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Bo3MOXXHOCTM UCNOb30BAHUA HanpaBJieHHbIX
auMKaMyeckux rpagos npu nnaHUpPoOBaHUM

U MHTepnpeTaLumn pesysibTaToB 6MOMeAULLUHCKUX
UccnepoBaHUM

E.A. Kpurep', B.A. Moctoes’, A.B. Kyapssues', T.H. Yrrypsny', A.M. Mpxunbosckuin’ >3

! CeBepHbIN rocyaapCTBEHHbI MeMLMHCKMIA YHUBEpCUTET, ApxaHrenbcK, Poccus;
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AHHOTALMUA

B ctaTbe npeAcTaBeH ajroput™ NocTpOEHNs U NMPUMEHeHNs! HanpaeneHHbIX aumkndeckux rpacdos (Directed Acyclic Graphs,
DAGs) npv nnaHMpoBaHWM 3NMAEMUOOTMYECKUX U BroMeauumHCKux uccnegoBanuid. DAGs npepactaBnstoT coboii rpaduye-
CKWIM MHCTPYMEHT L1 MOJENTMPOBaHNA CNOXHBIX CBA3EH MeX Ay NepeMeHHbIMM, YTO 0COOEHHO aKTyanbHO B brioMe ULMHCKOM
HayKe, re KOPPEeKTHas OLeHKa NPUYUHHO-CNIEACTBEHHBIX CBA3eM TpebyeT y4éTa NoTeHUManbHbIX BMELUMBAIOLLMXCA (aKTo-
poB. [Mopuépkusaetcs 3HaummocTb DAGS 15 KOHLENTyanu3aumm Hay4Ho r1noTesbl U NOHUMaHUS CTPYKTYPbI CBA3EH Mexay
(aKTopaMM Ha OCHOBE aHanM3a IMTepaTypbl U pe3ynbTaToB paHee NPOBeAEHHbIX uccnepoBanuit. lpumenenne DAGs cnocob-
CTBYET NOBBILLEHNI0 KAYECTBA KaK NaHMPOBaHUs UCCNIeA0BaHNA, TaK U aHann3a AaHHbIX, obecneunBas bonee 060CHOBaHHbIN
noaxop, K oTbopy nepeMeHHbIX ANS BKIOYEHWUS B MaTeMatudeckue mogenu. DAGs nosBonsiloT onpefenntb MUHUMATbHBIA
W [LOCTaTOYHbI Habop (aKTopOB A1 KOPPEKLMM C YYETOM POSIK NepeMeHHbIX (KoHbayHAepoB, MeanaTopoB, KONNaiLepoB)
OTHOCUTESIbHO BO3elcTBMSA (BepoATHOrO aKTopa pucKa) u ucxoaa (3aboneBaHms UK COCTOSHUA), TEM CaMbIM CHUXas pUCK
aHaIUTUYECKUX OLLMOOK. B cTaTbe aKLEHTUpYeTCS BHUMaHWe Ha npaKkT4eckoM npuMeHeHun DAGs ¢ nomoLblo fOCTYMNHOTO
nporpaMMHoOro obecneyeHms, a TaKKe NPeACTaBNeHbl KOHKPETHbIE MPUMEPbI UCMOMb30BaHMSA rpadoB B HMOMEIULMHCKMX
uccnenoBaHusx. B 3aknioueHne npefioxeHbl pekoMeHaauuy no uuterpaumm DAGS B npakTuKy BuoMeamuMHCKMX Uccnepo-
BaHWM, 4TO MOXET crnocobcTBoBaTh Hosiee LWMPOKOMY BHEAPEHMIO COBPEMEHHBIX METO[0B MHOFOMEPHOIO CTAaTUCTUYECKOro
aHann3a, ynyyLeH1o UHTEPNPETMPYEMOCTU U NMOBLILLEHWIO BOCMPOU3BOAMMOCTM Hay4HbIX Pe3yNbTaTos.

KnioueBbie cnosa: HarnpaBJieHHble aUUKJIMYeCKne rpadel; NPUYNHHO-CNIeACTBEHHAA CBA3b; HabntogaTenbHble
uccienosaHud; annaeMuosorus, KOHdJGYH,U,ep; MeanaTop; Konnaﬁn,ep.
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ABSTRACT

This article presents an algorithm for constructing and applying directed acyclic graphs (DAGs) in the planning of epidemiological
and biomedical studies. DAGs are graphical tools for modeling complex relationships between variables, which is particularly
relevant in biomedical science, where accurate assessment of causal relationships requires accounting for potential
confounding factors. The importance of DAGs is emphasized for conceptualizing scientific hypotheses and understanding the
structure of relationships between factors based on scientific data review and findings from previous studies. The use of DAGs
enhances the quality of both study design and data analysis, providing a more grounded approach to selecting variables for
inclusion in statistical models. DAGs make it possible to determine the minimal and sufficient set of factors for adjustment, with
consideration of the roles of variables (confounders, mediators, colliders) in relation to the exposure (a probable risk factor)
and the outcome (a disease or condition), thus reducing the likelihood of analytical errors. The article highlights the practical
application of DAGs using available software and provides specific examples of their use in biomedical research. Finally,
recommendations are offered for integrating DAGs into biomedical research practice, which may contribute to the broader
adoption of modern multivariate statistical methods, improved interpretability, and enhanced reproducibility of scientific
findings.

Keywords: directed acyclic graphs; causal inference; observational studies; epidemiology; confounder; mediator; collider.
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Ob0CHOBAHUE

OueHKa NpUYMHHO-CNESCTBEHHO CBA3N MeX[y BO3[eN-
cTBMeM ((aKTop pucKa) M ucxoaoM (3abonesBaHue mnm co-
CTOSIHWE) — 0Ha U3 KITKOYEBbIX 33734 3NUAEMUONOTUYECKUX
uccnenoBanuii. Mpy 3ToM 3afaqen UccnefoBaTens ABnseTcs
OLieHKa He3aBUCUMOTO BIIUSIHUA BO3AEACTBUA Ha UCXOZ C UC-
KIHOYEHWEM BAUAHUA Ha U3y4aeMylo CBA3b ApYrux GaKTopoB,
KOTOpble HOCAT Ha3BaHWe KOH(ayHAepoB, WM CMeLLMBalO-
wmx ¢aktopos. Hanbonee HapéxHbIM METOAOM Onpenene-
HWS MPUYMHHO-CIEACTBEHHOM CBA3M ABMSETCA paHA0MU3NPO-
BaHHOE KOHTPO/MPYEMOe UCTbITaHWe, NOCKONBbKY NpoLeaypa
paHAOMM3aLMM TeopeTUYecky obecneynBaeT paBHOMEpHOE
pacnpefeneHne Y4acTHUKOB C Pa3fiMiHbIMU XapaKTepucTH-
KaMu MeXay rpynnamu, YTo YCTpPaHSIeT BAIUSIHUE MOTEHLM-
anbHbIX KOHpayHAEPOB Ha U3ydaeMylo cBA3b. B T0 e Bpems
paHOOMW3aLMA BO3MOXKHA TOJbKO MPU 3KCMEPUMEHTANbHbIX
UccnefioBaHNAX, a WX WUCMONb30BaHWe, B CBOK 04epe[b,
OrpaHWYeHO BBLICOKOM CTOMMOCTbIO, TPYAOEMKOCTb, He-
BO3MOXHOCTbH) WU3YYEHWUS BAMSHWUA BPeLHbIX BO3LENCTBUN.
B cBA3M ¢ 3TMM uUccnegoBaTenu yalle npuberawoT K aHanusy
CBA3El Ha OCHOBe AaHHbIX HabmoaatenbHbix (obcepBauu-
OHHbIX) CCNE0BaHMIA, TaKUX KaK KOTOPTHbIE UMW UcCnefo-
BaHWA MO TUMY «Ciy4aii—KOHTPONb». [lonepeyHblii An3aiiH
“ccneaoBaHus, HECMOTPSA Ha OrPaHUYeHNs, MOXET BbITb UC-
Mnosib30BaH ANS OLEHKW accoLmaunin Mexay BO3LENCTBUEM
1 McxonoM 1 hopMUPOBaHNSA rMNOTe3, KOTopble B JalnbHel-
LweM MoryT BbITb NPOBEPEHBI C UCMOb30BaHWEM bonee nog-
XOASALMX 4151 YCTAHOBIEHWS NPUYUHHO-CIIEACTBEHHOMN CBA3U
AM3aiHOB, ONMCaHHbIX Bbiwe [1]. [pyu M3yyeHun npuymMHHO-
CNeLCTBEHHON CBSA3WM B HabmoaaTeNbHbIX UCCNeL0BaHUAX
Tpebyetcs rnybokoe NoHMMaHWe ponm pasnuyHbIx HaKTopoB
B OTHOLLEHMM BO3[LEMCTBUA W UCXOLA AN MUHUMM3aLMN BNK-
SIHWA 3TUX (aKTOPOB Ha U3y4aeMylo CBA3b W bonee KOPpeKT-
HOM eé OLEHKM M uHTepnpeTaumn. Hanpumep, npoxwBaHue
B CEMNbCKOW MECTHOCTM (M3y4aeMoe BO3AENCTBUE) Mpu nep-
BOHa4aNbHOM rpyboM WM HECKOPPEKTUPOBAHHOM aHanu3e
MOXET ObITb CBA3aHO C PUCKOM CMEPTH OT OCTPbIX COCTOAHMUIA
(M3yyaeMblit UCXOA), CBA3AHHBIX C HapYLLEHWEM KpoBoObpa-
LLEHUSA, HO NpW y4éTe BMelLmBatomxca daktopos (bonee
BbICOKMI CPeAHMIA BO3PACT XuUTeNen cena, bonbluas BeposT-
HOCTb HECBOEBPEMEHHOO OKa3aHWUA MeAULIMHCKOW NOMOLLY)
CUN1a CBA3M YMEHBLLAETCA 10 HE3HAUUMBIX YPOBHEN.

HanpaBneHHble aunknmnuyeckue rpadel (Directed Acyclic
Graphs — DAGs) — 370 rpaduuyecKuii UHCTPYMEHT, KOTOpbIN
ucnonb3yeTcs B HabMoAaTeNbHbIX 3MUAEMUONIOMUYECKUX UC-
CnefoBaHusAX AN aHann3a cBA3u (MPUYMHHO-CNeACTBEHHON)
MEXAY U3y4aeMblM BO3AEACTBMEM U UCXOLOM C YYETOM BO3-
MOXHOTO B/IMSHUSA HA CUNY W HanpaBfeHHOCTb 3TOW CBA3M
APYrvX NoTeHUManbHo BMeLLMBaloLLmXca GaKTopos [2-4].

DAGs npeacTaBnsioT coboid npocToii cnocob BuU3yannu3sa-
LMW CBA3U MeX Iy BO3AEHCTBMEM M UCXOLOM Ha OCHOBaHUM
aHanM3a MMEKLLMXCA IUTEpPaTYPHBIX AaHHBIX, a TaKKe 3Ha-
HWiA, TMNOTE3 W AONyLeHUn uccneposatens [2-4]. Mcnonb-
3oBaHue DAGs no3BonseT CTpyKTypupoBaTb MHGOpMauMio,
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JKoNorna HenoBeka

MOJTyYeHHYI0 N0 pe3ynbTaTaM paHee NPOBeAEHHBIX Uccneno-
BaHWH, YETKO chOopMynMpOBaTb UCCIIe0BaTeNbCKMIA BOMPOC,
HarnsgHo NpeACcTaBUTb CBA3M MEXAY pa3nuyHbiMU haKTopa-
MW 1 ONPeAeNnUTb MUHUMaIbHBIW Habop NoTeHUUanbHO BMe-
WwuBatoLmxcs (haKTopoB, KOTOpble HEOOXOAMMO YUMTHIBATH
ONs KOPPEKTHOW OLEHKU BAMSHWSA BO3LENCTBUA Ha MCXOP.
Bcé 310 noBbILLIAeT BOCNPOM3BOAUMOCTb UCCE0BaHMS, fe-
nas ero bonee NOHATHBLIM [7151 LLMPOKOrO Kpyra uccnefosare-
neid, yNyyLLaeT MHTEPNPETUPYEMOCTb M COMOCTaBUMOCTb €ro
pe3ynbTaToB C pe3ynbTaTaMu APYruX UcciesoBaHui.

