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ABSTRACT 

:";;"*)+#*<(%+;6;&(';+$%(+<(22+;0"&(,+&*+#%*=",(+;$>(3+%(2"$?2(3+$),+(1*)*'"1+#*<(%+<"&@")+&@(+
%$).(+ *>+ 8AA+ BC(D+ E@(+ .*$2+ *>+ &@";+ %(;($%1@+ #%*.%$'+ ";+ &*+ 1$%%6+ *0&+ $+ >($;"?"2"&6+ ;&0,6+ *>+ $+
)012($%+ >";;"*)+ %($1&*%+ ;0"&(,+ >*%+ ;#$1(+ $##2"1$&"*);D+ E@(;(+ %(>(%+ ("&@(%+ &*+ (2(1&%"1$2+ #*<(%+
#%*,01&"*)+ >*%+ ;&$&"*)$%6+ ;(&&2('()&;+ 7'$))(,+*%+ 0)'$))(,9+ *)+ ;*'(+#2$)(&3+ *%+ ,((#+ ;#$1(+
#2$)(&$%6+;0%>$1(;3+*%+;$&(22"&(;+75$%;3+5**)9D+E@(+%($1&*%+@(%(+#%*#*;(,+ ";+$+;0%>$1(+%($1&*%+
?*&@+ >*%+ &@(+'**)+ $),+'$%;D+ E@(+ + %(F0"%('()&;+ >*%+ &@(+ ;#$1(+ )012($%+ %($1&*%+ $;;0'(,+ $%(+
(G&%('(+%(2"$?"2"&63+HI!+#%*.%$'+*>+'*,(%$&(+1*;&3+,(=(2*#'()&+<"&@")+$+%($;*)$?2(+#(%"*,+*>+
&"'(+7(D.D+JA8K93*#(%$?"2"&6+$),+1*)&%*22$?"2"&6+>*%+$+2*).+&"'(+78A+6($%;9+<"&@*0&+")&(%=()&"*)+$),+
#*;;"?26+&*+?(+$2;*+0;(,+$;+$+?6#%*,01&+>*%+;*'(+#$%&"102$%+&(%%(;&%"$2+$##2"1$&"*)+7*%+$&+2($;&+&*+
;@$%(+ 1*''*)+ &(1@)*2*."(;9D+ -)+ &@";+ ;&0,6+ $+ 2*<L#*<(%3+ ;0%>$1(3+ >";;"*)+ #*<(%+ ;6;&('+ ";+
0),(%&$B()D+E@(+,%"=").+",($+";+&*+(G&(),+$;+'01@+$;+#*;;"?2(+&@(+4CH+&(1@)*2*.6+$,*#&(,+>*%+
#%*,01").+ @".@+ #*<(%;+ ")+ &(%%(;&%"$2+ $##2"1$&"*);+ &*+ &@(+ ,(;".)+ *>+ $+ %($1&*%+ ;0"&(,+ >*%+ ;#$1(+
1*),"&"*);D+ E$B").+ ")&*+ $11*0)&+ &@(+ ;'$22+ ;"M(3+ $)+ ")&(.%$2+ &6#(+ %($1&*%+ ";+ ")=(;&".$&(,D+ N+
H$)B")(+ ;&($'+ 1612(+ ";+ (=$20$&(,+ >*%+ &@(+ (2(1&%"1"&6+ #%*,01&"*)D+ E@(+ )(0&%*)"1;+ 1$2102$&"*)+ ";+
?$;(,+ *)+C-5O+ 1*,(+ ?()1@'$%B(,+<"&@+5P/4+ 1*,(D+ E@(+ %($1&"="&6+ 1*)&%*2+ ";+ ()=";$.(,+ ?6+
1@$).").+ &@(+ 1*%(+ .(*'(&%6D+ N+'$;;+ (;&"'$&"*)+ ";+ &@()+ ."=()3+ &@(+ %(;02&").+ ;6;&('+ $##($%;+
="$?2(+$),+*>+%($;*)$?2(+;"M(3+<(22+ >"&+ &*+&@(+#%(;()&+;#$1(+=(1&*%+1$#$?"2"&"(;D+Q=()+">+$+<$&(%+
H$)B")(+ ;6;&('+ ;&"22+ #%(;()&;+ 1@$22().").+ &$;B;+ >*%+ ;#$1(+ $##2"1$&"*);+ )*+ "&('+ ;((';+ &*+ ?(+
0);*2=$?2(+;*+&@$&+&@(+;6;&('+1*02,+?(+,(=(2*#(,+$&+$+2*<+1*;&+$),+*)+$)+$11(#&$?2(+;1@(,02(D
+

INTRODUCTION 
/($%+ >0&0%(+ ;#$1(+ (G#2*%$&"*)+ #%*.%$';+ <"22+
%(F0"%(+ #*<(%+ ;6;&(';+ $?2(+ &*+ #%*=",(+
@0),%(,;+*>+RC(S83JTD+:";;"*)+#*<(%+ ;6;&(';+
;(('+ &*+ ?(+ <(22+ ;0"&(,+ &*+ #%*=",(+ ;$>(3+
%(2"$?2(3+ $),+ (1*)*'"1+ #*<(%+ <"&@")+ &@";+

%$).(D+ E@(+ .*$2+ *>+ &@";+ %(;($%1@+ #%*.%$'3+
,(=(2*#(,+ <"&@")+ $+ 1*)&")0$&"*)+ *>+ $)+ QON+
%(;($%1@+1*)&%$1&3+ ";+ &*+,(&$"2+ &@(+#%(2"'")$%6+
>($;"?"2"&6+;&0,6+*>+$+)012($%+>";;"*)+%($1&*%+>*%+
;#$1(+ $##2"1$&"*);D+ E@(;(+ %(>(%+ &*+ (2(1&%"1$2+
#*<(%+ #%*,01&"*)+ &*+ >((,+ ("&@(%+ &@(+ (2(1&%"1+
().")(;+ *)+ ?*$%,+ *>+ $+ ;#$1(1%$>&+ '$")26+



 
  

