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舳  ：A出吨 fault-~eml(sFr)嘶 is bllill妇 越 叫  a 0 i 孵  

faults a frcmaoutput c。鸣 oftheptol：~s．Based∞ the sFr ，a s of 叫 is曲m 协∞陆  

detect 期pefaultsintltoeess and协 id ma~,,auacsof妇∞ ． 哪  show眦  嗍 m蛐 m  

e1]iciest． 

K w啊ds：fault-wl~mtfit；抽】lt de ；faultm|g匝n血 id嘲 ∞ 

IkK1tn自吐 code：A 

SISO过程突发性故障基于滑动容错拟合的在线诊断 
胡 峰 孙国基 

(西安空强大学制造系统工程国末重点实蕾童·西安．71oo49) 

摘要：以姗 过程输出环节脉冲型故障为研究对象．建立了过程轨线具有容错功能的滑动容错拟合算法 以 

精动窖话拟合算法为基础，构造了一组适用于多故障过程脉冲型故障的在线检涮方法，以及故障幅度的统计辨识 

算法．通过理论分析和仿真计算，证实了本文精动容错拟合和故障在线诊断方法的有效性． 

关量词：容错拟合；故障检测；故障幅度辨识 

1 Introdueti~a 

In immy fields&lch∞ D∞ss safety and dyn~aic 

syst~ slⅡvdⅡ ．itis a valuable andwidely applica— 

ble恤出 to detectwhet~ there exist m faults occurred 

at amn面 in'oce~ 0f not andto concludethemaglli~ 

ofthefaults．In OIdl~l"to d~ect and di罐 faults 

of a Ocess。r a system，most ofthetypical approaches 

include detecting filters，analysis of influeace functi~：t， 

ll~idual~m lysis，parity e(1ua 札，panty space，proba— 

bility ratio， n 埘 likelihood ratio(LR)，innova- 

tion analysis ofKalmanftlt~ and s0m  class~,al statisti— 

cal diaB岫 ，咖 ．Paper【1—5]sI】mm the evolu— 

tio~toffault血把 矗nd dia星 (FDD)fr~ladiffer- 

皿t vlew~ ts． 

Summing up ree~t rd自eDce on FDD，we may find 

outthat most ofthe o{ based 011 the least 

squared(LS)es痂n撒 s of proc~s m皿e螂 ，the LS 

fitting of pIooe辐 m ％∞des，the LR fimetlon，0r all e— 

quivalent Wartsformation ofpl"OC~ S mode1．出 ． 

C,eaerally，lhese ap ∞ches stated above p0∞；ss％ ‘ 

cellem q 咖 the in-oce~ m  DI髓1y．So， 

these de 璺。 璐 锄 be~radently usedto啦· 

line detect the first fault and to 0ln±∞ detect malti- 

faults．wl'll~ a dyl~ llic process m  0吐 oftheway．But 

clas 蝴 statistics(&lch as the LS estimato~，the 

Kalmanfilter andthe LRtest。e )lack ofthefault-tol— 

a蜘ce the badint31maee faults before 

the rnonitlaingtime．In O出汀 words，these det0cIio吐al— 

gc~ hms have bad behavior and may make false ded— 

sion[ ’6]in otlline rllonltla'ingthepf。aessthathas histoT- 

ical faults． 

In prac~ ，when a dynamic process nln for a long 

time。it is lx~ ble that there may exist s口m  distinct 

faults oeeurred at dif托撒  timesinthe埘n ng process． 

In 曲 s case．it is imoort~ t to discuss how to online 

monitorthe state ofthe dyl~llliC Dc with historical 

faults．Inthis paper，we build a seri~ of 血 algo- 

fithrm to detectpulse-ty~ faults 0nline andto estimate 

· R哪d如 糯 ：栅弹嘣。d 恤 Ⅵ Ⅱg sc蛐 R哪d如  血 s趾 l畸 L|b口唧  M岫 吨 ng母蜘 勘ghl。| (枷 0—123) 
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maglfimd~ of these faults．0IⅡ algoti~ns have strong 