HecMoTps Ha npeumywiectsa DAGs pans Bu3yanusaumm,
KOPPEKTHOW OLEHKU W MHTEpNpeTaLmM U3yyaeMblX CBA3EH,
WX WUCMOMb30BaHNE B POCCUICKUX BMOMEOMLIMHCKMX ucche-
[0BaHUSX OCTAETCA OrpaHuyeHHbIM. BeposiTHo, 3To cBA3a-
HO C HeJO0CTaTO4YHON OCBEJOMNEHHOCTBIO MCCNefoBaTenell
0 BO3MOXHOCTSIX JaHHOMO MeTo/a U OTCYTCTBUEM PEKOMEH-
AauMiA Ha PYCCKOM fi3blKe M0 NOCTPOEHMI0, MHTEpMpPeTaLMu
u npeactaenennto DAGs B nybnmkaumsx. B HacTosiLen cTaTbe
npefcTaBieHbl NOLIAroBble MHCTPYKLUMU MO UCMO/b30BaHMIO
DAGs B broMeMUMHCKUX MCCNE0BaHUSX C UCTI0Nb30BaHu-
€M KaK PYCCKOA3bIYHOM, TaK W aHTNI0A3bIYHON TEPMUHONOTUM,
KOTOpas NOMOXET 0TeYeCTBEHHLIM aBTOpaM paboTarb ¢ aH-
TNOA3bIYHBLIM NPOrPaMMHBIM 00ecneyeHneM 1 fydLle NoHU-
MaTb MHOCTPaHHbIE Hay4Hble NyBnKaumm.

TEPMWHONIOMNA DAGs

DAGs — 310 HenapaMeTpuyecKoe rpaguueckoe npea-
cTaBneHue Habopa QaKTopoB (MepeMeHHbIX) B 33afaHHOM
KOHTeKcTe uccnenoanus. B tepmmunonorum DAGs nsydaeMsle
(aKTopbl (NepeMeHHbIe) Ha3blBatoTcA y3namu (nodes), KOTo-
pble coeauHsOTCS Mexay coboii myramu/cTpenkamu (arcs/
arrows; puc. 1). Ctpenka Mexay AByMs y3namu ob03Havaet
HasuumMe 1 HanpaBneHWe NpegnonaraemMon (MPUUUHHO-Ces -
CTBEHHOI) CBA3Y, HO He YKa3bIBaeT €€ 3HaK (MONOKUTENbHbIN
WK OTpULLATENIbHBINA), BENMYMHY (CUNbHAaA uam cnabas), xa-
paKTep (MMHelHas UM HeNMHelHas) UK TOYHoe MaTeMaTu-
yeckoe BblpaxeHue, 4to genaet DAGS HenapaMeTpuyecKom
MoJenbIo.

Y3nibl, OT KOTOPbIX MCXOAAT CTPESIKM, HA3bIBAIOTCA NPea-
Kamu (ancestors), a y3nbl, K KOTOpLIM HarpaBJieHbl CTpes-
KM, — notoMkamu (descendants). [ns ynydwenus uu-
TaeMoCTU M MHTepnpeTupyemMocTu rpada peKoMeHgyetcs
cobniofaTh HaNPaBEHHOCTb CTPEJIOK B OAHOM HamnpaBieHUH
(kaK mpaBwno, cneBa Hanpago), a Takxe u3beraTb nepexpe-
LUMBaHMA CTpenoK. BaxHo He neperpyatb rpad M30bITOUHbI-
MW y311aMW, He BAUAIOLLMMU Ha aHanu3upyemyio (MpUYMHHO-
CeACTBEHHYI0) CBA3b MEX.Y BO3AEHCTBUEM U UCXOAO0M.

l0BOPS 0 HaNMUUM CBA3U MEXAY BO3LENCTBUEM U UCXO-
A0M, Mbl NpegnonaraeM, 4to M3MeHeHWe BO3AeNCTBUS NpU-
BEAET K U3MEHEHMI0 BEPOSITHOCTM UCX0a — BEPOSATHOCTHOE
obocHoBaHue (probabilistic reasoning). B KoHTeKcTe KoHTp-
(aKTnyeckoro obocHoBaHus (counterfactual reasoning)
Mbl MPeLNonaraeM, YTo eciv BO3AEHCTBIE U3MEHUTCA, TO U3-
MEHUTCA U UCXOA.




REVIEW

MocnenoBatenbHOCTb COEAMHEHHBIX CTPESIKaMW Y3108,
BefyLLas oT BO3[ENCTBUA K Ucxody, 0b03HauaeTcs TepMUHOM
«nyTb» (path). H1 oauH 13 dakTopoB (NepeMeHHbIX) He MOKET
BbITb NpKuKHOIA camoro cebs, To ecTb He CyLLeCTBYET NyTH, KO-
TOPbIi NPOXOAMT ABaAbl Yepe3 oauH y3en. Moatomy B DAGs
HET 3aMKHYTbIX LMKII0B, YTO OTPaXaeT NpsMoi NOPSAOK Npu-
UMHHOCTW: NpuumMHa — cneacteue [5]. PasHble nytm Mmoryt
NPOX0AMTb Yepes 0AMH Y3eN, a Y3e/1, B KOTOPOM CX0AMTCA He-
CKONbKO CTPENOK, Ha3blBaeTcA cynepysnom (super node) [6].

MyTn 6bIBAKOT OTKPLITEIMU M 3aKPbITEIMU. [TyTb MexAay
ABYMSl MepeMeHHbIMW CUMTAETCA OTKPbITBIM, ECAIN MEXOY
HWUMM CyLLLeCTBYET CBAI3b: 3HAHUE 3HAYEHMUS OHON MepeMeH-
HOI M03BOJISIET OLEHUTb BEPOSTHOCTb ApYroM. [yTb cumTa-
€TCA 3aKPbITbIM, EC/IM 3HaUMMON CBA3W HeT. [lyTu, KoTopble

Puc. 1. Mpumep noctpoenmns DAG.
Fig. 1. Example of DAG construction.
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oT0bpaaloT peanbHoe BAUSIHUE OJHOW NePeMeHHON Ha Apy-
ryl0, Ha3blBAKOTCA MPUYUHHO-CEACTBEHHbIMU. [lyTH, KoTo-
pble CO30al0T JIOKHbIE CBA3W MEXAY MepeMeHHbIMM, Ha-
3blBalOTCA OLIMOOYHBIMM (CMeLLEHHbIMM) myTamMM (biasing
path). Ha puc. 1 npuunHHO-cneAcTBeHHbIE MyTU 00603HaYe-
Hbl 3eNEHBbIMM CTPEJIKaMK, a OLIMBOYHbIE NYTU — KpacHbI-
MW. [Ing TOYHOW OLIEHKM M3y4aeMOii CBA3M BaXKHO 3aKpbiTb
OLIMBOYHBIE NYTM C MOMOLLbI0 YYETA U KOPPEKLMM BAMSHUA
BMeLLMBAIOLMXCA (AKTOPOB, CBA3AHHBIX C BO3LENCTBUEM
1 UCXOA,0M MOCPEACTBOM 3TUX OLIMBOYHBIX NyTe.

MOCTPOEHMUE DAGs

Moctpoenne DAGS BO3MOXHO C WUCMO/Ib30BAaHUEM pa3-
JINYHBIX NPOrPAMMHBIX MHCTPYMEHTOB, BK/IO4as UHCTPYMEHT
DAGitty, naketbl ggdag v dagitty ans R, 6ubnunotek networkX
1 pgmpy ana Python [7]. B naHHo# cTaTbe npeacTaBieH no-
warosbld anroput™ noctpoeHns DAGs ¢ ucnonb3oBaHueM
nporpamMMHoro obecnevenns DAGitty. Mporpamma DAGitty
[O0CTynHa becnnaTHo Kak B OHNalH-Bepcuu Yepes3 bpaysep
Ha calite www.dagitty.net, TaK U B BUAE NPUNOKEHUS, KO-
TOPOE MOXHO YCTaHOBMTb Ha NEPCOHaNbHbIA KOMMbHOTED.
DAGitty paspabotaHa u nogpaepxusaetcs UHCTUTYTOM Bbl-
uMCIUTENBHBIX U WHGOPMALMOHHBIX HayK Papbayackoro
yHuBepcuteTa (The Institute for Computing and Information
Sciences at Radboud University) u kadegapoit 61uomeamLmnH-
CKMX HayK YHUBEPCUTETCKON KMHUKM Papbayn (The Medical
BioSciences department at Radboudumc) B HeiiMereHe,
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Puc. 2. Hauano (uHuumaums) noctpoenus DAGs, onpeaeneHue BO3AENCTBUA U UCX0AA.

MepeBog uHTepdeitca nporpammbl: A — New model (HoBas Mogen), Load from daggity.net (3arpysuts 13 daggity.net), Export as PNG (akcnoptupoBars/
ckauartb B popmate PNG), Export as JPEG (skcnopTupoBate/ckadath B popmate JPEG), Publish on daggity.net (ny6nmukosars B daggity.net), Export LaTeX
code (3kcnopTupoBatb/ckadath LaTeX ko), B — name of the new variable (HasBanue HoBoit nepeMeHHoif), OK (aa/npunste), Cancel (oTMeHa); C —
Variable (lepeMeHHas), exposure (Bo3aeicTtaue), outcome (1cxon), adjusted (ckoppekTupoBaHo), selected (BbiGpaHo), unobserved (He HabnopaeTcs/HeT

[DaHHbIX).

Fig. 2. Initiation of DAG construction: defining the exposure and the outcome.

DOl https://doiorg/10.17816/ humecob83466



http://www.dagitty.net

305

0630P

Hunepnangbl [7]. A3blKk nporpamMmHoro obecneueHus —
aHIJIMACKUA.

MocTpoenne DAGS pekoMeHayeTca Ha Tane nyiaHMpoBa-
HWA UCCNefoBaHNs, [0 Havana cbopa AaHHbIX, Ans onpefe-
NEHWS KPUTEPUEB BKITIOYEHUSA W HEBKJTIOYEHUS YYACTHUKOB
npu ux oTbope, a TaKKe NepeyHs NOTEHLMANbHO BMeLLMBa-
toumxcs hakTopoB (MepeMeHHBbIX), MUHGOpPMALMIO 0 KOTOpbIX
npeactout cobpatb. Mpu HeBo3MOKHOCTU nocTpoerns DAGS
Ha 3Tane NJaHWMpOBaHWSA, HanpuMep, Koraa uccneaoBaTesb
pabotaeT ¢ paHee cobpaHHLIMM LaHHBIMM (BTOPUYHBIN aHaKU3
AaHHbIxX), noctpoeHne DAGs criegyeT BBINOAHUTL Nepef npo-
BeIEHMEM CTaTUCTMYECKOro aHanu3a.

Ina noctpoennss DAGs Ha oduumanbHoM caite
www.dagitty.net B MeHio bpaysepa (B BepXHel YacTu 3Kpa-
Ha) HYXHO BbIOpaTh BKNaaKy «Model» (Mopens), a 3ateM
BblbpaTh M3 Bbinapatlwero crmcka «New model» (Hosas
Mogenb; puc. 2A), nocne Yero MosBUTCA cneumanbHas 06-
NacTb Ha 3KpaHe Ans nocTpoerus rpada. MNpu KinKe B Nioboil
yacTu 3T 06N1acT OTKPOETCS OKHO, B KOTOPOE HYXHO BBE-
CTU Ha3BaHue (akTopa (nepeMeHHou; puc. 2B). Takyio npo-
Lenypy Heobxomumo OyneT NOBTOPUTL Ans BCEX (aKTopoB
(NepeMeHHbIX), KOTOpbIE JOMKHbI ObITb BKIIKOUEHbI B aHanm3.
Mpy HeobX0AMMOCTM Ha3BaHWE MePEMEHHBIX MOXHO U3Me-
HWTb. [INS 3TOr0 HYXKHO KIIMKHYTbL HA NEpeMEHHYI0, KOTOpYHo
Hafio nepeuMeHoBaTb, W BbibpaTb «rename» (MepenMeHo-
BaTb) B MeHI0 «Variable» ([lepeMeHHas) B leBOM BepxXHeM
yriy 3kpaHa (puc. 2C).

Moctpoenne DAGs HaumHaeTcs C onpeaeneHns BO3Aen-
CTBMA U ucxofa. [Ins 3Toro HyMHO BbIOpaTb MepeMeHHyo,
3aTeM B MeHIo «Variable» ([TlepeMeHHas) yCTaHOBUTb ranouKy
panoM ¢ «Exposure» (Bosnenctaue) unu «Outcome» (Mcxon),
B 3aBMCMMOCTM OT TOrO, KaKyio ponib byaeT BbINOHATL Bbl-
OpaHHas nepeMeHHas B BaweM aHanuse (puc. 2C). Mocne
onpefeneHus nepeMeHHbIX KaK BO3L4EMCTBUA WAM UCXofa
OHM BymyT 0603HaUaTLECA CeLManbHBIMU 3HAUYKaMM (3eN1EHBIN
ANS BO3LENCTBUSA U CUHUIA ANs UCXOAA), NO3BONSHOLLMMU OT-
NM4aTh 3TU KIIOYEBLIE MEPEMEHHBIE OT APYruX NepeMeHHbIX
B rpade.

