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Development of the fast mimnimnal cut sets calculation method for Living PSA application
- Improving the pre-deduced minimal cut sets method with success pass sets -

Takatsugu Mihara*
Abstract

The plant configuration control system is being developed as one of the application of Living
PSA. In order to evaluate risk measures, such as core damage frequency, among many kinds of
plant configurations, shorter Boolean calculation time is favorable. One of the way to reduce the
calculation time is the recalculation method based on the minimal cut set (MCS) data, not on the
fault tree data. However, some of the truncated cut set terms may be important in some specific
plant configurations. Therefore, this method has possibility to miss the important cut set terms and
to get invalid risk measures. To avoid invalidity with this method, the way to improve the
recalculation method was developed. The step of the development method is shown below.,

1. Cut set data preparation
- For the safety systems to be evaluated, deducing the minimal pass sets that stand for minimal

combinations of the support systems that are needed to make the safety system function.
These minimal pass sets are represented in the form of boolean algebra using symbols that
refer to the support systems.

- Calculating the MCS data for the safety systems based on the each plant configuration
identified with the each minimal pass set term.

2. Risk evaluation with specific plant configuration

- Any plant configurations to be evaluated can be represented in the form of the sum of the some
minimal pass set terms identified above. Selecting the such minimal pass set terms matching
the specific plant configuration to be evaluated.

- Identifying the MCS data corresponding to the minimal pass set terms selected in the previous
step. A

- Multiplying these MCS and simplifying with Boolean algebra, then we can get the MCS
correspond to the configuration. '

Applying this method to the reliability analysis of the decay heat removal system of an LMFBR
model plant, and compared with the fault tree calculation method, the validity of this method was
assured.

* Safety and Reliability Research Section, Advanced Technology Division, O-arai Engineering Center
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Appendix A

HEHEFPEFNTS Y VRBRBREROT AR — F RREMNOTF I EANATY) —

DTFoRERE. ZEF0T 7 AV ) —2REBEROETERLZIDOTH S,

Rl :

AF : Ab— 7 ARBRO YK — b AT L
BF : BJb— J3aRIEIR OHR— b AT 4
CF: B~ HHIBEROY R - b AT 4
M: X2 FF L ARRRDYR—- P RAT 4L

AN AL—T7 BRBEROYFE—- b IAFT 4L
BN:BIL—7 BRBEBE OV R—- AT 4L
CN:BIL—7BRBROYF - AT 4L

CA : B34S HRA
CA1 ! #2583 5EEA

CWA : SR RA

CSA : WS HBEAKR

EA : FEEREEFERA
EA1 : FROVERGLIRH, (—EA)

ND : EEEERD
DGA : IFE HDGA

CH1A : EBRSKEEIA

CB: #R5HFB
CB1: #2353 % SE#EB

CWC : 1R EIRRC

CSB : 5 FEKRE

EB: #FEHEEXRB
EBi : FiANS BEEHER7A (—EB)

NE: EBEEXRE
DGA : FEE HDGB

CHI1B : R HSKEEIB

CC : #ERAHR SEHC

CSC : #iaalEKRC

EC : FEAERRC
EC1 : FTSHERAER (—EC)

OP : FT9 &R
DGA : 3EE BDGC

CH2 : ZERSKE ]

% QO0OOMIZ. OO0O0DZEDF 7 AV Y — It LTLEL T R— M RfFEe e LYk
G AV —FEKT D,
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AF=CAM * EAM.

BF=( CAM + CBM ) * EBM.

CF=CBM * ECM.

M=( CAM + CBM ) * (ECM + EAM ) * EAM * ECM.
AN= EAM.

BN= EBM.

CN= ECM.

CAM = CA * EAM * ( CA1* CWAM + CCM).
CBM = CB * ECM * ( CB1* CGWCM + CCM ).
CCM = CC * NDM * (CWCM + CWAM ) .

CWAM = CWA * CSAM * EAM .
CWCM = CWC * CSCM * ( ECM + (NDM*NEM) ) .

CSAM =GCSA *EAM .
CSBM =CSB *EBM.
CSCM =CSC *ECM .

EAM = EA* (EA1 *OP + DGA* CSA )* (CH1AM + CH1BM ) .
EBM = EB * (EB1 *OP + DGB * CSB )* (CH1AM + CHiBM ).
ECM =EC * (EC1 * OP + DGC * CSC ) * (CH1AM + CH1BM ).

