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CURRENT DATA ON NON-LETHAL AND LETHAL
WEAPONS: THE UKRAINIAN EXPERIENCE

Abstract. Firearms have become widespread in the world, which is conditioned
by the broad spectrum of their application. At the same time, in recent decades, the so-
called means of non-lethal action have also begun to gain significant prevalence,
directed mostly at the work of law enforcement agencies with crowds of protesters,
unarmed offenders, or as a means of self-defense for certain categories of the
population. In Ukraine, all these varieties of weapons have become significantly
widespread, which is o0yciosieno both by active combat operations and by the
deterioration of the criminogenic situation. It is also worth noting that the weapons
market is being actively replenished with samples of domestic production. All these
factors have led to the fact that the picture concerning weapons in Ukraine has changed
to a considerable extent and this requires analysis and systematization from the point
of view of ballistics, criminalistics, and forensic medicine as a science, in order to
assess how the scientific community has responded to these changes and how well this
issue has been studied. The aim of the article is the analysis of scientific sources
concerning the topic of ballistic, experimental studies regarding domestic or
widespread-in-Ukraine weapons by domestic scientists working in this field. To
perform this analysis, a search for scientific sources not older than 10 years concerning
this topic was carried out (the search was conducted using keywords that most
accurately convey the subject of the article), taking into account the results of domestic
authors working in the field of criminalistics and ballistics. The conducted review of
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sources showed that there are several main centers of firearms research in Ukraine, that
IS, groups of authors who systematically publish data concerning this topic. The largest
number of publications concerns the study of the domestic manufacturer of firearms —
“Fort”, which produces both lethal and non-lethal firearms. The analysis of literary
sources showed that despite its name, even non-lethal firearms can cause serious
injuries, in the case of non-observance of the firing distance. At the same time, research
data showed that clothing is a kind of protective layer that makes it possible to avoid
the formation of serious injuries to the human body. Also, an important place is
occupied by studies aimed at the identification of weapons. In this case, such a feature
Is often considered to be the peculiarities of the deposition of microscopic elements on
the trace-receiving surface or the presence of a specific imprint of a firearm that is
formed upon contact shooting. Stun guns are also sufficiently studied from the point of
view of the morphology of the injuries that they can inflict, although they never became
the basis for use among law enforcement agencies. Thus, it can be concluded that in
Ukraine there are systematic and complete studies of various types of firearms, with an
emphasis on the domestic manufacturer. These studies include both the analysis of
macroscopic changes and microscopic, laboratory data, which is important for
achieving accurate and statistically reliable results.

Keywords: non-lethal weapons, gunshot weapon, special means, law
enforcement activity, public safety, ballistics, experimental shots.
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CYYACHI JAHI PO HEJIETAJIBHY TA JIETAJIBHY
36POI0: YKPAIHCBKHNH JOCBIJ

AHoTtauisi. BoruenanbHa 30pos HaOyJjia 3HAYHOTO TOIIMPEHHS Yy CBITI, IO
00yMOBJICHa IIMPOKUM CIIEKTPOM 1ii 3acToCyBaHHs. BogHOUac, B OCTaHH1 JECATUIITTS
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3HAYHOI MOIIUPEHOCTI ModYanyd HaOyBaTH TaKOX TaK 3BaHI 3acoOM HEJICTAIBHOI ii,
HampaBlieHl 37eOUTBIIOr0 Ha pPOOOTY MPAaBOOXOPOHHHMX OpraHiB 3 HATOBIAMHU
MPOTECTYIOUNX, HEO30POEHMMHU 3JOBMHUCHHUKAMH a00 SK CHocid camo3axucTy AJis
JesIKUX KaTeropiil HaceneHHs. B Ykpaini yci i pi3HOBUIM 30poi HAOyJIM 3HAYHOTO
MOIIMPEHHS, 1110 O0OYMOBIICHO SIK aKTUBHUMH OOMOBHMH JiSIMH TaK 1 MOTIPIICHHSM
KpUMIHOTE€HHOI cuTyalii. BapTo TakoXX BIAMITUTH, L0 PHUHOK 30p0i aKTHUBHO
MOTIOBHIOETHCSA 1 3pa3KaMU BITUU3HSHOTO BUPOOHUIITBA. Y ¢l 111 (DaKTOpU MPU3BEIIHU 10
TOTO, 1110 KapTHHA, 1[0 CTOCYEThCs 30poi B YKpaiHl 3HAYHOIO MIpOI0 3MIHUJIACS 1 11€
noTpedye aHamizy 1 cucTeMaTu3allii 3 TOYKH 30py OalliCTHKH, KPUMIHATICTUKHA Ta
CyJI0BOi MEAMIIMHU K HAayKH, a0U OIIHUTH, IKUM YMHOM Ha Il 3MiHU BiApearyBajia
HayKOBa CIJIBHOTA 1 HACKIIBKU JOOpE AOCTIIKEHO 1€ TTUTaHHS.

