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Articles

NGS-Based Nutrigenomic Biomarkers for Personalized Nutrition:
A Review of the Current State of Research

Danjuma Yakubu 2., lliyasu A. A Ibrahim?, Hafizah S. Sulaiman °

aPDepartment of Human Nutrition and Dietetics, Federal University of Health Sciences Azare, Nigeria
b Department of Internal Medicine, Abubakar Tafawa Balewa University Teaching Hospital Bauchi,
Nigeria

Abstract

The integration of next-generation sequencing (NGS) technology into the area of
personalized nutrition provides a breakthrough approach to studying the intricate relationships
between food, genetics, and health consequences. By allowing the discovery of nutrigenomic
biomarkers, NGS has allowed the customization of dietary recommendations to fit with an
individual’s genetic predispositions and metabolic capacity. This innovation promises to enhance
the control of dietary responses, optimize nutrient metabolism, and decrease the risk factors linked
with nutrition-related chronic illnesses such as obesity, type 2 diabetes, and cardiovascular
problems. This review offers a complete examination of the present status of NGS-based biomarker
research in personalized nutrition. It investigates the methodology applied in sequencing
technology, the finding of gene-diet relationships, and the applicability of such biomarkers in
clinical and public health contexts. Particular focus is given to the significance of NGS in
identifying genetic variations regulating macronutrient and micronutrient metabolism, gut
microbiome composition, and epigenetic changes. Despite the great advances in applying NGS to
nutrition research, many hurdles exist. These include the difficulty of data interpretation,
the requirement for thorough clinical validation of discovered biomarkers, and the ethical concerns
connected to genetic data privacy and fairness in access to customized nutrition services.
Furthermore, the integration of multi-omics data, such as transcriptomics, proteomics, and
metabolomics, into NGS investigations is critical for a comprehensive understanding of
nutrigenomic interactions but remains neglected. Advancing the area of NGS-based customized
nutrition will need multidisciplinary cooperation among geneticists, nutritionists,
bioinformaticians, and physicians. Additionally, the development of novel approaches, such as
machine learning algorithms for data analysis and rigorous clinical trials for biomarker validation,
will be vital. As these issues are solved, NGS offers the promise to change nutrition research and
enhance public health outcomes by providing extremely accurate and tailored dietary treatments.

Keywords: next-generation sequencing (NGS), personalized nutrition, nutrigenomic
biomarkers, gene-diet interactions, macronutrient metabolism, gut microbiota, multi-omics,
clinical validation.
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1. Introduction

Personalized nutrition, an emerging field at the intersection of genetics and nutritional
science, aims to optimize dietary recommendations by tailoring them to individual characteristics
such as genetic makeup, metabolic responses, and gut microbiome composition (Shahzad et al.,
2024). Traditional dietary guidelines have largely followed a one-size-fits-all approach, which may
not adequately address the complex and individualized relationships between diet and health
(Kolodziejczyk et al., 2019). With advancements in understanding genetic diversity in nutrient
metabolism and dietary responses, personalized nutrition offers the potential for precision dietary
interventions that could improve health outcomes and reduce the risk of chronic diseases (Wang et
al., 2024). The development of next-generation sequencing (NGS) technology has been a game-
changer in this field, enabling large-scale, high-resolution analysis of the human genome. Unlike
traditional sequencing methods, NGS allows for the rapid and cost-effective identification of
genetic variants, including single nucleotide polymorphisms (SNPs), copy humber variations, and
other genetic markers that influence dietary responses and disease risk (Singar et al., 2024). These
advancements have paved the way for the development of nutrigenomic biomarkers, which are
essential tools for studying gene-diet interactions and their implications for health and disease.

Research using NGS has generated significant insights into how genetic variations affect
nutrient absorption, metabolism, and utilization. For example, polymorphisms in genes such
as FTO and MC4R have been linked to obesity and energy metabolism (Resende et al., 2021), while
variations in MTHFR affect folate metabolism and homocysteine levels, influencing cardiovascular
health (Gospodarczyk et al.,, 2022). Additionally, NGS has facilitated research on the gut
microbiome, a key component of personalized nutrition, by identifying microbial genes involved in
dietary fiber metabolism, short-chain fatty acid production, and metabolic disorders (Abeltino et
al., 2024).

This review explores the current applications of NGS in personalized nutrition, focusing on
the discovery and validation of nutrigenomic biomarkers. It provides an overview of key findings in
the field, highlights the methodologies used, and discusses the challenges and opportunities in
translating NGS findings into clinical practice. Specifically, the review examines the role of NGS in
identifying genetic drivers of dietary responses, such as lactose intolerance, gluten sensitivity, and
omega-3 fatty acid metabolism. It also explores the integration of multi-omics approaches,
including transcriptomics, proteomics, and metabolomics, with NGS to gain a comprehensive
understanding of the molecular mechanisms underlying personalized nutrition.

2. Discussion and results

Key Nutrigenomic Biomarkers Identified Using NGS

a. Single Nucleotide Polymorphisms (SNPs)

Single nucleotide polymorphisms (SNPs) are among the most extensively studied genetic
variants in nutrigenomics. Using NGS, researchers have identified SNPs in various genes that
significantly influence dietary responses, metabolism, and disease risk. These findings have
advanced our understanding of the molecular basis of personalized nutrition.

One notable example is the FTO gene, where SNPs such as rs9939609 have been associated
with increased susceptibility to obesity (Abd Ali et al., 2021). This variant affects energy balance by
altering appetite control and energy expenditure (MacLean et al., 2017). Similarly, SNPs in
the MC4R gene, which also plays a critical role in energy balance, have been linked to obesity and
related metabolic disorders (Adamska-Patruno et al., 2021).

The PPARG gene, encoding peroxisome proliferator-activated receptor gamma, has also
garnered significant attention in nutrigenomics. Variants such as Prol2Ala are associated with
improved insulin sensitivity and a reduced risk of type 2 diabetes in response to specific dietary
interventions, such as increased intake of polyunsaturated fatty acids (Abaj et al., 2021). These
findings underscore the importance of incorporating genetic information into dietary planning for
metabolic health.

In the context of lipid metabolism, SNPs in genes such as APOAS5 and CETP play crucial
roles. Variants in APOAS influence triglyceride levels and modulate individual responses to dietary
fats. For example, the -1131T>C polymorphism in APOA5 has been linked to hypertriglyceridemia
and variable responses to omega-3 fatty acid supplementation (Wierzbicki et al., 2022). Similarly,
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SNPs in CETP, such as rs5882, affect HDL cholesterol levels and cardiovascular risk, highlighting
the gene’s role in tailoring dietary fat recommendations (Asl et al., 2024).

Folate metabolism is another area where SNPs have significant implications. Variants in
the MTHFR gene, particularly C677T and A1298C polymorphisms, reduce the enzyme’s activity,
leading to elevated homocysteine levels. This has been associated with an increased risk of
cardiovascular diseases, neural tube defects, and other health issues. Personalized interventions,
such as folate supplementation, can mitigate these risks, demonstrating the practical benefits of
SNP research in dietary management (Di Renzo et al., 2019).

b. Gene Expression Profiles

Gene expression profiling, enabled by RNA sequencing (RNA-seq), has provided critical insights
into the dynamic interactions between diet and gene activity. By examining how dietary interventions
alter gene expression, researchers can identify biomarkers that predict individual responses to specific
nutrients and guide personalized dietary plans. One prominent example is the expression of
the INSR gene, which encodes the insulin receptor. RNA-seq studies have shown that dietary
modifications, such as caloric restriction and low-glycemic diets, influence INSR expression in
individuals with type 2 diabetes. These findings suggest that monitoring INSR expression levels could
help tailor dietary recommendations to improve insulin sensitivity and glucose homeostasis (Liu et al.,
2024).

The LEP gene, which encodes leptin — a hormone critical for appetite regulation and energy
balance—is another key player in personalized nutrition (Odriozola et al., 2024). RNA-seq studies
have demonstrated that high-fat diets downregulate LEP expression in individuals prone to
obesity, while dietary interventions rich in fiber and polyphenols restore LEP expression. This
highlights the potential for gene expression profiles to inform dietary strategies aimed at weight
management and metabolic health.

Additionally, research on genes involved in inflammatory pathways, such as TNF-a and IL-6,
has shown how diet influences systemic inflammation (Saghafi-Asl et al., 2021). RNA-seq findings
reveal that anti-inflammatory diets, characterized by high omega-3 fatty acid and antioxidant
content, downregulate the expression of these genes, reducing inflammation and associated
chronic disease risks. These findings emphasize the importance of incorporating gene expression
data into dietary planning for inflammatory conditions.

Emerging research has also focused on nutrient-specific gene expression patterns. For
example, the expression of genes involved in vitamin D metabolism, such as CYP24Al and VDR, is
influenced by dietary vitamin D intake (Iriani et al., 2024). RNA-seq studies have shown that
individuals with reduced vitamin D receptor activity benefit more from increased dietary or
supplemental vitamin D, highlighting the need for personalized approaches to nutritional
supplementation (Aoun et al., 2024).

c. Epigenetic Modifications

Epigenetics, which refers to heritable changes in gene expression that do not involve
alterations in the DNA sequence, has emerged as a critical area of study in personalized nutrition.
NGS technologies have enabled high-resolution mapping of epigenetic modifications, such as DNA
methylation and histone modifications, which are influenced by dietary factors and have significant
implications for health.

One of the most studied epigenetic markers in nutrigenomics is DNA methylation.
For example, the methylation status of the PPARy gene has been shown to influence metabolic
responses to dietary fat intake (Porcuna et al., 2021). Increased methylation of PPARY is associated
with reduced gene expression and altered lipid metabolism, which can be mitigated by
personalized dietary interventions, such as the inclusion of monounsaturated fats (Rai, 2024).

Similarly, the CLOCK gene, which plays a key role in circadian rhythm regulation, has been
found to undergo diet-induced epigenetic changes (Engin, 2024). DNA methylation of
the CLOCK promoter region is associated with disruptions in circadian rhythms and metabolic
health. Studies suggest that diets rich in polyphenols, such as those found in berries and green tea,
can reverse these methylation patterns, restoring normal circadian function (Chen et al., 2024).

Histone modifications, another epigenetic mechanism, also play a role in personalized
nutrition. Acetylation and methylation of histones can alter chromatin structure, thereby
influencing gene expression. For instance, histone acetylation in inflammatory genes such as
NF-xB has been shown to be regulated by dietary components like resveratrol and curcumin, which
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act as natural histone deacetylase inhibitors (Kang, Kim, 2023). These findings highlight the
potential of dietary interventions to target epigenetic regulators for managing inflammation and
chronic diseases.

Emerging research also points to the role of microRNAs (miRNAS) in diet-gene interactions.
MiRNAs are small non-coding RNAs that regulate gene expression post-transcriptionally. NGS-
based studies have identified diet-responsive miRNAs, such as miR-33, which is involved in
cholesterol metabolism (Zhang et al., 2023). Modulating the levels of such miRNAs through dietary
interventions holds promise for personalized approaches to lipid management (Kura et al., 2019).
By integrating epigenetic data with genetic and transcriptomic information, NGS technologies
provide a comprehensive understanding of how dietary factors influence gene regulation and
disease risk. These insights pave the way for the development of precision nutrition plans that
account for an individual’s epigenetic profile, ultimately promoting better health outcomes.

Applications of NGS-Based Biomarkers in Personalized Nutrition

Next-generation sequencing (NGS) has significantly advanced the discovery and application
of biomarkers in personalized nutrition, providing a powerful tool for tailoring dietary
interventions to individual genetic, transcriptomic, and epigenomic profiles. These advancements
have important implications for managing various health conditions, including obesity, diabetes,
cardiovascular diseases, and metabolic syndromes, by offering insights that enable precision
nutrition strategies.

a. Tailored Diets for Obesity Management

Obesity is a multifactorial condition influenced by genetics, environmental factors, and
lifestyle choices. Traditionally, dietary interventions for obesity have been generalized, often
overlooking individual genetic differences that affect dietary responses. However, the use of NGS-
based biomarkers allows for more precise and personalized dietary advice, incorporating genetic
predispositions that may influence an individual's ability to manage weight effectively
(Gorcezynska-Kosiorz et al., 2024).

A key genetic factor in obesity is the presence of specific single nucleotide polymorphisms
(SNPs) in genes such as FTO (fat mass and obesity-associated gene). Studies have shown that
individuals with certain FTO SNP variants are genetically predisposed to increased appetite,
reduced satiety, and inefficient fat metabolism (Abd Ali et al., 2021). These genetic variations can
significantly impact an individual's responsiveness to different dietary interventions. NGS enables
the identification of these SNPs, allowing healthcare providers to design dietary recommendations
that are more likely to be effective based on an individual's genetic profile.

The impact of FTO SNPs on dietary responses is particularly evident when considering the
macronutrient composition of diets. Research indicates that individuals with FTO variants
associated with insulin resistance may benefit more from low-carbohydrate diets, which can reduce
insulin spikes and improve metabolic health (Xue et al., 2024). Conversely, individuals
with FTO SNPs linked to impaired lipid oxidation may experience greater benefits from low-fat diets
that minimize fat storage (Gkouskou et al., 2024). By integrating NGS-derived genetic profiles into
dietary planning, dietitians can provide more effective weight management strategies, leading to
improved long-term health outcomes.

NGS also plays a crucial role in studying the gut microbiome, which has been shown to
influence obesity (Vallianou et al., 2023). The gut microbiota can be analyzed through
metagenomic sequencing or 16S rRNA sequencing, identifying unique microbial patterns that
affect metabolic processes. For example, individuals with reduced microbial diversity may benefit
from fiber-rich diets that promote the growth of beneficial gut bacteria, thereby improving overall
gut health and metabolic function (Ranganathan, Anteyi, 2022). Additionally, probiotic or
prebiotic supplements may be recommended to restore microbial balance and reduce metabolic
inflammation, further supporting weight management efforts (Van Hul, Cani, 2023).

Furthermore, NGS technologies enable the study of epigenetic modifications, such as DNA
methylation and histone acetylation, that influence gene expression in response to environmental
factors, including diet. These epigenetic changes can impact obesity-related genes, and targeted
dietary interventions can help mitigate these effects (Mehta et al., 2024). For instance, a diet rich in
methyl donors like folate and choline can counteract adverse epigenetic changes associated with
obesity, improving gene expression patterns related to metabolism and fat storage.
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Finally, personalized nutrition based on NGS extends beyond genetics and diet to include
lifestyle factors such as physical activity and sleep (Fischer, 2024). These factors, which interact
with genetic predispositions, are essential components of a holistic approach to obesity
management. By integrating NGS-based biomarkers into personalized nutrition strategies,
healthcare providers can develop comprehensive plans that consider not only genetic and
epigenetic factors but also individual lifestyle preferences and behaviors, ultimately supporting
more sustainable and effective weight management strategies.

b. Cardiovascular Disease Risk Mitigation

Cardiovascular diseases (CVDs), including heart disease and stroke, are leading causes of
morbidity and mortality worldwide (Iso, 2021). Genetics play a significant role in the
predisposition to CVD, influencing factors such as lipid metabolism, blood pressure regulation, and
inflammatory processes. The advent of NGS technology has opened new avenues for tailoring
dietary recommendations aimed at reducing CVD risk, particularly through the identification of
genetic variants that influence an individual's response to specific nutrients (Strianese et al., 2020).

One of the most extensively studied areas in cardiovascular genetics is the impact of SNPs in
genes related to lipid metabolism, such as APOAS5 and LIPC. APOAS encodes apolipoprotein A-V,
which plays a critical role in regulating triglyceride levels in the blood (Alves et al., 2024). Variants
in the APOADS gene have been shown to significantly affect an individual's lipid profile, particularly
their triglyceride levels, which are a known risk factor for cardiovascular disease (Su et al., 2018).
For individuals with certain APOAS alleles associated with elevated triglycerides, dietary
interventions that include omega-3 fatty acids, commonly found in fatty fish, flaxseeds, and
walnuts, may help lower triglyceride levels and reduce cardiovascular risk.

Similarly, the LIPC gene, which encodes hepatic lipase, is involved in the hydrolysis of lipids,
regulating both high-density lipoprotein (HDL) cholesterol levels and triglyceride metabolism (Dijk
et al., 2022). Variants in LIPC have been linked to altered lipid profiles, and individuals with
specific LIPC SNPs may benefit from omega-3 supplementation to reduce triglyceride levels and
increase HDL cholesterol, which has protective effects against CVD (Kardassis et al., 2022).
Omega-3 fatty acids, particularly EPA and DHA, are known to have anti-inflammatory and lipid-
lowering properties, making them a critical nutrient in the prevention of hyperlipidemia and
cardiovascular diseases, especially for individuals with genetic predispositions to dyslipidemia
(Omachi et al., 2024).

The ability to identify individuals at high genetic risk for CVD through NGS-based biomarker
analysis offers a precision approach to cardiovascular risk reduction (Papadopoulou et al., 2023).
Rather than providing generic dietary recommendations, healthcare professionals can offer
personalized guidance based on an individual's genetic profile, focusing on specific foods that are
most likely to benefit their lipid metabolism and overall cardiovascular health. In the case
of APOAS5 and LIPC variants, omega-3 supplementation becomes a targeted intervention that could
reduce the need for more invasive treatments, such as pharmacological lipid-lowering therapies,
thereby offering a more holistic, preventive approach to managing cardiovascular risk (Wazir
etal., 2023).

In addition to omega-3 supplementation, NGS can also identify other genetic markers that
influence responsiveness to dietary interventions, such as those related to inflammation and
oxidative stress. For example, individuals with specific variants in genes such
as MTHFR (methylenetetrahydrofolate reductase) may benefit from increased intake of folate or
other B vitamins, as these nutrients play a role in homocysteine metabolism, which is linked to
cardiovascular health (He, Li, 2023). Ultimately, the integration of NGS-based biomarkers into the
dietary management of cardiovascular disease offers a tailored approach that takes into account an
individual’s genetic predispositions, lifestyle, and specific nutritional needs. This approach allows
for more effective interventions, improved preventive measures, and better overall cardiovascular
health outcomes.

c. Nutritional Management of Diabetes

Diabetes, particularly Type 2 diabetes (T2D), is a chronic metabolic disorder characterized by
impaired insulin sensitivity and glucose metabolism (Lima et al., 2022). The dietary management of
diabetes is crucial for maintaining blood sugar levels, managing weight, and reducing the risk of
complications. In recent years, the role of genetic markers in guiding nutritional interventions has
gained increasing attention, enabling more targeted, personalized approaches to managing the disease.
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Next-generation sequencing (NGS) technologies have facilitated the identification of genetic
variants associated with glucose metabolism, providing critical insights into the personalized
management of diabetes. One such important genetic variant is in the TCF7L2 gene, which encodes
a transcription factor involved in insulin production and glucose homeostasis. Variants
in TCF7L2 have been shown to increase the risk of developing T2D and influence an individual’s
response to dietary interventions (Verma et al., 2022). For individuals with TCF7L2 variants, higher
intake of dietary fiber, particularly from whole grains, legumes, and vegetables, may be beneficial in
improving insulin sensitivity and glycemic control. This is because fiber-rich foods slow glucose
absorption, reduce postprandial blood sugar spikes, and promote gut health, all of which are critical
factors in managing diabetes.

