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CORRELATIONS OF THE INDICATORS OF THE DISTANCE OF
THE SHOT AND THE TYPE OF CLOTHING WITH THE FEATURES
OF DAMAGE AND GUNSHOT RESIDUE WHEN USING THE FORT

12R AND AE 790G1 PISTOLS

Abstract. A comprehensive approach to gunshot injury during a forensic
medical examination requires a comprehensive assessment of all discovered material
evidence. The key area that needs the most attention is the gunshot wound, during
the examination of which it is necessary to pay attention to such characteristics as
the shape, the size of the injury, the features of the damage to the adjacent clothing,
the presence of macro and microscopic traces of the residual components of the shot,
etc. All of them together allow vessels to know the nature of the injury, the weapon
that caused it and the distance of the shot. The least researched type of firearm from
a scientific point of view is non-lethal firearms, the number and new types of which
are increasing every year. In this regard, there is a need to study modern and
widespread in Ukraine samples of non-lethal firearms. The purpose of the study was
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to establish the specifics of the correlations between the indicators of the distance of
the shot and the type of clothing and the features of damage and residual components
of the shot when using the "Fort 12R" and "AE 790G1" pistols. For this, a total of
120 gelatin blocks were produced, divided into four subgroups according to the
covering material: bare blocks covered with cotton fabric, denim fabric with
leatherette. In the future, the blocks were to be shot with a "Fort 12R" or "AE 790G1"
pistol. The chromato-mass spectrometric method, infrared microscopy and X-ray
fluorescence spectroscopy were used to identify the residual components of the shot.
Transverse sections of the blocks were made at intervals of 1 cm with measurement
of the indicators of the temporary cavity on each section according to generally
accepted methods. Correlations were evaluated in the Statistica 6.1 license package.
When firing from a pistol, both Fort 12R and AE 790G1, between the features of the
shot distance and indicators of damage to clothing, a non-biological simulator of the
human body, indicators of the deposition of residual components of the shot,
numerous reliable average strength and strong correlations (r=-0.33 — -0.92) of the
inverse strength and average strength direct (r=0.30 — 0.59) correlations were found;
between the features of the cover of the non-biological human body simulator and
the indicators of damage to clothing, the non-biological human body simulator, and
the indicators of the deposition of the residual components of the shot, few strong
feedback correlations (r=-0.78) and medium-strength direct correlations (r=0.31 —
0.36) were established. The results of the correlation analysis made it possible to
determine the most significant correlations between the indicators of the distance of
the shot and the type of clothing and the features of damage and residual components
of the shot both in the case of using the "Fort 12R" and "AE 790G1" pistols.

Keywords: damage to clothing, gunshot residue, firearm, gunshot injury,
correlations.
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KOPEJIAIII IOKA3HUKIB BIICTAHI IOCTPLITY TA BULY
ogAry 3 OCObJIMBOCTAMMU YHIKO/’KEHD I 3AJIMIIKOBUMUA
KOMIIOHEHTAMMA HOCTPLITY IPU 3ACTOCYBAHHI
MHICTOJIETIB «®OPT 12P» TA «AE 790G1»

