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ABSTRACT

BACKGROUND: Identifying molecular genetic markers associated with a high risk of occupational diseases facilitates the
development of timely preventive strategies. The molecular genetic basis of vibration syndrome remains insufficiently
understood.

AIM: To investigate the associations between polymorphisms in the SOD2, TNF-a, IL-18, MMP-1, and IL-6 genes and vibration
syndrome.

METHODS: A case—control study was conducted involving 71 patients diagnosed with vibration syndrome. Patients diagnosed
with vibration syndrome were consecutively recruited from those undergoing examination and treatment at the Ufa Research
Institute of Occupational Medicine and Human Ecology between 2022 and 2023. The control group included 76 individuals with
no occupational exposure to vibration. Genotyping of polymorphic variants was performed using real-time polymerase chain
reaction with locus-specific fluorescent-labeled DNA probes and specific oligonucleotide primers.

RESULTS: A statistically significant association was found between the rs4880 polymorphism of the SOD2 gene and the
development of vibration syndrome: the T allele was identified as a risk factor, whereas the C allele appeared to have a
protective effect. No statistically significant differences were found in the genotype and allele frequencies of the rs361525
(TNF-a), rs16944 (IL-16), rs1799750 (MMP-1), and rs1800795 (IL-6) polymorphisms between patients with vibration syndrome
and the control group.

CONCLUSION: The rs4880 polymorphism of the SOD2 gene is associated with an increased risk of developing vibration
syndrome. No significant associations were found for polymorphisms in the TNF-a, IL-15, MMP-1, or IL-6 genes and developing
vibration syndrome. These findings may serve as a basis for developing screening programs aimed at identifying individuals
with an increased risk of developing vibration syndrome.
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AHHOTALMA

06ocHoBaHUe. BuisBneH1e MoNEKyNAPHO-TeHETUMECKMX MapKEPOB BbICOKOH BEPOSITHOCTW BO3HMKHOBEHMS MPOGhEccUoHasb-
HbIX 3aboneBaHui cnocobcTByeT paspaboTke Mep CBOEBPEMEHHOM NpodMnaKkTMKK. B HacTosee BpeMsa ocTaloTCA Manous-
YYEHHBIMU MONEKYNIAPHO-TEHETUYECKME acneKTbl BUBpaLMOHHO 6one3Hu.

Llenb. M3yyenne accoumaumin nonmMopdmamos reHos SOD2, TNF-a, IL-15, MMP-1 v IL-6 ¢ BubpaumoHHoi 60ne3HbIo.
Marepuanbl u MeToabl. B 0HOMOMEHTHOE MCCNEAOBaHME MO TUMY «CITy4aU—KOHTPOMb» Bbln BKAOYEH 71 naumeHT C Bu-
BpaumoHHoi1 bonesHbto. OTbop B rpynny ¢ AMarHOCTMPOBaHHOW BUOpaLMOHHOW 60ne3HbI0 NPOVU3BOAMIN CM/IOLLHBIM 06pa3oM
13 NauMeHTOB, NPOXOAMBLUMX 06CIe0BaHWE U NleueHMe B KNIMHUKe Y(UMCKOro HayyHO-MCCNea0BaTeNlbCKOro UHCTUTYTA Me-
OVLUMHBI TpYAa W 3Konoruv YenoBeka B 2022-2023 rr. [pynny KOHTpons cocTaBuiu 76 YenioBeK, He NoABEpPraBLUMXCA B Npo-
deccroHanbHoM AesTeNnbHOCTM Bo3gencTuio Bubpauuu. NMonvMopdHble BapuaHTbl FeHOB aHaNW3WUpOBanW NpU NOMOLLM Mo-
JMMepasHOi LIeMHOW peakLmMm C UCMOIb30BaHWEM CELMBMUECKUX ONIMIOHYKIIEOTUAHbIX NPaAiMEPOB M NOKYC-CNeLMPUUHbIX
MeueHbIX onmroHykieoTuaHbix JHK-30H40B B pexuMe peanbHOro BpeMeHH.

