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Abstract. Results of experimental research of wound ballistics of separate types and calibers of modern bullets.
Tsymbalyuk V.I., Lurin L.A., Usenko O.Yu., Gumeniuk K.V., Krymchuk S.G., Gryshchenko O.V., Lopatuk K.A.
There was made the analysis of wound ballistics of modern expansive bullets in comparison with shell bullets on
25 blocks of ballistic plasticine (ROMA PLASTILINA No. 1, Ballistic Testing Backing Material), made in the USA, in
which one shot from AK-74 assault rifle and carbine ZBROYAR Z-10 with an optical sight was fired. The bullet speed
was the highest in 5.45x39 caliber cartridge with a V-max bullet — 1185 m/s, low — in the bullet of caliber cartridge
.308 Win with a bullet SP — 664 m/s. The difference is significant at the level of significance a=0.05. In terms of the size
of the entry hole, the largest is from the bullet of cartridge .308 Win with a bullet SP — 10.0 cm, the smallest — from the
bullet "PS" with a steel core 5.45x39 mm, cartridge sample of the year 1974 (7H6) — 1.2 cm. The difference is
significant at the level of significance a=0.05. In the expansive bullet of type "V-Max" of shortgun cartridge of caliber
5.45x39 mm, the size of the outlet hole was 9.1 cm, with asterial shape having radial gaps and turned edges of ballistic
Pplasticine on the outside. All cartridges with expansive bullets did not have an outlet hole after the shot. The dimensions
of the formed residual cavity were the largest after firing .308 Win caliber cartridge with a bullet SP — 25.0x5.0 cm.,
the smallest — bullet of a military caliber cartridge of 5.45x39 mm (7HG6) — 6.0x4.0 cm. The difference is significant at
significance level a=0.05. The shape and character of the residual cavity in ballistic plasticine was significant for all
expansive bullets, in contrast to the bullet of cartridge 5.45x39 mm (7H6), where no such changes were detected. The
considerable signs of expansion properties and deformation of the bullet in the form of a "flower of death"” were
identified in the bullet of caliber cartridge .308 Win with a bullet SP, other bullets with expansive properties showed
significant fragmentation, with the location of fragments both in the residual cavity and outside its borders at various
distances. Expansive bullets differ significantly at the level of significance a=0.05. The low flight speed of bullets (m/s)
of .308 Win caliber cartridges with bullets BTHP and SP is due to their structure, weight, and caliber. Bullet of type V-
max with cartridge 5.45x39 mm has the highest speed — 1185 m/s, and due to its design has significant expansive
properties. Common to expansive bullets is a entry hole, the blind nature of the lesion with the presence of a large
residual cavity, which is due to kinetic energy return 114.37 E, J/mm2 inside the object of lesion. Fragmentation of
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expansive bullets occurs inside an object with fragments located at different distances. A .308 Win caliber cartridge
with SP bullet causes deformation of s bullet by the "flower of death"” type causing significant damage.

