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HucepTariiss Ha 3700yTTS CTyneHs JokTtopa digocodii 3 ramys3i 3HaHb 22
«OxopoHa 310poB’s» 3a cremaibHicTio 222 — «MenunuHa». — HarmonansHui
YHIBEpPCUTET OXOpOHHU 3710poB's Ykpainu imeni [1. JI. Hlynuxka, Kuis, 2021.

JlocnmikeHHsT TPUCBSIYEHE MPOBEACHHIO KOMIUIEKCHOT CYJOBO-MEIUYHOI
OIIIHKA OCOOJMBOCTEH YIIKO/DKCHBb TLTA Ta IMONIKOKEHb OATY, CHPUYHMHEHHX
€JIEKTPOLIOKOBUMHU  MPUCTPOSIMU B 3QJIEKHOCTI Bl 1X KOHCTPYKI[IHHUX
0COOJIMBOCTEM 1 YMOB TPABMYIOUOi [ii, IUISIXOM MPOBEJCHHS €KCIIEPUMEHTAIIBHUX,
MOP(OJIOTTYHUX JOCHIIKEHD 1 PEHTI€H(ITYOPECLIEHTHOTO CIIEKTPAIIBHOIO aHAJI3Y.

B poboti nocmikeHi OCOOIMBOCTI KOHCTPYKTHMBHUX BJIACTHUBOCTEH Ta
CJIEMEHTHOTO0 CKJaJy CIUIaBy KOHTAKTHUX EJIEKTPOAIB TPhOX  Mojelei
enekTporokoBux mpuctpoiB: «1101 Police», «WS-704» ta «ESP Power Maxy.
JleTanpHO MOCTIHKEHI 0COOIMBOCTI MEXaHIYHOI KOHTAKTHOT B3a€EMO/IIi €JIEKTPO/IIB
3a3HAYCHUX EJIEKTPOIIOKOBUX TMPHUCTPOIB 3 O0’€KTaMH IIIIXOM BHUBUYEHHS
BIIONTKIB KOHTAKTHHUX IIJISHOK EJICKTPOIIOKOBUX IPUCTPOIB Y CKYJIBIITYPHOMY
TJIACTUIIIHI Ta 3°siICOBaHl iX MOP(QOJOTiYHI BIJIMIHHOCTI, 110 OyJIM 3yMOBJICHI SIK
KOHCTPYKTHBHUMH OCOOJMBOCTSIMH KOHTAKTHHUX €JIEKTPOIiB, 30KpeMa JI0aTKOBHX
€JIEMEHTIB KOHTAKTHUX €JIEKTPOJIIB, TaK 1 KyTOM B3aeMojii, HabmmxeHuMm 110 90°
a6o 45°. lllngaxom peHTreH(ITyOPECIIEHTHOTO CIEKTPAILHOTO aHalli3y KOHTaAaKTHHUX
CJICKTPOJIIB HAMU BIepIie OyiM BUSBJIEHI KUIBKICHI Ta SIKICHI BIIMIHHOCTI iX
€JIEMEHTHOTO CKJamy. Tak, 30Kkpema, MpH HWOro BU3HAUEHHI y €JEKTPOJax BCiX
JOCTIJPKYBAaHUX EJICKTPOIIOKOBUX MPHUCTPOIB, BUSIBJICHA HASBHICTh METAIIB —
samiza (Fe), mikenro (Ni), migi (Cu) y pi3HOMY BiJICOTKOBOMY CITiBBIIHOIICHHI.
[IpoTe B KOHTAKTHUX €JIEKTPOAaX JOCIIHKEHUX €IEKTPOIIOKOBUX MPUCTPOIB IS
KOKHOI MoJiesil OyJi0o BCTAHOBJICHO TakoX crenudiuyni meranu. 30KpeMa, B

eIIEKTPOJIaX eJeKTPoIIokoBoro mpuctporo «1101 Police» BusiBnena HasBHICTBH



xpomy (Cr), a B elnekTpo/ax eJIeKTPOIIOKOBOTO MPUCTPor0 «WS-704» — HUHKY
(Zn).

