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Abstract: Crystals of 2-(N-nitrosomethylamino) acetamide 

are monoclinic, space group P21 /n, with a= 16.681(30), 

b ·4.774(5), c = 14.318(15) ~and S = 92.95(0.2) 0 • Each 

unit cell contains four molecules of th~ E isomer and 

four of the Z isomer. The structural mo~~l was refined to 

R = 0.044 for 1184 independent reflections measured 

with an automatic diffractometer~ Hydrogen bonds from 

amide group~ to carbonyl o~ rtitroso oxygen atoms connect 

the molecules in sheets parallel to (100). 
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Kenyon and Rowley 2 found 2-(N-nitrosomethylamino) aceta-

mide as the hydrolysis product of a secondary N-nitrosoamine. 

It crystallized as a mixture of needles and plates. On the 

basis of nmr spectra they concluded that the needles con-

tained a mixture of the E and Z isomers: 

-0'\ 

N 0 
II II 

CH -N-CH -C-NH 
3 + 2 . 2 
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-o 
/ 

N 0 
II II 

CH -N-CH -C-NH 
3 + 2 2 
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In this paper we report a crystal structure determin-

ation which confirms this result. We found a 50:50 mixture 

of the isomers with conformations as shownin Fig. 1. 

EXPERIMENTAL. 

Colorless, needlelike crystals, synthesized by the 

reaction of sarcosinamide with nitrous acid, 2 were provided 

by Professor Kenyon of the University of California, Berkeley. 

A crystal of dimensions 0.066 x 0.042 x 0.111 mm was glued 

to the tip of a glass fiber in air with the b axis parallel 

to the axis of the fiber. Preliminary X-ray diffraction 

data were obtained from oscillation and Weissenberg photo

graphs taken with copper radiation. Acc~~~te unit c~ll 

dimensions were determined from measurement of h 0 0, 0 k 0, 

0 0 1 reflections using a Picker automatic diffractometer 

equipped with a full circle goniostat, graphite monochro

~ator and PDP-8I computer. Intensity data were collected 
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with the,same instrument. The integrated intensity of 

ea6h reflection was me~sured by a B-20 scan technique, 

using a scanning rate of 1°/min., from 1° below the 20 

angle at which Kcxl was diffracted to 1° above the 28 angle 

at which K 2 was diffracted. Two 10-second background 
(l_ 

counts with the appar•atus stationar'y were taken 0. 5° below 

and 0.5° above the 28 angle at which the scanning was 

begun and ended. Three strong reflections (600, 004, 020) 

were checked periodically (every 100 reflections) for crystal 

decomposition and/or machine malfunction. The crystal had 

to be slightly realigned several times during the data 

taking which lasted 9 days. 

From the-above three "standard" reflections it was 

foutid that there was a 30% decay in the intensities during 

the experiment. Scale factors were adjusted on the assump-

tion that all reflections decreased at the same rate. 

All calculations were made on the CDC 6600. Recorded 

counts were treated as follows: (recorded counts) x 10 + 4.5 = 
,actual counts. When the background was recorded as zero, 

it was set equal to 6 (because we do not have a counter 

for the last digit). The actual counts were converted into 

structure factors and standard deviations a(F) using the 

3 
formula given elsewhere, except that the additional term in 

a 2 (I) was (0.061) 2 . 

9.9 

The absorption coefficient for this compound is l1 = 
-1 em No correction for absorption was made, because 

it was considered to be negligible (at most 7%). 
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The hemisphere ± h,· k, ± 1 was measured. Excluding . -,-
systematic space group absences, there were 2444 data of 

I 

which 576 had intensities less than the standard deviations 

and included 168 reflections measured to be zero. m1en 

a reflection w~s ~easured more than once, the intensities 

were averaged and its standard deviation was treated as 

set forth elsewhere. 3 These 2444 reflections represent 

1417 unique reflections of which 1184 are greater than one 

standard deviation. 

The two figures were prepared with Johnson's ORTEP 

4 program. 

The ratios of observed and calculated structure factors 

for the strongest reflections range from 0.95 to 1.05 and 

give no indication of any significant extinction effect. 

I 
CRYSTAL DNJA. 

The crystals are monoclinic with unit cell dimensions 

measured at room temperature (-24°C): a- 16.681 ± 0.030, 

b = 4.774 ± 0.005, C = 14.318 ± 0.015 A, B = 92.95 ± 0.2°. 

There are eight molecules of c3H7N3o2 (four of each isomer) 

in the unit cell. The calculated density~= 1.367 glee 

agrees well with the observed density p = 1.36 ± 0.02 glee 

measured by flotation in solutions of chloroform and hexane. 

The extinction rules (hOt absent if h + 1 = 2n + I and 

OkO absent ~f k = 2n + I) are characteristic of space group 

P2 1 /n~ All atoms are in general positions. 

. . 

.. 

' ...... 



... 

.. 

-5-

DETERMINATION OF THE STRUCTURE. 

The structure was solved from statistics. The phases 

of normaliz~d structure factors E were calculated with Lbng's 

program5 which uses Sayre's eq~ation. The 16 possible com-

binations of signs of four reflections (in addition to 3 

origin ·determining reflections) were used to calculate pro

bable phases for the 165 rc£iections whose lEI values were 

> 1.50. One combination of signs was better than the rest. 

This solution had a consistency index of 0.80 compared to 

the next best value of 0.77, and also took the fe~est cycles 

(6) to determine all the signs. The Fourier synthesis of 

this best E set showed both the E and Z isomers and yielded 

the coordinates of the 16 non hydrogenatoms (carbon, nitro-

gen a~d oxygen) in the asymmetric unit. 

With anisotropic the~nal pa~ameters (for the 16 atoms) 

the full matrix least squares refinement reduced R1 = 
1:IIF

0
.l-IFclln:jF

0
l to 0.089 for 1184 non zero reflections. 