Other genes involved in glucose regulation also play a significant role in determining an
individual's response to various dietary patterns. For example, PPARG (peroxisome proliferator-
activated receptor gamma) and KCNJ11 (a gene encoding the potassium channel subunit) have
been associated with insulin sensitivity and secretion (Yahaya, Salisu, 2020). For individuals with
specific polymorphisms in these genes, low-glycemic index (GI) diets, which focus on foods that
cause slower rises in blood glucose, may be more effective in managing blood sugar levels. These
diets emphasize foods such as non-starchy vegetables, legumes, and whole grains, which have a
moderate impact on blood glucose levels compared to high-Gl foods like white bread and sugary
snacks.

Additionally, NGS-based approaches allow for the identification of gene-diet interactions that
extend beyond macronutrient composition to include micronutrients and bioactive compounds.
For instance, individuals with genetic variants affecting vitamin D metabolism may benefit from
vitamin D supplementation as part of their diabetes management plan, as vitamin D has been
shown to play a role in insulin sensitivity and glucose metabolism (Contreras-Bolivar et al., 2021).
Similarly, genetic variations influencing the metabolism of polyphenols in fruits and vegetables
could guide recommendations for dietary strategies high in antioxidants to reduce inflammation
and improve glycemic control.

Challenges and Future Directions

The integration of next-generation sequencing (NGS) with personalized nutrition holds
immense promise for improving healthcare and disease prevention. However, its widespread
implementation is not without significant challenges. These challenges include data interpretation,
clinical validation, and ethical considerations, all of which need to be addressed to fully realize the
benefits of NGS-based personalized nutrition.

a. Data Interpretation

One of the most significant challenges associated with NGS is the interpretation of the vast
amounts of data it generates. NGS techniques can produce gigabytes or even terabytes of data in a
single sequencing run, encompassing genetic, transcriptomic, and epigenomic information (Satam
et al., 2023). While this wealth of data provides a comprehensive picture of an individual's
biological makeup, it also presents major challenges in deriving meaningful, actionable insights.

A key issue is distinguishing clinically relevant genetic variants from benign ones. In a typical
NGS experiment, hundreds of variants are identified, but not all of them are related to the
individual’'s health (Spielmann, Kircher, 2022). Many of the identified genetic variants may be
benign or have minimal impact on the individual's disease risk or treatment response. The process
of determining which variants are significant — those that influence health outcomes and should
guide clinical decisions — requires advanced bioinformatics tools and algorithms. Moreover,
the interpretation of these variants is often context-dependent, influenced by the individual’s
lifestyle, environment, and other factors.

While bioinformatics tools have made significant progress, there is still a need for more
sophisticated and standardized approaches to accurately select and interpret genetic findings.
Variants of unknown significance (VUS) remain a common problem, as their role in disease onset
or treatment response is not fully understood. The complexity of multi-gene interactions and gene-
environment interactions further complicates the ability to predict health outcomes based solely on
genetic data (Hequet, 2024).

Additionally, the clinical significance of specific biomarkers may not be universally agreed
upon, as there is often variability in how these biomarkers are interpreted across different research
studies and clinical settings (Kraus, 2018). As such, a clear and consistent approach to data
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interpretation is essential to ensure that NGS results are accurately translated into personalized
diet and health recommendations.

b. Clinical Validation

Although numerous biomarkers have been identified using NGS technologies that show
promise for personalized nutrition, only a few of them have undergone rigorous clinical validation.
Clinical validation refers to the process of evaluating whether a specific biomarker or genetic
variant truly leads to predictable, reproducible health outcomes when used in clinical practice
(Paver, Morey, 2024). This step is necessary to determine whether a biomarker is truly useful in
guiding dietary recommendations or whether it is merely a correlation without practical value.

For example, while certain genetic variants, such as those in the FTO gene associated with
obesity or TCF7L2 for diabetes, have been shown to influence health outcomes in large cohort
studies, there is still limited evidence on how these variants perform in real-world clinical settings,
particularly when used to guide personalized nutrition (Gkouskou et al., 2024). Many studies
linking genetic variants to diet-related health outcomes are observational in nature and may suffer
from confounding factors, such as environmental influences and lifestyle habits, which make it
difficult to attribute observed effects solely to genetic predisposition. Additionally, clinical trials
that rigorously test the effectiveness of nutritional interventions based on genetic profiles are often
limited in scope and number (Salminen et al., 2021). While there is growing interest in clinical
studies aimed at validating genetic markers for nutrition, the process of conducting large-scale,
longitudinal trials is time-consuming and costly. As a result, many biomarkers that have shown
promise in preclinical research have not yet been tested in the context of personalized dietary
interventions (Cuparencu et al., 2024). Without this clinical validation, it is impossible to confirm
the reliability and utility of NGS-based dietary recommendations.

c. Ethical Considerations

As with any emerging technology, the use of NGS in personalized nutrition raises several
ethical considerations that need to be carefully addressed to ensure fair and responsible use. One of
the most fundamental ethical concerns is genetic privacy. Genetic data is inherently sensitive, and
improper handling or unauthorized access can lead to privacy breaches and potential misuse
(Seaver et al., 2022). In the context of personalized nutrition, genetic information could be used for
purposes beyond healthcare, such as insurance discrimination or employment decisions, raising
concerns about the potential for genetic profiling and stigmatization. To mitigate these concerns,
robust data protection regulations, such as those outlined in the General Data Protection
Regulation (GDPR) in the European Union or the Genetic Information Nondiscrimination Act
(GINA) in the United States, are essential to ensure that genetic information remains confidential
and is not misused. However, even with such safeguards in place, there are uncertainties about the
consent process, particularly regarding the long-term use of genetic data. Individuals may not fully
understand the implications of sharing their genetic information, and the ability to revoke consent
may be limited once genetic data has been collected.

Another ethical challenge is the issue of equitable access to personalized nutrition services.
As NGS-based personalized nutrition becomes more widely available, there is a risk that it could
exacerbate existing health disparities. The costs associated with NGS technology and genetic
testing, as well as the specialized healthcare expertise required to interpret and implement
personalized dietary recommendations, may limit access to affluent individuals or those living in
developed countries (Strianese et al., 2020). This creates the potential for a two-tier healthcare
system, where only a select few benefit from personalized nutrition, while others remain excluded.
Ensuring that personalized nutrition is accessible to all individuals, regardless of socioeconomic
status, would require significant investment in public health infrastructure, subsidies for genetic
testing, and efforts to reduce the cost of sequencing technology.

Furthermore, there are broader societal implications involving the use of genetic information
in public health initiatives. For example, public health campaigns promoting personalized nutrition
based on genetic testing may inadvertently promote genetic determinism, where individuals are led
to believe that their genetic makeup is the sole determinant of their health, overshadowing the
importance of environmental and lifestyle factors such as diet, exercise, and social determinants of
health (Gong et al., 2024). This could have unintended consequences for how individuals perceive
and manage their health, either leading to a reduction in personal responsibility or undermining
efforts to address larger systemic health issues.
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Future Directions

The future of personalized nutrition, driven by next-generation sequencing (NGS), is poised
to become more sophisticated, diverse, and impactful. As the understanding of the complex
interactions between genes, diet, environment, and health deepens, integrating NGS data with
other omics technologies, such as proteomics and metabolomics, promises a viable path for
enhancing personalized nutrition recommendations.

a. Integration of NGS with Other Omics Technologies

While NGS has enabled the deep analysis of genetic predispositions and biomarkers related
to nutrition, it is only one piece of a larger, integrated biological system. Proteomics (the large-scale
study of proteins) and metabolomics (the analysis of metabolites) are two other omics technologies
that provide complementary insights into an individual’s health status, nutritional needs, and
disease risk. When combined with genetic data from NGS, these technologies can help build more
comprehensive and accurate models for personalized nutrition.

Proteomics allows for the identification and quantification of proteins, which are the direct
effectors of many biological processes. The patterns of protein expression in an individual’s body
can be influenced by genetic predispositions, as well as environmental factors such as diet, physical
activity, and stress. By integrating proteomic data with NGS, researchers can identify proteins that
mediate the effects of genetic variants related to nutrition and disease. For example, proteins
involved in metabolic pathways, inflammation, or nutrient absorption could help refine dietary
interventions for specific individuals based on both their genetic profile and the actual expression
of these proteins (Singh et al., 2023).

Metabolomics, on the other hand, provides insights into the metabolites present in an
individual’s biological samples, such as blood, urine, or saliva. These metabolites reflect the body’s
response to both endogenous and exogenous factors, including dietary intake. When combined
with NGS, metabolomics can provide real-time, functional information on how an individual’s
genes are regulating their metabolism in the context of diet. For example, certain genetic variants
may predispose individuals to more efficient fat metabolism, while others may require specific
dietary adjustments to optimize their metabolic pathways (Qasim et al., 2018). Metabolomics can
highlight these differences by analyzing how metabolites such as lipids, amino acids, and
carbohydrates change in response to different dietary patterns.

Together, genetics, proteomics, and metabolomics can provide a more holistic understanding
of how an individual’s body processes and responds to nutrients. This integrated approach — often
referred to as "multi-omics" or "systems biology" — can uncover complex gene-environment
interactions that influence health outcomes (Noble et al., 2022). By analyzing this data in concert,
nutritionists and healthcare providers can develop highly personalized and dynamic nutrition
plans that go beyond genetic information alone, providing insights into how dietary interventions
affect an individual’s health at a molecular level.

b. Large-Scale Longitudinal Studies

In order to move from the theoretical promise of personalized nutrition to its real-world
implementation, large-scale longitudinal studies are necessary. While small-scale studies have
successfully demonstrated the potential of NGS-based biomarkers in personalized nutrition,
the field requires larger and more diverse cohorts to validate these findings and establish the long-
term impact of personalized dietary interventions. Longitudinal studies are particularly important
because they can track health outcomes over time, providing valuable evidence on the durability
and effectiveness of personalized dietary plans (Coman et al., 2024).

Such studies would need to recruit diverse populations to account for genetic variability,
lifestyle factors, and environmental influences that could affect an individual's nutritional needs.
For example, different ethnic groups may respond to the same diet in varying ways due to genetic
differences, such as those regulating nutrient metabolism. By including individuals from diverse
backgrounds, researchers can ensure that the biomarkers identified are applicable to a wide range
of populations, making personalized nutrition more inclusive and globally relevant. Additionally,
large-scale studies that track long-term health outcomes such as disease incidence, weight
management, metabolic health, and cardiovascular function are essential to assessing the impact of
personalized nutrition on public health (Coman et al., 2024). These studies can help determine
whether genetic-based dietary modifications lead to sustained improvements in health or whether
the benefits diminish over time. They can also provide insights into the cost-effectiveness of
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personalized nutrition, enabling policymakers and healthcare providers to evaluate whether the
widespread implementation of these interventions is feasible.

c. Artificial Intelligence and Machine Learning in Personalized Nutrition

Incorporating artificial intelligence (Al) and machine learning (ML) into personalized nutrition
is another promising avenue for the future. Al and ML algorithms can analyze vast amounts of multi-
omics data, including genomic, proteomic, metabolomic, and lifestyle data, to identify complex
patterns and predict the effectiveness of various dietary interventions (Mohr et al., 2024).

The integration of Artificial Intelligence (Al) and Machine Learning (ML) with personalized
nutrition represents a transformative approach to health and wellness. Leveraging advanced
computational techniques, Al and ML can analyze complex datasets to provide tailored dietary
recommendations, optimize health outcomes, and address individual nutritional needs. This field
is rapidly evolving, with significant potential to revolutionize our understanding and application of
personalized nutrition.

Al and ML are adept at analyzing and interpreting large, multi-dimensional datasets, including
genetic, proteomic, metabolomic, and lifestyle information. These tools can identify complex patterns
and relationships that are often undetectable by human researchers. For example, Al algorithms can
analyze genetic variants to predict how an individual will respond to different foods or dietary
changes. This capability is particularly significant in nutrigenomics, which studies the interaction
between nutrition and genetics to optimize health outcomes (Topol, 2019).

Al-driven systems can integrate genetic data with metabolomic profiles to identify
biomarkers that influence nutrient metabolism. This approach enables the development of
personalized dietary plans that align with an individual’s unigue biological makeup, potentially
reducing the risk of chronic diseases such as obesity, diabetes, and cardiovascular disorders (Zeevi
etal., 2015).

One of the most promising applications of Al in personalized nutrition is the use of predictive
models to prescribe diets tailored to an individual's health status and goals. These models can
integrate multiple data sources, including genetic predispositions, gut microbiome composition,
and real-time health monitoring data from wearable devices. By analyzing these inputs, Al systems
can predict the effectiveness of specific dietary interventions and recommend optimal nutritional
strategies (Ordovas et al., 2018). For example, ML algorithms can be trained to predict glycemic
responses to different foods, enabling the creation of personalized meal plans for individuals with
diabetes. Such models have been demonstrated in studies like the Personalized Nutrition Project,
where Al was used to predict postprandial glucose responses based on individual gut microbiota
and lifestyle factors (Berry et al., 2020).

A key advantage of Al and ML in personalized nutrition is their ability to adapt and improve
over time. As new data from clinical trials, research studies, and individual health monitoring
becomes available, Al systems can update their algorithms to provide more accurate and relevant
recommendations. This dynamic adaptability ensures that personalized dietary plans remain
aligned with the latest scientific findings and individual health changes (Price et al., 2017).

For instance, Al-powered systems can incorporate real-time data from wearable devices, such
as continuous glucose monitors or fitness trackers, to adjust dietary recommendations based on an
individual’s current physiological state. This continuous feedback loop enhances the accuracy and
effectiveness of personalized dietary interventions (Dunn et al., 2018).

Al can also play a significant role in interpreting gene-environment interactions, which are
crucial to understanding how diet affects health. By analyzing large datasets, Al can identify clinically
meaningful biomarkers and understand the complex interplay between genetic factors and
environmental influences, such as diet and lifestyle. This knowledge can inform the development of
personalized dietary interventions that address specific health risks (Corella, Ordovas, 2014).

For example, Al has been used to identify genetic variants associated with nutrient
deficiencies or intolerances, such as lactose intolerance or vitamin D metabolism disorders. These
findings enable the design of personalized dietary plans that mitigate these risks and promote
optimal health (Ferguson et al., 2016).

3. Conclusion
The integration of next-generation sequencing (NGS) with personalized nutrition represents
a transformative approach to healthcare, offering the potential to tailor dietary interventions to
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individual genetic, transcriptomic, and epigenomic profiles. By leveraging NGS technologies,
researchers and healthcare providers can identify key biomarkers that influence dietary responses,
metabolism, and disease risk, enabling precision nutrition strategies that improve health outcomes
and reduce the burden of chronic diseases.

However, the widespread implementation of NGS-based personalized nutrition faces
significant challenges, including data interpretation, clinical validation, and ethical considerations.
Addressing these challenges will require continued advancements in bioinformatics, large-scale
longitudinal studies, and robust ethical frameworks to ensure equitable access and responsible use
of genetic information.

Looking ahead, the integration of NGS with other omics technologies, such as proteomics and
metabolomics, promises to provide a more comprehensive understanding of the complex
interactions between diet, genes, and health. Additionally, the application of artificial intelligence
and machine learning offers exciting opportunities to enhance the precision and adaptability of
personalized nutrition recommendations.

As the field of personalized nutrition continues to evolve, it holds the potential to
revolutionize healthcare by moving beyond a one-size-fits-all approach to diet and embracing a
more individualized, data-driven model of nutrition that empowers individuals to achieve optimal
health and well-being.
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Abstract

Cassava mill wastewater poses significant environmental risks due to its potential impact on
soil nutrient dynamics and microbial communities. This study investigates the effects of cassava
mill wastewater on soil nutrient levels, microbial populations, and potential toxicity and the impact
of pollution on soil physicochemical and microbiological characteristics. Contaminated soil
exhibited elevated levels of nitrogen, phosphorus, potassium, iron, manganese, copper, lead, and
mercury, along with a lower pH (5) and higher organic matter content (2.75 %) compared to
uncontaminated soil (pH 7, organic matter 1.36 %). Microbial diversity and abundance were
reduced in contaminated soil, with a shift in community composition towards more tolerant
species. Bacterial counts were highest in polluted soil (7.8 = 0.19 x 1015 cfu/g), while fungal counts
were generally lower, with the highest counts in control soil (4.2 = 0.57 x 1075 cfu/g). Overall,
pollution significantly altered both the chemical and biological properties of the soil. These changes
can have far-reaching implications for microbial activity, plant growth, and ecosystem health.

Keywords: cassava mill wastewater, soil nutrient dynamics, microbial communities, heavy
metal pollution, environmental impact.

1. Introduction

The cassava industry plays a vital role in the economies of many tropical countries, providing
a source of income and employment for millions of people (Chibueze Izah et al., 2018). However,
the processing of cassava tubers generates substantial volumes of wastewater, which poses
significant environmental risks if not properly managed (Chibueze lIzah et al., 2018;Abah et al.,
2024). Cassava mill wastewater contains high levels of nutrients, including potassium, iron,
manganese, and copper, as well as heavy metals like lead and mercury (Hussein, Akinwande, 2025;
EZEOGO et al., 2021). The improper disposal of this wastewater can lead to soil pollution, altered
nutrient dynamics, and disruptions to microbial communities, ultimately affecting ecosystem
health and fertility (Obianuju et al., 2023; Chapter, State, 2024).

The impact of cassava mill wastewater on soil nutrient dynamics and microbial communities
is a pressing concern (Ogunyemi et al., 2017; Adu et al., 2018). The introduction of excess nutrients
and heavy metals into the soil can have far-reaching consequences, including changes to soil pH,
reduced microbial diversity, and altered community composition (Immanuel et al., 2024;
Haghighizadeh et al., 2024). These changes can affect the overall health and fertility of the soil,

* Corresponding author
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leading to decreased crop yields, increased environmental pollution, and potential risks to human
health (Afuye, Mogaji, 2015; Chavez-mejia et al., 2019; Adewumi et al., 2016; Kolawole, 2014;
Emmanuel et al., 2025). This study investigated the impact of cassava mill wastewater on soil
nutrient dynamics and microbial communities, with a focus on understanding the potential
environmental risks and identifying sustainable management practices to mitigate these effects.

