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ABBF LA RE T ABIKH 24T ER, TAK, TEEE, TAME,
RRM (Liapunov 22, AR RALRTER) RALNGELS (RIEA,
RkEAMmBrRMBEERS RE3EE, B2 H FRA,

F—E FREMEFETUEHS

§1.1 R % Wy & ¥ % &
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B, ZE R ), REEREEMATHR.GSVA, T, BE. =85, BBUR
EE, RERES, EHTXBETEN, BEEERMERETMNRSLEE,
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B | (u,—ucl)/Rl—C,u:m—iL:o } (1)
ucy /Ry —i.4+Chticy,—1.=0

B Ci. Ci LARMEIRKIEE, o, —Liz—tgy= 0 (2)

FLAR=K AR, Uoy=—1uc,/R,C,—i1/C,+ufR,C, (3)

z.‘-cz=—ucz/RzCz‘{'?.L/Cz'*‘ir/cz: } (4)

;L =uc,/L~uc,/L
FHM Tuc,, ue BB EERBAL L, A H R
=4 HRERHuc, veo FiK, MHMEEATH IHBREMR
EHETUHXZASRERE, BRXEANATRAE2ES
T XD RAME A, WMuc, v ROMNTEEHET REHN
EERAEs el (IR(OIBARRHIRETE, Mici e
Fi U HARKEHREEZER. 5IARE:

x=0x, x, x4)7=0uc, tc, 1.7, u="Cu, u,)"=0u 1,27 (5 )
. —1/R.C,. 0 -1/C, r1/R,C, 0
P, A=§ 0 -1/R,C, 1/C, ] B= 0. -1/C,
C1/L -1/L 0 0 0




M 25 5B () TS RAE BB R X (£)=Ax($)+Bu(t) (6)
KREXODFHRBFAR, vORIBARSHAR, ARIRGER, BEIEARBHE
M. MAMBRGLUE, RABENBAGHRY, RERE RNEZEREBAENRLN
W, 7ERNED, ROEEKS R, LMBRi I EENRE, HFUyOEZ, N y=—
4c)/Ri=(,—x,)/R,, BREEHBRAKRZL y=c™x+d7u (1)
¢T=(—1/R,,0,00% N REMMMBIERE, d7=U1/R,, 00RIEMER, ERTEALW@ H

- REMBNEEEW, RITBED, XHEWHTEB/RESFEY. B

FEDERIZZGHHHTERXNBEHE. RENRSTE (6 )NHBMWBFTE—
B, ARIELOEEERN, ERiIEERBR. EGERI-BEIREH B H, MF
iry=Uc,/R=%,/R,, lLly.(t),'y,(tM;‘ﬂﬂﬁZiX’hﬁﬁEﬂﬁﬂjix;, iry, MARZABNW

B2 ¥y, = (~x+u)/R,, !h:uc‘:./Rz:x:/Rz?

BE REMRER: y(2)=Cx(¢)+Du(s) (8 )
I _f—-1/R 0 0 _T1/R, 0

A y—[yz]’ C—[ é ' 1/R, 01, D —[ /01 0]

EAANEB A LOBRANBHOREBRASZHA. SRERERFEHIMIMORHK(E £
EXEEA, SHHEONE). MIMORZNBFEHIIIE) R G,

ERAEPMRESTER, s EALONEE, X)), u(e), Yy 5Bl nE, 8 Rgl
Mg, TANexniEkE, BlAnXpiEkE,ChaxniEl, DlhaxpER, '

L ERRGBEAA TR, EEEA, B(b), C(c™), DU, HVBRHIFRTXEA K
E‘J, BEEE—-BHBERT, AREBEAB(b), C(cT, DT, HNATXKERNE KH

%, XN EERAG), BXXb)), COICTUNED(IWET1). 4GS XREBE

HEMEA,B(b), C(cr)BLD(dT d, F&, Elﬂiﬂ‘ﬁ&"ﬁ HRARENBEF HARS K.

