67] 72 &ABT & 5 . HESEILE (Stochastic resonance, SR)[10, 31, 63] b
FD—DThH5bH, HEEHIRIT “a phenomenon that is manifest in nonlinear systems whereby

generally feeble input information (such as a weak signal) can be amplified and optimized
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by the assistance of noise” [31] L BRI NALHRTH 5,

FERIHRIZD LD & MBI ML APINER L R 2 REERRT Y VY VTE
TIMEEINBRICBWTHIR SN (BiL LTI [10,31,63) L ZDBETHER L),
TNOLOMEICL 2 & | HERIRIZ 2 ODRBN LREREIEETH L XICEL D, 20
DEFHRRED ) B, OEDRRERNBERETH LR E ST, b ) 0L D0IdmER
PR RE T, SREERDPLVE ZICRHORT ¥ ¥ v VOBNEET 2 FH iR
Mz &, NEEROMERLIEDGE . BT ¥ T v VICBIT B IREH OB EINEEIC BT
B ATIOFEBMESS, &5 BB MEHE (S VIIEREFY) BV THAEL S, 20
BB M RERLEREYSED L HICE SN2 L v ) MBI, ERIEOMREZ B
LT B ETHIEETH L, NERERE AW HERLEOIH OB RICB VT, Rk
INT A= REYT HERIT, REmFHRE L BRERWBRHAREOESTH L I LT
oI o7z, BREREEEICET 23HICOWTIE, (10,16, 30, 31, 63] 2BEICLT
KLV,

HRERD { DD OFRENIILII R EE 2R E L T2z 6 DT, BB OREILIRICET
SIFEEIERINGITHIRT A ENTE S, LELELDOHE, 7227 DEBHERD
BT, BREMEHRBIINZETIEIRL, CLAERERD L VW THRERZRT, 0F
D, VEDODEIERELZFL, COREDLLO/PNSRBENIESR SN, KE 2L 2T
HEEHBMNEEAM L2H, BEREAND LS, Lo T, MEERTE S N-fRIE
DR HMREESICHTIMAEALZ., 20T TAHREFVICHVLZLIITELZV, B
RERRTHONTZAMALS ) —EEHLE L, BEERD 2 VIS T HEMDORANIIET
UEND B (98] COBEDERNIS, THENRICEIT 2HRLIRFAS L HRELEES
DRRERANDL I L ThH D, FHFRTIE, TREMEZRTHEETVTHLLIFEFVE
AT ET% 9,

LIF €7 VIZ BT 5 SRR OBFFEIX Bulsara & [9] R Plesser 5 [T1] ICX o THD LN
720 Bulsara 5 [9] & LIF 7 MICBW THE MGG 2 AMESORB L2 EET 52 L &R
L7zo O BRKHEBOAOE — 7 DR EVHEHRED 5 VIIERFMT oMK L LT
BRKEZRFOZEZRL, MEROLZBRVBENDL Z L 2R L, E512, Eb 5084
DEKRED . EREAM T PER e Eb L W RBXERAAOBSEEISEWE ZATRESL S
EERLIz, SNIRHERLRICBOTREREESSRILT 2 KRERTERE 2oz

Bulsara & [9] DG RIZ. ANOMMHPIRKTLIZY £y b 80D EVIREDTETES
Nz DTH Y, Lansky[49] 12 L T T NIIN RO BB EFRIHIET % o Lansky i3 %
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TNEMER, ThDEADOMAEN Y £y F ENBVEBAEIIOVTHER L, — &I
EEE B TR ON RO 52 6Nb LEZEXDHFVPEHRTH LI L6, AHIES 24
B AETHERb 25 LV, LAL, SRETHRBADICET 2EFVOREE
BT A HERIFELEET, ZORONEBATICHT HIRETETVORFEVEZELL
T BHIRTIE, FAETRLAFERT A, WEBER EARBEROM S ICB T
IR AR, AN T AL REKICT 2 RELZHEETRE (5 WV ANEH)
CRBMREESTMATHERE (ANEAY) 2EB¥ 5,

Bulsara & [9) DBFFRIZ R KBRS A 2z R RIEIRIC BT 5 231 Z HOHEETEZ § bW
THESRILIRZ AT U720 15 C Plesser & [71] 13, ANXA ZFIDIRT —ARY b )iz ERIE
BEBIC BT et E 2 AW THERIHRZ A0 WO RANAL ZHD/NT — AT bV
(PSD) 2» HE 5T (SNR) 25tHE L. #W0b s PREBEOEEREFET TRRICE S
ZEERL, HERLRFRSOFAE TR L7 BT Tid Plesser H D Z S HICH LE
HT, BERIRICBIT BB REZTBRE (HHVITAEAM) LREREEALALTHEMR
B (B 2T 5,

DT, $Fs28iTid, BRIRL 32120, ZOBRNHNEEL SO —HR2HA%
7790 538 TIE, BES5BTHWAETFTVEHPT S, 5AHTRRBEBRONER., 5.5
HCIRBREEROIE T AN, BERIBIELD L MR L. &5 ICRELHEEHE
(HBVIZEY) PERAREESEHTHEIPHLLICT S, 5.6 HiTld. BREARNEE
EZrbbH LS L U CEYRERT y 7HRRRET D, 5.TH TRA OERORR
PRV, BRBICSSHITAENT LOEITR ),

5.2 HEERHgREZ

FERILARIT |, Benzi © (1981,[5]) & & 2 HIEROIKAHIOWRICB W THO TRIEB S /2B
RTHDH, MHKORBEBTERM L VI RVKEHIRETRS L. KME10 T4 ERTHRK
W EOKTD 2 RBEREICL D, H T, KBEDTHY) & REET 5 HIRONEHEIL
Za—bYHFCIVTFEFPECRAMNCER TS, 2O 25, AERHLEDFHK
FALAKITH OB OREER L £ 2 Shdz, L L., AEHEOELITHIROEE &%
ZBITIEH T VICH/NE L, MEE D L7/ BN ES T AESEL 50
Db LD o7z, Benzi Hid, B LKAPD 2 0ORELIREPHFET L L5,
WEELRT V¥ VEDDEF ViR THEROKAAH IS 2 B E @ L7z,
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MEBIC BB, ROLHICHHETE S, ~HBIROKBATTH S & K EKHFE
R, TOKICE > THESRFEN, 2L hrHEBETRE SR L5, BICHIROFE
L% EBEOKPRTIED . HIRICED EC BAEPBELZRDPLT LD, EHITK
BAELERT S, SOXIBRRIDT AT - T 4—=F Ny 751BH3H 5720, HEROFIRIZFEK
HERTHID 2 DODORELREBERFONLELRT Vv VTETFT VL TE %, Benzi
EEFVICXAMEPS  HERICHEDEINL KR THELULBES KIX ), MEBLEA
BRLE O BRI TR S A, OKITEIO B A E 054 U5 TR 2 faf L7z, O3
TVCEE LHIROBEELDNNT —ARZ I VL D, H10 FERPTO/NT — 2R
JMNVDE—=7H, ERELEMEELLDHIPEEOREHRETRRICRIBERLHE
R L7z £ LTI DI SRR (Stochastic resonance, SR) &L IFA7Z, HAGE TIIMER
R, HHVIIHERIBEREINS, 22 Tid, BEIELZREL LTRAT 5,

—HRICHERIR &3, AR LEFTRERICBNT, HEELTRIRETELWIZ
EWESHFEME T OIS, 5 (0 TLH\V) BYIGHEBE CRALLABLERT, &
CTHRIEERIZ. ANESORPMENENETICRIZTHEE CTH D, B2 ITEIT EDKA
HoBITw 2T, BEROKIBDORKHBNEBFROBIESTH Y . HEROAEHLIE O PE
W RN EB P ATEFIFIET 5o HFITHERNS D 22O KBERIC L 2 RIBEOHSE
b ETH b, Benzi b IZAWHED b DFWEHICBIT 537 — AT P VO Y — 7 EE R
BELEFL/2o LD L Benzi b UIBEOHERIROMAETIZ. ANEEBICBT 2 BI1ES
DINT—=ZARTZ I NVDOE—T (HLNVZIE—IDERE) 2HZDO/INT —AXRY bV TEH -
7S FHEE I (SNR) 2 HiBE L BHRT 5 2 L D%\,

MERLIRBR OB 2 NELEL BT ¥ ¥ ¥ VTERWICHBET 5, ANESRUERE
RABESLT S, RFVIANVIIALBED2ODRELRIRERZHD, BHETIZD
KTV v VER51 DX ) ICHPHICEE S ¥ 5, Benzi b [5] DX T 28 %0
Ba . BEROFRAREBITIET 2, CORTOHNERIE. REEIFTALS B, D
EB»OANT Y YT T BRHNORINET B, Vv ¥ T ORERFICATIOFFESR O h
febg. ANEFOREIRIE SN LA LT, THMVEBAISSZOhE L, 5.1
DI, REHIZAEBEXEICETWICERL, 2OFMIANBERESE LY, oF
D, HWIETTHH ABEEREANEY ¥ T AR ORFIL. REHW % BHESIC
RBDT, ANNOFRREZEITKRIH LIz LW B, ~ M 2EMES DA, RES
BOEODRIERT, KT VI X VOBEBZ AT ENTELV, 2% ), BIMESH
FELEV, LPLZOX ) LM LBETORMAITH-TD, Z2INSLICHTE
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ST CERNE
I A RE R (noiseMEL)
BFEie ST TEENE
wEnEmEs /1%
Sus LIs—BDB IS

EDBEA~ATeLTTES

5.1: BN LERBMbAREELRT ¥ ¥ VBT A REROBB 2 /RTERXN,
REMBZHE EHERNEHEETRT. KT Vv VIZ A BDO2ODORERIRES %
oo

Mz 5e, RETIERNIIRT Yy VORBEEREZ 2, 2T, HIEFIIBVT,
ANEFORPEIIEZ T TRBENLZDTHS ) b

MERE TR LS ER, REAORHEWEH L HNESTTHL Y v ¥ TRAORFIZ
[520% 1BV EDLD, FTHETHREIVNEVEEIE, S 2F X LeREBRE—F
DEPOMBH DBRANBE L 2V, 2070, BAEFIRIZEAEATORMMZ KB L %
Vo WIICHEFHENTAKEVEA, HECABREBEH LT ET, i sHESIAY
BAEELRoNEV, HEBEULPREEOHETHEEICBVT, REBRIZALBD2Oo0%
ERREZ RN TIED 2202 IZEHNIC ABEZBET 5, RESEOY v v 7 OBRY
RRTH, BENTRIIPATEAPRLEALAPZ b2, 2F ). »2HYLPEEDOMH
FREFETICBWT, WIEFCANOBRMS M RBEIN, RELTOANEFTD
R EKICR S, COBRRIPHERIIETH S,

HERIRITIT 2 DO 2 REREIEET 5, OE2RABGEZORAMT. Zhid
REMZREARETH L, b)) 23 ERGRHNRERET, 2nid, AHETIEL
THZDOARGFEET L, CEDDETF V¥ v VOBIREADERIT 5 EHBERETH
%o COMRRIRERER., BEREFHETICON, BRICBD T 5, ROIRE (H5H0
IRRHEE) PRAL R ARBERMEETIX. b1 ) CHERRNFRES R ERNRRRE L
BIRF LD L) RHEERETHLLTHIEZA e RBREES LIPS, REELRT
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NS/ AKX PREO/MX  KEG/AX

] 0]
SxTLIRMERSE

B I 11T 17
A R

B 5.2: 3STEHORLRAMEFMEICBIT S, WEHOBEKNEBROERAN, Mz AP+t
720, EmiZ, REELRRT VY VOBREZBE S, RF ¥ I v VORBEEL B Z 7-HH)
DFRF (ROWMBES) dHETRR LA,

it BT R BT AR EES ORISR SR (62, LML, &
X THOPIMEETND L) LREWRDOR (REER) T, FERBROMETDH
5o 20D RERESHERNICHIEZRI T LICX > TESRIBEIRAE &
L, L) ZORMREEST. THRER] L WIBHOHETLH S,
HERLIRHARPE L D702, L EBRPIERE TR L TEIWIT 2w, 3 LAS
EHDOBRVHELZLIE, ANMBFICBIT BT ELHNEFTICBIT 27T
BT %o ANBHIZBT BET Sinpus LHEERE D DI Sippus/ D 13 ATEF Sinpur
PHEEWRE D ITKFE L2 T, O PICHEHRE L LD ICHFARS T2 TH S, £
DI, BIEF Soutpus & HEE D DI Soutpus/ D X Sinpue/ D b HEHRBE L & b ICHHIR
¥ 5o &oT, BRI A R TIRE LRV, |
Benzi 5 DK DOMERILIRBR OAFFRLE . FRRICNEE L RT ¥ T v VEFD ACEK
RO Iy N MN)FT—RREE) v 7V~ ECHERILREIEREN, F0HK,
S HIZEWFED FOMEAWGE CHELIRN 2RI HRIND L Ik ofz, MM
FaTHIO THERR S 72D 1% 1993 4E 1 Douglass & [27) TH %, Douglass H i, ¥ H=D
B2 d 5 A BRI HET & o ) IERIIROBMORIE L 5 2 . A3 25087 — AR
7 b VvirhH SNRZERL ., & 5B HEEME T SNR 2K & % A HERLIRHSR & E5
HICHER L7z, £0HRIAFITF (53] T v I [20] 2 & THORERIIRPHR SN, TH L
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7o EBRAIRICAE SN, fEHRET VE b bW ERNETFEDT 1993 4£ O Longtin[56)
R DIC, BRIATEbNS L )Tk o7 [31], MEMBIIREERREVI XX, B
EHRER L EATLRERDR L AL THVBRRID, REBISET VOIS REEE R
FYTANEDBDEF RS, TABREFTMANEBITLIBEO Iz, 208 T, MR
BT, BTV Vv VORREBRPLT LA ULHRDOERTLEVWI L WL o7,
FIRRICHESR IR ICODADER LE L O N FHIE T CHED £ DROFATEE I N,
Collins & [17, 18] 3FFEPME Z 12 BV HHERLIRBFR 2 EBRTHRL . pEETVERW
THEWIZ DI L7z, Bezrukovd& Vodyanoy(6] I3, & 2452 &HFOTLTIIHMEEL T
DHERRIEOELCHBL I LEHERH L, T2, ARMRETEIRBEST» 2 Td. 0N
HHETOMZ I ) HEMICEKT 5, BERZLFEX SOV AT, kM0 BEOR € B
THRE L5 LEMBS ZFFDo Gang b [32] R Pikovsky& Kurths[70] Ik 5 & T OMEF
BREhIC X A B G A H 5 B L HEHREICL > TROBEZICHN S, TNENTANE
L O IR [32] 5\ M3 T b — L ¥ Z3LR [70] Bg L IER . & b ORERIRN 2 5%
EXBIY B 7280, ARG T 20 ) IR 25 o R ORESRIHR 2 o LI R SR ILR L I
RILdHb, REOHFRE LT, MEMRMAICET 535 — ¥ ORI FEMIR H5E
V%S . H 5 WILEY) 2R EHREIC BV TREIL & 1L b R 22 SR LR (spatio-temporal
SR)[44] ® array enhanced SR[54] &2 £ D3I H b,

53 EFIL

E5ETI., S4B THRR-BERRFHE —LIF EFVEHWT, EZEATICHTLTE
T NI T 5 R34 I 5 OREHEE Z T 50 1(t) = Asin(Qt + 0) DBE . BEEM
V() i | |

dv (1) =[—¥+M+Aﬁmm+oﬂﬁ+VﬁﬂWﬁ%‘dﬂg&h
V() = So— V(t*) = Vi, (5.1)

ERTIENTE D, TITA N ZEFNENEZLEATIORIE. ATEBEE(Q = 27 /T).
MMM TH D, HEHREL L TR (4.1) Tldo 2V, R (5.1) TX V2D 2HV, &
CTDZHWAERBIZ, 2hETO Bulsara b DHFE[9] L DB EZBESHICTH720TH
%o %B. D i3 Fokker-Planck X DIBAREIAIGT 5o
MEDVPHFELZVHE (D =0), BEOBAKPRZY CRE:L35E, KX (5.1) DRI
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DX HITHEzZLNS,

174! t,t' — Voe—(t—t')/T + pr(l — e—(t—t')/T
mod
AT

+.__—
1+ (927)?
72720, ¢ = arctan(Qr) & 5,
HEFET TR, R (B2 DV () EHVER (4.4) OEBEREZTRIZLITEY,
BEENL V() 13K D & ) LSRRGS HREA 2T OUBRE X () KEH s,

[sin(wt 4+ 0 — @) — e~ 7gin(@ — )] t >t (5.2)

IX(1) = ~2di+VEDAW(L), X(t) < Shoa(t,¥),
X(t) = Sholt,t) = X(t") =0 (53)

BB R BN g 1. N (4.9)12H 5 OU BB OBRERFEREEZ VT, &
(4.8) D& ) LG HEROBE L TEZOND, OB HERIL. I(t) = Asin(Qt +0)
V) B BEMZBERTH o TH ., BT S L3 TE RV, I(t) PERDOEE. T
SRR (4.8) (SFEHTHYIRT 245, ZOFERBETDH D, I(t) B—EDBHEIELS HE
3 (4.9) DIELIZ B B Sppog DRI L S VAR L O T, BOFHBRXOWLE T 75 A%
BTHILIZEID, gOHETTITRAEREEB L, L LEFORIZ Weber I % BV 7- 1M
ARBT, 2OWTT 7 AEREEBIIRD L DRFEFICHETH S, (1) TR
BEDED T, — RIS HEK (4.9) 2RO D HEL LT, Wiener @R~OEMRID %,
L% L. Wiener 842 D #):8E @ B340 OFFTR D b 2555 2 &4 T (B IE—E8ER % 5
WA AGAHIRNR) TLARES WD, COHFEOHELZEY, T2, BOHRE
K (4.9) ZRMEMITHESHED . u =t T p(Smod(T,0),t|Smoa(w,0),u) ~1/A/T-—u &%V,
BEMEZEHEOLWIMBERIE DS, T2 THLIE, 4.5 THH L 72 Buonocore 5D 7 I
VALZRCTHESHER (4.9) 2 BENICE S . O@EBRES g 2RO 72,

FEKEFIZBITAET VO £y M3, BPNERPARMEPNRE?C K -T2
i ohnd, HRABEROEE. BATECBBAOA L L TEBESOMMHED » 51E
WUy FEND (M5.3(a) NRBERDBE, AL 7FINEELSBRELZD, A8
A 7 FIOFEKEBTAR /ST — AT MVOFEPBER %5 L) T LOFIEK D 5,
L., ZEOMEHR TR, AET2NRMLEZ 2 X013 LANRGE A% 71T
INVb oL b5 LV, HEMERDOGE, BARFICEEBMIT) £y PEMICUEY P &h
H0%, AMEFOMAIZY £y F kv (5.3(b). €078, FKEICBT 2 BHE
T ONARIZ D B HERBERBU AN > THMATIMEER L 25, ZLTANAL 25T b IE
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(a) current (b) current
N N

5 E ToN 7/ 6\/%6\
' o p 5 o
0.1 Neo.2 No.3 Nd.1 Noi2 No.3

5.3 () WEMER L (b) SR BT 2 EAE S & 254 2FIOBRA, (a) Tl
RIS B AR TH B 7200 SKAE LB & & S BHAE R B Y £ v |
SNB, —F (b) THE. FMIERIE B ANER T B 72>, RASE LT HEAMDY £ v
MIELLRV, 00, FNEFNDORKEZDRT)t,t,,--- ISHIG LT, AHEFICB
3 B TF) 0y, 63, - - PAEAET B o

\ 4

RPHEABREAZTILIITEY., ZOBTICIIHELZE ) RLABBLETHEMLL
b & T, SHRMERICBIT 5 AN, 25 OBt R ZFHE T 5,

5.4 BEEEBICH T 3EREIREBEIRERS

Bulsara & [9] {3, BETONEEDOEHAL 25%) 5 LIF E7MICBWT, EHREHT
DFK ST DE SAMTHE D OB L LTRKEEZFHOZ L 2R LIz, ThidPiE
BOREBRENESEELUE LEDL L 2RRT 5, KO BFROIBEIEREH T O
e LCORAMEEZRHOZ L EMR LT, TLTHADEKBEIIBWT, #HEICLST
BE) SNLFEKORHREVPERABIICEETHI L 2R L, Thbb,

1. THEEESNT DPBALT 2HBEOHE. TREMDLV (DD A = 0) FXHE
SATDRHNE 1, (D) BB T BIE D 12 BT 1,(D7) =~ T R+ 2 &

2. DHFEESNTT HFEHT HBREDHE. BB 2EHREM T 13 T* ~ ¢, (D) Zii:
T
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THb, CCTD* (23T RTIZBIFLRKEBASMOBEH, D (F7213T) 254t
SETCT (TR D) ZEE L7 BICHEAMEE 22 RBELMETH 5, Bulsara HiZZ D &
IICREREREALER L. ZOER (BAMIZIZLUHZEOR (5.6)(5.4)) Lo T,
JAE T R EARRDOGEI DT, RERERES LERLROBREFEITT 2,

5.4.1 D%ETEL-EE

EREMT 2 B3 THTRED 2BE LG A0OBMREEEZANS, $THE
HORBFDOHE. BKEBIAI g(t|n/2) LD K5.4(a) IZ4DODRELZBLET I2BIT
BEENKERESA DB TH 5. BEII B2 BSHICT 2 - 0EFEBH T ERL L 72,

BN T = 100 DIFE (REMR) . FEXHBAA LT OBHEICIZIZE LB IC8
DPDE = 2D, TNERAF v EVTHR (BAIFEOMMTEL 2205, FEAMT
BEDERROBWER) ORHMTH L, BEFEIZE, TITBIT 25 KERSHAOR
SRINES LD, 2L O —LFHEMOMICLIF EFNVHERELSEETELRVRS
THbo TOWMERIC, TIZBTEREKEBAAOE -7 DB S OHMT %, FREIC, F
LWEKGHOE =7 3L D ECRZITHENS , ERAMITEVEE. AN RAMEIC %2
BIz:ICLIF EF VD BHIEF 072 AN 7 DN=RX s 2H AT 5720 TH 5D, FKFE
FIZEFFMC SVOBBTHT ONEN—RA N DEEEE 5, N— R NS KERIZ
FIEAICHICHY T 5, TNENDON—Z FAICH DB KEUIENENRE L D5, BO
WL IZZDFRKBUIHEMT B0 ANAVFNIEDEN—APORIFTRELLHE. T
BT LEKEBOADE =7 DTHY, LVECRIICERL - 7525,

CHOXHWCERBEIT 2B 2BKEBHMOEE o(T) &, ToMmEkic—HER
L. BKMEIGEL, THRT 2, &8 LTyg(T) R T oKL LTIROEZRT (K
5.4(c))o FIRDIZ gkT) ICHROEND, 2F VEREBPOBEET R ONE, Thb
DMEZ. BAEREBMT oKL LTR5.5(a) IR L7722 XTTRKERIHT 5 7 H
LHRTENS,

