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Assessing the Ecological Impact of Cassava Mill Effluent on Soil Microbiology
and Physicochemistry

Aliyu Bello 2.7, Iliyasu A. A Ibrahim 2

aDepartment of Human Nutrition and Dietetics Federal University of Health Sciences Azare,
Bauchi State, Nigeria

Abstract

This study examined the effects of cassava mill effluent on soil microbiological and
physicochemical properties to evaluate its environmental implications. Soil samples from three
sites (A-C) were analyzed for microbial diversity and abundance, with a focus on impacted soil
contaminated with cassava effluent. Microbial analysis revealed the predominance of Bacillus sp.
and Pseudomonas sp. (28.6 %) among bacterial isolates, while Penicillium sp. (27.2 %) was the
most common fungal isolate. Impacted soil exhibited higher bacterial counts (7.8 x 105 cfu/g), but
fungal growth was suppressed. Physicochemical analysis indicated significant alterations in soil
chemistry due to cassava mill effluent, with elevated levels of nitrogen (797 mg/l), potassium
(459 mg/I), and phosphorus (432 mg/l) in impacted soil. However, the study also highlighted
substantial heavy metal contamination, including copper and iron, posing toxicity risks.
The findings suggest that cassava mill effluent enhances microbial activity but concurrently
degrades soil quality. Antibiotic sensitivity testing revealed the resilience of certain isolates, such as
Bacillus sp., with Ciprofloxacin exhibiting the highest inhibitory activity. The study concludes that while
cassava mill effluent introduces beneficial nutrients for microbial growth, its acidity, heavy metal
content, and potential to foster antibiotic-resistant microorganisms pose environmental and health
risks. These findings emphasize the urgent need for effective effluent management practices to mitigate
soil degradation and ecological imbalances.

Keywords: microbiological, physicochemical, effluent, environmental, contamination.

1. Introduction

Cassava (Manihot esculenta Crantz) is a widely cultivated root tuber crop in tropical regions
worldwide. As a primary food source, cassava tubers are rich in carbohydrates (85.9 %) and low in
protein (1.3 %), with notable amounts of cyanogenic glucoside (Nwabueze, 2007; Nwinanee, 2021).
This crop is a staple food item, particularly for low-income earners in Africa and Asia (Desse, Taye,
2001; Edamisan, 2020).

Originating from South America, cassava was introduced to Africa in the 16th century and has
since become a major food source in sub-Saharan Africa (Adewoye, 2005; Nwinanee, 2021). In West
Africa and Nigeria, cassava is commonly consumed as garri, a fermented cassava product
(Cheesbrough, 2005; Okoye, 2020). Nigeria is currently the world's largest producer of cassava, with
significant growth in domestic and international demand (Desse, Taye, 2001; Edamisan, 2020).
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The cassava processing industry has expanded in Nigeria, with many small-scale processing
units operating in residential areas. However, traditional garri production generates substantial
amounts of wastewater, hydrocyanic acid, and organic waste, posing environmental and health
risks (Akinfala, Tewe, 2004; Nwinanee, 2021). The indiscriminate discharge of this effluent
contaminates agricultural lands, streams, and underground water, threatening the environment
and human health (FAO, 2004; Okafor, 2008; Ehiadgonare et al., 2009; Nwinanee, 2021).

Studies have shown that the toxic concentrations of cassava mill effluent can prevent cereal
seed germination and pose significant threats to humans and the environment due to its high
cyanide content (Olorunfemi, 2008; Ezeogo et al., 2021). Therefore, investigating the
environmental impact of cassava processing and implementing regulations for responsible waste
management are crucial.

2. Materials and method

Study Area:

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

Experimental details

Sample Collection and Preparation

Soil samples were aseptically collected from three cassava mill dump sites (A-C) in two
locations within Bauchi State, Nigeria. Samples were collected at 5m and 50m distances from the
dump site, with the latter serving as the control. Samples were transported in ice-cold containers to
prevent microbial growth and analyzed accordingly.

Serial Dilution and Inoculation

Serial dilution of the samples was performed, and O0.1ml of the appropriate dilution was
inoculated into nutrient agar and potato dextrose agar media in triplicate (Cheesbrough, 2005;
Okoye, 2020). The inoculated plates were incubated at 37°C for 24h for bacterial enumeration and
at room temperature for 5-7 days for fungal enumeration.

Characterization and Identification of Microbial Isolates

Discrete colonies were purified and identified based on cultural parameters, microscopic, and
biochemical analysis. Biochemical tests, including Gram staining, motility test, oxidase test,
catalase test, citrate test, indole test, methyl red test, and Voges Proskauer test, were conducted to
further characterize the isolates (Fawole, Oso, 2004; Cheesbrough, 2005; Okoye, 2020).

Statistical Analysis

Simple ratios and percentages were used to determine relationships, while ANOVA was used
to determine statistically significant differences between independent groups.

3. Results

A total of three soil samples were analyzed, with two samples from cassava mill effluent
dumpsites and one from fertile, unimpacted farmland. Microbiological analysis revealed the
presence of various bacterial and fungal species.

Bacterial Isolates

The identified bacterial isolates included Bacillus sp. (28.6 %), Pseudomonas sp. (28.6 %),
Enterobacter sp. (7.1 %), Corynebacterium sp. (14.3 %), Proteus sp. (7.1 %), and Escherichia coli
(14.2 %).

Fungal Isolates

The identified fungal isolates included Aspergillus sp. (18.2 %), Penicillium sp. (27.2%),
Mucor sp. (9.1 %), Candida sp. (18.2 %), Saccharomyces sp. (18.2 %), and Rhizopus sp. (9.1 %).

Microbial Enumeration

The average microbial count of bacteria and fungi is presented in Figure 1. The total mean
heterotrophic bacterial count ranged from 7.0+£0.11x10° cfu/g for the control soil, while the effluent
and polluted soil were 5.1+0.28x10° cfu/g and 7.8+0.19x10° cfu/g, respectively. The fungal mean
ranged from 4.2+0.57x105 cfu/g for the control soil, while the effluent and polluted soil were
4.4+0.41x10° cfu/g and 3.9+0.42x10° cfu/g, respectively.
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The impacted soil had the highest bacterial count of 7.8+0.19x105 cfu/g. Bacterial counts
were higher than fungal counts in all samples.

mBacteria ® Fungi

ount X 104

Fig. 1 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)

Physico-Chemical Analysis of Cassava Effluent and Soil Samples

The results of the physico-chemical analysis of cassava impacted soil, un-impacted soil, and
cassava effluent samples are presented in Table 1. Duplicate data for each parameter were analyzed
using One-Way ANOVA at a 0.05 (95 %) significance level.

pH and Nutrient Levels

The cassava effluent sample had an acidic pH of 3.13, while the un-impacted and impacted
soil samples had slightly alkaline pH values of 7.87 and 7.21, respectively. The cassava effluent
sample contained the highest concentration of nitrogen (797.00 mg/l), followed by the un-
impacted soil (95.15 mg/l) and impacted soil (7.51 mg/l). Potassium levels were significantly higher
in the cassava effluent sample compared to the impacted and un-impacted soil samples.

Metal Concentrations and Other Parameters

Magnesium levels were similar in the cassava effluent (657.75 mg/l) and impacted soil
(660.85 mg/l) samples, but lower in the un-impacted soil sample (36.95 mg/l). Calcium, sodium,
and electrical conductivity levels were higher in the effluent and un-impacted soil samples
compared to the impacted soil sample. The biological oxygen demand (BOD5) was highest in the
impacted soil sample (7.18), followed by the cassava effluent sample (5.73) and un-impacted soil
sample (4.54). Dissolved solids were highest in the effluent sample (478.75 mg/l) and lowest in the
impacted soil sample.

Heavy Metal Concentrations

The concentration of copper was two- to three-fold higher in the effluent sample compared to
the un-impacted and impacted soil samples. Iron, cobalt, and ammonia concentrations were
highest in the cassava effluent sample. Zinc concentrations were relatively constant across all three
samples. Nitrate levels were highest in the cassava effluent sample (12.01 mg/l), while nitrite levels
were highest in the un-impacted soil sample (88.05 mg/I).

Table 1. Physicochemical analysis of cassava effluent, impacted and un-impacted soils samples

Parameters Un-impacted soil Impacted soil Cassava effluent
pH 7.87+£0.0la 7.21+0.01b 3.13+0.01c
Nitrogen (mg/l) 95.15+0.10 7.51+0.01 797.00+1.41
Phosphorus (mg/1) 288.85+0.10 79.51+0.01 432.00+1.41
Potassium (mg/l) 66.65+0.10 56.25+0.10 56.25+0.10
Magnesium (mg/I) 36.95+0.10 660.85+0.10 657.75+£0.21
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Parameters Un-impacted soil Impacted soil Cassava effluent
Calcium (mg/1) 34.15+0.10 6.71+0.01 64.30+1.41
Sodium (mg/I) 53.75+0.10 4.51+0.01 30.90+0.14
Conductivity(us/cm) 26.35+0.10 8.99+0.01 46.20+0.01
BOD (28 °C) 4.54+0.01 7.18+0.01 5.73+0.01
TDS (mg/l) 57.12+0.01 4.51+0.01 478.75+0.01
Copper (mg/I) 8.40+0.01 14.7320.01 29.34+0.01
Zinc (mg/1) 9.76+0.01 11.13+0.01 10.17+0.00
Nickel (mg/I) 0.66%0.00 0.68+0.00 1.75+0.00
Cobalt (mg/1) BDLd 0.78+0.00 8.80+0.01
Iron (mg/1) 13.95+0.01 18.09+0.01 31.95+0.01
Ammonia (mg/I) 3.76+0.01 3.50+0.00 10.50+0.01
Nitrate (mg/I) BDLd 1.10+0.01 12.01+0.01
Nitrite (mg/1) 88.05+0.01 0.61+0.01 6.10+0.01

Notes: a, b, c Represent Mean+SD readings that are significant (p < 0.05) across the rows for each
of the parameters and samples while BDLd equals below detection level, respectively.
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Fig. 2. The sensitivity of different gram negative organisms and antibiotics
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Fig. 3. The sensitivity of different gram positive organisms and antibiotics
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Statistical Significance and Antibiotic Susceptibility Testing

Values marked with a, b and c represent significant mean + standard deviation readings (p <
0.05) across rows for each parameter and sample. The symbol BDLd indicates values below the
detection level.

