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Specifics of fire damage to cotton clothing
while shooting point-blank
at a human torso simulator from a Fort-12RM pistol

This Article Purpose is to determine specifics of damage to cotton jer-
sey, arising from a point-blank shot from a nickel-plated “Fort-12RM” pistol,
equipped with .45 Rubber cartridges into dressed simulator of a human torso
made of ballistic gel. For achieving this goal, 12 human torso simulators were
made, dressed in cotton T-shirts, with the subsequent firing of shots using a nick-
el-plated “Fort-12RM” pistol equipped with .45 Rubber cartridges. The shots
were fired from a distance, closely followed by examination of damage to cloth-
ing using photographic and microscopic research methods. Obtained data and
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their comparison with the previously obtained research results when the shots
were fired at the clothing samples, fixed in the frame made it possible to identify
important differences and for the first time describe the phenomenon of internal
muzzle imprint mark and volumetric muzzle imprint mark; while describing the
internal muzzle imprint mark, specific deposition of additional factors of the shot
(namely, soot), reminiscent of a candle flame was found. In addition, a double
marker phenomenon was observed around the input gunshot injury on the inves-
tigated human torso simulator. Most of additional factors of the shot (in form
of soot and dust particles of unburned gunpowder) were determined in wound
channel. While carrying out the contact-diffusion method of research, small
particles of nickel were determined around input fire damage to the simulator.
The revealed differences require revision of the classical method of experimental
shooting, while test samples of clothing are fixed in a frame or fixed in a similar
way. An important stage in research formulation is to recreate the conditions as
close as possible to real ones. The search for the most appropriate, efficient and
simple method for carrying out such experiments is promising for ballistics.

Keywords: “Fort-12RM”, ballistic gel, gunshot damage, point-blank shot,
non-lethal weapon, muzzle imprint mark.

Formulation of Research Problem. Non-lethal weapons are becoming
more common both in military formations and among the civilian population, as
this type of weapon is not designed to destroy the enemy, but only to neutralize
it with minimal damage to health. However, this does not prevent criminals from
using this type of weapon to commit criminal acts. This is especially true of non-
lethal weapons (mostly traumatic pistols) '.

According to the US Department of Justice in 2016 2, among those serving
sentences for crimes committed in federal prisons, 8,300 people committed
criminal offenses using firearms (700 murders, 600 rapes, 1,600 robberies, 700
armed attacks), out of these 43.2% received weapons illegally and only 10.1%
bought it in gun shops. There has been a significant increase (from 33 to 112%)
in the use of semi-automatic weapons in offenses .

'E.g., Alper M., Glaze L. Source and Use of Firearms Involved in Crimes: Survey of
Prison Inmates, 2016. U. S. Department of Justice, Office of Justice Programs, Bureau of
Justice Statistics. 2019. January ; Hiquet J., Gromb-Monnoyeur S. Severe craniocerebral
trauma with sequelae caused by Flash-Ball® shot, a less-lethal weapon: Report of one
case and review of the literature. SAGE Journals. 2015. June, 30 ; Koper C. S., Johnson
W. D., Nichols J. L., Ayers A., Mullins N. Criminal Use of Assault Weapons and High-Ca-
pacity Semiautomatic Firearms: an Updated Examination of Local and National Sources.
Journal of Urban Health. 2017. October, 02 ; Ribeiro A. P., Souza E. R. de, Sousa C. A.
M. de. Injuries caused by firearms treated at Brazilian urgent and emergency healthcare
services. Ciénc. saude coletiva. Rio de Janeiro, 2017. Set. Vol. 22. No. 9.

2 Alper M., Glaze L. Ibid.

3Koper C. S., Johnson W. D., Nichols J. L., Ayers A., Mullins N. Ibid. Pp. 313—321.
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During the 90 days in 2016, Indian law enforcement agencies in the Kashmir
region, armed with traumatic pistols, inflicted nearly 10,000 injuries and killed
80 people. The same source said that the use of traumatic firearms by paramilitary
groups in 2010 killed 120 people .

