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Group Constants of Fission Products for Thermal Reactor

(Final Report of FP Working Group)

Hajime SAKATA* Satoshi NAGAYAMA** Iwao OHTAKE***

Hiroyuki MATSUNOBU**** Keiichi SAITO**¥%*

Japanese Nuclear Committee
Tokai Research Institute
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received 30 August 1972)

Summary

The present report, continued from the previous two reports, is a final paper concerning group
constants of fission products for thermal reactor.

Concerning the burn-up analysis in the thermal reactor, a set of the multi-group constants of fission
products (FP) has been studied on the following items.
(1) The data of thermal neutron absorption cross sections, resonance parameters and resonance in-
tegrals are mainly collected from BNL-325 for about 190 nuclei. A set of 30 and 54 group constants
for thermal and fast neutron energy regions is compiled after the above data have been evaluated.
Fission yields and decay constants for the FP nuclides are also complied from various literatures.
(2) The build-up amounts of about 330 FP nuclides hav been respectively calculated for the neutron flux
levels of 10*%, 103, and 10'‘ n/cm®-sec, and irradiation time up to 2x 107 sec. From these results, the
important FP in burn-up calculation are determind.
(3) Each FP nuclide is classified into one of the three groups on pseudo fission products (PFP) except
for nuclei such as **Rh, **Cd, '**Xe, **Sm, '5!'Sm, '5Eu, **Gd and '*’Gd. These excluded nuclei
belong to the important S-decay chains.
(4) Based on the results described in (1), (2) and (3), a library of PFP’s multi-group constants has
been made as a function of the neutron flux level and irradiation time. The study has been performed

as the activity of FP working group in Reactor Constant Subcommittee, Japanese Nuclear Data Com-

mittee.

* Power Reactor and Nuclear Fuel Development Corp.
** Japan Atomic Power Company
*%k Fuji Electric Co. Ltd.
*kkk Sumitomo Atomic Energy Industries, Ltd.
*¥¥kx Hokkaido University
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TaBLE1 Decay scheme removed from pseudo FP's Cd—113
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Fig. 3 Non-saturating nuclide Fig. 5 Rapidly saturating nuclide
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TABLE 2 IC KN, DIUDRDIEE L 7, #o7
@ FP MHEAR O THOEED b0 & 1212 —DREHS
BonT3. LhLURL > EEEAEIETNTOSER
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TABLE 2 Important FP nuclides
Present Result Walker’s Recommend ENDF/B
85Kr B’IKr 97M0 99TC lOORu B7Kr QSZr QSNb 95M0 99TC 95M0 99Tc
XNRu 103Rh loth 105Rh lDZPd 103Ru IOSRu 103Rh 105Rh 105Pd lOBRh 113Cd
!DSPd UBCd 1291 1351 l!lXe 109Ag llSCd |311 135I 13lxe 131Xe USCS
ISSXe lSﬁXe IBSCS INCS 140Ba lSSXe 13$Cs ISSCS ‘89148 1‘lce 135Xe HSNd
ISDLa 141Ce 141Pr 143Pr 143Nd llSPr 1‘5Nd IITNd 147Pm llEPm llSNd 1‘7Pm
144Nd l‘ﬁNd ll1Pm IISPm l‘Bum llSum 149Pm lSle 147Sm 1A$Sm 1498m lslSm
149Pm HBSm Hgsm IEDSm lSlsm llQSm lSDSm lSlSm lSZSm lSSSm 152Sm 153Eu
151Eu 155Eu 153Eu lSiEu 155Eu 157Eu 151Gd 155Gd 157Gd
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TasLe 3 Classification of FP nuclides

