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The novels of the Criminal Procedure Code (CPC) Republic of Serbia have introdu-
ced the concept of prosecutorial investigation in relation to that of evidence, special evi-
dentiary actions and other software for the operation of the criminal prosecution. The
meaning of novels is to conduct harmonization of standards with solutions of modern cri-
minal law practice, particularly with regard to EU standards Serbia applying for mem-
bership in the Union. Preventing the most serious forms of crime is the focus of autho-
rized bodies Serbia and in this context combating and preventing all forms of forgery, as
is the case with forgeries frescoes and selling them on the world market. In exposed
paper the method determining age of the frescoes is proposed. It is based on the use of
closed Markov’s graphs with three cells. The measurements of contents of water mole-
cules in surrounding area can be done only for the space in which the frescoes is located.
This means that followed exposed method is non destructive.
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INTRODUCTION

After the social changes in Serbia in late 2000 launched a process of social reform,
transformation of the police and state authorities, new and harmonization of legislation
with the EU. Started the transition of Security sector reform and police, secret service and
other subjects in the national security.

In the field of criminal law is modelled on the developed world adopted several new
regulations, such as the Penal Code, Criminal Procedure Code, the Law on Confiscation
of the Proceeds from Crime, Law on organization and jurisdiction of the authorities in
combating organized crime, corruption and other most serious forms of crime.

In the field of criminal procedural law adopted a new Code of Criminal Procedure (1),
which has been repeatedly amended and supplemented, and was modelled on the German
model finally adopted the amended text that introduces into practice the concept of prose-
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cutorial investigation. According to this model, the state (public) prosecutor shall conduct
the investigation and preliminary investigation procedure (1, Art.43-49) and it’s subordi-
nate to the police and all authorities at that stage. The state prosecutor ordered the police
implement specific actions in the function of collecting evidence (1, Art.285), and in this
respect the police acts and has specific powers (1, Art.286-294) that are characteristic
police standard, criminal and other. At present the CPC of evidence (1, Art.85-160) as
well as hearing the defendant, the hearing of witnesses, expert analysis, investigation, ve-
rification of documents, checking accounts and suspicious transactions, seizure and
search of objects (people, things, a). In accordance with the Convention against Trans-
national Organized Crime (Palermo Convention) (2) in CPC are built special evidentiary
actions (2, Art.161-187), such as secret surveillance of communication, secretly monito-
ring and recording, computer search data, controlled delivery and covert coroner.

For the purpose of this paper is of particular importance is the expertise, evidentiary
action (2, Art.113-132). In order to determine forgeries frescoes, other works of art and
rare objects of special importance sampling as a method of expertise in a broad sense.

Determining of age of the frescoes is very important problem. This problem becomes
very serious since the number of forgeries and forgers increases permanently. Control
whether the paint is original or forgery is complicated by the fact that during analysis the
paint should not be damaged.

It is the reason why we propose a method which is not destructive (in the sense of
damaging of the frescoes). The method consists in determining of humidity contents i.e.
in measuring of ppm of molecules water expressed in per cents. This method is appli-
cable in all cases, because the paint and its environment always contain some per cent of
molecules water. The paint and environment exchange molecules of water and therefore
humidity per cent changes in time.

Since the room is not hermetically isolated of wider environment this fact must be
taken into account from the moment of creation. It is obvious that the exchange of water
molecules between room and wider environment influences the humidity of the frescoes.

The Marcov's graphs will be used in calculations. The graphs will have three cells and
will be closed. The cells correspond to the paint, to the room and to wider environment.
The fact that the system is closed means that the sum of concentrations will be constant in
time. The choice of closed system in the same time means that the effects of absorption
of water molecules by walls, furniture etc. are neglected, although they really exist.

GENERAL REMARKS ABOUT FORGERIES AND FORENSIC EXPERTISE
OF FRESCOES

We considered two approaches:

(a) Falsification of art, rare items and weapons (old and trophy) is a phenomenon that
is now very much in the world and brings enormous profits for all participants in the cri-
minal chain. On the other hand, the customers, the state and the international community
are equally damaged by this kind of crime because it distorts economic interests, origi-
nality and value of artworks and objects Raritan. An additional problem is the foreign
elements of these offenses, which leads to the necessity of cooperation among all coun-
tries and international organizations.
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Art Mafia is now synonymous with organized criminal groups engaged in both the
theft and resale of original paintings and rare objects, as well as forgery and selling these
items on the market (3). The organization brings together a wide circle of people — thie-
ves, forgers, perpetrators, transporters and other participants in the criminal chain that
connects a common goal - the achievement of extra profits.

