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Summary. The study of macroscopic features of the clothing damage or the damage to the
human body, the presence of additional factors of a shot on it—is one of the basic methods of analysis
used in medical forensics. The appearance of new types of firearms requires the appropriate conduct
of experimental research in order to update the theoretical database of experts.

The purpose of the work to investigate the features of soot deposition, tearing of clothing and
a human body simulator when using «FORT 12R» and «AE 790G1» pistols.

Material and methods. For the study, 120 gelatin blocks were used, which later remained bare
or were covered with one of the fabrics: cotton, denim or leatherette. After that, shots were fired from
close range, 25 and 50 cm using «FORT 12R» and «AE 790G 1» pistols, with subsequent analysis of
macroscopic soot deposition around the entrance firing hole and the number of ruptures in clothing or
a human body simulator, if the shot was fired at a bare block.

Results. When analyzing soot deposition, it was reliably established (p<0.0070) or a tendency
(p=0.0763, only for leatherette) towards its macroscopic detection when shots were fired at close
range in all studied groups of bare blocks and blocks covered with clothing when shots were fired
from a distance of 25 cm and the absence of the soot when fired from a distance of 50 cm when fired
from both pistols. When comparing the data on the number of ruptures between the «Fort 12R» and
«AE 790G 1» pistols, reliably (p<0.01-0.05) higher values were found when firing with the «AE 790G1»
from a close distance into blocks covered with cotton and denim fabric, when shot from 25 ¢m into
the blocks covered with cotton fabric and a slight tendency (p=0.095) to higher values when shot with
the «AE 790G1» from a close distance into the blocks covered with leatherette.

Conclusions. When using the «<FORT 12R» and «AE 790G 1» pistols, practically no differences
in soot deposition was found, however, when analyzing the number of ruptures in clothing and the
human body simulator, higher values were found when using the «AE 790G 1» pistol.

Keywords: gunshot injury; gunshot wounds; forensic medical examination; non-lethal weapons;
soot; clothing ruptures; firearm.

Introduction. Forensic medical examination is still one of the most complex cases in the practice
of a forensic medical expert, which requires the application of a whole complex of knowledge and
capabilities of the physical evidence examination department, in particular, a wide range of instrumental
research methods. This is one of the reasons why during the time of Ukraine’s independence, researches
aimed at studying new types of weapons and equipment for them gradually gained momentum [1].

All this gave an impetus to change the model of ballistic experiments, which is the first step to
the study of one or another type of fircarm. Thus, there are still only few studies using human body
simulators or studies of a complex consisting of a human body simulator and layers of clothing, which
could bring the experimental model closer to a more realistic one [2].

In the modern Ukrainian realities, taking into account the events of the recent past and the current
situation [4], the study of firearms is a priority area for forensic medicine and medicine in general.
However, taking into account the obsolescence of the material and technical base of the forensic
laboratory (in particular, departments of medical forensics), the first priority in the study of new types
of firearms should be the assessment of macroscopic changes that can be seen with the unaided eye.
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The purpose of the work is to investigate and compare the features of soot deposition and the
number of ruptures formed on different types of clothing and a human body simulator at different
shooting distances when using «FORT 12R» and «AE 790G 1» pistols.

Material and methods. In order to achieve the goal, 120 blocks measuring 30x15x15 cm were
produced for the study according to the Fackler and Malinowski method [5]. For the maximum imitation
of the human body, the blocks were made from a 10% solution of edible gelatin type A 270 Bloom
(TM «Junca Gelatines SL», Spain), which was stored for 2 days before shooting at a temperature of
+40C with the prior addition of propionic acid in the amount of 5 ml/l of the solution gelatin to inhibit
microbial flora.

Subsequently, the blocks were divided into two groups depending on the pistol, and within the
group to four subgroups depending on the fabric covering the block, namely: in the first subgroup, the
blocks were not covered with clothing; in the second group blocks were covered with cotton fabric;
in the third group blocks were covered with denim fabric; in the fourth group blocks were covered
with leatherette. In all four groups, the blocks were covered with a protective film 200 pm thick to
imitate human skin.

