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REDSTONE ARSENAL RESEARCH DIVISION 

HUNTSVILLE. ALABAMA 

ABLATION  OF   EXTREME-TEMPERATURE-RESISTING 

MATERIALS  IN   ROCKET   EXHAUSTS 

ABSTRACT 

The ablation rate of contoured Micarta*    specimens immersed 

in solid propellant exhaust gases has been measured under closely controlled 

conditions.    The effect cf particles in the exhaust stream was demonstrated 

by carrying out firings with propellants containing 0.5%,   8%,   and 16% 

aluminum.    Firings at chamber pressures of 400 psia and 550 psia showed 

the effect of pressure on ablation rate.    The ablation rate increased 

directly with chamber pressure and aluminum content of the propellant. 

Raw data lor heating rate calculations were obtained for each 

propellant from instrumented copper calorimeters and heat flux transducers. 

1 1' r-tr'.tnurk for a group of laminated plastics,   Westinghouse Electric 
Corporation,  East Pittsburgh,  Pennsylvania. 
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ABLATION  OF  EXTREME-TEMPERATURE-RESISTING 

MATERIALS  IN  ROCKET   EXHAUSTS 

1.    INTRODUCTION 

It is known thai the presence of {.articles in the exhaust gases 

of solid prope 11 ant rocket motors has  a great effect on the ablation rate 

of protective materials exposed to these gases.    There are, however, 

Little quantitative data available which would facilitate selection of the 

most suitable materials for blast deflectors, jet vanes,   and other hot 

missile parts. 

Under the direction of the Structures and Mechanics Laboratory 

of the U. S.  Army Missile Command,  thr erosion rates of ablative 

specimens immersed in solid pvopellant gases were determined under 

carefully controlled conditions.    In addition temperature versus time 

measurements from instrumented copper calorimeters were inade at 

identical firing conditions to provide data for the calculation of heating 

rates.    This report describes the propellant formulation wo^k,  the 

calorimeter and specimen tests,   and summarize? the data. 

Tnis is the final technical report for Contract DA-Q1-021 AMC- 

1 16>60(Z) under which this work was funded. 

I.    TEST PLAN 

The test plan called fur static testing of solid propellant motor* 

with calorimeters and ablative specimens immersed in the exhaust stream, 

Ablative material« and instrumented calorimeters were to be provided by 

the Structure» aiui Mechanics Labo aüry. 

  _ 
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Propellants were to be formulated with at least three variations 

in aluminum content and flame temperatures greater than 4000*R 

[IIZZ *K).     The motors were to have a nozzle exit diameter of three 

inches  and mass flow rate at the nozzle exit of 0.5 lbm/in2-sec.     The 

nozzle exit pressure was to be approximately equal to the ambient 

pressure. 

The temperatures indicated by ten 30 gage chromel-alumel 

thermocouples in the calorimeters were to be recorded by a lapid- 

response oscillograph and suitable calibration factors provided.    The 

thickness of material removed from the ablative specimens in the test, 

the motor chamber pressure,   and the burning time were to be recorded 

and reported.    The behavior of each specimen during firing was to be 

recorded in a high-speed color movie and before and after conditions 

documented with still photographs. 

The original test plan specified a motor firing time of 5 seconds 

to provide reliable heating rate data from the calorimeters and measurable 

material loss from the composite specimens during exposure to the 

exhaust gases,    in the course of motor development and propellant 

formulation work it was found that a copper calorimeter was quickly 

melted at these firing conditions and that marginal heating rate data 

would be obtained. 

On the basis of other exploratory firings the test plan was 

modified.    Ablation tests would be carried out with three low-flame- 

temperature propellants with 0,5%,  &,0%,  and 16.0% aluminum contents. 

The three propellants were to have approximately the same flame 

temperature at 550 psia chamber pressures,   and the motors were to be 

fired at 400 and 550 psia.    Further,  a heat flux transducer wan to be 

used in place of one of the thermocouples during the calorimeter tests 

and during 3 of the ablation tests.    The firing duration was to be »bout 

2 seconds for the propellants containing 8,0% and 16.0% aluminum and 

about 3 seconds for the propellant with a 0.5% aluminum content. 

i 

MRU 
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i.    DESCRIPTION OF  ABLATIVE SPECIMENS AND  CALORIMETERS 

i.l    Ablative Specimen 

The ablative specimens  had a "nose cone"  appearance with a 

1.25 -inch spherical radius at the stagnation point and a 2.1 2 -inch length 

(Fig.   1).     The specimens were made from Micarta 259-2, a laminated 

glass-phenolic material,   and the laminations were oriented parallel with 

the centerline    of the specimen.     The weight of each test specimen was 

about 0.6 lb. 

3..'    Copper Calorimeter 

The calorimeters were fabricated from electrolytic-tough- 

pitch copper and had the same size and shape as the ablative specimens 

(Fig.  2).    Thirty gage chromel-alumel wire was mechanically joined to 

form a thermocouple in each 0.024-inch diameter hole by inserting the 

ends of the wire into the hole and peening the sides of the hole together. 

The thermocouples were numbered 1 thru 10 and the depth of the 

thermocouple was the distsaice along the side of the plug from the leading 

edge to the centerline of the hole.   The depth of each thermocouple is 

given in Table AI (Appendix A). 

3.3   Specimen Holder 

The calorimeters and ablative specJ*Tiens were supported in 

the exhaust stream by a 1" diameter pipe and an adjustable fixture 

attached to the support block (Fig.   3).    Four V^inch cap screws held 

the specimens on a steel flange welded to the pipe.    The thermocouple 

wires were threaded through the pipe to protect them against the motor 

exhaust. 

...— 
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·l. i'IZELJ?,H~..:AHY PHOPELLANT DEVELOPMENT AND TESTING 

A !llgnificant amount of propellant development and testing was 

, q·ru·•! out t.o achieve the originally specified firing conditions. This 

c.•·< !it•n summ;·,ri:.es the work and discusses the reasons that a change 

·L l Propc llant Formulation for a Slotted- Tube Grain 

Tht· testing conditions wct'e fouud to require propellant grains 

having il muu rn11m mass of 18 lbm. Motor hardware and casting fixtures 

v.·,·r·· avaiL1hh· for a slotted-tube grain weighing about 30 lbs. A large 

:~11mlwr of tlw!h' g:-<.dns had been fired a:Ld the neutral pressure trace and 

11niform mass discharge rate were ideal for the purpose!3_of this program. 

However, there were tvto drawbacks: 

a. This design has a 1.5 -inch web so that the propellant 

burrLi.ng .rate would have to be about 0.3 in/sec to achieve the !i-seconu 

burning time. This would require som~;: propellant development. 

b. The effect of the five 3 -inch slots on the gas flow patterns 

was unknown.. It is well-known that grains having s!otted or star-shaped 

ports channel the flow and oxide i>articles such that non-uniform erosion 

and h(·at transfer occur tln the nozzle's converging face and i.n the throat. 

This would be undt'sirablc in this test. 

Twenty 2.Cl.5 -4 1 motors were fired to characterize three 

rdow-hurr,Jng-ratc propellar.ts fo-:- usc in the slotted-tube motcr. The 

firings, which were at relatively low pressures, had a considerable 

bnild··Up of slag in the nozzle and motor case., In another program 

s cvl·ral slotted -tube motors cont;;ining &. high-flame-temperature propellant 

with 1 R<i'o aluminum were !ired with the slots at the head of the motor; the 

pattern of tht~ slots was visible in the slag deposited in the convergent 

pontion ot the nozzle hut not in the throat. It was decided that a high-

flanw -t(•rnperatur:C' propella.."\t should be '.:.sed in an end-burning configuration 

to minimize oxide build-up and to insure uniform gas flow. 

1This nomenclature id~ntifles a cyllndrical port grain with a l-inch O.D., 
l.S-inch I. D., and 4-inch length. 

! 
l 

~ 

1 
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4.~ ,t>ropdlant Formulation for an End-Burning Charge 

P!astisol nitrocellulose composite propellants have a high 

flame temperature and havt> excellent processing characteristics over 

a wid·· ra.nge of aluminum content.. Compositions RH-P-399, RH-P-400, 

:;!ld HH-P-401 were formulated with 16..0%, 0.5%, and 8.0o/o aluminum, 

n·s:wctively. The properties of these propellants are given in Table I; 

th<' burrdng rates at 1000 psi a chamber pressure were about 0. 7 in/sec. 

Theoretical Thermochemical Properties of Propellants 

Aluminum Content, % 

Chamber Pressure, psia 

Exhaust Pressure, psia 

Chamber Temperature, •K 

Exhaust Temp. (frozen), •K 

ExhauNt Temp. (equil. ), •K 

Exhaust Enthalpy (frozen), 
Kcal/1 00 grams 

Exhaust Enthalpy {equil. ), 
Kcal/1 00 grams 

RH-P-399 

16 

1000 

14.7 

3413 

1700 

2033 

-126 

Exhaust Specific Heat Ratio 

Principle Components of Exhaust, 
molcs/1 00 grams 

-130 

1.20 

co 
COz 

Nz 

Hz 

HzO 

HCl 

A1z0, (soJid) 

1.230 

0.124 

0.353 

1.076 

0.483 

0.238 

O.Z96 

RH-P-400 RH-P-401 

o.s 8 

1000 1000 

14.7 14.7 

2922 3166 

1330 1510 

1420 1695 

-1Z9 -128 

-131 -131 

1.Z4 1.ZZ 

0.621 0.968 

o. 733 0.386 

0.418 0.386 

0.497 0.725 

1.261 0.937 

O • .:i66 0.305 

0.009 0.148 

........ -~-· -·. 
···' 

_ ..... ~-----···· 
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Tiu· end -burning charge configuration was selected as the 

be!'~ .... ·ay of obtaining a neutral pressure trace and a uniform gas flow 

p;1tt•·rn in <t compact motor case. A 14-inch diameter grain was designed 

to take ad .. •.mtage o( the existing 14.5 -inch diameter hardware. The mass 

dis ch.ugc- rate o( about 0. 77 ll:>_m/lnz. -f\cC at the nozzle exit was a little 

higher than necessary, but acceptable. 

Propellant shrinkage during the curing process can cause 

cas•: bond failures and cracks in a solid propellant grain cast directly 

int0 the motor case. To avoid this problem it was decided to cast the 

propellant into a 14-inch diameter cup molded from liner material. 

During curing the flexible cup would permit the grain to shrink without 

building up any internal !.ltres scs. The plastic cup containing the 

propellant would he slipped into the motor case and held in place during 

firing with gre<Hl c or a mastic compound. The liner material would 

re8trict the sides of the grain so that burning would occur on the face 

oa.l y. 

4.3 Heo3ults of Preliminary Testing 

4:3: l Exploratory Firings with High-Flame-Temperature 
Propellants 

Whii(• design and fabrication o£ the cup molding and grain 

casting !ixturt~£'1 were being done, eight~en 2Cl.S-4 motors were fired 

to obtain P-K-r data for the propellant (Fig. 4), and six nozzles were 

sized and made for the 14.5 -inch motor. Also, one firing was made 

with a calorimeter to check out the computer program for reducing the 

thermocouple data. in digital form. Two other firings were made to 

obtain an estimate of the ablation rate of the plastic specimen.. 

A copper calorimeter with !our thermocouples wae placed two 
: ' ;' ', 

inchetJ from the nozzle rudt ·;,!a 6C3-ll.4 motor containing 16% aluminum 

propellant (RH-P-399). The motor operated at 706 psia: with amasa 

flow rate at the no,.zle exit o£ 0.50 lbm/ur-sec (Table n). · ~he c~~puter -~--~---. -" 

pro~ram performed satisfactorily even though th~··a1lrlace O!.the 

calorimeter began melt:Ulg in less than Z30. maee (Fig~ 5). . . · 

\ 
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FIG.   5 MOTOR  PRESSURE  AND  CALORIMETER   RESPONSE  FOR   A 
FIRING   WITH  16% ALUMINUM PROPELLANT (ROUND  4049) 

A Micarta specimen ablated 1.016 inches at the stagnation 

point in 2.660 seconds when placed two inches from the nozzle exit of a 

6C3-11.4 motor containing 16% aluminum propellant (Table II).    The 

motor was fired at 727 psia with a mass flow rate of .50 lbm/in2-sec at 

the nozzle exit.    A second specimen ablated 0.136 inches in 2.748 seconds 

when placed two lr.chc* from the nozzle exit of 6C3-11.4 motor containing 

0.5% aluminum propellant (RH-P-400)(Table II). 

The heating and ablation rates on the calorimeter and test 

specimens were much more severe than expected,   and it was obvious 

that :hc- specified test duration of 5 seconds and a chamber pressure of 

700 p»ia were unreasonable for these propellant formulations.    To 
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obtain 'he desired ablation rate and calorimeter data the test motors 

would have to be fired at less severe conditions. 

4. i.Z    Formulation and Testing of Low-Flame-Temperature 
Propellants 

With the approval of personnel of the Structures and Mechanics 

Laboratory prope 11 ant formulation work and further exploratory firings 

were carried out.    The purpose was to redefine the test conditions such 

that me astir able ablation rates would be obtained on the Micarta specimens 

with the low aluminum composition and at least 500 milliseconds of usable 

thermocouple data would be obtained with the highest aluminum 

composition. 

Six firings were carried out in 6C5-11.4 motors with RH-P-390 

arid RIX-i-*-29I,   relatively low-flame-temperature propellants containing 

15.0% and 0.5% aluminum respectively,  and with RH-P-401,  a propellant 

containing 8.0% aluminum. 

For the tests with the high aluminum compositions a twe- 

dimensional copper specimen was made from 3-inch bar stock to 

substitute for the more expensive copper calorimeters (Fig.  6).    A 

single Mi carta specimen was used for three tests with low aluminum 

compositions.    High-speed color movies were made of each firing. 

A shock wave obscured the front of the copper specimens so 

that it was not possible to determine from the movies the time at which 

the surface started to melt.    However,  at low pressures the overall 

ablation rates (using the action time of the motors) were 0.066 in/sec 

and 0.^05 in/sec for the cool 15% aluminum and the 8% aluminum 

compositions respectively (Table III).    In comparison the ablation rate 

of the copper calorimeter with a high-flame-temperature,   16% aluminum 

composition was approximately 0.56 in/sec at 700 psia.    It was estimated 

that the cool 15% aluminum composition would provide at least 500 

milliseconds of usable thermocouple data. 

i_ 
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Th« effect of pressure on the ablation rate was marked. 

Increasing the pressure from 4ZQ to 800 psia increased the copper 

ablation rat« from 0.066 to 0.357 in/sec while increasing the pressure 

from 645 to 990 psia increased the Micarta ablation rate from 0.036 to 

0.070 in/sec (Fig,   7).    While there were not enough data points to 

provide valid extrapolation,  it was evident that a measurable ablation 

rate could be obtained at pressures as low as 4C0 psia with the low 

aluminum compositions. 

lOOr 

5 oic 

o 

•i 

001 

oCOPPER 
15% Al 

, COPPER 
15*  Al 

0MkCARTA 
0-5* Al 

± 

MICARTA 
0-5^  Al 

200        400        600        800 
MOTOR    PRE SSURE-pvo 

1000 

FIG.   7 ABLATION RATES  WITH LCW-FLAME-TEMPERATURE 
PROPLLLANTS 

There were not enough firings to define the effect of aluminum 

content on the ablation rates, but the ablation rate with 8% aluminum 

propellant was about the same order of magnitude A» with 16% aluminum 

propellant. 
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Sonn   build-up of slag was observed in the nozzle after the 

firings  with tin- cool  15% aluminum composition.    The throat diameter 

before  and after siag removal was  1.056 and 1.072   inches respectively 

for tht- i>£ psia shot (Round 4394) and 0.832 and 0.844 inches for the 

M06 psia shot (Round 4395).    For the hot 16% aluminum composition fired 

earlier thrre was no appreciable buildup.    There was also no build-up 

during the firings with 8% aluminum propellant. 

These exploratory firings indicated that the desired exposure 

conditions could be achieved either with high-flame-temperature 

propellants operating in the 400-500 psia range with aluminum contents 

of 0.5%,   6.0%,   and 12.0%,  or with cooler propellants operating at 500 psia 

with the original 0.5%,   8.0% and 16.0% aluminum content.    The latter 

approach was taken. 

5.    DEVELOPMENT   OF   FINAL  TEST  PROPELLANTS AND  HARDWARE 

5.1    Characteristics of Test Propellants 

The low-flame-temperature propellant RH-P-390 was modified 

by substituting 1% aluminum for 1% ammonium perchlorate to form a 16% 

aluminum composition,   RH-P-407.    Theoretical flame temperatures were 

calculated  at chamber pressures of 550 psia for RH-P-407 and for several 

0.5% and 8.0% aluminum compositions with varying amounts of di-n-propyl 

adipati, which served as a coolant.    From these data the 0.5% and 8.0% 

aluminum compositions,   RH-P-405 and RH-P-406,  were formulated and 

additional computer runs were made to determine the flame temperatures. 

The maximum difference for the six cases was less than one per cent of 

the total temperature (Table IV). 

Twelve 2C1.5-4 motors were fired to obtain P-K-r data 

(Fig.  8).     I hr».i- propellants,  before curing,   have a very high viscosity 

for a plastitoi propellant,   and to make the motor casting operation« 

los» difficult unground ammonium perchlorate was used.    The larger 

particles of perchlorate and the di-n-propyl adipate made the motors 

hard to ignite.    Surface roughening and a larger igniter were necessary 

to get good ignition« i 
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It was not necessary t~> use end-burning charges with these 

propcDants.     The shorter firing times permitted use of 6C5-11.4 motors 

for the 8fa and 16% aluminum compositions,   and 6C4-11.4 motors for the 

0.5% aluminum composition.    The flow patterns from these symmetrical 

charges are uniform. 

r.bi« IV 

Theoretical Thermochemie*! Properties of Test Propellanti 

Chamber  Preaiure,   piia 

.   \'.*  • •'.   i'rrn :: r ,    pits 

Chamber  Temperature,   'K 

Evhsutt  Temperature   f.-o*en),   *K 

Kahauit   Temperature (equilj *K 

Kahauat  r.nthalpy (froien),   K cal,'1 00 grams 

Lahauat  Lnthalpy (equil),   K cal/lOO .frams 

Lsiwiust Specific  Heat Ratio 

Prt0C.pl« Component« of Exhauat, 

tnoica/100 grama 

( u 

CO, 

N| 
H, 
H,0 

HC1 

A 1,0, (liquid) 

RK-P 405 

550 
- 

RH-P- 

400 

406 

550 

RH-P 407 

400 400 550 

14.7 14. 7 14.7 14.7 14.7 14.7 

2 96C 2979 2952 2964 2958 2970 

1625 1542 1632 IS45 1655 1570 

1793 1692 1727 1631 1747 165 2 

-118 -122 -116 • 120 -114 -118 

•120 •124 -118 -12? -116 -120 

1.22 1. 23 1.22 1.23 1.22 1.22 

0.55 0.53 1.1 i !.Z1 1.51 1.51 

0,71 0.7* 0.32 0.21 0.05 0.05 

0.42 0.42 0.36 0.36 0.30 0.30 

0.29 0.31 0.87 0.77 1.55 1.55 

1 -30 1.36 0.84 0.93 0 • - 0.17 

0.40 0.40 0.34 0.32 0.27 0.2 7 

G.P1 0.01 O.lf 0.15 0.30 0.30 
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6.    DESCRIPTION  AND  RESULTS  OF  TEST  FIRINGS 

6.1    Calorimeter T* sts 

Six firings were made with copper calorimeters immersed in 

the < xhaust stream of 6-inch motors.    The tip of the calorimeters was 

positioned two inches from the noz/.le exit.    There was one test at 400 

and 5 50 psia for each of the three aluminum contents.    During these tests 

the response of eight thermocouples in each calorimeter was recorded 

in analog and digital form. 

•\lso recorded was the output of a heat flux transducer.    During 

the first firing (Round 4955) the sensing face of the heat, flux transducer 

was positioned perpendicular to and four inches away from the centerline 

of th«-    xhaust stream at a point one inch downstream from the nozzle. 