B. Dumenci¢ and co-authors ? estimate that between 1998 and 2018, the use
of gas weapons led to 69 deaths in Croatia.

In Brazil in 2014, the use of firearms caused 45,068 deaths. And 71.6% of all
murders in the country: it is with the use of firearms 3.

As for Ukraine, after the beginning of the Russian aggression in 2014 the
criminogenic situation worsened that is connected, in particular, with illegal
input of firearms from the ATO zone *. Prior to that, without significant practical
experience, forensic medicine in Ukraine for the first time encountered the
widespread use of various types of firearms (both non-lethal and lethal), which
caused fatalities in the final stages of the Revolution of Dignity °.

Because of all these factors, there is an urgent need for research to determine
the specifics of the damage caused by firecarms, including non-lethal action,
which will help in identifying the weapon, determining the distance of the shot,
and so on. Of particular interest are the damage from firearms in the case of
shooting point-blank . Currently, most wound ballistics research is performed
using ballistic gel cubes 7, and clothing damage research is performed by fixing

' David S. Use of pellet guns for crowd control in Kashmir: How lethal is “non-le-
thal”? Indian journal of medical ethics. 2016. December, 20.

2 Dumenci¢ B., Rajc J., Pavokovi¢ D., Damjanovi¢ T. Fatal injury by air gun: a case
report. Egyptian Journal of Forensic Sciences. 2020. July, 21.

*Ribeiro A. P, Souza E. R. de, Sousa C. A. M. de. Ibid. Pp. 2851—2860.

4 Jlens B. B., Oumiiinukos I. B. HesakoHHuii o6ir BorHenaisHoi 30poi, 60H0BHX
IpuraciB, BHOYXOBHX pPEUYOBMH Ta IIPHUCTPOIB, MOB’S3aHMH 13 IPOBEICHHIM
AQHTUTEPOPHUCTHIHOI onepanii: okpeMi nmuTanus 3anodiranus. [1paso i cycminsctso. 2016.
Ne 1. P. 204—208.

S Mishalov V. D., Petroshak O. Y., Hoholyeva T. V., Gurina O. O., Gunas V. I. Foren-
sic assessment of gunshot injuries in Maidan Nezalezhnosti protesters. World of medicine
and biology. 2019. Vol. 3 (69). Pp. 118—122.

¢ Pircher R., Bielefeld L., Geisenberger D., Perdekamp M. G., Pollak S., Thier-
auf-Emberger A. Muzzle imprint mark: a patterned injury which may be constituted of
intradermal blood extravasations. Forensic science international. 2014. Vol. 244. Pp.
166—169.

" Perdekamp M. G., Glardon M., Kneubuehl B. P., Bielefeld L., Nadjem H., Pollak
S., Pircher R. Fatal contact shot to the chest caused by the gas jet from a muzzle-loading
pistol discharging only black powder and no bullet: Case study and experimental simula-
tion of the wounding effect. International Journal of Legal Medicine. 2015. Vol. 129 (1).
Pp. 125—131.
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the material in a frame '. However, it should be noted that the results of such
experiments may be inaccurate, because they do not take into account the
physiological shape of the human body and the presence of clothing, which is
not only a common obstacle, but also a factor that (along with the human torso
simulator) damage.

All this requires research using modern models of domestic firearms of non-
lethal action on the human torso simulators and clothing together as one complex.

Analysis of Essential Researches and Publications. Once this issue
was studied by P. Yu. Bobkov, M. F. Lebed, A. M. Perebetiuk, V. 1. Hunas,
O. M. Hurov, S. V. Kutsenko, V. V. Shcherbak, D. B. Hladkykh, V. V. Sapielkin
and other scientists 2.

