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Effects of vaping on the tactile sensitivity
of the oral mucosa

Aleksey E. Shklyaev, Inessa G. Malakhova, Venera A. Khamidullina

Izhevsk State Medical Academy, Izhevsk, Russia

ABSTRACT

BACKGROUND: The rapid spread of vaping, which directly impacts the oral mucosa, highlights the importance of evaluating its
effect on tactile sensitivity in electronic cigarette users.

AIM: To clarify the characteristics of tactile sensitivity of the oral mucosa in electronic cigarette users.

MATERIALS AND METHODS: The study included 80 participants (mean age 23.5+0.2 years), divided into two groups: the
observation group (40 regular electronic cigarette users) and the comparison group (40 never-smokers). Each participant
underwent an objective dental examination and an assessment of tactile discrimination sensitivity at four alveolar zone points
(upper and lower jaws, left and right) using Weber's compass. Statistical analysis included the calculation of mean values,
standard errors, and significance testing using Student's t-test.

RESULTS: Physical oral examination revealed that the prevalence of gingivitis among electronic cigarette users was six
times higher, whereas dental calculus was 7.5 times mare frequently relative to the comparison group. The DMF index was
57.1% higher in the vaping group, whereas the Green-Vermillion hygiene index was 109.1% higher. Assessment of tactile
discrimination sensitivity revealed that its threshold was significantly higher in electronic cigarette users than in non-smokers.
On the upper jaw, sensitivity thresholds in vapers were 1.5 times higher (left: 7.71£0.30 mm, right: 7.63+0.27 mm) compared
to non-smokers (left: 5.15+0.06 mm, right: 5.10+0.08 mm). On the lower jaw, the difference was even more pronounced:
2.3 times higher on the left side (13.33+0.49 mm in vapers and 5.69+0.05 mm in non-smokers) and 2.5 times higher on the right
side (12.85+0.55 mm in vapers and 5.18+0.05 mm in non-smokers).

CONCLUSION: The use of electronic cigarettes is accompanied by a significant deterioration in the hygienic condition of the oral
mucosa and a reduction in its tactile sensitivity, which may lead to the latent progression of inflammatory and degenerative
processes in the oral and dentoalveolar system.

Keywords: vaping; electronic cigarettes; oral mucosa; tactile sensitivity.
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BnusHue BenuHra Ha TaKTUNbHYIO YYBCTBUTENIbHOCTD
CNU3MUCTON 060104KM NONOCTU pTa

A.E. WLknse., U.I. Manaxosa, B.A. Xamuaynnuxa

W>keBcKasn rocyfapcTBeHHasn MeaMLMHCKan akapemus, Vxesck, Poccus

AHHOTALIUA

O6ocHoBaHue. CTpeMuTENbHOE PacmpocTPaHeHWe BEMMMHIA, OKa3blBAIOLLEr0 HEMoCpPeACcTBEHHOE LEeMCTBUE HA CAU3UCTYHO
0605104Ky NONOCTU pTa, NPUAAET AKTYabHOCTb OLEHKE € TaKTUBHOM YYBCTBUTENBHOCTM Y MOSIb30BATeNEN 3NEKTPOHHBIX
curaper.

Lenb. YT04HUTL 0COOEHHOCTM TAKTUIBHOW YyBCTBUTENIBHOCTM CIM3UCTOM 0D0I0UKM NONOCTY PTa Y NOJb30BaTeSeN 3NEKTPOH-
HbIX CUraper.

Marepuanbi u Metoabl. B nccnenosaHum npunsnm yyactue 80 yenosek (cpeaHuii Bospact 23,5+0,2 rofia), U3 KoTopbix bbino
chopmupoBaHo ABe rpynnbl: HabnwogeHus (40 yenoBeK, perynspHO MCMONb3YIOLWMX 3NIEKTPOHHbIE CUrapeThbl) U CPaBHEHUS
(40 HuKorpa He KypwBlMX). Y Kaxporo obcnefyeMoro oLeHUBanKM 0ObeKTUBHbIE CTOMATONIOMMYECKUe MOKasaTenu W TaK-
TUNBHYI0 AMCKPUMUHALMOHHYIO YyBCTBUTENIBHOCTb B YETHIPEX TOUKAX anbBeONAPHOIA 30HbI (HA BEPXHEN W HUKHEN YentoCcTsX,
cneBa M crpasa) ¢ nomoLublo Luupkyns Bebepa. Cratuctuueckas 06paboTka BKIHOYana BbIYMCIIEHWE CPELHWX BENMYMH, UX
OLUMBOK, CTaTUCTUUECKOI 3HAUMMOCTH pasnnymin no t-kputepuio CTblogeHTa.

Pesynbratbl. 06bEKTUBHOE MCCE0BaHWe MOJOCTM PTa BLISBMNO, YTO YacTOTa MMHMMBMTA Y NOTPebUTENEN 3NEKTPOHHBIX
curapet B 6 pa3 Bbilwe, 3ybHOro KaMHa — B 7,5 pasa Bbilwe, YeM B rpynne cpaBHeHus.. MHaekc KNY y kypawwmx Ha 57,1%
BbILLE, YEM Y HEKYPALLMX, @ MHAEKC rurveHsl no puny—BepmunnunoHy — Ha 109,1%. MNpu oueHKe TaKTUABHON AUCKPUMM-
HaLMOHHOW YyBCTBUTENIBHOCTM YCTAHOBIEHO, YTO €€ MOPOr Y KyPALLMX 3NEKTPOHHbIE CUrapeThbl Ha BepXHEl YenocTi ¢ 0benx
CTOpoH Obin B 1,5 pa3a Bbiwwe (cnesa 7,71+0,30 MM, cnpaga 7,63+0,27 MM), yeM y Hekypswmx (cnesa 5,15+0,06 MM, cnpaBa
5,10£0,08 MM), Ha HuxKHelt YentocTn cneea — B 2,3 pasa (13,33+0,49 MM u 5,69+0,05 MM coOTBETCTBEHHO), cripaBa —
B 2,5 pasa (12,85+0,55 MM 1 5,18+0,05 MM COOTBETCTBEHHO).

3aknioueHue. Vcnonb3oBaHMe 3MEKTPOHHBIX CUrapeT COMPOBOXAAETCS CYLIECTBEHHBIM YXyALIEHWEM TUrUEHUYECKOro
COCTOSIHWS! CIM3UCTOM 0B0M0YKM NONIOCTU PTa U BbI3bIBAET CHUMKEHME €€ TAaKTUIbHOW YYBCTBUTENBHOCTM, YTO MPUBOAWT K Jla-
TEHTHOMY NPOrpeccMpoBaHmi0 BOCNANMTENbHBIX U AMCTPOGUYECKUX MPOLIECCOB CIM3MCTOM M 3yboueniocTHOro annapara.

KnioueBble cnoBa: BeWNWH; 3/IEKTPOHHbIE CUrapeTbl; CNIN3NCTad obonoyKa nonocTu PTa; TaKTUIbHadA 4yBCTBUTEJIbHOCTb.
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BACKGROUND

Vaping commonly refers to the use of electronic ciga-
rettes (e-cigarettes), vaporizers, and similar devices [1]. The
global fight against smoking has led to a decrease in tobacco
consumption. However, this has been replaced by increased
vaping. The most recent statistics show that the number of
e-cigarette users increased from approximately 7 million in
2011 to 35 million in 2016 and 55 million in 2021 [2]. In the
United States, 10.5% of middle school students and 27.5% of
high school students vaped in 2019 [3]. The rapid increase in
e-cigarette use, particularly by young adults and adolescents,
is due to the casual attitude toward electronic vaping devices
and the perception that these devices are fashionable. More-
over, electronic media promotes the idea that this type of
smoking is relatively safe [1].

Sales professionals and opinion leaders present e-cig-
arettes as a safe system with pleasant organoleptic prop-
erties [4]. However, e-cigarette liquids contain components
such as propylene glycol, glycerin, flavorings, colorings,
and additives, including nicotine. Furthermore, the aerosols
produced during vaping contain many toxic components, in-
cluding metal nanoparticles, formaldehyde, diacetyl, acrolein,
acetaldehyde, and acetone [5, 6].

Today, most studies evaluating the effects of e-ciga-
rettes on the body focus on respiratory diseases in vapers.
The most common combination of symptoms associated
with vape-related lung injury is EVALI (e-cigarette and
vaping-use associated lung injury) syndrome. Other lung
damage in e-cigarette users is possible, including acute re-
spiratory distress syndrome [1]. Previous studies have pro-
vided data on functional disorders of the upper and lower
gastrointestinal tract in vapers as determined by peripheral
electrogastroenterography and pH-impedancemetry [7, 8].
These disorders are manifested by lower quality of life as
measured by the specific Gastrointestinal Symptom Rat-
ing Scale and the non-specific Short Form-36 question-
naires [9].

Several studies have investigated the influence of e-ciga-
rettes on dental health [10]. In particular, characteristic mu-
cous membrane changes, such as bleeding and structural
changes of the gingiva, were observed in the oral cavities
of e-cigarette users. Additionally, lower interalveolar septal
height and a high incidence of xerostomia were found [4].
There is evidence that e-cigarettes promote periodonti-
tis [11]. A microbiological evaluation of the oral mucosa
of vapers has shown that e-cigarette aerosols lead to oral
dyshiosis manifested by the inhibition of commensal repro-
duction and the increased formation of opportunistic mi-
crobe biofilms (e.g., S. mutans). These conditions allow for
the rapid colonization of the mucosa by Candida albicans,
which may lead to acute candidiasis [12, 13]. Analysis of the
oral fluids of e-cigarette users showed a significant increase
in rhodanide levels associated with the regular inhalation of
hydrocyanic acid metabolites from the inhaled aerosol [14].
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This inhalation is accompanied by a decrease in the protective
and antibacterial functions of saliva [15].

A detailed understanding of the normal physiology of the
oral mucosa and its sensory function requires studying the
differences in pain sensitivity to various mechanical influenc-
es. This study could be used to solve dental disorders, es-
pecially in orthopedic treatment [16]. Previous studies of the
tactile sensitivity of the oral mucosa determined the quanti-
tative threshold at various points on both jaws of individuals
of different sexes. It was found that there are no sex differ-
ences in healthy populations. No significant differences in
sensitivity thresholds between the jaws were revealed. Thus,
the authors considered this type of sensitivity to be a single
type [17]. The evaluation of the pain sensitivity threshold of
the oral mucosa in patients with chronic somatic diseases
(chronic kidney disease, inflammatory bowel disease, and
type 2 diabetes mellitus) showed an increase that persists
even when the disease is under control [18]. The data on
changes in tactile sensitivity thresholds of the oral muco-
sa in internal and endocrinological diseases is important for
both dental disease treatment and management of underlying
chronic diseases. Given the rapid increase in vaping and its
direct influence on the oral mucosa, assessing oral tactile
sensitivity in e-cigarette users is relevant.

The study aimed to specify the of tactile sensitivity in the
oral mucosa of e-cigarette users.

MATERIALS AND METHODS

Study Design

A cross-sectional single-center observational study was
conducted.

Eligibility Criteria

The study included volunteers who complied with the
study design (e-cigarette users and non-smokers). None
of the participants had systemic or severe dental diseases.
The exclusion criteria of the study included acute infectious
diseases, significant dysfunction of internal organs due to
somatic diseases, diabetes mellitus, mental illness, and ges-
tation or lactation.

Study Setting

The study was conducted at the Izhevsk State Medical
Academy of the Ministry of Health of the Russian Federation.

Study Duration

All study participants underwent a single dental assess-
ment of status and tactile discrimination sensitivity (TDS)
assessment of the oral mucosa.

Intervention

Dental parameters, including the dental formula, the
decayed, missing, and filled teeth (DMFT) index, and the
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GreenVermillion hygiene index (OHI-S) were evaluated in
all participants and appropriate oral care recommendations
were provided. Oral mucosa sensitivity was assessed using
the TDS threshold at preset points on the alveolar zone of the
premolars on both sides.

Main Study Outcome

The TDS threshold was determined on the upper jaw on
the side of the hard palate and on the lower jaw on the an-
terior surface of the alveolar gingiva in the premolar area
as these zones have identical oral mucosa structures and
pliability [17].

Subgroup Analysis

A total of 80 people (40 males and 40 females) aged
18 to 30 years (mean age: 23.5 + 0.2 years) participated in
the study. The participants were divided into two groups.
The observation group included 40 participants (20 males
and 20 females) who were regular e-cigarette users. The
control group included 40 non-smokers who never smoked
(20 males and 20 females).

Outcomes registration

Weber's compass was used to determine the TDS
threshold. The compass’s legs were placed on the oral
mucosa. The minimum distance (mm) at which two touch-
es were distinguished was set when the legs were moved
further apart.

Ethics Approval

The study was approved by the local Ethics Committee of
the Izhevsk State Medical Academy of the Ministry of Health
of the Russian Federation (protocol No. 761 dated Septem-
ber 26, 2023).

Statistical Analysis

Univariate statistical methods were used for statistical
analysis in Statistica 6.0 and Microsoft Excel . Parametric
methods were used as the data distribution corresponded
to a normal distribution (normality was verified using the
asymmetry coefficient). The results were presented as the
mean + standard error of the mean (M + m). Student's t-test
was used to determine the reliability of quantitative variable
differences. Results were considered significant at p < 0.05.

Table 1. Objective examination of the oral cavity (M + m)

Vol. 31 (8) 2024

Exologiya cheloveka (Human Ecology)

RESULTS

Participants

Seventy-five percent of study participants in the ob-
servation group had two to four years of experience with
e-cigarettes; whereas the remaining 25% participants had
more than four years of experience. Eighty percent of va-
pers used smoking liquid with a nicotine content of 20 mg/
ml; whereas the rest used liquid with a nicotine content of
50 mg/ml or higher. Additionally, 70% of e-cigarette users
took 150-500 puffs per day; 20% took less than 150 puffs;
and 10% took more than 500 puffs.

An analysis showed that 40% of participants had con-
cerns about gingival bleeding, including 15% of non-smokers
and 25% of e-cigarette users. Seventy-five percent of study
participants indicated a desire to change the color of their
teeth for aesthetic reasons, including 35% of non-smokers
and 40% of e-cigarette users.

Primary Results

An objective examination of the oral cavity showed sig-
nificant differences between groups in terms of oral mucosal
condition, degree of caries, and hygiene (see Table 1).

E-cigarette users had a 6-fold higher frequency of gingi-
vitis and a 7.5-fold higher frequency of dental calculus com-
pared to the control group. Smokers had worse DMFT and
OHI-S values than non-smokers.

The study of the TDS threshold of the oral mucosa using
Weber's compass show demonstratively a significantly lower
sensitivity in the observation group (see Table 2).

The study found that the TDS threshold of the oral muco-
sa on the upper jaw (both right and left) was 1.5-fold higher
in e-cigarette users compared to the control group. In the
observation group, the value on the lower jaw was 2.3-fold
higher on the left and 2.5-fold higher on the right compared
to non-smokers.

DISCUSSION

The significant difference in objective assessments of
oral cavity condition between smokers and non-smokers is
clearly related to the less careful hygiene by e-cigarette us-
ers and the influence of inhaled aerosol components on the

Parameters Observation group (n=40) Control group (n=40) p
Frequency of gingivitis, % 30.00+7.25 5.00+3.45 0.003
Frequency of xerostomia, % 2.5¢2.4 0 0.301
Frequency of dental calculus, % 37.5471.7 5.0£3.4 <0.0001
DMF index 5.5+3.6 3.5+2.9 0.666
GreenVermillion oral hygiene index 2.3+2.3 1.1£1.6 0.667

DOl https://doiorg/10.17816/ humecob43342

971



OPUTMHATTBHBIE MCCIEIOBAHNA

T.31N2 8, 2024

JKoNorna HenoBeka

Table 2. Threshold of tactile discrimination sensitivity of the oral mucos (M+m). mm

Points Observation group (n=40) Comparison group (n=40) P
Left upper jaw 7.71£0.30 5.15:0.06 < 0.0001
Right upper jaw 7.63+0.27 5.10+0.08 <0.0001
Left lower jaw 13.33+0.49 5.69+0.05 <0.0001
Right lower jaw 12.85+0.55 5.18+0.05 <0.0001

oral mucosa and dentoalveolar apparatus. The combination of
nicotine and glycerol creates favorable conditions for the depo-
sition of nicotine plaque on teeth and oral mucosa. This plaque
is covered by a glycerol film that promotes the multiplication
of pathogenic microorganisms, causing rapid progression of
dental carious lesions and exacerbating existing inflammatory
periodontal diseases [4]. According to previous studies, xero-
stomia is the most common side effect of e-cigarette use,
affecting 2.5% of participants in the observation group [10].

A significant increase in the TDS threshold of the oral mu-
cosa, along with poor oral hygiene and a higher frequency of
inflammatory lesions and carious processes, creates a false
sense of well-being in e-cigarette users. This contributes
to the progression of inflammatory and dystrophic diseases
without obvious clinical manifestations, allowing users to
postpone dental visits for oral cavity sanitation.

A lower sensitivity of the oral mucosa in chronic kidney,
intestinal, and endocrine diseases found by other authors is
usually associated with dystrophic and degenerative pro-
cesses in the nerves that innervate the oral mucosa. These
include disorganized myelin and the complete demyelination
of some axons, as well as axoplasmic vacuolization. They
develop due to metabolic disorders in patients with severe
internal diseases [18]. However, no significant differences
were found in the degree of decrease in mucosal sensitivity
of the upper and lower jaws in cases of somatic diseases.
The significant difference in TDS thresholds of the mucosa
of the upper and lower jaws in the e-cigarette study group
(1.7-fold on both sides) indicates the profound local dam-
aging effect of the inhaled aerosol and systemic effects
caused by inhalation. The TDS threshold of the oral mucosa
in non-smokers was close to other studies with similar data
on the absence of significant differences in tactile sensitivity
in the alveolar zone of the upper and lower jaws in the pre-
molar area on both sides [17].

Study Limitations

The study was limited by the young age of the participants
and their short history of e-cigarette use. In addition, only the
TDS of the oral mucosa was assessed.

CONCLUSION

The study indicated a significant adverse effect of in-
haled aerosol on the oral mucosa when using e-cigarettes.

DOl https://doiorg/10.17816/ humecob43342

E-cigarette users showed a significant increase in TDS
threshold in all evaluated zones of the lower and upper jaws
compared to non-smokers. E-cigarette users showed a 1.7-
fold higher increase in lower jaw TDS compared to upper jaw
TDS. The deterioration of oral mucosa sensitivity is accom-
panied by oligosymptomatic progression of inflammatory and
dystrophic diseases of the oral mucosa and dentoalveolar
apparatus. This progression is more common in e-cigarette
users due to poor oral hygiene and the direct damaging effect
of inhaled aerosol components.

Further study of the TDS of the oral mucosa could lead
to a better understanding of its sensory function and the in-
fluence of various local and general damaging factors that
dentists encounter daily.
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JdTnyeckan 3kcnepTusa. ViccnenoBaHve 040bpEHO NOKaNbHBIM
3Tuyeckum kommutetoM OTBOY BO «MeBckas rocypapcTBeH-
Has MefMUMHCKas akafjemusi» MuHMCTepcTBa 3[paBoOXpaHeHus
Poccuiickoin ®epepaumm (mpotokon N2 761 ot 26.09.2023).

WndopmuposaHHoe cornacue Ha yyacTue B Mcc/ie0BaHUM.
Bce yuacTHWMKM [0 BKIIOYEHMS B UCClefoBaHWe [06p0BOSLHO
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CBs3b 6M0GMAMM U CAMOOLLEHKM 3IMOLMOHANbHOIO
COCTOSIHUS NPU BOCNIPUATUM NPUPOJHBIX

U ypbaHucTMyecknx NaHawWwadToB ¢ opraHusauuent
6M03N1eKTpUYEeCKOW aKTUBHOCTU FONIOBHOr0 MO3ra

0.M. PasymHuKoBa

HoBocnOMpcKui rocyaapcTBeHHbI TEXHUYECKUIA YHuBepcuTeT, HoBocnbupck, Poccus

AHHOTALMUA

06ocHoBaHUe. Pe3ynbTaTbl MHOTOYUCTEHHBIX UCCNEA0BAHUA CBUAETENBCTBYIOT O CHUMEHUM CTPECCA U YNYYLLEHWUM 3MOLMO-
HaNbHOrO COCTOSHWSA NMPW BOCMPUSTUM MPUPOLHONA Cpefbl, YTO COMPOBOXAAETCA CHUMEHWEM aKTWUBALMM KOpbl FONOBHOMO
Mo3ra. [opofickas cpefia BbI3blBAeT NPOTMBONONOMHbIA 3 deKT. 0AHAKO 0CTAETCA HEACHBIM, KaKue pUTMbI 3NIEKTPO3HLEeda-
JIorpaMMbl W Kakue pervoHbl Mo3ra BOB/IEKAOTCS B MeXaHW3Mbl peflakcaLm 1 NpUYUHBI UX MHAMBMAYaNbHOTO pa3Hoobpasus.
Llenb. BoisicHeHue cBs3v 6ruodunmm 1 caMooLEHKW IMOLMOHANBHOMO COCTOSIHUS NPU BOCMPUSTUM NMPUPOLHBIX U ypbaHUCT-
Yeckux naHawadToB ¢ opraHM3aLmeit BUO3NEKTPUYECKON aKTMBHOCTU FOIOBHOMO MO3ra.

Martepuanbl M Metoabl. B camooueHKe Bruodunum 1 amMouMoHaNbHOW peakumu (BaneHTHOCTH, BO3BYKAEHUS, aMNUTYLbI)
nocne NpocMoTpa CrneumManbHO Co3faHHbIX (UIbMOB, NPeACTaBNSAIOLLMX NPUPOLHBIA MK YpBaHUCTUYECKUIA NaHawadT ro-
POACKOM cpefbl, NpUHUManK yuactue 83 cTyaeHTa TexHUuecKoro yHuBepcuteTa B Bo3pacte 20,0+1,5 roaa; ¢ peructpaument
19-kaHanbHoM anekTposHuedanorpammel — 37 yenosek. llcuxomeTpudeckue nokasatenu buodmamm M caMooLeHKN 3Mo-
LMK, BbI3BAHHBIX MPOCMOTPOM 3TUX (MIIbMOB, COMOCTABASANM C YAaCTOTHO-MPOCTPAHCTBEHHOW OpraHM3aLmei akTMBHOCTU KOpbI
B CEMM YaCTOTHbIX AWanasoHax.

Pesynbratbl. 06HapyxeHa nonoxuTenbHasa cBA3b OUOMAMM ¢ caMoOoLEeHKON BO36YKAEHNS, BbI3BAaHHOIO KaK NpUPOAHLIM,
TaK 1 ypbaHucTuyeckuM naHpwacgtom (0,41 <Rs<0,51 npu 0,01 <p<0,05 no kputepuio CnvpmeHa). Mpu 3ToM BocnpusAThe
NPUPOJHOro NaHALAgTa BbI3bIBANO MONMOMUTENLHLIE IMOLUMK, TOTAA Kak ypbaHUCTMYecKoro — oTpuuatenbHble. [lono-
MUTeNbHasA CBA3b NOKasaTens Bo3OYXAEHWs B CMTyaLMu NpocMoTpa NpUpogHOro NaHAawadra bbina npeacraBneHa B HU3-
KOYacTOTHbIX [efnbTa- U TeTa-AuanasoHax 3nekTposHuedanorpaMmbl B HOHOBOM COCTOSHWM M NpKU NpocMoTpe GunbMoB
(0,40 <Rs<0,72 npm 0,005 <p<0,05). MpocMoTp NpupoaHoro NaHawadTa XxapaKTepusoBascsa accoumaLmeil nokasaresien Bo3-
ByaeHus/BaneHTHOCTU U anbga-/beTa-puTMOB, PerMoHapHO CrpyNNMPOBaHHBIX B NOBHOM WM BUCOYHO-TEMEHHOW 0bnacTsx
KOpbl C JOMUHWPOBAaHWEM JIEBOFO MOMYLLAPKA, TOFA KaK NpW npocMoTpe ypbaHucTuyeckoro nanawadta bonee BobipaxeHa
aKTMBHOCTb NpaBoro nonywapus. CBA3b C NCUXOMETPUYECKOI CaMOOLLEHKOM Bruodmnmm oTMeyeHa B hoHe Ha yacToTax anbda
¥ ramMMma.

3akniouenue. [pocMoTp GubMa, CogepIKaLLero Kaapbl NPUPOAHOro NaHawadTa, Bbi3biBaeT NOOKMUTENBHOE IMOLMOHA b~
HOe COCTOsiHWe, TOTAA KaK ropofcKas cpefa — HeraTuBHYH OLEHKY. [lcuxomeTpuyeckue nokasatenu buodmnuv m camo-
OLLEHKM 3MOLMIA OTpaxaoTcs B QOHOBOM «NpeHACTPOMKE» aKTMBHOCTU Mo3ra € ycuneHueM 3addeKTa penakcauum nocne
npocMoTpa NpUpoAHOro NaHpawadTa u ero ocnabneHueM nocne BOCTPUATUS YpOAHUCTUHYECKUX CTUMYNOB. BbisBNneHHble
Ha aneKTpo3HLedanorpaMMe naTTepHbl KOPPENATOB CaMOOLIEHKW 3MOLIMOHANbHOMO COCTOSIHMS YKa3bIBAlOT HA OTHOCUTENBHO
Bonbluee BOBREYEHME PEAKTMBHOCTM JIEBOTO MOJyLLAPKS, CBA3aHHOIO C BOCMPUATUEM NPUPOAHOI Cpefbl, a NpaBoro — Tex-
HOTEeHHOM.

Kniouesble cnoBa: b1odhunus; camooLeHKa IMOLMiA; BOCTPUATME; NPUPOAHBIN M ypbaHUCTUYeCKuiA NaHAWwadT; akTUBHOCTb
TOJIOBHOTO MO3ra; PUTMBI 31EKTPO3HLe(aNnorpaMMbl; NosyLLapHas acUMMETpUS.
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Association between biophilia, self-perceived
emotional state, and brain bioelectrical activity during
the perception of natural and urban landscapes

Olga M. Razumnikova

Novosibirsk State Technical University, Novosibirsk, Russia

ABSTRACT

BACKGROUND: Numerous studies suggest that exposure to natural environments reduces stress and enhances emotional
well-being, often accompanied by decreased cortical activation. In contrast, urban environments produce the opposite effect.
However, the specific electroencephalographic (EEG) rhythms and brain regions involved in relaxation mechanisms, as well as
the factors contributing to individual differences in these responses, remain unclear.

AIM: To examine the relationship between biophilia, self-reported emotional state, and brain bioelectrical activity during the
perception of natural and urban landscapes.

MATERIALS AND METHODS: The study involved 83 university students (mean age 20.0+1.5 years) who assessed their
biophilia and emotional response (valence, arousal, and amplitude) after watching custom-made films depicting either natural
or urban landscapes. EEG recordings (19-channel) were obtained from 37 participants. Psychometric assessments of biophilia
and emotional self-perception were analyzed in relation to EEG frequency-spatial activity across seven spectral bands.
RESULTS: A significant positive correlation was observed between hiophilia scores and self-reported arousal in response
to both natural and urban landscapes (0.41< Rs< 0.51, 0.01< p< 0.05, Spearman’s test). Natural landscapes elicited positive
emotions, whereas urban environments induced negative emotional responses. A positive correlation of arousal levels during
natural landscape perception was observed in low-frequency delta and theta EEG bands, both in the baseline state and during
film viewing (0.40< Rs< 0.72, 0.005< p< 0.05). The perception of natural landscapes was associated with arousal/valence
modulation in alpha and beta rhythms, primarily localized in the frontal and temporoparietal regions, with a left-hemisphere
dominance. In contrast, urban landscapes exhibited greater right-hemisphere activation. The correlation with psychometric
self-assessment of biophilia was observed in baseline EEG alpha and gamma frequencies.

CONCLUSION: Watching natural landscapes induces positive emotional states, whereas urban environments trigger negative
emotional responses. Psychometric biophilia scores and emotional self-assessments are reflected in baseline brain activity
patterns, with enhanced relaxation effects following exposure to natural landscapes and attenuated effects after urban
stimulus exposure. EEG correlates of emotional self-assessment indicate predominant left-hemisphere engagement in natural
landscape perception, whereas urban landscapes are associated with greater right-hemisphere activation.

Keywords: biophilia; self-perceived emotions; perception; natural and urban landscapes; brain activity; EEG rhythms;
hemispheric asymmetry.
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OB0CHOBAHUE

BuoncuxocoumnanbHas Mopenb noppepiaHus 3L0poBbS
oTpakaeT NpeLCTaB/ieHUs 0 TOM, YTO NCMXOCOLMANbHbIE Ne-
PeMEHHblEe ABNAIOTCA AeTEePMMHAHTaMWU BOCMPUAMUMBOCTH,
TAIKECTU W TeueHus 60Nie3HM, B TOM uucne CyObEKTUBHOMO
NpUHATUS pos 60NbHOro, MHOPMUPOBAHHOCTU M 3MOLMO-
HasIbHOr0 COCTOSAHUA Kaxaoro nauuenTa [1, 2]. B camooueH-
Ky KayecTBa JM3HM W OCO3HaHWE CUMMTOMOB HapyLUEeHMs
3[,0p0Bbsl 3HAUMTENbHBIN BKNf BHOCAT TaKue neuxonornye-
CKVie nepeMeHHble, Kak 3 dEKTUBHOCTb perynsiLmmu aMoLmo-
HaNbHOro COCTOSAHMSA U CTPECCOYCTouMBOCTL [3—6]. MoKasa-
HO, YTO CMOCOBHOCTb perynMpoBaTh CBOM HEraTUBHbIE SMOLIMH
3a CYET NepeKITioyeHus oKyca BHAMaHUA U UCTOMb30BaHMS
aflanTUBHbIX CTpaTEruiA NEPEOLIEHKM, MPUHATUAS UK PeLLEHNS
npobneM NpuBOAUT K YNyYLLEHMIO NCUXMYECKOT0 U dU3nde-
CKOro 340p0BbS, @ UCMOJb30BaHMe IPPEKTUBHBIX CTpaTErni
YCWUNEHUA! MONIOKMTENbHBIX 3MOLUMA — K YO0BNETBOPEH-
HOCTM M3HbK M CHUKEHMIO BOCMPWUHMMAEMOro CTpecca.
Mpu4éM ynyyweHue 300pOBbS 33 CYET MEPEXMBAHUS MO-
NOXWUTENbHBIX 3MOLMA B BOMbLUEN CTEMeHU MposBAseTCca
npy HU3KOW 3PHEKTUBHOCTM PErynaLMM HeraTUBHBIX IMO-
umin [6]. [Ins onpeneneHns cnocobHOCTEN K 3MOLMOHab-
HOW perynauumu UCMonb3ylTCA KaK MCUXOMETPUYECKUE, TaK
1 HEMPOM3MONOrMIECKME NOAX0AbI, HANpUMep, MoKa3aTenu
3MOLMOHANBHOIO MHTENEKTA UM 06bEMA Ceporo BELLEeCTBa
B MUHAanNeBMaHoM Tene [3, 5].