Kaxpbin rpad pomkeH BKAKYaTb O4HO BO3AEWCTBUE
M 0auH ucxop. Ecnm Lenbio ABNsAeTCA OLEHKa BAMSHUA He-
CKOJTbKWUX BO3[ENCTBUIA Ha OAMH MUCX0Q, AN KaXAoro BO3-
LEeNCTBUA CTPOMTCA OTAENbHbINA rpad), NMOCKOSbKY Ha CBA3b
MEX/Y KaXAbIM KOHKPETHbIM BO34EHCTBUEM U UCXOLOM BIU-
SI0T YHUKNbHble HaKTopbI, KOTOPbIE BAXHO BbISBUTL U Y4eCTb
npv aHanuse. CBAi3u, NpefiCTaBNAIOLLME UHTEPEC ANA UCCTIE[0-
BaTens, JO/KHbI ObITb YETKO OTPaEHbI B LMW UCCNEA0BaHMA.

Mocne Toro Kak BO3LEWCTBME WM WUCXOA OMpeneneHbl,
HeobXoAMMO 0003HaUUTb CBA3b MEXAY HUMU CTPESIKON,
HarpaBfieHHOW 0T BO3AeHCTBMS K ucxody. YTobbl co3patb
CTPENIKY, HYXHO KIIMKHYTb Ha NMEpEMEHHYI0 «BO3LENCTBUEY,
a 3aTeM Ha nepeMeHHyto «ucxody». Ecrim LercTere NoBTOPUTD,
CTPeJiKa UcuesHeT. 3enéHas CTpeska yKasblBaeT Ha NpUYMH-
HbIi NYTb (TO CTb MPUYMHHO-CNEACTBEHHYIO CBA3b), @ Kpac-
Has — Ha owwubouHyo cBA3b. LiBeT cTpenkv onpepenset-
CA aBTOMAaTMYECKU MPOTPaMMOM U OTpa)aeT KOPPEKTHOCTb
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HanpaBneHHoW cBA3n. Ecnn cTpenika HanpaBneHa OT UCXO-
03 K BO3[ENCTBUIO UMW CTAHOBMTCA [BYHANPaBeHHOM, OHa
OKpacuTCA B KPacHbIi, yKasbiBas Ha owmbky (puc. 2D). 310
CBAi3aHO C TeM, 4To DAGS [0M¥HBI 6bITb ALMKIIMUHBIMK, 3aM-
KHYTbIE LIMKJIbI HE JOMYCKATCA.

Nlanee HeobxoamMMo A06aBuTh B rpad daKTopbl (NepemeH-
Hble), NOTEHUMANbHO CBA3aHHbIE C BO3LENCTBUEM W/WIN UC-
XOA0M, 1 YKa3aTb CTPeSKaMu HanpaBNeHHOCTb CBA3W. B rpad
cneayeT BKIOYMTL BCe MEPEMEHHbIE, KOTOPLIE MO AaHHBIM
NTepaTypbl UM UCXOAA U3 TUNOTe3bl U SONYLLEHUIA UcChe-
[0BaTens BaXHbl A71A OLEHKW cBA3u. [laxe npu oTcyTCTBUM
AaHHbIX 0 HEKOTOpbIX (haKTopax UX HeobXo4UMO YUMTLIBATD,
€C/NIM TEOPETUYECKM OHU MOTYT BAIATb Ha U3y4aeMyH CBA3b.
Mpun noctpoeHun DAGs npoBepsAeTca Hanmume CBS3U Mexay
niobbiMM ABYMS NepeMeHHbIMU. OTCYTCTBUE CTPENKM MeXy
nepeMeHHbIMU 03H3YaEeT, YTO MEXAY HUMM HET cBA3M (acco-
LmaLmm).

MWHWUManbHbIA HEOOX0AMMBIMA M [OCTATOYHBIA ANA Kop-
PEKTHOM OLLEHKM U3y4aeMoii (MPUYMHHO-CIIeACTBEHHOM) CBA-
31 Habop nepeMeHHbIX onpepensetca npu noctpoeHnu DAGs
BW3yaNlbHO WM anropuTMUMYecKU. TOYHOCTb MOJTyYEHHOI
OLIEHKW 3aBUCUT OT TOrO, HaCKONIbKO KoppekTHo DAGs ot-
paxaeT GaKTUYeCKMe MeXaHWU3Mbl CBA3EN MEX[y NepeMeH-
HbIMM, 4TO TpebyeT KpuTUYECKOro aHanusa. B 3aBucumMocTH
OT LI UCCNeAOBaHNA M 3aAaHHbIX YCNOBUIA MporpamMMa
DAGitty MoXeT NpefNOKNTb HECKOMBKO LOMYCTUMBIX Habo-
POB MepeMeHHbIX ANS KoppeKuuu. [ns Kaxpaoro u3 peko-
MEeH[L0BaHHbIX HabopoB MOXHO NOOYEpEHO BbIbUpaTh nepe-
MEHHbIE W YCTaHaBNMBaTh HaNpOTUB HUX ranouky «Adjusted»
(CkoppeKTupoBaHo) B MeHto «Variable» (llepeMeHHas), 4ToObI
0603HauNUTb KOppPeKLMIo. 3T0 NO3BONISET BU3YaNlbHO OLIEHUTD,
KaK M3MEHSIOTCA MPUYMHHBIE MYTW B rpade nocie Koppek-
umu. Mpu NpaBMibHOWM KOPPEKLMM KpacHble CTpenku, 0bo-
3HaYaloLLMe OLLIMOOYHBINA MYTb, CTAHYT YEPHBIMM (OLUMBOUHBIN
nyTb 3aKpbiT). CnegoBaTenbHo, UTOroBas Mogenb He byger
COLLEPIKATb KPaCHbIX CTPESIOK.

MonyyeHHbIM ¢ nomowblo DAGitty rpad MoXHO cKavaTb
B opMaTe pucyHKa, BbibopaB B MeHio DAGitty «Model» (Mo-
[Lenb), a 3aTeM BblbpaTh M3 BhinafatoLLero cnivcka «Export as
PNG/JPEG» (3xcnopTuposatb B popmMate PNG/JPEG).

Mpu noctpoeHnun DAGs aBTOMatuuecku dopmupyetcs
Koa monenu (Model code), TekcToBOE OnMcaHue CTPYKTYpbI
rpada, KOTOpoe MOXKHO CKOMMPOBaTb, COXPaHWUTb, Mepe-
cnatb Konneram. Takoi dopMaT ynpoluaeT BoCnpou3Befe-
HWe U pefaKTUpoBaHue rpada: He noTpebyeTcs CTPOUTB ero
33HOBO — [0CTaTOYHO BCTaBUTb COXPAHEHHBINA KOJ, B OKHO
«Model code» (Koa Mopenu) B npaBoi YacTu paboyei obna-
ctv DAGitty u HaxaTb «Update DAG» (06HoBUTb DAG).

P01 NEPEMEHHBIX N0 OTHOLIEHUHO
K BO3AEUCTBUIO U UCXOAOY

Ocoboe 3Ha4YeHMe 0TBOAUTCA onpeaeneHunio posn d)aKTO-
pos (I'Iepl'-JMEHHbIX) MO0 OTHOLLEHMIO K BO3AEUCTBUIO U uexopy
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ANS BbISBNEHUS (aKTOpOB, YUMTLIBATbL KOTOpblE HeobXxoau-
MO, U (aKTOpOB, KOPPEKLMA Ha KOTOpble MOXET MpUBECTH
K MCKaXKeHWI0 u3ydyaeMoii cBssn. Ha puc. 3 nokasaHsl oc-
HOBHble KoMMoHeHTbl DAGs v ponu akTopoB (nepeMeHHbIX),
onpefensieMble B KOHTEKCTE M3Yy4eHWs (MpUYMHHO-Cries-
CTBEHHOM) CBA3W MeX[Y BO3AENCTBMEM U UCXoaoM. B Tep-
muHonoruu DAGs dakTopbl, BAMsIOWME Ha CBA3b MEXAY
BO3/EMCTBMEM M UCXOLOM, KNaccubUUMpYIoTCs KaK KoHda-
yHaepbl (confounders; puc. 3A), Meamnatopbl/MoauduKaTopbl
atbdekra (mediators/effect modifiers; puc. 3B) u konnaiineps
(colliders; puc. 3C).

DAGs nosBonsioT BblAenUTb KoHdayHaepsl, MeauaTopbl
(MoanduKaTopbl addeKTa) U Konnalaepbl, NOMoras NOHAT,
KaKkue nepemeHHble CNeflyeT Y4uTbIBaTb NpW aHanuse AaH-
HbIX.

KoHdayHaep — 310 nepeMeHHas, KoTopas CBAi3aHa
KaK C BO3ENCTBMEM, TaK U C UCXOLLOM, MPU 3TOM He ABNASACH
MPOMEXKYTOYHBIM 3BEHOM B MPUYMHHO-CNECTBEHHON CBA3N
MeXOy HUMMW, CO30aBas JIOKHYI0 WM MCKaXas WUCTUHHYIO
CBA3b MeXAy M3yyaeMbiMu nepeMeHHbIMK [8]. UHbIMK cho-
BaMw, MeXZy rpynnom, NoABEpEHHON N3y4aeMoMy BO3/el-
CTBMIO, W TPYNNOW, He NMOABEPIKEHHON 3TOMY BO3AENCTBMIO,
CYLLIECTBYHOT pa3nnums B 4acToTe TPeTbero akTopa (KoHda-
YHEepa), KOTOpbIi BAIUSIET HA BEPOSATHOCTb BO3HUKHOBEHUSA
ucxopa. Hanpumep, usyyeHne nopsakoBoro Homepa bepe-
MEHHOCTM KaK (aKTopa pucKa BO3HMKHOBEHUS CUMHAPOMA
[layHa y HOBOpPOXAEHHOrO MOXET NPUBECTU K BbISIBNEHUIO
HanMumMa NOXHOW NPUYMHHO-CNEACTBEHHON CBA3K, E€CNN
He y4ecTb BO3PacT MaTepu KaK MoTeHUManbHbI KoH(ayH-
Aep. JIornuHo NpeanonoXuTh, YTo C YBEIMYEHNEM NapuTeTa
BO3pACT MEHLLMHbI YBEIMYUBAETCA, TO ECTb CPEIHWI BO3pacT
XEHLUMH ¢ 60NbMM KonnyecTBOM bepeMeHHocTen bypet
BbILLE, YEM Y NEPBOPOASALLMX.

B tepmunonorum DAGs nyTb KoHdayHAMHra mam o6-
patHbliA nyTb (backdoor path) — 310 nyTb oT Bo3AEliCTBMSA
K MCXOAY, NpOXoAAWMA Yepe3 KoHbayHaep. Ecnu BnmnsHue
KOH(ayHepa He y4TeHo (He NpoBefeHa KOpPeKuws), 3TOT
NyTb ABNSETCS OTKPBITbIM W CO3LAET JIOKHYIO CBA3b MEXAY
“3y4aeMbIMM NepeMeHHbIMU. KoppeKuus Ha KoHdayHaep Ae-
NaeT faHHbIA NYTb 3aKPbITLIM.

YuecTb BNMsHWe KoHdayHAepa MOXXHO KaK Ha 3Tane nna-
HMpOBaHMS UCCNefoBaHMs (OrpaHUyeHue, paHLoMM3aLms),
TaK U Ha 3Tane CTaTUCTUYecKoi 06paboTku ¢ MCMonb30BaHUEM
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TaKUX METOA0B, KaK CTpaTUdUKaLMs/CTaHAapTM3aLMSA U MHO-
rOMEpHbIi PerpeccuoHHbIi aHanms [9].

OrpaHnyeHre nogpasyMeBaeT BKIIOUEHUE B MUCCef0Ba-
HWe WM NpoBefEeHWe aHalMu3a C MCMoJb30BaHUEM [aHHbIX
TOJIBKO TeX Y4aCTHUKOB, KOTOPbIE COOTBETCTBYHOT ONpeLeneH-
HbIM XapaKTepUCTUKaM (KpuUTepusM BrIYeHMs). Hanpumep,
TONBKO HEKYpALMX (4T0ObI yCTPaHUTL 3QQEKT KypeHus).

CrpatuduKaums — 3T0 MeTOA, NpU KOTOpPOM BbIbOPKa
LENNTCA Ha Noarpynnbl (CTPaThl) HA OCHOBE 3HAYEHMUS! KOH-
(ayHaepa (Hanpumep, BO3pacT, MO WM YPOBEHb [OXOAA).
JIddeKT BO3AEHCTBUA OLEHMBAETCA B KaXOOW U3 3TUX NOA-
rpynn oTAEeNbHO.