AHoTtanisi. KoMmiekcHU MmiaxiJ 10 BOTHENAJIbHOI TPaBMHU MPU CYA0BO-
MEIUYHOMY JOCIIPKEHHI BUMarae BCEOIUYHOI OIIIHKK YCIX BHUSBJICHUX PEUOBUX
nokasiB. KitouoBorw o06sactio, 1m0 noTpedye HaiOUIbIIoi yBaru € BOTHENajabHe
MOPAaHEHHS, TP OISl SIKOrO HEOOX1/THO 3BEpHYTH yBary Ha Takl XapaKTEepUCTUKU
aK ¢dopma, po3Mip YIIKOJIKCHHS, OCOOJMBOCTI ITOIIKO/PKEHHS MPUIIATAal0vu0ro
OJISITY, HASBHICTh MAaKpO- 1 MIKPOCKOIYHHMX CIIIIB 3aJUIIKOBUX KOMIIOHCHTIB
MOCTPLITY TOIIO. Y Cl BOHU Pa3oM J03BOJISIIOTh CYIMHU MPO XapaKTep YIIKOKEHHS,
3HAPAMIS, 110 HOTO BUKIMKAIO 1 TUCTAHIIO mMocTpiry. HaiimeHm mocimikeHuM
PI3HOBUIOM BOTHEMAJIbHOI 30p0i 3 TOUKH 30py HAayKH € HeJeTajlbHa BOTHENAIbHA
30po0si, YUCENBHICTH 1 HOBI PI3HOBUIH SIKOT 3POCTAIOTh 3 POKY B PiK. Y 3B’SI3KY 3 IIUM
icHye moTpeba y BUBUEHHI Cy4acHUX 1 MOMHUPEHUX B YKpaiHi 3pa3KiB HEJlEeTaIbHOT
BOTHENAJIbHOI 30p0oi. MeToro HociiakeHHs 0yJ0 BCTAHOBUTH OCOOJIMBOCTI 3B’ SI3K1B
MK TOKa3HUKAaMU B1JICTaH1 MOCTPLUIY Ta BUAY OJATY Ta OCOOJMBOCTIIMH YIIKOJKEHb
1 3AJIMILKOBUX KOMIIOHEHTIB OCTPLIY IIPU 3aCTOCyBaHHI micTolieTiB «Dopt 12P» Ta
«AE 790G1y». ns uporo cymapro Oysao BUTOTOBIEHO 120 >keaTMHOBUX OJIOKIB,
NOJUIEHUX HA YOTHUPHU NIATPYIH BIJIMOBIIHO J0 Marepialdy MOKPUBY: roiii OJOKH,
NOKPUTI OaBOBHSIHOIO TKAHWHOIO, JHUKMHCOBOIO TKAaHMHOIO IIKIpO3aMiHHUKOM. B
NoAAIBIIIOMY OJIOKH Tijuisranu BiacTpury mictoierom «Doprt 12P» abo «AE
790G1». [ns BUSBIACHHS 3aJUIIKOBHX KOMIIOHEHTIB IOCTPLTY 3aCTOCOBYBAaJIU
XpPOMAaTO-Mac-CIIEKTPOMETPUYHUNA  MeTOJl, 1H(pauyepBOHY MIKPOCKOIIIO  Ta
PEHTreH(IIYOPECIICHTHY CIIEKTPOCKOMi0. BukoHnyBanmm nomnepedHuit po3pi3 OJI0KiB
3 IHTEpPBAJIOM y 1 CM 3 BUMIPIOBaHHIM Ha KOXKHOMY 3pi3l MOKa3HUKIB TUMYACOBOI
MOPOKHUHHM BIATOBITHO JI0 3araJIbHONPUHHATHX MeToAauK. OIHKY KOpemsIin
NPOBOIMJIM B JTilleH3iiiHOMY makeTi “Statistica 6.1”. I[Ipu mocTpinax 3 micTonery sk
@opt 12P Tak i AE 790G1 Mixk 0coOIMBOCTAMH BiJICTaHI HOCTPLTY Ta MOKa3HUKAMHU
NOIIKOJDKEHb OJAry, HEOIOJOriYHOro 1MITaTopy TuUla JIOJUHHU, MNOKa3HUKaMU
BIJIKJIAJJaHHSI 3QJMIIKOBUX KOMIIOHEHTIB TMOCTPULYy BCTAaHOBJIIEHO YHUCJIEHHI
JIOCTOBIPHI cepeIHbOi CUiid TH CHITbHI 3B’ s13Kku (I=-0.33 — -0.92) 3BopoTHO1 cuiu Ta
cepennboi cuu npsmi (r=0.30 — 0.59) 3B’s3KkK; MIXK OCOOJIMBOCTAMH IOKPUBY
HEO010JIOTIYHOTO 1IMiTaTOpa TiJIa JIOJUHM Ta TMOKAa3HUKAMHU TMOIIKOHKEHb OJIATY,
HEeO010JI0TIYHOTO IMITATOPY TLNIA JIFOJMHM, MMOKAa3HUKAMH BIAKJIAIaHHS 3aTUIITKOBUX
KOMIIOHEHTIB IIOCTP1Jy BCTAHOBJICHO HEUNCIICHHI CHIIbHI 3BOpOTHI 3B's13ku (I=-0.78)
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ta cepeaHboi cuau mpsimi 3B s3ku (r=0.31 — 0.36). PesynpraTtét KOpEmAIiHHOTO
aHaJT13y JJO3BOJIMJIM BUSHAYUTH HAOUTBII 3HAYYII1 B3a€EMO3B’SI3KH MIJK IOKa3HUKaMHU
BIJICTaH1 MOCTPLITY Ta BUIY OJSATY Ta OCOOJMBOCTSAMH YIIKOKEHBb 1 3aJUIIKOBUX
KOMITOHEHTIB MOCTPUTY SIK Y BUIAAKY 3aCTOCYBaHHs mictojeTy «Popt 12P» Tak 1
«AE 790G1».