2. Methods

The study sample was obtained from two distinct locations in Bauchi and Katagum Local
Government Areas, located in the North-Eastern region of Northern Nigeria. The research was
carried out at the Department of Human Nutrition and Dietetics, Federal University of Health
Sciences, Azare, Bauchi State.

Sample Collection

Soil samples were collected from areas contaminated with cassava mill wastewater and
uncontaminated areas. Physicochemical properties of the wastewater and soil, including pH,
nutrient levels, and heavy metal content, were analyzed.

Microbiological analysis was also conducted to assess microbial diversity, abundance, and
community composition. Standard methods were used for pH measurement, nutrient analysis,
heavy metal analysis, and microbiological analysis.

Statistical Analysis

The analysis of relationships was conducted using simple ratios and percentages. Statistically
significant differences between independent groups were evaluated using ANOVA.

3. Results

The analysis of soil samples revealed significant impacts of cassava mill wastewater on soil
physicochemical properties and microbiological characteristics.

Physicochemical Properties

1. Nutrient Dynamics: Cassava mill wastewater significantly altered soil nutrient levels,
resulting in increased concentrations of: Potassium,lron ,Manganese and Copper compared to
uncontaminated soil.

2. Heavy Metal Content: Contaminated soil exhibited higher concentrations of heavy metals,
including: Lead and Mercury compared to uncontaminated soil.

3. pH Levels: The pH levels were lower in contaminated soil compared to uncontaminated
soil , indicating increased acidity.

Table 1. Physicochemical Properties of Contaminated and Uncontaminated Soil

Nutrient/Parameter Contaminated soil Uncontaminated soil
Nitrogen (N) 12.55 mg/kg 2.52 mg/kg
Phosphorus (P) 25.05 mg/kg 12.52 mg/kg
Potassium (K) 125.15 mg/kg 50.03 mg/kg
Iron (Fe) 75.50 mg/kg 25.25 mg/kg
Manganese (Mn) 25.18 mg/kg 12.52 mg/kg
Copper (Cu) 13.45 mg/kg 5.03 mg/kg
Lead (Pb) 25.06 mg/kg <1.0 mg/kg
Mercury (Hg) 2.50 mg/kg < 0.1 mg/kg
pH 5 7

Organic Matter 2.75% 1.36 %

Microbiological Characteristics

1. Microbial Diversity: Contaminated soil showed reduced microbial diversity, with a
Shannon Index range of 1.5-2.5 compared to 3.0-4.0 in uncontaminated soil.

2. Microbial Abundance: The abundance of microorganisms was lower in contaminated soil
(10n6-10"7 CFU/g) compared to uncontaminated soil (10°8-10"9 CFU/Q).
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3. Community Composition: The community composition of microorganisms in
contaminated soil was altered, with a shift towards more tolerant species.

Table 2: Bacterial and fungal counts at the impacted soil, un-impacted soil and cassava effluent
(A Impacted soil, B - Un-impacted soil and C - Cassava effluent)

Soil Type Bacteria (cfu/qg) Fungi (cfu/g)

Control 7.0+ 0.11x 1075 4.2 +0.57x10"5
Effluent 5.1+0.28 x 1015 4.4 +0.41x 105
Polluted 7.8 £0.19 x 10"5 3.9+ 0.42x 1015

The bar chart illustrates the heterotrophic bacterial and fungal counts in three different soil
conditions: control, effluent, and polluted.

Bacterial Counts: The polluted soil exhibited the highest bacterial counts, reaching 7.8 x
1075 cfu/g. This suggests that the pollution may have created an environment that favors bacterial
growth, possibly due to the availability of certain nutrients or altered soil conditions. The control
soil had a slightly lower bacterial count (7.0 x 1075 cfu/qg), while the effluent-affected soil showed
the lowest bacterial count (5.1 x 1015 cfu/g).

Fungal Counts: Fungal counts were generally lower than bacterial counts across all soil
samples. The control soil had the highest fungal count (4.2 x 1075 cfu/qg), followed by the effluent-
affected soil (4.4 x 1015 cfu/g), and the polluted soil had the lowest (3.9 x 1075 cfu/g).

Overall Trends: Bacterial counts were higher than fungal counts in all three soil types. This
indicates that bacteria are the dominant microbial group in these soil samples. The polluted soil
had the highest bacterial count, suggesting a potential impact of pollution on the bacterial
community.

Soil Microbial Counts

& Bacteria & Fungi

400,000
300,000
200,000

100,000

0

Control Effiuent

Fig. 1. Microbial counts in different soil samples:

These changes in soil physicochemical properties and microbiological characteristics have
significant implications for ecosystem health and plant growth.

Key Findings

1. Increased nutrient levels: Cassava mill wastewater increased levels of potassium, iron,
manganese, and copper in contaminated soil.

2. Heavy metal pollution: Contaminated soil had higher concentrations of lead and mercury,
posing risks to ecosystem health.

19




Russian Journal of Biological Research. 2025. 12(1)

3. Soil acidification: Contaminated soil had lower pH levels, indicating increased acidity.

4. Reduced microbial diversity: Contaminated soil had lower microbial diversity and
abundance compared to uncontaminated soil.

5. Altered microbial community composition: Contaminated soil had a shift in microbial
community composition towards more tolerant species.

These key findings highlight the potential environmental risks associated with cassava mill
wastewater and the need for sustainable management practices to mitigate these impacts.

4. Discussion

The analysis of soil samples contaminated with cassava mill wastewater showed significant
changes in soil nutrient dynamics and microbiological properties, consistent with previous studies
(Abah et al., 2025). The increased levels of essential nutrients like potassium, iron, manganese, and
copper in contaminated soil may impact microbial activity and plant growth, as reported by Afuye
and Mogaji (2015) and Adewumi et al. (2016). However, the concurrent rise in heavy metal
concentrations, including lead and mercury, poses substantial risks to ecosystem health, similar to
findings by Emmanuel et al. (2025). The reduced pH levels in contaminated soil may affect
microbial communities and nutrient availability, as observed by Chapter and State (2024).
Furthermore, the decreased microbial diversity and abundance in contaminated soil suggest that
cassava mill wastewater can disrupt soil ecosystem balance.

5. Conclusion

The findings of this study indicate that cassava mill wastewater poses significant
environmental risks due to its potential impact on soil nutrient dynamics, microbial communities,
and ecosystem health. The increased levels of heavy metals and altered pH levels in contaminated
soil can have far-reaching implications for plant growth, microbial activity, and ecosystem balance.

6. Recommendations

To mitigate the environmental impacts of cassava mill wastewater, the following strategies
are recommended:

1. Implement effective wastewater treatment systems: Reduce the environmental impact of
cassava mill effluents by implementing treatment systems that can remove pollutants and excess
nutrients.

2. Monitor soil nutrient levels and heavy metal content: Regularly monitor soil nutrient levels
and heavy metal content to identify potential issues and take corrective action.

3. Adopt sustainable agricultural practices: Implement sustainable agricultural practices, such as
crop rotation and organic amendments, to maintain soil health and reduce environmental risks.

4. Develop and implement policies and regulations: Develop and implement policies and
regulations to ensure sustainable cassava processing practices and minimize the environmental
impacts of cassava mill wastewater.

Future Research Directions

1. Investigate the long-term effects of cassava mill wastewater on soil nutrient dynamics and
microbial communities.

2. Develop and evaluate effective wastewater treatment systems for cassava processing
industries.

3. Assess the impact of cassava mill wastewater on plant growth and ecosystem health.

4. Develop sustainable agricultural practices to mitigate the environmental impacts of
cassava mill wastewater.
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Abstract

The manuscript is devoted to a brief description of the scientific achievements of Peter
Frantsevich Lesgaft (1837—1909) in the field of medicine and physical education. The material was
historical sources and biographical studies of the personality, as well as some of his works.
The methodological complex of the research consists of methods of historiographical analysis,
the historical-system method, methods of classification and synthesis.

Peter Frantsevich Lesgaft became an iconic figure in the scientific approach to physical
education and sports. Remaining true to his principles throughout his life, including political ones,
he left a wide scientific legacy that has been relevant for almost a century and a half; some of his
works are still being republished.

He was one of the first to study the work of human joints and justified the need for physical
exercise for their successful functioning. He was actively engaged in teaching himself, including
creating high-quality medical educational institutions, and made a significant contribution to
pedagogical science, primarily to the theory of family and physical education.

Keywords: Peter Frantsevich Lesgaft (1837—1909), biology, physiology, human anatomy,
functional anatomy, physical education, family pedagogy, family education.

1. BBeaeHnue

ITetp ®pannesBuy JlecradT B UCTOPUU MENATOTMYECKOM MEIUIIMHBI SBJISETCS 3HAKOBOM
¢burypoii, KOTOpBI TPOCIABUJICA, IPEXJE BCEro, TeM, UYTO OTKPBUI HAYYHYIO CHCTEMY
dbu3myecKkoro BOCHUTAHUSA, a TaKKe TeopeTHYecKylo (GYHKIMOHAJIBHYI0O AaHATOMHUIO B
nayseoHTosIoTUu. Kpyr HaydHbIx uHTEpecoB JlecradpTa BechbMa IIUPOK: €ro 3ac/yTd B OHOJIOTHH,
MeUIIMHE U TIEeIATOTUKE SIBJISTIOTCS OOIeNPU3HAHHBIMU.

B nannoit 6morpaduueckoii paboTe Ha OCHOBE aHAJIU3A €T0 TPY/IOB MBI IIOMTPOOYEM OCBETUTH
OCHOBHBIE HAyuYHbIe MeNNKO-Ouosormyeckue uzaeun Jlecradra, a Takke HEKOTODHIE BEXH €r0
JINYHOU M HAYYHOU KU3HH.

2, MaTtepuaJjbl 1 METOAbI

MarepuajiaMu Il IaHHOTO HCCAEAOBAHUA CTAIM UCTOPUYECKHE HUCTOUHUKH, U30paHHbIE
Tpyasl (cMm., B uyactHoctH, Jlecradrt, 1911; Jlecradt, 1905; Jlecradpr, 1892 m MH. aAp.)
1 buorpaduueckue uccyienoBaHus o JuuHocTH [letpa @panneBuda Jlecragra.
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B xauecTBe MeTOAMYECKON OCHOBBI IPUMEHSJINCH TAKWE MeTO/Ibl KaK:

— Hcropuorpaduueckuii MeToA: NpPUMEHSJICA JIs HCCIeNOBaHUA DPAbOT O JIMYHOCTU
JlecradTa U ero Hay4YHBIX JOCTIKEHHUAX, a TaKKe HEKOTOPHIX HamboJjiee NU3BECTHBIX TPYAOB €ro
aBTOPCTBA.

— Hcropuko-cucTeMHBIM METO/: TOJpa3yMeBaeT W3yueHHe JIMUHOCTH ¢ Hay4YHBIX
noctmkeHui Jlecragpra B 00beKTUBHOM UCTOPUUYECKOM KOHTEKCTE;

— Meron knaccudukanuy: NOpUMeHeH /A TPYNIUPOBaHUA 10 paszenaM TpPYAOB,
Kacaromuxcs JugHocTH [lerpa @paniieBrya u ero Hay4HbIX paboT.

— Mertoz cuHTe3a: IpuMeHeH /111 (GOPMUPOBAHUA Pe3yJIbTaTOB U BHIBOJIOB.

3. O6¢cy:kneHue

YuuthiBasg Macmtab ¥ pasHOCTOPOHHOCTH JuuHOCTH I1.®.JlecradTa, 0 €ro JIMYHOCTU U
JIOCTYDKEHUSX ITHIIYT HCCaeA0BaTeu (GU3KYIbTYPhI U CIIOPTA, ME€JarOTUKU, UCTOPUU, MEITUITUHEI.
[ToaTomy mesrecoo6pa3HbIM CYHUTAEM KaacCupUITUPOBATh JaHHbBIE TPYAbI HA TPU pasjiesia:

— HcenepoBanus nmelarornuaeckux gocTmkenni Jlecragra;

— HcenenoBanus pocrmxkenuit Jlecradpra B obsractu GU3HUOIOTHN, MEIUITUHBI, (GU3UUECKOU
KYJIBTYPBI U CIIOPTA;

— Buorpaduueckuii Tpyasl o tuaHOCTH Jlecragdra.

1. MccnenoBanus nemarorunyeckux goctmxenuit Jlecradra. Kak ussectno, Ilerp ®panneBuy
MHOT'O BHUMAaHHUSA B CBOMX TPyAaX YAEJsI ceMeHHOMY BocnuTaHuio. [loaToMy cuuTaeM yMECTHBIM
pas3ziesIuTh JAHHYI0 M CaMyl0 MHOTOYHCJIEHHYIO TPYIIIy paboT Ha JBe KAaTerOpHU: HaydHbIE
HCCIeI0BAaHUSA TelaTOrHYecKuX Bo33penuii Jlecragra B ob6s1actu a) pusuueckoro u 6) ceMerHHOTO
BOCITUTAHUS, a TaK)Ke ero HCC/ieloBaHUs B cdepe B) OOIEAUAAKTUUECKHNX WU WHHOBAITMOHHBIX
TeJaroTuYeCcKuX UIeH.

a) K mepBoii kareropuu TpyzioB otHOcATcA pabotsl E.B. Bonmapenko (bonmapenko, 2011),
B.H. Upxuna, 1.B. Upxunou, I'.B. MakorpoBoi# (pxuH u ap., 2025), A.A. KaasikoBa (KaipikoB,
2013), A.B.IMamyrunoit (Ilamrytmna, 2025), C.U.IlerpoBa, B.B.IIsnk (Ilerpos, IIpnk, 2021),
J1.B. YekmapeBoi (UekmapeBa, 2012), FO.H. Caxaposa (Caxapos, 2009) u Jip.

6) mpobseMol u3ydeHUs1 ceMeHHOro BocnuTaHusa B uaesax I1.®. Jlecradra 3aHMMAaINCH
B.T'. bapab6am (bapabari, 2024), B.JI. Kabanos, M.B. Tumodeepa (KabanoB, Tumodeena, 2020),
A.M. KaprambimieB (Kaprambime, 2016), C.H. Kacatkuna (Kacarkuna, 2018), A.A. IToramoBa
(IToramosa, 2024c¢), C.}0. ®enoposa (Pemoposa, 2013) H JIp.

B) OOmenIakTUYECKHe HAed | IeJJarorTuyeckre HWHHoBamuu B pabotax Jlecradra
aHamu3upoBaIuch B Tpyaax M.B. Bynanoso#i  (Bynmanosa, 2023), T.C. byropuHoii,
T.E. Koneiikunoii (Byropuna, Konetiknna, 2007), E.III. Byx (Byx, 2005), B.B. T'opsiueBa (I'opsiues,
2012), E. Kusazea (Kusases, 2014), M.A. Kypkwunoii (Kypkwmna, 2008), II.B.IloropenoBa
(IToropesioB, 2025), A.A. IToranoBo#i (IloramoBa, 2022; IToramoBa, 2024b; IloramoBa, 2024d),
O.U. ITanosoii (ITanosa, 2007) u Ap.

2. UccnenoBanus nocrmxenuit Jlecradra B obstact GU3UOIOTUY, METUITUHBI, HPU3UUECKON
KyJIbTYpbl ¥ crnopra. JlaHHas KaTeropus IIpeJ/icTaBjieHa paboTaMH TaKUX aBTOPOB Kak
N.N. MypamoBa (Mypamosa, 2025), I'.A. HoocemoBa (HoBocesoBa, 2010), A.A.IloramoBa
(IToramoga, 2023), H.C. Ckok (Ckok, 2023), P.M. Xaitpysuius (Xaiipy/uinH, 2024), B.B. XapueHko,
B.A. Banos, fI.1. ®etucosa (XapueHKO | Jp., 2019) U Ap.

3. buorpaduyeckuii Tpyzb!l o smyHoctu JlecradTa, cpeii KOTOPHIX OTMETHUM HCCIIEIOBAHUSA
M.B. borycinasckoro (BorycmaBckmii, 2022), A.IL Bpuwiunoi#i, .M. ApkanoBa (BpuinHa,
ApxkaHoB, 2023), UM.A. MepkymeBa, B.I'. Abammua (MepkymieB, AbarmuH, 2023; MepKyIIes,
AbamuH, 2024), C.H.Msarkosoii (Msrkosa, 2010), II.B. IloropesnoBa (Iloropenos, 2025),
A.A. TloranmoBoii (IToramoBa, 2024a), I0.C.Cumonkunoii, B.M.HoxsumoBa (CuMoHKHHA,
Hoxsumos, 2011), A.B. YTkun (YTKUH, 2017) u 1p.

Tak>ke, HAMU HCIIOJIb30BAJICh U HEKOTOPHIE KOMILJIEKCHbIE PAOOThI, B YACTHOCTH, TPY/AbI
N.J. CrpesnpaukoBa (CTpesbHUKOB, 1966) u 1p.

Pasymeercs, ykazaHHbIN HcTOpUOrpaUUecKUll IlepeueHb SABJSAETCS AaJIeKO He IIOJIHBIM,
O/THAKO B HEro BKJIIOUEHBI pAbOTHI MPAKTUUECKU BCEX HAYYHBIX cdep, OTPaKAIIUX IITUPOTY
smyHoctu [lerpa ®@pannesuua Jlecradra.
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4. PesyiabTaTsl

[Tetp ®panrneBud pogwics B CankT-IletepOypre B eBpeiickol ceMbe U3 MEIAHCKOTO COCTIOBHA,
KOTOpBIe IlepelluId B IIpaBocjaBUe U Ilepeexas B Poccuio ¢ HeMeIKUX TeppUTOpHUM, I03TOMY
Jlecradra nHOI/IA OMIMOOYHO CUUTAIOT HeMIeM (cM., Hamp., Kaipikos, 2013: 90). Otma 3Banmu OTTO
[Terep, mosTomy oTuecTBO «®PpaHIEBUY» y OYAYIIEro YUeHOTO BBI3BIBAET BOIIPOC, HA KOTOPHIA Y
HUCTOPUYECKON HayKU HeT OTHO3HAYHOI'O OTBETA JI0 CerOAHAIIHEro THA (YTKUH, 2017: 18).

O6paszoBanue Jlecradt Mogyyus B CTOJIUIE B HEMEIKUX 00pa30BaTEIbHBIX OPraHU3AIUAX,
KOTOpBIE KOT/Ia-TO YUPeIWIH JJji TepMaHCKUX IepecesieHIeB croABKHUKYU Ilerpa | u AHHBI
WNoaHHOBHBIL.