Merta cTaTTi — aHaNi3 HAYKOBUX JIKEPEJ, 10 CTOCYIOTbCS TEMU JOCIIIKEHb
OaJIICTUYHUX, EKCTIEPUMEHTAIBHUX CTOCOBHO BITYM3HAHOI YU MOIIUPEHOI B YKpaiHi
30poi 3 OOKy BITYM3HSHMX HAYKOBIIB, IO MPAaIOOTh y Hil cdepl. i1 BUKOHAHHS
JTAHOTO aHalli3y BUKOHAHO TMONIYK HAyKOBHX JUKEpes JaBHICTIO He Oubiie 10 pokis,
IO CTOCYIOTBCS JTaHOT TeMH (TIOIIYK TIPOBOIUBCS 3 BUKOPHUCTAHHSIM KITFOUOBHX CIIIB,
[0 HAOUIbII TOYHO MEpeAaroTh TEMAaTHKy CTaTTl), Oepydd 10 yBaru pe3yJibTaTu
BITUM3HSHUX aBTOPIB, MIO MPalOITh Yy cdepl KpUMIHATICTUKA 1 OamiCTUKH.
[IpoBenenunii ormisi Jxepen Mmokas3aB, IO € KUJIbKa OCHOBHUX ILIEHTPIB JOCIII>KEHb
BOTHENaIbHOI 30poi B YKpaiHi, TOOTO, rpynu aBTOPIB, 1110 CUCTEMATUYHO MyOJIIKYIOTh
JaHl CTOCOBHO JaHOi TemaTuku. HaiOunplma KiIbKICTh MyOJNIKaIifl CTOCYEThCS
JOCTIKEHHSI BITYM3HSAHOTO BHUPOOHMKA BOTHenmaiabHOi 30poi — «®Dopt», 1m0
BUT'OTOBIIAE SIK JIETAJIHHY TaK 1 HEJIETAJIbHY BOTHENAIBbHY 30p0t0. AHa3 JiTepaTypHUX
JDKepen MoKa3aB, 10 He3BaXKalouu Ha CBOIO Ha3BY, HABITh HeJeTallbHA BOTHEMAJIbHA
30p0si MOKE BUKJIMKATH CEPUO3HI YITKOHKEHHS, Y BUMAJIKY HEJOTPUMAHHS TUCTaHIIIT
nmoctpiny. BomgHouac, gaHi JOCHIIKEHDb MTOKa3ajH, 0 OJT € CBOEPIAHUX 3aXHUCHUM
IIapoM, 0 J03BOJISIE YHUKHYTH YTBOPEHHS CEPUO3HMX IMOIIKOKEHD Tijia JIFOMHH.
Takoxk, BaXJIMBE MiCIle 3aiMalOTh JIOCHIIKEHHS, 1[0 HaNpaBJieHl Ha 1AeHTU(IKAIIIIO
30poi. Y naHOMY BHUMAJKy TaKOK O3HAKOK) YACTO PO3TJISAal0Th OCOOJMBOCTI BiAKIIA-
JaHHS MIKPOCKOMIYHHUX €JIEMEHTIB Ha CIIJONpUKMAaroviil MoBEepXHI a00 HasBHICTb
cnenupiuHOro BiAOUTKY BOTHEMAJNbHOI 30p0i, IO YTBOPIOETHCS MPU MOCTPLIL
BNpUTYJ. EJETKpoIIOKeprn TaKoXK y AOCTAaTHIA Mipl JOCHIIKEHI 3 TOYKH 30pY
MOPQOJIOTii YIIKOIKEHb, 1[0 BOHH MOXYTh 3aMOJMISITH, X04a BOHU TakK 1 HE CTaJH
OCHOBOIO JIJII BUKOPUCTAHHS Cepell MPAaBOOXOPOHHUX OpraHiB. TakuMm 4YMHOM MO>KHA
3pOOUTH BUCHOBOK, 1110 B YKpaiHi iICHYIOTh CHCTEMAaTUYH1 1 TOBH1 TOCIIIJKEHHS P13HUX
BHJIIB BOTHENMAIBHOI 30p0i, 3 aKIIEHTOM Ha BITYM3HSHOTO BHpOOHUKA. JlaHi JTOCHiI-
KEHHSI BKJIFOYAIOTh B ce0€ SK aHaji3 MaKpPOCKOIYHHUX 3MiH, TaK 1 MIKPOCKOTIYHI,
7a00paToOpHI JIaHi, IO € BaXJIUBHM JUIS JOCSTHEHHS TOYHHMX 1 CTaTHCTHYHO
JOCTOBIPHUX PE3YJIbTATIB.

