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Editorial Introduction

Sign Systems and Technologies in Forensic Science

Dmitriy Mokhorov (<) (22 and Anna Mokhorova
Peter the Great St.Petersburg Polytechnic University (SPbPU), St.Petersburg, Polytechnicheskaya, 29,
195251, Russia

mokhorov@mail.ru

Abstract

The problem of forming a terminological apparatus, the ratio of natural and artificial languages in
Forensic Science are extremely important. Language as a system of means of expressing and
transmitting information about material and ideal objects and phenomena in forensic science is not
sufficiently researched but has recently received much attention in scientific literature. The collected
papers study the verbal means of expression - the development and clarification of the conceptual
apparatus, the formation of compound terms, or the use of abbreviations. Also, the emergence of
new terms is reconstructed, and possible directions of activity are proposed to adapt the language of
the forensic expert to the purposes of the judicial process. The interest in non-verbal sign-systems is
equally strong, starting with the ,,electronic tongue,* which permits the visual representation of the
composition of microscopic quantities of substances for criminological purposes. There are
discussions also of photographs and portraits as a set of visual signs, of face-recognition as a sign
identification system, of holograms, graphics, models. The means of expression in forensic science
are constantly changing, which is due to the rapid development of science and technology, changes
in technologies used by experts and investigators in the performance of procedural actions. Forensic
technologies are becoming more complicated, responding to the challenges of the present age by
borrowing major achievements from other sciences in the process of solving and investigating
crimes. The use of new technologies leads to the development of forensic capabilities in the
investigation and disclosure and linguistic representation of crime.

Keywords: Forensics; Sign System; Technology
Abstract

[MpoGnembl  GOpMHUpPOBaHMST TEPMHMHOJIOTMYECKOTO — arllapara, COOTHOLICHUsS €CTeCTBEHHOT0 W
UCKYCCTBEHHOTO SI3bIKOB B KPHMHUHAIUCTHKE 4YpPE3BbIUAlHO Ba)KHBL. SI3BIK Kak CHCTEMa CPEICTB
BBIDOKCHUSI M Tepefadd HHGOPMAIMM O MAaTepHAIbHBIX M WICAIGHBIX OOBEKTaX M SBICHUAX B
KPUMHMHAINCTHKE HAuYMHAET MHCCIIEOBaThCs. M3ywaroTcs Kak BepOaibHBIE (IPOMCXOAWT pa3BUTHE H
YTOUHEHHE NOHATHUIHOTO amnmapara, HCIOJIb30BAaHUS COKpAIIeHHH, OOOCHOBaHME IOSBICHUSI HOBBIX
TEPMUHOB, BBISBJIAIOTCS HAMpPABICHUS MO aJANTAlUH S3bIKa CyIeOHOr0 KCIepTa), TaK U HeBepOaIbHbIC
(97IEeKTPOHHBIH SI3BIK, MO3BOJSIFONINI BU3YaJbHO MPEICTABUTh COCTAB MHUKPOCKOITMYECKOTO KOJIMYECTBA
BEIIECTBA B KPUMUHOJIOTHYECKUX LEJIX, (PoTorpadus Kak CEeMHOTHYIECKAs CHCTEMa, JINI0 KaK 3HAKOBas
cucTteMa WJICHTHU(HKAIMM, TOJOrpaMMbl, rpadukd, wmoxenn u  ap.). CpencrBa BBIpaXEHUs B
KPUMHHAIACTAKE W CYAEOHOH SKCIIEpPTH3€ — MOCTOSHHO MEHSIOWIAsiCsl CHUCTEMA, YTO OOYCIIOBIICHO
CTPEMUTENbHBIM HAYYHO-TEXHUYECKUM IIPOTPECCOM, HU3MEHEHUSMU B TEXHOJOIHUSIX, MCIIOJIb3YEMbIX
9KCIEpPTaMH W CJIeJIOBAaTEISIMHA IPH COBEPIICHUH IpolecCyalbHbIX aedcTBuil. CyneOHble TEXHOJIOTHU
YCIIOXKHSIOTCS, OTBEYas HA BbI3OBbl COBPEMECHHOCTH, 3aMMCTBYS OCHOBHBIE JOCTHXKEHHUS HayK.
Wcnonp3oBaHne HOBBIX TEXHONOTHH BENET K PA3BUTHIO BO3MOXKHOCTEH CyIeOHOH SKCIIEpPTH3BI B
paccieJOBaHUU U PACKPBITHH, & TAKXKE JTMHTBUCTUYECKOMY IIPEICTABJICHUIO NIPECTYIIICHUH.

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License
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Sign Systems and Technologies in Forensic Science

The language of science is a complex multi-level system of signs used to perform
operations with information: its fixation, processing, storage and transmission. The sign
acts as a means of cognition of the surrounding world. In forensic science, sign systems
have been known for a long time, but serious research began only in the second half of
the twentieth century, and they are associated with the use of game theory, cybernetics,
symbolic logic and a number of means of other sciences in forensic science. They are
important for the formation of the terminological apparatus of science, on the one hand,
and the establishment of the truth in the implementation of practical actions, on the other
hand.

The terminology of forensic science is a set of terms and special signs that have
developed in the development of science and serve to express special concepts and
ultimately form the language of forensic science. It is expressed by certain signs and acts
as a means and a way of implementing scientific thinking through the use of a
combination of verbal (concepts, terms) and non-verbal (photographic, hologram, graph)
signs.

The development of sign systems in forensic science is implemented
simultaneously in several directions.

One of the interesting ones is the interaction of forensic science and semiotics in
the study of theoretical and methodological issues of forensic science. The direction is
not new, but in recent years there has been a particular interest in it. There are discussions
about main objectives of forensic semiotics and its importance to the study of crime.
Canadian polymath Marcel Danesi (2017) proposed to introduce a new discipline of
Forensic Semiotics that is located in a gray zone between natural science and hermeneutic
approaches (Hutton, 2016). Researchers propose to consider clues as information and
criminal investigative processes as inferential, and the process is influenced by
background knowledge sxcriepra u context (e. g., the scene of crime or the criminal law)
(Serensen et al., 2017).

Another developing area of the language of forensic science in connection with the
total digitalization of all spheres of life is the use of sign systems of cybernetics, with the
help of which the tasks of a forensic expert are formalized using information technologies.
Special algorithms and methods of computer technologies are offered for “reading” and
obtaining the information necessary for a forensic expert as quickly as possible (Al-Jadir
et al., 2018), languages of digital investigation platform are being developed (Sun, et al
2021).

Systems of symbolic logic, including fuzzy logic, are actively used to create models
and algorithms for investigating certain types of crimes, conducting specific
examinations, and deriving conclusions in an explanatory manner (Pasko & Terenchuk,
2020). Such systems are actively used in the investigation of cyber crimes, the analysis
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of digital data, the reconstruction of crime events. (Soltani & Seno, 2019), and the
analysis of evidence (Karafili et al., 2018).

Today, the development of technology not only enables the reading of latent signs
such as, for example, fingerprints, deposited on different nonporous surfaces like stainless
steel (Pavitra et al., 2020) or damaged fingerprints (Fattahi & Mejri, 2021). It also
increases the accuracy of interpretation, such as the origin of a sample of soil (Mayes et
al., 2009; Pitts & Clarke, 2020), and it makes objects “talk” that never before could claim
the role of evidence, such as insects (Amendt et al., 2004; Moreau, 2021).

This special issue of “Technology and Language” examines the cases of
interpreting the language of material objects that have undergone changes under
conditions of fire, establishes patterns of change in material objects and traces that have
undergone thermal exposure, and proposes technologies for obtaining reliable
information in the study of traces during fire-technical examinations (Latyshov et al.,
2021). New technologies for the analysis of chemically complex organic materials offer
a new language for representing the composition of a substance. The results of the study
(Kochemirovskaya & Kochemirovsky, 2021) include the development of new types of
matrices for the electronic tongue, which make it possible to visually represent the
composition of a microscopic quantity of a substance for criminological purposes.

Artificial languages in forensic science are also discussed in respect to modeling as
a special language that allows reproducing the events of a crime using various methods,
including digital technologies, and “telling the story” of what happened (Menshikov,
2021).

The problem of “translating” the conclusions obtained by the expert into a language
suitable for the investigator and the participants in the trial is raised, which arises due to
the fact that the expert, as a person with special knowledge, uses the system of linguistic
means that is accepted in his specialty. Based on practical experience, measures are
proposed to adapt the language of the forensic expert for the purposes of the judicial
process (Isaev, 2021).

A study of the Automated Expert Workplace as a tool of modern expert
technologies was carried out that allows solving many problems arising in the production
of forensic examinations, processing and storing evidence, which not only combines
various digital solutions for interpreting the results of an expert study, but also allows
presenting all stages of an expert's work for court and create documents in the required
form (Latyshov, 2021).

The advancement of digital technologies is taking the possibilities of using visual
language in Forensics to a new level. Many objects under study can be analyzed in the
form of photographs or videos using appropriate software tools. On the other hand the
widespread use of digital imaging devices for surveillance and entertainment (mobile
phones, compact cameras, etc.) has increased the number of images being recorded and
has multiplied the opportunities to analyse them for traces of criminal activities (Milliet
et al.,, 2014, p. 473). Technologies for identifying persons on such sources of visual
information are of particular importance for forensic science. The face becomes the
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central way of representing a person, replacing fingerprints (Leone, 2021) that have
played this role since the late 1910s, replacing Bertillon's system, which was a collection
of body measurements (Laws, 2020). Problems and opportunities in the field of visual
identification of a person are discussed in this issue under the heading of “Portrait
Expertise” (Khairusov, 2021).

Interestingly, the face, as an iconic visual sign of human representation, allows the
result to be “verified” by non-specialists, while evolving DNA identification methods
make it difficult for trial participants to understand the results. In general, in many cases,
there is a misunderstanding of the statistical digital results presented by the expert, and
currently there is a discussion about the need to standardize the Forensic Science Expert
Opinion (Casey, 2020; Kaye, 2019).

To be sure, digital photography appeals to the non-specialist but requires the
understanding of a specialist as a technology that records and reads signs on multiple
levels during various expert activities (Telyatitskaya, 2021).

Forensic technologies are becoming more and more complicated, which is
associated with the development of science and technology and the borrowing of major
achievements from other sciences in the process of solving and investigating crimes.

Since at present every scientific discipline is significantly influenced by modern
information technologies, forensic research gradually incorporates a wide range of digital
techniques and methods that allow with a high degree of reliability to detect and record
specific traces of various social activities that are considered dangerous to life and human
health or to the security of the state as a whole (Ali et all, 2018).

New problems in the field of forensic science are associated not only with the
development of the latest technological systems, but also with the fact that criminal
communities widely and effectively use in their illegal activities a variety of advanced
technical means such as programs for transferring funds of cardholders or techniques for
the creation of counterfeit currencies (lgnatov, 2020).

Responding to such specific challenges, forensic science is forced to develop a
system of technological approaches that allow it to uncover new types of crimes as well
as crimes that use new technologies, including Al. As such, forensic science is developing
a system of technological approaches to identify the traces of criminal activity in various
media, at crime scenes, and in the digital space of a modern developed society. (Metcalf
etal., 2017; Doty & Lednev, 2018).

Considering the issues of forensic technologies, it is important to designate the
essence of this concept. An overview of approaches to the definition of the concept is
presented in the article by Yulia Dyablova (2009). Forensic technology is characterized
as a necessary and effective set of techniques and methods for effectively obtaining and
studying traces of criminal activity that determine the involvement of a particular person
in the commission of a crime. Thus, forensic technology concerns two important aspects
of crime investigation. First, the technology of forensic research involves the practical
consolidation and fixation of traces and results of criminal encroachments.
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Secondly, it contributes to the formation of new theoretical approaches to the study
of criminal phenomena.

The technology of forensic science can be presented as a process that involves the
complex collection of material evidence, their consolidation in criminal procedural
documents, and further sequential forensic examinations. The great variety of technical
means and scientific methods allows forensic science to establish the objective
circumstances and characterize the central elements of criminal activities and represent
them in a system of signs.

Technology is playing an increasingly important role in Forensics today and does
most of the “talking” in the process. Researchers currently discuss the problem of the
reliability of “machine evidence” (Laguardia, 2020), sometimes calling the machine an
“accuser” rather than a faithful witness (Sites, 2018). Forensics is thus proving to be an
area where a correct understanding of the language of technology becomes critical.
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Abstract

When investigating crimes involving fire, it is necessary to assess the event of a crime and the circumstances
and to find the causes and spread of the fire, and the possible evidence supporting that the fire was used as
a means of concealing a previously committed crime, i.e. murder, burglary, etc. Forensic studies of the
objects damaged by the fire require the knowledge of theoretical aspects and the ability to detect and
evaluate changed patterns in handprints, shoe prints, traces of break-in tools and documents, rifling
impressions on bullets and shells that have been subjected to high temperatures. The paper outlines a list of
objects of forensic examination that are relevant to disclosing and investigating crimes involving fire.
During the course of the study the authors have reviewed the information available in forensic science
literature and conducted their own experiment. The authors propose additional guidelines on techniques
and methods for differentiating signs of thermal effects on traces and objects, evaluating the damage caused
by heat and assessing the results for their effective use in identification and diagnostic procedures. The
combination of the technologies used makes it possible to decipher the damaged language of traces.