#

7/012($%+ Q2(1&%"1+ 4%*#02;"*)3+ /Q49+ *%+
;&$&"*)$%6+ ;(&&2('()&;3+ '$))(,+ *%+
0)'$))(,3+ *)+ #2$)(&;+ *%+ ;$&(22"&(;+ *>+ &@(+
O*2$%+;6;&('DE@(+;*20&"*);+()=";$.(,+ ")+ &@";+
<*%B+?(&&(%+$##26+&*+&@(+;0%>$1(+$##2"1$&"*);D+
5$")+ %(F0"%('()&;+ >*%+ &@(+ ,(;".)+ *>+ &@(+
%($1&*%+ $%(U+ &@(+ (G&%('(+ %(2"$?"2"&63+ &@(+
'*,(%$&(+ 1*;&+ HI!+ #%*.%$'3+ &@(+
"'#2('()&$&"*)+<"&@")+$+%($;*)$?2(+#(%"*,+*>+
&"'(+ $),+ &@(+ 2*).+ &"'(+ *#(%$?"2"&6+ <"&@*0&++
")&(%=()&"*)D+
E@(+ >"%;&+ &@%((+ "&(';+ '($)+ &@$&+ &@(+ 1@*;()+
%($1&*%+ '0;&+ ?(+ $2%($,6+ (G&();"=(26+ $),+
#*;"&"=(26+ 0;(,+ *%+ &(;&(,+ ")+ &(%%(;&%"$2+
$##2"1$&"*);3+ $),+ &@()+ &**+ "))*=$&"=(+
#%*#*;$2;+$%(+$+#%"*%"+(G120,(,3+$&+2($;&+")+&@(+
'(,"0'+&"'(D+E@(+2$;&+"&('+&**+";+")+>$=*0%+*>+
;"'#2(+ $),+ %(2"$?2(+ ;*20&"*);D+ 5*%(*=(%+ "&+
;((';+ %($;*)$?2(+ $),+ #%*?$?2(+ &*+ $##26+
;*'(+&(1@)*2*."(;+@(%(+;0..(;&(,+>*%+;#$1(+
&*+ &(%%(;&%"$2+ )012($%+ $),+ )*)+ )012($%+
;6;&(';D+
-)+ 1*)120;"*)+ &@(+ %($1&*%+ @(%(+ #%*#*;(,++
;@*02,+ ?(+ ?$;(,+ *)+ &@(+ <(22+ #%*=()+
&(1@)*2*.6+*>+#%(;()&+&(%%(;&%"$2+%($1&*%;+$),+
")+ #%")1"#2(+ ;0"&$?2(+ >*%+ #%*#02;"*)+ $),+
;&$&"*)$%6+ $##2"1$&"*);D+ O#(1">"1+
%(F0"%('()&;3+ ?(;",(;+ &@(+ .()(%$2+ *)(;+
#%(;()&(,+$?*=(3+$%(U+

!+ (2(1&%"1$2+#*<(%+$%*0),+8AA+RCV+
!+ *#(%$&").+2">(+&"'(++*>+$%*0),+WAAA+

,$6;3+<"&@*0&+")&(%=()&"*)+$),+>0(2+
;0##26V+

!+ '")"'$2+*=(%$22+'$;;+$),+=*20'(V+
!+ @".@+()%"1@(,+0%$)"0'+>0(2V+
!+ 2*<+ 1*%(+ #*<(%+ ,();"&6+

;0?;&$)&"$226+2*<(%+&@$)+)*<$,$6;+
%($1&*%;V+

!+ )*+2($B$.(+*>+>20",;+*%+#%(;()1(+*>+
$+%(1*=(%6+;6;&('D+

X;0$2+ ;$>(&6+ %(F0"%('()&;+ >*%+ &(%%(;&%"$2+
%($1&*%;+ $%(+ &*+ ?(+ $,*#&(,3+ $?2(+ $2;*+ &*+
$;;0%(+ U)*+ "%%$,"$&(,+ >0(2+ $&+ 2$0)1@V+ 1*%(+
;0?1%"&"1$2"&6+ ")+ 1$;(+ *>+ 2$0)1@+ $?*%&+
7>2**,").9V+ %$,"$&"*)+ #%*&(1&"*)+ <"&@*0&+
"'#$"%").+ '$;;+ %(F0"%('()&;V+ ($;6+
,(1*''";;"*)").+")+;#$1(D+
E@(+ %($1&*%+ 1*);",(%(,+ ")+ &@";+ ;&0,6+ ";+ &@(+
4CH+ $),+ ")+ #$%&"102$%+ &@(+ -)&(.%$&(,+
4%(;;0%"M(,+ C$&(%+ H($1&*%D+ N;+ B)*<)+ &@(+
4%(;;0%"M(,+ C$&(%+ H($1&*%;3+ 4CH3+ ";+ &@(+
'*;&+ 1*''*)+ %($1&*%+ &6#(+ >*%+ &(%%(;&%"$2+
#*<(%+ ;&$&"*);+ ?0&+ <",(26+ 0;(,+ $2;*+ >*%+
;0?'$%")(;+ #%*#02;"*)SYTD+ Z>+ &@(+ #%(2"'")$%6+
;&0,"(;+ $11*'#2";@(,SWT+ $+ 12$;;"1$2+ H$)B")(+
1612(+@$;+?(()+1*)>"%'(,+$;+&@(+?(;&+;*20&"*)+

