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Packing Simulation Code to Calculate Distribution Function of Hard Spheres
by Monte Carlo Method : MCRDF
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(Received February 26, 1996)

High Temperature Gas-cooled Reactors (HTGRs) employ spherical fuels named
coated fuel particles (CFPs) consisting of a microsphere of low enriched UO: with
coating layers in order to prevent FP release. There exist many spherical fuels
distributed randomly in the cores. Therefore, the nuclear design of HTGRs is
generally performed on the basis of the multigroup approximation using a diffusion
code, Sy transport code or group-wise Monte Carlo code. This report summarizes
a Monte Carlo hard sphere packing simulation code to simulate the packing of
equal hard spheres and evaluate the necessary probability distribution of them, which
is used for the application of the new Monte Carlo calculation method developed to
treat randomly distributed spherical fuels with the continuous energy Monte Carlo
method. By using this code, obtained are the various statistical values, namely
Radial Distribution Function (RDF) , Nearest Neighbor Distribution (NND) , 2-
dimensional RDF and so on, for random packing as well as ordered close packing
of FCC and BCC.

Keywords: Spherical Fuel, Packing Simulation, Random Distribution, Radial
Distribution Function, Nearest Neighbor Distribution, Random Close
Packing, Ordered Close Packing, Monte Carlo Method, HTGR, Coated

Fuel Particle
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Table 2.1 Randomness and convergence rate of adjuster vectors

VAL N HEFER WHES"
2.5% lIpg: e 1. 401x 1073
5. 0% R 1.000x107¢

10. 0% CPU time over 1.063%x10°°

33.3% CPU time over 1.032x107°

¥ A Z S OEHERYEE
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Table 3.1 Particle packing fraction 7=e in RCP state

7 Rcr iE Reference _
 XIRETS
0.62-0. 64 1966 | Haughey and Beveridge (1
0.6366 =0.0005 { 1969 | Scott and Kilgour (12)
0. 6366 +0. 0004 : 1970 | Finney (13
0. 62 1972 | Bennett (7)
0. 64 1972 %wLeFevre (14)
0.610-0.647 1974 | Gotoh and Fiiiney (15)
0.637+0.002 1976 | ¥oodcock (16
0- 6436, 0. 6537 ' 1976 | Gordon (1n
0. 665 1976 | Finney (8)
0. 654 | 1981 | Woodcock and Angell (18>
0. 6366 1981 | Jodrey and Tory ()
0.638-0.647 | 1982 | AguileraNavarro (19)
0.64=0.02 1983 | Berryman (6)
0.642-0.649 1985 | Jodrey and Tory (43
0.637, 0. 645 1987 ! Clarke and Wiley (5)




Packing fraction
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0.64 _/ 0.6386

0.63f

Fig. 3.1 Estimated

|
0.05
1/CPU-time(1/min)

maximum packing fraction of RCP

0.1




Radia! distribution funbtion(spheres/cm?)
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1 I 1 I T [ g T

:This work(cal. by MCRDF)

———— :Cal. by C.H.Bennett et.al.(Ref.11)
----------------- :Cal. by Jordrey et.al.{Ref.13)

1 1 1 | g 1 1

2

Distance from the center(diam.)

Fig. 3.2 Comparison of radial distribution functions
(packing is nearly RCP)
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1.0d(d:diameter) _
Hard sphere ha
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direction. Distance from the
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-
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©
£
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]
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0 1 2
Regerence 2.0d Distance from the
sphere reference sphere
(diameter)

(a) Second peak

Fig.3.4 Peak positions in RDF
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Fraction of faces with N edges
o
N
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—-— :0.627

— —- :0.630
""" :0.635

— :0.637 ===

]

m-lmlnml

Number of edges per face(N)

Fig. 3.5 Distribution of faces with N edges
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Radial distribution function(spheres/cm?)
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— Simple packing

——— Decreasing radii of spheres
packed in RCP

Packing fraction : 0.3

Distance from the center(diam.)

Fig. 3.7 Radial distribution function in cross section
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Fig.3.8 Geometry model of nearest neighbor distribution



Nearest Neighbor Distribution
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I [‘J Packing fraction : 0.334
i
_‘| |
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|
:l : NND1
5 — — ——- NND2
——————— : NND3

lllll

- 1 1 | 1 I | |
1079 ]
Distance from the reference position{diam.)