MARDS) £y b SNZWHRMEHRATIORE. £DRXEBSAIENREDREE L H
CHEZHE (FIREAFYEVTBRRE), ThbH 2R 5.4(b) LEI5.5(b) ICRR L7,
NRBEPATIORE L OHERE LT, SAEEOFFHNEMEL ) & KBRS GO ¥~
WP LS B I ENET oML, FBAERSAORRICE S W2 BN 2 REIOIE
bNCHY, A=0TORKERGHFICL D EM ((FHASASEHDSR), Thid, 2
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5.4: (a)(b) FABEBHAE & . (c)(d) BT I2BF 2RKBBA/HFOE S, (a)(b) IX, 42
DELZLEMT BT 2RKEBHATH 5, HMIZFHTERLENLBAERTH S,
()A) AT BT 2RKEBHSAORBS T, MMIEREHT Ch s, BRKOEI %
52 5 &BE BT 2 RENTEPICR L7z ABIATIZ. (a)(c) "WNBEMET, (b)(d) A%+
WETH 5D, 789 A—% i =0.1V/s, 7 =1/0.006ms, S = 20mV, V5 = 0mV, D = 0.2mV
and A = 0.05V/s.
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B 5.5: SEKEBIAAD 2RI T 70 AL (a) WA, (b) S EM:. BRI T TEHILL
TREKEBOBMEFM T O T, 2RITCWICT T 7MLz, NT A—F 354 LEL
THb,
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KEEZNZ BT 5 FIME S OMNMHEP VO EODDEICEHESNT, 0 TEWIEZ b > THOMT 5
72D THb, COMBICL>THRBELRFR T A/NEL %25 (54128175, (c) D 300ms
& (d) ® 275ms) o

PDEDXHic, DEBRELTCT 2L E872HE, ¢(T) 50T (T) DEKEEZ S5 2
BB ERE T BEET 5. CORBLEREY I e 2 e BHREES
. XA L HicEINnG,

T* =t,(D) (RBELEREW T ORHIREES) - (54)

ST, IEREL TORKEBRSHAOREMET., HEHRE D OBEFBIEEIC 25,
[ 5.6(a)(b) IO DOETHRIF A ICBIF 5 t,(D) & T* L OBRERL. BREREES?Z
TR DEDDHEBRED I LTOEDDRELEAM T PEONDL, L34 L
DIZoVWTHET AT 25tE L., MERED % t,,(D) L V) REREICERL T 5.6
WWRL72 A=01DF7 571, T* = 200ms THEfENS, 23, NI D KELAE
HICRBED LOERIC 0L ThHb, §HADVERKRD 5 DIBELTOATIHEY S
&L OT, BEUEOATNHT 2B IR E 2V, BELEBHREESTH LK (54)
. AFABICIET 5, CHIZA=00DL ZIZELICHAEINE (BERLVELD), L
L AMER BN, T* 25t (D) LV RELS Y, T DT 77 3IRELBESHHLEEN
Bo 2 LIAIZK BB, K5.6(a)(b) (ZNFRHNEME, NEMEEZRT) O TR
b, Uty bOAFRICIT IOV L3505,

M56 &0, 79 7REFRBABKEVIEEL, HEVIERELEFBY T FKEVIE
AR S IE e, BEREESEZMIZE 2V, T OMNE .. ADHM., BERE
BELAELEBELGEFRBAPLOTNF L TR CEEE RIZT, COZ ki, LIFEFVICE
B EBMORBIREZ > THHETE %, LIF EFVORE. EFREBICBI 2 EEM
OB IRIE A 3, ADBBEHOQ =27/T 29 &

A= 1A+ (Qr)2 (5.5)

DEIEEIND, 0D, ERANSEVEE. &5V ELRREIAS VS, BT
R DIRBIRIR A" EAE o SOZ L 1d, BEREEAO% LE LA OANTRE
DATBEME R RS Do 22 CAME. A RHE LEAS T 2B S¢T, BELLHEN
T #ROTH, A Z—FBITRO72D, TEERICADEBSIVLLENHSL, LT
WA DdHDVIt, (D)2 THIRT 5 T 2RO, WRKLHNRMEICBT 5 ¢,(D) &
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§ 200 |
150 |
100 . : : : :
100 150 200 250 300 350 400

Mode: t(D) (ms)

IR BT B HER LR L R RS

~
o
~

Period: T* (ms)

~
o
~

Period: T* (ms)

AL R AT
400 T T T r

A=) —
350 FA=0.01 —

A=005 ----
300 L A=01 """"
250
200
150 | 7
e
100 150 200 250 300 350 400
Mode: t,(D) (ms)

400 . v . .

A=) —
350 FA’=0.5 ——

A’=13
300 | A'=3.3
250
200
150 ¢
100 “E— . . . :
100 150 200 250 300 350 400

Mode: t,(D) (ms)
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5.6: D Z[EE L7 EORBREES, #d BAXER?L &) AP LELVED
BREBSAOBH S, BYPORKE LTRZZL EICRRER D XD 2@ 2B T ; #
i ABA TGS DFRKERSA OBRIEME t,(D)o (a)(c) IZEMATIFHEMED S
AT, (b)(d) INEUDFHETH 5, (a)(b) IR % 5 AR A = 0.01,0.05,0.1 {22V T
RL72o (c)(d) Tid, REMICBIT 5 EFIRETORIE A’ (X (5.5) Z]R) 4%0,0.5,1.3,3.3
ERDBGEIIDODVWTURLY D,AUSNDTRTONT XA—- 51354 LRILTH %,
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T DRRERS.6 OFIR Lize WEMOBE. FTO A 120w TREL IR S
PERINS, HABDOGZE, A DNIVERIIFERDOZ EPVZ P, RELR A Tiik
2 T 454,,(D) £ ) SIS 2D SOMIIE. LD KER (D). 2% D EVHE
EBEICBWTLDVEEICL D,

Bulsara 5 388 % F\V THIEBARM M 2 0005 5 ik Z iR L7z, ARBOEBE
FORE. M /212Uty b 3ND LRETE., BXERES A 30 E 857 %
AVTg(tlr/2) LFEEN5B, £Z T, Bulsara b DFEHEZ AT g(tr/2) ZEPEITEK

. 9(T|n)2) ZBKIZT 5 T & t,,(D) & DBURE T2 L 25, ”5.7(a)(b) & % o7,
SORHRERS6(a)(c) L BT B L. S OEMT Y BERERSOE L E RSN
bbb, HlzIE, A TBEELIRBOS I 73T LRI E TN, ADbHWN
T AT IRV AR, OEENS, S5, TOEIDF LR 5.6 IZBITHDD
EFEILTHE, MEDENIENAHETAREICBWTALNS, Bulsara 5 DEFEBEICL S
EPEHE TR, BWHEEFEEICBNT, T OEFSERI VD 2DICRED bhi,

5.4.2 T%EEL -GS

FTREEEMED YEEL. ERESORMT 2 Ex 7L E12, BWEREEESISER
ENIBTFEBBLAN, C2TR, FET2BEELTD 252, BREREEAZEE
Th, HHAWI &IZ, MEBE D ¥ EX7-L BB KEBAIAICR NS EN R ELIX
HOMTT 28272 EICRONELL IZIZRALTH B, MRS X USREDESIC
st LTy BB IRV HES RE BN TEFAMOEREOMETY — 7 27
D (AF v ¥V THE, H58(a)(b)). HEMELHRL T, BKEBSAOT I8
FHE—7DEmIB—HEMT 5, SHICHEREIET L, EHFILILEVHBTORE
KBPZERWICLEDT, TICBITAE—7DESIIBET S, K5.8(c)(d) I2. HEHEZ
ML D, BEEICIIRBRAKBERAAO T I2B5EE 7Oy b Lz, (o) BRNREEDES.
() INHEDEFOHBET, 220077 7IZBIC L5, 122 LHREDEFTOHEIIK
KED/NE Do W T 7 TRESLHEFTHRE D XL VELR L 5, D 2R LS ¥
L&, BAERAAOT OEBBECBI A2 7EDIRKRICET S, Thid, K590
QRICLT TG 72 RAEDLID, IHTRERERL, ZOHETELNIERIL, Bulsara 5
O DHMREZFEETL25DTHY, ADEFOMMHITY Ly P INE1EI) L, RONE
WKCENZIEERLGCEBL S AW EERRT 5,
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Hil_tc'}{pﬂ)—JEET* (D l’ﬁlm) @B#FWRF!F%/‘

@ 400 (c) 400 . .
A—O —_ A=) —
350 tA=0.01 — £ 350 | A’=0.5 ——
= =0.05 ---- A=13 -
E 300 | A=01 """" ’g 300 _A=3.3 """""
ul d
B 250 ¢t B 250 t
o] g
[«] Q
5 200 | B 200 |
o A~
150 | 27 ] 150 t
100 — 100 4= S —
100 150 200 250 300 350 400 100 150 200 250 300 350 400
Mode: t,(D) (ms) Mode: t,(D) (ms)
BB LEWIE D* (T HE) OBHMREES
(®) 400 —— (d) 400 : .
A—O —_ o A=) —
- 350 A=0.01 — sy - 350 | A’=0.5 —
g =03)5 Py g A'=13 ----
= | A=0.1 -~ Ry = | A’=33
A 300 | A= T /,;'/,’/,/ A 300 |2 =
EF 250 | s E 250}
4 rs 3
S 200 | P S 200 ¢
150 - T 1 150 | .
A A
e “;'3' ,/‘,':o
100 “—= : : : : 100 = : : : :
100 150 200 250 300 350 400 100 150 200 250 300 350 400
Period: T(ms) Period: T (ms)

X 5.7 SR (8] X VEME LRHREES, BMALDIHNRMKLEEZ 20T, AR
AT g(tm/2) 7B o (a)(b) i&. BEEASEIIATIEL TO g(t|n/2) DBRIFE t,, (D). HE
WD EEELTT 2B L2 L B g(T|n/2) DERAMEE 5 2 2 HBER AW T+ (a) T
SEBATIOEE A ZEE L. (b) TREFRECTOBREMOIRIE A’ (X (5.5) 8R) %
EEL T, tn(D) (ThbbED) 2B LEDT OEFZRT M. (c)(d) Ti&.
BASADDREYT T, HedAs AT L COZK BRI A O BAEE t,(D*) IHIET 56
CCT. D TZEZBLTD Z8H» L7k B2, g(T|n/w) BRI % 5 Hol 7 58
B D* Z$¥ o (c) CREAMATIORIE A ZEE L. (d) CREFRETOEENDOIEIE A’
ZEE LT, BT 2 K272 SIRELMEREICBT 258, (D) OEBZRT,
NG A=F I p=0.1V/s, 7 =1/0.006ms, S = 20mV, V; = OmV.



76 F5E  H—METT VIIBIT HHERLIRIRR

NEEEAD AV PRI AT
(a) 0.008 ; . . (b) 0.008 . ; ;
i D=0.02 — D=0.02 —
i D=02 — D=02 —
0.006 D=l --- 4 0.006 7. D=l === .
i . D=2 -~ H D=2
& h - P
B 0004 [i 50004 [y
< i : i
o0 H) H
f |
0.002 f} 0.002 |
1 '
i :
1] f
0 - 0 : :
0 300 600 900 1200 0 300 600 900 1200
ISI (ms) ISI (ms)
(c) 0.004 . (d 0.004 .
Q ~
B = i
Eo.ooz 5 0,002
o0
0 : . 0 : ]
0.01 0.1 1 0.01 0.1 1
D (mV) D (mV)

5.8: (a)(b) XM & . (c)(d) AMIT B 2RKEBAA OB S, ASERIE.
(a)(c) PIEHE. (b)(d) FLEME, (a)(b) 1. 4 DDRA BHEFHMEEITOVT, XET 5 FAS i
£ %1, (a)(b) OMBIZ AT 3o (c)(d) OMBNLHEIRE T, KENE BN = T
CORRDOESHBAL & D BBRIEERE D (SHIET B0 ST A—F 1 p=01(V/s),
7 =1/0.006ms, S = 20mV, Vo = 0mV, T = 300ms, A = 0.05V/s.
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@
g(tjm/2)
0.01
0.005
1
() O 0.1
300 0.01 D (mV)

00 .
18I (ms) 200 1200

(i

5.9: FERMIE L MERE QML LTORKEBAAD 2 KT T 7o (a) TREHIA

HHNEET, (b) CHNEERTH 2, 85 A—FIM58 LALTH 5.
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Pl ke, TREZELTD 2ENLSEME, g(T|n/2) H 5V Idi(T) ZRAICT
b iRB I HEE R D* AT b o CORBRHETEHME DX I A ek RREES
. KR L H LRI NS,

b (D) = T (Rl 2 HESHREE D* O HIR EEA) (5.6)

TZ Tty 3EMEL TORKEBIAORBEMET, KB LHETHRE D* ORI
2% %0 X5.10(a)(b) & ZNENARMEENEEOETICB VT, #o»rOEFIRIEC
5T &t (DY) DRBRERT, 77T 705 AREICH T, REREESPRD Lo,
EHREBORIE A DEINEVELE | T L t, (DY) OBBREERT S I 7130 A» 5 13E
VETIZH b, Thbb A=0R/h8 B A LT, REREESGIELZV, WPZ 5
ELAEBRARKLTIE, D=D* KB DRHKEBAMOREE L, ET LHE LBV,
ZOHEBIT., ANESOIRIE AN WIGE. ATIOFEM T 35 KERSA B S iz
Vo ThDOLET OBEEECTHVDE -2 BNL V2D Thb, EHIT. BAEBEIAO
TRTOBRBEMMIECRHFIRRLARELIFIEDII-EY LAE—2ZIERLALRV, £
FHEATEELIZEE. KEZAYMT TZ2ORREIHESNS, FEIN-HRE A (X
(5.5) M) PKREL LD, ANOFIUSRKEBIFICEBEL LINVEX5720TH5,
FLHEBHT, AZKELTHIZONT T 71 ARICEN o 2F 0. K (5.6) BBILT %,
EHRFEIRAZR GBS Lo TANHABLIZHE, TNhENDO A DETT & ¢,(D*) D
BRERTT 7713, AARIITFATLTELT 5. D7 7 7I3xAREIZITFATTH S,
LA L, B5.6(c) Li3B%Y. ZRORELRYSbEV, 797 Lx & OBEEEE A A%
KELBRBIPESTNEL D, TRIBANKEL DL, BBV LBES LD
B, BRI BADEBORPTICELVWEZATHEL RELOTH S, R, D*ITH
BU Tty (D*) BHINT B0 Lo Ty 75713 A OHN & BTN <o

D ZEE L7 EIZ DWW T LRI, Bulsara b DR LS ERET AWT, RRERNEE
EEFAR . TTHREDBYE S IO 2 5 KR g(t|n/2) % FERETEMIICE
BL. g(T|r/2) 2 BRI T HRBELHESHE D £ KD D, 2L T D* 2RERE t,.(D)
CEBL, EREAMT L OBREATER. K5.7(c)(d) o7z TOKREZHS5.10
LB S L, FRRICHRBREESICHET 2 EL2BEMSR LN, B IEATES OIRIE
AODKGIZT T 7 I3 ARP LRI 2N TBY, TEEREREESVHRLLEV, £/, 4
RT LS, 79 7 3ARICEF o2 b2 RE 5, [5.10(a)(c & OMEMIE.
BEWEFRBHICBNTALNS, Bulsara 5 DHEBEICL ZEPETE TR, THEVWEE.
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MR AT
(@) 400 : ' : y ——
A=0 — s
350 FA=0.01 —— e
A=0.05 ---- et
2 300 | A=01 - P
g 300 A=0L T e
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&
g 200 ¢
g R
= 150 | e
,/ ,"0'
R
100 — ; : : :
100 150 200 250 300 350 400
Period: T(ms)
(¢) 400 . - - ; -
A=) — s
350 + A’=0.5 — e
A’=13 ”/"" .
/‘;)\ _A,=3.3 """" / ¢"
E 300 tm=T 2 R
8 250 y
3
g 200 1
o .
= 150 | o
./ ."(0'
R
100 k—<e ; ; : :
100 150 200 250 300 350 400

X 5.10: T z B L72H e DREREES, t.(D*) 2T 0B#E LTRLA, D*iE.
FEKMEMR =T ICBT 2 BKEBSMAOE S IMSTHEORBBE LTRAL LS., Rl
) id. MEFRES D T, BAPAIE L TORKERS M OK
BEZIET. (a)(c) TIREAHANPHEMLT, (b)(d) TIANEETH %, (a)(b) TIEERL 2
4 DDA DIRIE AITDOWTRL, (c)(d) TREFRETOEEMOEIR A (R (5.5) %
) BADDRLBME% L AHFEIZOVWTRLY T,AUNDTRTHINT X — 713X 5.8

EREDZ L TH Do tn(D

EELWV,

Period: T(ms)

by PR TR B 1 & MR LR L R R &

G

Mode: tm(D*) (ms)

@

Mode: tm(D*) (ms)

A\ R4 R A D
400 : : : . —
A=) — o7
350 [A=0.01 — o
A=0.05 ---- o
300 | A=0.1 ‘.
tm=
250 +
200 |
150 f 7
ke /',
R
100 : : : :
100 150 200 250 300 350 400
Period: T (ms)
400 . : :
350 | A
A’
300 [ A
250 |
200 |
150 t
100 kK. ‘ : :
100 150 200 250 300 350 400

Period: T (ms)
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EIL D b 1, (D7) DEFKED (D) D AVNED) IKFHE SN D,

5.5 RFIEMSERICHT 2HERLIREBRRARERES

Z Z T3 Bulsara & [9] R Plesser & [T1] 12 L7250 FEBEBUCBIT 5 AL Z 5D
MeEtE 2 RO, HERRPLEHREES 5, Bulsara 5% Plesser 51355 & WK
THDLURELIZL ED/NNT—ART P VRV, HERREZ AR, OO L DL
BOBERLDH Y, CCTRANEFPHRBEERET 50 2X VBRI L ICEFEREZTD
WARD R CE G i) £y P 3NBERET S, Lo T, TOHEANNL 7 HIHELER
LHheEdb, TOLE, BAEBEIBLTR—-DOGMIILIA Do TLBKEBIAHH
A28 2HIDIST — AR v (PSD) #EHETE 5 [71, 8],

1 () §(—w) |
Pﬂm@_wa)ﬁ+l_g@)+l_ﬂ_w), (5.7)

T (t) 1P F KT,
g(w) = /Ooo g(t) expliwt]dt

95, KEZL wiZx LT, PSD I 1/(n(t)) PfEE L D, THIFKEL WITHLT
W) =0, RB7:0ThHb, EHIT, ANNATFIPNRTG A—=F 1/{t) DRT VY ¥ 4 2 8)V
AMETHDHLE, ZOPSDFFHTTRTOwIZDWTL/({t) LFELV, 2O LPDH,
F(w) = n{t)PSD(w) &\ ) EmiIFkA LHEEHE TOFRKNSY — > 2 FEBHEB CLET %
BICERITH 5 [71].

B 5.11 Tid, BIIATID R WIGEDOFKERS M & 3BT 5 PSD(w). F(w) ZHEEIREE

DOBEE LTR Lz, MEREDSHR B2V, BAHBIL VEC R BAERT

FDOBHEMIIIENE) o ML T, PSD R F ORBFMIZAICEN X | BKERES ISR
BT BEMT AL 2RT,

43, REERT. LIFMREEFTVORAKBRCEBT @Y LRAREL LT, A
HNEBBRVIGEEOFEKERS A ORBEMELE X 72 Bulsara & [9] 23 o 7- R R BEE L[]
LADTH B, X5.12(a) i3, BEEEBRICB) 2 THEORKERREIC3 >2O&H
PEZLNDILERT, TITWIIODKERE LI, BKEBSAOREMEL, (M
ERL) . FHRKERE ty (B, B = 2r/w! (KER) THD, P LWL I
PSD(w) 5 \Vid F(w) DEBETH S, CROEDBIEVIIKELRLD, 2OKNMH
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511. }%

A1 JREIATI 4

bV PSD BOHED RS A
h‘zmmz(l:;)‘ T LT (c) EF(w) 75”?(3‘)5&‘%%3%%2% (t

P (2) °~3’°‘h‘z)151@$miyf 7/2)+ (b) 57— 2

o J\T@b:ﬁ‘/\"c D %J(H%XIJ%%L (b)() 4

D OBIHEE v (b)(c) 128

B ERT
NG o INT A —

y .

s p=01V/s
9 T = 1 0

/0.006ms, Sy = 20mV, V,

? Ozomv A

? = OV/S
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RiE ] <ty <ty &% B H5.12 FICHREEBROREME L, & EEBEBOKEE ], O
BIMRE R L ze Dk, B4 HBEBFEROBY LFMREL LT, 2L 2, tf 3EREK
BHIC BT 2 HERAGRERETH 20 ) T, BADOBECBVWTIY) InEALE
S (Tbb, BRAANESORYPT ICHRLEY) BEARETHLPLTH S,

A3A 7 FIO ML B EER CTHRL 72012, PSD(w) & F(w) Dw = Q(=27/T)
HETOE— 7 HZFE L. ZRBHRPHEE BRI ELLETENLBEIEDL IR
N7z, QLT Fid. B 5HEE I (Signal-to-noise ratio, SNR) Z5Flli§ 5 72012 b ffibh
5[N] w=00H72)TOINL2DDELRD L I ITHED D,

PSDy = max{PSD(w)]|0.93Q < w < 1.0702} (5.8)
SNR = max{F(w)|0.930Q < w < 1.07Q}
= 7(t)PSDy (5.9)

SNRIZ. EHREWE O ICBIT 5 PSD ORAEE . BEABERICBIT 5 XA LNV 1/(x(t))
TEH7dbDTH D, N(59) 05, (t) PWEREFYT RHETMED & L BITELTHDT,
TR DOBEHELTHRLTD, WAIBRICHS L HITIERZ %2\, PSDy & SNRIZE
BIBRICH B L HITAZ DD, L L, EBIZIE, RAPEEHEANTT 282 L TDH (1)
FENZIERIE LR, Lo TDEEELTT 283, F L PSDIZIZIZHAT 5,

5.5.1 D%BEEL-BE

BADHMBBY TIE, ChFEFTOLIADEEELILEEOBERIRICOVTIINGE R
NThv, ¥9,. DEEELCERBYT 282 L7z L &2, PSDy & SNRATE AL
TEHEPRAR, ENLERRICTIRELEFAEAY EREARERSL OBELEEL, 22T
. EFBED BY DL XIZPSDy & SNRFRKEEFONE ) PERD S Z LAY
HOHWZOT, BA% ZOMEMEICEE L THETZIT 4 o0