")+&(%';+*>+'$;;(;+$),+(>>"1"()163+$),+*)+&@";+
%$).(+*>+#*<(%+$2;*+")+&(%';+*>+%(2"$?"2"&6SKTDD+

The PWR Design 
E@(+ '*;&+ ;".)">"1$)&+ '*,">"1$&"*);+ &*+ ?(+
?%*0.@&+,%$<)+&*+$+&(%%(;&%"$2+4CH+&*+'$B(+"&+
>"&+ &*+ ;#$1(+ $##2"1$&"*);+ $%(+ 2";&(,+ ")+ &@(+
>*22*<").D+:0(2+1*'#*;"&"*)+$,*#&(,+";+'$&%"G+
>0(2+ 1*'#*;(,+ ?6+ WK[+ *>+ \Y[+ ()%"1@(,+
X%$)"0'+$),+KK[+*>+]%^8D_D+P2$,,").+'$&(%"$2+
";+ ;&$")2(;;+ ;&((23+ $+ 1*);(%=$&"=(+ ;*20&"*)D+
P2$,,").+&@"1B)(;;++";+ADY+''D+E('#(%$&0%(;+
$),+ #%(;;0%(;U+ &@(+ '$G"'0'+ *#(%$&").+
#%(;;0%(+ $;;0'(,+ ";+ ",()&"1$2+ &*+ 4CH;3+ "D(D+
8KDK+ 54$D+ 5$G"'0'+ &('#(%$&0%(+ @$;+ ?(()+
1@*;()+")+*%,(%+&*+"'#%*=(+&@(+(>>"1"()16+$),+
&*+ (G#(%"'()&+ &@(+ ;$&0%$&"*)+ &('#(%$&0%(+ $&+
&@(+ 1*%(+ (G"&3+ ")+ *%,(%+ &*+ 0;(+ $+ ;(2>L
#%(;;0%"M(%D+ E@(+ 2$&&(%+ *)(+ $;B").+ >*%+ $+
.%$="&$&"*)$2+ ()="%*)'()&D+ E@(+ '$G"'0'+
&('#(%$&0%(+";+;(&+(F0$2+&*+YWK+`P3+$?*0&+8K+
`P+@".@(%+&@$)+&@$&+*>+4CH;3+<@"2(+'")"'0'+
&('#(%$&0%(+$&+ &@(+ ")2(&+ ";+$;;0'(,+(F0$2+ &*+
YYK+ `P3+ WK+ `P+@".@(%+ &@$)+4CH;D+P*2,+<(22+
&('#(%$&0%(+ ,(>")"&"*)+ "'#26+ $+ #%(2"'")$%6+
*#&"'"M$&"*)+ ")+ *%,(%+ &*+'")"'"M(+ &@(+ *=(%$22+
'$;;+ $;+ 2*<(%+ &('#(%$&0%(+ '($);+ @".@(%+
(>>"1"()1"(;3+ ?0&+ @".@(%+ 1*2,+ <(22+ ;"M(D+
Q2(1&%"1$2+ .()(%$&*%+ ;(2(1&(,+ ";+ $+ H$)B")(+
;&($'+1612(D+P*%(+.(*'(&%6+$),+%(>2(1&*%U+&@(+
1*%(+ ";+$;;0'(,+ &*+?(+$+ 162"),(%+@$=").+ &@(+
,"$'(&(%+ (F0$2+ &*+ &@(+ @(".@&D+ H*0),(,+ ?6+ $+
8J+ 1'+ &@"1B+ %(>2(1&*%D+ 4%"'$%6+ #0'#;U+ ;#**2+
#0'#;SaT3+ + >0226+ ");(%&(,+ ")+ &@(+#%"'$%6+ 1"%10"&+
<"&@*0&+ $)6+ ;($23+ @$=(+ ?(()+ 1*);",(%(,3+
?(").+&@("%+&(1@)*2*.6+0),(%+,(=(2*#'()&D+
N;+ &@(+ (2(1&%"1+ #*<(%+ ,(#(),;+ *)+ &@(+
(>>"1"()16+*>+&@(+1*)=(%;"*)+1"%10"&+$+12$;;"1$2+
H$)B")(+;&($'+1612(+";+1*);",(%(,+")+*%,(%+&*+
,(>")(+ "&;+(>>"1"()16D+E@(+)(&+(>>"1"()16+*>+ &@(+
H$)B")(+ ;&($'+ 1612(+ ")+ 5$%&"$)+ 1*),"&"*);+
&0%);+*0&+&*+?(+8JDK[+$;B").+>*%+$+bAA+RC&@D+
E@(+ ")&(.%$&(,+ 2$6*0&+ *>+ H$)B")(+ %($1&*%+
#2$1(;+ <"&@")+ "&;+ =(;;(2+ $2'*;&+ $22+ &@(+
1*'#*)()&;+ *>+ &@(+ #%"'$%6+ ;6;&('U+ &@(+
%($1&*%+1*%(3+&@(+?$%%(23+&@(+;&($'+.()(%$&*%3+
&@(+ #%(;;0%"M(%3+ &@(+ 1"%102$&").+ #0'#3+ &@(+
;$>(&6+=$2=(3+&@(+%($1&"="&6+1*)&%*2+'(1@$)";'+
$),+ &@(+ ");&%0'()&$&"*)3+ ")+ *%,(%+ &*+
.0$%$)&((+'")"'0'+;"M(+$),+'$;;3+ &*.(&@(%+
<"&@+ (;1$#").+ %$,"$&"*)+ $),+ >$;&+ )(0&%*);+
>20()1(+ %(,01&"*)+ *)+ &@(+ =(;;(2D+N+ ;B(&1@+ *>+
&@(+ #%"'$%6+ 1"%10"&3+ &*&$226+ ");(%&(,+ ")+ &@(+
#%(;;0%(+ =(;;(23+ ";+ %(#%(;()&(,+ ")+ >".0%(+ 8+
$),+JD+N;+=";"?2(+ &@(+ >0(2L1*%(+ ";+;0%%*0),(,+
?6+ &@(+ %(>2(1&*%3+ &@";+ ";+ ;0%%*0),(,+ ?6+ $+
;&$")2(;;+ ;&((2+ ?$%%(2+ $),+ &@";+ ";+ ;0%%*0),(,+
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?6+ &@(+ ;&($'+ .()(%$&*%3+ 1*)&$")(,+ ")+ &@(+
=(;;(2D+

 

 