fault-to!eu~ tofaults．Some sinmk缸i∞swill show vR- 

lidity ofthe n ~godthms giveninthis paper． 

2 The SLs fitting and the SI1r fitting 

Assumefiatthe output{Y( )，f∈ T}ofa~(mlinu- 

ous variable由rnm ic system is a measurable stochastic 

ptoc~ andfiatthe pect锄t唰。cIory{ (f)，f∈T} 

oftheoutputis Bq[ integrab~and∞ pi。c 

1m m  of the fin intervals． oR the famous 

Weietsuass趣lp帕 D缸ttleomms and theirgcnmaliz~ 

mmlts[ 
， wc concludefiatthefllll~on ( )(f∈[ ， 

tb] T)can be appmxima~ bythelinear ccmnbinafion 

of a series of reasonably selectedbase{ (f)∈L [ ， 

“J，J：1，2，3，⋯f．Namely， 

and build a seriesof 咖曙ive SLS e刚 n刮Ⅸsfor o0嘶 一 

ci咄 oftim fittingmode1．Infactbased口nthem∞Ⅲ*  

ment data setD“+I一“ )：{Y( 1)，⋯，Y(f⋯)}，it 

c肌 be provedfiattheLS estimator of口 

【5(f+卜 + )：J《 +h )研f+卜+f+ ) +卜+ + )， 

(4) 

where 

，(i+l-．f+ )：(研“l—i+ ) +l—i+ ))-1，n≥ ． 

With system’s ru啦 up D es r，fcamuh 

(4)satisfies amcl1rs】 ve 山m as follows： 

【5(“l—i+n) = 

占【s( i—D一，{。+ 。+ ) ( ( )一 î缸 )+ 

，( + )( ( ⋯)一̂  +五【s(⋯  一1))， 
(5) 

∑ (f)一 ( )( 一+*)， (1) wlne 

{嘶∈R． ：1，2，3，⋯}aIereal c．tmslaats． 

Considering the compensating a principle．fomaula 

(1)c姐be expressed as 

( )：∑ 耳( )+e( )， (2) 

where process aTor t￡( )，‘C- T}is∞ aggregate of 

stochastic noise and errorflxanfiringmode1． 

Let’s set a o∞伍ci曲t vector ：( ll⋯， ) ．The 

key probleanis how toidentifyoi" 曲 the co~IT~'ient 

vector when usemodel(2)to fit theoutput of a 

moa／tole~process．The classical 血  cs for estimating 

aI~ the LS es Ⅱ岣畹 ． tlw ma1rsive least-squared 

(RLS)estimators and the s~cang least-squared(SLS) 

esdH口t0Is． 

2．1 1l SIS商血 g 

In engineeringfields，many ofthe由marnic processes 

mug IIm for a long time generaU~andinvolve compli- 

cared dy c pI叩 es and 妇 alargelltllnb~of 

measurement data．Inorderto cutdownthemmcated既_ 

∞r andto avoidthe 吐 lkm ofdata蚰tIl O咀，the slid- 

jJIg呱 mllst be applied． 

Now．1et’s usethefollowing notations 

(1≤ i≤ )， 

(3) 

‰一一 艘 
usillgformula(4)，wc caIl educethatthe SLS fitfor 

processtrajectories attimetis equalto 

【5( 卜．1+ )(‘)：∑白．Ls( l—i+ ) (f)，(6) 
J。1 

when the process 111ng pmperly．Qm 叫 ，the 

m 《呻 plec ctor for the process outlast Y( +1)is 

，【5( +l—i+ )( +I)．Letusnotethe ediding∞ as 

【s( +Ili+卜‘+ )= ( +1)一 【s(。+h )( 1)． 

(7) 

ThlⅪr鲫 1 Ifthe me趣l and vari~ of p∞ce 

{e( )：i： 1，2，⋯} 删 to and d 

respectively， tb口l vati~ of the pIe【 痂1g 唧 r 

{f【5(“ lli l—i+n)j is equal to 

w (f【5( 1li+l- +n)) 

(1+ î lJ“+卜+“ )hl 1) ． (8) 

Proof Combi~ the Ls estima~ aLS(i+1一i+ ) 

with(6)into formula(7)and do s0Ine mducti~，we 

can obt1~ formula(8)．Some detailed procedu~ aIe 

omittedhere． 

2．2 F日IIllt_删 删 h：~ ,,vement the缸 S丘t恤|g 

Generally，thendⅡ SIS estimators givenin(5) 

