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The Relationship Between the Elemental Status
of the Elderly and Senile Population and Sarcopenia:
A Review

Gulmira A. Umarova, Gulnara A. Batyrova, Ayagul S. Zhubaniyazova

West Kazakhstan Marat Ospanov Medical University, Aktobe, Republic of Kazakhstan

ABSTRACT

The elemental status plays a key role in maintaining the vital balance in the body and deviations in which lead to the development
of a particular pathology. Sarcopenia—an age-related condition characterized by a decrease in muscle mass, strength, and
functionality, is a serious public health problem, especially against the background of global population aging. One of the
significant but little-studied factors influencing the development of sarcopenia is the elemental status of the body of elderly
and senile people. Macro- and microelements such as zinc, magnesium, selenium, iron, and calcium play an important role
in regulating muscle metabolism, antioxidant protection, and anti-inflammatory activity. Deficiency of these elements can
significantly accelerate the development of sarcopenia, worsen the general condition of elderly patients and increase the risk
of disability. Studying the relationship between the level of vital trace elements and the manifestations of sarcopenia allows us
to better understand the pathogenesis of this condition, develop methods for early diagnosis and reasonably apply nutritional
correction. Conducting research in this area is an important step towards developing personalized prevention and treatment
strategies that help improve quality of life and reduce the burden of chronic age-related diseases.
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CBA3b 3/1eMEHTHOr0 CTaTyca HaceneHUs NoXXuaoro
M CTapYecKoro Bo3pacTa C CapKoneHueu:
Hay4HbIW 0630p

IA. Ymaposa, ' A. batbiposa, A.C. HybaHusa3osa

3anapHo-KasaxcTaHcKuii MeAMLMHCKUA yHUBEpcuTeT MMeHn Mapata OcnatoBa, AkTobe, Pecnybnuka KasaxctaH

AHHOTALMA

3neMeHTHbIN CTaTyC OpraHM3Ma WrpaeT KIKYeBYH pofib B NOAAEPHaHWM (M3MONOrMYecKoro roMeocTasa, a ero Hapylue-
HWA MOTyT cnocobCcTBOBaTb PasBUTMIO Pa3fMYHBIX NATONOMMYECKUX COCTOAHWI. CapKoneHUss — BO3pacT-accoLMMpoBaHHOE
aTpoduyecKoe fereHepaTUBHOE U3MEHEHWUE CKENETHOW MYCKYNaTypbl, XapaKTepU3YIOLLEECH CHUMEHUEM MBILLIEYHOW Macchl,
cUnbl M GYHKLMOHANBHOM aKTUBHOCTU, — NPECTaBNAeT 3HAaUYUMYI0 Me[IMKO-CoLManbHylo Npobnemy B yCroBuMsX CTapetoLLero
Hacenenus. OfHUM 13 MOTEHUManbHbIX, HO HEAOCTAaTOYHO M3Y4eHHbIX (HaKTOPOB, BAMSIOLLMX Ha € pa3BuThe, ABnseTcs obe-
CNEeYEHHOCTb MaKpo- M MUKPO3JIEMEHTAMU Y UL, MOXWION0 U CTApPYECcKOro Bo3pacTa. Takue 3/eMeHThI, KaK LMHK, MarHui,
CeJIeH, Xeneso, KasbLuii, y4acTBYIOT B Perynsuumu NpoLeccoB MbILUEYHOr0 MeTabonnaMa, 06ecneynBalT aHTUOKCUAAHTHYIO
3almTy, NOAAEPHMBAIOT NPOTMBOBOCMANIUTENbHBIE MEXaHW3Mbl. VX neduuMT MOXeT cnocobcTBOBaTh YCKOPEHHOMW yTpaTte
MBILLIEYHOM TKaHU, CHUMKEHUIO PM3nYecKoii paboTocnocobHOCTU M YBENMYEHMIO PUCKA BYHKUMOHANBHBIX HApYLLEHWA U UHBa-
nMaM3aumn. YCTaHoBNeHUe B3aMMOCBA3EN MEX Y COAEPIKAHUEM KU3HEHHO BaXKHBIX MUKPO3NIEMEHTOB U KITMHUYECKUMM NPO-
SIBMIEHMAMW CapKOMEHUM OTKPLIBAET NepPCreKTUBLI A1A onee TOYHOW AWMArHOCTUKU W LieNieHanpaBieHHON HYTPUTUBHOM Kop-
peKummn. AKTyanbHOCTb MCCNefoBaHWi B 3Toi obniacTu 0bycroBeHa He0BX0AMMOCTbI0 pa3paboTku nepcoHaNU3NpoBaHHbIX
NpoGUNAKTUYECKUX M NeYebHbIX NOLXOL0B, HANpaB/eHHbIX HA 3aMejJIeH e NPOrPeCcCUPOBaHNSA CapKOMEHUN U NOBbILLEHKE
KayecTBa #m3HU. TakuM 00pa3oM, U3ydeHWe B3aMMOCBS3W MEX Y 3NIEMEHTHBIM CTaTyCOM MOXWOr0 HaceseHUs U capKone-
HuWeli ABNAETCA BaXKHOW 06NacTbio COBPEMEHHONM FePOHTONOMMM, AMETONOMM M 0OLLECTBEHHOTO 3PaBOOXPAHEHUS.

KnioueBbie cnoea: MaKpOo3/ieMeHTbl; MUKPO3J1IEMEHTbI; CapKONeHU4,; MOXWUI0N 1 CTapHECKMVI BO3pacT.
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INTRODUCTION

Kazakhstan is seeing a steady increase in the elderly pop-
ulation. It is expected that the proportion of people aged 60
and older will increase from 12% to 20% by 2050. Popula-
tion aging in Kazakhstan will be driven by a gradual decline
in birth rates and higher life expectancy. The ratio of work-
ing-age population (25-64 years) to population over 65 years
will drop by half (from 7.0 to 3.5) by 2050. Increasing life
expectancy requires high quality of life, preventive actions,
and conditions for active and healthy aging' [1]. With age, the
body experiences complex metabolic and epigenetic changes
accompanied by health deterioration [2]. It is known that in
aging, the bioelement homeostasis dysregulates, which is
associated with some macro- and micronutrient deficiency.
However, data on the age-related bioelemental changes in
the human body are controversial; only a few studies prove
the hypothesis of a universal and linear decrease in their lev-
els with age. Review of literature indicates multidirectional
age-related changes in the elemental homeostasis, which
can manifest as both a deficiency and an excess of individual
bioelements in old age [3].

Assessing micro- and macronutrient adequacy in the el-
derly population is a pressing public health issue, especially
in regions with adverse environmental conditions, such as
Western Kazakhstan. There is observed risk of both essential
nutrient deficiency and excessive intake of toxic and poten-
tially toxic substances that can have adverse health effects
in the elderly population. Considering the importance of this
issue for geriatric practice, the review of publications study-
ing the elemental status of older people and its relationship
with sarcopenia is relevant and reasonable.

METHODS

The relevant literature was searched using PubMed and
Google Scholar search engines, MEDLINE and Cochrane Li-
brary databases, and official government websites. A total of
292 publications were found. We selected 31 sources related
to the studied issue based on the criterion of review depth
(over the past 5 years). We used the data analysis method
(see Fig. 1).

IMPORTANCE OF BIOELEMENS
FOR ELDERLY POPULATION

Many studies of the elderly and senile populations em-
phasize the importance of macro- and micronutrients for
health [4]. They have showed age-related changes in levels
of nutrients, such as selenium, iron, manganese, and lead [5].

! Demographic trends in Kazakhstan and their economic impact
(presentation). URL: https://www.enpf.kz/upload/iblock/51e/86nhwoam
pSh2plch3bt3f2lakgngbsnu.pdf?. Accessed on September 24, 2024.
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Micronutrient content fluctuations in the elderly can affect
enzyme activity and key biochemical pathways, contributing
to various conditions, including chronic diseases and can-
cer [6]. Higher plasma selenium, magnesium, and iron have
been shown to reduce the premature death risk in the elderly
population [7]. Assessment of the relationship between the
level of macro- and micronutrients in hair and the cardio-
vascular risk over 10 years in healthy people over 60 years
of age showed that low hair sodium is characteristic of the
low-risk group. In addition, a negative correlation was found
between the content of cobalt, uranium, and mercury with
the degree of risk [8]. The studies describe the role of zinc in
hematopoiesis in elderly and senile populations. Moreover,
micronutrients are important for cognitive modulation in the
elderly. Associations have been identified between the levels
of copper [9], arsenic, aluminum, vanadium, barium [10], cad-
mium, and selenium [11] and the cognitive dysfunction risk.
In Kazakhstan, micronutrient status is largely determined
by nutrition. Dietary patterns observed in the elderly popu-
lation are characterized by excessive calorie intake, mac-
ronutrient imbalances, and prevalence of high-carbohydrate
foods. There is evidence that sodium, calcium, and magne-
sium intake decreases with age. However, there are various
complex risk factors and causes of micronutrient deficiency
in the elderly population, including socioeconomic difficulties
(poverty among them), low appetite, age-related metabolic
and sensory disorders (taste and smell), chewing problems
due to poorly fitting dentures, limited mobility, and poly-
pharmacy (when people take many medications) [13]. Taken
together, these factors are major barriers to maintaining op-
timal micronutrient balance in the elderly population.
Conventional prevention or treatment approaches to sar-
copenia are mainly focused on exercise, adequate protein
intake, and amino acid supplementation. The role of mac-
ro- and micronutrients in the pathogenesis of sarcopenia is
still less studied. However, contemporary data indicate the
role of iron, magnesium, and selenium in its development,
including skeletal muscle mass, strength, and performance
deterioration [14]. Micronutrient status disturbances, includ-
ing low serum iron and zinc, have been shown to be associ-
ated with muscle mass loss, low muscle strength, and low
functional performance in the elderly [15]. Their deficiency is
considered as a factor of the development and progression of
sarcopenia [16]. In addition, iron deficiency may be involved
in its pathogenesis by reducing the synthesis of hemoglobin
and myoglobin, causing a decrease in skeletal muscle mito-
chondria and disrupting the regulation of the mitochondrial
respiratory chain. It is suggested that calcium contributes
to sarcopenia by modulating calpains, which are cysteine
proteases responsible for key myogenesis processes regu-
lation [17]. In skeletal muscle, zinc affects myogenesis and
muscle regeneration through muscle cell activation, proli-
feration, and differentiation [18]. Its deficiency is consid-
ered as a predictor of age-related loss of skeletal muscle
mass in the elderly population [19]. In turn, zinc deficiency is
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Fig. 1. The strategy of search and selection of sources.

widespread in this age group. Selenium deficiency is asso-
ciated with impaired antioxidant protection and high oxida-
tive stress with the resulting muscle inflammation. Animal
studies have shown that selenium supplementation improves
muscle performance by modulating calcium metabolism and
mitochondrial biogenesis [20]. F. Petermann-Rocha et al. [21]
found that high calcium intake is associated with lower odds
of sarcopenia; the authors also found an inverse relationship
between magnesium intake and this condition. A study by
S. ter Borg et al. [22] showed that elderly people with sarco-
penia had low magnesium intake. A study of the relationship
between blood manganese and sarcopenia risk showed a
U-shaped relationship with an inflection at a blood manga-
nese level of 13.45 pg/l [23]. C. van Dronkelaar et al. [24]
studied how phosphorus and potassium affect sarcopenia,
but they had controversial results. Identifying the potential of
micro- and macronutrients for the prevention and treatment
of sarcopenia in the elderly population, including by increas-
ing their intake to recommended daily intakes, is a promising
area for developing effective strategies aimed at maintaining
muscle function, improving the quality of life, and promoting
healthy aging [24]. In addition, researchers note that the use
of hair micronutrient test is an accessible, affordable, and
informative method for assessing the elemental status of the
elderly population [5, 8].

NUTRITION AND SARCOPENIA RISK
IN THE ELDERLY POPULATION

Micronutrient inadequacy in the elderly population is
considered as a factor contributing to the development of

00l https://daiorg/10.17816/humeco643345

sarcopenia. As life expectancy increases, age-related chang-
es, including loss of muscle mass and strength and low
physical performance, are becoming more pressing medical
and social issues. Sarcopenia is a geriatric syndrome asso-
ciated with a progressive decrease in muscle strength, mass,
and performance. It increases the disability, hospitalization,
and mortality risks and leads to low quality of life of elderly
patients [25].

Numerous studies have been investigating the prevalence
of sarcopenia risk factors [26—28]. In its 2019 consensus
statement, The Asian Working Group for Sarcopenia (AWGS)
recommended various actions to identify patients with un-
diagnosed sarcopenia [26]. J. Sun et al. [27] assessed its
prevalence and risk factors in the elderly people living in
a nursing home based on the AWGS 2019. The cross-sec-
tional study included 583 participants. A multivariate analysis
identified predictors associated with a higher sarcopenia risk:

+ 0Old age;

+ Malnutrition risk;

+ Good care;

» Low physical activity (exercise less than three times

a week);

« Osteoporosis.

In this case, sarcopenia risk was reduced by food sup-
plements.

B.G. Dorhout et al. [28] studied the prevalence of sarco-
penia and its association with protein intake in a multi-ethnic
male and female population. Cross-sectional data from the
HELIUS (Healthy Life in an Urban Setting) study were used,
including approximately 25,000 participants aged 18 to
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70 years of Dutch, South Asian Surinamese, African Suri-
namese, Turkish, Moroccan, and Ghanaian ethnic origins. The
study involved 5,161 participants aged 55 years and older. It
was found that the prevalence of sarcopenia depends on sex
and ethnic origin:

+ 29.8% in Turkish males to 61.3% in South Asian

Surinamese males;
+ 2.4% in Turkish females to 30.5% in South Asian
Surinamese females.

Higher protein intake was associated with a 4% lower
probability of sarcopenia [odds ratio 0.96 (95% confidence
interval (CI) 0.92-0.99)] with statistical significance only seen
in the South Asian Surinamese subgroup. The findings high-
light the need for ethnic approaches to the prevention and
treatment of sarcopenia.

A cross-sectional study conducted in nursing homes in
Hunan Province (China) by N. Hua et al. [29] investigated the
relationship between the nutritional status and sarcopenia
in 386 elderly participants. The analysis included a brief nu-
tritional screening to identify risk of malnutrition, a dietary
diversity assessment, and a mental health assessment to de-
termine the cognitive status. In addition, the authors collect-
ed sociodemographic data (age, sex, and education), health
data (dietary habits, self-care level, medication intake), body
composition data (body mass index, protein content, body fat
mass, body fat percentage, skeletal muscle index, and total
body water), and anthropometric parameters (calf circumfer-
ence, upper arm circumference, grip strength, and walking
speed). The study showed that 32.4% of participants were at
risk of malnutrition and 49.7% had sarcopenia. Nutritional
status positively correlates with:

+ Age (risk ratio [RR]: 1.03);

+ Sarcopenia (RR = 1.88);

+ Tooth loss affecting food intake (RR = 1.45);

+ Poor self-care (RR = 1.82);

+ Moderate/insufficient dietary diversity (RR = 2.04).

« Nutritional status negatively correlates with:

« Having one child (RR = 0.27);

+ Body mass index (RR = 0.82);

« Protein content (RR = 0.76);

+ Body fat mass (RR = 0.91);

+ Body fat percentage (RR = 0.94);

+ Skeletal muscle index (RR = 0.65);

+ Total body water (RR = 0.94);

« Calf circumference (RR = 0.89);

« Upper arm circumference (RR = 0.86).

Thus, the factors associated with the malnutrition risk in
older people in nursing homes were age, number of children,
sarcopenia, dietary habits, self-care level, dietary diversity,
and body composition. To identify vulnerable populations, it
is advisable to focus on body composition parameters as an
accessible and informative screening tool [29].

Sociodemographic factors, lifestyle, and comorbidities
associated with sarcopenia according to the updated classifi-
cation of the European Working Group on Sarcopenia in Older
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People 2 (EWGSOP2) are still poorly understood. This is why
F. Petermann-Rocha et al. [21] analyzed the factors asso-
ciated with sarcopenia risk based on EWGSOP2 criteria. The
cross-sectional study included 396,283 participants (52.8%
females) aged 3873 years. Potential factors of sarcopenia
were divided into four groups:

+ Sociodemographic (sex, age, education, income, and
professional qualifications);

+ Anthropometric (nutritional status, abdominal obesity,
body fat, and hirth weight);

« Lifestyle (physical activity, smoking, sleep, time spent
sitting, watching TV, alcohol, and diet);

+ Health (self-reported chronic diseases).

The analysis showed the significant association of age,
sex (female), low level of education, unfavorable socioeco-
nomic conditions, underweight, low birth weight, and chronic
diseases (rheumatoid arthritis, chronic bronchitis, and oste-
oporosis) with a higher probability of sarcopenia. However,
overweight, obesity, high energy, protein, vitamin (B12 and
B9), and mineral (potassium, calcium, and magnesium) in-
take are associated with its low probability. Thus, women
over 65 years of age, underweight individuals, and patients
with chronic inflammatory diseases have a high probabili-
ty of sarcopenia. Given the expected increase in the elderly
population, sarcopenia may become a more significant public
health issue. Identification of risk factors allows for early
detection of individuals predisposed to the disease and pre-
ventive interventions [21].

The medical care for patients with sarcopenia faces some
problems, including [30]:

« Poor awareness of medical professionals of
contemporary diagnostic criteria and treatment
methods;

+ No clear standards of care;

« Limited use of a multidisciplinary approach, which
is key in the treatment and rehabilitation of elderly
patients.

In turn, it requires a systematic approach and includes the

following key aspects [31]:

+ Early diagnosis;

+ Multidisciplinary approach;

» Social support;

« Staff training, awareness programs for medical
professionals and the patient’s family.

Integration of evidence-based approaches allows for
the optimization of healthcare resources by reducing the
incidence of sarcopenia-related complications (falls, hos-
pitalizations) and increasing the functional independence of
patients. Thus, the elderly population with sarcopenia tend
to have a lower quality of life mainly due to low physical
performance [32].

Medical care for patients with sarcopenia should be
based on the principles of evidence-based medicine and the
characteristics of patients. High awareness and understand-
ing the mechanisms underlying this disease is important for
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further development of standard treatments and diagnostic
options, leading to better care and improved quality of life
for geriatric patients [33].

CONCLUSION

Sarcopenia is a progressive degenerative change of
skeletal muscle accompanied by its low mass, strength,
and function. It is recognized as a leading cause of disabili-
ty, low quality of life, and high mortality rates in the elderly
population. In the context of global population aging and the
growing proportion of people over 60 years of age, the issue
of sarcopenia is becoming particularly relevant, requiring re-
vised approaches to its prevention and treatment. Macro- and
micronutrient status, i.e. the content of essential macro- and
micronutrients, is a key, albeit understudied, factor of sar-
copenia. Zinc, magnesium, selenium, iron, calcium, and vita-
min D are essential for muscle function, protein metabolism,
and antioxidant protection. Elemental imbalances common
in the elderly population may contribute to decreased mus-
cle protein synthesis, impaired neuromuscular transmission,
higher oxidative stress, and chronic systemic inflammation.
Age-related changes in metabolism, loss of appetite, taste
disorders, chronic diseases, and polypharmacy contribute to
micronutrient deficiency. In the premises, there is a press-
ing need for a personalized approach to the diagnosis and
management of elemental status disorders. There is growing
interest in the potential of dietetics and nutritional support as
part of a comprehensive strategy for preventing and slowing
the progression of sarcopenia. Research aimed at identifying
specific micronutrient deficiencies in the elderly population
contributes to a better understanding of the pathogenesis of
the disease and the development of personalized treatment
and prevention programs. Early diagnosis of elemental im-
balance can predict the risk of sarcopenia and help reduce
the disability rate and healthcare costs and can improve
functional independence and social activity in the elderly
population.

Thus, the study of the relationship between the elemen-
tal status and sarcopenia in the elderly population is an
important area of contemporary gerontology, dietetics, and
public health. These data may be the basis for updated clin-
ical guidelines, including assessment and management of
elemental status as an integral part of preventing age-re-
lated changes and improving the quality of life of the elderly
population.
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A0MNOJIHUTE/IbHAA UHOOPMALIUA

Bknap aBTopos. ["A. YMapoBa — cbop v aHanu3 nuTepaTypHbIX AaHHbIX,
HanwcaHWe W peflaKTupoBaHue TekcTa pykonuey; A, batbiposa, A.C. y-
baHns30Ba — cbop 1 aHanM3 AMTepaTYpHbIX AaHHBIX, MOATOTOBKA W HaMW-
CcaHvie TeKcTa pykonucy. Bce aBTopsl 0[00puam pykonnc (Bepevito Ana ny-
brmMKaLmm), a TaKkKe COrNacuaMCh HeCTW OTBETCTBEHHOCTb 3@ BCe aCMeKThbl
paboThl, rapaHTUpys Haanexalliee paccMOTPeHWE U peLLeHvie BONpOCOB,
CBA3aHHbIX C TOYHOCTBIO 1 A06POCOBECTHOCTBIO Mi0bOW e€ YacTu.
JTnyeckas akcnepTusa. HenpyMeHyMo.

WUcTounukm ¢puHaHcuposanusa. [laHHoe nccnenosaHme duHaHcupyeT Ko-
MUTET HayKn MUHWCTEPCTBA HayKM U BbicLLero obpasoBanus Pecnybnmkm
KasaxcraH (MPH N° AP26199833).

PackpbiThe MHTepecoB. ABTOPbLI 3aAB/IAIOT 06 OTCYTCTBUM OTHOLLIEHWH, fie-
ATENbHOCTV W MHTEPECOB 3a MOCNefjHWe TPW roAa, CBA3aHHbIX C TPETbUMM
MUaMM (KOMMEPHECKUMM W HEKOMMEPHYECKVMM), MHTEPECH! KOTOPbIX MOTYT
BbITb 3aTPOHYTHI COflEPKAHMEM CTaTbU.

OpuruHanbHocTb. [lpy co3AaHMM HacToALLel paboTel aBTOPLI He UCMOTb-
30Banv paHee onybiMKoBaHHbIe CBeAEHMUs (TEKCT, AMIOCTPaLWMY, AaHHbIE).
HocTyn K AaHHbIM. PefjaKLMOHHas NOSTUKA B OTHOLLEHWW COBMECTHOMO
CMOMb30BaHMA JaHHbIX K HACTOALLIEN paboTe He MpyMeHVMa.
FeHepaTMBHbIA MCKYCCTBEHHBIH MHTENNEKT. [Tpy CO3AaHNM HaCcToALLEN
CTaTb¥ TEXHONOTWM FEeHEPaTUBHOTO UCKYCCTBEHHOO WHTENNEKTa He uc-
nonb30Bany.

PaccMoTpeHue u peuensupoBanme. HactosLas pabota nofaHa B xyp-
Han B WHMLMATMBHOM MOPSAKE X paccMOTPeHa Mo 0bbIYHOM MpoLenype.
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ABSTRACT

BACKGROUND: The development of arterial hypertension is a highly relevant issue, especially in high-latitude regions, due to
its significant impact on the working population. It often leads to prolonged temporary incapacity to work, increasing the risks
of disability and mortality. Climate change, primarily associated with increased temperature variability, has a negative impact
on the cardiovascular system.

AIM: The work aimed to develop predictive models for hypertension incidence in Western Siberia (Yamalo-Nenets Autonomous
Okrug, YNAO and Tyumen Oblast) under climate change conditions.

METHODS: Monitoring of primary incidence rates of hypertension per 1000 population in YNAO and the Tyumen Oblast for the
period 2010-2020 was conducted. The data were obtained from the annual reports on primary morbidity in the working-age
adult population from the official website of the Ministry of Health of the Russian Federation, and from the average annual
air temperature provided by the Federal Service for Hydrometeorology and Environmental Monitoring. The Dickey—Fuller test
was used for time series analysis. Forecasting was performed using the Box—Jenkins method (ARIMA). The forecast was
calculated using the Time Series/Forecasting submodule based on the autoregressive integrated moving average (ARIMA)
model.

RESULTS: The predictive models confirmed a growing trend the primary of hypertension in the Arctic zone of Western Siberia
over the next five years, taking into account climate change.

CONCLUSION: To prevent the increase in hypertension at the regional level, a comprehensive set of preventive measures
should be developed to mitigate the impact of climate change and support the sustainable formation of adaptive mechanisms
for preserving public health.

Keywords: cardiovascular diseases; physiological adaptation; forecasting; Arctic region; climate change.
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lporHocTuyeckue Mopenu saboneBaeMocTy
apTepManbHOMU runepreH3uen y HaceseHUs 3anagHou
Cubupu B ycnoBuaX KNMMaTUYECKUX U3MEHEHUH

C.B. Augporos'?, E.H. Borpanosa'?, 0.M. lapyitko', A.A. JlobaHoB'

! HaumoHanbHbIi nccneaoBaTenbcKii TOMCKMIA rocyaapcTBeHHbIl yHuBepeuTeT, ToMck, Poccus;
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AHHOTALMA

06ocHoBaHue. [pobnema pa3BuTUs apTepuanbHON TUNEPTEH3UM OYEHb aKTyasbHa, 0CODEHHO Ha TEpPPUTOPUAX BbICOKUX LLIM-
poT, B MnaHe COXpaHeHWs TPYAOCNOCOOHOCTM HaceneHus, TaK KaK HepeaKo NPUBOLWUT K ANWUTENIbHOW BPEMEHHON HeTpyao-
CnocobHOCTM, MOBLILLEHUK PUCKOB WHBANMAM3ALMM U CMEPTHOCTU. M3MeHeHWe KMMaTa, B MEpBY0 0Yepeib COMPSKEHHOE
C NOBBbILIEHHOM U3MEHYMBOCTBLI) TEMMEPATYPLI, OTPULLATENIBHO CBA3aHO C COCTOSHMEM CEPAEYHO-COCYAUCTON CUCTEMBI.
Llenn. MocTpoeHune nporHocTuyeckux Moaenei 3aboneBaemMocTy apTepuanbHOM runepTeH3nei Ha Tepputopumn 3anagHon Cu-
6upm (B AMano-HeHeukoM aBToHOMHOM oKpyre — AHAOQ 1 TioMeHcKon 0651acTh) B YCNOBUAX KITMMATUYECKUX U3MEHEHUH.
Metopbl. lpoBeEH MOHUTOPUHT AaHHBIX MO NepBUYHOM 3abosieBaeMOoCTH apTepuasnbHom runepTeH3nent Ha 1000 Hacenenus
B AHAQ u TiomeHcKoi obnactn 3a 2010-2020 rr. [laHHble nony4eHbl U3 eXErofHbIX OTYETOB MO NepBUYHOM 3aboneBae-
MOCTM B3pOCNOro TpyaocrnocobHoro Hacenewus ¢ oduumMansHoro caita MuHsgpaBa Poccum u cpefHEro40BbIX 3HAYeHWI
TeMnepaTypbl BO3Ayxa Ha 0CHOBaHWM faHHbIX DenepanbHoM cyObl N0 MMAPOMETEOPONOrM U MOHUTOPUHIY OKpYIKatoLLEeN
cpeAbl. [Ins uccnenoBaHus BPeMEHHOro psaa ucnonb3oBanu Kputepun [uku—®ynnepa. MporHosvpoBaHue ocyLlecTBASAM
Ha ocHoBe MeTozonor1 bokca—[xeHkuHca (APTICC). MporHo3 paccunTbiBanu B noaMoayse «BpeMeHHble psifbl/nporHo3u-
poBaHWe» C UCrob30BaHWEM MOfe/N aBToperpeccun U ckonb3siero cpegHero APTICC.

Pesynbtartbl. [TporHocTMyeckve Mogenu NOATBEPAUNIM HANMYWE TEHAEHLMM pocTa NepBUYHON 3aboneBaeMoCTy apTepualib-
HOW rMnepTeH3uneit cpeam HaceneHus ApkTudeckon 30Hbl 3anagHon Cubupm ¢ YUETOM KIMMAaTUYECKUX M3MEHEHWI B TeYEHUE
5 ner.

3akniouenue. C Lenbio NpegoTBpaLLeHMs pocTa apTepuanbHON rMNepTeHsuy Ha pervoHanbHOM YpoBHe crieflyeT paspabo-
TaTb KOMMJEKC NPOPUIAKTUHECKMX MEPONPUSATUI, KOTOPBIN MO3BOSIUT KOMMEHCUPOBATb BAIMSHUE KIIMMAaTUUECKUX U3MEHEHUH
1 obecneuuT ycToiumBoe GopMUPOBaHUE aflanTaLMOHHBIX MEXaHU3MOB [ COXPaHEHUS 3,0p0BbS HaceNeHus.

KnioueBbie cnoBa: cepne4yHo-cocyaucTble 3aboneBaHus; CIJVIBVIOJ'IOFVI'-IGCK&FI ajanTtauuma; NnporHo3mpoBaHune; ApKTVI‘-IeCKVIVI
pernoH; nsMeHeHue Knumara.
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BACKGROUND

According to the Working Group of the World Climate Re-
search Programme (WCRP) on Coupled Modeling, the most
significant changes in the Earth’s climate are observed in the
high latitudes of the Northern Hemisphere. The global linear
trend of average annual air temperature in 1976-2019 was
+0.16 °C/10 years; whereas the warming rate in the Northern
Hemisphere is twice as high (+ 0.32 °C/10 years)." The Rus-
sian Arctic shows even higher warming rates, where the lin-
ear increase in average annual temperature is approximately
2.43 °C over 30 years (or 0.81 °C/10 years) [1]. Significantly
accelerated warming of the Arctic has been observed since
the 1990s; rapid warming of winters in 1970-1995 and sub-
sequent cooling until 2010 [2].

The ambient environment and natural conditions are ma-
jor factors of the human ecosystem. According to the Sixth
Assessment Report of the Intergovernmental Panel on Cli-
mate Change (IPCC), climate risks are growing faster than
expected, making it more difficult to adapt to increasing glob-
al warming.? As early as 2009, the Lancet Health and Cli-
mate Change Commission warned that climate change was
the greatest threat to global health in the 21st century [3].
One risk group vulnerable to the effects of climate change
is individuals with cardiovascular diseases because extreme
temperatures increase the risk of adverse cardiovascular
outcomes [4, 5].

Current global warming and climate change trends have
a profound impact on the epidemiology of hypertension and
cardiovascular diseases as they may significantly affect both
blood pressure variability and cardiovascular disease, es-
pecially in individuals with high cardiovascular risk and the
elderly population [6]. However, the World Health Organiza-
tion underestimates the impact of climate change on arterial
hypertension (AH), still noting unhealthy diet, low physical
activity, tobacco use and alcohol consumption, overweight,
obesity, and air pollution as the key risk factors.? Never-
theless, scientific research conducted since the 1990s [7]
has confirmed the relationship between the climate-related
increase in average annual air temperature and the risk of
hypertension in patients at risk [6, 8, 9].

Despite the emerging trend toward a decrease in car-
diovascular mortality rate in the Russian Federation, these
indicators are still among the highest in the world [10] and
the leading cause of mortality (more than 50%). Multiple
studies in Russia are focused on identifying the relationship
between mortality and air temperature, including heat and
cold waves. Some approaches to studying the health risks
of temperature waves were proposed by Russian scientists

! World Climate Research Programme.

URL: https://www.wcrp-climate.org. Accessed on August 12, 2024.
2 Climate change. URL: https://www.who.int/ru/news-room/fact-sheets/
detail/climate-change-and-health. Accessed on June 24, 2024.
Hypertension. URL: https://www.who.int/ru/news-room/fact-sheets/
detail/hypertension. Accessed on June 24, 2024.
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in the early 2010s [11]. They also modeled and predicted the
additional mortality with an increase in average annual air
temperature both for individual cities [12, 13] and for regions
of Russia [14, 15]. However, there is still a few specific publi-
cations on the influence of rising air temperatures on the AH
based on long-term monitoring of regions with uncomfort-
able climate [16].

The problem of hypertension and maintaining working
ability is especially relevant in high latitudes as it often leads
to long-term temporary inability to work and increased dis-
ability and mortality risks. Accordingly, observational panel
studies of patient sensitivity to such fluctuations will provide
a valuable knowledge base required to timely adjust adap-
tation plans in the Arctic region, which is highly sensitive to
climate change.

AIM: To develop predictive models for hypertension inci-
dence in Western Siberia (Yamalo-Nenets Autonomous Okrug
(YNAO) and Tyumen Oblast) under climate change conditions.

MATERIALS AND METHODS

We monitored incidence rates of hypertension per
1,000 adult working-age population in YNAO and Tyumen
Oblast in 2010-2020 and developed a predictive model of
climate-related hypertension incidence. The statistics on
primary morbidity in the adult working-age population were
obtained from the annual reports of the Ministry of Health
of the Russian Federation* and the average annual air tem-
perature data in Salekhard and Tyumen provided by the
Federal Service for Hydrometeorology and Environmental
Monitoring.’

The area was selected for the study of hypertension
trends based on the fact that Siberia is a modular region
for studying climate change. Having experienced catastrophic
heat waves in 2010 and 2012, it is one of the regions where
the frequency of extreme climate events has increased re-
cently [17]. Predictive models of primary hypertension mor-
bidity in YNAO and Tyumen Oblast allow us to identify trends
in adaptation to increased average annual air temperatures in
the population of the Arctic zone of Western Siberia (YNAQ) as
compared to a region located farther south (Tyumen Oblast).

Time series were analyzed by a step-by-step method with
five steps [18]:

1) Construction of a time series;

2) Stationarity test of the series to determine the appro-
priate model (ARMA or ARIMA);

3) Model parametrization;

4) Reliability and adequacy test of the model;

5) Forecasting based on the analyzed time series.

Forecasting was performed using the Box—Jenkins meth-
od (ARIMA). For the stationary time series, we used a model

4 The Ministry of Health of the Russian Federation.
URL: https://minzdrav.gov.ru/ru. Accessed on June 24, 2024.

5 The Federal Service for Hydrometeorology and Environmental Monitoring.
URL: https://www.meteorf.gov.ru/. Accessed on June 24, 2024.
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structure with a combination of an autoregressive process
of order p and a moving average process of order g. For
non-stationary data, Box and Jenkins proposed the ARIMA (p,
d, g) model, where p, d, g are structural parameters of the
order for the corresponding parts of the model (autoregres-
sive, integrated, and moving average) [19].

As a result, we developed medium-term (5 years) pre-
dictive models for hypertension. To assess the relationship
between temperature time series and hypertension incidence,
we used cross-correlations, including distributed lag mod-
els [20]. To reduce the multicollinearity, we used the Almon's
technique [21].

The Dickey—Fuller test was used for time series analysis.
The model’s adequacy was tested using the Akaike informa-
tion criterion (AIC) [23]. The forecast was calculated using
the Time Series/Forecasting submodule based on the autore-
gressive integrated moving average (ARIMA) model.

The obtained data were processed using Statistica for
Windows, v. 8.0 (StatSoft Inc., USA) and Microsoft Excel (Mi-
crosoft, USA). The significance of differences was considered
to be taken at p < 0.05.

RESULTS

Fig. 1 shows the time series for the changes in hyper-
tension incidence per 1,000 people and the average annual
air temperature in YNAO before the transformation. Fig. 2
shows the time series for the primary hypertension incidence
per 1,000 people and the average annual air temperature in
Tyumen Oblast before the transformation.

Next, we conducted a cross-correlation analysis of the
temperature and hypertension incidence time series for YNAO
and Tyumen Oblast; to find a connection, we changed the
lag length and the degree of the Almon polynomial. It was
found that a model with a polynomial degree of 2 has the
best approximation of the coefficient of determination (0.97)
to describe the relationship between temperature and mor-
bidity in YNAO. The highest significance corresponds to a lag
length of 3 (see Fig. 3).

The obtained statistical estimates will allow us to build
an explicit model of the relationship between the primary
hypertension incidence and the average annual temperature
for YNAO (primary hypertension incidence is calculated as
the number of cases per 1,000 people, the temperature is
expressed in degrees Celsius):

incidence_AH(t) = -0.32592 x Temperature(t) + 1.162 x
Temperature(t — 1) — 0.434 x Temperature(t - 2).

After the required transformations and their adequa-
cy tests, a forecast was made based on the analyzed time
series. The Hypertension in YNAO ARIMA (p, d, g) model
may be described as (0, 0, 1) (0, 1, 0), SS Initial = 87.2, SS
Final = 43.9, MS Residual = 5.5. The Akaike criterion is 8.
Model parameters are d = 1; g = 1; the model constant is
0.998 + 1.51; g calculated in Statistica is —0.99 + 0.025 (see
Fig. 4).
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Thus, the final model was:

AX'=10,998 - 0,99AXt — 1 + 1AXt — 2 + €t.

The final model was used to forecast primary hyperten-
sion incidence in YNAO for the next 5 years. The forecast is
shown in Table 1.

The reliability and adequacy of the model are verified by
comparing actual and predicted parameters and by a high
value of the coefficient of determination. Thus, the final fore-
cast show that the 5-year changes in the primary hyperten-
sion incidence in YNAO will be positive (see Fig. 4).

We analyzed the cross-correlation between the tem-
perature and hypertension incidence time series for Tyumen
Oblast; to find a connection, the lag length and the degree
of the Almon polynomial were changed. It was found that a
model with a polynomial degree of 0 has the best approxima-
tion of the coefficient of determination (0.91) to describe the
relationship between temperature and morbidity in Tyumen
Oblast. The highest significance corresponds to a lag length
of 1 (see Fig. 5).

The obtained statistical estimates will allow us to build
an explicit model of the relationship between the primary hy-
pertension incidence and the average annual temperature for
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Fig. 1. Time series of primary incidence of hypertension per 1000
population and average annual air temperature (°C) in the Yamalo-Nenets
Autonomous Okrug (YNAO) prior to transformation.
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Fig. 2. Time series of primary incidence of hypertension per 1000
population and average annual air temperature(°C) in the Tyumen Oblast
before transformation.
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Fig. 3. Estimation statistics of the distributed lag model between temperature and hypertension incidence in the Yamalo-Nenets Autonomous Okrug.
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Fig. 4. ARIMA forecast of hypertension incidence in the Yamalo-Nenets Autonomous Okrug (YNAO).

Tyumen Oblast (primary hypertension incidence is calculated
as the number of cases per 1,000 people, the temperature is
expressed in degrees Celsius):

incidence_AH(t) = 0.1699 x Temperature(t) + 0.1699 x

Temperature(t - 1).

After the required transformations and their adequacy
tests, a forecast was made based on the analyzed time se-
ries. The Hypertension in Tyumen Oblast ARIMA (p, d, g) mod-
el may be described as (0, 1, 1) (0, 0, 1), SS Initial = 21.01,
SS Final = 9.37, MS Residual = 0.52. The Akaike criterion is 5.
Model parameters are d=1; g = 1; @s = 1 (seasonal lag 7);
the model constant is 0.43 + 0.14; g is -0.13 £ 0.2; Qs calcu-
lated in Statistica is 1.0 + 0.008 (see Fig. 6).

Thus, the final model was:

Y=043+(1+0.13xL)(1-0,99 x L7) x €t.

The final model was used to forecast primary hyperten-

sion incidence in Tyumen Oblast for the next 5 years. The

DOl https://doi.org/10.17816/humeco635354

forecast is shown in Table 2. The reliability and adequacy
of the model are verified by comparing actual and predicted
parameters and by a high value of the coefficient of deter-
mination.

According to the Tyumen Oblast Health Department, in
2021-2022, the recorded incidence characterized by high
blood pressure increased from 11,000 cases in 2021 to
15,000 in 2022 in Tyumen Oblast, excluding autonomous
okrugs.®

The reliability and adequacy of the model are verified by
comparing actual and predicted parameters and by a high
value of the coefficient of determination.

Thus, the forecast estimates show that the changes in
primary hypertension morbidity in Tyumen Oblast for 5 years

¢ Federal State Statistics Service of the Russian Federation.
URL: https://rosstat.gov.ru. Accessed on June 24, 2024.
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Table 1. Predictive values of primary incidence of hypertension (per 1000 working-age population) in the Yamalo-Nenets Autonomous Okrug for a 5-year

period
Observation year Predictive value -90.0% | +90.0% Standard error Observed values Residuals
2020 21.44 17.2 25.7 2.302 21.6 0.16
2021 22.44 12.9 31.96 5.12 23.65 1.2
2022 23.44 10.7 362 6.9 24.5 1.1
2023 24,44 9.1 39.8 8.25 - -
2024 25.43 7.9 42.97 9.43 - -

Note. The converted data according to the resolution and the collection from the website of the Department of Health of the Yamalo-Nenets Autonomous

District for 2022 are shown in bold.
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Fig. 5. Estimation statistics of the distributed lag model between temperature and hypertension incidence in the Tyumen Oblast.