Keywords: Trace Evidence; Forensic Studies; Fire; Thermal Effects

Abstract

Jn1st pacKphITHS M paccieoBaHus MIPECTYIUICHNH, CBA3aHHBIX ¢ MOXKapaMH, He00X01Ma OLEHKa caMoro
COOBITHS MOXKapa M €ro MOCIEACTBHH, IeJdb W NMpeIMeT AOKa3bIBaHWS (MPUYMHBI U MEXaHHM3M I0Xapa,
CIIOCOOCTBYIOIINE €r0 BOSHUKHOBEHHUIO YCIIOBHS, HCIIOIB30BaHHUE MOXKapa, Kak CPEACTBA COKPHITUS paHee
COBEPUICHHOTO MPECTYIUIeHns1 — yOuiicTBa, KpaKM CO B3JIOMOM M 1p.). sl KpUMHMHAIMCTHYECKHX
UCCIIe/IOBaHUH OOBEKTOB, TO/BEPTIIMXCS U3MEHEHMSM B YCIOBHSX IMOXapa, HeoOXoauma HpopadOTKH
TEOPETHYECKHX ACIEKTOB, BRIABICHNS 3aKOHOMEPHOCTEH H3MEHEHHSI CIIEIOB PYK, O0YBH, OPYIHH B3JI0Ma,
CJIEJIOB OPY>KMs HA IIYJISIX ¥ THJIb3aX, JOKYMEHTOB U €70 PEKBU3UTOB 10/ ICHCTBUEM BBICOKUX TEMIIEPATYD.
C yueTom noTpeOHOCTEH MPAKTHKH PACKPBITHS U pacCiieI0BaHus IPECTYIIEHUH, CBA3aHHBIX C OXKapaMH,
BBIJIEJICHA aKTyallbHasi TIpyIa OOBEKTOB KPUMHHAIMCTUYECKHX OJKCIIEpTH3. B pemeHnn 3amaun 1o
BBISIBJICHHIO 3aKOHOMEPHOCTEH M3MEHEHHUsS] MaTepHabHBIX OOBEKTOB M CIIEI0OB HA HUX MO JeHcTBHEM
BBICOKHX TEMIIEpaTyp aBTOpaMH 0000IIeHbI MMEIOIIUECS B KpUMUHATUCTHYECKOH JIUTepaType CBEJCHUS,
NPOBEZEHBl COOCTBEHHBIE AKCIIEPUMEHTAJIbHBIC HCCIIeI0BaHNI. BHeceHo mpenokeHne OMOIHUTH
METOJIMKH 3KCHEPTHOTO HCCIIEIOBAaHUS PEKOMEHJalMsIMH O TIpHeMax M MeToxax auddepeHnmanmn
MIPU3HAKOB TEPMHUYECKOTO JICHCTBHA B Clie1aX Ha 00bEKTaxX, MPON3BOICTBA H3MEPEHNI BHOCUMBIX TETIJIOM
W3MEHEHUH, OLICHKU TaKMX U3MEHEHMM B KOHTEKCTE BO3MOKHOCTH MCIIOJIb30BaHUS CIIEOB B PELICHUMU
MACHTU(QHUKAIMOHHBIX M JTUATHOCTHYECKUX IKCIIEPTHBIX 3a/1a4.
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Forensic Studies of Trace Evidence Altered by Fire

Oftentimes, items found at the scenes of the fire bear trace evidence, such as traces
of weapons, tools and other objects used in the process of committing the crime as well
as traces of the culprit himself. Traces of crimes are signs that make up a special language,
which requires special knowledge to read. According to Peirce's classification, traces are
signs-indices (Peirce, 1932, pp. 391-426). (Gaspard, 2021) sees the possibility of applying
the concepts of “terms”, “propositions”, and “arguments”, which allows to consider the
tasks of forensic investigation as a linguistic logical task. For example, a forensic
procedure such as physical match or end match (the realignment of two or more objects
to prove that they at one time formed a single object) (Brooks et al., 2020) can be
considered a disjunction In the event of a fire, meanings must be derived from signs that
are damaged. Nowadays, one of the main objectives of forensic science and forensic
examination is to develop technical tools and methods that can be used for detection,
recording, extraction and research of trace evidence affected by fire. However, there is no
comprehensive solution to this problem.

The current state of forensic research of objects altered by thermal effects of the
fire reveals that the main issues are determined by the currently established
methodological approach of ensuring the disclosure and investigation of crimes involving
fire. The main goal of this approach is to assess the event of the fire and its consequences,
which also means finding evidence.

In the context of an investigation or search operation, the fire is described as the
result of deliberate or careless actions that leads to the destruction and damage of property
as well as death. It is often used to hide trace evidence of a previously committed crime,
for example, murder, burglary, etc. A fire can also be the result of natural phenomena (a
lightning strike, etc.). Lastly, fires can be caused by law enforcement operations that
localize and disband armed gangs and terrorists (pyrotechnics, specialized models of
small arms and ammunition, etc.).

This approach to the fire assessment was taken into account when determining
different fields of studies and scientific bases of forensic studies of objects extracted from
the fire scenes.

First of all, it is necessary to mention the specifics of forensic analysis in fire
investigation. It includes establishing the cause of the fire, the area of its origin, the
direction of flames spread, the time and temperature of thermal exposure, finding
flammable and combustible liquids in the fire origin, calculating the weight and volume
of burned and charred substances and materials.

Biological objects that have traces of thermal and chemical effects of the fire such
as a person’s body or an animal carcass are subjected to forensic medical examinations.
The purpose of these examinations is to determine the cause and time of death; the nature
of found traces, how they were formed and if they were formed before or after death; the
M.O. of the committed crime; to analyze the victim's blood type and match it to the blood
found at the crime scene, during searches of suspects or on furnishing and clothing; to
investigate the possibility of committing murder and then destroying the body in a certain
place and at a certain time; to establish the sequence of when the death and fire occurred,;
to examine the chemical composition of the victim’s bone remnants and then match it to
the chemical composition of the bones typical for a person of that sex, age, physique and
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other individual characteristics which is then used as a basis for identifying the person; to
match hairs found at the crime scene to a specific person.

Forensic investigations of the objects collected from the fire sites are conducted in
order to detect conventional trace evidence such as human traces (handprints, footprints),
shoe prints, traces of break-in tools, firearm traces, etc. However, the current state of
expert forensic investigation of the objects altered by the fire appears to be significantly
less developed in comparison with forensic science in fire investigation and forensic
medicine. Its application is mostly limited to solving certain issues with detecting
handprints (Dashko, 2018, pp. 92-95); experiments with weapons damaged by the fire
and their firing capabilities (Astapov, 2013, pp. 93-94); studying the nature of thermal
damage done to clothing, as well as the thermal source and its temperature (Mailis, 2014,
p. 103); studying burnt and charred banknotes (Sosenushkina, 1996, pp. 49-55),
chemometric applications related to the analysis of ignitable liquids and fire debris
(Sigman & Williams, 2020; Vergeer et al., 2020).

This negatively affects the quality of forensic investigation of the objects that have
been altered by the fire, and limits the effective use of its results when establishing truth
in court. Therefore, there is a need for a comprehensive solution for various areas of such
research.

1. First of all, in theoretical terms, it is necessary to determine the nature and subject
of forensic studies of trace evidence that has been altered by the fire.

The authors suggest that, in order of priority, this type of studies relies on theoretical
knowledge in forensic science, the theory of forensic examination (forensic expertology),
forensic examination and its various aspects (traceology, fingerprint analysis, forensic
ballistics, technical examination of documents), forensic analysis in fire investigation and
other engineering and physical sciences.

Knowledge and deep understanding in the mentioned areas will ensure higher
success rate in detection, analysis and use of forensically significant information about
objects and traces subjected to thermal effects in the fire in order to establish the
circumstances of a crime. This knowledge covers the objective needs for investigating
and disclosing crimes in practice.

In terms of forensics, this scientific knowledge allows us:

—to study the change patterns in traces and objects that have been exposed to the
fire under various conditions, as well as the process of damage formation on objects and
traces during the fire;

—to give an expert assessment of changes in the appearance, structure of objects
and traces;

— to determine the possibility of expert identification of the criminal by handprints,
shoe prints, identifying the firearms, tools and other items used in the crime;

—to resolve issues of a diagnostic nature, including complex forensic examinations,
aimed at establishing the process and circumstances of the crime.

It is noteworthy that each type of forensic examination has its own objects, traces
and methodological approaches to solving expert problems. At the same time, the thermal
effect on the objects and traces on them makes it possible to separate the forensic study
of the objects damaged by the fire into a separate group. Taking into account the current
state of conducting forensic examinations, it would be reasonable to add the following
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items to the number of thermally affected objects and traces constituting those signs that
can be read :

—small arms and their marks on bullets, gun shells and obstacles;

— traces of break-in tools and shoes, mechanical damages to items of clothing, etc.;

— traces of hands and bare feet;

— documents with traces of thermal effects on them.

Evidently, forensic ballistics studies damaged objects, i.e. small arms, cartridges,
bullets, shells, shot marks. Traceological examinations study changes and damages
inflicted by the fire to break-in tools and the traces they leave, mechanical damage to
clothing, track traces left at the crime scene and so on. Forensic fingerprint analysis study
damaged handprints on various surfaces, including Molotov cocktails, as well as
handprints hidden under a layer of soot. In the forensic document examination, important
results can be obtained by examining documents damaged by the fire, restoring their
contents and studying damaged records, seals, etc.

Overall, forensic research of trace evidence altered by the fire studies and assesses
the patterns and traces under various conditions of exposure to the fire, and studies their
effectiveness in identifying objects, establishing the circumstances of the event of a crime.

The main subject of research of trace evidence altered by the fire are the facts and
circumstances established by means of this examination that are used to identify objects,
to determine the circumstances of a crime, while taking into account the impact of the fire
on the objects under study.

2. In terms of application, the development of forensic studies of trace evidence
altered by the fire requires solving problems of identifying change patterns in objects and
traces on them, determining the effectiveness of using these traces in identification and
diagnostic processes.

Identifying and explaining the change patterns in traces (i.e. handprints, shoe prints,
traces of bullets, shells, etc.) relies on fire being described as a physicochemical process.
This fact creates a need to analyze the damaging aspects of the fire, their influence on a
specific object and trace. Understanding these aspects is crucial for identifying these
patterns and interpreting them in order to solve any given task.

With regard to individual objects in the forensic literature, there is data on the nature
of the change in an object under the influence of high temperatures, the dynamics of
changes in traces and the preservation of their morphology in the context of the
subsequent use of traces for solving identification and diagnostic problems.

According to the observations made by V.D. Katorov and L.V. Dashko's handprints
of the criminal can often be found on the shards of glass that made up a Molotov cocktail
used to commit arson. However, such traces usually are undetectable visually. An
exception is the situation where handprints are left on the outer surface of a glass bottle
with a thin layer of gasoline. When the gasoline burns, handprints can be seen with a
magnifying glass. Barely visible handprints on the glass surface of a bottle after its
breaking can be detected with cyanoacrylate vapors (Katorov, 2017, pp. 58-64). After
such procedures, it is possible to conduct forensic identification.

Scientific literature describes many studies on forensic identification and study of
handprints at the scene of fire (Ivashkova, 2019, pp. 117-120) (Fig. 1)

11
soctech.spbstu.ru



Technology and Language TexHosnoruu B uHdpochepe.
2020. 2(2). 8-15
https://doi.org/10.48417/technolang.2021.02.02

Figure 1. Detected‘handprints’ that were left on gilai\ed ceramic tiles under a layer of
soot (temperature — 4500 °C, time of exposure to heat — 15 min;
a fire hose was used to extinguish the fire)

The forensic assessment of small arms seized from fire sites, as well as the
assessment of rifling impressions is discussed in a number of scientific works by 1.V.
Latyshov (Latyshov, 2012, pp. 61-64; Latyshov, 2015, pp. 50-59).

The results of the study have shown patterns and correlations between changes in
bullets, shells, rifling impressions and various temperature regimes, the duration of
exposure to fire. The changes that were tracked included the appearance of oxide films or
mill scales of different color and structure, the destruction of rifling impressions, the
influence of these changes on the possibility of identifying the weapons (Fig. 2).

According to S.E. Kazakova, in the study of the physicochemical properties of
documents, there are 4 transition stages depending on the temperature (Kazakova, 2013,
pp. 74-81): drying — up to 150 °C; charring — 150-200 °C; incineration —200-500 °C;
ashing — 500-800 °C.

However, the results of the study do not cover the whole variety of cases of changes
in the trace evidence altered by thermal effects of fire. A considerable part of the objects
and traces generally remain without due attention, which requires conduction of
experiments and observations of their changes under high temperatures.

In this aspect, there are experiments planned that will study a group of objects
mentioned higher: small arms, rifling impressions on bullets, shells and obstacles; traces
of break-in weapons, shoes and mechanical damage to items of clothing; handprints and
footprints; documents and their attributes.
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Figure 2. Changes recorded in bullets fired from a 9 mm Makarov pistol that were
subjected to high temperatures (temperature — 250, 500, 750 and 10000 °C,
exposure time to heat — 10, 20 and 30 min.)

During the simulation of fire in experiments, the varied parameters should include
the object material, the time and temperature of exposure to fire. The results obtained
during the study make it possible to explain the change in objects and traces, to assess the
nature of traces and the effectiveness of using such evidence in identification and
diagnostic procedures.

3. As for the methodological side of the problem, there is a need to design guidelines
for conducting expert studies of trace evidence altered by fire and to integrate these
studies into other expert procedures. It is also necessary to provide appropriate technical
solutions for this research.

The authors propose developing a set of guidelines on techniques and methods to
add to the current structure of expert research used in forensic examination. These
methods include differentiating signs of thermal effect in traces and objects, making
measurements of the changes caused by heat and assessing these changes in the context
of using the results in identification and diagnostic procedures.

The development of expert methods for forensic research of objects altered by the
fire is directly linked to the technology used for such examinations. For example, there is
currently a need to determine the full scope of necessary technical means, equipment and
software that make the identification and analysis procedures of the nature of trace
evidence possible.

In the authors’ opinion, certain stages of forensic studies of trace evidence altered
by fire can be carried out by prior agreement in specialized laboratories for forensic
analysis in fire investigation. This allows using such equipment and tools as a muffle
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furnace, specialized metal cases for conducting fire tests, etc. It is also necessary to use
specialized outdoor test sites for fire tests.