a pie。 se olrdmal unbiased limar estimators of the 

句虹l coefficients when the tnocess nms tnope~y and 

expom  o~plltwithoutfaults，So，the SLS poss- 

eses s0Tne∞Ia棚即t s妇凼血 p董Dl船 嚣 ．But，the SLS 

~Uing hasthe s瓣 weakness船 the讯di瑚ryLS丘劬Ⅱg． 

results have shownthatthe坤 呱 results 

、，●●●●●●，  

；  r  ● l  * lI 

．  ． 

． 

． ． 

r●  ● L  
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arcIⅡ坶吐isf 由0ry and can bicak down estimating algo- 

nthmsinthe case吐曲【eadst aluupt自IIhs OcaⅡred utthe 

mⅢdngpmoccss．Infact，ifthem eodsts a删 t oca 

ut断 Ietio，wh magnJtlmt+is ( )，namely 

)= ’
州  (9) f) )州  

： f==' ) 
thenthelm~cOng~-Tor ofthe SIS edi 0r cn be 一 

删 ∞ follows 

ti
e
~ ti o r ti

n 
f+1’

no 

m(“n+l， )= 

一 r̂+ +l(研‘+卜．‘+ )日(f+卜． ))一 ． 

(10)shows that pulse-typefaults occurred 

at a nmning[xmccssmay resultin evidentlymagni 

the predictor~-Tor，the珈Ⅱn朗缸 values of which are 

Dot equal to ⅢIy constants at different sl~Ung interva1． 

Onthe otI1erhand，wcc蚰 view the Ls(f+1．i+R)infor- 

mula(5) a m(~ficmion of Is( H4—1)by the SLS 

丘 ix~sidua] 

eLS(il l 1)=y( )一  ̂Is( f⋯ 1) 

aIIdthe 酣ic石ng erIor；Is(“ +1I‘+1·“ )．So wcmay 

mnclpdethat alxttse-typefaolt occtured atdmcl“R coo 

not only 1lrIc衄M：Il 札ally功ag 印the fm~lictmg唧 T 

cts(~Ⅲ 11l+I．“ )，hlt also cvidc~dy ch~gcthe d— 

malots Ls( ．‘+̂ )aIId even break downthe~go,iem, 

(5)． ‘ 

In m'derto ovcrclx1]~all ofthe badinfluencefixx~既- 

oc jo口al change blUIlghtb aputr~-typcfault ontheic- 

cursively sl ng ma幻Isofthemodel coetficicnts，wc 

set a ．出sc ding[。] ．~lction follows： 

l cIsgn( )， cl≤I I<c2 

1 
(11) 

l瑚e(cI，c2，c3)aIe coo,slants，柚d u。etbis妇 of ． 

filnc~on to cut down the badin／lucnc~of pre- 

d~ceng ca'tog ollthe sl~Ung idem~cafion algoritluns．BY 

．filnc~on(11)，we ccmstmct the following sl~Ung 
．fault-tolea'ant( )algonema： 

●(f+1·f+n) 

●( n—1)一^‘+卜．4+ ) (fI +n-1)4- 

¨ “ ( 兰 )，(-2) 
where 

d( 一1)=√1+  ̂√(f·f+“．1)hl+ ； 

( I 一1)=y( )一 ·(‘·f 1)． 

~aeorem2 Ifje(t)， ∈ }ofmode~(2)is sta- 

曲 nary柚 d d~zibufion is 口m  锄 ，whose|蛐  

柚d vadance arc equal to m 柚d Ie单。c ，the 

es血natoIs j ●(f+I· + )，i=1，2，3，⋯}越eunbiasedin 

the㈣ thatthCl~ale n0tⅢIyfaults occtm,cdIxffoicthe 

time (no>min n一1})[6]，∞d廿Iatinitial vadIle 

● 卜．～)of me a1g。棚瑚 (12)is∞Iel ，d嬲 

Is(～ 卜．～)· 

Proof Dis血嘶 ， (～ ～)is an ImI妇 csti。 

maIor ofthep缸砒瑾灯 v啊姐  ．U血喀 the p-qpe啊 that 

theinte~a]ofm oddfim~ on on synu~tdcalimervalis 

equal to z ． we c姐 also prove the 吐蚯 醴 

( ～ 1)being unbiased· Sim~ riy， we cm 

provethat all ofthe es血n咖 rs afe~ iased b marc- 

metical hld dim ． 

Now，lctus目甲 a onthe rmiouaiityofthellew al— 

g0甜Im(12)．usiⅡg a term“movafion in[7]，Wc 
l昭  the o~-step pIedic丘ng err茁 芒Is(i+nI卜 f 1)嬲 