The Article Purpose is to determine specifics of damage to cotton jersey,
arising from a point-blank shot from a nickel-plated Fort-12RM pistol, equipped
with .45 Rubber cartridges into dressed simulator of a human torso made of
ballistic gel.

Main Content Presentation. For achieving this goal, 12 human torso
simulators were made according to the generally accepted method of making
gelatin blocks * with adaptation of the authors (10 % edible gelatin 270 Bloom,
obtained from Scientific Research Center National Pirogov Memorial Medical
University), dressed simulators in white, cotton T-shirts of the appropriate size
and fired at them from Fort-12RM pistol equipped with .45 Rubber cartridges.

The shots were fired point-blank (hermetically), at right angles, with
a preliminary fixation of the weapon in the vise in the shooting range of the
Vinnytsia Scientific Research Forensic Center (within the framework of the
cooperation agreement between National Pirogov Memorial Medical University
and the Vinnytsia Scientific Research Forensic Center). Performed 4 shots at each

! Bobkos I1. 10., JIebenp M. @., Tlepeberiok A. M., I'ynac B. 1. CynoBo-mequuHa
XapaKTepPUCTHKA BOTHEMAIbHUX IIOMIKO/DKEHb IMIKIpO3aMiHHMKA IIPU  ITOCTpiax
i3 micromera «@opt-17P» (AKTyanbHi NHTaHHS CyJOBO-MEIUYHOI EKCIEPTHU3H).
byrosuncoruii meouunuii sicnux. 2019. T. 23. Ne 2 (90). P. 51—56 ; Bobkov P., Pereb-
etiuk A., Gunas V. Peculiarities of gunshot injuries caused by shots Fort-12RM pistol
using cartridges of calibre. 45 Rubber. Folia Societatis Medicinae Legalis Slovacae. 2019.
Vol. 9. Nr. 1. Pp. 44—48 ; Illepbax B. B. Mopdosoriuai 0coOIMBOCTI BOrHENAIBHAX
MIOMIKO/DKEHb IIPU TIOCTpiIax BIPUTYN i3 micronera «®oprt-12» B 3amexHOCTI BiX
Marepiaiy ozsry. Cy1oBo-MeMTIHa eKCIIePTH3a | HayK.-NpakT. )KypH. 2014. Ne 1. P. 41—
45.

2 Bo6kos IT. 1O, JIe6enp M. @., ITepebetiok A. M., T'ynac B. 1. Op.cit. Bobkov P.,
Perebetiuk A., Gunas V. Ibid ; I'ypos O. M., Kynenko C. B., lllepbak B. B., I'magkux
J1. b., Canenkin B. B. Mexani3M yTBOpeHHsI ITO/BIIfHOI IITaHIIMApKH IIPH MOCTpiNax i3
microseTiB MoaenbHOro psny Popt. Cyooso-meduuna ekcnepmu3sa : HayK.-IIPaKT. KypH.
2019. Ne 1. P. 60—65.

3 Stevenson T., Carr D. J., Stapley S. A. The effect of military clothing on gunshot
wounding patterns in gelatine. International Journal of Legal Medicine. 2019. Vol. 133.
Pp. 1121—1131.
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simulator on its anterior surface in the left and right thoracic areas, epigastrium and
umbilical area. Subsequently, damage to clothing and the surface of the ballistic
gel was examined under normal lighting using photographic and microscopic
examination methods. In order to detect unburned gunpowder particles, Aidlin’s,
Vladymyrskyi‘s reactions and the microscopic method of examiantion were
used. Microscopic examination was performed using the MBS — 10 microscope
under a magnification of 4.8x to 56x. The metallization of the lesions was studied
using the contact-diffusion method of the study.