Table 2. Predictive values of primary incidence of hypertension in the Tyumen Oblast (per 1000 working-age population) for a 5-year period

Observation year Predictive value | -90.0% | +90.0% | Standard error Observed values Residuals
2020 9.48 8.2 10.74 073 95 0.024
2021 951 7.61 11.41 11 - -

2022 9.54 7.16 11.92 137 - -
2023 9.57 6.8 12.35 1.6 - -
2024 9.63 6.51 12.75 18 - -
= ' will have a slowly ascending trend. The results largely indi-
14 14 cate the potential of the selected forecasting tool based on
13 13 autoregressive algorithms and integrated moving average.
12 12
11 11 DISCUSSION
10 : 10
5 o  Summary of Primary Results
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; . in the primary hypertension incidence in the population of the
. e Arctic_zone of Western Siberia in relation to cli_mate change
over five years. We assumed that the change in the preva-
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Fig. 6. ARIMA forecast of hypertension incidence in the Tyumen Oblast.
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lence of hypertension in the Arctic zone of Western Siberia
will correspond to the changes in prevalence in regions locat-
ed farther south with similar values of average annual tem-
perature. Western Siberia is a convenient region for testing

166



167

OPUIMHATTIBHOE VICCIEOOBAHME

this assumption as the area located in the Arctic (YNAO) and
its southern part (Tyumen Oblast) are close in ethnic, so-
cial, age, and sex composition and healthcare system per-
formance; they are not separated by mountain ranges and
are located in the zone affected by the western disturbance.
However, they have different average annual temperatures.

Discussion of Primary Results

Climate change is known to increase heat stress in sum-
mer and higher winter temperatures are expected to largely
offset these adverse effects in summer. Nevertheless, this
study is an important example of how climate-related in-
creased temperature variability affects human health even
during colder months. Overall, the study adds to the growing
evidence that climate change affects health (including car-
diovascular health) through both extreme heat and significant
all-season adverse effects on humans [24].

In recent years, more and more studies highlight the ad-
verse weather and climate effects on the incidence of var-
ious cardiovascular symptoms [25, 26]; they have identified
weather and climate connection with heat stress. Sudden
weather changes may influence cardiovascular mortality
rates [27]. For example, decreasing temperatures in Norway
were associated with a higher coronary heart disease inci-
dence and death rates [28]. In addition, Finnish scientists [29]
suggested a relationship between heat waves and certain
cardiovascular diseases; they have proven that high air tem-
peratures are related to higher hospitalization rates for cere-
brovascular diseases in Helsinki. Another study confirmed
that with high greenhouse gas climate change forecast,
heat-related mortality would spike in most regions. However,
it would not be accompanied by lower cold-related mortality
rates and would result in a significant positive increase in
mortality [30].

Previous studies have also showed that exposure to
extremely high temperatures may increase sweating and
blood flow to the skin, cause water loss and dehydration,
and increase cardiac output [31]. When thermoregulation is
impaired, core body temperature increases, thus leading to
systemic inflammation, oxidative stress, endothelial dysfunc-
tion, and cytotoxic effects and promoting myocardial isch-
emia [32].

It is worth noting that the relationship between high
ambient temperatures and hospitalization rates for hyper-
tension requires a more detailed study. Today, reduced risk
of heat-related hospitalization has been confirmed, but the
possible effect of cold exposure was not studied [33-46].
Previous studies have highlighted an increased diastolic
and systolic blood pressure in winter [37]. However, some
studies deny the obvious relationship between temperature
conditions (and its fluctuations) and cardiovascular risk [38],
including in relation to high air temperatures (heat) [39, 40].

There are some development mechanisms of cardiovas-
cular diseases. In the winter with low temperatures, systolic
and diastolic blood pressure, serum low-density lipoprotein
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cholesterol, heart rate, plasma fibrinogen, platelet viscos-
ity, and peripheral vasoconstriction increase; whereas
high-density lipoprotein cholesterol decrease, increasing
the risk of complications in people with cardiovascular dis-
eases [41-44].

Age has been identified as a possible risk factor because
individuals over 65 years are more likely to visit physicians
or be hospitalized for cardiovascular diseases [40, 45, 46],
which is consistent with previous studies [47, 48]. This may
be caused by age-related physiological changes as in addi-
tion to a decreased ability to thermoregulate and redistribute
blood flow, older people experience central stress on the
cardiovascular system, thereby increasing their exposure to
high temperatures. Thus, the influence of high temperatures
on the incidence of specific cardiovascular diseases may vary
with age due to factors beyond physiological ones, including
sociodemographic conditions and the environment [49].

Contemporary understanding of the relationship between
temperature and morbidity and mortality involves a U- or
V-shaped relationship between exposure and outcome. It
means that morbidity and mortality continue to increase be-
yond both high and low temperature thresholds [50, 51]. It
may be assumed that natural and social environment unique
to each region may alter the effects of high temperatures on
health in different geographic regions.

The entire territory of YNAQ included in this study is locat-
ed in an absolutely and extremely uncomfortable zone, which
affects human health. Climate change is most rapid in the
Arctic and affects the prevalence of cardiovascular diseases
both directly, due to a higher frequency of extreme weather
events, and indirectly, due to changes in reindeer herding and
local fishing providing the population with traditional foods
that have high preventive activity. Higher average annual
temperature can affect the health of the Arctic population
both by longer periods of unstable atmospheric pressure;
inversion of cold and warm air strata; wind conditions and
environmental changes affecting commercial fish species,
mammals, and wild plants. Heat waves, dry seasons, and
wind-driven estuarine surges may both reduce the produc-
tivity of traditional fishing grounds and affect the composition
of the caught species and fishing seasons. These changes
will inevitably affect the fatty acid and micronutrient content
in the diet, cause deficiency of omega-3 fatty acids, magne-
sium, decrease the proportion of protein and increase the
intake of easily digestible carbohydrates. This will naturally
lead to higher prevalence of hypertension [52].

Study Limitations

Like other time series analysis, this study has limitations.
First, we did not use detailed personal data on patients’ so-
cioeconomic conditions, smoking, medications, diet, or co-
morbidities as the study is based on the analysis of aggre-
gated statistical data. In addition, this limited our ability to
exclude some causes of cardiovascular diseases that are not
solely related to temperature, which could introduce bias and
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would likely bias the effect estimates toward zero. Moreover,
the study may be influenced by factors modifying the effect
of temperature on cardiovascular morbidity (e.g. social fac-
tors, demographics, infrastructure, housing, and access to
air conditioning) [53].

CONCLUSION

Studying the influence of environmental and climate chang-
es as major risk factors on the development of cardiovascular
diseases requires special attention, monitoring, and forecast-
ing. Temperature fluctuations and higher frequency of extreme
weather affect human health and, importantly, will have an
all-season adverse effect, especially on the cardiovascular
system in individuals with high cardiovascular risk. In the Arc-
tic zone, rising air temperatures and heat waves due to climate
change are additional stresses for the human body, which has
already adapted to low temperatures. Moreover, previous
studies have shown that the mechanisms of adaptation to
these climate changes are not very effective in one of the key
cardiovascular risk groups, i.e. people over 65 years of age.

Given that the frequency of extreme environmental and
climate events in the Arctic region has become most obvious
over the past 30 years and the global epidemiological picture
has changed drastically as compared to the previous century,
we assume that potential risk groups will expand. This issue
falls beyond the scope of our study, but is of interest for future
scientific research. In addition, a promising area will be hyper-
tension forecasting in populations living in different climatic
zones and analyzing models of adaptation to climate change.

A predictive model of the relationship between the preva-
lence of cardiovascular diseases and the higher average an-
nual air temperature showed that the incidence will increase.
Comparison of predictive prevalence models of cardiovascu-
lar diseases in regions located in the West Siberian Plain with
similar ethnic and social characteristics of the population and
level of medical care, but different average annual tempera-
ture, shows that when the average annual temperature ex-
ceeds 1.5 °C, the linear relationship between morbidity and
the average annual temperature will weaken; whereas the
amplitude of cyclic changes and the influence of non-climatic
factors on this process will increase. The positive influence of
the average annual temperature can be realized through the
new practices of cultivating agricultural plants and animals
that are grown farther south and reducing the climate and
adaptation stress.

This demonstrates the need for a comprehensive ap-
proach to the prevention of cardiovascular diseases (in-
cluding preventing the higher hypertension rates) and the
importance of preventive actions at the regional level that
will compensate for the climate change and ensure the sus-
tainable adaptation mechanisms to preserve the health of
the population.
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3ab0n1eBaHWsA NOMyYeHsl U3 OTKPBITBIX OMULMANBHBIX CTAaTUCTUYECKMX UC-
TOYHUKOB, KIMHUYECKME 1CCNe0BaHUA He MPOBOAVNM.

WUctouHnku d¢uHancupoBaHua. /lccnefoBaHns YacTMUHO QUHAHCKUPO-
BanMcb B pamkax npoekta N® HY 2.2.1.24 OHI" nporpammbl TIY «[Tpropu-
Te1-2030».

PackpbiThe MHTepecoB. ABTOpbI 3as1BNAIOT 00 OTCYTCTBUM OTHOLLEHWH, fie-
ATENbHOCTV W MHTEPEeCOB 3a MOCMeHWe TPW roAa, CBA3aHHbIX C TPETbUMM
JMLaMK (KOMMEPYECKUMI 1 HEKOMMEPYECKVMM), UHTEPECH! KOTOPLIX MOTYT
BbITb 3aTPOHYTHI COAEPIKAHMEM CTaTbU.

OpuruHanbHocTb. [1py CO3aaHMM HacTosLLEeN paboTsl aBTOpbI He UCMOMb-
30Banv paHee onybiMKOBaHHbIe CBeAEHMSs (TEKCT, AMIOCTPaLWMY, AaHHbIE).
HJocTyn K AaHHBIM. PefjakuMoHHas NONMTVKA B OTHOLLEHUM COBMECTHOMO
MCMONb30BaHUs AaHHbIX K HacTosLLeN paboTe He MpUMeHWUMa, HoBble AaH-
Hble He cobupany 1 He co3aaBanu.

leHepaTUBHbIA UCKYCCTBEHHbIA MHTENNEKT. [1py CO34aHMM HACTOALLEN
CTaTby TEXHONIOM MM FeHEePATUBHOTO UCKYCCTBEHHOMO MHTE/EKT HE MCMOTb-
30Ba.

PaccMotpenue u peueHsupoBanue. Hactosias paboTa nogaHa B xyp-
Han B MHWLMATUBHOM MOPAAKE W PaccMOTpeHa no 06bI4HOM MpoLemype.
B peLieH3MpoBaHWM y4acTBOBaNM [1Ba BHELLHMX PeLeH3€eHTa, YeH pefaK-
LIOHHOM KOMNErnn 1 HayYHbIA pefaKTop U3haHus.
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Iuc6anaHc copepxaHusa 6apusa, CTPOHLMA U MapraHua
B OpraHusMe 4ejioBeKa Npu paKe MOJIOYHOM Kese3bl

E.A. Capd, J1.B. benbckas

OMCKUI rocyaapcTBeHHbI Neaaroruyeckui yHusepeuteT, OMck, Poccus

AHHOTALMUA

06ocHoBaHue. Cpeayn MHOrO(aKTOPHOrO XapaKTepa 3arpsA3HeHU 0JHOM U3 BaXKHbIX NPOONeM ABNAETCA BO3AENCTBUE TAMKE-
JIbIX METaNI0B, NOCKO/IbKY UX AncbanaHc B opraHM3Me SIBNSIETCA MOTEHLMaNbHO ONacHbIM, @ BbICOKWE KOHLEHTPaLMKU MoryT
MPUBECTU K Pa3BUTMIO CEPbE3HbIX 3aD0/1eBaHMI, B TOM YMCIE OHKONOTUYECKHUX.

Llenb. MpoaHanu3upoBaTb B3aMMOCBSA3b COAEPXHKaHUSA TSKENbIX METANNO0B (CTPOHUMSA, MapraHua, bapus) B critoHe ¢ npodec-
CMOHaJbHBIMU YCNOBUAMU TPYAA M HalMYMEM OHKONIOrMYecKoro 3abonieBaHus Ha NpUMepe paka MOJOYHON Xenesbl.
MeTtoppl. [MpoBeseHo HabniopaTenbHoe OHOLIEHTPOBOE OAHOMOMEHTHOE ucciefoBaHue. Cpeau KpuTepUEB BHIUEHUS
B OCHOBHYH Fpynny UCCNeA0BaHWA BbISENANM: eHCKUA non; BospacT 30-70 neT; Hannume NOATBEPHAEHHOMO AMArHO3a MH-
Ba3MBHOr0 paka Mosio4HoM Jenesbl (1-a nogrpynna) nMbo Ao6poKayecTBEHHOrO 3ab0eBaHNAM MOJIOYHBIX XENE3 (2-a Noa-
rpynna); oTCYTCTBUE KaKOoro-inbo neyeHuss Ha MOMEHT NpoOBEeJEHUS UCCIef0BaHNUSA, B TOM YMCNE XUPYPIUYECKOr0, XUMMUO-
TepaneBTMYECKOr0 UM Ny4YEBOr0; OTCYTCTBME MPU3HAKOB aKTUBHOW MHGOEKLMM, BKIHOYas THOWHbIE NPOLieCChl; NPoBeAEHHas
caHaums nonoctu pTa. Kpurepum BKIIOYEHNS: B KOHTPOJIBHYHO rpynny — 3[0pOBble XeHLWUHbI be3 npodeccuoHanbHbIX Bpea-
HOCTEW, PynMy CPaBHEHUS| — JKEHLLMHbI, paboTalolime Ha TEMIO3NEKTPOLEHTPanM. Y BCeX KeHWMH B 00pasuax CIioHb
onpenensnm cofepiaHue CTpoHUMs, 6apusa U MapraHLa METOAOM KanuIApHoro aneKkTpogdopesa.

Pesynbratbl. B 1-t0 noarpynny ocHoBHoM rpynnbl BKAoYeHO 110 NaLMEHTOK C pakOM MOJSIOYHOW XKenesbl B BO3pacTe
58,4+9,38 roga. Bo 2-t0 — 62 naumeHTM ¢ GpubpoaseHOMoi MosioYHOM Jenesbl (46,7+13 net). KoHTponbHas rpynna BrI0-
yana 97 300poBbIX XeHWHH (48,2+7,95 ropa), rpynna cpaBHeHus — 41 eHwmHy (47,5+9,88 ropa), pabotatowyio Ha Te-
MN03eKTpoLeHTparu. B cnioHe maumeHToK 1-# NOArpynnbl Habnoganu noBbILEHWE COLEPKAHUS CTPOHLMS M MapraHua.
YBenuueHne KOHLEHTpaLMW MapraHua CTaTUCTMYECKU 3HauuMo B 1-# moArpynne no CpaBHEHWMIO C KOHTponbHOW (+117%,
p=0,045) v rpynnoii cpaBHeHus (+105,2%). CTPOHUMA B CNIKOHE KEHLLMH KOHTPOSIBHOW TPYNMbl He 0OHApPYKEH, TEM HE MeHee
€ro KOHLEHTpaUms B C/IKOHe NauMeHToK 1-i noarpynmbl npeBbILLana COAepIKaHue B rpynne cpaBHenus B 3,5 pasa (p <0,001).
[ins 6apus He NOKa3aHO pa3nuumii B COLEPKaHUM MEXAY CPaBHUBAEMbIMU FPyNNamMu. YCTaHOBEH 3HAUYUMBIA POCT KOHLIEH-
TpauMu MapraHua v CTPOHLMA B CTIIOHE NpU YBEIMUEHUM CTafuM U CTENEHM arpeccMBHOCTU PaKa MOJIOYHOM Kenesbl.
3akntouenue. CpaBHeHKe ¢ 06pasLaMu CIIOHBI XEHLUWH, paboTaloLLmx Bo BpeaHbIX NPodeccMoHanbHbIX YCI0BUAX, NO3BONSA-
€T NPeANoJIOXUT, YTO UCTOYHMKOM MOCTYN/IEHUS TSXENBIX METAN/I0B SBNSETCA HE OKPYKAlOLLAA CPefa, a BHYTPEHHUI auc-
DanaHc MUKpPO3NeMEHTOB B OpraHu3Me. B pe3ynibTate 3TOr0 UMEHHO B C/tOHe HabNKOAAKT HAaKONEHWe CTPOHLMA U MapraHua
NPy NPOrpeccupoBaHUN paKa MOIOYHOI Xene3bl.

KnioueBble cnoBa: C/tOHa; paK MOJIOYHOW XKenesbl; TAXENbIE MeTanbl; CTPOHUMIA; Bapuii; MapraHew; KanuaispHbIn
aneKkTpogopes.
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Imbalance of Barium, Strontium, and Manganese
Levels in the Human Body in Breast Cancer

Elena A. Sarf, Lyudmila V. Bel'skaya

Omsk State Pedagogical University, Omsk, Russia

ABSTRACT

BACKGROUND: Among the multifactorial nature of environmental pollution, one of the significant concerns is the impact of
heavy metals, as their imbalance in the body is potentially hazardous, and elevated concentrations may lead to the development
of serious diseases, including cancer.

AIM: The work aimed to analyze the association between salivary levels of heavy metals (strontium, manganese, and barium)
and occupational conditions, as well as the presence of cancer, using breast cancer as a model.

METHODS: A single-center, cross-sectional, observational study was conducted. Inclusion criteria for the main study group
included female sex; age 3070 years; confirmed diagnosis of invasive breast cancer (subgroup 1) or benign breast disease
(subgroup 2); no prior treatment at the time of study, including surgery, chemotherapy, or radiotherapy; absence of signs of
active infection, including purulent processes; and completed oral cavity sanitation. The inclusion criteria: healthy women
without occupational hazards for the control group, and women working at a thermal power plant for the comparison group. The
concentrations of strontium, barium, and manganese in saliva were determined in all women using capillary electrophoresis.
RESULTS: Subgroup 1 of the main group included 110 patients with breast cancer (mean age 58.4+9.38 years). Subgroup 2
comprised 62 patients with fibroadenoma (46.7 + 13 years). The control group consisted of 97 healthy women (48.2+7.95 years),
and the comparison group included 41 women employed at a thermal power plant (47.5+9.88 years). Elevated salivary levels of
strontium and manganese were observed in subgroup 1. Manganese levels were significantly higher in subgroup 1 compared
with the control group (+117%, p=0.045) and the comparison group (+105.2%). Strontium was not detected in the saliva of
the control group, whereas its concentration in subgroup 1 was 3.5 times higher than in the comparison group (p <0.001).
No significant differences in barium levels were found between the groups. A significant increase in salivary manganese and
strontium concentrations was observed with advancing stage and aggressiveness of breast cancer.

CONCLUSION: Comparison with saliva samples from women exposed to occupational hazards suggests that the source of
heavy metal accumulation is not environmental exposure but an internal imbalance of trace elements. Consequently, salivary
accumulation of strontium and manganese appears to be associated with breast cancer progression.

Keywords: saliva; breast cancer; heavy metals; strontium; barium; manganese; capillary electrophoresis.
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OPUIMHATTIBHOE VICCIEOOBAHME

O0b0CHOBAHUE

AHTponoreHHoe 3arps3HeHUe OKPYKaloLLen Cpefbl CO3-
LaET cepbe3Hylo npobneMy CBOMMM HeraTMBHBIMW Mocnies-
CTBUAMM LnA 380p0BbA YenoBeKa [1]. 0aHOW M3 aKTyanbHbIX
3apay OMOMOHMTOpUHra SBNAETCA YCTAHOBJIEHWE CBA3El
MEX[Y COCTOSHWEM OKpY)KaloLLeN CPefbl U 340pOBbEM Ha-
cenenus. Cpean MHorodaKToOpHOro XapakTepa 3arpsi3HeHui
KIo4eBOM NpobneMoi SBNAETCA BO3AEUCTBUE TAXKENbIX Me-
Tanno., MOCKONbKY UX AucbanaHc B opraHu3Me BAsieTcsA
MOTEHUMaNbHO OnacHbIM. TSKEMble MeTaibl MPUCYTCTBYHOT
B COCTaBe 3eMHOM KOpbl, @ TaKKe B BO34yxe, BoAe, MOuBe
n pactenusx [2, 3]. KpoMe TOro, UCTOYHWMKOM NOCTYNAEHMS
METa/oB B OpraHU3M SIBNAIOTCA MeAMKAMEHTbI, MPOAYKTI
MUTaHUA, HAaMUTKU 1 NULLEeBble f,00aBKK [4]. Taxenble MeTan-
bl UMEKT CBOMCTBO M3bBMpaTeNnbHO HaKaNMBaTLCA B Onpe-
LENEHHBIX OpraHax M TKaHsX, CTPYKTYPHO M YHKLIMOHANBHO
HapyLuas ux [5]. N36bITo4HbIe KOHLEHTpaLMM JaHHBIX MUKPO-
3/IEMEHTOB MOTYT OKa3sbIBaTh YrHeTalLLee TOKCMYECKOe Aei-
CTBME, @ TaKKe Bbl3bIBaTb CEPbE3HbIE HAPYLLEHNS BYHKLMIA
Ha YpOBHE KJIETKM U TKaHW, NPUBOLS K NaTONOMNYECKUM W3-
MEHEHMAM B OpraHM3Me U pasBUTUI) CepbE3HbIX 3aboneBa-
HWIA, B TOM YMC/e OHKOOrM4eckux [6, 71.

B ropopax ¢ Hebnaronony4yHoW 3KONOrMYecKon cuTya-
LMt U NPY HANWYMW KPYMHBIX MPOMBILLAEHHBIX NpeanpUATUIA
0TMeyaloT bonee BbICOKUIA OHKOOTMYECKWUIA PUCK ANs Hace-
nenus [8, 9. OgHMM 13 Hanbonee pacnpoCTPaHEHHBIX 3/10Ka-
YecTBEHHbIX 3ab051eBaHUIA XEHLUMH BO BCEM MUpe SBNSeTCS
paKk MonoyHou enesbl (PM) [10]. Kak u3BectHo, noMuMmo
reHeTUYEeCKUX (haKTopOB, KypeHus 1 0bpasa XU3HH, NoBbILLa-
IOLLIMX PUCK €ro pasBuTUA, MHOTWE 3arps3HUTENN OKpYKato-
Lieit cpedbl TakKe 061afaloT KaHUEporeHHbIM 3hdeKToM
[11, 12]. B nocnegHue rogsl 0bHapyeHo, 4To MeTabosn3m
HEKOTOPBIX TSKEMbIX METa/NIoB CBA3aH C BO3HWKHOBEHWEM
PMM [8, 13-15]. OgHMM M3 BaKHbIX NOCNEACTBMM TEXHO-
FEHHOW Harpy3kM Ha OpraHu3M SIBNSETCA BO3HUKHOBEHME
OKUCIIUTENBHOrO CTPecca, YTo MPUBOLUT K 06pa3oBaHuio
aKTUBHbIX (HOPM KMCoposa M cBOOOAHBIX paanKanoB, CHU-
JaloLLMX SHEPreTMYECKUIA NOTEHUMAN KNeToK. [Ing 3awuThl
KNETOK OT PafiuKaNnoB aKTUBMPYETCA CUCTEMA aHTUOKCU-
AaHTHBIX (QEpMEHTOB, B TOM YMCNIE CYMEPOKCUAANCMYTa-
3bl (CO[l). B opraHusMe yenoBeKa WOHbI Mapraua (Mn?
n Mn%) aBnaiTca Haubosee pacnpoCTPaHEHHBIMU OKMC-
NEHHBIMKM cocTosHMAMU. OHM BXOAAT B cocTaB depMeHTa
mapraHueson CO[l, KoTopas oTBe4aeT 3a AETOKCUKALMIO
aKTMBHbIX (OPM KUCNOPOLA B MUTOXOHAPUSAX MPU OKMC-
nuTenbHoM ctpecce. IMEHHO Mo3ToMy Npu W3BLITOYHOM
NOCTYNNEHMM MapraHua BepOATHbl HapyLIeHWS MHOMUX
(EepMEHTHBIX CUCTEM C Pa3BUTUEM CEPLE3HBIX TOKCUYECKMX
aderToB [16]. ToKCUYeCKOe LeWCTBUE TAKENbIX MeTa-
NI0B MPUBOAMT K BbITECHEHWIO 3CCEHLMANBHBIX 3/IEMEHTOB
U3 METalCoAepXallmMx KOMMIeKcoB. 3a cyéT b6amsocTy
aTOMHBIX paj1ycoB CTPOHLWWA MOXET 3aMeLuaTb KanbLuii
B MUHEpanbHOM MaTpUKCE KOCTEM, a TaKKe B BaHEMLUMX
PerynaTopHbIX NpoLeccax, 00ycnoBAMBas ero akKyMynsaLmIo
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B opranusme [17]. lpu 3TOM CTPOHLMI BAMAET HA AMHAMUKY
MMMYHHBIX KNIETOK, @ TaKxe BblpaboTKy npoTMBOBOCMaNU-
TeNbHbIX LMTOKUHOB. bapuil B HU3KWX KOHLEHTpaLmsX ABNS-
eTCA BaXKHEMLUMM 3CCEHUMANbHbIM 3/IEMEHTOM, obecrieuu-
Bas KOPPEKTHOe (DYHKLMOHMPOBaHME HepBHOM cucTeMbl [18].
WMes ¢ KanueM NpaKTU4ecKU OMHAKOBLIE pa3Mepbl paau-
yca, 6apuit MOXeT KOHKYpUpOBaTh C HUM B OUOXUMMYECKUX
npoueccax [19]. Mpu BbICOKMX KOHLEHTpaLMAX OH cnocobeH
610KMPOBaTb KanueBble KaHasbl HEMPOHOB, MEHSIA MPU 3TOM
BanaHc HaTpua U Kanus, YTo NPUBOANT K HapyLIEHMI0 BYHK-
LA KNETOYHOM MeMOpaHbl.

B KauecTBe buonornyeckux WHAMKATOPOB COAEPIKa-
HWUA TSIKENBIX METansoB B OpraHU3Me WCMOSb3yloT KPOBb,
BOJIOCHI, Mouy, CiioHy U Aap. [5, 20]. WccnepoBanne Kposu
ONs PerynsipHoro MOHUTOPUHTA ABNSETCA 3aTPYLHWUTENb-
HbIM B BMAY WHBA3UBHOCTM METOAMK 0Tbopa broMartepuana.
Moua 1 BonoChl He OTPaXKaKOT LEMCTBYHOLLYIO HArpysKy, a no-
Ka3blBalOT MHTEHCUBHOCTb 3IMMUHALMMN TSKEMbIX METansoB
13 opraHu3Ma. Mcnonb3oBaHue CilloHbI YEN0BEKA B KaYeCTBe
BrocybeTpara MeeT NpemMyLLLECTBA MO CPABHEHMIO C BEHO3-
HOM WM KanUNNsSPHOW KPOBbH), @ UMEHHO: HEWHBA3WBHOCTb
cbopa v oTCyTCTBUE pUCKA UHULMPOBAHUSA NPU NOAYYEHUN
buomatepuana [21, 22]. lNpu 3TOM cnioHa 0B6BEKTUBHO fe-
MOHCTPUPYET B/IUSIHME KaK Pa3/MyHbIX BHELIHMX (HaKTOpoB
OKpYXaloLleit cpeabl, TaK W BHYTPEHHUX BMOXMMMYECKUX
MPOLECCOB, a TaKKe OTpaXKaeT CMCTEMHOe AeiicTBue 3abo-
NeBaHWI Ha opraHu3M yenoBeka [23]. PaHee Mbl ycTaHoBM-
N1 MOBbLILLEHHOE CoAepXaHue bapus, CTPOHLMA U MapraHua
B C/lloHe paboTHMKOB TennoanekTpoueHTpany (T3L) [23]. Co-
TNacHO NIMTEPaTypPHBIM [LaHHBIM, NEpeYUcsieHHble MeTanbl
MOryT BbITb BOBNIEYEHBI B MPOLIECC KaHLeporeHe3a npu PMX
[8, 13]. OgHaKo oCTaeTcs HeACHbIM, KaKkue TSXENbIe MeTasl-
bl MO}KHO MCMO/Ib30BaTh B KA4YECTBE NPEAUKTOPOB Pa3BUTUSA
PMX u yBenuueHne KOHLIEHTpaLMM KaKUX M3 HUX CBSI3aHO
C 3arpsA3HEHNEM OKpYKaloLLEeN cpefibl Un npodeccuoHanb-
HbIMK BpegHocTaMu [11].

Llenb

MpoaHanu3anpoBaThb B3aMMOCBSA3b COAEPIKAHUA TAXKENbIX
MeTannoB (CTPOHUMS, MapraHua, bapus) B cioHe ¢ npodec-
CMOHaNIbHbIMK YCIIOBUAMWU TPYAa WU HallM4MEM OHKOJ10rmye-
cKoro 3aboneBanus Ha npumepe PMMK.

METO/bI

Jln3aiH uccneposaHui

HPOBED,EHO HabnoaatenbHoe 0JHoLUeHTpoBOE OAHOMO-
MEeHTHOe uccneaoBaHue.

KpMTepvm cooTBeTCTBUA

Cpenv Kpumepues 8KJI0HEHUS! B OCHOBHYHK) Fpynmny Bbi-
Lensu:

*  JKEHCKWiA nos;

« Bo3pact 30-70 ner;
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 Hanuuue NOATBEPHAEHHOr0 AMarHo3a MHBA3UBHOIO
paKka MONOYHOW Xenesbl Mbo [06pPOoKaYecTBEHHOMO
3a0011eBaHNA MOOYHBIX XKENES;

* OTCYTCTBME KaKOro-inbo NeyeHnss Ha MOMEHT MpoBe-
[EHUA UCCNeAO0BaHMs, B TOM YUCNIE XMPYPrUYECKOro,
XMMMWOTEPaNeBTUYECKOr0 UM JTy4eBoro;

* OTCYTCTBME NPU3HAKOB aKTUBHOM UH(EKLMM, BKIIKOYaS
HOMHbIE NPOLIECChI;

* MpoBeLEHHasA CaHaLMa NosiocTyn pra.

[lononHuTenbHbIE KPUMEPUU BKJTHOHEHUS: B KOHTPOJIbHYIO

rpynny — 3[0poBble MeHWMHbI 663 npodeccMoHanbHbIX
BPeAHOCTEN, IPYNMy CPaBHEHUA — JKEHLLMHBI, paboTatoLme
Ha T3ll.

Kpumepuu HegK/IH04eHUS:

* OTCYTCTBME MMCTONOMMYECKOI BEpUPUKALIMM ANArHo3a;

* HalM4Me XPOHWUYECKUX, BOCTMIANUTENbHBIX U UHDEKLM-
OHHbIX 3a00neBaHuii;

* Hanuuue BoCManuTeNbHbIX 3aboneBaHuiA NONOCTH PTa,
CNOCOBHbIX MOBAUSATL Ha Pe3ynbTaThl aHaAN3a CIIOHI.

Ycnosus nposeneHua nccnepoBaHua

lMauneHTbl OCHOBHOM rpynnbl HabpaHbl Ha 6ase npu-
eéMHoro otaeneHna bY300 «KnuHuyeckuin oHKoMOrMYeckuii
pucnaHcep» . OMcKa, nauMeHTbl KOHTPOSIbHOW rpynnbl —
Ha 6a3e otnenequs nepenueanusa kpoeu bY300 «KnnHuye-
CKWI OHKOMOrMYecKUi aucnaHcep» r. OMcka B 2023-2024 rr.
pynny cpaBHeHWs Habupamu Npu NpOBEAEHWW MNIAHOBOM
ancnaHcepumsaumm cotpynHukos T3, B 2017-2018 rr.

C6op 1 aHanu3 06pa3uoB CNIOHDBI

06pa3ubl ctoHbI cobupanu NyTéM cnnéeBbiBaHus b6e3 go-
MONHUTENBHOW CTUMYNALMK B uHTepBane 8—10 vacoB yTpa
(BpeMs MaKCMManbHOM CEKPeLWW CMIOHbI), HaTOLLaK nocne
npeABapuTeNbHOMO MOJIOCKaHMS NONOCTW pTa Bogou. He-
nocpefAcTBeHHO nocne cbopa obpasubl LeHTpudyrupoBanm
npu 10 000xg B TeyeHne 10 MMH C Ucnob30BaHMEM Meau-
unHckoi ueHTpudyrn LWTH-16® (Xiangzhi Centrifuge, Kutait).
Otbupanu 1 Mn BepxHero cos, NepeHocMn B Npobupkm Tuna
3nneHaopd U XpaHUnM B MOPO3UNLHOM KaMepe Npu TeMne-
patype —-80 °C no npoBeseHWs aHanu3a.

OcHOBHOM UCX0J, UCCNe0BaHUA

CopepiKaHue CTPOHLMS, MapraHua, bapus B CIlOHe JKeH-
LWMH B 3aBMCUMOCTM OT MPOdeCCUOHaNbHBIX YCIOBUIA Tpy-
[la M HanMuns OHKOMOrMYecKoro 3aboneBaHus Ha NpuMepe
PMX.

JlononHUTENbHbIN UCX0A, UcCNe0BaHUSA

CpaBHeHWe KOHLIEHTPaLMM CTPOHLIMS 1 MapraHLia B CllloHe
y JeHwWmH ¢ PMXK B 3aBUCMMOCTM OT €ro cTaum U Mosexy-
NApHO-6MONOrMyecKoro NoaTMNa.

MeToab! perucrpauuu ncxoaos

Onpenenexne CTpoHUMSA, 6apus M MapraHua npoBoAWIU
METOZI0M KanunnapHoro 3neKTpoopesa ¢ UCMosb30BaHUeM
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cuctembl KANETTb-105M" (JTiomake, Poccust) B cooTBeTCTBUM
C paHee OMMUCaHHOK MeTOAMKOM [23].

3Tnyeckas JKCnepTu3a

WccnepoBanne opobpeHo Ha 3acepaHusix KomuTe-
Ta no 3TMKe OMCKOro rocyfapCTBEHHOro Meaaroruyecko-
ro yHusepcuteTa (npotokonbl N® 46/04-2 ot 20.03.2024
N2 46-04/3 ot 17.04.2024). Y Bcex y4acTHWUL, NpeABApUTESNBHO
nony4eHo MHPOPMUPOBaHHOe J06pOBONEHOE Cornacue.

CraTUCTUYECKUIK aHanu3

[MpuHyunel pacyéma pasmepa 8bI6OPKU: pa3Mep BbIOOPKM
npeLBapuTENbHO He pacCyMTbIBAM.

Memodsl cmamucmuyeckozo aHanusa daHHeix. Cra-
TUCTUYECKUI aHanu3 BbIMOSHEH MPU MOMOLUM NpOrpamm
Statistica® 10.0 (StatSoft, CoegnHéHHbIe LLTathl AMepukm)
HenapaMeTpUYeCcKUM METOAOM C UCMO/Ib30BaHWEM B 3aBM-
CUMBIX Fpynnax Kputepusi BunkokcoHa, B He3aBUCUMBIX —
U-KkpuTepus MaHHa—YuTHW nocne npefBapuresibHON NpoBep-
KW XapaKTepa pacnpefeneHus ¥ rOMOreHHOCTH LuCrepcuid
B rpynnax. Pe3ynbTatbl npeacraBneHsl B Buae Me [A25; Q75],
roe Me — Meaumana, 025 n Q75 — 25-i 1 75-1 npoueHTUNb
COOTBETCTBEHHO. Pasnnumsa cuutanmu cTaTUCTUYECKM 3HaAUU-
MbIMu npu p <0,05.

PE3YJIbTATbI

(dopMUpoBaHMe U XapaKTepPUCTUKU Bbl6OPKM

Mbl ucnonb3oBanm 06pasibl CHOHBI KeEHLWMH-[06po-
BOJIbLIEB, Pa3feNEHHbIX Ha CefyoLLue rpynmbl U Noarpyn-
nbl:

 1-a noarpynna OCHOBHOW rpynnbl — MaLMEHTKU C
TUCTONOTMYECKN MOATBEPKAEHHBIM [MArHO30M WH-
Ba3uBHoro PM} B Bo3pacte 58,4+9,38 roga (n=110);

* 2-AMOArpyNna 0CHOBHOM rpynMbl — NaUUEHTKM C [o-
BpoKayecTBEHHbIMK 3306011€BaHNAMW MOJTOYHBIX KENES
B Bo3pacTe 46,7+13 net (pubpoageHoMmbl, n=62);

+ KOHTpOSbHas rpynna — 3[0pOBble MEHLLMHbI
6e3 npodeccmoHanbHbIX BpeLHOCTEN B BO3pacTe
48,2+7,95 ropa (n=97).

CTaTMCTUYECKN 3HAYMMBIX Pasfuunid Mexay rpynnamu

Mo BO3pacTy He BbISIB/IEHO.

JlononHutensHo cdopmupoBaHa rpynna CpaBHEHUS,
BK/IIOYalOLLaA KeHLWMH-a00poBonbUeB (n=41), paboTato-
wux Ha T3, r. OMcKa, roe Bo3gencTBue TAMENbLIX MeTan-
NIOB paccMaTpuBalT KaK BPefHblii NpOM3BOACTBEHHbIA
(akTtop. CpeaHuii BO3pacT y4acTHWL, 3TOM rpynMbl COCTaBU
47,5+9,88 ropa.

Y Bcex naumeHToK 1-i Moarpynnbl FUCTONOTMYECKU U LU-
TONIOFMYECKM MOLTBEPIKAEHA MHBA3MBHAs KapLMHOMA MO-
NOYHBIX KENE3 CneayoLwmx CTagmm:

« cragus | — 30 (27,3%);

« cTagus Il — 55 (51,8%);

o cragmm lll n IV — 23 (20,9%).
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Kpome Toro, BbibopKa BK/OYana NaLMeHToOK C pasHbiMu
MOJIEKYNIAPHO-Bronormyeckummn nogtunamm PMI:

* TpOMHoiA HeratueHbIA PMX (THPM) — 16 (14,5%);

* NOMWHanbHbI A — 36 (32,7%);

* JIIOMUHaNbHLIM B [oTpuUuaTenbHbIM Mo peuenTopam
anuaepManbHoro ¢aktopa pocta 2 (HER2)] — 34
(30,9%);

 ntoMuHanbHeIM B (HER2-nonoxutensHein) — 12
(10,9%);

* HenoMuHanbHbin — 12 (10,9%).

Y JKEHLUMH KOHTPOSIHOW FPYNMbl He BbISIBAIEHO MaTono-

M MOMOYHBIX JKENIE3 N0 AaHHBIM N/1aHOBbIX MaMMorpaduu
W YNbTPa3BYKOBOrO UCCNEA0BaHNS.

OcHoBHble pe3ynbTatbl UCCeao0BaHUA

B cntoHe y eHwWwwH 1-i noarpynnbl 0TMEYEHO MOBbI-
LUEHWe COAepXKaHMs CTPOHUMS M MapraHua (tabn. 1). Kou-
LeHTpauMa MapraHua CTaTMCTMYECKM 3HAYMMO YBENMuK-
nacb Ha 117% (p=0,045), oH obHapyxeH B 84,5% o0bpa3uoB
no cpaBHeHuio ¢ 7,2% B KOHTponbHOW rpynne. CTpoHuuiA
B C/IOHE Y JKEHLUMH KOHTPOSIbHOM rpynmbl He 0BHapyKeH,
TOrAa KaKk y NaumMeHToK 1-i NOArpynmnbl ero KoHLEHTpaums
BblLLe Npenena obHapyxenus B 38 obpasuax u3 110 (34,5%).
Y naumeHTOK 2-1 noArpynnbl CTPOHLUMIA M MapraHew, TaKxe
npucytctoBanu B ciioHe (19,4 n 64,5% cooTBETCTBEHHO),
0[JHAKO YBENMYEHME MX KOHLIeHTpauui He Bbino cratucTu-
YECKW 3HauMMbIM (cM. Tabn. 1). [lng cTpoOHUMA YCTaHOBNEHO
CTaTUCTUYECKM 3HAYMMOE NOBBILIEHNE KOHLEHTPALMK B CTl0-
He NauueHToK 1-M NoArpynnbl N0 CpaBHEHUIO CO 2-W NOA-
rpynnoii (p=0,032). Pasnuumin B coepaHun bapus Mexxay
UccneayeMbIMU pynnamu He BbISIBNEHO.

loKa3aHo, YTO KOHLIEHTPALMS CTPOHLMSA B CJIIOHE Y nauy-
€HTOK 2-1 NOATPYNNbI W KEHLLUMH rPYNMbl CPaBHEHWS He UMe-
€T CTaTUCTMYECKU 3HAUMMbIX pa3nnumin. OfHaKo ero yvatle
BbISIBAISUTM Y JKEHLLUMH TPYNMbl CPaBHEHMS, YEM B OCTaJIbHbIX
rpynnax. TeM He MeHee KOHLIEHTpaLWsi CTPOHLMS B CIIHOHE
nauueHToK 1-i NoArpynnbl npeBbillana ero CoAepiKaHue
B rpynne cpaBHeHus B 3,5 pasa (p <0,001) n B 3,3 pasa —
Mo CpaBHEHWMIO C nauueHTKamu 2-i noarpynnbl (p=0,032).
CopepxaHve 6apus He [EMOHCTPUPOBANO 3aBUCUMOCTU
HW OT YCNIOBMI TPYAQ, HW OT HaIMYMA NATONIOMMM MOMOYHBIX
wenes. [Ing MapraHua ycTaHOBMEHbl CX0XUWe KOHLEHTpa-
UMM y maumeHToK 1-i v 2-1 nogrpynn, npu 3ToM B 06enx
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NoArpynnax ero copepiaHue Obio BbILLE, YEM Y MEHLUMH
rpynnbl cpaBHeHus Ha 105,2 u 57,9% cooTBETCTBEHHO.