An example of using specialized knowledge in investigating crimes involving fires
is the compound forensic expert studies or a complex of forensic examinations.

In the course of developing technical and forensic tools and methods that can be
used for detection, recording, extraction and research of trace evidence altered by fire, the
authors obtained a patent for a utility model. The patent is given for a portable device
which can detect and record traces left on unpainted metal surfaces coated with industrial
oil (Pakhomov, 2014). In practice it opens up new opportunities for identifying footprints
in industrial facilities that have been exposed to the fire.

The forensic research of trace evidence altered by the fire can be upgraded by
determining the nature and subject of such research, finding change patterns in objects
and traces on them inflicted by high temperatures, adding guidelines on techniques and
methods for differentiating signs of thermal effects in traces on objects, making
measurements of changes caused by heat, assessing the results and evaluating the
effectiveness of identification and diagnostic procedures. The combination of the
technologies used makes it possible to decipher the damaged language of traces.

The guidelines and suggestions proposed by the authors for the development of
forensic research of objects altered by fire include an integrated approach which increases
the efficiency of disclosing and investigating crimes involving fires.
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Abstract

The information on the chemical composition of biological food mixes cannot be adequately received and
submitted by traditional chemical analysis methods. The Electronic Tongue technology, composed of non-
selective sensors, offers a modern language of submitting information on the composition of mixes. Sensor
data are mathematically processed and visualized in the form of spatial clusters on the plane of the
component coordinates chosen. At the same time the materials used for the sensors play an important role,
and the bimetallic microstructures provide distinction of their electrocatalytic responses to the mix
composition analyzed. Whereas each separate response is not informative, the cumulative signal forms a
mathematical image of the system. The authors offer a new laser method of synthesis of sensor-active
micro-composite materials, solid-state bimetallic solid solutions and two-phase ones. Their microstructure
is investigated by the methods of the X-ray phase, and electronic and microscopic analyses. The
measurements in electrochemical cells show the presence of electrocatalytic activity and selectivity of new
materials in relation to the human blood components. The method used allows to “draw” using a laser beam
on the dielectric substrate of the micro-composite structure of a necessary configuration. The authors offer,
according to the principles of the functioning of the electronic tongue, a new family of an
electrocatalytically active nanomaterial that will allow to create new types of sensor matrixes and to expand
the electronic tongue scopes.

Keywords: Electronic tongue; Electronic nose; Criminalistic analysis; Laser deposition;
Analysis of physiological liquids; Micro-composites; Electrocatalytically active materials

Abstract

WNubopMmanus 0 XUMHYIECKOM COCTaBe OMOJOTHYECKHX CMECEi He MOXKET OBITh aJeKBAaTHO IMOJydYeHa H
Mpe/CTaBICHa TPAJUIMOHHBIMU METOJAMU XUMHUUYECKOIO aHaiu3a. TeXHOJOrus “DIEeKTPOHHBIN S3bIK”,
cocTosIIasi U3 Hen30UPaTEeNbHBIX NaTYMKOB, — 3TO COBPEMEHHBIN S3bIK MPEJCTABICHUSI COCTaBa CMECeH.
JlanHble ceHCOpa 00pabAaTHIBAIOTCS MATEMATUYECKH W BH3YAIM3UPYIOTCS B BHIE MPOCTPAHCTBEHHBIX
KJIACTEPOB HA IUIOCKOCTH BBHIOPAHHBIX KOMIIOHCHTHBIX KOOPJMHAT. MaTepHallbl, HUCIHOIb3yeMBbIC IS
JIATYUKOB, HTPAIOT BAXKHYIO POJIb, & PA3INYHsI OMMETAUTMIECKONH MUKPOCTPYKTYPBI 00ECTIEUNBaIOT pa3HbIE
3JIEKTPOKATATUTHYECKUE OTKIMKH Ha aHaM3UpPyeMbId cocTaB cMmecH. KakIplil OTHEeNbHBIM OTBET HE
WHQOPMATUBEH, COBOKYIHBIH CHTHAI (OpPMHUPYET MaTeMaTHYeCKHid 00pa3 CHUCTEMEL [IpeanoxeH
Ja3epHbIA METOJI CHHTE3a CEHCOPHO-aKTUBHBIX MUKPOKOMIIO3MIIMOHHBIX MaTepUaJiOB, TBEPAOTEIbHBIX
OMMEeTaUTMYECKUX TBEPHABIX PAaCTBOPOB M NBYX(a3HbIX. VX MUKPOCTPYKTypa HCCIeAOBaHA METOJaMHU
PEHTTeHO(a30BOT0, AMEKTPOHHOTO U MUKPOCKOIMMYECKOTO aHAN30B. VI3MEpEeHUs B 3ICKTPOXUMHYECKIX
s;lYeKax TOKa3bIBAIOT HAJIWYME OJIEKTPOKATAIUTUYECKONM aKTUBHOCTH M CEJIEKTUBHOCTH HOBBIX
MaTepHuajoB TI0 OTHOUIEHWIO K KOMIIOHEHTaM KpOBH uYeloBeKa. VICMmonb3yeMblii METOJNl IMO3BOJISIET
“HapuCcOBaTh’ JIA3EPHBIM JIy4OM HA IUAIEKTPUYECKON MOIIOKKE MHUKPOKOMIIO3UTHYIO CTPYKTYDY.
ABTOpBI TIpeuIaraloT HOBOE CEMEWCTBO 3JIEKTPOKATAJIUTHUECKH aKTUBHOTO HaHOMaTepHasa, KOTOpoe
MO3BOJIUT CO3/1aBaTh HOBBIE TUIIbI CEHCOPHBIX MATPUIl U PACIIUPATH BO3MOKHOCTH JIEKTPOHHOT'O SI3bIKA.

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License
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Laser Method of Micro-Composite Materials Synthesis for
New Sensor Platforms of an “Electronic Tongue”

INTRODUCTION

The history of chemical sensors since the early 20" century has been a story of
searching selective sensors (Vlasov, 1997).

Selectivity is a cornerstone of chemical express analysis. The need for such sensors
Is huge in the analysis of flowing or stationary systems in the field conditions where there
IS no opportunity to conduct a test preparation, particularly in applied criminalistics.
However, a very limited number of chemical sensors have been really selective so far.
And by the late 20" century there appeared in the world of science a clarity of the fact
that the infinite variation of sensor-active materials will not lead to the problem solution.
In the late 1990s the new concept of sensor application, consisting in the creation of
devices in the form of massif non-selective sensors with special mathematical data
processing on the basis of methods for image-recognition, was offered (artificial neural
networks, chemometrics, Bayes networks, etc.). This concept imitating human organs of
touch was implemented when developing such analytical tools as the “electronic nose”
(Gardner & Bartlett, 1994) and the “electronic tongue” which were introduced in sensor
analysis in 1995 as a result of joint Russian-Italian researches (Vlasov, et al., 2005; Legin,
etal., 1999).

The sensation of taste, for example, consists of five main criteria: acids, salinity,
bitterness, sweet and the taste of L-glutamates (“umami’). Tasting food or drinks, people
sense the taste with flavoring receptors located on the tongue. Each flavoring receptor
reacts to several chemicals at the same time, thus analyzing the foodstuff. That is, the
flavoring receptors exhibits low or, so-called, semi-selectivity, but not “rigid” or high
selectivity. High selectivity means an unambiguous compliance of a signal of a receptor
to one certain chemical. Microscopic flavoring receptors consist of approximately 50-100
cells each enabling the person to distinguish even the taste of small drops or food
fragments. Research of the mechanism for the reception of flavoring substances how that
the information on components of food mixes that is perceived by flavoring receptors is
then transferred to taste nerves as a result of releasing neurotransmitters and, at last,
reaches the taste area of the brain which processes a cumulative signal from the group of
semi-selective receptors and forms a cumulative idea of the foodstuff taste.

It is almost impossible to measure the taste of products containing several hundreds
of flavoring substance types by methods of traditional chemical analysis. In order to
describe taste sensations, the person uses such concepts as "sweet™, "not really sweet",
"bitterish”, "sweet-sour", "a little salty", "very salty", etc. Apart from analysis complexity,
there are some interactions between different tastes and between flavoring substances.
For example, coffee bitterness is suppressed with sugar addition (Trivedi, 2012; Adler, et
al., 2000).

How to digitize sensations of the human tongue, and to make them suitable for
quantitative chemical analysis? That is, to translate them into the language of analytic
chemistry in order to be able to apply them in automatic production control, medicine,
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criminalistics, etc.? The "electronic tongue™ microsensors are, first of all, created for these
purposes.

Molecular and cellular biology research of taste perception was transformed, at
first, to sensor technologies for identification and quantitative assessment of the taste of
food mixes. It was made to lower a subjective factor in the work of tasters and expert
juries.

However, the aim of the new field of analytical chemistry is not limited to the
problem of taste recognition. The electronic tongue, proposed in 1995, is already
positioned as the sensor used for analyzing any solution consisting of a complex structure
by using massif nonspecific chemical sensors and image-recognition (Ghasemi-
Varnamkhasti, 2010; Winquist, 2008).

The first patent for the taste sensor was filed in 1989 (Hayashi, 1990). It represented
the system of multichannel electrodes using a lipidic and polymeric membrane as a
primary converter. In order to create electronic tongues, further development of this
science led to the commencement of using both other materials of primary converters,
and various methods of chemical analysis. Vinkvist and Lundstr reported on a
voltammetric electronic tongue in 1997, and, then, developed a hybrid electronic tongue,
having united measurement technologies of potentiometrics, voltammetry and electric
conductivity (Winquist, 2008; Winquist, et al., 2000).

A.V. Legin and his colleagues applied solid-state ion-selective electrodes on the
basis of chalcogenide glass to the electronic tongue for the first time (Vlasov et al., 1994),
and presented some examples of applying the system for analysis of foodstuff and the
quality of drink, including wine and mineral water (Verrelli, et al., 2007; Legin, et al.,
2003). For this, they processed the signals of primary and secondary converters by
mathematical methods of chemometric analysis.

The difference of the electronic tongue from traditional mono-component sensors
is that in its basis there is a new method of mathematical processing of a cumulative signal
of groups of sensors. Each sensor which is part of the electronic tongue package cannot
possess high rates of sensitivity and selectivity for the components measured, but the
cumulative signal of such sensor families bears some additional information on the
structure of the system which cannot be received using each sensor separately (Vlasov, et
al., 2000).

The result received can be easily visualized in a 2D or 3D graphic model in the
coordinate system chosen. That is, in this field we observe symbiosis of a visual image,
digital model and verbal description of the system structure. It greatly simplifies a number
of analytical and expert objectives as a visual image often simplifies verbal descriptions.
In addition, a set of digital and visual data enables to model the following stage of human
nervous system work: processing of the information store by the brain which functions
are executed by highest level software. And, then, to turn to sending commands to
actuation mechanisms and devices.

The modern Electronic Tongue is a new type of sensor platforms which are actively
developed by leading research laboratories of the world. Similar sensor platforms
received their names by analogy with natural prototypes — the human tongue and the
human nose (the electronic nose for gases).
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In some works (Winquist, 2008; Winquist, et al., 2000) six types of metal electrodes
are used for receiving voltammetric and potential responses, and chemometric analysis
of principal components (PCA) is used for analyzing the data obtained.

Chemometrics is a synthetic discipline located at the interface of chemistry and
mathematics. It enables to realize difficult algorithms of data processing, in particular,
the results of multiple-response and multiple-factor experiments. In turn, with the
development of chemometrics, producers of measuring devices started to actively create
the equipment capable to perform measurements in the form of multidimensional
datasets, but not that of a single digital file or value (Rodionova, 2006).

In chemometrics there are some widely known methods:

ANN (Artificial Neural Network),

DASCO (Discrete Analysis with Short Covariation Matrix),

INLR (Implicit Nonlinear Latent Regression),

PARAFAC (Parallel Factorial Analysis),

PAT (Process Analytical Testing),

PCA (Principal Components Analysis),

PCR (Principal Components Regression),

PLS (Projection to Latent Structure), etc.

Chemometric methods are already implemented into expert and criminalistic
practice. For example, in judicial and technical environmental assessment (Johnson, &
Ehrlich, 2002) and judicial technical assessment of documents (Gorshkova, et al., 2020).
In the latter work, the dates of the actual performance of document details are transformed
to the drawings of spatial clusters on the plane of the chosen component coordinates. In
the absence of such representations, experts would face a difficult problem of verbal
description of the results obtained to unaccustomed listeners. Demonstrating a visual
picture of chemometric clusters, for example, during a court session will help the judge
understand the logic of the expert who drew a conclusion by the measurement results. So
far, unfortunately, legal proceedings have not adapted such form of the argument yet and
prefer to rely on verbal images and concepts, but, we believe, it is a question of the near
future, since scientific and technical progress will force the parties to proceedings to
master this "language”.

The most frequently used method of mathematical processing of the electronic
tongue signal is a chemometric method of principal components (PCA) (Malinowsky &
Howery, 1980; Tauler & de Juan, 2006).

One of the main requirements to "electronic tongue” elements is their extreme
smalless. Even dozens of various sensors assembled in a "package" are to allow analyzing
the microquantities of substances. It is relevant in medicine and criminalistics, first of all,
where it is often necessary to analyze trace quantities of some substances, e.g., blood, in
the express mode (Petersen, 1996).

Another important requirement is good conductivity. Sensor materials, conducting
badly, create additional problems when designing electronic schemes and devices and
add a measurement error (Smikhovskaia, et al., 2019).

The best results are shown with hetero-phase micro-composite materials. Homo-
phase metal deposits possess little lower indicators of sensitivity and selectivity than
materials consisting of two and more phases. It is shown most distinctly for the
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manganese systems capable to work as an “electronic nose" (Fig. 1) (Baranauskaite, et
al., 2019).
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Figure. 1. The components of a cumulative signal of the molybdenum-oxidic sensor in
gas mix of ammonia, hydrogen sulfide and vapors of acetic acid (Baranauskaite, et al.,
2019).