The·scattering factors of Cromer and Waber6 were used for 

all atoms except hydrogen whose $C~ttering factors are those ,. 
of Stewart, Davidson, and Simpson. 7 All 14.hydrogens except: 

for one in the methyl group of the E isomer showed well 

defined peaks in a AF Fourier. When in addition to the 

16 non hydrog~n ato~s with anisotropic temperature factors, 

three positional,parameters and an isotropic thermal tem

perature fa~tor were incl~ded for each of th~ 14 hydrog~ns, 
''·'. 

refinement gave R = 0.0477 after 4 cycles. Further _l 
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refinements were mad1 with a variation of our least squares 

program (~ritten by Arthur Olson) 8 which uses the scattering 

7 factors of Stewart et al. for polarized H atoms. The R 
I 

hardly changed (R = 0. 04 76), but the hydrogen distances 

lengthened by about 0.1 X. Final refinement, using for C, 
I 

N, and 0 the scatiering factors 6f Doyle and Turner 9 and 

10 anomalous dispersion of Cromer and Liberman brought 

down to 0.044 and R
2 

f [Ew(AF) 2/Ew(F0 )
2J 112 to 0.052. 

No parameter shifted more than 2.7% of its estim~ted 
i 

d 
. . . . . . . 11 

stan ard dev1at1on 1n ,the f1nal ref1nement. 

·RESULTS AND DISCUSSION. 

R 
1 

Fin~l valu6s for atomic coordinates and thermal para-
. 

meters are given in Tables I, II and III. Bond distances 

and angles are listed in Tables IV and V. Corresponding 

bond distances in the two isomers (Figure 1) are equal 

within the experimental accuracy except perhaps the N-N 

and N-0 distances; the latter differ respectively by three 

and two times the sums of the standard deViation. 

The dimensions of the amide groups (corrected for 

thermal motion) are in excellent agreement with the corres-
0 

ponding bond lengths C-N = 1.338(7) and C-0 = 1.258(6) A 
. 12 
reported.by Denne and Small for acetamide, and C-N = 

1.334(7), 1.333(7) and C-0 = 1.255(7), 1.254(7) X ~eported 

by Chieh, Subramanian, and Trotter13 for malonamide. For 

the amide-methylene bond (uncorrected for thermal motion) 

.... : 

r: 

i'_; 

1,; ... 
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our values C-C = 1.513(4), l.Sl8(4) X are almost identical 

with C-C = 1.503(8), 1.513{8) lin malonamide. 13 The C-N 

bond lengths exhibit the partial double-bond character 

typical of amides. The bond lengihs in the vicinity of the 
0 

nitroso groups agree within 0.03 A or better with corres-

ponding bonds in gaseous nitrosod~methylamine as determined 

by Rademacher, St~levik and Llittke 14 
by electron diffraction: 

N-0 = 1.235(2), N-N = 1.344(2), and N-C = l.461(2) l. We have 

failed to find reports of accurate deter~inations in the 

solid phase of structures of strictly anal6gous mol~cules. 

Boer and Turley15 have reviewed the rather discordant results 

for several nitroso monomers and dimers. Ih dimethylnitros

amine copper(II) chloride, Klement16 found N-0 = 1.22(2), 

N-N = 1.29(2), and N-C = 1.46(3) and 1.~7(3) l. 
Each ~mide hydrogen atom is pointed toward an oxygen 

atom at·a reasonable distance for an N-H···O hydrogen bond. 

These bond length~ are listed in Table IV. These bonds, 

as shown in Figure 2, connect the amide of the Z molecule 

to nitroso oxygen atoms of each kind of molecule. The amide 

of the E molecule is connected to carbonyl oxygen atoms of 

each kirtd of molecule. These bonds connect the molecules 

in infinite layers parallel to b and c. 
' ' ··~' -

· We thank Professor George Kenyon and Mr. George .Rowley 

for P:r:'Ovi~ing the crystals for this study. 
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Table I. Coordinates for Nonhydrogen Atoms. 

Atom X y z 
. ·- . ··----

N( 1) .2044(2) .6q26(t) .3999(2) 
·c < 2, • 2 823 ( 2) .6506(5) .4120(2) 
0 ( 3) .3267(1) .7901(4} .4652(1} 
C(4) .3160(2) • 4l't 1 ( 6) -.3557(2) 
NC5J .3997(1) .45.'35(5) .3391(2) 
C(6) .4625(3) .306( 1) .3905(3) 
Nl7} .4219(2} .652q(6) .2816(2) 
0( 8) • 3648 ( 1) .7866(5) .2456(1) 
N( 9) .8394(2) • 1 .. 168(6) .1479(2) 
CliO} .. 8483(1). .5837(5) .2205(2) 
0(11) .8485(1) .8405(4) .2149{1) 
c ( 12) .8573(2) .4421( 6, .3154(2) 
Nl13) ·.9008{1) .6173(5) .3823(1) 
C(l4J .9856(2) .665(1J .3783(3) 
Nt15J .3540(2) .7544(6) .4391(2) 
0{ 16) .8910(1) .9194(5) .4903(1) 
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'rable II. Anisotropic 1'hermal Parameters . a 

Atom Bll B22 B33 Bl2 Bl3 

·-··· 

N C 1) 5.3(2) 4.1(1) 4. 5 ( u .1( 1) 1.0( u 
c ( 2) 5.5{2) 2.2(1) 2.7(1) -.2(1) • 6 ( l) 

n < 3 1 6.8( ll 3.9(1) 3.99(9) -.48(9)' .12(8) 
((4) 5.2(2J·· 2.5(1J 4.1(1) -.2(1) • 3 ( 1) 

N(S) 5.0(1) 2.7(1) 4.3(1) -.11(9) .53(9) 
( ( IJ) . 5. 7 ( 2 ,. 5 • lt ( 2} 7.1{2) • 5 (2) -1.0(2) 
N(7) 5. 8 (l) ' l... 2 ( 1) 5.,3( u .1 ( 1 ) 1.1(1) 

0(8) 7 .·:1 ( 1) 5.4(1) 5.3(1) .4(1) • 8 ( 1) 
N(9) 6.8( 1) 2.1(1) 3.3(1) -.2(1) -.7(1) 
CClO) 4. 0( l) 2.1(1) 3.5(1) .02( 9) -.33(9) 
0 ( 11) 7."5(1) 1.87(9) 4.4(1) .07{ 8) -.58(8) 
c ( 12l 5.8(2)· 2 .. 5{11 .3.4(1) --.4(1} -. 6 ( 1) 

N ( 13) 4.5( l) 2.5(1} 2.90(9) .39(8) .34{8) 
((14) 4.0(2) 7.7(3) 4.5(2J .1(2) • 0( 1) 

N ( 15) 6. 7( u 4.1(1} 3.6(1) -.6(1) -. 5 ( l) 
0(16) 7 .. 2( ll. 6.6(1) 5.7(1) .4(11 • 3( 1) 

~he temperature factor is exp(-~.~jB.jh.hjb.b./4), where b1. l. l. l. l. .J 

is the length of the ith reciprocal cell dimension. 

