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Abstract  

The reduced equation of state for gases and liquids developed by 

Benson and Golding in 1951 is modified and used to calculate liquid 

enthalpy departures for saturated pure substances and mixtures. The 

temperature-independent coefficients in the modified equation are 

determined from critical properties and experimental liquid enthalpies 

at the boiling point and at the critical point. The results of the 

proposed method are compared with those predicted with the modified 

Redlich-Kwong equation of state by Joffe and Zudkevitch. 
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Introduction 

The enthalpy of a saturated liquid at any given temperature can 

be obtained from the enthalpy departure evaluated analytically using 

an equation of state such as the Redlich-Kwong equation with the two 

coefficients, a and b, treated as temperature-dependent variables (1). 

The method applied in this study has its origin in the modified 

Van der Waals equation developed by S. W. Benson and E. Gerjuoy in 

1950 (2) : 

P = RT/( V - bV-sT-n  ) - a/(VnITP ) (1) 

The various exponents in the equation were evaluated by Benson and R. 

A. Golding (3) based on the following criteria: 

(a) Trouton's rule: EvapilIT = 9.5 ( at the boiling point ) 

(b) Critical ratio: 1/ c  = RTc/PcVc  = 3.70 

(c) Liquid density rule: 1/0b = 2.72 ( at the boiling point ) 

(d) The coefficients of thermal expansion and compressibility at 

normal boiling points are about 1.3 x 10-3/°K and 1.5 x 10-4/ 

atmos. respectively. 

The equation with the best choice of exponents becomes: 

= RT/( V - bV-11  ) - a/( ) (2) 

where a = 0.9099 R41Vr!3 (2a) 

b = 0.1567 Vc (2b) 

and in reduced form: 
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p/pc  .1q.= 3.624 (0/( 0 - 0.1567 0-71  ) - 0.9099/( )) (3) 

where 0 = V/Vc; 0 = T/Tc. 

It is shown by Benson and Golding (3) that this equation in predicting 

some physical properties such as liquid densities of non-associated 

substances, heats of vaporization and gas isotherms gives better results 

than the Van der Waals and Berthelot equations. 

In the current study Equation 2 was applied to the calculation of 

liquid enthalpy departures of non-polar substances and mixtures. The 

systems studied were methane, propane, nitrogen, carbon dioxide and 

methane-propane mixtures. Satisfactory results were obtained with some 

modifications of the equation. A polar compound, ammonia, was also 

investigated. 
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Pure Substances  

Liquid enthalpy departure can be calculated using the following 

thermodynamic relations: 

H* - H )T = RT PV + 1 (P T((7PAT )v)dV (4) 

Differentiating Equation 2, 

(aPiaT )v  = R/( V - bV-11) 2a/( 3cr3T3  ) (5) 

Multiplying both sides by T, 

T(1)PiaT )v = RT/( V - bV-11  ) + 2a/( 3VfT+ ) (6) 

Substituting Equations 2 and 6 into Equation 4: 

fv.  
H* - H )T = RT - PV + jf.,(RT/( V - bV ) - a/(4r3-; ) 

RT/( V - bV"I ) - 2a/( 3V3T3  dV 

RT PV — fe.(5a/( 3V3 dV 

A 
- H )T = RT - PV + 5a/( 2V3T3  ) (7) 

where P and T are given, V is calculated from Equation 2 with the 

constants a and b evaluated from Equations 2a and 2b. Results obtained 

from Equation 7 for saturated liquid methane, propane, nitrogen and 

carbon dioxide were compared in the current study with the experimental 

values (4) and were found to be of low accuracy. 

One of the original criteria used by Benson and Golding, the critical 

ratio, 1/Zc, has a generalized value of 3.70, or Zc  = 0.270. Since the 
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critical compressibility factors of most compounds are different from 

0.270 (5), one of the exponents was changed in the current study to 

fit the experimental critical compressibility factor. The modified 

equation 

1/2  P = RT/( V - bV-  ) - a/( V-T ) (8) 

34 
where a = CIRTc  Vcn-1 and b = C2Vc  , was made to satisfy the follow-

ing conditions: 

Pc  = RTc/( Vc  - bVc-1/2  ) - a/VcnTc  = ZcRTc/Vc (9) 

(aprav )c.p. ( -RTc  )( 1 + 1/2  bVc  ) / ( Vc  - bVc-11  )2 

+ anVc-n-LO = 0 (10) 

a 2p/a\72 
)c.  p. = 3RTcbVC/ (4( Vc  - bVc-41  )2) + 

2RTc  ( 1 + bVP)2/( Vc  - bVc-12  )3 

- an( .n + 1 )Vc-n-2 Tc-3-4 = 0 (11) 

By substituting a and b as defined for Equation 8 into Equations 9, 10, 

and 11, the constants Cl, C2and n can be calculated. The results are 

listed in Table 1. 

Table 1  

Constants Used in Equation 8 

z C C 

CH4 0.290 0.910 0.1667 1.715 

C3H8 0.277 0.910 0.1575 1.670 

N2 . . 
0.291 0.909 0.1670 1.716 

CO2 0.2745 0.910 0.1558 1.662 
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The enthalpy departure can be calculated with the following equation: 

( H*  H )T = RT PV + 5a/ (3( n 1 )Vn-IT3.4) (12) 

The above change did not show any substantial improvement in accuracy 

over Equation 7. 

Another trial was carried out by changing another exponent: 

P = RT/( V - bV ) a/t (13) 

where a = C3RTc
41 Vc  and b = C4Vcm+1 

Again, the three conditions at the critical point used before were 

applied and C3, C4 and m were evaluated. This attempt was likewise 

unsuccessful, since the change of the exponent of the volume in the 

first term of the equation has almost no effect on the enthalpy 

departure. 

From the previously calculated results, it was apparent that the 

deviation from the experimental value becomes larger as the temperature 

comes closer to the boiling point. Therefore, two 'exponents were 

changed to fit the vapor pressure and liquid density data at the boil-

ing point in addition to the three conditions at the critical point: 

P = RT/( V - bV-11  ) - a/(vnTm ) (14) 

_ where a = C5RTcm-1 vcn-1  and b = C6V ; and the enthalpy departure 

becomes: 

7, H )T = RT PV + ( m + 1 )a/(( n-1 )TrilVn-1) (15) 
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This modification did not improve the results significantly. How-

ever, from the previous attempts, it was found that the temperature 

exponent has a greater effect on enthalpy departure than the volume 

exponent, and that the temperature-enthalpy profile is of an inverse 

exponential type. Since e-x  = 1 - x/11 + x2/21 - x3/31 ..., the 

exponential can be approximated by omitting the terms after the second 

one. In order to compensate for the terms omitted, an exponent was 

added to the second term and a modified temperature function, ( a - dTm  ), 

was tried: 

P = RT/( V - bV-  ) - (' a - dTm  )/Vn (16) 

where a = C7RTcVcn -1 (16a) 

34 b =CeVc  

1 vc  n-1 d = C,4RTc 

(16b) 

(16c) 

Applying the three conditions of Equations 9, 10 and 11, there is 

obtained for the enthalpy departure: 

( H - H )T =RT PV + (a + ( m - 1 )dTin-)/(( n - 1 )Vn-9(17) 

The three conditions at the critical point and the experimental 

liquid enthalpies at the boiling point and at the critical point were 

used to determine C7, C8, Cg, n and m for each of the pure substances 

studied. The polar substance, ammonia, was added to those previously 

studied. The values are given in Table 2. 

To find the enthalpy departure with Equation 17, the following 

procedure is used: the temperature and vapor pressure of the pure sub-

stance are substituted into Equation 16 and the latter is solved for 



the liquid volume. The calculated liquid volume is substituted into 

Equation 17 to obtain the enthalpy departure. 

The calculated enthalpy departures are compared with the experi-

mental values as shown in Tables 3-7. 

Table 2  

Constants Used in Equation 16 

C7 C8 C9 n ' m. 

CH4 2.250 0.1667.  1.340 1.715 0.385 

C3H8 3.680 0.1575 2.770 1.670 0.250 

N2 2.340 0.1670 1.431 1.716 0.385 

CO2 3.580 0.1558 2.670 1.662 0.300 

NH3 3.490 0.1342 2.577 1.559 0.270 



Binary Mixtures  

The methane-propane system of three different compositions, 76.6 

5.2 and 12 mole per cent propane-in-methane mixtures, were studied 

using the proposed method. 

The enthalpy departure of each component was calculated at a 

reduced temperature which is the same as the pseudoreduced temperature 

of the mixture. The latter is defined as the temperature of the 

mixture divided by the pseudocritical temperature. The pseudocritical 

temperature can be established by applying a mixing rule. Two mixing 

rules were used: Kay's rule (6) and the correlation developed by 

Yesavage and Powers (7). 