Pe3ynbrarbl. 1o pesynbrataM UccnefoBaHus BuiiBlieHa accoumaums nonmMopdHoro BapuanTa rs4880 rena SODZ ¢ passu-
TeM BMbpaumMoHHoM bonesnu: annenb T sBnAeTcA paKTOpoM pucka pa3suTusa 3abonesanus. Annenb C faHHoro noaumopd-
HOro BapuaHTa MMeeT NPOTEKTUBHOE 3HauYeHuUe Npu GopMUpoBaHMM BUBpaLMoHHO 6onesHu. Mpu u3ydeHun pacnpeseneHms
YacToT reHOTMMNOB M anjieneii NoNMMopdHbIX BapuaHToB rs361525 reHa TNF-a, rs16944 reHa IL-16, rs1799750 reHa MMP-1
1 rs1800795 reHa IL-6 He 0OHapYEHO CTAaTUCTUYECKW 3HAYMMBIX PasnuuMiA Y 00Ce0BaHHbIX DOMbHLIX C BUOpALMOHHOIA
0001e3HbI0 N0 CPAaBHEHMIO C KOHTPOJTbHOM FPYMNoiA.

3aknioueHue. OBHapyxeHa accoumaums nonumopgHoro BapuaHTa rs4880 rena SODZ ¢ BO3HWKHOBEHWEM BMBpaLWIOHHOM
bonesHu. Mpn 3TOM He HaMAEHO 3HAYMMON CBA3W Mexay nonumopdusMamu reHoB TNF-a, IL-18, MMP-1, IL-6 v passuTiem
BubpaumoHHoi bonesHu. MonyyeHHble faHHbIE MOMYT UCMOML30BaThCA AJ18 Pa3paboTKW CKPMHUHIOBLIX MPOrpaMM, Hanpas-
IEHHBIX Ha BbISBNIEHME NWL, C NOBBILIEHHBIM PUCKOM Pa3BUTUS BUBpaLMOHHOM bonesHu.

KnioueBble cnoBa: BubpaLmoHHas bonesHb; NpodeccuoHanbHble 3abonieBaHus; NoAMMopdU3M reHOB; anenu; reHoTUnbI.
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BACKGROUND

Vibration syndrome (VS) belongs to occupational dis-
eases. Workers in construction, shipbuilding and aircraft
manufacturing, mining, metallurgy, agriculture, and trans-
portation industries are at the highest risk of developing
VS. The main cause of VS is prolonged exposure to indus-
trial vibration exceeding permissible levels. VS holds one
of the leading positions in the structure of occupational
pathology [1]. The disease is characterized by diverse
clinical symptoms involving various homeostatic compo-
nents, multiple organs and systems, with specific course
features that often lead to disability. Typical manifestations
include changes in the nervous and cardiovascular sys-
tems, musculoskeletal apparatus, and metabolic proces-
ses. These disorders may occur concomitantly or sequen-
tially, affecting reflex, neurohumoral, and neuroendocrine
mechanisms [2, 3].

Genetic predisposition plays a significant role in indi-
vidual susceptibility to occupational factors, as well as in
the development and progression of occupational diseas-
es. Recent studies regularly publish new findings evaluat-
ing the contribution of genetic factors to the mechanisms
underlying occupational diseases [4-6]. The SOD2 gene,
which encodes superoxide dismutase 2 (S0D2), a man-
ganese-containing enzyme belonging to the core antiox-
idant defense system, is of particular interest. Impaired
enzymatic activity of SOD2 leads to increased oxidative
stress [7]. Tumor necrosis factor-alpha (TNF-a), a proin-
flammatory cytokine, plays a crucial role in vascular en-
dothelial activation and immune response regulation. Addi-
tionally, it affects type 1 collagen synthesis by fibroblasts,
demonstrating antifibrotic properties. Cytokines of the in-
terleukin-1 (IL-1) family participate in inflammatory pro-
cesses and immune regulation, serving as key mediators
of both innate and adaptive immunity. Studies have identi-
fied direct effects of IL-1 on bone tissue homeostasis, with
regulatory disruptions potentially linked to various bone
pathologies [8]. The matrix metalloproteinase-1 (MMP-1)
gene, expressed in various cells including chondrocytes,
fibroblasts, and epithelial and endothelial cells, also war-
rants attention. MMP-1 expression levels significantly in-
crease under pathological conditions, leading to abnormal
connective tissue degradation. Interleukin-6 (IL-6), a pleio-
tropic inflammatory cytokine, plays a substantial role in
immune response modulation.