' ,, 

B23 

-.9(1) 
• 1 ( l ) 

-1.26(8) 
-.3(1) 
-.4(1) 
-.gczJ 
-.7(1) 

.9(1) 

.2(1J 

.3(1) 

.31(7) 

.o ( 1) 

-.61(8) 
-.5(2) 
-.1(1) 

~2.1(1) 
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Table III. Parameters for Hydrogen Atoms. 

Atom X y z B 

H ( 1) .180(2) .825(8) .439(2) 6.5(10) 
H(2) .171(2) .583(8) .361(2) 5.1(9) 
H(3) .280(2) .395(7} • 291( 2) 5. 1{ 7) 
H(4) .312{1) .253(6) .395(2) 3.2(6) 
H(~) .459(2) • 10 ( 1) .370(3) 9.2( 12) 
H(6) .516(2) .381(3) .375(2) 6.0( 10) 
H(7) .459(2) .326(9) .462(3) 8.3(11) 
HC8) .32f>(2) • 48 5 ( 7) .089(2) 4.8(8) 
H(9) .339{2) .224(8) .155(2) 4.6{ 8) 
H(lO) .793(2) • 397(13) .335{2) 6.7(9) 
H ( 11) .392(2) .268(7) .3,07{2) 4.5(.7} 
H ( 12) 1.010(2) • ·r2 3 < 9 > .441(3} 7.9(10) 
H(l3) .996(3) .79(2) .323(4) 15.4(22) 
H ( 14) 1.010(3) .48{1) .3,62(4) 11.4( 17) 

i; 

I' 

i' 
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Table IV. Bond dist~nces eX>. Distantes after correc-

tion for the~mal motion by tl1e riding rnod~l are given 1n 

parentheses. 

Z .Molecule 

N(l)-C(2) 

C(2)-0(3) 

C(2)~C(4) 

C ( 4) -N (.5) 

N(5)-C(6) 

N(5)-N(7) 

N(7)-0(8) 

N(l)-H(l) 

N(l)-H(2) 

C(4)-H(3) 

C ( 4) -H ( !J) 

C(6)-H(5) 

C(6)-H(6) 

C(6)-H(7) 

N(l)···O(l6) 

N(l) · · ·0(8) 

1. 318(4) 

(1.335) 

1.230(4) 

(1.252) 

1. 513(4) 

1.444(1~) 

l,LJ45(5) 

(1.471) 

1. 308(3) 

1.237(4) 

(1. 250) 

0.96(Lj) 

0.93(4) 

1.08(3) 

0.95(3) 

1.04(5) 

l.OO(tj) 

1.04(4) 

2.948(5) 

3.030(5) 

E Molecule 

· N(9)-C(l0) 

C(l0)-0{11) 

c ( 1 0 ) - c (12 ) 

C(12)-N(l3) 

N(i3)-C(14) 

N(13)-N(l5) 

N(15)-0(16) 

N ( 9) -·II ( 8) 

N(9)-H(9) 

C(12)-H(10) 

C ( 12 ) - H (11 ) 

C(14)-H(l2) 

C(14)-H(13) 

C(14)-H(l4) 

N ( 9) • • · 0.( 3) 

N(9) · · ·001) 

1.312(4) 

(1.326) 

1.229(3) 

(1. 252) 

1.518(4) 

1.439(4) 

1.438(5) 

(l.LJ67) 

1.328(4) 

1. 22 3 ( 3) 

(1.241) 

0.92(3) 

0.93(4) 

1.12(3) 

1.02(3) 

1. 01 ( lf) 

1.02(7) 

0.99(6) 

2.965(4) 

2. 915 ( lf) 
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Table v. Bond Angles. 

z Molecule E Molecule ,J . 
-

N ( 1 ) - C ( 2 ) -· 0 ( 3 ) 123.9(3) 0 N(9)-C(10)-0(11) 123.7(3) 0 , 
N(1)-C(2)-C(4) 11!.>.8(3) N(9)-C(10)-C(l2) 116.2(3) 

0(3)-C(2)-C(lJ) 120.3(3) 0(11)-C(10)-C(l2) 120.2(2) 

C ( 2) -C ( IJ-) -N( 5) 111.6(3) C(10)-C(l2)-N(l3) 111.1(2) 

C(4)-N(5)-C(6) . 121. 6(4) C(12)-N(13)-C(14) 121.9(3) 

C(6)-N(5)-N(7) 117.2(4) C(14)-N(13)-N(15) 12 3. 8 ( ~~) 

C ( IJ- ) - N ( 5 ) - N ( 7 ) 121.1(3) C(l2)-N(l3)-N(15) 113.7(3) 

N(5)-N(7)-0(8) 113.0(3) N(13)-N(15)~0(16) 113.0(2) 

C(2)-N(l)-0(16) 125.6(2) C(l0)-N(9)-0(3) 114.4(2) 

C(2)-N(l)-0(8) 109.3(2) C ( 1 0 ) - N ( 9 ) -· 0 ( 11 ) 108.1(2) 

C(2)-N(1)...:H(1) 119(2) C(l0)-N(9)-H(8) 121(2) 

C(2)-N(1)-H(2) 123(2) C(10)-N(9)-H(9) 120(2) 

H(l)-N(1)-H(2) 118(4) H(8)-N(9)-H(9) 118(3) 

H(5)-C(6)-H(6) 109(4) H(12)-C(l4)-H(13) 118(5) 

H(5)-C(6)-H(7) 111(5) H(12)-C(14)-H(14) 107(4) 

H(6)-C(6)-H(7) 107 ( 4) H(l3)-C(14)-H(14) 104(7) 

• 
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Figure Captions 

Figure 1. Per>specti ve dr>awing of the E and Z isomer's. Thermal 

boundaries are at the 50% probability level. For tltis drawing 

the hydrogen atoms were given artificial thermal parameter's 

of B = 0.5. 