B omyinume ot miazuiero 6para, [leTp pemin cBA3aTh CBOIO XKU3Hb C MEJUIIMHCKOU HAyKOH,
I03TOMY B 1856 rofly IIOCTYIIaeT B CIIelIUAJIbHOE yUpe:K/JeHHe /I MOATOTOBKUA BBICOKOKJIACCHBIX
MeuKOB — CaHKT-IleTepOyprekyo MeAUKO-XUPYPTUUYECKYI0 aKaJ[eMHIO, B KOTOPOH YBJIEKCA
aHATOMHUYECKUM HallpaBJIeHUEM.

[NapannenbHo ¢ MeguInuHCKOW mnpakTukou, Ilerp JlecrahT akTUBHO 3aHUMaJICA WU
MEIUIIMHCKON HayKoH: 1865 roy OH ITOJIy4YaeT CTelleHb JOKTOpa MeAUINHBI (JruccepTanus ObLIa
MIOCBSAIIIEHA aHATOMHU MBIIIIEYHBIX BOJIOKOH Y YeJIOBEKA U KUBOTHBIX), a B 1868 r. ycTpanBaercs
IPO3EKTOPOM* B METUKO-XUPYPTHUECKYIO aKaJIEMHIO.

B 1869 romy II.®.Jlecradtr mepees:kaer B Kazanp U 3aHUMaeT JAOJIKHOCTH
SKCTpaopJiuHapHoro mnpodeccopa ¢usnosornueckoir (HopMasbHON) aHaromuu B Kasanckom
YHUBEpPCUTETe, OTHOBPEMEHHO OTKPBIB KYPCHI 110 IIOJIFOTOBKE aKyIIepoK NpH By3e. OZHAKO BCKOPE,
K pa304apoBaHUIO CTYAEHTOB U HEKOTOPHIX KOJIJIET, OH OBLII YBOJIEH ¢ GOPMYINPOBKOH «be3 mpaBa
3aHUMATHCA I1€JIarOTUYECKON JIeATEeIbHOCThIO»: IIOBOJIOM CTajla «CTaThsl O HapyUIeHUAX
I1eJIarOTUYeCKON 3THUKU PAJIOM MPOdeccopoB YHUBEPCUTETA, KOTOPYIO MOJIOJION IperojaBaTesb
onybsnkoBas B « CaHkT-IleTepOyprekux Bezromoctsax» (Kampikos, 2013: 91). HeKoTopbie KOJIJIETH B
3HAK IIPOTECTA TaKyKe I0/IaJIN NIPOIIEeHNsA Ha YBOJIbHEHUE, CPE/IN KOTOPBIX OBLJIN U IPOCJIaBJIeHHbIE
CBETWJIBl MEJUIIMHCKOU HAayKH, B YaCTHOCTU, OJUH U3 OCHOBOIIOJIO)KHUKOB OT€YECTBEHHOU
ouoxumun A.fl. JlaHWIeBCKUI, OJMH U3 OCHOBOIOJIOKHHUKOB THTHMeHUCTHKH A.M. fAxobui,
narosior u TepaneBT IL.U.JleBurckuil, xumuk B.B. MapKOBHUKOB, THCTOJIOI U MeIleHaT
A.E. TonyGeB u fip.

B 3T ToABI HanboJIee IPKO MPOSABUJINCH YEPThHI JJUYHOCTH OY/IyIIEro OCHOBATEJIS CHCTEMBI
(usuUecKoro BOCIIUTAHUA U TEOPETHYECKON (YHKIMOHAIbHOU aHaToMuu (CTpesbHUKOB, 1966:
7-13), a ©IMEHHO BbIJIaOIIAsACA paboOTOCIIOCOOHOCTh, OPTAHNU3AaTOPCKHE HABBIKH, YMEHUE MBICIIUTh
HOBATOPCKH, TBOPUYECKU U HECTAH/IAPTHO, CKPYIyJI€3HOCTh, YECTHOCTD, I1eJIarOTNYeCKUN TJIaHT U
OpaTOpPCKOE MAaCTEPCTBO, & TaKKe W3JIUIIHASA MPAMOJIUHEHHOCTh U CKJIOHHOCTh K KPUTHI[U3MY,
HEY>KUBUHMBOCTh ¥ YIPAMCTBO. IIOMHMO 3TOTO, TOCYapCTBO CUUTAJIO €ro HeOJIArOHaJEeKHBIM C
TOYKH 3peHus JIOSATIBHOCTHU pexxumy (mpruem JIOCTaTOYHO JIeMOKPaTUUYHOMY
«aJIEKCAH/IPOBCKOMY») M BeCbMa UYBCTBUTEJIBHBIM K PEBOJIIOIMOHHBIM HZESAM, B CHJIy YETO UM
3aUHTEPECOBAIUCh COTPYyZHUKN OxpaHHOro otTfeseHusA. K cokajieHHIo, U3 BbIIIEyKa3aHHOU
npobsieMHON cutyanuu JlecradT He c/esaeT COOTBETCTBYIOIIMX BBIBOJOB U BIUIOTH /10 CaMOM
cMept OyZeT TomasaTh IOj, IPUCTAJIbHOE BHUMAHHE OpPraHOB TocOe30MacHOCTH C
He0JIArONPUATHBIMU /IS cebs TOoceACTBUAMU. 3aTO, YKa3aHHOE OOCTOSTEIBCTBO CENIAIO €ro
repoeM COBETCKON HCTOpHUOTpaduU KaK HOCHUTEJNsI W TPOIAraH/NCTa PEBOJIIOIMOHHBIX HEH,
KOTOpasi BCAYECKH IIONYJIAPU3NPOBAJIIA U JIMYHOCTb, U Tpyabl Ilerpa ®pannesuua. Takxke, ero
MMeHeM Ha30BYT COBeTCKUU ['ocy/1lapCTBEHHBIN HHCTUTYT (PU3UIECKOTO 00pa30BaHUsA, BBIPOCIINN
n3 co3maHHbIX JlecraptoM BpemeHHBIX KypcoB /i TPUTOTOBJIEHUA PYKOBOJAUTETBHUIL
¢usuueckoro Bocnuranusa npu CaHkT-IleTepOyprckoil 6mosornyeckoi JabopaTopunl; HbIHE BY3
HaszbIBaeTcs HalmoHaIbHBIM TOCYIaPCTBEHHBIM YHUBEPCUTETOM (PU3UUECKOH KYJIBTYPBI, CIOPTA U
37m0poBbsi uMeHHu I1.®. Jlecradra u sBsseTcss OMHUM U3 HauboJsiee MPECTHKHBIX B Poccuiickoi
deneparuu B JieJie MOJATOTOBKY CIEIUAJIUCTOB B TeOpeTUdecKou cepe PU3KyIbTYPHI U COPTA.

Jlecradt Bo3Bpamaercsa B CaHkT-IlerepOypr, I/ie IPOTEKIIMIO €My OKa3ayl OBIBIIUIN €ero
npenoasaresb B akagemuu B.JI. I'pybep; Ilerp ®paHieBud HersiacHO mperozaer Ha kadeape
QHATOMHUU, a TaKXKe M y cebs Ha KBapTUpE, O YeM JIOKJIAJAbIBAIIM COTPY/HUKH «OXPAHKH»,
ycTaHoBUBIIHE 3a JlecraToM CKPBITHOE HAOJIIO/IEHHE.

* IIpO3eKTOp — COTPYTHUK MEAUIIMHCKUX 00pa30BaTeIbHbIX YUPEXKASHUH 1 OOJIBHHUIL, B YbH 00S3aHHOCTH
BXO/IUT ITOATOTOBKA BCKPBITUSA /IJIA IEMOHCTPAIIUH.
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B 1874 rony «omasia» 6bp11a cHATA U JlecradT, mpu cozelcTBUU TOTO Ke ['pydepa, CTaHOBHUTCS
BO IJVIaB€ AHATOMUYECKOTO KpyKKa IIpu BoOeHHO-MeIUIIMHCKON akaJeMuu U Mperojaer
TUMHACTHKY, IIyOJIUKYs B 5TOM K€ TO/ly M CBOIO IIEPBYI0 HAYYHYIO CTaThIO IO O370POBUTEIHHOMN
TUMHACTHYeCKOU TEOpUU U IPAKTUKE.

AXTyaJIbHOCTh U HOBHU3Ha IybOsmkanui Jlecragrta OBICTPO MPHUHECTH €My BCEPOCCHUHCKYIO
U3BECTHOCTh; B 1877 roAy mnpu BTopoil BOEHHON CTOJIMYHON THMHA3UU OH OTKDBIBaeT
JIBYXTOZIUYHbIEe KypChl II0 aHAaTOMUU U (UBMOJIOTHY, IIpenojiaBasg TakKe TUMHACTUKY U
dexroBanue (YTKUH, 2017: 21).

K nmosHOIIEeHHOM IpernoiaBaTebcKol AesaTeabHOCTH JlecradT BepHysIcs TOJIBKO B 1884 roxy,
CTaB IIPUBET-ZOIIEHTOM 110 aHaToMuu B ImmniepaTopckoM CaHKT-I1eTepOyprckoM yHUBEPCUTETE.

B 1893 roay Jlecradt, Ha mokepTBOBaHHbIE €My JIEHBI'H, CO3/]a€T B CTOJIUIlE OMOJIOTUYECKYIO
J1abOpaToOpHIO, IIPH KOTOPOH BITOCJIECTBUU OPTaHU30Bas «BpICIIMe HaydHbIE KypChl MTOJATOTOBKHU
BOCITUTATEJIBHUI] U PYKOBOJIUTETBHUI] (PU3NIECKOTO 00pa30BaHUSI» U KOTOPbIE, KaK OBLIO YKa3aHO
BBIIIIE, B UTOTE CTAJIN OJTHIM 13 HanboJiee aBTOPUTETHBIX POCCUMCKIX By30B (DU3KYJIBTYPHI U CIIOPTA.

ITocne mognmucanus JlecrapToM Tak Ha3bIBAEMOTO «IIPOTECTA 99-TH» (QQ MPOTPECCUBHBIX
JleATesiell  BBICKA3aJINCh MPOTUB  IOJABJIEHHUS  CTYJAEHYECKOM  aHTUIIPABUTEIHCTBEHHOMN
JeMoHcTparuu Ha KasaHCKOHW IUIOIA/u), OH BHOBb IOMNAaJl B CIHUCKUA «HEOJIaroOHaIesKHbBIX»
y OpTaHoB roc6e30macHOCTH U ObLI BBICJIAH U3 cTouIbl. C HauaioM [IepBoil pycCKO pPeBOJIONIN
1905—1907 ronoB 6bLIM 3aKpHITHI U Beicmme kypcebl Jlecradra. Bmecre ¢ Tem, ITerp ®@panneBuu
MPO0JKaJI HaydHylo paboty. [locse pa3peleHus Ha BbIe3]T 3a MPeJIeJIbl CTPAHBI, IyTEIIeCTBOBAI
3arpa”urieid. YMep B 1909 rojty Hepaneko ot Kaupa B Erunre; ocranku repeBe3eHbl U 3aXOPOHEHbI
B Caukr-IletepOypre, rie Jlecradt mpoBest 6OJIBIIYIO YaCTh CBOEH KU3HH.

Ilepeiimem k paccMoTpeHuio HayuHoro Hacaeaus Ilerpa OpanneBuda Jlecradra.
[{esrecoo6Gpa3HBIM MPEJICTaBIISIETCSA KJIACCH(MUITUPOBATH €ro PaOOTHI CIIEAYIOIINM 00pa3oMm:

1. UccnenoBanms o aHaToMuu U GU3UOJIOTUH;

2. Tpyasl 10 aHTPOIIOJIOTHUY;

3. [lenaroruueckue uccae0BaHUs.

1. MccnenoBaHus MO0 aHATOMUH U GU3UOJIOTUH (ITOMHUMO JICCEPTAITMOHHBIX UCCIIEIOBAHUI)
IIPEe/ICTaBJIEHBI KaK PAZOM Y3KOCIEIUATIN3UPOBAHHBIX IyOJIMKAIIUH, TAK U aHTOJIOTHYECKUX PabOT.

K nepBoii kareropuu OTHeCEM CTaThu O paboTe MbIII] 171a3a («O KpyroBOW MBIIIIIE TJ1a3a»;
Jlecradt, 1968a), MBI MOYENOIOBOU cHCTeEMbl («O HEKOTOPBIX MbIMIAax ©u (acuusx,
OKPY’KamIIUX MOYEUCIyCKaTeIbHBINA KaHas»; Jlecradt, 1968b), aHATOMUM HOCOTJIOTKH, I/ie ObLI
JlaH TIOJIPOOHBIN aHAIM3 IAaTOJIOTUH, CBA3aHHBIX ¢ Kuctod TopHBanmpza (cymka Jlomke) u
crioco6oB sieueHus («O HUIIed win co6CTBEHHO-TJIOTOYHOU cyMKe»; JlecradT, 1968¢), aHaToMuu
OTIOpHO-ZIBUTATeIbHOTO ammapara («O NpuymHaX, BIUAIOIUX Ha ¢opmy KocTei»; Jlecradr,
1968d) u ap.

N3 KOMIUIEKCHBIX (QHTOJIOTUYECKHX) pabOT IO aHATOMHUU OTMETUM 400-CTPAHUYHYIO
MoHorpaduio «OCHOBBI TeopeTwdyeckoil aHaromuu» (Jlecradt, 1905), KOTOpas 0 PEBOIOIUU
1917 roga um3zaBasach ABaXKAbl — B 1896 U 1905 rojiax; MOHOrpaduio «AHATOMUS UYeJTOBeKa»
(Jlecradpr, 1892), msmaHHOW HA pycckoM s3bike B Jledmnmure B 1892 roxy u B 1895 romy
IepeBe/IeHHYI0 Ha HEMEIKUU A3bIK OTAEJIbHBIM H3/IAHUEM; CTaThl0 «AHOMaJIMU 4YeJIOBEKa U
OTHOCHUTeJIbHasA yactota ux» (Jlecradr, 1968e) u ap.

2. Tpyapl 1O aHTPONOJIOTHU BKJIIOYAIOT pabOThl KOMIUIEKCHBIE pAabOTBHI O ee 3ajayax u
MEeTO/I0JIOTHH (B YaCTHOCTH, CTaThsA «3aJjayd aHTPOIIOJIOTUHM W METOJ ee u3yudeHus»; Jlecradr,
1990a), a Tak:Ke KOMILIEKCHbIE pabOThI IO BO3PACTHOU (PUBUOJIOTUH U IICUXOJIOTHU (B YACTHOCTH,
dyunamenTanbublil Tpys «IlepBble rofbl KU3HU peOeHKa», OIMyOJIMKOBAHHBIA B IATU HOMeEpax
)kypHana «M3Bectuss Cankt-IletepOyprckoii 6mosioruueckoit jsaboparopun» (Jlecradt, 1990b),
cratbs «Ilepros BO3MYKaoCcTH», OIIyOJTMKOBAaHHAA B TOM 2Ke JKypHaJsle, cTaThsd «Marepuassl A1
HU3y4eHus IIKOJIBHOTO BO3pacTa» U JIp.).

3. Ilepmarormueckoe HayuHOe Hacienue Jlecradra spiserca Haubosiee OOIIUPHBIM U
BKJIIOUAEeT HECKOJIPKO [IeCATKOB IyOymukamuid (Kak ¢GyHZAMEHTAIBHOTO XapakTepa, TaK H
OT/IeJIbHBIX CTaTed B HAYYHBIX JKypHaJax). B aTy jke KaTeropuio CUMUTaeM YMECTHBIM OIPEAETUTD U
TPYZbI 0 GUBUYECKOU KYJIBTYPE U CIIOPTY M, COOTBETCTBEHHO, (PU3MIECKOMY BOCITUTAHHIO, TaK
KaK YKa3aHHbIE TPY/IbI TAK WX UHAYE UMEJTU HAyIHO-TIETaTOTHIECKUIT KOHTEKCT.

[Moxasryil, HanboJiee N3BECTHBIM II€/IarOTUUECKUM TpyzioM Jlecradra sBisieTcss MOHOTpadus
«CeMmeitHOe BocmuTaHue pebeHKa», COCTOsAIAs U3 3-X YacTell W BblJieprKaBinas OoJiee aecAaTH

25




Russian Journal of Biological Research. 2025. 12(1)

WU3/IaHUM — KaK B JOPEBOJIIOIMOHHBIA U COBETCKUHN IEepHOJ POCCUMCKOU HCTOPUH, TaK U Ha
coBpeMeHHOM JTare (cM., B uactHoctd, Jlecradt, 1911; Jlecradt, 1991). Tpya ocsemaer
0COOEHHOCTH BOCITUTAHUS MaJIOJIETHErO peOeHKa B YCJIOBUSAX CEMbH, 0a30Bbl€ U BTOPOCTEIIEHHBIE
33/jau POAUTEIeH KaK BOCIIHTATe e, 3HAaYMMOCTb MaTepH KaK IJIABHOTO BOCIIMTATEN s HA DTare
paHHEro JIeTcTBa W OTIa Ha OoJiee MO3AHUX JTallax, PO POAUTEIEH 00O0UX IOJIOB B KU3HU
pebeHKa B pPa3JIMYHBIX BO3PACTHBIX IEPUOJAX, a TaKXKe IIPAKTHYECKHUE COBETHI, METOAUKH U
METO/IbI BOCITUTAHUS.

Jpyrum (pyH/1aMeHTaTbHBIM TPYAOM SIBJIsIeTCs « PYKOBOJICTBO K (pusrueckoMy 06pa30BaHUIO
JleTeil IIKOJIBHOTO Bo3pacra» (Jlecradrt, 1912), TOJBKO B JIOPEBOJIOLMOHHBIA IEPUOJ
BBIJIEPIKABIIIEe TPU U3/IaHU (B 1901, 1904 U 1912 TO7aX).

N3 craredl B mepUOAUYECKUX H3JAHUSIX OTMETHM paboThl «OO6 OTHOIIEHWH aHATOMHUH K
¢usmueckomy BocmuTanuio» (Jlecradt, 1990e), «3amaun (HUUUYECKOTO PA3BUTHA B IIIKOJIE»
(JIecradt, 1936), «O6 urpax u Gpu3nuecKoM BocCIHUTaHUU B IiKoje» (Jlecradt, 1953a), «OCHOBBI
eCTECTBeHHOU ruMHacTukm» (Jlecradr, 1953b) u mH. ap.

IToce cebss I1.®.JlecradT ocTaBWI ITUPOKOE HAYYHOE HAC/IeAue, KOTOpOe SIBJISJIOCH
aKTyaJIbHBIM Ha IPOTSIKEHHU IIPAKTHYECKH IIOJIyTOpa BEKOB; HEKOTOPBhIE €ro TPY/bl
MePEeN3/Ial0TCA U CETOJTHA.