Antibiotic Susceptibility Testing Results

Figures 2 and 3 present the results of the antibiotic susceptibility testing on Gram-negative
and Gram-positive organisms isolated from different soil samples. The antibiotics used in this
study were: Streptomycin; Ciprorex; Ampicillin; Tarivid; Nalidixic Acid; Perflacine; Gentamicin;
Augmentin; Ciprofloxacin; Septrin; Levoflacin; Ampiclox; Rifampin; Amoxil; Norfloxacin and
Erythromycin.

Pseudomonas sp., Proteus sp., and Escherichia coli isolated from all three sites were tested
against these antibiotics.

Key Findings

1. Ciprofloxacin efficacy: Ciprofloxacin demonstrated consistent activity against the test
isolates, with zones of inhibition of 25 mm and 24 mm against Pseudomonas and Escherichia coli,
respectively.

2. Least effective antibiotics: Tarivid and Septrin showed the least zones of inhibition (6 mm)
against Pseudomonas, E. coli, and Proteus species.

3. Pseudomonas sensitivity: Pseudomonas species isolated from impacted and effluent soil
samples were most sensitive to the test antibiotics.

4. Gram-positive organism sensitivity: The highest zone of inhibition (24 mm) was observed
for Bacillus sp. isolated from cassava effluent-impacted soil with Ciprofloxacin.

Antibiotic Efficacy Ranges

1. Levoflacin, Streptomycin, and Gentamicin: Showed zones of inhibition between 10 mm and
20 mm on all test isolates.

2. Remaining antibiotics: Had zones of inhibition between 6 mm and 24 mm.

Most Isolated Species

1. Bacillus sp.: Most frequently isolated from all three locations.

2. Corynebacterium and Enterobacter: Followed in terms of frequency of occurrence.

4. Discussion

Microbial Isolates and Counts

The study revealed the presence of various bacterial and fungal species in the soil samples.
The bacterial isolates included Bacillus sp., Pseudomonas sp., Enterobacter sp., Corynebacterium
sp., Proteus sp., and Escherichia coli. Eleven species of fungi were also isolated, including
Aspergillus sp., Penicillium sp., Mucor sp., Candida sp., Saccharomyces sp., and Rhizopus sp.
These findings are consistent with previous studies (Ehiagbonare et al., 2009; Igbinosa, Igiehon,
2015).

Microbial Counts and Comparison

The impacted soil had the highest microbial count of 7.8+0.19x105 cfu/g. Bacterial counts
were higher than fungal counts in all samples. The total mean heterotrophic bacterial count ranged
from 7.0+0.11x105 cfu/g to 7.8+0.19x105 cfu/g, while fungal counts ranged from
4.2+0.57x105 cfu/g to 3.9+0.42x105 cfu/g. These findings suggest that fungal counts were
significantly lower than bacterial counts (p < 0.05), consistent with previous reports (Aiyegoro et
al., 2007).

Effects of Cassava Mill Effluent on Soil Microorganisms

The study revealed that soil samples not affected by cassava mill effluent had a higher
microbial population compared to those impacted by the effluent. This difference can be attributed
to the harmful effects of cyanide acid content in cassava mill effluent on soil microorganisms.
These findings support previous reports (Akubuenyi, 2022; Dike et al., 2022; Ukaegbu-Obi et al.,
2018).

5. Conclusion and Recommendations
The study highlights the adverse environmental effects of cassava mill effluents on soil
microorganisms and physicochemical properties. To mitigate these effects, it is recommended that:
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1. Relocation of Cassava Mills: Cassava mills should be relocated to areas away from
residential and agricultural areas.

2. Regulations and Enforcement: Governments should establish and enforce regulations for
the disposal of cassava mill effluents.

3. Public Awareness and Education: Public awareness campaigns should be conducted to
educate cassava farmers and processors about the dangers of cassava mill effluents and proper
disposal methods.

4. Further Research: Additional research should be conducted on the effects of cassava mill
effluents on surrounding water bodies and human health.
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Abstract

This article is devoted to the ten-year (2014—2024) results of the publication activity of the
journal “European Reviews of Chemical Research” and its authors. The materials for this work are
the studies that were published in the journal in the period from 2014 to 2024. The research
methodology is presented by both general scientific and special research methods. In the article,
the authors provide a thematic analysis of the works that were published in the journal “European
Reviews of Chemical Research”. In conclusion, the authors note that over the ten-year period of the
journal’s existence, 76 articles on various areas of chemical science were published in it. Separately,
the authors note the language ratio of publications, where 80 % of all articles were published in
English and the remaining 20 % were published in Russian, which allows expanding the reach of
the journal’s readership.

Keywords: chemistry, chemical research, scientific journal, chemical journal, research
review, intellectual capital, publication activity, work results.

1. Introduction

Nowadays the journal “European Reviews of Chemical Research” is an open chemical
scientific publication, publishing various studies in the field of chemical science, as well as
publishing studies on multidisciplinary issues.

The purpose of this work is to provide a thematic review of studies that were published in the
journal “European Reviews of Chemical Research” in the period from 2014 to 2024.

This article is an attempt by the author to summarize the publication activity of the journal
“European Reviews of Chemical Research” and its authors over the past 10 years (2014-2024).

2. Materials and methods

The materials for this study were studies that were published in the journal “European
Reviews of Chemical Research” in the period from 2014 to 2024.

The research methodology is based on general scientific and special research methods.
General scientific research methods are represented by: analysis, synthesis, induction, deduction.
Special research methods are represented by: content analysis (to analyze the content of studies
that were published in the journal), bibliographic method (in terms of selection, classification and
ranking of studies that were published in the journal), and narrative method (to form the narrative
line of this work).

* Corresponding author
E-mail addresses: Imalygina@mail.ru (L.V. Malygina)
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3. Discussion

The journal was founded in 2014 and is still being published. In 2014, 2 issues of the journal
were published, then in 2015 and 2016, 4 issues of the journal were published each year. From
2017 to 2019, the journal was published twice a year. From 2020 to the present, the journal is
published once a year (issue in December) (Figure 1).

The mission of the journal “European Reviews of Chemical Research” is to present the results
of modern researches in the chemistry. The priority direction of development journal is coverage of
related multidisciplinary problems, the use of new methods and approaches in the context of
practical application.

The journal’s objective is to familiarize the specialists and all interested readers with the
contemporary achievements in chemical sciences, developing the inter-institutional and
international scientific cooperation in the framework of the research problems, improving research
ethics and publication activity of young researchers.

European Reviews of
Chemical Research

Fig. 1. Cover of the chemical scientific journal “European Reviews of Chemical Research”.

Currently, review articles that are devoted to various aspects of the analysis of published
studies (Amobonye et al., 2024; Calik, Wiyarsi, 2021; Ultay, Calik, 2012) or the publication activity
of journals are quite common. This type of scientific work is not only purely review in nature for
the formation of certain conclusions, but also helps new (often young) researchers to better
navigate the area of scientific interests that interests them (Mamadaliev, 2023), enhancing their
research potential (Shtuts i dr., 2023). Thus, this article is review and at the same time
introductory in nature, and will be useful not only for potential authors of the journal and
researchers, but also for a wide range of readers.

4. Results

For ease of understanding and ease of navigation through the work, all studies were
distributed by year of publication and subject matter.

2014 year.

Defining the Conditions of 3D Printing Using Abs Plastic was presented in the paper of Marat
I. Abdullin, Azamat A. Basyrov, Sergey N. Nikolaev, Yuliya A. Koksharova and Nikolay V. Koltaev
(Abdullin et al., 2014). Antimicrobial Potential of Nicotinic Acid Derivatives Against Various

11




European Reviews of Chemical Research. 2025. 12(1)

Pathogenic Microbes was presented in the paper of Mohammad Asif (Asif, 2014). Heterofunctional
Condensation of a,w — Bis (Aminodimethylsilil) Tetramethyl — Cyclodisilazanes With
Dichloranhydride Tereftalic Acids and a,0 — Bis (B — Carboxyethyl) Dimethylsiloxanes was
presented in the paper of Lili Janiashvili, Giuli Andronikashvili, Archil Varadashvili and Mzia
Gagolishvili (Janiashvili et al., 2014). Repellency and Antifeedant of Ticks Through Ethno Plant
Extracts and Ivermectin on Buffalo Calves was presented in the paper of Mehmood A. Kalwar,
Hakim A. Sahito, Barkat A. Kalwar, Madan Lal and Shahnawaz Fazlani (Kalwar et al., 2014).
Microbiological Synthesis of 2H- and 13C-Labeled Amino Acids and Proteins With Various Levels
of Isotopic Enrichment was presented in the paper of Oleg Mosin, Ignat Ignatov, Dmitry Skladnev
and Vitaly Shvets (Mosin et al., 2014b). Biosynthesis of 2H-labeled Photochrome Trans-membrane
Protein Bacteriorhodopsin by Halobacterium Halobacterium Halobium was presented in the paper
of Oleg Mosin and Ignat Ignatov (Mosin, Ignatov, 2014).

The Thermodynamic Estimation of Forming Possibility of Cu2—xSe thin Films and
Investigation of the Composition and Morphology was presented in the paper of Ekaterina
A. Fedorova, Larisa N. Maskaeva and Vyacheslav F. Markov (Fedorova et al., 2014). Computer
Simulation as a way to Determine the Conditions of Purposeful Synthesis of AgxPbl — xS Solid
Solutions by Hydrochemical Deposition was presented in the paper of Aleksey Y. Kirsanov,
Vyacheslav F. Markov and Larisa N. Maskaeva (Kirsanov et al., 2014). Biosynthetic incorporation
of deuterium-labeled aromatic amino acids - [2,3,4,5,6-2H5]phenylalanine, [3,5-2H2]tyrosine and
[2,4,5,6,7-2H5]tryptophan into the molecule of transmembrane protein bacteriorhodopsin from
halobacterium Halobacterium halobium E was presented in the paper of Oleg Mosin, Ignat Ignatov,
Dmitry Skladnev and Vitaly Shvets (Mosin et al., 2014). Microbiological Synthesis of 2H- and 13C-
Labeled Amino Acids and Proteins With Various Levels of Isotopic Enrichment was presented in the
paper of Oleg Mosin, Ignat Ignatov, Dmitry Skladnev and Vitaly Shvets (Mosin et al., 2014a).

