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Abstract

Smolen et al. have proposed a time-delay gene transcriptional regulation system
fAm. J. Physiol. 277, C777 (1999)]. Two fluctuations of the protein degradation rate and
the protein synthesis rate are introduced in this deterministic positive-feedback model,
and the two noises have effects on the system by the numerical modeling computation.
When the delay time is a constant, it is found that either of the uncorrelated two noises
can induce gene switch transition, and also found that the two noises and the correlated
noise can induce gene switch, In addition, system instability is increasing with the time
delay increasing, and the system occurs easily new properties by comparing a
no-time-delay model with a time-delay model of the deterministic model or the stochastic
model.

In the further, it is found that difference delay times have some effects on the gene
transcriptional regulation system. Here, all these delay times are small, for time delay
affects system properties with the delay time increasing, The effects of nonlinear
time-delay on the stochastic system have been numerically investigated. With the delay
time increasing, it is found that the peak of probability distribution in low steady states is
decreased, and the peak of probability distribution in high steady states is increased. The
mean of state variable, the normalized variance, and the normalized autocorrelation
function which quantifies the concentrated degree are slowly varied for small delay
time. However, the mean of state variable is rapidly increased, the normalized variance
and the normalized autocorrelation function is rapidly decreased for large delay time.

In addition, cells have the capabilities of auto regulation. Based on the
no-time-delay and time-delay gene transcriptional regulation systems of positive and
negative feedback proposed by Smolen et al. [Am. J. Physiol. 274, C531 (1998), Am. J.
Physiol. 277, C777 (1999)), it is found that the two systems can occur oscillations, and
found that oscillation region and range of the time-delay system are larger than the
no-time-delay system. These changes induce more easily system oscillations, thus the

time delay can increase system instability.
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In the conclusion, it is found that time delays can increase system instability by
studying nonlinear time-delay gene transcriptional regulation system, also found that
these parameters such as time delays, transcriptional rate, and noises can take as the
control parameters of gene switch in the time-delay gene regulation systems. These
parameters may be used in gene medication research and gene therapy.

Key Words: time delay; transcriptional regulation; transcriptional rate; gene switch;

noise; multistability ; oscillation
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Yrh, R ETFI R RSN KSR M, A S B T Ak A
AR . EARAANER BT , ERAENIEERAT ALY
FAARFINE SRIGHER BT, SMARLESEE—EN R, 7N 6T
Ba BTLL, VBT, WAENE AR, ORISR . FSE
VTS Wi, RS ATEE%, URAEY K E IR TR,
FZHAETEE I AR

§2.2 HEEREMAZNIEN

T AMERI IR GER, RATEMHFEAEYEERMEMME, KHE
YRR RESD, BT LS TEHOF R A 4k Py i) TR 2R 8 AR PR %5, BEA
HBTHEME, WOWmERSHEYPF£.

§ 2. 2.1 BHESYWEA BT EERME

5 ARNXREETFY, A, BRFEEFHASHOFEWMRE, i, £
FIREHR BT . A FEIW AN o S o R B IR ) A R %% . Hik, ST 8E
R, AMIBETHAR, wREKANEBER, AARRS.
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P/ MASTER'S THESIS

—. NIRRT R EE N

BRAYEA B ENETTHRRNGES, LY RERELED R PNEN AR
HER—M . BEARAREREYSE, SAARIFEMRAERE R TN
BEEt.

ERARETE, 58 AREFARRE -2 ZRARMR RN, R
ET R AN IERE S, S RRIMA R BHE SRR AR KBRS 5 B
FHEEXR, WRERILERHEER, AKEEASBFERIEER, 82 5ER
H—2. XA EEUBOEERNE. HIREY. F5. S68K. 28
HREMAGRA K. BEEEERNEN, BIRN KRAREEERE, Kk
DHRER R RFNERE . HFEIREYSIEAGLRRAGLTESRE, 0IE
FRIEHRRSEMN, REARNTE, AKRITAMERTHEEN R, JLEKE
KRBHAHFER EHIER, FERRENNR, RFESWBAEREERS, 1
JEMEREK. BAKE. BOINKE.