[ 5.13(a)(d)(g)(§) 2. ATIRIEZ A=025 A=0.05~8 L7z L X IZRKEBEIAA
EDXHTEAATED, Beb3OOFRABMMICBVTRANLERERLIZODTH S,
M2 SAKEEICT 2 L. B 2BHETOLELSEH L\ T, BEIIEHEN CERL
L7ze B (b)(e)(h)(k) ICXIBT 2 F &R L72e TTICBRA2E I {) KT 2EZTHIIT
EAEELZVDT, PSD & FIZFRALEZERIEIRV, Lo TIITIEPSDDTI7 %
BELV, A£0DEE, FREABBEROLIATRRERT, ERRIBAEKELTA
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(@ 1000 r~

800 |

Interval (ms)
(=)
8

400

[\*]
o =&

0 0.2 04 0.6 0.8 1
D (mV)

(b) 600

200

0 200 400 600
t,(D) (ms)

5.12: AP E G E ORKBBIA ORBEE t,, CHER). FHRKER ty, (5
W) T LTANRAL ZHIDOINT — AT D IVOBRSEEL, = 21 /w!, (KEH). (a) 133 DM
KA t, g, tf, OHEEIRE DAL R Lo BT = 27/0.05 2 8% L LTK
FRTR L7z, (b) 1ty & tf, LOBRERLZe /X9 A—% 1 S =20mV, 7 = 1/0.006ms,
p=0.1V/s, Vo = 0mV.
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L. FOE—23KRELS LD, AHOBBELT, Fw)D¥—207E, T4bHSNR
EERAKELZE. RO ICFOY—2Ex /T OBKE LTRL, REREE
Fli3. SNR OBHFHEA1 LHE L DL XA LS tf DEFRLD . A=0 TIIEEICH
MREEGDHIZENE . BFRRIBAONEREIHLTD E72, HLEERBRELES
Az & NG (M5.13(f)e LA L, ERIRWBALHICKEL 2B L, SNR ORI 1
ED/RNEL B, Wz b e, SNRIZtH XD REZEMICBWTERKELZ L S,

[ 5.14(a)(b) i SNR ASATJIRIE & 3612 &) AL B 7R L7z EEMEIIN 5.13 & &
25)e KENI (D) % 8%, TRLLEBMENTD LZ 0BT NTme% s v Bk
Th, RBLRERAEP LS B2 EELOERRS5.14(c) o b0 b, HIZIZRL 2
ANRIBICBIT B¢ (D) & T* DBFRERLE. ZORIESNR 2B KICT 2 BB L% H
BT & t] (D) L OB ETRT o SERBEIMY DL &, T* & 1, (D) Wi AMCEL
o A=0DLE, BEREESIIBIT DL, DER,D ., TEICKERBEEAMH &
N, EREERD, LPLAFNKEVE, 2075 730AKRLY EH~TIhD, oF
DERELEIE (D) LV KRELS LB, EHIIOERIEFRBLILICKEL 2D,

Z DIRIBOECHIEEMOIREMRIE &L BR T 208 ) AR50, K (5.5) TER
ENFAE—BETHEICT,A%EP L. BBEAEREWEEE L. ERREIVN
SV, SNRIZ T 45t/ (D) 8 (REITRENZZEH) ThDHEETHKERD, L
LEFHRIBSHEZ 51V — 27 3BI T 5, Lo T, REEREIIELD, A% —
B LGB IS RE L v,

5.5.2 TEEEL/-EE

Bulsara & [8] i& perfect integrate-and-fire(PIF) fif& €7V & 29 LIF EFVIZBWT
EOWRER T & 0o LA LIZET Vv, FREEBICB T 2 HERLEFHR 2 F{~72,
ZORER, R (5.9) TEHSIND L) L SNRIZMEFTHEOBEME L TY -7 2R/ 7 .
RIHEPEE LWL 2HEDPDTZ, LD L. PIF BT VIZEA RIS LEFARIET O H
WZEKRPBEL, BIETD/NT A=Y EBE2FE LV, 07295, Bulsara b DFER Y ER
LIF E7F VI )  LIETE LV, Plesser b [71]1d. LIF EF NV E2FHLHEWTA (5.9) TESHE
&% SNR DHEEBEMFL LA, TOHER, HH5TREOMETMEICEVTSNR
BAMEZ L BT LM Lo FAIE. Plesser bW B EEBIZBIT 5 PSD 0K
gz HWT, X (5.8)(5.9) TEZ L7z PSDyy R SNR DT BEKAFM 2 . HERLR
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() A=0 (b) A =0 (c) A=0
0.004 13
T=20 —
12 T=80 — 12
0.003 | », T=200 ----
i o 11
= K T=20 — 3
gooo2 ;% T80 — g £ 1
H Y T=200 ---- -
5 3 08 - 0.9
0,001 f: 4
o6 Ve 08
N AR . 07 ‘
012345678 910 0 1 2 3 4 0 0.5 1 L5 2
normalized ISI W thiT
(d) A =0.01 (e) A =0.01 (f) A=0.01
0.004 13
T=20 —=
12 T=80 — 12
0,003 | _ T=200 - -+
ik . A eereees L1
s i T=20 — ~
50002 13 /% T=80 — 2 % 1
HY T=200 ---- K
o 08 R 09
0.001 |2 4
06 U 08
0l . Tivea 07
012345678910 0 05 1 L5 2
normalized ISI th/T
(g) A= 0.03 (i) A = 0.03
0.004 13
12
0.003
11
= i T=20 —— 5
> - g
5 0.002 l: : Tzzgg "_-: £ g 1
: 09
0,001 2
: 08
0k 07
012345678910 0 05 1 15 2
normalized ISI th/T
() A= 0.05 (1) A =0.05
0.004 13
12
0,003
11
So00 |14} =0 — 3
2 0.002 i -1-1;;38 — g 2 1
: 09
0.001 f:
: 08
ok s 07
012345678910 0 1 2 3 4 0 05 1 15 2
normalized IST wQ t%h/T

5.13: (a)(d)(g)(j) FEXBEMRSAR. (b)(e)(h)(k)F(w) # LT (c)(f)(i)(1)SNR D% FE L4k
FrtEo S NIRRT ORI R T CIEHML U758 KM, F oRsid A0 ENE O TIER
L L7 A fE 38, SNR ORI T CIERAL L - MR R E ¢/, = 2n/w) Th b,
72721 wi, BATIEABPEAREDOINT —ZARZ MV (HBVEFD) ORBEETH S, *
ISR D = 06 CEEENADT, tf, bSEE SIS, AYPATORIEIE, (a)(b)(c)
TiE A =0(V/s) « (d)(e)(f) Tk A = 0.01(V/s). (g)(h)(i) TiF A = 0.03(V/s), #LT
()(k)(1) TR A=0.05V/s) £ %D, /8T A—% . § =20mV, Vo = 0mV, D = 0.6mV,
p=0.1V/s, 7 =1/0.006ms.
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(a) 1.8

A=) — A=0.03 ----
| A=0.01 =-~ A=0.04 -eereen |

1.6 r

100 1\ 200 300 400
Period: T (ms)

® 12

L1}

g 1
w

09 |

0.8
© 500

400 |

Eaya
¥ 300 | Py ]
= A=0 —
'é I A=0.01 — 1
‘ i A=0.02 --- ]
& 2000 A=003 -
Ij, ]
100 } ;%

100 200 300 400 500
Mode: t.f (D) (ms)

B 5.14: HSHMELZBEE LB EICBT 5 (a)(b)SNR OFBKAEML . (c)SNR 2 AIC
T 5 BB ER T C B DR EESM, (a)(b) 12 D = 0.3mV IZEE L72%HED SNR
RRAMT OBBELTET, () BAZEELZBEET, bid A (KX (55)5H) ¢H
E L7 B AR T 5o MBI REIT/R LTS ¢, = 136.5ms T, REEREES Tk
725 ERBAB OISR %o (c) DML ¢t (D) = 27 /wn(D) TH B, 72721 wn(D)
. BEBSATIRBEELE L R2BONT AR MVOEDN, D EEZELTw 28
LI BITHRKRE 2D RELRFERBISHET 5, M3 ™ T, ThZ D ZEELTT
REP LA L ECHRARDOSNR 25X 5 HRBLEAPITHIET 5, X7 X—5% 1 p=0.1V/s,
7 =1/0.006ms, S = 20mV, V5 = 0mV, D = 0.3mV.
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HRPLRBE LT L RHREES L OBREFENT 5,

515 & 5.16 i, EKEBESMH. PSD(w). F(w) # LTSNR TH 5, X5.17 iTk
(5.8)(5.9) T L7 PSDy, ® SNR OMEFMEREM %2R ¥,

ERBEINECEHEP SR D, K 517128175 PSDy, & SNR 2 H#id 5 & . SNR
SRR RS & /R TR O REMTE OMEE M TRAMEICEET 545, PSDy i3¥—7
TRCT. MEREOMEE LTHRBMICHINT 5, PSDy DEHRICHVHI5 PSD(w) &
B 5.15(b)(d)(f) ® PSD(w) THR% & | HBEMREL D =0.01,0.1,0.5,1 LHINT 5I1c>NT
PSD D7 5 7 &EN A ENELTEN S, 5 TSNROERICHVWOLNS F(w) %
B5.16(a)(c)(e) TRA &, HEBRELEZ THEMAEL LTI EIC EFAEMIZ RV, 2¥
PSDp (3B ORISR E U CHFAMML . SNR & 2% 2 S MERERZRTON?

PSD 2R TK(B.7) DAL ERDLE ., 1/r(t) EVIEND D EIZK T, (1) 1FFHFR
KB TH D, PSD 2w DHMEIIZ 1/7(t) NIRRT 2, 20700, BEABEEEBRICBY
% PSD 13 1/x(t) &3 CHEEBERAFE LR T, MFHBEITRE VLSRR (1)
h&W, o7, :@1/( YISHEE L RICHFRICHIMT 5, 2F D HEZTOPSD (K (5.7)
ZH) 52583, BRAEBKTOPSDORZKEETFTA2ZL Vi 5, K5.15(b) D

IZBIFBPSDEAB L, PSDidw &I 1/n(t) NHT 5, SRBIHAVATE
B O = 0.05 TIX PSD HSHERY 1 /n(t) (EVVER LB, SO L XY, ADEERBRICE
T 5 =7 MEPSDy OMTRBERFML 1/(t) &R CHAEME RS,

fit’5 SNR DERN 5.9 € RDH L bbb X HIT. BEHRE L IICHFARD TS «(t) 43,
PSDy i8I 5D, DF Y, SNRRZDTLE %% F(w) ZTHRKHIE (1) %I
BE %V, BEX ) SNRIZ, MVHEEERIEELRT (1) OXELZITT, PSDy LE-T
TR OMEEME TRR L 7 5 HERLREROMEERFR LR T,

EHRMRIBS BRI RE 25 L FIRIER5.17(c) (A=0.1) DX HIZ, PSDy d F 72
HOLMEREICBVTRRE R HMERMRM L HR LR T, & THRERR (1] LB~
7205, TOHEMIIPSDy ODEKMEL G X AHMEBEICDH S, T THRLIRICBIT &K
WM R RERES LM THEEE L IR VVEL L D L RRTEL, L2 L
ZZTPSDy DRARZE 2 HHEEREL, K5.17(c) MBMORE TR LI-REIREES Z
WS HEBE L ZECRRbEL LD, INE CHHERIRE R REL T HRE L
BREESOR) LOMERESRL 2MHE L DH1% R L72H, PSDy OBAEIMTEEN
BWED, $72, A=0.11CBI1F 5 SNRIZK5.17(a) D & ) 12 & FICHFTFRL L, PSDy
PRREZRTHETHBEICBWTS, SNRIZE—27%2b%wv, BF5 L, PSDy DHRAZ
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(a') A=0 (b) A=
0.004 —————————————————— 0.0015 .
Y D=001 — | | ] D=001 —
R D=0.1 — P D=0.1 —
0.003 Fi D=0.5 ---- D=05 ----
HERAN D=1.0 - o ememeeieciiiaeieanaeeees
0.001 |..... S e b
_ : § . D=1.0 -
% 0002 yi. 9, o
N -9 K
i 0.0005
0.001 [
L!. A r L XX 0 " n "
01t 2 3 45 6 7 8 910 0 1 2 3 4
normalized ISI o/Q
(c) A =0.001 (d) A =0.001
0.004 ——————————————— 0.0015 . .
A D=001l — | D=0.01..——=_]
Y D=0.1 — P D=0.1 —
0.003 i D=0.5 ---- | D=0.5 ----
A D=1.0 - 0.001 F_ .. < emessesmaeaaa D10
- H 2
& 0002 | 8
i ay K4
N 0.0005 |
0.001 i
0 o / PRI | 0 " T N
01 2 3 4 5 6 7 8 9 10 1 2 3 4
normalized ISI o/
(e) A= 0.01 (f) A= 0.01
0.004 — 0.0015 T T v
D=00} — | | ] D=0.01 — |
R p=01 — | | T D=0.1 —
0.003 i D=05 - D=05
A D=1.0 - L e einen e
i g O® DT
5% 0.002 a2 o
A 0
0.0005 f
0.001
o0 A TN #) 0 " n
01 2 3 4 5 6 7 8 910 1 2 3 4
normalized ISI o/Q
(h) A = 0.05
0.004 0.0015 T
0.003
_ 0.001
= )
5% 0.002 2
A
0.0005 -9
0.001
0k L ods 0 : : :
01 23 4 5 6 7 8 910 0 1 2 3 4
normalized ISI /2

5.15: 4 D DR BHETHMEICBIT B (a)(c)(e)(g) FKEBSAT & (b)(d)(£)(h) 787 — 2%
27 b W PSD(w)o ANDIRIEIE, L2 HEIZ A = 0,0.001,0.01,0.05V/s & %5, (a)(c)(e)(g)
OREENZ . B T TRAEREZ ESLL7ZET, (b)(d)(f)(h) OR#iz, ANEEHEQ T
fEEEw ZESILLMETH B, /85 A—% 1 § =20mV, Vy = 0mV, p = 0.1V/s,
7 =1/0.006ms, T = 27 /0.05ms.
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F(w)

15

F(w)

F(w)

F(w)

L7,

/Q
5.16: 4 DDRL HHFREIBIT 5 (a)(c)(e)(g) B F(w) &+ (b)(d)(f)(h)SNR D
EHEERE . Fw)DZ 9713, BB 4 0OBEREICOVWTRLTEY, HilizAaE
BeBw 2 AW Q TIERIL L7z, SNROZ T 7 Ol cix, BEHREZ ¢/ (D)/T 2

SNR

SNR

SNR

SNR

1.05

095 |

0.9

1.05

095 |

0.9

13

12

1.1

0.9

(b) A=0

0

T 23 4 s
t& /T
(d) A = 0.001

tx%/T3
(h) A=0.05

1 2 3 4 5
th /T

89

ZZT, tf, =2n/wl, ZEIATIBEABEDINT —ARZ MV (HDBVWILF)
DEMETH 5, FHPASTOEIEIL, £ HIEIC A =0,0.001,0.01,005V/s £ %5, /5T
A—ZIIX515 M LCTH5bB,
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52 BEEHEIR, BEREBEELZ3L L2 BB TRESNLELEDNE, 20
B 5.16(b)(d)(f)(h) I2H B, AT, HEEFME D 2RFIRE t,(D) ITEB L, 2
BT CIEHAL L7z, ZHEIREZ A = 0,0.001,0.01,0.05 L Ix4A WM& 5 &, &AISNR
DT T 73 t,(D)/T =1 ETE =222, LPLADOHEMEXIZEOE - 2713/ EL
2O, A=001 TEEBL. 2D ITHFLVE =73, (D)/T = 43 HEICHET 5, £
LTA=005TEFHLVWE=2 R ELICHFICHNS, t,,(D)/T 251 XD KELfEE L
&, MEWMED IRBRNEESWRILT A MEREL VNS REL L o7z, [5.16(F)
TH LW SNRDOE — 7 BB/, REAREESOE -7 DRERO L) 2BRFRTEN
Bo BEHL, A=0011HETIE, BEAREBRAOHEL, ZRLUNOM S OB 2
OONRAEL T, SNR OMEFRERAELZIRE T H DD LB b D, SNR R PSDy DK
B2 52 5 RELES RO LBHES. BREAREESDINIE ) 255 I LIRREN
725, 2T L IREEBERTER L SNR (ie(T)) TRELRALNT, BEKEBICE
JAHERIIRICR - MEE B b S, CORBLESHELRET S D ) —D ORI
DWTid, RO DFHFEKFEB T v 7 2BZIT L TH L,

5.6 FHRELKEOY I

56 Hi2 51k, BMETATORBESEBHREVEEICBVWT, BRIERTORBELES
MELHAT AMEE LT, REREESICRDLH LS, FHRXEEH Y 7 %
RIS %o

BN D, B5OMHEBRAEIC) £y b SN PEP THERME LA RIS
5% [49] WEBONDOBE. 231 2 FIEEEGBRE L 2 5, 2E7% bREKMEEDS
WAL F— A DREREB PO Thb, LoTy ANL ZHDINT — AR + )V (PSD) i
RDOEHITHzZHN5[8, 11, 83):

R@0=¥%(L+1?£@+1Tzﬂg)’ (5.10)
T IRKERAA. (t) = [t i(t)dt (TFEHREKER, 2L T

ﬂwy:/WKQQQMth (5.11)
0
E3 5, S TRENDEBHFHTIL (SNR) ZXRD L HIT52 6N 5 (71, 83):

S = r{t)ymax{P.(w) :0.930 <w < 1.070Q} . (5.12)
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(2 14 .
A=0 —
121, A=0.05 -~- 1
3 A=0.1 =eee
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g8t
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w
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C N, T T r

© N —
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0004 1 A, A=0.1 ---- ]
..... Semo A=0.12 -weeem
...... ‘. \-_,_.A=0,15 —_—

s |7 Tee TSNSl
9) ...................................
940002 ...""--...___________--':';

emmmmmm e mmmmm ===
1
,/’/_—_‘
0 - . .
0 0.1 0.2 oj]‘ 0.4
D (mV)

4 5.17: SNR. PSDy OHEZTHREMKA M. (a)(b) iX. SNR Z2HSHMEOBEEE LTRIRL
Zo (b) 1. (a) DMEBMEILR L7zo (c) 1k, NT—ARZ P VEHSHEOREE LTH
RL7Z0 $RTORICBNTHETRENTE LR L2 D =0.32mV X, FHPHALELTO
INT—=ART M VOBRBESE T IZHE L G 5EREEA LM THETBETH 5, /3T
A—=4% . §=20mV, Vo =0mV, g =0.1V/s, 7 = 1/0.006ms, T = 27r/0.05ms.
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WRMEEDH T %507 5 LIF EFMIZBWT, SUIIMTOBKE LTRAELRFDL ., Rl
JWHEERT [T1]e LA L. BEORBORFHICEL ST THRNRIE IS, RELMES
VARVIIEICHBRBEESZWI 82V L0 ho7: (Bl COREMR [83) £SH).
BIZIE, [T DI3F A—F — DA, S1id D ~ 2.5 x107%[(mV)?/(ms)] THRAL %5 (X
5.18(a)) o BRI VEA ., FHFRAEMRIE D ~ 1.9 x 1074 (mV)?/(ms)] D& ZITT &%
L<%b, SNLEDEOMICHEEVEVE, WOTORERELESICL > TROBED
WELHPTAZLEITELZVWI LW SD 5,

HERNEESOERICBVWTHV O NAERRINREREL. ST TR (5.6)(5.4) D
L. BATEL TORKERSMA (FEBRMSAMG) /87— AT b VOREE
tn XV, ZOEITIE, BEANEL ORI ERRVEBEAREL T 5, &
HALE L-HENIL, Plesser & [71] DRFZRICBVTHV SN LIF EF VDT A — 5 4
Wik, SMOREML, 2FTE TS L0 (RRUMS REEBEICBWT) FEEICHER
12OTHb, FNIE. 54H. 550 THW/ Bulsara bD/XF XA—F L&) HiTHW
% Plesser 5MD/8F A—=FTld, pr — ViR T Sy — pr DEDPFEEIZRKRENT LITHR
T 5, BAEROA 2RO 200 WEELOT, EEMICET 2HEMIFHERX (4 24 A
7 —ETRENICRE | FH R 2 BER IS RD 2, BB, & TFHRARRIIZIE
[ UM S AR & R 0T EROEEIC o THEMR B A AT 7 &\ 2 U
2\,

Prgcik, )AARBOHDICOVWTHRRRIRET 5089 20, 2) R REES LS
DHHBEFZOET NVOBRLRWIRBEVEHET I E I P, D2 HITOWTHEITL
IAERERBAT B0

B BEBICBIT B LIF 7 VOMERERIE, ChE CEICAPESFTRREEZ L)
IR CHIE SN T &2 [T1]. BAHESTITHNEEOBRE. BRO-TICAYE T DM Y
v P ENDO, DT B AN, ZHIIEARBRE 2D HRIRVR TV, SHHE
UORMETOEHE. HHEND AL 275 IEPHERARETIIR, D720 /37 —
AT P vd SNR B (5.10) K (5.12) TRl T & 2\ FAHE TN EBEOHEICE
B RA8L 2FIDINT — AR My P(w) i, ROLHICEEIHEING ([4]. FFwILE 4
EDR (4.56)),

Pw) = —= (1+Lw)+L(-w))

S (N Ry ERRESS o ) (5.13)
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(@ 125
100
75
7]
50 §
25
0 1
106 105 10
D
(b) 0.09m r (c) 40r
30rn
0.087 +
w v 20¢m
0.07x
10m
0.067 . 0 .
106 105 10+ 106 103 104
D D

4 5.18: SNR DMEFMEMRFM. (a) IZAEME. (b)(c) INHFBEORAMET 2 AL T 5,
TRTORIIBWT, BEIMETRE, X9 A—% . Sy=1mV,T =20ms, 7 =1 ms,
p=097V/s, A=0.03 V/s.
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Tty FFEHRKERBT, L REIKX(5.11) TEREN, ¢, Q07— ) BHTH
5, 2%
1 T :
| G = /0 Q(t)e "t (5.14)
b, THIZED, SNRIZKRD L) ITEHESND,
21qq

=1V RO + B0 (5.15)

F412FTZSNR E LT, THEEBRTOPSD OF VY BEOERE L. BREABKTONR-
A ([F U RKEBEEEORT Y v 4 V2V ABRO PSD ISHWIET 5) L OlEXRD
XHic5z7

S*=2mrq; . ~ (5.16)
WEMAD PSD (3 (5.10)) LA HMED PSD (X (5.13)) LDV L DDOKREZE L LT, H
FZRERBDBEBEL THABROBENE—-2%2bH, BERIERAEBOEROB SO —
ZERLOTEFBTONDG, HOHEBHBICOKRELZEVYD ). NEEDOREIIEER
BThHD A1 75 OECHBEERS—SHEICELE L DI LT, SAREDOBZEGIREC
BB BTN AR T, ShE CHRYE (A B5 LIFATE A, EBIZ
BRIy PENLEDT, Vv b ENbtoWEEERS L., BEHETH®
HITREVERIC R 5. HARBOBET, 2 BRIV 2y FBELLZVOT, A
BETHIRIT S, 29 LizB02 S, MEOKIMMEEICIIRELBNBRONS,