Ki11040Bi cJj10Ba: NOMIKOKEHHS OJSTY, 3JIUIIKOBI KOMIIOHEHTH MOCTPLIY,
BOTHENaJIbHA 30p0si, BOTHENAJIbHA TPaBMa, KOPEJsLIi.

Statement of the problem. Since the era of mass production, in the structure
of murders, suicides and accidents, gunshot injuries occupy an honorable place,
which is equally common in countries of the world with different socio-economic
development. From 2003 to 2015, more than 100,000 single injuries from firearms
and about 57,000 cases of multiple injuries caused by firearms were recorded in the
United States. At the same time, the mortality from them reached 13.26% and
18.84%, respectively [1]. In countries with military conflicts, the issue of gunshot
injuries is particularly acute. Thus, according to the data of one hospital in Benghazi
(Libya), in 2011, 1,761 patients with gunshot wounds were recorded. Of them, 95%
were men aged 28.32+10.01 years. In total, gunshot injuries were the cause of death
in 5.6% of young people in the country [2].

Unlike lethal firearms, non-lethal firearms are equipped with rubber-based
ammunition, but they are dangerous under certain conditions of improper use. In the
1970s in Northern Ireland, the use of this type of weapon caused 14 deaths [3]. At
the same time, successful compliance with well-known rules for handling it shows
that it is possible to avoid not only fatalities but also serious injuries. Thus, an
analysis of data from the USA regarding the use of non-lethal firearms revealed
2,322 cases, of which only 4% caused moderate injuries [4].

Interest in the study of this type of weapon is gradually growing among
domestic researchers and is aimed at finding ways to identify the weapon, determine
the distance of the shot and predict the potential damage it can cause [5, 6]. However,
the appearance of new types of this weapon on the Ukrainian market makes it
difficult to create a complete picture of the above-mentioned issues. Therefore, there
IS a need to constantly update the database and discover new data that will allow at
least the identification of the weapon and the distance of the shot from it.

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
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 — to establish the specifics of the correlations
between the parameters of the shot distance and the type of clothing and the features
of damage and gunshot residue when using "Fort 12R" and "AE 790G1" pistols.

Research objects and methods. According to the generally accepted method [7],
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120 gelatin blocks were made, which were covered with different types of clothing
(cotton, denim, leatherette) or left bare. In the conditions of the shooting range, shots
were fired at the studied blocks with the help of "Fort 12P" and "AE 790G1" pistols
equipped with 9 mm elastic bullets. Shots were fired from close range, 25 and 50
cm. Further, a descriptive study was carried out using generally accepted forensic
approaches. Microscopic examination in order to identify the features of damage and
residual components of the shot was carried out using an 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
smokeless powder and X-ray fluorescence spectroscopy using the ElvaX Plus device
to detect the overlapping of elements on trace-receiving surfaces.