NDM =ND * OP * CH2 * NE * CSCM .
NEM =NE*OP *CH2 *ND * CSCM .

CH1AM =CH1A * CSAM .
CH1BM =CH1B * CSBM .
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Appendix B
EREEFLTS Y FORBREBEEROI TN AEy b (FE—- P REEMIC L 5ER)

AV — 7HEHEE

AF =

EA*CSA*DGA*CHIA*CWA*CA*CAT+

EATCSA*CH1A*EA1*OP*CWA*CA*CAt+
EA*CSA*DGA*CSB*EB*CH1B*DGB*CWA*CA*CA1+
EA*CSA*EA1*OP*CSB*EB*CH1B*DGB"CWA*CA*GA1+
EA*CSA*EA1*OP*CSB*EB*CH1B*EB1*CWA*CA*CAl+
EA*CSA*DGA*OP*CSB*EB*CHIB"EB1"CWA*CA"CA1+
EA*CSA*DGA*CH1A"OP*CWA*EC*DGC*CSC*ND*CH2*CC*CA+
EA*CSA*DGA*CH1A*OP"EC*DGC*CSC*ND*CH2*CWC*CC*CA+
EA*CSA*DGACH1A*OP*CWA*EC*EC1*CSC*ND*CH2*CC*CA+
EA*CSA*DGA*CH1A*OP*EC*EC1*GSC*ND*CH2*CWGC* GC*CA+
EA*CSA*CH1A*EA1*OP*CWA*EC*EC1*CSC*ND*CH2*CC*CA+
EA*CSA*CH1A*EA1*OP*EC*EC{*CSC*ND*CH2*CWC*CC*CA+
EA*CSA*CHI1A*EA1*QOP*CWA*EC*DGC*CSC*ND*CH2* CC* CA+
EA*CSA*CHI1A*EA1*OP*EC*DGC*CSC*ND*CH2*CWC*CC*CA+
EA*EA1*CP*CSB*EB*CH1B*DGB*EC*DGC*CSC*ND*CH2*CWC*CC*CA+
EA*EA1*OP*CSB*EB*CH1B*DGB*EC*EC1*CSC*ND*CH2*CWG*CC™CA+
EA*EA1*OP*CSB*EB*CHIB*EB1*EC"EC1*CSC*ND*CH2*CWC*CC* CA+
EA"EA1*OP*CSB*EB*CHIB*EBI*EC"DGC*CSC ND*CH2*CWEC " CC* CA+
EA*CSA*EA1*OP*CSB*EB*CHIB*DGB*CWA'EC*DGC " CSC"ND*CH2* CC* CA+
EA*CSA*EA1*OP*CSB*EB*CH1B*DGB*CWA*EC*EC1*CSG*ND*CH2*CC*CA+
EA*CSA*EA1*OP*CSB*EB*CHiB*EB1*CWA*EC*EC1*CSC*ND*CH2*CC*CA+
EA*CSA*EA1’OP*CSB*EB*CHIB*EB1*CWA*EC*DGC*CSC*ND*CH2* CC*CA+
EA*CSA*DGA*OP*CSB*EB*CHIB*DGB*EC*DGC*CSC*ND* CH2*CWC*CC*CA+
EA*CSA*DGA*CP*CSB*EB*CHIB*DGB*EC*EC1*CSC*ND*CH2* CWC*CC*CA+
EA*CSA*DGA*CP*CSB*EB*CH1B*DGB*CWA*EC*DGC*CSC*ND*CH2*CC*CA+
EA*GCSA*DGA*OP*CSB*EB*CHIB*DGB*CWA'EC*ECI1*CSC*ND*CH2*CC* CA+
EA*CSA*DGA*OP*CSB*EB*CHI1B*EB1*EC EC1*CSC "ND*CH2*CWC*CC* CA+
EACSA*DGA*QOP*CSB*EB*CHIB*EB1*EC*DGC*CSC"ND*CH2* CWC*CC* CA+
EA*CSA*DGA*OP*CSB*EB*CHIB*EB1*CWA*EC*EC1*CSC*ND*CH2*CC*GA+
EA*CSA*DGA"OP*CSB*EB*CHiB*EB{1*CWA*EC*DGC*CSC*ND*CH2*CC* CA.