Ycunenue NONOMUTENbHBIX 3MOLMKA, YAOBNETBOpe-
HWE KU3HBIO W YNYYLLEHWe 3[0pOBbSA, a TAKKE CHUKEHUE
CTpecca W TPEBOXHOCTM OTMEYEHO MpU BOCTPUATUW Mpu-
ponHoit cpeabl [7-11]. CBA3b ¢ Npupofoii paccMaTpuBaeTcs
KaK MCUXONOTUYECKas XapaKTepUCTUKA, KOTopas CTUMYU-
pyeT HacnaxieHue OT B3aMMOJENICTBUA C NPUPOJOMN U CO-
MyTCTBYET JlyuLIEMY COCTOSHWIO 3a0poBbA [7]. OHa 3aBucuT
0T coumanbHo-fgeMorpadmuecknx daktopos: bonee Bbipa-
JEHHbI 3PhEKT 0TMEUEH Y XKEHLUMH U NOXUMbIX JI0LEN.
O6HapyxeHa NonoxwTeNnbHas CBA3b MeXAY CaMOOLEHKON
CBA3M C NpMpofon U cybbeKkTvBHBIM cyacTbeM [10]. Me-
TaaHanu3 nybsMKauui, NOCBALLEHHBIX BAUSHUIO 3€NEHbIX
30H Ha YenoBeKa, NOKa3an YCTOWYMBLIN IPPEKT CHUKEHMS
[enpeccuBHBIX CUMMTOMOB, OHAKO OTHOCUTESNIbHO CepLeu-
HO-COCYMCTOro 3[,0p0BbS, aCTMbl UMM anneprum caenaHo
3aK/II04YeHWe 0 HEeOHO3HAYHOCTM MOMYYEHHBIX Pe3ysib-
TatoB [8]. Mpennaraetca B AanbHeMLIMX WUCCNEA0BaHMAX
BK/II0YaTb MHMOPMALMIO He TOMbKO O KOHKPETHbIX BUAax
NPUPOAHONA cpefibl, HO M 0 JIMYHOCTHbIX 0COBEHHOCTAX eé
BOCMPUATUSA, KOTOPbIE MOTYT 0Ka3blBaTb BAMAHWE HA YCTOM-
YMBOCTb [L0KA3aTeNbCTB, B TOM YUCNE MPU UCMOSb30BaHUM
BUPTYanbHOW NPUPOSHOIA Cpefibl U OLEHKe (u3nonormye-
CKOr0 W MCUXONOTMYECKOro BOCCTAHOB/EHMA YenoBeKa.
B KauecTBe Takux (aKTOpPOB paccMaTpUBAKOTCS, HaMpUMep,
BO3pacT, Mo WK caMooLieHKa brodunum, KoTopas, B CBOIO
oYepefb, CBA3aHa C TaKoW IMYHOCTHOM YepToii Kak aobpo-
XenatenbHocTb [7, 12—17]. OTMevaeTcs, 4To ropoacKas 3e-
NeHb NONE3Ha 1S KEHLUMH, OHA CHUXAET PUCK MHCYNbTOB
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W CepLEeYHO-COCYAUCTbIX 3aboneBaHMi, 33 UCKIIOYEHUEM
TUNEPTOHUM, @ MYKYWH 3aLLMLLLAET OT CMEPTHOCTU, CBA3aH-
HOW ¢ 3TMMK 3aboneBaHuaMK [15]. 3enéHble HacaxaeHus
paccMaTpuBalOTCA M Kak pecypc MCUXUYECKOro 3[0pOBbS
petei [17]. C yyétoM pasHoobpasus WHAMBUAYANbHOrO
BOCMPUATUS NpUpPOAbl N1 AanbHEMLIEro aHanmsa CBssu
3Moumin u bruodunun npepnaraetcad KOMBUHMPOBAHHOE U3-
y4YeHWe MoKa3aTenen MOoNOMKMTENIbHOrO M OTpULATENBHOMO
Bo3geiicTaus [16].

[lns aHanu3a M3MeHeHUIn IMOLMOHANBHOMO COCTOSHMS
MpU MOrPYeHUN B NPUPOLHYI0 Cpefy, Haps4y C CaMOOLeH-
KOM, WCMOMb3YI0T HelpodmM3N0IorMyeckue MeToabl peru-
CTPaUMU aKTMBHOCTU MO3ra WM PeaKTMBHOCTM CepLeYHo-
cocyamcton cuctemsl [13, 18-20]. Tak, ¢ Mcnonb3oBaHUEM
perucTpaumn anekTposHuedanorpammel (33) addekT pe-
NaKcaUmm CornacHo pocty anbha-putMa o0TMeYeH noj, Bo3-
[ENCTBUEM NPUPOLHON CPefbl, NPeAbABIEHHON B YCNOBUAX
MMWUTMpOBaHHOro navawadgTa [21-23]. B otamune ot atux
OaHHbIX, U3MEHEHUS aKTUBHOCTU MO3ra NpW CHUXEHWUW ca-
MOOLIEHKM HeraTMBHbIX 3MOLWH, BbI3BaHHbIE MPOCMOTPOM
€CTEeCTBEHHbIX M300paXKeHWUN B CPaBHEHWW C FOPOACKUMM
(oTtorpadusamm, bbinm BbISBIIEHBI TONBKO B AeSbTa-AManaso-
He [24]. 0bHapy»eHHOe YMeHbLUeHUE NoKa3aTens QyHKUMo-
HanbHOM CBA3HOCTM HA 3TOM YacToTe B MHCYNe U NepeaHei
LMHIYNAPHOI KOope NeBOro nonyllapus paccMaTtpusaetcs
aBTOpPaMW KaK OTpa)keHue [esTenbHOCTU (QYHKLMOHAMbHOI
cetn puctpecca. He TofbKO 3MOLMOHaNbHOE COCTOSHUE,
HO M TOPMO3HbIE MPOLECCHI B CENEKLMM MHdOopMaLmm yyy-
LLIAKTCA NpY NpeabABIEHUM NPUPOLHON CPEfbl C COMYTCTBY-
IOLMM TeHepann3oBaHHbIM MNOBbILIEHWEM anbga- W TeTa-
PUTMOB B NTOOHO-TEMEHHON KOPE M CHUMXEHUEM MOLLHOCTY
beta-konebanuit [22, 23].

Takum obpasoM, npu obuieM addekTe ocnabnenus He-
raTMBHbLIX 3MOLMIA W YPOBHS BO3DYKaeHUA B Kope (arousal),
BbI3BaHHOM M306paXKeHMAMN NPUPOALI, MHEHUS OTINYaKOT-
CSl OTHOCWUTEJNTBHO MEXaHU3MOB BapuabesibHOCTV M3MEeHEHMUIA
3MOLMOHANBHOMO COCTOSAHMSA, 4TO MOXKeT bbiTb 0bycnoene-
HO COLlepXaHMEM CaMoM cpefbl (CIIOXKHOCTBIO 3pUTENBHOTO
00beKTa, 3CTETUYECKMMW MpeLnoyTEHMAMM Habnoaatenei
UNN BbIPAEHHOCTBI CTEMEHU X Buodmnmu).

LUenb uccnepoBanus. Boisichenue cBsisu buodunuu
1 CaMOOLIEHKU 3MOLMOHAIBHOTO COCTOSHMS NpU BOCTIPUATMM
NPUPOAHLIX U ypbaHUCTMUeCKUX NaHAwadToB C opraHu3a-
Lmeli 6103NeKTPUYECKOIM aKTMBHOCTH FOIOBHOMO MO3ra.

MATEPUAJIbl U METO/bI

B uccnepoBaHun npuHuManu yyactve 83 ctyaeHTa yHu-
BepcuTeTa, U3 HUX 38 toHoweit B Bo3pacte 21,6+2,1 ropa
u 45 pesywek B Bo3pacte 20,0+1,5 roga. Bce y4acTHWKM
uccnegoBaHus AobpoBosibHO nognucanu dhopMy MHbopMu-
POBaHHOI0O COracus, YTBEPXAEHHYH ITUHECKUM KOMUTETOM
(aKynbTeTa rymMaHutapHoro obpasoBaHus HoBocubupckoro
rocyapCTBEHHOTO TEXHUYECKOr0 YHUBEpcUTETa (MPOTOKON
N2 2 ot 29.09.2020).
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MeToauMKku aHann3a caMooLLeHKU NoKasaTenen
GMOdJVIHVIVI 1 3IMOLIMOHAJIbHOI0 COCTOAHUA

[ins onpepnenexus BoIpaxeHHOCTM Brodmnum ncnonb3o-
Ba/M OMpocHUK «MaeHTnduKaums ¢ npupogoi» [25]. Camo-
OLIeHKY MOKa3aTesiei IMOLMOHAIbHOM peaKLium (BaneHTHOCTH,
BO30YXAEHWS, aMNInUTYabl) NOCNe NPOCMOTPA CreLmasbHo
C03aHHbIX GUILMOB, NPeACTaBMALLMX MPUPOLHbIA UK Yp-
BaHucTUYecKuiA NaHALWadT, BINOSHAMM HA OCHOBE METOLAM-
ku «Self-Assessment Manikin» (SAM) (puc. 1) [26]. DunbMbl
npeacTaBAM Kagpbl npupogHoro (3kcll) um TexHoreHHoro
(IkcT) conepanus, neMoHcTpupytome HoBocubupcek u ero
OKPECTHOCTM (MpUMepbl NPUBEAEHBI HA pUC. 2).

OnpocHuk «MpeHTuduKaumsa ¢ Npupoaon» COAEPKUT
24 ytBepxAaeHusa (HanpuMep, «Korga MHe rpycTHO unu £

| 2 3 4
| 2 3 4
| 2 3 4

Vol. 31 (8) 2024

5

Exologiya cheloveka (Human Ecology)

MNepexuBato CTpecc, MHe NoMoraet nobbiTb HEKOTOpoe BpeMs
HaeauHe C MPUPOAOH» W Jp.), KOTOpble creayeT OLeHWBaTb
Mo LUKane oT 0AHOro (COBEPLUEHHO He COTMaceH) 4o NATH
(nonHocTbio cornaceH) [25]. CornacHo MeToaumke SAM, Tpeby-
eTcs BblbpaTb BapuaHT pUCYHKa, 0TpaatoLLero cobcTBeHHoe
3MOLMOHANBHOE COCTOSHME MO LUKanaM BajIeHTHOCTM, BO3-
Oy aeHus (apoysan) 1 aMnaMTyabl peakumu [26].

Peructpaums u aHanus 4yacToTHo-
MPOCTPAHCTBEHHON aKTMBHOCTM MO3ra

Peructpaumio 33l BbINOAHANM C MOMOLLBIO annapary-
pbl W nporpaMMHoro obecnevenns «Muuap-201» (CaHKT-
Metepbypr, Poccus) B 19 oTBeaeHMsX, PacMofOMEHHbIX
cornacHo cucteme «10-20», B YETbIPEX 3KCMEPUMEHTaNb-
HbIX CUTYauusx: GOHOBas aKTMBHOCTb NpU 3aKpbiThix (D3N)

6 7 8 9
6 7 8 9
6 7 8 9

Puc. 1. LUKanbl BaneHTHOCTH, Bo36YAeHUS (apoy3an) U aMniMTyAbl peakumun cornacHo Metoamke «Self-Assessment Manikin.
Fig. 1. Valence, arousal and response amplitude scales according to the Self-Assessment Manikin.

a

Puc. 2. lpuMepbl KafpoB W3 npebaBAeHHbIX GUIbMOB NPUPOAHOTO (G) U TEXHOrEHHOTO (b) COAepKaHms.
Fig. 2. Examples of frames from the presented films of natural (a) and man-made (b) content.
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unmn oTKpbITbIX rnasax (PO) m npu npocMoTpe B TeueHue
TPEX MUHYT dmnbMa ¢ IKcll unmn 3kcT.

WcknioueHne apTedakToB 1 pacyéT noKasarenei MoLLHo-
CTU Ha ocHoBe bbicTporo npeobpa3oBaHns Oypbe BbINOHS-
JI1 C MCNonb30BaHWeM nporpaMMHoro obecneyenus «WinEEG
2.134.107» B ceMy YacToTHbIX AuanasoHax: genbta (1-4 ),
TeTa (4—7 Tu), anboa-1 (7-10 Tu), anbda-2 (10-13 Tu),
gera-1 (13-20 l'y), 6eta-2 (20-30 'u) n ramma (30-40 Tw).
[nuHa anoxu coctaenana 2 ¢, ¢ nepekpbitueM 50%. [ins aHa-
nm3a bpanu B 0bueii cnoxHoctu 60 ¢ 3anucy I3 B KaxaoM
3KCMEPUMEHTATNbHOM COCTOSIHUU.

[ng craTucTMyeckoro aHanusa Mcnosb3oBanM Nora-
pubMUpOBaHHbIE 3HaueHUs MoLHOCTM 3T, BbIYUCNEHHBIE
LNS KaXA0ro UCMBITYeMOro, Kaworo 0TBeEHUA U KaKL0ro
YacTOTHOro AuanasoHa. B xope aHanu3a nepeMeHHbIX Uc-
Nonb30Basu AUCMEPCUOHHbINA aHanu3 (ANOVA) ans cpaBHe-
HWSl HOpManu3oBaHHbIX Nokasatenen I3 unK nokasateneit
SAM, COOTBETCTBYHOLLMX HOPMaNbHOMY pacnpepeNieHnio
B 06LLei Bbibopke. B 6onee orpaHU4eHHON MO YUCIEHHOCTU
rpynne ¢ peructpaumen 33 nokasatesm SAM He cooTBeT-
CTBOBanM HOpPManbHOMY pacrpefenieHnio, No3ToMy Ans UX
COMOCTaB/EHMs NPUMEHATIN KOpPPENALMOHHbINA aHanu3 Cnnp-
MeHa. CTaTUCTUYECKMIA aHanu3 BhINOSHAN C NPUMEHEHNEM
nakeTa nporpamm Statistica 13.3.

PE3YJIbTATbI

OcobeHHocTU nokasaTenen 6uodunum
M IMOLMOHAJILHON PEaKTUBHOCTM

NpU BOCMIPUATUM IKOJIOTUYECKU
3HaYMMbIX CTUMYJIOB

AHanu3 caMooLEHKM 3MOLMOHaBHOI peakLmn npu Boc-
MPUATUN 3KONOTUYECKWU 3HAYUMBIX CTUMYSIOB BbIMOJHSN
¢ npumeHeHneM ANOVA ¢ nepeMeHHbIMK nos (2) x 3Kc-
nepumedm (2) x SAM (3). ObHapyeHHbIN 3ddeKT B3au-
MozeicTens axcnepumenm x SAM (F, =22,37; p <0,0001)
Bbin 06yCnoBAEH NONOXUTENBHON IMOLIMOHANBHON OLLEHKOM
BMeYaT/IEHWs COrfacHO MOKa3aTeNld BafleHTHOCTW Mocne
npocmoTpa ¢unbMa NPUPOLHOre COAEPXaHWSA B CPaBHEHUM
C TEXHOreHHbIM (cooTBETCTBEHHO 6,620,9 1 2,9+0,6). Nokasa-
Tenu Bo3bYKAEHUS U aMMINTYAbI PeaKLMM 3HaUUMO He pas-
JMYanuchb W cocTaBnsaim cootBeTcTeHHo 3,8+1,1 n 4,0+0,9.

KoppensumoHHbIi aHanu3 BbiBUI 3HAYMMYIO MONOKM-
TENbHYK CBA3b MEXJY MoKasaTensMu 6uodunmm c oLeHKoi
BO30YXAEHUS WM aMNAMTYAbl pPeakuuu Npu npocMoTpe
kel — 0,41 <Rs <0,51 npu 0,01 <p <0,05 no Kputeputo
CnupMeHa, a npu 3KcT cootBeTcTBEHHO RS=0,46 n Rs=—0,47
npu 0,02 <p <0,03. Moka3zatenm Bo36yxaeHns B IKcl n IkcT
KOoppenupoBanu Takxe nonoxutensHo (p <0,06).

J3l-KoppenaTbl BOCNPUATUA NPUPOAHOI0
U ypbaHucTuyeckoro naHawadra

AHanu3 wu3meHeHu 331 BLIMOAHANM C NepeMeH-
HbiMU non (2) x 3kcnepumenm (4) x omeedeHue (19)

T.31N2 8, 2024
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AN KK L0r0 YaCTOTHOro AnarasoHa c NpUMeHeHUeM NonpaBKy
lpuHxay3a—leiizepa. CHukeHne MowHoctu 33 B cuTyaummn
OO0l no cpaBHenuto ¢ D3I BbIABNEHO B AUana3oHe OT AeSlb-
Ta-put™Ma ao beta-1 (3,55 <F <21,15 npm 0,0001 <p <0,02).
CornacHo post-hoc-aHanusy ¢ nonpasKkoi boHpeppoHu
Ha MHOXECTBEHHbIE CPaBHEHMS 3HAUMMbIX PEMMOHAPHBIX pas-
nnunie npu cpasHeHun OOT n O31 He obHapyeHo. Takke
He ObIIo 0OHapYKEHO 3HaUMMBIX pasnnuuii I3 Npu cpasHe-
Hum cutyaumii ®OT, 3kcll n IKcT.

KoppensuuoHHbIn aHanu3 mnokasateneir buodunum
1 SAM ¢ MowHocTbio puTMoB 331 BBIMOAHAMM L1 KAXKLO0M0
U3 CEMM YaCTOTHbIX AMana3oHoB. OBHapyXeHbl e AMHWUYHBIE
MOMNOXUTENbHbIE CBA3M NOKasaTens buodunuu ¢ MolwHo-
CTbto anbga-1-putMa, 3apernctpupoBanHoro B Fpl u Fp2, u
raMmma-putMa B Fp2, P3, T6, 02 B cutyaumm @31
(0,41 <Rs <0,49 npu 0,02 <p <0,05).

YunTbIBas MHOKECTBEHHOCTb UCC/IELO0BAHHbIX MEPEMEH-
HbIX, Mbl MPUBOAMM fAanee TONbKO Te pe3ynbTaTbl Koppe-
NAUMOHHOrO aHanu3a nokasatened SAM u mowHoctn 33T,
KoTopble 6blIM peroHapHo CrpynnMpoBaHsbl, @ He NpeacTas-
NeHbl JIOKabHO B OTAENbHbIX 0TBefieHusX. Hanbonee MHoro-
YMCTIEHHBIE CBA3U C MOJSIOMUTENBHBIM 3HAKOM 0OHapYXEHbI
LN NoKa3saTens Bo30yxaeHus B cuTyaumum 3KcT U MOLLHOCTU
AenbTa- U TeTa-putMoB. B cutyaumax ®31 n OOI oHu bbinu
NpeACTaBeHbl NPEUMYLLIECTBEHHO B MEPeAHEN YacTu Kopbl,
B JKcl pacnpocTpaHANMCb U Ha 3afHIO 4acTb NPU AOMM-
HWPOBaHWM NPaBOro NOJTyLIAPKS; 3TOT NOMYLIAPHBIA AbdEKT
coxpaHsncs v B cutyaumu JKcT, ogHako bbin bonee nokanu-
30BaH B nepegHux obnactax Kopbl (puc. 3).

PernoHapHble ocobeHHOCTM cBA3KM nokasaTenen SAM
1 MoLLHOCTM anbda-1, -2 n beta-2-puTMOB A8 pasHbIX IKC-
NepUMEHTaNbHbIX CUTYaUMin npuBeeHbl B Tabn. 1. OHKM cBU-
[ETENbCTBYHOT O MOBLILLEHUWN MOLLHOCTU 3TUX PUTMOB BMeCTE
C YCUNEHUEM KaK CaMOOLiEHKM BO3OYXAeHMs, TaK M NoKa-
3aTeniA BaneHTHOCTU cornacHo SAM ans cutyaumm 3Jkcll,
MPUYEM BO BCEX CNyYasx OTMEYAeTCs NMPeMMYLLECTBEHHOE
BOBJIEYEHWE MEpefHUX OTAENoB Kopbl. JleBononywapHoe
LOMUHMPOBaHUE XapaKTepHo Anis cBA3u anbda-1 u noka-
3aTeneit caMooLeHKW Bo3bYXaeHUs U BaneHTHocTU B JKcll,
a ans anbda-2 v 6eta-2 — [ONONAHUTENLHOE BOBNEYEHME
F4 n Ch. 06bHapyeHHble Koppensauuv ons SAM-nokasartens
B036yxaeHus ons IKcT B Boniblueid cTeneHn 0XBaTbIBaOT
nepegHepoHTanbHble 0TBEAEHUS! MPU OTHOCUTENBHOM [0-
MWHMPOBaHMM NPaBOro NOAYyLIApKs, HO C BoBNeyeHneM Fpl,
F7, T3 n T5 Ha pa3sHbIX YacToTax.

Ina Geta-1-guana3oHa OOHapyMeHbl pasHOHanpaB-
NeHHble B 3aBUCMMOCTW OT BaNIEHTHOCTW 3MOLMOHANbHOM
peakuuu Koppenauumn: nonoxutensHble ans 3kcll u otpu-
uatenbHble ans JKCT. PervoHapHo OHM NpeacTaBnieHbl npe-
MMYLLIECTBEHHO B LiEHTPaNbHO-TEMEHHbIX 0bnacTax (puc. 4).

TakuM 0b6pa3oM, npu OTCYTCTBUM CTaTUCTUYECKM 3Ha-
UNMBIX Pa3UYMN B YACTOTHO-MPOCTPAHCTBEHHOW OpraHu-
3aumu buonoTeHunanos Kopbl npu cpaBHeHnn IKcll u IkcT
3TU COCTOAHMSA MO-Pa3HOMY COOTHOCATCA C MOKa3aTensaMu
SAM. B HM3KOYACTOTHbIX AefbTa- U TeTa-AUana3oHax cBA3b
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Puc. 3. PervoHapHble 0co6EHHOCTW CBA3W CaMOOLIEHKM BO3BYKAEHWS B CUTYaLMM NPOCMOTPA TEXHOrEHHOro GubMa 1 MOLLHOCTM feNb-
Ta- U TETa-pUTMOB B CUTYaUMAX GOH C 3aKpbITbiMK (P3I) uam oTKpbiTbiMK (POl rnasamu U Npu NpeabsBIeHUM GUABMOB NPUPOAHOIO
(3KcM) n TexHoreHHoro (IKCT) COLEpIKaHMS: KPYKKaMU OTMeYeHbl 0TBELEHUS, LISl KOTOPbIX BbISBMEHbI MONOXMTENbHBIE KOPPENsLmM
C MOLLHOCTbIO AeNbTa- U TeTa-puTMOB, pa3Mmep KpyxkoB cootBeTcTByeT 0,40 <Rs <0,72 npm 0,005 <p <0.05.

Fig. 3. Regional specificity of the relationship between self-assessment of arousal in the situation of watching a man-made film and the
power of delta and theta rhythms in resting with closed (®3r) or open (®Or) eyes and when presenting films of natural (3kcll) and man-
made (3kcT) content: the circles indicate the sites for which positive correlations with the power of delta and theta rhythms were found;
the size of the circles corresponds to 0.40 <Rs <0.72 at 0.005 <p <0.05.

C NOKasaTeneM BO3DYXAEHUs, OTMEYEHHOM BCELCTBUE
npocMoTpa ypbaHucTMyeckoro nanplwadra, oxeaTbiBaeT
BCE IKCMEepUMEHTaNIbHbIe CUTYaLMu, B TOM yucne hoHoBoe
coctosHue. B 6onee BbicOKOYacTOTHbIX AuanasoHax 33
PErvoHapHo CrpynnupoBaHHble KOppensuun obHapyKeHb
ANs nokasatenen Bo3bymaeHus n BaneHTHocTu B JKcll.
Cnepyet oTMeTUTb, 4TO NoKa3aTtenu SAM xapakTepusyoTcs

a
© O
@ 0 ©
OOOO

LUIMPOKO NPeLCTaBNEHHbIMU KOPPEeITaMu C YacTOTHO-Npo-
CTPaHCTBEHHOM OpraHM3auuen aKTUBHOCTM Kopbl, Npea-
CTaB/EHHbIMU KaK B OHOBOM pexuMme, TaK WU npu BoCnpus-
TMM GUNBMOB NPUPOJHOIO MM TEXHOTEHHOTO COAEPIKaHMS,
TOrAa Kak CBA3b C NCMXOMETPUYECKON CaMOOLLEHKO buo-
Gunmm oTMedyeHa TOMbKO B (OHe Ha anbda- M ramma-
yacToTax.

b
O
O O O
OOOO

Puc. 4. PervoHapHble 0COBEHHOCTM CBSI3M MOLLHOCTH BeTa-1-puTMa CaMoOLIEHKM BaseHTHOCTU B CUTYaUMW NpoCMoTpa MpUpOoaHOro (a)
W TeXHOreHHoro (b) dunbMa: TEMHbIE KPYXKKWU — MONOXKUTESbHbIE KOPPENsLMK, CBET/ble — OTpULaTeNbHbIe, 0CTaNbHble 00603HaYeHs
KaK Ha puc. 3.

Fig. 4. Regional specificity of the relations between the betal rhythm power and self-assessment of valence in the situation of watching
a natural (a) and man-made (b) film: dark circles are positive correlations, light circles are negative, other signs are as in Fig. 3.
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Ta6nuua 1. PervoHapHble ocobeHHOCTU cBsi3elt nokasatenei SAM u MowHocTn anbda-1, -2 u beTa-2-puTMoB
Table 1. Regional specificity of the relationships between SAM indices and the power of alpha-1, -2 and beta-2 rhythms

OTtBepeHue Anbga-1 OTtBepeHue Anbga-2 OTtBepeHue Bera-2
Lead Alpha-1 Lead Alpha-2 Lead Beta-2
AxtnBaums kcT B cutyauum 3kcll | Activating EXT in EXP situation
Fp2 0,45* Fp1 0,43 Fp1 0,53
F7 0,42* Fp2 0,43 Fp2 0,53
F8 0,45* T3 0,42* Fa4 0,42*
Th 0,65** T4 0,44* - -
5 0,41* Té 0,45* - -
Té 0,46* - - - -
Aktusaums 3kcll B cutyauum kcll | Activating EXP in EXP situation
F7 0,46* F7 0,50* F7 0,48*
F3 0,41* F3 0,36 Fz 0,49*
P3 0,52 T3 0,38 F4 0,46*
Pz 0,41* C3 0,40* C3 0,40*
C4 0,50* C4 0,40*
BanentHocTb Jkcll B cutyaumm Jkcll | Valence EXP in EXP situation
C3 0,38 F7 0,42* F7 0,51**
T5 0,43 F3 0,51 Fz 0,65**
P3 0,43 Fz 0,54** F&4 0,44*
- - Fé4 0,48* C3 0,71%**
- - T3 0,54** C4 0,43
- - C3 0,65 T5 0,40*
- - Ch 0,44* P3 0,46*
- - T5 0,48* Pz 0,43*
- - P3 0,53** P4 0,42

lpumeqarue. 3kcll — npupogHbIi nanawadT; IKCT — TexHoreHHbIM naHawaoT; * p <0,05; ** p <0,01; *** p <0,005.
Note. EXP — natural landscape; EXT — technogenic landscape; * p <0.05; ** p <0.01; *** p <0.005.

OBCYXOEHWUE

O6HapyXeHHbIV npu aHanu3e BaneHTHOCTM SAM addekt
MOMNOXUTENbHON 3MOLMOHAMbHOW OLIEHKW BrieyatsieHus no-
cne npocMoTpa ¢unbMa NpUPOAHOT0 COLEpXaHus B CpaB-
HEHWUW C PUIBMOM TEXHOFEHHOTO COZIEPXKaHMUs COOTBETCTBYET
MHOrOYMUCNIEHHBIM BbIBOAAM, CAENaHHLIM B Pa3HbIX YCIOBUSAX
MOrpy}KeHus B NpUPOAHYI0 CPeAy, B TOM YMC/IE NPeAbABEH-
Hyto BupTyanbHo [8-11].

OTcyTcTBME pasnnuMii B CaMOOLIEHKE MOKa3aTenen BO3-
bywpeHus Mexay Ikcll v IKCT npu mx 3Ha4UMMOW CBA3M
MOXHO paccMaTpuBaTh KaK CBUAETENbCTBO TOr0, YTO UHAM-
BMAYanbHOe pa3Hoobpasme B IMOLMOHANBHOW PEaKTUBHOCTH
BblLLE, YeM Npu cpaBHeHUn cuTyaumin IKcll n 3kcT. B nonb3y
TaKoro 0ObACHEHUS CBUAETENLCTBYKOT AaHHbIE, YTO paHee
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MpY MCcnonb3oBaHUW BepbanbHbIX ONpefeniuTeNnen peakuum
B 3TUX JKe IKCNepUMeHTanbHbIX YCoBuUsAX, Ho be3 peructpa-
uwn 33N, 6bino nokasaHo, yto ans kcll LoMuUHUpYeT onpe-
JenuTeNb «penakcauma», a ana IkcT — «aktmueaumsa» [12].
BeposTHo, B036yXaeHWe B HEPBHOM cuCTeMe, 0DyCnoBneH-
HOe BrepBble UCMbITaHHBIM OMbITOM CTYAEHTOB — perucTpa-
umen 33I, oKa3anoch Bhbillie peakLmm, Bbl3BaHHOW CUTyaLmen
Jkcll mnm 3KcT, B 0TIMYME OT NOKa3aHHbIX paHee B COOTBET-
CTBYIOLMX ycnoBusx addeKTax penakcaumy nm akTMBaLmum
[13, 21, 22]. Takoe NpeanNONOXEHWE COrNacyeTcs ¢ LMPOKO
YacTOTHO UM pervoHapHo NpeaCcTaBAeHHON aKTUBaLMel Kopbl
ronosHoro Mo3ra ana @Ol npu cpaBHeHun ¢ O3[ npu oTCyT-
CTBMM CTATUCTUYECKU 3HAUMMOT0 3PdEKTa CPaBHEHUS MOLL -
Hoctn 330 B cutyaumax OO, 3kcll n IkcT.
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Mpyn 3TOM 0bHapyXeHHble pasHble NATTePHbI KOppens-
uuii nokasarenen SAM u 331 cBupETENLCTBYIOT 0 peopra-
HW3aUWM aKTMBHOCTM MO3ra B 3KCMEPUMEHTaNbHbIX CUTYya-
umsx 3kcll nnm kcT. Cnepyet 0TMETUTb Hanbonee LWMPOKO
NpeACTaBNieHHbIE B HU3KOYACTOTHbIX AeNbTa- U TeTa-faua-
Mna3oHax CBA3M CaMOOLEHKU B030yxaeHus B IKCT He Tofb-
KO [J1 3TOF0 COCTOSIHMA, HO W Ans Bcex apyrux: ®31, OOr
(MMHMManbHO PEruoHapHO BbIPaXKEHHblE OTHOCMTESIbHO
APYruX 3KcnepuMeHTanbHbix ycnosui), IKcll n IKcT (cMm.
puc. 3). 3T KOppenALMM YCTOWYMBO NPeLCTaBNEHbI A1S OT-
BeJeHUI TOOHOM KOpbI M XapaKTepu3yioT e€ «NpeaHacTpoii-
Ky» B (OHe C JanbHEMLUMM pacLUMpeHneM Ha 3afHue pe-
rMoHbl B JKcll.

OTMeYeHHas MONOXMTENbHAA CBA3b CaMOOLIEHKW BO3-
Byxaenma B IKcT n 3Kcll yKasbiBaeT, YTo 3TOT NOKa3aTesb
CKOpee OTpaaeT MPUCYLLY JIMYHOCTM aKTMBALMOHHYH
PEaKTUBHOCTb, HE3ABMCUMO OT NPeLbSABNEHHBIX CTUMYIOB,
OTHOLUEHME K KOTOpbIM AuddepeHLMpoBanoch ToAbKO Mo-
NAPHON 3MOLMOHANBHON OLLeHKOM. OAHaKO perMoHapHo LWu-
POKO NpefCcTaBfieHHas MOMNOXUTENIbHAA CBA3b CaMOOLLEHKY
B030yaeHMs B IKCT M MOLLHOCTM HM3KOYACTOTHBLIX AenbTa
u Teta B 3Kcll npu bonee nokansHOM e€ nNpefcTaBUTENbCTBE
B N100HOM YacTh Kopbl B 3KCT (CM. puc. 3) MoXKeT onocpeso-
BaHHO oTpaxaTb 3QheKT penakcalum npu BOCHpUATAN NpU-
POJHOM cpefibl M OTHOCUTENbHOE HapacTaHWe aKTUBALIMK B €€
3afiHeil YacTW Npy BOCTIPUATUM TEXHOTEHHOI CPeabl.

