
()*+,-{|/.!>/0123l45
’()!*+,!-./!012

!st$%&O9$%u"stvwx6!’""$##

12!";+b!"C!\-./01?#!,-.N2/03f4;5!#678e$"Zf
+89;!"#f’OP:;!BCC<onoN2r=>TJKL’?;!""n9BVAk
#@A(*:;WX!JKLBC-y-dD:;EFG<oN2/0"’WXHIJ9BVA
kKLR9p9n:;!y5JMb!"4?70Z’bA(*"bcCMbA(*"{6N%
aO#<P:;kX!QA(*M#RISTB,:;Ug"F#<P:;#VZ,[!"Mb:
;Wa@-.:;XY;Z[\l0]^!Mn8+BST"MW,[:;kXC!Ak?,\f
z!"_‘PYaby"%&&&’’+4?-.Pc]$v3L’WX#de8;)*8"
+,3!N2/0#@A(*#<P:;#XY]^#n8+B
45(67!)*#’$#)*#2

./01$$""+,"(,$+#2301$$""+,"2,$-"
45 > ? 9 > F G ? @ A B %.#! A B&C D < =
%$""(/0$’#."$&"

!!89

89:"V(k&’()yDxHHz$t&
{c%ST!K$t&{c\~"||B_&()
A.<abcd"Zw<(}@zabtS"!BN
W4}~,!""X#Dx&t$%&’,$’%)*P&
;<;p?DW"&t;$EFCDLMNP’8
&’()DW;~%/(%}|;!7?STHB
ElxM)*m"̂ &$@()"l+;?<$ST
mL;,S-5%/+,’(0$t&H$A"./‘
-nlelxA?!0N?<-#""#UpqrxE
l1-;SfE$A>_YZ%~:"DW<Br
klSTSf9Z#r+u,-23;#\9>4
N1?&!’%WX"̂ &’()Acd,->?5N
&);wA,-%)*&tEF;~,DW>&’
()|t-4;+uz33"F<;k,-AO-
.n%k;SB,-’(Ge>]-5%

H6ryk;FDB89:9$-.=yno
;<$72"QX‘];;$>gz8Dg%k:
FDo"2|‘?+=()wAlM;9:"q2~
Hn=I():lM%pJI())*;l^"[
<lCD("lC)*R‘’(;}z"~H=J!
E;#Def9E%!Bk;FDLMx}p&&
’()%st&(’+u;&kE*>,-;H6r
y,-2-#?,;@qfg>@;;}pXA)

st&-,2’?,;H6ryk&’()pBzcd
CJA;}p)st&#’%pH6ryk;();:
x34vw%WXY&H6ry();NWcd,
-;noDpH|%

\s+u;<BD!$EF&tklSBD-
.;Y&H6ry;NWcd,-#\"p+sS
BD-.Cc&S]Sx,-"yBsh=&tj
2R>N<=6ry%S6rykS$Ey(7p
F@UF,-.\"~HF@lg4$,-wGX$
ghwGX$Sz34j23"=Ea5X3,-)
*%

"!/067458$9:

WX"̂ JK&tNWcd;&Hn;noA"

\4ZF@&+’$PDUU:EaJD7>I:F@&.’j>?}pN
zyz^&’()NWcd&Hn;efno"_
I;>?B‘xyzFJ^NWcd;QR%

\4ZF@$PDUU:EaJD7>I:F@;*+mX"j(
)hiW$)">F;cd’rKMW$;NWc
d"#rt&EFzL0GjkMNSB"ypBY
CSB%V(k;)-7OmX"yz;$EFF
JzpB56;pPjPEBNWcdDx;>?
~b)<&’"’%<‘:j"k<l4)*("&tr
QR<R;&kLUSf"{rSTHIlek<
4)*(’USf%^deS1HIVz;pB
!<‘BE6pB"V(<‘B#E&4pB#8P"
PE)*{ST‘’C($C;"W%y^&~de
H7Vzleo.qrVD;NWcd"]kcd

*2*

N!$O!N’#P
$""+9.Q’".

