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1 B AERDEDEIRERIER

RN 2 5 RSP EAERNE BARBR P RBRICBOCEHRIICEET 2. FEELZHES
BIR Ol N 2 BEM D 20T 20 D X DS HINCHfE S T & 2. A4, BIEM S RN
DR DOHREFBEFRICOWTHIZEDTOIhTWVS ([1,2, 3, 4]). [3] Tl&, % 2 KToMnHERR
CHWT, BB ZVE &, FRMANOETOMMBIRT 2 I v M A ZADFET 25, I
BRI & - T, HIRRER TR A R T 2 BRMPEHN 2 Z RS h . KEEh 7 4 —
RNy 7% 30 2 RTOMA HERXROMOBHIL [4] THHRSNATVWS. 5] T, F:R? >R
G LT, KEENE DR H 7 -0 R

a'(t) = F(x(t),z(t — 1)) (1)
SR LT, HREERIE T 2 MARET 2 -dD&ME, <5 A — 2k bOBMHHER
/() = F(z(t),a), a € R. 2)

FRWTE 272, HER (1) oMoRKEFEAREPIERTH 2 & =, HERX (1) OfIZERIE T#
BI5, tWnw,

FE 1 ([5) HER Q) PEREHTERET 3MEL DL B9 X —K ac ROBGFET %5
2, HE (1) RS SO

EH 1 OFERE, (1) & U TR IR =& 2 5 2 T, RERNC (1) 0D, (2) ik
T EMHTS. ARO7A 77, [2,3] THEbDATVS.

R (1) e LT, BRBOTFEISHRINI- LT, MoBER»ER (1) icswTHiAy
BRIRMPE I DIZOWTIE, BIRDPBRETHZ. 2D 7—OMrHER (1) i LTd, GRIMET
fROBHRZLIZE T L5 RO 7 7 A2l 2 Z e I3 —MRINCKEETH 2 ([1]). ZoHI,
RHENZR R VRS 7 —DEMI TR RE{ RS, EH 1 THRONS5EN (1) OffDkE
HEANZ 1 XD UHO D TH S, HERNICL - TiE, FERXD S ORFFEEIUCHEART TRV B
MIDFGE L CTh SRR T 2MPFEET % 2 L P BENICHER ATV S [3].

2 KEREENICEZBDT 1« — RNy JIEZEX-EEMD HERX

BEIEM D HERICBWT, COMPVOBHT 202H 5 Z ik, —BRIIcCHREREETHS. R
55 —DWHHER o (t) = 22(t) 1%, ETOEDOEPERETEHT 2. 22T, REEAIED,
fRORREIIGIT 2 & 5 SR GBIEM S R LT, UMTFoMaAfExsE 2 5.

'(t) = 23(t) —x(t — 1) (3)
ZZT, T ENEBENRERTIEFADRIRA—RTHS. 1=0Dr &, FHASKH 2(0) = 2o ZilieT
(3) DffIE, xo > 1 BROIXARFHTERT S, T, 20<1DEE, limy,0oz(t) =0TH 5.
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>0 LT s, OIS ERERCTH B EAIOVTERS. 5 R LT, HER (3) 09
WIZtE% 2(t) = 20 (t € [-7,0]) LEDB L, (3) DI,

2 (t) = 22 (t) — w0, t € [0,7] N[0, Ty,) (4)
BT J272 L, Tu V&, WIS 2(t) = 2o (t € [—7,0]) &7z T (3) DMRORKFERZZ £

5. (4) BHRNREIE N2 BiROEM D AEXTHD, (4) &b, Bt =7 L TIZEHLE
#¥325 WL T, <7 TdH3) BENLEGEZSGLZENARETHS. 29> 1, 7> 0I1THLT,