细nc Id0nhou tb them∞嗣Ⅱing dam attime It 

is obviouslyreasonablef I|sto文lbs m ( )= 

i in(5)forthe dcsccnding 一fim~ongiv∞in 

(11)，b。c ofthe foUow~ rea ： 

1)wh∞ m ~unovadouofllew sa口她 damfalliⅡ∞ 

the粕血 bound， 血inkthatthese 鞠啪她  

dam arcfe∞ol砒 and are ，osedtoIn full usc of 

血an： 

2)wh∞theirIn【，v 0I塔ofllew翻硼pIiⅡgdatagobe一 

州 selected bound but do not overtop a10t，wc nmst 

u∞ thefe撼OnableiDflllence and c(m~mcthe b日d ． 

∽  these s∞ liI培 data； 

3)Wemust escala~the n~uiction ollm她 IJ。e of 

b~onuafion the di砷cIl州Ⅵ黼山她 d日妞； 

4)When the in啪帆岫 di 删 y出 时 n 
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430 CONTROL衄 0RYAND ^H TIc vd．18 

xloamal value and are exeepliom llyla ，weIm埘 qui~- 

elimillate badinflucn~ from them． 

Com aer~g the 0 l ∞ s stated above，we find 

outthat the modified algorithm (12)cm rnol~Ieas0n— 

ably use the in．ovation fze~n sampling data y(tl+ )to 

updatethe identification of parametersltaan the reollsi~~ 

血n曲m (5)，when there exists large discrepancy 

between a sampling data y(ti+ )and the predictor 

(I )= r̂+ f( 一I)． 

Distinctly，dlemodified alg0Ii (12)ill Im_曙dle 

reliability of c蹦血n删Dfswith losing alittle optimality of 

the old aIg嘣 ll1m．In oIh盯 w0fds，it is a 0∞珥 )mise 

between~ tieal 0l m ly剃 fadt-toler~ce ability． 

3 The SF'Ir detection for process f~ult 

G∞舢 y，ifthere d0 not exist∞y faults before the 

血∞‘“ 剃 theprocesstE(t)，t∈ }is谢】ite剃 sta· 

d Ga啦虹眦 Ⅸ吐se， en the 吐啦 锄  

I5(【+ +lI“l一‘+ )obeys the nomlal di蛐曲血0n N(0， 

d(i+ ‘+ ) ) have p血词 ∞t bef~e．Ba g 0n 

tb担p哩晖惯移，wemayIlsethefollowing deta ngNIIli~ic 

(t +I)= y(I‘⋯ 1)一  ̂ +1占I ‘+卜+ 

(13) 