To estimate the temporary cavity formed, generally accepted calculation
methods were used, namely: Fackler and Malinowski (The total crack length method
(TCLM)) [7], Ragsdale and Josselson (The Fackler's wound profile method
(FWPM)) [8] and Schyma (The polygon-procedure method (PPM)) [9].

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.

Correlations were evaluated in the license package "Statistica 6.1" using
Spearman statistics.

Presentation of the main material.

Research results and their discussion. When analyzing the data obtained
during shots from the Fort 12R pistol, the following reliable correlations were
established:

there is a feedback correlation between the shot distance indicator and: the
number of medium-strength clothing tears (r= -0.50); the presence of soot has a
strong feedback (r=-0.83); relative lead concentration of medium strength feedback
(r= -0.42); the relative concentration of iron of medium strength has a direct
correlation (r=0.35); the relative concentration of zinc of medium strength is a direct
correlation (r=0.30); the size of the temporary cavity according to the TCLM method
at the depth of the section of 1 cm has a strong feedback (r=-0.87); the size of the
temporary cavity according to the TCLM method at the depth of the section of 2 cm
has a strong feedback (r=-0.85); the size of the temporary cavity according to the
TCLM method at the depth of the section of 3 cm has a strong feedback (r=-0.84);
the size of the temporary cavity according to the TCLM method at the depth of the
section of 4 cm, the average strength of the feedback (r= -0.69); the size of the
temporary cavity according to the TCLM method at the depth of the section of 5 cm,
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the average strength of the feedback (r= -0.54); the frequency of occurrence of a
temporary cavity according to the TCLM method at a cut depth of 2 cm is an average
feedback force (r= -0.33); the frequency of occurrence of a temporary cavity
according to the TCLM method at a cut depth of 3 cm has a strong feedback
(r=-0.74); the frequency of occurrence of a temporary cavity according to the TCLM
method at a cut depth of 4 cm is an average feedback force (r=-0.69); the frequency
of occurrence of a temporary cavity according to the TCLM method at a cut depth
of 5 cm of average force feedback (r= -0.55); the size of the temporary cavity
according to the FWPM method at the depth of the cut of 1 cm, the average feedback
force (r=-0.69); the size of the temporary cavity according to the FWPM method at
the depth of the cut of 2 cm has a strong feedback (r=-0.81); the size of the temporary
cavity according to the FWPM method at the depth of the cut of 3 cm has a strong
feedback (r=-0.84); the size of the temporary cavity according to the FWPM method
at the depth of the section of 4 cm, the average strength of the feedback (r= -0.69);
the size of the temporary cavity according to the FWPM method at the depth of the
section of 5 cm, the average feedback force (r=-0.54); the frequency of occurrence
of a temporary cavity according to the FWPM method at a cut depth of 2 cm is a
feedback of medium strength (r=-0.33); the frequency of occurrence of a temporary
cavity according to the FWPM method at a cut depth of 3 cm has a strong feedback
(r= -0.74); the frequency of occurrence of a temporary cavity according to the
FWPM method at a cut depth of 4 cm is an average feedback force (r=-0.69); the
frequency of occurrence of a temporary cavity according to the FWPM method at a
cut depth of 5 cm is an average feedback force (r= -0.55); with the size of the
temporary cavity according to the PPM method at the depth of the section of 1 cm,
there is a strong feedback (r=-0.89); with the size of the temporary cavity according
to the PPM method at the depth of the cut of 2 cm, there is a strong feedback
(r="-0.88); with the size of the temporary cavity according to the PPM method at the
depth of the cut of 3 cm, there is a strong feedback (r= -0.83); the size of the
temporary cavity according to the PPM method at the depth of the section of 4 cm,
the average strength of the feedback (r= -0.69); by the size of the temporary cavity
according to the PPM method at the depth of the cut of 5 cm, there is an average
feedback force (r=-0.54); the frequency of occurrence of a temporary cavity according
to the PPM method at a cut depth of 2 cm of average force feedback (r=-0.33); the
frequency of occurrence of a temporary cavity according to the PPM method at the
depth of the cut of 3 cm has a strong feedback (r=-0.74); the frequency of occurrence
of a temporary cavity according to the PPM method at a cut depth of 4 cm has a strong
feedback (r=-0.80); the frequency of occurrence of a temporary cavity according to the
PPM method at a cut depth of 5 cm of average force feedback (r=-0.55);

