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It should be noted that when using LAEMS, the transition from single to double laser pulses occurs without 
changing the total energy and radiation power;

	• number of pulses per point, while you can additionally set the number of pre-firing pulses – pulses that 
affect the surface before the main ones, but the spectrum from them is not recorded. The use of pre-firing pulses 
is necessary when examining samples whose surface is covered with visible impurities, oxides, rust, patina;

	• energy of dual laser pulses and their repetition rate.
The software allows you to move the subject table with a fixed sample in two planes (up-down, left-right). 

Also the microscope mode in conjunction with LED illumination and an aiming laser allows you to accurately 
determine the method of laser radiation exposure to a sample, which is necessary when examining finished 
industrial products, art objects and artefacts, jewelry, samples whose dimensions are not exceed a few milli
meters. The destruction of the sample surface was monitored using a Linnik MII-4 microinterferometer (LOMO, 
Russia).

The objects of the study were 200 specimens of artifacts (from the collections of the Museum of Historical 
Faculty of the Belarusian State University, the collections of the Institute of History of the National Academy of 
Sciences of Belarus, the National Historical Museum of the Republic of Belarus, and private collections) found 
on the territory of Belarus during archaeological excavations dating back to the 5th century BC – 15th century AD. 
The objects under study belonged to different time periods, but they were united by the fact that they had been 
underground for a long time and were covered with a significant layer of patina, scale, rust and other com-
pounds and impurities, which made it impossible to visually determine the colour of the original compound 
(white, yellow metal, copper-based alloys). Photos of some of the studied old samples covered with patina, 
rust, scale are shown in fig. 1.

Results and discussion
At the first stage of the study, a qualitative analysis of the samples was carried out: elements were deter-

mined, analytical lines were selected (two for each element). It was found that some of the artifacts consist of 
pure metals – copper, lead, tin. These samples were combined into a separate group in order to compare laser 
ablation of modern and ancient products that have been exposed to long-term exposure to natural conditions 
and soils. A complete list of elements found in the studied samples includes silver, copper, zinc, tin, lead, iron. 
Modern standard samples corresponding to the composition of artifacts were selected.

The optimal parameters of laser radiation, providing maximum spectral line intensity, were determined 
during laser ablation of modern samples (the energy of laser pulses was 100 mJ, the time interval between 
double laser pulses was from 7 to 12 µs (depending on the metal)). It should be noted that the transition from 
the single-pulse mode (∆ t = 0 µs; two laser pulses simultaneously act on the surface) to the double-pulse mode 
leads to a multiple increase in the analytical signal (up to 10 times). Similar measurements were carried out for 

Fig. 1. Photos of some of the studied old samples  
covered with patina, rust, scale


