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For a variety of infectious diseases, annual oscillation of large and small incidence sizes has been
observed. One of potential causes for such annual oscillation would be the response of prevention
level to the incidence sizes in past epidemic seasons: The prevention level would be increased if
the incidence size was large in last and/or past season(s). In this paper, to theoretically consider
this potential cause for the annual oscillation of incidence size about some infectious diseases, we
constructed and analyzed a simple mathematical model about the annual variation of incidence size
affected by incidence sizes in past seasons. We assume that the epidemic dynamics in each season is
governed by the well-known Kermack-McKendrick SIR model, neglecting the temporal change of total
population size. We can derive the final-size equation that gives Roo = :l—lg]o R(t) for the SIR model.

Let Roo(k) be the incidence size at the k th season, N be the total population size (a temporally
invariant constant), and zx = Roo(k)/N be the relative incidence size. We assume that the incidence
sizes in past seasons influence the infection coefficient i and the recovery rate pi in the k th season,
and let ox = o(Cx—1) and px = p(Ck—1), where (r1 := {2k-1, zk—2, ...} represents the record of
incidence sizes in past seasons. We regard pi /o as an index of the prevention level at the k th season,
and give px/ox = p(Ck-1)/0(Ck—1) = f(Ck—1). With this assumption to introduce the effect of past
incidence sizes on the prevention level in the present season, our modeling proposes a mathematical
model for the annual variation of incidence size affected by the annual change of prevention level. Our
analysis shows that the annual change of prevention level responding to past incidence sizes could
cause the annual oscillation of epidemic outbreaks with intermediate or subtle incidence size between
them. The result implies that such response of the prevention level to past incidence sizes could be a
driving factor for the annual oscillation of incidence sizes for some real epidemic diseases.

1 Introduction
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Kermack—McKendrick €F I

1927 4EIC Kermack & McKendrick 12 & - TR - BREEDELRS A F = 2 R OBAN R EHE )L
&, G H, UL Kermack-McKendrick € 7V & FREN S [2], &, BRAEDTTHHERIETICL 5 A
O¥HNL BB L BETEIBALELS, BESEEE, BLELOBMIC XD BREL, BT 2 LES IR
REICRD LREL, BRI R WET S, £7-, BEHiE, EER, BEANSREBEEL L2 LIRE
T2, L7edtoT, BPELfEEIR, B EERZEFICIES 2V, Bt B 2 BRSEEERY 4 X
% S(t), BREBERY A X% 1(t), RRERERERY A X% RE) LT3, J0sOBEGBREOHEER
R & 2GRS A XEF YA F 2 7 2% XT3 RO ABABIHR S BMMiA KO Kermack-McKendrick
EFNTH B :

ﬁ%ﬁ — —oI(®)S(?)
%9 = oI()S(t) - pI(t) (1)
é%ﬂ = pl(t)

ZIT, o BERAETH Y, BREEED S EZEEFEGENORPEOBRD LTI 2RT, £, »
REE (REER) RThs, R (1) ICBOTE, BEGEY A XN = 50)+ 1)+ R(t) &, Btz
5 TR, FETHZ, £ (1) OF 1 ROELRIHEIATH 205, St) 3Lt OBVBETS 3,
S(t) > plo %6, % (1) DB 2ROEIHEEL D, 1(t)1%, Bt 1B TR, S(t) < pfo % 51, B
AticBWTRD TS, $%, R (1) OFE3ROELBHICETH 205, R(t) 2L ¢ ORMBEKTH
%, &8, I(t)1d, +okRHEBE, REE LS, BEEENIC - TIHRT 3 (K2 2H),

1 BPEEVBRNZET 2HMFICBRILE 2 LOTE 2 BZEEOHEEE, LT3 BYEICD
VT DERFEAEEL (basic reproduction number) & P&, Kermack-McKendrick € 7 /b (1) ic 2T i,
RERAE DRARIINC 1) 2 AL Bo 13, % =0N/pThH3 (1,4,
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K 2: Kermack-McKendrick € 7V (1) i< X BB A X (S(t), I(t)) ORMEB 2R THE, S 3E
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B