Pedepar. Pe3yabTaThl 3KCHEPUMEHTAJIBLHOIO MCCIEAOBAHUSL PaHeBONl OANTMCTUKM OTAEIbHBIX THIOB H
KATuOpoOB coBpeMeHHBbIX myJb. IbiMéaniok B.U., JIypun U.A., Ycenko A.1O., I'ymentok K.B., Kpsimuyk C.I'.,
I'pumenko A.B., Jlonatiok K.A. [Iposeden anamuz panesoil OAIIUCMUKU COBPEMEHHBIX IKCNAHCUBHLIX NYIb NO
cpasHeHuto ¢ 000104K08bIMU NYIAMU Ha 25 Oaokax baniucmuyeckoeo niacmuiuna (ROMA PLASTILINA Ne 1, Ballistic
Testing Backing Material), npouzsoocmea CILLIA, 6 komopbvie 8bINOIHAU NO OOHOMY BbICIPELY U3 02HECHPENbHO2O0
asmomamuuecko2o cmpenxkosoeo opydcus AKC-74 u rkapabuna ZBROYAR Z-10 ¢ onmuyeckum npuyenom. Camas
8bICOKAsL CKOPOCMb Nyau Ovlia y nampona xamubpa 5,45x39 c¢ nynei V-max. — 1185 m/c, nuskas y nyau nampowna
xkanmubpa .308 Win ¢ nyneii SP — 664 m/c. Pasnuya docmoegepna na yposwne snauumocmu a=0,05. Ilo pazmepam
8X00H020 omeepcmus: Haubobuee om nonadanus nyau nampoua .308 Win ¢ nyneit SP — 10,0 cm, naumenvuiee — om
nonadarus nyau «I1C» co cmanvhvim cepoeuruxom 5,45x39 mm nampouna oopasya 1974 2ooa (7H6) — 1,2 cm. Pazuuya
docmosepna Ha ypoene 3Hauumocmu o=0,05. B sxcnancugHoll nynre muna «V-Maxy oxomuuuve2o nampoua Kamopa
5,45x39 mm pazmep 6xoonoeo omeepcmusi cocmasnsin 9,1 cm, umen 36e304amyio Gopmy ¢ paoudarbHbIMU PA3PLIEAMU U
BbIBEPHYMBIMU KPAAMU OALIUCIUYECKO20 NAACTUIUHA CHAPYHCU. Y 8cex NampoHO8 ¢ IKCHAHCUBHBIMU NYIAMU NOCIe
8blcmpena 8bIX00H020 omeepcmus He 6vilio. Haubonvwue pazmepvt 0bpazosasuieiics 0CmMamounol noaocmu oviiu
nocne evicmpena namponom kanuopa .308 Win ¢ nyneit SP — 25,0x5,0 cm, nHaumeHnbuiue 6 nyjie 80€HHO20 NAMPOHA
kanubpa 5,45x39 mm (7H6) — 6,0x4,0 cm. Pasnuya docmosepna na yposue snauumocmu a=0,05. @opma u xapaxmep
0CmamouHol NoNoCMuU 8 6ANTUCMUYECKOM NAACTNUNIUHE OblIad 3HAYUMENbHOU OISl 8CeX IKCNAHCUBHBIX NYTb, 8 OMIAUYUE
om nyau 80eHHo2o nampoua 5,45x39 mm (7H6), 20e makux uzmenenuti ooHapysiceno ne dwvLno. Haubonvuue npusnaxu
IKCHAHCUBHBIX CBOUICME U depopmayusi nyau 6 eude "yeemxa cmepmu” Ovliu onpedenensl 8 nyjie nampora Kamuopa
.308 Win c nyneii SP, y Opyeux nyiv ¢ 3KCNAHCUBHBIMU CBOUCMBAMU OMMEUAIACy 3HAYUMENbHAS UX (ppasmenmayus, ¢
pacnonodcenuem OMmIOMKO8 KAK 8 CAMOU OCMAMOYHOU NOIOCMU, MAK U 34 ee SPAHUYAMU HA PA3HBIX PACCHOSHUSIX.
DKxcnancusHbie nyau 00CMOBEPHO OMAUYAOMcs Ha yposre 3Hayumocmu a.=0,05. Huszkas ckopocme nonema nyie (m/c)
namponog kaaubpa .308 Win ¢ nynamu muna BTHP u SP obycnosnena ux cmpoenuem, gecom u xkanubpom. Ilyns muna
V-max nampona 5,45x39 mm umeem naubonvuiyro ckopocms — 1185 m/c, bnazodaps ceoeill koHcmpykyuu obradaem
3HAUUMENbHLIMU IKCHAHCUBHBIMU  cgoticmeamuy. OOwum O IKCHAHCUBHBIX NYIb AGNAemcs 0OoNbuloe B8XOOHOe
omeepcmue, CIenoll Xapakmep NOpaAdNCeHUsi ¢ HAauyuem OOAbUWOU OCMAMOYHOU NOAOCMU, KOMOpas 006pazyiomcs
bnazodaps omoaue eceii kunemuueckou suepeuu 114,37 E, Joc/mm2 snympo obvekma nopasicenus. Opacmenmayus
IKCNAHCUBHBIX NYIb NPOUCXOOUM BHYMPU 00BEKMA C PACHONOICEHUEM OMIOMKO8 HA PA3HbIX paccmosnusx. Tlampon
kanubpa .308 Win ¢ nyreu SP npu nonadanuu 6 obwvexkm @visvisaem 0ehopmayuro nyau n0 MmMuny «Yeemxa cMepmuy,
BbI3bIBASL 3HAUUMENbHBIE PA3PYULEHUSL.