Fig.3.9 NNDs necessary for VHTRC core calculation by MCNP-CFP



Probability density(dP/d u)
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Packing fraction : 0.635

Cosine distribution

.4ddiameter
.O4diameter
.42diameter
.90diameter

oh O
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Illllll

Insertion angle( 1)

Fig.3.10 Inserting angle distribution into CFP
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Probability density(dP/d i)

Packing fraction : 0.30

Cosine distribution
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Fig.3.11 Inserting angle distribution into CFP
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REATERE D,
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B, —H., 7—ADb)DFEITIE, —EFRRLTHE, MEOBOE/IE LTS, BRH
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Mb 2REDEHEHSTIEE (2d —RDF) BAER L7z, K FREBOREFERUEHE
BETT,
D@kt = 32 b
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Table 4.1 Specification of sampled {uel compacts

) ; vy b | RHEE
Ms e | o FLES LD
! 1 L S E(om) (vol%)
| |
113 | A-3 | 790PC-38 . 24.00 | 30.38
[14 | A-10 |- 790PC 31  24.0t 30.36
15| A-15  790PC-26 | 24.02 29. 98
116 . B-3 | 790PC-58 | 24.01 29. 49
#5% | 17| B-10 | 790PC-51 | 23.99 30. 43
6L~ 1 : —
[18 | B-15 | 790PC-46 @ 24.00 30. 37
119 | C-3 | 790PC-18 | 24.01 30. 05
1200 C-10 | 790PC-11 | 24.01 30. 00
121 C-15 | T790PC-8 24. 03 29. 98
132 A3 | 780PC-53 | 23.98 | 30.10
133 | A-10 | 780PC-27 ; 23.97 | 30.55
134 | A-15 | 780PC-13 24. 02 30. 01
135 | B-3 | T80PC-58 | 23.98 . 30.11
waw 136 | B-10 ! 780PC-41 | 23.97 30. 69
QOGL-1 !
137 | B-15 | 780PC-20 | 24.02 29. 99
138 | C-3 | 780PC-48 | 23.97 30. 11
139 | €10 | 780PC-32 | 24.01 . 30.62
140 C5 | 780PC 6 24.02 29.98
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Table 4.2 Summary of measured fuel particles in all compacts
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——— :This work(cal. by MCRDF}

3 O :Ni-P alloy X-ray diffraction(Ref.28)

Radial distribution funbtion(spheres/cm?)

I L ] i

O 2 3

Distance from the center(diam.)

Fig.4.1 Comparison of radial distribution functions
(packing is nearly RCP)
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BREL D X7 | Coated fuel particle

D= (D1+D2+D3+D4) /4
D: 2%y KOEEDEE EORIEME

Fig.4.3 Measurement method of radius of compact from cross section
photograph
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Bplka X7 b Coated fuel particle

r=3d
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Fig.4.4 Central particle in each sampling region
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Fig.4.5 Selection and numbering for particles in a sampling regicn
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Fig. 4.6 Center of coated fuel particle



JAERI-—Data/Code 96—016

JE R

INHLOREEER
0. 2mmESLIZEIE

S TED T HF L

Fig.4.7 Method to measure distance between particles



Fig. 4.8
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Photograph used for distance measurement between CFPs
(Sample No. 113 in Table 4.1)
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Fig. 4.9 Photograph used for distance measurement between CFPs
(Sample No. 114 in Table 4.1)
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Fig.4.10 Photograph used for distance measurement between CFPs
(Sample No. 115 in Table 4.1)
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)measurement between CFPs

(Sample No. 116 in Table 4.1

Fig.4.11 Photograph used for distance
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Fig.4.12 Photograph used for distance measurement between CFPs
(Sample No. 117 in Table 4.1)
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Photograph used for distance measurement between CFPs

(Sample No. 118 in Table 4.1)

Fig.4.13
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Fig.4.14 Photograph used for distance measurement between CFPs
(Sample No. 119 in Table 4.1)
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measurement tetween CFPs
)

