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Summary: Having in mind a rapid increase in technological innovations and the use
of the materials thus obtained in criminal acts prosecution, it is essential to point out at the
importance of the materials as the traces in the presentation of evidence process, since they
can be found as micro traces at the crime scene. In all criminal acts perpetrated in the
territory of the Republic of Serbia in the past and recent few years, ranging from robberies
and heavy thefts and traffic accidents with escaped perpetrators, as well as the criminal acts
of rape and murders (attempted murders), micro traces of materials were found at a crime
scene. These traces were further analyzed in forensic laboratories of the National Crime-
Technical Center of the Republic of Serbia of the Ministry of Interior and thus provided
material evidence for the investigation procedure, pre-trial and criminal proceedings. The
mentioned microtraces have been examined by ordinary analytical methods, such as Fourier
Transform Infrared Spectrophotometry (FT-IR) and Scanning Electron Microscopy with
electrodispersive spectrometer of x-rays (SEM/EDS). The new forensic method of probabi-

listic statistics was applied on the results obtained.
Keywords: contemporary materials, microtraces detection, criminal acts, material

evidences, probabilistic statistics.

1. INTRODUCTION

The example that will be presented here is
related to a traffic accident in which a pedestrian
was killed by a car, after which the perpetrator left
the crime scene. The crime scene investigation
included the recovering, determination and identifi-
cation of the traces — the peel of the car paint and
polish, plastic, glass, etc. In this case the only rele-
vant element was the red peel of paint. Other ele-
ments of the investigation (traces and statements of
the witnesses) were used to find a potential perpetra-
tor of the accident. Based on the method of elimina-
tion it was concluded that the only two cars that
were potential perpetrators could be of red colour
(one of the important elements for investigation is
that both cars were produced by the same factory
“ZASTAVA* in Kragujevac).

Paint samples were taken from all suspected
cars for the examination and experimental compari-
son (forensic expertise) with the samples taken from
the crime scene. The experimental expertise was

* Corresponding author: vojkan.zoric@mup.gov.rs

done by the application of Fourier Transform Infra-
red Spectophotometry FT-IR on one of the most
modern devices “Thermo Fisher Corporation” model
“Nexus 6700” (low energy domain) and by using
Scanning Electron Microscopy with electrodispersi-
ve spectrometer — SEM/EDS “JOEL - Tokyo” model
“JCM 6460 LV” (high energy domain).

The experimental spectrograms (FT-IR and
SEM/EDS) obtained for the suspected cars that have
been selected by elimination, were not able to give
us any conclusion as to which of the two cars was
responsible for that criminal act.

2. PROBABILISTIC METHOD OF
EXAMINATION OF PAINT
HISTOGRAMS

Having considered the facts above, the theore-
tical methods of examination were introduced [3,4].
Every experimental graphic (FT-IR spectrograms)
contained three curves which are relevant to irrever-
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sible absorption and also one curve related to rever-
sible absorption [1, 2]. This gave the possibility for
application of all mentioned theoretical methods in
order to determine the perpetrator of the criminal
act.

The diagrams (FT-IR spectrograms in the
domain of low energy) which are related to the irre-
versible absorption are processed by the method of
minimal square on the basis of the tables constructed
in this way. In the following text mark “0” was used
to denote the data from the crime scene, while the
indexes “1” and “2” denote the suspected cars. The
following photos show the FT-IR diagrams which
were analyzed:
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Figure 1. FT-IR spectrograms of the dark-red peel of
paint from the crime scene. The spectral regions on
which the theoretical method was applied is marked

by the numbers 1-3.
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Figure 2. FT-IR spectrograms of dark-red peel from the
suspected car number 1. The numbers 1-3 denote the
spectral regions on which the theoretical method was

applied

From the tables formed according to the data
of the presented curves and by the method of mini-
mal square, the coefficients of absorption were

determined 8,6, ,0,;:
6, =2,16497 .6, =1,73978 ,6,, =14,2039, by

which and according to the composition formula
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it is found that the abscissas of the maximum are
Aoy and abscissas of the saddle A, are given as:

Aoy =5,58378 m™ ;5 2,,=9,49071 m™"  (2)
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Figure 3. FT-IR spectrograms of the dark-brown peel
from the suspected car number 2; the numbers 1-3 signify
the spectral region on which the theoretical method was
applied

By the application of the formula and mathe-
matical hyphenation (the mean) of the wave length,
the following value is obtained:

(4,)=831743 m ®)