HERR 5 (K —4, HERATAMREARENS ARREEXER. FHRMNEIA
WEGEAEFAERER RN ERNE, GIRF RN, EEEIMNIEMRE.

= AREIEDIE S TR Fw SRR B R AN R

F-MEYERLEETATE - EAOtRAMERY, THERRN. LUEY
A, WREHELERNREN, YRS, XEEEPETRAORLEY, &
M, W3, F b, EXRHEE. EROPAEHKRENSRARABELRE. EH
MHEY, BN, KRS EOK, R, gTelifik. Eit, ZREISIEFHE
b, RAUEH LRI LR RS R KT 1 08, KEIFER
AR . B AEREIEARIEN B FEE, BRESE T B, RExE
BT — T HEBEER, MITERERNEEHTRT — bR a1 RE
#, RE-RAMTERIEFNRBEN. 4RSI RIES KR 6.

§2.2. 2 STEF AL YRR R EHER

BATENIRB RN E3ER, SERALYEARRIRER. HHEEDKIN
HRAEYE N RBER S BA RN —6 7. BRiGiRir e mERE~e. RERE,
ARERBBRSFRIHEHELR. Bk, Adpig, RS SR REL R EER
WRBEENTZCR. HHERS. 1. AESBIRPE . MAESHIRREN Az
WAER WA n b Raf B LEMARIRE ST . B2 REHNT s,
ARFAL, ARTFES, SHNTHERBAOMESHR. TIHERIEL TS
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—%AMEEEFMEY, ERESHMEVNEEY. 2. HYME. REXNESEE
VR ENTUREAERROEN . REEEIHER, Rt ) gEiR, ZRRER MR
1€, RAAAEVBIE TARFNEERGE. 3. AYEH. thin, ARFRER
FERF A, FRTEERE A T BT, RBRE G KRR IR A
P H BRI . ‘

74k, BT ERZMNIR R RS ER ALY M EER. XREERIR. B
FRWERFRZ—. i, ARHROMBEREIGERESN. RO, SEfAER
RERfAIER, BRI, BEWARSPENERRKENER, EEEREN
S H. Hit, EYHLIER—-EENW, REASFHLERES.

Bz, EVEEENEFRRAGERD, MRS EE RN AEE S, &
JRE A S B R AR X A S TE NI B AR AL BE T Y O B E N —FraE ), BB
PR AT Z B EER . FEARNVRAR. B BRAERET, RATDEHELE
Yyt (813638 B AR, 2R R FH A2 Y00k P9 B B AT REAR D AR TIR 5%
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F=F EARRBEVRENEBEEEMRE

SRR EAEE, AREERNETRENEX. MENESREEMR
SRR EEERMEAETE. BNEE - EHANEERE, S5 RNE,
B S B R T AL R B RV W R LRIE) 1 AT AR

§3.1 HEMEEEHMR

§3.1.1 TR BEENBHEEEE D RMR

RN A RN, LR — R RR R B E R . R R R
B T ARITHR, RECHFRENERERRKEUENRZRATES
L2, W, FEREPIRFTRE TSR RGEM MR N HE RS,

—. ErE LR E AR

Smolen 2 APIE 1998 BT T — X TFEN MILBEREF REMER. &
M4 T T (the transcription factor f#k TF-A) MR &H. 2B &Y
BRERR(L . BERRILK) TF-A EREHBIE TF-A B 3R, DURIAREMMHLIE
M. HiRTHLEIE s (E 3.0

B 3.1 FROOEEESASZANALEEY. ZHRTEFET TRA
MR RAYMIG L, BRI EAME SR e HRR K TF 99
[ F(TF-REs). b, TF LB KERE L RBEEQ R L5, TF-A K
B R A RBER LRI T, kyREMME, R BTEHE,

FAEAI AU TF M- B -& ik, BB TF-A, URERGIEHS
BAE, XSS AR EREZ AN, —PERENET TF-A al LUHE T4
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RN . 3 TF BRI RSB ERE, Seesa3 TF
A Wil % [N - (TF responsive elements {%j%% TF-REs) b, Wi E - TF-REs Mt &7 tf-a
HERE, AEBMBRIEN RS EEERNES, FHilk, o BEREZAAIEM.