ﬂOHOHHMTEHbeIe pe3ynbTatbl UCClieA0BaHUA

Ha cnepnytowiem atane npoBefieHo CpaBHEHME KOHLEHTpa-
LM CTPOHLMA M MapraHLa B CJlloHe B 3aBUCUMOCTM 0T CTagum
PMX (puc. 1).

CopepxaHue CTPOHLMA B CIIIOHE MOBLILLIAETCA Ha:

+ | cragum PMX B 2,6 pasa (p=0,013);

+ |l crapum — B 4,1 pasa (p <0,001);

« lI-IV ctapum — B 4,6 pasa (p <0,001) (cm. puc. 1, a).

Mpy 3ToM YacToTa 06HapYKEHUs CTPOHLMA B CIIIOHE PacTeT
MpuW nepexofe OT paHHWX cTaguin PMK K pacnpocTpaHEHHbIM:
40 v 47,8% Ha | m llI-IV crapum cooTBeTCTBEHHO. AHanormy-
Has CuTyaums xapakTepHa Ans MapraHua (cM. puc. 1, b). Ero
COZIEPXaHue B CIIIOHEe YBENMYMBAETCS C NMPOrpeccupoBaHUeM
ctagum PMIK, a uMeHHo:

+ Halcrapum PMX B 1,9 pa3sa;

+ Hall crapum — B 2,2 pasa;

+ Halll-IV ctapum — B 2,6 pasa (p=0,015) (cm. puc. 1, b).

YacToTta obHapyeHUs MOHOB MapraHLa B CIOHE Takxke
yBenuueHa ¢ 86,7 no 91,3% Ha | u llI-IV ctapun PMXK coor-
BETCTBEHHO.

JlononHuTenbHO Mbl  NpOaHanNUM3vMpoBanM U3MeHe-
HMe KOHLEHTPaLMM CTPOHUMSA U MapraHua B 3aBUCMMOCTU
0T MofieKynsapHo-6uonornyeckoro noatuna PMX (puc. 2).
[lns CcTpoHUMA MOKasaHO CTaTMCTMYECKM 3HAUMMoe YBe-
nuyeHne KoHueHTpaumu npu  HER2-nonoxutenbHbix
noaTMnax [MoMuHanbHoM B (+) W HenoMuHanbHoM —
B 8,4 n 8,1 pasa cooTBeTCTBEHHO]. MMHMMarbHOE M3MeHe-
HWE KOHLEHTPaLMM CTPOHUMA NOKa3aHo LI NOMWHaMb-
Hblx HER2-oTpuuatenbHbix nogtunos PMX  [nomu-
HanbHoM A m B () — B 3,6 1 2,3 pasa COOTBETCTBEHHO]
(cM. puc. 2, a). KpoMe TOro, 0TMEYEHO CTaTUCTUYECKU 3Ha-
UMMOe YBENMYEHME KOHLeHTpaumu cTpoHums npu HER2-
MONOXWUTENbHBIX MOATUNAX MO CPaBHEHWK C NHOMWUHAMb-
HbIM B () PMX v rpynnoii cpasHenus (p <0,001). Mpu THPMMK
KOHLIEHTpaLMs CTPOHUMA TaKke yBenuueHa B 9,3 pasa ot-
HOCUTENbHO rpynnbl cpaBHeHua (p <0,001). Ins MapraHua
MOBbILIEHWE KOHLEHTPALMM BbISBNEHO TOMBKO MpU HENH-
MWHanbHoM M THPMM — B 2,6 1 2,8 pasa cO0TBETCTBEHHO
(cM. puc. 2, b). OTnNYMA OT KOHTPONLHOI FPYNMON CTAaTUCTU-
YeCKM 3Ha4MMbI 1A HentoMuHanbHoro (p=0,031) n THPMMK

Tabnuua 1. CopepxaHue cTpoHLmS, bapus 1 MapraHLa B CIIlOHE JKEHLLMH B rpynnax

Table 1. Salivary concentrations of strontium, barium, and manganese in women from the study groups

OcHoBHas rpynna
CopepxaHue pynna cpaBHeHus, n=41 KoutponbHas rpynna, n=97
1-a nogrpynna, n=110 2-a nogrpynna, n=62
Sr%, Mr/n 7,50 [3,35; 24,2] 2,24.11,68, 5,42]' 2,141,37; 3,56 —
Ba®, mr/n 0,59 [0,41; 0,84] 0,55 [0,34; 0,87] 0,52 [0,35; 0,77] 0,48 [0,34; 0,65]
MnZ*, Mr/n 0,78 [0,44; 1,26] 0,60 [0,40; 0,98] 0,38 [0,23; 0,51] 0,36 [0,29; 0,473

IMpumeyanue. Pesynbtathl npectasnenHs B Buae Me [A25; Q75], rae Me — Meauana, 25 v Q75 — 25-1 1 75-i1 NPOLEHTUb COOTBETCTBEHHO. | — CTaTu-
CTYECKM 3HaYNMBble OTIIMYWA OT NoKasatena 1-i noarpynnbl, p=0,0327; 2 — CTaTMCTUUECKM 3HaUMMBIe OTAIMYMA OT NoKasatena 1-i noarpynnsl, p <0,00071;
3 — CTATUCTMYECKM 3HaYMMbIe OTIM4MA OT NoKasatens 1-1 noarpynnsl, p=0,0452.
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(p=0,013). TaK, cofepxaHue MapraHua B CilloHe nauueHTok ¢ PMXK
CTAaTUCTMYECKM 3HAYMMO BbILLE, YEM JKEHLUMH KOHTPOJIb-
OECy)K,U,EHME HOW W cpaBHeHus rpynn (cM. Tabn. 1). Moctynnenue Map-

raHua W3 OKpyXalowei cpedbl, AaXe Npu ycnoBuu mno-

lMoka3aHo, YTO KOHLEHTpauMs WCCNefyeMblX TSKE-  BbILIEHHBIX KOHLEHTpauMi, MpoLecc 04YeHb MenJIeHHBIN.
NbIX METaIoB CTaTUCTMYECKU 3HAUMMO Bbille y naun-  [Ing JOCTMXKEHWUS XPOHWUYECKON MHTOKCUKALIMU MapraHLeMm
eHToK ¢ PMX no cpaBHeHWio C ocTanbHbiMM rpynnamu.  Tpebyetca Heckonbko net [16]. OH obnapaet 6GonbLuo

Mr/n Mr/n

a b

Puc. 1. KoHueHTpaums cTpoHuMA (a) 1 MapraHua (b) B CJIIOHE JKEHLLMH C PaKoM MOJIOYHOM JKeJle3bl B 3aBUCUMOCTM OT ero CTafuu.
Fig. 1. Salivary concentrations of strontium (a) and manganese (b) in women with breast cancer, depending on disease stage.

Mmr/n Mr/n
25 4 1,20 1
p=0,0098 p=0,0218
AL AL
s I 4
20 A 1,00 _l_
p=0,0403 ‘
0,80 - + A =
1 -
3 p=0,0063 i
A .
s L L
10 4
. 0,40 -
5 -
0,20 -
0 T T T T 0,00 T T T T ]
Niom A Mom B () Niom B (+) Heniom THPMMX Niom A Niom B (-) Niom B (+) Heniom THPMXK
a b

Puc. 2. KoHueHTpaums cTpoHums (a) M MapraHua (b) B CNlOHe MEHLMH C PaKoM MOJIOYHOW JKeNle3bl B 3aBUCMMOCTU OT ero MoJIeKynsipHo-buonoru-
yecKoro nogtuna. JlioM A — nioMuHanbHbii A; JlioM B (=) — moMuHanbHbin B (-); Jliom B (+) — nioMuHanbHbi B (+); HenmtoM — HentoMUHanbHbIi;
THPM} — TpoiiHOM HeraTMBHbIN paK MOMOYHOM Xenesbl.

Fig. 2. Salivary concentrations of strontium (a) and manganese (b) in women with breast cancer, depending on molecular subtype. Lum A, luminal A;
Lum B (=), luminal B (-); Lum B (+), luminal B (+); Non-lum, non-luminal; TNBC, triple-negative breast cancer.
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KoMnieKcoobpasytolen cnocobHOCTbIO, CYXUT Kodak-
TopoM MHorux ¢epMenTtoB (COJ[, Katanasbl, apruHasbl)
[23]. B uccnepyeMbix rpynnax 6e3 PMM KoHueHTpaums
MapraHua HaxofuTcs B npefenax HopMmbl. Passutue 3no-
KaueCTBEHHOI OMyX0/M B OPraHU3Me YesioBEeKa MOXET Co-
NpoBOXAThCA AMCOANaHCOM MUKPO- U MaKpO3NIEMEHTOB.
OnHMM M3 KIHOYEBBIX MEXAHM3MOB, BOB/IEYEHHBIX B KaHLie-
POreHes, ABMISETCA OKUCIMTENbHBINA CTPECC, Bbi3bIBaOLLMIA
noBpexaeHne MeMbpaH KIeToK U MUTOXOHAPUIA, IMNWLOB,
benKkoB, HapyLieHne BOAHO-MOHHOTO FOMEOCTa3a U HyKJe-
OTMOHON NOCNeA0BaTeIbHOCTU [,e30KCUMPUBOHYKITEUHOBbIX
KMCNOT, a TaKKe BereTaTUBHO-MeLUaTOPHY0 AUCHYHKLMIO
KNeTKu [24]. B 0TBET Ha OKUCAMTENBHBIN CTPecC Bo3pacTaeT
aKtuBHocTb ¢epmenTa COL. MapraHuesas COLl asnsetca
OCHOBHbIM ()epMEHTOM, KOTOpbI 0TBEYaeT 3a [LETOKCH-
KauMo aKTMBHbIX GOPM KMCopoja B MUTOXOHAPMAX [25].
BeposTHo, yBenuueHue copepiaHus MapraHua B CIOHe
XeHWwwH ¢ PMX cBsisaHo ¢ peakuueid opraHu3Ma B BUe
MOBbILLIEHNS aKTUBHOCTW AaHHOro depMeHTa. [lonyyeHHble
AaHHble CBWUAETENbCTBYIOT O TOM, 4TO He BCErAa MoBbl-
LEHNe KOHLEHTpaLUuu TAXENbIX METannoB, B YaCTHOCTH
MapraHua, SIBNAETCA Pe3ynbTaToOM TEXHOTEHHOW Harpy3Kku
W cnepcTeueM paboThl Ha BpeAHbIX NpousBoacTBax. Kpome
TOro, YCTAHOB/IEHO, YTO C yBENMYeHUEM cTagum 3abonesa-
HWA M POCTOM OMyX0JIEBOM MacChl KOHLIEHTPALMA MapraHLa
yBenuumuBaetcs. IMeHHO No3ToMy ero HaKomnjaeHue MoXHO
paccMaTpuBaThb KaKk cneumduyecknii Mapkep 0MyXxoseBoro
npouecca. lpu aToM, N0 AaHHLIM UTEpaTyphl, COAEPKaHMe
MapraHua B cbiBopoTke npu PM} MoxeT cHuxatbcs, Tor-
A3 KaK B C/IIOHe, HanpoTuB, MOBbILLATLCA, YTO 0ByCN0BNEHO
CMCTEMHBIM LMCOANaHCOM U HapyLUEHUEM MEeTaboNNYECKNX
nytei [13, 26].

YCTaHOBMEHO, YTO KOHLLEHTPaLMSA CTPOHLMA CTaTUCTUYHECKM
3HauMMo BbllLe B CNlOHe naumeHTok ¢ PMM no cpasHeHuio
C XKEeHLLMHaMM rpynnbl cpaBHeHus. Ero pacnpegenexve u me-
TabonM3M B opraHM3Me YenoBeKa aHanornyHbl KasbLMK: OKO-
no 99% cTpoHUMS AeNOHUPYETCA B KOCTHOW U COEAMHUTENBHOM
TKaHM, a TakeKe B 3ybax. [py 3TOM OH yyacTBYeT B NOCTOSHHOM
obMeHe Mexay KOCTHOM TKaHbl0 W KPOBbIO, NOJAEPHUBas
AnMHamMnyeckuin banaHc [26]. CtpoHumiA cnocobeH 3aMeLuatb
KabLiMiA B MMHEPaNbHOM MaTPUKCE KOCTHOW TKaHW U OTHOCU-
TesnbHO BbICTPO 0OMEHMBATLCA C HUM B MIa3Me WM KOCTHOM
Macce, HapyLlas perynsumio BHYTPUKIIETOUHBIX CUTHAMbHBIX
KackapoB [18, 28]. PaHee ycTtaHoBneHo, 4to npu PMX Ha-
ONIOJAIT CHUKEHWE KOHLEHTpauum Kanbums [29]. OtMeueHo
YBENMYEHME COLLEPIKAHUA CTPOHLMA MPU NEPEXOSE OT paHHUX
K bonee pacnpocTpaHéHHbIM cTaguam PMXK, uto, BepoAT-
HO, 0DYCNIOBNIEHO CUCTEMHBIM BO3AEHCTBUEM 3aboneBaHus.
NMeHHO MO3TOMY NMpW CHUMEHUM KOHLIEHTPaUMW KanbLus
3aKoHOMepHO HabmloAaloT pocT cofiepKaHus CTpoHums. Ero
MoBbILLEHME B CITHOHE KeHLWmH ¢ PM3K MoxkHo cBs3aTh C pas-
pyLLEHUEM MeMBpaH KI1eTOK KPOBU U BLIXOAOM UOHOB CTPOH-
LMA U3 BHYTPUKIIETOYHOrO NpocTpaHcTBa. OH MMeeT cnocob-
HOCTb 0MOCPef0BaHHO MOAU(ULMPOBATL TPaHCKPUMNLMIO
HEKOTOPbIX FEHOB, KOHTPOJIMPYIOLLMX anomnTo3, YTO NOSACHAET
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YBEJIMYEHME COLEPXKaHUA CTPOHLMA MMEHHO Y MaUMEHTOK
¢ PMX [29]. B cntoHe 340pOBbIX JKEHLUMH KOHTPOJIbHOM
rpynnbl OH He 0bHapyeH. Takum obpasoM, Hanuune CTPOH-
LMS B OpPraHM3Me MOXHO CBS3aTb KaK C OMpefenéHHbIMMU
BpeHbIMY YCNOBUAMM TPYAQ, TaK U C HaIMYMEM CUCTEMHOIO
3aboneBanus, Brtovas PMM. Pesynbrathl HacToswero uc-
Cef0BaHUS IEMOHCTPUPYIOT, UTO Ha COAEPXKAHME TKENbIX
METansoB B C/OHe B BOMbLUEN CTEMEHN BAMSET CUCTEMHOE
BO3/e/CTBMe OCHOBHOrO 3aboseBaHus.

[lononHMTENbHO NOKa3aHo, YTO YBEIMUEHNE KOHLIEHTpa-
LMW MapraHua v CTPOHUMSA 3aBUCKT OT MOJEKYNPHO-6uo-
nornyeckoro noatuna PMM, uto noaTBepKAeHO 1 B ApyroM
uccneposanum [30]. Tak, noBbIlEeHWE KOHLEHTpaUMM Map-
raHua Habnaanu 41 Takux NoATUNOB, KaK HeNMUHANb-
HbliA, NloMUHanbHbIA B (HER2-nonoxwtensHbin) u THPMIK,
KOTOpble XapaKTepu3yKTCA arpeccuBHbLIM TEUYEHWEM U He-
BraronpuATHLIM NPOrHO30M. [119 CTPOHUMSA BbISIBNIEHO YBE-
NIMYEHUEe KOHLLEHTpaLMM Npu HenMUHanbHOM M THPMK.
31 noaTMNbl 06beANHSAET OTCYTCTBME PeLEenTopoB 3CTpo-
reHa W NporecTepoHa, 4To TaKXkKe ABNIAETCA MPOrHocTUYe-
CKM HebnaronpuaTHbIM npu3HakoM PMIK. Takum obpasom,
HabnlofaloT NOBbILUEHWE KOHLEHTpaLUM TAXENbIX MeTan-
NOB B CJIOHE KaK NpU yBeNWYeHWW cTaguu 3abonesaHus,
TaK W NpuW pocTe arpeccMBHOCTM MONEKYNIAPHOro NoaTuna
PMM. Pe3ynbTathl MHOTMX MCCNeA0BAHMIA FTOBOPST O CIOXK-
HOM XapaKTepe HapyLLeHuii 0bMeHa MeTanmnoB B OpraHu3Me
NnpW pasBUTUM OHKONOrMYecKux 3abonesanuii [9, 14, 25].
HekoTopble 3neMeHTbl MOryT HaxoguTbcs B peduuute,
TOrfa KaK U3bbITOK apyrux cnocobeH oKasbiBaTb TOKCUYE-
CKOe BO3/eicTBME, CNOcobCTBYSA Pa3BUTMIO OHKOMATONIOMMM.
Mony4eHHble HAa AaHHBIA MOMEHT pe3ynbTaThl MO3BOASAIOT
OLEHUTb CTENeHb PUCKA Pa3BUTUA OHKONOMMYECKUX 3ab0-
NeBaHW NpyU HapyLweHUM 06MeHa KOHKPETHbIX MeTannos
B OpraHu3mMe.

3AKJTIOYEHUE

loka3aHo, uto npn PMX npoucxogut yBenuyenue co-
[epXaHns MapraHua M CTPOHUMA B C/ItOHE, NpAMO nponop-
LiMoHanbHoe cTagmuu 3aboieBaHWsa U CTENEHM arpeccUBHOCTH
onyxonu. [ins 6apusa nogobHbIX 3aKOHOMEPHOCTEN He BbISB-
neHo. CpaBHeHue ¢ 0bpa3suamu CiioHbI KEHLUMH C BPeAHbIMM
npodeccuoHanbHbIMK YCII0BUAMM TPyAa NO3BOASET Npeano-
NOXMTb, YTO UCTOYHUKOM MOCTYN/IEHUS TSHENbIX METasioB
ABNSETCA HE OKpYXaloLas cpefia, a BHYTPeHHUN amcbanaHc
MWKPO3/IEMEHTOB B opraHuame. B pesynbrate atoro umeH-
HO B C/IlOHE HabNIOAAKT HAKOMIEHWE CTPOHLMA U MapraHua
npu nporpeccupoBaHmm PMI.

[0MNOJIHUTE/IbHAA UHOOPMALIUA

Bknap aBtopoB. E.A. Capp — npoBefeHve mccnefoBaHus, cbop 1 aHa-
JIU3 NIUTEPATYPHbIX AaHHbIX, MOArOTOBKA U HanMcaHWe TeKCTa PYKonucy;
J1.B. BenbcKas — KoHLenums UccneaoBaHws, chop U aHanmu3 NuTepatypHbIX
BaHHbIX, NPOBEJEHVe UCCMIef0BaHUs, aHanu3 AaHHbIX, HanvcaHWe 1 pe-
AAKTVPOBaHWe TeKcTa pyKomucy. Bee aBTopbl 0g06punn pykonucs (Bepcuito
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AnS NybAMKaumm), a TakKe COrMacunch HeCTU OTBETCTBEHHOCTb 3a BCe
acnexThl paboTbl, FrapaHTVpyst HAAMEXaLLee pacCMOTPEHYE U peLUeHye Bo-
MPOCOB, CBA3aHHBIX C TOYHOCTBIO M [106POCOBECTHOCTBIO /060N €€ yacTu.
3ITuyeckas 3kcnepTu3a. [poBefieHne 1ccreoBaHWst 0A06peHo NoKanb-
HbIM 3TMYECKMM KoMMTETOM OMCKOr0 roCyapCTBEHHOTO Medarorude-
cKoro yHuBepcuTeTa (npotokonbl N° 46/04-2 ot 20.03.2024 n N° 46-04/3
ot 17.04.2024). Bce y4aCTHUKM UCCNeA0BaHMA [0 BKIIOYEHWS B UCCNeo-
BaHMe A00pOBO/bHO MOAMMCaIN HOPMy MHGOPMMPOBAHHOIO COryacus,
YTBEPAEHHYIO B COCTABE MPOTOKO/IA UCCIIEA0BAHWS 3TUYECKUM KOMUTETOM.
WUcTounukn c¢mHaHcupoBaHua. HayuHoe wvccrenoBaHWe MpoBefEHO
33 CYET rpaHTa Poccuitckoro HaydHoro oHaa «[lMarHoctnyeckas 1 npo-
FHOCTMYECKas 3HAYMMOCTb aMMHOKMCIIOTHOTO MPOGWIIA CIoHBI NpY paKe
MOJI0YHOM 3kene3bl» (rpaHT PHO N2 23-15-00188).

PackpbiTHe MHTepecoB. ABTOPbI 3asiBNIAOT 00 OTCYTCTBWM OTHOLLIEHWH, Ae-
ATEJIbHOCTM W MHTEPECOB 3@ MocNeHMe TPY roAa, CBA3aHHbIX C TPETbUMM
MLUaMK (KOMMEepUYECKUMM 1 HEKOMMEPYECKMMM), UHTEPECH! KOTOPbIX MOTYT
BbITb 3aTPOHYTHI COAEPHKAHWEM CTaTbM.

OpuruHanbHoCTb. [lpy CO3AaHMM HAcToALLE paboThl aBTOPbI HE UCMOb-
30Ba/M paHee oMyb/IMKOBaHHbIE CBEAEHMS (TEKCT, MAMIIOCTPaLMM, AaHHbIE).
Joctyn K paHHbIM. Bce faHHbIe, NMOMyyYeHHbIe B HACTOALLEM MCCIeAoBa-
HUM, JOCTYMHbI B CTaTbe.

FeHepaTMBHbIA UCKYCCTBEHHbIW MHTeNNeKT. [Ip1 Co3AaHNM HacTosLLEN
CTaTb¥ TEXHONOTWM FeHEPaTUBHOMO MCKYCCTBEHHOrO WHTE/NEKTa He UC-
Mosib30Basny.

PaccMoTpenue u peuensupoBaHue. HacToslas paboTa noaaHa B xyp-
Han B MHWLMATMBHOM MOPSLKE M PacCMOTPEHa Mo 0bblYHOM NpoLeaype.
B peLieH3vpoBaHMM y4acTBOBaNM [1Ba BHELLHMX PeLieH3eHTa, YieH pedaK-
LMOHHOW KOMMErM U HayYHbI PeaaKTop U3faHus..
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OPUIMMHATBEHOE MCCNEOBAHME T.32,Ne 32025 JKONOrVIA HenoBeKa
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Puck pasButua HekaHueporeHHbiX addexTos
OT BO3AEMCTBMA XMMUUYECKUX BELLECTB,
nocTynarmowmx ¢ NpoAyYKTaMU NUTaHUA

0.A. ®ponosa’, E.M. boyapos?, E.A. Tadeesa®

! Poccuiickas MeMUMHCKan akafieMna HenpepbIBHOro npodeccuoHanbHoro obpasosanus, Kasakb, Poccus;
2 |leHTp rurvieHbl v anupemmonorvn B Pecnybnnke Tatapctan (Tatapcran), Kasamb, Poccus;
3 Ka3aHCKuit rocyaapCTBEHHbIN MeaMLMHCKMIA yHuBepcuTeT, Kasamb, Poccua

AHHOTALMA

06ocHoBaHMe. XMMWUYECKOE 3arpsisHEHWE NPOJOBOJILCTBEHHOMO ChIPbSi U MPOAYKTOB MUTAHUA JAXe Ha YPOBHE HWMe npe-
LEeNbHO 0MYCTUMBIX 103 WU KOHLIEHTPaLMIA MOXET NpeLCTaBNIATb PUCK 340POBbLI0 HACENEHMS.

Llenb. OueHKa HeKaHLLEpoOreHHOro pucka A1s 340poBbs HaceneHus Pecnybnuku TaTapcTaH, CBA3aHHOTO C 3arpsi3HEHUEM
MPOJOBOJILCTBEHHOMO ChIPbSi W MULLEBBIX MPOAYKTOB XMMUYECKUMM BELLECTBAMM, C YYETOM PernoHasnbHbIX GaKToOpoB 3KCMOo-
31Lmm.

MeToapl. [1151 oLEHKM p1cKa MCMONb30BaHbl pe3yNbTaTbl UCCNIe40BaHUI NPOAOBOBLCTBEHHOMO ChIPbS M MULLEBLIX NPOAYKTOB
3a nepuof 2008-2022 rr., BbINONHEHHbIE UCMbITaTesbHBIM NabopaTopHbIM LieHTpoM OBY3 «lLleHTp rurveHbl n 3nuaemuo-
norum B Pecnybnuke TatapctaH (TatapctaH)». KonmuecTBo MccnepoBaHHbIX Npob no rpynnaM npofoBOSbCTBEHHOIO Chipbs
W NULLEBLIX NPOAYKTOB coctaBuno ot 1179 (aiua) ao 5862 (MAco M MACONPOAYKTLI). PacuéTel NpoBoAMAM MO CeayoLLmUM
rpynnam npogoBOJSIbCTBEHHOMO ChIPbsi U NMPOLYKTOB MUTaHUS: MSICO M MACOMPOAYKTLI; pbiba 1 pbiBONPOAYKTHI; MOIOKO U MO-
NoYHbIe NPOAYKTHI; X/1eb 1 xnebobynouHble M3aenus; caxap U KOHAMTEPCKWUE U3AENUS; 0BOLLM M BaxyeBble (33 MCKIKOYEHN-
eM KapTodens); KapTodenb; GPYKTLI U ATOALI; pacTUTENbHBIE Macna; Avua. [ng onpefenenus dakTuyeckoro notpebnenus
NPOAYKTOB NUTaHUA onpoLueHbl 471 yenosek B Bo3pacTe crapiie 18 neT. [INs OLEHKM pUCKA Pa3BUTUS HEKAHLIEPOTeHHbIX
3 deKToB 0T BO3AENCTBUSA KOHTAMMHAHTOB PacCUUTLIBANM KO3 MULMEHT U MHAEKC ONACHOCTY.

Pesynbtartbl. [py naeHTMPUKALMM ONACHOCTM YCTaHOBJIEHBI NPUOPUTETHBIE XUMUYECKME BELLECTBA, COAEPIKALLMECA B NpO-
LYKTax MUTaHWs, NOANEXalMe AanbHeieNn OLeHKe HEKaHLEpPOreHHOro pUcKa: a- M P-reKcaxnoumKioreKcaH, 6asyau,
beH3(a)nupeH, rentaxnop, AEOKCUHUBANEHON, AUXIOPAUPEHUNTPUXIOPMETUIMETAH U ero MeTabonuTbl, eneso, KagMui,
Y-TEKCaxNOLMKIIOreKCaH, Mefb, MbILbSK, HATPUA GTOPUA, HAaTPUN XJTOPUT, HUTPATbI, HUTPUTI, NPOM3BOAHbIE 2,4-[] KUCNOTHI,
pTyTb, CBUHeL, docdammpa, GTop, LMHK, LMNEPMETpUH. YCTaHOBNEHO, YTO HaMbOMbLUMIA PUCK Pa3BUTUS HeBNaronpuATHbIX
3 dEKTOB 0T BO3AENCTBUA XMMUYECKUX 3arpsI3HUTENEN, MPUCYTCTBYHOLLMX B NPOLOBOSILCTBEHHOM ChIpbe M MULLEBLIX NPOLYK-
Tax, 0TMEYaloT B OTHOLUEHUM CNEAYIOLLMX KPUTMYECKUX OPraHOB U CUCTEM: HEPBHOM CUCTEMBI (3HAYEHWS! MHAEKCA ONACHOCTH
pocturatot o 18,89), cucteMbl kposu (o 9,71), nevenu (go 7,71), novek (8o 5,71), a TakKe penpoayKTUBHOM W 3HL,OKPUHHON
cucteM (o 3,94).

3aknioyenue. PasButve HebrnaronpusTHbIX HeKaHLeporeHHbIX 3MdEKTOB NMPeUMyLLECTBEHHO 0OYCNOBNEHO 3arpsi3HEHM-
€M MPOJ0BO/LCTBEHHOMO ChIpbA W MULLEBLIX MPOAYKTOB hochamuaom (mpu ynotpebneHun xneba u xnebobynouHbix nsge-
NI, GPYKTOB U AroA), HUTpaTaMu (Npu ynoTpednieHnn oBOLLEN M DaxuyeBbX KynbTyp, Xneba u xnebobynoyHbIX U3aenui,
KapTodens) U y-reKcaxJoLMKIIOreKcaHoM (npu ynoTpebneHMn Mofloka M MOJIOYHBIX MPOAYKTOB, Xfeba u xnebobynouHbix
U3genuii, oBoLLen U baxyesblx). Hanbonee ya3BUMbIMU B OTHOLLEHWM Pa3BUTUA 0OLLLETOKCUYECKUX 3 EKTOB OT BO3AENCTBUSA
XMMUYECKUX BELLLeCTB O[JHOHANPaB/IEHHOr0 LeNCTBUSA ABNSIOTCA KPOBETBOPHASA M HEPBHAs CUCTEMBI, MEYEHb, MOYKK, a TaKKe
CUCTEMBI, YHACTBYIOLLME B NPOLIECCAX POCTA U pasBUTHS.

KnioueBbie cnoBa: NPOAOBOJIbCTBEHHOE Cblpbé; nuLieBble NPOOYKTHI; TAXENbIE MeTanNbl; NeCTUUMAbl; MAKOTOKCUHDI;
JKCNno3unums; HEKaHLI,BPOI'EHHbIVI PUCK; 3400p0BbE.
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Risk of Non-Carcinogenic Effects from Exposure
to Chemical Substances Found in Food Products

Oksana A. Frolova', Evgeniy P. Bocharov?, Elena A. Tafeeva®

! Russian Medical Academy of Continuous Professional Education, Kazan, Russia;
2 Hygienic and Epidemiological Center in Republic of Tatarstan (Tatarstan), Kazan, Russia;
3 Kazan State Medical University, Kazan, Russia

ABSTRACT

BACKGROUND: Chemical contamination of food raw materials and food products, even at levels below permissible doses and
concentrations, may pose a risk to public health.

AIM: The work aimed to assess the non-carcinogenic health risks to the population of the Republic of Tatarstan associated with
chemical contamination of food raw materials and food products, taking into account regional exposure factors.

METHODS: The risk assessment was based on the findings of food raw material and food product studies conducted between
2008 and 2022 by the Testing Laboratory Center of the Center for Hygiene and Epidemiology in the Republic of Tatarstan. The
number of samples of food raw materials and food products analyzed by group ranged from 1179 (eggs) to 5862 (meat and
meat products). Calculations were performed for the following groups of food raw materials and food products: meat and
meat products; fish and fish products; milk and dairy products; bread and bakery products; sugar and confectionery products;
vegetables and melons (excluding potatoes); potatoes; fruits and berries; vegetable oils; eggs. Actual food consumption was
assessed based on a survey of 471 individuals aged over 18 years. To assess the risk of non-carcinogenic effects of chemical
contaminants, hazard quotients and hazard indices were calculated.

RESULTS: Hazard identification revealed priority chemical substances found in food products that were subject to further
non-carcinogenic risk assessment: a- and B-hexachlorocyclohexane, basudin, benzo[a]pyrene, heptachlor, deoxynivalenol,
DDT and its metabolites, iron, cadmium, y-hexachlorocyclohexane, copper, arsenic, sodium fluoride, sodium chlorite, nitrates,
nitrites, 2,4-D acid derivatives, mercury, lead, phosphamide, fluoride, zinc, and cypermethrin. The following critical organs
and systems had the highest risk of adverse effects from exposure to chemical contaminants found in food raw materials and
food products: the nervous system (hazard index up to 18.89), the hematopoietic system (up to 9.71), the liver (up to 7.71), the
kidneys (up to 5.71), and the reproductive and endocrine systems (up to 3.94).

CONCLUSION: Adverse non-carcinogenic effects are primarily associated with contamination of food raw materials and food
products with phosphamide (via bread and bakery products, fruits and berries), nitrates (via vegetables and melons, bread
and bakery products, potatoes), and y-hexachlorocyclohexane (via dairy products, bread and bakery products, vegetables and
melons). The hematopoietic and nervous systems, liver, kidneys, and systems involved in growth and development are the
most vulnerable to general toxic effects of chemical contaminants with similar mechanisms of action.

Keywords: food raw materials; food products; heavy metals; pesticides; mycotoxins; exposure; non-carcinogenic risk; health.
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OPUIMHATTIBHOE VICCIEOOBAHME

Ob0CHOBAHUE

CornacHo [JoKTpuHe MpOAOBOSLCTBEHHOM Be3omacHocTH
Poccuiickoii ®enepaunm (PD)!, obecneyenme GesonacHoro
MUTaHWSA PaccMaTpUBalOT KaK BaKHEWLLWA 3/IEMEHT HaLuo-
HanbHoM 6e3onacHOCTY U He0bX0aMMOe YCNOBMWE MOBbILLEHMS
KayecTBa XU3HW rpaxaaH. KnoueBbIM MHCTPYMEHTOM B 3TOi
chepe ABNAETCA CUCTEMATUYECKMIA MOHUTOPUHT COCTOSIHUA
npoaoBonbcTBeHHOro cbipbs (11C) n nuwesbix npoaykTos (MM).
MpodmnaKTvka 3aboneBaHmit, BbI3BaHHbIX 3arPA3HEHHBIMUA XU-
MWYECKUMU BELLLeCTBaMU NPOAYKTaMM1, BXOAUT B YMCIIO MpHU-
OPUTETHBIX 3aa4 COBPEMEHHON MeauuuHbl [1, 2].

Mo oueHKaM BceMupHol opranm3aumm 30paBooXpaHeHus,
exerofiHo oKosio 600 MJH YenoBeK, TO ecTb NOYTU KaMabli
LEecATbIA XUTeMb NaHeTbl, 3ab0NeBaloT B pesysbTate no-
Tpebnenusa 3arpssHéHHbIX MM, npu 3tom nopsaka 420 Thic.
C/lyyaeB 3aKaHuMBaeTCA NeTanbHbIM UcxofoM. HanbonbLuyto
0MacHOCTb 181 30,0p0OBbs HAaCeNIEHNUS NPeACTaBNSAT TOKCUHBI
MPUPOLHOr0 MPOMCXOXAEHNUS U BELLECTBA, 3arpA3HAIOLIME
OKpYaloLLyto cpedy. XvMudeckoe 3arpssHenue [T mMoxert
NPUBOAMTL K OCTPOMY OTPaBIEHUI0 UM Pa3BUTUIO XPOHUYeE-
CKux 3abonesannid? [3].

Pe3ynbTaThl pa3nuyHbIX UCCNEA0BaHUN CBUAETENLCTBYHOT
0 TOM, YTO JaXKe Mpu COAEPKAHUM XUMUYECKUX 3arpsi3Hu-
Teneit B [Nl Ha ypoBHe HUKe MpefenbHO AOMYCTUMBIX 03
M KOHLIEHTpaLuK, CyLLecTBYeT BEpPOATHOCTb (GOpPMMPOBaHMS
HenpWeMNeMoro pucka s 3L,0poBbsA HaceneHus. TaK, HeKo-
TOpble COeIMHEHNS METANIOB, Haunbosiee pacnpocTpaHEHHbIe
B OKpYJKaloLLEeN cpefie, NpW ANUTENbHOM BO3ENCTBUM B He-
BonbLuMx [o3ax cnocobHbl akkyMynupoBaTbes Kak B [1C, Tak
W B OpraHU3Me YesioBEKa, OKa3sbiBasi TOKCMYECKOE BO3feN-
CTBME Ha Pa3nnyHbIE OpraHbl U cucTeMbl [4—6]. XpoHudeckoe
BO3[,eMCTBUE MUKOTOKCMHOB aCCOLMMPYETCA C HapyLIEHUAM
QYHKLUMOHMPOBAHWS MMMYHHOW CUCTEMbI U OTKIIOHEHUSMM
B HOpMaslbHOM pa3BuTUM opraHusMa [/-9]. OctatouHoe co-
Aepxanue nectuumaos B [N npefcTaBnseT puck BO3HUKHO-
BEHWS HEBPOJIOrMYECKMX, FeNaTOTOKCUMYECKUX, 3HLOKPUHHbIX
W Lpyrux NaTtonormyeckux nameHenun [10-12].

OueHKa puUcKa ABNAETCA KOHLIENTYanbHOW OCHOBOW, KO-
TOpas B KOHTEKCTe C xuMuyeckoi 6esonacHoctbio M1 obe-
CreyMBaeT MexaHu3M CTPYKTypupoBaHHoro cbopa u aHanm-
3a MHdOpMaLmMM 0 NpUHLMNAX BO3HUKHOBEHWUS! U Pa3BUTUS
bonesHen NMLLEBOrO MPOMUCXOXKAEHMSA, crocobcTByeT mno-
CNef0BaTeNlbHOMY, Hay4Ho 060CHOBaHHOMY M ynopspo-
YEHHOMY MPUHATUI0 pelleHuid B obnactn besonacHocTu MM
[13]. B PO MeTomonoruio aHanusa pucka Anst 340p0OBbA Ha-
CEeJIeHNs TaKKe PacCMaTPMBAOT KaK OfMH U3 MHCTPYMEHTOB

! Yia3 [Mpeamaenta Poccuiickoit Oenepauym ot 21 ausaps 2020 . Ne 20

«06 yTBEpXAEHUM [JoKTPUHBI NPO0BONLCTBEHHOM be3onacHocTu Poc-
cuiickoir ®epepaummn». PexmM pgoctyna: https://internet.garant.ru/#/
document/73438425/ [1ata obpatuenus: 09.03.2024.

Be3sonacHoctb nuLLeBbIX MpoayKToB; [oKono 4 cTpanuL. B: BcemupHas
OpraHu3aums 3apaBooxpaHeHus [uHTepHeT]. XeHesa: BcemupHas opra-
HW3auws 3paBooxpaHenus, 2024—2024. Pexxum foctyna: https://www.
who.int/ru/news-room/fact-sheets/detail/food-safety [lata obpatue-
Hus: 15.03.2024.
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060cHOBaHWA rurMeHnYeckux Kputepues besonacHoctu MM
[14=171]. Mpwu 3TOM BONPOCHI HAarpy3KW pa3aM4HbIMA KOHTaMU-
HaHTamu, noctynatwowmmu c M, u ux BiMsHWe Ha 300pOBbE
HaceNleHUs! Ha pervoHasnbHbIX YPOBHAX SABMIAKTCA Manon3y-
YEHHbIMW W NPeACTaBNAT HAYYHBINA MHTEpEC, a TaKKe UMeloT
MPaKTUYeCKy 3HauMMocTb [18-20].

Llenb

OueHKa HeKaHLieporeHHOr0 pucKa Ans 3[0pOoBbsA Hacene-
Hua Pecnybnnkmn TatapcraH, cBA3aHHOr0 ¢ 3arpsisHeHneM [1C
u MM XMMUYECKUMN BELLECTBAMM, C YYETOM PErMOHaNbHbIX
(haKTOpOB IKCMO3ULMM.