柚 d 吐-e fltnlolls “3 —c血 0n” to dia ∞∞ whether 

thereis afault occ删[ri】唱 at me 1ornot．Butmany 

mec噬 cal龃1aly豳 卸nd practical ap hca吐0ns show 血at 

(ti+n~1)c强 n0tbe used．m dle casethere exist one 

盯mo圮刚 坞~curringbefore dletime(ti+n+1)b∞搬  

dledetection statistic(13)is based 0ntheIJS目血】蚯llg 

al{}oli廿 ∞dis hype 札s讵veto∞Ⅱ_衄 【。】in∞IrIldiI唱 

data．Nm嘶 ， (13)cannot beusediniil~li- 

幻Iil m l~plefaults of adynamic process． 

InⅢd盯 to 嘶 斌 a de峨 0n s咖is位 ag缸1st锄y bad 

in田u眦 ofKst嘶 ca1faults．itis∞e reasonable r璀_椰  

to翻 a地 the sFr c蹦 n删瑚rsforthe cIⅡsive SLs es- 

山瑚帕啼fm(13)．‘ 

In Seetie~ 2．2．itIl；ls p0iIll嗣 0ut血atthe瞄 ∞at啊s 

口 (‘+1一 )gI恤 by如唧啡la(12) the ability to 

H∞虹 bad in 眦 啊曲 g n 伽 Ⅱ_坨rs卸nd to 

m Ice the~ iability of瞄血强Ito ．so we IcpIa∞ 

口Ls(f+1一 + )in∞ ce§si0n(13)by口 (‘+I一 )．This 

mem  is a pra嘶cal t。cbnical app∞日cIl baut IⅡe 

曲 加0ni ring dyll~ c D‘搿湛_m the case吐壕re 

辩 如m k fhI螗 kⅣ g 0ca埘耐 bef~ethe鞠mp血lg 

m t~etected． 

Ac。oldi丑gto aIlofthe孤alysiB蛐m 曲 DⅦ ． h五1d 

a 鹤ofdetecting stra~ w cl1氍 based0Ⅱthele— 

cIⅡsi SFT鳅 面 柚O ： 

1)&1cc血g no>min{5， 一1}剃 us g the To- 

b~-LR detection咄；ol 婀 _m l 8 J，let us d0 

蛳 offline出杷 to diag肿 sewbf蛆盯 there氍 越 

faults the t or肿 I- 

2)All ofthe~ltiers~etected at step1)I柚llst be c0r- 

iected wim in忱甲O ． 

3)The ⋯ ～)ealc~ated with(4)is set 

theinitial value ofthe reoliSiv~algori (12)． 

4) ．̂。coId_mg to aIgorill1m(12)，a 鹤of sli凼唱 

calcIll瓶on is d0lle to d船ill口 (‘+I一‘+ )． 

5)The dd on statisticis built asfollows 

耳(I +1)= y(t‘⋯ 1)一  ̂ +l 

(14) 

6)Ajudgementis d∞e：ifI (tiⅢ 1)I≥c，there 

is a f 】lt oc瑚1rred at fne Ic+ +l；州h wise，the 蛐 + 

piing data is llonll~l md the D is,~ ing without 

fault．wI髓ethe∞nst肌t cis ab selected q)erly 

(The d删 tvalueis suggested 3 d)． 

7)With the t~cess m衄iIlg。on{劬u叩s1y，four sb印s 

3)一6) d0lIe a jn∞d神 ． 

4 硼 SFT簋血瑚【t0璐offaultma罟面 

set~g 『̂+ +l口 (f+1一“n)罄 a p 血Ig ValI|e of 

(ti+n+1)，a stati~eis cc蟠扣姗ed asfollows 

(ti+n~1)=冉(“_+11‘+l--f+n) 

ty(t‘⋯ 1)一 r̂． +l占 (i+1一‘+ )} (15) 

to edir眦 themagnitude of afault． 

Tl砖咖 3 As砌 Ilglhatthet~cess{e(t)，t∈ 

}is sta曲Da ∞d the distribution of e(t)is N(0， 

o2)． 

1)Ifthere既 a pl】lse_嘲pefault 0ca埘耐 at 眦 

tl"̈ I， en mathematical a【p∞嘶 0n of the st出s c 

(I‘ I)is e·q dtô (t Ⅲ 1)．themagnitude ofthe 

fault． 

2)If the d~mllic o∞锚n】ns p嘎q r】y．mm the 

malbematical expectati~m of (t‘川 1)is疆D． 

Proof 1be e吼llt ofthe n 0煳 cm be 0由倒 by 

The0蚶n 2剃 a叩 (15)obviously． 

5 sim词aa伽  

1be 删a modelis sele踟d p0IyIl 血l 

y(‘)：8+ +d +e(I)，e(‘) N(0，d )． 
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Semng the coeiTicicntsⅡ = 100，6= 10，c=一0．25 and 

= 1， get 100 san棚ng data at血∞ set ’ 

D=tf =to+访 I o=0，i=1，⋯，100， =ls} 

by u 岫 M0n把 om锄0d． 

By m~ otmlly dlff~ing s∞ e sam她 da舡 abolII 

(一1p~i100a atthe血∞吼D =Ifl I i=50—54， 

75{．wc get a n sedes ofoutput datawithlo】Ⅱg~tchy 

outlie~ and anisolat~[0Iltli日 asinFig．1． 

5o0 

- 500 

一 l500 

—  

‘-．-
一  

。_＼ ． 
1 11 21 31 4l 51 6I 71 8l 9I 

seri number 

Fig．1 Simulation with two kinds of outliets 

Intuitively．廿le magnitudes ofthe isolatedoutli~ and 

the patchy outliem are not promineatt to alI Ip％IarI。es 

shownin Fig．1． 

5．1 Tl1e b~ BoPior硝 S订 esd瑚训=0】曙 

Setthe 1础 of slk,~ interval n=加．Fig．2 and 

Flg．3 showtheIe哪 ive SLS est~qtors and廿leSFT髑- 

timatom of three“d五ci∞悟 of the simulation model 

画ven abow respectively，l|si the~-ixllation data 

shownin Fig．1． 

喾4000 
g 2000 

l 0 
鼍 一2000 

毫 60 
l o 
_量_60 

名 

l 。 
意 -0 6 

l 1l 2l 3l 4l 5l 61 7l 8l 9 

seri number 

1 2l 3l 4l 5l 61 7l 81 91 

s~ria]number" 