RO SNR (X (5.9)) LA HMED SNR (K (5.15)(5.16)) x BT 2354, METE
BNRLDIENH, SNREOENZRBET LI LIITERY, LEALEAELDY
£T. SNREBRKLTHRBLETREL BT 52 L3 TH S, Dk TilamsRILR
BN TAHALNLNENMEENEEDEBNIZOWTHRNS,

HEEDA N £ 3 LIF TF VO SREGIREL: FIBD X 512, BB TO LIF
EFNVOMEIHBETVAREDEEOAIINT TR LN 83,71, 20720, F
TRMIC, SRGFEEVAVEEOREBIHT LTOROND R L TAhIZ, ZORKR. K
5.18(b)(c) DX DT, BMETDEMATICHNT 51045 SNRTHSHSBLU S X, H
LZHREOHERETRAMERZ L5 Z EPHERTE 2, NRARDOREFICTBIT SHERLRE
& 5.18(a) IZ/R L7225, NEMOEHE L BT 5L Rl EEREICKRELEVPRLN
%o SARMEDEFITHT 5 SNR ZARMEDEF I 5 SNR L ) b 274 ) K& 2MEHR
BETRRICET S, Z0EVE, NA%OEFTOHPNEEDE T ICBRTHEEICL 5%
BEREVLOIZELSL, ARUDEE. BHRRIEKITLELZH LM~ LY FT5, €
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LT, VEy b3 ROBEIE. VEy b SNAMNHETEREERIICTEAILEL W
BRY. SERAPEEILTNTL D, 2020, EISPLTEMbS &, AICZ20
RS R DI, SNR /I EL D, LoT, WRETIRAARMEL Y H/NE RMESHRET
SNRPEBKERD,

FHFEXEEZO Yy 7: SREOE ST 5 LIF €7V O SR MRS IR R
% LOTHEBREISEWHETEL S, Lo T, LIF €7V THRRERBEDES D AL
ey bEnsl, REREESZLODTTHAIMETHEL Y D LB/ 2H% Kl
DHEWELT L, Lo L, REREESE, HAREOHBOBETL T4 8ns b
FTIE RV, ROBEDRELZFHBET 2L ) V0L O0BEE T THHT 5,

W% T 5 LIF TFVOEBEVIESDOAD WHELD) HBEVISEVE, kit
TR TRBLETHEIIRMREESZIZIZNH T, LAl KEZBETOEHD
BE. A NERTBETVORBVIIERELORL ) SEED LOEE 22T 5 RICE
Vo REMINTIZFEKTELVEETOANICK LT, MEFEMZ S EHERMIEKT S
£ hb, TOFKT, HEOHRIROMEL T2 DLEZ LN TEL,
7z, BiRIRBORMEZ ) LY ZHABET TH LB L. BEE Y ¥ 2ZHPEHRNICRX
TELRMEULETHLBEL BT B & HFL MR 21T LAV TEE OBEIILE -
T B, ZDZEDH, b LIRERILRICBVTANS ZHIHMAHRZRT L 9 28
T A= 5 HBOBUEE  ICHET 556, BMEGFET TIX, 2057 A— ¥ fHEORBET
AT T B FEKRBR S VHFEN 5 IREVERTES 9,

X519 3ZDHRERT. ZOHE. RERWZRICBVC, 1: IHEAICE 18
LT, 5RESMHETIEBAIELS) 2RT /8T A — 7 EBARE < I2FF
HEY Do 202D, HlRITA=0032 (BELLEOERE) OBE, BIEFLvE 1: 1404
RIS A3 U TR (t) BERBYM T &5, K519 TA=10.3212B815 (1)
DI ITRRDBE RAEEHRETIIT LIZIZRACEZ L ), BEREND HHEM R
5 LRATBIT B0 A =0.0314 DA, BUET OEFRIEZD (t) OMESRERENIZ
A=0.032 LIZIZBLCIRBENERT. D=0I1CB1F 5 (1) 1d. A=0.032TIXZIZT & 7%
LTI LT, A=0.0314 TEBRAITELLZVOERSL () =00 &b, &oT, HEH
BEA/NSEHE, A=0032% A=00314 L TROLNAS (1) DEWVWITKEV, EHRIEE
DB EFIT, @) DT T 7I3FEAICA=00320F7 5 758N, HRHIZA=0TIEK
5.19 DRERD & ) LHEEWERFEL R T,

WENOERIRIBICB N TS| (1) 3T L ZICHRARD T 5, L L., EFRIE L
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MRENEE, ZOHERBRPOAF IIIFFEED 5, HlRITA=003DGE, EEBEZ
INERED S HRAICHERT L, D=10"H72) T{t) DBRPAE—-FE—HBET 5. %
LTD=4x10"*H72)FTr 773 FHLBRER L, OB ) ~T %25, LT
EHICHTRELHERTE, BU () OBPRAE—-FEEMT L L5505, ARED
wmedic, COHRRPFLIVIZ-E D LBNE, H5.19 TR TELR VA, A=0.0314
bTHECEFRE T () T EORTFFICKELER L HDT, L YLVHETEE
FEBRICBWTT 7 HE R D, DX HIT. BETOESORENTHRKEVEE,
PR OMTREERAN T, FHRAERIEFHBPT L ZEZFALELZL 5, EOKO
ANRA 7R RD & BAEBIIT LEVER L), NHSMEH LUHTHELZE -7
b0, 2F DRKIIFRA L 11 ONMMHFEEIC 5 [60, 94]o T4 1L Z OIREENZFHFK
BEa Y 7 LIRS, FHFERT v 7054 U2 HESHEEBTIE, A1 7528V T
AN OEIEDSEZ BN S 720, W55 SNR b KRE2fli%E L 5, H1 21X 5.18(b)(c)
BT, ZFADSNR 252 2 BRBELEFTHEL, EH5063 D=3x 10" FEDNETDH
Bo M519TA=0.03 3BT 5 () BAhD L, FHEABERD v 7254 U5 M 0 EEE
DEFAD =3x 1075 IZXHBT B0 CORMEEHEFTMHEIL. 5. 19 B ORENT/R LK
BIREEAIHY MOMEHE LB LT, 22 )N SRR L5, 2D, BRREHS
RBHREVGE, BRKOSNR 52 A REHEERER. REREESIVETLA,
FEHEBEH O Y 712X > THHETE S,

AR AT § B YRR LIF €7 VOGN . EEMEE V., JEh + A/
IR EVICRONS (B3ESR), A—T /57 A—FFH T, MAHRPERIIFE
HOHFGROFEBICE o THRENBY, T— I/ VFOFLHENDE, 7T—/VFEDOFEOH
EIZDWTIE [21, 45, 95] THIR &Nz, (ERRIET VD) FHEWEKD v 7 L (RE
MBEFVD) T/ NVFOELEOREEZFARL 2O, —A#ld 7 ) OFHRIEBeEE
L. AT, MSHEICET 2/857 A= Z IR AR, HEELTE, —AdH72) 0F
BRRED A, TS 52 RIGEIIREEIRE 20 (K5.20(a))  AAH B O BRI I §
o MEEMZA L, BEROZDT 7 7I3MEAIELPELD BERELHEEHFET
TRPEHERATF Y TELOFIROZ 57 L %5 (K5.20(b)-(d) o ) DEDDHEFDRY
RN AMHFREBOBER T TIFAZ L TH 5 [59], K5.19D/87 A—FEBITBNWT1:1
MMEAHO TRIZFHEOTCHELICE S, TLTHEEMAL L, 11 AP TH7 5
7 OB ESHTER B, TOBRIIRACHETOFEBABH TS, Lo THS5.19
OEHERT y 7 BELDEDTH 5,
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40
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B 5.19: SARMFHIATICBT 5 FHRKEME (t) O¥SHEREE. &7 734605
MEIZ AT DHRIEA A = 0, 0.0225, 0.025, 0.0275, 0.029, 0.03, 0.0314, 0.032 V/s & 7% 5,
A=0032V/s ZTVRELEDATITH L, BWMICHLIKENIA=0T ) =T &% 5%
MEWEEZIET, NT A—F1IM5.18 LRILTH %,

Fame LT, ITRELBMETOANT 2HRHH LIF TFAOREICET 5HK 4
DL, ZDRICBIT 5 PSD R SN MOBAWERBOBIIC L o THREL R olze Th
T TLIF 7 VBT 5 BEBEEBROBRLIRIIAREDET IOV TOA LIRS R
otz A, BHN/PSD R SN HMOBANEI = HVT, HNEBDOEFITBNT
b RABEBEBOMERLIRTHRT L LITEL, 2L T, BETOESDIEERS 5K
EVGE, REAREL VIO LAFEHEEKED Y 712X o> T, SNR Z2&KICT 2 5ol 2 i
HHENHATELZ L ERL,

5.7 E53E

ABIZBVTHEAE, HEFETICBT 2. BETORREIIN S 5 LIF €7V OJG
B2 L. SRR LR EES L OBE 2R, F4ld. ATIOFEMERE
DL EVHADANA Z7FNCHNL 2R E LT, REEE T Bulsara 5 [9] DA
WA T 128 5 R KEBSA DR L ioo(T) %« FHEFEIRTIL Plesser & [71] DWW
72SNR (X (5.9) H) 2RA L7, ZOKR. IO OEBEDIRA LIS HER LR
e b S 72 SITRAMEZR L, BRILROHER SN2, Fald, BEEZREKICT
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4 5.20: AJIEEAD 194 7 Vhic BT B5FHEKED2 KT 7 7. BPATIOHFEE A.
R T OBtk L UCTEHRAIE T T 7L L7z, HEMEIX. (a)D = 0.01, (b)D = 0.05,
(c)D =0.1, (d)D = 0.5 THh %,
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5 RBELHETHREREFAFHICBN T, BREREESTEILT 208 ) 2R, BER
BRI, K (5.4)(5.6) D& )T, IRERVMRE L HERHBURERECERSND,
Em I RREILREAYMT Th b, HRGHHREMREt,(D) 13, BEEERTIE, [9]1C
o T\ AMATZ LOFKHEBES T ORBMEL HV, BEBER T, APATELD
PSD OEMEZEH L7z,

FTHERELEE L CEREANZE > THE . MERLRERTRELEHFEN T &
K (5.4 ORFREES 2 AR, REEE L BEREEBOW S T, ZHEIE A 2/N &
TN SWIZE T 13 1,(D) IEVEER L ) REREEENI VAN LWL 2
KZo/ze ZLTA=0TiE, BAEBSAEBICLOTRLTHEZ L2, LK
R RS 7z SNz HEERE D 2 EE L BE OMERIRIE., i0(T) 2R T ©
BELLTHHLET TRRELDBRTHL, AW T OBBELTOi(T) DT 5 71,
A—=0I2EoT, BEt DKL LTDA=0TORKEBIA io(t). 20 g(t) L
L7977 50 t,,(D) 3EXEESM g(t) OBRBELR DT, t DKL LTg(t) DEK
B252%, LoTA=0Ti, REMOEEDS . BEREES T = t,(D) 35EEIC
W2ENb, TOZ s, BREAREESICII2EEREBMP T OFRIEI. A~0TORD
FEZ A=0 TOERBETELT S LICEPEL RV, L oT, YREMREESIE AN
INSWEE LB Lz, LIS 512, EERETOREN OREHRIE A’ (K (5.5)
ZH) 2—RIRL L0 B ER S E2A IOV T HERILE L BHREERS LD
BRI, TORER. A ZEELZHE. ADBBAWRNSVEZDAL LT, AN
REVHETS T BISER LS 27T 2 L2 b o7 (B5.6(c)(d))e

KiZ, EREPEEE L CEERE LB S GEC OV THENS, HRILEERT
BB HMEERE D* 13, REREESZEDIIC LaEL S v, REERTI, £HRIE
ARSI RECIZE D BREREES LT, LPLAYDIDITORET
L, D3I RHREESZMA -3 %< %% (FIZIER5.10(b)A =0.05), i,
D BEROMERIHRL R0, TEEOHRIMETIZ, A=01BWVT D* FRERNERS
B E NI LICHRT D, A=0ICBIZRAEBH % t, D DL LTy(t,D) &
KYTLIZT B, COLE, HLHERED = Do B 2RKERSAHBORE g(t, Do)
Lt OBEBE LTt =ty (Do) TRAMBEIZET S0 L L, BRIE t =1t,(Do) KEE L
L&, BRRKERBIHDOEE g(tm(Do), D) 1 D DB L LT D =Dy THRAMEIZELZV,
DD, A=01ZBWT D* IRHREESEZM- ST t,(D)<T %5, ADHEHN
I, b (D) PR B7200, —RADHEIMCE > T D XX YRR EEE*HT
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EICARZD, LAL, W5100b) A=005DFF7 7% RbEbhbLHIT, AVKET
Xpe, $-BEREEENHA- SN 25, BEEHEHBICBIT 5 D LIRERERES
EDRRIED o LBMETH Do NS HERIRIBOHE . SNRISKFHRERS ZE (HEISE
Wb A RE S S HRE TRAMEEED (K5.16(d). L L. B5OIRIEL R IRV,
SNR ZB IR ERA M T HETEE L V2R VNS BT HETORAMEERT LI
%% (H5.16(f)(h))o THZ &Id, ABEBEBRTIIRELHETREZREYT 5 BRI 2D
FHETDIEERRT 5D, OEDRBRRRREERST, RHRIRIEHIVN S VRIS RE 7 M5
ED* ZRET S, DIV EDREBHRELZERRIBCBNTCD* 2 RETLERTS
Bo FTADEIERIEIZL B & Plesser b [T1]ICX o TRDIF LN/ SNRO Y — 7 3HBH
DHBEHLT D, D* T 5 2FHOREERICOWTIE, EOFNRBERE LTS5.6
HOFHYREABERT Yy 2HRZEDITF 5N 5,

SEHEREET Yy 7 213, HEREOREE LTESRKERZE ZIZ, HLHETHEE
BIZBWCTANEPMENEICTY 7 SNLBRTH S, 5.6 HiTid, ATJIRIEAHLBHIK
EVA, BERRICBIT 2 RELHEEHE D* 25, REAREREEGVIRILT 5 HTHRE X
DO YAEL, b ) EFYFERT Y 7 FE L HEEBICEINA I L ER LT,
AR % ST A UERWN 2 LIF EF VTR, E3BTHRNZI )T, HB/5T5 X—FH
BT IRAARRHI A U B, Plesser bM/%5 X —% Tid, AJIOIREABHEL. L 72 2sBfER
SDfEZRLDEE, D=0T1: 1 HAMPBELS, €070, ATRIBHBIELLT 725
BEL OEEZ LB L &, MBI o THERHRNZ 1 LAERBFEL, FYRARREDT
ABAB Ty 2 SNAEHFFERD Y I BEL-OTH L, REREESGIHFA=0TOD
FROIEICLBEPTH DI, FHEFHEHT Y 713 D =0 TORDIBEIC L HEM
EWVz b,

B SRR & R BAEIRTIE . AMIAICH T 2kHige e LTREZ2HEZ AW, BH
R CIIE T 2B 2RKEBSAOR S . FEEERTIZ/ ST —AX7 PV TK(5.9)
TEHZREN/ZSNR OEZIEL Lz, MO THWRER., IR, Z7FICH R
5EMAT ORI EIETERTIIFE L2, EROEROMFIIRL L, RHEFEROY
& AT I8 2RKERSAOR SRR E 55 DIE, TXTOFRKEFEIVE R
2T &% BBRE R AL 2FIOBETH D, FEBEBOSHE, /N7 — AT P VIZE
WTANRBEBROBGSPKE 2 b0, BEEOR, 2% ) BREEEARHIIEZLR L
% DREMBRANAL 2FIOHETH D, 2% 0, FEBEBEBICBIT S SNRIZ, §XTD
FKEBOT &7 % A8 75 TH T BRRERERDIERZIRITHE 9 Y 7 Pre i i A
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NWAZFITHNE, RELRERZ LS, RETIE, BEOMRELORED®, BEHBRT
(3 Bulsara 5 D/XF X —% 2 H\v, FEBEIRTIE Plesser 5 D/XF A—F 2 W70,
MG OEBTHRONIERLEBRILBETE Lok, LAL, WL2PDI/8TF A—F 2D
WTEADTR L 2HICE B L, T HEETOREIRICBIT 5 Bl T HME D 3, B
BRI D 1 DS R EIR L D QNS i A ERABR O, Thid, BEHREOKE
WEBIEZRIZE S PEOND 720 TH A 9, MEBERICBWTER SN FEIC
RO N5 HEREREERPEREIEKEEDOENICOWTIE, 4HBEL (AW,

5.8 ZODEDZTEH

COETIE, FABETER2HERTHW T, EREROBYAT % 5%0) 2 HERHE
—LIF EF VOREIIBIT HHEORELRITL . BRERLIFINIHLEOTRICH S
Wiz 7 VORMAP LRIz, HEERRIERZ L X, FPES T 27 VOREYD

LHEEWE (T35 5EH) TRALLIBAETHL G2HBR), ThF TomRt
WROFATHRTIE, MEREOBEE L L THEMBOGECsEAEER O L E2RTOK
HIELTBY, BIZIE, RROIBER 52 A RELMTREIZIED L I IO SNL P,
V) BERICIE, FRAEEZ b hrolc, KRED 54, 558 T, Bl MERED
FHEE LT, 200N LRRRRECEANEDLLOTIR RV EE L, REHDIIS
A= FFEBUIT OV TRIEWICTRIE L 720 CO20DBBREN I B, O E2IEESD
AR T © &% HRERE Thbd, ) VLD MRRWHBRET., AYETEL
THEDOHMIL VBB SN HRENLEBKANSA Z7FICBW TR OEFICR SN 5 KHE
ﬁ(%ﬂ%%ﬁﬁmﬁﬁﬁ)fﬁéo%Lu®200¢%ﬁgﬁ IZFE CfEZ L 5D TH
W, HEVIRFECEZ L 5 &) 2HSTHEEAET T, DL LAPESELTHI TS
LVDFRIFRSEEICRONIZBKEBROE»S, Z2I~NEPT OFHESTE25 25
EL LRSI TOBKERBIEZICAONDLZ LI D, 2%, AL IFIICR LN
BANIOEHESHET Z L L 50 BEE T OISR IR E (R D
:kﬁ%wéné FADLIF EFVIZOWTZOTFRERIEL2FT. T2 MR ESD

FIIFERRICBIT A RELEETREIRBREESICL o THHETE S 2 LAMAT
%f:o

MERILEHRR L SHICREL SRS & AMESORIBABEL D A SVHHERD

EYDEZ L BGE. BRRDIBE R 5 2 5 R METHME IRMRELES P+ 5T
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BMELDIZAZDINERETH o7, DIRPHBNEESOEZFTIX. BETOKE L
FMEB T 2 HEIROEE 2T RELHBET A I e TEY, HBELRETICHT
BE LWERPELEIC L o7z, £ THAIIL, 56 HiT. ADPKEWEEICBIT AR
ROFLWHERE LTEHEERD y 7BRPSBT oML I L 2B/ L. Thid, #E
BEOBEME LTEHRAERE Y 57 TR E 212, 2T HEBN T EY R KER
AITITFHIC R ), FHRKES—-BREEINLBRTH S, FAIEFTORIBIV/N S
B, FHRKEROY 5 7R 5 & ) RESERIEEST. BEOBKE LT
ZITERICHET 5. FHEERD Y 7 IAMESORBSBET TS5 0BEE ) ¥
DORELRMER EDHEIHEIIRONDBRTH S, REMGLHEL, FBKHEBEH»E
MEFORMEAMT LI RNT AV EHI DD, COFEBIHEEICL > THETD
NG A—FEBTETREL. BERNLZEXKHBORRERR., 2% ) FHREAKKD v 75
HBELIEwz D, DEOERICLY, BERICIBVTRADIE %5 2 5 Bl w8
BEOBHIE, ThETHONTEARBREESIINR ., FHFERD Y 7 L v ) R
HHILDBNOTHEL IR,
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F£6E BH—uREFINICBIIZ aE—L
> AHIRIFR

\ Ll

6.1 K&

FERRILIR (SR) L 13, MU TELVIIEDOMES L ANESHS. MFICI > TRIBTREE &2
V. L dHREEOHEBREICBVWTANBTORIBEIERL 2 5BRTH S, TLASR
GREIBIATNHG T 5 REERICBWTRBE N2, SREWVIZRIOHEL T, 2 008
BRZRRRENS B L ZICROILEVPRRELRLIENPORDL, 2D 2ODBERE
NDHIL, CLOBNEPLDFRMALOEMT, RERNLBERETHL, bHVLED
SHERFR AR R EE T SV 82 S RIA ISV AIZ, BFHORT ¥ ¥ v v OB~ER
J B FHTIER R CH 5, MEHREORME 1T, EERVEBRERBRLST 2, bi D
ERE T R R & HERRR R IR DS — BT 2 L ) 2 MHBECTADE R I T 5%
DRHEEDP R KICE 5o REEROHERILIROEE . AL X, WELAIF—FHOBED S
M DENT % 7T BRRDRINCBIT 5 ANNOFEO XMES BT, T
RAFEHRR LT SR TRBELETREINTWMTREORAL LTEELRDDEER S,
CDOFEMGERBRNEEASSE LR,

e — L ¥ AR (CR) 34V S EABIATIBENIEED SR £\ 2 %5, CR & SR 33t
CETRHEVCEETREDOREE L TRAMELRD. L) mTiRET 5, SROBEA.
BERILBIHNESICBIT2E5METLTH S, THICERTCROBEF, HEICXo
THERISNDFPULEEFT LA LTESHSREERT S,

Sigeti& Horsthemke [89] i #RARE)F 2 8 < ERA-FEH RSB RICB VT, HBH/N
SVHEFICL o TRBEEDTFIERIENL I L 2 WO THER L, LPLESIZZEI L
TRHEFEICEDEIEREI SN EAYME SR L OBRICISRLED o7,

Gang et al. [32] 3ERT-EH AP LZHEO 2 RTHIRZAN. FORKBR, EF NV
PREMEZ R SIHE IR Z DR FRBIEEICL o TEML, ETVFEERTY) Iy
AT NVER LV CL > TIRBBESITELZZ L 2R L, S IIMTEIC
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LoTHIZRISNLFAMUDOBIOBEL LT, B=h-w,/[Aw T bbbz, TITh,
Wy, Aw 13, ENFNHIIEED/NT—ARI M NVIBIFEE-IDES, ¥E—27 %52
HREWEE. E—70BEDEGFDEZAHIIBITENT —ARY M VORITHIET 5, KD
2. CORESH, HILBYULHEETREIIBVWTIRAEL LA LS, CORLEEHE
HREAATIE L O#ERILYR (SR without external periodic forcing) & IFA 72,

