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POSSIBILITIES OF "FORT 12R" AND "AE 790G1" PISTOLS
IDENTIFICATION USING STEP-BY-STEP DISCRIMINANT
ANALYSIS

Abstract. Identification of the instrument of crime is one of the key issues
faced by experts. Examinations related to the use of firearms are particularly
difficult, where, in addition to this, the issue is establishing the distance of the shot.
For the most part, in developed countries, the solution to these issues is achieved
through the use of controlled shots with subsequent analysis of the residual
components of the shot. However, in addition to them, there are other physical
evidences worth paying attention to, such as the specifics of clothing damage,
morphological characteristics of body damage, which should also be taken into
account. The purpose of the study was to create models using step-by-step
discriminant analysis for the identification of "Fort 12R" and "AE 790G1" pistols
based on the features of the deposition of the gunshot residue and the features of
damage to non-biological simulators of the human body and clothing. In order to
achieve the goal, 120 gelatin blocks were made that imitated the soft tissues of the
human body and were then covered with one of the types of clothing (cotton fabric,
denim or leatherette) or left bare. Shots were fired from "Fort 12R" and "AE 790G 1"
pistols in the conditions of a shooting range at close range, 25 and 50 cm with further
analysis of damage to the block and clothing, laboratory determination of the
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residual components of the shot and calculations of the parameters of the temporary
cavity. The obtained results were analyzed in the statistical package "Statistica 6.0".
Taking into account the specifics of damage to a non-biological human body
impersonator and its covering elements in the form of clothing, data on the
deposition of the residual components of a shot, reliable discriminant models were
built that were correct in 77.5% of cases for identifying a gun and in 99.2% of cases
for identifying the distance of a shot. The obtained results will facilitate the work of
institutions that directly participate in the examination of gunshot injuries, in
particular the bureau of forensic medical examination and scientific research expert
forensic centers under the Ministry of Internal Affairs of Ukraine.

Keywords: discriminant analysis, non-lethal weapons, gunshot residue,
firearm, gunshot injury.
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MOXKJIUBOCTI IIEHTUPIKALIL IIICTOJETIB «®OPT 12P» TA
«AE 790G1» 3A JOITOMOT OO0 TIOKPOKOBOI'O
JUCKPUMIHAHTHOI'O AHAJII3Y