With the beginning of hostilities in the East of
our country the medical service of the Armed Forces
of Ukraine and all other law enforcement agencies
involved in protecting the territorial integrity of
Ukraine faced an important issue of organizing and
providing assistance to the wounded by bullets from

core caliber cartridges 5.45x39 mm (AK) and
7.62x51 mm NATO using ballistic material.

MATERIALS AND METHODS OF RESEARCH

The experimental study was conducted on the
basis of a shooting range of the Kyiv Research

modern fire arms. The nature of gunshot wounds,
the development of complications and the course of
wound disease with high mortality confirm that in
combat operations ammunition with different pro-
perties of bullets is used. In this regard, many
authors [3, 7, 8, 10] point to the need to study wound
ballistics, which is important for assessing the nature
of the wound and the choice of surgical tactics and
understanding the mechanisms of gunshot wounds
[5, 6]. The use of modern combat automatic small
arms with different bullets and their high speed and
unstable position in flight has led to changes in
wound ballistics and increasing the severity of
injuries [1].

The aim of our work was to assess the results of
the experimental study of wound ballistics of
modern caliber cartridges 5.45x39 mm and
.308 Win, compared with shell bullets with steel
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Forensic Center of the Ministry of Internal Affairs of
Ukraine with the involvement of specialists from the
State Research Expert Forensic Center of the
Ministry of Internal Affairs of Ukraine. Special
certified ballistic plasticine (ROMA PLASTILINA
N 1, Ballistic Testing Backing Material) made in the
USA was used as a ballistic material, imitator of
biological tissues. Ballistic plasticine gave us the
opportunity to assess not only the nature and extent
of damage after the shot, but also to determine a
number of properties of the bullets (expansive pro-
perties, ability to change shape, number of frag-
ments, their size). During the experiments in the
shooting range 25 blocks of ballistic plasticine in
the shape of a parallelepiped measuring
40.0x24.0x28.0 cm were used, in which one shot
was fired from an AK-74 assault rifle (Fig. 1) and a
carbine ZBROYAR Z-10 with an optical sight
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(Fig. 2) from a distance of 25 m. The experiments atmospheric pressure 738 mm Hg). Blocks of bal-
were performed under normal environmental con- listic plasticine before shot were heated to a
ditions (temperature 25°C, relative humidity 72%, temperature of 28-32°C.

Fig. 1. AK assault rifle “AK-74"

Fig. 2. Semiautomatic assault rifle “ZBROYAR Z-10”

The following ammunition was used for expe- 4a); hunting (sports) caliber cartridges 5.45x39 mm,
rimental firing: military 5.45 mm cartridges of the equipped with expansive bullets type "V-Max"
1974 model with "PS" bullets with a steel core (7TH6  weighing 3.9 g (Fig. 3b and 4b); military am-
or 7TH6M), a PS bullet weighing 3.4 g (Fig. 3a and munition caliber 7.62x51 mm NATO with a bullet

6 Licensed under CC BY 4.0



MEJ/IMYHI [IEPCIIEKTHUBH / MEDICNI PERSPEKTIVI

weighing 9.6 g (Fig. 3c and 4c); hunting (sports) (sports) cartridges of .308 Win caliber, equipped
cartridges of .308 Win caliber, equipped with BTHP  with SP bullets weighing 14.2 g (Fig. 3i and 41).
bullets weighing 10.9 g (Fig. 3d and 4d); hunting