Developing new methods to produce new micro- and nanocomposite materials is
very important to solve the above-mentioned problem. It is known that composites have
unique electric and electrocatalytic properties which makes them promising for creating
various electrochemical sensors. There is a set of methods which can be applied to the
production of such materials, however many of them have essential shortcomings related
to using expensive reagents and difficult procedures of synthesis. The method of Laser-
Induced Chemical Liquid-Phase Deposition (LCLD) has none of these shortcomings.
Here, metal restoration comes from the localized volume of solution of electrolyte in the
focus of a laser beam. It leads to formation of micro-dimensional metal tracks and clusters
with an advanced surface on the surface of semiconductors and insulators of various types
(Kochemirovskaya et al., 2020).

The article describes the authors’ experience of creating a new type of
voltammetric sensors that meet all requirements of platforms like the “electronic tongue™
on the basis of metal one- and two-phase alloys of copper with various metals by method
of laser synthesis. Their conductivity, sensitivity and selectivity to some components of
human blood are tested, since it is supposed to be used for criminalistic purposes first of
all.
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MATERIALS AND METHODS

The device for laser synthesis of numerous micro-dimensional, invisible to humans,
sensor-sensitive bimetallic micro-tracks is presented in Fig. 2.
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glass beam splitting cube
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Figure 2. The technological scheme of laser synthesis of bimetallic micro-composites
with high electrocatalytic activity

According to the scheme, the beam of the solid-state laser enters a system of
collimating mirrors, then the beam-splitting cube, and further, via the transparent quartz
glass of a cuvette and the solution on the dielectric substrate such that on the dielectric-
solution border the beam is focused in a spot of 5-10 microns in diameter by means of the
8" fold lens on the interface. The beam reflected from the substrate passes, in reverse
order, via the solution, quartz wall ditches, lens. Then, on the beam-splitting cube it splits
in such a way that a part of the radiation reaches the webcam via the focusing system -
where the webcam is used for observing the process of the deposition of metal in situ and
on the monitor screen can be seen the process of focusing the initial beam on the
substrate,. The dielectric and solution of electrolyte are placed on the motorized motion
operated by the controller. In order to submit the operating commands with a personal
computer, Standa Ltd software is used. The computer monitor is also reached by the
information from the webcam by which the process is fixed in real time.

Laser radiation simultaneously activates the dielectric surface and accelerates the
reaction of metal coating in the irradiated area. It occurs due to the increase of temperature
in the local volume which is in focus of the laser beam in a consequence of two-photon
processes (Kochemirovsky, 2014).

High intensity of focused radiation creates a local area of big temperature and
concentration gradients, therefore the deposition has a localized nature: the width of the
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conducting tracks is in the interval of 50-250 microns. That is, it is possible to apply more
than 150 sensor sensitive elements, 2 mm long each, on 1 sq.cm of the dielectric isolating
material surface. Such geometrical parameters are optimum to create an electronic
tongue.

The solutions used for laser deposition of micro-dimensional electrochemical
sensors simultaneously contain the solutions of chlorides of copper and metals: cobalt,
nickel, iron and zinc, xylitol reducer, organic sodium-potassium tartrate ligand and pH
regulator. Compositions of solutions and concentration of components of basic solution
are in Tab. 1.

Table 1. Composition of basic cupriferous solution for laser synthesis of bimetallic
micro-composites
Component Concentration, M
Copper source: CuCl, 0.01
Ligand: sodium-potassium tartrate 0.033

Acidity regulator: NaOH 0.1
Reducer: xylitol 0.075

The EDX analysis of the microstructure of samples was conducted by means of a
scanning electronic microscope of Zeiss Supra 40VP with a field (Field Emission)
cathode, column electronic GEMINI optics and completely oil-free vacuum system with
an operating mode with low vacuum (VP).

The X-ray phase analysis of the synthesized structures was conducted with a Bruker
"D2 Phaser" diffractometer with the copper anode and solid-state position sensitive
detector of reflected LYNXEYE X-rays. The angle of diffraction was changed from 0 to
100 degrees.

The measurements of voltammetric characteristics of electrochemical cells were
taken with a R-301 ELLINS potentiostat, in the background solution of 0.1 M Na>SOa.
The length of the metal tracks synthesized by means of the laser-induced deposition
method was 2 mm.

For the measurements, the cell working according to the three-electrode scheme
was used.

As a contact with micro-tracks received on the surface of the glass-ceramic chip,
the copper electrodes were put with the laser ablation method or conducting Kontaktol
glue on the basis of silver.

RESULTS

In traditional research of metal structures, synthesized by method of laser
deposition, width-power dependence is used as a criterion for the determination of
deposition speed. In this case, this parameter also receives a special importance because
one of the aims of the research is to create the sensor platform of the electronic tongue
and, consequently, we face the problem of maximum miniaturization of the sensor while
simultaneously maintaining high conductivity.

There is copper, a basic metal for all sensor and active precipates studied and metals
forming with copper various types of phase diagrams, cobalt (the diagram forming in a
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eutectic manner), nickel (unlimited solubility in a strong and liquid state), iron (the chart
of eutectic type with wide concentration areas of solid solutions) and zinc. The similarity
of the copper-iron and copper-cobalt charts consists in the eutectic nature of interaction,
the distinction is in the presence of wide concentration areas of solid solutions of metals.
The similarity of the copper-nickel and copper-zinc charts consists in available wide areas
of chemical interaction in the form of solid solutions, but, simultaneously, in case of the
copper-zinc chart there are chemical compounds of structures of CuzZn, CusZng, CuZns
(Kochemirovskaya et al., 2020).

Fig. 3 represents graphic dependence of the deposited structures’ width on the
power of laser deposition.

It is apparent from all four graphs represented in Fig. 3 that the introduction of
additives promotes miniaturization of the deposited structures, since, while increasing the
power of laser radiation, the width grows much less when additives are introduced.
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Figure 3. Linear approximations of dependences of width of the copper
structures deposited from solutions with additives on the power of laser radiation of
deposition (Smikhovskaia et al., 2018).

Miniaturization is easily achievable with the help of metals that interact with
copper in a eutectic manner (particularly, cobalt and iron), i.e., potentially forming hetero-
phase sensor sensitive materials of the electronic tongue. l.e., actually, the problem of
reproducing the complex structure of the tongue receptors on the basis of available
inorganic cheap materials is solved.

Nevertheless, as a result of metal additives, there is an insignificant increase in
electrical resistance of precipitation received from solutions with the additives in
comparison with purely copper structures.

The data of scanning electronic microscopy demonstrate that the precipitation
consists of particles of 50-200 nm in size. The average size of the particles does not
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Figure 4. Laser induced coprecipitation of copper with nickel, cobalt, iron and zinc.
Photos 1 and 4 from (Smikhovskaia, et al., 2018).

In Fig. 5, there are some X-ray diffractograms of the samples received from
solutions by a laser method on the substrate of ST-50 glass-sitall. The individual peaks of
zinc, iron, nickel are not revealed, which can be the result of codeposition of metals in
the form of solid solutions. In case of the cobalt additive, there are individual peaks of the
latter in the diffractograms.
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Figure 5. Diffractograms of sitall of precipitates obtained from solutions with additives
CoCly, FrCls, NiCl, ZnCl; (figures 2 and 3 from Smikhovskaia, et al., 2018)

The differences of bimetallic track microstructures provide the distinction of their
electrocatalytic responses to the composition of the mix analyzed. Each of these responses
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Is separately a little informative for the quantitative chemical analysis of a complex mix.
Together, they are capable to form a mathematical “image" of the system on the basis of
a cumulative signal. The further algorithm of transforming this numerical matrix in visual
and verbal images was briefly described in the previous sections.

The most promising types of contemporary electronic tongues are based on
electrochemical principles (Legin, 2003; Verrelli, 2007; Vlasov et al, 1994; Winquist,
2008; Winquist et al., 2000). This is due to the simplicity of technical solutions when
developing electronic schemes of reception and processing a signal of primary converters.

In order to test electrochemical properties of materials of hetero-phase
microsensors, the structures received were investigated by the method of cyclic
voltammetry. The quantitative characteristic of the proceeding reactions is the height and
area of the peaks received, the qualitative one is the value of electrode reaction potential.
In this case, the form of current curves is identical to purely copper electrodes and the
electrodes received from solutions with the additives. The introduction of nickel, zinc and
iron to the copper deposit leads to an insignificant shift of potentials to the positive area
which data can be the consequence of forming solid solutions at the laser induced
deposition of copper from the solutions containing mixes of metal chlorides which
correlates with the X-ray phase analysis result.

The area of the graph, limited to a voltammetric curve, characterizes a charge which
proceeds via an electrode at the set concentration of the analyte studied. This parameter
Is responsible for sensitivity of the electrode. In Fig. 6 there are some voltammograms the
microtracks received by a laser method from the solutions containing 0.01 M of NiCly,
CoCly, FeCls, ZnCl2 in the background solution of electrolyte of 0.1 M of Na>SO4
(pH=9.8). The addition solution for laser deposition of CoCl solution with concentration
of 0.01 M, leads to forming the track with much higher analytical response than that of
the same quantity of NiClz, FeCls and ZnCly, besides, with these structures, the maximum
miniaturization of a deposit is obtained.

1000 4
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Figure 6. The voltammogram of the bimetallic microtracks received by the method of
laser deposition (Smikhovskaia et al., 2018).
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It should be noted also that the control experiment on the laser deposition of a
microtrack of pure cobalt and the research of its electric and sensor properties demonstrate
that the structures synthesized are practically not conducting (the size of electrical
resistance exceeds 10 MQ), and it cannot be used as indicator electrodes in an
electrochemical cell.
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Figure 7. The cyclic voltammograms and chronoammograms of a copper-cobalt,
microtrack in hydrogen peroxide solutions (a) and the glucose (b), and also in a
complex mix containing, together with H>O, glucose (GLU), uric acid (UA), ascorbic
acid (AA), acetaminophenol (AP) in a background electrolyte (Smikhovskaia et al.,
2018).

The results obtained can be explained, having assumed that the deposits - except
for the one containing cobalt - synthesized by the method of the laser induced deposition,
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represents solid solutions on the basis of copper. In this case, the impurity metal atoms
are built in a crystal lattice of a copper deposit, increasing its density at the simultaneous
increase of electrical resistance.

The characteristic difference of the binary chart of "copper-cobalt” from those of
Cu-Ni, Cu-Fe and Cu-Zn is that both metals interact at the eutectic type, that is, they are
not inclined to interconnect and have, unlike the chart of Cu-Fe, extremely insignificant
areas of solid solutions (Lyakishev et al., 1990).

Besides cobalt, silver possesses a similar phase diagram in the interaction with
copper. Nevertheless, in case of laser induced deposition of silver and laser induced
codeposition of copper with silver, chloride-anion cannot be used and replaced with
nitrate-anion, because of the insolubility of silver chloride in water.

Some experiments on joint (Cu+Ag), and also consecutive deposition of silver on
copper (Cu\Ag) were conducted. This manner of deposition excludes the possibility of
metals interacting according to the crystallization fields of the phase diagram and,
according to the physical and chemical characteristics, it is closer to a mechanical way of
forming micro-composites. Copper-cobalt microtracks obtained by consecutive
deposition have high sensor activity (Fig. 7). Copper-cobalt microtracks demonstrate the
same results.

DISCUSSION

The detailed study of interrelations of the processes unfolding near the focus of a
laser beam on a dielectric surface in the solution for laser deposition confirm the systems
approach adopted here - and so do the properties of bimetallic deposits. This systems
approach aims for the improvement of the technology of laser synthesis of materials for
electronic tongue micro-components in the form of polymetallic micro- and
nanostructured systems having high conductivity, electrocatalytic activity and other
useful properties.

This work describes the development of a promising sensor platform to create an
"electronic tongue” on a microchip basis with a set of electrically and catalytically active
microtracks forming - as a result of interaction with the liquid environment - a dataset
which can be processed by methods of PCA image-recognition.

The main advantage of the technology offered is an opportunity to simply, not
expensively, and ecologically sustainable, realize a "package" of differing sensors in the
dimensions close to the human tongue’s taste clusters. Each separate sensor of such a
"tongue" is not visible to the human eye - just as little as a group of taste receptors of a
biological prototype. Certainly, there are already alternative technologies of creating
micro-sensors of similar smallness but these technologies are connected with the
production of expensive precision templates (Saei et al., 2013). The method offered here
is unconventional. It consists in "drawing" by a laser beam on the dielectric substrate of
a micro-composite structure of a necessary configuration. Particularly, for example, it is
possible to reproduce, close to the nature, a 3D model of the human tongue possessing
functions similar to the tongue. Also, in contrast to some alternative technologies, the
production process does not involve the formation of toxic waste. The method offered is
waste-free. The synthesis of microtracks is conducted until full expenditure of reactants,
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and the realized sensors can be repeatedly dissolved in acid and sent to a new production
cycle.

The result obtained is well coordinated with the trends of materials science of the
electronic tongue that were outlined above (Legin et al, 2003; Verrelli et al., 2007; Vlasov
et al., 1994; Winquist, 2008; Winquist et al., 2000). In these works, special attention was
paid to original nonspecific solid-state chemical sensors. In total, the matrix consists of 0
to 45 sensors. The matrix composition is being changed during the experiments
depending on stability of the sensor and/or cross sensitivity. All the measurements are
taken by electrochemical methods. Data processing is conducted with the use of analysis
of PCA main components and various types of artificial neural networks: return
distribution, self-organizing card (Kohonen network), etc. Various types of special
computer software are used. However, the principles of the device design and
performance are identical to all applications. It is a mainframe of conductive sensors on
a chemically inert substrate or in an inert case.