BPFEGRS A F I 7 RETN (1) KBVT, S = lim S(2) ¥ BN EEERY A XOBRKAK LT

& (M2 2H). FARIC, Reo= lim R(t) &, KBt < S % B L - (BB A XORMABTH Y, 16
%ﬁfo)%%ﬁﬁ%ﬁ&%ﬁ%bfh%@'@ BRERRREBROBYIEC L 2HEOREIZRL TS
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Kermack-McKendrick €71 (1) OB 1 REF2REAV B L,

as() , 1o

dt dt =pI(®)

S as(t) 2)

ThHB S, ZOWLEt TRYT L,
S@) + I(t) - gln S(t) = So + Io - gln So 3)

MWEBSND, JHIMERORL L ICDVTRYILODT, ROBERABR & WILh 2 IHE & BEAERICE
TR sB/o NS

Sw—BInSw=So+Io—§lnSO (4)

7271, 8(0)=S8,>0, I1(0)=1I,>0, R0)=0TH%,
HEREOBZt 1BV, SE)+I(E)+R(E) = NTHBE»S, So+lo =N THb, ARIS, SeotlootRoo =N
THZM, Io=0&D, Soo+ Reo=NDBRYIUD, ThEEMVBE, R(4) 13,

N—Roo—gln(N—Roo) = N——gln(N—Io) (5)
E2 D, Ry BT 2ERAERR
Roo = N — (N — Ip)e~(¢/PR= (6)

ML Z LTRSS, COABRIE, Nt o/pdEiohhid, 0< Ry < N%22M—D R, 2L
LR R ARIHAT I EHTES, £, BEEE R X, o/p it o THABNTHS Z L
bbb s (K3 E8H),
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BRFUE Roo 1, R (1) 22T, Rt — oo TEE 3 WBEBERBREY A XTH 20, HEETY
Y7ELTR, BREEDBRREBROBRPMERBEREFABHY A XE2LT OO LBRTES, ZDL E,
R ¢ — oo i3, BPHEDEHS A F = 7 2220 THRENEE L 7RIy 2 BEENTH 5,

AVINEZYF B LD ETERPUEORMITOF— 505, BVEBELTHRATTIRTHRONS (M1
M), T4, BIFEOWMITICKD, BE, RLLFHNEMBMEEI NS0, BEYERTHIH I N RS
B RRTHITREY D 2, DF D, FEORBRPBENSEORPEM I (BTS20 %
RIFLTORAMBEMEAREZ 2 2 LT E S, AFETIR, BYERTOELENCD\TH I D AJREME IR
THOHERNEEELIT) 01, BIHELRTORBRLAEY, SEOBRPIEGRRS A F I 7 ACRIZTHE:
BEALBEENLEEE T VOB 2T,

2 Model

2.1 Assumptions

B TEETIRPMEDRRS A F I 7 RIZEWTIE, BEOBRY — XV IcB 1T 2BRLEDOEY S
4+ &7 A%, Kermack-McKendrick €7V (1) THRABTES LT3, By — VBT 3 RBEEE
YA XOEEIESHT 2, £/, WEOBYEL — XV ORBBEOEB L - RBOMRIIEHTEZL LT3,
T2, AVINIUFDOEIHREL LTOBBIERER2 S OBRPEREZI LI LBTES,

B — Ao h R, FEEFEIL, FEUNTOBREBICKEL TEE 3D ERET S, & A,
AR ICPEDSRAT L CREBEVS WL, BEE, FHhY - )BT, ~XA20ER, AV 7L vy
77 FOEERE L o FHIEENTFESTLbNEE S, 20X ) BEHE, RHEICHR, BREEDE
T, BHERO LRSI 0, FRIKES LSS EEZ NS, £, Z0X) LTFHiA#ED LRI, #iE
KRSY, “FHMAIOBYEEBENBKECZLREINTVEEIZDLEARTH S, ThoDI Lid,
FRHIRENPRIEMROBIEEOME LRI 2REE LTEATLI LITE 3,
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2.2 Modeling