BA— 7RlHIIER

BF =
EA*CSA*DGA*EB*CSB*CH1B*DGB*CWA*CA*CA1+
EB*CSB*CH1B*DGB*EC*DGC*CSC"CWC CB *CB1+
EA*CSA*DGA*CH1A*OP*EB*EB1*CWA*CA*CA1+
EA*CSA*CH1A*EA1"OP*EB*EB1*CWA*CA*CA1+
EA*CSA*DGA*CH1A*EB*CSB*"DGB*CWA*CA*CA1+
EA*CSA*EA1*OP*EB’"CSB*CH1B*DGB*CWA*CA*CA1+
OP*EB*CSB*CHIB*DGB*EC*EC1*CSC CWC ' CB"CB1+
EA*CSA'EA1"QP*EB*CSB*CH1B*EB1*CWA*CA*CAT+
EA*CSA"DGA*OP*ER*CSB*CHi1B*EB1*CWA*CA*CA1+
OP*EB*CSB*CHiB*"EBi"EC*EC1*CSC*CWC*CB*CB1+
OP*EB*CSB*CHIB*EB1"EC*DGC CSC*CWC*CB*CB1+
EA*CSA*CH1A*EA1*OP*EB*CSB*DGB*CWA”CA*CA1+
OP*EB*CSB*CH1B*DGB*EC*EC1*CSC*ND*CH2*CWC*CC*CB+
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OP*EB*CSB*CHIB*DGB*EC"DGC CSC*ND*CH2* CWC*CC*CB+
OP*EB"CSB*CHIB*EB1"EC"EC1"CSC'ND*CH2"CWC*CC*CB+
OP*EB*CSB*CHIB*EB1*EC*DGC*CSC*ND*CH2*CWC CC " CB+
EA*CSA*DGA*CH1AOP*EB*EB1"EC*DGC*CSC*CWC*CB*CB1+
EA*CSA*DGA*CH1A*CP*EB*EB1*EC"EC1"CSC*CWC"CB*"CB1+
EA*CSA*GCHIA*EA1*QP*EB*EBI1*EC*ECI*CSC"CWC CB*CB1+
EA*CSA*CH1A*EA1*OP*EB*EB1*EC"DGGC*"CSC*CWC*CB*CB1+
EA*CSA"DGA*CH1A*EB*CSB*DGB*EC*DGC*CSC*CWCCB*"CB1+
EA*CSA*DGA*CH1A*OP"EB*CSB*DGB*EC*EC1*CSC*CWC*CB*CBi+
EA*CSA*CHIA*EA1"OP*EB*CSB*DGB"EC"EC1"CSC"CWC*CB*CB1+
EA*CSA*CH1A*EA1*OP*EB*CSB*DGB*EC*"DGC*CSC*CWC*CB"CB1+
EA*EA1*OP*EB*CSB*CHI1B*DGB*EC*DGEC "CSC*ND*CH2*CWC " CCCA+
EA*EA1*OP*EB*CSB*CH1B*DGB*EC"EC1*CSC*ND*CH2"CWC=CC*CA+
EA*EA1*OP*EB*CSB*CHI1B*EB1*EC*EC1*CSC*ND*CH2*CWC"CC* CA+
EA*EA1*OP*EB*CSB*CH1B*EB1*EC*DGC*CSC*"ND*CH2*CWC*CC*CA+
EA*CSA*DGA*CH1A*OP*EB*EB1*CWA*EC*DGC*CSC*ND"CH2"CC*CA+
EA*CSA*DGA*CHI1A*QP*EB*EB1*EC'DGC*CSC*ND*CH2* CWC* CC*CA+
EA*CSA*DGA*CHI1A*OP*EB*EB1*CWA*EC*EC1*CSC*ND*CH2"CC* CA+
EA*CSA*DGACHIA*OP*EB*EB1*EC*EC1*CSC*ND*CH2*CWC*CC* CA+
EA*CSA"DGA*CHIA*QP*EB*EB1*CWA*EC"EC1*CSC*ND*CH2*CC*CB+
EA*CSA*DGA*CHIA*OP"EB*EB1*EC"EC1*CSC*"ND*CH2*CWC*CC*CB+
EA"CSA*DGA*CHIA*OP*EB*"EB1*CWAEC*DGC"CSC"ND"CH2*CC*CB+
EA*CSA*DGA*CH1A*OP*EB*EB1*EC"DGC*CSC*ND"CH2"CWC*CC " CB+
EA*CSA"CH1A*EA1*OP*EB*EB1*CWA*EC*EC1*CSC*"ND"CH2"CC*CA+
EA*CSA*CH1A*EA1*QP*EB*EB1*EC*EC1*CSC*ND*CH2*CWC*CC* CA+
EA*CSA*CH1A*EA1*OP*EB*EB1*CWA*EC*DGC*CSC*ND*CH2*CG*CA+
EA*CSA*CH1A*EA1"OP*EB*EB1*EC*"DGC*CSC*ND*CH2"CWC*CC*CA+
EA*CSA*CH1A*EA1"OP"EB*EB1*CWA*EC*EC1*CSC*ND"CH2*CC*CB+
EA*CSA*CH1A*EA1*OP*EB*EB1"EC"EC1"CSC*ND*CH2"CWC*CC*CB+
EA*CSA*CH1A*EA1*OP*EB*EB1*CWA*EC'DGC*CSC*ND*CH2*CC* CB+