CucteMaTyeckoe BoBAeYeHUE  (QYHKLUMOHANbHBIX
HEMpOHHbIX cucTeM N0BHOW KOpbl Ha pasHbIX YacToTax
KaK KOppensaToB 3MOLMOHabHOW CaMOOLIEHKMW BMEeYaT/IeHus
Ha MpeabsBNEHHbIE CTUMYNbI COMIAcYeTCA C pe3ynbraTa-
MW MHOFOYMCIIEHHBIX MCCE0BaHMIA O PO 3TOr0 peruoHa
MO3ra B 3MOLMOHANLHOW PerynaLmumn ceneKkumumu MHpopMaLmm
W B MHAMBMAYANbHBIX 0COBEHHOCTAX NEPEOLIEHKM € 3MOLMO-
HamnbHOro 3Ha4enus [27, 28]. MpuyéM oTMeveHHas cBsisb SAM
1 MowHocTn anbta-1, anbda-2-puTMoB COOTBETCTBYET 3a-
KOHOMEPHOCTAM M3MEHEHWI MOMYLWapHON acuMMETpuM,
06yCNOBNEHHBIX BaNEHTHOCTBI0 BbI3BaHHbIX 3IMOLMIA: [0-
MWHMPOBAHWS aKTWUBALMM JIEBOMOYLLAPHBIX NpedpoHTanb-
HbIX 06/1aCcTei Kopbl NS IMOLMIA NO3UTUBHOW BaNEHTHOCTH,
a NpaBoMNoyLLApPHbIX — HEraTMBHOW BaneHTHocT [27, 29,
30]. CornacHo monyyeHHbIM AaHHbIM, Haubonee yCToMuM-
BbIM LIEHTPOM J1EBOMOJTYLLIAPHOW 3MOLMOHAbHOM Perynsumm
MOXHO cunTaTb oTBeAeHue F7, a npaBononywapHoin — Fp2
(cm. Tabn. 1).

Obpaluaet Ha cebs BHUMaHWE CMELLEHME KOppensuuii
SAM 1 33l B 3aHMe 061acTM KOpbI NPU NOBbILLIEHWM YaCcTOTbI
aHanM3npyeMbIx pUTMOB (cM. Tabn. 1, puc. 4). 3toT adpdekT
MOXHO paccMaTpuBaTb KaK OTPaMeHWe 3MOLMOHAsbHOro
OTHOLLEHMA K 3puTenbHO obpabaTbiBaeMoit WHGOpMaLmK,
npuuyéM B bera-1-gManasoHe nonsipHas 3MOLMOHasbHas
oueHKa 3Jkcll m JkcT oKasanacb Hauboniee BblpaeHa.
WMmeloTca paHHble, YTO GYHKUMOHANbHas aKTUBHOCTb be-
Ta-puTMa, NMpeAcTaBNieHHas B NOBHOM M TEMEeHHONM Kope,
cBAi3aHa ¢ adeKTMBHOW WHTepouenumei u obpalleHneM
K namaTi npy obpaboTke nHdopmauum [31]. CneposatenbHo,
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OTMEYEHHOE MOBbILLIEHWE MOLLHOCTU beTa-1-puTMa BMecTe
C CaMOOLIEHKOM MO3UTUBHOIO OTHOLEHUS K 3Kcll cornacHo
nokasaTenio BajeHTHocT SAM MoXHO MHTepnpeTUpoBaTh
KaK ycureHue BHUMaHus B 06paboTKe CTMMYNOB NpUPOAHOVA
cpefbl C NPOTMBOMNONOXHBIM 3M(EKTOM BneyaT/ieHus B CU-
Tyaumm JkcT.

B uenom obHapyxeHHasa cneunduka 3I3M-KoppensTo
CaMOOLIEHKM 3MOLIMOHANBHOTO BMEYaT/IEHUS B IKCNEPUMEH-
TanbHbIX ycnoBusx Bocnpuatua 3kcll unm 3kcT cornacyetcs
C MOJENbI0 AMHAMUYECKOT0 B3aUMOLENCTBUS MEKAY UC-
NOSIHUTENBHOW HEMPOHHOW CETbI0, CETHI0 3HAYMMOCTM U Ce-
Tb0 pEXMMa N0 YMOJT4aHNIo, KoTopble 0becrneunBaloT guHa-
MWUYECKWEe NpOLLECChbl IMOLMOHANBHOW PErynaLuum U rmbKui
UCTONHUTENbHBIA KOHTPO/b NMOBELEHWUS C BOBJIEYEHUEM
B3aMMOJENCTBYIOLMX HEWpPOHHbIX KonebaHwit B pasHbIX
4acToTHbIX AuanasoHax [32]. MpUYEM MMEHHO BbICOKO-
yacToTHas QyHKUMOHaNbHas CBA3HOCTb NPepOHTaNbHbIX
U 3a[lHUX OTAENO0B KOpbl paccMaTpUBaETCA KaK NoKa3aTesb
NepeoLeHKN 3MOLMIA, HE3aBUCMMO 0T 3MOLIMOHAJIBHOTO CO-
AepXaHns MHOopPMaLMU UNW PEryNATOPHBIX YCUuii e€ 06-
pabotku [33].

M 4actoTHO, M pervoHapHO MeHee BblpaxeHHble 33l -
KoppenaTbl NoKasatens 6uodunuu, BeposTHO, SBNAKTCSA
CNefCTBUEM MPUMEHEHUS B OMPOCHUKE (OPMYNMUPOBOK,
OTPaKalLUMX [0CTaTOYHO 00Liee OTHOLUEHME K MpuMpo-
Ae, 6e3 ABHOro HeraTMBHOrO K Heii oTHoLeHus.. HecMoTps
Ha 370, OOHapyXeHHbIE KOppensuuu CBUAETENLCTBOBAIU
0 MOBbLILUEHWUM 3HaYeHUd BrMouIUM BMeCTe C MOLLHOCTbIO
anbda-1 1 ramma-putMmoB B cutyaumu @31, 4to MoxkHO pac-
CMaTpMBaTh KaK «MpeHACTPOMKY» aKTUBHOCTM MO3ra K Co-
OTBETCTBYHLLMM 3TUM puUTMaM 3d(eKTaM penakcaLmm u pe-
anu3auym pecypcoB 3pUTENIbHOr0 BHUMaHUS NpU BOCPUATAN
NPUPOAHBIX NaHawadToB.

3AKJIO4YEHUE

MpocMoTp dunbMa, copepKallero Kaapbl NpUPOSHOro
nanpwadTa, Bbi3blBaeT CMeLLEHNEe IMOLMOHAMBHOMO COCTOSA-
HWA NPY CAMOOLIEHKE B NOJIOXUTESbHYI0 CTOPOHY MO CpaBHe-
HWIO C BrieYaTneHneM oT GuibMa ypbaHUCTUYECKOro coaep-
Xahus. MonoxuTensHas CBA3b NMoKasatenen Bo30yxaeHus
U BaNIEHTHOCTU C YaCTHO-MPOCTPAHCTBEHHOM OpraHuU3aLyen
aKTMBHOCTM MO3ra Ha BbICOKUX (anba-2 u beta-1, -2) va-
crotax 331 MOKeT yKasbiBaTb Ha YCWIIEHWE KOHLIEHTpaLuy
BHUMaHMWSA NMpU BOCMPUATUU 3NIEMEHTOB NPUPOAHON CPefbl.
Ycunenue 6ruodunum BMecTe ¢ CaMOOLIEHKOW BO3OYXaeHNA
MpU NPOCMOTPE TEXHOTEHHbIX CTUMYNIOB, KOTOPOE U3MEHSET-
€Sl OAAHOHANPaBEHHO U NPU BOCTIPUATUM MPUPOSHOTO NaHA-
wadra, CBUAETENbCTBYET O reHepanu3oBaHHOM 3ddeKTe
penakcaummn ¢ «npeaHacTPOMKOW» aKTMBHOCTU Mo3ra B (o-
HOBOM COCTOSIHWM, €r0 YCWUIIEHWEM MOC/e NPOCMOTPa NPUPOS-
HOro naHpwadTa u ocnabneHneM 3toro apdeKTa B 3afHUX
oTAenax Kopbl nocse BOCnpuUATUS ypbaHUCTUYECKUX CTUMY-
no.. BoiseneHHble natTepHbl 33M-KOppensaToB CamMoOLEHKM
3MOLIMOHANBHOTO COCTOSHWSA YKa3blBAKT Ha OTHOCUTENBHO
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bonbluee BOBNEYEHWE PEAKTUBHOCTU JIEBOFO MONYLLApMS,
CBA3aHHOr0 C BOCMPUSITUEM MPUPOAHOI cpefbl, a NpaBoro —
TEXHOTEHHOW cpefpl.

AOMO/IHUTE/IbHAA UHOOPMALIUA

Bknap aBTOpOB. ABTOp MOATBEPXAAET COOTBETCTBME CBOETO aB-
TOPCTBa MexayHapoaHbiM Kputepusm ICMJE (aBTop BHEC cyLue-
CTBEHHbI BKNaf B pa3paboTKy KOHLenLuuW, NpoBeAeHWe uccne-
[l0BaHWsA WM NOArOTOBKY CTaTbW, MPOYMTan U 0f0bpun GuHanbHyo
BepCHto nepen nybnmKaumen).

BnaropapHocTu. ABTOp BbIpaaeT NPWU3HATENLHOCTb CTYAEHTKE
A. t0WWKOBOK, NPMHMMaBLLE Y4acTWe B PermcTpaumm AaHHbIX U KX
obpabortke.

JTuyeckas akcneptusa. VccnenoBaHue 0f06PEHO 3TUHECKUM
KOMMWTETOM (haKy/bTeTa ryMaHWUTapHoro obpasoBaHus Hosocubup-
CKOT0 roCy/JapCTBEHHO0 TEXHUYECKOr0 YHUBEpCUTETa (MpoTokan N
2 ot 29.09.2020).
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AHHOTALIUA

O6ocHoBaHMe. B 3aBUCUMOCTM OT KOHLEHTPALMW Pa3NUyHbIX MaKpPO- M MUKPO3JIEMEHTOB B MOYBE, BO3AYXe, BOAE U NULLe
(opMmMpyeTCS 3NEMEHTHBIN CTaTyC HaceneHUsl KOHKPETHOW MecTHOCTH. MMetoLLmecs B HacToslLLee BpeMs LaHHbIe POCCUMCKUX
1 3apybexHbIX UCCNeloBaHMI CBULETENBCTBYIOT O BO3MOXHOCTU BAIMSHUS COLEPHALLMXCA B MPUPOLHON cpefe buonormue-
CKW 3HQUMMbIX MUKPO- U MaKpO3/IEMEHTOB Ha MCUX03MOLMOHASBHOE COCTOSHUE U PUCK Pa3BUTUSA LEBUAHTHbIX (HOPM MoBe-
A€eHUs Yy YenoseKa. B To e BpeMs oTcyTCTBYET MHPOPMALMA O CUCTEMHBIX CBA3AX 3IEMEHTHOrO CTaTyCca XuTesen 0TAeNbHbIX
TEPPUTOPUI C BbIPAXKEHHOCTBIO MOKAa3aTeNen COLMaNbHOM U KPUMUHANBHOW HaNPSKEHHOCTM COLMyMa.

Llenb. MonckoBoe mccnefoBaHue ponu 6UONOrMYECKN 3HAYUMBIX MUKPO- M MaKpO3/1eMEHTOB B OPMUPOBAHUN COLMANBHOM
M KPUMWHANBLHOM HanpsXKEHHOCTW Y HAaceneHus NoKanbHbIX Tepputopuit Poccuitckoi @epepaumn.

Martepuanbl u MeToabl. TeopeTuieckue uccnefoBaHus 6asupoBanvch Ha aHanuse AaHHbIx PenepanbHoii cnyxbbl rocynap-
CTBEHHOM CTAaTUCTUKU U KapTorpaduyeckoro Matepuana HaumoHanbHoro atnaca Poccuu. MoneBoii atan paboTbl BLINOAHSANM
B 14 MofienbHbIX pernoHax ¢ yyactuem 700 npeactaBuTeneil KOPEHHOTO HaceNeHNs UccneayeMblX TeppUTOPUIA. 3NeMEeHTHbIA
CTaTyC Y4aCTHUKOB UCCNIEA0BaHNS ONpeSEeNsN Mo COAepXaHMio BUONOrMYecKn 3Ha4MMbIX XMMUYECKKX anemeHToB (AL, As, B,
Be, Ca, Cd, Co, Cr, Cu, Fe, Hg, |, K, Li, Mg, Mn, Na, Ni, P, Pb, Se, Si, Sn, V, Zn) B npo6ax Bonoc. Ha TpeTbeM, aHanuTU4eCKOM,
3Tane paboThbl BbINOHWIM CTAaTUCTUMECKWI aHaNW3 B3aMMOCBA3EMN NOKa3aTeneli couManbHOW U KpUMUHANBHOM HaMpsKEHHO-
CTU COLMYMa, 3NIEMEHTHOTO CTaTyca NpeACcTaBUTENEeN MOLENbHBIX TEPPUTOPUIA, @ TAKIKE CPaBHUTENbHbIA aHanu3 CoAepIKaHus
B OpraHusMe OMONIOrMYECKN 3HAUYMMBIX XMMUYECKUX 3/IEMEHTOB MEXAY KUTENIIMU PErUOHOB, XapaKTepU3YHLLMXCA MUHM-
MaslbHbIMU U MaKCUMalbHbIMU MPOABMIEHUAMU OTKITOHAKOLLLErocs noBefeHus. MonydyeHHble pe3ynbTatel obpaboTtanm ¢ uc-
NnoNb30BaHNEM CTAaTUCTUYECKUX MeTOA0B (pPacyeT koadduumeHTa Koppensuum CnnpMeHa, OLeHKa MEXTpynnoBbIX pasnnymii
MeTOA0M BunkokcoHa—MaHHa—YnTHM, pacyéT Meamanel (Me), nepsoro 1 TpeTbero kBaptunei [A1; Q3]).

Pesynbtartbl. BoieneH pag coupanbHbix AeBMaLMIA, CUCTEMHO NPOSIBNAEMBIX B MOLENbHBIX peruoHax Poccum: youincTea, ca-
MoybuIiCTBa, anKoronnsaums, TabakoKypeHue, A06poBonbHble abopThl. OnpefeneHa COBOKYMHOCTb XMMUYECKUX 3JIEMEHTOB,
COZiepXKaHune KOTOpbIX B OpraHu3Me YesoBeKa CTAaTUCTUYECKM 3HAUMMO CBA3AHO C BbIPAXXEHHOCTLIO KaXoM U3 3TUX feBua-
LMA. BbinonHeH cpaBHUTENbHBINA aHanN3 cofepaHns BUOOrMYeckn 3HAUMMBIX XMMUYECKMX 31eMEHTOB Y NpefcTaBuUTenen
KOPEHHOr0 HacesieHUs PErMOHOB, XapaKTepU3YIOLWMXCS MUHUMAIBHON W MaKCUMaNbHOW BbIPAXEHHOCTBH0 OTKIIOHSIOLLErocs
nosefeHus. KOHKpeTM3npoBaHbl rpaHuLbl MOTEHLMANbHOM KPUTUYHOCTM COAEPIKaHNA XMMUYECKUX 3NIEMEHTOB ANS Hacene-
HWA NoKanbHbIX TeppuTopuit Poccuiickoit ®epepauny No KaxAoMy aHanM3MpyeMoMy MOKa3aTento CoLManbHON U KpUMUHAIb-
HOW HaMNpSKEHHOCTMW.

3akntouenue. [TonyyeHHble pe3ynbTaTbl KOHKPETU3MUPYIOT NOTEHLMANBHO 3HauUMble BaKTopsl Broreoxmmmuyeckoii obycnos-
NIEHHOCTW pUCKOB HOPMUPOBaHWS OCHOBHBIX BEKTOPOB COLMANIBHON M KPUMUHATBHOW HaMPSKEHHOCTM B rpynnax HaceneHus,
06 beAMHEHHBIX TEPPUTOPMEI NPOXMBaHUA B rpaHuMuax Poccuickoii ®epepaumn.

KnioueBble cnoBa: 3neMeHTHbI CTaTyC; COLMANbHAsA HaNPSIKEHHOCTb; KPUMMHANbHAs HanpsKEHHOCTb; YOMIACTBa;
caMoybunicTBa; anKoronmsauus; TabakokypeHue; Lo6poBosbHbIE abopThl.
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ABSTRACT

BACKGROUND: The elemental status of a population in a specific geographic area is shaped by the concentration of various
macro- and microelements in soil, air, water, and food. Existing Russian and international studies suggest that biologically
significant elements in the environment may influence psycho-emotional states and contribute to the risk of deviant behavior.
However, there is no available information on the systemic relationships between the elemental status of regional populations
and the severity of social and criminal tension indicators in society.

AIM: This exploratory study investigates the role of biologically significant macro- and microelements in shaping social and
criminal tension among the populations of specific regions in the Russian Federation.

MATERIALS AND METHODS: Theoretical research was based on the analysis of data from the Federal State Statistics Service
and cartographic materials from the National Atlas of Russia. The field stage of the study was conducted in 14 model regions
and involved 700 representatives of the local population of the studied territories. Elemental status was assessed through hair
sample analysis for biologically significant elements (Al, As, B, Be, Ca, Cd, Co, Cr, Cu, Fe, Hg, I, K, Li, Mg, Mn, Na, Ni, P, Pb, Se,
Si, Sn, V, Zn). At the third (analytical) stage of the study, statistical analysis was conducted to assess the relationships between
social and criminal tension indicators and the elemental status of residents in the model regions. Additionally, a comparative
analysis was performed to evaluate the concentrations of biologically significant chemical elements in individuals from regions
characterized by the lowest and highest levels of deviant behavior. The obtained results were processed using statistical
methods, including Spearman’s correlation coefficient, the Wilcoxon—Mann—Whitney test, and the calculation of the median
(Me) and quartiles (Q1; Q3).

RESULTS: A range of deviant social behaviors was systematically observed in the model regions, including homicide, suicide,
alcohol abuse, smoking, and induced abortion. Statistically significant associations were found between these deviant
behaviors and the concentrations of specific biologically significant elements in the human body. A comparative analysis of
elemental status was conducted for local population of regions with the highest and lowest levels of deviant behavior. Refined
critical thresholds of chemical element concentrations were identified for local populations in various regions of the Russian
Federation, corresponding to different levels of social and criminal tension.

CONCLUSION: The findings specify the potentially significant biogeochemical factors influencing the risks of forming key
vectors of social and criminal tension in population groups unified by their geographic location within the Russian Federation.

Keywords: elemental status; social tension; criminal tension; homicide; suicide; alcohol abuse; smoking; induced abortion.
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OPUTMHATTBHBIE MCCIEIOBAHNA

OB0CHOBAHUE

(OyHKUMOHMpOBaHKe couuyMa basupyetcs Ha YCToMuM-
BbIX OTHOLLEHUAX MEXAY NI0fbMU, COBNI0AAIWMMY eANHbIE
HOpMbI COLManbHOro NOBEAEHWs, KaK MpaBuno, Haubonee
enatenbHble Ans abcomoTHOro GoNbLUMHCTBA ero npea-
cTaBuTenen. PopMupoBaHWe coLMyMa Kak 00LLHOCTY Nlofed,
UMEIOLLMX eAMHbIE B3MNAAbI, MOPaibHO-HPABCTBEHHbIE LiEH-
HOCTM, TPAAMLMM W KYNbTYpY, NPOUCXOAMT B OMPeSenEHHbIX
YCNOBUAX OKpYXKatoLLen cpeapl. Joboe coumansHoe noeese-
Hue 06ycnoBNEHO MHAMBUAYaNbHBIMK NOTPEBHOCTAMM une-
HOB 06LLecTBa, MEXaHU3MbI peanu3auun KOTOpbIX 3aBUCST
OT NCUXONOTMYECKUX U NCUXODU3UONOTUYECKUX 0COBEHHO-
cTen yenoseka. [JaHHble B3aMM03aBUCUMOCTH, NPOSIBNAEMbIE
B YC/IOBMSAX YCTOWYMBBIX COYETaHWUH (GaKTOpPOB MPUPOAHON
cpenbl, TAMUYHBIX 1A TEPPUTOPUM MPOXKMUBAHWS KOHKPET-
HOW 06LWHOCTW Ntoaei, 0bycnoBAMBaKOTCA B TOM yuCie e
BUOreoXMMMYECKUMU XapaKTepucTMKaMu. B 3aBucumocTu
OT KOHLEHTpauuM pasfuyHblX MaKpo- M MUKPO3/1EMEHTOB
B NoyBe, BOAE U BO3Ayxe (hopMUpyeTCs 3IEMEeHTHbIN CTaTyc
HaceNeHNns KOHKPETHOW MECTHOCTM.

CoBpeMeHHble MPeACTaBNeHUs 0 POAM Fe0XMMUYECKOr0
cTaTyca TeppuTOpUM B CO3[aHWM MPEANOChUIOK Pa3BUTUS
Pa3NMYHbIX BEKTOPOB COLMANbLHOrO NOBEEHMUS Y e€ Hacene-
Husa 6asupylotcsa Ha Teopum A.l. BuHorpapoBa, obocHoBas-
Lwero noHsATMe «broreoxumuueckas nposuHums» [1]. Mo3xe
B.B. KoBanbckuit npou3BéN KapTupoBaHMe buoreoxumuye-
CKMX palOHOB, Y4MTbIBaloWee NaHAadTHbIe, reonoruye-
CKVWe U reoXUMMYecKue 0C0OEHHOCTM OTLEMbHBIX TEPPUTOPHI,
CBA3aHHblE C MOMYNALMOHHBIMUA 0CODEHHOCTAMM MpuMcnoco-
OuTenbHbIX peakuui [2]. B panbHeliueM Bbinn COOTHECEHDI
3KoNOruyeckue, aemMorpadmyeckue U 3MMAEMUONOrMYECKUE
XapaKTepucTuku pervoHoB Poccuiickoit ®epepaumnn ¢ ane-
MEHTHBIM CTaTyCOM WX KOPEHHOTO Hacenenmsa [3].

B psnme oTeuecTBeHHbIX U 3apybeHbIX WUCCef0BaHWM
OXapaKTepu3oBaHa posib 6MONOrMYECKU 3HAUMMBIX XMMUYe-
CKWX 371EMEHTOB B HOpPMMUPOBAHNM MCUXONOTUYECKOTO CTaTy-
ca, BNUSIOLLIET0, B CBOIO 04epesb, Ha CoLManbHoe NoBEAEHNE
yenoseKa. OnpegeneHo, 4to AedMLMT LMHKA, XPOMa, CeNeHa,
)ene3sa, KobanbTa ¥ MoAa cnocoOCTBYET pa3BUTUIO Aenpec-
CMBHOCTM [4]. DopMMPOBaHMIO TPEBOXKHOCTM U AEMPECCUBHBIX
COCTOSIHMI TaKKe cnocobcTayeT feduuut Marnma [5]. Hepo-
CTaTOK CeneHa, BaHaaus, IMTUSA W KanbLWs accouuMpoBaH
C MOBbLILLEHHBIM YPOBHEM CYMLMAANbHBIX MAeaUMiA Y Yeno-
BeKka [6]. lpeanonaraetcs, 4to peuuut AutMa 00ycnoB-
NMBaeT (opMMpoBaHUe MMNyNbCMBHOCTY [7]. B nouckoBom
UCCNeaoBaHUM Ha BbIDOpKE MOMOALIX MYXYMH ONpefesieHa
CBA3b arpeCCUBHOCTM C MOHUXEHHBIM COIEPXKaHNEM B Opra-
HW3Me MarHus, Kanus, Meau 1 NoBbILLIEHHBIM COAEPKaHEM
HaTpus, pocdopa [8]. PaHee BbinonHeHHoe cobcTBEHHOE UC-
cnefoBaHue BbISIBUIIO CBSI3M COfepaHus psaa buonornye-
CKM 3HaunMbIx anemenToB (AL, As, B, Be, Ca, Cd, Cu, Fe, |, K,
Li, Mg, Mn, Na, Ni, P, Pb, Se, Si, Sn, V, Zn) ¢ pa3nuyHbiMu
MCUXOMOTMYECKUMM 1 NOBELEHYECKVIMM NOKa3aTeNnsmu 1eBu-
aHTHOCTM (arpeccMBHOCTb, aBaHTHPHOCTb, AENPECCUBHOCTD,
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CYMUMAANbHOCTb, afAMKTUBHOCTb, COLMaNbHas AeCTPYKTUB-
HOCTb) Y MY}KUMH 1 JKeHWmH [9].

WMelowumecs gaHHble CBMAETENbCTBYIOT O BO3MOXHOCTH
B/MSHWA eCTECTBEHHO COAEPXalUMXcs B MPUPOAHONA cpe-
Oe buonornyeckn 3HaUMMbIX MUKPO- U MaKpO3NIEMEHTOB
Ha NMCUX03IMOLIMOHANIBHOE COCTOSHUE U PUCK Pa3BUTUSA [1EBU-
aHTHbIX dopM noBefeHus y yenoseka. OHaKo oTcyTcTBYET
MH(OPMALMA 0 CUCTEMHBIX CBA3AX 3NIEMEHTHOMO CTaTyCa XU-
TeNien oTAeNbHbIX TEPPUTOPUIA C BbIPAXEHHOCTBIO NOKa3aTe-
neii couManbHoON M KpUMUHANBHON HaNpAXKEHHOCTW CoLMyMa.

LUenb uccneposanusa. omckoBoe uccnefoBaHue ponu
BronoryecKky 3HaYUMbIX MUKPO- M MaKpo3NieMeHTOB B op-
MMPOBaHUM COLMANIBHOW M KPUMMHAMBHOW HANPSXEHHOCTH
Y HaceneHus NoKanbHbIX Tepputopuin Poccuiickon ®epepa-
Lum.

MATEPUAJIbI U METO/IbI

MepBbi, TeopeTUHecKM, 3Tan paboTbl 3aKiK4ancs
B BbIIBNIEHWM MoJenbHbIX pernoHoB Poccuickoin Qepe-
pauuu, XapaKTepusyoLMXCA TUMUYHBIMU KOMOWHALMAMH
reoXUMUYECKUX (haKTOPOB CPefbl, MOTEHLMANBHO 3HAUUMBIX
LNA HMU3HEAEATENIbHOCTM YeI0BEKA, U ONpeeNieHnn KIkoye-
BbIX NOKa3aTeneii CoUManbHOM U KpUMUHATBHON HANPSKEH-
HOCTW B poccuidcKoM obLuecTse. Mcnonb3ys KapTorpaduye-
CKu MaTepman HaumoHanbHoro atnaca Poccuu [10] u atnaca
3/IeMEHTHOr0 cTaTyca Hacenenus Poccum [3], Bbigenvnu
14 pernoHoB (Pecnybnuka KpbiM, Pecnybnnka KanMbikus,
CraBpononbckuii Kpaii, Bonrorpagckas obnactb, Capartos-
cKas obnactb, BopoHexckas obnactb, Camapckas obnacts,
lMpuMopckuid Kpaid, Pecnybnuka Antaii, YensbuHckas 06-
nactb, Bonoroackas obnactb, JleHuHrpagckas obnactb,
Pecnybnuka Kapenus, ApxaHrenbckas obnactb), Haubonee
MOJHO HafeNEHHBIX OCHOBHBIMM COYETaHUAMM BUONOTMYECKM
3HauYMMBIX MMKPO- M MaKpO3/IEMEHTOB B OKpYXaloLLei cpe-
ge. Mo oduumanbHeIM faHHbIM QefepanbHon ciyxbbl rocy-
[ApPCTBEHHON CTAaTUCTUKM ONMpeLenuiy NepeyeHb OCHOBHbIX
noKa3saTesien CoLManbHoM U KpUMUHANBHOW HaNPSIKEHHOCTH,
XapaKTepHbIX A POCCUMICKOro obLuecTBa: ypoBEHb npe-
ctynHocTv Ha 1000 HaceneHus; ypoBeHb youincTe Ha 100 000
HaceneHus; ypoBeHb camoybuiicts Ha 100 000 HaceneHus;
KonmyecTBo [,06poBosibHLIX abopToB Ha 100 poaos; UHK-
umpoBaHHocTb BUY Ha 100 000 Hacenenus; KoapduumeHT
Pa3BOLMMOCTY; MHAEKC anKoroiu3aumuy; ypoBeHb Tabako-
Kypenus (% HaceneHus).

Bropoii, noneson, atan pabotbl NpegycMaTpuBan popmu-
POBaHe BbIBOPOYHOIM COBOKYMHOCTW Y4aCTHUKOB UCCNEL0Ba-
HWS — NpeACTaBUTENIEN KOPEHHOTO HAaceNeHNUs BblLeNEHHbIX
MOLEJIbHbIX PEFMOHOB W ONPEAENEHNe Y HUX COAEpIKaHuUA
Bronormyeckn 3HauMMBbIX XMMUYeckux anemeHTos (AL, As, B,
Be, Ca, Cd, Co, Cr, Cu, Fe, Hg, I, K, Li, Mg, Mn, Na, Ni, P, Pb,
Se, Si, Sn, V, Zn) B npobax Bonoc. B kax oM MofeNbHOM pe-
TMOHE ANs UCCIIeA0BAHNSA U3 YMACNA CTYAEHUYECKON MOJTOLEKM
oTobpanu no 25 MyumH u 25 xeHwuH 18-26 net, Bcero
700 yenoseK. OTbMpanuch nMua, pPOAMBLUMECA HA TEPPUTOPUAX
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Table 1. Characteristics of indicators of social and criminal tension in the model regions of the Russian Federation

Mokasatens | Indicator

PervoH | Region
Mip | YIM | C|S |[AL|AD |UB|HIV|KP|DR| UA|IA | YT|SR
Pecny6nuka Kpbim | Republic of Crimea 12,5 5 16,5 33 51,5 3,8 31 22,0
CraBponosnbeKmii kpaii | Stavropol Territory 12,3 47 8,2 34 28,4 3,7 23 25,6
Pecnybnuka Kanmbikus | Republic of Kalmykia 10,6 4,0 21,3 18 8,4 3,4 32 21,7
BopoHexckas obnactb | Voronezh Region 14,7 2,7 1,1 28 35,3 4,1 33 23,8
YensbuHckas obnactb | Chelyabinsk region 18,4 6,5 15,4 51 102,6 4,6 38 26,6
Bonrorpapackas obnacts | Volgograd region 15,2 1,9 3,9 40 49,1 3,7 26 23,3
CapartoBcKas 0bnactb | Saratov region 10,0 5,6 12,3 46 46,7 3,9 34 24,8
Camapckas obnactb | Samara region 13,8 2,6 2,8 38 99,2 4,0 30 22,7
Pecnybnuka Kapenus | Republic of Karelia 21,5 57 14,6 49 52,9 3,9 40 29,3
ApxaHrenbckas obnactb | Arkhangelsk region 17,8 79 26,1 61 32,1 4,0 42 295
Jlenunrpanckas obnacto | Leningrad Region 9.8 b4 15,2 43 45,5 3,4 39 29,5
Bonoroackas obnacts | Vologda region 15,5 4,1 16,9 59 39,0 3,7 41 25,5
Mpumopckuit kpaii | Primorsky Krai 20,4 10,8 15,6 43 59,1 4,5 48 28,5
Pecnybnuka Antaii | Altai Republic 22,3 11,9 35,6 49 47,2 4,7 37 31,5

[pumeyanue. N — npectynHocTb Ha 1000 Hacenerus; Y — youiicTs Ha 100 000 Hacenenus; C — camoybuicts Ha 100 000 HaceneHus;
ALl — aboptbl fobpoBonbHble Ha 100 popos; B — nHdwmumposanHocts BAUY Ha 100 000 HaceneHus; KP — koadduumeHT passoaumo-

ct1; WA — nHpeKce ankoronusauum;

— ypoBeHb TabakoKyperus (% Hacenenms).