Fig. 3. General aspect of cartridges (3a — military 5.45-mm cartridge with bullets “PS” with steel core,
3b — 5.45x39 mm caliber cartridge with expansive bullet type “V-Max”, 3¢ — military 7.62x51 mm NATO caliber
cartridge, 3d — .308 Win, caliber cartridge with type BTHP bullet,
3e — .308 Win caliber cartridge with bullet type SP

| ij! Il |||l |

Fig. 4. General aspect of bullets (3a — bullet of military 5.45 mm cartridge with “PS” with steel core,
3b — expansive bullet 5.45x39 mm calibre “V-Max” type, 3¢ — 7.62x51 mm calibre NATO,
3d — bullet BTHP type .308 Win, 3e — bullet SP type calibre .308 Win)

21/ Vol. XXVI/ 4 7
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After the shots, the following was studied: entry
hole and outlet holes (cm), the course of the wound
canal, the presence of signs of a temporarily pul-
sating cavity in the residual cavity with fragments of
bullets, their number and shape. The velocity of the
bullets (m/s) was determined by the measuring
optoelectronic complex "IBH-73-3" No. HK056,
which was located at a distance of 1 meter from the
muzzle end. Calculations of kinetic energy and
specific kinetic energy of bullets were determined by
the formulas:

EK exp=m(V %-V?%) /2;

Ek=mV?/2

Statistical study of the obtained empirical
results was performed in the Trial version of
STATISTICA 13.3 EN (complete set of Statistica

Base). Licensed for up to 2 cores, currently configu-
red for 2 Direct 2D graphics supported V125UPDO00,
according to the calculation method [9].

RESULTS AND DISCUSSION

According to the results of our experimental
study, we found that the highest bullet velocity was
in a 5.45x39 caliber cartridge with a V-max bullet —
1185 m/s, low — in caliber .308 Win bullet with a
bullet SP — 664 m/s. The Kolmogorov-Smirnov and
Shapiro-Wilk criteria were used to test the normality
of the distribution of the obtained results of sample
observations, according to which there are no
grounds to reject the hypothesis of a normal sample
distribution. The tests performed for both samples
have identical parameters (Table 1).

Table 1

Kolmogorov-Smirnov and Shapiro-Wilk tests for samples

Kolmogorov-Smirnov test results

Shapiro-Wilk test results

K-S d=0.23051,
p>0.20;
Lilliefors p>0.20

Shapiro-Wilk W=0.88104,
p=0.31404

This indicates the possibility of using Student's t-
test for independent variables to check the reliability of
the difference between the results obtained (p>0.2
according to the Kolmogorov-Smirnov test and p>0.05

according to the Shapiro-Wilk test), (Table 1). Des-
criptive statistics for samples of 5.45x39 caliber bullet
and .308 Win caliber bullet with SP bullet according to
velocity is shown in Table 2.

Table 2

Descriptive statistics for both samples of bullets 5.45x39 calibre cartridge
and .308 Win caliber cartridge with bullet SP

Mean Mean tovalue df Valid N - Valid N - Std.Dev Std.Dev F-ratio - Variances
Group 1 Group 2 P Group 1 Group 2 Group 1 Group 2 Variances |P
1184.200 663.200 984.575 8 0.000 5 5 0.837 0.837 1.000 1.000

Table 2 shows that these samples have standard
deviations that are not statistically different (p —
Variances>0.05), and significantly different mean
values (p<0.05) at the level of significance 0=0.05.
Similar studies were conducted on other characteristics
of bullets. Thus, in terms of the size of the entry hole
(cm), the largest was from the impact of a bullet 308

Win with a bullet SP — 10.0 cm, the smallest — from the
impact of a bullet "PS" with a steel core of
5.45x39 mm cartridge sample 1974 7H6) — 1.2 cm
(Fig. 5), which confirms the statistical significance of
the difference between the results obtained on the basis
of Student's t-test at the level of significance 0=0.05 (p
— Variances >0.05; p<0.05 ) (Table 3).