PEER AL B IYITE TF-REs FHE &5 BB SHEHTI M. —BY
R BERR AL KT BUUE RS (kinases) FIWEREEE (phosphatases), o BEERESIE T 4188
ESRENESHEN. Rk, XPENFRTHRESEINRFCEE TF &
R EWIER . MM, REEBRLH R SRT I ¥R,

Bt —F B, 4 TF-A ZRESYRNREEET, tfa MR BE DB &, TF-A
BERAL R FE B R LU i3 in . 2 RS WHRIE R ET, BUE T RIRERE S AR EE Ryss o
E—NBh TR TF-A R, BEREECH 4. BESEEREREE duliig
EdE, Bt R ZRSWERES TF-A SRRENTFHREE (BI[TF-AT ).
ZRAXTHG R mRNA BIEREORAERERL. U, XEEsgd—4
[TE-A] B ZELEH T4 4 JT 2

d[TF - A _ k[TF - AT

dt [TF - A} +K,

Hr, [TF-AIRT TF-A MRGIRE, kLT TF-A RBRERE, LR TFA —F

YIM TF-REs HIRIBE L, ke R TF-ABIME, Ry BRENE, WERSKES

KMBH Ky REEROEN, XET TFs AR0RE —BRETaEN, Fit, s
RIEEER S, B GENS KR,

T G B R A R AR R B AT

CLE# T TF-A BRBRHEARE D, BEHENBEIITE., fidfRix
— RS TR R R T RN AR,

1. R el fEiR A RE D i R B XIE

Eq 3.1 R RN ANEHAERER R RS B REN: ZRETN
s, BFE[TF-AVE B TSRS . RIS 2 d[TF-A)dt = 0,
KRB ERMEF AT RARFIEEWE 3.2).

WA 3.2 BiaR. 7F 1.22 min™ <k <5.02 min” B A, REAFE=TRESE, R
TP EREAAREN, ELRT-ERFHNE. BEXEMRRE, H[TF-APRZ
BB, [TR-A] KEREE (relax back), REBXERBBELE, MR
G RN, 7F ke <1.22min”, ke>5.02min  JSE A, [TF-A]RGFE— SR
XA MR ARE A, RELDRRBRERSFE,

)-k,[TF - A]+R,,, (3.1)
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no time delay

jeg [TF_A)

K, (min')

3.2. TR AR AL FE S A gk B A AR EERT, Eida R EEA.
HEHBEARN: Ki=10min", Ry=002min", k=02min".

ERRERE, M[TF-AIBPRREEE[TF-AIREZNE AR RER
FR—4. XEGRTESET TFRA RSB SNERSIEN, EXRRHIN
B REEEEA. TERBETRST, XUt EANERIIEFZHTE,

oAb, ZERARIER, ESHA TTR-ABKNINE, ET[TR-A]-RYRE
IR R R ke BT, X [TF-AIRI PRSI T A4k i B o SR 3R A PR,
Hilk, BM kR RET A X e E 2 (8] 5] AR IE?

BRATENESKEEEN, REAEWENE. S [TF-AMBKHIRE), BIX g
TR S RSB R TR-ARKE N, DUREEES RN

2. I ke BT RBRG IR AR LT i

& 3.3 %8, Bq3.1 89T EES, Bk=20min". £ AL, t=50min, k
#5% 2 min M 2.0 min ' 3N 40 min” 3R [TF-ANR/DMRE JLEREARED, £
B, t =100 min, k%53t 2 min A 2.0 #¥E) 50 min” SIE[TF-AVE XL, 1T
EAB[TF-A] tiE iR a oy mis. £ C44, t=150min, &% 1min A
2.0 HINZE 20 min” 312 TF-A 8 KKRE, B5 X B2 FIEA .72 D 48, t =200 min ,
ke #2531 min M 2.0 /0 E) 0.1 min” 31 E[TF-AJRRNRE S, R IKE B @i,
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a0
"
%20- ]
= 154 B l
< l
I.|I_._.. 101 A
‘et
0+

0 50 100 150 200 250 300
Time (min)

F3.3: [TP-ANRBEXHFE kA0 REEE R L.
FIATE, ke=2min" REGTIRRES, HMBLHE 3.2 4.