Note. P — crime per 1,000 population; M — murdersger 100,000 population; S — suicides per 100,000 population; AD — voluntary

abortions per 100 births; HIV — HIV infection per 100,
(% of the population).

MOJENbHbIX PEFMOHOB, HE MMEIOLLME XPOHMYECKUX 3abone-
BaHMIA, He MOJBEPraBLUMECS YPE3BbIYANHLIM XUMUYECKUM,
GU3NYECKMM M BUONOrMYECKUM BO3LEHCTBUAM, UMEKOLLME
MOCTOSHHOE MECTO JKMUTENbCTBA, MOJIHOLEHHO MUTaloLLMecs,
He Kypslume, BefyLuMe 340poBbld 06pa3 M3HM, perynspHo
MPOXoAsLMe MeaMLMHCKME 0CMOTpbl. Bce uccnenoBaHus
BbIMOJHANM B COOTBETCTBUM C NpuHUMNaMu Bceobluen pe-
Knapauumn 0 6M03TUKe U NpaBax YesioBeKa B YacTu cTaTen 4
(bnaro n Bpen), 5 (caMocToATENBHOCTb M MHAMBMAYANbHAsA
OTBETCTBEHHOCTb), 6 (cornacue) U 9 (HeNpUKOCHOBEHHOCTb
YaCTHOM MU3HM M KoHduaeHumanbHocTb). Uccneposanne
0f00peH0 3TUYECKUM KOMUTETOM BoOEHHO-MeauLMHCKOM
akagemmn uM. C.M. Kuposa (CaHkT-lleTepbypr), npoTokon
N2 295 ot 22.10.2024. XMMU4eCKMin aHanu3 BMONOrMHECcKoro
maTepuana nposoanu B AHO «LleHTp 6roTuuyeckoin Meauum-
Hbl» (MockBa). [Inst 3T0ro NpUMEHANN CTaHAAPTHbIE METoAbI
aTOMHO-3MUCCMOHHOM CMEKTPOCKONUU C UHAYKTMBHO-CBA-
3aHHOM NMa3Moii.

Ha tpetbeM, aHanuTWyeckoM, aTane paboTbl aHanmM3u-
poBanM B3aMMOCBA3M MOKa3aTesien COLMANbHON U KpUMU-
HaNbHOW HaNPSXEHHOCTM COLMYMA, 3/IEMEHTHBIA CTaTyC

! Bceobiuas aexnapaums o 6103TMKE 1 NpaBax YesioBexa. Pexum focTyna:
https://www.un.org/ru/documents/decl_conv/declarations/bioethics_
and_hr.shtml [lata obpatuerus: 25.10.2024.
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00 population; DR — divorce rate; IA — alcoholism index; SR — smoking rate

npeAcTaBuTENE MOJENbHBIX TEPPUTOPUIA, @ TaKXe Cpas-
HWBaNM COLEPXaHME B OpraHu3Me OMONOrMYECKM 3HAUUMBIX
XMMUYECKMX 3/IEMEHTOB Y XUTESEN PErYIOHOB, XapaKTepusy-
IOLLMXCS MUHUMANBHBIMW Y MaKCUMasbHBIMU NPOSIBEHNAMM
OTKJIOHSIOLLerocs noBegeHus. B cooTBeTcTBMM C TpeboBa-
HUAMK, NpeSbABNAEMbIMA K MPOBEAEHUI0 IKONOTNYECKMX
UCCNeA0BaHWN, CTAaTUCTMYECKUI aHanu3 BbIPaXKEHHOCTH
W HanpaBNEeHHOCTM CBA3M UCCeyeMbIX NOKa3aTenei Bbino-
HANW NYTEM pacyéTa KoadduumenTa Koppenaumm CnmpmeHa.
CpaBHMTENbHYH OLEHKY PasfinumMiA COLEPMKaHNA XMMUYECKUX
3/IEMEHTOB B OPraHW3Me JUTeNel UCCeayeMbIX PErMoHOB
BbINOJIHANN MeTOLOM BunkokcoHa—MaHHa-YuTHM ¢ pac-
yéToM MeauaHbl (Me), nepBoro u Tpetbero keaptunen [Q1;
Q3]. ®opmmpoBaHKe 6a3bl faHHBIX NepPBUYHON MHGOPMaLMK
M CTaTUCTMYECKylo 00paboTKy pesynbTaToB MCCNEAO0BaHMS
BbINOAHANM B nporpammax MS Excel 2007 v. 12.0.6611.1000
(Microsoft), Statistica 6.0 (StatSoft Inc., CLLA).

PE3YJIbTATbI

XapaKTepuCTMKa OCHOBHbIX MOKasaTeNie couuanbHO
Y KPUMUHAJTBHON HAMPSKEHHOCTU BbIAENEHHBIX MOLENbHBIX
pernoHoB Poccun npepcTaBneHa B Tabn. 1. [peanpuHATbIN
aHanu3 B3aMMOCBS3el UCCleflyeMbIX MoKasaTenen couu-
anbHOM W KPUMUHAMbHOW HaMpsKEHHOCTM B MOAEJbHbIX
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pervoHax Poccun no3BosMn BbIAEAMTL 5 OCHOBHBIX BEKTO-
POB OTKIOHSIOLLErocs NoBeaeHus (ybuicTaa, caMoyouncTBa,
ankoronusaums, TabakoKypeHue, [o6poBoMbHbIE abopTbl),

Ybuictea
Murders
06007 T osm
(p=0,023) ¢ v (0=0,031)
CamoybwiicTea A6opTbl
Suicides Abortions
L 0715 1
(p=0,02) (p=0,004)

0,565 0,705
(p=0,035) (p=0,005)
\ 4 4
Ankoronusaums TabakoKypeHue
Alcoholization < »  Tobacco smoking

0,651 (=0,012)

Puc. 1. KoppensumoHHble cBA3M NoKa3aTenen coLpanbHo U Kpu-
MUHaNbHOM HaNPSXXEHHOCTU HaCeNeHUs MOLENbHbIX PErMoHoB
Poccuu.

Fig. 1. Correlations of indicators of social and criminal tension of
the population of the model regions of Russia.

Be -0,61
-0,1
cd -0,12

0,378 0,714
LRy —
0,499
’ —
0,37
0,26
P 0,625
0484
Vo ose ;
08 06 04 02 0 02 04 06 08

OMyxumHbl | Men H KeHLLmHbl | Women

Puc. 2. KoppensunoHHble CBA3M YPOBHSA YOUNCTB C COAEpIKaHNEM
XMMUYECKMX 3/1EMEHTOB B OPraHWU3Me MYXUMH U KEHLLVH.

CratcTnyeckas 3HaunMocTb cesselt ana r=0,43 — p=0,1; ana r=0,505 —
p=0,05; onsa r=0,638 — p=0,01.

Fig. 2. Correlations of the murder rate with the content of chemical

elements in the body of men and women.

The statistical significance of the links for r=0.43 — p=0.1; for r=0.505 —
p=0.05; for r=0.638 — p=0.01.

T.31 N2 8, 2024

DOl https://doiorg/10.17816/ humecob43086

JKoNorna HenoBeka

XapaKTepu3yloLMXCA OAHOHAaNPaBAEHHbIMU CTAaTUCTUHECKH
3HaYMMbIMU MPAMBIMU BHYTPUTPYNMOBBLIMU KOPPENALMAMHU
(puc. 1).

Ha crnepytowem 3tane paboTbl OueHWBanNM HanpaeneH-
HOCTb U BbIPAXKEHHOCTb CBA3EM KaM[0ro U3 BblAENIEHHbIX
noKa3saTefien CoLMansHoN M KPUMUHANBHOW HanpsXKEHHOCTH
C COAEPHAHMEM MUKPO- U MaKpO3/IEMEHTOB B OpraHu3Me
MYXUWH M KEHLUMH — NpefcTaBuTeNIen MOAESbHbIX Pervo-
HOB. YuuUTbIBa/IM TOSILKO T 3/IEMEHTBI, KOTOpblE OT/IMYANUCh
CTaTUCTUYECKN 3HAYUMBIMU CBA3AMU UM UMENW TEHAEHLMIO
K CTaTMCTU4YecKon 3Haummoctu cesisen (p <0,1) ¢ uccnepye-
MbIMK NOBEAEHYECKUMU AeBUaLMaMM (puc. 2—-6).

[ins onpepeneHus abcomoTHbIX BEIMYMH KPUTMYHOCTU
COAepKaHMs BUONOTMYECKM 3HAYUMBIX XUMUYECKUX 3NIEMEH-
TOB B OPraHU3Me XuTeNeli PerMoHoB C BLICOKUM YPOBHEM CO-
LMambHOM U KPUMUHANBHON HaNpSXEHHOCTU NPeAnpUHAIK
L0MONIHUTENbHOE UcCneaoBaHue. 1o KaxaoMy BblfeneHHOMY
MoKa3aTesio CoLManbHON U KPUMUHAMIBHON HANPSXEHHOCTH
chopmupoBanu ABe rpynnbl PerMoHoB, OAHA M3 KOTOPbIX
XapaKTepu30Banacb HU3KUM YPOBHEM, a Apyras — BbICO-
KUM YpOBHEM MPOSB/IEHUS KOHKPETHON feBuaumv (Tabn. 2).
3aTeM B paMKax Kaw[on W3 [eBuaLmil NpoM3BENM CpaBHU-
TENbHbIA aHanU3 COAEPKaHUA 25 XUMUYECKUX 3NEMEHTOB
B OpraHu3me npefcTaBuTenei KOPEHHOr0 HACeNIeHNs permo-
HOB, XapaKTEepMU3YOLLMXCA MUHUMASBHOW M MaKCUMarbHOM
BbIPaXKEHHOCTbI0 OTKIIOHSKOLLErocs noBeAeHmst. Bo BHUMaHKe
MPUHUMANKM TONBKO MMKPO- M MaKPO3JIEMEHTHI, UMEloLLMe

-0,46
Al
-0,19
0123
B
0,564
0138
Cd
0529
0,064
P

0,56

08 06 -04 -02 0 02 04 06 08
E KeHLwmHbl | Women

OMyxumHbl | Men

Puc. 3. KoppensunoHHble CBA3W YpOBHSA caMoybuiicTB C copep-
YaHMEM XUMUYECKUX 3IEMEHTOB B OPraHM3Me MYXUUH W KEHLLWH.

CratucTmyeckas 3HaunMocTb cesasen ans r=0,43 — p=0,1; ana r=0,505 —
p=0,05.

Fig. 3. Correlations of loss of self-awareness with the participation

of chemical elements in the body of men and women.

The statistical value of the links for r=0.43 — p=0.1; for r=0.505 —
p=0.05.
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Puc. 4. KoppensumnoHHble CBA3M YPOBHSA aKoronm3aumm ¢ Coaep-
JKaHMEM XUMMUYECKMX 3/IEMEHTOB B OPraHU3Me MYXUWH U EHLLMH.
CratcTnyeckas 3HaunMocTb cesselt and r=0,43 — p=0,1; ana r=0,505 —
p=0,05; ana r=0,638 — p=0,01.

Fig. 4. Correlations of the level of alcoholism with the content of
chemical elements in the body of men and women.

The statistical significance of the links for r=0.43 — p=0.1; for ~=0.505 —
p=0.05; for r=0.638 — p=0.01.

CTaTUCTUYECKM 3HAUMMbIE PasfuuMa UM TeHLEHUMM K CTa-
TUCTUYECKU 3HAUMMBIM pasnunumaMm (p <0,1) Mexpay cpaBHU-
BaeMbIMU rpynnamu npefcTaBuTENei MOJENbHbIX Teppu-
TOpUiA, B 00LLEN pernoHanbHon Bbibopke, 6e3 yyéta nona
(rabn. 3-7). Mo octanbHOMY NEpeYHi0 OLLEHUBAEMBIX XUMM-
yeckux anemeHToB (As, B, Cd, Co, Cr, Cu, Fe, Hg, K, Mg, Mn,
Na, Ni, P, Pb, Si, Sn) He BbIsIBNeHO CTaTUCTUHECKN 3HAUMMBbIX
Ppa3NumUiA MeX Iy CPaBHUBAEMBIMU TPYMMNaMK Y4aCTHUKOB UC-
cnepfoBaHus. [peactaBneHHble AaHHble (CM. Tabn. 3-7) B Le-
1IOM COOTBETCTBYHOT pe3y/bTaTaM KOPPEeNALMOHHOM0 aHan3a
CBA3EN COLEPHaHUA XUMUYECKUX 3NIEMEHTOB B OpraHU3Me
npeAcTaBuTENEl MOJENbHBIX TEPPUTOPUIA C MOKa3aTensMu
COLMANbHON W KPUMUHANBHON HANpAXEHHOCTW couMyMa.
CpaBHUTENbHBI aHanU3 COAepXKaHUA B opraHusMe buono-
TMYECKM 3HAUMMBIX XMMUYECKMX 3IEMEHTOB Y JKUTESel peru-
OHOB, XapaKTEpPU3YIOLLMXCA MUHUMANbHOW M MaKCUMaJbHO
BbIPXXEHHOCTbI) BEKTOPOB OTKJIOHAOLLEroCs MOBELEHUS,
Mo3BOSUA ONPeAEeNUTb FPaHMLbl MOTEHLMANBHON KPUTUYHO-
CTU BEJIMUYMH BbILENEHHBIX XMMUYECKUX 3NIEMEHTOB 1Sl Ha-
CeNeHns NoKanbHbIX Tepputopuii Poccuiickoit Mepepaumm
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Ekologiya cheloveka (Human Ecology)
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Puc. 5. KoppensumoHHble cBA3W ypoBHS TabaKoKypeHus ¢ coaep-
YaHMEM XUMMUYECKUX 3IEMEHTOB B OPraHM3Me MYXUUH W KEHLLWH.
CratucTmyeckas 3HaunmMocTb cesasen ans r=0,43 — p=0,1; ana r=0,505 —
p=0,05; ansa r=0,638 — p=0,01.

Fig. 5. Correlations of tobacco smoking damage with the content
of chemical elements in the body of men and women.

The statistical value of the links for r=0.43 — p=0.1; for r=0.505 — p=0.05;
for r=0.638 — p=0.01.

Mo KaXaoMy aHanu3upyeMoMy MOKa3aTesilo CouMasbHoM
1 KpMMUHAMBHON HanpsyKEHHOCTU. B kauecTse Kputepus pu-
CKa pa3sBUTUSA B COLIMYME Pa3/IMYHbIX BEKTOPOB COLMANbHOM
M KPUMUHANbHOM HanpsXEHHOCTM LenecoobpasHo npu-
HATb 3HaueHMs Me COOTBETCTBYIOLIMX BbICOKOMY YPOBHIO
NPOSBNEHNSA aHaNU3UPYEMbIX BEKTOPOB OTKIIOHAILLErocs
noseneHud no Ka)I{,U,OMy 13 BblAeJIeHHbIX XUMUYECKUX 31e-
MeHTOB (Tabn. 8).

ObCYXOEHWUE

MpeAcTaBNeHHble aHHble MOATBEPXAAKT CUCTEMHBbIN
XapaKTep NpOSABNEHNs Pa3NInyHbIX BEKTOPOB AECTPYKTUBHOTO
(arpeccuBHOro, ayToarpeccuBHOr0, afAMKTMBHOIO, PUCKOBaH-
HOT0) NOBEAEHWS, B LIeNIOM (OPMUPYIOLLEr0 U OHOBPEMEH-
HO OTPaXKaloLLero couMasbHyl0 HanpsXKEHHOCTb 06LLecTBa.
Mpn 3TOM He NMpeacTaBNsETCA BO3MOXKHbIM KOHKPETU3MPO-
BaTb MPUYUHHO-CNECTBEHHbIE CBA3M aHaNM3MUpyeMbIX NoKa-
3aTesieid, OrpaHMuYMBLLMCH MPEANOJIOKEHUEM O HEraTUBHOM
BAMAHWM aJIKOrONM3aUMM Ha CoLMabHO-NCUXON0rUYECKoe
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Puc. 6. KoppensuuoHHble cBsi3u ypoBHA [06poBONbHLIX abopToB
C COLEPKaHUEM XMMMYECKUX 3/IEMEHTOB B OPraHU3Me MyXUWH
W KEHLLMH.

CratcTnyeckas 3HaunmMocTb cesselt and r=0,43 — p=0,1; ana r=0,505 —
p=0,05; ana r=0,638 — p=0,01.

Fig. 6. Correlations of the level of voluntary abortions with the
content of chemical elements in the body of men and women.

The statistical significance of the links for r=0.43 — p=0.1; for r~=0.505 —
p=0.05; for r=0.638 — p=0.01.

bnarononyune nonynsumn. 0606wweHne npeacTaBneHHbIX
pe3ysibTaToB NO3BOJSET BLIAEUTD PSIA XMMUYECKUX 3NIEMEH-
TOB, KOMMJIEKCHO CBSA3aHHBIX C MPOSBIEHUEM UCCNEdYeMbIX
MnoKasartenein coLumanbHOM 1 KPUMUHABHOW HAMPSKEHHOCTY.
TaK, coaepaHue B OpraHM3Me MyXUMH 1 EHLLUH KabLus,
JMTWSA, BaHaMA M LMHKA OTPULATENbHO CBSA3aHO U C anko-
rosmsauuent (cM. puc. 4), n ¢ TabakoKypeHueM (cM. puc. 5),
1 C ypoBHEM 106poBONLHLIX abopToB (cM. puc. 6). Comepa-
HWe B OpraHW3Me MEHLLUMH KafiMUA M MapraHLa oTpuuaTenb-
HO, @ MarHWa U XpoMa MONIOXMTENbHO CBA3aHO C YPOBHEM
£06poBosibHbIX abopToB. CoepikaHme B OpraHn3Me KEHLUMH
Kagmus 1 hocdopa NonoXuTENbHO CBA3AHO CO CMEPTHOCTbIO
oT ybuiicTs 1 camoybwmiicTs B coumyme. KpoMme Toro, onpege-
NeHbl eIHNYHBIE CBA3W COLLEPIKAHUS OTAENbHBIX 31EMEHTOB
B OPraHM3Me MYXUWH UIW JKEHLLIMH C KOHKPETHBIMU 1eBUALIM-
AMu B obLuecTBe. Tak, coaepxaHue anioMUHUA B OpraHu3Me
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MYXUYMH UMEET TEHAEHLMI0 K CTaTUCTUYECKM 3HaUMMOIA 00-
paTHOW CBA3W C YPOBHEM YBUICTB M caMoybuiicTB B coLmyMe.
CopnepaHue Mofa y MyXUYMH OTpPULLATENBHO CBA3aHO C aflKo-
rofu3aumeil HaceneHus U ypoBHeM ,06poBosbHbIX abopToB.
CopnepaHue MarHus B 0praHM3Me MYXUWH W XKEHLLMH TakKe
OTpULATENBHO CBA3aHO C YPOBHEM [0bOpoBONbHLIX abopToB
B COLMYyMe.

MpeacTaBneHHble pe3ynbTaTbl KOPPENAUMOHHOMO aHa-
N33 NO OTAENbHbIM MO3ULMAM COOTBETCTBYIOT paHee Bbl-
ABNEHHbIM CBSI3IM COZEPKaHNUA OMONOrMYECKM 3HAUUMBbIX
XMMWUYECKMX 3/IEMEHTOB B OpraHu3Me C MOKa3aTeNisiMu
ncuxonoruyeckoro cratyca uyenoseka [9]. Tak, onpege-
NIeHO, 4TO B TPyMNe JeHLKUH arpeccMBHOCTb CMOHTaHHas
CTaTUCTUYECKW 3HAYUMO OTpULIATENbHO KOPpenupyeT ¢ co-
AepXaHueM B opraHusme MblwbsKa (r=—0,598; p=0,019)
n Kagmua (r=—0,521; p=0,046). ArpeccHBHOCTb peaKTUBHas
CTaTUCTUYECKW 3HAYMMO OTPULIATENbHO KOPPENIUpYET C co-
LepxKaHueM bepunnms B rpynne MyxuuH (r=—0,526; p=0,04)
1 NOMOXUTENbHO, HA YPOBHE TEHAEHLMM K CTaTUCTUYECKH
3HaYMMOW CBA3M, C copepxaHueM docdopa B rpynne
XeHwwuH (r= 0,466; p=0,08). 3Tn AaHHble COOTBETCTBYIOT
pesynbTaTaM KOpPeSLMOHHOr0 aHanu3a CBA3KM YPOBHS
yOMIACTB B COLMYME C COAEPIKAHUEM XUMMYECKUX 3JIEMEH-
TOB B OpPraHWU3Me MYXUUH W XEHLLMH (CM. puc. 2).

MpesnpuHATLIA aHanM3 abcomioTHLIX BENIMYMH COLEPIKa-
HWS! BUONOMMYECKM 3HAYMMBIX XMMUYECKUX 3N1EMEHTOB B Op-
aHU3ME JKUTENEN PETUOHOB C BbICOKUM U JKUTEIEN PETrMOHOB
C HM3KUM YPOBHEM COLMANbHOM W KPUMWHANbHOW Hanps-
JKEHHOCTW NO3BOSWUN ONPEAENUTb FPaHULbl MOTEHLMANbHOM
KPUTWUYHOCTY BESIMYMH BbIAENEHHBIX XMMUYECKUX 3JIEMEHTOB
LNs HaceNeHWs JIOKaNbHbIX TEPPUTOPUIA MO KaXAOMY aHa-
NIM3MpYEMOMY MOKa3aTeNito coUManbHOM U KPUMUHANBHOM
HanpsXEHHOCTW. Mcnonb3oBaHue 3HaueHus Me no Kax oMy
13 BbILENEHHBIX XMMUYECKUX 3IEMEHTOB B Ka4ecTBe MHAMKA-
TOPa KPUTUYHOCTW PUCKa Pa3BUTUA B 0OLLECTBE pasfMUHbIX
BEKTOPOB COLMANbHON W KPUMUHANBHOM HaNpsKEHHOCTM No-
3BONUT 00BbEKTUBM3MPOBATL NPOrHO3WUPOBaHWE COLMANBHOIO
cTaTyca HacenieHust NoKanbHbIX TeppuTopui. Bmecte ¢ Tem
cnefyeT UMeTb B BUAY, YTO MPEeLNPUHATOE 3KOIOrUYECKoe
UCCNeLOBaHNE HE PaCKPbIBAET MPUYUHHO-CIIELCTBEHHbBIX
CBSI3eM 3NIEMEHTHOro CTaTyca M OTAESbHbIX MPOABNEHUN
couManbHbiX AeBuaumi. Takke HeobX0AMMO NpUHMMATHL
BO BHWMaHWe deHOMEH 3Konmoru4yecKoii owmbkm (ecological
fallacy), onpenenstoLeit HEBO3MOXHOCTb NPUMEHEHUS Bbl-
SIBMEHHBIX Ha MONYNSUMOHHOM YPOBHE accoumaLui Mexay
aHanu3aupyeMbIMW MPU3HaKaMW K KOHKPETHOMY MpefcTaBu-
TeNo uccnefyemblx rpynn Hacenewus [11].

3AKJTIOHEHUE

Kak cnepyeTt u3 pesynbtatoB UCCNen0BaHUA, BblAENIEH-
Hbleé MO[eJibHble PEruoHbl Poccum XapaKTepu3yrTCAa 3Ha-
YUTENbHBbIMU Pa3NNyYnAMU MoKa3aTenen KaK COoLManbHOW
n KpVIMVIHaJ'IbHDVI HanNpPAXeHHOCTU, TaK N 3/IEMEHTHOro CTa-
TyCa HacCeJieHuA. 310 noaTeepXaaeT aeKBaTHOCTb Bbl60pa
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Table 2. Groups of model regions with low and high levels of deviations

Exologiya cheloveka (Human Ecology)

HOpMaTMBHbIe 3HayeHuAa

Pervonbl | Regions

Moka3aTenb (ea. nsMepeHus) - -
Indicator Standard values Huzkui yzzsaiuai ;ansneuvm Bbicokuit ‘E:::::MILPOHBHEHM
(units of measurement) Low level of deviation High level of deviation

Y6éwiictea Huskume — po 4,1; cpenHune — Bonrorpaackas obnactb, Pecnybnuka Antait, [MpuMopcKui

Murders 4,1-5,4; Bbicokne — bonee CaMapckas obnacts, Kpai, ApxaHrenbcKas 06nacTb,
5,4 (Ha 100 000 HaceneHus) BopoHexckas obnacTs, YensbuHckas obnactb, Pecnybnmka
Low — up to 4.1; average — Pecnybnuka Kanmbikus Kapenus, CapatoBckas obnactb
4.1-5.4; high — more than Volgograd region, Samara Altai Republic, Primorsky Territory,
5.4 (per 100,000 population) region, Voronezh region, Arkhangelsk Region, Chelyabinsk

Republic of Kalmykia Region, Republic of Karelia,
Saratov Region

CamoybuiicTea Huskme — po 10; cpegHue — Camapckas obnactb, Bonro- Pecnybnuka Antaii, ApxaHrenbckas

Suicides 10-20; Bbicokue — 6onee 20 rpagckas obnactb, Craepo- obnactb, Pecnybnuka KanMblkus
(Ha 100 000 HaceneHus) MOSbCKUIN Kpalt Altai Republic, Arkhangelsk Region,
Low — up to 10; average — Samara region, Volgograd Republic of Kalmykia
10-20; high — more than 20 region, Stavropol Territory
(per 100,000 population)

Ankoronusaums Huskne — no 34; cpegHne — CraBpononbckui Kpaid, Bonro-  lpumopckuii Kpait, ApxaHrenbckas

Alcoholization

TabakoKypeHue
Tobacco smoking

AbopTbl
Abortions

34-39; Bbicokue — bonee
39 (uHpeKc)

Low — up to 34; average —
34-39; high — more than

39 (index)

Huskue — no 23; cpegHne —
24-28; Bbicokne — bonee 29
(% HaceneHus)

Low — up to 23; average —
24-28; high — more than 29
(% of the population)

Hwskve — po 35; cpegHne —
35-45; BbicOKMe — bonee

45 (Kommyectso Ha 100 pogos)
Low — up to 35; average —
35-45; high — more than

45 (number per 100 births)

rpaackas obnactbs, CaMapckas
obnactb, Pecnybnuka Kpbim,
Pecnybnuka KanMbikus,
BopoHexckas obnacTb
Stavropol Territory, Volgograd
region, Samara region,
Republic of Crimea, Republic
of Kalmykia, Voronezh Region

Pecnybnuka Kanmbikus,
Pecnybnuka Kpbim,
Camapckas obnactb

Republic of Kalmykia, Republic
of Crimea, Samara region

Pecnybnuka Kanmblkus, Bopo-
HeXcKas obnactb, Pecnybnmka
KpbiM, CtaBpononbcKuii Kpan
Republic of Kalmykia, Voronezh
region, Republic of Crimea,
Stavropol Territory

obnacrb, Bonoroackas obnacts,
Pecnybnuka Kapenus

Primorsky Krai, Arkhangelsk region,
Vologda region, Republic of Karelia

Pecnybnuka Antai, JleHnHrpaackan
obnactb, ApxaHrenbckas obnactb,
Pecnybnuka Kapenus

Altai Republic, Leningrad region,
Arkhangelsk region,

Republic of Karelia

ApxaHrenbckas obnactb, Bonoroa-
cKas obnactb, YenabuHckasa obnactb
Arkhangelsk region, Vologda region,
Chelyabinsk region

Ta6nuua 3. CTaTMCTUYECKW 3HAUUMBIE Pa3fINYMs M0 COAEPIKAHWIO XMMUYECKUX 371IEMEHTOB (MKI/T) B BOSIOCAX MUTESell peroHoB ¢ BbiCo-
KWUM 1 HU3KUM YPOBHEM YOUIACTB

Table 3. Statistically significant differences in the content of chemical elements (mcg/g) in the hair of residents of regions with high and

low homicide rates

Xasecku anewet o mrder e g mrdor ot b
Me [Q1; Q3] Me [Q1; Q3]
Al 3,85 [3,32; 6,47] 2,9 [2,40; 3,05] 0,016
Li 0,0559 [0,0256; 0,0802] 0,0248 [0,0225; 0,0279] 0,01
v 0,028 [0,0231; 0,0315] 0,0186 [0,0167; 0,0194] 0,01
Be 0,00035 [0,00015; 0,0007] 0 [0; 0,00005] 0,063

DOl https://doiorg/10.17816/ humecob43086
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Tabnuua 4. CTaTUCTUYECKW 3HAYMMbIE PA3NIMYMA MO COAEPIKAHMIO XMMUYECKUX 3IEMEHTOB (MKI/T) B BOIOCAX JKUTENeli PErMoHOB C BbICO-
KM 1 HU3KWM YPOBHEM CyMLMAA

Table 4. Statistically significant differences in the content of chemical elements (mcg/g) in the hair of residents of regions with high and
low suicide rates

. Huskui1 yposeHb cynumaa Bbicokui1 ypoBeHb cymumpaa
Xxgﬂ:ﬁégr ealg;hﬁ.t” Low suicide rate High suicide rate p
Me [Q1; Q3] Me [Q1; Q3]
P 173 [165; 175] 182 [181; 197] 0,05

Tabnuua 5. CTaTUCTUYECKM 3HAUMMBIE Pa3fINUMS 1O COLEPHKAHMIO XMMUYECKUX STIEMEHTOB (MKT/T) B BOSIOCAX XKUTENEH PErMOHOB C BbICO-
KM 1 HU3KWM YPOBHEM aJIKoron3aLmm

Table 5. Statistically significant differences in the content of chemical elements (mcg/g) in the hair of residents of regions with high and

low levels of alcoholism

XuMuyeckuit aneMeHT
A chemical element

Hu3Kkuii ypoBeHb anKkoronmsaumm
Low alcoholization rate
Me [Q1; Q3]

Bbicokuit YPOBEHb ajiKorojuv3sauuu

Ca
|

447,5 [334; 1977
1,53 [0,69; 2,30]

High level of alcoholism p
Me [Q1; Q3]
265,5 [149,25; 318,75] 0,019
0,42 [0,37; 0,53] 0,067

Tabnuua 6. CTaTUCTUYECKM 3HAUMMBIE PA3NIUYMS MO COLEPHKAHMIO XUMUYECKUX 3/IEMEHTOB (MKT/T) B BOSIOCAX XUTENe PErMOHOB C BbICO-
KUM U HU3KUM YPOBHEM TabaKoKypeHus

Table 6. Statistically significant differences in the content of chemical elements (mcg/g) in the hair of residents of regions with high and

low levels of tobacco smoking

XuMuyeckuit aneMeHT
A chemical element

Hu3Kuii ypoBeHb TabaKoKypeHus
Low tobacco smoking rate
Me [Q1; Q3]

Bbicokuii ypoBeHb TabaKoKypeHus

In
Li

219 [167; 362]
0,071 [0,0311; 0,0833]

High levels of smoking p
Me [Q1; Q3]
137,5 [108,0; 159,5] 0,034
0,022 [0,017; 0,023] 0,034

Tabnuua 7. CTaTMCTUYECKM 3HAYUMBIE Pa3NIMYMS MO COAEPIKAHMI0 XMMUYECKUX 3N1EMEHTOB (MKT/T) B BONIOCAX JKUTENeil PErMoHOB C BbICO-

KUM 1 HU3KUM YpoBHeM abopToB

Table 7. Statistically significant differences in the content of chemical elements (mcg/g) in the hair of residents of regions with high and

low abortion rates

. Hu3kuii ypoBeHb abopToB Bbicokuin ypoBeHb abopToB
thn:ﬁgr eigemh:ai'.t” Low abortion rate High abortion rate p
Me [Q1; Q3] Me [Q1; Q3]
Se 1,5310,39; 5,691 0,29 [0,28; 0,35] 0,034

1,78 [0,96; 2,48]

0,56 [0,36; 0,75] 0,034

MOZEJbHBIX TEPPUTOPUIA ANS N3YUYEHNS BO3MOXHOTO BAMSHUS
Hanbosee xapaKTepHbIX COBOKYMHOCTEN BUOreoxMMUHecKux
(aKTopoB cpeabl Ha PUCK PasBUTUSA COLMANBHOM WU KpUMHU-
HaNbHOW HaNPSKEHHOCTU B POCCMMCKOM 0bLLecTBe.

lpeanpuHATLEIA pacyeT KOpPEeNAUMOHHBLIX CBA3eW Mo-
Ka3saTefien couManbHOW M KPUMMHANBHOW HanpsXEHHOCTU
MO3BOIUN BbIAENUTb PAL COLMANbHBIX AEBUALIMIA, CUCTEMHO
MPOSBNIAEMbIX B MOLENbHBIX pernoHax Poccum: ybuincTsa,
camoybuicTea, ankoronnsauus, Tabakokypenue, pobpo-
BO/bHble abopThl. OnpeeneHa COBOKYMHOCTb XMMUYECKUX
3/1EMEHTOB, COLEpXKaHWe KOTOPbIX B OpraHu3Me YenoBeKa
CTaTUCTUYECKM 3HAYMMO CBSA3aHO C BbIPAXKEHHOCTBH) KaXA0H
W3 3TUX AeBMaLMA.