METObI

PacyéT cyTouHbIX [,03 3arpsA3HSAIOWMX XMMUYECKUX Be-
wects (3B) 1 oLeHKY pUCKa 3[,0pOBbH0 HACENEHNS OCYLLECT-
BNSNIM B COOTBETCTBMM C PYKOBOACTBOM MO OLIEHKE puUCKa
LN 30,0p0BbS HAaCeNeHUs NPY BO3AEHCTBUN XMMUYECKUX Be-
LLIeCTB, 3arpAsHAIOWMX cpedy obutanns (P 2.1.10.3968-23)°.
Pacuétbl npoBoaunu ans KoHueHtpauuii 3B B M1C v TN
Ha ypoBHe MeamaHbl (Me) u 90-ro npouentuns (P 90). MC
u MMM knaccuduumMpoBaHbl NO CNeayOLWUM rpynnaM:

+ MSCO M MACONPOAYKTLI;

« pblba 1 pbibonpoayKThl;

* MOJIOKO W MOJIOYHbIE MPOAYKTHI;

+ xneb n xnebobynouHble n3aenus;

* caxap W KOHAMTEPCKUE U3Lenus;

 0BOLLYM M baxyeBble (UCKOYasA KapTodenb);

 KapTtodens;

*  QpyKTbI U Aroal;

* pacTuTeNbHble Macngy;

+ fAdua.

Ha atane mpeHTMMKaLMM 0NacHOCTU NpOBeLEH aHa-
N3 JLaHHBIX 0 3arpA3HAIOLLMX BELLECTBAX, MPUCYTCTBYIOLLMX
B 1C n M. Ha ocHoBe 3Toro aHanu3a chopMMpoBaH nepe-
YeHb MPUOPUTETHBIX XMMUYECKUX COEAMHEHUIA ANS OLEHKMU
PUCKa pasBMTMA HeKaHLeporeHHblx addekTos. B uccne-
[0BaHWM UCMOJb30BaHbl pe3ysbTaThl JJabopaToOpHOro KoH-
Tpons, nposeféHHoro B 2008-2022 rr., ucnbiTaTeNbHbIM
ueHTpoM ®BY3 «LleHTp rurueHbl U anuaemuonorum B Pe-
cnybnuke TatapctaH (TaTapctaH)». lpu aHanuse paccMa-
TpuBanu 23 npuoputeTHbix 3B (13 6onee yeM 130 BrisBNEH-
HbIX), 0TOOpaHHBIX MO KPUTEPUAM 3HAUMMOCTW M YacToThl
BbIfBNEHMs. OnpefeneHne cofiepaHus 3TUX BELLECTB Npo-
Boaunu B obpasuax [1C u MM, peanu3yeMbix Ha TeppUTopun
Pecnybnuku TaTapcTaH, Kak MeCTHOro, Tak U HEMECTHOrO
NpoM3BOACTBA.

% PyKoBOACTBO MO OLEHKE PUCKA [NA  3[0POBbA  HaceseHus
Mpy BO3AENCTBMM XMMUYECKWX BELLECTB, 3arpssHsaioLMX cpedy 06u-
TaHua. P 2.1.10.3968-23 (yTB. PykoBogutenem QenepanbHoii cyxbel
Mo Haa3opy B chepe 3aluThl Npas notpebuteneit 1 brarononyums ye-
NI0BeKa, [MaBHbIM rOCYAApCTBEHHBIM CaHUTApHBIM BpadioM Poccuiickoit
®epnepauym Monosoit A 0. 6 certabpa 2023 r.). Pexxum goctyna: https://
internet.garant.ru/#/document/408644981/ [lata obpatuenus: 09.03.2024.
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Kputepun otbopa XMMHYeckux BeLLecTB B CMUCOK Mpu-
OpUTETHBIX ANS NOCNeAYIOLLero aHanm3a, a TakiKe ycnoBus
UCKITKOYEHUS MIPUMEHSNW B COOTBETCTBUM C PEKOMeH[aLu-
AMM, n3noxeHHsIMM B P 2.1.10.3968-23%. B cnmcok npm-
OpUTETHBIX [J1A OLEHKU PUCKA Pa3BUTUA XPOHWUYECKMX He-
KaHLeporeHHbIX 3QheKTOB BOLLAM Crefyloline BeLLeCTBa,
coaepxatumecs B [1C n MNMN: a-rekcaxnoumknorekcad (XU,
B-IXUr, 6asyaumH, 6ens(a)nmpeH, rentaxnop, AeOKCUHMBA-
neHon, auxnopaudeHuntpuxnopmetunmetad (LAT) v ero
MeTabonuTbl, ene3o, Kagmuid, y-TXLIIN, Meap, MblLWbAK, Ha-
TpuiA GTOPUA, HATPUIA XNOPUT, HUTPATLI, HUTPUTBI, NPON3-
BOAHble 2,4-[1 KUCNOTHI, PTYTh, CBMHEL, docdammua, dTop,
LMHK, LMNEPMETPUH.

Ha 3Tane oueHKu 3aBucMocTu A03a—30deKT npoaHanu-
3MpoBaHbl CBEJEHUA 0 NapaMeTpax HeKaHLeporeHHoM onac-
HOCTM (pedepeHTHbIe J03bl, KPUTUYECKME OPraHbl U CUCTEMBI
NPU XPOHUYECKOM BO3eicTBuM). pn OLEHKE 3KCNO3ULMM
npoBefiéH aHanu3 (HaKTUYECKUX MULLEBLIX MPUBbIYEK MU-
TaHua Hacenenus Pecnybnuku TatapcTaH, 4To Mo3BOAMIO
YCTaHOBUTb pa3iuuyHble BapuaHTbl BO3AEWCTBUA 3arpss-
HALWMX BeLlecTB. Bcero paccMoTpeHo WeCTb CLeHapueB
(puc. 1). UCTOYHMKOM [aHHbIX N0 00C/e10BaHMI0 Ol0KETOB
AoMaluHux xossicte (OBX[) 6bina oduumanbHas uHdop-
Maums TepputopuanbHoro opraHa ®epepanbHoii cnyob
rocyaapCTBEHHOW CTaTUCTMKM no Pecnybnuke TaTapcraH.
B pacuérax ucnonb3oBanu cBefeHus, cobpaHHble 3a nepu-
of, 2018-2022 rr. ®aKkTM4ecKoe KoMYecTBO NOTPebNSEMbIX
HaceneHueM Pecnybnuku TatapcTaH [ onpefensnm Ha oc-
HOBE aHann3a 4acToTbl NOTPebNeHNs MWLM € UCMOMb30Ba-
HWeM CTaH[LapTM3MpOBaHHOr0 onpocHuKa A.H. MapTuHunka
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u coasr. [21], nocne nonyyeHus OT pecnoHAEeHTOB UHOp-
MMPOBaHHOTO cornacusa (MpoTOKON McCnefoBaHus 0A0bpeH
3TMYeCKUM KoMuTeToM KasaHcKoro rocyfapcTBeHHOro Me-
AMUMHCKOro yHuBepcuTeTa, (mpotokon N2 1 ot 23.11.2021).
06Luee KoMMYECTBO pecnoHAeHTOB cocTaBuno 471 yenosek
B Bo3pacTe crapiue 18 ner.

[Ins oLeHKM 3KCMO3ULMOHHOM Harpy3Ky U YPOBHEN pUCKa
B Pa3/IMYHbIX CLEHapUAX MCMONb30BaHbl aHHbIE 0 NOTpe-
6nenmn MM Hacenennem Pecnybnuku TatapctaH (tabn. 1).
Mpu pacuéte no faHHbIM OBIX (V u VI cueHapui) ncnonb3o-
BaJIM CTaHLAPTHbIE 3HAaYeHWs Macchl Tenia yenoseka (70 Kr),
TOrga Kak NS CLEHapWeB, YYMTBIBAKOLLMX PErMOHasbHbIE
(akTopbl 3kcnouuuy (I-1VcueHapum), NPUMEHSNN MemaH-
HOEe 3HayYeHMe Macchl Tesla PecnoHLeHToB — 64 Kr. B Tabn. 2
npenCcTaBNeHO KONMYECTBO UCCNeA0BaHHbIX NPob no rpynnam
MM 1 conepaHne B HUX OCHOBHbIX 3arpA3HSAIOLLMX BELLECTB
Ha yposHe Me u P 90.

PacyéT aKcno3numm HaceneHue KOHTaMMHaHTaMy, Coaep-
wawwmmucsa B MM, ocywwiecTBnanm no cnefyioei Gopmyre:
_ ZiL, (CixMy) )

BW

roe Exp — 3HaueHMe 3KCMOo3ULMM KOHTAMUHAHTOM, MUIIN-
rpaMM Ha KunorpamMM Macchl Tena B CyTKU/Hepento/MecsL;
C; — copiepaHue KOHTaMWHaHTa B i-M MpOAYKTe, MI/KT;
M; — notpebneHue j-ro npopyKra, Kr/cyT (Kr/Hep., Kr/roa);
BW — Macca Tena 4yenoBeka, Kr (CTaHAapTHOe 3HayeHne —
70 kr); N — obLuee KonM4ecTBO NPOAYKTOB, BKIHYEHHbIX
B MCC/efJ0BaHMe.

Brnagp M B 0bLiee 3Ha4eHUe 3KCMO3MLMM KOHTAMWUHAH-
TOM paccuuTbiBanu no dopmyre:

Exp

PervoHanbHble haKTopbl 3KCMO3ULUK
(MHaMBMAYanbHoe noTpebnexue
MULLEBbIX NPOLYKTOB)

06cnepoBaHue 610[)KETOB AOMALUHUX XO3SKACTB
(cpepHee notpebeHWe NULLEBLIX NPOAYKTOB)

| cueHapwii (P 50 notpebneHuns nuweBbIx
MPOLYKTOB U COAEPIKaHWUA 3arpAHAIOLLMX BELLECTB
B NPOAOBOJSILCTBEHHOM CbIpbe U MULLEBBIX
NpoLyKTax)

Y

V cueHapum (P 50 copepxanus
3arpASHAIOLLMX BELLECTB B PasfMYHbIX FPynnax npo- |«
LOBOJILCTBEHHOTO ChIpbAl ¥ MULLEBLIX MPOLYKTOB)

Il cueHapwmii (P 50 noTpebneHns nuLLEBbIX
npoaykToB v P 90 conepkaHns 3arpsasHsIoLLMX
BELLECTB B NPO/J0BOJIbCTBEHHOM CbIpbe
Y MULLEBbIX MPOAYKTax)

Y

VI cuenapwuii (P 90 copepaHua 3arpasHAOLLMX
BELLECTB B PasfMYHbIX Fpynnax npoLoBObCTBEHHO- |«
r0 Cbipbsi ¥ NMULLEBBIX NPOLYKTOB)

Il cueHapuin (P 90 noTpebneHus nuLLeBbIX
npoayktoB v P 50 copepikaHmsa 3arpa3HAOLLMX
BELLECTB B NPOJ0BOJIbCTBEHHOM ChIpbe
Y MULLEBbIX NPOAYKTaX

Y

IV cueHapuin (P 90 notpebnenns nuLieBbIx
MPOAYKTOB U COLEPXHAHUA 3arps3HSIOLLNX BeLLECTB
B NPO/JOBOSICTBEHHOM Chipbe U MULLEBbIX MPOLYKTaX

Y

Puc. 1. CueHapun 3Kcnosuumu, ucnonb3yeMble Npu oLieHKe pucka: Me — meauaHa; P 90 — 90-i npoueHTUnb.
Fig. 1. Exposure scenarios used for risk assessment: Me, median; Pso, 90th percentile.

00I: https://doiorg/1017816/humecob29338
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Ta6nuua 1. Konuuectso nuLeBbIx NpoAyKToB, noTpebnsieMoe HaceneHueM Pecnybnnky TaTapcTaH, Kr/neHb

Table 1. Daily consumption of food products by the population of the Republic of Tatarstan, kg/day

WNHameuayansbHoe daktuyeckoe notpebnexme

0B[IX, 95% noBepuTenbHas rpaHuLa

MnLweBkle NpoayKTbI ™ =90 CpeqIHero sHadeHns
M#sco v MACONPOAYKTbI 0,10 0,25 0,22
Pbiba 1 pblbonpoayKTl 0,01 0,03 0,05
Mos10K0 1 MONOYHbIE MPOLYKTHI 0,18 0,52 0,79
Xneb 1 xnebobynoyHsle n3penms 0,27 0,62 0,28
Caxap 1 KoHauMTepCKWe n3genus 0,04 0,11 0,09
OBoLLy 1 baxyeBble (MCKIOYas KapTodenb) 0,29 0,85 0,29
KapTodens 0,04 0,16 0,25
OpyKTbl 1 Aroakl 0,21 0,63 0,23
PactutenbHble Macna 0,01 0,03 0,02
Anua 0,01 0,03 0,04

[Mpumeyarue. OBJX — obcnenosaHue bIOLKETOB OMALLHMX X035UCTB; Me — MeamaHa; P 90 — 90-i npoLeHNb.

121 G
rae Contr,— BKaA i-ro npoAyKTa B oblLuee 3HaueHWe IKcno-
3uumu; C;— copiepixaHne KOHTaMUHaHTa B MPOAYKTe i, Mr/KT;
M; — noTpebnenne npopykta i, Kr/cyT (Kr/Hep., Kr/rop);
N — obuiee KoM4eCTBO NPOAYKTOB, BKIIOYEHHBIX B UCCHe-
LO0BaHMe.

Ha nocnepHeM atane BbINoHeHbI pacyéThl KO3hdULMeH-
Ta onacHoctv (HQ) ons aHanu3a pucKa pasBUTUSA HeKaHLe-
poreHHbIX 3 QEKTOB 0T BO3LEWCTBUA OTAENbHbIX 3B, a TaK-
e uHaeKca onacHocTh (HI) Ans oueHKW HeKaHLeporeHHoro
pUCKa NpW UX OLHOBPEMEHHOM MOCTYMNIEHUN, NPELCTaB/EHa
XapaKTepUCTUKa YCTaHOBJEHHbIX puckaoB. KoadduumeHt
0MacHOCTM paccyMTbIBaNM Mo hopmyne:

o AD
%= RpD;

roe HQ — ko3 duumeHT onacHOCTU BO3eMCTBUS BELLECTBA /;

AD; — noTeHUManbHas A03a NOCTYM/IEHNA BELLIECTBA J, MI/KT;

RfD; — 6e30onacHbii ypoBeHb BO3[ECTBIUA BELLECTBA /, MI/KT.
WNHLEeKCbl 0NacHOCTW paccymTbiBanIM No Gopmye:

HI, = $HQ, ()

rae Hl, — vHAeKc 0nacHoCTM pa3BUTUS HapyLLeHNs GYHKLMIA

KPUTMYeCKUX opraHoB U cucteM k; HQ, — KoadduumeHTs

OMacHOCTH; A1S1 OTAENbHBIX KOMMOHEHTOB j CMECU BELLECTB,

BO3/EMCTBYIOLLMX HA KPUTMYECKME OPraHbl U CUCTEMBI K.
Puck oueHnBanm Kak:

MuHMManbHbii — nipu HA <0,1 u HI <1,0;

AonyctuMblid (npuemnemsii)) — npu HQ o1 0,11 no 1,0

uHl ot 1,1 o 3,0;

HacTopaxumsatowmin — npu HQ ot 1,1 go 3,0 m HI ot

3,1 0o 6,0;

Bbicokuin — npu HQ >3,0 u HI >6,0.

x 100%, v

Contr; = <M
i

&)

D0I: https://doiorg/10.17816/humeco629338

PacuyéTbl npoBoAMAM € MCNONb30BaHWEM NporpaMmbl Mi-
crosoft Office Excel” (Microsoft, CoeauHéHHble LLTatbl Ame-
PUKK).

PE3YJIbTATbI

CpaBHWTENbHBIN aHaNN3 CPeHecYTOYHbIX 403 MpU Mo-
ctynniedmn 3B ¢ M1C w MM nokasan, 4to npu coaepxaHum
UX Ha ypoBHe Me Haubonbluas [030Bas Harpy3ka no 6onb-
wuHcTBy 3B otMeueHa npu Il cueHapum (3a MCKNOYEHU-
eM a- u B-FXUI, Kenesa, MbllwbAKa, HaTpua dTopuaa,
¢Topa). lpn KOHLEHTPALMAX XMMUYECKWUX BeLLecTB, CO-
oteeTcTBYyloWMX P 90, MaKkcuManbHble Harpysk, Kak npa-
Buno, gopmupytotca npu IV cueHapum (3a UCKIKOYEHUEM
beH3(a)nupeHa, enesa, ¢propuaa Hatpus v ropa). [na dpro-
puaa Hatpus, GTopa M Kenesa Haubonbluve 3Ha4eHus 3a-
GuKcnpoBaHbl npu VI cueHapuy, Toraa Kak ans o- u B-TXUr,
a TaKkXKe Mbllbska — npu IV cueHapum (Tabn. 3).

Bo Bcex MoaenmpyeMbix CLEHapUAX OCHOBHBIM UCTOYHM-
KOM nocTynneHus aeokcuHusaneHona (100%) sensiotca xneb
1 xnebobynoyHsle usnenus. Gropug Hatpus u drop (100%),
a TaKke ene3o (94,8-99,0%) nocTynaioT NpeuMyLLeCTBEHHO
C MOJIOKOM U MOJI04HbIMKM ipoayKTamu. Hutputbl (100%) —
C MACOM M Maconpofyktamu. OCHOBHBIMW MYTAMM MOCTY-
nnexus 6asypuHa (100%) u umnepmetpuHa (50,0-88,3%)
CIy)KaT OBOLM M DaxueBble (33 MCKIIKOYEHWEM KapTodens).
BKnagn B cyMMapHylo 3KCmosuumio xnoputa Hatpus obecne-
YMBAIOT NPEUMYLLIECTBEHHO 0BOLLYM U baxyeBble (33,2-60,7%)
U MsiCHble NpoAyKThI (24,0-55,0%). [lna HUTPaTOB OCHOBHBLIM
WCTOYHMKOM MOCTYMNIEHUS BbICTYMAOT 0BOWM M Haxyesble
KynbTypbl (29,9-75,7%), Ha ponto xnebobynoyHbIX M3genmin
npuxogutcs 9,7-20,3%, a B V u VI cueHapuax 3HauuTenb-
Hbli BKNaA BHocuT KapTtodenb (18,3-35,2%). CymmapHas
[03a Kagmua B cueHapusx -1V ¢popmupyetca B 0CHOBHOM
3a CYéT notpebneHna xneba u xnebobynouHblx M3penun
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(19,1-32,3%), oBoweit 1 baxyeBbix (17,3-26%), a Takxe
dpyktoB 1 arog (12,6—19,3%). B cueHapusax V u VI Beay-
LUMM MCTOYHUKOM KaIMUSI CTAHOBSITCS MOJIOYHbIE MPOAYKTbI
(24-34,9%) v xnebobynouHbiMu uzgenuamm (12,7-17,5%).
OcHOBHO BK/Taj, B CyMMapHyI0 103y MbllUbsKa 0becneymBa-
€T MOJIOKO M MOJIo4Hble NpoayKTbl (9,7-65,1%), MsAco U Ma-
conpoaykTbl (19,5-27,9%), a Takke xneb u xnebobynoyHble
usnenua (7,2-20,5%). [ononHutenbHo, B cueHapusx I, 1V,
VI, 3HauMMbIii BKNaf BHOCUT Caxap M KOHOUTEPCKUE U3AeNNA
(14-15,7%). [Ins pTyTM OCHOBHLIMU UCTOYHWUKAMM SIBNSIOTCS
xnebobynouHble nsnenus (27,4—48,7%) n MACHbIe NPOAYKTLI
(14-29,9%). B cuenapmsx Il, IV, VI — dpykTbl v srogpi (18,1-
28,9%). CeuHew, nocTynaet ¢ xneboM u xnebobynoyHbIMM n3-
penvamu (20,0-37,2%), oBowamu 1 baxuesbimMu (9,1-26,5%),
MOJI0YHbIMK NpoAyKTamu (8,6—28,2%) u msacom (10,0-15,4%).
Bknag B cymMMapHyl [03y MeaM 3aBMCMT OT CLeHapus:
B cueHapusx |, Ill v V goMUHMpYIOT MACO U MSACONPOAYKTHI
(50,5-58,7%); B cueHapusx ll, IV — xnebobynoyHble usgenms

T.32,Ne 3, 2025

JKoNorna HenoBeka

(43,8-49,5%) v oBowwm ¢ baxyeBbiMm (20,9-23,6%); B cLieHa-
pum VI ocHoBHYIO flonto 0becneynBaloT MOIOYHbIE MPOAYKTHI
(37,2%) v xneb (30,2%). CymmapHas [o3a UMHKa Npu BCeX
CLieHapusIX BO3LeNCTBUA (HOPMUPYETCA B OCHOBHOM 3a CYET
notpebnenus xneba u xnebobynouHbix u3nenui (22,4—65,6%).
CyLLieCTBEHHbIV BKNAA TaKKe BHOCAT MOJIOYHbIE MPOAYKTHI
(10,5-35,1%) v oBowy ¢ BaxyeBbIMM (33 UCKIIOYEHUEM Kap-
Todens) (8,8-33,4%). B cueHapmsax |, lll, V ocHoBHbIMK mcC-
TOYHMKaMK 6eH3(a)nnpeHa BLICTYNaloT MACO U MACONPOAYK-
Tl (47,1-53,3%), a TakKe caxap M KOHAMTEPCKUE M3aenus
(40,7-41,5%). B cuenapusx Il, IV, VI npeobnagatowee 3Have-
HWe UMEKT MoJouYHble NpofyKThl (51,7-65,8%), B MeHbLLel
cTeneHn — KoHgutepckue mspenus (21,4-31,8%). Mocty-
nneHue NPou3BOAHbIX 2,4-[] KUCNOTLI PErUCTPUPYIOT TOMBKO
npu cueHapusx I, 1V, VI (npu copepxaHum Ha ypoeHe P 90),
MpU 3TOM OCHOBHaA AO0NA MPUXOAMUTCS Ha MSICHYK MPOLYK-
umio (40,3-45,8%), mMonoko (19,4-36,4%), a Takxke oBoLM
u baxyesble (5,9-17,3%). Ona docdamupa B cueHapumsx |,

Ta6nuua 3. CpeaHecyTouHas 03a BELLECTB, 3arPA3HSIIOLLMX NULLEBbIE NPOAYKTbI, MI/KT B CyT

Table 3. Average daily dose of food contaminants, mg/kg/day

CueHapuit aKcnosuumu

XuMmnueckue BelecTa

| I Il v v Vi
o-TeKcaxsIopUMKIIorexcaH 2,2x107° 6,9x107 8,1x107 1,9x1073 1,0x107 1,1x1073
B-TeKcaxnopumKIIorexcan 1,9x107 55107 8,5x107 1,5%x1073 1,110 9,.8x10*
basyauH — 1,910 — 5,6x107* — 1,5%x10™
Ben3(a)mmpeH 1,5x107 2,0x10°¢ 4,1x107 57x107 3,3x107 6,4x107
['enTaxsnop 13x10™ 15x10 3,5x107* 4,3x10* 2,2x107* 3,0x10*
[leokcrHmBaneHon 4,2x10* 4,2x10* 9,8x10 9,8x10* 4,1x10* 4,1x10*
JAT u ero MeTabonuTsl 3,4x107° 3,7x107 1,0x107 1,1x1073 6,6x107 6,9x10™
Heneso (Fe) 22107 0,011 0,007 0,031 0,009 0,042
Kagmui (Cd) 1,3x10°° 1,8x107 3,6x10° 5,1x10™ 2,4x10° 3,2x10™
y-TeKcaxnopumKnorekcan 94107 3,5%10™ 27x10° 9,9x10° 23x10° 6,8x107*
Megp (Cu) 2,3x10°73 0,016 0,006 0,041 0,004 0,025
MbiLLbsaK (As) 1,4x107 2,5x107* 3,8x10°° 6,5%107 4,0x107° 4,9x10*
Hatpuin dropua 6,8x1073 0,007 0,02 0,022 0,028 0,03
Hatpwit xnoput 6,5x1073 0,014 0,019 0,042 0,009 0,021
Hutparsl 0,617 3138 1,796 9,122 0,857 3,489
Hutputhl 8,1x1073 0,055 0,019 0,131 0,016 0,109
Mpou3soaHble 2,4-[ K1CnoThl — 2,8x107 — 7,7x107% — 6,2x10
Prytb (Hg) 4,3x107¢ 3,8x10°° 1,1x10 1,0x10™ 75%107 5,6x107
Caurey, (Pb) 2,3x10* 1,3x1073 6,1x107* 3,5x107 4,0x107 2,1x10°%
®ochammnp 3,1x10°° 1,2x107° 9.3x10°° 3,0x1073 4,0x10°° 15x10°%
Orop (F) 3,6x107° 7,2x10°3 0,011 0,021 0,015 0,029
UuHk (Zn) 0,013 0,075 0,035 0,193 0,021 0,108
LinnepmeTpuH 2,5x10°° 2,8x10°° 7,9x10°° 9,1x10°° 371078 55x10°°

pumeyarue. JT — gnxnopamdeHnTprUXIoOpMETUIMETaH.

D0I: https://doiorg/10.17816/humeco629338
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lll, V Haubonblumin BKNap obecneunBaloT GpyKTbl U AroAbl
(63,9-79,9%), Torna kak B cueHapusix I, IV, VI — xneb
un xnebobynouHble usgenua (65,0-81,7%). CymmapHas po3a
a-IXUI B cueHapmsx |, 1ll, V npeumyluectBeHHo obycnoene-
Ha nocTynneHueM c kaptodeneM (68,5-91,7%). B cuenapusx
I, IV, VI ocHoBHOW BKNag BHOCAT xnebobynoyHble n3penus
(18,9-30,5%), mMonounble npoayktbl (10,0-25,9%), oBowwm
1 baxyeBble (3a McKoueHueM KapTtodens) (13,4-26,1%)
n dpykTbl ¢ aropamu (11,4-18,8%). Ins B-TXUI B cueHa-
pusx |, lll, V 0CHOBHbIMM UCTOYHUKAMU ABNIAKOTCS KapTodesb
(72,4-82,7%) v poibHble npoaykTel (17,3-27,6%). B cueHa-
pusax ll, IV, VI pacnpenenenue BKlaga CMeELLEHO B CTOPOHY
xneba u xnebobynounbix usgenuii (21,1-38,1%), Mornoka
1 MonoyHoi npogykumm (12,5-28,9%), oBoLueii u baxueBbIx
(9,4-22,6%), a TakxKe MsacHon npoaykumm (13,1-16,3%).
®opmupoBaHKe cyMMapHoii fosbl y-TXLI npoucxoaut npe-
MMYLLECTBEHHO 3a CYET MOJIOKA M MOJIOYHBIX MPOAYKTOB
(15,5-49,9%), oBoLLei 1 HaxyeBbIx KyNbTYp (3@ UCKITOYEHNEM
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KapTodens) (8,1-31,6%), a Takke xnebobynoyHbIX U3penui
(9,1-29,5%). OcHoBHble ucToyHuKM AT 1 ero MeTabonmToB —
MOJOKO M MONIOYHbIE MpoayKThl (18,7-42,5%), oBowum v bax-
uesble (13,2-33,3%), a Takcke bpyKTbl W Aroasl (12,2-24,7%).
B cueHapuax |-V Hambonblwmin BKNag B 4030BYI0 HarpysKy
rentaxsiopa obecneunBarT xneb u xnebobynouyHbie m3ge-
nma (19,3-28,2%), ool 1 baxyesble (21,2-26,3%), a TaKk-
Xe ¢pykTbl ¢ sropgamu (15,5-19,5%). B cueHapusx V u VI
BEAYLUMMM UCTOYHWUKAMM BbICTYNAOT MOJIOYHbIE MPOLYKTHI
(26,1-35,2%), kaptodenb (11,4-30,2%) n xnebobynouHble
uspenus (12,8-13,6%).

AHann3 XpoHWYEeCKOro HeKaHLEepOreHHOro AencTBus
NPUOPUTETHBIX BeLLECTB, 3arpsasHatowwmx M1, Ha ocHoBaHMK
npoBeaéHHbIX pacyéToB (HQ), nokasan, yto ana cueHapus |
3HayeHus HQ ons Bcex BELLECTB HAXOATCA Ha AONYCTUMOM
ypoBHe (1abn. 4). MNpu 3TOM ycTaHOBNEHO, YTO 3KCMO3ULMSA
0asyanMHOM 1 Npou3BoAHbIMU 2,4-]1 KUCNOTLI OTCYTCTBYET,
a 3Hauenus HQ gns 6ens(a)nupena, LAT v ero MeTabonuTos,

Tabnuua 4. KoadduumeHT onacHOCTV XMMUYECKUX BELLECTB B 3aBUCUMOCTY OT CLIEHApMS SKCMO3WLIMM
Table 4. Hazard quotients of chemical substances according to exposure scenarios

XuMuueckve BellecTsa Cuenapi
I I I v v Vi
0- eKcaxnopLMKIoreKcaH 0,004 0,14 0,02 0,38 0,02 0,22
B-T'excaxnopupmknorexcaH 0,04 1,1 0,17 2,94 0,22 1,95
basyauH 0 0,21 0 0,62 0 0,17
BeH3(a)nupeH 0,0003 0,004 0,002 0,01 0,001 0,01
[enTaxsop 0,25 0,3 0,71 0,85 0,45 0,61
[leoKcuHmBaneHon 0,42 0,42 0,98 0,98 0,41 0,41
JAT v ero MeTabonmThl 0,07 0,73 0,2 2,11 0,13 1,39
Heneso (Fe) 0,01 0,04 0,02 0,1 0,03 0,14
Kanmuit (Cd) 0,03 0,36 0,07 1,0 0,05 0,65
y-TexcaxnopuwknorekcaH 0,03 1,18 0,09 3,31 0,08 2,21
Megp (Cu) 0,12 0,81 0,31 2,14 0,22 1,31
MbiLLbsK (As) 0,05 0,83 0,13 2,16 0,13 1,62
Hatpuin ropua 0,14 0,15 0,4 0,43 0,55 0,60
Hatpuit xnoput 0,22 0,46 0,62 1,39 0,3 0,69
Hurpartbl 0,39 1,96 1,12 57 0,54 2,18
Hutputbl 0,08 0,55 0,18 1,31 0,16 1,0
Mpom3sogHble 2,4-L1 KucnoThl 0 0,03 0 0,08 0 0,06
PryTb (Hg) 0,01 0,13 0,04 0,34 0,02 0,19
CauHey, (Pb) 0,06 0,36 0,18 1,0 0,11 0,59
Oocdamug 0,16 5,89 0,46 14,77 0,2 7,28
Orop (F) 0,06 0,12 0,17 0,35 0,24 0,49
LHK (Zn) 0,04 0,25 0,12 0,64 0,07 0,36
LnnepmeTpuH 0,003 0,003 0,01 0,01 0,004 0,01

pumeyarue. LT — AnxnopanGeHUNTPUXNOPMETUIMETAH.
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wenesa, y-, a- u B-NXUl, KaaMmus, MbiwbsKa, HUTPUTOB,
UMHKa, PTYTW, CBMHUA, dTopa, UMMepMeTpuHa HaxoasTcs
Ha MMHMManbHOM (LenesoM) yposHe (HQ <0,1). Hambonblume
3HayeHmns HQ 3aduKcmpoBaHbl 4515 IeOKCMHUBANIEHONA U HU-
TpaToB (CM. Tabn. 4).

Bo Il cueHapum 3HaueHus HQ BapbMpylOT 0T MUHUMASb-
HbIX [Ans 6eH3(a)nupeHa, Kenesa, NPoM3BoAHbIX 2,4-]] Kuc-
J10Thl, LMNEPMETPUHA] [0 HACTOPaXKMBAIOLLMX (8151 HUTPATOB,
y- v B-IXUI), npu atoM ans dochammpa perucTpupyioT Bbl-
COKMI YpOBEHb pUCKa.

B Il cueHapumm akcno3svumsa 6a3yavHoOM 1 NpoN3BOAHBLIMH
2,4-]1 kucnoTbl He BbisiBNEHa, a 3HadeHns HQ ans Bcex npuo-
PUTETHBIX BELLECTB, KPOME HUTPATOB, HAXOAATCA Ha JONYCTU-
MoM ypoBHe. B cBoto ouepepp, 3HaueHune HQ ans Hutpatos
coctasmio 1,12, YTo OLIEHUNW KaK HAaCTOPAXMBAKLLMI PUCK.

B IV cueHapum 3HayeHns HQ BapbupytoT OT AOMYCTUMBIX
(ons [eokcuHuBaneHona, Hatpus ¢Topupa, ¢ropa, basy-
[VHa, TenTaxiopa, KaaMus, CBUHLA, UMHKa, pTyth, a-MXLM)
A0 HacTopaxuBatowwmx (ans B-TXUI, Mbiwbska, OOT u ero
MeTabonMToB, Mefy, HUTPUTOB, HAaTPUA XNOpUTa), NpU 3TOM
ansa docdamuaa, HuTpaToB u y-TXLLI perncTpupyioT BLICOKMIA
YpOBEHb pUCKa.

B V cueHapum skcnosuumsa 6asyamHoM M NPoM3BoAHBIMMI
2,4-[1 kucnoTbl He BbIABNEHA, a 3HaveHus HQ no BceM npu-
OpUTETHBLIM BELLECTBAM HaX0AATCA Ha AOMYCTUMOM YPOBHE.

B VI cuenapum 3Ha4eHmsa HQ BapbupytoT 0T MUHUMabHBIX
[ana 6eH3(a)nnpeHa, NPOM3BOAHLIX 2,4-[] KMCNOTLI, Lynep-
MeTpuHa] Ao HacTopaxuBalowwmx (ana y-IXUl, Hutpatos,
B-IXUI, Mblwbska, AT n ero MeTabonnToB, Meau, HUTpPU-
TOB), Npu 3TOM Ana Qochamupa perucTpupyoT BbICOKMIA
YpOBEHb pUCKa.

AHanu3 3HaueHuit Hl ons XMMUYecKux BeLLeCTB 0fHOHa-
npaeneHHoro geicteus npu cogepkadum 3B B M1 Ha ypoBHe
Me B cooTBeTCTBUM CO cLeHapuamu |, Il v V nokasan, uto puck
BO3HWKHOBEHWS! XPOHWYECKUX HEKaHLEepOoreHHblx adodex-
TOB CO CTOPOHbI Pa3fUYHbIX KPUTUYECKUX OpraHoB U CUCTEM
y B3pocnioro HaceneHus Pecnybnuku TaTapcraH ocTaércs
B npejenax MUHUMAaMbHOro M A0MycTUMOro auanasoHa. Co-
AepxaHue 3arpasHsowmx Bewwects B [ Ha yposHe P 90
(cueHapwu Il, IV u V1) dopMUpyeT NOBLILLEHHbIE PUCKM pas-
BUTUS HeBNaronpusaTHLIX 3PHEKTOB 418 HEKOTOPLIX OPraHoB
n cucteM. B cueHapum Il m IV oTMeYeH HacTOpaXuBatOLLMiA
YPOBEHb pUCKa AN1S CUCTEMbI KPOBHW, CBA3aHHBINA C MOCTY-
nneHneM HuTpatoB (Bknaa B HQ 61 1 54% cooTBeTCTBEHHO);
ansa neyenn (Bknag B HQ 50%) u noyek, obycnoBneHHbIl
npucytcreueM y-TXUI (Bknag B HQ 56 n 63% cootBeTcTBEH-
Ho). KpoMe Toro, 3aduKCHUpOBaH BbICOKUIA PUCK LISt HEpB-
HOW CMCTEMbI, CBSI3aHHBIN C cofepiaHueM dochammaa
(Bknap B HQ 79 n 74% cootBeTcTBeHHO). B IV cueHapum
(noBbiweHHoe notpebnenue M1, cogepKaimx XMMMYecKmue
BeLLeCTBa N0 BEPXHEMY YPOBHI0O KOHTaMUHALMM — «Hau-
XY[LWas CUTyaumus») YCTAHOBMEH HACTOPAXWBAIOLNUA PUCK
pasBUTMSA HeKaHLeporeHHblx 3GQeKToB Ans noyek, 06-
ycnoBneHHbI copepxanueM y-TXUl (Bknag B HQ 58%);
a TaKXe AN NpOLECCOB PoCTa U Pa3BUTUS, CBA3AHHBIN
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C NPUCYTCTBMEM MbILLbSIKA W XnopuTa HaTpus (BKnaa B HQ
44 v 25% coOTBETCTBEHHO). BbifBNIEH HacTOpaXMBalOLLMI
PUCK ANS PenpoAyKTUBHOW M 3HLOKPUHHOM cucTeM, 006-
ycnosnieHHbIn npucytcteueM B-TXUI (Bknag B HQ 75%),
a TaKe BbICOKWWA PUCK ANs KpoBu (HUTpaThl, BKNag B HQ
65%), neuenn (OAT v ero meTabonutos, y-NXUI — BKnaa
B HQ 31 1 48% cooTBeTCTBEHHO) M HEpBHOM cucTeMbI (doc-
¢damuaa, Bknag B HQ 78%). Puck Bo3aencTBMA Ha LieH-
TpanbHyl0 HEPBHYHD CUCTEMY, EYA04YHO-KMLLEYHBIA TPaKT,
CepAeYHO-COCYANCTYI0, UMMYHHYK0 U MbILIEYHYI) CUCTEMBI
Mpu BCEX paccMaTpUBaEeMbIX CLiEHapUAX BO3AENCTBUSA oLe-
HMBAETCA KaK MUHUMaSIbHBIA U [LONYCTUMBINA (Tabn. 5).

ObCYXEHUE

B npoBenéHHOM MccrnenoBaHMM [03bl, pacCyUMTaHHbIe
Ha ocHoBe OBJ[IX, no HeKoTopbIM BeluecTBaM [keneso, Ha-
Tpui Topua, dtop, beHs(a)nupeH, a- u B-MXLIT Bbiwe, yem
[03bl, paccyMTaHHble N0 MHAMBUAYaNbHOMY noTpebnenuio
Aaxe Ha yposHe P 90, 4to roBopuT 0 BEPOSATHOM NepeyyeTe
3KCMO3WLIMOHHOW HArpy3KU MO BbILIEYKA3aHHLIM BELLecTBaM
1 He[lOy4YETe NO ApYruM 3arpssHuTensM. lpu oueHKe pucka
pa3suTMa HebnaronpuaTtHbix 3G eKTOB, 00YCNOBIEHHbIX
copepxaHueM 3arpasHsiowmx Bewlects B [, ucnonb3yot
KaK CTaTUCTMYeCKMe [aHHble CpefHeAyLIeBOr0 OL0BOrO
notpebnenus MM, Tak U MHAMBMAYANBLHOMO CPeHEroA0Boro
noTpebneHns, nonyyeHHble B pesynbraTe OLEHKM daKTuye-
cKoro nuTanms. MocnegHuii noaxop 6onee TOYHO OTpaaeT
cTeneHb BJIUSIHUA aNMMEHTapHbIX KOHTAMUHAHTOB. MonyyeH-
Hble B Pa3fINyHbIX UCCIEJ0BaAHUAX Pe3yNbTaTbl CBULETENb-
CTBYHOT 0 TOM, UYTO KOHTaMMHaums M1 hopMUpyeT NoBbILLEH-
HbIE PUCKM 4151 3[,0pOBbS NOTPebUTENEN pasHbIX BO3PACTHBIX
W coumanbHbiX rpynn. Xummuyeckue daktopbl (NeCTULMADI,
HUTPATBI, TSXKENbIE METaNNbl M AP.) CO3LAT PUCKU BO3HUK-
HOBEHMA NaTONOrUiA NULLLEBAPUTESTLHOW, HEPBHOM, UMMYHHOM,
3H[,0KPUHHON cucTeM, Kposu 1 ap. [1, 24, 25]. YctaHoBneHo,
yTo Hanbonbluas BEpPOSTHOCTb Pa3BUTMS HebNaronpusATHbIX
3 EKTOB OT B/MAHUSA XMMUYECKUX BELLLECTB, 3arpA3HAIOLLMX
MNC u NN, cywectsyeT ans HepeHoii cuctemsl (HI o 18,89),
Kposu (HI go 9,71), neuenm (HI go 7,71), nouek (HI oo 5,71),
penpoLyKTUBHOM M 3HAOKPUHHON cucTteM (HI no 3,94). Mony-
UeHHble 3HaueHus AN cueHapusa IV, oTpaxalowero «Hau-
XYOLWYI CUTYauuio», SBASIOTCA CUTHaNoOM Ans nuu, npu-
HUMAIOLMX YNpaBNeHYecKue peLleHus o HeobxopumocTy
OpraHu3aumy Mep NpodUNaKTUKU C LeNblo MAHMMU3aLUK
BO3JEICTBUS aHHbIX (haKTOPOB PUCKA Ha 3[0pOBbe Hace-
NeHus pecnybnmky.

