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orrichrome-i Tetrzhydrate. Determination of

~~~~ N

Crystal and Molecular Stru t're

Allan Zalkin, J. D. Forrester, and David H. Templeton

’

Contribution from the Lawrence Radiation Laboratory and

‘Department of Chehistry, University of California, Berkeléy;

California 9L720.

The.crystal and molecular structure of ferfichromeuA tetrahydrate,
Chlﬂ58N902oFeehH20, has been determlnpd_w;th single-~crystal X-ray dlffractiqn
techniques including use of anomalous dispersion to establish absolﬁté

configuration. The crjstals'are monbclinic, space group 221, with two

molecules per unit cell with dimensions a = 11.02;, b = 13.26, and ¢ =

'18.22 k., and 8 = 99.18°. The molecule contains a hexapeptide ring with

the sequence of amino acid residues -Orn-Orn-Orn-Ser-SeraGlybyand with a

trans conformatlon at each pepulde link. The-iron atom is bound by three

hyuroxamate rings in the conflguratlon of a left handed propeller. Two
Lydrogen bonds are found within the molecule. Disorder is present'in some

of the side chains and 'in one of the:four watef molecules.
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lFerrlchrome-A is a metabolic proouct of the smut fungus Ustllago. 4
snhaerogena, and it is related in structure to several substances whlch
are growth factors for certain mlcro-organlsws.z-h The molecule (Fig.vl)
vcontalns a fcrrlc atom bound by three hydroxamate rings; it includesAa
' hexapeptide ring made up of one glyclne, two serine, and three ornithine
amino acid residues; and it has three trans (B-methyl) glutaconlc acid
re51dues. This molecular structure (exnept for the hydrogen bonding) has
been established by chemical methodsS 1 and is fully confirmed by the
X-ray crystallographic study described in this paper ‘

) Fer rlchroms—A crystalllzes fronlwater as the tetrahydrate.5 We

scudled these crystals to confirm the chemical results, to determlne :
those detalls of structure not obtainable by chemlcal methods, and to
seek clues to the structures of protea.nse We also made a preliminary
‘_vstudy of ferrlchrome,8 a closely related substance wh;ch can be crystallized

from methanol, but dld not determine the structure.

| ggggrlmsntal

e

| Mah& batchestof ferrichroms-A-crystals, grown from.water, were provided E '
us by Prof. J. B Neilands. The dlffractlon data were obtained from a
. dark red and opaque crystal w1th dlmen51ons approximately 0.1 X 0. 1 X0. 2 mm.,
_Tne crystal was glued to a thin glass fiber and handled throughout the course
‘of the experlment in air. After 20 to 30 hours of exposure to X«rays over
a perlod of two months it showed ne deterloration.

| The data were taken on a General Electric XRD-5 unit equipped w1th a | v K
 goniostat, a»pulse height dlscrimlnator, and a scintillation counter. | J‘ »
Irondgo radiation was used; and cell dimensions were based on X(al) & N .

| 1.93597;Lk(a2) = 1.93991 A. The tube was operated at LO kv. and 20 ma.
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The diffracted beam was filtered through a Mn metal £ilm that absorbed

'757% of the Kp and 25% of the Ka radiation.

The backgrouhd was plotted as a function of 6, the Bragg'angl_eo
Where the background was larger due to streaking along a central lattice

ro:, a minimum background was sought on the small-angle side of the

ruflectlon (26 scan)s otherw1se, background was taken from the plot.

Above 28 = 50° the background was about 2 counts/sec.
Each independent reflection with sin6/x < 0.51 (26 < 165°) was

measured. Of these 3115 reflections, 56 were recorded as zero, while

the,othersiranged from 1 count/sec. to 17,000 counts/sec. Each reflection
'was counted for 10 sec. using a stationary counter and stationary crystal

,techhique.

The data were corrected for the effects of a-a, splitting on the
basis of a curve derived from mea“urements of a set of strong reflections
with both Ka and unflltered Kp radm'tiono No such correction was necessa“y

up to 26 = 100°. Correction for the Lorentz-polarization factor was made

by the standara formula.9

~For copper §a radiation (A = 1.54 k.) the out-of-phase amplitude for

Fe is Af't = 3.4 electrons. If k # 0, the intensities of hk¢ and hk¢

_are dlfferent in general because of thls phase shift. Oﬁr crystal was

set with the b axis parallel to the 2__ axis, and the settlngs chl, phi

" and theta are the same for hk¢ and hké except that the sign of chi is-

negative. We found that our General Electric goniostat could be operated
as far ag X = -200, even though the écale extends only to uio°, by counting
reﬁblutioné of the setting wheel. We measured intensities of 71 pairs

Qf réflections with copper Ka radiation and fqund 10 with considerable

intenSiiy differences.’
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Humidity Effects. - The cell dlmensmons were observed to expand in

an anisotropic manner with changes.in.the humidity. Betwsen 302. and 407%
relative humidity the a, b and'g axes expanded 0.087a (0.008 &.), 0.17%
(0.022 A.) and 0.03% (0.005 &.) respectively. The changes in dimensions
oécured rapidly and reversibly. The room was not controlled for humidity,
and the changes were sufficient to cause the g?niostat settings to be off.
Three sets of goniostat settings were computed which covered a low,.medium
aﬁd high range of humidity. By using the appropriate set, the intensities
could be accurately and rapidly measurud. The relative humidity ranged
from a low of 2L7, to a high of L7% during the measurements

Computatlons. The calculations were performed on an IBM-T0LY computer

equippea wlth a 32K memory. Least-squares refinements were made with a
mocnfied version of the Sparks, Gantzell ard Trueblood progran (unpubllshed)
As modlfled to work under the Fortran IV-IBSYS system, this full-matrix

jol-
program could only handle X2t param.ters. Since over 300 parameters were

being adjusted, the reflnerr'-*nt was done piecemeal in blocks of .:’Lgi parameters
or less at a time, each block requiring about 70 minutes per cycle. The
function minimized was ZW(IF | - IF |) /Z wlF i2 The Welghtlng factors
w were taken as um,ty. Programs of our own design (unpubllshed) were

used for data proces51ng , Fourier functions , and distances and angles.

' The "unreliability 1ndex" referred to in th:.s paper is def:.ned as
R= Z|IE] - IEJ/ZIE].

Crystal Data for Ferrichrome. A tiny crystal of ferrichrcme zbout’

0.1 mu, long and a few hundredths mm. in diameter was studied_ by the
Weissenberg technique with Cr Ka radiation (X = 2.291 1.). The orthorhombic
cell has dimensions a = 16.1, b » 29,6 and'_c_:_ = 8,95 A with four molecules '

per cell. Absent re.flec'tioﬁs cox'respond to space group _13212121¢ The

ic
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density is estimated to be 1.LO + 0.05 g./ml. by flotation in a mixture

of ethylene dichloride and chloroform. This denéity with the above cell

5

dimensions indicates a molecular weight of about 900, whereas the analysis

indicates 7hl. The discrepancy may rgsuit from methanol incorporated in

the crystals, but removed by drying prior to analysis; if so; it»corresponds

to five molecules of wmethanol per molecule of ferrichrome. Because better
crystals of ferrichrome-A became available, no further work was done on

ferrichrome.

 Unit Cell and Space Group of Ferrichrome-A Tetrahydrate. The crystels -
are monoclinic with the cell dimensions (at 22° and 369 relative humidity):

a = 11.02 * 0.03 A., g s 13.26 + 0,03 h., ¢ = 18,22 + 0.01 A., B = 99.&8

'+ 0,08°. The preclslon of our measurements is con51derably better than

the errors indicated, which include the variations in cell dimensions
due to the fluctuations in humidity during the data-taking periecd..

The cell volume and measured density (1.L5 2 0.06 ge /ml.)z dictate

two molecules per unit celli. The density calculated from the X-ray data

is 1.L42 £ 0.01 g./ml. TReflections.of the type OkO are obgerved only if

k = 2n. The space group P2, is the only one consistent with this extihction‘
rule in the observed point group (2). It lacks reflection and inversion _
symmetry as required for an optically active substance. The two-fold

general position: (x, Ys z, -X,’ l * Y -z) accommodates one- s complete

molecule in the asymmetrlc unit.  Because this space group lsApolar,

'the or;gln mast be deﬁlmed with resnect to the b direction; the ¥y parsmeter

of Fe was set at zero for this purpose.

- Structur De%erminatigg

N AIRI PO B PSP 0D RN SR Y

The structure was derived by’chrier methods combined with least-square

calculations in which atoms were judged by the behavior of their individual
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isoﬁropic thermal parameters. A thfee-dimensional Patterson functibn
was calculated and studied. Three'large peaks appea:ed: the érigin.
'péak and two peaks in the Harker section at 2z = 1/2. The éarker'pegks
were about 12% and 10% of the height of the origin peak. We gambled |
on the assumption that the largest of ihe tﬁo Harker peaks was the Fe-Fe

- vector, though it was too large to be a single peék. A least-squares
calculation using all the data and the Fe atom alone yielded R = 0.5k.

" 8ix oxy?en atoms forminv the anticipated octahedron about Fe were derived
from the Patterson functlon and tested by least squares. The Fe and
four of these oxygens refined to R = O,Sl. An electron density Fourier |

was’calculated, and the next seven biggest peaks were included in the next

series of'refinements; About half of these did not refine and were removed{

Another Fourier and least-squares procedure similar to the above one was

tried.

Wé were very uncertain of our progress and then calculated a Patterson' '

superposition of the orlgln peak on the "Fe-Fe" peak. From this pattern
the uhree hydroxamate rlngs at the iron atom and a scatterlng of other
atoms were. guessed at, and the p‘ocedure was continued. At this po;nt ,

we had 27 atoms in the reflnement but could not recognize any structure

bes1des the hydroxamate sybtem.