B xoxi excriepuMeHTaIbHOTO JOCTIIKEHHS TOMIKOKEHb YOTUPHOX THIIIB
IMITaTOpiB TKaHWH OJATY (OaBOBHSHE TPUKOTA)KHE IOJOTHO, JIbHSHE IIOJOTHO,
noJiiecTep; TMoJiecTep 3 €JIacTaHOM), CIIPHYUHECHUX 33 YMOB MEPICHIUKYIISIPHOTO
KOHTAKTy MDK €JICKTPOJIaMH Ta TTOBEPXHEI0 MIIIEH] Ta MiJ KyTOM, HaOIMKEHUM J10
45° BCTaHOBJICHO, 110 PO3TAIIyBAaHHS Ta XapaKTep IMOIIKOIKEHb 3aJIeKalu K Bij
KOHCTPYKTUBHUX OCOOJIMBOCTEH €JIEKTPOIIOKOBOTO MPHUCTPOIO, TaK 1 BiA KyTa
po3TanryBaHHs iX eneKkTpoAiB. [Ipu 1pomMy, B MOPGOJIOTIUHUX XapaKTepUCTUKAX
OTPUMAaHUX  IOUIKO/)KEHb  BIIOOpa)KaduCh  KOHCTPYKTHUBHI  OCOOJMBOCTI
KOHTAaKTHHX €JEeKTPOJIB, & caMe€ OCOOJMBOCTI iX B3AaEMHOIO pPO3TALIyBaHHS,
PO3MipH, XapaKTEPUCTUKH JTIOJATKOBUX KOHCTPYKTUBHUX €JIEMEHTIB.

IIpu peHTreH(payopeceHTHOMY CHEKTPaJbHOMY aHaji3l 3 JAUITHOK
MOIIKO/KEHb 1IMITaTOpiB TKaHuH ojsary Ha mnpwiaai « TORNADO M4y Oyna
BCTAHOBJICHA TMpsMa  3aJIeKHICTh MDK  SIKICHUM  CKJIaJOM  €JEKTPOJIB
CJIEKTPOIIOKOBOTO ~ MPHCTPOIO Ta CKJIAJOM  METajeBUX BIOKIAJaHb Ha
MOIIKO/KEHHSX MaTepiaiy.

[Ipu mocmimKeHHI EKCIEPUMEHTANIBHO CIPUYMHEHUX YIIKOKEHb Ha
OlomoriuHux o00’ekTax ((PparMeHTax KIaNTiB IIKIpH) 3a YMOBH HaHECEHHS
CJIEKTPUYHOTO PO3PSAy TMpPHU IIUIBHOMY KOHTaKTI Ta 3 BIJICTaHI 0 5 MM MIX
CJIEKTPOJAaMU Ta TMOBEpXHEK O00'eKTy, OyJIM BCTAaHOBJIEHI BIAMIHHOCTI Yy
dbopMyBaHHI  YIIKOKEHh Ta iXx MOP(DOJOTIYHUX  XapaKTEPUCTHKaX  3a
BUIIE3a3HAYEHNX YMOB.

Tak, mpu il €1eKTPOIIOKOBOTO MPUCTPOIO 3 BIACTaHI A0 5 MM BHU3HAYAIOCH
(dbopMyBaHHSI Ta30BOTO ICKPOBOTO PO3PSAY, IO CYMPOBOKYBAJIOCh YTBOPEHHSIM
BUJIMMUX YHIKO/DKEHb Ha IIKIpI, SKI 3arajoM BIANOBLAQIA MOPQOJIOTIUHIN
KapTWHI, BJIACTUBIA I €JEKTPUYHHX Ta TEPMIYHMX YIIKO/KEeHb mikipu. [lpum
MIKPOCKOIIIYHOMY JOCIIPKEHHI TIpemnapariB 3 IIISHOK YIIKOKeHb, BU3HAYAIUCH
3MIHU 3 YTBOPEHHSM IIUIMHOMOAIOHUX MYyCTOT, BIAMIAPYBAHHSIM OKPEMHX IIapiB

ernigepmicy, 6azodiiiero emiaepmicy Ta MepeopieHTaIIEeI0 SIep KIITHH EMiepMICy.



