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AbE嘣 ：This paper 呷 Oses a哪 type oftl~twrtmt难l脚 networkforthejd即嘣i∞ 0f a class ofimknown—nnn—lln- 

car 出柚．Itisprovedthatthe 0p∞。d netwonkwith印pf0 a也~,~ OIIScan relxesentimknownin 伽中ut relationship—of 

nonlinear xym~s． 山∞ c bttC．,kpt'OIJla~ OI1 alg~ithmis~ployedtO韩由咄 the w~ghts ofb咄 thefee~-otward and 

feedl~．k。cⅡb蜘 sinthe networks．The 0p∞。d schemes have been sueee~fully apl~dtOmoael~ notllinear灿 ． 

K Wol'dlJ~lea删 碓lⅡa1眦押 ；dyl~ C bac ∞ 皿  ；sy蛐 jd删 i翻妇  

I，OcInnent code：A 

非线性系统的回归网络辨识 
任雪梅 

(北京理工大学自动控制系·北京，100D81) 

摘要：针对未知非线性系统的辨识问题，本文提出了一种新型的回归罔培模型．证明了该罔培模型在一定条件 

下能够逼近非线性系统的输入输出关系，提出了用于训练网络前向连接和反向连接权值的动态反向传播算法．仿 

真结果验证该方法的有效性 

关键词：回归罔培；动态反向传播算法；系统辨识 

1 瞳b加ducdon 

In 武xem years．nxl∞ aIId n眦 attenfi~a has been 

他idtom t嘣 Ⅱa1 ne 0Iksintheidentification of 

由m蛐ic 神郴 s ∞lhey have a由m舯 m伽呻ry not 

foundinfe。d南 傩d堪和 ．nleEh趾 netw~kt Jis 

∞ ．珊 mtm t neIⅡal r~wmk，which吼rImodel 

i~ lllnic systems without requiri~ ％t既Ⅱa1 feedback 
Unes．Scott缸d R科[21

．

Pham aIId Oh[3]demom~ated 

the pe面 助 柚∞ of d 日lIlafInetworkfor n0nlinearpm一 

model ．However，in d Elman netw~k，only 

ll】 weights of feedf~ l c∞ ne OI1s aI trained by 

m∞IIs of s c bacl co 喀a On． whil~ those of the 

feedback 00nnecd0ns are set to be constant．With the 

d dve of~dding由m帅ic m D0ry c叩日b枷ty of the 

日m锄 network，tllisp印crproposes ancw typeofii~llr- 

rent∞ Ⅱa1 netw~k for system identification．The plD— 

posed networkis anammded version ofthe EIman net— 

work．Itis shown山m themodified r~workswithproper 

∞ Ⅱ衄sin the∞ 岫  】 l豇 have dle capability to ap— 

pI啊dl瑚帕 u~ ownⅡ0IdiIIear systems．Inthewaining of 

the network，a 由In鲫ic bad mp《喀 ion gc 血m 

is pIol蒯 to achieve afasterle．~a'mng．Simulation re— 

sults dc蛐咀哦r眦 the pIol蒯 netw~khas abe~erc印a— 

bility lhm the日m∞ network in I岫 ling a ocn I 

stem ． 

2 P玎田，0sed m tlll~ll'al neh Id璐 

The stmct【lre dja鲫 ofamodifiedEI衄 networkis 

inF蟾．1，which has吐 laye~includingthein— 

putlayer，the dd即 l 豇锄dthe叩 layer．Thc．m— 

put layer is composed of two different Dl ofⅫ 一 

lt)ns，lh砒 is，the鼯怔删 in lt硝 瑚 s缸d the．m咖 al 

nel邛0砸 (also D出Il。d 0DII慨t units)． modified El一 

唧 n芒幅a出hasfbe曲ad：优啦矗m0ns丘疆nthea娜 of 

the hid0e~tmitsto allunitsinthe∞毗e毗 la ’ ． b∞ov ， 

the a丑 r nf1．~ onjnthe n lIi唧 h／d0e~ l埘 cm be 

cho。en雏the 酬b0Hc切n邑叫 fl山蚓曲n 

， 、 — e 

L J ， 

wtde all n即IUnsinthe 0山盯 1 haveline缸 ac廿 

ions． 

· 日dm．咖 i鼬I：哪 吼 伽田lNatural sci龇  md _啪 ofcIIiⅡa(098哪 1) 