The enthalpy departure of the mixture was found as the summation 

of the enthalpy departures of each component calculated as explained 

above and multiplied by its mole fraction in the mixture. This 

procedure for finding a residual property of a mixture has been 

discussed elsewhere by Joffe (11). 

The results are presented in Table 8 along with the experimental 

values (8,9,10) and the calculations of Joffe and Zudkevitch who used 

the modified Redlich-Kwong Equation of State with temperature-dependent 

coefficients (1). 
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Discussion of Results  

The proposed method with the temperature-independent coefficients 

derived from the Equation of State of Benson and Golding predicts the 

liquid enthalpy departures in close agreement with the experimental 

values for the four non-polar, pure substances tested. The maximum 

absolute deviation is 3.3 Btu/lb ( Tables 3 to 6 ). It also works 

reasonably well for the non-polar mixtures tested in this study, pro-

vided that the proper mixing rule is applied ( Table 8 ). The average 

deviation of the calculated values is of the same order of magnitude 

as for the method of Joffe and Zudkevitch. 

For the polar substance, liquid ammonia, the calculated enthalpy 

departure and the experimental value are fairly close at temperatures 

near the boiling point and the critical point ( Table 7 ). For the 

temperature range from 280°K to 380°K, the average absolute deviation 

is approximately 14.9 Btu/lb and the maximum deviation is about 20.6 

Btu/lb. This is probably the result of the difference in the temperature-

enthalpy profiles for non-polar and polar substances. One possible 

correction for this deviation is to add another temperature term to the 

existing ( a - dTm ) function presently employed. Another possible 

solution is to make the exponent m, a temperature-dependent one. This 

will make the enthalpy departure expression very complicated. 



Table 3  

Enthalpy Departures of Saturated Liquid Methane 

Temperature 
in °K 

Pressure 
in Atm 

H - H, Btu/lb 
Experimental Calculated 

120 1.905 217.5 214.5  

125 2.669 214.3 211.8 

130 3.641 211.0 209.0 

135 4.855 207.5 206.0 

140 6.339 203.9 202.8 

145 8.132 200.0 199.3 

150 10.27 196.0 195.6 

155 12.79 191.6 191.6 

160  15.74 186.9 187.1 

165 19.14 181.8 182.1 

170 23.00 176.0 176.3 

175 27.49 169.5 169.6 

Average absolute deviation 1.0 

10 



Table 4  

Enthalpy Departures of Saturated Liquid Propane 

Temperature in K 
Pressure H* - H, Btuflb 
in Atm Experimental Calculated 

248.06 2 179.5 178.2 

259.33 3 175.2 174.7 

268.05 4 171.7 171.8 

275.24 5 169.4 169.4 

281.44 6 167.1 167.2 

286,90  7 165.1 165.2 

291.83 8 163.2 163.4 

296.30 9 161.4 161.6 

300.44 10 159.6 160.0 

317.42 15 152.1 152.4 

330.70 20 144.5 145.3 

341.71 25 137.3 138.3 

Average absolute deviation 0.4 

11 



Table 5  

Enthalpy Departures of Saturated Liquid Nitrogen 

Temperature 
in 0K 

Pressure 
in Atm 

H* H, Btu/lb 
Experimental Calculated 

71.91 0.5 88.1 85.3 

74.45 • 00 87.8 84.5 

77.35 1 86.5 83.6 

83.80 2 83.9 81.6 

88.04 3 82.3 80.1 

94.09 5 79.7 77.8 

98.60 7 77.8 75.8 

103.88 10 75.2 73.2 

110.57 15 70.5 69.2 

115.80 20 65.9 65.2 

120.13 25 60.8 60.7 

123.86 30 54.8 54.8 

Average absolute deViation 1.8 
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Table 6  

Enthalpy Departures of Saturated Liquid Carbon Dioxide 

Temperature 
in C 

Pressure 
in Atm 

H*  - H, Btu/lb 
Experimental Calculated 

-30 14.103 143.2 143.0 

-25 16.618 140.7 140.8 

-20 19.449 138.3 138.5 

-15 22.617 135.4 136.1 

-10 26.147 134.2 133.5 

5  30.165 129.3 130.6 

0 34.397 126.0 127.6 

5 39.172 122.7 124.2 

10 44.425 118.6 120.3 

15 50.192 113.9 115.9 

20 56.525 109.4 110.6 

25 63.487 102.7 103.6 

Average absolute deviation 1.0 
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Table 7 

Enthalpy Departures of Saturated Liquid Ammonia 

Temperature 
in °K 

Pressure 
in Atm 

* 
H - H, Btu/lb 

Experimental Calculated 

230 0.5982 600.8 597.0 

240 1.0124 590.4 589.1 

260 2.526 570.8 573.3 

280 5.446 549.4 556.7 

300 10.485 528.7  538.9 

310  14.063 516.7 529.1 

320 18.49 504.2 519.4 

330 23.90 491.6 508.8 

340 30.42 478.2 497.3 

360 47.40 449.8 470.4 

380 70.60 417.9 434.9 

400 101.5 369.7 375.0 

Average absolute deviation 11.0 
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Table 8  

Enthalpy Departures of Methane-Propane Saturated Liquid Mixtures 

Mole 
Fraction 
Propane 

H* - H, Btu/lb 
Calculated 

Temperature Pressure 
F Asia • Experimental 

Kay's 
Rule 
1936 

Yesavage 
& Powers 
1969 

Joffe and 
Zudkevitch 

1970 
C13 .. = 0 C.. = 0.073 13 

0.766 (8) -144 100 204.5 196.2 197.2 203.2 199.7 
-100 200 193.5 188.2 189.4 194.0 190.7 
-62 300 184.3 181.2 182.5 184.8 181.6 
-24 400 175.6 173.5 175.2 174.4 171.3 
12 500 166.7 165.3. 167.4 165.2 161.6 
47 600 158.0 155.4 158.2 154.8 151.6 
76 700 149.5 140,8 145.0 146.5 142.3 
102 800 140.4 132.5 138.0 138.2 134.0 

0.052 (9) -260 10 221.5 217.6 218.0 226.4 222.5 
-200 102 198.6 200.2 200.9 203.5 199.7 
-120 580 157.8 157.0 160.6 170.5 163.0 

0.12 (10) -209 100 210.6 202.9 204.5 211.3 204.7 
-150 300 188.1 183.3 186.0 186.8 180.3 
-124 500 170.9 170.3 174.8 171.8 173.0 
-101 700 159.4 154.7 161.3 161.6 153.3 

Average absolute deviation 4.2 2.9 . 2.7 4.6 
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Conclusions  

For non-polar substances and mixtures, the proposed method gives 

a quick and fairly accurate estimate of enthalpy departure in the 

saturated liquid phase up to the critical point. 

For polar substances, a better approach is required. This can 

. possibly be done by modifying the temperature function in the second 

term of the equation. 

In general, this empirical equation is simple to use. The co-

efficients are easily determined from critical properties and ex-

perimental enthalpies at the boiling point and the critical point. 

Even though the procedure is a trial-and-error one, it only takes a 

few trials to obtain the optimum value of the exponents for each 

substance. 
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Nomenclature 

a, b, d = coefficients in Benson-Golding and the modified equations - 

Cl, C2, 
...C9 = constants for evaluating coefficients a, b, d 

Evap = heat of vaporization 

H = ideal gas state enthalpy above datum 

H = enthalpy of saturated liquid 

= exponents in the modified equation of state 

P = pressure 

Pc = critical pressure 

R = gas constant 

T = temperature 

Tc = critical temperature 

V = volume 

Vc = critical volume 

c = critical compressibility factor 

0 = reduced temperature 

ir = reduced pressure 

Ql = reduced volume 

06 = reduced volume at the boiling point 



18 

References  

1. Joffe, J. and D. Zudkevitch, "Prediction of Liquid-Phase Enthalpies 

with Redlich-Kwong Equation of State", I & EC Fundamentals, 9, 545, 

Nov., 1970 

2. Benson, S..W. and E. Gerjuoy, "An Upper Limit to the Metastability 

of Supersaturated Vapors",. J. Chem. Phys.., 18, 215, Feb., 1950 

3. Benson, S. W. and R. A. Golding, "A Reduced Equation of State for 

Gases and Liquids", J. Chem. Phys., 19, 1413, Nov., 1951 

4. Din, F., ed., "Thermodynamic Functions of Gases", Butterworth & Co., 

Ltd., London, 1 (1956), 87, 89, 90, 121, 123, 130, 131; 2 (1956), 

130, 131, 142, 143; 3 (1961), 29, 46, 47, 138, 139, 158, 159 

5. Reid, R. C. and T. K. Sherwood, "The Properties of Gases and Liquids", 

2nd. Ed., McGraw-Hill, New York, 1966, Appendix A, Tabulation of 

Pure-Component Constants, 571, 572, 580, 583 

6. Kay, W. B. "Density of Hydrocarbon Gases and Vapors at High Temp-

erature", IEC, 28, 1014, Aug., 1936 

7. Yesavage, V. F. and J. E. Powers, "Equations of State and the 

Corresponding States Principle", Presented at AIChE 65th National 

Meeting, Cleveland, Ohio, May, 1969 

8. Yesavage, V. F., Katz, D. L., Powers, J. E.., "Experimental Deter-

minations of Several Thermal Properties of a Mixture Containing 77 

Mole Per Cent Propane in Methane", J. Chem. Eng. Data, 14, 137, 

Apr., 1969 

9. Bhirud, V. L., Powers, J. E., "Thermodynamic Properties of a 5 Mole 

Per Cent. Propane in Methane Mixture", Report to National Gas Pro-

cessors Association, Tulsa, Okla., Aug., 1969 



19 

10. Yesavage, V. F., Ph.D. thesis, University of Michigan, 1968 

11. Joffe, J., "Combining Rules for the Third Parameter in the Pseudo-

critical Method for Mixtures", Ind. Eng. Chem. Fundamentals ( in 

press) 



APPENDIX 

20 



21 

Critical Constants of Pure-Components 

Pc. 