5. 3aKJII0ueHue

ITerp ®panneBuu JlecradT cras 3HAKOBOW (PUTYpOH B HAYYHOM MOAXO7le K (U3NUECKON
KyJbType U crnopty. OcraBasch Ha MPOTSKEHUU BCEH »KU3HU BEPHBIM CBOUM MPUHITUIIAM,
BKJIIOYAs U TIOJIMTUYECKHE, OH OCTaBWJI IIUPOKOE HAyYHOE HacJenne, KOTOpPOEe SBJISAJIOCH
aKTyaJbHBIM Ha TIPOTSHKEHWH IPAKTUYECKH II0JIyTOpa BEKOB, HEKOTOpble U3 €ero paboT
TepeusialoTcsA U IMTOHbIHE.

OmHUM M3 TEPBBIX OH U3YYWJ PabOTy CycTaBOB 4YeIOBeKa U 0OOCHOBaJ HEOOXOIMMOCTH
(usmyeckux ynmpakHeHWH I UX YCIENIHOTO (DYHKIIMOHWPOBAaHUS. AKTHBHO CaM 3aHHUMAJICS
MEeJAarOTHYECKOU JIeATEIbHOCTBIO, B TOM YMCJIE M CO37IaBas BBICOKOKAYECTBEHHBIE MEIUITTHCKUE
y4yeOHble 3aBeJleHHsI, U BHEC 3HAYMUTEJIbHBIN BKJIQJI B MEJAarOTHYECKYI0 HAyKy, IIPEXKJe BCETO,
B TEOPUIO CEMEWHOTO B (PU3UUECKOTO BOCITUTAHHUSA.
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Ilerp ®panneBuu Jlecradpr (1837—1909): HekoTOpBIe OUOrpadHUECKHEe ACHEKTHI
HAYYHOH U MEJATOTHYECKOH NEATEIHbHOCTH POCCHUICKOTO (PHM3H0JI0TA U ITearora

AnBap Mupsaxmarosrnd MamananueB? - *
2 BoCTOYHO-eBPOIIEHCKOE UCTOPHUUECKOE 00111ecTBO, Poccuiickas ®enepamus

AnHOTanmuA. Pykonuch mocBslieHa KpPaTKOMY OIHCAHHUIO HAy4YHBIX JocTikeHUU Ilerpa
@®pannesuua Jlecradbra (1837—1909) B obslact MeAUIUHBI W (HU3UUYECKOTO BOCIIHTAHUA.
MaTepuajioM MOCTY>KWIN HCTOPUYECKHEe UCTOYHHUKU U Ouorpaduveckue MCCIeIOBAHUA
JINYHOCTH, a TaK:Ke HEKOTOpbIe ero TpyZAbl. MeTouuecKnii KOMILJIEKC UCCIeJOBAHUA COCTABJIAIOT
METO/Ibl UCTOPUOTPaPUUECKOTO AHAIN3A, UCTOPUKO-CUCTEMHBIM METO/, METO/Ibl KlaccuduKanuu
Y CUHTE3a.

ITerp ®pannesuu JlecradT craj 3HAKOBOU (PUIYypoHd B HAYYHOM MOAX0e K (PU3NUECKON
KyJbType U crnopry. OcraBasch Ha IPOTS)KEHHMU BCeUd KU3HU BEPHBIM CBOUM IIPUHITUAIAM,
BKJIIOYAs U IIOJIUTHYECKHe, OH OCTAaBWJI IINPOKOe HAaydyHOe Hacjenne, KOTOpOe SBJISAJIOCH
aKTyaIbHBIM Ha IMPOTSKEHUU TMPAKTUUYECKU IIOJIyTOpA BEKOB; HEKOTOpble U3 €ero TPYZOB
IepensaloTcs 1 ITIOHbIHE.

OZHUM W3 TEpBBIX H3YyYmwI paboTy CycTaBOB 4YeJOBeKa W OOOCHOBaJ HEOOXOIMMOCTH
(usnyeckux ynpakHeHHH I UX YCIENIHOTO (PYHKIIMOHWPOBAHUS. AKTMBHO CaM 3aHUMAJICSA
I1eJIJarOTUYeCcKOH /1eTeJIbHOCThIO, B TOM UMCJIE U, CO3/[aBasd BbICOKOKAaUeCTBEHHbIE MeUIIMHCKIE
yueOHble 3aBeJleHHsA, U BHeC 3HAUUTEJIbHBIM BKJIQJ B II€JIarOTUYECKYI0 HAyKy, IIpeKJie Bcero,
B TEOPHIO CeMeNHOro 1 GU3NIeCKOro BOCIIUTAHUA.

KiaoueBbie ciaoBa: Ilerp ®pannesuu Jlecrapr (1837—1909), 6uosorus, Gu3n0IOTHS,
QHATOMHA 4YeJOBeKa, (GYHKIMOHAJIbHAA AaHATOMHSA, (PU3HYECKOe BOCIUTAHHE, CeMeHHasd
1e/IJarOTUKa, CEMENHOEe BOCITUTAHHE.
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Methodological Notes on the Possibility of Electron Microscopic Study of
Fossil Elasmobranch Teeth in Ultra-Low-Budget Laboratories
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Abstract

The paper examines the scientific and applied significance of fossil elasmobranch teeth as a
key source of evidence for systematics, phylogenetics, and evolutionary morphology. The review
section shows that elasmobranch teeth (modified placoid scales associated with cartilaginous jaws)
are highly species-specific and are therefore widely used for taxonomic identification, including
through diagnostic keys and standardized protocols for collection and description. It is emphasized
that, alongside dermal denticles (which lie outside the scope of ichthyodontology), teeth provide
morphometric indicators relevant not only to elasmobranch systematics but also to broader
qguestions in evolutionary biology and vertebrate comparative anatomy. In the context of
phylogenetic reconstructions, the special role of “paleoodontological” evidence is noted: from the
classic works of the mid-20th century to modern digital studies, dental characters remain among
the most informative “direct witnesses” of evolutionary transformations in sharks and their
relatives. A current trend toward formalized processing of morphological data is discussed
separately: to analyze patterns of morphogenesis and tooth variability in fossil and extant forms,
multivariate statistical approaches are used — primarily PCA to reduce dimensionality and noise in
complex character datasets, as well as discriminant analysis for taxonomic separation and for
testing classification hypotheses. A major limitation of such reconstructions is identified as
taphonomic damage and surface degradation of teeth, which reduce the accuracy of recognizing
diagnostic characters and therefore require explicit consideration of taphonomy and stratigraphic
context when interpreting morphology. The experimental section demonstrates that, for these
purposes, it is possible to automate and re-digitize relatively old 1980s scanning electron
microscopes with modest metrological performance and to obtain images comparable to those
produced by modern compact electron microscopes at magnifications (useful magnification) from
several thousand up to 5,000x%, with an upper digitizable limit (due to mechanical instability and
image blur) of up to 10,000x. A series of illustrative SEM micrographs of elasmobranch tooth
microstructure is presented, with increasing magnification from 35x to 10,000x%. For the lowest-
magnification “electron macrophotography,” the possibilities of colorization/digital pseudo-color
(pseudo-color mode) are shown, yielding coloration comparable to the specimen’s appearance
under visual inspection and macrophotography. This approach is currently implemented using
artificial intelligence/machine learning tools.
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1. BBegeHnue

1.1. Cucremarudyeckoe H (QHIOreHeTHYeCKoe (DBOJIIOIMIOHHOE) 3HaueHue
MOP@OJIOTHUECKHUX MIPU3HAKOB 3y0O0B HCKOIIA€MBIX 3/IACMOOPAHXUH.

OO6111en3BECTHO, YTO MOPGOJIOTHA 3yOOB 371aCMOOPAHXUNH — BUAOU3MEHEHHBIX IIAKOUIHBIX
YeIlIyH, pacIOJIOKEHHBIX Ha XPAIIEBBIX YEJIIOCTAX — MMEET IPEeeIbHO 0OO0JIbIIOEe 3HAUEHUE B UX
TAaKCOHOMUHM U BHUAOBOU WAEHTHU(DUKAIIUM; CYIIECTBYIOT HACHTU(MUKAIIMOHHBIE KJIIOUH I
ompezieJIeHUs] BUOB 3JIACMOOPAaHXWHA HAa OCHOBE MOP(OJIOTUYECKHX XapPaKTEPUCTHK HX 3y0OB
(Guinot et al., 2018; Pollerspock, Straube, 2018; Pollerspock, Straube, 2020). Hapsay c
JIGHTUKy/IaMH  (KOTOpble, HeCMOTpsI Ha Ha3BaHHEe, He UMEIT HHYero OoOIero ¢
HUXTHOO/IOHTOJIOTHEH, a MPEICTABJISIOT cO00H 3y0000pa3Hble YEITyHKH, IIOKPHIBAIOIIHE KOXKY aKyJI
(Atkinson, Collin, 2012; Sibert et al., 2017)), oHU SABJAIOTCA BUAOCIEIU(PUIHBIMHA UCTOYHHUKAMH
MOPHOMETPUUECKHUX HMHIUKATOPOB U 3JIEMEHTAMH TaKCOHOMHUYECKUX KJIIOUeld, WMEeIONIHMHU
coOCTBEHHBIE ITPOTOKOJIBI cOOpa, KOJUIEKIMOHHUPOBAHUSA, IOJITOTOBKH U OIHMCAHUS 00pa3IioB
(Mollen, 2019). MoxHO TOBOPUTH 00 OOIEOHOJIOTHYECKON 3BOJIIOIMOHHON IIEHHOCTH 3Y0OB
3JIacMOOpaHXUH B (DUJIOTEHETUKE HE TOJIBKO 3J1aCMOOPAHXUH, HO U B 1I€JIOM IIO3BOHOYHBIX, B TOM
yucse pentwini u muiekonuratomux (Ciampaglio et al., 2005; Berio, Debiais-Thibaud, 2021).

C Touku 3peHus: PUIOreHeTHYECKOT0,/3BOJIIOIMOHHOTO aHaIn3a (BK/I0Yas SBOJIIOIIMOHHYIO
OMOJIOTHIO  pa3BUTHs, IIPOTHO3BUPYIOIIYI0 BO3MOXKHBIE (opMbl  MopdoreHesa), BKJIAJ
IIaJIE00/IOHTOJIOTHUA B (PHUIIOTEHETUYECKYI0 PEKOHCTPYKIIHIO, B 0COOEHHOCTH (PUIOTEHETHYECKYIO
PEKOHCTPYKIIMIO  3JIaCMOOpaHXUU CJI0KHO TI€PeOlleHUTh. 3azaBasg Bompoc «YTo ecTh
51aCMOOPaHXHUU?», ¢ TOUKH 3PEHHs 3BOJIIOIMOHHON ITaJIEOHTOJIOTHH, coryiacHo pabore (Maisey,
2012), mbpl HEN30€KHO OTBEYaeM Ha Hero ¢ (OKycoM Ha MPSAMBIX CBUETEJISX YBOJIIOIMUOHHBIX
mpeobpasoBanuii — 3ybax ossacmoOpauxuii (of fossil elasmobranchs have focused on teeth).
Hauyunaas c¢ 1930-x rT. 3y0Obl 3y1acMOOpaHXWA 0COOO IIMPOKO WCIOJIB3YIOTCSI B aHAINU3€ UX
SBOJIIOIIMOHHBIX OTHOIeHu# (Moy-Thomas, 1938, 1939; Schaeffer, Williams, 1977; Janvier, Pradel,
2015). B HacrosIee BpeMs 3T pabOThI IIOJIHOCTBIO BeayTcsa B IudpoBoM dopmarte. BrisBiaeHue
TOMOJIOTHH W aHAJOTUA B (UIOTEHWH 3SIaCMOOPAHXUHM IO TOBEPXHOCTH WX 3yOOB SBJISETCS
kinaccuueckon tematukoin (Gillis, Donoghue, 2007), omocpegoBaHHOW IpUMEHEHHEM METOIOB
MaTeMaTH4ecKoi MOP(OJIOTHH U MOP(OJIOTHUECKUX KIII0UEH B KJIaIUCTHUKE.

[TaTTepHUHT 3yOOB y PaHHUX aKyJI XOPOIIO ITPOCJIEKUBAETCS B XOZle HBOJIIOIUHN UX 3y0OB
(Maisey et al., 2014). Ceiiuac B [JaHHBIX IMeJAX, a TaKKe B IEIAX TaKCOHOMHYECKOH
UJIeHTUPUKAIIMN ¢ YIETOM (UIOTeHHUU 3yOOB aKyJI/HUCKONAeMbIX aKyJl M0 HUX 3y0aM aKTHBHO
HCIIOJIb3YeTCSI METOJ| IJIaBHbIX KommoHeHT (principal component analysis, PCA), koTopslii
peoOpasyeT KOppeJIMPOBaHHbBIE IepeMEHHbIE B HOBBI HA0OP HEKOPPEJTUPOBAHHBIX IIEPEMEHHBIX,
Ha3bIBAEMBIX TJIABHBIMU KOMIIOHEHTAMHU, UTO IO3BOJISET YIIPOCTUTH CJIOXKHBIE HAOODPHI JIAHHBIX,
COXpaHsAsA MPU 3TOM HanboJiee BaXKHYI0 MH(POpMAIUIO (IUCIEPCUI0) U YMEHbIIIAas IIIyM, UTO J€JIaeT
JlaHHbIe O0JIee WHTEPIPETHUPYEMBIMH; BMECT€ C HUM HCIIOJIb3yeTCs JTUCKPUMUHAHTHBIA aHAIU3
(Marrama, Kriwet, 2017).

I[IpenarcTBeM K TOYHOMY OIIPEAEICHUI0 (PHIOTEHHU MABJISIOTCA Ta(pOHOMHUYECKUE
pas3pylIeHus IIOBEPXHOCTU 3y00B syacMobpauxuii (Boyne, 1970). OmHAKO CYIIECTBYIOT IIOAXOMbI,
yauThIBatomue TahOHOMUIO W OuMOCTpaTUTrpadHIo B JIAHHBIX KCCJIEIOBAaHHUAX. PaccMOTpUM 3TH
po0OJIeMbI TO/IpoOHee.

1.2. BuoreoxmMuueckoe, OuocrparurpapuuIecKkoe, IAJTECOIKOJTOTHIECKOE U
najseoouoreorpagpuaeckoe 3HaueHHe 3y00B HCKOIMAEMbIX 3JIaCMOOPAaHXU

HccienoBanne 3y00B HCKOMAEeMbBIX 5JIaCMOOpaHXUM wuMeeT OuocTpaTurpadguieckoe,
MaJIe05KOJIOTUUECKOEe U Tajieobnoreorpaduyeckoe 3HaUeHHE, 3aBs3aHHOE Ha UX (PUIOTEHHIO
(Maisey, 1984; Lewy, Cappetta, 1989; Marsili, 2008). BuomuHepaiuzamnus 3y00B 371acMOOpaHXHI
W MUKPOTa(OHOMHUSA UX THCTOJOTHUYECKHUX ITATTEPHOB BhIPAXKEHHO pearupyeT Ha KJINMaTUYECKUE,
JIOJITOCPOYHBIE METEOPOJIOTHYECKHE, OHMOTEOXMMHYECKHEe H OOIEeIKOJOTHYECKHEe HW3MEHEHUs
(Jambura et al., 2018; Feichtinger et al., 2021). CBoeoOpa3HbIM CBS3ZYIOIIUM («IIPOKCH») MEKIY
mapamMeTpaMu 3y0OB 3JIaCMOOPAHXHUHM M YCJIOBUSMHU CPEeAbl, B KOTOPOH OHU OOUTAJIH, MOIKET
CcUUTaThCA M30TONUs UX cocraBa (Vennemann et al., 2001), mpuuémM He TOJIBKO IO OpraHOTeHaM
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(Holmes et al.,, 2005), HO W, mpexkae BCero, MO KaJbIUIO, yYACTBYIOIIEMY B IpoIlieccax
onomunepanusanuu (Akhtar et al., 2020; Akhtar, 2021; Assemat et al., 2024) (xots, cTpOro
TOBOpSI, UCCJIEZIOBAHUSA 3yOOB 31acMOOpPaHXUH HAYAIUCh B 19 BeKe, KOTJ]a HU U30TOIUU KaK HayKH,
HU Macc-CIeKTporpadoB THIIA IEPBBIX, pa3paboTaHHBIX ACTOHOM, He cyiecTtBoBasio (Cope, 1884;
Tomes, 1898)). Mzotonusa OuomMuHepanusanuu (B TOM 4vuciae 3yOOB 31aCMOOpPAaHXUI) MOIKET
CUYUTATHCSA TOJTHOCTHIO OMPEAEIIeEMOA MeTab0TUUECKUMH CETSIMU U ructocrenuduanon (Hussey
et al., 2012; Diaz-Delgado et al., 2025). Bo3M0KHOCTH MHO3UIIHOHHO-YYBCTBUTEJIHHOTO MaccC-
CIEKTPOMETPHYECKOTO MMBJ[KUHTA U UCC/IeIOBaHUs 3yOOB 31aCMOODAHXUU JAIOT BO3MOXKHOCTD
YCTAaHOBUTh K KakuM ¢opMaM OHOMHUHepaJU3allyd MOXKHO INPUBS3aTh Te€ WM HWHbBIE IIyTH
O6mosormyeckoro ¢ppakIMOHNPOBAHUS U30TOTIOB M KAKUM TKAHAM COOTBETCTBYIOT 3TH ITyTH.

B 1980-€ IT. eIMHCTBEHHBIMU JIOCTYITHBIMU BBICOKOYPOBHEBBIMU METOZAMU HCCIEA0BAHUS
TOMOJIOTHM  Pa3JIMYHBIX CTPYKTYP B  DBOJIONUU  BJIACMOOPAHXUU €  TMO3HIMOHHOU
YyBCTBUTEIBHOCTHIO OBbUTM MMMyHOXHMHYeckue Metoabl (Samuel et al., 1987). MHCTpyMeHTHI
MacC-CIIEKTPOMETPUYEeCKOro KapTupoBanua tuna LAMMA He gaBasiu Hy»KHOTO pa3penieHus g
U30TOITHOTO THUCTOJIOTHYECKOTO aHaJlW3a Ha JO/DKHOM YPOBHE — HA YPOBHE KJIETOYHOU
nuddepennuposku (Miyake et al., 1999).

F'ucroreHes ¢ moclenywined OwoMuUHepanu3anued 1Tpu  (GOPMUPOBAHHU  3yOOB
3J1aCMOOPAHXHUH OTCJIEIKHBAETCS C MO3UIITHOHHOW YYBCTBUTEJIHLHOCTBIO IO 3JIEMEHTHOMY COCTaBY
METO/IaMH PEHTTeHOBCKOHN (BOJTHOIUCIIEPCHOHHOU FUTH SHEPTOAVCIIEPCOHHOM) CIIEKTPOMETPUU U
COBPEMEHHBIMH METOZIJaMH Macc-CIIEKTpoMeTpruuecKoro umaikuHra (Schnetz et al., 2016). O6a Tuma
METO/TIOB SIBJIAIOTCS O€3METOYHBIMHU U HE BHOCAIIUMY H3MEHEHUH B cOCTaB 00pasIia /1o aHaIN3a.