According to these principles, the new family of electrocatalytically active
nanomaterials enables the creation of new types of matrixes for an electronic tongue and
to expand their scope.
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Abstract

There is a problem of understanding the language of forensic experts by other participants in court. This
article discusses the language system of an expert. The author proposes an interdisciplinary approach to the
study of this system. It specifies the reasons why the scientific style of the language does not fully meet the
requirements of forensic examination. Recommendations for improving the language system are therefore
included. The expert language consists of a natural language, a scientific language, and a formalized sign
language. At the same time, its legal significance requires that it adapts to law enforcement which is
hindered by the overuse of formalized and scientifically specialized linguistic apparatus, resulting in
complex linguistic constructions that make it difficult to understand. Although in some cases the inclusion
of formulae and special methods of analysis in an expert opinion is inevitable, it is often possible to use
symbols and scientific laws that are included in the school curriculum. Particular attention should
nevertheless be paid to the meaning of the given calculations. It is recommended to include a list of terms
and abbreviations used in the research part of the expert's report. An expert must become a “translator” who
can easily convey to an investigator or judge legally important information resulting from scientific research
and the methodology for obtaining it. It is recommended not to use a scientific style of presentation, but a
popular scientific substyle, which includes not highly specialized, but common terminology, allowing for
simplification of definitions, the use of descriptive phrases, comparisons and examples. This paper also
presents the experience of Professor Viktor Vasilyevich Strekopytov who introduced a visual language of
drawings, diagrams and graphs into the language system of experts. The practice of supplementing the
expert opinion with visual materials does not exempt experts from the need for a detailed verbal description,
which should not only give a complete picture, but also focus on semantic details.

Keywords: Language; Expert's language system; Popular Scientific Substyle; Forensics;
Criminalistics

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License

31
soctech.spbstu.ru


mailto:isaev@avtomashinist.ru
mailto:isaev@avtomashinist.ru
https://creativecommons.org/licenses/by-nc/4.0/

Technology and Language TexHosnoruu B uHdochepe
2021. 2(2). 31-40
https://doi.org/10.48417/technolang.2021.02.04

Cneyuanvnouil evinyck: Texnonozusa Kpumunanucmuxu u Cyoedonoii Ixcnepmu3ol

A3bIK Cy1e0HO-TEXHUYECKNX IKCIIEPTH3

N KPUMHUHAJIUCTUKHA

Anekcannp Bragumuposuu HMcaes (<)
AHO "Hay4Ho-uccnen0BaTeIbCKUI HHCTUTYT CyJ€OHBIX SKCIIEPTH3 U KPUMHHAIUCTUKY ', IIIOCCE
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AHHOTANUA

CyH.[eCTByeT r[p06neMa IIOHUMAHUA sI3bIKaA CyZ[€6HbIX OKCIICPTOB U SKCIIECPTOB-KPUMHUHAJIUCTOB APYTrUMU
Y4daCTHUKaMH cyz[e6H0r0 nponecca. B cratee paccMaTpuBaACTCA A3bIKOBAsk CUCTEMaA DKCIICPTA. Hpe/:[noxceH
Me)KI[HCLIPIHJ'IPIHapHLIﬁ noAxoa K HU3YUCHHIO ,I[aHHOﬁ CUCTCMBI, HOSBOJ’ISIIOH.IPIFI BbISIBUTH IIPUYHHBI, I10
KOTOPBIM HayYHBIH CTWJIb S3bIKA HE B IMOJIHOW Mepe YIOBICTBOPSCT TPEOOBAHUAM CYIeOHON IKCTIEPTH3HI,
U OaTb peKOMeH}IaHI/II/I 10 COBepIHeHCTBOBaHI/IIO H3I)IKOBOI>1 CUCTCMBEI. 9KCHepTHLIﬁ SA3BIK COCTOUT U3
€CTCCTBCHHOT'O A3bIKa, A3bIKAa HAYKHU U (bOpMaJ'II/I?;OBaHHOI‘O S3BbIKa 3HAKOB. B TOXe BpEMs €ro PUANICCKOC
3HayeHWe TpeOyeT ajanraiu K MPABOIMPUMCHCHUIO, YEMy IPEMSITCTBYET 3JI0yHOTpeOsicHue
q)OpMaJ'II/ISOBaHHLIM U clneuuaJibHO Hay‘IHLIM SA3BIKOBBIM armapaTOM U CJIOXHBIMU S3BIKOBBIMHU
KOHCTPYKLMSIMH, 3aTPYAHSIOIIMM €ro MOHMMaHue. XOTs BKIIIOUEHHE B IKCIIEPTHOE 3aKitoueHue Gopmyin
U ClieUaJIbHBIX METOAOB aHaJIn3a B psme cnyqaeB SABJISACTCSA HeI/I36e)KHI)IM, TEM HC MCHCEC 4aCTO MOXHO
HCIOJIb30BaThb CHUMBOJIBI M 3aKOHOMCPHOCTH, BXOIAIHUC B IIPOrpaMMy Cpez[Heﬁ IIKOJIBI. OCO6€HHOC
BHHUMAHUEC NOJKHO YACIATHCA CMBICITY IPUBOANMMBIX BBIKJIA1OK. B HCCIICAOBATCIBCKYTO YaCTh 3aKIHOUCHUS
PCKOMCHAYCTCA BKJIHOYATh CIIMCOK HCIIOJb3yEMbIX TEPMUHOB U COKpaH.[eHPIfI. 3KCHCpT JOJIDKEH CTaThb
“HepeBOTIUKOM”’, TOCTYITHO JTOHOCSIINM JI0 CIECA0BATEIS WIH CYAbU IOPUINICSCKA BAKHYIO HHPOPMAIIHIO,
SABJAOMIYIOCSA PE3YJIbTATOM HAYYHOI'O0 HMCCICAOBAHUA U MCETOAUKY €€ IIOJYyYCHUS. PeKOMCHZ[yeTCiI
HCIIOJIB30BAaThL HE Hay‘lHLIﬁ CTHUJIb H3JIOKCHHA, a Hay‘IHO'HOHyJ'ISIpHBII\/‘I IIOACTUIIb, BKJ'IIO‘IaIOH.II/Iﬁ HEC
Y3KOCTEIHAIbHY0, a 00IIeYyIOTPEOUTENbHY IO TEPMUHOJIOTHIO, JOMYCKAIOIIMN YIIPOIIECHUE ONPEIeICHU,
MPUMEHEHHUE OTMCATEILHBIX 000POTOB, CPABHEHHUI U MPUMEPOB. B cTaThe mpecTaBiieH OnbIT podeccopa
Buxrtopa BacunseBnua CTpeKONBITOBA, BBOISIIETO B S3BIKOBYIO CHCTEMY IKCIIEPTOB BU3YaJIbHBIN S3BIK
PUCYHKOB, cxeM u rpadukoB. [IpakThka OMONHEHHS OKCIEPTHOIO 3aKIIOUEHUs BH3YaJbHBIMHU
Mat€puajiaMu HE OCB060)K}IaeT OKCIICPTOB OT HGOGXO}Z[I/IMOCTI/I HOI[p06HOFO CJIOBCCHOI'O OIIMCaHMus,
KOTOPOC MOOJLDKHO HE TOJBKO AaBaThb IIOJHOC HPEACTABJICHHUEC, HO W AKICHTUPOBATH BHUMAHWUE Ha
CMLICJ'IOO6p213y}OH.II/IX JAcTalIiax.

KioueBbie caoBa: SI3pIk; SI3pIkOBa cucreMa »Hkcnepra; HaydHo mnomyssipHbIi
[Monctune; CynebHas sxcneptusa; KpumMuHamucTuka.
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A3bIK Cy1e0HO-TeXHUYECKHUX IKCIIEPTH3
U KPUMHUHAJIUCTUKH

Jns cyneGHOro 3KcmepTa M dKCIepTa-KpUMUHAINCTA S3bIK SIBIISIETCSI TAKUM JKe
UHCTPYMEHTOM, KaK CpeICTBa HW3MepeHus, JiabopaTopHoe 00OpyIOBaHUE WIH
sKcriepTHas Metoauka. [Ipu 3ToM caMo moHATHE “A3BIK™ TPAKTYETCS BECbMa IIUPOKO —
9TO HE TOJIbKO PYCCKHM SI3BIK Kak O(UUUANIbHBIA S3BIK CyJONPOM3BOJICTBA B
[IPaBOOXpaHUTENbHbIX opraHaX, Konctutyunonnom Cyne, Bepxosnom Cygze,
KAaCCAllMOHHBIX M alleUIALIMOHHBIX CyJax oOmed IOpUCAUKIMM, BOEHHBIX U
apoutpaxubix cygax Poccuiickoit denepanuu — HO U CHUCTEMa SI3BIKOBBIX CPEJICTB,
KoTopasi MaéT BO3MOXKHOCTb OJKCIEPTy Hauboyiee MOTHO MepenaTs HHQPOpMAIHIO,
KOTOPYIO OH XOYeT IOHECTH JI0 CIeJ0BaTes, JO3HABATENs WK CyIbH. SI3BIK dKcIepTa
HACTOJbKO CHEUU(UYEH, YTO psJl aBTOPOB CPAaBHUBAET IIOJIOXKEHHE YYACTHHUKOB
mpolecca, CIyHIIalIuX dKCIEPTa, C YyKECTPAHLIEM, MBITAIOIIUMCS MONAcTh B HY)KHOE
MECTO, CIylIas COBETHl Ha MHOCTpaHHOM s3bike (Magni, & Pitts, 2020). CymiecTBytoT
MHOTOUYHCJICHHbIE MPUMEPHl TOrO, Kak f3BIK SKCIEpTa HE IO3BOJISAET MOJIHOLEHHO
OIICHUBATh pe3yJbTaThl CyneOHbIMU opranamu (Benyounis, 2019, Biedermann,
Champod, & Willis, 2017; Howes, 2019; de Keijser & Elffers, 2012). Bpuranckue
KPUMUHAJINUCTHI 33J]al0TCSI BOIIPOCOM TOBOPAT JIM AKCIIEPTHI U CIIEA0BaTENH (U JApyrue
HECIEUAINCTHl B JaHHOH oOnactu) Ha omHoM s3eike? (Jackson et al, 2006, p.37).
HexoTtopele uccaemoBatey MUIIYT O s3bIKe CyaeOHOM skcneptussl (forensic language)
Kak 00 ocobom muHrBHCTHYeckOM (enomeHe (Rusnac & Odagiu, 2020; Stelly &
Roussev, 2018).

OcHOBaHMS JUIsl TAKOTO YTBEPIKI€HHs, HECOMHEHHO, €CTh — BPsIJl JIM YEJIOBEKY Oe3
CIEeIHaIbHOTO 00pa3oBaHus OyAyT MOHSATHBI TEPMUHBI “Tpacoyiorus’”, “oib(akTOpHBIN
cien” niM “azoBelit coctaB”. [IpyunHa TakOro HapyIIeHUs! KOMMYHHUKAIMM B TOM, 4TO
JKCIEPT Kak JMIo, oOjajiaroliee CHelUalbHbBIMU 3HAHUSMHU, IMPUMEHSET Ty CUCTEMY
A3BIKOBBIX CPEICTB, KOTOpas IPHUHATA B €ro CHEIUAJIBHOCTH. M3ydeHue naHHON
CUCTEMBI, Ha HaIll B3IJISIJI, BO3MOXKHO B paMKaX MEXIMCLUUIIIIMHAPHOTO UCCIIEIOBAHUS
“Ha CTBIKE” HECKOJBKHMX HayK:

— Teopuu CyneOHON dKCIepPTU3bI (CyeOHOM IKCIEPTOIOTHH );

— JUHTBUCTHUKH U €€ pa3/ieNoB (PUTOPHKA, CTUIIMCTUKA U T.11.);

— 00mIel 1 MaTeMaTHIECKON JIOTUKH.

Huxe Oyzner paccMOTpeHO BIMSHUE KaXK0H U3 HayK HA (OpMUpOBaHUE S3bIKOBOM
CUCTEMBI JKCIEpPTA.

Haubonee  moapoOHO  BOHpPOCHI  HCCIENOBaHHUSA  DKCHEPTHOIO  S3bIKA
paccMaTpuBalOTCs B Tpyaax o cyaeOHou skcmepromoruu. Tak, E. P.Poccunckas,
E. . T'angmmuaa u A. M. 3uHUH paccMaTpuBalOT A3BIK KaK COBOKYIHOCTb TPEX
KaTeropuii:

— €CTeCTBEHHBIN fA3bIK, UCIIOJIB3YEMBIN /I OOLLEHUS JIF0IEH;

— SI3BIK HayKU Kak aJIeKBaTHOE 0TOOpaKeHHe ONpeAeIEHHBIX IBICHUIN B TOHATUAX
U TIPE/ICTaBICHUSX CyObEKTa;

— (opManu30BaHHBIN S3BIK KaK HCKYCCTBEHHO CO3/[aHHAsi 3HAKOBas CUCTEMA,
UCTIOb3yeMast Ul Tepeaad OnpeaeaeHHON cCuMBOIbHON nHpopMmaru (PoccuHckast
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Poccunckas, 2018; Poccunckas u I'anamuna, 2018; Poccunckas, Iansaminaa u 3UHUH,
2017, c. 57-58; CynebHas skcriepTr3a: TUIHYHBIE OOk, 2017).

B. O. Ky3uenos (2020) B cBoeil auccepTallMOHHOI paboTe pa3padoTan cCUCTeMy
SKCIEPTHBIX JIMHIBUCTHMYECKUX TOHATUN, OTPAKAIOIIUX COOTHOUIEHHE IPaBOBBIX
KaTeropuil U TMHTBUCTUYECKUX (PeHOMEHOB. [laHHas cuctema Obl1a 00pa3oBaHa C b0
0osee 3(pPeKTUBHOrO MCIIOIB30BAHMS 3aKIIOUYEHUS SKCIEpTa KakK J0Ka3aTelbCTBa IO
neny (Kysnenos, 2020, c. 8).