Classification Nuclide
Pseudo FP-1 35
(Chain 1) HL e -
Pseudo FP-2 0 149 149
(Chain 2) ““Nd  *Pm '“Pm B
Pseuda FP-3 5 105
(Chain 3) “Ru  '*Rh )
Pseudo FP4 3 113,
(Chain 4) hAg Cd
PSeudb FP‘57777 i 151 151
(Chain 5) | “Nd  *Pm  Sm
Pseudo FP-6 155
(Chain 6) | mSm WEw  Gd
o Pseudo FP-7 57 157,
Cingy | "Ew wGd
17("e 78Ge 77AS TBAS 798e ﬂSSe B‘Se 53Br B‘Br ESKr
EBKr Bst EDRb 90Rb 91Rb 92Rb 9!Sr QZSr QSSr ler
QZY 93Y' 94Y' 97Zr 97Nb 99M0 IOITC 107Rh XOQPd 111Pd
112pq mAg nzp g A g Ag uspg 15Cd urcd 18G4 uryy
Pseudo FP_9 1lBIn llgln lZlSn IZSSn IZGSn 127Sn |ZZSb lZﬁSb 127Sb lZBSb
(Rapid saturation) | Sb 9Sb WiSh 19Sh 1#Te ¥Te MTe '#Te MTe '™Te
!311 1331 13|I 1351 1361 133Xe !33CS KS?CS 139Ba NOBa
'HIBa 142Ba l43Ba llDLa 141La IlzLa 143La H3Ce l45ce l46ce
143Pr IISPr H7Nd llQNd lSlNd l5lsm 153Sm 155Sm 15GSm 157Eu
157Gd 161Gd
Pseudo FP’].O s]se Bgsr Q\Y 952r 103Rh 113Cd lllce 155Eu 155Gd lﬁOTBﬁi‘
(Slow saturation)
72(}e 73Ge 74Ge 75Ge 76Ge 75As 76As 7ﬁse 71Se 7BSe
sl)se SZSe 79Br BOBr slBr SZBI. BDKr BzKr ﬂlKr BSKr
BGKr E7Kr BGSr BBSr BBSr ﬂSRb 86Rb S'IRb 89Y QOY
OOZr QIZr QZZI. QSZr 9‘21. QGZI. 95Mo 97M0 QBMO 99Tc
lDORu lﬁlRu 102Ru llNRu 105Ru IOGRu 103Rh IOIRh 105Rh IOGRh
lOZPd 105Pd wGPd 107Pd lnBPd lnﬂAg l‘ﬂAg 110Cd lllCd 1lzcd
PseUdo FP-ll lllcd 'HGCd 'HSIn llTSn 1lﬂsn ll9sn IZOSn 123Sn 1248n lZle
(Non-saturatlon> lZSSb 1ZISb IZSSb lZZTe 123’I‘e lZlTe IZSTe ' lZG’I‘e lZBTe 130Te
1271 1291 1321 131Xe 132Xe lJlXe ‘36Xe 133CS 13ICS ISSCS
lsﬁcs 137C5 135Ba 137Ba 133Ba l39La l(ﬂCe llL‘Ce 141Pr l“Pr
143Nd lllNd IISNd I‘GNd l‘SNd 147Pm l‘6um \‘8Pm 149Pm 147Sm
llBSm 15DSm lﬁzsm IElSm 153Eu lleu lsﬁEu IS‘Gd lSGGd ISEGd
lSBGd 159Tb 161Tb 1$0Dy lGlDy
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CETHAD.
Db BRPETHFEGRICL TN C & % E1E

LU, ST T 5 v F - JURTOWE s 1/0 T
DX FZNF—ffebA &> TABLET IR L - fiF « 4
VICHEENLEEL FP BRARBRAL, Kifns 1/v%
E LD D FP MFEICONT, #0232 %
EEAABTHE360% 1 -0 PFP i/ v—7ib4 5
TEiTlie. COFREENDL: FP LD R IE M -
bT 3, MRTTHE~T FP REDHIEF « 1 v 0BT

BoNTHHORmRBEAINL. cofilickh FP
&@@MT@M%%I4VM,7o®%14y<mn~
FP-7) & 350 PFP ® 7 v— (FP-9~FP-11) mz}
10 fficyrreont. £ PFPcjB4 3 FP KRl TABLE 3
IR LTH 5. FP-9~FP-11 © PFP O RMIGRIIC X 3
WAL, FNENn §3.1 T4 X7 Rapid Satu-
ration, Slow Saturation 3 X ¢f Non-saturation |C 5}
LT,

TABLE3 D5 5 FP-1~FP-7 (3, RiFTICali~7z40< R
PEREET S o — ¥ CHLEE FP B O MMIERIIC & 3 HEL
fLEitfigd 2720, choic/gd 3 FP EOFERR
HENCBEEN T3, fl PFP T# % FP-9~FP-11
DFERDIERICE LU TRRFEL T TR~NONE B, &
DIRREE LTS & 40 PFP O Ll s b T
LY

226(B, ) =Sum N,;(¢,2)+0,(2200m/sec) (4.1)

