
!! "# "!! $ # !"#$$% !&'($)" %&'("#!)&($
!!"*+, $ ++ % -&./01'&2-345360375/839:!)19./1';<350<5" )&7("*+,

=99>#??@.5A1&A10B&0BCD4.C5E.C<0?FGA

!!!!"#$" "*+, H*# H"*!!!! !%&#$" "*+, H*$ H*$
!'()*" N�«¬.©t401 !N+NN"*$*& $+#NJ*$$"
!+,-." 'n½ !+ON$%"& ¢& +@& ©¤& ©Ï& CD�91÷( ÆæW�Ö�ûÀµc/O' PQ413'#

F=1&@<SA.>9(5E.(<0

!/012" +**N HNK*J#"*+,$*$ H*K$N H*$ TUV%+*(+ON+J?D(D4.F/("*+,(*$(++

$ ­d��+����ÿ!~9Cb^L�

���+# j!�+# ��7"

!+({|}~#$v$'" {| +**,N$# "([>�-#$��P��RS$'" �� �M ""+++$$

!FG" Z $ |f�¶·WÔ¸ËNUUl�äUvuP)TZVnË& Ç�UUëmäU¨\VF
NûËyz$ ß|nNWÔ¸ËBûµNÜÑWÔ¸Ë��Ñ-ÏÂNRßñÑûZNßçUÂ& ,CK
h�nËPÅ¼è#ñÑ�£�9\�ÂLF_è#Â÷N¡�ÜÂ'

!HIJ" Å¼è#$ WÔ¸Ë$ )TnË$ ßçUÂ
!@KLM2" gk#*+C$

T2/-'+'/'+F#;-/1?(+()%O#4+)-/1.)D7/,+()-)%R+C
>+-5()%.,)(()F#,L7#,/'+)-(+-0#-#'+&;14),+'"D

]̂ IU_30<=1&+[L̂ P)e30+[ZU)ZT.0R53"

a+(;<=&&'&2;<350<5[l53D30B60375/839:&2k&89810E g5'5<&44.03<193&08[l53D30B+**,N$[L=301c

"(;<=&&'&2V02&/4193&0 11E L&09/&'P0B305/30B[L=30160375/839:&2e3030B10E g5<=0&'&B:[_.F=&. ""+++$[L=301f

;<(',/&'=g=5851/<=30B/5B3&0 83F5<&4>1/38&0 &0 83@G30E8&2</&88&75/&>5/193&08R18s.1093919375':10Q
1':F5E(g=5101':93</58.'98&0 9=5s.1093919375<&4>1/38&0 30E3<195E 9=199=5'1995/</&88&75/&>5/193&0 30 51<=
>13/=1E 1/5'19375':R3E5053B=A&/=&&E 9=10 9=5<&//58>&0E30B&/3B301'&>5/193&0(V9>/585095E 9=530=5/509>&8Q
83A'5/518&089=5&/593<1'':2&/4130913030BA5995/>&>.'193&0 E375/839:10E 5@<5''5091'B&/39=43<>5/2&/410<5(

>#?@),5(=B50593<1'B&/39=4c</&88&75/&>5/193&0cs.1093919375101':838cR3E5053B=A&/=&&E

*!NO
Å¼è#Üµ &̂''10E)+*� +ONJ $þ�& gÜÎ+��JGÛ«¬�ØL�ÉJÓ×>N°×ëm

è#)" HK* ' Å¼è#�Ò3îþ)�ÒÎrf�û& bcWÔ( �[¡Å¼¸Ë6JnNf�û�9&
¸��µÍì*Cû�9)�ØFWj9v�yÎ3& 3æ]îþ& ØT~ø�|-Ïì*' Å¼è7
ççbc�µÍËqVTì*vu°×¸Ë& /�PÎnW�è#�ëmîþ)Z»¼¥þL�×WÉ
Ni-)J*' B¼ôNW�è#)$*ûV& Å¼è#NAB�c��Qi-�»¼NmV¥þB�9ëm²é&
�9ëm¼HÅ¼è#H�!÷çUëm)N*N=>& ��f2¬jû×Ê�Nn�ç¥þq¦Llm'