% & 
core 

core barrel 

reactor vessel 

+
'()*+, "- .+(/%+0 1(+1*(2 34,215 56+(7682%9 1+633 

3,12(68  

:  %  & 
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 :;#<1 

+
'()*+, #- .+(/%+0 1(+1*(2 34,215 =,+2(1%9 1+633 3,12(68 

Neutronic Design 
E@(+)(0&%*)"1+,(;".)+@$;+?(()+$11*'#2";@(,+
0;").+ &<*+ ,">>(%()&+ 1*,(;U+ &@(+ ,(&(%'")";&"1+
1*,(+C")>%"&@+ -'#%*=(,+502&"+.%*0#+O1@('(3+
C-5OS_TD+ C-5O+ $),+ &@(+ '*)&(1$%2*+ 1*,(+
5P/4WPSbTD+E@(+>"%;&+."=(;+&@(+%($1&"="&6+")+$)+
")>")"&(+'($)U+&*+*?&$")+&@(+%($1&"="&6+*>+$+>")"&(+
%($1&*%3+ &@(+ =$20(;+ *>+ $G"$2+ $),+ %$,"$2+
?01B2").3+<@"1@+$%(+1%01"$2+#$%$'(&(%;+")+&@";+
;'$22+ ;"M(+ %($1&*%3+ $%(+ %(F0"%(,D+ c(1$0;(+ *>+
&@(+ ;&%*).+ ,(#(),()1(+ *>+ &@(+ (>>(1&"=(+
'02&"#2"1$&"*)+ >%*'+ &@(+ ?01B2").+ =$20(;3+ &@(+
0;(+*>+&@(+5*)&(+P$%2*+#%*.%$'3+5P/4LWPSaT3+
<$;+ %(F0(;&(,D+ X;").+ &@(+ ?0%)").+ *>+ &@(+
C-5O+;*20&"*)+$),+&@(+'02&"#2"1$&"*)+>$1&*%+$&+
&@(+ ?(."))").+ *>+ 2">(+ ."=()+ ?6+ 5P/4+ $+
#%*1(,0%(+ @$;+ ?(()+ "'#2('()&(,+ &*+
,(&(%'")(+5*)&(1$%2*+%($1&"="&6+$&+(),+*>+2">(3+
QZdD+
+
E@(+ #%*1(,0%(+ &*+ 1$2102$&(+ &@(+ (G$1&+
'02&"#2"1$&"*)+>$1&*%+";+%(#%(;()&(,+?6+&@(+>2*<+
1@$%&+ ")+ >".0%(+ YD+ E@(+ '$")+ #*")&+ *>+ &@(+
#%*1(,0%(+$%(U+

!+ P$2102$&").+?*&@+5*)&(1$%2*3+B5cZd+
$),+C-5O++BCcZd+$),+BCQZd3+

!+ !(>")").+ !(BC3+ &@(+ '02&"#2"1$&"*)+
>$1&*%+ =$%"$&"*)+ *=(%+ &@(+

2">('e#0%">"(,e+ *>+ &@(+ C-5O+
?01B2").+,(>")"&"*)+

!+ !(>")").+ $+ )(<+ $+ '02&"#2"1$&"*)+
>$1&*%+ =$%"$&"*)+ *=(%+ &@(+ 2">(+
<(".@&(,+*)+&@(+e(G$1&e+5*)&(1$%2*+
;*20&"*)+!RU+

!+ :")$226+ 1$2102$&").+ &@(+ B+ =$20(+ $&+
&@(+(),+*>+2">(D+

E@";+ #%*1(,0%(+ $;;0%(;+ &*+ 1*%%(1&+ &@(+
0)1(%&$")&"(;+%(2$&(,+&*+&@(+?01B2").+,(>")"&"*)+
")+ &@(+ C-5O+ 1*,(3+ %(26").+ &*&$226+ *)+ &@(+
#*;;"?"2"&"(;+."=()+?6+&@(+5*)&(1$%2*+1*,(D+
E*+,(>")(+&@(+1*%(+"&+";+)(1(;;$%6+&*+%(1$22+&@(+
.()(%$2+ >($&0%(;+ *>+ &@(+ %($1&*%3+ ;0''$%"M(,+
")+&$?2(+8D++N;+$2%($,6+;$",+&@(;(+#$%$'(&(%;+
=$20(;+ $%(+ ,(%"=(,+ >%*'+ &@(+ QON+
%(F0"%('()&;+>*%+$+5**)+'$))(,+'";;"*)S\TD+
"
   >?@A ?B+C 

  
.6D,+ E4F,G  "HH 
:,3()8 I(J,2(/,EK%03G LHHH 
>M,12+*/  AM(25,+/%9 
.6D,+ N68=,+3(68 @%84(8,C#O 
.6D,+ N68=,+3(68 @%84(8,C#O 

  
P%&9, " ',%2*+,3 6J >?@A +,%126+- 
+

+
'()*+, $- .+61,K*+, (/M9,/,82,K 26 K,J(8, 25, 16+, 
+
P*);",(%").+ $+ &@(%'$2+ #*<(%+ *>+ bAA+ BC&@3+
WAAA+ ?0%)").+ ,$6;+ $),+ $)+ $=(%$.(+ ?0%)L0#+
*>+ aA+5C,fB.+ &@(+ 0%$)"0'+ )(1(;;$%6+ '$;;+
&0%)+ *0&+ &*+ ?(+ W8DW+ B.3+ ?0&+ @$=").+ &@(+'*;&+
(>>(1&"=(+%(>2(1&*%+$+>"%;&+2$6(%+*>+b+1'+*>+c(Z+
>*22*<(,+?6+$+;(1*),+<$&(%+2$6(%+*>+W+1'3+&@(+
=$20(+*>+W8DW+B.+*>+0%$)"0'+%(;02&;+ &*+."=(+$+
&**+ @".@+ %($1&"="&6D+ N+ '$;;+ *#&"'"M$&"*)+
#%*1(;;+ ";+ &@()+ %(F0"%(,3+ 1*);",(%").+ &@(+
.(*'(&%"(;+ $),+ &@(+ 1*)&%*2+ ;&%$&(.6+ ,(>")(,+
>*%+&@(+%($1&*%+1*);",(%(,D+

Geometry definition 



 
  

L

E<*+ .(*'(&%"(;+ @$=(+ ?(()+ 1*);",(%(,+ >*%+
<@$&+1*)1(%)+&@(+>0(2+#*;"&"*)").U+

!+ E@(+ e12$;;"1$2e+ 1*)>".0%$&"*)3+ >".0%(+ W3+
1*);";&").+ ")+ 120;&(%;+ *>+ ;(=()+ >0(2+
%*,;+ ;0%%*0),(,+ ?6+ $+ ;&$")2(;;+ ;&((2+
12$,,").+ $),+<$&(%3+ &@(+ %*,;+ 120;&(%;+
?(").+?6+$+'(&$22"1+@(G$.*)$2+;@%*0,D+

!+ E@(+ e'$&%"Ge+ 1*)>".0%$&"*)3+ >".0%(+ K3+
1*);";&").+")+&@(+,0$2+.(*'(&%6+*>+&@(+
12$;;"1$2+ *)(3+ #%(;()&").+ $)+
@(G$.*)$2+ ?$;(,+ #%";'+ *>+ XL]%^+
@*2(,+ $),+ 1%*;;(,+ ?6+ <$&(%D+ E@(+
12$,,").+")+&@";+1$;(+";+$+>*2,(%+>*%+&@(+
>0(2+'$&%"GD+

c*&@+ &@(;(+ %($1&*%;+ $%(+ ;0%%*0),(,+ ?6+ $)+
",()&"1$2+ %(>2(1&*%3+ $;+ "&+ @$;+ ?(()+
,('*);&%$&(,+ &*+ ?(+ &@(+ *#&"'0'+ *)(+ $),+
?(1$0;(+ &@(+;$'(+1*)&%*2+;&%$&(.6+@$;+?(()+
0;(,+ ")+ ?*&@+ %($1&*%;+ 0;").+ &@(+ %(>2(1&*%+
(>>(1&D+