l1 2l 3l 4l 5l 61 7l 8l 9 

serial number 

Fig．2 The recursive SLS estimators ofcoclTicients 

Compa~_g Fig．2 wiIh F ．3，wc a convincedthat 

thel~ti．rsive SIS dn∞mms ofmodel co~ cients a in- 

fluenced badly by outliets and that the SFT al ⅡiI}Im 

(12)haw~etmnmdable resistanceto outli~l~． 

5．2 D曲比dng andid删岫 mtfliers 

Using the es曲 岫 shown in F ．2 and F ．3 fe- 

spec6wly．wc obtain two di商m t ldnds of pr~ ct／cm 

residuals and show thesetwo sexies ofprediction residu- 

alsinthe F ．4 and Fig．5，r删 vdy． 
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Fig．5 Residualsofprediction using SFT 

Fig．4 shows that the bad influctzc of outlicrs∞  

residuals ofⅡle SLS pl'cdicto~ is dcsc础 ng step by 

step．Evidemly，ifthe．~ U湘 resi&mls w廿e used 

to de~ct the 0Iltli日 online，thenⅡle∞I哪崛 data 

{y( )¨ =55，56．76，77t would be djaI删 falsely 

asinfonml data allh岫 the．~ data a∞ norma1．Inthis 

ex．mnple．the ratio offalse dt艇湘 is加 ％ andthela- 

rio oflosing outliea'sis 0． 

Fig．5 showsthat shapes andmagnitudes ofthe residu- 

als 8re vm'y c1ose to out]yi~ data iIlsidle the time set 

D¨ ．Whatis聊 e，theprediction residuals rapidly de- 

soendto zcl~oordosetoⅢ o 0u嘶出 Ⅱletime setD_ ， 

mSlX~vely．So，the resi&mls of廿le sFr inm cⅡ 

exhibitthe partings 0ffaults积∞lI既lⅡy．Inthis a【am- 

pie．山e ratio offalse ddDc is 40％ andthe耐 o of 

ng eutli~sis0咖 ． 
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Talbl~1 Tae es~mators offaultmagnitudes 

The e8由加dng w 黯 of magnitudes forthe six out· 

liers are caleulat~l and shownin Table1．with the re· 

ve SIS algontlum and the SFr algorithms respec· 

tively．A“)0Iding to Table 1，we may educe ltlat the 

SFr∞血na幻rs ( )aremarkedly closertothe values 

ltlat are desig~ for simulation than the lecursive SIS 

estimator̂ (E )(南=50—54，75)． 

f1】 RI，FrankPM删 0吐 RN Fault 姆∞出in 

syac~．Tl唧  p̂p1ic [M】．NewYoflt：PrlmticoHall， 

1989 

【2 J I R．P'toeem劬  咖 be,g~t∞ m and目 ∞ 

衄赶D出一a v盯[I】．̂ uI衄 龃．1984，∞(4)：397—4O4 

(3】 啦  sIⅢ i 0 d 卿 lic 缸 

∞c薯螺 【JJ_知毗皿 №I血 H 眦 Cf俐  啷 ，1螂 ． 

19(4)：312—320 

(4】 }hlR丑g删 sIⅢ0唧 ．R 哪of即 ㈣ m  IariⅡB删 柚 pd- 

廿|吐 蜘 [J】 T ·Db of M舶蝴rer删 删 c叩口d， 

1999，18(12)：1—4 

f5】 B鼬g．Re 缸 蝌 慨 船 l嘴 d曲 咖埘 c 

删 m哪日Ⅱ既嘲【 髓黜 [I】absEw 删 R黜 血for却幢一 

血 ．1993．12(I)：20—54 

[6】 }hl脚 皿dSon 珥i．st ∞曲 妇 伽岫  d吐I 

m n [I】I．of̂ s mnb，1999，∞(2)：75—78 

[7】 M RK删  I．̂ n血埘嘶 叫呷 岫 to钿h出暇 

缸d血留no凼 由麒 c 蛔琳[I】 加珊 h．1971，7(6)：6盯 

一 64o 

【8J 哑  州 i． 幽  岬  

冀嘲 [I]．h妇ma 曲皿d 0I衄 ，1999，28(7)：613—619 
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