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Summary. The increase in the use of firearms is a new challenge for various authorities, including
the forensic medical service. The creation of new samples of firearms and cartridges for them requires
constant updating of the theoretical knowledge of forensic medical experts for the most accurate
answer to such key questions as identification of the weapon and the distance of the shot from it. All
this requires preliminary ballistic experiments. Considering the ethical and scientific components, it
is most appropriate to use a non-biological imitator of the human body.

Aim of the work. Creation of reliable discriminant models for identification of «Fort 9R» or
«Fort 17R» non-lethal pistols and their firing ranges.

Materials and methods. An experimental study was carried out on bare and gelatin blocks
covered with various types of textile material, followed by a study of damage to the covering material,
the blocks themselves, and laboratory analysis using the chromato-mass spectrometric method, infrared
microscopy, and X-ray fluorescence spectroscopy.

Results. For the identification of the investigated pistols, the discriminant variables are the
relative concentration of zinc, the specific sum of the length of cracks in the body simulator at a depth
of 1 cm, the number of clothing tears and the distance of the shot; to identify the distance of the shot,
the following indicators were defined as the specific sum of the length of cracks PPM in the body
simulator at a depth of 1 cm, the presence or absence of diphenylamine, the presence or absence of
soot, the specific sum of the length of cracks TCLM in the body simulator at a depth of 3 cm, the
relative concentration of lead and the presence or absence of clothing.

Conclusions. Thus, on the basis of the features of damage formation of non-biological simulators
of the human body and the «clothing + non-biological simulator of the human body» complex, as
well as trace-forming elements of the structures of the «Fort 9R» and «Fort 17R» pistols when fired
from this weapon, reliable discriminative models were built as possibilities identification of «Fort 9R»
or «Fort 17R» pistols, as well as distances of shots at close range, from a distance of 25 cm or from
a distance of 50 cm.

Keywords: step-by-step discriminant analysis, gunshot injury, gunshot wounds, non-lethal
weapons, firearm, damage to clothing.

Introduction. Gunshot injury is a widespread problem, which may be both not new for countries
where it has been legalized for a long time [9], and new for countries faced with sudden socio-economic
and political challenges [12]. In this regard, the relevance of finding new methods of researching material
evidence of gunshot injury is still not fading away. There is even the formation of new approaches to
classic traceological studies [16].

Gunshot residue (GSR) has consistently been a key piece of evidence in gunshot injury cases
for many years. In its essence, it is a mixture of explosive primer particles, gunpowder (both burned
and unburned particles) and elements of the barrel of a weapon that can accumulate on a tracking
object, such as a person’s body, clothing, or other object. It is still debatable the question of how far
they can be observed. The data varies from 10 cm to 18 meters, depending on the type of weapon and
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ammunition used [2]. However, GSR is a key element of pre-wound ballistics, which cannot show the
full picture of gunshot damage.

In order to fully understand the process of forming a gunshot injury, it is also necessary to have an idea
of wound ballistics, which is based on the principle of the formation of two cavities in the human body —
temporary and permanent (in fact, a wound channel). The best idea about the handling of the projectile in
the human body allows to form the conduct of experimental shootings with the use of gelatin. Based on
special calculations, it becomes possible to calculate the dimensions of the temporary cavity [5, 6, 13, 14].

The main tasks of any forensic investigation in the case of a gunshot injury are to establish the
type of firearm, in particular, to identify signs of homemade weapons, to identify the components of
a shot, to identify ammunition, to establish the distance of the shot, to locate the shooter, the trajectory
of the ammunition, etc. [4].

To answer all these questions, it is necessary to create reliable models that would be based both on
the results of a visual examination of the damage and on the data of a laboratory study. The construction
of such models is possible only under the conditions of conducting a controlled ballistic experiment.

Aim of the work. Creation of reliable discriminant models for the identification of non-lethal
«Fort 9R» or «Fort 17R» pistols and their firing ranges.

Materials and methods. As targets, a non-biological imitator of the human body was used —
gelatin blocks, which were made according to the method of Fackler and Malinowski [6]. The 10 %
gelatin solution was kept in a 30x15%15 cm mold at a stable temperature of +4 °C for at least 48 hours,
with the addition of propionic acid in the amount of 5 ml/I of the gelatin solution as an inhibitor of
microbial flora. Food gelatin type A 270 Bloom (TM «Junca Gelatines SL», Spain) was used to make
the solution. A total of 120 blocks were produced, 60 of which were later to be fired using the «Fort
9R» non-lethal pistol, and the remaining 60 from the «Fort 17R» non-lethal pistol, which are the most
common of the modern models of non-lethal pistols available in Ukraine. Both pistols were equipped
with the same 9 mm cartridges (elastic bullets of traumatic effect).