OCHOBHUM TpaBMYyIOUMM (PaKTOpoM, MNpU I[OMY, BUCTYNaB 10HI30BaHUU Ta3
(ru1a3ma), 1o BJIACHE € CyOCTpaTOM iICKPOBOTO PO3PSAIY Ta TEMIIEpaTypa B SIKOMY
MOJKE CATaTH 3HAYHUX BEJIWYUH, a OTXKE€ BHCTYNaTH OCHOBHOIO IPHUYUHOIO
dhopMyBaHHs BUPa3HUX 3MIH HIKIPH.

Jlisi eNeKTPOIIOKOBUX MPUCTPOIB 38 YMOBH LIIIBHOTO KOHTAKTY €IEKTPOIIB
31 IIKIPOIO MPH TPUBAJIOCTI E€IEKTPUYHOTO PO3pSAAy 5-8 CEeKyHJ HE BUKIIHMKAala
CTIMKUX BI3yaJIbHO BHUIMMHUX 3MIH IIKIpH, a MIKPOCKOINIYHI MPOSBU OyJIU BKpai
HE3HAYHUMH Yy BUTJISAl XBWIETOAIOHOTO XOMy emifiepMicy, TOMOreHi3alli Ta
MeTaxpoMasii emiiepMmicy, CYIuH, SKi HaOyBajdu BUIJISAY TSDKIB, CIUIOLIEHHS
KJIITAH POCTKOBOIrO, IIMIIYBaTOrO Ta 3€PHUCTOrO IapiB. BiACyTHICTh BHIMMHX
VIIKO/KEHb WIKIPM Ta HE3HAYHWM CTYNIHb MPOSABY MIKPOCKOIYHUX 3MIH B
JTUISIHKaX A1l eIeKTPUYHUX PO3PAIIB €IEKTPOIIOKOBUX MPUCTPOIB MPH 3a3HAUEHIN
TPUBAJIOCTI KOHTAKTy, MOXE IMOSICHIOBATUCh BKpail HU3bKUM 3HAYCHHSM CHIIU
€JIEKTPUYHOTO CTPYMY B €JIEKTPOILIOKOBUX HPUCTPOSX, IO Y BIANOBITHOCTI JI0
3akony Jlxoyns-Jlenna (mponopiifiHiCTh KUIBKOCTI TEIUIOTH, IO BUILISETHCS B
MPOBIIHUKY 31 CTPYMOM JI0 CHJIM CTPyMy Ta 4acy JAil) Mpu KOPOTKOYACHIN Mli
MPU3BOJNTEL JIO HE3HAYHOI €K30TepMidHOi peakilii. OTKe, KUIbKICTh TEIIOBOi
eHeprii, 0 YTBOPIOETHCS MPHU MPOXOKEHHI €IEKTPUIHOTO CTPYMY 3 KOHTAKTHUX
CJIEKTPOJIIB Oe3MocepeIHhO y MIKIPY MPH BKAa3aHOMY B €KCIEPUMEHTI Yaci nii €
HEJIOCTaTHHOIO I BUHUKHEHHS BUPA3HUX MOPQOJIOTIYHUX 3MiH O10JOTTYHHX
00’ €KTIB.