Dispersion Effect with Copper Radiation. Slow progress stimuiated
us"to make the measurements with copper radiation to get,mofe direct
‘evidence of the iron coordinates. inspection of the'resﬁlts showed
| 1wmed1ately that the large effects were assoclated with large values of
cosZn(—E + K 8)’ correspondjng to x ~ 0.0, z ~ 0. 12 for Fe in agreement
with our choice from the Patterson functlonm

Because the refinement began to improve, ‘we made no use of the

phase information which can be extracted from these data, but we used

Y '
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them to check the absolute configuration of the structure and as a

- confirmation of the correctness of our structure determlnatlon After

‘the entire structure is known, one can calculate the magnitude of the

effect for any pair of reflections. In Table I we list the intensity

'dlfference as a percentage of the everage of the two intensities for

the 26 cases in which the absclute dlfference was largest. The agreement

- is good, and the sign of the effect is correct in each case, as it is
also for the next 1L pairs in order of decreasxng effect. For the remalnlng

- 31 palrs, the effects are small or negllglble, and the 31gn is wrong in

12 cases. T the absolute conflvuration were reversed, the numerlcal
effects would be the same, but all the signs would be reversed.

Flnal Solution. c'onfz_den*h of the Fe position, we continued the

procedure of adding new peaks from the Fourier, refining them by least

squares, deletlng those whose temperature Tactors became too 1arge,

'calculating a new Fourler and repeating the procedure 0ccasxonally

atoms'were 1nc1udedwherewe thought they'mlght be required to llnk up

the developlng melecule. About half the atoms we added each time did -

not refine, but the list of acceptable atoms continued 10 grow. Flnally

the hexapeptlde ring did resolve, end the process contlnued ti11l the

methyl glutaconlc acid slde chalns developed, and the nnlecule was fully

' }determlned.

leflcult;es were encountered in resolving the structure of one

1‘seryl hydroxyl group; one uermlnel cereoxyl greup, the central portion
of a methyl glutaconlc acid side chain, and one of the water molecules.

"Dlsorder was invoked to explain the dlffleultiesc The disordered atone

were spllt into fraetlenal atoms in separate lecaticne, Seven of the
75 heavy atoms ghydregen excluded) were given two locatzons each, and one.

water molecule was spllt into four quarternatems, This lncreased the
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Table "I ‘Dispersion effect for nk2-nk¢ pairs with CuKa radiation.
Values of 200(|7_|2 - |7_|20/CiF |2 + |F_1%)

nke Obsd. - Caled. hk? Gosd. . Calcd.
210 -11 -1 - 0.3.11 - -38 -L7
015 +27 +32 '. o1k a0 a1
312 -1L -6 | 001,11 «8 413
311 -3 -1 | 0.1.1u +:8 +47
312 -l -55 1:20 -10 -23
016  -130 -121 f 622 - -10 -11
410 +36 +38 ' 63k =T -3
027 -69 -81 028 -3 -2
0,1.10 -3l -hl 019 +lily +37
510 +8 +19 0.3.1k - +75 +93
610 =41 -48 936 =50 -59
61L +55 +60 0.2,11  -L8 -6l

ds
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the nuﬁbg; of atomégﬂpdsitions refined to 85. Atterpts to treat the

diéo;dered atoms with anisétropic thermal parameters (rather than.splitting_b
them into fractional atoms) were not ‘successful. It is interesting that

a similer kind of disorder was encountered by Alden, b"tvou.‘i:,, Kraut and
High, 0

_ An'electron—density difference function (all atoms except hydrogen

subtracted out) gave peaks in approximately the positions expected for

L2 of the 68 hydrogen atoms. These hydroéen peaks were found only for
parts of the molecule not involved in disorder. None of the hydrogen |
atoms of water could be found even when anisotropic thermal parameters
were used for oxygen. The difference function showed many other peaks
similar in héight to the hydrogen peaks, or smaller, which may result

from errors in the data or from anisotropic motion of other atoms. These.

" 42 hydrogen atoms were included in the final calculations, but the resulting

thermal parameters and Bond-lengths iﬁéicate that the resulting pesitions
are not accurate erough to Jjustify reportlng them here.

In the final calculatlons, with anisotropic thermal parameters only
for iron, R-was 0,090 for the 3115 reflections, Shifts of coordinates of
(non-hydrogen) atoms not involved infdisorder were less fhan the estimated
standard deviations by factors that in most cases exceeded 10. Fﬁrther
refinement might lead to a sllghtly’better fit, espec1ally’w1th & larger
computer which could reflne all the atoms simultaneously. But our lack
of progress in the later cycles conv1nced us that the structura &g refined

as far as is justlfled for uhv present experlmental data:

The atomic coordinates and isotropic thermal parameters are shown in

Teble II. As the full matrix was too large to fit into the computer
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Table II.  Atomic Parameters in FerrichromefA:Tetfahydratgea

e C.Okuh 0.0 0.126  3.0°

ozcémi - =0.238 Cali53 =0.,507 | _’haé.
Cozom@ 0,20l 'oouéz bmogléé R L0

MR 0,171 ;fio°319' 0,330 366

Weom - 0.280 0,043 - 0.20b o 3.7
cloRL - ~0.183  0.k02  =0.lS3 3.6
CooRIl C20,2L9  0e372 06390 365

om0 =0.311  0.k6l  =0.360 3.8

chorm - -0.393 Ok =030k kO
Cesomm 0 0.boo. T A
>OlORN - o ~0a235 Qoléh_ =0.305. Le3
Q20RN2 0.0 04339 =019 | 3e3 |
moRN2 0,021 0,214 - =06230 3.3
. x20RN2 | C.026  0.310  -0.089 3.2
CLORN2 076 0222 . <0319 33
C2crN2 =0,106 0,179 0,247 : 362
om0 =0.180 0199 Cloas. o 3
oL . 20,127 0.k ~0.108 a2

CCSORN2 -0.01k 05199 20,083 3.8
CLORN3 ', . 0,081 _  oQ107,.' -C¢310 bl
ceorw3 . 0.0l 04009 ok R
K1CR13 o0 0,188  =0s3CL B

K20RN3 ) -Col8l, 0,025 0e15L 309
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CLNGA3;_ ‘.o.uggll 085 0,030 5.2 °

CLoA3" oS 04130 0.0k 3. f
CSHGA3 0Li3 a1 -0.0k6 6.5

CaHaA3! 0,403 459 =0.0u1 8.2 %

" CCMGAB" ~0,380 0,21k ! 7.9 1
W 1 i B Pyl  0.L6T 0,33k 642
e ]v'o,o3o' 0,105 06352 Tols
W o -0.227 0.LLT 0.3u2 663

Wt 0,312 0.163  Q.L7L 43 B

W | | ~o°3h§‘ 0,216  0llll 10.0 &

AL 0,399 0,57 0.502 5.6 &

I 0,370 0,023 0.L51 5.2 f

a Nob :mcluo.mc hydrogen atomse Idcntlmzcat¢on is by a siX 1ettéf codes
nds for ornlthyl, SER for seryls GLY for aWycyl, MGA for @»methyl glutaconic
acid, U for water oyygen, Fe for 1ron O for OXygen, N for nltrogen, and C for carbon°

‘the followzné anlsotroplc set°

B11 5.20, 522 = 3.67, B33 = 2. 16, g12 = -0.11, B13 = =0. 18, and B23 = Oe 08 2.

i ordered throxyl in a seryl rroup. Fach was refined as half an oxXygen atone

- ° Dlyordered oxygens on the. carboxyl of a methy¢ gluuaconlc acid chaln. The singly

primed atoms form o.e conformatﬂon, uhe d0uuly primed atoms for the scconds Tach . -

s

£ , C : .
Dlsoraered central portion of a2 mebhy4
glutaconic acid chnine 3oln8]V Dr*mod atows form one conformation and were each
Doubly prxmeu atoms form the minor conformation and werc.

-

: - » 7 L ;
szeh refined as Ol ol an atoie € pisordered water.molecule. &8 ch was refined

GE & guarter OXYEen atome
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.memory; Standérd déviatiohs of the parameters could not be calculated
properly. From calculationsfbaséd on as much of the matrix as could
fit into the memory, the standard deviations of atémic coordinates are
est¢mated to be 0.C001 for Fe and 0,001 for C, N and C atonm which are
not dlsoraered. ‘n prodcct¢on of the molecule is shown in Fig. 2. '

Tébles III, IV and V itemize the cdistances and angles as designated
..in Fig. 3. The standard deviations of these dlstances are estimzated |
to be about 0.02 . and of the angles about 1°.

Ther» are two 1ntra=rolecular hydrogen boxnds, indicated as dotted
- lines in F:Lgc 1 and 2. One is across the hcﬁapeptlde ring between the
carbonylvoxygen of a2 seryl group (OlSERZ) and the nitrogen of an ornithyl
group (NIORN3). The second hydrogen bond is between the two ends of an
ornithyl group (NI1ORN2) to (ozomxzz), The two hydrogen-bond distances
are 2.98 A. and 2.80 A. respectively. Several other oxygen atoms are
hydrogen bonded to the four water ualeeulec whlch in turn are hydrogen -
bonded to oxygens in adjacent feviichronvoA molecules. There is disorder
in these bonds, which involve atons in alternate sites.

- The anomalous-dl per51on exnerlment enabled us to determlue the
bbsolute conflguratlon of the molecule. The five asymmetric amino acld
residues are all found to have the expected L conflguratione The three
rings at the iron atom have the shape of a leftohanded prnpeller 2s shown
sin Fig. b |

At thé suggestion of Dr. J. xraﬁz W@'calculated the angular twists
of édjacent pepﬁides«;n the hexapeptide ring; in order to corpare some
actual values of these angles with those postﬁléted by Ramachandran,-'
Ramakrlsnnan and oaSﬁsckharuncll These authors calculatpd the range - "

of twisting r;_L'_Lcmem in terms of two an~les ¢ and ¢! whlch represent . .