ARt 2T

N;($,0) : hiETHR LV~ (6), TREHERD (O ics T

5RO
0; (2200m/sec) : {-A%HE OO PRI et 7 i T A
(E,=0.0253eV)

¢ v,=2,200m/sec [T B T-FH L N (=nv,)
THY, i 13/ PFPt/R3 2 FPREOHEZEbHT.
Licb & 5%, Zo(g 0 ZRDELIDEHE —F
GROUP (Mgt A.1 2IR) A& h, 10, 10° .k
U 10 n/em®ssec Dtk FHR L N AT 4 — 2 E LT
2o(P ) DEEMTR b, T ORI Fig. 6~Fig.11
DS T TDEMTRLTHEH, ThoD L(dt) D
BIHUE RIS DN TR TR~ 5.

EBRIEICRN T « 4 ¥ DBHH» S PFP A
=7 ETORILTIE, BEOMBMBEHE g — F 2
Xe BLU Sm DETEF = A VBRI L T
5LLips, TD2ODF A4 YERILED D FP K
fEz PFP lc/v—2"{bd 32 L bRS . LHALCD
ST, fAE Cd o hiEFE L v sk
E{BE, TOMBOMBIERICK A EEZILORT
43 Non-saturation 7> & Rapid saturation 2730, o
MHEEZE&T PFP OWEROMBENKELE T &M
S s te. CNLDCEBERLT, bbbl
FEIT TABLE 3 IR AR EERAT I LT fe.

42 PHFRHECIIERMZFHET
HEROEIL

B P B O TER AN S FP IR, MEioR
N EOPOEBRTEKEAR N TIE, 3K PFP
OffnsiciisrdEhs. ch o PFP o B W
DT T A VF—, mHTHL NV B X ORI O
e, FEROFESTIREINE, BRTOF —
2% TDFEIMNOLDHRTIIRL, LEIIEEE, Ik
EitHa— F @RIV, Chi3EBMREL LT

BUILT E TR

TIRORERZEZEL, BRICAHLET, ERNET
MR 2o ZBBOE TR b iEE bR b NI E
Uiz, 47bb PFP O T, ® i v ¥ —kEHR, 1
B & ic 2 8T, Bz 2o T, OAE X
DHMEAT B ERPL, Tz 5 v4— E;=0.0253
eV (v,=2200m/sec) I E1 2 ERMWER T, OB
IR A% IR T (4.5) ROBKETED LTI B,
BRI H o — F T PFP 2RO BRIFIICEHET
HHEFBLNHSHETZD PFP o3& b 3 1
5.

TRV RVITEEL RO+ v F 2K T 5
12T, 2o OREBERIKER S hiETFH L~ i ikfE
LIBWETHRT 2 HEERS 7. L LZOKETIR
BRHLIE Lo D74 v T A VI DOWBRMN T4 v Fa v
WD 2o DEE WL THEBKE N opD, K
HUNNVFGILENTNRLE ST 4 v F 4 v 7
— R EERHEERBT A LKL k.

FP B O %R N OHEEZE L EE DT #MaFER
RIRDE ST,

AT

L NO=Zy-Gra,HND @2

2 OB EWEETD (em™)
¢ : hiE T3 (n/cm?esec)
Y HAEN D DERER
2 HHER (sec™)
o WARMKTER (cm™*)
THb. (4.2) RO—RBRIROLSICL 5.

N(t)_iz-:ysé {1—e-G+ap)} (4.3

(4.3) OB HARWERL 0 £FT 5L, FP %

) TozhlEFr~n ¢ LR ¢ LOFHOLHDOBKE
RBUTEWEAIRED, 74974V 7«53 4—-421
O WIEBRICEZ 5. LA LUERICE, bhbhdiga
LT3 ¢ & ¢t OEEATIRIRE L EBRESEBHETDH
L1, QIR UTHMYICT 4w T4 V7T BEEEDN
K& 123,



10 B REBRM OFER

T FAR WAL 2o ORBR KR E R DT RO
miFohs.

Yo (d) = _§iy;¢¢_ {1—e-G+ op)t}

ZC C3fEE® PFP O LRIMWNLET 2. OIERTZEAL
EEBTE74 974 v 7ORELT, KOKXEFAL
1.