The fight against counterfeiters includes measures at national and international level,
both normative and operational. Certainly the most important role is played by Interpol as
the International Criminal Police Organization, which consisted of specialized line of
work that follows forgeries, smuggling and all forms of crime in this and related fields
(4). Interpol coordinate joint actions and take other measures and actions as well as invi-
tations to national police (Romania - forger stolen art objects, Lithuania-list of damaged
and owners, Poland and Norway - Project Joint investigation teams for legal and smug-
gled heritage), international meetings (IX International meeting on theft and smuggling of
art objects, cultural treasures and antiques-Lion, 11-13-03.2015), cooperation with speci-
alized agencies (UNESCO Venice Office, SEE, EU, private sector), the publication of
Protection of the National Convention of the goods (Mali and Bhutan, 18.02.2013),
posters (The Most Wanted Works of Art, Dec. 2014), meetings of the expert group (IEG -
Interpol Expert Group, 27-28.02.2014. (5)), the publication of stolen goods from war
zones (Afghanistan, Iraq), a special international standard (Object ID) containing a des-
cription and characteristics of object recognition, the International Red List of ICOM (In-
ternational Council of Museums, Red Lists) archaeological objects, vulnerable regions
and localities from which they steal, smuggle and resale cultural objects and others. A list
is compiled with the help of Getty International Institute continues to deliver Interna-
tional Council of Museums.

b) Counterfeits frescoes in the above sense are rare, but as forms of crimes and pre-
sent the subject of attention of professional and general public. Because of the special va-
lues, historical, cultural and other reasons, it is extremely important work state Officials
involved in the discovery of these works and their further processing. The detection of
counterfeits is particularly important forensic work and the use of appropriate forensic
methods, which help obtain material evidence and provides the basis for the prosecution
of perpetrators.

BASIC FORMULAS DETERMINING HUMIDITY

In the previous section it was said that the analysis will be based on closed Marcov’s
graphs with three cells.
The mentioned graph is given on Figure 1.
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Figure 1. The closed Marcov’s graph with three ¢
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On this graph p; represents concentration of water molecules in the frescoes, p, is
concentration of water molecules in the room while p; is concentration water molecules
in wider environment.

Scheme on Figure 1 represents graphical algorithm for forming the system of diffe-
rential equations determining time dependence of concentrations p;, p, and p; This sys-
tem is as follows:

D=-Aptup,
Py=-2up,*+ ip + vp; [2.1]
ps=-vpst up,
where 4, u, v are distribution frequencies. Summing these equations we obtain that
; . . d _
Dt Pt P E(pl—’_ Dyt ps)_ 0
wherefrom it follows that:
PO+ p,(H)+ py(¢)= const. [2.2]

The last formula is the proof that Marcov's graph is closed.

The system of differential equations [2.2] can be translated into system of linear
algebraic equations by means of Laplace's transformation (6, 7). It means that all equati-

ons of the system [2.1] will be multiplied with e “dt and integrated with respect to ¢ from
zero to infinity. The described procedure gives the system of algebraic equations:

(0+ Dg(@)- pg,(w)= p(0) [2.3]

- Agy(@)+ (0+ 2p)q,(0)+ vg;, (@)= p,(0) - ug,(@)+ (0+ v)g;(w)= p;(0)
The notation used in [2.3] is:

q,(®)= Tdte*”” (0, s=12,3 [2.4]
The formula: '
qs(w)=°fdre’””ps(t)=qu(w)—ps(0), [2.5]
s0=1,2,3

was used, also. The solutations of the system [2.3] are given by:
PO’ + [2ut v)p (0)+ up,(]w+ uvH
o(w- Q) (w- Q,)
P (0)0* + [(v+ 1) py(0)+ 2p,(0)+ vpy (D] + AvH 2.6]
o(w- Q) w- Q,)