Figure 2. Projection o~ the unit cell looking down the b 

axis. Hydrogens are represented by the small circles. The 

dotted lines are hydrogen bonds. When the line is broken the 

bond is to the molecule above or below. The numbers identify 

the different oxygen atoms. 
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OB').r-FVfD SP:JCTHE F\CT:<;:.s, ST/.':Dti-0 DEVIf,TfOtlS, 1\'W DJFFH'U:CFS IX R.OJ FDP. 
2-1::-rtiTi'C:S~I'·I~:T IYV,'l!'l'lJ fi.Cr:Tt,'H')[ F(O,C,Ot = 3'J83 

FO'~ MID FCA .H•,f= llE J1:>rYVED f.I·F) Ct.LCUltT[Ll STF.UCTlPE Ft.CTC'PS. 
SG = i'STI~'-;HFil :;J.\·n.:.~:l fJEVI.'·TI;J~i r·F FDl.l. PEL= /f(;'·\/-, /ICA/. 
* I • ~ D I CAT E S l L ~. l W ~ 1 ':i f f: I) D AT/, • 

L FC~ SG OCL L FJJ SG DEL L FOB SG DEL L FOB SG DEL L fOB SG 
H,K== O, 0 1 47 7 _c -13 29 6 1 H,K= lt 4 -4 939 31 

2 305 9 -1~ 2 11 3 -7 -12 n2 6 c -9 49 11 -10 -3 o 9 
4 252 8 -29 3 119 4 3 -11 103 b -2 -~ 4~ 3 6 -2 12R 5 
6 9& 3 o ~ jt 6 -2 -1u IBO 1 2 -7 66 3 -o -1 614 19 
a 206 6 -14 5 175 ~ 2 -9 125 4 2 -6 15 22 ~* o 698 21 

10 13 7 3 i,<= 1, 0 -R 9 14 0* -5 61 6 -0 t ~23 16 
12 43 2 -2 -15 34 6 -2 -7 8~ 3 1 -4 13 24 -7* 2 23~ 7 
1~ 12 15 -d~-13 2J~ 7 -4 -~ 239 9 6 -3 32 12 -3 3 156 6 

H,K= O, 1 -11 154 5 1 -~ 213 7 4 -2 48 5 -5 4 257 8 
1 ?~5 8 -1 -9 46 2 -2 -4 58 2 1 -1 ~q 3 -3 5 381 12 
2 437 13 -4 -7 23~ 9 -,4 -3 159 6 1 0 4q 4 -3 6 235 8 
3 6o3 22 -o -5 3~9 11 4 -2 321 13 11 1 34 4 -9 1 23 a 
4 605 19 19 -3 76 2. 2 -1 189 f 10 2 7~ 3 4 8 24 9 
.• 16 5 5 -8 - 1 ~ .5 2 5 0 193 8 l7 3 94 4 4 9 0 19 
6 47 2 1 1 11~ 4 -a 1 174 6 a 4 ~c 3 -o 10 53 2 
7 74 2 2, 3 6~7 20 -36 2 315 12 5 5 37. 7 6 11 22 7 
R 7o 3 s' 5 74 3 4 3 99 4 o 6 121 s -1 12 111 4 
9 29 3 1 7 6~ 3 8 4 26 5 -8 1 89 4 -l 13 11 12 

10 15 6 -1 9 11 3 -5 5 50 4 4 8 44 4 -2 14 27 
11 40 3 -1 11 S7 3 2 6 231 7 5 9 40 6 -8 HrK= 
12 39 6 1 13 3~ 2 -1 7 46 2 1 H,K= 1, 5 -13 57 
13 49 3 -2 15 53 3 -4 8 116 4 6 -2 54 3 -1 -12 63 
14 14 10 1 i,K= 1, 1 9 2"t 13 -5 -i 66 3 -o -11 79 

H,K= O, 2 -14 12-S 4 2 10 52 3 -1 0 2'? 31 -8*-10 19 
0 32S 10 7 -13 33 4 -2 11 31 5 -1 1 34 9 -13 -9 13 
1 151 5 7 -12 22 7 -3 12 61 6 -4 2 5 15 -5~ -8 36 
2 143 4 5 -11 114 5 5 13 117 4 -6 H,K= 2, 0 -7 157 
3 137 4 -3 -10 17 13 -2 H,K= 1, 3 -14 54 3 -3 -6 107 
4 1~6 5 11 -9 75 4 5 -12 12 18 -7*-12 42 2 -2 -5 50 
5 83 3 -2 -8 27 3 -0 -11 43 4 -7-10 c 16 -4* -4 190 
6 368 11 -4 -7 379 12 J -10 14 16 s• -8 372 11 1 -3 11 
7 278 8 B -6 7 15 7* -9 80 5 -~ -6 137 ~ -4 -2 152 
8 10 12 ~a• -5 so 3 -4 -9 137 5 3 -4 2c2 1 10 -1 250 
9 138 4 5 -4 177 6 3 -7 252 8 0 -2 500 15 ~41 0 82 

10 0 18 -6* -3 5J9 lQ 6 -6 11~ 4 4 0 285 9 -1 1 40 

2; 
3 
4 
4 

11 
16 

5 
.6 
2 
6 
3 
5 
B 
4 
4 

11 94 3 2 -2 412 15 -8 -5 61 3 3 2 650 21 -2 2 117 7 
12 54 3 6 -1 272 10 -6 -4 152 5 5 4 353 11 19 3 285 9 
13 S 16 -4* 0 32 6 B -3 27 5 -7 6 23 6 -11 4 320 11 

fll L 
q 

-3* 
6 

-4 
29 

-1F3 
·-5 
-5 

5 
9 

1 3 
2 
1 

-12* 
-4 
-1 

.4 

"* 2 
2 

-0 
-2 

3 
-1 
-1* 

5 
2 
2 
1 

10 
-0 

8 
12 
12 

1 
t'1 
14 
12 

K,K= 0, 3 1 1J1 3 4 -2 63 3 1 8 12~ ~ q ~ 180 7 9 
4 -2 
9 -11 

0 

1 135 4 -2 2 2~J 10 5 -1 56 3 -4 10 76 3 -o 6 11 
2 75 4 -2 3 47J 1~ 6 0 14 R 13 12 1L7 6 -0 7 11 
3 1:q 5 o 4 2lJ 7 -4 1 213 1 1~ 14 2~ A -3 8 32 4 
4 36 3 ~3 5 2)5 _ q 5 2 95 3 0 H~K= 2, 1 9 185 6 
s 110 4 3 6 2.21 1 -5 3 t7 3 -o -14 ~8 8 5 10 32 4 
b 14~ 5 -5 7 141 4 1 4 11 14 1~-13 ~0 3 3 11 36 7 
1 119 4 0 8 ~~ 3 -4 5 29 7 5 -12 4 18 -:e 12 24 8 
B 41 4 -3 9 151 5 4 6 53 3 -1 -11 11?. 4 3 13 71 2 
9 ?05 7 8 10 11 14 q* 1 18~ 6 4 -lO 87. 3 0 ti,K= 