In each group of blocks, 4 subgroups of blocks (15 blocks each) were formed depending on their
covering: bare blocks, blocks covered with cotton jersey, denim fabric, and leatherette. Previously, all
blocks were covered with a 200-pm-thick polyethylene film to simulate human skin.

The shots were fired at the base of the Vinnytsia shooting range of the Scientific and Research
Expert Forensic Center of the Ministry of Internal Affairs of Ukraine in order to minimize any
environmental factors, with prior fixation of the gun in the vices. All shots were fired within no more
than 30 minutes from the moment the blocks were removed from the refrigeration plant.

Depending on the distance of the shot in each subgroup of blocks (15 units), another 3 groups
of 5 units were formed: a close shot, from a distance of 25 cm and a distance of 50 cm.

After shooting, each block was examined visually and with the help of laboratory research
methods. With the help of a visual descriptive method of research, the number of tears in clothes, the
shape of the defect, and the location of soot on the clothes were determined. These measurements were
made using a measuring ruler. Microscopic examination was carried out using a MBS-10 microscope
under magnification from x4.8 to x56.

Among the laboratory methods used: the chromatographic-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» in order to identify the components of
nitrocellulose (smokeless) gunpowder (nitroglycerin and stabilizers — diphenylamine and centralites);
X-ray fluorescence spectroscopy using the ElvaX Plus device to detect the qualitative and quantitative
characteristics of the application of elements on clothing and a non-biological human body simulator.

To estimate the size of the temporary cavity formed when a shot was fired into a non-biological
simulator of the human body, the calculation methods proposed by Fackler and Malinowski [5], Ragsdale
and Josselson [13] and Schyma [14] were used, namely: The total crack length method (TCLM,) The
Fackler’s wound profile method (FWPM) and The polygon-procedure method (PPM), respectively.
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Statistical processing of the obtained results was carried out in the licensed statistical package
«Statistica 6.0» using step-by-step discriminant analysis.

Research results. Taking into account the features of damage formation of non-biological
simulators of the human body and the «clothing + non-biological simulator of the human body» complex,
as well as trace-forming elements of the designs of the «Fort 9R» and «Fort 17R» pistols when fired
at close range and from distances of 25 cm and 50 cm, the discriminant function covers 85,0 % of the
indicators characteristic of the «Fort 9R» pistol and 85.0 % of the indicators characteristic of the «Fort
17R» pistol. In general, the discriminant model is correct in 85,0 % of cases.

Among the indicators of the formation of damage, trace-forming elements of the constructions
of pistols characteristic of «Fort 9R» and «Fort 17R» without and with the presence of clothing at
different distances of the shot, the discriminating variables are the relative concentration of zinc (ZN),
the specific sum of the length of cracks PPM in the body simulator at a depth of 1 cm (PPM1), number of
breaks (KR) and shot distance (VPOS) (table 1). The most important contribution to the discrimination
between guns among the above indicators is the relative concentration of zinc. As can be seen from
table 1, the totality of all variables has a slight reliable discrimination (Wilks’ Lambda=0,522; p<0,001)
between the indicators characteristic of the «Fort 9P» and «Fort 17P» pistols.

For each of the groups («Fort 9R» or «Fort 17R» pistols), a classification indicator (Df) is
determined, with the help of which the indicators of the formation of damage and trace-forming
elements without and with the presence of clothing at different shooting distances (see table 1) can be
attributed to «typical» for «Fort 9R» or «Fort 17R» pistols. In the form of equations, the definition of
the classification indicators is given, where assignment to the «Fort 9P» pistol is possible with a Df
value close to 55,79; to the «Fort 17R» pistol — with a Df value close to 44,41:

Df (pistol «Fort 9R») = ZNx0,734 + PPM1x10,20 + KRx1,127 + VPOS*24,89-55,79;

Df (pistol «Fort 17R») = ZN%0,416 + PPM1x8,923 + KRx1,627 + VPOSx23,28-44,41;
where (here and in the following), the relative concentration of zinc traces is%; the specific sum of the
length of the PPM cracks in the body simulator —in mm; the number of gaps —absolute units; the distance
of a close shot— 1, from a distance of 25 cm —2, from a distance of 50 cm — 3.

Table 1
The results of the discriminant analysis of the identification of «Fort 9R» or «Fort 17R»
pistols, depending on the characteristics of the indicators of damage formation, trace-forming
elements and the distance of shots

Discriminant Function Analysis Summary
Step 4, N of vars in model: 4; Grouping: PIS (2 grps)
Wilks’ Lambda: 0,522 approx. F (4,12)=26,30 p<0,0000
Wilks’ Partial F-remove Jevel Toler. 1-Toler.