Re0州 d出  姗 一观 一24； 州 d瞳。：200o一11—08． 
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Fig．1 The proposed recurrent neural network 

let u( )∈Ⅱ and ( )∈ denote the netwol'k 

．mpI】t and otll：put vec缸 s at the discrete time k，resp。c。 

lively．1et c( )∈珊=lbethe outpm ofthe contextlayer 

and h(k)∈ 班‘， output of the lfidden layer．The 

唧硎 Ild e2fflbe described∞ 

f (k+1)=wOh(k)． 

{ (̂k)：d( ( )+totu(k))， (1) 

L c( )： hh( 一1)， 

∈ ，矿 ∈砬j̈ ． ∈砬j ． ∈ a 

weiShtm ．Thefllllctiou d： 一 is denoted by 

d(( 1，---，xt) )=(d( 1)，---，d( I)) ． 

The q删 network becomes the Elman netwoiaK if 

s= z andthe 卸 ∞kmm ix is aunitmm ix．Since 

~biway conlloetioi~ c∞ be allowed frm a the hidden 

layer to the coIlmxl layer．the 唧0s。d network has 

tllom degrees offreedom toItpI酬 dynm ic systems- 

sen∞ofm 唧 y ca#m~y，the lXt~sed l~-．ur- 

呲 networkhasⅡxlIe spacethanthe Elmml~．．twrok． 

From(1)，n IeIaJia betweenthe network out- 

put9(k)andmate c(k)is derived by 

k 1；： k 1 【c()=1 [矿c( 一)+t‘l u(一)]．一 
The above equal~ c鼬 be  rcwriUen∞ 

k 1 k

’

1 【c( )： [c( 一 )，u( 一 )]， 

wherethemm Ca~  ：Ⅱ8=I 一 ． ： 一 are 

nonlinear日n删 1flmctiol~．Since (0，0)=0，the ori- 

ginism t~lilihlilml state of(2)．From (3)，we have 

f (k+1)= c( )，u( )]= l[c( )，u(k)]． 

1，(k+2)= (c( )，u( ))，u(k+1)]= 
{ [c( )， ( )．u(k+1)]， 
I ： 
，(k+s)= · [· 

c(k)，u(k) 一，u(k+s—1)]， 

(4) 

where 。[．--]ism(s一1)一timesiterated c．cmpor,itiou 

of ． 咖  

(k)=[ (k+1)．⋯． (k+s)] 

锄d 

( )=[H( )，Ⅱ( +1)，⋯，H( + —1)] ， 

(4)is oftheftn'm 

(k)= [c(k)， (k)]， (5) 

where =[ 1，⋯． ]T．If Jacobi~0f withIe- 

speetto c is no 砒c=0．U3=0，bymin_gthe 

implicitf1．Blc~olltheorem．thenthereads皓a uniquelo- 

cal solution of(5)asfollows 

c( )= [ ( )， ( )] (6) 

in aneighboflaood ofthe唧 】ilj]劬 ⅡII$Iate c=0， = 

0，whcfc ： (P 口) isa啪删 IfIl妇
． By(3)， 

the眦 c( +s)dc on st如 c(k)∞d妇 in- 

pIlt se‘ (k)=[u( )，u( +I)，⋯，u(k+s 

— I)] ，tiffs lea凼to the iIIpI 0l呻m pf ∞l嘣0n of 

theIlc押mk giv衄 by 

( +1)= 

G[ ( )，⋯，，( 一 +1)，u( )，⋯，u(k—s+1)]， 

(7) 

wll∽ G： (P+ 一 is a smoufllfunetkm． 

3 S item identification 

Consider the nonlineardyllolmc systems described by 

Y(k+1)=Fly(k)，Y( 一1)，⋯．y( 一n+1)， 

u(k)，u( 一1)．⋯，u(k一／／i．+1)】， 

(8) 

