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AHHOTAIIUA
B I[&HHOI?I CTaTbC PACCMATPUBAIOTCA TCOPCTHUYCCKUC OCHOBBI, CJIICACTBCHHOC

IMPUMCHCHUC U NOKAa3aTCIbCTBCHHOC 3HAYCHUC KpHMHH&J’IHCTH‘IGCKOfI 6aJIJ'II/ICTI/IKI/I KakK
CHEUaIN3UpPOBAaHHOM 00JIacTU  CyJIeOHOM SKCHEepTU3bl, MOCBIIICHHOW aHaIU3y
OTHECTPEJIBHOTO OpY>KUsl, OoenpunacoB u OalNIMCTUYECKUX B3auMojiecTBuil. B
HCCICAOBAHHHN pPACCMATpUBACTCA MCTOIOJIOTHYCCKAA OSBOJIOLMA OaJUTMCTUYECKON
OKCIICPTHU3bI OT KJIaCCUYECKOH CpaBHI/ITeJIBHOI?I MHUKPOCKOIIMK O0 COBpeMeHHOﬁ 3D-
BU3yaJIM3allid U MFOpHTMH‘ICCKOﬁ PCKOHCTPYKIHH ITOBCPXHOCTH. 060611121}1 HAaY4YHBIC
HCCIICAOBaHUsA, IIOJICBBIC H&6JIIOIIGHI/I§I n CpaBHI/ITCJII)HHﬁ aHaiIn3 OaJUIUCTHYECKHUX
HHCTPYMCHTOB, CTAaTbsl OCBCINACT MHTCPIIPCTAIMOHHBLIC, MECXAHNYCCKUC N IOPUIHNICCKHUC
acneKkThl OauIMCTHYECKOW HAeHTU(UKaMU. Pe3ynbTaThl MOKa3bIBalOT, YTO CTPOTas
MCTOJOJIOrHYCCKass AWUCOUINIMHA B COYCTAHHU C IIPOBCPCHHBIMHU TCXHOJIOTHMYCCKHUMU
HHCTPYMCHTAMHU IIOBBIIIACT TOYHOCTb YCTAHOBJICHHA CBA3H MCKAY OIHCCTPCIIBHBIM
OPYKHEM H CHapAAOM, IIO3BOJICT PCKOHCTPYHUPOBATHL ITOBCACHHC OIHCCTPCIIBHOI'O
OPYXHS H  YKpEIUIIET CyAcOHO-MEAUIIMHCKYI0  HAJEKHOCTh  OallTUCTHUYSCKHUX
3aKJIIOYEHUN B Cy/IeOHBIX pa30upaTenbCcTBax.

KawueBble ciaoBa: KpumuHanmuctuueckas OalIMCTUKA; HUJICHTU(UKAIUS
OTHCCTPCIIBHOI'O OPYXKHA;, aHaJIN3 CHapAA0B; HCCICAOBAHHC CJICJ0OB HHCTPYMCHTOB,
BHYTpPEHHsIS OalUTUCTHKA; BHEIIHSAS OaJUVIUCTHKA, TEPMUHAJbHAS  OaUIMCTHKA,
METO/I0JIOTHS Cy1IeOHOM IKCTIEPTHU3HI.

Abstract

This article examines the theoretical foundations, investigative applications, and
evidentiary significance of criminalistic ballistics as a specialized domain of forensic
science dedicated to the analysis of firearms, ammunition, and ballistic interactions. The
study explores the methodological evolution of ballistic examination from classical
comparative microscopy to contemporary 3D imaging and algorithm-based surface
reconstruction. Through a synthesis of scholarly research, field observations, and
comparative analysis of ballistic tools, the article highlights the interpretive, mechanical,
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and legal dimensions of ballistic identification. Findings indicate that rigorous

methodological discipline, combined with validated technological tools, enhances the
accuracy of firearm-to-projectile linkage, reconstructs firearm behavior, and strengthens
the forensic reliability of ballistic conclusions in judicial proceedings.

Keywords: Criminalistic ballistics; firearm identification; projectile analysis;
toolmark examination; internal ballistics; external ballistics; terminal ballistics; forensic
methodology.

INTRODUCTION

Criminalistic ballistics has developed into one of the most technically demanding
areas of forensic science due to its intersection with mechanical physics, materials science,
and evidence interpretation. Firearms, unlike many other crime-related tools, produce a
consistent set of mechanical effects—barrel striations, breechface marks, firing pin
Impressions, extractor and ejector marks—that collectively form a pattern capable of
identifying the specific weapon responsible for a projectile or cartridge case. In forensic
practice, these patterns constitute a primary source of evidentiary data, especially in cases
lacking eyewitness testimony or digital surveillance. The ballistic signature is often the
only remaining trace of the shooting mechanism, making its precise interpretation pivotal
for reconstructing crime events.