+
'()*+, L- N9%33(1%9 168J()*+%2(68 
 

+
'()*+, Q- R%2+(S 168J()*+%2(68 

Control strategy 
Z)1(+,(>")(,+&@(+.(*'(&%6+$+1*)&%*2+;&%$&(.6+
@$;+ &*+?(+,(>")(,+$;+ &@(+ %($1&*%+,"'();"*);+
$),+>($&0%(;+<"22+,(#(),+;&%*).26+*)+&@";+"&('D+
-)+ *%,(%+ &*+ '$)$.(+ &@(+ %($1&"="&6+ (G1(;;+
,0%").+ &@(+ %($1&*%+ 2">(+ $),+ &@(+ %($1&"="&6+ .$#+
?(&<(()+&@(+cZd+$&+1*2,+$),+@*&+M(%*+#*<(%+
1*),"&"*)3+ cZdP3+ cZd^3+ &@(+ ;*'(+ #$%&;+ *>+
&@(+1*%(+@$=(+&*+?(+<"&@,%$<)D+E@(+1*)&%*2+*>+
&@(+ %($1&*%+ ;@*02,+ @$=(+ ?(()+ ,*)(+ 0;").++
;(=(%$2+ 1*)&%*2+ %*,;S8ATD+ N;+ &@(+ 0;(+ *>+ &@(;(+
'$)6+ %*,;+ <*02,+ @$=(+ "'#2"(,+ $+ =(%6+
1*'#2(G3+ @($=6+ $),+ =*20'")*0;+ ;6;&('3+ $+
)(<+ 1*)&%*2+ ;&%$&(.6+ @$=(+ ?(()+ ,(=(2*#(,D+
E@";+ #%*#*;$2+ ";+ ?$;(,+ *)+ &@(+ >$1&+ &@$&+ &@(+
1*%(+ ";+ =(%6+ ;'$22+ $),+ "&;+ #*%&"*);+ 1$)+ ?(+
#%*?$?26+'*=(,+$#$%&+%$&@(%+($;"26D+
E@";+1$)+?(+*?&$")(,+")+&@%((+,">>(%()&+<$6;U+

8D+ <"&@,%$<").+%$,"$226+&@(+%(>2(1&*%3+
JD+ <"&@,%$<").+"&+=(%&"1$2263+
YD+ ;#2"&&").+ &@(+ 1*%(+ #20;+ &@(+ ;*2",+

%(>2(1&*%+")+;2"1(;+&*+?(+<"&@,%$<)D+
N)6+ *>+ &@(;(+ &(1@)"F0(;3+ &*.(&@(%+ <"&@+ &@(+
'$;;+ *#&"'"M$&"*)3+ $%(+ )*&+ (>>(1&"=(+ ()*0.@+
&*+,(>")(+$+1*)&%*22$?2(+1*%(3+>*%+&@";+&<*+*&@(%+
*#&"*);+@$=(+?(()+1*);",(%(,+$;U+

!+ &@(+<"&@,%$<)+*>+&@(+?$%%(2+
!+ &@(+)(0&%*)+#*";*)+

E@(+ <"&@,%$<)+ *>+ &@(+ ?$%%(2+ $22*<;+ &@(+
(G&();"*)+ *>+ &@(+ %$,"$2+ ,"'();"*)+ *>+ &@(+
%($1&*%3+&@";+1$)+$22*<+&@(+,(1%($;(+*>+&@(+&@(+
%($1&"="&6+")+1*2,+M(%*+#*<(%+1*),"&"*);D+N&+&@(+
;$'(+ &"'(+ $;+ &@(+ ?$%%(2+ ";+ <"&@,%$<)+ &@(+
;6;&('+&*&$2+'$;;+")1%($;(;D+-)+>$1&+&@(+'*;&+
"'#*%&$)&+ '$;;+ ")1%($;(+ >$1&*%3+ 0;").+ &@";+
&(1@)"F0(3+ ";+ )*&+ ,0(+ &*+ &@(+ %(>2(1&*%+ ?0&+ &*+
&@(+ $22+ ;6;&('D+ E@(+ 2*<+ %($1&"="&6+ .$")+
*?&$")(,+?6+ &@(+%(>2(1&*%+(G#$);"*)+,*(;+)*&+
g0;&">6+;01@+$+'$;;+")1%($;(D+
E@(+ ;(1*),+ &(1@)"F0(+ ";+ &@(+ 0;(+ *>+ )(0&%*)+
#*";*)3+ &@(+ (>>(1&+ *>+ .$,*2")"0'+ ")+ &@(+ >0(2+
?0%)").+ ";+ =(%6+ "'#*%&$)&U+ &@(+ ?0%)").+ ;2*#(+
?(1*'(;+ 2(;;+ 2")($%+ $;+ &@(+ .$,*2")"0'+
F0$)&"&6+ ")1%($;(;3+$),+$&+cZd+$),+QZd+&@(+
%($1&"="&6+ ,(1%($;(;D+ N;+ &@(+ ,(;".)+ *>+
?0%)$?2(+ #*";*)+ ;*20&"*)+ ";+ 1*'#2(G+ >*%+ $)6+
%($1&*%3+ "&+<*02,+?(+?(&&(%+)*&+ &*+ ");(%&+ &@('+
")+ &@(+ >0(23+ ?0&+ 1*);",(%").+ &@(+ @".@+
()%"1@'()&+$),+&@(+,">>(%()&+1*)>".0%$&"*)3+)*+
*&@(%+1@*"1(+";+#*;;"?2(D+
E@%((+ >")$2+ 1*)&%*2+ ;&%$&(."(;+ @$=(+ ?(()+
;(2(1&(,U+&@(+%$,"$23+$G"$2+$),+1*%(+<"&@,%$<)3+
$22+&@%((+#*";*)(,+")+.$,*2")"0'D+N22+&@(+&@%((+
$%(+ $##2"(,+ ?*&@+ &*+ &@(+ 12$;;"1$2+ $),+ &@(+
'$&%"G+ 1*)>".0%$&"*)D+ E@(+ &@%((+ #*;;"?"2"&"(;+
."=()+ ?6+ &@(+ %(>2(1&*%f1*%(+ '*=").+ 1*0#2(,+
<"&@+&@(+#*";*)+1*02,+<*%B+")+$+;(F0()1(+$;U+

