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Computer programs are ~iven in Fortran language for three integral methods of  
deriving kinetic parameters from TG curves. Method 1 is a computerized variant of 
Doyle's curve-fitting method and performs the calculation of the exponential integral 
p(x) by means of author 's empirical formula. Methods 2 and 3 are variants of the Coats-  
Redfern linearization method. Testing of the methods on both theoretical and experi- 
mental TG curves shows them to be almost equivalent as far as the results obtained are 
concerned, but Method 1 needs a ten-fold higher computer time. 

In a solid-state reaction leading to the evolution of a gaseous product, the con- 
version can be difined as 

G O - G 
r - (1) 

Go - G1 

where Go, G and G1 stand for the initial, actual and final sample weights, respec- 
tively. The rate of  the reaction depends upon the conversion, according to the re- 
lation 

d~ 
~ ?  = k f ( ~ )  (2) 

where the rate constant k is frequently presumed to obey the Arrhenius law 

k = Z e  -EIRT (3) 

Z will be referred to as the pre-exponential factor, E stands for the apparent acti- 
vation energy, R is the gas constant and T the absolute temperature. 

Integral methods use the equation of the thermogravimetric curves (2) in its 
integrated form [1 ]: 

Z E  
g(ot) = ~ p(x )  (4) 

where g(a) stands for the conversion integral 

X g(a) = f(~) (5) 
0 
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q for the heating rate dT/dt and p(x) for the exponential integral 

oo 

I " e -  u p(x)=l ~ d u  with u = E / R T  (6) 

x 

The conversion integral g(~) can easily be calculated if one presumes [2] the 
conversion functionf(~) to be of the following form: 

f(~) = (1 - ~)n (7) 

where n stands for the apparent reaction order. 
For the calculation of the exponential integral, a rather good [3 ] empirical for- 

mula has been proposed in our earlier paper [4]: 

e -x 16 
p(x)= (x+2)(x-d)  with d =  x 2 _ 4 x +  84 (8) 

In the present paper three methods are suggested with the aim of deriving the 
kinetic parameters n, E and Z from TG curves. 

Method 1 

The basic idea of the method is the constancy of the magnitude 

ZE 
B = log ~ - q  = log g(~) - log p(x) (9) 

resulting from (4). The integrals g(~) and p(x) have different values for each point 
of the TG curves, but their ratio is constant. In our trial-and-error method pro- 
posed earlier [5], tabulated values ofp(x) are used, and by the systematic variation 
of the presumed E value the minimization of the standard deviation 

6= ~ S(B~ ~)2 I0) 

is performed for a given n value. B i stands for the B value calculated from a single 
point of the TG curve by means of formula (9), B represents the arithmetical mean 
of the individual B i values, and M stands for the number of experimental points 
used. In order to determine the most probable n value, the above minimization is 
performed for the following n values: 0, 1/3, 1/2, 2/3, 1 and 2. The minimum of the 
6mi n values indicates the best n value. 

A computer program of this method has been proposed by Simon et al. [6]. 
In the present paper we propose a modification of this method in the following 

way: 
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1. To calculate the exponential integral by means of (8) instead of using the very 
large numerical tables. 

2. To calculate g(~) by means of formulae 

( 1 -  ~ ) X - n _  1 
#(c0= if n r  1 and 

n -  1 

g ( e ) =  - l n ( 1  - c 0 if n = 1 (11) 

3. To minimize the magnitude 

(12) D =  ~/ M~ 2 

by performing the systematic variation of E and n, D is preferred to 6, since it is an 
absolute measure of the constancy of B i, unlike 6, which is proportional to B. 

In order to reduce the calculation time, the following procedure has been ac- 
cepted : 

For  n = 0, Dio is calculated by using successive Eio values, according to the 
formula 

Ai_ l ,  if Di0 < D i _ l .  o 

E i + l . o = E i o +  Ai where A i =  1 
[ - ~ - A i _  j, if Dio>Di_l.O 

and by taking Eoo = A o = 10 000 joule/mol. If ]Ak] < 100 joule/mol, minimization 
is considered as achieved and Dko is obtained. 

The parameter n is varied according to the same principle, i.e. 