X () =AX() +b()u?) (9a)

Yy()=cT{1)x () +d(t)u(t) (9b )
MMIMONZERSZNBF RIS R:

X (£)=A()x(t)+B(uls) (103)

Y()=C()x{()+D()u(t) (10b)

RITAE: A.B(b),C(c¢T), D47, d)%ﬁﬁﬁﬁﬁﬂ?%%ﬁ%ﬁ?%, TREREDEN
HEEEOREHRINERE., TAE-IHERENHT
pin.2. KEEHHE, BERMABIMNIA: —AABAnG), EXREHY: 5
— AR Rdm, %3 HEEHY, Ei1+dl, XFIAREAEHI—IRRI(n +dm) HE ¥
Fv+dvigRF, ERMXFNEATFHDHREN: mv+udn, TEBHGHID ENRN 3 R
He (mtdm)(v+dv), E dt AsHREOELD BEEEHME dmdv),

(m+dm)(V+dv)— (udm+ vm)=md v +dm(v —u)
REPRER, HROMBETRARGANFERNRRRROHRF .
mdv+dm(v—u)=Fds, 4; c=u—v 0] m(t)v— cm(s)=F , (11)
¢ I Edmiaxd FRAm R RE. UL EHORFENREn MdnEHHRE: YIRS E
B, WmiSH—AB—PRAdm, W dmiyf, (Q1DRER:
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e, ¥)—mg— (= m=mz= cm()—m(1)g—f(x, *) =m() ¥ (13)
BHEREHFRNE, SHEHNEERT, MU —-cRAQ2IR, i’

x

Ref(x,x ) HESES, cmBAEH, HEEELL. 2 ¢
W B T R BTN (E11.20), HEZ K= LM
EAERTEA, UHBETHETN, A2 ER - ¢
m(tdg—cm (D —fl, £)=m(t) (14) e
ADFADFRIEREN T RAER, —RER T, TUSEERE ™
A RANEFEAE R TRER, () (b
dx () /dt=FfIx(t), u(),tl (152) B11.2
V) =alx(t), u(),t) (156 )

WENREZGR, BERMEBFE; x(@), u@), Y)Y 48IHAn p, o &, Tt a4
Bihn, ¢fMEEK., B.3ERERLE (10) g hE; MENAERGA, 25H RS

(M FHBRE, RNAE, HelEh, HZXHETREGEIARR, GRARERAXE,
u(s) u(t)

-_’ D(H) === d(1)
B(z § c(t) bt § ()|~
1A (1))==Ix(?) s A(2) o)
m11.3 B11.4

#1183, AROEDRAEONE, RAECERENORERR—IERWHEE, B EZH
TRREE . RAERTRELEDENERNRASSE, HRATERSIPR, 7R3k
BICEAT, RExnEMOEEOEZF B X RBA, EEOBEHRTRAL, MWNE
BR—-MAEFECERARRMZ L ERLBEGRILE

] e ik v AR R IR H PR S BRI i U B 5 0 BR R 3R T A O M O B B SR O B
EhE, XA EARESRERBSLANMERF -—ELEWAE, EMESENILTE 2.

BE18704F A Fick g HEBEIWE - P ARATFHMMESE (blood—soluble
gas) Z2EMEHNE, Fick REXAEZERETRNEZNER G E T 0% S
HEMSERE, BTORPHSER E—MERASRER T WSBMRAITE, AR
fHER A NRRLENELE. A.Zwartfl O BrovkoBE AEBEMERT Fick#y X #
BHBBTRERE, CREHARZRRGFERTZRXMESN, FTPRNERTIFRE
PSR,

C,Py=— [(1—M)V+(1 N)MQO]PA+(1 —N) A,,E QP +(Q=MVP, (16)

C, B, MQU1NWHN2 P.0:/0,—Pi |, j=1, N (17)
Rot: Co~ I MR R B SRR P (O~ BA Sk HIE B
Cime M55 A B0 B 2 SR B Py (O~ AR IA BB BESR
o~ I — 4545 B A3 Qi (D~AREINBHUBEE, #
M~ 354 TESE R H4y ( R BMS R Y Gr= 0y L,
HEIES ) imt
N~ B I 30 507 14 30 3o i A 2B 57 B/ B B )

V~#iS(ventilaton) B/ B{IME PuO~FHEAREBHWBEIER,
N~ N 1E 5 5B FEBEAEFEDIRSENRHBER
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P14 EERBTIEHERR, E558 (FFENEEANT, MERENHESY
%) BRETE, ATRPARGRE, SAN IV AERpETRAURESSE
BILRSTHEGSRBERTE KT, MSSIERFRELKRET SHET BT RIS RRE
SN ERFERD,
- RAENRHHE-MEEN. AFERBRRRHHRNE S, mS0.0F B %
FEREAL, S RERTEEILA A0, E BAEA ( Automatica, 1978,p583 ) J¥:

0C._ 0 [ 6’C,,.] d [K GC.]+ a [KGC V&C Vé’C v dCa

at T ox 1P ox +5; ' 3y 9z |7 az r Jy "0z
+2 REIOLICEEPLICES LIy —z) (18)
Afts  Ca: ?&{E(x,y,z),ﬂﬂﬁlt, B3 K..K, . K.: HEFx.y. 25RO EST 8
RECHERTEHE, ppm ' ¥, m*/s
Gni: BRERA RGN E Va Vii Vee HEFr a2 5AHTFER
i ‘ H, m/s
l: BREHRAKE ' T8 dEH

x5 HeikE ComyBEL & C, ?ﬁE’FJ&ﬁE (IEEE, A C' 1974$ £.904)

g‘}c‘ ai [ﬁgg]*ai [ oy ]+6'z [ '62] V'ax '6‘y V'gg

+2 q(t)b(x—x)&(y —¥4) dlz—=z) (19)

Reg: Mg MRS B, RS BETEE, |
Bi11.5; —HREESEYE, EEPARTELMENN, EAER FERASE EHEXE
=i, HEMEERAXNMEIRANEFARR—ATEANREETE, ERRNA TR
P15 HXANERORERE, HEAXNEERBAFHE AN, MELBNRES S
%, USANXBYREEH. IMERARTEETY (X%, BREA, DRIEER
BRETOREDNEEEN, RONBETENRFSE, S—~BRAILAE 5%
ABBHMOBEE, WUXFEAIBEENTESBOERA, REABINAEN—BREYL
< @ E BTN —8 - 4y BA00~ 8004 R It /N, 5 BB 11.5, M
 HEARHTAE, SRKEEENT, B

‘>C<x>'°(n —>c(,,'u(,) 5“’ ' _’ N
é">4<a) "q“-u " "" s EINNRIE R T £ W& B,
dcori L denri Vs %l’l\ll\&?fﬁ]‘?ﬂkTﬂ‘J$ L R
Mo Q- 1k Dcirk M., BEkM/h
IR 3 ' HE  giu: NEIMDBERAST+INNENER
&11.5 #HH, ENERREET<:<(k+1)T

BRULTHN RN, WEINDABRE A Ei+1INMNBRERR. #/h
ri, s WAL T<e<<Ch+ 1) T, WIHEHEAN, BFTHRERER
M BRMTHTACEWHER Kk T<t< (k+1) TROGTFHRE, #/k
BEBECGHFvfERARSER, ¢ TELEEXBEAEREERER.
MNERNERHTERS, FR8E MRA, k+lﬂi‘?‘ﬁﬂkﬂ=}‘§ﬂlﬁ‘3$ﬁ§l§*§;
Cirer1=Ciiya T (T/A;I a1 — gcjril (20)
R AGREIDRTEOKE, FE & ABEEREATRBOEFCEQCOEANFIES
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piinizEE T, H,J,Payne ( Simulation council proc, 1, 51, 1971) ##H T  FTRXTF
FHEE v MBHEITHEGRE
Va1 =Y+ T/ V(i) =vindi+ (T/ A Lv G (v, — v ) Isatlc oy, /) s
+(vT/A TGy ~C-10/Cc ¢ + B (21)
AP AT I SR T RSV (e )V RiE B et A, X—BHRARTE, B EX
AT ST B TENEE. (21) hEZTHRATHN, EEFRIAEELE ., —,,,
HEIPNRREN, ERETOG-DABREASE) DB MBEFIRENRELHITR, *E
TERSGBIMEREEL, (21) hEOEFIEEBET, LRIV EIRED (&8
HWifEM ) Bm, vENRSRAR: LRIEH, BREEEEN, PETBH, SAETHE

RIEH
ERPRFHEE (1=0 ) B U=n) &Me MLBELEN, ¢, MEA—MHEER, 2%
RAENEBERER: = a (¢ (U= @) lCGe 1HVie 1) (22)
a HIMNAEL, BEE V() EN:
Vici)=Vill—(c/cmo)'I" (23)
,ﬁqjcma«j??f?%%fg. VINEEARNHBEREE, . nAEM 258, FRAQCHRNTHEEH#
W CSEY W AR, M= avi-ut+Q—adv;. (24)