X T ke IR RIBOEATHI ST, WIS,

(D) TEREFI L, 3 kB LSHBRNHESRTF-AMRSNE#R, BB 7
K” B FH, RGN RS e AR A (1 RS R R BN [a) ) 4

¥FAIE t =200 min I, RELTFERSE. & £ 1 min A 1.0 %/DF 0.1 min®,
SIS [TF-AJRE N, AR BIEIEE. X k& 2 min RIEEFIEE, 5IE[TF-A)
A S R B L S BEERA (RER) . IXHT UL T Z 458 4 Wak i s 3850 v 57 4
HEWRRA, &5 R B B E XK.

(2) TEMR KA L, —feHh [TF-ARRER &k LR L, BRE5REZ AR
EFX. E1=150min, FRHELTERA, k25T 1 min A 2.0 0F] 20 min™ 5
AL[TE-A R KRB, BI[TE-AYNBE G B3 30 3K R w5

(3) EXFEEHZBEAVTERE AN, X ke B BB U= A [ TF-A R BF B
B, ARNEZAREE. BHEA “FFxR” 015 BETD.

LESHNEBE, 5 ke BEAT I (BRI WRES| RS Z BN
e, BBF TFs R BRI SRS ZMEDRER “Hrx” Hik, RANERAR
KB F . RERENE R S4E EXEERBMNE, P, RS
) B e 5 | AR 2 1) B 1 B B () T g et A

3 X ke B ETIANRIBS RS “ PR 2B

ESREARRAEE R, B kSEIT RN AR AR SR [ TE-ARK AL ?
BT 5 AR R ?
B 3.4 %MW, Eq3.1 By TEEER, Hk=2.0min". H7E t =100 min i ,
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ke #2233 100min A 2.0 3800 F] 10 min” 5[ [TF-A)J KHIZEN, {F[TF-A] HE D H1E
RAEERIEERSES. BT =200 min BLUF , & EL 2.0 min™ #4238, {87 t =200 min
B SIS [TF-Al i RSO R EMIRER, B1R k2.0 min” WXV 05
&, L, ERMRKEEFRSEESREREREZ A Tk k.

20 4

[TF-A] (nM)

104

[
[} 5‘0 160 1;0 260 2;0 ;l‘m
Time ( min)

Bl 3.4: TR ke A9 1A 40 B[ TF-A 1 B B IR AL AR
FIGH, ke=2 min” R TIRRER. HAS%RE 3.2 fFH.

FABE): M TF-A BRE REKNERE. SRR REERRES [ TF-AJK
FEREE, BN “FF3%”. BRRTHDE A B3R ke LB RE KR, 2085 E[TF-A)
HRR AL, AT S, BRI A TR ke B RTE BRI D, (BERE D
RS [AS[TP-AJRIAR A3 o
§$3.1. 2 FEME TR EHEREEMR

T HF R EER T 2 MFTE T ARG P, NAEYRFE RN ELLTBIRE
22 rE AT () GEIR AT . IX BLRR TR (] REAR M EE AR SR R IR

—. TRTEI (B REIR B 5E P AR BY

Smolen % AMIZEIR M TRt AR FE R R AWM MER |, 1999 4 48
HFER R R AR LR REAER, ZERA SRR RER 4, X8
T. tf-a mRNA F)EFiTHE . mRNA BB HRANREEZEETE. ULk TF-A BRIED)
Bl iR el HiEWHHWERR (B3.5

1. BHRER A& B

EEYRE T HEGEE ZEFES, BRMEDREERNEMLE. £
YRS HEERTERSEEEENER. BRERTEYRERBEFER N EH R
I 73 4 B2 SR I TR REAR (K 52 .

Xt FREE KRN RN, TR-A BFEARAE _EEY, 455 fa EHE
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Hma R EF TF-REs £, of-a ZEERIEFOR R, RABRILE RS
tf-a FEEA A . xRSO R R LR BT TP-A SRR M RSB

TF-RE

B 3.5: B LR A B F R R R4 AH E IR R, M4 S TER R KT DNA
5 _E(TF-REs), BER{LID TR-A R SWBEUE tf-a W3S, FHH TF-A 62
MRS HEE TR, ky #oR TR-A FIRERE, Ry, XRTEMSBE.

