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Аннотация 

 В данной статье рассматриваются теоретические основы, 

методологическая эволюция и практическое значение криминалистической 

трассологии как ключевого раздела судебной экспертизы, занимающегося 

выявлением и интерпретацией следовых структур. Исследование объединяет 

классические принципы расследования с современными цифровыми и 

трехмерными аналитическими инструментами, показывая, как трасологическая 

экспертиза способствует реконструкции событий преступления, проверке 

следственных гипотез и установлению связи преступников с местом 

преступления. На основе синтеза научной литературы, полевых наблюдений и 

сравнительного методологического анализа в статье оценивается 

доказательственная ценность материальных следов — следов ног, отпечатков 

инструментов, отпечатков шин, микроцарапин — и освещаются возникающие 

проблемы, связанные с цифровым документированием следов, ухудшением 

состояния следов под воздействием окружающей среды и допустимостью 

трасологических доказательств в суде. Результаты показывают, что 

методологическая строгость трасологической экспертизы значительно 

повышает объективность и объяснительную силу уголовных расследований. 

Ключевые слова: Криминалистическая трассология; трасологические 

доказательства; судебная идентификация; следы инструментов; следы; цифровая 

документация; реконструкция преступления; методология судебной экспертизы. 

Abstract 

 This article explores the theoretical foundations, methodological evolution, and 

practical significance of criminalistic trassology as a key branch of forensic science 

concerned with the identification and interpretation of trace patterns. The study 

integrates classical investigative principles with modern digital and 3D-based 

analytical tools, revealing how trace examination contributes to reconstructing crime 

events, verifying investigative hypotheses, and linking offenders to crime scenes. 

Through a synthesis of scholarly literature, field observations, and comparative 
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methodological analysis, the article evaluates the evidentiary value of material traces—

footprints, toolmarks, tire impressions, micro-scratches—and highlights emerging 

challenges associated with digital trace documentation, environmental degradation of 

traces, and the admissibility of trace evidence in court. Findings demonstrate that the 

methodological rigor of trassological examination significantly enhances the 

objectivity and explanatory power of criminal investigations. 

Keywords: Criminalistic trassology; trace evidence; forensic identification; 

toolmarks; footprints; digital documentation; crime reconstruction; forensic 

methodology. 

INTRODUCTION 

Criminalistic trassology has long been regarded as one of the foundational pillars 

of forensic science, primarily due to its focus on the detection, preservation, and 

analysis of material traces created through mechanical interaction between objects. 

Such traces—ranging from footwear impressions and toolmarks to subtle surface 

deformations—occupy a unique epistemological position within the investigative 

process: they arise involuntarily, cannot be fabricated without detectable 

inconsistencies, and preserve structural information capable of revealing the 

mechanism of a criminal act. As investigative practice evolves under the pressure of 

technological development, trassology must adapt to increasingly complex crime 

scenes characterized by mixed trace patterns, dynamic environmental influences, and 

the prevalence of digital surfaces. 

The significance of trassology lies in its ability to reconstruct discrete portions 

of an event that may not be captured through witness testimony or surveillance 

recordings. Every mechanical interaction, whether intentional or incidental, leaves 

measurable alterations—compressed soil, displaced fibers, incised metal, fractured 

substrates—that encode information about the interacting surfaces. This information, 

when decoded through scientific methods, provides insight into the identity, trajectory, 

speed, force, or orientation of the object responsible for the trace. In this sense, 

trassology serves not merely as an analytical discipline but as a methodological bridge 

between physical phenomena and investigative interpretation. 

Despite its long history, the field faces numerous contemporary challenges. The 

proliferation of synthetic materials and advanced manufacturing technologies has 

changed the morphological characteristics of trace patterns, complicating conventional 

identification approaches. Likewise, environmental instability—rain, wind, heat—may 

rapidly degrade traces, requiring immediate and sophisticated preservation tactics. 
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Digital technologies introduce both opportunities and risks: high-resolution imaging, 

photogrammetry, and 3D scanning enhance accuracy, yet algorithmic processing can 

inadvertently distort micro-level features critical for identification. The integration of 

digital tools thus demands new methodological frameworks to maintain evidentiary 

reliability. 

At the same time, courts increasingly scrutinize the scientific validity of expert 

conclusions related to trace evidence. In several jurisdictions, forensic disciplines 

rooted in pattern interpretation have faced procedural challenges, prompting trassology 

to refine its methodological transparency and strengthen its empirical foundations. 

Consequently, modern trassology must balance the preservation of traditional 

analytical principles with the adoption of empirically validated, technologically 

competent methods. 

LITERATURE REVIEW AND METHODOLOGY 

The literature on criminalistic trassology spans over a century, beginning with 

early works by Gross, Locard, and Reiss, who established the conceptual foundation 

that “every contact leaves a trace.” Locard’s principle remains at the core of 

contemporary studies, which continually reinterpret its implications under modern 

investigative conditions. Classical texts by Kutsenko, Konovalova, and Krylov focus 

on morphological classification, static and dynamic trace formation, and foundational 

identification techniques. 

In recent decades, scholarly attention has shifted toward digitization and the 

precision enhancement of trassological methods. Research published in Forensic 

Science International and Journal of Forensic Identification explores the micro-

topographical analysis of toolmarks, arguing that digital microscopy and 3D surface 

mapping significantly outperform traditional optical methods in terms of repeatability 

and measurable accuracy. Studies by Deininger and Ottens demonstrate how 

mathematical surface modeling enables objective comparison of complex tool 

impressions, reducing the subjectivity historically associated with such examinations. 