(4.4)

INTEDNY.C X))

Y, sovn

=_Zj7#fg£b_{1_e Gi+ost) (4.5)
T

t: RS (sec)

Vidpoit 74 9Fa vy -5 4—2

jij 7 nv—70 PFP (FP9, 10, 11)
THb. (4.4) RE 4.5 REHBKLTHBIE, T4y
Favy oG x—n Y5654 132hzh PFP o
e, BURMNTERS, B X OHERERICKE L
REEBTHIRICE ST,

& PFP {c 2T, KT Ry vzl anT
WAWIIET O AR KELE, BRI 74974V
758 =5 V5658 OES/NE FHETRY BEHE
T otz UL 2 D0 KRBT 4 —% 6; BIU
LUEESDIMED T 4 — 2 2FAICEDLORKETH

JAERI 1226

T Mmb, FEHRSS 4 —2D—DTH 5B HEERK 2
HBEBZ BT ELIC L. COBA @D RFKDLS
2Rz s 5.

Tos(@, 1) =3, ¥ (1 —e~0:8t)

L 1P THPMTH L~ (102, 10 35 kv 10
n/cm*esec)iZX LT, STHDO PFPOT7 4 w74 V7 -
G A — RERRIL S PET B FrpDEHHa — § [FIT )
PR L, HREAITE - (BtEk A2 S RD

T4 wT 4 VT 54 —2ERHDBEIFHOBET,
(4.6) iz & BRI C (em™) ZHinL 2k A& A
WBE, T4 v T 4V OREEEM—TEE 125
L.

(4.6)

Lo, =LY ;(1—e=5:#)+C; 4.7

Ll @D KROS5 ICERH C 2T ss, R
IR £=0 I B THTRICIITICIE & Lo(9,0)
7 C DIEAFTHEICED, RAKRBTHERE L5 8,
PFP @ X,(¢, ) # X DRIER S HEBY 5 C LICH I
BNDT, AT ROLHIBT 4 74 VI7DRER
R¥scEicli.

Ss=lem™ & LT, [FIT| a—FAHOTELIE
&PFP O N($0DDT 4 v Fa vy +854—45 ¥, 6

Taste 4 Fitting Parameter

FP-No. ¢ (cm®) ‘ Zfi’\*(cm“) Constant (cm™!)
N FP-9 2. 430159 —19| 8.916115 —5| 6.095669 —6
~ FP-10 2.333%2 —19 | 7.539365 —6 | —1.548757 iy
6 =10 FPAl | _8.561036 —21 | —4.379500 3| —1.251412 -5
(necmsec™)|  FP9 ‘ 2671504 19| 9.434363 -5| 0.0
FP-10 1 2.326829 —19| 7.526546 —6| 0.0
 FPAL | ~1407808 20| —z.492810 -3| 0.0
FP9 | 7.8347L -20| 2043055 —4| 6.027956 —5
FP-10 1 2.335579 ~20 | 7.533650 —5| —1.539714 —7
5 =10 FP-11 "Q's.goseez 22| —4.428774 —2 | —1.506254 —4
(neemfesec  FPO | 9.835316 —20| 2.637713 —4| 0.0 -
FP-10 2.328574 —20| 7.520015 —5| 0.0
FP-11 ‘ ~1.558195 —21 | —2.335507 —2| 0.0
FP-9 7182834 —21| 1.650093 —3| 2.641392 —4
FP-10 ‘ 2.352795 —21 | 7.477005 —4 | —1.432423 —6
=10 FP-11 c—3.338618 22| —-1.160718 -2 | —1.612722 -3
(neemosecd)|  FP9 | 8226587 —21| 1918723 —3| 0.0 "
FP-10 2.346213 —21 | 7.465117 —4| 0.0
FP-11 ‘ —3.908492 22 | —9.230964 -2 0.0

* Yr=lem™
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BLU C DffEA TABLE 4 1CRF. T, THED/eF BB, 714974 v ROLASRIE 2Xx107sec 2T
—ZEROTHEL . Zo(h,0) AR LLOKEETH H5.
BLXNTWB ¥4 Fig. 6~Fig. 11 TR L 1=,