EA*CSA*CH1A*EA1*OP*EB*EB1*EC*"DGC*CSC*ND*CH2*CWC*CC* CB+
EA*CSA*EA1*QOP*EB*CSB*CHIB*DGB*CWAEC*DGC*CSC"ND*CH2"CC*CA+
EA*CSA*EA1"OP*EB*CSB*CH1B*DGB*CWA*EC*EC1*CSC*ND*CH2"CC*CA+
EA*CSA*DGA"OP*EB*CSB*CHiIB*DGEB*EC*DGC*CSC*ND*CH2*CWC*CC " CA+
EA*CSA*DGA*OP*EB*CSB*CH1B*DGR*EC*EC1*CSC*ND*CH2*CWC*CC* CA+
EA*CSA*DGA”OP*EB*CSB"CH1B*DGB*"CWA*EC*DGC"CSC*ND*CH2*CC*CA+
EA*CSA*DGA*CP*EB*CSB*CH1B*DGB*CWA*EC*EC1*CSC"ND*"CH2"CC*"CA+
EA*CSA*DGA*OP*EB*CSB*CH1B*DGB*CWATEC*EC1*CSC*ND"CH2*CC*CB+
EA*CSA*EA1"OP*EB*CSB*CH1B*DGB*CWA*EC*EC1*CSC*ND*CH2"CC"CB+
EA*CSA*DGA*CP*EB*CSB*CH1B"DGB*CWAEC*DGC*CSC*ND*CH2*CC*CB+
EA*CSA*EA1*OP*EB*CSB*CHIB*DGB*CWAEC*DGC*CSC*ND*"CH2*CC*CB+
EA*CSA*EA1*QP*EB*CSB*CH1B*EB1*CWA"EC"EC1"CSC"ND"CH2"CC"CA+
EA*CSAEA1*OP"EB*CSB*CHI1B*EB1"CWA'EC"DGC*CSC*ND*CH2*CC*CA+
EA*CSA*DGA"QOP*EB*CSB*CHIB*EB1*EC*EC1*CSC*ND*CH2*CWC* CC"CA+
EA*CSA*DGA*OP"EB CSB*CH1B*EB1*EC*DGC*CSC*ND*CH2*CWC*CC* CA+
EA*CSA*DGA*OP*EB*CSB*CHIB"EB1*CWA*EC*"EC1*CSC*"ND*CH2* CC*CA+
EA*CSA"DGA"OP*EB*CSB*CH1B"EB1"CWA*EC*DGC*CSC*ND*CH2"CC*CA+
EA*CSA*EA1"OP*EB*CSB*CHI1B"EBi1*CWAEC"EC1*CSC*ND*CH2"CC~CB+
EA*CSA*DGA*OP"EB"CSB*CH1B"EB1*CWA*EC*EC1*CSC*ND*CH2*CC*CB+
EA*CSA*EA1*OP*EB*CSB*CH1B"EB1"CWA*EC*DGC*CSC*ND*CH2*CC*CB+
EA*CSA*DGA*QP*EB*CSB*CH1B"EB1"CWA*EC*DGC*"CSC*"ND*CH2*CC*CB+
EA*CSA*DGA*CH1A*OP*EB*CSB*DGB*CWA*EC*'DGC*CSC*ND*CH2*CC " CA+
EA*CSA*"DGA*CH1A*OP*EB*CSB*DGB*EC*DGC"CSC*ND*CH2*CWC*CC " CA+
EA*CSA*DGA*CH1IA*OP*EB*CSB"DGB*CWA*EC*EC1*CSC*ND*CH2*CC* CA+
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EA*CSA"DGA*CHIA*OP*EB*CSB*DGB*EC*EC1*CSC*ND*CH2*CWC*CC*"CA+
EA*CSA"DGA*CH1IATOP*EB*CSB*DGB*CWA*EC*EC1*CSC*ND*CH2"CC*CB+
EA*CSA*DGA*CH1A*OP*EB*CSB*DGB*EC*EC1*CSC*ND*CH2*CWC*CC*CB+
EA*CSA*DGA*CHIA*OP"EB*CSB*DGB"CWA*EC*DGC*CSC*ND*CH2"CC"CB+
EA*CSA"DGA'CHIAQP*EB"CSB*DGB*EC"DGC*CSC*ND*CH2"CWC"CC™CB+
EA*CSA*CH1A*EA1"OP*EB*CSB"DGB*CWA*EC*EC1*CSC*ND*CH2* CC* CA+
EA*CSA*CH1AEA1*OP*EB*CSB*DGB*EC*EC1*CSC*ND*CH2*CWC*CC*CA+
EA*CSA*CH1AEA1*OP*EB*CSB*DGB"CWA*EC*DGC*CSC*ND*CH2*CC*CA+
EA*CSA*"CH1A"EA1"OP"EB*CSB*DGB*EC*DGC*CSC*ND*CH2*CWC*CC*CA+
EA"CSA*CH1A"EA1"OP*EB*CSB*DGB*"CWA*EC*EC1*CSC*ND*CH2*CC*CB+
EA*CSA*CH1A*EA1"OP*EB*CSB*"DGB*EC*EC1*CSC*ND*CH2*CWC*CC*CB+
EA*CSA"CHIATEA1"OP"EB"CSB*DGB*CWA*EC*DGC*CSC*ND*CH2*CC*CB+
EA"CSA*CH1A"EA1"OP*EB*CSB*DGB*EC*DGC*CSC*ND*CH2*CWC*CC* CB.

