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The impact of ventilation systems on the risk
of viral transmission (review article)

Darya V. Abramkina, Vishal Verma

Moscow State University of Civil Engineering, Moscow, Russia

ABSTRACT

Understanding the aerosol transmission mechanism of respiratory infectious diseases is crucial for predicting indoor air
circulation and optimizing ventilation system design. A literature search was conducted using various keyword combinations in
the PubMed database. The selection included studies examining the impact of indoor microclimate parameters and ventilation
system performance on the risk of viral transmission. Since 2020, there has been increasing interest in studying how viral
infections spread via aerosols within buildings and transportation infrastructure, considering the operational conditions of
engineering systems. Currently, substantial evidence supports the dependence of viral aerosol viability on indoor temperature
and humidity levels. Maintaining an optimal relative humidity of 40-60% at standard room temperature is essential not only for
aerosol stability but also for virus neutralization. However, there is a lack of studies investigating the effects of air mobility and
indoor pollution on the stability of viral pathogens. A significant body of literature confirms the influence of ventilation system
efficiency on infection risk in buildings. To reduce the spread of respiratory viruses, an air exchange rate of at least 30 m%/h per
person is recommended. Based on the findings, a set of practical recommendations for ventilation system operation amidst
increased disease incidence has been developed. Discrepancies between international and Russian regulatory requirements
regarding indoor climate parameters and air quality standards have been identified, emphasizing the need for improved
measures to mitigate the spread of respiratory infections.

Keywords: ventilation; virus; environmental pollutants; aerosol.
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BnusiHue cucteM BEHTUNALUM HA PUCK
pacnpocTpaHeHus BUpycoB (063opHas cTaTbe)

[.B. AbpaMkuHa, B. BepMma

MocKoBCKWI rocyfapcTBEHHBIN CTPOUTENbHBIN yHUBepcuTeT, Mocksa, Poccus

AHHOTALMA

lMoHMMaHWe MexaHu3Ma aspo30SIbHOM Mepefayn PecrnvpaTopHbX MHPEKLMOHHbIX 3aboneBaHuii MMeeT BaXHOe 3HayeHue
ANS NPOTrHO3MPOBaHUA BO3AYLUHOTO PeXMMa NMOMELLEHMIA MPY NPOEKTUPOBaHUM CUCTEM BeHTUNAUMK. loucK TeopeTnyecKmux
UccneLoBaHuiA NPOM3BOAMIN C MOMOLLLbI PasfIMyHbIX KOMOMHALMI Kilo4eBbIX CNOB B base faHHbIX PubMed. B Bbibopke Obiin
NpefcTaBfieHbl CTaTbu MO BAUAHUIO NapaMeTpOB BHYTPEHHEr0 MUKPOK/IMMATA W YCIOBUIA paboTbl BEHTUASLMOHHBIX CUCTEM
Ha pucK pacnpoctpaHenus Bupycos. C 2020 r. HabnaaeTca NOBbILIEHHbIA UHTEPEC K U3YUEHMIO MEXaHU3Ma pacnpocTpaHe-
HWS BUPYCHbIX MHEKLMIA NOCPEACTBOM a3p030/1bHOM Nepesayn BHYTPU 30aHMIA U 00BEKTOB TPaHCMOPTHOM MH(PACTPYKTYpbI
C YY4ETOM YCNOBUI KCMTyaTaUmMm UHKEHEPHbIX cucTeM. B HacTosiLLee BpeMsi CyLLecTBYeT cepb€3Has AoKa3aTenbHas 6asa 3a-
BMCMMOCTM }U3HECNOCOBHOCTH BUPYCHBIX a3po30eii 0T TeMNepaTypHO-BIAXKHOCTHOTO pexuMa noMellequid. Nopaepkanue
ONTUManbHOW OTHOCUTENbHOW BnaxHocTh Bo3ayxa oT 40 no 60% npu cTaHLapTHOM KOMHATHOM TeMnepaType HeobxoauMo
He TOJIbKO C TOYKM 3PeHns CTabUNbHOCTY a3po30SibHBIX CUCTEM, HO M HEMTPaNM3aLmMuU BUPYCOB. BbisBNEHO HefoCTaTOuHOE KO-
JINYECTBO UCCNIEA0BAHWN MO BAMSHUIO NOABUKHOCTM U 3arpsi3HEHUS BHYTPEHHE cpebl Ha CTabUbHOCTb BUPYCHBIX NaTore-
HoB. [pefcTaBneHa 3HaunTeNbHas BbIDOpKA CTaTen, MOATBEPKAAIOLLMX BAMAHUE 3PHEKTUBHOCTU paboTbl BEHTUNIALMOHHBIX
CUCTEM Ha MHPEKLIMOHHYIO HarpysKy B 30aHusX. [l CHUKeHWs pucKa pacnpocTpaHeHns pecnmpaTopHbIX BUPYCOB Heobxoam-
Mo obecneunBath pacxo Bosdyxa He MeHee 30 M%/u Ha yernoBeka. Ha ocHOBe NpoBeEHHbIX TEOPETUYECKUX UCCIe0BaHMiA
bbina paspaboTaHa cucTeMa NpaKTUYECKUX PeKOMEeHAAUMi No pexkuMmy paboTbl CUCTEM BEHTUNALMW B YCIOBMSIX pPOCTa 3a-
boneBaeMocTu. BbisiBNEHbI OTKIIOHEHWS MEXAYHAPOAHBIX U POCCUMCKMX HOPMATUBHO-TEXHUYECKUX TpeboBaHuii no obecne-
UeHU0 KOM(OPTHBLIX NapaMeTPOB BHYTPEHHEN0 MUKPOKIMMATA M KAuyeCTBa BO3LYLLUHOW Cpefibl C TOUKM 3PEHUS| YMEHbLLEHUS
PUCKa pacnpocTpaHeHUs pecnupaTopHbIX 3aboneBaHuid.

KnioueBbie cnoBa: BeHTUNALMS; BUPYC; 3arpA3HnTeNn oupymarow,eﬁ cpenbl; a3p030Jib.
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BACKGROUND

This systematic review presents data on the impact of
ventilation systems on viral spread in buildings. Appro-
ximately 90% of recorded infectious disease cases are as-
sociated with acute respiratory infections [1]. Over the past
20 years, several major outbreaks of respiratory diseases
caused by airborne pathogens have been reported [2]. High
transmission intensity and prolonged persistence of indoor
aerosols lead to a sharp increase in the disease incidence.

A significant number of the Middle East Respiratory Syn-
drome (MERS-CoV) and coronavirus (COVID-19) cases has
demonstrated substantial transmission rates of hospital-
acquired infections. It was established that 41% of individu-
als infected with COVID-19 had hospital-related transmission
of this disease [3]. Prevalence of respiratory infections among
healthcare professionals ranges from 0.3% to 43.3%. Accord-
ing to the national health report, nosocomial outbreaks in
Russian healthcare facilities recorded in 2023 were primarily
airborne transmission-related (79.11%). In 2020, during the
COVID-19 pandemic, infection rates peaked at 130,803 cases.
Upper and lower respiratory tract infections constitute the
most prevalent types of nosocomial infections [4—6].

Understanding airborne transmission mechanisms of
infectious diseases is critical for predicting indoor air condi-
tions and designing ventilation systems.

METHODS

To assess the impact of ventilation systems on infectious
disease transmission risk, possible mechanisms of pathogen
spread indoors must be considered alongside viral stability
under varying microclimate parameters.

Theoretical studies were searched for in the PubMed
database using keywords. The research sample comprised
reviews and systematic reviews with openly accessible full-
text versions.

The keyword query «virus» AND «aerosol transmission»
yielded 510 results within the past 10 years, with 393 articles
published in 2020-2021, reflecting heightened research rel-
evance during the COVID-19 pandemic. Analysis of the most
relevant sources identified factors influencing viral aerosol
transmission indoors: air composition, temperature, rela-
tive humidity, air movement, and ventilation system airflow
configuration and exchange rate. Subsequent stage involved
compiling research samples for individual parameters using
queries like: (virus AND aerosol transmission) AND (relative
humidity OR RH).

The addition of «ventilation» narrowed results to 89
articles since 2006. Duplicates were excluded, and studies
relevant to the topic were manually selected since the term
«ventilation» frequently refers to respiratory therapies (me-
chanical ventilation). Ultimately, 47 studies were included for
review.
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Notably, the impact of ventilation systems on pathogenic
aerosol transmission was scarcely examined before 2020—
only two articles from 2006-2020 linked infection rate in-
creases to ventilation efficiency [7, 8]. Since 2020, there
has been increasing interest in studying how viral infections
spread within buildings and transportation infrastructure,
considering the operational conditions of engineering sys-
tems.

RESULTS

Airborne Pathways of Viral Pathogen Spread

Key transmission paths for viral diseases indoors in-
clude cross-dispersion from infected individuals, pathogen
migration from contaminated rooms to corridors and ad-
jacent spaces, transport of contaminated air via ventilation
systems, and fomite-mediated viral transmission. Earlier
studies questioned aerosol transmission of viral respiratory
infections [7]. However, outbreak analyses demonstrate that
indoor air dynamics and ventilation performance critically in-
fluence pathogen transmission occurring exclusively through
airborne infection spread in multifamily residential buildings
[8, 91, public dining facilities [10], retail stores [11], fitness
centers [12], and public transport [13].

An aerosol constitutes a dispersed system of suspended
particles in a gaseous medium. Breathing, speaking, sneez-
ing, and coughing release microscopic fluid droplets carrying
viral pathogens. The term «aerosol» refers to particles of
all sizes capable of being suspended under prevailing mi-
croclimatic conditions. Particle size variability spans 5-6
orders of magnitude. Minimal aerosol sizes are molecular
clusters containing =6—10 molecules exhibiting significant
stability while adhering irreversibly upon surface impact
without rebound. Fine-particle aerosol systems (<50 pm)
pose the highest disease transmission risk due to prolonged
airborne stability, lower respiratory tract penetrability, and
heightened fomite transmission potential. Particles <20 pm
easily penetrate the body through the larynx; those <5—6 pm
reach alveolar spaces, which is typical for viral diseases like
MERS-CoV [14].

The upper limit of aerosol size is defined by particle
dynamic behavior and dispersion system particle stability.
Emerging theory posits that pathogenic bioaerosols may in-
clude particles up to 100 um [15, 16]. Cough- and sneeze-in-
duced local convective airflows disperse aerosol particles
over >2-meter distances [17, 18].

Indoor aerosol particle aerodynamics are determined by
the impact of various internal and external factors on the sus-
pended particles, including gravitational and inertial forces,
Brownian motion, electrophoretic, and thermal forces. For
pathogenic bioaerosols, we should consider not only physical
features influencing the system stability but also biological
virus inactivation due to environmental impact.
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The Impact of Microclimate Parameters on Viral
Transmission Risk

Indoor Temperature and Humidity Regime

Establishing correlations between indoor temperature
and humidity regime and viral aerosol dynamics constitutes a
complex interdisciplinary challenge, requiring determination
of physicochemical properties for each specific viral disease.

Respiratory disease transmission risk is higher in
cold-climate countries due not only to immune suppression
at sub-zero temperatures but also to low air moisture con-
tent [19]. Hot and humid regions, particularly during rainy
seasons, are less susceptible to aerosol-driven viral out-
breaks, though tropical climates increase contact transmis-
sion potential [20].

Respiratory virus inactivation due to protein and nucleic
acid denaturation occurs at elevated air temperatures (27-
70 °C) [21], exceeding permissible indoor parameters. Thus,
it is excluded from further consideration.

Indoor relative humidity (RH, @, %) critically influences
bioaerosol system stability by affecting both counts of sus-
pended particles during breathing and coughing and viral
aerosol survivability [20]. Higher RH slows exhaled droplet
evaporation, increasing large-particle concentrations that
gravitationally settle. Ideal conditions would show minimal
pathogen sedimentation for isolated droplets in stagnant air
[22]. Turbulent flows from human movement, door open-
ing, natural ventilation, and operation of ventilation systems
reduce droplet evaporation time while extending dispersal
range and sedimentation duration [23]. Lower RH acceler-
ates aerosol particle evaporation forming droplet nuclei that
remain suspended for hours, enabling prolonged infectious
transmission [24].

Maintaining target RH is essential not only for aerosol
system stability control but also for viral neutralization. Re-
searchers identify various viral viability dependencies on air
humidity: increased inactivation with rising RH, decreased
inactivation with rising RH, and U-shaped viability [21]. Re-
spiratory viruses (influenza, SARS-CoV-2) exhibit U-shaped
viability [25-27], enabling determination of optimal indoor RH
ranges. Thus, 40%—-60% RH at room temperature represents
the ideal humidity for reducing airborne respiratory infection
spread [28, 29].

Russian regulatory documents (GOST 30494-2011, GOST
12.1.005-88) specify optimal and admissible RH require-
ments for cold and warm seasons of the year. For residential
and public buildings, the optimal RH in winter and summer
should be within 30%-45% (admissible <60%) and 30%—-60%
(admissible <65%), respectively. For industrial buildings, mi-
croclimatic parameters depend on the work intensity, with
annual optimal RH considered 40%—-60% (admissible <75%)
The design of ventilation systems must maintain admissi-
ble parameters throughout occupied areas within buildings.
Achieving the most comfortable optimal criteria requires
technical specifications or economic justification. Most
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buildings fail to maintain RH ranges that reduce the risk of
respiratory virus transmission during cold seasons.

Air Mobility in Building Work Areas

Alongside temperature and relative humidity, air move-
ment velocity (mobility) in work areas significantly influences
indoor thermal-physical conditions.

Air remains in continuous motion within ventilated spac-
es. Uneven air distribution creates local stagnation areas with
elevated temperatures and pollutant concentrations. Low air
mobility forms a stagnant personal microclimate around in-
dividuals—quickly saturated with exhaled moisture and ex-
hibiting higher temperatures.

Increased air velocity accelerates pathogenic aerosol dis-
persion through spaces, heightening contamination risk for
individuals distant from the source [30]. On the other hand,
greater air mobility enhances evaporation rates and droplet
nuclei formation, accelerating aerosol particle sedimentation.
The optimal air velocity for minimizing viral transmission risk
in work areas remains understudied. The reviewed research
sample reveals no recommended mobility range for reducing
airborne infection likelihood.

Indoor Air Quality

Poor air quality and elevated dust levels accelerate viral
spread [31] and indirectly increase respiratory mortality [32].

Enclosed spaces harbor volatile organic compounds,
biological contaminants, vapors, gases, and dust. Infected
individuals release aerosol clouds through talking, breathing,
and coughing that disperse throughout rooms, depositing on
enclosure structures, furniture, and equipment surfaces and
binding to airborne pollutants. Fine particulate matter, also
known as PM2.5, acts as viral pathogen vectors, penetrating
deep into human airways [33]. Airborne organic surfactants
stabilize viral aerosols and prolong their viability [34].

All aforementioned factors governing viral aerosol dis-
persion intensity and stability depend on building engineering
system efficacy. This research further outlines primary venti-
lation-based strategies for reducing indoor infectious loads.

Impact of Ventilation Systems on the Risk
of Viral Transmission

After the COVID-19 pandemic, numerous international
standardization bodies and engineering associations recog-
nize the need for implementing «proper ventilation» in en-
closed spaces to reduce infectious loads [35]. Unfortunately,
current scientific research insufficiently addresses specific
measures for modifying ventilation system operations during
periods of elevated disease incidence. General guidelines in-
clude reducing room occupancy, periodic natural ventilation,
and increasing air exchange rates [36—38]. However, prac-
tical recommendations for establishing special operational
regimes for ventilation systems in residential, public, and
administrative buildings to mitigate viral transmission risks
remain undeveloped.
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Mechanical and Natural Ventilation Systems

Supplemental natural ventilation serves as an effective
measure to reduce viral load in indoor spaces. In kinder-
gartens, schools, universities, and offices, mandatory ven-
tilation during breaks is recommended. For layouts with
windows on opposite facades, natural flow-through (cross)
ventilation should be implemented. Studies demonstrate that
cross-ventilation significantly decreases viral load: in a 100
m? room, virion counts drop from 10,000 to 0 within 15 min-
utes at a consistent air velocity of 1.5 m/s [39]. Unilateral
ventilation is less efficient, but still reduces viral load by half.

During winter, outdoor air typically has low moisture
content. When naturally ventilated through open windows
or vents, this air enters rooms and warms via heating sys-
tems, potentially increasing thermal energy consumption in
residential and public buildings by up to 35% annually [40].
Concurrently, relative humidity rapidly declines, reaching
10%—-15%. As discussed earlier, low RH causes aerosol par-
ticles shrinking to smaller sizes due to evaporation of their
aqueous envelopes. Particles smaller than 50 pm become
difficult to capture and remove effectively via ventilation sys-
tems [41].

When implementing natural ventilation, outdoor air qual-
ity must be ensured and prioritized. Periodic ventilation in
areas with high suspended particle concentrations may com-
promise indoor air quality and reduce viral aerosol removal
efficacy. Respiratory disease incidence increases with ele-
vated concentrations of airborne suspended particles [42].
Research investigating dust content in museum environments
[43] indicates that drum-type humidifiers not only maintain
optimal relative humidity (40%-60%) but also substantially
reduce fine particulate matter in the air. Dust concentration
reductions exceeding 70% were observed for particles sized
2.5-10.0 pm. Drum-type humidifiers operate via natural
evaporation, preventing humidity from exceeding 60%. Lo-
cal devices allow for decreasing airborne respiratory virus
viability.

Centralized ventilation and air-conditioning systems in-
crease ariborne infection transmission risks across building
heights, particularly in multi-story residential complexes
equipped with natural exhaust ventilation systems featur-
ing vertical collection ducts and warm attics. Under adverse
weather conditions, «backdraft» effects may occur, allowing
contaminated air from ventilation ducts to infiltrate apart-
ments through exhaust grilles [44].

Mechanical ventilation systems effectively deliver clean
outdoor air and remove indoor contaminants. However, de-
sign, installation, or operational errors can create tragic sce-
narios where ventilation itself becomes an infection source.
Hospital ward inspections [45, 46] revealed PCR-positive
samples from ventilation grilles and exhaust units, con-
firming viral spread through ductwork with accumulation on
equipment. Delayed filter replacement and failure to clean
and disinfect ducts facilitate pathogen transmission and dis-
ease outbreaks indoors. These issues are exacerbated in
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air-recirculation systems, as standard coarse filters in pub-
lic buildings cannot efficiently capture particles below 5 pm.
Therefore, during increased disease incidence, mandatory
inspection and cleaning of ventilation systems and transition
to direct-flow air configurations is recommended.

Required Air Exchange Rate

The COVID-19 Expert Group identified three primary
factors enabling disease outbreaks in buildings: enclosed
spaces with inadequate air exchange, overcrowded rooms
with high occupancy, and close contact [47]. Increased air
exchange rates reduce infectious loads indoors. The rec-
ommended airflow rate per person is at least 30 m¥/h [47].
This value is based on the long-term experience in the field
of building hygiene and occupational safety research, rep-
resenting a fundamental requirement. According to Russian
ventilation design standards (SP 60.13330.2020), minimum
air exchange rates for intermittently occupied spaces are at
least 20 m?/h, which is below international recommenda-
tions. Particular risk arises in densely intermittently occupied
spaces: cinemas, theaters, airport and railway lounges, and
shopping centers. Brief exposure does not eliminate trans-
mission risk, as viruses remain infectious in aerosols for
several hours [48]. High COVID-19 viral concentrations de-
tected in canteens, conference halls, and restrooms confirm
cross-transmission during brief exposures [49, 50].

Recommended minimum airflow rates for outbreak pre-
vention must account for pathogen virulence. To determine
standard airflow when addressing the SARS-CoV-2 delta
variant, it may be necessary to establish higher exchange
rates incorporating optimal indoor air velocity requirements
for infection control [51].

Air Exchange Configuration Schemes

Controlling airflow patterns indoors is essential for main-
taining high air quality. Research demonstrates that changes
in overall and local infection risks from airborne transmis-
sion under different air distribution schemes are complex and
non-linear [52].

Mixed air distribution with «top-to-top» supply and ex-
haust achieves uniform temperature and pollutant dispersion
within the space under ideal conditions. While this approach
dilutes aerosol concentrations, insufficient air exchange may
accelerate pathogen spread throughout the space [53]. High
airflow volumes in compact areas like densely-seated cafés
and restaurants often necessitate close proximity between
supply and exhaust vents. Supply air entering the space fails
to reach work areas due to immediate capture by exhaust
vents. This effect is called «short air circulation». Stagnation
areas are formed in the work area with elevated tempera-
tures and contaminant levels.

Displacement ventilation supplies air to the work area
with upper-level exhaust. Thermal buoyancy forms verti-
cal convection currents, stratifying temperature and con-
taminants along room height. Displacement ventilation
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effectiveness against viral transmission depends on posi-
tioning between infected individuals and other people in the
room. When people remain seated =1.5 m apart (in case of
COVID-19), displacement ventilation reduces infection likeli-
hood more effectively than mixing ventilation; however, ef-
fectiveness reverses when distances decrease [54].

Complex schemes combining mixed air distribution with
personalized ventilation demonstrate superior effective-
ness [53]. Personalized supply air delivery directly to breath-
ing zones reduces cross-infection risk by <50% [53, 55].

DISCUSSION

The majority of reviewed articles outline significant im-
pact of the ventialtion system efficacy on the risk of respira-
tory infection spread. There is an insufficient body of research
regarding aerosol viability dynamics of viral infections under
varying air pollution levels. The reviewed research sample
reveals no recommended mobility range for reducing con-
tamination likelihood. More extensive research is needed on
local humidifier use and their effects on respiratory virus
viability. Discrepancies were identified between internation-
al and domestic regulatory requirements for maintaining
comfortable indoor environmental conditions and air quality
standards.

CONCLUSION

Compelling and sufficient evidence exists for aerosol
transmission of viral respiratory infections, underscoring the
urgent need for interdisciplinary research on how microcli-
mate parameters and engineering system operation affect
disease spread.

Based on theoretical studies, a set of practical recom-
mendations has been compiled to reduce outbreak likelihood
in public and residential buildings.

1. Optimal relative humidity levels should be maintained
indoors (40%-60%). Local drum-type humidifiers can reduce
infectious loads indoors by purging fine particulate matter
and suppressing viral pathogen viability when properly ope-
rated.
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2. The recommended air exchange rate per person is at
least 30 m3/h.

3. During transitional and cold seasons—peak periods
for respiratory disease transmission—control for ventilation
system efficacy should be intensified (including operational
checks and design compliance), ductwork and equipment
cleaning and disinfection should be conducted, and timely
filter replacements should be ensured.

4. Personalized ventilation systems allow reducing viral
aerosol transmission risk.
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AOMO/THUTE/IbHASA UHOOPMALIUA

Bknap aBrtopos. [1.B. AbpamkuHa — 0630p nmuTepaTypsl, cobop
W aHanu3 UTepaTypHbIX UCTOYHUKOB, HanWCaHWe TeKCTa U pefaK-
TUpOBaHMe cTaTbk; B. BepMa — 0630p nutepatyphl, cbop 1 aHanm3
JTEPATYPHbIX UCTOYHWMKOB, MOArOTOBKA M HAaNMcaHWe TeKCTa CTaTbi.
Bce aBTOpbI MOATBEPKAAKOT COOTBETCTBME CBOErO aBTOPCTBA MEXK-
AyHapoaHbIM KpuTepmsaM ICMJE (Bce aBTOpbI BHEC/M CYLLECTBEH-
HbIA BKMA B pa3paboTKy KOHLENUMK, NpoBefeHue 1ccnefoBaHus
W NOLrOTOBKY CTaTby, MPOYIM U OA0OpPUIM BUHAMbHY0 BEpCUio
nepen nybnukaumen).

WUcTounuk duHaHcupoBaHua. ABTOpbI 3asBNAIOT 06 OTCYTCTBMM
BHELLIHEro UHaHCMPOBaHUS NPY NPOBEAEHNM UCCNEe0BaHs
KoHdnukT nmHTepecoB. ABTOpLI [JEKNAPUPYIOT OTCYTCTBUE ABHbIX
1 NoTeHUManbHbIX KOHQIMKTOB MHTEPECOB, CBA3aHHBIX C Mybnuka-
LMeln HacTosLLLEN CTaTbu.
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AHHOTALMA

B 0630pe npuBeseHbl AaHHbIE O PAacMPOCTPAHEHHOCTM W MUCMOMb30BaHUM CTOMKUX OPraHWYECKUX 3arpsA3HAIOLLMX BeLLecTs
B Poccuun. OnucaHbl akTyanbHble 6MOMOHUTOPUHIOBLIE MCCNEAOBAHMSA CTOMKMUX OpraHUMYecKUX 3arps3HuTeneil B opraHax
W TKaHAX yenoBeKa. PaccMoTpeHbl pe3ynbTaTbl POCCUACKUX U COBETCKUX MUCCIEL0BaHMI O BAMSHUM KCEHOBMOTMKOB Ha Yeno-
BEYECKU opranmaM. MK u3y4eHns ocTporo BO3AEHCTBMA TOKCMKAHTOB Ha 340POBbe YesioBeKka npuweénca Ha 1960-1970 rr.
B 1980-1990 rr. nosensoTca paboTbl, M3yyaloLLMe MX XpOHUYECKoe Bo3pelcTue. B HacToswee BpeMsa nogobHbIX pabot
KpaitHe Mano.
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ABSTRACT

This review presents data on the prevalence and use of persistent organic pollutants in Russia. It highlights current biomonitoring
studies on their accumulation in human organs and tissues. The article also examines findings from Russian and Soviet studies
on the effects of xenobiotics on the human body. Research on the acute toxicity of these substances peaked in the 1960s—1970s,
while studies on their chronic effects began to emerge in the 1980s—1990s. Currently, such studies are extremely scarce.
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OB0CHOBAHUE

B ycnoBusx coBpeMeHHOW LMBMIM3ALMU IKONOTUYECKUE
(aKTopbl BNMUAIOT Ha 3[0poBbe YenoBeka Ha 40-50%. 3a-
PA3HEHWE OKPYMalollel cpefibl — OAHA M3 OCHOBHbIX
NpUYMH pocTa 3aboneBaHui, NPUBOAALLMX K 0CNabneHuio
¥ MOAMGUKALMM 3aLLUTHBIX DYHKUMA M afanTaLMOHHBIX pe-
3epBOB OpraHW3Ma 4enoBeKa. B TeueHue BTOpOI NONMOBMHBI
XX B. NpoMCX0AMNO HEKOHTPONMpYyeMoe 3arpsisHeHue buo-
ctepbl NpogyKTamMK pacnaga necTULMA0B XI0pPOPraHUYecKoid
rpynnbl.

Croiikne opraHuyeckue 3sarpsasHutenu (CO3) sensioTcs
CaMbIMM OMAacHbIMU M3 BCeX MOJUITAHTOB, MOCTYNaLLUX
B OKpYaloLLyl0 cpefy B pesynbTaTe aHTPOMOreHHoM fAes-
TENbHOCTW. 3a NOCNefHUe AECATUNETHUS 3TU CYNepIKOTOK-
CUKaHTbI HAHECNW TSKENBIV Bpes NpUpPoAe W 3L0POBbH Ye-
NOBEKa M3-3a UX BUOaKKYMYNALMM, KaHLLEPOTreHHbIX CBOCTB
U HeipoToKcuyHocTM [1]. MX HakonnieHWe B OKpyKatoLLen
cpene npeacraBnset rnobanbHylo npobnemy. Cpeam CO3
Haubonee pacnpocTpaHEHHbIMM BeELLECTBAMU ABNAKTCS
xnopopranuyeckue nectuumabl (XOM) u nonuxnopupoBaHHble
oudenmnnbl (MXB). MupoBoe co0OLLECTBO NPUHANO PAd, AOKY-
MEHTOB, NpejycMaTp1BatoLLMX pa3paboTKy M ocyLLecTBEHME
rnobanbHbIX Mep, HanpaBneHHbIX HA YMEHbLUEHNE aKKYMy-
nauum CO3 B oKpyxKaloLLei Cpefe M CBA3aHHBIX C HUMU pu-
CKOB. B paMKax rnaBHoro gokyMeHTa «KoHBEHLMS 0 CTOMKUX
OpraHu4eckux 3arpsasHutensx» (CTOKronbMcKas KOHBEHLMs)
BeA€eTca rnobanbHblii MoHMTOPUHT ypoBHA CO3 B pasHbIX
cpefax 0bMTaHMs, opraHu3Max XMBOTHBIX, PaCTEHWUN U Ye-
NOBEKA, YTO ABNAETCA NPEAMETOM LUMPOKUX U MHOMOrPaHHbIX
Hay4HbIX npoeKToB [1].

B Poccumn B paMkax CTOKronbMCKOM KOHBEHLMM NPOBO-
putcs 6uomonuTopuHr CO3 He Ha Bceii Tepputopuu. B HacTo-
filee BpeMsl parMeHTapHO Mccefo0BaHbl 3BEHbS MOPCKUX
M Ha3eMHbIX TPOPUUECKUX YpOBHel [2—6], ofHaKo o cux
nop oTKpbIT Bonpoc o BusHuM CO3 Ha 340poBbe YesloBeKa
KaK KOHEeYHOro 3BeHa NuLLeBon Lenu. HecMoTpsa Ha 3Hauu-
TeNbHbIN 00BEM NPOBOAWMBIX UCCNEA0BaHMIA, MaccuB Nony-
YeHHbIX pe3ynbTatoB No ypoBHAM CO3 B pasHbiX 3BEHBAX
MALLEBOM LieNU M B OpraHu3Me YenoBeka TpebyeT cucteMa-
TM3auum n 0606LLEeHMs.

LUenb uccnepoBanmua. CucteMatuzaums pesynbTaTos
MOHMTOPUHIOBBIX MCC/e0BaHuii B Poccum 1 BbiBLUMX pecny-
6amkax CCCP ¢ yyactmeM yenoBeKa Kak buonHamkartopa C03,
a TaKke 0006LLEHNe AaHHBIX 0 BO3MOXKHBIX NATONOrUAX, CBS-
3aHHBIX C BO3AENCTBUEM 3TUX KCEHODMOTUKOB Ha OpraHu3M
YeJIoBeKa.

XAPAKTEPUCTUKA U CBOMCTBA
CTOMKUX OPTAHUHECKUX
SATPA3HUTE/IEU

CO3 BrntovatoT B cebs Takue rpynnbl OMacHbIX CoeauHe-
HuiA, kKak XOI u MNBX. XOI, K KoTopbIM OTHOCAT COEANHEHMS
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pvxnopandenuntpuxnopaTada (LLAT) u rekcaxnopumkorek-
caHa (TXLIN), — bonbLuas rpynna ranoreHonpou3BoAHbIX aum-
KJ/IMYECKWUX W apOMaTMYECKUX COEAMHEHMI aHTPOMOreHHOro
npoucxoxaenus (puc. 1). B okpyxatowlyto cpefly atv coeau-
HEHWS NONajaloT B pesyibTaTe X03aWCTBEHHON AeATENIbHOCTH
yenoseka. X0l obnagalT BbICOKOW TEPMOCTabUABLHOCTbIO,
AnodunbHBI, rMApodo6HbI, ABNAOTCA MHEPTHBIMU U NPaKTK-
YeCKM He pa3naralTca noj, LeNCTBUEM KOHLLEHTPUPOBAHHbIX
KUCNOT U Lenoyent (3a uckovermeM MXLIN) [7]. Mokasatenu
nmnodunbHocT U rnapodobHocTM B BoAe CrNocobCTBYHOT
TOMY, 4TO B NPMPOJE TaKWe COEANHEHMS CBA3bIBAIOTCS YacTy-
LiaMU M0YBbI, AOHHBIX OT/IOXEHWUH, B3BELLEHHBIMU YacTULAMM
B BO3JyXE U BOJE.

lepcuCTEHTHOCT — MpUYMHA MOBCEMECTHOMO pacnpo-
ctpaHenus XOI B 6uocdepe B pe3ynbTaTe NpOLECCOB pacTBO-
peHus, copbumm, Bruoakkymynaumm u ucnapenus. OcHOBHOM
Bronornyeckuin MexaHuaMm paspyweHus X0l B npupoge —
npouecc MeTabonmueckoro pacnaga ¢ y4actueM pasfiniHbIx
MWKpoopraHu3amoB [8]. B pesynbrate ncnapeHus u BETpOBOM
3p0O3WM U3 MOYBLI M BOLOEMOB 3TV TOKCMKaHTBI MOCTYNaioT
B aTMocdepy 1 noasepratotca rnobansHoMy nepepacrpese-
NIEHMI0 U NEPEHOCY B MONSPHbIE PETMOHBI.

[lpyroit onacHom rpynnoi, pacnpocTpaHEHHOMN B OKPYKa-
towen cpefie, senstoTcs coeanHenus MNXb. Ouv npeacTtaens-
10T c0b0i TAMENbIE BLICOKOKMMNALLME MacnoobpasHble Kua-
KOCTU C AM3NEKTpUYecKuMm concTBaMU. NHAMBMAYanbHbIE
KoHreHepbl [1Xb pa3nuyaloTcs KONMYeCTBOM aToOMOB XJiopa
U nonoxeHneM ero B Moniekyne (cM. puc. 1). MXB ycToitumsbl
K ruaponnsy u buotpaHcdopMaumm B BoAe, HO CO BPEMEHEM
npu QoTonMse B npouecce pana nocnefoBaTesbHbIX peak-
uuit NMXB MoryT cTaTb UCTOYHWMKOM Boiee TOKCUYHBIX COeau-
HEHU — MONMXNIOPMPOBaHHbIX ANHEH30-N-AUOKCUHOB [9].
B npupope 3TM coeamHeHUs pacnpocTpaHeHbl NOBCEMECT-
HO, FNaBHYl0 Pofib B pacnpefeneHnn UrpaeT atMocdepHbli
nepeHoc. YCTOMYMBOCTb B OKpYKalOLLeh Cpefe 3aBUCHT
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Puc. 1. MonekynsipHoe cTpoeHue rekcaxnopumknorekcana (MXLI,
anxnopandeHuntpuxpopataHa (LAT) M nonnMxnopupoBaHHbIX 6u-
denunnos (MXB).

Fig. 1. Molecular structure hexachlorocyclohexane (FXL[), dichlo-
rodiphenyltrichlordoethane (IAT) and polychlorinated biphenyls
(NXB).




REVIEWS

OT KONMYecTBa aToOMOB XJ10pa M PacnosioKeHus ux B Mose-
Kyne. [MaBHbIMK UCTOYHMKaMK 3arps3Henus [IXb aBnstoTcs
MHOTOYMCIIEHHbIE TMAPO3NIEKTPOCTAHUMM, IKeme3Hble 40po-
M 1 NPOMBILLMIEHHbIE NPEANPUATUS, MPOM3BOJSALLME U UC-
MoAb3YHLLME KOHZeHCaTopbl M TpaHchopMaTopsl. YacTb X
obpasyeTcs Kak noboYHbIN NPOAYKT B MPOLECCE CHUraHusA
Mycopa. B pesynbtate npoBegéHHOM MHBEHTapu3aumu [1Xb
un NXb-copepxallero obopynoBaHus B Poccuiickoit Pepe-
paumn B 2000 r. BbisBNIEHO Hanuuue okono 7500 TpaHcdop-
MatopoB U 340 000 KoHAeHcaTopoB, B KOTOPbLIX COAEPHATCS
okosio 21 000 T MNMXB. OgHaKo, cornacHo 3KCNepTHOM OLEHKE,
peanbHoe KoninyecTso MMXB 3HaunTeNbHO BhiLLe 1 COCTaBNINAET
He MeHee 28 000 7 [10, 11].

PACMPOCTPAHEHHOCTb

W UCNOJIb30BAHUE CTOMKMUX
OPFAHUYECKMUX 3ATPASHUTENEN
B POCCUH

B Poccvm 3apervctpuposato okono 1500 HauMeHoBaHMM
necTMUMAO0B, NMPeACTaBnsawoWmux cobo MOHOBELLECTBA, WX
pa3HoobpasHble KOMMO3WULMK, @ TaKKe npenapatbl buono-
FMYECKOro AeCTBMA Ha OCHOBE QUTONATOrEHHbIX LUTaMMOB
MWKpoopraHu3MoB, rpubos u ap. [12]. Ceepenns 0b ocHos-
HbIX rpynnax necTuuunoB 0606wweHsl B Tabn. 1.

Ha Tepputopum cTpaHbl AeiicTBYeT KaTanor necTuLMaoB
M arpoXMMUKATOB, PaspellEHHbIX K MpUMeHeHnio MuHu-
CTEpPCTBOM CenbCKOro xosanctea Poccuiickon Pepepaumu.
Mpu 3TOM, Kak BMAHO W3 Tabn. 1, NoHATME «necTUUMabI»
TPaKTYeTCA [OCTaTOYHO LUMPOKO. K HUM OTHOCAT KaK cpefi-
CTBa 3aLLMThI, TaK U CTUMYNATOPLI pocTa. Bce BellecTBa B Ka-
Tanore 3aperucTpupoBaHbl B cooTBeTcTBUM ¢ DepepanbHbiM
3akoHoM N2 109 ot 19.06.1997 r. «O besonacHoM obpalve-
HWM C MecTMUMaaMK u arpoxummkarammy. B 2018 r. nocta-
HOBJIeHMEM [NaBHOro cCaHUTapHOro Bpaya BBEAEHbI HOBbIE
MvrneHnyeckme HopMatmebl 1.2.3539-18 ana nectuumpos,
B T0 BpeMA Kak o 2016 r. npuMeHeHne NeCTULMZOB U XU-
MMKaTOB perynuposasnock Hopmatusamm 1.2.3111-13".

MHorue nectuumabl yxKe He NPUMEHAIOTCA B CUITY HU3KOA
3(PEKTUBHOCTU UMM BbICOKOW TOKCMYHOCTM, YTO 3aKpenne-
HO B COOTBETCTBYHOLLMX MEXYHapPOAHBIX COrNaLleHnsX. TeM
He MeHee uHBeHTapu3auus 2003 r. BbiSBUNA, YTO Ha TEppU-
Topum Poccun xpanutcs 24 000 T 3anpeLuéHHbIX K UCnosib-
30BaHUI0 MECTULMAOB W/WAN CPELCTB C UCTEKLUMM CPOKOM
rogHocTv. OBHOBPEMEHHO AOMONHUTENbHBIE OMACEHUS Bbl-
3blBaeT TOT ¢aKT, uto 60% CKIaJoB He OTBEYaeT caHwTap-
HbIM HOpMaM U TpeboBaHuaM BesonacHocTn. MacwTabHoe
1 3a4acTyto 6eCKOHTPONBHOE W HEOMNpaBAAHHOE MPUMEHEHME
necTMUMaoB MpuBeo K ToMy, 4to Ha 60% obcnenoBaHHbIX
TEpPPUTOPUA OTMEYAETCA MPEBbILIEHNE YPOBHEH NpefesbHO

' TH 1.23111-13 «[WrveHnyeckme HOPMaTMBLI COAEPAHNA NECTULMIOB
B 00beKTax OKpyaloLLiel cpedbl (MepeyeHb)», C U3MeHeHWAMM Ha 13
miona 2016 .
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[O0MYCTUMON KOHLEHTpaLuum NecTMLMAOB B pasHblX Cpefax.
K uncny Hanbonee npobneMHbIX TEPPUTOPUIA OTHOCATCA Peru-
OHbl CaMOr0 aKTMBHOIO 3eMIIe[eNvs, BHOCSALLME peLLaloLLmi
BKJ1aJ B NPOW3BOACTBO CENIbXO3NPOAYKLMMA B CTPaHe, B TOM
uncne KpacHopapckuin Kpan (2700 T XpaHALLMXCA Ha CKNa-
[aX HeyTUIU3MPOBaHHbIX 3arpeLléHHbIX K MPUMEHEHUIO
WNW ycTapeBLUMX nectuumpos), PocToBcKas, BopoHexcKas
u KypraHckas obnactu, Antaiickui kpaii (o 1000 T B Kax-
[0M 13 peruoHos) [13].