�Å¼è#)& WÔè7íîÕb«¬ÛJGN}WîþZj9vuWÔ¸Ë& Qø6Jnj
9& �l|�N\�Â& I¨èWöâ& CÄ¼HÅ¼è#ñÑF�N´�ëm÷"' Â]& WÔè
7�Å¼è#I´wû×ÊLëm´��WûNîþ)³`±3BËc),* ' Zf�¶·NWÔ²
é)O* & Ujé9ÈWÔ¸Ë�HTN7j9��=)�Ué9â½N�jäU& ¼¬j�9ëmö



¦§¨©©ª !«¬.©­" ! "# "

=99>#??@.5A1&A10B&0BCD4.C5E.C<0?FGA

âLFpl�òTPÎ)N=>& ,Ñ��-Ï��HçUN�÷' 7j9�BY�é9â½Nä
U& Îni÷�\��[¸Ë& ���JAl¨�[¾¿è�¨ëm�_& Å¼è#�Ñù�½În
°×ëmè#N�X)+* H++* ' åZ+ÎQø& aD )+"* þ�PI|nNWÔè7& Z¼ôNWÔ¸
ËvuPûµNõv& ¼H73j9� ÑY�é9Éâ½äUN�÷& Î)þV�I¨PÅ¼è#
WÔè7NëmäU& ¼è#� �£l�näUN�÷' �Ü& ÉaDiÜÇ�srWÔ¸Ëëm
äU¨\VFN)Âyz& ,ÊÑík)TNKhnËL��uê' �aZaD )+"* ) $ |f�
¶·NWÔ¸ËNûZëmäULV�NÉ·öâvuP)TnËLKhl;& qWÔè7LÅ¼è
#Nè#hi)+#*�Ö»¼wûþgPKhu£'

+!$ ­UW1SCd��+
³´¶dèëÜìÏE)�ÿ¢��)ÑíyÇNÑcÊñ)+"* & ,Ñ³AÇoP�¢×ÊNt

�' Å¼è#Ü³2+èt�NÑ"Êñ& �ÜgN{2�9�ZÅ¼è#WÔ¸ËN�Ø' P8>5Q
F.1¡)+"*Z , |WÔ¸ËvuPîïLVFnË& \r�õyz{|& nþ�N½Ù­WÔ¸Ë�è
y�µV�ÿN¶dw|{2�_'

y|Z�)N $ | !# r" f�¶·NWÔ¸Ëvuîï& B±N¸ËCäaD )+"*' y|)
V) *+ B *" ÜUé3j9& I+ B I" ÜUj73j9'
+C+!K���d� #d� +$

è8WÔ¸Ë6J73Nîþxy#
I+ -)&/41'3F5!(*+ [!+ /("*""&I" -)&/41'3F5!!+ /("*+ [(*""& !+"

�)# (ÜäÊ )*&*#J* ���6JNÎj°×�$ �� )&/41'3F5!O" 6J Ow&NÎj�<&T&

- )&/41'3F5!O" -OU O^+槡 O' É¸ËN�ëÜ73&T$ý�Ujé3&T{½Nð{äU¡H&
,Z]An��Ué3j9¡nÒNUÇ& -73j9Nl�öâòTé3N=>' É¸ËNl�ö
âLnûJ½îþxÝ +1ÉÏ& �) $Üé3j9 *+ è *" BUé3&TNZ]® ;NÍP& $I+&$I"

Ü73 I+ L I" BZ]®NÍP& ./10E)*&I* Ü��n��äÊ )*&I* NÎj°×�'
+C"!K���d� #d� "$

Éè7ÜZWÔ¸Ë + NÅ´& 736JwçRWÔ¸Ë +& éÎNäoÜ°×� (N6Jöâ
µ )*&*#J* �½ )/*#J&*#J* ' Â]& 73&TÑF¨�÷<�é3&Tâ½Nð{äUÍÚ& ,
i¬Z]An��é3¡nÒNUÇ& ¸ËxÝ +A ÉÏ' ûV�WÔ¸Ë +& WÔ¸Ë " N73�
�6J�µé3j9&T{½Nð{äUÍÚ& �+jI´Nð{äU)& 73LZ]®{½N�¨
Pq "$& $Üé3j9LZ]®ÍÊNÍP& É¸ËNl�öâLnûNJ½îþxÝ +A ÉÏ'