10 10 5 -1 11 23 ~ -- s zq 10 -s -9 15. 1R 6*-12 :z 
11 1 2 16 6* 1 2 12 2 4 -1 q 71 3 (\ -8 . l:.li' 2 1 -11 2 3 

2, 
3 
7 

12 27 7 -J 13 1'1 4 2 10 121 ... -4 -7 47 3 -~ -10 112 4 
H,Y..= O, 4 l·t 3J "· -4 11 lli 1<' H -l:: ?.f\11 9 -7 -9 17 70 

0 117 4 -1 ~.<= J, 2 12 22 9 -11 -5 ]q7 13 -4 -~ 94 3 

5 
-2 
-6 

-'1 0 
-o 

3 
-5 
-7 
-4 

2 

'· 

'· 
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tJ<~:;b .. VED sr;:Jcr:_p;:; r:-.r.rr~.s (Cf;~·TI FU< 
2- ( ~~- IJ ( Tf.'. G <;r~ ·~ E p j•f! '\ \ ~ l ' ~: l ) ,'\ c El ,-, • ~ II) E 

L FQI>, 
-7 2') 
-6 117 
-5 17. 

'• 3 
-J 101 
-2 25 
7"" 1 120 

0 133 
1 
2 
3 
4 
.:::: 

] M) 

125 
79 
84 
78 

{_. 54 
7 112 
B 6?. 

SG Df:L L r-_n SG DEL l Frm SG DFL L H:ti.SG DEL L roe 5·.:; f1fl 
7 
4 
13 
7 
4 

5 
4 

5 

7 7 121 4 ~ 9 62 2 3 -4 811 2& -13 3 55 1 
-3 q ~1 4 1 10 ~~ n 1 -z 1~2 2~ -4~ 4 11r 4 -~ 

-1 11 2Jl Q -1 11 ~l 3 -4 0 Q~~ 33 -41 5 10 11 -j~ 

4 13 so 4 -1 12 72 t -2 2 0 13 -~~~ 6 243 p 

-3 i,~~ 3, 1 13 ~3 3 -9 4 17h 6 -7 7 3~ 8 
- .Z - 1 't :l 1 6 - ; *' ll , '< -= 3 , 3 6 1 ~ t, - 2 !3 14 q 6 3 
10 -11 ~~· 3 -1 -12 31 J 11 8 221 7 1 9 39 3 

1 -12 ~J 2 ) -11 68 4 -2 10 L6 3 2 JQ 6~ 3 1 
12 -11 75 4 3 -10 34 7 -4 12 23 6 -~ 11 9S 3 3 

7 -10 ·; 1: -2·~ -9 CJ9 6 -1 14 58 '· -3 12 •.1 15 B* 
6 4 -·.J 1L 5 -4 -A 39 5 -4 H,K:.: 4, 1 13 22 '? 4 
3 .-3 -!i 3:; 3 3 -7 71 3 4 -14 .· t6 16 -7::.• H,K= ':, 3 
'4 '~ -7 33 6 -9 -t. 48 "'-10 -13 'tl !) -3-11 125 4 -4 
3 -2 -6 11~ 4 -~ -5 62 3 0 -12 10 12 1*-10 0 21 -40 
1 o -s 2~J 9 -13 -~ ~o 3 2 -11 53 3 a -9 19 s ~a 

3 .· 0 . - 4 l :;. 7 6 1 r: - 3 fJ q 4 3 - 1 0 4 9 4 -2 - 8 '• 0 3. 2 
9 q 16 4* -3 14 11 t -2 3~ R -3 -o 52 5 1 -7 13 18 -4* 

10 101 9 ~z -z 2J~ 6 -14 -1 125 4 z -a Zh4 8 -2 -6 29 5 _, 
11 93 4 6 -1 3')7 13 ~ I) 14 17 12* -7 15 6 7 -5 18 21 2* 
12 ~ 15 -14* ~ 147 S -~ 1 R 11 C* -~ 61 2 0 -4 15 ll -3 

H,,K= 
-9 9 

2, 4 1 4.:)2 1!:- -1° 2 214 7 3 -5 37 2 0 -3 1A 3 }() 

-8 7 
15 )* z ~9 3 -s 3 128 5 6 -4 5.6 2 -2 -2 zs 5 -4 
15 -12~ 3 1~1 4 2 ·4 24 9 -4 -3 245 8 4 -1 259 6 12 

-7 R6 3 -3 4 n 6 -7 5 99 4 3 -2 lB3 6 19 o 194 11 -3 
-6 86 3 2 5 3~4 12 14 6 77 3 1 -1 155 6 0 1 7~ 3 4 
-5 R3 4. 5 6 157 5 1 1 136 4 2 0 ~3 10 22 2 93 4 2 
-1. 28 5 -7 7 115 £ 5 8 35 5 -2 1 156 6 -3 3 13 16 10* 
-3 7 14 -7':' 8 14::; 4 1 9 1:; 7 3 0 2 13.7 4 4 4. 55 3 -0 
-2 ll 1"~ 

-1 
0 

29" 4 
19 6 

i l3 13 
2 26 4 
3 177 7 
4 12 15 
<j 200 7 
6 09 3 
7 0 24 
8 53 3 
9 63 7. 