After the firing the window of the gauge was clouded (possibly by the blast 

from the igniter).    In all other firings the transducer face was located 

five inches from the centerline of the exhaust stream and wa"  shielded 

from the igniter blast bv a 3 X 5-inch paper card.    The card was removed 

immediately .fter ignition and this quick-fix remedy seemed to prevent 

clouding for the low aluminum firings.    However,   some pits and spots 

were observed on the window after the 16% aluminum firings. 

The chamber pressure of each firing was measured at the 

head-end of the motor eise with a calibrated str<iin-gage-type transducer 

and recorded on an analog trace and in digital form.    In five of the six 

tests the averag-   pressures,   P   ,  were close to the nominal values of 
b 

400 and 55o psia (Ta>le V).    The burning times were about 3 seconds Tor 

the motors with 0.5% aluminum propeiiant,   1.5 seconds for motors wi»u 

8% aluminum propellant,   and Z seconds for motors with 16% aluminum 

propellant.    Calorimeter No.   1  was not damaged in the test with 0.5% 

aluminum $nd was subsequently reused.    The others each sustained 

some degrc? of melting at the stagnation point.    The mass flux at the 

nozzle exit (based   »n the action time t ) exceeded the r -quired value of 

0.5 ltm/inf-aec (Table V).     . 

*CT 



"tabla V 

rtrlllf eo..dltlOIUI (or Ca.lortm .. tor Tuu 

I' rop<~ llt.r>t 
\ pb p rl-/A• 

Thaontical 
AhtniD..rn C.Uorlmetar ' Expuul- £x!t Mub & • 

C.Oft1otll R.......t S.~t (uo) ~ ~ !f.!!!l (lbm/lul-'!!,9 Ratio Number 

0.5 nH• 3.40 l.SU 394 38., 0.59 4.)1 z.u 
0.!> 4<157& l. z.ns ).071 561 545 0.67 5.50 z.~z 

i.O 49S6b 1.6.!6 1.907 399 l7Z 0.6) 4.57 z.74 

e.c 4<1SSb .. 1.5l.S 1.666 560 538 0.66 5.77 Z,89 

:6.0 4'""b ~ Z.H6 l.476 3118 381 0.58 4.58 l..7l 

l6.0 •<~ss" l.l-48 Z.Z79 518 506 0.6} 5.67 Z.87 

~Calor_.,ct"t local"d two IDcbea from DOnie o( a 6C4-11.4 motor. 
C.-ln· ~ln<!ter loct.tW t'IP'O lllcbea frorr. bOule o( a 6C5-: 1,4 mO(or. 

Appendix A describes the thermocouple locations in detail 

and presents the temperature-time measuremer~ts in tabular form. The 

thl':rmocouple data, heat flux measurements, and motor pressure are 

also plotted as a function of time in Figs. 9 through 14. The 1 second 

delay was to allow the movie camera to get up to speed before the firing 

occurred. Comparing the data in these figures shows that the beating 

rate increased at the higher pressures and aluminum contents. A 

composite plot of the l'esponse of the thermocouples located 0.1 inch 

from the calorimeter surface more clearly s bows this effect (Fig. 15 ). 

The heat flux measurements also confirm this trend, although the data 

were not a~ consistent (Fig. 16). 

These results were not analyzed fUrther st.nce ~be primary 

purpose o£ the project was to provide raw dat·a for the Structures and 

Mechanics Laboratory. 

' 
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FIG.    16        RADIATION HEAT  FLUX  WITH CALORIMETERS IMMERSED IN 
THE  EXHAUST STREAM 

6.Z    Tests on Ablative Specimens 

Thirteen firings were carried out with ablative specimens 

immersed in the exhaust gases of 6-inch motors.    The stagnation point 

of the specimen was positioned two inches from the nozzle exit.    There 

were firings at 400 and 550 psia chamber pressures for each of the three 

aluminum contents« 

Heat flux measurements were made during four of these 

ablative firings (Rounds 4969,  4960,  4971,  and 4984) with a more 

sensitive transducer»    Its position was the same with respect to the 

no/.le and specimen as described in Section 6.1.    The heating rates 

were higher with an ablative specimen in the exhaust stream than with 

a calorimeter in the exhausts (Fig.   17). 

r-mm vrwem m 
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IMMERSED IN THE EXHAUST STREAM 

The motor chamber pressure was measured at the head-end 

of the case with a calibrated transducer and recorded on an analog trace 

and in digital form.    There were duplicate firings at each condition for 

the 9.5% and 16% aluminum compositions.    In general the average pressures, 

P. ,   were close to the nominal values of 400 and 550 psia (Table VI)„ 

Thrust measurement! were made during nine of the firings. 

The ratio of measured to calculated specific impulse at test conditions« « , 

was lower than expected for the composition containing 16% aluminum 

(Table VI).    This correlates with the greater amount of siag build-up in 

the nozzles of rounds containing that propell&nt. 

The mass flux at the nozzle exit (based on t ) exceeded the 

required value of 0.5 lbm/in'-sec in each case. 

~ J 
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Measurable changes in specimen weight and length occurred 

during each Hring (Table VI, Fig. 18). The ablation rates, which were 

calculated at the stagnation point using the action time t , were a direct 
a 

function of pressure and aluminum content of the propellant. ThE! values 

ranged from 0.057 in/sec at 400 psia and O.So/o aluminum content to 

0.378 in/sec c.t 550 psia and 16% aluminun·l content (Table VI). 

The 1500 frl\:me/second movies taken o£ each ablative specimen 

during the firing were Elpectacular. Th~ specimen. was clearly visible 

through the exhaust gases of the O.So/o and 8% compositions. Droplets o£ 

melted glass could be aeen flowing back over the su~£ace and the change 

in shape and length was obvious. The original films were transmitted 

to the Structures and Mechanics Laboratory for analysi~ but a good 
,:,, .· . 

print is available on loan !rom the author. 
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FIG.    18        CHANGE   IN  ABLATIVE  SPECIMEN  SHAPE   DUKING   A 
.I.37-SECOND   FIRING   WITH  A   16%  ALUMINUM  PKOPELLANT 
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7. SUM~tARY 

A test program for determining the effect o£ solid particles on 

heating and erosion rate of ablative-type protective mat~rials has been 

successfully carried out. Extensive formulation work was necessary to 

develop propellants which would provide suitable test conditions on both 

copr>cr calorimeter~ and ablative specimens. Testing was carried out 

at nominal chamber pressures of 400 and 550 psia and with propellants 

having alnrninum contents of 0.5o/o, 8~o, and 16%. The flame temperatures 

of th.:se propellants were within 1% o£ 2965 •K. 

Raw data for calculating heating rates on the specimens were 

obtained from copper calorimeters instrumented with thermocouples. 

The temperature readings were recorded in digital form and printed out 

in convenient tabular form. Ablation rates were obtained on 13 specimens 

and reproducibility of data on identical firings was excellent. 

Close-up color movies taken at 1500 frames/second showed 

the details of specim~n melting and ablatipn. 

', 



APPENDIX A 

DESC_RIPTIO:·-l OF COPPER CALORI~RS, DATA 

ACQUISITION SET-UP, AND DATA PRINT-OUT 

The ten 30-gage chromcl-alumel thermocouples were located 

at different dq>ths fro:-,m the calorimeter £mr!ace in a 3/ 8 -inch diameter 

copp1!r plu~. The distance from the leading edge along the side o£ the 

3/ 8 -inc:h plug to the centerline of the 0.024-inch diameter hole is given in 

Table A-l. 

The reference junction of. the thermocouples was maintained 

at 150 "F:t 1 ". The response of tht: thermocouples was recorded on paper 

by a rapid~response oscillograph: the signal was also £ed into a TRW 

?.30 computer in digital Corm. The computer determined the temperature 

from a tb:rd degree polynomial equation representing the temperature 

vs millivolt relations hip £or chromel-alumel thermocouples and printed 

O\'~ the results in degrees Fahrenheit. Above 200 1 F the maximum 

difference between the polynomial and the temperature-millivolt plot 

The computer print-out o£ the thermocouple readings £or each 

firing is given in Tables A-II through A-VJ.L The computer received 

data !rom ten multiplexer channels during these teats, and a channel 

was s arnplcd every millisecond beginning with the Number 1 Multiplexer 

channel and taking each chamcl in order. Zero time was the beginning 

of the firing sequence. The time at which tile Number 1 multiplexer 

channel wu sampled is given in the £int column o£ the print-out sheet. 

The multiplexer channel number is listed in the heading of each print-out. 

The 1~-:.:.~bers go !rom 1 thru 6, skip 7 and 8, and then pick;;up at 9 and 

10 ou the print-out; the times at which the readings ab:o:wnin the first 

line were ';'ecorded are 735.1, 736.1, 737.1, 738.1,. 739~1, 740.1, 743.1, 

and 744.1 msec. 
_; .... ·_ :. -·---~.f_;-:::1~<:_., .. _~::. <:;·~;~::-<i\.~·'::_}:ir,/. ::.:. .· :. 

Ignition of the motora occurred·at tim'ea .V#Yibf/fro~:,lof8; . 
,,, , ,_,I •.• ,.._,.,~, ·_:,." •• ;.;·.v "' .. t.r,· '•.•1J~, .·~·,;, /' , •- . , 

to 1 02.6 msec after the a tart of the; timing eeq~~n~e}~,~.Tiiii'~i'i}i;:i&d.~ate ,: , 
· , ·. .·· :.~--.. . . . ~ · . ;" ~.: < :._ r,/~.::::·_-::~:~_;/;d~.-~-~~;:~tir/.:~·.:<,~~~-'~._\~·.:(~;( .. : -~ · 

times are marked ln the margin of the prlnt-out.•heeta.:< ... >:. ;·;;; 
. i • ~- . •. - ,.· ,. ' ' 

;. ,. 
~·· ; 



Cillortm.,tcr 

' 

l 

4 

5 

.375 
t 

Table AI 

Ohtaxu:• from L<oa.:Unf Edf• to CeftterUn.s ol Thermocouple Holea (ln) 

I Z 3 4 5 6 7 8 

0.104 O.Ov8 0.10) O.Z04 o.2ol 0,203 0.305 0,299 

0.100 0.0?4 0.098 0.196 0.195 0.198 0.297 o.288 

0.100 0.094 0.097 0,200 0,197 11,199 0.299 0,2')7 

0.097 0.093 0.094 0,198 0.194 0.196 0.297 0.294 

0.101 0.095 0.098 0.202 ·-0.197 0.199 0.301 0.295 

2.125:!::·005 ------~ 

.875 REF". .014 REF. 

FIG. A-1 CALORIMETER PLUG 

A-Z 

9 10 

0,304 0.401 

O.Z98 0.394 

f 
0.300 0.398 

0.296 0.395 

-~299 0,39!1 

f 
l ,, 
; 

' ;1. 



''' 

'':-' ----. 
' ~ ., -': 



A-4 

\m 
UiUl 
UI3.1 
-.2'9   i 

:i»5 l 
UA4_L 
ili3 i 
iXH.l 
-.139 ; 
U*J.l 
: 359   ; 

UM   I 

*& 

«5*    »19 

lil,!»i. 
»It   •»* 
»li..i3 
• 4 3    111 
««.   ,;» 
• 94   :9^ 

tji.ua 
«»-   *:* 
48»   «4" 
4»? 294 
1*i.3?J 
403    C»8 

241^ 
•. S»f. I 
;««vi 
i«i •». l 
:«:* l 
14«   i 

I'M   l 

I TO i 
; 4*9 l 
i * «1   1 
;343.1 
»515.i 
1311.1 
l»H.I 

T IM. i 
;9'9 i 
15«5   1 
run 
1665.1 

TITTT 

inn 
lt«9   1 
fiTTTi 
lljil UM   i 

n?¥7i 
1>H.I 

o«    jTlT.i 
i»?5   l 

lTTYT" 

tfJfcf 
iMf.I 

(Hfr tu. I 
Ml»    04* 

V»   ll» 
ni.Tii 
537.995 
Wl'.lW 
547.04) 
mrm 
*4»     *»' 

Ul.iW 
313.?B8 
9 'C . o» 
J'3.96? 
57». sis 

»*«?»- 
5le.9'.l 

997 «»9 
602.039 
Hi. Sit 
«It.«93 
«ITT3T 
«19.440 
S3T.8IT 
«18.058 
632.4*1 
• i'    MO 
441.171 
645.185 
•>«* *•' 
65).70* 
wr."bTr 
6*1.124 
nr.rnr 
670.6J3 
«74. m 
*7».712 
iWT.TJV 
•86*25 

•*4.*J1 

i»8 444 

JTI «1 

•.'a   a'. 5 

• 34 »11 
441.8J» 
«4*     V) • 
153. an 
441   s;4 

10*.ill 
47?    44 7 
411. ' '*. 
4M  :<* 

IM.133 
4»?  »r.9 
5 0 4    9*' 

"TlO    8 25 
51*.4-*8 
921   423 
52' 334 
•V   .«: 
53'.6'6 
542.a«-' 
947.ei< 
"!*».»>•" 

943.221 
3 «8.13.1 
9'2   0«*, 
J'f.iUf 
582.*4i 
587.71» 
*4i!iJ* 
597.5Q4 
601 922 
636   »84 
•ii.342 
»l*.0M 
IJ1.59I 
•24.»92 

TJfTTsT 
•33.89« 
«)i.4«i 
»42 2'V 
446.|7I 
•50   8*4 
4w:svt 
•5«.372 
4*3 .TOT- 
S' '   " '. 

TVTTItf 
• 7*. 139 
480 138 
•84.3*1 

TIT.JTJ 
• 92.9 • t 

"4f47TsT 
7*1.205 
ny.iii 
788 733 
7TS.I«8~ 
7l7.i?4 
777 713 
7.4     1*H 

TIT *J« 
4; 1 • 4 • 
Hi :9* 

414     4 JO 
U1.JI1 
•3«   "21 
««}.i3' 
452   *» 1 
121.9.6..' 
4«*.4*1 

4'J.l»» 
4 7 9    II« 

444       riJ 
4»1 ' • M 
490.'It 
982, F5« 
9 3'.9^4 
513.6»,' 
919.0" 
•21.982 
929.?tj 
•34    C90 
5J».34 1 
544    GJ* 
548 M« 
9*4 CM 
558.999 
56 3 fit 
598.60J 
573.330 

582.212 
586   624 
•9: .94 1 
«>95. V48 
599.9»« 
604 100 
608 34? 
612.849 
rrs ."irr- 
620.783 
434. us 
629.3*6 
611.90 4 
637.938 
64"l .4Tl 
646.l0' 
84?. «5 
653.71, 

'5TTT*7 
2*2   »»» 
2': .«9» 

144 »74 

/*1./11 
301   996 
Jir..?» 
315.64V 
iil.tZ! 
3/8.699 
313.3?J 
145 _«j« 
if2.45J 
351. 748 
iJ8.«« 
364.379 

3M63 
'80.824 
369.934 

jn.i?} 
1*6.909 
«5i.U» 
40» . 194 
410.13' 

"4I*!l7j 
420.074 
424    614 
liLWlfll 
433.787 
41S.J377 
442.845 
44 7.472 
4^1 . 840 
496,565 
460.2*1 
464.313 
4»8.2l? 
472.770 

m:T4T" 
480.962 

I5i    33: 
19.  r 41 
• 64 . '51 
<I».2J3 
.«.«    »,9* 

tit.ill. 
10C    631 

;n'.5i6 
114    9J9 
)«U..3/« 
52«.228 
335. ZU 
;*:   ?c2 
j 4 ••, •• 4 i 

3 9 1    Ti9 
•>?«. »18 
165.99? 

38," .656 
ITeTfTI 

19«.970 
4Q4.15» 
408.857 

419.090 

41 1 .906 
4.'. 

4JJ 
180 
477 

4J9.565 

447.887 
491.429 

146     491 
1V.199 

:->3  4BJ 
iSJ.iii 
1 '4 . 840 
1 '.«»4 
'.8 9    5 6 8 
i/o. mi 
199   9Jl 
1BU21I 
2J©.2QÖ 

1 ••.•'• ' 
212.874) 

222.73« 

131.311 
236.»67 
14 i. 4:0 
242.2 *A_ 
260.112 
1M.I7I 
156.4^8 

166.616 

_2*JL11?. 
273.910 

.-iI2^Jil 
I«'. . 76» 
2.85,641 

1 6 v . 3 0 6 
I '6.133 
154.110 

i*a»298 
1V7.380 

210. 726 

II '.22.8 
12 3 .829 

/.it?.*»/ 
236. 3'1 

_i12..'Jfl 
2*8.»40 

25V.9'9 
2»?.ii5 
2'0.938 

281.591 
.?*>V858 
2927278 

.2St6_BJli. 

114.928 
118.93* 
124.429 

.U9.1QQ 
:.33.f 76 

138.843 
143.97V 

11B.BB9 
193.96' 

LVU22Ä 
11*3.635 
1CB.22Q 
1'3.286 
iZl.tU* 
182.921 

1«2. 109 
A2L2U 
201. '12 
206.320 
210.92«~ 

-JH. ai7 
301 .949 

311.657 

31».817, 
320.408 

219.855 
2/mi2- 
228.7H 

329,304 

.831.217 

236.929 

2.11. *ii 
245.448 

289.511 
2*3.485 

33*1.291 

496.968 
861.759 
466.037 

TTT.»94 
47V.190 

~4H375"T4~ 
48'.698 

4-8T775T TTT: 

34ft.745 
351.333 

254.060 

-221.912- 
261.971 
2*5.949 

29 7.390 

309.021 
307.717 

395.240 

J63.3*0 
3*7.676 

269.818 
.274,214 

311.203 
314.963 

371.36« 
"5.209 

277.179 
281.67* 
285.007 
288.653 

4B9.8)0 

•43.431 
4«7i6J6 
431.174 
305.842 
*09\514 
913.234 

15T.7J5 
6*1   159 
«n:ry 
668.994 
6T778TJ 
676.140 
in rm     5*4Tr.7?7~ 
463.«22 944.(169 
15»T:TjT -ITT Iff 
691.2«»    551.4J9 

n.8~ 
496.528 
546.»55 
504.568 
1>il.)4l 
512.462 
9l6.§3« 
• 2- »a.' 

"J18.Ü6B 
321.494 
3?5.13i- 
328.925 
TS2.4Ö0 
335.399 

3e..201 
'387.141 
391.494 

339.187 
342.341 

39477ÖT 
398.949 

293.832 
78B.gO^ 
303.373 

5T*Tff5T 9KT7J7T 
920.671 528.91« 
574TH*J JITTIT 

345.651 
..49,012 

T91~*TT 
399.209 

402.196 
406.136 

306.903 
31P.64J 
313.966 
3l7.«36 

4T9T«*i     sfon 
413.267 324.313 

323.72* 

526.556 

53*.33* 

5J6.745 
539.0T4 
544.2*0 

591.910  
?9T7rfT— 
998.«?3 

»•TTfl        WT. Sf 4        UTTSfT 
5*7.216 

J58.i4J 
3«1.444 
3*4.397 
367.••; 

~T/i.isa 
374.216 

4i3.242 
420.369 
454.51? 
427.942 
4Jl.47l 

330.669 
334.442 
337.378 
141.441 

377.7?J 
360.69« 

439.261 344.13« 
»717*7» J47.3»! 
442.9)6 390.8*7 

998.917 
nrmr 
9*5.967 974.•»• 
189-.7FJ4 57".579 

Jil.tM U3LUL. 

36/647 
—IfTTffl 

393.69« 
sTTfTl 

TJ>J.T4T 
44».423 
411.Ill 
49«.916 
49f.NI 
4«3.029 
411.411 
* 6 9 ,161. 

