llepcnexTnen
Ta iHHOBAaUli
Hayku




(Cepis «Ilemarorika», Cepis «Ilcuxosorisi», Cepisg «Meguiu

KypHan «IlepcnekTuBY Ta iHHOBaLil HAYKU»

Hav)

Ne 1(35) 2024

3acekin A.A.
Komn'tom epuzayis ma inmepremuzayis cyuachoeo cycninbcmea K pakmopu

KIOep3anedHCHOCIE 3000V8AUIB OCBIMIU ... ... v.u e ee e aie e aae etaeeanaesaearaaeeans 522
Kamniran JL.I., ToBTun S1.1.

Amnaniz enaugy enobanvHux nooiti ma mpaHCHAYIOHATbHUX ABULY HA

BUBYEHHS ICTNOPIT Y WUKITGHIU OCBIMI . .....ccuvvveeerreeeeereeeeeiveeeeeveeeeeseeeesaseeesnsseeeens 531
Kepnac A.B., Kotasip JL.I., bonaapesuu C.M., Maaum B.€., CaBuyk
Teopemuxo npakxmuyni acnekmu SUKOPUCMAHHA ) OLI0BOMY CHLIKYBAHHI
KOMNJIEMEHMI8 ma 1eCmMoutie MAUOYMHIMU NCUXOTIOCAMU ... ... v e eeeeeenennes 541
KoGeus O.B., Byyanbka C.M.

Ocobnusocmi 6nau8y YiHHICHUX OpieHmayii Ha Gopmy8aHHs NPoPecitiHux
TULAHIB CHLYOCHMIIB ... o v e e e e et e ee e eae e et et ae e et e et e et e e a e raraeenanees 562
Kopxoc 41.0.

Meoiazpamomuicms cmyoenmie 3aKk1a0i8 GUUSOT OCBIMU. ...........cuurueeaenannnn. 570
Kym FO.1.,, Kocenko P.I., KopoBuncbkuii 1.O.

Buknuxu ma ocobausocmi ncuxiuno2o 300po8’s 8 yMOBAX B0EHHUX Oill 8
VKDAUHI ..o e e e e e e e e e e e e rraeeenas 578
Jlucenko JI.M., OctpoBepx I'.O.

Ocobausocmi eMOYitiHUX NepeHCUsanb npu Gopmysanti oopazy yceiooMIeHO20
OAMBKIBCINBA ..« .. ce e e e e e e et e e et et et e et ettt e e et e e e e reee e 591
Meabsnuk K.C., Tepruuna H.A.

3acanvhi ma cneyughiuni xapaxmepucmuku mpugoICHOCMI MOI00I nid dac

BIULHIU ..+« v s e e e e e e e e e et et e et e e e e e e e e e e e e e et aeeeeeaaeee e 604
Ouiitauxk H.A., ®panuyk H.JL

Oyinka ncuxoemoyioHatbHO20 CMAHY I MPUBOHCHOCHT NEPULOKYPCHUKIE... ... .... 616
IPsnkiBcbka JI.B.

llcuxomexnonoeii HaOarHs OONOMO2U NPAYIBHUKAM NOJIYIL ... ..o eiein e .025
Ieaex 1.B.

Ocobauocmi nepercUBar s 8AIMEOCIL Y UAC BIUHU .. ... o.veree i aeanienaan, 638
Cewmkis LI., ITeaex I.B., Tumkis T.M., Keuyp P.B., bapaiok O.1.

Jlunamika po3eumky meHmanizayii y npoyeci 3acmocy8ants NCUXo10214HUX
IHmepeeHyill 3 ONOpPoK HA MEHMAani3ayilo. NOPI6HAHHA KIIHIYHOI ma
HEKIITHIUHOT BUOIDKU . .« ... oo e e e e e e et e e et et e e e e e e e e e eeeae 648
CokogoBa I' 'b., baooBa LK.