2015 year.

Methods For Registering Non-lonizing Radiation Emitted From The Human Body was
presented in the paper of Ignat Ignatov, Oleg Mosin, Hugo Niggli, Christos Drossinakis and Georg
Tyminski (Ignatov et al., 2015a). Studying of Isotopic Effects of Deuterium in Biological Objects
was presented in the paper of Oleg Mosin and Ignat Ignatov (Mosin, Ignatov, 2015). A Sensitive
and Selective Chromogenic Organic Reagent 4-hydroxy-3,5-dimethoxy benzaldehyde-4-hydroxy
benzoyl hydrazone (HDMBHBH) for the Direct and Derivative Spectrophotometric Determination
of Lead (Il) was presented in the paper of N. Radhakrishna, C. Viswanatha, K. Ramakrishna Reddy
and N. Devanna (Radhakrishna et al., 2015). Chemical bath deposition of In2S3 thin films was
presented in the paper of Stanislav S. Tulenin, Vyacheslav F. Markov, Larisa N. Maskaeva and
Mikhail V. Kuznetsov (Tulenin et al., 2015). Composition, Structure, Morphology of thin Films
Produced by Hydrochemical Deposition in PbSe-CdSe System was presented in the paper of Nina
V. Zarubina, Ivan V. Zarubin, Larisa N. Maskaeva and Vyacheslav F. Markov (Zarubina et al., 2015).

The Evaluation of the Mathematical Model of Interaction of Electrochemically Activated Water
Solutions (Anolyte and Catholyte) with Water was presented in the paper of Ignat Ignatov, Oleg Mosin,
Georgi Gluhchev, Stoil Karadzhov, Georgi Miloshev and Nikolay lvanov (Ignatov et al., 2015).
Deuterated Methylotrophic Biomass as a Substrate for Microbiological Synthesis of 2H-Labeled Purine
Ribonucleoside Inosine by Chemoheterotrophic Bacterium Bacillus Subtilis B-3157 was presented in
the paper of Oleg Mosin and Ignat Ignatov (Mosin, Ignatov, 2015). Determination of Trace Amount of
Cd (1) by using a Chromogenic reagent Diacetylmonoxime-3-amino-4-hydroxy benzoyl hydrazone
(DMAHBH) with UV-Visible Spectrophotometry was presented in the paper of B.N. Nagalaxmi,
C. Viswanatha, K. Ramakrishna Reddy, K.B. Chandrasekhar and N. Donappa (Nagalaxmi et al., 2015).
ZnS Films: Thermodynamic Justification of Possibility for Hydrochemical Precipitation, Synthesis,
Microstructure, and Morphology was presented in the paper of Anna I.Shemyakina, Ragneta
Kh. Saryeva, Larisa N. Maskaeva and Vyacheslav F. Markov (Shemyakina et al., 2015). Investigation of
Sulfur Removal from Drilling Fluid was presented in the paper of Mostafa Mohammadi Shalmani and
Farshad Farahbod (Shalmani, Farahbod, 2015). Synthesis, Structure/Spectra Correlation and
Chromism Studies of some Novel Monomethine and bis-Monomethine Cyanine Dyes was presented in
the paper of H.A. Shindy, M.M. Goma and N.A. Harb (Shindy et al., 2015).

The Development of Biosynthesis of 2H- and 13C-labeled Amino acids and Proteins with
Various Levels of Isotopic Enrichment Using Bacterial Objects was presented in the paper of Oleg
Mosin, Ignat Ignatov, Dmitry Skladnev and Vitaly Shvets (Mosin et al., 2015). Physical-Chemical
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Properties of Mountain Water from Bulgaria after Exposure To a Fullerene Containing Mineral
Shungite and Aluminosilicate Mineral Zeolite was presented in the paper of Ignat Ignatov and Oleg
Mosin (Ignatov, Mosin, 2015a). Synthesis and Photosensitization Evaluation of Some Novel
Polyheterocyclic Cyanine Dyes was presented in the paper of H.A. Shindy, A.K. Khalafalla,
M.M. Goma and A.H. Eed (Shindy et al., 2015).

The Methods of non-equilibrium Spectrum (NES) and Differential non-equilibrium
Spectrum (DNES) in Studying the Interaction of Carbonaceous Mineral Shungite and
Aluminosilicate Mineral Zeolite with Water was presented in the paper of Ignat Ignatov and Oleg
Mosin (Ignatov, Mosin, 2015). Studying the Biosynthesis of 2H-labeled purine Ribonucleoside
Inosine by a Chemoheterotrophic Bacterium Bacillus subtilis B-3157 was presented in the paper of
Oleg Mosin and Ignat Ignatov (Mosin, Ignatov, 2015). A Review Fundamentals in Colors, Dyes and
Pigments Chemistry was presented in the paper of H.A. Shindy (Shindy, 2015).

2016 year.

Hydrochemical Deposition of Cu2S Films Using Thiocarbamide was presented in the paper of
Irina A. Glukhova, Larisa N. Maskaeva, Vyatcheslav F. Markov, Stanislav S. Tulenin and Anna
I. Shemyakina (Glukhova et al., 2016). The Reactions of Condensation—Dehydration Occurring in
Aqueous Alkaline Solutions at P = 9—11 and T = 65—95 OC in the Process of Modeling of Primary
Hydrosphere was presented in the paper of Ignat Ignatov and Oleg Mosin (Ignatov, Mosin, 2016).

Synthetic Methods and Exploring Biological Potential of Various Substituted Quinoxalin-2-
one Derivatives was presented in the paper of Mohammad Asif (Asif, 2016a). Viscosity Properties
of an Aqueous Suspension Pd(NO3)2-Al203-La203-HAc-H20 for Afterburning Catalysts was
presented in the paper of Alena E. Bezdetnova, Vyacheslav F. Markov, Larisa N. Maskaeva and
Viktor I. Zelenin (Bezdetnova et al., 2016). Ligand Background of the Reaction Mixture as a Factor
of the CdS — PbS thin Films Formation by Chemical Bath Deposition was presented in the paper of
Natalia A. Forostyanaya, Anastasia D. Kutyavina, Maria A. Ponomareva, Anastasia A. Rozhina,
Polina O. Mihnevich, Larisa N. Maskaeva and Vyacheslav F. Markov (Forostyanaya et al., 2016).

A Review on a Highly Important Hetrocycle Quinazolinone Compounds and their Diverse
Biological Activities was presented in the paper of Mohammad Asif (Asif, 2016). Boric Acid
Catalyzed Synthesis of 2-substituted Benzoxazoles in Aqueous Media was presented in the paper of
P. Thriveni, K.P.V. Subba Rao, M. Hari Krishna and C. Viswanatha (Thriveni et al., 2016). Thermal
Activation of lodine-Containing PbSe thin Films was presented in the paper of Victoria M. Yurk,
Larisa N. Maskaeva, Vyacheslav F. Markov and Victoria S. Ustugova (Yurk et al., 2016).

Catalytic ignition and quenching of hydrogen-air mixtures on platinum surfaces with detailed
kinetics and transport was investigated in the paper of Junjie Chen (Chen, 2016). Kinetic Features
of Cadmium Sulfide Deposition from Aqueous Solutions with Various Ligand Backgrounds was
presented in the paper of Natalia A. Forostyanaya, Anastasia D. Kutyavina, Larisa N. Maskaeva and
Vyacheslav F. Markov (Forostyanaya et al., 2016). Kinetic Aspects of Hydrochemical Deposition of
Solid Phase Ag2S were presented in the paper of Tatiana V. Vinogradova, Irina A. Glukhova, Larisa
N. Maskaeva and Vyatcheslav F. Markov (Vinogradova et al., 2016).

2017 year.

Competence of Hyptis Suaveolens Leaf Extract on Treatment of Ecto-Parasites (Fleas) on
Farm Animals (Goat) was presented in the paper of M. Chindo and I.A.A. Ibrahim (Chindo,
Ibrahim, 2017). Evaluation of the Effects of Psidiumguajava Leave Extracts on Biochemical Indices
of two Liver Enzymes and Some Haematological Parameters in Rabbits was presented in the paper
of 1LA.A. Ibrahim and M. Chindo (Ibrahim, Chindo, 2017). Chemical Characterisation of Scrap
Brass for Jewellery Making was presented in the paper of Ruth Joel, Enoch G. Wuritka, Aje Tokan
and Atuman S. Joel (Joel et al., 2017). Synthesis and Studies on New Dimethine and Tetramethine
Cyanine Dyes was presented in the paper of H.A. Shindy, A.K. Khalafalla, M.M. Goma and
A.H. Eed (Shindy et al., 2017).

The synthesis of 2,3-disubstituted quinazolinone derivatives using silver triflate as an
effective catalyst at room temperature was presented in the paper of M. Hari Krishna and
P. Thriveni (Hari Krishna, Thriveni, 2017). Chemical deposition and study of thin semiconductor
films in the Cu2S-In2S3 system was presented in the paper of Stanislav S. Tulenin, Andrei
V. Pozdun, Konstantin A. Karpov, Darya A. Novotorkina, Michael S. Rogovoi, Larisa N. Maskaeva
and Vyacheslav F. Markov (Tulenin et al., 2017). A theoretical study of the reactivity and
regioselectivity of the addition reaction of HCI to alkenes, a study of Markovnikov's rule was
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presented in the paper of Abdellah Zeroual, Mohamed M. El idrissi, Mohamed Zoubir and Ahmed
Benharref (Zeroual et al., 2017). A theoretical study of the chemo- and regioselectivity of the
oxidation reaction of bicyclo[3.2.0]hept-2-en-6-one with hydrogen peroxide was presented in the
paper of M. Zoubir, M. El Idrissi, R. El Ajlaoui, A. El Haib, S. Abouricha d, A. Zeroual, A. Benharref
and A. El Hajbi (Zoubir et al., 2017).

2018 year.

A guantum-chemical topological analysis of the formation of the C-O bond in the 32CA
reaction involving the zwitterionic type was presented in the paper of Abdelilah Benallou, Zouhair
Lakbaibi, Habib El Alaoui ElI Abdallaoui and Hocine Garmes (Benallou et al., 2018b). A theoretical
explanation of the mechanism and regio-stereoselectivity of the cycloaddition between nitronylides
and electron-deficient methacrylonitrile was presented in the paper of Abdelilah Benallou, Habib
El Alaoui El Abdallaoui, Hocine Garmes (Benallou et al., 2018a).