AHoranist. [nenTudikaris 3HapsAIA 37T0YUHY € OJTHUM 3 KJIIFOUOBHUX MMHUTAHb,
3 SIKHM CTHUKalOThbcs excrepTH. OcoOJIMBY CKJIAAHICTh MAalOTh €KCIEPTH3H, IO
CTOCYIOTBCS 3aCTOCYBaHHS BOTHENAIBHOI 30pOi, € OKPIM I[LOTO YaCTHH MUTAHHSIM
€ BCTAaHOBJIGHHS JHWCTAHIl MOCTPUTy. 37AeOUTBIIONO0 B PO3BMHEHUX KpaiHax
BUPIIICHHS JaHUX TUTaHb JOCITAETHCS 32 PAXYHOK BUKOPUCTAHHS KOHTPOJIbOBAHUX
MOCTPUTIB 3 MOCIIIYIOUUM aHATI30M 3JIMIIKOBUX KOMIOHEHTIB moctpiny. IIpore,
OKpIM HHX BapTUMM yBaru € 1 IHIII PEYOBI JOKa3u, SK TO OCOOJUBOCTI
HOIIKOJDKEHHSI OAATY, MOP(QOJOTiuHI XapaKTEPUCTHUKU YIIKOJKEHHS Tila, SK1
TaKOX BapTO MPUUMATH JI0 yBaru. MeToro 1ociiIKeHHs OyJi0 CTBOPEHHS MOelien
3 JIOIOMOTOK) TOKPOKOBOTO JUCKPUMIHAHTHOTO aHami3y I 1deHTHdIKaIii
nictoneTiB «Popt 12P» 1 «AE 790G 1» 6a3yrounch Ha 0COOJMBOCTSIX BIIKIATAHHS
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3aJTUTIIKOBUX KOMITOHEHTIB TIOCTPLTY Ta OCOOIMBOCTEN MOMIKOHPKEHb HE010JIOTTYHUX
IMITATOPIB TUIA JFOAUHM Ta OJATY. J{J1s1 JOCATHEHHS MTOCTABJIEHOT METH BUTOTOBJICHO
120 >xenatuHOBHUX OJIOKIB, IO IMITYBaJldi M’SIKI TKaHWHU Tijla JIIOJUHU 1 B
NOJIJIbIIOMY TOKPUBAJIM OJHHUM 3 BHJIB OJAry (OaBOBHSIHA TKAaHWHA, JHPKHMHCOBA
TKaHWHA YW IIKIPO3aMIHHUK) a0o0 Jumand roaumu. [locTpiav BHUKOHYBanu 3
nicrosietiB «Dopt 12P» 1 «AE 790G1» B yMoBax TuUpy 3 JTUCTaHIIINA BOPUTYI, 25 Ta
50 cM 3 TOmANBIIMM aAHATI30M IIOIIKOHKCHb OJIOKY Ta OJNATY, JIADOpaTOPHUM
BU3HAYEHHSM 3aJUIIKOBUX KOMIIOHEHTIB TMOCTPUIYy Ta po3paxyHKaMu MapameTpiB
TUMYAcOBOT MOPOXHUHU. OTpuUMaHi pe3ysbTaTH aHaTI3yBald B CTATUCTHUYHOMY
naketi "Statistica 6.0". BpaxoByroui 0COOJHUBOCTI MOMIKOMKEHb HEO10JIOTTYHOIO
IMITATOPY Tija JIOJUHU Ta HOTO MOKPUBHUX €JIEMEHTIB Y BUIJISII OJIATY, TaHl MO0
BIJIKJIAJIaHHS  3aJIMIITIKOBUX KOMIIOHCHTIB TOCTpUTy T0OyI0BaHI JOCTOBIPHI
JUCKPUMIHAHTHI MOJIEN1, KOPEKTH1 B 77,5 % BUIAAKIB JJIs 1IeHTU(IKAIT TTICTONETY
ta B 99,2 % BunagkiB i igeHTudikamii auctaHmii moctpinmy. Otpumani
pe3ysibTaTh JO3BOJISITH MOJIETIIUTH POOOTY YCTAHOB, IO O€3MOCEePEeIHBO
NPUKAMAIOTh YY4acTh B €KCIIEPTHU31 BOTHENAIbHOI TPaBMU, 30KpeMa OHOPO CyJI0BO-
MEJIMYHOI €KCHEPTU3U Ta HayKOBO-IOCIIAHI €KCIEPTHI KPUMIHAIICTUYHI LEHTPHU
npu MBC VYkpainu.

Kuro4oBi cjioBa: 1UCKpUMIHAHTHUN aHalli3, HeJeTaldbHa 30p0si, 3JIMIIKOBI
KOMITOHEHTH MOCTPLIY, BOrHENalIbHa 30p0si, BOTHENAJIbHA TPaBMa.

Statement of the problem. The problem of the spread of firearms in the world
has taken on a threatening form - the number of injuries and deaths as a result of
their use is increasing. In Sialkot (Pakistan) from 2008 to 2012, 1,240 cases of injury
were recorded, of which 880 were caused by homemade weapons. In 52.2% of cases,
the cause of injury was domestic conflicts, in 19.3% robbery, 9.6% accident, 6.1%
self-harm, and 6.1% - use by law enforcement agencies [1]. In Colorado (USA) from
2008 to 2018, 308 cases of the use of firearms against children under the age of
18 were recorded. Of these, 34 cases resulted in death. The average age of the victims
was 14 years [2].

Taking into account such challenges today, forensic medicine and related
specialties are interested in the most scientifically based research that will allow
accurate answers to police questions. One of these ways is the use of modern
laboratory research methods, such as X-ray fluorescence spectroscopic analysis [3],
etc. However, it is equally important to use all available material evidence.