兹 兹兹b1

兹b2

m

a1
b1

a2
b2

兹b1

兹b2

m

a1
b1

a2
b2

兹b1=urand[0,兹]，兹b2=-兹b1 兹b1=urand[0,2兹]，兹b2=-兹b1
a） 交叉操作 1 Cross鄄operation 1 b） 交叉操作 2 Cross鄄operation 2

图 1 交叉操作 1 和交叉操作 2 探测区域示意图

Fig.1 Cross鄄operation 1 and cross鄄operation 2 detection area diagram
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a） 交叉操作 5 Cross鄄operation 5 b） 交叉操作 6 Cross鄄operation 6
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图 2 交叉操作 5 和交叉操作 6 探测区域示意图

Fig.2 Cross鄄operation 5 and cross鄄operation 6 detection area diagram
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兹i=urand[0,兹]，兹bi(biased)=2兹（（兹i+兹)/2兹)茁-兹，
茁=（fitness（abest）/fitness（aworst）)4

a） 交叉操作 7 Cross鄄operation 7 b） 交叉操作 8 Cross鄄operation 8

兹i=urand[-2兹,兹]，兹bi(biased)=2兹（（兹i+兹)/2兹)茁-兹，
茁=（fitness（abest）/fitness（aworst）)4

图 3 交叉操作 7 和交叉操作 8 探测区域示意图

Fig.3 Cross鄄operation 7 and cross鄄operation 8 detection area diagram
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图 4 交叉操作 5 与交叉操作 6 探测区域示意图

Fig.4 Cross鄄operation 5 and cross鄄operation 6
detection area diagram

x

µ�WÔ¸Ë + LWÔ¸Ë " )736JNöâµé3j9{½Nð{äUÉÛ)& éÂqð{
|5%çq L -#(" U" & �)(qð{6p&#qð{Ù1P& ,9µûRNUjj9�WÔ¸Ë + L
WÔ¸Ë " )Éâ½ð{N6pûR& ÄWÔ¸Ë " 6JN73j9l�ð{äUNÙ1PÜWÔ¸
Ë + 6J73N " ¦& É�73j9ëmäUN|5àÜWÔ¸Ë + )NU¦& -WÔ¸Ë " 6J7
3Nëml�öâFWÔ¸Ë + Yß}& 73��÷�£F_Nl�×Ê\�Â& [�Üè#ëmN
�#& YÑb��£�9\�Â& CÄYÑ�÷Y�çºçU& Y_Aèw´��Wû'
"C"!d��+ J Rd��+ $

µ�WÔ¸Ë J LWÔ¸Ë $ 6JN73É·äUÜ�Ué3j9ñ�)1Òº�{½NÙ­L
Ù­ÉZµN]ò¡H& -qÙ­9¸PÉZµN$ý�]9¡HN¥ÎHn]995& É�U|W
Ô¸ËZµNëmäUÍV�Üg273j9É�÷<½
NÙ­L]òN95ÍV' xÝ K ÉÏ& �)ó�ôdH
n3{WÔ¸Ë J 6J73j9É�÷É·NäU95
HJ & ó�LÀ�ôdHnÍL3{WÔ¸Ë $ 6J73j
9É�÷É·NäU H$ '