1.3. IIponeccsl 6moMmuHepau3amuu M (GoccUIN3anuu 3y00B 3/IaCMOOpPaAHXUMH,
BKJIIOYAs MEXaHU3MbI 3aMelleHUs U BTOPUYHbIe TapoHoOMUUeckue 3(pdeKrThbl

OugeBHUHO, YTO JTIOOBIE METOIBI AHAIN3A, UCIIOJIb3YEMbIE JIJI UCCAEA0BAHUM TBEP/IOTO TEa,
XOpOIIM I aHaJau3a IPOAYKTOB OHMOMUHEpAIM3aldy U IOCAEAYIOIIeHH aJeKBaTHOU
dboccmnuzanuu  3y00oB, He  HCKJIIOYas ~ HCCIAeAOBAaHWE  MEXaHW3MOB  3aMeIleHus U
PEKpHUCTA/UTU3AIlNN, €CJId TaKOBble UWMeJIu Mecto. HaBepHoe, He cieayeT MOAPOOHO
OCTaHABJIMBATHCSA HA TOM, YTO pacmpezeseHre Pa3HbIX XUMUUYECKUX 3JIEMEHTOB B 3y0ax (B TOM
gucse B enameloid-e — amMaserno1o0HOM €10€) UCKOITaeMbIX 31aCMOOPAHXUH SABJISIIOCH ITPEAMETOM
MIPUCTAJIBHOTO UHTEpeca, HAUMHAA C MOSABJIEHUS MEPBBIX PEHTTeHOCIEKTPAIbHBIX aHAIM3ATOPOB
(BOJTHOIMICTIEDCHOHHBIX W SHEPTOJAUCIEPCHOHHBIX) U  CIEIHATU3UPOBAHHBIX MUKPO30H/IOB
(Cameca, Camebax), a Tak)ke yCTAaHOBOK HCCJIEJIOBAHUS KaTOJIOJIOMHHECI[EHIINM HAa OCHOBE
PaCTPOBBIX BJIEKTPOHHBIX MHKDPOCKOIIOB K Pa3pabOTKU CpPaBHUTEIBHO JIOCTYMHBIX Orke-
CIEKTPOMETPOB Ha mojobHOU Tiargopme. OgHAKO WHTEpeC K JAHHOHW IMpoOJieMaTHKe BO3HHUK
CYIIIECTBEHHO paHbllle (1 pemasics B TOT PAHHUU MEPHOJT ¢ UCIIOIb30BaHUEM IOJIIPU3AIMOHHON
MHUKPOCKOITMM, B TOM UYHCJE C OIaK-/yJbTpaolak- wuIloMuHaTtopamu). CpaBHHUTEIBHO
peJieBaHTHBIE COBPEMEHHOMY YPOBHIO 0230BBIX 3HAHUU CTAThHU IO paCHpeeIeHNI0 MUHEPAJIOB U
MMaTTEPHOB MHUHEpPAIU3aIllMM B 3yDaxX 3aCMOOPAHXUH HW3BECTHBI C 1970-X IT. (B YaCTHOCTH TIO
enameloid-y (Fosse et al.,, 1974)) u CTaHOBATCA TPHUBHAJILHO OOIIEPACIPOCTPAHEHHBIMU C
1980-x rr. (B wactHocTH, mo enameloid-y (Bendix-Almgreen, 1983; Kemp, 1985; Prostak, Skobe,
1988). B mHacrosimee Bpems pabOThI 10 pacupefeeHuI0 MHHEPAJIOB U IIaTTEPHOB
omomuHepanu3anuu (M GOCHIN3AIMOHHOTO 3aMelleHus1) B 3yDax 31acMOOpPaHXUH SIBJISIOTCS
CTaHZAPTHBIM U HeW30eKHBIM 3BEHOM WX HCCIEAOBAHUSA, MPUYEM PAOOTHI C CKPYIYJIE3HBIM
BHUMaHUEM K enameloid-y 0 cux mop COCTaBJIAIOT CYIIECTBEHHYI MX 4acTh (Sasagawa, 2002;
Enault et al., 2015; Underwood et al., 2015).

Crnenyer ykasaTh Ha MPUYUHBI, 3aCTABJIAIOIINE HAC IOCTATOYHO IMOAPOOHO OCTAaHABJIMBATHCS
Ha enameloid-e. «9masous» (enameloid), Tak:ke M3BECTHBIN II0JT HA3BAaHUEM «JAYPOJAEHTUYM>»,
HECOMHEHHO, SBJISIETCS TOMOJIOTOM (WJIM aHAJOTOM) BMald MJIEKOIUTAIOIIUX, OJHAKO IIO
MUHEpaJIN3allid OHA KAYECTBEHHO OTJIMYAET C OT HeE€ — B OWINYHE OT THAPOKCHAIATHUTA
MJIEKOITUTAIONINX, AYPOAEHTHUYM COCTOMT Hu3 (ropanatruta M (QOPMHUPYETCA 34 CUET SMUICCHH
COOTBETCTBYIOIIUX HEOPTraHMYECKUX MOHOB OT KJIETOK SITUTEJIHSA IPU Te€HEPAIUHU KOJUIar€eHOBOTO
MaTpukca omoHTobOsactamu. To ecTh, B OTJIMUKME OT 3Maju 3yba MJIEKOTHUTAIONIUX, dMayona/
enameloid — MPOAYKT KOOTIEPATUBHON aKTUBHOCTU STUTETHUATBHBIX U ME3eHXUMAIbHBIX KJIETOK
(Shellis, Miles, 1976; Daculsi, Kerebel, 1980; Sasagawa, 1998; Suga et al., 1992; Prostak, Seifert,
1993; Gillis, Donoghue, 2007; Kawasaki, 2013; Kawasaki et al., 2021; McCormack et al., 2024).
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BriostHe oueBHIHO, YTO IS UCCIIENOBAHUS MOJOOHOM SMaTM CTPYKTYPhI HEOOXO/IUM apceHas
METOZIOB 3JIEKTPOHHOH MUKPOCKOIIHH Y PEHTTEHOBCKOTO, MHUKPO30H/IOBOTO aHau3a. OcoOeHHO 3TO
HeoOxoauMo i auddepeHInaIbHOTO aHAKM3a IIPOIIECCOB OMOMHUHEpATU3aIlid M 3aMeIleHus,
BT. Y. B CPaBHUTEJbHOU majieoMOpdosiorTid U TahOHOMHH, TaK Kak OOIIEH3BECTHO, UTO B 3y0ax
YeTBEepOHOTMX (HaJKjlacca YeJTIOCTHOPOTBIX U3 TPYIIBl  KOCTHBIX ITO3BOHOYHBIX) JIEHTHUH
MUHEPAU3YeTCs paHee SMaJIi, HO B ciiydae enameloid-a Mmunepaniusaius mpoucXoauT, ITPeAIIecTBY s
JIeHTUHYy B 3y0ax pbI0. B TO ke BpeMs, y psifa pbI0 MOXKHO HAaWTH OZHOBpPEMeHHO M enameloid, u
HACTOSIIITYIO 3MaJIb (UTO, KCTATH, SIBJISIETCS CUCTEMATHIECKUM /KJIaIUCTHIECKUM ITPU3HAKOM).

[TosToMy Hajimune UHCTPYMEHTAapHsl, MO3BOJISIONIEr0 XapaKTePU30BaTh 3Majib u enameloid,
SIBJISIETCS CYIIIECTBEHHBIM BKJIQJIOM B CHCTEMATHKY U «Ta(pOHOMHUUYECKYIO XEMOCUCTEMATHKY» PbIO,
peaTn3yemMyro C MPUBJIEYEHNEM HHCTPYMEHTATLHOTO MOP(MOJIOTHUECKOTO UCCIIEIOBAHUS UX 3y0OB,
B TOM YHCJIe — C YYETOM OHTOTeHeTHUecKou rerepomoHThu (Shimada, 2002; Cullen, Marshall,
2019). B HacTosIIiee BpeMs /IS IaHHBIX PaboT (B oT/IMuMe OT paHHUX 1990-X IT. (Sasagawa, Akali,
1992) MO’KHO HCITOJIb30BaTh KaK PaCIIUpPEHHbIE TEXHUKH KpUcTa/uiorpaduu (B 06bIYHBIX paboTax
OTPaHWYHUBAIOIIENCA CTAHAAPTHBIM peHTreHoaudpakTorpaduyeckum anaau3om (Kesmez et al.,
2004)), Tak ¥ MeTOJbl PEHTTEHOBCKOW MHUKPOTOMOTpadHH, KOTOPhIE MO3BOJISIOT OJHOBPEMEHHO
XapaKTepU30BaTh CaMy MHHEDPAJIBHYI0 CTPYKTYpPy 3y0OB M OJIHOBPEMEHHO IIPOCJIEKUBATH
(BU3yastM3Upysl B KOJIOKaIM3aIUK) IyTH e€ Backyssipusanuu (lvanov, Nilov, 2016; Jambura et
al., 2019).

1.4. ®Puzunosorua U 3K0(PpU3NOJIOTHSA IJTACMOOPAHXHII B KOHTEKCTE aHAJIU3a UX
3y00B

B acmexkte ¢usnosornm U 3KODU3UOJIOTUU  3JIACMOOpPAHXHU HCKOMaeMble 3yObl
3JIaCMOOPaHXUH MOKHO TPUMEHSATHh B PEKOHCTPYKITUU:

— MexanuamoB nurtanuss (Moss, 1977; Frazzetta, 1994), Brodyass paHHHE MeXaHU3MBbI
BcachIBamotiero nutanus (Coates et al., 2019) (BcachIBaroIlee MUTaHUE Y PA3JIMIHBIX PIO — CII0CO0
JIOOBIYM TIUIIM, TIPU KOTOPOM PBIOA PE3KO OTKPHIBAET POT, CO3/1aBasi OTPHUIIATEIbHOE JaBJIEHHE,
3acacbiBasg BOJZy C J0ObIYel, B T.4. MEJKUMH O€eCIO3BOHOYHBIMH, IJIAHKTOHOM, JIMUHHKAMH,
MeJIKOH pbIOOIi), a 3aTeM BHITLJIEBBIBASI BOJTy Yepes »KaOpbl, OCTABJISAA ITUIILY B IJIOTKE);

— OyHKIIMOHAILHOU aHaToMuu U brnomexanuku nutanus (Wilga, Ferry, 2015);

— DBOJIIOIUH cI1ocob0B 3axBara kepTBbl (Motta, Huber, 2004);

— Ixonorum nutanus (Wilga et al., 2007; Cortés et al., 2008; Paredes-Aliaga et al., 2024);

— IlIporeccoB pes3opbuuu 3y00B — MPOAYKTOB OMOMHHEpPAIU3AIMU — Y 3J1aCMOOpaHXUN
(Bottcher, 2024);

— CooTHOIIIEHHsI Pa3MeEPOB TeJIa, palliOHA U ITapaMeTPOB 3y0OB JIDEBHUX 3JIACMOOPaHXUH,
B TOM 4HCJIE B 3aBucuUMOCTH OT ce3oHa (Shimada, 2002; Sommerville et al., 2011; McLennan,
2018);

— BiusiHMe cocTtaBa OKeaHa Ha OMOMUHEPAIM3ANHNIO0 U COXPAHHOCTh 3y0OB 371acCMOOpaHXUN
(Leung et al., 2022);

— OHTOreHEeTUYECKYIO IIACTHYHOCTh U CTelleHb (QHIAMOPHUOTEHETHYECKON PEKATTUTY AN
MIPEBATUPYIOIIHNX MAaTTEPHOB Y 31acMOpaHXuil (M cTaOHUIIBHOCTD BOJIIOIIMOHHBIX TPEH/IOB BILIOTH
Jio coppemenHoctr) (Underwood et al., 2016; Meredith Smith et al., 2019; Dillon, Pimiento, 2025);

— JIpeBHUX MUKPOOHOMOB 3JIaCMOOpaHXUH U UX POJu B ¢dusuosioruu nociennux (Perry et
al., 2021).

1.5. buoreorpadpuueckoe pazHooOpasre MECTOHAXOKIEHUN 3y00OB MCKOIIA€MbIX
3JIaCMOOPaAHXUH

[IpuHIUIMATTEHASA 0COOEHHOCTh, OOecIeunBaloIas 3anHTEPECOBAHHOCTh OmoreorpadoB B
U3YYEeHUU HCKOIIAeMBbIX 3y0OB aKyJl, 3aKJIIOYAETCSA B IIOBCEMECTHOU PACIIPOCTPAHEHHOCTH HX Ha
TEPPUTOPHUH IMPOCTPAHCTBEHHO-PA3HECEHHBIX 00JIACTAX, CTPAHAX M HA Pa3HBIX KOHTHHEHTAX:

1. B ABcrpanmum um HoBoi#t 3emangum (Daymond, 1999; Rees et al., 2024), a Takke Ha
octpoBax Maraiickoro apxwuriesnara (Harp., bopHeo), U3BECTHOTO B 3amafHON JIUTEpAType IO/
HaszBanueM Insulindia wim Indo-Australian Archipelago (Kocsis, 2024);

2. B A3umn, B 4aCTHOCTH B:

2.1. Nuapnu (Prasad et al., 2004; Prasad et al., 2017).

2.2. TaitBane (Lin et al., 2022).

2.3. Taitnanze (Cappetta et al., 2006).

2.4. I0xuoit Kopee (Yun, 2021).
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3. B Adpuxe (xax Ceepnoii (Adnet et al., 1990; Boulemia, Adnet, 2023), Tak u IOxHO#
(Smale, 2005)).

4. B AHTapKTHKe U MPUIEKAIIUX OCTpPoBax (Tumna octpoBa CelMyp, H3BECTHOTO TaKKe IIO/T
HazBaHUeM CHUMyp, HaxOJAIIerocs HeJaleKo OT IMOJyocTpoBa TPUHUTH, ceBEPHON OKOHEYHOCTU
AHTapKTHYECKOTO ToJIyocTpoBa (Long, 1992).

5. B EBporme (Leidner, Thies, 1999), B 4acTHOCTH B:

5.1. Ascrpuu (Feichtinger et al., 2025).

5.2. Beawruu (Iserbyt, De Schutter, 2012).

5.3. Besimkobpurtanuu (Paton, 1993).

5.4. T'epmanum (Holtke et al., 2023).

5.5. Banagubiii Kazaxcran (o0mien3BecTHO, YTO OOJIBIIAS YACTh TEPPUTOPUU OTHOCHUTCA K
IlenTpasipHOl A3uM, HO HEKOTOpbIe 4YacTH, BKJIHOYas J3amagHo-KazaxcTaHCKyr o00J1acTh,
HaxozsATcss B EBpore, nenas KaszaxcraH TpaHCKOHTHHEHTAIbHBIM TocyzapctBoM) (Radwanski,
Marcinowski, 1996)

5.6. ITosawmre (Schultz, 1977).

5.7. EBpomnetickoii yactu Poccun (Mertiniene, 1995).

5.8. Ykpaune (Sokolskyi, Guinot, 2021).

6. CeBepHOU AMepHKe, B YaCTHOCTH:

6.1. Kanage (Beavan, Russell, 1999; Mutter et al., 2007).

6.2. CIITA (Schubert, 2013; Shimada et al., 2015; Swinehart et al., 2020).

7. IOxxHO# AMepuke/JIaTHHCKON AMepUKe, B YaCTHOCTH:

7.1. AprenTune (Johns et al., 2014).

7.2. Ilepy (Landini et al., 2017).

7.3. Ymu (Suaez et al., 2004).

Hcxonass W3  UW3JI0KEHHOTO, OYEBHAHO, 4YTO KOJUIEKIIMOHHOE CcoxpaHeHHWe (Wi
«My3eeukanusa») B3yOOB HCKOMAeMbIX 3JIACMOOpAaHXMH M WX MyJIbTHUIIapaMeTpUYecKas
KaTaJIOTU3aIUsA C I[eJIbI0 TOCJIEAYIONIEr0 HUCCIeIOBAHUA HOBBIMU U KJIACCMYECKHMHU METOJaMU
MHKPOCKOIIMH ¥ MUKPOAHAJIN3a IIPEICTABIISIET COOOH aKTyaIbHYIO 3a7javy, IIOCKOJIBKY, B IITUPOKOM
KOHTEKCTe, KaXKAbId U3 TaKUX O0Opas3oB 3y0OB 3acMOOpDAaHXUU ABJIAETCS  KJIaJIe3eM
He(no)onenennon mHpopmanuu (Marsili, 2007; Andreev, Motchurova-Dekova, 2010; Clayton et
al., 2013).

OnHako He Bce My3ed, OCOOEHHO MPOBUHIIMAJIbHBIE U B PA3BUBAIOIIUXCS CTPaHAX UMEIOT
COBpPEMEHHbBIE MUKPOCKOTIIBI, TTO3BOJISIONIHE PaO0TaTh HAJT MCCIIEAOBAHNEM TTOIO0HBIX CTPYKTYP Ha
MHUKPOCKOITMYECKOM YPOBHE. B 0OCOOEHHOCTH 3TO YTBEPXKJIEHVWE BEPHO MJIA DJIEKTPOHHBIX
MHUKPOCKOTIOB.