iy
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Table III. Distances and Angles in the Three Hydroxamate Rings about

= Fe in Ferrichrome-A
-
| RIN ; AVZe
3 RING 1 RING 2 RING 3
5 / o - ~ \
H g - ~ 7 < ~ JaTaY J_ 933 ,)‘
i 'y a 1997 Y Le9L A ZaUlU it o
/: 06 2.0k &
: ~ 2 ek I .
j o) 20(}'2 I LoD 1t 2,00 ©
I o
; e ~ 5 an ¢ 1 oag R
C 103? .l"‘. 103)’ A R I A Y o) v
\ L3
! - A % « e f 1 28 L
5 a 1,30 & 1,26 & ©,27 & .28 ]
J ] A 1.35 A 1,32 %
" 3 . Ax Y
' e 1.32 E W31 A 1a35
; 2,20 4 2.60 4
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Table V. Distances and Angles in the Three Glutaconic Acid Svide Chains

 in Perrichrome-A - .- o S

ares® CODE%% _ }idﬂ. S 1oA2 T oAl - AVE,
Fe=Cl b 2,02 4 | 2,03 A 2,064 S 2,03 &
@~ o 130R 120 d 1.27 4 1,28 R
01~N2(ORN) e L1324 1.3 A 1.33 & : 1.32 A
c1-c2 a4 147k 147 A (v) 147 A
c2-C3 r 1.30 A 1.30 4 () 1.30 A
c3-Cly s 1,54 4 105:; iy &) 1,53 &
c3-cé t 1.51 A 1,50 A (v) 1.51 A
cl-C5 u (3xx) 1,50 4 ) 1.50 A
5-02 v () 1.29 & | 3,»026 i 1.28 &
c5-03 w () 1.25 & 1.22 & 1.2l A
Fe-01-C1 v 115° 113° 113° 114°
01-C1-12 (ORY) € 116° 118° 118° 117°
c-ci-cz T a3 122° e 123°
: c2-C1-u2 (OrRN) 2 _'(71210 e 1éQ° | i () . _ '121°
c-c2c3 @ 127° BT W 128°
C2-C3-C6 , pE 126° 125° (v) 126°
C2-C3-Ch Y 122 e () o 120°
co-ci—cl W 112° o a W - 1150
c3-cl=cs " aw® 0 ag° s 10
cl-cs-02 w (o0) ':1 izzoo'u O 12¢°
Clecgecz WY ) 1210 @) BERET L
02-C5-C3 Pohﬂ (=) - 120° 121° 121°

““Discrdered carboryl group.

s

Y Disordered C2, C3, Clk, and C6 atoms.

.Flabelled according ©o figure??o :

N

Lo
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right=handed rotations of the peptide NCO planes as viewed from the

SRR alpha carbon. The observed angles are listed in Table VI. The three

Table VI. Peptide Twist hngles in Ferr zchronuaa

~ Peptides ‘ | b b
GLY-ORN3-ORN2 - 35° 200° a
ORN3-ORN2-ORNL 103° 311°
ORNZ-ORNL-SER2 % 5° 2

_ ORNL-SER2-SERL oar? 174°

SER2-SER1-GLY 123° - 131°

3 SER1-GLY-ORN3 ' . 262° - 338%a

8pngles outside the "permissible" limits.

values that lie outside thé iimits suggested by Ramachandran, et al.
1nvolve e;tner glycmﬂe or hyaruge&,bondlng. Thess values are not very
far outside the outer 11m1ts, and an extension of the @‘ 1imits by about’
_ 20° would include all of these values°
A list of the observed and calculated structure factors is shewn
in Table VII.

Acknowledgment? We wish to than Professor J. B. Neilands for making

available to us this intere tlng substance and for his efforts in prov1ding
“us with a suitable single crystal without which the work could not have
i ~ been done. We also thank Dr. T. N, Margulis and Dr. M. P Klein,wh@

separately brought this problem to our attention and stlmulated our int erest

m'ble VII Doserved and Calcnlat@d Structﬂre W otors

(Table, in threc parts; to be reproduced photogr&phicallyo)
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250, 744 -1 219 23«

HoK= ©, O 12 77T 90 8. 124 110 9 337 347 12 165 147 - ~6 -S4 .71 =8 235 210.- -T 261 225 -0
L FORS FCAL 13 118 117 10 65 SO 13 228 214 =5 134 149 =7 498 445 -6 115 107 1 217 230 -6 176 166
1 19 <76 14 162 160 HeK= 0y 13 11 126 125 14 209 212 -4 1ll& 96 -6 1106 1052 =5 645 628 2 324 329 -5 97 1l4
2 «86 65T 15 39 28 L FOBS FCAL 12 357 338 1% 53 23 -3 255 212 -5 146 179 -& 263 278 35713 604 =4 177 191
3 B72.932 16 60 46 1 8. 74 13 .70 79 l6- 32 29 -2 104 A2 =& 704 737 -3 432 482 4 313 318 -3 219 255
4 7232 293 i1 55 68 2 108 it 14 159 "159 -1 106 119 =~3 716 763 =2 426 447 § 40 47 =2 L4 a7
5 65T 620 : 3 &7 39 .15 YT 15 HoKe 1, 6 =0 162 181 =2 536 526 -1 447 433 6 309 261 -1 16 64
6 283 282 HeKx 0y & e 21 25 16 S« 91 L FOBS FCAL' 1232 219 =1 864 889 =0 131 &6 7 260 240 -0 231 247
T 59T 576 L FOBS FCAL. & 97 82 17 87 &1 .-i6 151 145 2 255 228 -0 523 S5t6 1 150 7178 8 235 240 [E Tt 36
8 167 153, -0.1082 1054 . | - -15 2171 208 3 54 28 1 815 801 "2 vel 152 9 230 203 2 69 - 56
9 145 ‘760 1 278 284 HeKe 1y O Hok= 1y 3 =16 126 104 4 246 250 .2 3%8 2300 3 329 268 10 175 164 3213 245
10 147 136 2 .251 215 " L FOBS FCAL L F08S FCAL =13 137 143 5 89 69 3 328 239 &« 389 379 11 230 198 4 178 214
11, 258 233 3 503 492 '-18 182 163 =18 64 96 .-12 148 158 6 232 239 4 257 1719 s 367 3719 12 310 308 s 104 8%
120 368 363 o 416 398 -17 26 49 ~-17 111 80 -1l 194 183 7157 134 5 611 637 6 334 308 13 97 88 6 204 214
13 71 87 5 156 172 ~16 492 446 -l6 126 120 -10 54 75 8 125 126 6 358 373 7 197 209 t& 58 30 7 90 99
14 31 18 6 457 453 «15 86 89 ~-157 129 115 -9 205 207 9 218 218 7T 48 73 8 88 90 15 154 149 8 129 129
15 80 76 7 29 28 =16 3L 20 =14 -215 221 -8 208 178 10 149 128 8 573 598 9 4L 9 9 90 103
16 431 423 8 339 344 -13 63 38 ~-13 89 6L -7 29 23 1l 106 94 9 122 126 10 544 493 HoKs d§, T 10 B9 - &7
1T 199 156 o 135 130 ~12 13% 152 =12 19 193 =6 163 209 12 42 4 10 352 348 11 242 206 L FOBS FCAL 1L 10 15
18 40 e  10. 114 10l =11 121 109 =11 143 106 -5 587 601 13 59 68 11 450 447 12 251 263 -15 168 175 .
11 217 206 -10 S5 81 =10 148 147 -4 177 181 12 126 174 13 8L 95 ~-14 115 121 HoKs ' 2y 11
Hek= 0, 1 12 160 167 =9 78% 774 -9 131 126 -3 215 213 Hek= 1, L0 13 108 79 1s 110 136 ~13 248 219 L FORS FCAL
L FoBS FCAL 13 256 237 -8 463 S13 -8 402 340 =2 107 115 - L FOBS FCAL 14 117 112 15 129 116 -1z 133 124 =10 29 36
1 580 659 14 88 . T4 =T 4497 406 =7 3AT 370° -l 632 600 -12 97 136 15. 28 42 16 24 26 "-11 273 265 -9 2% “4
2 945 1007 15 190 177 =6 833 831 -6 370 343 -0 609 579 -11 294 211 16 150 t&l 17 60 77T -10 160 166 -8 109 116
3 745 81 16 213 206 =5 1719 1776 -5 264 211 I 4Bl 485 -10 37 36 17 126 92 -9 63 &5 =7 tos8 96
4 71T 766 -4 494 535 =4 140 139 2 356 348 -9 56 86 HeK= 2¢ & -8 253 258 =~6 56 54
s 631 570 MyKe 05 T =3 9554 480 ~ =3 315 261 3 605 603 -8 50 42 HoK=® 2: L L FOBS FCAL -7 323 292 -5 80 L7
6 165 153 L FOBS FCAL =2 152 116 =2 697 135 4 466 451 -7 137 107 L FOBS FCAL =17 79 70 -6 302 330 =4 29 18
7 18 95 1 431 432 -1 725 735 -t 232 23 5 95 52 -6 152 150 -18 103 83 =16 160 137 -5 125 126 =3 176 202
8 256 223 2 382 361 -0 1232 1487 -0 931 978 6. 440 404 -5 11t 96 =17 91 &6 =15 76 72 -4 126" 115 -2 148 154
9 160 170 3 239 230 1 310 239 1 749 765 7 242232 -4 128 140 =16 b4 52 ~-1& 91 72 -3 289 314 -l 151 162
10 356 3264 4 235 249 2 1712 4l 2 874 868 8 295 285 -3 70 106 -15 203 187 -13 159 185 -2 379 356 ~0 -94 101
11 382 330 s 204 - 226 3909 974 3 671 657 e 230 221 -2 70 96 ~-l4 125 168 =12 317 329 -1 171 189 1 66 &8
12 325 281 6 381 380 4 191 253 % 400 401 10 ‘130 98 -1 77 83 ~13 100 85 -1l 44 &6 =0 615 608 2. 134 137
13 325 301 7 13t 107 5 313 290 s 79 5S4 11 62 37 =0 196 230 ~12 193 164 -10 o 23 1 323 320 3 87 80
16 246 256 8 160 1ol 6 29 20 6 432 439 12 187 214 1S4 38 ~-ll 258 262 -9 95 56 2 347 349 4 248 256
15 159 166 9 264 248 7 1%2 159 7T 339 37¢ 13 A\TL 172 2 283 301 =10 540 508 -8B 355 365 3 112 98 s 210 200
16 269 246 10 256 264 8 2718 295 8 520 509 14 86 65 3 185 170 -9 322 324 -7 375 38 4 187 205 6 85 B4
17 7T 90 11 119 109 9 31T 377 9 94 85 15 190 195 4 92 113 -8 275 280 -6 344 334 S 459 453 1T 57 59
18 164 177 12 136 134 10 114 108 10 251 235 16 127 141 § 143 126 =7 402 38l =~5 616 603 6 138 144 a 92 9
' 13 0 36 ‘11 362 368 11 371 362 . 6 213 242 =6 1174 798 -4 376 298 7 10 69 9 S6 39
Hek= O, 2 14 78 83 12 210 213 12 0o 21 HeK= L, 7 7 128 151 -5 303 312 -3 402 «li 8 173 178
L FOBS FCAL 15 137 115 13 351 335 13 152 17l L FORS FCAL 8 139 133 -4 1036 1005 =2 531 508 9 262 247 HoKa 24 12
-0 181 170 lé 44 25 14 61 89 ~-15 132 136 9 66 65 =3 L147 1107 -1 707 762 10 1303 277 L FORS FCAL
1 740 821 HeK= O, 8 15 368 362 15 258 229 ~-l& 95 109 10 68 35 -2 652 623 -0 709 738 11 .178 185 -~ $3  S6