BRAEN

kAEHOBR — XV e o WT DB Ro(k), BREOYIEBEY A X% Io(k), BZEEOY
WD BT 4 X% So(k), BEUREE o, EEEE o, BEGRY A X% N (EEH) LT3, kFH
DEH — X O RABEEERL, Ro(k) =o0xN/px TH5.,

HEICRAREREIC X D, R (6) KETVT, BRRBICHETIROBRABREERS :

Ry (k)=N—{N - Io(k;)}e—(dk/Pk)Roo(k) )

22T, ok = So(k)/N. yor = Io(k)/N, zx = Reo(k)/N L HUE, BABEER R (k) AT, L
RERDEHcHFEH]z 605 :

2k =1—(1—yo)e"FoB)z (8)

ok MR 4 XIS 2 BEEETMBEERY 1 X, yo, BEBRETNBGERY A XL, 20 1348
HREMRHEERT,

AR TIE, B A LT 3 BREBERY A X Ih(k) BPREERY A X N ICHXTHZIAS 0
LRET D Io(k)<N, Thbb, yor<l £T 3, TORELAVIUE, HNBRMUR 2, 12BIT 2R
HBR (8) 22w T, ROAEPAFBRAEEZL S LMWTES:

ze=1-— e~Zo(k)zk (9)

L OELUHERAER (9) IKDWTIR, k)<L A5, (9) EWLTDIR 2 =0DHTHY, Zo(k) > 1
old, ZDOL BB, 2, =0AND (9) ZW/TH—D 2, =2 >0 NEEBZ I LVBRICTP S, &
DHEE, Ro(k)<1%51E, TOBRABR (8) K2V, 2z = o(yox) >0 THY, Ro(k) >1%5E,
k=2 +O(y0,k) SO0THBEILEERLTWS,

FRh7K MBI

Rz, BYURE o, BEIHE o 28, BEMAOBRREMOPEL RT3 L) RELEFE T VICEA
'3-50 /)i 0, Ok <‘1 Pk %Eﬁﬁfl}lﬁﬁd)ﬁ%ﬁﬁa)ﬁﬁ Ck—l = {zk_l, Rl—2, } @Bgﬁ, O = U(Ck_l),
ok = p(Ck-1) TEAOLNBHDERET 5,

IHSD g pr D ooy ~OERFMIE, BEMBIOBRBBICKET 2 FHEBEBEOEORLEZKIL T
WRLEZBILENTELDT, pu/ox ZFHHAEDEBEE LTHRY, (o1 DB f(Ce-1) = ox/ox =
P(C-1)/0(Ceo1) ICE D TRT, LURE, f2FRAKMBMEFEEZ LICT 5,

FHHARBES £(Ck) 12, FERD j € {kk—1,k—2,...} IK2WVT z;€(0,1] DI LIEMEBIKE T 5 :
f(Ck) > 02> Bf(Cr)/02;20, £72, BOBETV V7B I 2EHRIC LD, FRIKMERE f 13, ¢ = {2,2,...}
(k EEHMMOBREBEBER) »2 G = {2,2,2,...} (k+ 1 EHMETOREREHER) 25,
f(Cer) = f(G) ZWTHDET S,

FO) DB ENZERD 2€0,1] KDV THBRPTH 2026, FHHAMEREK f(¢) D (={0,0,...} i
BV 51 £({0,0,...}) = fo i3, FHIAKEOTREERL TS, £oT, folf, BRMEOHERL LD
AEBIEIC L > THRESFHABOERETH S LEZ LI LMBTES, £EBRBRENLETCHERANE
WIBEICIE fo 13X, M, ARHEOBEOEVCREICE VTR fo BKEW,



X 4: g(z) = —-Nz/In(1-2) D 2€[0,1] BT B T 77, R (11) BH,

BIAROFEEHT (T IIR

HEAFEER Zo(k) SRBEERY A X N L FHKERE f(Ci1) D RZo(k) = N/f(Ce—1) E LTEZ
50B5DT, (9) &0, FFWLTIR, ROBRABREZBLBEOELEH S M F I /7 22X T 2 8EET
NWELTEET S

2 =1- e~ {N/f(Ck-1)}2r (10)