Table 3
Descriptive statistics of bullet samples by sizes of entry hole
Mean Mean tovalue dr p Valid N - Valid N - Std.Dev Std.Dev F-l:atio p - Variances
Group 1 Group 2 Group 1 Group 2 Groupl Group2 Variances
9.9 1.16 145.67 8 0.00 5 5 0.12 0.05 5 0.15

Licensed under CC BY 4.0
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Fig. 5. Assessment of entry hole on firing in ballistic plasticine of 5.45x39 calibre cartridge
with bullet PS (7H6), (a) and expansive bullet SP of .308 Win (b) caliber cartridge

In the expansive bullet type "V-Max" hunting cali-
ber cartridge 5.45x39 mm, the size of the entry hole
was 9.1 cm, with a star shape with radial gaps and twi-
sted edges of ballistic plasticine to the outside (Fig. 6).

It should be noted that all cartridges with ex-
pansive bullets did not have an outlet hole after the

shot. After the sagittal section of the ballistic plas-
ticine, the dimensions of the residual cavity (cm)
were examined: the largest was a .308 Win caliber
cartridge with a SP bullet — 25.0x5.0 cm, and the
smallest was a 5.45x39 mm caliber bullet (7H6) —
6.0x4.0 cm, (Fig. 7a, b).

Fig. 6. Assessment of entry hole caused by expansive bullet type «V-Max» 5.45x39 mm caliber cartridge

The shape and size of the residual cavity in
ballistic plasticine was significant for all expansive
bullets (Fig. 8a), in contrast to the bullet with a steel
core of a 7.62x51 mm NATO cartridge (Fig. 8b),
where no such changes were detected. The statistical

21/ Vol XXVI/ 4

significance of the difference in the obtained values
was determined by the cavity area and confirmed by
Student's t-test at the significance level 0=0.05 (p —
Variances >0.05; p<0.05) (Table 4).
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Table 4

Descriptive statistics of samples by sizes of residual cavity

Mean Mean tovalue ar Valid N - Valid N — Std.Dev Std.Dev F-ratio - Variances
Group 1 Group 2 p Group 1 Group 2 Group 1 Group 2 Variances | P
121.116 22.684 41.205 8 0.000 5 5 5.027 1.807 7.738 0.073

Fig. 7b. Residual cavity on firing a PS bullet of a military caliber cartridge 5.45x39 mm (7H6)

10 Licensed under CC BY 4.0
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Fig. 8a. Residual cavity on firing expansive bullet V-max 5.45x39 mm caliber cartridge
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Fig. 8b. Residual cavity on firing a bullet with a steel core of caliber cartridge 7.62x51 mm NATO

The specific kinetic energy (E, J/mm?2) trans- All of them were tested by Student's t-test and
mitted by the bullets and other results of the received confirmation of the statistical significance
obtained indicators of ballistics of wounding of their mean values at the level of significance
projectiles in comparison are presented in Table 5. 0=0.05 (p — Variances >0.05; p<0.05).

21/ Vol. XXVI/ 4 11
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Table 5

Indicators of ballistics of wounding projectiles

Indicators
Catims gridze | Vet | P oprg™ | by teen | outehoteen | Jormationst
’ (E, J/mm2) ’
5.45x39 PS 918+1.4 61.41+1.8 1.24£0.8 2.7+1.3 6.0x4.0
5.45x39 V-max 1185+2.7 114.37£2.7 9.1+1.5 no 8.0x5.0
7.62x51 NATO 792+2.1 66.67+2.1 7.8+1.0 no 12.4x5.8
.308 Win BTHP 759+2.0 68.85+1.4 8.4£1.3 no 9.0x6.2
.308 Win SP 664+1.8 68.64+2.9 10.0+1.7 no 25.0x5.0

Notes: determined by forensics and forensic medicine, the minimum value of the specific kinetic energy of the bullet required to cause fatal injuries

to humans is 0.5 J/mm2.