Rappel & Strogatz [74] i3 Gang et al. DET N E 2 DDEEME 2 DDA EER LD
FE—ERUIv P A 2 NVTHEMETELZ L E/RL, Gang 5D RO -HR/RITF LT,
RBLOBWERZ S 2720 REREARERDVIFEFIENSEGE, VIv b4k
ICBIT 2 IRBORBENEC DB WER (ZEPEAMIE) R WER (A e RAHE)
EWARTH BB, FIAFREOHEELMR S L. RBRREEFH RGBS,
BWIHBICA>TY IV M A 2NV EERIAZENTESL, FEHIEZHILAZY IV ML
7 WV EOBRNEE L BWEBOAE —HIC L o THEROMEERILIR (autonomous SR) 54
LaZEtzEikl,

Longtin [59] X, /N— A h ##{&MIfE (Plant €7 )V, Hindmarsh-Rose €7 V) (BT,
Gang bDEFR L7 VM EREOREK L L TRAMEZ RO HEROMHERLRIELE S
CEERL, COBRRIEZ 5 0 IBA-KH AT RIZLTOILETE LW L2 Xk
L7z

Neiman & [65] i3, Bk 4 25300 (ex. AL (7 7 477Ny BB, VAT —J5k
X)) PREZ BFRID/NF X — 2 —FHI T, PSD IZHEFIZ & 55 DHTIE (noisy precursors)
EVZBE—IHPRNE LR RMT. 20— 7 EFHEEOBEE L TRAEZFDSC
&L,

I & — L v A3L3E (Coherence resonance, CR) & \» 9 E %13 Pikovsky & Kurths [70] 2552
B L7260 BEHIBRA—I3—=2 YT 4 A - &y T ICB1T 5 FitzHugh-Nagumo (FHN)
EFNOWBAELTRIz, ORDYIES B 2 2OHE2Fo7, & DIEAHBIRH
T, = [P CHt)dt T, C(t) ZIEBLSN/-BCHBEEKTH L, b ) P EDEFEKHEED
EERIB(CV) TH b, TNIIEEREZFHTEH - MEL LTERSI NS, W5 IIHE
R & BAHBOEBRBOM G PHEEORB L LTRRKEZFHOZLEZRLE, 203
RAET DIEME . S TRARIEE 2 D OBMI BN 22 LIS X DB L,
O EDIRERRE ¢, (BETHRICPE R ICERT 5KE) T, b ) LD EkER
Mt (BERED O PEHRENERT 20100 08M) Th b, 202 0DEMIEEL
C LR BT RERTEEE R, t, DT E o OBME L D IZERIIBI L, £
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DIFIE 7 T~ —AF (t,) ~ exp(const. x 07 2) THEPTE B, F/z, BHFIVNIVEEIZ
ta DCVIHIZIZIIIR D, SO EHDL, EIVNSWHE, BAERIIIZEAL L, 125
LS BKERDOCV S 1 TEPTE b, HEVFREVERE, ¢, BEHTEZIZLISL
. BAEEILt, TEMTES, t. DCVIdo B L THBICHNT 2, 2O h
b, BEKERD CVAFR/MEEL L 5701213, t. DCV AL L) b/NEWE ) S HE
Tttt LRDLEDFD D, TDOITIE, BABEITH/ME 0 MBOPREDOMS
Tt WRELEZE L RITNE L%V, HEHIE, INLDILEEMNIRT D, €5
WVIZBITHIRBOMBE;IZLAL) IV A7V ER LD EREL T, 1K Langevin
HRARICET NV HMILL . BXERBOEE & 580 BRIk D 2, 2 L TRXERD
CVAVNSHEETIRIZL L 252 PEEOMTHE CRANL LI L, RELMT
DI TITHIZIHEMT 5 L 2R L7,

Lee & [52] IZMAEET VDT T+ ¥ £ 7 T % Hodgkin-Huxley(HH) EF V% b B\,
U3y MY A7 VB D RS EE SR TRz, 513, HH I2B1) % CR & FHN
WZBITAHCREBEREMICELD EERH L, 20HEEL LT, HH TIZ FAN O X 9 124
FILLoTHIERI ENLFHE IV EDLBEL T, BEEOEERL o2 & 22507
720 TOEVIIAw BT 2T HEREHICKLE NS, FAN OBE. Aw 3H 5512
BOMEHE CRIFB/MEZEDL., TR S0BRAEL BT 5, LALHH T, Awld
HEOBBE LTHRAICELT %,

Pradines & [72] MR BELRT VI Ve b D 1 RILET NV MH, KRB & @AM
DWFHD/NT A= FEBICBIF 23— L Y AR (CR) . BVERIRE & @R
BEeffio T, BEREROMKE S LHEROEETH 2B KB CV ORHICL Y HE
YA

D, SRITOMBERELET AT, LIFAKREFVICBIT S CRES32FARS,

6.2 EFI

LIF £7 VORBER X (1) 2T OR & #77

Mﬁ):(4§+@ﬁ+www (6.1)
X(t) = So— X(tT) = Xo (6.2)
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T S, WBEKEE, 7k BEOREH, p 3—F% AT, W(t) 3B Wiener 8. o X
MT OB (BHERZE) IS 5, HERBE X (1) 27 (6.1) 229 & &, T OHERERE
% Ornstein-Uhlenbeck(OU) 872 & 1.5,

5EEER (FPT) 13, X(#) = Xo < So LW I WGP LHEF o T X DTS IS
HETLITORRBRwDZ LT,

FPT = inf{u : X (¥ + u) > So|X(t') = Xo < So} (6.3)

LEFRTE D, MEBREOMERERERE (S, u|X(0) = Xo) ZXDOEGHEROHL L
TH5Z25N5 17,
i
p(wat|070) :/0 g(SO,u[XO)p(x,tlSo,u)du (64)
ZZTX(t) > So, X(0) = X < So T, p(z,t|y,s) & OU @R X(t) 0 BRHEEHEBLK
T, BITICIERD L H 2% 5,

1 z — ye~(t=9)/7)2
p(:c,t|y,s) = \/2—71_0_ €xp [_( 20_? ) (6.5)
t,s )8
2 o't —2(t—s)/T
O = (1—e ) | (6.6)

g(t)dt 3. BADFEKPHROFENKE TOREHEBEL (t,¢+ dt) DEPICH HHERE LT,

DTEEE RS g(t) 1B RS HTRER (6.4) MATHIHT 245, Z OFHE T
bbo It) F—EDHEIESBHRAOEBIID 5 Spoa PEEBICE L2 VEELZOT, K
SHRBROMLE TSI ABRT LI LI, gDHETTIAEREH D, LBLEFD
313 Weber B E WML ERB T, 20857 5 AEHREERITRD 5 DI3IEEICH
HTHDH, BHHFENEZRD LD HEEL LT, Wiener B O @)@ @R M58 N DEHLAH
Hb, Lo L. Wiener BIEDOHE MRS OFBHRED H 555 2 &HT (B IT—EH
Rz b H I AGADIRNR) TLAKRES LW, COFELRELMED, Bk
REPBEWICRD 2 —FHE LT, o« ZHEILL. ARARETHVTg2RDZRD
PThb, LeL, CORSFHRRXNEBET 2 OU BROEBHERBERERH pldu ¢
T p(Smod(2, 0), | Smoa(u, 0), 1) ~ 1//T— u LI RVEZFO70 | BHFET 512 b IEEH
PVETHB, 4.5 THB L7 Buonocore 5OT N T X hid, HOHTRERAOFEERZEZR
LT st BETH ), BRAZZOTNITY) X 5% AW THEAERB S g & BB
Kbz,
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Ccv

05

6.1: BAXEBOLBRBOMEMERTFE. TNFNOT T 7128WT, E»LHEIC
pr =9mV 25 16mV E THIAME ImV TEILT 5, pur = 16mV DADS, BEL LD AT
T, TSN EBRETOATITH S, 787 A—% . Sy =15mV, 7 = 5ms, X, = 0mV.

RBROER 4,8, 1] XD, AL ZFIO/T — AT bV P(w) id, #0EEEEE ST
g(t) B THHATE D, Plw) RROL I ITEHREND,
_ ! 9(w) 9(=w)
Plw) = oo (1 R R —§(—w)> (6.7)
C T (t) = [ tg(t)dt T FEFKEE T,

9(w) = /Ooo g(t) exp[jwt]dt.

Thhb,

6.3 BfEfEIEICH TR aEe—L > XAHIR

BRI TId, CR 2R 1R L L TRABBOEBRBCV V5, CVIiX, FAH
FROBEBREL FHRBAEBTEH 725 0T, MEBHEIHPORKDE I ENFTE S,

6.1 THRXEROLERMEHEREOEE L LTRL, LOY 57 HONEIC ur H°
9,10,...,16 & %2 %0 pr = 16 72T HRMELL LOATITH %, MHF D75 7139 X T Buonocore
LT NI AL AWTERE LIz, CV 2EHET 51213, FEERMS A . TENZIZ
1 (B%dEb 0990 E) K2 FTHELLEL TEL SRV, LA LESREIPNEN
Yia. DAMORHPIFFEEICRL., FEFEEICE RS, T040, 122 ur =14 D
BIHEOMBE LTCVIERITR/MEE L2 EIPERFLDIZ, FEICHETH S,
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Ccv

6.2: 1,1, DB OEERI CV IC BT BT RERITE, ¢ ZBEEMA X, 25
IRE Y pr CELET ZBROYEBR T, ER TR L7, to REEMD ur 2 H1F Y So I
FHETLEOMEARB T, S TRLY, ¢ TR LEPSNMEI, ¢ TIEITHHMEIC, pur &
omV 25 16mV FT1mV $2o% 27, X A—F12K6.1 LFELTH 5B,

KBt E, )ty N BN X2 b T S EBEMABILEEN pr IO TEETHET
Dt &, ZOBRBEICHOTEET S I TORM L, ICHTTFTEZDL, 2F Dt =t +1,
E5h, FOB, 4, L, DCV (FNFNCVy,CV, LT 5) EM62DLHICkbB, CV
& CV,CVy L DBRRIZ, t, &Lt DFEE my,my & T 5B L,

oV? = CV2 N CYV; _ CV3m?2 4+ CVim? (6.8)
(+m) (rm)” i

THz2bNb,

MEOBBELTLY, t; DFHPHROENER63 IR LIz, FRICEBE, 122
BB DINE VIR my 1dmy EERTIERICKE Y, SO L EK(6.8) L0, HFIVN
EVHEDOCVIHIZIZCV, EALRTIENTEL, BHEOBEBE LTCVIHREOKTH
ETR/MEZ L B, Thbbab— LY AR (CR)FERDLCHENL, pr=9DH72Y
TIE, HEEIVNEVEO CV, DIREVIIRT Y VT, BIZ10—EMICk b, 72, #
EIWRNEVIBEDCV, 131 X WNEREERE D, SDCV, L CV, DEEDTZRESR
BHRBEOMEBRET. my FRBICHBP L. my ISEVVERZ LS, 2OZ LT, X (6.8) X
D, CVIZCV, DRIEFEND, CV, < CV, TH A0, CVIIEZT 2P TICohEd
T2, LL, BEVPKEWES, CV, d CV, dMEZTOBEE LTHRICHMT S, Lo
T, CV A MEZ 2R T ICONBEIT 5, D EDT L XD, CVIZPREEDKESIHRIE TR
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6.3: KM, ¢, £ LTt D, (a)(c) B (b)(d) FEUCBIT 2T HMERI . (a)(b)
BEEKER, (c)(d) DERIL G, HRIZt, THb, TNETNDT T 71X, t, DFH, 58T
BTF256 by ZRDAAE, ESPSTFA pr 29mV 225 14 mV T TImVI2ER 7,
NG XA—FIM6.1 LRILCTH 5,

BZRY. $2bL CREREZRY I LAbhoiz,

B16.4 T3 Brsra = hrsim -t/ At BTR U720 72721 hist, tp, At R EFNEFNRE— 27 DFE
&, E—F, E—J2EDLGOMEICBIT 2B KEBAMOWIHIET 5, IO Xy, 5
KERBIRDORY BEZRT Brsin DHETOBBE L THRAELZ LY., CR 2HATE 5,

6.4 RFEEHERICBIT3aE—L > XHIR

JERBGRIBIZ BT 5 CR DIERIIBEOPHFET 5o £D—DTH5S Bpsp 1. R (6.7) T
527287 = ZAR7 MV P(w) & AVT

Bpsp = hpsp - wp/ Aw
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0.15

&

0.05

BIS]H

6.4: Brsim DT BEREM, pr & TOALMEIZI MV 5 14 mV FTImVIDEZ
720 237 XA—% 1361 EFHLTH 5B,

LEHREND, 12721 hpsp ZE—2MED 5 1/(x(t)) & OWIAE, w, 1T P(w) DESEME, Z L
TAw lE, P(w)DE—ZIRT, BEARICIE Aw = |wy—wi |+ P(w;) = 0.5hp5]_)+$, i =1,2
Thbo Bpsp PHETHEDEREMLRL L. 650X HICD DEKE L THEEER
L. CRESIFERTE 2, 6.6 TIL Bpsp ZHEKT 5 hpsp,wp/ Aw,wp, Aw DHETHHEEK
FHERLE. B (a) D hpsp i o DRI E U THUIEM 2R L72AS, 2R LA DE (b)(c)(d)
Tido L LB ICHFAHWMD 2 VIZBL LPRERDP 572, 2F ) Bpsp BT 5H CRIA
\& hpsp DFFD o M THRE SN S,

E720 hpsp DHHYIT, D CRICHT HHFEICLR ST, NT—=ART F )V P(w) D
¥ — 2 Ml P(w,) X V256 0

Wy

Bpspz = P(wy) - A,

EOWTHHRERFML TR (K6.7(b) BR) . Z20ORR. PRECHETARE TRAE
RELhWI EPbhol, EOEMII. P(w,) = hpsp + (1/7(t)) IZBWVT, o DEBL
LCHIERZRY hpsp & D . o ODHFAEMBBTH 5 1/7(t) DEDLEEIKRE W2
DTHb, X6.7(a) D Plw,) ®RBE, ur =16 W TTRT o OHEFHEMBEKIC R 5,
DFED ., Bpspg it 1/n(t) DEBEZTBEL /D, NT—ARZFVOE-ZDORY A
HERTIEL LTEAREYTH S,

ZZTC 1 /w(t)s 2 D limyoo P(w) DEIRZZ LG 72012, F(w) = P(w)/ lim, e P(w)
DY — 2 HEF (K6.8) —REIEMTH 2, BEFKEVIGE., F -8R %
RTo bEDEBIF, NMT—ART P VDOEFEET2ATHIHET OB L L CHEENR

(6.9)
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0.01

Brso

0.005 1

6.5: Bpsp PHETRERFEM . pur 3 T2 SMEIC9MV 225 16mV FT1mV 2% 2 77,
DT A =% 13K6.1 LR LTHD,

@) 0.01 g y - y . () 3

=2
3
©y/A®

hpsp

© @

Ao

6

6.6: (a)hpsp~ (b)wp/Aw. (C)wy (d)Aw DHEEIMERA M. pur 12\ hpsp, w,/Aw Tl
TALMC, ZRPSE EPLIEIC, 9mV 25 16 mV £TImV oK/, /87 21—
FIEM6.1 LA LTH %,



112 #®eer HMREFTVIIBITAav—L vy ALIRBS

(@ (®)

0.1 r

X 6.7: (a) 78T —ARZ P VOE—7fEE, (b) B L7z CR DIBE Bpsp, DHER MK
Fto pr BTFLSMEIZ 9mV 225 16 mV FTImV §2Ex 72, 287 A—%I13H6.1 &
FLTH5bH,

P(ay)

%

SNz (BRICESHFIREVERICBITAEO ER) CEAINEBETH S, Fif
DEENZITHELTBY, ZDZEHH, CR, PENHEFICI > THAITH I EEI S
NAEBEHEBOME ZRTIEEIZE., -2 DBEHAARAZERETEVE BEOH
BELTOHBHREBLIZLPTELRNDDLEEZLND,

6.5 CDEDEEY

ZOETIR., AEFOLVIRR TOMEIRTH 50 — L ¥ ARHAR £ H#T L7
HESHELTH, FIZITHTICL T, AEET VIIHERMICRANVAFIZ BT 5,
FLTEDFRKNIVAFTNE, AR OBEORER L IR T 2 BABERES 2/, &
) L7 RB OB BEBR S S 5 B L EEREICBVTROREL 2 HRE L -
LU AR EIER, 413, F4BTRFES LAV BEERE BREEBICST
T, T — L Y ARHROFERE 2RI,

FOMR, BEESTIRBEKERZ 2 o0MEBREHOMTRT I LICL), ae—L
YARIBHBSHHETE L, OE23 )y MEM X, ST HEEMN (OUBR) 5
ILBEEA pr WO CEET 5 E TOMEBRER ¢ TH D, b )V EDEBHILEEMD S
M5 % B EEMOEE S SO TEET S I TOMEMARBEt, Th b, BEFEBICBIT 2
Te— LRI, BKERE G + 6 ORBREDS, HEBREORME LTHEEOM
THREDE EBNELBBREIRT, 4,6, DEBRECV,CV, AR L, CV, > CW;
Th., t; LDt DEEHFKRED, ty,t, DFEHEm,,my 13, BEBEIVNIVEER
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1.1

peak

1.05 1

X 6.8: F(w) = P(w)/lim,_,oo P(w) D —7MEIZBT T BERE. ur 3 T2 5
I29mV 225 16mV F THAIE 1mV TED» L7z, N A—FIIM6.1 LFLTH A,

m1 LD D my BB BPICKEL, HFEA LIRS & my BEBITHBLT 5, BEIFEOK
WVt DED, BEREL LD TEI LS, BB +t, OEEVREIZ—H
WAL, TOBREFCEH LS, INPHREEERICBIT2 28— L v 2AROREBBOMR
MRTHb, 5. BEBEBRTIZ, AL ZFDNRT—ARZ M VOY— 2O S FRT
BT ERL ., F4ERETRRFELH o TEOMTHERTUE A, ZOKE.
HREDMEME TNNT — AR PRI FEL 2D LHF 5ol THILTINIET
feDMIEET NV TRO LN/ — LV AHIRBARDS, LIFHREEFVTHIEL L Z LIS
WERTE 7,



ETE HBXBUESHEEET IVOIRE

LY

ETETIE, FREES IO T 2 HERNES LIF REET VOINE LB T 5, £E64
BEFNVEEBRT ALy PTG EVEE, 402y b RLHBAOEINDE AL
1R EREDEIHIANA ZFIIERERT YV V HEBRIHE ). ZOWEZ W, A
A I FIORERAE, AHI/ST = 7 Vo (58 EFALST— /v s (HBER) 2
LT/NT —ARY } 7 EOMETEICH LT, OU @R O 8 EBIE 5547 12 X 5T E
BEE22, ELRINLOMEIEEZAV, BRI A IV IHBE., BoME (FERLE
PEEAMANT AIE) . AHDHBREROBEL EH L. TOMSEREEL TS, ZL T,
EOMBEET VBT D EFRBEATID D Z28L ZHINOERER GRS, BERE RS
LTEDLLI L ZTT,

7.1 K

BEMRIINF S DEFE A 7 FNCEHR L THOMERMEET 5. BRI
EXNREDHENTBY, HPOSHFEICBNTEORBEIET Sk v, JhE TREME
DEFEECBIT 2HEOEBIIOVTES CDERICI BRI L ENTE 2, FIZIE,
W) 7 M RIS BT 2 MR O IR E ORIEAL [81]. Stochastic resonance (SR, Rt
R). PREOMSTHRECBIT S AMIMHEE (X7 - va) PHEERE (53], 2k—L
VADREBRR LT ONS (17, 27, 53], EERTR OO OBHRITHZE I N,
BRI S HAT R bz [9, 14, 18, 19, 55, 56, 67, 90, 92], FERILIRICEE T 2 B
LTiE[31] 2B E X,

R, BEICI o TRKBHDY £ IV T HBARIZENR, ANEFOBHRER DAL
IRINERT B Do THBTIL T THELARTHVHE N 072, 2D, £E
MEEFT VT, &2=9 PR LOBEDFH 2T o THEDHREREL, ANES
RRKBE LTHELTHEZEZONTEZ 4T, 29 L2BSIE, ME0HLMEDE
DO, KREELESMERIRIC BT 5 AR DEROIEMEMEI TR T IE ERE TR
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BREWIEE4,17,65] 12X ), SHLIHEREND X HTholze TD LD REKEIC
LBANBHFOFFALE L — MFFILLIESR, L — MMFHILICHN T B85k E LT,
BRI L 57 Y RINFHADPET oD, HIZITBRBOBLEE %Bﬂ@&(%
) DEEFER (1] L Vo MR T Y RINVEFBILERAT 5. SRS OHRERATIE, BKE
MREASHBEAR OS2I LIV T 24bETRATLIILICEDY, lﬁﬁv@Jﬁ
EMPANA ZHINMEET Do 510, BMOBEBRZIUOBRZAMKTIZ, BIET ORIE
BHDT Y RINFFTHEIC L o THESNLHRIRE SN/ (7], Pei b [68] 1348
4 Hodgkin-Huxley €7 V& AV, BYILMEOMSHEETICB VT, E4MEHMILIZH
ETOETOEHRDAMT LI LeHL2IC L,

COETI., EREATDIINT 5 HERHYES LIF MEE7 )V O EaR LB L.
T O T WV THERIRBZ R, L— MFSL, 7V RINVFEAD AH =X 1%
LT o IWHRWAET & A3 7 FINFSILT BB, HERERIITREOREFETT
IEZBROFRN RS RAFFMESNIBHAREMRTE 5, L — FMFSLRBRRAEICE
D IEREDOBE it s 55K, 7 ¥ RINFBIIIERLEI R KITET 5 B4 % [
BRZE>THFILTBHRNEBNTE L, 22 THRAE, AL 2FNTBIT B ATIOH
Mk, BREAREAIESLOME., £y FOFMPRBRKEZRTEELZ ZhENESR
L. ZOMEMBERFEZ AL, 2 LT, MM LD X ) 2R CHFbE: % B/IR
T20HOPIL ., MR B T 2 HFEEEICST 2 LR 52 5,