Lambda | Lambda ~1,115 P ' (R-Sqr.)
ZN 0,823 0,634 66,32 0,0000 0,569 0,431
PPM1 0,667 0,783 31,84 0,0000 0,182 0,818
KR 0,561 0,931 8,530 0,0042 0,888 0,112
VPOS 0,549 0,951 5,966 0,0161 0,200 0,800

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(4,12)=26,30 — critical (4,12) and obtained (26,30) 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.
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The statistical significance of all discriminant functions was determined using the y? criterion
(table 2). As can be seen from table 2, taking into account the indicators of the formation of damage
and trace-forming elements without and with the presence of clothing at different distances of the shot,
a reliable interpretation of the obtained indicators of classification between the «Fort 9R» and «Fort
17R» pistols is possible.

Table 2
Results of step-by-step with the inclusion of the y2 criterion for all canonical roots of «Fort
9R» and «Fort 17R» pistols, taking into account indicators of damage formation, trace-
forming elements and shot distance

Chi-Square Tests with Successive Roots Removed

Eigen- Canonicl Wilks’ .

value R Lambda Chi-Sqr. df p-level
0 0,915 0,691 0,522 75,36 4 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 y* of successive
roots; Df —number of degrees of freedom; p-level —p-level of the corresponding 2.

Taking into account the features of damage formation of non-biological simulators of the human
body and the «clothing + non-biological simulator of the human body» complex, as well as the trace-
forming elements of the structures of the «Fort 9R» and «Fort 17R» pistols when fired, the discriminant
function covers 95,6 % of the characteristic indicators when fired at close range, 97,1 % of indicators
from distances of 25 cm and 100 % of indicators from distances of 50 cm. In general, the discriminant
model is correct in 97,5 % of cases.

Among the set 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 PPM
in the body simulator at a depth of 1 cm (PPM1), the presence or absence of diphenylamine (ND), the
presence or absence of soot (K), the specific sum of the length of cracks TCLM in the body simulator
at a depth of 3 cm (TCLM3), the relative concentration of lead (PB) and the non-biological human
body simulator without or with the presence of appropriate (cotton, denim or leather) clothing (TKAN)
(table 3). The presence or absence of soot and the presence or absence of diphenylamine are the most
significant contributors to discriminating between guns among the listed indicators. As can be seen
from table 3, the set of all variables has a pronounced reliable discrimination (Wilks’ Lambda=0,061;
p<0,001) between indicators for different shot distances.

Table 3
The results 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 9R» or «Fort 17R» pistols

Discriminant Function Analysis Summary
Step 6, N of vars in model: 6; Grouping: VPOS (3 grps)
Wilks’ Lambda: 0,061 approx. F (12,22)=57,17 p<0,0000
Wilks’ Partial F-remove 1-Toler.

Lambda | Lambda | -2,112 p-level Toler. (R-Sqr.)
PPM1 0,112 0,539 47,90 0,0000 0,488 0,512
ND 0,101 0,602 37,04 0,0000 0,727 0,273
K 0,104 0,581 40,43 0,0000 0,556 0,444
TCLM3 0,097 0,626 33,43 0,0000 0,384 0,616
PB 0,068 0,887 7,140 0,0012 0,861 0,139
TKAN 0,068 0,896 6,517 0,0021 0,847 0,153
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The classification indicators (Df) determined for each of the groups are related to «typical»
shots at close range, from a distance of 25 cm or from a distance of 50 cm from «Fort 9R» or «Fort
17R» pistols. In the form of equations, the definition of the classification indicators is given, where
classification as close range shots are possible with a Df value close to 79,65; for shots from a distance
of 25 cm — with a Df value close to 64,39; to shots from a distance of 50 cm — with a Df value close
to 33,78:

Df (contact shot) = PPM1x8,913 + NDx5,681 + Kx26,05—TCLM3x3,300 + PBx0,316 +
TKANXx6,324-79,65;

Df (25 cm shot) = PPM1x5,936 + NDx 14,85 + Kx26,33 — TCLM3x3,616 + PBx0,205 +
TKANXx5,732-64,39;

Df (50 cm shot) = PPM1x3,617 + NDx9,478 + Kx16,36 — TCLM3x2,260 + PBx0,246 +

TKANx4,513-33,78;
where, presence —2 or absence — 1 of diphenylamine; presence — 2 or absence — 1 of soot; the specific sum
of the length of TCLM cracks in the body simulator —in mm; relative concentration of traces of lead —%o;
bare block without fabric — 1, with cotton — 2, with denim — 3, with leatherette — 4.