CraHpapTmsaums ucnonb3yeTca [ KOPPeKUMU BIUSHUS
KoHdayHepa Ha OUEeHKY 3ddeKTa BO3LEHUCTBUS, NPU 3TOM
y4MTbIBAETCA pacnpefenieHne KoHpayHpepa B CTaHLapT-
HOM WM 3TanoHHOM nonynsumu. Llenblo npoBegeHus CTaH-
[ApTV3auMK ABNSETCA MOMTyYeHWe MOKa3aTenen, Mpuroa-
HbIX 1S CPaBHEHWUS B ABYX COBOKYMHOCTSX, HEOLHOPOAHbIX
Mo CBOEMy COCTaBYy, TO €CTb OT/IMYAIOLLMXCA M0 KaKoMy-Ninbo
KOJIMYECTBEHHOMY WM KaTeropuanbHoMy npu3Haky. Yatue
BCEro CTaHAapTU3aLMIo UCMONb3YIOT ANA YCTPaHEHUS BIMSAHMS
Ppa3Nnumii B BO3PaCTHOM CTPYKTYpEe CPaBHUBAEMbIX MOMYNALIMAM,
HanpuMep, AN CPaBHEHWS YacToTbl ¥ CMEPTHOCTH OT BO3pacT-
accoLMMpoBaHHbIX 3a60/1EBaHUIA, TAKWX KaK 3M0Ka4eCTBEHHbIe
HoBoobpa3oBaHus, 60Ne3HM cUCTEMbI KpOBOOBpaLLIEHHS.

Urobbl NPoOBECTM KOpPEKUMIO Ha KOHayHAepbl C NOMO-
Wb MHOrOMEpHOW perpeccuu, HeobxoouMo onpenenuTb
nepeyeHb NePeMEHHbIX, MUHUMANbHO HEOOX0AMMBINA U [0-
CTaTOYHbIN 118 NONyYeHns Haubosiee TOYHOW OLEHKM Npu no-
mowum DAGs.

AnbtepHatvBHbIM DAGS noaxonoM BbISIBNIEHUA KOHGa-
YHI,EPOB, KOTOPbIA YacTo UCNONb3YeTCA UCCeA0BaTENAMM,
ABNAETCA MOAX0L, OCHOBaHHbIA Ha AaHHbIX (data-driven
approach). lpu ucnonb3oBaHMM MOAX0AA, OCHOBAHHOMO
Ha AaHHbIX, NEPEMEHHbIE /1S BKIIOUEHUS! B MHOTOMEPHYIO
PerpeccuoHHylo Mofiesb BbIbUpaloTCA Ha OCHOBE WX CTaTH-
CTMYECKOM 3HAaYMMOCTW B OJHOMEPHBIX MOJENsAX, KOTOpbIE
OLEHWBAIOT CBA3b Mexay Bo3sfencTBueM U ucxogom [10,
11]. NepeMeHHbIe He BK/KYAKTCA B MHOTOMEPHYH MOLESb
U He CYMTaloTCA KoHdayHAepaMu, eCiiu OHU He [LEMOHCTPU-
PYHOT 3HAUMMOIA CBSAI3M B OAHOMEpHbIX Mofensx. [pu atom
B KauecTBe KPUTUYECKOr0 YPOBHS 3HAUMMOCTU B OHOMEPHOIA
MOZE/M MOXET MCMOb30BaTbCs 3HaYeHe anbda-ownbKu

7 — ; \
KoHdbayHnep Meauatop Konnatine
P/ \Q // : Q
®—@ © —@
BoageiicTeue Ucxon BosgewcTeue Wcxon Bospgeincteue Wcxon
A B C

Puc. 3. Ponn aKtopoB (nepeMeHHBbIX) B KOHTEKCTE U3y4eHUs NPUYUHHO-CEACTBEHHOM CBA3WU MEX Y BO3LENCTBUEM U UCXOL0M.
Fig. 3. Roles of variables in the context of causal inference between exposure and outcome.
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Bbiwe npusblyHoro 0,05, HanpuMep, pashoe 0,1-0,2 [10].
KoHdayHaepbl MOXKHO BbISIBUTb MPU MOMOLLUM OLIEHKU U3-
MEHEeHWs BeNMYnHbl 3ddeKrTa Bo3aeicTBuS Ha ucxog, (the
change-in-estimate procedure) npu pobaeneHun B Mofenb
noTeHUManbHoro KoHdayHpepa. Ecnu Benuuuna addekTa
n3meHsieTcs Ha 10-20% unm bonee nocne fobaenexus ove-
HuBaemoro QakTopa, [0baBneHHas NepeMeHHas cuMTaeTcs
KoHbayHaepoM [10, 12]. XoTa noaxoA, 0CHOBaHHbLIA Ha AaH-
HbIX, NPeOCTaBNIAET LieHHYI0 WHGOPMALIMIO O CBA3U MEXIY
nepeMeHHbIMY, OH He MO3BOMSAET C TOYHOCTBIO ONpefenuTb,
KaKylo posib urpaeT fobaBneHHas B Mofesb NepeMeHHas —
KodayHaep, Meamatop unm Konnamgep. Hamuume nioboro
U3 3TUX (PaKTOpPOB MOXKET MOBMMATb HAa U3Yy4aeMylo CBS3b,
a UX BKJIIOYEHNE B PErPeCcCUOHHYI0 MOLESb MOXET NOBU-
ATb Ha oueHKy 3ddekTa. CnegoBatenbHo, BbIbOp NepeMeH-
HbIX C UCMONB30BAHUEM [LAHHOrO NOAXO0AA MOMXET NpUBECTU
K OLUMBOYHOMY WCKIHOYEHUIO UMM BRJTOYEHUIO NEPEMEHHBIX
B Mofenb. B otinume oT noaxoAa, 0CHOBAHHOIO Ha AaHHbIX,
ncnonb3oBaHue DAGs no3sonseT onpefenuTb poiu KoBapuat
(NepeMeHHbIX) B perpeccoHHoN MOAENH, BKITOYas UAEHTH-
GuKaumio KoHpayHaepoB, MeaMaTopoB W Konnaiaepos [13].
B HekoTopbIX CTaTbAX MCMOMb3YKTCA MMOPUAHbIE MOAXOLbI
K BblbOpy nepeMeHHbiIx, coveTatowme DAG ¢ TpaguumMoHHbIMKM
CTaTUCTUYECKMMM METOAAMM.

PaccMoTpuM BnmsHWe KoHdayHaepa Ha KOHKPETHOM Npu-
Mepe. AHanM3anpys faHHble 3NEKTPOHHBIX MeAMULMHCKNX KapT
64 000 peteit, uccnepoBaTeNiu BLISBUIM CBA3b MeXAy Ya-
CTOTOW NpUEMa aHTMOMOTUKOB B TeYeHWe NepBbIX ABYX NEeT
JU3HW M pa3BUTUEM OXUPeHUS B bonee no3gHeM Bo3pactTe,
npu4eM atoT 3deKT bbin Hanbonee BolpaxeH Ana aHTMbKo-
TMKOB LUMPOKOro cnektpa gencteusa [14]. MNo3gHee aBTOpbI
LpYroro WcciefoBaHWA MOKasanW, YTo OMMCaHHas paHee
CBS3b MEXAY NPUEMOM aHTUBMOTUKOB U OKMPEHWEM 00b-
ACHSAETCA YacTOTON MHpeKuuiA (KoHdayHAaep), KoTopble sAB-
NAKOTCA MOKa3aHMEM K NMPUMEHEHWUK0 aHTMOMOTMKOB M MO-
YT BAMATb Ha PUCK pa3BuTua oxupenusa [15]. Ina ydyéTa
BNMSHWA KOH(ayHAepa aBTOpbl pa3feNiunamn KoropTy feTeil
(N=260 556) Ha cTpaTbl B 3aBUCUMOCTM OT YaCTOTbl MHBEKLM-
OHHbIX 3ab051EBaHNIA U NPUMEHEHUS AHTUOMOTUKOB B NEPBbLIE
12 mMec. Xu3Hu: 1) netu, He boneBLUMe MHDEKUMAMY; 2) neTH,
nepeHécLUMe MHGEKLMM, HO He MOJyYaBLUME aHTUOMOTUKOB;
3) neTH, nepeHECLUME MHBEKLMM W NONyYaBLUME aHTUBMOTU-
K. MHdeKumm, nepeHecéHHble B MiageHyecTse be3 npume-
HEHWs! aHTBMOTUKOB, BblM CBA3AHDI C MOBLILLEHHBIM PUCKOM
Pa3BUTUS OKUPEHUSA B CPAaBHEHWUM C AETbMH, He boneBLIMMH
uHdexumamm (OLL: 1,25; 95% OMW: 1,20-1,29). HabniopaeMas
CBA3b WMeNa [03a-3aBUCUMbIA 3GQEKT: NpU yBENUYEHUU
KO/MYeCTBa 3NW30/0B MHDEKLUMOHHBIX 3aboneBaHuii yBem-
UMBANCA PUCK pasBuTUS OxupeHus. Mpu 3TOM BepoATHOCTL
Pa3BUTUS OXKUPEHUS Y AeTeM, NepeHEcLUMX UH EKLUW 1 no-
Jly4aBLUMX AHTUOMOTWKW, U [eTeid, MepeHEcInX UH EKLWH,
HO He NOoJTy4aBLUMX aHTUBMOTUKM, He pa3nnyanack (OLW :1,01;
95% OK: 0,98-1,04).

DAGSs, nocTpoeHHbIN MO 3afaHHbIM B BbILLEYNOMSHYTOM
npuMepe ycnoBusaM, NpeAcTaBneH Ha puc. 4A. B BepxHei
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npaBsoii yacTu pabouyeit obnactu uHtepdeiica DAGitty Haxo-
putca Brnagka «Causal effect identification» (OueHka npu-
UNHHO-CNEeACTBEHHOMN CBSA3M), TAe YKa3blBAaeTCA MUHUMAIb-
HO [0CTaTOYHbI Habop mepemeHHbiXx (Minimal sufficient
adjustment sets) ana Koppekuun nNpu oLeHKe obuiero -
GekTa (BnmaHusg; total effect) BospmeicTeua Ha ucxon (puc.
4B). B npuBenE€HHOM npuUMepe AN KOPPEKTHOWM OLEHKM
CBAI3M MEXAY NPUEMOM aHTUOMOTUKOB M PasBUTMEM OXMpeE-
HMA HeobxoaMMa KoppeKumMs Ha YacToTy uHekumin. NHoraa
nepeMeHHyl0-KoHbayHAep COXHO U3MEpPUTb 0BBEKTUBHO,
HanpuMep, eciiM HEBO3MOXHO OLEHMTb KONIMYECTBO Mepe-
HECEHHbIX MH(EKLMI, KOPpeKUMs MoXeT bbiTb MpoBegeHa
C YYETOM KONMYECTBA BU3UTOB K Bpayy (MPOKCcU-KOH(ayH-
[ep), YTO KOCBEHHO MOXET OTpa)aTb 4acToTy WHQEeKLmii
(puc. 4C). MoctpomB DAGS ¢ y4€TOM MpoKcu-KoHbayHaepa,
Mbl BUAMM, YTO KOPPEKLIMA MOXKET ObiTb NPOBEJEHA HA KOH-
GayHaep unu npokcu-koHdayHaep (puc. 4D). Koppekums
Ha oba dakTopa bynet m3bbiTouHon. Ha puc. 4E nposepe-
Ha KoppeKuus Ha npokcu-KoHdayHaep. Mpu 3atoM Kpac-
Hble CTPESIKU CTanM YEPHBIMU, YTO 3HAYWT, YTO OLUMBOYHBIE
(cMewLEHHbIe) MyTH, Npoxofswue Yepe3 KoHdayHmep, 3a-
KpbiThl. Bo Brnagke «Causal effect identification» (OueHka
MPUYMHHO-CNELCTBEHHOM CBA3M) MPOrpamMMa cooOLLaeT HaM,
4TO KOppEKLMS NpoBeseHa BepHo (puc. 4F).

MeauaTtop — 370 NepeMeHHas, KoTopas ABNSETCA Npo-
MEXKYTOUHbIM 3BEHOM B LienoyKe cobbITUid Mexay Bo3fen-
CTBMEM M UCXOAOM (Ha NyTW OT BO3AENCTBUA K ucxody). Ha-
npuMep, NpyW OLEHKe BAUAHUA 0bpasoBaHus (Bo3aelicTaue)
Ha 3[0pOBbe MeAMaTopoM MOXeT ObiTb YpoBEHb 40X0.a,
MHIEKC Macchl Tena — MW U3Y4eHUN CBA3M MeXJy AUeTOM
1 PUCKOM pa3BUTUS caxapHoro auabeta 2-ro Tvna.