B yuebHO-MeTouueckX padoTax Mo TeXHUKE MUChMEHHOW HAyYHOM peuu S3bIK
CyIeOHOT0 IKCIIepTa KaKk TAKOBOU He paccMarpuBaeTcs. OHAKO, Ha HAII B3TJISI, BEChbMa
MOJIE3HBIM I JII0OOro JKcrepTa OyAeT pa3BUTHE HABBIKOB BJAJICHUS HAYYHBIM H
OUIATEHO-ISTIOBBIM CTHUJISIMU JIUTEPATYPHOTO PYCCKOTO SI3bIKA. DTO BAKHO U IIOTOMY,
4TO HAy4YHBIH CTHIIb N0 CYTH siBiiseTcs HeitrpanbubiM (KomecHukosa, 2002, c.9), a
JKCIepT 00s3aH B CBOEM UCCIICJIOBAaHWM ‘7IaTh OOOCHOBaHHOE U OOBEKTHBHOE
3aKJIIOYEHHE MO IIOCTAaBJIEHHBLIM mepes HuUM BompocaM”l. CoOCTaBIEHHIO TaKOro
3aKJTFOYCHUS KaK pa3 [IOMOTaeT OBJI/ICHUE BhINICYKAa3aHHBIMU HABBIKAMH.

HuTepec mpencTaBislOT Takke paboThl MO PUTOPHKE, OCOOCHHO MPUKIIATHON
(3Bepes, 2014; Kopotkuna, 2019; Wachsmuth et al., 2018). Tak kak 3kcrepty 4acto
MPUXOJUTCS Y4YacTBOBAaTh B JOINpOCE, MPOM3BOAMMOM B CyIe WM Y CIeAOoBaTess
(mo3HaBatelsi), TO eMy HQ/JICKHUT BIIAJIETh U YCTHOW peublo. KOHEYHO, MCIOIb30BaTh
“amBokarckoe kpacHopeune” (Watson, 2019) skcrepTy HET HEOOXOAMMOCTH — OJIHAKO,
TEM HE MEHee, OBJIQJICHHE PUTOPHUICCKUMH MTPHUEMAMH BEChbMa MOJIC3HO.

3HaHME JJOTUKU TOMOTaeT dKCIEePTy n30exaTh OMMOOK KakK B XOJ1€ UCCIICIOBAHMS,

TaKk U MPH COCTABJIEHUM 3aKIoueHus skcnepra. K ToMmy ke (popMaan30oBaHHBIM S3bIK
COBPEMEHHOM JIOTMKHM MO3BOJISIET M30€XKaThb CIIOKHBIX S3BIKOBBIX KOHCTPYKIIMH, YTO
o0jeryaer BOCHPUATHE TEKCTa 3aKIO4YeHHs. B OTHOIIEHMM s3bIKa MaTeMaTHYeCKOM
JIOTUKH, Ha Hall B3IV, caMoe JIydlllee ONpeAeNieHusl MPUHAAIeKaT 3aMeuaTeIbHOMY
pycckomy mateMatuky H. A. Jlob6aueBckomy: “[DTOT s3bIK], HE YTOMIISII HaAIMpacHO
HAIllero BHUMaHHMS, OJHOM YepTOH BhIpaskaeT oOmupHbIe TOHATHS (uT. o MBuH, 1983,
c. 54).

Kak yka3bpIBajoch BbIlIe — Cy1€0HBIN SKCIEPT U IKCIEPT-KPUMUHAINUCT 00sI3aHbI
XOpPOIIO BJIaJeTh HAYYHBIM U OQHUIMAIBHO-IETIOBBIM CTUISIMU JIMTEPATYPHOTO S3bIKA.
[Tpu coctaBneHNH MpoIeCcCyaTbHBIX JOKYMEHTOB, JAEJIOBOI MEPEernucKu U 0QpOopMICHUN
BBOJIHOM YacTH 3aKJIIOUEHHs SKCIIEpTa HAJUIEKHUT UCIOIb30BATh O(UIIHATEHO-AETIOBOM
CTHJIb, a IPU OPOPMIIEHHUH UCCIIEIOBATEIBCKOM YaCTH U BHIBOJIOB — HAYUYHBIN CTUJIb.

OpHako TOT SI3BIK, K KOTOPOMY HPUBBIKIN SKCIEPTHI — BBIXOJLbI U3 HAYUHBIX
KpPYroB, HE COBCEM MOJIXOJUT JJIsl TeX LeNel, KOTOpPhIe JOJIKHBI OBITh Peain30BaHbI B
TEKCTe 3aKJIIoueHus sKkcnepra. [I[puunHbl TOMy cineayrolee:

1. M3numHuit “KpeH” COBPEMEHHOI'0 HAy4yHOro s3blka (0COOEHHO B (DU3UKO-
MaTEMaTUYECKUX, XUMUYECKUX M TEXHUYECKHX HayKaX) B CTOPOHY HCIIOJIb30BAHMS
(dopMaTbHBIX CHUMBOJIOB MAaTEMAaTHUECKOM JIOTHKH.

2. Y3kas “ueneBas ayTUTOpHs Hay4HBIX CTaTel.

! denepanbublit 3axk0H Ne73-®3 ot 31.05.2001 “O cyne6Ho-3kcnepTHOI aeaTensHocTH B Poccniickoit deneparuu”. — Ct.16. [lata
obnosenus: 17.04.2021 . URL: https://legalacts.ru/doc/federalnyi-zakon-ot-31052001-n-73-fz-o/(nara obpamenus: 17.04.2021 r.)
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3. Henocratounast  oOmies3pIkoBast  MOATOTOBKAa  COBPEMEHHBIX  HAayYHBIX
PaOOTHHKOB.

DKcnepTy Bcerja He0oOX0AUMO MMOMHUTH TOM, YTO OH, IO CJIOBaM BBIIAIOIIETOCS
COBETCKOT0 M POCCHICKOro sKkcmepra, a.10.H., mpod. HO. I'. Kopyxosa (1928-2015),
“SBIIETCS TIOMOITHUKOM clieJloBaTeNsl Wik cynbu’. Takum o00pa3om, 3akiItoueHHe
JKCIIepTa JIOJKHO YAOBJIETBOPSATH OCHOBHOMY TPeOOBAHMIO — OBITH MOHSTHBIM CYJbE
WM CJIEI0BATEIIO.

[TpakTU4ecKuil OMBIT MOKA3BIBAET, YTO JUISI YAOBIECTBOPEHUS JAHHOTO TPEOOBAHUS
CUCTEMY SI3BIKOBBIX CPEJCTB HEOOXOIMMO aJalTUpPOBaTh JJs Ieleld CyneOHOoM
9KCIIEePTHU3LL. JlJIst 3TOTO HA/IJICHKHUT:

— B UCCIICJIOBATEIBCKOM 4YacTH MPUBOJUTH CIUCOK (B TaOJmM4yHOW Qopme)
TEPMHHOB U COKPAIICHUH, UCIIOJIb3YEMBIX IKCIIEPTOM;

— m30eraThb  CIIOXKHBIX  TpPaMMaTHYeCKMX  KOHCTPYKIUH,  HCIIOJBH30BATh
MPEUMYIIECTBEHHO KOPOTKHUE (pasbl;

— HE 3II0yNoTpeOyaTh hopMynamu;

— HCIIONB30BATh JUIsl MOSICHEHUS TpaUKU U PUCYHKH.

B oTHomeHuu ABYX MOCHEIHUX PEKOMEHIAIM YMECTHO MPHUBECTH HEKOTOPHIE
NPUHIUTBL, chopMyIMpoBaHHbIe 1.T.H., podeccopom B. B. CtpekomnbitoBeiM (1930-
2015), KOTOpBIi BOCIUTAT MHOTHX JEHCTBYIOLIUX YKCIIEPTOB-TPAHCIIOPTHUKOB:

1. “Kaxxnast popMynia CHUXKaeT 4MUCIIo YuTaresei Bjasoe”.

2. “OauH MI0X0M PUCYHOK 3aMEHsIET MATh CTPAHMIl XOPOIIEro Tekcra” (IHT. Mo
Hcaes, 2020 c. 45-48).

Koneuno, 6e3 ucnonb3oBanusi Gopmys1 Cy1eOHOMY SKCIEPTY OOOUTHUCH HENb3S —
HO MX MPUMEHEHHE JIOJDKHO OBITh TAKOBBIM, YTOOBI X0 PacCyXICHUH OBbLI MOHITCH HE
TOJBKO OKCHEpPTY, HO M CIEJNOBaTeNt0 WK cynee. [l 3Toro, Ha Haml B3I,
1eJ1eCO00pa3HoO:

— HCIIONBb30BATh SI3bIK MAaTEMAaTHUYECKOH JIOTMKHU, Hanbosiee MOHATHBIA agpecaTy
3aKJTFOYCHUS — T.€. TaKyl0 CHMBOJIUKY, KOTOpas MPHUMEHSETCS B y4eOHHMKaX (PH3UKH,
XUMHUH U MAaTEMATHKH JIJISl CPETHUX yUeOHBIX 3aBEICHMUIA,

— HE WCIOJNB30BaTh CIIOKHBIE (OPMYIBI, Jaxe €clid OHU TPUBEICHBI B
OUITMATEHBIX METOUKAX — JIFOOYI0 (hOPMYITy MOXKHO KaK YCIIOKHHTb, TaK U YIIPOCTHTH
C MOMOIIBIO TPUEMOB MAaTEMATHKH;

— MaKCHUMallbHO TOJAPOOHO OOBSACHATh (U3MUECKUN CMBICT U Pa3MEPHOCTH
BEJIMYMH, IPUMEHSIEMBIX B (JOpMYJIax.

Hanpumep, oOBsSCHEHHWE TepMUHA HHKXECHEPHO-TPAHCIIOPTHOW JKCIEPTU3HI —
TOPMO3HOTO K03(pPHIHEHTa TT0€3/1a — MOXKHO CENaTh TAKUM 00pa3oM:

“B coomsemcmeuu ¢ “Ilpasunamu mseo8vix pacuémog 0.1 noe3oHou pabomi”
PACUEMHBIM  MOPMO3HBIM KO duyuenmom noe3da HA3bIBAEMCS  OMHOULEHUE
CYMMApPHO20 pACYEMHO20 HANCAMUS 8CeX MOPMO3HBIX KOJIOOOK Noe30d K e20 Macce, mo
ecmbs
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op= Eﬂ ,
+Q

20e Y Kp — cymmapnoe pacuémnoe nadxicamue 8cex mopmo3sHbiX KOJA0OOK noe3od,
me;

P — macca noxomomusa, m.;
Q — macca cocmasa, m.

Takum obpazom, noxazamenv obecneyeHHOCmU noe30a MopMo3amMu — pacyEmHblil
MOPMO3HOU KOIDhuyuenm — npamo nPonopYUOHALeH HANCAMUIO MOPMOIHBIX KOTOOOK
U 06pamHo NPONOPYUOHATIEH MACCe IOKOMOMUBA U COCMABA.

B c6o10 ouepedwv, Ha Hadcamue mopmMo3HbIX KOLOOOK OKA3bLEAIOM GIUsHUE:

— COCMOsIHUE MOPMO3ZHOU CUCmEMbL N0e30d,

—  pedicum ynpaeienus mopmo3amiL;

— Nnoe2ooHvle ycnosus.”’

B nmanHOM mIpEiMepe HCIONb3yeTcs KaK sI3bIK MATEMAaTUKH, TaK U HAYYHBIH CTUIIh
JUTEPATYPHOTO SI3BIKA.

[Ipu cocraBineHMH TaOJMIBI HMCIONB3YEMBIX TEPMHHOB W COKpPAICHUN HAMH
pEKOMEHIyeTCsl KaKk MPUBOAMUTH omnpenencHue tepmuaa corimacHo ['OCTy, tak u — B
ciiyyae HeOOXOAUMOCTH — yKa3aTh pumep (1ao. 1)

Ta6auua 1. [Tpumep TabaMLIbI HCTIOTB3YEMBIX TEPMHUHOB M COKPAILICHUH

Tepmun Omnpenenenue ITpumep
cornmacHo 'OCT P 55056-2012
DneKTpUYeCKu CocraBHas wacTh xeine3HonopoxHoro | KonécHo-
TATOBBIN IIPUBOJ | TATOBOTO MIOJIBUYKHOTO COCTaBa, | MOTOPHBIA  OJIOK
KEJIE3HOJOPOKHOTO Clly’Kalasl JUlsl CO3/IaHUs BpalaroIlero | (TAroBbIif
TATOBOI'O MOJBUKHOTO | MOMEHTA M IIEPENAYU €0 OT TITOBOTO | ABUIATENb,
cocTaBa ANEKTPUYECKOTO JIBUTaTelIs C IOMOIIBIO | pEAYKTOP u
TATOBOM MEpeIaun K KOJECHOW mape KoJ€cHash  Tapa)
TEIIOBO3a
T3I170
<..>
Y cnoBHBIN Pacmugposka
TenerpadHbIi axpec
JCII JlesxypHBIil MOMOIIHUK HadallbHUKA CTAaHIIUH (JEXKYPHBIN MO
CTaHITIH)
<...>
Coxkpaienue Tepmun
KMb KonécHo-moTopHslit 010K
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[Ipn wucnonb3oBaHMM I'paMMaTHYECKMX KOHCTPYKLUMH HaAJIEKUT YUUTHIBAThH
CJIEIyIOIINE OCOOEHHOCTH HAYYHOI'O CTHIISL PYCCKOI'O SI3bIKa:

1. B coBpeMEHHOM Hay4yHOM CTWJIE€ BBIAEISIOT LIECTh MOJACTHIIEH: COOCTBEHHO
HAy4YHBI, HAYYHO-TIOMYJISIPHBIM, yueOHO-HAy4YHBIA, HAy4YHO-AENOBOW, Hay4YHO-
uHbOpMaTHBHBIA W Hay4HO-cripaBouHbiii (Komecuukosa, 2002, c.22). Jlus s3bIka
HCCJIEIOBATENILCKOM YacTH 3aK/IIOYEHHs JKCIEpTa, [0 MHEHHMIO aBTOPOB, OOJIbIIE
MOJXOIUT HE HAYYHBIN, a HAYYHO-TIOMYJISIPHBIN MOJICTHIIb, TAaK KaK OH HCIOJIb3YEeT HE
Y3KOCHEUUAIbHYIO, a OOIIEeyNOTPEOUTENbHYI0O TEPMHUHOJIOTUIO. OTOT IOACTUIIb
JIOTYCKaeT YIpPOIIEHUE OIpeNeiIeHU, IPUMEHEHUE ONMCATENbHBIX 00OpOTOB,
CpPaBHEHUH U IIPUMEPOB.

