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This investigation examines the conditions that provide the highest achiev-
able informativeness of experiment processing with a limited number of ob-
servation data. The following questions are raised and studied.

2 How many experiments are necessary to reconstruct all properties of
an object under study?

2 Which conditions impede the estimation of desired quantities at any
number of measurements and beforehand given high measurement pre-
cision?

2 |s it possible to determine as equation coezcients and its boundary
conditions simultaneously?

Our main result is given in the following theorem.
To determine all properties fawg, g, of the object described by model

ﬁzlak LkU =f (1)

it is necessary and su=cient to perform a single experiment in which the
object state function u does not satisfy the linear dependence condition

kLgu =0, ¢2B; ()
k=1

where B = f = const; 9i;j 2 [1;p] : i; j & 0g:
Condition (2) de nes the subspace of mathematical model coe=xcients

whose element being mapped accordingly to (1) with commuting operators
retain the linear dependence condition. This results in the following corollary.
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If the solution u® of Eq. (1) with mutually commuting operators satis es
condition (2), then the equation coezxcients belong to the family

ki k@ =b k=Lpil; 3)

the free term T also satis es the condition of the linear dependence

>
kL =0 4)
k=1

and the state u” is determined as the solution of the equation

bkLkUn = _pfn
k=1

Theorem 1 and Corollary 1 give the complete answer to the foregoing
guestion about the useful information contents extracted from the experi-
ment during its processing. As is evident, a single experiment can provide
simultaneous identi cation of all phenomenological properties of the object
if the appearance of the state u® satisfying the linear dependence condition
of the initial equation terms is excluded. It is hence possible to identify the
object properties starting from the observation with limited measurements.
On the other hand, the results obtained attest that there exist direct problem
solutions u”, completely retained if the input function is e®ected according to
(4) while the object properties should satisfy (3). Consequently, the variance
of object properties and characteristics does not change the direct problem
solution in every point of its domain.

From this viewpoint linear and nonlinear heat equations are studied. The
explicit and implicit forms of unidenti able elds are found. The results ob-
tained show that there exist cases when every solution of the direct problem is
unidenti able state. At the same time simultaneous identi cation of equation
coe=xcients and its boundary conditions is proved. The study of nonlinear
heat equation permitted to nd new scaling solutions.

Theoretical inferences are exempli ed by the identi cation of all the heat
object properties without numerous measurements. Simultaneous identi -
cation of thermal di®usivity, heat-transfer coexcient, initial state, axial and
polar non-uniformity of temperature eld are accomplished using observation
data only from single sensor.

The practical meaning of the investigation consists in the determination
of the conditions guaranteeing the experiment against unidenti able states.