Atm 

Tc 

K 

Vcc 

cm3/g-mole 

CH4 45.8 191.06 98.72 0.29 

C3H8 42.1 370.0 200 0.277 

N2 33.5 126.2 90.094 0.291 

CO2 72.85 304.2 94.04 0.274 

NH3 112.5 405.6 72.5 0.242 

Source: Reid, R. C. and T. K. Sherwood, "The Properties of Gases 

and Liquids", 2nd. Ed., 571, 572, 580, 583 (1966) 

Pseudocritical Temperatures of Methane-Propane Mixtures 

Mole Fraction Temperatures in 9R 
of Propane in Yesavage & Powers 
the Mixture Kay's Rule ( Smoothed Optimum Values ) 

0.766 590.6 601.5 

0.052 360.7 364.3 

0.12 382.6 391.5 
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+,43VIZOoF+OZ +.3041503r+04 
+,4367154r+02 +,30240471+n2 
+,43i-.3767 0F+nz 1-s:3015332'7 +0Z 
+.4367660F+02 +,300664,7 404 
+.43a79RF+02 +.300P6117+04  
+.436q04F+02 +.3n07690r+% 
4-41Alo7r+n? +.1no7695r+n? 



+.3-96?16/F+02 +.203P964E+03 

+.4300T7'+04 +.300694+04 
+.131ceolE+06 +.31914577+04 
+.2-ATT59917-PT3 ....30049bf:+04 
+.3787I52 +.3187270c+03 

+.574!-1 210E+14 
+,41dPUR:›E+02 

c 

+.4627810E+02 +.5291-313E+04 

+.474F26.3E+02 +.3941381E+04 

+.4747570E+02 +a971011E+04 

+.27615t1W+03 
+.40/7590E+02 +.22504707+03 

+.39171997+04 +.4747610E+04 

+,44/0271E+02 
+.463727vE+04 

+.1074279F+03 
+,805(61u7+04 

+,0106537+04 

+.4760494E+02 +.64J5834r.+04 
+.4852157E+02 +.55348637+04 
4.'4911072E+04 

+.444416E+04 +,5130550V+02 
+.4497,131E+02 +.4327978F+02 
+.45401232 +.3897045F+0k 
+.453541 02 +.3677143E+02 
+.454?439F+04 +.3557006E+0 
+,4547624F+02 +.349;165i7.+02 
+.454w719F+04 +.34691897+04 
+.4550774E+04 +,3454516E+nz 
+.4551301E+02 +.3447094E+04 
+.451565E+02 +.344140d7+02 

+.3441577E+04 

6 

+.4551765. +.3440600E+02 
+.7.51 79 7E+02 +.3440115E+04 
+.1287591-F4:06 +,31171537 +04 +.560671771704 
+.2731599W)3 +.3-4-3-069137+04 47.7Tr-551797T-T-Ti2 
+.391W.00-+04 -1"2-6g5333E+03 

------147.4-Ti7TOor+-02 +.17645627+03  
+.47/99/0ETUZ 4711944617+03 

+.474/490E+02 +.3915'725E+02 

+.428162.F+02 +.1520554r +0:.) 

+.44270c7-0.02 
+.4447363E+04  
+,4444897P+04 

+.498°Z04F+04 +.444n701r+02 
+,490P200F+04 +.4441115E+0a 
+.490n333E+02 +.4442707'7+04 
+.121:73513T+06 +.294128/r+74 
+,2131599E+03 +.444249br+04 
+.426°590E+02 +.1867375+03 
+.449090E+04 +.134374E+n3 
+.47W,366F+02 +.98607997+02 

+.436730E+02 +.6515711E+02 

+.4906990E+02 
+.49876RYE+02 
+.4961034E+02 

+.b?.94312E+04 
+.496,333E+02 



+.03u0551)rt02 
+.50431F+02 

.7Ro)472F+fl2  
+.65u5644,2+04 
+,38/4904FTT4 

-----71-75W7616W-+02 
+52 71+1T 

+.5111(407+02 -- 

+.53br-7't99F+02 
+.-5.1,11699I+OZ 
+.5596/49f.+04 
+.5.65f.)477F+OZ 

+,b75546t07+0Z 
+.67(5- 32(+04 
+.59/P4911  
+.511'4326157+04 

+.5f16143 /F+04 
+.56WIcti4F+67-- 
4...5f0f09bE4.04 
+.5711625F+04 

+.574 C)18.5'1+0.2 
+.5696972P+n4 
+,567Z975-+04 
+.560844+n2 

C.  

6 

1 .5200bool-Toz 

+.283105ar+04 +0577P104k.f+n4  
+.5n1:019W-+OZ +.596309+04  
+.157c5717-T1)3 

+:7046440.+04 
477-6072.9051-+04 

4.56Y7-5.5V-+04 
+. -175T-571.3!:+04 

+.57V,o6uF+oz 
+..5/194o+0"4 
+.5/16U8tE+04 
+.11.15980:7+06 

+.5?14o5 F+02 
+.547'',356F+02 
+.570811f- 4.04 
+. 5909 93G' E• +02 

+,981 o9+0 
+,b44r1043r+0Z 
+.7556591'7 +04 
+,704N)00F+OZ 

+.635::'549f...+T4 +.6156323r+04 
+ . b T57374474762 +.6152563F+04 

+.6006 140E+02 
+.618110)5+0Z 
+.67.5gol0E+02 
+.63W,424F+n2 

+,67.36354F+n4 
+.655T4156r+04 
+.646149917+4 
+,6407,37,3F-+0,: 

+.b331 cnv17+04 
+.6-34613.3F+02 

+.630,68b,+04 
+.63D7940L+04 

+.635:47oF+0Z 
+.63b.40.3F-.+02 
+.6360°6f:1E+0G 

+.630659r 
+,614903c.+0i; 
+,614C'21.bh+04 

+.63o0975177-b4 +.04P9?5t7+14 
+.104541F+n6 +.733166dr+04 +.4551000F+n4 
+,296751517rT03 +.6340699F+04 +.616092t)r. +04 

+.5651906F+02 

+4,416404oE+4 
+.57160P0-4.flz +.Z4315”F+03 4.5652409F+O2 

+.493679F+14 'p. 12  

-Tan-J.579417+0z 
+,;-5-2tio5laTio4 
.4:737-975r6417T.04 
+.57.94(-5V0E+04 

+.529600F+62-
-47:37-962117P+OI 
+75?9633F+11-4--
+.547.96.ie9E+027 
+.116P364f7+06 
+.49,5159F+63 
+,4541596E+04 

+ .• 3-0-T111 + 62- 
+,5?40115F+04 



m.r.F. Lt.(1/0 cURTPAM 

938'ond AmM9NIA 
krADITH 

03R51.4 KFAn.,PK,Lr/AN 
KFAPATC,PrAVOK 

13f!‘.140 H=4 1 
03814d 1 krAD,T,Pov 
')38'v5C _u=1.n,Th 
n3Bvt-,d Ak7,(Li/(1.,,, rlik)).1-V7 
03m97t Cle=3.49 
ni9vP6 44=1C**TM 
t)38k/9C S=VC4*AN 

0389P4 11=T**TN 
r138tifc u=0*TC-(rk-,A)*(4*T1 
n3F.I9FA A=R**0 
n3foyFA U=VC**1/5 
n381:410 is=bK#1.. 1  

038A1C U7 =COtIC,Th*O(K—AV)*Q*11 
n380 V=“t#V 
(138A46._ dm=AN+1,u 
()38A50 4 c=v4,44(,,,PN) 
r38A7a  
(131A(10 F=V**(m,AH) 
r'38APU G=V—b/L 
ri3ACZ ir(G)6,6,7 
n38MN) 
)38/AFC Gr)  Tu 4 