06bl4HO 3apauyeid ANMAEMUONOMMYECKUX UCCNeL0BaHUIA
ABNSAETCA OLEHKa obLlero apdekTa (BNMAHMA) BO3AENCTBUA
Ha ucxop (total effect). HenpegHamepeHHas Koppekums
Ha Me[MaTop, HanpuMep, BKITIOYEHWe MeaMaTopa B perpeccu-
OHHY}0 MOZEJTb, MOXET NPUBECTU K 3aHUKEHMIO 06LLiel oLeH-
Kn addekTa Bo3pelicTaua [11, 16]. B 1o e BpeMs 3agavent
UCCNeJ0BaHUA MOXKET ABNIATLCA OLIEHKA HEMOCPeACTBEHHOrO
BNMSHWA BO3LENCTBUA Ha UCXO[, KOTOpas OnpeaenseTcs no-
HATUEM «npsAMoit addekT» (direct effect).

PaccMoTpuM KOHKpETHbIA NpUMep: MpW OLEHKe CBA3W
Mexay NpuéMoM TPOMBONUTMKOB (BO3ZENCTBME) W NeTaNb-
HbIM UCXOA0M Y NaLMEHTOB, NepeHECLUMX MH(APKT MUOKapLa,
MeMaTopoM MOTYT BbICTYNaTh NoboyHble 3ddeKTbI IeyeHus.
B ogHoM cnyyae 3To MaccuBHOE KpOBOTEYEHWE, HEMOCPes-
CTBEHHO MpUBEALLEE K NeTaNlbHOMY MCXony, B ApYyroM —
HEe3HAUMTENbHOE KPOBOTEYEHWE, KOTOPOe caMo no cebe
He CTano MPUYMHON CMEPTU, HO MOCNYMIO OCHOBAHMEM
ONA NpeKpaluenns Tepanuu. MNpekpalleHne npuéMa npena-
para, B CBOIO 04epefib, MOrio crocobcTBOBaThb Pa3BUTUIO He-
BnaronpusTHoro ucxoga. [pad, NOCTPOEHHBIN MO 334aHHbIM
YCOBWAM, NPeACTaBeH Ha puc. SA.

Mpu BLIOOpE BapuaHTa 3 dexTa — obLwmii addekT (total
effect) unu npamoit addexr (direct effect) — ¢ mcnonb3o-
BaHueM BKnagku «Causal effect identification» (OueHka
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Puc. 4. lpumep DAGs, oTpaaloLLero sBneH1e KoHpayHanHra.
Fig. 4. Example of a DAGs illustrating the phenomenon of confounding.
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NPUYUHHO-CIELCTBEHHON CBA3M) B BEPXHEl NpaBod YacTy
pabouen obnactu DAGgitty mporpamMma coobluaeT o He-
obxoguMocTu Koppekumu. B Hawem npumepe ons oueHKu
obwiero apdeKTa Bo3aeicTBMA Ha UCXOA He TpebyeTcs npo-
BeleHMs KOppeKuun Ha Mepuatopsl (puc. 5B). OnHako ecnn
Lns uccnefoBaTens NpeAcTaBnseT UHTEpPeC OLEHKa NpAMo-
ro a¢dekra npenapara, He CBA3aHHaA C BO3HUKHOBEHMEM
KpoBoTeueHus, notpebyeTcs YUET BAUAHUSA (KOppPeKLms) Me-
amatopos (puc. 5C, 5D). Mpu 3toM nporpamMMa npeanaraet

B
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@

HesHaunTenbHoe KpoBoTeYeHne

C

Puc. 5. OueHka obuiero u npsMoro addekTa BO3AENCTBUSA HA UCXOA,.

Fig. 5. Estimating the total and direct effects of exposure on the outcome.

JeTanbHblit ucxopn,

-@

MpekpalleHne neveHns
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JKoNorna HenoBeka

[Ba BapvaHTa KOPPEKUMW: B MEPBOM YYUTLIBAOTCA nepe-
MEHHbIE «MaCCMBHOE KPOBOTEYEHME» U «HE3HAUYUTENbHOE
KpOBOTEYeHMe», BO BTOPOM — «MacCMBHOE KPOBOTEYEHUE»
W «MpeKpaLLeHmre neyeHus». KoppeKkums ¢ y4eToM Beex Tpex
nepeMeHHbIX ByaeT U36bITOYHOM, YTO MOXKET HeonpaBAaHHO
3aHUKaTb MOLLHOCTb UCCEA0BAHUA.

B cnyuae, ecnm nHTepec npeacTaBnseT oLeHKa UMEHHOro
npaMoro 3ddekTa, 310 CnefyeT YETKO yKasaTb B LM UC-
CnefoBaHusA, onucaTb BO3MOXHbIE MeMaTopbl B MeToAax

[¥] Causal effect identification
(OueHKa NpUYMHHO-CcNeacTBEHHOM
CBS3U)
Adjustment (total effect)
(Koppekuus (obwmii addekT))
Exposure (BosgeicTtsue):
TpoMBonuUTUKK
Outcome (Mcxopn): JleTanbHbIN
ucxon
No open biasing paths
(HeT OTKpbITbIX OLWMOOYHBIX
nyTen).
No adjustment is necessary to
estimate the total effect of (He
TpebyeTca Koppekuun ans
OLeHKM adhdrekTa)
TpomBonuTUKOB on (Ha)
JleTanbHbIN Ucxon

B

[¥] Causal effect identification
(OueHKa NpUYNHHO-CNEeACTBEHHO
CBSI3K)

Adjustment (direct effect)

(Koppekuus (npsamon acpdekT))

Exposure (Bosgencrtseue):

TpomBonnTUKK

Outcome (Ucxopn): JletanbHbiv

ucxon

Biasing paths are open

(OWwKnboYHBIE NYTU OTKPBLITHI).

Minimal sufficient adjustment

sets for estimating the direct

effect of (MMHMManbHO

JocTatoyHbln Habop

nepemeHHbIX 4NA OLEHKN

npsmoro agpgekra)

TpomGonuTnKoB on (Ha)

JleTanbHbIA ncxopn:

» MaccuBHOe KpoBOTEYEHME,
HesHaunTenbHoe
KpoBoTe4yeHue

» MaccusHoe KpoBoTeYeHUE,
MpekpalleHne nevyeHus

D
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Y NPOBECTM COOTBETCTBYIOLLLYI0 KOPPEKLMIO NPY BbINOSHEHUN
aHanusa.

Konnaiinep (Collider) — 3To nepemeHHas, KoTopasi OHO-
BPEMEHHO 3aBUCUT OT [BYX [APYruX NepeMeHHbIX, HO cama
He BNMSET Ha 3TU NepeMeHHble. B KoHTEKcTe 3anuaemuo-
NOTUYECKMX UCCNEeLOBaHUA YacTo KonnainepoM ABnseTca
daKTop, Ha KOTOPbIN OJHOBPEMEHHO BIIUSIOT KaK U3y4aeMoe
BO3/E/CTBUE, TaK M U3Y4aeMblil UCX0A, HO NpU 3TOM CaM KoJl-
nangep He BAUSIET HYA HA BO3LENCTBUE, HU HA UCXOA.

Mpu OTCYTCTBMM KOppEKUMM Ha Komnamgep NyTb, Npo-
XOOALWMA Yepe3 Hero, OCTaéTca 3aKpbiTbiM. KoppeKkums
Ha Kosinaiigep, B 4acTHOCTW BKJTOYEHWE KOJnaiigepa B pe-
PECCUOHHYI0 MOLeNb, NPUBOLUT K OTKPbITUIO [LAHHOTO MyTH
1 CO3AaHWI0 JIOXKHOW CBA3N MEX[Y U3y4aeMbIMU MepeMeH-
HbIMM, KOTOPbIE M3HA4anbHO OblM He3aBUCMMBIMU. TaKoil
3 eKT M3BECTEH KaK OLUMOKa Konnaiinepa (collider bias) [2].
OwwmbKa Konnaiifepa MOXeT BO3HUKHYTH TaKKe B pe3ysibTate
OLLMOKM 0TOOpa y4acTHUKOB uccienoBaHus (selection bias).
TunnyHbIn npuMep — olumbKa bepkcoHa (Berkson's bias),
Mpu KoTopoii 0T6op No nepeMeHHoON-KonManaepy (HanpuMep,
rocnuTanu3aums) HAYLMpYET UCKYCCTBEHHYHK CBA3b MEXAY
He3aBMCMMbIMU (DaKTopaMu.

PaccMoTpuM apyroit npumep. [1py oLeHKe CBA3U MeXay
KypeHveM (Bo3aeiicTue) v Taxectbio COVID-19 (ucxoa) xpo-
HW4ecKkue 60N1e3HM NETKMX ABMIAKOTCA MeAWNaTOPOM, KOpPeK-
LM Ha KOTOPbIH, KaK Mbl YK€ 3HaeM, MOXKET MPUBECTU K He-
AooLeHKe 06LLero apdeKTa BO3AEHCTBUS Ha Ucxon, (puc. 6A).
OpHako B MpUBELEHHOM NpUMepe KOPPEeKUMs Ha XpoHWUYe-
CKMe DOMesHW NErKMX MOXKET TaKXke NpPUBECTU K OLIMDKe
Konnangepa. [ToMAMO KypeHus, Ha pa3BUTME XPOHUYECKUX
DonesHelt NErkux MoryT BAMATbL WM Apyrue akTopbl (Ha-
npuMep, NpodeccMoHanbHble BpeAHOCTH, HAaCNeACTBEHHbIE
3aboneBaHus, ¢pubpo3 B pe3ynbTaTe NEPeHECEHHO paHee
MH(EKUMM U T.0.), KOTOpble TaKKe MOryT MOBbILATL PUCK
TAKENoro TeveHna COVID-19. B takon cutyaumum Koppek-
LMA Ha XpOHUYecKue 60Ne3HN NErKMX NPUBOAMT K OLLINOKe
Konnaiigepa, c03[aBas JIOXHYI0 CBA3b MEXAY KypeHueMm
W LpYyrYMU NpUYMHaAMU XPOHUYECKUX 3aboneBaHW nér-
KMX. 3TO MCKaKaeT UCTUHHYI0 acCoLMaLMio MeXay Kype-
HueM u TsxecTblo COVID-19 (puc. 6C). B uccnenosaHuu,
U3yyaBleM (aKTOpbl PUCKA TSIKENOTO TeYEHUs KOpOHa-
BUPYCHOM MH(EKLMM B OJHOMEPHOM aHanu3e 6e3 y4yéTa
Apyrux $akTopoB, KYpeHue CBSA3aHO C MOBbILIEHHLIM py-
CKOM Tsénoro Teuenna COVID-19 (OW: 1,14; 95% OWU:
1,05-1,23) [17]. OgHaKo nocne BKJIIOYEHUS XPOHWUYECKUX
BonesHeli NErkUX B perpeccuoHHyl0 Mogenb (nocne Kop-
peKuun) Hanpasnenue cBssu usMenunocs (OLL: 0,89; 95%
[N 0,82-0,97), uto MoxeT ObITb pe3ynbTaToM OLIMOKM
Konnangepa. Takoii pe3ynbTat cnedyeT MHTEpPNpeTMpOBaTh
He KaK He3aBMCUMbIN 3QDEKT KypeHUs Ha TAXKECTb WH-
deKumm, a Kak coBMecTHbIN 3pdeKT (joint effect): KypeHue
camo 1o cebe MoxKeT noBbiwaTh puck Taxeénoro COVID-19,
HO He B TaKOW CTENEeHM, KaK Apyrue NpUYUHbI XPOHUYECKUX
bonesHeit nérkmx. Busyanusauus DAGs noMoraet nsbexatb
TaKoM OLWMOKM: NporpamMma He NpepiaraeT KOpPeKTUpOBaTh
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MoJenb Ha Konnaiigep (puc. 6B), a Npu NonbITKe BKIIOYEHMS
Konnaiiaepa B Mogenb coobluaet 06 owmbke (puc. 6D).

PaccmotpuM bonee cnoskHbli npumep noctpoenns DAGs
(puc. 7A). MpencTaBneHHbIi rpad UNNKOCTPUPYET CTPYKTYpY
CBA3e/ MeX Ay M3ydaeMbiMM haKTopaMm Npy OLEHKEe BAMSA-
HUA 0XKMpeHus (Bo3pencTeue) Ha TsxecTb COVID-19 (Mcxopn).
DAGs nocTpoeH Ha 0CHOBaHMM COBOKYMHOCTM 3MMAEMUONIONU-
YECKMX W KITMHUYECKUX UCCTIe,0BaHUIA, NOCBALLEHHBIX (aKTo-
paM pucka Taxenoro TeyeHus COVID-19 [17-19].