For the paint sample for the car number 1, the
tables with the index "1"are obtained. By the method
of the minimal square the coefficients of minimum
absorption were determined: 6,,,6,,,6,;:
6,, =2,16497,6,, =1,73978,6,, =14,2039 ,by which
and according to the formula of composition (1), it is
found that the abscissa of the maximum A,,, and the

abscissa of the saddle 4, ,, as given:
Ay =10,5518 m;  4,, =17,99 m 4

By the application of the formula and by
determining the mathematical hyphenation (the
mean) of the wave length A, the following value is
obtained:
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(4,)=15,7952 m ®)

For the paint sample from the car number 2,
the tables with index "2" were obtained. From the
tables and by using the least square method, the
coefficients of absorption were determined
0,,,6,,,6,,:0, =155174,6,, =0,50798 4,, = 7,09774, by
which and according to the composition formula (1),
the maximum of abscissa A,,, and the maximum of

saddle 4, are found:
A, =509032m ; A, =888347 m (6)

By the application of the formula and by
determination of the mathematical hyphenation (the
mean) of the wave length A, the following value is

obtained:
(2,)=1791257 m (7)

The absolute values of the differences are
formed:

‘/?’OM _/11M > A’OP _/1113 /101\/1
These differences are:
Aoy = Aung| =4.96802m; |4, — 4,,| =8,49929m;
(Ao = Aope| = 0,49346m; |4, — 4,,| = 0,60724m
From the formula (8) it is obvious that
Aoy = Aay| 18 less than ‘/%M —/11M‘ and |2, — A,,| is

less than |4, - ,,

- /12M

’ 7/10P_/?’2P"

(8)

, so according to this test it can

be concluded that the car number "2" is probably the
culprit for the accident. In order to check the reality
of this conclusion, the obtained results were
examined by the method of reversible absorption
and the coefficient of the reversible absorption @
was determined by the formula [5-7]:

o=-_""% .
4yn, -n,

On each experimental diagram, one curve was
found which is related to reversible absorption and

according to them the following values were deter-
mined:

Mo =500 m™, 7, =1.000m™, @, =4,69-10"m
7, =600 m”, 7,=1050m", ® =418-10°m
7, =550m™, 7,=1.050m", ®,=434-10"m

We are forming the absolute value of the dif-
ferences |0, - [, [©, -,

@, -®,[=0,51m; |®,-D,|=035m (10)

Since ‘(Do—q)z‘is less than ‘q)o_q)l‘ and

according to this criterion, it can also be concluded
that the most probable culprit is the car number “2”.

From each diagram obtained in the area of the
high energies (experiment by SEM/EDS) three cur-
ves were chosen related to the irreversible absorp-
tion. According to them, the tables were made.
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Figure 4. DIAGRAM SEM/EDS of the red acrylic car

paint from the crime scene; Numbers 1 — 3 signify the
regions of the examination
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Figure 5. DIAGRAM SEM/EDS of the red acrylic car
paint from the suspected car number 1; The numbers I —
3 denote the regions of examination

Spectrum 1

T
g =] 0]
Full Scale 13835 cts Cursar: -0.255 ke (0 cts) ket|

Figure 6. DIAGRAM SEM/EDS of the red acrylic
paint from the suspected car number 2; the numbers 1 — 3
signify the region of examination

The tables with
following values:
6, =3882m; 6, =1,0519m; 6, =2,9065m .
The composition formed on the basis of this
data has the following values:

K,, =0,.86891m™; K,,=150025m" (11)
6, =1,88889m; 6, =0,73939m; 6, =1,97475m (12)
K, =141639m™; K,,=2,43423m™"'

index “0”  “gave” the
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0, =5,27349 m; 6,, =1,78628 m; 6,, = 2,4124 m (13)
K,, =0,71214m™; K,,=123543m™

We are forming the absolute value of the dif-
ferences:

‘KOM _K]M Kop _KIP KOM _KZM
These differences are:

5 KOP_KZP"

> s

‘KOM - K]M‘ =0,54748 m;
‘KOM _KZM‘ =0,156806 m;

Kop— K s = 093398 m;
Kyp — Koyl = 0,26482 m

(14)

Since is less than |k, -K,,|

‘KOM - 2M‘

and Kop = Ko is less than ‘KOP —K,,|, it can be con-

cluded that car number “2” is more likely to be
responsible for the accident [8].

At the end, the last conclusion was tested
through the process of reversible absorption on the
high energies.