3acmocysanus inmezposano2o nioxody 8 pobomi 3 dimvmu 3 0COOIUBUMU
MOBHEHHEBUMU NOMPEOAMU ... .. eeeee e ae e aae et e et e e ae e e e et e aeeeenes 662




Kypnan «IlepcnekTHBU Ta iHHOBALil HAYKU»
(Cepis «Ilemarorika», Cepis «Ilcuxosiorisi», Cepist «Meauuaa»)
Ne 1(35) 2024

UDC 616-001.45:623.443.35

https://doi.org/10.52058/2786-4952-2024-1 (35)-788-796

Perebetiuk Anatolii Mykolayovych PhD, assistant of the department
Forensic Medicine and Law, National Pirogov Memorial Medical University, St. 56
Pirohova, Vinnytsia, 21018, tel.: (0432) 55-39-10, https://orcid.org/0000-0002-
3745-268X

Zubko Mariya Dmytrivna Cand. Sc., Associate Professor of the Department
of Pathological Anatomy and Forensic Medicine, Zaporizhzhia State Medical and
Pharmaceutical University, 26 Mayakovsky Ave., Zaporizhia, 69000,
https://orcid.org/0000-0002-3683-4010

WAYS OF MODELING A BALLISTIC EXPERIMENT FOR THE
NEEDS OF A FORENSIC MEDICAL EXAMINATION OF A
GUNSHOT INJURY

Abstract. One of the ways to perform forensic medical research in the
gunshot injury examination section is to conduct situational, controlled ballistic
studies, which help to understand the position of the shooter at the time of the shot,
determine the distance, the angle of the shot and other circumstances of its execution.
Also, simulation of gunshot trauma is the main way of obtaining new and reliable
information for scientists in the field of criminology. Thus, a natural question arises
- what is the best way to simulate a gunshot injury? What simulators of the human
body can be used, and what are the advantages and disadvantages of each of them?
What must be considered when modeling a gunshot injury? In order to solve these
issues, a review of literary sources covering 10 years was carried out using key
words related to ballistics and human body simulators. As a result, up-to-date data
on models of ballistic research were obtained and summarized. In particular, it was
found that there are practically no publications dealing with the use of human
cadaveric material - instead, almost all works are performed using a non-biological
imitator of the human body (gelatine 10% or 20%) in combination with various types
of skin of animal origin. The number of works that use mathematical, computer
models of gunshot injury simulation is growing rapidly. However, there is still no
model that would fully meet the main request of forensic experts, namely a complete
imitation of the human body, which would include imitation of skin, subcutaneous
fat, muscle tissue, bones and internal organs. Most models cover only a few of the
specified parameters. It is likely that computer models will be closest to the
implementation of this task. There is an increasing number of works where a layer
of clothing is taken into account when conducting ballistic research, as an obstacle
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that affects the final indicators. Thus, it is possible to draw a conclusion about the
rapid evolution and significant changes that the field of forensic ballistics has
undergone. Ballistic research models have largely become more complex and
complicated, which in turn increases their reliability and the possibility of
implementation in practical activities.

Keywords: firearm, gunshot injury, biological simulators of the human body,
non-biological simulators of the human body, ballistic experiment.
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HJIAXW MOAEJIOBAHHSA BAJIICTUYHOI'O EKCIIEPUMEHTY
JJI MOTPEB CYJOBO-MEJINMYHOI EKCIEPTU3U
BOT'HEITAJIBHOI TPABMHU