9, (0)=

q,(®)=

where H = p,(0)+ p,(0)+ p,(0) and

Q,=- 2ut vt i, %\/4,1% v+ 2o v [2.7]
+ v+
Q= B ol 2 28]
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Time dependance of concetrations py(?); s= 1, 2, 3 can be found by application of

inverse Laplace transformation (8):
1 C+ioco
py()==— [doe”'¢,(@), s=123 [2.9]
270 %,
The contour in complex w plane for calculation of Bromvich integral (9,10) is given

on Figure 2.
/_ T

Figure 2. Contour in complex plane for finding of inverse Laplace transformation

Since all functions gs(@) have three simple poles @w=0, @=W, and w=W,, the integral
[2.9] is sum of residues in poles 0, W; and W,. The formula for finding of residuum at
simple pole is:

Res f(2) =lim(z ~2,)/(2) [2.10]

Applying the formulas [2.9] and [2.10] to [2.6] we obtain the solutions of the system
of diferential equations [2.]:

pwH | p(0)Q+[Qut vp(0)+ up,(0]Q, + wH o
QQ, Q,Q,- Q,)
~ p(0)Q3+ [2u+ v)p(0)+ up,(0)]Q, + uvH ¥
QZ(QI_ Qz)
wH | p, (0)QF + [(A+ v)p,(0)+ Ap,(0)+ vp,(0)]Q, + AvH 0 _
ngz Q1(Ql' Qz)

p)=

[2. 11]

p,(D)=

P05+ [(A+ v)p,(0)+ 4p,(0)+ vp, (0)]Q, + AvH ¥

[2.12]
Qz (Ql - Qz)
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H | py Q)9+ [ut Dpa(O)+ s (IR + JaiH g,

p3(t): ngz QI(QI - Qz)
_ PO+ [Cpt Dps(0)+ pp, (0)Q, + FuH [2.13]
Q,(Q- Q,)

These formulas will be used for determining of the age of the frescoes.
DETERMINING AGE OF THE FRESCO

Determining of age of the fresco requires series of mesurements of water conteints. It
should be pointed out that we do not know when was the initial momentum ¢ = 0, since we
do not know when the fresco was finished. Consequentely, initial concentrations p;(0),
p2(0) and p; (0) are unknown. There is a posibility to determine initial concentration of H,O
molecules in the fresco using computer scheme of paint distribution of fresco. With help of
this sheme we can reproduce paints of investigated fesco and measure its humidity. It could
be equal to initial concentration p;(0).

Concerning measurements we must remember that the fresco must not be damaged,
which means that no maesurements should be done on the fresco. It also means that the
formula [2.11] will not be used. Measurements of humidity percentage of wider environ-
ment are not recommended due to the possible fluctuations of humudity in wider area (rain,
snow, wind etc.). On the bases of above reasoning it remains to measure H,O contents in
different moments in time in the room where the freco is located. The humidity fluctuations
in the room are very rare. Besides, the paint is in direct contact with air of the room (see
Markov's graph). This direct contact gives more perceptible changes of humidity. Since the
wider environment and the paint are not in direct contact, the changes of humidity of wider
environment p;(f) would be weak, and this requires longer time intervals between two con-
secutive measurements. The final conclusion from preceding discussion is that all measure-
ments are related to determining the concentrations p,(f). The first measurement concetra-
tion p, gives p,(T), where T is the age of athe fresco in the moment of measurement. This
concentration will be denoted with B;.

On the basis of the formula [2.12], writen for t = T we get the following expression
formula:

R= Bl_ (D(xsysTaB.o)_ F(x>y;T;Z:H)exT$ f(x,y,z,T,H,BO) [314]
2sinh yT
Where
2u+ v+ A 1

x= %,y= 5\/4,uz+ V4 Z- 2V, z=vA, By= p,(0), B = p,(T) [3.15]

The functions @ and F, figuring in [3.14] are given by:
(D(x’y’T,BO): BO yCOShyT- xsmhyT o *T [316]

y
F(x,y,T,z,H):{ : 1 : _xsmhyT7+yC(7)shyT e"T}zH [3.17]
X =y y (" =y7)
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The time unit in the formula [3.14] is one year. There appear six unknown values in
[3.14]: x, y, z, T, H and B,. To determine these unknown parameters, we must carry out
six measurements of concentration p,(f). The interval 7 between two consecutive mea-
surements can be taken to be one month, or half a month. In the first case T = 1/12 and in
the second case T = 1/24. The first of these measurement must be done a month or half
amount after the first measurement which has got value B=p,(¢).