Modern methods for identifying markers of high occupa-
tional disease risk provide new opportunities for developing
timely preventive measures. However, despite significant
progress, molecular genetic aspects of many occupational
diseases remain poorly studied.

AIM. The study aimed to investigate the associations be-
tween polymorphisms in the SO0D2, TNF-a, IL-15, MMP-1,
and /L-6 genes and vibration syndrome.
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METHODS

A cross-sectional case-control study was conducted.
The study included patients with VS caused by exposure to
whole-body vibration, local vibration, and combined vibration.
The patient sample consisted of 71 individuals (22.5% women
and 77.5% men) aged 23 to 79 years (mean age 59.9+1.6
years). Patients diagnosed with vibration syndrome were
consecutively recruited from those undergoing examination
and treatment at the Neurology and Occupational Pathology
Department of the clinic of the Ufa Research Institute of Oc-
cupational Medicine and Human Ecology between 2022 and
2023. The inclusion criteria for the group were confirmed
VS diagnosis, at least three years of work experience at the
enterprise, and residence in the Republic of Bashkortostan.
All participants were exposed to occupational vibration. The
majority in this group were employees of a mining and pro-
cessing plant.

The control group comprised 76 individuals (17.1%
women and 82.9% men) aged 23 to 79 years (mean age
53.0£1.0 years). The inclusion criteria for the control group
were excluded VS diagnosis, absence of chronic rheumatoid,
cardiovascular, or musculoskeletal diseases, no exposure to
vibration, and residence in the Republic of Bashkortostan.

The study protocol was approved by the Biomedical
Ethics Committee of the Ufa Research Institute of Occupa-
tional Medicine and Human Ecology (Protocol No. 01-01 da-
ted January 22, 2024). All patients provided written informed
consent to participate in the study.

DNA extraction was performed using the MAGNO-sorb
reagent kit (Central Research Institute of Epidemiology of
the Federal Service for Surveillance on Consumer Rights
Protection and Human Wellbeing). The study included the
following polymorphic variants: rs4880 of the SOD2 gene,
rs361525 of the TNF-a gene, rs16944 of the IL-18 gene,
rs1799750 of the MMP-1 gene, and rs1800795 of the IL-6
gene. Polymorphisms were detected using real-time poly-
merase chain reaction with locus-specific fluorescently la-
beled oligonucleotide DNA probes and specific oligonucle-
otide primers synthesized by DNA-Sintez (Moscow, Russia).
The Rotor-Gene Q cycler manufactured by Qiagen (Germany)
was used for the analysis.

The statistical analysis was conducted using Microsoft
Excel and IBM SPSS Statistics v.21 software packages. The
chi-square (x?) test was used to assess the compliance of
genotype frequency distributions with Hardy—Weinberg equi-
librium. The comparative analysis of allele and genotype fre-
quencies in the samples was performed using the ¥ test,
Yates correction ¥ test, or Fisher exact test. The odds ratio
(OR) with 95% confidence intervals (95% ClI) were calculated
to evaluate the influence of polymorphisms on disease risk.
OR > 1 was interpreted as a positive correlation between the
disease and the studied genotype or allele (risk factor). Con-
versely, OR < 1 indicated a negative correlation (protective
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factor). The statistical significance of differences was set at
p < 0.05.

RESULTS

No deviations from Hardy-Weinberg equilibrium were
observed for the studied polymorphisms in the control
group. In patients with VS, Hardy—Weinberg equilibrium was
not maintained for the polymorphic variants rs361525 of the
TNF-a gene, rs16944 of the IL-18 gene, and rs1800795 of
the IL-6 gene.