5678!$!368’#
9:;8’""$""+



nXhnSYE>u,-23mBST;%{3
%"$0SNWcd;Dx)*meUGnX_n
SY%~:"̂ &~deHIZwpB8P"-.‘
?sde&zE,Z_pB[DK2o"%EHd
e&zjk7Q’gh"xyst~leNWA?
CMNWcd%WX"-6;&’()34.\^
l@()L;‘;E,;a5r’"\s+u;#
\>?xUVleNW\]d#:,-$();N
Wcd%

#!*+,-AB3;45

#8"!*+,-#$T<
st&#"’’,’!’̂ &t;SBD34,->?

wA&^&tefS]$SxE"h<]hh<xE
N<=6ryef,-%2Sx,-N^"S6r
yuS;-6BEFl8"rS6ry*;D?l
^qr4&’’"’!’%_&SBDa5)‘?h=6r
ya5"<_6ryEFlUH$"6ry*eu7
‘)*;ja%@GB"_&Sx,-)"S6ry
@;}~lEj2’("6ry(0’(b&cd"
j6ry*fkW2D(!_D?lHH#)"6r
y*3~H}~lEj2CV]51_<w"KM
SBDa5-5%

\sefst&’(’;noMr"R>&t;h
<=j2EN<=6ry"h=6ryzgPEF
h$CV7wFh$-.Fh>~’Fh%PEFh
Y,-jXj2;ia!ekfSOj$:xkl5
6$&n‘xz:xu’$hij#)CV7wFhr
~Hj2%;F’Fa3)>_jXj2$Uj2
lNde;&k$&zK)~’Fh]q2~Ht?
>_lEj2ha#Ej2;CV%-.Fh>_
,-’%Nm,#="6ry’>0NZ’%o$2
K’N^e<z?,@()IM%

5!!*+,-#$=<
"#$%!!&./9=.9/*+-.@*’9).#70$*1.2:2.*’

!!xy"(Z’ ;\&xy"_j2’>@de!
M%

xy’(Z’;E8xy"_@-A’ ;<l>@d
e!M%

xy$(Z’;nWxy"_A’-@-A$ ;<l>
@de!M%

xy!(Z’;axy"_@.A$ ;<l>@de
!M%

@A"@N<l’_1<<l;#E!o[X(
deC#"A’ zA$ N}C%

^Z’:j"kxy"r~HF’>_j2;3
)iaK%^&xy’"q2~Hxy(S6ry
~’Fh)*;}C>_"W]l;E8j2ia
K%^&xy$"_&~’Fh)*;’(}zW
4!nSYhn,SY#"Z’>_;Bj2ia;r
-K%^&xy!"6ry)*<‘#p}~’("
^Z’:j@Sj2’(lPp1%R‘j&tH
IDx]$e4!_&t$EF5Kj#"VzSj
2*#E@wx]$e4)deUxy!;6r
y}~’(!L02Qh9-#%Xy’(&[2K
qP|3qZKZ’%
#8#!3;45

UF,-&’-’<0rP)y,-"7pklrP
34Y-z4s$iT)*"kS7")t^‘c
)y%;grY-efkl34">_<!X3,
-p}"#sp}A;N’=,-Ep_^}%?%
H!H6ryA;;LzLM"st?Puo;h
<=,-f!I()#MM<=6ry"h=6ry
r/l^"[&efC0,-z9E"Fpr"[
lM+=();9:"QR~Ht?v:CD$yw
7b$lC~’"yJlM+=();9:%x5+
=();fNq2MyB_B =6ryyJEp
;Hr"k.<)t_Z’;-.Fh:UF()p
:8=)t;UF>u%();34grY-N(

YDE;’#C’!&"’")’’B8# !’#

C8?8&8 <(’!&"’")’’B8# !$#

)/’(?"YDE/)/
’
(? /)/

’
(?"YJ_!)/

’
(? ")’