8D+ E@(+%($1&*%+;&$%&;+")+1*2,+1*),"&"*);+$&+
&@(+*#()+#*;"&"*)3+<@(%(+&@(+%($1&"="&6+
%($1@(;+&@(+'")"'0'+?(2*<+1%"&"1$2"&6V+

JD+ N;+;**)+$;+&@(+&('#(%$&0%(+%";(;3+&@(+
YD+ %(>2(1&*%f1*%(+ ;2"1(;+ $%(+ $##%*$1@(,+

*)(+$)*&@(%+")+*%,(%+&*+*#(%$&(+
WD+ $&+Bh8V++
KD+ N;+ ;**)+ $;+ &@(+ &('#(%$&0%(+ %($1@(;+

&@(+ *#(%$&").+ =$20(3+ &@(+ >022+ #*<(%+ ";+
#%*,01(,+$),+&@(+>0(2+?0%)").+;&$%&;V+

aD+ E@(+ ;2"1(;+ $%(+ #%*.%(;;"=(26+
$##%*$1@(,+ *)(+ $)*&@(%+ 0)&"2+ &@(+
'$G"'0'+ %($1&"="&6+ #*")&3+ &*+
1*'#();$&(+ &@(+ %($1&"="&6+ %(,01&"*)+
,0(+&*+>0(2+?0%)").D+

+
+



 
  

Q

Classical poisoned reactor configuration 
c(").+ &@(+ >0(23+ &@(+ 1*)&%*2+ ;&%$&(.6+ $),+ &@(+
.(*'(&%6+*>+ &@(+%($1&*%+,(>")(,+ "&+ ";+#*;;"?2(+
&*+ ,(>")(+ &@(+ %($1&*%+ "&;(2>+ &@$)B;+ &*+
1$2102$&"*);+$),+;"'02$&"*);D+E@(+ >($&0%(;+*>+
&@(+ %($1&*%+ $%(+ ")+ &$?2(+ J+ $;+ =";"?2(+ &@(+
0%$)"0'+ '$;;+ %(F0"%(,+ JWD__+ B.3+ @$=").+ $+
#*";*)").+#(%1()&$.(+*>+ADW8[D+E@(+(>>(1&+*>+
&@(+&@%((+1*)&%*2+;&%$&(.6+";+")+&$?2(+YD++
N;+ =";"?2(+ &@(+ &@%((+ <"&@,%$<)+ $%(+ (>>(1&"=(3+
>".0%(+a+;@*<;+&@(+%($1&"="&6+%(,01&"*)+")+1*2,+
$),+@*&+1*),"&"*)+0;").+&@(+&@%((+;&%$&(."(;D+
"
   >?@A N9%33(1%9 

  
?+%8(*/ R%33 E4F,G  #L-TT 
U%K69(8(*/ V   H-L" 
@6K3 5,()52 E1/G  #Q-TW 
'*,9 .6D,+ :,83(20 ERFX/$G ""Y-Y 

  
P%&9, #- N9%33(1%9 M6(368,K +,%126+ J,%2*+,3 
"
           C62       N69K  
          N68K(2(68  N68K(2(68  

  
N963,K 168J()*+%2(68         "-HQ##T "-HYY"Q 
@,J9,126+ +%K(%990 6M,8     H-ZW#TW H-ZYQWW 
@,J9,126+ =,+2(1%990 6M,8  H-ZQWW$ H-ZYHH# 
N6+, +%K(%990 6M,8         H-ZHZQZ H-Z$H"$ 
  
P%&9, $- ,JJ,12 6J 25, 25+,, 1682+69 32+%2,)(,3- 
+
-)+$+&6#"1$2+4CH+&@(+&*&$2+%($1&"="&6+,">>(%()1(+
?(&<(()+ cZdP+ $),+ QZd+ ";+ $##%*G"'$&(26+
(F0$2+ &*+ JWKAA+ #1'+ S8AT3+ <@"2(+ ")+ &@(+ %($1&*%+
@(%(+,(;".)(,+";+aaAA+#1'3+&@";+?(").+,0(+&*+
&@(+ #$%&"$226+ ;*2",+ '*,(%$&*%D+ E@";+ %($1&"="&6+
=$%"$&"*)+1$)+?(+;0?,"=",(,+$11*%,").+ &*+ &@(+
>*22*<").+ $)$26;";3+ <@(%(+ ")+ ?%$1B(&;3+ &@(+
&6#"1$2+=$20(;+*>+4CH;+$%(+1*'#$%(,+ &*+ &@(+
;#$1(+%($1&*%+*)(;+")+#1'U+

!+ :%*'+ 1*2,+ 1*),"&"*)+ &*+ *#(%$&").+
&('#(%$&0%(+ &@(+ %($1&"="&6+ ,(1%($;(;++
7aAAA+#1'+=;+YaAA+#1'9+V+

!+ :%*'+ M(%*+ #*<(%+ &*+ >022+ #*<(%+
1*),"&"*);+ %($1&"="&6+ ,(1%($;(3+
>*%(;(").+ &@(+ $?;*%#&"*);+ ?6+ i(+ $),+
O'3+ <@"1@+ %($1@+ &@("%+ (F0"2"?%"0'+
=$20(+")+&()&@;+@*0%;D+7WAAA+L8JAA+>*%+
!*##2(%+ j+ JbAA+ >*%+ i(+ $),+ O'L+ =;+
JAA+#1'9V+

!+ N2*).+ &@(+ >0(2+ 2">(+ &@(+ %($1&"="&6+
,(1%($;(+&*+1*#(+<"&@+&@(+%(,01&"*)+*>+
>";;"2(+ '$&(%"$2+ $),+ &@(+ $110'02$&"*)+
*>+ #*";*)").+ >";;"*)+ #%*,01&;+ 78WAAA+
=;+WKAA+#1'9V+

E@(+ %$,"$2+ #*<(%+ ,";&%"?0&"*)+ ";+ #%(;()&(,+ ")+
>".0%(+ _3+ $;+ =";"?2(+ &@(%(+ ";+ $+ #($B+ ")+ &@(+
#(%"#@(%"1$2+%(."*)D+E@";+#($B+";+#%*?$?26+,0(+