P—89 TFs ¥03E B S #FMMIE R EASE A, BRERS TRz LinA
RTE R (B 3.5). HEARAMENHEFOREERES, —7H, dTEREZ
Pl DNA 45200 tfa EH, £ RNA $RBHHIBEE BNEE mRNA FI#R
ITFA(RIFR of-a mRNA BIFE5)TEE-— 2 MEfE) . )51 mRNA A RAZGETE 2140
BB ERN, B—FH, TF-A BAEHENMEFIERZH G, BT 7EREA
R RGERI R AN R EEEN . & LR,

2. IR RIEEIR FOHE R T R G BN A2 AR

T EMEE, B3N AERKN TF-A SRR RN R,
St F LR B EGER, A TEREIETRE

d[TF -A] _ K, [TF - A)

dt [TF-A]* + K

Hob, Ky 2 B AW TF-REs LM REES, ¢ =71+ 72 XER7 T famRNA

WikES:. mRNA ST B BRI E, .38 TR-AEBRBEsFEMERE. HE
(I Eq.1 —H ' |

ST ER I 484 18 Eq.2, tHE d[TF-A)dt B, RIFAILE s HZI60
[TE-AJBERH . 3T 8521 BT Buler Rk AE,

T ETEI MR A E AR AT ([E IR

h TSR RE NS 120 RE, H OB IR 41 Mk P R A4l

(3.2)

bas

) (t~7) -k, [TF - A] +R
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FLIR R YK 4 IV 8 7 2 e 1,

1. I 3ER AR TR T REATAE XU

LAKRNEERR, DAPTR Eq3.1 BARH T HRETREAA ALY,
BIfFTE(TF-A]RA X (B 3.2). JFEARNEEN (v=0), SEHHE Eq
32 BAIME: ARENERETRAGAAIIE (B 3.6).

WM& 3.6 fim, 7E 1.2 min' <k <5.0 min” JWEARN, REGAEHMRER, BN
R, ERNRERE, HA[TF-ARIRHAIN, [TF-AREREET), R
G LReERRES, MRAREIENE. 712 min' <k < 50 min” EEZ S,
[TE-AJRFE-MREM. TRPENRBERIRZA, REURREBAFLE.

2

1_/

<
E
2 time delay
[=]
2
.1.-—-—-——"""/
0 2 4 _ 6 8 10
k; {(min ")

B 3.6: BF[EJEEIR KPR R ErE N At
fE12min" <k <50 min” JEEA, BETFEMIMEER.
B A iRAE] v = 120 min, # KX 0.01min, HALSENE 3.2 #[FH.

AR fEEZEER (7=0) BRERDAREFEEEIE (AET), 3
BN R R HHRREETE (8 3.6). ZRALT TF-A ZEEWEEE 3K
X, MESNORHEEEEFH. NRIEEXN SIS GE L FRE 2w, mH
RGNS RH ZW,

2. BRI TR AR BB RIRIBE ML “ &8 5.

FHRIZEIR RETENIGEKEIEEA, REABAEME M ke H3EFTH I ) 3718
ECREBEN FRL, ReETR[TF-APKERNZL? LEREF AT EHI? UTF
WA B 1) S IR F 3B A5 A 32 280 s 38 1 e 7 o

A 3.7 Bir, BRI EEIRT Bl 7 = 120 min IERAERE .. B RSEL TR
2R, Hkr=20min'. 29t =200 min B, ke M 2.0 min” iRFEHIEH0Z) 20 min”, ¥
5 H[ TE-A)RIBRI AL, T HHER 120 min A [TF-AlRBEHR G, W
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t =320 min B SE[TF-AIFR/NEN GELLREZES]D. X4 120 min 5 HERF KK
[TF-ARKEES. WG, HBRBRN[TRAPRERNNES, BROABEkEA,
&mias. BHEHERSTFHEAGH.