DOl https://doiorg/10.17816/humeco643086

BbinonHeH cpaBHUTENbHBIN aHanu3 CofepaHus buoso-
TMYECKM 3HAYUMBIX XMMUYECKUX 3/1EMEHTOB Y NpejCcTaBuTe-
neil KOPEHHOTO HaceseHUs PerMoHOB, XapaKTepu3yHLLMXCa
MWHUMANBHON W MaKCUMarbHOW BbIPaXKEHHOCTBIO OTKJIOHS-
foLLeroca noBefieHMs. 3T0 NO3BOAMIIO ONPEeLENUTb rPaHULbI
NOTEHLMANBHON KPUTUYHOCTU COEPHAHUA XUMUYECKUX 3/e-
MEHTOB AJ151 HAaceseHWA NIOKanbHbIX TeppuUTopuii Poccuiickoi
Oepepaumny No KaXKAOMy aHanM3MpyeMoMy MoKasaTento Co-
LManbHON U KpUMUHANBHOM HaNPSKEHHOCTM.

MonyueHHble pe3ynbTaTbl KOHKPETU3MPYIT (aKTopbl
Buoreoxummnyeckon 0bycnoBNeHHOCTU pucKoB HopMupo-
BaHWUA OCHOBHbIX BEKTOPOB COLMANbHOW M KPUMWHAIBHO
HaNpsXKEHHOCTM B Tpynnax HaceneHus, 00beAWHEHHbIX
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Tabnuua 8. KoHTponbHble 3HaYeHUs COAEPaHWS XUMUYECKUX 3NIEMEHTOB B Bosiocax (Me; MKr/T) xuTenei oTAENbHbIX TEPPUTOPUIA
npy pucke (GopMUPOBaHUSA OCHOBHBIX BEKTOPOB COLMASIBHOI M KPUMUHAMBHON HaNpsKEHHOCTH

Table 8. Control values of the content of chemical elements in the hair (Me; mcg/g) of residents of certain territories at the risk of formation

of the main vectors of social and criminal tension

XuMuueckue aneMeHTbl

BekTopbl coLyanbHoOi U KPUMUHANBHOW HANPAYXKEHHOCTH
Vectors of social and criminal tension

Chemical elements

Y6wuiicTea Camoy6uiicta Ankoronusauus TabakoKypeHue A6opTbl
Murders Suicides Alcoholization Tobacco smoking Abortions
Al <2,9 - - - -
Li <0,025 - - <0,022 -
v <0,019 - - - -
Be 0 - - - -
P - >182 - - -
Ca - - <265 - -
I - - <0,42 - <0,56
In - - - <137 -
Se - - - - <0,29

TEppUTOpUEN NpOXMBaHUA B rpaHuuax Poccuitickon Qepe-
paumn. OCHOBHBIM pe3y/nbTaTOM BbIMOSIHEHHOO MCCELO-
BaHWA sBMnocb opMUpoBaHue runoTessl 06 obycnosneH-
HOCTW OCHOBHBIX NMPOSIBJIEHMIA COLMANBHON U KPUMUHANBHOM
HaMNpSKEHHOCTW YPOBHEM COLEPXKaHWUA U COOTHOLLEHMEM
B OpraHu3Me 4esioBeKa OMONIOrMYECKU 3HAYUMBIX MUKpO-
1 MaKpoanemeHToB. B aanbHenwueM faHHas runotesa bypet
NpoBepeHa NpW NpOBEAEHWUW JpYruxX TUMOB MCCNeL0BaHUM
¢ bonee BbICOKOW J0Ka3aTeNbHOM CNOCOBHOCTbLIO.

NO0NONHUTENIbHAA UHOOPMALIUA

Bknap aBtopoB. Ab. MynuKk — KoHUeNuus u am3anH uccne-
[0BaHUs, 0030p NMTEpPaTypbl, aHAM3 [aHHbIX, pefakTvpoBaHue
ctatbm; H.0. HazapoB — ctatuctuyeckas obpaboTka pesynbTaToB
nccnegosanus; V.B. Ynecukoa — cbop MaTtepuana u nepsuyHas
obpaboTka pe3ynbtatoB mccneposaHus; MA. KyHasuH — cbop
MaTepuana 1 nepsuyHas 0bpaboTKa pe3ynbTaToB WCCAef0BaHMS;
AT. ConoBbéB — aHanu3 faHHbIX WU VHTEppPeTaLms pesybTaTos
nccnegosanus; 0.A. LLaTsip — BMOMHPOPMALWOHHBI NOWCK NTe-
PaTypHbIX MCTOYHWMKOB, HanucaHue TeKcTa. Bce aBTopbl NoaTBEpX-
[JaloT COOTBETCTBME CBOETr0 aBTOPCTBA MEXAYHAPOLHBIM KpUTEPHSM
ICMJE (Bce aBTOpbI BHEC/M CYLLIECTBEHHDIN BK/1ag, B pa3paboTKy KOH-
Lienumm, NpoBeLieHMe UCCNEA0BaHWSA U NOATOTOBKY CTaTby, MPOYn
1 0800pMAn GUHanbHYI0 BepCUto Nepef nybnmnKaLmen).
3TMyecKas akcnepTU3sa. VccneoBaHre 0406PEHO ITUYECKUM KO-
MuTeTOM BoeHHo-MeanUmMHeKon akageMumn uM. C.M. Kposa (CaHkT-
Metepbypr), npotokon N2 295 ot 22.10.2024.

WUudopMupoBaHHoe cornacue Ha yyacTve B McCCNe0BaHUM.
Yyactve B uccnenoBaHum 6610 [06poBONbHBIM. [lo BKIOUEHNS
B MCCNej0BaHME BCe YHACTHUKM BbIpasuam UHHOPMMPOBaHHOE Co-
rnacue. MccnefoBaHne of0bpeHo 3TMYECKUM KOMUTETOM BoeHHo-
MeamumHcKon akagemun uM. C.M. Knposa (CankT-[eTepbypr), npo-
Tokon N 295 ot 22.10.2024.

DOl https://doiorg/10.17816/ humecob43086

WUctounnk ¢uHaHcupoBanua. PaboTa BbinosHeHa B paMKax pea-
NN3aLMM Hay4YHO-CCNIeA0BATENBCKOM PaboThl MO NporpaMMe aKa-
AeMUYecKoro cTpatermnyeckoro nuaepctaa «Mpuoputet-2030».
PackpbiTue MHTepecoB. ABTOPLI [AEKNApMPYIOT OTCYTCTBUE SIBHbIX
1 NoTeHUManNbHbIX KOHPIMKTOB MHTEPECOB, CBA3aHHBIX C MybnnKa-
LMel HacTosLLIEN CTaTbu.
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Comprehensive assessment of nutritional status
in university students
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Sabrina R. Trubetskaya, Sophia Yu. Tokareva

Samara State Medical University, Samara, Russia

ABSTRACT

BACKGROUND: The increasing prevalence of nutrition-related disorders among university students, driven by poor dietary
habits and high academic workload, warrants special attention. This issue is particularly relevant for medical students, who
experience significant psycho-emotional stress during their training. Assessing nutritional status during this period is a crucial
aspect of preclinical preventive care, as detected deviations may contribute to chronic diseases, ultimately affecting quality of
life and professional performance in future healthcare professionals.

AIM: To conduct a comprehensive assessment of the nutritional status of medical university students.

MATERIALS AND METHODS: A cross-sectional study was conducted among 935 students aged 18-25 years, including an
assessment of dietary intake, bioimpedance analysis of body composition, and a questionnaire survey covering dietary habits,
meal structure, physical activity, and eating behavior. Statistical analysis was performed using IBM SPSS Statistics 28, including
descriptive statistics, normality testing, and significance testing.

RESULTS: Dietary imbalances and macronutrient deficiencies were identified among students. The average BMI was within
the normal range in 49.05% of female and 43.52% of male students. Bioimpedance analysis revealed statistically significant
differences between students from different academic years and between male and female participants. A significant positive
correlation was found between body fat percentage and confectionery consumption frequency, BMI and physical activity levels,
as well as BMI and eating behavior type.

CONCLUSION: The identified negative trends in the nutritional status of medical students, particularly in the context of increasing
metabolic disorders and the global obesity epidemic, emphasize the need for implementing comprehensive preventive programs
aimed at promoting a healthy lifestyle among students.

Keywords: medical students; nutritional status; diet; dietary pattern; eating behavior; physical activity.
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KoMnnekcHas oueHka nuweBoro craryca
CTYAEHYECKOM MOJIOAEXHU

0.B. CasoHoBa, P.B. XamuoBa, M.I0. laBptowwmH, C.P. Tpybeukas, C.10. TokapeBa

CamapcKkuil rocyAapcTBeHHbIN MeaULMHCKMIA yHuBepcuTeT, Camapa, Poccus

AHHOTALIUA

06ocHoBaHue. PocT anvmeHTapHOM NaTonorMM Cpeau CTyAeHYeCKOW MONOAEKY, BbI3BaHHbIN HECOOMOAEHNEM NPUHLMMOB
pauUMOHaNbHOro NMUTaHUS W BbICOKOM 3arpy)KeHHOCTbI0, TpebyeT 0coboro BHUMaHKSA, 0COBEHHO Y CTYLEHTOB-MEANKOB, KOTO-
pble NofiBepXeHbl 3HAUUTESbHBIM NCUX03IMOLMOHANBHBIM Harpy3kaM B nepuof, 0bydeHus. OLeHKa NuLLeBoro cratyca B 3T0T
nepuog SBNAETCA BaXHBIM 3TaNoM [,0HO30/10MMYECKOr0 NOAX0AA B NPOGMIAKTUKE, MOCKOSbKY BhIABEHHbIE OTKIIOHEHNS MO-
ryT NPUBECTU K XPOHUYECKMM 3aD0/1eBaHUAM, BIMSIOLLMM Ha KaueCTBO W3HW 1 NpodeccUoHanbHylo aeaTenbHOCTb Byayuimx
Bpayem.

Llenb. KoMnnekcHas oLeHKa HYTPUTUBHOTO CTaTyca CTYAEHTOB MeAULIMHCKOTO YHUBEPCUTETa.

Marepuanbl u MeToabl. [lpoBefeHO KPoCC-CEKLUMOHHOE UCCNea0BaHue, B KOTOPOM NpuHAnM yyactme 935 ctyaentos 18-25
NeT, BK/oYakoLLee OLEeHKY GaKTUYecKoro nuTaHus, buoMMnefaHCHbIA aHanM3 cocTaBa Tena, aHKeTMPOBaHWe MO BOMPOCaM
CTPYKTYpbI M pexuMa nuTaHusi, GU3NYECKOi aKTUBHOCTW U nuLleBoro noBefeHus. Ctatuctyeckas 0bpaboTka BbinosHeHa
B nporpamMme IBM SPSS Statistics 28, Briouana B cebs onucatenbHylo CTaTUCTUKY, onpefeneHne HOPMabHOCTU pacnpese-
JIeHMs,, @ TaKKe OLieHKY CTAaTMCTUUECKOW 3HaUMMOCTW.

PesynbTatbl. BbisiBneHbl HapyLeHUs CTPYKTYpbI MUTaHWS, @ TaKXKe MaKPOHYTPMEHTHas HEMOHOLEHHOCTb paLMoHa CTyeH-
T0B. CpefiHve 3HayeHUs MHAeKca Macchl Tena onpegensnuck Yy 49,05% pesywek v 43,52% toHolwuei. Pesynbratel bruonmne-
LaHCOMETPUU NOKa3anm CTaTUCTUYECKM 3HAUMMbIe Pa3nnums Cpeay CTYLEHTOB PasHbIX KypCOB, @ TAaKKe CPefu IOHOLLEN 1 fie-
ByLLeK. ObHapyKeHbl AOCTOBEPHbIE MONOKUTENBbHBIE KOPPENALMM MEX Y YPOBHEM KUPOBOI Macchl COCTaBa Tena 1 4acToTom
ynoTpebneHns KOHOUTEPCKUX M3LENUA, MEXY WHAEKCOM Macchl Tena U GU3M4ECKOW aKTMBHOCTBIO, @ TaKKe 3aBUCUMOCTb
MHAEKCa Macchl TeNia oT TUMa NULLEBOro NOBEAEHMS.

3aknioueHue. BoisBneHHble HeraTMBHble TEHAEHUMM B HYTPUTMBHOM CTaTyce CTYAEHTOB MeAMKOB, 0COOGEHHO B YCNOBUSX
pacnpoCcTpaHEHHOCTV MeTaboIMUYECKUX HapYLLIEHUI U NAHAEMUM OKMPEHWS, NOAYEPKMBAIOT He06X0AMMOCTb BHEAPEHMUS KOM-
MNEKCHBIX NPOdUNaKTUYECKMX MPOrPaMM, HanpaB/eHHbIX Ha obecneyeHne 300poBoro obpasa Xu3HKU CTYAEHYECKOH Mono-
LEXM.

Kniouesble cnosa: CTYAEHTbI-Me UKW, MULLEBOM CTaTyC; paunoH NUTAHUA; CTPYKTYPa NUTaHWUA; NULLiIeBOe NoBeaeHUe;
d)VI3VI‘-IECKaFI dKTUBHOCTb.
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BACKGROUND

Preservation and promotion of public health are direct-
ly related to healthy lifestyles [1]. During the student years,
balanced diet is a key factor in achieving optimal mental
and physical performance, as well as maintaining a healthy
body [1-3]. Moreover, a proper diet provides the necessary
resistance to the psychoemotional loads, stress, and irreg-
ular work and rest schedules that students face during their
training [1, 4].

Recently, diet-related disorders have increased among
students. This increase is associated with noncompliance
with the basic principles of balanced diet and an insufficient
physical activity. These factors are due to heavy workloads,
lack of time for full meals, frequent consumption of fast food,
and consequently, eating disorders [5-8]. Medical students
require special attention. Their training includes significant
classroom work, laboratory research, and practical experi-
ence in medical institutions [9-11].

The most critical stage in the premorbid diagnosis of
eating disorders is the assessment of nutritional status. Nu-
tritional deficiencies during the student years may lead to
chronic conditions with severe symptoms in adulthood. These
conditions will affect the performance and quality of care
provided by future health professionals [2, 12].

The study aimed to conduct a comprehensive assess-
ment of the nutritional status of medical university students.

MATERIALS AND METHODS

We conducted a cross-sectional study involving 935 stu-
dents aged 1825 years from Samara State Medical University
of the Ministry of Health of the Russian Federation (1st-6th
years of study). Prior to inclusion in the study, all partici-
pants voluntarily signed an informed consent. The study was
approved by the Ethics Committee (protocol No. 297 dated
November 20, 2024).

A Google Form questionnaire was used to collect data
on dietary habits, eating behavior, and physical activity.! The
questionnaire included questions developed by the authors
about dietary intake, food and dietary patterns, as well as
questions from international questionnaires that were trans-
lated into Russian. To assess physical activity, for example,
a shortened version of the International Physical Activi-
ty Questionnaire (IPAQ) was used. This version included
11 questions about the time respondents spent on strenuous
and moderate physical activities.? The level of physical ac-
tivity was assessed by comparing the results with the World

! https://docs.google.com/forms/d/1d2iEHkdAmyFnx0TtVU86bule4RFF92B
Sph-Veel3ngg/edit.

2 Guidelines for Data Processing and Analysis of the International Physical
Activity Questionnaire (IPAQ) — Short and Long Forms Contents.
Available at: https://www.academia.edu/5346814/Guidelines_for_Data_
Processing_and_Analysis_of_the_International_Physical_Activity_
Questionnaire_IPAQ_Short_and_Long_Forms_Contents.
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Health Organization (WHO) guidelines on physical activity and
sedentary lifestyles for individuals aged 18 to 64.

The Dutch Eating Behavior Questionnaire (DEBQ) consist-
ing of 33 questions designed to identify different types of eat-
ing behaviors was used to evaluate students’ dietary habits
[13]. We identified three types of eating behaviors: emotio-
genic, external, and restrictive. For the ematiogenic type, an
emotional trigger is the primary stimulus for eating. For the
external type, external stimuli, such as the sight or smell of
certain foods, play a key role. The predominant stimuli in the
restrictive type are self-restriction in eating and deliberate
efforts to maintain the desired weight.

Additionally, the dietary intake and body composition of
the students were evaluated. The dietary intake was ana-
lyzed using the frequency method with the Nutri-Prof soft-
ware [14]. The macronutrient composition and energy value
of the diet were analyzed and compared with the standard
physiological requirements for different population groups
in the Russian Federation based on sex, age, and physical
activity [15].

Body composition was assessed using bioimpedance
analysis (BIA), an instrumental method based on the dif-
ferent electrical conductivities of body tissues. The BIA was
performed using the Medass ABC-01 internal environment
analyzer (Russia) at a probing current frequency of 50 kHz
with the standard tetrapolar scheme. Electrodes were fixed
to the wrists and ankles in the supine position. The follow-
ing parameters were evaluated: basal metabolism, fat mass
(kg), lean mass (kg)—which includes active cell mass (kg)
and skeletal muscle mass (kg)—and total body water (kg).
This method objectively assesses nutritional status and de-
tects increased fat mass in individuals with a normal BMI,
also known as normal-weight obesity [16].

Before the BIA analysis, standard anthropometry was
performed, including the measurement of body length
and weight with certified medical equipment. Body length
was measured with a height gauge (“Tves", Russia) with
an accuracy of 0.5 cm. Body weight was measured using
VEM-150-Massa-K scales (Massa-K, Russia) with an accura-
cy of 60 g. BMI was then calculated based on the anthropo-
metric measurements and estimated using the centile tables
of anthropometric indices of the Russian population [17].

The primary data were statistically processed using the
IBM SPSS Statistics 28 software. The following descriptive
statistics were calculated: arithmetic mean (M), median (Me),
standard error of the mean (m), and interquartile range (25th
and 75th percentiles). The Kolmogorov—Smirnov test was
used to determine the normality of the distribution of the
obtained results. Parametric Student’s t-test and one-factor
analysis of variance (ANOVA) were used to determine the
significance of differences between samples with normal

3 The World Health Organization. The WHO Global Plan of Action for
Increasing Physical Activity for 2018-2030: Increasing people's activity
levels to promote global health. Available at: https://www.who.int/ru/
news-room/fact-sheets/detail/physical-activity.
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distribution. The Mann—Whitney U test was used for samples
with a distribution other than normal. The degree of correla-
tion between the indicators was studied using the Spearman
correlation coefficient. The significance level was taken at
p <0.05.

RESULTS

The questionnaire revealed the peculiarities of students’
food patterns at the medical university (see Table 1). Half
of the students consume meat products and cereals daily;
whereas one-third consume fruit, vegetables, and milk and
dairy products. More than 40% of students eat candy, wafers,
cookies, gingerbread, cakes, and chocolate daily. In students
who have snacks between classes, 79.25% choose these
products. Interestingly, over 12% of students do not eat fish
and more than 2% refuse to consume dairy products.

A mere 11.1% of respondents adhered to the balanced
diet principles; whereas 45.9% attempted to adhere to it and
over 43% of respondents did not have a balanced diet. Ac-
cording to 37.9% of respondents, their academic workload
and lack of time for full meals affect their eating habits.

The dietary intake assessment (see Table 2) corrobo-
rates the survey data. The median energy value of the diet
exceeded the recommended energy and nutrient standards
by 7.3% for male students and 8.7% for female students.
Both sex groups had protein deficiencies (more than 20.8%
below the standard for men and approximately 5.0% below
the standard for women) and excess carbohydrate intake
(5.2% and 3.9%, respectively). Significant differences in di-
etary intake were found for male and female students in
terms of energy value, fat, and carbohydrate intake, but
not for protein intake.

When assessing BMI, average values (25th and 75th
percentiles) were observed in 43.5% of males and 49.0% of
females. Meanwhile, below-average values (10th and 25th
percentiles) and low values (3rd and 10th percentiles) were
found in 17.2% and 13.3% of male students and 9.8% and
8.8% of female students, respectively. The prevalence of
overweight relative to the standard is noteworthy. Values
above the 75th and 90th percentiles were found in 13.4% of
males and 21.76% of females. High values above the 90th

Table 1. Food patterns of students by main food group distribution
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and 97th percentiles were found in 6.8% and 16.0% of males
and females, respectively.

The analysis of body composition showed significant dif-
ferences in students of different years, as well as between
females and males.

Thus, sex-specific features of body composition and basal
metabolism were revealed for all evaluation parameters ex-
cept fat mass (see Table 3). The main factors of body weight
in students of different sexes are lean mass and total body
water, which differ statistically in students of different years
and sexes.

The most optimal body composition and metabolism are
found in 3rd- and 4th-year students, who have a significant
difference compared to 1st- and 2nd-year and 5th- and
6th-year students in terms of lean (p=0.016), active cellular
(p=0.019), and skeletal muscle (p=0.018) mass, as well as
total body water (p=0.018). There were significant positive
correlations between body fat mass measured by BIA and
the frequency of confectionery consumption (R=0.53; p=0.04).

Considering the changes in BMI and body fat mass
growth, the results of the students’ physical activity assess-
ment are unfavorable. Only 3.1% of participants have aver-
age physical activity, which corresponds to the WHO's global
recommendations, and only 10.4% have an above-average
physical activity. Most students (86.5%) had low physical ac-
tivity, which positively correlated with BMI (R=0.49; p=0.02).

In addition, the relationship between eating behavior
types and the BMI of the participants is of interest. According
to the DEBQ questionnaire, 7.6% of students do not have a
specific eating behavior type; whereas 55.7% have a restric-
tive type, 24.8% have an ematiogenic type, and 11.9% have
an external type. A combination of several eating behaviors
was found in 48.2% of students. No significant differences
in the relationship between eating behavior types and sex
were revealed.

The study showed the relationship between BMI and eat-
ing behavior. For example, 72.3% of students without specific
eating behaviors had an average BMI (25th to 75th percen-
tile). Conversely, young people with external or emotiogen-
ic eating behaviors had higher weight-to-height ratios with
BMiIs in the 90th to 97th percentile range; whereas students
with restrictive eating behaviors had BMIs in the 10th to 25th

Food group Frequency of use, %
Never Daily Several times a week Several times a month
Fruit and vegetables 0.5 27.8 56.4 15.3
Cereals and pasta 0.9 46.1 45.6 7.5
Milk and dairy products 2.4 36.8 44.8 16.0
Meat and poultry 0.4 54.3 38.9 6.3
Fish and seafood 12.8 1.6 15.7 69.8
Confectionery 2.6 43.4 44.3 9.7

DOl https://doiorg/10.17816/humeco643562
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Table 2. Energy value and macronutrient content of students’ dietary intake

JKoNorna HenoBeka

Percentage of

Percentage of

Actual dietary intake A Actual dietary intake A Significance
Assessment of male students, normal ghyswloglcal of female students, normal [_Jhysmloglcal of differences
parameters Me (25%: 75%) requirements Me (25%: 75%) requirements by sex
% 1970 for men [15] % 1970 for women [15] y

Energy value, 2950.3 107.3 2390.9 108.7 p <0.05*
kcal (1974.4; 3455.2) (1355.5; 3022.4)
Protein, g 70.5 (54.0; 97.1) 79.2 68.3 (50.1; 91.7) 94.9 p=0.06
Fat, g 100.4 (79.6; 127.0) 109.1 88.6 (70.4; 115.1) 121.4 p <0.05*
Carbohydrates, g 412.3 (358.8; 479.5) 105.2 326.2 (298.3; 366.2) 103.9 p <0.001*

* Significant differences in the energy value and macronutrient composition of students’ dietary intake.

Table 3. Bioimpedance analysis of students' body composition (M + m)

1st-2nd years

3th-4th years

5th-6th years

Parameters
Females Males Females Males Females Males

Basal metabolism, 1347.48+8.98  1744.94+27.79 1376784854  1801.22+23.70  1359.89+12.03  1766.86+33.88
kcal/day
Significance of differences p <0.001* p <0.001* p <0.001*
by sex
Fat mass, kg 19.82+0.85 17.97+2.21 22.47+0.89 22.35+1.51 22.07+1.43 25.66+3.19
Significance of differences p=0.35 p=0.942 p=0.246
by sex
Lean mass, kg 41.66+0.45 60.01£1.35 43.14+0.41 61.12+0.90 42.99+0.58 61.80+1.60
Significance of differences p <0.001* p <0.001* p <0.001*
by sex
Active cell mass, kg 23.16+0.28 35.74+0.87 24.08+0.27 37.52+0.75 23.55+0.38 36.42+1.07
Significance of differences p <0.001 p <0.001* p <0.001*
by sex
Skeletal muscle mass, kg 20.14+0.23 32.27+0.62 20.74+0.20 32.14+0.44 20.59+0.31 31.81+0.74
Significance of differences p <0.001 p <0.001* p <0.001*
by sex
Total body water, kg 30.51+0.32 43.94+0.98 31.58+0.30 44.73+0.66 31.47+0.43 45.24+1.17
Significance of differences p <0.001 p <0.001* p <0.001*

by sex

* Significant differences in the mean values of the body composition of university students.

percentile range. It is noteworthy that 79.1% of participants
who consume confectionery products daily have external eat-
ing behaviors.

DISCUSSION

An analysis of the dietary intake of students showed cer-
tain food pattern disturbances in specific product categories,
including meat, dairy products, as well as vegetables and
fruit. Nutritional assessments of students at the Astrakhan
State Medical University and the Ogaryov Mordovian State
University had the same findings [10, 18]. Eating disorders in
students, particularly those attending medical universities,
are likely due to violations of daily and nutritional routines

DOl https://doiorg/10.17816/humeco643562

caused by high workloads and a lack of time for meal prepa-
ration and consumption.

Disrupting the food pattern may result in quantitative and
qualitative dietary deficiencies and macronutrient imbalance.
A comparison of the results with data from similar recent
studies shows that the dietary patterns of medical students
differ significantly by region. An assessment of the diets of
Ryazan State Medical University’s undergraduate students
shows significant dietary deficiencies, mainly due to low
carbohydrate consumption, as well as protein and fat de-
ficiencies [1]. Most studies show protein deficiency in the
diet [2, 4, 18].

Furthermore, the BMI assessment differ from data from
other recent studies of the nutritional status of university
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students. In a study conducted by the Omsk State Medical
University, 63.27% of participants had a normal body weight,
36.73% were overweight, and no one was underweight-
ed [19]. Studies at the Astrakhan State Medical University
showed the following percentages of normal body weight,
overweight, and low body weight: 76.9% and 75.0%; 9.6% and
16.7%; and 8.3% and 13.5% for females and males, respec-
tively [2]. Similar results were obtained when assessing the
BMI of students at the Ogaryov Mordovian State University,
where 70.64% of students had a normal BMI, 19.83% had a
high BMI, and 9.53% had a low BMI [18].

The differences in dietary intake assessments and BMI in
medical university students may be due to regional differenc-
es in the training, nutrition, and fitness of this group. These
differences may also be due to different study designs (such
as the number of participants, tools, and statistical methods)
and require further study.

A study of the body composition of medical students at
the Far Eastern Federal University showed that 26.0% of
students had a high body fat percentage and 46.2% had a
high fat mass in kilograms. Age-related changes were also
observed [20]. The same study found that the students were
physically inactive, which is confirmed by other Russian stud-
ies [21, 22].

Eating behavior of university students is important for
the entire healthcare system and the individual prevention
of nutritional and metabolic disorders, which are gradually
increasing in the Russian Federation.* Eating behavior is one
of the triggers promoting metabolic and eating disorders.
Thus, it is a relevant and informative indicator of a person’s
nutritional status. The assessment of eating behavior helps
identify motivational factors affecting dietary intake, build a
nutritional model, and manage the identified disorders. Re-
search conducted on university students shows that nearly
half (45.58%) of participants have specific eating behaviors.
The most common type is mixed with one in three partici-
pants (33.32%) has a combination of restrictive and exter-
nal or emotiogenic types [19]. Each eating behavior poses
specific long-term risks. The emotiogenic type may lead
to stress-induced overeating, resulting in excessive calor-
ic intake. Consequently, this may result in overweight and
related disorders. The external type leads to a diet domi-
nated by quick snacks with high organoleptic qualities and
low nutritional value and bioavailability, especially confec-
tionery and fast food, if there is not enough time for a full
meal. Restrictive eating behavior is characterized by tight
dietary restrictions followed by periods of emotional eating,
which affects body weight and quality of life. However, the
correlation between different eating behaviors and BM! is not
consistently observed in all studies. This inconsistency may
be explained by the influence of other factors on the results,

“ Federal State Statistics Service. Healthcare. Incidence of socially
significant diseases among the population. Available at: https://rosstat.
gov.ru/folder/13721 Date of access: 12/15/2024.
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such as anxiety disorders, general health status, and hor-
monal status [19, 23, 24].

CONCLUSION

The study showed an unfavorable nutritional status in
medical university students.

The analysis of dietary intake revealed nutritional de-
ficiencies in the basic product groups and macronutrient
deficiency in the diet (protein deficiency with an excess of
carhohydrates and fats), which leads to excessive caloric in-
take. Medical students often disregard their dietary routines
due to their demanding academic schedules and limited time,
resulting in the consumption of fast food and confectionery
snacks.

Additionally, the imbalanced diet is exacerbated by low
physical activity in students, which positively correlates with
BMI.

The relationship between BMI and eating behavior was
revealed; students without a specific eating behavior had a
normal body weight; students with external or emotiogenic
eating behaviors had a high average BMI; and students with
the restrictive eating behavior had a low BMI. The external
eating behavior was also observed in most students who
consumed confectionery on a daily basis.

A comparison of the results with data from recent Rus-
sian studies showed that, despite the generally unfavorable
dietary patterns of medical students, there are regional dif-
ferences in nutritional status.

Due to the high prevalence of diseases associated with
eating and metabolic disorders in the Russian Federation, as
well as the global pandemic of overweight and obesity, this
study emphasize the need for preventive programs aimed at
ensuring a healthy lifestyle for students. Educational institu-
tions, where students spend most of their time, play a key
role in this process. A comprehensive solution is required
that includes improving students’ nutrition, creating condi-
tions to encourage adequate physical activity, and providing
psychological support to reduce overall stress and prevent
eating disorders.
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0606LLEeHMe, CTPYKTYpMpOBaHMe 1 06paboTka AaHHbIX. Bce aBTophl
MOATBEPXKAIOT COOTBETCTBME CBOET0 ABTOPCTBA MEXOyHapOAHbIM
KpuTepusm ICMJE (Bce aBTOpbI BHECAM CYLLECTBEHHBIN BKAZ, B pas-
paboTKy KOHLLeNLwmw, NpoBeAeHNe 1CCNejoBaHWsA U MOArOTOBKY CTa-
Tb¥, NPOYN 1 0806PKAM BUHANBHYIO Bepcvto Nepes NybvKaLmen).
3Tnyeckas akcnepTu3a. ViccnenosaHye 0406peEHO ITUUECKUM Ko-
mutetoM OIB0Y BO CamIMY MuH3ppasa Poccun B COOTBETCTBUM
¢ npotokonoM N 297 ot 20.11.2024.