2. ManouH(popMaTUBHBIE YaCTH CIOKHBIX MPEIIOKEHUH CIIEAYET OMyCKaTh U — IO
BO3MOXXHOCTH — HCIIONIb30BaTh CoOKpaieHus. [Ipumep: Boipaxkenue “HUmerowuecs
OanHble NOKA3bIGAIOM, YMO UYenblll psao Napamempos KONECHO-MOMOPHO20 0O10Ka...”
MO>KHO YIIPOCTUTH 110 BUAA “Ilo umerowumcs oanuvim, napamempol KMPE...”.

3. IIpu dopmupoBanuM MpeAOKEHUS HAJICKUT MPHUACPKUBATHCS KOMIIOHOBKU
“Tema-pema’ T.e. “TO, 0 4€M TOBOPUT aBTOp — YTO 00 3TOM roBopuT aBTop”. Ilpumep:
“Cucmema oxnasxcoenus ousens (TEMa) cocmoum u3 HeCKOIbKUX 21emenmos (pema)”.

4. Ilpu ¢opmupoBaHMM TeKcTa H3 ab3aleB HAJICKHUT TPUACPKUBATHCS
KJIACCMYECKOro MpHUHIHMMA: (OpMYyJIHPOBKA TEMbI — pazpaboTka Tembl — utor. Ilpumep:
“Oxnaxcoarowas AHcuOKOCmMs yuacmeyem 6 menioomeooe Om 6myNloK YUIUHOPOS.
Lupxynupys é cucmeme oxnaxcoenus, ona npedoxparsiem ouseib om nepecpesa. Oovém
arcuokocmu 8 cucmeme — 295 1.

[Tpu odopmiteHUH pe3ynbTaTOB OCMOTPA 0OBEKTA SKCIIEPTU3BI CIIEAYET YUUTHIBATD
TO, YTO 3TOT TEKCT JOJKeH ObITh ‘“‘crioBecHOW Qotorpadueit”. Pasymeercs, k
HKCIIEPTHOMY 3aKJIIOUEHUIO MpUIaratoTcst (oToMaTepraibl, HO OHHU JIOJKHBI JOTIOTHSTh
TEKCT, a HE 3aMEHATb €ro U TeM 0oJiee He IPOTUBOPEYUTH EMY.

OnbIT IPaKTUYECKON SKCIIEPTHON EATEIbHOCTH MOKa3all, YTO “BTOPOM MPUHIUI
CrtpekonbIToBa” XOpOIIO pabOTaeT B CIyuae BhI30Ba HKCIIEPTa HA IONPOC B CY — IMPaB/a,
IOpU YCIOBUM CBOOOJHOTO BJIAJCHMs HKCHepTa s3bIKOM Tpaduku. [ljis Toro, 4roObl
WITIOCTPUPOBATh KaKue-I1u00 mpolecchl (TepMUHAIbHAs OalTMCTHKA, B3aUMOICHCTBHE
BaroHa M *eJe3HOJOPOKHOTO MyTH, JieopMalins MaTepHajIoB M0l Harpy3Koi), y100HO
UCIIO0JIb30BaTh MapKepHYIo A0cKy hopmaTa Al. Ha Hell MoxkHO rpadudecku n3o0paxarb
MIPOLIECCHI, KOTOPBIE OMMCHIBAIOTCS B 3aKJIFOUEHUU SKCIIEPTa, a IPU OTBETE Ha BOIMPOCHI
Cylla WU CTOPOH — OBICTPHIM PHUCYHKOM WM CXEMOW MpPOMIIIOCTPUPOBATH CBOE
BbICKa3bIBaHUE.

OtcyTcTBME BHHMMAaHUA K S3BIKY CyJE€OHO-TEXHMUYECKHUX OJKCHEpTHU3 U
KPUMMHAJIUCTUKH MOJET UMETb CEPbE3HbIE IOPUAUYECKUE IIOCIEICTBUS H3-3a
BO3MOXXHOTO HEJOTIOHUMAaHMsI U3JaraéMoro HKCIEpPTOM Yy4YaCTHUKaMU CyAeOHOro
npouecca. IIpeseHranus 3KCrepTHOroO 3aKJIFOUYEHUs JOJDKHA ITPOU3BOAUTHCS B HAy4YHO-
MOMYJISIPHOM cTUjie 0€3 y3KOCHEeIUaIM3UPOBAHHBIX TEPMHUHOB, CIOXKHBIX (POpMyT H
IPOMO3JIKUX  JIMHTBUCTHYECKUX  KOHCTPYKLMH. PeKOMEHIyeTcss  HMCIIONb30BaTh

37
soctech.spbstu.ru



Technology and Language TexHosnoruu B uHdpochepe.
2021. 2(2). 31-40
https://doi.org/10.48417/technolang.2021.02.04

BU3YaJIbHOE COMPOBOXKICHHE, S3BIK MATEMAaTUYCCKOW JIOTUKH, MOAPOOHO OOBSCHATH
buznyecKuil CMBICT U PA3MEPHOCTh MPECTABISIEMbIX BETUUYHH.
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Abstract

The forensic institutions of the Russian Federation draw on the advanced achievements of science and
technology to account for the state of modern crime, the methods of committing and concealing crimes. In
order to achieve this efficiency at the present stage, issues of technological support of forensic expert
activity are of particular relevance. Based on an analysis of the scientific knowledge-base, it is noted that
for the successful solution of tasks through the effective use of innovative technical and forensic tools, the
organization of forensic expert activity involves the introduction of automated workstations. However,
when creating some of them, the developers focus exclusively on the technical side of the issue which
reduces the possibility of including the complexities of solving expert problems. In this case, one is not
dealing with an expert's workstation, but with a set of technical means aimed at performing individual
operations in the technological chain of production of an expert study (calculation of parameters, storing
information, printing out the text of the conclusion, etc.). An automated workstation should include not
only a set of technological solutions for various forensic tasks and databases, but also programs that
facilitate the creation of expert opinion required for court sessions, including a presentation of the
processing sequence of the analyzed objects. In the development of the question, the characteristics are
shown of the currently established expert automated workstations (,,POISK”, “Raster” etc.). An automated
workstation of an expert and its educational modification are effective tools of modern expert technologies
that allow solving problems in the production of forensic examinations, conducting forensic records, as
well as training specialists at a fundamentally new level. Their use makes it possible to optimize the solution
of practical and educational problems, which contributes to improving the quality of disclosure and
investigation of crimes in general.
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Cneyuanvnouil evinyck: Texnonozusa Kpumunanucmuxu u Cyoedonoii Ixcnepmu3ol

ABTOMATH3HPOBAHHOE padouyee MECTO IKCIEPTAa KAK
HHCTPYMEHT TeXHOJOTM4YeCKOro odecrnevyeHus: Cyae0Ho-
IKCIEPTHOM JeSITeJIbHOCTH

Urops Bnagumuposuy Jlateimos (<)
Cankr-IlerepOyprekuii noaurexuudeckuit yunsepeuret [lerpa Benukoro (CII6ITY), yi.
[Momurexumueckas, 1. 29, Cankrt-IlerepOypr, 195251, Poccns

latyshov@gmail.com

AHHOTANUA

O¢ddexTuBHOCTF PAOOTHI HKCHEPTHO-KPUMUHATUCTHICCKIX U CYHCOHO-OKCIIEPTHBIX  yUPEkKICHHIH
Poccuiickoit @enepaunu B 4uciae NPOYUX YCIOBUHN ONPEAENIAET UCIIOJIb30BAHNE MEPENOBBIX TOCTHKEHHUI
HayKd W TEXHHUKH, Y9€T COCTOSHHSI COBPEMEHHOI IMPECTYIMHOCTH, CIIOCOOOB COBEPIICHUS W COKPBITHS
npectyruieHuit. [Ipu 3ToM, Ha COBpEMEHHOM 3Tare 0COOYIO aKTyallbHOCTh B JOCTIDKCHUH 3P PEKTUBHOCTH
MpUOOPETAIOT BOMPOCH TEXHOJOTMYECKOTO 00eCHeueHus CyeOHO-IKCICPTHON MCSITEIBHOCTH. XOI H
pe3ybTaThl HccaeqoBanus. Ha OCHOBE aHasm3a HAYYHBIX 3HAHUHN CYJcOHOM 3KCTIEPTH3BI OTMEUYCHO, YTO
yCHEIIHOe penieHrue 3a7ad 1m0  JI(PQPEKTHBHOMY HCIOJIb30BAHHIO HHHOBAI[MOHHBIX  TEXHUKO-
KPUMUHAIUCTUYECKUX CPEACTB M METOJOB DJKCHEPTHOTO HCCIENOBAHMs, OpTraHu3aiuu CyaeOHO-
IKCIEPTHON [EATEIBHOCTH O0OECIeYrBaeT BHEIPEHHE aBTOMATH3UPOBAHHBIX PabOYMX MECT JKCIepTa
(manee — APM skcnepra, APM). OaHako, pu cO3/JaHUM HEKOTOPBIX U3 HUX pa3paboTUrKy AENal0T aKIeHT
WCKJIIOYUTEJIBHO Ha TEXHUYECKOH CTOpPOHE BOINPOCA, YTO CHIXKAET BO3MOXKHOCTH HCIIOJIb30BAHUSA
KOMILIEKCOB B PEIICHUH SKCIIEPTHHIX 3a/1a4. B 3ToM cirydae 3to He APM skcnepTa, a HA00p TEXHUIECKUX
CpPElCTB, HANpaBJICHHBIX HA BBHINOJHEHUE OTIEIbHBIX ONEpAldid B TEXHOJOTMYECKOH LIETOYKe
MIPOM3BOJICTBA SKCIIEPTHOTO HCCIEAOBaHHA (pacdyeT MmapaMeTpoB, XpaHCHHE WH(OpMAIH, pacredaTka
TEKCTa 3aKITFOUSHUS U TIp. ). APM I0DKHO BKITIOYATH HE TOJIBKO COBOKYITHOCTh TEXHOJIOTHIECKUX PEIICHIUH
pa3HOOOpa3HBIX KPUMHUHAIMCTHYCCKUX 3a1a4 W 0a3 JaHHBIX, HO W IPOTPaMMBI, CIIOCOOCTBYIOIIHE
CO37aHuI0 TpeOyeMbIX ISl CyIeOHBIX 3aceIaHUl SKCIEPTHBIX 3aKIIOYSHHH, BKIIOYAsl MPE3CHTAIUIO
MOCIIEI0BATEILHOCTH O0pabOTKM aHamu3upyeMbIX OOBEKTOB. B pasBuTHE BOmpoca PacKPBITHI
XapaKTepUCTUKN PaCIpoCTpaHeHHbIX Ha mpakTuke APM oskcmepra — ABUC “TIOMCK”, cuctembl
[TATIMJIOH “Pactp” u ap. [Ipeanoxena pazpadoTka Mo UIMPOBAHHOM 0] 3a/1a4M Y4eOHOTO Ipoliecca
t¢opmer APM — aBTOMaTH3MpPOBAHHBIX y4eOHBIX MecT (namee — AYM), ompeneneHa €ro CTpyKTypa,
XapaKTepUCTUKN HH(POPMAIMOHHBIX 00pa3oBaTelbHBIX pecypcoB. APM skcrnepra 1 AYM sBastoTcs
3(h(EeKTUBHBIMU WHCTPYMEHTAMH COBPEMEHHBIX JKCIEPTHBIX TEXHOJIOTHH, IO3BOJSIONIMMHU pPelaTh
3aJja4d M0 MPOU3BOJCTBY CYACOHBIX IKCIEPTH3, BEACHUIO 3KCIICPTHO-KPUMHHAIHCTUYCCKUX YUYETOB, a
TaKk)xe MOJATOTOBKM CIIELUAIMCTOB HAa MPHUHLMIIKAILHO HOBOM YpoBHE. X HCHOJIb30BaHUE MO3BOJISIET
ONTUMH3UPOBATH PEIICHUE MPAKTUYCCKUX W O0pa30BATEIBHBIX 33/1a4, YTO CHOCOOCTBYET IMOBBIIICHUIO
KauyecTBa PAaCKPBITUS U paccie0BaHus NPECTYINIEHUH B LIEJIOM.

KaroueBble cioBa: ABTomMartusupoBaHHOe pabouee Mecto dkcrepra; CyneOHO-
OKCTIEPTHAS JCSITEIBHOCTD; TEXHOIOTHS.
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ABTOMATH3HPOBAHHOE padouyee MeCTO IKCIEPTAa KAK
HHCTPYMEHT TeXHOJOTH4YeCKOro odecrneyeHust cy1eOHo-
IKCIEPTHOM JeSITeJIbHOCTH

D¢ heKTUBHOCTE PabOThI CYyACOHO-IKCIIEPTHBIX YUYPEKIECHUN, B YHUCIEC MPOYHX
YCIIOBHHA, OTIpeNieNsieT UCTIOIb30BAHUE TIEPEIOBBIX TOCTHKECHUN HAYKH U TEXHUKHU, YUeT
COCTOSTHUSI COBPEMEHHOM TMPECTYMHOCTH, CIOCOOOB COBEPILIEHUS U  COKPBITHS
npectyruieHnii. Oco0yi0 akTyaabHOCTh B 3TOM HMMEIOT BOIIPOCHI TEXHOJOTHUYECKOTO
obecrieueHUs CyIeOHO-IKCIEPTHON MJESITeNbHOCTH, BKJIIOYAs IIMPOKOE BHEAPEHHUE
ABTOMATH3UPOBAHHBIX PA0OYHMX MECT IKCIIEPTa.