&*+&@(+#*";*)+&*.(&@(%+<"&@+&@(+&@(%'$2"M$&"*)+
*>+ &@(+ %(>2(1&*%3+ &@(+ &@(%'$2"M(,+ )(0&%*);+
@$=(+ $+ @".@(%+ #%*?$?"2"&6+ &*+ ?(+ 1$#&0%(,+ ?6+
&@(+ #*";*)3+ ")1%($;").+ $+ #($B+ $2%($,6+
#%(;()&D+

+
'()*+, W- AJJ,12 6J 25, 25+,, 1682+69 32+%2,)(,3- 
+

+
'()*+, T- @%K(%9 M6D,+ K(32+(&*2(68 6J 25, 19%33(1%9 

M6(368,K 168J()*+%2(68- 
+

Matrix poisoned reactor configuration 
c(").+ &@(+ >0(23+ &@(+ 1*)&%*2+ ;&%$&(.6+ $),+ &@(+
.(*'(&%6+ *>+ &@(+ %($1&*%+ ,(>")(,+$2;*+ >*%+ &@";+
;(1*),+ 1*)>".0%$&"*)+ "&+ ";+ #*;;"?2(+ &*+ ,(>")(+
&@(+ %($1&*%+ "&;(2>+ &@$)B;+ &*+ 1$2102$&"*);+ $),+
;"'02$&"*);D+E@(+>($&0%(;+*>+&@(+%($1&*%+$%(+")+
&$?2(+K+$;+=";"?2(+ &@(+0%$)"0'+'$;;+%(F0"%(,+
J8D_+ B.3+ @$=").+ $+ #*";*)").+ #(%1()&$.(+ *>+
ADKb[D+E@(+(>>(1&+*>+&@(+&@%((+1*)&%*2+;&%$&(.6+
*)+&@";+1*)>".0%$&"*)+";+")+&$?2(+aD++
"
   >?@A R%2+(S 

  
?+%8(*/ R%33 E4F,G  #"-T 
U%K69(8(*/ V   H-QY 
@6K3 5,()52 E1/G  ##-# 
'*,9 .6D,+ :,83(20 ERFX/$G "H$-" 

  
P%&9, Q- R%2+(S M6(368,K +,%126+ J,%2*+,3 
"



 
  

W

           C62       N69K  
          N68K(2(68  N68K(2(68  

  
N963,K 168J()*+%2(68         "-HQ"QY "-HZH$W 
@,J9,126+ +%K(%990 6M,8     H-ZQQ$L H-ZYH$W 
@,J9,126+ =,+2(1%990 6M,8  H-ZL#T" H-ZZHHH 
N6+, +%K(%990 6M,8         H-Z"HHH H-Z$$#L 
  
P%&9, W- ,JJ,12 6J 25, 25+,, 1682+69 32+%2,)(,3- 
+
N;+=";"?2(+&@(+&@%((+<"&@,%$<)+$%(+$22+(>>(1&"=(+
$2;*+>*%+&@";+1*)>".0%$&"*)3+>".0%(+b+;@*<;+&@(+
%($1&"="&6+ %(,01&"*)+ ")+ 1*2,+ $),+ @*&+ 1*),"&"*)+
0;").+&@(+&@%((+;&%$&(."(;D+
+

+
'()*+, Y- AJJ,12 6J 25, 25+,, 1682+69 32+%2,)(,3- 
+
-)+ &@(+ %($1&*%+ @(%(+ ,(;".)(,+ &@(+ &*&$2+
%($1&"="&6+,">>(%()1(+?(&<(()+cZdP+$),+QZd+
";+ $##%*G"'$&(26+ (F0$2+ &*+ ";+ bWAA+ #1'3+ &@";+
?(").+ ,0(+ &*+ &@(+ #$%&"$226+ ;*2",+ '*,(%$&*%D+
E@";+ %($1&"="&6+ =$%"$&"*)+ 1$)+ ?(+ ;0?,"=",(,+
$11*%,").+ &*+ &@(+ >*22*<").+$)$26;";3+<@(%(+ ")+
?%$1B(&;3+ &@(+ &6#"1$2+ =$20(;+ *>+ 4CH;+ $%(+
1*'#$%(,+&*+&@(+;#$1(+%($1&*%+*)(;+")+#1'U+

!+ :%*'+ 1*2,+ 1*),"&"*)+ &*+ *#(%$&").+
&('#(%$&0%(+ &@(+ %($1&"="&6+ ,(1%($;(;++
7aAAA+#1'+=;+WJAAA+#1'9+V+

!+ :%*'+ M(%*+ #*<(%+ &*+ >022+ #*<(%+
1*),"&"*);+ %($1&"="&6+ ,(1%($;(3+
>*%(;(").+ &@(+ $?;*%#&"*);+ ?6+ i(+ $),+
O'3+ <@"1@+ %($1@+ &@("%+ (F0"2"?%"0'+
=$20(+")+&()&@;+@*0%;D+7WAAA+L8JAA+>*%+
!*##2(%+ j+ JbAA+ >*%+ i(+ $),+ O'L+ =;+
JAA+#1'9V+

!+ N2*).+ &@(+ >0(2+ 2">(+ &@(+ %($1&"="&6+
,(1%($;(+&*+1*#(+<"&@+&@(+%(,01&"*)+*>+
>";;"2(+ '$&(%"$2+ $),+ &@(+ $110'02$&"*)+
*>+ #*";*)").+ >";;"*)+ #%*,01&;+ 78WAAA+
=;+WAAA+#1'9V+

N;+ 12($%3+ &@(+ %($1&*%+ ";+ ;'$22(%+ $,+ ;*+ &@(+
#*<(%+,";&%"?0&"*)+ ";+@".@(%3+ &@(+ %$,"$2+#*<(%+
,";&%"?0&"*)+";+#%(;()&(,+")+>".0%(+\3+$;+=";"?2(+
$2;*+ @(%(+ &@(%(+ ";+ $+ #($B+ ")+ &@(+ #(%"#@(%"1$2+

%(."*)D+ E@";+ #($B+ ";+ #%*?$?26+ ,0(+ &*+ &@(+
#*";*)+&*.(&@(%+<"&@+&@(+&@(%'$2"M$&"*)+*>+&@(+
%(>2(1&*%3+ &@(+ &@(%'$2"M(,+ )(0&%*);+ @$=(+ $+
@".@(%+ #%*?$?"2"&6+ &*+ ?(+ 1$#&0%(,+ ?6+ &@(+
#*";*)3+")1%($;").+$+#($B+$2%($,6+#%(;()&D++
+

