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Aim  

~ǘŠǇłƴ ½ŀǾǌŜƭ όмфонπмфффύ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ōƻƻƪǎΩ ƛƭƭǳǎǘǊŀǘƻǊǎ ƻŦ ǘƘŜ ǎŜŎƻƴŘ 

ƘŀƭŦ ƻŦ ǘƘŜ нлǘƘ ŎŜƴǘǳǊȅΦ Iƛǎ ŀǊǘǿƻǊƪǎ ƘŀŘ ŀ ƎǊŜŀǘ ƛƴƅǳŜƴŎŜ ƻƴ ǘƘŀǘ ŬŜƭŘΣ ƛƴ ǇŀǊǝŎǳƭŀǊ ƻƴ ŎƘƛƭŘǊŜƴΩǎ 

ƛƭƭǳǎǘǊŀǘŜŘ ōƻƻƪǎΦ ½ŀǾǌŜƭ ǿŀǎ ƻƴŜ ƻŦ ǘƘŜ ŬǊǎǘ ŀǊǝǎǘǎ ǿƘƻ ǳƴŘŜǊƭƛƴŜŘ ǘƘŜ ŎƻƴƴŜŎǝƻƴ ōŜǘǿŜŜƴ ŀǊǘ ŀƴŘ 

ōƻƻƪǎ ŀƴŘ ǘƻ ŘŜŬƴŜ ƛǘ ŀǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ǘƻƻƭ ŦƻǊ ŎƘƛƭŘǊŜƴΩǎ ŜŘǳŎŀǝƻƴΦ 

¢Ƙƛǎ ǎǘǳŘȅ ŀƛƳǎ ǘƻ Ǝŀƛƴ ƛƴŦƻǊƳŀǝƻƴ ƻƴ ǘƘŜ ~ǘŠǇłƴ ½ŀǾǌŜƭΩǎ ŀǊǘǿƻǊƪǎΣ ƛƴ ƻǊŘŜǊ ǘƻ ǘŀƪŜ ŀ ŘŜŜǇŜǊ ƭƻƻƪ 

ŀǘ ǘƘŜ ǊƛŎƘ ǇǊƻŘǳŎǝƻƴ ƻŦ ǘƘŜ /ȊŜŎƘ ƛƭƭǳǎǘǊŀǘƻǊ ŀƴŘ ƛƴǾŜǎǝƎŀǘŜ ǘƘŜ ƳŀǘŜǊƛŀƭǎ ŀƴŘ ǘŜŎƘƴƛǉǳŜǎ ǘƘŀǘ ƘŜ 

ŜƳǇƭƻȅŜŘΦ !ƭƻƴƎ Ƙƛǎ ŎŀǊŜŜǊΣ ƘŜ ŜȄǇŜǊƛƳŜƴǘŜŘ ŘƛũŜǊŜƴǘ ǘŜŎƘƴƛǉǳŜǎΣ ƛƴ ǇŀǊǝŎǳƭŀǊ ƎǊŀǇƘƛŎǎ ŀƴŘ 

ǿŀǘŜǊŎƻƭƻǳǊΣ ŀǇǇǊƻŀŎƘƛƴƎ ǘƻ ǘƘŜ ŎǊŜŀǝƻƴ ƻŦ ŦǊŜǎŎƻŜǎ ŘǳǊƛƴƎ ǘƘŜ ƭŀǎǘ ȅŜŀǊǎ ƻŦ Ƙƛǎ ƭƛŦŜ ŀǎ ǿŜƭƭΦ CƻƭƭƻǿƛƴƎ 

ǘƘŜ ƛƴŘƛŎŀǝƻƴǎ ǘƘŀǘ Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ ǎƻƳŜ ǇǳōƭƛŎŀǝƻƴǎ ŀƴŘ ǘƘŜ ŘƛǊŜŎǘ ŜȄǇŜǊƛŜƴŎŜ ƻŦ Ƙƛǎ ŦǊƛŜƴŘǎ ŀƴŘ 

ǇǳǇƛƭǎ ǿƘƻ ƪƴŜǿ ƘƛƳ ǇŜǊǎƻƴŀƭƭȅΣ ǘƘŜ ƳŀǘŜǊƛŀƭǎ ƘŜ ǳǎŜŘ ǿŜǊŜ ǘŀƪƛƴƎ ƛƴǘƻ ŀŎŎƻǳƴǘ ŀƴŘ ǎǘǳŘƛŜŘ ƛƴ ƻǊŘŜǊ 

ǘƻ ǇǊƻǾƛŘŜ ǾŀƭǳŀōƭŜ ƛƴǎƛƎƘǘ ƛƴǘƻ ǘƘŜ ǎǇŜŎƛŬŎ ŎƻƭƻǳǊǎΣ ōƛƴŘŜǊǎ ŀƴŘ ǘŜŎƘƴƛǉǳŜ ǘƘŜƳǎŜƭǾŜǎΣ ǘǊȅƛƴƎ ǘƻ 

ǳƴŘŜǊǎǘŀƴŘ ƛŦ ǘƘŜȅ ŎƻǊǊŜǎǇƻƴŘ ǘƻ ǿƘŀǘ ǘƘŜ ŀǊǝǎǘ ŘŜŎƭŀǊŜŘΦ !ŘŘƛǝƻƴŀƭƭȅΣ ǘƘƛǎ ŀƴŀƭȅǎƛǎ ǿƛƭƭ ōŜ ŀƴ 

ƛƳǇƻǊǘŀƴǘ ǘƻƻƭ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ǇƻǎǎƛōƭŜ ǊŜƭŀǘŜŘ ŘŜƎǊŀŘŀǝƻƴ ǇƘŜƴƻƳŜƴŀΣ ǿƘƛŎƘ ŀǊŜ ǇǊŜǎŜƴǘ ƻǊ 

ǘƘŀǘ Ŏŀƴ ōŜ ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜ ŦǳǘǳǊŜΦ {ǇŜŎƛŬŎŀƭƭȅΣ ǎŜǾŜƴ ŘǊŀǿƛƴƎǎ ŀƴŘ ǘǿƻ ǇŀƛƴǝƴƎǎ ƻƴ ŎŀƴǾŀǎ 

ŎƻƴǎŜǊǾŜŘ ŀǘ ~ǘŠǇłƴ ½ŀǾǌŜƭ aǳǎŜǳƳ ƛƴ {ŀǊƳŝŘŜ ό¢ǊŜǾƛǎƻΣ Lǘŀƭȅύ ǿŜǊŜ ŀƴŀƭȅǎŜŘ ŜƳǇƭƻȅƛƴƎ ŀ Ƴǳƭǝπ

ŀƴŀƭȅǝŎŀƭ ŀǇǇǊƻŀŎƘΦ bƻƴπƛƴǾŀǎƛǾŜ ǘŜŎƘƴƛǉǳŜǎ ǿŜǊŜ ŎƘƻǎŜƴΣ ƛƴ ƻǊŘŜǊ ǘƻ ǇŜǊŦƻǊƳ ƛƴπǎƛǘǳ ŀƴŀƭȅǎƛǎΣ ŜǾŜƴ 

ƛŦ ŬǾŜ ƳƛŎǊƻπǎŀƳǇƭŜǎ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ ǘǿƻ ƻŦ ǘƘŜ ŘǊŀǿƛƴƎǎ ǘƻ Ǝŀƛƴ ƳƻǊŜ ǎǇŜŎƛŬŎ ƛƴŦƻǊƳŀǝƻƴ 

ŀōƻǳǘ ǘƘŜ ƳŀǘŜǊƛŀƭǎΦ ¢ŜŎƘƴƛŎŀƭ ǇƘƻǘƻƎǊŀǇƘȅ ŀƭƭƻǿŜŘ ǘƻ ƘŀǾŜ ƛƴŦƻǊƳŀǝƻƴ ŀōƻǳǘ ǘƘŜ ƳƻǊǇƘƻƭƻƎȅ ŀƴŘ 

ǘƘŜ ƻǾŜǊŀƭƭ ǎǘŀǘŜ ƻŦ ŎƻƴǎŜǊǾŀǝƻƴΤ CƛōŜǊ hǇǝŎǎ wŜƅŜŎǘŀƴŎŜ {ǇŜŎǘǊƻǎŎƻǇȅ όChw{ύ ŀƴŘ wŀƳŀƴ 

{ǇŜŎǘǊƻǎŎƻǇȅ ǿŜǊŜ ǇŜǊŦƻǊƳŜŘ ƛƴ ŎƻǊǊŜǎǇƻƴŘŜƴŎŜ ƻŦ ŘƛũŜǊŜƴǘ ŎƻƭƻǳǊǎ ǘƻ ƛŘŜƴǝŦȅ ǇƛƎƳŜƴǘǎ ƻǊ ŘȅŜǎ 

ŜƳǇƭƻȅŜŘ ōȅ ǘƘŜ ŀǊǝǎǘ ŀƴŘ ǇƻǎǎƛōƭȅΣ ǘƘŜƛǊ ŘŜƎǊŀŘŀǝƻƴ ŀƴŘ ǾŀǊƛŀǝƻƴ ƻŦ ǘƘŜ ŎƻƭƻǳǊǎΦ hƴ ǘƘŜ ƻǘƘŜǊ 

ƘŀƴŘΣ ǘƘŜ ŬǾŜ ǎŀƳǇƭŜǎ ǿŜǊŜ ƛƴǾŜǎǝƎŀǘŜŘ ōȅ ƳŜŀƴǎ ƻŦ ƳƛŎǊƻǎŎƻǇȅΣ ƳƛŎǊƻ ς wŀƳŀƴ ǎǇŜŎǘǊƻǎŎƻǇȅ ŦƻǊ 

ǘƘŜ ŎƘŀǊŀŎǘŜǊƛȊŀǝƻƴ ƻŦ ǇƛƎƳŜƴǘǎ ŀƴŘ Fourier Transform Infrared Spectroscopy ς Attenuated Total 

Reflection (FTIR ς !¢wύ ǘƻ ƛƴǾŜǎǘƛƎŀǘŜ ǘƘŜ ōƛƴŘŜǊǎΩ ƴŀǘǳǊŜΦ Additionally, in order to study the declared 

artistic techniques and materials, a series of paint mock-ups was created and analysed by means of 

FORS and the spectra were compared to the ones obtained for the drawings and paintings. Finally, 

Principal Component Analysis (PCA) was performed in order to discriminate between different 

supposed binders and so to confirm or not the composition of artistic materials and techniques. 

The results of the study showed a colour palette which is coherent to the colours generally used in 

the second half of the 20th century and except for one case, the analysis mainly confirmed the 

employed techniques declared by ½ŀǾǌŜƭΦ Lƴ ƎŜƴŜǊŀƭΣ ǘƘŜ ŎƻƴǎŜǊǾŀǝƻƴ ǎǘŀǘŜ ǿŀǎ ƎƻƻŘ ŦƻǊ ŀƭƭ ǘƘŜ 

ŀǊǘǿƻǊƪǎΣ ŜǾŜƴ ƛŦ ŎƻƭƻǳǊ ŘŜǘŀŎƘƳŜƴǘǎ ǿŜǊŜ ǾƛǎƛōƭŜ ƻƴ ŦƻǳǊ ƻŦ ǘƘŜ ǎŜǾŜƴ ǎŜƭŜŎǘŜŘ ŘǊŀǿƛƴƎǎΦ  

¢ƘŜ ƛƴŦƻǊƳŀǝƻƴ ƎŀƛƴŜŘ ǘƘǊƻǳƎƘ ǘƘŜ ƛƴǾŜǎǝƎŀǝƻƴ ǿƻǳƭŘ ōŜ ƛƳǇƻǊǘŀƴǘ ŦƻǊ ½ŀǾŚŜƭΩǎ ŀǊǘǿƻǊƪǎ 

ŎƻƴǎŜǊǾŀǝƻƴ ŀƴŘ ŦǳǘǳǊŜ ƛƴǘŜǊǾŜƴǝƻƴǎ ŀƴŘ ǘƘŜȅ ǿƛƭƭ ōŜ ŜǎǎŜƴǝŀƭ ŦƻǊ ŀ ŬǊǎǘ ŀǇǇǊƻŀŎƘ ǘƻ ǘƘŜ ǎǘǳŘȅ ƻŦ 

½ŀǾŚŜƭΩǎ ŀǊǝǎǝŎ ǇǊƻŎŜǎǎŜǎΦ 
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I. Introduction  

1. ĠtŊp§n ZavŚel and his artistic production  

1.1 ĠtŊp§n ZavŚel 

~ǘŠǇłƴ ½ŀǾǌŜƭ όCƛƎǳǊŜ мύ ǿŀǎ ōƻǊƴ ƛƴ tǊŀƎǳŜ ƛƴ мфонΦ Iƛǎ ǇŀǊŜƴǘǎΣ ±ŀŎƭŀǾ ŀƴŘ aŀǊƛŜ ŎŀƳŜ ŦǊƻƳ ǘƘŜ 

ŀǊŜŀ ōŜǘǿŜŜƴ .ƻƘŜƳƛŀ ŀƴŘ aƻǊŀǾƛŀ ŀƴŘ ǘƘŜȅ ǿƻǊƪŜŘ ŀǎ ǘŀƛƭƻǊǎΦ ¢ƘŜȅ ŘŜŎƛŘŜŘ ǘƻ ƳƻǾŜ ǘƻ tǊŀƎǳŜ 

ŀƴŘ ǘƘŜƛǊ ǘƘǊŜŜ ŎƘƛƭŘǊŜƴΣ aŀǊƛŜΣ ~ǘŠǇłƴ ŀƴŘ [ǳŘƳƛƭŀ ǿŜǊŜ ōƻǊƴ ŀƴŘ ƎǊŜǿ ǳǇ ǘƘŜǊŜΦ {ƛƴŎŜ ~ǘŠǇłƴΩǎ 

ŎƘƛƭŘƘƻƻŘΣ ŀ Ǉŀǎǎƛƻƴ ŦƻǊ ŘǊŀǿƛƴƎ ǿŀǎ ŜǾƛŘŜƴǘ ŀƴŘ ƘŜ ƭƛƪŜŘ ǘƻ ƛƴǾŜƴǘ ǎǘƻǊƛŜǎ ǿƛǘƘ ƛƭƭǳǎǘǊŀǝƻƴǎ ŦƻǊ Ƙƛǎ 

ȅƻǳƴƎŜǊ ǎƛǎǘŜǊ [ǳŘƳƛƭŀΣ ǿƘƻ ƘŜ ƭƻǾŜŘ ǾŜǊȅ ƳǳŎƘΣ ǘƻ ǘƘŜ Ǉƻƛƴǘ ǘƘŀǘ ǎƘŜ ǿƛƭƭ ōŜŎƻƳŜ ǘƘŜ Ƴŀƛƴ 

ŎƘŀǊŀŎǘŜǊ ƻŦ ƻƴŜ ƻŦ Ƙƛǎ ƛƭƭǳǎǘǊŀǘŜŘ ǘŀƭŜǎ ƭŀǘŜǊ όLƭ ǎŀƭŜ ǾŀƭŜ ǇƛǴ ŘŜƭƭΩƻǊƻΣ мфстύΦ 

~ǘŠǇłƴ ƎǊŜǿ ǳǇ ŘǳǊƛƴƎ ŀ ŎƻƳǇƭŜȄ ƘƛǎǘƻǊƛŎŀƭ ǇŜǊƛƻŘΣ ƘŜ ǿŀǎ ŀ ǘŜŜƴŀƎŜǊ ŘǳǊƛƴƎ ǘƘŜ {ŜŎƻƴŘ ²ƻǊƭŘ ²ŀǊ 

ŀƴŘ ǘƘŀǘ ŜȄǇŜǊƛŜƴŎŜ ƭŜƊ ŀ ƳŀǊƪ ƻƴ ƘƛƳΣ ƘŜ ŜȄǇŜǊƛƳŜƴǘŜŘ ǘƘŜ ŦŜŀǊ ŀƴŘ ǘƘŜ ƘƻǊǊƛōƭŜ ǘƘƛƴƎǎ ǘƘŀǘ ǿŀǊ 

ǇǊƻŘǳŎŜǎ ƛƴ ŀ ǇŜǊǎƻƴ ŀƴŘ ƘŜ ǿƻǳƭŘ ƘŀǾŜ ōŜŜƴ ǊŜƳŜƳōŜǊŜŘ ǘƘƻǎŜ ŦŜŜƭƛƴƎǎ ǘƘǊƻǳƎƘƻǳǘ ȅŜŀǊǎΥ ά!ƭȊŀǊǎƛ 

ƭŀ Ƴŀǩƴŀ ŜΣ ǾŜŘŜƴŘƻ ŎƘŜ ƭŜ ŘǳŜ ŎŀǎŜ ŀ ǎƛƴƛǎǘǊŀ ƴƻƴ ŎΩŜǊŀƴƻ ǇƛǴΣ 

ǊƛƴƎǊŀȊƛŀǊŜ ƛƭ {ƛƎƴƻǊŜ ǇŜǊŎƘŞ ƭŀ ǘǳŀ ŜǊŀ ǎǘŀǘŀ ǊƛǎǇŀǊƳƛŀǘŀέ ό¢ƻƴȊƛƎ 

нлммύΦ Lƴ мфпуκмфпфΣ ƘŜ ŀǧŜƴŘŜŘ ŀ ŦŀƳƻǳǎ ŎƭŀǎǎƛŎŀƭ ƘƛƎƘ ǎŎƘƻƻƭ ƛƴ 

tǊŀƎǳŜΣ ǘƘŜ ±π. aŀǎŀǊȅƪƻǾƻ {ǘłǘƴƝ wŜłƭƴƝ DȅƳƴłȊƛǳƳΣ ǿƘŜǊŜ Ƴŀƴȅ 

ƛƳǇƻǊǘŀƴǘ ǇŜǊǎƻƴŀƭƛǝŜǎ ƻŦ ǘƘŜ ŎǳƭǘǳǊŀƭ ŀƴŘ ŀǊǝǎǝŎ /ȊŜŎƘ ŀǾŀƴǘƎŀǊŘŜ 

ƻŦ ǘƘŜ ŬǊǎǘ ŘŜŎŀŘŜǎ ƻŦ ǘƘŜ ·· ŎŜƴǘǳǊȅ ǎǘǳŘƛŜŘ ŀǎ ǿŜƭƭΣ ƭƛƪŜ ǘƘŜ Ƴƻǎǘ 

ƛƳǇƻǊǘŀƴǘ ǿǊƛǘŜǊ ƻŦ ǘƘŜ /ȊŜŎƘ ŜȄǇǊŜǎǎƛƻƴƛǎƳ ±ƭŀŘƛǎƭŀǾ ±ŀƴļǳǊŀΣ ŀƴŘ 

ǘƘŜ ŀǊǘ ŎǊƛǝŎ YŀǊŜƭ ¢ŜƛƎŜΣ ǘƘŜ Ƴŀƛƴ ǿǊƛǘŜǊ ǿƘƻ ǘƘŜƻǊƛȊŜŘ ǘƘŜ /ȊŜŎƘ 

ŀǾŀƴǘƎŀǊŘŜ ŀƴŘ ǘƘŜ ŎƻƴǎǘǊǳŎǝǾƛǎƳ ŀƴŘ ŀ ǇǊƻǘŀƎƻƴƛǎǘ ƻŦ ǘƘŜ 

ǎǳǊǊŜŀƭƛǎǝŎ ƳƻǾŜƳŜƴǘ ό¢ƻƴȊƛƎΣ нлммύΦ 

¢ƘŜ ǇƻƭƛǝŎŀƭ /ȊŜŎƘ ǎŎŜƴŀǊƛƻ ǿŀǎ ǳƴŎŜǊǘŀƛƴ ŘǳǊƛƴƎ ǘƘŜ ǇƻǎǘπǿŀǊ 

ǇŜǊƛƻŘ ŀƴŘ ǘƘŜ ŎƻǊǊŜƭŀǘŜŘ ŎƘŀƴƎŜǎ ƛƴƅǳŜƴŎŜŘ ǘƘŜ ǇŜǊǎƻƴŀƭ ~ǘŠǇłƴΩǎ 

ŎǳƭǘǳǊŀƭ ŀƴŘ ǎŎƘƻƭŀǎǝŎ ŜŘǳŎŀǝƻƴΦ IŜ ǿŀǎ ŦƻǊŎŜŘ ǘƻ ŎƘŀƴƎŜ ǎŎƘƻƻƭ 

ŀƊŜǊ ǘƘŜ ŎƭƻǎǳǊŜ ƻŦ ǘƘŜ ƘƛƎƘ ǎŎƘƻƻƭǎΣ ǎƻ ƘŜ ǿŀǎ ƳƻǾŜŘ ǘƻ ǘƘŜ WƛǊŀǎŜƪ 

IƛƎƘ {ŎƘƻƻƭ ŬǊǎǘ ŀƴŘ ǘƘŜƴ ǘƻ ǘƘŜ bŜǊǳŘŀ IƛƎƘ {ŎƘƻƻƭΣ ǿƘŜǊŜ ƘŜ 

ƎǊŀŘǳŀǘŜŘ ƛƴ мфрнΦ ~ǘŠǇłƴΩǎ ŎƘŜŜǊŦǳƭ ǇŜǊƛƻŘ ƻŦ ǘƘƻǎŜ ȅŜŀǊǎ ŜƴŘŜŘ 

ǉǳƛǘŜ ǎƻƻƴ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ǎǘǊƛŎǘƴŜǎǎ ƻŦ ǘƘŜ ƴŜǿōƻǊƴ ǊŜƎƛƳŜΤ Ƙƛǎ 

ǇŀǊŜƴǘǎ ǿŜǊŜ ŎŀǘƘƻƭƛŎ ŀƴŘ ǘƘŀǘ ǿŀǎ ŎƻƴǎƛŘŜǊŜŘ ŀƴ ŀƎƎǊŀǾŀǝƴƎ ŦŀŎǘƻǊ ŦƻǊ ǘƘŜ ƛŘŜƻƭƻƎȅ ƻŦ ǘƘŜ ǊŜƎƛƳŜ 

ǎƛƴŎŜ ǘƘŜȅ ǿŜǊŜ ǇŀǊǘ ƻŦ ǘƘŜ ƳƛŘŘƭŜ ŎƭŀǎǎΣ Ƙƛǎ ŦŀǘƘŜǊ ǿŀǎ ŀƴ ƻǿƴŜǊ ƻŦ ŀ ǘŀƛƭƻǊ ǎƘƻǇ ŀƴŘ ƘŜ ǿŀǎ 

ŎƻƴǎƛŘŜǊŜŘ ŀǎ ŀƴ ŜƴǘǊŜǇǊŜƴŜǳǊΦ ¢Ƙƛǎ ŦŀŎǘ ƘŀŘ ŀƴ ƛƳǇŀŎǘ ƻƴ Ƙƛǎ ŎǳƭǘǳǊŀƭ ŦƻǊƳŀǝƻƴ ǎƛƴŎŜ ƘŜ ǿŀǎ ƴƻǘ 

ŀƭƭƻǿŜŘ ǘƻ ōŜ ǊŜƎǳƭŀǊƭȅ ŀŘƳƛǧŜŘ ǘƻ ŀƴȅ ǳƴƛǾŜǊǎƛǘȅ ƻǊ ŀǊǝǎǝŎ ƛƴǎǝǘǳǘŜ ōŜŎŀǳǎŜ Ƙƛǎ ŦŀƳƛƭȅ ǿŀǎ ƴƻǘ ŀ 

ǇǊƻƭŜǘŀǊƛŀƴΦ bŜǾŜǊǘƘŜƭŜǎǎΣ ƘŜ ŀǧŜƴŘŜŘ ƭŜŎǘǳǊŜǎ ŀǘ ǘƘŜ !ŎŀŘŜƳȅ ƻŦ CƛƴŜ !Ǌǘǎ ŀǘ ǘƘŜ /ƘŀǊƭŜǎ ¦ƴƛǾŜǊǎƛǘȅ 

ŀƴŘ {ŎƘƻƻƭ ƻŦ !Ǌǘǎ ŀƴŘ /ǊŀƊǎ ŀƴŘ ƳŜŀƴǿƘƛƭŜΣ ƘŜ ǿŜƴǘ ƻƴ ǾƛǎƛǝƴƎ ƳǳǎŜǳƳǎ ŀƴŘ ŜȄƘƛōƛǝƻƴǎ ŀƴŘ 

ǎǘǳŘȅƛƴƎ ŜǾŜǊȅǘƘƛƴƎ ƘŜ ǿŀǎ ŀōƭŜ ǘƻ ƛƴ ƭƛōǊŀǊƛŜǎ ό¢ƻƴȊƛƎΣ нлммύΦ 

¢ƘŜ ǇǊƻǇŀƎŀƴŘƛǎǝŎ ŎŜƴǎƻǊǎƘƛǇ ŎƻƴǘǊƻƭƭŜŘ ǘƘŜ ŎǳƭǘǳǊŀƭ ŀƴŘ ŀǊǝǎǝŎ ǎŜŎǘƻǊǎ ǿƛǘƘ ŀƴ ƛǊƻƴ ŬǎǘΦ ¢ƘŜ 

ǇƻƭƛǝŎŀƭ ŀǩǘǳŘŜ ǿŀǎ ǎǳǊǇǊƛǎƛƴƎƭȅ ŘƛũŜǊŜƴǘ ŦƻǊ ǘƘŜ ŀƴƛƳŀǘŜŘ ƳƻǾƛŜǎΣ ǎƛƴŎŜ ǘƘŜȅ ǿŜǊŜ ŎƻƴǎƛŘŜǊŜŘ ŀƴ 

Figure 1 ~ǘŠǇłƴ ½ŀǾǌŜƭ ŘǳǊƛƴƎ Ƙƛǎ 
ŎƘƛƭŘƘƻƻŘ ƛƴ tǊŀƎǳŜ 
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ƛƳǇƻǊǘŀƴǘ ǇǊƻǇŀƎŀƴŘƛǎǝŎ ƛƴǎǘǊǳƳŜƴǘΣ ǇǊƻƳƻǝƴƎ ƴŀǝƻƴŀƭƛǎǝŎ ŎƻƴǘŜƴǘ ǳǎƛƴƎ ǇƻǇǳƭŀǊ ǘŀƭŜǎΣ 

ŦƻƭƪƭƻǊƛǎǝŎ ƳǳǎƛŎΣ ŀƴŘ ǘǊŀŘƛǝƻƴŀƭ ƛŎƻƴƻƎǊŀǇƘȅΦ ¢Ƙƛǎ ǘƻƻƭ ǿŀǎ ŦǳƴŘŀƳŜƴǘŀƭ ŦƻǊ ŎǊŜŀǝƴƎ ǘƘŜ ƛŘŜŀƭ ƴŜǿ 

ŎƻƳƳǳƴƛǎǘ Ƴŀƴ ŀƴŘ ǿŀǎ ǳǎŜŘ ŦƻǊ ŎƘƛƭŘǊŜƴ ŜŘǳŎŀǝƻƴΦ wŜƭŀǘŜŘ ǘƻ ǘƘƛǎ ǘŜƴŘŜƴŎȅΣ Ƴŀƴȅ ƭŜƎƛǎƭŀǝǾŜ ŀƴŘ 

ŎǳƭǘǳǊŀƭ ƛƴƛǝŀǝǾŜǎ ǿŜǊŜ ǇǊƻƳƻǘŜŘ ōŜǘǿŜŜƴ мфпр ŀƴŘ мфпуΣ ǎǳŎƘ ŀǎ ǘƘŜ ŎǊŜŀǝƻƴ ƻŦ C!a¦ όǘƘŜ 

ŦŀŎǳƭǘȅ ƻŦ ŎƛƴŜƳŀ ŀƴŘ ǘŜƭŜǾƛǎƛƻƴ ƻŦ ǘƘŜ ŀŎŀŘŜƳȅ ƻŦ ŀǊǘǎύ ƻǊ ǘƘŜ ŦƻǳƴŘŀǝƻƴ ƻŦ ŀƴƛƳŀǝƻƴ ǎǘǳŘƛƻǎ ƭƛƪŜ 

.ǊŀǘǊƛ Ǿ ǘǊƛƴƪǳΣ ǿƘƻǎŜ ŘƛǊŜŎǘƻǊ ǿŀǎ ǘƘŜ Ƴƻǎǘ ŦŀƳƻǳǎ /ȊŜŎƘ ǇǳǇǇŜǘŜŜǊ WƛǊƛ ¢Ǌƴƪŀ ό¢ƻƴȊƛƎΣ нлммύΦ !ƊŜǊ 

ǘƘŜ ƎǊŀŘǳŀǝƻƴ ƛƴ мфрнΣ ½ŀǾǌŜƭ ǿŀǎ ŜƳǇƭƻȅŜŘ ǘƘŜǊŜ ŀǎ ŀƴ ŀƴƛƳŀǘƻǊ ŀƴŘ Ƙƛǎ ǘŀƭŜƴǘ ǿŀǎ ǊŜŎƻƎƴƛȊŜŘ 

ǎƻƻƴΦ Lƴ ǘƘŀǘ ǎǘǳŘƛƻΣ Ƴŀƴȅ ǇŜƻǇƭŜ ǿƻǊƪŜŘ ŀǘ ŘƛũŜǊŜƴǘ ǘŀǎƪǎΣ ŦǊƻƳ ǘƘŜ ŀƴƛƳŀǘƻǊǎ ŀƴŘ ŬƭƳ ŘƛǊŜŎǘƻǊǎ 

ǘƻ ǘƘŜ ǎŜǘ ŘŜǎƛƎƴŜǊǎ ŀƴŘ {ǘŜǇŀƴ ǿŀǎ ŀōƭŜ ǘƻ ǎŜŜ ¢Ǌƴƪŀ ǿƻǊƪƛƴƎ ǿƛǘƘ ǇǳǇǇŜǘǎ ŀƴŘ ŘƛǊŜŎǝƴƎ ƳƻǾƛŜǎ 

ŀƴŘ ǘƘŀǘ ŜȄǇŜǊƛŜƴŎŜ ǊŜǎǳƭǘŜŘ ǾŜǊȅ ƛƳǇƻǊǘŀƴǘ ŦƻǊ Ƙƛǎ ŦǳǘǳǊŜ ŀǊǝǎǝŎ ǿƻǊƪ ŀǎ ŀƴ ƛƭƭǳǎǘǊŀǘƻǊ ό¢ƻƴȊƛƎΣ 

нлммύΦ 

CǊƻƳ мфро ǘƻ мфрр ƘŜ ƛƴǘŜǊǊǳǇǘŜŘ Ƙƛǎ ǿƻǊƪ ƛƴ ¢ǊƴƪŀΩǎ ǎǘǳŘƛƻ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ƻōƭƛƎŀǝƻƴ ǘƻ ǇŜǊŦƻǊƳ 

ƳƛƭƛǘŀǊȅ ǎŜǊǾƛŎŜΦ Iƛǎ ǊŜƭŀǝƻƴǎƘƛǇ ǿƛǘƘ ǘƘƛǎ ǿƻǊƭŘ ǿŀǎ ǉǳƛǘŜ ŎƻƴƅƛŎǝƴƎΣ ǘƘŜȅ ƻũŜǊŜŘ ƘƛƳ ǘƻ ǿƻǊƪ ƛƴ 

ǘƘŜ ŀǊǝǎǝŎ ŎƻƳǇƭŜȄ ƻŦ ǘƘŜ ŀǊƳȅ ōǳǘ ƘŜ ǊŜƧŜŎǘŜŘ ǘƘƛǎ ƻũŜǊ ōŜŎŀǳǎŜ ƘŜ ǿŀǎ ƴƻǘ ƛƴǘŜǊŜǎǘŜŘ ƛƴ ŎǊŜŀǝƴƎ 

.ƻƭǎƘŜǾƛƪ ǎǳōƧŜŎǘǎΦ {ƻΣ ƘŜ ǊŜǘǳǊƴŜŘ ƛƴ ¢ǊƴƪŀΩǎ ǎǘǳŘƛƻ ƛƴ мфрр ŀƴŘ ǿƻǊƪŜŘ ǘƘŜǊŜ ǳƴǝƭ мфрфΦ 5ǳǊƛƴƎ 

ǘƘŀǘ ǇŜǊƛƻŘΣ ƘŜ ǘƻƻƪ ǇŀǊǘ ƛƴǘƻ ǘƘŜ ŎǊŜŀǝƻƴ ƻŦ ǘƘŜ ŬǊǎǘ /ȊŜŎƘ ŀƴƛƳŀǘŜŘ ŦŜŀǘǳǊŜ ŬƭƳΣ ¢ƘŜ ŎǊŜŀǝƻƴ ƻŦ 

ǘƘŜ ǿƻǊƭŘ ŘƛǊŜŎǘŜŘ ōȅ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ /ȊŜŎƘ ŬƭƳ ŘƛǊŜŎǘƻǊǎΣ 9ŘƻǳŀǊŘ IƻŦƳŀƴΦ ¢Ƙƛǎ 

ŀƴƛƳŀǘŜŘ ƳƻǾƛŜ ǿŀǎ ŬƭƳŜŘ ōŜǘǿŜŜƴ мфрс ŀƴŘ мфртΣ ōŀǎŜŘ ƻƴ ǘƘŜ WŜŀƴ 9ũŜƭΩǎ ƎǊƻǘŜǎǉǳŜ ƛƭƭǳǎǘǊŀǝƻƴǎ 

ŀƴŘ ǇǊŜǎŜƴǘŜŘ ŀǘ ǘƘŜ ±ŜƴƛŎŜ CƛƭƳ CŜǎǝǾŀƭ ƛƴ мфруΣ ǿƘŜǊŜ ƛǘ ǊŜŀŎƘŜŘ ŀƴ ŜƴƻǊƳƻǳǎ ǎǳŎŎŜǎǎ ό¢ƻƴȊƛƎΣ 

нлммύΦ 

.ŜǘǿŜŜƴ мфрс ŀƴŘ мфруΣ ½ŀǾŚŜƭ ŀǧŜƴŘŜŘ ŘƛũŜǊŜƴǘ ŎƻǳǊǎŜǎ ŀǘ ǘƘŜ !ŎŀŘŜƳȅΣ ŬǊǎǘƭȅ ǘƘŜ ŘƛǊŜŎǝƻƴ 

ŎƻǳǊǎŜ ŀǘ ǘƘŜ C!a¦ ŀƴŘ ǘƘŜƴ ƛƭƭǳǎǘǊŀǝƻƴ ǇŀƛƴǝƴƎ ŀƴŘ ƎǊŀǇƘƛŎ ǘŜŎƘƴƛǉǳŜǎ ŀǘ !±¦Σ ŦƻŎǳǎƛƴƎ Ƙƛǎ 

ŀǧŜƴǝƻƴ Ƴŀƛƴƭȅ ƻƴ ǘƘŜ ŎǊŜŀǝƻƴ ƻŦ ǊŜƭƛƎƛƻǳǎ ǎǳōƧŜŎǘǎΦ IŜ ƭƛǾŜŘ ƛƴ ŀ ǎƛƳǇƭŜ ǿŀȅ ƛƴ ŀƴ ŀǩŎ ƛƴ aŀƭŀ 