A DFT study of the mechanism, regio- and stereoselectivity of the epoxidation reaction of
methyl 2-((2R,4aR)-4a,8-dimethyl-1,2,3,4,4a,5,6,7-octahydronaphthalen-2-yl)acrylate ~ using
m-CPBA was presented in the paper of M. El Idrissi, A. ElI Haib, Y. Hakmaoui, M. Zoubir,
M. El Ghozlani, S. Mouatarif, N. Ourhriss and R. El Ajlaoui (El Idrissi et al., 2018). A study of the
impact of pest control agents used in closed production facilities on food quality using SPME in
combination with GC-MS was presented in the paper of A. Lakhili, M. Fekhaoui, A. Bellaouchou,
L. Tahri, A.E. Abidi and M. El idrissi (Lakhili et al., 2018). Synthesis and visible spectral studies of
new pyrazolo/oxazolemerocyanine dyes were presented in the paper of H.A. Shindy, M.A. El-
Maghraby, M.M. Goma and N.A. Harb (Shindy et al., 2018).

Purification of toxic gaseous HCN emissions by gas-phase 02 oxidation: quantum chemical
modeling was presented in the paper of Abdelilah Benallou, Habib El Alaoui EI Abdallaoui and
Hocine Garmes (Benallou et al., 2018). Extraction and phytochemical analysis of Vernonia
Amygdalina (Shuwaka) leaves were reviewed in the paper of I.A.AA. Ibrahim, M. Chindo,
M.M. Mohammad, A.A. Faisal, H. Musa (Ibranim et al., 2018). Analysis Phytochemical and
antimicrobial activity of Ficus Plat Platyphylla stem bark extract. Extraction and phytochemical
analysis of Vernonia Amygdalina (Shuwaka) leaves was presented in the paper of I.A.A. Ibrahim,
M. Chindo, M.M. Mohammad, A.A. Faisal and H. Musa (Ibrahim et al., 2018a). Regioselective and
stereoselective synthesis of 2,5-dichloro-2,5,9,9-tetramethyl-decahydro-benzocycloheptene via
stepwise addition reactions between a-himachalene and HCI: an experimental and theoretical
study was presented in the paper of N. Ourhriss, A. Zeroual, C. A. Gadhi, A. Benharref,
A. Abourriche, A. Bennamara and A.EI Hajbi (Ourhriss et al., 2018). Novel polyheterocyclic cyanine
dyes: synthesis, photosensitization and solvent/electron correlation transitions were reviewed in
the paper of H.A. Shindy (Shindy, 2018).

2019 year.

Origin of life in hot mineral water of hydrothermal springs and ponds. Effect of hydrogen and
hydrogen produced. Spectral, pH and ORP analyses were presented in the paper of Ignat Ignatov
(Ignatov, 2019). The results of IR spectroscopy of CortiNon+ on the development of experimental
Graffiti tumor in hamsters were presented in the work of Ignat Ignatov, Reneta Toshkova, Georgi
Gluhchev and Elisaveta Tzvetkova (Ignatov et al., 2019). Physicochemical and microbiological
characteristics of thermal healing springs of the Burgas region were presented in the paper of
Nedyalka Valcheva (Valcheva, 2019).

A theoretical study of the regioselectivity of the reaction between diethyl (trichloromethyl-
1)phosphonate and triethyl phosphite using the DFT method was presented in the paper of
A. Barhoumi, M.El idrissi, A. Zeroual, S. Bakkas, A. El Hajbi and A. Tounsi (Barhoumi et al., 2019).
Quantum mechanical descriptors of indazole-containing derivatives using the DFT method were
considered in the paper of H. Essassaoui, M. El idrissi, R. Bouhdadi, M. Echajia, A. Zeroual,
A. Tounsi and M. Mbarki (Essassaoui et al., 2019). The experimental and theoretical development
of the phase diagram of the ternary system Ni(NO3)2-Al(NO3)3-H20 at 20°C was presented in the
work of M. Jouaiti, B. Mekkaoui, A. Barroug, M. El idrissi, R. Lbibb, L. Laallam, A. Jouaiti (Jouaiti
et al., 2019). A review of the synthesis of various classes of polyheterocyclic cyanine dyes was
presented in the paper of H.A. Shindy (Shindy, 2019).

2020 year.

A molecular docking study of primaquine-favipiravir-based compounds as potential
inhibitors of the main COVID-19 protease was presented in the paper of Olawale F. Akinyele,
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Emmanuel G. Fakola, Oluwatoba E. Oyeneyin, Omolara O. Adeboye, Ayowole O. Ayeni, Justinah
S. Amoko and Temitope A. Ajayeoba (Akinyele et al., 2020). The biochemical effect of aqueous
extract of Abeere leaves (Hunteria umbellata) on liver enzymes of white rats was examined in the
paper of lliyasu A.A. Ibrahim and Labaran A. Magashi (Ibrahim, Magashi, 2020). Solvatochromic
and halochromic evaluation of some biheterocyclic cyanine dyes was reviewed in the paper of
H.A. Shindy, M.A. EI-Maghraby and F.M. Eissa (Shindy et al., 2020).

2021 year.

A mini-review of the biological potential of pyrazole and triazole derivatives was presented in
the work of Mohammad Asif (Asif, 2021). Isolation and identification of bacteria from used masks
at Bauchi State University, Gadau was presented in the paper of lliyasu A. A. Ibrahim, Hafizah Sani
Sulaiman, Sulaiman Maikudi and Habibu Musa (lbrahim et al., 2021).

2022 year.

Innovations in the preliminary preparation of biological samples in chemical-toxicological
studies were studied in the work of Viktor N. Bekhterev, Svetlana N. Gavrilova, Eugenia
G. Neskubina and Igor N. Shipanov (Bekhterev et al., 2022).

2024 year.

A review of methods for increasing the thermal conductivity of phase-change materials was
presented in the paper of Ashraf AL-Nassar and Andrei N. Makeev (AL-Nassar, Makeev, 2024).
Exotic multichannel and position-sensitive high-resolution methods for physicochemical
archaeometry were reviewed in the paper of Oleg V. Gradov and Andrew A. Skrynnik (Gradov,
Skrynnik, 2024).

In last time the journal has also published papers that examine the biographies of chemists
who have been significant for the development of science (Mamadaliev, 2022; Taran, 2023;
Cherkasova, 2023; Mamadaliev, 2024).

Languages of publications.

Data on the languages of articles published in the journal “European Reviews of Chemical
Research” from 2014 to 2024 are presented in Table 1.

Table 1. Data on the language distribution of publications in the journal “European Reviews of
Chemical Research” from 2014 to 2024

Ne| Language of publication | Number of articles | Percentage of all publications
1. | English 61 80 %

2. | Russian 15 20%

3.

Total number of all articles: 76.

Thus, having publications in two languages at its disposal, the journal “European Reviews of
Chemical Research” solves the important task of expanding the base of potential readers.
The English language is focused on presenting research results at the global level, and the Russian
language is focused on presenting research results at the level of the post-Soviet space, since the
dominance of the Russian language here is still great.

5. Conclusion

Thus, based on the conducted review study, it can be concluded that over the entire period of
the journal's existence, 76 articles on a wide range of topics have been published. The language
coverage of publications is also impressive. Most of all works were published in English (80 %),
which helps in the international promotion of the research results presented in them. Also, some of
the articles were published in Russian (20 %), which also increases the dissemination of knowledge
in the post-Soviet space.
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Integrated Spectrozonal/Multispectral Lens-Less Optical Microscopy and Scanning
Electron Microscopy as Novel Combined Chemometric Instruments for Food Science

Part I. The brief history of optical and electron microscopy in food industry
Theodor K. Orekhov 2, Oleg V. Gradov?a-*

aDepartment of Dynamics of Chemical and Biological Processes, N.N. Semenov Institute of
Chemical Physics, Russian Academy of Sciences, Moscow, Russian Federation

Abstract

Food samples are heterogeneous and structured media that require investigation with spatial
resolution or positional sensitivity for meaningful metrological data interpretation. When
analyzing such materials at a specific scale characteristic to the sample's texture, any averaged
information loses its significance without structural context. This leads to overlapping peaks in
analytical signals, which could be effectively separated only by introducing position-specific
resolution adequate to the size of structures carrying biochemical properties and descriptors
responsible for these signals. The solution lies in quantitative analytical microscopy. These
methods include various spectral ranges ensuring qualitatively different measurement approaches
and characterization possibilities, all crucial for comprehensive understanding of target substances'
structure and composition. This article discusses the integration of multiple diagnostic tools and
provides analytical reasoning supporting this approach as well as highlighting current
methodological and technical limitations preventing broader implementation. It serves primarily
as a background resource for potential users from the food industry seeking consultation on
adopting such advanced techniques, particularly when considering their applicability to particular
research objects described herein or following general technical guidelines provided.

Keywords: chemometrics, food biochemistry, optical microscopy, NMR microscopy, SEM,
ESEM, ASEM, CLEM, CryoSEM, multispectral optical microscopy, history of microscopy for food
chemical analysis.