2. MeToambl

2.1. IToTpeGHOCTH B JOCTYITHBIX METOAAX UCCIEI0OBaHU.

Hcxonst U3 U3JI03KEHHOTO OYEBHUIHO, UYTO HEOOXOAHUMO ITIOBCEMECTHOE BHEJI[PEHHE METO0B,
obOecrieyrBaOIIUX IPEIU3UOHHOE MHUKPOCKOITMYECKOE MHKPOCTPYKTYPHOE HCCJIe/IOBaHHE 3y0OB
ayacMoOpanxuii. K TakoBbIM MeTOAAM OTHOCATCA METOJbl 3JIEKTPOHHONW MHKPOCKOIINH,
MHUKPO30H/0BOT0 aHAIN3a, KaTOOJIIOMUHECIIEHITNY B KoJI0HHe COM 1o/, ITyYKOM, 3JIEKTPOHHON U
PEHTreHOBCKOH MuKpoToMorpaduu U T.4. (cM. Bbilie). Ho OHU SIBJIAIOTCA JTOPOTOCTOSIIUMHU U
SK30TUYECKUMH, a B PACHOPSIKEHHMH MHOTHUX J1abOpaTOpWii HMEIOTCA CTapble 3JIEKTPOHHBIE
MUKpOCKOIIbI (B ocobenHoctu — Ha Tepputopuu 6b61B. CCCP/CHIY), KOTOpBIE TOCTATOYHBI JJIA
BU3YAJILHOTO KOHTPOJIA 00pa3IioB, HO He UMEIOT oI poBKHU. C OAHOU CTOPOHBI, OHU YAOOHBI JJIA
IpoCcMOTpa 3y0OB HCKOIAEMBIX 5JIaCMOOpaHXUH, TaK KaK KX YBEJIHWYEHUS W pas3pelleHus C
n30BITKOM XBaTaeT JJIs STHUX Iiesied (XOTS He XBaTaeT /I aHAIU3a YIbTPACTPYKTYPhI KJIEKTOYHOU
CTEHKU WM HAHOCTPYKTYPbl KPHCTAJIJIOB 3aMeEIeHUs X HAaHOMHHEPAJIOTHH MeTamopduisMa U
MeTacoMaro3a B Iporeccax doccummsanuu). C APyroil CTOPOHBI, HEOOXOUMO CO3/IaHUE CPEJICTB
aBTOMATH3aIlluU, KOTOphIE clejaid Obl MX Ja’ke IPH COXpaHEHHU CJaabbIX (M ycTapeBaloIuX)
TEXHUYECKHUX ITapaMETPOB PEeJIEBAHTHBIMU B 33/1a4aX «I1aJI€00/IOHTOJIOTHYECKUX» UCCIIE0BAHUH.

2.2, Bh1OOp HHCTpYyMEHTA JAJIA aBTOMATU3AINU U (POTOCHCTEMbI ABTOMAaTU3AITUH

Jeol JSM-T330A — cKkaHUPYIONUHN 5JIEKTPOHHBIM MUKPOCKONI KOHIIA 1980-X ro/ioB, A0 CHUX
nmop o0JaaInuid MpPUEeMIEMbIMU XapaKTepucTUKaMu. K cokajeHWro, OH paccYuTaH Ha
JIOKyMEHTHPOBaHHE Pe3YyJIbTaTOB € MOMOIIBIO0 IUIEHOYHBIX (POTOAIIApaTOB, YTO B HAIIH JHH
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Heyz100HO. [TosTomMy MBI JopaboTanu ero, UCIOab30BaB MudpoBoi doroamnmapar Canon A590IS,
CHDK, kabesb CHHXpPOHH3AlMM 3aTBOpPa W IEPEXOJHUK, pacredyaTaHHbIH Ha 3D mnpuHTEpe.
[Togpo6Hee mporiece OMUCcaH HUKE.

Hamu 6bL1 mcmosb3oBaH ¢oroanmapar Canon A590IS (mpommBKa 100€), BMECTO HETO
BO3MOKHO HCIIOJIb30BaTh MHorue doroannaparsl ¢upmbl Canon. ®otoamnmapaT A0JKEH
noanep:kuBath CHDK (Canon Hacker's Development Kit— pesugenTHas mnporpamma s
KOMIIAaKTHBIX W 3€pPKaJbHBIX MUGpPOBbIX (QoroammapaToB ¢Gupmbl Canon, 0a3upyommuxcs Ha
nponeccopax DIGIC) (CHDK, 2025). K pocromncrBam Canon A590IS cienyer oTHecTu
BO3MOXKHOCTb OZJHOBpeMeHHOTO nojkaouenns USB kabens, 610ka muTaHus U Kabess repeiadyn
AQHAJIOTOBOTO BUeOCUTHAIA. Mcnob30BaTh poToamnmapaT, He IMEIIIUN JOTOJIHUTEIBHOTO BX0/Ia
MMUTAHUSA U BUJEOBBIX0/Ia BO3MOXKHO, HO HE CTOJIb YI00HO.

2.3. IIpoTokoJg aBTOMaTH3allUu ¢ HcHnoJgb3oBaHueM CHDK — mnpaktmyeckue
pPeKoMeHAaI U AJ1A 0JIb30BaTe .

2.3.1. Bo-niepBoIx, Tpebyercsa yeranoButh CHDK Ha ¢otoammapar.

JIJ1s1 3TOTO 3KejaTesIbHO HCII0JIb30BaTh SD-KapTy 06béMoM He Oosiee 4 I'B. Yeranoky CHDK
IIPOII[e BCETO MMPOU3BECTHU TaK:

1. IToAroToBhTE KOMIBIOTED, MOAKIIOYEHHBIH K HHTEepHeTy, SD-kapTy, kotopas Oyaer
otdopmaTtupoBaHa, u o0y GoTorpaduio, cieJJaHHYI0 (poToAITapaTOM.

2. YcraHoBUTe Ha KOMIIbIOTepe Java, ecjid OHa emEé He YCTaHOBJIEHA:
https://java.com/ru/download/

3. Ckauatite nporpammy-ycraHoBIuk CHDK “STICK” o cienyroreii ccpUike:
https://www.softpedia.com/get/Multimedia/Graphic/Digital-Photo-Tools/Mitchell-STICK.shtml

4. Pacnakyiite STICK, 3amyctute daiin, coorBercrBytonuil Bamieir OC. lisa OC Windows
Tpebyercsi 3amycTuTh ain stick.bat wim stick.cmd (oguH U3 HUX MOKET He MPHUBOAUTH K
ycremrHOW ycraHoBke CHDK, B TakoM ciyyae HY:KHO HCIOJIB30BAaTh JAPYroi) C NpaBaMu
aIMUHUCTPATOPA.

5. Ileperamwure MbImBIO (oOTOrpadUi0 B KPACHBIM MPAMOYTOJIBHUK IIPOTPAMMBI HJIA
BbIOEpUTE IyTh K (hairy KHOMKOM Browse (B HEKOTOPBIX CJIydasx MOXKET cpaboTaTh TOJIBKO OJUH
MeTo/). 3aTeM CJeAyuTe IOoCKa3KaM IporpaMMbl. B ciydae, ecoim BbI HCIOJIb3yeTe SD-KapTty
obbpeMoM Oostee 4 GB, STICK MoKeT He cIpaBUTBCS € €€ MOJITOTOBKOM, B TAKOM CJIy4ae MOXKHO
BBIOpaTh KapTy MEHBIIEr0o O0BEMA WIM IMOATOTOBUTH KAapTy CaMOCTOSTENIBHO, IO CJIEAYIOIel
uHcTpykuuu: http://chdk.clan.su/publ/1-1-0-7

6. Ilocse 3aBepiieHus MOATOTOBKHU NepeBeiuTe (hyIaKOK Ha KapTe B moJioxkeHue Lock.

2.3.2. Bo-BTOpBIX, TpebyeTcs HacTpouTsh CHDK:

1. Haxwmure Ha ¢oTroannapare <Print>, <Menu>.

2. Bl okaxxerech B MeH CHDK. Haxkatmem <Set> Bo#gure B  pasjen
<Enhanced photo operations>.

3. Crnomoiipio KHONOK <Set>, <Up>, <Down> ycTaHoBUTe CjIeAyIolie NapaMmeTphl:

a. Disable overrides — No

b. Override TV type — long exp

c. Long exp value — BBesiuTe CI0/1a BBIZIEPKKY, TPeOyeMyI0 BallIIM MHKPOCKOIIOM (B cirydae
Jeol JSM-T330A — 38 cekynn).

d. Override AV, Override 1SO, Subj dist — TyT BbI MOKeTe BbIcTaBUTh auadparmy, 1SO u
doxycHoe paccrosauue ¢oToamnmnapara. Mbl HCIIOJIb3yeM 3HAUEHUSA «20, 12, 250»

e. [Ilpu BeIcTaBiIE€HUN 3HAUEHUI MEHIO, OIMMCAHHBIX B MIPEJIBIAYIIUX JIBYX IIyHKTAX, CJIEBA OT
3HAUYEHUU JJOJKHBI IOSBUTHCS TAJIOYKH, IIOJTBEPKAAOIINE AKTUBHOCTh BBEJIEHHBIX 3HAUEHUU.

f. Disable overrides on start — cHATH rajouky. AToT MyHKT 3acraBisser CHDK coxpaHuTh
BBEZIEHHBIE 3HAUEHU IIPU BRIKJIIOUEeHUH (oToaTmapara.

4. JIBaxkawpl HakaB <Menu>, BepHUTECh B OCHOBHOE MEHIO, U C IIOMOIIbI0 <Set>, <Up>,
<Down> nepeiiaute B pa3gen «CHDK settings», B mogpasjies «<Remote parameters».

5. V¥Ycranosute «Enable remote», «Switch type — one push», «Control mode — normal».

6. Haxwmure Ha poroannapare <Menu>, <Print>.

2.3.3. B-Tperpux, cjeayeT co3farTh JUHUIO CHUHXpOHM3aUWU. /[[jIi CHHXpPOHU3AIUU
HCIIOJIb3YeTCA MMILYJIbC HAlIpsKeHUEM B 3-5B 1 TOKOM B HECKOJIBKO MWLIMaMIIEp, MOJlaBaeMbId
no juHuAM nutaHusa USB-Bxoza doroammaparta co cTaHZApTHON NOJIAPHOCTBIO. IlosABiieHue
CUTHWIA 9KBHUBAJIEHTHO YACTUYHOMY HA)KaTHUI0O HAa KHOINKY (otorpadupoBaHus, UCUE3HOBEHUE
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CUTHAJIA SKBUBAJIEHTHO IIOJTHOMY Ha)KaTHIO HA KHONKY (Havany dororpadupoBanus). Ilpu
CO3/IaHUU JIMHUU CUHXpoHU3anuu B cBaske Jeol JISM-T330A — Canon A590IS M0OKHO MOCTYIIUTD
CJIeAYIONTUM 00pa3oM:

1. Bssarp kabenp USB-A — mini-USB-B.

2. Ortpesath pazpéMm USB-A, 0cBOOOAWTDH, 3aUHUCTUTh U 3aJIYAUTh UYEPHBIA W KPACHBIN
MIPOBO/Ia, OeJIbIN U 3eJIEHBIN MPOBO/Ia MOKHO OTPE3aTh.

3. CHATH 3aIIyIIKy HAa IPaABOU YAaCTH NEpPeHEN IMaHeJM MHKPOCKOIIA M OTBUHTUTH J/IBA
BUHTA, IOJIJIEP>KUBAIOIIHX ITOJIOCY ¢ KHOIIKOM <Shutter>.

4. Haiitu Ha Oarpxaimmei Kk kHonke Shutter miare JIMHUM 3eMiIM UM nUTAHUA (I 3TOrO
IIOCMOTPHUTE Ha pinout Jiro60i# 13 MUKpocxeM; 3eMJist o603HaueHa Kak Gnd, mutanue — Vcc ).

5. Kuomka <Shutter> uMeeT aBe TPYIIIbI MEPEKTIOYAIOIINX KOHTAKTOB, OJTHA U3 KOTOPBIX
He WCIoJib3yeTcsa. IloamasiiTe K HEHUCHOJIb3yeMON HOPMAaJIbHOPA30MKHYTOH Iape KOHTAaKTOB
KpacHbBIH poBoy Kabesst USB v JIMHUIO TUTaHUsA, HAaliJIEeHHYIO B IPEABIAYIIEM ITyHKTE.

6. Y€pHBIN IPOBOJ IIpUNAANTE K HAWIEHHOU JIMHUH 3€MJIH.

7. Cobepure MHUKPOCKOII.

8. Temepr mpm mopwmoueHun USB kabesnst K ¢oToammapary U HaXKATHIO HA KHOIKY
<Shutter> OyzeT aBTOMaTUYECKX HAUMHATHCS ChEMKA.

2.3.4. B-ueTBEPTHIX, TpebyeTcs MEPEXOTHUK /I ONTUYECKOTO MOJIKTIOUeHUs oToarnmnapara
K BKpaHy MUKpockomna. Ero mapaMeTpsl 3aBUCAT OT HCIIOJIb3yeMON CHCTEMBI, JIJIs CIy4yas CBA3KU
Jeol JSM-T330A — Canon A590IS 6puta codmaHa cieayiomas Moaenab (cMm. PucyHok 1):
https://www.tinkercad.com/things/2i7MgsxggKt-sem

as
.y -

Puc. 1. [lepexoHUK JIUIsT ONTUYECKOTO MOAK/II0UeHUs hoToarnmnapara K 3KpaHy MUKPOCKOTIA.
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MO2KHO TakXe YJIyIIIUTh 0030p MaJIeHBPKOTO SKPaHa pacTPOBOTO MHUKPOCKOIIA, O/IKIIOYUB K
doroanmapaTy TesieBU30p C aHAJIOTOBBIM BHUIEOBXOZ0M (uepe3 kabenabr AVC-BC300, STV-250N
WJIY CTAaHZAPTHBIN KaMKOPAEPHBIA Kabesb, CM. cxeMy) WIHN BXxooM Scart (uepes TOT ke kKabesib U
IIepPeXoIHUK «Buaeo-Scart»).

EEEpe

Anvthingbutiped.com

1 2 3 4
Archos, Gigabeat, Creative
Zen Vision Series, Cown Ground Video Right Left
iAudio, Apple iBook
Csifp‘?rzlﬁso):: 50:38' Standard Camcorder Cable Right Ground Video Left
(STV- cable) Pod Video Video | Ground | Left | Right
Zune Video Ground Right Left

Puc. 2. Kitaccrueckuii criocob MOAKITIOYEHHS K BHEIITHEMY TeJIEMOHUTOPY ItepexogHuka STV-250N

B uTore Bcex BhIIIIEIIEPEUYHCJIIEHHBIX MepOHpI/IHTI/Iﬁ COSI[aéTCH CHUCTEMA, BBIIVIAAAIIIAA KaK 3TO
IoKa3aHo Ha PucyHkax 3a, 30.

Puc. 3a. O6muii Buj nepexoiHIKa ¢ POTOANIapaToOM, PACIOJIOKEHHOTO U 3aKPEIJIEHHOTO
Ha MOHUTOPE CKaHUPYIOIIETO 3JIEKTPOHHOTO MUKPOCKOIIa
2.4. [TocaenoBaTeabHOCTH JelicTBUil oneparopa. IIponece pororpadpupoBanusn
1. HacrpoiiTech Ha H300pakeHNE, KAaK OOBIYHO.
2. YcraHOoBUTe MUHUMAaJbHBIU SPOt Size, HACTPOITE APKOCTh U KOHTPACTHOCTb.
3. Hacrpoiite Bpems skcno3uiuu kazapa (B ciaydae Jeol JSM-T330A — HaKMUTE KJIaBHUIILY
«Qucik» cireBa ot «Shutter).
4. 3axkpoiTe KpbIIKYy ¢oTooKyMeHTaropa. Britouute dortoannapar. B ciyuae Canon
A590IS, doToanmapar A0JKeH ObITh B pexkuMe «M», u TpebyeTcst BHIOpaTh pydHOH (OoKyC.
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5. s Jeol JSM-T330A umeer cMbIca JOOUTHCS TalllEHUs IMOCTAeCBeYeHUsT dKpaHa. [
9TOTO OIyCTUTE KJIABUIILY «SIOW 1», He OTIycKas e€, MOJI0KIUTE 3-4 CEKYH/IbI, OIyCTUTE KJIABUIILY
«Shutter», otmmycruTe KIaBuIiy «SIOw 1», IIOcje 3TOTO OTIIYCTUTE KJIaBHIIY «Shutter».

6. Eciu Bcé clesaHo IMpaBWIbHO, doToamnmapar cesaer KaJip ¢ SKpaHa MUKPOCKOINa 3a
BpeMsl DKCIIO3UIIUH, 3aTeM 3a TO JKe BpeMs c7ieJlaeT TEMHOBOH KaJIp, BBIYTET BTOPOU M3 IIEPBOTO,
U 3anuirer ero Ha SD-kapry.

7. Tomyuennyio ceputo ¢otorpadpuil yno6HO obOpabarpiBaTh mporpammoi Irfanview B
pexxume «File — Batch conversion/rename — Advanced».

Puc. 36. Cucrema ¢ BHEIITHUM TeJIEMOHUTOPOM B Itpo1iecce pororpadupoBaHus ¢ skpana COM

2.5. PazmenieHue oopas3inon
OOpa3snpl pa3MeIanTcs Ha BPAIIAOIIEMCs CTOJIUKE TaK, KaK 9TO IMOKa3aHO Ha PucyHke 4a
(Bux cBepxy) u Pucynke 46 (Buma cOOKy).

a

Puc. 4. Pazmemenue 06pa3IioB Ha BPaIaroOIeMcs CTOJTUKE 3JIEKTPOHHOTO MUKPOCKOIIA.
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3. Pe3syabTaThl

Pe3ysbTaThl — 3JIEKTPOHHBIE MUKpodoTorpadpuu u300pakeHHuH 3y0OB HCKOIIaeMbIX
3J1acMOOPaHXU TPU Pa3HbIX YBEJIMUEHUSX IIPEICTABIEHBI HA CEPUAX N300pakeHUH HUKE:

— Pucynok 5. O6muii Buja 3yba mpu 35X, MaciTabHas JUHEWKa/ckeiabap — 500 MKM.
Yckopsitoiee HanpsibkeHne — 5 KB. Ha pucynke (a) mokaszana ucxozHass Mukpogotorpadus, Ha
pucyHke (0) e€ KoJIopHu3aIus ¢ NCI0JIb30BAaHUEM CPEACTB NCKYCCTBEHHOTO HHTEJIEKTA.

— Pucynok 6. Tot ke obpaszer. YBemudeHHe 200X, CKel0ap — 100 MKM, YCKOPSIOIIee
HanpsKeHue — 5 kB.

— Pucynok 7. Tor ke oOpasen. YBeaudeHue 750X, CKels0ap — 10 MKM, YCKOPSIOIee
HanpsKeHue — 5 kB.

— Pucynok 8: Tor jxe oOpazen. YBemudeHHe 1 500X, CKe0ap — 10 MKM, YCKOPSIOIIee
HalpsKeHue — 5 kB.

— Pucynok 9: Tor ke obpasell. YBesnmdeHHe 5 000 X, YCKOPSIOIlee HalIpsiKeHue — 5 KB.

— Pucynok 10: Tot ke o6pazel. YBeaudeHue 10 000 X, YCKOPsIOIee HalpsiKeHne — 5 KB.