L, 22T, BEAoNT 2 KT B ZOHBR (10) DR 2, 1220WT, Zo(k) = N/F(Ce—1)<1,
Thbb, f(C1)>N %51, 2 =0 (BICHEETIEBEM) &L, f(G-1) <N %5IE, (10) 2W~T
2 >0 (ME—DED I UTOIBHR) LT5, BBARRK (10) 1, -1, NIXHLT, D EL2
2 ZEDDHEBAFER L o T3, MNERBE 2, = 013, Kk FEHOBRYY — XV ICBRYEETAT 2 Z
ShholBAERT,

EABEER Bo(k) = N/f(Ge—1) B 1LUT25E, RITFRFEZ 62V, LY, f({0,0,...}) = fo=N
RIS TWWED 2% 61, fQ) B REENBERD 2¢[0,1] DIEBAEHTH L Z L5, (A
FNBEED 2€[0,1) IZ2WT fo<f({) THY, Zo(k) = N/f(Ce1) < Ho = N/ fo<1 BHERD k ITD\>
THRDIZID, BRELT, Z0OHE, (10) kD, FBDOE>0IKDWVT, 2, =04,%%, ZHIZHBELE
BELT, MK, EXREEEREREZ ICOWT Zo > 1 BRI D2EBHLEEE, Tihbb, fi< N
W7 TRETT(10) #EZ 3,

3 Analysis

3.1 FHROFEMERES

K (10) VED 2 XN BRBLD EEBRI {2} DFER 2* BROABROBL L TEALNS :

" Nz*
R D)
TR, ¢ ={z52"2"...} TH 5B, BB & Hic, PHAEREK Q) 13, (KEFNBEED
2 WOV TOHBPL L EBEREKETH Y, & £{0,0,..}) = fo < NOTTR (10) 8EXTV3DT,
FC) oo = for df(C*)/de* >0 THBZ EH o, ABR(11)130< 2" <1 %52@%LE 128>
BEBII»E (H4sH), Lo, BRARR (10) I X 2 HNBEBREOELEG S F 2 7 213,
H—DEDFHERZHICH D,

(11)
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1/2 E
0 1

B 5: h(z)=-1/z—-1/{(1-2)ln(1 —2)} D 2 € [0,1] KT 577 7, R (14) B,

X (10) OTBLE 7 TRBATS I LICED, RO 02 /0z_, ORAEB T LHTED
Oz 1 0f(¢k-1) 2k In(1 — 2x)

Ozk-1 - _f(Ck_l) Ozk—1 In(l — 2zx) + 2z /(1 — 2x) (12)
HLY,
Oz _ 1 8f(Ck-1) z*In(1 — z*)
Ozp_1 o=t T f(Ce1) Ozk—1 o1 =C* In(1 — 2*) + 2*/(1 — 2*) <1 (13)

DS X U, RN 2 RFTENERE TH 3, FHIAMBER £(¢) M KA TN HEED 2€[0,1] i
WTIHRA R EEESECH ZEREL, FER (13) 0ELAD 2 FHORFOFELEL UL (KI5 8H), £
ZR (13) BROFEALAETH 2 I L23b2 3 .

1 Of(Gk)| < L_ ! (14)

f(¢*) Oz o=t z¢ (1—2*)In(1-2*)

3.2  FRHKEABIELRIOBRAMICREBIBNICEKFT B8
FB5 7k MBI
TR K HEHSRTAE DU 0 RSB BB IR E T 2 84,
f(G) = fo explazk +o(azk-1) + 0 (0zk—2) + -]
~ fo expla’y ozks]

=0

(15)

TE5ZONBBERELD, a 3FHHKEDEBEDBEBBI N T ZIRERE, ¢ (0<0<1) i, FH
BRI B EDOREEED > OFBNOFERE (BFEORBPEKOEROHIITEHORE) TH 2,
kA& o i, BEOERPEBOTRIC X 2 HEIRENICE ) BB 220 ELERT,
BEOBLBEN L D AZVIFETEIKEIR LD BB L), BEOERBBI L D NS IZETFE
KEEZEAD L DX, ZOMERIZ, aBKEVIZERL, oW PEVRIEERV, RTA—F o DKEX
i3, BEOBPHENAETVE 2ZY, FREFHEELT )2, BROBEFESNE L ZERE, P
EBXEHETHhTbhknind, 25 L IR20REZ3BAORELZRBRL T3,