The values of concentration obtained in moments 7+ 7, 7+ 2z,. . ., T+ 67, will be de-
noted by B,, Bj, ..., B, respectively. So we obtain the following system of the equations:

B,=F(x,y, T+1z,H) + ®(x,y, T+1,B)) + [2¢™"? sinh(T+7)] f (x.y.z T+ 7,H,By)
Bs=F(x,y, T+27,z,H) + ®(x,y, T+27,B,) + [2¢™7 7 sinh(T+27)] f (x,y,z, T+2 7,H, B))
B,=F(x,y, T+37,z,H) + ®(x,y, T+37,By) + [2¢™"" 7 sinh(T+37)] f (x,,z, T+3 7,H, By)

[3.18]
Bs=F(x,y, T+47,z,H) + ®(x,y, T+47,B,) + [2¢™7 7 sinh(T+4 1) f (x,y,z, T+4 7,H, B))
Bs=F(x,y, T+57,z,H) + ®(x,y, T+57,B) + [2¢™77 sinh(T+5 )] f (x,,z, T+5 7,H, By)
B,=F(x,y, T+67,z,H) + ®(x,y, T+6T,B) + [2¢™7 07 sinh(T+67)] f (x,y,z, T+6 7,H, By)

Besides, in order to find the age of the paint 7, which is the main goal of our analysis,
we must find the distribution frequencies p, v and A. These frequencies cannot be calcula-
ted directly from the formulas [3.18]. They can be determined with the help of the values
of x, y and z which are included into [3.18]. Knowing x, y and z, we can find p, v and A
from the relations [3.15]. The solving of the system of equations [3.18], requires the use
of numerical methods. The same requires the solving of the system [3.15]. Finishing this
section we quote the following illustrative example:

For: t1=1/24;

B, =2.7; B,=2.7002; By =2.7005; B, =2.7007;
Bs=12.70085; Bs = 2.70095; B;=2.701; [3.19]

we obtained:
T'=65.25 years; H=10; By =1.93; x = 0.12547; y =0.005966; z=0.000047 [3.20]
Substituting [3.20] into [3.15], we found the values for distribution frequencies:

A=0.011179; u=0.004847; v =0.04221.
It is seen the results obtained in this example are realistic (11,12).

CONCLUSION

Because of the special values, historical, cultural and other reasons, it is extremely
important work state Officials involved in the discovery of these works and their further
processing. The detection of counterfeits is particularly important forensic work and the
use of appropriate forensic methods, which help obtain material evidence and provides
the basis for the prosecution of perpetrators.
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The proposed method of determining the age of the frescoes has given satisfactory
result: the age T can be determined without touch on the paint. The theory is based on
really existing situation. Some idealizations are introduced by the fact that closed Mar-
kov’s graph is used. This eliminated actually existing effect consisting of influence of
walls, furniture etc. to the humidity of room. The main shortage of this approach is the
moment of selling the fresco, since it occurs out of the room included in our theory. In
quoted illustrative example only one set of six values B was used. In practice the more
realistic result could be obtained with # sets of six values B. These n sets would be ob-
tained by changing of intervals T between two successive measurements. In this way we
should obtain #n sets of results of the type [3.20]. The values given in [3.20] would be
calculated as arithmetic means of # values or as expectable values of them.

Acknowledgement
This work was supported by the Serbian Ministry of Education, Science and Techno-

logical Development, Grant No. TR34019.
The authors owe special gratitude to his teacher, academician prof. dr Bratislav Tosic.

REFERENCES

—_—

“RS Official Gazette" No.72/11, 101/11, 121/11, 32/13 and 45/13.

2. Law on Ratification of the UN Convention against Transnational Organized Crime,
the Additional Protocols, "FRY Official Gazette- International Treaties”, No. 06/01.
(Palermo Convention).

3. Todorovic, M: Forgeries of art goods, MOI RS, Security, 1, Belgrade, 1993, p.589-
598.

4. Nika¢, Z: Transnational cooperation between countries in the fight against crime — In-

terpol and Europol, The Institute for textbooks and teaching aids RS, Belgrade, 2003;

p.134-135.