CDEDFRY OBBUIRDEBY TH S, 128 T, AETHW 2FHERHIES LIF f
HET VO EHHET 5, EALIFEF VG, ChETfoTEE—LIFEF VR 2L
=y M LIEERTHESINS, ARATRIRTO2=y P ASBIZE 2 5N 525,
BT ENENMIICEZbND, ZLTEBGEFT VORI, B4 OR—FEFVOHH
ANA 7Nz BEREDLEDDET S, COEBREDLE LB ANAL Z51Z, EEEFN
BT 2 2=y DS VES. EEERT YV VHBRLARTI LN TE D, 7.3
HiTIR, BEREDEoLANA ZFIORT v v % HGT, A84 2 FIOBERF KT /S
T—=ART FIVEVS LRI E & RO DHEERENTET 5 2 5, 8512, AL Z7F5IICH
T2INLDMIELZH T, (1) ARDOMEABRREE. ) EBHSH. 3)FAS A
IVIRBERRTIELERT 5. 2L BIERL T4/ L 15 8BV T, #hEhots
BOMERERFEZFITT 5, 4 OEEIZ. (1) TRESICE 2 IE0HLES % .
(2) TlIMERERZ 2, £ LT Q) CIIBUAMTICL2RKS £ I V7 BEDOR W
BT %, 76T (1)(2)(3) DIEDOMTMERT L T 2, Bz, BAORERS
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2 DB MEWMED (1)(2)(3) T2 &k o LITEH L, ERBEREED SR/ 5A 2 5I~0D
B AbEEd, MBI L > TEbA I L ERT. REICTTHT, BRIV TH
B

7.2 HEEMEREMRETT IV

EELIFMREEFT VI NEAOB—LIF EFVICXVBR IS, TNEFhOR—ET
MIEOFRHIEE 517, FRNENRTORENELOND, i HFHOB—LIF €7V
BV, TRENIBEEMICL > THBOTONE, VB —EBE S tBLb L 1 BOAN
A7 %MLT, BIBE V3V Ly B VAU LY b END, &KL 20DFADH
KBVTY, RRDE D ICREEND,

Vi-V,
T

d‘/z: [— +AS1H(Qt+00)] dt+0'dm, Z:172,")N (7‘1)

TV, 3B, 1 REORERK. A, Q = 27/T, 6 1 IFNEFRHEE 5 OIRE.
R MRS 50 o ZHETRE. dW BBV BT ARETH L, &
2=y MIFRUEMANEZZT., AHOMARBATEICY £y b 3Rk [49], EE5M
BEF VOB, MeDE—LIF EFNBSHEATEANL 7F 2 EREDEIZAINAL Y
Fled 5,

7.3 EREHLISFEXINTL 5]

WV R BENBREREEERSDEL L, K7V VEERIC L2 2200 U, b &
) EMY CR— DM LI ) ERERESBE LEDbE L LN T AGHIT LIz )
BRI D W) PUBBEERICHIET 5, K7V VBRI BEREGDE o2 5 8%
Tid., ITHEREOMBIRRESHIC LA )M LERERE LY, FORT VY V@
BOBERZFNZFROBROBROBINCE 5, I OHBMES 22T 5 B5ICEBAIFEY
A LIF €EFVDORA Z2FIOBERE LRI, MICHBEFFEELLZVEE, K7V Vi@
IV, O N 3E 4 OMBHBEOBKEORMIC LS, Wb L, HHER
ANOBEIXE dt T—EFKIRE 2HREING THDH, TOFBRIE. WrRLEHTHMH
LUHRTHEHEIRELILEZRETIOT, K7V VERORBN R EEEE BERT 5,

b LANDERBEES 2 O, B4 OB T 5 A34 27513 b I3 REF T}
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BVo BRENLDPEREDIoLANAIFIBEE TR RV 5 & ZITANAL I HH
LU, TLBLLEEHORANSAIPBREINDG, LoT, ZOEREDLE oA,
750k, bR —kK7 Y ¥ i#FE (Homogeneous Poisson process, HPP) IZfEb kv, &
HEERICHAEE LB ICL o T, BRIt &t +dt OFT I RFERIEES 2R £ T
CERTEDL, VPR DE, HDEANZHBICTT THFIIMTICRTIEHDL=
FPROEDANA ZHIDEREDORIC L HHESERIL, MEREA ) OF—RRT v 8
(Inhomogeneous Poisson process, IPP) IZH£9 o & DIREERIEL A\(¢) IZEAET NV OBRERF
KFIZHILT 5o IPPITBEREBA ) Lo TREKRERENLZ LS, EDXH T
NEADPEONDEDHLLERD B, R, BRI E 51 2EE8F7 IV OBRERAR
PV ZOREREZBET HE T VOMNEIMERKEBRAIMICLoTRESLZ L E2H
Y5,

ANBFIET ORMGESTH L. £OMRERA() b F CEAMLHoBHELKT
Hbo TDI Lhb, IPP DERBZNIBIT 2 FHIAT DA b i3 M) 12X o TRD

IIickE NG,

M)zzg%%?20§0§2ﬂ, (7.2)

ZZTAT) = fg Mu)du b T H, STTROZ LD NVZ B,

1. EREDLE 072 ANA 79I BIT MG, ZOEAELZEETIEEORAD
2=y bONMNHEGHEFL L,

2. A(T) RANEM S 7 OFHRABEEFLTBY . A(T) = NT/{t) THZ5ND,
RBEL (1) BE 1=y N OFHRAEETS 5,

02 OOWEIT L D . BEMEMILC B B BAE () |
A(t) = ?Z%Yh(m) (7.3)
D& HICH—2 =y } OMAG M EFHFKER () 12L>TKRE S,

SIECHER A | MBS D 2 E B TR B O AERTh 72 [15]0
ZO0. ANEEHERBIC® > ¢ ) LEHT 5P LA ZORBEEEERT 5
LATE o tze RA OBA LIBESAEOFEEE . ASEMORMC & &8
THTH 27220, ZHE CHESEETE {505 B o 72 AT BB A1 BT 5
2784 5 FIOBEHGHE b B 5 T B 2 LA TE B,
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BREDS o7 AL 2FI% PP & LTEAT S LD, A4 2FUCHT 2RE4
LRHFTEIRERBAG) »ORE ), FOMBRKIEIE—2=y F DAL () P HENT
HIENTEDLIEPETOND, TOFBEEIIOWTIRURTRNRS A, ZOHIC, £
DEREDLE 212 AL 7 FIOFETN LR DOR LML BETT 5,

LA LIFETVOANA ZHIEEAMICER SN RERTHY, 2ORT V>
MEEBERET 2DIEELME) . EBRIFEEFERT Y VEBETHoTOERE I LHES
TIRELTHREEZTR ) &, ERT VY VEBETH L L) BRoRERREAELTEE
Vb, 22T, bbHEYBERELRIZE Y AN 258 2 FPOERZ D B
&, ~HEFHBRBIIERL, 2ORT VY UV HERET S, d LEARELRZO DERE
A HPP ThHhNT, RERNELERAOLERE., $2bLESET VDAL Z7FIIIPP I
I LBz b, BENREREREZUTTHRAT %,

IPP DSREERIEIA(E) 3. K (7.3) L D ALMHDA h(0) 1T X o TRT 5, —EHMEREDS
Ao e, HHRLHMONIBEREERRIZE > T, BYPMICERSNAIPP &, B
MR L bV HPP ~NEHT 2 2 L AT E 5 [22], BRI [0, T) 128V T n HAET
% IPP DERRZIFNE {t;}iz10,.. £ T ho 7272L.0< i<ty <+ <t, <TE¥ 5%, IPP
DIRFERB () DRI t

A@:AA@@

RERD, TDLE,

t;
teﬂ:AmﬁiLA@%,i=LZ~yn (7.4)

7 % W PR BEEAS ML % AT 7 o 7o S AERERERIF {1} 1. J72 B EIIRE [0, [T A(s)ds] IoBW T
HPP OERIFA & ALE 5 22 7272 0<ti<th<---<th, <T &¥ %,

2 (7.4) DREEREERICL > T 5 NER FBENFHPP THIUL, BRATOFER
FOBRIZIPP TH 5%, HPP I3, SHRBSSTEESOMICHE ) BERBARTH S, LA > TE
BBEOBETEBRIIBIT L2 RT Y Y HEOBER. 3 RBROMY %% RYIHBEENE H
WTHSE L RICHHEBOEARS A & BBSMOBERE T2 AITRWV 240 BED &
DELVWIHBIIMNEB 2B LT LYV,

INFTCOMRICBNT, AHPNICERSIN/ZIPPIIE—2=y b OFKFI DD 2%
EFNVE LTRHDNIZ[98, 69]0 & DEPIIHMEFHRE L ATHRIBOW G AN S VW& EI+45
BWERE5 25, LoT. ZDGHE. EEET VDAL ZFITH % IPP DBFIT,
ERINDEMGEMI T, L L, RABLHBEOHSHE L ATRBICBITHET VO
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JEICEIRA DY, ZOHPANTIIESETVHORE —~2=2y FOIB&IF %) LBET
FRBRTEBLEIIEL R, & 23 FEOECEBATRAIGES 5 Z & 2 WH+ 54
SARICHDFEEICL D, AL 2FIDET Y Y EHENS, L LE4LOSBRSIPP T
2 Th, THRUDOFERFEREDLEL L, FEHRT V VBRETRR TSI LT
&5h,
HREDEDIHBEOBICL o TRT Y Y P EDL SWELET S5, M7.1 TERE
b oo BB DOBKEBAAER L. (a)(c)(e) PHERBEZHAT. (b)(d)(f) D HEER
BEBBEDO LBEDEKEBROATH 5, EHRITE—LIF €7 )V OS2 EY 5 AR
ARV THONIEIETH Do RO AL 7 S 213, R (1.1) &4 17— THER
RN T, BONTEBM L ) RO 72ANAL 2FIh LB SN RAEABS A TH D, &
CTHWRBREZBIIRDL ) LDIDOTH S,

tﬁﬂzﬁmumwﬁ5%543@@) (7.5)

FEARITIER (7.4) EFH CEHAZDS, B DIE A Ohb Y ICMNHESH A AV ETS
Ho COREIZEY | (t) @ ROBLEDRL 25, BEBEA() O IPP I3 LTI OB
REZE#RZIT I, BONLBRIIHPP L), ZOMBEIIT/N{) &% 5, [MT.1
DA (t) ~130 L Y, HPP OBEII A ~ 03 &% 5, HPP DRKBEEOA I Ae™ > 22D
T,y WA AC 5, APNICHEATLZZ L, R (b)) DL HT, 2=y PEN
A10f5. 100 f5IC % BI22oNTy WA S 1045, 100f5& %25,
B (a)(c)(e) DEBMDT T 713, RD X I ITKDz. TIPP OFFMMWEL Y. IPP I
BT % 9B A 13
%MGW)zA(%+¢)a®[—AfHA@M4 (7.6)

DEITKRE D, T OWEBWFEIAT geons(2]0) \SEVIGIAM 0 1TKIET B DT, MHSH %
RWTOICETHEADETFH LR & BB

iens(t) = [ Gens (10)(0)d0 (7.7)

DEITKRE S, A1) BARGA R ZHNTREND DT, HRREKEBIA icn(t) 13 A
DHIZ L o THIBICKRD L Z ENTE S,

B7.1IZBWT, RO A7 I 41d, K(7.1) 2447 —ETHWTEBEMZ KD,
FTOREM L Y RDIZANL 7GR LEHR L2 TH D, BREDE oA, ZF|D
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RV R RKE LTBRTHLERDT 77 L HBLTHL, TTH—2=v DY
B ERECAN S FADOBIZIEH T Y HREFRAON LV, LPALN=10TREZOR
PRFEIN, MEOBENVIETRLEYIBFRA L% RETHRIRE TOAENITENL,
N =100 TIZR-HERERERE L OA—FIIFEH SN, HEHHERETIIRE LZEBEVIIR
HaENnhd oz,

B X )2, BHHICERENZIPPICL2EBEREDE oA, Z7HIOFBRDO D &
OOERIZ. AMDBERENET 2I2H 7o THET 5T RTOMETESRAR N OHE
B LBLIENTELERTHDL, SO NS b LR (1) 2@8L., B
2oy b OREREE E EERCEET 5, 2E 21T T — VA Cy RIEFL T —
LACLERDEHIZERZENE,

Co =I@mAmmm+onm}:Amﬂ:ﬁ$%Bﬂ , (7.8)
O =
A?sin?(Q1) - (M(t) — X(D))

— Ia1| |a1| (79)

\/2q21|aq|2 \/zq21|aq|2

22720, 2(t) = & [Fa(t)dt EER L. ap & o BERFRA() & R(O) D7 — ) RIS
MBS 5o

1 T .

_ — —q5€
a4, = TLA@k dt (7.10)

1 27 .

_ —q56
o = o /0 h(0)e= 7 dg (7.11)

XoT, ay & a, EOREITIE
o = 27rNaq

(t)

L BMRDH B, HERIIRT MM 2EELBEL LTESHESTIL(SNR) 55, &
i, IPP DA, KD X HITER SIS 98],

S =10log,q (2|Z;|2) = 10log,, (%{Eﬂi) . (7.12)

BB DR Co, C1, S DERHBN(7.8)(7.9)(7.12) IX, BAEFTNVOL=y M N ICKT 5

AFYE 2 ATEO I S DT T B, Co R S 12 N, log N 12k L THIB T 5, Cy 12 N I

LRV, Co, Oy, S DHEEMERGE LTI, NiZHF VAREHTIE R, FiCh k
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ol

lh

M

.......
2 8 10 12 14
demodulated interval
1 2 3

demodulated interval

002 004 006 008
demodulated interval

7.1: K (7.5) 12 & % eI RBEZRHLAT (a)(c)(e) & ZEHtk (b)(d)(f) DRX MBI AT, 1= v

M EUE L SNHIC N

=1,10,100 Th %, HlhiE. (a)(c)(e) PRAMEIET, (b)(d)(f) 1385

MREERBZEORKEBTH 2, RO A 7T 21k, R (7.1) 244 T —ETHNT
REMERD, ZOBEBEML Y ROIANAL Z7FIPCER LESHTH S, ERDT 5T
. BEREDE R ANA 2FIDRT Y W AE L7235 ORI T, (a)(c)(e) Tid;

(7.6)(7.7) (b)(d)(f) T

T =40ms, V, = 10mV, § = 15mV, o = O.Sm\//(ms)l/2

TiEAe ™M 2 W o STTA=T/N(t) £ T 5,839 A—% 1 = 5ms,
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B ICEoTHREEND, 2T, EEETNVOKEE N IZHWITHEIFE L\ ¢o = Co/(AN)
& s=5—log N DMEHEMRFEZFANTHIZ,

FURINVFFALIIBNT, BLRBEER, EAEEFTVAOL= Y FBATEFTDD
552 5N MMETIRIZERICBKTAZLTH D, HLNMMHp, TRKLRLTWVIE
AL BRIt = (2 + k)T k=1,2,- - BV CERERBAERN) ZE- 7 2HD, K54
IVIOBENEVE, A D= 7D TR, 22 THRAIE 1T A7 VHD A
DEAEEB/MENDEILL - TERENLE-IDE SR, 2OEFOE - 7fEIZBIT 5
iGw THY, ZOMEP 2RI A IV IBEOEELERE L2, TNIL[68] TEDNIZIE
BEBEMDL-EHRTH L, ATETERDLH Tk b,

p=MTAn | (7.13)

w

72720 Ay = max{A(t) : 0 <t < T} Ay = min{A(t) : 0t < T}, w=1t—1,
At) =At) = A+ An)/2. 0<t <t ST THDBET D, K (7.2) & A(T) = NT/(t)
D ROLIERTE S,
T 1 hyy — by

P=1aN B W ,
72720 hpr = max{h(8) : 0 <0 <27}, hy = min{h(d) : 0< 0 <2r}, TLTW =27w/T
Y95, pBRKIAIVIHELZRT P LIEAIT L, EEET VO y PEITIBK
LV, 22T, EHEEFMNTGRESIPPEYS ) T &) 254, EREP
=y PRICHBIL TINS5, p SN IEKELZVWZ EZFNICLT, 2Op %I d
AVEDDRWEIX, ZOHRENE—2=y  ONAEGARLTFHEKERED? O EEKD L
NBEVIRTH D, HEFREIBOET p DEFHREHRICOVWTHL CBR5,

(7.14)

7.4 AHAOOIELIE

X 7.2(a)(b) & FNENFELT LREL LOREFIH LT, G KBTI AMEFRK o
AR Z ., 3ODEMICOVWTRLIZBDTH S, (a)(b) MHIZBWT, O FHEEFBRED
e & HICHBMML, F2— =27 % LOMESEILR (SR without tuning) A HERE S
72 [17, 15, 65]0 —RRICHERILIRIZ, HTHE LB LENTF 2 -2V 7 L2 WERROAR
DINENE SNV, Collins b [17] IZEAMBEMIET VAW T, B RMHEICHEETRE
AR LALTY O BT LRCHFEML., 2B LOEFTRETH T THRE
ORI L 2R L, O ENEF 2 —= 07 LOBRIIRLEIFAL,
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# 413 Collins 5 L AILEHKTHS C IS LT, R (1.9) D& 2RFMER £ 1572, £
T, CORFMRRAZHANT, LIFEF VB 2F 2 — =0 7 i LOBRLEREZ D
WELFHAT 2, CL IR (T9) DI I, MMEFA LD 7 — ) ZBHTH D o, (K (7.11))
Mo TREND, MT.2)(b) 0L 5L, C) RETHEDMA L UCHFAIHIAL . 1~
PORT %20 —HTHT7.2(c)-(h) 2R2 &, BHETHO b IZHFHVE -2 2R (F(c)(d)).
MR ORI & 612 €~ 2 DIEEAIEDY (B (e)(f). A& BHEFET CIRER
PAZEA < (H (g)(h))o h AIERBITEN B A DT — ) T/RHL ¢ > 1 DERD o, D
M EDTEA L0 LR Y, ay DAIERD. hDT =) T o, KR OND 29 LIS
BRI L D, O S OMRERIT I ~PRT B2 DR (7.9) SV HHTE2, h O
WIEAHEE DI & T AT DIEZBITIAT < FZIE . EEBRAICD French 5 [29] 12 & 5T
PO LN TEY, HEIC X L (Linearization by noise) & L IIEN 5, (Bams L
TIF[20, 27,53, 81| %R &) 2F 0. Collins 5 DIEEFT 2 F 2 —= > 7 2 L OFeEILIE
F MFCLOHBAIC Lo TELZHHRTH L I EFWHL IR o7,

h DFERREIHEIALENDL E LB || 1L > TEZHNS b OBIRIZBS TS, =
DIRIED WA Co % SN IS BV TEEIC % %o MM B & ATIHRIE% B L7k,
Cold |ay| & (t) LDHTHZON, SNHIE |eu|? & () LDHTHEZON DB, MT7.3 T,
RSLLbic, TOWMBERTHL 1/(t) X |on| DHEERBEBRAFME TR L 720 |u| & (1) 13
MEREOEME LI & DBIT 5, FFIEIMNASHEIFIHICZ57:0T, %ER
LVENRAEBPELR T L5720 THb, CO20DFEOREREDENICL 5
T Co R SN LOMEFMBEMFEIRE S, §FXD/8T7 A= FHIBICBWT, ¢ 2% D
Co RMEBREOWME & b 1THINL, 20HFHICES (K (a)(b))o —F« s« 2F h SN
WISBBEED BB & L TR OB MIEIC BV TRAEZ > (5 (c)(d))s Z L TR
TOANDOTHREDE -7 BBHEIC 2D, H7.3(e)-(h) IIXIET 5 |oy| & () DETH 5,

75 RAKEIAIVITEE

INFITRANBFEBRIORBKEL OB OREZ BT, ARSTOEME % %
DL L TR, R LT, BEEEFREILENLDIE, b 1 D LM EIAT
DEHIMD L 5 BREMEICBOTELD 2 LA orz, &Ihbid, & (7.13) TR
EEINDIBRIAIVIBEIESICIoTEDLHIICEEBINLPEARS,

B 7.4 133K (7.14) D p IC BT BHERERENEL . T = 10ms (KER). T =50ms (K
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)
BMET AT MELL AT
1 (b) 1
04 04
02 0.2
05 1 15 2 25 3 35 05 1 15 2 25 3 35
o(mV) 6(mV) .
©) 2 @ 2
15 15
a1 I |
0.5 0.5
[ 0
0 n 3n/2 2n n 3n/2 2n
phase (rad) phase(rad)
(e 2 ® 2
15 15
= 1 = 1
05 0.5
0 0
0 2 n 3n2 2 0 n 3n/2 2n
phase (rad) phase (rad)
@® 2 (L) 2
15 15
= 1 a 1
0.5 05
o mﬂ”ﬂﬂﬂm e 0 Mﬂm e
0 w2 n 3n/2 2n 0 n 3n2 n
phase (rad) phase (rad)

7.2: (a)(b) ERMLE I8 — 2V A ORHERBERIENEL | (c)-(h)3 BE DT HRIEIC
BIFDF AT NVEANT T hhe (a)(b) TR, EBMLSNI2T— VA C 2 ATIEH
T = 10ms (KFEM) , T = 50ms (F#) , T = 100ms (HFEH) DHEICOVTERL
720 ZNEHND (c)-(h) Tid, BT = 50ms ICBT M5 b 2R L7zo HEFMER
(c)(d)o = 0.5, (e)(f)o = 1.5, (g)(h)o = 2.5 TH %, FRD A7 T 2id, KEBMIZET
HRERMAHBRE A AT — B THRENICHENTRONABRNSVAFIE Y | MHESH %
Rd7zo EMDY 5 7 3IARTTRA LIz FETERD 2, (a)(c)(e)(g) EEHERETORER
DIRHEDS A' = 3.5mV (3 (5.5) BE) T, MIETANOBEIHET 50 (b)(d)(E)(g) 1
A’ = 6mV THEI LD ADIWET b, 789 A—% . 7 =5ms, V, = 10mV, V; = 0mV,
S = 15mV.
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BET AT

(@ V.08
0.06

& 0.04

0.02

o(mV)

0
05 1 15 2 25 3 35

05 1 15 2 25 3.5
© (mvV)
© !
08
g
E 0.6
04t NI
02
5 1 15 2.5 3.5
o(mV)
& 01

0
05 1 15 2 25 3
D (mV)

BIMELL AT
by 0.08
0.06
0.04
0.02
005115225335
’ ~ omV) ’
@ 8
p———— ]
-12
.16 S
-20
-24
0. S5 2 2 .
511 c(m\2/)5 3 35
® 1
0.2
05 1 15 %(m‘zj)s 3 35
) 01
0.05

0
05 1 15 2 25 3 35
D (mV)

125

7.3: (a)(b) /XT =/ &g = Co/(AN) = |ay| x 2/{t)« (c)(d) B HMT s\ (e)(f)h D
7 = ZERH 2n |0y | (g)(h)A DT —Y) TR ao/N = 1/(t) DHEBERIEBRANE, (a)(c)(e)(g)
EEFHRETOREMORIEH A =3.5mV (K (5.5)8R) T, BETAHOBE IS
T 5o (b)(d)(f)(h) iZ. A’ = 6mV THEL LOATICHIET 5, AHEHIE, T = 10ms
(OKRFEM) , T =50ms (KRM) , T =100ms (MEM) L% b, /ST A—F . 7 = 5ms,