Z DFBHKMEREE (15) IC k> T, BPBBOFERES A F 37 Z (10) i,

(o)

Zh41 = 1 —exp | —%o k41 €xpl—a Zajzk—j]
=0
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K 6: v(z) =—{2/In(1-2)}e"** D777, R (19) W,

ERIN, THIEWTBILICE->T, kFRHUROBRERRL &k + 1 FHOBRAEZ E (Y

0= 24) = %o exp[—a Y 07 zk_;] (16)
Y

2k+1 =0

ZB5ILMBTES,

FHROBAAREE

0BG, VR 2 ORPIELESRY (14) BRO LI IKHEERIN S ¢

1

1
¢ (1—2*)In(1—z*) (17)

o< —

M5&h, a<1/2D L &, & (17) IMEED 2* >0 LTHEICRIZSL, a>1/208E, 0<2.<1
555 2. WELELT, 2*> 2. 26IIERDTIE, 2* <z, BSIERD IR, Thbb, FHH 2* 13,
a<1/2, £703, a>1/252 2" > 2. RO IXRAENELETH D, a>1/202 2*<z2 BHIIAKETH
3, a>1/21cNT HUHE 2. 1X, ROFBREZHMLT :

1 1

a= 2. (1—2)In(1— z) (18)

EAEEER B = N/f(() O ERER, EBDOLISNLT, Zo=N/foThh, ZITiZ, &R >1
DTFTEATREILILERT S, 4, FHR 2 2EH DR (11) i, (16) BT,

*

1 _ z e
Z;  In(1—2z%)
E%5, 12RL, @:=a/(1-0) THB, EROETAN 1 LW/ PNESREEHRTHEZ L E, AT 2* €0,1]
WKEBWTER[0,1] Z b BB THE2 L (R6BH)ICkD, a>1/20L &, T 2* > 05 RAF
WAEREL R BRME 25 > 2. 1, RDEIILRENS :

—-az" (19)

1 Zc &z
Z In(1 — z.) (20)

R (20) DAESHWE Z ORI IND L E, PEE > BARETH S, UEOKERLD, (17-20)
ZRVIUR, & (10) DEHRBIZOWT, "I RX—% (1/%0,0) ZRITICRT L) ICHETES,
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HENEBIEE (0 =0) OBE

ZOffiTi}, c=0DBA, Tihbb, HINEHEROBELEZ S, ZOBAIIX, FHARER, 8
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KRT EHICBoN, —EOBBMOWMITIMENEINZBE, THMEKREORTL2BVETHE,
TLEVE L KREORTEREITERZRVETHAD I DDRNY—UNHB I ENahs,
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TEWBTED, BELELTEE » RN 2BE L, PN 2 BFRRET, WERER 2 BHIR,SEN
3220088, (2,,%+), (0,24) KAWINBZ Lm0 5,
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WY 2y BEETSHLETH S, Thds, BRPHSED 2 AR (0,2,) BEET 3 &4

1 1 1 1 1
0<1+—-In=—<1+=—In1+=-ln=— 21
Sl Sl =< +%0n{ +an%} (21)
W50 D (Appendix 2H), ZOMRIZED, F (10) DEHREICOVT, RFRX—F (1/Z,a) % K
WIATEIICpETES (K7 52H),

2RI OBRRMETHFHKEICHEE RIFTRHNGIBS

COiTI, BEETIL(10) ICHBEILIERT, ROXIZREEBEFLICOVT, BEFEICLSE
HREOTE 2 FHAERERT

2+l = l—e—{N/f(zkvzkfl)}zkH
(22)

f(zk)zk:—l) = fo eo(zrt+bzi—1)