Âq]N95%çq H--
"%

*
E!-

%

*
E"-

1

*
("830 "E(-

K%1# ?# & �)1q]N6p& É�WÔ¸Ë J )ëmäU

N95HJ --
"%

*
E!-

$

*
E"-

1

*
("830 "E(-"%1#!+ /<&8$"U#$W

Ô¸Ë $ )ëmäUN95 H$ --
"%

*
E!-

"$

*
E"-

1

*
("830 "E(-

"%1#!+ H<&8"$"U# & ÂÄH$UHJ -!+ /<&8"$"U!+ /<&8$" -

+*NK+



!! $ # 'n½& ¡# $ |WÔ¸ËUUëmäU¨\N)TnË

=99>#??@.5A1&A10B&0BCD4.C5E.C<0?FGA

"!+ /<&8"$"U!+ /<&8$" -"!+ [<&8$" ' éµ� "$ÜWÔ¸Ë $ )73j9BUé3j9ÍPtn

Ò&TN�¨ÍP& É� "$, )*&%U"* & CÄ $, )*&%?K* & ÂÄ H$ UHJ , )" [槡" &K* ( )#CK+K&
K* ' -ç73j9Bé3&TtnÒÍPI¨T " ¦ß& �l�äU°ÍI¨² ##K _K ¦& -µW
Ô¸Ë $ 6JN73j9÷ëÉ·Y¨Nl�öâ& ÂÄñÑûZN+çU5Â& CÄ¼|��è#
l�TNV"ûçUñÑYl\�ÂNn�& [�Üè#ëm�#i¬���£F_N|�\�ÂL+
TU5Â& CÄ¼Hè#� ñÑY�çº�HçUN�÷& ÂÄÑ�÷�£Y_Nè#Â÷'
"C#!d��+ N Rd��+ ,

µ�WÔ¸Ë N( WÔ¸Ë , BWÔ¸Ë +( WÔ¸Ë " +1& äo��WÔ¸Ë + LWÔ¸Ë "
Ü��÷Nl�öâ¡��A6J73& ÄWÔ¸Ë N LWÔ¸Ë , Ü�i-�j9�µÍNµ��
wç6J73j9& Â]�iÜóôl�öâNäo& +Ur¸ËÑûRNl�öâNZVnË& Â
Äççóôl�öâ}ÏQ�WÔ¸Ë N( WÔ¸Ë , BWÔ¸Ë + WÔ¸Ë " Näo' ��WÔ¸
Ë N LWÔ¸Ë , N�ënË�Þ& +rWÔ¸ËNY3B�cÜ73j9���Nl�öâ�Nµ
��n�' µ�FWé3j9B)1ÒÍPqm& Â]ÉrWÔ¸ËZVN3ë��ó�¸Ë , 6J
N73j9ÜPÑY�&�FWé3j9çUN�X& xzÑÉ�X& �PnË�+|��FWj9
�XN¨\'

�aæçß|WÔ N ) $!A3185E"
I4 Yû&� /$& ß|îþxy'

µ� ! -!2390588!*A589"U2390588!*R&/89""
K & 92390588!*A589" 32390588!*R&/89" & �Þ ! 3+ ' µ�$4,

)/$&$* L $!A3185E"
I4 -"$!!$4[$"U"$"" ! /$& �Þ $!A3185E"

I4 , )/$&$* ' ç $4"$& - $4, )/$&$"

ß& µ * -!$4[$"U!"$" & Ñ *, )*&+" & éÂq ! 3+ & É� *! "+ & 9�Í *! ÜC� ! N�Å
Û��& -�)NUjé3j9WW�[g¨& �Í *! g\& Â]�6JN73j9g�®FWj
9& $!A3185E"

I4 Ylj6 $Äû&� /$'

vÎ�Vh$4,)/$&** & ÌÑ *,)*&+U"* & éÂq ! 3+ & É� *! ,)*&+U"" & CÄ$!A3185E"
I4 ,

)/$&*" & ,9 ! Íg¨& äÊl½ëNÍg\& É� $!A3185E"
I4 Yû&� /$& -Yû&�FWû'

,¹�|' ç ! -" ß& *" , )*&+UK* & $!A3185E"
I4 , )/$& /$U"* $ ç ! -K ß& *K , )*&+U+$* &

$!A3185E"
I4 , )/$& /N$U,* ' ç ! m"& #& K& J& $ ß& $!A3185E"

I4 N�Íöânoq )/+& /+U"* & )/+&
/#UK* & )/+& /NU,* & )/+& /+JU+$* & )/+& /#+U#"* ' ��â�& ! Íg¨& $!A3185E"

I4 N�Íöâ
Yû&� /$& -Yû&�FWû& CÄ�ßè#ñÑ�µÍ¸ÏN«�µëm5Â& ÂÄ�ßè#
ñÑF_Nëm�Â'