Photograph used for distance
(Sample No. 120 in Table 4.1

Fig. 4.15
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Photograph used for distance measurement between CFPs
)

(Sample No. 121 in Table 4.1

Fig. 4.16
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Fig.4.17 Photograph used for distance measurement between CFPs
(Sample No. 132 in Table 4.1)
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Fig.4.18 Photograph used for distance measurement hetween CFPs
(Sample No. 133 in Table 4.1)
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Fig.4.19 Photograph used for distance measurement between CFPs
(Sample No. 134 in Table 4.1)
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Fig.4.20 Photograph used for distance measurement between CIFPs
(Sample No. 135 in Table 4.1)
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Fig.4.21 Photograph used for distance measurement between CIFPs
(Sample No. 136 in Table 4.1)
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Fig.4.22 Photograph used for distance measurement between CIFPs
(Sample No. 137 in Table 4.1)
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Fig. 4.23 Photograph used for distance measurement between CFPs
(Sample No. 138 in Table 4.1
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Fig,4.24 Photograph used for distance measurement between CFPs
{Sample No. 139 in Table 4.1)
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Fig.4.25 Photograph used for distance measurement between CFPs
(Sample Ng. 140 in Table 4.1)
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o Exp.{(OGL-1 compact)

——— Decreasing radii of spheres
packed in RCP

N
T

Packing fraction : 0.3

[N
|

Radial distribution function(spheres/cm?3)

Sln ] l I I l ]

Distance from the center(diam.)

Fig. 4.26 Radial distribution function in ¢ross section
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G.ORTHELENNDOREBEEEZMCRDFa—- FICLD2FMEERLEEHRLT
Fig. 5. licimd., FIMBO.5L0.6IcaT B4R E, HEB LTV SRRBFHCAEERY
BHRARVTEMERRBIIY LTIEIMCRDFOBEZEFTNFERICLSHARBRIT
BSHEBALTVWS, LML, RCPRECHKBINLROEELZH P SETHLNIN
NDHMCRDFOREREL: —FELAV, ZOBRHIEELTWLHIRRBEOEIZR
£ DRFIIEEET., UM B THLLOEEIEEN DI LD THDH. MCN
P-CFPiBAHTGRELOHETI, BALTVWERRBBDOESONND AKX
BEEILRD, BERDL, £ ORITHFIRERREH b H BT U ORISR
B AHFTARER GV D THS, Do b, HEFRARICK L TRECHN
NDIMligE s LTCHATAZEIXTEDEEXDNDN, 237 MEATORBORK
FEOLYIC -ERERRBCARELELRL S L FETHLNOINND Z2EMT
BULERHBBECIE., C.NRICIVHBEENLNNDREME LTEATEZ L HEE
LnweEZzbhB, |
PDEDHE»S, BRHBIEINNDSAOELMES XD, PRVBEHRELES
BREEOSHEE O HEDICHEMCRDFRIAFMBLETHL Z LB ah o,
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6. ANF—%2&vaTHEAX

6.1 ADT—4%

MCRDF OAHF—FIZLTWITEG, ¥ THARALGED, 72—y MIT V-7 —~
v FTRWV, T, 11 2EFEERAL L ICRs TS, AVFTREOHELT)
BB ST ERERINNS FEENH B2, MCRDFiZV A — MEELZHLTVD,
T, FRITHEI ABAT 7 A VBLEL 2D, $i, FEORARORFOLDDT 74
ABSBELRD, LTI, AAT—ZTHoWTHEAT S,

1 FRERHERRANT—F
AHIE AIH—F4% Zx—<v b B 5!
1 NNR wun  FEATOR (LREZI000, AOE300CRE)
2 ISKIP  BEA  EE0X%y 7EHE (RORKER)
3 I1BOX BHE  HEATVar
0 5% LFHR
1 : S TRT
2 RDSLERTF
3 : BT RF
1~3D8, 7Y% MifThiy, #£-T. RCFLUSH
O FIREHEH B IERAS T — F IS B2V,
4 IREAD BHA fFHARREBREF 7L av
1 : FEIRRBE 7 7 A A bTAHAD
— 1 KRB 7 7 A A DHARIASR, TV A ME
LTIt B EA—F v a—
£t 1 a—FRZFAIRE
AL, t1DEENNR, PF CitEs.
5 PFC EHA KRS
(FTHIERERIT0. 52 e o TV BT, NNREPFCH»H
FEHRT HIMFED il EHE)
6 1ADD BEE EHARLRVRISETAET VXA LT ar (1~3)
| TP iE, WA BAVEKIZIEE A YRS, TOBER