’
B8 !!#

>YDE/>!,#/>YJ_!>!,#"&8 !(#

!!D!’#NW-zCm1D"&"’ NZ’L1;./
()>u")’’B8NZ’UF;B =6rykp:8
=)t;,->u)D!$#N()>um1D"&8 N
p:8=)t();>u)D!!#$D!(#SGN,
-e’>iae’gh%

xD!’#(D!(#q2Mu"̂ tV:;H6r
y;LM"FF=6ry‘?a5;e’5%]H"

*#*

"cdef?ghijklm"!{;|"j!Y&H6ry[\;$&tNW\]UV,-



4@j()’C],)"+%UF)y8"!GB<
=$EF;|lg34vwa5"]51_()3
)g;?a%

#8$!45ABH?>
UF,-;<=@2’BrP34"̂ &<=

,-W-"q2S5MHz:,-"kh<7"FP
0z34%~:"̂ &<=JK;|lg34vw
a5"q2S5MHz;8TlgEua5%^j
2x0#$lg4"]deyz^j2‘xI:;
}~#N(

"7<)))*<
+7!+1’!UDJH ’! #, !-#

DA())z)*SGNde‘xyzzj2‘xI
:x0e4’)+7NdeZG^dJ)!NmDJ)
+Nj2ZGJ)!Nj2I:x0!"J!D&n
I:6’"hiI:61’#), Nj2&kKK&
’%

j2&kKK^:xI:;}~#N(

", <),)-<
+1’UDJH ’! #, !2#

DA(),z)-SGNj2&kKKz:xI:e
4’%

#8%!?@qg45X
^t7p;H6ry,-;LM"Fh=6r

y;UFxyz{xy"$xy’$xy$"3|a5
e’CW5]#$"FQRA;$HC^&,-W
-y$:m*?%3|,-)*A~%_I;<=
vwB,-CW;Xl4"!B,-#&r*9$
3p4;mJ%^&lgEuy$"PU,-;e
’CW[4"-./0]q29’+,&’2’%\s~
H^,-w!;GX"H34vwEF$NoZ"J
){‘/,-;X35;,-’CW%

^&h=()cd"k-.;}~#IJ)E"
q2sV}~#$l>@A@^_‘,-’efo
p"#X6}~#X$;1+ =,-’e:PU,-
w!vT#&[c]X6T}~#$;j2"vh#
&[c]X6h}~#$;j2"D&nj2Uh
ij2M^X(#%‘?Yu;B"k}pGX)*
E"_&h^lgEuAPU,-;e’CW‘c"
lgEuqr:\3_qf5%:)"ko<34
)t)$-.PC"HuH,-e’PUo<=l
gEua5%

e<z"_&BSz34,-",-W-qSM
Hz"~:kh^lgEua5A",-e’e4K
pe]$"_2#pB_‘;,-ghc‘/%\

sX6deyz)7.#)7"YJ_!#"!""’##;deEN
‘?gh;de"̂ &kKK,-!’A$#,YDEh

,.!’1$#,YJ_!$"!""’##;j2EN_I;j2
&kgh%

k\s;NWcd,-A"_&cdE?an
X(+2,-"_I_&n"j*+,0c-"\s
,*&nu’)+YZ"R_IE,Zn$Zhi#
D%#r2Zn$ZhiX4NW-zC"D!’#(
D!(#X#qXymnN(

YDE;’#$
8

?#’
.?/B)’’B8 !##

C8?8$)04[B"? <$)04MB"? !+#

$)06[B"? <$)06MB"? !.#

j)B"?1’A"B"7)04B"?D/!!?#)B"YJ_ !’"#
!’1%!?##,B"YDE/,B"?1’A
!"B",)06B"? / !’5%!?##,B"YJ_ !’’#

)0B"?"YDE/)0B"? /)0B"?"YJ_ !’$#

)04MB"?
)06MB"?