Kuo4oBi cjioBa: HenmeranbHa 30posi, BOTHEMalIbHa 30posi, CreliagbHi 3aco0H,
MPABOOXOPOHHA [ISUIbHICTh, TPOMaJichka Oe3reka, OallicTHKa, €KCIepUMEHTaTbHI
MOCTPLIN.
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Statement of the problem. Unfortunately, statistics regarding the use of types
of firearms or non-lethal weapons in Ukraine are not encountered in modern sources,
or their data are exclusively clinical (the nature of injury, etc.), which does not allow
them to be used in the publication. At the same time, international data clearly provide
such information regarding different types of weapons. Conducted electrical weapons,
according to the analysis of 33 literature sources in the meta-analysis by Baliatsas and
co-authors, showed that, in general, this type of weapon is quite safe and different
durations of exposure do not cause severe consequences. Thus, the review included
sources where the duration of exposure was both up to 5 and up to 15 seconds. In all
cases, the adverse consequences of the use of such weapons were superficial injuries
from darts. At the same time, it is worth noting that all studies were conducted with the
participation of physically healthy volunteers [2].

Similar conclusions regarding the relative safety of electric shock devices are
presented by Stevenson and Drummond-Smith in their work, where they analyzed data
from the police of Great Britain. The analysis of 948 cases of TASER use showed that
medical care in emergency departments was needed only in 16.8% of cases, and
hospitalization was needed only in 0.3% of the total number of incidents [23].

The study of 2864 episodes of weapon use by police officers over 9 years showed
that kinetic impact projectiles were used by police in only 33 cases. 17 cases ended
without any physical injuries in persons against whom the weapon had been used, 15
persons had minor injuries, and only 1 person had an injury of moderate severity,
namely a liver rupture [3].

The analysis of California databases from 2016 to 2021 recorded 3677 episodes
of weapon use by law enforcement officers. Of these, 942 cases were fatal and 2735
cases ended with severe consequences. It was the use of firearms that most often caused
fatal cases (in 58.9% of cases) [5].

The analysis of 26 publications, which in total covered 1984 victims of the action
of kinetic impact projectiles, revealed that in 53 cases their use ended fatally (that is, a
lethality rate at the level of 3%). In 300 persons, persistent loss of function or disability
was recorded after the use of this type of non-lethal weapon. In 71% of cases, the
injuries were classified as severe. Among the fatal cases, 49.1% of cases were injuries
to the head and neck, 27% with trauma to the chest and abdomen. 84.2% of all eye
injuries (310 cases in total) ended in blindness [8].