V., =10mV, V4 = 0mV, S = 15mV.
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Bt). T =100ms (HIERR) 12DV TRLZ. AJDIERIE, EEMOEERIEAE L &
RHIICTIHMELTRELTH S, ThHDHEIAMNOEUHICET AHEERL
720 7.2(a) ®E 7.3()(c) LR LTH B, TXTDIODBHET DEFAATIIH LT, 5K
4 IV TREEGHESHRERME LB, BEETLEAL, »5PEEOHETRRL L
D, BITKREBICHET S,

HEBEOBBLE LTORKIAIVIBEp ORBEVEZEBT L7720, pE 1/(t) &
(har — b)) W D2DODEIIFT TER D BRADEITTHEKEBOILTH L, BET
DATIDBAE. 1)) I EEHPHFE LRV IR 5, 2 L THSMBEDOHME & b IZHH
Wi 2, 2FBDR (hy — hy)/W ZEZOMT, MEREDHME & BIT0NBHET 5o
H BB RAMICBIT B0 LT I, MHAGA L ICBTLE-7ONE, ®HS. 1@
CRBEND (K7.2(c))o MFBRENSHMNT 5120V, E—270FS 3B L, LDLD
EREDTAEL B (B7.2(e)(g))o & 2T (hpr — b))/ W DR AW B o BALHICT,
EESTOREVEA, AT FHICR Y by 2 by 725, BHTW 27 IZIRT %6
FRELT, (hy—ho)/WIHONIURT 2, Lo THRKY 1 IV RBELHESREORK
ELTRIEBOE— 2713, EVICHOMERERFEL R 2 00BROMEERICL
bDENVZ D,

B LD AT OHAE, RiIIERL D, XS A IV I BEIHEREOHME L BIC
HRBAT S (F— 5 BW) o (har — he)/W BEIET AT OBE L M. TR
EHICHERDT S, L L. 1/(t) ko B OB TR, 50 TRWHRDENIX
KT %o |

PEXY, BULBEORTIRETORBTIINT IR A IV BELUAETE,
BEU EOESIC LTIIBELUET LI LWL PR o/, RO TIE, H—HiE
Ml & EAMBMRICOWT. ABDOBVEDEZRT/NT A - HIRETHEKS 1
IV/BELRRTERE LB L, MEOEVPEMEICOVWTHL T 5,

7.6 AHADBEEINE ERAS 1 I 2T HEE DL

T4HTIZ. METORMESTICHT2EALIF EFVICBWTAHDOBEUMEDLD 5
WYL BETEEICBVWTRERE LRSI EER Lz, ZORRIIINT TORI(LS, 17, 65]
E—HYBh, 15T, WETORBESICHT 2I0EDRKS A IV T RENPRED
MERECRRKICETLHZLEZRL., 68 OMIEZIERT A LATEZ, COEHTOH



76, ARDOBEUMERKY 4 IV THRELDORE 127

0.025

0.02

o
(=]
—_
W

precision

0.01

0.5 l 1:5 2 2:5 3 35

o(mV)
T4: 8 p = (T/4x’N)P (K (7.14) BIR) OMEMBEREY. PREKI LIV
BEOWRETHL, PLELZY, pidEESEF VO y PN ICKFET, B—2= v
N DALARS AR & TR SR E BRIEGDH Do ATIEEIE. T = 10ms (KEH) |

T =50ms (Kr#) ,T =100ms (MEM) %2, X9 X =% r=5ms, V, =10 mV,
Vo=0mV,S=15mV, LT A’ =3.5mV (X (5.5) 8. BETAI).

Mix, AHDOBELBLFEKS £ IV FRBERZNZNORE LS RIEHER L BT 5
ZEWZH D,

T4z 730) ERBTLE, BRRKIAIVIBEp ZBRRICTAHTHEIZ. AH
ADEUBEEIRT Co ERAICT 2HETHEL Y EWMETH S I LIZRT L, ZDEWN
. TR EAARGAT h OBIRP S RO X D ICHBTE 3, AHT QBP0 IIAAES
D EZBIRIC R o7z L EITHRARE R, WEFTRRY A IV IBEI RSN —2 %
RoL3IRARLE LD, ERZBERO L IZHVESBECER S, HWE—2r 2 onid
BT RECERSNS, BELD, p b BAICT 2HEHRER C, 2 Bk T 2 HEH
BEIDbdhE b,

CDE)BREHERMICRONI BB LT REDOBN L ZORAE L VHES 2T S
7280, K7.5128WT, AJMEF. 4 DOMRMMY S &b 254 25, 1000 18 ORER
PHDANAL ZFIDEREDE, £ UTHRREBAEL | SEEOBSTRE ((a)(d)(g)e = 0.9,
(b)(e)(h)o =2, (c)(f)(i)o = 3.5) ITDPWTRL7zo (d)-(i) 1. H—HkMIL I BT 2448
DA E KR CTH Do 0 =09 IFRRDOBKI A IV HEES5 2., 0 =203k
DSNHEZH 2, 0=3513095 X 0VBBERC, 2525, HHBD AN, 25| %2 RTE
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25T LiZ, EOREFBETL., TRXTOANBPTECEXT LD TR RZVWETH S,
CHEANEYT = 10ms PEOBEE r Do/ 2L /NI LITL 5, 3D0DRERS
HEREMTRONL RELEWIT, HIFESh2 L)1, HEBREOHME LB IIHLHHE
HIEEREIC BT A RABEMT A ETH DL, 29 LIEVIR., EREDLHELA/L 7HIC
BWTELICHEEICROND, 0 = 091285 R84 275k, &5 ATINMHONETHE
AR N — A M ROBKETET o 0 =2DANA ZFITIZ, N—AMITPHERTELN
c =09 TIERV, 0 =35TiZ, BEREDE AN ZFIITICR Y, AN D%
BEIPLRLNRV, 3ODHETHEICBIT 2E6MEMEET VOBRREREE ., Xt
BT HBEREDES2ANL 7HIL & BIZH (a)-(c) TR LTz —HEVETHETIRIHEW
V=B ANBRSLICHNG, PREOHSHETD., ¥— 7 3BWEL 2207512
5, 2L THEETIR., BERBARIEZEBBICGER . BREXEOBRICES
N5z L, 4 OMBICBT A2MEMMICORONE, Thb DR LHEEHR
BEOBEVWEHELPICT S0, BRKIYAIVIHEE, SN, C 2&RIZTHENRE
NOMSHEEBRICB VT, MEARORBKICR SN ML T CTHET %,
FTRARDRKI A IV IRBEL G X 2EHE o =09 OFE (K 7.5(a)(d)(g)) &2
WTRTHE Yo REBRAKIAIVIBEGBONLHIEBH 2 AL 75IF, §X
TORKNETRTOANT A 7 VBV TH EANMMTELIHETH b, ZNIFRE
UL RTRONBMHAMRAZLTH S, L2 LANDPHRETORE, BAERIT0
IRV S DPDRENLETH D, K17.5(a)(d)(g) it BAIAIVIIBEDERT, &
b AR U238 Th %, Tateno 5 [26, 94, 95] IXFERFRAIMAHFI L IR TF, BEL W
BT T o7 ([58] R &) FERFOAMMEH T, () D& T, MHEDHHFD S
HTIEDORNY — 7 280, (d) DMMSHE (e)f) LHBT B L, TDEND TP S B
ERORMHAB L ORE BN, BAKERICEINEANOT A 7 VEHPRE (KL
FBETH D, (5) ORKEWANERL L. ANBMOBEETE— 7 20, Livd,
ABERICBIF B E=213, ATID 24, 345, 4, 5EDE -7 LD I/ SHE N, O
$ 0. B—LIF £7VOMNT 5 281 25U A ORBEASEETE TRV, (a) ITRL
P2aDODANLIHOFE RTH, A, 1 AJJTF A 7 VHIZESBRKBEL W LA
b (AFvEVZTHRBEME), O L) RHERHZOMARLT 2R —LIF E7 VA
EHELTHE, DL BRBEPELLDEL ) He —FRELHPI, AFv YT
REITANA ZFITOEREDLELZLICL NV ADOFMBSRBEIND HTH 5D, (a)
TRLZN=1000 CBIFREREDE0ANA IR HRhDBE, TXTDODADNFA 7N

{414
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N AV AVAVAVAV A AVAVAVAVAVCAVAVAVAVAY

Neuron 1 | | | | | 1 |

(d)

®

Neuron 2 | ! | ] | ! ] 1

Neuron 3 [ | ] | ! !

Neuron 4 | | | | | L

N=1000 W NN WS (N G NN | DO N |1} |_— |

ISIH

! (! !

05| 1- 051 i1 057}

0 - : . 0 - . 0
0 /2 T 3n/2 2n 0 /2 b4 3n/2 2n 0 2 n 3m/2

2n

phase (rad) phase (rad) phase (rad)
— W) 1 @ —

0.1 ¢ 1 017} 01 r

005 | 1 0.05 0.05

LU 0

0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40
Interval (ms) Interval (ms) Interval (ms)

X 7.5: 3DODRRBMESHREICBIT B, R84 25, BEhEbE-A54 75, BEEZK
RA(E) LG KBRS A ORI, (a)(b)(c) iZ. ADERK. 42022y b » o
HENBANALZFH], N =1000BDL= + 5DANRAL 2FIOEREHLY ., BEFAE
A(K#) Thob, BEREDELANAIVFIHNSLZD AN S L2FHEL, &&% (A
N1IF A7 VIR TOEED L E%25EH12) EBAALTAEL) LEREE L7z (M), M
BETH%, (b) DANTBWTORLAZEEAT — VORI = 0.1 3B L, KER 7 —
VOENET = 10ms 2B T 50 (d)(e)(f) 1T, E—HiEMIICBIT 5, MAHSH AR TH S,
(g)(h)(i) 1. H—mEMIIcB1T 2R KEBS A TH S, (a)(d)(g) BT REM o = 0.9
DHETHD, OMERETRKY A IV BERIRKELD (R7.4), (b)(e)(h) 133
FHlE; o =20058Thbb, COMEHETSNRIZERE 22 (K17.3(c))o (c)(f)()
%ﬁﬁﬁﬁa—35®%éféﬁouwﬁﬁﬁﬁprﬂmkﬁé(IT%@%/W?
A—=% . T =10ms, 7 = 5ms, V; = 10mV, Vp = 0mV, S = 15mV, 4’ = 3.5mV (X (5.5)
ZH., BET AT,

50
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IZBWTN— R MROFEKBEL B, ZON—Z MIROFBEKD, BEEFT VBT 5
RKBEEE2ET. DT VETREINENE | 1 ATTA 2 Vb2 ) OFEHRHEXEGD %

Lo 8= A M ROFERAE Loy, 20720, BTN OB EAFE LY., KR
LTHRKIAIVITBEOERNTI3IIBITS Ay — X, DEINSLCRY | FBKY A3
YUREPA/NEEILR D, Lo TRKIAIVIBEIL, 0 TRVHLEROMETM
BIZBWTEKREISET 5,

KICSNHEBKICT AHEEME o =20 IC0WTHHT 5, R (7.12) TEHZENIZSN
RogEmERETE, BAEELEoTNHSHFAOE— 20 ETIIRILT, O L
5hD7 ) LEREBIEET S (KX (7.11) . BVHEELNVTIE, FHREKER (1)
PIEF IS L, 1/(t) HSSN OB BV TEHEMICZ ) SNHIIAS 25, L
LESHRESTOREVEA. |ou? SXEMICR 5, |0|? DIEIZRD 2 D OEFRITEAET
o 0EDIER DRI, 2F Y hyy — by, Ty B D VLD 0 DIBIRE IETXRR & DMK
Thb, LoL. RABEOHELELY ., SN I A DIRIKRFE L 2V S NDFKIEE
DL SNRERKRICTHAIHSFLNAPRKEVEBTSHS, LPLIOHEELNVIIBW
Td. ANOFHBE D, B4 OMBBOHII AL ZFNAF Yy ¥V T BR LMD
(K (b))o L THRKEBAAIATIEAHOEHEICE -7 28> (K (h)), 7272 (g) L&
Y, BHHE—-70FTH, ADBHICBIFZE— 2R bE Y, (g) & (h) £ T, AL
EEICBIT -2 0B RBELTH, (h) OFPFE, 2F), 6 =20TIiZ, HE—F
FINDORP AL TN AT OB TSR END Z L 2EEKT 5o 72, (h) DF
KRS Z X KR E, ATEHLY /AILRBKEBICBVW TN LZFHMOE -7 H
RoNd, THIHEFICE o TMHERSA LN ADER L Y EvERERE TR
BlEBNWTHE LD TH A,

Ci BRELHEE L DHETHE o =35 (K (c)()(i) T2V TEHHT 5. AHTTOFMME
ARTC IR, TAHTTITICERLALIIC, SNERRKIAIVIIBELREL NS
MRS 2D, CLEVIBERZAOY — 7 DB SICEREL, hOE1 7— ) R
oy | D ERD 7 — 1) TARHE KB L THEHICED S L WREWDPEZRTIEETH S,
SNH®D & H1Z, oy DRI AR E ETHRTE 2 DI Tld v, MAS M IS REE DM
EFICERENEMF L DD, O BETBREOEME I I NIGET 5 2 LT 5,
c=35LWVIHMTRETIX. ()% (d)(e) LT 5 445 & H I, MAHSMITIEZLIEK
ZIEHITOD o BREERE KR (E) WIAAHAAICHB L7 LR E RO TH 5720, A
HEEZR. W2 At LaBTE, 0 =35 TRABDNOEUEIEVEWVR S,



7.0, FEew 131

DL I, BEMEMIICBIT 2 ATEFORECET 23 00ENRKER S 3D
DERBLHEZTHEETIE, B4OMBLXVICBWTREL 2BKOEMEED I L% ho
720 61T, A4DMEOHE N EEREHLEL I LIZE > T, B—HiEHIlTIZE THE
ZVIEERCEETHATMETOIMIBTEEE 2 ), B 2T REFLET AR OE
PRI A IV ITRBELZLET LI LG oT,

7.7 i5EA

TAMEFET CIERKE EOBAPE S IO T 2E4 LIF EFVORE 2 72, K&
THOLNERICOVWTUTCERT 20

i) @O EHAR 2 IEKBARD AT E WS 2 E % 2 5 KBS ES LIF SR VORY
AN 7 HIHS, AR ER S NI IPP THAEMTE 2, £ LTR/SL 25| 0K % Ik
RTEMIPP OB (BRERAEICHLTS) Lo THETE L, 2T TOMET
2. H—MERIL D A5 1 2 FIDERE LT IPP AV S A7z [69]e BM—RIOBE. &
MEDOGEIIPPIZXBEMIE ) F LKA, ERDHADNT X —F TIHEMTE 2\,
L2 LESHEMBOGE. b LTSROE—METVTHBR S L, IPPICXL 5 R
NAZFIORBRITE MR L D b 2% YIEVST A—FHEBTHEATE 2 2 LR
FIZL VAL o7,

Bezrukov & Vodyanoy [6] i3, HEBFFETICBWCTEAPRICER SN ROBERBER
F%e IPPIZE o TEFMEL7Z L L, [6] TiE, AL ZFIHEF VOHRTHEREIZ
IPP LB END 720, BIFRAERE 5 2 5 BBIIMEETREDO AN DL &8I
BUZHE ) o A DBFFRIZ[6] LR D WEET NI ANAL 252 A L7z, BERMIZR
INA ZFIHIPP TEFMETE 0B L7ze Lo T, B 2 ITHERS ARSI
IPEPE, HEREICKE SKFET S,

ii) IPP DSRENEEET V2R T 5 B—LIF S 7 VOIS (MAS T & EYRKEE)
W& o TRITIICRBTE 72 B—LIF €F VD A1 251 BT DA A R0 5 K R
A RO BRI, 4135 4 TR LIBITHEZ V2, JUERm 2R F 258 511
KRz 2T RO E 2R T BB RS L CAVSORD, &4 [26, 94, 95]
O DFATHIRICEE D W T ABB IR - MR 2 RICIEIR L . FERNMBREET %
BALT, B—EF VOB RN ZFNBIT BAHSHIL. RN HBBEETOR
EEREL LTEZ o0, KBS ISEIAMAICEE T 5 OU B O 1) @88 576 0
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NASHIC L DEADEFHL LTH 2615 (85, 82

iil) B—HIfLE 7V OMAESAR b R FHRKERE (1) THWT, BEETVDC,RCL R
SN & Vo ZiBRE L OMOBRE FITIICEB TE 12, SOBTHRBICL Y, Thth
DIBEOMEREKRENRE . B—FF VD b, (t) OBRTHEEREEL ZHESIT L2 L7
MR olze (a) Fa—= U 7 ELOBRLR, $2bbHEREDOHMILS C, DOE
WHRIEME 5 JRKRE~DOIEN 2P 1713, BHFICL > Th OIFRBLEZOBIC
Lo THELLZ LW olzs T DRI X VAL (linearization by noise) 1%, French &
[29] ASREMELL £ D A3 2 IR O E I B W THERR L7z (L < 1d [20, 27, 53, 81]
PSR, BEOBRICOVTIE (15, 65] #BH) o (b)SN R Co LV o 23T F 2 —
=y 7L OERLRFR O o7z, b DIT, h OB LIEE DR S DIHERY
BT, HHPREOHEETREIC wf%@#ﬁ#mkk&otounu%nﬁﬁm%n—
VT RPELTS, HBEOMREEHR TH D, () HETOEFITTERKS A 3
TRED, 50 TROVBYZESEEICL o TRENLING Z L2007z, HEICK
ZRNEEOMEHSIE, TTICPei b [68] 1L D, H—D Y+ 7 AREMICHT 2 £
K DOBEIZB W THERIN, B4 IIFICHGETE T Pei b OAZEZIHR L. Co,Civ SN
7 EOIBEL OB E TR 072, (d) ARSI OEBERFEKS 4 IV THBEZHRITT
BRELNIVORBICEY, TN EFRBRLRLBELHOI LGP0z, BB TRTO
AT A7 VIZBOVTRKPBEL H05, BETRIEKIS ZAHEMECBVTELS, W
FOBEITBNT, BAMIEBET 504 DML 5 DA/A 2FIDBEREDLRIZLY,
BROEEDHZ bz,

iv) BADRERIZE DL | MHEE) ERIEIANCHT2EE5ETVOIREICBNT, &
METIE, BRIAIVIBENRRICRY ., PREOCHEHRETIISNEIRRELD .
BT TIREVWARDHEBERE O, 2o ehb, TPTERESTFETICBVTI. E
BBEEEFE— 7 1GETARACH b TESGETNVOLEL=y PHPFROBSEMLTE
KL, WbWbF v RINEFAIRAENLZ L bholz, WEEOHRTEEFET
TIX, SN HABRKIZ %2 2 FERILRD A U, IEXEES ORI RS BV AF K
BEn, BESHFET T, EXERFTORENERREARL LTHFILIN, wbY
HL— MNFBALSREAENDLZENHEHLPIZ R otz TNOLDRERIT, BEREICEI-T
FLEREES T, HANNVATNARE SN D BRI L DL 2EBRT S, /2,
L— MFEALE T U RIVFBLE DV, HRHRE FONTESTREDENY, 55
WERANER RTINS HEDENICL > THETE 2 LI RBEEINS,
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7.8 ZNDEDELY

CHOETIE, ShETH o TEHMBEHMRET NV EBED TRE L2, (EWICH
FEHEDRV) BEMEETVERS, BPANICH T 20E 2T LI, SOEFVT
. BEF I TRTOLIF E—MRREF VAILBICS 2 . BE R ENFITICE 277,
ZLT, HADE—EFVPHIITHENIMNR AL 75| BREGbE., &2ER0EE
ETFNTOMPERL LIz, SOBTIE, TTHNANA I ORERKE, ANESL
WAL 25 OMBEEE (X7 — 70 a), HBERE (FEEILES 87— 2V a).,
ANRA ZHNDINT — AT b V7 EORFERTEICH LT, B— LIF #0500 £ @i i i 43
ML BIFMERE G R 72, INOOHEEERDDBEIC, MR ANL 252 BhE
bRIHGERT Y VEBRBLLTHRI LN TELEWIWEEZFA L, RIZ. Ko7
METEZHWT, (1) AR OHEAHBEER. 2)BEFHT. 8) BRAIAI Vv IBEE
RYEREEZERL, ThENICOWT, BERBEREEEZMIT L, IE2RRICT 2 RE
LHEEHREE KD, FNTNOBEOERIZ. (1) TREZICL 2I0EORBALBS & .
(2) TIHRERIIERAR 2, €L TB) TRBEWLRHEICL IR A IV TBEOM ELHE
mACHOPIZT B ETHDH, TOMR. BRBLEFHE L. (1),2),3) PIETE LI
NS BB ebhrolze 2D LR, HEVFIKEVKRIZANOEE L HAKL LTE
EL, HEVPREOREIETORAMEEEL. BESTRIANETOE -7 12RAD
SAIVT e BbEbLIBREGETLEVI L HIC, BEREICL o TI L AHE
/7 win > i RS (W RTR: X i o I



E8E RE

BEMBHBIEINFE S S DOFR KL Vo BT e BERM AN, ZFICE &R, FIRD
R MEET Do BIEDS XIC L A MF IAEMBONSNCEEL, BT A2 L3 TER
Vo —RICHETIZZ ) LAMEHROGBFRELRET 5 & ) ICBbNLH, REDEER
MHERNHIRC L2, BFROLAZOEFHEELFHITHI Loz, )L
T ORBBHREERET2HREOV L DICHEFRIEND 5, HRLRE I3, EERL
TIIMRMRINE L\ &) 255 2 AHE S5 2 bWk, A ICHEEEmMAS L
b 5 HRRE OMTHE CHBMROILENTRRIIZIBHRDI L TH D, AT OMHER
HIROERICH BB LM 2720 BEEED AEES 22T 5 LIFMEET VOIS
2% IAVAN

FAZTT, BRMRBRCANLHNIC, HEF 2 AHMEST ST 5 LIFAEET IV
DIEMTTERHELT S LIC L7z, LIFARET VI, BOSEMEE % RC IEFIEIET
SR LB EF NV TH L IO Eb ST, BEEER ) A% S
MOBOBBELWEEAET 5. FHEFETICBT 5REMIZERZ Markov B D —
#Td % Ornstein-Uhlenbeck(OU) @ ICHE D AT, TN T TOMRBERICHET 5 HwmH
LHEOEREZFHTE L, 2O Lh b, AL Z7FIOFKERS AL 5 BHFIHTT
50U BROFEBHESAE LTE5 25 ENTE S, MEBMREIAIIESHERD
e L CHRNICHRTE 205, BMIICIERE O3, BENICOBES FEXOREED
HHREENEL S, A ldD LTI LB EEZAVL LTIV ZORBEZMHEL ., £
BEORBE THEBRMIAEROLZLITTE, £ L THRAIE, BARICBITLEHE
SONMMOSA, BKERES . BXEEO B CAHBRE. 254 750 B CAHBEBEE.
T — AT MV, ASEBESERHANA 25 OMEARBEEE. HE/ ST — RS
MV eV o2 AN ZHIOMEETEDS, WEBEREE A 2 o TODITETIICE LMD D,
FOHERERRN L,