WndopmupoBaHHoe cornacue Ha yyactTue B UcC/ief0BaHUM.
Bce yyacTHVKKM [0 BKIIO4EHWA B UccnefoBaHue A0bpOBOMbHO MoA-
nucanu Gopmy MHPOPMMPOBAHHOIO COrNacKs, YTBEPKAEHHYIO B CO-
CTaBe MPOTOKO/1A UCCEA0BAHUA 3TUHECKVM KOMUTETOM

WUcTouHuk dmHaHCcUpoBaHMA. ABTOpbI 3asBNAKOT 00 OTCYTCTBUM
BHELLHEro (MHaHCUMPOBaHUS NPy NPOBELEHUM UCCIeA0BaHNA.
PackpbiTve uHTepecoB. ABTOpbI JEKIapUPYIOT OTCYTCTBUE SIBHbBIX
1 NOTEHUMANbHBIX KOHGDIMKTOB MHTEPECOB, CBA3aHHLIX C Nyb/mKa-
LiMen HacToALLEeN cTaTby.
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OueHka 3fieMeHTHOro aucbanaHca y XeHUWMH
300H0-3H€MUYHOr0 perMoHa

E.M. CrenaHoBa, E.A.JlyroBas

HayuHo-uccnepoBatenbcKuii LieHTp «ApKTiKa» [lanbHeBOCTOUHOrO oTAeneHus Poccuitckoii akaaeMum Hayk, MarapaH, Poccus

AHHOTALMA

06ocHoBaHMe. AKTyanbHOCTb 00YCNOBNIEHa HAanMUMEM Ha ceBepHOM TeppuTopumn (MaragaH) NocTosHHOrO o4ara 306HOW 3H-
AeMuun. 306Has 3HAEeMUS pacCMaTPUBAETCA KaK MPOSBNIEHNE PErMOHaNbHbIX 61MOreoXMMUYECKUX [e3afanTaumid, rae oCHOB-
Has pofb B pPasBUTWM MMMEpPNIa3uu OTBOLMUTCA BO3LEMCTBUI0 IKONIOTMYECKUX CTPYMOTEHOB M aucbanaHcy MaKpo- U MUKpO-
3/1EMEHTOB.

Llenb. OueHKa 3neMeHTHOro aucbanaHca NocpeAcTBOM MHTErpasibHOro noKasatens — KoagduumeHTa cTeneHy afantmpo-
BaHHOCTW 3/IEMEHTHOM CMCTEMBI OPraH13Ma MOMOABIX JKEHLMH B (a3e HauBbiCLUIEH PEeNPOSYKTUBHON aKTUBHOCTU B 3aBUCH-
MOCTM OT YPOBHSA CbIBOPOTOYHOTO TUPEOTPOMNHOMO FOPMOHA.

Martepuanbl u Metopbl. CofepaHue 25 MaKpo- U MUKPO3NIEMEHTOB B BOJIOCAX OMpeAensnn CreKTPOMETPUYECKUM MeTo-
L0M, YPOBEHb COAEPKAHUA TMPEOTPOMHOTO FOPMOHa — UMMYHOXEMUIKOMUHECLIEHTHBIM METOZIOM C MCMONIb30BaHWEM Mapa-
MarHWTHbIX 4acTuL,

Pesynbratbl. XapaKTep 3feMeHTHOro aucbanaHca B rpynnax MeHLWUH C HU3KO- U BbICOKOHOPMAasbHBIM YPOBHEM CbIBOPO-
TOYHOrO TUPEOTPOMHOro rOpMOHa MMeeT 0bLmMe YepTbl B YacTu Habopa 3aneMeHTOB B AeduunTe, 0aHaKo 0bLLas cyMMapHas
yacToTa AeuunTa 3HaUMTENbHO pasnMyaeTcs: Haubonbluas B FPYNMe JKEHWMH C HU3KOHOPMaJbHBIM YPOBHEM ChIBOPOTOY-
HOro TMpeoTponHoro ropMoHa — 323% npotuB 203% y XeHLUMH ¢ BLICOKOHOPMANbHBIM NoKa3ateneM. U3bbiTki anemMeHToB
BCTPEYAKTCA B €JMHUYHBIX Cly4asX, B OCHOBHOM B Fpynmne ¢ BbICOKOHOPMaJibHbIM YPOBHEM TUPEOTPOMHOI0 ropMoHa.
3akniouenue. onyyeHHble AaHHble MO3BONANOT BbILENUT B YMC/E MOAXOAOB K OLEHKE 3/IEMEHTHOrO CTaTyca OpraHus-
Ma YesioBeKa Mpu PasiMyHbiX QYHKLUMOHASBHBIX COCTOSHMAX MU PUCKaX KO3DOULMEHT CTENEHW afanTMPOBaHHOCTU CUCTEMBI
KaK MH(DOPMaTUBHbI MapKep BHYTPU- U MEKCUCTEMHBIX 3/IEMEHTHbIX NEepecTpoeK, KOTOPLIA B FPyNnne C HU3KOHOPManbHbIM
YPOBHEM TUPEOTPOMHOr0 ropMoHa coctaeun 86,50 ycn. efl., YTO HECKONBKO BhbiLLE 3HAYEHWUS B rPYMMe C BbICOKOHOPMATbHBIM
CoAepKaHueM TMpPeoTponHoro ropMoHa — 75,33 yen. eg.

KnioueBbie cnosa: MaKpOo3nieMeHTbl; MUKPO3J1IEMEHTbI; aucbanaHc; aganTaLMOHHbIM NoTeHUMan; CeBep.
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Assessment of elemental imbalance in women
from a goiter-endemic region

Evgenia M. Stepanova, Elena A. Lugovaya

Research Center "Arktika" Far Eastern Branch of the Russian Academy of Sciences, Magadan, Russia

ABSTRACT

BACKGROUND: The presence of a persistent goiter endemic in the northern region of Russian Federation (Magadan) highlights
the significance of this study. Endemic goiter is considered a manifestation of regional biogeochemical maladaptation, where
the primary role in thyroid hyperplasia development is attributed to environmental goitrogens and macro- and microelement
imbalances.

AIM: To evaluate elemental imbalance using an integral indicator, which is the adaptation coefficient of the body’s elemental
system, in young women at peak reproductive age, depending on their serum thyroid-stimulating hormone (TSH) levels.
MATERIALS AND METHODS: The concentrations of 25 macro- and microelements in hair samples were determined using
a spectrometric method. Serum TSH levels were measured using an immunochemiluminescent method with paramagnetic
particles.

RESULTS: The pattern of elemental imbalance in women with low-normal or high-normal TSH levels is similar in
terms of elemental deficiencies. However, the total deficiency rate differed significantly, reaching 323% in the low-
normal TSH group and 203% in the high-normal TSH group. Elemental excesses were rare and primarily found in the
high-normal TSH group.

CONCLUSION: The obtained data highlight the adaptation coefficient of the body’s elemental system as an informative
marker of intra- and intersystem elemental shifts in assessing various functional states and risks. In the low-normal
TSH group, this coefficient was 86.50 conventional units, slightly exceeding the value observed in the high-normal TSH group —
75.33 conventional units.

Keywords: macroelements; microelements; imbalance; adaptive potential; North.
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OPUTMHATTBHBIE MCCIEIOBAHNA

OB0CHOBAHUE

N3yyeHne aneMeHTHOr0 MOPTpETa HaceseHus, MPOXKMBal0-
Lero B pasHblX BUOreoXMMUYECKUX MPOBUHLMAX, HE TepsieT
CBOEW aKTyanbHOCTW 13 roaa B rof. Ocobbii MHTepec npea-
CTaBJIAET 3/IEMEHTHbIN CTaTYC KUTENIEN IKCTPEMAbHBIX Ce-
BEPHBIX TEPPUTOPUIA HaLLel CTpaHbl, FAe Ha ero popM1poBa-
HWe 0Ka3bIBaeT BAMAHME LieNblii paa GaKTopoB OKpYXatoLL el
cpenbl: poTonepuoausM, YacTole KonebaHusa atMocdepHoro
AaBNEHNS, 3NEKTPOMArHUTHbe BO3MYLLEHWS, X004, BO3-
AEeWCTBUA BETPA, TAKENbIA a3POMHAMUYECKMIA PEKUM, HU3-
KOe COAepXaHWue MUHEepasbHbIX COJNEi U HU3HEHHO BaXKHbIX
BroanemMeHTOB B BOLAX NMUTHEBOrO Ha3HayeHws, bGedHbIA
MWHepanbHbIi COCTaB MOA30JIUCTBIX MOYB, YTO MPUBOAUT
K paHHEMY MOSBMIEHMI0 HApYLLEHWA B COCTOSIHUM 3[10POBbS
1 HOpPMUPOBaHUIO 3KONOrMYECKM 00YCIOB/EHHBIX 3aboseBa-
HWI y Hacenenus [1-10].

YcTaHOBNEHO, YTO COBOKYMHOCTb CEBEpHbIX (haKTopoB
aKTUBM3MPYeT rOPMOHaNbHO 3aBUCUMMbIE MapaMeTpbl, onpe-
LensioLLMe 3HepreTuieckuit obmex [11, 12]. Meamko-6umo-
NIOTUYECKUMM UCCNEA0BAHUAMM NOKa3aHo, YTO B peruoHax
CeBepa opraHu3M YenoBeKa OT/IMYAETCA CBOEODOpa3HbIM 3H-
LOKPUHHBIM (DOHOM.

B MarapaHckon obnactu npupofHo-06yCiOBAEHHbIN
AeduuvT iofa sBngeTCA akTyanbHOW NpobieMoid, ypoBeHb
€ro nocTynjeH1s U3 BoAbl U NPOAYKTOB MECTHOMO NpOMC-
XOX[EeHUs He obecneumBaeT u3Monornyeckyrw notped-
HOCTb HaceneHus ¥ MPUBOAUT K PasfnnyHbIM MoaseduunT-
HbIM 3aboneBaHuaM. bonesHu, cBs3aHHble ¢ aeduunTOM
ofa B OpraHu3Me YesloBeKa, COCTABANT 3HAYUTENBHYIO
yacTb 0T Bcex boe3Hei 3HAOKPUHHOM cucTeMbl. [Tpu 3aToM
300Has 3HAEMMSA pacCMaTPUBAETCS KaK NPOSIBJIEHNE peruo-
HaNbHbIX BUOreoXMMMUECKUX fe3afanTaLuii, rae 0CHOBHas
poNb B pasBMTMM TUMEPMia3un 0TBOAUTCA BO3AENCTBUIO
3KONIOTMYECKMX CTPYMOreHOB U aucbanaHcy Makpo- U Mu-
KpoaneMeHToB [13-16].

Llenb nccnepoBanms. OueHKa aneMeHTHoro aucbanatca
MocpefiICTBOM UHTErpanbHOro noKasartens — KoadduumeHTa
CTEeNeHW afanTMPOBAHHOCTM 3IEMEHTHOW CUCTEMbI OpraHn3-
Ma MOJIOAbIX KEHLMH B (ase HauBbICLIEW PenpoayKTMB-
HOM aKTUBHOCTM B 3aBUCMMOCTW OT YPOBHSA CbIBOPOTOYHOIO
TMpeoTponHoro ropMoHa (TTT).

MATEPWUAJIbI U METOAbI

lpoBeaeHo NepeKpECTHOE HEKOHTPONIMPYEMOE UCCeao-
BaHWe B BECEHHWI NEPUOJ Fof1a, B KOTOPOM MPUHSNM yyacTve
MOJIOible JKEeHLMHbI (cpeaHui Bo3pacT 27,28+0,23 roaa),
YpOXeHKM MaragaHa 1-ro unu 2-ro noKoneHus, eBponeo-
uabl, 63 coMaTyecKnx 3aboneBaHwii, C MHOEKCOM Macchl
Tena B npefenax HopMsl (16,7-24,6 Kkr/mM?), 4to no3sonuno
BKJIIOYMTB WX B rPYNNy NpeABapUTENbHOMO aHanusa.

N3 obLwuero uncna obcnesyemblx BblAeNeHbl ABe rpynmbi:
1-9 (n=30) — eHwmHbI co 3HadYeHmamu TIT 0,5-2,0 MME/n
(HM3KOHOPManbHbI ypoBeHb), 2-1 (n=25) — MEHLUWHbI
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co 3HayeHuamu TIT 2,1-4,2 MME/n (BbICOKOHOPMabHBIN
YPOBEHD).

KpuTepusiMm nckioyeHns M3 uccnefoBaHns SBNSSUCH
3HOOKPUHHBIE W TMHEKonornyeckue 3abonesaHus, 060-
CTPEHWE XPOHUYECKUX 3aboneBaHuii, MPUEM FOPMOHANbHBIX
KOHTpaLenTMBOB, MPenapaToB, BAMAIOLMX Ha (YHKLMIO
LUMTOBULHON Xene3bl, 6epeMeHHOCTb, KOPMIIEHWE FPYAbH,
0TCYTCTBME [00POBOSILHOMO MHGOPMUPOBAHHOTO COrnacus
Ha yyacTue B UCCne0BaHUN.

Mpn aHKeTUpOBaHWM (UKCMpOBanM BO3pacT, CouMalb-
HOe MONIOKEHME, MECTO POXAEHUS U CPOK MPOXKUBAHUS
Ha CeBepe, onpefensnM aHTPONOMETPUYECKUE [aHHbIE
(mmHy 1 Maccy Tena), husMonornyecKoe coctoaHue (ctagus
MEHCTPYaNnbHOro LMKNIA, HacTynjaeHue MeHapxe, AnUTENb-
HOCTb MEHCTPYanbHOro LyKiIa). 0TMeYanu Takke HEKOTopbIe
COLMANbHO 3HauMMble (aKTopbl, CMOCOBHbIE BbI3BATL CTpY-
MoreHHbIN 3 deKT (Hanpumep, NpodeccMoHanbHbIE 3aHATUS
CNOPTOM, KypEHME M ero CTax), YTo TaKKe ABNANOCh GaKTo-
POM UCKITIOYEHUS U3 BbIBOPKMU.

3abop Bonoc Ans aHanM3a Ha COAepMaHue B opra-
HU3Me MaKpo- M MUKPO3/IEMEHTOB OCYLLLECTBNIANM Ha base
HayuHo-uccnepoBatensckoro ueHTpa «ApkTuka» [anbHe-
BOCTOYHOr0 OTAeneHus Poccuiickoit akagemuv Hayk. Bo-
NOChl COCTPUranu ¢ 3aTblNOYHOW YacTu Trof0Bbl OT KOpHS
Ha ASMHY 2 cM 1 B KonindecTBe He MeHee 0,1 r. B obpasuax
BOJIOC OLIeHWBany cofiepxaHne 25 MaKpo- U MUKPO3NEMeH-
T0B: antoMuHus (Al), Mblwbska (As), 6epunnus (Be), kanb-
uus (Ca), kagmms (Cd), kobanbta (Co), xpoma (Cr), Meau
(Cu), xenesa (Fe), ptytn (Hg), ioaa (1), kanus (K), nutus
(Li), Marnmusa (Mg), mapraHua (Mn), MonnbaeHa (Mo), HaTpus
(Na), Hukens (Ni), ¢ocdopa (P), ceuHua (Pb), cenena (Se),
KpeMHus (Si), onosa (Sn), BaHaama (V), umHKa (Zn). AHa-
JITUYECKOE UCCeL0BaHUE NPOBOAMIM METOAAMWU aTOMHOM
3MMCCMOHHON CMEKTPOMETPUN C MHAYKTUBHO-CBSA3aHHON ap-
roHoBoi nnasmoit (A3C-UCM) cornacto MYK 4.1.1482-03
Ha npubope Optima 2000 DV (PerkinElmer, CLLUA) B 000
«MuKpoHyTpHeHTbI» (MockBa).

MeToavka onpepneneHus B buocybcTpatax Makpo- U Mu-
KpoanemeHToB MetonoM A3C-UCI ocHoBaHa Ha oKucau-
TENbHO-KUCNOTHOM «MOKPOM» MUHepanu3auum npob uccne-
LYyeMbIX BMOCYDCTPaTOB M MOCNEAYIOLIEM PA3NOMEHUM WX
Ha TpebyeMble xuMuueckue anemeHTbl MetofoM A3C-UCT
C WUCMOMb30BaHMEM B KayecTBe MCTOYHMKA BO3DYHKAEHUS
BbICOKOYACTOTHOM UHAYKTUBHO-CBA3aHHOW aproHoBOW nias-
Mbl. OnepaTuBHbIA KOHTPONb KauecTBa OCYLLECTBASAM Ny-
TEM aHanu3a WCnbITyeMblX Npob u cTaHaapTHoro obpasua,
XMMUYECKWIA COCTaB KOTOPOro He JOMKEeH bbin oTnnuyatbes
OT COCTaBa MCMbITYeMoW Npobbl HACTONbKO, YTObLI NoTpe-
boBanocb M3MeHUTb METOAMKY aHanu3a. Mpu oueHKe nony-
UEHHbIX BEMMYMH COAEPIKAHUS MaKpO- U MUKPO3/IEMEHTOB
B BrocybcTpaTax UCNonb30BanM AUanasoHbl, NpesJiaraemble
A.B. CKanbHbIM 1 C0aBT. B Ka4ecTe rpaHuu, Hopmbl [17].
MonlyyeHHble 3HaYeHMs CPaBHMBANM C PErMOHaNbHbIMU M0-
Ka3aTesiiMU COAEPKaHMs MaKpo- U MUKPO3JIEMEHTOB B Op-
raHusme xurenen Maragaua [18].
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Mpotokon obcnepoBaHus ofobpeH Kommuccueid no 6uo-
3TuKe MHcTuTyTa Bronornyeckux npobnem Cesepa [anbHe-
BOCTOYHOrO oTAeneHus Poccuiickoi akagemum Hayk (npoto-
kon N 001/020). WccnepnoBaHue npoBeaeHo B COOTBETCTBUM
C NpuHUMNaMK XenbCUHKCKOW aexknapaumm (2013 r.) n @3
N2 323 «06 ocHoBax oxpaHbl 340p0Bbsi rpaxpaaH B Poccuii-
ckon GMepepaupm» ot 21.11.2011, ®3 N2 152 «0 nepcoHab-
HbIX JaHHbIX» o1 27.07.2006. [lo BKt0YEHWS B UCCNef0BaHue
OT BCEX MCMBITYEMbIX MOAYYEHO NMCbMEHHOE MHDOPMUPOBaAH-
Hoe cornacue 0 A0BpPOBOJSILHOM y4acTuu B pabore.

Cratuctuyeckylo 06paboTKy AaHHbIX NPOBOAMIM CTaH-
[JapTHbIMKU METOAAMMU C UCnosb3oBaHueM IBM SPSS Statistics
v/21.0 [19, 20]. XapaKTep pacnpeenieHus MaccuBa 3HayeHuii
COZLEPMaHUS XMMUYECKUX 3/IEMEHTOB OMpeeNsfiu METOLOM
KonmoropoBa—CmupHoBa. [1na yCTaHOBNEHMS pa3nnymid
MEXAY ABYMS HE3aBUCUMBIMU BbIOOPKaMM MO KOJMYECTBEH-
HbIM MOKasaTeNiiM NPUMEHANN KpuTepuid MaHHa-YuTHu.
Kputndeckoe 3Ha4eHMe YPOBHSA CTAaTUCTUYECKOW 3HAYMMOCTU
Mnpy npoBepKke HyseBbIX runote3 npuHuManu npu p <0,05.
lapaMeTpbl onMUcaTeNbHOM CTaTUCTUKM 1S KOIMYECTBEHHbIX
noKasaTeneil npuBefeHsbl B Bue Meamalbl (Me), Bblbopoy-
Horo cpepgHero (M), BbIBOpPOYHOro CTaHAAPTHOIO OTKJIOHEHMS
(0), NpoLeHTUALHBIX MHTepBanoB (25%, 75%).

3neMeHTHBIN NOPTPET MEHLUMH C PasHbIM YPOBHEM Cbl-
BopotoyHoro TTT npeactaBneH B Buae GopMyn 3fEMEHTHOMO
pucbanaHca, rae B UucnuTene yKasaHbl 31eMeHTbl C U3bbl-
TOYHBIMU 3HAYEHUAIMU, B 3HAMeHaTene — C Ae@ULUTHBIMU.

lMoKasaTenb CTeneHW afanTMPOBaHHOCTW 3JIEMEHTHOM
CUCTEMbI OpraHM3Ma K YCNnoBUSIM OKpyxatolen cpegpl (4)
Ha (OHe HM3KOHOPMANbLHOIO W BICOKOHOPMANLHOIO YPOBHS
cbiBopoToyHoro T paccuuTbiBany no ¢opMyne Ha OCHoBe
3HaYeHMN KO3PUUMEHTOB KOPPEeNAauuM, ONpeaeneHHbIX
C NOMOLLIbK PaHroBoii Koppenaumm CnupMeHa:

PRLLILY
N

roe A — cTeneHb aflanTMPOBaHHOCTK (ycn. ef.), n — Ko-
NINYECTBO KOPPENALMOHHBIX CBA3E MeXAY 3NeMeHTaMu
¢ Koahduumentom Koppensumm 0,5 u bonee, 1K, — cymma
KoahpuumMeHTOB Koppensauum be3 yuéTa 3Haka, N — umucno
MWKpO3NeMeHTOoB, 06beauHEHHBIX B nneadbl [21]. nesabl
bl NOCTPOEHbI MO MPUHLMMY PacnonoXeHus B AApe Tex
3/IEMEHTOB, C KOTOpbIMK (M MeX[y KoTopbiMK) 0bpasoBaHo
HauborbLLee KonuyecTBo cesa3ei. [pu aToM obLee uncno na-
paMeTpoB B Mnesfe A0KHO bbino bbITb He MeHee YeTbIpEX.

PE3Y/IbTATbI

3HayeHns NoKa3saTeseit 3NeMeHTHOr0 NPOQUIIA KEHLLMH-
CEBEPAHOK PenpoAyKTUBHOTO BO3pacTa npuBefeHb! B 1abn. 1.

AHanu3 nonyy4eHHbIX abCoMIOTHBIX 3HAYeHMIA KOHLIEHTpa-
LmiA 25 MaKpo- U MUKPO3/IEMEHTOB HE BbISIBUIT CTaTUCTUHECKM
3HAYUMbIX PasfMYMii B 3aBUCUMOCTH OT YPOBHS B OpraHum3-
Me CbiBOpOTOYHOro TTI. MeanaHa KOHLUEHTpauuM 3Haum-
TENIbHOTO YWCNa 3M1eMEeHTOB B 00eux rpynnax otiM4yanacb
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OT pervoHabHbIX NOKasaTeneil CoAepKaHus Makpo- U MU-
KpO3/1IEMEHTOB B OpraHu3aMe xutenen Maragana: As, K, P —
Bbiwe 75-ro npoueHtuns, Co, Cr, V — Hxe 25-ro npoueH-
TUNA, HO B DBOMBLUMHCTBE COOTBETCTBOBANIA pedhepeHCHbIM
nabopaTopHO-AUarHOCTUYECKUM BETUHMHAM.

XapaKTep aneMeHTHoro gucbanaHca B rpynnax MeHLUmH
C HU3KO- 1 BbICOKOHOPMAJbHBIM YPOBHEM CbiBOpOTOYHOMO TTT
“MeeT 06LLMe YepTbl B YacTU Habopa aneMeHToB B AeduuunTe,
O[lHaKO 00Llas cyMMapHas 4acToTa geduumra 3HauuTebHO
pasnuuaeTcs: HaubosbLUas OHa B FPYMMe XEHLLMH C HU3KOHOP-
MaJbHbIM YpoBHEM cbiBopoTouHoro TTT (323%) npotus 203%
Y JEHLLUMH C BLICOKOHOpPMaJbHbIM Noka3artenieM TTT. U36bitku
3MIEMEHTOB BCTPEYAIOTCA B €AMHUYHBIX CIy4asx U B 0CHOBHOM
B rpynne ¢ BbICOKOHOPMabHbIM ypoBHeM TTT (Tabn. 2).

Ha ocHoBe aHanu3a BbISBNEHHbIX KOPPEALMOHHBIX CBS-
36l 151 OLEHKY 3eMeHTHOro aucbanaHca y eHLmMH 306Ho-
3HAEMWUYHOr0 PerMoHa NPUMEeHSIU NoAXos, NPeasIOKEHHbIN
B pabote P.M. baeBckoro u coasr. [21], HeogHOKpaTHO UC-
nosb3yeMblii paHee B Halux paboTax 1 B paboTax Apyrux as-
TOpOB [22-24], C pac4ETOM MOKa3aTesifA CTeNeHu afanTupo-
BaHHOCTU QYHKLMOHAMbHOW CUCTEMbI OpraHu3Ma, K KOTopOiA
Mbl OTHEC/TM TaK Ha3blBAaeMYH0 3N1EMEHTHYK) CUCTEMY — Ha-
6op 13 25 MaKpo- 1 MUKPO3/IEMEHTOB, NPeACTABNSAIOLLMIA CO-
Dol cTaHAAPTHBIA KOMMJIEKC XUMUYECKUX 3/IEMEHTOB, ONpe-
AeNnfieMblil CNEKTPOMETPUYECKUMU METOAaMU ANS OLEHKHU
obecrneyeHHOCTM OpraHM3Ma 3cCeHUManbHBIMKU 3IEMEHTaMU.
lNokasaTenb CTeneHu afanTMPOBAHHOCTM B rPYMMe MEeHLUMH
C HU3KOHOpManbHbIM ypoBHeM TTT coctasun 86,50 ycn. eq,,
yTo 6bINO HECKOMBKO BbIWE 3HAYEHUS B TPYNMe MEHLUUH
C BbICOKOHOPManbHbIM cofepxanuem TTI — 75,33 ycn. eg.

[ins oTpaXkeHus CTPYKTYpbl CBS3eM, Ha OCHOBE KOTOPbIX
paccunTaH Ko3QQUUMEHT afanTUpOBAHHOCTH, MOCTPOUSIU
KOppensauuoHHble nnesgbl TMpeocneumdUyecknx 3NeMeHToB
ANA Kaxnon rpynnel (puc. 1).

Bce BbisBNIEHHbIE KOpPENsSUMOHHbIE CBS3M B CUCTEME
TMpeocneLnpUUecKUX MaKpo- U MUKPO3NIEMEHTOB MPSIMbIE,
Pa3HOi CWMbl B3aUMHOTO BMSAHWSA, 3HaYMMble Ha YpOB-
He 0,05, 3a ucknoueHneM nap anementoB Ca/Mg, Ca/Mn,
Cr/Mo, Mg/Mn B 1-it rpynne u Ca/l, Ca/Fe, Fe/l, Fe/Zn,
|/Zn — B0 2-# rpynne, ¢ ypoBHEM CTaTUCTUYECKOMN 3HAYUMO-
ctu p=0,01 (tabn. 3).

Koppensu1oHHble MaTpuLbl 31eMEHTHOM Mesasl pasnu-
YaloTCA B Ipynnax ¢ pasHbIM ypoBHEM CbiBopoToyHoro TTT.
06wmmm sBnsoTca KoppensumoHHble napbl Ca/Fe, Ca/Cu,
Ca/l, Ca/Mg, Ca/Mn, Co/Mn, Cr/Mo, Fe/l.

OBCYXEHUE

B nposegéxHom E.M. CrenaHoBoi uccnegoBaHum [25]
NpoaHanu3MpoBaHo CTPYKTYPHO-(YHKLMOHANbHOE COCTOS-
HWe LMTOBUIHO Xene3bl JXuUTeNbHUL, MarafaHa penpoayk-
TMBHOTO BO3PacTa, He UMEILLMX YCTaHOBJIEHHOW NaTomnormmn
LUMTOBMHOM }eJie3bl U NPOXKMBAIOLLMX B 30HE BTOPUYHOIO
viogHoro peduuuta. Y 32% nuu oTMeYeH BbICOKOHOpMarb-
Hblii ypoBeHb TTT €O CTATUCTUYECKW 3HAUUMBIM CHUMEHWEM
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WHTErpanbHOro TUPEOMOHOTO WHAEKCA M MHAEKCA COOTBET-
CTBMA (DYHKUMM LWMTOBUAHON Kenesbl QYHKUMM runodu3a,
YTO MO3BOSMNIO MPEANOOXKUTL B 3TOW rpynne MUHUMaNb-
HYKO TUPEOMOHYI HEAOCTATOYHOCTb, PaHHIO MO CPOKaM
BO3HWKHOBEHUA U Haubonee NETKYK MO CTEMEHU TSKECTH,
Ha ()OHe MeHbLUMX MO CPABHEHMIO C MOKA3aTeNAMU Y KEHLLMH
C HU3KOHOPMaJbHBIM ypoBHEM TTT 3Ha4YeHMIA KOHLEHTpaLMK
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CbIBOPOTOYHOM pakuuu cBobopHoro T4, yKasbiBatoLmx
Ha CHWXeHWe NpoLeccoB nepudepryecKoit KOHBEPCUM 104 -
TMPOHUHOB Y NuL, ¢ 6onee BbICOKMMU ypoBHAMM TTT.