[laHHble nuTepaTypbl CBMAETENLCTBYIOT, YTO B NOAa-
BAsoLWEM boNbLUMHCTBE CilyyaeB Haubonee 3arpsi3HEHHas
cpena — noysa cenbxo3yrogui [14, 15]. OgHako BaXHbIMK
A0MNOoJHUTENEHBIMU UcTouHMKamu CO3 MoryT 6bITh yyacT-
KW NECHbIX MOXapoB, ropsiliMe CBaiKu ObITOBbIX OTXOA0B
U [axe HebonbluMe KOCTpbl Ha npuycafebHbIX U AauHbIX
ydacTkax [15]. Tak, cornacHo oTyeTy MuHucTepcTBa npu-
POAHBIX pecypcoB 1 akonoruu Poccuitckon ®epepaumm «Co-
CTOSIHWE 3arpsi3HeHWs nectuuMamu 06bEeKTOB NPUPOAHOIA
cpenbl Poccuiickon ®epepaumn» B 2017 1. uccnenoBaHbl
noyBbl pasnmyHoro Tuna u3 39 cybbektoB Poccuitckon Depe-
pauuu. lpeBbilieHre NpesenbHO A0MYCTUMOW KOHLEHTPALMK
no nectmumiam obHapyxeHo Ha Tepputopun 11 cybbexToB
(B 2016 r. — Ha TeppuTopumn 12 cydbekTos) [16].

[lpyruM BaxHbIM NpuMepoM pacnpocTpaHéHHocTn CO3
B Poccum ocratotca MNXB. B CosetckoM Coto3e, B cTpaHax
CHTI v Poccuitckon ®epepaumm o 2011 r. NXB wmpoko uc-
Mo/ib30Bajiu B MPOMBILLIEHHOCTW NpU MPOM3BOACTBE TpaHC-
(opmMartopoB. OcHOBHble NpOK3BOACTBA Haxoawnuch B Cep-
nyxoBe (Poccus), Yctb-KaMeHoropcke (KasaxcraH), Mtompu
(AsepbaiiaxaH), Ha NaKoKpacoyHbIX 3aBofax B Apocnaene,
YensbuHcke, 3aropcke, KotoBcke (Bce — Poccus), 3aBo-
Aax no U3roToBneHnio cMasok (HuxHuii Hosropopn, CaHKT-
Metepbypr, OpeHbypr, Yda, MepMmb, Bce — Poccus) [17].
B Hacroswwee BpeMs Hanbonbliee konnyectso X obHapy-
eHo B [1oBONMKCKOM 1 YpanbCKOM pervoHax, 3a HUMU UayT
LieHTpanbHbid, BocTouHo-Cubupckuin, CeBepo-KaBKasckuii
u Bonro-Bstckuit pervotb [18].

C npunsTtem MepepantHoro 3akoHa Poccuitckoit Qepe-
paumm N2 164 ot 27 miona 2011 r. «O patudmraumm CTokronb-
MCKOM KOHBEHLMM O CTOMKMX OpraHUYecKUX 3arps3HUTENsX
(CO3)» Poccus B3sana Ha cebst 0b6s3aTenbCTBa Mo YHUUTOXE-
Huto 3anacos [XB. [o 2025 r. copepxaluee MXb anekTpo-
TeXHU4ecKoe 060pynoBaH1e JOMKHO ObiTb BbIBEAEHO U3 JKC-
nnyataumu, 8o 2028 r. — yHuuTOXKeHbl cogepxalume MXb
otxodbl. B Poccum KoHTponb BbIOpPOCOB MOMNKOTAHTOB B aT-
Mocdepy OCYLLEeCTBNIAIETCA MO CMeLnanbHbIM NporpaMMaM.
WccnepoBaHue oTobpaHHbIX MPod MPOBOAUTCA B aKKpeau-
TOBaHHbIX Ha NpOBejeHWe aHanu3a AuoKcuHoB M (X na-
Bopartopusix, pacnonoxeHHbix B Mockse, CaHkT-[leTepbypre,
06HuHCKe U Ye [19].

BaHOM xapaKTepucTuKoi ToKcuyeckux addekTtos MXb
ABNAeTcA nogaeneHne WMMyHuteta. [loctynnexue [1XB
B OPraHW3M YenoBeKa TaKKe NpOBOLMPYET pasBUTUE paKa
Pa3fUYHOIA NIOKaNM3aLuu, NOPaXeHUiA NeYeHu, NoYeK, HepB-
HOW CUCTEMbI, KOXM (HelpoaepPMMTLI, 3K3eMbI, Cbinu) [14].
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Ta6nuua 1. Knaccudmkaums necTMUmMaoBs No HasHauYeHMIo, Cnocoby NPOHMKHOBEHWS U XapaKTepy AercTBus [3]

Table 1. Classification of pesticides by purpose, method of penetration and nature of action [3]

Mpynna
Group

Ha3HaueHue, cnocob NpoHUKHOBEHUS M XapaKTep AeiCTBUS
Purpose, method of penetration and nature of action

KoHTaKTHOro AencTeus
Contact action

KuwweyHoro peicteus
Intestinal action

CucteMHoro pencTems
Systemic action

OymuraHTl
Fumigants

KoHTaKTHOro AencTeus
Contact action

CucteMHoro pencTBums
Systemic action

lNouBeHHOro mencTeus
Soil action

N3bupatentHoro aeicTeus
Selective action

CnnowHoro peicTeus
Continuous action

KoHTakTHoro peincreus
Contact action

CucTeMHoOro JeicTeuma
Systemic action

3almTHoro aeicteua
Protective action

JleyebHoro peiicTBus
Therapeutic effect

JlapBuumabl
Larvicides

Axapuumabl
Acaricides

OBuUMabI
Ovicides

HeMatoumapl
Nematocides

3oouunap! (poaeHTULMADI)
Zoozides (rodenticides)

MonnecTuumap
Molluscicides

bakTepuumabl
Bactericides

UHcektuumap! | Insecticides

Bbi3biBaloT rubenb BpeHbIX HACEKOMBIX MpPW KOHTaKTe
They cause the death of harmful insects upon contact

Bbi3bIBaloT rmbesib BpeHbIX HaCEKOMbIX NPU NONaAaHUv B KULLEYHUK
Cause the death of harmful insects when ingested

CnocobHbI MPOABUraTLCS MO COCYAUCTON CUCTEME PAcTEHUA U OTPaBNIATb MNOELALLMX €0 HACEKOMBIX
They are able to move through the vascular system of a plant and poison the insects that eat it

[JlelicTBYIOT B ra3006pa3HOM COCTOSHUM Yepe3 OpraHbl bIXaHUS HACEKOMbIX
They act in a gaseous state through the respiratory organs of insects

Fepbuumnppi | Herbicides

BbI3bIBalOT rMbesb COPHbIX PacTeHuii NpY KOHTaKTe
They cause the death of weeds upon contact

CnocobHbl NPoABUraTbCs MO COCYAMCTON CUCTEME PacTeHUs U BbI3bIBaTb ero rubesnb
They are able to move through the vascular system of a plant and cause its death

[Jle/icTBYIOT Ha KOPHEBYIO CUCTEMY pacTeHuiA UM Ha NpopacTaloLLme ceMeHa
They act on the root system of plants or on germinating seeds

lNopaaloT ToMbKO onpeaenéHHbIe BUAbI PacTeHWN
Only certain types of plants are affected

YHUUTOXKAIOT BCIO pacTUTENbHOCTb
Destroy all vegetation

®yHrumabl | Fungicides

Wcnonb3yioT Ans bopbbbl ¢ natoreHHsIMKU rpubamu
It is used to control pathogenic fungi

CnocobHbl MpoaBUraTbcs Mo COCYAMCTON CUCTEME pacTeHW U YoMBaTb NaToreHHbIe rpubbl
They are able to move through the vascular system of plants and kill pathogenic fungi

CnocobHbI 3alwuLLaTh 0T BO3AENCTBUIA NAaTOreHHbIX rpuboB
They are able to protect against the effects of pathogenic fungi

CnocobHbl AaBaTh NievebHbIi 3QhEKT Npu AeicTBUM NaToreHHbIX rpubos
They are able to give a therapeutic effect under the action of pathogenic fungi

Dpyrue rpynnbi | Other groups

YHUUTOXKAIOT JIMHMHOK U TYCEHMLL HACEKOMBIX
They destroy insect larvae and caterpillars

YHUYTOKAIOT pacTUTENbHOAAHBIX KileLueli
They destroy herbivorous ticks

YHWUUTOXKAIOT AMLA BpeHbIX HACEKOMBIX U KileLLen
They destroy the eggs of harmful insects and ticks

YHUYTOKAIOT KpYT/IbIX YepBeit
Destroy roundworms

YHUYTOKAIOT rpbi3yHOB
Destroy rodents

YHUUTOKAKT MONMIOCKOB
Destroy shellfish

YHuyToXaloT 60e3HeTBOpHbIE HaKTepum
Destroy pathogenic bacteria
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Monapas B opraHu3M mnopa u pebenka, MXb nposens-
I0T TepaToreHHble 3QdEKTbl U CMOCOBCTBYIOT MOSABMEHWIO
BPOMXAEHHBIX YPOLCTB, OTCTaBaHWK0 B PasBUTWM, OUCPHYHK-
UMM MMMYHWTETA, Nopaxenuto kpoeeTBopeHus. MXB Takke
061a7al0T MyTareHHbIM JEiCTBMEM, YTO HEraTUBHO BIIUSIET
Ha 3[0pOBbE NOCNELYHLIMX NOKOMEHUN [5].

EMOMOHUTOPUHI CTOMKMUX 5
OPTAHUYECKUX 3ATPA3HUTENIEN
B OPTAHU3ME YE/IOBEKA

Bo MHormx cTpaHax bonbwuHctBo CO3 3anpelueHbl
UK orpaHuyeHbl K npuMeHennio. B 2006 r. BcemupHas op-
raHW3aums 34paBO0XpaHEHUs MPUHANA PELLEHWe 0 NPOAOS-
YKEHWUW NPUMEHEHWS CAMOr0 M3BECTHOIO X/I0POPraHNYEeCKoro
nectuumpa OAT B 12 cTpaHax Mupa, B ToM uucne B UHauu,
CeepHoit Kopee 1 HeKoTOpbIX 0XHOA(PUKaHCKMX rocyaap-
ctBax [1]. 3T TOKCUKaHTBI MOrYT Nonagatb Ha TEPPUTOPUI
Poccum 3a cY€T TpaHCrpaHMYHOro nepeHoca, MOPCKUMM Te-
YEHUAIMM, MUTPUPYIOLLMMM OpraHM3MamMu M C NpoAyKTamMu
nutanms [20, 21].

Boapeictenio CO3 noagepratoTcs KaK CENbCKUE HUTENH,
XuByLme nobam3ocTu ot MecT 06paboToK, TaK U LIMPOKMUIA
Kpyr HaceneHus 6narofaps neTyyectTM 3TUX COeAMHEHWi
1 BO3MOXXHOCTW TpaHCrpaHWyHoro nepeHoca [22]. OcHoBHble
nytw, no KotopbiM CO3 nonagalT B OpraHWsM uenoBeka
1 6MoaKKyMynupyHTCS, NpeaCcTaBneHbl B Tabn. 2.

PesynbTaThl 6UONOrMYECKOro MOHUTOPUHIA YeTbIPEX
caMbIX KpYMHbIX arpapHbix cybbekToB HxHoro denepans-
Horo okpyra (KpacHopapcKoro kpas, ActpaxaHckoii, Bon-
rorpafckoit u PocToBcKoiA obnacTeil) NoKasblBaloT Hanuume
3arpsisHeHns XOI okpyxalolein cpedbl U UX aKKyMynsauMu
B opraHu3me yenoBeKa. K coxanenuto, 0TCyTCTBYIOT aHHbIe
no Agbiree n KanMbikun, 3eMnu KOTOpbIX NOABEpralTcs
npoLeccaM NpUpOLHOro U aHTPOMOreHHOro OMyCTbIHMBAHNS,
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4TO Y)Ke AaNio OCHOBaHWe MPU3HaTb MX 30HaMU 3KONormye-
cKoro bepcteus [23-25].

KpaTkoBpeMeHHOe npeBbilieHMe NpefefbHo AOonyCTU-
MOM KOHLEHTpauuu nectumupoB B 1-2 pasa cnocobcrsyet
BO3HMKHOBEHWIO NOKAJIbHBIX 04aroB 3KO0MMYecKy 0bycnos-
NeHHbIX 3aboneBaHuii [26—28]. YcTaHoBneHa pocToBepHas
npaMas cBA3b MeX Ay 3ab01eBaeMoCTbio U 06LLEN Harpy3Koi
necTUUMAAMM Ha opraHu3Mm Yenoseka [29, 30].

C 1998 r. 6UOMOHMTOPUHI MO X/I0POPraHUYECKUM CoefU-
HeHMAM npoBoauTca B bbiBlumMx pecnybnmkax CCCP: Kasax-
cTaHe, benapycu, ApMenun, YkpanHe u Kbiprbisckon pecry-
6nmke. UMetoTcs faHHbIe Mo BMONOrMYECKOMY MOHUTOPUHTY
Antainckoro Kpas, ApxaHrenbckoin obnacti, bankanbckoro
pernoHa, Wpkrytckon obnactu, JancHero Boctoka, MypMaH-
ckon (Konbckas Jlannanaus), Opnosckoi, CaMapcKoit obna-
cTen, HYyKoTku.

[laHHble MPOBOAUMBIX B HAcToALLEe BpeMs HabnoLeHUN
0606LLeHbI B Tab. 3.

B 1960-1980 rr. BbINONHEHBI MHOTOUUCTIEHHbIE OTEYe-
CTBEHHbIE Hay4yHO-UCCe0BaTeNlbckUe paboThl, B KOTOPbIX
M3y4anocb BAUSAHWE NECTULIMAOB HA OTAENbHBIE OpraHbl U CU-
CTEeMbI YeNoBeKa (Mo3r, NeyeHb, rnasa, KoXy, KpoBb, UMMYH-
HYI0 CMCTEMY, PENPOAYKTUBHYIO CUCTEMY, HEPBHYHD CUCTEMY,
BECTUOYNSAPHBIA annapart), a TakKe Ha YrneBoAHbIN 0OMeH
1 OKUC/IUTENTbHBIE NPOLIECCHI.

Bbicokas pacTBOpMMOCTb B }Upax U HW3Kas pacTBOpu-
MOCTb B Bode 06ycnosnuBatoT 3apepxky OAT B upoBoi
TKaHW. B LEeNoM KOHCYMEHTBI BbICOKMX MULLEBLIX YPOBHEMN
UMEKT TEHAEHUMIO K HAKOMIeHU0 60MbLIMX KOMMYeCTB
OOT no cpaBHEHWUIO C NPOAYLEHTAMM WU KOHCYMEHTaMM
HU3WMX nuwesbix ypoBHer [31]. OTMevaeTcs, yto B pac-
TUTENbHON MuLLe AMOKCMHOB W [XB 3HaunTensHO MeHbLue
(pacTeHus nnoxo ycBauBalT NMNOGUNIbHbIE BELLECTBA),
4TO MpOC/EeXMUBAETCA W Npu aHanuse buomartepuana nio-
Oeli-BeretapuaHLeB, KOTOpble He YNOTPebnsT HKUBOTHBIX
npoayKktos [32].

Ta6nuua 2. OcHOBHbIe NYTH NONaZaHNUA CTOMKUX OPraHUYECKUX 3arpASHUTENEN B OpraHnaM YenoBeKa [89]
Table 2. Main routes of entry of persistent organic pollutants into the human body [89]

MyTb NpoHUKHOBEHUSA
The path of penetration

MyTs nepepaum
Transmission path

UcTouHuk
A source

lNepopanbHblii Mpném nuwm
Oral Food intake
KoHTakT
Contact
MHranaumoHHbIN [lbixaHue
Inhalation Breath
KoHTakT
Contact
KoxHbin Yepes nokposel
Cutaneous Through the covers
KoHTakT
Contact

Boga, oBowum, GpyKTbl, MACO, MOJIOKO M [pyr1e MULLEBbIE MPOAYKTbI
Water, vegetables, fruits, meat, milk and other food products

Bopa, BO34yX, NPOAYKTHI NUTAHWA W fp.
Water, air, food, etc.

Bosnyx, aspo3onu, nap
Air, aerosols, steam

Bosayx, aspo3onu, Boaa
Air, aerosols, water

Bospnyx, Boga
Air, water

Bo3nyx, Boaa, NpoayKThl NUTaHUA
Air, water, food
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Tabnuua 3. KoHueHTpaums XxnopopraHUyeckux CoeAMHEHNIA B BMOMOMMYECKNX HUAKOCTAX M MaTepuanax y uTeneil pasHbiX PervoHoB
Poccum 1 BbiBLLMX COlO3HBIX pecnybank

Table 3. Concentration of organochlorine compounds in biological fluids and materials in residents of different regions of Russia and

former Soviet republics

lekcaxnop- [uxnopandexnn-
Marepuan Peruon LMKIIOreKcaH TPUXIIOp3ITaH UcTounuk
Material Region Hexachloro- Dichlorodiphenyl- | Reference
cyclohexane trichloroethane
TpyaHoe MONOKO, Apmenusa | Armenia 0,0106 0,0054' [90]
EE{eragr mﬂfB ApxaHrenbckas obnactb | Arkhangelsk region 0,2-3,2 1037-1098 [91]
(ng/g of lipids) Baikanbckuii pernoH (Yconbe-Cubupckoe) 0,5-16 566 [92]
Baikal region (Usolye-Sibirskoye)
Pecny6bnuka benapychb | Republic of Belarus 2,22 7,667 [93]
Bnagumupckas obnactb | Vladimir region —5 — [94]
[JanbHuit Boctok | The Far East 76 12,9 [94, 95]
WpkyTckas obnacts | Irkutsk region 0,7-4,2 521 [88]
MypMaHck | Murmansk 2-3 900 [96]
Pecnybnuka bypstus | Republic of Buryatia 0,45-18,00 660 [97]
Camapckas obnactb | Samara region 115-196 207-244 [98]
TioMeHcKas obnactb | Tyumen region — — [92]
YensbuHckas obnactb | Chelyabinsk region — — [99]
YeyeHckas Pecnybnmka | The Chechen Republic — — [99]
Yykotckuin AQ | Chukotka Autonomous Distric 0,1-5,6 204-418 911
Kposb [Nlanbhuit Boctok (MpuMopcKuit Kpait) 90-950° 6,37 [4, 94]
Blood Far East (Primorsky Krai)
KpbiM | Crimea — — [100]
MypMaHckas obnactb | Murmansk region 1,057 6,372 [101]
Poccuiickas Apktuka | The Russian Arctic — 1,5-4,72 [74]
CaMapckas obnactb (HanaeBck) — — [102]
Samara region (Chapaevsk)
Moua Danbhuit Boctok (MpuMopckuit Kpait) 110-160¢ 70-490° (4, 94]
Urine Far East (Primorsky Krai)
Cnepma KbipreisctaH | Kyrgyzstan 0,0001-0,014! 0,0004-0,053' [64]
Sperm
Mnauenta | The placenta KbiproiactaH | Kyrgyzstan — — [75]
AbopTanbHbin MaTepuan KbiprbisctaH | Kyrgyzstan — — [81]
Abortion material
MoaKOXHO-KMpoBast YkpauHa | Ukraine — 3100° [79, 103]
KreT4yaTka
Subcutaneous fat
MeyeHs | Liver YkpamHa | Ukraine — 820° [104]
Mosr | Brain Y36ekuctaH | Uzbekistan — — [105]
CrioHa | Spittle KpacHopap | Krasnodar — — [66]
Bonocsi | Hair KasaHb | Kazan — 2,8-28 [106]

TMpumeyarue. " mr/n; 2 Mxr/n;  Hr/n; * Mr/mn; ® MKr/Kr ceipoi Macest; © nr/n; 7 Hr/Mr coipoit Maccbl; & He 06HapyseHo.
Note. " mg/L; 2ug/l; *ng/L; mg/ml; 3 pg/kg wet weight;  pg/L; 7 ng/mg wet weight; ® not found.
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B 2005 r. B MoCKOBCKOI MeOMUMHCKON aKaLeMuu
nM. N.M. CeyeHoBa MeToaMM ra3oxmaKOCTHOM XpoMaTorpa-
GuM 1 XpoMaTo-Macc-CneKTPOMeTpUM ONpeAesieHo Coaep-
*anvie AT n ero Metabonuta JE B 49 opuumnansHbix ¢u-
TompenapaTax (KMOKUX 3KCTPAKTax M HAcTolMKax) U3 TpaBbl
TbICAYENUCTHUKA, YabpeLa, NMCTLEB KpanuBel, NOL0B Kan-
Hbl ¥ 6OSPbILUHMKA. YCTAHOBNEHO, YTO abCOMIOTHBIE KOHLIEH-
Tpaumm [T B KMOKMX 3KCTPaKTaX M HacTOMKaxX AOCTUranm
0,45 wr/r, DOE — 3,07 wr/r [33].

Yrpo3y nna 300pOBbA HacefNeHWUs MOXET MpefcTaB-
NATb CUCTEMATUYECKOE BO3MEACTBME MONIOTAHTOB Aaxe
Ha YPOBHSAX, HE MPEBbILIAIOLMX TMTUEHNYECKUX HOpPMaTU-
BoB. COOTBETCTBEHHO, PACcyET pUCKa ANs 3[40POBbA YeoBe-
Ka [IOJKEH 0XBaTblBaTb CYMMapHYI0 OLIEHKY KOMMEKCHOM
Harpy3Ku BAbIXaeMOro 3arps3HEHHOTO BO3AyXa, a TaKke
nocTynfieHne BELLECTB C NUTHEBOW BOAOM W MPOLYKTaMu
nutanusa [34, 35].

/3-3a HEBO3MOXKHOCTM NPOBELEHNSA UCCNEA0BAHUA CTOMb
LUMPOKOro CMeKTpa 0OBEKTOB CyLLECTBYT PeKOMeHAaLum
ansa aHanusa CO3 B Bo3ayxe, Bofe, rPYAHOM MOJIOKE M KPOBU
yenoseka [36]. B anngeMnonornyeckoin npakTuke ans oueH-
KW CTeMeHW [aBHOCTW nocTynnenus B oprauaM [T obbiy-
HO MCMonb3yeTcs cooTHoweHue 4,4-[0E/4,4-[1T B KpoBM
W TPYLHOM MOJIOKE; YEM BbiLLE 3TOT MOKa3aTeslb, TEM HUXe
KOHLeHTpauusa ucxogHoro 4,4-01T u TeM ponblue anutcs
3Kkcnosuums [37].

[na oueHKM [ABHOCTM MOCTYMIeHUA NecTUUMAOB
B 3KOCUCTEMY WCMOMb3YIOT OTHOLIEHUE KOHLEHTpauui
a- U y-usomepoB XUI. 3HaueHne koapduumeHTa Gonee
e[MHMLbl CBMAETENbCTBYET 0 AaBHeM npucytcTBum XOI
B CPefie, 3HaUEHUe HUKE eAMHULbI, TO eCTb NpeobnaaaHue
Y-MU30Mepa, XapaKTepHO A8 «CBEXero» noctynnexus [37].
OTHocuTenbHO BonblumMe KonMyecTBa y-130Mepa o cpaBHe-
Huto ¢ apyrumm MXLM-dbopMamm oTpakaloT AaBHee ero uc-
MoJSib30BaHWE W BbIpaXKeHHyl buoTpaHchopMaLmMio MUKPO-
BronornyeckuM nyteM [38].

Vol. 31 (6) 2024

Exologiya cheloveka (Human Ecology)

MHoroneTHue HabnioaeHus CBULETENLCTBYHT O TOM,
4TO CbIBOPOTOYHBLIE YPOBHM OTAENbHBIX XJIOPOPraHUYECKUX
nosntoTaHToB, B YacTHocTv B-TXLI, TecHo cesi3aHbl ¢ 6uo-
MapKepaMu MeTabonu3ma yrneBogoB U IMNMAO0B, HanpuMep
C KOHLeHTpaLuen ropMoHa SIenTuHa, U CTeNeHbl MHCYMHO-
PE3UCTEHTHOCTM Cpeay NOAPOCTKOB, NPOXMUBatOLWMX B Hana-
€BCKe, U3BECTHOM o4are XMMUYecKoi onacHoctu [39].

POCCUUCKME U COBETCKME
WCCNEAOBAHUA BO3JEACTBUSA
CTOMKUX OPTAHUYECKUX
3ATPA3HUTENEN HA OPTAHU3M
YEJ/I0BEKA

HeKoTopble y4EHble 0TMEYAET BbIPaXKEHHYH CNOCOBHOCTL
C03 K broarkymynsumm [40]. Mpu MX KOMBUHMPOBAHHOM BO3-
[eiCTBUM Ha opraHbl HabmloaaeTcs NpocToe CyMMUpoOBaHUe
copepxanus CO3, KoTopoe Habmoganock bkl Npu pasgens-
HOM TOCTYN/EHUN.

Mpu nonagaHum B opraHM3M YenoBeKa NOIOTaHTbl Co-
XPaHSIOTCS Ha NPOTSHKEHUM BCel Hu3HK. [laxe Hebonblume
KonMyecTBa MoryT cnocobcTBoBaTh pa3suTMio 3aboneBaHui.
Hanpumep, HekoTopble XOpOpraHMyeckue TOKCUKaHTbI, Ta-
Kue KaK anbApuH U QUNbAPUH, CBA3LIBAIOT C MHOTOUUCEH-
HbIMM CNYYasiMU TAXKENBIX OCTPbIX O0TpaBfeHudA. OHKM MoryT
MPUBOAMTB K PacCTPOICTBAM JKeJTyL0YHO-KULLIEYHOTO TPaKTa,
OVCHYHKUMN HEPBHOM M UMMYHHOI CUCTEM, a TaKKe MOYeK.
TakuM o6pa3omM, ecnm CO3 npeBbILLalT AoNYCTUMbIE MOPO-
rOBblE 3HAYEHMS,, TO OHW MOTYT OKa3blBaTb BPeAHOE BO3/eH-
CTBWE Ha OpraHW3M uesnoBeKa. HekoTopble M3 BO3MOXHBIX
3aboneaHui, BbisbiBaeMblx CO3, npeacTaBneHsl B Tabn. 4.

KpoMe Toro, cyLiecTByeT MHOr0 NPU3HaKOB 1 CUMIMTOMOB
XPOHMYECKON WHTOKCMKALMK, KOTOPble 3aBUCAT OT NyTW no-
CTYNNEHUS TOKCUKAHTOB B OpraHusm [41]:

Tabnuua 4. Mpobnembl co 30POBbEM, CBSA3aHHbLIE C BO3AEACTBMEM CTOMKUX OPraHUYECKUX 3arpsisHUTENeN
Table 4. Health problems associated with exposure to persistent organic pollutants

Tun cTOWKUX OpraHUYecKUx
3arpasHuTenen Bo3peiicTBue Ha 380poBbe WUcTouHuk
Type of persistent organic Health effects Reference
pollutants
['eKcaxopLMKIIoreKcaH Pak, HedponaTus, nopaxeHue NeyeHu, NOBLILUEHHOE apTepuanbHoe AaBneHue, [89, 1071

Hexachlorocyclohexane
IvxnopaudernnTpuxnopataH
Dichlorodiphenyltrichloroethane

HapyLueHWe paboTbl IHLOKPUHHOI CUCTEMBI, AMaBeT, HeMepeHoCMMOCTb TTIIOKO3bl,
YCTOYMBOCTD K MHCYNIMHY, OXMpeHHe
Cancer, nephropathy, liver damage, high blood pressure, endocrine system

malfunction, endocrine dysfunction, diabetes, glucose intolerance,

insulin resistance, obesity

MonuxnopupoBaHHble
oudernnbl
Polychlorinated biphenyls

PaK, HapyLueHWe penpofLyKTUBHOI YHKLMM, HapyLLeHWe paboTbl 3HLOKPUHHON
CUCTEMBI, AMADET, HEMEPEHOCUMOCTb FAIIOKO3bI, YCTOAUUBOCTb K MHCYIMHY,
0XMpeHue, NpobnieMbl € cepAeYHO-COCYANCTON CUCTEMON, MOPaXKEHNE MEYEHM,

KOrHWUTMBHasA AUCQYHKUMA Y feTen
Cancer, reproductive dysfunction, endocrine dysfunction, diabetes, glucose

intolerance, insulin resistance, obesity, cardiovascular problems, liver damage,
cognitive dysfunction in children
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* KOXHble MPOSBNEHNS — XNOpaKHe, rMnepnurMeHTa-
M8, r1nepKeparos;

* MEYEHOUHbIW CUHOpPOM — (MbpO3 neyeHu, nopaxe-
HWe MOJKeNy[0YHON JKenesbl, NOBbILEHUE YPOBHEW
TpaHcaMWHa3bl U TPUMULEPULOB B KPOBM, NOBBILLEH-
HOe COfiepXaHue XONecTepuHa, paccTpoiicTBO NULLe-
BapeHus (pBOTa, TOLLHOTA, HapyLUEHUS CTyNa, Henepe-
HOCMMOCTb aJIKOrONA W UPHON MULLM);

* CepAeYHO-COCYAMCTBIA CMHAPOM — OfbILLIKA U CepA-
LebueHne, MroKapamoaucTpodus, apTepuanbHas rv-
MOTOHMS;

* PEcrnMpaTopHbli CMHAPOM — TMOPAXEHUS BEPXHUX
AbIXaTenbHbIX MyTeN, XPOHUYECKUI TOKCUYECKUIA BPOH-
XWT, KOTOpbIiA XapakTepusyeTca anddysHomn atpodment
C/IM3UCTOM 0B0NOYKM, CHUKEHMEM CKOPOCTHBIX MOKa-
3aTeniel BEHTUNALMM, NOBbILIEHWEM BA3KOCTHOrO CO-
NPOTUBNEHNUA.

KoxHbIi nokpoB (aepma)

XnopakHe — M3BeCTHOe CreunpuyecKoe NoBPeXAeHe
KOXW B BUE MOBbILLIEHHOIO OT/IOXEHUS NMUrMeHTa, NaToso-
TMYECKOro pacluMpeHnst Nop W MOBLILLEHHOW YYBCTBUTENb-
HOCTW Y JIUL, UMEBLLMX KOHTAKT C XJI0POPraHUYeCKUMM CO-
eauHeHuamu [42].

Cep,D,E‘-IHO-COCprCTaFI cucrema

Xponunyeckoe Bo3peiicteue CO3 Ha opraHu3M YenoBeKa
YBE/IMUMBAET 4acToTy U ycyrybnset TeueHue 3aboneBaHuii
CepAeYH0-COCYIUCTON CUCTEMbI — KOPOHApHOW HepocTa-
TOYHOCTM, TMNEPTOHMYECKON DONe3HHW, aTepoCKIIepo3a cocy-
noB [43]. B 1986 r. npu uccnefoBaHUM aTeporeHHbIX CBOMCTB
CO3 bbinu 0TMeYEHbI XapaKTepHble 3aKOHOMEPHOCTH B Hapy-
LUEHWW IMNUAHOrO 06MeHa, KOTopble, BO3MOXHO, YCKOPSIOT
pa3BUTWE M OTATOLLLAOT TeYEHME aTepockiepo3a [44]. Mo3xe,
B 1990 r., 3ta runoTesa nofTBepAMnach B UCCNeL0BaHUAX
W.[. TapanuHoli: NOMMIOTaHTbI BbI3bIBAKT BUOXMMMYECKME
M3MEHEHMs, XapaKTepHble [ PaHHUX MPOSBNIEHUI aTepo-
CKNepo3a, Npu4EM MeHblLas A03a KceHobuoTuKa faéT bonee
BbIpayKeHHbI aTeporeHHbIn 3QdeKT [45].

C03 o6napatoT NpAMbIM MONOXMTENBHBIM MHOTPOMHBIM
LeiicTBUEM Ha MUOKapA, [46, 47]. CornacHo BUOXMMMYECKUM
UCCnefoBaHuUAM, YCTaHOBMEH POCT aKTUBHOCTW NaKTaTheru-
AporeHasbl B MMoKapae Ha 90-# feHb MHTOKcMKaumm CO3
1 YMeHbLUEHME €€ YPOBHSA B ChLIBOPOTKE KPOBM, YTO CBUAE-
TENbCTBYET 00 ONpefenéHHbIX HapyLUEHUsX U NepecTporiKe
Bro3HepreTMYECKUX NPOLIECCOB B KapAnoMuoLmTax. [oBpex-
LEHWe MUTOXOHLPUANbHBIX MeMOpaH (KaK HapymHbIX, TaK
W BHYTPEHHMX) BNIEYET 3a COOOM HapyLLEHWUS OKUCIUTENBbHO-
ro gocgopunmpoaHus, ytunmusaumm ATO Muodubpunnamu
W op. 3TM M3MeHeHUs, B CBOKO 0Yepefdb, NMPUBOAAT K CHU-
JKEHMIO 3HEPriW COKpaLLeHus MrodubpunnspHoro annapa-
Ta, HapyLLeHW0 Bo3OYXAEHMS, CBA3AHHOMO C COKPALLeHNeM
1 paccnabneHmeM MUoKapAa. JHepreTuyeckas HefoCTaTou-
HOCTb KOMMEHCUPYETCS 3@ CYET pasBUTUSA MMraHTCKUX HOpM
MWUTOXOHAPUIA, runepTpodun Muopubpunn.
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HepBHaﬂ cucrema

lNopaeHns HepBHOI CUCTEMbI XapaKTepHbl ANA LeiCTBMS
Bcex CO3. Mpu xpoHuyeckux oTpaBneHusx HabnopatoTcs
pa3HoobpasHble QyHKLMOHANBHO-AMHAMUYECKWE HapyLIEHNS
CO CTOPOHbI HEPBHOW cUcTEMbI: AUddY3HOe NopaxeHue (3H-
LedanononMHeBpoNaT!A) C PaccesHHbIMU MeJIKooYaroBbIMu
OpraHMYecKUMM CUMMTOMaMM; MOJTHBIA CUMNTOMOKOMIIEKC
BEreTaTMBHO-aCTEHMYECKOr0 CMHAPOMA B BUAE CHWKEHUA
paboTocnocobHoCTH, 6eCCOHHNLIbI, NOBbLILLEHHOW pa3apamu-
TeNbHOCTU, NabUNBHOCTU apTepuanbHOro AaBMeHus, runep-
rmaposa, runeppednexcun u apyrux pacctpomcts. Hambonee
TAXENbIE NATONOrNYECKIUE U3MEHEHMS NPU OTPABIEHNM XJl0p-
OpraHM4ecKUMK ANOXMMUKATaMU BO3HUKAKT B CTPYKTYpax
LHC, KoTopble BO MHOTOM CXOLHbI C KIIMHUKOM 3HUEedanuTa
C MPeUMyLLECTBEHHBIM NMOPAXEHUEM MOLKOPKOBOM 0bnacTy.
Mpu TKENBIX POPMaX MHTOKCUKALMKU MOXKET Pa3BUTLCA M-
noTanamMmUyecknii CMHAPOM (TUNeprMKeMUs, apTepuanbHas
TUNepToHMs, oXupeHue) [47].

Cnepnyet yunTbiBaTh, 4TO HekoTopble CO3 obnapatoT oT-
OanéHHLIM HelpoTOKCMYeckuM JeincTeueM. MccneposaHus
KOTHUTUBHBIX (DYHKUMIA HaceneHus, MPOXUBAIOLLEr0 B 3KO-
noruyeckn HebnarononyyHbIX NocénKax Tanrapckoro paioHa,
nokasanu, uto noutu 70% uTeneit UMenn HU3KUIA YPOBEHD
YCTOMYMBOCTU M KOHLEHTPALMWM BHUMaHUS NpU YCBOEHUM
MHpOPMaLMKM, 3HAYMTENTBHOE M CYLLLECTBEHHOE CHUMKEHMWE
paboTocnocobHOCTM U3-3a JOMMHMPOBaHUA NpoLecca Top-
MoxeHuss B LHC, uTo xapakTepHo Ans nepeyToMieHus
WK acTeHM3auum opraHusma [28].

MMMyHHas cucteMa

CToMKoe noAaBnieHMe aKTUBHOCTU UMMYHHOW CUCTEMb
CBOWCTBEHHO BOMBLUMHCTBY KCEHOBMOTUKOB. ITOT 3ddeKT
0TMEYaeTCa Ja¥e Npyu LEeUCTBUM HU3KWUX MaNOTOKCUYHBIX
no3. [lokasaHo otpuuatensHoe BiusiHMe CO3 Ha UMMYHHYI0
CUCTEMY YesloBeKa, Beayluee K aTMNUYHOMY TeUEeHMIo pas-
JINYHBIX MHDEKLMOHHBIX W HEMHGDEKLMOHHBIX 3aboneBaHu,
COMPOBOXAAKLLMXCA NOBLILLIEHUEM PUCKA Pa3BUTUSA ayTOUM-
MYHHbIX natonoruii [48, 49].

Mpy MHTOKCMKALMW NOMMOTaHTaMKU HabnaaeTca IUM-
¢oneHus, 3aTparvBaiolan Bce Knaccol numdouutos (T-,
B-, NK-knetku). Ha npotsixkeHuu 4eTblpéx MecsueB u 60-
flee COXPAHATCA U3MEHEHUS MMMyHWUTETa MOCNe KPaTKo-
BPEMEHHOI0 KOHTaKTa C KceHobuoTukamu. lpu anutenbHOM
BO3JEiCTBMM NECTULMA0B HapyLUEHUs B UMMYHHOW CUCTEME
coxpaHsitoTca B Tevenme 2—10 net [49].

B pabotax M. Ucpannosa [50] nokasaHo, 4to y auu, npo-
JMBAIOLWMX B 30HaX aKTMBHOrO MPUMEHEHUS NECTULMAOB,
BbISBNAITCA CTOWKME U TNYBOKME HApYLUEHWUS UMMYHHOM
CMCTEMbI, NPUBOASALLME K Pa3BUTMIO 3aTSIKHON MHEBMOHUM.
CooTBETCTBEHHO, NATONIOMUN PECMIMPATOPHOI CUCTEMBI SBNS-
I0TCS MHAMKATOpPaMW 3KONOTUYECKU HebnarononyyHon Bo3-
AywHon cpefbl [51].

MHoroneTH1e MexayHapoLHble UCCNefoBaHUs B APKTU-
UECKOM peruoHe ybeauTeNnbHO [OKa3anu pasBuUTME UMMY-
HOAE(MUUMTHBIX COCTOAAHWM, Bbi3BaHHbIX oTpaBneHneM CO3
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B3pOC/IOr0 HaceseHus,, B paLyMoHe KOTOpPOro MpUCYTCTBYIOT
pbiba M MSICO MOPCKUX MBOTHbIX. CTpafaloT Takxke rpyaHble
[LeTW, NOJTYYaloLLME TOKCUKAHTBI C MOJTOKOM MaTepy [52].

BbiaenutenbHasa cuctema

B painoHax uHTeHcuBHoro npumeHenns CO3 vawe pe-
TUCTPUPYIOTCA HapyLleHWUst (YHKLMOHANBbHOTO COCTOAHUS
noyek B QopMe CHUXKEHUA KNYBOYKOBOW QuNbTpauuu
W YrHETeHUs a30TOBbIAENUTENbHONW GYHKUMW. MHorokpar-
HO BO3pacTaloT AucMeTabonmyeckne HedponaTtum, ualle
BCTPEYaloTCA aHOManuW OpraHoB MOYEBOW CHUCTEMBI, Ma-
TONIOTMYECKME M3MEHEHWs BMOXMMMYECKMX TMoKa3aTenei
Mouu. HactoTa MHdEKUMOHHO-BOCNANMTENBHBIX 3aboneBa-
HWI NOYEK B 30HaX MHTEHCUBHOMO MPUMEHEHUS NECTULIMAOB
WM HENOCPEACTBEHHOO KOHTaKTa ¢ HUMM — 12,5%, B 30He
CpefiHeN MHTEHCUBHOCTU NpUMeHeHnst — 7,9%, B «UMUCTbIX»
30Hax — 1,6% [53, 54]. Mpu KNMHUKO-3NULEMWNONOTNHECKOM
UccnefoBaHMM MPOXKMBAIOLLMX B PEFMOHAX MCMOMIb30BaHMS
necTMUMAOB Obiv BbISBNEHBI MPU3HAKW OCTPbIX MHAEKLK-
OHHO-BOCMANUTENbHBIX 3ab0M1EBaHMI MOYEK C TKEMBIM Te-
yeHueM B 6,5% cnyyaes [59].

[McToNOrMYeckue U LIMTO3IH3UMATUYECKUE W3MEHEHUS
B CTPYKTypax HedpoHOB Mo3BONSAIOT Npesnonaratb npo-
HUKHOBEHWE NeCTULMA0B BHYTPb 3HAOTENIMA Kanunnspos
KnyboukoB B npouecce GUNLTPALMU KPOBU U B 3MUTENMUIA
KaHanbLieB npu peabcopbumm ynetpadmnbtpara. Mpu atom
XUl okasbiBaeT bosibluee HepOTOKCUYECKOE BO3AENCTBYE,
CBA3aHHOE C BbIPaXKEHHbIM YrHeTeHueM (hepMeHTOB, yya-
CTBYIOLUMX B (uUibTpaLMoHHO-peabcopbumoHHo-ceKpeTop-
HbIX Npoueccax B HedpoHax [56].