B cTpykTypy rpada BK/oYeHbl Bce (aKTOpbI, KOTOpbIE,
COrfIacHo MybaMKaumsaM 1 npeAcTaBNeHNAM UCCiefloBaTens,
CBfA3aHbl C BO3[eicTBMEM u/unm ucxopoM. QakTopbl (nepe-
MEHHbIE), CBEIEHNSA 0 KOTOPbIX OTCYTCTBYIOT, OKpaLLEHbI B ce-
PbIi LBET.

Mon, Bo3pacT, ypoBeHb 0b6pa3oBaHus, 3n0ynoTpebneHue
arnKoroneM, KypeHue MoryT ObiTb CBA3aHbI KaK C 0XMPEHUEM,
TaK u ¢ TaxecTblo COVID-19, To ecTb sBNAOTCA KOHpayHae-
pamu [19].

OMpeHne accouMMpOBaHO C XPOHMYECKUM HU3KOYPOB-
HEBbIM CUCTEMHBIM BOCMANIEHUEM, MOBbILIEHHBIM PUCKOM LU~
TOKMHOBOTO LUTOPMa U rMnepKoarynsumen, uto cnocobeTsyet
bonee TAKENOMY M OCNOXKHEHHOMY TeveHuto COVID-19 [18].
TaKKe HanuumMe OXKMPEHWS CBA3aHO C aTepOreHHOM Auc-
MNUOEMUEN, TUNEPTOHMEN W caxapHbIM AuabeToM 2-ro
TMMa — COCTOSIHMSIMM, KOTOPbIE YBENIMYMBAIOT PUCK TAXKENO-
ro Te4eHus 3aboneanus [20]. FunepToHus n guabet paccMa-
TPUBAIOTCA KaK MeaWaTopbl, T eCTb NepeMeHHbIE, Nexallue
Ha MPUYMHHOM NyTU OT BO3LEWCTBUA (0XKMPEHUS) K MUCxody
(tspkectb COVID-19). MocKonbKy Lenbio McCneaoBaHus siB-
nsAeTcA oueHKa obulero addexTa oxupenus (total effect),
BKJIOYEHWE 3TUX MeMaTopoB B MOJENTb B KaYecTBe KoBapuat
MOXET NPUBECTM K CMELLLEHMIO M3-3a U3DbITOYHO KOppEKLIMK
(overadjustment) u, cOOTBETCTBEHHO, K HEA00LIEHKe 0bLLero
apdekTa.

O6palLeHne 3a MeJULUMHCKOM MOMOLLbK MOXET 3aBU-
CETb KaK OT Hafuuusa y naumeHTa onpesenéHHbIX COCTOSAHUIA
unm 3abonieBaHuii (B TOM YMCTe OXUPEHMS), TaK U OT UCXOAa
(TsokecTn 3aboneBaHus), crefoBaTeNbHO, 3TO KOniangep.
BrntoyeHWe AaHHOW NepeMeHHON B perpeccuoHHylo Moaenb
MOXET NPUBECTM K oLwnbKe Konnaiiaepa (collider bias) [21].

Iina oueHku obuiero addekTa nporpamMma npegnaraet
KOPPEKLMIO Ha TpWU U3 NATU BLISBAEHHBIX KOHGhayHAepoB:
BO3pacT, 3/0ynoTpebneque ankoroneM, Kypenue (puc. 7B).
MockonbKy mon u ypoBeHb 06pa3oBaHUs ABNAKTCA MPOK-
CU-KOH(ayHAepaMu M0 OTHOLUEHMIO K KyPEHWUIO U ynoTpe-
BneHuto ankoronif, KOppeKUMs Ha HUX SBRSiETCA M30bITOY-
HoiA. Puc. 7C oTpaaeT rpag nocne KOppeKuMM Ha BO3pacT,
3n0ynoTpebneHne ankoroneM, KypeHue. Mbl BUAUM, YTO BCE
OLLMBOYHbIE (CMELLEHHbIE) MyTW, 0603HaYEHHbIE KPaCHBIMM
cTpenkamm Ha puc. 7A, 3akpbitbl (puc. 7C). CnepoBatenbHo,
KoppeKums npoBefieHa BepHo (puc. 7D).

TakuM 0bpasoM, Npu NpoBeiEHUM IMULEMMONIOTUYECKMX
Ucce0BaHU KOpPEKUMIO Ha 3Tane cTaTUCTUYecKo obpa-
BOTKM, HanmpuMep, NpU PerpeccUoHHOM aHanuse, Heobxo-
OMMO BbIMOJHATD C YYETOM POAM NepeMeHHbIX (KoBapuar)
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Puc. 6. Mpumep DAGs, oTpaaiowuero ownbKy Konnanaepa.
Fig. 6. Example of a DAG illustrating collider bias.

Mo OTHOLLUEHWIO K BO3AEHCTBMIO U ucxomy. B 3aBucumocTu
0T TUNa MEepPEeMEHHOW KOPPEKLMS MOXKET KaK YCTpaHWTb
BO3MOXHOE MCKaxeHWe (KOH(ayHaep), Tak M NpUBECTH
K HepooueHKe (MeaMaTop) WM WUCKAMKEHUID U3y4aeMold
ceaA3n (konnavpep). MNpu noctpoenun DAG B rpad cne-
LyeT BKJIOUUTb BCE MEPEMEHHbIE, KOTOPbIE MO AaHHBIM
nMTEpaTypbl UAWM UCXOAA M3 TUMOTE3bl M AONYLIEHWUI UC-
CnejoBaTens CBA3aHbl C WM3y4aeMbiMU BO3JENUCTBUEM
WU UCXOLOM M BaXKHbl [N OLEHKU CBA3M, BHKIIOYas
Te, AN KOTOPbIX OTCYTCTBYIT NpsAMble U3MepeHus. Tou-
HOCTb onpefenieHusl Habopa nepeMeHHbIX, HeobX0aNMBbIX
LIS KOPPEKLMM, U TOYHOCTb OLEHKM UCKOMOW CBA3M bypet
3aBUCeTb OT TOro, HackonbKo TouHo DAG oTpaaeT peanb-
HO CYLLECTBYHLLME CBA3W MeXAy nepeMeHHbIMU. Cnepyet
TaKXe Y4uTbiBaTb OTPaHUYEHMs AM3aliHa UCCNefoBaHuA,
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(¥ Causal effect identification
(OueHka NpUYMHHO-CNeACTBEHHOM
CBS3U)
Adjustment (total effect)
(Koppekuusi (obwuin adbdpekr))
Exposure (Bo3gencTsue):
KypeHne
Outcome (Ucxopn): TaxecTb
COVID-19
No open biasing paths
(HeT OTKpBLITbIX OLMOOYHbIX
nyTemn).
No adjustment is necessary to
estimate the total effect of (He
TpebyeTca Koppekuun ans
oueHkn adpdekrta) KypeHusa on
(Ha) TaxecTb COVID-19

B

[¥] Causal effect identification
(OueHka NpUYMHHO-CNeaCTBEHHOM
CBSA3N)

Adjustment (total effect)

(Koppekuus (obwuin addpekr))
Exposure (Boageicteune):
KypeHune
Outcome (Ucxopn): TaxecTb
COVID-19
Adjusted (CKoppeKTUpOBaHoO):
XpoHu4eckme BonesHn Nerknx
Incorrectly adjusted (HesepHo
CKOPPEKTMBOBaHO).

No adjustment sets found.
(MepeMeHHbIX ONS KoppeKuun
He HaingeHo / KoppeKkunn He
TpebyeTcs).

D

Hanpumep, B NOMepeyHbIX MCCNeA0BaHMsAX CBA3en/accoum-
auui He BCerpa IcHbl MPUYUHHO-CNEACTBEHHbIE OTHOLLEHMS
MeXay aHanM3npyeMbiMu haKTopamm (CNOXKHO 0JHO3HAYHO
ONpeAeNnuTb Harnpae/eHWe CTPENOK) B CBA3M C OTCYTCTBUEM
AaHHbIX 0 NOC/eL0BaTENILHOCTH U3y4YaeMbiX COObITUI (daKT
BO3[1eMCTBMSA W HACTYNIEHNA UCXOA3) BO BPEMEHM.
MUHMManbHBIM M JOCTAaTOYHBIM Habop MepeMeHHbIX
AN KOPPEeKLMM OnpeaensieTcs Kak Habop nepeMeHHbIX, Ko-
TOPbII YCTPaHAET UCKAXKEHUA B OLIEHKE CBA3M, 3aKpbIBas BCE
NOXHBIE MYTW M OCTaBUB BCE MPUYUHHO-CNIEACTBEHHbIE NYTH
OTKpbITbIMK [7]. ECiv 0gHa MW HeCKOMBKO nepeMeHHBbIX He-
LOCTYMHbI, CeayeT y4ecTb MaKCUMAIbHO BO3MOXKHOE YMCIIO
nepeMeHHbIX, HE0OXOAMMBIX /1S KOpPEKUMM Mo pe3synbTa-
Tam noctpoenus DAGs [22]. OTcyTcTBME fAaHHBIX O NepeMeH-
HbIX, Ha KOTOpble TpebyeTcA KOppeKuus, creayeT yKasaTb
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Puc. 7. lNpumep noctpoenns DAGs ons onpefeneHus nepeMeHHbIX, KOTOpble HEOBXOAMMO YYMTbIBATL NPU OLEHKE BIUAHUA OXWPEHUS Ha THKECTb

COvID-19.

Fig. 7. Example of DAG construction to identify variables that must be considered when assessing the impact of obesity on COVID-19 severity.

KaK orpaHuyeHmne UCCneloBaHns, TaK KaK 3T0 MOXET, Hanpu-
Mep, CBMAETENbCTBOBATb O MOTEHLMANBHOM pe3uayabHOM
(ocTaTo4HOM) KOHayHAMHTE.

[Insa obecneyeHns npospayHocTM npouecca oTbopa
NepeMeHHbIX [ aHanu3a, CPaBHUMOCTW W UHTEpMpeTy-
pyemocTu pesynbtatoB DAGs, ucnonb3oBaHHbIA Ans 0T60-
pa NepeMeHHbIX NpKU MOCTPOEHUM PEFPECCUOHHON MOAENH
ANs OLEHKU BAMSHUS WU3y4yaeMoro Bo3felcTus (Bo3pei-
CTBWW) Ha WUCXOL, PEKOMEHAYETCA pa3MellaTb B OCHOBHOM
TEKCTe CTaTbW MPU ONMCAHUM METOL0JI0MMM UCCNEA0BaHUS
B pa3sfene «MeTtoapl uccnefoBaHWA» UK B JONONHUTENb-
HbIX MaTepuanax. B onucanue rpada, ocobeHHo ans cnox-
Hbix DAGs, cnesyeT n06aBnATh TEKCT C 06BACHEHMEM Mpes-
MONOXEHWN WU AOMYLLEHWIA UCCNIEA0BATENA, IMTEPaTYPHBIMU
CCbIIKaMK, 0OBACHAKLLMMM HanMuue CBA3M MeXay nepe-
MEHHBIMMU.

DOl https://doiorg/10.17816/ humecob83466

3AKJIIOYEHUE

TakuM 06pa3oM, MOXHO BblAENUTb OCHOBHbIE PEKOMEH-
[auuv No COCTaBJIEHWUIO, MHTEPNPEeTaLMK U UCMONb30BaHI0
DAGs B anuaeMuonornyeckux uccnesoBaHusXx.

1. NMoctpoenne DAGs LenecoobpasHo B uUCCeLoBaHMSX,
KOTOpbIe B KA4eCTBE FMMOTE3bl MCMOMb3YHOT NPEANOA0KEHUE
0 HalM4YMU NPUYUHHO-CNIEACTBEHHON CBA3U MEXAY BO3[el-
CTBUEM U UCXOLOM.

2. Noctpoenne DAGs npoBoauTcs fo Havana cbopa AaH-
HbIX UNM NepeA NpoBeAEHNEM CTAaTUCTUYECKOrO aHanu3a (npu
BTOPUYHOM aHanu3e paHee coBpPaHHbIX JaHHbIX).

3. Bo3peiicTBue, ucxoq, u3ydaemas CBA3b LOMKHbI ObITb
YETKO onpefeneHbl U OTpaXKeHbl B LieNIM UCCNeLoBaHMS.

4. B DAGs pomiHbl bbITb NpeAcTaBfieHbl BCE OCHOBHbIE
nepeMeHHble, MOTEHUWANbHO CBSi3aHHblE C U3Y4aeMbiMy
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BO3AENCTBUEM W/UNK UCXOAOM, BKIIKOYAA Te, OIS KOTOPbIX
OTCYTCTBYHOT NpAIMble U3MepPEHUS.