On each experimental diagram, one curve was
found related to the reversible absorption and accor-
ding to them the following values were determined:
T =100m™; 7, =600 m™; @, =13548-107 m;

>

7, =150m™; 7,=600 m™; ® =1106-10" m;

s

7y =100m™; 7, =550m™; ®,=1415-10"m

(15)

We are forming the absolute value of the dif-
ferences ‘CDO_CDI‘ > @, _q)z‘.

@, —®,[=0,2488m; |D, —D,|=0,06m (16)

Since @, -, is less than ‘q;o_q;)]‘ even by

this criterion it can be concluded that the car number
“2” is most probably the culprit for the accident.

If we consider the mathematical hyphenation
(the mean) of the wave length: (1,)=831743m;

(4)=157952m; (1,)=791257m, as one of the

additional criteria, we also conclude that car number
“2” is the most probable culprit of the accident. This
means that, if we form the absolute values of the
differences: ‘<go>_<,11>‘ : ‘<,10>_<,12> , we see that:

(o) ~(4)] = 7477 [(4)~(4)] =04048am  (17)

If we consider the results of the theoretical
analyses of the obtained experimental results, we
can conclude with high probability that the car with
number “2”is the culprit of the traffic accident, since
such results were obtained according to four criteria

[9].

3. CONCLUSION

The presented method of determined parame-
ters for irreversible absorption and the results which
are obtained can be used to identify the paints. It
must be pointed out that this method is not based on
the composition of reversible distribution and thus it
is more partial than general. It should be emphasized
that the convolution of Bessel’s functions can be
done as well as their composition, but this cannot be
performed analytically, only by using the PC and
software mathematica 5.2.
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YJIOI'A CABPEMEHUX MATEPUJAJIA V JETEKII1IYN MUKPOTPAT OBA
HA MECTY U3BPIIEBLA KPUBUYHUX JEJIA

Caxerak: Imajyhu y Buay Hampenak TEXHOJOIIKMX HHOBAlMja U yHOTpeOy Tako
MOOHMjeHUX Marepujajia y KPHBHYHUM JIeMMa, Kao TOjaBHUX OOJHMKAa MHUKPOTparoBa Ha
MECTY U3BpIIEHA KPUBUYHUX €A, HEMUHOBHO j€ U3IBOJUTH HBUXOBY BaXKHOCT Kao MaTe-
PHjaIHOT Tpara y JOKa3HOM IMocTynKy. Koa cBUX KpMBHYHHX Jiefia Koja cy Ouia u3BeaeHa
Ha TepuTopuju Peny6nuke CpOuje y TpOIUIOj U HENOCPEAHO PAHUjUM TOJMHAMA, ITOCMa-
Tpajyhu o pa300jHHUKUX M TeIIKUX Kpaha 1o caoOpahajHuX He3rona ca oa0eriuM H3Bp-
MIMOIMMa, Ka0 W KOJ KPUBHYHUX JieJla CHIIOBama M yOoucTaBa (yOucTaBa y IOKyIIajy), Ha
MeCTHMa U3BpILICHA KPHBUYHHX Jiella JeTEKTOBAHU CYy MUKPOTParoBU MarepHjaia KojH cy
MIOTOM HakHagHO oOpahuBanM y dopeHznukuM nabopaToprjama HanmoHaiHOT KpHUMHHA-
nucTHuKo-TexHuykor nenrpa MVYIl-a P. Cpbuje. Ha Taj HaunH cy o6e30ehuBanu marepu-
jaJTHH TOKa3d KOjU Cy Jajbe KOPHIINEHH Yy HUCTPaKHOM, NMPETKPUBHIHOM U KPHBUYHOM
MOCTYNKy. IIOMEHYTH MHKPOTparoBu cy oOpaljuBaHM CTaHAApIHUM JIaOOPATOPHUjCKUM
MeTonuMa (OpPEeH3WYKe HayKe, Kao IITO cy: WHQpaupBeHa crekTpodoromerpuja ca dypu-
jeoBoM TpaHchopmanujom (FT-IR) u ckeHupajyha eIeKTpoHCKa MUKPOCKOIHja ca €leK-
TPOAUCIIEP3UBHUM clieKTpoMeTpoM X-3paka (SEM/EDS), Ha umje je pesyirate nmpuMeru-
BaH HOBH ()OPEH3UYKH METO]] MPOOAOUIMCTHYKE CTATUCTUKE.

Kibyuyne peun: caBpeMeHN MaTepHjaliy, IeTEKIMja MUKPOTparoBa, KpUBUYHA Jefa,
MaTepHjaHU JIOKa3H, MPoOaOMIMCTHIKA CTATUCTHKA.
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