353. nr 
397.189 
341.411 
343.966 

•3T6-771 
376.697 
T7TT77 
IZiulfJ 



A-5 

im i 
I Ml  l 
Tiff.I 
i»»9  I 
TUT I ~ 
1929.1 
ifff'i 

irrrf 
!lfr!f 

«Hi- 
tilg i 
iiil.f 

«A4- 
71*9   1 
firm 
nrr 

ftfW- 
2119.1 

•yroTr 
'?'  191 
Ml   !H 

I»   »4» 
»n:»n 
'1J    »9» 
Til.T|| 
'90.'0' 

""Trrm 

'•'•11 Ml! ill 
TTjTTfi 
'79.941 
'IS.Ill 
'IT 

TW.PJ 
734   201 
TTI.IH 
'«I   7J2 

"ii'ti 

fl»   10« 
'2i  oo' 
'2» loo 
-I»  «90 
T5 «P 

TTi   «99 

'90.01« 

'9' n* 
'•$,»»9 
TJ 999 

- 7AJLX9.1 
"I   913 

'"?i: ••nr 

904    ?«J 
90»    l9J 
9»:   *«: 

fft.j» 
»»•   000 
tit, in 
090.U*V 

»tl.ttl 

•to'Po 
123.4.72 
•?' j*e 
MO^B« 
tjj.öoö 

m mm mm mn\ 
'94   004 
Tifrns 
•92   99 

910. '60 
114.049 

i  mm BHH 

Bfri   Hi 

000.112 

910421 
lit.Ill 
9I9-47A 

199 
21»9._1_ 
7T7TTr 
21*9.1 
Tfirr 
2209.1 
fÜTl 
2129.1 
TTJTT" 
2149.1 

nrrrr 
«3»  27« 
ltt.PI 
«24    »29 

'99.100 
'•2   90« 

iB-*it 
TOO.499 

jt?    934 092. '4J 
"Tftrfn ~ *•* Mi 
ULI«    _  909J9JL 
II*.910 812  990 

mm ftttHf 
947.147 822.013 

TIT" 

•41.147 
*4».JlC 
po.vj 

Trrrrr 
•43.«»4 

TITTITr 
990.719 
ITTTir 
997.999 

TIT 
994,}49 

21*9.1"     993.799 
777571 117.7«J 
2199.1 979.137 

2309.1 979.921 
7119.1 I7f.114 
1329.1 993.194 
Turn 

TfTTooT 
**o.:9« 

9*7.341 
m.ut 
«'4.184 

 177.703    - 
99».929 

997.409 
T9I77TT 
«94.993 

134.319 
930.092 
8X038 
836.3*4 

TJTfJT 
843.437 
14«. IP 
890   092 
PS. 9 71 
890.449 
nrmr 
8*3.193 

9*9.989 

•94.093 
•97.943 
«•»J.Jfl 
**}i799 
»»7.U9 

-KK«- 
»77.07» 
«1.131 
»04,032 

919.881 
98» »44 
993. 174 
94',108 
• fe'iP 

"6 0 9.290 

•ikM« 
»19.'94 

..UIJÜL«. 
»23 ^92 

_»2»j,4 49 
"»30.149 

O.li-9 90 
6.U.963 
640.6j9 
443.666 
»47.999 
»Tl .293 
69«.«29 
«98.440 
66J.6Q1 

*1».9«2 
«99.991 
PJ.Ill- 

«•«.102 
4M.MT- 

702.71? 
TMi'IIXT" 
709.199 
7irmr 
719.742 

669.134 
666.9*7 
Pi. If I 
675.260 
•78.997 
•M itT TJ?T9i4 
•98.990 

696.a»7 

4:2.«'l 
409   «32 
436.660 
411.46V 
nrtii 
420.99» 
«JtJulfl 
426.94a 

432.9o4 
439,997 
439.146 
991.237 
444.313 
4*'.4'0 
490.10» 
<U.1M 
49». 539 
499.434 
461.934 

4'3. 171 
4'6.«»0 
480.164 
«63.960 
4ft»,1a 
400,»»9_ 
-•OS ,4|4 
496.74J 
900.2*4 

?83.J2» 
906.»97 
909.699 

2)49.1 
mil 
2 349   1 
73 79  I 
1199.1 
7191 1 
1499.1 

119.197 
9««.419 
IV7B77 
•99.31« 
«y«.79« 
901.349 
fll.VIl 
9«7.«79 

900.••• 
-WT;«5? 
99«.979 

"fiTnrir 
913.260 
TlT17l 
•19.944 

"TTTTTfr 
92«. 221 

87«.499 
¥7T.»77 
993.0*7 
II« 714 
88»   9'! 

Tii.ni 
721.«89 
774.719 
727. HI 

T3I779T 
734.»»• 

699.»0« 
702.693 
TÖTTOTT 
709.409 
tii.iU 
719   ««3 
19HI" 

7S2.449 
TTT.TIT- 

728.932 

4*7.421 
470.4«« 
ps; I«)! 
478,397 
47».766 

4 847313 
486.899 

"49T74TT 

9is73«9 
Ml. 971 
920.090 

926.491 
ft*-»»* 
932.997 
9J6.006 
939.499 

376.897 
3«2.7J» 
389.979 
3««.703 
3ll.PI 
394.421 
3»«.l«2 
«01.»19 
403.621 
«0».?l* 
49».»91 

•12-'«* 
416.60« 
4U.I5S__ 
«22.272 
4J9.019 
427.TP 
»ait2.7A- 

499.«94 
49B.904 

TIT: 
993.929 

TI 
909.064 

949.90» 
949.2C'. 
111.»4i 

999.379 
gilt 7» 
9»4.5C7 
967.049 
Pi. II« 
274*12, 

433.9«0 
436.790 
4J9. 746 

449.784 
44«.«7» 
4T1749T- 

497.692 

462999 
46«.391 
r66.«6T 

914.247 
TT77T7T 

998.463 
«11.111 

4»4.274 
49«.Ill 

TJTTTTT 
739.«0« 
731.47* 
741.»37 

'*? •*.-?      11-*!4.      ***•?! 

TUTT fTfTlff- 
1429.1 914.441 

TPfTI 917. PI 
I44J.I ».'•.4«7 

24»9.1 

146»   1 
T017T 

»I».4 19 
"fffTTTT 

»17.»9« 
9SI.S4I 

991.9«1 
931.10« 

91«.931 
TOTTTfl 
•49.19« 
•P.140 
•91.992 
PT7STI 

•49   994 
191.Ill 
»n; »02 
914.1*19 
9M.«9« 

•19.41« 
• XI .191- 
•»1.409 
ITITIT 
•I7.7J7 

TTTTiT 
740.191 
791.797 
74«.946 
M9.7M 
797.33» 
79rr»?o 
79«.»94 

7M!MI 
TYTTffT 
770.913 
771. Ill" 
7'«.1«2 

744. «93 
'48.062 
711.171 
794.139 
I9/.99V 
7«0.493 
7«3.799 
-*»4.7«« 
r*rr!32 
772.439 
771.111 
77«.«90 

7»4!«97 

vsrm 
929.11« 
57V.771 
9J0.99« 

Tftrt     tlTriffl     IttTff 
JUJ^I ritjui mJH tnuju 

034.••• 
ifriiT 791. MO 

Tir.419 
7M.MI 

717.999 
'90.'•» 
791.991 
79«.M1 
ni:iir 

933.10« 
939.49« 
"nrar 
94B.991 
ir»T.T»r 
94«.1»9 

991.407 
593.7W 
99».«79 
999.114 
942.074 
91T7IH 
9*7.122 
5*1.1» 
971.««« 
PfTITT 
9'».44« 
17171.4" 

IIT:H7 
610.999 

"«13.171 
»14.149 

nrirr 
909.7 9» 
IOTJIT 
910.9i» 

»19.1M 
«22.337 
175.313 
»2«.010 
HO. »39 
•3J.«»» 9»7.«»I 

914.en 
91«.939 
111.Ill" 
92».»«1 

«39.375 
«»r.TTT 
«49.149 
141.111 
•91.11« 
«i. rr« 
•9*.53« 
JP7I9I 
»•2.1«' 
«III» 
••7.»94 
pitnr 

533.0«2 
535 .TtT • 
93».399 
141.111 
9<4.143 
941.119 
949.3»7 
in.iir 
554.••» 

«taj 
ML.W,    ATJ^UA HUSH 



A-6 

mi. i     Hi:m 
2111.1   _   Ml» 71? 

14*9.1 
2 
*7lf.l 

2739.1        1009.*2* 
?>4'   1        1013.00» 
mri    ioi»:m 
ITJJLI iaii*ii2_ 
J"V1        102?. 41» 

1020.71* 

1034.043 

if»  HI 1041 .049 

UT.U1 
!»<»»• 
171*111 
••i    411 

JIU2H 
•*7.*?7 
•IB.BII 
»03.•*» 

...112* IB J 
10*0 «04 
llfll.fij« 
100*.«2* 
lf.li.12A 
1111.73« 
till. HI 
1020   »1« 
ma.in _ 

1003.924        1*27.043 

<'*9 ; 
<m i 
?.IM. 1 
2*19   1 

\\m 
HI? i 
2*99.1 
«•49.1 

ft«; •!:» 
104T.2*» 
1*90.174 

w.'ir'" 
«49,»4« 
9 4 0.7*9 
»31.9*1 
«94.0*9 
731.124 
9*3.«99 
'41.911 
*1J.4|1 
»7B.75J 
9*1.III 
tULlftl 
v*3.1*J 
117.123 

1002  «93 
iiia; JJUL 
1011.»»• 
1113.2*1 
1020.0*7 
102«,112-, 
1020.027 

1030.006 
1111. Mi.     1111.113- 
1848.847   1042.999 

1! »XJ±».._.lP_Slil!JL._ 
1099.993       1090.040 
1177.1?J 19»,2»o 
l06l.9»2        :C9».1«A 
mtx*U 1C99.94 3 
10«*.322        1062.300 
Uil.fM     lllliiü 
1079.02»       1*11.790 
l*?Zil3»        ^0 71   699 

1BJ1.1*JL 
1*34.749 

1041.1*9" 

"TITOI- 
797.927 
7*7.9*9 

JULU*2i 
•03.900 
111.422. 
•0V.244 

•12 *•« 
•19.432 
•11.131 
•21.024 
121.711 
•2».*** 
821.192 
139.1*4 
fl.i5.ei: 
8.18.726 
•4l.*tl 
944.»99 
»«7.*»* 
•90.830 
894.Q4Q 
tntfii 
I6JLJ11 
•63.124 
••».481 
•69.341 

_ IZtJll. 
879.693 
»71.916 

*06". 3»9 
«9V111 
112.119 
•1».*4* 
•1*.2»3 

993. 67J 
>»•,?•? 
988.981 
Ml.Ml 
993.43» 

67».4»9 
•'».2»' 
681,0«7 
6»«,9»7 
687.217 

_Jllxll2 Hi 
B66.U0 630.963 
•Alt'ill 
0*2.949 

. tlfulUl. 
879.190 
•ft.llf 
885.609 
8*6.444 

•JUIZB 11 
9*8.263 693.013 

696.0J5 
698.996 
ZAltiU. 
704.147 

*lttf*J 
709.7B5 
712.321- 
715.371 
?H.iAl_ 
720.993 

726.»82 
7j 
732.499 
739,4 49_ 633.144 

891.724 
8*4.699 

639.824 731.382 
lll^liJ 211x112  
640.783 744.103 
64J.0Q7 746.967 
646.192 790.21* 
640,314 792.093 
650.739 
653.820 

••1.422 

••MM 
•07.483 
•91.136 

897.645 
*jl;244 

2TT? T      {111.Ill TTITTBT—1674.199 1*3.«BO 
2149.1 109». 32»        Ulidll       1077,809 8*7.1*7 

903.89« 
9Q7.282 
TiTttiT 

699.688 
694.617 
661.2*1 
663.713 
iTTltl 

796.133 
798.766 
761.647 
764.826 

"/67.597 
770.485 

TfTTSTT 

IIM.i     Uli: HI     ill«. lH    TÖ1T812 
lllf**-  Xflnail,   A9tJ012-_AllJLll«  
2*19.1 1049.2*9 l|9f.47| 1016.418 
2*29.1   10»»»2»   1104.993   10*8.149 
mTTI      IB7J.3J4 ilCf.OIV ToTToTl— 
l|*|aJ-__l«7?_147i u»,m_ J4II41L-- 
2*49.1 107».2»J 1117.962 10*4.948 
19*9.1 1**3.013 1121.27* 1102.374 
IfTTT     roTTTIjT      Ü74.394      uö9\77i 
2*89.1 1091.2*4        113*   »32        110*.977 7m: T    l iw. Hi—mmi—mrrn 
Jlil.l        1183.IW1H2  022        IUT 379 

9 
s— 

•00.104 

ML*** 

913,2*7    668.858    776.341 

904.113 
904.216 
•11.»73 

«16.94« 
»»•.267 
«22.87* 
92.4.2?* 

9l8.32* 
•21.425 
T24.57B 
«27.872 

95B.47r 
«,^3.288 
«36.87« 
«40.7*2 

671.430 
673,648 
676.822 
•79.5*3 

779.514 
741.««6 

"lit'» MfMK   »it I4?   *lll-tt J8JI.I 1114.712       Il4»\l73       1124.97 
3M9-1 1120M3 
Jiff. I fiTTTW 

-HHH- 
f 

«44.230 
«47.975 

•Wi.l« 

611.302 
683.7 74 
»86.899 
48«.3! 

781.«< 
TÖTT20 
787.797 

694.2«) nrfn 

'«.HI 
793.447 
7«» 669 
79».3*2 
802.913 
809.234 
808.108 

UXJU iü^Äll 81L1ZI 
«58.170 702.131 

«41.39 

1065   1 1131.17| 
irrr.i—mnir 
1111-1   MM-if? 
ilff.1       1149.3Ü 

1194.054 U2*. ?7l 
ltfTTTfS nil. 4If 
1141.2.5       1134.971 
inriJl 1137.7» 
11*1.792       114*.8|7 
1172.403       1144.J7« 

I4l.i» 
9*1.134 
Vlfttfl 
*99.*I3 

Hi.hi 
«48.«32 

114*.••• U*8.»«l 114«    »84 
11H .Sil—fill. Hi 

1197.Ill       1187.1*9 1192.*99 
nirwr   liniin iiii.ni 
11*4.229       1198.299 119*.»89 
ITIT.Tfl      1IVT.7BI 11I4.H3 
117*.«79       1214.701 1141.952 

mi 
3129.1 
itirT 
3149.1 
Jiff. I 
3149.1 
TTTf71" TITTTflf IfTTTlTT 
JIitii . ip?.m iw,m 

«1.541 
«63.324 
177511 
•71.21* 

«72. lH 
«75.7*3 
•75.774 
«12.374 

704.IQ2 
»01.114 
70«.«27 
7i3.«r 
714.441 
717.411 
720.lül 

814.144 
817.461 
620.310 
823.3*7 

itrvn—iimn 

lfm: 
829.92» 
irg.iw 
•49.*2* 

•74.»ir 
*7I.*99 

•**.*74 

«•«•1IV 
ftUilil 
99«.39* 

im.m 

1111.113 
1884.891 
TOT7I7T 
1011.99? 
lm.iu- 

729.3*8 
TTTTfll 
73C.494 
733.3x1 
739.14« 

TTTTfTT 

•it.ili 
•42.473 nrai 
•48.6*8 

•M.3M 
••».••*       1011.99? 7**,2*1 
IfOn 1119.1U 741.317 

-illlxUt      lilt. HI ill^lll fiJJLUfi 712.121 

193.ill 
•99.1*4 
HI.ill 

,77* 
« 

9»7.*46 
579.792 
973.330 
97*,i74 
970.997 

Lil_. 
9*3.42* 
5«*.721 
iii.411 
Wl.l7t 
9*4.473 
*»7^fl59 
599.384 
4JU.flll_ 
604.4*4 
ABL^li^ 
609.804 
4U433 
419.010 

620.263 
622.781 
629.161 
428.340 
430.711 

iliilij 
434.410 

-111.139 
441.491 
4««-l7l 
444.040 
44*.408 
692.2-/ 
6?>.0»< mm 
9B9,<7» 
443.0*4 
449,294 69.2! 
66»:j22 
470.683 
»73.S47 
474.051 
678.020 

604.0*0 
407,^00 
41«.491 
492.447 
4*9.074 

Mhfr 100.9t 

'09.10 «J- 
714.197 
»IT :5M 

722.341 

7J7.W1 
7J0.*60 
'Is.Til 



A-7 

»I Ml      till  141      ITU ITT 
Iffff.l     111*.Ill     111«.«»« 

iisi.3»2 
TTTT.MT 

nao.i it«i.«it 
3M9 1 TTTT.ro 
U«1.1 1262.791 
171V I T? 
ii»5.i i»it.a«* 
jro.i Tw.iii- 
120«  1 111*.«4« 
T7f» r rTTfTTn 
»>••.! iff».858 

TIP .f7J 

TTWTfl 
lit? .Um 

~THT7rjr- 
lt**.5lJ 
T1M7MI 
1202.3*3 
T71TMT 
1212.J72 ramr 
1>71M3 

~Tftrr»ir~ 
1?J« »09 
1733.»I{ 
UJ'   ill 

i in. in 
1007. ?|4 
mtrm 
m«. in 
nrrtifr 
iOil   >»s 
1 III.IM 
18?».4*0 
fin. ii4' 
1637.7*1 
f Mi. in 

rnmn 
162«.474 
1111. Ml 
1834.41» 
1131.3*4 
1042.20? 

~TT«.7TI 
1856.448 
{BI4.S4I 
1056.0*7 

"1787721? 

741.Ul 
791.388 
TTTTfT 
797.18* 
TTBTTTT- 
7i2.55* 
749. «I~ 
7*8.3*8 
771.Ill 
773.«8« 

i7i. m 
674.881 
171.IfI 
688.«*4 
MT.44r 
667.71* 

"Mi.irr 
••4.9*9 
llfTtTT 
Mi. If 7 

rnrro 
747.9«6 
79T74TT- 
;9J.7 78 
iw.iw 
79«.**3 

"Til .'Ml- 

7*9.8«J 
Tif.lM 
771.024 

I7«TlTr 
1244.»3« 
t|4l!llt 

TfTT-i—mi in 

1149.1   1248.774   12*3.9'0 1291.786 
TTfTT,—TTIT. 7f|—TITTTTJT UM .TI? 
31*9.1       1247.14«       12*1.249 1296.*11 
TTfTT—ITOTTTl 1114.414 1742 Ji* 
3369.1       1793.39*       12*0.000 12*9.2*2 

184*.i»T      18*9.9«4 

1*9*.766        1068.«44 
Ilil.UI     1M4.444 
1***.4*3       1800.28* 

..II». Ml   ..    Mt.11» 77*,IIZ 

TTfTT TTTTTTIT 
1489.1       129».«2* 
TITT7I rTTTTITT 
14291       1269. IM 

1111.784 
1104.471 

TTFT774T 

11417141 
1271.318 
1774.334 

ilTI.ClT TMTTTTr 
1673.922 1899.21* 

UTTTiTT 

782.492 Oil.«92 
769.946 »ll.Ofl 

"    781.349 *iO\T.iT_ 

7*1.739 721.813 
7M.4I4" «25.312 
797.320 «20.1*1 

779.«30 
702.77* 
TtttitT 
7*8.647 

IBM.723 
1101.**2 

"MB.171 • 
001.019 
«04.554 
600.««« 

T3T717T 
«34.720 
Ml. Ill 
««1.022 

600.931 
113.744 
006.7«» 

111.117 
612.797 

1006.143 

MM )»; w mm m.m riTTro 
I»»2.921 

riTr 
1110.270 1202.02* 

1MI.I41 UM.341 
18*4.323       1106.78« 
lill.Iil 1*11*3* 
10*2.39»       1114.»44 

1Ü.I40 
619.209 

»44.111 
«47.2«* 

143 
S449-1 
Um ITTTTTTI ITTT-T4T T7IT7T9T 

1322.122        1200.»*1 
Tirr *?r —rmrsrr 
1120.922       128».«4» 

34»9.1        12»».0«* 
]or9.i~ ifWTTir 
34*9.1       1203.17* 
MM. I 
J969.1 

1711417 
1266.696 
iJH.MI 
12«4.440 

TTTTTJTfl 1717.»ii 
114.000       1100.419 

isTjrnr 

TTM77M Uli.947 
1696.»34 1121.131 
1111.593 1124.346 
1164.422 1127.226 
1167.5*1       1133.331 

~ll7.77i MA.4il 
626. IM 953.«9» 
17T77M 954.40» 
S20.21« 958.296 

~YlS;Tn— 007.30'- 
0.1.96? «»9.19» 
134.954 
03».1»2 

T3T129 

Ml.449 

 111. 4M 
010.910 
171.3M 
024.12* 
MO.510 
026.039 
Ml. 443 
«17.212 

TTITTT 
3929.1 

riftrwfi 
1339.(13* 

4110.300 
1111.22* 

_L1»JSJL 
1136.233 

TTJTT — T7TTTST ll4T71f»1      i3|f.7l4 
3Si5.i        jSM.Ml       1349. »81 1311.413 
TTfTT—rmrrn—ITMTKTI—im.iir 
39»9l       1304   505       lMl.li«       Hi».399 

UtaUiU       UiltliZ      1137.294 042 .«13 
«»4.049 
Ml.MI 

030.317 
»11.717 

m 
3979 1 1TM79TT 
3969.1       1312.661 
39M.1 1314.M5 
3*09.1        111?..»?» 
3119.1 1371 173 
3125.1 1323.6** 
T17T I 17717714 
3*49.1       1326.710 
MM. I     rmroTT 
3*»5l       1333.«93 

1191.417 
1196.436 

"III»ill• 
11*2.970 

-nw.iM— 
UM 710 
1371.177 
1174.030 
II»».Ill 
1101.002 

1371.170 
1323699 
{371174 
132*.700 

1117.616      ll«l.fN 
.90«       1149.092 
TlTi U47i74i 

1190.002 
1193.434 

045.102 
040.305 

112 
112».»70 
TTToTi 

•»».»42 
902.4 82 
iir*il 

tfifcH 
25 

.111 

040.172 «05.44 
053.60* »00.339 
154.811 IToToTT 
390.«27 881.39» 

1 U9ITJ3T I4i.5il TMTTTT 

041.920 
«4*-l0l 
046.771 
051-001 
154. MB 
05*.70* 

UTTSIT 

jfTTrr 
1*05.1 

1117.777 
1139.78» 
TTMTTTr 
1141.29. 