A'i_l, if Dk i < Dk,~-i 

n j + l = n j +  A I where AI=  1 
- -  ~ -  A j_l, if Dkj > Dk, j_  l 

by taking no = 0 and Aj = 1. If [Aml < 0.01, the double minimization is consid- 
ered to be achieved. The obtained n m and Ekm values are the kinetic parameters 
which were to be determined, and the corresponding Dkm value characterizes the 
agreement of the experimental data with the kinetic parameters derived. 

The calculation of the pre-exponential factor can be performed by means of 
the formula 

log Z = /~ + log R q  --  log E (13) 

The following data are introduced: 
- the first card contains the number of experimental points M, the initial sample 

weight Go, the final sample weight G1 and the heating rate q in K s -1, 
- the second card contains the M sample weight values, denoted by C(I), 
- the third card contains the corresponding'M temperature values in ~ 
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The computer program in Fortran language is the following: 

C METHOD 1 1 

*DEFINE FILE * 1 - t05 2 
*DEFINE FILE *2 = 108 3 

DIMENSION C(20),T(20),B(20) 4 
REAL N 5 
COMMON T,C,N,SSB,SD,M,A 6 

100 READ (105,20,END = 50) M,GO,GI,Q 7 
20 FORMAT (I2,1X,F4.2,1X,F4.2,1X,F4.4) 8 

160 WRITE (108,150) M,GO,G1,Q 9 
150 FORMAT(IH,  10X,2HM = ,I2,10X,3HGO = ,F5.2,10X,3HGI = , 10 

*F5.2,10X,2HQ = ,F5.4) 11 
72 IF  (M.LE.O.OR.G1.LE.O.OR.GO.LE.G1.OR.Q.LEO.) GO TO 70 12 

READ (105,21,END = 51) (C(I),I = 1,M) 13 
21 FORMAT (20F4.2) 14 

WRITE (108,151) (I,C(I),I = 1,M) 15 
151 FORMAT (1 H, 10X,20(EHC(,I 1,2H) = ,F5.2,5X)) 16 

DO 7 7 I =  1,M 17 
IF  (C(I).LE.GI.OR.C(I).GE.GO) GO TO 74 18 

77 CONTINUE 19 
READ (105,22,END = 51) (T(I),I = 1,M) 20 

22 FORMAT (20F4.1) 21 
WRITE (108,152) (I,T(I),I = 1,M) 22 

152 FORMAT (1H ,10X,20(2HT(,II,EH) = ,FS.1,5X)) 23 
GO TO 41 24 

50 STOP 25 
70 WRITE (108,71) 26 
71 FORMAT (1H ,51HN,G1,OR Q LESS OR EQUAL ZERO OR GO 27 

*LESS OR EQUAL G1) 28 
READ (105,73,END = 50) M,GO,Gt,Q 29 

73 FORMAT (//I2,2(1X,F4.2),lX,F4.4) 30 
GO TO 160 31 

74 WRITE (108,75) 32 
75 FORMAT (1H ,SX,20HDATA A RE NOT CORRECT) 33 

READ (105,76,END = 50) M,GO,GI,Q 34 
76 FORMAT (/I2,2(1X,F4.2),lX,F4.4) 35 

GO TO 160 36 
51 WRITE (108,52) 37 
52 FORMAT (1H ,10X,21HDATA ARE NOT COMPLETE) 38 

GO TO 50 39 
4 1 N =  O 40 

SS = 1. 41 
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D O  231 = 1,M 
I F  (T(I) .LE.O) G O  TO 99 
C(I) = (C(I)-G1)/(GO-G1) 

23 T ( I ) =  1/(273.1 + T(I)) 
30 C A L L  A L F A  

I F  (N) 24,25,24 
25 SSSB = SSB 

SSD = SD 
SA = A 
GO TO 26 

24 I F  (SD.LT.SSD) GO TO 25 
SS = - 0 . 5 " S S  
I F  ( A B S ( S S ) -  0.01) 28,25,25 

26 N = N + SS 
GO TO 3O 

28 SA = 8.314"SA 
Z = S S S B - A L O G I 0 ( S A )  + ALOG10(8.314*Q) 
WRITE(108 ,35)N,SA,Z ,SSD 

35 F O R M A T  (1H ,10X,2HN = ,F5.2,10X,2HE = ,F8.0,10X, 
*7HLOG(Z)  = ,F5.1,10X,2HD = ,F6.5) 
GO TO 100 

99 W R I T E  (108,98) (T(I),I = 1,M) 
98 F O R M A T  ( I H  ,20F5.1) 

G O  TO 100 
E N D  

S U B R O U T I N E  A L F A  
D I M E N S I O N  T(Z0),C(Z0,B(20), R(20) 
R E A L  N 
COMMON T,C,N,SSB,SD,M,A 
P(X) = 0.43429"X + ALOG10( (X + 2)*(X - 16 / (X**Z-4*X + 
* + 84))) 
G(X) = (X**(1 . -N) -  1.) /(N- 1.) 
A = 10000 
S = 10000 
I F  (N.EQ.1) GO TO 2 
D O 3 I  = 1,M 