ti,K= 
-2 78 
-1 93 

0 100 
1.114 
H,K= 

-15 21 
-13 62 
-11 62 

-9 45 
-7 34 
-~. l79 
-3 171 
-1 1 a a 

1 71, 
3 ~29 

5 1 Cl4 

2, 
4 
6 
4 
6 
3, 
7 
3 
3 
3 
.3 
b 
6 
7 
3 

2'6 
b 

4* 9 137 6 4 10 58 7 -IV 3 258 8 -1 5 159 7 3 
-2 10 2.5 3 -5 11 22 12 -4 4 500 15 17 & 185 6 -1 

6 11 47 4 -3 HrK= 3, 4 5 162 1 8 7 65 lC' 1 
12* 12 3J 3 1 -9 16 19 0* 6 130 4 10 8 13 17 -3* 
-1 13 ~a 3 -o -a 32 s -11 7 07 3 -10 9 64 4 2 

1 14 1 ~~ 3 '• -7 100 3 -6 8 31 4 2 10 9 3 3 -6 
2* irK= 3, 2 -s 132 4 3 o 91 4 -2 11 30 2 13 
4 -1 3 :, 5 4 -~ - 5 4 3 3 1 1 0 37 4 -3 li, K = 4 , 't 

-1 -12 4~ 2 s -4 47 2 5 11 &a 3 a -s 70 3 4 
-7*-11 11 16 8~ -3 36 7 7 12 19 14 -~ -7 118 4 -2 

4 -10 44 3 -4 -2 26 6 -4 13 39 4 -2 -6 32 4 2 
6 -9 32 3 -2 -1 103 4 -3 14 52 2 3 -5 111 4 1 
5 -8 1<+0 4 7 0 3'l 1(' 4 H,Y.= 4, 2 -4 31 3 12 

-3 -7 ~5 ~ 2 1 10 1b -8*-13 85 4 -3 -3 64 3 -~ 

-2 -~ 17~ 6 6 2 R7 3 2 -12 35 4 -0 -2 70 4 -3 
~2 -5 12 ~ 1 3 120 4 1 -11 o IB -1h* -1 o 30 -12* 

0 -4 37~ 12 7 4 16 19 12•-10 80 ~ 3 0 19 5 7 
0 -3 2~~ 11 ~ ~ 38 7 2 -9 :o 3 4 1 63 4 0 

-6 -2 1~i 6 7 6 17h 6 -1 -8 110 4 -1 2 22 14 4 
-2 -1 50 2 2 7 22 5 6 -7 90 3 6 3 0 15 -12* 

2 .· 0 71 2 -1 13 . 90 4 . 5 -6. ~ 6 3 0 4 22 5 8 
-5 1 31 3 3 H,K= 3, 5 -5 22 3 6 5 8'1 3 -1 

3 2 3~ 4 1 0 0 14 -3* -4 329 10 8 6 6~ 3 -2 
-4 j -1) 4 2 tt,K= 4, (' -3 99 3 -1 7 34 7 -1 
-2 4 21~ 7 ~2 ~14 13 16 3* -2 33 s -a a 2a a -8 

-l 4 :; Z ;.'.'} 7 7 - 12 1 q £J t. - 1 l ? ~ 6 8 H , K = 5 , 0 
2. b u 'l. 4 -? - l 0 2 ~ 7 Fi -1 0 ;I(' 4 -7 - 13 7 9 4 - 3 

-JO 7 H ;~o -2·~ --P.- 25A e 2 1 76'0\ 8 13 -11 1'1 20 -lC* 
6 ll .'J J 5 -1 -6 2 97 10 -1 2 ?.ll 3' -1 -9 1 s 5 ~ l 
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2-(~J-~HF~lS:l·lETdYL•\ 11 'L11 ,\([T:,'-!lOf 

L FO~ SG fk L 
-7 161 5 -3 
-~ 19 3 6 
-3 260 8 -19 
-1 A :~o 2 s -. .:. 3 

1 22~ 7 1~ 
3 207 6 -7 
5 46 7 -7 
7 54 3 -2 
9 236 7 6 

11 2~ 5 -6 
13 58 3 0 

H,K= 5, 1 
-11· 34 3 3 
-13 62 4 4 
-12 31 3 -.2 
-11 29 3 4 
-10 37 6 1-
-9 101 3 -1 
-8 80 3 -3 
-7 139 4 -5 
-6 4 16 -61<: 
-5 141 5 7 
-4 127 4 -5 
-3 73 3 -4 
-2 80 3 -8 
-1 2 20 7 2 

0 192 6 -8 
1 242 7 5 
2 32 2 ~ 1 
3 150 5 1 
4 110 3 -3 
5 101) 3 3 
6 2137 9 2 
7 167 5 -3 
8 84 3 4 
9 76 3 1 

10 64 3 .3 
111311 8 
12 96 3 -4 
13 78 3 -4 
14 14 7 5 

H,K= 5, 2 
-13 34 7 2 
-12 10 13 5* 
-11 21 5 2 
-10 30 B .- 5 
-9 173 5 3 
-A 20 13 -6 
-7 46 4 5 
-6 57 3 -2 
-5 3~ 2 -3 
-4 sq 2 -2 
-3 123 It -5 
-2 7.., 3. -4 
-1 86 3 -5 

0 5t 3 - l 
1 60 3 5 

L FJ'\ SG DEL L FO>\ SG !Jf.:l l F'JB SG DEL 
2 5~ 3 -2 -10 32 3 2 1 239 7 2 
3 123 4 -o -a 130 4 2 2 B~ 3 2 
4 133 4 1 -6 13 14 -7* 3 41) 4 -11 
5 ::i2 3 9 -4 126 4 -1 4 }L.t, 4 3 
6 177 6 B -2 32 2 -1 5 lOS 4 -0 
7 2o 3 1 o 580 18 17 6 36 5 -o 
8 28 3 2 2 107 3 2 7 .4 14 -13* 
9 16 f, 1 4 54 2 1 8 20 15 -l 

10 ilO 3 2 6 31 2 0 9 45 5 3 
11 11 13 6* 8 66 3 -3 10 41 3 -4 
12 24 11 -2 1:) 214 7 9 11 41 b 0 
13 43 5 -2 12 0 15 -14* 12 ~2 4 -4 

:i,K= 5, 3 14 0 l<? -3* H,K= 6, 3 
-11 1120 '6"~ H,l(= 6, 1-11 2017 7 
-10 2'> 11 2-14 23 11 -1-10 25 5-13 