B HacTofLeM uccneioBaHUM MHTEPEC NpeaCTaBnAn ane-
MEHTHbI/ CTATYC MEHLMH BO3pacTa HauBbICLLIEN PenpoayK-
TMBHOM aKTMBHOCTM (20—34 neT) B 3aBMCMMOCTU OT YPOBHS
cbiBopoToyHoro TIT B opraHusMe (BbICOKOHOPMalbHbIl

Ta6nuua 1. 3HaueHus CTaTUCTUYECKUX NOKa3aTeneil 31eMEHTHOr0 NpodmMA XEeHLLMH penpoayKTUBHOIO Bo3pacTa MarafiaHa, MKr/r cyxoi

Maccbl
Table 1. Values of statistical indicators of the elemental profile of reproductive women in Magadan, mcg/g of dry weight
1-4 rpynna 2-q rpynna PedepeHcHble npeaenbl
Mukpo- Group 1 Group 2 Reference range
Mpanaer | P
Trace HopMbi [17] yeHus [18] P
ele- Me M o 25% | 75% Me M (] 25% | 75% Range for Regional
ments norm [17] level [18]
(25-75%) | (25-75%)
Makpo3aneMenTbl | Macronutrients
Ca 261,00 254,00 151,18 149,50 449,50 430,00 572,29 479,12 281,00 1426,00 250,00-4000,00  257,36- 0,062
761,49
K 300,00 322,00 151,18 193,50 442,50 298,00 353,63 175,09 234,00 419,75 30,00-1000,00 17,09-76,84 0,600
Mg 37,00 41,69 26,83 2500 4850 52,50 103,00 101,85 28,75 177,00 25,00-500,00 21,34-68,27 0,243
Na 59,00 112,13 108,45 36,00 189,00 6550 160,13 174,59 29,25 324,75 30,00-2500,00 40,65-184,43 0,930
P 170,00 168,06 36,54 143,00 193,50 171,50 176,88 28,80 147,25 209,50 120,00-250,00 137,35- 0,771
165,73
3cceHumanbHble U YCIOBHO-3CCEHUMaANbHbIe MUKpo3nieMeHTbl | Essential and conditionally essential trace elements
As 013 o012 003 o010 0715 014 0,14 003 010 0,16 <1,00 0,04-0,06 0,398
Be 0,0006 0,0008 0,0005 0,0004 0,0012 0,0010 0,0016 0,0017 0,0006 0,0024 <0,005 0,00-0,01 0,320
Co 0,005 0,009 0,008 0,0047 0,012 0,008 0017 0,022 0,0049 0,057 0,004-0,300 0,01-0,02 0,281
Cu 920 926 295 7,70 11,50 9,20 876 226 795 10,75 9,00-50,00 8,46-11,55 0,953
Cr 0,085 0,096 0,043 0,072 0,108 0,088 0,184 0,246 0,065 0,156 0,04-1,00 0,23-0,53 0,861
Fe 17,00 1879 9,82 11,00 26,00 1650 21,00 13,21 1500 44,50 7,00-70,00 14,21-29,69 0,431
I 0,688 0878 0689 029 1,35 0757 104 093 024 176 0,15-10,00 0,30-1,05 0,793
Li 0,019 0,020 0,009 0,013 0,029 0,030 0032 0,020 0,01 0,051 <0,10 0,01-0,02 0,200
Mn 0,349 0,738 0,706 0,26 1,18 0,676 0,977 0840 0,33 1,96 0,25-7,00 0,43-1,66 0,322
Mo 0,028 0,03 0,009 0023 0039 0031 0033 0011 0025 0,03  0,015-0,100 Het 0,732
AaHHbIX
No data avail-
able
Ni 013 o018 008 012 02 0716 026 024 011 029 <2,00 0,11-0,31 0,907
Se 0,442 0424 0,164 026 057 0599 0535 0,241 043 0,51 0,20-2,00 0,26-0,48 0,116
Si 19,00 1882 2,85 17,50 20,50 18,00 18,63 1,22 18,00 19,75 11,00-70,00  17,40-46,15 0,743
Vv 0,010 0,012 0,007 0,007 0,012 0,010 0018 0,018 0,009 0,018  0,005-0,100 0,02-0,08 0,322
In 180,00 200,53 72,16 147,00 243,50 195,00 307,63 291,91 154,00 301,50 140,00-500,00 154,52 0,541
211,68
TokcuuHble aneMeHThl | Toxic elements
Al 360 423 244 255 505 435 469 211 305 833 <25,00 4,37-13,82 0,256
Cd 0,003 0,004 0,002 0,002 0,005 0,0025 0,0061 0,0078 0,002 0,008 <0,25 0,00-0,02 0,859
Hg 0,318 0,365 0,242 0,15 048 0,145 0,213 0,191 0,11 0,22 <1,00 0,30-0,67 0,062
Sn 0,046 0,297 0,803 0,023 0,088 0,11 036 045 0,021 0,758 <3,00 0,04-0,20 0,415
Pb 0,04 0,072 0,059 0,03 0,102 0,043 0,11 0,76 0,028 0,108 <5,00 0,09-0,33 0,771

DOl https://doiorg/10
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Ta6nuua 2. BctpeyaeMocTb 3neMeHTHOro AucbanaHca B opra-
HU3Me XEHLUMH PenpoAyKTUBHOMO BO3PacTa C pasHbiM YPOBHEM
CbIBOPOTOYHOMO TUPEOTPOMHOIO FOPMOHA, NPOXMBaloLWMX B Ma-
ragaHe, %

Table. 2. Frequency of elemental imbalance in the body of
reproductive women with different levels of serum thyroid-
stimulating hormone living in Magadan, %

Vol. 31 (8) 2024

Mpynna BcTpeyaeMocTb aneMeHTHOro aucbanaHca
Group Frequency of elemental imbalance
, Fe(6)
-f
Cu(65)Ca(53)Co(41)Mg(35), Mn, Na, Zn(29), Se(18)I, P(12)
) Al(6)Be(6)Co(6)Fe(6)Se(13)Zn(6)
-f

Cu(75)Mg, Na(25)Ca, Co, I, Mn, Se, Zn(13)

W HU3KOHOPMasTbHBIN YPOBEHD), @ TaKIKe PasNMyaeTcs ik MU1-
HepasnorpaMMa OpraHM3Ma XeHLUMH B 3aBUCMMOCTH OT ypoB-
Hs cbiBopoTouHoro TTT. Ha ctapmu opMupoBaHusi HayuHoi
runoTesbl MPeamnonaranoch, YTO Y JKEHLUMH C MpU3HaKaMu

Exologiya cheloveka (Human Ecology)

MWHUMaNbHOM TMPEOMAHOW HEA0CTAaTOYHOCTM, PaHHEN Mo Cpo-
KaM BO3HWUKHOBEHMS 1 Haubosee NETKOM MO CTEMEHN TSKECTH,
OyneT BbISBNIEH INYO0KMIA AePULMT TUPEOTPOMHBIX 31EMEHTOB,
aCCOLMMPOBAHHbIA C MOHWMEHHOM (QYHKLMEN LUMTOBUAHOM
wene3bl. 0iHaKO NoTy4YeHHbIE HAMM [laHHble CBUAETENLCTBY-
toT 06 06paTHOM: 6OMbLLMIA NPOLIEHT 37IEMEHTHOMO AedULMTA
0bHapyeH B 1-1 rpynne 06cnefoBaHHbIX XEHLMH Ha (oHe
HW3KOHOPMaJbHOW KOHLIEHTpaLuu B opraHuame TTT.

Mpu BbICOKOHOpManbHOM ypoBHe TTI HabnofatoTcs npu-
3HaK1 MUHUMaIbHON TMPEOMAHON HeL0CTaTOYHOCTH, YTO Blle-
YET 3a coboil CHUMKEHME YPOBHSA MeTabonmaMa 1 KoMneHca-
TOPHO TOPMO3MUT 3/IMMUHALMIO MaKPO- U MUKPO3/IEMEHTOB
U3 opraHu3ma [jo Tex nop, noka GyHKUMOHaNbHbIE pe3epBbl
CLEPKMBAIOT CPbIB afianTaLuy.

Ha doHe obLiero aedmumutHoro npoduns Npu HU3KOHOP-
MaJlbHOM YpOBHE cbiBopoTo4Horo TTT BbisiBNeHa Hambonbluas
yactoTa HepoctatouHoro cogepkanus Ca y 53% KeHLuH,
Co—y 41%, Mg —vy 35%, Zn —y 29%, Mn —y 29%, Se —
y 18%, neduumt ioaa BbIpayKeH HE3HAUUTESTBHO U COOTHOCUM
B 0beunx rpynnax. lpu atoM feduumt TMpeocneLnpuyeckux

Ta6nuua 3. KoppensumoHHble CBA3M Nap TMpEoCneLMPrYeckux Makpo- U MUKpPO3JIEMEHTOB Y KEHLUWH PenpoayKTUBHOTO BO3pacTa
Table. 3. Correlations of pairs of macro- and microelements involved in thyroid performance regulation in reproductive women

1-a rpynna | Group 1

2-5 rpynna | Group 2

Ceasb M3/M3 (r =0,5)

Ceasb M3/M3 (r =0,5)

ME/ME correlation (r =0,5) r P ME/ME correlation (r =0,5) r P
Ca/Fe 0,655 0,01 Ca/Fe 0,862 0,01
Call 0,520 0,05 Ca/l 0,738 0,01
Ca/Mg 0,748 0,01 Ca/Mg 0,810 0,01
Ca/Mn 0,718 0,01 Ca/Mn 0,786 0,05
Ca/Co 0,601 0,05 Ca/Zn 0,810 0,05
Ca/Cu 0,602 0,05
Co/Mn 0,519 0,05 Co/Mn 0,810 0,05
Co/Fe 0,590 0,05 Co/Cu 0,731 0,05
Co/Mg 0,497 0,05 Co/Zn 0,714 0,05
Cr/Mo 0,655 0,01 Cr/Mo 0,755 0,05
Cr/l 0,484 0,05
Cu/Mg 0,713 0,05 Cu/Mo
Cu/Zn 0,795 0,05
Mo/Fe 0,603 0,05
Mo/ 0,603 0,05
Mo/Zn 0,615 0,05
Fe/l 0,548 0,05 Fe/l 0,874 0,01
Fe/Mg 0,522 0,05 Fe/Zn 0,886 0,01
Fe/Mn 0,644 0,05 Fe/l 0,874 0,01
Fe/Se 0,543 0,05
Mg/Mn 0,643 0,01
I/Zn 0,881 0,01
Se/In 0,591 0,05
Mn/Zn 0,738 0,05

DOl https://doiorg/10.17816/humeco642712
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1-s rpynna | Group 1
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Puc. 1. Koppensu1oHHble nnesifibl XMMUYECKUX 3IEMEHTOB B rpyn-
nax 06CcnefoBaHHbIX XEHLMH: NpAMas JIMHUS — npsMas Koppe-
NALUMOHHAsA CBS3b, NOMYMMPHbIA KOHTYP — CBA3M, 06HapYXeHHbIe
B KOPPE/ALMOHHBIX Nesax obeux rpynn, He3aBUCUMO OT YPOBHS
CbIBOPOTOYHOO TMPEOTPONHOro ropMoHa (TTT) B rpynne; 1-a rpyn-
na — Hu3KoHopManbHbIi TTT; 2-a rpynna — BbICOKOHOPMabHbIi
TIT.

Fig. 1. Correlational matrix of chemical elements in the groups
of examined: a straight line is a direct correlation, the bold outline
indicates the relationships found in the correlational pleiades of
both groups, regardless of the level of serum thyroid-stimulating
hormone (TSH) in the group; Group 1 — low-normal TSH; Group
2 — high-normal TSH.

MaKpo- U MWKPO3/IEMEHTOB, Y4acTBYIOLMX B npoLecce yc-
BOEHMS MOJa LUUTOBMOHOW Xenes3oi, BepoATHO, MOMHO
paccMaTpuBaTh KaK CTPYMOreHHbIN akTop $hopMUpoBaHUA
Hoane@UUUTHBIX COCTOSHWUM Y JKEHLUMH PEenpoayKTMBHOIO
Bo3pacra B ycnoBusx Cesepa.

[lng oLeHKM 3neMeHTHOro CTaTyca OpraHu3Ma YesoBeKa
W KONMYECTBEHHOW OLIEHKU CTEMEHU Pe3nCTEHTHOCTW opra-
HW3Ma K LeNCTBUI0 HeBTaronpuATHLIX YCIOBUIA OKpYXKatoLLen
cpedbl W MHTEpMpeTaLuW AaHHbIX 0 COAEPIKaHUM MaKpo-
M MUKPO3/IEMEHTOB B BOJIOCAX JIOAEN C YYETOM He TOJbKO
abCcomoTHBIX 3HAYeHWN NOKa3aTeniel, HO U C aHanM3oM KX
COOTHOLLEHWA MYTEM pacyeTa pasfMyHbIX Ko3dUUMEHTOB
W BbIBELEHUS MHOMKATOPOB AucbanaHca MHTepeceH Koad-
GULMEHT CTeneHN afanTMPOBaHHOCTU 3N1EMEHTHOM CUCTEMbI
OpraHM3Ma K yC/IOBUSIM OKpYIKatoLLel Cpepbl.

OOHMM M3 BaHEMLIMX NOAXOL0B K AMArHoCTMKe Hapy-
LUEHMIA 3NEMEHTHOr0 roMeocTasa SB/SETCA aHanu3 NapHbIX
KOppensuuit Mexay anemMeHTamm (1o fLaHHbIM aTOMHO-3MUC-
CMOHHOW M Macc-CNeKTPOMeTpuu BrocybCTpaToB), KOTOPLIA
MOXET CNYXWTb WCTOYHUKOM [OCTOBEPHONM MHGbOpMaLmm
0 HaJM4MKM UM OTCYTCTBUM B BrocybCcTpaTe MeTannomrans-
HbIX KOMMJIEKCOB, @ TaKKe N03BONSET BbIBUTb afAaNnTaLMOH-
Hble MeXaHU3Mbl B CTPYKTYPE MEK3SIEMEHTHBIX OTHOLLEHWHN.

Mo MHeHW0 uccnepoBaTeneid, OOHAM U3 MeXaHW3MOB,
obecrneunBaloLLMX afeKBaTHbIN XOA afanTaLMOHHbIX nepe-
CTPOEK, SIBNSAETCA YBENIMYEHUE YUCIA BHYTPU- U MEMCU-
CTEMHBIX CBSA3el Kak cpeAcTBo bonee HapgEXHOro QyHK-
LMOHMPOBAHWA OpraHu3Ma (MW ero OTAENbHOW CUCTEMBI)

T.31N2 8, 2024
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B C/ly4ae KaKuX-IMBO HapyLLeHUIA UK MOSOMKU B OLHOM
U3 perynsaTopHbIX 3BeHbeB. [pn 3TOM, Kak Bbino noKasaHo
psaoM U3MONOTMYECKUX UCCIef0BaHNUN, NPOMCXOAUT nepe-
pacnpefienelne (QYHKUMOHANBHBIX HarpysoK Ha Apyrve cu-
CTEeMbI OPraHu3Ma, 4T0 KOMMEHCUPYET BbI3BaHHbIE HapYLLEHMS
W He MPUBOAMUT K CPbIBY afianTaLym, BbIPaXEHHbIM Au3peryns-
TOPHbIM NOCNEACTBUAM WNK naTonorum [26, 27]. BMecTe ¢ TeM
A.H. T'opbaHb 1 coaBT. 0TMeyatoT [28], YTO NpU 3HAUUTENLHOM
aflanTaLyMoHHOM HaNPSXEHUM KOppensumn Mexay ¢usmno-
NOTMYECKUMW NapamMeTpaMu pacTyT, COOTBETCTBEHHO, PacTeT
3HayeHWe NoKasaTensl CTeneHn afanTUpoBaHHOCTH, a B X04e
yCreLHo! afanTaumy — yMeHbluaeTcs. B inHeinHoM npubnm-
KEHWUM MOJTy4aETCH YMEHbLLEHWE KOpPensLmii B X0Ae aganTa-
LiM: YeM BblLLIE alANTUPOBAHHOCTb, TEM MEHBLLIE KOPPENALWY,
W, HanpoTWB, YeM DoJbLLIE HanpsKEHWUE, TEM OHU BILLE.

Ha puc. 1 BuIHo, uTo, HECMOTPSA Ha NPaKTUYECKU OfMHa-
KOBbIi1 Habop 371EMEHTOB, CTPYKTYpa CBA3eil B 0benx niesgax
pa3nuuHa. HekoTopble 3neMeHTbl 0NOCpes0BaHHO CBSA3aHbI
Mexay coboil Yepes ApYron 3NIEMEHT: HanpuMep, HeCMOTpS
Ha TO yTo B 060MX CNyyasx B LiEHTpe Mnesabl HaXOAUTCS
KanbLMI KaK 3/1EMEHT C HaubomnblUMM KONMYECTBOM CBSi-
3eif, B KOPpeNALMOHHOW Nnesge MUKPO3NIEMEHTOB B rpynne
C HU3KOHOpMarbHbIM ypoBHeM TTT oH onocpe0BaHHO CBA3aH
C LIMHKOM Yepes Jene30 W CeNeH, a Bo 2-1 rpynne ¢ BbICOKO-
HOpMarbHBIM YpoBHEM TTT — TOMBKO YEPE3 KeNe30. YuuTbl-
Bas (YHKUMOHaNbHY0 posib cenieHa B paboTe LUMTOBMAHOIA
)enesbl B KayecTBe 3M1eMeHTa, Y4acTBYIOLLero B perynsaumm
KIeTOYHOro pocTa M anomnTo3a, CeKpeuun W MeTabonusme
TMPEONIHbIX rOpMOHOB [29], B TMPEOMAHOM rOPMOHANbHOM
LIMKITe, MOXHO FOBOPUTB O TOM, YTO [1S NOAJEPHaHNS Heob-
XOAMMOro roMeocTaThieckoro banaHca Heobxoaumo obpaso-
BaHuWe 3TOM A0MONHUTENbHOW CBA3W Ha oHe obuero bonee
BbIpaXKeHHOr0, YeM BO 2-1 rpynne, aucbananca. 1o KacaeT-
€A W 0[1a, KOTOPbI B 1-1 rpynne cBA3aH He TOLKO C Kab-
LMeM, HO U XPOMOM U MoninbeHOM, TOrAa KaK Bo 2-1 rpynne
obpasyeT MPOCTYI0 CUIbHYKO CBSAI3b TOSIBKO C LIEHTPasbHbIM
371eMeHTOM nnesfbl. Takon Noaxon BU3yau3aummn Koppens-
LIMOHHBIX CBA3EM TaKKe NoATBEpHAaeT HEOAHOKPATHO 03BY-
UEHHOe CMeuMannMcTaM MHeHWe, YTo YeM MeHee YCTOMYMBa
cucTeMa, TeM bobLLee KONMYECTBO MEXK3NIEMEHTHBIX CBA3EV
(B AaHHOM cnyyae) oHa obpasyer.

3AKJIO4YEHUE

Hanbonblumit  cyMMapHbili  AedUUMT 3CCEeHLMaNbHbIX
MaKpO- U MUKPO3JIEMEHTOB BBISIBJIEH Y KEHLUWH C HU3KO-
HopManbHbIM NokasatenieM TTT, yTo onpefenseT ux B rpyn-
Ny NOBBILIEHHOIO PUCKA Pa3BUTUSA KIIMHUYECKUX COCTOSHUIA.
lNokasaTenb cTeneHM afanTMPOBaHHOCTM 3NIEMEHTHONW CH-
CTEMbl MOJHO CYMTaTb MHGOPMATUBHBIM AMArHOCTUHECKUM
MapKepOM YPOBHS BHYTPU- M MEMCMCTEMHBIX NepecTpoex
(YHKUMOHANBHBIX NapaMeTpoB OpraHM3Ma, KoTopbli B 1-i
rpynne ¢ HU3KOHOPMasnbHbIM ypoBHeM TTT coctasun 86,50
YCN. efi., YTO HECKOJIbKO BhbILLIE 3HAYEHWS B IPYMMe C BbICOKO-
HOpManbHbIM cofepxanuem TTI — 75,33 yen. ea.
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AOMO/JIHUTE/IbHAA UHPOPMALIUA

Bknap astopoB. EA JlyroBas — noarotoBka npoToKona uc-
CNefloBaHMA, NPaBKM TEKCTa, OKOHYaTesNbHas pefakums CTaTby;
E.M. CrenaHoBa — cbop v aHanM3 [aHHbIX, CTAaTUCTUYECKMIA aHa-
U3, MHTEPMpPeTaLLMA Pe3ybLTaToB, NOAr0TOBKa 0630pa UTepaTyph,
MnoJroToBKa NepBoro BapuaHTa CTaTbi. Bce aBTopLI NOATBEPXKAAIOT
COOTBETCTBME CBOEMO aBTOPCTBA MeXAyHapoaHbIM KpuTtepusam ICMJE
(Bce aBTOPbI BHECIN CYLLIECTBEHHBIA BN/ B pa3paboTky KoHLen-
WK, NpoBefieHNe WUCCNeAO0BaHWA W NOATOTOBKY CTaTbW, NPOYM
1 0pobpunn GuHanbHyto Bepcuio nepef nybnukaumen).
JITnyeckaa 3aKkcnepTusa. [IpoTokon obcnenoBaHWs ofobpeH Ko-
Mumccrert no 61oatuke MHcTuTyTa buonoruyeckmx npobnem Ceeepa
[lanbHeBocTO4HOrO OTAENEHUs POCCUIACKON aKafeMumn Hayk (npo-
ToKon N2 001/020).

WndopmuposaHHoe cornacue Ha yyacTue B UCC/IeJ0BaHUM.
[lo BK/tOYEHVS B MUCCNe0BaHMe OT BCEX MCCNedyeMblX MosydeHo
NMUCbMEHHOE MHPOPMUPOBaHHOE COrnlacue o J0BPOBOSILHOM Yyya-
CTK B paborte.

WUcTounuk dunaHcupoBanusd. ViccnenoBaHMe BLINOSHEHO B paMm-
Kax peanu3aumm TeMbl rocyaapcTBeHHOro 3aaaHns «KoMnnexcHas
OLieHKa COCTOSHMS 3[10p0BbA HaceneHus [lanbHeBocTouHoro depe-
PanbHOro OKpPYra 1 ApKTUYECKMX TEPPUTOPUIA ANs pa3paboTku aaan-
TaLMOHHBIX NPOrPaMM TPYA0CNOCOOHOMO KOHTUHIEHTA K 3KCTPEMallb-
HbIM YCNIOBMAM M3HEesATeNsHOCTY» (per. HoMep 124111200092-3)
¥ npu huHaHcoBo noaaepxke lMpaBuTenscTBa MarapfaHckow obna-
TV (KOHKypC rpaHToB B dopMe cybcuamin u3 obnacTHoro broapkeTa
MONOABIM YYEHBIM).

PackpbiTue MHTepecoB. ABTOpbI [JEKIAPUPYIOT OTCYTCTBUE AIBHbBIX
W NoTeHUManbHbIX KOHQIMKTOB MHTEPECOB, CBA3aHHbIX C NybnMKa-
LIMEeN HACTOSALLIEN CTaTbU.
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PeaKTuBHbIe U3MEHEHUA MOHOLIUTApPHOro 3BéHa
KOCTHOIro Mo3ra B BocCraHoBuTeJibHOM nepuope
nocine napeHxXxMMaTto3Horo Kposore4eHma nevyeHu

H.C. ®enenro’, E.JI. Kybacosa', H.A. ytckuit', C.J1. Kawytun', [.B. Musrupes', P.B. Ky6acos',
M.B. Katopuna', A.B. Toponos', 0.B. fonrux', [1.B. LLlatos?, H.B. CyxopykoBa?, A.B. CadpoHeHKo?,
[1.B. Cadporos?, I'.C. powmnuua®, E.A. Kytysosa®, C.H. JluHuenko®, A.B. Cknsipos?,

T.B. Octanenko?, C.A. AkonbaHL?, K.C. Kapaxanan?, C.M. Mpoumnmnx?

! CeBepHbIil rocyapCTBEHHbIA MEULIMHCKIUIA YHUBEpCUTET, ApxaHrenbck, Poccus;
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AHHOTALMA

06ocHoBaHue. [poLiecchbl BOCCTAHOBNEHWS NOBPEXAEHHBIX TKAHEN B OpraHWU3Me NpeACcTaBnsioT CO60M [OCTaTOMHO COXKHYHO
CcUCTEMY NOCe0BaTeSIbHO NPOTEKAILLMX U3MeHeHUI. CKOpOCTb 3aXKMBIEHWS 3aBUCUT OT MHOXECTBa (haKTOpOoB, HO BEAYLLMM
M3 HWX CYMTAETCA COCTOSIHUE ryMopanbHOro oTBeTa. GyHKUMOHANbHOE COCTOSIHME KIIETOK MOHOLIMTApHOro 3BeHa BO MHOTOM
onpefenseT npouecchl penapaumn. B 3ton cBA3uM npefcTaBnseT HayuYHbIA MHTEPEC M NPAKTUYECKYID 3HAYUMOCTb U3YYeHue
NepecTpoeK PerynsTopHbIX KOMMNOHEHTOB B OTBET Ha NOBPEXJEHNE THAHU.

Llenb. V3yueHne peaKTWBHbIX W3MEHEHWI, 3aKiOYalOWMXCA B nponudepauny, auddepeHLMPOBKE U PEKPYTUHTE KNETOK
MOHOLMTapPHOr0 3BEHa KOCTHOMO MO3ra B BOCCTaHOBUTESIbHOM NEPUOAE NOCsIe NapeHXMMaTo3HOro KpoBOTEYEHNS MEYEHM.
Martepuanbl 1 Metoppl. [TpoBefeHo KcNepuMeHTanbHoOe UCCNefoBaHWe in vivo Ha becnopofHbIX Kpbicax 060ux nonos,
KOTOpbIM DbINO CMOJENMPOBaHO MOBPEXeHME NeyeHu (MapeHXMMaTo3Hoe KpoBoTeuyeHWe). B onbiTHoW rpynne neuyenue
COMPOBOXAaNoch BKIKOYEHNEM B TePaNUi0 KCEHOreHHoro buoMaTepuana Ha 0CHOBE KOJinareHa U3 LWKYpbl CEBEPHOT0 O1eHS KaK
remMocTaTM4ecKoro cpeacTaa. B KocTHOM Mo3re onpefiensniv MUenorpamMy ¢ y4ETOM MoHoLmTorpamMMl. iuddepeHumposanm
cnepytome MoposorMyeckue BapuaHTbl: MOHOBMACTbI, MPOMOHOLMTLI, COOCTBEHHO MOHOLMTBLI U NOAUMOpPGHO-AAEpHbIE
MOHOUMTBI. B CBA3U C HEHOpManbHLIM pacnpefeneHMeM AaHHbIX ONMCaHWe NepeMeHHbIX NPOBOAMAM C NMOMOLLbK MeauaHbl
(Me) n kBaptuneii (Q25; Q75). BeposiTHOCTL pa3nMuMin NOKasaTesie MeXAy rpynnaMu OLeHUBanM C MOMOLLbBIO KpUTEpUS
Konmoropoa—CMupHoBa (2). Kputnieckuii ypoBeHb CTaTUCTUHECKON 3HauMMocTH npuHuManu npu p <0,05. Cratuctuyeckyio
0bpaboTKy pesynbTaToB NpoBoAWM ¢ noMolubto SPSS 13.0 ana Windows.

Pesynbratbl. Ha 3-u cyTkM nocne MonenvMpoBaHUA MapeHXMMAaTO3HOTO KPOBOTEYEHWUS MEYEHU PEAKTUBHBIE M3MEHEHMS
B MOHOLMTApHOM 3BEHE 3aK/YaNnuCcb B YBENMYeHWW YpoBHA npoMoHoumtoB ¢ 0,6 po 1,9% (p <0,001), cobeTBeHHO
MoHouutoB — ¢ 1,5 10 4,6% (p=0,010) npn HemsMeHEHHOM ypoBHe MoHobnacToB (0,8%; p=0.850). Ha 7-e cyTku akcnepuMeHTa
NPOU3OLLSIO CHUKEHWUE YWCNa MPOMOHOLMTOB U MoHobnactos 1o 0,8% (p=0,006) n 0,6% (p=0,850) cooTBeTcTBEHHO. Ha 14-€
CYTKM 3KCMEpPUMEHTa CTAaTUCTUYECKU 3HAUMMBIX M3MEHEHUW CO CTOPOHBI M3y4aeMblX NMapaMeTpoB He peructpupoBanu. Ha 21-e
CYTKM BbISIBNIEHO CHUXEHWUE KONMYeCcTBa COBCTBEHHO MOHOLMTOB A0 4,6% (p=0,120), nonmMopdHo-AAepHbIX MOHOLMTOB — [0
0,2% (p=0,990), npomoHoumToB — ao 0,8% (p=0,290) npu HeM3MeHHOM ypoBHE MOHObNACTOB.

3aknioyeHue. PeaKTUBHble W3MEHEHMS KIETOK MOHOLMTApHOr0 3BeHa KOCTHOrO Mo3ra Mocne NapeHXMMaTo3Horo
KpOBOTEYEHWS NEYEHM 3aKITI0HaKTCA B aKTUBALMK NpoLieccoB nponmdepaumy n auddepeHumpoBKM Ha 3-u cyTKU. Ha 7-e cyTku
YBE/NMYMBAETCS MHTEHCUBHOCTb PEKPYTUHIa MOHOLMTOB M3 KOCTHOTO Mo3ra B nepudepnyecKyto Kposb. Hepes 3 Heflenn ypoBHH
MOHO06NacToB, NPOMOHOLMUTOB U NOAMMOPGHO-ALEPHBIX MOHOLMTOB BO3BPALLAOTCA K KOHTPOJIbHBIM 3HAYEHUSM, TOrAa Kak
cofiepaHue cobCTBEHHO MOHOLMTOB COXPAHAETCA HA BbICOKOM YPOBHE.

Kniouesbie cnoBa: NnapeHXMMaTo3Hoe KpoBOTEYEHNE; KOCTHbIW MO3T; MOHOUWUTApPHbIE KJTETKWN.
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Reactive changes in the monocytic lineage of the bone
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ABSTRACT

BACKGROUND: Damaged tissue repair in the body is a complex system of sequential changes. The healing rate depends on
multiple factors, with the humoral immune response playing a critical role. The functional state of monocytic lineage cells
significantly influences tissue regeneration. Therefore, investigating regulatory adaptations in response to tissue injury holds
both scientific and clinical significance.

AIM: To examine reactive changes in the proliferation, differentiation, and recruitment of monocytic lineage cells in the bone
marrow during the recovery period following parenchymal liver hemorrhage.

MATERIALS AND METHODS: This in vivo experimental study was conducted on outbred rats of both sexes, in which liver
injury was modeled as parenchymal hemorrhage. In the experimental group, treatment included a xenogeneic biomaterial
derived from reindeer skin collagen as a hemostatic agent. Bone marrow myelograms were analyzed, including monocytogram
assessment. The following morphological cell types were differentiated: monoblasts, promonocytes, mature monocytes, and
polymorphonuclear monocytes. Due to the non-normal data distribution, variables were described using the median (Me) and
quartiles (Q25; Q75). Intergroup differences were assessed using the Kolmogorov—Smirnov test (2), with statistical significance
set at p< 0.05. Statistical analysis was performed using SPSS 13.0 for Windows.

RESULTS: On day 3 after modeling parenchymal liver hemorrhage, reactive changes in the monocytic lineage included an
increase in promonocytes from 0.6% to 1.9% (p< 0.001) and monocytes from 1.5% to 4.6% (p=0.010), whereas monoblast
levels remained unchanged at 0.8% (p=0.850). By day 7, promonocyte and monoblast counts declined to 0.8% (p=0.006) and
0.6% (p=0.850), respectively. By day 14, no statistically significant changes were observed. On day 21, a decrease in monocytes
(4.6%; p=0.120), polymorphonuclear monocytes (0.2%; p=0.990), and promonocytes (0.8%; p=0.290) was recorded, whereas
monoblast levels remained stable.

CONCLUSION: Reactive changes in the monocytic lineage of the bone marrow following parenchymal liver hemorrhage involve
activation of proliferation and differentiation processes by day 3. By day 7, the intensity of monocytic recruitment from the bone
marrow into peripheral circulation increases. By week 3, monoblast, promonocyte, and polymorphonuclear monocyte levels
return to baseline, whereas monocyte levels remain elevated.

Keywords: parenchymal hemorrhage; bone marrow; monocytic cells.
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OPUTMHATTBHBIE MCCIEIOBAHNA

OB0CHOBAHUE

MoBpexaeHne meyeHn 0BbIYHO COMpoBOXAAeTCA AUG-
Qy3HbIM U 06UNBHBIM KpOBOTEYEHWEM. TsKecTb NaTosoruu
obycnoBneHa OTCYTCTBUMEM KJI1anaHOB B BEHaX, BO3MOMHO-
CTbIO COCYZL0B MEYEHU CMafaThCs, HU3KOM COKpaTUTENbHOM
CNOCOBHOCTbI0 OpraHa, GUBPUHONUTUYECKOW aKTUBHOCTLH
UCTEKAIOLLEN XKENUM, YTO MPUBOAMT K NOCNeAyloLLeMy Ha-
pyLeHuto GyHKUMiA nedeHu. 0T CKOPOCTM HaCTynseHUs remo-
CTasa, NpoLeccoB pereHepaLym NeyYeHn 1 BOCCTaHOBMEHMS eé
QYHKUMIA Nocne NOBPEXAEHNUS 3aBUCUT COXPAHEHME MU3HH
MaumMeHTa 1 KayecTBo ero ushm [1-3].

MoHouuTbI/MaKpodary NpUMHUMAKT y4yacTue B pasBu-
TUM pereHepaTMBHOrO Mpolecca B 30HE MOBPEXAEHUA My-
TEM CUHTE3a U CEKPELMM LIMTOKWHOB M 3H3MMOB, Koonepaumm
C LpYryM1 UIMMYHOKOMMETEHTHBIMU KITETKaMM W BO3AENCTBUS
Ha ¢mbpobnactbl. OT perynauvm nponndepaun, andpdepeH-
LIMPOBKY U PEKPYTUPOBAHMA KIETOK MOHOLMTapHOro audde-
POHa U3 KOCTHOr0 MO3ra 3aBMCAT NpoLecchl penapauui [4—6].