RICEAE, COHERCD LED0E | BERIROBTRIIHIBELZ ET VO R O FH
Rfzo INFE CORRIROBTHRETIE, HEEREOHME L THEHMBEOREI R



135

BEROZLERTOIKIBLTEY ., BIZIE, BROIBEZ 52 A RE L EEWEIR L
DEITPDONDH, L) BEICIE, FRALEZ T olzo AR T, Bl
FREDOSEMEE LT, 2 00BN LBERE OEESELLOTII2VwHEEL | K
B/ A= F EBIC OV TREMITREE L2 D2 0DHRE O L, 0 EDI3F
HEFORMT T, FEmEEIRE Thb, b)) VLD MRHRNEBERET, BE
L THTOAMIL VBB SN BRW LKA Z7FICBWTRIEEICAROSNS
FKEE (BRERIAOREE) THod, bLID2O0DOBBREITIZREUEE LS
DTHNIE, HLVRFALHEEZ LS L) LHEREFETTIX. DLV LEPEFELT
bTCHVDRKPROBFEICRONIBKERBLOENS, ZI~NEWT OFBES %
525E, SHLICRSTORKEBIFERICAONLZLIChD, 2%, AL 2FIC
Ronzs ADNORIAEAE S Z L &2, BEET IO 2 MBS IEIEFICKES

(GBI EDNFHENE, BADLIF EFNMIZOWT I OTFHZRIE L7207 T4 858 7%
BEOHERHEELIRICBIT 2 BB T REIFHRERSICL o THATELZ LN
MR T & 72,

MERIBHR L S OWCH LN L FHESORBAIFEEL ) AEWTHEEY
EYDEZ L BBE, RRDISEE 5 X BT REIIRBRERS S FHlT 215
MEEL DB PITNESRETH o7z, DIECHBREERGOZEZ ST, METOKEZ
BIME T IS T HHERIIROBKE L EHELHBAT A LA TEY, Bl BT ICHET
B LR LEIC R o720 AFRTIE, ZOH LVBRE L CTEHREEET v 2 85
BHETONDLZ L2 L, ThT, BEBREORE L CEYRAMELRZ Y 57 TR
7ol B2, HAHMESTEBNTITFHRAXERAIZITEHICR Y, PRI —EICEE
SNBBRTH L, AHEFTORIBIVNECHE, FHRKEBOST 5 7 M2 5 &
) BT EBIIEAT T, BEOBBE LTIRIZHFAICRET 5, EHEAERD v 7138
ESORBEIBRET TR I2VBMEEYEVORELMEL L 2G5 ICHECRONLHE
RTHbH, WEMMLHEL, BAEBIBEYMESORMERAMT 2 X ) %/85 A— 74
Bhd b, COEBIBEFTICLoTHRETD/NS A— BT TRAEL., HRHFHLIEK
MBORBBER, 2F 0 FHEBER T Y 7 5E L2l Wi b, DEORKRICL D, MRt
RIZBNWTRROINE L SR 2 RBELETHEORIIL, ChEFTHNLNTELBERE
BECMA. PHEEERT Yy 7 LI RRODZ LMD THL P Ik o 72,

D ERZHE— LIFMEET VICET 2787205, T4 X — LIF M7 VS MES
LTHE SIS LIF £EARET VIZOWTOIE 2T o720 ZOEFLTIZ, BRIE



136 FeE KRE

FIXTRTOLIF E—WEETIALBICE R b, HEFZENEWHLICEGEZ 5N,
ZFLTHAHRFNFNDOLIF BE—EF V5D ANA 25|k BRELEIZANAL 75 & A
Yo AWML TR, T LIFESMREFTNVOBIANAL 2FIOREEREAR, ANIEFL
WAL 25 L MBS, HBRE. ANXA Z7FIDNT—ZART P VEwo e E
12 LC, Bi— LIF MM o 2 @8R MO0 I X 2BITER 25 2 72, Th b OffE
BEEROLEBIC, PR ANL 22 BEREDELGERT YV VY EBREALELUE ®
FIH L7, KICHRLIZ, SROOKETEZHAVT, (1) AMHOMEMHBER. 2)E5H
B, Q) BKIAIVIBEFNENICOWT, BERE R4 NS/, Lo
THRECTRKEL L 2PNz, 22T, BEHEBEHLRBNAT-AXRT P VIZI)ERL,
BKRZAIVTBEIRFRAEOE -7 0F S 2 ETEH -2 DTEHR L, £ORR,
Bl MEEWEIR. (1),(2),8) DIETHRAINEL S 2H I tdbhrol, 2O LF, #E
BREEDSR R B L AMRBEMIAS AN 7 HITTIRET HEFORENFRLL L, $hbL, M
ERREVRIANTOFLERAFL LUGEL., HEPHREORSRESOEM 2=
EL, BEETRANEEOE—2ICBKDI A IV T 2H5bEE L ) IEREEET ST
BEMEZRET 5, AWEFOBEHRIBARLELTI-FENDLID, HEVERAKDS 13
yreLTa—FaEnspy, L) EIHEHMROFRLEICBT 2FRI—T 1 V7
DEELRTF—<DVL2L LTRLLBTFONS, BREFFEOMERIT. MEMONNICHE
TAHREE LV OVOSHERIMR R I THEERE L VRWEEET Y RIVFTL. BVihE
BV — MR L) S EERBRT 5,
Dromifzieos e, #E2E) AREF YT A LIFMEET VE, B—E7 )L
EEGETNOWFICOWTENEFT 2\, ZOFKRANNA 75T Hik4 Lkt & (6l
ZIENRNT—=ART PV E) 2 RODFERERRTHIEWNTEZ, RIZ, TOH
TV, 9 LIF E—fEET NV TIRIAER D/ T X — 7 1200 TREMITHERILIR % 5#
R, BROEEE X ARBLHEETREEZRET HPERNTRE DL LPTEL, TH
I EBE S OIRIBIC L o T2E IS S, RIBAVN S VIGEIIRBIREES&HIC
EoT, REVHEIIFHAEAFEH D v /BRI o TRB LT HESRESND Z LT
birol, LIFESHBEET VTR, BEHEEICI > TANSNM 7F0a—F § H1EHRDOE
BAHZEDFHLPITE ol BT HETIIRAKY A I VI ERELIh, FREOH
HIRE CIIHEREIRVA L, BV BFORHIMIMRZESI N, B RKE WHESTERETIIA
HBROBIEEST T D . BEBAESATES LIZIZF CRHNEE 2172 ) 2 &d°
bhoiz, TNEOFEMERIL, fEMREOBERLIEICBITZHEFTORELHARLIEICE



137

DHEFHHNLIETE 2., IEROEBRNT — I DBFTICBVWTLELDREEE5 2530
EEZ D,



138 e
T

AL FLOHIIH0 LT, HFEHERE 23V LIERRRFRFAERE T
ZTHFER S AT A ANRRERAEY TESEFOEBERBEIRIC, ELHLBLET I, &
RESGZICIE, FERBAE 2 COMHGRMAITE R . MRIRICET HMEOHE 2 L, RHFED
SRCEY BIMERICR Y T L2, UL VAT A ANBREUEY T 508 OB REH#M
o, ZUHLTLICEELERETHEBL . MIEZEO 58, FEE IR TRLDL X
L7zo ALK VAT A ABRERAEY LESHOEGEHFLoE, ILEBHFICLLND
BPLEF A NVETHA LRI L THATHE E L, 4, RRKRFERFERER
THRF7ER Y R 7 A ABGRER Y R 7 A BE 5 OBHRGHBER . HIREERE B2
SEOEFERHIR, AT L ABREREY LESEFOBNFRERMICIZ. KL 0|
FLLTHMXEERLTHEEILT, LLVELBLET IS, BIET7 7 Y AREHIIH
B LT3 5 N5 Khashayar Pakdaman J6242121E, BLai 2 A 7 A A REW T E5EFOBF
ELTHBE IR TBONZRIC, HEORLOEEHRPEEW LIRS % EB & I THE
LTHEXTI Lz, £)dd02L)TENE Lz, KERKEREBETHFMEN TEIHEE
HZOBHFEA., 2O TITHATEF EAICIE., BEFRECTREBHEEEICEY F L,
COHEBY) THALRL LT ¥, BRI, RORZEREFBEEHBMEH TR L THE
WTBIZ, BABH LW ERWT T,



139

T %A BEEICI3WELEAIESIC
XY BICEDE

Al EESHEL
LIF EET VOBEEM V() XRD L S IciEB s h b,
V@

dWQ:(—T+AmmH%0+MW@

Vi#)=So = V(tt)=0
TLUCEYREBER T2 LICI ), —EREICH T 2 KB . B LT
% BMEIZXS 9 % Ornstein-Uhlenbeck(OU) @R ICEMRT L T L HTE B,
dX (1) = (—@) + odW(t)

AT
——————(sin(Q + 0 — p) — e/ sin(0 — ©)) > X(tT) =0
1+(QTV( ( ) (0 —¢)) (")
7272 L. ¢ = arctan(f27).

ANA T HIDINT — AT b vid

S(t6) = So —

P(w) = }(17) (1 + Rw) + B(—w) + %r;ngw e P6( — nQ))

EBo TIT o B hoo () D7 =) TRH. T4bD

1
T or

27 .
/ hoo(0)e=™0d0
0

7]

ThHY. T2 (1) = [ tioo(t)dt 1 EFFHRBKEETH B,
ZOW, ERHEE I

8 3
S* — i|a1|2

(t)
DEHIEHZEEINS,
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A2 ANDOERBAPNEVWHBEDLIF 7 IVORE
FEBREE S g(¢)0) 13, ROESHEROME LTERI NS,
P 110,0) = [ g(ul0)p(z,11(ul0), u)du

Z 2T, pla,tly,u) ITEBBRHEEFRERRT. XOXIITkb,
_ 1 {(z — p1) = (y — pr)et=0/"}?
P(z, tly,u) = \/7‘.0.27.(1 — e2(t-w)/7) © [ o27(1 — e~2(t-u)/T)
ZZT, g(t|) k. ATOIRIFAITONWT
k

9(110) = 3 Zoax(t10)

k>0

DL RET b0 FRIC p(a, 1S (ul0),u) bKD& 5 ICEET 2,

S(ul8) — S,k o* AF o
ple, t]5(ul6),u) = 3 D =50 TP yye iy o 5 A (ulf) = 50)F 22 (o, S0y 0)
k! Jy iso k! dy

k>0

22T, s(ulf) = S(ul8)/A, so = So/A LT B,
K2, g,p DERRXZ LBROBS HFRERIRAL, ADREFORBLEZIT2 ),

ERR

p(2,£]0,0) = /0 * go(ul9) - p(z, 8|S0, u)du (A1)

9o(t)0) 1Z . EREBFEWHEOPEBRE NI T 50 Lo Tl go(t]0) = golt)s 2

T 0. WHEINAE O IR L v,
A DRE

t 9 t
0=Am@%%@ﬂ%@«@@—ww+émwﬁﬂawwwuM@
AF DRI

/0 [Z ), - gi(ulf) - ak;l€($ t|So, u) - (s(uIH)—sO)k"’] duo (A.3)

1=0
KA LD gy BT HIENTE D, T s(4]0) — 5o 13

3(t|0) — so = m(¢) cos(8) + na(t) sin(8). (A4)
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= -———T———sin — ) —e /" gin
nl(t) \/Im[ (Qt 90) 90]

= T cos — ) — et cos
na(t) o (97)2[ (0t — o) |

DEICEKTIEWNTEL, FLTg(t) 20122 EY 2 DEWBEKTH L, Lo
T. 01(t]0) 0BT 2B 2r DMK TH D L ABRT I LICEY, ¢1(t]0) 7=V
LRERFATE T,

91(t)0) =

a1,; t) + ;; [a1,k(t) cos(kB) + by (¢) sin(k0)] .

b, N(A2) XD,

0 = (/Ot go(u) - —g—g(w,ﬂso,u) . nl(u)du) cos(8) + (/Otgo(u) . %(x,ﬂso,u) . nz(u)du) sin(9)
+/tﬁl—v‘ﬁ‘—) (2, 1]So, u)du
+>° [(/ ay x(u)p(z, tISO,u)du> cos(k9) + (/ by i (w)p(z, ]S, )du) sm(ké’)]

k>1

Ehbo ST, EHIH, #LTk=1,2,--- IZBIF 5 cos(kf) R sin(kd) DFRE % s
A} ;ko)ck ")0»&;«)0

TE BUIH
‘ ay O(U)
0 :/0 (x t|507 )
cos(8) DR
0= /Otgo(u) : gg(m,tlso, u) - ni(u)du + /Ot a11(uw)p(z,t|So, u)du (A.5)
sin(9) DFRE
0= /Ot go(u) - g—i(w,tlso, u) - n2(u)du + /Ot b1 1 (u)p(z, t]So, u)du (A.6)

k>2128F % cos(kb) DIRE
0= t So, u)d
= /0 al,k(u)p($7t| 0 u) u
k>228T 3 sin(kd) DIRE

t
0= [ bux(Wp(e, IS0, u)du
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K (A5 IKBVWT, AAFE1HEIFESZONIZLE LT, a1,(v) ERD2, 22T, K (A5)
BV Tz 2 HET S0, Millk z(> So) IK2PWTHEGT A L,

i ¢ 0 oo ¢
0 = /So dw/o du go(u) - 5§(w,t|50,u) ~m(u) + /So d:v/o du ay,1(u)p(z,t|So,u)
14 0 ap 4 o
= /0 du go(u)m (u) /So dz —a—y—(w,t|50,u) +/O du ay,1(u) /So dz p(z,t|So, u)

t 00 8p t
/0 du go(w)n: (1) /S da 5 (2 t1S0,w) + /0 du a1 (u)(1 — F(So, t|S0, u))

b, STy F it OU BEOSABELET.

(z — pr) — (y — pr)e =7
\/027(1__6—2a-uyf)

2 o 2
_ 2 [ ey
Erf(z) \/7?/0 e ¥ dy

1 1
F(z,tly,u) = 3 + §Erf [

DEHTh B,
tIZOWTHST AL,

0 = go(t)m(?) /S dalim 2@, 1150,u) + /0 du go(w)n: (u) /S dag (@ t150,u)
: oF
+ara (8)(1 — lim F(So,t|S0,u)) - /0 du a1, (u) (S0, 850, )

Y% 5o 1272 L, limyg F(So,t]S0,u) = 1/2Th bo & 2T\ L(w,1]So, u) = —el=/722(z,1Sp, u)
THHI LS,
t 3
0 = li?tlgo(u)m(u)e(t_“)/Tp(So,tISO,u) +/0 go(u)m(u)a[e(t_“)/Tp(So,t[SO,u)]du
+%a1,1(t) -/ t al,l(u)%—f(so,uso,u)du
Ebo CORBt—uDBERICED, 0T/ 0t=-0/oulih), &OICHMIBETEIT
/SR AN

‘9 1 ¢ OF
0 = /0 %[‘qo(u)'fh (u)]e(t—u)/Tp(507t|SO, u)du + Eal,l(t) - /0 al(u)E(S’O’HSO,u)du

L5,
BRI KRB IR T S 212 L DL agy(t) SRR ICB B NS

a11(t) = Ko(t) + /Ot Ky (t,u)ay 1 (uv)du
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72771,

e . ap t o0 82}7
Ko(t) = —2go(t)m(?) /SO dz 15%1 %(w,tl&),u) —2/0 du go(u)m (u) /So dmayat(x,tlso,u)

‘9 (-7
= =2 [ —lgo(w)m(w)e®" p(So, t ~ ulSo,0)du

oF
Kl(t, U) = 2—a—t(50,t - U|SO) 0)

kj_Z)o al,l(t) 75;"‘7'_']) l’%{‘m?% t\

Flanit)] = 2 (2 (90(t)n(1))] Fe*7p(S0, 150, 0)
R 2F |2 (S0,1150,0)] — 1

%, BAEFIEDOAF — A EIDTFO LIk b,

a11(0) = Ko(0)
k-1

a11(kAt) = Ko(kAt) + > Ki(iAt,u)ar1(iAYAL, k=1,2,---

=1
£ oT, WHIME a11(0) = Ko B35 2 DNT2WE, a1(t) BME—FFET 5, FRROEBDS
ba(t) SME—ITHFET Bo Ko(t) =0 XD, DOk > 212813 5 a10(t)s ayx(t), by 4 (u)
302k 5,
FIRRDTTEED S| by (1) ERDDBZEDPTED, IoTg(t) BRDEHICEEND,

g1(t) = a1,1(t) cos(0) + b11(t) sin(8) = a(t) sin(0 + B(¢)) (A.T)
X (A.2) D OKFEHEDS .

q1(u|0) = s(ulf) — so = n(u)sin(f + £(u))

1 — cos(20 + 2£(u))
2

aa(wl6) = g(ul6) - (5(u16) — 50) = LY feon(e(w) — f(u)) — cos(26 + B(w) + E(u))}
DOIHET L 2ROMMEHERDDL LD TE, LTDL Ik,

82(.71
002

g (ul6) = n*(u)

(ul6) = —q1(u|0)

g}

gp2 (ul0) = —4q;(ulf) + 27’ (u)
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P00 — —4gs(ulf) + 20(w)r? () cos(é(w) ~ H(u)

BRI, gr(t]0) 13, RO X ) IKKBEN D,

92(t10) = az0(t) + az2(t) cos(26) + bz 5(t) sin(26)

93(t]0) = a3 1(t) cos(8) + b3 1(t) sin(6) + a3 3(t) cos(38) + bs5(t) sin(36)

—EBIIZIE. RDEHITh D,

92x(t]0) = Z:O[a% 2p(t) cos(2pf) + bay 2,(t) sin(2ph)] (A.8)
gar+1(t]0) = Z_%[a2k+1,2p+1(t) cos((2p +1)0) + bak+1,2p4+1(¢) sin((2p + 1)0)] (A.9)

A.3  f(p|0) D—AiEHS
fp)0) X HADEEKNADO TH B &) FHEDTTD, ROFEKMAMH o OMEREREE
BThb, 22T, BMEZ, BB LEPATOMMTH S, LT f(p|0)
RN L HITREIND,

flel8) = Zg(nT—I—i’E—a'G)

n>0

p—20
:E k'Qng(nT—i—T,O).

k>0 n>0

B gr k= 0,1,2, - BT TR (A8) LR (A9) THORDL, ZZT

-0
fe(el0) = ng (nT-I— SOTIQ) .

n>0

EERT DL,
a>‘4k
fel0) = Z 7 fx(10)

&b,

A4 hoo(0) D—EHS
RARSHAR hoo 12
= [ £(el8)hes(0)d8
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Tz, T THMAAEZ ATIORIEAICEL T
k 00 AI
hoo(0) = Z l—'hoo,,(B),

=0 "

DEIZERL, fATAE, BREBICIVUTOL D 2EGEIEBLND,
EHUE
6

N /hmo(a Zgo<nT+—Q—)d0

n>0

tﬁbhwﬂwzlﬂwf%%o

Z /kT+(z %; /Ooo go(u)du

2w n>0 1)T+2

A DR

hoot(#) = [ [huco6)u(010) + b (0)foo16)] 0

- 51}./2”[ Zav(nT—I- Qo)sin<0+ﬂ(nT+(’o—;ﬁ))Jd0

n=0

+/27r { igo (nT + ——Q—G)J heo1(6)d0

nT+9-
= n};)/n g a(u)sin(p — Qu + B(u du+nz>%/(n 1)T+Q Go(U)hoo 1 (p — Qu)du
= 2—1;/ 91(ul|p) cos(Qu)du — -——/ gl( ‘go—{— E) sin(Qu)du
[ gou)bonaio — O (A10)
A DR .
27 k!
hos() = [ |3 g 10 i0)] a0 (A11)

A5 NEEANIREAICH T 3 FHRAERE

FEX BRI SRR % 6 > TR BN A5 & RUEINIARICB L CEAD & FH %
EHZEIZIY, RDEIITKRDLNG,

ioo(t) = /0 " 0(2160)hos(0)d0

Z ZTRABBOA S ATIOWIB A ICDVTiy(t) = 22, %},’zoo,(t) EEBHEL, Lot
AL, REEBTLE, kDX HIk B,
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R
oo®) = [ go(t)hooo(6)d0
inoo®) = [ g0(t)hoco
ZZTy hoo=1/2r TH 5,
A DRI
. 2 1
boon (@)= [ [90(a(6) + ga(t16) -] do
EEDERB L ICDOWVT, [ gu(uld)du = 0, [27 fi(p|0) =0, ZLT 27 hy(0)d6 =0 &
%BHDT, DLTDXHITkb,

booa() = 5= [ " ol(t)sin(0 + B(£))d8 = 0.

A? DRE
9a(6) = [ [00(t)ha(0) + 201(110)0s(0) + g2(t16) -] o

A6 a, & g(t|0) DEAR
VR L T s W A IS
hoo9) = [ F(10)heo(0)d8

F(l0) = Zg(kT-l-f—Q——qﬂ)

k>0
hoo D7 — V) TAREIZ
2T R
o, = L/ hoo(O)e_m"’dgo

- -21/ dgo/ d0 m (kT+—|) hoo(0)e™*

2m—6
— —inu _—ind
- 27r9/ @[ duE:g(kT+Q0>hoo(0)e e

k20

+1)T —‘9 . .
— t 0 —in(§t—2k7) ,—ind
= [Taoy [T 6)heo(0)e :

k>0

- ;ﬂ /0 hoo(e)e-m"{ /0 g(1]6)e -m‘“dt}da

&b,
Lo T, PMEL ATIEIREAICBW T, WEBRHTAIE

g(t10) = ¢°(t) + ea(t) cos(B(t)) sin(9) + ea(t) sin(B(t)) cos(9),
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&Y MM

Ebe £oT, #07—1) ¥ a, &

o = = /02" [%-}—ehl(O)] e-M{ L7 oo + cateo] =at } ao

2

= a, /000 g°(t)e~ ™Mt 4 = {i /027r sin(a)e_inoda} {/Ooo a(t) cos(ﬂ(t))e_mmdt}

2 (27

45 {_1_ ’/027r cos(0)e_i"0d0} {/Ooo a(t) sin(,@(t))e_mmdt}

5-7;27'(

- an/ ¢°(t)e "t + il_)/ a(t)ePOe= gy _ ﬂ_l)_/ a(t)e~ PO gy
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BeA Dz I ORIV EE T % fiat B9 E 13 R FIAHBIEREK (serial correlation coefficient)
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