Ul'paHW-IEHVISI uccneposaHma

HeonpenenéHHoCcTM pe3ynbTaToB MPOBEAEHHON OLIEHKM
pWCKa CBA3aHbl C UCMOMb30BaHWEM B PacyéTax 3HaueHuii
CTaHAAPTHbIX (DAKTOPOB 3KCMO3ULMM, PE3YNbTaTOB COLMANb-
HO-TUrMeHnYeckoro MoHuTopuHra kadvectsa [1C n MM, Henon-
HOTOM MH(OPMaLMM 0 COLIEPXKaHNUN OCTATOYHbIX KONIMYECTB
NPUMEHSAEMbIX B CESIbCKOM XO3SINCTBE NECTULMOOB BBUAY
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Table 5. Distribution of target organs and systems by hazard index for substances with similar mechanisms of action

CueHapun
Kputueckue opraHbl u cucTeMbl

| Il I v v Vi
Kposb 0,99 3,57 2,58 9,71 1,29 4,6
MeyeHb 0,774 2,8 2,0 7,1 1,09 4,96
MouKm 049 2,12 1,18 571 0,56 2,98
LleHTpanbHas HepBHas cucTeMa 0,28 0,82 08 2,39 0,41 1,28
HepsHas cuctema 028 7,42 0,81 18,89 0.4 9,85
YKenyaouHo-KULIeYHbIN TpaKT 0,193 0,973 0,51 2,6 0,494 1,95
BnvsHue Ha npoueccsl pa3suTus 0,34 1,784 0,972 4,9 0,561 3,1
CepaeyHo-cocyamcTas cucteMa 0,05 0,83 0,13 2,16 0,13 1,62
PenpoayKktuBHas cuctema 0,1 1,96 0,35 3.94 0,33 2,54
JIHOOKPMHHAA cvcTeMa 0,1 1,96 0,35 3,94 0,33 2,54
AMMyHHas cuctema 0,04 0,25 0,12 0,64 0,07 0,36
MeiLLeyHas cucTema 0,14 0,15 0,4 0,43 0,55 0,60

TOr0, YTO KOHTPOJ/Ib HaNpaB/eH Ha NOMCK NpeK/e BCero rno-
BanbHbIX 3arpA3HUTENEN.

3AKJIOYEHUE

OueHKa puCKa pasBUTUS XPOHUYECKMX HEKAHLLEPOreHHbIX
3 deKToB Ha ocHoBaHMM HQ NPUOPUTETHBIX XMMUYECKMX BE-
wects, 3arpasHaowwmx MC n MM, nokasana, 4to 3HayeHus
HQ no BceM BelecTBaM Ans cueHapueB akcrnosvumm |, V,
a Taroke lll, 33 MCKNKOYEHWMEM HUTPATOB, He MPEBLILIAIOT A0-
nyctumblii ypoeeHb (HQ <1). 3HaueHnss HQ ons HekoTopbix
BELLECTB MO CLEHApUAM 3KCMO3WLMK, NPU PacyéTe KOTopbIX
yuuThiBanM cogepxaHue 3B B COOTBETCTBYHLIMX Fpynnax
MM Ha yposHe P 90, cBULETENBCTBYIOT 0 HACTOPAXMBAIOLLEM
ypoBHe pucka (- u y-MXUI, hutpatbl — cueHapwii II; B-IXL,
OOT n ero MeTabonuTbl, MeAb, MbILbSK, HAaTPUA XIOpPUT,
HUTpUTBI — cueHapwit IV; B-TXUI, OAT v ero MeTabonuthl,
y-IXUT, Mefib, MbILLbLAK, HUTPaTbl — cLeHapuii V), a Takxe
BbICOKOM ypoBHe (ochammng ana cueHapues |l, IV, VI, fo-
MoAHUTENBHO HUTpaThl M y-TXLI ans cuenapus V).

Pa3sBuTve HebnaronpuATHbIX HEKaHLEPOreHHbIX IddeK-
TOB 00YyCNIOBNEHO NpeuMyLLecTBeHHO 3arpssHeHneM [1C u 1N
docammaom (npu ynotpedneHnn xneba u xnebobynouHbIX
u3genuii, GpyKToB U AroA), HUTpaTamu (npu ynotpebneHun
oBoLLel ¢ baxyeBbiMK, xnieba M xnebobynoyHbIX U3aenun,
Kaptodens) u y-IXUI (npu ynotpebneHn MonoKa n Monoy-
HbIX MPOAYKTOB, Xneba u xnebobynouHbIX U3nenuii, oBoLLeil
n 6axueBbix). Hanbonee ys3BUMBbIMM, C TOUKM 3peHNs pas-
BUTUS 0BLLIETOKCMYECKMX 3Q(EKTOB OT BO3AENCTBUS XUMU-
YECKUX BELLECTB O[HOHANPaBIEHHOr0 AEMCTBUSA, 3arpss-
Hsowwx M1, ABNAOTCA KPOBETBOPHAA W HEPBHAA CUCTEMBI,
neyeHb, MOYKM, @ TaKIKE CUCTEMBI, YHaCTBYIOLLME B MpoLiec-
cax pocTa U pasBuTHs.

00I: https://doi.org/ 10

TakuM obpasoM, no pesynbTaTaM NPOBEAEHHOIO Uccne-
[0BaH1A YCTAHOB/EHO, YTO PACYET 3HAUYEHWI HEKAHLLepOreH-
HOrO pUCKa ANA 3[,0pPOBbS HACENEHUA OT BAMSHUA XUMUYe-
CKUX BeLecTs, noctynatowwmx c MM, ¢ y4ETOM perroHanbHbIX
(aKTOpOB 3KCNO3ULWK, ABNAETCA NPEANOYTUTENBHBIM B CPaB-
HeHuun ¢ OBIX. MonyyeHHble pe3ynbTaTbl BO3MOXHO MCMOSb-
30BaTb MECTHbIMM OpraHamu BNacTu npu paspaboTke Mepo-
NPUATUI N0 COBEPLLIEHCTBOBaHMIO cucTeMbl besonacHocTu M
1 NPOEKTOB YNPaBEHYECKWX PELLEHUA ONIS CHUKEHUS bpe-
MEHMW anMMeHTapHO-3aBUCUMbIX 3aboneBaHuiA y HaceneHus
Pecnybnuku TatapcTaH.

[0MOJIHUTE/IbHAA UHOOPMALIUA

Bknap aetopos. 0.A. ®ponosa — KOHLENUMS U AW3aiH MCCefoBaHms,
yyactie B 0BCYyXeHUM NonyyeHHbIX pe3ynbtatos; E.N. Bouapos — cbop
W cTatncTyeckas 06paboTka NepBuYHbIX AaHHBIX, HAaNMCaHWe TeKcTa py-
Konwmey; EA. TadeeBa — 0606LLeHWe MaTepuana, aHaima 1 obcyaeHve
pesynbTaToB, PefaKTMPOBaHWe TeKCTa pykonuck. Bce asTopsl 0fobpunm
pYKOMMChb (Bepcuio Ans NybaMKaLmm), a Takke COrNacunmcb HeCTU oTBeT-
CTBEHHOCTb 3a BCE acneKTbl paboTbl, rapaHTVpys Haanexallee paccMmoTpe-
HWe U peLLieHVie BOMPOCOB, CBA3aHHBIX C TOYHOCTHIO M A06POCOBECTHOCTBIO
noboi eé vactw.

ITuyeckas akcnepTusa. /ccnefoBaHue 0fobpeHO NOKambHBIM 3THYe-
CKUM KOMWTETOM Ka3aHCKOro rocyAapCTBEHHOM0 MeVILIMHCKOTO YHMBEPCH-
TeTa, (npotokon N° 1 o1 23.11.2021). Bce pecnoHaeHTsl nognvcany gopmy
MH(OPMMPOBAHHOrO A0BPOBOSILHOMO COrNacKs.

WUcTtounukmn dpuHancuposanusa. OTcyTCTBYHOT.

PackpbiThe MHTepecoB. ABTOPbLI 3asBAIOT 06 OTCYTCTBUM OTHOLLIEHWI, fie-
ATENLHOCTV W MHTEPecoB 3a NOCe[HNe TPU rOfia, CBA3aHHBIX C TPETb MM
MuaMM (KOMMEPYECKUMM 1 HEKOMMEPYECKVMM), MHTEPECH! KOTOPbIX MOTYT
BbITb 3aTPOHYTHI COLlEPXKAHMEM CTaTbU.

OpuruHanbHoCTb. [lpy CO3AaHMM HacToALLEl paboTel aBTOPLI He UCMOb-
30BaNn paHee onybaMKoBaHHbIe CBEAEHNA (TEKCT, MINIOCTPaLMK, iaHHbIe).
Hoctyn K paHHbIM. Bce faHHble, NonyyeHHble B HACTOSLLEM UCCIeA0Ba-
HWM, JOCTYMHbI B CTaTbe.
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OPUIMHATTIBHOE VICCIEOOBAHME

FeHepaTUBHbIA UCKYCCTBEHHbIA MHTENNEKT. [1py CO3LaHNN HACTOALLEN
CTaTbW TEXHOMOTMM TeHePaTMBHOMO WMCKYCCTBEHHOMO MHTENNEKTa He uc-
nonb3oBanu.

Paccmotpenue u peuensupoBanue. HactosLas pabota nofaHa B xyp-
Han B MHWLMATMBHOM MOPSLKE W PacCMOTPeHa Mo 0bbl4HOM NpoLenype.
B peLieH3vpoBaHMM y4acTBOBaM [1Ba BHELLHUX PELIEH3EHTa, YeH pefaK-
LIMOHHOW KONETWM W HayYHbIA peaaKTop U3AaHuS.
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B3aumocBa3b noTpebneHUs nuuLeBbIX NPOAYKTOB
YXUBOTHOrO NPOUCXOXKAEHUA U MUKPOOMOTDI
KMLLEYHMKA

A.B. Epmonaes'?, A.B. Jlamun', [1.0. Fopbayes'

! CaMapcKuii rocy1apCcTBeHHBIN MeAMLIMHCKIMA YHuBepcuTeT, Camapa, Poccus;
21026 LeHTp rocyAapCTBEHHOMO CaHUTapHO-3MMAEMUONIONMYECKOr0 Hai30pa BOBHHOTO oKpyra, Camapa, Poccua

AHHOTALMA

O6ocHoBaHMe. B coBpeMeHHOM MUpe NUTaHWE UrpaeT KIlOYEBYI0 POfb B NOAJEPIKAHUM 300p0BbSA U bnarononyums Yenose-
Ka. OfHaKo HenpaBubHOE NUTaHWE U HecbanaHCUPOBaHHBIA PaLMOH MOrYT NPUBECTU K Pa3BUTUIO Pa3fIMUHBIX aIMMEHTapHO-
3aBMCMMbIX 3abonieBaHMiA. B ycnoBusaX opraHU3oBaHHOTO 3aKpbITOro KONMEKTWUBA, e MUTaHWe YacTo CTaHAApTU3MPOBAaHO
W OrpaH1yeHo, PUCK PasBUTUA anMMeHTapHO-3aBUCUMBIX 3abonieBaHuii Bo3pacTaeT. HepgocTaTok pasHoobpasus B paLyoHe,
HW3KOe KayecTBO NPOLYKTOB M OTCYTCTBME KOHTPOAS Hag, noTpebneHneM MoryT cnocobcTBOBaTb BO3HUKHOBEHWIO OCTPbIX WH-
(EeKLMOHHBIX 1 XPOHUYECKUX 3aboneBaHuii.

Llenb. OueHnTb 0C0BEHHOCTV MUKPOBMOTHI KULLEYHUKA B 3aBUCUMOCTH OT XapaKTepPUCTUKM MoTpebneHns NULLEBbIX NPOAYK-
TOB JWBOTHOTO MPOUCXOKIEHUA.

Metopbl. B vccneposalum npuHsanu ydactne 120 npeacraBuTenel MyXCKOro nona, Kotopble 6bin 06befuHEHbI B CTPOrO
OpraHW30BaHHyI0 rpynny ¢ OrpaHUYeHHBbIM A0CTYNOM (KOMNEKTUB 3aKpbiToro Tuna). bbina npoBeseHa oueHKa dakTMyecKoro
MUTaHWs Y4aCTHUKOB Ha OCHOBE METOAA 24-4acoBOro BOCMPOWU3BELEHUS CYTOYHOrO paumoHa. MuKpobuoTy KuLleyHuKa uc-
CnefoBanu KynbTypanbHbIM METOAOM C MPUMEHEHWEM paclUMpeHHOro Habopa nuTaTeNbHbIX Cpef U uaeHTudUKaumen Beex
BblAeNIeHHbIX MUKpoopraHu3MoB ¢ nomollbio MALDI-ToF Macc-cnektpoMeTpuu. CTaTuCTMYECKMIn aHanu3 NpOBOAMIM C UC-
MoJb30BaHMEM CMELManbHOr0 MPOrpaMMHOro 0becneyeHns CTaHAapTHOro naketa StatTech v.4.2.6.

Pesynbtatbl. [lpy ynotpebneHn Mosioka M MOMOYHbIX NPOAYKTOB JOCTOBEPHO Yalle Obinu BbigeneHbl Salmonella spp.,
ANYHBIX NpoaykToB — Agromyces spp., Geobacillus spp., Roseomonas spp., MACHbIX NpofyKToB — Lactococcus spp.,
pbibHbIX NpofykToB — Limosilactobacillus spp., Salmonella spp., Micrococcus spp., Macen XMBOTHOMO NPOUCXOXKAEHUA —
Klebsiella spp., Lactococcus spp.

3aknioyeHue. PesynbTaThl NPOBEAEHHON0 UCCEA0BaAHUA BbISBUIM psf 0COBEHHOCTEN cocTaBa MUKPOBUOTLI MpuW ynoTpe-
BneHWM oTLENbHBIX MULLEBLIX NPOAYKTOB XUBOTHOrO NPOUCXOXAEHWS. YCTaHOBNEHbI CTAaTUCTUYECKU 3HAYUMBIE KOPPENALM-
OHHbIE CBA3M MeXAY YNoTpebneHneM roToBbIX MACHBIX M pbibHbIX 6/ioa 1 BblAeneHneM Lactococcus spp., Limosilactobacillus
spp., Salmonella spp., Micrococcus spp. 0603HauyeHa B3aMMOCBSA3b MeXAY NOTPEDNEHNEM MOOYHBIX U SIMYHBIX NPOAYKTOB
NuTaHus n Bolaenennem Salmonella spp., Agromyces spp., Geobacillus spp., Roseomonas spp.

KnioueBbie cnoBa: NPOAYKTbI NUTAHUA; MMKpOﬁMOTa; nuLeBon CTaTyc; nuuliesan MMKpOﬁMOHOFMFI.
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Animal-Source Food Consumption and Gut Microbiota

Alexander V. Ermolaev'?, Artem V. Lyamin', Dmitrii 0. Gorbachev'

! Samara State Medical University, Samara, Russia;
21026 of the Center of State Sanitary and Epidemiological Surveillance, Samara, Russia

ABSTRACT

BACKGROUND: In the modern world, nutrition is essential for human health and well-being. An inadequate diet may result in
a variety of nutrition-related disorders. In organized closed groups, where diets are often standardized and restricted, the risk
of nutrition-related disorders increases. Insufficient dietary diversity, low food quality, and a lack of consumption control can
contribute to acute infectious and chronic diseases.

AIM: The work aimed to assess the characteristics of gut microbiota depending on animal-source food consumption.
METHODS: The study included 120 male participants who were part of a highly structured, limited-access group (closed
institutional group). Dietary intake was assessed using the 24-hour dietary recall method. The gut microbiota was analyzed by
culture-based techniques using an extended set of growth media, with all isolated microorganisms identified by MALDI-ToF
mass spectrometry. Statistical analysis was performed using the specialized software package StatTech v.4.2.6.

RESULTS: Consumption of milk and dairy products was significantly associated with Salmonella spp.; egg products
with Agromyces spp., Geobacillus spp., and Roseomonas spp.; meat products with Lactococcus spp.; fish products with
Limosilactobacillus spp., Salmonella spp., and Micrococcus spp.; and animal-derived fats with Klebsiella spp. and Lactococcus
spp.

CONCLUSION: The study revealed several specific features in the gut microbiota composition associated with the consumption
of certain animal-source foods. Significant correlations were established between the consumption of processed meat and fish
and the detection of Lactococcus spp., Limosilactobacillus spp., Salmonella spp., and Micrococcus spp. Moreover, associations
were found between the intake of dairy and egg products and the isolation of Salmonella spp., Agromyces spp., Geobacillus
spp., and Roseomonas spp.

Keywords: food products; microbiota; nutritional status; food microbiology.
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OPUIMHATTIBHOE VICCIEOOBAHME

Ob0CHOBAHUE

PaunoHanbHoe MuUTaHWe MrpaeT KilYEBYH Pofib B CO-
XpaHeHuM 340poBbs HaceneHus. OnTuMansHoe NUTaHWe nof-
LEepXM1BaeT 3[,0pOBbIi POCT U Pa3BUTHE YeSIOBEKA, NOMOraeT
npeLoTBpaLLaTh 3a60/1eBaHNSA, NPOLNIEBAET XM3Hb, NOBbILLA-
eT 3(eKTUBHOCTL TPyLa M 0DecneynBaeT afeKBaTHYIO aaan-
TaLMI0 K OKpYXatoLLeli cpefie, CHUMKAET PUCK BO3HUKHOBEHUSA
anMMeHTapHO-3aBMCUMMBIX 3aboneBanuii [1].

MHorve B3pocible He NPUAEPXKMBAIOTCSA NPUHLMMOB Npa-
BWJIbHOIO MUTaHMS, NOCKOJbKY YNOTPEBASIOT B NULLY MPOAYK-
Tbl, 6OraTble JWBOTHBIMM KMUpaMK1 1 NPOCTLIMM YTNIEBOAAMY.
CoxpaHsieTcal TEHAEHUMA K HU3KOMYy ynoTpebnenuio npo-
LYKTOB pacTUTENILHOro NpoMCXoXaeHns (oBoLLel, BpyKToB),
a TaKe pesKoMy ynoTpebneHuto pbibbl M MOPENpPOLYKTOB.
B pesynbTate pacTéT KONMYeCTBO Nt0AeN € M3ObITOUHBIM Be-
COM M 0XMpeHueM [2].

luTaHue 3HauUUTENBHO BAMSET Ha GOpPMMpPOBaHME 1 NOA-
AepXaHue 3[40p0oBoN MUKPOGIOpbl KULLEYHWKA. PasnnyHble
BUAbI baKTepuid, 0bUTaIOLLME B KULLEYHWKE, 3aBUCAT OT Ope-
LENEHHBIX KOMMOHEHTOB MULLEBbIX MPOLYKTOB.

Yenyno4Ho-KULLIEYHbIN TPAKT XapaKTepu3yeTcs BbICOKOM
KOHLiEHTPaLMeN MUKPODOOB, (OPMUPYIOLLMX CIOKHYH SKOCK-
CTEMY — MMKPOOMOTY KuLueyHuKa. unotunsl MUKpobMoTh
KMLLEYHWKA NpefCcTaBnsAloT coboi NoAMHOMXECTBA TAaKCOHOB
C 6AM3KMMU DUNOreHETUHECKUMM CBS3AIMU U 0BLLMMM npu-
3HaKamu. OcHoBHble Tunbl BakTepui, coctasnstowwme 90%
MUKPODMOMa KULIEYHMKA YeNoBeKa, BKIKYalT Bacteroidota
(paHee Bacteroidetes, rpamoTpuuatensHele) u Bacillota (pa-
Hee Firmicutes, rpaMnonoxwutencHble). [pyrue BaxHble
TUMbI BKIIOYAKOT aKTMHODaKTEpUM (rpaMMoOKUTENbHBIE)
¥ npoTteobakTepun (rpaMoTpuLaTentHeble). BropocteneHHble
TMNbI BKNtoYatoT Verrucomicrobiota (panee Verrucomicrobia,
rpaMoTpuuaTenbHele) u Fusobacteriota (paHee Fusobacteria,
rpamoTpuuatenshbie). CooTHowweHne GMI0TUNOB B MUKpO-
BuoTe KuLLeYHMKA BapbMpYeT OT pauMoHa nuTaHus. BaxHo
OTMETUTb, YTO COCTAaB MUKPOOMOTBI KULIEYHWMKA Y KaX[oro
YesloBEKa MHAMBMAYANEH U MOXET Pa3finyaTbCs He TOJbKO
Mo BMAOBOMY COCTaBY, HO M MO GYHKLMOHANBHON aKTUBHOCTH
OTAESbHbIX LUTaMMOB [3, 4].

CocTaB KMLIEYHON MMKPOBMOTHI MEHSIETCA B TeuYeHue
JU3HU YenoBeKa KaK KauyecTBEHHO, TaK M KONMYECTBEHHO
noj, BAUSIHMEM Pa3/iNyHbIX (HAKTOPOB, TaKUX KaK MUTaHue,
OKpYKaloLLas cpefia, PeXMM CHa M 6oapCcTBOBaHMS, a TakKe
ypoBeHb (PU3MYECKOW aKTMBHOCTU. [lpoBeAEHHbIE UCCNeno-
BaHWA MOKa3bIBaKOT, YTO MUTaHUE OKA3bIBAET 3HAUMTENBHOE
BO3[elCcTBME HAa GOPMUPOBAHUNE KULLEYHOW MUKPOBMOTHI [5].

YcTosBLUMECA NULLEBbIE MPUBLIYKM, AUETHI, BIIKOYAtOLLME
MPEeUMyLLLECTBEHHO NPOLYKTbI XKMBOTHOIO WU/ PacTUTENbHOIO
MPOUCXOXKEHMUS, MOTYT OKa3blBaTb 3HAUUTENIbHOE BAUSHME
Ha MMKPOBMOTY KMLeYHWKa [6, 7].

B cBAi3n c 3TMM, NO HAleMy MHEHMIO, BaXKHO WU3y4nTb
0c06EHHOCTU MUTaHUS B OpraHW30BaHHOM 3aKPLITOM Kon-
NeKTUBE, NPOBECTU OLEHKY COCTaBa MUKPOBUOTLI KULLIEYHM-
Ka. 3T0 No3BONNT 3apaHee BbiABNATb NOTEHUMANbHBIE PUCKH
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pasBuTMS aNMMeHTapHO-3aBUCUMbIX 3ab0/1eBaHuiA, NPoOBO-
OuTb npodmnakTUiecKne MeponpusTUs.

Lenb

OueHuTb 0cOBEHHOCTH MVIKPO6MOTbI KULLEYHUKa B 3aBU-
CUMOCTU OT XapaKTepUCTUKN I'IOTpEﬁJ'IEHVIFI NULLIEBbIX NPOAYK-
TOB XXMBOTHOI0 NMPOUCXOXOEHHUA.

METO/bI

B wuccneposahum npuHsnm ydactme 120 yenosek
18-22 net (cpenHuii Bo3pact 18,4+0,7 rofa). Y4acTHuKM uc-
cnefioBaHus cOpMUPOBanM OpPraHU30BaHHbIA KONMEKTUB
3aKpbLITOro TUNa, GYHKUMOHUPYIOLMIA B YCNIOBMSX KECTKOM
M30NISILMU OT BHELLHEN cpefbl U MMEKLWMIA CTPOro perna-
MEHTUPOBaHHYI0 MepapXMUECKYH CTPYKTYpY. B uccnepoBaHum
MPUHUMANK y4acTue NPeACTaBUTENM MYKCKOro nona.

KpuTepuu BrloueHWs B uccnefoBaHue: Hanuune WH-
(opMupoBaHHOro [0BPOBONLHOIO COrylacks UCMbITYEMOrO
Ha y4yacTue B UccnefoBaHUK; Bo3pacT oT 18 go 22 ner; oT-
cyTcTBME NHobbIX OCTPLIX MHDEKUMOHHBIX 3aboneBaHuii 3a
6 Mec. (Bkntoyas 3aboneBaHMsA KenyLOYHO-KULLIEYHOTO
TpaKTa); OTCYTCTBME NMPUEMA aHTUOaKTepUanbHbIX npena-
patoB bonee TpEX MecALEB; OTCYTCTBME OrpaHUYEHUIA B MU-
TaHUM (BereTapuaHCcTBO, CbIpOEAEHME U MPOYEE); NPOXKM-
BaHMe B Mnpefenax 04HOr0 OpraHW30BaHHOrO KOJJeKTMBa
3aKpbITOro TMNa.

Y yuyacTHuKOB cobupanu buomartepuan, npeacTaBneH-
HbIl COAEPMMMbIM TONCTOW KUWKKM (Kan). buomatepu-
an noMeLLany B CTEPUIbHbIN KOHTeNMHep 06bEMOM 60 Mn
M [OCTaBnsAnM B MUKpobuonoruyeckyl nabopatopuio
B MeOUUMHCKOM KoHTeiiHepe (TM-1), KoTopblid Haxoaun-
A B CyMKe-yexnie ¢ xnagoanemeHtamm MX[-1. Coop 6uo-
MaTepuana npoBOAWIM B COOTBETCTBMM C TpeboBaHusAMM
n. 6.8.3. MY 4.2.2039-05 «Metoabl KoHTpons. buonoru-
yeckue U MuKpobuonormyeckue daxtopbl. TexHuka cbopa
1 TPaHCMoOpTUPOBaHUA buoMaTtepranos B MUKpobuonoruye-
CKue nabopatopumn. MeTopuueckue yKasaHus».

B cootBetctBum ¢ OCT 91500.11.0004-2003 «Otpacne-
BoM cTaHaapt "MpoTokon BeaeHus 6onbHbIX. [JucbakTepnos
KULWEYHMKA" npefHasHayeH ANA NpUMEHEHUS B CUCTEMe
3apaBooxpaHeHus Poccuiickon Qepepauun» Obian nony-
UeHbl [laHHbIE 0 KAYeCTBEHHOM U KOJIMYECTBEHHOM COCTaBe
OCHOBHOWM MUKpOOMOTBI KMLLEYHUKA U COMOCTaBNEHbI C HOP-
ManbHbIMM MOKa3aTenamu. Take bbiiv NpoBefeHb! Aonon-
HUTENbHbIe BbiceBbl. [loAroToBKY 06pa3LioB, NOCEB W MHKYOa-
Lm0 NpoBoAUIK B aHa3pobHoi cpepe. AHaspobHble ycnosus
obecneunBanu npu noMoLLM aHaspobHoi cTaHuum Bactron
300-2 (Sheldon Manufacturing Inc., CLUA). Ina Mukpobuo-
NIOTMYECKOr0 UCCNeA0BaHNsA oTbupann 0bpasLibl Kana BecoM
1 1 ¢ nocneaywwmM cycreHaUpoBaHUEM B 9 MNT CTepuiib-
Horo ¢m3pacTBopa xaopupa Hatpus (mepBoe pasBefeHue
107") B aHa3po6HbIx ycrosusax. CycneHanpoBaHue NpoBOANMN
¢ ucnonb3oBaHueM Vortex V-1 Plus (Biosan, Jlateus) B Te-
YeHWe OJHOM MMHYTLI. 3aTeM NPOBOAUNW AOMOHUTENbHbIE
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100-kpaTHble pasBefieHUs C LieNbio NOMy4eHns pasBefeHus
107, [ina nocesa ucnonb3osaim 100 MK NONYYeHHOM Cy-
cneHsun u3 passedenus 107°. CycneHsuio pacnipegenvnm
Mo MOBEPXHOCTU MUTATEeNbHOM Cpefbl C UCMONb30BaHWEM
wnarens Jpuranbckoro.

MoceB oTobpaHHOro buoMatepuana NpoBOAWIM Ha pac-
LUMPEHHBIN NEpeyeHb MUTATeNbHBIX Cpefl: arap s 3HTe-
pobakTepuin (HiMedia, WHams), arap ans cenekTMBHOro
Boigenenus Veillonella spp. (HiMedia, WHaus), arap ans ce-
nektueHoro Bolgenenus Clostridium spp. (Condalab, Ucna-
Husl), arap ons BblaeneHus ouduaobaktepuin (HiMedia, Wu-
AVs), arap Ans BblaeneHus aHaspobHbix 6akTepuit (HiMedia,
Whama), arap ansa cenektusHoro Bblgenenus Brucella spp.
(HiMedia, MHams), arap ons BblAeneHus, KynbTMBUPOBa-
HWA U UOEHTUPUKALMM FEMOJITUYECKON aKTMBHOCTW Tpe-
boBaTeNbHbIX MUKpOOpraHu3MoB (KpoBsHoii arap; HiMedia,
WHpams), XpoMoreHHbIi arap Ans o6HapyXeHus 1 nNofcyéTa
yponaToreHHblx baktepuin (HiMedia, MHaus), arap ona ce-
JIEKTUBHOIO BbleNeHNA MONOYHOKMCbIX 6akTepuit (HiMedia,
WHams), arap ons ceneKkTMBHOIO BbIAENEHUSA NTaKTObaKTepui
opanbHOro U pekanbHoro npoucxoxaenus (Condalab, Mcna-
Hus), arap Cabypo ¢ xnopaMheHNKONOM U LIMKIOTeKCMMULLOM
ANS CENEKTUBHOO BbIJENEHUS U KYNbTUBUPOBaHWSA rpuboB
(HiMedia, UHamna).

Bce noceBbl KynbTMBMpOBanM npu TeMnepatype
37 °C B TeyeHue He MeHee 120 4 B BECKMCNOPOAHBIX YC-
N0BUAX aHaspobHon cTaHumm Bactron 300-2 (Sheldon
Manufacturing Inc., CLLUA).

[na npeHTMdUKaLMM BCeX MMKPOOPraHW3MOB MpuMe-
Hanu MALDI-ToF Macc-cnekTpoMeTpuio Ha aHanusaTtope
MicroflexLT (Bruker, ['epMaHms) ¢ ucnob3oBaHWEM MeTOAa
NPSIMOro M pacLUMPEHHOr0 HaHeCeHUs ¢ AobaBneHneM Mypa-
BbUHOM KUCNOTBI.

lTaHWe YYaCTHWKOB WCCNELOBaHUA OCYLLECTBNAIOCh
B CTOJI0BOW MO OJHOW HOPMe [0BOJLCTBUS, KOTOpas npes-
rnonaraeT 0AMHAKOBOE NUTaHWE N0 YTBEPKAEHHOMY NEpPeYHio
NMPOAYKTOB M MMHUMATIbHOW BO3MOXKHOCTU ero pasHoobpa-
3UTb 3a CYET 3/IEMEHTOB OTPaHMYEHHOrO LUBEACKOrO CTOJa.
[lononHuTenbHoe NUTaHWe BHe CTOIOBOM AN1S Y4aCTHUKOB
uccnefoBaHuA bbino CTPOro UCKITHOYEHO.

Yrobbl OLEHUTL paKTUYecKoe NMUTaHUe YYacTHWUKOB, WUC-
nosb3oBanu MeTop, 24-4acoBOro BOCMPOM3BELEHUS paLMo-
Ha. MMonyyeHHble paHHble obpabaTbiBanu B KOMMblOTep-
HoW nporpamme «Hytpu-npod» (Bepcua MO N 2.9, 3BM
N2 2018616124 ot 23.05.2018).

AHanusupoBanuM MHbOpMaUMI0 O MWUTAHUM KaX[oro
y4acTHMKA uUcciefoBaHus 3a Tpu aHA. Onpocsl npoBoamn
B MOHeAeNbHUK, cpeay 1 cybboTy. Mo utoram oueHku dak-
TUYECKOr0 NUTaHWA C YY4ETOM 3aay UCCNef0BaHUA NpoaHa-
JIU3MPOBanW XapaKTep NoTpebneHust MULLEBbIX MPOLYKTOB
JKMBOTHOTO MPOUCXOXAEHMS, KoTopble 6biM 06beauHeHs
B CleaytoLme rpynmbl: «<MOSIOKO M MOJIOYHbIE MPOAYKTbI»,
«SIMYHblE MPOMYKTbI», «MACO, MACHbIE MPOAYKTHI, FOTOBbLIE
MsiCHble b/loaa», «pblba, MOpPenpoayKTbl, FOTOBblE PhiOHbIE
bntofa», «Macna XMBOTHOMO NPOUCXOXKAEHNS».
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Ha ocHoBe nosy4eHHbIX AaHHbIX 0 GaKTUYECKOM MoTpe-
BneHum rpynnbl NULLEBLIX NPOAYKTOB 3a 3 AHA bbina onpe-
[eNeHa CpefHss 4acToTa noTpebneHus yKkasaHHbIX rpynn
B TEYEHME OIHOTO [IHA C YKa3aHWeM CpeJiHel BeIMUNHBI No-
Tpebnenus (r/cyr).

MpoBeneHue nccnenoBaHns 0A06PEHO ITUYECKUM KOMM-
TeToM no 6uoatuke ®IBOY BO «CaMapckuit rocyaapcTBeH-
HbIN MeLULIMHCKUIA YHUBepcuTeT» MuH3gpaBa Poccum, npo-
Tokon N® 252 ot 07.09.2022. Bce yyacTHUKM [0 BKIKOYEHUS
B UccnefioBaHue f,o6poBobHO nognucany GopMy MHGOpMU-
POBaHHOO COrNacusi, YTBEPXAEHHYID B COCTaBe MPOTOKOMA
Ucce0BaHus 3TUHECKUM KOMUTETOM.

CratucTnyeckyo 06paboTKy NosTy4eHHbIX AaHHbIX NPOBO-
LVITM C MOMOLLbK0 NPOrpaMMHOro 0becneyeHus CTaHaapTHOMo
naketa StatTech v.4.2.6 (000 «Crattex», Poccus). Mccnenye-
Mbl€ KOJIMYECTBEHHbIE MOKA3aTeNn OLEHWBanNM Ha npeaMeT
COOTBETCTBUS HOPMANIbHOMY PacnpefeneHnio C MOMOLLbIO
Kputepus LLlanupo—Yunka (npu uncne uccnepyembix MeHee
50) unm kputepus Konmoroposa—CMupHoBa (npm umncne uc-
cnepyeMblx 6onee 50). B cnyyae oTcyTcTBMA HOpManbHOro
pacnpefeneHus KonMYecTBEHHbIe AaHHble OMUCLIBaNK C no-
MOLLbI0 MeamnaHbl (Me) U HUKHEro U BepxXHero KBapTUnen
(Q1-Q3). CpaBHeHue ABYX rpynn Mo KOMYECTBEHHOMY NOKa-
3aTento, pacnpesesieHne KOToporo 0TAM4anoch 0T HOPMasib-
HOro, BbINONHAMM C noMoLubto U-Kputepus MaHHa—YuTHM.
Pasnuunsa nonyyeHHbIX NoKasaTeneii cumTani CTaTMCTMYeCKu
3HaumMbiMu npu p <0,05.

CpaBHeHue Tpéx W bonee rpynn Mo KoJM4eCTBEHHOMY
MoKasaresio, pacrpefesieH e KOToporo 0TMYanoch OT Hop-
MarlbHOro, BbIMOJHANM C noMolublo Kputepust Kpackena-
Yonnuca, anoctepuopHble cCpaBHEHUS ONMPEeLEeNsnv Npu no-
MoLum Kputepus [laHHa ¢ nonpasKoi XonMa.

HanpaeneHue 1 TeCHOTY KOPPENSLMOHHOW CBA3N MeXay
OBYMS KONMYECTBEHHBIMK MOKA3aTeNsiMU OLEHUBANIM C Mo-
MOLLbI0 KO3(QdUUMEHTa paHroBon Koppensauuu CnvpmeHa
(pacnpepenenve BbIbOPKU OTIMYAETCA OT HOPMABHOTO).

PE3YJIbTATbI

Mpn MaeHTUOUKALUM MUKPOOPraHM3MOB, MOYYEHHbIX
o7 120 yyacTHMKOB uccrnefoBaHus, bblan 0BHapYKeHb
112 pasnnyHbix BULOB. Y KaXaoro pecnoHpeHTa 6bi1o Bbl-
AeneHo ot 2 go 19 BuaoB MukpooprainsmoB. CpegHee 3Ha-
YeHMe KONMYEeCTBa BblAeNeHHbIX BUL0B MUKPOOPraHU3MOB
coctasuno 10,4.

CopepxaHnue bakTepun no ¢uaoTMNaM NpeacTaBlieHo
B Tabn. 1. AHanu3 npoBoAMIM NO MATU OCHOBHbIM (UNO-
tunaM: Bacillota (paHee Firmicutes), Bacteroidota (paHee
Bacteroidetes), Actinomycetota (paHee Actinobacteria),
Pseudomonadota (paHee Proteobacteria), Fusobacteriota
(paHee Fusobacteria). OnpeaeneHsbl rpynnbl, KOTOpbIe Obin
OTHEeCEHbI K KOKKaM 1 bauunam.

lpoaHanusupoBanu obauraTHyle MUKpOBMOTY KuLey-
HUKa obcnepyeMblx nuy (puc. 1). AHanus obnuraTHom
MWKPOOMOTbI KULWEYHMKA NpefcTaBneH [BYMS 3Tanamu:
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Table 1. Major microbial phylotypes in the study cohort

KonunyectseHHbI
MWKpOBHLIN punoTnn™® napamertp,
% BblaeneHus
Bacillota (paHee Firmicutes) 58,8
Bacteroidota (paHee Bacteroidetes) 19,6
Actinomycetota (paHee Actinobacteria) 19,6
Pseudomonadota (pavee Proteobacteria) 0,2
Fusobacteriota (paqee Fusobacteria) 1.8

[pumeqaHue. * CornacHo MexayHapogHOMY KOMUTETY MO CUCTEMaTVKe
npokapwuor (ICSP).

A0 OopMUpOBaHWs OpraHM30BaHHOro Konnektuea (1-1 3tan
uccnenoBaHus) U nocne GpopMupoBaHua (2-i 3tan uccne-
AoBaHus). Escherichia spp., Bktoyas wrtamm Escherichia
coli, sBNSeTCA HEOTHEMNEMbIM KOMMOHEHTOM KULIEYHOM
MUKpobuoTbl, OH BbisBNeH B 100% cnyyaeB Ha Bcex atanax
uccnepoBanus. baktepun popa Enterococcus cocTaBumm
3HauMTeNbHYK YacTb NpeAcTaBUTENel 06aMraTHOM MUKpO-
dnopbl 1 661 06HapyXeHbl B 86,6% cnyyaeB Ha 2-M 3Tane
uccnefosaHus. Hanbonee 3HauuMblin npeactasBuTenb 06m-
ratHoin Mukpodnopsl Bifidobacterium spp. coctasun 48,3%
Ha 2-M 3Tane WcciefoBaHWs B CpaBHeHWW C 1-M 3tamnoM
(43,3%). baktepum popa Lactococcus bbinu obHapyeHbI
B 18,3% cnyyasx Ha 2-M atane uccneposanus. Ctout oT-
METUTb UX YMEHbLLUEHWE B CpPaBHeHUW C 1-M 3TanoM ucche-
AoBaHus (25,8%). MNpencraButens obnuratHoi MUKpodopsl
Peptostreptococcus spp. He Obin BbISIBIEH B X04€e HaLLero
UccneaoBaHuA.

MpoBenn KOppensiLMOHHBIA aHanu3 MeXay npeacTasu-
TeNAMM 06/IMraTHoOI MUKPOOMOTBI KMLLEYHMKA M NPOAYKTaMu
YKMBOTHOTO npoucxoxaeHuns (tabn. 2). Ycroitumsas Koppens-
LMOHHasa cBA3b bbina BbISBNIEHA TONbKO Y Lactococcus spp.
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100 100
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npu ynotpebieHnn MacHoi npoaykuum (p=0,017) u cnusou-
Horo Macna (p=0,049).

TakoKe NPoBeNN KOPPENSLMOHHBIN aHaNU3 MeX.y BCeMM
BMAAMM U POAAMW MUKPOOPraHM3MoB (npeacTaBuTeneii 06-
NMraTHoW, aKynbTaTUBHOW M TPAH3UTOPHOWM MMKpOdOpbI)
y Tpynnbl Nlofei, NPeACTaBNSIOWMX 3aKPbITbIA KONEKTUB,
W NPOAYKTaMM MUTaHNS JKMBOTHOTO MPOUCXOKAEHNS, YNOTpe-
BnseMbIMM UMW B X0/€ UCCNeA0BaHNS.