Fih T e,
7 CTME EEA  HERMOLER (49
8 RCF EHA KRG TERERFET HHOETF,

BROEROBPLREEOEETANIT D,
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9 IVIB BEA REYEBIELIEH (1)
ROKWEMB e v 7 LEBESITAERRA a2, BL,
BA-Va VCREBIIASNCERI DD, Z0
ATER SN TVS,
10 ICY BHR TV R LOEMK,
' CPUBMTERHBEATWALD, BEIXTESEY
REREEEANTBHIZLV,
11 DDRTL HEH EHERVIBONRNER, THERYIERD OEE TR
ol EFRAHBEERTTS, 1 X100 " BETI,
12 DRTTL  E=H%  FHELVIEOECEONRNEE, FHE2 VIEOEL
BRI OEETEokE &, EBA—F LR B,
1 X107 ET LV,

0 #EIRFEEBEANT—4

AHNE AHAI—FH FA—< v b ) ]
LOPT(I)~LOPTG) : A EBEHREA T ar77 5
13 LOPT() EBHA RAFNAESM (1 : 0N, O :OFF)

14 LOPT(2) EH% NND1 LA hL—Xff#:5RKE (1 :0N. O :0FF)
15 LOPT() A NND2 LA FL—AIE: FRIFEN, HEHEH
2HEFEHABEEINTVWAR, BFEA Ty a2 28RT 5,
(1,2 :ON, O :0FF)
16 LOPT(4) ##H% NND3 LA hL—X B FRIFERE., FEFE
MEBEMBENTWEY, BEIIA S35 2BRT
5, (1~5 :0N, O :0FF)
17 LOPT(5) E¥H 2-RDF (1 :0ON, O :0OFF)
18 SIGT EEE  RWOPHEOEWER (en') , 2L, MCRDF Tid,
BTSN TWAROBERY 1leml EELTWA D,
RMHE O 7 o WERICERORRBEHEDERZ Mt

HILETHETDLENRSDD,

6.2 Va THIE
B AH F AR O KB F BHFACOM VP2600 THHE T 57D ¥ a3 THifEI%#Fig. 6. 1ITR
T, ABADEDOT7 7 A VEIEROBEITHS,
EE v 10 L O
1 MCRDF WRITE VR #— hDEHOFIWRBIRET 7 AL (EXRARH)
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11
12

MCRDF

NND

CRCP2

MCRDF

CRCP

CRCP

CRCP

XSEC

READ

WRITE

WRITE

READ
WRITE
WRITE

WRITE

WRITE

WRITE

WRITE
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(16) EROMER

(112) HBRELEDEDOL T oo R

(E11.4) FEiER

(E11.4) FRo>PLE

(E1l.4) FIRI BHaxHED—

(3E12.5) ERDOEEAE (NNRTE)

JRE— bORDOFIRRBIRTF 7 74V (RHAHH)

T7Fd—=v MIEB1DOT7 AN EFEL

NND1&#i7uy hF—4RER7 71

(IP2E12.5) NND A DX Y7 —#

BROPLRI—~ FONNDHT Ry bF—SRGFAT 7 A0

3 4AENTIRB L7 R KR ST B F D G347 L iRl D4

M LRVERFEE AV TNS,

(1P2E12.5) NND &M DX, Y7—#

MCRDFAAZ 74V

MCRDFEAT77A /v

BROREAY— FONNDSR T vy bTF—2RERA7 740 (B

AHIINND1 EFEL) , BL. 3. 48ICHA LIRS FRE AT

ABIEFEP LR LR FOLEE LRWERFEE AT D,

(1P2E12.5) NNDHFHDXLYF—#

HRORBRAZ— FORANBERFT 714V

(1P6E10. 3) AT DX, Y457 — &
FHEXIZ0~1 (rad) £ T208E, YL 1 BEEZ205%.
#oT, 1HBHOT—FiIBTERS, T—FIIHE
TxHEME CHAZNE,

ROFEEAZ— PONNDSH, EvFhiaa— FRF—FZHA

ZyAN

(IPE12.5) NNDF—# (1 EHE%205%F)