6

Puc. 5. O6muii Buj 3y0a pu yBeJIndeHnu 35X (a — ucxoiHas Mukpodgororpadus;
6 — e€ KoJIOpHU3aIys C UCIIOJIH30BAHNEM CPE/ICTB NCKYCCTBEHHOTO MHTEJIIIEKTA),
MaciTabHas JnHelka,/ ckeiyibap — 500 MKM. YCKOpsIoIliee HanpsikeHne — 5 KB
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MOo>KHO BHJIETh, UTO B JHaIla30HE OT JI0 35 X («3JeKTpoHHas MakpodoTorpadus») A0
5 000 x yBesTHUeHHUsI BCe MUKPOCTPYKTYPbhI BU3YATU3UPYIOTCA JOCTATOUYHO XOPOIIO, a Ha I'PAaHUIIE
MEXKIY 5 000 X ¥ 10 000 X HAUYMHAETCSA pa3MblBaHHE N300pakeHus, JOBOJILHO CUJIBHO MeIalolee
KauyeCTBEHHOM BHU3yaJIM3allii Ha MHUKpodoTorpaduu ¢ 10 000 X. B To ke BpeMsi, KOTJja 0UeBHUHbI
IIPUYUHBI Pa3MbITUSA, CBA3aHHBIE C HECTAOMILHOCTBIO II0 TOKY, MEXaHUYECKUMHU BUOPAIUAMHU U
T.JI., HECTAOMJILHOCTH MOTYT OBITh YCTpaHEHBI (HO 3TOT BOIPOC HE BXOAUT B IIPEAMET MHTEpeca,
OIIMCHIBAEMBIM B HACTOMAIIEH cTaThe, a [JI MaJ€OHTOJIOra, pabdOTaBIIEr0 € OITHYECKUM
MHUKPOCKOIIOM, 5000 X — TakKKe JIOBOJBHO CYIIECTBEHHBI IpOrpecc B IMOHUMaHUU
MHKDPOAPXUTEKTYPHI UCKOIIAEMOTO 00pa3a).

Puc. 6. Tor ke oOpasel. YBesimueHne 200X, cKeibap — 100 MKM, yCKOpsIollee HanpsKeHne — 5 KB

Puc. 7. Tor ke oOpasel. YBesnmueHue 750X, CKeHI6ap — 10 MKM, YCKOPSIOIee Hapsi?KeHne — 5 KB
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Puc. 9. Tort >xe ob6paser. Yeenuuenue 5 000 x, yckopsroIee HampspKeHne — 5 KB
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Puc. 10. Tot ke obpazern. Yeenuuenue 10 000 x, yckopsiioliee HanpsipKkeHne — 5 KB

4. 3axaoueHue

B cratbe paccmaTpuBaeTcsi HaydyHas W IPUKJIAJHAs 3HAYUMOCTh 3yOOB HCKOIAEMBIX
3J1acMOOpPaHXUH KakK K/IYEBOTO KMCTOYHUKA JIJAHHBIX 1A CHCTEMAaTUKU, (UIOTEHETHKU U
SBOJIIOIMOHHON Mopdosoruu. B 0030pHOH uacTH HOKa3aHO, 4YTO 3yOBI 3J1aCMOOpaHXHUU
(BUIOM3BMEHEHHDBIE ILJIAKOUHBIE UEIyd, CBS3aHHBIE C XPSAIMEBBIMU YETIOCTAMHU) 00Ja7aioT
BBICOKOUM BHOCIIENIU(DUYHOCTHI0O U IMOTOMY IIIHPOKO HCIOJB3YIOTCA B TaKCOHOMUYECKOU
UIeHTU(DUKAIIUY, BKJIOYas INPUMEHEHHEe JUarHOCTUYECKHX KJYeld M CTaHAapTH30BAHHBIX
IPOTOKOJIOB cOopa W omucaHusA. [IoAUuEpKUBAETCS, UTO HapPSAAYy C KOKHBIMHU JIEHTHKYJIaMU
(He OTHOCAIMMHUCA K HXTHOOJAOHTOJIOTHH) B3yObl Jal0T MOpQOMeTpUYEecKHue WHAUKATOPHI,
peJIeBaHTHBIE HE TOJIBKO /ISl CHCTEMAaTHKH 3JIaCMOOpaHXUM, HO U A OoJiee ITUPOKUX 3aJ1a4
SBOJIIOIIMOHHOW OHOJIOTMM W CPaBHUTEJIbHOM AHATOMHHU IIO3BOHOYHBIX. B  KOHTeEKCTe
(uoreHeTHYECKUX PEKOHCTPYKIIMHA OTMeYaeTrcsi ocobas poJb  «IIaJIE00JOHTOJIOTHIECKUX»
JIAaHHBIX: HAUMHAsA C KJIaCCHYECKHUX paboT cepenrHbl XX BeKa M BIUIOTh JI0 COBPEMEHHBIX
IUMPOBBIX HCCIEIOBAaHUN, HMEHHO 3yOHble IIPU3HAKH OCTAlOTCS OJIHUM W3 Haubosee
MHOOPMATUBHBIX «IIPAMBIX CBUJETEIEH» HBOJIIOIUOHHBIX IPEeo0pa3oBaHUN y aKyJl U HX
poacTBeHHUKOB. OTHEebHO OOCYKZaeTcsi COBPEMEHHBIN TPeHT K popMaym30BaHHOU 00paboTKe
MOpP(}OJIOTHYECKUX JaHHBIX: /I aHAJIU3a MMaTTepHOB MopdoreHe3a U BapuabeIbHOCTH 3y0OB y
HMCKOTIA€MBIX U COBPEMEHHBIX (POPM IIPUMEHSIIOTCS METOAbl MHOTOMEPHOM CTAaTHUCTUKU, MPEXKIIE
Bcero PCA Kak croco® yMeHbIIIEHUsI Pa3MEPHOCTH U IIyMOB B CJIOKHBIX HabOpax MPU3HAKOB,
aTakke JUCKPUMUHAHTHBIA aHA/JW3 JJII TAKCOHOMHYECKOTO pas/ieieHusT W IPOBEPKU
KIacCU(PUKAIMOHHBIX TUMOTe3. CyIeCTBEHHBIM OTPAHHYEHHEM 5THX PEKOHCTPYKIIMN Ha3BaHBI
TaDOHOMHUYECKHE TIOBPEKJIEHUS U Jerpajanus IMOBEPXHOCTH 3y0OB, CHUIKAIOIIHUE TOYHOCTH
pacro3HaBaHHs JUATHOCTHYECKMX NPU3HAKOB, YTO TpeOyeT SBHOro yuéra TaOHOMUH U
CTpaTUTpadUIECKOTO KOHTEKCTA IIPU HHTEPIIPETAIUH MOP(hOJIOTHH.

Tem camMbIM 3Ta cTaThsi (OPMYJIMPYET PaMKy I KOMILIEKCHOTO ITOAXO/Ja, B KOTOPOM
MopdoJioruyecKasi CicTeMaTUKa U (puyioreHeTHKa 3y00B 3/1aCMOOPaHXUM COMPATAIOTCSA C OIEHKOU
COXPAaHHOCTH U MHUKPOMOP(QOJOTUUECKUX KPUTEPUEB/IECKPUIITOPOB, IOJIyYaeMbIX METOJaMU
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DJIEKTPOHHON MHUKPOCKOIHH, YTO JOJDKHO IIOBBICUTh HAAEXHOCTh WJIEHTHDUKAIUMH |
SBOJIIOIIMOHHBIX BBIBOJIOB NP pabOTe C HCKOIAeMbIM MaTepHajoM. B KOHTEKCTe HACTOAIIeH
paboThl TaK)Ke NPHUHIUIIHAIBLHO, YTO TEeOXHMHUYECKOe KapTUPOBaHWE JOJDKHO ObITh SEM-
HABUTAIIHOHHBIM. DTO CHUIKAeT PUCK apTedaKTOB — IPOAYKTOB OIIMOOYHOTO IPUITHUCHIBAHUSA
TaOHOMHUYECKUX WA JIMaT€HETHUYECKUX TPAJUEHTOB (U3HOJIOTHU H ITO3BOJISIET KOPPEKTHO
CpaBHUBATH 3yObI M3 Pa3HbBIX MMa1e00aCCENHOB, OCAOYHBIX (hAITUA U KIIMMATHYECKUX PEKUMOB.

B skcnepuMeHTaIbHOM YacTH MOKa3aHO, YTO MOXKHO JIUIsI 3THUX IleJIel aBTOMaTU3UPOBATh U
BHOBb OITM(MPOBATHh JOCTATOUHO CTapble CKAaHUPYIOIIVE 3JIEKTPOHHBIE MUKPOCKONIBI 1980-X TIT.
C HEBBICOKMMH METPOJIOTUYECKHMMH XapaKTEPHUCTUKAMH U IIOJydaTh Ha HHUX HM300pa’KeHHs Ha
YPOBHE JOCTAaTOYHO COBPEMEHHBIX KOMIIAKTHBIX 3JIEKTPOHHBIX MHUKPOCKOIIOB C YBEJIHMYEHHEM
(TTo;1e3HBIM yBETUUEHUEM ) OT HECKOJIBKUX TBHICSAY JI0 5 000 KpaT U ¢ MpeAeIbHBIM BRIBOAUMBIM Ha
o poBKY (B CHIIy MEXaHUYECKOU HECTAOWILHOCTH U Pa3MBITHsA U300pasKeHUs ) 0 10 000 Kpar.
[IpuBeneH psA WUTIOCTPATUBHBIX SJIEKTPOHHBIX MHUKpPOGOTOrpaduii MUKPOCTPYKTYPBHI 3yOOB
3J1acMOOpPaHXUU C HApPACTAOIINM YBEJIUYEHHEM OT 35X M0 10 000X. JIJii MHUHUMAaJIbHOU IIO
YBEJIMUEHHUIO «3JIEKTPOHHOW MakpodoTorpaduu» IOKa3aHbl BO3MOKHOCTH KoJopusanuu/
co3manusa 1udposoro mcegorBera (pseudo-color mode), comocTaBUMOTO C I[BETOM 0O0OpasIiia B
YCJIOBHUSIX BU3YaJIbHOTO HaOJIIOIeHUs U MakpodoTorpaduu. ITOT MOAXOM PeaTnu3yercs ceiyac ¢
HCITOJIb30BAHUEM CPEJICTB MCKYCCTBEHHOTO MHTEJUIEKTA/ MAlIMHHOTO O0yJIeHUs.

5. Bkiaa aBTOpOB

1. ITaBen JI. AnekcaHAPOB — ABTOMATH3aIHs 3JIEKTPOHHOIO MUKPOCKOIIA. DKCIIEAUIINOHBIE
pabotel O cOOpy B3yOOB UCKOmMaeMbIX 3jacMoOpanxuii. Ilosmyuenme wmukpodoTorpaduin
HCKOIIAeMBIX 3yOOB BJIacMOOpaHXUH B AUalla30He YBEJIUUEHHA OT 35 X 10 10 000 x (Alexandrov et
al., 2019). Hanucanue paszena «MaTepruaabl 1 METOJbI» U IOJHOTO PYKOBOZCTBA I10JIb30BaTesIA
3JIEKTPOHHOTO MUKpockora JEOL JSM, o poBaHHOTO ¥ MOJIEPHU3UPOBAHHOTO HM.

2. Muxamn K. ®PununnoB — PecraBpanmus BaKyyMHBIX CHCTEM, OUYHMCTKAa KOJIOHHBI
5JIEKTPOHHOTO MUKPOCKOIIA, BBOJ, B OSKCIUIyaTallUI0 HOBOTO HCTOYHWKA IIUTAHUA, 3aMeHa
TEXHUUYECKUX MaceJl.

3. ®énop K. OpexoB — Briiaji B HamvcaHue peHTreHOCIEKTPAIBHOM YacTu 0630pa.

6. baarogapHocTu

ABTOPBI BBIPQXKAIOT ITPU3HATEILHOCTh OPTraHU3aTOpaM OOIIEIOCTYITHON HHGPACTPYKTYPHI
IMPOCBEYUBAIOIIEN M CKAaHUPYIOIIEN 3JIeKTPOHHOU MuKpockonuu B UX® PAH u B kopmyce UBX®
PAH (https://timeresolvedelectronmicroscopy.com/; https://www.electronmicroscopy.tech/) 3za
KoJumabopanuio u o0CyK/IeHHe BO3MOXKHOCTEH 3JIEKTPOHHO-MUKDPOCKOITMYECKOTO HCCJIE/IOBAHMUS
3y0OB HMCKOIIAeMBIX 5/1aCMOOPAHXUU B HU3KOOIO/PKETHBIX JTabopaTopusx, 61aroziaps yeMmy u ObL1a
HAIIFCAaHa 5Ta CTaThs.
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dumoreHeTHKM W 3BOIIOIMOHHOW Mopdosornu. B 0030pHON YacTH IMOKa3aHO, YTO 3YObI
ay1acMoOpaHxuil (BUIOM3MeHEHHbBIE IUIAKOU/THBIE YEITyH, CBA3aHHbIE C XPSIIEBHIMU YETIOCTSIMU)
00J13JTaf0T BBICOKOH BHUAOCIENU(PUUHOCTHIO U IIOTOMY IITUPOKO HUCIIOIB3YIOTCSA B TAKCOHOMUYECKOH
UeHTU(UKAIIUYA, BKJIIOYas IPUMEHEHHE JAUAarHOCTHYECKUX KJIIOUeHd U CTaHAapTH30BaHHBIX
IIPOTOKOJIOB cbopa ¥ omnucaHusA. IloguépKuUBaeTCs, UTO HApPSAAY C KOXKHBIMHU JIEHTHKYJIaMHU
(He OTHOCAIIMMHUCA K HXTUOOAOHTOJIOTHHM) 3yObl JalOT MopdoMeTpruYecKrue WHAUKATOPBHI,
peJieBaHTHBIE HE TOJIBKO ISl CHCTEMAaTHKH 3JIACMOOPaHXWH, HO U A OoJiee ITUPOKUX 3a71a4
SBOJIIOIIMOHHOW OWOJIOTMM W CPaBHUTEJIbHOM aAHATOMHU IIO3BOHOYHBIX. B  KOHTEKCTe
(roreHeTHYECKUX PEKOHCTPYKIIMUA OTMeYaeTrcsi ocobas PoJb  «IaJe00JOHTOJTOTHIECKUX»
JIAaHHBIX: HAUMHAsA C KJIACCHYECKUX paboT cepenwHbl XX BeKa W BIUIOTh JO COBPEMEHHBIX
IUMPOBBIX HCCIEIOBAHUIN, HWMEHHO 3yOHble WIPU3HAKH OCTAlOTCS OJHUM U3 Haubosee
MHQOPMATUBHBIX «IPSAMBIX CBHUETEJIEH» 5BOJIIOIMOHHBIX NPeoOpa3oBaHUM y aKyJl U HX
poacTBeHHUKOB. OT/IeJIbHO 0OCYKIaeTcsi COBPEMEHHBIN TpeH[ K (opMasn30BaHHON 0OpaboTKe
MOP(}OJIOTHYECKHUX JIAHHBIX: I aHAJIU3a MaTTepHOB MopdoreHe3a U BapuabeIbHOCTH 3y0OB y
HCKOIIaeMBIX U COBPEMEHHBIX (hOPM IPUMEHSIOTCSI METOJIbl MHOTOMEPHOU CTaTHUCTHKH, IPEXK/IEe
Bcero PCA kak cnoco6 yMeHbIIIEHUsI Pa3MEPHOCTH U IIIyMOB B CJIOXKHBIX HabOpax MPHU3HAKOB,
a TaKKe JUCKPUMUHAHTHBIA aHAJIW3 JUJIsI TAKCOHOMHYECKOTO pas/ieJiIeHus W IPOBEPKU
KJIaCCU(UKAIMOHHBIX THUIOTe3. CyllecTBEeHHBIM OTpaHHYEHUEM STHUX PEKOHCTPYKIIMH Ha3BaHBI
TaOHOMHUYECKHE TIOBPEXKJIEHUSI W JEerpafialivisl IMOBEPXHOCTH 3yOOB, CHIDKAIOIIME TOYHOCTH
pacrno3HaBaHUs AUATHOCTUYECKHX IIPU3HAKOB, UYTO TpedyeT SBHOTO Yy4yéra TadOHOMUH U
cTpaTurpaduyecKoro KOHTEKCTA TPU WHTepIpPeTaruyu Mop@dosioruu. B skcnepuMeHTaIbHON YacTu
IMOKa3aHO, YTO MOXKHO /I JTHX IeJIel aBTOMATHU3WPOBAaTh W BHOBH OIU(MPOBATH JOCTATOUHO
CTapble CKAaHUPYIOIIHE BJIEKTPOHHbIE MUKPOCKOTBI 1980-X IT. C HEBBICOKUMHU METPOJIOTHUYECKUMU
XapaKTepUCTUKAMU W TOJIydaTh HAa HUX HU300pa’kKeHUs HAa YPOBHE JOCTATOYHO COBPEMEHHBIX
KOMIIAKTHBIX 3JIEKTPOHHBIX MHKDPOCKOIIOB C YyBeJMdueHHeM (IT0JIe3HBIM YBeJIMYeHUEM) OT
HECKOJIPKMX ThICAY JI0 5000 KpaT U C TpeAeJbHBIM BBIBOAMMBIM Ha ONUMPOBKY (B CHIy
MeXaHUYEeCKON HeCTabWIBHOCTH W Pa3MbBITHA W300pakeHWs) A0 10 000 kpaT. IIpuBenmeH psj
WUTIOCTPATUBHBIX BJIEKTPOHHBIX MHUKPOdOTOTpaduil MUKPOCTPYKTYPhI 3yOOB 371aCMOOpaHXHH C
HApACTAIIIUM yBeJIMYeHHEeM OT 35X J0 10 000X. /i1 MUHUMaJIbHOW IO YBEJMYEHUIO
«2JIEKTPOHHOU  Makpodortorpadmu»  IMOKa3aHbl  BO3MOXKHOCTH  KOJIOPHU3AIUH/CO3TaHUS
nudpoBoro mncepaonera (pseudo-color mode), comocTaBUMOro ¢ IBETOM 0O0Opasiia B YCJIOBHAX
BU3yaJIbHOTO HaOMIOZleHuss ©W Makpodortorpaduu. ITOT TOAXOMA peasu3yercsi cedyac c
HCIOJIb30BAHUEM CPEJICTB HCKYCCTBEHHOTO MHTEJJIEKTA/ MAIITMHHOTO O0yUJeHUs .

KiroueBsbie ciioBa: doccumnsarys, 371acMOOPaHXUH, JUareHe3, MUHePaIu3aIus, SMaIOU/I,
CKaHUPYIOIasi SJIEKTPOHHAsT MUKPOCKOIIHS, MHUKPO30HJIOBBIM aHAINU3, BOJHOAMCIEPCHOHHBIN
PEHTTEHOBCKUU CIEKTPOMETD, HEPTOAUCIIEPCUOHHBIN PEHTTEHOBCKUU CIEKTPOMETD, MIETEKTOP
00paTHO OTPA’KEHHBIX AJIEKTPOHOB (JIETEKTOP 0OPATHO paccCessTHHBIX 3JIEKTPOHOB).
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