As a result of a series of shots (4 shots in each simulator) there were
48 gunshot wounds, of which: 11 formed a defect of clothing round shape
(average diameter of the defect — 1.35 cm), 37 — oval shape (average size
1.67 x 1), 38 cm, Fig. 1).

l vl 1‘

Fig. 1. General view of the mannequin after a series of shots

The edges of the damage are uneven, pointed, turned inward by about
0.10—0.15 cm in the direction of flight of the bullet, disheveled, thinned,
slightly scorched, dark gray and black-gray. Externally around the damage, soot
deposits of indefinite shape of light gray, gray and black-gray colors were found.
The width in the upper part of the damage is approximately 2.31 cm, on the
sides — 1.10 cm and down — 1.62 cm below the lower edge of the imprint of the
return spring tip and the external dimensions of approximately 5.51%3.72 cm.
The damage is located on the background of the inwardly imprinted muzzle
end of the weapon (punch) with contour soot deposits of a more intense dark
gray color. In the lower part, the existing soot deposition was observed in the
form of a crescent-shaped strip about 0.01—0.15 cm wide, and a radius of about
0.61 cm, about 1.21 cm long. Soot deposition was clearer on the upper and lateral
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edges, and less intense on the lower edges. The edges of all the damage formed
a volcanic rise (three-dimensional stamp) above the level of undamaged material
by 0.60—1.30 cm. The edges that protrude outwards are also pointed, with the
formation of free single threads, sometimes burnt. In the area of the imprint of
the front edge of the return spring, deformation of the material is noted: in the
center — a recess, and behind the periphery — a roller-like increase (Fig. 2).

‘nnum\munn\lmj||n1ﬂn{n||r|u’||(n
L )

Fig. 2. Appearance of clothing damage from the outside
On the inside of clothing, soot deposition is more intense, especially in
the upper and side areas in the form of a drop or flame of a candle measuring
approximately 1.51—2.79 cm from the upper edge of the material defect and
in side areas wide approximately 1.10—1.52 cm from the edge of the material
defect. In all cases, the narrow part of the edge of the sediment is directed
upwards and gradually disappears (Fig. 3).

!qug il
Fig. 3. Appearance of clothing damage from the inside
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A superficial examination of the damage to the human torso simulator shows
that most of the additional factors of the shot in the form of soot and unburned
gunpowder are deposited in the wound canal. During the contact-diffusion
method of research (the method of color prints) around the input fire damage
of the simulator, small nickel particles were detected. In most cases (31 out of
48 injuries), specific soot deposition in the form of a double stamp was observed
around the input gunshot wound of the human body simulator.

Comparison of these data with our previous study, in which we used similar
weapons, ammunition and targets (but the target was fixed in a frame), revealed
significant differences. First of all, the square shape of the defect attracts
attention, while in the study with the torso simulator we observed a defect of
oval, sometimes round shape. However, this difference, in our opinion, is due to
the fact that in this experiment we used cotton knitwear, while in the previous
one we used cotton fabric (calico). The size of the defect was approximately
1.0 % 1.0 cm, while using a torso simulator — 1.67 % 1.38 cm and a diameter of
1.35 cm (if the shape of the defect is oval and rounded, respectively). In addition,
there were no deposition of additional factors of the shot on the inner surface
and changes in the relief of the target (three-dimensional stamp). A slightly
different configuration of the deposition of additional firing factors around the
incoming gunshot damage was also noted '. All these data indicate that there are
differences in the results obtained, so the question arises: which of the designs of
the experimental study is more reliable and adequate?

V. V. Shcherbak ? also studied the features of damage to cotton fabric fixed
in the frame in the case of point-blank shots, but using Fort-12. He described
a star-shaped damage with a defect size of 1.5 % 1.4—1.9 % 1.8 cm. In this study, in
particular, multilayer targets were used, however, in none of the cases the author
did not describe such phenomena as internal stamping or three-dimensional
stamping.