3 R(I)  = G(C(I))  
G O  TO 12 

2 D O 1 8 I  = 1,M 
18 R(I) = - ALOG(C(I ) )  
12 SB = 0 

D O  17I  = I ,M 
X = P(T0)*A)  

42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 

9 
10 
11 
12 
13 
14 
15 
16 
17 
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17 B(1) = ALOG10(R([)) + X 18 
D O 6 I  = 1,M 19 

6 SB = SB + B(I) 20 
BM = SB/M 21 
SBB = 0 22 
D O 7 I  = 1,M 23 

7 SBB = SBB + (B( I ) -BM)**2  24 
D = SBB/M/BM**2 25 
IF (A-10000.) 8,9,8 26 

9 SSB = BM 27 
SD = D 28 
GO TO 10 29 

8 IF  (D.LT.SD) GO TO 9 30 
70 S = - 0 .5 "S  31 

IF  (ABS(S),LT. 100) GO TO I I 32 
GO TO 9 33 

10A = A + S 34 
IF (A.EQ.O) GO TO 70 35 

11 R E T U R N  36 
END 37 
E values printed are given in joule/tool. 

Method 2 

This method is a computerized variant of the Coats-Redfern method [7], based 
on the following approximation of the exponential integral: 

x - 2  
p ( x )  = e -~  - - -  

X 3 

By using this expression, Eq. (4) can be written in the following form: 

og--~-y = l o g - ~ -  1 2 . 3 R T  

Coats and Redfern propose a graphical trial-and-error method, consisting in the 
plot of log 9 ( ~ ) / T  vs. 1/T,  by presuming different n values in the calculation ofg(a). 
Thus, the best linearity indicates the correct n value, and from the slope of the 
straight line E can easily be derived. 

In the present paper we propose the application of the least square method to 
calculate the slope of the straight line corresponding to the above graphical plot, 
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and the systematic variation of  n, until for Jaff6's correlation coefficient R [8] the 
maximum value is obtained. 

The procedure involves the calculation o f  R i by using 

hi+ 1 = H i -~ A i 

A i _ l ,  if R i > Ri_  1 

with Ai = 1 -~-Ai_l, if R i < Ri_ 1 

and by taking no = 0, Ao = 1. The true n value is considered to be found  if 
IAnl < 0.01. The corresponding E value is calculated by multiplying the slope of  
the straight line by 2.3R. 

In  order to obtain the pre-exponential factor, the 

log Z = log 9(a) + log R q  - log E -  log p(x) 

value is derived for each experimental point  and their arithmetical mean is calcu- 
lated. 

The same cards can be used as with Method 1 and the computer  program is the 
following: 

C M E T H O D  2 1 

* D E F I N E  F I L E  *1 = 105 2 
* D E F I N E  F I L E  *2 = 108 3 

D I M E N S I O N  C(20),G(Z0),T(20),X(20),Y(20) 4 
R E A L  N , N A  5 
P(T) = 0.43429"T + ALOG10( (T  + 2 )* (T-16 / (T**Z-4*T  + 84))) 6 

lines 7 to 40 are identical with the same lines in Method  1 
D O 3 0 I  = 1,M 41 
C(l) = ( G O - C ( I ) ) / ( G O - G I )  42 

30 X(I) = 1000/(273.1 + T(I)) 43 
S = 1. 44 
SX = 0 45 
SXX = 0 46 
DO 21 = 1,M 47 
IF  (X(I) ,LE,O) GO TO 25 48 
D(I) = 2*ALOG10(X(I) )  49 
s x  = s x  + x ( i )  50 