2 220 235 L FOBS FCAL 16 195 195 16 145 122 =13 341 324 i1 116 138 -1 918 1028 1 510 505 12° 85 713 =T 48 43
3 509 413 -0 160 128 17 92 7¢ 47 103 105 -1z 30 27 12 56 93 ~0 1631 1le7 2 571 SS¢ 13 179 160 -6 75 T3
« 615 621 1 188 172 18 26 30 -11 228 250' L 159 163 3 357 365 14 103 136 -5 13 122
s 389 1332 2 187 189 HyK= Ly & =10 349 351 HeK= Ly 11 2 o17 987 4 750 759 -4 1063 &2
6 611 647 3 442 422 HeK= by 1 L FORS FCAL =9 266 252 L FOBS FCAL 3 995 960 S 298 287 HoeKs 2, 8 =3 151 175
7 257 180 4 287 299 L FOBS FCAL =17 51 60 -8 31 37 -l0 70 76 & 377 438 6 458 482 L FOBS FCAL =2 54 67
8 702 648 s ‘g3 103 -18 163 L77 =16 92 75 =7 282 3l -9 &2 G4 5 906 869 7 .165 153 -15 51 83 -1 47 62
9 330 300 e 205 209 -1T S8 49 -15 125 113 -6 123 17 -8 64 17 6 316 264 6 91 103 -14 33 14 =0 16T ATL
10 246 197 7 399 383 ~16 0 23 -14 30 28 =5 151 177 -7 142 160 7 369 365 9 160 119 ~13 176 153 1 60 &G
1L 188 160 & 396 385 -15 135 121 -13 121 131 =4 263 272 -6 123 94 & 543 487 10 104 128 =12 138 130 2 161 189
12 - 165 166 o 256 268 ~14 44 T4 =12 328 316 -3 229 210 -5 50 34 ¢ 373 381 11 340 326 =11 59 75 3 112 104
13 393 390 10 31 30 =13 310 290 =il 132 119 -2 228 173 -4 163 173 10 320 333 - 12 120 103 =10 114 95 4 119 104
1 119 88 11 83 T4 =-12 319 323 =10 159 160 -1 277 283 -3 130 Leé LL 62 53 13 125 9% -9 385 1386 S 58 B4
15 107 121 12 205 229 -1l 309 299 =9 TS5 69 -0 369 345 -2 95 104 12 45 B0 16 156 146 -8 255 24l 6 96 125
16 28 66 13 116 111 =~10 226 233 -8 243 203 L 702 735 -1 &3 79 13 247 240 15 126 120 -7 271 289 7 11k 119
17 S0 42 e 139 12t =9 192 1712 -7 220 173 2 346 215 -0 195 230 16 256 267 16 109 9 =6 99 a8
18 190 186 -8 180 185 =6 196 148 3 40 18 1 85 109 15 150 1lé -5 328 31T Hek® 2, 13
- HeK= 0O, 9 =7 368 357 -5 258 200 % 407 378 2 123 138 le 139 144 HeK= 2, 5 ~& 16& 181 L FOBS FCAL
Hakz 0, 3 L FOBS FCAL -6 669 633 -~4 330 328 5 148 14l 3 227 237 11 12 80 L FORS FCAL =3 86 58 =4 33 &5
L FOBS FCAL 1 247 230 -5 S31 532 -3 4B0 452 6 404 364 4 120 120 -17 82 10 -2 191 206 -3 S50 8l
1 1865 2017 2 88 68 =& 327 336 -2 324 323 7 321 318 5. 358 362 Hok= 2, 2 ~16 129 118 =1 167 150 -2. 83 90
2 1020 981 3 233 210 =3 599 439 -1 S5TL S67 - 8 k& 44 6 100 87 L FDBS FCAL =-15 154 153 =0 409 %56 -1 77 114
3 518 461 4 44 53 =2 708 659 -0 695 733 9 173 170 7 65 56 -18 64 56 ~=1& 93 122 1 181 183 -0 71 103
4 189 164 5 89 52 ~1 640 696 1 315 325 10 325 325 8 116 92 -1 51 36 =13 81 82 2 238 249 1 69 97
5 sl4 591 6 166 149 -0 611 7181 2 220 176 11 68 82 9 5] 46 ~-l6 398 365 -12 83 53 3 617 620 2 62 83
6 314 316 7 199 193 L 698 646 3 281 277 12 77 S0 i0 50 59 =15 95 77 ~-ll 260 257 ¢ 168 16l 3 60 40
7 301 317 8 69 82 2 490 496 4 661 636 13 216 207 : ~14 203 187 =10 196 183 5 31 28
8 451 458 9 196 187 3 665 663 5 607 589 14 115 115 Heke 1, 12 =13 1ll4 86 -9 6T 108 6 354 328 HoK= 3, O
9 132 150 10 o 33 4 759 667 6 406 389 15 61 53 L FOBS FCAL =12 197 221 -8 236 229 7T 63 85 L FOBS FCAL
10 232 210 11 82 67 5 280 25k, 7 131 111 -8 27 25 ~-il 19 52 -1 31T 286 8 200 205 =18 119 126
11 31T 296 12 151 152 6 417 403 8 44T 422 MeK= 1, 8 =1 98 110 =10 236 237 -6 202 201 9 122 124 -1Y 215 19C
12 144 126, 13 9L 128 T 429 409 9 310 293 L FOBS FCAL =6 121 116 =9 434 376 =5 200 220, 10 29 58 -l 4«0 28
13 196 198 8 447 317 10 "106 102 -1S 45 7L =5 133 159 -8 567 588 -4 219 229 11 202 195 ~-1i5 100 T2
164 186 144 HeK= 0, 10 o 225 197 11 286 285 -l4 66 61 -4 46 23 -1 490 478 -3 367 355 12 164 155 ~l4 98 98
15 177 155 L FOBS FCAL 10 387 406 12 166 190 =13 118 103 -3 66 66 =6 425 370 -2 378 408 13 56 75 -13 289 282
16 124 96 =0 276 262 11 100 94 13 69 100 =-12 309 309 -2 86 76 -5 495 533 -1 96 102 -12° 310 309
1?7 269 253 1 17 68 12 99 75 14 240 223 -1l 8% 115 -1 117 126 -4 409 405 -0 188 236 HoKa 2, 9 =11 100 93
2 150 157 13 352 35% 15 78 70" -10 8L 82 -0 87 78 -3 977 991 1 902 8&l L FOBS FCAL =10 530 490
HeKs 0y & 3 190 169 14 168 153 16 44 53 -9 315 308 1 91 107 -2 619 672 2 47 426 =13 108 130 -9 534 500
L FOBS FCAL ¢ 76 66 15 83 60 17 120 118 -B 305 257 2 1 9% -t 357 3 3 429 439 -l2 158 132 -8 534 515
-0 54T 522 5 163 169 16 216 201 . -1 365 352 3 133 132 -0 102 125 4 178 18¢ =11 87 108 ~7 TiB 734
1383 357 6 30 31 17 84 il MHoKs. 1, 5 =6 63 60 4 158 172 1 688 717 5 235 190 =10 160 175 =& 395 379
2 5671 572 T Lty 1 L FORS FCAL =5 177 171 5 6T 52 2 351 295 6 612 604 -9 52 67 =5 418 433
3 721 732 8 190 203 HoK= ks 2. =17 96 84 =4 247 201 & 47 &b 3 559 510 7 116 83 =8 126 153 ~4 53R 504
4 404 397 9 62 80 L FOBS FGAL =-i6 71 87 =3 210 190 T OU3T 169, 4 457 662 B 268 229 -7 218 230 =3 Sko 528
s 253 197 10 78 T4 -18 105 94 =15 127 118 =2 294 310 8 104 110 5 448 %05 9 108 B9 =6 63 69 -2 613 559
6 310 297 1l 131 138 ~-17 96 79 =l4 200 169 -1 122 129 6 113 126 10 148 151 =5 154 150 -1 135 78
T 108 72 12 53 42 =16 205 156 <~13 .75 48 -0 292 310 HoK= - 1y 43 7 554 s28 11 83 lor -4 200 198 -0 118 100
8 365 333 : -15 156 1lb4 =12 146 122 1 42 T2 L FOBS FCAL B 197 239 12 92 104 =3 63 58 1 186 181
9 220 239 HyK=. 0, 11 =14 175 161 =11 310 323 2 108 18 =5 72 87 9 &4 T2 13 230 221 -2 268 235 zZ 89 39
10 85 40 L FOBS FCAL =13 223 212 =10 218 213 3 404 392 -6 33 45 10 6% 42 14 155 137 -1 206 260, 3 470 4S8
11 159 156 1 76 T0 =12 34% 340 ~9 246 243 4 297 307 - -3 138 141 A1 140 182 15 1?3 63 <0 157 160 - & 298 264
12 179 2 52 52 ~11 146 154 =8 232 238 s 82 12 =2 FZ TA4 12 303 26& 16 %G 22 Vo218 255 s 227, 259
13 142 137 3 67 70 -10. 306 3i8. -7 27 13 6 157 148 -t %5 6% 13 115 131 ) 2 229 217 6 3le 277
14 104 90 4 l1le 133 ~9 3643 323 -6 36 10 T %30 426 -0 0 32 14 203 175 HoK= 24 & 3 134 129 7 499 491
15 269 256 5 104 86 =8 362 357 -5 412 431 8 210 196 1 46 69 15 28 45 L FOBS FCAL & 363 34k 8 56 61
16 104 97 6 167 131 -7 307 300 -4 136 152 9 268 250 2 100 125 16 4% 29 ~16 &9 10 5 290 274 9 bl4 569
17 133 126 7 112 121 -6 476 465 -3 125 143 10 100 99 3 &% &3 17 13e loY =15 132 8% 6 10Y 96 10 336 357
- 8 107 122 =5 430 448 =2 621 602 1L 163 186 & 30 2% -16 135 130 7 53 59 11 5309 485
HyK=. 8y 5 9 113 133 -4 766 823 -1 555 580 12 159 149 HoK= 2o 37 ~13 146 182 & 146 1l4 12 56 &2
L FOBS FLAL 10 148 177 ~3 1010 1046 -0 428 &3 13 87 &9 HoKs 2 O L F08S FCAL ~12 134 14l 9 125 137 13 15 69
1 783 760 -2 510 581 1 432 443  1s 10L 83 L FOBS FCAL -18 93 122 =11 137 i17 10 289 277 1& 193 212
2-.329 315 Hek= ©, 12 =1 288 327 2 121 138 -18 154« 162 ~-iT 210 1906 ~-10 19¥ 188 i1 85 10l * 1S ‘38 60
3 170 150 L FOBS FLAL -0 942 275 31 318 297 HoKs Ly 9 =17 137 '163 ~-1& 28 4} -9 44 3s 12 &3 66 16 125 97
4 556 %35 -0 152 . L6 1 57 57 4 148 86 L FOBS FCAL =16 136 11& =% 118 119 -8 29 310
s 162 150 1 3% 30 2 1249 1312 5 420 437 -13 165 193 =15 175 188 - ~l4 && ~ 55 -7 313 313 HeKE 2, 10 HyK= 3, 1
6 45 31 2 s 130 3 474 3506 5 343 381 ~-12 189 202 ~-14 194 1S5 =k3 Y2 250 -6 &35 495 L FORS FLAL L FOBS FCAL
T 278 268 3 86 T 4 395 39S 7 108 99 -11 - 39 2B =13 55 63 =12 lék 106 -5 333 284 =12 &7 &0 ~-18 213 191
& 380 3%9 « 53 21 S 442 671 & 221 218 -10 140 1§33 =12 239 226 -1l 259 260 =& 160 207 -l le? 187 ~17 124 116
9 61 59 5 109 94 6 136 93 9 110 111 =9 52 51 ~il 540 3566 «10 385 395 -3 402 %02 =~10 98 %6 -1&6 183 170
10 408 368 6 130 Lel T &35 432 10 347 381 ~8° 206 L8O -0 245 233 -9 417 381 -2 25¢ 228 -9 48 23 -1% 150 170
Il 154 145 T 80 7o 8 267 303 11 236 223 =7 6L 132 =% 666 638 -8 288 295 -1 4%6 &56 -8 57 64 =-l4 - 69 38
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-13 362 348
-12 352 350
-1l 280 304
~10 &AB 463
-9 ils5s 82
-6 6%3 0660
-7 1186 1146
-6 108 125
-5 361 365
-6 487 480
-3 662 708
-2 815 767
-1 1269 1241
-0 398 391
i 1334 969
2 309 313
3 882 815
4 394 431
S 539 9529
6 206 204
T 297 287
8 63 88
9 444 44l
10 69 86 .