whcfc u( )∈ and Y( )∈ arethe cout~l and 

outlmt，％pcl：吐vely．"IhemarringF： ÷ is a 

c0 由越娜 flincliol1．Fornotational cou vmielx*，define 

y( )=[y( )．⋯，y( 一n+1)IT, 

U(k)：[u(k)，⋯，u(k～m+1)】 ． 

Here we eonsider the ca吕e that n， (n≥ )are 

knc~a，butthe nonlinearfunetiou ，(·)isunlmown．As 

we know．multi-lay~ neural networks have beenwidely 

used in the identification of dynmnie systems because 

mey can approximate “well-behaved” *my mmI 

fllllctiollto my desitttl accuracy．The following fllnda- 

ratmtal approximation theorem is proved by Fulm。 
ha~i[ 

Theorem1 letnbe a compact subset 0fⅡ anal： 

n— I be a continuous mapping．Then，for柚 arbi— 

tray E ) 0。there exist m integerN ．m  m × N mm ix 
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A，anN × nmatrix B mad趣 N dimensional vector@ 

suchthat 

In fi xII，( )一血(BX+@)II<e 

holds，Whel~ ： 一 皿 is a sigmoidfunction． 

Inthe fonowhag shall show the pm~sed network 

(1)c∞ represent the nonlinear system (8)．For this 

purpose，We“ 纰 the boric points ofthetheory of dy— 

m蚰ic 吼 ns，which are used 协 es妇bil汕 咄 main 

thCOil~n1． 

LetD be∞ open subsct of酿 ．AmaoongF：D 

一 皿 is saidto beLipschilz ollD ifthere exists a12011- 

stantL suchltlat 

II F( )一F(y)l1≤￡11 —y llI 

flor all ，y∈ D．We callL atap~aitz constantforF． 

We also callFlocally ifeach脚 ofD has a 

ilcighb~ DoinD suchthatthe re~tricliorlF I Dois 

【jpsch 乜． 

L咖 a1b] Let amapp~ F：D一丑 be continu． 

OUS．ThenFislocallyLipsehitz．Moreover，ifA C D 

is compact，thenthe restriction F I A istar~hitz． 

L咖 a2 Let F， ：D一 盛 be Lip~aitz continu． 

伽s m ．For any e<0，supposethat II F( )一 

( )II<e forall ∈D．Considerthefollowing sys． 

telrJ~ 

y( 4-1)=F[Y(k)，U(k)]， (9) 

and 

f，(k+1)= [萱，(k)，U(k)]， 

【i，( )=[ (k)，⋯，；(k—n+1)] ， (10) 

wilII nle 删 c~ldilion[r(0)，u(0)]= 

[i，(0)，U(O)]∈ D．De~cte L bdng a L证，schitz corl— 

st柚l of F，岫 there巳】出b a p~itive∞nst衄t工1： 

r(L)such that 

ll y(k+1)一y(k+1)I1≤r( )e，k=0，1，⋯，M． 

Proof 胁 (9)mad(10)，itfollows that 

y(k+1)一 (k+1)= 

F(1r( )，U( ))一F( ( )，u( ))+ 

F(萱，(k)，U(k))一 (i，(k)，U(k))． (11) 

Tal~g D0IT in sid of equality(11)，we have 

II y( +1)一 (k+1)0≤ 

l，(k)一譬，(k)ll+ 

F(譬，(k)，U(k))一 (i，(k)，U(k)) ．(12) 

Since I1 F( )一 ( )0<efor all ∈D，itfollows 

that 

lI y( +1)一，(k+1)ll≤ 

L II Y(k)一i，(k) +e≤ 

L II y(k)一，(k) +⋯ + ( 一 

n+1)一，(k— +1) +e． (13) 

