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Undoubtedly, in each specific case, the thickness of the considered joints on the surface of the sample may 
differ. However, the data obtained will make it possible to approximately estimate the required number of 
pre-firing pulses. Of particular difficulty in the analysis are samples covered with scale as a result having spent 
a long time in a funeral pyre or fire. As the study showed, such samples do not have a sharp boundary between 
the connection on the surface and the original alloy of the product (fig. 2). 

The dependence of the relative intensity of the spectral lines of copper, lead and tin on the depth of laser abla-
tion for a sample covered only with patina is shown in fig. 2, a. The coverage boundary in this case can be taken 
as 55 µm: after reaching this depth, the fluctuations in the relative intensity of the spectral lines become much 
smaller for all elements. In the case of scale (see fig. 2, b), the coating boundary can also be determined (42 µm). 
However, even after this depth, periodic changes in the analytical signal by almost 1.5  times are observed, 
which indicates the presence of pores and caverns 3–9 µm in size in this artifact.

In this regard, a number of limitations on quantitative analysis should be highlighted. So, when examining 
a sample covered only with patina, it is necessary to determine the thickness of this coating (usually 25–55 µm) in 
order to set the appropriate number of prepulses. However, the same number of prepulses must also be used in the 
ablation of standard samples when constructing calibration curves. Otherwise, the evaporation of the substance 
from the studied and standard samples will occur from different depths of the crater, which will affect the pro-
cess of plasma propagation, and, as a result, the magnitude of the analytical signal. Unfortunately, the standard 
approach to analysis based on calibration curves is not suitable for scale-coated samples. Due to sharp jumps 
in intensity, and due to a lower analytical signal, a certain concentration of the components will be significantly 
lower than the real one, and the total concentration will be less than 100 %. In this case, non-calibration me
thods may turn out to be more effective, however the total analytical signal for several 10 pulses cannot be 
used, since averaging will lead to an increase in the analysis error.

It should be noted that the analysis of samples of fusible tin and lead that have been on fire is of difficulty. Even 
outwardly, these artifacts resemble a porous sponge, and not a metal product. The study of the dynamics of the 
intensity of the spectral lines of these elements in depth does not allow one to accurately determine the boundaries 
of the coverage. The dependence of the relative intensity of the spectral lines of tin and lead on the depth of laser 
ablation for a sample covered with a visible layer of scale is shown in fig. 3.

Separately, a group of artifacts made of iron-based alloys coated with a layer of rust was studied. This type of 
coating, unlike patina, is more heterogeneous even within the same sample, so it is necessary to create a technique 
that would allow to determine the approximate value of laser prepulses visually. For the study, three samples 
were selected with varying degrees of surface coverage with rust: sample 1 covered a visually thin layer of iron 
hydroxide with small gray spots, related to intact metal; sample 2 covered visually thick homogeneous layer of 
red-brown colour; sample 3 covered heterogeneous red-brown layer with a pronounced relief. The thickness of the 
rust for each sample was determined from the change in the relative intensity of the spectral lines of chromium, 
nickel, manganese, and iron during layer-by-layer two-pulse laser ablation. Upon reaching the intact alloy, the 
intensity of the spectral lines of all elements increased and became more stable (fluctuations did not exceed 3 %). 
The measurements carried out showed that the thickness of the iron hydroxide layer on the surface of the studied 
samples is 9 –10 µm (sample 1), 22–23 µm (sample 2), 44 – 45 µm (sample 3). However, it should be noted that in 

Fig. 2. Dependence of the relative intensity of the spectral lines of artifact components  
on the depth of laser ablation for a sample covered exclusively with patina (a) and scale (b)