1. BBeaeHnue

SABnAACH TETEPOTEHHOU U CTPYKTYPHUPOBAHHOH cpeioi, MUIeBOM oOpa3zer 1n60 aHATUT, Kak
IIPaBWIO, TpeOyeT HCCIeZI0OBAaHUS CBOUCTB C IPOCTPAHCTBEHHBIM Pa3pelleHneM WIH O3UIHOHHON
YyBCTBUTEIBHOCThIO. Ha omnpeneseHHOM MacmiTabe pacCMOTpeHUs, crienudUIHOM I TEKCTYPHI
obpas1a, i100ble MeTPOJIOTUYECKHE JAHHbBIE TEPSIOT CMbIC/ 6€3 TPUBA3KU K CTPYKTYPE, IIOCKOJIBKY
aZIuTUBHAsA WHOOpMaNNs, ycpeJHEHHAsA 10 MHOXKECTBY CTPYKTYPHO HEHJIEHTUYHBIX/XUMUYECKU
HesKBUBaJIEHTHBIX 30H (ROI) ABJIAETCA MCTOUHUKOM MHOXKECTBA UHTepGhepeHIINN aHATUTUIECKUX
CUTHAJIOB, IPUBOJAIINX K HAIOXKEHUIO ITUKOB, KOTOPbIe ObLIN ObI 9 PEKTUBHO pasieieHbl TOJIBKO
JIUIIb TIPU BHEJIPEHUU MO3UIIMOHHON NPUBA3KU JAHHBIX C pa3pelleHneM, aJleKBaTHbIM pa3Mepam
CTPYKTYp — HOCUTeJIEN TeX WU UHBIX OMOXUMUYECKUX CBOMCTB U OMOPU3UUECKUX JIECKPUIITOPOB,
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TO €CTh HICTOYHUKOB aHAJTMTUYECKOTO CUTHAJIA. PelieHre JaHHOW Mpo6JieMbl palliOHAJIBHO MOYKET
peayin30BaThCS TOJIHKO C IPUMEHEHHEM METO/I0B KOJIMYECTBEHHON aHATUTHYECKOU MUKPOCKOIIHH,
IIpUYeM UMEHHO TOTO ITyJla METO/IOB KOJIMUECTBEHHOU aHAJTUTHYECKOH MHKPOCKOIIUH, KOTOPBIH,
B KOMILJIEKCE, MOKET OBITh MCTOYHHUKOM MAaKCHMAa/IbHOIO KOJHMYECTBA aHAJIUTHUYECKHX CUTHAJIOB
(13 yncia 1eyeBbIx). MHOXKECTBEHHOCTh HCIIOJIb3YEMbIX METO/IOB aHAJUTHYECKONH MHKPOCKOITHH
€eCTh, B JIAaHHOM CJIydyae, TMpPeEXJe BCEero, MHOKECTBEHHOCTb TIIPEAEIOB pa3pelieHus,
COOTBETCTBYIOIINX, B COOTBETCTBUU C KPUTEPUSIMHU Pajiess (aHAJIOTUUYHOE MOKHO IOKa3aTh JJIA
kpurepus A60e), AJTMHAM BOJIH, a, CJI€J0BATEJbHO — CIIEKTPAJIbHBIM JIHAlla30HAM BO3MOXKHOU
QHAJIUTHYECKON MEeTPOJIOTHH, HAEHTUDUKAIMUA U aMIUIUTYJHOTO OI€HHUBAHUA KOHIIEHTPAINU
obpasma (He abCOJIIOTHOTO JIMIIb, HO W OTHOCHTEJBHOTO — «PaIlMOMETPHUYECKOTO»,
C HOpDMUPOBAHUEM K JHUAlla30HaM CIEKTPAJIbHOU YYBCTBUTEJILHOCTH M U3MEHEHHEM ITPHUHITUIIOB
pacueToB IpH Mepexojie K Ka4eCTBEHHO-OTIMYHBIM 10 (PU3HKe auara3oHaM — Harpumep, ot UV-
Vis-aHasm3a cojep:KaHus aHauTa K WH@PaKpacHOW 00J1acTH IS PEKOHCTPYKIIUU CTPOEHUS
aHAJINUTA, UAEHTUDUKATUHN QYHKIMOHATIBHBIX rpyI etc.). CoOOTBETCTBEHHO, MAaKCUMAaJIbHO TTOJTHOE
MOKPHITHE CIIEKTPAJIbHBIX /JAUANa30HOB, O0O0ECHeYMBAIOIIUX KAYECTBEHHO pa3HbIE METObI
U3MEpEeHUN W XapaKTepu3alluu CTPYKTyp o0pasia, IIPEe/ICTAaBJISETCA, B CJIydae IO3UIIMOHHO-
YyBCTBUTEJIBHOTO H3MEPEHUSA-KAPTUPOBAHUSA, MPEPEKBU3UTOM IIOJIyYEHUS ITOJTHOTO KOMILIEKCA
JJAHHBIX O BCEX IIeJIeBbIX M3MEPSAEMBbIX BellleCTBaX C MHHHUMaJIbHBIM ypoBHeM ROI-
JIOKAQJIU30BAaHHON HWHTEeP(hEpPEHIIUH METPOJIOTHYECKUX CHTHAJIOB. 3ajZjlauyell HACTOSAIIEH CTaTbu
(B acmiexTe obecrieueHus BhIIIIEYKa3aHHBIX TPeOOBAaHUI) BUIUTCS, BO-TIEPBBIX, KOMILIEKCHPOBAHUE
HECKOJIBKMX MEeTO/IOB IOZI00HOM IMarHOCTUKY MHUIIeBOTO Matepuasa (kak proof of concept / proof
of principles) Ha anmmapaTHOM ypOBHe, a, BO-BTOPbIX, pealn3aIys aHAJIUTUIECKOTO PACCMOTPEHUS,
HeoOXO0AMMOTrO0 I 000CHOBAHUS JAHHOTO IIOAXO0/A.

2. O6cyxkaeHue U pe3yIbTaThbl

2.1. Meroasl onTu4yeckoid 1 MP-MHKpPOCKONIUY B MHIIIEBON WHIYCTPHUH.

[IpumeHeHME METOIOB MUKPOCKOIIMY B MMUIIEBON WH/IYCTPUH B TEXHOJIOTUUECKHUX IIPOIieccax
¥ KOHTPOJIBHO-HA/I30PHBIX — BKII04Yasg ypoBeHb OTK — kBanMeTpuiecKux u cepTUdUKAIMOHHBIX
nesAx, HauaBmuch B XX Beke, IOJIy4nIo TPaHANO3HOE pa3BuTHe B ceperHe XX BeKa, IIOCKOJIbKY
VH/TyCTPUAIbHAS PEBOJIIOIUA U aBTOMATU3ALUA B MUIIEBON TPOMBIIIJIEHHOCTH UHTPOAYIIHPOBAIA
METPOJIOTUUECKHE YCTPOMCTBA HETTOCPEJACTBEHHO B JIMHUM ITepepabOTKH, a MACCOBBIH, TOCMEHHBIN
XapaKTep IMPOU3BOJICTBA C/eJIaJl HEOOXOMMOCTBIO «CBEPATH Yachl» IPH M€PEX0/aX CMeH, MMapTHH,
JIUBEPCU(PUIIPOBAHHBIX UCTOUHUKOB MTOCTABOK, IyOJIUPYIOIINX KOHBEHEPHBIX JIMHUHA U PEKIMOB
paboTHI OT/IEJIBHBIX arperaToB, YTO, HECOMHEHHO, CTAJIO IaBaTh CBOM BKJIA/ B TETEPOT€HHOCTH (MJIH
CTAaTUCTHUYECKYI0 HEBOCIIPOU3BOJIMMOCTh) KA4eCcTB IMPOAYKTa — HCTOYHHKA IIEJIEBBIX AHATUTOB.
ATO 0OCTOATENTHCTBO 3aCTABIJIO MHAYCTPHATIBHBIA CEKTOP MTPUOEraTh K UCIIOJIH30BAHUIO HAa JIMHUSIX U B
MUIIEBBIX JIA00OpAaTOPHUAX (HEe TOJIPKO Ha 3Tarle CTAaHOBJIEHUS ITPOU3BOJICTBA, HO U B PETYJIIPHOU €ro
(aze) cepbE€3HBIX MHUKPOCKOIUYECKUX U MHUKPO-METPOJIOTHYECKUX HHCTPYMEHTOB, BKJIIOYAIOIIHX B
cebs1 He TOJIPKO OOBIYHYIO0 CBETOBYIO MUKPOCKOIIHIO, HO U BECbMa SK30THYHBIE JIJIsI TIEPHOJIa 1960-X IT.
WHCTPYMEHTBI 3JIEKTPDOHHOM MHKPOCKOIUU. Huske NPHUBOIUTCS aHAJIUTHYECKWH 0030p JJaHHBIX
TEHIEHIIUH, Pa3/ieJIEHHBIH 110 TEXHUKO-METOANIECKOMY IIPUHITUITY.