100 rt =80 1004 T = 100
50 504 f
0

0
¢ 600 1200 ¢ 600 1200
)
= 1001 .- 120 1001 ¢ = 150
£
< 50 50
1
L
t. .
o 0
0 600 1200 0 600 1200
Time

Bl 3.7: BYEEERAEREHC T AN “ S i g,
HA iR S H0T = 80, 100, 120. 200min, HASHCME 3.2 MR,

FISL R A RGN T2 ke DB RSO BT LT R4

(1) [TE-AJREEAZ BIEEIBE & BIIHBLEAN G staircase steps) F2.
[TR-AJB A BHEENHAE “JFoe” Xikiak,

BIEENEA Y, BABEENTF, R T kSR K SR IE [
[TE-ABRER AT S 4RI . BB 0 02 SR [ TF-A ] b 1 1) < L 2 B4R
1] 7 A, L T AR T, A3 R 08 [ TE-A B S (L IR BV &, [TF-A]
255 36 BOBRER I N2 X BIRA AT MBS IREEAS . FE N AR TF-A 2 B R
WIEF o HEME, IR E S 0SS, B RR5HER A TR M SR R
SR P RB,

(2) REAE “ialn” ks, BTEHERNTE TF-A &5 EiE RSA T IE
#, T BTSRRI RN RARER. B2, TAENEZEN, EEERHER
B, XHIEERAFGEEIER, FRAGUAT “iSie” ek, Hik, TERE%
AL RANIER, SR RGN MBI R ERIER, RIAER SRR
e

(3) SHARFMERMNE, REHEERE. HEMNTEEH. H—S
s, TRENTESMFEERN, MR, ERRAMTEEE L. i, i
BT 40 min 5, JLEMEART G M ILE, [TF-AIE#MERE AT BIA KA.
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REFLHAL
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3. WHEERMEEE T RN BN RS G IN < ulE” g,
LEXS S T T B, XS SR v SRR R B AR AT . R
KRR W BERIR, W —FAERMRUEAEYIERR 812”7 fit.

25

3 o ]
i ) i

[TE-A] (nM)

]
1

Time (min)

# 3.8. BF[EIEEEIRY W E R <0177 mapviisEL.
Hoep IR [E AT = 120min, HAhSEAE 3.2 4H[E.

£E 38, BWI[TF-AJLTEIRES. ik AL, t=210- v)min, k &
2 min JA 2 4834 10 min®, TI7E t = 210 min I3 E[TE-ARRAHIA CGRIKES) %
FARE . iEF S [TF-AJTE t = (210+ 7 ) min BB B DHRE (TE 38 R
B DERD G t= (21042 v) min 5B E/PMITREERNB=ZRWE .

B t=(400-7)min , & A 2min” AN 01min” , 7£ t=400 min
I [TF-APRE M E R A ARIRE L, & t=(400 +7) min AHTF-A] X K
B E(RMIRE

AEFKBAE, t= (500—7)minkf, &ZEMMA 0.115N%) 10 min", 1t = 500 min
Kb, [TF-ARRE LB KRS, SEERBE T SEADAEKRES.t =(500 +7) min
AR IR S T IRAR AN R S

TEFL C4k, 1= (800-7) min BF, k5EAM 0.1 min" S| 10 min”, 7E
t = 800 min i}, [TF-AJRERBIADTIAFEEE.

MR R

(1) %8R 0t 5 1 Y AR TR A . RS I 40 5 o] S SR TR I A T 7 K
ANEFHEES. SHEEHREEEE TR XA, (H3.8)

(2) IEIRRG AR “wdiz” Fetk. WIZRB TR ERN, EEEH mRNA
§1-E BRI RS [TF-A] WKESEMW . 7 t=500min [TF-AJE AR RE & E 4

23



it 43
°/ MASTER'S THESIS

ke 7 1=380min AN, T EELMN[TF-ATEKES, BKER[TF-A)
5 ke RBE KIS & KAKIDEEE fa MESR, BHTREXCIZNIEE, H3%E
t = 500 min A A IR [TF-AV R AR .