The first group of blocks was shot with the «Fort 12R» pistol, the second group with the
«AE 790G1» pistol. In both groups, 9 mm elastic bullets of traumatic effect were used. Shots were
fired from close range, 25 and 50 cm on the base of the Vinnytsia shooting range of the Scientific and
Research Expert Forensic Center of the Ministry of Internal Affairs of Ukraine within 30 minutes
from the moment the blocks were removed from the refrigerating chamber with prior fixation of the
gun in the vices.

In accordance to the rules of forensic photography, the objects and the results of the study were
photographed using a digital camera (camera «Alpha A6000 Sony»), followed by a study with an
unaided eye of the soot deposition and the formation of ruptures on the covering material of the block
or on the surface of the block itself, if it was bare.

The statistical analysis of the obtained results was carried out in the licensed statistical package
«Statistica 6.0» using non-parametric estimation methods. The reliability of the difference in values
between independent quantitative values was determined using the Mann-Whitney U-test, and between
qualitative values —according to the Weber E. formula:

Pl _Pz
0= NP +NP, (0 NPENGPY) NN,
N, +N, N, +N, NN,

where, P1 and P2 are the percentages with which one or another indicator met;
N1 and N2 are the number of indicators in the studied groups.

Research results and their discussion. An analysis of indicators of soot deposition around
incoming gunshot damage showed the following features when fired from the «Fort 12R» pistol:

when shots were fired af close range in all subgroups (both bare blocks and blocks covered with
different fabrics), macroscopic layering of soot was noted in all studied blocks (100% in all cases);

when fired from a distance of 25 cm in bare blocks in all cases, macroscopically no soot layering
was detected (0% in all cases), while when fired at covered blocks, soot was detected in all fired blocks
(100% in all cases);

when fired from a distance of 50 cm, no soot was detected in any of the fired blocks (0% in all cases);

when comparing the frequency of soot deposition at different shooting distances on bare blocks,
it is reliably (p<0.0070) more often observed when shooting from close range than 25 and 50 cm
(100%, 0% and 0%, accordingly), when shooting at blocks covered with cotton, denim or leatherette
is reliably (p<0.0070) more often observed when shooting from a distance of 25 than 50 cm (100%,
100% and 0%, respectively, in all cases).
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The analysis of indicators of soot deposition around the incoming gunshot damage showed the
following features when fired from the «4E 790G 1» pistol:

when shots were fired at close range, there was a tendency (p=0.0763) of soot deposition when
shots were fired at bare blocks, blocks covered with cotton and denim compared to leatherette (100%,
100%, 100% and 60%, accordingly);

when fired from a distance of 25 cm and 50 cm, the indicators were similar to those obtained
when fired from «Fort 12R».

when comparing the frequency of soot deposition at different shot distances on bare blocks, blocks
covered with cotton and denim fabric, the data were similar to those obtained with shots from «Fort
12R». Only when shots were fired into blocks covered with leatherette, when shots were fired from
a distance of 25 cm, a tendency (p=0.0763) to soot deposition was observed compared to the distance
at close range (100 and 60%, accordingly), and significantly more often (p<0.0070-0.0361) soot was
deposited when shot from a distance of 25 cm and close range than when shot from a distance of 50
cm (100%, 60% and 0%, accordingly);

When analyzing the data on soot deposition between the «Fort 12R» and «AE 790G1» pistols,
a trend (p=0.0763) was found for more frequent soot deposition when firing the block covered with
leatherette with «Fort 12R» pistol at close range (100% and 60%, accordingly).

