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Abstract

Electronic computer’s program for direct determination of crystal structure by Monte
Carlo Method is made for pyrenocine analyzed by Sato, Konoma, Sakumura, Furusaki,
Matsumoto and Matsuzaki [Agri. Biol. Chem. 45,795 (1981)]. The R-value for 316
strong reflections of the structure obtained from the structure with the smallest R-value
among 61 structures which are obtained by using 52 reflections, becomes 0.27 by succes-
sive application of the method. The list of the program is shown.

1. Introduction

Direct determination of crystal structure has been discussed by many investigators in
many respects. Although the author had been interested in the direct determination, he
had no time to study sincerely the method. Recently, his paper concerning to critiscism
against space-groupoid theory was rejected by theé editor of Acta Crystallographica.
Taking this opportunity, he formed a resolution to study the direct determination.

For the beginning of the study, the author read the review of Furusaki (1982) on
Monte Carlo method applying to phase-determination. According to him, the method of
Vand (1960) applying Monte Carlo method to the direct determination has the following

defects,

(1) the probability hitting correct structure is too small,
(2) the corrections in optimal shift method are too large,

(3) there is no procedure correcting wrong structures.

The reason that the optimal shift method fails is very simple. If we suppose a
very simple structure, Taylor series of the structure factor converges if du;=2ndx; is
less than 1.0. Unless the series converges for large dx; we can not obtain the structure
factor by successive approximation. The defcts (1) and (3) can be avoided if we apply
similar method with that of Metropolis (1953) in molecular dynamics.

Taking account of the recent development of electronic computer, the author judged
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that crystal structures can be determined directly by Monte Carlo method. To compare
with Furusaki’s method, pyrenocine analyzed by Sato, Konoma, Sakumura, Furusaki,
Matsumoto and Matsuzaki (1981), of which the coordinates of the atoms were informed

by Furusaki (1983) was chosen as the testing material.

2. List of Program

The list of the program is shown at the last part of this paper. The program used

at the 1st step of the calculation is as follows.

(1) The line 17 is deleted,
(2) the following line is inserted between the line 61 and 62,
IF(NTRY. GT. 100) STOP
(3) the following lines are inserted between the line 66 and 67,
DO 70 I=1,NA
DO 80 J=1,3
CALL RANU2 (IX, RAN, 1, ICON)
A=0.001*AINT (A)
GX(J,D=HX(J, D)
80 CONTINUE
90 CONTINUE

(4) the following lines are inserted between the line 122 and 123.
IF(NCAL. GE. 100. AND.RI.GE.0.2) GO TO 69
IF(NCAL. GE. 300. AND.RL.GE.0.1) GO TO 69

3. Result

In our calculation, the structure factors calculated with the coordinates of pyrenocine
were used instead of observed intensities. The scattering factors were substituted for
the atomic numbers. Suitable starting structures were searched by using 52 reflections
with | F(h)|>25.0. After calculation of CPU time 1 hour by FACOM M382, we obtained
7 structures with 0.1<<R<{0.2 and 1 structure with R<0.1 among 61 structures. Finaly
we obtained the structure with R=0.27 starting from the structure with the smallest
R-value by successive application of our calculation. The results are summarized in

the following list.
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initial R final R re flections | F |

Ist step 0.728 0. 063 52 25.0
2nd step 0.192 0.136 116 21.0
3rd step 0. 227 0.215 196 18.0
4th step 0. 285 0.271 316 15.0

4. Discussion

The change of the value of DX did not give any remarkable effect on the diminishing
of R-value. The value DX is a constant and equal to 0.2 in the author’s present program.
The line 118 is to be revised to

IF (ARI.LE.0.001) GO TO 300
and the line 123 is to be deleted.