2 SXX = SXX + X( I )* ' 2  51 
S1 = S X X -  SX**2/M 52 

17 I F  (N-1.) 5,6,5 53 
5 DO 7 1 =  1,M 54 
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7 G(I) = ( (1 . -C( I ) )** (1 . -N) - I . ) / (N- I . )  55 
GO TO 8 56 

6 D O 9 I =  1,M 57 
9 G ( I ) = - A L O G ( 1 . - C ( I ) )  58 
8 SY = 0 59 

SYY = 0 60 
SXY = 0 61 
D O 1 0 I  = 1,M 62 
Y(I) = ALOG10(G( I ) )  + D(I) 63 
SY = SY + Y(I) 64 
SYY = SYY + Y(I)**2 65 

10 SXY = SXY + X(I)*Y(I) 60 
$2 = S Y Y - S Y * * 2 / M  67 
$3 - S X Y - S X * S Y / M  68 
SL = $3/S1 69 
R = SQRT(S3**2/S1/S2) 70 
I F ( N )  14,15,14 71 

15 SLA = SL 72 
R A  = R 73 
GO TO 18 74 

14 I F  (R ,GT,RA)  GO TO 15 75 
S = -S*0.5 76 
I F  (ABS(S) -0 .01 )  16,15,15 77 

16 SLA = - 19.122"SLA 78 
ZB = 0 79 
M A  = M 80 
D O  9 0 M  = 1,MA 81 
Z = A L O G 1 0 ( G ( M ) )  + P(X(M)*SLA/S.314-ALOGlO(SLA/g.314]Q) 82 

90 Z B = Z B  + Z  83 
W R I T E  (108,19) N,SLA,Z,  RA 84 

19 F O R M A T  (1H ,10X,2HN = ,F5.2,10X,2HE = ,F8.0,10x, 85 
*7HLOG(Z)  = ,F5.1,10X, 2 H R  = ,F6.4) 86 
GO TO 100 87 

18 N = N + S  88 
GO TO 17 89 

25 WRITE(108 ,Z6) (X(I ) , I  = I ,M)  90 
26 F O R M A T  ( I H  ,20F4.1) 91 

GO TO 100 92 
E N D  93 

E values printed are given in joule/mol. 
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M e t h o d  3 

This method,  proposed in our  previous paper [9] and computerized in the present 
one, is based upon  the same Coa t s -Redfe rn  method as Method  2. The difference 
consists in the following. Experimental sample weight data  are not  introduced 
directly into the computer ,  but first a graphical plot  of  (1 - ~) vs. Tis  performed. 
By graphical means, nine temperature values are derived, corresponding to the 
following a values: 0.1, 0.2, 0.3 . . . .  0.9. 

As in the case of  Method 2, log g(~)/T 2 values are calculated by presuming dif- 
ferent n values. The parameters of  the straight line given by the nine log g(~)/T2vs 
lIT pairs are derived by means o f  the least square method.  The maximum of  the 
correlation coefficient indicates the true n value. E and log Z values are calculated 
as before. 

Data  are introduced by means of  a single card, containing the heating rate in 
K �9 s -a, and the nine 10 3 T -1  values. 

The computer  program is the following: 

C M E T H O D  3 1 

* D E F I N E  F I L E * I  = 105 2 
* D E F I N E  FILE*2  = 108 3 

D I M E N S I O N  A(9),C(9),D(9),X(9), 1 (9) 4 
R E A L N  5 
D A T A  A/0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9/ 6 
P(T) = 0.43429"T + A L O G I 0 ( ( T  + 2)*(T-16/(T**2-4*T + 84))) 7 

3 R E A D  (105,1,END = 20) Q,X 8 
1 F O R M A T  (F4.4,3X,9F5.4) 9 

N = 0 10 
S = I .  11 
SX = 0 12 
SXX = 0 13 
DO 2 l = 1,9 14 
IF  (X(I) .LE.O) GO TO 25 15 
D(I) = 2*ALOGI0(X( I ) )  16 
SX = SX + X(I) 17 

2 S X X  = S X X  + X(I)**2 18 
S1 = SXX-SX**2/9  19 

17 IF  (N-  1.) 5,6,5 20 
5 D O 7 I  = 1,9 21 
7 C(I) = ( ( 1 . - A ( I ) ) * * ( I . - N ) - I . ) / ( N -  1.) 22 

GO TO 8 23 
6 D O 9 I  = 1,9 24 
9 C(1) = - ALOG(1 . -A( I ) )  25 
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8 SY = 0 26 
SYY = 0 27 
SXY = 0 28 
DO 10I  = 1,9 29 
IF  (C(I).LE.O) GO TO 25 30 
Y(I) = ALOG10(C(I))  + D(I) 31 
SY = SY + V(I) 32 
SYY = SYY + Y(I)**2 33 