The study by Kaufman and co-authors showed that from 2009 to 2017 in the
USA, more than 120 thousand cases of firearm use took place annually, of which more
than 34 thousand ended fatally. Intentional use of a weapon against another person was
recorded in 38.9% of all cases, accidental use in 36.9% of cases, and self-harm in
19.6%. In general, firearms as a means for suicide were used in 61.2% of cases, and
exactly this means had the highest level of lethality in suicides — 89.4% [10].

A review of 19 publications regarding the topic of the use of non-lethal means
by law enforcement officers showed that conducted electrical weapons were used in
about 24.5% of cases, OC spray in 20.2%, baton in 30.4% [15].
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In the study by Petersen with co-authors, which covered more than two thousand
cases of police use of force in the USA, it was established that almost half of the
incidents are not accompanied by injuries to civilians, and lethality is minimal (0.1%).
Among special means of non-lethal action, the most widespread are devices for firing
electric shock cartridges (CEW/CED), which make up 72% of all cases. At the same
time, the lowest risk of severe injuries is associated with the use of chemical agents
(only 4% of hospitalization cases), whereas the use of police dogs turned out to be the
most traumatic method, leading to hospitalization or death in 37% of adjusted cases
[18].

However, the use of kinetic means during civil unrest can have catastrophic
consequences. The study of events in Chile recorded numerous cases of eye injuries,
where in 70.5% of victims these were caused exactly by kinetic projectiles. Almost
half of the patients already at the first examination had severe visual impairment or
complete blindness, and a significant part of the cases was accompanied by open eye
injuries and the presence of intraorbital foreign bodies. Surgical treatment in many
cases turned out to be insufficient, which forced resorting to evisceration of the ocular
contents, the consequence of which was irreversible blindness in one eye [19].

The general statistics of visits to emergency departments due to firearm injuries
in the USA also demonstrate an alarming tendency toward growth. The data indicate
that after 2019 the weekly frequency of such visits increased substantially, reaching a
peak in 2020 (a 1.59-fold increase). The most critical situation was observed among
young people aged 15-24 years, although the maximum relative increase in traumatism
was recorded in the children’s group (0-14 years). The researchers emphasize a clear
connection between the level of firearm traumatism and the degree of social
vulnerability of the counties where the incidents took place [25].

The purpose of the article — to examine domestic scientific publications on
research on non-lethal weapons, their effects on the human body, the versatility of
action, and the possibility of identification.

Research objects and methods. A review of the latest literary sources on the
topic of the impact, identification and mechanism of action of domestic non-lethal,
lethal weapons, including electric crowd control devices, firearms and non-lethal
weapons, was conducted. The scientometric databases Scopus, Web of Science, and
Google Academy were used for the search. The search depth was up to 10 years.
Sources were selected for the review, where the research was carried out by domestic
authors, and preference was also given to the study of domestic non-lethal means. The
search was performed using keywords relevant to the topic of the review.

Presentation of the main material.

Research results and their discussion

The study of the impact of firearms on the human body is carried out by using
various experimental models, whether with the use of ballistic gel or tissues of organic
origin [1, 22, 24]. The study of the morphological features of a close-range shot
indicates a significant dependence of the nature of the injuries on the weapon model
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and the distance. When firing from a Glock-17 pistol at distances of 0-1 cm, a
significant defect is formed on fabric barriers (from 30%25 mm to 65%10 mm), and the
thermal effect of gases and powder is traced up to 1 cm. In contrast, in the Beretta
92FS, a significant rupture of the fabric (up to 8132 mm) and thermal changes are
observed at a greater distance - up to 3 cm. The wipe ring for the Glock-17 becomes
noticeable from a distance of more than 10 cm, soot is deposited up to 30 cm, and
individual powder grains are detected at a distance of up to 130 cm. For the Beretta,
these indicators differ somewhat: the wipe ring appears already from 5 cm, soot settles
up to 20 cm, and powder grains reach 150 cm. An important diagnostic feature for the
Glock-17 is the diameter of the sparse dispersion of powder grains, which increases
from 55 mm at short distances to 130 mm at a distance of half a meter, leaving only
isolated traces at a distance of up to 100 cm [4].