there is a strong inverse correlation between the indicator of the type of cover
of the non-biological imitator of the human body and the area of the defect (r=-0.78).

When analyzing the data obtained during shots from the AE 790G1 pistol, the
following reliable correlations were established:
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there is a strong inverse correlation between the shot distance indicator and:
the number of clothing tears (r= -0.79); the presence of soot has a strong feedback
(r=-0.74); the presence of diphenylamine weak feedback (r= -0.37); relative lead
concentration of medium strength feedback (r=-0.60); the relative concentration of
iron of medium strength has a direct correlation (r=0.53); the relative concentration
of zinc of medium strength is a direct correlation (r=0.59); the size of the temporary
cavity according to the TCLM method at the depth of the cut of 1 cm has a strong
feedback (r=-0.85); the size of the temporary cavity according to the TCLM method
at the depth of the section of 2 cm has a strong feedback (r=-0.92); the size of the
temporary cavity according to the TCLM method at the depth of the section of 3 cm
has a strong feedback (r=-0.83); the size of the temporary cavity according to the
TCLM method at the depth of the section of 4 cm has a strong feedback (r=-0.81);
the size of the temporary cavity according to the TCLM method at the depth of the
section of 5 cm of the average force feedback (r=-0.58); the frequency of occurrence
of a temporary cavity according to the TCLM method at a cut depth of 2 cm is an
average feedback force (r=-0.33); the frequency of occurrence of a temporary cavity
according to the TCLM method at a cut depth of 3 cm has a strong feedback
(r=-0.79); the frequency of occurrence of a temporary cavity according to the TCLM
method at a cut depth of 4 cm has a strong feedback (r= -0.83); the frequency of
occurrence of a temporary cavity according to the TCLM method at a cut depth of
5 cm is an average feedback force (r= -0.58); the size of the temporary cavity
according to the FWPM method at the depth of the cut of 1 cm has a strong feedback
(r=-0.82); the size of the temporary cavity according to the FWPM method at the
depth of the section of 2 cm has a strong feedback (r= -0.93); the size of the
temporary cavity according to the FWPM method at the depth of the cut of 3 cm has
a strong feedback (r=-0.83); the size of the temporary cavity according to the FWPM
method at the depth of the section of 4 cm has a strong feedback (r=-0.81); the size
of the temporary cavity according to the FWPM method at the depth of the section
of 5 cm, the average feedback force (r= -0.58); the frequency of occurrence of a
temporary cavity according to the FWPM method at a cut depth of 2 cm is a feedback
of medium strength (r= -0.33); the frequency of occurrence of a temporary cavity
according to the FWPM method at a cut depth of 3 cm has a strong feedback
(r=-0.79); the frequency of occurrence of a temporary cavity according to the
FWPM method at the depth of the cut of 4 cm has a strong feedback (r=-0.83); the
frequency of occurrence of a temporary cavity according to the FWPM method at a
cut depth of 5 cm is a feedback of medium strength (r= -0.58); with the size of the
temporary cavity according to the PPM method at the depth of the section of 1 cm,
there is a strong feedback (r=-0.89); with the size of the temporary cavity according
to the PPM method at the depth of the cut of 2 cm, there is a strong feedback (r= -
0.88); with the size of the temporary cavity according to the PPM method at the
depth of the cut of 3 cm, there is a strong feedback (r= -0.83); with the size of the
temporary cavity according to the PPM method at the depth of the section of 4 cm,
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there is a strong feedback (r= -0.81); the size of the temporary cavity according to
the PPM method at the depth of the section of 5 cm of average force feedback (r= -
0.58); the frequency of occurrence of a temporary cavity according to the PPM
method at a cut depth of 2 cm of average force feedback (r=-0.33); the frequency of
occurrence of a temporary cavity according to the PPM method at the depth of the
cut of 3 cm has a strong feedback (r= -0.79); the frequency of occurrence of a
temporary cavity according to the PPM method at a cut depth of 4 cm has a strong
feedback (r=-0.83); the frequency of the occurrence of a temporary cavity according
to the PPM method at a cut depth of 5 cm of average force feedback (r=-0.58);
there is a strong inverse correlation between the indicator of the type of cover
of the non-biological imitator of the human body and: the area of the defect
(r= -0.78); the relative concentration of zinc of medium strength has a direct
correlation (r=0.31); the frequency of occurrence of a temporary cavity according to
the TCLM method at the depth of the section of 2 cm of average strength is a direct
correlation (r=0.36); the frequency of occurrence of a temporary cavity according to the
FWPM method at the depth of the cut of 2 cm of average strength is a direct correlation
(r=0.36); the frequency of occurrence of a temporary cavity according to the PPM
method at a cut depth of 2 cm of average strength has a direct correlation (r=0.36).