ISM. 171' 
1347.004 

1131.902       1101.71* 
!i4iii5;~ 
1144.37» 

1144.114 
11«».Ill 

114».Iff 1170.5»! 
1170 141      H»3.7I9 
Uli. Iff 

I**.'i j!—iliiiih 
0*8.410       1004-914 

ISM. »IB TTITTTI 1391.7?« 
111«.1*0      11*0.42«       139209« 
IT«77T«T 1371 IH 

1199.1*5 
1171.874 
1170.779 

17TTTM 1117.310 
074.«2»       100*.Oil 
•ry.iM 

TITITMT ITMTTM 
11*0.70*      UM.9M 

TTTtnir 

07*.»41 
iiiz.tsr 
1115.411 

012.173 1111.Ml 
004.900       1020.079 

ItfT.TTT 

M7.JM 
TToTiTT 
072.364 
•74.177 
077.000 

1M7T7T 
003.042 

3769.1       1345.1*4       13*2.999 
TTTT^r 
1729.1 

13IMII 
1196.7*2 

1399.714 
1390.0*9 

TTT97TW 1311.M9 
139».»4       13*4.32» 
1401.47»        IT07.707 
IM«. «17     im.Ml 

r«Tf    TTTTTrn- 

1*08.753       1179.»13 
IS»«.II? 

116*.551 
nif.iir 
1171.917 
1174.11« 

1117.774 
1180.3*0 
1ifs.n1 
ii»..:*» 

TIToTflT- 

107.414 
•06.«00 182«.114 

IMTITT- 
•07.781 
Tinir 
•81. Ml 

3»4*.l        119*.341 

11*1.444 

T8T7TO 1171.179 
•«5.120      1*31.177 

niTrr»T 
11»«.»11        i:'01.3O3 

17*1.1 
I »71.1      ISlfTJfl 1012.37» 
17*9.1       11*7.74«       1419.141 
IIW.'I 
3009.1 

TTTTTTT 
1373.••• 

TTOTTir 
1428.667 

1381.129 
T31T 
ll«*.242 

IM TTTf 

UM.1II 1II4.M4 
1162.963 12*7.115 

THT.TTT 
1101.117 1212.421 

If».Ill 
•»•.«•• 101».42« 

ro- 
il*!.•?« 
UM IT! 

ifiTTTT—rnrnrr 
804.••?       1841.621 

rr 
«T8.1I«      .1M7.M« 

1715.31» ttrrVM 1IM.7I7 
»17.17«         »14.711       1661.2** 

TTIITfM ITTTMi^ IMTTTT 

IfTTFTT 
•7>.07« 
-fffTlM- 
•03.110 
-firrnr 
8M.M» 

"TTfTifr 
•11.28» 

ItTTTl ITToTTil TMTTT77; iTiTTTir 

«M mn MM-wm mini mini 
MiLl UbtLia illixil* LiHJJi 

TlfTTin ITfTTTr 
•l.t.fjl       lM7.nO 810.13« 

'lfIT7n TlffTBTf ItTTMr 
M«.l7i   o»i 



TOT r~iir.m~nii.wr- 
JO**i 1J»0.737 
iirl.t   im in 
JHH tiiirc 
Ulla     iiai.il} 
1*1*   1        1403   121 

«Btt-HIHH 
illU,   Uli.*« 
1*9*.1        141I.lt* 
JHJ,i 
3*75.1 
1112.1 
JIM.» 
1111.1 
4119.1 
«141,1 
413»    1 

1*11.1*1 
1417.»II 

._IUAIU 
14)3.154 
1*25, «»1 
141».02* 
i*}|^9jl 
1433.li? 

:«H i:ä::i: 
••»1.1 1441.11] 

liiLill 
1441.1*1 

4115.1        1453.3*4 
l*llxl*3_ 11».i 

4135   1 1451.472 

*l*JLl__i*ll^«*2- 
TTfiTl       14«3«»4 

I4ir,«i5 

»««»•»it 
144«.*17 
1451.1:» 
1454.rj» 

1122x121 
145»   72» 
1111,411 
14»«.734 

1111x112 
144«.9*8 
1121421 
1474.711 
1177.*'6 
1480.220 
1412x112 
14t«.»45 
1447,756 
14»0.24l 

1192.221 
14»5.*4i 
14«*,72? 
1501.*7i 

1507.158 
1111.171 

ITfTTTf 
4*1     «69 
4*4 «9S 
4|7,»4? 

410.511 
111.121 
41*017 
111.'9« 
411.545 
121.211 
42». 932 
42?.224 
431    »13 
111,#15 
437.40« 
«11.»I* 
«42.70.1 

«12x22 9 
44«   0»« 
45C,»»e 
453 145 
155.1*1 
«57  »5S 

181? 95 
443.7«6 

1107.811. 
470.151 

liUuill 
476.160 1*13.035 

.l?ll_J.il 1*7X111 
1*17.716        1401.921 

1112.1_  1111,111 !•!•.•••      lUlJLZi 
417*   1       1460.055 

-*Jl2xl__ 1*7,1,112 
41**.1       1473.If* 

lltll IfflIW 

15/3    C'-1 
1222^lii- 
1*2*.3»« 
1*30,440 
1532.»»0 

5.1        14ti.57i 
4139.1 
4145.1 1*07.014 
4HI.I I4H.I49 
4|»*.i llfjLll2 SB* iTTTi 
4205.1 
4tfri 
4 309 

unim—mrtii 
14*7.33? 1*51.054 
14*». 610 l59l.i77 
»•1.217   1956.653 

TöTToTl 
20».54 
111.4« 

2i*.»? 
II».70 
228.81 
222.54 
124,0» 
22V»7 

211.12 
23». 0« 
21».'»1 
230.00 

1218.U 
24J.41 
2U.I2 
247   00 
298.71 
252.»5 
255 36 
257.»2 
200.40 
242.64 

12«. «0 
2*7.76 
27.1*12 

407.0*3 
1*1*.iff 
4*1.**7 
4*4,6»? 
4?6.»13 

272.58 
iZlxl? 
277.40 

2M.fii< 
202.00 
211x14 
207.21 

211x22 
2*2.70 
2*9.» 
2*7.61 

lMfixlZ 
302.44 
309.19 
JöVW 
151x11 

illi  175 
1233.»0» 
1234.441 
123»,231 
1242.7»6 
1215.811 
1248.072 
1250.979 
1253,250 
1296.1?« 
1/56.621 
12*1.4*2 
1263.f«| 
1204.94« 
1266.96« 
1271.113. 
1274 122 
1271.811 
1276.»19 
!<*2xfi41 
1?0«.0»1 
l21*_x212   . 
12*9.262 
1211x712- 
124«.:oi 
U»7.11Z_ 

«7*.»99 
«29.105 
or  'C7 
»3«,335 
936.013 
»19.111 
9«1.716 
»4J.»44 
»46.222 
?1».9»i 
951.271 

1009.114 
1047.471 
1ÖT5.J19" 
iO'2,91« 
1075.5*2 
liill^i 
1080.5*3 
1812.«1» 
1085.442 
lfiläx*«- 
1090.713 
1111x211. 

01». 941 
•28.00« 
»~r~rr~ 
111412- 
•35.56* 

•40.503 
911.171 
•49.43* 
911,211 

1.273 »9* 
LU_ 

956.320        1095.74« (59.394 
»90.2JX _ 18*1.0*» 957.721 
960.173       1100.422 «4*.339 
181x121-   1103-217 U2J1L 
965.624       1109.473 969.11* 
gftJUU 1107.»2« 967.«0» 

1299.712 
llUxlll. 
1304.75» 
1307,449 
1309.702 

-1112.1*1- 

•70.922 
IZjxlfJ 
»7».»67 

122x112.. 
980.217 

..-*12xl!i 
»84.»1» 
»*7.i41 

1110.621 
•112 »;o 
1119.1*2 

.1112x121- 
1120.037 

1125.0*0 
1127.111 

949.0*2 
-172.11» 
«74.460 

989.011   1129.448 
»»2.139 
»»4.112   1134.691 

-lllxlZi 1112x211. 

1314.093 
1117.1*1. 

»»9.353 
AlUxUL 

1320.130 
1322,910 

1004.247 

1111x111 

113».999 
1111.11? 

»8*.4*1 

9*3.«39 

1324.044 
«112x122 

1000.64« 
«jaixiti 

1143.021 
11*0.37} 

»»*.0*2 
1000.90« 

1330.01« 
1332.917 

1013.70« 
191»,19« 

1149.21* 

1111x123 

1002.7*3 

-1111x111- 

1193.*2? 
«111x121 

1007.901 
iiiy.iti 

TTJJTTST 
•1112x111 

101*.3*2       1158,033 
1021.090       1141.13* 
1Ö35.H3 1143.404 

1012.377 
uiixiiz 
1017.201 
1010.124 
iflh.ltf 

Iffl.W—1112xl*i 1023.711 

m \m «ti^ 
432».l 
1ST!\.l 
4345.1 
4351.1 
4169 

Vli.il* 

1912.004 

rwi.iw" 
19*2. 4.-,' 

T?nT?rr 
1947.77« 
rimiT 

4Sr?:}    KfftJJJ   i5?I.i?i 
410».1        1922.031 1*70.104 
'«T*T:T •" imriir   Im r*«- 

4409.1 1927.409 1»02.*1» 
«111 IH*m TflTTIff 
4429.1 1*32.020 1907.739 
443J.1 1914.417 l91*  li4 
444»! 1937.246 15»2.4Q1 

TIW-!—mrin—mrm 
24TT+    till! ill     "SfWM 

11.729 
51,3.639 
516.346 
?1»,44 

-924. OH 

52*.»73 
ISi.lM 

1933.096 rnrafr- 
93*.940 
I4i.ll! 
543.57» 
945.141 
»4*.2*0 

[III.111 
9»1.0«0 

312.33 

llt-U 
317T3* 

1319.90 
mrify 

1339.S02 
1342.003 

33 3.89 
Jim 
330.57 

1345.092 
1347.310 
iS4i:iU 
1152.171 

1357.277 
TJIOTöJT 
1342.230 

1020.144 11*0.2041524.01* 
1029.944 1.'. 70.959 1028.1*9 
1032.09«   1173.013   1*30.4*4 

-üjiao* 
1039.225 

117».. 
'iöS'.lll     nTTOH" 
1Q3».»24       117»,003       103«.*4» 

Tö4T70*4T       1119. «II       103*.1*4 
1044.615       ll**-*4*       IQ'2.01» 

Jim! 
343.54 

m wren 
9»*.3»* 

J247IT 
34*.50 

H44.SÖ} 
1366.75» 
134».442 
1371.671 

lÖ4».23r 
1049,2» 

Atttilfil Utttlli 

TUT 
ii*T 

Torr 
ja. 

III 

1? 
157,55 

1374.21 
1376.71« 

TJUTleT 

"lOlCHi 
105».**1 
1141.341 

7T*T 

IP 

10.4.030 

Üilti* 
-112,1x121 
109.1.5«9 

10*3.031       1 
1049.999       iW. 

uü«m   wu mm i«M» a 70T**4- 

4*0*.1        1940.713 
1482.274 
1*04.«3« 

f4i.0*9 
543.456 
944   ll« 

1*4*.7«3 

41. r* 
int* 

1344.42 
1344.47 

mm 
13*0.91* (nriir 
i >»*•«* 

mm mm 
" mm mw im.m 

122? .47»       1*77.0*3 

"~ 

A-8 



A-9 

ftrrrr 

•949.1 

4989.1 
4579.I 
• »•»  J, 
itfrj 
«489.1 

4495 i 
«••9 i 
«75 I 
44«-! 

«71»   1 
JTlfl 

«JH 
«741.1 

rw? JIT ' 
199?.11« 
lT«t «II 
1944.959 
Uli. Ill 
;94« *i9 
HIT  Ifl 
i969.»9? 
i«*2*.i«4 
1997.«il 

1*4«   2l« 
1543.744 
19J».1J4 
nrr.nj 
i9?t.Tie 
1*74.5«4 
1918.043 

«~77~ 
190«.99» 
fill.!ifl 
mm 
l«»3l»9 

«75T I    irrr.iJf 
«7*9.1        1*71.317 

mi. in 
14*0  139 
rnrrni- 

«•19.1 1*49.997 
urn    l ui. in 
«629.1 143».140 
mm—nn TIT 
«•«9    1 1*2*.23« 
im.i    lm.iif 
«•«9   1        l«i*.2«« 

141J   »4» 
KIT T*j 
1*1» MJ 
HI* i3V 
1*11.141 
1*1?.18' 
1*10.982 
1409 «)V 
H99.fl! 
19*3.T7J 
I'M   1*8 
kill.Ill 
19 74.6W 
lTTB 34« 
1943 «S3 
{957.437 
1990 ««0 
rT4T73Ti 
193«.24» 
llll.HI 
im.:»»» 
1914.69* 
1937.904 
wnn 
144«.<•4 
14ii. irr 
1461.633 
I47TrT«4 
1449.999 
1*13  IBS 
1*96.02» 
1452.270 
1«46.«1* 

14 3J.96« 
Till. IW 
1429.7/4 
147U.B31 
1419.740 

T. «TO.601 
1409.713 
1411.777 
1399.»9J 
rm-iti 
l3il.947 
U'7.119 

T4< 

l>l7.0i« 
1.113.117 
1589.032 
TT9»7M7 
1H0   994 

l"*l ""•* 
19 7« 24j 
IT»».*« 
•.«•J 
1T94 
15«« *•<» 
I'lJ I'M 
197« 2;8 
19?4 i2j 
196* 42i 
nil 977 
l9«0.27> 
ITTT7*T1 
i"V '** 
l944.494 
1939.29* 
iTir.Tfj 
P24  )%i 
nrrriT? 

ll|4.If>l 
1**7.6»» 
14T1.349 
1«09.329 
1»71.319 
1«73.199 
14*7  849 
14*1     I • 4- 

1494. ?T4 
1490 8«6 
1445.»50 
1440.«99 
|l|l.314 
1430 625 
1*19.915 
1420.690 
mr.m 
1«15 12« 
1«0».»49 
1402.019 
1397.485 
1392   99? 

13««.203 
T375753T 
1379.299 
137Ö.7IJ 
1366.>«0 
13S7.98V 
1^98.2*9 
1354,000 
1390-179 
IT45TVH 
1342.04« 

TTJTOI" 
1334.012 
133T.785 
1326 331 
1377.317 
1 '16 «9? 
I3H.SIT 
1311 .0'6 
1307.ii* 
1303   70i 
I7V5;7?T; 

129»   J70 

04» 

n 
60 3 

13« 
is': 
iS>! 313 
1J7« «M 
1377 
131 
1114.2?» 
;3B* 06; 
1 387 6».' 

»i ««9 
nW77T7 
:3«9.039 
llll.lll 
• lOO.«»". 
lS«7.««7 
.31»   90? 
l3§5 fi? 
1.163   «99 
mirror 
;379.622 
I377~llf 
i3*4.»67 
tirtrm 
1369.91» 
1364751 
1363.980 
fToTTTn 
1 jV . 797 
iSW.ISO 
13?1    '6« 
i3*1.401 
13«9 70« 
iT42. 3T4 
1339.996 
ill».117 
1331.209 
lTTO.JJf 
I32».«49 
1324.853 
1320.69« 
1317.8E4 
13l«.«24 
1111.91» 
ISO».639 
1309.678 
1302.347 
12999»? 
12*6.«0/ 
1771.47»- 
1290.9»7 
I7rr.r»» 
12««.212 
1 HI. 119 
127Q.17,; 
i in'lit* 
1272.3*2 
1789.340 
12««.337 
rT83.73» 
12*0.400 
17*7 577 
1294 926 
lJTf.771 
124».91» 
TT»r.TTT 
1243.233 

1*9/ 
1 4JS 
14jr 

.' I 
l«t5 

513 
' 2 \ 
131 
1 1 « 
^7 
i 4? 
940 

i«:« «9 3 
14 14     S^4 

r*T9~oTi 
1414.39 7 
1*1*.57! 
1*12 237 

«if «87 
l«w. .07 
14Ö4.742 
1404   007 

1J98.4JJI 
1399.437 
1392 339 
131169T 
1389   ««9 
u«i. »AI 
13/8.263 
1374.m 
1370.»»» 
i:47 66» 
1363.9*9 
lT5ir:T75" 
1396.«47 
i35?.007 
1349.«94 
1345.788 
1342,304 
r33T"8Tfl 
1539.092 
1337  ÖC7 
1328.619 
1325.XRU 
1321./9» 
I3JB.777 
1319.091 
I3n74T7 
1306.233        1124. »73 
IIJ57T7T      1154.111 
1301.401        WZi.Hi 

T7W.T3T—Tlll./n 
129«.760 1121.964 
I75T75T5 1110.9"9 
12*0.499   111«. 664 
X 719. Oil     mi. 74» 
1262.192        HI». 10« 

1084.915 
1 ja/.iS» 
1910.9*1 
10*2.327 
1574.302 
19*6   <*22 
iBTTTTf 

HOI.**! 
'. 104.060 
lin»   «n2 

ITWTITt" 
1110. 7''7 
ufttoTT 
1U» *'* 
1117.1«» 
1110.690 
1120.57« 
1121 , 761 
il?3.J3ff 
H2«.»i» 
12T7»63 

1127.4TT 
1126.379 
11797170 
1129.969 
1130.187 
1130.«09 
1T3TT4T 
1130.790 
1I3TTV4T 
1131.1*9 
1130.119 
-.130.9«» 
1130.802 
1130.296 
iizV.tll 

1223.038 
1226.092 
l?7«.49i 
I2i0.»99 
I73T.T77— 
1239.«^9 
12377411 
1239.992 
1242.312 
!?«« X77 

T7T6-TW 
1.4 7.«7t 
rynriTr 
1290.47« 
i!it. *w 
1292.249 
IIII.Ill 
1293.229 
i?T3777T 
1293.22» 

i9io.«<r» 
1062.«2« 
•.014.941 
10«7.007 
1119.Ill 
10*1.4»9 

T0TT.79T 
aP*«.Ql3 
109».oao 
(1»B , J_»7 m 1102:199" 
1104.42* 
1106.6*3 

1113.414 
1119.109 
ill«.241 

1292.933       Jill.94« 
1292.940       111».7»4 
i75T7iT4l 112Ö.47B 
1291.49»       1121.310 
17T5T971 11S1.7Ö4J — 
12«*.3«3       1122.249 
T74TTT31 1122.411 
124/.130       1122.7»7 

"•iJ4I.W|-- U22T9T4- 
1244.672       1123.033 
1243.492 1123.131 
1241.»73       1122.»3» 

~ 1240.247  "1122.«5 
123».97«   1122.990 
173X7991 1122.249 
1239.331   1122.04« 

1129.21* 

1175 .TTT 
1126.37» 

1127.931 
112 7.989 

1126.197 

1129.»1» 

1233.217 
1231.743 
13SÖ.Ö7J 
1228.303 
1224.317 
1224.323 

1220.78» 
im.»/a 
l7i4T9Tr 
1212.926 
1210.711 
1208.90« 
1791.71 
1214.977 

T77T7T7T 
12/9.712 
17777337 
12»'».139 
17»6.T7T 
12*2.731 
1W9.994 
125«.7J0 
T79T74T7 
1290.80« 
1147.119 
l»«4.9Ct 

1117.141- 
1116.0«! 
1115.«39 
1113.»0« 
llll.l'l 
Uli    84' 

1211.319 
1200.309 
1111.43» 
11»».479) 

TTTB7TV1- 
1109.99? 
iioi7r7i 
1107.933 
TrOT799T" 
•109.118 

1187.8831 
1119.499 
1183.»19 

Uli.ill 
1 WS. 94 0 

1121.433 
1121.212 
1174.923 
1119.9*31 
Ü19.4I0 
1119.209 

.r.iif 
1116.97» 
1119.191 

HI*.»77 
1112.799 
nn.»»» 
1199.491 
T1SP.6B» 
11»?.97« 
-iTiTIfT 
1109.78« 

1117141 
1899.964 

•iUIJtti ity*ti?t 

•M 



A-10 

••;••• i      I*OJ 9 2» 

1JM  |       1285.19) 
ili_i 115JL.I1!. 
•TjMTi      i/5« 205 
U*_X ..._U1_—u 
••/'i  .      i/5i   ':' 

»i«i i """ I}«5!?*I 

19 85   1 

33*3  1       u'a 
5TST~i      TfTT 
5545.1        U'4 
IfW.l     il7l 
iifia UUJ 
55^5.1        11*6 
5585.1        H8J 
3T«r:r   rnr 
56C5J U59 
561?.i      li5e 
3623.1        1154 
XttTTi— U5T 
5845.1 1149 

•7*;T ir» 

i?r» irr 

ilifJ\* 

i*'i  :55 
JJTJLfJ? 