BbinonHMAM CTAaTUCTMYECKMIA aHanM3 TaKCOHOB pa3fny-
HOro YPOBHSA, BKJIKOYas poabl U BUAbIL. Takxe NpoBenu cTa-
TUCTUYECKUIA aHanNW3 3aBMCMMOCTU Mexay noTpebneHveM
NPOAYKTOB MUTaHWS KUBOTHOMO MPOUCXOXAEHUS B OpraHu-
30BaHHOM KOJIIEKTUBE 3aKPbITOro TUMa W Ha/MumeM OTAeNb-
HbIX TAKCOHOB MUKPOOPraHM3MOB B COCTaBE MUKPOOUOTbI K-
LeyHuKa. 13 obLero uncna naeHTMdUUMPOBaHHbBIX TAKCOHOB
Obinu oTobpaHbl 11 BbigeneHHbIX POSOB MUKPOOPraHW3MOB
Ha OCHOBE MOJTYYEHHbLIX CTaTUCTUYECKU 3HAUMMbIX pe3ysb-
TaToB. BaKHO OTMETUTb, YTO MO OCHOBHbBIM NPeACTaBUTENSAM
MWKPOBMOTBI KULLIEYHMKA He bl 0BHapyKeHbl CTaTUCTUYe-
CKM 3Ha4YMMble Pasfiuyns B YacTOTe BCTPEYAEMOCTU. TaKuM
06pa3oM, bbim BbIOpaHbI CrefytoLimMe TaKCOHbI MUKPOOpra-
HusmoB: Salmonella spp., Agromyces spp., Geobacillus spp.,
Roseomonas spp., Lactococcus spp., Limosilactobacillus
spp., Micrococcus spp., Klebsiella spp.

N3 npeAacTaBneHHbIX BUAOBLIX TAKCOHOB Haubonee ya-
cTo Bbigenanu Lactococcus lactis, Lactococcus garvieae,
Limosilactobacillus mucosae, Limosilactobacillus reuteri,
Limosilactobacillus gastricus, Limosilactobacillus fermentum,
Micrococcus luteus, Klebsiella pneumoniae.

B emMHWYHbIX cnyyasix BblAensnM cnepylolie BUAbI
MUKpoopraHuamoB: Agromyces brachium, Geobacillus
thermoglucosidasius, Roseomonas aerofrigidensis, Klebsiella
variicola.

lUTaHMe Y4aCTHUKOB WUCCNefoBaHUS OCYLLECTBIANOCH
B CTOJIOBOM MO OAHOM HOPMe A0BOSLCTBUSA, KOTOpas Npea-
nonaraeT OiYHaKoBOE NUTaHWe MO YTBEPXKAEHHOMY NepeyHto

48,3
433

25,8

18,3

Escherichia spp. Enterococcus spp.

O1-i atan | Stage 1

Bifidobacterium spp. Lactococcus spp.

O 2-7 atan | Stage 2

Puc. 1. CpaBHuTENbHAA XapaKTepUCTMKa 0BMraTHOI MUKPOBMOTLI KULLEYHMKA SUL, CHOPMUPOBAHHDIX B OpraHWU30BaHHbII KOJNEKTUB 3aKpbITOro TUMa.
Fig. 1. Comparative characteristics of the obligate gut microbiota in individuals in a closed institutional group.

D0l https://doiorg/10.17816/humecob42725
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Ta6nuua 2. MpepctaButeny 06aMraTHOM MUKPOBMOTBI KULLEUHMKA MpU
ynoTpebieHny NpoAyKTOB XMBOTHOTO MPOMCXOKAEHMS

Table 2. Representatives of the obligate gut microbiota associated with the
intake of animal-source foods

Pon pynna nuweBbIX NpOLYKTOB p

Escherichia MonouHble NpoAyKTHI -

Spp.
PP Macno MBOTHOrO NPOMCXOXK LS -
MsicHble NpoayKTHI -

PbI6HbIe MPOAYKTbI -

Lactococcus Moro4Hble NpoayKTI 0,912
SPP- Macno JWBOTHOrO MPOUCXOKAEHNS! 0,049
MsicHble NpoayKTHI 0,017
PbibHble NpoayKTbI 0,673
Bifidobacterium MoroyHble NpoayKTI 0,996
Spp- Macno M1BOTHOrO MPOMCXOMEHNS 0,297
MsicHble NpoayKThI 0,054
PbibHbIe MpoayKTHI 0,686
Enterococcus MonouHble NpoayKTH 0,946
SPp. Macno MBOTHOrO MPOMCXOM/AEHMS 0,131
MscHble NpogyKTbI 0,831
PbIbHbIE MPOAYKTHI 0,337

MPOAYKTOB MWUTaHMA (Tabn. 3) U MUHMManNbHOW BO3MOXKHO-
CTU ero pasHoobpasuTb 3a CYET 3IEMEHTOB OFPaHUYEHHOrO
WBeACKoro cTona. [lononHUTeNbHoe NUTaHKe BHE CTOJIOBOA
ANS Y4aCTHUKOB MCCel0BaHMA Obino CTPOro MCKITOYEHO.

MpoBenn CTaTUCTUYECKMIA aHaU3 3aBUCUMOCTU MEXAY
noTpebeHNeM MACHBIX NPOAYKTOB U 0COBEHHOCTAMM MUKpO-
OMOTbI KULLIEYHMKA B OPraHM30BaHHOM KOJIEKTUBE 3aKpbITO-
ro Tuna (tabn. 4).

lpoaHanusupoBanu B3aMMOCBA3b MEXAY 4acToToM
noTpebneHnsl MACHBIX NPOLYKTOB M HanuuueM bakTepuw
Lactococcus spp. B NpocBeTe TOACTOW KULLIKUW. YCTaHOBIEHO,
YTO MpM YacToTe ynoTpebeHns AaHHOro BULA NPOAYKTOB Nu-
TaHUsi =7 CHUXEHA BEPOATHOCTb BbIAENIEHNS JaHHOMO MUKPO-
opraHusMma. lpu ynotpebnexun B cpegHem 113,9+31,1 r/cyt
NpeACTaBNeHHbIX BULOB MULLEBLIX MPOAYKTOB BEPOSTHOCTb
BbISIB/IEHNS B OpraHn3Me Lactococcus spp. CHUKeHa. Takke
YCTaHoBNEHO, 4To y 22 u3 120 uccnepyembix npu ynotpebne-
HM <121,4+29,6 r/cyT MACHBIX NPOAYKTOB Oblna 0bHapyeHa
Lactococcus spp., uto coctasnseT 18,3%.

MpoBenu CTaTUCTUYECKMIA aHaU3 3aBUCUMOCTU MEXAY
noTpebneHneM pbibHLIX NPOAYKTOB U 0COBEHHOCTAMM MUKpO-
BMOTbI KULLIEYHMKA B OPraHM30BaHHOM KOJINEKTMBE 3aKpbITO-
ro Tuna (tabsn. 5).

lpoaHanusupoBanu B3aMMOCBA3b MEXAY 4acToToM
notpebnenns poibHbIX NPOAYKTOB M HanuumeM bakTepuit
Limosilactobacillus spp., Salmonella spp. Micrococcus spp.
B MPOCBETE TOJICTOM KULLKW.

YcTaHoBNEHo, YTo NpW yacToTe ynoTpebneHns faHHO-
ro BUAA MULLEBLIX NPOAYKTOB >2 MOBbILLEHA BEPOATHOCTb
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Bblnenenus Limosilactobacillus spp., BeposiTHOCTbL Bblgene-
Hua Salmonella spp., Micrococcus spp. CHUXeHa.

Tak, npu ynotpebnexum B cpeaHem 140,0+0,1 r/cyT roto-
BbIX Pbl6HBIX BK0A MOBLILLAETCSA BEPOSTHOCTb 06HAPYKEHUS
Limosilactobacillus spp. B yactHoch, y 35 u3 120 uccnepnye-
MbIX, UCMOMIb30BABLLMX B CYTOYHOM paLMoHe pbibHble 6toaa,
Oblnu 0bHapy:KeHbl NpeacTaBuTenm poaa Limosilactobacillus,
uto coctasnseT 29,2%.

Mpn yMeHbLLEHUM YacTOTbl yNoTpebsieHns B CYTOYHOM
pauuoHe NpeACTaBeHHON FPyNMbl NPOAYKTOB YBENMYMBAET-
Cs BeposiTHOCTb 06Hapyxenus Salmonella spp., Micrococcus
spp. TaKk, y 4 u3 120 uccnenyeMbix, B CYTOYHOM paLmoHe
KOTOpbIX OTCYTCTBOBanM pbibHble 6/04a, bbin BbiAeNeHb
npenctasutenu poga Salmonella, uto coctasnsert 3,3%.

Mpu ynotpebneHun paHHOW rpynnbl  NPOAYKTOB
<132,3+9,9 r/cyt y 42 3 120 uccnepyeMbix bbin BblLENEHb
Micrococcus spp., uto coctaeuno 35,0%.

TakKe NpoBENM KOpPEeNALMOHHBIA aHanu3 Mexay no-
TpebneHneM NpoyKTOB MUTAHUS XUBOTHOIO NPOMUCXOXKAE-
HWUA M OTAENbHBIMUA BUAAMW MUKPOOpPraHu3MoB (Tabn. 6).
OnHaKo CTaTMCTUYeCKM 3HauuMasa Koppensuus (p=0,033)
onpegeneHa ToNbKo AN BUuAa Micrococcus luteus, KoTo-
pbin bbin BoigeneH y 39 u3 120 uccnepyembix 1 0TMeYaeTcs
TOSIbKO MPM YNoTpebneHnn B MLy pbibbl U MOPENpPOLYKTOB,
uTto cocTaenset 32,5%.

lpoBenn CTaTUCTUYECKMIA aHanKU3 3aBUCUMOCTU MEXAY
notpebneHMeM Macna }MBOTHOTO MPOMCXOXAEHUS W 0CO-
BEHHOCTAMM MMKPODMOTBI KMLLEYHWKA B OpraHM30BaHHOM
KOJIIEKTMBE 3aKpbIToro TMna (tabn. 7).

lpoaHanuanpoBany B3aMMOCBSA3b MEXAY YacToTOM no-
TpebneHns Macnia KMBOTHOO MPOMCXOMAEHUA U HaU4M-
eM baktepuin Klebsiella spp., Lactococcus spp. B npocBe-
Te TOJCTOM KMIWKKW. Bbino ycTaHoBMIEHO, YTO MpM YacToTe
ynotpebnennss AaHHOr0 BMAA MULLEBLIX MPOAYKTOB MpH
<8 (7-9) noBblweHa BeposTHOCTb Bblaenewus Klebsiella spp.,
Lactococcus spp.

TaK, Npy YMeHbLUEHWUM YacToTbl ynoTpebieHus B cyTou-
HOM pauuoHe NpefcTaBfeHHOM TpynMnbl MPOAYKTOB YBe-
NMYMBAETCA BEPOATHOCTb 0OHapy:Kenus Klebsiella spp.,
Lactococcus spp. Y 66 n3 120 y4acTHUKOB, B CYTOUHOM paLuo-
He KOTopbIX NOTpebeHne Maces JKMBOTHOTO NPOMUCXOXAEHUA
<15,51,6 r/cyt, Bolpensetcs Klebsiella spp., uto coctas-
nset 55,0%. Mpu ynotpebnennn AaHHOW rpynnbl MPOLyK-
T0B <15,6%1,6 r/cyT y 22 n3 120 uccnepyeMbix BblAeNeHbl
Lactococcus spp., uto coctasuno 18,3%.

[lononHuTenbHo nNpoaHanu3vMpoBanuM B3aMMOCBA3b
MeX[y 4acToToi noTpebieHUs MOSIOKa U MOJIOYHBIX Npo-
LYKTOB W HanuuneM baktepuii Salmonella spp. B npocseTe
TOJCTOW KULIKKM. BbINo ycTaHOBAEHO, YTO NpM YacToTe yno-
TpebneHus gaHHOro BUAA NMPOLYKTOB NUTaHUs >4 Bo3pac-
TaeT BePOATHOCTb Bble/IEHUS CaNlbMOHEST B KULLEYHOM CO-
aepxumoM. MNpu ynotpebnennn B cpenHeM 22,5+16,9 r/cyt
MOJIOKA M MOJIOYHbIX NPOLYKTOB BEPOATHOCTb 06Ha-
py#utb Salmonella spp. 3HauMTeNbHO YyBENUYMBAETCS
(tabn. 8).
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Ta6nuua 3. MNepeyeHb NPOAYKTOB NUTaHMS, NPUMEHSIEMbII B paLMOHE UCC/IeAYeMOro KOHTUHIeHTa

Table 3. List of food items included in the diet of the study population

l'pynna npopykToB

HaumeHoBaHuWe roToBoro bntoaa

Pa3sMep ctaHaapTHoi nopuum,

MscHble NpoayKTbl [leyeHb, TyLWEHHas B CMETaHHOM coyce 107
LLUHMUEnb HaTypasbHbIA 13 CBUHMHBI, YapPEeHHbIA B KIIspe 200

CaprenbKy CBUHbIE, OTBApHbIE 80

CBWHMHa yKapeHas (CpeaHew XMpHOCTM) 140

Kypuua oTapHas 100

YRS 13 CBUHUHBI C KPaCHBIM COYCOM 101

BedcTporaHoB 13 roBsAMHEI C COYCOM 90

['0BAAWHa, TYLLIEHHasA B KpacHOM coyce 110

KoTneTbl naposble (roBsifvHa, CBUHWHAY), BUTOUKM 150

Kypuua, apeHHas B coyce no-KabapamHcku 140

Kypuua, TywwénHas B coyce (Yaxoxbunwm) 110

PbibHble NPOayKTb Pbiba kaMbana aanbHeBOCTO4Has (apeHas) 140
Pbiba M1HTa, XapeHHas Ha NoACOMHEYHOM Macne 140

Pbiba TpecKa, )apeHHas Ha pacTUTENbLHOM Macne 140

Macno xvBoTHOr0 Macno cnvBoyHoe 15
MPOVCXOMAEHNA Cano KonuéHoe 20
MoroKo M MOMOYHBIE Moroko 3,2% MpHOCTM (MaKeTMpOBaHHOE) 200
MPOAYKTHI CmeTaHa 10,0% upHocTy 10
Cblp TBEPAbIN 20

Tabnuua 4. BaaumocBssb Mexny I'IOTpEﬁJ'IEHMEM MACHbIX NPOAYKTOB W 0TAENbHbIMU NpeacTaBuUTeNaMn MVIKp06VIOTbI KULLIEeYHUKa

Table 4. Association between meat consumption and specific gut microbiota representatives

lpynna npoaykToB BblsiBNEHHbIN TMN, KNacc, CeMeicTBo, Poa KarteropuanbHbiii nokasaresnb | Me* | Q1-03 | n | p
MsicHble NpoayKThI Tun: Bacillota He BbisiBNEHDI 7 6-7 98 0,017
Knacc: Bacilli
CemeitcTBo: Strept
emeicTBo: Streptococcaceae P s 57 2

Pog: Lactococcus

ﬂpUMeanue. *Me — MeaHa 4acToTbl yr|0Tpe6neHV|51 I'Ipe,[lCTaBJ'IEHHOVI rpynnbl NPOAYKTOB 3a TpU AHA.

TaKke [ONOMHUTENBHO NPOBENIM CTATUCTUYECKUIA aHa-
NU3 3aBUCMMOCTM MeXAy NoTpebneHWeM AU M SAMYHBIX
NPOLYKTOB U 0CODEHHOCTAMU MUKPOBMOTBI KMLIEYHMKA
B OPraHW30BaHHOM KOJIEKTUBE 3aKpbiToro Tuna. fpoaHa-
JIU3MpOBanM B3aWMOCBA3b MEXAY 4acToToi notpebneHus
UL, M SIMYHBIX MPOAYKTOB W HanuuneM bakTepuii Agromyces
spp., Geobacillus spp., Roseomonas spp. B npocBeTe ToN-
CTOW KMLLUKW. YCTaHOBNEHO, YTO MpM YacToTe ynoTpebneHus
3TOr0 BMAA NPOLYKTOB MWUTaHWUA >3 CHWUXKEHA BEPOSTHOCTb
BbllENEHUsA JaHHbIX MUKpoopraHu3amoB. [pu ynotpebnequn
B cpegHeM 29,4+21,0 r/cyT npefcTaBeHHbIX BUAOB NULLE-
BOM rpynnbl NPOAYKTOB CTAaTUCTMYECKW CHUMEHA BEPOAT-
HOCTb BbISIBNIEHNS B OpraHu3me bakTepuin pogos Agromyces,
29,4+21,0 r/cyt — Geobacillus, 29,4+21,0 r/ecyr —
Roseomonas. lpu ynoTpebneHun B cpefHEM MeHee
15,0+1,0 r/cyT paHHOro BMAA NULLEBOI MPOAYKLMW YBENNYU-
BaeTCsA BEPOATHOCTb BbISBJIEHUS B MUKPOOMOTE KULLIEYHWKA
NpeACTaBNEHHbIX POJOB baKTepUiA.
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CnepyeT yuuTbiBaTb, YTO B MPOBEAEHHOM MCCreAoBa-
HUM pe3ynbTaTbl NoMyYeHbl B AMHWYHBIX CNyYasX, OfHaKO
NPy aHanM3e CTaTUCTUYECKU LOCTOBEPHbIE PasNuuns Mpes-
cTaBnensl ans Agromyces spp. (p=0,029), Geobacillus spp.
(p=0,029), Roseomonas spp. (p=0,029).

OBCYXOEHUE

Mo pesynbratam uccneposanua B.10. KoHtapeBoi u co-
aBT. [8] ycTaHOB/EHO, YTO NpU eXeJHEBHOM ynoTpebneHuu
MOJI0Ka W MOJOYHBIX NPOAYKTOB CHUMXETCA PUCK BaKTepuoHo-
cuTenbcTBa Salmonella spp. 3a C4ET cNOCOBHOCTY MONOYHBIX
MPOAYKTOB MHrMBMpOBaTh POCT U pa3BUTME YCIIOBHO-NATO-
TeHHbIX MMKpoopraHuamoB. [laHHbli haKT noaTeepKaaeTcs
U Apyrummn uccnepoBauamu. OfHaKo B Hawen paboTe Bbl-
fBNeHa 0bpaTHas Koppensums Mex .y NpefcTaBieHHbIM BU-
[,0M MULLEBOA NPOLYKLMM U YacTOTON BbIAENEHUA NpeacTa-
BMTENEl YKa3aHHOro poja MWUKPOOPraHM3MoB. 3TOT BOMpoC
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Ta6nuua 5. B3aumoceasb Mexay notpebieHrem poibHbIX NPOAYKTOB 1 OTAE/bHbIMY NPEACTaBUTENAMU MUKPOBMOTHI KULLIEYHUKE
Table 5. Association between fish consumption and specific gut microbiota representatives

. . KateropuanbHbin N
lpynna npoaykToB BbifBNeHHbIN TUN, KNacc, cemMeiicTeo, pog, NOKA3aTENb Me Q1-Q3 n p
PbibHbIE NPOAYKTHI Tvn: Bacillota He BbisiBNEHDI 1 0-2 85 0,006
Krnacc: Bacilli
CemeiictBo: Lactobacillaceae
Pog: Limosilactobacillus BoinBretbl 2 0-2 3
Tun: Pseudomonadota He BbisiBNEHb 1 0-2 116 0,026
Knacc: Gammaproteobacteria
CeMeiictBo: Enterobacteriaceae 5 0 0-0 4
Pon: Salmonella bIABTIEHE! a
Tun: Actinomycetota He BbisBnEHb 2 0-2 78 0,020
Knacc: Actinomycetia
CemeitcTBo: Micrococcaceae P 0 0-2 w0

Pog: Micrococcus

[Mpumeyarue. * Me — MeamaHa YacToTbl ynoTpebaeHna NPeCTaBAeHHOM rpynbl NPOAYKTOB 3@ TPU [HS.

Ta6nuua 6. BsauMocBasb Mexay noTpebneHnem poiGHbIX NpoayKToB W Micrococcus luteus
Table 6. Association between fish consumption and Micrococcus luteus

PbibHble NpoayKThI
BblisiBNIEHHbIN TUN, KNacc, CeMeNCTBO, pos, BUA Kareropus p
Me* Q1-03 n
Tun: Actinomycetota He BbisiBneHo 2 0-2 81 0,033

Knacc: Actinomycetia

CeMeincTBo: Micrococcaceae

Pon: Micrococcus BuisiBneHo 0 0-2 39
Bwua: Micrococcus luteus

[Mpumeyarue. * Me — MeamaHa YacToTbl ynotpebaeHna NPeACTaBAeHHOM rpynbl NPOAYKTOB 3@ TPU HS.

Ta6nuua 7. B3auMocaasb Mexay notpebneHneM Macsia XUBOTHOTO MPOUCXOXAEHUS 1 OTAEbHLIMY NPeACTABUTENAMU MUKPOBMOTHI KULLIEYHMKA
Table 7. Association between animal fat consumption and specific gut microbiota representatives

pynna npogykTos BbisiBneHHbIN pop, 6akTepuit KaTeropuanbHblilt nokasatenb | Me* | Q1-03 | n | p
Macno MBOTHOr0 Tun: Pseudomonadota He BblsiBNEHbI 9 8-10 54 0,048
MPOUCXOXAEHUS Knacc: Gammaproteobacteria
CeMeicTBo: Enterobacteriaceae
Popn: Klebsiella BbisiBneHbI 8 7-9 66
Tun: Bacillota He BbiSBEHbI 9 8-10 98 0,049

Knacc: Bacilli
CeMeiicTBo: Streptococcaceae
Pop: Lactococcus BbisiBneHbl 8 7-9 22

[Mpumeyarue. * Me —Me[imaHa YacToTbl ynoTpebneHns NpeaCTaBNeHHOM rpynibl NPOAYKTOB 3a TPY [AHS.

Ta6nuua 8. Baaumocss3sb Mexay 4acToToil NoTpebeHNs MoIoKa U MONOYHBIX NPOAYKTOB W OTAEMbHBIMY NPeACTaBUTENAMU MUKPOBMOTHI KULLIEYHMKE
Table 8. Association between the frequency of milk and dairy product consumption and specific gut microbiota representatives

[pynna nponykToB BoisiBneHHbIM pos bakTepuii KateropuanbHbii nokasatenb Me* Q1-Q3 n p
MonoKo 1 MosoYHble Tun: Pseudomonadota He BbisiBNEHH 3 2-4 116 0,031
NPOAYKTbI Knacc: Gammaproteobacteria

CemeitcTBO: Enterobacteriaceae
Pop: Salmonella BbisiBneHbI 4 L1, 4

lpumeyaHue. * Me — MeauaHa YacToTbl ynoTpebieHms NpeacTaBneHHoi rpynbl NPOYKTOB 3a TPW AHS.

0CTaéTCs npeMeToM 0bCyKaeHUI n TpebyeT fononHuTeNb-  Ha MOMEHT Haluero UccnefjoBaHUs HapyLueHuii B cdepe ca-
HbIX MCCeA0BaHUIA. HUTapHO-TUMMEHNYECKOro 3aKOHOAATeNbCTBA MO MPOAYKTaM

CnepyeT 0TMETUTb, YTO MPOAYKTHI MUATAHWUA W NMEPCOHaNn  MUTaHWA W paboyeilt CMeHbl CTONIOBO He Obi0 BbISBNEHO.
CTOJ10BOM perynspHo obcnefytoT B COOTBETCTBUM C Tpe6oBaHM-  TakuM 06pa3oM, KOHTaMMHaLMM NPOAYKTOB MUTaHUA OT pa-
AIMU CaHWUTAPHO-3MWAEMUOJIOTMYECKOr0 3aKOHOAATeNbCTBA.  60THUKOB cTonoBoit Salmonella spp. cBefieHbl K MUHUMYMY.
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OPUIMHATTIBHOE VICCIEOOBAHME

B nccneposanum V. Hoffmann u coaer. [9] yctaHoBneHb
C/y4an KoHTamuHaumm Salmonella spp. MonoKa M MOMOYHBIX
MpoLyKTOB. ABTOpbI YTBEPK AT, YTO HaKTepuanbHoe 3arpss-
HeHWe NpUCYTCTBYET B MacTepM30BaHHOM U YNbTpanacTepuso-
BaHHOM MofoKe. Tak, Salmonella spp. bbina KynbTMBMpOBaHa
B 6,8% (n=27/395) 0bpa3uoB KMAKOrO NacTepu30BaHHOIO
W yNbTPanacTepu30BaHHOr0 MOJOKa, B 5,3% (n=21/395) u3 Ko-
TOpbIX BbiAensancs natored Salmonella enterica.

YcTtaHoBneHo, yto ynoTpebneHWe B MWLy Macen Xu-
BOTHOrO MPOMCXOXAEHMS TaKKe BAMseT Ha GpopMMpoBaHme
MUKPOOMOTLI KULWeYHKKa. Kak onmcanu Y. Zhan v coasT. [10],
LVETI C BLICOKUM COePIKaHNEM HaCbILLEHHBIX JXUPOB MOryT
NpUBOAMTbL K HapyLLeHWaM banaHca B MUKpOOUOTE KULLEYHHU-
Ka (amcbunosy). [ucbmos popmupyetcs B pesynbraTe U3Me-
HeHWs cooTHoleHns Firmicutes v Bacteroidetes. Takue ns-
MEHEHMS BEAYT K MOBLILLEHWIO YPOBHSA MPOBOCMANMUTENbHbIX
LMTOKMHOB B KMLLEYHMKE W, KaK CNEACTBUE, K YBENUYEHMIO
MPOHMLLIAEMOCTM €ro Cnm3ncToi 0bonoyku. [na noppepxa-
HWS 3[,0pOBbA M FOMEOCTasa KULIEYHON MUKPOOMOTHI peKo-
MeHAYeTCA NpUAepHMBaTbCA CHanaHCUpOBaHHOMO PaLMOHa,
B KOTOpOM obecrneyeHo NpaBUNIbHOE COOTHOLUEHWE NOTpe-
BneHus KUpHBIX KUCNOT, 0cobeHHo omera-3 u oMmera-6 no-
JIMHEHACBILLLEHHBIX HUPHBIX KUCIOT.

J. Viteri-Echeverria u coasrt. [11] onucanu npuMeHeHne
LMETbI C BbICOKMM COLEPIAHUEM XUPOB MaLMEHTAMM C My-
KOBUCLMA030M. B pesynbrate BbisiBNEHbl 3HAYMMble 3aBU-
CMMOCTH: yMeHblUeHne noTpebneHus Benka, msca v pbibbl
KOppenupyeT C yMeHbLUeHMEM KonndecTBa 6udmpobak-
Tepui, yBenuueHWe NoTpebneHWs NMNMOOB KoppenupyeT
C yBenuyeHneM Konudectea Escherichia spp., Shigella spp,
Streptococcus spp., a TakKe yBenuyeHue notpebnexus yrne-
BOZL0B KOppPenupYeT ¢ yMeHbLUeHWeM KonuuecTsa Veillonella
spp., Klebsiella spp.

MukpobHas 0bceMeHEHHOCTb MOSIOYHBIX MPOAYKTOB C Bbl-
COKMM COAiepXaHueM xupa (Hampumep, CIMBOYHOTO Macna)
TpebyeT aanbHeiwwero usyveHuns. M.H0. CbipoMATHUKOB K co-
aBT. [12] ¢ ncnonb3oBaHWEM MONEKYNSPHBLIX METOLO0B WC-
Cnef0Banu MUKPOOHbI COCTaB KOMMEPYECKUX MapoK CiK-
BOuHOro Macna. Tak, 6binm naeHTuduMumMpoBaHbl Haubonee
pacnpocTpaHéHHble poAbl bakTepwit: Lactobacillus spp.,
Streptococcus spp., Bacillus spp., Escherichia spp., Listeria
spp., Citrobacter spp., Kllebsiella spp.

CornacHo AaHHbIM, NMONYYEHHBIM B XOA€ HALLero uccne-
A0BaHUs B3aMMOCBA3W MeXdy MoTpebneHneM Macna xu-
BOTHOTO MPOMCXOXAEHUA U HEKOTOPbIMU MUKPOOPraHM3Ma-
MM, YCTaHOB/IEHA CTAaTUCTUYECKAA 3HAYUMOCTb B OTHOLLIEHUH
Klebsiella spp. (cM. Tabn. 8).

X. Liu v coasrt. [13] onucanu BnusHue OuMeTbl, 0OCHOBaH-
HOM Ha JobaBneHUN BapEHBIX ANL, B KOJMYECTBE [BYX LUTYK
B €XEJHEBHbI PaUMOH Ha MPOTSIKEHUM [ABYX Hefenb uc-
cnefoBaHus. ABTOpbI BbISIBUAW, YTO MMKpPOOMOTA KuLLey-
HWKa Y4aCTHUKOB MCCNe[0BaHMs cofepxana chefylLime
MUKpoopraHuambl: Acinetobacter spp., Alloprevotella spp.,
Escherichia spp., Shigella spp., Streptococcus spp., Dorea
spp., Bifidobacterium spp., Bacteroides spp., Parabacteroides
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spp. v ap. CoenaH BbIBOf, YTO eXeAHeBHOe ynoTpebnexne
OBYX ML, B TeYeHWe [BYX HeAeNlb 3HAUYMTENbHO YiydLiaet
KauyeCTBEHHbIE 1 KONMYECTBEHHbIE MOKa3aTenm MUKpobumoTh
KULLEYHWUKA, @ TaKIKe U MOMOMUTENBHO BAIMSET HA QyHKLMIO
KulleyHuKa. OnucaHHble pesynbTaTbl COBNAAALT C NOMyYeH-
HbIMU HaMW aHHBIMU.

MonoyHo-Kucnble GaKTepuM SBASIOTCA YaCcTblo MUKpO-
Gnopbl Mfica, YNaKoBaHHOTO MoJ, BaKyyMOM U B MOAUGM-
LiMpOBaHHOI ra3oBom cpepe. Lactococcus spp. LUMPOKO Mpu-
MEHSIETCA B COCTaBe 3aKBACOK, MPENUMYLLIECTBEHHO B MOJIOYHOM
MPOMBILLIEHHOCTH, U TaKXKe NPUCYTCTBYET BO MHOMUX (epMeH-
TUPOBaHHbIX NPOAYKTaX PacTUTENLHOMO MPOUCXOXKAEHUS. [Ty-
BnuKyloTcs cBeAeHus 0 BbigeneHun Lactococcus spp., KOTo-
pble BCErAa accoLMMpOBaNMCh UCKITIOUUTENBHO C MOIOYHBIMU
W pacTUTENbHBIMU NPOAYKTaMK, U3 KULLEYHUKA YYaCTHUKOB
UCCneaoBaHus npu ynoTpebieHun Msca U MACHBIX NPOAYK-
TOB (CM. Tabn. 5). 3T0T haKT paclumpseT NOHUMaHWEe AaHHBIX
0 pacmpocTpaHeHUM M 3KONOMMW 3TUX MUKPOOPraHW3MOB,
noAyYepKuBas Mx cnocobHOCTb afanTUpOBaTbCA K pasiny-
HbIM CpefiaM M MULLEBbIM UCTOYHUKaM. [lofobHble TeHAEeH-
LM TaKKe OMUCHIBAIOTCS B JIMTEPATYPHBIX UCTOYHMKAX. TaK,
Lactococcus spp. BblieneH u3 GpepMeHTMPOBaHHbIX Konbac-
HbIX U30e/MiA, MACHBIX (CBUHWHA) M pbIOHBLIX NPoayKTOB [14].

TakoKe B UTEPATYPHbIX UCTOYHMKAX OMMCHIBAETCS LUMPOKOE
npuMeHenue Lactococcus Spp. B NULLEBOH NPOMBILLIEHHOCTM
MpY U3roToB/IEHMM MACHBIX NpoaykToB. K npumepy, Lactococcus
lactis vcnonb3yloT Kak 3aLUMTHYI0 KynbTypy ANS NpefoTspa-
LEHUA Pa3MHOXeHUs Listeria spp. B OXNaXOEHHBIX MSCHBIX
npoayktax. Poabl 6aktepuit Carnobacterium, Lactobacillus,
Pediococcus, Leuconostoc, Weissella vrpatoT ocHOBHy0 posib
B Nopye MACHbIX NpoayKToB [15]. B HaweM uccnepoBaHuy no-
NyYeHbl 0bpaTHble AaHHble (cM. Tabn. 7, 8). Mbl npeanonara-
€M, YTO 3TO CBA3aHO C TEM, YTO MSCHbIE U PbibHbIE NPOAYKTHI
B HalleM McCnefoBaHuM UCMoNb3oBauch 6e3 BakyymMa wim
He BblM NoMeLLeHbl B MOAMGULMPOBAHHbIE ra3oBble Cpespbl.

B nccnepoBanum Okyere u coaer. [16] coobluaeTcs o pas-
Hoobpa3suu baKTepuanbHbIX CO0BLLECTB B pbibHBIX NPOAYKTaX,
KOTOpble OHU M3y4anu. bbinu obHapyeHbl Takue bakTepum,
Kak Escherichia coli, Shigella spp., Salmonella spp., Listeria
spp. u Staphylococcus aureus. Takxe €O0DLLAETCA O Bbl-
ABNEHUN U3BECTHBIX MATOrEHHbIX MUKPOOPraHM3MOB, TaKWX
Kak Aeromonas spp., Salmonella spp., E. coli, Listeria mono-
cytogenes, Staphylococcus spp., Enterococcus spp. u Vibrio
Spp. B MPOaHan131poBaHHON rOTOBOW PbIBHON MPOLYKLMH.

Q. Shang u coasrt. [17] ycTaHoBUAK, YTO B EepPMEHTH-
poBaHHOM pbIOHOM NpoayKuMu npucyTcTByloT Lactobacillus
SPP., TaK KaK OHW HemoCpefCTBEHHO Y4acTBYIOT B MpoLecce
(bepMeHTaLMu.

TakoKe cTouT 06paTUTL BHUMaHKE 1 Ha BbiAeNieHne B pblb-
HOW NpoayKummn Micrococcus spp., B HacTHocTW Micrococcus
luteus. B nuTepaTypHbIX UCTOYHMKAX OTMEYAETCA OMMUCaHue
BblfeneHus Micrococcus spp. Ha HadyabHbIX 3Tanax npous-
BOACTBA (hepMEHTUPOBAHHBIX PbIOHBIX NpoAyKTOB. MoXHO
NPeLNoN0XKUTb, YTO 3TO CBA3AHO C HAPYLUEHWEM CaHUTApHO-
TUFMEHWYECKMX Npouesyp npu paboTe ¢ cbipbéM. Takie
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cneayeT OTMETUTb MPOTEONIUTUYECKYKD U NUMONUTUYECKYIO
aKTMBHOCTb Micrococcus spp. [18].

AKTyanbHoCTb MpobaeMbl U3y4eHUst PO MUKPOOMOTHI
KULIEYHMKA 1 eé GopMUPOBaHIA NOJ, BO3AENCTBUEM pasnny-
HbIX BUOB MPOAYKTOB MUTaHWSA COXPaHSETCA B HacTosLuee
BpeMs. lonyyeHHble pe3ynbTaTbl NO3BOSIAIOT NPEANOOKMTD,
YTO MPOLYKTbI XMBOTHOTO NPOMUCXOXAEHUS MOTYT OKa3blBaTb
B/MsIHME Ha GOpPMMpPOBaHME MUKPOOMOTBI KULLEYHMKa. Pas-
JIMYHbIE Hay4Hble UCCNELOBaHNSA YKasblBaloT Ha TO, YTO MU-
KpobKoTa MOXKeT UrpaTb posib B pa3BUTUAW WU NPOrpeccupoBa-
HWW pasnnyHbIX 3abonieBanmi [19].

3AKJIOYEHUE

MonBoAA UTOMM UCCNEA0BaHMSA, MOXHO CKa3aTb O NPAMON
CBA3W MeX[y COONMIOAEHWEM AMETHI, BKIIOYAIOLLEN FOTOBbLIE
pbibHbIE 611043, ¥ 3HAUUTENBHBIM YBETMHEHUEM B MUKPOBMO-
Te KULLEYHMKA KonmyecTsa BbisBnseMbix Limosilactobacillus
spp., Micrococcus spp., B HactHocTu Micrococcus luteus.

Takke BbiSBNEHbI KOPPENALMM MeXay ynoTpebneHuem
ANL, U AMYHBIX NPOAYKTOB W BblaeneHneM Agromyces spp.
Geobacillus spp. Roseomonas spp., KoTopble He onuca-
Hbl B OTKPbITbIX JIUTEPATYPHBIX UCTOYHWUKAX U MOFYT HOCUTb
YaCTHbII XapaKTep BbIABNIEHWSA, HO NPW 3TOM UMEIOT CTaTH-
CTMYECKM [OCTOBEPHbIE PasfinuMs. 3T0 ManouccnefoBaHHas
MWKPOBMOTa YenoBeKa, 0f|HAKO AaHHblE MUKPOOPraHM3MbI
€CTeCTBEHHbIM 06pa3oM HacensioT 0ObLEKTHI OKpyXatoLLen
Cpedbl U B MOCNeLHWe oAbl BCE Yalue paccMaTpuBaloTCs
KaK BO3MOXXHbIE Y4aCTHUKW MPOLECCOB B OpraHM3Me Yeso-
BeKa (Ha npumepe Rhizobium spp).

B HalLeM uccneoBaHWM TakxKe NOATBEPXKAEHA Koppens-
uMs Mexgy notpebneHveM cnmBoyHoro macna u Klebsiella
Spp.

[lanbHeiiwue nccnefoBaHnsa MoryT natb boniee WKpoKoe
MOHUMaHWe TOro, Kak pasHoobpasHble MuLLeBble NPOAYK-
Tbl BAMSAIOT Ha 3[,0POBbE YeNoBeKa, Kotopoe hopMupyeTcs
NPV HeNoCpPeACTBEHHOM Y4acTUM MUKPODMOTBI KULLEYHMKA.

C y4€TOM nonyyeHHbIX AaHHbIX LIS YCTaHOBNEHWs bonee
[I0CTOBEPHbIX CBA3E/ MEXY YNoTpebieH1eM NPOLYKTOB Xu-
BOTHOTO MPOMCXOKAEHWS W NPELCTABUTENAMU KULIEYHOW MU-
KpoOMOoTbI NpeaCTaBNAETCA paLMoHabHBIM NPOBEAEHME aHa-
NOTUYHBIX UCCNEA0BaHNM ¢ 6osibLUel BbIOOPKON, pasfeneHneM
W pacLUMpeH1eM nepeyHsi NPOAYKTOB MUTaHMS, a TakKe Apo-
BreHneM y4acTHUKOB UCCIe0BaHUA Ha BO3PACTHbIE Mpynmbl.

ANO0NOJIHUTE/IbHAA UHOOPMALIUA

Bknap aBtopoB. A.B. EpmMonaes — KoHuenums 1 AnsaiH nccnefoBaHus,
cbop n obpabotka Matepuana, ctatucTUdeckas obpaboTka, HanwvcaHue,
pepakTupoBaHue Tekcta; [1.0. MopbayeB — KOHLENUMs 1 Au3aiH uccne-
[I0BaHWA, HanucaHue, pelakTupoBaHue Tekcta; A.B. JIaMuH — obpaboTka
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Matepwmana, CTaTucTUyeckas 0bpaboTka, HanncaHue, pefakTMPOBaHMUe Tek-
CTa; BCE aBTOPbl — YTBEPX/EHWNE OKOHYATEeNbHOr0 BapWaHTa CTaTby, OT-
BETCTBEHHOCTb 3a LIENIOCTHOCTb BCeX YacTelt cTatbu. Bee aBTopsl 0gobpunm
PpYKOMWChb (Bepcuio Ans NybamKaLmm), a Takke COrNacuMCcb HeCTw oTBeT-
CTBEHHOCTb 33 BCE acneKThbl paboTbl, rapaHTVpys HaAnexallee paccMoTpe-
HWe U peLLieHyie BOMPOCOB, CBA3AHHbBIX C TOYHOCTHIO M A0OPOCOBECTHOCTBIO
noboi eé yactu.

JITnyeckan 3kcneprusa. [lpoBefeHve vccnefoBaHUA 080OpeHO 3TU-
YecKUM KoMuTeTOM o Broatnke OIBOY BO «Camapckuii rocyaapcTaeH-
HbI MeVLMHCKWIA YHMBEPCUTET» MuH3gpasa Poccum (npoTokon N2 252
ot 07.09.2022).

Cornacue Ha nybnmkaumio. Bce yqacTHUKY nccnefoBaHWs 406poOBONbHO
nognmcanyt popMy MHOOPMMUPOBAHHOTO COracvs A0 BKIIOYEHWS B UCCe-
[0BaHMe.

WUcTounukmn dumnancupoBanmua. OTCyTCTBYIOT.

PackpbiThe uHTepecoB. ABTopbI 3asBNAIOT 00 OTCYTCTBUM OTHOLLEHWH, fie-
ATENBHOCTV W MHTEPecoB 3a NOCeHWe TPU rOfia, CBA3AHHBIX C TPETHMM
muaMm1 (KOMMEPHECKUMM W HEKOMMEPHYECKVMM), MHTEPECh! KOTOPbIX MOTYT
BbITb 3aTPOHYTHI COflEPK@HNEM CTaTbU.