PenpoayKTUBHOE 3,0pOBbE MYXKUMH

WHTepec K noucky B3anMocsssn Mexay CO3 u MyxcKuM
becnnogueM Bbi3BaH TeM, YTO MPAKTUYECKM BCE aHTpOMO-
FeHHble MONIIOTaHTbI JAKT roHafo- U IMOBPUOTOKCMYECKUH
3 deKT, CBA3AHHBIN C HANIMYMEM Y HUX TOPMOHOMOLOBHBIX
CBOMCTB, KOTOPble MOJTyYMIM Ha3BaHWE «rOpPMOHOMOA06HbIE
KCEHOOMOTUKM», UMM «FOPMOHBI BHELLHen cpedbl» [57, 58].
MHorve uccnepoBaTenu CBA3LIBAKT MyXCKoe Oecnnogue
C fJencteueM nectuumpos, B yactHoctn OMT [59]. B 30Hax,
3arpssHéHHbIX CO03, 3aboneBaeMocTb MyKCKMM becnno-
oveM B 2-2,5 pa3a (NepBUYHbIM MYXCKUM becnnogmeM —
Ha 8-10%) Bbiwe, yeM B 3Konoruyecky YmcTbix 3oHax. XOf
B CMepMe MyX4uH ¢ becnioaveM BbisiBNeHbl B 79,4% crydaes
npoTuB 4,3% B KoHTpONbHOM rpynne. 3aboneBaeMocTb becno-
LVEM KOppenupyet ¢ cofiepxkahueM B cnepMe CO3, uto MoxeT
ObITb 04HOM M3 NpUuKMH MyxcKoro becnnogus [60].

MegneHHble Temnbl BoiBeAeHus CO3 cnocobeTsyioT yBe-
JIMYEHUI0 KOHLIEHTPaLMM 3TUX BeluecTB C Bo3pacToM [61].
B opraHuMsMe MyXumH B TeUEHME KWU3HW HaKarnjuBaeTcs
bonbwe CO3. AA. [lynapeB oTMeuvaeT bonee BbICOKOE CO-
AepaHue XNI0popraHUYecKnX COeANHEHUI B KPOBU MYKUUH
M0 CPABHEHMIO C KEHLLMHAMM TeX Xe BO3pacTHbIX rpynn [62].
370 MoxeT ObiTb CBA3aHO C NPUCYTCTBUEM B PaLMOHE MYK-
YWH DONbLUEr0 KONMYecTBa Msca M pbibbl, @ TaKKe C TeM,
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Y4TO JKEHCKMI OpraHM3M MOXET YaCTUYHO BbIBOAMTbL XN10pOp-
raHU4ecKue COeAMHEHWS C TPYOHBIM MOJIOKOM U YacTUYHO
nepefaBaThb 3anac BELecTB MOTOMCTBY [3, 4.

Mpu Bo3pencteum CO3 Ha opraHu3M MyXKUMH HapyLLaloT-
cA npoLecckl cnepMatoreHesa [63, 64]. [To Mepe Bo3pacTaHus
3arpA3HeHUs NOBbILLAETCA MPOLEHT MaToCnepMuu, NMPUYEM
KONMYECTBO NAaLWEHTOB C NOJHbIM OTCYTCTBUEM B 3AKYNIATE
CnepMaTo30M0B (a300CNepMms) YBENMYMBAETCA NpaKTUYe-
CKW B MATb pas.

MNuweBapuTenbHbIA TpaKT

OTMeuaeTcs, YTO AN MHOTUX TOKCUYHbIX BELLECTB remMa-
TOCanuBapHbI bapbep He CTaHOBUTCA NpensTcTBUEM. BbisB-
NeHa npsAMas CBA3b COLEPKaHUs MeCTULMIOB B CbIBOPOTKE
KpoBu 1 poToBom xuaKoct ana a-MXUr m y-TUXr. Qane-
HeMlLWe CPaBHUTENbHbIE UCCE0BaHNUA NOKa3anH, YTO CI0-
Ha OKOMOYLUHOW eNiesbl COAEPHMUT Ha3BaHHbIE M30Mepbl
B 60niee BbICOKOM KOHLEHTpaLuK, YeM pOTOBas XWOKOCTb,
1 KOPpEenMpyeT € KOHLeHTpaumel necTuumuaa B CbiIBOPOTKE
c bonee BbICOKUM KOIQGMUMEHTOM Koppenauuu. Takxe
B CMELLaHHON C/loHe Obinu obHapyxeHbl JIT u ero Meta-
BonuTbl [65]. 04HOBPEMEHHO Y MUTESIEN CENbCKUX PaiioHOB,
NoJBepratwLLuXcs BblpaXeHHOMY BO3AEHCTBII0 NeCTULMAOB,
[MarHocTMpoBanu Hanudue Kapueca B 78,3% cnyyaes, napo-
AoHTo3a — B 82,2%, ctoMatuta — B 62,7%, natonoruye-
CKOM CTMpaeMocTy 3y60B — B 22,2%, B KOHTPOJIbHOM paiioHe
YKa3aHHble 3aboneBaHus Obiiu BbisiBNeHbl B 48,3, 15,4, 6,4
1 0,0% cooTBeTcTBEHHO [66].

Jencteue CO3 Ha neyeHb cnocobHO MpUBECTM K pas3Bu-
TUI0 TOKCMYECKOro renatuTa. TOKCMYECKWI renatuT HapyLuaeT
COCTaB JEeN4M W Bbi3blBaeT CMHAPOM XonecTasa. Bo3MoxHo
TaKXKe pasBuTME TOKCMYECKOro NaHKpeatuta. loBpexaeHne
NOJKeNyA04HOM Jene3bl CBA3aHO C NMOBbILUEHUEM [,aBNEHMS
B CUCTEMe NaHKpeaTUYecKMX NPOTOKOB BCIEACTBUE AUCKUHE-
3UM KeNyA04HO-KULLIEYHOTO TPaKTa M OUCTOHUN COUHKTEpa
Opam [51].

3.M. OmapoBa npeanonoxuna onpeaeneHHble MexaHus-
Mbl Bo3peiicteua CO3. lMpsMoe noBpexpatollee aeicTene
Ha CNM3UCTYH0 060J104KY XENYL04YHO-KULLEYHOO TPaKTa npu-
BOAMT K BOCManUTENbHBIM U 3p03UBHO-A3BEHHBIM U3MEHEHU-
AM. [oBpexaeHNe CIM3UCTON 060J104KV BEAET K HapYLLEHMIO
MOTOPUKY, Pa3BMBAETCA AMCKUHE3NA XeNyAKa, KULIEYHUKA
U XKEnuesbiBOAAWMX nyTen. [ucToHma couHktepa Opnom
MPUBOAMT K HapYLLEHUIO OTTOKA CEKPEeTa OT NOAMKENYL04YHOM
wenesbl. Cnepylowmii MexaHu3M BOBJIEYEHUS XKeNYL04HO-
KMLLIEYHOr0 TPaKTa B NaTONIOMMYECcKU NpoLecc — BO3JeN-
cteue CO3 HenmocpefCTBEHHO Ha HEPBHYH CUCTEMY C pas-
BUTMEM BEreTaTUBHbIX PacCTPOMCTB U HapYyLLEHUI MOTOPUKM
opraHoB nuLeBapenus [51].

OnKonormuyeckue 3aboneBaHus

lMepnop MakcuManbHoro npumMeHeHus CO3 (1980-
1995 rr.) nokasan, 4YTo C HaCbILLEHWEM OKpYXaloLLen cpebl
NecTUUMAAMM PacTET KOJIMYECTBO OHKOMOrMYecKux 3abone-
BaHwiA [67].
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WUccnenosanus, nposenénHble B Kypckoid obnactu [68],
CBUAETENbCTBYIOT 0 HA/MYMU CBSAI3M MEXY POCTOM 3abone-
BAaEMOCTU PaKOM KeNyAKa W MOJIOYHOW enesbl U Konnye-
CTBOM BHOCWMMbIX B MOYBY MecTMUMpaoB. B apyrom pervone,
B YCIIOBUSIX CEJTbCKOM MecTHOCTU tora KbiprbisctaHa, ofHoi
W3 NaBHbIX MPUYMH Pa3BUTUA PaKa MOJIOYHOW HKenesbl
y MHoro poxaiumx aenstotca XOIM [69]. Ha ocHoBaHuu no-
NyYeHHbIX GaKToB bbIN0 NPeANOKEHO CUUTATh HACTOTY paKa
MOJI0YHOIA }ene3bl YyBCTBUTENbHBIM KPUTEPUEM 3arPA3HEH-
HOCTM OKpy»atoLLen cpeabl nectuuuaamu [70]. B paznnuHbix
paiioHax Ta[KWKMUCTaHa aHan3 pacnpoCTPaHEHHOCTU OCTPOM
NeiKeMUW MOKasan, yTo BefyliMM (aKkTopoM B pasBUTMM
3TOW NaTooru CTano MacliTabHoe UCMoMb30BaHUE XWUMM-
yecKkux yaobpenuii [71]. 3aHATOCTb poauTenen B CENIbCKOM
X034ICTBE, COMPSAXEHHAsA C MPOM3BOACTBEHHBIM KOHTAKTOM
C NecTUUMAAMM, TaKKe MOXKET MOBbILATb PUCK Pas3BUTMSA
OHKoMNOrMyeckux 3abonesaHui y peteii [72].

PenpoayKTuBHOE 34,0pOBbE XEHLUWH
U 6epeMeHHOCTb

N3meHeHus nokasaTeneit penpofyKTMBHOMO 3[0pOBbA
OTpakatoT COCTOsIHUE cpefbl 0OUTaHMs, XapaKTepu3ysa MyTa-
FeHHOCTb U IMBPMOTOKCUYHOCTL (haKTOPOB U UX CMOCOBHOCTb
NoAaBNATb afanTaLMoHHbIE MeXaHW3Mbl opraHusMa. O 3Ha-
YUTENbHBIX U3MEHEHUAX 3[0p0BbS DEpPEMEHHBIX, MPOXMBa-
IOLLMX B YCJIOBUSIX BO3AEHCTBMA 3arpssHEHHON OKpYIKatoLLei
cpenbl, cooblwaetca B YensbuHckoin (HensbuHck, MarHu-
Toropck, Kapabaww), B CBepanoBckoit (Kuposrpaa, HuxHui
Tarun) obnacrsx, cTpafaeT 340p0OBbE MHEHLLWH, MPOXKMUBAK-
LLMX BONIM3M XMMUYECKMX 3aB0A0B B TaMboBCKoM, MpKyTCKoi
u opyrux obnacrax [73-75].

N3yuyeHne BAMAHWMA KOMOMHMPOBAHHLIX MNECTULMLOB
Ha penpoayKTUBHYI0 (YHKLMIO JKeEHLMH, paboTaBLumx
B Liexax MpoTpaBuTeneil CeMsH, NMOKa3ano, 4To OC/0XHEHUS
bepeMeHHOCTM BCTpeyanuch B 3,5 pasa yalle, YeM B KOH-
TponbHoi rpynne. lpu rMCTONOrMYeCcKOM McCneaoBaHUM
B MNaLeHTe 00HapYXMBATCA LECTPYKTUBHbIE U3MEHEHMS
(MHbapKTLI, 06nKUTEpaLMsA COCYAOB M Mp.), CHUKAlOLWME e€
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(YHKUMOHaNbHbIE BO3MOXHOCTW, YTO CTAHOBMTCA OAHOM
U3 MPUYUH NepUHaTaNbHOW natonorum [76].

KoHTakTbl BepeMeHHbIX € necTUUMpaMu YBeNNYMBALOT
4acToTy OCNOXHEHMIA 6epeMeHHOCTM W pojoB, BbI3bIBAKT
MEpPTBOPOXLAEMOCTb, aHOManuu Y HOBOPOXAEHHBIX, BeAyT
K YXYLLUEHWI0 KOMMEKCHBIX MOKasaTenei CoCTOSHMS 3[0-
poBbs aeTent [42, 77]. Y 100% obcnenoBaHHbIX bepeMeHHbIX
Ykpautbl 06Hapyxunu 1T B nepudepuyecKoin KpoBU B KOH-
ueHTpauumsx ot 0,28 (B Montase) go 6 Mrr/n (B Kuese) [78].
Hanbonee Tskenble ocnoxHeHus npu bepeMeHHOCTH, podax
¥ B MOCNEPOA0BOM NEpUOE BbISBNEHbI NMpK 0BHapyKeHUu
angpuda n J4T [72].

XOI1 cnocobHbl NpoxoauTh Yepes naleHTapHbIN bapbep.
N3yyeHns MepTBOPOXAEHHBIX BbISBUNW CpefHee COLepa-
Hue T B NoAKOMHO-XMPOBOM TKaHu nnoaa (3100 MKr/kr),
4TO Mano OT/IMYaNoCh OT COAEPIKAHMA ero B MOLKOXHO-
KMPOBOW KJIETHATKE OMEpUPOBAHHBLIX B3POCHbIX NHOAEN
(4330 Mkr/kr) [79]. B neyeHn MepTBOPOXKAEHHBIX AeTEM
KoHueHTpauua [T coctansana B cpenHem 820 MKr/kr [65].
IXUI Takke npeoponeBaeT nnaueHTapHbin bapbep [1].
MecTuMAbl yBENMUMBAIOT BLICBODOMAEHUE KaTeXoslaMu-
HOB M3 CMHaNTU4YECKUX HEPBHbIX OKOHYaHWW, MPOHMKAKT
yepes nnaueHTapHbIM bapbep, Bbi3biBas CTPYKTYPHO-MeTa-
Bonnueckne HapyLeHUs B TKaHAX MIaLEHTbI, OKa3blBas TOK-
CUYecKoe AeicTBMe Ha nog, 1 NpoBoLmMpys BelKuAbILLK [80].

B Koiproickoit Pecnybmvke y 39,2% 6epeMeHHbIX
13 nnaueHTsl BoisBunK XOM, KOHUEHTpaums KoToporo fo-
cturana 2,27 mr/kr. Yem Bolwe copepxanve X0 B nna-
LieHTe, TEM Yalle 0TMeyanacb Natoniorus y bepeMeHHbIX.
YcTraHoBneHa Koppensums Mexay obHapyxenuem XOI
B MJALEHTaX M TMHEKONOTUYECKUMU OCIIOXHEHUAMM B MO-
cnepofoBoM nepuoge [81].

B 30,5% cnyyaeB B abopTanbHbX MaTepuanax, nony-
YeHHbIX Nocne npepbiBaHuUA bepemMeHHoCTU (B NepBble ABa
Mecsua [0 00pa3oBaHMsA MnaleHTkl), 0bHapyXeHo Hannyme
KCeHobMOoTMKOB, B 5,33% — BbISBNEHA BbICOKAas KOHLEHTpa-
LS XJI0pOpraHMYecKuX NecTuumaos, B 2,66% — natonorus
3MOpHoHa (BpOXKAEHHbIE MOPOKY; Tabn. 5) [81].

Tabnuua 5. CofepxaHne NecTMLMAOB B UCCNeayeMbIX abopTanbHbix MaTepuanax [81]

Table 5. Pesticide concentration in the studied abortion materials [81]

06Hapy»eHbl X10popraHuyecKue nNecTULUAbI
Konuuecteo Organochlorine pesticides have been
KoHueHTpauums xnopopraHM4eckmx nectuumuioB o6cnie,0BaHHbIX detected
Concentration of organochlorine pesticides Number of
surveyed Konuuectso %
Quantity ’

Bcero obcneposaHo 75 23 30,60
Total surveyed
M3 Hux xnopopraHuyeckve nectuumabl B npeaenax 0,1 Mr/kr 75 4 533
Of these, organochlorine pesticides are in the range of 0.1 mg/kg
N3 Hux obHapyKeHo BPOXAEHHBIX NMOPOKOB Pa3BUTUA 75 2 2,66
Of these, congenital malformations were found
M3 HuX xnopopraHuyeckue nectuumnabl ceoitwe 0,1 Mr/kr 75 17 22,60

Of these, organochlorine pesticides exceed 0.1 mg/kg

DOl https://doi.org/10.]

7816/humecob31779



REVIEWS

YéTKWe pasnnumsa BbiISBNEHbI M Nocie poaos. Eciu B Kpo-
BM XEHLUMH 06HapyxwvBanca MXLI, To npoLeHT acpuKcum Ho-
BOPOXAEHHBIX Bo3pacTan Bagoe (12,0%). Y nepsopoasLumx
(c TXUI B KpoBM) poKLaNoChb 3HauMTENbHO Donblue feTel
¢ aHoManuamu passutua (2,56% npu 0,15% B KOHTpOMLHOIA
rpynne) [82].

Bbicokve ypoBHM MOMMIOTAHTOB BbI3bIBAlOT HEraTMBHbIE
CABUrM B fieMorpaduyecKoii cutyaumuu. Tak, ¢ yBennyeHneM
NeCTULMAHBIX Harpy3oK pacTeT cMeptHocTb (r=0,82; p <0,05),
a poxaaeMocTb nagaet (=—0,67; p=0,046) [40].

Hanbonee uyBCcTBUTENBHBIM MHAMKATOPOM OLIEHKM COCTOS-
HWs 30,0pOBbA NOMYNALMM, BIMSAHUA HA HEro aKTOpOB BHELL-
Heli cpefibl ABNIAOTCS NOKa3aTeny 340p0BbS HOBOPOXAEHHBIX,
B YaCTHOCTM, pacnpOoCTPaHEHHOCTU BPOXAEHHBIX MOPOKOB
pa3suTus. [loKa3aHo, YT BPOXAEHHbIE NaTONOMMM CBA3AHbI
¢ BnvsHueM XOMN Ha BepeMeHHbIX U JKEHLUWMH LEeTOPOAHOr0
Bo3pacta [81]. YpoBeHb nepBuyHOI 3aboneBaeMocT AeTei
BPOXAEHHBIMM aHOManuaAMK, Boe3HSAMW OpraHoB nuLLeBa-
PEeHMs, SHAOKPUHHON CUCTEMbI KOPPENMPYET C nyoLagbto 0b-
paboTKY NaLLHU NecTULMAAMY U MUHEpaTbHBIMY YA,06peHuaMH
B pervoHe [80]. [lns yMeHbLLEHMS NOCTYN/IeHNs NecTMUmMaoB
M.X. Xamnpos [82] pekoMeHa0Ban yAMHUTD MHTEPBAN MeXay
bepeMeHHOCTAMYM [0 TPEX JIET, FOBOPS O «XKENATeNbHOCTM Ha-
CTYNEHMS 3a4aTHS! B 3UMHUN 1 BECEHHWI NEPUObI Froaa».

l'pyaHoe Monoko

Ocobyto npobnemy neguatpum cocTaBAsSeET PUCK OCTaTOY-
HOro COfepXaHus NecTMLUMAOB B NPOAYKTaX NMUTaHWs, 0Co-
beHHo peTckoro. YeM MnapLue pebeHok, TeM bonbLue oTHO-
CUTeNbHas [103a NecTULMA, KOTOPYHO OH MOJy4aeT B paBHbIX
€0 B3pocbiMu ycnosusax [51].

B paiioHax ¢ noBbiweHHbIMM nokasatensmu CO3 Bo3pac-
TaeT YMcno feTeii ¢ 3aboneBaHMAMM NIOP-0praHoB (XpoHWue-
CKUA QapuHIKT, TPODUHECKUI PUHUT, CUHYCUT, TAPUHTUT, aH-
TMHA W XPOHWUYECKWI TOH3WKT, 0TUT). PocT BOCanuTenbHbIX
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3aboneBaHuii cpegHero yxa 0TMEYaeTca y [eTei 3CKUMOCOB,
MUTAIOLWMXCA MOJIOKOM MaTepeid, a TaKe MOPCKOW pbiboii
1 MSICOM MOPCKUX }KMBOTHBIX, COLEPHALLMMM MOBBILLEHHBIE
KOHLieHTpauum nectuumaos [52].

lpynHoe MONMOKO Kak 0ObeKT HabnwopeHus uMeeT pag,
MPenMYLLLECTB, MOCKO/bKY oTbop npob npeacraenset coboi
HEMHBA3MBHbIA METOZ 0e3 TEXHUYECKUX M MHCTPYMEHTaNbHBIX
cnoxHocten. Yposru CO3 B rpyiHOM MOOKE CUMTAKOTCA UHAM-
KaTopOM WX Harpy3ku Ha MaTepuUHCKWUA opralnaM [83]. Y Mate-
peii, B rpy4HOM MOJIOKe KoTopbix 0bHapyxeH LT, value pox-
[anucb IeTU MaJoro Beca 1 HefoHoLLEeHHbIe (26,5+2,7%), ueM
y MaTepen, B MOJIOKE KOTOpbIX 3TOT KCEHOBMOTUK He 0BHapy-
weH (13,123,7%) [105]. 3to noaTBEpKAEHO UCCNELOBAHUAMM
W.A. 3acTeHcKom 1 coaBT. [84], KoTopble NOKa3anu BblpaXKeH-
HYH0 OTPULIATENBHYH 3aBUCMMOCTb MEXY CTEMEHbIO 3arpsi3He-
HWA rpyaHoro Monoka [U1T u BecoM pebeHKa npu poxaeHUw.

BuisBneHo BbicoKkoe copepanue OAT B rpyaHoM Mo-
noke wutenbHuy, KasaxctaHa, yTo B LESIOM XapaKTepHo
ana 6uiBwmx pecnybnmk CCCP [85]. Mpu mMonuTopuHre XOIM
B Npobax rpyaHoro Monoka poxenuy, Pecnybnuku ApmeHus
yacToTa 0bHapy:KeHWUs OCHOBHbIX 3arps3HuTesnient (y-u3omep
FXUI m OJE) coctaBnsna 100%; yacTota onpeaenenus OOT
yBenuumnach no cpasHeHuto ¢ 2009 r. u coctasuna 71,4%.
Mpu 3toM obHapymBaeMble ocTaTouHble Konmdectsa XOI
OKa3asncb Ha mopsagok Boiwe, yeM B 2009 r.: y-usomep
rXur — 0,0147 mr/n; DOE — 0,0169 mr/n; OOT —
0,0039 mr/n [86].

Y HOBOPOXAEHHBIX, MUTAKLLMXCS TPYAHBIM MOIOKOM, CY-
TouHas po3a [1Xb moxet B 10-100 pa3 npeBbiLwaTh TaKOBYIO
y X Matepeil. [Ina HOBOpOXAEHHbIX, MeTabonmyeckue no-
TEHLMM KOTOPbIX ELLE He CTOJb PasBUThbl, OCHOBHBLIM Mexa-
Hu3moM ynanenus X6 u3 opraHusma sBnseTca perynspHbIn
«KMPHBIA CTy/». BONbLWIMHCTBO UccnenoBaHW CBA3bIBAKOT
BamsaHue MXb ¢ pa3BUTUEM NATONOTUN, CHUKEHWEM UMMY-
HWTETa, 3aMejlJIeHUeM pocTa U Beca pebeHKa B TOM criyyae,

Ta6nuua 6. KoHueHTpaLmm CTOMKMX OpraHUYeckuX 3arpsisHuTenei B rpyAHOM MOJIOKe JeHLuH Poccum
Table 6. Concentrations of persistent organic pollutants in breast milk of Russian women

Pervion loabl rxur aar LNXBb uHa. ) UcTouHuK
Years IHCG 1DDT IPCBs ind. IPCBs Reference

YyKOTCKMIA aBTOHOMHBbIN okpyr* 2019 20,0 6,3 24 58 [108]
Chukotka Autonomous Region*
Mpumopbe* 2017-2018 76,0 13,0 20 78 [1091
Primorye*
NpKyTck** 1997-2009 4,3 534,0 155 267 [92]
Irkutsk**
3abaitkanbe** 1997-2009 2,5 1122,0 106 2125 [92]
Transbaikalia**
Bypsus** 2003-2004 810,0 660,0 — 240 8]
Buryatia**

lpumeyanue. * MegnaHa; ** cpegHee 3HaueHme; MXLIM — rekcaxnopumknorexca; IAT — anxnopandenuntpuxnopatah; MXb — nonmx-

NopUpoBaHHble BUdeHUnbI.

Note. * Median; ** Mean; HCG — hexachlorocyclohexane; DDT — dichlorodiphenyltrichloroethane; PCBs — polychlorinated biphenyls.
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€C/I1 FPYLHOE MOJOKO SIBNSETCA €AUHCTBEHHBIM UCTOYHUKOM
MUK L1 HOBOPOXKAEHHBIX. Takne BO3MOXKHbIE OTKIOHEHMS
OT HOpPManbHOr0 Pa3BUTMA AENakoT 3Ty CUTYaLWIK0 TPEBOXHOM.
TaK KaK opraHusM MnafeHUeB HaxoauTca Ha cTaguv dop-
MUPOBaHWA, NPUCYTCTBUE PA3/IMYHLIX MPUMECEI B MOJIOKE
MOJET OKa3blBaTb DosibLLIOE BIMSHWE Ha ero pa3suTue [87].

B Tabn. 6 npuBeneHbl MCCNeAOBaHUS YYEHBLIX MO Bbl-
AB/IEHMIO YPOBHEW KOHTaMuHaumn CO3 B rpyaHOM Monoke
EHLWMH Ha Tepputopuu Poccuiickon ®epepauun. U3 pe-
3yNbTaToB BMAHO, YTO HamBbicLuMe KoHUeHTpauum TXLIM 06-
Hapy»eHbl Ha TeppuTtopumn Pecnybnmku bypsatus, uto rosoput
00 MHTEHCMBHOM UM MHOTONIETHEM WCMOJIb30BaHUA NECTULM-
nos B CCCP. AeTopbl nonaratot, 4to Aaxe nocne opuumanb-
HOro 3ampeTa Ha MCMOJb30BaHME MECTULMA0B B CENIbCKOM
X03AMCTBE UX MOT/IU NPUMEHATb B JIECHOM X035IUCTBE, B ObITY
UMW B BOEHHBIX LENsX.

Boicokne koHueHTpaumm OAT u MXBb B 3abaiikanse
E.A. MamoHTOBa 1 coaBT. [88] cBA3bIBAIOT C AMeTOI MaTepen,
a TaKKe aTMOC(epHbIM NepeHoCcoM 0T UCTOYHMKA, pacnoso-
JKEHHOro Hefaneko oT Yconbe-CubupcKoro, rae HaxoauTcs
OZIUH U3 KPYMHEMLLMX XMMUYECKUX 3aBOL0B DbiBLiero CoBeT-
ckoro Coto3a no Npou3BoACTBY XN0POPraHUYeCKMX CoeiuHe-
HWIA, KPacoK U T.A.

TpaaMuUMOHHO HaceneHUe NOCENKOB Ha beperax baiikana
UCMONb3YET B CBOEM PaLMOHE UP HepMbl M rooMaHKN. KoH-
LeHTpaummn CO3 B UX 3KMpe HaMHOrO BbILLE, YEM B NPOMBICII0-
BbIX BuAax pbib. B rpynHoM Monoke XutenbHUL, nobepexbs
o3epa baikan ypoBeHb [1Xb cpaBHUM TOMBKO C YPOBHAMM
B MOJIOKe MuTenbHuL (Qapepckux oCTPOBOB, B OCHOBHOM
PaLMOH KOTOPbIX BXOLAT XMP U MAACO MOPCKUX PbiD, MNEKo-
NUTAIOWKMX U NTUL, a Takke utenbHul CepnyxoBa, pabo-
TaBLLUMX Ha TpaHchOpMaTOpPHOM 3aBoje, e B NPOM3BOACTBE
ucnosb3oBanack TexHuyecKas cMecs MXb (coson).

3AKJIKYEHUE

YenoBeK HaxoouTCA B BEPXHEW YacTW MULLEBOW Lenu,
MO3TOMY UMEHHO OH MOJBEepraeTcA HauboMbLUEN ONACHOCTU
Bo3pencteusa CO3. B cBA3M € 3TUM OLIEHKa BNUAHWA KCEHO-
BMOTUKOB Ha 34,0pOBbLE HACENIEHMS NO-MPEXHEMY aKTyasbHa.

MecTUumakl, NoCTyNatLLMe B OPraH13M YesioBeKa no Mu-
PaUMOHHBLIM M TPaHC/IOKAUMOHHBLIM LienoYKaM, MOryT OKa-
3blBaTb MyTareHHoe [eWCTBUE, YBESIMYMBATb KOJMYECTBO
TOYEYHBIX MyTaLMi M XpPOMOCOMHBIX abeppaLyii B coMaTuye-
CKMX M MONOBBIX K/ETKaX, NpUBOAMTL K PasBUTUIO HOBOOO-
pa30BaHWiA, CMOHTaHHbIM abopTaM W NepuHaTanbHoi rmbenu
nniofa, BPOXKAEHHLIM aHoManusaM, becnnoguto. CornacHo
CIIOKMBLLIEICA NPAKTUKE, OLIEHKa MyTareHHOCTU NecTULM0B
OCHOBaHa Ha OMpe/eseHUM MyTareHHbIX CBOMUCTB OTAEMbHbIX
LECTBYIOLLMX KOMMOHEHTOB, BXOAALLMX B COCTaB MX Npena-
paTUBHbIX GopM. Bonpoc o AoN0AHUTENBHOM UCcCNeA0BaHUM
npenapaTUBHbIX (GOPM, BKIHOHAIOLLMX HECKOMBKO AeHCTBYIO-
LUMX BELLEeCTB, NPeACTaBNACTCA KpaliHe aKTyaslbHbIM.

MUK W3ydeHMss OCTPOro BO3AEMCTBUA NECTULMAOB
Ha 340poBbe YenioBeka npuwencs Ha 1960-1970 rr. B 1980-
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1990 rr. nosenstoTCcA paboThl, M3yYaloLLMe UX XPOHMYECKOE
Bo3geiicTBue. B nocnepgHue rogbl uncno pabot pesko cHu-
3unocb. CerogHsa B ropogax Poccuu 6uoMoHUTOpMHIOBbIE
uccnefoBaHus ibo He npoBofsTcs, NMbo NpoBoAsATCS He-
MOCTOAHHO, YTO He JAET MOJTHOM KapTUHBI MO cTpaHe. Takxe
MPaKTUYECKU HET HOBBIX NybnnKauuii o BiusHum CO3 Ha 3a0-
POBbE HacemneHus C NPUMEHEHUEM COBPEMEHHBIX METO/0B.

Takum 0bpa3soM, cyLLecTByeT He0bX0AMMOCTb pa3paboTku
W BBEJIEHMS HA 3aKOHOAATENIbHOM YPOBHE CUCTEMbI MOCTO-
SHHOTO FOCYAapCTBEHHOr0 6MOMOHUTOPMHIA, BKIIOYALOLLErO
aHanu3 OKpYKaloLLEN CPefbl, }UBbIX OPraHM3MOB U YesoBe-
Ka Kak buonHamkatopa akkymynsuum, 6uotpaHcdopMaumu
u nonrospemeHHbix 3pdektos CO3.

AOMO/IHUTE/IbHASA UHOOPMALIUA

Bknap astopo. l0.M1. TymoBckas — 0630p nmTepatypsl, cbop
1 aHanu3 NNTepaTypHbIX MCTOYHWMKOB, HanWCaHWe TeKCTa U pefaKTu-
poBaHwe cTatby; E.K. MupoHoBa — 0630p nmTeparypsl, cbop 1 aHa-
JIN3 NINTEPaTYPHBIX MCTOYHMKOB, MOAFOTOBKA W HanMCcaHWe TeKcTa
ctatbu; AB. MoneBLvKoB — cbop M aHanu3 nuTepaTypHbIX UCTOY-
HWKOB, NMOArOTOBKA M HanucaHue TekcTa ctatbk; M.M. [loHel, — 06-
30p AMTepaTyphbl, CO0p M aHanM3 MTEPaTYPHBIX MCTOYHWKOB, Hanw-
CcaHue TeKcTa M pedakTupoBaHue cTatby; B.1O. LibiraHkos — cbop
W aHanu3 nuTepaTypHbIX MCTOYHWKOB, MOLTOTOBKA M HanucaHve
TeKCTa cTaTbu. Bce aBTOpbI MOATBEPXAAKOT COOTBETCTBME CBOErO
aBTOPCTBa MeXayHapoaHbIM KpuTepusm ICMJE (Bce aBTopbl BHECM
CyLLECTBEHHbIM BKNaf B pa3paboTKy KOHLENUMW, NpoBefeHune mc-
Ce10BaHWsA 1 NOATOTOBKY CTaTby, MPOYAM U 0f06pUAM QUHAMBHYIO
BEpCvI0 Nepef, NybivKaLmen).

WUcTounuk duHaHcupoBaHusa. Pabota BbiNoaHeHa Npy NoAAEpH-
Ke rocyfapcTBeHHoro 3agaHuns MuHobpHaykv Poccum FZNS-2023-
0011.

KoHdnukt mHTepecoB. ABTOpbI [JeKNapupyloT OTCYTCTBME ABHBIX
1 NOTEHUMANbHBIX KOHGDIMKTOB MHTEPECOB, CBA3aHHLIX C Nyb/mKa-
LiMer HacToALLLe cTaTby.
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KnetouHble MMMyHHble peaKLMM Y JKeHCKOro
HacesieHUss ApKTUYECKOro permoHa

0.C. Mopo3osga, J1.C. Léronesa, E.10. LWawkosa, 0.E. Pununnosa

(OepeparbHblii UCCeL0BaTENbCKMIA LIEHTP KOMM/IEKCHOTO M3yyeHus ApkTukm uM. akap. H.M. JlaBepoBa Ypanbckoro otaeneHus Poccuiickoin akapeMuu
HayK, ApxaHrenbck, Poccus

AHHOTALMA

06ocHoBaHMe. B ceBepHbIX pervoHax noj, BO3LENCTBMEM AMCKOMQOPTHBLIX KIMMATUYeCKuX (aKTopoB, HebnaronpusTHoiA
K/IMMaTO3KOJIOrMYeCKOi 06CTaHOBKM MPOMUCXOAMT NEPecTPOiKa HEKOTOPLIX NapaMeTpoB MMMYHHOIO CTaTyca CO CHUKEHUEM
061LLiel pe3NCTEHTHOCTU K MUKPOOPraHM3MaM, C NosiBNEHNEM rMnepyyBCTBUTENBHOCTU Pa3IMyHbIX TUMOB U ayToCEHCMOUNM3a-
unu. B neprop GopmMmpoBaHus 1 pa3BUTUS UMMYHHOI CUCTEMbI 3TO NPUBOAMT K 3a[lepXKKe pasBuTUSA y LeTel, a y B3poCnoro
HaceNeHnsl — K NpeXxeBpeMEHHOMY CTapeHUIo.

Llenb. BeissuTb cogepianue deHoTMNOB NMMOLMTOB U paroLmMTapHy0 aKTUBHOCTb HEMTPOGMIOB Y eHWMH Ha KpaiiHem
Cesepe.

Martepuanbl u MeTopbl. [poBenu aHanu3 pesynbTaTtoB 0bcnefoBaHUs MMMYHHOTO cTatyca 60 YCNI0BHO 3[10POBbIX HEHLLWH,
npouBatoLmx Ha KpaitHem Cesepe Poccuiickon ®epepauwmn (. Munera ApxaHrenbckoi obnactu). CpeaHuii BospacT obcne-
[0BaHHbIX XeHWMH — 47,76+0,94 rona. M3ydanu KoHueHTpaumio B Kposu auMdoumToB ¢ dpeHotunamn CD3*, CD5*, CD8Y,
CD10*, CD16*, CD71*, HLADR" ¢ noMoLLbto HenpsiMOii MMMYHONEPOKCUAA3HOW PeaKLMK C UCMONIb30BaHMEM MOHOKJIOHASBbHbIX
aHtuTen. QaroumTapHyl0 aKTUBHOCTb FPaHyNoLMTOB ONpefensnv ¢ NOMOLLbI0 YacTuL, NaTeKca, GarouuTapHyld aKTMBHOCTb
KieToK cumtanm ucxons u3 100%, uHteHcMBHOCTD haroumnTo3a — no darouutapHoMy YUCny (KOMYECTBO JTATEKCHbIX YacTuL,
MOrNOLWEHHBIX OAHUM HelTpodunoM, Ha 100 kneTok). [INS KaAOro yKasaHHOro MMMYHONOTUYECKOTO MOKasaTens npej-
CTaBUNW NapaMeTpbl OnMcaTeNbHOW CTAaTUCTUKRW (cpefHee apudMeTUYECKOe 3HAYeHWe U CTaHAapTHas owwubKka cpefHero).
B3auMocBsa3b 13yyaeMbix NoKa3aTesniel onpeAensiv HenapaMeTpUUYECKUM KOPPESIALMOHHBIM aHanM30M C NOMOLLbH Ko3ddu-
umeHTa CnmpMeHa. lpoueHT aucbanaHcoB MMMYHOMOTMYECKMX NOKAa3aTeNel paccumMTbIBaNM Mo AaHHLIM YacToTbl perucTpa-
MM BBICOKWX M HWU3KMX KOHLLEHTPaUMiA C YYETOM NpefenoB GU3MON0rMYECcKoro CoaepaHusa. AHanu3 noyyeHHbIX AaHHbIX
NPOBOAMIM B NPUKNaAHLIX nporpamMmax Statistica 10.0, Microsoft Excel 2010.

Pesynbtatbl. BbisBNeHO HanpsyKeHWe KIIETOYHOrO MMMYHWUTETA 33 CYET HM3KOMO YPOBHA aKTUBHOCTU T-nMMGOUMTOB C pe-
uentopamu CD3* n CD5* (95,00+1,61 n 96,66+1,63% eHLUMH) Ha GOHe NOBLILLEHNS ULMTOTOKCMYECKUX KieTok CD8* u Haty-
panbHbIx kunnepos CD16* (53,33+1,20 v 48,33+1,14% »eHLUMH), 4TO YKa3bIBAET HA COKPALLLEHWE pe3epBHbIX BO3MOXHOCTEN
MMMyHHOr0 roMeocTasa. 0TMeueHo cHueHue daroumTapHoi aktueHocTi y 20,00+0,73% obcnefoBaHHbIX M OHOBPEMEHHOE
yBenuuenue knetok CD10" —y 21,66+0,77%.

3akntouenue. HepgoctatoyHas akTMBHOCTb T-TMMQOLMTOB C OAHOBPEMEHHBIM YBENUYEHWUEM LIUTOKCUYECKUX KITETOK U HaTy-
PaNibHbIX KUJIEPOB XapaKTepusyeT HanpsXKeHue B UMMYHHOM cucTeMe. [eduumnt daroumtapHoii aKTMBHOCTU accoLMUPOBaH
C NOBbILLEHHBIM YpoBHEM NiuMdonponmdbepaumu CD10%, yto cnocobcTBYeT COKpALLEHMI0 Pe3epBHBIX BO3MOXHOCTEN UMMYH-
HOro roMeocTasa.

KnioueBbie cnoBa: Cesep; (eHOTUMbI IUMGOLMTOB; aroumMTapHas akTUBHOCTb; UMMYHHbIE PeaKLM.
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Cellular immune responses in women living
in the Arctic region

Olga S. Morozova, Lyubov S. Shchegoleva, Elizaveta Yu. Shashkova, Oksana E. Filippova

Federal Research Center for Comprehensive Study of the Arctic named after Academician N.P. Laverov, Arkhangelsk, Russia

ABSTRACT

BACKGROUND: In the northern regions, exposure to harsh climatic and ecological conditions alters immune status, resulting
in decreased resistance to microorganisms, development of various types of hypersensitivity, and auto-sensitization. During
formation and maturation of the immune system, these changes contribute to growth retardation in children, while in adults,
they accelerate aging.

AIM: To assess the distribution of lymphocyte phenotypes and the phagocytic activity of neutrophils in women residing in the
Far North.

MATERIALS AND METHODS: The study analyzed the immune status of 60 conditionally healthy women living in the Far
North of the Russian Federation (Pinega, Arkhangelsk Region). The mean age of the participants was 47.76+0.94 years. Blood
concentrations of lymphocyte phenotypes (CD3*, CD5*, CD8*, CD10*, CD16*, CD71*, HLA-DR") were measured using an indirect
immunoperoxidase reaction with monoclonal antibodies. Granulocyte phagocytic activity was assessed using latex particles,
with phagocytic activity expressed as a percentage and phagocytic intensity determined by the phagocytic index (the number
of latex particles engulfed per 100 neutrophils). Descriptive statistics (mean and standard error of the mean) were calculated
for each immunological parameter. Correlation analysis was performed using Spearman’s rank correlation coefficient. The
percentage of immune parameter imbalances was determined based on the frequency of high and low concentrations relative
to physiological reference ranges. Data analysis was conducted using Statistica 10.0 and Microsoft Excel 2010.