RAFWENTWEEFEOMHEICHEHNDIFR4RKEEOHOME

LAREROHA T AN

(1PE12.5) MEFEDO—LDHES

(14) REzAMOEE
(1P3E12.5) HOAMEXLYE IR (RZH5HOBEED)
FEA

NND 14, €rFhina—  FREF—-ZHHT7 740V
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14

15

16

17

NND2

NND2

NND3

NND3

XSEC

WRITE

WRITE

WRITE

WRITE

WRITE
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(I5,F10.4) #fk. A v =18

(IPE12.5) NND¥—# (1EZ%205%)

NND2#H 7y hF—2RER7 714V

(1P2E12.5) NNDZAADX, YF—4#

NND 2 476, By Fhrma— FAF—SHAT 741

(I5,F10.4) Bk, A v =18

(IPE12.5) NNDF—% (1EZ%205%)

NND2@f7ey hF—2RFER7 714V

(IP2E12.5) NND##idX, YF—#

NND 24%, ®rFhrua—FRF—FHNT7 741V

(15, 2F10. 4) B, A v =18, FRE (L, ERBOHNE
NND3R4D )

(1PE12.5) NNDF—# (1EZE%205%)

2d-RDF7uy NRF—#

(1P2E12.5) 2&-RDF DX, Y5 —#



//JCLG  JOB

// EXEC JCLG

//SYSIN DD DATA,DLM=T"++"

// JUSER 63064506,IS.MURATA,0842.01
T.7 C.8 W.4 1.5 E.2

OPTP NOTIFY=J4506,PASSWORD=

JAERI—Data/Code 96—016

+CLASS=2

/**EXEC FORTEX.,S0='J4506_.MCRDF.PS",@="_FQRT77%,
/x% A='NOS,NOPRINT.,AE"
// EXEC FORTEX.S0='J4506.J7671.MCRDF'.,Q=".FORT77",