The results of the genotype and allele frequency dis-
tribution analysis for the studied polymorphic variants are
presented in Table 1. When analyzing the genotype frequen-
cies of the rs4880 polymorphic variant of the SOD2 gene, no
statistically significant differences were found between the

Vol. 31 (10) 2024

Exologiya cheloveka (Human Ecology)

patients with VS and the control group (p > 0.05). However,
a trend toward increased frequency of the homozygous T/T
genotype was observed compared with the controls. In the
patients with VS, the TT genotype was identified in 43.3%
of cases, whereas it occurred in 29.7% of the control group
(x? = 2.80, p=0.135). The analysis of allele frequency distri-
bution for the rs4880 polymorphic variant of the SOD2 gene
revealed a statistically significant increase in the frequency
of the T allele in the patients with VS (65.7% vs 52.7% in the
controls; x* = 4.88, p = 0.027). The calculated OR indicated
that the T allele was associated with a 1.72-fold increased
risk of VS (OR = 1.72; 95% Cl: 1.06-2.78). Conversely, the C
allele showed a significant decrease in frequency in the VS
group: 34.3% compared with 47.3% in the controls (y? = 4.88,
p =0.027). OR = 0.58 suggests a protective role of this allele
against VS (OR = 0.58; 95% Cl: 0.36—-0.94). The analysis of

Table 1. Comparison of the frequencies of polymorphic variant alleles and genotypes in the examined groups

Polymorphisms Genz,?l,:liss and Groupnwith vibration cui/:]sease : Control group% 2 or Fisher Frest )
rs4880 T 29 433 2 297 2.80% 0.09
(S0D2 gene) T/C 30 448 34 4.0 0.02* 0.889

o/ 8 119 18 243 281" 0.09
T 88 65.7 78 52.7 488" 0.027

c 46 343 70 473
$361525 6/ 61 85.9 63 84,0 0,82+ 0.928
(TNF-a gene) G/A 8 113 12 160 048" 0557
AA 2 28 0 00 0,26+ 0.470
G 130 916 138 920 1.00% 0333

A 12 8.4 12 80
rs16944 AA 15 259 12 164 175" 0.185
(-1 gene) A/G 20 35 ) 439 118" 0277
6/ 2 396 29 39.7 0.00% 0.993
A 50 431 56 384 0.60% 0.437

G 66 569 90 616
51799750 16/16 20 37.0 277 355 0.03* 0.860
(MMP-1 gene) 16/26 21 389 34 447 0.44* 0.506
26/26 13 241 15 198 0.35* 0.553
16 61 56.5 88 57.9 0.05* 0.820

26 4 435 64 421
51800795 c/C 12 203 9 122 1.09% 0297
(IL-6 gene) C/6 19 322 29 39.2 0.69* 0.405
6/ 28 475 36 486 0.02* 0.891
c 43 364 4 318 0.64* 0422

6 75 63.6 101 68.2

¥’ test; ** Yates correction y test; *** Fisher exact test.
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the TNF-a gene rs361525 polymorphic variant revealed no
statistically significant differences in the genotype frequency
distribution between the patients with VS and the controls.
The dominant G/G genotype was observed in 85.9% of pa-
tients and 84.0% of the controls (F = 0.82; p = 0.928). The
A/A genotype was detected in 2.8% of the patients with VS,
but was absent in the controls (F = 0.24; p = 0.470). Sim-
ilarly, no significant differences in allele frequencies were
found between the groups (F = 1.00; p = 0.333). The IL-18
gene rs16944 polymorphic variant showed no significant
differences in genotype frequencies between the patients
with VS and controls, though a slight increase in A/A ho-
mozygotous variant was observed in the patients (x> = 1.75;
p = 0.185). No statistically significant differences in allele
frequencies were detected between the patients with VS and
controls (2 = 0.60; p = 0.437). The analysis of the MMP-1
gene rs1799750 polymorphic variant revealed no signifi-
cant differences in genotype or allele frequencies between
the groups (p > 0.05). The 16/1G, 16/2G, and 2G/2G genotype
frequencies in the patients with VS were 37.0%, 38.9%, and
24.1% respectively, compared with 35.5%, 44.7%, and 19.8%
in the controls. The 1G allele frequency was 56.5% vs 43.5%,
and 26 allele 57.9% vs 42.1% in the patients with VS and the
controls, respectively. The IL-6 gene rs1800795 polymorphic
variant also showed no significant differences in the genotype
or allele distribution between the groups (p > 0.05). Despite no
statistical significance, a non-significant increase in C/C homo-
zygotes was observed in the patients with VS (20.3% vs 12.2%
in the controls; y? = 1.09; p = 0.297), with both groups showing
G allele predominance (63.6% vs 68.2%; x* = 0.64; p = 0.422).