<b:
!*M#

%Y!*M#
!’!#

DA(/B NZnZhi81&’)B N Z’ ;{*
w!).? NN?z34);a1"E’.E$.1.
E8)

)’’B8 #
)/’’ 1 )/’8
2 2

)/1+’ 1 )/1+

0

1

2

38 4

555
{
*
y

67777777)*y

)/’’N3|}p&Z’;,-’))/’?Nk)y?%
Z’;UF,-’))/1’?N Z’ ^xy’$xy$%6
ryk)y?;UF,-’))04[B"?z)06[B"?SGN
D&nj2‘xz:xkUF)y? ;e4’)

)04MB"?z)06MB"?SGNhij2‘xz:xe4’)
"B"7Nleyz^j2‘xx0;}~#IJ)
"B",Nj2&k^j2:xx0;}~#IJ%

D!+#$D!.#;gh,*;le%‘x$:x;
e4"#pBS-;gh"-.>_X#,-’

)’’B8Eyzvp)d"q2~H)dj2"j)
D!’"#Nle‘xyzgh")04B"?Nj2‘xe4
’"!!?#Nde‘xgh,.zC"!!?#.!!?5’#)
D!’’#Nj2&kKKgh"%!?#N&kgh,.
zC)D!’$#N,-e’gh"_&7p;lg}~
#F@"?_Ilg}~#;‘/x*)D!’!#mn
Shij2‘x$:xe4’)QN}C%
#8&!+,-A/BC

?37H6ry()#%Sf"6ry*;=

*+*

$""+"!$!’## !



Ehm1?%();+ya5qS5_h=6ry
A"Fh=6ry;>u5U_‘>:e’‘m"5
B!BpJW-;SB,-q2e^G/X3#
\"{h=6rykxR1$@z6ry5;X+
o"̂ $0W-ef34&’-’%^Z’:j"‘?3)
F’xy"ia’"<_rF_ia[c!le‘x
yzhj2&k[c#"~H~’Fh>_xy’@
zj2;’("xy$;j2’(]BnSYhn
,SYXf1kZ’ A;r-K%Xya5z{_
o(

’#sVD!##(D!’!#h=6ry#fa5"#
6)=’B’ENqr;,-’%

$#QWxy’6ry;5"v+)/’’’1)/(’’+.
&"]Z’UZ(}~,-e’)v+)/’’’1)/(’’+-&]
28Hh%)/’’’NZ’^j2’;,-’")/(’’NZ(
^Z’;UF,-’"&N345#"6<=l;T
C%
!#u6CVE16a5D!##(D!’!#"Fz

{$%
k6ryN’^a5E"S6ry*;,-’

qrfkW$LU"F~H~’Fh"u6S$_‘
CVE+a5"S6ry;,-’G]E6><w%
k\s;*+A"k$^(!^CV}~E"S6r
ymr1_Y\<w%

k+=H6ry()A",-233kS6r
y;Zn$Zhi,-’1M<wEdJ)7f%
F_&()kZn$Zhi,-EeKMyz;1
6SB"~:‘?klMh<zl+;Zn$Zhi
,-)Em16O3de&z$j2&kCV"#U
?jX()B*OP%Fh<zZn$Zhi,-
E"()DkkPaH$P*%N:"q27pcK
\:8TQaE;&k$&zK"7p,-En=8
PFP(F’;)cK:8T&’#’%

$!<=DE

\skFn%F9H6ry;HnSf%kH
6ry()A"h=6rym‘^xy";F’r
’"xy’;K~H3)~’>_"xy$;KEN
r-"6:‘,g;<=;F’K"6#UN"%_
&*+AX6;mBS1;./cd!X6$nd
ecd#"()[c!>?BdeHI#YZS1"N
stF@lg4E::H$>U"\sF@UFX
$)yN8#(",-W-{qSM8z%h=34
zE"8#87’%de‘x,.zC!!?##’A
"F’!87?#"{&tDxcdE"34;N’=W-

BHdepqpBPEyZ@"X#W-Bdep
HI!jk7Q’gh#%_I_SBSf#D^p
B+R;QR"\sx5Sle&4pB+RKN
X$HI’;’!"k%{N’=34W-NdeH
I’l&X$HI’;’!"k"@EW-SGN