IOg 1 + %
2 /70
MDD =, IS x(t) = 2 (t € [-7,0]) Zii/z5 (3) ODMIIBFHKT 5. 20 <0 WXL T
b, PRt =7 S TWWRERT 2502152 Zeptiks. i, AKX (3) ozt z

z(t) = ¢(t) (€ [-70]) (6)
CEDDH. TIT, p:[-7,00 - RITHEHEAKTH 5. 1M (6) Z2Hi7z3 (3) DT x(t; @) &
zKL, z(t;p) DERRFERLZ T, ££5. (3) O, H25KLt=t>0T, z(I) >1TdhDH,
z:[0,7] = R AHFEIMBEBTHIZ, T <t <T,ITHNLT, z:[0,¢] - R dHFAMEMBRTH 2
ZEWREND. HARAT e =1 2@8A T, I IICHFEINT 2%, ARKHCEET 5.
EIE 2 FIHABE o I FO&GZI-T 3 5.
i) ©0)>1, (i) @0)®>¢(-7), (i) ¢0)*>¢(8), V0 e (-7,0). (7)

Dt ZHWIEM (6) 2723 (3) OfF x(t; ) ITHMLT, T, <ocoTHH, &TDte [0,T,) 1xf
LT, 2/(t;p) > 03D LD,

/2, 0< o<1 OHEHHTHFABD T 2E, BRKET2 =01CFEST 2D, t 90 Tax=01Z
VT 2. ZEADITRIZOWTHE LN FERERET 3.

SEE OARWIRIE, REAMSEMBE GLERIFSE (C) 20K03734) OBl ZZIITW5.
BE X
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B, A3 2 KR IZEBIEM D TRERXEZIE L T0 b, ZAUIRHICRREIC & - T2 T 2 Rz
Fio, EAMREBLEMD TR MEN 227 IVICET %, 2OHERNITID 237 X — XEFHT
7=V IZATETH 7, 7 — ) T2/ TR RO Z e 3% 2 TIOMn itk

KOEEGEE eV TES, ZORITOVWTOWHEZEZTWL [1],2]
2 RETIHHSHEN

BERNCIEMLTOREZ LETBERTH 2, 22 TtIZRE. 1 13BERATr>0%M720. a XUD

B A —RTH B,
?2”+wxm:wxa—ﬂ

ZoORIE. ZL DKL R I TV S Hayes DRISUFETH 3 (3],
3 T—UIZEAW—EE

T>0Ta>00K 77—V %M EOMIHEROMR X () AT %5, (w: AR C:

R ERO . )
% _ -2 Y —iTw
X(w) = Cexp| 5% + . ]

7 ) IEBROWE DB, 20 X (W) 17— ) THEHE TS L OWMH RO X (1) %

"o TE S,

o 1 5 b b .
X(t)=— exrp[——w” + — cos Tw] cos(— sin Tw — tw)dw
T J_ o 2a TaQ TQ

ZOX(t)F EEDte R TIOMAHER (1) 23— TH 2, ko THRTIED BH,
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FIFEFONMRCOVT, K12EZNZNb<0,b>01BIZ2XAFI 7Rt — X(t) DR
FHITH B, M1 TENRIRA—K%a=015b= -3 LEEL., BT % (A)2, (B)3, (C)5, (D)8
PIRAIWCKELLTWVWS, M2 Tlda=0.15b=6, 71X (A)0.6, (B)4, (C)6, (D)8, ¥ & DI
AT AR AR E TARED L STk TWVB,

5 INT—ZRY T LZBVWCHIRRR O
CDRAFIZRZDOWT, WYNTHFHE XN 7 DRFICER D FHE D B EDEF < 2 RS
DBEND, TRERNTT 2DV —ZRZ P54 Sw) ZAVE, ZHER (2) © X »5EET
X2,
S(w) = \X(w)]Q = X(w)X*(w) = C2exp[—éw2 + 72_—2 cos wT| (4)