Footwear and tire impressions constitute another major area of study. Works by 

Bodziak and Kennedy highlight the evidentiary significance of class and individual 

characteristics in outsole patterns, while digital imprint databases facilitate rapid 

comparative analysis. Additionally, recent contributions discuss the challenges posed 

by flexible substrates, mixed trace layering, and the degradation of impressions over 

time, emphasizing the need for experimental studies on environmental effects. 
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A growing body of literature examines legal and methodological issues. 

Following several landmark judicial decisions questioning the reliability of pattern 

evidence, scholars have emphasized the importance of standardized protocols, 

validation studies, and transparent reporting. Houck and Siegel argue that the 

admissibility of trassological findings is increasingly contingent upon demonstrating 

methodological reproducibility and clearly defined error rates. 

The literature collectively suggests that criminalistic trassology is undergoing a 

methodological transformation driven by digital tools, evidentiary standards, and 

interdisciplinary collaboration. 

The methodology adopted in this study integrates theoretical, comparative, and 

empirical components. Initially, a detailed analysis of classical trassological principles 

was conducted to identify the foundational framework governing trace formation and 

interpretation. These principles were then compared with modern protocols outlined 

by European Network of Forensic Science Institutes (ENFSI), Scientific Working 

Group for Shoeprint and Tire Tread Evidence (SWGTREAD), and leading forensic 

laboratories employing digital tools. 

The empirical component was based on field observations conducted at 

simulated and real crime scenes. A sample of 60 trace objects—including footwear 

impressions, toolmarks on metal and wood, and tire tracks—was documented using 

traditional photography, digital macro-imaging, and 3D scanning. Each method was 

evaluated in terms of accuracy, reproducibility, and susceptibility to environmental 

interference. RAW image files were examined for pixel-level deviations, while 3D 

scans were analyzed using computational surface comparison algorithms. 

Investigators were also surveyed regarding their experience with digital 

documentation. The survey included questions on methodological confidence, 

perceived limitations of equipment, and challenges in presenting digital trace evidence 

in court. Interviews with forensic experts supplemented these findings with 

professional insights regarding error sources, chain-of-custody vulnerabilities, and 

interpretation pitfalls. 

The methodological aim was not merely to assess tool performance but to 

evaluate how different documentation methods influence the interpretative process and 

evidentiary reliability. 

RESULTS 

Results indicate substantial variation in evidentiary quality depending on the 

documentation technique. Traditional photography produced reliable macro-level 
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images but lacked micro-topographical depth, particularly on reflective or irregular 

surfaces. Digital macro systems captured greater detail but were highly sensitive to 

lighting, requiring controlled conditions to prevent specular distortion. In contrast, 3D 

scanning delivered the highest precision, enabling quantitative comparison of 

toolmarks and impressions; however, it introduced challenges related to processing 

time, data storage, and algorithmic standardization. 

Footwear impressions revealed consistent class characteristics across substrates, 

yet individualizing features—nicks, abrasions, wear patterns—were most clearly 

visible in 3D models. Tire impressions showed significant substrate dependency: on 

soft soil, lateral deformation masked small-scale details, while on dusted tile surfaces, 

even slight environmental disturbances altered impression integrity. 

Toolmark examinations indicated that digital microscopy allowed reliable 

differentiation between tools of similar manufacture, though algorithm-assisted 

enhancement occasionally created ambiguity when micro-scratches were amplified 

beyond their natural proportions. The study thus underscores the necessity of retaining 

unprocessed data to validate analytical conclusions. 

Survey results showed that 78% of investigators felt confident using traditional 

photography, but only 36% felt equally confident with advanced digital systems. Many 

reported concerns about defending digital evidence in court due to difficulties 

explaining algorithmic processes to judges and juries. 

DISCUSSION 

The findings reveal an inherent tension between the technological sophistication 

of modern trassology and the practical realities of investigative work. Advanced tools 

provide higher accuracy, yet their complexity may undermine evidentiary 

comprehension. Courts often regard traditional photographs as more intuitive, even 

when technically inferior to 3D records. This demonstrates that evidentiary reliability 

is influenced not only by scientific precision but by communicability and legal 

readiness. 

Environmental degradation emerged as a key variable affecting trace integrity. 

Rapid documentation is essential, particularly for transient traces such as footprint 

impressions in dust or moisture. This supports the argument that methodological 

discipline is indispensable: without standardized procedures, advanced equipment 

alone cannot guarantee evidentiary value. 

The study also highlights the epistemological challenge of pattern evidence. 

While trassology is grounded in mechanical laws, interpretation still requires expert 
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judgment. Thus, transparent reporting, validation studies, and error-rate disclosure are 

crucial for maintaining scientific legitimacy. 

CONCLUSION 

This research demonstrates that criminalistic trassology remains indispensable 

for reconstructing crime events and establishing links between offenders and crime 

scenes. Modern digital tools enhance analytical capabilities but introduce complexities 

requiring methodological refinement, expert training, and improved legal 

communication. The future of trassology lies in hybrid approaches that preserve the 

empirical strengths of classical methods while embracing validated technological 

innovations. 
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