In order to identify such potentially important material evidence, it is most
expedient to use controlled shooting with the use of optically transparent substances
that mimic human body tissues as much as possible [4]. Further application of
powerful statistical processing methods will allow to highlight key parameters that
are important for weapon identification and shot distance.

Connection of the publication with planned scientific research works. The
work was carried out as part of the research work of the National Pirogov Memorial
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Medical University, Vinnytsya at the expense of state funding of the Ministry of
Health of Ukraine: "Characteristics of damage to human body tissue simulators
caused by non-lethal weapons™ (state registration number 0121U107924).

The purpose of the article — based on the data on the deposition of the
gunshot residueand the features of damage to a non-biological simulator of the
human body and various types of clothing, build models using step-by-step
discriminant analysis for the identification of "Fort 12R" and "AE 790G1" pistols.

Research objects and methods. To achieve the goal, the authors used a 10%
solution of food gelatin type A 270 Bloom (TM "Junca Gelatines SL", Spain), from
which standardized gelatin blocks [5] were made in the amount of 120 units. On the
basis of the shooting range of the Vinnytsia Scientific Research Expert Forensic
Center of the Ministry of Internal Affairs of Ukraine, shots were fired at the blocks
using non-lethal pistols "Fort 12R" and "AE 790G1". Previously, the blocks were
divided into 4 groups depending on the type of coating: bare blocks, blocks covered
with cotton fabric, denim fabric. Microscopic examination was carried out using a
MBS-10 microscope under magnification from x4.8 to x56.

To detect gunshot residue, the following were used: the chromato-mass
spectrometric method on the Shimadzu GC-2010 Plus device and infrared
microscopy on the Fourier-transform infrared spectroscopy Nicolet iN10 of the
company "Thermo Fisher Scientific" (detection of the components of nitrocellulose
gunpowder, namely, diphenylamine and centralites); X-ray fluorescence
spectroscopy using the ElvaX Plus device (detection of qualitative and quantitative
characteristics of overlapping elements).

The following methods were used to estimate the parameters of the temporary
cavity formed when a shot was fired into a non-biological simulator of the human
body: according to Fackler and Malinowski [5], Ragsdale and Josselson [6] and
Schyma [7], which corresponded to the following values - The total crack length
method (TCLM,) The Fackler's wound profile method (FWPM) and The polygon-
procedure method (PPM), respectively.

Committee on Bioethics of National Pirogov Memorial Medical University,
Vinnytsya (protocol Ne 11 From 03.12.2020) found that the studies do not contradict
the basic bioethical standards of the Declaration of Helsinki, the Council of Europe
Convention on Human Rights and Biomedicine (1977), the relevant WHO
regulations and laws of Ukraine.

Statistical processing of the obtained results was carried out in the licensed
statistical package "Statistica 6.0" using step-by-step discriminant analysis.

Presentation of the main material.

Research results and their discussion. Taking into account the features of
damage formation of the "clothing + non-biological human body simulator” complex
and individual non-biological human body simulators, as well as trace-forming
elements of the structures of the "Fort 12R™ and "AE 790G1" pistols when fired from
these pistols at close range, 25 cm and 50 cm the discriminant function covers 83.3%
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of the parameters characteristic of the Fort 12R pistol and 71.7% of the parameters
characteristic of the AE 790G1 pistol. In general, the model is correct in 77.5% of
cases.

Among the parameters characteristic of the Fort 12R and AE 790G pistols, the
discriminant variables are the specific sum of the crack lengths in the FWPM body
simulator at a depth of 2 cm (FWPM2), the shot distance (VPOS), the defect area
(SD), the non-biological human body simulator without or with the presence of
matching (cotton, denim, or leather) clothing (TKAN), presence or absence of
centrality (NC), presence or absence of diphenylamine (ND), specific sum of crack
length in PPM body simulator at 1 cm depth (PPM1) and presence or absence of soot
(K) (Table 1). Among these parameters, the distance of the shot and the area of the
defect have the greatest contribution to the discrimination between the pistols. The set
of all variables has a slight reliable discrimination (Wilks' Lambda=0.535; p<0.001)
between the indicators characteristic of the "Fort 12R" and "AE 790G1" pistols (see
Table 1).