Source: www.interpol.int, Crime areas, Works of Art (accessed: 8 March 2015).

Meyn S.P.,.Tweedie R.L: Markov Chains and Stochastic Stability, Springer, 2005.

7. Donaldson, T.: A Laplaces Transform Calculus for Partial Differential Operators,
Providence: AMS, 1974.

8. Lipson, H.: The Introduction of Fourier Methods into Crystal-Structure Determina-
tion, Notes and Records of the Royal Society of London, 1990, 44 (2), 257-264.

9. Dodson, C.T.J. Introduction to Laplace Transforms for Engineers, School of Mathe-
matics, Manchester University, www.maths.manchester.ac.uk/kd/ma2m1/laplace.pdf

10. Howye, J.M. Complex Analysis, London, Springer, 2001.

11. Zori¢, V.M. Analysis of mechanical oscillations the colored coating and method of
application results of forensic investigations, PhD Thesis, University of Novi Sad,
Serbia, 2009.

12. Zori¢, V.M. Forensic Investigation of colored layers, Zaduzbina Andrejevi¢, Beog-

rad, 2014.

Al

192



APTEFF, 46, 1-269 (2015) UDC: 75.052:676.014.2]:351.746.2:612.232
DOI: 10.2298/APT1546185Z BIBLID: 1450-7188 (2015) 46, 185-193
Original scientific paper

MHOJIMIINJCKHU ACIIEKTH ®OPEH3NYKUX METOJA CTYAUJE
INPOHEHTA CAJAPXAJA BOJAE KO OAPEBUBAIA CTAPOCTHU
DOPECAKA

Bojkan M. 3opuh’?, XKemro Huxau’, Padosan Padosanosuli®

! Vausepsurer y Hoom Cany, Ipuponro-matematrukn dakynret, Tpr Jlocuteja O6pamosuha 4,
21000 Hosu Caz, Cp6uja
2 MuHHCTApCTBO YHyTpambux nocnosa, YKII-Hanuonanuu kpumuHanucTiuko-rexsiaky Lentap, Bynesap
Muixajia [Tynuna 2, 11000 Beorpan, Cpbuja
? KpMMHHATMCTHYKO-TIONMIMjCKa akanemuja, [perpesuua, 11080 Beorpan — 3emyn, Cpouja

Hogene o xpuBmarom noctynky (3KII) Pemy6mike CpOuje umajy yBOIHH KOHIETIT
Ty)KWJIauKe McTpare y Be3U ca OBUM JOKa3nMa, II0CeOHe HOKa3He Pajme W IAPyrH codr-
Bep 3a (QYHKIMOHUCAkE KPUBUYHOT I'OBCHA. 3HAUCHE HOBEJA je J1a crpoBee yckiahu-
Bame CTaHAApAa ca pellelhbUMa CaBPEMEHOI KPUBHYHOI 3aKOHA y MpaKcH, HOCEOHO y
Be3u ca cranmapauma EY CpOwuje, koja ce mpujaBibyje 3a wiaHcTBO y YHuju. Crpeua-
Bambe Hajo30MIbHUjUX 00MKa KpuMHHaia je Gokyc HamiexHux oprana Cpouje u 'y Tom
KOHTEKCTY je crpedyaBame 1 00pOa mpoTuB cBUX obnuka dancudukara, Kao IITO je CiIy-
4aj ca Qancudurarima ppecaka ¥ YMETHHUIKHX CIMKA U FUXOBA MPOJaja Ha CBETCKOM
TPXKUIITY. Y H3JI0KSHOM pajly je MpeJIoKeH MeTo]] ofipeliBama crapoctu (pecaka. OH
ce 3aCHMBA Ha KopHuIlhewy 3aTBOpeHHX MapKoBibeBHX TpadoBa ca Tpu henuje. Mepema
caJprkaja MOJIEKyJia BOJIE y OKOJIMHH MOXE C€ ypaJHTH caMo 3a IPOCTOp y KOME ce Ha-
naze pecke. To 3Haum na je cienehm W3MOKEHH METOH KOjU C€ KOPUCTH — HEHECTPYK-
THBaH.

Kibyune peun: [Tonumja, hopeH3nka, KOHLIEHTpaIMja BIaXHOCTH, MapkoBibeBH rpadosy,
(pecke.
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