Clv— 7iaflfER

CF =

EA*CSA*DGA*CHIA'EC*'DGC*CSC*CWC*CB*"CB1 +
CsB*EB*"CH1B*DGB*EC*"DGC"CSC*"CWC CB*CB1+
EACSA"DGA"CH1A"OP*EC"EC1*CSC*"CWC*CB*CBi+
OP*CSB*EB*CH1B*DGB*EC*EC1*CSC*CWC*CB*CB1+
EA*CSA*CH1A"EAT1*OP*EC"EC1*CSC*CWC*CB*CB1+
OP*CSB*EB*CHIB*EB1*EC*EC1*CSC*CWC*CB*CB1+
EA*"CSA*CH1A*EA1QOP*EC*DGC*CSC*CWC*CB*CB1+
OP*CSB*EB*CHIB*EB1*EC*DGC*CSC*CWC*CB*CB1+
EA*CSA*DGA*CH1A*OP*CWA*EC*EC1*CSC*ND*CH2*CC*CB+
EA*CSA*DGACHIAOP"EC"EC1*CSC™"ND*CH2*CWC*CC*CB+
OP*CSB*EB*CHIB"DGB*EC*EC1*CSC"ND*CH2*CWC*CC*CB+
EA*CSA*CHIA"EA1*OP"CWA*EC*EG1*CSC*ND*CH2*CC*CB+
EA*CSA"CH1A"EA1"OP*EC*EC1*CSC*ND*CH2*CWC*CC*CB+
OP*CSB*EB*CH1B*EB1"EC*EC1*CSC*ND*CH2*CWC*"CC*CB+
EA*CSA*DGA*CH1ATOP*CWA*EC*DGC*CSC*ND*GH2"CC*CB+
EA*CSA*DGA*CH1A*OP*EC*DGC*CSC*ND* CH2"CWC*CC*CB+
OP*CSB*EB*CH1B*DGB*EC*DGC* CSC*ND"CH2*CWC*CC*CB+
EA*CSA*CH1A*EA1"OP*CWA*EC*DGC*CSC*ND*CH2*CC*CB+
EA*CSATCHIA"EA1"OP*EC*DGC*CSC*"ND*CH2*CWC*CC*CB+
OP*CSB*EB*CHI1B*EB1*EC*DGC*CSC*ND*CH2*"CWC*CC*CB+
EA"CSA"DGA"OP"CSB"EB*"CH1B*DGB*CWA*EC*EC1*CSC"ND*CH2*CC*CB+
EA*CSAEA1"OP*CSB*EB*CHiB*DGB*CWA*EC*EC1"CSC*ND*CH2*CC*CB+
EA*CSA"EA1*OP*CSB*EB*CHI1B*EB1*CWA*EC"EC1*CSC*ND*CH2*CC*CB+
EA*CSA*DGA*OP*CSB*EB*CHIB*EB1*CWA"EC*EC1*CSC*ND*CH2*CC*CB+
EA*CSA"DGA"OP*CSB*EB*"CH1B*DGB*CWA*EC*DGC*CSC*ND*CH2"CC*"CB+
EATCSAEA1"OP*CSB*"EB*CH1B*DGB*CWA*EC*DGC*CSC*ND*CH2*CC*CB+
EA"CSA"EA1"OP*CSB*EB*CH1B*EB1*CWA*EC*DGC " CSC*ND*CH2*CC*CB+
EA"CSA"DGA*OP*CSB*EB*CHIB*EB1"CWA"EC"DGC*CSC*ND*CH2*CC*CB.

AT v AR EITER

M =

EA*CSA*DGA*CHIA*OP"CWA"EC"EC1"CA*CA1+
EA*CSA*DGA*CHIA*CWA'EC*DGC*CSC*CA*CA1+
EA*CSA*DGA*CHIA*EC*DGC*CSC*CWC*CB*CB1+
EA*CSA*CH1A*EA1*OP*CWA*EC*EC1*CA*CA1+
EA*CSA*DGA*CH1A*QOP*EC*EC1*CSC*"CWC*CB*CB1+
EA*CSA"CH1A*EA1*OP"EC"EC1"CSC*CWC*CB*CB1 +
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EA*CSA*CH1AEA1*OP*CWA*EC*"DGC*CSC*CA*CA1+
EA*CSA*CH1A*EA1*OP*EC*DGC*CSC"CWC™CB*CB1+
EA*CSA*DGA*CH1A*OP*CWA EC"EC1*CSC*ND*CH2*CC*CA+
EA*CSA*DGA*CHI1A*OP*EC*EC1"CSC*ND*CH2*CWC*CC* CA+
EA*CSA*DGA*CH1A*OP*CWA*EGC*EC1"CSC*ND*CH2*CC*CB+
EA*CSA*DGA*CH1A*OP*EC*EC1"CSC*ND*"CH2"CWC*CC*CB+
EA*CSA*DGA"CH1A*OP*CWA*EC"DGC"CSC"ND*CH2*CC* CA+
EA*CSA*DGA*CHIA*OP*EC*DGC*CSC"ND*CH2*CWC"CC* CA+
EA*CSA*DGA*CH1A*OP*"CWA*EC"DGC"CSC"ND*CH2*CC"CB+
EA*CSA*DGA*CHIA*OP*EC*DGC*CSC*ND*CH2*"CWC*CC*CB+
EA*CSA*CH1A*EA1*OP*CWA*EC*EC1*CSC*ND*CH2"CC*CA+
EA*CSA*CH1A*EA1*OP*EC*EC1*CSC*ND*CH2*CWC*CC*CA+
EA*CSA*CH1A*EA1*"OP*CWA"EC*EC1*CSC*ND*CH2"CC*CB+
EA*CSA*CH1A*EA1*OP*EC*EC1*CSC"ND*CH2*CWC*CC*CB+
EA*CSA*CH1A*EA1*OP*CWA*EC*'DGC*CSC™ND*CH2*CC*CA+
EA*CSA*CH1A*EA1*OP*EC*DGC*CSC"ND*CH2*CWC*CC*CA+
EA*CSA*CH1A"EA1*OP*"CWA*EC*DGC*CSC"ND*CH2*CC*CB+
EA*CSA*CH1A*EA1*OP*EC"DGC"CSC*ND*CH2*CWC*CC*CB+