For each of the groups, we determined the classification indicator (Df), by
means of which the indicators of the formation of damage and trace-forming elements
shown in Table 1 can be classified as "typical” for "Fort 12R" or "AE 790G1" pistols.
Below, in the form of equations, the definition of the classification indicator is given,
where assignment to the "Fort 12P" pistol is possible with a Df value close to 160.5;
for the "AE 790G1" gun - with a Df value close to 184.5:

Df (pistol «Fort 12R») = -FWPM2x0,255 + VPOSx77,78 + SDx16,93 -
TKANx0,493 + NCx6,327 - NDx14,79 + PPM1x1,382 + Kx69,07 - 160,5;

Df (pistol «AE 790G1») = -FWPM2x0,080 + VVPOSx83,45 + SDx20,57 +
TKANx0,042 + NCx8,950 - NDx21,29 + PPM1x1,471 + Kx72,29 - 184,5;

where (here and in the following), the specific sum of the length of the FWPM
cracks in the body simulator is in mm; the distance of contact shot - 1, from a
distance of 25 cm - 2, from a distance of 50 cm - 3; defect area - in cm2; bare block
without fabric — 1, with cotton — 2, with jeans — 3, with leather substitute — 4;
presence — 2 or absence — 1 centrolite; presence — 2 or absence — 1 of diphenylamine;
the specific sum of the length of the PPM cracks in the body simulator - in mm;
presence — 2 or absence — 1 of soot.
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Table 1

Report of the discriminant analysis of the identification of guns **Fort
12R" or ""AE 790G1" depending on the characteristics of indicators of damage
formation and trace-forming elements.

Discriminant Function Analysis Summary (kusliy.sta)
Step 8, N of vars in model: 8; Grouping: PIS (2 grps)
Wilks’ Lambda: 0,535 approx. F (8,11)=12,06 p<0,0000
Wilks’ Partial F-remove 1-Toler.
Lambda | Lambda | -1111 | Plevel |Toler o sar)
FWPM2 0,575 0,931 8,219 0,0050 |0,145| 0,855
VPOS 0,653 0,819 24,47 0,0000 |0,061| 0,939
SD 0,621 0,861 17,89 0,0000 |0,404| 0,596
TKAN 0,545 0,982 2,040 0,1560 |0,365| 0,635
NC 0,583 0,917 10,05 0,0020 |0,661| 0,339
ND 0,593 0,902 12,06 0,0007 ]0,439| 0,561
PPM1 0,589 0,908 11,19 0,0011 |0,083| 0,917
K 0,574 0,931 8,187 0,0060 ]0,195| 0,805

Notes: here and in subsequent similar tables, Wilks' Lambda - Wilks' Lambda
statistic; Partial Lambda — the Wilks lambda statistic of the single contribution of a
variable to the discrimination between populations; F(8,11)=12,06 — critical (8,11)
and obtained (12,06) values of the Fisher test; p — the p-level is related to the overall
value of Wilks' Lambda; F-remove — the standard F-criterion associated with the
corresponding Partial Lambda; p-level — p-level is associated with the corresponding
F-remove; Toler. — tolerance value for each variable; R-Sqr. — coefficient of multiple
correlation of a specific feature with other features.

The statistical significance of all discriminant functions was determined using
the y2 criterion (Table 5.2). The results of this analysis indicate that, taking into
account the established indicators of damage formation and trace-forming elements,
a reliable interpretation of the obtained indicators of classification between the "Fort
12R" and "AE 790G1" pistols is possible (see Table 2).

Table 2
A step-by-step report including the y° criterion for all canonical roots of
the Fort 12R and AE 790G1 pistols, taking into account the indicators of
damage formation and trace elements.