DISCUSSION

This study evaluated the association between polymor-
phisms in the SOD2, TNF-a, IL-18, MMP-1, and IL-6 genes
and the risk of VS. An association was found between the
rs4880 polymorphic variant of the SOD2 gene and VS. How-
ever, no data were obtained indicating associations of the
rs361525 (TNF-a), rs16944 (IL-1), rs1799750 (MMP-1), and
rs1800795 (IL-6) polymorphic variants with VS.

The rs4880 single nuclectide polymorphism of the SOD2
gene, characterized by an alanine-to-valine substitution at
position 16, plays a significant role in various diseases. It is
believed that the T allele induces structural changes in the
mitochondrial domain of SOD2, which, in turn, leads to less
efficient post-transcriptional transport into mitochondria and
reduced superoxide anion neutralization capacity. Our study
demonstrated an association between the T allele of the
rs4880 SOD2 gene polymorphic variant and VS. This finding
partially aligns with the published data indicating this allele’s
association with increased risks of ischemic heart disease,
stroke, and cardiomyopathy (T allele frequencies in patient
cohorts with these diagnoses were 0.577, 0.481, and 0.670,
respectively) [7, 9, 10]. A higher frequency of the TT homo-
zygous genotype of the rs4880 SOD2 polymorphic variant
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was observed in the patients with VS and comorbid arterial
hypertension [11]. T allele may reduce resistance to mito-
chondrial reactive oxygen species and promote oxidative
protein damage due to inefficient mitochondrial transport
[12].

The studies have shown that finger numbness and other
symptoms in hand-arm vibration syndrome may be associ-
ated with elevated TNF-a levels [13, 14]. Increased TNF-a
levels have been detected in the patients with VS [15, 16]. The
TNF-a gene contains several polymorphic sites, including the
extensively studied rs361525. Some studies have reported
an association between the rs361525 polymorphic variant of
the TNF-a gene and susceptibility to rheumatoid arthritis and
psoriatic arthritis [17, 18]. The GG genotype and G allele were
more frequent in the patients with rheumatoid arthritis com-
pared with the controls (0.931 vs 0.839 and 0.965 vs 0.905,
respectively). However, similar results were not observed in
our study of the patients with VS.

Interleukin-1 beta (IL-1B) participates in various patho-
logical disc degeneration processes, with its expression sig-
nificantly increased in the cells and tissues of degenerative
intervertebral discs [19]. Elevated IL-1f levels have also been
identified in the patients with VS [15, 16]. Elevated proin-
flammatory cytokine levels in the patients with VS indicate
activation of inflammatory processes, potentially initiated
by altered immune reactivity during prolonged exposure to
physical factors [20]. TNF-a and IL-1B are among the first
responders to vibration exposure. Inflammatory mediators
cross the blood-brain barrier into the bloodstream, inducing
glucocorticoid production, which subsequently suppresses
the immune system [21]. The IL-1p cytokine is encoded by
the IL-16 gene, which is highly polymorphic. The polymorphic
variant rs 16944 of the IL-1f gene is known to influence sus-
ceptibility to intervertebral disc degeneration, with evidence
also linking it to predisposition for rheumatoid arthritis [22,
23]. For this polymorphism, the frequency of the C/C gen-
otype was 21.4% in the control group versus 34.7% in the
patients with intervertebral disc degeneration; C/T genotype
was 50.5% vs 44.4%; and T/T genotype was 28.1% vs 20.9%,
respectively [23]. The comparative analysis of genotype fre-
guencies in the patients with rheumatoid arthritis revealed
statistically significant increases in T/T homozygotes (13.4%)
and C/T heterozygotes (49.2%), along with a decrease in C/C
homozygotes (40.4%) compared with the controls (6.6%,
34.6%, and 58.8%, respectively) [22]. However, we found no
association between the rs16944 polymorphic variant of the
IL-1B gene and VS.