Analysis of the number of ruptures around the incoming gunshot damage revealed the following
features when fired from the «Fort 12R» pistol:

when shooting at close range, significantly higher (p<0.05-0.01) values of the number of ruptures
were observed when firing at bare blocks than blocks covered with cotton, denim, and leatherette (4.000,
0.800+1.789, 0.400+0.894, and 2,400+0,894, accordingly), significantly greater (p<0.05) values of
the number of ruptures when shot leatherette than denim (2.400+0.894 and 0.400+0.894, accordingly)
and a slight trend (p=0.095) to greater values when shot leatherette than cotton (2.400+0.894 and
0.800+1.789, accordingly);

when shooting from a distance of 25 c¢m, significantly higher (p<0.05) values of the number of
ruptures were observed when shooting at bare blocks than at blocks covered with cotton and denim
(1.800£1.095 and 0 and 0, accordingly), and significantly higher (p<0.05) the value of the number of
ruptures when shot in leatherette compared to cotton and denim (1.600+1.342 and 0 and 0, accordingly);

when shooting from a distance of 50 cm, no significant differences or tendencies towards
differences were detected;

when comparing the number of ruptures at different shot distances, significantly higher values
(p<0.01) were found when shooting at bare blocks from a close range than 25 or 50 cm (4.000,
1.800£1.095 and 0.400+0.894, accordingly), a slight trend (p= 0.095) to higher values when shooting
from a distance of 25 cm than 50 cm (1.80041.095 and 0.40040.894, accordingly) and significantly
higher values (p<0.01) when shooting at a leatherette from a close range than 50 cm and from a distance
of 25 cm than 50 cm (2.400+0.894 and 0 and 1.600+1.342 and 0, accordingly);

Analysis of the number of ruptures around the incoming gunshot damage revealed the following
features when fired from the «4E 790G 1» pistol:

when shooting at close range significantly higher (p<0.05-0.01) values of the number of
ruptures were observed when shooting at bare blocks than covered with denim fabric (4,000 and
2,000 accordingly), cotton than denim (3,600+0,894 and 2,000 accordingly) and leatherette than denim
fabric (3,600+0,548 and 2,000, accordingly);

when shooting from a distance of 25 c¢m, significantly higher (p<0.05) values of the number of
ruptures were observed when shooting bare blocks than covered with denim fabric (1.600+1.140 and
0, accordingly), cotton than denim (2.800+1.789 and 0, accordingly) and a trend to a greater value of
the number of ruptures when shot at leatherette than denim (0.600+1.342 and 0, accordingly);

when shooting from a distance of 50 cm, no significant differences or tendencies towards
differences were detected;
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when comparing the number of ruptures at different shooting distances, significantly higher
values (p<0.01-0.05) were found when shooting bare blocks from a close range than 25 cm or 50 cm
(4,000, 1,600+1,140 and 0, accordingly) and 25 cm than 50 cm (1,600+1,140 and 0, accordingly),
when shooting at blocks covered with cotton fabric from a close range than 50 cm and 25 cm than 50
cm (3,600+0,894, 0,200+0,447 and 2,800+1,789, 0,200+0,447 accordingly), when shooting blocks
covered with denim fabric from 25 cm and 50 cm (2,000 and 0 in both cases, accordingly), when
shooting blocks covered with leatherette from 25 cm and 50 cm (3,600+ 0.548, 0.600+1.342 and
3.600+0.548, 0 accordingly).

When comparing the data on the number of ruptures between the «Fort 12R» and «AE 790G 1»
pistols, significantly (p<0.01-0.05) higher values were found when firing with the «AE 790G1» from
a close range into blocks covered with cotton and denim fabric (3.600+0.894, 0.800+1.789 and 2.000,
0.400+0.894, accordingly), when shot from 25 cm into blocks covered with cotton fabric (2.800+1.789
and 0, accordingly) and a slight tendency (p=0.095) to higher values when shot from «AE 790G 1»
from a close range into blocks covered with leatherette (3,600+0,548 and 2,400+0,894, accordingly).

Thus, there is again a trend toward more massive damage to clothing and the human body
simulator with the «AE 790G 1» pistol compared to the «Fort 12R», as in the past study, where there
were significant higher values or trends toward higher values for the area index defect when fired with
«AE 790G1» compared to «Fort 12R» [6].