// EXEC GO

= A="NOS,ELM(*>,NOPRINT,AE"
// EXEC LKEDEX

/¥ OUTPUT FILE LIST

/%

/%

/*

/*

[ *

/%

/x

/*

7/ ®

/%

/%

/%

/*

/%

/*®

/*

/%

/%
/xFTO1F0C]
/x

/¥
/*FTO7F001
/*

/¥ .
/*FTO8F0Q01
/%

/%
/*FTQ9FC01
/% '
/%
/*¥FTO3F001
/®

fx
/*FT12F001
/%

/% .
/xFT13F001
/x

/%
/#FT14F001
/*

/%

NO
FTO1 MCRDF WRITE
FT02 . MCRDF READ

SUB I/C
RESTART FILE
RESTART FILE

FTO3 NND WRITE PLOT
FTO4 CRGPZ WRITE

FTOS MCRDF READ
FT06- ALL SUB WRITE

INPUT DATA
GENERAL WRITE

FTO7 CRCP WRITE PLOT

FTO8 CRCP -~ WRITE ANG. DIST.
FTO9 CRCP WRITE FOR MCNP-CFP
FT10 XSEC WRITE X-SEC FIGURE
FT11 - WRITE -

FT12 NND WRITE FOR MCNP-CFP

FT13 NND2/R WRITE PLOT

FT14 NND2/R WRITE

FOR MCNP-CFP

FT15 NND3Z/R WRITE PLOT

FT16 NND3/R WRITE
FTL?7 XSEC WRITE

0D

oD

DD

DD

CD

CD

DD

DD

FOR MCNP-CFP

2D-RDF (N
DSN=J4506.F637.P1000.DATA,UNIT=TSSWK2,
DISP=(NEW,CATLG,CATLG) ,SPACE=(TRK, (1,13~
DCB=(RECFM=FB,LRECL=80,BLKSIZE=3200)
DSN=J4506 .CRCPA.PLOT.DATA,UNIT=7DS~
DISP=(NEW,CATLG,CATLG) ,SPACE=(TRK,(1,-13),
DCB=(RECFM=FB,LRECL=80,BLKSIZE=3200)
CSN=J4506.CRCPA.ANG.DATA,UNIT=TDS
DISP=(NEN:CATLG;CATLG)zSPACE=(TRK,(1/1));
DCB=(RECFM=FB,LLRECL=80,BLKSIZE=3200)>
DSN=J4506.CRCPA.CFP._DATA,UNIT=TDS,
DISP=(NEW,CATLG,CATLG),SPACE=(TRK, (1,132,
DCB=(RECFM=FB,LRECL=80,BLKSIZE=3200)
DSN=J4506.NND1.FCCF30.PLOT.DATA,UNIT=TDS,
DISP=(NEW,CATLG,CATLG) ,SPACE=(TRK, (1,10,
DCB=(RECFM=FB,LRECL=80,BLKSIZE=3200)
DSN=J4506.NND1.FCCF3C.CFP.DATA,UNIT=TDS,
DISP=(NEW,CATLG,CATLG),SPACE=(TRK,(1,1))~
DCB=(RECFM=FB,LRECL=8B0,BLKSIZE=3200)
DSN=J4506.NND2.FCCF30.PLOT.DATA,UNIT=TDS,
DISP=(NEW,CATLG-CATLG),SPACE=(TRK,(1,-1))~
DCB=(RECFM=FB,LRECL=80,BLKSIZE=3200)
DSN=J4S06.NND2.FCCF30.CFP.DATA,UNIT=TDS,
DISP=(NEW,CATLG,CATLG)>,SPACE=(TRK,(1,13),
DCB=(RECFM=FB,LRECL=80,BLKSIZE=3200)

Fig.6.1 Job control statements of MCRDF (1/2)



/*FT15F001
/%

/%
/xFT16F001
/*

/¥
F/FT10F001
//

/7
//FT17F001
7/

7/
/*FTCG1F001
/*FTO2F001
//FTO2F001
/¥FT10F001
//SYSIN DD
1000
o)

0

-1 i:

0.637

3

110.
0.19362878
500
10000000
1.E-6
1.E-6

R OOOO0o

0.3916

[

DD

DD

DD

DD
oo
DD
DD
*

JAERI—Data/Code 96—016

DSN=J&4506 . NND3.FCCF30.PLOT.DATA,UNIT=TDS,
DISP={NEW,CATLG,CATLG ,SPACE=(TRK, (1,123,
DCB=(RECFM=FB,LRECL=80,BLKSIZE=3200>
DSN=J4506.NND3.FCCF30.CFP.DATA,UNIT=TDS,
DISP=(NEW,CATLG,CATLGY ,SPACE=(TRK,(1-1)).,
DCB=(RECFM=FB,LRECL=80-BLKSIZE=32C0’
DSN=J4506.XSEC.PF334 . DATA,UNIT=TDS,
CISP=(NEW,CATLG,CATLG) ,SPACE=(TRK, (1,13},
DCB=(RECFM=FB,LRECL=8B0,BLKSIZE=3200)
DSN=J4506.RDF2D.PF334.DATA,UNIT=TDS,
DISP={(NEW,CATLG,CATLG),SPACE=(TRK, (1,132,
DCB=C(RECFM=FB-LRECL=80,BLKSIZE=3200)
DUMMY

DUMMY

DSN=J4506.F637.P1000.DATA-DISP=5HR

DUMMY

NUMBER OF PARTICLES

DuMMY CALL NUMBER 70 BE SKIPPED(TRDF OPTION IF -13

*RANDOM, 1:FCC, 2:BCL, 3:UCL, 4:IHCP

PACKING FRACTION

NOT-CVERLAPPED PARTICLE TREATMENT OPTION{NORMALLY 3)
CPU-TIME

RAR REDUCTION FRACTIONC(POSITIVEY DUE TO BINDER

VIB. OPTION CYCLECNORMALLY 1)

NO. OF CYCLE

DDR TOLERANCE

LIMIT OF DDR DECREASING RATE PLOT CFP

LO

LOPT(23: NND

LO
LO
LO

TOTAL MACRO CROSS SECTION ON MATRIX MATERIAL(FOR NND2R)

READ FROM FT02 (IF -1, ADJUSTMENT IS NOT DONE.)