{ǘǊŀƴŀ ŀƴŘ ƘŜ ǎǇŜƴǘ Ƙƛǎ ƳƻƴŜȅ ƻƴ ŎƻƭƻǳǊǎ ŀƴŘ ǇŀƛƴǝƴƎ ǘƻƻƭǎ ŀƴŘ ǘǊŀǾŜƭƭƛƴƎ ƛƴ ŘƛũŜǊŜƴǘ ŎƻǳƴǘǊƛŜǎ ƛƴ 

9ŀǎǘ 9ǳǊƻǇŜ ό¢ƻƴȊƛƎΣ нлммύΦ IƻǿŜǾŜǊΣ ƭƛŦŜ ƛƴ /ȊŜŎƘƻǎƭƻǾŀƪƛŀ ŀǘ ǘƘŀǘ ǝƳŜ ǊŜǎǳƭǘŜŘ ƛƴ ōŜƛƴƎ ǊŜǎǘǊƛŎǝǾŜ 

ŀƴŘ ǎǳũƻŎŀǝƴƎΦ ¢ƘŜ ǇƻƭƛǝŎŀƭ ǎƛǘǳŀǝƻƴ ŀƴŘ ǘƘŜ ƛŘŜƻƭƻƎȅ ƻŦ ǘƘŜ ƴŜǿ ƎƻǾŜǊƴƳŜƴǘ ƛƴ /ȊŜŎƘƻǎƭƻǾŀƪƛŀ 

ǊŜǎǳƭǘŜŘ ƛƴǾŀƭƛŘŀǝƴƎ ŦƻǊ ŎǳƭǘǳǊŀƭ ƛŘŜŀǎ ŀƴŘ ŀǊǝǎǝŎ ŘŜǾŜƭƻǇƳŜƴǘΦ ¢ƘŜ ƻǇǇǊŜǎǎƛǾŜ ŎŜƴǎƻǊǎƘƛǇ ƻŦ ǘƘŜ 

ƳŜŘƛŀ ŀƴŘ ǘƘŜ ƛƴŀōƛƭƛǘȅ ǘƻ ǘǊŀǾŜƭ ǘƻ ²ŜǎǘŜǊƴ ŎƻǳƴǘǊƛŜǎ ŎƻƴǘǊƛōǳǘŜŘ ǘƻ ƛǎƻƭŀǘŜ ƳƻǊŜ /ȊŜŎƘ ŀǊǝǎǘǎΣ 

ǿƛǎƘŦǳƭ ǘƻ ŘƛǎŎƻǾŜǊ ŀƴŘ ŜȄǇƭƻǊŜ ƴŜǿ ŎƻƴŎŜǇǘǎ ŀƴŘ ŬƴŘ ƛƴǎǇƛǊŀǝƻƴΦ Lƴ ǘƘŀǘ ŎƻƴǘŜȄǘΣ ǘǊŀǾŜƭƭƛƴƎ ǘƻ ǘƘŜ 

Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ŀƴŘ ǾƛōǊŀƴǘ ŀǊǝǎǝŎ ŎŜƴǘǊŜǎ ƭƛƪŜ tŀǊƛǎ ǿŀǎ ƛƳǇƻǎǎƛōƭŜ ǎƻ ƳƻǊŜ ǘƘŀƴ ƻƴŜ ȅƻǳƴƎ 

ƎŜƴŜǊŀǝƻƴ ƻŦ /ȊŜŎƘ ŀǊǝǎǘǎ ǿŀǎ ƴƻǘ ŀōƭŜ ǘƻ ƪƴƻǿ ǘƘŜ Ƴƻǎǘ ǊŜŎŜƴǘ ƘƛǎǘƻǊƛŎŀƭ ŀǾŀƴǘƎŀǊŘŜǎΦ {ǳŎƘ ŀ 

ǎƛǘǳŀǝƻƴ ǿŀǎ ǘƘŜ Ƴŀƛƴ ŎŀǳǎŜ ǘƘŀǘ ƳŀŘŜ Ƴŀƴȅ ŀǊǝǎǘǎ ŜǎŎŀǇŜ ŦǊƻƳ ǘƘŜ ŎƻǳƴǘǊȅ ŀƴŘ ½ŀǾŚŜƭ ǿŀǎ ƻƴŜ 

ƻŦ ǘƘƻǎŜ ό¢ƻƴȊƛƎΣ нлммύΦ 

5ǳǊƛƴƎ ƻƴŜ ƻŦ Ƙƛǎ ǘǊŀǾŜƭǎ ǘƻ !ƭōŀƴƛŀΣ ƘŜ ŘŜŎƛŘŜŘ ǘƻ ǘǊȅ ǘƻ ŜǎŎŀǇŜ ŦǊƻƳ ǘƘŀǘ ǎǘǊƛŎǘ ŀƴŘ ƻǇǇǊŜǎǎƛǾŜ 

ǎƛǘǳŀǝƻƴ ƛƴ мфрфΥ άIƻ ƭŀǎŎƛŀǘƻ ƭŀ /ŜŎƻǎƭƻǾŀŎŎƘƛŀ ƴŜƭ мфрфΣ ƴƻƴ ǇƻǘŜǾƻ ǾƛǾŜǊŜ ŀŎŎŜǧŀƴŘƻ ŎŜǊǝ 

ŎƻƳǇǊƻƳŜǎǎƛΣ ŀ tǊŀƎŀΦ bƻƴ ǊƛǳǎŎƛǾƻ ŀ ǾƛǾŜǊŜ ƛƴ ǳƴ ǇŀŜǎŜ ŎƘŜ ƳΩƛƳǇŜŘƛǾŀ Řƛ ŜǎǇǊƛƳŜǊƳƛΣ Řƛ ǾƛŀƎƎƛŀǊŜΣ 

Řƛ ŎƻƴƻǎŎŜǊŜ ŀƭǘǊŜ ǊŜŀƭǘŁΣ Ŧǳ ŎƻǎƜ ŎƘŜ ŘŜŎƛǎƛ Řƛ ŦǳƎƎƛǊŜ ŘǳǊŀƴǘŜ ǳƴ ǾƛŀƎƎƛƻ ǎǘǳŘƛƻ ƛƴ !ƭōŀƴƛŀέ ό¢ƻƴȊƛƎΣ 

нлммύΦ Iƛǎ Ŏƻǳǎƛƴ ±ŀŎƭŀǾ tƭƛǎŜƪ ǿŀǎ ŀ ǇǊƛŜǎǘ ǿƘƻ ƭƛǾŜŘ ƛƴ Lǘŀƭȅ ŀƴŘ Ƙƛǎ ƛƴƅǳŜƴŎŜ ǿŀǎ ŎǊǳŎƛŀƭ ŦƻǊ Ƙƛǎ 

ŘŜŎƛǎƛƻƴ ǘƻ ƭŜŀǾŜ Ƙƛǎ ŎƻǳƴǘǊȅΦ Iƛǎ ŜǎŎŀǇŜ ŀƴŘ ǘƘŜ ŜȄǇŜǊƛŜƴŎŜ ƛƴ ǇǊƛǎƻƴ ŎŀƳǇǎ ƳŀǊƪŜŘ ƘƛƳ ŦƻǊ ǘƘŜ ǊŜǎǘ 

ƻŦ Ƙƛǎ ƭƛŦŜΦ 
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Iƛǎ ŀǊǊƛǾŀƭ ƛƴ Lǘŀƭȅ ƛǎ ŎŜǊǝŬŜŘ ƻƴ рǘƘ {ŜǇǘŜƳōŜǊ мфрф ŀƴŘ ƘŜ 

ǎǇŜƴǘ ǘƘŜ ŬǊǎǘ ǇŜǊƛƻŘ ƛƴ wƻƳŜ ǿƘŜǊŜ ƘŜ ŀǧŜƴŘŜŘ ǘƘŜ 

!ŎŎŀŘŜƳƛŀ Řƛ .ŜƭƭŜ !Ǌǝ ŀƴŘ ōŜŎŀƳŜ ŀ ŦǊƛŜƴŘ ƻŦ /ƻǊǊŀŘƻ tƛǊȊƛƻ 

ς .ƛǊƻƭƛ ŀƴŘ IŝƭŝƴŜ ŘŜ CǊŀƴŎƘƛǎΦ IŜ ƎǊŀŘǳŀǘŜŘ ƻƴ нсǘƘ WǳƴŜ 

мфсн ōǳǘ ƘŜ ŀƭǊŜŀŘȅ ƘŀŘ ǘƘŜ Ǉƻǎǎƛōƛƭƛǘȅ ǘƻ ǎƘƻǿ Ƙƛǎ ŀǊǘǿƻǊƪǎ ƛƴ 

ǎƻƳŜ ŜȄƘƛōƛǝƻƴǎ ƛƴ {ŀƭŜǊƴƻΣ hǎƭƻ όDŀƭƭŜǊȅ DǊŀŬƪƪύ ŀƴŘ 

{ǘǳǧƎŀǊǘ ό{ŎƘƭƻǎǎ wƻǎŜƴǎǘŜƛƴύ ōŜŦƻǊŜΣ ƛƴ мфслΦ ¢ƘŜƴ ƘŜ 

ŜȄƘƛōƛǘŜŘ ƛƴ wƻƳŜ όDŀƭƭŜǊƛŀ {ǘŀƎƴƛύ ǿƘŜǊŜ ǘƘŜ ȄȅƭƻƎǊŀǇƘƛŎ 

ŘǊŀǿƛƴƎ ǎŜǊƛŜǎ 5ƛŜǎ LǊŀŜ ǿŀǎ ŜȄǇƻǎŜŘΣ ŀ ǘƻǊƳŜƴǘŜŘ ǘŜǎǝƳƻƴȅ 

ƻŦ Ƙƛǎ ŜȄǇŜǊƛŜƴŎŜ ƛƴ ǇǊƛǎƻƴ ŎŀƳǇǎ ŀƴŘ ǘƘŜ ŎǊǳŜƭǝŜǎ ƻŦ ǿŀǊΦ ¢ƘŜ ŘǊŀǿƛƴƎǎ ŀǊŜ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǘƘŜ 

ǇǊŜǎŜƴŎŜ ƻŦ ǎǳũŜǊƛƴƎ ŎƘŀǊŀŎǘŜǊǎΣ ǿƛǘƘ ŀƴƎǳƭŀǊ ǎƘŀǇŜǎ ŀƴŘ ƎǊƻǘŜǎǉǳŜ ŘŜŦƻǊƳŀǝƻƴǎ ǿƘƛŎƘ ǊŜƳƛƴŘǎ 

ǘƘŜ ŘŜǎƛƎƴ ƻŦ ǘƘŜ DŜǊƳŀƴ 9ȄǇǊŜǎǎƛƻƴƛǎƳ ό¢ƻƴȊƛƎΣ нлммύΦ IŜ ǿŜƴǘ ƻƴ ŜȄǇŜǊƛƳŜƴǝƴƎ ǿƛǘƘ ȄȅƭƻƎǊŀǇƘȅ 

ŀƴŘ ƻǘƘŜǊ ƎǊŀǇƘƛŎ ǘŜŎƘƴƛǉǳŜǎ ŀƴŘ ŘǳǊƛƴƎ ǘƘƻǎŜ ȅŜŀǊǎΣ ƛƴ ǇŀǊǝŎǳƭŀǊ ōŜǘǿŜŜƴ мфсн ŀƴŘ мфспΣ ƘŜ 

ǎǘŀǊǘŜŘ ǘƻ ǿƻǊƪ ǿƛǘƘ IŝƭŜƴŝ ŘŜ CǊŀƴŎƘƛǎ ƛƴ ǘƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ Lǘŀƭƛŀƴ ŀƴƛƳŀǝƻƴ ǎǘǳŘƛƻ ŘƛǊŜŎǘŜŘ ōȅ 

Dƛǳƭƛƻ Dƛŀƴƛƴƛ ŀƴŘ 9ƳŀƴǳŜƭŜ [ǳȊȊŀǝΦ IŜ ƪƴŜǿ Ƙƻǿ ŀƴ ŀƴƛƳŀǝƻƴ ǎǘǳŘƛƻ ǿƻǊƪǎ ŀƊŜǊ Ƙƛǎ ŬǊǎǘ Ƨƻō ƛƴ 

¢ǊƴƪŀΩǎ ǎǘǳŘƛƻ ƛƴ tǊŀƎǳŜ ōǳǘ ƛƴ wƻƳŜ ƘŜ ŘƛǎŎƻǾŜǊŜŘ ƴŜǿ ŀƴƛƳŀǝƻƴ ǘŜŎƘƴƛǉǳŜǎ ǎƻ ƘŜ ǎǘŀǊǘŜŘ ǘƻ 

ŜȄǇŜǊƛƳŜƴǘ ǿƛǘƘ ǘƘŜ ŘŜŎƻǳǇŀƎŜ ƻǊ ǘƘŜ Ŏǳǘπƻǳǘ ǘŜŎƘƴƛǉǳŜǎ ǿƘƛŎƘ ǿƻǳƭŘ ƘŀǾŜ ōŜŜƴ ƛƳǇƻǊǘŀƴǘ ŦƻǊ Ƙƛǎ 

ŦǳǘǳǊŜ ŎŀǊŜŜǊ ŀǎ ŀ ōƻƻƪ ƛƭƭǳǎǘǊŀǘƻǊΦ aŜŀƴǿƘƛƭŜΣ ƘŜ ǿƻǊƪŜŘ ƻƴ ŘƛũŜǊŜƴǘ ǇǊƻƧŜŎǘǎΣ ƭƛƪŜ ǘƘŜ ŎǊŜŀǝƻƴ ƻŦ 

ŀ ǎŜǊƛŜǎ ƻŦ ǎƪŜǘŎƘŜǎ ƻŦ ŎƻǎǘǳƳŜǎ ŦƻǊ ŀ aƻƭƛŝǊŜΩǎ ǇƛŝŎŜ ƻǊ ŀǎ ŀ ŘǊŀǿŜǊ ŦƻǊ ǘǿƻ ŦŜŀǘǳǊŜ ŬƭƳǎΣ [ŀ {ǘƻǊƛŀ 

Řƛ !ƭƜ wŜȊŀ ŀƴŘ [ŀ ƎŀȊȊŀ ƭŀŘǊŀ ό¢ƻƴȊƛƎΣ нлммύΦ 

[ǳȊȊŀǝ ǿŀǎ ƴƻǘ ƻƴƭȅ ŀ ƎǊŜŀǘ ƛƭƭǳǎǘǊŀǘƻǊ ōǳǘ ŀƭǎƻ ŀ ǎŜǘ ŘŜǎƛƎƴŜǊ ŀƴŘ ǘƘŜ ȅŜŀǊǎ ½ŀǾŚŜƭ ǎǇŜƴǘ ǿƻǊƪƛƴƎ ƛƴ 

Ƙƛǎ ǎǘǳŘƛƻ ƛƴƅǳŜƴŎŜŘ Ƙƛǎ ŦƻǊƳŀǝƻƴ ǎƻ ƳǳŎƘ ǘƘŀǘ ƘŜ ŘŜŎƛŘŜŘ ǘƻ ŀǧŜƴŘ ǘƘŜ ŎƻǳǊǎŜǎ ƻƴ ǎŜǘ ŘŜǎƛƎƴ ŀƴŘ 

ǘƘŜŀǘǊƛŎŀƭ ŎƻǎǘǳƳŜǎ ƻŦ ǘƘŜ YǳƴǎǘŀƪŀŘŜƳƛŜ ƛƴ a¿ƴƛŎƘ 

ǳƴǝƭ мфссΦ ¢ƘŜǊŜ ƘŜ ǿŜƴǘ ƻƴ ǘƻ ǿƻǊƪ ŦƻǊ ƻǘƘŜǊ 

ǎǘǳŘƛƻǎ ǘƘŀǘ ŎǊŜŀǘŜŘ ŀƴƛƳŀǘŜŘ ŀŘǾŜǊǝǎŜƳŜƴǘǎ 

ό¢ƻƴȊƛƎΣ нлммύΦ ¢ƘŜǊŜΣ ½ŀǾŚŜƭ ƳŜǘ ǘƘŜ ǇŜǊǎƻƴ ǿƘƻ 

ǿƻǳƭŘ ƘŀǾŜ ōŜŜƴ ŎƘŀƴƎŜŘ Ƙƛǎ ŦǳǘǳǊŜ ŀǊǝǎǝŎ ŎŀǊŜŜǊ 

ŀƴŘ ŀƭƭƻǿŜŘ ƘƛƳ ǘƻ ŀŎƘƛŜǾŜ Ƙƛǎ ƛŘŜŀ ǘƻ ƳŀƪŜ 

ƛƭƭǳǎǘǊŀǝƻƴ ŀƴ ŀǊǘ ƻŦ ƛǘǎ ƻǿƴΣ ƛƴ мфспΦ aŀŦǊŀ DŀƎƭƛŀǊŘƛ 

ǿŀǎ ŀ ŎǊƛǝŎ ŀƴŘ ŀƴ ŜȄǇŜǊǘ ƛƴ ŎƘƛƭŘƘƻƻŘ ƭƛǘŜǊŀǘǳǊŜ ŀƴŘ 

ǎƘŜ ǿǊƻǘŜ ǘƘŜ ǎǘƻǊȅ ƻŦ ǘƘŜ ǾŜǊȅ ŬǊǎǘ ŎƘƛƭŘǊŜƴ ōƻƻƪ 

ƛƭƭǳǎǘǊŀǘŜŘ ōȅ ½ŀǾŚŜƭΣ Lƭ ǇŜǎŎŜ ƳŀƎƛŎƻ ό5ŜǊ 

½ŀǳōŜǊŬǎŎƘύΦ Lƴ ǘƘƛǎ ǎŜǊƛŜǎ ƻŦ ƛƭƭǳǎǘǊŀǝƻƴΣ ŀƭƭ ǘƘŜ 

ƛƴƅǳŜƴŎŜǎ ǘƘŀǘ ½ŀǾŚŜƭ ǊŜŎŜƛǾŜŘ ŘǳǊƛƴƎ Ƙƛǎ ŜȄǇŜǊƛŜƴŎŜ ǳƴǝƭ ǘƘŀǘ ǝƳŜ ǿŜǊŜ ǳǎŜŘ ŀƴŘ ŎƻƳōƛƴŜŘ ƛƴ ŀƴ 

ƻǊƛƎƛƴŀƭƭȅΥ ŦƻǊ ǘƘŜ ŎƻƭƻǳǊ ǇŀƭŜǧŜ ŀƴŘ ǘƘŜ ǎǳōƧŜŎǘ ƘŜ ǿŀǎ ƛƴǎǇƛǊŜŘ ōȅ tŀǳƭ YƭŜŜΣ ƘŜ ǿƻǊƪŜŘ ǿƛǘƘ ǘƘŜ 

ŘŜŎƻǳǇŀƎŜ ǘŜŎƘƴƛǉǳŜǎΣ ǘǊŀƴǎǇŀǊŜƴŎƛŜǎΣ ŀƴŘ ƻǾŜǊƭŀǇǇƛƴƎ ǘƘŜ ōŀŎƪƎǊƻǳƴŘǎ ƭƛƪŜ ƘŜ ŘƛŘ ǿƛǘƘ ŀƴƛƳŀǝƻƴǎ 

ŀƴŘ ƘŜ ŎƘƻǎŜ ǘƘŜ ǿŀǘŜǊŎƻƭƻǳǊ ǘŜŎƘƴƛǉǳŜΣ ƛƴƴƻǾŀǝǾŜ ŦƻǊ ōƻƻƪ ƛƭƭǳǎǘǊŀǝƻƴǎ όCƛƎǳǊŜ нύΦ Lǘ ǿŀǎ ǿǊƛǧŜƴ 

ƛƴ DŜǊƳŀƴΣ ǇǳōƭƛǎƘŜŘ ƛƴ мфссΣ ŀƴŘ ƛǘ ǿŀǎ ǘǊŀƴǎƭŀǘŜŘ ƛƴǘƻ ƻǘƘŜǊ ƭŀƴƎǳŀƎŜǎΥ WŀǇŀƴŜǎŜΣ 9ƴƎƭƛǎƘΣ ŀƴŘ 

Lǘŀƭƛŀƴ ƛƴ Ƴŀƴȅ ŜŘƛǝƻƴǎ ǘƘǊƻǳƎƘƻǳǘ ȅŜŀǊǎ ό¢ƻƴȊƛƎΣ нлммύΦ 

Figure 3 ~ǘŠǇłƴ ½ŀǾǌŜƭ ǿƛǘƘ ǘǿƻ ƎǳŜǎǘǎ ƛƴ ǘƘŜ ƎŀǊŘŜƴ 
ƻŦ Ƙƛǎ ƘƻǳǎŜ ƛƴ wǳƎƻƭƻ Řƛ {ŀǊƳŝŘŜ 

Figure 2 LƭƭǳǎǘǊŀǝƻƴ ŦǊƻƳ ǘƘŜ ōƻƻƪ Lƭ 
ǇŜǎŎŜ ƳŀƎƛŎƻΣ ǿŀǘŜǊŎƻƭƻǳǊ 
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Lƴ мфсуΣ ½ŀǾŚŜƭ ŎƘƻǎŜ ŀ ǇƭŀŎŜ ǘƻ ƭƛǾŜΣ ŜǾŜƴ ƛŦ ƘŜ ǿŜƴǘ ƻƴ ǎǇŜƴŘƛƴƎ Ƴŀƴȅ ȅŜŀǊǎ ǘǊŀǾŜƭƭƛƴƎ ƛƴ Ƴŀƴȅ 

ŎƻǳƴǘǊƛŜǎ ŀǊƻǳƴŘ ǘƘŜ ǿƻǊƭŘ ƳŜŜǝƴƎ ŀǊǝǎǘǎΣ ƛƭƭǳǎǘǊŀǘƻǊǎΣ ŜŘƛǘƻǊǎ ŀƴŘ ƴŜǿ ŦǊƛŜƴŘǎΤ ƘŜ ōƻǳƎƘǘ ŀ ŎƻǳƴǘǊȅ 

ƘƻǳǎŜ ƳŀŘŜ ƻŦ ǎǘƻƴŜ ƛƴ wǳƎƻƭƻ Řƛ {ŀǊƳŝŘŜΣ ŀ ǾƛƭƭŀƎŜ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ Ƙƛƭƭǎ ƴŜŀǊ ±ƛǧƻǊƛƻ ±ŜƴŜǘƻΣ ƛƴ ǘƘŜ 

ǇǊƻǾƛƴŎŜ ƻŦ ¢ǊŜǾƛǎƻΣ ƛƴ Lǘŀƭȅ όCƛƎǳǊŜ оύΦ ¢Ƙŀǘ ǇƭŀŎŜ ǎƻƻƴ ōŜŎŀƳŜ ŀ ǾƛōǊŀƴǘ ŀǊǝǎǝŎ ŎŜƴǘǊŜΣ ǿƘŜǊŜ Ƴŀƴȅ 

ŀǊǝǎǘǎ ŦǊƻƳ ŀƭƭ ƻǾŜǊ ǘƘŜ ǿƻǊƭŘ ƳŜǘ ŜŀŎƘ ƻǘƘŜǊ ŀƴŘ ǎƘŀǊŜ ƛŘŜŀǎ ŀƴŘ ǘƘŜƛǊ ŀǊǘǿƻǊƪǎ ǿƻǳƭŘ ƘŀǾŜ 

ŎƻƴǎǝǘǳǘŜŘ ǘƘŜ ǾŜǊȅ ŬǊǎǘ ŀǊǘǿƻǊƪǎ ƻŦ ǘƘŜ ŬǊǎǘ ŜȄƘƛōƛǝƻƴ ƻŦ ǘƘŜ ƛƴǘŜǊƴŀǝƻƴŀƭ ƛƭƭǳǎǘǊŀǝƻƴ ŦŜǎǝǾŀƭΣ ǘƘŜ 

wŀǎǎŜƎƴŀ LƴǘŜǊƴŀȊƛƻƴŀƭŜ ŘŜƭƭΩLƭƭǳǎǘǊŀȊƛƻƴŜ ƭŀǘŜǊΣ ƛƴ мфуо όōƻƘŜƳǇǊŜǎǎΦƛǘύΦ 

¢Ƙŀǘ ƛƭƭǳǎǘǊŀǘŜŘ ōƻƻƪΣ Lƭ ǇŜǎŎŜ ƳŀƎƛŎƻ ǿŀǎ ǘƘŜ ŬǊǎǘ ƻŦ Ƴŀƴȅ ƻǘƘŜǊǎ ǎƛƴŎŜ ƘŜ ŎƻƴǎƛŘŜǊŜŘ ǘƘŜ ŎƘƛƭŘƘƻƻŘ 

ǇǳōƭƛǎƘƛƴƎ ŀƴ ƛƴǘŜǊŜǎǝƴƎ ŬŜƭŘ ǘƻ ŜȄǇŜǊƛƳŜƴǘ ǿƛǘƘ ŘƛũŜǊŜƴǘ ǘŜŎƘƴƛǉǳŜǎ ŀƴŘ ƛŎƻƴƻƎǊŀǇƘȅΣ ǳǎƛƴƎ ǘƘŜ 

ŜȄǇŜǊƛŜƴŎŜǎ ƘŜ ƭŜŀǊƴŜŘ ƛƴ ŘƛũŜǊŜƴǘ ŎƻǳƴǘǊƛŜǎΦ Lƴ мфссΣ ½ŀǾŚŜƭ ǎǘŀǊǘŜŘ ŀ ŎƻƭƭŀōƻǊŀǝƻƴ ǿƛǘƘ ǘƘŜ tŀǘƳƻǎ 

ǇǳōƭƛǎƘƛƴƎ ƘƻǳǎŜ ŦǊƻƳ 5¿ǎǎŜƭŘƻǊŦ ŀƴŘ ǘƻ ŦǊŜǉǳŜƴǘ ǘƘŜ ŜǾŜƴǘ CƛŜǊŀ ŘŜƭ [ƛōǊƻ ƛƴ .ƻƭƻƎƴŀΦ 5ǳǊƛƴƎ ǘƘŀǘ 

ŘŜŎŀŘŜ ƘŜ ƛƭƭǳǎǘǊŀǘŜŘ ǎƻƳŜ ōƻƻƪǎ ŦƻǊ ǘƘŀǘ ǇǳōƭƛǎƘƛƴƎΥ Lƭ {ŀƭŜ ǾŀƭŜ 

ǇƛǴ ŘŜƭƭΩhǊƻ όмфстύΣ tƛƻƎƎƛŀ Řƛ {ǘŜƭƭŜ όмфсфύΣ [ŀ ƴƻǎǘǊŀ 

ƳŜǊŀǾƛƎƭƛƻǎŀ ¢ŜǊǊŀ όмфтмύΦ IŜ ǿƻǊƪŜŘ ŀƭǎƻ ƻƴ ǘƘŜ ōƻƻƪ ±ƻŘƴƛƪ 

όмфтлύΣ ǇǳōƭƛǎƘŜŘ ōȅ bƻǊŘπ{ǸŘ tǳōƭƛǎƘƛƴƎΣ ǿƘƻǎŜ ǎǘƻǊȅ ǿŀǎ ōŀǎŜŘ 

ƻƴ ŀ ƳȅǘƘ ƻŦ tǊŀƎǳŜΦ IŜ ǘǊŀǾŜƭƭŜŘ ǘƻ ŘƛũŜǊŜƴǘ ŎƻǳƴǘǊƛŜǎ ŀƴŘ ƛƴ 

WŀǇŀƴ ƘŜ ǎǘŀǊǘŜŘ ǘƻ ŎƻƭƭŀōƻǊŀǘŜ ǿƛǘƘ DŀƪƪŜƴ tǳōƭƛǎƘƛƴƎΣ 

ƛƭƭǳǎǘǊŀǝƴƎ ǘƘŜ ōƻƻƪ L ŎƻƭƻǊƛ Ǌǳōŀǝ όмфтнύ ǿǊƛǧŜƴ ōȅ aŀŦǊŀ 

DŀƎƭƛŀǊŘƛΦ ²ƛǘƘ ǘƘŜ bƻǊŘπ{ǸŘ ŦǊƻƳ aƻƴŎƘŀƭǘǊƻŦΣ ƘŜ ǇǳōƭƛǎƘŜŘ Lƭ 

ǎƻƭŜ ǇŜǊŘǳǘƻ όмфтоύ ǿƘƻǎŜ ǘŜȄǘǎ ǿŜǊŜ ǿǊƛǧŜƴ ōȅ ĠǘŊǇ§ƴ ½ŀǾŚŜƭ ƻƴ 

Ƙƛǎ ƻǿƴ ŀƴŘ ƛǘ ǿƻƴ ŀ ǇǊƛȊŜ ƛƴ ǘƘŜ ǎŀƳŜ ȅŜŀǊ ό¢ƻƴȊƛƎΣ нлммύΦ 

IŜ ǎǘŀǊǘŜŘ ŀ ƴŜǿ ŀŘǾŜƴǘǳǊŜ ǿƛǘƘ ŀ ŦǊƛŜƴŘΣ ǘƘŜ ŜŘƛǘƻǊ hǘŀƪŀǊ 

.ƻȊŜƧƛǾǎƪȅ Ǿƻƴ wŀǿŜƴƴƘƻũΣ ŦƻǳƴŘƛƴƎ ŀ ƴŜǿ ǇǳōƭƛǎƘƛƴƎ ƘƻǳǎŜ ƛƴ 

мфтмΣ ǘƘŜ .ƻƘŜƳ tǊŜǎǎ ƛƴ ½ǸǊƛŎƘΣ ǿƘƻǎŜ ƘŜ ǿŀǎ ǘƘŜ ŀǊǝǎǝŎ 

ŘƛǊŜŎǘƻǊ ǳƴǝƭ ƘŜ ŘƛŜŘ ƛƴ мффф όōƻƘŜƳǇǊŜǎǎΦƛǘύΦ 

Lƴ мфтп ƘŜ ƳŜǘ ŀƴƻǘƘŜǊ ǇŜǊǎƻƴ ǿƘƻ ǿƻǳƭŘ ƘŀǾŜ ōŜŜƴ ƛƳǇƻǊǘŀƴǘ ŦƻǊ Ƙƛǎ ŎŀǊŜŜǊ ŀƴŘ ōŜŎŀƳŜ ŀ ŦǊƛŜƴŘ 

ŀƴŘ ŎƻƭƭŀōƻǊŀǘƻǊΣ ǘƘŜ ǇǳōƭƛǎƘŜǊ aŀǊƛƻ ±ƛƎƛŀƪΣ ǿƘƻǎŜ ǇǳōƭƛǎƘƛƴƎ ƘƻǳǎŜΣ vǳŀŘǊŀƎƻƴƻ [ƛōǊƛ ŦǊƻƳ 

/ƻƴŜƎƭƛŀƴƻ ό¢ǊŜǾƛǎƻύΣ ŎǳǊŀǘŜŘ ƛƭƭǳǎǘǊŀǘŜŘ ōƻƻƪǎ ŦƻǊ ŎƘƛƭŘǊŜƴ ŀƴŘ ŀŘǳƭǘǎΦ IŜ ǇǳōƭƛǎƘŜŘ ǘƘŜ ½ŀǾŚŜƭΩǎ 

ōƻƻƪ Lƭ ǊƛǘƻǊƴƻ Řƛ !ǊƛƻΦ 5ŀ /ƛǊƻ ƛƭ DǊŀƴŘŜ ŀ /ƛǊƻ ƛƭ tƛŎŎƻƭƻ όмфтпύ ŀƴŘ ƛƴ мфтр ǘƘŜȅ ŦƻǳƴŘŜŘ ǘƻƎŜǘƘŜǊ 

ŀƴ ŀǊǘ ƎŀƭƭŜǊȅ ƛƴ ±ŜǊƻƴŀΣ DŀƭƭŜǊƛŀ vǳŀŘǊŀƎƻƴƻ!ǊǘŜΦ ¢Ƙƛǎ ōƻƻƪ ǿŀǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ŀ ŎƻƭƻǳǊ ǇŀƭŜǧŜ 

ŀƴŘ ŘŜŎƻǊŀǝƻƴǎ ǘƘŀǘ ǊŜƳƛƴŘ ǘƘŜ tŜǊǎƛŀƴ ǘŜȄǝƭŜǎ ŦǊƻƳ ǘƘŜ ·±L ŎŜƴǘǳǊȅ ŀƴŘ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ōȅ Ƴŀƴȅ 

ǇŜƻǇƭŜ ŀǎ ƻƴŜ ƻŦ ǘƘŜ ōŜǎǘ ōƻƻƪǎ ƛƭƭǳǎǘǊŀǘŜŘ ōȅ ½ŀǾŚŜƭΦ Lƴ ǘƘŜ ǎŀƳŜ ȅŜŀǊΣ ǘƘŜ ōƻƻƪ ±ŜƴŜȊƛŀ ŘƻƳŀƴƛ 

όƭŀǘŜǊ ¦ƴ ǎƻƎƴƻ ŀ ±ŜƴŜȊƛŀ ƛƴ мфтсύ ǿŀǎ ǇǳōƭƛǎƘŜŘΣ ǿƘƻǎŜ ǎǘƻǊȅ ŦŀŎŜǎ ŀ ŎƻƴǘŜƳǇƻǊŀǊȅ ǇǊƻōƭŜƳΣ ǘƘŀǘ 

ƛǎ ǘƘŜ ŘŜƎǊŀŘŀǝƻƴ ƻŦ ±ŜƴƛŎŜ ŀƴŘ ǿŀǎ ŀƴ ŀǧŜƳǇǘ ǘƻ ŦƻŎǳǎ ǘƘŜ ŀǧŜƴǝƻƴ ƻŦ ǘƘŜ ǊŜŀŘŜǊǎ ǘƻ ǎǳŎƘ ŀƴ 

ŀƭŀǊƳƛƴƎ ǎƛǘǳŀǝƻƴ ό¢ƻƴȊƛƎΣ нлммύΦ 

Lƴ мфтсΣ ƘŜ ŎǊŜŀǘŜŘ ǘƘŜ ƛƭƭǳǎǘǊŀǝƻƴǎ ŦƻǊ ǘƘŜ ōƻƻƪ [ΩǳƭǝƳƻ ŀƭōŜǊƻ ŀƴŘ ƘŜ ǿŀǎ ƛƴǎǇƛǊŜŘ ōȅ ǘƘŜ ŀǊǘǿƻǊƪǎ 

ōȅ aŀǊŎ /ƘŀƎŀƭƭ ŀƴŘ ǘƘŜ ƛŎƻƴƻƎǊŀǇƘȅ ƻŦ 9ŀǎǘ 9ǳǊƻǇŜΣ ǿƘƻǎŜ Ƴŀƛƴ ƳŜǎǎŀƎŜ ƛǎ ǊŜƭŀǘŜŘ ǘƻ ŀƴƻǘƘŜǊ 

ŎƻƴǘŜƳǇƻǊŀǊȅ ǇǊƻōƭŜƳΣ ǘƘŀǘ ƛǎ ǘƘŜ ǇǊŜǎŜǊǾŀǝƻƴ ƻŦ ŦƻǊŜǎǘǎΦ Lƴ мфтт ŀƴŘ мфтуΣ ǘǿƻ ƻǘƘŜǊ ōƻƻƪǎ ŀǊŜ 