Chi-Square Tests with Successive Roots Removed (kusliy.sta)

Eigen- Canonicl Wilks’ :

value R L ambda Chi-Sqr. df p-level
0 0,869 0,682 0,535 71,32 8 0,0000

Notes: here and in subsequent similar tables, Eigenvalue is the value of the
roots for each discriminant function; Canonical R — canonical value of R for different
roots; Chi-Sqr. — standard criterion %2 of successive roots; Df is the number of degrees
of freedom; p-level — p-level of the corresponding 2.
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Taking into account the specifics of the damage formation of the "clothing +
non-biological human body simulator" complex and individual non-biological human
body simulators, as well as the trace-forming elements of the "Fort 12R" and "AE
790G1" pistol designs when fired from these pistols, the discriminant function covers
100% of the indicators characteristic of the contact shots, 97.5% of the indicators are
typical for shots from a distance of 25 cm and 100% of the indicators are typical for
shots from a distance of 50 cm. In general, the model is correct in 99.2% of cases.

Among the parameters characteristic of shots at close range, from a distance of
25 cm or from a distance of 50 cm, the discriminant variables are the specific sum of
the length of cracks in the TCLM body simulator at a depth of 2 cm (TCLM2), the
presence or absence of soot (K), the specific sum of the length of cracks in the body
simulator TCLM at 1 cm depth (TCLML1), specific sum of crack lengths in FWPM
body simulant at 2 cm depth (FWPMZ2), specific sum of crack lengths in FWPM body
simulant at 3 cm depth (FWPM3), presence or absence of diphenylamine (ND), non-
biological a human body simulator without or with the presence of appropriate
(cotton, denim or leather) clothing (TKAN), a gun model (P1S) and the specific sum
of the length of cracks in the PPM body simulator at a depth of 1 cm (PPML1) (Table 3).
Among these indicators, the presence or absence of soot has the greatest contribution
to discrimination between shot distances. The set of all variables has a pronounced
reliable discrimination (Wilks' Lambda=0.012; p<0.001) between indicators
characteristic of different shot distances (see Table 3).

For each of the groups, we determined the classification indicator (Df), with the
help of which the indicators of the formation of damage and trace-forming elements
shown in Table 5.3 can be classified as "typical" for shots at close range, from a
distance of 25 cm or from a distance of 50 cm. Below, in the form of equations,
determination of the classification indicator, where classification as contact range
shots is possible with a Df value close to 94.53; for shots from a distance of 25 cm -
with a Df value close to 62.68; to shots from a distance of 50 cm - with a Df value
close to 36.21:

Df (contact shot) = -TCLM2x0,209 + Kx59,24 + TCLM1x0,587 -
FWPM2x0,760 + FWPM3x1,012 + NDx4,643 - TKANx2,049 + PISx0,468 +
PPM1x0,345 - 94,53;

Df (shot distance 25 cm) = -TCLM2x0,524 + Kx43,30 + TCLM1x0,462 +
FWPM2x0,265 + FWPM3x0,016 + NDx24,57 - TKANx0,484 + PISx6,756 +
PPM1x0,128 - 62,68;

Df (shot distance 50 cm) = -TCLM2x0,380 + Kx16,26 + TCLM1x0,240 -
FWPM2x0,180 + FWPM3x0,052 + NDx36,39 + TKANx1,527 + PISx10,02 -
PPM1x0,046 - 36,21;

where, the specific sum of the length of TCLM cracks in the body simulator is
in mm; pistol model "Fort 12R" - 1, and "AE 790G1" - 2.
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Table 3

The report of the discriminant analysis of the identification of the
distance of the shots depending on the characteristics of the indicators of the
formation of damage and trace-forming elements from the ""Fort 12R" or ""AE

790G1" pistols.