1**6    S'» 

l*»l 382 
U1t.fi 
1*5«   8»5 

If^t    __. 
12*8    149 

Ui±*14l 
»»41.57« 
MM   VlJ 
iTJl JO; 

l2f9    196 

1223.24« 
1**9.. i*?l 
1217.,60 

1211   3«1 
1205   ii* 

12C2   8".9 
lJ0 0~". 6TJ 

1141421. 
1194   903 

i797  **« 
i?0« .00 ' 
L7I1.ila 
128/.0J* On m 
i/>2   351 

141! .*_. 
1.65    430 

UAUÜL 
1/5«   110 
JUJJLlll 
1*52.53« 

_____LL 
1246.265 

1*43,350 
1240.J94 

111L112 
1234   324 

<Z3_._J 
122«   *5i 
li_L4_L 
12*2.877 

1 '17.304 

lZi_,_i_ 
1211 .534 
1*00,16/ 
1266.258 
1203.5*6 
l?0l.lTs 

_.ll!4ji 
1195.8(16 
1103   *«3 
1190.483 
1108,068 

ry«T.rff 
52J?   312 
mi nn 
12297574 
Jlit^Si . 
12*3.204 

llljk*4" 
12.7.."« 

1212.««2 

12C7.06« 

t;oi. '34 
u?».ilo 
1198.626 
1194.023 
1191 .371 

1186.269 
__J8_J.BX. 

1181 .5*7 

i___S—. 
1178.29V 
1174.041 
117J.587 
1169.3*9 
1166.9*4 

105.604 
1*0)3.190 
lioXSTT 

.__3__1_. 
1176.045 
1173.286 

TiTTTTST 
1168.852 

1162.114 
U59.783 
1157.649 
H99.203 
1152.907 

U!?JLI_ 

•Wl 114T.1H 
1665.1 1149.110 

frrr.i—irrrrir- 
3669,1  ll«0.«5» 
5895 1   llSO.37? 

57i5 1   1133.807~ 
_iii_ »»l.iil. 

5735   1        11197441 
9745.1       1127.457 

57»5.»        11*2.784 
rm.i     mnn 
5703.1        1118.978 
rrw.r   TITOTTO 
5005   1        1U4.411 
Mil.!   UuM 
50*3.1 1118.««3 

UM .»»3 

U40.2«! 
116«.073 

TUT." 
1159.««3 

U60.719 

_U*_J_L 
1144,057 
1141.Q49 
1139.64? 
1137.932 
uK.m 
1133.4*1. 

1/«1 
1238   2^5 
i?T*     '64 
; 23.'   J 48 
I ,. 5 "»81 

12*1.911 

1*1'    *47 

U12.U* 
1*12.457 
!_!».. 1—L 
WÖ6.8** 
;< g.—9—! 
1/01.261 

llfO.Mf 
1195.047 

._„__!._ 
1190.531 
3J__2_I 
1109.313 

1180.504 

II 73.249 

117Ü.151 
1167.909 
1165.4*3 
1163.035 
116? . f>*6 

ll?e?_L 
1196.107 

_ 
1191.290 

1146.917 
1144.480  
1142.170 
Ul___ - 

'.102.846 

1100. '2* 
ifoTriTT" 
1091.401 
1096.070 
:. 9*5,91* 
1 1 v 4 . 9 < V 

JJISJ.J6«__ 
1092.179 
1890/47 
1009.912 
1098.27/ 
1057.067 

1C4.479 
4J 

ioei .610 

1079.487 

IQ'O.III 
J076    960 
1075.68« 
1074.10« 

WUAS- 

• iTTT.vrr-" 
1170 .629 
irnrro» 
1166.701 
1164.625 

1160.394 

1155.908 
JO2JL10JL - 
1151.723 

1147.550 
1145,539 
1143.479 

-Uiljül— 
1139.310 

1139.208 
IÜU7J 
U50.997 

1071.387 
;Q7Q,940 

11*7   196 
"•".106 
11*2.930 
11*0.m 

~lb*Tl".-THr 
109C««5 
iff«.r«.">* 
1080^*37 
1Ö86.761 

1112 LUI 
1084. 103 
108*.676 
1081.449 

1078.39* 

1075.687 
107«.«97 
1073.779 

..lBy«,J0J- 
1070.076 

lBfttt.721 
1067.27! 

. lüAf .1ÜL. 
1064   «69 
iQftj.fl'O 

1119.301 
1117.431 
1119.10* 

1061.*14 
lQ6Q.p36 
1098.805 
l»»i»» 
1056.1«* 
ifl?«.ai-, 

1064.070 
744 

1061.959 

1111.300 
1109.494 

1050.744 
1057.70/ 

1107.434 

uiajtta - 
1103.006 
ufli,e?j 

1052.090 
1091.019 
10?B.**0 
l0*^.»6t 
10«/.305 

TTJT705T 
11*9.070 

:TüT 

11*1.117 
11*4.931 

-LIU. 560 

ll3*.813 
rrfirni 
it49.917 
1140.017 

i{?2.6»3 
11*0. 'Oft 
iul.loT 
UAtiiU 

1137.949 
1135.299 
liHTT99 
1_13U.7*8 
il2f   S*T~ 
11*      /8*_ 

*TT?r6jTi 
112*.3V? 

1096.2*9 

19",?3» 

1099.80J 
10^8.069 

10-.«.200 
105*.* 70 
1031.*3l 
1Ü50.026 

1096.156 
8.094.440 

uib.iW 
1110.3/J 

10*8.717 
1C47.63S 
TÖ*4. 099 
10*5.239 

1092.332 
1090 Ct* 
lCdO.899 
1007.232 

11*3.63* 
11*1.320 
1139.13» 

1114.926 

uuan 

ilio.BU 
ni'-'n 

1110. 700 
1111.731 

111*.**0 
1110.p2* 

T6TT.T7T 
10*2.2^3 
l64t.J"6T 
1039.77» 

10«. 320 
1063.16* 
1081.691 
10*9.975 

Tl 70.259 
1076.2*0 

1107.403 
1106.003 
1103.740 
1102.084 
irj99.r«**r 
1097.895 

1038.187 
1037.802 

l67«.5»3 
10'3.110 

1306.17T 
1094.193 
lrfTröoT" 
1090.12« 
1911.421 

1036.410 
1035.1«\ 

1071.343 

1032.711 
lB3i,J77 
1030.290 

106'.96« 
1083.892 
rmtni 
1062.881 

1ÖJ9.JI! 
1027.128 
iffirni 
1023.201 Torrnr 

iB*C.TBS 
1039.134 
1097.914 
1056.0*5 
li34.377 
1152.415 
lBSB.ill 

1042   -!19 

A9.4JLJ12- 
: J3B . .>19 

103..161 
103V.Q78 
1033.60i 
1032.029 
1030.696 
1(1*9.^69 
1028.066 
1926, flOQ 
1023.427 
1023.999 
1022.423 
1921*0» 
1019.013 
1111.912 
l6i7.«9T 
1015.726 
1014.9*4 
1813.116 
lBU.ajr 
1019.853 
1009.323 
1)00.0*3 
llJi.4»* 
1003.284 
loo«  ,0} 

1086.594       1023.078       1189.373       1802.772 



A-11 

 läitU A.Ill  

Tt mp«f «tuf« D«l« Print  Oil tor  Hound 499.9 

MuJna|m*rCtM* 0 i 

T 
04 

—IT- 

OS 

T 
06 OS 

Tlrr» "T»fT>p. 

•11 
* m-p, 

I'M 
T*tTTp. 

Uli X'FI 
T>mp. 

l'JÜ. 
T»mp. 
IT) 

Trmp. 
IT)      - 

Temp. 
IT) 

•tffcf- 
11«.i IIJ.J77 797,139 717.117 Ml.Mi 

it«, Ü* 
m.iti 
it».tu 



A-l-i 

mm 
;«• 7| . «• . 
l?'l .4-, ' 
UlO ?*5 
l3>5 667 
13.4.1-125 
»355   8<,C 
U2JU1A1. 
i 3*2. 357 
1,49»,n* 
j530.9'8 

J.80.J-.A24 
j60i.663 

335.409 
hi. 842" 

tW.'vii 
76*.9« f 

Jlli^li      2218. JO? 
8*1743«."      2163.7?9~ 

65*7.86.;        2lÖi.«4 

U27 «I » 
1180   »B* 

..21   101 

U« n» 

»338.244 
iTff.TH 
l37».3»g 
1394.621 

•427.84» 
1442.98? 
1457.4*5 

1418.112 

1*20. i46 
1»J7 314 
1554.501 

1586.618 

.a5»Ll£L 

»25.176 
•    •      '4- 

11!»    43? 

l»66   634 

tfif-'tft 
12 7 4.177 
ilfflTD"»«'' 
UJiJU 
13«3   132 

4 4"""    I« 
«'.    231 

Mf.lfT 
4 79.887 
512.742 

aw;i  ;«i» 
6»J     69» 

tj* *.*•!. 
64?.073 
687    687 

738.299 
T63642 
UL8U15JL 
«I*.68] 

"TT1.8T4 
3«*.132 
«i>\116 
440     '14 
«1    '" 
484t9J8 
«0 '.999 
530,097 
553 . 764 
5 76.56.7 

-JoTT?r 
633.495 

5^UU 
6;4.300 
»«J.JV9 
67i    TJl 

JH.lh 
753.547 
'»TT"^*        66B.4«!        iWTilT 
0.04.JS!      ^SJJ^TJi AA*L.iUA_ 
823. 770 726.878 316.646 

-a 

i47. oir 
:•>' .i»:s 
167.6?'. 
1'9.?6, 

»•».4M 
214.401 
uuu 
239.165 

1-934 
t.fli 

278.024 

«Hlf -"-a-^-Hii.-M    flfr«    fc'?W 
^4^9. 790 865.639 
;449.2?J ^ü4 . 4>8 
1467. 4?4 '.£4,V3* 

1«12.992 945  869 
15 M.»»f     JJt*-*^ 
l5l4.840 985.659 
1? ia.M* IflM .il> 
1545.203 1«2 ' .4i7 

i45«*m. - -iiH-151 
»972.1*5        1357.9^4 
HH.87I uaiujg 
1595.l79        1.396. 977 

_ lAOfcJLt». l?Q/.lAj 
1619.i«5 
1833-460 

895.^64    606.J24    356.690 
*l5.694 
936.255 
955.514" 

21±x*±l 

 iaii 
993.158 

83Ö.614 
"5<..960 
8 76.104 
»61.990 

r70T42i 
383.759 

lO^V.483 
1946|871 

9*5.234 

_il».lA5_ 

396.967 
410-408 

1648.9i7 
186?.369 
1677.573 

. •'•4    - ,4 

»064.603 
 1802.579  

UOl-146 
l»»g.33i- 

2207.182 

2207.il2 

'.612. 382 
uituSJa. u 
1701.622 

»623.739       i7t6.475 
1641.37'*       l7*6'll6 

938.736        Z126.524        ^659.003        l735.64i 
'024.Hoi"      20*4.622       i62«.B43       »746.197 
»40-Mf       j977.04|       1981-72U »797.645 

~T7*4.700       2*~2*.l36   "~ 1532.666        I»l2-l45 
»04j.?63        »959.062 
»281.632       »«13.24* 

Ifi 

2207.i82 

_l|AiJii-. ;2*12.625 
-2779.415 

1133.692 

1174.007 

12i2-374 

964.220 
980,134 
994.815 

1025.584 

uaiou 

423.255 
43* -Mf 
448.981 
494.0 
506 

,0il_ 
•12» 

1073.453 
1084.829 

1512008 
lQQ^.132 

1098.608 
lU0-425 

2233-OiO 
Z2»-0l0 

2154.64? 
»433.501 *??0'06*___2?i<'7JL*4~ 
1 332. 8*7   "{44 377*9       220T.4J"r 

1245.979 
1262.3S6 
1278.088 

»307.7»(T 
1321.86< 
1339.789 
1348.470 
1361.169 

1122-536 
1130.52? 

2233.010 

2233.010 

»155.694   »743.690 
1152.92? ?Ui.fl?« 
1216.021 1860.259 
I234.79i -2860.698 
1246.">45  -2686.692 

2U.      -?H'J»» 
1343587   2035.907 

1738,669   2233.010 

T 
»85^ 

1705.1 

4*-»--*« &»»•.«-» • .».»«. ov 1"J.J-' s*»'.*«« l«>ti|<« i-av.ww» «Jil.41« 

ig*L?|i iM?ä| «»?••?> •iÜf'H?   ff!?-1!! i43i4a 2°2»-i3? gjlitiU 1519.024       »Te»7366»Tn.sTi       7226.166       22077182       1364.640       2120.017       2233.0i0 

T7»T7»- 

• MM. 

-631.696        !8B4.95l 1282.856 
^0*jt75Tl      J» 7|. Ill       iS'LltS 
2292.384       2237.327       1458.265 
l2¥?7TSl TlTTTSrf »«T.3JÖ 

2226.166        2/.Q7.ia2        l407.9i8 
2i2«»66       2/07   i«2       pFtTTf7l 
2226.166 
ziat.itt 

2217.1*2 
Tfirrna 

»608.679 
22*1.H» 

i2if_4»* »»••gig 2226.504   2233. C»0 
2226.904   2233.010 

lM»i 
1769.1 

TTTTT* 

H8+ 

««*«        ««*».»,.        4.« ..J*-       «i«.i»       «««'.»-«       ««-g.«-.       2228.904       2233.0i0 

-«HI}-- Hi? &  HB ?»  i«?.l?{  »«.Mt  iBtli?  BB.IH  fiii.Hi 
Iff* ill?     M!?.»y Ü<4i^ 1»22.**2 UlLOJI U*X>2>' 2220,594 21*5 .«Jl 
2292-3*4       2»70.996 »628.5»2        »966  »47       »V«j.|*7       »892.272 
2252.384       2878.739 »600.092       2093.017       2142.002       1978.62» 

~i 2f? 75oT ~ fiwrrfn i o-jTTTjr ~TiTi77n    22^77«*    Uh.iV 
24,52-3»4       222*-50' 1883.754 
fat: in    tm.w ti*ttr 
2155.4|Q       223^32^       15350J1 
^TTfli—223T:jt7     uIl.«<T 
210«.503       2237.327 

an 4ii   »*z 1*?   2|«i jü ffffTTKI      fJB7.ilf      mt.TIT 

>74».7g4 

2226.504 2111.77» 
»2749S4 1742.900 
2226.464        i9l0.f«i»~ 

iT?:*36 

JlUO. 

4.699       2196.631 
T7IW 220TTTI2 

1457.195       1904.301       »2*7.»02 »749.724 2226.5*4 1111J7 4 
2242   201        22IT7127        1700.021        l»lJ.37J       |?fT7t1{ 2241.23* 2226.904 068.42?" 
11°J   »*4       2237.327        l5"».96j       2»66.7j2       22*;1*2 l»1^9.162 2226.904 lltlKTtl 
iJn:w   »37:377—frAr7Ti—g»i.ih—Hi7.fl?-- hwrtif—fffiTiW—tttrm- 

-1*1*  »00       2237.327        nO0.au       2226.166       22Q7.i>2 2241.237 20l6.6l4 »,V/0.074 



A-13 

I" • lr A !V ·------- ··--· --------. --------------.!..=~.!,__ _________ _ 

------------------' ------..-------,.-----~-
06 09 10 

---·-~, ·;···w··· .. ·;···:.~--;---;.~~---.. ~---,.r~.::,r::-:.p:-.---.,r-:,.~.,::-:,,:-,.---.,T..-:,:-:,::-.,p::-.----.T""r~r::n::-p-.---.,.r-=-.=m~p:-.-
------·--..:: .. !~·~- __ ·, .. :•L.. _______ :.:,~L__ -'t.....:·•,_.·),__ ___ j_:£L ___ ___L_U_ __ ~!·.;..r._) ___ ...t.!l_ 

-



A-14 

:t3» i 
Iiii.i 
ij«9 i 

«I. IT! 
IfJ   »61 

1749  i tit.«4« 
irrt r~* iirrfTi 
!»•*.1 

itftt 
Ü4JL1 
im.l 
!55?t 
IH 
149f.l 
141»    1 

\m 
1449.1 
IIII.! 
1411*1 
14TJ   1 

mrt 
1»39.1 
lfjf i 

•TTTifl 
•»}.••• 
115.74» 

_   794.744 
»70.Ill 
'V, sso 
HI. ill 
•73.437 

~ "1*177X7/ 

lilOTl 
»'«.Hi 
l6*37117 
10«?.«37 
till.Ill 
1133.*66 

-TRJ7«7 

118:1 Hfrffl 
19*9.1        11C«.794 

THTTJ rrr ro nr 
»41. Tj» «>•    j |4 «19    »7/ 

TTTTJ* 
"1 919 
771.747" 
•03.944 
ntttri 
••3 ««9 
17177*1 
•U U* 
•99.991 

ilii.ifi 
ill 4. II6 
169«   7^0 

iinjy llM.iTi 
Ut&LlSj 
U«V.7«3 
"•»-76» 
11*0.3?« 

1111.111 
1326   4«3 
1247.7ft» 
1781  717 

1111x1" 
1313.39T 
1333.34» mrrnr 
13*7.196 
nntfn* 

"Tirr?*?—jwrnr 

•69.774 
Tlf.W 

777   »fj 
7T1    444 
«87.773 
619.69« 
Hijj7 

irr «Tf 
'14.71» 
TTr7iT- 
794.149 
?isrifi 
«31-69« 
III! Ml 
966  ««« 
«77   «0« 

•JJ UI_ 
•78.49« 

I00i.»»»_ 
1033. »44 
i«49.J«6 
1674,413 
1161 69« 
il307426 
lUl^llt- 
1192.»77 
13M.77« 
1791.117 
1X76 60» 
1714.414 
UIL±»J_ 
lS47.ui 
1367,441 
TUMI« 
1411.01« 
Iill!ill" 