According to the authors, the detected deposition of additional factors of
the shot on the inner surface of the garment (internal stamping) is probably an
analogue of the same phenomenon as the Vynohradov phenomenon. However,
the search for a reliable explanation of the phenomenon of internal stamping
described by us, we believe, it should be the goal of further research. Regarding
the shape of the deposition of additional shot factors in the form of a candle
flame, this is probably due to the action of the return spring tip, which blocks the
lower part of the fabric during the shot (as if creating an obstacle) and thus causes
more additional factors to go up.

Regarding the discovered phenomenon of double stamping, this
phenomenon has already been studied for pistols of the Fort model series by
a group of Ukrainian scientists headed by O. M. Hurov 3, and R. Pircher with

"' Bo6kos I1. 10., JTebens M. @, [Tepedetiok A. M., I'ynac B. 1. Op.cit.
?Iepbak B. B. Op.cit.
3Typos O. M., Kynenko C. B., lep6ak B. B., Tmagkux /. B., Canenkin B. B. Op.cit.
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co-authors ! ,in cases from practice, have described the effect of cartridges on
stamp deformation.

For forensic medicine and criminalistics, the study of clothing is critical.
Thus, according to 202 cases of gunshot wounds that occurred in Tehran from
2014 to 2017, in 70% of cases, the study of clothing allowed to determine the
distance and type of firearms (P = 0.0001) 2.

D. J. Carr and co-authors * have identified features of clothing damage
previously contaminated with blood, which can be used to develop realistic
scenarios for working out in combat zones.

A significant category of work is the study, in which scientists study
microscopic features (e.g., the condition of the threads in the area of damage, the
application of trace elements, etc.), to determine the distance of the shot and the
type of firearm *.

Studies of clothing damage from fircarms are quite small both in Ukraine
and abroad, and studies of the impact of clothing on injuries to the human body
or its simulator are generally rare in the scientific literature.

! Pircher R., Glardon M., Perdekamp M. G., Pollak S., Geisenberger D. Rearward
movement of the slide in semi-automatic pistols: a factor potentially influencing the con-
figuration of muzzle imprint marks in contact shots. International Journal of Legal Med-
icine. 2019. Ne 133 (1). Pp. 169—176. DOI: 10.1007/s00414-018-1978-2 (date accessed:
05.02.2021).

? Najari F., Jafari H., Alimohammadi A. M., Najari D. The importance of victim’s
clothes in gunshot wounds. Journal of Emergency Practice and Trauma. 2020. Ne 6 (2).
Pp. 73—76. DOL: 10.34172/jept.2020.13 (date accessed: 05.02.2021).

3 Carr D. J., Featherstone M., Malbon C., Miller D., Teagle, M. Preliminary devel-
opment of a bleeding layer to assess the effect of a ballistic impact on textile damage.
Forensic science international. 2018. Ne 288. Pp. 169—172. DOI: 10.1016/j.forsci-
int.2018.04.031 (date accessed: 05.02.2021).

4 Carr D., Kieser J., Mabbott A., Mott C., Champion S., Girvan E. Damage to apparel
layers and underlying tissue due to hand-gun bullets. International Journal of Legal Med-
icine. 2014. Ne 128 (1). Pp. 83—93. DOI: 10.1007/s00414-013-0856-1 (date accessed:
05.02.2021) ; Giraudo C., Fais P., Pelletti G., Viero A., Miotto D., Boscolo-Berto R.,
Viel G., Montisci M., Cecchetto G., Ferrara S. D. Micro-CT features of intermediate gun-
shot wounds covered by textiles. /bid. 2016. Ne 130 (5). Pp. 1257—1264. DOI: 10.1007/
s00414-016-1403-7 (date accessed: 05.02.2021) ; Hinrichs R., Frank P. R. O., Vasconcel-
los M. A. Z. Short range shooting distance estimation using variable pressure SEM im-
ages of the surroundings of bullet holes in textiles. Forensic science international. 2017.
Ne 272. Pp. 28—36. DOI: 10.1016/j.forsciint.2016.12.033 (date accessed: 05.02.2021) ;
Roberts K. A., Fischer G., Davis A. R. Identification of polygonal barrel rifling character-
istics in bullet wipe residue deposited on textiles. International Journal of Legal Medi-
cine. 2020. Ne 134 (2). Pp. 533—542. DOI: 10.1007/s00414-019-02009-0 (date accessed:
05.02.2021) ; Sahu K. I., Kennao P., Gupta A. K., Saran V., Waghmare N. P. Study of
9mm Improvised Pistol Pattern & Gunshot Residue with respect to Different Range. Int.
J. Comput. Sci. Eng., 6. 2018. Pp. 155—160.
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In particular, T. Stevenson with co-authors ! did an experiment with the use
of combat firearms on gelatin blocks to identify the effect of military clothing on
the features of firearms damage. At the same time, we have not found research in
modern literature that would study the features of gunshot damage to clothing on
the human body simulator.