$=10"n/cm?- sec

i T — $=10"n/cm* sec
12_ - 25 T T T T T T T T T T T T T T T T T
~—— Original value - ———: Original value
u : Fitted value 4] - ! Fitted value
Fitting formula 3,=3,Y (1-¢%*) - Fitting formula 3,=3,Y (l-e™) 7
10 - -
b FP—9(X10%)| ____ | AR S —
B o P ] s FP—9(X107*) |
W k:
g 8 . 5 L i
gS FP—10(%X10°) 2
s . w N A
] i=}
g 6 s :
(] / -g
g B / &
& 5 / S 10 —
(] ff =}
w 4 b
S 4f / 4 ] L 8
3 / FP-11(X10* = FP—10(x104) 7
= i
3‘ A 4 N / -
,l
It
2F ] /FP—II(XIO") E
/ P
! o1 ! : Lt L | L L1 : L1 il R IR ! [ [ L 1|
01234567 8910111213141516171819 012345678 910111213141516171819
Irradiation time ¢ (sec) {X10%) Irradiation time t (sec) (X10°%)
Fig. 6 Time dependent macroscopic cross section of Fig. 8 Time dependent macroscopic cross section of
pseudo-FP pseudo-FP
=10 2,
¢l T In/lcm T Slec T T T T T T T T T T T ¢= 10‘2n/cm2' sec
T T T T T T T T T T T T T T T T T
12r — Original value 12F ——: Original value -
a7 . Fitted value ) . R [— : Fitted value
r Fitting formula 2,=3,Y (1-¢ %) 11F Fitting formula 3, =3,¥ (1-e™)+C 1
=10 *” 10 -
8 i FP-9(x10°)| |
K ] 59 ) 1
g W
2 8 / o 8 ]
3 FP—10(X10°%) S FP—10(X10¢)
gk 1 8 7+ 1
1] 1%]
8 n
5 6 // 2 g s
t
2 ; N /
& 5 o 5
Q j=2
: / g FP—11(X10*)
s 4 FP—11(X10°%) l 8 4
= g
3 . s  3r N
sz FP—9(X10+)
2r P . 2r 1
1F 7 . 1t ]
1/ [ N N S N I SR R t 1 [1] /<A S N S S B T (I R S ot
012345678 910111214131516171819 1234567 8910111213141516171819
Irradiation time ¢ (sec)  (X10°) Irradiation time # (sec) (X10¢)
Fig. 7 Time dependent macroscopic cross section of Fig. 9 Time dependent macroscopic cross section of

pseudo-FP pseudo-FP



12 A RERY DIFE

$=10"n/cm?- sec

——— T —r—

12 ——: Original value §
----- : Fitted value

11r Fitting formula 3,=3,¥ (1-e*)+C

10

8_.

7+ ] |
/FP—10(><10-=)

5

4 /411000*) ]

2f /

1h 4

Macroscopic cross section So(cm™)
(7]

FP—9(X10*)

OFT 234567 8 010111213141516 171819

(x10%)

Fig. 10 Time dependent macroscopic cross section of
pseudo-FP

Irradiation time t (sec)

43 FEHOEM

FP-9, 10 58X 11 3 oD PFP @4/ v —FIC4H
SN F#y 330 © FP REOKifTIL, §2 Tali~7cl,
FEE TR T S4B, R FHEBRTRIOFOE
BB IR v b & UTBICHEEMIN TS, L
> TP - TE(Ld % PFP o Ul g o d:
T xvF—KFFHEEZEEREL T, UTIGENEHIETE
PFP O ERPHER L » P SERI T

j=7'w—70 PFP O+ 4 v¥F —g-BE D ERIK
Wrimi X7 (6,0) %, RifliT R YD 2o B M T ol BT
2o (9, 8) THRIEILL TE DT &

TP(p )=Sum Ni($,0)- 0, i=1~1
=Zo($, ) Rf($, ) (4.8)

L75A. 2T @ ihEFRL~Nw, t BTURERTS
5. ¥ N, & o BTN j-Sv—7 g4 5 FP
Wi i DEREL T AV —F g ICBT A HBMMNMERT
bbb, R BELBERIERTHE. DhbNBRIHT
ak~todn, 10'%, 10" L7 10% n/cmiesec D&t
FHRLNVDZNZNIIK U THERE v F2FKRT 5
FHEERRATACEIC Ui, SBERMUERE S 5ITK
D FRDF.