[IpoBeneHHsT peHTreH(IYOPECIICHTHOTO CIIEKTPAILHOTO aHAMi3y 3 JUISTHOK
YIIKOJ>KE€Hb 010JIOTTYHUX 00’€KTiB, CHPUYMHEHHUX 32 YMOB JIii 1ICKPOBOT'O PO3PSAY
€JICKTPOIIOKOBOTO MPUCTPOIO 3 BIICTaH1 10 S MM HE BUSIBUJIO BiJKJIaJaHb METaJIiB
B 3a3HAaUYCHUX JAUIAHKaxX. Pa3oM 3 TuUM, 0OpH peHTTeH(IyOpeCcCleHTHOMY
CHEKTpPAIbHOMY aHali31 3 JUISHOK Jii €JEKTPOIIOKOBUX MPUCTPOIB 32 yMOB
IIUTPHOTO KOHTaKTy MIXK €JEKTPOJaMH Ta IIKIPOK, Maldd MICIE BiJIKJIaJaHHS
MeTay, 10 3a JIOKAJTI3AI€r BIAMOBIJAIA MICISM KOHTAKTYBaHHS EJIEKTPOJIIB.

[Ipy 1boMy, BH3HAYanach MpsiMa 3aJCKHICTh MK SIKICHUM CKJIQJIOM €JIEKTPOIiB
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€JICKTPOIIIOKOBOTO TMPHUCTPOIO Ta CKJIAIOM BiAKIalaHb METANiB B 3a3HaYCHHUX
IUIAHKAX O10JIOTIYHUX 00’ €KTIB.

Ananiz 12 «BuUCHOBKIB ekcnepTa» (BUIAIKIB 3 MPAKTUKH) IOKa3aB, IO
VIIKO/DKCHHSI, CIIPUYMHEH] €JIEKTPOIIOKOBUMHU TPUCTPOSIMH, XapaKTePU3yBaINUCh
3HaYHUM MOIIMOP(}i3MOM Ta BapiaOENBbHICTIO, 9acTO 03 BiIOOpaKeHHS Oy ab-sSKHX
crenuiyHUX O3HAK MAli €JIEKTPUYHOTO CTPYMY, a 1HKOJIM Misl €JICKTPOIIOKOBUX
MPUCTPOIB B3araji He CYIPOBOKyBajlach yTBOPEHHSIM 30BHIIIHIX YIIKOKEHb Ha
T, T1I0 TMIAKPECIIOE BAXKIWBICTh BUKOPHCTAaHHS JIOJATKOBUX  METOIB
JOCIIJIKEHHSI, B TOMY 4YHCJ JOCIHIJDKEHHS OJSTYy Ta BUKOPUCTaHHS METOJIIB
CJIEMEHTHOTO aHali3y MPU MPOBEACHHI CYJAOBO-MEIUYHOI €KCIEPTH3U Y TaKHX
BUITaTKaX

KirouoBi cioBa: cyqoBa MeIUIIMHA, CYJOBO-MEIWYHA EKCIEPTH3a,
CIIEKTPOTPaBMa, EIIEKTPOMITKA, «HEJeTabHa» 30p0s, EJIEKTPOIIOKOBI MPHUCTPOI,

peHTTreH(ITyOPECIIEHTHUI CIIEKTPaJIbHUIM aHa13.

SUMMARY

Varfolomeiev Y.A.. Comprehensive forensic medical assessment of body
injuries and clothes damages, caused by electric discharge weapon. - Qualifying
scientific work on the rights of the manuscript.

Thesis for a degree of Doctor of Philosophy by field of study 22 ‘Health’ by
Program Subject Area 222 “Medicine”. — Shupyk National Healthcare University
of Ukraine, Kyiv, 2021.

The study is devoted to a comprehensive forensic assessment of body
injuries and clothing damage caused by electroshock devices depending on their
design features and conditions of traumatic action, by conducting experimental,
morphological studies and X-ray fluorescence spectral analysis.

The peculiarities of the structural characteristics and elemental composition
of the alloy of contact electrodes of three models of electroshock devices are
investigated in the work, namely «1101 Police», «WS-704» and «ESP Power
Max». Conditions of mechanical contact interaction of electrodes of the specified
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electroshock devices with objects are investigated in detail by studying of prints of
contact surfaces of electroshock devices in sculptural plasticine and their
morphological differences which were caused both by design features of contact
electrodes, in particular additional structural elements of contact electrodes, and an
angle interactions close to 90° or 45°. By X-ray fluorescence spectral analysis of
contact electrodes, we were identify quantitative and qualitative differences in their
elemental composition. Thus, in particular, when it was determined in the
electrodes of all studied electroshock devices, the presence of metals - iron (Fe),
nickel (Ni), copper (Cu) in different percentages was detected. However, specific
metals were also installed in the contact electrodes of the investigated electroshock
devices for each model. In particular, the electrodes of the electroshock device
«1101 Police» revealed the presence of chromium (Cr), and in the electrodes of the
electroshock device "WS-704" - zinc (Zn).