+
'()*+, Z- @%K(%9 M6D,+ K(32+(&*2(68 6J 25, 19%33(1%9 

M6(368,K 168J()*+%2(68- 
 

Power Conversion Cycle 
N;+ $2%($,6+ ,(;1%"?(,+ &@(+ #*<(%+ 1*)=(%;"*)+
1612(+ ;(2(1&(,+ ";+ $+ 8J[+ (>>"1"()16+ H$)B")(+
1612(D+ N+ #%(2"'")$%6+ *#&"'"M$&"*)+ ;&0,6+ @$;+
?(()+#(%>*%'(,SWT+ &*+,(&(%'")(+ &@(+@($&+;")B+
&('#(%$&0%(+$),+&@(+&('#(%$&0%(+*?&$")(,+ ";+
8aK+`PD+E@(+1612(+,(&$"2;+$%(+ ")+ >".0%(+\+$),+
"&;+1*)1(#&0$2+,(;".)+";+")+>".0%(+8AD+
+

+
'()*+, Z- @%84(8, 1019, J6+ 25, >?@A +,%126+3- 
+
           N9%33(1      R%2+(S  

  
N6+, ; [,33,9          YW#  TLH 
N69K D,99   #QHH  #QHH 
>2,%/ U,8,+%26+ ; P*+&(8, #WT  #WY 
O=,+%99 3032,/ /%33  $Y#Z  $THW 
P62%9 /%33 \1682(8),81(,3] L$QW  L#"H 
%E4)X4FG   L$-Q  L#-" 
  
P%&9, W- '(8%9 /%33,3 6J 25, 19%33(1%9 %8K /%2+(S 

168J()*+%2(683 
 



 
  

T

E@(+ @($&+ ;")B+ ";+ %(#%(;()&(,+ ?6+ $+'")"'0'+
&0?(;+ ?0),2(+ 162"),(%S88T+ @(G$.*)$2+ ?$;(,+
<"&@+ ;"G+ <").3+ %(#%(;()&(,+ ")+ >".0%(+ 88D+ E@(+
&*&$2+'$;;(;+$),+&@(+%(2$&"=(+$2#@$+1*(>>"1"()&+
$%(+")+&$?2(+aD+
 

+
+
'()*+, "H- N681,M2*%9 I%06*2 J6+ 25, @%84(8,^N019,^

&%3,K +,%126+- 

Conclusion 
N&+ &@(+ (),+ *>+ &@";+ #%(2"'")$%6+ >($;"?"2"&6+
%(2"$?"2"&6+ ;&0,6+ $?*0&+ &@(+ 0&"2";$&"*)+ *>+ 4CH+
>*%+ ;#$1(+ $##2"1$&"*);+ "&+ 1$)+ ?(+ 1*)120,(,+
&@$&+ )*+ ");*20?2(+ ";;0(;+ @$=(+ ?(()+
(=",()1(,3+<@"1@+<*02,+ #%(=()&+ *>+ .*").+ *)+
$2*).+ &@";+ %*0&(+ ")+ *%,(%+ &*+ ,(=(2*#+ $+ '*%(+
,(&$"2(,+ ,(;".)D+ N&+ &@$&+ #*")&+ *)26+ "&+ <"22+ ?(+
#*;;"?2(+ &*+ ,%$<+ $+'*%(+ g0;&">"(,+ 1*)120;"*)+
Z>+ &@(+ &<*+ %($1&*%;+ @(%(+ #%(;()&(,+ )*+
#*;;"?2(+1@*"1(+";+>($;"?2(+?6+)*<D+
Q=()+ ">+ &@(+ '$&%"G+ 1*)>".0%$&"*)+ %($1&*%+ ";+
;2".@&26+ 2".@&(%3+ ;*'(+ "'#*%&$)&+ F0(;&"*);+
$?*0&+ &@(+ %($2"M$&"*);+ *>+ "&;+ >0(2+ @$=(+ &*+ ?(+
$);<(%(,D+
-)+ &@(+ ;@*%&+ %$).(3+ >0&0%(+ ,(;".)+ $1&"="&"(;+
;@*02,+ $,,%(;;+ &@(+ ,(&$"2").+ *>+ '$)6+
(2('()&;+ @(%(+ #%(;()&(,+ + $),+ $2;*+ *>+ ;*'(+
)(<+ *)(;D+ -)+ >$1&+ &@(+ 1*);(%=$&"=(+
$;;0'#&"*);+ &@$&+ @$=(+ ?(()+ ,*)(+ $>>(1&+ &@(+
%($1&*%+ ;"M(3+ ,%$'$&"1$226+ ")>20()1").+ &@(+
*=(%$22+ '$;;D+ N+ ?(&&(%+ ,(>")"&"*)+ *>+ %$,"$&"*)+
;@"(2,").3+ =(;;(2+ >20()1(3+ + =(;;(2+ '$&(%"$23+
$)1"22$%6+1"%10"&;+>*%+;&$%&+0#3+$;+<(22+$;+;$>(&6+
1%"&(%"$3+*=(%$22+ 2$6*0&3+ 1*)&$")'()&3+ 2($B$.(3+
1*)&%*2+1**2$)&+#0%">"1$&"*)+$),+ %$,"*26;";+<"22+
$22*<+$+?(&&(%+,(>")"&"*)+*>+()&"%(+;6;&(';+$),+
$+#%(2"'")$%6+H+I+!+#%*.%$'D++
-)+ $)6+ 1$;(+ ?*&@+ &@(;(+ %($1&*%;+ ;(('+
>($;"?2(+ $),+ &@("%+ %($2"M$&"*)+ <*02,+ #(%'"&+ $+
@0'$)+*0&#*;&+*)+5**)3+$22*<").+'$)B"),+&*+
%($2";(+ &@(+ '*;&+ $)1"()&+ *>+ "&;+ + ,%($';U+ &*+

%($1@+ $)*&@(%+ + <*%2,+ + $),+ &*+ 2"=(+ *)+ "&+ ")+ $+
;$>(+$),+,0%$?2(+<$6D+
+

+
'()*+, ""- @,%126+ *8J69K,K 68 /668 3*+J%1,- 
+
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