ǇǳōƭƛǎƘŜŘ Lƭ ǇƻƴǘŜ ŘŜƛ ōŀƳōƛƴƛ ŀƴŘ [ŀ ǇŜƴǘƻƭŀ ƳŀƎƛŎŀΣ ǊŜǎǇŜŎǝǾŜƭȅΦ ¢ƘŜ ǎǘƻǊƛŜǎ ƻŦ ōƻǘƘ ǿŜǊŜ ŦƻŎǳǎŜŘ 

Figure 4 ~ǘŠǇłƴ ½ŀǾǌŜƭ ƛƴ мффн 
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ƻƴ ƛƳǇƻǊǘŀƴǘ ǾŀƭǳŜǎ ŦƻǊ ǘƘŜ ŜŘǳŎŀǝƻƴ ƻŦ ŎƘƛƭŘǊŜƴΣ ǎǳŎƘ ŀǎ ƎŜƴŜǊƻǎƛǘȅ ŀƴŘ ōŜƛƴƎ ŀƎŀƛƴǎǘ ŘƛǾƛǎƛƻƴǎ ŀƴŘ 

ƘŀǘŜ ό¢ƻƴȊƛƎΣ нлммύΦ 

Lƴ мфтуΣ ƘŜ ǇǳōƭƛǎƘŜŘ ǘƘŜ ŬǊǎǘ ōƻƻƪ ǿƘƛŎƘ ŦƻŎǳǎŜŘ ƻƴ ŀ ǊŜƭƛƎƛƻǳǎ ǎǳōƧŜŎǘΣ 

ŀ ǘƘŜƳŜ ǘƘŀǘ ½ŀǾŚŜƭ ŦŀŎŜŘ ƳƻǊŜ ǘƘŀƴ ƻƴŜ ǝƳŜ ŘǳǊƛƴƎ ǘƘŜ ƭŀǎǘ ǇŀǊǘ ƻŦ Ƙƛǎ 

ǇǊƻŘǳŎǝƻƴΣ Lƭ ƅŀǳǘƻ ŘŜƭ ǇŀǎǘƻǊŜΦ CƻǊ ǘƘƻǎŜ ƛƭƭǳǎǘǊŀǝƻƴǎΣ ½ŀǾŚŜƭ ǘƻƻƪ 

ƛƴǎǇƛǊŀǝƻƴ ŦǊƻƳ DǳǎǘŀǾŜ YƭƛƳǘΩǎ ǇŀƛƴǝƴƎǎ ŀƴŘ ǘƘŜ ±ƛŜƴƴŀ {ŜŎŜǎǎƛƻƴΩǎ 

ǇŀƭŜǧŜ ŀƴŘ ŘŜǎƛƎƴΦ Lƴ мфул ƘŜ ǇǳōƭƛǎƘŜŘ [ŀ ŦŀǊŦŀƭƭŜ ŀƴŘ bŀǘŀƭŜ ƛƴ мфум ŀƴŘ 

bƻƴƴƻ ¢ƻƳƳŀǎƻ ƛƴ мфуоΦ ¢ƘŜƴ ƘŜ ǇǳōƭƛǎƘŜŘ ƛƴ WŀǇŀƴŜǎŜ Lƭ ǎŜƎǊŜǘƻ ŘŜƭƭŜ 

ŜǊōŜ ƳŀƎƛŎƘŜ ŦƻǊ DŀƪƪŜƴ tǳōƭƛǎƘƛƴƎ ƛƴ мфуп ŀƴŘ bŀƴƛ Ŝ DƛƎŀƴǝ ŦƻǊ ǘƘŜ 

.ƻƘŜƳ tǊŜǎǎ ǇǳōƭƛǎƘƛƴƎ ŦǊƻƳ ½ǸǊƛŎƘ ƛƴ мфурΣ ǿƘƻǎŜ ǘŜȄǘǎ ǿŜǊŜ ǿǊƛǧŜƴ ōȅ 

ǘƘŜ DŜǊƳŀƴ ŀǳǘƘƻǊ aŀȄ .ƻƭƭƛƴƎŜǊ ǿƘƻ ŎƻƭƭŀōƻǊŀǘŜŘ Ƴŀƴȅ ǝƳŜǎ ǿƛǘƘ 

~ǘŠǇłƴ ½ŀǾǌŜƭ ό¢ƻƴȊƛƎΣ нлммύΦ Lƴ мфутΣ ŀƴƻǘƘŜǊ ōƻƻƪ ǘƘŀǘ ǿŀǎ ƛƴǎǇƛǊŜŘ ōȅ 

YƭƛƳǘΩǎ ŀǊǘ ǿŀǎ ǇǳōƭƛǎƘŜŘ ōȅ ǘƘŜ .ƻƘŜƳ tǊŜǎǎΣ [ŀ ŎƛǧŁ ŘŜƛ ŬƻǊƛΦ Lƴ ǘƘŜ ǎŀƳŜ 

ȅŜŀǊΣ ƘŜ ŎǊŜŀǘŜŘ ǘƘŜ ƛƭƭǳǎǘǊŀǝƻƴǎ ǿƛǘƘ ǘǿƻ ƻŦ Ƙƛǎ ǇǳǇƛƭǎ ό5ƻƴŀǘŀ 5ŀƭ aƻƭƛƴ 

ŀƴŘ CƭŀǾƛƻ /ƻǊǘŜƭƭŀύ ŦƻǊ ǘƘŜ ōƻƻƪ {ƻǧƻ ƭŀ ƭŀƎǳƴŀ Řƛ ±ŜƴŜȊƛŀΣ ǿƘŜǊŜ ǘƘŜȅ ǳǎŜŘ ǘƘŜ ŘŜŎƻǳǇŀƎŜ ŀƴŘ ǘƘŜ 

ǿŀǘŜǊŎƻƭƻǳǊ ǘŜŎƘƴƛǉǳŜǎ ǿƘƛŎƘ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǊŜŎǊŜŀǘŜ ǘƘŜ ƭƛƎƘǘǎ ŀƴŘ ǎƘŀŘŜǎ ƻŦ ǿŀǘŜǊΦ Lƴ мфууΣ ǘƘŜ 

ōƻƻƪ DŜǎǴ .ŀƳōƛƴƻ wǳōŀǘƻ ǿŀǎ ǇǳōƭƛǎƘŜŘ ŀƴŘΣ ŘǳǊƛƴƎ ǘƘŜ ƭŀǎǘ ȅŜŀǊǎΣ ƘŜ ǇǳōƭƛǎƘŜŘ WŀŎƻǇƻ ƛƭ ƎƛǳƭƭŀǊŜ 

όмффмύ ŀƴŘ Lƴ ŎŀƳƳƛƴƻ Ŏƻƴ 5ƛƻ όмффсύΦ !ƭƭ ƻŦ ǘƘƻǎŜ ƭŀǎǘ ŀǊǘǿƻǊƪǎ ŀǊŜ ƭƛƴƪŜŘ ǘƻ ǊŜƭƛƎƛƻǳǎ ǎǳōƧŜŎǘǎ ŀƴŘ 

ŀǊŜ ƭƛƪŜ ŀ ǾŜƘƛŎƭŜ ŦƻǊ ǘǊŀƴǎƳƛǩƴƎ ǳƴƛǾŜǊǎŀƭ ƳŜǎǎŀƎŜǎ ǘƻ ŎƘƛƭŘǊŜƴΣ ƴƻǘ ƻƴƭȅ ǊŜƭŀǘŜŘ ǘƻ ŦŀƛǘƘΦ ¢ƘŜ 

ƛƭƭǳǎǘǊŀǘŜŘ .ƛōƭŜ ǿŀǎ ǘƘŜ ǾŜǊȅ ƭŀǎǘ ½ŀǾŚŜƭΩǎ ǿƻǊƪ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ŬŜƭŘ ƻŦ ƛƭƭǳǎǘǊŀǘŜŘ ōƻƻƪǎ ŀƴŘ ŀƎŀƛƴ ƘŜ 

ƛƴǘǊƻŘǳŎŜŘ ǊŜŦŜǊŜƴŎŜǎ ǘƻ ƻǘƘŜǊ ŀǊǝǎǘǎ ŀƴŘ ŀǊǝǎǝŎ ƳƻǾŜƳŜƴǘǎΣ ƭƛƪŜ DǳǎǘŀǾŜ YƭƛƳǘΣ IŜƴǊƛ wƻǳǎǎŜŀǳ ƻǊ 

tƛŜǘŜǊ .ǊǳŜƎŜƭ ό¢ƻƴȊƛƎΣ нлммύΦ 

aŜŀƴǿƘƛƭŜΣ ƛƴ ŀŘŘƛǝƻƴ ǘƻ Ƙƛǎ ǊƛŎƘ ŎǊŜŀǝƻƴ ƻŦ ŀǊǘǿƻǊƪǎΣ ŀƴ ƛƳǇƻǊǘŀƴǘ ŜǾŜƴǘ ǎǘŀǊǘŜŘ ǘƻ ǘŀƪŜ ǇƭŀŎŜ 

ŜǾŜǊȅ ȅŜŀǊ ŦǊƻƳ мфуоΣ ǘƘŜ ŀƭǊŜŀŘȅ ƳŜƴǝƻƴŜŘ aƻǎǘǊŀ LƴǘŜǊƴŀȊƛƻƴŀƭŜ ŘŜƭƭΩLƭƭǳǎǘǊŀȊƛƻƴŜ ǇŜǊ ƭΩLƴŦŀƴȊƛŀ 

ǘƘŀǘ ƘŀŘ ŀ ƎǊŜŀǘ ǎǳŎŎŜǎǎ ŀƴŘ ƛǘ ǿŀǎ ǎŜǘ ǳǇ ŀƭǎƻ ƛƴ ƻǘƘŜǊ ŎƛǝŜǎ ŀƴŘ 9ǳǊƻǇŜŀƴ ŎŀǇƛǘŀƭǎ όōƻƘŜƳǇǊŜǎǎΦƛǘύΦ 

[ŀǘŜǊΣ ƛƴ мфууΣ ĠǘŊǇ§ƴ ½ŀǾŚŜƭ ƻǊƎŀƴƛȊŜŘ Ƙƛǎ ŬǊǎǘ ƛƭƭǳǎǘǊŀǝƻƴ ŎƻǳǊǎŜǎ ǘƘŀǘ ǿŀǎ ǘƘŜ ŬǊǎǘ ǎǘŜǇ ŦƻǊ ǘƘŜ 

ŦƻǳƴŘŀǝƻƴ ƻŦ ǘƘŜ {Ŏǳƻƭŀ LƴǘŜǊƴŀȊƛƻƴŀƭŜ ŘΩLƭƭǳǎǘǊŀȊƛƻƴŜ ~Φ ½ŀǾǌŜƭ ǿƘƛŎƘ ŀƭƭƻǿŜŘ ǘƻ ŘƛǎŎƻǾŜǊ ŀƴŘ 

ŜŘǳŎŀǘŜ Ƴŀƴȅ ƛƳǇƻǊǘŀƴǘ ƛƭƭǳǎǘǊŀǘƻǊǎ ŀƴŘ ŀǊǝǎǘǎ όōƻƘŜƳǇǊŜǎǎΦƛǘύΦ 

5ǳǊƛƴƎ ǘƘŜ флΩǎΣ ŀƴ ŜǾƛŘŜƴǘ ǇƘȅǎƛŎŀƭ ŘŜŎƭƛƴŜ ǎǘŀǊǘŜŘΣ ŜǎǇŜŎƛŀƭƭȅ ŀƊŜǊ Ƙƛǎ ƳƻǘƘŜǊΩǎ ŘŜŀǘƘ ŀƴŘ Ƙƛǎ 

ǇŜǊǎƻƴŀƭƛǘȅ ƎŜǘ ǿƻǊǎŜ ǘƘǊƻǳƎƘƻǳǘ ȅŜŀǊǎΦ {ƻƳŜ ƻŦ Ƙƛǎ ŦǊƛŜƴŘǎ 

ǘƘƻǳƎƘǘ ǘƘŀǘ ǿŀǎ ŘǳŜ ǘƻ ŀ ǎƻǊǘ ƻŦ ŦŀǘŀƭƛǎƳ ŀƊŜǊ ǘƘŜ Ŧŀƭƭ ƻŦ ǘƘŜ 

.ŜǊƭƛƴ ²ŀƭƭΣ ŀƴ ŀǿŀǊŜƴŜǎǎ ƻŦ ǘƘŜ ŎǳƭǘǳǊŀƭ ǇƻǾŜǊǘȅ ƻŦ Ƙƛǎ 

ŎƻǳƴǘǊȅ ŀƊŜǊ ŀƭƭ ǘƘƻǎŜ ȅŜŀǊǎ ƻŦ ǘƘŜ ǊŜƎƛƳŜ ŀƴŘ ŀ ǎŀŘƴŜǎǎ ŘǳŜ 

ǘƻ ǘƘŜ ŀƎŜ ŀƴŘ Ƙƛǎ ƳƻǘƘŜǊΩǎ ŘŜŀǘƘΦ Iƛǎ ŦǊƛŜƴŘ [ƻǊƛǎ CƻƭƭŀŘƻǊ 

ǎŀƛŘΥ άaƛ ǎƻƴƻ ƛƴǘŜǊǊƻƎŀǘƻ ŀ ƭǳƴƎƻ ώΧϐ ǎǳ Ŏƻǎŀ ƭƻ ŀǾŜǎǎŜ 

ǇƻǊǘŀǘƻ ǾŜǊǎƻ ƭΩŀǳǘƻŘƛǎǘǊǳȊƛƻƴŜΣ Ƴŀ Ƙƻ ŎƻƴŎƭǳǎƻ ŎƘŜ ƛƴ ƭǳƛ ŜǊŀ 

ƛƴǘŜǊǾŜƴǳǘŀ ǳƴŀ ǎƻǊǘŀ Řƛ ŦŀǘŀƭƛǎƳƻΣ ǎŜ ƴƻƴ Řƛ ŀǇǇŀƎŀƳŜƴǘƻΦ 

bŜ Ƙƻ ŀǾǳǘƻ ǎŜƴǘƻǊŜ ƭŀ ǇǊƛƳŀ Ǿƻƭǘŀ ƴŜƭ мфуфΦ ώΧϐ aƛ ŦŜŎŜ ǳƴŀ 

ƭǳƴƎƘƛǎǎƛƳŀ ǘŜƭŜŦƻƴŀǘŀ Ŝ Ƴƛ ǎǇƛŜƎƼ ŎƘŜΣ ǉǳŀƴŘƻ ǳƴ ǳƻƳƻ Ƙŀ ǎǳǇŜǊŀǘƻ ƛ ǎŜǎǎŀƴǘΩŀƴƴƛΣ Ƙŀ Ŧŀǧƻ ǳƴŀ 

ƎǳŜǊǊŀ Ŝ Ƙŀ ƭŀǎŎƛŀǘƻ ƛ ǎŜƎƴƛ ǘŀƴƎƛōƛƭƛ ŘŜƭ ǎǳƻ ǇŀǎǎŀƎƎƛƻΣ ǇǳƼ ŀƴŎƘŜ ƳƻǊƛǊŜ ǎŜƴȊŀ ǊƛƳǇƛŀƴǝΦ [ŀ ǎŜŎƻƴŘŀ 

Figure 6 ~ǘŠǇłƴ ½ŀǾǌŜƭ ƛƴ мффлΩǎ 

Figure 5 ~ǘŠǇłƴ ½ŀǾǌŜƭ ƛƴ 
мффлΩǎ 
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Ǿƻƭǘŀ Ŧǳ ƴŜƭ мффуΣ ǉǳŀƴŘƻ ƳŀƴŎƼ ǎǳŀ ƳŀŘǊŜέ ό±ƛƎƛŀƪΣ нлмфύΦ ~ǘŠǇłƴ ½ŀǾǌŜƭ ŘƛŜŘ ƛƴ Ƙƛǎ ƘƻǳǎŜ ƛƴ wǳƎƻƭƻ 

Řƛ {ŀǊƳŝŘŜ ƻƴ нрǘƘ CŜōǊǳŀǊȅ мфффΦ 

1.2 Topics and inspirations of ZavŚelôs books: ñeducare con lôarteò 

1.2.1 Artistic influences and the use of colours  

Ferruccio Giromini, journalist and art critic who met ĠtŊpán ZavŚel, defined him as a real European 

artist without evident dividing lines, a multifaceted personality that created an original imaginary 

that resulted to be revolutionary for the illustration field. ά¦ƴ ŀǳǘƻǊŜ ǊŜŀƭƳŜƴǘŜ ŜǳǊƻǇŜƻΣ ώΧϐ 

ǘǳǘǘΩŀƭǘǊƻ ŎƘŜ ǎŜƳǇƭƛŎŜƳŜƴǘŜ ōƻŜƳƻΣ ƻ ƛǘŀƭƛŀƴƻΣ ƻ ǎǾƛȊȊŜǊƻ ώΧϐ ǳƴ ŀǊǘƛǎǘŀ ƳǳƭǘƛŦƻǊƳŜ, che nella sua 

opera ha saputo dapprima fare confluire e indi ricomporre una serie non piccola di suggestioni 

provenienti da direzioni disparate, da culture diverse. ¦ƴŀ ǇŜǊǎƻƴŀƭƛǘŁ ǊƛŎŎŀ ŎƘŜ ώΧϐ Ƙa saputo 

produrre una cucina visuale solo e pervicacemente sua, lasciando una traccia del tutto riconoscibile 

nella storia della nostra figurazione continentale di fine Novecentoέ (Vigiak, 2019). Considering the 

very first artistic artworks created with xylographic technique, the angular shapes and grotesque 

deformations of the subjects remind the German Expressionism and his future artworks kept the 

signs of that first technique employed by ZavŚel many times, with simple severe lines without 

excessive decorations (Vigiak, 2019; Tonzig, 2011). 

Another important inspiration came from his 

experience with some famous puppeteers like Jiri 

Trnka and the world of puppet theatre, an art that is 

a pillar of the traditional Czech folklore and that was 

changing its way of representation from the small 

theatres to the cinematographic show during the 

рлΩǎΦ !ǎ ŀƴ ŀǎǎƛǎǘŀƴǘΣ ǘƘŜ ȅƻǳƴƎ ½ŀǾǌŜƭ worked with 

some of the greatest masters of puppets and 

animators, such as the already mentioned Jiri Trnka, 

Bretislav Pojar, Jiri Brdecka, Eduard Hofman, and he 

learned the animation technique of stop motion, that 

is filming each single frame in order to reconstruct the idea of motions during the quick projection 

of a sequence. In that field, he also learned how to use and experiment with such making of 

technologies and so how to combine them with evocative fantasy, acquiring the ability to abstract 

the representation of subjects that result not to be realistic (Vigiak, 2019). The Czech artist followed 

a sort of natural completion working with other important Italian animators, Emanuele Luzzati and 

Giulio Gianini, in Rome, who taught him how to create motion not with real puppets, but with 

characters made of paper. ½ŀǾǌŜƭ appreciated more and more the inner poetry of those rigid 

motions and acting of the delicate paper characters; he learned new artistic techniques like 

decoupage and the cut-out, how to assemble those paper sheets to make them alive with those 

basic movements of their arms and legs. And so how to make them assume the basic four canonical 

positions: frontal, ǘƘŜ ƭŜŦǘ ŀƴŘ ǊƛƎƘǘ ǇǊƻŦƛƭŜǎ ŀƴŘ ǘƘŜ άwƻƳŀƴŜǎǉǳŜέ ƻƴŜ, when ǘƘŜ ŎƘŀǊŀŎǘŜǊΩǎ ŦŀŎŜ 

Figure 7 5Ŝǘŀƛƭ ƻŦ ǘƘŜ ŎƘŀǊŀŎǘŜǊǎ ƻŦ ŘǊŀǿƛƴƎ лп 
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is rotated upwards and appears not to have in the right perspective. The already acquired ability of 

abstracting was improved by another one, that is simplifying the graphic traits of the characters, 

representing them with two big eyes similar to the ones of the Byzantine saints, vertical lines for 

noses and a soft horizontal line for mouths. He went on improving and consolidating this type of 

drawing (Figure 7) collaborating with other people from the animation field, like Secondo Bignardi 

and Richard Williams, from who he learned other techniques for the creation that resulted to be 

fundamental for his career (Vigiak, 2019). 

His collaboration with Emanuele Luzzati, who was also a set-designer, instilled him the interest in 

set-design and he decided to study it at the Kunst Akademie in Münich. That lesson would have 

been very important for his artistic production, in combination with the previous experience in the 

ǿƻǊƭŘ ƻŦ ŀƴƛƳŀǘƛƻƴΦ Lƴ Ƙƛǎ ƛƭƭǳǎǘǊŀǘƛƻƴǎΣ ½ŀǾǌŜƭ ƎƛǾŜǎ ƭƛŦŜ ǘƻ ŀ ǎŜǊƛŜǎ ƻŦ ŀǊŎƘƛǘŜŎǘǳǊŀƭ ƛƴǾŜƴǘƛƻƴǎ ŀƴŘ 

constructions that remind a theatre setting, often similar to an imaginative Oriental world (Figure 

8). The backgrounds appear flat and the actors lie on themΣ άŦƛƎǳǊŜ ŎƻƳǇŀǘǘŜ Ŝ ŎƻŜǎŜ ǇŜǊ ƳŜƎƭƛƻ 

ƳǳƻǾŜǊǾŜƭƛ ǎƻǇǊŀέ (Vigiak, 2019). The buildings and cities are represented with orthogonal 

structures, whose details are depicted with a regular and rhythmic sequence or also all the other 

possible elements in the background like trees, columns or pillars. On the other hand, natural 

elements like landscapes, hills or forests have softer, freer, and more curvilinear shapes (Figure 9) 

(Vigiak, 2019). 

About the composition of the scenes of his drawings, other artistic inspirations influenced on 

determining his vision and style, not only his experience in the animation field but also his studies 

at the Academy of Fine Arts, his origin and culture played an 

important role. One of the main characteristics of his illustrations is 

the no-perspective construction, whose evident reference is the 

tradition of medieval art, in particular the Romanesque miniatures 

of the manuscripts and the vertical lines of Byzantine art. Horizontal 

illustrations ς in general constituted by two pages -  are usually used 

for representing an ambience (Figure 9); on the other hand, the 

single pages has a narrative function and appear to be totally flat 

and spatial depth is almost absent, similar to pre-gothic depictions. 

Pictures in single pages show sort of a division into two parts where 

in the upper part there is every distant detail, while in the lower 

part, everything that is closer is depicted; one part is dominated by 

the representation of characters, then in the other one there is the 

background and the ambience. This last one would give the 

impression of catching the eye to the horizon away or guiding it closer and closer to the point where 

the action of the scene is taking place (Vigiak, 2019). However, the characters are surprised in their 

most intimate and introspective moments, they are observed from a defiladed perspective, never 

too close, they are generally showed entirely, and smaller in relation to the rest of the scene (Figure 

9). The point of view appears to be a little upper, so the scenes result having a flattened perspective, 

giving the impression of having characters and ambience, primary and secondary actors on the same 

Figure 8 LƭƭǳǎǘǊŀǝƻƴ ŦǊƻƳ ǘƘŜ ōƻƻƪ 
[ΩǳƭǝƳƻ ŀƭōŜǊƻ όмфтсύΣ 
ǿŀǘŜǊŎƻƭƻǳǊǎ 
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ƭŜǾŜƭΣ άǳƴŀ ŘŜƳƻŎǊŀȊƛŀ ŀǎǎƻƭǳǘŀΣ ǉǳŀǎƛ ǘƻǘŀƭƛǘŀǊƛŀΣ ŘƻǾŜ ƻƎƴƛ ŜƭŜƳŜƴǘo vorrebbe avere lo stesso peso 

di tutti gli altriέ ό±ƛƎƛŀƪΣ нлмфύ. To avoid an excessive flattening of the scenes, ZavŚel combine other 

zones of wide and empty spaces but enriched with decorations and accessor details that give a 

perfect equilibrium. His taste for decorations can be the result of many previous influences: the 

Indian and Persian miniatures; the traditional Slavic textiles; the Vienna Secession movement and 

Gustave Klimt, in particular; the 

mosaics from the Byzantine 

tradition; Paul Klee and Kveta 

Pacovská. All of those influences 

contribute to the creation of the 

personal and innovative artistic 

style of the Czech artist, where 

the taste for the decorations, light and brightness of gold and gemstones, colours and enriched 

details and the combination of straight and curvilinear lines in a bidimensional space are the main 

characterizing elements. The simplified shapes of characters and background details, the 

distribution of empty and full spaces and the sign of the drawings itself are then the result of ZavŚeƭΩǎ 

origins and his personal love for the early medieval Christian iconography, in particular the solemn 

mistic austerity of the orthodox religious icons from the East Europe (Vigiak, 2019). 

His typical colour palette, the experimentation with different colours and, thus, the choice in using 

certain colours, instead of other ones, derived from other artistic inspiration but is principally due 

to his collaboration with Emanuele Luzzati. The Italian animator made him discovered the 

Mediterranean colourism with its bright shades and light games and he added another element that 

contributed to create those poetic and delicate illustrations. [ǳȊȊŀǘƛ ǎŀƛŘΥ ά/ǊŜŘƻ ŎƘŜ ǇǊƻǇǊƛƻ ŀ wƻƳŀ 

ǎƛŀ ƴŀǘƻ ƭΩŜǎǘǊƻǎƻ ƛƭƭǳǎǘǊŀǘƻǊŜ ŎƘŜ Ƙŀ ǎŀǇǳǘƻ ŎƻƴƛǳƎŀǊŜ ƭŀ ƎǊŀƴŘŜ ǘǊŀŘƛȊƛƻƴŜ ƎǊŀŦƛŎŀ ƳƛǘǘŜƭŜǳǊƻǇŜŀ 

Ŏƻƴ ƭŀ ǎƻƭŀǊƛǘŁ Ŝ ƭŀΧ ŦŀŎƛƭƻƴŜǊƛŀ ƭŀǘƛƴŀΦ E così sono nati qǳŜƛ ƭƛōǊƛ ǇƛŜƴƛ Řƛ ǇƻŜǎƛŀ Ŝ Řƛ ƭǳŎŜέ ό!!Φ±±ΦΣ 

1991). However, Ferruccio Giromini observed that lesson was not so incisive and deep, the 

Mitteleuropean influence remained preponderant with a darker light shade, high horizons and 

perspectives, dark skies and material colour palette. Sometimes, the most evident inspiration could 

be the artworks by Marc Chagall with a more fable and oriental trait, while in other illustrations, 

Emil Nolde could have inspired a Central European taste for a more delicate and lower Luminism, 

with a great attention to light effects. ZavŚel did not tend to use bright colour mixtures for their own 

sake but to choose them accurately in accordance with the subjects he wanted to depict, 

characterized by a dominant colour shade. So, his choice to employ different artistic techniques, 

from the watercolour to the acrylic paint, were in function to the general atmosphere of a story, in 

such a way as to create the final result, nothing appears to be in a random thoughtΥ ά[ΩŀǊǘƛǎǘŀ ŀƴŘǊŁ 

a scegliere di voƭǘŀ ƛƴ Ǿƻƭǘŀ ƭŜ ǘǊŀǎǇŀǊŜƴǘƛ ƭŜƎƎŜǊŜȊȊŜ ŘŜƭƭΩŀŎǉǳŜǊŜƭƭƻ ǇŜǊ ambientazioni estive e gli 

acrilici più densi per gli scenari invernali. {ƻƭƻ Řƛ ǘŀƴǘƻ ƛƴ ǘŀƴǘƻ ǊƛŎƻǊǊŜ ŀƭƭΩǳǎƻ ŘŜƭ ǇŀǎǘŜƭƭƻ ŀŘ ƻƭƛƻ ǇŜǊ 

ǊƛƴŦƻǊȊƻέ (Vigiak, 2019). That particular use of colours and their precise function in ZavŚelΩǎ art, 

combined with the influence of the already mentioned early-medieval art and the orthodox religious 

iconography, contributed to give life to his recognisable style. In his illustrations, the eyes of the 

Figure 9 Horizontal ƛƭƭǳǎǘǊŀǝƻƴ ƻŦ ŀ ƭŀƴŘǎŎŀǇŜ ƻŦ ŘǊŀǿƛƴƎ лн ŦǊƻƳ ǘƘŜ ōƻƻƪ 
{ǘŜǊƴǘŀƭŜǊ όмфсфύ 
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observer look at a single visual level where the depth is almost absent and the scenes give the 

impression of being suspended in time, the action and movements are like frozen in a moment. On 

this way, every single element of the composition results to be chromatically isolated from all the 

others, or if it is part of a group, the colour makes it perceivable as a shared element (Vigiak, 2019). 

!ǘ ǘƘƛǎ ǇƻƛƴǘΣ ǘƘŜ ǾŀǊƛƻǳǎ ƛƴǎǇƛǊŀǘƛƻƴǎ ƛƴ ½ŀǾǌŜƭΩǎ ŀǊǘ ŀǊŜ ŜǾƛŘŜƴǘΣ ǘƘŜ ǘȅǇƛŎŀƭ ǎǘȅƭƛǎǘƛŎ ŜƭŜƳŜƴǘǎ ƻŦ 9ŀǎǘ 

European folklore combined with the refinement of the traits of grapƘƛŎ ŘŜǎƛƎƴΩǎ ŦƛŜƭŘ ŀƴŘ ǘƘŜ 20th 

ŎŜƴǘǳǊȅ ǇŀƛƴǘƛƴƎ ŎƘŀǊŀŎǘŜǊƛȊŜ Ƙƛǎ ŀǊǘǿƻǊƪǎΦ ¢ƘŜ Ƴŀƛƴ Ǝƻŀƭ ƛƴ ōƻƻƪΩǎ ƛƭƭǳǎǘǊŀǘƛƻƴǎ ŦƻǊ ½ŀǾŚel was to 

make illustration an independent art form, especially after the stimulating collaboration with 

Emanuele Luzzati and his first step on that direction was the publishing of the book Il pesce magico 

in 1966, the result of his meeting with Mafra Gagliardi. The story itself underlies that idea: it is about 

ŀ ƎƻƭŘ ŦƛǎƘ ŘŜǇƛŎǘŜŘ ƻƴ ŀ ǇŀƛƴǘƛƴƎ ƛƴ ŀ ƳǳǎŜǳƳΣ ƛǘǎ ŀŘǾŜƴǘǳǊŜǎ ŀƴŘ ǘƘŜ ŎƘƛƭŘǊŜƴΩǎ ƭƻǾŜ ŦƻǊ ƛǘ ŀƴŘ Ƙƻǿ 

it considers children its best friends and giving them joy in the museum as its main most important 

task. The story focuses on the relationship between children and the gold fish which symbolises art 

world, how it needs to be loved by children, and how they need pictures that allow them to dream 

and fuel their imagination. That was what ZavŚel really wanted, creating a bridge between art world 

and childhood. With this purpose in mind, he founded the publishing house Bohem Press, 

specialised in books for children, with hǘŀƪŀǊ .ƻȊŜƧƛǾǎƪȅ Ǿƻƴ wŀǿŜƴƴƘƻũ ƛƴ ½ǸǊƛŎƘ ƛƴ мфтмΦ Iƛǎ 

ǇƘƛƭƻǎƻǇƘȅ ǿŀǎ ǘƘŀǘ ŀƴ ƛƭƭǳǎǘǊŀǘŜŘ ōƻƻƪ ƛǎ ƭƛƪŜ ŀ ƳǳǎŜǳƳ ƻǊ ŀƴ ŀǊǘ ƎŀƭƭŜǊȅΣ ŀ ŎƻƭƭŜŎǝƻƴ ƻŦ ŀǊǝǎǝŎ 

ǇƛŎǘǳǊŜǎΦ ~ǘŠǇłƴ ½ŀǾǌŜƭ ǎǘŀǊǘŜŘ ŀ ƴŜǿ ŎƘŀǇǘŜǊ ƛƴ ǘƘŜ ǎǘƻǊȅ ƻŦ ƛƭƭǳǎǘǊŀǝƻƴ ŦƻǊ ŎƘƛƭŘǊŜƴ ǿƛǘƘ ǘƘŀǘ ōƻƻƪΣ 

ƴƻǘ ƻƴƭȅ ƛƴ Lǘŀƭȅ ōǳǘ ŀǘ ŀƴ ƛƴǘŜǊƴŀǝƻƴŀƭ ƭŜǾŜƭ ǎƛƴŎŜ Lƭ ǇŜǎŎŜ ƳŀƎƛŎƻ ŜƳōƻŘƛŜŘ ǘƘŜ ǾŜǊȅ ŬǊǎǘ ƛŘŜŀ ƻŦ 

ǘƘƛƴƪƛƴƎ ŀōƻǳǘ ƛƭƭǳǎǘǊŀǝƻƴǎ ŀǎ ŀ ǊŜŀƭ ŀǊǘ ŦƻǊƳ ό¢ƻƴȊƛƎΣ нлммύΦ ¢ƘŜ ŀŜǎǘƘŜǝŎ Ǉƭŀȅǎ ŀ ŦǳƴŘŀƳŜƴǘŀƭ ǊƻƭŜ 

ŦǊƻƳ ǘƘŜ ŜŘǳŎŀǝƻƴŀƭ Ǉƻƛƴǘ ƻŦ ǾƛŜǿ ŀƴŘ ǘƘŜ /ȊŜŎƘ ŀǊǝǎǘ ƛƴǎƛǎǘŜŘ ƻƴ ǘƘŀǘ ǇƻƛƴǘΣ ǘƘŜ ƴŜŜŘ ƻŦ ǘƘŜ 

άƛƭƭǳǎǘǊŀǘŜŘ ōƻƻƪΩǎ ŀŜǎǘƘŜǝŎέΥ ά{ƻǎǝŜƴŜ ƭΩƛƳǇƻǊǘŀƴȊŀ Ŝ ƭΩǳǊƎŜƴȊŀ Řƛ ǇƻǊǘŀǊŜ ƭΩŀǊǘŜ ŀƭ ƭƛƴƎǳŀƎƎƛƻ ŘŜƭ 

ōŀƳōƛƴƻΣ ƛƴƴŜǎŎŀƴŘƻ ƭŀ ǎǳŀ Ŧŀƴǘŀǎƛŀ ŀǧǊŀǾŜǊǎƻ ƭΩǳǎƻ Řƛ ǘŜŎƴƛŎƘŜ Ƴƻƭǘƻ ŘƛǾŜǊǎŜέ ό¢ƻƴȊƛƎΣ нлммύΦ ¢ƘŜ 

Ƴŀƛƴ Ǝƻŀƭ ƻŦ ŀǊǝǎǝŎ ƛƭƭǳǎǘǊŀǝƻƴ ƛǎ ǘƻ ōŜ ŀōƭŜ ǘƻ ǘŀƭƪ ǘƻ ŎƘƛƭŘǊŜƴ ŀƴŘ ǎǝƳǳƭŀǘŜ ǘƘŜƛǊ ƛƳŀƎƛƴŀǝƻƴΦ Lƴ 

ǘƘƛǎ ŎŀǎŜΣ ŀǊǘ ƛǎ ƴƻǘ ƻƴƭȅ ŦƻǊ ƛǘǎ ƻǿƴ ǎŀƪŜ ōǳǘ Ƙŀǎ ŀ ǎǇŜŎƛŬŎ ǊƻƭŜΣ ǘƘŀǘ ƛǎ ŀ ŎƘŀƴƴŜƭ ŦƻǊ ǘǊŀƴǎƳƛǩƴƎ 

ǎǇŜŎƛŬŎ ƳŜǎǎŀƎŜǎ ǘƻ ŎƘƛƭŘǊŜƴΥ ά/ƻƴ ½ŀǾŚŜƭ ƭΩƛƭƭǳǎǘǊŀȊƛƻƴŜ ǇŜǊ ƭΩƛƴŦŀƴȊƛŀ ǎƛ ƛƴƴŀƭȊŀ ŀŘ ƻǇŜǊŀ ŘΩŀǊǘŜ Ŝ 

ƭΩŀǊǘŜΣ ŀǧǊŀǾŜǊǎƻ ƛƭ ƭƛōǊƻ ƛƭƭǳǎǘǊŀǘƻΣ ǎƛ ƳǳƻǾŜ ǾŜǊǎƻ ƛƭ ōŀƳōƛƴƻέ ό¢ƻƴȊƛƎΣ нлммύΦ 

1.2.2 The pedagogical and educational message of illustrations  

The pedagogical valence of ZavŚŜƭΩǎ ƛƭƭǳǎǘǊŀǘƛƻƴǎ ƛǎ evident not only on a formal level but also from 

a content point of view. The recurring themes are brotherhood, friendship, and love and respect for 

nature before the great attention to ecology and environment, he tries to represent contemporary 

fears in a solemn and sometimes mystic style. Another aspect of his stories is a sort of diffuse 

celebration of material poverty as a synonym of spiritual wealth and that is the reason why his 

drawings seem to be dominated by a soft melancholy and not by a real cheerfulness despite the 

bright colours (Vigiak, 2019). The contents are fascinating both for children and adults since they 

recall universal messages, drawings and colours can transmit mature feelings and concepts. The 

colour shades are different according to what ZavŚel wants to underline, from the brighter ones like 
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violet yellow blue green mixed with pink and red to the warmer and darker ones like brown black 

ochre mixed with white (Vigiak, 2019). 