TDORT—ZARTZ I u%BN T AR w O 2 ZBEBE LTEX, w#0TS(1,w) BRK
PORRE R BRHCHIRBAR 25, 2 e525 (t,w) = (Tr,w,) EZDRFDNRT —ZART + T L
S XL R TE R o5,

1 V1 - 62 b?
m 52 wr = [b[8, Sr = S(1,wr) = CQ@ﬁP[;(SQ} (5)

72720 S U TORDETDH 5,

Ty =

5= [siny/(2)2 - 1]

)
1 1
b>0: —— << ——
Viar? 4+ 1 [972 41 (6)
1 1
b<0:

<0< —
\/7T2+1 /%7-‘-2_'_]_

b>0,b<0DFD§EZNZFNIT, 6~ ¥ LT, ZhEFMEMNHEL L 6T ~ 0.161228, 6~ ~
0.336508 £ 725, LALED S ZOEN 7, DIF. AJETRE w, 235 b 80 SN 2 HIRBIR MR TE %,

HEE HHBEREEREAAR O KPR B OAW L a Xy MJEH LT, ZofRiEraxH
BT T oY 27 b, BFE JSPS 19H01201, 3 & 8 JSPS #RREZREIC X 2 BN, X2 -
HAERVEAHEESSE JPJS00122674991 X b XIEEZIT E LT,
BE
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[2] K. Ohira and T. Ohira, Solving a Delay Differential Equation through Fourier Transform,
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1 FEENZHESILERIGRY FT7—2

LZER Yy v 7—2 (CRN) &, U FD320HEEDM (S,C,R) k- Titidxh 3 [1] :

1. S, nHOMENLORIZEEGTHD, S:={X1,..., X} L&T.
2. Cl%, m D complexes y 1oR2EETHY, C:={y1,...,ym} ERT.
3. RiE, REDOKILYy =y »oR2EAETHS.

ZZT, Riby—y € RIE, complex y BRJEL, complex ¢y BEMEIND I Z2RT. £/,
i- %HEHD complex y; € CIIFEDOEBE y;;, j=1,....n ZHVT, yuXi + - +yin X, &K
Ehd. 2512, WE X,,..., X, DIEFEEEZNATWEDT, UT, y 3ZDHFREDAZHNT
Vi = (Yit, -, yin) T ERT.

PE Xy,..., X, DFEE 21,... 0, ZAXRZBEENZ bLE o= (21,...,0,) €eR" 2T 3.
ZorE, KEENEMES CRN OSYHEOBREORMZ x(t),Vt > 0 25083 2 BN BB
12X (DDE) &, Xlciddhans [2] :

d m m

&fc(t) = Z; z; k(i g) [w(t — 75)Yy; — x(0)"ys], Ve = 0. (1)
i=1 j=
2L, a¥ii=a¥ral? e q¥in i =1,... mTH 3. k(i,)) 3RS y; — y; ORIGEEER & W
B, v =y PEET B E E(,§) >0, Z5TRVEE k(i,j) =0TH3. £, 7y BRIE
yi — y; WWHEL 2RHENZRTIFEDERTDH 5.
R, KO e R™W™ G5 =1,2,...,m,i#j %, (i,7) - B3& k(i,j) >0 THhH, ZhLSHD
AMEBED m x miTHle L, K@D e R™*™ 2XRTEZRZNS m x m {74

J=1 J=1

K@ .— diag ( Z k(1,5), — Z E(2,5)y...,— Z k(m,j)) (2)
j=1

£52%%, DDE (1) 3XRXD LS IZEETE S !