Bo-nepBbIX, KOHEUHO, HY>KHO YIIOMSHYTh XPECTOMATHUIHbIE METO/IBl IPAMOU MUKPOCKOIIUH,
IepevyrcieHHble B IEepeuyHe IPAKTUYEeCKOro PYKOBoACTBa 1995 r. (van Laarhoven, 1995),
QHHOTHPOBAHHOTO B KypHasie «Trends in Food Science and Technology» B cepeanne 1990-X IT.
(Flint, van Laarhoven, 1995). 9ta HOMeHKJaTypa J0 CUX IOp aKTyaJbHAa U, €CJIU TOBOPUTH O
peTbHOU MPOMBIIIIEHHOCTH, K HEH MaJIO YTO BO3MOXKHO JI00aBUTH; 0COOEHHO, €CJIH PeUb UJIET O
KBUIMMETPUH B YCJIOBHAX TEXHUUYECKON BOODPY:KEHHOCTH pa3BUBAIOIIUXCA cTpaH. HauwmHas c
1960-x rr., cBeTOBasg MHUKPOCKONHUS BXOAUT B IIUPOKUN OOUXOJZ, 3a TPaHbIO aHAIN3a
HeNOoCPEe/ICTBEHHO OnoMaTepuasia — B IPWIOXKEHUAX, CBA3AHHBIX C AQHAJIN30M IIPOJYKTOB €ro
repepabOTKY, IPAKTUYECKH ITOBCEMECTHO — BKJIIOYAs IEPEXUBIIYI0 aTOMHYI0 O00MOapAMpPOBKY
Anonuto (Nakanishi et al., 1967). B 1970-e rT. B 00MX0/ MHUIIEBBIX ONTHKO-MHKPOCKOIIUYECKHX
HCC/IeIOBaHUN WHTEHCUBHO BHEZPsETCS KUHO- U Tesle- Mukpockomus (Bell et al., 1975). K 1980-m
IT. 0QOPMJISIIOTCA BO3MOKHOCTU KBAJIMMETPHH C HCIIOJIb30BaHHEM KOMOWHHUPOBAHHOTO aHAJIM3a
00pasIoB ¢ HCIOJH30BAaHUEM OITHYECKOH W 3JIEKTPOHHOW (KaK IIPOCBEUYUBAIOIIEH, TaK U
ckanupymwomei) Mmukpockornmu (Fretzdorff et al., 1982). He panee 1990-X TIT., B CHIY
HEeOOXO/ITUMOCTH JIOCTHIKEHHUS OIPEEIEHHOTO TEXHUUECKOTO YPOBHs, /ISl MIUPOKOTO BHEJIPEHUS
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CTAaHOBATCS JOCTYITHBIMU KOMIIBIOTEPU30BAaHHAsI KPHUOMHUKPOCKOMHs, 0C000 — B IedTpadhepHBIX
(time lapse) pekuMax, JE€MOHCTPUPYIOIIUX JIMHAMHKY IPOILECCOB 3aMOPO3KH M Pa3MOPO3KH
(medpoctunra, B ToM uyucie — B CBU-gmedpocrepax, KpHOMHKDPOCKONHSA B KOTOPBIX ObLiIa
peaysim3oBaHa rpyniod I'pazjoBa) U MHUKPOCKONHUS B YCJIOBUAX TEPMO- U KPHUO-IUKIUPOBAHUSA
(Taxcke paspabarbIBaBIIAsCsA Halled TPYNIOH B CcepefuHE 2010-X, B MPUIOKEHHH K
MMOTEHITUAIbHBIM CHHTETHYECKUM HOCUTEISIM KO7la). B OOJIBIIMHCTBE JKE€ CJIydyaeB aHaIu3
3aMOPOKEHHBIX MUIINEBBIX MTPOAYKTOB MPOU3BOAUTCA C BRIEMKOU MX U3 YCJIOBUM OXJIKIAEHUSI —
3a penkum wuckaouenuem (Caillet et al., 2003), He in situ (mo aHamormu c oOmIEpaHO-
CIIEKTPOCKOMHEH MOKHO ObLIO OBl Ha3BaTh aHAJIM3 IMOJOOHBIX IPOIECCOB iN Situ — omepaHzo-
KPHUOMHUKpPOCKOIIHeH). VckiIoueHne jKe COCTaB/AKT JIUMIIb METOJbl KPUO3JIEKTPOHHOM
MHKPOCKOIINU MOJIOKoTIpoAyKToB (Ong et al., 2011). Bpouewm, ecti roBOpUTH Sensu lato, u panee
MIPUMEHSIIUCh METO/IbI BJIEKTPOHHON MUKPOCKOIIUH MHUIIEBBIX IPOJIYKTOB € OXJIAXK/IAEMBIM CTOJIOM
(Gordon, Barbut, 1990), we naswiBaBmHeca CryoEM/CryoSEM u aHaAJIOTHYHBIMH MOJHBIMH
abbpeBuatypamMu. MeHee BBICOKOPA3pEIIAIIEe U BMECTE C TEM CYyIIIECTBEHHO 00Jiee SK30THUHOE
HallpaBJIeHHe — MarHuTope3oHaHcHas wMukpockonus (P u AMP wMukpockomnus) B
HCCJIEZIOBAHUAX OXJIAKAEHUA MPOAYKTOB MUTAHUSA, MHUIEBON HHXKEHEPUM TaKKe MPUMEHIach
(Sersaetal., 2011).

W3 cnenuanpbHbIX BUI0B MUKPOCKOIINHU, UCIIOJIb3YEMbBIX B ITUIIIEBOM UHYCTPUH, HHKEHEPUH,
MOJKHO Ha3BaTh METOAbI MOJIAPU3ANTMOHHON MuUKpockonuu (Swatland, 1990), MMepCcHOHHOU WU
JIa3epHO-MUKpOAN(PPAKTOMETPUUECKON UMMEPCHOHHOU MUKpockomuu (Varcoe, Jones, 1983), UK,
B yactHoctu UK-®ypse- (FTIR) mukpockonuu (Suutarinen et al., 1998), MEKPOCIIEKTPOCKOIINU U
MHKPOCIIEKTPOMETPUH KOMOMHAIIMOHHOTO paccesHus JIN00, IOUYTH TOXKAECTBEHHO, PAMaHOBCKOM
mukpockonuu (Yang et al., 2017). Ecitt TOBOPUTH O TEXHUYECKUX BO3MOXKHOCTSAX BU3yIH3AlINH,
TO OHH OTJIMYHBI — OT IBYMEPHOT'O CBEPXPa3peIaoIlero CKAaHIPOBAaHUSA B METOZaX CKAaHUPYIOIIEN
6skHenoJIbHOM MuKpockonuu (Zakharia, 2009) 10 TpéxMepHOU penpe3eHTalld CKAaHUPYIOIer
koHpokanbHOU Mukpockonuu (Velinov et al., 1990; Dirrenberger et al., 2001; van de Velde et al.,
2002; Ko, Gunasekaran, 2007; Sheen, 2008; Adedeji et al., 2011; Moreno, Bouchon, 2013; Moreno,
Bouchon, 2013). IIpo MarHUTOpPE30HAHCHYID MHUKPOCKOIHIO TOBOPHWJIOCH BBIIIIE — OHA He
MIPEZICTaBJIsIET UHTEpPeca I MOBCEAHEBHOTO IMOJIb30BaTENsA, B CHJIY CJIOXKHOCTH OSKIpayHAa, HA
KOTOPOM OCHOBaHA, U MHTepIIpeTanuu AaHHbIX (Maeda et al., 2009).

[ToMuMO OOBIYHON MUKPOCKOIIUH B Pa3HbIX JUANa30HaX, JJIA aHAJIN3a ITUIIEBBIX MPOIYKTOB
YaCTO UCHOJIB3YIOT JIIOMHHECIIEHTHYIO WJIH (PIIyOPECIIEHTHYI0 MUKPOCKOIIUIO, B TOM YHCJIE METObI
uMMyHodJTyopecieHTHOU Mukpockonuu (Fritz, Greaser, 1991; Parkkonen et al., 1997; Corich et al.,
2004; Heilig et al., 2009). He siBisieTCA UCKJIIOYEHHEM U PEHTT€HOBCKUH MOIINANIa30H, B KOTOPOM
C WCIOJIb30BAHUEM CHHXPOTPOHHOTO U3JIyYeHHUs JIETEKTUPYIOTCS HEOPraHUYECKHEe HYyTPUEHTHI 1/
wiu nosutiotalTel (Ohi et al., 2016). Hajo cka3aTh, YTO PEHTTEHOBCKAS MUKPOCKOITUS JOCTATOYHO
CYIIECTBEHHO IIPOTPECCUPOBAJIA MOCIEAHNE TO/IBI U TEEPh BO3MOXKHO PETUCTPUPOBATh HE TOJIBKO
PEHTTeHOBCKHE AU PaKTOrpaMMbI MTUIIEBBIX IPOAYKTOB, COTIOCTABJISIEMbBIE C 3JIEKTPOHHBIMHU JILOO
nHbIMU MukpodoTorpadpusamu (Kitada et al., 1986), Ho u moTHO-HHPOPMATHBHBIE PEHTTE€HOBCKUE
MuKpodoTorpaduu JaHHBIX U300paKeHUH HA CHHXPOTPOHHOM MHKpockore (Seim et al., 2015).
J10o 3TOTO HU OJIMH TPOMBINIJIEHHO BBIMTYCKABIIUICSA PEHTTEHOBCKUH MHKPOCKOIl (B TOM 4YHCIIE
MUP — paszpaboTKa COBETCKUX CIIEIIUAJIUCTOB, JOIYCKABIIMK JIUIIb MUKPOHHBIE TOYHOCTH/
paspeleHns) He JTOCTUTAT TaKUX BO3MOKHOCTEH. ETMHCTBEHHBIM METO/I0M, KOHKYPHUPYIOIIHUM C
PEHTTEHOBCKOM MHKPOCKOIIMEH COBPEMEHHOTO YPOBHSA B IIOJIHOATOMHOM BOCCTAHOBJIEHUH
CTPYKTYpHI SOft matter / yacTHYHO YIOPSAOUYEHHBIX CPE SIBIAETCA COOCTBEHHO aTOMHO-CHUJIOBAS
MHKPOCKOITHS, aKTUBHO U IOCTOSTHHO COBEPIIEHCTBYSICh BHEAPSIONIASCS B TEXHOJIOTUHM aHAIN3a
numeBor unaycrpuu (Kirby et al., 1995; Morris et al., 2001; Yang et al., 2007; Cardona et al.,
2008; Handojo et al., 2009; Sigua et al., 2010; Sigua et al., 2010; Neethirajan et al., 2012; Phinney
et al.,, 2017). OgHako mpeaMeTaMH €€ HCIOJb30BAHUA B HUINEBON HHAYCTPHU, KaK ITPaBUIIO,
SIBJITIOTCS MHUKPOCTPYKTYPbl HEAaTOMHOTO MaciuTtaba — IIPEeJICTAaBJIsIeT MPAKTUYECKUU WHTEpeC
HCIIOJIb30BAaHME TEXHOJOTUH AaTOMHO-CHJIOBOM MHMKPOCKOIIMU JJIsl OIIpeJieJIEeHUsl a/ire3uH,
ruzpodmibHOCTH-THAPOPOoOHOCTH / KOHTakTHOTO yriia (Handojo et al., 2009; Sigua et al., 2010),
PEeoJIOTUYECKUX IMapaMeTpPOB IHINEBBIX MTPOAYKTOB, Cpel U UX mpekypcopoB (Morris et al., 2001,
Ikeda et al., 2013), uTo paHee /eIAJIOCh C UCIIOJIb30BAHUEM CTAHJIAPTHBIX BHCKO3UMETPHYECKUX
(1 peOMeTpHYECKUX) Cpel C 3JIEKTPOHHO-MHKPOCKOIMYECKON BU3yaHM3alleldl U BU3YaJbHBIM
«BBIHECEHHEM BePAUKTA» 1o mpoaykTy (Hoskin, Dimick, 1980).
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DJIeKTPOHHAs MUKPOCKOIIUA TaK»Ke HaXOUT U3BECTHOE MPUMEHEHNE B MUIIEBON UHAYCTPUU
— HO, KaK IIPaBWJIO, 3TO HE fABJISETCA IMPOCBEUNBAIOIIEN 3JIEKTPOHHON MHUKPOCKOIIMEN, KoTopasd,
10 UBBECTHBIM JIAaHHBIM, IIO3BOJISIET BU3YAJIM3UPOBaTh, a HE PEKOHCTPYHPOBaTh, ATOMHYIO
CTPYKTYPY KpHCTaJJIOB. boJjiee pacmpocTpaHeHa CKAHUPYIOIIAsA 3JIeKTPOHHAA MHKPOCKOIIUA
HU3KOTO YPOBHf VYBeJHMYEHUs U IPOCBEYMUBAIOIIAS MUKPOCKONHA ITUTOPU3NOTOTHIECKUX
MacITaboB yBeJIWUYEeHUs. AKTUBHO KCIIOJIb3yeTcsl 3JIEKTPOHHAs MUKPOCKOIHsS B IHIIEBOU
MHOJIOTHHU, B YJIBTPACTPYKTYPHOM aHAJIU3€ Pe3yJIbTaTOB TEPMHYECKON 0OPabOTKH Ha CTPYKTYPY
roagunbl (Cheng, Parrish, 1976) u apyrux MCTOYHHKOB MsACHOTrO cbIpba (Cassens et al., 1963;
Stromer, Goll, 1967; Schaller, Powrie, 1971; Schaller, Powrie, 1972; Yang et al., 1974; Ruddick,
Richards, 1975; Cheng, Parrish, 1976; Jones et al., 1976; Hagerdal, Lofqvist, 1977; Otwell, Hamann,
1979), BKJIIOYAss MOJUIIOCKOB U pakooOpasHbix. CKaHUPYIOMIAs 3JIEKTPOHHASA MUKPOCKOIIHSA
HECKOJIBKO TI033Ke BOIIJIa B MpakTUKy nuineBou maaycrpuu (Alli, Baker, 1981; Rosenberg et al.,
1985; Zilberboim et al., 1986), ogHaKo Ke, OHA TaK)Ke JIOCTATOYHO ITUPOKO HCIIOJIB3YETCA KaK B
MSACOMOJIOYHOM WHJYCTPUH, TaK W B aHAJIM3E U WCCJIEIOBAHUAX BETreTapUAHCKUX WU
dpyropuanckux mnpoaykros (Tatsumi et al., 1991; Indrani et al., 2003; Careli et al., 2009; Scussel
et al, 2014). IIlupokoe WuCIOJIb30BAaHHE HAIIEJI KOHTPOJIb C IIOMOIIBIO CKAHUPYIOIINX
SJIEKTPOHHBIX MMKPOCKOIIOB pe3yJibTaTa YJIbTPA3BYKOBOU COHUMUKAIMU MPOAYKTOB WU
MHKPOBOJIHOBOM 00pabotku (Bermudez, Barbosa-Canovas, 2008; Wambura et al., 2010;
Bermudez-Aguirre et al., 2012). CymiecTByloT mpOrpaMMHBIE ITOAXOAbI IOWCKA OCOOEHHOCTEHN
MHUKPOCTPYKTYPBI 00Pa3I0B MUIIEBHIX IIPOIYKTOB IPU CKAHUPYIOIIEH 3JIEKTPOHHOU MUKPOCKOITUH
(Amboni et al., 1999). Ecu /iy1s1 MpoCThIX 00pa3oB — THIIA JKUPOBBIX KPUCTAJJIOB — MOYKHO JIMIITh
oxapakTepusoBaTh reomerpuio (Heertje, Leunis, 1997), To Ajis OHIIEBHIX 00pa3liOB C Pa3BUTOU
MMOBEPXHOCTHIO €CTh BO3MOXXHOCTh OXapaKTEPU30BaTh OKOJIO TPEX JAeCATKOB JeCKPUIITOPOB
TeKCTyphl, Mopdosiornu mnoBepxHoctu (Hayta, Ertop, 2018). 9To mNnepeBOAUT 3JIEKTPOHHYIO
MHKPOCKOIIMIO KaK METOJ| aHa/IM3a B MUINEBOM MHAYCTPUU U3 pasjelia WUIIOCTpAui B pasze
MEeTPOJIOTHUYECKOTO e€ 00ecrieueHus.