Those illustrated books are bearers of extremely current values, such as the respect and safeguard 

for nature, diversity as a resource, quest for peace and solidarity as the only solution. Childhood is 

always the real protagonist since children are depicted as the main agents of change 

(dorature.com). ZavŚŜƭΩǎ ƛƭƭǳǎǘǊŀǘƛƻƴǎ can ǘŀƭƪ ǘƻ ŎƘƛƭŘǊŜƴΩǎ ƘŜŀǊǘs and minds and in his intentions, 

ǘƘŜȅ Ǉƭŀȅ ŀ ŦǳƴŘŀƳŜƴǘŀƭ ǊƻƭŜ ƛƴ ŎƘƛƭŘǊŜƴΩǎ ŜŘǳŎŀǘƛƻƴ ŀƴŘ ƛƴ ǘƘŜƛǊ ŘŜǾŜƭƻǇƳŜƴǘ ŀǎ ƘǳƳŀƴ ōŜƛƴƎǎ, 

helping them become internally richer and so more open-minded (AA.VV., 1991). 

Silvia Blezza Picherle observed that it is necessary to let the ZavŚŜƭΩǎ ƛƭƭǳǎǘǊŀǘƛƻƴǎ άǘŀƭƪέ ǘƻ ŎƘƛƭŘǊŜƴ 

and give them the opportunity to be alone in front of those drawings for all the time they need to 

άƭƛǎǘŜƴέ ǘƻ ǘƘŜƳΦ /ƘƛƭŘǊŜƴ Ƴǳǎǘ ƘŀǾŜ ǘƘŜ ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ ƭŜŀŦ ǘƘǊƻǳƎƘ ƛƭƭǳǎǘǊŀǘŜŘ ōƻƻƪΩǎ ǇŀƎŜǎ ŀƴŘ 

look at the pictures, taking the time to rest their eyes on them to observe, understand and 

internalize the messages. They can pause on those details which catch their attention the most for 

some reasons, according to their personality and this requires time. This is the only way to allow 

them to elaborate their first ǿƻƴŘŜǊ ŀƴŘ ŎƻƴǾŜǊǘ ƛǘ ƛƴǘƻ ǎǇŜŎƛŦƛŎ ǎŜƴǎŀǘŜ ŜƳƻǘƛƻƴǎΥ άtŜǊŎƘŞ ƭŜ ƻǇŜǊŜ 

ŘΩŀǊǘŜ possano comunicare meraviglia e incanto, lo spettatore ha bisogno non già di informazioni 

razionali, bensì di pazienza e di tranquilla perseveranza; allora ad un bel momento arriverà un 

ŀǳǘŜƴǘƛŎƻ ŎƻƴŦǊƻƴǘƻ Ŏƻƴ ƭΩƻƎƎŜǘǘƻ ŘŜƭƭŀ ŎƻƴǘŜƳǇƭŀȊƛƻƴŜΣ Ŝ ǉǳƛƴŘƛ ŀ ǳƴ ŎƻƴŦǊƻƴǘƻ Ŏƻƴ ǎŞ ǎǘŜǎǎƻέ 

(AA.VV., 1991). !ǎ ƛǘ Ƙŀǎ Ƨǳǎǘ ǳƴŘŜǊƭƛƴŜŘΣ ǘŀƪƛƴƎ ǘƛƳŜ ƛǎ ŀ ŦǳƴŘŀƳŜƴǘŀƭ ǎǘŜǇ ƛƴ ŎƘƛƭŘǊŜƴΩǎ ŜŘǳŎŀǘƛƻƴ 

process and growth, they need time for looking and time for seeing, that is understanding since 

άǎŀǇŜǊ ǾŜŘŜǊŜ ǎƛƎƴƛŦƛŎŀ ƛƴŦŀǘǘƛ ŦŀǊ ǇŀǊƭŀǊŜ ƭΩƻǇŜǊŀ ŘΩŀǊǘŜ ƛƴ ǘǳǘǘŀ ƭŀ ǊƛŎŎƘŜȊȊŀ ŘŜƛ ǎǳƻƛ ǎƛƎƴƛŦƛŎŀǘƛ 

ǇƻƭƛǎŜƳƛŎƛ ŎƘŜ ǎƛ ǊƛǾŜƭŀƴƻ ŀƭƭΩƻǎǎŜǊǾŀǘƻǊŜ Ŝ ŘƛǾŜƴǘŀƴƻ ǇŜǊ ƭǳƛ ŎŀǊƛŎƘƛ Řƛ ǎŜƴǎƻ ǎƻƭŀƳŜƴǘŜ ǎŜ ǉǳŜǎǘƛ 

ŀǾǊŁ ŀǾǳǘƻ ƛƭ ǘŜƳǇƻ Řƛ ƻǎǎŜǊǾŀǊŜΣ Řƛ ŀƴŀƭƛȊȊŀǊŜ Ŝ Řƛ ǊƛŦƭŜǘǘŜǊŜέ (AA.VV., 1991). 

Even if understanding what children feel looking at illustrated books is quite hard, ½ŀǾǌŜƭΩs drawings 

can ƛƴǎǇƛǊŜ ǿƻƴŘŜǊ ƛƴ ŎƘƛƭŘǊŜƴΩǎ ƛƳŀƎƛƴŀǘƛƻƴ ōŜŎŀǳǎŜ ƻŦ ŎƻƭƻǳǊǎΩ ŜȄǇƭƻǎƛƻƴΣ ōǊƛƎƘǘ ǎƘŀŘŜǎ ŀƴŘ ǘƘŜƛǊ 

unique mixture and motions (AA. VV., 1991). 

1.3 Artistic techniques employed by ĠtŊp§n ZavŚel 

~ǘŠǇłƴ ½ŀǾǌŜƭ ŜȄǇŜǊƛƳŜƴǘŜŘ ǿƛǘƘ Ƴŀƴȅ ŘƛŦŦŜǊŜƴǘ ŀǊǘƛǎǘƛŎ ǘŜŎƘƴƛǉǳŜǎ throughout his career and 

every time his choice was related to the message he wanted to impress upon his audience and 

the feelings he wanted to recreate with pictures. He was a multifaceted personality also from 

the technical point of view, who enriched his experience working in different fields and 

exploring different techniques that then he also tried to mix to obtain new and unexpected 

results. 

Regarding the techniques, the artist declared to have used different materials and they are also 

reported in catalogues, but they have not been studied from a chemical point of view before. 

One of the main purposes of this study is to analyse the materials and so to explore the 

employed techniques, to confirm or not his indications. A better knowledge of the material will 

be fundamental for understanding possible future degradation phenomena and planning the 

best way for conservation. 
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1.3.1 Xylography  

His very first artistic production in Czechoslovakia when he was young, is characterized by the 

study of the xylographic technique, that is the engraving on a wooden matrix, a technique that 

he went on working with all along his life. In more than one of his later artworks, the signs of 

his beginning with xylography are evident and also when he 

does not employ that particular technique, some traits in lines 

drawing can be seen even if he smooths them with 

watercolours. Severe, angular, basic signs with no exaggerated 

decorations (Vigiak, 2019). Following his production, the series 

Dies Irae (1962), the religious drawings for calendars created 

for the /ŀƭŜƴŘŀǊƛ tŀǘƳƻǎ ŘŜƭƭΩ!ǾǾŜƴǘƻ (1967-1968) and the 

DŊdictɡɑ OtcŢ 869-1969 ([ΩŜǊŜŘƛǘŁ ŘŜƛ tŀŘǊƛ усф-1969) which 

was commissioned by the Istituto Slovacco dei Santi Cirillo e 

Metodio where ZavŚel lived during his first period in Rome, 

were created with the xylographic technique. He realized also 

many depictions of the Virgin Mary with Jesus and one Pietà 

ōŜǘǿŜŜƴ ǘƘŜ слΩǎ ŀƴŘ ǘƘŜ улΩǎΦ Lƴ Ƴŀƴȅ ƻŦ Ƙƛǎ ƛƭƭǳǎǘǊŀǘƛƻƴǎ ŦƻǊ 

ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪǎΣ ǘƘƛǎ ǘŜŎƘƴƛǉǳŜ ƻǊ ƛǘǎ ƳŜǊŜ ǊŜƳƛƴƛǎŎŜƴŎe can 

be found, in particular in Sterntaler (1969), Jacopo il giullare 

(1991) (Figure 10) and some unpublished drawings for the book In cammino con Dio (1996) 

(Tonzig, 2011). 

Regarding the technique, xylography is one of the most primitive relief printing techniques and the 

images are carved into the surface of a block of wood, typically with gouges leaving the printing 

parts level with the surface while removing the non-printing parts. Those areas that are cut away 

carry no ink, while the details at the surface level carry the ink to produce the print. To obtain the 

print, the surface of the created matrix is covered with ink by rolling over it with an ink-covered 

roller, leaving the ink upon the flat surface but not in the non-printing areas (Wikipedia). Then, the 

inked matrix is used for printing using a printing press or also by hand printing, depending on the 

chosen support (stampaedintorni.it). So, this is a technique that requires very good manual skills 

and abilities and confidence in working such a hard material. ½ŀǾǌŜƭ demonstrated those hand-

crafted abilities and the artworks created with that technique characterized the first part of his 

artistic career, until he arrived in Rome where he improved it by studying with professor Maccari 

(AA.VV., 1991). 

Figure 10 LƭƭǳǎǘǊŀǝƻƴ ŦǊƻƳ ǘƘŜ ōƻƻƪ 
WŀŎƻǇƻ ƛƭ ƎƛǳƭƭŀǊŜ όмффмύΣ ȄȅƭƻƎǊŀǇƘȅ 

ŀƴŘ ǿŀǘŜǊŎƻƭƻǳǊ 



 17 

1.3.2 Oil pastels  

In Rome, that so defined second period of his artistic career began when he was employed in the 

animation studio of Gianini and Luzzati. ZavŚel got a lesson from Lele Luzzati 

about the colours and colourism typical of the Mediterranean world and how 

the artists can play with lights (AA.VV., 1991; Vigiak, 2019). There, he 

discovered the oil pastels and how they can be diluted with water, another 

technique which he used for creating his illustrations throughout the years, 

for example for Il Sale vale più dellΩhǊƻ (1968), I colori rubati (1972) and Il 

ritorno di Ario (1974) (Figure 11). Oil pastels are characterized by vibrant 

colours which remind oil paintings. They are composed by pure powder 

pigments mixed with variable quantities of binders, like linseed oil or wax 

which lends to pastels mellowness that makes them particularly adaptable to 

ŘƛŦŦŜǊŜƴǘ ǎǳǇǇƻǊǘǎ ŀƴŘ ŎǊŜŀǘƛƻƴ ƻŦ ǎƘŀŘŜǎΩ ŜŦŦŜŎǘǎΦ 5ƛŦŦŜǊŜƴǘƭȅ ǘƻ ǘƘŜ ƘŀǊŘ 

pastels, generally constituted by powder pigments mixed with minuscule 

amounts of organic binders like Arabic gum and a pulverized inhert white filler like calcium 

carbonate or kaolin (metmuseum.org; Tenorio et al., 2019_Umberto Boccioni), oil pastels contain 

an oily binder in major quantity so they do not become dusty and they adhere excellently also on a 

smooth surface, like a paper sheet and they are employed on supports of different nature. The 

artworks created with that technique are characterized by bright and pure colours and excellent 

covering but they can be also used for creating shades diluting them with different solvents, such 

as water oil or white spirit (staedtler.com; fila.it). ZavŚel used to create his drawings diluting oil 

pastels in order to recreate a result similar to watercolour (the so called pastelli ad olio acquerellati). 

1.3.3 Watercolours  

Related to this, the third phase of ½ŀǾǌŜƭΩǎ 

artistic career is defined as the 

watercolour phase. The Czech artist was 

the first one to employ this artistic 

technique for creating illustrations for 

ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪǎ. In fact, before his 

experimentations, illustrators used to 

employ other techniques, such as pure 

treated or diluted pastels or tempera 

(gouache). There was only one previous 

case of a book illustrated using the watercolour technique which probably inspired ½ŀǾǌŜƭΣ that is Il 

fagiano Gaetano written by Guido Rocca and illustrated by two young animators, Giulio Cingoli and 

Giancarlo Carloni, edited by Mursia publishing in 1961 (AA.VV., 1991; Tonzig, 2011). Livio Sossi, one 

of ½ŀǾǌŜƭΩǎ ŦǊƛŜƴŘǎΣ ǎŀƛŘΥ ά[ΩƻǇŜǊŀ Řƛ /ƛƴƎƻƭƛ Ŝ /ŀǊƭƻƴƛ ώΧϐ Ƙŀ ƛǎǇƛǊŀǘƻ ǎŜƴȊΩŀƭǘǊƻ ½ŀǾǌŜl. Me lo ha 

ŎƻƴŦƛŘŀǘƻ ώΧϐ ƛƴ ǳƴƻ ŘŜƛ ƴƻǎǘǊƛ ǇŜǊƛƻŘƛŎƛ ƛƴŎƻƴǘǊƛ ŀ wǳƎƻƭƻ ŜŘ Ƙŀ ŀƎƎƛǳƴǘƻΥ Loro per primi hanno usato 

Figure 12 ¢ƘŜ ōƻƻƪ ŀƴŘ ƻƴŜ ƻŦ ǘƘŜ ƛƭƭǳǎǘǊŀǝƻƴǎ ƻŦ Lƭ ǇŜǎŎŜ 
ƳŀƎƛŎƻ όмфспύΣ ǿŀǘŜǊŎƻƭƻǳǊǎ 

Figure 11 LƭƭǳǎǘǊŀǝƻƴ 
ŦǊƻƳ ǘƘŜ ōƻƻƪ Lƭ ǊƛǘƻǊƴƻ 
Řƛ !Ǌƛƻ όмфтпύΣ ƻƛƭ 

ǇŀǎǘŜƭǎ 
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ƭΩŀŎǉǳŜǊŜƭƭƻ ƛƴ ǳƴ ƭƛōǊƻ ǇŜǊ ōŀƳōƛƴƛΧ (AA.VV., 1991)Φέ That book was extraordinarily innovative from 

ŀ ŎƻƳǇƻǎƛǘƛƻƴŀƭ ŀƴŘ ǘŜŎƘƴƛŎŀƭ Ǉƻƛƴǘ ƻŦ ǾƛŜǿ ŦƻǊ ǘƘŀǘ ŘŜŎŀŘŜ όōŜƎƛƴƴƛƴƎ ƻŦ ǘƘŜ слΩǎύΣ ǘƘŜ ǳǎŜ ƻŦ 

watercolours and Indian ink diluted with water for drawing birds and their feathers gave the 

impression of embroidery decorations (AA.VV., 1991). 

ZavŚel went on discovering the world of colours and all the possible experimentations with 

watercolours mixing it with all his others knowledges relative to artistic techniques iconography and 

ƻǘƘŜǊ ŀǊǘƛǎǘǎΩ ƛƴŦƭǳŜƴŎŜ ƛƴ ŘŜǎƛƎƴΦ In particular, he created many of his most famous illustrations 

employing watercolours, that is Il pesce magico (1964) (Figure 12), Vodnik (1970), [ΩǳƭǘƛƳƻ ŀƭōŜǊƻ 

(1976), Il ponte dei bambini (1977), La pentola magica (1978), La farfalla (1980), Il segreto delle erbe 

magiche (1984), La città dei fiori (1987) and Sotto la laguna di Venezia (1987). In addition to this, 

the usage of watercolours in combination with xylography is an interesting solution for Jacopo il 

giullare (1991) and the unpublished illustrations for In cammino con Dio (1996), that contribute to 

render the spatial depth of the drawn scenes. 

About the technique, watercolour painting has a rich history and is cherished for its vibrant and 

translucent qualities. From a compositional point of view, watercolour pigments are finely ground 

powders that, when mixed with water, create a fluid medium for painting. The pigments used for 

watercolours can be inorganic, organic or synthetic and their source determines not only the colour 

and hue, but also other properties, such as transparency, lightfastness and staining. Binders are 

then present in watercolour formulation, the most common is the Arabic gum but other resins can 

be employed. Glycerin and honey are sometimes added, for example, to increase moisture 

ǊŜǘŜƴǘƛƻƴ ŀƴŘ ǎƻ ƛƳǇǊƻǾŜ ǘƘŜ ǇŀƛƴǘΩǎ ōŜƘŀǾƛƻǳǊΦ !ŘŘƛǘƛǾŜǎ ŀǊŜ ǘƘŜƴ ƛƴŎƭǳŘŜŘ ǘƻ ŜƴƘŀƴŎŜ ǇǊƻǇŜǊǘƛŜǎ 

like texture and drying time and among the most common, Ox gall or similar synthetic alternatives 

can be found, a wetting agent that helps to reduce surface tension and improve the flow of the paint 

across the support. Other additives like phenol and urea can be added in order to prevent the 

growth of mold or bacteria or also plasticizers and fillers, like kaolin or chalk to bulk up the volume 

of the paint without adding more pigment (artpracticed.com; artchive.com). 

1.3.4 Acrylic paint  

The illustrations by Cingoli and Carloni were only the first 

step of the new artistic phase, which can be defined as 

the artistic maturity of ZavŚŜƭΩǎ ǇǊƻŘǳŎǘƛƻƴΣ ǎƛƴŎŜ мфтуΦ 

He added other inspirations and conditioning from his 

education, such as the Italian iconography and colouristic 

tradition that gave him the possibility to experiment with 

another technique, that is acrylic colours. Acrylics are 

composed by pigments suspended in acrylic polymers 

emulsion and plasticizers, silicone oils, defoamers, 

stabilizers, or metal soap (Izzo et al., 2014). Acrylic 

colours do not need specific thinner but simply water can be added like for watercolours, most of 

them are water-based but they become water-resistant when dry. Depending on how much the 

Figure 13 LƭƭǳǎǘǊŀǝƻƴǎ ŦǊƻƳ ǘƘŜ ōƻƻƪ Lƭ ǎƻƭŜ 
ǇŜǊŘǳǘƻ όмфтоύΣ ŀŎǊȅƭƛŎ Ǉŀƛƴǘ 
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acrylic paint is diluted with water or modified with other mediums, the finished acrylic painting can 

resemble a watercolour, a gouache, or an oil painting, or simply show its unique characteristics. The 

appearance and other properties like flexibility or hardness of this type of painting can be modified 

using acrylic mediums. In particular, acrylics are able to bond to many different surfaces and 

mediums can be used to modifying their binding characteristics. Acrylic paint can be applied in thin 

layer or washes to create effects that remind watercolours and other water-based mediums, or use 

for building thick layers of paint. Differently to watercolours, even if also acrylic paints can be 

thinned with water, it cannot be rehydrated once dry but it can be applied in layers, sometimes 

diluted with water or acrylic medium to allow to the layers underneath to partially show through 

(Izzo et al., 2014) (Fardi et al., 2018). Acrylic paint, then, tends to be very bright and that is one of 

the most appreciated characteristics of this technique. 

ZavŚel showed his appreciation for acrylic paints by creating many illustrations for different books, 

such as Il sole perduto (1973) (Figure 13), Il flauto del pastore (1978), Gesù Bambino Rubato (1988) 

and some paintings on canvas which he realized for the contemporary art gallery Studio La Città 

ǘƘŀǘ ƘŜ ŦƻǳƴŘŜŘ ƛƴ ŎƻƭƭŀōƻǊŀǘƛƻƴ ǿƛǘƘ IŝƭŝƴŜ 5Ŝ CǊŀƴŎƘƛǎ ƛƴ ±ŜǊƻƴŀ ŘǳǊƛƴƎ ǘƘŜ тлΩǎΦ IŜ ǊŜŀƭƛȊŜŘ ŀƭǎƻ 

some portraits of his friends and many sketches of landscapes and ideas for his books. 

1.3.5 Tempera coprente  

Another artistic technique particularly appreciated by the Czech artist was the tempera technique, 

that is often mentioned as tempera coprente. This definition sounds a little ambiguous since it could 

probably refer to the gouache technique. The result appears to be similar to the one obtained with 

tempera since they are both water-based techniques but their formulations are different: gouache 

paint contains pigments mixed with lead white or calcium carbonate-based white pigment and 

Arabic gum or glue. On the other hand, 

tempera paint is composed by pigments 

mixed with organic binders like egg-yolk, 

egg-white, oil, casein or milk. During the 

20th century, the definition of tempera 

changed its original meaning. It is important 

to highlight that during the 19th and 20th 

centuries there were many complex 

mixtures of different binders that were 

generically called tempera, especially 

regarding the composition of colour tubes. 

They may have been contained egg mixed 

with fig milk, resins, gums or wax treated 

with basic additives. Other mixtures containing milk, alone or with egg, oil and chalk, and casein, 

that may have been mixed with gelatine, glycerine and wax or with chalk. In some cases, tempera 

was also a mixture of animal glue, glycerine and water, like for the Italian painter Francesco Michetti 

(Bensi, 2015). During the second half of the 19th century, there was a revival concerning the use of 

Figure 14 LƭƭǳǎǘǊŀǝƻƴ ŦǊƻƳ ǘƘŜ ōƻƻƪ [ŀ ƴƻǎǘǊŀ ƳŜǊŀǾƛƎƭƛƻǎŀ 
¢ŜǊǊŀ όмфтмύΣ ǘŜƳǇŜǊŀ ŎƻǇǊŜƴǘŜ 
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tempera technique but the main goal was to introduce tempera colour tubes like they did for oil 

colours. One of the most vibrant environments at that time was München, in Germany, and there, 

many scientific researches were done in order to formulate the best artistic materials using an 

industrial approach. The tempera colours formulated by the baron Adolf von Pereira in 1891 and 

other industrial formulations proposed by Richard Wurm, Hermann Neish, Franz Schonfeld and 

Hermann Schmincke were displayed during a conference in München in 1893 and they are some of 

the most famous attempts (Rinaldi, 2016) (Bensi, 2015). The numerous formulations for tempera 

colours were proposed as a water-soluble alternative to oil colours and they seemed to be 

particularly appreciated by artists because they tended to deteriorate less, even if the quality of 

some of them, such as tempera Wurm, became worse throughout time and they showed their main 

conservation problems like yellowing phenomena and the drying time. Some Italian painters, like 

Cesare Laurenti and Pietro Fragiacomo noticed those problems and they tried to solve them looking 

for a better tempera formulation by themselves. In particular, Laurenti tried to patent his 

formulation containing animal glue and Arabic gum. That was a common tendence, so many other 

artists had their own tempera recipes containing different ingredients like egg, Arabic gum, alcohol, 

vinegar, sugar. The painter Giorgio De Chirico had his own formula and so Mariano Fortuny y 

Mandrazo, who had his factory specialized in producing tempera colour tubes and also in those 

cases, tempera contained a mixture of oils, wax, resins and glycerin (Rinaldi, 2016). Considering all 

of those facts, it is evident that the definition of tempera from a chemical point of view during the 

19th and 20th centuries is quite complex and ambiguous. 

Gouache technique substituted in many cases tempera, in particular during the second half of the 

19th century for creating sketches for oil paintings and billboards. Even if gouache paint becomes 

less bright after it dries, one of its most appreciated properties is that it could be work easily and 

that was the reason why it was used in particular for creating drawings for printing like posters. The 

easy workability and the characteristic opacity are particularly appreciated for printing 

reproducibility and how they allow to realize artworks quickly (Pierozzi, 2011). Those peculiar 

properties could have been appreciated by ZavŚel as well and he employed the so-called tempera 

coprente technique for creating illustrations for some of his books: Sterntaler (1969), La nostra 

meravigliosa Terra (1971) (Figure 14), I colori rubati (1972), Gesù Bambino Rubato (1988) and In 

cammino con Dio (1996). 
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1.3.6 Indian ink and ecoline  

Other two artistic techniques that ZavŚel 

experimented with were Indian ink and ecoline, 

often diluted and treated like watercolours in 

order to obtain a similar result. Inks were 

traditionally composed of black pigments, like 

carbon black or a ferric-tannate charge-transfer 

complex formed between iron (III) and catechol 

groups of tannins for Iron-Gall inks, but in 

modern times, the formulation of inks is 

extremely various as for pigments as for 

binders. Other dyes are often added in order to 

change the shades and so the organic binders 

are various, such as Arabic gum or animal glue (Smith, 2009; Wikipedia). Fine soot also can be mixed 

with water to form a suspension and gelatin or resins like shellac can be added to make ink more 

durable once dried. ZavŚel used it for creating the illustrations for Nonno Tommaso (1983) (Figure 

15), Nani e Giganti (1985) and the sketches for both of those books and for the storyboard of 

[ΩǳƭǘƛƳƻ ŀƭōŜǊƻ (1976). 

On the other hand, ZavŚel created the sketches of the illustrations for the book Seguendo la stella 

(1967) using the ecoline that lend to the drawings a particular elegance. The ecoline are specific 

liquid inks, also called liquid watercolours, but dyes and not pigments are present in their 

formulation, mixed with Arabic gum as binder. Their colours are vivid and bright and they can be 

reworked with water also after they dried to obtain effects that are not comparable with 

watercolours and they dry quite quickly. For those characteristics, those inks are employed for 

illustrations and comics, as well as in the architecture and design fields and the most common 

technique is the velatura, from the lighter shades to the darker ones, the same employed for 

watercolours. A paper support with a thick grammage is required and with specific characteristics 

that allow to use the ecoline since they tend to corrode paper support easily (pennarellicopic.it; 

momarte.com). 

¢ƻ ŎƻƴŎƭǳŘŜΣ ~ǘŠǇłƴ ½ŀǾǌŜƭ ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƻ ƘŀǾŜ ǎǘǊƻƴƎ ŀǊǘƛǎǘƛŎ ŀōƛƭƛǘƛŜǎ ǎƛƴŎŜ Ƙƛǎ ȅƻǳǘƘ ŀƴŘ ǘƘŜ 

ability to combine what he technically learnt from different experiences to create new unexpected 

results. He was then aware of the characteristics and properties of the materials he used and he 

wanted to experiment with new techniques, that is watercolour to trace a new perspective in the 

world of illustration and his influence had a big impact on the younger illustrators from this point of 

view as well. 

2. Case studies  

In this study, seven drawings taken from different books and two paintings on canvas were selected 

and analysed. 

Figure 15 LƭƭǳǎǘǊŀǝƻƴ ŦǊƻƳ ǘƘŜ ōƻƻƪ bƻƴƴƻ ¢ƻƳƳǎƻ 
όмфуоύ 
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In particular, the drawings were called: 

¶ 01: a snowy landscape with mauve shades is represented and the only characters, a little girl 

and a couple of red birds, are not located in the centre of the drawing but they have quite 

small dimensions respectively to the natural elements.  

¶ 02: the natural snowy landscape is the real protagonist of this drawing and the only character 

is a little girl in red. She is the only element in a different colour that could be well 

distinguishable to the background. 

¶ 03: a blue hill is drawn in the centre of the paper sheet and a blue castle is located on the 

top. The lines of the castle are in a bright reddish orange colour and a cloud is depicted as a 

single brush in bright magenta. No characters are present in the scene. 

¶ 04: this drawing is characterised by a dark palette, in particular green colour is mixed with 

black. The scene is illuminated by white areas and the orange beard of one of the characters 

ƛǎ ǘƘŜ Ƴŀƛƴ ōǊƛƎƘǘ ŜƭŜƳŜƴǘ ǿƘƛŎƘ ŎŀǇǘǳǊŜŘ ǘƘŜ ƻōǎŜǊǾŜǊΩǎ ŜȅŜǎΦ ¢ƘǊŜŜ ŎƘaracters are 

depicted on close-up. 

¶ 05: the interior of a house is depicted and a woman is the only and main character of the 

scene. A bright light ray divides the drawing in two parts and illuminates the dark colours of 

which characterise the house. 

¶ M1: this drawing is an overview of St. MarkΩs basilica in Venice from an upper point of view, 

ƭƛƪŜ ƛǘ ƛǎ ŀ ōƛǊŘΩǎ Ǉƻƛƴǘ ƻŦ ǾƛŜǿΦ ¢ƘŜ ŎƻƭƻǳǊ ǇŀƭŜǘǘŜ ƛǎ ŎƘŀǊŀŎǘŜǊƛǎŜŘ ōȅ ōƭǳŜ ŀƴŘ ƎǊŜŜƴ ǎƘŀŘŜǎ 

and the scene is delimited by algae, reminding sort of a landscape underwater. 

¶ M2: San Marco basilica is the main character of this drawing and dominates the entire scene, 

even if a group of small characters is present, as well. Algae enriched this scene as well, 

reminding an underwater landscape also in this case. The colour palette is characterised by 

green shades. 

 

Since, the paintings were called: 

¶ D1: this painting is characterised by round and rectangular geometrical forms, smaller and 

bigger, depicted with white, brown and ochre colours.  

¶ D2: geometrical forms are the main elements of this painting and the artist experimented 

with rectangular and round forms in this case, as well. The colour palette is characterised by 

white, brown and ochre colours. 

 

The selection of the different drawings was based on: 

¶ different conservative conditions. In fact, the drawings 01, 02, 03, 04, 05 and the paintings 

5м ŀƴŘ 5н ŀǊŜ ŎƻƴǎŜǊǾŀǘŜŘ ƛƴ ǘƘŜ ŀǊŎƘƛǾŜ ŀƴŘ ƛƴ ǘƘŜ ǎǘƻǊŀƎŜ ƻŦ ǘƘŜ aǳǎŜǳƳ {ǘŠǇłƴ ½ŀǾǌŜƭΣ 

since the drawings M1 and M2 are exposed in the main room of the museum; 

¶ the variability of the colour palette employed by the artist; 

¶ different artistic techniques as declared by the artist or reported in the label or catalogues. 

In fact, the drawings 01, 02, 05, M1 and M2 were created by means of tempera coprente, 
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probably gouache; the drawing 03 by oil pastels diluted with water and the two paintings D1 

and D2 by acrylic paint. 

Finally, the intention was also to retrace the compositional and stylistic path of the Czech artist 

choosing drawings and paints from different periods of his artistic career and connecting them with 

the different techniques he experimented with. 

2.1 Original drawings of i llustrated books for children  

Regarding the main purposes of this study, some drawings from different books illustrated by ZavŚel 

were selected. This section focuses on presenting an overview of those books in order to understand 

the main topics of them. As already underlined previously, ZavŚŜƭΩǎ ōƻƻƪǎ ƘŀǾŜ ŀƭǿŀȅǎ ŀ ǇǊŜŎƛǎŜ 

educational message and understanding it is fundamental for contextualizing the use of some colour 

palette and the chosen technique for obtaining particular effects. 

All the case studies come from a specific series of illustrations. The only drawing for which it was 

not possible to understand from which book it comes from, was drawing 04. 

 

 
 

Measure: 35,00 x 50,00 cm 

Drawing 04 is conserved in the archive of ~ǘŠǇłƴ ½ŀǾǌŜƭ aǳǎŜǳƳ 
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2.1.1 Drawing 01 and drawing 02 from Sterntaler  (1969) 

 

 

Measure: 34,70 x 49,50 cm 

Drawing 01 is conserved in the archive of ~ǘŠǇłƴ ½ŀǾǌŜƭ aǳǎŜǳƳ 

 

 
 

aŜŀǎǳǊŜΥ сфΣрл Ȅ мфΣлл ŎƳ 

5ǊŀǿƛƴƎ лн ƛǎ ŎƻƴǎŜǊǾŜŘ ƛƴ ǘƘŜ ŀǊŎƘƛǾŜ ƻŦ ~ǘŠǇłƴ ½ŀǾǌŜƭ aǳǎŜǳƳ 
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Sterntaler (Pioggia di Stelle) (Figure 16) ƛǎ ǘƘŜ ƭŀǎǘ ōƻƻƪ ƻŦ ǘƘŜ слΩǎ ŜŘƛǘŜŘ 

by the Patmos publisher from Düsseldorf. The story is based on the 

original tale written by Grimm brothers and it is about a poor little girl, 

an orphan without a house, who decided to give everything she had to 

other people poorer than her until she had nothing more. At that 

moment, suddenly a star rain covered her with light, a symbol of the 

divine Providence that will protect her for the rest of her life.  The main 

topic of the story is the importance of giving to the others and be able 

to give themselves to the others, a particularly important message for 

the artist. 

½ŀǾǌŜƭ decided to set the tale during a perpetual winter and he used the 

tempera coprente (probably gouache) technique and the xilographic 

effects for the illustrations in order to recreate successfully the idea of winter landscapes and the 

consistency of snow with all the shades and shadows (Tonzig, 2011) (fondazionezavrel.it). The 

tempera allowed him to pull the snowy ambience and the sky and stars perfectly together, so the 

final effect results to be harmonic and functional for the topic. 

Drawings 01 and 02 were part of the illustrations from this book. 