(3) REGXTHR— kHBRE VSR “BITE” B,

BT kR R UG ER AN, RS [TF-AINES . XA UM
“HCIR” BEESIEN of-a mRNA BIE 0L, Bk, 7o N —ANTF-AJf M. Fxiks
BT, REBENELH echoes. BV KN MMBIRET I RSIELLR echoes H IR
T EEFRAEARAE . HI echoes BER[TF-A)JFEEI AR BB IR A48 2,
LMEZE T —MES Bk g A e ERE L. MAX fe EEHTZEMNS, X4
BH AN TF-A BEEBURMIEE] tfa FEBLE, [TF-AJMRE KL KE 8.

4, REWM “HEB” & “BF” AEMEH

ML BRI, “aMrT B CEET SR E TR EERRGE 27
FrE SR TAERICIZAE )R B T R0 R SR R f i () BEIR = A . A4
SRR AR B, oAb T BB R AR S A o o R R DR S R AR T

§3.2 BRSBTS

At A S B BT 5 A L RS B . TG4 BB VE SR N R G
HIREHKE . WARETE . SLHIRKE, FEMRTE. LURRFEY Y . FhEEY a4
TR S, ST ENATE . SR, R, B
MRS VRS EH BRI, T AN =TS R R R,

AN E ARG TREREFRAVRELENEW.

§3.2.1 B ERRMILIERA B HF R

HAHRWTRE Y, HTERARNERANFE L EEEHMIRE. F,
%t Smolen PPHEH M EMSANNUBIE, AFEHRER, RERBHEREEF
AIBEHUEARR . EEEA BN SRR Ry SIARMERE £ (), MER Eﬁﬂ’]ﬁ%ﬁi kq
ESIAMERE n(@), FEL O n@OMEEHEEA, HikL.

(5(®)E(s))=2Ds (1 -5)
(n(t)n(s)) = 206 (t - 5)
TEBIERNER WY RENZI HEZ FHR
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d[IF -A) _ k[TF - A}
dt [TF - A} + K,

WF9C AR B Mg A Xt RGURERI M, ATLAE R,

(1) BREHANGEZERE R, MERAEEE a MRS IUR AR
K¥EY, TIRAFRMGEEIEE D v IS B IT X #6235, D B kaS
PASEER B R FF o e

(2) HTEFZEFEAMHERN, BEEAEY RFERE, BT XBRER,
MPERRERISRE a T LLEFEANPRENSEE., SEN, 152 A H 0 EER e
MR LU R R AR FF i,

§3.2.2 FERMEIERRBEH {HER

BT SRR T TR AR « F77E R 8 7658 M0 S5 R 5 3% R B 2 Hh i Ay
HMEE RN, URSHERE DT MNER. BSES S AT &
gich, ST TIEMAY “FE” 450,

ST SEEFRRR R RS, S TEERENE SRR AS FRRIEE
BERTiE), NIERAMME R LA ERLEEE . T OIS S I B
REMFH) IR, ELEROERETRIEE £, % R brfr zEr 852 (1 b
PLEh 2R, BN TR BIRE R R A M AR,

dHF—A]=(ijF—AF

dt [TF - A) +K,

R IG X B2 T 5 PR AT SO S, R P R S TR — AT R e A
HFH DS YEIG . AFEIHEEMNERE (¢ HEE) WERSERETE
GiAEWR S O T OIS

AR 28 Ok

1. FettURAEsRE D MINCE (D BAE, a %) SREARIRALSR,

ME 3.9 PUFLAEE], Dk posREs a = 0.0001 AR, TelklpRA R DX
A5 . R RS MGETH R R LR A R D MRS AR R R, e
BRI D = 0.02 8NE, M[TE-ABERS HZAE. LES BTSN RLENEAR
WK T A FARME S, HELT “3%7 MRS, BE#E D K8, BERKEZE
HHER A M BIRE . MREFFTRE D = 0.04 SR, AFHEDEUE RSN
BETREAKCELTBRES, £ELTF “TF7 RS,

)=k, +EO][TF - A]+ R, +1 (1) (3.3)

) (¢ =7)-[k, +EOIIF - A]+ R, 41 (t)  (34)
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Bk, ATRUEE T R PSR D R SE R AR AR, ARty s
SR D W] LUME A ERT R SR REEE “H X" HiEhsE.

[TF-A]

20 30
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