- 9 t3 2 1 -6 * -13 31 3 6 -9 2 J 4 4 
-8 5l 4 -4 -12 13 13 8* -8 93 4 1 
-1 2J3 6 -o -11 55 4 1 -7 12 20 4* 
-6 1:)1 4 4 -10 49 3 -2 -6 29 8 1 
-5 0 14 -15* -9 44 9 1 -~ 12 14 -4* 
-4 5~ 2 -3 -8 321 10 -1 -4 9 19 7* 
-3 35 5 -4 -7 21 3 12 -3 118 4 1 
-2 65 3 2 -6 179 6 -1 -2 40 ~ -1 
-1 33 2 -1 -5 136 4 -2 -1 88 3 2 

0 3J 6 0 -4 296 9 -2 0 53 2 2 
1 1J2 3 -4 -3 129 4 -11 1 154 5 4 
2 1 c !t 4 1 -2 11 6 9 2 1 c 4· 3 -3 
3 7~ 3 0 -1 100 3 3 3 1~ 19 4* 
4 51 2 1 0 408 12 -8 4 87 3 2 
5 91 3 3 1 11 6 6 5 9 20 9* 
6 72 3 -0 2 86 3 5 6 142 5 -2 

. 7 75 3 -6 3 ill 4 -2 7 40 6 2 
8 71 4 -2 4 19 3 6 B 8 19 5 4 
9 18 6 s 5 63 3 -3 9. 35 4 -~ 

10 47 5 -9 6 129 4 4 10 o5 3 -1 
11 ') 14 -4* 7 68 2 2 H, K= 6, 4 
~,~; 5, 4 8 110 4 3 -8 12 19 -1* 

-a 35 3 -o 9 o 14 -IC* -1 31 1 -2 
-7 1:J 22 -17* 10 58 3 -1 -6 63 3 1 
- ~ 2 5 11 -6 11 4C' 6 -4 -5 59 3 3 
-5 0 1; -23* 12 0 21 -11* -4 20 5 1 
-4 1=! t 11 13 2411.-4 -3 30 A -1 
-3 12.3 4 -3 tt,K; 6, 2 -2 0 21 -8* 
-2 71 3 0 -13 9 20 (:* -.1 0 21 -3* 
-1 127 4 -11 -12 2~ 3 ~ 0 ,18 6 -3 

o 3J 3 -o -11 1~ 3 -o 1 g2 3 -9 
1 21 13 2 -10 0 15 -12* 2 121 4 2 
2 11 6 10 -9 6 20 -3• 3 76 3 -o 
3 16 13 -7 ~8 24 10 5 4 8 21 -2* 
4 1~ 21 -4• -7 22 5 -3 .~ 154 ~ -2 
5 g J 4 2 -6 19 11 6 6 12 20 9* 
6 32 4 -4 -5 94 3 -1 7 19 20 2* 
7 5 b 4 -4 - 4 16 13 9 H , K = 1 , (l 

~ ~ 19 3• -3 11~ 4 12 -13 10 13 -1* 
rl 9 (= ~, 0 -2 191 A -1 -11 76 3 -7 

-14 34 7 -11 -t 232 7 -4 -9 144 ~ -3 
-12 135 4 -1 0 17~ ~ -0 -7 .40 4 -7 

L roB SG 
-5 A8 3 
-3 3'•6 11 
-1 1A3 6 

1 41 2 
3 338 10 
5 3:\ 2 
7 60 2 
9 40 3 

11 173 5 
13 12 ?.0 

H,K= 7, 
-13 101 3 
-12 33 3 
-11 0 15 
-10 50 4 

-9 68 4 
-8 27 4 
-7 27 6 
-s 1713 6 

·..,.c; 197 6 
-4 24 2 
-3 147. 4 
-2 240 7 
-1 159 5 

0 272 8 
1 3R 2 
2 57 2 
3 148 5 
4 21 6 
5 5 11 
6 93 3 
7 47 2 
8 58 4 
9 103 4 

10 H 6 
11 25 4 
12 12 13 
13 52 4 

H,K= 
-12 19 
-11 44. 
-10 11 
-9 0 
-9 38 
-7 99 
-6 0 
-5 0 
-4 129 
-3 .4!3 
-2 57 
-1 41 

0 26 
1 86 
2 163 
3 124 
4 99 
5 68 

7, 
7 
5 

20 
20 

3 
3 

19 
12 

4 
4 
3 
3 
3 
3 
c:: -· 
4 
3 
3 

Of: L 
-1 
-7 
-2 

2 
-17 
-0 

1 
-4 

1 

1 
-1 
-3 

-22* 
-2 

6 
-5 
-6 
-4 

-10 
0 

-18 
-4 

2 
-11 
-4 
-1 
-5 
-3 
-5* 
-3 

0 
-0 
-2 

8 
0 
2* 

-1 
2 

-8 
-7 
-2* 
-1* 
-0 

0 
-4* 
-2* 
,...z. 

0 
-1 

5 
-7 
-2 
z 

-~ 
2 

-3 
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l FO~ 

6 3R 
7 0 
8 1"i 
9 0 

SG Dr L L F:J'~ sc; llf:L l rn>1 SG OFL l FOP. SG DEL l FOa SG 
5 - 2 1 <) 9 3 ':\ -~ -8 ~) 1 5 0 -3 5 t. . 5 0 6 16 18 

19 -2* 12 ::1 2 -1 -1. 10 n -1~ -2 .6~ ·2 2 1 2a 6 
10 -10 ~~~= ?, 1 ~6 21 8 -0 -1 129 7 -7 8 99 4 
20 -5*-l3 44 1 2 -~ 91 5 1 0 123. 4 -1 q 1'3 4 

10 41 
11 

3 2 -12 0 20 -13* -4 8 13 -20 1 151 6 3 H 1 K= 9 1 

12 
49 
38 

3 0 -11 20 5 2 -3 95 4 4 2 ~~~ 'h -1 -5 35 4 
6 2 -lJ 21 16 -4 -2 91 3 1 3 139 4 2 -4 64 11 

H,l<= 7, 
-11 71 3 
-10 19 20 
-9 57 3 
-.R 19 5 
-7 86 3 
-6 2"i 10 
-5 94 ·. 4 
-4 37 3 
-3 A 1 3 
-2 35 6 
-1 3A 3 