Conclusions and prospects for further studies. The study provided completely
new data on damage to clothing in the case of non-lethal firearms, namely the
Fort-12RM pistol. Phenomena such as three-dimensional stamping and internal
stamping were described for the first time, and during the description of the
latter, a specific deposition of soot in the form of a candle flame was revealed.
The phenomenon of double stamping was observed around the entrance gunshot
wound on the studied human torso simulator. Most of the additional shot factors
in the form of soot and unburned gunpowder were noted in the wound canal.
During the contact-diffusion method of the study, small nickel particles were
observed around the input fire damage of the simulator.

Given the data obtained and the experience of previous studies using the
same pistol, ammunition and clothing material, there is a need to revise the
classical method of experimental shooting, when the studied clothing samples
are fixed in the frame.

In the future, we plan to conduct similar studies using simulators of other
parts of the human body (head, upper and lower extremities), other types of
weapons and clothing.

This work was performed within the RW Characteristics of damage to
imitators of human body tissues caused by non-lethal weapons 0121U107924 at
the expense of state funding of the Ministry of Healthcare of Ukraine.
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B. I I'vuac, I1. 1O. bookos, 1. M. ITnaxomuiwk,

C. A. Onvxoeenxo, O. B. Cononuii
Oco0MBOCTI BOrHENAJIBHUX MOIIKOIKEHb
0aBOBHSIHOI'O OJATY B pa3i MOCTPiJIy BIPHUTYJI
B imMiTaTop JII0ICHKOr0 TOpca 3 micTosiera «@opt-12PM»

36pos neremanvHol Oii Habyeae Oedani GIILULOCO NOWUPEHHSL K Y GIlCH-
KOBUX (DOPMYBAHHAX, MAK I NOMIJNC YUBLILHO2O HACENEHHs, addice MAaKUull 6uo
30poi cmeopeHo He OJisl 3HUUWEeHHSl CYRPOMUGHUKA, A Juule OJisl 1020 HeumpaJi-
3ayii 3 MIHIMAILHOW WKOO0I0 0J1s 300p08 3. [Ipome, ye ne 3a8aicac 3104UHYAM
3acmocogysamu yeu euo 30poi 0st guuHeHHs: Kpuminaiohux oiu. Ocobnuso ye
CMOCYyemvCsl 602HEeNaNbHOL 30poi Henemanvrol Oii (30ebinbuio2o mpasmamuy-
HUX nicmonemis).

Mema pobomu — eusHauumu 0coOIUBOCMI NOUWKOOINCEHb OABOGHAHOLO
MpPUKOMasicy, AKi BUHUKAIOMb Y pa3i NOCMPINY NPUmyJl 3 HIKel1bO8AHO20 NICMO-
nema «©@opm-12PMy, cnopsoocenozo namponamu .45 Rubber, ¢ odsenymui
IMIMamop 100CbKo20 Mopca, 8U20MOGIeHU I3 DALICIMUYHO20 2e0.