After strai~ manipl1l枷 ，bynle~ lion r(0)= 

i，(0)，there exisb ap d constantr(L)such lat 

lI y(k+1)一 (k+1)ll≤r( )e， 

for k∈ [0，1，⋯， ]．The proofis c~pleted． 

Theorem 2 LetD be m open s曲 鳅 of ． 

F：D一  be a~ ．rlUOIlSIm吼)iI ，madA be a com· 

pact sI】 t ofD．Given any e > 0，there髓is据 a O· 

posed n吐w0Ik(1)m  nle mⅡ】 of c【加怔xtlmi伍 

qml幻nle order of dle system (8)suchthat 

I∈ ． 
l1 y( +1)一 ( +1)ll<e 

holds，whe y(k+1)，，(k+1)aIe 01l of n 

plantmad netwol-~，~espeetively． 

Proof For give~e > 0，eh~ se l such that0 < 

<min(~， )，w is nle di ance betweenA and nlc 

bound~y9D ofD．Define 

A =IX：X∈R ，了 ∈A， X一 II≤ l} 

Since A is ∞ t，A目is a 唧 ct sI】 t of D． 

， Fis )schi OnA by Ⅻ m 1．Denote be— 

iⅡ罟aLit~hitz constant ofF IA ．W emaychc~ e l> 

0 such吐Iat 

El<尚 ． (14) 
Siu~e也e n嘶0n F is c衄血1I瑚 s，by 1h∞怫m 1，for 

any I>0，there exist anintegerNmadmatd。esAI∈ 

皿 ，BI∈ Ⅱ 呷，B2∈ 皿 叩and加 N dimensional 

vector@such吐lat 

㈣  ]∈ ．̂
II F(y( )，U( ))一 

AI (BlY(k)+B2U(k)+@)1l<e1． 

Now．define amapl~g G：皿 砷 — Ⅱ ： 

G(萱，(k)，U(k))=AI (BI譬，( )+B2U(k)+@)， 

(15) 

suchthat岫 f0Ⅱ0 ngmequalit~is saIi面ed 

II F( )一G( )II<el- 

Ac(捌fding to nle曲ove discussi0lI in s‘，a曲n 2，m妇  

nle proper c0r 。口s，nle oIT ‘哪  of 

nle nc (1)c∞ bewritten as(7)．In nlefollowing 

We eot~ider nle 0u of nlefollm,,'ing systems 

y(k+1)=F(Y(k)，U(k))， (16) 

mad 

，(k+1)=G( (k)，U( ))= 
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Al (Bl ( )+B2U( )+@) (17) 

with the same initial condition[Y(O)，v(0)] = 

[P(0)，v(0)]∈A ，itc龇followfi-omLelrana2that 

I∈【m
0．1

Ⅱ
,--,

．训
}I y(k+1)一f(k+1)II< 1<￡ 

is satisfied． 

The proofis eompleted． 

Theorem 2 tells us thatthe proposednetwork(1)c_衄 

be used to lem'n the input-output beb of dyrmmic 

system(8)，Inmany cas4~，wc do not know the order 

0f山e plant．the m妇 ofthe conte~xttmits cm be set 

sufficientlylargetom。ctthis assumption ． 

To -da肥 the weights ofthe networks，we define the 

training 0bi鲥 veflluction as 

，={∑eT( +1)e(k+1)， (18) 

where．!If re 黜 thetotalmnnberofdampatterns used 

inthe n 啦 process，e( +1)=y( +1)一 ( + 

1)is the eliot betweenthe lletvcork and plant outputs at 

由Ile + 1．Using the backpropagaaon 山m，the 

weie~ ofthe neural network aIe adjusted as follows 

“t= 一 +a△ 。， (19) 

w1 eiistheiterationnull~ ，r／iis abm血glate，口is 

aInotn目l胁 factor，△ ~ entsthedm geinweight 

血 吐literation．Here，we use all adapted value of as 

follows： 

fI．05 ， if̂ ≤0．99̂ 一1， 

+l = {0．85 r／~，if̂ ≥1．02Ji一1， (20) 
， otherwise 

r／0isd Itoliebetwe~ 0 and1．胁 n(18)，we c_衄 

obtain 

AL
一

．．。

T 1) ． 

h 锄d盯t0 山e j衄t +一 
， 山e rname． 

madc~ model(1)for the proposed network call be 

l~-wriRen墨 

( +1)=∑ 锄( )， 

，̂( )=o-(s (k))， 

( )=∑ ，( )+∑ u ( )， 

cr( )=∑ ( 一1)． 

Theoutput gradientswith respectto ， ， and 

aic Vm by 

= hi(k)， (21) 

=

哪 ， = ，c 

= ” = ， 

=  =  ， c 

whereP 
，

，P- ，P吒satisfy 

fP ，( )=一(々)[cr( ) c h ，(五一1)]， 

【P 
．

(0)=o， 

(25) 

fP ( )= ( )[u ( )+ ( 一1)]， 

【P吒(0)=0， 

(26) 