- EA*CSA*EA1*OP*CSB*EB*CH1B*DGB*CWA*EC*EC1*CA*CA1+

EA*EA1*OP*CSB*EB*CH1B*DGB*EC*EC1*CSC*CWC*CB*CB1+
EA*EA1*OP*CSB*EB*CHIB*DGB*EC*DGC*CSC*CWC*CB*"CB1+
EA*CSA*EA1*OP*CSB*EB*CH1B*EB1*CWA"EC*EC1"CA*CA1+
EA*EA1*OP~CSB*EB*CH1B*EB1*EC*ECi*CSC*CWC CB"GB1+
EA*EA1*OP*CSB*EB*CHIB*EB1"EC*"DGC*CSC*CWC*CB*CB1+
EA*CSA*DGA*OP*GCSB*EB*CH1B*DGB*CWAEC*EC1"CA*CA1+
EA*CSA*DGA*CSB*EB*CH1B"DGB*CWA*EC*DGC"CSC*CA*CAl+
EA*CSA*DGA*CSB*EB*CH1B*DGB*EC"DGC*CSC*CWC"CB*CB 1+
EA*CSA*DGA*OP*CSB*EB*CHI1B*EB1*CWA"EC*ECi*CA*CA1+
EA*CSA*EA1*OP*CSB*EB*CH1B*DGB*CWA"EC*DGC*CSC*CA*CAl+
EA*CSA*EA1"OP*CSB*EB*CHIB*EB1*CWA*EC*'DGC"CSC*CA*CAl+
EA*CSA"DGAOP*CSB*EB*CH1B*DGB*EC*EC1*CSC*CWC*CB*CB1+
EA*CSA*DGA*OP*CSB*EB*CH1B*EB1"EC"EC1*CSC*CWC CB*CB1+
EA*CSA*DGA*OP*CSB*EB*CHIB*EB1*CWA*EC"DGC*CSC"CA"CAl+
EA*CSA*DGA*OP*CSB*EB*CHIB*EB1"EC*DGC*CSC"CWC"CB*"CB1+
EA"EA1*OP*CSB*EB*CH1B*DGB*EC*EC1"CSC*"ND*CH2"CWC*CC*CB+
EA*EA1*OP*CSB*EB*CH1B*DGB*EC*EC1*CSC*ND*CH2"CWC*CC* CA+
EA"EA1"OP*CSB*EB*CH1B*DGB*EC*DGC*CSC*ND*CH2*CWC " CC*CB+
EA*EA1*OP"CSB*EB*CH1B*DGB*EC*DGC*CSC*ND*CH2*CWCG"CC " CA+
EA"EA1*OP*CSB*EB*CH1B*EB1*EC"EC1*CSC*ND*CH2*"CWC*CC*CB+
EA*EA{*OP*CSB*EB*CH1B*EB1*EC*EC1*CSC*ND*CH2"CWC*CC” CA+
EA*EA1*OP*CSB*EB*CHIB*EB1*EC*DGC*"CSC*ND*CH2*CWC"CC*CB+
EA"EA1"OP"CSB*EB*CHI1B*EB1*EC"DGC*CSC*ND*CH2"CWC*CC”" CA+
EA*CSA*EA1*OP*CSB*EB*CH1B*DGB*CWA*EC*EC1*CSC*ND*CH2*CC*CA+
EA*CSA*EA1*OP*CSB*EB*CHIB"DGB*CWA*EC*EC1*CSC*ND*CH2"CC*CB+