(13FArO 7  
n3k3tinA PplNI,V1P1 
r)38o1C IF(Abc(Ri—p)-0 00)2,?,5 
0:48tez.4 5 
n38.064 w=v**(r.AN-1•0 
'13f30Pb vilmR*T*(1.+R4c 4 /2.)/(U**2.) 
r.'”uSA PV=RN*A*4-hi 
030(1; UP=R—ni 
038brIA ov=(uP/PV)/2. 
,13,40FA vl=v+nv 
n080:6 10/1—V)z.a.,:d 
038V6 d V=V1 
c,31.10 Tu 4 
(,38L1Z 2 UH=R#T,Pi*V+K*S*L)74cF/AN 
0380E CH=PH*119!'"I/67.05 
n3fiLAL bm=CH*t lo 
n38oA pRIN1,DHIrHPLW 
n:of3t,.70 Fpimi,T,P,V 
03%q4 N=N+1 
n38c9u iF(M-1L)1,1,3 
n3800 3 STU() 
n3804 010 

*Rum 

6 

0I 

:Z I 



m.r.F. tw--70 PuPTPAm 

c 

+.196199oF+02 +.154?976P.+05 
+.196"11F+n2 +.9q2s941F+04 
+.20206(1F+nz +s6290320E+04 

.01 +,20.5636F.ev +.392P060v+04 

-- 
+.21W1326F+02 +.21975g:jE+04 
+.21.4?3,1F+02 +.142c826+04 
+.216051uF+0 +.822!102P+0.6 
+.2211334,F+n4 
+.2?31334P+02 
+.2.24735:)F+02 

+.4590097r...0.1 
-1,-.247°920F+0 
+.1364506f7+03 

 

+.225'i509F+02  
f.a5'195oF+02 
+.2267anor+02  

+.673P013+02. 

 

+.341.811,--+02 
+.176°653F+04 

+.2?..61471F+O2 +,919091  
+.276409F+0 +.49v1123c+01 
+.2?64YA1F+0"t +.2764 492E+01 
4..4764.f.o4tJc.+i)2 +.16 ^67ic+01 
+.2264610F+0i +.1146972E+01  
+.220465,4E+04 +.811403327+06 
+.2?.64674F+02 +.7419413P+0U 
+.226668.2F+02 +.675370-+0u 
+.a.b&oPLF+02 +.6440429E+00 
+.2264691E+02 +.626464br+06 
+.2264694E+02 +.6121046E+00 
+.232ria0F+06 +,563070/E+04 
+.236n000F+03 +45961999E+0u 
-1.,1,999196P+02 +.9164b75r+04 
+.2034136E+02 +.807406r+04 
+.2075480F+02 +.3617094c+04 
+.21208P0F+02 +,220c563E+04 
+,2166481F+02 +.010797F+04 
+.2207766F+02 +.7.560451F+0 
+.2241U40F+02 +.4740d34r+03 
+.226461tF+04 +.2201039r+03 
+.227 096VF+02 +.1201314E+03 
+.22078s1F+02 +,62.403f10F+02 
+.229'aonvF+n2 +.320627P+0 
+.Z?96124F+04 +.16-0315r+02 
+.22.9741)P+02 +.bc)02031:+01 
4-.229%(›F+02 +.4q7A56e:+01 
+.229P399F+02 +.3001464r+01 
+.2.29q564F+02. +,2016113P+01 
+.2.).9q640F+nz +.15e.0507rfol 
+.2?..9q69./F-o2 +.127P07or.01 
+.22'1F-70 F+02 +.1155161F+01 
+.229gil9E+02 +,107A125r+01 
+.22.9(!724P+02 +.1051222r+01 
+.2250172./E+(12 + t103°085r:+01 
+,229P72F+02 +.102611f7+01 
+.21S005IP+06 +.556181r+04 
+.246000uF+03 +.1012399r+% 

+.1015i4o+f%) 
+,226404F+(12 

+.00173F+0) 
+.2291720E+0z 

+.20/(‘09F+04 +.43.:)4,-.32.0E+0,t 
+,21274)24c+02 +.260/4407r+n4 
+.2161791F+02 1-.16:3^906':+04 
+.2?:045?.0F+01 +,96,1196r+0 
+.221...M6Otir+02 +,551731.ztr::+0:  
+,2:-317000F+ni +.3061 554(+03  
+.2,142 .164F+02 +.16512647+03 
+.235735.t)F+02 +.67.51,730F+04 
a -71AA..774.n) AositallAr.01; 



+.237A494F+02 +.39. 1.47(›n4.01 

+,23i1,60,F+0z +.26Z182br+01 

+.kir'eolIF+04 +.15d6491F+0th 

+ 24014?1F+02 +.16u7177c+Ok 

+.247e,y4)F+12 +,30.34399F+03  

+,25b796uFtn2 +.1647392P+0  

+.30(/)6007+03 +.104n4q9r+Oi, +.Z5W)901F+24 

+.259144,tF+02 +.00574Yr+Oth 

+.23if,7@vF+n2 +.27tP.22oF+A. 

+.23914+02 +.29901P r+03 

+.2411780F+0 
+.2471893F+02 

+.016699P+ni 
+.57b4914F+01 

+.Z4770noE+Oz 
+.21.072 /F.+00 
+.29C0000F+03 

+.547.23697+0i 
+.52,568”r+04 
+.5445999r+01 +.247700oF+04 

+.94o72c70gF+04 

+.256°42zE+02 
+.259(115'vF+n2 

4. 96+02  
+.1194213F+02 

+.259f,a5bE+n4 
t.259r1670F+04 

4' 1000 
+.10)7439.:iF+Oz 



+.264)410E+02 
+.265146vE+02 

+,484614/r+02 
+.310559r7+1 

c 

+,265f,791E+02 +,22bP2I1r+Oz 

+.265°55:4E+12 +.184°710E+02 
+.26509.51E+02 +.162^.540E+02 
+_t 260156-;)E.+02 +.)-517919E:La_. 
+.Z667019E+02 +.146725:SE+Oz _! 0  
+,266919'iF+02 +.143181V+0z 
+.265?284F+02 +.1420775E+02 

- ;.01 

'/1  

+.265233UF+02 +.1441623E+04 
+.260235.,E+02 +.1409790E+02 
+.2667'364E+02 
+.26536oE+04 

+t140100 /E+02 
+.1407348E+04 

J 

._ 

+.2.657371E+02 +.1407104E+02 
+.2657373E+02 +.14Q6762E+02 
+.206461.2E+06 +.499863E+04 +.899975uE+04 
+.311)000vE+03 +.140299E+02 +.2652373E+02 
+.239°399E+04 
+.246',259E+02 

+.952705E+03 
+.5711518E+0-0 

+.2554988E+12 +.33/5332E+04 
+.262q045F+02 +.107?573E+03 
+.26-0292E+02 +.116279E-03 
+.27osoltiE+02 +.6981731E+02 

_+.2721522E+12 +.4501733E+02 
+.273”96E+02 +.3200341E+02 
+.273$1875F+02 +.2531445E+04 
+.27415”F+02 +.2191.992F+12 
+.27409/t4F+02 +.2020941E+04 
+.2741574E+02 +.193918 vF+02 
+.274401E+02 +.189226UP-02 
+.274419'1E+04 +.1810555E+02 
+.2744284E+02 +.1850058E+02 
+.274432,:,E+02 
+.2744351E+02 

+11854063r+02 
+.191.816E+02 

+,2744361F+02 +.180439E+02 
+.274i173-6C7FT6Z +.1849853E+02 
+.2744369E+02 +.194°414E+% 
+.202F556r+05 +.49u5271(:+04 +.8829492E+04 
+.3?0000UE+03 +.1949999E+04 +.2744369E+02 

.1t 1.)..59VF+OZ +9 76b1.49ir:+03 
+.255°5032 +.4630875E+03 
+0262542E+02 +.2705339E+03 
+.2720011E+12  
+.275P59E+12 +.1001950E+03 
+.279°897E+02 t.642?242F+02 
+.2818411E+02 +.44 /1.997f:+02 
+.2922(.0'1E+02 +.344°951E+02 
+.2334019E+02 +.2924804E+02 
+.283679:3E+02 +.26 193:-.)E+02 
+.28P204F+02 1. '2524925E+02 
+.213p911F+02 +.2457612E+02 
+.243026i:E+02 +.2421901E+02 
+.2”0441P+02 +,24u7Q5b.1.04 
+.483°531E+02 +.2.398413F'+02 
+.293°58iF+02 +.2394262E+02 
+.2930502E+02 +.23)2089;7+02 
+.ze-iloo..JF+02 +.239108dr:4m-4 

+.293°61/E+04 -1.'2190869E+02 
+.2430022E+02 +,2190?34E+04 
+,119810LT+00 +6269E+04 +.18647679E+04 
+.33U0090E+03 +,2180909F+04 +.283q522E+02 
+.455019(F+02 +.5230821E+0 
+.260741oE+04 ++379152DE+03 
+,..27 ,944F+02 +,21U7668c+03 
+,282041F+02 +.1441909E+03 