The convergence of R-value is very rapid. We can see the tendency of the conver-
gence at very small number of NCAL. In our example, the value of RI at NCAL=100
is 0.0856, but the final NCAL is 1100 in the first step. The decreasing of R-value
becomes small, when the number of the reflections becomes large. If the number of
reflections increases, CPU time increases very much compared with diminishing of R-
value. Our method is not profitable for the large number of reflections. The coordinates
of atoms can be determined if the number of independent reflections is larger than 6NA,
Where NA is the number of independent atoms in a unit cell. It is better to limit the
number of reflections within slightly larger than 6NA in the final step, and to refine the
coordinates by the other method for larger reflections.

The author wished to improve his program to obtain structures with small R-value
at once. The attempt failed almost all. The R-value could be diminished, but the
increase of CPU time became very large. It is better to stop calculation and to examine
another structure, if R-value is larger than the value previously determined at a given
NCAL. This is valid for the case of the refinement.

There are three kinds of ways for improvement of our calculation,

(A) to find more effective parameter than R-value,

(B) to make slow the convergence of R-value,

(C) to consider the set of reflections.
We can not find any parameter at present. There are two ways for the refinement
concerning to (B). (1) The order of calculation between the line 125 and 185 is changed.

This can be done by using random numbers. Although the result of the calculation by
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the author did not show any effect, it should be effective for the refinement. (2) The
calculattion between the line 125 and 188 alternates between that by using LNR reflec-
tions and that by using LNR*c reflections with large rk, rh=||E,|—|E,|/|E,|]. In the
author’s example, R-value did not converge when ¢=0.5, and was improved considerably
when ¢=0.75 and NCAL=10%—50»#, but when NCAL=5%, R-value did not converge
eventhough ¢=0.75. Eventhough (C) is not for the improvement of the program in the
proper sense, it is very important for practical sense. We should choose lower order

reflections in general.
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DOUSLE PRECISION PAIT,SC,SFoH,F, HF, AF,DF,AH,AK,AL,SUMF,SUMHF,
188,A88,CC,HXsSX,AX,AY,AZ,CXsCY»CZ,GFsSUMDF,RIS
DIMENSION SCC107),F(1700),4F(1000),AF(1000),GF(100M)»
1XC3,100) ,HX(3,100),SX(3,100) , TH(3,1N00) ,H(3,100D),DF (1007,
2RAN(C1) ,RIS(1IND)
PAIT=4K_,2831253)37179585%
<10 FORMAT(RIT1N)
WRITE(K,650)
WRITF(46,455)
ASS FORMAT(///,SX,'CPYSTAL STRUCTURF HNETERMINATINN Y REDUCING®,
1 ' R=-vALUE")
NR IS NUM3ER OF TOTAL REFLECTIONS AND LNR IS NUM3ER OF REFLECTIONS
USED IN THIS CALCULATION
READ(S,ST1T)INA,LNR
WRITE(6,511INA,NR
A11 FORMAT(///,5%,"NUMSER NF ATNMS =°',15,/,
15X, *NUMBER OF REFLECTIONS =',15)
WRITE(6,550) '
45N FORMAT(///,5%X,*COORDINATES OF ATOMS®)
READ(S,SD1Y(SCCI) o (X(1,U)WI=1,3),0=1,N0)
SN1 FORMAT(2(FS.0,3F10.9))
WRITF(A,5N1)(SCCI)»(X(T1,3),1=1,3),J=1,NA)
401 FORMAT(2(SX,4F10,.5))
READ(S,SOMN)(SCCI)» (HX(I,3)0I=1,3),0=1,N10)
READ(S5,511)C((IH(I,J),121,3),J=1,NR)
511 FORMAT(31S?}
D0 10 I=1,NR
DO 20 J=1,2
HUJ,I)=PAIT*IH(J,I1)
20 CONTINUE
17 CONTINUE
00 30 I=1,NR
F(I)=Nn_0
AH=H(1,1}
AK=H(2,1)
AL=H(3, 1)
AHK=D .5+ (TH(1,1)+I4(2,1))
ALO=N,S*IH(3,1)
CHK=AHK=-AINT (A4K)
CLO=ALN-AINT(ALO)
DO 40 J=1,NA
ax=x(1,J)
AY=X(2,J)
AZ=X(3,J)
IFC(A3S(CHK) LT, 0.0N1_AND,ASS(CLO).LT.N.0N1) G0 TO 41
1F(AQS(CHK) . LT.0.001.4ND.A3S(CLO).GE.N.NNT) GO TO 42
IFCASS(CHK) . 6,0, 0N1,AND.ARS(CLO) . LT, N.D71) (D TO 43
TFCABS (CHK) . GF,.N_.ND1_,AND_A3S(CLO).GE.D.NNT1) 50 TO 44
41 CONTINUF
FCI)=F(I)+SC(J)*DCOSCAH®AX) *DCOS(AK*AY)*DCOS(AL*AZ)
GO TO 40
42 CONTINUF
FCI)=F(I)=SCCJI)*DCOSCAHXAX)*DSINC(AK*AY)*DSIN(AL*A7)
GO 19 4"
43 CONTINUE
FCIV=F(I)=SCCJI*DSINCAH®AX)*DCOSC(AK*AY)*NDSINCAL*AT7)
GO T0 4N
44 CONTINUE
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FCI)=F(I)-SCCJ)*DSINCAH*AX)*DSINCAK*AY)*DCOSCAL%AZ)
CONTINUE