AHoTanisgs. OIHUM 31 NUISIXIB BUKOHAHHS CYJOBO-MEIUYHUX JOCIII)KEHb B
pO3IUTl  eKCHEpPTH3W BOTHEMANbHOI TpPaBMH € TIPOBEJICHHS CHUTYyalllliHUX,
KOHTPOJIbOBAHUX OaTICTUYHUX JOCTIIKEHbB, K1 TOMOMAaralTh 3p03yMITH TO3HUIIIIO
CTplJIKa B MOMEHT BUKOHAHHS MOCTPLIY, BUSHAUYUTHU AUCTAHIIIO, KyT BUKOHAHHS
MOCTPUTY Ta 1HIIN OOCTaBUHHM HOTO CKOEHHS. TaKo)X MOJICIIIOBAaHHS BOTHEMAIbHOI
TpaBMHU € TOJOBHUM IIJISXOM OTPHMMAaHHS HOBOI 1 JOCTOBIpHOi iH(opmarii ans
HAYKOBIIIB B rajay3l KPUMIHATICTUKUA. TaKUM YHHOM IMOCTAE 3aKOHOMIPHE MUTAHHS
— SKUM YWHOM HaWKpalle BUKOHATH CUMYJISIII0 BOTHENaNbHOI TpaBMu? ki
IMITaTOpH TUIA JIOJUHU MOKHA 3aCTOCOBYBATH, Ta SIKI MarOTh KOXHUU 3 HHX
nepeBarn Ta Heponiku? IIlo HEoOXigHO BpaxoByBaTW IMpU MOJAEIIOBAHHI
BOTHEMIAIIbHOI TpaBMu? /[l BUpINICHHS MaHWX THTaHb BUKOHAHO OTJIST
JITEpAaTypHUX JoKepen Ha riauouHy 10 pokiB 3a KIIOYOBMMH CIIOBaMH, IO
CTOCYIOThCSI OQICTHKM Ta IMITATOpIB TiNa JIIOAMHM. SIK HACHIIOK OTPUMAHO Ta
y3arajJjbHEHO CydYacHI JlaHI CTOCOBHO MoOJeJied BHUKOHAHHS OalliCTUYHUX
JOCITDKeHB. 30KpeMa, BUSIBJIICHO, 1110 MMPAKTUYHO BIJCYTHI MyOTiKalii e e MoBa
PO 3aCTOCYBAHHS JIIOACHKOTO TPYIHOTO MaTepialy — HATOMICTh NMPAKTHYHO BCl
poOOTH BUKOHYIOTBHCS 3 3aCTOCYBaHHS HEOIOJOTIYHOrO iMiTaTropa TuIa JIIOJIUHU
(xenmatuH 10% ab6o 20%) B xomOiHAIi 3 PI3HUMHU BHJAAMH IIKIPHUX MOKPHUBIB
TBAapUHHOTO TOXO/KeHHS. CTPIMKO 3pOCTa€ KUTBKICTh POOIT JI€ 3aCTOCOBYIOTH
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MaTeMaTU4Hi, KOMIT FOTEpHI MOJIENI CUMYJIALIl BOrHenalbHOI TpaBMu. [IpoTte, noci
B1JICYTHSI Oy /b siIka MOJIEJIb sIKa MTOBHICTIO O Bi/IITOB1/1aJ1a TOJIOBHOMY 3alUTY CYI0BO-
MEJIMYHUX EKCIIEPTiB, a caMe MTOBHOIIIHHA IMITaIlisl TiJa JIFOJUHHU, 110 BKIIIOYasia O B
cebe IMITaIil0 MIKIPHUX IMOKPHBIB, MiAMIKIPHO-)KUPOBOi KIIITKOBUHH, M’ SI30BOi
TKaHWHU, KICTOK Ta BHYTPIIIHIX OpraHiB. BilbIIicTe Mojenel OXOILUTIOITh JIUIIIE
KiTbKa 3 3a3HAYCHUX MapaMeTpiB. VIMOBIpHO, IO HAHGIMBII GIM3BKMMH [0
peamizarii gaHoi 3ama4i OyayTh KOMIT I0T€pHI MoJiei. 3pocTae KiIbKiCTh POOIT Jie
Py TPOBENCHHI OAJICTUYHOTO JOCHTI/DKEHHS BPaxXOBYEThCA IMAp OJATY, SIK
MepeNnIKko/ia, o BIUIMBAE Ha (PiHAJbHI MOKa3HUKU. TakuM YMHOM MO>KHA 3pOOUTH
BHUCHOBOK PO CTPIMKY €BOJIOIIO Ta 3HAYHI 3MiHHM, IO 3acTaja Taily3b CyAO0BOI
Oamictuku. Mojeni BUKOHAHHS OaliCTUYHUX JOCHIIKEHb 3HAYHOK MIPOIO CTalu
OUIBII CKJIAHUMHU 1 KOMIUIEKCHUMH, 110 B CBOO YEPry IMiJIBUILYE iX TOCTOBIPHICTh
1 MOKJTMBICTh peaiizallii B MPaKTUYHIN ISIIbHOCTI.