)c .- 1j.11') 14n0111'1C‘n) 



+.31-407740r+Oz 
-1-,309!,09Z+04 

+.1`W77()F+06 t.469512V+n4 +,o/OlaluE+04 

+,476.5giF+nz +.32 ,81.4F+OZ 

+4.4744067r-04 i-.3?,ti4 171F+Oz 
+.474713dr+r)4 +.3254atiF+02 
4-,4740620r+04 +.3251, 26uE+OZ 

+.47,035o17+04 

+ • 4731)999F+04 +...2427.1F+02 

+.32j477F+02 
+.1834407-1.r)(5 
+.360r)000F+O3 

+,4441984r+04 +,7995560F+04 

+.707Pb0or+n4 

+.4107914r+n4 +.0443F4)4 +.1696t9+06 

+.3254051F+04 +.474n46/F+9.4 

+.312n4k;.r+02 +.260229Zr+C3 
+.3?o0.59AtF+Ok. +.18890F+03 
+.34zn14tF+02 +.13100741:0 
+.3539594F+02 +,1067460F+0  
1-.3641 474F+C2 +,9146o3:jr+OZ 
+.36-06?9,F+02 +,616?.574r+n4 
+.37:043z,F+OZ +,76:o5279F+04 
+,3739620E+0 +,71j48156F+n4 
+,374f,i3D'oF+04 4.,00521F+02 
ts_11,52534.F+OZ t+7135270'+02 
+.375c450E+0 +#7097 7 7.9c+02 

.4-.377674F+0 +.70ono7bF+04 
4,43-105uF+04 1-.7^64 67ZP+04 
+.37.5E12 3F+04 +.70o?353F+0  

+,4176620F+OZ 
+.43 /P683F+n2 
+.45!;47?4Ft0z 

9-4.12Jr62c.tn3 
4.1142214c+03 

+.469')631F+02 +.01`70P+n-.3 
+.4301154.F+0'z +.104s554.r:+03 
+.4n64194F+0Z 

+.10/499P+n3 
I n e 4 r . 

+.325427ur+OZ +.474n527rtn.4 



+.49I'92iF+r)4 
+.4964054F+04 (+ 3  
1-.4961441,F+04 +•015027r.+0;* 
+049'1135F-141Z +.101s314F+0 

5 +,499141:)F+r‘Z +01011611'i-03 9 

+.49919,oE+04 +.i0V7 07bri.03 
t.419n24F+OZ +.1%504W7 +0•3 

ci 
------- +,140260IF+nb +.3.541.971,r+Ozt +•O37';54i.E+04t 

+.40v^(AuF+03 4..104.500QF+03 +.4997.0.1E+0 

ENti OF JOB 



3A 1°C 
03404 

S=VC4-*Am 
T1=T**TNI 

()3Ai_FC (;fl Tu 4 

OINTYV,P1 n3A3nA 

0:07 4eN(1..4.11*Y/2.)/(G**240 
1;V=9;i*A*w-'w1 

n3W8 
03k1PA 
n34.3rL u=p,-r1 

 N=1  
23144d 1 RFADATppyv 

)3Ae..FU 7 P1=(K*T/()r,A*C 

n3A3nA UV=(Ull/PV)/2. 
(13AFix vi=V-1-PV 
0311Ftt 
P3Aitot, 8 V=V1 
0344nL Un TU 4 
13A4 1Z Z 1H=p*T,.01,V+K*S*0*F/Ail 
n3441E V=DO*1,9P7/0.05 
03444E 0=Crigelp8 

pPINI,011/17h,bil 
031\470 P°1NisTAPPV 
1) 11,4P.4 IN 7- is4+ 
03A4°0 ir(M-15)i,lys 
n3A4A0 3 STUP 
03A404 OA) 

134'140 



+.7217710r+04 +.304436F+n2 

+,3507151F+02 
+,350?914F+02 +.17-16700cfli 
+.35u1384F+02  

+.346736uF+04 
4.,365P170c+n.4 

+.365967-1F+OZ +.1.5DP611c+01  
+.367?or+OZ +.1511474r+OL  
t.,A(15?.:15.4E+02 +.14V:alor+nI 
+.365P7(.0F+OZ +.1474 121r+01 
+.3617,F+02 +•14V,064r+Oi 
+.36!),4 176F+0Z +.141,142Jr+11 
+.794v:22r+n5 +.1qz40519r+04 
+.1:163999F+ . i4999‘.7+% 

-4-. 041 73F+0Z +.1613q961r+nJ 
+.3034 6?oFt0Z +,111182.3r+0 

a 

+.3%. 1e.UF+02 +.47e-574P+04  
+,3 + +.3n77n4r.04 ;71 +.31b265?.F+0i. +.1N9592F-Oy 
+.3?1,-511F+0Z +.119948(r+Ogs 

 +.327!546uF+02. +.71i?014P+03 

. --------;;33ri62--  +.250130ori  
+.343062,F+02 +.119435.)r+0  
+.346(195.,F+02 4,75-J1640F+n4 
+.34b017,F+02 +.390P09F+oz 

4-,3039949F4yz 
+.30o740Trtn2  
+,3097.3flF+02 
+.3134777r+04  
+.3167767F+02 
4..37.1914F+02. 

t.149P089r+04 
+.40b176917 +04t  
+,3149321rt0it 
+.,a0u5971.r.+04 
4-.12591 7+n4 

+.33e474tr+OZ +.77!)602uc+0 
4.,,Ittuo921o17+02. +.46i7A5A3r+0 
+.347?57vP+02 .4.,z74813F+0a 

+.35(1179(F+nZ 
.4-,350-4799F+02 
+•6206563 +.1967377c+04 +,3577'47-07+n4 
+.1016999F+03 +.4160999+Ou +.350799F+n 

+.114M5OF+0 

+.42048or+OU 
+.419433br+OU 

+,3535b5c,F+OZ +.1,56470417 +0 
+.350394F+OZ +,b66,-313F+04 
+.36066iF+OZ +.4667670F+02 
+.36354nuF+OZ +.e5VIOn1F+ 
+.364,,540F+02. +•1151564P+n4 
+,36b:›513F+O2 +.75/7Z42r+01  
.1-.3h6()F.+(12 +.49.354nUr+01 
+,136 71 3-3F+02 +,300768.5r+n1 
+.36b7974;F+OZ +.22 0iF+01. 
+.36,P371F+02 ift49653F+01 
+,36 ,576F+02 +.1651o7or+ni 

+.3”4560F+02 +• 4347207r+03  
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+.1P41406c4-0Z 
+.04475c4-% 

+.947060E+04 
+.948..7e!4F+04 

+.18L6357r+02 
+.181721.1r:+rri. 

+,9481 19F+0 +.1.81n13V+04 
+.940433F+O2 +.1804103;:sr7+02. 
+,9401547F+04 +4.18069P+04 
+.946161uF+12 4..1800 203r4-04 
+,149604z.F+06 +.36e?950r+Oq +.b541310E+':14 
+,3255990F+03 +,18099d-+n4 +,946141uF+T4 
+•695099,-,F+02 +.110°b0,,F1-0 
te94442R4F+Oz +, s1.  
+.99501dF+02 +,5910 43ZF+04 
+.10Z1ZOUF+f13 +.459446Zr.04 

111117A4Ar4n) 



EAU UF JOB 

t.:LOYcie, F+17)3 
+.11V1440F+03 

+.31.)/1219r+f,4 
+.30975(147+04 

+.109q400F+03 +.2q 702or+n4 
+.110445bF+03 +.4P7768b74-n4 
+.11u7161F+03 4..zR30355r+04 

79 
t2_11.0V3i+E"0 +.z91.0 799r+O*4 
+.110279F4-03 +.00°93oF+(v4 

A +.11W164uF+03 +.28049317+,12. 
6 

+.110981vF+13 faRU249UF+0,; 
01 

4..11W191uF.03 +.28U124F+02, 
tI +.110950F+0.3 +.2RU0659P+04 

:ZI +.0.009B074-03 4-.8U026t07-1.0 
+.131053E+Od 4..276691c4-04 
+.3473999F+n3 +.4cW 0U00Fl-1i: 

4-,99g03F+04 



H=v*44(wl.) 00.244 5 

1..6r.70 1:)P1-1101  

175,2, 47.69 51, 
YFSAPt(iE 

',3A108 C THA"E 
KFAD,TN 
Rr7AD,PKAZrsAil 

'131i. • ed 
n3A114 
r'3AI.?b 

9 

L 

6 

0, 

RrArATC,F".7.01,,,K 

'13k.31C IF(ABS(PI-P)-n.005)2/2,5 

'13A412 4 ulA=P*TePPI*V4-k*S*0*F/AN 

n3A,014 N=N+1  
rr.OA490 IF(10-15),11.1,3 
n3A4A0 3 bTop 

n3A4A4 

CP=CK*TC—TMWK-rAX)*011 
V7-.R4v 

11=T**IN 
U=CV*TC-(r.K-A')*Q*11 
A=R*S*0 
U=VC**1,5 
B=41K40.1  

('3A LP4 
r'3AirC 
03A1FA 
n3AirA 
n3A410 
n3i)( 1c, 



4-.348PinoF+12 +.160515F+01 

+.34b946vF+02 +,5o(1894F+Oij 

+.b23127jF+05 
+.1,101599F+r) 