The evaluation of systemic inflammation markers re-
vealed a significant increase in MMP-1 levels in the group
of comorbid VS and arterial hypertension model [24]. The
key intronic variant of the MMP-1 gene is the rs1799750
polymorphism, which may lead to increased transcriptional
activity and MMP-1 expression. The studies of the rs1799750
polymorphism have shown its association with various in-
flammatory diseases, including rheumatoid arthritis and knee
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osteoarthritis [25, 26]. The frequency distribution of 161G,
162G, and 262G genotypes in the patients with knee osteo-
arthritis was 24.7%, 50.0%, and 24.7%, respectively, com-
pared with 34.4%, 49.8%, and 15.1% in the control group [26].
However, we found no association between this polymorphic
variant and VS.

The patients with VS combined with arterial hypertension
showed elevated levels of pro-inflammatory cytokines, in-
cluding IL-6 [27]. The authors suggest that alterations in the
cytokine profile intensify as VS progresses. Evidence indicates
that IL-6 gene polymorphisms may influence blood IL-6 con-
centrations and functional characteristics. The rs1800795 poly-
morphic variant, located in the promoter region of this gene, is
a factor determining individual susceptibility to inflammatory
processes and oxidative stress levels. This polymorphic variant
has been associated with susceptibility to intervertebral disc
diseases, rheumatoid arthritis, and the onset or progression of
knee osteoarthritis [28—31]. Higher frequencies of GC (46.5%),
CC (9.1%) genotypes, and the C allele (32.3%) were observed
in the patients with rheumatoid arthritis compared with the
controls (23.2%, 1%, and 12.6%, respectively) [28]. The CC
genotype frequency (15.0%) was also higher in the knee os-
teoarthritis group than in the controls (4.3%) [30]. Our study
revealed no statistically significant association between the
IL-6 gene rs1800795 polymorphic variant and VS. When an-
alyzing the data, we compared our results with those from
the studies by other authors focusing on VS and conditions
significantly influencing VS manifestations.

Study limitations. The main limitations include the small
sample size, which may have limited the ability to fully
achieve the study aim.

CONCLUSION

The study revealed an association between the rs4880
polymorphic variant of the SOD2 gene and VS. It can be hy-
pothesized that the T allele serves as a risk factor for VS,
while the C allele exerts a protective effect against disease
onset. No significant associations were found for polymor-
phisms in the TNF-a, IL-18, MMP-1, or IL-6 genes and devel-
oping VS. These findings may serve as a basis for developing
screening programs aimed at identifying individuals with an
increased risk of VS.
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AOMO/JHUTE/IbHAA UHDOOPMALIUA