JAERI 1226

$=10%n/cm?-sec
25 T T T T T T T T T T T T T T T 1 T
- ———: Original value
----- * Fitted value
Fitting formula 3,=3,7 (1-e*)+

@]

20

,’/'

10

Macroscopic cross section Zo(em™)

i FP—10(X 10-6)7(_______
] FP/ll(Xl‘O") 4

™12 34 567 8 010111213141516 171819
Irradiation time # (sec) (X108)

Fig. 11 Time dependent macroscopic cross section of
pseudo-FP

Ri(p,)=Rf($)fF(4,0 (4.9

(4.9) RT RA(H 12 R7 (4,0 AWM T L %
18,
Sum R (¢, tm)

Ry (9 = 3

, m=1~M (4.10)
THH, MHTFERELVOLOEKTHSE. T M
FHESEOUTES. E1 [1(8D 12 R hoo7
NEZEHLTHRF WLERT) THS.
g __Rf(,D
ff(g, 0= ReCh)

(4.8)~(4.11) ROBFRICH ETx, BickpohT
W3 Ni(¢,8), 6 BIU Toi( ¢, 8) DIEARNT, i
Phd RE & fP(3,0 BXU Tos 5, DIUONHIER
4% PFP QTR TH L. COFEEITILD o,
PFP O TP ERE R D515 2 — F FPPARA s
Rt (R A3 &I

FPPARA % TR o ic R OBupbE TR &
S F IO A BEO¥E%E TABLES & TABLES IZ7RL
I FCNoDEET vy F Ly T 7 H Fig. 12~Fig.
17 Th 5. ERICRHIEN S £ OfEIT Fig. 18~Fig. 23 I
RINTHA.

fFf OMER, $LH3E PFPosv—7FicEd 2 FP i
FED WM WEIO VT = 3 v F — kAL R L
THY, ULrdERNEPETEIGR Z.(60) 074

(4.11)
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TABLE 7 Interporation Constant of Fitting Parameter
‘\\\gfg Parameter Method 1, Eq. (4.6) Method 2, Eq. (4.7)
Interpoea;i:;rtx;;;\ 7 (cm?) ‘ 2s¥ (em™) G (cm?) l 2r¥ (em™) ’ C (cm™)
a| —3.21801 -1 2.07636 -1 | —2.73155 - 1. 2.74743 -1 ’ —1.76743 -1
FP-9 b 7.61105 +0 | —4.74436 +0 6.33737 +0 | —6.50847 +0 | 5.41372 15
c | —6.35665 +1 ‘ 2.30076 -+1| —5. 5;3284 +1 l 3.44889 +1 l —4.47287 +1
a 1.47591 :3' ‘—i 45;51 -3 7 1. 43414 77—737 —1.47422 -3 l —1.44128 -2
FP-10 b | —1.03657 +0 1.03604 +0 | —1.03553 +0 1.03653 +0 1.35778 +0
c | —6.406%0 +0 ‘ —1.73464 +1 | —6.41206 +0 | —1.73487 +1 | —2.20279 +1
a 1.77655 —1 | —1.87413 -1 2.78478 —1 | —2.93208 —1| —5.06221 -2
FP-11 b | —-5.39729 +0 5.65702 +0 l —7.94490 +0 8.33506 +0 2.37125 +0
c 1.93337 +1 ‘ —4.35001 +1 1 3.51706 +1 | —6.01573 —2.60681 +1

3 {ERINIPERIT d=nv, TSN I Lt
TRV ~L 10, 10'° F5 k18 10V n/cm?®esec TOETH
B 1esh, MMEREET SOOI F IRV ~vE T nIici b
HFTHEBERIEESD., LT oo
HFHLSNVTHERAT 2E5ICE, KOFETHHE L~
WICET S 2o (¢, 0) ZRpNUT LU

§4 0 TABLE 4 (TR L7zthiEFli L ~vdD 3 DDA,
F s B 1007, 10 k5 Jr 10 n/cm?esec 1T L TH S
NTWNDBT 4 v T4 vy X7 4 —2ZMETIROBK
ELTFuy b LD Fig.27~Fig.32 TH 5. TDJ
5RO RETFEL NV @ TDNT A — 2 D%
K, (4.6) Ao 2.0 BHETES. Le
UMD BETHE TRV v BELT 55T, R
ORBARERNTNT A —22RKDBEFERTHS.