+.1991d4oF+04 +,35,924+04 
+.35u99g9F+% +,3449464F+4 

+.363q124F+02 +.09rObc+% 

+,4174P4P+04 +,797762:)F-0,5 +.19::J193)r7+04 
+.11.44699F.+03 +.17 .1199V:+n1 
+.3119999F+04 +.41039Lig+04 
+.31709N:F+% +.Z6pf)01r+ort 

1114A2?•;c4e14 

N.r.F. i&J7 FUPTPAN 
C 

, 9 

L +.304n57JF+OZ +,16W144VP+05 
8 

+.3031;60F+n4 +.1092(7ov+OD 

0I 
+.3n5435-z,)F+02 +,71:)nO4or+04 
+.3ob1390F+OZ 4-.464m970c+04 

It +.3117u6E+02 +•20o02n9r+04 
ZI +.310164oF+04 +.186706Zr+04 

+.321465LF+04 +.117715bF+04 

+,340q464F+04 +.35%7480+00 

+.36Y742!)F+(v4 
+.:3671,5F+02 

+.Z012451r+01 
4-41647$nr+01 

4-.363Pi4E+02 +.12187or+nl 



+.3731,6.5iF+f) 
+.339W)44F+r)2 

+41.n.)c294r:+04 
+.649A,03:)P+3 

+.340964oE+14 +.3017.55dr+1,3 
+.3:1 6 9 +02 +.23u7661F+ft.1 
+•3649e74F+OZ 4- •13.451.914-0j 

. L 
._+4.37U 5C/F/VF+( 

+.3744440F+0a 
+.743'49t0F+nZ 
+,41UP.544r+04 

•6 +.370127)P+02 +.22d?-324P+n4 

11 

+.370.606F+T4 +.1,31.796i.;F+0 
+.37/390W4F+02 +.b108P0r+01 
+,3797)861F+02 +,5551757F+01 
+.379479uF+Te, 
+.37576,tFfn 

+.42.59765F+01 
+.36037.5F+ni 

+.379e,254F+02. +.3264667r+% 
+.319649oF+0i.  
+.379',621E+0i. +.30,0771c+01 
+.379',04F+04 +.300(1244+0.4 
+.3796713F+02 
+.379672bF+02 

+.2P798°F+01 
1-,29-0214+01 

+.379',73/F+n2 +.k90114+11 
+.379,',74uF+02 +.296?4nZF+01 
+077479r.)0F+05 +.1P75093r+04 +,33?5,1,6F+':),+ 
+.12.64699E+n3 +.29)7999r:+01 +,379740E+04 
+.;335.0999E+oz 
+.3467661.F+OZ 

+.103?799r+04 
+,64,877r+0.,1 

+.3501.74r-02 +.9uP614F+03 
+.366n221E+OZ +.2.74'1059r+0 
+.377766dF+02 +,13-0474r:+1 
+.3956999F+02 +.7967371F+02 
+,3(414699F+02 
+,395?554F+02 

+.46008e1F+04 
+.Z70452F+02 

+.3974977F+OZ +.160304r+04 
+.396739.1F+02 +.11411754r+0z 
+.399396i;F+0Z +.6719726r+01 
+,3997344F+02 +.111967.3r+ni 
+•399906F+OZ +.6607666P+0t 
+.3999920E+OZ +.625746647+0i 
+.4060364P+02 +.007446Zr+01 
+.400,1581F+02 4,,g65351F+OL 
+.41W1689E+02 +•5941894tr+01 
+.400n744F+f7)Z +.5910677F+% 
+.406!7,774F+02 +.5901',9nr+01 
+.400n79qP+04 +.590,61ZP+01 
+.400n19.1.E+04 +.89()902F+01 
+.7477837F+05 +,1809.0.4r+r)q +.325(162F+04 
4.1165099F+03 4-,3P95949f:+ni +.40u079LF-04 
+.35.0999F+02 +.6541169F-0Y.* 

_ +.3,15n144F+02 +.40.32939F+03 
+,376179UF+0.4 +,446031 
+..3913010P+02 +.14.594F+0 
+.4041.974E+02 +,896166r+02 
+.41.21F+02 +.5450266c+Wz 
+.41.7134E+02 +.34.009F+0 
+,4?1,0'..1F+02 - +.221c7g5r+n.4 
+.4?3416.1F+02 +.160144r+Oz 
+.4246bOur+04 +.11466r+04 
4-.4051439F-02 +.119067:2r+02 
+.42.-.640F+nz +.1.10q2n3r+eZ 
+.42.5515741E+02 +,106A699r+02 
+•42 1446F+04 +.10=tc874F+04 
+.42.67:.>E+OZ +.10;35546F+04 
+.426r109F+14 4..103r.273r+Oi. 
+.420n205E+02 +.10Z756,3c+04 
+.426n25oF+02 +.104t-3914 
+.4,76(12J9C4-0-4 +.104C70e.W4-0i. 



+.7161:51..aF+Op 
+.14599P+03 

+.17,30167F+n4 
+.10 90007+nk +.42(JOCIF+n 

+.462,?2.97F+T4 +.171c454c+0 

+.6817916c4.” +.161o9uF+04 +.4911964F+04 

+.6?7P654F+0  
+.174rs000. 4.03 

+,154(149/r+14 +.1.736b94E+04 
+,Z64999r.Wi: 4,,2:0721P+04 

+.5591334tF+1Z +.34dn2ori.% 

t.”b?4-$91F+OZ 
+.55u646F+oz 

+.4236914F+0'4 
+.375604,7 +(r4 

4-.3169421.4-0  
+.14Ltr040F:+eLt +.46V148ir-i-1=p 
+.31o599r-0-4 t.07GR9RIF+0[: 

IF+)2  

4-.1151359c+0  
+.30)4600F+02 +.7547494r4O4 

. An,Ailn7CJI.11/. 

+.5904/9F+0 
+*1791499F+03 
+.304n,57P+OZ 
4-.303400P+1Z 



+ 3 1.1 :5 4 it  + Z 
.31o6-65!0F+rrz 

+,31t)611IP+04 
+.200543Dr+04 

+,355?9P..9F+04 

+.3534674F+04 +.57012r+Ou 
+.353467 iF+OZ +..5647441.r+nu 
+.815077E+05 +,19/1867+n4 
+.104ROW7F+03  .1...56(.0999c:+nu +.354674F.04 

+.3885t,OuE+nz +.42V714r+04 

+.3.)2(1Z6L)r+nZ +.12j,7911r+04  
r - +.32 9J,7+n4 +#16o77140!7+0 

+-,334470uF+02  
9 _ .  +•34U?5OZP+04 +•2.6761977+13 

+5,344g900E-04 +.143.1910F+03 

+.3/-w 4 314F+04 +.bO9P291c+04 
+.35U 024F+fl +.429?*70r+0,4 
+,351°737F+0 4-,Z24(196W2+n4 
+.35z694iF+02 +.1107Zlir+n4 
+.3531741F+OZ +.41(579641F+% 
+.353?491F+02 +.336(112br:+0t 
+.35368uP+02 +.197:131bP+01 
+.3534176F+02 +.1209775F+n1 

+.32o1. 10.1E+Nr 
+ 0 ;39(.0054F+Oz 

+.75".3.1F+fl5 +.18Z7083F+04 
+.0030,1F+03 +.52999r+ni 
+.447q99E+OZ +.07100'+-3 
1-,47.055F+0i.  +,940150r+nZ 
+.4q34904F+02 +.684187r+0 

+.2()A93F+0a +.431159or+OZ 
+.54Z0939F+OZ +.37on791r+()Z 
+.5507164,F+1)2 +.344661V+04 
+.55612.9;;E+nZ 1..32.17;022r+04 
+.559761vF+02. .4.,ldn249F+04 
+.56u9o7:4F+Oz 
+.561°614r:4,0Z  
+,552'Al9F+04 
+.56Z”?3F+04 

+.3131 4'+A4 
+,310712pc+n2 
+,-.309467•C+04  
+.30:0-31r+04 

+• 56 7l +.30373(41r+92 

+.5132424F+Oz +.52n903+04 



+.3775oF+04 +.22941897 +01 

+,1n/1699F+03 +.2264999F+01 +,3737,75:)F+n4 

+.41973P 7+04 +.35973167+0z 

+.714145r,E+0J +.174°9267+04 +.310665F+04 
+.15 42a99F+03 +.10919'197+0 +.42900+r4 