10 S X Y =  SXY + X(I)*Y(I) 34 
S2 = SYY-SY**2/9 35 
S3 = SXY-SX*SY/9 36 
SL = S3/SI 37 
R = S Q R T ( S 3 * * 2 / S 1 / S 2 )  38 
IF  (N) 14,15,14 39 

15 SLA = SL 40 
RA = R 41 
GO TO 18 42 

14 IF  (R.GT.RA) GO TO 15 43 
S = -S*0 .5  44 
IF  (ABS(S) -  0.01) 16,15,15 45 

16 SLA = - 19.122/*SLA 46 
IF (Q.LE.O) GO TO 25 47 
ZB = 0 48 
DO 90I  = 1,9 49 
Z = ALOG10(C(I))  + P(X(I)*SLA/8.314) 50 

90 ZB = Z B  + Z  51 
Z = ZB/9-ALOG10 (SLA/Q/8.314)-3. 52 
WRITE (108,19) (I,X(I),I = 1,9) 53 

19 F O R M A T  (1H ,10X,9(2HX(,I1,2H) = ,F6.4,5X)) 54 
W R I T E  (108,21) N,SLA,Z,RA 55 

21 F O R M A T  (1H ,10X,2HN = ,F5.2,10X,2HE = ,FT.2,10X,7HLOG 56 
*(Z) = ,F6.2,10X, 2HR = ,F6.4) 57 
GO TO 3 58 

18 N = N + S  59 
GO TO 17 60 

25 W R I T E  (108,26) 61 
26 F O R M A T  (1H ,5X,20HDATA ARE N O T  CORRECT)  62 

GO TO 3 63 
20 STOP 64 

END 65 
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Testing of the methods 

The above methods have been tested by using both theoretical and experimental 
TG curves. 

Theoretical TG curves have been obtained by means of Eqs (4), (7) and (8), 
by using the n, E and log Z values indicated in Table 1 as "theoretical" values, and 
by considering a heating rate of l~ Kinetic parameters n, E and log Z derived 
from these theoretical curves by means of Methods 1 - 3 are also given in Table 1. 

Experimental TG curves have been obtained by using a thermobalance con- 
structed on the basis of literature data [10]. The kinetics of the dehydration of 
Ca(COO)2 �9 2 H20 have been studied by means of the above three methods. 
Sample weight and heating rate values are presented in Table 2, while the kinetic 
parameter values n, E and log Z, derived by means of Methods 1 -  3, are given 
in Table 3. 

Table 1 

Testing of  the methods  on theoretical T G  curves 

Kinetic 
parameter 

E 
kJ/mol 

log Z i 

No. of the TG 
curve 

Theoretical 
value 

1.00 
1.00 
0.00 

41.8 
83.7 

167.4 

1.0 
10.0 
20.0 

1.00 
1.02 
0.03 

42.3 
84.5 

168.2 

1.0 
10.1 
20.1 

M e t h o d  

1.02 
1.00 
0.03 

41,4 
83.3 

167.8 

0.9 
9,9 

20.0 

3 

1.02 
1.00 
0.03 

41.4 
83.3 

167.8 

0.9 
9.9 

20.0 

Table 2 

Dehydra t ion  of Ca (COO)>  2 H20 .  Sample 
weight and heating rate values 

i . . . . . . . . . . . . . .  
No. of the Sample weight, Heating rate, 
TG curve rag ~ 

4 25 5 
5 75 5 
6 100 15 
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Table 3 

Testing of the methods on experimental TG curves 

Kinetic 
parameter 

E 
kJ/mol 

log Z" 

No. of the 
TG curve 

0.72 
1.05 
0.55 

143.9 
108.4 
65.3 

14.5 
10.4 
4.4 

Method 

0.72 
1.05 
0.55 

142.7 
107.9 
64.0 

14.8 
10.6 
4.7 

0.75 
1.00 
0.50 

141.8 
101.3 
63.2 

14.5 
9.5 
4.6 

As seen from Tables 1 and 3, the three methods give practically the same results. 
Method 1 performs a double minimizat ion,  and consequently this method requires 
approximately a ten-fold computer  t ime as compared to Methods 2 and 3. 