EA"CSA*EA{1{*OP*CSB*EB*CHI1B*DGB"CWA"EC*"DGC*CSC*"ND"CH2*CC* CA+
EA*"CSA"EA1*OP*CSB*EB*CHIB*DGB*CWA*EC*'DGC*CSC*ND*CH2*CC"CB+
EA"CSA"EA1"OP*"CSB*EB*CH1B*EB1"CWA*EC*"EC1*CSC"ND*CH2"CC™"CA+
EA*CSA"EA1*OP*CSB*EB*CH1B"EB1*CWA*EC*EC1*CSC*ND*CH2"CC CB+
EA*CSA*EA1*OP*GCSB*EB*CH1B*EB1*CWAEC*DGC"CSC"ND*CH2*CC* CA+
EA*CSA*"EA1*OP*CSB*EB*CH1B*EBi1*CWAEC*DGC*CSC*ND*CH2"CC*CB+
EA*CSA*DGAOP"CSB EB*CHIB*DGB*EC EC1*CSC*ND*CH2*CWC" CC* CB+
EA*CSA*DGA*QOP*CSB’EB CHIB"DGB*EC"EC1*CSC*ND*CH2*CWC* CC” CA+
EA*CSA*DGA*OP*CSB*EB*CHiB"DGB*CWA*EC*EC1*CSC*ND*CH2" CC* GA+
EA*"CSA*DGA*OP*CSB*"EB*CHiIB*DGB"CWA*EC*EC1"CSC*"ND"CH2" CC*CB+
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EA"CSA*DGA*OP*CSB"EB*CH1B*DGB*EC*'DGC CSC*ND"CH2*CWC*CC*CB+
EA*CSA*DGA"OP*CSB*EB*CH1B*DGB"EC*DGC*CSC*ND*"CH2*CWC*CC~ CA+
EA*CSA*DGA*OP*CSB*EB*CHIB"DGB*CWA*EC*DGC*CSC*ND"CH2*CC* CA+
EA*CSA*DGA*OP*CSB*EB*CH1B*DGB"CWA*EC*DGC*CSC"ND"CH2*CC*CB+
EA*CSA*DGA*OP*CSB*EB*CHIB"EB1*EC*ECi1*CSC*ND*CH2*CWC"CC*CB=+
EA*CSA*DGA*OP*CSB*EB*CH1B*EB1*EC*EC1*CSC*ND*CH2*CWC*CC*CA+
EA*CSA"DGA*OP*CSB*EB*CH1B*EB1*CWA*EC*EC1*CSC "ND*CH2*CC*CA+
EA*CSA*DGA*OP*CSB*EB*CHIB"EB1"CWA*EC*EC1*CSC*ND*CH2"CC*CB+
EA*CSA*DGA*OP*CSB*EB"CHiB*EB1*EC*DGC*CSC*ND*CH2*CWC*CC*CB+
EA*CSA*DGA*QOP*CSB*EB*CH1B"EB1"EC*"DGC*CSC*ND"CH2"CWC"CC*CA+
EA*CSA*DGA*OP*CSB"EB*CH1B*EB1*"CWA*EC*DGC*CSC*ND*CH2"CC*CA+
EA*CSA*DGA*OP*CSB*EB*CHIB*EB1*CWA*EC"DGC*CSC*"ND*CH2*CC*CB.