While the historical foundations of ballistics relied heavily on manual comparison
using optical microscopes and empirically trained visual judgment, contemporary
ballistics operates within a radically different scientific and legal environment. Modern
firearms and ammunition are manufactured with increasing precision, sometimes reducing
the individuality of toolmarks, while polymer-based components alter the morphology of
mechanical impressions. Investigators must navigate these complexities while ensuring
that ballistic conclusions satisfy evidentiary standards imposed by courts that increasingly
demand quantifiable metrics, transparent methodologies, and reproducible results.

The scientific scope of criminalistic ballistics extends beyond simple firearm-to-
projectile identification. Internal ballistics examines the processes occurring within the
firearm at the moment of discharge, including powder combustion, gas expansion, and
projectile deformation. External ballistics analyzes the projectile’s trajectory, while
terminal ballistics focuses on its interaction with targets, tissue, and intermediate surfaces.
Each phase leaves physical evidence that, when examined systematically, reveals
information about the shooter’s position, distance, firing sequence, weapon type, and
potential modifications.
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However, the discipline faces notable challenges. Environmental disturbances may
alter projectile forms; ricochets complicate trajectory interpretation; and certain firearm
types—smoothbore guns, 3D-printed weapons, and homemade firearms—Ilack distinctive
rifling characteristics. Moreover, digital enhancement tools, if improperly used, risk
introducing artifacts that compromise evidentiary integrity. These challenges underscore
the need for methodologically robust, technologically informed, and legally defensible
ballistic examination procedures.

Given these complexities, the present study aims to evaluate the methodological
and technological state of criminalistic ballistics while proposing empirically grounded
refinements for investigative practice. The article emphasizes the dual responsibility of
the ballistic expert: adherence to scientific rigor and clear communication of findings in
court, where the persuasive power of ballistic evidence depends not only on technical
accuracy but on the expert’s ability to contextualize 1t within judicial expectations.

LITERATURE REVIEW AND METHODOLOGY

The literature on forensic ballistics reveals a rich interplay between classical firearm
identification principles and modern digital advancements. Early foundational works—by
Hatcher, Burrard, and Mathews—established the theoretical basis for toolmark
individuality, asserting that manufacturing imperfections and wear patterns generate
unigue microstructures. These early contributions laid the groundwork for comparative
microscopy, still fundamental to ballistic examination today.

Contemporary scholarship, however, reflects a more critical perspective.
Publications in Journal of Forensic Sciences, AFTE Journal, and Forensic Science
International discuss the increasing demand for validation studies that quantify error rates
associated with ballistic comparisons. Notably, recent studies emphasize the importance
of controlled experiments assessing repeatability and reproducibility of toolmark
identification under varying conditions. Researchers such as Hamby, Moran, and
Thompson have conducted large-scale blind tests revealing both the strengths and
limitations of subjective comparison techniques.

Advancements in digital ballistics have attracted significant scholarly attention.
Three-dimensional surface topography analysis, pioneered by De Kinder, Song, and
Vorburger, enables mathematical modeling of striation patterns, allowing quantitative
comparison beyond visual inspection. These technologies have produced mixed reactions
in the scholarly community: some researchers advocate their objectivity, while others
caution against algorithmic opacity that may obscure interpretive assumptions. The
emergence of automated ballistic identification networks such as IBIS‘w;rated
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Ballistic Identification System) has transtormed investigative workftlows by centralizing
Image databases and facilitating rapid cross-jurisdictional comparisons.

Terminal ballistics literature further expands the investigative relevance of
projectile deformation, intermediate target interactions, and wound morphology. Studies
by DiMaio and Sellier demonstrate how projectile fragmentation patterns and penetration
depths inform firing distance estimation and weapon type identification. Similarly,
research on gunshot residue (GSR) distribution by Zeichner and Romolo underscores the
interplay between chemistry and ballistics in reconstructing shooting events.

Legal scholarship highlights evolving judicial attitudes toward ballistic evidence.
Several landmark cases in the United States and Europe have challenged the admissibility
of toolmark testimony, prompting forensic scholars to emphasize methodological
transparency, standardized reporting practices, and empirical validation. This shift in legal
expectations signals a transformation of ballistics from an “expert tradition” to a scientific
discipline requiring rigorous evidentiary grounding.

Taken together, the literature illustrates a discipline undergoing methodological
evolution driven by technological capabilities, judicial scrutiny, and scientific self-
reflection.

This study employed a mixed-methods approach integrating theoretical analysis,
empirical testing, and comparative assessment of ballistic documentation and examination
techniques. The methodological framework consisted of three interconnected stages.

The first stage involved a systematic review of classical and contemporary ballistic
protocols, including AFTE standards, ENFSI guidelines, and 1SO recommendations
concerning digital evidence. This review identified critical methodological components:
projectile recovery, chain-of-custody documentation, microscopic examination, digital
imaging, and quantitative surface comparison.