0 0 14 
1 1R 5 
2 6B 4 
3 90 3 
4 21 4 
5 80 4 
6 11'• . 4 
7 61 . 4 
8 38 3 
9 48 5 

10 30· 9 
H,K= 

-7 30 
-6 63 
-5 .. 25 
-4 . 3 
-3 0 
-2 21 
-1 25 

0 31 
1 13 
2 64 
3 54 
4 117 
5 74 
6 '84 

H,K= 
-12 10'3 
-10 6~ 
-8 10.'\ 
_, 43 
-4 410 
-2· 244 

0 6'3 
2 38 

.4 175 
6 37 
A 54 

7, 
4 
3 
4 

20 
7.1 
21 
11 

8 
13 

3 
5 
4 
4 
4 
8, 
4 
3 
4 
3 

13 
7 
2 
3 
5 
2 
4 

3 -q 18 ~ -~ -1 7~ 3 -1 4 40 2 1 -3 108 6 
o -s az 3 -s o 140 1 -2 5 174 1 10 -2 c 30 
1* -1 o 13 -1~* 1 R~ 4 -o 6 120 4 4 -1 sa 3 
8 -& ~2 2 -2 2 75 3 1 7 7 16 3* 0 79 3 
6 -5 34 2 -9 3 20 15 ~ 8 0 18 -lC* 1 0 22 

-7 -4 120 4 7 4 h9 4 3 9 79 ~ 4 2 24 5 
2 -3 ~0 2 -1 5 84 4 1 10 51 ~ -5 3 8 16 

-:-1 -2 49 3 2 6 50 4 3 11 24 18 -3 4 .66 3 
3 -1 55 2 1 7 12 18 -7* 12 61 3 2 H,K= 1C, 

-o o ~a 4 -1 8 q 11 -5* H~~* 9, 2 -12 so 3 
-n 1 18 3 6 9 31 2 1 -12 4 16 3*-10 12 8 
-0 2 43 2 -2 H,K= 8, 4 -11 32 4 -4 -8 75 5 
-6* 3 ~3 3 -2 -6 15 17 2•-10 12 17 -1• -s 2~ 14 
10. 4 200 6 1 -5 20 8 -3 -9 43 2 5 -4 194 6 
-2 5 0 17 -6* -4 0 37 -13* -8 74 4 7 -2 254 q 
-1 6 131 6 0 -3 49 3 1 -7 9 15 7* 0 42 5 
12 7 45 2 3 -2 57 3 1 -6 73 3 1 2 95 3 
-1 a 35 6 o -1 o 15 -4* -5 74 3 -2 4 198 R 
-a ~ ~3 4 4 o a 20 -e• -4 95 1 4 6 160 9 

1 10 57 3 -4 1 72 3 -3 -3 76 3 8 8 133 6 
1 11 10 13 6* 2 93 3 -10 -2 6 15 2* 10 77 4 
0 12 54 2 3 3 10 20 8* -1 23 9 0 12 14 15 

-4 ~,K= 8, 2 4 0 15 -19* 0 d 14 -3* H,~= 10, 
4 -12 0 16 -10* 5 33 5 -6 1 97 3 l -12 18 5 
2-11 911 5* 6 2121 _.6* 2 21 f::. 0-ll 2023 
4 -10 37 7 5 H,K= 9, 0 3 133 6 -1 -10 100 4 
0 -9 98 4 4 -13 ~Q 5 7 4 30 4 -0 -9 34 6 

-11* -9 37 4 3 -11 65 5 -2 5 50 3 2 -8 194 7 
-2* -1 32 4 -1 -9 87 s -7 6 12q 4 -o -7 26 5 
-4* -s 83 6 8 -7 111 s -2 7 11 It 10* -6 6 16 
-3 -5 130 4 -3 -5 31 2 -3 8 0 18 -10* -5 85 4 
-3 -4 83 7 -9 -3 15 18 -1* 9 15 17 -5* -4 45 3 
12* ~3 1J5 6 -2 -1 594 18 -1 10 44 4 -2 -3 127 4 

1 -2 84 3 4 1 10 13 B* 11 24 11 6 -2 143 4 
0 - 1 1 9 5 6 3 9 3 5 -3 H, K = 9, 3 -1 40 3 

-2 , o B 3 3 c; 73 2 1 -Q 20 10 -o o 19 3 
2 1 46 3 -4 7 29 5 -1 -8 41 4 -6 1 126 4 

-9 2 237 10 7 q 195 1 6 -7 8 18 -2* 2 92 4 
o 3 1J7 5 1 11 az 5 1 -6 41 5 o 3 204 Q 

2 IT ·~ 0 3 2 It' K = 9' 1 -5 4 7 6 0 4 8 7 4 
-o 5 o 15 -4•-13 16 14 8 -4 · 48 4 2 5 115 4 
-2 6 24 3 3 -12 49 3 -3 -3 24 8 -6 6 31 4 

2 7 ~4 3 3 -11 51 3 1 -2 ~9 2 2 7 39 4 
-21 8 33 3 -1 -10 12 15 3* -1 130 12 3 8 84 4 

5 9 17 14 -2 -9 60 3 -4 0 82 4 -6 q 49 3 
a 10 75 3 3 -s 36 7 -o 1 71 3 2 10 46 5 

-5 11 11 1~ 4* -7 ~R 5 7 2 82 9 5 11 71 3 
3 ~,~= B, 3 -6 76 3 -2 3 96 4 -1 H,K= 10, 
3 -10 j9 7 -5 -'5 )6 5 2 4 lf, 15 1*-11 46 5 

-o -9 13 1 s -4 144 5 -1 5 81. 3 5 -10 15 11 

•:c L 
-I·~ 

3 
3 

15 

-4 
-3 
-5 
-7* 
-4 

1 
-18* 
-fl 

6* 
5 
0 
0 

10 
-2 
-1 

3 
-2 
lt3 

5 
1 

13 
-2 
-1 

6* 
1 

17 
-9* 

2 
-6 

3 
-14 

4* 
-o 
c 
5 
5 
1 
l 
4 
6 
8 

-o 
1 

-8 
-1 
-2 
-1 
-1 

2 
2 

-o 
-8* 
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L H•B 
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r------------------LEGALNOTICE---------------------. 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Atomic Energy Commission, nor any of their employees, nor 
any of their contractors, subcontractors, or their employees, makes 
any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness or usefulness of any 
information, apparatus, product or process disclosed, or represents 
that its use would not infringe privately owned rights. 
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