XS HETHEHEN D REERE, RIIELBIX| RZENREERQCO~ (24),
THHRINIEBEZXNRANRSEEx, AHTEyMEH (A ) &y

R, BERFEEc): MEREHEE v, REE, BIMRENRERBESHBRT,
ARIKNLEEcHMoinfE D IRESEER (7=1, -, n), PREAE.: x=Lca,vay,
Comys V(w7

EERFEERBOBRT, XRTENERISRAT SR ET THARE/ =0AKNK
ANEFE @ o T Mo, FTALE grore e M)  ARAZREBHEREREE., EHRAH
BER T, BOLHTRE A ROFEFRS DARTHEBEEWRIEREDNENXRTENE
Wordi. RRHBORG=0)8q MM BN ERAZR, IEFARRuEZOEY:
u=0qc0), Mco),qca), M))" ETHEHERTLURBEFTE X & NLEEXHALTLURE
BI, B g I M N HHER, HRHAEYHRN: y=0gpn, M), X, #Q@2) K

AC20),(23) RACOUBHZARANREFTEA:  Xipr = (%X,1,,0) (25)
t(22) TMQEOTFEI RGBT EN. Vi=0(Xx,6) {26)

(25) (26)HMO=CV  cnes,l,m, @, B, v,V , XEESHEFEEIWBHE SRHYHFR
PR (RERBESR ) MUFE, ETKE AT BB ERTIR B LR L3
WrE, RBEFRpMERE,
Bi1.6: MU REHA, R—RBBORENCBELE, SR CHEETES), HERNE
WA AR, MAHE P=R—-C, i ks LY E B0 B p=p (), XA R I FR AR,
REMNTH XD, NEESERERRD, MR ENSRERS, T RKE B (0) R2A BT
B R T SRR, MAMERR, Hs@)=—axr+ D, (6>0), MEKA: R=
xp(x)=-ax’ +bx WY RACHRE R A FCAEERACYVH Sl C= VC+ FC,
X RAEYRI AR, T, TREERBRERE, ER—IHEE, MB A EN KRAERR
HERAE, ERER *NEK.

WRRMNEANE—RDHER » Z AL REE R 8 Pit B & K Wil P=R-C, 3f
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xRS, mP= 053 R=C (27)
KRR ERZFE D EFEEBRAN—PEAERR.
$I11.7. B SIEEE —Forresterfi i
RINEE, DREHADS (ADBLMEEOHN ) AR HRERHRRRY =0z,
X ROBRERTEEFT—E 4 ZWAOBTFIMRT, XEH—E2 ZHADRNE
ERBRTEA, ERTEEA0EAMEERN 1%, RRHEXABTAOKBRNE,
W raEEWRERAOR,  fou~2EBRERUIMNA DK,
 BIRRERRE EAER k1 ERRAORLEAOERR:
Xe+1=1,010(1—0,04)x 1,2+ 0.02x(2,2)5 Xc2)0+1=1.0100. 04x(m+(1 0.02)x¢1)8]
HEREREEHBRRE: X =AXe HEH, BATRANENEARN.
ERMATEMER E, ZEHRESBTER I, W, Forrester (fi F ¥ 3% Urban
Dynamics 1969 J Industrial Dynamics 1961 )HEEAE X HENMTER (ST
SRRk, AD, EESABE, SAEHXSHIEASE, WADSHSIERAR T
Ao RWBZASR, FEETATEYE > RTULERD, TGERARDTARRKSE
BEETI ) T —MEERE, HRVHTHEMT. SRR —A—RIERERS T
2. dy;/dt=94,(1)C Kis8;s— K; 8,3 (28)
p(DEHLTR, CERESEREN, UAOKESES, K (KRR E S
 RR@BOE). 0. @) RBERY, BREEREGET hEEN LS, B0k BELXH
KRBIIE, 0, (0 ) R—RFIBEETHRRA S RTRE-EE (WADBESRERE
MEDRETBEER au=I\ Mu.(y,0) a-=I}\ M (y,u) (29)
U RSNFEM, (29)(28) AR Forr-ester AW —MAAL R, B ha A RyW 8
%, 3 ENE SRS S WS E B R B S
Bi11.8; LUPSFBOLEC. EEDH, BRREEHLS R AHSER, p.203)
RITEBE S AN —FR IR, R4, 2RHRAHE AFEN AR LR
S} R S, AL B SHE), 2 HE N ARRR R, E2FORLAN R —&
SaFMRI AR AR (AN TUAREERERNE, $%) RNEHATRER
(D BE—FHE—MRIAREFRREBROBR TRJTHNSAHEBHR—IBETE—F
B R ST EERELR (BENEERR ) .
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Vi, TIRMBELSEMNE T R EANEEGE)OREEMNGRAE, WRSERREL
RH: P.=a"e~*/ my . ‘ (30)
Refr: m~NEEAR © 7 REGEEGR SN o ~HEARRTANFOEER
M~ B AR PR BOR s o= MG, % A= B N R