When analyzing damage on 12 torso simulators made of ballistic gel, it was
established that most clothing defects have an oval or round appearance with edges
turned inward. A characteristic feature is the soot zone, which often has a crescent-
shaped band in the lower part, and on the inner surface of the fabric it is deposited more
intensively, acquiring the shape of a candle flame. The authors also detected the
phenomenon of volcano-shaped bulging of the fabric. In 64.6% of cases, a double
stamp-imprint is recorded around the entrance opening, and the edges of the damage
itself may rise above the material, forming a three-dimensional structure. [6]. Studies
of the “Fort-12”, “Fort-17”, and “Fort-14TP” pistols confirmed that such a double
stamp-imprint occurs only under the condition of a shot in tight contact when there is
more than one cartridge in the magazine, since its formation is associated with the
backward movement of the slide. This allows experts to establish the sequence of shots
and the fact that the weapon was loaded with several rounds [9].

The ballistic assessment of traumatism when using the “Fort-S00A” and “Fort-
500M1” rifles with the “Teren-12P” bullet indicates the high danger even of non-lethal
ammunition. The calculations demonstrate a 50% risk of sustaining severe closed
trauma to the chest and abdomen at the AIS-2 - AlIS-3 level at distances of up to 30—
50 meters. Even at minimum velocities, the danger of serious damage to the abdomen
remains up to 40 meters, and the critical trauma level AlS-4 is predicted at distances
of up to 10 meters. At the same time, the actual bullet velocity at a distance of 3.5
meters sometimes significantly exceeds the parameters declared by the manufacturer
[7]. In cases of the use of atypical, converted, or reactivated weapons, such as the
Stalker-M906 or the Nagant revolver, contact shots lead to fatal penetrating head
injuries with massive destruction of the brain substance and multiple skull fractures
[21].

Experimental studies on gelatin blocks showed that the “Fort 12R”, “AE
790G1”, as well as “Fort 9R” and “Fort 17R” pistols consistently form wound channels
with a depth of 1 to 6 cm depending on the type of barrier and the distance. A wound
channel at a depth of 6 cm occurred only when shooting at bare blocks, and at a depth
of 5 cm when firing in contact, apart from bare blocks - in blocks covered with cotton.
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A contact shot through cotton or denim often contributes to deeper projectile
penetration compared to bare gelatin. At the same time, the “Fort 9R” usually
demonstrates larger temporary cavity indicators compared to the “Fort 17R”, especially
at shallow depths (p<0.05-0.01). The protective properties of clothing appear
selectively: cotton better reduces the penetration depth for the “Fort 9R”, whereas for
the “Fort 17R” leatherette proved to be more effective. [11, 16, 17]. Similar patterns
are also observed for the “Fort-12”, where the morphology of the opening and the
metallization zone, which reaches 250 cm, clearly correlate with the shooting distance
[20].

The differential diagnosis of firearm injuries and electrical injuries also requires
taking into account the microelement composition. The XRF method makes it possible
to detect a specific deposition of metals (Fe, Cu, Zn, Pb) along the edges of a firearm
wound, which helps in weapon identification [12]. In cases of the use of electric shock
devices (ESD), such as the WS-704, ESP Power Max, or 1101 “Police”, paired or
grouped defects with charred edges are formed on the fabric, the arrangement of which
corresponds to the configuration of the electrodes. Metallic deposits in such zones are
identical to the composition of the electrodes (predominantly nickel, copper,
chromium, or iron) [14]. It is interesting that tight contact of the electrodes with the
skin for 5-8 seconds may leave no visible traces, whereas a spark discharge from a
short distance (0.5-1 cm) causes pronounced macroscopic changes similar to thermal
burns, even through layers of fabric [13].

Conclusions. Domestic research is mainly aimed at studying the effects of
domestic weapons, both lethal and non-lethal. The studies are often comprehensive and
include analysis of the effects of weapons on both bare targets and targets with
obstacles (in particular, clothing).

Most often, studies are carried out on weapons manufactured by Fort.

Studies of stun guns, in addition to macroscopic damage, have a well-described
microscopic picture of the affected tissues and valuable laboratory diagnostics.
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