Kuaro4oBi cioBa: BornemanbHa 30posi, BOTHENajgbHa TpaBMa, O10JIOT1YHI
IMITaTOpU TUIA JIOJUHU, HEOIOJOrIYHI IMITaTOpH TUIA JIOJUHU, OamiCTUYHUN
€KCIIEpPUMEHT.

Statement of the problem. Gunshot injury remains a significant challenge
for health care facilities. In addition to requiring immediate medical attention, a
gunshot wound can be disabling, often an accident resulting from careless handling
or play by children, and most importantly, often results in death. In the USA, up to
6.6% of all deaths are due to the use of firearms. In particular, 67% of all murders
and 50% of all suicides are committed with the use of firearms, and according to
data from 2005, more than 3,000 cases of death from the use of firearms involved
persons under the age of 15 [1]. Data from an analysis of gunshot injury referral
rates in the US from 2003 to 2012 showed that the frequency of referrals increased
by 49% during that period, while the death rate decreased from 25% to 18%. At the
same time, adjusting the data according to trends showed that in fact both in 2003
and in 2012 the mortality rate was the same 22% [2].

In Denmark, from 1992 to 2016, there were 315 firearm-related deaths, which
accounted for 22% of all homicides. In Holova, 58.1% of injuries were localized on
the head and 46.7% on the chest. Pistols were used in most cases (43.8%), rifles
came in second place (41.0%) [3].

In Benin City (Nigeria) from 1998 to 2002, 210 deaths from gunshot injuries
were recorded, which accounted for 27.2% of all deaths recorded by the forensic
medical service. In 88.5% of cases of gunshot wounds, the manner of death was
homicide, in 4.8% it was self-defense, in 4.3% it was an accident, and in 0.5% it was
suicide. The most frequent location of a gunshot wound was the torso [4].

For Ukraine, the examination of gunshot trauma has become more relevant
than ever with the beginning of the large-scale invasion of Russia, which provoked
a surge in deaths from gunshot and explosive injuries and, as a result, there was a
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need to improve existing knowledge regarding the examination of these cases [5].
For the first time, this topic was seriously raised in 2014 with the beginning of the
Revolution of Dignity on Independence Square. Both non-lethal firearms and
combat firearms were used by law enforcement forces during the illegal dispersal of
protesters, resulting in numerous deaths and injuries among the civilian population.
At the same time, the forensic medical service could not fully satisfy the bodies of
inquiry with answers to all their questions [6].

In particular, an important element in conducting a forensic medical
examination of a gunshot injury is the use of modern laboratory equipment capable
of detecting the residual components of a shot [7].

No less important is the examination of not only the body of the deceased
person, but also the clothes or other objects found on or near it. A person's clothing
in the event of a gunshot injury is a source of a significant amount of valuable
information [8].

One of the ways to examine a gunshot wound in forensic medicine is to
conduct experimental ballistic studies to simulate the circumstances of a shot or to
perform a series of shots in order to identify specific identifying features of a
weapon. In any case, this requires the use of an adequate and as complete as possible
model of an experimental shot, in particular, the correct selection of a human body
simulator, taking into account the prohibition of the use of cadaveric material for
scientific purposes.

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 — evaluate the most expedient and effective
simulation models of ballistic research in accordance with the modern needs of
forensic medical examination.

Research objects and methods. To achieve the goal of the research, a search
for publications was performed in the scientometric databases Scopus, Web of
Science, and Google Academy. The criteria for inclusion in the results section of the
publication were: no more than 10 years old, the presence of a clearly described
research materials and methods section in the publication. The search was carried
out using the following keywords: gunshot injury, ballistic experiment simulation,
human body simulators, head simulators, ballistic gelatin. A total of 12 publications
that fully met our criteria were included in the literature review.