RESULTS: Cellular immunity strain was identified, characterized by reduced activity of T-lymphocytes expressing CD3* and
CD5* receptors (95.00+1.61% and 96.66+1.63% of women, respectively). This was accompanied by increased cytotoxic CD8*
cells and natural killer CD16* cells (53.33+1.20% and 48.33+1.14%, respectively). This pattern suggests a reduced reserve
capacity of the immune system. A decrease in phagocytic activity was observed in 20.00+0.73% of participants, while an
increase in CD10* cells was noted in 21.66+0.77%.

CONCLUSION: The insufficient activity of T-lymphocytes, coupled with an increase in cytotoxic and natural killer cells, reflects
a state of immune system strain. Additionally, reduced phagocytic activity and elevated CD10* lymphoproliferation contributes
to a reduced reserve capacity of immune homeostasis.

Keywords: Arctic; lymphocyte phenotypes; phagocytic activity; immune responses.
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OPUTMHATTBHBIE MCCIEIOBAHNA

OB0CHOBAHUE

HebnaronpusatHble MpuUpoAHO-KIMMaTUYECKUE YCNOBUS
ApKTUKM cnoCcOBCTBYIOT MOSABNEHMIO Y CEBEPSH CUHApPO-
Ma MONIAPHOTO HaMpSKEHUS U TUMOKCUYECKOT0 CMHAPOMA,
ANS KOTOPbIX XapaKTepHbl OKUCIMTENBHBIN CTPecE, HejocTa-
TOYHOCTb JETOKCUKALMOHHBIX U BbIAEMTENBHBIX NPOLLECCOB,
PaccTpoiCTBO CeBEPHOro TUna MeTabonnama, UMMyHHas He-
L0CTaTO4HOCTb, NOSIM3HAOKPUHHBIE PacCTPOCTBa, MUMepKoa-
rynsumMs KpoBW, MeTeonatusl, 4eCMHXPOHO3, NCUX03IMOLMO-
HanbHoe HanpsxeHue [1, 2].

CvcTeMa [bIXxaHWUs YyBCTBUTENbHA K BAIMSHUKO CYPOBbIX
KIMMaTuyeckux ycnoauii CeBepa (HU3KWe TeMnepaTypbl BO3-
AyXa, NONSPHbIA AeHb, NoNApHas Hoyb, 0CObbI BETPOBOM
PeXuM, 00YCNOBMEHHBIN BbLICOKOW CKOPOCTbIO [BUMXEHUA
BO3[yXa, BbICOKAs OTHOCWTESIbHAs M HM3Kasa abconoTHas
BNAXXHOCTb BO34yXa, Pe3Kve nepenagbl TeMMepaTtypbl, ar-
MocdepHOro [aBNieHus, BO3AENCTBUE LMKIIOHOB M aHTULMK-
K/I0HOB, 4acTble KOCMUYECKME W FeOMarHUTHbIE BO3MYLLIEHNS,
ocobbiii poTonepuonusm) [1, 3]. LnutencHoe npoxkmBaHue
CeBepsH B OUCKOMGOPTHBIX KIIMMATUYECKUX M NMpOMU3BOA-
CTBEHHbIX YC/IOBUAX MOXET BbI3bIBaTb UCTOLLEHUE ajanTa-
LIMOHHBIX PE3epBOB OpraH13Ma, YT YBEIMUMBAET PUCK BO3-
HWKHOBEHUA 3aboneBaHuiA, B TOM uucne NpodeccoHabHbIX
[4—6]. BapbupoBaHue nokasatesien nepeBuyHOM 3aboneBae-
MOCTM HanpaBJieHO He TONIbKO Ha JieyeHne 1 MpodunaKTuKy,
HO U Ha BbISIBNAEMOCTb Pa3fUyHbIX KITaccoB 3abonesanui [7-
9]. MokasaHo, 4To ceBepHble UMMYHOAE(ULMTLI pa3BMBAIOTCS
He TONIbKO Y BOMbHBIX, HO M Y 300POBbIX JIOAEH, CNocobCTBYS
CHUXEHUIO NPOTUBOMHGEKLMOHHOM 3awwmTel [10, 11].

0 paHHeM COKpalLeHuM pe3epBoB Y yenoBeka Ha Cesepe
CBULETENLCTBYIOT H0s1EE BbICOKUIA YpOBEHb 3aboneBaemMocTy,
BbICOKasi 4acTOTa pacnpoCTPaHEHHOCTU AeEKTOB MMMYHHO
3alUMThl M CBA3AHHBIX C HUMKM 3ab0N1eBaHUiA, 3HaUMTENbHOE
OMOJIoXeHuWe psga bonesHelr. YpoBHU HEKOTOPbIX HO30J10TU-
yeckux opM bonesHeit, opMUpoOBaHME KOTOPbIX Hanbonee
TECHO CBSA3aHO C HebMaronpuATHBIM KIIMMATOM, YETKO fAe-
MOHCTPMPYIOT PasHULY B 3aBUCUMOCTU OT CTEMEHU AUCKOM-
dopTHoCTM (paxuT, Muonus, enesofeuuUTHas aHeMUS)
[12, 13].

B ceBepHbIX pervoHax nof BO3AEHCTBUEM AUCKOMPOPT-
HbIX KIMMaTUYeCKNX (GaKTopoB, HebnaronpuaTHoOM KIMMaTo-
3KOJOrNYEeCKO 06CTaHOBKM MPOMCXOAMUT MEPEecTpoiKa He-
KOTOpbIX NapaMeTpoB UMMYHHOTO CTaTyca CO CHUXEHMEM
061LLelt pe3UCTEHTHOCTU K MUKPOOPraHU3MaM, C NOSBIEHNEM
TMNepYyBCTBUTENIBHOCTW Pas3IMYHBIX TUMOB U ayTOCEHCMOU-
nm3auun. B nepuopn dopMupoBaHusa M paseUTUS UMMYHHOM
CUCTEMbI 3TO MPUBOAMT K 3a[EPHKE pasBuTUs y AETEN,
a 'y B3pOC/IOro HaceneHusi — K NpexaeBpeMeHHOMY cTape-
Huio. CnegoBaTenbHO, MU3MEHEHUS! UMMYHHOW 3aLLWThI CBSI-
3aHbl C COKpALLEHNEM pe3epBHbIX BO3MOXKHOCTEN MMMYHHOIA
cuctemsl [12, 14, 15].

MexaHu3Mbl aganTauMu WMMMYHHOW CUCTEMbI JKWUTe-
neli ceBepa B3aMMOCBSAI3aHbl CO CHUXEHWEM KIIETOYHOMO
W ryMOpabHOr0 3BEHbEB UMMYHUTETA, OHU KOMMEHCUPYIOTCS
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Mobunusaumen Apyrux CUCTeM opraHu3Ma, YTo YpeBato na-
TONorMdeckuMm cpbieamu [16, 17]. 3to ABnseTcA NposBneHn-
€M peaKLmMu OpraHu3Ma Ha KimMaroreorpadmyeckue ycroBms
npoxusanus [18, 19].

JKCTpeMarnbHbIe YCI0BUS ABNAIOTCA PUCKOM NS 340p0-
BbSl HacemneHus, NpoXuBaloLLero Ha Tepputopun Kpaiivero
Cesepa [20-22]. Mo pesynbTaTaM OLEHKW YpOBHEW PUCKa,
(hopmupyeMbix ans Hacenenus KpaiHero Cesepa, ycTaHOB-
NeHbl HempueMneMble YPoBHM, 06yC/0BAEHHbIe BoesHAMM
cUCTEMBbI KpoBOO6paLLLEHNs,, OPraHoB [AbIXaHWs, B3aMMOCBS-
3aHHble C BAMSHWEM WHAEKCA HOPMaNbHOW 3KBMBAJIEHTHO-
3 deKTMBHOM TeMnepaTypbl [23].

WMMyHHas cucTeMa MHTerpanbHoO OTpaXkaeT COCTOSHME
afanTUBHbIX MeXaHW3MOB, ABNifeTcs Addy3HON, UMMYHO-
KOMMETEHTHbIE KIETKM MMEIOTCA BO BCEX OpraHax W TKaHsX,
UX MUrpaums, HaxoxaeHue U GYHKUMOHaANbHas aKTUBHOCTb
3aBUCAT He TOJIbKO OT CTEMeHU UX aKkTMBM3auum u audode-
PEHLMPOBKM, HO M OT reMoaNHaMUKK [24].

Moka3aHo, uTo B cybapKTMyeckux ycnoBusix (ApxaHrenbek)
perynsiuMs afanTMBHOTO MMMYHHOTO OTBeTa GopMuMpyeT-
ca B-numdountamm (CD22%) u ecTecTBEHHLIMK Kunnepammu
(CD16"). OTMeueH cbanaHCMpOBaHHbLIN KNETOYHO-TyMopab-
HbIA TUM UMMYHHON peakumu Ha oHe NOBbILIEHHOW aKTMB-
HocTn numdonponudepaunu [25]. MNpenctaBnsno mHTepec
OnpefenuTb COCTOSHWE UMMYHHOrO QOHa Y XEHCKOro Ha-
cenenus TpygocnocobHoro Bo3pacta ApKTUYECKOro pernoHa
C MO3ULWM M3YUeHUs COLEPKaHUS B KPOBU KIIETOYHBIX Cyb-
MonynAuui.

LUenb uccnepoBaHmsa. BoisButb copepxanue deHoTH-
MoB MMQOLMTOB U haroLUTapHyr aKTUBHOCTb HEUTPODUIOB
Yy XeHLWWH Ha KpaitHem CeBepe.

MATEPUAJIbI U METO/IbI

WccnepnoBaHue BbINONHEHO B nabopatopuu ¢usmono-
TMM UMMYHOKOMNeTeHTHbIX KeToK UOMA OTbYH OULKKA
YpO PAH uM. akapn. H.M. JlaBepoBa (ApxaHrenbck). lpose-
[EeHo 0JHOMOMEHTHoe obcnesoBaHue 60 yCnoBHO 3[0pOBbIX
WeHWWMH, npoxuBalowmnx Ha KpaitheM CeBepe Poccuiickon
®epepaunm (n. MNMuHera ApxaHrenbCKol obnactn) B aKcne-
OMUMOHHBIX ycnoBusx. CpepHuin Bo3pacT obcnefoBaHHbIX
KeHWuH — 47,76x0,94 ropa.

¥eHwmH obcnepoBanm B 9-10 4 yTpa, HaTowak. 3abop
KpOBM NPOBOAMIM U3 BEHBI B BaKyTalHephbl C JINTUiA-renapu-
HoM @upMbl «IMPROVACUTER». Bce uccnenoBaHus ocyluecT-
BNANM C YYETOM NMOANMCAHNA MHDOPMMPOBAHHOMO COrNacus
nauureHToB Ha obcnefioBaHue 1 ¢ cobnoeHNeM HOpM U npa-
BUN OMOMEOMLMHCKOW 3TUKU (XeNbCUHKCKasa LeKnapaums
BcemupHoi MeauumHckon accoumaumm, 2013 r.). Uccnepo-
BaHue yTBepxaeHo (npotokon N2 4 ot 10 despansa 2022 r.)
3Tnyeckum KommutetoM OTBYH OULIKMA YpO PAH uM. akap.
H.N. JlaBepoBa. Pabota BbiNoNHEHa B paMKax rocyaap-
CTBeHHOro 3apaHus «®usnonornyeckas 3HauMMOCTb 0CO-
DeHHOCTE WMMYHHOrO romeocTasa, (YHKUMOHANbHOW
W PeLenTopHOi aKTUBHOCTU UMMYHOKOMMETEHTHBIX KIETOK
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Yy N0fei B 3KCTPEMAIbHBIX MEHSIOLLMXCS YCNOBMAX Cpeabl
C Y4ETOM NpodeccMoHabHOro CTaTyca U couManbHO-3Hauu-
MbIX 3aboneBaHui y xuTeneii MpUapKTUYECKOrO pervoHa»
(N2 122011700267-5).

[lu3aitH uccneoBakms: 0bcepBaUMOHHOE aHaNUTUYECKOE
ofHoMoMeHTHoe. Cnocob oTbopa y4acTHMKOB: NpOCTOM Chy-
YalHbIiA; BLIOOPKa CNOLLHas.

06cnenoBaHue NPOBOAMIN B IKCNEAULMOHHBIX YCIIOBUAX
(n. NMuHera ApxaHrenbcKoii 0bnactu). B ot6ope npuHanm yya-
cTne 69 XeHwmH 1 9 pa3HoBO3pacTHbIX MyX4uH. B paboty
bbina B3siTa BhibopKa B KonmuecTBe 60 YETOBEK KEHCKOro
nona. CornacHo aHKeTHbIM aHHbIM, Bce 0bcnefyeMble KeH-
LLUMHBI MMEKT 0CeANbIA 00pa3 XM3HU, YacTb U3 HUX paboTaeT
B [TMHexCKoW paiioHHOM BonbHuLe N2 2, YacTb — B LETCKMX
LOLUKOSIbHBIX YYPEXAEHUAX. XapaKTep NUTaHUs — CMeLLaH-
Has nuLa.

OrpaHWueHnst ons yyactus B MCCiefoBaHUM CTPOro co-
bnofanuck 1 6bin NepeuncneHsl B aHKeTe:

1) oTcyTcTBMe OCTPbIX M XPOHWUYECKWX 3aboneBaHuii
Ha MOMeHT 06cnefloBaHMs M0 AaHHBIM MEAWLIMHCKON KapThl
MOCesIKOBOro Y4acTKOBOro Bpaya;

2) oTCYTCTBUE BpeAHbIX NMPUBBIYEK;

3) oTCYTCTBUE OHKOMATONOMMM.

Kpome Toro, npegnonaranock 06cnefioBaTb MMMYHHBIN
CTaTyC TPYAOCNOCOBHBIX XeHWmH oT 39 8o 59 neT ¢ uenbio
Mosly4eHUs MPOrHO3a O COCTOSHUM 3[0POBbSA KEHLUMH YKa-
3aHHON BO3PACTHOW KaTeropuu, NpoXMBAKLMX B 3KCTpe-
MarbHbIX YCNOBUSX CEBEpa.

AHKeTa BK/OYana BOMPOCHI O HanMuuMu 06pasoBaHMA
y 0bcneioBaHHbIX (cpesHee cneumansHoe, BbICLLEE), YPOBHE
MaTepuanbHoro 6narococTosHUS (HU3KWA, CPeAHWIA, BbICO-
Kui1), BOMpOCI, KacatoLumecs cTawa paboTbl, Mecta paboTsl,
CeMeliHOro NosIoXeHms, Bo3pacTa, NoJia, XxapakTepa nuTaHus,
OTCYTCTBMS XPOHUUECKMX 3aD01eBaHMI, OTCYTCTBUS BPEAHbIX
MpUBbIYEK.

Onpenensnm KoHUEeHTpaumio B nepudepuyeckon Kposu
numdoumToB ¢ peHotunamm CD3*, CD5*, CD8*, CD10%, CD167,
CD71*, HLADR* ¢ noMoLLbi0 HEMPAMON MMMYHOMEPOKCMAA3-
HOM peaKkuum C UCNOJIb30BaHNEM MOHOKIOHAMbHBIX aHTUTEN
(HNU, «MenbuoCnektp», Poccus). Mpu onpenenerumn daro-
LMTapHOM aKTMBHOCTM rPaHyNoLMTOB U (aroLMTapHoro Yucna
MCMO/b30BaN NlaTeKC, aKTUBHOCTb KIETOK CYWTanu B npo-
LieHTax, MHTEHCUBHOCTb (aroumTosa — no daroumTapHoMy
umcny (KOJMYECTBO JIATEKCHbIX YaCTMLL, MOIJOLLEHHBIX 0AHUM
HenTtpodunoM, Ha 100 kneTok). ParounTapHylo aKTMBHOCTb
M MHTEHCWUBHOCTb (arouuTo3a ONpeAeNififiM C MOMOLLbIO
TecT-Habopa («PeakoMnnekc», Poccus). KonuyecTBo KNeToK
NOACYMTLIBAIM B Ma3KaX KPOBM C NOMOLLbI0 MMMEPCUOHHOIA
MuKpockonuu npu yeenndeHun x100 (Nikon Eclipse 50i).

PesynbTathl uccnefoBaHMs NPOBOAMUAM C MOMOLLbBIO Ma-
KETOB NpUKNagHbIX nporpamm Statistica 10.0, Microsoft Excel
2010.

[lna KaX[Ooro ykasaHHOro MMMYHOJIOMMYECKOro MoKasa-
TeNA npeicTaBeHbl NapaMeTpbl OMUCATENbHON CTaTUCTU-
Ku: cpefiHee apudmeTnyeckoe 3HaueHue (M), cTaHfapTHas
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owmbka cpeaHero (m). BaaumocBsA3b M3yyaeMblx MoKasa-
Teneit onpegensyM ¢ NOMOLLbI0 HenapaMeTpMYecKoro Kop-
PeNAUMOHHOrO aHanu3a C NpuMeHeHueM KoadduumeHTa
CrnivpmeHa (r). MpoueHT ancbanaHcoB MMMYHONOTMYECKUX
noKasartesnen paccuuThiBaIM No LaHHBIM YacToTbl BCTpeYae-
MOCTU NOBBILLEHHBIX 1 MOHWMXEHHBIX KOHLLEHTPaLWM € Y4ETOM
npeaenos GM3noa0rMyecKoro coaepkanus [26].

PE3YJIbTATbI

Mokasatenu KoHueHTpaumn ¢eHoTUNoB AMMGOLMTOB
B nepudepuyeckon KpoBw, nokasatenu ¢aroumtosa y ob-
Ce0BaHHbIX MEHLLVWH, @ TAKKe YacToTa perucTpaumuu auc-
banaHcoB npefcTaBneHbl B Tabn. 1.

lpoBesEHHOE KOMMNEKCHOE WMMYHONOMMYECKOE UC-
Cflefl0BaHMe MOKa3ano, 4to obluee KONMYECTBO 3penbix
T-numdoumtos CD3* n CD5* B cpegHem cocTaenset 0,47+0,02
n 0,48+0,02x10°/n COOTBETCTBEHHO, YTO TOPAasfo HUKe
obwenpuHaATLIX  pusnonornyeckux HopM (1,0-1,5x10%/n
n 1,5-2,5x10°/n). [leduumt copepaHmns yKasaHHbIX KIETOK
Habmopaetca y 95,00+1,61 n 96,66+1,63% obcnenoBaHHbIX
HKEHLLMH.

lponudepatBHas aKTMBHOCTb — Y BEPXHEN paHu-
bl MpefeNoB COAEPIKaHWA, CPeJHWN MOKasaTesb KIETOK
CD10* — 0,47+0,02x107/n; y 21,66+0,77% eHILUMH NnoKa3a-
Tenb CD10* Bbiwe ¢usmnonornyeckoit HopMbl. OnpepeneHs
MpsMble KOPPENALMOHHBIE CBA3M KIETOK, CMOCObHBIX K Npo-
nmdepaumm: CD10* n CD3*(r=0,72; p <0,05), CD10* u CD5*
(r=0,68; p <0,05).

Cnenyet oTMeTuTb, Yto ana 53,33+1,20% nauueHToB
XapaKTepHO BLICOKOE KONMYECTBO LUTOTOKCUYECKMX KINETOK
CD8*, B cpeaHeM nokasatenb coctasnset 0,49+0,03x10%/n,
4TO NpeBbILIAET 06LLENPUHATLIE (U3NONOTUYECKUE HOPMBI
(0,2-0,4x10°/n).

Mpn aHanuse copepkaHus HaTypasbHbIX KUIEpOB
CD16* oTMeuyeHO BLICOKOE KOSIMYECTBO KIIETOK, B CpeAa-
HeM — 0,53+0,03x10%/n, uTo BbilLe 0BLLENPUHATLIX PU3MO-
norndeckux HopM (0,25-0,5x10%/n). VY 48,33+1,14% xeH-
WKH cpegHee copepxanne CD16" HaxoauTcs TaKKe Bbille
06LLLeNPUHATBIX BU3MONOTNYECKMX 3HaYeHU. CnefyeT oTMe-
TUTb, YTO MoBbILEHHOe cofepxaHne CD16* accoummpoBaHo
€O CHUKeHneM Konuyectsa T-knetok CD3* u CD5*.

B xome KoppensiuMoHHOro aHanu3a onpefesneHbl Cuilb-
Hble NOJIoXUTENbHbIE CBA3M Mexay KneTkammn CD16* n CD10*
(r=0,63; p <0,05); CD8* n CD10* (r=0,69; p <0,05); CD8*
u CD16* (=0,46; p <0,05).

OTMeueHa npsiMas KOpPesIALMOHHAsA 3aBUCUMOCTb MeXay
LMTOTOKCUYEeCKUMM KieTkamu u CD5* (r=0,68; p <0,05), umto-
TOKCUYecKUMM KneTkammu CD3* (=0,47; p <0,05).

OTMeueHOo HU3KOe YMCIO KIETOK C PeLenTopoM K TpaHc-
deppuHy (CD71*) — 0,49+0,02x10°/n (0,5-1,0x10%/n).
Y 51,66+1,19% naumeHTOK 0TMEYEHO CHUKEHWE MOKa3saTens
OTHOCWTEJIBHO HOPMATMBHBIX 3HAYEHUH.

BawHo oTMeTWTb, YTO HabMIOAAETCA CHUKEHME Yucna
aKTUBMpOBaHHbIX nuMdountoB (HLADR') y 23,33+0,80%
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Ta6nuua 1. CocTosHMe KNETOYHOr0 MMMYHUTETA KEHCKOr0 HaceneHus ApkTiieckoro permoHa (M+m)
Table 1. The state of cellular immunity of the female population of the Arctic region (M+m)

YpoBeHb cpeAHero cofiepxaHus
B kposu, x10%/n
The level of the average

YacroTa peructpauum
JucbanaHcos, %
Frequency of registration

Mapametp blood content (x107/1) of imbalances (%)
Parameter
PedepeHTHbIE U36biTok Deduuur
M+m 3HayeHus coAepxaHus coaepxaHus
Reference values | Excess content Lack of content
CD3* 0,47+0,02 1,0-1,5 0 95,00+1,61
CD5* 0,48+0,02 1,5-2,5 0 96,66+1,63
CD8* 0,49+0,03 0,2-0,4 53,33+1,20** 3,33+0,30
CD16* 0,53+0,03 0,25-0,50 48,33+1,14** 6,66+0,42
cb1o* 0,47+0,02 0,05-0,60 21,66+0,77 0
cD71* 0,49+0,02 0,5-1,0 5,00+0,37 51,66+1,19**
HLADR* 0,46+0,02 0,5-0,9 8,31+0,47 23,33+0,80*
®arountapHas akTmBHOCTb, % | Phagocytic activity (%) 52,10+1,04 <50 0 20,00+0,73
®arouutapHoe uucno | Phagocytic number 5,03+0,14 1,0-8,0 0 0

* p<0,01; ** p <0,001 — cratUcTUYECKas 3HAYUMOCTb Pa3fnumMin MeXay AucbanaHcamMu NOBbILLEHHBIX U MOHUKEHHbBIX YPOBHEN.

* p <0.01; ** p <0.001 — statistical significance of the differences between the imbalances of elevated and lowered levels.

XeHwwuH. CpeaHee copepxanue HLADR* HaxoamuTcs Ha HUK-
Hel rpanmLe puamonorndeckoi Hopmsl (0,5-0,9x10%/n) u co-
crasnget 0,4620,02x10°/n. OTMedeHa cumbHas Koppenaum-
OHHast 3aBucumocTb Mexxay CD71*u CD16* (~=0,85; p <0,05),
mexay CD71*n CD8* (=0,65; p <0,05).

(aroumTapHas aKTUBHOCTb Y MEHLLMH HAaXOAMTCS Ha HK-
Heli rpaHuLe npefenos dusnonornyeckux konebanum (<50%)
un pasHsetcs 52,10+1,04%. B 1o e Bpemsa y 20,00+0,73%
KEHWMH Habniopaetcs cHuxkeHne nokasartens. Parouurap-
Hoe umcno paBHsieTca 5,030,14 MuKpoopr./Kn., B Npeaenax
dusmonornyeckux Konedanuii (1-8 Mukpoopr./kn.).

ObCYXOEHWUE

B rpynne eHLMH cenbcKoro HaceneHus ApKTUYecKOoro
pervoHa 3auKCMpoBaHO HaNPSXKEHUE KITETOYHOr0 UMMYHUTE-
Ta 3a CYET HEA0CTATOYHOrO YPOBHSA aKTUBHOCTU T-IMMGOLMTOB
¢ peuentopammn CD3* n CD5* (95,001,611 96,66+1,63% xeH-
LUMH) Ha (OHe MOBLILIEHNA LIMTOTOKCMYECKUX KneTok CD8*
1 HaTypanbHbix kunnepos CD16* (53,33+1,20 un 48,33+1,14%
JKEHLUMH), YTO YKa3blBaeT Ha CHUMEHWE pe3epBHbIX BO3-
MOMHOCTEN UMMYHHOTO romeocTasa. OTMeYeHO CHUMKEHWe
darountapHoii aktueHoctn y 20,00+0,73% obcnenoBaHHbIX
C 0HOBpeMeHHbIM yBenindeHneM CD10*y 21,66+0,77% eH-
LLMH, YTO MOET NpefBapATb PUCK BO3HUKHOBEHWUS BTOPUY-
HOr0 3KOJIOTMYECKM 3aBUCMMOT0 MMMYHOAedULMTa.

YactoTta ancbanaHcoB NOHWMKEHHOrO YPOBHA Cofepxa-
HUS B KPOBM NpoOLeHTa 3penblx T-nMMdounToB M obLlen
nonynaunu T-nM@oLmMTOB Y 00CNe40BaHHbIX XKEHLUMUH [0-
BOJIbHO BeNIMKa W Haxoautca B npegenax 95,00-96,66%.
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Neduunt T-numdbounToB ABNSAETCA UMMYHONOMUYECKUM
AedeKToM, xapakTepHbiM ans KpaiiHero Cesepa. Huskuid
npoueHT 3penbix T-numdountos CD3* u T-knetok CD5*
TECHO B3aUMOCBSA3aH C COLEPXaHUEM KIETOK, CMOCOBHbIX
K nponudepaumn CD10*,

Bbicokne KoHueHTpaumn Knetok CD8* y obcnenoBaHHbIX
XapaKTepu3yloT UCMoNb30BaHWe pe3epBHbIX BO3MOXHOCTEN
opraHusma. [lebuumT akTMBHOCTM peakumii UMMYHOKOMIe-
TEHTHbIX KJIETOK accoummpyeTcs co CHuMeHueM 3ddeKTuB-
HOCTM 3almTbl. 3TO PacnpoCTpaHAeTCa He TONbKO Ha BOC-
ManuTeNbHbIE W AereHepaTMBHbIE MPOLECChI, HO XapaKTepHOo
W ONS MMMYHHBIX PEAKLMW MPU MHTOKCUKALMK, CTPECCOBbIX
paccTpouctsax [16, 24, 27].

AkTuBHOCTbL peuenTtopa K TpaHcdeppuHy y 51,66+1,19%
MEHLLUMH pe3Ko YBENIMYMBAETCSA MPW MOBLILLEHHOW NOTpeb-
HOCTW BHYTPUKIIETOYHOTO JKene3a, TKAHEBOMW TMMOKCUM, B YyC-
NOBMSX HEA0CTATOYHOCTW 3HEPreTUYECKOro pecypca KieTKy,
Mpu perynupoBaHnK pocTa KneTkm [28, 29].

B pasnuuHbIX npoueccax MMMAOLUTEI caMy HauYMHAT
npou3BoauTb TpaHceppuH (CD71%) unm yTuAMsnpyoT xene-
30 TpaHceppUH-HE3aBUCUMBIM NYTEM [16, 24].

Heduumt CD71* accouumpoBaH C MOBbILEHHBIM CO-
LEpXaHUeM LMTOTOKCMUeCKuX Knetok CD8* m Hatypans-
HbIX Kunnepos CD16". AganTUBHBIN MMMYHHBI roMeocTas
B CyDapKTUYECKMX KIMMATUYECKUX YCnoBusX (ApxaHrenbek)
cbopMMpoBaH Yepe3 KIeTOYHbIE MeXaHU3MbI C MOMOLLbIO aK-
TMBaUUM npoueccoB iuMdonponmdbepaumny, B3auMoCBSA3aH-
Ho# ¢ akTvBHoCTbi0 HLADR* 1 CD16" 1 rymopanbHoro 3seHa,
nyTéM aKktuBaumm B-numdouutos CD22* [25].

(MarouutapHas aKTMBHOCTb HEMTPOQUIOB Y KuTenei
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KpaiHero Cesepa cHuxeHa. Qarounto3 ABIAETCS CaMbIM
APEBHAM B QUNOTEHETMYECKOM OTHOLLIEHUM MEXaHU3MOM 3a-
LUMTBI, MUHUMAIbHbIW YPOBEHb aKTUBHOCTK (harouuToB —
50%. Y 20,00+0,73% niopeit HabnofaeTca CHUXEHWE Mo-
Ka3artens Huxe 50%, uTo xapaKTepHo Ans xutenei KpaiiHero
CeBepa. B MMMyHHOM 0TBETE BCE HAUMHAETCA W 3aKaHUMBAETCS
darouuTo3oM: GaroumTbl pacnosHakT YyKEpPOLHbIE aHTUIEHI,
MPeLCTaBNIAT UX aHTUreH-peakTUBHBIM KIETKaM, a npu 3a-
BEPLUEHMM UMMYHHOW PeaKLMM YHUHTOKAKT NPOAYKTHI Ae-
rpajaumm KOMMNEKCOB «aHTureH—aHtuteno» [16]. CHukenme
(aroumTapHoii 3aliKTbl UMeeT 3HaueHUe B PasBUTUM XPOHU-
YECKOro BOCMaseHms, ayTouMMyHHoi natonorum [30].

B paboTe He onpeneneHa B3auMocBA3b Mexay Garo-
UMTapHbIM YUCNIOM W aKTUBMPOBAHHBIMU NUMQOLMTaMK
(HLADR).

MonyyeHHble [aHHble O CHUXEHUWM aKTUBHOCTH
T-NMMQOLMTOB M YBETMHEHNUN KOIMYECTBA LUTOTOKCUHECKUX
knetok CD8* xapakTepusyloT cOCTOSIHUE VMMYHHOTO roOMeo-
cTasa obcnefyeMblx MEHLLMH KaK HanpskeHHoe. YBennye-
HWe LIMTOTOKCUYECKOW aKTUBHOCTM BEET K CPbIBY PE3ePBHbIX
BO3MOXHOCTEN MMMYHHOTO rOME0CTasa, YTo MOKeT cnocob-
CTBOBaTb Pa3BUTMIO BTOPUYHOMO 3KONIOTMYECKM 3aBMCUMOTO
MMMyHoLieULMTa W B KOHEYHOM MJ1aHE BAMSTb HA NOBBILLIEH-
HYI0 BOCMPUMMYMBOCT K MHEKUMAM M CKIIOHHOCTb K pas-
BUTMIO XPOHUYECKUX 3ab0eBaHMUiA.

MonyyeHHble pe3ynbTaThl LOMONHAKT COBPEMEHHbIE
npeAcTaBeHns 0 GU3MONOTNYECKUX MeXaHu3Max y JuL,
MPOXMBaloLLMX Ha ceBepe EBponeiickomn Tepputopumn Poccuin-
ckon ®epepauuu, M cnocobCTBYIOT pa3BUTUIO afanTaLMOH-
HOM (M3MONOrUK, a TaKIKE OTKPbIBAIOT HOBbIE NEPCMEKTUBHI
B Pa3BUTUM QyHLAMEHTaIbHON HU3MONOTNYECKON HaYKMW.

3AKJIKYEHUE

MpoBefEHHOE McCne0BaHNE UMMYHHBIX peaKLmid Mpak-
TUYECKM 3[0POBbIX MEHLUMH, NpoxuBalowmx Ha KpaitHem
Ceepe Poccuiickoin ®epepaunm (n. MuHera ApxaHrenbcKoi
06/1acTu), NOKa3ano, YTo UX KIETOYHbIA UMMYHUTET XapaKTe-
PU3YeTCA KaK HaNpsAXKEHHBIN U OnpeLenseTcs BblpaXeHHbIM
neduuntoM T-KneTok ¢ Mapkepamm CD3*, CD5* B 95-97%
cnyyaeB. Huskoe copepiaHue yKkasaHHbIX KNETOK B nepude-
PUYECKOI KpoBM 06CelyeMbIX accoLMMPOBAHO C AedULMTOM
copepaHusi T-kneTok ¢ Mapkepamu CD71* — po 50% cny-
yaeB. lNonyyeHHble faHHbIe CBULETENBCTBYIOT O TOM, YTO fie-
¢uumt Beet T-knetouHon nonynaumu CD5*, a Takke pedu-
UMT 3penblx GYHKUMOHANBHO aKTUBHbIX T-nuMdoumTtos CD3*
onpesensTCa NOBbILIEHHBIM YPOBHEM aKTUBHOCTM TUMdo-
nponmdepaumm CD10* Ha dhoHe HeLOCTATOYHON aKTUBHOCTU
KINEeTOK ¢ peLienTtopamu K TpaHcdeppuHy CD71*, 4to KocBeHHO
CBUAETENbCTBYET O BO3MOXHOW TKAHEBOW MMMOKCUM Y 3KEH-
WwmH ApKTuyeckoro pervoHa. B 1o e Bpems y obcrneayembix
JWL, BbISIBNIEHDI MOBILLEHHbIE YPOBHM COLEPKAHUA LIUTOTOK-
cnyeckux knetok CD8*, CD16* B 1,5-2 pasa Ha oHe Hepdo-
CTaTOYHOM aKTMBHOCTM npoleccoB darouutosa B 20-53%
Cc/yyaeB (B 3aBMCUMOCTM OT MOKa3aTens).
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BbisBneHHas HeaoCTaTOYHaA aKTMBHOCTbL T-IMMAOLNUTOB
C O[HOBPEMEHHBIM YBENIMYEHUEM KOHLIEHTPALMU LUTOKCU-
UECKWX KIIETOK W HaTypasnbHbIX KWU/IEPOB YKa3biBaeT Ha Ha-
MpSIKEHWE B UMMYHHOI CUCTEME M COKpALLEeHWe pe3epBHbIX
BO3MOHOCTEN MMMYyHHOr0 roMeoctasa. [eduuut darouu-
TapHOW aKTMBHOCTW acCOLMMPOBaAH C MOBbILLEHHBIM YPOBHEM
numdonponudepaumm CD10* u yacToToi ero pacnpocTpaHe-
HWS, YTO MOXKET CNOCcobCTBOBATL Pa3BUTMIO BTOPUYHBIX KO-
NOTUYECKM 3aBUCUMBIX MMMYHHBIX AMCBanaHCoB.
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The influence of attitudes and social norms
on seeking psychological help among Russian adults

Sergey Tkach, Veronika A. Odinokova, Olga I. Burdina

Saint-Petersburg State University, St. Petersburg, Russia

ABSTRACT

BACKGROUND: In Russia, the rising prevalence of psychological distress potentially leads to reduced work capacity, a lower
quality of life, and an increased risk of suicidal behavior. The utilization of psychological services remains low, necessitating
further research to enhance the effectiveness of mental health disorder prevention and suicide prevention strategies.

AIM: To assess the influence of attitudes and social norms on seeking psychological help among Russian adults.
MATERIALS AND METHODS: The study included residents of Saint Petersburg aged 18 and older and was conducted through a
computer-assisted telephone interview (CATI). The survey focused on experiences with seeking psychological help and attitudes
toward it. The sample, comprising 1,200 participants, was representative of gender and age distribution, in accordance with St.
Petersburg demographic data provided by Rosstat. The survey was conducted in July 2023. Factors influencing help-seeking
behavior were analyzed using binary logistic regression.

RESULTS: Key factors influencing the decision to seek psychological help were identified. These included gender, age, and social
norms, which manifested in the perceived prevalence of psychological help-seeking among acquaintances and expectations of
social approval. Additionally, attitudes toward psychological help played a significant role, particularly perceptions that such
assistance is only necessary for individuals with mental illnesses or those of high financial status.

CONCLUSION: The findings indicate a need to increase psychological help-seeking rates, considering the specific needs of
different social groups, particularly men and older adults. This underscores the importance of destigmatization efforts and
informational campaigns aimed at raising awareness about the accessibility and effectiveness of psychological services.

Keywords: psychological help; help-seeking behavior; social norms; attitude.
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BausaHue yCTaHOBOK U COLMAJIbHBIX HOPM
Ha obpalieHue 3a NCMXONOrU4ECKOW NOMOLLbIO
cpeau B3pocnoro Hacenenusa Poccum

C. Tkau, B.A. OguHokoBa, 0.U. bypaunHa

CaHKT-IMeTepbyprckuin rocynapcTBeHHbI yHuBepeuTeT, CaHKT-TeTepbypr, Poccus

AHHOTALMA

06ocHoBaHue. B Poccuv HabntofaeTcs pocT NCUXONOMMYECKOro Hebnaronosyyus, YTo NoTeHUManbHO BEYET 3a coboM
CHUXKEHWe TpyA0cnocobHOCTH, KaYeCTBa U3HW W NMOBLILIEHHYI0 BEPOATHOCTb CYMLMAANBHON akTUBHOCTU. ObpalLeHne Hacene-
HWS 3a NCUXONOTUYECKON NOMOLLbI0 B Poccum 0cTaéTcs HU3KUM M TpebyeT AONONHMTENbHBIX MCCNeL0BaHWI 1A MOBLILLEHNUS
3(heKTMBHOCTU NPOPUNAKTUKM NCUXMUECKMX PACCTPOICTB M CYMLMAANBHOO NOBEAEHMS.

Lienb. OueHUTL BAMAHWE YCTAHOBOK M COLMasIbHBIX HOPM Ha 06paLLieHmMe 3a NCUX0N0rMYeCcKOM NOMOLLbIO Cpeay B3pOCNOro
Hacenenusa Poccun.

Marepuans u MeTopbl. ccnepoBanve oxsatuio xkutenen CaHkT-etepbypra ctapie 18 net v 6bino npoBefeHo ¢ uc-
nonb3oBaHneM TenedoHHoro onpoca no cucteMe CATI. Onpoc dokycupoBancs Ha onbiTe 0bpalleHus 3a NCUXONOrMYECKOoM
MOMOLLbIO U OTHOLLEHMM K Hel. Belbopka, Brovatowas 1200 yenoBek, bbina penpe3eHTaTMBHOW No nofy u Bo3pacTy. Pe-
Npe3eHTaTMBHOCTb JOCTUranach B COOTBETCTBUM CO CTAaTUCTUYECKUMMW AaHHBIMM O MONI0BO3PACcTHOM COCTaBe uTenei CaHKT-
lNeTepbypra, npeacTtaBneHHbIMK B cbopHuKke Pocctata. Onpoc npoBeaéH B utone 2023 r. AHanu3 dakTopos, BAMAOLLMX Ha 06-
palLieHre 3a NCUXO0MMYECKON MOMOLLBO, BBIMOSIHEH C UCMOb30BaHUEM BUHAPHOI NOrUCTUYECKON perpeccuu.

Pesynbtatbl. BoisBneHbl KitoyeBble $aKTopebl, BAMAILLME Ha 0BpalLeHMe 3a NCUXONOrMYecKom nomolublo. K HUM oT-
HOCATCA MOA, BO3PACT, a TaKKe COLMabHbIe HOPMbI, KOTOPLIE MPOSIBASIOTCA B OLIEHKaX pacnpoCTpaHEHHOCTU obpalleHus
3a NCMXONIOrMYecKoi NOAJEPIKKON Cpeay 3HAKOMbIX M 0XMAaHNAX 0406peHus Takoro obpaluenus. KpoMe Toro, Ha pelueHue
06paTUTbCA 3a MCUXONIOrMYECKOK MOMOLLbI) BIUSAIIOT YCTAHOBKM, CBA3aHHbIE C BOCMIPUSTUEM €€ KaK HeobX0AMMOW TONBKO
ANs Niojei ¢ 3aboneBaHNAMM, NCUXMYECKUMU PacCTPOACTBAMM UMW BbICOKUM YPOBHEM 611arococTosHUS.