1: 189 1le&0
12 156 165
13 207 22
14 135 120
15 140 120
16 23 44
HeKs 3, 2
L FOBS FCAL
-18 97 99
-17 &2 9l
-i6 48 23
-5 89 - 63
~14 138 - 136
-13 184 217
~12 10 “9
-11 15 84
-10 . 134 122
-9 695 681
-8 592 586
-7 446 461
-6 318 317
-5 218 197
-4 226 223
“3 437 472
-2 38T 365
-1 884 B34
-0 369 387
t 517 553
2 343 383
3 374 368
4 304 304
5 222 222
6 553 591
7 323 36l
8 401 376
9 159 159
16 149 150
11 - 236 224
12 120 113
13 96 87
14 190 168
15 151 143
16 102 110
HeK= 3, 3
L FOBS FCAL
-18 . 64 - 15
“17 Q44 134
-16 94 95
-15 130 129
-16 216 225
-13 717 78
~12 331 338
-t1 196 218
-10 347 356
=9 139 148
-8 489 474
-7 572 559
-6 196 190
-5 277 292
-4 5642 547
-3 109 90
-2 298 349
-1 162 133
-0 562 527
1 313 315
2 363 322
3 200 178
o 4l 49
5 465 4712
6 471 448
T 438 404
8 507 s13
9 210 213
10 347 322
11 236 220
12. 127 145
13 126 156
14 2406 232
15 38 54
16 12% 131
Maks 3, 4
L FOBS FCAL
-17T 216 220
“16 175 141
-15 69 67
~l4 124 123
-13 175 lel
~12 33% 333
-1l 1064 90
-10 126 108
-9 221 232

-8 580
-7 413
-6 262
-5 337
-4 183
-3 158
-2 537
-1 617
~0 535
1 342
2 309
3237
4 440
5 400
6 11l
T 319
8 74
@ 111
10 130
11 207
12 140
13 82
14 127
15 172
16 3¢
HyKe
L FOBS
-17 83
-16 43
-15 236
-l4 87
-13 9
-12 139
-11 14l
-10 200
-9 360
-8 196
-1 164
-6 134
-5 70
-4 362
-3 566
-2 464
-1 516
-0 - 136
1 603
2 221
3 117
4 ST1
S 119
6 263
T 160
8 285
9 192
10 &3
11 97
12 89
13 115
14 172
15 89
HpK=
L FOBS
~16 126
-15 89
-14 68
=13 29
~12 209
-11 245
-10 141
-9 201
-8 190
-7 60
-6 335
~5 218
-4 161
~3 449
-2 382
-1 309
-0 351
1275
2 307
3189
4 174
5 268
6 114
1 420
a 63
9 89
10 141
11 239
12 90
13 4b
14 128
Hy K=
L FOB8S
-15 31
~14 58
~-13 221
-12 97
=11 211
~10 321
-9 147
-8 307
-7 398
6 44
-9 o8
-4 &6
=3 340
-2 257
-1 243
-0 515
1 347
2 382
3 424
4 92

569

225

360

96
224
338
298
21t
515
358
391
b4k

62

s 254 24l

6 220 245

T 145 151

8 232 223

9 299 299
10 127 98
1L e 93
12 96 A9
13153 149
16 41 37
HeK= 3, 8
L FOAS FCAL
-14 158 164
-13 156 167
-12 96 96
-i1 91 103
-10 85 60
-9 257 2mt
-8 231 221
-7 10% 110
-6 105 712
-5 104 137
-4 104 101
-3 82 98
-2 321 319
-1 el 132
-0 294 291
1 120 120

2 280 245

3 317 362

4 l44 130

5 55 43

6 301 292

7 111 88

8 219 196

9 59 23
10 182 198
i1 53 39
12 198 182
13 66 57
HeK= 3, 9

L FOBS FCAL
13 46 69
-12 86 86
-11 114 127
-10 126 106
-9 166 186
-8 148 129
-7 164 162
-6 251 270
-5 230 257
-4 189 212
-3 141 178
-2 141 i48
-1 U4 79
-0 77 8l
1 202 185

2 1e4 131

3 31 29

4 3L 51

s 312 325

6 86 52

7 59 &4

8 103 112

9 210 226
10 140 139
1 75 84
12 56 65
HoK= 3, 10

L FOBS FCAL
-12 54 48
11 118 143
-10 26 10
-9 60 69
-8 69 17
~7 243 248
-6 115 102
-5 113 97
-4 180 170
-3 162 168
-2 871 80
-1 355 331
-0 179 194
1 0 43

2 81 88

3 68 63

4 143 149

5 175 178

6 175 189

7 176 176

8 45 39

9 59 a6
10 4% 20
Holl= 3, 11

L FOBS FCAL
-10 53 T4
-9 98 ‘110
-8 25 20
-7 18 66
-6 3 41
-5 68 SH
-4 28 5%
-3 499 90
-2 213 243
-1 o4 19
-0 o 123
1 9% 88

2 49 50

3 19 82

4 216 205

5 135 138

6 57 41

T 102 102

& 40 37

Heia 3, 12
L FOBS ECAL
-7 ST B4
-6 31 33
-5 106 122
6 163 1%
-3 108 126
-2 51 93
-t 167 166
-0 89 84
1 12 80

2 98 98

3 90 89

4 «5 38

5 136 146

6 45 98
Hsk= 3, 13

L FOBS FCAL
-3 95 65
-2 82 16
-1 90 127
-0 83 83
1 Te 53
Hok= &, 0

L FORS FCAL
-18 142 153
-17 219 239
-16 100 95
-15 42 5a
-le 119 123
-13 276 291
-12 109 84
-1l 174 142
-10 283 290
~9 593 575
-8 682 646
-7 1057 1019
-6 327 302
-5 32 36
-4 125 156
-3 493 497
-2 307 310
-1 301 297
-0 288 312
1 tle sl

2 808 798

3 40 66

4 113 89

s 36 27

6 341 349

7 344 334

8 316 337

9 423 432
10 267 251
11 203 230
12 156 164
13 19¢ 185
16" 185 201
is 55 22
16 16 16
HeK= . 4, 1

L FOAS FCAL
-18 115 95
17 141 124
16 149 159
-15 282 263
-14 - 225 . 217
-13 129 138
-12 338 322
-11 7131 164
-10 290 240
-9 168 183
-8 262 229
-7 945 915
-6 1070 986
-5 410 409
-4 138 123
-3 388 336
-2 262 253
-1 289 283
~0 289 316
1 468 478

2 1322 1278

3 73 60

4 709 684

5 356 356

&6 186 165

7 269 216

8 288 264

9 44 19
10 161 170
11 269 237
12 209 190
13 231 220
14 102 106
15 0 7
16 120 135
MoKz &y 2

L FORS FCAL
~-1a 103 121
17 56 87
-16 109 76
~1% 166 117
~-14 218 234
-13 1% 326
-1z 63 66
-1l 184 160
~10 350 331
-9 303 321
-8 138 121
-7 145 137
-6 322 333
-5 61% 565

-4 154
-3 153 159
-2 242 255
-1 178 185
-0 357 37

1733 723
2 2748 214
'3 537 530
4 410 388
s 562 SIS
6 448 437
7 282 275
8 214 201
9 201 197
10 89 120
1L 251 249
12 43 50
13 186 181
14 228 203
15' 166 156
HoK= 4, 3
L FOBS FCAL

-17 84 81

-16 142 152

-15 40 15

-4 90 62

-13 93 713

-12 105 89

-1l 298 310

-10 255 23%
-9 66 73
-8 612 574
-7 512 508
~6 413 629
-5 61 S5
-4 393 387
-3 318 320
-2 256 241
-1 329 328
-0 136 111

1 340 302
2 276 286
3 582 564
4 297 315
5 283 263
6 183 175
T 42 35
8 302 296
9 253 254
10 83 112
Ll 233 230
12 .250 225
13 241 257
1« 37 30
15 91 o7
HoKs 4o &
L FOBS FCAL

-17 146 142

-16 16 10

-15 55 4&

-14 144 152

«13 97 95

-12 174 161

-1l 45 32

-10 140 151
-9 327 355
-8 179 177
-7 341 342
-6 405 398
-5 583 606
-4 148 159
-3 336 295
-2 128 135
-1 708 687
-0 274 261

1 268 300
2 620 5SB2
3 518 475
4 232 202
5,154 146
6 398 392
7 254 252
8 11 19
9 170 175
10 143 138
11 325 338
12 116 100
13 82 58
16 190 200
15 175 183
HeKs &y 5
L FOBS FCAL

-16° 60 88

-15 87 82

-16 49 &8

-13 140 128

-12° 190 161

-1l 169 77

-10 100 122
-9 192 202
-8 75 S8
-1 210 220
-6 41 48
-$ 393 391