In an experimental study of damage to four types of samples of clothing
fabrics (cotton knitted fabric, linen, polyester; polyester with elastane), caused by
conditions of perpendicular contact between the electrodes and the target surface
and at an angle close to 45° found the correlation on both the design features of the
electroshock device and the angle of their electrodes. In this case, the
morphological characteristics of the received damage reflected the design features
of the contact electrodes, namely the features of their mutual location, size,
characteristics of additional structural elements.

X-ray fluorescence spectral analysis of the areas of damage to clothing
fabric imitators on the «TORNADO M4y device revealed a direct relationship
between the qualitative composition of the electrodes of the electroshock device
and the composition of metal deposits on the material damage.

In the study of experimentally induced damage to biological objects
(fragments of skin flaps) under the condition of electric discharge in close contact
and from a distance of up to 5 mm between the electrodes and the surface of the
object, were established differences in damage formation and their morphological

characteristics under the above conditions.
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Thus, the action of an electroshock device from a distance of up to 5 mm
determined the formation of a gas spark discharge, which was accompanied by the
formation of visible injuries to the skin, which generally corresponded to the
morphological pattern characteristic of electrical and thermal damage to the skin.
Microscopic examination of tissues from the affected areas revealed changes with
the formation of slit-like cavities, exfoliation of layers of the epidermis, basophilia
of the epidermis and changes in orientation of the nuclei of epidermal cells. The
main traumatic factor, however, was ionized gas (plasma), which is actually the
substrate of the spark discharge and the temperature in which can reach significant
values, and therefore act as the main cause for the formation of visible skin
changes.

The action of electroshock devices under the condition of close contact of
electrodes with the skin during the electric discharge of 5-8 seconds did not cause
persistent visible changes in the skin, and microscopic manifestations were
extremely insignificant in the form of wavy epidermis, homogenization and
metachromasia of the epidermis. flattening of cells of germinal, prickly and
granular layers. The absence of visible skin damage and a small degree of
microscopic changes in the areas of electric discharges of electroshock devices at
the specified duration of contact, can be explained by the extremely low value of
electric current in electroshock devices, which according to Joule-Lenz law
(proportionality of heat released in conductor with current to current strength and
time of action) with short-term action leads to a insignificant exothermic reaction.
Therefore, the amount of thermal energy generated by the passage of electric
current from the contact electrodes directly into the skin at the time of action
specified in the experiment is insufficient to cause significant morphological
changes in biological objects.

X-ray fluorescence spectral analysis of areas of damage to biological objects
caused by the action of a spark discharge of an electroshock device from a distance
of up to 5 mm did not reveal metal deposits in these areas. At the same time,

during X-ray fluorescence spectral analysis from the areas of action of
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electroshock devices under conditions of close contact between the electrodes and
the skin, there were metal deposits that corresponded to the places of contact of the
electrodes. In this case, a direct relationship was determined between the
qualitative composition of the electrodes of the electroshock device and the
composition of metal deposits in these areas of biological objects.

Analysis of 12 «Expert Findings» (cases from practice) showed that the
damage caused by electroshock devices was characterized by significant
polymorphism and variability, often without reflecting any specific signs of
electric shock, and sometimes the action of electroshock devices was not
accompanied by external damage of the body, which emphasizes the importance of
using additional research methods, including the study of clothing and the use of
methods of elemental analysis in the forensic examination in such cases

Keywords: forensic medicine, forensic medical examination, electrotrauma,
electric mark, "non-lethal™ weapon, electroshock devices, X-ray fluorescence

spectral analysis.
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