fP ．( )= ( )[n ，( ) ( 一1)+ 

{ ( 一1)]， (27) 
【P (0)=0． 

4 S~aulation 

In th呈s section ，the ability of the plDI)0sed Iea珂眦  

neural network to model nonlinear dyna~c systems has 

been demonstratedin simul31iou ．Tncini削 weights arc 

randomly setbetwe~ (一0．5，0．5)madthe pemmcte~ 

ofthe networks aIe adjusted by(18)一(27)，Tnc inpm 

sequenc~is random in the mge[一I，I]．To test the 

d0Imanoe of the W~ined network，the networkis used 

in recallmodeto p~ducethemSlXXlseto a sinusoidalin- 

put131"randomi娜眦si al in the range[一0．5，0．5]． 

Tnc performance of the trainednetworkis measured by 

MSE： )一 ] ， 

w~l-cN2 representsthe硼mb目of dam pa [u，y]in 

theIecaU set． 

The modemm is can-led out u她 the日mall network 

and the '∞。d network．For dcm0口s啦l曲n，the黜  

numberof unitsinthe ce~．ext fortwotypes ofnet— 

works is used． 

D咖唧 lleI 'mepla~tis described by 

y( +1)=i +0．5u( )． (28) 
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DtLdng恤dning，c 珈 ： 0．001，a ： 0．95，c： 

10，5： 10，i= 1O00，A rand啊n 耐 inthe range 

【一l，l J is used as the 幻 the plant and the pI。． 

posed network．In the recallmodel， sp0ns§ from the 

plant andthenetwork aIe obtaimM fortwo kinds of sig- 

Ⅱals： ( )=0．62sin(2~／25)+0．5sin(2n／40)and a 

randomi 雌一0．5< ( )<0．5， ：l，2，⋯，150． 

The ⅡII】埘 0n results arc shownin Figs
．2 and 3． 

2 

一
I 

雪 0 
0

一 l 

一 2 
o 50 1oo t50 

Timc Steps 

Fig．2 Smu~idal responses ofplant(28)and the 
propos。d network 

《 
limc S 呻 

Fig．3 Random l~sponscs ofplant(28)and the 

proposed nchv0rk 

For c0∞ lris0n，theMSEvalues compu~dfortheEl- 

lm  ncXwoik andthe proposed ngcwork am presentedin 

Table 1．Inthis example，both ofnetwcdcs capau-c 

the由m cs of the蛳 system．However，the pro- 

posed nctwolk如 abetter pcrformm~． 

Table l R ∞瑚noeind~z of di伍：l鼬t e】【∞ 

D酬坤 le 2 Tic system can befoundinthe paper 

by Sales andBillin~[6]andis described by 

y( +1)： 

0．9T22y( )+0．3578u( )一0．1295u( 一1)一 

0．3103y( ) ( )一0．04228 ( 一1)+ 

0．1663y( 一1) ( 一1)+0．2573y( 一1)e( )一 

0．03259y ( )Y( 一1)一0．3513y2( )ig( 一1)+ 

0．30S4y(k)y( 一1)u(k—1)+O．29，9y2( 一1)e( )+ 

0．10~r(k—1) ( )“( 一1)+n47"／0y(k—1)ig( )e( )+ 

0．6389i／．2( 一1)e( )+e( +1)． (29) 

TIlcmodel usedinthea中 iJnent懈 identifiedfrom 

abbc咖  liquidlevel gy蜘 ．11 system c曲- 

tains aDCwater pIm feed~ a conicalflaskwhichin 

turn feeds a squaretank。givingthe syann secQaaotaer 

由mm cs．Theinputisthe voUagetothe primpmoor 

andthe cutlxlt ofthe system isthe~ r,htofwalm" the 

conical flask．1tlc noise sequence e( )w∞ 弘I|ssi血 

andits v孤i蛐。eis 0．05．1tlclralningi删 is吐lc s呲  

asinExam#c1．L耽珈=0．003，口=0．65，c=20， 

5= 20，f； 3500．F ．4 and 5 show lhclesp~sses of 

theproposednetwork ng zccallforthe whefe此  

i珥眦was，zcspectively，a slnmoidal fIl玳 0n (五)： 

0．3sin(2n／15)+0．5sin(2rd25)+0．23si．(2n／k50)and a 

random ‘ltintherange[一0．5，0．5]．Tablel 
theMSE Dddbnn扭ceindic= oftheElra~ nc~wolk and 