AF(I)=DABS(F(I))

CONTINUE

READ(S,S510)1IX

WRITE(6,615)1IX

FORMAT(/,5X,*INITIAL IX =°'119)

NTRY=D

CONTINUE

NTRY=NTRY+*1

WRITE(4,550)

WRITE(6,513)INTRY

FORMAT(///,5%X,°"TRIAL NUMBER =°',15)

WRITE(6,614)

FORMAT(///,5X»*INITIAL COORDINATES®)
WRITE(6,601)(SCCI)»(HX(I,J),1=1,3),J=1,NA)

DX=0,2

LNR=NR

SUMF=0_9

DO 90 I=1,LNR

SUMF=SUMF+AF (1)

CONTINUE

NCAL=0

NSTEP=0

CONTINUE

NSTEP=NSTEP+1

SUMHF=0.1

D0 130 I=1,LNR

AH=H(1,1)

AK=H(2,1)

AL=H(Z, 1)

AHK=0 S*(IH(1,I)+IH(2,1))

ALO=D.S*IH(3,1)

CHX=AHK=-AINT (AHK)

CLO=ALO=-AINT(ALO)

HF(1)=0.9

DO 140 J=1,NA

AX=HX(1,J)

AY=HX(2,J)

AZ=HX(3,J)
IF(A3S(CHK) . LT,0.001.AND,A3S(CLO). LT _N_.001) GO TO 141
IFCA3S(CHK) .LT.D.001.AND,ABS(CLO).GE.N.001) GO TO 142
IF(A3S(CHK) . GE.D.NOT,AND_A3S(CLO).LT.N.001) GO TO 143
IF(ARS(CHK),GE_,D,001.,AND_A3S(CLO).GE.D.001) GO TO 144
CONTINUE
HF(I)=HF(I)+SC(JI)*DCOSCAH*AX)*DCNS(AK*AY)*DCOSCAL*AZ)
GO TN 14N

CONTINUF

HFCI)=SHF(I)=-SC(J)*DCOSCAH®*AX) *DSIN(C(AK*AY)*#NDSINCAL*AZ)
GO TO 14N

CONTINUS
HFCI)=HF(I)=SCCJI*DSINCAH*AX)*DCOSC(AK*AY)*DSIN(AL*AZ)
GO T0O 149

CONTINUE
HFC(I)=HF(I)=-SC(J)*DSINCAH*XAX)*DSINCAK*AY)*DCOS(AL*AZ)
CONTINUE

GF(I)=HF(I)

BB=DARS(HF(I))
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CC=DABS(AF(1)-88B)

SUMHF=SUMKF+CC

CONTINUE

RI=SUMHF/SUMF

NS=NSTEP=-1

RIS(NSTEP)=RI

IF(NS.EQR.0) GO TO 159

ARI=A8S(RI=-RIS(NS))