COEHEETNTE, FEITBI PR, BIELRTLE, 2 EROBRRHED S DAKER RT3,
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REBICHE ) B2 FORBGPREY & OB OFHRRE (Fi % FEOBRHMOTEOHLNEAORE) <H
5, ZOBBETI (22) 1k, (10) DT XA =S DR LBBEELTEDSL I ENTERY,

BEGEIC X > THBO N ERREBOSERN 11 IR, B4 EOBREEED S OBES+FcBiIh
i, ERRBODTIROMEE L, HAWEHER (BEe 7N (10) IKBWT o =0) DBEELELTH 305
HI % SEDRBPHED & O EN L YV KES 2B L, B#IIRY, SHRAMESDH 4 2WEEHIRN2 =
EWbb, 1L, BAFEOBREHED» S OREIETES L, ERREOSHEOBEIX, L5, B
fLl, HESEHER EEETFNL (10) KBWTo=0) DBADZNIECOD LR S, HENEHD
BENHE LGS ICEFRBOFIEREVEETH L L2 TBRTHREETSH 3,

BEDERAED 5 DFRAEADOEERIC & 3 EXTB O

BB ORI JAIC DT EFRRIC, K 12iCiE, HEE TN (10) K2owT, EHIRBO % $iEst
BTV, ZORER»S, 2 EURTOBRRBMOM S > ORESHL 2hudh 2 (o 3L hKE
V) 13E, BEREOEEHICR A AESEHAG VI EBRRENS, 7L, c=1DHAICE, oD
IS S TICFHR 2 =0 IR Y 3,

7, o BREVEE, FED o I LT, EHREBICET 2BRBEOEEHORKMEIZ X H/HEL
5, Tiabb, FHIKESY, BEOBIBAEOERELE)> SHELZIHIZE, BYMEOWRTOREIZ
INEX BB EBTRBENSG,

BN BRERBROEEHORFEL R 5701, K132, FEEFL (10) Ik > TEAH I B KGR
BRBOELRE 2 BHEGE TRV, EHREBODEN 1212 BN TW 328, BEOBPHEO I T
KEICHEZRIET (0> 0) HBE, BEBTOELBIBRRMICRS, Thbb, BERTIES 243
BRISBRWVEILEI>THRZ>TWw3, 2L T, BEDBRPRHEORENFIHKEICKIZTTEEN L KL
(EDKRE%2 o) BNERBI13E, BRPOFBTELZRT L ERITEEN L VS k2RI #ETES, -
2L, S5 DRER aiX20TE, BEFRTEOBRERBEOIES DEHHEEICRD, #eT, HEET
HRHBITEEDIESDELTEEIC RS (AFRW) kI TH3,

4 Concluding Remarks

AFXTRES N TR HIEE FVIC & 2 BAHBELBICIE, —EREORTERVETHE, s
ERBBOWATZRRDIBETHE, WiITLEVEL KBERITOELZRVETHEED 39 —vaHn) 3,
2T, REDTF—F IR o3 &5 RRFMTL/MNRITORE 2RI LERD 12 LT, RIHEH
DERFBINT 2 FPIKEDIREREZ I B LIZHSITH 2,

AT DRBPHBESI K E 2 B8, HEWREEBRROEDFHTHICEEZRITT I LIZMRVE VWSS
Vo E7z, HIXELUAITH - TOREPREMSKRE VL, HEPAMOREICERY DT, #HL08RE, b
5\, eRikEE EEREE, BB, ZRARE) 0k 3 BRETFHOEEMY (FIHEE~ORERYE
PFREDZ L) CHENH L LEZLDLHEARES S, DD, HLAEMUMTH - THBABEIRKE L
&, FHKREBOEMADOHENNARE B LEZ LI LBHEKLE S,

FRXTREIN TV IRPERTIAF I 7 20BEHEEF VR, 20L& ) 2BEOBLBEOTED
FHIKEANDHE, DOTR, BESAFIIANOHEZEALLEFLOEFTY V70— BEL
bDTH 3B,

BPIEDRY YA F 2 7 ADQBHROKR L TIE, BYEHBORBP N PRPHERSEELRTF L LTl
EFonz, INOIMERSA F I I RAICEWTEETH S I LIIURTH Y, BRMEGROBRICXS
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(b) 0 = 0.2; (¢) 0 = 0.3; (d) 0 =0.4; (e) 0 = 0.5;