2.1.2 Drawing 03 from Il Sale vale pi½ dellôOro (1968) 

 

 
 

Measure: 34,50 x 47,00 cm 

5ǊŀǿƛƴƎ ло ƛǎ ŎƻƴǎŜǊǾŜŘ ƛƴ ǘƘŜ ŀǊŎƘƛǾŜ ƻŦ ~ǘŠǇłƴ ½ŀǾǌŜƭ aǳǎŜǳƳ 

Figure 16 /ƻǾŜǊ ƻŦ ǘƘŜ ōƻƻƪ 
{ǘŜǊƴǘŀƭŜǊ όмфсфύ 
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Lƭ {ŀƭŜ ǾŀƭŜ ǇƛǴ ŘŜƭƭΩhǊƻ (Sale is better than Gold) (Figure 17) was 

published in 1968 by the Nord-{ǳŘ ±ŜǊƛŀƎ ǇǳōƭƛǎƘŜǊ ŦǊƻƳ a ƴŎƘŀƭǘƻǊŦΦ 

¢ƘŜ ōƻƻƪ ƛǎ ōŀǎŜŘ ƻƴ ŀ ǇƻǇǳƭŀǊ /ȊŜŎƘ ŦŀƛǊȅ ǘŀƭŜ ŀƴŘ ½ŀǾǌŜƭ ŘƛŘ ƴƻǘ 

create only the illustrations but he also wrote the text. The main topic 

of this story is the importance of love, the purer simpler and sincerer 

form of love that is most precious then all the possible materialistic 

treasures in the earth. This message, related to the intimate feelings 

and affection, is highlighted also by the choice to change the name of 

the princess who was the main character ŦǊƻƳ aŀǊǳǑƪŀ ǘƻ [ƛŘǳǑƪŀΣ ǘƘŜ 

ƴŀƳŜ ƻŦ ½ŀǾǌŜƭΩǎ ȅƻǳƴƎŜǊ ǎƛǎǘŜǊΣ [ǳŘƳƛƭŀΣ ƳŀƪƛƴƎ ƘŜǊ ǘƘŜ ǊŜŀƭ 

protagonist of his book. 

The artist chose to create the illustrations with oil pastels technique 

that allowed him to play with vibrant and vivid colours, a clear result that he learnt the lessons of 

his Italian Master Lele Luzzati (Tonzig, 2011) (mangialibri.com). 

Drawing 03 was selected from the series of illustrations of this book. 

2.1.3 Drawing M1 and drawing M2 from Un sogno a Venezia  (1974) 

 

 
 

 

5ǊŀǿƛƴƎ aм ƛǎ ŜȄǇƻǎŜŘ ƛƴ ~ǘŠǇłƴ ½ŀǾǌŜƭ aǳǎŜǳƳ 

 

Figure 17 /ƻǾŜǊ ƻŦ ǘƘŜ ōƻƻƪ 
Lƭ {ŀƭŜ ǾŀƭŜ ǇƛǴ ŘŜƭƭΩhǊƻ 

όмфсуύ 



 27 

 
 

5ǊŀǿƛƴƎ aн ƛǎ ŜȄǇƻǎŜŘ ƛƴ ~ǘŠǇłƴ ½ŀǾǌŜƭ aǳǎŜǳƳ 

 

The first edition of the book Un sogno a Venezia (Venedig Morgen)  

(Figure 18) was published in German by the Bohem Press publisher 

from Zürich and then in Italian by the Grafiche AZ publisher from 

Verona, both in 1974. The project, including illustrations and text, was 

totally thƻǳƎƘǘ ŀƴŘ ƛƴǾŜƴǘŜŘ ōȅ ½ŀǾǌŜƭ ŀƴŘ ǘƘŜ ŘǊŀǿƛƴƎǎ ǿŜǊŜ ŀƭǎƻ 

exposed at the Metropolitan Museum in New York. The artist received 

ǘƘŜ ǇǊƛȊŜ άtǊƛƳƻ tǊŜƳƛƻ 9ǳǊƻǇŜƻ Řƛ [ŜǘǘŜǊŀǘǳǊŀ DƛƻǾŀƴƛƭŜ tƛŜǊ tŀƻƭƻ 

±ŜǊƎŜǊƛƻέ ŦƻǊ ǘƘŜ ōƻƻƪ ƛƴ мфуфΦ The story takes place in Venice and is 

suspended in a dimension between the real world and a dreamlike one. 

The main intention of the artist is to focus the attention of the readers 

on the conservation of the cultural heritage of Venice and to consider 

it also from an ecological point of view (Tonzig, 2011). 

The artist chose to create the illustrations by means of acrylic 

technique, in order to recreate the feelings given by water and by such a unique city like Venice. 

The vibrant colours of acrylic paint allowed him to reproduce the bright shades and the transparency 

of a water ambience and also the idea of a suspended world. 

Drawing M1 and M2 were part of the illustrations from this book. 

Figure 18 Cover of the book Un 

sogno a Venezia όмфтпύ 
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2.1.4 Drawing 05 from In cammino con Dio  (1996) 

 
 

aŜŀǎǳǊŜΥ рл Ȅ тл ŎƳ 

5ǊŀǿƛƴƎ лр ƛǎ ŎƻƴǎŜǊǾŜŘ ƛƴ ǘƘŜ ŀǊŎƘƛǾŜ ƻŦ ~ǘŠǇłƴ ½ŀǾǌŜƭ aǳǎŜǳƳ 

 

The main topic of the book In cammino con Dio (Figure 19), edited by 

the Bohem Press publisher from Zürich in 1996, is the religious theme 

ǘƘŀǘ ½ŀǾǌŜƭ ǘƻƻƪ ƛƴǘƻ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƛƴ ƳƻǊŜ ǘƘŀƴ ƻƴŜ ƻŦ Ƙƛǎ ǎǘƻǊƛŜǎΦ 

This book focuses on the most important episodes from the Old and 

New Testament in an original way thanks also to the text written by 

Regine Schindler, a famous Protestant theologian. 

½ŀǾǌŜƭ ŎƘƻǎŜ ǘǿƻ ŘƛŦŦŜǊŜƴǘ ǘŜŎƘƴƛǉǳŜǎ ǘƻ create the illustrations, that 

is xylographic engraves coloured with watercolours (mostly not 

edited) and tempera technique, which allowed him to play with 

washes of different colours and create an effective colourful result. It 

is possible to recognize different references to other artistic artworks 

by famous painters, such as Henri Rousseau, Gustave Klimt and the Babel Tower by Pieter Bruegel 

and the composition of the scenes reminds the ½ŀǾǌŜƭΩǎ ŜȄǇŜǊƛŜƴŎŜ ŀǎ ŀ ǎŜǘ ŘŜǎƛƎƴŜǊ and the legacy 

with Lele Luzzati (Tonzig, 2011). 

Drawing 05 was selected from the illustrations created for this book. 

Figure 19 /ƻǾŜǊ ƻŦ ǘƘŜ ōƻƻƪ Lƴ 
ŎŀƳƳƛƴƻ Ŏƻƴ 5ƛƻ όмффсύ 
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2.2 Paintings on canvas  D1 and D2 

 
 

tŀƛƴǝƴƎ 5м ƛǎ ŎƻƴǎŜǊǾŜŘ ƛƴ ǘƘŜ ŀǊŎƘƛǾŜ ƻŦ ~ǘŠǇłƴ ½ŀǾǌŜƭ aǳǎŜǳƳ 

 

 

 
 

tŀƛƴǝƴƎ 5н ƛǎ ŎƻƴǎŜǊǾŜŘ ƛƴ ǘƘŜ ŀǊŎƘƛǾŜ ƻŦ ~ǘŠǇłƴ ½ŀǾǌŜƭ aǳǎŜǳƳ 
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{ǘŠǇłƴ ½ŀǾǌŜƭ experimented with different techniques and supports 

along his artistic career and he created also some paintings on canvas, in 

ǇŀǊǘƛŎǳƭŀǊ ŘǳǊƛƴƎ ǘƘŜ слΩǎ ŀƴŘ тлΩǎ (Figure 20). That period corresponds 

to the opening of the art gallery Studio La Città, which he decided to 

found together with his friend and colleague Hèlène De Franchis in 

Verona in 1968. ½ŀǾǌŜƭ directed personally the gallery for a very short 

period of time, until the spring 1969 when he decided to leave the 

direction only to his colleague, in order to focus his attention on the 

creation of his new house in Rugolo di Sàrmede. At the beginning, the 

gallery treated with exhibitions of artworks by Lucio Fontana, Piero 

Dorazio, Mario Schifano and Gianni Colombo and focusing on the 

Minimalism and the Pittura Analitica ƭŀǘŜǊΣ ŘǳǊƛƴƎ ǘƘŜ тлΩǎΣ paying 

attention to the international artistic horizon (Tonzig, 2011).  

½ŀǾǌŜƭ ŎǊŜŀǘŜŘ ŀ ǎŜǊƛŜǎ ƻŦ acrylic paintings on canvas with abstract 

subjects in that period (like the painting [ΩLƴŎƻƴǘǊƻ) and he painted also the poster in the same style 

for an exhibition at the gallery in 1971 (Tonzig, 2011). 

Paintings D1 and D2 were the only two paintings on canvas which were taken into consideration 

and that could have been created in such a context. 

2.3 Paint ed mock -ups  

In order to obtain clearer information about the binders contained into the artistic materials used 

by ½ŀǾǌŜƭ, a series of mock-up painted films were prepared in laboratory considering the declared 

artistic technique employed by the artist. Taking into consideration the colour palette of the 

selected artworks as well, tempera/gouache and watercolours paint mock-ups were painted on 

different paper support, with a preparatory layer of acrylic chalk and without it, in order to 

understand if the probable presence of a preparation could have an influence on the analysis. 

 

The paper sheets, branded Winsor & Newton, used as support were specific for watercolours, with 

A3 size and a cold press, acid free and containing 25% cotton in composition (Figure 21a). The acrylic 

chalk employed for the preparatory layer, branded Lefranc & Bourgeois, was a matt non-yellowing 

universal primer that could be applied directly on all porous substrates such as canvas and paper 

(Figure 21b). It dries in 30 minutes and can be sanded after drying, it is ready to use and cannot be 

diluted or mixed with turpentine or oil paint.  

Figure 20 tŀƛƴǝƴƎ [ΩƛƴŎƻƴǘǊƻΣ 
ŀŎǊȅƭƛŎ Ǉŀƛƴǘ ƻƴ ŎŀƴǾŀǎ 
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The chosen tempera/gouache paints were made by different brands, from the non-professional to 

more professional ones: Giotto (Italy), Carioca (Italy), Maimeri (Italy), Talens (Netherlands) and 

Ferrario (Italy). On the other hand, the watercolour paints were by only one brand, that is Winsor & 

Newton (UK). The colour palette included green, blue, yellow, red, magenta, brown, black and white 

shades, which pigment composition was declared only for Maimeri, Talens and Winsor & Newton. 

A complete list of the employed paints is presented in Table 1 and the paint coats on paper support 

are presented in Figure 22. All of those paints are recent, the only exception is the gold colour Oro 

038 ōȅ CŜǊǊŀǊƛƻ /ƻƭƻǊΣ ǿƘƛŎƘ ŎƻǳƭŘ ōŜ ŘŀǘŜŘ ōŀŎƪ ǘƻ мфтлΩǎκмфулΩǎΦ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 21 ŀΥ ǇŀǇŜǊ ǎƘŜŜǘǎ ǳǎŜŘ ŀǎ ǎǳǇǇƻǊǘ ŦƻǊ ŎǊŜŀǝƴƎ ǘƘŜ ǇŀƛƴǝƴƎ ŎƻŀǘǎΤ ōΥ ǘƘŜ ŀŎǊȅƭƛŎ ŎƘŀƭƪ ǳǎŜŘ ŦƻǊ ǘƘŜ ǇǊŜǇŀǊŀǘƻǊȅ 
ƭŀȅŜǊΦ 

ŀ ō 
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Technique Brand Name and Colour Color Index (if known) 

Tempera Carioca Verde Brillante 12 - 

Tempera Carioca Verde Veronese 13 - 

Tempera Giotto Verde Cinabro 11 - 

Tempera Giotto Verde 12 - 

Tempera Giotto Verde Paolo Veronese 13  

Gouache Maimeri Verde Oliva 331 PG17, PY42 

Gouache Maimeri Verde Vescica 338 PG8 

Tempera Giotto Verde Smeraldo 14 - 

Gouache Talens Verde Smeraldo 616 PG7 

Tempera Carioca Celeste 15 - 

Tempera Giotto Cyan 15 - 

Tempera Giotto Blu Oltremare 17 - 

Gouache Maimeri Blu Oltremare 392 (PB29) PB29 

Gouache Maimeri Ceruleo imit. 415 PB15:1 

Tempera Carioca Giallo Primario 3 - 

Tempera Giotto Giallo Primario 02 - 

Tempera Giotto Giallo Limone 03 - 

Tempera Giotto Ocra Gialla 21 - 

Gouache Talens Yellow 200 PY74, PO67 

Tempera Maimeri Ocra Gialla 131 PY42 

Tempera Ferrario Color Oro 038 - 

Tempera Giotto Rosso Carminio 09 - 

Tempera Giotto Rosso Scarlatto 08 - 

Tempera Carioca Arancione 5 - 

Tempera Maimeri Ocra Rossa 191 PR101 

Tempera Maimeri Rosso di Cadmio imit. 223 PR112, PR145 

Tempera Giotto Rosa 06 - 

Tempera Giotto Magenta 10 - 

Tempera Giotto Violetto 19 - 

Tempera Carioca Magenta 9 - 

Tempera Giotto Terra di Siena Naturale 20 - 

Gouache Maimeri Terra di Siena Naturale 161 PY42, PY83 

Gouache Maimeri Terra di Siena Bruciata 278 PR101, PBk11 

Tempera Ferrario Ocra Naturale 09 - 

Gouache Maimeri ¢ŜǊǊŀ ŘΩhƳōǊŀ bŀǘǳǊŀƭŜ пфо PY42, PR101, PBk11, PBk7 

Gouache Talens Raw Umber 408 PBk6, PY42, PO67 

Tempera Giotto Bianco 01 - 

Gouache Maimeri Bianco di Titanio 018 PW6 

Tempera Giotto Ivory Black 24 - 

Tempera Carioca Nero 24 - 

Gouache Maimeri Nero 530 PBk1 

Watercolour Winsor & Newton Terra Verde 637 PG23, PG18, PB28 

Watercolour Winsor & Newton Chromium Oxide 459 PG17 

Watercolour Winsor & Newton Cobalt Blue 178 PB28 

Watercolour Winsor & Newton Cerulean Blue 137 PB35 

Watercolour Winsor &Newton Ultramarine Blue ς Green shade 667 PB29 

Watercolour Winsor & Newton Cadmium Yellow 108 PY35, PO20 

Watercolour Winsor & Newton Indian Yellow 319 PO62, PY139 

Watercolour Winsor & Newton Naples Yellow 422 PW6, PBr24 

Watercolour Winsor & Newton Yellow Ochre 744 PY43 

Watercolour Winsor & Newton Alizarin Crimson 004 PR83 

Watercolour Winsor & Newton Cadmium Red 094 PR108 

Watercolour Winsor & Newton Indian Red 317 PR101 

Watercolour Winsor & Newton Permanent Carmine 479 
(Quinacridone Pyrrolidone) 

- 

Watercolour Winsor & Newton Raw Umber 554 PBr7 

Watercolour Winsor & Newton Vandyke Brown 676 PR101, PBk6 

Watercolour Winsor & Newton Venetian Red 678 PR101 

Watercolour Winsor & Newton Sepia 609 PBk6, PR101 

Watercolour Winsor & Newton Lamp Black 337 PBk6/7 

Watercolour Winsor & Newton Ivory Black 331 PBk9 

Watercolour Winsor & Newton Mars Black 386 PBk11 

 
Table 1 ¢ŜƳǇŜǊŀκƎƻǳŀŎƘŜ ŀƴŘ ǿŀǘŜǊŎƻƭƻǳǊ Ǉŀƛƴǘ ƳƻŎƪπǳǇǎ 
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Figure 22 ŀ ¢ŜƳǇŜǊŀκƎƻǳŀŎƘŜ ǇŀƛƴǘŜŘ ƳƻŎƪπǳǇǎ ƻƴ ǇŀǇŜǊ ǎǳǇǇƻǊǘ ǿƛǘƘƻǳǘ ŎƘŀƭƪ 
ǇǊŜǇŀǊŀǝƻƴ ƭŀȅŜǊΦ 
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Other series of paint mock-ups previously prepared in laboratory were taken into consideration for 

different binders useful for the comparison and investigation. A series was painted for a previous 

published study (Izzo et al., 2014; Pinton, 2012) and they contained acrylic, vinylic or oil binders. 

Those paint replicas date back to 2011/2012, so they are more than ten years old. They were painted 

on Jesol tela canvas made of cotton, already prepared with a preparation made of acrylic chalk.  

 

Figure 22 ō ¢ŜƳǇŜǊŀκƎƻǳŀŎƘŜ ǇŀƛƴǘŜŘ ƳƻŎƪπǳǇǎ ƻƴ ǇŀǇŜǊ ǎǳǇǇƻǊǘ ǿƛǘƘ ŎƘŀƭƪ 
ǇǊŜǇŀǊŀǝƻƴ ƭŀȅŜǊΦ 
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Another series contained Arabic gum as binder (Figure 23a) and in the last series, different replicas 

were done with different combinations with acrylic, oil, vinylic, gum Arabic binders with different 

dyes (Figure 23b). In Table 2, a complete list of paint coats and binders is presented. Those paints 

are quite recent as well, but the precise years were not known. The paint replicas containing gum 

Arabic were painted on a paper support; on the other hand, the other series containing different 

binders was painted on canvas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 23 tŀƛƴǘŜŘ ƳƻŎƪπǳǇǎ ŎƻƴǘŀƛƴƛƴƎ !ǊŀōƛŎ ƎǳƳ όŀύ ŀƴŘ ŘƛũŜǊŜƴǘ ŎƻƳōƛƴŀǝƻƴǎ ǿƛǘƘ ŀŎǊȅƭƛŎΣ ƻƛƭΣ 
ǾƛƴȅƭƛŎΣ !ǊŀōƛŎ ƎǳƳ όōύ ŀǎ ōƛƴŘŜǊǎΦ 

Figure 23 c tŀƛƴǘŜŘ ƳƻŎƪπǳǇǎ ŎƻƴǘŀƛƴƛƴƎ ŀŎǊȅƭƛŎΣ ƻƛƭ ŀƴŘ ǾƛƴȅƭƛŎ ōƛƴŘŜǊǎΦ 

Ŏ 
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Binder Brand Colour Color Index (if known) 

Acrylic Liquitex (Heavy Body) Verde ossido di cromo 166 PG17 

Acrylic Liquitex (Heavy Body) Bianco di Titanio 432 PW6 

Acrylic Liquitex (Heavy Body) Giallo medio azo 412 PY74 LF 

Vinylic Lefranc & Bourgeois (Flasche) Verde ossido di cromo 542 PG17 

Vinylic Lefranc & Bourgeois (Flasche) Bianco 001 PW5-PW6 

Vinylic Lefranc & Bourgeois (Flasche) Giallo Senegal (primario) 195 PY74 

Oil Winsor & Newton (Winton) Ossido di cromo 31 PG17 

Oil Winsor & Newton (Winton) Giallo di cadmio Limone 
(imitazione) 7 

PY3-PY4 

Gum Arabic Kremer White PW6 

Gum Arabic Kremer Yellow PY35 

Gum Arabic Kremer Blue PB29 

Gum Arabic Kremer Green PG7 

Gum Arabic Kremer Red PV19 

Gum Arabic Kremer Yellow PY154 

Acrylic Liquitex Cadmium Red - 

Watercolour - Cerulean Blue - 

Vinylic - Ultramarine Blue - 

Acrylic - Red + Blue - 

Oil Winsor & Newton Prussian Blue - 

Acrylic Liquitex Cerulean Blue - 

Vinylic  Lefranc & Bourgeois (Flasche) Verramor Green - 

Acrylic Maimeri Phthalo Green - 

Watercolour - Sap Green - 

Watercolour - Veridian Green - 

Watercolour - Cerulean Blue + Veridian Green - 

Oil - Vermillion Red - 

Oil - Blue + Red - 

Egg yolk + linseed oil - Fe2O3 - 

 

II. Diagnostic Survey  

3. Material s and Methods  

This study started with the selection of representative measure points of the artworks and then an 

analytical analysis was conducted by means of different methods, that is digital imaging, 

microscopy, Raman Spectroscopy and FORS. Some samples were also taken and analysed with 

microscopy and Micro-Raman Spectroscopy. The main goal was to identify the materials, pigments 

as well as binders, employed by {ǘŠǇłƴ ½ŀǾǌŜƭ and trying to understand if the declared materials 

corresponded to the effective colours from a compositional point of view. In order to do that, a 

series of paint coats, whose composition was known, was selected and analysed with FORS and 

compared with the analytical results of measure points. 

3.1 Diagnostic techniques  

In this section, the employed diagnostic techniques are going to be presented. The chosen approach 

was adopted thinking mainly to a non-invasive or at least micro invasive analysis since the artworks 

ǿŜǊŜƴΩǘ ƳƻǾŀōƭŜ ŀƴŘ ǘƘŜ ǇƛŎǘƻǊƛŀƭ ǎǳǊŦŀŎŜǎ ǿŜǊŜƴΩǘ ǇŀǊǘƛŎǳƭŀǊƭȅ ǊƛŎƘΦ 

Table 2 aƻŎƪπǳǇǎ ŎƻƴǘŀƛƴƛƴƎ ŀŎǊȅƭƛΣ ǾƛƴȅƭƛŎΣ ƻƛƭΣ !ǊŀōƛŎ ƎǳƳ ŀǎ ōƛƴŘŜǊǎ 
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3.1.1 Technical photography  

Imaging technology has emerged as a crucial tool in the realm of art conservation and restoration, 

since it allows to delve deep into the intricacies of artworks and so safeguard them for future 

generations. High-resolution scanning and imaging systems provide conservators with a non-

ƛƴǾŀǎƛǾŜ ƳŜŀƴǎ ǘƻ ǎǘǳŘȅ ŀƴŘ ŘƻŎǳƳŜƴǘ ŀƴ ŀǊǘǿƻǊƪΩǎ ŎƻƴŘƛǘƛƻƴΦ {ǳŎƘ ŀ ŘƻŎǳƳŜƴǘŀǘƛƻƴ ƛǎ ǳǎŜŦǳƭ ŀǎ ŀ 

baseline to monitor changes over time, enabling early detection of deterioration or damage. In fact, 

άŀǎ ǿŜƭƭ ŀǎ ǊŜŎƻǊŘƛƴƎ ǘƘŜ ŎƻƴŘƛǘƛƻƴ ƻŦ ŀƴ ŀǊǘǿƻǊƪΣ ǾƛǎƛōƭŜ ƭƛƎƘǘ ώΧϐ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ǇǊƻǾƛŘŜ ŦǳǊǘƘŜǊ 

ƛƴŦƻǊƳŀǘƛƻƴ ǿƛǘƘ ŀ ƎŜƴŜǊŀƭ ǾƛŜǿ ƻŦ ǘƘŜ ŀǊǘǿƻǊƪΦ ώΧϐ /ŀǊŜŦǳƭ ǇƻǎƛǘƛƻƴƛƴƎ ƻŦ ƭƛƎƘǘ ǎƻǳǊŎŜǎ ŀƭǎƻ ŀƭƭƻǿǎ 

for the recording of surface details such as texture and cracking; this process referred to as 

ǘŀƴƎŜƴǘƛŀƭ ƻǊ ǊŀƪƛƴƎ ƭƛƎƘǘ ǇƘƻǘƻƎǊŀǇƘȅέ όCarlin and Grimaldi, 2024). Infrared imaging can provide 

information regarding underdrawings or pentimenti, hidden layers or alterations; on the other hand, 

¦± ŦƭǳƻǊŜǎŎŜƴŎŜ ǇƘƻǘƻƎǊŀǇƘȅ άŎŀƴ ƎŜƴŜǊŀƭƭȅ ƛƴŦƻrm regarding the surface coatings, varnishes that 

have been applied over the years, as well as indicate the presence of in-ǇŀƛƴǘƛƴƎέ όCarlin and 

Grimaldi, 2024). Additionally, it allows an overview on artistic materials like specific pigments or 

binders (de la Rie, 1982). In conclusion, technical photography reveals to be a significant tool to 

ŜƳǇƻǿŜǊ ŎƻƴǎŜǊǾŀǘƻǊǎ ǿƛǘƘ ŘŜǘŀƛƭŜŘ ƛƴǎƛƎƘǘǎ ƛƴǘƻ ŀǊǘǿƻǊƪǎΩ ŎƻƴŘƛǘƛƻƴ ŀƴŘ ƘƛǎǘƻǊȅ and useful to 

ǘǊŀŎƪΩǎ ŀƴ ŀǊǘƛǎǘΩǎ ŜǾƻƭǳǘƛƻƴ ŀƴŘ ŜǾŜƴ ŀǘǘǊƛōǳǘŜ ŀǊǘǿƻǊƪǎ ǘƻ ǇŀǊǘƛŎǳƭŀǊ artists or period.  

 

Digital imaging of the studied drawings and the paintings was carried out in raking and normal light 

and then examined using a stereomicroscope. The images of two paintings were then carried out in 

transmitted light as well. Images were taken using a digital camera Samsung NX500 28.2Mpx 

1:2.8/28. Visible images were captured with the Visible filter Hoya 390-700 nm; on the other hand, 

infrared images were captured with the IR filters at 720 nm, 850 nm and 950 nm and UV images 

were captured using UV filters. A standard colourchecker X-rite Pantone classic mini was employed 

as well. Images in UV light were also taken in specific dark conditions. 

The images were tortured using PhotoPad© software. 

3.1.2 Microscopy  

The surface and microscopic details and features of the artworks were observed and visually 

characterized using a DINO-LITE AM4113T portable microscope, as in normal light as in UV light. The 

five samples collected from only the drawings M1 and M2 were observed using a stereomicroscope 

at 10x, 20x and 40x magnifications. 

The microscopic images were tortured using PhotoPad© software. 

3.1.3 Hyperspectral  imaging  

ά¢ƘŜ Ǉŀǎǘ ŦŜǿ ȅŜŀǊǎ ƘŀǾŜ ǎŜŜƴ ŀ ǘǊŜƳŜƴŘƻǳǎ ǊƛǎŜ ƛƴ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƘȅǇŜǊǎǇŜŎǘǊŀƭ ƛƳŀƎƛƴƎ 

techniques, which are imaging techniques with a sufficient number of channels to provide a 

complete spectrum for each pixel. In the visible range, the reflectance spectrum can be used to 

identify pigments and colorants, particularly when they are used pure in thick layers as is the case 
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ƛƴ ƛƭƭǳƳƛƴŀǘŜŘ ƳŀƴǳǎŎǊƛǇǘǎέ όŘŜ ±ƛƎǳŜǊƛŜ Ŝǘ ŀƭΦΣ нлнлύΦ Lƴ ŎŀǎŜ ƻŦ ƻǘƘŜǊ ƳŀƴǳŦŀŎǘǎ ƭƛƪŜ ŜŀǎŜƭ ǇŀƛƴǘƛƴƎǎΣ 

ǘƘŜ ŀƴŀƭȅǎƛǎ ǊŜǎǳƭǘǎ ǘƻ ōŜ ƳƻǊŜ ŎƻƳǇƭŜȄΦ Lƴ ŦŀŎǘΣ άŘƛŦŦŜǊŜƴǘ ǇƛƎƳŜƴǘǎ ŀǊŜ ŘƛǎǇŜǊǎŜŘ ƛƴ ŀ ōƛƴŘŜǊΣ 

superimposed on other layers and overlaid by a varnishέ όŘŜ ±ƛƎǳŜǊƛŜ Ŝǘ ŀƭΦΣ нлнлύΦ wŜƎŀǊŘƛƴƎ the 

near-infrared range, the element of great interest is the possibility to identify the binder, since 

άǾƛōǊŀǘƛƻƴǎ ƻŦ ŎŀǊōƻƴȅƭ ƻǊ ŀƳƛŘŜ ƎǊƻǳǇǎΣ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƻǊƎŀƴƛŎ ƳŀǘǘŜǊ ŀǊŜ ǾƛǎƛōƭŜ ƛƴ ǘƘŜ улл ς 2500 

ƴƳ ǊŀƴƎŜέ (de Viguerie et al., 2020). The hyperspectral imaging allows to acquire simultaneously 

high-resolution images and reflectance spectra that are characteristics of the analysed materials.  

 

The images were acquired throughout a contactless scan. The hyperspectral imaging, applied in the 

range between 400 nm and 1000 nm, allows to analyse pigments and materials from a spectro-

colorimetric point of view and so to acquire information about artistic materials and layers or 

drawings under the surface. The spectra for each pixel of the drawings and the two paintings were 

acquired in normal and UV light using a portable push-broom Camera Specim IQ. This camera can 

acquire images in the range between 400 nm and 1000 nm (Vis-NIR, sensor 512x512px, 204 spectral 

bands, with spectral resolution FWVH 3 nm) The push-broom technology assures the alignment 

between acquired pixels and spectral data.  

The acquired spectra were processed using Predictera© software. 

3.1.4 Fiber Optics Refl ectance Spectroscopy  (FORS) 

Reflectance Spectroscopy is a well-established technique used for the characterization of paints and 

pigments. This is a non-invasive technique which provides useful data for the identification of 

pigments ς by correlating a sample spectrum to a suitable data-base - and for the analysis of colour 

changes on paintings and provides information that permits recognition of the spectral features of 

pigments (spectradb.ifac.cnr.it). !ŘŘƛǘƛƻƴŀƭƭȅΣ ƛǘ ƛǎ ǳǎŜŦǳƭ ŦƻǊ άƳƻƴƛǘƻǊƛƴƎ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ŀƭǘŜǊŀǘƛƻƴ 

products and the status-of-ƘŜŀƭǘƘ ƻŦ ƻōƧŜŎǘǎέ όtƛŎƻƭƭƻ Ŝǘ ŀƭΦΣ 2002). άReflectance spectroscopy in the 

ǾƛǎƛōƭŜ ǊŜƎƛƻƴ ǿŀǎ ŀǇǇƭƛŜŘ ǘƻ ǘƘŜ ǎǘǳŘȅ ƻŦ ǇŀƛƴǘƛƴƎǎ ŦƻǊ ǘƘŜ ŦƛǊǎǘ ǘƛƳŜ ǘƘŜ ŘŜŎŀŘŜ ŦǊƻƳ мфол ǘƻ мфплέ 

ŀƴŘ άŦǊƻƳ ǘƘŜ ōŜƎƛƴƴƛƴƎ ƻŦ ǘƘŜ 9ƛƎƘǘƛŜǎΣ ǇƻǊǘŀōƭŜ ǎǇŜŎǘǊƻǇƘƻǘƻƳŜǘŜǊǎ ŜǉǳƛǇǇŜŘ ǿƛǘƘ ƻǇǘƛŎŀƭ ŦƛōŜǊǎ 

that operate in the visible and near infrared regƛƻƴǎ ƘŀǾŜ ōŜŜƴ ŜȄǘŜƴǎƛǾŜƭȅ ǳǎŜŘέ 

(spectradb.ifac.cnr.it). FORS apparatus can be transported and used for collecting spectra in situ and 

άŀ ƭŀǊƎŜ ƴǳƳōŜǊ ƻŦ ǎǇŜŎǘǊŀ Ŏŀƴ ōŜ ǊŜŎƻǊŘŜŘΣ ƻŦŦŜǊƛƴƎ ǘƘŜ Ǉƻǎǎƛōƛƭƛǘȅ ƻŦ ŀ ǎǘŀǘƛǎǘƛŎŀƭ ǘǊŜŀǘƳŜƴǘ of the 

ŘŀǘŀΣ ǿƘƛŎƘ ƛǎ ǳǎŜŦǳƭ ŦƻǊ ǘƘŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ŘƛŦŦŜǊŜƴǘ ŎƻƳǇƻǳƴŘǎέ όtƛŎƻƭƭƻ Ŝǘ ŀƭΦΣ 2002)  

 

The reflectance spectra of the surface of the artworks were acquired by means of the portable 

spectroradiometer FieldSpec 4 SR. This instrument is composed with a bundle of fiber optics (non-

removable, 1,5 m lenght, field of view 25°) and different accessories that allow contactless analysis 

as well. The reflectance spectra were collected in the spectral region between 350 nm and 2500 nm 

with a spectral resolution of 3 nm at 700 nm and 10 nm at 1400/2100 nm. It is provided with 

detector VNIR: Photodiodo Array. 
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The acquired spectra were processed using Origin95© (2018) software. The identification of 

pigments as well as binders was achieved through a comparison with FORS spectra from published 

and online databases. 

3.1.5 Raman Spectroscopy  

Raman Spectroscopy was employed for the identification of dyes and pigments. It has been 

proposed that it is the ideal technique for the identification of materials used on works of art 

because it is very reliable, sensitive, specific, non-destructive and can be applied in situ, therefore 

avoiding any sampling and any damage to the object under examination (Burgio and Clark, 2001). 

Raman spectroscopy is an excellent for the characterisation of paintings and it has been used to 

examine easel, panel and wall paintings, as reported by Burgio and Clark []. Even if the study of 

synthetic organic pigments is more problematic, since a large number of 20th century organic 

pigments produce strong fluorescence and weaker spectra, there are suitable databases for their 

identification (Burgio and Clark, 2001; Caggiani et al., 2016; Scherrer et al., 2009). This technique 

was used also for identifying pigments and dyes on illuminated manuscripts and to study inks on 

documents (Stuart, 2007).  

 

The analysis was carried out using a portable Raman handled spectrometer BRAVO Bruker, which 

has double laser (at 758 nm and 852 nm) that work simultaneously.  Specifically, the first laser allows 

to acquire Raman spectra in the fingerprint region, since the second one focuses on the CH region. 

The laser power is over 100 mW for both. This instrument has small dimensions, is manageable and 

lightweight and can work in contactless mode, so it allows to perform analysis without damaging 

the surfaces. The laser power can be reduced, so it does not damage the material as well. The Raman 

spectra were collected in the spectral region from 170 cm-1 to 3200 cm-1 with a spectral resolution 

of 3 cm-1. The acquisition time was between 1s and 40s. 

The data were processed using Omnic8© software. The identification of pigments was achieved 

through a comparison with Raman spectra from published and online databases. 

3.1.6 Fourier Transform Infrared spectroscopy ï Attenuated Total Reflectance (FTIR ï ATR) 

Infrared spectroscopy utilises infrared radiation to cause excitation of vibrations of bonds in 

molecules. This type of spectroscopy is widely used and can be applied to a range of material types 

in conservation (Stuart, 2007). aƻǊŜƻǾŜǊΣ άǊŜŦƭŜŎǘŀƴŎŜ ǘŜŎƘƴƛǉǳŜǎ Ƴŀȅ ōŜ ǳǎŜŘ ŦƻǊ ǎŀƳǇƭŜǎ ǿƘŜǊŜ 

destruction of the sample needs to be avoided or when the surface properties are of interest. 

Attenuated Total Reflectance (ATR) spectroscopy utilises the phenomenon of total internal 

ǊŜŦƭŜŎǘƛƻƴέ ό{ǘǳŀǊǘΣ нллтύΦ FTIR ς ATR is employed for the characterization of both organic and 

inorganic paint components, that is the binder, pigments and inorganic fillers and extenders in 

paintings and it reveals to be particularly useful for studying modern and contemporary art and 

materials (Fardi et al., 2018) (Papliaka et al., 2010).  
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FTIR ς ATR was performed on five samples collected from two of the selected drawings (M1 and 

M2) and another one from an unknown drawing. The analysis was carried out using a FTIR ς ATR 

Alpha II Bruker instrument equipped with Diamond ATR crystal. The spectra were acquired by 48 

scans with a resolution of 4 cm-1. The spectra were collected in the spectral region from 350 cm-1 to 

4000 cm-1. The measurement time was > 60s. 