IF(ARI.LE.D0.001)DX=0.1%DX

CONTINUE

WRITE(6,602)NCAL,RI

FORMAT(S5X,16,F10.5)

WRITE(6,501)(SCCI)o (HX(I,J),1=1,3),0=1,NA)
IF(OX.LT.0.001) GO TO 300

CONTINUE

DO 200 I=1,NA

SF=SC(I)

D0 210 J=1,2

AX=HX(1,1)

AY=HX(2,1)

AZ=HX(3,1)

SX(1,1)=AX

SX(2,1)=AY

SX(3,1)=A2

CALL RANU2CIX,RAN,1,ICON)

D0 220 11=1,5

DO 230 JJ=1,2

ADX=ZDX*II#(=1)%%)y

ADX=ADX*RAN(1)

SUMDF=0,0

DO 240 K=1,LNR

AHK=) S+ (IH(1,K)+IH(2,K))

ALO=D.5*IH(3,K)

CHK=AHK=AINT (AHK)

CLO=ALO-AINT(ALO)

AH=R(1,K)

AK=H(2,K)

AL=H(3,X)

SX(J,I)=HX(J,I)+ADX

CX=5%x(1,1)

CY=sx(2,1)

CZ2=3SX(3,1)
IFCASS(CHK) . LT.0.001.AND_A3S(CLO).LT.D.NN1) GO TO 251
1F(A3S(CHK) . LT.D. 001, AND_ASS(CLO).GE.D.ONT) G50 TO 252
IFCA3S(CHK) . GE.N.ONT1.AND.ASS(CLO).LT.D.0N1) GO TO 253
IF(ABS(CHK).GE. 0,001, AND.A3S(CLO).GE.D0.001) GO TO 254
CONTINUE
DF(K)=HF(K)+SF*(DCOSCAH*CX)*DCOS(AK*CY)*DCOS(AL*C2)

1-DCOSCAH#AX)*#DCOS(AK*AY)*DCOS(AL*AZ))

GO TO 255
CONTINUE
DF(K)=HF(K)=SF*(DCOSCAH*CX)*DSINCAK*CY)*DSINCAL*C2Z)

1-DCOSCAH*XAX)*DSIN(AK*AY)*DSIN(AL*AZ))

G0 TO 255
CONTINUE
DF(K)=HF(K)=SF# (DSIN(AH*CX)*DCOSCAK*CY)*DSINCAL*CZ)

1-DSINCAH®AX) *DCOS (AK*AYY*DSIN(AL®*AZ))

GO TO 255
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CONTINUE
DF(K)=HF(K)~SFe(DSINCAHXCX) #DSINCAK*CY)*DCOS (AL *CZ)

1-DSINCAH*#AX)2#DSINCAK*AY)*DCOS(AL*AZ))

CONTINUE

B88=AF(K)=-DABS(DF(K))

AB83=DA3S(3R)

SUMDF=SUMDF+AR3

CONTINUE

IF(SUMDF_GE,.SUMHF) GO TO 230

SUMHF=SUMDF

HX(J,1)=SXCJ,1)

DO 260 K=1,LNR

GF(X)=DF(K)

CONTINUE

CONTINUE

CONTINUE

HXCJoI)=HX(J,pI)=DINT(HX(J,I))

DO 270 K=1,LNR

HF(K)=GF(K)

CONTINUE

CONTINUE

CONTINUE

NCAL=NCAL+1

IF(MOD(NCAL,100).EQ.D) GO TO 129

GO TO0 179

CONTINUE

WRITE(5,5660)

FORMAT(1H1)

WRITE(6,518)R]

FORMAT(/,5X+,"R =°,F10.95)

WRITE(6,656)NCAL

FORMAT(/,S5X,*NCAL =°,16)

WRITE(6,652)
FORMAT(/»SX,*HX(1)»1=1,3),0=1,NA)")
WRITE(6,601)(SCCI)»(HX(TILJ)r1=1,3),4=1,NA)
WRITE(6,553)