The main characteristics of cartridges and their
bullets with the study of expansive properties, defor-
mation, fragmentation of bullets in ballistic plasti-
cine are presented in Figure 9. It should be noted
that the greatest signs of expansive properties and
deformation of the bullet in the form of a "flower of

death" were identified in a bullet of caliber cartridge
.308 Win with a bullet SP, in other bullets with ex-
pansive properties there was a significant fragmen-
tation, with the location of fragments both in the
residual cavity and outside it at different distances.

Fig. 9. General view of live ammunition and bullets with signs of fragmentation and deformation after the shot
9a - military 5.45-mm cartridge with bullets '""PS" with steel core, 9b - caliber cartridge 5.45x39 mm, equipped
with an expansive bullet type "V-Max"', 9¢ - military caliber cartridge 7.62x51 mm NATO, 9d - caliber cartridge
.308 Win, equipped with a bullet type BTHP, 9i - caliber cartridge .308 Win, equipped with type SP bullet

12
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Thus, the obtained results of the study of ballistic
properties show that in terms of the velocity of
bullets (m/s) only one of the expansive bullets of a
5.45x39 mm cartridge with a V-max bullet has the
highest speed — 1185+2.7 m/s, in our opinion, due to
its structure, weight, caliber and the presence of a
plastic component at the top. The lowest velocity is
in a .308 Win caliber bullet with an SP bullet —
664+1.8 m/sec, due to its caliber, weight and blunt
structure of the bullet top, which affects its aero-
dynamic properties in flight slowdowning. These
data were also confirmed in a study [2]. However,
the SP bullet has the largest entry hole -
10.0£1.7 cm, a significant residual cavity -
25.0x5.0 cm, with significant deformation of the
bullet by the "flower of death" type [4], which leads
to significant damage not only along flight
trajectory, but along lateral sections of it, due to
lateral shock waves. We found that common to all
expansive bullets is the absence of the outlet hole in
the ballistic plasticine, so all the kinetic energy (E,
J/mm2) was distributed inside with the highest
specific kinetic energy in the bullet 5.45x39 V-
max — 114.37£2.7 E, J/mm2. This is of great clinical
importance, when such a bullet hits the anatomical
parts of the human body, all the kinetic shock energy
is transmitted inward with significant destruction of
surrounding organs and tissues at different distances.
This, of course, will significantly affect the speed
and content of diagnostic and therapeutic measures,
the volume of surgical interventions. Other bullets
with expansive properties were characterized by
fragmentation, to multiple fragments, which were
wounding projectiles for other areas of ballistic
plasticine. Such fragmentation is due to the structure
of the bullet and significant kinetic energy, which
leads to its destruction. The results obtained by us

testify to the various destructive effects of modern
types and calibers of bullets. This scientific work is
part of a multi-stage scientific work, which con-
tinues and is carried out jointly with specialists of
the National Academy of Medical Sciences of
Ukraine, the Medical Service of the Armed Forces
of Ukraine and the State Research Forensic Center
of the Ministry of Internal Affairs of Ukraine.

CONCLUSIONS

Based on the performed experimental study of
wound ballistics of certain types of modern
expansive bullets of 5.45x39 mm and .308 Win
cartridges, compared to shell bullets with steel core
cartridges of 5.45x39 mm (AK) and 7.62x51 mm
NATO cartridges, on ballistic materials it was found
that expansive bullets significantly have differences
at the level of significance 0=0.05. The low velocity
of bullets (m/s) of .308 Win caliber cartridges with
BTHP and SP bullets is due to their structure,
weight and caliber. Bullet type V-max cartridge
5.45x39 mm has the highest speed — 1185+2.7 m/s
and due to its design has significant expansive
properties. A large entry hole, the blind nature of the
lesion with the presence of a large residual cavity,
which is formed due to the return of all its kinetic
energy 114.3742.7 E, J/mm® inside the object
affected is common to expansive bullets. The
fragmentation of expansive bullets takes place inside
the object with the location of the fragments at
different distances. A .308 Win caliber cartridge
with an SP bullet causes deformation of a bullet by
the "flower of death" type when it hits an object
causing significant damage.

Conflict of interest. The authors declare no
conflict of interest.
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