-4 259 220
-3 499 506
-2 183 182
~1 257 253
-0 612 601

L1217 14§
2 5271 526
3 195 188
4 211 187
5. 198 187
6 199 148

T a7 62

& 187 194

9 205 200
10 173 169
i1 180 163
12 226 222
13 193 191
14 171 16l
HeHs &y 6

L FOBS FCAL
-16 98 107
-15 94 9%
~l4 47 4}
-13 49 kb
-12 108 103
-il B7 86
-10 172 1867
-¢ 216 195
-8 157 179
~7 239 236
-6 648 459
-5 84 97
-4 196 168
-3 208 244
-2 146 127
-1 145 154
-0 243 227
1 182 133

2 306 1301

3 149 157

% 281 304

5 135 155

6 281 255

T e 122

B 24% 213

9 153 14l
10 221 198
11 288 253
12 172 1%0
13 135 130
14 63 79
HoK= &, 7

L FOBS FCAL
~15 92 104
-14 61 83
-13 238 223
-12 28 34
-11 60 64
-10 189 184
-9 199 215
-8 223 200
-7 383 357
~& 279 284
-5 108 &6
-4 336 345
~3 216 2%
=2 28G 279
-1 68 84
-0 4] 40
1 369 356

2 276 252

3 231 196

4 113 10%

5 184 €9

6 100 14}

7 103 95

8 22¢ 230

9 0 20
10 186 158
11 38 48
12 34 30
13 30 54
HeK= &4, 8

L FOBS FCAL
=14 87 125
-13 64 46
-12 133 135
~l1 1lel 125
-10 1«1 140
-9 276 288
-8 136 132
-7 44 40
-6 160 197
~5 126 127
-t 32 13
-3 104 126
-2 104 122
-1 220 27
-0 l91 212
1 70 95

2 0 80

3 350 347

4 %4 @2
k- 4% 53

6 144 . 150

7 43 59

B8 145 122

9 112 119
10 52 39
11 63 55
12 35 1%
HoK= &4 9

1L FOBS FLAL
-13 37 69
=2 40 22
=11 118 L%0
~10 55 18
-9 28 9
~8 6 49
-7 144 156
-4 250 250
-% 1306 129
-4 183 174
-3 16z 143

<2 62 51
-1 99 94
-0 218 231
1 Se S8

2 172 L6s
3151 167

6 43 4S5

5 249 290

6 6t 16

T 217 195

8 60 42

9 182 157
10 38 5¢
i 21 a7
HyKs &, 10

L FO8S FCAL
-1l S6 59
~-10 121 145
-9 93 1lo
-3 66 53
-7 T4 16
-6 218 215
-5 180 192
-4 66 88
-3 99 119
-2 204 212
-1 165 159
-0 90 14
1352 199

2 129 129
371 6s

4 17t 177

5 48 37

6 152 162

T 217 214

8 33 5t

9 61 61
Ho= 4, 11

L FO8S FCAL
-9 106 157
-8 39 41
-7 133 1«2
-6 100 95
~5 157 172
-4 165 190
-3 55 50
-2 62 65
-1 48 56
-0 39 43
1 175 207

2 16 89

3 142 119

4 44 113

S 124 118

& 88 97

7 4T 20

T HgH= 4, 12
L FGBS FLAL
-6 86 1ile
-5 91 9%
-4 109 143
~3 56 45
~2 99 113
-1 %4 15
-0 0 44
1 56 88

2 to06 127

3 28 42

4 50 64
H¢K= 5, O

L FOBS FCAL
“17 272 224
-t6 171 182
-15 46 31
-14 153 1S4
-13 193 175
12 137 132
-1 717 8l
-1C 160 139
-9 42 43
-8 91 119
-7 117 153
~6 121 131
-5 85 115
-4 T4 58
~3 760 7156
-2 124 169
-1 76 65
-0 345 364
1 230 2717

2 212 246

3 893 828

4 56 45

5 238 34

6 221 228

7 ©3 24

8 83 17

9 173 168
te 93 93
11 2ts 208
tz2 108 11l
13 27 12
ts o 5%
15 91 105
HeRe Sy 1

L FOBS FCAL
-17 22 28
-16 170 L&Y
-15 272 26%
-6 234 20%
-13 1546 14>
-12 63 ks
~§1 6} 53

-10 115 117
<9 131 140
-8 mn 69
-7 332 320
<6 318 243
-5 189 181
-4 322 304
-3 361 328
-2 232 217
-1 119 1le&¢
-0 617 534

1 593 548
891 862

3 388 38l
& 262 246
5 6% 86
] 30 18
T 212 206
8 177 165
9 232 215
10 108 96
ki 96 69
12 111 1s3
13 181 164
le 86 97
15 77 72
Hoke &, 2
L FORS FCLaL

-17 88 9%

-16 100 415

-15 105 a9

~14 148 154

=13 147 174

-12 104 120

=11 2l6 199

~10 503 475
-9 117 90
-8 163 149
-7 69 65
-6 208 162
-5 527 533
-4 81 112
-3 331 32t
-2 252 243
~1 437 433
-0 573 525

L 440 417
2 651 629
3 371 378
6 163 132
5 356 37
6. 253 258
T 180 215
8 189 1713
9 206 191
10 252 241
11 L70 162
1z 121 a0
13 127 93
16 1546 162
Hot#ka 5, 3
. FOBS ¥FlaL

-17 53 54
-16 115 112

-i5 160 1586

~1& 109 110

~13 238 238

=12 93 117
-11 199 191

-10 109 110
-9 25¢ 253
-8 85 a8l
-7 197 198
-6 260 247
-5 339 354
-4 200 208
-3 164 155
-2 116 108
-1 311 264
-0 310 317

1 263 195
2 27 18
3 221 237
4 618 607
5 269 206
6 86 1l2
T 23% 269
B 264 245
9 153 170
10 43 28
11 [ 19
12 205 231
13 99 20
14 82 T2
Hoa 5 &
L F08S FCAL

~-16 51 6%

=15 37 32

~14 298 294

-13 130 107

~i2 31 32

-1l 54 4T

~10 331 355
-9 269 25A
-8 215 223
-1 156 138
-6 611 &19
-5 248 252
~4 190 180
-3 269 282
-2 12 7i
-4 &l 301
-0 21% 208

T 18% 203
2 504 S64

UCRL-16743

3 382 369

¢ 96 63
5 53 49
6 37T 38R

7 167 137

8 172 204
9 160 163
10 160 15}
11 226 207
12 16 66
13 219 199
1« T1 104
HoKe 5, %

L FOBS FCAL
-16 101 110
-15 66 83
-14 184 172
-i3 "244 213
-1z 265 219
-11 53 87
-10 239 220
-9 89 85
-6 163 156
. =7 320 310
-6 133 162
-5 220 231
-4 195 211
-3 396 411
-2 171 154
-1 305 313
-0 100 114
t tes 135

2 166 155

3 475 468

4 16C 170

s 219 23t

6 144 128

7 218 179

8 298 279

9 180 152
10 109 %9
1t 196 197
12 81 1l
13 37 44
HeKz 5y &

L FOBS FCAL
-15 110 98
14 167 149
-13 132 123
-12 29 17
-11 120 113
-10 69 S0
-9 185 170
-8 164 189
-7 44 61
-6 242 243
-5 208 217
-4 141 133
-3 268 25}
-2 lt6 145
-1 245 250
-6 &8 7L
1119 137

2 4 40

3 348, 322

« 186 170

$ 223 239

6 125 124

7 107 1065

8 263 273

9 88 8l
10 68 31
11 119 138
12 19 43
HoKs 5, 7

L FOBS FCAL
~14 49 S8
-13 105 105
-12 157 142
-t1 70 65
-10 30 41
-9 8t a3
-8 178 184
-7 373 379
-6 1L 6%
-5 o 2
-4 194 200 -
-3 54 T4
-2 63 66
-1 144 135
-0 89 = 88
1 218 251

2 216 212

3 223 237

4 1712210

s 146 177

6 153 178

7 16l 143

8 167 135

9 292 274
10 122 123
1 69 17
12 413 128
Hek= 5, 8

L FORS FCAL
-13 - 51 &2
~12 152 129
-11- 38 SO
-10° 156 1o
-9 157 iSi
«8 127 131
-7 61 77
-6 ¢92 285
-5 98 193¢

-4 7
-3 56
-2 63
-1 140
-0 63
1153
2 197
'3 299
4 241
5 113
6 214
T 162
8 119
9 183
10 67
1128
HeK=
L FOBS
-12 T4
-11 112
-1b 89
-9 151
-8 lio}
-7 163
-6 12
-5 112
-t 242
-3 53
-2 3
-1 .75
~0 129
1 a0
2 &r
3 w2
4 159
5 69
6 1l
7 64
A 1i1
9 149
HeKe
L FOBS
-10 116
-9 96
-8 [¢]
-7 146
-6 183
-5 56
-4 1&7
-3 1153
-2 221
-1 18
-0 95
1 102
2 1is
3 216
4 14l
5 151
& 154
T .55
]
HyK=.