3akniouenue. PesynbraThl MCCNeL0BaHNSA CBULETENBCTBYIOT 0 HEODX0AUMOCTH YBENUYEHUS YACNA 0OpaLLEeHMIA 32 NCUXO-
NOTUYECKOW NMOMOLLbIO, YUUTBIBAIOLLIEN CNELMGUKY PasNMYHBIX COLMANbHBIX FPYNM, BKIOYAs MyMUMH U CTapLUee NMOKOJIEHWe.
370 NOLYEPKMBAET BaXKHOCTb NPOBEAEHUS MEPONPUATUN MO LECTUrMATM3ALIMU NCUXMUECKUX PacCTPOMCTB U MH(DOPMALIMOHHBIX
KaMnaHW1, HanpaBJIEHHBIX HA MOBbILIEHWE 0CBEAOMIIEHHOCTU O AOCTYMHOCTU U 3QHEKTUBHOCTU NCUXONOTUYECKOIN MOMOLLM.

KnioueBble cnoBa: ncuxonornyeckas noMollb; 06pameHme 3a NCUX0NOrMYECKOM NOMOLLbIO; HOPMbI; YCTAHOBKMH.
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BACKGROUND

Recent years in Russia have seen a significant increase in
the proportion of people with mental disorders'. By 2023, the
proportion of respondents experiencing depression symp-
toms reached 39%, and 23% of those surveyed reported
symptoms of uncontrollable anxiety [1]. Prior studies also
indicated high levels of psychological issues in society. For
example, in 2018, approximately 40% of the adult popula-
tion in Vologda Region reported symptoms of anxiety, de-
pression, and neurosis [2]. This concerning trend has been
linked to various factors, including the COVID-19 pandemic
(2020-2021) [3], escalating international tensions, and in-
creased perceptions of future uncertainty [4].

WHO mental health studies highlight the issue of unmet
mental health needs, manifested by low utilization rates of
relevant services [5]. Unmet needs prolong the period during
which individuals live with the burden of poor mental health
and are associated with higher disability rates, reduced qual-
ity of life, and increased likelihood of suicidal ideation and
attempts.

Studies on seeking psychological help typically examine
four primary sources of psychological and emotional sup-
port: professional (psychologists, psychotherapists, and oth-
er specialists), alternative (religious leaders, fortune-tellers,
psychics, etc.), close social networks (family, friends), and
self-help (obtaining information and support through books
and the Internet) [6]. Surveys among the Russian population
indicate that psychological challenges are most common-
ly overcome with support from relatives and friends. When
explaining refusal of professional help, Russians cite sto-
icism, distrust of psychologists, and perceptions of high cost
and ineffectiveness of services?. A significant portion of the
population prefers managing psychological challenges with
antidepressants and sedatives [7], likely due to rapid and
pronounced symptomatic relief. Actual adult help-seeking
rates remain low. According to the Russian Public Opinion
Research Center, only 12% sought psychological help in
2022°. According to HSE University reports, 5.2% sought help
in 2022, which is almost similar to the 2021 rates (5.3%) [7].
Help-seeking is more common among youth, women, and
university-educated individuals*. The gap between recognized
mental health issues and professional help utilization is likely
to widen.

! Russia is facing an increase in mental health issues [Internet]. Available
at https://www.vesti.ru/article/3593532 Accessed on June 26, 2024.
Who do people seek mental health help from? [Internet]. Available at
https://fom.ru/Obraz-zhizni/ 14183 Accessed on February 26, 2024.
Seeking for mental health help [Internet]. Available at https://wciom.ru/
analytical-reviews/analiticheskii-obzor/v-poiskakh-psikhologicheskoi-
pomoshchi Accessed on February 26, 2024.

“ Analyze it: why are Russians seeking psychological help more often?
[Internet] Available at https://wciom.ru/expertise/analizirui-ehto-
pochemu-rossijane-stali-chashche-obrashchatsja-k-psikhologam
Accessed on February 26, 2024.

.31 N2 6, 2024

DOl https://doiorg/10.17816/humecoé27883

JKoNorna HenoBeka

According to modern concepts, seeking psychological
help represents the pursuit of external support to cope with
mental health-related issues [8]. While no universally ac-
cepted theory or model exists in this domain, the Theory of
Planned Behavior developed by Ajzen [9] is considered the
predominant approach for explaining factors influencing
psychological help-seeking [10, 11]. Of note is that research
typically analyzes three core components of this process:
help-seeking readiness (primarily determined by attitudes),
intention (conscious plan to seek help), and behavior (actual
help-seeking actions) [6]. Eritsyan et al. examined barriers
and drivers of psychological help-seeking among young
adults in general education using the Theory of Planned Be-
havior [12]. This study confirmed the impact of subjective
standards: stronger belief in approval from significant others
correlates with greater help-seeking intention. Anikina et al.
report that gender socialization contributes to help-seeking
behaviors [13], noting that masculinity correlates with de-
nying the need for support. Additionally, men demonstrate
lower mental health literacy, further negatively impacting
their intention to seek help when needed. Studies on seeking
psychotherapeutic help [9, 10] reveal that attitudes (e.g., be-
liefs about psychotherapy's safety and efficacy), social norms
(experiences with and attitudes toward therapy of a person’s
close ones), and prior personal therapy experience signifi-
cantly influence this process.

The extent to which anticipated social reactions actually
impact help-seeking behavior when considering other factors
remains understudied. To better understand societal attitudes
toward psychological help and help-seeking practices, re-
search must identify facilitating and impeding factors.

AIM To assess the influence of attitudes and social norms
on seeking psychological help among the adult population in
Russia.

METHODS
Study Design

This is a cross-sectional study. Empirical data were col-
lected through a structured telephone survey of individuals
aged 18 years and older permanently residing in St. Peters-
burg.

The theoretical framework is the Theory of Planned Be-
havior. Table 1 shows the variables analyzed (dependent and
independent) alongside question wordings. The tool used was
an original questionnaire specifically developed for this re-
search.

According to the Theory of Planned Behavior, social
norms denote perceived social pressure regarding whether
to perform a particular behavior. Subjective norms help indi-
viduals evaluate their social circle’s views on this behavior,
which may either encourage or deter it [9]. Grounded in this
definition, statements were developed to assess acquain-
tances’ help-seeking experiences and attitudes toward help.
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Within this theory, attitude is defined as an individual’s posi-
tive or negative evaluation of performing the specific action.
This is reflected in the following statements: «help is only
accessible to the wealthy», «only people with disorders seek
help», «psychological help is infallible», «belief in magic».

Eligibility Criteria

The sample population comprised 1,200 residents of St.
Petersburg—a group representative by sex and age: the
mean age was 46.1 years (SD = 15.6), with 45% men and
55% women. Table 2 shows sex-age group proportions in the
sample population matching those of the general population
during the study year. Representativeness was achieved ac-
cording to St. Petersburg residents’ official sex-age statistics
from Rosstat publications [14].

The CATI (Computer Assisted Telephone Interview) sys-
tem was used for data collection. The survey was conducted
at St. Petersburg State University Center for Applied Sociol-
ogy, focusing on psychological help-seeking experiences,
help-seeking practices, significant others’ attitudes toward
psychological help, and respondents’ overall attitudes toward
psychological help. Interviews were performed throughout
July 2023. The study did not collect personal information,
and random digit dialing (post area code/carrier prefix) was
implemented.

Sample size calculation principles: the sample size was
calculated for a 2.83% confidence interval and 95% confi-
dence probability; sex and age were representativeness pa-
rameters; sex-age composition was determined using cur-
rent Rosstat data.

Statistical methods: binary logistic regression identified
psychological help-seeking predictors. The analysis was
conducted in SPSS statistical package. The differentiation
criterion was respondent answers to «Have you ever con-
sulted a psychologist?» («yes, multiple times/yes, once» = 1;
«no» = 0). Significance of intergroup differences (help-seek-
ers vs. non-help-seekers) was assessed using Pearson’s
chi-square test.

To generate binary logistic regression consistent with
theoretical model assumptions and those outlined in the
sources review, the following independent variables were
included: sex, age, education, minor children, income, social
norms, and attitudes toward psychological help.

RESULTS

Participants

The age ranged from 18 to 79 years, with a median
age of 44 years. The respondent education was distributed
as follows: 14.8% had secondary professional education,
68.9% had higher education, and the rest had secondary gen-
eral education or below. A total of 47.4% were employed,
15.3% were pensioners, 20.1% were self-employed, and
3.2% were students. One-third of respondents (33.0%) had
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minor children. Financial well-being indicators revealed the
following: approximately 2.0% reported lacking sufficient
funds for basic food, 9.0% could afford only food expenses,
12.0% had sufficient means for both clothing and food, nearly
41.0% could purchase small household appliances, 29.0%
could afford major appliances, and approximately 7.0% could
make substantial purchases (e.g., a car or property).

Primary Results

Regarding changes in psychological state over the past
year, 38.2% reported no change, 43.5% indicated it «rath-
er worsened» or «significantly worsened,» and 16.6% not-
ed it «significantly improved» or «rather improved». A total
of 15.4% currently require psychological help; 38.2% ever
consulted a psychologist (including 11.5% single-session us-
ers); 20.8% attended psychologist for several sessions within
<1 month/several months; 5.4% attended psychologist for
>1 year.

A significant place among help-seeking sources for
psychological support is held by professional help. Family
members (33.8%), partner/spouse (29.6%), psychologist/psy-
chotherapist (28.2%) were those to turn to in case of mental
health issues and life challenges. Spiritual and paranormal
support options were relevant for <8.0%. A total of 18.4%
would not seek any help.

Primary reasons for the latest psychologist consultation
included anxiety/depressive symptoms (28.2% of help-seek-
ers), partner relationship issues (19.6%), parent-child dynam-
ics (13.7%), personal growth and self-development (16.6%),
and relations with parents or other older relatives (11.1%).

Paid psychological services predominated (57.7%), fol-
lowed by free access (28.1%); 13.3% used both modalities.
Most help-seekers reported full (39.0%) or partial (27.0%)
satisfaction with received services during their last consul-
tation. Table 3 shows descriptive statistics for the dependent
variable and its associations with independent variables.

Approximately % residents of Saint-Petersburg indicat-
ed their acquaintances hold positive/rather positive views
toward psychological help; 63.0% reported acquaintances
who sought such help. The prevailing belief towards seeking
psychological help agrees with the statement that such help
is accessible only to the wealthy (32.0% of responders). Ap-
proximately '/,, of responders believe that psychological help
is sought by people with mental disorders (12.0%). The same
proportion (13.0%) believes in magic. In contrast, every third
respondent (31.0%) expressed confidence in psychological
help infallibility.

Attitudes towards psychological help demonstrated the
most significant differences between help-seekers and non-
help-seekers. Notably, respondents who consulted psycholo-
gists exhibited a realistic outlook on psychological help effica-
cy: they less frequently endorsed beliefs about psychological
help being infallible or exclusively accessible to the wealthy.
The «psychological help is accessible only to the wealthy»
belief did not significantly differ between help-seekers and
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Variables

Question wording

Options

Acquaintances’
attitude toward
seeking help

Help-seeking
experience of your
friends

Help is only
accessible to the
wealthy

Only people with
disorders seek help

Psychological help
is infallible

Belief in magic

Higher education

Minor childern
Female sex

High and middle
income

Age above the
median

Seeking
psychological help

Independent

How do you think most people you know would feel
if you went to a psychologist for counseling?

Have sought or are seeking physchological help

High-quality psychological help is only accessible
to the wealthy

Only people with mental disorders seek
psychological help

Psychological help cannot make the situation worse,
it will only make it better

Do you believe that you can influence the fate,
health or solve problems using witchcraft or magic?

Controls

What is your current educational level?
Do you have minor children (under 18 years of age)?
Instructions for an interviewer: Mark the

respondent’s gender

Evaluate general income of your family (your family
means all people you are living with)

Specify your age (age at last birthday)

Dependent

Have you ever consulted a psychologist?

1 — rather approve; approve
0 — disapprove; rather disapprove; neutral attitude

1 — some friends; many friends;
0 — nobody or almost nobody among my friends

1 — completely agree; rather agree;
0 — rather disagree; completely disagree

1 — completely agree; rather agree;
0 — rather disagree; completely disagree

1 — rather disagree; completely disagree;
0 — completely agree; rather agree

1 — absolutely believe; rather believe;
0 — rather disbelieve; absolutely disbelieve

1 — higher education;
0 — basic general education; secondary general
education; secondary professional education

1 —yes;

0—no

1 — female;

0 — male

1 — I have enough money to buy small household

appliances, but have to save for major purchases;

| have enough money to buy something major,

but have to save for a car or property; | have enough
money to buy a car or property;

0 — | don't have enough money to buy foods and
clothing; | have enough money to buy foods, but
buying clothing is something challenging; | have
enough money for foods and clothing, but not for
small household appliances

1 — 44 years and older;
0 — 44 years and younger

1 — yes, multiple times; yes, once;
0 — no, | have not

Table 2. Sex-age respondent composition, %

Age (years)
Gender Population
18-25 26-35 36-45 46-55 56-65 66-79
Males Study sample 4.25 10.67 10.25 7.75 7.08 5.00
St. Petersburg 421 10.68 10.21 7.79 7.08 5.02
Females Study sample 442 11.00 10.83 8.83 10.25 9.67
St. Petersburg 443 10.96 10.85 8.86 10.24 9.65
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Table 3. Descriptive statistics of the variables used in the analysis and their differences for different categories of the dependent variable,

Pearson’s chi-square test (seeking psychological help)

Variables Overall for the sample,

The significance

No, | didn’t have to, of differences,

Yes, repeatedly;

n (%) yes, once, n (%) n (%) p-value
Acquaintances’ attitude toward 452 (37.7) 227 (49.5) 225 (30.4) 43.997
seeking help <0.001
Help-seeking experience 757 (63.1) 360 (78.4) 397 (53.6) 75.187
of your friends <0.001
Help is only accessible 385 (32.1) 385 (33.3) 232 (31.3) 0.533
to the wealthy 0.465
Only people with disorders seek 145 (12.1) 26 (5.7) 119 (16.1) 28.829
help <0.001
Psychological help is infallible 367 (30.6) 165 (35.9) 202 (27.3) 10.075
<0.001
Belief in magic 152 (12.7) 66 (14.4) 86 (11.6) 1.970
0.095
Higher education 827 (68.9) 323 (70.4) 504 (68.0) 0.733
0.214
Minor childern 396 (33.0) 167 (36.4) 229 (30.9) 3.849
0.029
High and middle income 789 (65.8) 310 (67.5) 479 (64.6) 1.055
0.167
Female sex 660 (55.0) 321 (69.9) 339 (45.7) 66.987
<0.001
Age above the median 602 (50.2) 266 (58.0) 336 (45.3) 18.022
<0.001
non-help-seekers. Psychological help-seeking predominat- DISCUSSION

ed among younger individuals, women, and child-rearing
respondents. Education level and income demonstrated no
statistically significant differences between help-seekers and
non-help-seekers.

A logistic regression model (Table 4) explaining 18.6%
of dependent variable variance was used to analyze the
correlation between the factors selected and help-seeking
experiences. The result demonstrated that significant pre-
dictors for help-seeking include sex (OR = 2.576; p < 0.001),
age (OR = 1.404; p = 0.015), acquaintances’ positive atti-
tudes toward psychological help (OR = 1.545; p = 0.001),
and acquaintances’ help-seeking experience (OR = 2.366;
p < 0.001). The model indicates greater help-seeking prob-
ability among women, older individuals, those with acquain-
tances holding favorable psychological help attitudes, and
those with acquaintances experienced in help-seeking. At-
titudes toward psychological help emerged as significant
predictors. Help-seekers were less likely to agree with the
statement that «psychological help is only for people with
mental disorders» (OR = 0.479; p < 0.001). Belief in the po-
tential fallibility of psychological help positively influenced
help-seeking (OR = 1.370; p = 0.024).

DOl https://doi.org/10.17816/humecoé27883

Key factors influencing psychological help-seeking iden-
tified in the study include sex, age, social norms (reflected in
respondents’ assessments of help-seeking prevalence among
acquaintances and expectations of approval should they seek
help), and attitudes rejecting beliefs that psychological help is
sought exclusively by people with illnesses or mental disor-
ders or that psychological help is always beneficial.

These findings align with international and Russian psy-
chological help-seeking research. Particularly, Cheng et al.
[15] demonstrated that male sex and attitudes toward psy-
chological help negatively correlate with help-seeking inten-
tions. Tiirkiim [16] reports significant gender differences in
help-seeking readiness among Turkish university students.
Traditional masculinity norms, including stoicism and emo-
tional restraint, likely constitute major barriers to profes-
sional help-seeking. Studies show that this effect is parti-
cularly pronounced among men groups experiencing multiple
vulnerabilities (refugees, migrants, low-income individuals,
long-term unemployed, health-stigmatized groups, etc.) [17].

Social norms reflected in assessments of respondents in
terms of the prevalence of help-seeking behaviors among

462



OPUTMHATTBHBIE MCCIEIOBAHNA

.31 N2 6, 2024

JKoNorna HenoBeka

Table 4. Regression models for help-seeking factors (Nagelkerke R2 = 18.6)

Variables B St:pg?,rd Crw::?on p-value 0dds ratio
Female sex 0.946 0.135 49.411 <0.001 2.576
Friends approve seeking psychological help 0.435 0.134 10.478 0.001 1.545
Friends have help-seeking experience 0.861 0.151 32.722 <0.001 2.366
Agree that help is only accessible to the wealthy 0.056 0.138 0.166 0.684 1.058
Agree that only people with disorders seek help -0.737 0.242 9.282 0.002 0.479
Agree that psychological may fail 0.315 0.140 5.091 0.024 1.370
Believe in magic 0.198 0.192 1.063 0.303 1.219
Have higher education -0.178 0.147 1.460 0.227 0.837
Have minor children -0.050 0.144 0.123 0.726 0.951
Have high or middle income -0.054 0.142 0.148 0.701 0.947
Age above the median 0.339 0.139 5.932 0.015 1.404
Constant -2.795 0.282 98.556 <0.001 0.061

Note. Method: binary logistic regression adjusted for all variables; direct step-by-step method.

acquaintances and anticipated approval are supported by
studies focusing on the Russian young population. Eritsyan
et al. [12] found peer approval expectations (but not peers’
actual help-seeking) were associated with predicted inten-
tions to seek help among Russian students. These differenc-
es were largely mitigated among adult respondents in our
study. Moreover, perceived help-seeking prevalence among
acquaintances emerged as a stronger predictor in our re-
gression model than anticipated approval or disapproval.
These patterns may reflect generational differences in at-
titudes toward psychological help and distinct social norm
influences on adolescent versus adult behavior.

Approximately one-third of survey respondents reported
actual psychological help-seeking behavior, indicating rel-
atively high help-seeking rates. This help-seeking experi-
ence among St. Petersburg residents significantly exceeds
5.2%-12.0% rates documented in Russian national surveys
by the Public Opinion Foundation and Russian Public Opin-
ion Research Center. Enhanced environmental accessibility
encompassing financial and geographical service availability
appears to play a major role for St. Petersburg citizens. In
this region, free psychological services are rendered through
municipal polyclinics, hospitals, multidisciplinary medical
centers, family and childhood support centers, and psycho-
logical hotlines® Paid psychological services are available
via non-governmental medical centers, independent practi-
tioners, and online platforms.

Topkaya's research [18] agrees with our findings regard-
ing psychological help not being exclusively for individuals

% Mental health services [Internet]. Available at https://gorzdrav.spb.ru/
information/content/poleznaya-informatsiya/kontakty/psihologicheskie-
sluzhby Accessed on February 26, 2024.
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with disorders. However, while Topkaya identifies optimism
about psychological help as a facilitating factor, our respon-
dents rejected beliefs of its invariably beneficial nature. This
difference may stem from Topkaya’s methodology. Topkaya's
interviews included not only questions regarding the views on
psychological help but also its benefits with requests for spe-
cific examples. Such contextual framing may have influenced
participants’ interpretations of benefit-related questions.

In our study, young and middle-aged women (18-44
years) were the most frequent help-seeking age group. In-
ternational research on barriers to help-seeking among older
adults yields conflicting results. On one hand, studies indi-
cate that help-seeking is habitual for older generations, who
display minimal stigma-related concerns [19]. We suppose
that in Russia, reduced help-seeking among older adults may
stem from limited mental health literacy, stigma, and fears
of losing independence or life control upon acknowledging
psychological needs [20].

Our cross-sectional design precluded help-seeking inten-
tions, a critical precursor to actual behavior. However, a sys-
tematic review of 49 studies established subjective norms as
statistically significant predictors of help-seeking intentions
in 23 studies (59.0%); additionally, 7 of 8 studies examining
intention-behavior links confirmed statistically significant
associations [6].

Study Limitations

Geography is among key study limitations. While the ob-
served effects may exist in other Russian cities, their mag-
nitude likely applies specifically to St. Petershurg residents.
Telephone surveys as a data collection tool limited both
guestionnaire length and response options for specific ques-
tions due to heightened refusal risks and auditory processing
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difficulties with complex scales. The mere fact of seeking
help does not indicate that the respondent’s issue has been
addressed. We excluded other factors influencing help out-
comes: service quality, client adherence to recommendations,
treatment completion, therapy selection methods, etc. A total
of 13,644 individuals participated in the survey, with 12,444
refusing participation at various stages and 1200 completing
the full survey. These methodological drawbacks combined
with the inability to account for non-participants’ perspectives
constitute significant study limitations. Additionally notable is
our replacement of standardized scales with more flexible
variables assessing self-perceived psychological state, social
norms, and attitudes toward psychological help.

CONCLUSION

The study findings yield several practical implications.
Understanding of identified factors (sex, age, and social

Vol. 31 (6) 2024
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norms) will optimize programs promoting psychological
help-seeking. Particularly, interventions should specifically
target sex and age groups to broaden the coverage.
Recognizing the critical role of social approval in help-seek-
ing underscores the need to destigmatize mental health chal-
lenges and cultivate environments where seeking support is
socially endorsed. Attitudes toward psychological help revealed
in results may provide foundations for awareness campaigns
dispelling myths about mental health help. Such campaigns
can engage diverse social groups to enhance understand-
ing of psychological help's accessibility and benefits. Future
research should explore barriers to help-seeking through
in-depth interviews and standardized instruments measur-
ing psychological needs, attitudes, and norms. Although our
analysis shows women seek psychological help more fre-
quently, it does not directly investigate explanatory factors
for this correlation. Detailed examination of these factors
represents another perspective for further research.
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KoMnnekcHas oueHKa BAUAHMA NOJIMHEHACBILLEHHbIX
YXUPHbIX KUCNOT oMera-3 Ha (pyHKLMOHaNbHOE
COCTOSIHME YXUTeJieU-ceBepsiH B KPUTUYECKUM
nepuop roaa

I.B. AsepbsHoBa, 0.0. AnéwmHa, W.H. beamenosa, C.W. BooseHko

HayuyHo-uccnenoBaTenbCkui LeHTP «ApKTHKa» [lanbHeBOCTO4HOro 0TaeneHus PoccuiicKoii akapeMum Hayk, MarapaH, Poccus

AHHOTALMSA

Lenb. M3yueHne auHamuku Mopdodusmnonormieckux nokasarened, GuoxumMuyeckoro npoduns, ypoBHA CTpecca, a TaKke
YPOBHS MOCTYN/IEHWS MUPHBIX KUCMOT Pas3fMyHbIX KNaccoB B OpraHU3M YeNoBeKa U BbISBNEHUS AePUUNTA 3CCEHUMANBHBIX
JKUPHBIX KUCNOT 10 BBEAEHMS B PaLMOH NUTaHWs BUONOrMYECKM aKTUBHOM [0DaBKU C NOIMHEHACHILLEHHBIMUA XUPHBIMU KUC-
noTamu omera-3.

Martepuanbl u Metogbl. [poBefieHO KOMMeKCHOe Mopdodu3nonornieckoe U brioxummyeckoe MccefoBaHmMe, BKIKYal-
wee B cebs aHanu3 35 nokasatenen, fo oboralueHus pauuoHa nuTtaHusa u nocne 1,5 Mec. npuéma 61onorMyecku aKTMBHOM
A00aBKM C NONMHEHACHILLEHHBIMM KUPHBIMU KMCOTaMKM oMera-3.

Pesynbtartbl. [loKka3aHo, YTO MyKUMHBI (OMbITHAA M KOHTPOJbHAS PYNMbl), BKIKOYEHHBIE B aHanu3, UMeNM CXOAHbIE MOKa-
3aTesiM MO BCEM aHanM3MpyeMbiM NpodunsM Ha MOMEHT Hayana uccnefosanus. Mocne 1,5-MecayHoro npuéMa LOMONHM-
TEeNbHON [103bl MOSIMHEHACILLEHHBIX KUPHBIX KUCNOT ceMelicTBa oMera-3 (2-W 3Tam) B OMbITHOW rpynne Habmioaanu onTu-
MW3aLMOHHbIE NEPECTPOMKY N0 PSALY aHaNM3MPYEMBIX CUCTEM, YTO NPOSBASNIOCH B YNyYLLEHUN BYHKLMOHANBHOTO COCTOSHUA
CepAEeyYHO-COCYANCTON CUCTEMBI, B CBOK OYepeib 06eCneymBaloLLero ONTUMaNbHbI MeTabonMyeckui MopTpeT OpraHM3Ma,
B HOPManu3aLuy YrneBoHO-NMNMAHOT0 06MEHa, B 3HAYUTENBHOM YMEHbLUEHUM KOHLLEHTPaLMM ropMoHa CTpecca KopTusona
1 0LHOBPEMEHHOM CHUKEHWUM 06LLLEro BocnanuTenbHOro GoHa opraHvM3Ma, YTo HarfisaHo NpeACcTaBneHo B YMEHbLLEHUN N0-
Laay MaTpuLbl HanpsAXeHUs GYHKLMOHaNbHBIX pe3epBoB. AHaNOrMYHbIX NEPECTPOEK Y MYXYMH FPYNNbl CPaBHEHMS, He Npu-
HWMaBLUMX [,06aBOK C [LOKO3areKcaeHOBOM W 3/KO3amneHTaeHOBOM KMC/I0TaMK, He Oblo; HAaNpoTWB, B [aHHO rpynne oTMe-
YeHbl AM3afanTaLWOHHbIe NPOSBIEHUS YrNeBOAHOT0 06MeHa, KanuIIAPHOro KPOBOTOKA, COCTOSHUA CepAEYHOI-CoCYAUCTON
CUCTEMBI, YTO, MO-HALLEMY MHEHUIO, 0BYCITOBNIEHO NEPUOAOM NMPOBEAEHUS UCCNEA0BAHUA B CaMOE KPUTUYECKOe BpeMs rofia
3a CYET nepexofia TeMMNepaTypHON KpUBOM Yepes HOoJlb.

3akniouenue. [IpoBeEHHOE UCCNEAOBAHUE MOXKET ABMIATLCA OCHOBAHMEM [J1S1 PEKOMEHALMM NpUEMa BUoNOrMYecKUX aK-
TUBHBIX 06ABOK C MONMHEHACILLEHHBIMU UPHBIMU KUCIOTaMM OMEra-3 KUTENAM-CEBEPAHAM KaK OnpefenéHHoro HUBEU-
pytoLero daxTopa HebnaronpuUATHOro BO3L,ENCTBUA CE30HHBIX NPUPOAHO-KIIMMATUYECKUX U3MEHEHUIA.

KnioueBbie cnosa: CIJYHKLIMOHaJ'IbeIE pe3epBbl; XUTenu-cesepAaHe; NOJIMHEHACbILLEHHbIe UPHble KUCNOThI omera-3;
ONTUMU3aUNOHHAA poJib.
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Comprehensive assessment of the effects of omega-3
polyunsaturated fatty acids on the functional status
of northern residents during a critical season

Inessa V. Averyanova, Olga 0. Alyoshina, Irina N. Bezmenova, Sergei I. Vdovenko

Scientific Research Center «Arktika» Far Eastern Branch of the Russian Academy of Sciences, Magadan, Russia

ABSTRACT

AIM: To examine the dynamics of morphophysiological and biochemical indicators, stress levels, and the intake of different
classes of fatty acids in the human body, identifying essential fatty acid deficiencies before omega-3 polyunsaturated fatty acid
(PUFA) supplementation.

MATERIALS AND METHODS: A comprehensive morphophysiological and biochemical study was conducted, analyzing
35 parameters before and after 1.5 months of omega-3 PUFA supplementation.

RESULTS: At baseline, the men in both the experimental and control groups demonstrated similar profiles across all
analyzed parameters. After 1.5 months of omega-3 PUFA supplementation (Stage 2), the experimental group exhibited
optimization-driven adjustments in several physiological systems. These changes included improvements in cardiovascular
function, which facilitated a more optimal metabolic profile, normalization of carbohydrate-lipid metabolism, a significant
reduction in the stress hormone cortisol, and a concurrent decrease in overall systemic inflammation, as evidenced by a
reduction in the tension matrix of functional reserves. In contrast, the control group, which did not receive docosahexaenoic
acid and eicosapentaenoic acid supplementation, did not experience similar adaptations. Instead, maladaptive responses in
carbohydrate metabolism, capillary blood flow, and cardiovascular function were observed, which were likely exacerbated by
the critical seasonal transition, as ambient temperatures fluctuated around freezing.

CONCLUSION: The findings of this study support the recommendation of omega-3 PUFA supplementation for northern
residents as a mitigating factor against the adverse effects of seasonal climatic fluctuations.

Keywords: functional reserves; northern residents; omega-3 polyunsaturated fatty acids; optimization role.
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OB0CHOBAHUE

B HacToswee Bpems B Mupe uKcupyeTcs HepocTaTou-
Hoe noTpebieHne B MULLY XUPHBIX KUCIOT CEMENCTBA OMe-
ra-3, uto BEAET K UX CHIKEHHBIM KOHLIEHTPALMAM B KPOBM,
MOBBILLIEHHOMY PUCKY acCOLMMPOBAHHBIX XPOHUYECKUX 3a-
boneBaHu M no3sonseT roBoputb 0 rnobanbHoM aedu-
uMTe AaHHoro HyTpueHTa [1]. Jiko3aneHTaeHoBas (3K)
U poKo3areKkcaeHosas ([IF'K) Kucnotbl ABNAIOTCA OCHOBHbIMU
COCTaBMAOLMMM OMera-3, CMHTE3 KOTOpbIX OCYLLECTBAS-
€TCcA M3 O-JIMHONIEHOBOW KWUCNOTI, KOTOpas He MOXET npo-
M3BOAWTBCS YESIOBEYECKUM OpraHM3MOM CaMOCTOSTESBHO
M OOMKHA mocTynatb ¢ nuwen. Ctout otMeTutb, yto 3MK
n OI'K oTHoCATCSA K MOLLUHBIM NULLEBbIM CUTHaNbHBIM Mofle-
KynaM, C MaKCUMaJlbHO PacKpbITbIM MOTEHLMANOM 1S ONTH-
MU3aLWMW COCTOSHUA 3[4,0p0BbA YenoBeKa [2].

B HacToswiee BpeMs noTpebnenne ¢ nuLien AIUHHOLE-
noyeyHbix oMera-3 xupHbix MK u ArK cBa3biBaloT ¢ MHOro-
UNCNEHHBIMW NPEUMYLLECTBAMU ANl CEPAEYHO-COCYAMCTON
CMCTEMBI, TaKUMU KaK CHuxkeHue Tpurnmuepuaos (1) [3, 4],
apTepuanbHoro AaeneHus [5, 6], noBbileHMe XonecTepuHa
NMNONPOTEUAO0B BbICOKOW MIOTHOCTU [4] U yMeHbLLEHME BOC-
nanenua [7-9]. Xota NpUYMHHO-CNELCTBEHHbIE CBA3N eLUE
NPeaCcToUT YCTaHOBMUTb, 3NULEMUONIOrMYECKME UCCNef0Ba-
HWA noKasanu, yto bonee Bobicokoe notpedbnenue MK n ArK
(Mx Bonee BLICOKME YPOBHU B KPOBM) CBA3AHO CO CHUMEHMEM
pucka Tpesoru u penpeccum [9], paka [10], act™bl [11], 60-
ne3nu Anburenmepa [12], onabeta 1-ro tuna [13], pacce-
AHHOrO CcKnepo3a [14], cepaeyHo-cocyaucTbIX 3aboneBaHum
[15, 16] n obwen cmeptHOCTYM [15]. [leTh XKeHLMH, KOTopble
notpebnatot MK n AIK Bo Bpemsa 6epeMeHHOCTU M KOpM-
NEHWA TPyablo, UMEKT fyyllee HEBPOSIOrMYECKOe pasBUTUE
W opyrue nokasarenu 3n0posbs [17].

LUenb uccnepoBaHmsa. V3yueHne OUHaMUKM OCHOBHbIX
MOP(ODU3NONIOTMUECKMX W BUOXMMMYECKMX MOKa3aTenen
MUTenei-ceBepsH [0 U MOCNe BBEAEHWS B PaUMOH MUTa-
HWA [,06aBKM C NOIMHEHACILLEHHBIMU XUPHBIMU KUCIOTaMu
(MHXK) omera-3.

Wcxops u3 uenm paboTbl, NocTaBuaM chepytollme 3a-
Aauu: U3Y4UTb COMATOMETPUYECKMI CTaTYC, QYHKLMOHANb-
Hble pe3epBbl KapAMOreMOAMHAMMKM Ha OCHOBE aHaniu3a
XapaKTepuUCTUK apTepuanbHOro AaefieHus, BapuabenbHo-
CTU CepAeYHOro puTMa, LUCMEPCMOHHOTO KapTUPOBaHMS,
OLEHUTb (YHKLMOHANbHbIE Pe3epBbl CUCTEMbl AbIXaHUS
U 3HEepreTMYeCcKU-MeTabonmyeckmx NpoLeccoB opraHn3Ma
(PyHKUMM BHELLHEro AblXaHUs W rasoaHanusa), NpoBecTy
aHanu3 CoCTOSIHMA MUKPOLMPKYNATOPHOro pycna (Kanun-
nApHOro (MMKPOCOCYAMCTOr0) pycia cepAevH0-CoCyAMCTONM
CUCTEMbI), OLEHUTb BUOXMMUYECKMIA NpodUNb: YrNeBOAHBIN
W AMNUAHBIA 06MeHbl BeLLecTB, YpoBeHb BuTaMuHa D, ypo-
BeHb CTpecca Ha OCHOBE aHanu3a KopTU3ona B C/IloHe, ypo-
BEHb BOCMaNUTENbHBIX MPOLECCOB B OpraHW3Me, YpOBEHb
MOCTYMNIEHNS KUPHBIX KUCNOT Pa3fIMyHbIX KNAaccoB B opra-
HU3M YEeNnoBEeKa M BbiABNEHUA AedULMTa 3CCEHLMANBHBIX
JMPHBIX KUCOT.
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MATEPUAJIbI U METO/IbI

JlM3aiiH uccnepoBanms

MpocnekTuBHOE PaHAOMU3MPOBAHHOE KOHTPOSMpYeMoe
OTKPLITOE MCC/Iel0BaHUE C UCMONIb30BaHNEM MeTo/1a NPOCTOiA
(HeorpaHW4YeHHOM) paHAOMU3ALIMN.

KpMTepMM cooTBeTCTBUA

YcnoBueM BKIIIOUEHMS WCMBITYEMbIX B MCCNeA0BaHue
ABNANOCh OTCYTCTBME XPOHUYECKMX 3aboneBaHwn B CTagmu
0bocTpeHns 1 xanob Ha cocTosHME 3[40POBbS, a TaKKe OT-
CYTCTBME NPUEMA OMONOTNYECKU-aKTUBHBIX A00aBoK (BAL)
c omera-3 MHXK. Bce nuua, Bxoaswme B BbibopKy, 6biiu
MOCTOAHHBIMU KuTENAMKU MaragaHcKoii obnactu u xapakTe-
p130BanMChb COMOCTaBUMBIMY YCIOBUSIMU JKW3HM, B TOM YKCTie
O[IMHAKOBbLIM PEXMMOM [BUraTeslbHOM aKTUBHOCTU. [pynnbl
Obinn TaKKe cONOCTaBMMBI M0 BO3PACTY, MOJY 1 aHanM3unpy-
eMbIM NapameTpam.

06beKTbl MccneA0BaHUs

B obuwyto BbibopKy BOWwAM 45 00BPOBOMBLEB-MYHKUMH
(cpepnumit Bospact 40,0+0,8 ropa), npeMMyLLeCTBEHHO €B-
poneonpoB (3THUYECKas NPUHAANEKHOCTb ONpeAensnach
Ha OCHOBE CaMOMAEHTU(UKALMM pecnoHAeHToB), Habop
KOTOPbIX OCYLIECTBASIA NYTEM pasMeLLeHus o6bABNeHUs
0 MPOBEJEHNM UCCNef0BaHUA B CPeACTBAX MaccOBOW WH-
(opMauum n Ha caiite opranusauun. Wcxops m3s nonydeH-
HbIX MEPBMYHBIX JaHHbIX METOAOM MPOCTOM PaHLOMMU3aLMUK
Y4aCTHUKM UccnefoBaHus Obiiv pa3feneHsbl Ha ABe rpynmbi:
1-1 — onbiTHasa rpynna (n=30, y4acTHUKM npuHuManu BAJ]
¢ oMera-3), 2-a rpynna — KoHTponbHas (n=15, be3 Bo3peii-
CTBMS Ha paLMOH NUTaHWS).

Ycnosus nposeneHUAa uccnepoBaHuAa

[lns nocTaBneHHON LenM B paMKax peanusauuu npo-
rpaMMbl Hay4YHOr0 MOHUTOPUHIA XUTeNEeN-CeBEpPSH «ApKTU-
Ka. Yenosek. Agantauus. OMera-cu», peanusyemoii Ha base
HUL, «Apktuka» [1BO PAH (MarapaH), 6bino npoBeaeHo
KoMnneKkcHoe obcnefoBaHne NpeAcTaBUTENe MYMCKOro
nona — YPOXEHLLEB CEBEPHBIX TEPPUTOPHI.

OnucaHne MeaMLMHCKOr0 BMeLLaTesIbCTBa

CornacHo NpoTOKOY HAy4YHOro 3KCMEPUMEHTA, UCCNefo-
BaHWA B 0benx rpynnax NpoBoaunu B 2 3Tana: [o M nocne
BO3JEICTBUS Ha pauUMoH nuTaHus. OnbITHas rpynna npuHu-
Mana yTpoM Hatowlak B TeyeHue 1,5 mec. BALl ¢ oMera-3
MHXK B Buae npenapata Toproson Mapku «Nord Mile»
r1G fish oil (2 kancynbl, cogepxatme 1200 Mr, U3 KoTopbIx
660 Mr — MK u 440 mr — ATK).

MeToauka npoBeaeHMs U3MepeHun

AHTpONOMETpPUUYECKME AaHHBIE MOJYYeHbI CeayHLUM
06pa3oM: ANKHY Tena (CM) M3MepsAaM MpU NOMOLLM HaCTeH-
Horo poctomepa (TouHocTb — 0,5 ¢M), Maccy Tena (kr) —
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C ucnonb3oBaHeM MeauumHckux Becos BOSCH PPW 2360
(Kwaii), TouHocte — 0,1 Kr. Mcxoas U3 Nosly4eHHbIX AaHHBIX
paccuUMTbIBaNM MHAEKC Macchl Tena (Kr/M2), paHupoBaHue
pe3ynbTaToB NPOBOAMIM CONTAacHO peKoMeHaaumusaM Beemup-
HOM OpraHU3aummn 34paBo0XpaHeHuS.