5.0, N=1.0, z,=0.0 (:<0),

¥

B 12: B0BE TNV (10) DEHRBOTIK, (a) 0 =0.1

; (h) o=10.8, go

(f) e =0.6; (g) 0 =0.7
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SEASON SEASON

K 13: BEET NV (10) I & 3 BRABROFEBORMEIHE, (a) 0 = 0.2 (b) 0 = 0.3; (¢) 0 = 0.4; (d)
o0 =05 () 0 =06; (f) o =0.7; (g) 0 = 0.8; (h) 0 = 0.9, a = 5.0, %y =50, N=1.0, z = 0.0
(i<0),
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BETBIDSE S 4 F 3 7 R RIFT BB AR LI L S BBYR LS, FHITBHOFSLZBAL ER
FAFIVRAETFNMCOVTR, 77F VERBOYRETF—< L Lbols TR, FIRINHDRYD
B, £hbit, BEOBMEEOLREIREDFHTEICRIITHELEA L LBEETVIIOVWTIA,
Pl kb, ZhET, EEORASZY,

BEOBPEEIC N T 2 FEKEOISEMEOBE XX, HL20%M (FEiERL &), BREICHIK
FELTWwRRTTHE, X5, FHAEOERME (e, B (O KBS f({0,0,...}) = fo) &, X
TUIAOERICE I AREEDELRTIDOLBRT I L TES, EXTVWAAORMDOINX
5 S - SULRRHENREF S T 2 BYSEGROBHBES A F I 7 ARREKFELHDTH ), EFRILTRES
NEBEEEFVZ, 2070 IA TEEIBIENTEL ), HEDBRIEICOWT, #E - XLRRHE
DREZZAOEFIcE 1 2 BRBBEEBHON LD - DHERNLFEN1 D 2BE-D0EBETLELT
DBELHFELV, E 2, BEORRPMEDOR L 5 AOSEICE ) 2 BRARBRESHOR VY, TN6D
AO$RIBOHS « it ER T 2B TZ 200 Lk,

EHRXTHE-S-BBEEF AT, BADZER (N) LLTw3, LiL, HEICE, BAORKHES
LTk, AOEBAOBREBOKENRIZ, EROEBMABEESHORELEBR T LCEHATERVG
BixdhlihuiEIoNnd, KRXTCHE-HBHEEFANVICZDL ) RADEBOELE* BATE I L
BRES, 7L, AOEBOEESLBAINEEETFVICOWTR, BENZBITIRETHE L
bFEEND, 20X REEEFNVIZ, BENLBREDT— 2 2IGH L RTOEEE O BRI #
HOBRE LTHLIZZ EBHFTE, EMAROSBEROBED—DTHS,

ARFECIt, Kermack-McKendrick € 7% A7 TEREDRIT, IOV TEEL TWwaH, (o
KO WiTy, LR, 77y a v REER EOYLEROMTOBYEDL h OREORHEICH, AR
2, BEORTICNT ZIEERBFEL TR EEIBILNTESLES), 2LT, BRELHIIETS
ZDEIERAOBHEDLIRBRDELICOWVTYH, KR THEEL /- & ) K€ 7 VI X 5 BiRapt
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Appendix

2 FHARE (0,2,) DFEY
T, f(Zy) = fo€®®+ &1, f(Z,)>N i3,

so>in® o lnz, (23)
Q f() Qa
ERIND, ZORERDEY IO/ DICIELB LUTTH2 2 LBRETHS, Thbb, (21) DE
1 DFRERBED LD EBRETH 5,
=%, (21) DHE1REDE, R4 &Y, 2 OO THBEARPTH S, EoT, (21) DE 1 OFRERHR
DIDLE, FH(23) 1%, (21) DE1RZHVT,

_L< B (1/a)InZ,
Xy~ In{1-(1/a) InZy}

ERTILNTE, ZO0ZFRHEH»S (21) DE22DFREXNBONS,

(24)
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