+.44o7ihtF+0Z +.553R11U7+04 

+.3730613F+U +.219P431r+0), 

+.17i..1119vF+0:1 
+.303°99,iF+0 

+.3001999c+04 
+.1715 69411+0:,  

+.51:14711.4-04 

+.300,59uF+04 +.700941F+n4 
p 

+.3094Q0i7+04 +.52Q!'61412+04 
• +.313',354F+02 +.336F99+n4 
.9 +.3191194F+12 . +.1)73557+04 

+.32”6907+02 +.11!)74017 +04 
a +.3336793F+04 +.641.°4207 +n 
6 

01 
+.3441779F+OZ +.511790(17+03 
+.35L06.0F+f)Z +.303C'48'27+n 

11 +.357779:)F+0Z +.1751447+03 
Z1 +.363711117+0  +.9997556F+04 

+.3679370:+n +.544760 ir+04 
+.310632t1F+0Z +.Z9oP31.1F+Ok 
+.37i:?029F+P.4 4.16JP6917+nz 
+.373P69qF+02 +.9451904r+nl 
+.3704tF+OZ +*51;9990ZP+01 
+.373741E+0Z +.409°653f:4.4)1 
+.373g5ffl.F+02 +.319555ur+Oi 
+.373°17uF+Ol +.2740476r+01 
+.373°46F+0i. +.Z511910F+Oi 

+4, 3.00v/4..or.+r)2 +.-429()U7417 +'.)1 



+.0747212.F+n) 4.,16P15t3,+14. +,49:3no79F-04 

-4-.41.11F+1) +.194(-3iW7 +04 
+.413(14214F+nz +.1n4cOut7 +14 
+.473n494+0Z +.1844o5r+n4 C 

7 g 

+.53V-V1oF+nz +.4760311f:+n 
+05214399F+05   +.15049:W7+04 
+.1.71999E+ri3 +.Z7oP99Ur+OZ 

+.47UPtsPF+04 
4-0366600F+OZ 



n3A,I.CC  
3A LEA 

0=000TCw(CK-mAK)*Q*T1 
A=R*S*D 

n3A4P0 
n3AZC.2 IF(G)6,6,7 

N.C,E. i7O FURTpAN 

339.2! 23.896  1n5_,L  
m3k08 c YFSAVAGF  
n3,6.1(18 C PPOP/WE  
n3A1.08   RPAnsTN  
n3A04 RPAD,OKAZepAN  
/13A178 READ,TC,PC,VOR 
3A1,40 N=1 
n3A148 1. RcAD,T,PAv 
n3A0C Tm=1.0t,TN 
03A168 Av=tis/(1.2.030),,qC 

C. 

9 

Z 

8 

; 6 

:11 

Z 1 

• 

03A2.56  4 C=V**OrBINI 
3A.78  
03n00 

03A41E Cm:nH*1,9P7 / 62..05 
f.)3,144E 611=CH*10  
03AL5A PPIMI,UHprhoelP 



N.r.E. IAX-70 ELPTPAN 

9 

+.5992402F+OZ +.1627512r+05 8 

6 
+.59196g:1E+02 +,106P9117F+n5 

01 
+.5957890E+02 +.0969644E+04 
+.600982:;E+02 +.4526941F+04 

11 +.6077622F+02 +.2897854E+04 
Z1 +.6161538E+02 +.1'126930E+04 

+.625q590E+02 +.1129541E+04 
+.6361848E+02 +.6S1A936E+03 
+.6461251E+02 +.3996655E+03 
+,65465539E+02 4-,a2(5755or+03 
+.6611332E+02 +.1241627F+03 
+.6654641E+02 +.6615966E+02 
+.6681179E+02 +.3439672P+02 
+.6695930E+02 +.1767500E+04 
+.670784E+02 +.8997314E+01 
+.6707846E+04 +.4600097E+01 
+.6709910E+02 +.2388671r+01 
+.6710954E+02 +.1271925E+01 
+.6711474E+02 +.7170410E+00 
+.6711737E+02 +.44i)6738E+0U 
+.6711.660F+n2 +.-499072ZP+00 
+.671193>F+02 +.2280273E+0o 
+,671196IE+02 +.1960449r+00 
+.67119g4F+02 +.1770019r+00 
+.671199LE+02 +.1674804E+00 
+.6711994E+02 +.16674R0r+00 
+.6711991E+02 +•1638183E+00 
+.6711999E+02 +.1589355E+00 
+.1960448F+06 +.4747601E+01+ +.8545675E+04 
+.1934299E+03 +.1579999E+00 +.6711999E+02 
+.5919996E+04 +.124P924E+05 
+.59592m4E+02 +.8190726E+04 
+.60067,3E+02 +.5331812E+04 
+.606504E+02 +.3440720r+04 
+.6179856E+02 +.2192121F+04 
+.6297979E+02 +.1374780E+04 
+,642089E+02 +.8455144E+03 
+.6551977E+02 +.507P159r+03 
+.6679526E+02 +.2965125E+03 
+.67854P5E+02 +.167P493E+0 
+.6R6479tE+02 +,9201540F+0 
+.6917579E+02 +.4911376F+02 
+.6949320E+02 +.2576318E+0 
+.6967026E+02 +.134A069E+04 
+,6976434E+02 +.71257347+0i 
+.6981289E+02 +,3911132E+01 
+.6963760E+02 +.2285644E+01 
+.6913500F+n4 +,141436P+ni 
+.69062,'F+n2 +.1065429E+01 
+.690594E+02 +.85819n4r+ft 
+.0986099E+04 +.7597656E+00 
+.69861/0E+0z +.7080076E+00 
+.698F,210E+04 +.680847E+00 
+.6986236F+0z +.6672363E400 
+.696,,24.iFtnZ +.061132oF+00 
+.698A251F+02 +.6519589E+00 
+.1RdP091F+06 +.4553003E+n4 +.81954n4F+14 
+.2210599E+03 +,6540999E+0U +.6906-451E+02 
+,61599q9F+02 

A',77F4,:rtfV., 
.4.,zs56885F+04 

igiA414F+n4 



+.189259:JE+04 
+.1261674E+04 

+.180625E+06  
+.2442799E+03 
+ • 6550999E+02 
+.67401E+02 
+.6956210E+04 
+.714016uF+02 

+.43d4777F+04 
4-v 1776999F+% 
+,9711217r+03 
+.590684bF+(v.1 
+.3620739r+03 
+.2143467F+03  

+.114P951E+04 +.762R86oF+02 

+,3955810r+0i +7T56.9136-rP32 

+.64195F;)E+04 +.1137Z5jr+04 
+.6.57679,.)F+oz +.6990163F+03  
+.6740675E+02 +,2O?963+fl3  
+.689937'07+0Z 4",Z4L/1120r#0:3 

-4•77-62-X;  F.:1'0Z +.1,40120V+03  
) 9 +.71 4'101+C)2 +,7716220+04 

+.7191041E+02 +.422072717+04 ?e +.7231747E+02 +.227763+02 
; 6 

+.7256639E+02 +.1250659c+n  
+.726°664E+02 +.720101F+Oi  

+./h052n4E+0Z +.2674899E+03 +.3935999c+01 

+.75900a4F+oZ +.0374n9P+o3 
+.776904‘.F+n +.71191o74F+0i. 
+.7g3196F+02 +.466R896F+1)2  
+.4102432vF+0 +.ZR3P453r+nz 
+.800712uF+04 +.18.3P696F+04 
+.812n309F+02 +.110RW2P+02 
+0313R07oE+02 +.103c034!7. +OZ 
+.0.47293E+02 +,8956787r+% 
+.815191.19F+0z +.8257685E+01 
+.8154359E+04 +,7901)634'+Oi 



+.025401F+n4 
+,1.011b”E4.0',$ 

+,1011655177+03 +.Z241870+0z 
+.143472iF+n6 +.347445hr+04 
+.33on197F+03 4-,0415PW7.4.nz 
+,879n996F+O2 +.12b9641+03 

+.96467NA+02 4-.630.190bF+OL 

+]M9'  9r-+()3 +.47611 774r+0  

+.136A5?k,F+0(, 
+,34.1P.599F.+03 

+.3Q4450P+1)4- f,:a94PUC1P+04 
+,2.747- 999F+02, +.109c14,JE+03 

+.595q50iLF+nz f•74U677(r-04 
. _("A-71r10,1A^/. 