PT(1>: CRCP2 OPTION ¢ 1:0N,Q:QFF) FTO4

PT{(3>: NND2

PT(5>: XSEC OPTION ¢ 1:0N.0:0FF> FT10

/7% RADIAL COLISION PROBABILITY QUTPUT FQOR MCNP.CFP
//xTO9FO01 DD DSN=J4506.F62F30.ACOS.DATALUNIT=TOS,

L
/ /¥
++
/7

DISP=(NEW,CATLG,CATLG) ,SPACE=(TRK, (1,102,
DCB=(RECFM=FB,LRECL=20,BLKSIZE=200C0> '

Fig.6.2 Job control statements of MCRDF (2/2)

QPTION ( 1:0N,Q:QFF> FTO03 FTL12 NORMALLY
OPTION (1-2:0N,Q:QFF) FT13 FT14 NORMALLY
PTC&4Y: NND3 OPTIQN (1-5:0N,0:0FF) FT15 FT1é6 NORMALLY

1
2
5
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7. ¥ & ¥

SHOTRRRISH &4 B RAREHES S LHRRIZ, HEORERZER Y RVSEETH Y ITEE
RO EbhTVWe. ZhEERCRDE S mbic, LBL R TRAESROZE MRS
PHETAFEAERL, FICMCRIFa— FE B Lic, FFHRORBUITBITE 570 B E M
WARNT, FIREERIC LD, T2 F AT HRTFITH LRCPIGEV BV IR EZ ER L
ik, BEORMETEYEE L CERRELER LI L L. TORBICET IHERRSA
EEEFRELEACHD, CORESHEAVTECFAAV BRI L VROMBEERT 7Y
YITED,

oa— KLY, 1000E0RTF 2105 EET, ZiFRandon close packingRIBIZHIRT
%%, £, Aa—Fic kv, SEORBFHEMCES L2 ERITbbAVELLEHET. &
DL FEOHREFHARITOVWT, AROMI R, T2RbLESFMHAER (Radial dist
ribution function). HEVFHEEITF 43¥F (Nearest neighbor distribution), 2 &ITEEHEHE
% (two dimensional radial distribution function). BRASAELTT. BHERDME % FHE
THLENTEL,

Foa—FIZEVSHBELLERSE . XRETE LY ROEBFASAEBETEROFRE
BHES & TRz vy FOSHBHED LIER L 2R TR FASHEE L ORBIZLY, X
2 FOBRUMELFER LT, ZOREER, LEROESMEEIIRE 27 b ROERBRERLT
OREX LSHERLTWAZERHLR LR T,

il (53

EBAETED LI YD, EREO O &R T ERABRM PR ER PR EK,
EFFLENKETBR—TE, SR TPRRMEFARBSHT T RETFREEZRIE
REASKECICSE LY ABRFRFRRGOT TR EFFRREE RABENEE —NICE
CRR#OTUES,
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7. ¥ & ®

S OTRRS 24 B RIREHES & AR RIL, HERERZE Y RV 2AEETH Y EER
RO BB T, A TFRICRVE D R, SEE 23 FHAERFEROZMAERIA
PHETEFEAERL, FICMCRIF=— FEB%S L, FRFHRORBBIIEITE 540 BEE A
WG, FEIREERIC LD, TUH AT AR FITH LRCPIZIEV BV R B2 R L
P, REORMETREYEE L TERRELBFR LI L L, TORBIZBIT L EBEBERI
HEARELEAICH D, CORESHEEANTELF AN DRI L VROMEERS 7Y
Y ITCED,

Toa—Fic kb, 1000BEOR T & #1045 E T, iEiFRandon close packingRIRITFHIT
X7, ¥, Aa— N LY, BERORATHRANCES L FERILL BAAELILTET, 2.3
DL B FEOHREFHERIZOVT, AROMHE, T2bLELFMSAMER Radial dist
ribution function). BVEHERIT 4377 (Nearest neighbor distribution), 2 &KIGEHGIRIAiE
% (two dimensional radial distribution function). BRASAENT, BEERDME L A
THLEBRTE,