L FOBS
~8 61
-7 5%
-6 Sl
-5 203
-4 191
-3 36
-2 17
-1 68
-0 63
r 252
2 78
3 94
4 178
5 | 48
HyKe
L FORAS
-4 59
-3 59
-2 %5
-1 16
-0 38
16l
HyK=
L FOBS
-~317. 178
-16 24
-15 al
=14 103
-13 a5
-12 4
=11 44 -
-10 32
-9 117
-8R [¢]
-7 [¢]
-6 133
-% 260,
-4 214
-3 67
-2 5%
-1 447
-0 2718
1 40
2 29
3 «73
4 406
s [}
& 269
7 22
8 17

32

124

Sy 9
FCaL
106
135
68
159
79
140
a7
156
292
37
i5
T6
126
117
101
18
143
Te
139
52
92
138

S, 10
FCAL
159
T
10
164
209
T2
177
135
223
160
103
es
130
197
136
183
©5
b
28

50 11
FCaAL
162
72
10
235
222
33
102
88
107
254
93
104
172

3T .

S, 12
FCAL

6, 0
FCAL
209
33
87
91
T
43
19
C22
106

50



~F

-19¢c- UCRL-1671L5'

e

9 87 729 -6 309 313 -4 61 19 -1 T4 82 ~5 332 338 3 35 54 ~-13 116 121 -0 87 88 2 39 49 -3 138 147
10 60 31 -5 86 92 =3 86 19 -0 198 179 =4 137 16l -12 84 19 1 81 89 3 71 80 -2 132 127
11 63 60 =4 T4 92 =2 97 112 1 206 235 -3 100 109 H,Ks 8, 0 =il 110 120 2 90 1t « 93 719 =i 40 49
12 53 62 -3 458 47T =1 o 29 2 s4 95 =2 173 160 L FOBS FCAL ~-10 170 180 5 236 222 -0 142 145
13 44 33 =2 191 21T -0 61 4% 3 89 75 -1 170 i6R =-i5 143 1% -9 96 1l Hoke 9, 0 6 B4 19 1 93 123
-1 %0 L%y 24 4 264 253 =0 173 167 ~1& 149 138 -8B 208 212 L FOBS FCAL 7 40 4B 2 et 14
Hek= 6, 1 =0 100 86 2 242 235 s 10 60 1S4 S2 =13 26 5 =7 61 40 =13 0 153 . 3111 13%
L FO3S FCAL 1132 143 3178 172 6 112 8% 2 271 250 -12 126 100 -6 254 242 =-12 41 25 Hoks 9, 5 4 106 125
17 68 69 2 216 280 4 116 138 7 15 n 3 69 56 ~-11 29 42 =5 &l 79 =11 150 136 L FOBS FCAL 5 139 146
-16 191 170 3173 168 5 157 139 8 112 115 4 355 359 -10 84 103 =6 256 2e5 =-10 27 S0 =11 28 40
15 56 6l 4 1064 68 6 86 86 9 90 96 5 30 29 -9 101 A9 =3 320 32i -9 338 324 -100 71 15 Hoks 10, 3
~14 176 177 s 313 366 7 77 82 10 18t 173 6 0 36 -8 102 100 -2 193 204 -8 273 282 -9 110 117 L FGBS FCAL
13 61 12 6 386 360 8 71 68 11 90 97 7 240 233 -1 221 202 -1 233 252 -1 118 136 -8 _&4& 15 =10 471 37
.12 31 2t 7 221 226 9 158 148 12 145 154 8 129 123 -6 S40 532 =0 197 199 =6 256 268 -7 83 85 =9 T4 86
-t1 31 64 8 516 485 © 9 18l 156 -5 189 228 L 210 209 -5 182 268 -4 27 43 =8B 40 24
-10 63 36 9 ile 11l Hok= &, 9 HoK= 7, 2 10 48 52 ~4 31z 267 2 6l 66 =& 336 359 -5 99 06 =7 136 170
-9 272 270 10 B4 107 L FORS FCAL L FORS FCAL -3 32 26 3 52 42 =3 25% 262 -4 200 213 =6 36 Sl
-8 126 165 11 82 60 =11 71 H7 =16 76 98 Hek= T, 6 =2 55 45 4 186 206 =2 106 60 -3 ARE 136 =5 136 1&6
-7 99 97 12 88 71 =10 76 1lli ~-15 106 104 L FOBS FCaL -1 6 21 s 10 15 -1 0 19 -2 267 25 -4 26 60
-6 0 15 -9 136 141 -l4 69 63 =13 36 46 =0 10% 112 6 107 128 =0 30 19 -1 147 150 =3 126 115
-5 128 139 HeK= 6, 5 ~8 78 105 =13 A9 93 =~12 75 103 I 315 324 7 52 sl 1 0 8 -0 T8 4% =2 222 232
-4 280 323 L FOBS FCAL -7 94 116 =~12 83 71 =11 27 26 2 10 171 8 153 157 2 0 26 1 184 187 ~1 178 18l
-3 114 102 =15 47 45 =6 139 141 ~-11 192 184 =10 172 180 3120 122 9 1L 85 31068 126 2 88 74 =0 112 110
-2 379 389 ~t4 108 116 =5 172 174 =10 44 23 -9 58 712 4 8l 112 4 266 228 3 123 130 1 56 sl
-1 62 50 =13 191 183 =6 95 98 -9 210 201 -8 51 76 s 96 92 Hek= 8, 5 5 106 115 4 139 105" 2 101 107
-0 282 269 ~-12 149 142 -3 58 7L -8 89 69 =7 145 180 6 0 3 L FOBS FCAL 6 45 39 5 15 66 - 3 126 99
i 183 181 =11 184 189 -2 &1 BO - =7 406 398 -6 165 168 7T 153 137 -13 S50 57 7 3% 26 6 29 19 « 95 87
, 2 322 344 ~-10 150 164 =1 119 101 -6 236 238 =5 148 135 8 169 152 =12 39 &3 8 100 73 .
3 186 190 -9 116 106 =0 164 91 =5 A8 82 =4 103 86 S 152 1% -1l T2 80 Hoke 9, 6 HeKs 10, 4
4 253 258 -8 269 286 1 0 39 -4 265 264 =3 120 112 16 37 42 =~10 27 38 HoyKe 9, L L FOBS FCAL L FGRS FCAL
5 433 410 =7 192 201 2 98 92 -3 232 238 -2 3L 18 -9 84 76 L FO3S FCAL =10 46 95 ~=9. 62 81
6 294 288 =6 272 2771 3 135 13¢ -2 126 128" -1 31 28 Hok= 8, 1 =8 174 168 =13 104 112 -9 71 79 =8 114 161
7 213 262 -5 121 122 4 170 178 -1 i34 141 -0 88 108 L FORS FCAL -7 51 $3 =12 52 S4 -8 110 142 =7 .39 45
8 221 207 -4 224 228 5 0 26 -0 294 273 1 102 1315 -15 40 S1 =6 112 1LT =11 &4 66 =T 34 26 =6 33 43
9 206 205 -3 264 262 6 81 110 1 269 247 2 258 253 -14 51 4B -5 245 257 -10 121 108 - 152 139 =5 95 11S
10 Si 52 =2 214 251 7 135 136 2 159 160 3. 43 4l =13 8L &5 =4 T4 63 =9 196 207 -5 126 157 -4 75 &8
1L 126 105 -1 358 363 8 105 120 3 134 140 « 42 ST =~=12 13 8L =3 91 105 =B l44 136 -4 G0 Be =3 207 205’
12 133 112 -0 128 106 « 63 81 5 92 S0 -1l 0 33 =2 114 146 =T 169 18l -3 177 164 ~2 138 133
13 45 6% L 227 225 HyK= 6, 10 5 201 197 6 232 202 =10 42 39 -1 195 195 =& 30 40 .2 79 69 -1 90 72,
. 2 308 289 L FOBS FCAL 6 69 99 7 147 125 -9 337 375 -0 61 7l =5 236 194 -1 87 85 =0 135 133
HeKs 6, 2 3 318 35 . -9 33 21 7T 1le 112 8 134 9 -8 102 90 1 43 59 =4 175 149 -0 S1 56 1 46  S6
L FO8S FCAL 4 105 116 -8 103 140 8 236 204 9 58 62 -7 187 197 2 59 39 -3 172 192 1 146 156 2 96 118
-16 111 101 5 172 134 -1 40 & 9 303 27A -6 113 135 3 50 S5 =2 129 105 2 85 97 3 4l 65
-15 132 149 6 131 123 -6 96 108 10 70 58 HyK= T, T =5 339 323 4 153 184 =l 177 195 3 68 49 :
~14 106 77 7T 110 105 -5 105 128 it 76 63 L FORS FCAL =4 291 252 H 0 22 -0 109 119 4 40 49 Hels 10, 5
13 S1 27, 8 318 315 -4 26 33 12 T¢ 74 =12 6L 71 -3 63 7L 6 141 110 o529 s 26 26 L FORS FCAL
~12 126 138 9 182 157 -3 160 186 -1t 73 68 =2 55 63 7T 213 183 2 42 38 -7 67 B84
-1l 232 240 10 248 239 -2 184 198 MeK= 7, 3 =10 90 105 =1 164 163 8 128 105 3115 106 Meke 9, T ‘-6 88 95
-16 122 125 LI 200 183 -1 88 B84 L FOBS FCAL -9 98 97 =0 95 Ii 4 156 136 L FOBS FCAL -5 31 53
-9 224 210 12 19 56 -0 83 7T -15 95 62 -8 102 113 1 130 163 HoK= B, 6 5 0o 13 -8 22 T -4 22 37
-8 31 35 L 82 92 -l4 127 122 ~T 243 262 2 153 149 L FOBS FCAL 6 26 26 -7 41 67 =3 ' 39 33
-7 238 239 Hiks 6, & 2 36 49 =13 145 148 -6 189 195 3 155 188 -i2 29 28 7T 53 66 -6 30 32 -2 18 97
-6 432 449 L FOBS FCAL 3136 119 =12 138 135 -5 52 43 4 119 122 ~11 44 38 8 143 147 -5 71 85 -1 106 131
-5 41 61 =14 129 155 4 56 80 -1l 95 64 =4 198 216 S 165 145 =10 90 104 -4 107 132 -0 89 19
-4 350 355 ~-13 92 90 5 117 120 =~10 0o 35 -3 61 69 ¢ 128 129 -9 108 85 Heke "9, 2 -3 33 52 1 6T 67
-3 268 234 =~12° 718 63 6 159 198 -9 215 209 -2 30 35 7 268 252 -8 13% 175 L FOBS FCAL =2 89 89 2 110 136
=2 429 411 =11 179 177 -8 31 S6 -1 96 70 8 269 233 -7 159 151 =13 67 101 -1 134 145
-1 49 19 -10 198 188 Hek= 6y 11 =7 314 323 =0 95 92 9 36 2B =6 146 143 =12 89 66 =0 45 56 - HyKs 10, 6