I docaenenns nocmasnenoi memu 12 imimamopie 1100Ccbkoco mopca
80s121U 6 O6ABOBHAHI PYMOOIKU, NO HUM SUKOHYSAIU NOCMPINU 6RPUMYIL 3 HIKe-
abosanoeo nicmonema « @opm-12PMy, cnopsioocenoeo namponamu .45 Rubber,
i3 NOOANLUIUM QOCTIONCEHHIAM NOUWKOONCEHb 0052)y (pomocpagiunum i Mikpo-
ckoniyHum memooamu. IlopisHsnus 3000ymux pe3yibmamie 3 OLlbl PAHHIMU,
KOIU NOCMPINU BUKOHYBAIU Y 3PA3KU 00512y, 3aKpinieHi 8 pamyi, 0aiu 3mMo2y
enepuie onucamu heHOMeH GHYMPIUHbOL WMAHYMAPKU 1 00 €MHOT manymap-
KU nio 4ac onucy 6HympiuHboi Wmanymapky 6UseieHo cneyughiune 8iOk1aoam-
HSl 000AMKOBUX (hakmopis nocmpiny (a came — Kinmseu), uwjo Ha2adye nowym ‘s
ceiuxu. OKkpim moeo, cnocmepieanu eHomen noOIHOT WMAHYMAPKU HABKOILO
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6XIOH020 BOZHENAILHO20 NOWKOONCCHHS HA OOCTIONCYBAHOMY IMIMAmopi io0-
cbkoeo mopca. binvwicmv 0odamrosux paxmopie nocmpiny (v euensioi Kinmssu
Ma NOPOULUHOK HE320PIN020 NOPOXY) 8UABLEHO 8 paHo8oMy Kanai. I1i0 uac npo-
6€0€eHHS KOHMAKMHO-0UGDY3IUHO020 MeMOOY O0CHIONCEHHSL HABKONO 8XIOHO20 802~
HEeNaibHO20 NOWKOOIICEHHS IMIMmamopa cnocmepieanu OpiOHi HacCmMUuHKU HIKeo.

Busieneni iominnocmi eumazaromoe nepecisdy KiACUYHOI MemoOuKu npo-
6COCHHS eKCNePUMEHMAIbHUX GIOCMPINIG, KOMU OO0CHIONCY8AHI 3PA3KU 0052y
3aKpinaomes y pamyi abo @ikcyromo y cxodcuti cnocib. Baoicnusum emanom
NOCMAHOBKU OOCHIONCEHHS € BIOMBOPEHHSL YMOB, MAKCUMALLHO HADIUNCEHUX OO
peanvrux. Tlowyx Haudinbu 0opeuHoeo, ehekmusHo20 ma npocmo2o mMemooy
07151 30[UCHEHHs. MAKUX eKCHePUMEHMIE € NePCNeKMUSHUM OJis OALiCMUKLL.

Knrwuosi crosa: «Dopm-12PMy, banicmuunuil 2eib, 602HENAbHI NOUWKO-
OJICeHHsL, NOCMPINL YIPUMYJL, 30p0si HeleMAaibHOL Oil, WMaHymapxa.

B. U. I'ynac, I1. 10. bookos, H. M. IInaxomuik,
C. A. Onbxoeenko, A. B. Cononvtii
OCco0eHHOCTH OTHECTPEJILHBIX MOBPEKIECHU XJIOMKOBOM 01Kl
MPHU BBICTPeEJie B YIIOP B UMHTATOP Y€JI0BEYECKOI0 TOpCa
u3 nucroJiera «®opr-12PM»