’$"k"’’"k"X#1_l&’""k"{:HIle%
^&j2&k,-"<‘()?a^ECJ&k"c
,.ghzC%!?##"%v8#’E()5fkL
U"]?UF)y8#’"xGef34"N_@@L
Uh1_X$SfzCGYJ_%Xy-.z{_o(
’#)nX(de?A"#rKM&tdeyz

hj2&kS1[c%

$#sTt?IJ"-.Sj2&k$de&z
K%

!#S6rykxy"$xy’>_S$Ey(
;j2$deia"kxy$>_r-K%

(#S6ry-.8)y(UF,-’"~H=
E>_jX)tS$,-’"#EN:^34;,
-’%
-#u6j2CV"16-.Sj2&k$de&

zK%
2#1Jz{!(z{-"N_@@()[ch1

_X$SfzCGYJ_%

%!SU(F

2%&&&’’+j2()N^"6F@PCN(
A’#-"A$#’""1+#’2"##"F+"$<"8"(".?<&’"

"8.""8+""8#’)"&#"F"’""#"F’"GYJ_<’"%6D
&nABCpN!"Da-*F"hiABCpN

’"""Da-*F%_&\s#\sh=j25/M
6ry"#fS.‘?’’+=-.n"c\s7pF
nE#fF9"*+H$7p *Z)MZ0F$z

*Z)4\F&bObz1m%
2?Ade-"’’.N^"(ndeHI"F:j

2&k[c%vpr>)@@HI"pBG\A[
cde#CMNWcd%;\s,-ESzHr_
m’z3qZKZ$_n%

V!!GH>45ISU
;08)*!!F*29).2+-*0=@=+1./+)2.*(

34zC HIde X$HI’
,-’

!ABhi-*F#

" ’"#"’’2"’$2"’$# ’8-.""
’ ’"#"’’2"’$2"’$# ’8!’"" -28$’
$ ’"#"’$2 ’8$""" $’8#.
! ’"#"’$2 ’8’$"" ’+8+#
( ’$2 ’8""’( $28+!

*.*

"cdef?ghijklm"!{;|"j!Y&H6ry[\;$&tNW\]UV,-



!!7pH6ry[\"xX$deHI’’8-._
Y\@@HI"FnE#fSf‘$!"82C"X#A
Bhi’$!8#*F"y7pPC34‘Sf’’8$C"
yABhi’$’8(*F%vp_I6ry;CV7
w>~’)*!#f)"<‘h=6ry~’G^C
k+^(’+^*#"\s34-.)*N$8"!C!R
>F=6ry;X$Sf)*N34_‘)*#%
N’z34F=6ry;Sf)*pHH"8-C"r
k()*(E,Z\deHI&z"stlepB
x&f;PE%v7p/F$1m"-.)*Ge
<z’(%

WX"V(k^NWcd,-;stDpH|%
NU@zSBD-.QW"7pst&’’’;deS
v\ze’}O.\:a5NWcdo;X3,-
23"6xy345#&<"8"’%j%&&&’’+j2
()SM!=xy)"xy*‘?~’$-^"X$
xyS.)*N-82!C"jSM-=xyhuHx
ya5)"u7Svde;yz:\34;YZ%
st&’#’+u;UVleNW\]#\"NO2H
Ile^Sj2}~#X(ZnZhi2"̂ t-
.,#]E"F_I;BFndeHIYZ"r:\
_IShia1>D&nSfCp"pry_34
,-%

k-.A"PCA’ z1+ ^Sf)*$5#QR
X$%jXR1+#’2"5eA’"ef-"^)ncd
!?A$nde"X$deHI’HH’!"k#oN
Wcd,-;*+"6(z34E@)cSf)*$
)c>U_m$_n%jXRA’#2"5e1+"J"
ef-"^NWcd,-;*+"@Sf)*$)c
>U_m!_n%