On the other hand,  in the case of experimental  T G  data, Method 3 seems not  to 
be perfectly equivalent  to Methods 1 and  2. This is easy to understand,  since the 
data introduced are not  the same. Methods 1 and 2 use sample weight data, which 
are generally recorded at equal  t ime intervals, i.e. more experimental  points are 
taken f rom the first par t  of  the T G  curves than f rom the second part,  where the 
reaction rate is much  higher. In  Method 3 the experimental  points considered are 
uni formly distr ibuted over the whole T G  curve. 
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int6grales de d6duction des param~tres cin6tiques des courbes TG. La premiere m6thode est 
une variante pour ordinateur de la m6thode d'ajustement des courbes de Doyle qui effectue 
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le calcul  de  l ' in t6grale  exponent ie l le  p (x )  h l ' a ide  de  la f o rmu le  emp i r i que  de l ' au teur .  Les  
deux i6me  et t ro is i6me m 6 t h o d e s  son t  des  var ian tes  de  la m 6 t h o d e  de  l in6ar isa t ion  de  Coa t s -  
Redfern .  L ' app l i ca t ion  des  t rois  m6 t hodes  h des  courbes  T G  th6or iques  et exp6r imenta les  a 
m o n t r 6  qu 'e l les  6talent  p resque  6quivalentes ,  mais  la premi6re  m 6 t h o d e  exige dix fois p lus  de  
t emps  d 'o rd ina teu r .  

ZUSAMMENFASSUNG - -  Ein  K o m p u t e r p r o g r a m m  in F o r t r a n s p r a c h e  wird ftir drei In tegra l -  
m e t h o d e n  zur  Ab le i tung  k inet i scher  P a r a m e t e r  aus  T G - K u r v e n  gegeben.  M e t h o d e  1 ist e ine 
kompute r i s i e r t e  Var ian te  der  K u r v e n a n p a s s u n g s m e t h o d e  von  Doy le  und  f/Jhrt die B e r e c h n u n g  
des  exponent ie l len  In tegra ls  p(x )  mit  Hilfe der  empi r i schen  F o r m e l  des  A u t o r s  du rch .  Die  
M e t h o d e n  2 u n d  3 s ind  Var i an ten  der  L i n e a r i s i e r u n g s m e t h o d e  von  Coa t s -Red fe rn .  Die  PriJ- 
f ung  der  M e t h o d e n  an  theore t i schen  u n d  an  exper imente l len  T G - K u r v e n  zeigt diese h ins ich t -  
lich des  Ergebnisses  als nahezu  gleichwertig,  j edoch  ben6t ig t  M e t h o d e  1 eine zehn fache  K o m -  
puterzeit .  

Pe3roMe - -  HpeAcTaBnena B1,IqHCnnTeaI, nafl nporpaMMa na ~3blKe f loprpar t  ~1~ Tpex Hrtxerpa31b- 
HblX MeTO,~/OB rt3BJIeqenHfl KVIHeTn'~eCKriX napaMerpoB ri3 KplIBblX TF.  MeTo)I 1 ~IB.rDIeTCfl MatU~H~ 
HblM BaprlanTOM MeTO~a ~O~JI~I laprlrOHKH KpHBO.~ I,I BbLrlOYlH~IeT BbI~IHCheHHfl 3KCI1OHenl/I,Ia3Ib- 
no ro  nHTerpana p(x) c nOMOmbIO aBTopc~o~ 3MrlrlpttqecKo~ dpopMy.rlbI. MeTo~Ibl 2 14 3 ~Bn~OTC~ 
pa3HOBrI~lOCTflMrI MeTOlla nrmeapH3auHa Koyrca- -Pe~qbepaa .  HpoBepKa MeTO~OB Ha TeoperH- 
�9 lecrr~x ~ 3Kcrlepr~MeHTa~brt1,1x rpkIBblX T F  n o r a 3 a n a  14x paBHo3HaqUOCTb. O p n a r o  MeTO~I 1 Tpe- 
6ye t  B ~IecnT1, pa3 60nbtue MamHHHOFO BpeMenrI. 
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