The second stage consisted of empirical analysis based on 40 projectiles and 30
cartridge cases fired from firearms of varying calibers and manufacturing classes. Each
projectile was subjected to three documentation modalities:

1. conventional optical microscopy,

2. digital high-resolution microscopy,

3. 3D topographic surface scanning.

The objective was not merely to compare imaging quality but to evaluate how each
modality influenced interpretive reliability. Attention was directed toward striation
clarity, reproducibility of measurements, sensitivity to lighting, and vulnerability to digital
distortions.
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Trajectory reconstruction experiments were carried out within a controlled
environment using laser-aligned ballistic rods to assess external ballistic characteristics.
Terminal ballistics tests were performed using calibrated gelatin blocks and layered
substrates (fabric, plywood, aluminum sheet) to analyze projectile deformation and
secondary transfer marks.

The third methodological stage included structured interviews with nine ballistic
examiners who provided insights into procedural pitfalls, documentation challenges, and
courtroom communication barriers. Their perspectives contextualized experimental
findings and informed the development of methodological recommendations.

Together, these methodological components enabled a holistic assessment of
ballistic practice encompassing scientific, operational, and legal dimensions.

RESULTS

Empirical tests revealed substantial differences in data quality depending on
documentation methods. Optical microscopy remained effective for identifying general
toolmark patterns but struggled with micro-level differentiation on projectiles exhibiting
heavy deformation. Digital high-resolution microscopy achieved greater clarity, yet was
vulnerable to artifacts introduced by contrast enhancement algorithms, necessitating
careful calibration.

Three-dimensional scanning outperformed other methods in capturing the depth
and geometry of striations. Numeric surface profiles generated from 3D models enabled
statistically supported comparisons, especially when paired with surface correlation
algorithms. However, these tools required lengthy processing times and expert-level
technical proficiency.

Projectile deformation tests yielded notable observations. Full-metal-jacket bullets
retained individual striation patterns more consistently than hollow-point bullets, which
exhibited fragmentation that obscured toolmark continuity. Terminal interaction with
multilayer barriers caused localized flattening, complicating the distinction between
deformation-induced and toolmark-induced microstructures.

Trajectory reconstruction experiments demonstrated that environmental
obstacles—ricochets, wind drift, and penetration through oblique angles—could
significantly alter projectile behavior, creating misleading secondary impressions if not
properly contextualized. Gelatin block tests produced accurate penetration profiles but
varied in wound channel geometry when intermediate layers were added.

Interviews with ballistic examiners confirmed concerns regarding courtroom

interpretation. Experts expressed difficulty explaining complex digital comparison
\ o 36 . /

_——




MULTIDISCIPLINARY JOURNAL: FUNDAMENTAL

RESEARCH SCIENTIFIC JOURNAL
VOLUME 01. ISSUE 09. NOV 2025.
ResearchBib Impact Faktor: 9.943 ISSN: 3060-513X

outputs to judges and juries unfamiliar with- computational surface analysis. They
emphasized that traditional comparative microscopy, although less precise, was often
more comprehensible to legal audiences.

DISCUSSION

The findings highlight the dual nature of contemporary ballistics: while
technological tools enhance analytical capabilities, their integration introduces new
interpretive and legal challenges. Three-dimensional imaging stands out as the most
scientifically robust documentation technique, yet courts often favor visually intuitive
evidence produced by traditional microscopy. This divergence between scientific
sophistication and courtroom comprehensibility presents a fundamental tension requiring
methodological harmonization.

Another significant issue concerns the individuality of toolmarks. Although
classical theory posits that each firearm leaves unique impressions, modern manufacturing
processes—especially CNC machining—may reduce microstructural variability. This
development necessitates updated validation studies to determine the reliability of
individuality assumptions in modern firearms.

Deformation effects observed in terminal ballistics underscore the importance of
contextualized interpretation. Fragmentation or flattening may distort toolmarks, leading
to potential misidentification if examiners rely solely on morphological impressions
without considering ballistic behavior.

The interviews further illustrate the need for improved training and interdisciplinary
dialogue between forensic practitioners, engineers, materials scientists, and legal
professionals. A more integrated approach would facilitate clearer articulation of ballistic
principles in judicial settings and ensure that evidentiary conclusions remain scientifically
defensible.

CONCLUSION

Criminalistic ballistics continues to play a central role in firearm-related
investigations, yet its methodological landscape is rapidly evolving. While technological
advances—particularly 3D imaging—offer unprecedented analytical precision, they
require careful integration to avoid compromising evidentiary clarity. The discipline must
adapt to modern challenges by strengthening validation studies, developing standardized
digital workflows, and enhancing expert training in both scientific analysis and courtroom
communication,

Ballistic evidence remains among the most persuasive forms of forensic material,
provided that its examination is grounded in scientific rigor, methodological Wency,
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and legally Informed reporting practices. By Integrating classical principles with
empirically validated digital tools, criminalistic ballistics can continue to serve as a vital
bridge between mechanical phenomena and judicial truth-seeking.
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