The features of damage to various types of fabric when fired from the «Fort-12» at close range
were studied by V. V. Shcherbak [7]. When the fabric was fixed in the frame, the following damage
occurred: when shots were fired into the denim fabric, the number of radial ruptures was 2-4; when
shooting at cotton fabric —4; when shots were fired at cotton knitwear — multiple ruptures.

When firing at cotton fabric from different shooting distances, however, using the same «Fort-12»
at a distance of up to 35 cm, soot deposition was visually detected, and at a shooting distance of more
than 40 cm, it was no longer detected. [8].

When close-range shots were fired into the gelatin torso simulators of an adult man dressed in
cotton knitwear, using «Fort-12RM», the researchers discovered the deposition of additional factors
both from the outside and inside the investigated tissue, with the formation of soot deposits in the form
of a drop or candle flame on the inner surface [9].

The authors of the study [10] discovered the following features of damage during shots from
the «Fort-12RM» from different distances into cotton fabric without using a human body simulator
under it: during close-range shots, the deposition of additional factors of the shot around the incoming
damage was determined; at the shot distance of 25 cm and 50 cm, no soot was detected. The authors
described the presence of tissue ruptures when shot at close range, but did not specify their number.

An experiment similar to the research method, but with the use of a «Fort-17R» pistol and
a leatherette, was performed by a group of scientists led by P. Yu. Bobkov [11] established that in the
cases of a shot at close range, 20 and 50 cm detected soot deposition (20 and 50 cm —microscopically),
but no tissue ruptures were detected.

Conclusions. When firing from both «Fort 12R» and «AE 790G1», a deposit of soot around the
incoming firing hole was observed in all the studied groups at close range (with the exception of shots with
«AE 790G1» at leatherette) and at a distance of 25 cm (with the exception of groups of bare blocks). As
with shots from «Fort 12R» and «AE 790G 1» at a distance of 50 cm, no soot deposition was observed.

Close range shots from the «AE 790G1» into blocks covered with fabric and blocks covered with
cotton fabric at a firing distance of 25 cm showed a significantly greater number or tendency toward
more ruptures than similar groups shot with the «Fort 12R».

Prospects for further research. In the future, it is planned to investigate the specifics of damage
to the human body simulator, namely using the calculation methods of Fackler and Malinowski (1985)—
The total crack length method, Ragsdale and Josselson (1988) — The Fackler’s wound profile method
and Schyma (1998) — The polygon- procedure method that will allow to evaluate wound ballistics.
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OCOBJIUBOCTI BIIAKJIIAIAHHA KIIITABU, PO3PUBIB OI5I'Y
TA IMITATOPA TUIA JIIOAUHHA ITPU NIOCTPLJIAX 3 TIICTOJIETIB
«D®OPT 12P» TA «AE 790G1»

Kycuiii 0. 1O., leBuyk 0. I'., ®omin O. O., Anamuyk O. @., Kononeiasbuwok O. B.
BinHunpkuii HanioHaapbHUNA MenuuHui yHiBepcuTeT iM. M. I. ITuporosa, Binauis, Ykpaina

Pe3rome. JlocmikeHHS MAKPOCKOIIIYHUX OCOOIMBOCTEH MOIIKOHKEHD OSTY YU YIIKOIKCHb
TiJ1a JIOJWHH, HASBHICTH JI0AATKOBUX YHHHHUKIB TTOCTPiy Ha HHOMY € OJTHUM 3 0a30BHX METO/IIB
aHaJIi3y, 10 3aCTOCOBYIOTh B CYI0BO-MEINYHIN KpuMiHaMiCTHII. [TosSBa HOBUX PI3HOBH/IIB BOTHEMAILHOT
30poi moTpedye BiJIMOBITHOTO MPOBEICHHS SKCIIEPUMEHTAIBHUX JAOCIIIKECHb 3 METOIO OHOBJICHHS
TEOPETUYHOI 0a3U TAHUX EKCIIEePTiB.

