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shape that can be seen for most series. This means that the
WLS solution does not follow the shape of experimental
points. Therefore, one can say that the function behavior is
described better in Fig. 26, even though the overall agree-
ment there is a bit worse. The same can be also said about
other groups.

The functional behavior in groups Z and O determine the
condition for the tetragonal-orthorhombic phase transition.
As a result, we believe that the description of the phase tran-
sition is better in solution ML. This belief may be confirmed
by looking at the predicted phase diagram of the
YBa,Cu;04.., phase (see Fig. 17). The phase diagram that
follows from solution ML is rather close to that obtained in
the previous assessment of 93VOR/DEG and to what may be
expected from structural and theoretical studies (see, for ex-
ample, 91VOR/DEG). The phase diagram predicted by solu-
tion WLS is quite different. The miscibility gap lies com-
pletely within the orthorhombic phase and, as a result, the
field of miscibility between the tetragonal and orthorhombic
phases, T+0, is absent. We beheve that it is physically un-
reasonable.

Pragmatically speaking, solutions ML and WLS differ by
variances of systematic errors: these variances were assumed
to be zero in the WLS case and were considered to be un-
knowns in the ML case. This difference in treatment is re-
sponsible for the effect described above. When the weights
were assigned to the experimental points based on the repro-
ducibility variance in the strict WLS, the number of points in
a particular experiment and the range of the controlled vari-
able automatically were used as additional weights when the
results of different experiments were processed together.

At first glance, employing the number of experimental
points as a weight for otherwise equal conditions seems not
to be a bad idea. Yet, if we take into account systematic
errors, this approach should be carefully reconsidered. A sys-
tematic error is what was constant in a particular experiment.
Then, the number of experimental points should not lower
the systematic error. Let us imagine that there are two ex-
periments with numbers of points 10 000 and 10, respec-
tively. Provided there were systematic errors that are bigger
than the reproducibility error in each experiment, ascribing
weights equal to the numbers of points will not lead a good
solution. The large number of points leads us to a small
reproducibility error of the mean but does not account for
systematic error. The systematic errors may be assumed to be
of equal magnitude in both experiments, and, because sys-
tematic error does not depend on the number of points it
would be necessary to average the two means with weights
equal to one.

There is no other way in WLS to lessen the number of
points in a particular experiment than to switch to an infor-
mal WLS approach. Here, the weight is considered to be an
expert opinion about the quality of the experiment and Eq.
(28) is thrown out. This is always possible but leads to a lot
of meditating because the solid ground on which to base a
decision is already lost. :

The inclusion of the systematic errors-in the error model

allows us to lessen the effect of differing numbers of experi-
mental points formally because of the block-diagonal struc-
ture of the dispersion matrix. After the total error has been
separated into the reproducibility error and the systematic
errors, the structure of Eq. (29) leads to the following fact.
For the likelihood function under the linear error model to
reach a maximum, it is more beneficial for the reproducibil-
ity variance to be as low as possible, even if this would
require some increase in the variances of systematic errors.
This characteristic explains why a better description of the
function behavior has been achieved in solution ML.

7. Conclusion

The main practical result of the present work is a new set
of parameters for computing the Gibbs energy of the
YBa,Cu;0q.., solid solution, which is the key phase for ther-
modynamics of the Y-Ba-Cu-O quaternary system. Most re-
sults for other phases in this system include equilibria with
the YBa,CuyOg.,, phase, and thus, the assessment of the
whole system depends heavily on thermodynamic values ac-
cepted for the YBa,Cu30¢, , phase.

Even though the YBa,Cu;0q ., phase has attracted a lot of
attention in the last decade there are some ““blind spots™ left.
First, there is the area about room temperature where the
phase diagram shown in Fig. 17 may well be not quite cor-
rect. Recent results (see, for example, 96PIC/GER) suggest
the existence of so-called superstructures at these tempera-
tures, and the model employed in the present work does not
allow us to describe superstructures at all. Another direction
for improvement of the model is the high pressure region
(more than 108 Pa), where it is impossible to neglect the
hydrostatic pressure. At the same time, we believe that the
thermodynamic properties at high temperatures and at mod-
erate pressures are well studied now, that our model de-
scribes these experimental values adequately, and that this
description will not be changed 910mﬁcantly in the foresee-
able future.