Wcxopsa w3 Toro, 4to cucTeMa MOHOHYKIeapHbIx Ga-
rouMTOB NpeAcTaBfieHa MoHobmacTamu, MPOMOHOLMTaMM,
CoOCTBEHHO MOHoUMTaMM U Makpodaramu [7], Klo4eBbIM
MOMEHTOM SIBJIIETCA U3yYeHUe COOTHOLLEHMS 3TUX cybnony-
NAUMA B OMHAMUKE pPereHepaTMBHOrO Npouecca B KOCTHOM
Mo3re B X0/Je BOCCTAHOBMTE/IbHOTO Mepuoja nocie napek-
XMMaT03HOro KpoBOTEUEHMS MEYEHM.

CornacHo COBpPeMEHHbIM MPEeACTaBEHNAM, MPOMOHO-
LMTBl, MUTPUPYS U3 KOCTHOTO MO3ra B KPOBb, UMEIOT Co-
COBHOCTb K nponudepaunn, a nocne ux anddepeHLMpPOBKM
B MOHOLMTbI TaKas CocobHOCTb TepseTcs, MOCKOMbKY MOHO-
LMTbI CTAHOBATCA BbICOKOANDPEepEHLMPOBAHHBIMU KITETKaMM,
obecneunBan HecneuMdUYECKYHO 3aLLUMTY OpraHU3Ma 3a CYET
cBoen (harouUTapHOi aKTUBHOCTU U CEKPELMN MOHOKWHOB.
M3 MOHOLMTOB KpOBW NOCTOSIHHO CO3peBaloT Makpodarw,
KoTopble, MOKUAAs KPOBSHOE PYC/0, MUMPUPYIOT B pasnuy-
Hble TKaHU OpraHu3Ma, rae BbiMOSHSIOT CBOM I (EKTOpHbIE
W perynaTopHble QyHKuum [7-9].

HecMoTps Ha MHOTOQYHKUMOHANBHOCTb KNETOK MOHOLM-
TapHOr0 3BEHa, CBEIEHMS OTHOCUTENBHO UX Nponudepauuy,
b depeHLMPOBKM U PEKPYTUHIa B XOAE PereHepaTUBHOMO
npoLiecca nocne NapeHXMMaTo3HOro KpoBOTEYEHUSA U3 Neye-
HW B IUTepaType OTCYTCTBYIOT.

Llenb uccneposanus

N3yyeHne peaKTUBHbIX W3MEHEHWW, 3aKJIIYAKOLLMXCA
B nponudepaumnn, AnddepeHUMPOBKE U PEKPYTUHTE KIETOK
MOHOLMTapHOro 3BeHa KOCTHOTO MO3ra B BOCCTaHOBUTE/IbHOM
nepuoze Nnocie NapeHXMMaTo3HOro KpOBOTEYEHHUS NEYEHU.

MATEPUAJIbI U METObI

BbinonHeHo 3KcnepuMeHTanbHoOe UccnefoBaHue in vivo
Ha 71 becnopoaHoii Kpbice 0boux nonos ¢ Maccoi 180-220 .
Wccnepyemble MBOTHbIE ObAM pasfeneHbl HA ABE FPynmbi:
onbiTHas (n=52), B KOTOpPOM reMocTas [OCTUranca NyTéM
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HaHeCceHMs KCeHoreHHoro bruomarepuana Ha OCHOBeE Kosna-
reHa, Noy4eHHOro U3 LWKYpbI ceBepHoro oneHs [10], u KoH-
TponbHas (n=19). B KOHTPONbHYIO (MHTaKTHYIO) rpynny bbin
BKJIHOYEHbI J1TabopaTOpHble KPbIChl, KOTOpPbE COAEpPIKaNnCh
Ha WAEHTMYHOM NULLEBOM U NUTLEBOM pexuMe. Moaenmpo-
BaHMe NapeHXMMaTo3HOr0 KPOBOTEYEHMS Y KMBOTHBIX KOH-
TPOMbHOM FpYNMbl He NPOBOAVN.

Bce npoueaypbl, BLINOHEHHbIE B UCCEA0BaAHMSX C Y4a-
CTUEM MBOTHbIX, COOTBETCTBOBA/IM 3TUYECKUM CTaHAApTaM,
YTBEPKAEHHBIM NpaBoBbIMM akTamu Poccuiickon Qepepa-
Unmn, npuHumMnam basenbckoit feknapauuu U pekoMeHAa-
umaM atndeckoro komuteta OFB0Y BO CIMY (ApxaHrenbck)
Mun3apasa Poccun, npotokon Ne 04/05-23 ot 26.05.2023.

MeToauka MojeJsiupoBaHnUA NapeHXnMaTo3Horo
KpoBoTe4yeHusa ne4yeHu

JlabopaTopHoe 1BOTHOE pacnonaranm Ha cnuHe ¢ QUK-
cauMen KOHeYyHocTen. B xoge WMHransiLMOHHOW aHecTesuw
X110pohOpMOM MO 3aKPLITOMY KOHTYPY J1abopaTopHbIX KpbiC
Opunm B 0bnacTu xmMBoTa, KOTOpYlo 3-KpaTHO 0bpabatbiBanu
0,5% cnupTOBLIM pPacTBOpPOM XJIOpreKcMamHa OUrmioKoHaTa,
W OTrpaHNuMBaNK OMEpaLMOHHOE NOJie CTEPUNBbHBIM OfIHO-
pa3oBbiM DenbEM.

[lanee nNpou3BoaMNM BepXHECPELHIOW CPEAMHHYK na-
NapoTOMMIO NMYTEM MOCOWHOIO PacceyeHust MArKMX TKa-
Hell nepeAHen BPIOLLHOM CTEHKM OT MEYEeBMAHOMO OTPOCTKA
Ao cpegHen 1/3 xuBoTa, cobntofas TLLaTeNbHbIA reMocTas
KpaEB paHbl.

Mop BbIBEAEHHYHO NEBYl0 LONIO MeYeHU MOAKNafbIBa-
NN CTEPUNBHYI0 CYXyl0 MapnieByld candeTky M HaHOCMIM
CKanbnMpoBaHHY0 paHy pa3mepamn 10x10 MM u rnybuHom
0o 5 MM (puc. 1).

Ha Bo3HWKLLee KanunnspHoe napeHXUMaTo3Hoe KPoBo-
TeYeHWe M3 MeyeHn cpasy MpoM3BOAMAM ANMIMKALMI0 KCe-
HoreHHoro buomatepuana Ha ocHoBe KosnareHa (puc. 2),
He AonycKas 0bunbHbIX KposonoTeps [11].

Mocne [OCTMXKEHMS MOSHOMO remMocTasa MocnolHO YLIKn-
BaJIX NaNapoTOMHYK paHy Y3N0BbIMUA KaNpOHOBLIMU LLIBaMMU.
KoHTpob cOCTOSHMA HMBOTHBIX B X0[ie IKCMEPUMEHTA Npo-
BOAMIN eXefHeBHO. BbiBoA nabopaTopHbIX KpbIC M3 3KC-
nepuMeHTa ocylectenanm no 13 ocobeii nepeso3vpoBKoi
cpencTBa Ans Hapko3a Ha 3, 7, 14 u 21-e cyTku.

MeToauka Mopdonoruyeckom
AnddepeHLMPOBKM MOHOLMTOB B KOCTHOM Mo3re

3abop KOCTHOrO Mo3ra OCYLLECTBNISIM U3 NPOKCUMArb-
Horo otaena beapeHHoM KOCTU NpY BbIBELEHWM XUBOTHOIO
U3 3KcnepuMeHTa [12]. Ma3ku KocTHoro Mo3ra nocne uKca-
LMK OKpaLumBanu no PoMaHoBCKOMy—T1M3e U MoACYMTLIBANM
MWenorpaMMy COOTBETCTBEHHO C YYETOM MOHOLMTOrPaMMbl,
avbdepeHumMpys nx Ha MOpdoNornieckue BapUaHTbl: MOHO-
BnacTbl, NPOMOHOLMTLI, COBCTBEHHO MOHOLMTBI U NOSTMMOPGHO-
ANepHble MOHOUMTLI (puc. 3).

Knaccuueckas umpeHTMduKaums cnepyiowias: npo-
MOHOLMTbl — KJETKM C OKPYrNbIM SAPOM, COBCTBEHHO
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Puc. 1. BolBeseHue neBoit Jonu neyeHu (g) U HaHeceHue CKallb-
NWUpoBaHHOM paHbl (b).

Fig. 1. Removal of the left lobe of the liver (a) and its application
of a scalped wound (b).

Puc. 2. KceHoreHHblii buoMaTepuan Ha OCHOBE KonjareHa, no-
NIY4EHHOT0 U3 LUKYpbl CEBEPHOro ofieHs (@), U anniuKauus ero
Ha CKaNbnWpoBaHHYI0 paHy neyeHu (b).

Fig. 2. Collagen-based xenogenic biomaterial from reindeer dermis
(o) and its application to a scalped liver wound (b).

Puc. 3. MvenorpaMMa KocTHOro Mo3ra Kpbic ¢ auddepeHumpoB-
KOV MOHOLMTapHOro 3BeHa Ha MoHobnacTsl (@), npoMoHouuTl (b),
CODCTBEHHO MOHOLWTBI (C), NoNMMopdHO-AaepHbIE MOHOLMTHI (d).
OkpaLwwmBanue no PoMaHoBcKoMy—TuMse; x400.

Fig. 3. Myelogram of rat bone marrow with differentiation of the
monocyte unit into monoblasts (a), promonocytes (b), monocytes
proper (c), polymorphonuclear monocytes (d). Romanovsky-
Giemse coloring; x400.

MOHOLMTBI — C 6060BUAHBIM AAPOM, NONMMOPGHO-AAEPHbIE
MOHOLMTbI — C MHOTOJI0MACTHBIM S4POM, YacTo NpUYyam-
BOM QOpPMbI.

B cBA3M ¢ HeHOpManbHbIM pacnpefeneHueM [aHHbIX
ONMcaHWe NepeMeHHbIX NPOBOAMAM C MOMOLUbK Meaua-
Hbl (Me) u kBapTuneit (Q25; Q75). BepoATHocTb pasnuuni
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MoKasaTesiel Mexay rpynnaMu OLEHWBANW Mo KpUTepUio
Konmoroposa—CMupHoBa (2). Kputuueckuit ypoBeHb cTaTy-
CTUYECKOM 3HaumMMocTH npuHuManu npu p <0,05. Ctatuctnye-
CKyl0 00paboTKy pe3ynbTaToB NPOBOAMM C NoMoLLbio SPSS
13.0 ans Windows.

PE3Y/IbTATHI

B cooTBETCTBUM C NONyYeHHbIMU pe3ynbTatamu (Tabn. 1)
nocie NapeHXMMaTO3HOr0 KpOBOTEYEHMS MEYeHW pe-
aKTMBHble M3MEHEHUs B YCPEOHEHHbIX AaHHbIX CBfi3a-
Hbl C YBENMYEHWEM COfepXaHus COBCTBEHHO MOHOLMTOB
c 1,5 no 5,8% (p <0,001). CHuxeHne ypoBHS MoHobnacToB
KOCTHOr0 Mo3ra He bbino ctatucTuyecku 3HaummbiM (c 0,8
no 0,6%; p=0,270). Habniopanocb He3HauMTENbHOE YBENU-
yeHne npoMoHoumtoB (¢ 0,6 po 1,0%; p=0,080). 3HaueHus
COZiepXKaHua NoSIMMOPdHO-AAEPHLIX MOHOLMTOB B OMbITHOM
1 KOHTPOJBHOM rpynnax He UMenu CYLLEeCTBEHHBIX pasfnuuil
(no 0,4%; p=0,190).

C y4éToM TOro, YTO YCpeAHEHHbIE AaHHbIE MO COAepa-
HWIO KNETOK MOHOLMTApHOro 3BeHa He MOKa3blBalT AeTanu
PeaKTUBHBIX M3MEHEHWUH, NPeACTaBNAN0 UHTEPEC U3YYeHMe
MOHOLMTOrpaMMbl KpacHOro KOCTHOrO Mo3ra B 3aBUCMMO-
CTU OT CYTOK MOCJie NapeHXMMaTO3HOro KpoBOTEYeHMS. TakK,
Ha 3-M CYTKM 3KCNEPUMEHTA PErUCTPMPOBANM CTAaTUCTUHECKH
3HauMMoe YBeNIMYEHWEe COfepXaHus npoMoHouuTtoB (c 0,6
0o 1,9%; p <0,001) u cobecTBeHHO MoHoumToB (¢ 1,5 8o 4,6%;
p=0,010). OpHako pasnnums B COAepaHWM MOHObnacToB
¥ NonMMopdHO-AAepHbIX MOHOLIMTOB MeXY OMbITHOW U KOH-
TponbHOW rpynnamm He BbisneHbl: 0,8% (p=0,990) n 0,4%
(p=0,720) cooTBETCTBEHHO.

Ha 7-e cyTkv nocne MofenupoBaHus NapeHXUMaTo3Horo
KpOBOTEYEHUA CHUMXEHME COLEpaHuA npoMoHouuTos ¢ 1,9
no 0,8% (p <0,001) npoucxoamnno Ha GpoHe HE3HAUUTENBHOTO
YBENMYEHNUS! YPOBHA COBCTBEHHO MOHOLMTOB C 4,6 A0 6,6%
(p=0,200). N3MeHeHMs B copepaHumM MoHO6acToB 1 Nou-
MopGHO-A4EPHBIX MOHOLMTOB BbIIN HE3HAUMTENBHBIMU.

Ha 14-e cyTKM 3KcnepuMeHTa CTaTUCTUYECKU 3Ha-
UNMBIX U3MEHEHWUI CO CTOPOHbI M3y4yaeMbIX MapaMeTpoB
He perucTpupoBanu. Habnioganu nuwe HebonblUOe CHU-
YKEHWe COepKaHUs MOHOBNacToB, cOBCTBEHHO MOHOLWUTOB
1 nonuMopdHo-sAepHbIX MoHoumuToB. Cnaboe yBenuyeHue
YPOBHSI EMOHCTPUPOBAM TObKO NpoMoHoumThl (fo 1,0%;
p=0,570).

Ha 21-e cyTku oTMeuYanu NpOAOIIKEHME CHUMXEHUS
KonuuyectBa cobcTBeHHo MoHouuToB (B0 4,6%; p=0,120)
“ nonumopdHo-anepHbix MoHouutoB (oo 0,2%; p=0,990).
TaKe HE3HAUMTENbHO CHU3WUNCA YPOBEHb MPOMOHOLMTOB
(no 0,8%; p=0,290). CopnepaHue MOHODNACTOB He U3MEHU-
nocb. B cpaBHEHUW ¢ KOHTPONBLHO Fpynnoi B BOCCTAHOBM-
TENbHOM Nepuoje Nocie NapeHXMMaTo3HOrO0 KpOBOTEYEHMS!
K 21-M CyTKaM Yy JXWBOTHBIX OMbITHOW rPynMbl 40SU MOHO-
GnactoB, MPOMOHOLMTOB U MOAMMOP(HO-AAEPHBIX MOHO-
uutoB 6binM conoctaBuMbl. [lons cobcTBEHHO MOHOLMTOB
B ONbITHOW rpynne (4,6%) 6bina B 3 pasa Beiwe (p <0,001)
Mo CPaBHEHUIO C KOHTpOsbHoM rpynnoi (1,5%).
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Ta6nuua 1. CofepxaH1e MOHOLMTOB KOCTHOTO MO3ra Noc/ie NapeHXUMaTo3HOro KpOBOTEYEHMS NEYEHM B 3aBUCMMOCTY OT UX Mopdonorim,

Me, % (Q25; Q75)

Table 1. The content of bone marrow monoacytes after liver parenchymal bleeding, depending on their morphology, Me, % (Q25; Q75)

OnbiTHasA rp(\i(nna y .
An experienced qrou 0BEHb CTaTUCTUYECKOU
K:p*;/?::'(’:a;ﬂ P orotp psuaqumocm Mexay
I'ona_saTenb The contrt;l Cpeanee CpaBHMBaeMbIMU rpynnamm
Indicator 3HaueHue™ | 3-u cyTku | 7-e cyTku | 14-e cyTkn|21-e cyTku The level of statistical
group (K) | The average | 3@day | 7"day | 14"day | 21 day significance between
(n=19) value* (n=13) (n=13) (n=13) (n=13) the compared groups
(n=52)
MoHo- 0,8 0,6 0,8 0,6 0,4 0,4 K.—cpeg. 3Hay.: Z=0,99; p=0,270
Gnactbl 0,7; 1,2) (0,4; 0,8) (0,513 (0,2;1,00 (02,05 (0,30,8) K.—3-u cyT: Z=0,43; p=0,990
Monoblasts 3-u cyt-7-e cy: Z=0,61; p=0,850
7-e cyt-14-e cy1: Z=1,02; p=0,240
14-e cyT-21-e cyT: Z=0,53; p=0,930
K.—21-e cyt: Z=0,97; p=0,290
lMpomoHo- 0,6 1,0 1,9 0,8 1,0 0,8 K.—Cpen. 3Hay.: Z=1,26; p=0,080
LTbI 0,4:1,2) (0,8; 1,8) (14,25 (©,6;14) (0,7;17) (05;1,3) K.—3-u cyT: Z=2,27; p <0,001
Promono- 3-u cyt-7-e cyt: Z=1,71; p=0,006
cytes 7-e cyt-14-e cyt: Z=0,78; p=0,570
14-e cy1-21-e cyT: Z=0,98; p=0,290
K.—21-e cyT: Z=0,65; p=0,790
CobcTBEHHO 1,5 58 4,6 6,6 58 4,6 K.—Cpef. 3Hay.: Z=2,94; p <0,001
MOHOLUTBI 0,8: 2,7) (4,4; 8,0) (1,8; 9,00 (55:85 (5,2:94) (3,4:6,9 K.—3-u cyT: Z=1,54; p=0,010
Actually 3-u cyt-7-e cyt: Z=1,07; p=0,200
monocytes 7-e cy1-14-e cyt: Z=0,58; p=0,870
14-e cyt-21-e cyt: Z=1,17; p=0,120
K.—21-e cyT: Z=2,13; p <0,001
Monu- 0,4 0,4 0,4 0,5 0,3 0,2 K.—cpea. 3Hau.: Z=1,08; p=0,190
MopcdHo- 0,0; 1,1) 0,2; 0,6) 0210 (021,00 (0,204 (0,1;03) K.—3-u cyT: Z=0,69; p=0,720
AAepHble 3-n cyt-7-e cyt: Z=0,26; p=0,990
MOHOLTBI 7-e cyt—14-e cyt: Z=0,81; p=0,510
Poly- 14-e cy1-21-e cyT: Z=0,35; p=0,990
morpho- K.—21-e cyT: Z=0,84; p=0,470
nuclear
monocytes

* YcpeaHEHHbIE 3HA4EHMSA OMbITHOM MPYNMbl KPbIC.
* Average values of the experimental group of rats.

OBCYXAEHUE

loBpeXxAeHWA NeYeHn M JPpYruxX NapeHXUMaTo3HbIX opra-
HOB C 06M/TbHBIMM KPOBOTEYEHUAMU KaK OTKPbITOrO, TaK U 3a-
KPpbITOro TUMOB ABASIOTCS OAHUMM U3 CaMbIX PacrpOCTPaHEH-
HbIX TPaBM, YrPOKAIOLLMX HM3HU NaLuMeHToB. MiccnenoBaHus
B 0bnacTu natoreHesa TaKWUX CNyd4aeB MPEUMYLLECTBEHHO
CBA3aHbl C OnpejeneHueM obbEMa KpoBOMOTEpH, CTEMEHU
TAMECTU aHEeMUM U reMoamuHamuyeckux ceoicts [13, 14].
Hebonbluoe BHUMaHWE yAEnsOT U3MEHEHUSAM FeMOrpaMMbl
1 BroXMMUYECKUM NoKa3aTtensM nepudepuyeckoi Kposm [15].
0JHaKO UCTOYHMK reMOMO3TUHECKMX KIETOK, @ UMEHHO Kpac-
HbIi KOCTHBIV MO3T, NPaKTUYECKM He UCCNEAYIOT, N0 HaleMy
MHEHWUIO, B CBAI3W C €ro TPYAHOLOCTYMHOCTBIO U CNIOKHOCTBIO0
MaEeHTUUKALMN KIETOK.

C ppyron cTopoHbI, 6ONbLIKMHCTBO paboT HanpasneHbl
Ha uU3yyeHue M pa3paboTKy TaKTUKW BefeHUs NaLueHTOB

DOl https://doi.org/10.17816/humeco642350

C MOPaXEHWUAMW MEYEHU Pa3fIMYHOW MPUPOAbI: TOKCHUYe-
CKWUMM, Buonormueckumn u upycHeiMu [1, 2]. Makpodaru
M KIETKM MOHOLMTAPHOrO 3BEHa MCCeLyI0TCA B MeHbLUeid
crenenn. CotpyaHukm WUHcTuTyTa MMMyHonorum u dusmuo-
normv YpO PAH ycTaHOBMAM MOBbILLEHME COAEPMaHUS Ma-
Kpodaros B NOBPEXAEHHOM yYacTKe NeYeHU Npy YacTUYHOV
renakTo3KTOMUM W CLENanu NpeanosiokeHre, YTo cucTeMa
(arounTMpyIOLWMX MOHOHYKNIEapoB MNpUHMMaeT bonbluoe
3HauyeHue B perynsauuv peakLmii CTBONOBbIX KNETOK KOCTHO-
MO3r0BOr0 MPOMCXoXaeHus [4, 16].

CnocobHOCTb KIETOK MOHOLMTApHOr0 3BEHA MHULMU-
poBaTb M MOAAEPKUBaTb Pa3BUTME BOCMANUTENbHOW peaK-
uuu, BbicBObOXKAAA npoBocnanuTenbHble UMTOKUHBI TNF-a,
IL-6, IL-1pB, aKTMBMPOBaTL 3HAOTENMANBHBIE WU 3BE3AYa-
Tble KJIETKW MeYeHM, BNMATb Ha GuUbpo3MpoBaHWe NapeH-
XMMbI MOATBEPHKAAET WX POSb B Y4acTUW BOCMANIUTENBHOIO
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W pereHepaToOpHOr0 MPOLIECCOB NMPW NaTONOrUAX MeYeHu
[17-19]. HecoMHeHHo, CBeAeHUS OTHOCUTENLHO Mposnde-
pauuy, auddepeHUMpOBKM W PEKPYTUHIa MOHOLMTapHOro
AnddepoHa B KOCTHOM Mo3re B AMHAMUKE pereHepaTuBHO-
ro npouecca npy NapeHXUMaTo3HOM MOBPEXLEHUM MEYEHN
NpeSCTaBAOT He TObKO TEOPETUYECKMIA, HO U NPaKTUYECKUA
WHTEpEC, CBA3aHHbIN C YCKOPEHWEM pereHepaTUBHbIX NpoLiec-
COB, MPOMCXOAALLMX B MEYEHW, BOCCTAHOBIIEHUEM €8 (YHKLIWA,
YTO HarpAMYI0 CBA3aHO C KAYECTBOM JKWU3HM NaLMeHTa.

B HacTosLLEM UCCrie,0BaHUM YCTaHOBJIEHO, YTO Ha 3-M CyT-
KW Mocfie NapeHXUMaTo3HOro KpPOBOTEYEHMS MeYeHn peru-
CTPUpYeTCS YBEMYEHUE YUC/Ia MPOMOHOLMTOB W COBCTBEHHO
MOHOLMTOB KOCTHOI0 M03ra Mpu HEM3MEeHHBIX YPOBHAX MOSU-
MOpGHO-AEpPHBIX MOHOLMTOB W MOHOBNAcToB. YBennyeHue
L0/ NPOMOHOLMTOB NMPU HEU3MEHHOM COJEPMaHUM MOHO-
bnacToB no3BonseT Npeanonaratb, Y4To Ha 3-M CYTKW noche
MapeHXMMaTo3HOr0 KPOBOTEUEHWS MPOMCXOLMUT aKTUBALMA
nponudepaumm NpoMOHOLMTOB Hapsigy C MoHobrnactamu,
uYTO NOATBEPXKAAET CNOCOBHOCTb MPOMOHOLMTOB K Nposnde-
paumu [18]. B To e BpeMA CTaTUCTUHECKM 3HAYMMOe yBe-
JIYEHUE YMCa COBCTBEHHO MOHOLMTOB MOXET CBUAETENb-
cTBOBaTb 00 aKTWMBM3aLMM NpoLeccoB AUPdepeHLMpOBKHU
13 NpoMoHoLMTOB B 6onee 3penble GopMbl.

K 7-M cyTKaM 3KcnepuMeHTa PerucTpupyeMoe CHUMKEHWE
uucna NPOMOHOLMTOB Ha (OHE HE3HAUMTENIbHOMO YBemnye-
HWS cofiepiKaHus cOBCTBEHHO MOHOLMTOB MOJKET yKa3blBaTb
Ha YBE/IMYEHUE PEKPYTWHra, B YaCTHOCTU MPOMOHOLMTOB,
13 KOCTHOrO M0o3ra B nepudepuyecKyto KpoBb, a 3aTeM B Mo-
BPEXAEHHbIN yyacToK. Obpaliaet Ha cebs BHUMaHue TOT
(aKT, YTo Ha 7-e CyTKM nocne NapeHXMMaTo3HOro KpPoBO-
TEYEHUS NPOUCXOLUT CHUMEHME COLEPHaHUA MOHObNACTOB,
KOTOpOe Ha 3-U CYTKM 3KCrepuMeHTa oTcyTcTBOBano. [lpy-
TMMM CNOBaMM, Ha 7-e CYTKM nponudepaTUBHas aKTUBHOCTb
13 MOH06/1aCTOB B NPOMOHOLMTHI MpoMcXoauT bosiee UHTEH-
CMBHO, 4eM (OpMUPOBaH1E MOHOBNACTOB.

Ha 14-e n 21-e cyTkv nocne napeHXMMaTo3HOr0 KPOBO-
TEYEHMS 3HAUUMBIX U3MEHEHMIA, KOTOpbIE ObIM Ha 3-1 CyTHH,
He Habnoganu. [pogomKanock NOCTENEHHOE CHUMKEHME KO-
NM4ecTBa NPOMOHOLMTOB, COOCTBEHHO MOHOLMTOB W NONKU-
MOpGHO-A€epHBLIX MOHOLMTOB 6e3 U3MEHEHUS COLepHaHMs
MOHOBNACTOB, YTO MOMET CBUAETENbCTBOBATL O MpeBanu-
pOBaHUM MPOLIECCOB PEKPYTMHIa NPOMOHOLMTOB, COBCTBEH-
HO MOHOLMTOB W NOMMMOPGHO-AAEPHLIX MOHOLMTOB B 3TOT
nepuog.

B cpaBHeHWM C KOHTPONbHOW rPYnnonM B BOCCTaHOBM-
TENbHOM NepUoAe Nocsie MapeHXMMaTo3HOr0 KPOBOTEYEHMS
K 21-M cyTKaM ypoBHM MOHODNACTOB, MPOMOHOLMTOB U Mo-
nMMopdHO-AAEepHBIX MOHOLMTOB OblM CONOCTaBUMBI. Pasnu-
Yne 3aKNYanoch B MOBLILLEHHOM COLEPXaHUM CODCTBEHHO
MOHOLIMTOB Y KpbIC, YTO MOXET YKasblBaTb Ha YBENMYEHWE
B KOCTHOM MO3re nyna MOHOLMTOB, CMOCOOHBIX BbIMOHATL
Bce npucywme Ana HuX dyHKkumn. laHHoe Habnopenue co-
rnacyeTcs C COBPEMEHHBIMU MPEeACTaB/IEHUAAMM 0 MeXaHU3Me
penapaTMBHOI pereHepauuu MeyeHu nocie napeHxuMaros-
HOr0 KPOBOTEYEHMS.
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3AKJTIOHEHUE

PeakTuBHblE M3MEHEHWS! KNIETOK MOHOLMTApHOrO 3BeHa
KOCTHOro Mo3ra nocJie NapeHxuMaTo3HOoro KpoBOTEYEHNS Ne-
YeHW 3aKJIYAIOTCS B aKTWUBALWM NpOLLeccoB nponmdepaumuu
n anddepeHUMpoBKM Ha 3-u cyTku. Ha 7-e cyTKu yBenmum-
BAETCA MHTEHCUBHOCTb PEKPYTUHrA MOHOLMTOB W3 KOCTHOIO
MO3ra B nepudepuyeckyto KpoBb. Hepes 3 Hep, nocne napeH-
XMMaTO3HOro KpoBOTEYEHMs YPOBHW MOHO6/1aCTOB, MPOMOHO-
LMTOB U NOMMOPQHO-AAEPHBIX MOHOLIMTOB BO3BPALLAOTCS
K KOHTPOJIbHBIM 3HauYeHWsIM, TOrAa KaK copepkaHue cob-
CTBEHHO MOHOLMTOB COXPAHSETCS Ha BLICOKOM YPOBHE.

TakuMm 0bpa3oM, BbISIBNEHHbIE MeXaHWU3Mbl nposindepa-
uum, amddepeHLMPOBKY M PEKPYTUHTA KIETOK MOHOLMTapHOro
InddepoHa nocne NapeHxMMaTo3HOro KPOBOTEUEHMS NEYEHHU
MOryT NpeLCTaBNATb OCHOBY 1S pa3paboTKu KoppeKTUpyto-
LUMX MepONpUATUIA, HaMPaBNEHHBIX HA YCKOpPEHWe pereHepa-
LMW NEYEHM NpU €€ NapeHXMMaTO3HbIX NOBPEXAEHMSX.

AOMO/THUTE/IbHASA UHOOPMALIUA

Bknag astopos. H.C. ®enenko, E[I. Kybacosa, H.A. LLytckuii,
CJ1. KawyTvH — pa3paboTka naeu nccneoBaHus, aHanms LaHHbIX,
yTBEpXAeHWe TekcTa cTatbk; [1.B. Musrupes, P.B. Kybacos — nog-
rOTOBKA M HanmcaHwe TekcTa ctatbi, M.B. KatopuHa, A.B. Toponos,
0.B. Honrux — cbop Mmatepuano ans uccnenosanus, [.B. Latos,
H.B. CyxopykoBa, A.B. Cadporenko, [.B. Cadonos, I'.C. ['powmmm-
Ha, E.A. Kytysosa, C.H. JInnuenko, A.B. Cknsapos, T.B. OctaneHko,
C.A. AkonbsaHu, K.C. KapaxaHsiH, C.M. [polumnmMH — HayyHbIM aHa-
13, MHTEPMpeTaLMA pesysbTaToB, HanucaHne cTatbu. Bee asTopsl
MOATBEPKAIOT COOTBETCTBME CBOEM0 aBTOPCTBA MEX[IyHapOAHLIM
KpuTepmam ICMJE (Bce aBTOpbI BHECTIN CYLLIECTBEHHBIN BKNA B pas-
paboTKy KOHLLeNLm, NpoBeAEeHWe 1CCeJoBaHMS U MOArOTOBKY CTa-
bW, NPOYAM 1 0f0bpMAM UHaMBHYO BepcUio Nepes nybnnkaumen).
3Tuueckas akcneprusa. Bce npouenypbl, BbIMOMHEHHbIE B UC-
CNeAoBaHUAX C Y4acTUEM KMBOTHBIX, COOTBETCTBOBANM 3TUYECKUM
CTaHAapTaM, YTBEPKAEHHBIM MpaBOBbIMM akTaMu PoccuiicKon
®epepaumm, npuHUMNam basenbckoi Aexnapaumy U pekoMeHaa-
upaM 3Thdeckoro kommuteta @IBOY BO CIMY (ApxaHrenbek) MuHs-
apasa Poccuu, npotokon N® 04/05-23 ot 26.05.2023 .
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