Discriminant Function Analysis Summary (kusliy.sta)
Step 9, N of vars in model: 9; Grouping: VPOS (3 grps)
Wilks” Lambda: 0,012 approx. F (18,22)=97,30 p<0,0000
Wilks’ Partial F-remove o-level | Toler 1-Toler.
Lambda | Lambda -2,109 "1 (R-Sqar.)
TCLM2 0,017 0,719 21,28 0,0000 | 0,239 0,761
K 0,050 0,243 169,9 0,0000 | 0,460 0,540
TCLM1 0,014 0,872 8,025 0,0006 | 0,207 0,793
FWPM?2 0,017 0,724 20,77 0,0000 | 0,193 0,807
FWPM3 0,016 0,760 17,18 0,0000 | 0,311 0,689
ND 0,015 0,818 12,10 0,0000 | 0,624 0,376
TKAN 0,014 0,885 7,085 0,0013 | 0,745 0,255
PIS 0,014 0,890 6,746 0,0017 | 0,598 0,402
PPM1 0,013 0,939 3,571 0,0315 | 0,186 0,814

The statistical significance of all discriminant functions was determined using
the 42 criterion (Table 4). The results of this analysis indicate that, taking into
account the established indicators of damage formation and trace-forming elements
from the "Fort 12R" or "AE 790G1" pistols, a reliable interpretation of the obtained
classification indicators between different shot distances is possible (see Table 4).

Table 4

A step-by-step report including the y° criterion for all canonical roots of
shot distance when considering the rates of damage formation and trace
elements from the Fort 12R or AE 790G1 pistols.

Chi-Square Tests with Successive Roots Removed (kusliy.sta)

Eigen- Canonicl Wilks’ :

value R Lambda Chi-Sqr. df p-level
0 21,60 0,978 0,012 497,4 18 0,0000
1 2,612 0,850 0,277 145,1 8 0,0000

Thus, on the basis of the features of damage formation of the complex "clothing
+ non-biological human body simulator" and individual non-biological human body
simulators, as well as trace-forming elements of the structures of the "Fort 12R" and
"AE 790G1" pistols when fired from this weapon, reliable discriminative models of
the possibility were built for identification of "Fort 12R" or "AE 790G1" pistols and
distances of shots at close range, from a distance of 25 cm or from a distance of 50 cm.
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The data we obtained are perfectly consistent with the results of
A.M. Perebetyuk's work. with co-authors [8], who discovered patterns of deposition
of soot and gunpowder elements when fired from different distances using Fort 9R
and Fort 17R pistols.

The results of the research of the team of authors led by G.O. Legin are
interesting. [9] in which changes in the macroscopic pattern of eyeglass lens damage
during shots from different distances were detected under the condition of using non-
lethal pistols (gas pistols) of different manufacturers. Not only the area of the defect
Is specific, but also the quantitative and qualitative characteristics of the cracks
formed on the glass.

Foreign authors focus on the analysis of gunshot residue, namely such
elements as Pb, Ba, Sb, and Sn, which play a key role in the identification of the
weapon [10]. Elements such as copper and nickel are also found less often [11]. Data
from the literature indicate that these nanoparticles can be detected when fired at a
distance of up to 45 cm [12], however, in our study, soot and gunpowder particles
were detected at a firing distance of 50 cm and were included in the models that can
be used to identify the firing distance. Such discrepancies can be explained by the
distinctive features of both the design of the pistols and the ammunition for them
used in other studies and ours.

In general, gunshot residue [13] is still the most important piece of physical
evidence that has a greater influence on expert opinion [13], which, however, should
not prevent research that can reveal a significant influence of macroscopic
indicators, as our research results showed.

Conclusions. Taking into account the features of damage to a non-biological
human body simulator and its covering elements in the form of clothing, data on the
deposition of the residual components of the shot, reliable discriminative models
were built, correct in 83.3% for the identification of the "Fort 12R" pistol and 71.7%
for the "AE 790G1" pistol and is correct in 99.2% of cases for identifying the shot
distance for the above pistols.

The discriminant variables for identifying the shot distance or gun model were
mostly parameters of the temporal cavity of the shot, the presence or absence of
gunpowder components, while the elemental composition or the frequency of
occurrence of the temporal cavity were not used at all in the created models.
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