Besides concrete numbers, there are some methodological
points discussed that are of general interest in thermody-
namic assessment. Steps to be taken in simultaneous assess-
ment are as follows:

(1) collecting a database of experimental values,

(2) developing a thermodynamic model,

(3) formulating expert conclusion, and

(4) computing unknown parameters and optionally unknown
variance components.

Let us see what improvements can be achieved here by em-
ploying the linear error model.

First, the whole process cannot be done in a single se-
quence and in practice the thermodynamic assessment is a
somewhat iterative process over these steps until the full sat-
isfaction of the assessor, or probably more often until the
time or/and money limit, has been reached. Second, this pro-
cess cannot be completely formalized and the strategic deci-
sions for the final model and the quality of the experimental
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works are always subjective (see 93ALC/ITK for a good
discussion on this matter). While keeping this in mind. we
enlarge on the last two steps when the model and the experi-
ments to be processed are already chosen.

The starting point for the expert conclusion step is the
error model that determines the structure of the dispersion
and hence weight matrix. It is the error model that gives a
solid background for averaging the experimental values. In
the conventional approach, the error model includes just a
reproducibility error and, as a result, the weight (dispersion)
matrix has the diagonal form. Then an expert has to supply
the numerical values of all the weights. Sometimes the ex-
pert proceeds from Eq. (28) with the use of some estimates
of reproducibility variances, but often she or he just weighs
in some manner the quality of experimental points.

However, if we study deviates (see Figs. 18-20, Fig. 26,
and Fig. 27) we see that the total error cannot be modeled as
the reproducibility scatter only, and this state of affairs is
quite common for all the real experimental measurements.
The results of a single experiment are not scattered over the
fitted curve randomly but rather they are shifted and tilted
systematically. If we need reliable results, we have to model
this behavior, or otherwise the experimental values will be
processed under an incorrect error model.

The linear error model accepted in the present work is a
first step in treating the regular behavior of the deviates. It is
said that the results are shifted and tilted because of the sys-
tematic errors, and, in our view, this is quite conceivable.
Definitely, the linear error model is also an approximation of
the real picture, and it is possible to introduce more sophis-
ticated error models (see, for example, 88RAO/KLE). Yet.
the linear error model allows us to catch the main effects in
the trend of the deviates that cannot be ignored. and to leave
some more subtle effects 10 future treatment.

Pragmatically speaking. the linear error model allow us to
switch to a nondiagonal dispersion and hence weight matrix.
This. in turn. gives us some appropriate tools to influence the
number of experimental points in different experiments as
discussed in the previous section. The comparison of the two
solutions, ML and WLS. shows that. because of treating the
systematic errors as the reproducibility errors. WLS have
brought a solution where the description of the functional
behavior is worse than that in the ML solution.

Another difference between our approach and the conven-
tional one 1s in estimating variance components. It is pos-
sible to say that. in WLS the estimation of the variance com-
ponents is the expert’s responsibility and in our approach
they are estimated by means of ML method simultaneously
with unknown parameters. This means that expert’s work is
easier because the expert can express her or his optnion in
the qualitative form.

The importance of graphics could not be overesimated. It
is impossible to produce a reliable assessment by any method
without viewing the agreement between experimental points
and the titted curve in tigures. In the present work three types
of figures have been emploved and from our experience we
can state that the best results can be achieved by a combina-
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tion of all three graph types. Each type shows up its own
specific information that is difficult to figure out from an-
other type of graphs.

Finally. the advancement of Internet permits archiving the
materials that are necessary for the assessment in the public
domain. Our materials including the database of all the ex-
perimental values and the optimization software (for Win-
dows 95 and Windows NT) are available from our site,
http://www.chem.msu.su/~rudnyi/Y 123/welcome.html. Af-
ter all. if you are not satisfied with our set of parameters you
are welcome to make your own.
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