With the help of the y? criterion, it was established that taking into account the indicators of the
formation of damage and trace-forming elements by «Fort 9R» and «Fort 17R» pistols without and
with the presence of clothing, given in table 3, a reliable interpretation of the obtained classification
indicators between different distances of shots is possible (table 4).

Table 4
The results of the step-by-step test with the inclusion of the 2 criterion for all canonical roots
of the distance of shots, taking into account the indicators of the formation of damage and
trace-forming elements from the «Fort 9R» and «Fort 17R» pistols

Chi-Square Tests with Successive Roots Removed
Eigen- Canonicl Wilks’ .
value R Lambda Chi-Sqr. df p-level
5,922 0,925 0,061 321,0 12 0,0000
1,384 0,762 0,419 99,49 5 0,0000

Indeed, at the current stage of development, GSR analysis data obtained through various types of
research (in particular, spectroscopies, chemographic and spectroscopic analysis, etc.) are key material
evidence that help establish the distance and the weapon from which the shot was fired [1].

K. L. Miranda [11] with co-authors used multivariate analysis of data obtained when using X-ray
diffraction during experimental shooting of cotton fabric. In the distance range of 5 cm — 3 meters, the
models gave determination coefficients of 0,99 with prediction errors of about 14 %.

Bosnian researchers conducted an experimental study with the shooting of samples of pig skin
from different types of weapons from different distances, followed by analysis of the content of inorganic
substances using atomic absorption spectrophotometry. As a result of statistical data processing, the
authors created a formula that allowed to correctly classify 78,6 % of the original grouped cases [7].

However, limiting the analysis to GSR alone may limit the potential of forensic inference, as
our study results clearly show. It is a proven fact that different types of ammunition contribute to
the formation of a temporary cavity specific in size and shape [8] and damage to clothing [3]. The
last factor can be considered one of the most underestimated in forensic medicine and criminology
in general. The data obtained even during the study of the inner layers of human clothing can be of
decisive importance [10].

Thus, V. V. Shcherbak [15] and others proved the possibility of identification of combat pistols
of the «Fort» company based on the features of soot deposition and damage to clothing.
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Conclusions. Taking into account the data of visual and laboratory studies for the «Fort 9R»
and «Fort 17R» pistols when firing shots at close range, from a distance of 25 cm or from a distance
of 50 cm in naked non-biological imitators of the human body, or imitators covered with various types
of clothing, reliable discriminative models were built, correct in 85 % of cases when identifying the
model of the gun and 97,5 % of cases when identifying the distance of the shot.

Indicators such as the specific sum of the crack lengths PPM in the body simulator at a depth of
1 cm, the presence or absence of diphenylamine, the presence or absence of soot, the specific sum of
the crack lengths TCLM in the body simulator at a depth of 3 cm, the relative concentration of lead and
the newness or absence of clothing on the block are discriminant variables to identify the shot distance.

Indicators: relative zinc concentration, specific sum of crack length PPM in body simulator
at 1 cm depth, number of clothing tears and shot distance are discriminant variables for gun model
identification.

Prospects for further research. Further research will be aimed at carrying out a similar type
of research using other types of non-lethal firearms.

Funding: The study is a fragment of the research project «Characteristics of damage to human
body tissue simulators caused by non-lethal weaponsy, state registration No. 0121U107924 at the
expense of state financing of the Ministry of Health of Ukraine.
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IJEHTUPIKALIA HICTOJIETIB I BIICTAHI IIOCTPLITY
3 BUKOPUCTAHHAM ITIOKPOKOBOT'O IMCKPUMIHAHTHOI'O
AHAJI3Y: EKCIIEPUMEHTAJIBHE JOCJIKEHHSA HA IMITATOPAX
TIJIA JIIOAUHU 3 YPAXYBAHHSM OJATY

IHepebdeTiok A. M., ®omina JI. B., IIlpokonenko C. B., Tepexoscbka O. L., I'eas A. I1.