-0 367 393 -9 209 208 L FOBS FCAL =6 44 45 I 73 94 10 118 138 =3 87 116 =11 154 171 1 57 sé L FOBS FCAL
1 220 210 ~8 115 98 -4 36 .49 -5 355 342 2 145 127 -4 106 142 ~10 85 T2 2 120 114 =5 53 91
2 412 412 -1 125 139 -5 89 129 -4 321 313 3148 162 HoKe 8, 2 =3 110 99 -9 73 87 3 81 56 =4 90 124
3 322 314 -6 109 121, =~4 120 169 =3 B2 60 6 102 133 L #0RS FCAL - =2 110 119 =3 191 200 -3 106 129
4 193 184 -5 170 174 =3 30 47 =2 240 226 5 190 26! ~-14 80 72 =1 0 29 -7 136 124 Koke 9, 8 <2 &I 62
5 357 348 -4 207 203 =2 4B I3 -1 347 34l 6 218 18T =-13 6T &3 =0 F1 67 =6 196 172 L FOBS FCaL -4 69 92
6 181 169 =3 144 138 -1 82 106 -0 121 146 T 74 86 =12 130 150 I S8 49 =5 112 123 -4 22 40 -
? 178 170 -2 S4 64 =0 36 42 L 99 &S 8 143 118 ~-11 214 213 2 260 254 -4 30 40 -3 o 79 KaK= 11y " O
8 54 42 =1 283 284 1 96 134 2 169 211 -10 190 204 3 0 28 -3 257 255 -2 80 88 L FCRS FCAL -
9 193 196 -0 216 201 2 39 37 3 402 4l6 Hek= T, 8 -9 193 198 4 85 T1 =2 171 177 -1 ' 39 6 =T 20 3%
10 199 203 1 122 88 4 280 270 L FOBS FCAL -8 231 248 § 109 130 -1 202 197 <6 %6 14
I 136 94 2 192 216 Hyk= 7, 0 S 128 148 =11 60 38 -7 221 222 6 110 89 =0 194 194 HeK= 10, O =5 72 96
12 68 36 3 1564 169 L FOBS FCAL & 97 58 ~-10 145 166 -6 153 168 7. 66 40 1 162 1n L FORS FCAL = =4 152 19%
13 53 42 4 62 B8l =16 1i4 97 7T 440 374 -9 . 61 63 =5 196 219 : 2 0 26 ~-11 46 48 =3 o 13
5 31 33 =~15 81 8l 8 153 131 -8 82 105 -4 32 52 HeKs 8, 7 3 117 120 ~10 56 90 -2 121 104
HeKe 6y 3 6 288 323 ~-14 154 145 9 138 143 -7 115 129 -3 202 183 L FOBS FCAL « 68 84 -9 0. 1L ~1 95 91
L FO8S FCAL 7 42 12 -13 142 169 10 131 112 -6 196 191 =2 126 134 ~-il o 13 5 113 121 -a 72 74 -0 117 108
-16 120 126 8 222 200 -12 30 S 11 63 43 -5 15 85 -1 83 67 =10 50 29 6 158 168 -7 82 78 1 52 44
15 44 43 9 159 140 ~1i 150 177 -4 0 4 -0 206 202 -9 62 66 T S0 34 -6 o 5
~14 194 185 10 S50 53 -10 69 44 HyK= T, 4 =3 29 23 1 228 225 -8 0o 31 8 82 8¢ <5 220 236 Hek= 11, 1
-13 120 109 11 166 160 =9 32 24 L FOBS FCAL =2 57  S1 2 o 21 -7 oL 86 -4 156 201 L FOB8S FCAL
-12 213 219 -8 109 105 ~-15 145 169 -1 86 103 3 97 10 -6 T6 &5 Hek= 9, 3 -3 73 S¢ -6 12 &5
~11 o 27 HeK= - 6, T -7 268 306 -i4 92 91 -0 107 116 4 & 74 -5 113 97 L FOBS FCAL =2 o 22 =-S5 &2 88
-10 © 151 133 L FOBS FCAL =6 382 380 =13 153 156 116l 135 5 112 129 -4 104 113 =12 88 80 -1 134 129 -4 «& 38
-9 89 96 =14 62 106 -5 44 27 =12 63 85 2 121 120 6 276 256 -3 40 53 ~-il 121 126 -0 27 S0 ~3 20 to
-8 328 296 =13 73 88 =4 105 62 ~-11 195 192 3 125 124 7 222 202 -2 63 51 ~-10 238 257 1. 27 10 -2 9z 118
-7 157 151 -12 114 108 =3 272 275 =10 90 92 « 91 66 8 187 176 =1 112 106 =9 47 81 2 131 133 -1 97 112
-6 68 112 -11 27 33 =2 0 0 -9 247 235 5 16 60 9 189 174 -0 104 107 =8 28 41 . 3 43 55 =0 48  64-
-5 252 260 =10 160 142 =i 222 235 -8 186 171 6 1290 293 10 212 208 1 47 23 -1 15 85 4 144 108
-4 321 319 -9 192 203 -0 &i &1 =1 160 135 T .76 80 ’ 2 107 113} -6 196 191 s 146 131 Hok= 11, 2.
-3 0 16 -8 60 17 L 247 268 -8 218 225 HeK= 8, 3 3 58 8l =5 339 345 ) L FOBS FCAL .
-2 158 145 -7 137 136 2 4s 62 ~5 223 219 HeK= 7, 9 L FO8S FCAL 4 186 142 -6 228 215 Hek= 10, 1 =5 55 60
-1 192 202 -6 119 134 3 365 383 -4 229 220 L FOBS FCAL =14 130 147 5 39 33 -3 136 14l L FOBS FCAL. =4 18 53
-0 312 330 -5 S4 15 4« 32 21 -3 302 305 -9 'S4 &T =13 159 154 & 57 74 -2 186 186 -~11 22 16 =3 &5 &7
1121 146 -4 272 284 5 164 150 -2 104 98 -8 84 105 =12 136 155 -1 139 140 -10- 97 105 =2 o 17
2 172 171 -3 198 203 6 231 2064 ~t 99 100 =7 121 137 -1l 124 147 Hyk= 8, 8 <=0 72 11 -9 52 23 =1 S8 49
3 61 87 -2 44 26 7 162 168 -0 206 215 -6 84 10l =10 41 51 L FOBS FCAL I 4 62 -8 51 95
& S51 553 =1 94 106 8 90 67 1 296 299 -5 73 105 -9 119 127 -9 65 10& 2 64 9 -1 97 131
5 183 18l -0 109 103 9 91 63 2 216 211 -4 74 86 -8 248 241 -8 21 19 3125 131 -6 o 15
6 167 161 L 125 93 10 67 43 3 130 118 =3 37 55 =7 312 332 =7 o 22 ¢ 27 36 -3 6 17
7 358 365 2 172 207 11 44 46 4 239 214 -2 86 90 -6 148 181 -6 131 143 5 124 109 -4 164 155
8 53 26 3 31 30 12 715 51 5 344 332 =1 121 135 -5 380 353 -5 62 8l 5 66 63 -3 8T 51
9 109 101 4 129 134 6 68 .93 -0 52 28 =4 108 111 -4 Bl 89 7 81 92 -2 95 105
10 76 59 5 127 107 Hoka 7, 1 T 178 140 1 T4 29 -3 113 124 -3 o - 29 -1 119 130
1 176 163 6 123 135 L FOBS FCAL 8 187 203 2 91 9% -2 191 186 -2 TIT 86 HeKs 9, & =0 123 137
12 213 189 1 29T 286 =~16 98 9 9 70 &9 3 -13& 112 -1 193 185 =1 44 5% L FOBS FCAL L 95- 99
13 51 65 8 59 S8 -15 12 66 10 104 100 « 102 87 -0 136 118 =0 4& S& =12 96 129 2 162 189
9 153 129 -il¢ 65 21 11 69 56 5 19 4s 1103 132 19T 93 11 .t00 97 3 69 83
Heks &, & 10 764 61 =13 28 11 2 233 205 2 101 94 =10 24 35 4 o 13
L FODS FCAL -12 126 124 HekKe 7, S Heks 7, 10 3133 117 3 44 66 -9 81 58 s 33 29
-16 69 58 HeK= 6, 8 =11 140 138 L FORS FCAL L FOBS FCAL 4 265 254 4 33 41 -8 163 198
-15 1277 L FOBS FCAL =10 222 295 =14 &8 10A -6 1R 40 s 206 202 -7 151 187 Heks 10, 2
-16 M4l JeD =12 36 45 =9 274 282 -13 b6 T4 <% T 63 17 6 51 51 HeKs B, 9 =t 155 16l L FOBS FCAL
“15 LA 6} =1l 6D 7T -B 44H 40Y -12 146 151 <4 4D 69 11T 82 L FOBS FCAL =5 76 92 -10 12 107
172 %9 %) -10 206 190 -7 109 106 ~-11 178 156 =3 96 118 8 51 17 -6 Bl 118 -4 il 116 -9 100 120
UL d%0 1T -9 198 224 =6 Zi3 210 -10 242 250 =2 145 lel 9 130 100 <=5 51 9 -3 166 172 -8 B8 93
-10 326 M9 -8 117 139 -5 102 10l -9 60 9L ~-L 82 85 10 w7 B6 -4 50 6 -2 171 118 -7 7T 70
-0 141 447 =T 220 23« -4 307 310 =8 216 225 -0 14 4l -3 0 31. =1 246 249 -~& 190 21%
-8 63 TT -6 186 163 -3 146 160 =T 93 71 1 157 159 WeK= By & =2 121 139 =0 189 117 -5 15 17

-7 83 88 -5 186 196 -2 221 23 -6 88 6l 2 - 4% &6 L FOBS FLAL -1 74 95 1 [ } b 38 8y
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Figure 2.

Figure Captions

Figure 1. Ferrichrore-A

UCRL-16743

Projection of ferrichrovz=h wmolecule down the cryallographic b axis.

Figure 3. Schematic wuolecular forrmlee of the subgroups in ferrichrome=4,

1o be used in identifying the

Figure L. Absolute configuration about

the

distances and angles in Tables III, IV, and V.

ivon aton in ferrichrome-=4.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report. ’

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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