FORMAT(///+,5%,"' COMPARISON BETWEEN FI AND HF')
WRITE(6,654)

FORMAT(/,5X,"* H K L F HF®)
LNRT=LNR/?2

DO 450 I=1,LNRT

II=I4LNRTY
WRITE(S6,503)IH(I1,1),IH(2,1),IH(3,1),FC(I),HF(T),

TIHC1,II) L TH(2,I1) »IH(3,IID) L FCII)LHF(IT)

FORMAT(2(5X,315,5X,2F10.5))
CONTINUE

STOP

END
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R = 0.27088
NCAL = 600
HX(1),121,3),J21,NA)
6.00000 0.71199 -0.05934 0.91037 6.00000 0.09783 -0.53986 -0.40909
6.03000 =0.96971 0.09443 0.35812 6.00000- 0.1487?3 0.58056 0.15406
6.00000 0.91594 0.38379  0.89969 8.00000 0.59930 0.13469 0.41039
3.00000 0.47160 0.56049 0.27381 8.00000 -0.73496 0.13723  0.63480
6.00000 0.97417 0.42753 -0.22885 6.00000 =-0.02819 -0.94201 0.22782
6.00000 =0.41274  0.86091 0.99299 6.00000 0.71696 0.49314 =0.13170
’ 6.00000 0.02786 -0.05943 <~0.22846 6.00000 - 0.53330 -0.85232 0.53986
8.00000 -0.20732 0.76515 =-0.01257
¢ COMPARISON BETWEEN FI AND HF
H K L £ HF
0 0 6 -25.09268 -14.95579 7 10 14 -17.78585 -17.80076
0 n 8 25.67503 36.30489 7 1112 18.42698 =-2.08140
0 0 14 21.11401  24.93284 8 1 4 36.52656 -36.15403
0 2 0 33.31723  27.29699 8 1 8 19.85971  2.87210
0 2 1 30.88285 -31.58985 8 1 19 -29.74365 32.80463
0 ? 2 -25.18615 -26.02203 8 1 1 -33.80591 -34.02596
0 2 ? -26.85451 24.88287 3 112 39.28876 -46.17853
0 2 1% 16.9R%445 =22.49849 8 1 1 -18.45007 3.98707
0 4 n -26.12035 -21.76358 8 3 3 -19.56784 -27.68298
0 4 1 38.20701 -41.88622 8 3 ] 22.02006 21.66073
0 A 2 -16.43562 =-4.037%6 3 3 6 -16.81631  2.72721
0 4 3 -22.56163  6.87509 8 310 -26.96322 22.53408
0 3 ? -20.80638 20.32627 8 3 11 -60.35148 =59.67865
0 4 9 15.78675 -9.28975 8 313 18.63689 18.63249
) 6 n -17.60010 -21.55054 3 s 4 -22.91858 16.02275
n 6 1 25.27786 -22.48151 8 s ] 28.59382 27.08275
0 6 2 21.13388 19.12739 8 s 9 27.72992 32.30419
0 6 s 19.66276 -12.82512 8 s 11 -15.07119 -9.64434
0 6 6 17.54599  5.37118 3 s 12 -23.10377 23.96374
0 6 10 17.25061  1.25790 8 s 13 32.46067 36.68259
n 8 2 24.57188 37.57106 8 ? 9 17.66455 9.75103
0 8 4 -23.22448 -22.65559 8 7 10 30.07034 -30.11983
0 3 6 27.65312 23.87571 3 7 12 -19.23164 20.89339
0 8 12 -17.74308 =-4.03701 8 7 14 32.79320 -33.96154
0 10 3 21.03520 -24.71901 8 9 1 -15.42206 -8.82307
0 10 4 -26.90871 -26.95470 8 9 6 17.90573 =17.9058S
0 12 3 23.58600 -23.62130 8 9 3 -19.24109 26.83257
2 12 ] -29.064481 31.19637 3 9 12 -17.06271 20.75276
2 12 10 -23,94357 =25,25570 3 9 13 -28,57053 =29.47929
9 12 12 -18.48149 =12.53172 8 9 14 17.86016 -17.92654
A A 0 25.06842 37.69684 8 1 6 16.40082 -25.51929
0 14 3 -15.03015 =-6.17394 3 11 1 21.22989 19.30341
0 14 4 17.48867  9.14095 s 13 1 17.01951 17.01826
D 14 ] -29.79558 32,20830 8 13 3 19.77828 -11,98213
0 14 8 23.30136 15.5613%6 8 13 14 -18.02881 22.77450
0 14 13 -15.985856 16.17413 9 1 4 16.00588  4.60941
1 0 2 -22.37270 -32.85221 9 1 5 15.647387  7.68795
1 n 4 18.36893  18.42010 9 1 10 18.91880 -14.02246
1 1 8 -15.52188  7.90685 9 2 9 -15.66N12 29.89783
1 2 1 21.33176 -13.33262 9 3 ] 19.45185 12.74663
a 1 4 2 16.63607  6.53935 9 3 3 -16.14765 10.32101
1 4 2 15.43821 =-2.30137 9 3 9 -18,06576 -10.96841
1 ? n -19.90821 -28.54314 9 3 13 23.42817  17.47341
1 ? 4 21.95279 -14.42958 9 4 6 -15.31431 -1.68612
1 ? s 15.29501 -10.87221 9 5 7 -16.41087 =9.94095
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15.89818
15.48792
17.25469
=15.63599
=22.79719
=-19.37091
23.71215
15.91923
=-20.39191
22.74675
=-22.8:4290
-16.79590
17.38308
=16.69701
16.58965