MeTta po60TH — TOCTITUTH OCOOIMBOCTI BIAKIAAaHHS KIMITSBH, PO3PUBIB OJIATY Ta iMiTaTOpa
TiJIa JTFOMUHU TTpU BUKopucTaHHi micToneTiB « POPT 12P» Ta «AE 790G 1».
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Marepiaa i metoau. [{na nocnijgkenass Bukopuctano 120 jxexaTHHOBUX OJIOKIB, 11O
B MMOAAIBIIOMY a00 JIMIIAIKCS TOIUMHU a00 TTOKPUBAIUCS OJHUM 3 BHJIIB TKAHUH: 0ABOBHSHOIO,
JODKMHCOBOIO TKAHWHOIO UM MIKipO3aMiHHUKOM. [1iciis 4oro BiACTpiOBaiKCs 3 BiICTaHEH BIPUTYII,
25 ta 50 cm 3 BukopuctanuaMm mictoieTiB « POPT 12P» ta «AE 790G 1» 3 HacTYynmHUM aHali30M
MaKpOCKOTIIYHOTO BiJKJIaIaHHs KIlITSBH HABKOJIO BX1JHOTO BOTHEMAJIHFHOTO OTBOPY Ta KUIBKOCTI
PO3pUBIB 0Ty 200 iMiTaTopa Tija JIOIUHH, SKIIO MOCTPLT BAKOHYBAIH B TOJIHH OJIOK.

Pesyasbraru. [Ipu anami3i BiikiIagaHHs KINTSIBH BCTAHOBICHO AocToBipHO (p<0,0070) abo
teraeHio (p=0,0763, TUTbKH 15 IKIpo3aMiHHHUKA) /10 i MAKPOCKOIIIYHOTO BUSIBJICHHS IPH MOCTpiIax
BIIPUTYJI B YCI JOCHIKyBaH1 Tpynu OJOKIB Ta OJOKH, TOKPUTI OASTOM, IPH MOCTPiJiaX 3 BiJICTaHI
25 cM 1 BiICYTHICTB KIITSIBU MPH MOCTpLIax 3 BifcTani 50 cM mpu mocTpijax 3 000x micronetis. [Tpu
MOPIBHSHHI IAHHUX MO0 KUTBKOCTI po3puBiB Mixk mictoneramu «Dopt 12P» ta «AE 790G 1» BusBieHO
noctoBipHi (p<0,01-0,05) 6inbiui 3HauenHs npu noctpinax 3 «AE 790G1» 3 BiacTani BIpuTyi y 0JI0KH,
BKPUTI 0aBOBHSHOIO Ta JPKWHCOBOIO TKAHWHOIO, IPU TOCTPLIi 3 25 cM y OJI0KH, BKpUTI GaBOBHSIHOIO
TKaHWUHOIO, 1 He3HaYHy TeHAeHuio (p=0,095) no Oinpmmx 3Ha4eHb npu nocTpinax 3 «AE 790G1»
3 BIJICTaHi BIIPUTYN y OJIOKHU, BKPUTI IIKIPO3aMiHHUKOM.

BucunoBku. [Tpu Buxopucransi micronetiB « ®OPT 12Py» ta «AE 790G 1» npakTHYHO HE BUSBIECHO
BIZIMIHHOCTEH y BiIKJIa[JaHHI KiNTSABH, IPOTE IPU aHAI31 KIJIBKOCTI PO3pHBIB OJATY Ta iMiTaTropa Tiia
JFOMMHM BUSIBJIICHO OLBIII 3HAYEHHS TpH 3acTocyBaHHi mictonety «AE 790G 1».

Ku1r040Bi c10Ba: BorHenaibHa TpaBMa; BOTHETIANIBHI YIIKOKEHHS; CYJJOBO-MEINYHA eKCIIEPTH3a;
HelleTabHa 30posi; KINTsABA; PO3PUBH OJIATY; BOTHETAJIbHA 30pOsl.
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