%x(t) =Y

KDY () + ) Y K02 (¢ - Tij)] . Vt>0. (3)

j=1i=1
ZZT, Y=,y Ym) € RVM BXY, oY = (a¥r,2v2 ... 2¥)T c R™ TH 5.
2 FER

AWFFETIE, complex balanced 72 CRN (S,C,R) xRt 3%. ZZT, CRN (§,C,R) »
complex balanced T» 2% 1%, DDE (3) i LT, RIGEEERK k(i,7), 4,5 =1,2,...,m, i #j
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DB BET, KA TEMPUS e =7 € RY, SEET 5 2 L REKT 3 2, 3]

K@ 4 i i K (3:) (4)

i=1 j=1
AIZED HIE, REENZ R DR VSR [3] TRENT, &MF (4) Zh/e T IEEFE S 2 =7
DJEFHEBLEN 2, REENZHEZRIGENILIRT S22 TH 5.
Z T, &t (4) B TIEMEYEA 2 =7 A DT DDE (3) 2#E{tT 2 2, XX DDE
2155 .

d m m o
“ _ (d) Y (¢,7) Y o
L =)=
=Y |KWdiag(@ )Y Xy(t) + Y > K diag@" )Y ' Xy(t — 7;) |, Vt>0. (5)
=1 j=1

72U, X :=diag(1/z,...,1/T,) TH Y, [Dz¥] € R ERATERINS m x n 75T
H5:

D7) = (gle"] gl e ®

Dt %, DDE (5) ofttrERiaki ez :

FXM:cbt(AQY

ld@+§:§:K@ﬂeﬂﬂ]m%m¥nﬁx>(L rxecC. (7)
i=1 j=1

AWFECIE, BHEAIER (7) OARICH L TROMERE 57z,

EHE 1 CRN (S,C,R) &, complex balanced TH 2 & F 5. ZD& %, KHEN 7;,4,) =
L,2,....mOECEST, FEAERX (7)) 02TORNE, A=0, BLLIE, Re(\) <0 TH3.

imo#E b, EH 1 ORI ER LD, RERLGHIEZOMBZHENT 2

S AIZEIE, JSPS BIFE 24K16972 OB EZ T DTH 3.
SE R

[1] M. Feinberg, Foundation of chemical reaction network theory, Springer, New York, 2019.

[2] H. Komatsu and H. Nakajima, Stability The Deficiency Zero Theorem and global asymp-
totic stability for a class of chemical reaction networks with arbitrary time delays, Systems
and Control Letters, Vol. 136, No.104601 (2020), pp. 1-10 .

[3] D. Siegel and M. D. Johnston, Linearization of complex balanced chemical reaction sys-

tems, https://johnstonmd.files.wordpress.com/2015/02/linearization.pdf.
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[IEZ G OS] Wi & £ (1)
QEBHDEEIRZ L DRI ARADIHEREMS
Wk T L, il Bk 2
EPN NN E T SN TS RV NE S e Sy T s
e-mail : hideaki.matsunaga@omu.ac.jp
1 FX
2 FEHDBEIEIHZ $ D 1 RoukEm s A
t
2'(t) = —ax(t) — bx(t — 1) — c/ x(s)ds (1)
t—T

2EZD. ZZTabceR 7>0THhs. HERX (1) OMOEEL, Ktk A
0
F(M\):=A+a+be 7 + c/ eMds =0 (2)

DIRIZE > THIEI NS, L<ASNTVWE ESIZ, HER (1) OEMAWNELETH 57D DB
Fa gk, FitEARER (2) OTRCOMRMPEADELE2EDILTHD.

KRN Z B DM ARRROWNEZEMICET 2K, 2 DD XA THb 5. 1 DIFREEND S
TA—REFEELZL EORBARSA—IEBICE T ZREEEE L2 52 5ERTHS. 15 1 DR
BSTA—=REFET UL EOBBEBNICIRELALIERERE 25X 5B TH 5. WL eV
BUIBENTA-ZDRIFEEZHSOPIZTH I LIFEETH S, B, Hims X OISR IR 5,
IRFFHIEE AV ATE U 7 W 28 E e D E MR S T 5.

a=00r&, HHREX (1) OREMKTET SROFERPA ST WD ([1]).