2.2, QJIEKTPOHHAA MUKPOCKOIIUS B IUIIEBON HHAYCTPUH U €€ HIOAHCHI.

C 1970-x rT. UZIET peub O BHEAPEHUU B IIPAKTUKY HE TOJIBKO 3JIEKTPOHHO-MUKPOCKOTTYECKOMN
BU3YJIM3AIU, HO ¥ KOJIMUECTBEHHOU 3JIEKTPOHHON MUKPOCKOIIUY ChIPbs U MHUIIEBBIX MPOIYKTOB
(Flint, 1977), npu4éM KOJIMYECTBEHHBIA aHAJIN3 IO/IpasyMeBaeT He TOJIbKO MOP(OMETPHIO Te€X WJIH
WHBIX CTPYKTYP, HO ¥ IPUBA3KY 2JIEKTPOHHO-MHUKPOCKOITMYECKUX N300pAKEHUH K NX KOHKPETHBIM
YCJIOBUSIM TIOJTyYeHUsT WU KOHKPETHBIM yCJIOBUAM (opmupoBanusi/ob6paboTku obpasma, 0cobo —
TEPMUYECKOU, B CHIITY cIeNU(UKH OOIBIIMHCTBA KyJTMHAPHBIX ITPOIIEYP /IS TOATOTOBKH 00pasia
(Lin, Ito, 1986). HecomHeHHO, TPaHyJIOMETPHSA M KaTUOPOBOYHBIN CAU3UHT PaclpeieIeHNH HEKIX
YaCTHUI] II0 pPa3MepaM TaKKe MHTEpecyeT U COBPEMEHHOTO IoJib3oBatTess (Tan, Balasubramanian,
2017), omHAKO HA 3TOM MBI HE OCTaHABJIMBAEMCS, TAK KaK STOMY ITOCBSIIEHbI COTHH CTaTeH C 2000-
ro r.. bojiee UHTEpECHBI PEHTTEHOBCKHE METO/IbI CTPYKTYPHOTO U CIIEKTPAILBHOTO MUKpPOAHAIN3a —
KaK BOJIHOJWCIIEPCUOHHOMW, TaK W SHEPTOINCIEPCHOHHON MUKPOCIIEKTPOMETPHH/CIIEKTPOCKOITUH
BTOPUYHO-3MUCCUOHHOTO PEHTTEHOBCKOTO U3JIyUeHUs, a TaK)Ke PEHTTeHOBCKOU AM(PPaKTOMETPUU
(James, 2005; Dharmaraj et al., 2014; Ivanov et al., 2017). PaHee Obly1a aKTyaIbHA TaK)Ke U 3a/1a4a
OIleHKH M KapTUPOBaHUs MUKPOHEOTHOPOAHOCTEN pesibeda, peniaBiiascsa KoandecTBeHHbIM YMD
— Y-MOyJIMpOBAaHHBIM JIETEKTUPOBAHUEM, HBIHE MepeIIe/ias B KOMIETEHIINI0 aTOMHO-CUJIOBOU
mukpockonuu (Yang et al., 2005). Hamu paHee ObUTH peasTn30BaHbI MPOLEAYPHl KAPTHPOBAHUSA HA
YMD-no/100HBIX pesKuMax He TOJIBKO A1 MOP(MOJIOTHUH, HO U JIJIsI PaCIIpeieJIEHUS 3JIEMEHTOB (Kak
MHUKPO30HZOBBIA aHAJIN3) U 3aPs/1a MOBEPXHOCTH MUIIEBBIX 1 ONOMHUMETHYECKUX ITPOJIyKTOB.