Bknap aBtopoB. [ ®. Myxammaamesa — cbop [aHHbIX, aHamM3 W WH-
TepnpeTaums pe3ysbTaTtos, 0030p MTepaTypbl, NOATOTOBKA W HanmcaHue
TeKcTa cTatbit; 3.P. LanxnncnamoBa — KOHLENUWS U AU3aiH UCCNeoBa-
HWs, 0630p NnTEpaTyphl, peaakTupoBakme ctatbu; [.[1. Kapumos — cbop
[JaHHbIX, aHanW3 1 MHTepnpeTaums pesynstatos; [1.0. KapMoB — KoHuen-
UMS 1 AM3aiH 1cCnefoBaHus, 0630p nTepaTyphl, pefaKTMpoBaHue CTa-
Toi1; T.T. SlkynoBa — cbop AaHHbIX, aHanu3 U MHTepnpeTaLms pe3ynbTaTos;
f1.B. BanoBa — cbop [aHHbIX, aHanM3 U WHTEPMpeTaLmus pesysbTaTos;
A.A. TuzatynnnHa — cbop AaHHbIX, aHaNM3 1 UHTEPrIpeTaLIMs pe3yNbTaTos.
Bce aBTOpbI NOATBEPK/AAIOT COOTBETCTBME CBOETO aBTOPCTBA MEXAYHAPOL-
HbIM KpuTepusM ICMJE (Bce aBTOpbl BHEC/M CYLLIECTBEHHBIM BKIAA B pas-
paboTKy KOHLENUMM, NPOBELeHNe UCCNEA0BaHUSA W MOArOTOBKY CTaTbi,
npOY M M 0f06pMAM GUHanNbHY0 Bepcuto nepen, nybnmkaumen).
JTnyeckas 3KcnepTusa. [poTOKON MCCIEA0BaHWS 0A0BpEH KOMUTETOM
no 6uomeanumHekoid 3tuke OBYH «Ydumcknin HUIW meauumHel Tpyaa
1 3Konoruu Yenoseka» (npotoxkon N2 01-01 ot 22.01.2024). Bce naupenTs
noanucany MHQOpPMMPOBAHHOE COracke Ha y4acT1e B UCCIeA0BaHNM.
WUcTounukmn dpuHaHcupoBaHus. PaboTa BbINOMHEHa B paMKax 0Tpac/eBoi
Hay4Ho-1cCneoBaTeNbCkoit nporpammsl PeepanbHoit ciyxbbl No Haa-
30py B chepe 3aluuThl NpaB noTpebutenen u bnarononyums Yenosexa
Ha 2021-2025 rr. «Hay4Hoe 0b0CHOBaHWE HaLMOHANBHOM cuCTeMbI 0be-
CMEeYEHNs CaHWUTapHO-3MMAEMMONIOMMYECKOr0 bnaronosyyms, ynpaeieHus
PUCKaMM 3[10POBbIO 1 MOBBILLIEHUS KaYeCcTBa U3HW HaceneHns Poccumy,
MyHKT 2.2.9.

PackpbiTe MHTepecoB. ABTOPLI 3asIBNAIOT 00 OTCYTCTBMM OTHOLLIEHWIA, [ie-
ATENLHOCTV U MHTEPECOB 3a MOCNEAHVE TPW FOAa, CBA3aHHBIX C TPETbMM
JMLaMK (KOMMEPYECKUMM 1 HEKOMMEPYECKVMM), UHTEPECH! KOTOPBIX MOTYT
BbITb 3aTPOHYTHI COAEPIKAHMEM CTaTbU.

OpuruHanbHocTb. [1py CO3aHMM HACTOALLIEN PaboThl aBTOPbI He UCMOSb-
30Ban paHee 0nybIMKOBaHHbIE CBEAEHMS (TEKCT, MIMIKOCTPaLMK, AaHHbIE).
JocTyn K AaHHbIM. PeflaKLMOHHas NOSUTYKA B OTHOLLIEHWMW COBMECTHOMO
MCMONb30BaHUs AaHHbIX K HacTosALLEeN paboTe He MpUMeHWUMa, HoBble AaH-
Hble He cobupanu v He co3faBau.

leHepaTUBHbIA MCKYCCTBEHHbIV MHTENNEKT. [Ipy CO3aHMM HACTOALLEN
CTaTbyl TEXHONOTWM FeHEPaTUBHOMO WCKYCCTBEHHOrO WHTENNEKTa He uc-
No/b30BaM.

PaccMoTpeHue u peueHsupoBanue. HacTosllas pabota noaaHa B xyp-
Ha/l B VHWLMATMBHOM MOpPSLKE M paccMOTpeHa Mo 0BbIYHOM MpoLeaype.
B peLieH3MpoBaHWM y4acTBOBaNM [Ba BHELLHMX PeLeH3eHTa, YeH pefaK-
LIMOHHOWM KOMMIErUW W HayuHbIA pefaKTop U3faHus.
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