The data were acquired using Omnic8© software. Published and online databases and information 

from previous publications were used for the interpretation of the spectra. 

3.1.7 Statistical Methods  

The results obtained from FORS analysis were subjected to multivariate statistical analysis, that is 

principal component analysis (PCA). That was a useful tool to discriminate between different 

supposed binders and colourants and so to confirm or not the composition of artistic materials 

employed by {ǘŠǇłƴ ½ŀǾǌŜƭ in the selected drawings. 

 

Principal Component Analysis (PCA) is the most widespread technique used to reduce the 

ŘƛƳŜƴǎƛƻƴŀƭƛǘȅ ƻŦ ƳǳƭǘƛǾŀǊƛŀǘŜ ŘŀǘŀǎŜǘǎΦ {ǇŜŎƛŦƛŎŀƭƭȅΣ t/! ǘŜŎƘƴƛǉǳŜ ƛǎ ǳǎŜŘ άŦƻǊ ǊŜŘǳŎƛƴƎ ǘƘŜ 

amount of information in the data ǿƘƛƭŜ ǇǊŜǎŜǊǾƛƴƎ ŀǎ ƳǳŎƘ ƻŦ ǘƘŜ ƻǊƛƎƛƴŀƭ ǾŀǊƛŀƴŎŜ ŀǎ ŦŜŀǎƛōƭŜέ 

(Gupta et al., 2023). In fact, άt/! ƎŜƴŜǊŀǘŜǎ ƴŜǿ ǳƴŎƻǊǊŜƭŀǘŜŘ ǾŀǊƛŀōƭŜ ŎŀƭƭŜŘ principal components 

through a process of linear transformations of original data structure. These new variables are 

orthogonal and comes out of eigenvectors and eigenvalues of the covariance matrix of the data. 

9ƛƎŜƴǾŜŎǘƻǊǎ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ŘƛǊŜŎǘƛƻƴ ƻŦ ƭŀǊƎŜǎǘ ǾŀǊƛŀǘƛƻƴ ǿƘŜǊŜŀǎέΤ ƻƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ άŜƛƎŜƴǾŀƭǳŜǎ 

ŀǊŜ ƳŜŀǎǳǊŜ ƻŦ ǾŀǊƛŀƴŎŜ ōȅ ŜŀŎƘ ŜƛƎŜƴǾŜŎǘƻǊ ƛƴ ǘƘŜ ŘŀǘŀǎŜǘέ όDǳǇǘŀ Ŝǘ ŀƭΦΣ нлноύ. The main aim of 

PCA is to describe the data variance by constructing a set of new orthogonal features, called 

principal components (PCs), that are a linear combination ƻŦ ǘƘŜ Řŀǘŀ ǾŀǊƛŀōƭŜǎΦ ά9ǾŜǊȅ ƴŜǿ t/ 

describes a part of the data variance not explained by the previous onesέ (Daszykowski et la., 2007). 

The original data matrix X is firstly decomposed by PCA and then is replaced by the so-called 

covariance matrix, that is composed with score vectors T and loadings vectors P. Mathematically, 

the covariance can be expressed as: 

 

X = TPT 

 

T has as many rows as the original data matrix, then P have as many columns as the original data 

matrix. The number of columns in the matrix T equals the number of rows in the matrix P (Gupta et 

al, 2023) (Bro and Smilde, 2014). 

 

The FORS spectra of the measure points and painted mock-ups were processed using CAT© 

software.  
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4. Results and Discussion  

The results of the non-invasive diagnostic campaign are discussed in this section. Seven original 

drawings and two paintings on canvas were taken into consideration and analysed by means of 

technical photography (Vis ς IR ς UV ranges), hyperspesctral imaging, FORS and Raman 

Spectroscopy. In addition, five samples from two drawings (M1 and M2) were collected and studied 

using microscopy, micro ς Raman Spectroscopy and FTIR ς ATR in order to obtain more specific 

information about the materials. Finally, FORS analysis was performed on a series of different paint 

replica and the results were compared to the ones obtained for the case studies, in order to 

investigate the binder composition, in particular, and implement the online and published 

databases. A statistical analysis of the data was performed as well, for obtaining clearer information 

about the binders and so the artistic technique employed by the artist.  

4.1 Technical photography  

Lƴ ǘƘƛǎ ǎŜŎǝƻƴ ǘƘŜ Ǿƛǎǳŀƭ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ǎŜƭŜŎǘŜŘ ŀǊǘǿƻǊƪǎ ƛǎ ǇǊŜǎŜƴǘŜŘΦ 5ƛũŜǊŜƴǘ ƛƳŀƎƛƴƎ ǘŜŎƘƴƛǉǳŜǎ 

ǿŜǊŜ ǳǎŜŘ ƛƴ ƻǊŘŜǊ ǘƻ ŎƻƭƭŜŎǘ ƛƴŦƻǊƳŀǝƻƴ ŀōƻǳǘ ǘƘŜ ƳƻǊǇƘƻƭƻƎȅ ŀƴŘ ǘƘŜ ƎŜƴŜǊŀƭ ŎƻƴǎŜǊǾŀǝƻƴ ǎǘŀǘŜΦ 

Lƴ ǇŀǊǝŎǳƭŀǊΣ Lwπ¦±π±ƛǎ ǊŀƴƎŜǎ ǿŜǊŜ ǳǎŜŘ ǘƻ ƛƴǾŜǎǝƎŀǘŜ ǘƘŜ ǇŀƛƴǘŜŘ ǎǳǊŦŀŎŜǎ ƪŜŜǇƛƴƎ ƛƴ ƳƛƴŘ ǘƘŀǘ 

ŘƛũŜǊŜƴǘ ǿŀǾŜƭŜƴƎǘƘ ǊŀƴƎŜǎ Ŏŀƴ ƘŜƭǇ ƛƴǘƻ ǘƘŜ ƛƴǾŜǎǝƎŀǝƻƴ ƻŦ ŀƴ ŀǊǘǿƻǊƪ ƛƴ ŘŜǇǘƘ ŀǘ ŘƛũŜǊŜƴǘ ƭŜǾŜƭǎ 

ŀƴŘ ǘƻ Ǝŀƛƴ ƛƴŦƻǊƳŀǝƻƴ ŀƭǎƻ ƻƴ ǘƘŜ ƳŀǘŜǊƛŀƭǎ ŜƳǇƭƻȅŜŘ ōȅ ŀƴ ŀǊǝǎǘΣ ŦƻǊ ŜȄŀƳǇƭŜ ƻƴ ǘƘŜ ŎƘŜƳƛŎŀƭ 

ŎƻƳǇƻǎƛǝƻƴ ŀƴŘ ǎƻ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ŀ ǇŀǊǝŎǳƭŀǊ ǇƛƎƳŜƴǘ ƻǊ ŘȅŜΦ Lƴ ǇŀǊǝŎǳƭŀǊΣ ƛƴǾŜǎǝƎŀǝƻƴǎ ǿƛǘƘ ¦± 

ƛƳŀƎƛƴƎ ǿŜǊŜ ǇŜǊŦƻǊƳŜŘ ƛƴ ƻǊŘŜǊ ǘƻ ǾŜǊƛŦȅ ǇƻǎǎƛōƭŜ ǇǊŜǎŜƴŎŜ ƻŦ ǊŜǘƻǳŎƘƛƴƎ ƻǊ ǇŜƴǝƳŜƴǝΣ ƘŀǾƛƴƎ ŀƴ 

ƛŘŜŀ ŀōƻǳǘ ǘƘŜ ƴŀǘǳǊŜ ƻŦ ǘƘŜ ǇƛƎƳŜƴǘǎ ŀƴŘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƛŦ ǘƘŜǊŜ ƛǎ ŀ ǾŀǊƴƛǎƘ ƻǊ ǇǊƻǘŜŎǝǾŜ ƭŀȅŜǊ ƻƴ 

ǘƘŜ ǎǳǊŦŀŎŜΦ wŜƎŀǊŘƛƴƎ Lw ƛƳŀƎŜǎΣ ǘƘŜȅ ǿŜǊŜ ǘŀƪŜƴ ŀǇǇƭȅƛƴƎ ŘƛũŜǊŜƴǘ ƭŜƴǎŜǎ ǘƻ ǘƘŜ ŎŀƳŜǊŀ ƛƴ ƻǊŘŜǊ 

ǘƻ ŎƘŀƴƎŜ ǘƘŜ ǿŀǾŜƭŜƴƎǘƘ ŀƴŘ ǇŜǊŦƻǊƳƛƴƎ ǘƘŜ ƛƳŀƎƛƴƎ ƛƴ ǘƘŜ Lw ǊŜƎƛƻƴΦ ¢ƘŜ ƭŜƴǎŜǎ Ŏǳǘ ǘƘŜ 

ǿŀǾŜƭŜƴƎǘƘ ŀǘ ǘƘŜ bLw ǊŜƎƛǳƳ ƻŦ ǎǇŜŎǘǊǳƳΣ ƛƴ ǇŀǊǝŎǳƭŀǊ ŀǘ тнл ƴƳΣ урл ƴƳ ŀƴŘ фрл ƴƳΦ ¢Ƙƛǎ ǘȅǇŜ 

ƻŦ ƛƳŀƎŜ ŀŎǉǳƛǎƛǝƻƴ ǿŀǎ ǳǎŜŦǳƭ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ ǇƻǎǎƛōƭŜ ǇǊŜǎŜƴŎŜ ƻŦ ǳƴŘŜǊŘǊŀǿƛƴƎǎ ƻǊ 

ǳƴŘŜǊǇŀƛƴǝƴƎǎΦ IƻǿŜǾŜǊΣ ƴƻǘ ŀƭƭ ǇƛƎƳŜƴǘǎ Ŏŀƴ ōŜ ǇŜƴŜǘǊŀǘŜŘ ŜũŜŎǝǾŜƭȅΦ 

¢ƘŜ ƛƴǎǇŜŎǝƻƴ ƻŦ ǘƘŜ ǇƛŎǘƻǊƛŀƭ ǎǳǊŦŀŎŜ ǿŀǎ ŘƻƴŜ ǘƘŀƴƪǎ ǘƻ ŀ ǇƻǊǘŀōƭŜ ŘƛƎƛǘŀƭ ƳƛŎǊƻǎŎƻǇŜ ŎƻƴǎƛŘŜǊƛƴƎ 

ǘǿƻ ŘƛũŜǊŜƴǘ ǊŀƴƎŜǎ ƻŦ ǘƘŜ ǎǇŜŎǘǊǳƳΣ ǘƘŀǘ ƛǎ ±ƛǎ ŀƴŘ ¦±Φ ¢Ƙƛǎ ǘȅǇŜ ƻŦ ƻōǎŜǊǾŀǝƻƴ ǿŀǎ ǳǎŜŦǳƭ ŦƻǊ 

ǎǘǳŘȅƛƴƎ ǘƘŜ ŎƻƴǎŜǊǾŀǝƻƴ ǎǘŀǘŜ ƻŦ ǘƘŜ ǎǳǊŦŀŎŜ ŀƴŘ ƛŘŜƴǝŦȅƛƴƎ ŀƴȅ ǇƻǎǎƛōƭŜ ǎǳǇŜǊŬŎƛŀƭ ŘŜƎǊŀŘŀǝƻƴ 

ǇƘŜƴƻƳŜƴŀΣ ŀŎǉǳƛǊƛƴƎ ƳƻǊŜ ǎǇŜŎƛŬŎ ƛƴŦƻǊƳŀǝƻƴ ŀōƻǳǘ ǘƘŜ ƳƻǊǇƘƻƭƻƎȅ ŀƴŘ ǘƘŜ ƎŜƴŜǊŀƭ 

ŎƻƴǎŜǊǾŀǝƻƴ ǎǘŀǘŜΦ 

hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ǊŀƪƛƴƎ ƭƛƎƘǘ ŀƴŘ ǘǊŀƴǎƳƛǧŜŘ ƭƛƎƘǘ ǿŜǊŜ ǳǎŜŦǳƭ ǘƻ ǎǘǳŘȅ ǘƘŜ ƳƻǊǇƘƻƭƻƎȅ ŀƴŘ ǘƘŜ 

ŘƛũŜǊŜƴǘ ƭŀȅŜǊǎ ŎƻƳǇƻǎƛƴƎ ǘƘŜ ŀǊǘǿƻǊƪǎΦ wŀƪƛƴƎ ƭƛƎƘǘ ǿŀǎ ǳǎŜŦǳƭ ŀƭǎƻ ǘƻ ƛƴŘƛǾƛŘǳŀǘŜ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ 

ŀƴȅ ŘŜŦŜŎǘǎ ŀƴŘ ƛǘ ǿŀǎ ǳǎŜŦǳƭ ǘƻ ƻōǎŜǊǾŜ ŀƴŘ ŘƛũŜǊŜƴǝŀǘŜ ǘƘŜ ŀǊŜŀǎ ǿƘŜǊŜ ǘƘŜ ǇŀƛƴǘŜŘ ƭŀȅŜǊ ǿŀǎ 

ǘƘƛŎƪŜǊ ǘƘŀƴ ƻǘƘŜǊ ŀǊŜŀǎ ŀƴŘ ǎƻ ǎǘǳŘȅƛƴƎ ǘƘŜ ƘƻƳƻƎŜƴŜƛǘȅ ƻŦ ǘƘŜ ǇƛŎǘƻǊƛŀƭ ǎǳǇŜǊŬŎƛŀƭ ƭŀȅŜǊΦ 

¢ǊŀƴǎƳƛǧŜŘ ƭƛƎƘǘ ŀƴŀƭȅǎƛǎ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ƻƴƭȅ ŦƻǊ ǘƘŜ ǘǿƻ ǇŀƛƴǝƴƎ ƻƴ ŎŀƴǾŀǎ ǎƛƴŎŜ ƛǘ ǿŀǎ ǎǳǇǇƻǎŜŘ 

ǘƻ ōŜ ƳƻǊŜ ƛƴŦƻǊƳŀǝǾŜ ŀƴŘ ǳǎŜŦǳƭ ŦƻǊ ǘƘŜ ƛƴǾŜǎǝƎŀǝƻƴ ƻŦ ǘƘŜ ŎŀƴǾŀǎ ǇƻǘŜƴǝŀƭ ŘŜŦŜŎǘǎ ŀƴŘ ǘƘŜ 

ƛƴŦƻǊƳŀǝƻƴ ŀōƻǳǘ ǘƘŜ ǇǊŜǇŀǊŀǝƻƴ ŀƴŘ ǇƛŎǘƻǊƛŀƭ ƭŀȅŜǊǎΦ ¢ƻ ŀŎǉǳƛǊŜ ǘƘŜ ǇƛŎǘǳǊŜǎΣ ŀ ƭƛƎƘǘ ǎƻǳǊŎŜ ǿŀǎ 

ǇƻǎƛǝƻƴŜŘ ōŜƘƛƴŘ ǘƘŜ ǇŀƛƴǝƴƎǎΦ 
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The results obtained by means of hyperspectral camera are presented. Hyperspectral imaging 

ŀƭƭƻǿǎ ǘƻ ǊŜŎƻǊŘ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ ǎǇŜŎǘǊŀƭ ŀƴŘ ǎǇŀǘƛŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ƻŦ ŀƴ ŀǊǘǿƻǊƪΩǎ ǎǳǊŦŀŎŜΦ ¢ƘŜ 

camera used for that measurement acquires a high-resolution image in which each pixel contains 

spectral information. It is possible to select a pixel, visualize reflectance spectra and compare it and 

group it with similar spectra that are acquired. In this way, it is possible to compare a single selected 

spot with a group of comparable spectra acquired, highlighting areas where there are similarities. 

Regarding the artworks, this analysis is useful to visualise the similarities of reflectance spectra 

related to the nature of the employed pigments or dyes. The similarity could be probably due to the 

presence of the same pigment or a mixture of pigmentsΦ 

4.1.1 Drawing 01 and drawing 02 from the book Sterntaler  (1969) 

 

ŀ ō 

Figure 24 a: Front of drawing 01; b: Back of drawing 01 

Figure 25 a: Front of drawing 02; b: Back of drawing 02 

ō 

ŀ 
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¢ƘŜ ŘǊŀǿƛƴƎǎ лм όCƛƎǳǊŜ нпŀύ ŀƴŘ лн όCƛƎǳǊŜ нрŀύ ŦǊƻƳ ǘƘŜ ǎŀƳŜ ǎŜǊƛŜǎΣ ŎǊŜŀǘŜŘ ŦƻǊ ǘƘŜ ōƻƻƪ 

{ǘŜǊƴŀǘŀƭŜǊ όмфсфύΣ ǎƘƻǿŜŘ ŀ ƎƻƻŘ ǎǘŀǘŜ ƻŦ ŎƻƴǎŜǊǾŀǝƻƴ ŀƴŘ ǘƘŜǊŜ ŀǊŜ ƴƻ ŜǾƛŘŜƴǘ ǎƛƎƴǎ ƻŦ 

ŘŜƎǊŀŘŀǝƻƴΦ DŜƴŜǊŀƭƭȅΣ ǘƘŜǊŜ ŀǊŜ ŘƛũŜǊŜƴŎŜǎ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ǘƘƛŎƪƴŜǎǎ ƻŦ ǘƘŜ ǇƛŎǘƻǊƛŀƭ ƭŀȅŜǊΦ Lƴ ŦŀŎǘΣ 

ŘǊŀǿƛƴƎ лн ǊŜǎǳƭǘǎ ǘƻ ōŜ ƳƻǊŜ ŎƻƴǎƛǎǘŜƴǘ ǘƘŀƴ ŘǊŀǿƛƴƎ лмΣ ǿƘƛŎƘ ƛǎ ƎŜƴŜǊŀƭƭȅ ŘŜǇƛŎǘŜŘ ŜƳǇƭƻȅƛƴƎ 

ƭŜǎǎ ƳŀǘŜǊƛŀƭ ŀƴŘ ǎƻƳŜ ŘŜǘŀƛƭǎ ŀǇǇŜŀǊ ŀ ƭƛǧƭŜ ƳƻǊŜ ǘǊŀƴǎǇŀǊŜƴǘ ǎǳŎƘ ŀǎ ǘƘŜ ƎǊŜȅ ŎƻƭƻǳǊǎ ƛƴ ǘƘŜ ǳǇǇŜǊ 

ȊƻƴŜ ǿƘŜǊŜ ƴƻǘ ƘƻƳƻƎŜƴŜƻǳǎ ōǊǳǎƘ ǎǘǊƻƪŜǎ ŀǊŜ ƴƻǝŎŜŀōƭŜΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ǘƘŜ ǿƘƛǘŜ ŎƻƭƻǳǊ 

ŀƴŘ ǘƘŜ Ǉƛƴƪ ǎƘŀŘŜǎ ǎŜŜƳ ǘƻ ōŜ ƳƻǊŜ ƳŀǘŜǊƛŀƭΦ bƻƴŜǘƘŜƭŜǎǎΣ ƛƴ ŘǊŀǿƛƴƎ лнΣ ǘƘŜ ƭƛƎƘǘŜǊ ŘŜǘŀƛƭǎ ǎŜŜƳ 

ǘƻ ƘŀǾŜ ōŜŜƴ ǊŜŀƭƛȊŜŘ ǿƛǘƘ ƴƻǘ ƘƻƳƻƎŜƴŜƻǳǎ ōǊǳǎƘπǎǘǊƻƪŜǎ ǘƘŀƴ ǘƘŜ ŘŀǊƪŜǊ ƻƴŜǎΦ ¢ƘŜ ƻǊƛŜƴǘŀǝƻƴ 

ƻŦ ǘƘŜ ǘǿƻ ŘǊŀǿƛƴƎ ƛǎ ŘƛũŜǊŜƴǘΣ ǎƛƴŎŜ ŘǊŀǿƛƴƎ лм Ƙŀǎ ŀ ǾŜǊǝŎŀƭ ƻƴŜ ŀƴŘ ŘǊŀǿƛƴƎ лн Ƙŀǎ ŀ ƘƻǊƛȊƻƴǘŀƭ 

ƻƴŜΣ ǎƻ ƛǘ ǿŀǎ ǇǊƻōŀōƭȅ ōŜƴǘ ŀƴŘ ǘƘŜ ŦƻƭŘ ƛǎ ǾƛǎƛōƭŜ ƛƴ ǘƘŜ ƳƛŘŘƭŜ ƻŦ ǇŀǇŜǊ ǎƘŜŜǘΦ ¢ƘŜ ŀǊǝǎǘΩǎ ǎƛƎƴŀǘǳǊŜ 

ŀƴŘ ǘƘŜ ȅŜŀǊ ƻŦ ǊŜŀƭƛȊŀǝƻƴ ƻŦ ǘƘŜ ŘǊŀǿƛƴƎ ό{ǘŜǇŀƴ ½ŀǾǊŜƭ мфсфύ ŀǊŜ ǾƛǎƛōƭŜ ƻƴƭȅ ƻƴ ŘǊŀǿƛƴƎ лмΣ ƛƴ ǘƘŜ 

ƭƻǿŜǊ ƭŜƊ ŎƻǊƴŜǊΦ 

wŜƎŀǊŘƛƴƎ ǘƘŜ ōŀŎƪ ƻŦ ǘƘŜ ǘǿƻ ŘǊŀǿƛƴƎǎΣ ōƻǘƘ ǇǊŜǎŜƴǘ ŀ ƭŀōŜƭ ǿƘƛŎƘ ƛƴŘƛŎŀǘŜǎ ǘƘŜ ƴŀƳŜ ƻŦ ǘƘŜ ōƻƻƪ 

ǿƘƛŎƘ ǘƘŜ ƛƭƭǳǎǘǊŀǝƻƴ ǿŀǎ ŎǊŜŀǘŜŘ ŦƻǊ ό{ǘŜǊƴǘŀƭŜǊύΣ ŀ ǎǘŀƳǇ ƛƴŘƛŎŀǝƴƎ ǘƘŜ ƴŀƳŜ ƻŦ ǘƘŜ ŀǊǝǎǘ ŀƴŘ Ƙƛǎ 

ŀŘŘǊŜǎǎ ŀƴŘ ǘƘŜ ƳŜŀǎǳǊŜ ƻŦ ǘƘŜ ǇŀǇŜǊ ǎƘŜŜǘǎ όорȄрл ƛƴ лм ŀƴŘ рлȄтл ƛƴ лнΣ ǊŜǎǇŜŎǝǾŜƭȅύΦ hƴƭȅ ƻƴ 

ŘǊŀǿƛƴƎ лмΣ ŀ ƴǳƳōŜǊ όнфύ ƛǎ ǾƛǎƛōƭŜΣ ǿƘƛŎƘ ƛǎ ǇǊƻōŀōƭȅ ǊŜƭŀǘŜŘ ǘƻ ŀ Ǉŀǎǘ ƛƴǾŜƴǘƻǊȅΦ 9ǾƛŘŜƴŎŜ ƻŦ ǘƘŜ 

ǳǎŜ ƻŦ ŀƴ ŀŘƘŜǎƛǾŜ ǘŀǇŜΣ ǘǊŀŎŜǎ ƻŦ ǇŀƛƴǘǎΣ ōǊǳǎƘπǎǘǊƻƪŜǎ ŀƴŘ ŦƻƭŘ ŀǊŜ ǇǊŜǎŜƴǘ ƻƴ ōƻǘƘ ŘǊŀǿƛƴƎǎΦ 

¢ƘŜ ǊŀƪƛƴƎ ƭƛƎƘǘ ƛƳŀƎŜǎ ŎƻƴŬǊƳŜŘ ǘƘŀǘ ǘƘŜ ǇŀƛƴǘŜŘ ƭŀȅŜǊ ƻŦ ŘǊŀǿƛƴƎ лм ǿŀǎ ǉǳƛǘŜ ƘƻƳƻƎŜƴŜƻǳǎ 

όCƛƎǳǊŜ нсŀύΦ ¢ƘŜ ǿƘƛǘŜ ŀƴŘ Ǉƛƴƪ ǎƘŀŘŜǎ ŀǊŜŀǎ ƛƴ ŎƻǊǊŜǎǇƻƴŘŜƴŎŜ ǘƻ ǘƘŜ ǘǊŜŜǎ ŀǊŜ ǘƘƛŎƪŜǊ ǘƘŀƴ ǘƘŜ 

ōŀŎƪƎǊƻǳƴŘ ŀƴŘ ǘƘŜ ƎǊŜȅ ŀǊŜŀǎΣ ǿƘƛŎƘ ŀƭǎƻ ǎŜŜƳǎ ǘƻ ƘŀǾŜ ōŜŜƴ ŘŜǇƛŎǘŜŘ ǿƛǘƘ ƴƻǘ ƘƻƳƻƎŜƴƻǳǎ 

ōǊǳǎƘ ǎǘǊƻƪŜǎΦ ¢ƘŜ ǇŀǇŜǊ ǎƘŜŜǘ ŘƻŜǎ ƴƻǘ ǎƘƻǿ ŀƴȅ ŘŜŦŜŎǘǎ ŜȄŎŜǇǘ ŀ ƭƛǧƭŜ ŦƻƭŘ ƻƴ ǘƘŜ ƭŜƊ ǎƛŘŜΦ hƴ ǘƘŜ 

Figure 26 a: Raking light on drawing 01; b: Detail of raking light on drawing 02 

ŀ ō 
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ƻǘƘŜǊ ƘŀƴŘΣ ŘǊŀǿƛƴƎ лн όCƛƎǳǊŜ нсōύΣ ǎŜŜƳǎ ǘƻ ƘŀǾŜ ōŜŜƴ ŘŜǇƛŎǘŜŘ ǿƛǘƘ ƳŀǘŜǊƛŀƭ ŎƻƭƻǳǊǎ ŀƴŘ ƴƻǘ 

ƘƻƳƻƎŜƴƻǳǎ ōǊǳǎƘ ǎǘǊƻƪŜǎ ŀǊŜ ƴƻǝŎŜŀōƭŜ ƻƴ ǘƘŜ ǿƘƻƭŜ ǇƛŎǘƻǊƛŀƭ ƭŀȅŜǊΦ ¢ƘŜ ǇŀǇŜǊ ǎƘŜŜǘ ŘƻŜǎ ƴƻǘ 

ǎƘƻǿ ŀƴȅ ŘŜŎŀȅ ǇƘŜƴƻƳŜƴŀΣ ƛǘ ƻƴƭȅ ŀǇǇŜŀǊǎ ǘƻ ōŜ ŀ ƭƛǧƭŜ ōŜƴǘ ƛƴ ǎƻƳŜ ǇŀǊǘǎΣ ƴŜŀǊ ǘƘŜ ŎƘŀǊŀŎǘŜǊ ƛƴ 

ǊŜŘΦ 

 

¦± ƛƳŀƎƛƴƎ ǎƘƻǿŜŘ ǘƘŀǘ ŘǊŀǿƛƴƎ лм όCƛƎǳǊŜ нтύ ŜȄƘƛōƛǘǎ ŀ ōƭǳŜƛǎƘ ǎǘǊƻƴƎ ƭǳƳƛƴŜǎŎŜƴŎŜ ǊŜǎǇƻƴǎŜΣ ƻƴ 

ǘƘŜ ǊƛƎƘǘ ǳǇǇŜǊ ŀƴŘ ƭƻǿŜǊ ǎƛŘŜǎ ƛƴ ŎƻǊǊŜǎǇƻƴŘŜƴŎŜ ƻŦ ǿƘƛǘŜ ŎƻƭƻǳǊŜŘ ŘŜǘŀƛƭǎΣ ǘƘŀǘ ŎƻǳƭŘ ōŜ ǊŜƭŀǘŜŘ 

ƳƻǊŜ ǘƻ ǘƘŜ ǇƛƎƳŜƴǘΩǎ ǊŜǎǇƻƴǎŜ ǘƘŀƴ ǘƻ ǇƻǎǎƛōƭŜ ǊŜǘƻǳŎƘƛƴƎΦ Lƴ ŦŀŎǘΣ άǳƴŘŜǊ ¦± ŜȄŀƳƛƴŀǝƻƴ ƻƭŘŜǊ 

ƻƴŜǎ ŀǊŜ ƻƊŜƴ ǎŜŜƴ ŀǎ ŘŀǊƪ ǇǳǊǇƭŜ ǇŀǘŎƘŜǎ ǎŎŀǧŜǊŜŘ ƻǾŜǊ ǘƘŜ ǎǳǊŦŀŎŜέ ό5Ŝ [ŀ wƛŜΣ мфусύ ό!ǊǘŜƴŜǘύΦ  

 

 

¢Ƙƛǎ ǘȅǇŜ ƻŦ ōƭǳŜƛǎƘ ōǊƛƎƘǘ ƭǳƳƛƴŜǎŎŜƴŎŜ ƛǎ ƪƴƻǿƴ ǘƻ ōŜ ŜȄƘƛōƛǘŜŘ ōȅ [ŜŀŘ ²ƘƛǘŜ ǇƛƎƳŜƴǘ ό5Ŝ [ŀ wƛŜΣ 

мфусύ ŀƴŘ [ƛǘƘƻǇƻƴŜ ό/ƻǎŜƴǝƴƻΣ нлмрύ ǘƘŀǘ ŎƻǳƭŘ ōŜ ǇǊƻōŀōƭŜ ǎƛƴŎŜ ƛǘ ƛǎ ǇǊŜǎŜƴǘ ƻƴ ǿƘƛǘŜ ȊƻƴŜǎΦ 

{ƛƴŎŜ ǎǳŎƘ ŀ ƭǳƳƛƴŜǎŎŜƴŎŜ ƛǎ ǇǊŜǎŜƴǘΣ ŦǳǊǘƘŜǊ ŀƴŀƭȅǎƛǎ ŀǊŜ ƴŜŎŜǎǎŀǊȅ ƛƴ ƻǊŘŜǊ ǘƻ ŎƻƴŬǊƳ ǘƘƛǎ 

ƘȅǇƻǘƘŜǎƛǎΦ 9ȄŎŜǇǘ ŦƻǊ ǎƻƳŜ ŘŜǘŀƛƭǎ ƛƴ ǘƘŜ ǊƛƎƘǘ ǇŀǊǘΣ ŀƭƭ ǘƘŜ ƻǘƘŜǊ ǿƘƛǘŜ ŘŜǘŀƛƭǎ Řƻ ƴƻǘ ǎƘƻǿ 

ƅǳƻǊŜǎŎŜƴŎŜ ŀƴŘ ǘƘŀǘ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ¢ƛǘŀƴƛǳƳ ²ƘƛǘŜ ŎƻǳƭŘ ƘŀǾŜ ōŜŜƴ ŜƳǇƭƻȅŜŘΦ Lƴ ŦŀŎǘΣ ά¢ƛǘŀƴƛǳƳ 

²ƘƛǘŜ ƛǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǘƘŜ ƭŀŎƪ ƻŦ ƅǳƻǊŜǎŎŜƴŎŜ ƛƴ ŀƴȅ ƻŦ ǘƘŜ ōƛƴŘŜǊǎ ς ƻƛƭΣ !ǊŀōƛŎ ƎǳƳΣ ǘŜƳǇŜǊŀΣ 

ŦǊŜǎŎƻ πΣ ǘƘŀƴƪǎ ǘƻ ƛǘǎ ǎǘǊƻƴƎ ŀōǎƻǊǇǝƻƴ ōŀƴŘ ƛƴ ǘƘŜ ¦± ǊŜƎƛƻƴέ ό/ƻǎŜƴǝƴƻΣ нлмрύΦ 5ƛũŜǊŜƴǘƭȅΣ 

ŘǊŀǿƛƴƎǎ лн ŘƻŜǎ ƴƻǘ ǎƘƻǿ ŀƴȅ ǇŀǊǝŎǳƭŀǊ ƭǳƳƛƴŜǎŎŜƴŎŜ ǊŜǎǇƻƴǎŜ ŀƴŘ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ǇƛƎƳŜƴǘǎΣ 

ǇǊƻōŀōƭȅ ¢ƛǘŀƴƛǳƳ ²ƘƛǘŜ ǿŀǎ ǳǎŜŘ ƛƴ ǘƘƛǎ ŎŀǎŜΦ 

Lƴ ŘǊŀǿƛƴƎ лм όCƛƎǳǊŜ нуύΣ Lw ƛƳŀƎƛƴƎ ǎƘƻǿŜŘ ǘƘŀǘ ǇǊƻōŀōƭŜ ǳƴŘŜǊŘǊŀǿƛƴƎǎ ŀǊŜ ǾƛǎƛōƭŜ ƻƴ ǘƘŜ ƭŜƊ 

ǎƛŘŜ ƻŦ ǘƘŜ ŎƻƳǇƻǎƛǝƻƴΣ ǎƛƴŎŜ ƛǘ ŀǇǇŜŀǊǎ ǘƻ ōŜ ŘŀǊƪŜǊ ǘƘŀƴ ǘƘŜ ǇƛŎǘƻǊƛŀƭ ƭŀȅŜǊ ƻƴ ǘƘŜ ǎǳǊŦŀŎŜΦ ¢Ƙŀǘ 

ǇƘŜƴƻƳŜƴƻƴ ŎƻǳƭŘ ŀƭǎƻ ōŜ ŘǳŜ ǘƻ ǘƘŜ ƴŀǘǳǊŜ ƻŦ ǘƘŜ ǇƛƎƳŜƴǘǎ ƻǊ ƻŦ ǘƘŜ ōƛƴŘŜǊΣ ǿƘƛŎƘ Ŏŀƴ ŀũŜŎǘ ǘƘŜ 

Figure 27 UV light on drawing 01 Figure 28 IR light at 850 nm on drawing 01 
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ǊŜǎǳƭǘ ŀǎ ǿŜƭƭΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ŘǊŀǿƛƴƎ лн ŘƻŜǎ ƴƻǘ ǎƘƻǿ ŀƴȅ ǇŀǊǝŎǳƭŀǊ ǎƛƎƴǎ ƻŦ ǳƴŘŜǊŘǊŀǿƛƴƎǎ 

ƻǊ ŜǾƛŘŜƴǘ Lw ǊŜǎǇƻƴǎŜΦ 

 

 

 

 

¢ƘŜ ƛƴǎǇŜŎǝƻƴ ƻŦ ŘǊŀǿƛƴƎ лм ōȅ ƳŜŀƴǎ ƻŦ ǇƻǊǘŀōƭŜ ƳƛŎǊƻǎŎƻǇŜ ŘƻŜǎ ƴƻǘ ǎƘƻǿ ŀƴȅ ŘŜƎǊŀŘŀǝƻƴ 

ǇŀǧŜǊƴΦ Lƴ ǎƻƳŜ ǇƻƛƴǘǎΣ ¦± ƭƛƎƘǘ ǎƘƻǿǎ ǘƘŜ ŬōǊŜǎ ƻŦ ǘƘŜ ǇŀǇŜǊ ǎǳǇǇƻǊǘ ǳƴŘŜǊƴŜŀǘƘ ǎƻ ǇǊƻōŀōƭȅ ǘƘŜ 