Y(P)=ap*+by*+c (6.4)

T ayb, ¢ I3ERT, TABLE 7 [T RINTINE. T
T
(5.5)
(5.6)
B, TR74vF7av s enx532—%6Y 273
Condhhrrkbd. Lo TREDpHFREL N
NTOD Y DEMEENTS, 72 —5 I 2Rlick
DYIET 5.

p=log ¢
v=log,,["

I'=10"xS,,I 6.7
L
S I'=1 ; I'>0
=—1;I'<0
Tdﬁé WZIZ TABlE 4 TFPOY DT 4 v F 4 v F/¥5

ZEFTNTOHTZTEETHL056, RFEAICETS
25— 2 HILTHB. —JF FP-10 L X1 FP-11 ¢

T —ATHOFEE D
fi&s?

(4) § 4.3 TEHFINAEMMNE PFP o # iy W
%% o0i(, ) AV B e, ZhkFR Ly ~vics
LT (4.13) KB 6.1 RKicky, RO ERTIN
Ik Rick vk oh s,

YA )=Nrpof($, )
={00i($))+RI(H)+f#($, ) Nrp($, 1)
(5.9
T T T Nrp [ZBBEIEETE o — FCTIEO M 520 FP
DERBEOBTITH S
@)Wﬁ&#ﬁjwbr%¢r?®Tm®Léucﬁ
JEL 7 E TR L SV g F i R A O B A

M=)
123, v,=2,200m/sec 1Z 4L fodET- R L~ v %

DHOIF, TORBEONED

(5.10)

MoK, CDGRKNTET 4 wTF 4V T %74 =24
6, Y BXU CERDIOD m!@%%ﬂuZM%O%
(4.6) RF 23 @7 ATHHET
@Jxﬁﬁ)kgOﬁﬁ)ﬂfxm%ntwﬁ®§
BTS2 (8, ) AABEEEF A o — F THIHE AT
LB TH D, BT R v 6(E)
ZREBICLTEELLBD, §0bB

5 gy = ATLG B4 (E)-dE

5.11
FCEYIE ®-15

PHEEERINSEDIWINHITH 5.

HAHN O U 72 HE 305 O TIRBERLET RT3
ST, LU (D~G) OEEF L THRELL
Ha— FICFEMASCEBBETH S, RBHEMPHE
THTHHMLRT fF($0) OFSHIELACEBATS
Bt fP=10 233L Fas 7 LnEREES
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6. H &

MAREBON T — 2 DEFEAEH3C &1, B
BEDHEALZ RO HEARE L CEETE 3 L5
TRLHDICHEETHS. Lrd FPHEOKT — 2 138
BEWHEI—-FOIA4 77 ) —&LT, gt —FE—
WIZHEAIN2 O THEDT, £BNICZENLDE
Ha—-FICERALYOWELCEEDONTHRINIER
S0, bIbNIBCOBERICCZ B, 7T—F
T e SN—=THRBEL, BUEICH Iz - T FP OFEHD
ERRENEZATIR L, T DR R AR BICT Lt

FPEREOBMB LT &, 280 FP BE MBI A
HFTLERDONTNRINTE, XLICMHOBHT
FP R B T2 R C LR EDID, fEROB
FT% < OMPEICIH L7228, BAGFRD T O M,
RIS & SEFIFEORLCFERENKT I E BT
72 UL LIRS 9 DR EIC R 1 B IR NS D Fhig ¢
7 A — 8 OfE, LWGEEORDTT, FP KE®E O
ZEAC A D B T = 4 ¥ O BERE 8T Wescott D
Bz P VERELC E, WO Ko FP
MHICDNWTIRZDOEETLE LT ENRE, L D2hO
GEMBFEREINTH B DML 0AI 2N TR BHE
FEETAREBKREIN T 5.

TER I N IAFERUT 22U ikl & 35 Buhid 74
HotoT, BUEKTEICEZCRBOSN TS THER
MOS ik L vr MUFT MOz 4 v — 7 — 7%
26D THB. LMo TIOHFER £ v b OB
P2 S BE SN 508, WOMMOBEEZERT 260

23

n &

ED, TRVF—DOMBTDES b OIckd BEEEE
TERTB3EAICD, DRONDHEI L7 012, I
BUIKT — 2 B ENERICUTI Db DEEL 3.
TERLU 7 ER e v PR B A5 A, FP BREICET 2
F—2%, T8 OHEPMFICHNSHEa—Fi Y,
PR OB TRIEIN B TORHBBIL Y 7/ <L SE
AR EINTHBEDT, L DT 4ICAkWVCERSR
N3 EAaHLT 5.

BEECD > THKBIN A LICBL, v =%
HMEZN2OBEHEOWMB D% RS LT 7.
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