5. Boibop nepeMeHHbIX, BKOYEHHBIX B DAGS, u cBs3eii
MeXay HUMM 6asupyeTcs Ha pesynbTaTax aHanu3a pesynb-
TaTOB paHee MPOBEAEHHBIX UCCNEL0BaHMNA.

6. DAGS pomKHbI 6bITb BU3YanbHO ACHbI M YNTAEMBI.

7. DAGs, ucnonb3yemble npu otbope nepeMeHHbIX s
aHanm3a, MoryT bbITb pa3MelLLieHbl B 0CHOBHOM TEKCTE CTaTby
B pasgene «MeToabl UccnefoBaHUS» UK B SONOAHUTENbHbIX
MaTepuanax; B OnucaHuu rpada AOMKHbI MPUCYTCTBOBATH
06BACHEHNS HAaNMuMs CBA3N MEXAY NEPEeMEHHBIMU CO CChiNl-
KaM Ha paHee NpoBeAEHHbIE UCCNE0BaHUA, UCMONb30BaH-
Hble npy nogrotoeke DAGs.

8. ECniv 0iHa MAM HECKOJBKO NEpEMEHHBIX, HE0BX0AUMBbIX
ANS KOPPEKTHO OLIEHKM CBA3M, HEOCTYMHbI, Npy NpoBefe-
HWW aHanu3a ciiefyeT y4ecTb MaKCUMabHO BO3MOXKHOE YMC-
110 NepeMeHHBIX, He0BX0AMMBIX L1t KOPPEKLMW MO LaHHBIM
nocTpoeHHbix DAGs.

9. OTcyTCcTBME B MCCELOBAHUM AAHHBIX N0 NEPEMEHHBIM,
YYET KOTOpbIX NpK aHanu3e Tpebyetca Ha ocHoBaHuu DAGs,
cnenyeT yKasaTb KaK OrpaHuyeHue uccnefoBaHus.

10. MocTtpoenne DAGSs Bo3MOKHO € ucrnonb3oBaHneM bec-
MNaTHO pacnpoCcTpaHAeMOro NporpaMMHoOro obecrneyeHus.

ABTOpbI BbIPAXaWT HafeKAy, 4YTO NpeACTaBeHHas
WH(OpPMaLMsA OKaKeTcs MONe3HoW ANiA MccnepoBaTenen
W CTaHeT CTUMYNOM K Bonee LUIMPOKOMY MPUMEHEHMIO CO-
BPEMEHHbIX NOAX0A0B K aHanu3y (MpUYMHHO-C/eICTBEHHBIX)
cBsizen. Micnonb3oBakne DAGs ans obocHoBaHHOro Bhibopa
nepeMeHHBIX [U1S BKIIOYEHUS B MHOrOMEepHble MaTeMaTuye-
CKvie Mogenu byaeT cnocobcTBOBaTh MOBLILLEHWI TOYHOCTH,
HaAEXHOCTU M BOCNPOM3BOAMMOCTY Pe3ynbTaToB B brome-
LVLIMHCKOW HayKe.

NI0NOJIHUTE/IbHAA UHOOPMALIUA
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Bo3MO0)XHOCTb NPOrHO3MpoOBaHMs UCXOA0B
aflanTallMOHHOro npouecca K TpyA0BOW Harpyske
Y MY>X4YMH-UHBaNUA0B TPpyAocnocobHoro Bo3pacta

E.A. HaroBuupbiHa, H.H. BacunbeBa

WeBcKan rocynapcTteeHHaa MegMLMHCKaA akagemus, WeBck, Poccus

AHHOTALMA

06ocHoBaHue. Tpy[0yCTPOWCTBO 151 UHBANIMAOB — HE TOBKO MyTb peabunuraumm u MHTerpauum B 06LLECTBO, HO U CTpeC-
COTeHHast Harpyska C KOMMJIEKCOM TEXHOMEHHBIX M COLManbHO-NCUXONOrMYeckux BausHUiA. C yuéToM ocoboro camooLuyLie-
HWs CBOEro CTaTyca Y NIoAEN C MHBAJMAHOCTBI0 OPMUPYETCA AMHAMUYECKas CMCTEMA afianTaLMOHHO-NPUCNOCOBUTENBHBIX
MEXaHM3MOB K TPYL,0BO# HarpysKe. VIMEHHO NMo3TOMY M3y4YeHWe NPOLLECCOB afanTaLumu K TpYAY AOMKHO BKIKYATb HE TOSIbKO
ncuxocoumanbHble acmeKTbl, Kak 3T0 0nncaHo B 60NbLUMHCTBE SIMTEPATYPHBIX UCTOYHUKOB, HO M YYUTbIBATb COCTOSIHUE pery-
NATOPHBIX CUCTEM OpraHn3Ma.

Llenb. W3yunTb BO3MOKHOCTb NPOrHO3MPOBaHNA UCXOA0B aflanTaLMOHHOIO MpoLecca K TPYAOBOW HarpysKe Y MyMUUH-WH-
BaNMAoB TpyaocnocobHoro Bo3pacTa.

Martepuanbl u MeToAbl. [pynna uccnefoBaHus cocTosna U3 59 My4MH-UHBaNMAOB TpyAocnocobHoro BopacTa. PecnoH-
LEHTbI NPOXOAMIN TPYAOBYIO NPAKTUKY B CMeUManbHO CO3AaHHbIX LIeHTpax TpyaoBoi peabunutaumm u abunutaumm. Onpe-
AENANU YpoBeHb COLManbHO-NCUXMYECKO afanTtauuv no metoamnke Pogxepca—[laiiMoHaa, MopdoMeTpuyeckue nokasarenu
(BeC, pOCT, KM3HEHHas EMKOCTb NETKWX, apTepuanbHoe AaBMeHue, NybC), KapAMOUHTEPBabl C aHANM30M JUHAMUKM BOJTHO-
BbIx nokasarenen (Sl, HF, LF, VLF, LF/HF).

Pesynbtarbl. [py cpaBHeHUM BOTHOBbIX NOKa3aTesiel KapAMonHTepBanorpadum B AMHaMUKe Obino BbISBIEHO CTAaTUCTUHECKHU
3HauuMoe n3MeHeHue nokasatens LF/HF (p <0,001) B cTopoHy yBenn4eHus, YTO CBULETENLCTBYET O HAaMpsKEHUN afanTaum-
OHHBIX MEXaHWU3MOB U CMELLIEHWUW BEreTAaTMBHOM TOHYCA B CTOPOHY CMMNATUYECKUX BAMAHUIA. Ho AuHaMMuecKoe yBenu4yeHue
nokasartens VLF% (p=0,045), 3admKcmupoBaHHOe Npu fanbHeNLLeM aHann3e, NoKasano NoAKYeHNe HagcerMeHTapHoM pery-
nAuMmM BYHKUMA BHYTPEHHUX opraHoB. ccnegoBaHue coumManbHO-MCUXON0TMYECKON afanTaLuy He BbiSIBUIO CYLECTBEHHBIX
n3MeHeHnmii. OueHKa nokasatenei MopoMeTpuM NPOBOAMNACh B 3aBMCMMOCTM OT KOMIJIEKCHOMO NOKa3aTeNs HanpsKeHus
CUCTEM perynsauum, onpefenéHHOro nocsie NPUMEHeHWs TPYLOBOW Harpysku No AaHHbIM aHann3a KapAvouHTpBanorpadmm.
AHanus npoussoannu npu nomolumn noctpoeHusi ROC-KpuBbLIX, YTO BbISIBUIO KPUTUYECKWE 3HAYEHMS BO3pacTa M MHAEKca
Macchbl Tena y yesioBeKa C MHBaNMAHOCTbI. CnefoBaTenbHO, faHHbIe MOKa3aTenn ABNSIOTCA NpeauKTopaMu Hebnaronpu-
ATHOW peaKLun PerynaTopHbIX CUCTEM Ha BO3LEWCTBMe Tpyaa. TaK, eciiv Npu TPYLOYCTPOMCTBE YesloBeKa C UHBANMAHOCTbIO
ero Bo3pact byaert paBeH unm Biwe 35 nieT, To ¢ BeposTHocThlo 80% (p=0,005) Bo3MOXHO Npeanonarate HanpsKeHue afan-
TaLMOHHBIX MEXaHW3MOB KaK peakLMio Ha Bo3AelicTBue Tpyda. AHanorMyHas 3aBUCMMOCTb BbISIBIeHa B OTHOLLEHWM UHEKCA
Macchl TeNa: ecv Npy NOCTyNIeHUM Ha paboTy ero 3HaueHue byneT paBHATLCA UM NpeBbILLaTh 26, TO ¢ BeposiTHOCTLI0 80%
(p=0,004) y paboTatoLLiero MHBaMAa BOHUKHET BereTaTMBHbIN aucbanaHc.

3akniouenue. BoisiBneHbl 0C0BEHHOCTM afanTaLMOHHBIX MEXaHWU3MOB Y MYXUYMH-WHBANMAOB K TPYLOBOW Harpy3ke. [lony-
YeHHble AaHHbIE MOXHO NPUMEHSATb ANA NPOrHO3MPOBaHMS HaNPSKEHNUS PErynsTOpHbIX CUCTEM BHYTPEHHUX OpPraHoB Ha Tpy-
A0BOE BO3/ENCTBME, @ TAKXKE C MPAKTUYECKOW TOUKU 3peHns Ans cocTasnieHust AIG@EKTUBHOMO pexkuMa Tpyaa W oTAbIXa,
rpacdwuka paboueii Hegenu v onpeAeneHns YPoBHA TPYLOBOW Harpy3ku. KoMnneKcHbIi bruoncuxocoumanbHbii noaxog Heob-
XOOMM ANs MOJSHOM OLEHKW afanTaUMOHHbIX MEXaHU3MOB, YT0ObI TPYAOYCTPOICTBO ANS YENOBEKA C MHBANIMAHOCTLIO UMENO
peabunuTauMoHHbIN XapaKTep, a AN pabotogartens — 3KOHOMMYECKM OnpaBaaHHbIN 3 QEKT.

KnioueBble cnoBa: MexaHM3Mbl afjanTauuu; WHBanup; TPYLOYCTPOWCTBO; KapauouHTepsanorpadus; ROC-aHanus;
BereTaTuMBHbIA AucbanaHc.
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Predicting Adaptation Outcomes to Occupational Load
in Working-Age Men with Disabilities
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ABSTRACT

BACKGROUND: Employment for individuals with disabilities serves not only as a means of rehabilitation and social integration
but also represents a stress-inducing factor involving a combination of technogenic and socio-psychological influences. Given
the specific self-perception of their status, persons with disabilities develop a dynamic system of adaptive-compensatory
mechanisms in response to occupational load. Therefore, the study of labor adaptation processes should encompass not only
psychosocial aspects, as emphasized in most scientific data, but also consider the functional state of the body’s regulatory
systems.

AIM: To assess the possibility of predicting adaptation outcomes to occupational load in working-age men with disabilities.
METHODS: The study group consisted of 59 working-age men with disabilities. The participants underwent employment-
based practice in specialized rehabilitation and habilitation centers. The assessment included the Rogers—Diamond method for
socio-psychological adaptation, morphometric parameters (weight, height, vital lung capacity, blood pressure, heart rate), and
cardiointervalography with analysis of wave-related parameters (S, HF, LF, VLF, LF/HF).

RESULTS: A comparative over-time analysis of cardiointervalography wave parameters revealed a statistically significant
increase in the LF/HF ratio (p <0.001), indicating increased strain on adaptive mechanisms and a shift in autonomic tone toward
sympathetic dominance. However, the increase in the VLF% index (p=0.045), recorded during further analysis, indicated the
involvement of suprasegmental regulation of visceral functions. No significant changes were observed in socio-psychological
adaptation. Morphometric parameters were assessed in relation to a composite index of regulatory system strain, determined
after occupational load based on cardiointervalography data. ROC curve analysis was used to identify critical threshold values
for age and body mass index in individuals with disabilities. Accordingly, these parameters can be regarded as predictors of
unfavorable regulatory system responses to occupational exposure. Thus, if a person with a disability is employed at the age
of 35 years or older, there is an 80% probability (p=0.005) of developing strain on adaptive mechanisms mechanisms as a
response to occupational exposure. A similar correlation was identified with respect to body mass index: if, upon employment,
the BMlis equal to or exceeds 26, there is an 80% probability (p=0.004) that an employed individual with a disability will develop
autonomic imbalance.