The analysis of scientific sources related to the residual components of the
shot from 2019 to 2021 shows that mostly correlations are found with respect to such
an element as lead, which is also clearly confirmed in our study [10].

It is also worth paying attention to the location of the residual components of
the shot. It was established that their greatest concentration is within a radius of
3 cm from the gunshot wound. A decrease in the amount of physical evidence is
noted in the shot distance from 20 to 60 cm, which to some extent is also confirmed
by the data of our study [11].

Correct models for determining the distance of a shot can be built using the
so-called "whales" of forensic ballistics — stibium, lead and barium. The authors
proposed a model showing an accuracy of 6 cm at shot distances of 20-90 cm [12].

However, in any case, one should not limit oneself exclusively to laboratory
data and pay attention to the morphological features of a gunshot wound, which also
significantly changes with a change in the distance or other circumstances of the
shot [13].

Conclusions. When firing from a Fort 12R pistol, between the characteristics
of the shot distance and the indicators of damage to clothing, a non-biological
simulator of the human body, in most cases, reliable medium-to-strong correlations
(r=-0.33 - -0.89) were established, in all cases of reverse force; between the features
of the shot distance and indicators of the deposition of the residual components of
the shot in most cases, reliable medium-strength direct (r=0.30 — 0.35) and medium-
strength and strong inverse (r=-0.42 — -0.83) correlations were established; a strong
reliable feedback was established between the features of the covering of the non-
biological imitator of the human body and the area of the defect (r=-0.78).
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In the case of shots from the AE 790G1 pistol, between the features of the
shot distance and indicators of damage to clothing, a non-biological simulator of the
human body, in most cases, reliable medium-to-strong correlations (r=-0.33 —-0.92),
in all cases of reverse force, were also established; between the characteristics of the
shot distance and indicators of the deposition of the residual components of the shot
In most cases, reliable medium-strength direct (r=0.53 — 0.59) and medium-strength
and strong inverse (r=-0.37 — -0.74) correlations were established; between the
features of the cover of the non-biological human body simulator and the indicators
of damage to clothing, the non-biological human body simulator, the deposition of
the residual components of the shot, a reliable strong feedback relationship (r=-0.78)
and few reliable medium-strength direct correlations (r=0.31 - 0.36) were
established.
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