ǇƛŎǘƻǊƛŀƭ ƭŀȅŜǊ ƛǎ ƴƻǘ ǎƻ ƘƻƳƻƎŜƴŜƻǳǎ ŀƴŘ ƛǘ ǿŀǎ ǊŜŀƭƛȊŜŘ ǳǎƛƴƎ ƴƻǘ ƳŀǘŜǊƛŀƭ ŎƻƭƻǳǊǎΦ Lƴ 

ŎƻǊǊŜǎǇƻƴŘŜƴŎŜ ǘƻ ƻƴŜ ƻŦ ǘƘŜ Ǉƛƴƪ ǘǊŜŜǎ ƻƴ ǘƘŜ ƭŜƊ ǎƛŘŜΣ ǘƘŜǊŜ ƛǎ ŀ ƘŀƛǊ ǇǊƻōŀōƭȅ ōŜƭƻƴƎƛƴƎ ǘƻ ǘƘŜ 

ōǊǳǎƘ ŜƳǇƭƻȅŜŘ ōȅ ǘƘŜ ŀǊǝǎǘ όCƛƎǳǊŜ нфōύ ŀƴŘ ŀƭǎƻ ƻƴ ŘǊŀǿƛƴƎ лн ƘŀƛǊǎ ƻŦ ǘƘŜ ōǊǳǎƘ ŀǊŜ ǇǊŜǎŜƴǘΦ Lƴ 

CƛƎǳǊŜ олŀΣ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ ƻƴŜ ƻŦ ǘƘŜ ƅƻǿŜǊǎ ƻƴ ǘƘŜ ƭŜƊ ǎƛŘŜΣ ŀ ŘŀǊƪ ŦǊŀƎƳŜƴǘ ƛǎ ǾƛǎƛōƭŜΣ ǇǊƻōŀōƭȅ 

ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ƳŀǘŜǊƛŀƭǎ ǳǎŜŘ ŘǳǊƛƴƎ ǘƘŜ ŎǊŜŀǝƻƴ ƻŦ ǘƘƛǎ ŘǊŀǿƛƴƎΦ 

hƴ ǘƘŜ ǎǳǊŦŀŎŜ ƻŦ ŘǊŀǿƛƴƎ лнΣ ǇǊƻōŀōƭŜ ŘǊȅƛƴƎ ŎǊŀǉǳŜƭǳǊŜǎ ŀǊŜ ǾƛǎƛōƭŜ ƻƴ ǘƘŜ ǿƘƛǘŜ ŎƻƭƻǳǊŜŘ ŘŜǘŀƛƭǎ 

όCƛƎǳǊŜ олōΣ олŎύΦ ¢ƘŜ ǇƛŎǘƻǊƛŀƭ ƭŀȅŜǊ ƻŦ ŘǊŀǿƛƴƎ лн ŘƻŜǎ ƴƻǘ ŀǇǇŜŀǊ ƘƻƳƻƎŜƴŜƻǳǎ ŀƴŘ ƻƴ ŘƛũŜǊŜƴǘ 

Figure 29 a,b,c: Details of pictorial layer of drawing 01 obtained with DINO in Vis 

ŀ ō Ŏ 

Figure 31 a, b: Details of pictorial layer of drawing 02 obtained with DINO in Vis; c: Details of pictorial 
layer of drawing 02 obtained with DINO in UV 

ŀ ō Ŏ 

ŀ ō Ŏ 

Figure 30 a: Details of pictorial layer of drawing 01; b, c: Details of pictorial layer of drawing 02 
obtained with DINO in Vis 
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ȊƻƴŜǎΣ ǎƛƎƴǎ ƻŦ ōǳōōƭŜǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ōƻŘȅ ŀƴŘ ǉǳŀƴǝǘȅ ƻŦ ǘƘŜ ǇŀƛƴǘǎΩ ǳǎŀƎŜ ŀǊŜ ƴƻǝŎŜŀōƭŜ όCƛƎǳǊŜ 

омŀύΦ Lƴ ŘƛũŜǊŜƴǘ ŀǊŜŀǎΣ ¦± ƭƛƎƘǘ ǎƘƻǿǎ ǘƘŜ ŬōǊŜǎ ƻŦ ǘƘŜ ǇŀǇŜǊ ǎǳǇǇƻǊǘ όCƛƎǳǊŜ омōύΦ !ōƻǳǘ ǘƘŜ ŎƻƭƻǳǊ 

ǇŀƭŜǧŜΣ ǿƘƛǘŜΣ ōƭǳŜΣ ǊŜŘΣ ȅŜƭƭƻǿκƻǊŀƴƎŜ ŀǊŜ ŘƛǎǝƴƎǳƛǎƘŀōƭŜΣ ŀƭƻƴŜ ƻǊ ŀǎ ƳƛȄǘǳǊŜΦ tŀƛƴǘǎ ŘŜǘŀŎƘƳŜƴǘǎ 

ŀǊŜ ŀƭǎƻ ǾƛǎƛōƭŜΣ ƛƴ ǇŀǊǝŎǳƭŀǊ ŀ ƭƛǧƭŜ ǎƛƎƴ ƛǎ ǇǊŜǎŜƴǘ ƻƴ ǘƘŜ ƭƻǿŜǊ ǊƛƎƘǘ ŎƻǊƴŜǊ ƻŦ ŘǊŀǿƛƴƎ лнΣ ƛƴ 

ŎƻǊǊŜǎǇƻƴŘŜƴŎŜ ǘƻ ǘƘŜ ōƭǳŜ ŎƻƭƻǳǊŜŘ ȊƻƴŜ όCƛƎǳǊŜ омŎύΦ 

wŜƎŀǊŘƛƴƎ ƘȅǇŜǊǎǇŜŎǘǊŀƭ ƛƳŀƎƛƴƎΣ ǘƘŜ ǎǇŜŎǘǊŀ ǎƘƻǿŜŘ ǘƘŀǘΣ ƻƴ ŘǊŀǿƛƴƎ лмΣ ǘƘŜǊŜ ŀǊŜ ŘƛũŜǊŜƴŎŜǎ 

ōŜǘǿŜŜƴ ǘǿƻ ǎǇƻǘǎ ŘƛǎǝƴƎǳƛǎƘŀōƭŜ ǿƛǘƘ Lw ŬƭǘŜǊǎ ŀƴŘ ǘƘŜ ǊŜǎǘ ƻŦ ǘƘŜ ǿƘƛǘŜ ōŀŎƪƎǊƻǳƴŘΦ ¢ƘŜǎŜ Ǉƻƛƴǘǎ 

ŀǇǇŜŀǊ ǎƛƳƛƭŀǊ ǘƻ ǘƘŜ ǊŜŘŘƛǎƘ ŀƴŘ ƳŀǳǾŜ ŀǊŜŀǎΣ ǎƻ ǘƘŜȅ ŎƻǳƭŘ ƘŀǾŜ ōŜŜƴ ŘŜǇƛŎǘŜŘ ǿƛǘƘ ŀ ƳƛȄǘǳǊŜ ƻŦ 

ǿƘƛǘŜ ŀƴŘ ƳŀǳǾŜ ŎƻƭƻǳǊǎΦ hƴ ŘǊŀǿƛƴƎ лнΣ ǘƘŜ ōƭǳŜ ŎƻƭƻǳǊ ǎŜŜƳǎ ǘƻ ōŜ ǎŀƳŜ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ǿƘƛǘŜ 

ŎƻƭƻǳǊΣ ŜǾŜƴ ƛŦ ƛƴ ŎƻǊǊŜǎǇƻƴŘŜƴŎŜ ƻŦ ǎƻƳŜ ƻŦ ǘƘŜ ǘǊŜŜǎ ŀǇǇŜŀǊǎ ŘƛũŜǊŜƴǘΦ tǊƻōŀōƭȅΣ ōƭǳŜ ŀƴŘ ǿƘƛǘŜ 

ǿŜǊŜ ƳƛȄŜŘ ǘƻƎŜǘƘŜǊ ǘƻ ƻōǘŀƛƴ ŘƛũŜǊŜƴǘ ǎƘŀŘŜǎΣ ƛƴ ǇŀǊǝŎǳƭŀǊ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ōŀŎƪƎǊƻǳƴŘΦ 

 

 

 

 

 

 

 

 

 

Figure 32 Hyperspectral image of pentimenti on drawing 01 
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Figure 33 Hyperspectral image of white areas on drawing 02 

Figure 34 Hyperspectral image of white background on drawing 01 
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4.1.2 Drawing 03 from the book Il Sale vale pi½ dellôOro (1968) 

 

Figure 36 a: Front of drawing 03; b: Back of drawing 03 

b a 

Figure 35 Hyperspectral image of blue areas on drawing 02 
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5ǊŀǿƛƴƎ ло όCƛƎǳǊŜ осύ ŦǊƻƳ ǘƘŜ ōƻƻƪ Lƭ {ŀƭŜ ǾŀƭŜ ǇƛǴ ŘŜƭƭΩhǊƻ όмфсуύ ǎƘƻǿǎ ƎƻƻŘ ǎǘŀǘŜ ƻŦ 

ŎƻƴǎŜǊǾŀǝƻƴ ŀǎ ǿŜƭƭ ǎƻ ƴƻ ŜǾƛŘŜƴǘ ŘŜƎǊŀŘŀǝƻƴ ǇƘŜƴƻƳŜƴŀ Ŏŀƴ ōŜ ƻōǎŜǊǾŜŘΦ ¢ƘŜ ǇŀƛƴǘŜŘ ƭŀȅŜǊ ƛǎ 

ǉǳƛǘŜ ƘƻƳƻƎŜƴŜƻǳǎ ŀƴŘ ŘƻŜǎ ƴƻǘ ǎŜŜƳ ǘƻ ōŜ ǊŜŀƭƛȊŜŘ ǿƛǘƘ ǇŀǊǝŎǳƭŀǊƭȅ ƳŀǘŜǊƛŀƭ ŎƻƭƻǳǊǎΦ ¦ƴƭƛƪŜ ǘƘŜ 

ǘǿƻ ǇǊŜǾƛƻǳǎ ŘǊŀǿƛƴƎǎΣ ǘƘƛǎ ƻƴŜ ŘƻŜǎ ƴƻǘ ƻŎŎǳǇȅ ǘƘŜ ŜƴǝǊŜ ǎǳǊŦŀŎŜ ōǳǘ ƻƴƭȅ ǘƘŜ ŎŜƴǘǊŀƭ ȊƻƴŜ ƻŦ ǘƘŜ 

ǇŀǇŜǊ ǎƘŜŜǘΦ ! ǘǊŀŎŜ ƻŦ ŀ ōƭǳŜ ōǊǳǎƘ ǎǘǊƻƪŜ ƛǎ ǾƛǎƛōƭŜ ƛƴ ǘƘŜ ƭƻǿŜǊ ǇŀǊǘ ŀƴŘ ǘƘŜ ǊƛƎƘǘ ǎƛŘŜ ƻŦ ǘƘŜ ǎƘŜŜǘ 

ŀǇǇŜŀǊǎ ǘƻ ōŜ ȅŜƭƭƻǿΦ Lƴ ǘƘŜ ōŀŎƪ ƻŦ ǘƘŜ ŘǊŀǿƛƴƎΣ ƴǳƳōŜǊǎ ŀƴŘ ƭŜǧŜǊǎ ŀǊŜ ǾƛǎƛōƭŜ ό! нм н! ς нл ς он 

ς b{Φ±ΦύΣ ǇǊƻōŀōƭȅ ǊŜƭŀǘŜŘ ǘƻ Ǉŀǎǘ ƛƴǾŜƴǘƻǊƛŜǎ ŀƴŘ ŀ ƭŀōŜƭ ƛƴŘƛŎŀǝƴƎ ǘƘŜ ǝǘƭŜ ƻŦ ǘƘŜ ōƻƻƪ ǿƘƛŎƘ ǘƘŜ 

ƛƭƭǳǎǘǊŀǝƻƴ ǿŀǎ ŎǊŜŀǘŜŘ ŦƻǊ όLƭ {ŀƭŜ ǾŀƭŜ ǇƛǴ ŘŜƭƭΩhǊƻύΦ 9ǾƛŘŜƴŎŜ ƻŦ ǘƘŜ ǳǎŜ ƻŦ ŀƴ ŀŘƘŜǎƛǾŜ ǘŀǇŜ ŀƭƻƴƎ 

ƻƴŜ ǎƛŘŜ ŀǊŜ ǇǊŜǎŜƴǘΣ ƛƴ ŎƻǊǊŜǎǇƻƴŘŜƴŎŜ ǘƻ ǘƘŜ ȅŜƭƭƻǿ ǇŀǊǘ ƻŦ ǘƘŜ ǎƘŜŜǘ ƻƴ ǘƘŜ ŦǊƻƴǘΦ 

¢ƘŜ ǊŀƪƛƴƎ ƭƛƎƘǘ ƛƳŀƎŜǎ ŎƻƴŬǊƳŜŘ ǘƘŀǘ ǘƘŜ ǇƛŎǘƻǊƛŀƭ ƭŀȅŜǊ ǎŜŜƳǎ ǘƻ ōŜ ǉǳƛǘŜ ƘƻƳƻƎŜƴƻǳǎ ŀƴŘ ƛǘ ǿŀǎ 

ǊŜŀƭƛȊŜŘ ǿƛǘƘ ƴƻǘ ǇŀǊǝŎǳƭŀǊƭȅ ƳŀǘŜǊƛŀƭ ŎƻƭƻǳǊǎΦ ¢ƘŜ ǇŀǇŜǊ ǎƘŜŜǘǎ Řƻ ƴƻǘ ǎƘƻǿ ŀƴȅ ŘŜŦŜŎǘǎ ōǳǘ ǎƻƳŜ 

ǎƛƎƴǎ ƻŦ ōŜƴŘƛƴƎ ŀǊŜ ǾƛǎƛōƭŜ ǇǊƻōŀōƭȅ ōŜŎŀǳǎŜ ƘŀƴŘƭƛƴƎ ǘƘǊƻǳƎƘƻǳǘ ǝƳŜΦ 

 

 

¦± ƛƳŀƎŜǎ όCƛƎǳǊŜ отύ ǎƘƻǿ ŀ ǎǘǊƻƴƎ ƅǳƻǊŜǎŎŜƴŎŜ ǊŜǎǇƻƴǎŜΣ ƛƴ ǇŀǊǝŎǳƭŀǊ ƛƴ ŎƻǊǊŜǎǇƻƴŘŜƴŎŜ ǘƻ ǘƘŜ 

ōǊƛƎƘǘ Ǉƛƴƪ ŎƻƭƻǳǊ ŀƴŘ ǘƘŜ ƻǊŀƴƎŜ ƻƴŜ ƻƴ ŎŀǎǘƭŜΩǎ ŘŜǘŀƛƭǎ ǘƘŀǘ ŎƻǳƭŘ ōŜ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ŎƻƭƻǳǊΩǎ 

ǊŜǎǇƻƴǎŜ ŀƴŘ ƛǘ ŎƻǳƭŘ ōŜ ŀ ƭŀŎ ŘȅŜ ό/ƻǎŜƴǝƴƻΣ нлмрύΦ 

 

 

 

 

Figure 37 Details of UV light on drawing 03 
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Lw ƛƳŀƎŜǎ όCƛƎǳǊŜ оуύ ǎƘƻǿ ƛƴǘŜǊŜǎǝƴƎ ǊŜǎǳƭǘǎΦ ¢ƘŜ ǘǊŜŜǎ ŘŜǇƛŎǘŜŘ ŜƳǇƭƻȅƛƴƎ ƭƛƎƘǘŜǊ ōƭǳŜ ŎƻƭƻǳǊ 

ŀǇǇŜŀǊ ŘŀǊƪŜǊ ǳƴŘŜǊ bLw ǊŜƎƛǳƳ ŀƴŘ ǘƘƛǎ ǇƘŜƴƻƳŜƴƻƴ ŎƻǳƭŘ ǇǊƻōŀōƭȅ ōŜ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ǇƛƎƳŜƴǘ ƻǊ 

ǘƘŜ ōƛƴŘŜǊ ǘƘŀǘ ǿŀǎ ǳǎŜŘ ōȅ ǘƘŜ ŀǊǝǎǘΦ 

¢ƘŜ ƛƴǎǇŜŎǝƻƴ ƻŦ ǇƛŎǘƻǊƛŀƭ ǎǳǊŦŀŎŜ ƻŦ ŘǊŀǿƛƴƎ ло ōȅ ƳŜŀƴǎ ƻŦ ǇƻǊǘŀōƭŜ ƳƛŎǊƻǎŎƻǇŜ ǎƘƻǿŜŘ ǘƘŀǘ 

ŎǊŀǉǳŜƭǳǊŜǎ ŀǊŜ ǾƛǎƛōƭŜ ƻƴ ǘƘŜ ōƭǳŜƛǎƘ ŘŜǘŀƛƭǎ όCƛƎǳǊŜ офŀύΦ ¦± ƭƛƎƘǘ ŜǾƛŘŜƴŎŜŘ ǘƘŀǘ ǘƘŜ ǇŀǇŜǊ ǎǳǇǇƻǊǘ 

ƛǎ ƴƻǝŎŜŀōƭŜ ǳƴŘŜǊƴŜŀǘƘ ǘƘŜ ǇƛŎǘƻǊƛŀƭ ƭŀȅŜǊΦ DŜƴŜǊŀƭƭȅΣ ŘǊŀǿƛƴƎ ло ǿŀǎ ŘŜǇƛŎǘŜŘ ǳǎƛƴƎ ƴƻǘ ƳŀǘŜǊƛŀƭ 

ŎƻƭƻǳǊǎ ŀƴŘ ǇǊƻōŀōƭȅ ǘƘŜȅ ǿŜǊŜ ŘƛƭǳǘŜŘΦ ¢ƘŜ ǇƛŎǘƻǊƛŀƭ ƭŀȅŜǊǎ ƻŦ ŘǊŀǿƛƴƎ ло ŀǇǇŜŀǊŜŘ ǉǳƛǘŜ 

ƘƻƳƻƎŜƴŜƻǳǎΣ ŜǾŜƴ ƛŦ ǎƻƳŜ ŘŜǘŀƛƭǎ ǎŜŜƳ ǘƻ ōŜ ŘŜǇƛŎǘŜŘ ǿƛǘƘ ƳƻǊŜ ƳŀǘŜǊƛŀƭ ŎƻƭƻǳǊ ǘƘŀƴ ƻǘƘŜǊǎ ŀƴŘ 

ƛƴƘƻƳƻƎŜƴŜƛǘȅ ƛǎ ǾƛǎƛōƭŜΦ ²ƘƛǘŜΣ ōƭǳŜΣ ƎǊŜŜƴΣ ǊŜŘΣ ȅŜƭƭƻǿκƻǊŀƴƎŜ ŎƻƭƻǳǊǎ ŀǊŜ ŘƛǎǝƴƎǳƛǎƘŀōƭŜΣ ŀƭƻƴŜ 

ƻǊ ŀǎ ƳƛȄǘǳǊŜΦ hƴ ŘǊŀǿƛƴƎ лоΣ ƅǳƻǊŜǎŎŜƴŎŜ ǊŜǎǇƻƴǎŜ ƛǎ ǾƛǎƛōƭŜ ǿƛǘƘ ¦± ƭƛƎƘǘ ƛƴ ŎƻǊǊŜǎǇƻƴŘŜƴŎŜ ǘƻ 

ǘǿƻ ŘƛũŜǊŜƴǘ ŎƻƭƻǳǊǎΥ ǘƘŜ ōǊƛƎƘǘ Ǉƛƴƪ ŘŜǘŀƛƭ ƻƴ ǘƘŜ ŎŀǎǘƭŜΩǎ ǊƻƻŦ όCƛƎǳǊŜ офŎύ ŀƴŘ ǘƘŜ ƻǊŀƴƎŜ ŘŜǘŀƛƭ ƻŦ 

ǘƘŜ ŎŀǎǘƭŜΩǎ ŘƻƻǊ όCƛƎǳǊŜ офōύΦ {ǳŎƘ ŀ ǊŜǎǇƻƴǎŜ ŎƻǳƭŘ ōŜ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ǇƛƎƳŜƴǘǎΩ ŎƻƳǇƻǎƛǝƻƴΦ 

Figure 38 IR light at 720 nm on drawing 03 

ŀ ō Ŏ 

Figure 39 a: Details of pictorial layer of drawing 03 obtained with DINO in Vis; b, c: Details of 
pictorial layer of drawing 03 obtained with DINO in UV 
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wŜƎŀǊŘƛƴƎ ƘȅǇŜǊǎǇŜŎǘǊŀƭ ƛƳŀƎƛƴƎΣ ǘƘŜ ǎǇŜŎǘǊŀ ǎƘƻǿŜŘ ǘƘŀǘ ǎƻƳŜ ŘƛũŜǊŜƴŎŜǎ ƛƴ ōƭǳŜ ŀǊŜŀǎ ƻŦ ŘǊŀǿƛƴƎ 

ло ǿŜǊŜ ƻōǎŜǊǾŜŘΣ ǇŀǊǝŎǳƭŀǊƭȅ ǊŜƎŀǊŘƛƴƎ ǘǊŜŜǎΣ ǘƘŜ Ƙƛƭƭ ŀƴŘ ǎƻƳŜ ŎŀǎǘƭŜΩǎ ŘŜǘŀƛƭǎΦ ¢ƘŜǎŜ ŘƛũŜǊŜƴŎŜǎ 

ŎƻǳƭŘ ōŜ ŘǳŜ ǘƻ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ōƭǳŜ ŎƻƭƻǳǊ ǎŜŜƳǎ ǘƻ ōŜ ŘƛƭǳǘŜŘ ƛƴ ǎƻƳŜ Ǉƻƛƴǘǎ ƻǊ ŎƻǳƭŘ ƘŀǾŜ ōŜŜƴ 

ƳƛȄŜŘ ǿƛǘƘ ƎǊŜŜƴ ŎƻƭƻǳǊΦ 

 

 

Figure 40 a: Hyperspectral image of blue hills; b: Hyperspectral image of blue trees on drawing 03 

ŀ 

ō 
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4.1.3 Drawing 04  

 

5ǊŀǿƛƴƎ лп όCƛƎǳǊŜ пмύΣ ǿƘƻǎŜ ǎŜǊƛŜǎ ǿŀǎ ƴƻǘ ƛŘŜƴǝŬŜŘΣ ŀǇǇŜŀǊǎ ǘƻ ōŜ ƎŜƴŜǊŀƭƭȅ ƛƴ ŀ ƎƻƻŘ 

ŎƻƴǎŜǊǾŀǝǾŜ ǎǘŀǘŜ ōǳǘ ǎƻƳŜ ŎƻƭƻǳǊ ŘŜǘŀŎƘƳŜƴǘǎ ŀǊŜ ǾƛǎƛōƭŜ ƻƴ ǘƘŜ ƭŜƊ ǎƛŘŜΣ ƛƴ ŎƻǊǊŜǎǇƻƴŘŜƴŎŜ ǘƻ 

ǘƘŜ ōƭŀŎƪ ŎƻƭƻǳǊŜŘ ȊƻƴŜΦ ¢ƘŜ ǇŀƛƴǘŜŘ ƭŀȅŜǊ ǎŜŜƳǎ ǘƻ ōŜ ǉǳƛǘŜ ƘƻƳƻƎŜƴŜƻǳǎ ŀƴŘ ǊŜŀƭƛȊŜŘ ǿƛǘƘ ƴƻ 

ǇŀǊǝŎǳƭŀǊƭȅ ƳŀǘŜǊƛŀƭ ŎƻƭƻǳǊǎΦ !ƴ ŀŘŘƛǝƻƴŀƭ ǇŀǇŜǊ ǎǳǇǇƻǊǘ ƛǎ ǇǊŜǎŜƴǘΦ  

Lƴ ǘƘŜ ōŀŎƪ ƻŦ ǘƘŜ ŘǊŀǿƛƴƎΣ ǘƘŜ ƳŜŀǎǳǊŜ ƻŦ ǘƘŜ ǇŀǇŜǊ ǎƘŜŜǘ ƛǎ ƛƴŘƛŎŀǘŜŘ όорȄрлύ ŀƴŘ ƻǘƘŜǊ ƴǳƳŜǊƛŎ 

ŀƴƴƻǘŀǝƻƴ ŀǊŜ ǇǊŜǎŜƴǘ όнлΣп ōŀǎŜύΦ ¢ǊŀŎŜǎ ƻŦ ŘƛũŜǊŜƴǘ Ǉŀƛƴǘǎ ŀǊŜ ǾƛǎƛōƭŜΦ 

¢ƘŜ ǊŀƪƛƴƎ ƭƛƎƘǘ ƛƳŀƎŜǎ ŎƻƴŬǊƳŜŘ ǘƘŀǘ ǘƘŜ ǇƛŎǘƻǊƛŀƭ ƭŀȅŜǊǎ ŀǊŜ ǉǳƛǘŜ ƘƻƳƻƎŜƴƻǳǎ ŀƴŘ ǊŜŀƭƛȊŜŘ ǿƛǘƘ 

ƴƻǘ ǇŀǊǝŎǳƭŀǊƭȅ ƳŀǘŜǊƛŀƭ ŎƻƭƻǳǊǎΦ ¢ƘŜ ǇŀǇŜǊ ǎƘŜŜǘ ŘƻŜǎ ƴƻǘ ǎƘƻǿ ŀƴȅ ŘŜŎŀȅ ōǳǘ Ǉŀƛƴǘ ŘŜǘŀŎƘƳŜƴǘǎ 

ƛƴ ŎƻǊǊŜǎǇƻƴŘŜƴŎŜ ǘƻ ǘƘŜ ōƭŀŎƪ ŎƻƭƻǳǊŜŘ ŀǊŜŀ ŀǊŜ ƴƻǝŎŜŀōƭŜ ŀǎ ŀƭǊŜŀŘȅ ƴƻǝŎŜŘ ǇǊŜǾƛƻǳǎƭȅΦ 

¦± ƛƳŀƎŜǎ ƘƛƎƘƭƛƎƘǘŜŘ ǘƘŀǘ ŀƭƭ ǿƘƛǘŜ ŎƻƭƻǳǊŜŘ ŘŜǘŀƛƭǎ ǎƘƻǿ ŀ ōƭǳŜƛǎƘ ǎƭƛƎƘǘ ƭǳƳƛƴŜǎŎŜƴŎŜ ǊŜǎǇƻƴǎŜ 

όCƛƎǳǊŜ пнύ ǘƘŀǘ ŎƻǳƭŘ ōŜ ŘǳŜ ǘƻ ǘƘŜ ǇƛƎƳŜƴǘΩǎ ǊŜǎǇƻƴǎŜΦ !ƭǎƻ ƛƴ ǘƘƛǎ ŎŀǎŜΣ ǘƘƛǎ ǘȅǇŜ ƻŦ ƭǳƳƛƴŜǎŎŜƴŎŜ 

ŎƻǳƭŘ ǎǳƎƎŜǎǘ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ [ŜŀŘ ǇƛƎƳŜƴǘ ƻǊ [ƛǘƘƻǇƻƴŜ ǎƻ ŦǳǊǘƘŜǊ ŀƴŀƭȅǎƛǎ ǿƛƭƭ ōŜ ǇŜǊŦƻǊƳŜŘ ƛƴ 

ƻǊŘŜǊ ǘƻ ŎƻƴŬǊƳ ƻǊ ƴƻǘ ǘƘƛǎ ƘȅǇƻǘƘŜǎƛǎΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ Lw ƛƳŀƎŜǎ Řƻ ƴƻǘ ǎƘƻǿ ŀƴȅ 

ǳƴŘŜǊŘǊŀǿƛƴƎǎ ƘŀǾƛƴƎ ŜǾƛŘŜƴǘ Lw ǊŜǎǇƻƴǎŜΦ 

 

 

 

 

 

a b 

Figure 41 a: Front of drawing 04; b: Back of drawing 04 
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Lƴ ŎƻǊǊŜǎǇƻƴŘŜƴŎŜ ǘƻ ƻǊŀƴƎŜ ŘŜǘŀƛƭǎΣ ǘƘŜǊŜ ƛǎ ŀ ƘŀƛǊ ǇǊƻōŀōƭȅ ōŜƭƻƴƎƛƴƎ ǘƻ ǘƘŜ ōǊǳǎƘ ŜƳǇƭƻȅŜŘ ōȅ 

ǘƘŜ ŀǊǝǎǘ ƘŀƛǊǎ ƻŦ ǘƘŜ ōǊǳǎƘ όCƛƎǳǊŜ поŎύΦ hƴ ǘƘŜ ǎǳǊŦŀŎŜΣ ŘǊȅƛƴƎ ŎǊŀǉǳŜƭǳǊŜǎ ŀǊŜ ǾƛǎƛōƭŜ ƻƴ ǘƘŜ ǿƘƛǘŜ 

ŘŜǘŀƛƭǎ όCƛƎǳǊŜ поŀύ ό{ǘƻƴŜǊ Ŝǘ ŀƭΦΣ нлнмύΦ tŀƛƴǘ ŘŜǘŀŎƘƳŜƴǘǎ ŀǊŜ ŀƭǎƻ ǾƛǎƛōƭŜΣ ƛƴ ǇŀǊǝŎǳƭŀǊ ƛƴ 

ŎƻǊǊŜǎǇƻƴŘŜƴŎŜ ǘƻ ǘƘŜ ōƭŀŎƪ ȊƻƴŜ ƻƴ ǘƘŜ ƭŜƊ ǎƛŘŜ ŀƴŘ ǘƘŜ ǇŀǇŜǊ ǎǳǇǇƻǊǘ ƻŦ ŘǊŀǿƛƴƎ όCƛƎǳǊŜ поōύΦ 

¢ƘŜ ƳƛŎǊƻǎŎƻǇƛŎ ƛƳŀƎŜǎ ŎƻƴŬǊƳŜŘ ǘƘŀǘ ǘƘŜ ǇƛŎǘƻǊƛŀƭ ƭŀȅŜǊ ŀǇǇŜŀǊǎ ǉǳƛǘŜ ƘƻƳƻƎŜƴŜƻǳǎΣ ŜǾŜƴ ƛŦ ǎƻƳŜ 

ŘŜǘŀƛƭǎ ǎŜŜƳ ǘƻ ōŜ ŘŜǇƛŎǘŜŘ ǿƛǘƘ ƳƻǊŜ ƳŀǘŜǊƛŀƭ ŎƻƭƻǳǊ ǘƘŀƴ ƻǘƘŜǊǎ ŀƴŘ ƛƴƘƻƳƻƎŜƴŜƛǘȅ ƛǎ ǾƛǎƛōƭŜ ƛƴ 

CƛƎǳǊŜ поŎΦ Lƴ ƎŜƴŜǊŀƭΣ ǘƘŜ ǿƘƻƭŜ ǇƛŎǘƻǊƛŀƭ ƭŀȅŜǊ ƻŦ ŘǊŀǿƛƴƎ лп ǿŀǎ ƳŀŘŜ ǿƛǘƘ ǉǳƛǘŜ ǘƘƛŎƪ ǇŀƛƴǘŜŘ 

ƭŀȅŜǊǎ ŀƴŘ ǘƘŜ ǇŀǇŜǊ ǎǳǇǇƻǊǘ ƛǎ ƴƻǘ ǾƛǎƛōƭŜ ǳƴŘŜǊƴŜŀǘƘΦ !ōƻǳǘ ǘƘŜ ŎƻƭƻǳǊ ǇŀƭŜǧŜΣ ǿƘƛǘŜΣ ƎǊŜŜƴΣ ōƭŀŎƪΣ 

ǊŜŘ ȅŜƭƭƻǿκƻǊŀƴƎŜ ŀǊŜ ŘƛǎǝƴƎǳƛǎƘŀōƭŜΣ ŀƭƻƴŜ ƻǊ ŀǎ ƳƛȄǘǳǊŜΦ ! ǎƭƛƎƘǘ ƅǳƻǊŜǎŎŜƴŎŜ ǊŜǎǇƻƴǎŜ ƛǎ ǾƛǎƛōƭŜ 

ǿƛǘƘ ¦± ƭƛƎƘǘ ƛƴ ŎƻǊǊŜǎǇƻƴŘŜƴŎŜ ƻŦ ǿƘƛǘŜ ŎƻƭƻǳǊŜŘ ŘŜǘŀƛƭǎΣ ǘƘŀǘ ŎƻǳƭŘ ōŜ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ŎƻƭƻǳǊǎΩ 

ŎƻƳǇƻǎƛǝƻƴΦ 

Figure 42 UV light on drawing 04 

Figure 43 a, b, c: Details of pictorial layer of drawing 04 obtained with DINO in Vis 

a b c 
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wŜƎŀǊŘƛƴƎ ƘȅǇŜǊǎǇŜŎǘǊŀƭ ƛƳŀƎƛƴƎΣ ǘƘŜ ǎǇŜŎǘǊŀ ǎƘƻǿŜŘ ǘƘŀǘ ǿƘƛǘŜ ŎƻƭƻǳǊŜŘ ŘŜǘŀƛƭǎ ŀƴŘ ǊŜŘŘƛǎƘ ƻƴŜǎ 

ƻƴ ŘǊŀǿƛƴƎ лп ǎŜŜƳ ǘƻ ƘŀǾŜ ōŜŜƴ ǇŀƛƴǘŜŘ ǿƛǘƘ ǘƘŜ ǎŀƳŜ ŎƻƭƻǳǊǎΣ ǊŜǎǇŜŎǝǾŜƭȅΦ DǊŜŜƴ ŎƻǳƭŘ ŀƭǎƻ ōŜ 

ǘƘŜ ǎŀƳŜ ǇƛƎƳŜƴǘ ƻǊ ŘȅŜǎǘǳũ ŜǾŜǊȅǿƘŜǊŜΦ 

 

   

 

Figure 45 Hyperspectral image of green areas on drawing 04 

Figure 44 Hyperspectral image of white areas on drawing 04 
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4.1.4 Drawing 05 from the book In cammino con Dio  (1996) 

 

 

Drawing 05 (Figure 46) from the book In cammino con Dio (1996) shows good conservative state 

and no evidence of degradation processes was observed. Only on the left side, a yellow trace is 

present in the white zone but it can be a trace related to the use of the brown colour. The painted 

layer seems to be quite homogeneous and realized with material colours. An additional paper 

support is present. In the back of the drawing, the measure of the paper sheet is indicated (50x70) 

and a stamp with the name of the artist and his address is present. Two little printed reproductions 

of other two drawing for the illustrated book In cammino con Dio are stuck on the sheet back and 

the drawing is anchored on the additional support with adhesive tape along the sides. Paint traces 

and a vivid pink brush-stroke are visible in the lower part of the drawing back. 

Raking light images confirmed that the pictorial layer appears homogeneous and it was realized with 

quite bodied paints, in particular in correspondence to the white coloured zone. 

 

 

 

 

 

 

 

 

Figure 46 a: Front of drawing 05; b: Back of drawing 05 

a b 
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It exhibits a blueish luminescence response in correspondence to the white background on UV 

images. However, it could be related to the use of not so material colours or lack of colour since it 

is visible only on a small, delimited area of the white coloured zone. 

IR images showed that there are a sort of preparatory drawings or guidelines for the walls of the 

house. In fact, the final drawing appears a little more detailed in the upper part and the wall thicker 

than in the underpaint.  