Hapo ckaszaTh, 4TO clierabHble METObI AJIEKTPOHHON MUKDPOCKOIIUH SIBJISIIOTCS CPEICTBOM
(pU3UKO-XUMHUUECKOTO KAUECTBEHHOTO U KOJIMTYECTBEHHOTO ONpeaeseHus (MIn OLEHKU) CTPYKTYP,
cucreM, ¢a3, MUKPOOOBEKTOB MUIINEBOTO Ha3HAUEHHU — BILIOTh JI0 TOHKHUX SOft matter — wactuuHO
yIOpsAZI0UeHHBIX cpef (HampuMep, MpoaAyKToB uHKamcysanuu (Kalab, Larocque, 1996), smynabcuit
(Borchert et al., 1967), 6enkoBbix muriest (Karlsson et al., 2007), 6e10k-comep:kaiux 000JI09eK U
Memb6paH (Tung, Richards, 1972)). C moMOIIIbIO 3JIEKTPOHHON MUKPOCKOIIUH IUIIEBBIX 00BEKTOB U
CpeZl MOYKHO YCTaHABJIUBATh: U3MEHEHHs ITPOIYKTOB M COCTOSTHHE JAPOMIKEBBIX KYJIBTYP XJI€OHOTO
IIPOU3BOICTBA IIPU BO3/IEHCTBUH JIaBjieHUsI TP 00pabOTKe, XpaHEHUH W U3TOTOBJIEHUH OTJIUYHBIX
BUI0B u3senuii (Bang, Swanson, 2008); moTepio BObI IIPH JIETUAPATALINU, IPU SMYIbCU(PUKAITUN
(Hsu et al., 1980); mpuurHbI BOSHUKHOBEHHUS KECTKOCTH MSCHBIX ITPOAYKTOB MDA OKOYEHEHUHU TeX
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WJIM UHBIX MBIIIEYHBIX CTPYKTYP Mocjie cMepTH KkuBoTHOTro (Varriano-Marston et al., 1978) [Ho aTO
3aBUCHUT €I U OT TEXHUKHU ITPOOOIIOATOTOBKH 00pa3I0B, €CJIN peub He ueT 0 SEM-Mukpockonuu
BO BJIQ’KHOU Cpejie WJIM JKe B KaMepax B CIelMaIN3MPOBaHHBIX ra30-NMapoBbiXx arMocdepax, ESEM
— Environmental Scanning Electron Microscopy wiu, anasioruaso el — ETEM (McDonough et al.,
1993; James, 2009; James, 2009; James, Yang, 2011; James, Yang, 2011; Gradov, Gradova, 2016)]
WJIN JKe ABJIeHus arperaiuu 6esikoB (Badii et al., 2004). 9ddeKThl 3aMOPO3KH CPeAbI, 3aTPOHYTHIE
B IIOCJIETHEN [TUTUPOBAHHOM paboTe, MOKHO BOCIIPOU3BOAUTH iN Situ — HemmocpeAcTBeHHO B SEM u
TEM na oxnaxpaamiiem croye (Kalab, Larocque, 1996). BricTpas 3aMOpo3Ka SABJISIETCA JOCTATOUYHO
BECOMOU aJIbTEPHATUBOM KaK HU3KOBOJIbTHOU (LVEM) b0 cBepXHU3KOBOJIBTHON ESEM (James,
Smith, 2009), Tak 1 KJIacCHYECKNM MEeTOJaM KOHTPACTUPOBAHUA U PUKCAIIUH, eDOPMHUPYIOIIM
MHUKPOCTPYKTYPY (MU YJIBTPACTPYKTYPY — €CJIU PeYb O KJIETOYHBIX CHCTEMAX) ITUIIEBOTO 0OpasIia
(Lee, Morr, 1993). OgHaKo Jis1 HEKOTOPBIX OO'EKTOB MOXKET OHAZO0OUTHhCSI BAKyyMHBI Harpes,
aHe BaKyyMHOE OXJIOKAeHUe, WM aTMoc(epHbI HarpeB, a He «eCcTeCTBEHHas» Tra30Basd
atrmocdepa ESEM; npumep — Kpaxmasi, U3MeHEeHUsI KOTOPOTO MPH JIAHHBIX TUIAX HarpeBa B BOJIE
¥ Macjax in Situ MoryT ObITh NMPOAHAITM3UPOBAHBI BAaKYYMHOM MHUKPOCKOIIHMEH C HarpeBaeMbIM
crosiom (Ovalle et al., 2013), n60 0OBIYHBIE MUKPOCKOIIUYECKHE METO/IbI HAOII0/IEHNST U3MEeHEHUH
kpaxmasa 37ech OeccunbHbl (Freke, 1971). AHajJOTMYHOE YTBEpXK/€HHE MOMKET KacaThCs
dparmenToB Msca, 0cob0 — TOBSIIUHBI, KOTOPblE JIOTUYHO aHAJIU3UPOBATh HE IIPOCTO
«3JIEKTPOHHOU TEPMOMUKDPOCKONIHEH», a KOPPEJMPOBAHHOM CBETOBOM U  3JIEKTPOHHOM
tepmomukpockonuu (CLETM — Correlated Light and Electron ThermoMicroscopy), B 4acTHOCTH —
(azoBo-KOHTpACTHOU €€ MopuduKanuend, MOCKOJIbKY IpENeAeHThl YCIIENTHOTO IMPUMEHEHUsS U
COTIOCTABJIEHUSI MUKPOGOTO CKAaHUPYIOIIEN 3JIEKTPOHHONW MHKPOCKOIIUHM M (a30BOTO KOHTPaCTa
Juist ¢parMeHTOB TOBSIIUHBI W CBUHUHBI UMeJH MecTo yxke B 70-e (Hearne et al.,, 1978).
JluHamMudeckre u3MepeHus in Situ B JaHHOM cJIydae OIPAaBJIaHbI Ja)Ke B CTOJIb 3K30TUUYECKUX
CIydasx, TaK Kak JaHHble O JAWHAMHUKE XUMHUYECKUX WJIM ITOCTOMOJIOTHYECKHX IIPOIIECCOB B
MUIIEBbIX aHAJIMTaX MOTYT OBITh UCTOUHUKOM JJIsI IIOCTPOEHUsI MAaKPOKUHETHYECKHUX MOJIEJIed CO
CTPYKTYPHOH WHTEepIIpeTanuell (XOTA 3TO He OyJeT «CTPYKTYPHOM MAaKPOKMHETHKOH» B €€
CTaHZAPTHOM 3HaueHHH). Hy>KHO yIUTBHIBAaTh, OJTHAKO, UYTO «JyX BPEMEHH» B JIAHHOM acIleKTe He
Bcerza cebst orpapabiBaeT (Yada et al., 1995). B oTinune OoT CBETOBOM MHKDPOCKOIIHH, KOTOpas,
B YaCTHOCTH, JIOTIYCKAeT MHOTOJHEBHBI MOHUTOPUHT OHOJIerpaJalliyl MHUIEBBIX ITPOYKTOB WUJIU
ux npekypcopos (Yau, Murphy, 2001), B 60JIbIIMHCTBE 3JIEKTPOHHBIX MUKPOCKOIIOB BO3MOKHO —
0e3 ymepba nHpACTPYKType U 006pasily — IMPOBOJUTH OBICTPBIE «OIEPaH/I0-MHUKPOCKOITYECKIE»
U3MepeHUs1 KOHTPOJILHOTO IJIaHA, HO He MHOTOCYTOYHBIA MOHUTOPHHT.

3. 3aKJIIoueHue

[TosToMy HyKHa TeXHHKa, KOTOpas Obl IIO3BOJIMJIA 3TO PeayM30BbIBaTh. Ha posb Takou
TEXHUKHU Xopouio IIoaAxXoauT 663J'II/IH30B&H MHOT'OIIBETHAA (My.TIbTI/ICHeKTpaJ'IbHEU{ nu
THUIIEPCIEKTPAIbHASA) MHUKPOCKOIHUA, O KOTOPOH MHOHZET pedb B OJIMKAHIINX CTAaThAX JAHHOTO
I[MKJIa, B TOM 4ucye 6e37TMH30Basi MUKPOCKOITUS B «CyOKaMepax» 3JIEKTPOHHBIX MUKPOCKOIIOB Ha
HarpeBaeMbIX CTOJIaX U CTOJIaX-TEPMOIIMKIIepax (HampuMep, ¢ dyieMeHTaMH [1ebThe).
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KoppeaaiuoHHasA CIIeKTPO30HAJIbHAA/MyJIbTUCIIEKTPAIbHAA 0€3/IMH30Bass ONTUYECKAs
MHUKPOCKONMA Y CKAaHUPYIOIIAd JJIEKTPOHHAs MHKPOCKONHUA KaK  HOBBIH
KOMOWHHPOBAHHBIN HHCTPYMEHTAPHII XEMOMETPUKH /I MUIIEBON OMOXUMUU

Yacrs |. KpaTkas ucropusa npuMeHEHHUA ONTHYECKOHU U JIEKTPOHHONH MUKPOCKONHNU
B IUINEBOY MPOMBINLIEHHOCTU

®énop Koncrantunosuu Opexos 2, Oser BanepbeBuu I'pasoB? - *

aOT/es1 AMHAMUKYA XUMUAYECKUX U OMOJIOTHYECKHX ITPOIIECCOB, THCTUTYT XUMHUYECKON (DUBUKHU
uMm. H.H. Cemenona Poccutickoit akaiemun Hayk, MockBa, Poccuiickas ®enepanus

AnHoTtanua. IlumesBble  00pa3mpl  IPEJCTaBIAAIOT  coOOM  reTeporeHHble U
CTPYKTYpPUPOBAaHHbIE CPEbI, TPEOYIOIHE UCCIIEIOBAHUSA C TPOCTPAHCTBEHHBIM pa3pelleHueM HIn
MO3UIIMOHHON UYYBCTBUTEJIBHOCTBIO JIJII OCMBICJIEHHOM METPOJIOTUUECKOH WHTepIpeTaruu
naHHbIX. [Ipu aHanM3e TakuX MaTepHajoB B MaciiTabe, XapaKTEPHOM /I TEKCTYpbl oOpasIa,
mobas ycpenHeHHass WHGoOpManus TepseT CBOIO 3HAYMMOCTh 0e3 CTPYKTYPHOTO KOHTEKCTA.
ITO NIPUBOJUT K IIE€PEKPHIBAIOIIMMCA IIMKAM B AHAJWTHUYECKUX CUTHAIaX, KOTOpble MOKHO
9¢PEeKTUBHO pas3/ieIMTh TOJIBKO IIyTeM BBeJEHHUA IMO3UIMOHHO-CIIeNUu(pUUIECKOro paspelieHus,
aZIEKBAaTHOTO pa3Mepy CTPYKTYp, HeCyIIuX OHOXUMHUYECKHe CBOMCTBA U JIECKPUIITODBHI,
OTBETCTBEHHblEe 3a OSTU CUTHaJIbl. PellleHuWe 3akioyaercss B KOJMYECTBEHHBIX MeTO/ax
QHAJIUTUYECKON MUKPOCKONHU. DTU METObl BKJIIOUAIOT PA3IUUHbIE CIIEKTPAIbHBIE JUATIA30HbI,
obecrieynBalOIie KAYEeCTBEHHO PAa3JIMYHblE TOJAXOAbI K U3MEPEHHAM ¢ BO3MOXKHOCTH

* KoppecrmoHIpyIONui aBTOp
Anpeca 371eKTpOHHOH nouThl: 0.v.gradov@gmail.com (O.B. I'pasioB)
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XapakTepusaluy, YTO UMeeT pellaroliee 3Ha4eHNe I BCeCTOPOHHEr0 IIOHUMaHUsA CTPYKTYPhl U
COCTaBa IIeJIEBBIX BelecTB. B JaHHON craThe OOCy>KJaeTcsi HHTerpanus MHOXKeCcTBa
JMarHOCTUYECKUX HMHCTPYMEHTOB, a TaKXK€ OCBEILAIOTCA CYILECTBYIOIYE METOJ0JIOTUYeCKHue U
TeXHUYeCKHe OTpaHUYeHUs, IMpeIATCTBYIol[Ue 0ojiee IIUPOKOMY BHenpeHUI0. OHA CIYKUT B
IIEPBYI0 OYepe/lb CIPABOUYHBIM PECYPCOM /Il THOTEHUIHMAJIBHBIX IMOJIB30BaTeNeN U3 MHUIIEBOU
MIPOMBIIIJIEHHOCTH, OOpaIaiIIuXcd 3a KOHCYJbTAIlMed 110 BHEJPEHHUI0 TAaKUX IepPeIOBBIX
METO/I0B, OCOOEHHO NPH PACCMOTPEHUM UX NMPUMEHHMOCTH K KOHKPETHBIM HCCJIE/I0BATEIHCKUM
00BbEeKTaM, OITMCAHHBIM B JIAaHHOM CTAThE.

KiroueBble cj1oBa: XeMOMeTPUKA, MUIeBasA OMOXUMUS, ONTHYecKas MUKpockonus, AMP-
mukpockonus, COM, ESEM, ASEM, CLEM, KpuoC39M, MysibTHCIEKTpaJbHAA OITHYECKAsd
MUKPOCKOIIHS, UCTOPUA MUKPOCKOIINY /IJ1 XUMMHUYECKOT0 aHA/IN3a MTUIEBbIX IPOJYKTOB.
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