Binannpkuil HanioHanpHUA MeauuHui yHiBepcuTeT iM. M. 1. [Tuporosa, Binawuist, Ykpaina

Pe3rome. 3pocTaHHs KUTBKOCTI BUIIQ/IKIB 3aCTOCYBaHHS BOIHEMAIbHOT 30p0Oi € HOBUM BUKJIMKOM
JUTSl PI3HUX 1HCTaHLIN, 30KpeMa Cy/I0BO-MeANYHOI ¢y 0u. CTBOpEHHS HOBUX 3pa3KiB BOIHENAIbHOL
30poi Ta Ha0OIB 10 Hel BUMAarae MoCTIHHOIO OHOBJIEHHS TEOPETUUHUX 3HAHb CYyJOBO-MEIUYHHUX
EKCTIePTIB /I HAOIBII TOYHOI BIATOBII HA KJIFOYOBI TUTAHHS, SK-OT 1eHTU(IKaIls 30poi Ta BiICTaH]
noctputy 3 Hel. Bee 11e morpedye npoBeieHHs onepeaHiX 0aliCTHYHUX €KCIIEPUMEHTIB. 3 OIS Ty
Ha €TUYHUN 1 HAyKOBUI KOMIIOHEHTH, HAaWAOLIIBHIIINM € BUKOPUCTAHHS HEO10JIOTTYHOTO 1IMiTaTopa
Tija JIFOAUHU.

Meta po6oru. CTBOpEHHS JOCTOBIPHUX TUCKPUMIHAHTHUX MOJENeN JUisl 1JeHTH(DIKaLlii MICTOETIB
HeneranbHoi 11i «Fort 9R» abo «Fort 17R» 1 BifcTaHei mOCTpiIiB 3 HUX.

Marepiaau Ta metoau. byo rnposeneHe eKCriepuMeHTaIbHE TOCTIIPKEHHS Ha TOJIUX 1 BKPUTHUX
PI3HUMH BUJIaMH TEKCTUJIBHOTO MaTepiaily KeJaTHHOBUX OJIOKaX 3 MOJAIbIIUM BUBYEHHSIM MOILIKOKEHb
MOKPUBHOTO MaTepiaily, BlacHe OJIOKIB 1J1a00paTOPHOTO aHaJIi3y HIISIXOM 3aCTOCYBaHHS XpOMaTro-Mac-
CHEKTPOMETPUYHOTO METOY, IHPpauepBOHOI MIKPOCKOIIIi Ta PEHTIeH(IIyOPECIIEHTHOI CIIEKTPOCKOITI].

Pesyabraru. [{ns inentudikamii 1ocaipKyBaHUX MICTONETIB JUCKPUMIHAHTHUMU 3MIHHUMU
€ BIJHOCHA KOHIIEHTpaLlisl [IMHKY, crielu(iyHa cyMa JOBKUHU TPILUIUH B IMITaTOp1 TiJIa HAa IIMOMHI
1 cM, KUJIBKICTh PO3PUBIB OASTY Ta BIJICTaHb MOCTPULY; IJs 11eHTU(IKaIl] BiACTaHI TOCTPLIY
JUCKPUMIHAHTHUMH 3MIHHUMHU BU3HAYCHI MOKA3HUKH, SIK-OT crierudidyHa cyMa JOBKUHU TPIIIUH
B imiTaTopi Tu1a PPM Ha mubuni 1 cMm, HasgBHICTH a00 BIJICYTHICTh AudeHIaMiHy, HasiBHICTh a00
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BIJICYTHICTb KINTSBH, crienu(pidHa cyMa JOBKUHYU TPiMH B iMiTaropi Tita TCLM Ha mnubusi 3 oM,
BiJTHOCHA KOHIICHTpAIIisl CBUHITIO Ta HASIBHICTh YU BIJICYTHICTh OJIATY.

BucnoBku. OTxe, Ha OCHOBI 0COOIMBOCTEH YTBOPEHHSI MOIIKOAXKEHb HEO10JI0TTYHUX IMITaTOPIB
TiJIa JIFOJIMHU Ta KOMIUIEKCY «OJIAT + HeO100TIYHUH IMITATOP TijIa JIFONUHIY, & TAKOXK CITiI0YTBOPIOIOYMX
€JIEMEHTIB KOHCTPYKLiH micToneTiB «Popt 9P» 1 «Dopt 17P» npu nocrpinax i3 uiei 30poi nodynoBai
JIOCTOBIPHI AUCKPUMIHAHTHI MOJIETI SIK MOXKJIMBOCTI ileHTUdiKauii micronetiB «@opt 9P» abo «Dopt
17P», Tak 1 BiicTaHe# MOCTPLIB BOPUTYA 3 AUCTaHLii 25 cM abo 50 cm.

Ki1r04o0Bi cj10Ba: MOKpOKOBHIA TUCKPUMIHAHTHUI aHaji3, BOTHENalIbHA TPaBMa, BOTHENAJIbHI
YIIKO/PKEHHS, HelleTallbHa 30posi, BOTHENaIbHa 30p0st, OUIKOKESHHS OJIATY.
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