Moka3aTtenu cuctonuueckoro (CAl) u aMactonuueckoro
(OAL) apTepuanbHoro faBeHUs (MM pT. CT.) M YacToTbl cep-
AeyHbIx cokpatueHuit (UCC, ya/MuH) dukcupoBanu Tpux bl
C BbIYUCNIEHMEM CPefHero apupMeTUYeCKOro C MOMOLLb
ToHoMeTpa (Nessei DS-1862, AnoHus) u panbHedWwMM pac-
YETOM yaapHoro ob6beéma no Ctappy (Mn), MUHYTHOTO 06BE-
Ma KpoBoobpalleHus (n/MuH), obliero nepudepuyeckoro
COMPOTMBNIEHMA COCYAO0B (AMHxcxcM™®). BapuabenbHocTb
CepAEeyYHOro pUT™Ma perucTpupoBan Npyu NOMOLLM KOMMJIEK-
ca «Bapukapa» u nporpammHoro obecneuvenns VARICARD-
KARDi, aHanu3 npoBoaunu no 06LENpUHATON METOoLMKeE
B COOTBETCTBUM C METOAMYECKMMMU PEKOMEHAALMAMM Py
POCCMIACKUX 3KCMEPTOB. Y WCMbITYeMbIX B COCTOSIHUM MOKOS
(cups) pernctpupoBanm Sl (ycn. en.) — cTpecc-MHAEKC (MH-
LEKC HaNpsKeHUs perynaropHbix cuctem). OueHKy aucnep-
CMOHHOTO KapTUPOBaHWSA 3NEKTPOKapAMOrpaMMbl Ha OCHOBE
AMCNEePCUOHHOMN XapaKTepPUCTUKY NoKasaTtens «Muokapay» (%)
NPOBOAMAW C MCMO/b30BaHWEM annapaTHO-NporpaMMHOro
obecneyenun «KapanoBusop-06c» (Poccus).

WccnepoBaHue CTPYKTYpbl KanuIApoB ¥ MUKPOLMPKY-
NALMKM U3yYanu B 30HE 3MOHUXMS (KOXKHOrO BasiMKa) Horte-
BOr0 JI0}a C NMPUMEHEHWEM Kanau MMMEPCUOHHOIo Macna
Mpy MOMOLLM KOMIbKTEPHOrO BuAeoKanunnsapockona «Ka-
nunnsipockaH-1» (000 «HoBble 3HepreTUdeckue TEXHO-
norum», CKOMKOBO), OCHALLEHHOrO OMTUYECKUM 30HAOM.
B pabote npoBeféH aHanu3 cnepytowmnx MopdodyHKLMO-
HasbHbIX NOKa3aTeNeii: AMaMeTp apTepuabHOro, BEHO3HOMO
W NEepeXoAHOro 0TAEN0B Kanunnsapa (MKM), ANMHa Kanunnspa
(MKM), KonuyecTBo cnapxeii (ea./c.)

OYHKUMI0 BHELLUHErO [bIXaHWs MYXUMH OLIEHWBaNM Me-
TOLOM WHIEKcauun 06BbEMHOTO AaBNEHUS U MHeBMaTUye-
CKOro MOTOKa Ha MeAWUMHCKOM cniuporpade «[uamaHT-Cor,
BCe Da30Bble XapaKTEPUCTUKU aBTOMATUYECKM CpaBHWUBANM
C [OMKHBIMU 3HAYEHUAMM, NPEACTaBASIOLMMU CODON BENK-
YWHBI, PaCCUMUTaHHBIE A1S MONYNALMM KUTENE LIEHTpabHOV
yactu Poccum. OueHMBanu MrHoBeHHYI0 06bEMHYI0 CKOPOCTb
Ha yyactkax 25, 50, 75% oT $opcMpOoBaHHOM KW3HEHHOM
éMKocTu nérkux (n/c). lNokasatenu 3HeprorasoobMeHa
(3Heprosatpartbl (KKan/MuH; KKan/meHb) U UX MpOLEHTHoe
OTHOLUEHWE K [JOMKHOMY YPOBHIO) OMPELensiv C NOMOLLbH
MeTabonorpaga «Cnuponan-M» (JlaHameamka, Poccus).

Y ucnbiTyeMbix NpoBoaunu 3abop BEHO3HOW KPoOBU Ha-
TOLLAK BaKyyMHon cuctemoii B nabopatopum 000 «lOHu-
nab-XabapoBcKk» AJ1A aHanM3a CrefylLwmMx noKasatenei:
rMMKo3unupoBaHHoro remornobuHa (HbA,) MeTopoM Typbu-
AMMETPUYECKOro MMMYHOMHIMBMPOBaHUS, cepTUdULMPOBaH-
Horo no NGSP (AU 680, Beckman Coulter, CLUA); uHcynuHa
MMMYHOXEMUTIOMUHECLLEHTHBIM METOIOM C UCTO/Ib30BaHNEM
napaMarHuTHbIx Yyactuy, (DxI800, Beckman Coulter); rnioko-
3bl C UCMONb30BaHWEM reKcokuHasHoro Metoaa (AU 680,
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Beckman Coulter, CLUA); xonecteputa (0XC, MMonb/n), TI
(MMonb/n), xonectepuHa NMNONPOTENHOB BbICOKOW MNIOTHO-
ctv (JINBI, MMonb/n) 1 xonectepuHa NMNONPOTENHOB HU3-
Koit nnotHocTv (JIMHI, MMonb/n) KanopuMeTpUyeckuM dep-
MeHTaTuBHbIM MeToaoM (AU 680, Beckman Coulter, CLLA);
LervapoanuaHapocTepoHa-cynbdara (MKr/an) n Koptusona
(HMonb/n) MeTO,OM MMMyHOXpOMATOrpaUYecKoro aHanu3a
C MCNOJb30BaHMEM aBTOMATUYECKOT0 MMMYHOXEMUITOMUHEC-
LieHTHOro aHanusatopa (Mindray CL 6000i); C-peaKTuBHOro
benka (CPB, Mr/n) mMeTofoM MMMyHOTypbuauMeTpum (aHa-
nmuzatop AU 680, Beckman Coulter, CLUA); uccnenoBanue
25(0H) ButamuHa D (HMonb/N) B CLIBOPOTKE KPOBM BbINON-
HAJM Ha aBTOMAaTMYECKOM MMMYHOXMMMUYECKOM aHann3aro-
pe (CL2000i, Mindray, Kutait) ¢ ucnonb3oBaHueM MeTtoaa
MMMYHOXEMUITIOMUHECLLEHTHOTO aHanu3a, onpefeneHue uH-
pekca oMera-3 (%) npoBoaM/M Ha OCHOBE ra3oBOM XpoMa-
Torpadum ¢ Macc-CeneKTMBHbIM fieTeKTupoBaHueM (Agilent
Technologies 6850/5973N).

Ha ocHoBe nonyyeHHbIX AaHHBIX PaccYWTbIBaNM WH-
AeKc uHcynuHopesucteHTHocTM HOMA-IR: [MHcynuH (MkMe/
Mn)xrnoKo3a (MMonb/n)l/22,5 [18], a Takke KoapduumeHT
ateporenHoctu: (OXC-JINBMN)/NNBMN [19].

Iucnunuaemmnio aHanu3upyeMblx XapakTepucTuK onpe-
LENsnn UCXOASA U3 KPUTEPUEB KIIMHUYECKUX PEKOMEHAALINIA
Poccuiickon ®epepaunm 2023 r. [20] M Ha ocHoBe AOKNa-
Aa akcneptoB NCEP [21]. Mpu BbisiBNeHUM y 06cneayeMbix
KOHLIEHTPaLMM TNKo3bl HaTowak 6Gonee 5,5 mMmonb/n
OnpeAeNsmM HapyLLeHue yrieBoAHoro obMeHa. BoisBnenue
MHCYNMHOPE3NCTEHTHOCTU MPOBOAUIIMA C MOMOLLbK MeTofa
OLEHKM roMeocTaTuyeckoit Mogenu (HOMA-IR) ¢ TouKoik
oTceyeHus bonbwe 2,50 ycn. ea. [22]. MNpu 3Hauenum TT,
npesbiwatowiero 1,7 MMonb/n, ycTaHaBAMBaNM rUnepTpu-
ravuepugemmio. lpu yposHe xonectepuHa JINBI MeHee
1,03 MMonb/n ¢uKcpoBanu Hanuume runoanbdaxone-
ctepuHemuu. Mpu BennumHax CALL 130 MM pT. cT. u bonee
u/van JAL 85 MM pT. cT.  Gonee onpesensnu apTepu-
anbHyw runepTeHsuio. [Ing BbIABNEHUS HELOCTAaTOYHOrO
U neduuuTHOro ypoBHel KoHueHTpauuu 25(0H) BuTaMmHa
D ucnonb3oBanu NoporoBble 3HayeHUs B COOTBETCTBUM
C KPUTEPMAMM KJIMHUYECKUX PeKOMeHpauuii Poccuiickoii
accoumaumm aHA0KpuHonoros [23].

"pOﬂ,OH)KMTeHbHOCTb uccnenosaHua

Wccneposanne nposefieHO B OCEHHE-3UMHUA Mepuof,
2023 .

JTUYecKas aKcnepTusa

WccnepoBaHue BbIMOSHEHO B COOTBETCTBMM C MPUHLM-
namu XenbCUHKCKOM Aeknapaumm (2013 r.). MpoTokon uc-
cnefoBaHNs 0A0BpeH NOKanbHbIM 3TUYECKUM KOMUTETOM
HayuyHo-uccnepoBatenbckoro LeHTpa «Apktuka» [lanbHeBo-
CTOYHOrO 0TAEeNEeHNs POCCUCKOI aKafeMuUm HayK (3aKJToueHme
N2 002/021 ot 26.11.2021 r.). ¥ Bcex 0bcnenyembix Nosly4eHo
NUCbMEHHOE MH(OPMUPOBAHHOE cornacue AN BKIOYEHUS
B MCC/ef,0BaHMe.
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CTaTUCTUYECKUM aHaNu3

Pa3Mep BbIGOpKYM NpeABapUTENIBHO HE PacCUUTHLIBASIA.

PesynbTaThl MoABEprHyTHl CTAaTUCTUYECKON 00paboTke
C NPMMeHEHWEM NaKeTa NPUKNaaHbIX nporpamm Statistica 7.0.
lpoBepKy Ha HOPManbHOCTb pacnpefeneHUs U3MepeHHbIX
nepeMeHHBbIX OCYLLECTBASNIN Ha ocHoBe TecTa Lanupo-Yun-
Ka. Pe3ynbTaTbl HenmapaMeTpuyeckux MeTOAOB 06paboTku
npeAcTaBneHbl B BUAE MeamnaHbl (Me) U MHTepKBapTUNIBLHOIO
pa3Maxa B BUAe 25-ro U 75-ro NpoLeHTUNER, @ NapaMeTpu-
YECKMX — KaK CpefiHee 3HayeHue W ero owwbka (M+m).
B criyyae cpaBHeHMs CBS3aHHbIX BbIOOPOK CTAaTUCTUHECKYIO
3HauYMMOCTb Pa3fINyMiA ONpeSensnm ¢ NOMOLLbI {-KpuUTepus
CTblofeHTa AN 3aBMCMMBIX BbIOOPOK C HOPMasbHBIM pac-
npesfeneHneM 1 HenapameTpUUECKOr0 KpUTepUsS YUNKOHCOHa
ANs BbIDOPOK C pacnpefeneHneM, OTMYaKLWMMCS OT Hop-
ManbHoro. [lpy cpaBHEHMM HecBA3aHHbLIX BbIOOPOK CTaTU-
CTMYECKYI0 3HAYMMOCTb PasfMunii onpesensam ¢ NOMOLLbIO
t-kputepua CTblofieHTa Ans He3aBUCUMbIX BbIOOPOK C na-
paMeTpUYeCKUM pacnpefesieHneM U HemapaMeTpuyecKoro
Kputepus MaHHa—YuTHu ons BbIDOPOK C pacripefeneHueM,
OT/MYAIOLLMMCS OT HOpPMaJbHOTO.

PE3Y/IbTATbI

B 7abn. 1 npepcraBneHbl pe3ynbTatbl CPABHUTENBHOMO
aHasnu3a o BCEM CUCTEMaM MeXy OMbITHON 1 KOHTPOJIbHOM
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rpynnamm, nofayyeHHble Ha MOMEHT Havana MCcCNneaoBaHusA
(1-# atan). MNpeacTaBneHHble faHHbIE NO3BOMAKT cAenaTb
BbIBOA, O COMOCTaBMMOCTM BbIOOPOK, TaK Kak bonee yeM
no 90% noka3saTeneii pasnuumin He BbisBNIEHO. CTOUT OTMe-
TUTb, YTO, HECMOTPS Ha CNy4alHyl0 paHA0MU3aLMI0 aHANN3M-
pyemoii BbIOOPKM Ha rpynrbl, N0 HEKOTOPLIM XapaKTepucTu-
KaM JMnuHOro npoduns 1 NoKasaTensiM MUKpOLMPKY ALK
OTMeYeHbl 3HAUUMbIe pasfuymS.

B tabn. 2 npencTaBneHbl pe3ynbTathl 2-ro 3tana uc-
CNefloBaHusA, a TaKKe CPaBHUTENbHbINA aHanM3 NoSTyYeHHbIX
JaHHbIX C aHanornyHbiMu go npuéma bA[ ¢ MHXK, koto-
pble MO3BOMMIN BbISIBUTb MOJIOXUTENBHOE BIUSIHWE AAHHOI
[00aBKU Ha pasnnyHble QYHKUMOHANBHbIE CUCTEMBI Yero-
BEYECKOro opraHu3aMa. Tak, B OMbITHOI rpynne nocne Npueé-
Ma oMera-3 [THK oTMeyeHo 3HauMMoe CHUMEHWe UHOEK-
ca MUOKapAa, YTO CBUAETENLCTBYET 06 YMEHbLUEHUU pUCKA
Pa3BUTMA HaYasbHbIX WU MOTPAHNYHBIX NPU3HAKOB AMCPYHK-
LMA B MUOKapAe, CHUXEHUW AAMHBI Kanunmspa MakpoLup-
KynsiumoHHoro pycna, yposHs HbA,, a Takeke CPB, KoTopblif
ABNAETCA MapKepOM BOCMaNEeHWs, CHUMEHUN KONMYecTBa
JIMNONPOTEUHOB 0YEHb HU3KOM MIIOTHOCTH, @ TaKIKe YMEHb-
LUEHWE YPOBHSA KOPTWU30J1a, UYTO MOXET CBMAETENbCTBO-
BaTb 00 YMeHbLUEHWUM CTPECCOBOW HArpy3KW Ha OpraHu3M.
[lns KOHTPONbLHOIW rpynnbl 0TMEYEHbI AM3aAanTaLMOHHble
NepecTpoiKy, KOTOpbIe NPOSBAISIOTCA B 3HAYMMOM BO3pac-
TaHUM MHAEKCa MUOKapAa, AMaMeTpa BEHO3HOro 0TAena

Tabnuua 1. P93y1'leaTbI 1-ro atana JKCNepuUMeHTa u CpaBHVITeJ'IbeIVI aHan3 Nosy4YeHHbIX AAHHbBIX MeXAY aHalM3npyeMbiMiU rpynnamMu
(no Hayana anéMa BMoNorM4eCKU-aKTUBHBIX [06aBOK C NONMHEHACHILLEHHBIMM HUPHbIMK KNCNoTaMu oMera-3)

Table 1. Results from the first phase of the experiment, along with a comparative analysis of data collected between the groups under study
(prior to the administration of dietary supplements containing omega-3 PUFA)

AHanusupyeMblii noKasaresb
Analyzed indicator

OnbiTHas YpoBeHb 3Haum-
rpynna KontponbHas (MocTu pasnmuuii
An experimen- rpynna Level of sig-
tal group Control group | nificance of the
differences

ComatoMeTpuyeckue nokasarenu | Somatometric parameters

Bospacr, net | Age (years)

IlnuHa Tena, cM | Body length (cm)

Macca Tena, kr | Body weight (kg)

Wunexc Maccul Tena, kr/mM? | Body mass index (kg/m?)

O6Lee copepaHue xupa B oprahuame, % | Total body fat content (%)

MNoka3satenu kapauoreMoguHamukm | Cardichemodynamic parameters

CvcTonmnyecKoe apTepuanbHoe AaBieHNe, MM pT. CT.
Systolic blood pressure (mm Hg)

[lnactonnyeckoe aptepuasnbHoe [aBeHne, MM pT. CT.
Diastolic blood pressure (mm Hg)

YacTtoTa cepfieyHbIX COKpaLleHuid, ya/MuH | Heart rate (beats/min)
YpapHbli 06bEM, M | Impact volume (ml)

MuHYTHBIN 06BEM KpoBOOBpALLEHUS, MIT/MUH
Minute volume of blood circulation (ml/min)

O6iLiee Nepudepnyeckoe conpoTUBIEHNE COCY0B, AMHZXCXCM ™
Total peripheral vascular resistance (din?xsxcm)
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41,1+0,9 38,1x1,5 0,098
180,6+1,2 181,0+1,4 0,835
88,2+2,3 86,9+3,9 0,781
27,140,8 26,4+1,0 0,558
19,711 17,511 0,083
124,9+1,4 122,4+2,0 0,157
79,315 79,1£2,0 0,468
69,8+2,2 69,3+2,7 0,445
51,6x1,4 52,6+2,3 0,356
3591,9+146,2  3582,3+103,8 0,480
2297,0£98,1  21958+69,4 0,202
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YpoBeHb 3Haumn-

OnbiTHas K .
AxanusupyeMblii nokasaresnb rpynna 01;';71':;"3" M(:_‘;T:er 2?";:;3'"
Analyzed indicator An tz)fpgi:)'?pen' Control group nifit_:ance of the
differences
WHpekc Muokapaa, % | Myocardial index (%) 14,4+0,8 14,3+0,5 0,458
Crpecc-uHpexc, ycn. ef. | Stress index (conl. units) 129,0 108,2 0,783
(82,2;196,5)  (82,2; 192,9)
MakpoumpkynstopHoe pycno | Macrocirculatory system
[lnametp apTepuanbHoro otaena, MkM | Diameter of the arterial region (microns) 10,7+1,25 11,6+1,95 0,50
[lnameTp BeHo3Horo oTzena, MkM | Diameter of the venous section (microns) 22+1,93 17,1£1,29 0,021
[lnameTp nepexogHoro otaena, MKM | Diameter of the transitional section (microns) 31,9434 34,9+10,1 0,390
InvHa kanunnspa, MkM | Capillary length (microns) 624,9+78,8 519,5+87,1 0,187
Cnapxw, ep./c | Sludge (units/s) 4,6+1,91 6,9+1,61 0,374
BHewHee AbixaHue u aHeproobMeH | External respiration and energy exchange
MrHoBeHHas 06bEMHasn ckopocTb 25% (%) | Instantaneous volumetric velocity 25% (%) 91,0+3,58 95,0+£9,03 0,342
MrHoBeHHas 06bEMHasn ckopocTb 50% (%) | Instantaneous volumetric velocity 50% (%) 79,0+4,95 82,0+8,34 0,379
MrHoBeHHas 06bEMHas ckopocTb 75% (%) | Instantaneous volumetric velocity 75% (%) 68,0+4,79 79,0+9,02 0,145
Kkan/peHb, en. | Kcal/day (units.) 2115,0£99,5  1980,0+148,7 0,455
Kkan, % | Calories (%) 111,0+4,9 105,0+5,88 0,219
Buoxummnueckuin npoduns | Biochemical profile
nMuko3unupoBaHHbIiA remornobuH, % | Glycosylated hemoglobin (%) 5,50,1 5,4+0,1 0,242
nioko3a, mmonb/n | Glucose (mmol/l) 5,20,1 5,3#0,1 0,242
WHcynuH, MMe/mn | Insulin (mcme/ml) 9,8+0,7 8,8+1,2 0,238
WHcynuHopesucTeHTHOCTb, Yei. ea. | Insulin resistance (conl. units) 2,110,2 2,0+0,2 0,363
XonectepuH, MMonb/n | Cholesterol (mmol/l) 5,44+0,11 4,98+0,18 0,031
JlunonpoTenHbl Bbicokoi nnoTHocTH, MMonb/N | High-density lipoproteins (mmol/l) 1,34+0,06 1,36+0,07 0,415
JlunonpoTenHbl HU3KOM NNoTHocTH, MMonb/n | Low-density lipoproteins (mmol/l) 3,56+0,17 3,1110,17 0,058
JunonpoTenHbl 04eHb HU3KOW MNOTHOCTW, MMOSL/N 0,63+0,05 0,58+0,03 0,081
Very low density lipoproteins (mmol/l)
Tpurnuuepnabl, MMonb/n | Triglycerides (mmol/l) 1,05+0,15 0,92+0,05 0,214
Koadduument ateporeHHocy, ycn. eg. | Coefficient of atherogenicity (conl. units) 3,20+0,18 2,78+0,21 0,073
Koptuson, uMonb/n | Cortisol (nmol/l) 424,1+32,7 4L67,0£17,2 0,126
JeruppoanuanapoctepoH, Mkr/an | Dehydroepiandrosterone (mcg/dl) 389,7£32,6 414,357 .4 0,356
KoHueHTpauus 25(0H) Butamuna D, HMonb/n 70,6444 71,1459 0,473
Concentration of 25(0H) vitamin D (nmol/l)
C-peakTuBHbIii 6enok, Mr/n | C-reactive protein (mg/l) 2,8+0,9 2,2+0,2 0,260
Omera-3 uHaekc, % | Omega-3 index (%) 8,9+0,4 9,1+0,5 0,378

[pumeyaHue. TonyXWUPHBIM HAYepTaHNEM BbIAENeHbl CTAaTUCTUYECKW 3HAYMMbIE Pasninuns. PesynbTaTbl HenapaMeTpUyeckux MeToaoB 0bpabotku npep-
CTaBneHbl B BUAE MeauaHbl (Me) U MHTepKBapTUNbHOTO pasMaxa B BUAE 25-T0 U 75-T0 NPOLIEHTUNEN, NapaMeTpUIecKUX — CPESHUM 3HAYeHUEM U ero
oLwmbKom (M+m). Mpyn cpaBHEHUM HeCBA3aHHBIX BbIBOPOK CTATUCTUYECKAA 3HAUMMOCTb Pasnymii onpeaensnach ¢ NoMoLbio -Kkputepus CTblofeHTa ans
He3aBMCUMBbIX BbIDOPOK C MapaMeTpUUecKUM pacnpefeneHueM 1 HenapaMeTpUYecKoro Kputepus MaHHa—-YuTHU ons BLIBOPOK € pacnpefeneHueM, oTiu-

YaloLnMmca oT HopMabHoro.

Note. Statistically significant differences are highlighted in bold. The results of nonparametric methods are presented in the form of the median (Me)
and interquartile range in the form of the 25™ and 75" percentiles, parametric — the mean and its error (M+m). When comparing unrelated samples,
the statistical significance of the differences was determined using the Student's t-test for independent samples with a parametric distribution and the

nonparametric Mann—-Whitney test for samples with a distribution other than normal.
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Tabnuua 2. Pesynbtatbl 2-ro 3tana uccnefoBaHus (nocne NpuéMa OnbITHOM rpynnoi 6UoNOruiecKM-aKTUBHBIX 406aBOK C NONMHEHACkI-
LLEHHBIMM JXUPHBIMK KUCNOTaMu oMera-3 B fio3e 1200 Mr/cyT), conocTaBieHne nosydeHHbIX pesynbTaTos ¢ 1-M aTanoMm

Table 2 Presents the results of the second stage of the study, which were obtained after the experimental group had taken dietary
supplements containing omega-3 PUFA at a daily dose of 1200 (mg), and compares these results with those from the first stag

OnbiTHas rpynna KoHTponbHas rpynna
AHanu3MpyeMbiii nokasatenb An experimental group - Control group -
Analyzed indicator 1-# 3tan 2-if 3tan 1-if 31an 2-if 31an
1%t stage 2" stage 1%t stage 2" stage

CoMatoMeTpuueckue nokasarenu | Somatometric parameters
Wupexc Maccel Tena, kr/M? | Body mass index (kg/m?) 27,40,8 27,0+0,8 0,721 25,6+0,8 25,9+1,1 0,824

06Luee copepaHue kupa B opraHusme, % 19,711 19,9+1,1 0,900 17,511 18,6+1,2 0,503
Total body fat content (%)

MNoka3satenu kapauoreMoguHamukm | Cardichemodynamic parameters

CucTonuyecKoe apTepuanbHoe [1aBJieHue, MM pT. CT. 124,9+1,4 123,5+1,6 0,154 122,4+2,0 124,1+2,8 0,311
Systolic blood pressure (mm Hg)

[lnactonuyeckoe aptepuanbHoe faBneHue, MM pT. CT. 79,3+1,5 78,111 0,268 79,1+2,0 79,7+2,6 0,425
Diastolic blood pressure (mm Hg)

YacToTa cepieyHbIX COKpaLLeHu, YA/ MUH 69,8+2,2 69,1£2,1 0,412 69,3+£2,7 72,3+3,2 0,189
Heart rate (beats/min)

YnapHbit 06bEM, MA1 | Impact volume (ml) 51,6+1,4 51,6+1,1 0,456 52,6+2,3 52,5¢2,5 1,000
MWHYTHBIA 06BEM KpPOBOOOPALLEHUSA, MIT/MUH 3591,9+£146,2 3566,5+¢133,0 0,448 3582,3+103,8 3752,8:188,8 0,224
Minute volume of blood circulation (ml/min)

06Lee nepudepuyeckoe coNpoTUBIIEHNE COCY/O0B, 2297,0£98,1 2285,4+110,0 0,463  2195,8+69,4 2184,9+127,8 0,468

OnH2xexeM™®
Total peripheral vascular resistance (din?xsxcm™)

MHaeke MuoKapaa, % | Myocardial index (%) 14,4+0,8 11,9£1,1 0,041 14,3+0,5 17,4+0,9 0,001
Crpecc-uHpekc, ycn. e, | Stress index (conl. units) 129,0 1451 0.677 108,2 148,9 0,345
(82,2;196,5) (92,1, 233,2) (82,2;192,9) (111,0; 216,2)
MakpouupkynsTopHoe pycno | Macrocirculatory system
[lnametp aptepuanbHoro oTaena, MKM 10,7+1,25 9,9+1,0 0,523 11,6£1,95 13,7+3,0 0,560
Diameter of the arterial region (microns)
[lnameTp BeHO3HOro 0TAENA, MKM 22,0+1,9 25,421 0,248 17,1£1,29 22,127 0,042
Diameter of the venous section (microns)
[lnameTp nepexofHoro oTAena, MKM 31,9+3,4 34,1+4,3 0,685 34,9+10,1 54,0+8,69 0,164
Diameter of the transitional section (microns)
InvHa kanunnspa, MkM | Capillary length (microns) 624,9+78,8 48132,7 0,031 519,5#¢87,1  613,0£122,3 0,533
Cnapxu, ep./c | Sludge (units/s) 4,6+1,9 5,1£1,37 0,832 6,9£1,61 16,7+5,9 0,032
BHewHee AbixaHue u sHeproobMeH | External respiration and energy exchange
MrHoBeHHas 06bEMHas cropocTb 25% (%) 91,0+3,58 93,0+4,0 0,712 95,0+9,03 94,0+8,81 0,941
Instantaneous volumetric velocity 25% (%)
MrHoBeHHas 06bEMHas ckopocTb 50% (%) 79,0+4,95 82,045,2 0,679 82,0+8,34 83,0+8,74 0,939
Instantaneous volumetric velocity 50% (%)
MrHoBeHHas 06bEMHas cKopocTb 75% (%) 68,0+4,79 65,0+5,36 0,683 79,0£9,02 77,0+9,78 0,806
Instantaneous volumetric velocity 75% (%)
Kkan/gpeHb, en. | Keal/day (units.) 2115,0£99,5 1985,0+86,3 0,332 1980,0+148,7 2103,0£162,4 0,583
Kkan, % | Calories (%) 111,04,9 106,04,9 0,475  105,0+5,88 112,0+7,5 0,473

Buoxumuueckuii npodunsb | Biochemical profile

[ MMKO3MAMPOBaHHLIN reMornobuH, % 5,90,1 5,2+0,1 0,047 5,40,1 5,4+0,1 0,442
Glycosylated hemoglobin (%)
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AHanusupyeMblii noKasaresb

OnbiTHas rpynna
An experimental group

KonTponbHas rpynna
Control group

; . p* p*
Analyzed indicator 1-i4 3tan 2-i1 3Tan 1-i 3tan 2-i4 3Tan
1% stage 2" stage 1% stage 2" stage
I'nioko3a, Mmonb/n | Glucose (mmol/l) 5,2+0,1 5,10,1 0,264 5,3+0,1 5,240,1 0,213
WHcynuH, MMe/mn | Insulin (mcme/ml) 9,8+0,7 10,10,9 0,202 8,8+1,2 11,411 0,029
MHCYNMHOPE3NCTEHTHOCTD, YCII. ef,. 2,10,2 2,1+0,2 0,428 2,0+0,2 2,6+0,3 0,047
Insulin resistance (conl. units)
XonectepuH, Mmonb/n | Cholesterol (mmol/l) 5,4420,11 5,2120,16 0,437 4,98+0,18 4,82+0,23 0,169
JIMnonpoTenHbl BLICOKOM NAOTHOCTM, MMOJIb/N 1,34+0,06 1,29+0,04 0,084 1,36+0,07 1,27+0,09 0,193
High-density lipoproteins (mmol/l)
JIMnonpoTenHbl HU3KOW MAOTHOCTW, MMOSb/N 3,56+0,17 3,46+0,14 0,313 3,1110,17 3,32+0,22 0,275
Low-density lipoproteins (mmol/l)
JMnonpoTenHbl 04eHb HU3KOM MAOTHOCTW, MMOIb/N 0,63+0,05 0,50+0,03 0,042 0,58+0,03 0,49+0,04 0,208
Very low density lipoproteins (mmol/l)
Tpurmvuepuabl, Mmonb/n | Triglycerides (mmol/l) 1,05+0,15 1,13£0,13 0,287 0,92+0,05 1,11+0,14 0,172
KoadduumeHT ateporeHHocTy, ycn. e, 3,20+0,18 3,12+0,19 0,261 2,78+0,21 3,02+0,18 0,247
Coefficient of atherogenicity (conl. units)
Koptuson, Hmonb/n | Cortisol (nmol/1) 4241327  365,2+20,6 0,038  467,0£17,2  420,7+20,5 0,106
[lernapoanuanapocTepoH, MKr/An 389,7£32,6 353,4+24,1 0,187  414,357,4 381,1£20,5 0,321
Dehydroepiandrosterone (mcg/dl)
KoHueHTpaums 25(0H) ButamuHa D, HMonb/n 70,614,4 64,3+2,7 0,879 71,15,9 72,1£3,2 0,383
Concentration of 25(0H) vitamin D (nmol/l)
C-peakTtuBHbIii 6enok, mr/n | C-reactive protein (mg/l) 2,8+0,9 0,82+0,11 0,002 2,2+0,2 3,4+0,4 0,004
Omera-3 nHaekc, % | Omega-3 index (%) 8,9+0,4 Het — 9,1+0,5 Het —
JaHHbIX JiaHHbIX

lMpumeyaHue. * YpoBeHb 3HAYMMOCTM PasNnyniA. [oNyKMUPHBIM HaYepTaHUeM BbiAeNeHbl CTaTUCTUYECKM 3HaUMMbIe pasnuums. PesynbTatbl HenapameTpu-
YecKux MeTof0B 06paboTku NpeacTaBneHbl B Bue MeauaHsl (Me) M MHTEPKBapTUILHOTO pa3Maxa B BUAE 25-r0 U 79-ro NpOLEHTUAEN, NapaMeTPUYECKUX —
CPeAHUM 3HaYeHUEM M ero oLwnbKoi (M+m). B cnyyae cpaBHEHUS CBA3aHHbIX BbIDOPOK CTaTUCTUYECKAs 3HAYMMOCTb Pa3nnymii onpeaensiach ¢ NOMOLLbIO
t-kputepusa CTblofieHTa Ans 3aBUCUMbIX BbIOOPOK C HOPMaribHBIM pacnpefeneHneM U HenapaMeTPUYEcKOro Kputepus YUNKoHCOHa Ans BbIbopoK ¢ pac-

npeaeneHueM, OTIM4arLLnUMCA 0T HOpMallbHOrO.

Note. * The level of significance of the differences. Statistically significant differences are highlighted in bold. The results of nonparametric methods are
presented in the form of the median (Me) and interquartile range in the form of the 25" and 75" percentiles, parametric — the mean and its error (M+m).
In the case of comparing related samples, the statistical significance of the differences was determined using the Student's t-test for dependent samples
with a normal distribution and the nonparametric Wilconson test for samples with a distribution other than normal.

MaKpOLMPKYNSTOPHOTO pycna, MHCYIMHA U, KaK CreacTeue,
unpekca HOMA-IR, a Takxxe CPB.

loMMMO permcTpaLmm OCHOBHbIX MOKasaTenen, npoaHa-
NU3UPOBaNM NPOLEHTHOE COOTHOLUEHME 3HAYeHMI, BbIXO-
AALWMX 33 pedepeHcHble npeaenbl, Ans bonee AetanbHOro
PacCMOTPEHUS U3MEHEHUIA, MPOUCXOAALLMX B UCCHeAYeMbIX
rpynnax (tabn. 3).

OBCYXOEHWUE

MepBbIit 3Tan UcCnef0BaHWSA NMO3BOAMN KOHCTATUPOBATb,
yTO BCe 06CNeayeMble MYXUWHBI XapaKTEPU3YIOTCA HaNMyK-
€M M30bITOYHOM Macchl Tena: B OMbITHOW rpynne Aons fuy
C M3DbITOYHOM Maccoi Tena M 0XUPeHUeM cocTaBuna 65%,
B KOHTponibHoW — 50%. lpu m3ydeHun aHTponoMeTpude-
CKUX XapaKTepUCTUK Ha 2-M 3Tarne Uccie0BaHUs BbISB/IEHA
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TEHAEHUMA K CHWXEHWIO NPOLEHTa MIofeN C OXUPEHWEM
B KOHTpONbHO rpynne (c 27 no 20%) u Bo3pacTaHue Konnye-
CTBa /oM C AaHHBIM OTKNIOHEHWEM B rpynne Habnioaexus
(c 7 no 13%). BnusHue omera-3 MHXKK Ha Maccy u cocTas
Tena npeacTaBaseT 0cobblii MHTEpeC, Tak KaK MOKa3aHo,
YTO aHaNOrMyHble Mo cocTaBy A00aBKM CMocoOCTBYIOT fe-
YEHWIO U NPOGUNAKTMKE PasfMYHbIX KOMMNOHEHTOB MeTabo-
JIMYECKOr0 CMHAPOMA, OMOCPefoBaHHbIX 0XUPeHueM. [laH-
Hble, NONy4eHHbIE OTHOCUTENIbHO MONOKMUTENBHOMO BAUAHUA
oMera-3 Ha Maccy Tena, X0Tb M NPOTUBOPEYMBEI, HO HAXOAAT
NoATBEPIKAEHME B HEKOTOPbIX paboTax [24].
MpeacTaBneHHble B Tabn. 2 NoKasaTenu, XxapaKTepusylo-
LiMe [eATeNbHOCTb CepAeYHO-COCYAMCTON CUCTEMBI, CBUAE-
TeNbCTBYKT O TOM, YTO CPELHWE BENMHYMHbI apTepUanbHOro
AaBNEHUS M reMOAMHAMUKM Ha 2-M 3Tamne UcciefoBaHuil
He MMenM 3HauMMbIX OTAMYMA B ABYX rpynnax. Mpu 3tom




OPUIMHATBHBIE MCCITEIOBAHMA T.31,Ne 6, 2024 JKONOrVIA HenoBeKa
Ta6nuua 3. CteneHb OTKIIOHEHWIA aHAM3MPYeMbIX NOKa3aTesen 0T HOpMaTUBHbIX BENUUUH, %

Table 3. Extent of deviations of the analyzed indicators from standard values (%)

OnbiTHas rpynna
An experimental group

KonTponbHas rpynna
Control group

AHanusupyeMble cucTeMbl U NoKasaTenu 10 nocne 10 nocne
Analyzed systems and indicators 3KCMEpUMEHTa | 3KCMepPUMEHTa | 3KCMepUMeHTa | JKChepuMeHTa
before after before after
the experiment | the experiment | the experiment | the experiment

1. NMokasarenu ¢usnyeckoro passutus 65 61 50 53
Indicators of physical development
2. CepaeyHo-cocyaucTas cucteMa 37 274 35 477
The cardiovascular system
3. OyHKUMSA BHELUHEro AblXaHus 32 28 28 36
The function of external respiration
4. MNokasarenu obMeHa BelLecTs 34 34 36 29
Metabolic indicators
5. MukpoumpKynsaums 52 62 66 157 ™11
Microcirculation
6. YpoBeHb HanpsKeHUs DYHKLUMOHANBHBIX CUCTEM 48 4b 43 50T
Voltage level of functional systems
7. YpoBeHb cTpecca (KopTi3on B KpoBw) 86 56 ¢ 94 93
Stress level (cortisol in the blood)
8. CHWxKeHMe penpooyKTMBHOIO NoTeHuMana 30 134 22 337
(KoHueHTpauwms [Ar3A-C)
Decreased reproductive potential (DHEA-C concentration)
9. YrneBoaHblit 06MeH 30 221 22 307
Carbohydrate metabolism
10. JunuaHbiii 06MeH | Lipid metabolism 62 439 57 53
11. Butammun D 66 Al 58 60
Vitamin D
12. Hannume Bocnaneus (C-peakTuBHbIN 6enok) 38 04l 29 35

The presence of inflammation (C-reactive protein)

IMpumeyanue. 1 — pona nuu (%) ¢ MHAEKCOM Macchl Tena 6onee 25 Kr/M%; 2 — nons nu (%) ¢ BLICOKAM HOPMarbHLIM apTepualibHbIM JaBNeHNM 1 apTepu-
arbHOI rUNepTeH3ueil B CyMMe Mo CUCTONIMYECKOMY apTepuaiibHOMY LaBeHUo U AMacToNMIeCcKoMy apTepuarnbHoMy AaBieHuio (MM p. CT.); 3 — cpefiHee
3Ha4eHWe NPOXOAMMOCTU MeNKUX OPOHXOB HIKE JOMKHON BennuuHbl (%); 4 — 3HeproTpathl B COCTOSIHUM NOKOS B CYTKM (KKan/AeHb) HUXKE [OMKHBIX
BE/MYMH; 5 — CTeneHb OTKIIOHEHWs NoKa3aTenell MUKPOLIMPKYNATOPHOTO pyciia (MepexofiHoro oT/ena) OTHOCUTENbHO AOMKHbIX BennuuH (%); 6 — fons
nuu (%) ¢ noKasaTeneM cTpecc-MHAEKca BapuabenbHocTv ceppieyHoro putMa bonbiue 150 yen. en.; 7 — pons nuu (%) ¢ nokasaTeneM KopTu3ona B KpoBy
Gonee Gonblue 320 HMonb/n; 8 — nons nuw (%) ¢ AF3A B kposu Meree 200 Mkr/g; 9 — mons i (%) ¢ HOMA-IR 6onee 2,53 ycn. eg.; 10 — pons nuy, (%)
¢ ko3 duumeHToM ateporeHHocTH bonee 3 yen. en.; 11 — pons nuu (%) ¢ KoHUeHTpaumei BuTaMuHa D Huke 75 HMonb/n; 12 — pons nuu (%) ¢ nokasatenem
C-peaxTuBHorO besika Gonee 3 Mr/n; L — CHXKEHMe NpOLEHTa OTKJIOHeHMIA; T — Bo3pacTaHue NPOLEHTa OTKJIOHEHMIA.

Note. 1 — the proportion of people (%) with a body mass index of more than 25 kg/m2; 2 — the proportion of people (%) with high normal blood pressure
and hypertension in total systolic blood pressure and diastolic blood pressure (mmHg); 3 — the average patency of small bronchi below the required value
(%); 4 — resting energy consumption per day (kcal/day) is below the required values; 5 — the degree of deviation of the microcirculation (transitional
department) relative to the required values (%); 6 — the proportion of persons (%) with a stress index of heart rate variability greater than 150 units;
7 — the proportion of persons (%) with a blood cortisol index greater than 320 nmol/; 8 — the proportion of persons (%) with DHEA in the blood less than
200 mcg/d; 9 — the proportion persons (%) with HOMA-IR of more than 2.53 con. units; 10 — the proportion of persons (%) with an atherogenicity coefficient
of more than 3 con. units; 11 — the proportion of persons (%) with a vitamin D concentration below 75 nmol/l; 12 — the proportion of persons (%) with
a C-reactive protein index more than 3 mg/l; | — decrease in the percentage of deviations; T — increase in the percentage of deviations.