+.1e077n.5F+00 
+.2R9'i696F+03 

+.401445)c+n4 
+.7544999c+ol 

+,i2Z601F+04 
+.61b672E4414 

+,71999oF+OZ 4-.45A113F+n:0 
+.750es260F+02. +.2R11564r+03 

5 t.781160uF+N. +.173co7oc+03 
9 

+.010.(1124JAN_ +.10-in7rY:ir+03 
+,b34547F+OZ +.067700V+r)4 

8 +.8.5- 5194F+02 +,4291.4394c4-04 
6 

+.666A614c+02 +.'492131.5c+n4 
0I 

+.8752301F+12 +.2los52/r+oz 
+.8go071.5F+02 +.170(127i1r+ni. 
+.6tHZ106/F+OZ +,1540194F+n2 
4-,0486/F+OZ +.1441.1Rbr+02 
+.£047933F+oz 4.4.11V.,57ZP4414 
4.08RJ1lor+nZ 4-.11 (11.1ur441  
+.8,151314F+nZ +.1345361F+Oz 
ie,8954a-fri-02 4-,13351403r4-0-4 
+.6854VoyFi-OZ +.114912P+04 
4-.b”4691F+OZ +.0:57276r+0.4 
4.8855007F+n4 +.1137397r4.0-2 
+,695906jFi-OZ +,1331909F+02 
+.15t.q464F+n6 +.3791070r:+n4 +.b9092iE4.04 
+.31.16999F+03 t.1331499r+02. 4.,t3g5c06.5F+04 
7o-,41q999F-1-02 ++.04N)43'7+0 
+.85oK78vE+IIZ +,12478S0F+0 
+.895n50F+n4 +,62.56591F+fv4 
+.9?9817F+02 4-'570116;4-0k 
+,9577133r+04 +.4201977r+04 
+.97b6631F+02 +,31096ort02 
+.917629F+04 +.281.416UP+Oz 
+.100133vyF+03 +,-153069"(F+Oa 
+,1006'0oF+n3 +,239409F+OZ 
i-eln0P9nI.F+03 +.2119796F+04 
+.002ogr+03 +,06n4667+04 
+.101n959F+03 +sL261132F+(v4 
+.011311F+03 +,275141t)F+01 
+,0114PtF+03 +.22.46533P+Oz 
+.1011570F+03 +.2?44042r+0 
+.1011624F+03 +.224284oc+04 
+.011.644F+n3 t.Z210163F+n4 

+,9257734F+0 +,8s01056rt(Y4 

+,1006339F+03 +,476925or:+04 
+.111:1924E+03 i-.311e'.424F+0 .k 
+.M.057oF-0.03 +.64+0 
+,074794F+03 4.,30on5i5r+OZ 
+.1n84094F+o3 4-i'4R905(1UF+n4 
+.10b1,.,361F+0:1 +.'4811403F+04 

+.109366Z.+03 4.274f,044rtn.e. 
+.105441F+03 +,27-44521c+n'4 
+.1094791F.03 +si.:70784r-OZ 
+.109498,F+13 +,27z5a7dr+04 
4-.1f19507F4,4 +.[72.441(P+n4 
+,109512F+03 +.Z7‘170017 4-04 
+,109c1e0F+03 +,k7Z1364c4-04 

1-,589?404F+nz +.174n27c4,0:? 
+.5919659E+0i +01.1370Ri 



+,30j6273c+04 
+.1.9 1513,-.04 
+.014.39/c+n-f 
t .71067tr+Oi 

+.6gbli3i.F+nz 
ir.ologb%F+0 

+.680044uF+02 +.311767.4-Ou  
+.68044E+02. +.3090820r+00  
+.614u0446F+0z +.3no1964F+% 
.1-,19 ?27pE+0(1. +.46/P37dF+04- 
+.20.312°9F+03 +.301999F+00 

+• 4477+0's  
-1...t)80044oF+04 

47-17Ii7T10,4F+06 +.423764,iF4-04 +*-161P75.aE+4 
+.264n690E-1-03 +,3541999r+ni  
+.b79999F+02 +.126(:)145r:+03 

4-.(60.531-04 

:g +.6494a0t4F+n2 . . 

'L 

+.4106791F+0 
+.0161:317 +0.3 
i-,130PaUF+0j +.6671391F+02 

+.67;4565Ftoz +.745q092r-WZ  6  
-1°,6720r+OZ 4- 1, -th908f.lbr4-04 31 - 
+.o77F491°F+OZ +.e019691F+04 
+.676°13P07+0Z +.1n3r1 7?Urfn4 

_ +,6794837F+02 +.5361347F+01 
+.6797624tr+0.4 +,051074r+ni 
+.4790034F+04 +.15d171 V:+rli 
+,679,1744F+02 +.9401655+0U 
+.690109uF+n2 +.6?4167r+00 
4.,630(vz/qF+02. +,46W137Dr+lu 
+.6qun".F+n2 +.3825683F+% _ 
+.000,01-F1-12 +.34423510 

+.9257 216F-1-'1Z +.8601964r+04 
+.967186iF+OZ +.09P92r4.4v‘ 
+.1004141F+03 +.470764r4.04 
+.103173JP+03 -t-,.3R?b5oy+04 
+.105',42vr+03 +,31u791UT:4-14  
+.106-)644F+03 +.3nt7895F+04 
+,1n7e570F+03 +.ZPC'til4r+OZ 
+,10614P,IF+n3 +.2.71629P++14 

c t.t.0715”uFtN. 
+.63b169,F+n2 

+.690043QF+n +.3219334E+ou  



+.310119F+n3 
+.411;9999F...0Z 

4...k6of/90 c+%: 
+.271.744vc+04 

4-010:)°65:A+0 

+.62V-rePtF+OZ +.1.1.7"4?8n9F+)41- 
I' +.6411 9/0F+02 +.1014593r+04 
S +.6507,799E+nz +.6511760r+nii 
9 +.67,0§e4P+U +9394938t57-0 
z +.68567.6LF+04 +.2?d141DF+0,i, 

+.697263i.0F+02 +9120705V+0 
6 +.1,15762.4r+oz +.70.57739r+04 
01 

+.711134oF+02 +,3791215r+^ 
+.71.44,251F+04 4..z0e.169F+02 
+.71644N)F+Ol +.109743or+04 
+.717406LF+02 +.6244843F144 
+.717Q01uF+02 +•379n07e.+01, 
+.7101.520F+02 4..25b1251F+01. 
+,71e..,779t)Ftne +.100365r+ni 

+.8?3'1110F4.02 +,105.514r+0',4 

+.3071o93r+n2. +.1.1q -i463iJF+02. 

+.90.5114)F4.02 +,1.71704.r.4.04 
4.#916nowiFfrN4 4-001.4 3311- 4-n4 

+02  +.15uR471c+02 
+015tion9r+04 +.9197e*oFt04 
+.15Utt,93,7 +0z 
-1-.150444r'+n-4 

+,9:1973f-i4F+04 
.r.90974'),41:+02 

+.23/?113,7F+03 +0000999F+ni 
+019dfqP7F+04 
+.71d4053F+04 

+.1832690F+nb +#4436773r=t04 

+.6959999F+02 +.5196b3bF+0;ii 
+.721377F-POZ +.310046r+P3 
+.740171F+nZ +,199c)97UF-1-03 
+.769P29/F+02 +.11945Z3F-0:3 
+.78052vF+04 
+.b0Z9641F+n2 

+.7097260+0'4 
+,42a0903r+n4 

+.29e)799F413 
+1759999(,F+04 
+.79-4R2.5v17+n 

+0132j6999F+0i 
+.270609F-4.0:0 
4-•1691006c 4-0:3 

+03507917F+O2 
+.8721180F+04 

+.66949904 
+s,09'126()F+04 

+.b9 •7?135F+04 +.:4131'20oP4.02 
+.90310,+F+0-4 -1-.1q0633r+oz 

+.90oNis1F+02 +.15!)17912+02. 
4-.909n70r4,02 -1-,19.611F+0v4 
+2919b3niF+02 +415019dc+n4 
+.9094414P+n4 +.15116, 4-14 

4..6702)14F+n4 



+.317i4P0F+1 
+.81'in9qz,F+n4 

4.019049g9r+niL +.90 745,4-04 

:r  +.8p41314F+0 4..1.0196tr+r) 
• +.92152.31F+01 +.0o4301r-pn? 
c  +.950.1°L,r+04 t.51.5n7Oor4 14 
9 +.94,066vF+Ok +.393()oltbr+04 

1-#1n045s1F+n3 4-•323%i71.'+04 
7 9  +.1ni%41F+("Q 4..Z'13P•89ic+0,4 
6 

— 
+.ine)3s/F+03 i.Z6Z7en2':+04 
+.0..0n9f1F+03 +.t.0/4W"04 
+.1na743.iF+n3 -1..Z44'7,871r4-0 
+.103471c1F+03 +.24043q7P+04 

 +.03536u-e..+03 +.2.404809r-+nZ 
+.1n3soliTFT.6:6 +.21970'kt:4'04 
+.111:654r+n3 +. • 397359r,..-n4 
+.103593.3F+03 4-.119160.0.+n4  
+.10397./F4-03 +.2.19055C-W4  
+.1n.35991F+03 +."09A019r+n4 
+,14000F+nb +,34Z:130be+o4  
+.33 2794g+03 +a3d0599F+04 +.1035991F-1,03 
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