WÔ¸Ë , Z $!A3185E"
I4 NnË+1�WÔ N' ZWÔ¸Ë ,& $4, ) /"$&"$* & Â] * -!$4[

$"U!"$" , )/+U"&#U"* & vÎ�µ $4, )/"$&** & - O, ) /+U"&+U"* ' ç ! m"& #& K& J& $

ß& $!A3185E"
I4 N�Íöânoq )/+& /+U"* & )/JUK& /#UK* & )/+& /NU,* & )/+NU+$& /+JU+$ &

)/+& /#+U#"* ' ��â�& !Íg¨&$!A3185E"
I4 N�ÍöâYû&� /$& -Yû&�FWû& CÄ�

ßè#ñÑ�µÍ¸ÏN«�µëm5Â& ÂÄ�ßè#ñÑF_Nëm�Â& ,9ëmäUù½g
é3j9â½NäU' $!A3185E"

I4 -"$!!$4[$"U"$"" ! /$'

µ%ç $!A3185E"
I4 -!"*! /+"$�Ö$4, )/"$&"$* �Þ&$!A3185E"

I4 , )/"$&"$* & É�WÔ¸Ë , )
73j9N6JöâÜWÔ¸Ë N N " ¦' éÂqWÔ¸Ë , )Ué3j9BP)1ÒNÍPnoÜ
S$& É� $!A3185E"

I4 Nl�PVöâù½gUé3j9É<½Nð{äU\Û' Â]& C»9�â& æ
ç& I´NWÔ¸Ë , ûZ�Ü¸Ë N éÎ·92P�£�9\�ÂN¡�×>LëmN+çU�
Â$ �·& +1�WÔ¸Ë N )nËN$!A3185E"

I4 ûZ�$4�äÊn��Nµ��Â& ¼HWÔ¸Ë , 6
JN73j9ÑY¨¾¿n��FWj9N�HçU& 9�÷ù!÷é3j9«ØN\Û=>' Â
]& ¸Ë , Qç�ÑY¨¾¿l�FWûçUN-Ï�Â& Ä9�ÑY�çºçUNõl�c'

++NK+



¦§¨©©ª !«¬.©­" ! "# "

=99>#??@.5A1&A10B&0BCD4.C5E.C<0?FGA

íî��ZÅ¼è#)N $ |WÔ¸ËNUU)TZVnË& Ç�PUUëmäULÉ·öâ¨
\VFNûËyz& ß|PnNWÔ¸ËVûµNÜÑ¸ËñÑûZNßçUÂ& CÄZnNWÔ¸
ËñÑûZNW[Â÷Ç���NKhnËtu' QçläPZÅ¼è#NÊu×KNKû& Ã�Î
)þV�ÇÅ¼è#¾¿ÖëmNå�ëm×>þgPKhu£'

#![n
ZaD )+"* ) $ | !# r" f�¶·NWÔè7Nl�äUvuP)TZVnË' íîZs

ÎZWÔè7É�÷NëmäULÉ·öâvuKh�NZVnË³2& sÎZWÔè7)N�ÉZ
µNëmäU)VºÉYlß}& -�ÉNWÔ¸ËÑ0I¨P|�\�ÂLèWöâ& 92PI´
NWÔ¸ËñÑ¡�N�9\�Â�£×>LëmN+çU�Â& CÄ¼HÅ¼è#ñÑYlt�N
ëm÷"& Ñ0ÛõPWÔ¸Ë�wûîþ)@��H�WûN¾¿& Ä+|Â÷Z�9W�è#ñ
Ñ3Bde& [�Üè#ëm�#' à^�aZQRrWÔ¸Ël�öâNKhZVnËLaD
)+"* )ZQRWÔ¸ËNfgZVnË& ß|P�a)Z $ | !# r" WÔ¸UUËZVnËNv
SÂL%BÂ& CÄqÅ¼è#ëmÂ÷N�[{2þgPKh�Nu£'

! o p / q "

)+* ÛWWI)T-̂ (IE1>9193&0 30 019./1'10E 1/9323<31'8:89548)e*(I00 I/A&/# 60375/839:&2e3<=3B10 k/588& +ONJ(
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