331.312 
141.741 
199.47« 
171.fll 
3«*.10« 

~iii!m~ 
«4*. Tue 
4«f,«91 
467.130 
f>< 741 
923.133 

»99.01/ 
J70.869 
»67 ?•« 
603.0;i 
61«.965 
UluHJL 
693.671 

„1Z1.JH_. 
666.943 
703.777 

" 730.71* 
737.764 
755.32«" 
773.206 

607,661 

50V   »16 
17? «73 
191 .401 
371.111 
'**•?*! 
4 1*7613 
433.994 
•«: tit 

4»2.i«9 
»ij.n« 
»37.196 
332.4X3-- 
•»'7.463 
•»£ ?n 
613.345 
681.73 7 

330.363 
iri rrr 
373.6*« 

TTITTJT 
643 •»•tf; 

4 3T7*2 
449    «9« 

"4677193 
4>7.77f 
904. 62T 

-JÜJil 

111.711 
160.11« 
111.Ill-' 
293.74« 

~7n:*77~ 
729.§14 
lit!Ill 

' 170.1*1 
137.471 
III.lit 
141.663 
147.If 
1?M»? 4H 

363.967 
376.767 

5*3.1»< 

98l.463 
6 0J..67 7 
«19.3II 
636.463 

796.>3» 

?M-ttl 

1*0*3 
lllxllL 
184.969 
164.790 

313.096 

336.907 
»47-670 

370.960 

3C4.174 

323.696 
2J3.9A*- 
2*4.464 

JllilSJL 
364.964 
375.099 

690.990 690.134 
6JQ.»»4      _97/.7PJ- 
689.939 696.138 

Z1JL412 711 iH?. 
/28.391 
/49.017 

"747.5"H 
767.631 

740.101 
761.929 
7*3.if«" 

361.359 369.479 
372.173 279.382 
403.395 306.366 
112,782 Sift.HI 
423.391 
434.030 
444.110 

337.401 
337.630 
34*.OH 

1398.448 
1411.191 
1436,45« 

1*45.900 
1461.ll 
1477,079 
iTIOfl 1437.678 

1449.631        1505.393 
19791       II If. 71« iT«Tr*«7 mTTTTT 
1989^1        1319.33«       1472.769       1931.097 

12X677 
843.046 
*"*Of7~ 
ULU* 

aoe.44? 
830.214 

rrr 
872.3 75 

909.979 499.611 356.879 

"1957316 
«12.947 

"9777177 

B9!..9j9 
»10,239 
"971.730" 

"eTTTTöö 
646.94« 

Ti 
688.094 

»75.676 
'944.104" 
»61.729 

4667690 
4 77  95' 

5Ql|059 

962.467 
976.«•• 
914.3*1 

>1.77! 
«76.446 
»95.160 

lOlO.lSl 

TTTTTTT 
924.033 

"1397817- 
547,402 

369.41« 
360.466 

401.732 

5597417 
570.65« 
917.140 

4ii:'»6 
422.931 
433.73» 
444.931 
455.410 
466.169 
477.i7i 

lliTl 1228.604 
1609.1 1246.457 
HIT. I       1117. Iff 
1639.1 1368.790 
TUT.T—[III. 114 

1649.1 13««.769 
1I99.I      ITIBTTIl" 

lt«!l HB:» 
1669.1        1334.665 
TI7T.1—nrr.BiT 
'.709.1 1357.»56 
1711.1 1171.111 
1735.1 1379.226 

1757.1 1 1777.477 
(745.1       1364.065 

1463.694" 1941.479          «62.326 
1464.096 1954.9*2           «77.214 
ffHTm"   TTITTO* 093.10? 
1914.109 1979.950       1007.952 

»46.30«        1009.64Q       1026.84» ******* «87   649 
1040. 771 605. B9i" 1024.269 

1036.837        1055.0*9 617.«64 
1019.177. 6777497" 

19!!.Ill 
1531.432 
nwr IäT" 
1550.09» till! in 
1966.424 
TT7r.T9T~ 
1964.249 

rnrriiT 
1»»9.93? 
1606.064 

71777*47" 
»037.19« 
117-1.376 

i 053.917" 
1065.952 

498.305 
509.004 

1062.601 641.107 930.104 
1B70.7Ü iTTTTJJ 6377971 nrToTT 
1092.318       1109.123          664.325 551.046 

1171.411 475.719 761.127 
1917.447        10*4060 
16». 84? 
1632.766 
1«40.7J4 

löTTTilT 
1069.499 
uöi.iir 

1104.711 
1116.934 
1126.74« 1145.575 
1140.370       1156.669 

TT677T5T 

xf"**!      6?!?.1      ??l-jj? 

1646.136        1112.629 

1749.1       1i 
TTiri—n 7971 ITlTTlT 
17*9.1       136«.647 
lTTTT 
1769.1 

If II. fll 179778X1 1133.711 
1600.639        16*3.364 1134.410 

TfoTTHl      1*7U.3J7      1144.ill" 
1616.493   1677.»»4   1194.426 

ri777l*7 
i:67.»63 1179.576 

TTTTTlT*" 1)89.304 
1184.67« 11»».4*6 
1175.   IS 

696.661 
709.610 
750731 
792.135 

1431 7J0      rciTTTTJ 17777767- 
1631.206  _   1696.279       1171.49« 
lill.lTf       1696.320       llllllll 

-IB mm m&- 
14*9.23* 

1209.916 
130f.J7f 
121».374 

7Ü7.U4 
754.178 
714.711 
775.66« 

5TiT777- 
99l.66ii 
ft« 1.215" 
611.684 

"131.150 
631.39« 
441.731 
«4*.663 

T3TT7W T777777 711.933 1717117 
122*  «16       1336.632 797.237 »66.466 

T2347694 17«* »«J «771» 5 6>77lir 
1390.619       1299.662 616.396 689.623 

1317.IIS 
1364.039 

1787.1       1311.177 

1639.1       1379.476 

.tir 

7nr.T 1UI. IJ4 
l««9.l 4 If. 649 
ll97 I 177T.777 
-Uli.« 1111.7» 

"1177.970" 
16*3.732 
1717.191 
in. IM 

1731.»74 
m» 711 

1923.262 
77717777" 

1273. iff 1114.11! WITTO HIT! 

mm mm mm ntm 
1306.979       13*1.57« 999.196 722.994 
7rrr«7i—rnrrin ITTTITT 7si.ni 
132*.377       1299.671 876.414 7*6.773 
Totm—liTiTrn—wrm—FTTTRI 
utauuM   UM m MLJM     m ui 

1746   71*        1246^11 
T777T«Ti*  17477171 
1UA.615 U3A.3JJ. 

I HWiiil H —11871—l M8JII 



A-15 

•.•ii l 

I«J»   «6« 

i«tT *?4 

20>Ti      ill«, iff 

HJH -Him- 
nil.«    I»i.m 
2119.1        2290.993 
»12»!        2290. 999 

1373   1»? 

182.*"» nrntn 

i i*f. ill 

18 4*  24J 
ift«».J«9 
I 7 76.29' 

1713.999 
UI~IZJL 

-111».3*7 
-»fay.pJ 

•1377.25» 

JftiTTn 
•IlliulIL. 
2236.911 
223».911 

7135 1 TTfV-TO 373* Ml" 
21*2.1 liHxlil 211±_S11. 
2149   1        2290.999       223«.9n 
llO.l       1296,9?»     .iili^lU^ 
2179T       J29079»T^   223*. 911 

ilfTl 1W.99T223*   9ll 
1109J        f?30.999       2230,311 
JTiTl     2»6.M! -TITOT» 

P.;       »MO. 593      i7i9.3v9 

1T72    77/ 

;'•;.-"; 
1. ' * »    « » » 

;'»• v 
i*o*  'ia 

i«i'   12' 
!«{<• *U 
1*31   32*. 
1H».*I7 
|N(   090 

1696.669 
.U64.143 
1870.V09 

1891,/90 
2162.t.94 
27)2.39/ 

-43l .963 
092.«34 

"lITÖliV 
-12J2,3?2 . 

2147.91» 
2223   014 

;?f».»»9 
-.29»   631 

lJ«? i?> 
1 314129 

1UUU 
131».'04 
l>4«,i.93 
1362.95/ 
1*«D JJLt 
I7e0   .'36 
lA2JUI?a 
/0J6 106 
^il.'.tfir 
/2?9.«?' 
iii6_74i 
2223.427 

«».«*•; 
2229.427 

2221_4it>_ 

162'   277 
;>9M36 
1 777.824 
1*96   09» 
1**1     17« 
1A3XJL/J 
133*:   016 
UV .3 46 
220V   012 
"•»•12 
2209.012 

228*.91i 
220'   666 
2145.241 
217V.68« 

2209.012 

2223.427 

2229T427 
2222.421 
2229.«27 
2229.427 

2209.012 

1342.116 
IJ93.Q74 
1361.461 
i,"J- '4« 
1384.669 
111!.til 
1303.016 
130 7.639 
1316.076 

llift_5UJL 
1336.993 
UL4Juil3 
5399.347 

I3d0.47» 
-liil.iSU.. 
141«.2B9 
1639.903 

220V.012 

2209. 012 
 ZiUULJU 

2209.012 
2209.012 

1669.971 
29I7,«ft9 
2103.99« 

91V 647 
«J?.«6J 
»••9.0 76 

1220.127 
1111•*** 
1098.191 

isiiiiii 
991.096 

_JZl.ift.7_ 
966.247 

»yft.aft' 
992.776 

979.324 
JJ72.M1 
973.922 

ili ft. 
969.162 

_lfil*J9i. 
1041.902 
»76.616 

776.273 
«03.6?» 

-673.3«« 

•UUL». 
-2Cl9.l63 

-693.17« 
•1231.061 
1466.411 

1997.792 
l»lft_31ft 
2232.096 

_i.2J.2_4? ft 
2232.09« 
2112^fl9X 
2232.096 
2232.09» 
2232.096 

2226.366   .026.966 

2232.096 
2232.B?6 

2161.232 
2213.969 

1131.047 

HAU 

2232.09* 
-22;a.Q3ft 
2232.396 
iiii,Q?« 
1906.44» ITSlTJfJ       2229.4J7       2/09,012       2233.790 449.766 

1_9_5_22_ 2222.42? 2_J____12 2lfi6_JJi  
2232   392       2229.427       2209.012       2233.909 610.799       2232.096 
12&LAH       2»2».4»7 ^flv.flU 2fl7>.*_6 !__?_-___ 2232.096 
3232.392       2229.427       2209.012       1666.623       111«.660       2232.096 

•1U?-1|1   -222?. «2_ 2______A2 ll_l_2.__ l270.7«? 2J_t2____i, 
2Ü9.671 

>32. 

.'164.446 

Llftiilli 
2209.012 
22Q9.Q12 

H nrvr. 
29 3»J2l6 

fWl 

Bii't        *!r'ii! 

1688.125 

UU-t-1 
1369.627 

2232.392 

liilli ftf-H 90.969 
233T l n. w 

2290.999 
22«. «f 

iTTon—»H.sii—immr 
266». 461 1?|MH 2229.427 
2236,911 2232 392 2229.477 
2236 311   2232.392   2229.4?7 ?73T.TiT   surrm—mvrrr 

.-^- UlijU ?2?9,427 
t16I7T612232.3622229.427 
2136.9-j^      2232.392       2229.4J7 

2209.01?       194C.81« 1362.712 
O;-"!'' 1900.491 121*. 6*7 

206.0li!       1546.2li 13 
220s.0i:        1697.723 1331.619 

2232.09* 
2232.B?t 

27P15TS" 
2209.012 
2209.012 
2197.«49 
2'26».6l2" 

128JL 

iWJ.4« 
221U.21? 
2186,192 
1966.291 

1734.349' 
21?2.7ftt 

_J'. 

f39TTi 
Ui^I I2?C   999 
2379.1 3290.999 
2369.1 2290•'99 
fJfr.T" 1««3 nwT~ 
2409.1 1010.696 

imTTn     Mi 39? 222?.4}7 
2229.427 
2229.4-JT 

223».9i;   2232.392   2229.42' 
TfiTTii    ijrnvr 

2129TS69 
2209.012 

T2577H2" 
2209.012 

tuMza 

1**9.904 
1026.606 

2232.09« 

hü 
2232.09* 
2235.05» 
223»   69* 

tJi*-2U MiiTfn 
2«3*_LMi 
T;S6.»II 

-22il4«i 
2232.39/ 
2232.392 
??3?3»? 

2423.1 2067.717 
TOT! J7*fl.M* 
2*49,1 2290.969 

"TITO 179T79^r 
74*9.1 2290.999 

74»6   i 

Ifiltl       «91 
MJI.1        »790.999 

2290.999 
7751 .TTf 

999 

2729. 47» 
/229.«2/ 
JSJ9.4J7 

223».911 2232.39/        2034.693 
~J,T3IT9!I       2732.777       1190.0« 
223*.911       2232.392       1936.326 
III*.51I     "2717731}       1110.074 
2»3».9U       2232.392       1576.9*0 
7TTr;9Tr   7737T3T7—rm:tn 
2236.911 2232.39,7       2229,«27 
2T3T?FiT    ^73T73T' 272T:^7T 
213*  611 2232.39/       2229.427 
7T3.7JU 77J7 3t7     ^TTTfTJT 
2»36.9U 2232.392       7729,4? 7 
mntl 273X19? 7TT1T4TT 
>«3*.9ll 7232.392       7229.427 

72flv.fli?" 

2209.012 
22C9.012 

2240.249 
222C.960 
ITT 
2179.029 
224Ö.540 

•2140449 
.'240.24* 

1210.21« 
21^3. ?fl6 
1979.592 

2232.05* 

2232.09* 
2232.03* 

7.'4fl.245 
2240.249 
"77*772X7" 

2209.012   2240.249 

750V.012 
2209.012 

fTUT 

FifTTlTS 

2229.60* 
2240.249 2229.60« 

TTlTTfll 
2126.994 

Tlü.flf 
2*96.A*l 
ml. ill' 
2030.909 

2240.249 
2.2*0.249 

"27T0--J-21  
2240.24« 

RfSTIi! 
2225.66* 
7011,9fB 
936.552 

1690.223 
1 «44: lU 
l'5».fc«9 

2240.249 
2306.734 

"~7T7T71 
2j46.»«t 

22*0.249 

1936.697 
IM4.I3« 

mm 
2606.0*7 

2235.654 
223203* 
2232.05* 
2232.95« 
iHr! 3232.65*" 
2232.09« 

2232.09* 
22SJ.Ü9» 

2232.03* 
"373T755T 

2043.202       223».05« 
JHS.oJV 
2232.03* 
2232.03* 

11^1__9* 



A16 

UJllUl^iA • •   •  ' " 

i - 

•'. •>. J>. 'I 
Trmp. 1 rmp. 

i«e! »!••   1019.1 

 U2»J- 
10TO.1 

 ram 

;>j26 
107.2Ö1 
i5i .7;» 

—nr-rjii 
1971.1 2*6.960 
ie*5.i       30«.osa 

S3*.9*3 
"*71".971 
447.603 
4*0.«0* 
400.300 

TiT."*«*"" 
910.175 

TOTT 
y;.7»7 
93.1?» 

120.06» 

75.24S 
_76_^67j 

109.134 
174^951 
240.9~*1 

_284.27? 209.32» 
237.701 324.«61 

1109.1 
mrn 

...11?»-J, 
lliTTT 

" ivrn OTTTC 
11*9.1 949.11* 

" rrrrn WT-T JI 
;.f*5.1 96».»77 

200.037 
.... . •* * 
34J.lit 
3J7.J73 
»**,9ll 
40*.1'0 

449"7l74 
46*.393 
rn.ni 
4*6     »'.•» 
«•T.T07 
91«:.210 

364  920 

440.7J? 
467.?I0 
4*9.376 
9*6.94« 

547.507 
W*71TJ 
969.97« 

"5¥ITJ*T 
901.966 

04.044 
02.Off 

101.309 
100.166 

"IlT.*«~ 
12*.6*3 
141.160 
19*.0O9 

49.763 
-t9,y*y 
*0.240 

103.053 
H*.t7i 
127.703 
100.273 
02.479 

uuiia 
131.02* 
i5\.252 

75.023 

trnir 
196.331 

172.479 

1*7.•*• 
210.000 

237.004 
79T.7ir 
»•»**• 

95.481 
01.759 

HI ; 4ii 
JJJLill. 

•0.32* 
•9,,7*_ 
o#:jio 
•toit 

119.93* 
127.709 
iirrprr 
01.013 

»3.54» 

201.9*0 
279.77 
207.379 
113.024 

•391.154 
Ml.Ml 

1*3.«i* 
Ulxlll 

76.131 
71.37* 
•1.0*3 
06.430 
*».774 

100-149 
109.2*T 

UMiZ 
120.027 
111.311 

1*7.X'C 137.024 2**07» 



A-17 

mri TC-TTT 

im 
9»e 
»it 

'•5 

i»»» i 
ifff.I 
1)99  1 
Mtl 
till!! 
n*».i 
1 399  1 
l!*9   1 
Imr.i 
UM,* 
l3»5   1 
1*09.1 
mi. i 
nl!.i 
1115.1 
1491.1 

'"'! 
i4>l.i 
14051 
i«f.i 

4*14- iiiri 
*HM 
1939.1 
19*9 1 
fill.i 
19*9.1 
llTl.f 

!?B:i 
1*99,1 
U».l \m 
i»«5.1 
1*99.1 

• I?   »1» 
• »'. »I» 
»H 94i 
ilTTTj 
»««     «04 
•9* *>S 
**9..*• 
473   J4J 
'••    3«f 
HI: fii 

'99.999 

>P   ?i? 
'2t 373 
729.3/2 
7J4 9«« 
'«2.332 
TW717? 
799 90* 
•?2?T44 
761.772 
775   5»» 

>•*.>•? 
'•1 .69* 
7*4.7*0 
•iM*i 
Tl3.**3 
•U   ?i 
•94.193 
•«3.390 
§13.?Ü 
••: .37« 
i«t m 
• 7 j , 4 94 
117.0M 
•»9.992 
flJTflT 
«OS.9»? 

* fir. UT 
•1B.1*J 
926.2*1 

1**9.1 »31.*3* 
TrTTt        ISi.Til 

»8:1   HHfl 
1709.1 •4*.4«9 
fTil.i       W4.IM 

»99.497 
ill.Ill 
999.17« 

TTT.IW 
17JLH1 
••3.*39 

WH  »Hfl 
t«W -iBHfi 
1*29.1        19901»* 
iwirr   niT. in 
Ijill. 101*.*44 tiff. 1   Uli. IN 

«!*   <»1 
2» 9«' 

53» *:9 
*>«*.»«' 
»9*.»9» 
99*.9'9 
9*9 «*8 
••»• 113 
9»»   4«0 
*8'.**B 
»1» 4 »2 
•79.96» 
433.9"»* 
*4J.I9l 
•9«.906 
•«3.*»* 
•'2.07? 
•/«.Ill 
»•«    293 
•" i'l 
•••.413 
'09.OJi 
'11,»9J 
ll.Olfl 

'2« 61| 
'" 3 0 - « 3 » 
73*.**9 
'42 t»«e 
74/.«98 
'9J.J-'? 
79».*3tf 
7*7.179) 
77«.1«9 
'•4.238 
79?.2«J 
'99.654 
•Si.114 
•13.073 
•1*992 
*2*.003 
ITB.rri 
•39.*9J 
141.104 
«".Hi 
•92.702 
•97.193 
148.II« 
•«•,••0 
«73.»1« 
•7*   783 
•12179 
••7.339 
TRTfP 
•9». M9 
1J} II? 
J1102A 
•12.294 

•J4.740 
131.643 
•3*.*09 
HI 4*3 
»47.109 
HI Tn 
•99.99» 

Ifl   »71 
»U ig» 
•28   '3. 
»I* ,i?l 
»3*  »11 
«45   »0 3 
»n »»3 
»••>:   »12 
Aft»    60 ' 
ft'»,»»! 
ft*4     »T* 
»»2,192 
«,99  *?1 
'O».»«' 
714   J09 
721.3?» 
7?»   00» 
715.iCfi 
'41 •>•): 
7«»4 1-41 
7} 4. 9 7~9 
•6: »j i 
'6' «.4« 
771.17J 
'80.449 

'•Ml! 
7*4.519 
"9? »91 
»07  5*3 
«1*J7£ 
»20.910 
•*",41i 
839.024 
3*4.300 
fflT.OIT 
8*3.'28 
»7? 79i 
9O0_.V*J 
568 43- 
899   594 
903.07* 
90».496 
»l4.ll» 
121*111 
928.3*9 
933.693 
«XI 4J5 

- 2»!*llfi_ 
990,2«« 
»99.««3 
941.rjs 
96*.0*8 
frrrn 
97».*3* 
m:»T2 
JtiUtZl 
•••.840 

1002.*•« 
lBti.m 

rrc.in 
2«9. '91 
29».J*' 
30* . 9j A 

321 93' 
13*.18« 
1*2.»»> 
J9l   33; 
162    444 
172,941 
3»?   *63 
J90.89V 
401.10* 
«19.6J9 
429.1*4 
«29.I5J 
«3*.22» 
116.511 
«99. '2V 
«6« t;99 
«72.?42 
480.988 
488.9*6 
»»».945 
904 , ;03 
911 ..5»» 
920. 124 
?*'.*<*« 
934.899 
JjlUAl 
949.213 
•5*.«79 
9»4.41« 
9'2.239 
1*0.294 
Mt.237 
196.J96 
»Mx«J« 
»12. 798 
120.SOI 
«1.W3 
»19.310 
£«2.4*4 

»97,0»* 
*»«.:39 
'irnu 
_»".*•»? 