TEA a=02835%. Zot&, RN (1) OFMIMNELETH 572 DBE+4r 54 1%

b
—— b
- <c<(b)
Thd. 72720, c=¢(b) &
w sin wTt w? coswT 2T
b=——, c=—7"—"—, O<w<—
1 —coswrt 1 —coswrt T

TEHRINZNATA KR TH 5.

FHRER (1) OREFEENIHRAT U 2R L ERMEIZONWT, c=0 DL 2] Thb=00D & EiX
3], [4] THRONTWDED, be£0 DL E (a=0 BEDT) FENITMKIE U 72 W0E 2 & 5 F 13155
NTWRW. a =022 b, ¢ ZEEL & & DIFHEEINITHRAE U 72 #lni L e Sk 2 B A 7 58 <
ZEXEFHLWI L ITERET S, AMIEOHIIE, be A0 D& &, Tibb, AR (1) A% 2 FEOE
IEIHZ © D & E | B AUKSE U 72inE ZERF2 525 2 L TH L. #HDONER 5] 1I2HD <.

2 FEHE

D720, wg = Vb2 +2c—a?2 &L, 7 D3 DOMMHE%
*__a—l—b —iarccos —(b—a)Q—wg —21—
T c T W (b—a)4+wi)’ EERL

CEDD. SEFBLSNIAERIL, IROBEY TH 5.
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1 a>0895%. Z0kE ABEA (1) OFBMPWELZTETH D720 DMBE+H5EME,
a+b+cr>0DDRD 5 DOEMBEDOVTNRNRKD DI L TH 5.

b>a, b*+2c—a>>0, 0<7<T, (3)
b>—a, b*+2c—a><0, ¢<0, 0<7<7T", (4)
b +2c—a*<0, ¢>0, (5)
bl <a, b*+2c—a®>>0, 0<7 <oy, (6)
b<—a, ¢>0, 7"<71<o0. (7)

EE?2 a<0&35 ZorE HERX () OFEMPWEELETH D700 BE 5 EME,
a+b+er >0 MDD 4 DDEMEONTNPDLD DI L THS.

b>—a, bV +2c—a®>>0, 0<7<7y, (8)
b>—a, b*+2c—a><0, 0<7<T", 9)
b < —a, b +2c—a*>0, 7" <7<, (10)
b<a, c>0, 7"<71<o0 (11)

3 ETFEDIIEADBE

EEMA AT 5 7201%, EEBOWIELESRMPRE AR (2) OTRTOWMBADFERE E D
OOMBENREZMETHEZ L2 RBIEIWV. FO)=a+b+er O RER NS0 1CHLT
F\)>0Tha0s, ZWlEMEOEE I, a+b+cr <0 o1, FEARERX (2) 3k 12
FEDWEED. £oT,a+b+cr >0 DFTRMUEAEA (2) OMOAMHEZFTARNIX IV, DR,
FHERR DY 7 OB CH B 2 & 2 AREMITH NS, IROMEE, FrrERAET DR % 225

w1 7 ORI L O AFEFEIFET SRMELRERX (2) OROEEE S SO BOMMPLIT 5
DI, WAE LITHN S, 20, WA )5 & IR 5.

L kD IR DR S R OSSR O RS ) T OZMLIT & % SR D il o
WL | TRUEBURAAAES 5 7 DO IR OIS S5,

Rl ORHERASER O ¥ & 7 QLI & B RO BBEATHIE L 1T < WS, IO aEh a2
Banns. ORI p=0 DL XEERLE (4] ORBOHETHS.

SE2 ZHR P(\) LEH g £0 LT, HER AP(\) +q=0 BEEFNEORE O L & 52
Bp L tRRER T >0 CHUT, HER PO) +pe ™ +q [0 eXds =0 HHEBFEDHE S D.

BIEE AMEIIRAE GREES : 19K03524, 24K06801) DB %% 7-£DTH 5.
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