AL—TBERIER

AN =

EA*DGA*CSA*CH1A+
EA*CSA*CHIA*EA1"OP+
EA*EA1*OP*CHIB*CSB*EB*DGB+
EA*EA1*OP*CHi1B*CSB*EB*EB1+
EA*DGA"CSA*CH1B*CSB"EB*"DGB+
EA*DGATCSA*OP*CH1B*CSB"EB*EB1.

BV — 7 EAREER

BN =

EB*DGB*CSB*CH1B+
EB*CSB*CH1B*EB1*OP+
EB*EB1"OP*CH1A*CSA*EA*DGA+
EB*EB1*OP*CH1A*CSA*EA*EA1+
EB*DGB*CSB*CHiA*CSA*EA*DGA+
EB*DGB*CSB*OP*CH1A"CSA*EA*EAT1.

Crh—7HHRER

CN =
CSA*EA*DGA*CH1A*OP*EC*EC1+
OP*CSB*EB*CHiB*DGB*EC*EC1+
CSA*EA*CH1A*EA1*OP*EC*ECT+
OP*CSB*EB*CHIB*EB1"EC*EC1+
CSA*EA*DGA*CH1A*EC*DGC*CSC+
CSB*EB*CH1B*DGB*EC*DGC*CSC+
CSA*EA*CH1AEA1*OP*EC*DGC*CSC+
OP*CSB*EB*CHi1B*EB1"EC*DGC*CSC.