•A3.«17 
••0.29* 
4TJ.T6T 
703.3*2 
7B17WB 
7.19. »fl 
721.299 

- 727 Q 38, 
733.904 
73*.*2» 

'.34 m 
12'. "6 
1 i 4 . « 1 4 
12».210 
139    '79 

»ft    112 

: j» .045 
111.29« 

i2i.»ai 
119.421 

VA.546 
97.009 

l^.i'i 
122.932 
ii».»ay 
;io.9»5 
12C.2/1 
111.193 
Ji*,80« 
119.4*4 
122.794 
112.015 
X22..99S 
11'.992 
il« U| 
121.10» 
12*.14* 
114 ,8t5 
141.1*X 
'.46.175 

141, 118 
144.134 
191 .21* 
160.442 
164.623 
143.218 
IZ'.ifli-. 
192.20« 
1»?.J52 
i«i.3ir 
201 «2f 
193. 7*7 
»•4.2»«. 
204.994 
207.»23 
lH.SU 
208.839 
20T.24« 
206.04) 
2fl9 419 
192.692 

3-71 . '7V 3" 
3*0 
451 
«•- 1 

•99 
»92 
122 

421 9'i 
4*2.2*3 
4*1 .334 
4«9    9^8 
4-59 . 700 

•••»2.21 
«'» «2* 
«85^4^9 
«93.«67 
?"1^334 
90 9. 6T« 

-»•'.iyi 
5^4.e«9 
9j2.au 
539.627 

3*Ll*-* — 
553 52» 
5ftl.130 
56f.664 
5 7 4.0*2 
581.612 
987.7*7 __ 
595.139 
*00.*79  
307.02» 

62r.00J 

632.7i« 
639.442 
«45 ;ys« 
653.088 
641T. »il 
••••Jilt 
676."92 
683,144 
496.343 
696.732 
T6X42U 

716.931 
722.709 

73*^39 

14 riii 
146.7/J 
193.'35 
158.95 7 
163.959 
16«t .95 7 
l73.199 
i".2.7* 
181 .512 
1*JL319_ 
1*9.*13 
l»j-077  _ 
197.300 
£01.14' 
2Ö4.244 

iiT-.»ja__ 
2H.446 
214.138 
218.3'! 

229.398 
228.21' 
231.406 
219.017 
238.176 
in ti»? 
244.515 
2_4 7.960 _ 
250.8 74 

257.437 

111 
261.291 
266.791 

272.917 
T717460 

202.724 
2»9.7/9 
20».411 
2*2.630 
i*i.i)9 
29Y.Q31 
102.763 
306.9*9 

177.923 
363.772 
38TTl9i 
399. »»1 
402.069 
419^X71^ 
414.102 

-12AOU 
4J5.907 
131.111. 
437.383 

«40.999 
494.293 

VWf 
4*9.»41 
471.495 

734.43*1 
'4l.m 
746.117 

^Tir^Tr 
797.731 

7ÖTTI2T 
Ali.3" 
315.9*3 
318.601 

329.399 

404.000 
«8».724 
4I6TÖOI 
901^203 

..811.1*1!. 
519.979 

531.8'fl 

»it, '|L 
T42.«2> 

59*.»77 

iiiifll 

HiJ:«-   »HK—HH« 
1029   170 
ItSI,114 
103*.»4* 
mi :n* 

-AliZJUi 

741. »7» 
7*1.oit 
773.173 

TTTTT 
7f4,»j 

JTJ?-T»31 78J.43I 371TH7        141.3ll 
769.739 331.2*4 979.990 
7JJ.W4 3TTTP §71.42' 

2Mil2fl 777.711 33*. »4* 9*1.196 
70*. 14V 783. *7* 33*.M4 9*9.*73 
2H.097 7>7.«2> 3*3.409 9»* .»4» 

~iTt7*7r~   null    in.in—iw-nr 
fi.4*7 7*7.904 ;«*••»; *9*.7*3 

4l       loTTftT      315 41*       414. iiT 
|»4. 7* 7 *1 <1«:-811 I5»^lil_ 

Itl.ltl »11.71* 
100.3*0 •!*.*•• 
tii .TIT    ill; isi 
JJI4ÜI I2*.1U_ 

m VTSPT 
3*1.4«« 

-3TIT31T 

JtfOtL 

*2»   »31 
471.177 
Ml. 711 

•«• 



A-18 

•645   l 
jt»9 i 
rffrr 
iuiu 
I 4 39   1 

U5i«l 
it55.i 

1475.1 
ill»»* 
it«9.i 
£1120... 
/6l5   i 

JO»   1 
1111.1 
26*-9   I 

j6ii *n 
IJJI.J«! 
104J   >43 
i:«»   31« 

liuaift. 
10*?.«Si 
UAIA2.II 
IO»I. >>6 
i;76.2J2 
10«:.It« 

..UtiOil 

,u?t.«ji 
1101 .137 
1188x7*7 
iin. '97 
uiAflu 
n??. «it 

m<\ m® 

2225.1 

22*9.1 
77T5TT 
22*5.1 
77TfT 
7269 .1 

"TT 
?3«Vi 
TJTT 

.UUJÜI 
114V    6*( 

1162.413 
1146.67^ 

11TS.411 
1171.«94 

~ITIT76Tf 
1;4B    174 

—nnrffii 
lU'Stl 
175J.Ill 
128«    703 

i2i9. 7*« 
ITT 

lit«.343 
T77r.lH~ 
1?33.440 

TTTTTTTT 
1?4?.]»1 

1290.694 

wr <n 
• A4. . « 4 
4ft*    »1 ' 
6'5,29} 
tie 13» 
ttkJU» 
»a« •'• 
7*5,1*? 
»••5    «1? 

1002.»!/ 
100 '   44; 

-1811.8« 
1019.»'' 
Uii**£2 
10?4.0'2 
1821.41' 
1032.»94 
Ul.'.lfl 
•.«:*«• 

1*)45.62J 
1990   948 
lftt.ta« 
10*1 .204 

»xl'J 
1070.»»9 
10'9.295 

10*4.• « 
"iin.iii 
1092.694 
1097.24; 
1100   4V2 
rroT:T?T" 
110«.727 

1117.207 

1124.1«) 
II7B.J00 
1131   6*>2 

iO-4J< •». 
127>.»68 
1C61 J34 
; o * 6 J • 
lfl7j   979 
Uli     '' 
1913. 'I * 
Ul'.oi» 
1C43   »11 
i:»j.?84 
i •. 3 i 11I 

UlttlN 
1114   Q42 
IIIs' us 
1124    M« 

Uli*.??? 
1134    V6 ' 

;ijy.»u 
1144   «,;; 
;;9o 282 
•,197.0'. 
»1*3.67« 
1J70    »7? 

1184    421 
1J90.SJ1 

liOl . 160 
ijSJ.TSi 
i?n.»ez 
i?l7.008 
1222.167 
1756787? 
123».807 
T7TT.7ir 
1241   263 

1249.672 
1/5*.415 
1*99.i56 

"»0 040 
'»9. I»4; 
• 01   .' 6 » 
»;•.:•• 
»12. IS' 
Sl.MH 
4?2    97-, 

- '. 
817 

71.» 

789 

"T1M.4H nUTVXTOT" 
1140.232 126-..63-* 

~ i»4.67u 

l2*9.02T 
2349.1 1254.909 
nw.i"   iJ74.nr" 

2)7571       1262.609 
2185,1 1111,819 
IJ45T11261.429 
2409.1 1264.309 
7111.1 TToTTTTTT 
2429.1 1304.469 
7OT.T    1 si 1.974 
2±U>1 1912.6*4 _. 
.>«*9.1 lil7.tif 
t«6t.l        1321.76* 

2449.1        1)30.7)2 
I4M.I     £119.179 
29691 1336.27) 
ftII.I IllS.Ill 
2529.1        1347*66 

1147.679 
liflTlTf 
1199.64) 
1199.909 
1141707 
11*7". 49"* 
1170.609 
1174.995 

1776.199 

ll*t «34 
"l2»"Ö.»6ft 
1_299.366 
lJ"6^494" 
130).M9 
•307.957 

-UTJDVJl UlL,44i.. 
1162.39*        1316.671 
116*.501 i:21.773 
IlfB.Sflr   XJ7T:9TT- 
1193.904        1330.196 

1201.999 1337.363 
1269.143 1340   494 
1266.467        13«4.;2 7 
1111:111—nrTT-iTi- 
1219.977       1391.966 

"TfiTlIT"" tSW.itJ 
1222.449 1394.2*2 
1114.*« TTTTTJT 
112*.'••.2 13*6.*7>9 

843 . 642 
*46,^'V 
«»•3 369 
996,40; 
663. 'SI 
8»4. '19 
8'3.990 

684.?9P 
689.;3U 
894 .'797 
9 0 0.01V 
9Ö9;93D 
»11,593 
»! '69 7 
923.169 
929.262 
934 .376 
440".723 
945.714 
991.096 
956.905 
961.420 
566.2*9 
T7777JTT- 
97*. 94,1 

7I77T57 
966.770 
m .976 
994.664 

Tm:2fis 
J.006.793 
1011.445 

_1016 .920 
1021.261 
1926.060 
.031.193 
1036,394 
1941.361 
U*Ju»0J_ 
1551.»53 
lCM.gji, 
1060.624 
1066.367 
1ÜTT 
1079 
wr 
1669 

i**.5   J 
17S.67J 
19»,394 
20C   ,H 

/0T   829 
;»i.»87 
187.096 
»•18.742 
/'1?.?09 
216.999 
194   259 
212.123 
-<:-.- 

1«*7'9 
210.606 
i?ä.?/3 
1 '».273 
i»C.467 
'.98.660 
1 "1 . 335 
2i 3.S06 
i«7-U"7 
208.449 
I»4.506 
146.H9 
1>'2.^69_ 
i99.609 
<«?.7.»JI 
2J4.175 
/Q', .062_ 
2fl77?5j 
203.127 

175.129 
T7T7ÜUT 
1*3.707 
lormr 
191.529 

M4, 7^8 
319.?96 
«4J.684 
64 7.«63 
853,99^ 
»9' 360 
66Q.936 
664.216 
967.199 
67l .670 
6'5.3V9 
699.664 
683.0«i 
667.410 
693,269 
69 7.661 
B02-1»2 
906.757 
»11 .,*!».. 
916.924 
920.B69 
92*;2eT 
»S2.BW_ 
936.293 
941.689 
l4 9*.T54 
990.950 

T59.8M 
»56,»t9 
964.411 

_?4».06J_ 
975.299 
961.379 
865.385 
991.663 

-T7ö~51} 6T574TT 
3'3.314 640.19J 
37«   274 445.241 
379.621 649.67.", 
362.694 694.999 
399.249^ 659.264 
36>.649 664.2i3 
3»1.189 681.71ft 
363.69.1 673.396 
168.994 UUUU. 
400.061 «61.944 
402.996 666.662 
4II.79S «91.6J7 
406.46* 699.736 
411.69? TTSTifff 

418.042 709.214 

J2HUZ1 ... 712WH.. 
424.029 717.672 
426.694 722..1.24 
429.333 726.674 
432.764 7)0.672 
459.714) 733.2*1 
«J»J6l UltlAJL 
442.499 
445.239 
441.473 
451.914 
4»9\20T 

461.512 
4*9.4*Q 
466.4)3 
471.917 

744.607 
74V.)49 
753.831 
;56.477 

6*2 
/fci.496 
772.631 

2ZL.714- 
762.041 
76*.272 

474.117 7fITTf7" 
477.656    795.672 

2Tr727T 
199.741 
T9T79TT 
209.6*1 
724755T 

•1A1423 
25>.77* 
242.543 
231.157" 
234.67* 
222.052 
gtJ.Mtj. 
22^>.617 
270.647 

1817.9*2 
1023.346 
l6 58.6-54 
1033.477 

T6S7.87J 
lC-*3.694 

497.463 
T0ITJ9T 
503.657 

«17.33» 
622.105 

1052.594 

1061.090 
1063.70« 

To 073- 
504.626 

626.026 
636.244 

512.633 
516.144 

»34.«16 

in? 
1694 
rnr 

T75 3D«.44B 
5)6 291.232 

397 296.771 
141 
719 
116 

1104.230 

3J7.MÖ 
•S56.462 

"345.738 
390.))) 

1073.366 
1876.277 
106'.215 
1067.611 

"iT9T."cTT 
1097.09) 

1106.303 
"iTr7TlTT 

1117.242 

516.966 

642.594 
646.657 

525.203 
ax»iia 

650.622 

531.559 
534.507 
537.403 
546.399 
5TST1 
544.546 

•56.997 

863.087 
••T7Ö69 
•71.Q30 
179.913 
•79.295 

«I. Ml 
552.726 
HI. 441 

TO 114.054 
596 431.126 
111 • wi.iit 
929 914.49* 

1171.312 
1125.441 
UH.iri 
U32.»50 
UÜ.7BJ 
1141.426 576.959 tHjMii 

667.684 
Hi. 344 
•95.»64 
!•• 751 

611-264 

•W.71I" 

M '-: 



A-19 

7TTTT      {Hi Ml 

nM i     luvjis 
/»•5   i 

~7*TVT 
>*09 i 
7ITT-r 
»»! 

2»*9.» 

1 5 'o . W« 
1571.131 

ll>«. 246, 

|S*i   «i« 
7TJ 

2769.1 

17?»  1 
Tm.r 
27«».1 

J'«l 

2795.1 
2109.1 
Ilil.l 

2439  l 

Tnriir 
1237.1»» 
ifii.iJI 
II««till 
ii««.o»c 
iMl.»*» 

If99.1*9 
ifil!|W 
12*5.»*4 
I71?.791 
127J.47« 
if71.ill 
12'•••»• 
1717 577 

JBHtt 
:«•...»«        12»2.»2« 
IMLMf     17»*. iH 
1*1».«13 1299.491 
Tmm    iib*r.Tir 
1429.94'        1389.902 

II JO. 117"    UIV.3'1 
1433.664       1312.991 

T«IT: nr~ TSii.li' 
ii±UI2| u.'.y. üt» _ 
1444.197   1322.812 
1447.778   1329.*66 
HM.MI' 

7I7TT     )ll7.SV9 

»Bit  iHiffl 

iTfiTiT»" 
11J4     1W 
13^*   01 J 
Alt! »•_' 
: ".*    4» 
1 <M 57» 
l34i 4*7 
1397.199 
iTIUSli 
i«0l   *1' 
TT9X 
;48»439 
1 4TTT2 » 

1 475.81» 
1«2« 37* 
1411.911 
1434.8*4 
1417.4(1 
i44i .na 

144«.04» 
14^0.89» 

juauii. 
1497.294 
1459.999 

2m:i 

lift.Ill 14 fr'ToT 
•"' <"    '"' '» .nn.m. 
1457. «9i        1335.369 14»».*50 

AS ?i-^iii uiiijfJ UK.MI 
14*4.e97       1341.922 

_Uitt|2A_- JliUJL 
l*7j.799      1347.258 

112*7199 

1159.728 

1144.581 
IL"«-: '** 
11*7.744 

U»7_»90 
11»j.791 
11»5. 982 
il'lf. 477 

il77.JTT 
jM»e.9*3 
uii; 718 
Utf.flj 
1192.427 
119*.42» 
T70T.7JT 
1284.238 
1117.775 
1211.588 
till. Ml 
1?19.»Q 

1238.280 

L|ji4|l. 
1237.50» 

1244.98: 

1144.7*4 
1J<». 70» 
i isb. *3S 
»M.ltf 
1157.6*8 
U60.7*2 
11*4.171 
u*«.«J7 
1171.831 
11,76.032 

TI*7-.TJT- 
UM.FI 
11««.242 

n«tiTr 
Ä12.0 ^9l0 
l20J.*Tf 
1*06.785 
llll.HI " 
1213.760 

•'1*17.171- 
1220.884 

1120.02» 
111}.»** 

T?74T34-r 
1227.9*1 

""i'iSi.i'JT 

5>'3.8V3 «22784J 
57/.6'9 92*.*94 
Ml. ill*      IM.JI7 
7LL.1U....   tM.lia 
•*»6.275 936.443 
56*.»91 **1.7<* 
991.778 949.74* 
U14I2.     yit.av-L- 
997.9*4 993.344 
600.989       954.406 

~*0X"!'r33 *»6.»*1 
*»•   789 9*4.099 
ftuT.jTi- IjTliT 

tiÜ»   HUB 
6X8.48» 978.73» 
*2iT7T*"~    Mi. ill 
624.123 985.638 
«•m*—TIT^ir 
*29.794    992.436 
413.719 —TM.1J3- 

635.382    999.962 
43B.«I4» 
641.999 
444. Mi 

1003.010 
100».62* 
1Ö09.Ml 

...aiP.«M 12».037 »17.QM 1BU.17J 
1145.3J7 1238.604 

12«2- *67 
l08l.l»9       1249.239 

•49.998 
iaiiAit. 

101«.920 
1121*221 

659.757       1023.»47 

»22 -194 1292.222 
1295.442 

«61.«*9 
IMdJJU 

1030.9*0 
nn*.na7 

mi. I   };w:.'H-4fiHH-}iK 

1475.108 

1401.420 

1292.310 

2989.1 
TUT• 
2929-1 

TfTTTi 
2*49.1 
7OT7i~ 
»•**•» 
2975 l 
2989.1 
779T7T 
»MM 
3619.1 
«.47.1 

1481.848 
1414.177 
1488.4*3 

~i4fTT9TT 
1495.5»» 
1411.773 

l35t.5_.-5 
T359.M4 
13*2.941 
1J44.BT1 
13*9.304 

T37J7T4T 
? 902 .3*4        U2HÜ _ 
1509.854        137».709 

1381.49» 
nMrjir 

l»li^«il JJL'il7l_ 
TlfoTTJJ1391.207 

II?«.2*9 

1909.34* 
Tfl77«ir 

1MJ-.111 

148 7. 9T5 
1490.994 
i494.414 
1497.565 
rfinisT" 
150*   492 
1*87.957- 
iiitaiL 

1299.942 
1263.164 

621.9*7 
MU21k 

1298.960 
1262.100. 

1267Ü21 
1270.9U 
nrrrnr 
1277.69> 

589.675 
9Q6.193 
wrtfr 

1266.145 
1268.97 0 

563.006       1275.6*1 

6*7.060 
nuuua 
»72.667 
675.6*0 
471. MS 

1037.156 
in4fl.49.n 
1043.604 
.10*7.2** 
llli.MI 

TTHTTTT 
1269.143 
liii.lss 
1231+111 

515.484 
568.600 

1279.133 
12«?.903 
1914.077 

»61.742       1694.1*1 
414.14? 
667.492 

"4M.44B 

1097.4» 
{060.245 Nfoii 

-?-?!1     kli£iA?i      6!?-???    1?*?-8?j 

ajiun 
1292.923 
miuiii 

49i.93* 
6711.78» 

ilTTWI 
lfl7l.B79. 