OpuruHanbHocTb. [1py cO3A4aHMM HacTosLLEN paboTbl aBTOPbI HE UCTOTb-
30Ba/nu paHee onybiMKoBaHHbIE CBEAEHMUs (TEKCT, UNMIOCTPaLWMY, AaHHbIE).
HocTyn K AaHHbIM. PeaKLMOHHas NOMMTMKA B OTHOLLEHWW COBMECTHOMO
MCMO/b30BaHUA aHHbIX K HAcToALLEel paboTe He NpyUMeHWUMa, HoBble AaH-
Hble He cobupany 1 He co3aaBany.

leHepaTUBHbIA MCKYCCTBEHHbIN MHTENNEKT. [Ipy CO30aHMM HACTOALLEN
CTaTbW TEXHONMOTMM TeHepPaTMBHOTO WCKYCCTBEHHOMO MHTENNEKTa He UC-
nonb30Banu.

PaccMoTtpenne u peueHsupoBanme. HacTosiias pabota nofaHa B xyp-
Han B WHULMATMBHOM NOPSZIKE M PacCMOTPeHa Mo 0bbl4HOM Mpovenype.
B peLieH3vpoBaHUy y4acTBOBaM [Ba BHELLHMX PELiEH3eHTa, YIeH pefaK-
LIMOHHOW KONMErn W Hay4HbIA pefiakTop U3AaHNS.

ADDITIONAL INFORMATION

Author contributions: A.V. Ermolaev: conceptualization, methodology, data
curation, formal analysis, writing—original draft, writing—review & editing;
D.0. Gorbachev: conceptualization, writing—original draft, writing—review
& editing; A.V. Lyamin: data curation, formal analysis, writing—original
draft, writing—review & editing. All the authors approved the version of the
manuscript to be published and agreed to be accountable for all aspects of
the work, ensuring that questions related to the accuracy or integrity of any
part of the work are appropriately investigated and resolved.

Ethics approval: The study was approved by the Bioethics Committee
of Samara State Medical University, Ministry of Health of Russia (Minutes
No. 252 of September 7, 2022).

Consent for publication: All participants provided written informed
consent prior to inclusion in the study.

Funding sources: No funding.

Disclosure of interests: The authors have no relationships, activities, or
interests for the last three years related to for-profit or not-for-profit third
parties whose interests may be affected by the content of the article.
Statement of originality: No previously published material (text, images,
or data) was used in this work.

Data availability statement: The editorial policy regarding data sharing
does not apply to this work, as no new data was collected or created.
Generative Al: No generative artificial intelligence technologies were used
to prepare this article.

Provenance and peer-review: This paper was submitted unsolicited
and reviewed following the standard procedure. The peer review process
involved two external reviewers, a member of the editorial board, and the
in-house scientific editor.




206

OPUIMHATTIBHOE VICCIEOOBAHME

CNUCOK JINTEPATYPbI | REFERENCES

1. Tutelyan VA, Vyalkov Al, Razumov AN. The science of healthy eating.

Moscow: Panorama; 2010. 839 p. (In Russ.) EDN: TFKGHH

2. Tutelyan VA, Nikityuk DB. Key challenges in the dietary intake structure
and cutting edge technologies for optimizing nutrition to protect the
health of the Russian population. Problems of Nutrition. 2024;93(1):6—

21. doi: 10.33029/0042-8833-2024-93-1-6-21 EDN: XCDQZJ

3. Kiprushkina El, Kolodyaznaya VS, Filippov VI, et al. The importance of
nutrition in the forming of intestinal microbiome. Journal of International

Academy of Refrigeration. 2020;(2):52-59.
doi: 10.17586/1606-4313-2020-19-2-52-59 EDN: JFZYEJ

4. Stoma 10. Microbiome in medicine: a guide for doctors. Moscow:

GEOTAR-Media; 2020. 319 p. (In Russ.) ISBN: 978-5-9704-5844-0

5. Nikonova EL, Popova EN, editars. Microbiota. Moscow: Media Sfera;

2019. 256 p. (In Russ.) ISBN: 978-5-89084-058-5

6. Bragina TV, Sheveleva SA, Elizarova EV, et al. The structure of blood
gut microbiota markers in athletes and their relationship with the diet.

Problems of Nutrition. 2022;91(4):35—46.
doi: 10.33029/0042-8833-2022-91-4-35-46 EDN: HXIFIJ

7. Markova YuM, Sidorova YuS. Amaranth, quinoa and buckwheat
grain products: role in human nutrition and maintenance of the
intestinal microbiome. Problems of Nutrition. 2022;91(6):17-29.

doi: 10.33029/0042-8833-2022-91-6-17-29 EDN: YQIQFY

8. Kontareva VYu, Kryuchkova VV. Influence of the enriched kefir products
on enterobakteria development. Food Processing: Techniques and
Technology. 2017;(4):54-59. doi: 10.21603/2074-9414-2017-4-54-59

EDN: VZJRZB

9. Hoffmann V, Simiyu S, Sewell DK, et al. Milk product safety and
household food hygiene influence bacterial contamination of infant food

in Peri-Urban Kenya. Front Public Health. 2022;9:772892.
doi: 10.3389/fpubh.2021.772892

10. Zhan Y, Yong-Jiang X, Yuanfa L. Influences of dietary oils and fats, and
the accompanied minor content of components on the gut microbiota
and gut inflammation: A review. Trends in Food Science & Technology.

2021;113:255-276. doi: 10.1016/j.tifs.2021.05.001

0b ABTOPAX

* EpMonaeB AnekcaHap Bagumosuy;

anpec: Poccus, 443056, Camapa, yn. MoawwmnHukosas, a. 9;
ORCID: 0000-0003-4044-9139;

eLibrary SPIN: 1541-8495;

e-mail: a.v.ermolaev@samsmu.ru

Jlamun ApTéM BuktopoBuY, 4-p Mefl. HayK, AOLEHT;
ORCID: 0000-0002-5905-1895;

eLibrary SPIN: 6607-8990;

e-mail: a.v.lyamin@samsmu.ru

l'op6ayes [iMutpuit OneroBuy, fi-p Mef. HayK, AOLEHT;
ORCID: 0000-0002-8044-9806;

eLibrary SPIN: 1276-2740;

e-mail: d.o.gorbachev@samsmu.ru

* ABTOp, 0TBETCTBEHHbIV 33 Nepenucky / Corresponding author

T.32,Ne 3, 2025

1.

12.

13.

14.

15.

16.

17.

18.

19.

JKoNorna HenoBeka

Viteri-Echeverrfa J, Calvo-Lerma J, Ferriz-Jorddn M, et al. Association
between dietary intake and faecal microbiota in children with cystic
fibrosis. Nutrients. 2023;15(24):5013. doi: 10.3390/nu15245013
Syromyatnikov MY, Kokina AV, Solodskikh SA, et al. High-Throughput
16S rRNA gene sequencing of butter microbiota reveals a variety of
opportunistic pathogens. Foods (Basel, Switzerland). 2020;9(5):608.
doi: 10.3390/foods9050608

Liu X, Shao Y, Sun J, et al. Egg consumption improves vascular and
gut microbiota function without increasing inflammatory, metabolic, and
oxidative stress markers. Food Sci Nutr. 2021;10 (1):295-304.

doi: 10.1002/fsn3.2671

Barakat RK, Griffiths MW, Harris LJ. Isolation and characterization of
Carnobacterium, Lactococcus, and Enterococcus spp. from cooked,
modified atmosphere packaged, refrigerated, poultry meat. Int J Food
Microbiol. 2000;62(1-2):83—94. doi: 10.1016/50168-1605(00)00381-0
Settier-Ramirez L, Lopez-Carballo G, Gavara R, et al. Evaluation
of Lactococcus lactis subsp. lactis as protective culture for active
packaging of non-fermented foods: creamy mushroom soup and sliced
cooked ham. Food Control. 2021;122(3):107802.

doi: 10.1016/j.foodcont.2020.107802

Okyere A, Bishoff D, Oyaro MO, et al. Analysis of fish commonly
sold in local supermarkets reveals the presence of pathogenic and
multidrug-resistant bacterial communities. Microbiology Insights.
2018;11:1178636118786925. doi: 10.1177/1178636118786925

Shang Q, Li Q, Zhang M, et al. Dietary Keratan Sulfate from shark cartilage
modulates gut microbiota and increases the abundance of Lactobacillus
spp. Mar Drugs. 2016;14(12):224. doi: 10.3390/md 14120224

Belleggia L, Osimani A. Fermented fish and fermented fish-based
products, an ever-growing source of microbial diversity: a literature
review. Food Res Int. 2023;172:113112.

doi: 10.1016/j.foodres.2023.113112

Tacconi E, Palma G, De Biase D, et al. Microbiota effect on trimethylamine
n-oxide production: from cancer to fitness — a practical preventing
recommendation and therapies. Nutrients. 2023;15(3):563.

doi: 10.3390/nu15030563

AUTHORS’ INFO

* Alexander V. Ermolaev;

address: 9 Podshipnikovaya st, Samara, Russia, 443056;
ORCID: 0000-0003-4044-9139;

eLibrary SPIN: 1541-8495;

e-mail: a.v.ermolaev@samsmu.ru

Artem V. Lyamin, MD, Dr. Sci. (Medicine), Associate Professor;
ORCID: 0000-0002-5905-1895;

eLibrary SPIN: 6607-8990;

e-mail: a.v.lyamin@samsmu.ru

Dmitrii 0. Gorbachev, MD, Dr. Sci. (Medicine), Associate Professor;
ORCID: 0000-0002-8044-9806;

eLibrary SPIN: 1276-2740;

e-mail: d.o.gorbachev@samsmu.ru

D0l https://doiorg/10.17816/humecob42725



https://elibrary.ru/tfkghh
https://doi.org/10.33029/0042-8833-2024-93-1-6-21
https://elibrary.ru/xcdqzj
https://doi.org/10.17586/1606-4313-2020-19-2-52-59
https://elibrary.ru/jfzyej
https://doi.org/10.33029/0042-8833-2022-91-4-35-46
https://elibrary.ru/hxifij
https://doi.org/10.33029/0042-8833-2022-91-6-17-29
https://elibrary.ru/yqiqfy
https://doi.org/10.21603/2074-9414-2017-4-54-59
https://elibrary.ru/vzjrzb
https://doi.org/10.3389/fpubh.2021.772892
https://doi.org/10.1016/j.tifs.2021.05.001
https://doi.org/10.3390/nu15245013
https://doi.org/10.3390/foods9050608
https://doi.org/10.1002/fsn3.2671
https://doi.org/10.1016/S0168-1605(00)00381-0
https://doi.org/10.1016/j.foodcont.2020.107802
https://doi.org/10.1177/1178636118786925
https://doi.org/10.3390/md14120224
https://doi.org/10.1016/j.foodres.2023.113112
https://doi.org/10.3390/nu15030563
https://orcid.org/0000-0003-4044-9139
https://www.elibrary.ru/author_profile.asp?spin=1541-8495
mailto:a.v.ermolaev@samsmu.ru
https://orcid.org/0000-0003-4044-9139
https://www.elibrary.ru/author_profile.asp?spin=1541-8495
mailto:a.v.ermolaev@samsmu.ru
https://orcid.org/0000-0002-5905-1895
https://www.elibrary.ru/author_profile.asp?spin=6607-8990
mailto:a.v.lyamin@samsmu.ru
https://orcid.org/0000-0002-5905-1895
https://www.elibrary.ru/author_profile.asp?spin=6607-8990
mailto:a.v.lyamin@samsmu.ru
https://orcid.org/0000-0002-8044-9806
https://www.elibrary.ru/author_profile.asp?spin=1276-2740
mailto:d.o.gorbachev@samsmu.ru
https://orcid.org/0000-0002-8044-9806
https://www.elibrary.ru/author_profile.asp?spin=1276-2740
mailto:d.o.gorbachev@samsmu.ru

OPUIMMHATBEHOE MCCNEOBAHME T.32,Ne 32025 JKONOrVIA HenoBeKa 2
]

DOI: https://doi.org/10.17816/humecob46356 EDN: KDVREW

0T 3KpaHOB K 6eccoHHMLe: KaK Luu(poBbie CTpeccopbl
CBA3aHbl C XapaKTepMCTUKAMMU CHa POCCUAH?

A.A. Makcumenko', A.A. 3onotapesa’, [1.B. Kawmpcruit?

! HaumoHanbHbIl UcCRe0BaTeNbCKUil YHUBEPCUTET «BbiciLas LWKoNa 3KOHOMUKM», MockBa, Poceus;
2 POCCHIACKMI rOCYAaPCTBEHHBIN ryMaHUTapHbIA yHUBepcuTeT, Mockea, Poccust

AHHOTALMUA

06ocHoBaHKe. VI3yueHre B3aMMOCBA3EN MeX Y LM(MPOBLIMU CTPECCOPAMM W XapaKTEPUCTUKaMU CHa BaXKHO Ans pa3paboTku
3 eKTUBHBIX CTpaTernit NPOGUNAKTUKKU U NOAJEPIKKMA B YCNOBUAX MH(DOPMALMOHHON Neperpysku 1 LMdpoBON aKTUBHOCTM
COBPEMEHHWKOB.

Llenb. N3yyeHne B3auMocBA3M Mexay UMPPOBLIMU CTPECCOPAMM U XapaKTEPUCTMKAMU CHa (ero KayecTBOM M MPOLOSIKM-
TENbHOCTbIO, MPMEMOM CHOTBOPHBIX, BDEMEHEM OTX0/1a KO CHY W BPEMEHEM, 3aTPa4MBaEMbIM Ha 3acbinaHue).

Metopabl. COop faHHbIX OCYLLECTBNIEH B peXWUME OHMalH-aHKETUPOBaHWUS C NOMoLb nnatdopmbl AHaekc.Tonoka. B uc-
cnefoBaHuy NpuHAKM ydactue 1008 pecnoHaeHTOB, B TOM uucne 436 MyxuuH 1 572 xeHwuHbl oT 18 no 80 net (M=38,3;
Me=36; SD=11,4). AHKeTa copepKana pAg BONPOCOB 0 XapaKTePUCTUKAX CHa, a TakKe LuKany kubepxonapum (Cyberchondria
Severity Scale, CSS), wkany aymckponnuira (Doomscrolling Scale, DS) u BepreHckyto LKany 3aBUCMMOCTU OT COLMasbHbIX
ceteit (Bergen Social Media Addiction Scale, BSMAS).

PesynbTarbl. AHanM3 faHHbIX MOKa3as, uTo bonee BbICOKME NOKa3aTenu LMdPOoBbLIX CTPECCOPOB (KMBepXoHApUM, LyMCKpOSI-
JINHIA M 3aBUCUMOCTH OT COLMANbHBIX CETEN) CBA3aHbI C YXYALIEHWEM XapaKTEePUCTUK CHA: CHUMEHWEM Ero KauyecTsa, yBe-
JMYEHWEM BPEMEHM 3ackinaHus, bonee YacTbiM UCMOb30BAHUEM CHOTBOPHBIX U YMEHBLUEHUEM MPOACIIKUTENBHOCTU CHA.
Hanbonee ysi3BUMbIMM rpynnamMm oKasanucb MoJIoLbIE PECMIOHAEHTI U KEHLLUMHBI, B TO BPEMS KaK MYXUMHbI U PECTIOHAEHTHI
¢ bosee HU3KUMM LMDPOBLIMKM CTpeccopaMu coobLLaM 0 JyyLLeM BOCTIPUSATMM CHa.

3akniouenue. PesynbTarhl UCCNEeA0BaHNA NOAYEPKMBAIOT He06X0AMMOCTb pa3paboTku CTpaTerii LMGpoBOiA TMreHbl, a Tak-
e npoBefeHus 0bpa3oBaTenbHbIX NPorpaMM no LU@PoBOM rPaMOTHOCTU, BHELPEHWS MPaKTUK 0CO3HAHHOTO UCMO/b30BaHUS
TEXHOJOMMIA U NOAJEPIKKU CIELMANMCTOB B 0611aCTM NCUXONOMMW U MeMLMHBI A1S KOMIIEKCHOTO YnpaBieHus LmMbpoBbiMu
NPUBLIYKAMM Y MUHUMM3ALMK UX BIIMSHUA Ha 3[,0POBbE U NCUXO3MOLMOHANBHOE COCTOSHUE.

KnioueBble cnoBa: uudpoBble CTpeccopbl; 6ECCOHHULA; KaYecTBO CHa; Perynaums cHa; IQGEeKT IKPaHOB; 3IEKTPOHHbIE
YCTPOMCTBA; MHDOPMALMOHHASA Neperpy3Ka; NCUX03MOLMOHANbHBIE COCTOSHMS.

Kak uutuposarb:
Makcumenko AA., 3onoTapesa AA., Kawmpckuin [1.B. OT 3kpaHOB K 6eccoHHMLE: KaK LydpoBble CTPECCOpbI CBA3aHbI C XapaKTepUCTKaMM cHa poccusiH? //
3konorus yenoseka. 2025. T. 32, N° 3. C. 207-218. DOI: 10.17816/humecob46356 EDN: KDVREW
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From Screens to Sleeplessness: How Digital
Stressors Are Linked to Sleep Characteristics
in the Russian Population

Aleksander A. Maksimenko', Alena A. Zolotareva', Dmitry V. Kashirsky?

! Higher School of Economics, Moscow, Russia;
2 Russian State University for the Humanities, Moscow, Russia

ABSTRACT

BACKGROUND: Investigating the relationship between digital stressors and sleep characteristics is crucial for developing
effective prevention and support strategies amid the challenges of information overload and modern digital engagement.
AIM: The work aimed to explore the associations between digital stressors and sleep characteristics (including sleep quality
and duration, use of sleep aids, bedtime, and sleep onset latency).

METHODS: Data were collected via an online survey on the Yandex.Toloka platform. A total of 1008 respondents, 436 men and
572 women, aged 18 to 80 years (M=38.3; Me=36; SD=11.4) participated. The questionnaire included sleep-related questions
and incorporated the Cyberchondria Severity Scale (CSS), the Doomscrolling Scale (DS), and the Bergen Social Media Addiction
Scale (BSMAS).

RESULTS: Data analysis showed that higher levels of digital stressors (cyberchondria, doomscrolling, and social media
addiction) were associated with a deterioration in sleep characteristics: decreased sleep quality, increased time to fall asleep,
more frequent use of sleep aids, and reduced sleep duration. Younger respondents and women were identified as the most
vulnerable groups, whereas men and those with lower levels of digital stressors reported better sleep perceptions.
CONCLUSION: The findings highlight the importance of developing digital hygiene strategies, implementing digital literacy
education programs, introducing mindful technology use practices, and ensuring support from psychology and medical
professionals for comprehensive digital habit management and minimizing their impact on health and psycho-emotional
well-being.

Keywords: digital stressors; insomnia; sleep quality; sleep regulation; screen effects; electronic devices; information
overload; psycho-emotional states.
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B nocnephve pecatunetus umdbpoBble TeXHONOMMM cTa-
JI1 HEeOTBLEMJIEMOI YaCcTbH0 MOBCEHEBHON U3HW, U3MEHUB
dopMar obLuenms, Tpyaa, Aocyra 1 LocTyna K MHGopMaLmm.
CTpeMuTeNbHOE NMPOHMKHOBEHME LMQPOBLIX YCTPOCTB B ObIT
1 paboyee NpoCTPaHCTBO NPUBENO K BO3HUKHOBEHMIO HOBbIX
BbI30BOB AJ151 MCUXMYECKOr0 3[10POBbS M MCUXONOMUYECKOr0
bnarononyuus coBpeMeHHWKOB [1]. OAHMM U3 TaKUX BbI3O-
BOB fIB/IAETCA B/MAHME LMPPOBLIX CTPECCOPOB HA KayecTBo
cHa [2]. AnuTenbHoe UCNob30BaHWE 3KPaHHBIX YCTPOMCTB,
n3bbITo4Hoe noTpebneHue MHGMOPMALMOHHOIO KOHTEHTA,
CKJIOHHOCTb K LyMCKPOJUMHTY M Apyrve ¢opMbl LMpoBoil
aKTMBHOCTM OKa3blBalOT 3HAUUTENbHOE BO3ENCTBUE HA COH
yenoseka [3].

CoH ABNseTCA OAHMM U3 KNYeBbIX (aKTOpOB Noaaep-
YKaHWa GM3nMIEeCKoro 1 NCUXMYECKOro 340poBbs. HapylueHus
CHa, TaKue Kak beccoHHMLa, TPEeBOXKHOE 3ackbiNaHue, COKpa-
LeHWe MPOJOIIKUTENBHOCTM CHA U HapyLUEHWEe ero CTpyK-
Typbl, NPUBOASAT K YBENIMYEHWI0 pUCKA Pas3BUTUA [enpec-
CUM, TPEBOXHBIX PacCTPOMCTB, KOTHUTUBHOTO MCTOLLEHUS
U CepAeYHO-CocyamcThiX 3aboneBaHui [4—6]. B KoHTeKcTe
undposoro obulectsa npobnema yxyALeHUs KayecTBa CHa
npuobpeTaeT 0cobyl0 aKTyanbHOCTb, MOCKOMBKY NOCTOSHHOE
B3aMMOJENCTBUE C raJKeTaMu B BeYepHee M HOYHOe Bpe-
M COCOBCTBYET HapyLIeHWU0 LMpKagHbIX puTMoB [7], co-
KpaLLeHMI0 NPOACIIKMTENBHOCTU cHa [8] 1 yBennueHuio ero
(parMeHTaummn Kak y geteit [9, 10] n noapoctkoB [11], TaK
'y B3pocnbix [12] n noxuneix nogen [13].

CoBpeMeHHbIe UCCNEl0BaHUA LEMOHCTPUPYIOT TECHYHO
B3aMMOCBA3b MeXay 0CobeHHOCTAMM LMdpoBOro nosefe-
HWA, TAKUMU KaK BYMCKPOSIUHT, KUOEPXOHLPUA U UHTEPHET-
3aBUCMMOCTb, M MOKA3aTeNAMU MCUXMYECKOr0 3[0pOBbS,
B YaCTHOCTW HapyweHnaMu cHa. OcobeHHO aKTyanbHbIM 370
CTaHOBMTCS B CTY[EHYECKOW Cpefie, FAe BbiCOKA YacToTa no-
TpebneHus OHNMalH-KOHTEHTa, B TOM YMC/e MeLULMHCKOM
nHdopMaumu. Tak, uccnefoBaHWe Ha KUTAWCKWX CTYLeH-
Tax MOKas3ano, 4To AYMCKPOJIMHT LUMPOKO PacrnpoCcTpaHEH
1 3HAQYNMO CBAI3aH C TPEBOXKHOCTBIO, iENpeccueit, 3aBUCMMo-
CTbH OT CMapTdOoHa M HapyweHuamu cHa. OcobeHHo BaxHo,
YTO AYMCKPOJUIMHI BbICTYNaeT NOCPEAHMKOM BO B3aMMOCBA3M
Mexay OeCCOHHMLENH 1 aenpeccuen, YTo NOAYEPKUBAET €ro
3HaueHWe KaKk ncuxonornyeckoro pucka [14]. B apyroM uc-
Cef0BaHUM HU3KOE KayecTBO CHa 0Ka3anoch CBA3aHO C Aiv-
TeNbHbIM BPEMEHEM, MPOBOAUMBIM B WHTEpHETE, 0COBEHHO
nepes, CHOM, BbICOKUM YPOBHEM KWUOEPXOHAPUM U MIIOXUM
COCTOSIHMEM 3[,0pOBbsA. YacTbll OHNAAH-NOUCK MeMULMH-
CKOW UHOPMALMM W BBICOKAs OHMaWH-rpaMOTHOCTb B chepe
3a0poBbst (e-Health) okasblBaloT BAMsHKME Ha COH, NMOAYEp-
KuBas HeobxoauMocTb npodunaktuyieckux Mep [15]. Cxon-
Hble pe3ynbTathl NOMyYeHbl U B poccUACKUX ycroBusx. Mc-
Ccnefj0BaHue MoKa3saro, YTo y POCCUSH B YCIOBUSX NaHAEMUN
Covid-19 noBbILLEHHbIN YPOBEHb TPEBOMXKHOCTM ObIN CBA3aH
C AYMCKPOJUIMHIOM, HapyLUEHUEM CHA U U3MEHEHMSMM No-
BCEOHEBHbLIX MPUBLIYEK M3-3a COUManbHOW m3onaumm [16].
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WccnenoBaHue TypeLKUX KOSEr B NepUoL, NaHAEMUM TaKxkKe
MPOAEMOHCTPMPOBANO, 4TO KMBEPXOHAPUS CBA3aHa C YXyA-
LUEHMEM KauyecTBa CHa, POCTOM TPEBOXKHOCTW 1 0bceccuBHO-
KOMMNyNbCUBHBIMM cumnToMamu [17]. Y cTyneHToB-MeauKoB
MHTEpPHET-3aBMCMMOCTb B3aUMOCBSA3aHa C bonee BbICOKUM
YPOBHEM HECCOHHMLIbI, TPEBOTM, LENPECCUM, CTPECca U CHU-
YEHHON CaMOOLIEHKOM, 0c0beHHO Y MyxumnH [18], a Takxe
noapocTkoB [19]. 3T gaHHble NOLTBEPMAAKT, YTO MCUXO-
NOTUYECKWE M 3MOLMOHasbHbIe HaAKTOpbl UrPaloT KITIYEBYH
pojib B PasBUTUM MHTEPHET-3aBUCHMOCTM, YTO TaKKe CO-
rnacyetcs ¢ pe3ynbTaTaMu JIOHTUTIOAHOTO WUCCe0BaHuS,
BbISIBUBLLET0, YTO HU3K0e MoTpebneHne GpyKTOB 1 0BOLLEH
npefcKa3biBaeT 6oniee BbICOKMI PUCK MHTEPHET-3aBUCUMO-
CTH, NPUYEM 3Ta CBS3b TAKKE OMOCpefoBaHa Aenpeccueil
n beccoHHuuei. TakuM 0bpa3oM, faHHble MCCNefoBaHus
NOAYEPKMBAIOT BaXHOCTb YYETA MCMXO3MOLMOHANBHbBIX
acneKToB B aHanM3e CBS3U MEXAY afAMKLMSAMU W HapyLue-
HuaMM cHa [20]. Mpu 3ToM 6eccoOHHMLA BLICTYNAET 3HAYUMBIM
MeAMaTopoM Mexay 3TuMn dopMamu LmdpoBoi 3aBMCUMO-
CTU u genpeccuent [21].

WNHTepHeT-3aBUCMMOCTb CPeaV MOAPOCTKOB U CTYLEHTOB,
KaK MoKasanu pe3ynbTaTbl MHOMMX WUCCNeaoBaHuin [22-25],
ABNSETCS 3HAUMMOMN NPoBIEMON, TECHO CBSA3aHHOM C YXYALLe-
HWEM KauecTBa CHa U NPOSBNEHUAMM AENPeccum.

Cxoxue B3aMMOCBA3N [LEMOHCTPUPYET M (EHOMeH
CMapTdOH-3aBUCUMOCTU — OHOIO U3 YACTHbIX MPOSBIIEHMIA
WHTEpHeT-3aBUCMMOro nosefeHus. MccnegoBaHns nokasbl-
BaloT [26, 27], 4T0 Ype3MepHOe UCMOJIb30BaHMe CMapTdOHOB,
0cobeHHO B BeYepHee W HOYHOE BpeMSl, MPUBOAMT K 3aflepi-
Ke CHa, CHUXEHWUIO ero NpOJOMIKUTENBHOCTU U YXYALIEHUIO
ero Ka4ecTsa.

TakuMm 06pa3oM, HaKOMEHHbIE IMNUPUYECKUE [aHHbIE
U3 pa3HbIX CTPaH W KyNbTYPHBIX KOHTEKCTOB NOATBEPHAANOT:
undpoBoe NnoBeAeHMe, BKIKOYAsA AYMCKPOJUUHT, KNBepXoH-
OPUI0, UHTEPHET- U COLICETEBYIO 3aBUCUMOCTb, TECHO CBSA3aHO
C MCUXMYECKVM 3[10POBLEM W CHOM. TakuM 06pa3oM, BbISiB-
NATCA YCTOWYMBBIE 3aKOHOMEPHOCTU MeXAay LUdpoBbIMM
NpaKTUKaMW W HapYLLEHWUAMU CHA, NPU 3TOM AYMCKPOJUIUHT,
KMOEPXOHAPUSA U UHTEPHET-3aBUCUMOCTb NPeACTaBNsAT Cco-
ol KntoyeBble NOBeAeHHECKMe GaKTopbl pucka. B atoi cea-
31 BO3HUKAET He0bX0AMMOCTb 06bEANHEHNS Pa3PO3HEHHBIX
OaHHbIX B eJMHYI0 TEPMUHOMOTMYECKYH0 PaMKy, 4To M03BO-
JMT NpoBOAUTL bonee rybOoKMI M LeNoCTHbIN aHanu3. C 3Tok
Lenbl0 NMpeAnaraeTcs BBECTU B PYCCKOA3bIYHbIA HayuHBbIN
0b0poT TEPMUH «YUgpposble cmpeccopsl» — obobLLaloLLee
MoHATME, OXBaTbiBaloLLee PEHOMEHBI, BO3HUKAIOLLME B pe-
3ynbTate LMpoBOro NoBeAEHNS M UHPOPMALMOHHON aKTMB-
HoCTW. BBefieHWe 3TOro TepMKUHA NO3BOSIAIET CUCTEMHO OMK-
CblBaTb CTPECCOTEHHbIE TPUITEPBI, CBSA3aHHbIE C LdpoBOi
CPefoi, U aHanM3upoBaTb UX BAUSIHWE Ha uM3nonornyeckoe
W MCUXOMNOTMYECKOE COCTOSHWE YenoBeKa. K uncny KnoyeBbix
KOMMOHEHTOB LM(POBbLIX CTPECCOPOB OTHOCAT AYMCKPOJIUHT,
KnOEepXOHAPHIO M 3aBUCHMOCTb OT COLMANIbHBIX CETEH, Npes-
CTaBNAoLLME pa3nyHble HOpMbl B3aUMOAEHCTBUA C MHGOP-
Mauwen. Mx obuiee Bo3aelicTBUE BbIPAXKaeTca B Neperpy3ke
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KOTHUTMBHBIX PECYPCOB, MOBLILUEHWM YPOBHS TPEBOXHOCTH,
HapyLUEHMsX NpOLECCOB BOCCTAHOB/IEHUS U HOPMUPOBAHUN
MHbOPMAaLMOHHOTO HEBPO3a.

CnepnyeT OTMETUTB, YTO B AHIJIOA3bIYHOM HAy4YHOM Mpo-
CTpaHcTBe TepMuH «digital stressors» ywe Nomy4mn MHCTU-
TYLUMOHaNbHOE NpU3HaHWe, YTO NOATBEPXAAeTCA PAAOM
3MNUPUYECKUX UccnenoBaHuii. Tak, Fischer n coasrt. [28]
paspabotanu u BanausupoBanu 50-nyHKTHyI0 WwKany Digital
Stressors Scale (DSS), koTopas u3MepseT BOCTPUHUMAEMBIA
CTpecc 0T UCMONb30BaHUA LMGBPOBbIX TEXHOOTWM B pabouent
cpege u oxeatbiBaeT 10 pa3nuMyHbIX KaTeropui CTPeccopos.
B 6onee no3gHeM uccnefoBaHum LKana bbina afantpoBa-
Ha NS HOPBEMCKOM BbibopkM [29], roe noaTBepXaeHa eé
MPUrofHOCTb C COKPALLEHHBIM KONMYECTBOM (haKTOPOB U Bbl-
COKOW BHYTPEHHe# cornacoBaHHocTbl). KoHuenumsa uudpo-
BbIX CTPECCOPOB MOMyYMsa LOMNONHUTENbHYIO aKTyanbHOCTb
B Me[MLMHCKOM cdepe, YTO HaLNo NOATBEPXAEHUE Cpenu
Bpayeli OTAENEHWA HeOTNIOXKHOM noMoluy B [epmanum [30],
BbISIB/IEHO YCTOWYMBOE MpUCYTCTBME LM(BPOBBIX CTPECCOPOB
M UX 3HauMTENbHasA CBA3b C IMOLMOHANBHBIM UCTOLLEHUEM,
CHWXKEHWEM ncuxuyeckoro brarononyums u npodeccuoHanb-
HOW Y0BNIETBOPEHHOCTW.

Mony4eHHble JaHHbIE aKLEHTUPYHOT BaXXHOCTb UCMOMb30-
BaHWA NOHATUA «YLppossle cmpeccopbl» B PYCCKOA3bIYHbIX
uccnenoBaHuax. HecMoTps Ha To YTO AaHHBIA TEPMUH YXKe
nonyuun passuTve B 3apybexHon nuTepatype, ero ajan-
TauMs U BKJIKOYEHME B OTEYECTBEHHbINA HayuyHbIA AMCKYpPC
cnocobcTByeT 0boraleHuio NOHATUMHOTO annapara u obe-
CNeYnBaeT MeToA0M0MMYECKYI0 NPEEMCTBEHHOCTb C MEXAY-
HapoAHbIMW NOLX0AAMMU.

Wcnonb3oBaHue TepMuHa «yugpossie cMpeccopsbl»
B [aHHOM WCCef0BaHWM He NpeTeHAyeT Ha HeoslorusM,
a npeacTaBnifeT cobon NepeBOA M KOHLENTyasbHOE 3auM-
CTBOBaHME YCTOSIBLUErOCS MOHSATUSA, OTPAXKAIOLLEro crewuy-
UKy BO3LeACTBMA UMPPOBOM Cpefbl Ha NCMXOOTUYECKOe
coctosiHue. Ero BHegpeHue cBSi3aHO € HeobxoouMOCTbIO
CMCTEMHOTO OCMBICTIEHUS HOBBIX BbI30BOB LIMPOBON 3MOXM
1 06YCNIOBNIEHO HECKOMTBKVUMM acneKTaMmy.

1. Bansxme undpoBbIX CTPECCOPOB NPOSBIAETCS HE TOJb-
KO Ha YpOBHE KOTHUTUBHOW Cepbl, HO U B U3MEHEHUU MCK-
X0(M3MONOrNYECKMX MPOLECCOB, TaKMX KaK HapyLLeHWe CHa,
MOBLILLEHME YPOBHS KOPTM30J1a M CHUXKeEHUe BapuabenbHoCTy
cepaeyHoro putMa. 31 addeKTbl HEBO3MOXKHO afeKBaTHO
onucaTb B paMKax TPafMLMOHHBIX MOHATUIA WMHbOpMauu-
OHHOrO CTpecca, YTo TpebyeT pacluMpeHns TEOpPETUYECKOro
annapara.

2. TepMuH «uyughposbie cmpeccopsl» OpPraHUYHO WHTe-
TpPUPYeT pesynbTaThl UCCNE0BaHMIA B 001acTv ncuxonorum,
HelpoHayK U Gu3nonoriu, No3Boss ONUCLIBATbL ABNEHUSA
Ha CTbIKe KOrHWUTUBHOI Neperpysku, aMOLMOHaNBHOM HecTa-
BUbHOCTY M coumanbHbIX B3aMMOLENCTBUN.

3. KoHuenumsa umdpoBbIX CTPECCOPOB AAET BO3MOX-
HOCTb pa3pabaTbiBaTb KOMMEKCHbIE CTPATEru ynpaBeHus
CTPeccoM, HanpaBeHHble Ha OPMUPOBaHUE HaBbIKOB Lind-
POBOM MMUrMEHbI U NPOPUNAKTUKN KOTHUTUBHOO BbIFOPaHKS,
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Exologiya cheloveka (Human Ecology)

YTO BECbMa NMPOAYKTUBHO K UCMONb30BAHMIO B KITMHUYECKOIA
NpaKTUKe LIS AUArHOCTUKW U KOPPEKLMU pacCTpoCTB, CBSA-
3aHHbIX C LMDPOBON aKTUBHOCTBLH.

Llenb

N3yuyeHne B3aUMOCBSA3N LMDPOBLIX CTPECCOPOB M XapaK-
TEPUCTUK CHa (ero KayecTsa M NPOACIIKMTENBHOCTH, NPUEMA
CHOTBOPHbIX, BPEMEHM 0TX0AA KO CHY U BPEMEHH, 3aTpauu-
BaeMOro Ha 3acbinaHue).

[WnoTe30il UccnegoBaHUs BbICTYNAeT NPeAnosioXeHue,
YTO TakMe LUMPpOBLIE CTPECCOPbI, KaK KMbepxoHapus, oyM-
CKPOJUIMHT M 3aBMCMMOCTb OT COLManbHbIX CETeH, CBA3aHbI
C YXyALUEHUEM KayecTBa M MPOAOCIIKUTENBHOCTU cHa, bo-
Nee 4acTbIM UCMOMIb30BaHUEM CHOTBOPHBIX, Oonee No3gHUM
BPEMEHEM 0TX0a KO CHy U bonee [onrMM BpeMeHeM, 3a-
TpauMBaeMblM Ha 3acbinaHve. [laHHas runote3a OCHOBaHa
Ha pe3ynbTaTax NpefblAyLUMX HayyHbIX paboT, B KOTOPbIX
MOKasaHo, YTO MCMONb30BaHWE NEepef CHOM 3NIEKTPOHHbIX
YCTPOMCTB, W3MyYalolMX CBeT, ycyrybnset nposiBieHus
BeccoHHMLBI 33 CYET NoJaB/eHMs BbIpaboTKM MenaToHMHa
U Helpoduamnonornyeckoro BosbyxaeHus [31], a ucnonb3o-
BaHWe MOBMIbHBIX YCTPOWCTB Nepes CHOM U HOUbI0 0COBEHHO
CUNBHO CBAA3aHO C 3a1EPIKKON BPEMEHM 0TX0a KO CHY, AHEB-
HOW YCTaNoCTbI0 M CHUXEHMEM KayecTBa cHa [32].

METO/bI

Cxema nposepeHua nccnepoBaHua

Cbop paHHbIX Bbln OCYLLECTBEH C MOMOLLbI CepBuca
Anpekc.Tonoka. Onpoc npoBogunn B sHBape 2024 ropa.
WccnepnoBaHue 0f06peHo 3TUUECKUM KOMUTETOM (aKyfbTe-
Ta coumanbHblx Hayk HUY BLU3 (npotokon N2 7).

Bbibopka uccnegosaHus

B nccneposanum npunsnm yyactue 1008 pecnioHaeHToB,
B TOM umncrie 436 MyxumH U 572 xeHwmHbl o1 18 o 80 net
(M=38,3; Me=36; SD=11,4). [loMMMO AaHHbIX O CpeHEM BO3-
pacTe ¥ none, BblbOpKa ONMMCLIBAET YHACTHUKOB MO reorpa-
(MYecKon NpeACTaBNEHHOCTU U TUMY HACENEHHOMO MYHKTA.
Hutenu obnacTHbix LeHTpoB cocTasnstoT 32,7%, obpasys
HaubonbLylo rpynny. Meranonmcbl, 3a UCKOYeHneM Mo-
CKBbI, 3aHMMaloT 27,3%, cnefys 3a 06/1aCTHBIMK LIEHTPaMK.
PaltoHHbIe LeHTPBI NpeacTaBneHbl Ha ypoBHe 24,9%, Torpa
Kak gons Mockebl HaumeHbLas — 15,0%. 3to pacnpenene-
HWe MOKa3blBaeT pa3Ho0bpasue y4acTHUKOB Mo reorpaduu
W TNy NOCENIEHWI C aKLIEHTOM Ha obnacTHble LeHTpsl. bonee
NONOBUHBI OMpPOLUEHHbIX (56,73%) oLeHuBalOT cBOW CYbbeK-
TUBHBI YPOBEHb A0X0/1a KaK CPeSHMIA, B TO BpeMs Kak 2,24%
CUMTAIOT €ro 04eHb BbICOKUM, 6,04% — BbiCOKUM, 27,97% —
HW3KMM, a 7,02% yKa3anu, 4To CBOASAT KOHLbI C KOHLAMM.