-2.56528
10.15781
16.98199
-25.77362
17.88961
18.42358
27.11515
-25.71379
-11.21974
-19.36756
-22.220641
-21.35546
=-14,30005
29.80385
27.31686
-15.63256
-4.08711
21.60534
26.22573
12.92823
15.75577
-11.96720
-22.96176
-21.85715
16.13073
=12.4969F
20.51897
-27.40930
=15.62792
12.31327
37.01770
14.33525
-13.49857
22.08717
-22.20935
=12.968%39
20.34623
26.,58741
-2.31217
-25.36176
-16.72370
-12.84428
-1.92529
18.33550
-9.05882
-10.99792
16.05516
18.38018
19.82994
~16,45229
-7.85565
-11.39041
10.05623
-14.21708%
~-20.65576
16.53144
=15.52912
-23.71788
=12.52015
26.28174
6.25994
-18,45987
-3.78334
15.32425
12.461341
3.79861
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16.54866
-19.52522
16.90077
~15.75614
-22.37058
~25.43097
-20.95479
-18.907560
19.27547
23.84362
-38.13482
15.94098
19.17403
19.56113
-18.01136
28.46631
-27.61928
21.67786
-18.55813
-30.48348
-15.36814
25.33348
-31.07605
=21.04214
13.19851
-27.24142
17.26419
=-21.65848
16.99398
32.20937
20.15582
18.40051
-2%8.33122
18.38962
-16.54877
-28.19958
-15.19701
-24.40399
-21.98822
~20.59121
=22.79724
-16.20134
21.72344
-16.19332
=15.67212
24.48253
26.79490
16.91638
13.0%155
-16.8665°
17.48303
-17.65358
-17.07906
21.12614
-18.37252
25.75047
2N0.85513
-16.82531
-16.19958
16.46885
-18.8985¢4
=18.37431
-15.391%1
22.87764
16.96790
23.31229