«I 
1514.690 
1517.MS 

'THI\77J 

siwa- 

1299.963 
1299.97» 
!J03.47»" 

593.791 

"AW 

1311.070 

'966.3« 

•811411 

1300.366 
130J.396 t-H» 

964.33* 

»B?.717. 

130*.26« 

701.727 

man 

1314.023 

7Ö7i416 
71B.M7 

1074.762 
1M».«1 

713.102 
UtAll 

1063.771 
mo. m 
1090.666 

3839.1 1927.361 
3845.1 1931.234 
779T.T ifliTJM 
Hit«* «l'y«!!i 
3175.1 1941.363 
3669.1 1944.436 
3195.» "-5-147.31?" 

1324.208 721.425 
1S27.MI TflTTTl 
UiUill IMHMJL 

urn mirfti 

&!4 

1397.434 1534.058       1316.223        TeT.0*3 1320.680          7l*.363 
1406.725 1537.160       1321.924          541-063 
T4B3.94» 194S.404 ~ nfTTff      517.124" 
lilLlil      A2Ü41I 1327.32« 969,67? 
1410.100 154».80*       1332.739          991.29» 1334.697          730.2*3 
1413.19J 1949.932       1336.389         991.264 1337.936          733.47» 

THil.lSI riflTfW—i34|.3fi   ~ MS.ii»—n*i 3i2       TTJTJTT 

mm -mm MM MM iw.m w 

1047.309 

1103.211 

llM.Ml 
11C9.6C9 

UUiIll 
uiÄTToT 

4129.1       1997.1»/:       1429.923       19*2.044       1396.921          993.319       l35i.3l4          744.»66       1125.457 
fSSI.f      INI. Ml      T47ri"7T lTfTTTT»^ nTr.kTT 594.314 HiTTM 74T7»9i till-Ml 

(9»3.»5>       1431.2*» 19*»_10»       1397.7»4 
iMT. 3Ti H14.114      1571.914 1141.4M 

3l»9.1        l4»6.»2l        143*.719       1973.747       1344.»12 
TTTTTi      1971.177      1448.114 I576TM7 TJ11 
U«7-il_  WlJil    ii*Li2il 1221MI WXJH. 

991.314 
59«.0*5 

595.344 

1354.4M 
1397.536 
rsirfn 

796.3*3       1131.6M 
-jvnm—liiSin 

_2l«b.ll7 UULM1       711.711 

1136.056 
1141.115 

mamrn 
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TltTT" Uli H? 
11*9   I 140«.115 

TlTTi rwrrw 

«»} Mil!» 
:.«!.:     im.lil 
HM.l        I**«   04» 
»1*1.3        14*1.0A7 
ifTiTS    Tit? rn 

*HH-~fflHf* 
ma .3.    1010.022 
131».'.       1020.7TB 
11*1.1       1020.3*4 
331*.1        1031.013 

fiff 114 
144«   iir 

i«f.S?o 
14^?,  "'4 
1494    t'i 
1102..231 
146«    1»0 
1440.04v 

I*TI.ff4 

1*7;.?/j 

:52o.::o 
1302.342 

174».4 TO 

Hiri    i44*rni    lifttloT 

ifiT iTT 

1*19.291 
-UTI.tt'l-. 
1«»4.34» 
uoo.ui 
1003.040 
160».291 
i*ii.*|7 

._*_1.3_2_. 
.' 1 i   •1/2 
1422.442 
1424.741 

l»Hit»< 
1434.933 

HiHH- 

137»   -0« 

1421.112 
1302.434 

utLiZj 
130».40* 
13»2.0*1 
1394.9*4 
13*9.032 
146J.401 

1«1_*_J 
140»,«03 
.113,173 
1417    »•• 
Illl.MI 
1440.123 

l*Mi?12 

400.393 
•>«0.«77 
60?.£33 

_*K.1>1.. 
493.435 
ftOi.Ol^. 
605.134 
406.23» 
606.114 

Jttl.711_ 
609.313 
oo_..i?o_ 
OVV .906 
62.2.499 
996.903 

"ltil.'tM 

3ji»a 
3399   1 
UIU. 
3419   1 
3121U.- 
3439.1 

mm 
1*13,|f] 
1033.039 
1645.3013 
1640.9*4 
flit.a?« 
1079   300 

3411,1.117*.102 
3499.1 1003.332 
3449.1        1009.790 
HTT.1—Ufl.ifl 
M0» .3       14*1-740 
i4'«ri—'«il.ilf 

211*.317 
2l9*.2?l 
2151. «23 

2002.3'* 
lasb.jcs 
1711 .330 
1*24.340 
1441.370 
1405.963 
JixiMf 
if».m 
1774.itf 

3905.1       lZCO.01»       1001   934 
ififTt—jTTTTiir   nrT.Tor 

IHtt  {5H:SJ; 
3999.1        21*'.004 

»11} HB:tt 

14477*47 

iMV.jjl iiiL *1*L _ 1*1« ,*>• 
l>'0l.320 1400.473       1036.032 
1471.111... UlLlfi U1___JL 
1670.3*0 140*.0*7       1333.924 
16Jia.A2JL_.14J 4_U2 -XH«.2*_ 
1693.0*1 14*0.59*      •3019.994 
l711.111_ 11*1.101    gfllJLJIi. 
1711.03» 140*.475        »913.340 
1731.412. _1»2_11JL    Jj!3JL17JL 
1»17.013 1493.*fV^Wi021.707 
L* 31.324 1904,907       ^606.40 9_ 
1917.770 1*0*.559       1*03.141 
i »<•_«_« _ 194Q.7Q0 
2199.72« 1007.334 
»?2*»*1 1*21.1 

1373.430 
1374,9?0 
1380   061 

UUttlM 
1306.595 
13B9.I3I 
13«3.432 
J396. '70 
1400.4?1 

JA____2 
1404.914 

_«j__5i_ 
1413.7U 
»«17.139 
1421.361 

i__».4ii_ 
I425.fl2 

•65. )4S 
767,5*1 
771.205 
"3 410 
T'6.2»7 
7/-.1M 
702.109 
71*.147 
'07.022 
7»*. 7*0, 
793.125 
/»l_9*.*_. 
799.71« 
603.07« 
009.173 

Sio/nf" 
93*__PJ. 
0«0.229 

lt«7.559 

L12JL_Ü_ 
1153.703 

U»*,»V» 
1199.91* 
:i&2_221 
1149.473 
11__J. 
1171.903 
117%.oat 
1170.15» 

3JLitV_JU 
1279.«93 
1304.191 
l*«*.2>*6 

lfwili» 

1330.137 
-730.092 
930.0:'3 

1»*3, ft_'t 
2105.090 

1*37.37» 

jnrfiT 
i_l_-_t* 2233.236 
2Q74.218 

13.131 
1*47.001 
iiij.iii 
1»70.025 

3303.1 1**1.711 
TOPI, i fill.Ill 
H01.1 2290 .»3Q 

"STiTl" till.Ill JlTTTTiT 
3423.1 2230.990 1*57.302 
31137 f 7?f 5 T ffl 2175.71 f 
30.11.1 l2fl_Ul. 2U1JI71 
3099.1 1924.034 3237.043 

»*5.i . m*.?t» 2iiMi 

20*7.0*0 
?22*313 
323T73T7~ 
2033.449 
fill.143 
211*.701 

1*31.1 

jLiZ|4|i 
1047.036 

7212.210 
1900.9*5 

1*3*.329 
1*07,3*0 
20*0.00* 
2 0 03.»9 7 
HJTTfT 
203*. Ml 

ifirrjtr 
_24_2__U. 
2110.413 

-g;».ii 

illl.Ill 
220 .'.319. 

2121.144 
203*.2*3 

«tH-ff?H?h-fKH:-h-mHH-4» 
2735.290 

IIUJUUu 

liSl.ifl 
2UQ.270 

22*9.427 
220».427 
2209.427" 
1316.025 
iiii.iii 
13*7.479 
T3T77"T 
1623.2*3 

nii.iii 
A<_2_*17 
1373.171 

tflliAU 
1153.302 
1133.243 

-f5TTT7T 
990.419 

1344.323 
ipya.jQv 

1140.2l5~ 
1150.430 
11*7.153 
1175.390 
11*   .476 
li-Oi.052 

1997.3*6 
{027.470 
2031.092 
2034.373 

2094.944 

-mm- 
2232.799 
2162.6S9 
2131. Ill 

If17.til 2231.25» 
223'.04* _un,2n± 
2237.049 2239.290 
237,9«3 „Kjl^lJ. 

2170,805 

Uitf. 
1*11.343 

J2&A3L 

iiij.II' 
7.94.677 

1902.33* 

TfJTTJir 
1*9.1.206 

TT+-4.MI 
1346.3*6 

2130.331 
2203.747 
2232.79* 
2102.30* 

xftrm 
jdiiiii*. 

1119.239 

ML 
11*2.4*7 
1831.29? 

2231.2*3 
222*.7if 

JAli-fJ7 

1*49.171 

l»4*.r78 

-Oil 
*fr 1733.; 

19*4.177 
1I17.H7 

5*79.1 TfllTOOl 
3*11.1 iflJLIti 
3**9.1 1»*0   022 
1703.1 1120.4 

612 
_j*7.,U9 

-HHtt-fHWH-l 
Mi  Sin »I  «»:{»  IHHi 

222*.02* 
_212JL111 

-235.836 

1*06.4*1 1416.61* 

Ulf-lll 

3*3.131 

.10>9»1* 
1330.«10 

ns   in>.j43   2215.2»* 
236 

62 

2226.026 
t*.02* 

3743.1   2091209 

3705.1 
TTfin tii7.ni 
S**3.J 11*3.3»7 
OTtri 1114.311 
31-3.1 2 2_0.;il 
3*39.1 2200.021 
3*49.| 2213.9*9 

1709.190 
"I'll.Ill 
»••••••*    - 166T77I6 
1637.706 

IJTf.TOT" 
1*2*.227 
iiTi.iir" 
lll__klt_. 
13*0.443 
1*10.»SO 

21*7.«9« 
TTHT77T 
2036043 

222«  «3* 
3IZI.011 

1*|4.«4» 
1*03.703 

HIT. 174 
1729.676 
liTTXoT 
1117 an. 

mm 
2126.026 
H'l.llft 
222*.02* 

i3S».3Ii' 

12*0.92* 

1173.3*4 
10 

1663.264 
1*43.913 

TOT.T1T 
22^1 __i.. 
223*.016 
jUIixttl 

ITTTTTfl 
3*9.9*0 
"411.411 

i?o*.i«l 
i3TI7T4f 
13*9.22* 
1117. Nl 
130*.33« 
l3*3.Ill 

1311.411 
13*7.320 

1507.110 

1*79.0*0 

1 «2 t**l 
1*94.12» 
1711.Ill 
-__i}|. 

•l*Jt4fJ   -JLM3_147_ 

1*47.113 
16*9, 

"lIVT 

i7S4.ll 
1717.«11 

1*11.7*3 
"V4|J 

1611,092 14*2.Ill 

_lii_L_L 
101373*4 

i'll.lll 
1*»3.»*4 
till   4ii 

i4»1.4IT 
J__1_1_L 

iMotHII 
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•um—irrr/m 
•*"   I ..'«« «21 
TOT.! 77«! IIJ 
:•»» i II«J !?« 
im i 777* «if 
i»M j      >?«;   »•« 
Sfll.l 777? ITT 
3*39.1 211*.HI 
1177 i      Iff» »17 
»Hi 3l»5    414 
7W l      Rll.ltl 

3989  1 tl3|   ••• 
707TT 7111. Ill 
«IM  1 1|>|   '84 
4117 1 1110   777 
M»l 138».14' 
im.f—rrrrTTi- 
«8*1   1        394C.034 
«mi     »ei*.i3i 
«»•5   1 1»»9   18« 
*|T?  1       i Ml. 171 

ltj*.98« 
mr.ni 
18*4.77» 
ro.wT 

1*57.3*4 
Im. in 
IÜJ4J 

;*.l S«« 
1*5« 511 
1««' 111 
7817 u« 
7ir» ixi 
IIS/   8«5 
TOT.w 
tfir a«« 
lil'.i«< 
3137.045 
813'   «45 

UST.tll 
3137.845 
1*17.|4f 
3093.101 
rnrrtn 
1»15.»58 
ros.m 
lHI.*lO 
1113.199 
1815.*•/ 
llll 0'5 
111*.185 
ITlfl43 
I«It.44* 
HT77I7* 

mm 
IHiH- -TTftT—rWTTff 

4i*9 l ;•?• 'is 
«171.1 T1H.777 
*H9 1 18*1 •«• 
419T.1       ioTi.744 
«105.1 1I39PI4 
Uli 1 1171 1*1 
4339 1 1817.33« 
4779.i 110* «71 
4345.1        1795   »13 
ififTI    mTi3i 
43*9.1  174».3*9 
4TTTT Till fsi 
4*09.1       1133.114 
4iMi—i«rrsi~ 
43091       19934*5 

l«'?2    444 
15*9    >45 
llll 113 
1*43 '12 
i'tl 1T8 

31« 
rrnrrn 
14«9. '12 
149«.»4> 
t4|«.|«8 
1 !•* 443 
JIM XI» 
1397.010 
1378.483 
1*83 801 
j? .7« • 017 
tfrr.111 
1231 .990 
tltt.Tf] 
1170.931 
1141.6i7 
1138917 
1113 331 
1097. »98 

"• iiiin*- 
1079.39* 
TÖft.lJT 
109«.953 
ilit:ifl 

1018.9*9 
inr »T9 
1*09  34» 
1 111   144 
1T»7.31» 
[79T.1I1 

ilii in 
m* -ft 
377*.9J* 
llll "i 
[Tfl.ffl 
l»»7.53* 
1487 HI 
15*3 »03 
1521 ?3J 
1471.837 
i433 III 
1431.994 
i486.38] 
13*».l*> 
1347.311 

" ITH-TIT 
1325.**4 
132*45! 
1134 »15 
! ?54 5-52 
'.4SI    3*7 

; J'l   34» 

IJ7J.110 
_iS7_S   «S3 
t«J4J|.«tJ 

149» 339 
l5l*.4jk* 
lMl • Ol3 

1517.394 
1577. »rr 
1132. OJi_ 
1516.434 

.121* !.!•!. 
144». 830 

_Hi»-9W,. 

i70*.»45 
rrnrui 
177J.703 

1038.44» 
loll.hS 
163».717 
iflj7.«r 
10J3.910 
ilii.lie 
1017.319 
ilil.Til 
1C13.«92 

*-H 4TIT;I—rffT-nr 
4379.1 1979.949 
T7717I 19JT.1II 
4349.1        1*3«.799 
mi i   im.HI 
43»9.i 11*3191 
lin.! T177Ty7T 
4169.1       1*47-917 
un.i    my.HI 

17*1.97» 1010.58» 
!W.5ii 1817: n j~ 
l74t.lS« 1007.977 
iT4fT4!0 1017.140 
734.344 100«.793 

-TT7T7TBT 1001.113 
1774.113 100«.973 

"1717.717 UM. 4|f 
1713  «70 100'..313 trff.Tn iiii.in 
1703.34» 1003.444 
I8v«r*n [fUTTfl 
1*»9.919 1007.053 
1*17.111 1777.57«" 

mm 
119».037 
11«»   03» 

111«.9»l 
1093.344 
tin. Ill 1418.992 
ifl»'?7* -Ai*X-7AL_ 
1Ö70.034 13*7.133 
1lty4t! 1!!>,yt> 
Ml.20T 1331.»Oi 

•91.173i3l?:94T 
•41.70» 1309.330 
•74.41» 1193:83T 
•09.339 1104.753 

TTJTToT 1170.417- 
«80.«07 1209.044 
III.Ill 1711.1 
897.970 1207.109 
I4J.44» 120T.771 
• 30.7»0 1710.»09 
140.171—IZH. Hi 
027.8»7 1703.047 
171. T IT 1714. JIT 

_0J9.9«9 ^270.073 
Ml. If« 1310.990 
009.340 1320.04» 

!«73.01T 
1481 .520 
14SI.I44 
1413   911 
r«i«.«ii 
1429.91» 

TT3TT77 
1439.4/9 
1443.334 
1445.79r 
l44|.10l 
1452.90» 
l«53.2i0 
1«9)«.»14] 
1457.573 
1458.937 
145b.47» 
!459. 27» 
1479.17T 
1459.130 
1498.279 
1497,»73 
14977*73 

\nrmrr 
1*99 «05 
1077.177 
1803.010 
lit «ft«« 
1094.151 

ITT 
1410.145 
193*.0Ö9 
1»2».495 
\f*%-«!' 
194».»5} 
1936.353 
l9?5.1«4 
1922.«21 
1903.717 

lt»T7I57 
i«as.«2» 

fr 145».» 
149».»20 

1174.171 
10»».»49 
1090.47» 
l»49.9» 
1840.122 

•Uliiil 

1459.7»7 
AAfÄi ?1«. 
1«93.»*2 
K97.9Q9 
1451.909 
1449.»Ql 
1440.04« 
1449.441 

182S.B3 
1014.94» 
180».173 

•'38.187 
. 17»2.0Q7 

7*4,317 
175».341 
1791.«»1 

T747.MI 

TIII.TTJ 
1»»1.348 
1470.340 
1»9».4«« 
1045.93« 
1»3».013 

T177.«77 
1*20.9»« 
1*77.071 
1*09.»73 
if«! 177 
1909.90» 
1973.360 
i9»3.7»i' 
l54«.443 
197».44» 
«.575. fT» 
1401.099 
1491.131 
1434.444 
14U.734 

13*7.973 

1370.793 

1731.371 
7,7] 

1704.900 
U»l.»03 
1171.4*7 
11*7.394 

T77TT0TT 
1417.»«0 

'711.111  »l7.5ir 
704.907   1714.»99 

1104.111 710.077 
•69.898 

1414.441 
1411.317 
uiy.ifi 
1404.317 

i*«».tl«       1093.318 
16»0..'0» 1005.41 

1003.370 
774.117 iT70T17T 
76» .099 10»8.0»» 
747.1«      foT4Tr»T 
797.077        1090.44» 

1400.171 
1396   924 

1193.471 
1309.«0* 
1314.447 
1307.909 

_1»4?.|70 
"TOT.;-« 
1479.477 
ITiTTTn—1645.4?* 
1608.7".        1034.7V3 

1I77.3U 1*10.171 
1997.913 1078.072 

4489.j       1834.191        i»7».|70       1007.40» 
nrri—liiijio—rm^m—roirT47- 

7W.15«-—I7fT74T»J VJ77 

1*06.»4» 
llf'.Vfl 
150».6»7 
1171.117 

4479.1 
•llll.I 
4«49.1 
41«! 
4««9.1       1971.4|7 
un.i   Iiil.iii 
44»9.1       1994.94? 
«7«Ti fill.«11 
ttHU—IW-W 

1»»2.452 
T477777T 
1*47.93* 

1*34.313 
1*77.117 
1«2«.*14 
fill.ill 

1001«70 

1000.032 
1888.714 
1800.937 
riiioiT 
iniaij- 

747.70* 1040.4*1 
"T7l^ri7 miTllt- 

730.333 1040.27* 
~T!T7771 f7J4.»lf 

7i»l?7 1031.»41 
«»4 •"III lTJtTITF 
7«e.irs ie*i.3*<5 
HI.IM III! Wf 
717.035 1011.070 
rii.ui Iil'.in 

TU« 
1379.*73 
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APPENDIX B 

TABL£  OF   NOMENCLATURE 

A       =   Nozzle exit area 
e 

B-l 

K = Ratio,  burning surface area to nozzle throat area 

rh = Propellant  mass divided by-the action time 
53 - Average pressure over the action time 

P = average pressure over the burning time 

r - Average burning rate over web burning time 

t > Action burning time 
a 

t = Web burning time 
b 

TJ = Ratio of corrected measured specific impulse to theoretical 
specific impulse at 400 or 550 psia (whichever is appropriate) 

1 