 

Portable microscope showed that the paper support is noticeable underneath the pictorial layer, in 

particular UV light shows the fibres of the paper support (Figure 49), in correspondence of the white 

background and other brownish details. Generally, this technique confirmed that drawing 05 was 

depicted with quite bodied paints except for white and brown areas. The pictorial layer appears 

Figure 47 UV light on drawing 05 Figure 48 IR light at 850 nm on drawing 05 

Figure 49 Detail of pictorial layer of drawing 05 
obtained with DINO in UV. 
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quite homogeneous, even if some details seem to be depicted with more bodied paints than others 

and inhomogeneity is visible. 

Regarding hyperspectral imaging, the spectra showed that in drawing 05, white areas were depicted 

with the same pigments, as well as brown and yellow ochre details, which are well distinguished. 

 

Figure 50 Hyperspectral image of white areas on drawing 05 
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4.1.5 Drawing M1 and drawing M2 from the book Un sogno a Venezia  (1974) 

 

 

Figure 51 Hyperspectral image of yellow brownish areas on drawing 05 

Figure 52 a: Front of drawing M1; b: Back of drawing M1 

a b 
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5ǊŀǿƛƴƎǎ aм όCƛƎǳǊŜ рнύ ŀƴŘ aн όCƛƎǳǊŜ роύ ŦǊƻƳ ǘƘŜ ǎŀƳŜ ǎŜǊƛŜǎ ŦƻǊ ǘƘŜ ōƻƻƪ ¦ƴ ǎƻƎƴƻ ŀ ±ŜƴŜȊƛŀ 

όмфтпύ ŀǊŜ ōƻǘƘ ŎƻƴǎŜǊǾŀǘŜŘ ŀƴŘ ŜȄǇƻǎŜŘ ƛƴ ǘƘŜ ƳǳǎŜǳƳ ŀƴŘ ƴƻǘ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ ŀǊŎƘƛǾŜ ƭƛƪŜ ǘƘŜ ǎƛȄ 

ǇǊŜǾƛƻǳǎ ƻƴŜǎΦ DŜƴŜǊŀƭƭȅΣ ǘƘŜȅ ǎƘƻǿ ŀ ƎƻƻŘ ǎǘŀǘŜ ƻŦ ŎƻƴǎŜǊǾŀǝƻƴ ōǳǘ ǎƻƳŜ Ǉŀƛƴǘ ŘŜǘŀŎƘƳŜƴǘǎ ŀǊŜ 

ǾƛǎƛōƭŜΣ ƛƴ ǇŀǊǝŎǳƭŀǊΣ ƛƴ ǘƘŜ ƭƻǿŜǊ ǊƛƎƘǘ ŎƻǊƴŜǊΣ ƛƴ ŎƻǊǊŜǎǇƻƴŘŜƴŎŜ ǘƻ ǘƘŜ ǿƘƛǘŜ ŎƻƭƻǳǊŜŘ ȊƻƴŜ ƻŦ aм 

ŀƴŘ ƛƴ ǘƘŜ ƭƻǿŜǊ ǊƛƎƘǘ ǇŀǊǘ ŀƴŘ ƛƴ ǘƘŜ ƳƛŘŘƭŜΣ ƛƴ ŎƻǊǊŜǎǇƻƴŘŜƴŎŜ ǘƻ ǘƘŜ ŀƭƎŀŜ ƴŜŀǊ ǘƘŜ {ŀƴ aŀǊŎƻ 

ōŜƭƭ ǘƻǿŜǊ ƻŦ aнΦ ¢ƘŜ ǇƛŎǘƻǊƛŀƭ ǎǳǇŜǊŬŎƛŀƭ ƭŀȅŜǊ ŀǇǇŜŀǊǎ ǘƻ ōŜ ƘƻƳƻƎŜƴŜƻǳǎ ŀƴŘ ǊŜŀƭƛȊŜŘ ǿƛǘƘ ǉǳƛǘŜ 

ōƻŘƛŜŘ ǇŀƛƴǘǎΣ ƛƴ ǇŀǊǝŎǳƭŀǊ ƛƴ ŎƻǊǊŜǎǇƻƴŘŜƴŎŜ ǘƻ ǘƘŜ ǿƘƛǘŜ ŎƻƭƻǳǊŜŘ ȊƻƴŜǎΦ !ƴ ŀŘŘƛǝƻƴŀƭ ǇŀǇŜǊ 

ǎǳǇǇƻǊǘ ƛǎ ǇǊŜǎŜƴǘ ƛƴ ōƻǘƘ ŘǊŀǿƛƴƎǎΦ 

wŜƎŀǊŘƛƴƎ ǘƘŜ ōŀŎƪΣ ƻƴ aм ǎƻƳŜ ƴǳƳŜǊƛŎ ŀƴƴƻǘŀǝƻƴǎ όмнуŎ ς ōŀǎŜ фΣо ς нф ς ·±LLL Ŧŀƭƭƻύ ŀƴŘ ǘƘŜ 

ƴŀƳŜ ƻŦ ǘƘŜ ŀǊǝǎǘ ŀƴŘ ǘƘŜ ǝǘƭŜ ƻŦ ǘƘŜ ōƻƻƪ ǿƘƛŎƘ ǘƘŜ ƛƭƭǳǎǘǊŀǝƻƴ ǿŀǎ ŎǊŜŀǘŜŘ ŦƻǊ ό{ǘŜǇŀƴ ½ŀǾǊŜƭ ς 

±ŜƴŜŘƛƎ aƻǊƎŜƴύ ŀǊŜ ǊŜǇƻǊǘŜŘΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ƻƴ aн ŀ ƴǳƳōŜǊ όнуύ ŀƴŘ ǘƘŜ ƴŀƳŜ ƻŦ ǘƘŜ ŀǊǝǎǘ 

ŀƴŘ ǘƘŜ ǝǘƭŜ ƻŦ ǘƘŜ ōƻƻƪ ŀǊŜ ƛƴŘƛŎŀǘŜŘΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ǝǘƭŜ ƻŦ ǘƘƛǎ ǇŀǊǝŎǳƭŀǊ ƛƭƭǳǎǘǊŀǝƻƴΣ ǘƘŜ ȅŜŀǊ ƻŦ 

ǘƘŜ ǊŜŀƭƛȊŀǝƻƴ ŀƴŘ ǘƘŜ ŜƳǇƭƻȅŜŘ ǘŜŎƘƴƛǉǳŜ ό{ǘŜǇŀƴ ½ŀǾǊŜƭ ς ±ŜƴŜŘƛƎ aƻǊƎŜƴ ς !ǾǾƛǎǘŀƴŘƻ {ŀƴ 

aŀǊŎƻ ς ŀŎǊƛƭƛŎƻ ς мфтпύΦ 9ǾƛŘŜƴŎŜ ƻŦ ǘƘŜ ǳǎŜ ƻŦ ŀŘƘŜǎƛǾŜ ǘŀǇŜΣ ǘǊŀŎŜǎ ƻŦ ǾŀǊƛƻǳǎ ŘƛƭǳǘŜŘ Ǉŀƛƴǘǎ ŀƴŘ 

ǇǊƻōŀōƭȅ ǿŀǘŜǊ ŀǊŜ ǇǊŜǎŜƴǘ ƻƴ ōƻǘƘΦ 

Figure 53 a: Front of drawing M2; b: Back of drawing M2 

a b 

Figure 54 Details of raking light on drawing M2 
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¢ƘŜ ǊŀƪƛƴƎ ƭƛƎƘǘ ƛƳŀƎŜǎ ŎƻƴŬǊƳŜŘ ǘƘŀǘ ǘƘŜ ǇƛŎǘƻǊƛŀƭ ƭŀȅŜǊ ŀǇǇŜŀǊǎ ƘƻƳƻƎŜƴŜƻǳǎ ŀƴŘ ƛǘ ǿŀǎ ǊŜŀƭƛȊŜŘ 

ǿƛǘƘ ǉǳƛǘŜ ōƻŘƛŜŘ ǇŀƛƴǘǎΣ ƛƴ ǇŀǊǝŎǳƭŀǊ ƛƴ ŎƻǊǊŜǎǇƻƴŘŜƴŎŜ ǘƻ ǘƘŜ ǿƘƛǘŜ ŎƻƭƻǳǊŜŘ ȊƻƴŜ ƻŦ aм ŀƴŘ aнΦ 

tŀƛƴǘ ŘŜǘŀŎƘƳŜƴǘǎ ŀǊŜ ŎƭŜŀǊƭȅ ǾƛǎƛōƭŜ ƛƴ ōƻǘƘ ŘǊŀǿƛƴƎǎΣ ǎǇŜŎƛŬŎŀƭƭȅ ƛƴ ǘƘŜ ƭƻǿŜǊ ǎƛŘŜ ŀƴŘ ƛƴ ǘƘŜ ƳƛŘŘƭŜ 

ƻŦ ǘƘŜ ŀǊǘǿƻǊƪǎΣ ƴŜŀǊ ǘƘŜ {ŀƴ aŀǊŎƻ ōŜƭƭ ǘƻǿŜǊ ƻƴ aн όCƛƎǳǊŜ рпύ ŀƴŘ ƛƴ ǘƘŜ ǿƘƛǘŜ ŀǊŜŀ ƻƴ aмΦ ¢ƘŜ 

ǇŀǇŜǊ ǎƘŜŜǘǎ Řƻ ƴƻǘ ǎƘƻǿ ŀƴȅ ŘŜŦŜŎǘǎΣ ǘƘŜȅ ƻƴƭȅ ŀǇǇŜŀǊ ǘƻ ōŜ ŀ ƭƛǧƭŜ ōŜƴǘ ƛƴ ǘƘŜ ǿƘƛǘŜ ȊƻƴŜǎ ōǳǘ 

ǇǊƻōŀōƭȅ ŘǳŜ ǘƻ ǘƘŜ ŎƻƴǎǘǊƛŎǝƻƴ ƻŦ ǘƘŜ ŀŘŘƛǝƻƴŀƭ ǇŀǇŜǊ ǎǳǇǇƻǊǘΦ 

 

 

Lƴ ŘǊŀǿƛƴƎ aм όCƛƎǳǊŜ ррŀύΣ ¦± ƛƳŀƎŜǎ ǎƘƻǿŜŘ ŀ ōƭǳŜƛǎƘ ǎǘǊƻƴƎ ƭǳƳƛƴŜǎŎŜƴŎŜ ƛƴ ŎƻǊǊŜǎǇƻƴŘŜƴŎŜ ǘƻ 

ǎƻƳŜ ōƭǳŜ ŘŜǘŀƛƭǎΦ ¢Ƙƛǎ ƭǳƳƛƴŜǎŎŜƴŎŜ ǊŜǎǇƻƴǎŜ ŎƻǳƭŘ ōŜ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ǇŀƛƴǘΩǎ ǊŜǎǇƻƴǎŜ ǎƛƴŎŜ ƛǘ ƛǎ 

ǾƛǎƛōƭŜ ƻƴ ǎƻƳŜ ŘŜǘŀƛƭǎ ŘŜǇƛŎǘŜŘ ƛƴ ƭƛƎƘǘ ōƭǳŜ ŀƴŘ ƳŀȅōŜ [ŜŀŘ ²ƘƛǘŜ ǇƛƎƳŜƴǘ ŎƻǳƭŘ ƘŀǾŜ ōŜŜƴ ǳǎŜŘ 

ǘƻ ƭƛƎƘǘ ǘƘŜ ōƭǳŜ ƻƴŜΦ tǊƻōŀōƭȅΣ ǘƘŀǘ ƭǳƳƛƴŜǎŎŜƴŎŜ ŎƻǳƭŘ ōŜ ŘǳŜ ǘƻ ŀ ƳƛȄǘǳǊŜ ōŜǘǿŜŜƴ ōƭǳŜ ŀƴŘ ǿƘƛǘŜ 

Ǉŀƛƴǘǎ ƻǊ Ƴŀƛƴƭȅ ǘƻ ǘƘŜ ǿƘƛǘŜ ǇŀƛƴǘΩǎ ǊŜǎǇƻƴǎŜΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ŘǊŀǿƛƴƎ aн όCƛƎǳǊŜ ррōύ ŜȄƘƛōƛǘǎ 

ŀ ōƭǳŜƛǎƘ ǎƭƛƎƘǘ ƭǳƳƛƴŜǎŎŜƴŎŜ ƛƴ ǘƘŜ ƭƻǿŜǊ ǊƛƎƘǘ ŎƻǊƴŜǊ ƛƴ ŎƻǊǊŜǎǇƻƴŘŜƴŎŜ ƻŦ ǘƘŜ ŘŀǊƪ ƎǊŜŜƴ ŘŜǘŀƛƭǎΦ 

!ƭǎƻ ƛƴ ǘƘƛǎ ŎŀǎŜΣ ǘƘƛǎ ǘȅǇŜ ƻŦ ƭǳƳƛƴŜǎŎŜƴŎŜ ŎƻǳƭŘ ōŜ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ǇƛƎƳŜƴǘΩǎ ǊŜǎǇƻƴǎŜΣ ǇǊƻōŀōƭȅ 

Figure 55 a UV light on drawing M1 

Figure 55 b UV light on drawing M2 
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ǊŜǾŜŀƭƛƴƎ ŀƎŀƛƴ ŀ ƳƛȄǘǳǊŜ ƻŦ ŘƛũŜǊŜƴǘ ǎΣ ǎƛƴŎŜ ƎŜƴŜǊŀƭƭȅ ƎǊŜŜƴ ǇƛƎƳŜƴǘǎ ǊŜǎǳƭǘ ǘƻ ōŜ άǎƭƛƎƘǘ ŀũŜŎǘŜŘ 

ōȅ ǘƘŜ ōƛƴŘŜǊ ƻǊ ŘƻƴΩǘ ǇǊŜǎŜƴǘ ŀƴȅ ƅǳƻǊŜǎŎŜƴŎŜέ ό/ƻǎŜƴǝƴƻΣ нлмрύΦ 

 

 

Lw ƛƳŀƎŜǎ ƘƛƎƘƭƛƎƘǘŜŘ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ŀƴ ǳƴŘŜǊǇŀƛƴǘ ƻƴ ǘƘŜ ƭƻǿŜǊ ƭŜƊ ŎƻǊƴŜǊ ƻŦ ŘǊŀǿƛƴƎ aмΣ ƛƴ 

ŎƻǊǊŜǎǇƻƴŘŜƴŎŜ ǘƻ ǘƘŜ ōƭǳŜ ŀƭƎŀŜΦ Lǘ ǎŜŜƳǎ ǘƘŀǘ ǘƘŜǊŜ ǿƻǳƭŘ ƘŀǾŜ ōŜŜƴ ƳƻǊŜ ŀƭƎŀŜ ǘƘŀƴ ƛƴ ǘƘŜ Ŭƴŀƭ 

ŎƻƳǇƻǎƛǝƻƴ ƻŦ ǘƘŜ ǇƛŎǘƻǊƛŀƭ ƭŀȅŜǊΦ 5ƛũŜǊŜƴǘƭȅΣ ŘǊŀǿƛƴƎ aн ŘƻŜǎ ƴƻǘ ǎƘƻǿ ŀƴȅ ǇŀǊǝŎǳƭŀǊ ǎƛƎƴǎ ƻŦ 

ǳƴŘŜǊŘǊŀǿƛƴƎǎ ƻǊ ŜǾƛŘŜƴǘ Lw ǊŜǎǇƻƴǎŜΦ 

wŜƎŀǊŘƛƴƎ ƘȅǇŜǊǎǇŜŎǘǊŀƭ ƛƳŀƎƛƴƎΣ ǘƘŜ ǎǇŜŎǘǊŀ ǎƘƻǿŜŘ ǘƘŀǘ ƛƴ ŘǊŀǿƛƴƎǎ aм ŀƴŘ aнΣ ǘƘŜ ǿƘƛǘŜ ŎƻƭƻǳǊ 

ƛǎ ǘƘŜ ǎŀƳŜ ŜǾŜǊȅǿƘŜǊŜΣ ŀǎ ǿŜƭƭ ŀǎ ōƭǳŜ ƻƴ aм ŀƴŘ ƎǊŜŜƴ ƛƴ aнΦ ¢ƘŜǊŜ ŀǊŜ ǎƭƛƎƘǘƭȅ ŘƛũŜǊŜƴŎŜǎ 

ǇǊƻōŀōƭȅ ŘǳŜ ǘƻ ǘƘŜ Řƛƭǳǝƻƴ ƻŦ ǘƘŜ ŎƻƭƻǳǊǎ ŦƻǊ ƻōǘŀƛƴƛƴƎ ŘƛũŜǊŜƴǘ ǎƘŀŘŜǎΦ {ƻƳŜ ŘŜǘŀƛƭǎ ƻƴ ŘǊŀǿƛƴƎ 

aн ǿŜǊŜ ǇǊƻōŀōƭȅ ŘŜǇƛŎǘŜŘ ǿƛǘƘ ƳƛȄǘǳǊŜ ƻŦ ƎǊŜŜƴ ŀƴŘ ȅŜƭƭƻǿ ǇƛƎƳŜƴǘǎ ƻǊ ŘȅŜǎǘǳũΣ ǎƛƴŎŜ ǘƘŜ ȅŜƭƭƻǿ 

ŎƻƭƻǳǊ ƛǎ ǘƘŜ ǎŀƳŜ ŜǾŜǊȅǿƘŜǊŜΦ 

 

Figure 56 IR light at 720 nm on drawing M1 
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Figure 57 Hyperspectral image of white areas on drawing M1 

Figure 58 Hyperspectral image of blue areas on drawing M1 
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Figure 59 Hyperspectral image of green areas on drawing M2 

Figure 60 Hyperspectral image of yellow areas on drawing M2 
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4.1.6 Paintings on canvas D1 and D2   

 

.ƻǘƘ ǇŀƛƴǝƴƎǎ ƻƴ ŎŀƴǾŀǎ όCƛƎǳǊŜ смΣ CƛƎǳǊŜ снύΣ ŜȄƘƛōƛǘ ŀ ƎƻƻŘ ǎǘŀǘŜ ƻŦ ŎƻƴǎŜǊǾŀǝƻƴ ŀƴŘ ǘƘŜ ǇŀƛƴǝƴƎ 

ŘŜǎƛƎƴ ŀƴŘ ǘƘŜ ŎƻƭƻǳǊ ŎƻƳǇƻǎƛǝƻƴ Ŏŀƴ ōŜ ŘƛǎǝƴƎǳƛǎƘŜŘΦ hƴƭȅ ǎƻƳŜ ǎƛƎƴǎ ƻŦ ǇǊƻōŀōƭŜ ŀƎŜƛƴƎ ŎǊŀŎƪǎ 

ŀǊŜ ǇǊŜǎŜƴǘΣ ƛƴ ǇŀǊǝŎǳƭŀǊ ŀƭƻƴƎ ǘƘŜ ǳǇǇŜǊ ǎƛŘŜ ƻŦ 5м ŀƴŘ ƛƴ ǘƘŜ ƭƻǿŜǊ ƭŜƊ ǎƛŘŜ ƻŦ 5нΦ ¢ƘŜ ǇƛŎǘƻǊƛŀƭ 

ǎǳǇŜǊŬŎƛŀƭ ƭŀȅŜǊ ŀǇǇŜŀǊǎ ǘƻ ōŜ ƘƻƳƻƎŜƴŜƻǳǎ ŀƴŘ ƛǘ ǿŀǎ ŘŜǇƛŎǘŜŘ ǿƛǘƘ ǎƛƳƛƭŀǊ ƳŀǘŜǊƛŀƭǎΦ ¢ƘŜ ŀǊǝǎǘΩǎ 

ǎƛƎƴŀǘǳǊŜ ŀƴŘ ǘƘŜ ȅŜŀǊ ƻŦ ŎǊŜŀǝƻƴ ό{ǘŜǇŀƴ ½ŀǾǊŜƭ мфтоύ ŀǊŜ ƛƴŘƛŎŀǘŜŘ ƛƴ ǘƘŜ ƭƻǿŜǊ ǊƛƎƘǘ ŎƻǊƴŜǊ ƻŦ ǘƘŜ 

ǘǿƻ ǇŀƛƴǝƴƎǎΦ hƴ ǘƘŜ ōŀŎƪ ƻŦ ōƻǘƘ ǇŀƛƴǝƴƎǎΣ ǘƘŜǊŜ ƛǎ ƴƻǘƘƛƴƎ ƴƻǝŎŜŀōƭŜΦ 

wŀƪƛƴƎ ƭƛƎƘǘ ƛƳŀƎŜǎ ŜǾƛŘŜƴŎŜŘ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ŀƎŜƛƴƎ ŎǊŀŎƪǎ ƻƴ ǘƘŜ ōǊƻǿƴ ŎƻƭƻǳǊŜŘ ȊƻƴŜǎ όCƛƎǳǊŜ 

соŀΣ соōύΣ ŀǎ ƛƴ ǘƘŜ ŎŜƴǘǊŜ ŀǎ ƛƴ ŀƭƻƴƎ ǘƘŜ ǳǇǇŜǊ ŀƴŘ ƭƻǿŜǊ ǎƛŘŜǎ ƻŦ ōƻǘƘ ǇŀƛƴǝƴƎΦ ¢ƘŜ ŎǊŀǉǳŜƭǳǊŜǎ 

ǾƛǎƛōƭŜ ŀƭƻƴƎ ǘƘŜ ǎƛŘŜǎ ŀǊŜ ǇǊƻōŀōƭȅ ŘǳŜ ǘƻ ǘƘŜ ǎǘǊŜǘŎƘƛƴƎ ŎŀǳǎŜŘ ōȅ ǘƘŜ ǿƻƻŘŜƴ ŦǊŀƳŜΣ ǘƘŀǘ ŎŀǳǎŜŘ 

ŀƭǎƻ ǎƻƳŜ ŎŀƴǾŀǎ ŘŜŦƻǊƳŀǝƻƴΦ Lƴ ŦŀŎǘΣ ƻƴ 5н όCƛƎǳǊŜ соōύΣ ǘƘŀǘ ǘȅǇŜ ƻŦ ŘŜŦƻǊƳŀǝƻƴǎ ƛǎ ǇǊŜǎŜƴǘ 

ǇǊƻōŀōƭȅ ŘǳŜ ǘƻ ǘƘŜ ǇƛŎǘƻǊƛŀƭ ƭŀȅŜǊ ǎƭƛƎƘǘƭȅ ŘŜǘŀŎƘƛƴƎ ŀƴŘ ǘƘŜ ǎǘǊŜǘŎƘƛƴƎ ŎŀǳǎŜŘ ōȅ ǘƘŜ ǿƻƻŘŜƴ ŦǊŀƳŜ 

ŀǎ ǿŜƭƭΦ !ōƻǳǘ ǘƘŜ ǇƛŎǘƻǊƛŀƭ ƭŀȅŜǊΣ ǘƘƛǎ ǘŜŎƘƴƛǉǳŜ ŎƻƴŬǊƳŜŘ ǘƘŀǘ ƛǘ ƛǎ ƎŜƴŜǊŀƭƭȅ ƘƻƳƻƎŜƴŜƻǳǎ ŀƴŘ 

Figure 61 a: Front of painting D1; b: Back of painting D1 

a b 

Figure 62 a: Front of painting D2; b: Back of painting D2 

a b 
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ǊŜŀƭƛȊŜŘ ǿƛǘƘ ōƻŘƛŜŘ ǇŀƛƴǘǎΦ ¢ƘŜ ǇǊŜǾƛƻǳǎƭȅ ƳŜƴǝƻƴŜŘ ŘŜŦƻǊƳŀǝƻƴǎ ŀƴŘ ŎǊŀǉǳŜƭǳǊŜǎ ǇƘŜƴƻƳŜƴŀ 

ŀǇŀǊǘΣ ǘƘŜ ŎŀƴǾŀǎŜǎ Řƻ ƴƻǘ ǎƘƻǿ ŀƴȅ ƻǘƘŜǊ ŘŜŦŜŎǘǎΦ 

 

 

¢ǊŀƴǎƳƛǧŜŘ ƭƛƎƘǘ ƻƴ ǇŀƛƴǝƴƎ 5м ŘƻŜǎ ƴƻǘ ǎƘƻǿ ŀƴȅ ǇŀǊǝŎǳƭŀǊ ŘŜŦŜŎǘǎ ŜȄŎŜǇǘ ŀ ƭƛǧƭŜ ǎǘǊŜǘŎƘƛƴƎ ƴŜŀǊ 

ǘƘŜ ŎǳōŜΣ ƛƴ ǘƘŜ ƳƛŘŘƭŜ ƻŦ ǘƘŜ ŎƻƳǇƻǎƛǝƻƴΦ !ŘŘƛǝƻƴŀƭƭȅΣ ƛǘ ŘƻŜǎ ƴƻǘ ǎƘƻǿ ǘƘŜ ŎǊŀǉǳŜƭǳǊŜ ǇŀǧŜǊƴǎ 

ōǳǘ ƛǘ ŜǾƛŘŜƴŎŜǎ ŀ ǾŜǊǝŎŀƭ ƭƛƴŜ ƛƴ ǘƘŜ ŎŜƴǘǊŜ ƻŦ ǘƘŜ ŎŀƴǾŀǎΣ ǇǊƻōŀōƭȅ ōŜŎŀǳǎŜ ƛǘ ǿŀǎ ōŜƴǘ ōŜŦƻǊŜ ǘƘŜ 

ŦǊŀƳŜ ǿŀǎ ŀǎǎŜƳōƭŜŘΦ Lƴ ǘƘŜ ōǊƻǿƴ ŎƻƭƻǳǊŜŘ ȊƻƴŜǎΣ ǘƘŜ ōǊǳǎƘ ǎǘǊƻƪŜǎ ŀǊŜ ǾƛǎƛōƭŜ ŀƴŘ ǘƘŜȅ ŀǇǇŜŀǊ 

ǘƻ ōŜ ƴƻǘ ǊŜŀƭƭȅ ƘƻƳƻƎŜƴŜƻǳǎΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ŎǊŀǉǳŜƭǳǊŜǎ ŀǊŜ ƴƻǝŎŜŀōƭŜ ƛƴ ōǊƻǿƴ ŎƻƭƻǳǊŜŘ 

ȊƻƴŜǎ ŀƴŘ ƛƴ ǘƘŜ ƭƻǿŜǊ ǿƘƛǘŜ ȊƻƴŜ ƻƴ ǇŀƛƴǝƴƎ 5н όCƛƎǳǊŜ спύΣ ŀǎ ǿŜƭƭΦ !ƴȅ ƻǘƘŜǊ ǇŀǊǝŎǳƭŀǊ ŘŜŦŜŎǘǎ 

ŀǊŜ ǾƛǎƛōƭŜΦ [ƛƪŜ ƛƴ 5мΣ ǘƘŜ ōǊǳǎƘ ǎǘǊƻƪŜǎ ŀǊŜ ŜǾƛŘŜƴŎŜŘ ƛƴ ǘƘŜ ōǊƻǿƴ ŎƻƭƻǳǊŜŘ ȊƻƴŜǎ ŀƴŘ ŀƭǎƻ ƛƴ ǘƘƛǎ 

ŎŀǎŜΣ ǘƘŜȅ ŀǇǇŜŀǊ ǘƻ ōŜ ƴƻǘ ǊŜŀƭƭȅ ƘƻƳƻƎŜƴŜƻǳǎΦ 

¦± ƛƳŀƎŜǎ Řƻ ƴƻǘ ǎƘƻǿ ŀƴȅ ǇŀǊǝŎǳƭŀǊ ƭǳƳƛƴŜǎŎŜƴŎŜ ǊŜǎǇƻƴǎŜ ŀƴŘ ǇǊƻōŀōƭȅ ¢ƛǘŀƴƛǳƳ ²ƘƛǘŜ ǿŀǎ 

ǳǎŜŘ ƛƴ ǘƘŜǎŜ ŎŀǎŜǎ ōŜŎŀǳǎŜ ƻŦ ǘƘŀǘ ǊŜǎǇƻƴǎŜΣ ŀǎ ǊŜǇƻǊǘŜŘ ōȅ /ƻǎŜƴǝƴƻ όнлмрύΦ tŀƛƴǝƴƎ 5н ƻƴƭȅ 

Figure 63 a: Raking light on painting D1; b: Raking light on painting D2 

a b 

Figure 64 Transmitted light on painting D2 
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ŜȄƘƛōƛǘǎ ŀ ōƭǳŜƛǎƘ ƭǳƳƛƴŜǎŎŜƴŎŜ ǊŜǎǇƻƴǎŜ ƛƴ ŎƻǊǊŜǎǇƻƴŘŜƴŎŜ ǘƻ ǘƘŜ ǿƘƛǘŜ ŎƻƭƻǳǊŜŘ ȊƻƴŜǎΦ IƻǿŜǾŜǊΣ 

ƛǘ ŎƻǳƭŘ ōŜ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ǳǎŜ ƻŦ ƴƻǘ ǎƻ ōƻŘƛŜŘ ǇŀƛƴǘǎΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ǇŀƛƴǝƴƎǎ 5м ŀƴŘ 5н Řƻ 

ƴƻǘ ǎƘƻǿ ŀƴȅ ǇŀǊǝŎǳƭŀǊ ǎƛƎƴǎ ƻŦ ǳƴŘŜǊŘǊŀǿƛƴƎǎ ƻǊ ŜǾƛŘŜƴǘ Lw ǊŜǎǇƻƴǎŜΦ 

wŜƎŀǊŘƛƴƎ ƘȅǇŜǊǎǇŜŎǘǊŀƭ ƛƳŀƎƛƴƎΣ ǘƘŜ ǎǇŜŎǘǊŀ ǎƘƻǿŜŘ ǘƘŀǘ ǘƘŜ ŎƻƭƻǳǊǎ ŀǊŜ ǿŜƭƭ ŘƛǎǝƴƎǳƛǎƘŜŘΦ ²ƘƛǘŜ 

ŎƻƭƻǳǊ ǎŜŜƳǎ ǘƻ ōŜ ǎŀƳŜ ŜǾŜǊȅǿƘŜǊŜΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ȅŜƭƭƻǿ ƻŎƘǊŜ ŀƴŘ ōǊƻǿƴ ŎƻƭƻǳǊŜŘ ŘŜǘŀƛƭǎ ŀƴŘ 

ǇǊƻōŀōƭȅ ǘƘƻǎŜ ŎƻƭƻǳǊǎ ŀǊŜ ƴƻǘ ƳƛȄŜŘ ǘƻƎŜǘƘŜǊΦ 

 

 

Figure 65 Hyperspectral image of white areas on painting D1 
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Figure 66 Hyperspectral image of white areas on painting D2 

Figure 67 Hyperspectral image of brown areas on painting D1 
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 01 02 03 04 05 M1 M2 D1 D2 

White X X  X X X X X X 

Orange/Red X X X X X     

Mauve/Magenta X  X  X     

Blue  X X   X    

Green   X X X  X   

Brown X   X X  X X X 

Yellow X     X X X X 

Black    X      

 

4.2 Fiber Optics Reflectance Spectroscopy  (FORS) 

¢ƘŜ CƛōŜǊ hǇǝŎǎ wŜƅŜŎǘŀƴŎŜ {ǇŜŎǘǊƻǎŎƻǇȅ όChw{ύ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ƻƴ ŘƛũŜǊŜƴǘ Ǉƻƛƴǘǎ ƻŦ ǘƘŜ 

ŎƻƴǎƛŘŜǊŜŘ ŘǊŀǿƛƴƎǎ ŀƴŘ ǇŀƛƴǝƴƎǎ ƛƴ ŎƻǊǊŜǎǇƻƴŘŜƴŎŜ ƻŦ ŘƛũŜǊŜƴǘ ŎƻƭƻǳǊǎΦ ¢Ƙƛǎ ǘȅǇŜ ƻŦ ŀƴŀƭȅǎƛǎ ǿŀǎ 

ǳǎŜŦǳƭ ŦƻǊ ǘƘŜ ƛŘŜƴǝŬŎŀǝƻƴ ƻŦ ǘƘŜ ǇƛƎƳŜƴǘǎ ƻǊ ŘȅŜǎ ŜƳǇƭƻȅŜŘ ōȅ ǘƘŜ ŀǊǝǎǘ ŀƴŘ ǇƻǎǎƛōƭȅΣ ǘƘŜƛǊ 

ŘŜƎǊŀŘŀǝƻƴ ŀƴŘ ǾŀǊƛŀǝƻƴ ƻŦ ǘƘŜ ŎƻƭƻǳǊǎΦ ¢ƘŜ Ƴƻǎǘ ǊŜƭŜǾŀƴǘ ǎǇŜŎǘǊŀ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ŀƴŘ ŘƛǎŎǳǎǎŜŘ 

ōŜƭƻǿΦ 

 

 

 

 

Figure 68 a: FORS measure points of drawing 01; b: FORS measure points of 
drawing 02; c: FORS measure points of drawing 03 

Table 3 /ƻƭƻǳǊǎ ƻōǎŜǊǾŜŘ ƻƴ ǘƘŜ ŀǊǘǿƻǊƪǎ 
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¢ƘŜ ƻǊŀƴƎŜ ǇƛƎƳŜƴǘ ǳǎŜŘ ŦƻǊ ŘǊŀǿƛƴƎǎ лм ŀƴŘ лн όCƛƎǳǊŜ тмύ ŎƻǳƭŘ ōŜ ŀƴ ŀȊƻƛŎπōŀǎŜŘ ŘȅŜΦ !ǎ 

ǊŜǇƻǊǘŜŘ ōȅ aƻƴǘŀƎƴŜǊ Ŝǘ ŀƭΦΣ ǘƘŜ ŀȊƻ ŎƻƳǇƻǳƴŘǎ ǎƘƻǿ ƴ πҔ ́ϝ ŀōǎƻǊǇǝƻƴ ōŀƴŘǎ ƛƴ ƻǊ ƴŜŀǊ ǘƘŜ 

ǾƛǎƛōƭŜ ǊŜƎƛƻƴ ŀƴŘ ǘƘŜ Ǉƻǎƛǝƻƴ ǘƘŀǘ ŀōǎƻǊǇǝƻƴ ōŀƴŘ ǊŀƴƎŜǎ ŦǊƻƳ олл ƴƳ ǳǇ ǘƻ слл ƴƳ ŦƻǊ ŀ ǎƛƳǇƭŜ 

ŀȊƻ ŎƻƳǇƻǳƴŘ όaƻƴǘŀƎƴŜǊ Ŝǘ ŀƭΦΣ нлммύΦ Lƴ ǇŀǊǝŎǳƭŀǊΣ ǘƘŜ Chw{ ǎǇŜŎǘǊŀ ƻŦ ǘƘŜ ǊŜŘŘƛǎƘ ƻǊŀƴƎŜ ŘŜǘŀƛƭǎ 

ƻŦ ǘƘŜ ŘǊŀǿƛƴƎǎ лм ŀƴŘ лн ǎƘƻǿ ǘǿƻ ŀōǎƻǊǇǝƻƴ ōŀƴŘǎ ŀǘ ғпул ƴƳ ŀƴŘ ŀǊƻǳƴŘ рпл ƴƳΦ  

Figure 69 a: FORS measure points of drawing 04; b: FORS measure points of 
drawing 05 

ŀ ō 

Figure 70 a: FORS measure points of drawing M1; b: FORS measure points of drawing M2; c: FORS 
measure points of painting D1; d: FORS measure points of painting D2 

ŀ ō 

Ŏ Ř 




















































































