V5!1! J45SU/KL
;08)*5!4--*=.+-1).+/*29).2

A’ )*-C >U-!k#

! ’8#- "8"+$
( ’8#+ "8"-(
- ’8.( "8"$!
2 $8’$ "8"$’
# $8!$ "8"$
+ $8(! "8"’-

V>!23 J45SU/KL
;08)*>!4--*=.+-23.+/*29).2

1+ )*-C >U-!k#

’$ ’8!! "8"#2
’( ’8#- "8"2(
’2 $8"’ "8"!’
$" $8-+ "8""2
!" !8(’ "8""(
(" (8.$ "8""(

!!xm$q2Mu"jsV}~#XR,-PC

1+ yR5e6ryEyIJA’"@GySf)**
K)+")c>U{l}3l%F_I_3|H6
rySfAfk6ry*;}C"A’ ;)$G)+
6ry*;~’"q|A’#-h2BQW;;X(%

xm!q2Mu",-PC1+ ^GySf)
*$)c>Um‘W$QR"Fj1+.’2)")c>
UL;]lre4p$"~:"1+ 6’2($"BQW
;;X(%

&!Sp

\s+u;<BY&H6ry();$&tN
WcdF@UF,-#\"s<=JK$();k
la5vwS-_S=6ryA37"~HF@l
g4$PU,-wGX$Sz34j23+E;.\
34"*+HrqX;\.\;‘/g%@GB"j
&tEFnW_]$)"PC34Ge>|}-5"
y\sAS6ryR‘^S$EyYLa5"h=
6ry;-.’#p)t?EF;nWy9’)
+"̂ ()G;-.)*QRp$%

3456789:"T??;#$$WWW8J:;C,DEV68
=6Y$J:;C$=T$DEU:_8JC;_%&

q r s t

&’’Mc2"NtO"aPQ8$""!9V|vwt&{cL_8&’

()$P4"$""("$+!!#(’,-8

[Z3 L:dDJEH"PN ODJEHXD"PZ3 ST:E_DJEH8)T6>HT?6E

C:@:IJ7K7J=Q6>?CDE?T:W6I7UDE$""!8Z>?6YJ?D6E6V&7:=?ID=

46W:I9XC?:YC"$""("$+!!#(’,-8
&$’aPQ"R<S8&’();OPg>VT238&t[\"

$""("$+!.#(’,28

PZ3ST:E_DJEH"/Z\ RDBDJ846W:ICXC?:YC:=>ID?XJEUD?C

;I:@:E?D6E846W:I9XC?:Y):=TE676HX"$""("$+!.#(’,28
&!’UVW8){=";$t&VX2-(!(#Xy’($kl’4

STz$D}34,-8&’()$P4"$""2"!"!$#(’,’"8

N̂&R>CT:EH89;J=:,?DY:=66;:IJ?D@:VIJY:W6IQV6IU:V:EUDEH
K7J=Q6>?C(4JI?$!I:7DJK7:DEV6IYJ?D6E"d>JE?D?J?D@:JEJ7XC:C

JEUJUJ;?D@:=6E?I67C8Z>?6YJ?D6E6V&7:=?ID=46W:I9XC?:YC"

$""2"!"!$#(’,’"8
&(’KA"YsZ"Q[\"j8&kQRE*>,-H8;()2

-8&’()$P4"$""2"!"!’$#(!!,!#8

/P&3 ST6EH" LN F:EB>JE" FZ3[ PJDV:EH" :? J78

aIJY:W6IQ6VY>7?D,JH:E?CXC?:YDE;6C?,:Y:IH:E=X@67?JH:

C?JKD7D?X=6E?I67C8Z>?6YJ?D6E 6V &7:=?ID= 46W:I 9XC?:YC"

$""2"!"!’$#(!!,!#8
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附录 A 
 

 
图 A1  多智能体系统的信息传递框图 

Fig.A1  Structure of the communication for multi-agent system 
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图 A2  分步控制结果 

Fig. A2  Results of control step by step 
 
 