BbIAIBNIEHA TEHAEHUMA K cHUxeHuo [IALl B onbiTHOW rpynne
¥ TenaeHums K yBenuuenmto CALL v YCC B rpynne cpaBHeHus.
Ha 1-M 3tane uccnepfoBaHus B ONbITHOW rpynne apTepuab-
Hasi TUNepTEeH3Ms 1 BbICOKOE HOPMasbHOe apTepuanbHoe AaB-
nenve no CAJl Boisinsinm B 20% cnyyaes, a no JAL — B 17%.
Mocne ynotpebnenunsa nobasku ¢ MHXKK paHHble BEAWMYMHDI
coctaBunm 17 u 10% cooTBeTCTBEHHO. B KOHTpOMLHOI rpyn-
ne, HaNpoOTMB, OTMETUIM BO3PAcTaHMe HanpsXeHUs B paboTe
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CepLeYHO-COCYAUCTON CUCTEMBI, YTO NPOSIBAANOCH YBEUYe-
HveM ponm i, ¢ CAl 6onee yeM 130 MM pT. cT. ¢ 14 go 27%,
TOrfa Kak Konmdectso niofen ¢ JAL Bobiwe 85 MM pT. cT.
MPaKTUYECKM He M3MeHunock: 1-i atan — 21%, 2- 3tan —
20%. B uenoM crouT OTMETUTb BO3pacTaHWe HanpsiKeHus
B paboTe cucTeMbl KpoBOOOpALLEHUS B KOHTPOJBLHON Bbl-
OopKe, roe CyMMapHbid KO3QOULMEHT HanpsKeHus BO3-
poc ¢ 35 fo 47%, Toraa Kak B OMbITHOM Fpynne oTMEeYeHb
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ONTUMW3ALMOHHBLIE NMEPECTPOMKM, O YEM CBMOETENbCTBYET
CHWKEHWe CyMMapHoro KoadduumeHTa HanpsxeHus B es-
TENIbHOCTW CepAeHHO-COCYAnCTOM cucTeMbl ¢ 37 1o 27% (cm.
Tabn. 3).

AHanu3 S| He BbISBWN 3HAYUMBIX OTAMYMA Y NpeacTa-
BUTENE ABYX rpynn Ha 2-M 3Tane ucciefoBaHuii No cpas-
HeHuio ¢ 1-M atanoM. lpu 3ToM cTouT yKasatb, YTo Ha 1-M
31ane gona oy ¢ Sl bonee 150 ycn. en. (oTpaxaet Bereta-
TUBHYI0 AM3PErynaumMio U HasMume CTPECCOBbIX NMPOSBNEHUN
B OpPraHv3Me) B OMbITHOM rpynne coctaBuna 48%, a B KOH-
TponbHo — 43%. Ha 2-M 3Tane B OMbITHOI rpynne 4acToTa
BCTPEYAEMOCTU UL, C BbICOKMMM BennumHamu Sl ocTanacb
6e3 nsMeHeHun (46%) Ha doHe Bo3pacTaHus AaHHOM Be-
nnumHbl fo 50% B rpynne Myx4uH, He npuHUMaBLKx BAJL
¢ omera-3 [THXKK.

B LienoM Halwm aaHHble, CBUAETENLCTBYHOLLME O NOOMM-
TensHoM BnsHuM BALL omera-3 MMHXKK, conoctaBumel ¢ pe-
3ynbTaTamMu ApYrvx uccneposatenei [25, 26], uto obycnos-
NEHO MIeNOTPONHLIM PU3NONOrNYECKUM 3QDEKTOM AaHHBIX
A00aBOK Ha (YHKUMOHANBHOE COCTOSHUE CEpAEYHO-COCYaN-
CTOW cMCTEMbI MO0 NMpAMBIM BO3JENCTBMEM, Yepe3 BKJIIO-
YeHue B MeMOpaHbl, MO0 Yepe3 KOCBEHHbIE MEXaHW3Mbl
3a CYET ONTMMMU3aLMKM JIMNUAHOTO Npoduns, apTepuanbHoro
nasnenus [27].

OueHKa MUKPOLMPKYNALMM NMO3BOUNA BbIABUTL 3HAUM-
Myl0 AMHaMUKY B paboTe MUKPOLMPKYNATOPHOrO pycna Kpo-
BEHOCHOW CUCTEMBI, KOTOpas B OCHOBHOM 6bina xapaKTepHa
ANS WL, NpUHUMaBLLMX oMera-3. [lng Hux Bbino ycTaHoBne-
HO CHWXKEHWe CpefHeil ANMHbI Kanunnsapa, YTo MOXKeT roBo-
PUTb O COKpALLEHUM BPEMEHW [LOCTaBKU KUCIIOPOAA U NuTa-
TENbHBIX BELLECTB U3 KPOBU B MEXKJIETOUHOE MPOCTPAHCTBO
(M panee, cOOTBETCTBEHHO, B KNETKM). Takxe cnepyet oT-
METUTb CHUXXEHUe pas3Mepa NepuBacKyNApHOW 30HbI € 142
00 117 MKM, KoTopas oTpaKaeT cTeneHb ruaparaumm uHTep-
CTULMANBHOMO MPOCTPAHCTBA M B HOPME COCTaBJISIET MeHee
100 MKM [28], 4TO MO3KET CBUAETENLCTBOBATL 00 YMeHbLLEe-
HWW pUCKa pa3BUTMA MepuBacKynspHoro otéka. Obpaiua-
€T Ha cebs BHUMaHWe 3HauMMoe BO3pacTaHWe KONM4ecTBa
CnajyKelt y nuL rpynnbl cpaBHeHWs. M3BecTHo, YTo camna-
HWe MeXay coboi 3puTpoOLMTOB, NeiKoLMToB, TPOMbOLUTOB
BbI3bIBAET JIOKASbHbBINA reMOCTa3, Pe3K0 NOBbILIAET BA3KOCTb
KpOBM 1 3aTPYAHSET € ABMKeHMe No MuKpococyaaMm. Kpome
TOro, He0bX0AMMO OTMETUTL B 3TOM rpynne 3HauMMoe yBe-
JMYeHWe AuaMeTpa BEHO3HOTO OTAENA, UTO MOXET KOCBEHHO
FOBOPUTb O PUCKE PasBUTUS MUKPOLMPKYNSTOPHOTO BEHO3-
Horo 3actos. Takxe OTMETUNW KpaTHbIA pocT obLuei cTene-
HW OTKJIOHEHWS MOKa3aTesell MUKPOLIMPKYNATOPHOrO pycna
Y N, U3 TPynnbl CPAaBHEHWA OTHOCUTENBHO pedepeHCHbIX
BeSIMuKH (c 66 fo 157%).

AHanus nokasatenen BHELLHEro AbIXaHWA Y UL, U3 OMbIT-
HOM rpynnbl BbISIBUN OTYETAMBYI0 TEHAEHLMIO K YBENUYEHMIO
MPOXOAMMOCTU KPYMHbIX U CpeHUX 6POHXOB M NPUBMKEHMIO
LaHHbIX NOKa3aTesiel K HOpMaTUBHBIM BeNTMYMHaM. HecMoTps
Ha TO 4TO BCE BbILLEYKa3aHHble M3MEHEHUA He Obinn 3Ha-
YWMBI, @ UMENIW NULLb TEH[LEHLMO3HBINA XapaKTep, BEPOATHO,
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4TO [LONITOCPO4HOE MPUMEHEHME OMera-3 MOXET OKa3blBaTb
BbIpaXKEHHOE B/IUAHME Ha PaboTy BPOHXONErOYHOM CUCTEMBI.
B LienioM MOXHO roBOpUTH 0 CHUKEHWUM CTEMEHU HANPSXKEHMS
CUCTEMBI BHELLHEr0 [ibIXaHus (M0 NoKasaTenio NpoXoauMocTy
Menkux bpoHxuon) ¢ 32 fo 28%, B To BpeMs KaK B KOHTPOJIb-
HoM rpynne Habmoaancs poct — ¢ 2 1o 36%.

MeTabonusm Lenoro opraHu3mMa Bo MHOTOM oOnpeje-
nseTcs npoueccaMu U CKOPOCTbIO 3TUX MPOLLeCCoB, ac-
couMmMpoBaHHbIX ¢ MeMbpaHamu [29]. CoiicTBa MeMbpaH
BO MHOTOM OMPefeNaTCA COCTaBOM XMpHbIX kucnot [30].
MembpaHbl, copepxawme MMHXKK, 6onee npoHuuaeMsl
ans noHos Na+, K+, H+, yto npuBoaut K 6onee buicTpoMy
0bmeHy Bewects [29]. B HaweM nccneaoBaHuM NpoCcnexu-
BAETCS YETKAA TEHAEHLMA YNyYLLIeHUs NOKa3aTesien CyTou-
HOro 3HepromMeTabonusMa y nuL, NPUMHUMABLLMX OMera-3,
“ NpubnnxeHue ero K HopMaTUBHOW BenuumHe — co 111
Ao 106%. 37oT daKT noaTBEpPKAAETCA 3HAUUMBIM YBENUYe-
HWEM COJepKaHWsA YrNeKUCNoro rasa B BblAbIXaeMOM BO3-
ayxe obcnefoBaHHbIX NUL, M3 ONBITHOW rpynnbl. B 1o ke
BPEMS Y NWL, M3 Fpynnbl CPaBHEHWUS [LaHHbIA MOKa3aTesb,
HaobopoT, oTHanseTcss OT [OJIKHOTO YPOBHSA, AOCTUras
112% Bo BpeMs 2-ro 3Tana 3KCMEPUMEHTA, 4TO, BO3MOJKHO,
CBA3AHO C B/IMSIHUEM BbIPaXEHHOTO X0N0A0BOr0 (hakTopa
[eKabps, Koraa npoBoaunoch 3aknuuTesbHoe obcnepo-
BaHue. BbisBNeHHbIE M3MEHEHWS MOTYT YKa3bIBaTb Ha MOJI0-
HuTesbHOe BAMsaHWe annHHouenodeuHblx MHMKK cemenctsa
oMera-3 Ha COCTOSiHMEe OCHOBHOrO 0BMeHa BellecTB, TaK
KaK un3BecTHo, 4to [THHK npusHaHbl BewecTBaMu BbICOKOM
(M3M0N0rMYecKom LIEHHOCTU ANg YenioBeKa 1 obecneumBa-
0T HopManbHoe QYHKUMOHUpPOBaHWE MeTabonnsma opra-
HU3Ma yenoseka [31].

BuoxumMuyeckuit aHanKU3 KPOBM MOKasan, yto B OMbITHOM
rpynne Ha 2-M 3Tane UccnefoBaHua HabntoaaeTcs 3HaYUMoe
n3MeHeHne HbA,, cpefHss BeAMUYMHA KOTOPOrO CHUXAeTCs
Ha 0,3% 6e3 BbISBNEHHOW OMHAaMUKU OTHOCUTESTBHO OCTasb-
HbIX NPOaHaNM3UPOBaHHbIX NoKasaTeniei. B rpynne cpaBHe-
HWA Ha (OHe OTCYTCTBMA 3HAUUMBIX OTSINYUIA OTHOCUTESTBHO
nokasarens HbA, 6bino 3aduKcpoBaHo BO3pacTaHWe KOH-
LieHTpauum 6a3anbHOro MHCYNMHA HaTOLLaK, CpeaHue BENn-
UWHBI KOTOPOrO BrJIOTHYH NpubmmxaloTca K pedepeHCHOMY
[ONyCTUMOMY Npeaeny ANs BbiSIBNIEHUS NPU3HAKOB rune-
PUHCYNIMHEMUM C OAHOBPEMeHHbIM Bo3pacTaHueM HOMA-IR,
BEJINYMHBI KOTOPOr0 CBUAETENLCTBYIOT O HaJMYMK B LaHHOW
rpynne Npu3HaKoB UHCYNMHOPe3NCTEHTHOCTU. [pu 3TOM cTo-
WUT OTMETUTB, YTO, ecnin Ha 1-M 3Tane uccnepoBaHuii y 30%
npencTaBuTeniei onbiTHOW rpynne u 'y 20% npepacTtaBuTenen
KOHTPOJIbHOM TpynMbl 6biM 0TMEYeHbl NPU3HAKK UHCYIMHO-
pesucteHTHocTM (HOMA-IR 6onblue 2,53 ycn. en), To Ha 2-M
3Tane 3KCNepuMeHTa OTMETUIIM CHUMKEHME BCTPEYAEMOCTM
AaHHbIX NPOABEHMI B OMbITHOW rpynne fo 22%, a B rpynne
CpaBHeHwsl, HanpoTuB, — Bo3pacTanue o 30%. B KoHTponb-
HOM rpynne 3auMKCMpOBany HanpsikeHue B paboTe yrnesog-
Horo 0bMeHa 3a CYET BO3pacTaHMs NPU3HAKOB rMMNepUHCYU-
HeMUM (NOBbILLEHME Ba3aIbHOr0 YPOBHSA MHCYNMHA HATOLLAK)
1 MHCYNMHOPE3UCTEHTHOCTM.
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PesynbtaThl 3NWAEMUONOTUYECKUX WUCCES0BaHWiA
Ha NIAAX CONOCTaBMMBI C HALLMMK pesy/bTaTaMu, B KOTO-
pbix yKa3biBaeTcs, 4to oMera-3 MHXKK cHuxalot passutne
PE3UCTEHTHOCTM K MHCYNMHY W dopMupoBaHue Ouabera,
roe MexaHu3MOM BbICTYMaeT YMeHbLUEHUe BOCMaNieHuS,
obycnoBneHHoe npuMémMoM A06aBOK, a TaKKe YKa3blBaeT-
€Sl Ha BO3MOXHBIA MEXAHW3M CHUXEHUS YPOBHS LIMPKYIN-
pytowmx TI u Menkux nnotHeix yactuy JIMHI, Tekyyectsb
MeMbpaH, nepefady curHana u gpyrve [32]. B uenom nony-
YeHHble [aHHble CBMAETENLCTBYIOT O TOM, YTO B OMbITHON
rpynne nocne npuéma bALL c MNHXK otMeyaetcsa ontumusa-
UM yrneBogHoro 0bMeHa 3a CYET CHIKEHUS MnKaLumm ben-
KOB (NaTonorMyeckoro ckneunBaHus benkoB yrnesofamm),
uyTO ynyywwaeT Bce GYHKLMM OpraHu3mMa — ropMoHalbHyio,
(epMeHTaTMBHYI0 (YCKOPSIOLLYI0 BCE peaKLuW opraHusMma),
TPaHCMOPTHYIO U T.A.

WccnepnoBanue nMnuaHoro npoduns B rpynne Myx4wH,
npuHnMaBLimx BALL ¢ MHXKK, no3sonmno oTMeTUTL TEHAEH-
UMM K ero onTMMM3auWW, 0 YEM CBUAETENbCTBYIOT Bonee
HW3KWe CPeAHErpyNMoBbLIE BEIMUMHBI 0DLLEro XonecTepuHa,
JIMHN, a TaKkKe Ko3pduumeHTa aTeporeHHocTW. B rpynne
CpaBHEHMs, HaNpOTWB, OTMEYEHbI TEHAEHLMM BO3pacTaHus
AaHHbIX NoKasatenen. B uenoM ctout ykasaTtb Ha 3HauMMoe
CHW)XEHME IMMONPOTEMHOB 04YEHb HU3KOM NAIOTHOCTM B OMbIT-
HOM rpynne Ha 2-M 3Tare uccnefoBaHus. MexaHuaMm gaHHoro
n3MeHeHus obbscHseTCA cnepylowuM obpasoM: BCTpanBsa-
Hue omera-3 MHXK B dochonmunuabl KneToyHbIX MeMbpaH
MPUBOAMT K U3MEHEHUIO BU3MONIOrMYECKUX U BroBM3MYECKUX
CBOMCTB MOCNEAHUX, YTo 0bycnoBnuBaet pag 3hheKToB —
CHWXEHME BA3KOCTW M MPOHWULLAEMOCTU KIIETOYHBIX MEM-
OpaH, M3MEHeHWe aKTMBHOCTU PELEenTOpOB TPaHCMOPTHbIX
M CUTHaMbHBIX CUCTEM U, KaK CIeCTBUE, U3MEHEHUE (YHK-
LIMOHANbHO-CTPYKTYPHbIX CBOWCTB MOHHBIX KaHanoB. 3TMMM
3(deKTamMu B ONpeAeNIEHHON Mepe MOXKHO 06 BACHUTL rUMo-
nmnuaemudeckuii adpdekt omera-3 MHXKK, npossnsiowmiics
nogaenieHneM cuHTesa Tl M anosMnonpoTenHa, CHUKEHUE
YPOBHS XONECTepoNa, JIMMNONPOTENHOB 04YEHb HU3KOMW MIIOTHO-
CTW. B utore 3to NpUBOAMT K YBENMYEHUIO SKCKPELIMU JKENUH,
YyYLLUEHWIO YHKLMOHANBHO aKTUBHOCTM FENaToLMTOB U py-
ruM addertam [33]. MNpu nocTynneHun B opraHuaM oMera-3
MHXK npomcxoaut yrHeTeHWe CMHTE3a IMNOMNPOTEMHOB OYEHb
HM3KOM MIOTHOCTY, YTO MO3BOJISET 3HAUUTENBHO CHU3UTL PUCK
aTeporeHHbIX 3 deKToB, BO3POCLLMX B NOCNeHee aecsTune-
Te U UMEIOLLIMX YepTbl ABHOr0 OMoNoXeHus [34)].

Takum obpasoM, B OMbITHOW rpynne nocie npuéMa ao-
baBku ¢ 3K n OKI otMeyanacb onTMMM3aLMa MNUOHOTO
npoduns, NpOABNAOLLAACA CHUMEHWEM [0MM NUL, C KO3G-
¢uuMeHTOM aTeporeHHocTH bonbLue 3 yen. ea. (¢ 62 po 43%),
YTO B LIENIOM CBUAETENBLCTBYET O CHUKEHUM PUCKA Pa3BUTUSA
aTepockniepo3a. Take Ans AaHHOW rpynnbl Obiio Xxapak-
TEPHO YMeHbLLUEHWe KOHLEeHTpauuu noadpakumm nunuaHo-
ro npodumns — IUMNONPOTEMHOB OYEHb HM3KOM MIIOTHOCTW.
B rpynne cpaBHeHMs He BbISIBIEHO 3HAYMMOW AWMHAMUKM
HW N0 OAHOMY U3 aHaNU3MpyeMbIX NOKa3aTenen IMMULHOIO
npoduns.
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JKoNorna HenoBeka

Cnepnyet yKa3aTb Ha pa3HOHaNPaBJIEHHbIN XapaKTep Au-
HaMWKKU Mapkepa BocranuTensHoro poHa — CPb, cpeatme
BEJINYMHbI KOTOPOTO B OMbITHOW FPYNNe 3Ha4YMMO CHUKAUCh,
a B KOHTpONIbHOM — Bo3pacTanu. Hawm paHHble conocTa-
BUMbl C pe3ynbTaTaMu ApYruX UCCNefoBaTeNiel, KOTOpble
TaKkKe oTMeyanu cHuxeHue CPB B KpoBW HaTowaKk mocne
npuéma 3K n K [7]. laHHbIN MexaHu3M 0BycnoBneH TeMm,
yto [MHXKK cemeilcTBa oMera-3 sBnATCA npepLlecTBeH-
HUKaMM CWHTE3a CreuManu3upoBaHHbIX MeauaTopoB, Cro-
COBHbIX 6OPOTLCS C BOCMANEHNEM, M NPOAEMOHCTPUPOBAHO,
4TO OHM CHUXKAIOT YPOBEHb NPOBOCMANUTESNBHBIX LIMTOKWHOB,
TaKMX KaK MHTEpNEMKUH-6 W (aKTOp HeKpo3a Oonyxonu-a,
M WMHrUOMPYIOT aKTMBALMIO HECKONBKMX ApYyrux hakTopos
TPAHCKPUNLUW, KOTOPbIE MHTMOUPYHOT aKTUBHBIE GOPMbI KUC-
nopogaa [35].

MonyyeHHble HaMK [aHHbIE MO KOHLEHTPALMM roOpMOHa
cTpecca (KopTv3ona) B KpoBM MO3BONSIOT KOHCTaTUPOBaTh
€ro 3Ha4MMoe CHUKEHUe nocne npuéma omera-3. lpu aTom
cnegyeT 0TMeTUTb, YTO, eciiv Ha 1-M 3Tane uUccriefoBaHui
y 86% obcneayeMbix onbiTHOW Bblbopku Uy 94% U3 KOH-
TPONLHOW TPYNMbl MOKAa3aTeNu KOHLEHTpauuu KopTusona
B KpOBU NPEBbILLIANM BEpXHUIA Npesien pedepeHCHOro nopora
(320 HMonb/n), To Ha 2-M 3Tane 3KCMepUMeEHTa B rpynne
CpaBHEHUS [ONS JWUL C MMMNEPKOPTU30NEMUER HE U3MEHU-
nacb, a B OMbITHO BbIOOPKE OTMETW/IM 3HAUMTENBHOE CHU-
JKEHMEe BCTPEYAEMOCTM BbICOKWX 3HAYEHMUI KOHLEHTpaLmmu
KopTu3ona Ao 56%, 4YTo yKasbiBaeT Ha OMTUMM3aLMI0 MCU-
XMYECKOro COCTOSHUA U COCTOSHWA 340p0BbSA B LenoM [36].

Ha puc. 1 npencraBneHbl MaTpuubl HaNpsKeHUs QyHK-
LMOHANbHBIX CUCTEM MO aHalU3UPYeMbIM CUCTEMaM B ABYX
rpynnax. CTouT 0TMeTUTb, YTO MPOBEAEHHBIA KOMMEKCHBIN
aHanu3 MopdOoQYHKLMOHANbHOro COCTOAHMUA WU BUOXUMHU-
yeckoro npoduns NoKasan, YTo rpynnbl MYXYuH (OMbITHas
W KOHTpOnbHas) Ha 1-M 3Tane uccneoBaHUs UMEIOT CXOAHbIE
MaTpuLbl PYHKLUMOHANBHOTO HanpsKeHWs. [ns KOHTPOSbHOV
rpynnbl Ha 2-M 3Tane QUKCMpYyeTCs BO3pacTaHue CTENeHN Ha-
NPSIKEHNS aHaNM3UPYEMBIX XapaKTEPUCTUK, YTO, N0 BCEW BU-
LMMOCTH, 00YCOBNIEHO KPUTMYECKUM NEPUOJOM 03, B KO-
TOPOM MpOBEJEHO UcCeoBaHNe (OCEHHE-3UMHMIA Nepexos,
TeMMNepaTypHOii KpUBOIA Yepes Hosb). KpuTUuHOCTb AaHHOrO
nepuoLa NoLTBEPHAAETCA Hawumu Bonee paHHUMM uccne-
[0BaHUAMM, B KOTOPbIX 3aMKCUPOBaHBI HEraTUBHbIE CABUMH
(M3MONOTMYECKUX XapPaKTEPUCTUK U CHUXKEHWE (YHKUMO-
HasbHOr0 COCTOSHMS 06CNeAyeMbIX B KPUTMUECKME NepUOAb
roaa (3MMHe-BeCEHHUI U o0ceHHe-3uMHMIA) [37]. U, HanpoTuB,
MpeLCTaBNeHHbIE JaHHbIE MO3BOASIOT HArNAAHO NPOAEMOH-
CTPUPOBaTb MONIOXKMUTESbHBIE U3MEHEHMS, NPOM30LLEALLME
B OMbITHOW rpynne (KoTopas B TeyeHuu 1,5 Mec. nonyyana
pobasku omera-3 MHKK K nuwwe), HecMoTps Ha KPUTUYECKUN
nepvop, roaa. [laHHble 3MeHEeHUs BbIPAXKAIOTCA AOCTATOUHBIM
CHWMEHWEM MJIOLIAAW MHOTOrpaHHUKa Ha 2-M 3Tane ucchne-
[0BaHMs OTHOCUTENBHO 1-T0, YTO MOKET CBMAETENbCTBOBATH
0 CHWMEHUW CTEMEHWU HaNpsiKeHWs (BYHKUMOHaNbHBIX pesep-
BOB OpraHM3ma W onTUMM3aumu pspa pM3MonorMyeckux na-
pamMeTpoB BcneacTeue npuéma MK n ArK.
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Puc. 1. [luHaMuKa naTTepHOB MaTpuL, CHUKEHUS BYHKLMOHAMbHBIX Pe3epBoB B oMbITHOM (A) U KoHTponbHOM (B) rpynnax B Xofe uccne-
[0BaHus; pasmepHocTb oceid oT 0 o 100%. YcnoBHble 0003HaueHus CM. B MpUMeYaHuu K Tabn. 3.
Fig. 1. Comparison of patterns of matrix dynamics for reduction of functional reserves between the experimental group (A) and the control
group (b) at the study; THE x-axis ranges from 0% to 100%. For symbols, see the note to Table 3.

OrpaHW-IEHMFI uccnenosaHua

HacToswee uccnenoBaHve UMeeT psf CYLLECTBEHHbIX
OrpaHUYeHNI, 3aKJTIHAIOLLMXCA B MaJIOM KonnyecTee obcrie-
AYEMbIX JIULL M KOPOTKOM CpOKe HabntofieHus. B fanbHemweM
npoBefeHne Oonee KPYMHbIX KIMHUYECKUX MCCnen0BaHWM
B 3TOM HanpaBfieHUM HaM NPeACTaBASETC BECbMA Lieneco-
0bpasHbIM.

3AKJIK4YEHUE

MonyyeHHble pe3ynbTaThl UCCNEA0BaAHMSA, a TaKKe Ma-
TPULLI HAaNPsKeHU GYHKUMOHANbHBIX Pe3epBOB MO3BONAIT
chenatb 3aKioyeHue 06 onTUMM3MpYOLLEM QYHKLMOHane
BA[ Kk nuwe c MH¥K oMera-3 oTHocuTenbHO BOMBLLMH-
CTBa aHanM3MpPyeMbIX CUCTEM B OMbITHOW rpynne, Toraa
KaK B rpynne KOHTpONiA HabnipaloTca AM3afanTaumoHHble
MposiBNIeHNUA B QYHKLIMOHANBHOM CTaTyce opraHuaMa. B aaH-
HOM acrneKTe C/leflyeT yKasaTb, YTO UCCe0BaHNs Obin Npo-
BeeHbl B OCEHHe-3UMHUIA nepuoA ropa (1-i 3tan — OK-
1A0pb 2023 1., 2-i1 3Tan — pekabpb 2023 r.). Tak, B HalMX
bonee paHHMXx paboTax ObINO MOKA3aHO, YTO KPUTUHECKUMU
nepuofamu ans GYHKUMOHANBHOMO COCTOSHMA 0bcesyeMbIx
MY)XYWH ABNSIOTCA NepPexoiHble BECEHHE-NETHUI U OCEHHe-
3MMHUIA Nepuoabl rofia, CBA3aHHbIE C NEPeXoaoM TeMnepa-
TYPHOW KPMBOW Yepe3 HoJb, YTO MPUBOAMUT K HEraTMBHbIM
caBuraM GU3noNorMyecKux XxapakTepUCTUK U BbI3bIBAeT CHU-
JeHue (YHKLMOHA/BHOro COCTOAHWA UCMbITYEMBIX, YTO CO-
BMasio ¢ 3Tanamu JaHHOro UccienoBaHus.
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Mo2kHO NpeAnCeNOKMTL HaNMYKUE HUBENVUPYIOLLIEN QYHKLIMK
U AaXe onTMMKU3aLmoHHon ponv npuéma bAL K nuwwe ¢ MHKK
ceMelicTBa OMera-3 OTHOCMTENIBHO CE30HHBIX MepecTpoeK
MOP(HOdU3MONOrUYECKUX U BMOXMMMYECKUX MOKa3aTenei
OpraH13Ma JKuTeneii-CeBepsH B CaMblil KPUTMHECKUIA NEPUOL
roga c nepexofoM TeMnepartypHomn Kpusoii yepes 0 °C.

A0NOSIHATENIbHAS UHOOPMALIUA

Bknap aBTopoB. /1.B. ABepbsiHoBa — pa3paboTka KOHLENumm
1 Q13aliHa MCCne0BaHus, aHanm3 U MHTeprpeTaums JaHHbIX, 0630p
JTEPaTYPHbIX UCTOYHWMKOB, HAMMCaHWe TeKCTa U pefakT1poBaHue
cratbi; 0.0. AnélumHa — momyyeHWe, aHanu3 W WHTeprpeTaums
[aHHbIX, COOp 1 aHanM3 NTepPaTyPHBIX MCTOYHUKOB, HanMcaHue TeK-
cTa; W.H. beameHoBa — nonyyeHwe, aHanM3 1 UHTepnpeTaLmsa AaH-
HbIX, COOp 1 aHanM3 NUTEpPaTyPHbIX MCTOYHMKOB, HaNMCcaHWe TEKCTa;
C./\. BooeHKo — momyyeHue, aHanu3 v UHTeppeTaums LaHHbIX,
cbop v aHanM3 AuTepaTypHbIX MCTOYHWKOB, HanMcaHWe TekcTa. Bee
aBTOpbl MOATBEPXAT COOTBETCTBME CBOEr0 aBTOPCTBA MEXAy-
HapoaHbIM KpuTepmam ICMJE (Bce aBTOpbI BHEC/IM CYLLECTBEHHBIN
BKNag B pa3paboTKy KOHLENuUWMW, MpoBefeHVe WCCNenoBaHWs
W MOLrOTOBKY CTaTbi, MPOYIM U OA0OpUIM (BUHAMbHY0 Bepcuio
nepen nybnukauwmen).

WUcTounuk dumHaHcupoBaHua. PaboTa BbiNoNMHeHa 3a CYET bioa-
eTHoro ¢wvHaHcupoaHms HULL «ApkTuka» [1BO PAH B pamkax
TeMbl «/3ydeHne MeXCHUCTEMHBIX U BHYTPUCUCTEMHBIX MEXaHU3MOB
peaKLumin B GopMUMPOBaHWM YHKLMOHAMbHBIX aAanTVBHBIX Pe3epBOB
OpraHu3Ma YesnoBeKa «CEBEPHOro TWMa» Ha pasHbX 3Tanax OHTO-
reHesa /L, NPOXWBAIOLLMX B AUCKOMGDOPTHBIX U 3KCTPEMasbHbIX
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YCNIOBUSAIX C ONpe/esieHneM UHTEerpanbHbIX MHHOPMATUBHBIX MHAEK-
COB 3710poBbsi» (per. Homep AAAA-A21-121010690002-2) n 3a cyuét
cnoHcopckon nomowum 000 «OMETA-CW».

KoHdnukT uHTepecoB. ABTOPbI [IEKIAPUPYIOT OTCYTCTBUE SIBHbBIX
W MOTEHUMANbHBIX KOHQIIMKTOB MHTEPECOB, CBSI3aHHbIX C NybnvKa-
LIMEN HACTOALLEN CTaTbK .

WndopmupoBaHHoe cornacue Ha y4actve B UCCNe0BaHUM.
Bce y4acTHMKM 10 BKIOYEHWSA B UCCIEA0BaHME [0OPOBONLHO NOA-
nucanu Gopmy MHHOPMMPOBAHHOIO COrNACcKs, YTBEPKAEHHYIO B CO-
CTaBe MpOTOKONa UCCNELO0BaHNSA 3TUHECKUM KOMUTETOM.
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CBsAsb runepypMkeMum U caxapHoro guaberta

2-ro TMNA ¢ KOTHUTUBHBLIMU QPYHKLUAMM, OLLEHEHHbIMU
C UCNONIb30BaHMEM MeToAa C/YXO0BbIX NOTEHLMANOB
P300, y noxunbix nioaeu ¢ KOHTPOMpyeMoM
apTepManibHOU runepTeH3nen

0.B. Kpusonorosa' ?, E.B. Kpusororosa' 2, J1.B. MockotuHosa' 2

! DeaepanbHblit UCCEA0BATENLCKUIA LIEHTP KOMMIEKCHOTO M3yyeHus ApkTuky uM. akaa. H.MN. Jlaseposa Ypanbckoro oTaenenus Poccuiickoi akagemmum
HayK, ApxaHrenbcK, Poccus;
2 CeBepHbli rocynapCTBeHHbIA MeAULMHCKHIA yHuBEpCHTeT, ApxaHrenbek, Poccust

AHHOTALMA

O6ocHoBaHue. B Mupe uncro niofen ¢ LeMeHLMeR U KOTHUTUBHBIMU HapyLLEHWAMW NOCTOSHHO yBeninuuBaeTcs. Beisenenne
(aKTOpOB pUCKa Pa3BUTUS KOTHUTUBHBIX HApYLLEHWUA M KOHTPOb 3TUX (haKTOPOB UMEKT BOSbLLOE 3HAYeHWe A COXpaHeHus
KOTHUTUBHBIX YHKLNN.

Llenb. OueHUTb CBA3L MMNEpYPUKEMUM U CaXxapHOro AuabeTa 2-ro TMNa ¢ KOTHUTUBHBIMUA QYHKLIMSIMM, OLIEHEHHBIMM C MOMO-
LLbK) NapaMETPOB C/TYXOBbIX BbI3BaHHbLIX MOTEHLMANOB, CBA3aHHbIX C cobbITMeM P300, y noxunbix Nl0LeN ¢ KOHTPONMpYEMO
apTepuanbHoi runepTeH3uen.

Matepuanbl u Metoabl. 06cnegosaHa Bbibopka noxunbix nogen 60—74 net. ChopmupoBaHbl YeTbipe rpynnbl: rpynna |
(koHTpOnbHas) — be3 cepaeyHo-CcocyANCTLIX 3ab0sieBaHUIA, caxapHoro avabeta 1 ¢ HopMasnbHBIM YPOBHEM MOYEBON KUCO-
Tbl (n=42); rpynna Il — ¢ KoHTpoAMpyeMoit apTepuanbHou runeptenHsueit (n=87); rpynna lll — ¢ KoHTponMpyeMol apTepuanb-
HOW rUnepTeH3Men 1 caxapHbiM AnabeToM 2-ro TMna (n=34); rpynna IV — ¢ KOHTpONMpyeMoii apTepuanbHoii runepTeH3unen
W runepypukemueii (n=17). MapaMeTpbl cnyxoBoro Bbi3BaHHOro noteHumana P300 oLeHWBanM ¢ NOMOLLbH 3NEKTPO3HLEeda-
norpada (Neuron-Spectrum-4/VPM, Poccus).

Pesynbtatbl. Y noxunbix fiogei ¢ KOHTPOMPYEMOW apTepuanbHOM rMnepTeHsneid He Bbio BbISIBNEHO CTaTUCTUYECKM 3Ha-
UMMBIX pa3nnumin B nateHTHocT 1 amMnnutyae P300 no cpaBHeHUIO C KOHTPONBLHOW rpynnoi. B rpynne ¢ caxapHbiM gnabetoM
2-ro TMNa W KOHTPOJIMPYEMOI apTepuanbHOM runepTeH3ven HabnAanock yBenuyeHWe NaTeHTHOCTU U CHUKEHUE aMMUTY b
P300 no cpaBHEHMIO C KOHTPOSILHOM rpynnoit. B rpynne ¢ runepypuKeMmein U KOHTPOSIMPYEMOW apTepuarnbHON rMNepPTEH3NEN
obHapyxeHa bonee Hu3Kasa amnautyaa P300, yeM B KOHTpONBHOM rpynne.

3akniouenue. Y noxunbIx NloLeN € runepypUKeMUen U KOHTPOIMPYEMOI apTepuanbHOi runepTeH3vei Habnoganack bonee
Huskas amnnutyga P300, yTo yKasbiBano Ha CHUMEHME PecYpcoB BHUMaHUSA. Y MOXKMAbIX NIOAEN C KOHTPOSMPYeMoWn apTe-
puanbHoM runepTeH3meil U caxapHbiM AuabeToM 2-ro Tuna HabnLanoch YBeNUYeHWe NaTEHTHOCTU U CHKEHWE aMMUTY b
P300, uTo OTpaXKaeT CHUMMKEHME CKOpOCTWU 00paboTKM MHGBOPMALMK W YBENIMYEHWE BPEMEHW MPUHATUA PELLEHU, a TaKKe
CHWXKEHWE PecypcoB BHUMAHMS.

KnioueBbie cnoBa: apTepuanbHaa runepTeH3nd; runepypukeMunsg; caxaprM AunabeT 2-ro TMNa; KOrHUTMBHaA JJ,VICd)yHKLI,VIFI;
BbI3BaHHbIE MOTEHUMATbI, CBA3aHHbIE C COOLITUEM; NOXKUNbIE NTIOAN.
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Association of hyperuricemia and type 2 diabetes
mellitus with cognitive functions assessed using

the event-related P300 potential in older individuals
with controlled arterial hypertension

Olga V. Krivonogova'?, Elena V. Krivonogova'?, Lilia V. Poskotinova' 2

! Federal Research Center for Comprehensive Study of the Arctic named after Academician N.P. Laverov, Arkhangelsk, Russia;
2 Northern State Medical University, Arkhangelsk, Russia

ABSTRACT

BACKGROUND: The number of individuals with dementia and cognitive impairment is steadily increasing worldwide. Identifying
and controlling risk factors for cognitive decline is crucial for preserving cognitive function.

AIM: To assess the association of hyperuricemia and type 2 diabetes mellitus (T2DM) with cognitive functions, evaluated using
parameters of the auditory event-related P300 potential in elderly individuals with controlled arterial hypertension (AH).
MATERIALS AND METHODS: A cohort of individuals aged 60-74 years was examined. Four groups were formed: Group
| (control), without cardiovascular diseases or diabetes, and with normal uric acid levels (n=42); Group II, with controlled
AH (n=87); Group I, with controlled AH and T2DM (n=34); and Group IV, with controlled AH and hyperuricemia (n=17). The
parameters of the auditory event-related P300 potential were assessed using an electroencephalograph (Neuron-Spectrum-4/
VPM, Russia).

RESULTS: No statistically significant differences in P300 latency and amplitude were found in older individuals with controlled
AH compared to the control group. In the group with T2DM and controlled AH, an increase in P300 latency and a decrease in
amplitude were observed compared to the control group. In the group with hyperuricemia and controlled AH, a lower P300
amplitude was detected compared to the control group.

CONCLUSION: Older individuals with hyperuricemia and controlled AH exhibited a lower P300 amplitude, indicating reduced
attentional resources. Those with controlled AH and T2DM showed increased P300 latency and decreased amplitude, reflecting
slower information processing, prolonged decision-making time, and diminished attentional resources.

Keywords: hypertension; hyperuricemia; type 2 diabetes mellitus; cognitive dysfunction; event-related potentials; aged.
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OPUTMHATTBHBIE MCCIEIOBAHNA

OB0CHOBAHUE

C yBenmueHneM NpoLomKUTENbHOCTY WU3HM PacTeT pac-
MPOCTPAHEHHOCTb KOTHUTUBHbIX HApYyLUEHWA U feMeHumn [1].
BoisiBneHMe M KOHTPOMb (haKTOPOB pUCKa pasBUTUSL KOTHM-
TUBHBIX HapYLUEHMIA UMeeT BoMbLLOE 3HaUEHMe [1S CoXpaHe-
HWs 300poBbs. B nocnepHee Bpems ocoboe BHMMaHMe yae-
NAeTCA NOCNeACTBUAM rUNepypUKeMuu [2], Kotopble BbIXOASAT
33 paMKu NpOSIBNIEHNN NOLArpbl U YBENMYMBAIOT CEpPAEYHO-
cocyaucTbii puck [3]. PacnpocTpaHEHHOCTb rMnepypuKeMum
pacTeT BO BCEM Mupe [4] n yBenmumMBaeTcs ¢ BO3pacToM [5].
E€ BnusHMe Ha KOrHWTMBHblE GYHKLUMM MPOTMBOPEYUBO
M [10 KOHLA He M3y4eHo, 0C0OEHHO Y NOXUALIX Nitoaen [3, 4].
HekoTopble uccnesoBaHUs NoKasanu, YTo Y NOXUNbIX JI0LEN
MOBLILLEHHBIA YPOBEHb MOYEBOI KUC/OTbI CBA3AH C YXyLALUe-
HWeM paboueii n BepbanbHoM namatu [4]. B opyrux uccne-
L0BaHUAX TMNEPYPUKEMUIO CBA3BIBAIOT CO CHUMEHWUEM pU-
CKa pasBuUTus AeMeHuMn [4] W ynyylleHneM KOTHUTUBHBIX
GyHKuuiA [3]. OgHaKo YCTaHOBUTL BAIMSIHWE TUMEPYPUKEMUM
Ha KOTHUTWBHbIE QYHKLMM Y MOXKMUIbIX NIIOLEN HECKOMbKO 3a-
TPYLHUTENBHO, MOCKOJIBKY OHW YacTo UMEIOT OHOBPEMEHHO
ABa unm bonee 3aboneBanuii [6]. CaMblM pacnpocTpaHEHHBIM
3aboneBaHMeM Yy MOXMNbIX JIOAEH ABNAETCS apTepuanbHas
runepTeH3usa (AT) [7]. CoyeTaHWe NOBLILIEHHOMO COLEPIKaHMS
MOYeBOM Kucnotbl M Al BCTpevaeTcs focTatoyHo yacto [8].
WccnenoBaHus MoKasblBalT, YTO HeKoHTpoaupyemas Al
ABNAETCSA HE3aBUCUMBIM (DaKTOPOM PUCKA PasBUTUA KOTHU-
TMBHbIX HapyweHuii [9]. CHwxeHne apTepuanbHOro faene-
HWA y nauueHToB ¢ Al ¥ MPUMEHEHUe aHTUIUNEPTEH3UBHO
Tepanumn CHUXAIOT PUCK Pa3BUTUS AEMEHLIUM U HELEMEHTHBIX
KOrHUTUBHBIX HapyweHui [7, 10]. UccnepoBaHna nokasbiBa-
10T, YUTO KOHTPONb YPOBHS apTepuasnbHOro AaBfeHUs MOXET
UrpaTb BaXKHYIO POSib B COXPAHEHWUM KOTHUTMBHBIX CMOCOB-
Hocten [11].