5.93180
8.14740
-6.34037
6.94399
-30.84423
21.34274
5.41062
-18.20007
18.85494
-18.28413
-33.19064
-2.51237
-8.15629
22.75389
17.10850
-26.37201
27.54445
21.6%012
17.86298
30.43296
-18.18800
22.53412
31.41561
-18.69690
=12.44040
-24.57241
19.25543
-26.91622
16.99576
30.20780
-20.15549
-21.13762
-26.96449
-17.50376
-16.86516
-24.70036
-10.21896
24.40171
16.23152
32.80284
-19.9983%1
14.17149
12.78383
16.19490
13.26315
17.87059
20.644833
-14.84322
-18.17284
3.97319
-6.08318
2.93850
-2.44210
-9.20720
14.20692
13.12666
-8.33860
7.88730
-6.91632
5.36123
-1.78067
10.01375
13.54720
-8.45426
-22.24949
-19.664263
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15.43375 -17.80200 12 6 0 -19.60290 16.52530
-20.18365 -17.86414 12 7 6 21.18598 -16.92275
-18.16324 -21,58367 12 2 0 -18.80599 18.70320
=17.05493 13.63147 12 9 8 -23.81692 22.54222

18.09616 =7.42957 12 9 9 -15.52270 -5.58200

16.52642 12.0000¢ 12 9 14 23.29878 -20.81777
-17.13482 -12,.45542 12 10 6 18.48085 -12,96096

19.48167 -6.63270 12 10 12 -16.56890 1.82071

16.59086 -12.,76084 12 1 7 23.84679 18.97564
-18.56712 18.54627 12 12 n 27.69865 -21.67258
-20.01641 -24.92864 12 12 1 ~18.96957 -12.97149

17.00468 =-5.55208 12 13 7 19.23563 16.77660

20.60205 -19.29240 12 13 ] 17.23721 -8.73091
=26.41032 -23,.29661 12 14 2 -15.52335 7.11915
-17.76145 27.81752 13 0 10 22.561464 22.54112

15.10884 6.62743 13 2 1 -17.838748 -7.08130

15.49176 -17.98252 13 3 13 15.41807 -1.01213
=17.77476  21.43862 13 4 11 16.58498 -12.54341

24.96992 19.61412 13 4 14 -18.31362 11.83088
-16.40563 -12.61794 13 S 0 -26.02785 19.93490
-21.80542 22.,55705 13 6 1 15.66096 17.03702

18.88848 11.72551 13 8 2 19.08714 -12.38262
-19.06667 24.,77337 13 9 2 15.59879 -16.24764
-23.29311 -14.27851 13 9 S 20.89092 21.73169
-18.36935 -138.38323 13 10 8 -22.07998 10.43926
-18.66954 -16.5N0919 13 11 8 -15.54587 16.84651

15.99379 3.34802 13 12 3 17.51853 2.02308

26.05716 23.204338 13 12 b 16.69997 =-6.66914

22.06344 -22,26399 13 12 ] =-21.20982 3.17537
=20.17067 -25.26629 13 14 7 22.54391 23.38398
=27.92417 26.12670 13 14 11 18.69370 18.76814

16.65282 -10.793%3 14 0 7 15.84898 -15.85671
-21.52948 21.%1782 14 b} 13.03533 2.59083
-23.53440 -23.54572 14 1 2 -24.56486 22.35612

16.70883 S.746649 ié 2 9 16.52357 =4.110555

19.97980 2.39347 14 3 9 16.18353 15.53798

26.02591 =17.47405 16 3 13 19.82253 19.82019
-15.03226 18.09339 14 4 0 -20.60623 20.57521
-16.22752 =5,73277 14 6 2 16.47554 =-24.02114

16.36694 -4,03827 14 6 3 -15.03475 -15.42810

19.76634 6.12157 14 8 2 17.28618 -17.33916
-20.24014 -19.82648 14 10 3 21.32873 16.13915
-15.92828 5.69946 14 10 4 -21.37756 4.4R255
-22.81879 -19,.43051 i6 1 13 -19.22702 -16,.87151

16.16922 -4.81N8%% 14 13 7 19.33765 20.78397
-16.07441 8.681156 14 13 12 15.48195 -12.16894

156.88155 -14.21183 14 14 4 21.469227 -20.94331