Aa—FIZ L HELEERE . XREITER LD RO RFRHAEEERERORRE
KA E &R 2 v RS FOSHEESLER L 2 REEFASHEREORBICLY, &
o FORUMELHEE L, OBER, LEOESMBEHRILRE 2 Y M ROSERRERLT
ORBE ICHELTCWAZERHLN LRSI,

A [

AWAETEHDIYD, EEEN LD ERRI KRR AR REH PRFE,
B FE TR ELER—BK. BRLYEBMAFHARSOT T REFFHRESE KR
REEEICCEETEXBRFEFHEATMHT TREFFRRERNEHBE - XITR
(R UET.
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ff& A MCRDFOHEOHEILEFIAL—F L OHHE

MCRDFO#HEBEOFHNEZFig AUIART, 2B, HiIIMCRDFOFERSZILHK
LEBDTHLYVEFIN—F o7 AT XLTERLE, TREROFTTA—F L0
FALY RAZAOVTIE, (2 OF T A—F VEE I RIS T B,

Fio, EHTA—FLrOBMEBELFEERITOWTRAT S,

EENT T

DRFA—FX
PIE=3. 141592
MPX=1000 (RiFDEAER Y F\#0)
NRY=1000 (RITMOHEBEEEZRYFE S BEORRE)
NAVE=10 (DDROE/LEZHET B SO YA 7 LK)
ISORT=1 (quick sortZ2AWA N EINERTZF S, 1 ORON)
NaxEFH#
/INPDT/PFC, AAR, IBOX
PFC : Figs
AAR EREFI|IT BLFEO—D
IBOX : /A F A —F% (;FF ALK, LFCC, 2;BCC, 3;UCL)
/MAINCM/XXX (MPX), YYY (MPX), ZZZ (MPX) , RDF (MPX), RCP (3, MPX), RCP2 (3, MPX), SIGT,
XNW (MPX), YNW(MPX) , ZNW (MPX), RAR, NNR
XXX (MPX), YYY (MPX), ZZZ(MPX) : 3R D B&4E

RDF (MPX) : Rdial Distribution Fuction
RCP (3, MPX) : CRCP, NND, NND2, NND2R, NND3, NND3R, NND3R2, NND3R3 & (XNND3R4 A
NNDF—#

RCP2(3,MPX) : CRCP2AINND ¥ —#

SIGT : NND 2 A&MERT—# (en')
XNW(MPX), YNW (MPX), ZNW (MPX) : ADJSTF Bk 0> EEAE

RAR -k =23

NNR D EROEK
/RANCM/IX, NRN

IX T HIELE

NRN Ao — AR |
/OVLCH/ANL, DDR, CCC, RMI, RMA, NNP (100, MPX), NP (MPX) , MMP (100, MPX) , MP, NOL, TAD,

NOM, ICE

ANL Pl fEM T R EA D R
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DDR PEHER VIR

cce CHRA-Yary CTREALTVRN
RMI RN ERVIE (ERoTWBEHDDW)
RMA R KEZVIE

NNP (100, MPX) : ZNEFHNOROELR > TV IROEFS
NP (MPX) PENEROROBR S TV AROHK
MMP (100, MPX) @ B/A—U 3y CHEERALTHARN

MP BNV TCHEHEAL TR

NOL THERD RFOROEK

TAD STV A ME T ary (BA-YarTREALTWRWY)
NOM R AKERVEEFHFOROES

ICE BNV yTERERALTVRY

/TRNCM/XTR(27), YTR (27}, ZTR(27)
XTR(27), YTR(27), ZTR(27) : BEEZ < VU v 7 A
/CRC/DIS (MPX), P (3), IDIS (NRY, MPX), ISIS (NRY, MPX}, IDD (NRY}, ISS (MPX)

DIS (MPX) D B AHEEROMOBKE TORERM

P(3) :NNDHEROR TRAZ— P BIRAKNE TOERE
BmE. 1 PLUER. 2 RERE & PO B,
3 BR 2 ) B

IDIS(NRY, MPX) : HERIZHWVW L OD LY REBEORES
ISIS(NRY,MPX) : HERIZEIWV L O bW R FFE A OEIRDISSA T v 7 X
IDD (NRY) HBRIIH L THNWL DLW RFEORES
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