thep∞ 越 船l口d【。1l|c results show that bo血 

ofmaworks can model the system (29)，but the pro- 

posed network hasabetter capam 'tythantheEIm,m net- 

work． 

2 

i一 
一 2 

Tim c st~-ps 

Fig．4 Sinusoidal responses ofplant(29)and the 
proposed network 

Time Steps 

Fig．5 Random r~ponses ofplant(29)and the 

proposed network 

5 Conclusion 

'Ibis pap盯 ．珀vesIj踯 the u∞ ofthe q瑚酣 r眦 - 

fent neural nc~orks fbr the kn石丘cati0n of dyn=nic 

sys~ s．1tlc硼出bcnⅡe ofthe pI叩砌 netwo~ is衄 

∞：t％dcd vei~on of the netwo~ de~ 'ibed bv日m∞ ． 

1tlc inlmlt-output dymm~ of the pr删 network is 

discussedin this p ．It is d10WⅡthat the pmposod 

network can Ⅱ 删 Ⅸ jnear sym m lmd目 the - 

sill~ otl that the 0Id口 of the system is equal幻 or 

less吐舶 themⅡI1b of怔 o0咀嘧ttmits．1tlc由唧 

(Con~ucd or1 page 957) 

0  

△暑0 
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(t)≤ 
V 

∑{ (f)(P +A +Pc 矗+ T TfP + 
J=1 

2P +E 艮 + T Tb b墨) (c)+ 

(￡)P G (c)+wT(t)c’!lP f(￡)+ 

(f) ∑ (～+△ (￡))巧 (～+ 
t J【月J 

AA ( )) Pcc (￡)+∑ (￡)粥啊( )j． 
tJi( J 

Usmg Lemma 3．we get 

∑ (A +△ (t))P7 Pi ( +AA ( )) ： 

∑ ( + (￡) )P 。P ( +峨 (z) ) ≤ 
t ^ 

∑ A (Pflpj—e ) ̂ +∑ e -1,d ．~t( r． 
J l、 ， ^。 

Furd~rmom，we have 

(t)≤ 

∑} (f)[P + TP +PsB 置+ T DT P + 
●=1 

2PfD T +E f+ T T忍矗 + 

只∑ Aq( 一e )一 A + 
Jt J L 

∑ e IP蝇 ]鼍( )+ ( )P Gm( )+ 
Jt JtA 

㈨  (￡)+∑ (￡)啪 ％( )『： 

(￡)[PA+A +P 矗 +衅8 + 

2P DiD 。+E Tl如 + T T 毛置 + 

P。∑ 山(efl~i—e )～ATp + 
肿 

∑ ￡ -1 T +~'4(i)PiHiP ]Xi(￡)+ 
j∈』̂ ^】 

(t)PiGiw (t)+ww( )G1=P (t)；． 

First，vce prove asymptotic stability of closed-loop 

system(3)，let"(t)=0，thatisW (t)：0，i：1，2， 
⋯

，N，obviously (t)<0if 

P4f+ATPi+PiBIK,+ T T Pf+ 

2P~DcD c+E + T Tb b墨 + 

∑ A#(PfliP1一e ) A + 

∑ e -1r T +风( ) Pf<0． (9) 
(̂) 

贰，to 龇 吐邋 ：(￡)ll 2<7ll (￡) 2 岱 一 

埘( )≠0wtfich 嚣恤 the de red 廊  

In is~hicved． 矗血D 

，=l(，(￡)z(t)一产 (f) (￡))dr= 

砉 川√ 删ldf． 
N 岫 for initial conditions， (0)=o， get 

J= 

喜 (I) )+ 
Vi(t)]dt一∑ ( )≤ 

喜 加 ) m ) ㈤ ≤ 

毒 )[P̈仡+ )Pfl~P + 
P 蕊+砖殴P +2PiD~DTPi+ 

E +KTpT涵 + 

∑ (弓 一e )一 A +c + 

∑ e 帕P +c 蕊+KTr~Q+ 

印％砭k(f)+ j(￡)P (￡)+ 

C(t) 。(‘)一~wT(t)w (t)ldt． 

usingL∞Ⅻ ． have 

J≤ 

毒 (f)[ +啦+ ㈤P艄+P~&Ki+ 
砖殴Pt+2Pp P +ET +KTtnT E + 

∑ ( 一e )一 A + 

∑ eiIP； +2cTc~+2 ， K]≈(f)+ 

(f)P G ( )+埘 (￡)GTfP (￡)一y 埘 (￡) ( )Idt= 

毒 ㈤ ㈤ 
where 

最：[ (￡) C(t)]TI 

： 2 IG 一y小 
n =P4 +ATP + (̂i)P]tIP + 

P 最 + T +2cTc,+ 

2 T T聪 +2P~DID i+E + 
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