7 FREHREHRR RIERAHER, B a= At
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—AEER, WRFSERZEREER, BEKGED “HERER R “hkEREE 2E
ER R R, MRS SR ERRARERR S SO —REShERERNEER, R
T EWEE (EFHRRRBN “FREHAE" )ARNEHEROEE A\ ZAMEE ).,

A=phA . (31)
(2B —FHEM— RS LA FE T — AR A s T8, — R SEER
FTRE B O — A RSB
(320 2R BB T FEARF A, NIZEBRE IS IHEBINE —mEk B R0 &k fa,
B B AR RS AR B A IR S,
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(OEE—NZEF—THER N (WRRR BT EN TR ESE ) SR aprfigs
EE I (BRI AR R ILE, MRS R BASTERREL (B2 ) R,
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WEBWEIENERINHERTELSREN, BRI NBREETEHESE, B
[ERFIREERN, —HFRRBFFRFENRIEAUEELN, 5—RI A FREH T
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BT RS R R R

T(E)T— MR BV HRERR M CAIERR, —MRIBNE—-RER BRI
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Ar=Mip,
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WERZ, AHHx(ONRIBAN, LHEL@OMRAN, 8- 2HR I B4
BRI B At P HA . MR E, B—RKRDHEER—PHERESR — O
B, AAnMBRARFEN @M E, WHEBHN S Ax, ()=
— A2, (1) At ERFEHRBRL At, 45 At>0, BB (ORBENHSHE .

’:‘1 (t)=— A.x; (2) } (33)
FI B x,: X, (1)=—A1x, (1)

BNCRERIFMHBE, 4. 2—FHAEN N AR BA, &MV BELER
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ZNFTE, MF—-BBREL(IFEBRUREAE T, (), WOODNBAL - A & 3, T

GIHRBEERK . - ’ft =—A2x+ %, } (34)
Xy =—Axs+ u,
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I E AT R A L TR RS, p.BFERNBER
AR p MO FH LI REBRERET. 5IA:
=g, /u)*"? (367

WHE N HBNLIFNLEHHERE R, n >IRATFEXHERL LT, RIZIETHEIERFLL
ATGREMEL. 1<1EREFENBIAE, n=1EBRZRHEHNE, BHES.
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AN RBHPAREAR
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BEEHEFELT FRYEER. WEHELHEDE, —BERT, FEANRFERYTA
(1) RFER, EHBROASHNBHEELE—, BRXIMHRPLGERE:
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AR, REMETIBRREXGIRI=tM8A, ], BTN GTRXR Blx(e),
AT HEREN LY (). BN, ROATUNRSARRREZER T4 & X:
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ty, v ERBERSEATURY — AR podn - xs "(X(;f():(n))
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= 0py, )
Bibo,byrbay e BXEERUEREERMREE & X%,

ARG EHHE, 2RELLS B 11,6
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0y R— CR s, 4 A ORI SO T 12
i, = —u./L+u/L

M
- ' 1 L .
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L l)/
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AHERRED L AEAREER, (BAEIT)XAREH—HRETRE:
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x’=T-'ATx+ T/"'bu, y=c7Tx’ (40)
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C/(t)=C(t)T (1), D/(t)=D(1)

A 3 W 4 G/Ctit)=T (1) P(t1,t0)T(1) (45)
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SRRV EME T B EETRG, HRIARKNEA AR, RAEREEE LETL, &

LT ’r“LA/lJ]EI’HEfH TR LB DR AN S8 BARR 2 R B, AR ER
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e BRI — A H A AR R, WX T RIED S+ 4. &b, - LB THp
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3k 2" (OBXCOTIEHNA B H_ER AR, (46) (4D 3 B ./ —
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 EmHmENAREZHA. BA—RRE CESHFMRETE. DB, A%, ¥R AF
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