MeToabl uccnepoBaHus

YyacTHUKM WccnefoBaHUA OTBETUNIM Ha pan Bonpo-
COB 0 XapaKTepUCTUKaX CHa: KayeCTBO CHa («Kak bbl Bbl
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OXapaKTepKU30BaM KayecTBo BaLLEro cHa 3a NoCNeaHuiA Me-
cAU?»), MPUEM CHOTBOPHBIX («3a mocieHUA MecsL KaK Ya-
CTO Bbl IPUHMMAV JIEKAPCTBA, KOTOPbIE MOMOrakT YCHYTb?»),
BPEMS 0TX0/a KO CHY («B Kakoe BpeMs Bbl 0ObIYHO JIOXKUANCH
cnaTb B TEYEHWe MOCNEAHEro MecsAua?»), BpeMs, 3aTpaun-
BaeMoe Ha 3acbinaHue («CKoNbKO BpeMeHW BaM 00bl4HO
TpeboBanoch, YTobbl 3aCHYTL?»), NPOAOMMUTENLHOCTL CHa
(«CKoMbKO 4acoB B CPefHEM Bbl CMaju 3a HOYb B TEYEHME
nocnegHero mecaua?»).

KpoMe Toro, aHKkeTa cofiepiana ciefytoLme UHCTPYMeH-
Thl:

1. Wkana knbepxoHapum (Cyberchondria Severity Scale,
CSS) oueHMBaeT CKIOHHOCTb YesioBeKa K HaBA3YMBbIM
W Ype3MepHO MHTEHCUBHBIM NOUCKaM MHpOpMaLMK 0 31,0po-
Bbe 1 6one3Hsax B MHTepHeTe [33, 34].

2. Wkana aymckponnuHra (Doomscrolling Scale, DS)
M3MepSAET CKIIOHHOCTb YeN0BEKa, UCMONb3YIOLLEro coLmManb-
Hble ceTy, 0bpaLLaTb BHUMaHWe Ha HeraTUBHY MH(OpMaLMIo
B HOBOCTHbIX neHTax [35, 36].

3. bepreHcKas LWKana 3aBUCMMOCTY 0T COLMANbHBIX CETEN
(Bergen Social Media Addiction Scale, BSMAS) auarHoctupy-
€T CTeNeHb TAXECTW 3aBUCHMOCTU YeNOBEKa OT UCMO/b30Ba-
HUA coumanbHbIX cetei [37, 38].

JITnyeckue NpUHUMUNDbI NpoBeAeHUA
uccnepoBaHuAa

WccnepoBanne npoBogunock B CTPOrOM COOTBETCTBUM
C 3TMYECKUMM NpUHUMNAMK XeNIbCUMHKCKOM [AeKnapauuu,
3aKoHopatenbcTBoM Poccuiickoii Depepaummn u cTaHpap-
Tamu nnatpopM «AHKeTonor» u «fHpekc.Tonoka». Yua-
CTMe pecnoHaeHToB cTapwe 18 net 6bino L0BPOBONBHBIM,
C npeaBapuTenbHbIM  MHGOPMUPOBAHHBIM  COTJIacMEM,
6e3 npuHyxaeHus. MpUMeHsNM TOMbKO afanTUpOBaHHbIE
W BanMaM3MpoBaHHbIe METOAWKU, UCKIIOYannCcb MaHWNyns-
LumM 1 BBEAEHWE B 3abnykaeHue. Bonpockl nsberanu octpbix
TEM W CTPECCOBbIX BOCMOMUHaHWI. 0becneunBanmcb aHOHUM-
HOCTb U cBop 006e37MYeHHBIX COLMaNbHO-AeMOrpapuyecKux
AaHHbIX (non, Bo3pacT, ypoBeHb ypbaHu3aumm, obpasosa-
HWe), 6e3 BO3MOXHOCTM MAEHTU(DMKALMM ydacTHUKoB. Wc-
CNef0BaHMe NPOBOAMUNM UCKIIOUMTENBHO B HAYYHbIX Liensx
6e3 PUHAHCOBOW MM CMOHCOPCKOM NOAJEPIKKM CO CTOPOHbI
WHOYCTPUM UM TPETBUX JIUL.

AHanu3 paHHbIX

[ins aHanu3a aaHHbIX bbin MCnoNb30BaHbl METOALI OMK-
caTesIbHOM CTaTUCTUKM U perpeccuu. PerpeccuoHHbIe Moaenu
OLieHUBAU METOJ,0M MHOXECTBEHHOMO JIMHENHOrO perpeccu-
OHHOTO aHanM3a ¢ NpeABapUTENbHBIM U3MEPEHNEM HOpPMaTlb-
HocTu pacnpegenenus (c nomowlbio Tecta Lanupo-Yunka)
W AMarHOCTUKOW MyNbTUKONIIMHeapHOCTU. AL,eKBaTHOCTb pe-
PECCMOHHBIX MofieNneil oLeHnBanm koadhguuueHTamu getep-
MuHaLmun (R?) v kputepum Ouwepa (F). Mokasatenu cuutanu
CTaTUCTUYECKM 3HauMMbiMK npu p <0,05. PacyéTel nponsso-
amnun B nporpamme Jamovi 2.3.21.
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Ta6nuua 1. 0TBeTLI PecnoHAeHTOB Ha BOMPOCH! 0 XapaKTEPUCTUKaX CHa
Table 1. Respondents’ answers to sleep-related questions

XapaKTepucTuKa cHa PecriongeHTsl, n (%)

KauectBo cHa

OueHb nnoxoe 63 (6.3)
CKopee nnoxoe 309 (30,7)
[locTaTouHo xopoluee 532 (52,8)
OueHb xopoluee 104 (10,3)
Mpném cHoTBOpPHBIX
Hu pasy B TeueHve nocneaHero Mecsala 700 (69,4)
MeHee YeM ofiwH pa3 B Heflento 136 (13,5)
0avH unu aBa pasa B Heaento 115 (11,4)
Tpu vnn bonee pasa B Heflenio 57 (5,7)
Bpems oTxopa Ko cHy
Lo 22:00 92.9.1)
0t 22:00 o 23:00 260 (25,8)
0t 23:00 o 00:00 298 (29.6)
0t 00:00 o 01:00 190 (18,8)
Mo3aHee 01:00 168 (16,7)

BPEMFI, 3aTpayuMBaeMoe Ha 3acbinaHue

MeHbLue 1 MuH 48 (4,8)
Ot 1 go 10 MuH 285 (28,3)
07 10 g0 30 MuH 417 (61,4)
Or30MmH oo Ty 174 (17.3)
Borblue 14 84(8,3)
NpoponxuTensHoOCTb CHa
54 1 MeHbLLe 12(11,1)
64 240 (23.8)
74 347 (34,4)
8y 248 (24,6)
9 4 n bonblue 61(6,1)
PE3Y/IbTATbI

B Tabn. 1 nokasaHa CcTaTMCTUKA OTBETOB PECMOHEHTOB
Ha BOMPOChI 0 XapaKTepUCTMKaX CHa. B GonbluMHCTBE Cny-
YaeB PEeCrOoHIEHTbl OLEHMBA/IM CBOW COH KaK [0CTaTo4HO
XOPOLLUWIA, OTPULAAN NPUEM CHOTBOPHBIX, NIOKUAUCHL CNaTb
L0 MOMYHOUM, TPATUAM Ha 3acbiNaHue MeHee Mnofyyaca
U CManu He MeHee CeMM YacoB B TeYeHWUe MocieJHero Me-
cAua.

BocnpuHuMaeMoe KayecTBo cHa Obino Gonee BLICOKUM
Y MyX4WH — PECMOHAEHTOB C bo/ee HU3KMMM NoKasaTens-
MW KMOEpPXOHAPUM, AYMCKPOJIIMHIA U 3aBMCMMOCTU OT CO-
uManbHbIX ceTeit (Mogens 1; R=0,250; R%=0,063; F (5)=13,4;
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p <0,001). CHoTBOpHBIe YalLe NPUHAMANM pecnoHAeHTbl 6o-
Nee MOJI0A0r0 BO3pacTa — PECMOHAEHTHI € 6onee BLICOKUMM
MoKa3atenaMu KnbepxoHapuK, AYMCKPOSIIMHIA M 3aBUCUMO-
CTW 0T coumanbHbix ceteil (Mogens 2; R=0,378; R%=0,143;
F (5)=33,4; p <0,001). O bonee no3gHeM BpeMeHU OTXO0AA
KO CHY coobLuanu pecnoHaeHTbl bonee Monoaoro BospacTta
(Mopens 3; R=0,125; R?=0,016; F (5)=3,18; p=0,008). Bpems,
3aTpauMBaeMoe Ha 3acbifaHue, b0 CaMbiM MPOAONKM-
TENbHBIM Y MEHLUWMH — PECMOHAEHTOB C bonee BbICOKMMU
MoKa3aTensiMn KMbepxoHapuM, SYMCKPOJUIMHIA M 3aBUCMMO-
CTW OT coumanbHbIX cete (Moaens 4; R=0,176; R?=0,031; F
(5)=6,39; p <0,001). NMpoaomKMTENLHOCTL CHA Oblna Bbile
Y JKEHWMWH — PecnoHAeHTOB C Oosiee HU3KMMM MNoKasaTe-
NAMU KNOEPXOHAPUM, AYMCKPOSIIMHIA M 3aBUCUMOCTM OT CO-
umManbHbIX cetent (Mogenb 5; R=0,121; R%=0,015; F (5)=2,99;
p=0,011). B Tabn. 2 npeacraBneHbl AaHHbIE 3aKOHOMEPHOCTH.

OBCYXEHUE

MonyyeHHble AaHHbIe AEMOHCTPUPYIOT, YTO LMGPOBbIe
CTPeccopbl, BK/oYas KMOEPXOHAPHUIO, BYMCKPOSUIMHT U 3a-
BMCMMOCTb OT COLMANbHbIX CETEW, OKa3blBalOT CUCTEMHOE
B/IMSHWE Ha XapaKTEPUCTUKM CHa, OTPAKaACb Ha ero Ka-
yecTBe, MPOAOSIKUTENBHOCTU, UCTONb30BaHUM CHOTBOPHbIX
npenapaToB, BPEMEHW 0TX0[a KO CHY M BPEMEHM, 3aTpaum-
BaeMOM Ha 3acbinaHue. 3TW sIBNEHNs CriefyeT paccMaTpuBaTh
KaK Ba)XHble acmeKTbl LMGpOBOro noBefeHus, Hemocpes-
CTBEHHO CBSI3aHHbIE C HapYLUEHUEM PeryisuMv CHa B yCio-
BMAX COBPEMEHHOI MHDOPMaLMOHHOI Cpefbl.

KnubepxoHapus v eé B3auMocBA3M
C XapaKTepuCTUKaMM CHa

KubepxoHapus, B caMOM LUMPOKOM CMbICNe onpefe-
NfieMas Kak HaBsA3uMBbIA NMOMUCK MHbOpMaumM 0 3[40poBbe
B WHTEpHeTe, SBNAETCA 3HAYUMbIM LMGPOBBLIM CTPECCOPOM,
HapyLLAlOWKUM XapaKTepucTUkM cHa. Jliogm, cTpagatoime
KnbepXoHAPUeEN, CKIOHHBI K ANUTENBHOMY YTEHUIO TPEBOX-
HOW MHdOpMaLuMM 0 BonesHsx, 4To ycunuBaeT ux becnokoii-
CTBO 1 MPUBOJUT K YCUNEHUIO TUNEepBO3DYXAEHNUS B HOYHOE
BpeMms. 3T0 npensATcTByeT paccnabieHuio U 3agepxuBaet
HacTynneHue cHa. KpoMe Toro, Takoe noBefeHWe YacTo co-
MPOBOXAAETCSA MOMCKOM MeAMLIMHCKOW MHdOpMaLMKM NO3AHO
BEYEPOM WM HOYbIO, YTO elé Bonblue HapyluaeT uMpKag-
Hble pUTMbl. Ype3aMepHOe BHMMaHME K CBOEMY 3[0pOBbIO
B HOYHOE BpeMs cnocobcTByeT OpMUPOBaHUIO HEraTUBHbIX
0XKMAaHWUI OTHOCUTESBHO CHA («D0SI3Hb HE YCHYTb»), YTO NpU-
BOAMT K eLUé 6onbLueMy YXYALLEHUI ero Kayectsa. [laHHble
3aKOHOMEpHOCTW NOATBEPIKAAIOT pe3ynbTathl bosee paHHUX
3MMUPUYECKUX UCCIe[0BaHUI B3aMMOCBA3N Mexay Kubep-
XOHAPUEN M KayecTBOM CHa [17].

,U,YMCKPOJ'IJWIHF n ero B3aMMoCBA3Nn
C XapaKTepuctmKaMu cHa

,D,YMCKPOHJ'IVIHF, WX NPUBbIYKA NOCTOAHHO MpoCMaTpu-
BaTb HeratMBHble HOBOCTW, CBA3aH C yBeJIM4EHUEM YPOBHA
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Ta6nuua 2. Ponb umbpoBbIX CTPECCOPOB B XapaKTePUCTUKaX CHa POCCUSH

Table 2. Role of digital stressors in sleep characteristics in the Russian
population

MpeauKTopbl | { | t | p

Mogenb 1. 3aBucuMas nepeMeHHas: KayecTBO CHA

Mon 0,113 3,587 <0,001
Bospact 0,038 1,245 0,213
Knbepxongpus -0,546 -5,747 <0,001
[lyMCKpONAMHT -0,597 -5,578 <0,001
3aBMCMMOCTb OT COLICeTEN -0,865 -5147 <0,001

Mogenb 2. 3aBucuMas NepeMeHHas: NPUEM CHOTBOPHBIX

Mon -0,095 -1,56 0,118
Bospact -0,082 -2,78 0,006
KubepxoHapust 0,447 493 <0,001
[yMcKponanHr 0,594 5,80 <0,001
3aBMCMMOCTb OT COLICeTEN 0,584 3,63 <0,001

Mogensb 3. 3aBuUcuMas nepeMeHHasa: BpeMa oTXoAa Ko CHY

Mon -0,031 -0,476 0,634
Bospact -0,115 -3,632 <0,001
Kunbepxonapus 0,045 0,460 0,645
JymckponamnHr 0,068 0,616 0,538
3aBM1CMMOCTb OT COLICETEN 0,139 0,807 0,420

Mopensb 4. 3aB1cuMan nepeMeHHas: BpeMs, 3aTpayuBaeMoe
Ha 3acbinaHue

Mon -0,198  -3,059 0,002
Bospact 0,026 0,828 0,408
Knbepxonapus 0,248 2,566 0,010
[yMcKponanHr 0,339 3112 0,002
3aBMCKMOCTb OT coLiceTen 0,388 2,266 0,024

Mogenb 5. 3aBucumas nepeMeHHasa: NpoAo/HKUTENIbHOCTb CHa

Mon -0132 2,027 0,043
Bospact -0,015 -0,481 0,631
Knbepxonapus -0,268 -2,754 0,006
[lyMCKpONAMHT -0,320 =291 0,004
3aBMCUMOCTb OT COLiCETeN -0,517  -3,000 0,003
Mpumeyanue. MNon npeacTaBneH Kak dummy-nepemerHast (0 — XeHLLHb,

1 — MYy>YMHbI).

TPEBOXHOCTM M NCUXO3MOLMOHANBHOTO HaNPSKEHNS, YTO CY-
LLIeCTBEHHO B/IMSIET HA XapaKTepUCTUKM cHa. [pobneMa ycy-
rybnseTcs TeM, 4TO HOBOCTHOW KOHTEHT, KOTOPbIA Yallie BCEro
noTpebnseTca nepef CHOM, aKLEHTUPYETCS Ha CTPECCOBbIX
U TPEBOKHBIX COOBITUAX, TaKUX KaK KaTacTpodbl, NoaMTUYe-
CKMUE KpU3NChl MM coumanbHble npobnemsl [39]. 3to yeunm-
BAET IMOLMOHAMbHYI) PEaKLMIO U NPUBOAMUT K CNOMHOCTAM
c paccnabneHneM. Takas NpaKTUKa He TOJbKO 3aJepuBaeT
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OTXOA KO CHY, HO W HapyllaeT ero CTPyKTypy. MocTosHHOe
noTpebneHne HeraTMBHOTO KOHTEHTA Mepej CHOM MOXeT
cnocobCcTBOBaTb PasBUTMI0 HOYHBLIX NpOBYXAeHWH, dpar-
MEeHTaLWM CHa 1 Aaxe KoluMapoB. B cBoto ouepeab Hepochl-
naHve Jenaet YenoBeKa 6onee CKINOHHBIM K AYMCKPOSUIMHTY
Ha CnefyioLLmiA AeHb, Co3[aBast NOPOYHbINA Kpyr.

3aBMCUMMOCTb OT COLMANbHbIX ceten
U e€é B3aUMOCBSA3M C XapaKTepuctTukaMu CHa

3aBMCMMOCTb OT COLMasbHbIX CEeTeN BbICTYNAeT 3Hauu-
TeNbHbIM LM(POBLIM CTPECCOPOM, KOTOPLIA BAMSET Ha Xa-
PaKTEPUCTUKM CHA Yepe3 HEeCKONbKO MexaHu3MoB [15]. Bo-
nepBbIX, ANTENbHOE MCMONIb30BaHWe COLCETEN Nepes CHOM
NPUBOJMT K 3afIepPXKKE 0TX0[1a KO CHY, TaK KaK UX anroputMbi
CTUMYNMPYIOT HEMpPepbIBHOE BOB/IEYEHME U NPOKPACTUHALMIO.
Monb3oBaTenu YacTo BOBMIEKAKITCS B BECKOHEYHYIO NPOKpPYT-
Ky HOBOCTHbIX NIEHT USIW MPOCMOTP KOHTEHTA, YTO YBENMYMBA-
eT Bpems boapcTBOBaHNUA BeYepoM.

Bo-BTOpbIX, couManbHble ceTu CO03[aloT 3IMOLMOHasb-
HYl0 MeperpyskKy, CBA3aHHYK C TPEBOXHOCTbK), 3aBUCTbIO
MW COLMaNbHBIM CPaBHEHMEM. 3TO COCTOSIHUE YCUNTMBAET
ncuxodusmnonornyeckoe Bo3bywaeHUe, KOTOPoe NpenaT-
CTBYeT paccnabnenuto, HeobxonMMoMy [N 3acbinaHus.
Kak nokasanu HepasHue uccnenosaHua [40], y cTyaeHTOB
C WHTEpPHET-3aBUCMMOCTbI), BKIIOYAKOLLEH coumanbHble
ceTu, HabnofalTCA XyALLMe NOKa3aTenm CHa No CpaBHEHWIO
€ ux cBepcTHuKamu. CoBOKynHoe BO3[eHCTBME MPUBOAUT
K YXyALWeHMI0 cyOBbEeKTUBHOTO BOCMPUATUA CHa, yTo dop-
MUPYET 3aMKHYTbI Kpyr: HELOCTAaTOK CHA, Bbi3BaHHbIN
aKTMBHOCTbK) B COLMANbHBIX CeTAX, cnocobcTByeT Aanb-
HeMLLEMY YCUNEHWIO 3aBUCUMOCTH, TaK KaK YeNIOBEK WLLET
B UMdpoBoN cpeae cnocobbl KoMNeHcauun aeduumnta sHep-
TMW MW 3MOLMIA. 3TO 0COBEHHO aKTyaNbHO B MOSIOAEMHOM
cpene, roe, no AaHHbiM Shafiee u coast. [41], noytn no-
JIOBWHA CTYLEHTOB MCMbITHIBAET HApYLLEHME CHa, @ ero pac-
MPOCTPaHEHHOCTb CPeAM CTYAEHTOB B [1Ba pasa BbILLE, YEM
B 06Liein nonynaumm [42].

LindpoBbie cTpeccopbl Kak COBOKYNHOE SiBNIEHMe

06beaMHASA BblLLEONUCAHHbIE MEXaHN3Mbl, MOXHO 0TMe-
TUTb, YTO LM(POBLIE CTPECCOPLI AEHCTBYIOT KaK KOMMNEKCHOE
fIBNEHWe, 3aTparuBaloLLee Kak noBefeHYecKue, Tak U ¢u-
310/10rMYecKkne acneKTsl cHa. [uTensHoe B3auMoeiicTeune
C 3KpaHamu nepef CHOM, MHGOOPMALMOHHAA Meperpyska
W TPEBOIKHOCTb, Bbi3BaHHbIE LM(POBON aKTUBHOCTbIO, Hapy-
waroT 6anaHc Mexay CocTOAHMAMM BOAPCTBOBAHMA W CHa,
YTO BeleT K YXY/LIEHUI0 KaK 00BbeKTUBHBIX, TaK U CybbeK-
TMBHbIX XapaKTePUCTUK CHa.

lMocTosiHHOE BO3AENCTBME CMHEr0 CBETa OT 3KPaHOB,
B YACTHOCTW, NOAABNSET BbIpaboTKY MeNaToHUHa, YTo 3aaep-
YKMBAET HacTynnieHne cHa. O4HOBPEMEHHO C 3TUM MOBBILLIEH-
Hasl TPEBOXKHOCTb, BbI3BaHHas KUDEPXOHAPMEN U LyMCKPOSI-
JINHIOM, YCWIMBAeT aKTMBALMIO CUMMATMYECKOW HepBHOM
CUCTEMBI, YTO MellaeT paccnabnenuio. 310 coyeTaHue du-
3MOJTOTMYECKMX M NCUXOMOTUYECKUX (aKTOPoB 0OBACHSAET,
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noyeMy LnpoBble CTPECCOPbI OKA3bIBAKT CTOMb MOLLHOE
B/IMSHME Ha KayecTBO CHa.

Cneuudmka umdposoro cTpecca
B POCCUICKOM CoLuyMe

PesynbTathl HacTosLLero UCCNeA0BaHNUA NOATBEPHKLANT
paHee YCTaHOBNEHHbIE B MUPOBOM Hay4HOMN NUTEpaType 3aKo-
HOMEpHOCTM: Takue GopMbl LMMPOBON aKTUBHOCTH, KaK LyM-
CKPOJUIMHI, KUBEPXOHAPUS U Ype3MepHas BOBJIEYEHHOCTb
B COUMasnbHble CETW, AOCTOBEPHO CBS3aHbl C YXYALIEHWEM
XapaKTepucTuK cHa. MopobHo 3apybexHbIM ccnefoBaHUAM,
Ha POCCUMCKOM BbIBOPKE TaKKe 3aMKCMpOBaHbI acCoLMaLM
MEXAY BbICOKMUM YPOBHEM LM(POBOro MoBefeHUs W yBeNu-
UEHMEM BPEMEHM 3aCbiMaHUsl, CHUXEHWEM CYOBEKTUBHOMO
KauecTsa cHa 1 boniee YacTbIM NPUEMOM CHOTBOPHBIX. TaKUM
06pa3oM, MOXKHO rOBOPUTL 0 BOCMPOWU3BOAMMOCTH BhbISIBNIEH-
HbIX 3aKOHOMEPHOCTEN B POCCUICKOM KOHTEKCTE, 4TO Npuaa-
€T HaJ,EKHOCTb U BaNMAHOCTb rN0banbHbIM MOLENAM.

OpHako poccuidcKas BbibOpKa AeMOHCTpUpYeT U pag,
ocobeHHocTen. MccnegoBaHve NpoBOAMNOCH B MOCTNaH-
LEeMUWHBIA Mepuog, Koraa undpoBas Harpyska, CBA3aHHas
C YAANEHHON paboToit, NOCTOSAHHLIM JOCTYNOM K TPEBOXKHOM
MHGOPMALMM U U3MEHEHUAIMM B PYTUHE CHa, OblNa BbICOKON.
Mpun 3TOM poccuicKoe 06LLECTBO CTANIKMBAETCA C AOMOJHU-
TeJIbHbIMM CTPECCOBLIMM TPUITEPaMK, B TOM YKCie € UHOp-
MaLMOHHOW HEeCTabuIbHOCTbIO, Te0MONUTUYECKON Hanps-
JKEHHOCTBIO W POCTOM COLMANLHOTO HEAOBEPHS, YTO MOXET
YCUNWBaTb HEraTMBHOE BNIMSIHME LUM(POBBLIX CTPECCOpPOB
Ha MCMX03IMOLMOHANBHOE COCTOAHWE W cOH. [lopobHas
cneumdmKa, Kak npeactaBnseTcs, TpebyeT AONOAHUTENBHO-
ro aHanM3a KynbTypHo 06ycnoBneHHbIX GaKTopoB LMdpPoBOro
NoBeLEHWSA 1 KOMUHI-CTpaTerum.

WHTepec npeacTaBnseT v BbiABNEHHAs B UCCIELOBaHUN
TeHAeHUMsA K 6oMbLUe yA3BUMOCTU MKEHLIMH M MONOAbIX
PECNOHAEHTOB K BO3AEACTBMIO LMMPOBbIX CTPECCOPOB. 3TOT
pe3ynbTaT corniacyetcs ¢ psAOM MeXAYHapoaHbIX ucchne-
[0BaHUH, HO TaKXe MOXET bbiTb 006YCNOBNEH coLManbHOi
cneunduKoii poccuiickoro obLuecTsa, B 4acTHOCTH, bonee
BbIPAXXEHHOMN Harpy3KOM Ha XEHLUMH B KOHTEKCTE CEMENHON
1 NpodeccUoHaNbHOM MHOT03aaqyHOCTH, a TaKKe BbICOKUM
YPOBHEM TPEBOXHOCTU B MOJIOLEKHON cpepe. Heobxopnmo
AanbHeuLlee U3yyeHne 3TUX Pa3fnymiA C YYETOM COLMOKYb-
TYPHBIX W 3KOHOMUYECKMX YCIIOBUHA.

HakoHew, BaxHO 0TMeTWTb, YTO LMdPOBOE NOBEAEHUE
B POCCHWACKOM KOHTEKCTE BCE Yallle CTaHOBUTCSA He MpocTo
UCTOYHMKOM MHGOPMALIMK M KOMMYHUKALWK, HO U CBOe0bpas-
HbIM CPEeLICTBOM PEry/sLMM TPEBOXHOCTH Yepe3 NOCTOAHHOE
notpebneHne HOBOCTHbIX MOTOKOB, Y4acTWe B OHMAWH-AMC-
Kyccusix W coumanbHoe cpaBHeHue. B ycnousx Heonpepe-
NEHHOCTU W OrpaHNYeHHBIX PecypcoB LMdpoBas aKTUBHOCTb
MOXET BbINONHATb KOMMEHCATOPHYI QYHKUMIO, OAHaKOo
MpU 3TOM YCWIMBATb 3MOLMOHA/bHOE HANPSXEHWE U Hapy-
LaTb COH, 0COBEHHO B BEYEPHEE BPEMS.

Pe3ynbTaThl UcCNeL0BaHMA YKa3bIBAKOT Ha HE0OX0AMMOCTb
pa3paboTku cTpaTeruii ynpaBneHns LMGPOBLIM NOBEAEHMEM,
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ocobeHHo B BeuepHee BpeMs. OrpaHuyeHne BpeMeH UCnosib-
30BaHWA ra[KETOB NEPef CHOM, 0TKa3 OT YTEHWUA TPEBOXHOMO
KOHTEHTa U 3aMeHa UM(POBbLIX pUTYaNioB BEHEpPHUMM paccna-
ONAOLLMMM NPaKTUKaMK, TaKUMU KaK YTEHWe KHUM W Me-
OVTaLMs, MOTYT CyLLIECTBEHHO YYYLUMTb XapaKTePUCTUKM CHa.
Ocoboe BHMMaHME AOMKHO ObITb yaeneHo o0bpa3oBaTenbHbIM
MHULMATMBaM, HarpaBfieHHbIM Ha MOBLILUEHNE OCBEAOMIIEH-
HOCTM 0 LMGPOBbIX CTPECCOPAX M UX BIIMAAHUM Ha COH. B 3ToM
KOHTEKCTE MporpaMMbl LMGPOBOI rpamMoTHOCTM [43] crniocobHbl
MOMOYb JII0AM Pa3BUTb HaBbIKW CO3HATENBHOTO UCMOJIb30Ba-
HWUA TEXHOMOTUMA Y MUHUMU3ALIMM X HEraTUBHOMO BO3JENCTBUSA
Ha MCUX03MOLMOHANLHOE COCTOSHME W 3[40POBbLE.

"epCﬂEKTMBbI uccneposaHua

MepcneKTUBHLIM HanpaBEHUEM UCCeL0BaHMIA ABNSETCA
u3yyeHue 3pdeKTa cMHApOMa ynyleHHon Bbirogbl (FoMO,
Fear of Missing Out), KOTOpbII YCUIMBAET NCUXONOTUYECKYIO
HanpsXKEHHOCTb 33 CYET CTpaxa MpOMyCTUTb BAaXKHYI0 WH-
dopmMaumio B umdpoBoM npocTpaHcTBe. B pycre usyyeHus
BNMSHMSA UMdPOBOMA Cpefibl HA Ncuxonornyeckoe bnaromo-
nyyue u GM3MONOrUYecKMe NPOLECCH NEPCNEKTUBHBIMU Ha-
NpaBneHUsMKU MOryT DbITb TaKKe U cnegylowme UMQpoBbIe
deHoMeHbl: umdpoas penpusauus (Digital Deprivation)
KaK COCTOSIHME TPEeBOTW WAM OUCKOMOPTA, BO3HMKalLLee
MPpX HEBO3MOXHOCTM UCMONb30BaTh LM(BPOBLIE YCTPOMUCTBA
WA BbIXOQUTb B MHTEPHET; HaBA34MBOE OTCNIEXUBaHWE Me-
TpUK (Metrics Obsession) Kak 4pe3MepHoe BHUMaHMe K Ko-
JMYECTBEHHBIM MOKAa3aTesfAM, TaKUM KaK JTaiiku, NpoCcMOoTpbI
W MOAMMUCYMKM, XapaKTepHoe ANS Mosb30BaTesiel counanb-
HbIX CeTel; TexHonoryeckui nepdexumonnsm (Technological
Perfectionism) Kak noTpebHOCTb BCeraa ObiTb AOCTYMHLIM,
0TBEYaTh Ha co0bLLeHns be3 3aepIKeK UK BbINOJHATD 3a-
Aa4y C UCnosIb30BaHUEM LMdPOBbLIX YCTPOMCTB C MaKCUMalb-
HOM 3QEKTUBHOCTBIO; reMMUPUKALIMA NOBCEAHEBHOM HU3HU
(Gamification of Life) Kak ucnonb3oBaHWe UrPOBLIX MEXaHUK
B PasfMuHbIX acreKTax Xu3HU Yyepe3 MobuibHble Npunoxke-
Hua (Hanpumep, uTHec, obyyeHue); HaBA3uMBas npoBep-
Ka yctpoiictB (Compulsive Checking Behavior) Kak yacTas
NpoBepKa YBeOMIEHMWIA, COOOLLEHUA UM HOBOCTHBIX JIEHT,
KOTOpasi NPMBOAMT K OTBNEYEHMIO U HApYLLEHUIO KOHLLEHTpa-
unm; uatepHeT-atur (Internet Fatigue) kak yctanocTb oT no-
CTOSIHHOrO MpebbiBaHUA B OHMAWH-NPOCTPAHCTBE, BKIIOYas
3YM-YCTanocTb W Neperpysky oT AWUCTaHLMOHHOMO B3auMo-
AecTBUA, a TaKKe MeTauudposas peanbHocTb (Meta-Digital
Reality) kaK BnusiHME HOBBIX TEXHOMOMMI, TaKUX KaK BUPTY-
anbHas 1 A0NoJHEHHas peanbHOCTb, Ha NCUXONIOrMYECKoe Co-
CTOAHME, BKITI04an 3 deKTbl nepeHoca IMoLMI U3 LMdpoBoM
peanbHOCTU B peainbHyto Xu3Hb. 3yyeHne 3tux gpeHomeHoB
MOMOXKET rNyB3Ke NOHATb B3aMMOLENCTBME YeNoBeKa C Lnd-
POBOW CpefoN, BbIABUTL €ro PUCKM W paspabotatb Gonee
3 deKTMBHbIE CTpaTernn afanTauun U LMQPOBOI TUIHEHI.

OrpaHuyeHus nccnepoBaHus

MCI'IOﬂb3yEMbIe Cy&bEKTVIBHbIE MeTobl OLEHKW Kaye-
CTBa CHa B BM[le CaMOOTYETOB MOryT UMeTb NOrpeLlHOCTU
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1 3aBUCETb OT BOCMPUATMSA y4acTHUKOB. Kpome TOro, B Ha-
CTOSAILLEM MCCNEA0BAHUM He MPUMEHSNUCH MONMCOMHOrpa-
(UYeCKMe MHCTPYMEHTBI MOHUTOPUHIA CHA, YTO OFpaHUuK-
10 MONyYeHWe TOYHbIX 06BEKTUBHBIX AaHHbIX O CTPYKTYpe
1 mapaMeTpax CHa; B ByLyLLMX UCCNeA0BaHUAX 3T MeToAb
MOryT ObITb UCMOMb30BaHbI ANs bonee [eTann3uUpoBaHHOro
aHanu3a. [lpoBeEHHOE UCCef0BaHME HEe Y4YMTLIBaNO feTa-
JIU3MPOBaHHbIE MPUBLIYKW PECMOHAEHTOB B UCMOJb30BaHWM
LMQPOBLIX YCTPOWCTB, BKIKOYAsA AJIMTENIBHOCTb €XKeAHEBHO-
ro B3aMMOLENCTBUS, TWUMbl NaTGOpPM W LieNn MCnob30Ba-
Hus. [oBeAeHWe pecroHAEHTOB B LUM(POBO Cpeae MOro
U3MEHATLCSA B 3aBUCMMOCTM OT pabouero cTuns, coumanb-
HOM aKTMBHOCTM W JIUYHBIX NPEANOYTEHUIA, YTO 3aTpyLoHs-
€T OJHO3HaYHble BbIBOAbI. Y4acTBOBaBLUWE B OMpOCE pe-
CMOHAEHTBI MOT/IM UMETb NPeALIECTBYIOLLME NCUXMYECKME
U dU3NYeCKMe COCTOAHUA (aenpeccus, TPEBOXHOCTb, ycTa-
10CTb), BAMSIIOLLME HA COH, KOTOPblE HE YYUTLIBANUChL B Ha-
cToslLieM uccnefoBaHuu. TakuMm obpasoM, B Uccief0BaHUK
OTCYTCTBOBanM [aHHble 06 WCXOAHOM (M3MONOrUYECKOM
W NCUXONIOrMYECKOM COCTOSHUM YHaCTHUKOB, YTO 3aTpyLHAET
KOPPEKTHYI0 OLIEHKY U3MEHEHMIA B NOKa3aTensx cHa. OgHuM
13 OrpaHNYEHuIA TaKKe ABNSETCA NoTeHUManbHas npobnema
CeneKLMM BbIOOPKU: YHACTHUKM, CKITOHHBIE K MHTEPECY B TEME
CHa UM uMpoBoro NoBeeHUA, Morn ObiTb bonee MOTUBU-
POBaHbl K y4acTWIo, YTO CHUMKAET Penpe3eHTaTMBHOCTb. 3T
OrpaHuyeHuss HeobxoAUMO yuMUTLIBATbL NpU WHTEpRpeTaLuu
pe3ynbTaToB UCCe0BaHUA U UX NpUMeHeHUU B bonee wu-
POKOM KOHTEKCTE U3YYeHWUs BAMSHMSA LMbPOBbIX CTPECCOpOB
Ha 310poBbe U pabotocnocobHocTb. HakoHel, HU3KWe 3Ha-
yeHns R? B ONMCaHHBIX PErpeccUoHHbIX MOJENAX YKa3blBaloT
Ha Heo0X0AMMOCTb BepUGBMKaLMKM BbIABNIEHHbIX 3aKOHOMEp-
HoCTe# Ha bonee KpynHbIX M pa3HO0BpasHbIX ¢ couuanbHo-
AeMorpaguyeckon TOUYKM 3peHus BbiDOpKax, a aBTOpCKas
aHKeTa Ans OLEHKW XapaKTepUCTMK CHa, UCMOJNb30BaHHas
B HaCTOALLEM UCCIe[0BaHUU, HYXAAETCA B NCMXOMETpUYe-
CKOM 000CHOBaHUM.

3AKJTIOYEHUE

WccnenoBaHue A@MOHCTPUPYET BaXHOCTb KOMMIEKCHOTO
NoAXoAa K aHanu3y BAMSHUA LMGPOBON Cpeabl Ha noBefe-
HWe W 300poBbe YenioBeKa. 0BbeanHeHUe TaKMX ABNEHWN,
KaK AYMCKPOJUIMHT, KUDEPXOHAPMA W Ype3MepHas BOBNe-
YEHHOCTb B COLMAIbHbIE CETU, NO3BOJIAET DoJlee NoJHO pac-
CMaTpuBaTh 0C0B6EHHOCTM LMhPOBOro B3aUMoeiicTBMS U ero
noTeHUManbHOe BO3[EACTBME HAa NCUXO(U3MONOrMYecKue
NPOLLECChI, BKITHOYas COH.

Undposble cTpeccopbl (ByMCKpPOMIMHF, KUDEpXOHApPUSA
M 3aBMCMMOCTb OT COLMaNbHBIX CETel) CyLLecTBEHHO BMU-
AOT Ha XapaKTEPUCTMKW CHA, B YaCTHOCTM, CHUKAIOT Kaye-
CTBO M MPOLOJIKMTENBHOCTb CHA, MOBLILIAKOT BPEMS 0TX0AA
KO CHY, BPeMs, 3aTPa4MBaeMoe Ha 3acbinaHue, YBeJIMYnBaloT
PUCK NPUEMA CHOTBOPHBIX.

MonydyeHHble pe3ynbTaThl NOAYEPKUBAIOT BAXKHOCTb pas-
PabOTKU KOMMJIEKCHBIX CTpaTeruit ynpaeneHns LUMbpoBbIM
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NoBeJEHNEM, BKIIOYAIOLWMX LMDPOBYID TUIMEHY, OCO3HaH-
HOCTb, MPaKTUKM penaKcauuu W perynsipHble nepepbiBbl
OT 3KPaHOB. 3TV NOAX0/bI AOMHKHbI OCHOBBIBATLCSA Ha HAY4YHO
060CHOBaHHbIX PEKOMEHALMAX U UHAVBUAYANU3NPOBAHHbIX
nporpaMMax MoAnepKU AN pasHbIX BO3PaCTHbIX Tpynn
W COLMANbHBIX KOHTEKCTOB.

AONOHUTESIbHAA UHOOPMALIUA

Bknap aBTopoB. AA. MaKcMeHKO — upes, KOHLenTyanu3auus, cbop
[aHHbIX, HanMcaHWe TeKCTa, KOHTaKTMpOBaHWe C pefdakumen; AA. 3o-
nloTapeBa — [M3aliH UCCNeA0BaHUs, pPacyéTbl, 0bCyXaeHWe, HamvcaHWe
Tekcta; [1.B. Kawmpckuin — obeyxaenne, Hanvcanve TekcTa. Bce asTopsl
0f06punK pyKonwmck (Bepcuto Ans MybaMKaLWMK), a TakKe COrnacummch He-
CTW OTBETCTBEHHOCTb 3a BCE aCMeKTbl paboTbl, rapaHTVpys Haanexallee
paccMOTPeHVE 1 peLLieH e BOMPOCOB, CBA3aHHbIX C TOYHOCTLIO M [obpoco-
BECTHOCTbIO JI060I €€ YacTul.

JdTuueckas 3kcneprusa. [lposefjeHne WccnefoBaHUs 0f0BpPeHO 3TU-
UECKMM KOMMUTETOM (haKynbTeTa coumanbHbix Hayk HY BLU3 (npoTokon
Ne 7).

Cornacue Ha ny6nukaumio. Bce y4acTHUKM 1cCnenoBaHWa LOOPOBOEHO
noanucany GopMy MHHOPMMPOBAHHOTO COrNlacKs [0 BKIOYEHMS B Uccre-
[0BaHMe.

WUcTounukm dpunaHcupoBanua. OTCyTCTBYIOT.

PackpbiTHe MHTepecoB. ABTOpbI 3asIBNAIOT 00 OTCYTCTBUM OTHOLLEHWI, fie-
ATESBHOCTM W MHTEPECOB 3@ NOCNefHUE TPW roAa, CBA3aHHbIX C TPETbUMU
muamMn (KOMMEPYECKUMM 1 HEKOMMEPYECKMMM), UHTEPECH! KOTOPbIX MOTYT
BbiTb 3aTPOHYTLI COLEPKAHWEM CTaTbU.

OpuruHanbHoOCTb. [py CO3aHMM HacTosLLEN PaboThl aBTOPbI HE UCTOMb-
30Basu paHee onybNIMKOBaHHbIE CBeLleHHs (TEKCT, UNIOCTPaLmMK, AaHHbIe).
JocTyn K AaHHBIM. PefjakLioHHas NOAMTIKA B OTHOLLIEHUW COBMECTHOMO
1CMONb30BaHUS AaHHbIX K HAacToALLEN paboTe He MPUMEHUMA, HOBble [aH-
Hble He cOBbupany 1 He CO3AaBaM.
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