CraHoBiIeHHE M pa3BUTHE CyAeOHO-OKCIEPTHBIX yupexaeHuil Poccuu B pasHbie
TOJbl XapaKkTepu3yeT pa3pabOTKa M COBEPUICHCTBOBAHWE HAYYHBIX U METOJIUYECKUX
OCHOB  CyACOHBIX OKCIEPTH3, IMOUCK MOJAENU  OpraHu3aluu  JeSTeNbHOCTH
IIOAPA3/ICJICHNN, COOTBETCTBYIOIIEH CTOSIIMM HAa TEKYIIMH NEpUOoJ 3aJadaMm o
MPOU3BOJICTBY CYJEOHBIX AKCIEPTHU3, YUACTHIO B CIEICTBEHHBIX NEHCTBUSX, BEACHUIO
DKCIIEPTHO-KPUMUHAIUCTUYECKUX YyueToB. M ecim BO Bropoi nosioBuHe XX Beka
0COOYI0 aKTyaJbHOCTh MPHOOPENH BOMPOCHl aBTOMATH3AIMH M KOMIBIOTEPU3AINH
OTIICTBHBIX BHUIOB CYACOHO-IKCIIEpTHOU nesTenbHOcTH (DmkyooB, 1977, c. 34-54;
Oiicman, 1980, c. 43-58; Illnaxos, 1984, c. 2-18; Toncryxuna, 1999), To ceituac peub
uaer o moucke 3SPGEKTUBHBIX (OPM HMCIONB30BaHUS WHHOBAIIMOHHBIX TEXHUKO-
KPUMUHAIUCTUYECKUX CPEICTB M METOAOB MCCIEAOBaHUS, OPraHU3allUU apXUTEKTYPhI
paboyero  mpoCTpaHCTBa  CyAeOHOTro  JKclepra NOpU  NPUOPUTETHOW  poJn
MH(OPMAIIMOHHBIX TEXHOJIOTH.

Bo3MoxHOCTH  yCIEmIHOTO pemieHusl 3aJad  TMpeNocTaBisier Takas (opma
OpraHu3allil M TPOU3BOJACTBA CYJIEOHBIX OKCHEPTH3, BEAEHUS DKCIEPTHO-
KPUMHHAIMCTHYECKAX YYETOB KaK aBTOMATH3UPOBAaHHOE pabouee MECTO JKCIepTa —
APM »skcnepra. Ocoboe MecTO B pa3BUTHM KPUMUHAIMCTHKM 3aHUMAlOT HOBBIE
udpossie cpeacTBa ananusa (Bouchaud et al., 2021; Nelson et al., 2014; Padilla, 2021;
Ramadhani et al, 2020), cymectBytor APM st paboTsl ¢ nuppoBEIMU MaTepHaIaMH
(Carrier, 2017; Chernyshev et al., 2017; Hassan, 2019; Lin, 2018). Hab6mogaercs
aKTUBHOE cONmkeHne MUQpoBbIX U TpaauimoHHbix MeTonuk (Hildebrandt et al., 2011;
Latzo, 2021).

Ucnons3oBanne APM B pabore cyaeOHOro 3KCHepTa HarisHO HUTIOCTPUPYET
peanu3alio Ha TMPAaKTHKE OJHOTO M3 OCHOBHBIX MPHHIMUIOB CyIeOHO-IKCIEPTHON
NeSITeIbHOCTH — BCECTOPOHHOCTH W TOJHOTBHI ~HCCIICOBAaHHUM, MPOBOJAUMBIX C
HCIIOJIb30BaHNEM COBPEMEHHBIX JTOCTHKEHUN Hayku U TeXHUKH (cT. 4 3 ot 31.05.2001
Ne 73-®3 “O rocymapcTBeHHOU CyneOHO-IKCIIEPTHON NesATeNnbHOCTH B Poccuiickoit
denepanun’).

Cnenyer ckazatb, uro Tema APM »skcnepra He sABisgercs HOBOW. Ilpuuewm,
OOJIBPITMHCTBO HAYYHBIX HCCIEIOBAaHHNA HE PACCMATPHBAIOT IMPOOJIIEMY KOMIUIEKCHO,
oOpariasich JMIIb K OTASTbHBIM BOIIPOCAM UCIIOIb30BaHHUS COBPEMEHHBIX TEXHOJIOTHII B
PEIICHHH SKCIEPTHBIX 3a/ad B KOHKPETHBIX O0O0JacTAX HAaydYHOW W TPAKTUIECKOM
nesitenbHOCTH (Xomenko, 2012, c. 190-194; Bynrakos, 2014, c. 14; XXuranos, 2018,
c. 11-14; Stevenson et al., 2020; p. 1005-1008; Van der Mussele, 2021). 3a ckoOkamu
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UCCIICIOBAaHUI OCTAETCsl OPraHU3aLus MPOU3BOICTBA CyJeOHBIX dKcnepTu3. JlanHas xe
CTOPOHA, 110 HAIIEMY MHEHHUIO, SIBIISIETCS] BECbMa Ba)KHON B TEXHOJIOTHYECKOM IIPOLIECCe
CyneOHO-9KCIIEPTHBIX UCCIICAOBAHMM.

Bo3MmorkHO, He 6e3 BiInsHUA JaHHOTO 00cTosATeNIbcTBA TeMa APM oKOHYaTeIbHOTO
pemieHus emie He Hamwia. [lo mpekHeMy akTyasleH BOMpOC — Kak 3(PQPEeKTHBHO
ucnonb3oBath APM npu npon3BoICTBE Cy1€OHBIX SKCIIEPTU3 U UCCIIEI0OBAaHUN, BEICHUN
AKCIEPTHO-KPUMHUHAIUCTUUECKUX YUETOB.

Pemenue 3agaum, mo HameMmy MHEHHIO, IIPU3BaHbl OOECIEYUTh PACCMOTPEHHE
APM kak MHCTpyMEHTa OpraHu3aluu pabodero mpocTpaHcTBa CyJaeOHOro 3KcIepra,
o0ocHoBaHMe mnpeaMeTHbIX APM skcrepra, MOBBIIIEHHE HMX TEXHOJIOTMYECKUX U
UHPOPMALMOHHBIX pecypcoB. CXOAHBIN MOIXOA BBICKa3aH W APYTUMH aBTOpPaMHU
(PeBunckuii, 2017, c. 217-224).

Kax mnokazamo Bpemss APM oskcnmepra cranu HENpeMEHHbIM aTpuOyTOM
COBPEMEHHBIX HKCHEPTHBIX JIAOOPAaTOPHil, BBHINOIHSS (YHKLUU TEXHOJOTMUECKUX HU
MH(POPMAIMOHHBIX OMOPHBIX IIIOMIA/IOK.

OpHako, rpu co3nanuu psga APM skcnepra, HEKOTOpbIe pa3padOTYUKU JAETat0T
AKILIEHT UCKJIIOYUTEIbHO HA TEXHUYECKOW CTOPOHE BOIIPOCA, UTO CHUYKAET BOZMOXKHOCTHU
UX MCIOJb30BaHUS B PELICHMM JKCIEPTHBIX 3azad. [Ipencrasisercs, 4To B AAHHBIX
ciydasix Mbel uMeeM zeno He ¢ APM skcnepra, a ¢ HaOOpOM TEXHMUYECKUX CPEICTB,
o0ecreynBaroIUX BbIMOJIHEHUE OTIECJIBHBIX ONepaluii B TEXHOJIOI'MYECKOW ILENOouKe
IIPOM3BOJICTBA  JKCIIEPTHOIO  MCCIEAOBaHUSA  (pacueT IapamMeTpoB, XpaHEHUE
uH(pOpMalnK, pacreyaTka TeKCTa 3aKJII0OUeHUS U TIp.).

CoBpemennsie APM »skcmepra, B CBOEM OOJIBIIMHCTBE, 9TO KOMIUICKCHI,
O0BEIMHSAIONMINE PECypChl KPUMUHAJIUCTHUYECKOW M KOMIBIOTEpPHOW  TEXHHKH,
MpOrpaMMHOTO o0OecrieueHus, ”HPOPMAIMOHHBIX 0a3 TAHHBIX 00 00BEKTAX IKCIEPTHHIX
UccieIoBaHui 1100 00BEKTaX IKCIEPTHO-KPUMHHATIMCTUYECKUX YUETOB.

APM »skcnepra sBnsercss TOM (OpMOHM OpraHu3alviyd TMPOU3BOJICTBEHHOM
NEeSTeIbHOCTH, B paMKaX KOTOPOM TEXHOJOTMUeCKHUHl W HH(OPMAIMOHHBIA pecypc
o0ecreunBaroT pelIeHne IKCIEPTHBIX 3a/1a4, OCTABJISAs B IPOILIOM PYTUHHBIE ONlepaliuu
PYYHOT'O IOUCKA, ONMCAHUs, PACYETOB, IPOBOIUMBIE CYZEOHBIM KCIIEPTOM.

Cnenyer cka3aTb, YTO TEXHOJOTMYECKHE M HH(YOPMAIIMOHHBIE BO3MOXHOCTU
npeaMeTHelx APM skcnepra onpeaensrorcs 3aJadaMy, KOTOpbIE NPU3BaHbl pelIaTh
JaHHBIE aNNapaTHO-TEXHUYECKHE KOMILJIEKChI — MPOU3BOJCTBO CYAEOHBIX IKCIEPTHU3
COOTBETCTBYIOIIUX BHJIOB JHOO BEIEHHE HKCIEPTHO-KPUMUHAIMCTUYECKUX YYETOB
KOHKPETHBIX 0ObEKTOB.

OtmeTnM, 4TO JIOMOJHUTEIBHBIE PECYpPChl TEXHOJIOTMYECKMM nmoreHuuan APM
MPEIOCTABIISAIOT UHTEIPUPOBAHHBIE B HETO KPUMHHAIMCTUYECKAsi TEXHUKA U CEPBUCHBIE
OPOAYKTHI, NpPeAyCMaTpUBAIOIIME BBINOJHEHHE IPOrpaMM IOMCKa OOBEKTOB IO
3aJJaHHBIM MapameTpaM, paboTy ¢ M300pakeHUSMHU, MMOATOTOBKY TEKCTOB JKCIIEPTHBIX
3aKJIFOYEHUN U JIp.

Haubonbiiee pacrnpocTpaHeHHe cpelrd MOMCKOBBIX CHCTEM B HACTOAIIEE BpeMs
HOJYYHJIM aBTOMATU3MPOBAHHBIE OaJIMCTUYECKUE HJICHTHU()PUKALMOHHBIE CHCTEMBI
(manee— ABUC) ABUC “Tlouck”, ABUC “Apcenan”, ABUC “TAUC”,
aBTOMATH3UPOBAHHbIE JAKTUIOCKOMMYECKHE WH(POPMALlMOHHbIE CHUCTEMBI (lanee —
AINC) AIUC “TIATIMJIOH”, AIUC “COHIA”.
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YcnenrHo nponuy anpobdanuro npenmerasie APM skeniepra 3A0 “TIATIMIJIOH”
(r. Muacc Yensounckoii oonactu), OO0 “CJL nmxuaupuar” (r. Cankr-IlerepOypr) u
ap. Ilpu stom, Oonpinas 9YacTh TEXHUKM M IMPOTPAMMHBIX TPOJYKTOB SIBIISFOTCS
WHHOBAIIMOHHBIMU ~ Pa3pa0OTKaMH, COOTBETCTBYIOIIMMH BCEM  HEOOXOAUMBIM
TEXHUYECKUM TpPEOOBAaHMSIM, a WX CTOMMOCTh B pa3bl HIDKE, YeM aHAJIOTUYHBIC
3apyOeKkHbIe 00pa3IIbl.

Opnnum u3 npumepoB npeameTHsix APM skenepra siBnsercs cucrema [TAITNIJIOH
“Pactp”, mpeacrapisonias co00i COBPEMEHHYIO MPUOOPHO-aHAIMTUYECKYIO0 0a3y aJis
IPOM3BOJICTBA TPACOJOTHUYECKUX, OAUTMCTUYECKUX, NAKTUIOCKONUYECKUX U JPYTUX
BUJIOB CYyI€OHBIX IKCIEPTHU3.

[TAITNJIOH “Pactp” obecrnieunBaert:

— CO3[]aHUE CIELHUATU3UPOBAHHBIX, 3alUIIEHHBIX 0a3 JAaHHBIX JUIS XPAHEHUS
U300paxeHH, JOKYMEHTOB, SKCIIEPTHBIX 3aKIIOYCHUI B SJIEKTPOHHOM BHUJIE;

— TMOJy4YeHHE U BBOJ B 0a3y JaHHBIX W300paK€HU 0OBEKTOB MCCIIETOBAHHUM U3
pa3IMYHBIX HCTOYHUKOB;

— Hepaspylaronme Mpeodpa3oBaHus TUQPPOBBIX HU300paXKCHWH B  IEIIX
YIIyYIlIEHUE UX 3PUTEILHOTO BOCIIPUATHS U BBISIBIICHUS TPYIHO PAa3TUYUMBIX JeTalei;

— HCCIeoBaHUsl H300paKeHUH, BKIIOYas CpPaBHUTENbHBIE HCCIEAOBaHUS, C
00s3aTeNbHBIM COXPAaHEHHEM HMCXOJHOTO M300paKEHUsI U UCTOPHM €ro MOAU(UKAINH,
neyath u300paxkeHuii (puc. 1-2);

— CO3JaHUE [JOKYMEHTOB II0 pe3yJbTaTaM »3