Committee on Bioethics of National Pirogov Memorial Medical University,
Vinnytsya (protocol No 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.
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Presentation of the main material.

Research results and their discussion. In ballistics, there are such varieties
as internal ballistics, which studies the behavior of a projectile during the
acceleration phase inside the barrel of a firearm, intermediate ballistics, which
studies the projectile in the first seconds after the projectile leaves the barrel, external
ballistics, which studies the flight of the projectile from the first centimeters after
departure from barrel to the target and finally terminal ballistics, which studies the
projectile when it penetrates the target, which can be both an inanimate object, an
obstacle and a living object, for example, a human body [9].

Due to the restrictions or complete ban on the use of human cadaveric material
for ballistic research, most ballistic experiments are conducted using biological
substitutes, such as various kinds of animal tissues, non-biological imitators of the
human body, which are mostly represented by ballistic 10% or 20% gelatin or
ballistic plasticine or their combinations with the application of covering gelatin
blocks with animal skin flaps. The newest methods include the use of computer
simulation models of human body tissues or the same human body simulators [10].

Currently, the most common imitator among ballistic studies is gelatin, which
Is an optically transparent medium and therefore allows you to see the movement of
the projectile through it and record the temporary cavity that is formed when shots
are fired [11]. In its essence, gelatin is a fibrous protein, collagen, the basis of which
Is skin and bone tissue. Due to this, gelatin has a non-linear viscoelastic reaction
when a projectile penetrates it. Gelatin has the characteristics of a solid substance at
a low rate of penetration and a liquid at a high rate [12].

Using a high-speed camera when shooting gelatin blocks from different
pistols revealed a quasi-constant deceleration of FMJ bullets in gelatin with a relative
velocity loss of 8.4% when using .32 auto cartridges and 13.2% when using 9 mm
Luger. In particular, balls with the ability to expand show the greatest deceleration [14].

To imitate a human head, the authors of the study proposed various models
that included the brain of cattle and gelatin. The shots were fired from a .22 caliber
air rifle (AR). Data from experimental shots showed that, on average, bull brain
absorbed 50 + 5% of Ek, and simulators 46-58 + 5%. The Ek of the .22 LR was 141
+ 3.7 J. Bovine brain absorbed 27% of the Ek of the .22LR, and the simulants
absorbed 15-29%. [15]

Among the tissues of the human body that are sometimes found in scientific
literature is bone tissue. Thus, Matoso and co-authors compared incoming gunshot
injuries to the skull when fired from three different ammunition. As a result, it was
found that even when shots were fired in the same area, skull damage with different
morphology was formed [13].

It is no less important to take into account when performing a ballistic
experiment, the influence of an obstacle in the form of clothing on the wound
morphology. When shots are fired from a 12-gauge gun into gelatin covered with
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animal skin and clothing, it was found that denim and cotton fabrics provide greater
protection than polyester [16].

Shots at the clothing samples recorded in the frames do not allow us to fully
judge the adequate size and overall morphology of the damage. So, for example,
when using the same gun, but when firing at cotton fabric located on top of a human
torso simulator, a group of researchers obtained radically different damage
characteristics, in particular, the authors observed the formation of a volcanic rise in
clothing fabric, deposition of soot in the form of a candle, a change in shape and size
of the hole [17, 18].

Different types of clothing have different effects on the depth of the wound
channel when using the same type of weapon and shot distance, which allows
solving another problem in the process of conducting ballistic experiments -
identifying clothing with greater protective properties [19].

It is important to increase the number and impact of publications on
mathematical modeling of gunshot damage to gelatin and other imitators of the
human body, which allows for more accurate reporting of ballistic research results [20].

Conclusions. Ballistic research modelling methods have become more
complex and multi-faceted over the past decade, which is due to greater inquiries
from forensic experts.

The use of ballistic research allows not only to satisfy the needs of practicing
forensic experts, but also scientists, who can thus discover new aspects of the
interaction of ammunition with the human body.

The use of experimental ballistic models with obstacles, in particular, in the
form of clothing, is justified, because they cause changes in the results of the ballistic
experiment compared to shots fired without taking into account this obstacle.
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