Lens pabomer — onpedenums 0COOEHHOCMU NOBPENHCOCHULL XIONKOBO2O
MPUKOMAICA, BO3HUKAIOWUX NPU GbiCMpeNe 6 YNOP U3 HUKETUPOBAHHO20 NUC-
monema «@opm-12PMy, chapsocénnozo namponamu .45 Rubber, ¢ odemuvlii
UMUMAMOP  4el108e4eCcKo20 Mopcd, GbINOTHEHHBIN U3 OANIUCMUYECKO20 2€.
Jis 0ocmuoicenusi nocmagieHnou yenu Ovliu uzeomosienvl 12 umumamopog
4enoBeyecko2o0 mopca, 00emvlx 8 XI0N4amodymMadlcHvle GymoonKu, ¢ nociedylo-
wetl NOCMAaHOBKOLL 8bICMPENO8 C UCTIONb308AHUEM HUKETUPOBAHHO20 NUCTNONEMA
«Dopm-12PMy, chapsiocéntnoeo namponamu .45 Rubber. Boicmpenvl 6binonnsiu
€ OUCMaHYUU 6NIOMHYIO C NOCACOYIOUWUM UCCLE008AHUCM NOBPENCOCHULL 00eHC-
Obl, UCNONBL3YSL Pomocpaghuueckuil U MUKPOCKONUYECKUL Memoobl UCCe008a-
nus. Tlonyuennvie Oannvie U CpagHenue Ux ¢ panee noiy4eHHbIMU pe3yibmamamu
UCCNe008AHULL, KO20A 8bLCTNPENbL GLINOTHSIU 8 00PA3YbLL 00EHCObL, 3AKPENIEHHbLE
6 paMKe, NO360NUNU GbIAGUMb BANCHBIE PASTUYUSL U BNEPBbIE ONUCAMb (EeHOMEH
BHYmMPeHHel WMaHYMAPKU U 00bEMHOU WMAHYMAPKU, RPU ONUCAHUU GHYMPEH-
Hell WMAanymMapku OOHAPYICEHO cheyuguieckoe omiuodicenue OONnOIHUmMeNb-
HbIX (hakmopos evicmpena (a UMeHHO KONOmu,), HaANOMUHAIOWUX NIAMS CEeYlU.
Kpome moeco, nabnooancs ghenomen 080UHOU WMAHYMAPKU BOKPY2 6XOOHO20
OZHECPENbHO20 NOBPENCOCHUS HA UCCLEOYeMOM UMUMAMOpe Helo8edecko-
20 mopca. bonvuwuncmeo dononnumenvrvix pakmopos evicmpena (6 ude Ko-
HOMU U NBLIUHOK HEC2opesuieco nopoxa) onpeoeisnu 6 paneeom kauaie. Ilpu
npogedeHut KOHMAaKmMHO-OUD@Y3UOHHO20 MemOoOa UCCLeO08AHUSL BOKPY2 6X00-
HO20 02HECMPENbHO20 NOBPENCOCHUs. UMUMAMOPA ONpedesiiu MEeIKUe 4acmu-
Yol HUKes. Bolsignennvle pasiuuus HylCOAiomcs 8 nepecmompe KidcCuieckol
MEMOOUKU NPOBEOEHUSI IKCNEPUMEHMATbHBIX OMCMPENos, K020d ucciedyemvle
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00pasyvl 00exHcObL 3aKPenisiiom 6 pame Uil QUKCUPYIOM NOXONCUM 0OPAZOM.
Baoicnbim smanom nocmanosKku ucciedo8anus 6s1emes 60CCo30anue YClosuil,
MAKCUMATLHO NPUOTUNCEHHBIX K peanvHbiM. Tlouck Haubonee ymecmnozo, 3¢-
DeKmuBHo20 U NPOCMO20 MEMOOA O OCYUeCMBIEHUS MAKUX IKCHEPUMEHNOE
AGNACMCI NEPCNEKMUGHBIM 0I5 OALITUCTIUKUL.

Knrouesvre cnosa: «@opm-12PMy, 6aniucmuueckutl eenv, ocHecmpeib-

Hble NOBPENCOeHUs, BbICIPEL 6 YNOp, Opyicue HelemaibHo2o Oelcmeus,
WmMaHymapka.
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