[N OUEHKN KOrHUTMBHBIX (QYHKLMIA UCMONb3YIOT METOL
BbI3BaHHbIX MOTEHLMANO0B, CBA3aHHbIX C cobbiTuamu P300.
Peakuun B103NeKTpUYECKON aKTUBHOCTW MO3ra Ha CTUMYTbI
OLLEHVBAKT MYTEM U3MEHEHWS! OCHOBHbIX NapaMeTpoB NOTEH-
LiManoB, CBA3aHHBIX C COOLITUEM, — aMNUTYAbI U NaTeHT-
HocTu [12]. Eweé oagHuM pacnpocTpaHéHHbIM 3aboneBaHueM
Y NOXWUANbIX NIOAeH ABNAETCA caxapHbli AuabeT 2-ro Tuna
(CL.2), KoTOpbIN YBENIMHMBAET PUCK KOTHUTUBHBIX HApYLLIEHWIA
u aemeHumm [13]. CLA2 n AT yacTo cocyLuecTBytoT 1 ycyrybns-
loT cuMnToMbl Apyr Apyra [14]. OnybamkoBaHbl UcciefoBaHNA
C WCMOJIb30BaHUEM BbI3BAHHbIX MOTEHLMANOB, CBA3aHHBIX
¢ cobbitneM, y niogen cpeaHero Bo3pacra ¢ C[l [15] v uccne-
L0BaHWUSA, OXBaTbIBalOLLIME LUMPOKMIA BO3PACTHOW [Mana3oH
ot 7 no 70 net 6e3 cTpatMduKaLmMmu No BO3PACTHLIM NOATPYN-
nam [16]. YuuTbiBas, uto y NoxunbIX Nl0fen BCTpeyaeTcs Aga
1 6onee 3a6051EBaHMI M KOHTPOJIb apTEPUANBbHOO aBNEHMS
B Mpejenax HopMabHbIX 3HAYEHMI COXPaHSAET KOTHUTUBHbIE
QYHKUMKM, ONS onpefeneHus cBA3W runepypuxkemum n CA2
C KOTHWUTMBHbIMU GYHKUMAMM Mbl chopMMpOBanyu rpynmbi
MOXWUNbIX JIOAEN C KOHTposiupyeMoi Al M runepypukeMuen,
¢ KoHTponupyemoi Al v C[12, c KoHTponupyemoit Al v rpynny
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niopen be3 cepaeyHo-cocyancTbix 3abonesanuid, CL v ¢ Hop-
MabHbIM YPOBHEM MOYEBOM KUCTOTHI.

LUenb uccnepgosanusa. OueHUTb CBA3b rMNEpypUKEMUM
“ CO2 ¢ KOTHUTMBHBIMM QYHKLMAMU, OLEHEHHLIMU C MO-
MOLLbI0 NapaMeTpoB C/YXOBbIX BbI3BaHHbIX MOTEHLMAIOB,
CBSI3aHHbIX C cobbitneM P300, y noxunbIx toaen ¢ KOHTpO-
nmpyemon ATl

MATEPUAJIbI U METO/IbI

06cnepoBaHo 180 MyKUMH W xeHWwwmH 60—74 net, npo-
UBAIOLLMX B ApXaHrenibCKe, KOTOpble SBASMIMC Y4acTHUKa-
MW C/Ty4aHOM NONyNALUMOHHOM BbIOOPKU, CHOPMUPOBAHHOM
ONs Leniel NonepeyHoro WUcciefoBaHus CepAeqHo-cocy-
AMCTbIX 3abosieBaHuii «Y3Halt cBoé cepaue» (ApXaHrenbck,
2015-2017 rr.). B ocHoBy nerna obe3nuyeHHan basa appecos
XUTeneii ropoAa, NpeAocTaBneHHas permoHanbHbIM GOHA0M
0653aTesIbHOr0 MeaMLMHCKOro cTpaxoBanus [17]. Ha ocHoBa-
HWM MOAYYEHHBIX MHPOPMMPOBAHHBIX COrNacuii Ha npwurna-
LLIEHME K Y4aCTWI0 B HOBbIX UCCNIEA0BAHUAX NOCPELICTBOM Te-
NedOHHBIX M NOYTOBLIX KOHTAKTOB Y4aCTHUKM UCCNEeA0BaHNA
«Y3Hai cBoé cepaue» B 2021 r. npurnawanicb Ang yqactus
B uccnenoeaum ICCE-P®3 [18, 19], B 2023 r. — ans yya-
CTWS B UCCNEA0BaHUN «broMapKepbl HAMBMAYaNbHON KN3-
HecriocobHocTH y xuTeneit Esponeiickoro Cesepa Poccumy»'.
B aHanu3 u3 uncna obcnefoBaHHbIX HbinM BKIKOYEHbI ML
c CA2, Al, beccumnTOMHOWM runepypukemmeir. B rpynny
CPaBHEHWA BKIIIOYWIN MOXWUNbIX JIOAEH COOTBETCTBYHOLLErO
Bo3pacTa 4 nona be3 cepfeyHo-cocyaucTbIX 3aboneBaHuil
U C HOPMasbHBIM YPOBHEM CbIBOPOTOYHOW MOYEBOMN KUCIOTbI,
a TaKkxe ¢ otcytcTeueM Cll.

Kputepum ucknioueHmns us uccnenosanus: bonee 14 6an-
noB no wWwKane penpecckn beka, anunencus, 6onesHb [ap-
KMHCOHA, YeperHo-Mo3roBas TpaBMa, OCTPOe HapyLUeHue
MO3roBOro KpoBoobpaLlleHus, ncuxuyeckue 3aboneBaHus,
CHUXEHWe CKOpOocTM KiyboukoBoi ¢unbtpaumm (CKO <60
Mn/MuH/1,73 M2), drbpuniauma npeacepamii.

Bce yyacTHukM obcnefoBaHbl ¢ MOMOLLBIO 06LLEKM-
HWUYecKuX (cbop aHaMHesa, aHTpomoMeTpus) U buoxumuye-
CKWX METOJ0B C OMNpeAeneHNeM MIMKEMUU, TIMKUPOBAHHOIO
remornobuHa (HbAlc), cbiBopoTOYHO MOYEBOM KWCNOTbI,
C TecTUpoBaHMeM Mo LWKane fenpeccuu beka u oueHKoi
BbI3BaHHbIX MOTEHLMANoB, CBA3aHHbIX C cobbitmem P300.
JaHHble o gamtenbHocTv CL2, Al, npuéme npenapatos co-
OpaHbl NyTEM onpoca y4acTHWUKOB. Bce naumeHTbl ¢ Al no-
Ny4anu aHTUrMNEPTEH3UBHYIO Tepanui U UMENW YpOoBHU
cUCToNMYeCKoro apTepuanbHoro Aasnenus (CAL) MeHbLue
140 MM pT. CT. M LMACTONIMYECKOrO apTEPUANbHOMO AaBNEHMS
(OAL) MeHbLwe 90 MM prT. cT.

3abop 06pa3oB KpoBM Yy YHaCTHUKOB NpOM3BOAMIIU
B 2021 r. B pamMkax ICCE-P®3. Kposb bpanu 13 nokTeBoi

! Kaprouka npoexTa thyHaamMeHTasbHbIX U NOMCKOBLIX HayuHbIX MCCTE[o-
BaHUiA, MOAEPIKaHHOr0 POCCUICKUM Hay4HbIM hOHAOM:
https://rscf.ru/prjcard_int?23-15-200178&ysclid=m5vé7afia844644002
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BeHbl, HaTowak. HbAlc (%) onpenensnu B LenbHOW KpoBH
TypbMaMMETpPUYECKUM METOAOM Ha BUOXMMMUYECKOM aHanm-
3atope Random Access A-15 (BioSystems, Wcnahus) B nabo-
patopuu CeBepHOro rocyfapcTBEHHOrO MEAVLIMHCKOIO YHU-
BepcuTeTa (ApxaHrenbck). CbIBOPOTKY KPOBYW NMOMTy4anu NyTeM
HU3KOCKOPOCTHOro LeHTpudyrpoanus npu 1900 g B Teye-
Hue 15 MuH npu Temnepatype +4 °C. O6pasubl CbIBOPOTKU
3aMOpaXMUBa/IM U XPaHUNK Ha CYXOM NibAy [0 TPEX Hefenb
npu Temneparype ot —20 no —24 °C po ornpaBku B 6uo-
6aHK HaunoHanbHOro MefMUMHCKOrO WCCNefoBaTeNibCKOro
LileHTpa Tepanuu 1 NpoduUNaKTUyecKon MeanumnHbl (Mockea)
ans xpaHenus npu —70 °C u npoBeaeHUs NabopaTopHbIX UC-
CnefoBaHuiA. YpoBeHb MOYEBOW KUCNOThI (Mr/a), FIOKO3b
(MMonb/n) B CbIBOPOTKE OMpeLensiv KONOPUMETPUYECKUM
METOA0M Ha broxummyeckoM aHanmsatope Abbott Architect
8000 (CLLA) ¢ ucnonb3oBaHUEM AMarHOCTUYECKMX HabopoB
¢upMbl Abbott Diagnostic (CLUA). TunepypukeMuio onpege-
NANU KaK YpOBEHb MOYEBOW KUCNOTbI =7 Mr/AN Y MyX4UH
W =6 Mr/on y xeHwmH. Y 4 (8%) naumeHToB onpepensnach
nogarpa (MpUHUManu annonypuHon), y ocTanbHbix bbina bec-
CMMMTOMHas rUnepypuKeMms.

WccnenoBaHue KOTHUTMBHBIX (YHKUMIA, TECTUpOBaHUe
Ha [enpeccuio, MHCTPYMeHTa lbHble U3MepeHus (apTepuanb-
Hoe JaBfieHWe, aHTponoMeTpus) M cbop AaHHbIX 06 obpase
YU3HU U 3aboneBaHmAx Obin NpoBefiEHbI B paMKax 1cc/efo-
BaHWA «buoMapKepbl MHAMBUAYaNBHON KKU3HECNocobHoCTH
y xutenen EBponeiickoro Cesepa Poccumn» B 2023 r. MNapa-
METpbI C/TyX0BOro Bbi3BaHHOro noteHurana P300 ouexusanu
C MoMoLLblo 3neKTposHuedanorpada (NeuronSpectrum-4/
EPM, Poccus).

YacroTa KkBaHToBaHMA curdana 330 coctasnana 500 M,
B nonoce peructpaumm — 0,5-35,0 lu. ConpoTtuBneHue
3neKTpoAoB He npesbiwano 10 kKOM. Metoauka P300 ocHo-
BbiBaeTcs Ha napaaurme «oddball», roe B cnyqanHomn nocne-
A0BaTeNbHOCTH NOJAKTCA CEPUM ABYX CNYXOBbIX CTUMYIOB,
CpeAau KOTopbIX eCTb He3HauuMMble 1 3HauuMble [20]. 3ByKo-
Bble TOHbI MOCTYManu Yepe3 KONMOHKK, a UCTIbITYeMOMY Npej-
naranocb pearupoBatb (HaXWMaTb Ha KHOMKY) Npu pemKo
BCTpeYarLLMXcs (3HaYUMBbIX) CTUMYNax M UrHOpPUPOBaTL Ya-
CTO BCTpevatoLmecs (HesHauMMble) CTUMYNbI. YcnoBus cTu-
Mynaumu: buHaypanbHas, LnTenbHoCTb cTuMyna — 50 M,
nHteHcmeHocTb — 80 b, nepuop Mexay ctumynamn — 1 ¢,
yactoTa ToHa — 2000 I'y (3HaumumbIi ctumyn) u 1000 Iy, (He-
3HauuMMBIiA cTUMYIT). BeposTHOCTb NpeaBbABIEHUS 3HAYUMOTO
ctumyna — 20% obuwiero Konuyectea ctumynos [20]. Yucno
ycpefLHeHuit coctaBnano ot 15 no 25 ana 3HauMMbIX CTU-
MynoB. YaaneHue aptetakToB NPOBOAMIM Ha OCHOBE BU3Y-
anbHOro aHanu3a 3anucy. TakiKe UCKIIIoYanM U3 yCpeaHeHns
NP1 PerucTpaumm Bbi3BaHHbLIX NOTEHLMANOB CUrHabl, npe-
Buiwatowme ammautygy 100 MKB. MMpoBoaunu peructpa-
LMI0 3MEKTPOOKYOrpaMMbl A MOCNeAYIOLLEero yaaneHus
rnasoaBuratenbHblx apTedaxTtoB. OueHuBanM amnauTya-
HO-BpeMeHHbIE NapaMeTpbl 0TBETA HA 3HAYMMbIE CTUMYJIbI:
amMnauTygy oT nuka o nuka N2-P300 n nateHTHoe Bpems
P300. BbisBaHHbI noteHuuan P300 oueHMBanu B NIOBHbIX
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W LeHTpanbHbIx 0bnactsax ronosHoro Mosra (F3, F4, C3, C4).

CA v DAL perucTpupoBanu Ha nie4veBomn apTepum ¢ No-
MoLLb0 aBToMaTudeckoro ToHometpa (OMRON Healthcare).
M3mepenns CAL v JALL npoBogunu TpvAabl C ABYXMUHYT-
HbIMM MHTepBanamun. MHaekc maccel Tena (MMT) paccunTbl-
BaJIM KaK BEC B KUNOrpamMMax, AeNEHHbIA Ha PoCT B KBajpaTe
B MeTpax.

Wccnepyemas Boibopka coctosana u3 126 (70%) »eHLuH
n 54 (30%) MyxxumH. Bbinn copMupoBaHbI YeTbIpe rpynnbi:
| rpynna (KOHTPOMbHAA) — MNoXuible NoAn (n=42, U3 Hux
40,5% MymumH) 6e3 cepAeYHO-COCYANCTLIX 3aboneBaHui
n CI2, c ypoBHEM MOYEBOW KWUCNOTbl B CbIBOPOTKE KPOBU
B npefenax Hopmsbl; Il rpynna — noxunble niogn (n=87,
23,0% MyumH) ToNbKO ¢ KoHTponupyeMoii AT; Il rpynna —
noxwunble noam (n=34, 44,0% MyX4mnH) ¢ KOHTponupyeMoit Al
u CO2; IV rpynna — noxwunble atoau (n=17, 11,8% MyxumH)
C KoHTponupyeMoii Al 1 runepypukemMmen.

KateropuanbHble nepeMeHHble 0MMCbIBanM abcomoTHbIMM
3HauyeHusMuM (abc.) u npoueHTHbIMU fonamu (%). [na npo-
BEPKU HemMpepbiBHbIX NePEMEHHBIX HA COOTBETCTBUE 3aKOHY
HOpManbHOro pacnpefeneHus ucnonb3oBanu Kputepui LLa-
nupo—Yunka. C y4eToM pe3ynbTaToB NOCIeSHEr0 HenpepbIiB-
Hble NPU3HaKK onucbiBau MeauaHon (Me) ¢ 25-M u 75-M
nepueHtunsamu (P25; P75). CpaBHeHWe HECKONBbKMX He3a-
BMUCUMBIX TPYMM MO HenpepbiBHbIM MPU3HaKaM NPOBOAMIH
c noMoLubto Kputepus Kpackena-Yonnuca. [ns nonapHoro
cpaBHenma rpynn -V ¢ KoHTposbHOM rpynnon | ucnonb3o-
Ba/m U-Kputepuit MaHHa—YuTHM ¢ nonpaBKoi boHdpeppoHy,
KPUTUYECKWIN ypoBeHb 3HaunMocTn — p <0,017. Koppenauu-
OHHbII aHanu3 BbINOJHAMMN € UCMONb30BaHUEM KO3 PULIMEH-
Ta Koppensuun CnupmeHa. KoppeKumio nonyyeHHbIX CBS3ei
Ha noTeHUManbHble BMeluuBaiolmecs daktopbl (MMT, Bos-
pact, noJsi) NPOBOAUAM C UCMONb30BAHUEM MHOXKECTBEHHOM
JINHEWHOW perpeccui. YpoBeHb 3HAUMMOCTU pesynbTaToB
CTaTUCTUYECKMX TECTOB, 3@ UCKITIOYEHNEM CUTYaUMiA nonap-
HbIX cpaBHeHui, onpegensim Kak p <0,050. Ycnosusa npu-
MEHUMOCTU JIMHEIIHOTO PErpeccUOHHOr0 aHau3a NpPoBOANITH
nocpesCcTBOM BU3YaNbHOM OLEHKY rpadMKoB pacnpeseneHus
octatkoB. CtatucTuyeckyo 0bpaboTKy npoBoAMIM C noMo-
LWwbto mporpammbl Statistica 10 (StatSoft, CLLA) u Stata 18.0
(Stata Corp, CLLA).

Mpotokon uccneposanns ICCE-PO3 pns ApxaHrenbckon
obnact1 0go6peH NoKanbHbIM 3TMHECKUM KomuTeToM OIEOY
BO CIMY (ApxaHrenbcK) MuHsgpaBa Poccum (npotokon
N2 01/02-21 ot 17.02.2021). UccnepoBanne «bruoMapkepsl
WHAMBMAYANbHOW u3HecnocobHocTn y xuteneit EBponeii-
ckoro Ceepa Poccum» 0p06peHo NOKambHBIM 3TUYECKUM
KomuteTom OIE0Y BO CIMY (ApxaHrenbck) MuHsapasa Poc-
cum (npotokon N2 03/04-23 ot 26.04.2023). Bce yyacTHUKH
npefocTasuimn fobpoBosbHbIE MHPOPMMPOBaHHbIE COracKs
Ha yyacTue B KaXA0M W3 UCCTeloBaHMI.

PE3Y/IbTATbI

KoHueHTpauuu rnokosbl 1 HbATc bbiam ctatUcTUYecKu
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Ta6nuua 1. MNokasaTtenu MoYeBON KUCNOTbI, FIOKO3bI M FIMKUPOBAHHOO reMoriobuHa B rpynnax uccnefoBatus, Me (25; 75)
Table 1. Uric acid, glucose and glycated hemoglobin levels in groups, Me (25; 75)

| rpynna Il rpynna Il rpynna IV rpynna
i | group Il group Il group IV group
(n=42) (n=87) (n=34) (n=17)
MoueBas Kucnota, Mr/an 4.8 (4,0:5,6) 51 (4,3;5,8) 5.5 (4,2; 6,4) 6,8 (6.4 7.3
Uric acid (mg/dL)
[nioKo3a, MMosTb/N 57 (52:5,9) 57 (5,2: 6.2) 6.3 (5.4 7.1 57 G.4: 6,1)
Glucose (umol/L)
[MWKnpoBaHHbIN reMornobux, % 5,3 (4,9;5,3) 51 (4,9; 5,4) 6,0 (5,4; 6,3)* 5.1(49:52)

Glycated hemoglobin (%)

* p <0,001 — cTatMcTUYeCKU 3HAUUMBIE Pa3NNYKA N0 CPABHEHWIO C KOHTPOMLHOW rpynnoi, U-Kkputepuin MaHHa—YuTHu.
* p <0.001 — statistically significant differences compared to the control group, the Mann—-Whitney U test.

3HaummMo Bbilwe B Il rpynne, 4eM B KOHTposbHOW (Tabn. 1).
KoHueHTpaLyms Mo4eBoii KUCNOTLI B CbIBOPOTKE KpoBM Obina
3HaumTenbHo Boiwe B IV rpynne. Yposuu CAL v JAL B rpyn-
nax Il, lll, IV He oTnuyanuce (tabn. 2). YposeHb CAJL B LaHHbIX
rpynnax bbin CTaTUCTUYECKM 3HAYMMO BbILLE MO CPABHEHMIO
C KOHTPO/LHOM Fpynmnoii, Ho MeaMaHa — B Npefenax Hop-
MaJbHbIX 3HAaYeHMI.

CpaBHuTeNbHBIN aHanu3 KoMnoHeHToB P300 Mexay
TPYNnoi Noxunbix Nofen ¢ KoHtponupyemoid Al (Il rpyn-
Ma) U KOHTPOJIbHOW Fpynnoii He BbIABWA pasfinymin (Tabn. 3).
JlatentHoctb P300 B rpynne ¢ konTponupyeMon Al u CL2
(Il rpynna) 6bina 3HauMTesNbHO yBenuueHa B NOOHbIX (F4,
p=0,004; F3, p=0,004) u ueHTpanbHbIX 06NACTAX roNOBHO-
ro mosra (C4, p=0,004; C3, p=0,012), a amnnutyna P300
CHWXEHa B LEHTpanbHbIX 0TAenax ronoHoro mosra (C4,
p=0,001; C3, p=0,008) no cpaBHEHMIO C KOHTPOSILHOM rpyn-
Mon. Y y4acTHWKOB ¢ KOHTponinpyeMon Al 1 runepypukeMmeit

(IV rpynna) amnautyna P300 6bina cTaTUCTUYECKU 3HAYMMO
HWxe B nobHbIx (F4, p=0,019; F3, p=0,005) u weHTpanb-
HbIX obnacTsx ronosHoro Mosra (C4, p=0,005; C3, p=0,005)
M0 CpaBHEHWK C KOHTPOMbHOM rpynnoi. CTaTucTuyecku
3HauUMMBIX pasnnunid B nateHTHoct P300 Mexay IV u Kow-
TPONbHOM rPYNnaMu BbiABAIEHO He Obino. KoppenaunoHHbIN
aHanu3 nokasan, 4yto amnautyaa P300 otpuuatensHo Koppe-
npoBana C COAepPXaHNeM MOYEBOI KUCNOTbI B LIEHTPaJTbHbIX
(C4, r=—0,24, p=0,001; C3, r=—0,18, p=0,011) n nobHbIx (F4,
r=-0,24, p=0,001; F3, r=—0,23, p=0,001) obnactax ronosHoro
Mo3ra. JlateHTHocTb P300 He uMena Kakon-nnbo 3HauMMoiA
KOppensuMM ¢ CoAepaHMeM MOYEBOM KUCNOThI. YpOBEHb
HbA1c nonouTensHo KoppenmpoBan ¢ nateHTHocTblo P300
B UeHTpanbHbIx (C4, r=0,22, p=0,002; C3, r=0,20, p=0,005)
u nodHbix (F4, r=0,18, p=0,014; F3, r=0,21, p=0,004) 06-
NacTAX M OTpUUATENbHO KOppenupoBan € aMnauTynoi
P300 B ueHTpanbHon (C4, r=-0,25, p=0,001) u nobHoIx (F4,

Ta6nuua 2. OcHoBHble AeMorpaduyecKkme NOKA3aTeNu U XapaKTepPUCTUKM 3[0POBbS Y4aCTHUKOB UcceoBaHus, Me (25; 75)
Table 2. Demographic and health characteristics of study participants, Me (25; 75)

| rpynna Il rpynna lll rpynna IV rpynna
E:?:r:::g:; | group Il group Il group IV group

(n=42) (n=87) (n=34) (n=17)
Bospacr, net 64,9 65,0 69 67,0
Age (years) (62,0; 67,0) (62,0; 70,0) (65,5; 73,0)*** (65,0; 68,0)
Cuctonuyeckoe apTepuanbHoe 4aBEHWE, MM pT. CT. 117,0 129,0 127,5 126,0
Systolic blood pressure (mm Hg) (110,0; 126,0)  (123,0; 133,0)***  (115,5; 134,5**  (119,0; 134,0)**
[lnactonnuyeckoe apTepuanbHoe 4aBfieHUe, MM pT. CT. 76,7 82,0 75,5 77,0
Diastolic blood pressure (mm Hg) (70,0; 82,0) (77,0; 87,0)** (70,0; 83,0) (72,0; 84,0)
WHpeKe Macchl Tena, Kr/m2 26,1 28,9 29,4 33,9
Body mass index (kg/m?) (23,2; 28,7) (25,1; 31,2)** (26,7; 32,1)** (29.,4; 36,5)**
MponomKuTENbHOCTL apTepuanbHoii rUnepTeH3uu, Net — 11 (7; 20) 20 (10; 27) 15 (10; 20)
Duration of arterial hypertension (years)
MpopmosmKMTENbHOCTL CaxapHoro avabeTa 2-ro TMna, net — — 9(2:17) —

Type 2 diabetes mellitus duration (years)

*p <0,05, ** p <0,01, *** p <0,001 — cTaTUCTUYECKM 3HAYMMbIE PA3NIMYMS MO CPABHEHMIO C KOHTPOSbHOM rpynnoi, U-kputepuin MaHHa—

WUTHU.

*p <0.05, ** p <0.01, *** p <0.001 — statistically significant differences compared to the control group, the Mann—-Whitney U test.
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Ta6nuua 3. J1aTeHTHOCTb M aMNUTYAA CIYX0BOTO BbI3BaHHOTO noTeHumana P300, ceszaHHoro ¢ cobbiteM, Me (25; 75)

Table 3. Latency and amplitude of the event-related potential P300, Me (25; 75)

| rpynna Il rpynna Il rpynna IV rpynna
Bawes |\ e o o
NarentHocTb P300, Mc | P300 latency (ms)
Ch 365,1 (346,0; 383,0) 368,0 (348,0; 398,0) 378,0 (356,0; 422,0)* 352,0 (340,0; 384,0)
C3 367,0 (350,0; 384,0) 380,0 (351,0; 401,0) 382,5 (364,5; 418,5)* 368,0 (338,0; 390,0)
F4 360,2 (344,0; 377,0) 364,0 (345,0; 400,0) 382,0 (356,0; 425,0)** 361,0 (354,0; 384,0)
F3 362,9 (345,0; 378,0) 373,0 (350,0; 398,0) 383,0 (365,5; 422,5)** 368,0 (345,0; 388,0)
Amnnutyaa P300, MB | P300 amplitude (uV)
Ch 11,3 (7,5 13,7) 10,3 (6,2; 12,5) 6,7(3,7; 11,5/ 6,6 (5,3; 8,9
C3 11,1 (7,413,2) 10,1(7,3; 13,3) 6,8(3,2,12,7) 7,3(5,2; 7,8
F4 9,4 (5,7; 11,0) 8,3(5,9; 12,8) 6,9 (3,8;10,1) 5623 95"
F3 8,9 (5,0; 10,2) 8,4(5,3;11,2) 6,3(3,7;9,1) 52 (4,0; 6,7)

* p<0,05, ** p<0,001 — cTaTMCTUYECKM 3HAUMMBIe Pa3fINuMA N0 CPABHEHUIO C KOHTPOLHOM rpynnoi, U-kputepuii MaHHa—YuTHu.
*p <0.05, ** p<0.001 — statistically significant differences compared to the control group, the Mann—Whitney U test.

r=—0,22, p=0,003; F3, r=-0,19, p=0,009) obnactax ronos-
Horo Mo3ra. KoHueHTpaums roKo3bl OTPULATENIBHO KOp-
penupoBana ¢ amnautygon P300 B nobHbIx obnactax (F4,
r=-0,18, p=0,012; F3, r=-0,19, p=0,009) n nonoxmrens-
Ho — ¢ naTteHTHocTbio P300 B N10bHLIX 0bnacTsx (F4, r=0,17,
p=0,02; F3, r=0,17, p=0,02) n ueHTtpanbHoi cnpasa (C4,
r=0,16, p=0,031). AMnauTyaa n nateHTHoctb P300 He uMe-
X 3HaYMMoW Koppenauuu ¢ pnutenbHoctelo CL2. Mocne
MonpaBKU Ha MoTeHUManbHble BMeLUMBaloWMecs QaKTopsl

(Bo3pacTt, UMT, non) He Gbino obHapyXeHO pasnuuuin B na-
TeHTHoCTM M amniuTyae P300 Mexay Il v KoHTponbHOM rpyn-
namu (tabn. 4). B Il rpynne Habnoganock yBenuyeHue na-
TeHTHocTM P300 B npaBoii nobHoi (F4) n ueHTpanbHbix (C4,
C3) obnacTsix, a TakKe cHuKeHue amnautyabl P300 B LeH-
TpanbHbIx (C4, C3) n neBoit nobHom (F3) obnactax ronosHoro
M03ra no CpaBHEHMIO C KOHTPOJbHOW rpynnoit. B IV rpynne
Habntoganock cHuenne amnamtyabl P300 B npaBoit LeH-
TpanbHoi (C4) n nobHbiIx (F4, F3) 0bnacTax ronoBHoro Mosra.

Tabnuua 4. Otmumsa cpeHux 3HaueHuit nateHTHoro BpeMenn P300 u amnautyabl P300 mexxay rpynnamu |11V u koHTponbHom rpynnoi |

C KOppEKLI,VIEVI Ha noJi, BO3pacT, MHAEKC MaccCbl Tena

Table 4. Differences in mean values of P300 latency and P300 amplitude between groups I1-IV with the control group |, adjusted for gender,

age, body mass index

Ill rpynna
Il group
(n=34)

IV rpynna
IV group
(n=17)

24,50 (3,18; 51,80)
27,11 (0,71; 53,52)
26,05 (1,05; 51,04)
22,96 (=3,11; 49,02)

=511 (-8,79; -1,41)
-3,93 (-7,49; -0,37)
-3,34 (-7,11; 0,43)

o | s | e
(n=42) (n=87)

NarentHocTtb P300, Mc | P300 latency (ms)
C4 PedepeHc | Reference 11,01 (<7,11; 29,31)
C3 PedepeHc | Reference 10,28 (-9,51; 30,07)
Fa4 PedepeHc | Reference 6,26 (-12,46; 24,99)
F3 PedepeHc | Reference 4,01 (-=15,52; 23,54)

Amnnutyaa P300, MB | P300 amplitude (pV)
C4 PedepeHc | Reference -2,04 (-4,81; 0,72)
C3 PedepeHc | Reference -0,51(-3,18; 2,18)
F4 PedepeHc | Reference -0,73 (-3,55; 2,09)
F3 PedepeHc | Reference 0,41 (-2,94; 2,12)

-3,54 (-6,92; -0,16)

11,67 (-14,94; 38,28)
6,12 (-22,81; 35,04)
14,42 (-12,95; 41,79)
9,69 (-18,85; 38,24)

=514 (-9,19; -1,09)
-4,31 (-8,21; 0,39)
-4,69 (-8,82; -0,56)
-4,14 (-7,85; -0,44)

[MpumeyaHue. MHOXeCTBEHHBIN NIMHEHBIA PErPECCUOHHBIA aHaNKU3: PerpeccuoHHbI KoadduumeHt B (95% AN).

Note. Multiple linear regression: regression coefficients B (95% Cl).
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OBCYXOEHWUE

B aToM mccnefoBaHum oLieHMBaNM CBSA3b rMNepypUKeMum
1 C[12 ¢ KOTHUTMBHBIMU QYHKUMAMM C NOMOLLbI0 METOAA Bbl-
3BaHHbIX NOTEHUMANo0B, CBA3aHHbIX ¢ cobbiTueM P300, y no-
XUNbIX Ntogen ¢ KoHTponupyeMon Al JlateHTtHocTe P300 oT-
PAXAET CKOPOCTb HEMPOHHBIX QYHKLMIA, NEXALLUX B OCHOBE
06paboTkM MHPOpMaUMK M NpuHATUA pewlennii [12, 15, 21].
Amnautyga P300 nponopumoHanbHa pecypcaM BHUMaHMs
[21]. B HaweM uccnefoBaHUM He BbiNo BbISBNEHO CTaTW-
CTMYECKM 3HAYMMbIX PasfiNuuiA B NaTEHTHOCTU U aMNUTyLe
P300 y noxwunbix noaen ¢ KoHTponupyemon Al no cpas-
HEHWIO C KOHTPOJIBHOM rpynnoit. 310 MoeT bbiTb CBA3aHO
C perynsipHbIM NpUEMOM TMMOTEH3UBHBIX MPenapaToB W fo-
CTUIKEHWEM HOPMaJlbHbIX 3HaYeHWN apTepuanbHoro Aaene-
Hua. B rpynne ¢ CA12 u koHtponupyemoii Al Habnopanoch
yBennyeHne nateHtHocTu P300 no cpaBHEHMIO C KOHTPOSb-
HOM rpynnoii. Ysenndenve natentHoctu P300 B rpynne no-
¥unbix Mopei ¢ CL12 v koHTponmpyeMon Al cBUAETENbCTBYET
0 CHUXKEHWM CKOpPOCTU 06paboTkM MHbOpMaLMK, yBEAMUEHUN
BPEMEHW MPUHATUA PELLEHUA MO CPABHEHUIO C KOHTPOJIbHOIA
rpynnoii. Tak Kak B 3TOW rpynne apTepuanbHoe AaBNieHUe
HaxoAMNoch B NPeAeniax HopManbHbIX 3HAYEHWUH, @ MOXKUIIbIE
NIOOM PErynsipHo NPUHUMANKM TUNOTEH3UBHBLIE Npenaparsl,
BrosiHe BeposTHO, 4to C[12 urpaet BaHylo posib B CHUMe-
HWW CKopoCTW 06paboTKM MH(OPMALMK TOSIOBHBIM MO3rOM.
WccnepoBakus apyrux aBTopoB NoATBEPKAANT, uTo npy CL2
0C06EHHO CUNBHO CTPaAAloT CKOPOCTb KOTHUTUBHBIX MpoLiec-
COB M UCMONHUTENbHbIE BYHKLMM [22]. B nuTepaType uMetoT-
A AaHHble 06 yBenuyeHun nateHTHocTv P300 [16], a Takke
06 yBenuuyeHumn nateHTHocTM P300 Ha doHe CHMKEHMS aM-
nnutyael P300 y nopeii ¢ CO [15]. KoHueHTpaumv rnoKosbl
n HbAlc nonouTenbHo KOppenupoBanu C NaTeHTHOCTbIO
P300 u otpuuatensHo — c amnautygon P300. AMnautyaa
n nateHTHocTb P300 He KoppenupoBaiM C AJIUTENIBHOCTbIO
CA2. 310 no3sonseT NpeanosioXUTb, YTO MUNEpPriuKeMus
BAMSAET Ha CHUXEHMEe cKopocTu obpaboTku MHbopMaumm
1 BHMMaHMe. [1oBbILLEHNE YPOBHS FTIOKO3bI B KPOBYU CBA3a-
HO C OKUC/IUTENbHBIM CTPECCOM, BOCMANEHUEM U ApyruMu
(aKTopaMm, KOTopble MOTYT BIUATL HA HEMPOHHYIO MIACTUY-
HOCTb, CMHANTUYECKYI0 nepefady U NPUBOAUTL K KOTHWUTMB-
HbIM HapyLLeHusM [23].

B rpynne ¢ runepypukemmeit n KoHTponupyeMoii Al bbina
obHapyeHa bonee Hu3Kas amnautyna P300, yeM B KOH-
TPOMNBHOM TPYNMe, YTO YKa3biBAET HAa CHUXKEHWE PecypcoB
BHMMaHMs. KoppenaumoHHbIA aHanu3 noKasan, 4to aMmniu-
Tyna P300 oTpuuatenbHo KoppenupoBana C CofeprKaHueM
MOYEBOM KMCNOTbI. TOYHbIE MEXaHM3Mbl TOTO, Kak Mo4eBast
KMCNOTa BAMSIET HA KOTHUTMBHBIE QYHKLMMW, OCTAOTCA HEW3-
BeCTHbIMU. [lpegnonaraetcs, 4To €€ BAMAHUE MOXKET ObiTb
CBAI3aHO C KOHLEHTpaumen 1 nepuogom Bo3geiictaus. B nu-
TepaType MOKa3aHo, YTO MOBBILIEHHbLIA YPOBEHb MOYEBO
KUCNOTHI CBA3aH c aTpodwmen benoro BewiectBa 6onbLUMX
MOMyLLAPWI FONOBHOMO MO3ra M YXYALIEHUEM KOTHUTUBHBIX
cnocobHocTei [24].
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3AKJTIOHEHUE

Y noxunbIx Nlofei ¢ runepypuKeMmen U KOHTPOJTMPYEMOiA
AT Habnopanach 6onee Hu3Kas amnautyaa P300, uto yka-
3blBaN0 Ha CHUXEHUE PECYPCOB BHUMAHUA. Y NOXUIbIX -
Aen ¢ Kontponupyemoii Al u C[12 Habnopanock yBennyeHue
NaTeHTHOCTU M cHUxeHue amnautyabl P300, uto otpaxaert
CHUXEHWE PecypcoB BHWUMaHMUs, CKOPOCTU 00paboTKM WH-
dopMauMn ¥ yBenuyeHWe BPEMEHU MPUHATUS pPeLLeHMN.
[Ins cHWXeHWUs pacnpocTPaHEHHOCTM KOFHUTUBHBIX Hapy-
LeHuit HeobxoamMo MHGOPMUPOBATL NALMEHTOB O BIUSHUM
TMNEepPYPUKEMUU U TUNEPTTIMKEMUM HA KOTHUTUBHBIE BYHKLNK,
KOHTpOJie [aHHbIX NapaMeTpoB, a TaKKe 0 HeobxoauMocTH
M3MEHEHWUS 00pa3a MU3HW, KOPPEKLMM paLMoHa MUTaHus,
MOBbILUEHWSA NPUBEPHKEHHOCTH K Ha3HAYEHHOMY JIEYEHMIO.

Y uccnenoBaHus ecTb HeKkoTopble orpaHuyeHus. OgHUM
U3 HWX SBNIAETCS HEBOMbLUOI pa3Mep BbIBOPKY.

A0NOSIHATESIbHAS UHDOPMALIUA

BnarogapHocTb. ABTOpHI BhipaaloT bnaroaapHocTb A.B. Kyapse-
LieBy.

Bknap aBtopoB. 0.B. KpuBoHoroBa — KoHLenums 1 am3aiH uc-
CNeaoBaHuUs, NONyYeHre, aHanua U UHTEpMpeTaLus AaHHbIX, Hanu-
caHue TekcTa cratby; E.B. KpuBoHoroBa — KoHuenums v gusaiH
1CCeoBaHNS, NONYYeHWe, aHanu3 U UHTEpMPeTaLms faHHbIX, Ha-
nrcaHue TeKcTa cTatby; J1.B. MockoTMHOBa — MonyyeHne faHHbIX,
0f0bpeHre GuHanbHoM Bepcuu cTatbil. Bee aBTopbl NOATBEPHAAIT
COOTBETCTBME CBOEr0 aBTOPCTBA MEXAYHapOAHbIM KpuTepuam ICMJE
(BCe aBTOpLI BHECTIN CYLLLECTBEHHBIN BKMAA B pa3paboTKy KoHLen-
UMK, NpoBefeHVe WUCCNefoBaHWa WM MOAFOTOBKY CTaTb, MPOYu
1 0006pMAM GUHANBHYID BEPCUIO Nepea NybaMKaumen).

WUctouHuk c¢uHaHcupoBanua. [laHHas cTaTbs MOArOTOBEHa
npY NOLAEPXKKe rpaHTa Poccuickoro HaydHoro doHpa N° 23-15-
20017 «bromapKepbl BHYTPEHHErO MoTeHLUMana y xuTtenein Espo-
nenckoro Cesepa Poccum».

KoHdnukT mHTepecoB. ABTOpLI [JEKNAPUPYIOT OTCYTCTBUE ABHBIX
1 NoTeHUManbHbIX KOHQIMKTOB MHTEPECOB, CBA3aHHBIX C Mybnnka-
LMeN HacToALLIEN CTaTbu.

WHdopMupoBaHHoe cornacue Ha yyacTve B MccClief0BaHUM.
Bce obcnenoBaHus MpoxogmnaW mocne MosydeHns Y y4acTHUKOB
MH(hOPMUPOBaHHO0 COrMacKs ¢ cobnloieHMeM HopM bruoMeANLMH-
CKOM 3TUKM.
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