CONCLUSION: The study identified specific features of adaptive responses to occupational load in working-age men
with disabilities. The obtained data can be used to predict strain on the regulatory systems of internal organs in response
to occupational exposure, as well as, from a practical standpoint, to design an effective work-rest schedule, weekly work
timetable, and to determine the appropriate level of occupational load. A comprehensive biopsychosocial approach is required
for a thorough evaluation of adaptive mechanisms, ensuring that employment serves a rehabilitative role for individuals with
disabilities and delivers cost-effective results for employers.

Keywords: adaptive mechanisms; disability; employment; cardiointervalography; ROC analysis; autonomic imbalance.
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OPUIMHATTIBHOE VICCIEOOBAHME

Ob0CHOBAHUE

TpynoBas LesTeNbHOCTb ANS WL, C UHBANMAHOCTBI0 —
3T0 He TONbKO MyTb 3KOHOMMYECKO MHTErpaLmm, Ho U CNoX-
Has BrocoumanbHas Harpyska, OKasblBaloLLas, C 0fHOW CTo-
POHbI, peabunuTauMoHHOe BO3LENCTBME, C APYrod — SBNS-
loLLancs CTPeCCOreHHbIM (GaKTOPOM aHTPOMOOIUYECKOro,
COLMANbHOr0 M TEXHOTEHHOro xapakTepa. C y4yétoM 3atoro
opraHusM paboTHMKa C WHBaNMAHOCTbIO LenecoobpasHo
paccMaTpuBaTb KaK AMHaMMYecKylo CUCTeMy Mpucnoco-
BneHns K MOCTOSHHO MEHSIOLMMCS YCII0BUAM CcouMarb-
HO-TpyLOBOM cpedpl. M3yyeHne MexaHM3MOB apantaumu,
onpejeneHue afanTaUMOHHOTO MOTeHUMana TpyasLiero-
CA MHBanMa — CYLECTBEHHbIN 3NEMEHT obecneyeHus
LaHHOWM KaTeropuu rpaxfaH paBHbIMA BO3MOXHOCTAMM
Ha TPYA, NpeACTaBMeHHbIMA B HECKONbKUX HOPMATMBHbIX
akTax Poccuiickon ®epepaumu.

AHanusupys oTeuecTBeHHYK M 3apybexHylo nuTeparty-
Py, MOXHO OTMETWUTb, YTO MCCNEAO0BaHMsA ajanTauuu fio-
Aeii C VHBANMOHOCTHI0, aKTUBHO M3y4aeMble B COLMANbHBIX
M MCMXONOrMYECKUX acneKTax, Mano 3aTparveakT dusnono-
rmyeckue MexaHuambl [1-3]. B page pabot, aBTopbl KOTOPbIX
NpeANpPUHANM NOMbITKY U3Y4nUTb 0COBEHHOCTH ur3nonornye-
CKOW aflanTaumuv K yCnoBuaM 00pa3oBaTeNibHOi cpefibl y nuu
MOJI0[0r0 BO3pacTa C OrpaHN4eHHbIMU BO3MOXKHOCTSIMU 340~
POBbS, MOKa3aHo, YTo GOPMMPYIOTCA Upe3MepHbIi BereTaTus-
Hblii aucbanaHc, cMeLLeHWe BEreTaTMBHOTO TOHYCA, MCUXO-
3MOLMOHANIBHOE HaMPSKEHWE U CHUKEHUE CWITbl HEPBHBIX
MpOoLEeccoB, NPUBOASALLME K UCTOLLEHWID (YHKLMOHANBHBIX
pe3epBoB [4]. 3TM AaHHble MOAYEPKMBAIOT He0bX0aMMOCTb
U3y4eHUs MEXaHU3MOB af,anTaLMOHHO LeATeNbHOCTM U pas-
paboTKM METOA0B KOPPEKLMM NOA0BHBIX COCTOSAHMIA.

OpHoM 13 0bLLEeNpPUHATBLIX METOAMK, MO3BOMAIOLLEN Bbl-
SIBUTb BereTaTMBHbIE MeXaHU3Mbl afanTaLMu OpraHu3Ma,
sBnseTcs kapavouHTepsanorpadma (KAT) npu nposepeHum
(YHKUMOHaNbHbIX Npob. 3MeHUMBOCTb KapaAUopUTMa — 3T0
MHauMKaTop 6anaHca BereTaTMBHOI HEpBHOM cucTeMbI. bnaro-
[aps MaTeMaTUYecKuM, CTaTUCTUYECKUM, FEOMETPUYECKUM,
yacToTHbIM MeToaaM aHanmsa KWUI MoxHo onpepenutb
BK/1aZ CMMMATUYECKOW WM NapacuMnaTUYecKoW HepBHOM
CMCTEMBI B NPOLIECC perynaunu GYHKLMIA BHYTPEHHUX Opra-
HoB [5]. ABTOpaMM M3yyaeTcs ypoBeHb afanTaLMOHHbIX BO3-
MOXHOCTEN He TONbKO B 3aBUCMMOCTM OT MOJjia, BO3pacTa,
packl, NpodeccHoHanbHOM AeATeNbHOCTH, HO U B 3aBUCMMO-
CTU OT BEJIMYMHBI ANNIOCTaTUYECKOW Harpy3KK, YTo U SBNISET-
€S onpejensLWwmUM npu GopMUpPOBaHUM KOMMEHCMPOBAHHOIO
COCTOSAHUSA Y MHBanMAaoB [6, 7].

Mpn uccnepnoBaHuMM apanTauuyv Ha BO3LEWCTBUE TpY-
AOBOW HarpyskuM HeMasoBa)HbIM fBASETC BOMPOC He-
WHBA3WBHOCTM MpPUMEHSIEMbIX METOAMK, uTobbl MMeTb
BO3MOXHOCTb W3yyaTb MPUCMOCOBUTENIbHBIE MEXaHU3Mbl
HenocpeACTBEHHO Ha paboyeM MecTe, B mpoLiecce TPYLOBO
pestenbHocTU. [laHHoMy TpeboBaHMIO OTBEYaeT aHTpono-
METPUYECKUIA METOA. AHTPOMOMETpUS — 3T0 rpynna MeTo-
L0B UCCe0BaHUS YeNloBEKa, KoTopas 0bbeauHseT B cebe
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MopQOMEeTpHI0, UNM U3MepeHUe NapaMeTpoB Tena (Bec, pocT
U T.4.), GU3MOMETPUIO, UM M3MepeHne (YHKLMOHANBbHBIX
napaMeTpoB OpraHu3Ma (KM3HeHHas EMKOCTb JIETKWX, ap-
TepuanbHoe AaBfieHUe, YacToTa CepAeYHbIX COKPALLEHUH,
OVHaMOMETPUSA U T.4.), U OLEHKY BHELUHEro CTPOeHUs Tena
(comatockonuio). MofobHbIE METOLMKM LUMPOKO NpUMEHS-
I0TCA Npy aHanm3e U3NYECKOro COCTOAHMA HaceneHus [8],
CTeneHn peabunmUTaLMoHHbLIX BO3MOXHOCTEH MHBanMaoB [9],
NPUCNOCOBUTENBHBIX MEXaHW3MOB, HanmpuMep, K YCoBUAM
Apktvkm [10] nnm K dm3sndeckon aktusHocTH [11].

HeobxopumocTb onpeaeneHns NcMxocoLmanbHOro KoM-
MOHEeHTa NpU M3y4eHUW aflanTaUMOHHBIX MeXaHU3MoB pabo-
TaloLLero WHBanua Bbi3BaHa COLMANbHBIMU U, KaK Clefi-
CTBME, NCUXONOTMYECKUMU U3MEHEHUAIMU B JW3HM YeI0BEKA
C OrpaHNYeHHbIMU BO3MOXHOCTSIMU 3[,0POBbSA NpY TPYA0Y-
CTpoiicTBe. ABTOPbI aKTUBHO M3y4aloT JaHHOE HanpaBieHue
[12], Ho paboT no npuMeHeHMI0 KoMMNeKcHoro Bruomncuxoco-
uManbHoro noaxoga mano. Ha npumepe psga uccneposa-
HWA [0Ka3aHo, YTO YPOBEHb COLMANbHO-MCHUXONIOMMYECKO
ajianTaumu MMeeT B3aMMOCBS3b C COCTOSHUEM perynsTop-
HbIX CUCTEM OpraHu3Mma, onpefefiéHHbIX Ha 0CHOBE MeTo-
kv KUT [13, 14], B apyrux nutepaTypHbIX UCTOYHMKAX U3-
MepeHWe BapuaTUBHOCTM KapAMOMHTEPBANOB — CKPUHUHT
COLManbHOro M NcUxonoruyeckoro bnarononyymns yenoBexa
[15].

Takum obpasoM, aHanu3 KUI kak uhauKaTopa perynsrop-
HbIX MEXaHW3MOB, U3MEPEHME aHTPONOMETPUYECKMX NOKa3a-
Teneii 1 onpefeneHne ypoBHSA COLMANBHO-MNCUXONOrMYECKOM
ajanTaumu HeobxoauUMbl Ans pa3paboTKY KpUTEPUEB OLIEHKH
ncuxodn3noNorMyecKon afanTaumm y niofien ¢ MHBaULHO-
CTbl0 NpU TPYAOYCTpoWCTBE ANs Bblbopa bnaronpusaTHoro
PeXu1Ma 1 ypoBHs TPYL0BOIA HarpysKu.

Lenb uccnepoBaHma. M3yunTb BOIMOXHOCTb MPOrHO-
3MpoBaHMs UCX0A0B afanTaLUMOHHOr0 npouecca K TpyLoBOiA
HarpysKe y My»44H-MHBaMA0B TpyaocnocobHoro Bospacra.

MATEPWUAJIbl U METO[ bl

B paMkax uccnepoBaHus Obiiv co3faHbl CneLmanbHble
LEHTpbl TpyAOBOW peabunutaumm u abunutaumm (LTPA).
LUTPA — 370 y4ebHo-TpyRoBLIe nabopatopumn, CO3AaHHbIe
B TPEX ropojax Ha Tepputopuu Yamyptckon Pecnybnvkm
ONS VHTEerpauun niofed ¢ WHBaNMAHOCTbI B COLMANbHO-
3KOHOMUYECKYIO Ccpefy, FAe MHBanuabl 3aHUManuCcb py4yHolA
YNaKoBKOM rOTOBOM MpoAyKumu. bnaropaps cneumanusm-
poBaHHOMY paboueMy MecTy WHBanuaa (nateHT N2 209608)
TPYAOBYI0 MPaKTUKY CMOFAM NPOATW NIOAU C Pa3iUYHbIMM
WHBa/IMAM3MUPYIOLLMMM NATONOrMAMU, TPYMMaMWU U KaTero-
puaMM MHBaNMAHOCTU. CornacHo CTaTUCTUYECKUM [LaHHBIM,
B CTPYKType paboTatolumx MHBanMAoB NpeobnafaioT MyKuu-
Hbl, B CBAI3U C YeM B UCCEL0BaHUM CLeMaH aKLEHT Ha UHBa-
JIMA0B-MYXUMH ANS MOMCKA BO3MOXHBIX MyTen 0nTMMU3aLmmn
MpoLeccoB TPYAOBOM ajanTauuy U YBEIMYEHUS BOBMEYEH-
HOCTM B TPYL,0BYI0 1eATENbHOCTb. TakUM 06pa3oM, 06BbEKTOM
UCCe0BaHuUA CTanm 59 MyXuMH TpyLocnocobHoro Bo3pacTa
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(18-59 net) c nHBanmaHocTbio. KputepueM otbopa B ucche-
A0BaHUe SBUIUCb MYMCKOW MOJI, HasMuMe [OKYMEHTasIbHO
NoATBEPKAEHHOW MHBANMAHOCTY, TPYAOCMNOCOBHBIA BO3pacT,
Hanuume AeecnocobHOCTM, TpyaoBas MOTMBALMS, Hanlndme
MoAnMCcaHHOro MHGOpMMpoBaHHOro cornacus. Hanpaenexue
B LITPA MyxuuHbl nonyyanu npy obpalieHnu B LiEHTpbI 3a-
HATOCTM NPM NOMCKE paboTbl M NPOXOAUNM TPYAOBYIO NPAKTUKY
Ha NPOTSHXKEHUW ABYX Hefenb. OTHOCMTENBHO rpynMbl MHBA-
JMOHOCTY BbIBOPKa MMena cneaytoLLyto CTpyKTypy: 68% — uH-
Ba/NabI, MMeloLLme 2-10 rpynny uHBanuaHocty, 32% — 3-to
rpynny uHBanupaHocTU. OTHOCMTENBHO MHBANMAU3MPYIOLLErO
3abonesanus pacnpefeneHue crnepyiowee: 15% — 3abone-
BaHWsA CepAeYHO-COCYAUCTON cucTeMbl, 46% — ncuxoHes-
ponorudyeckue 3abonesawus, 17% — natonorus OMopHo-
ABUraTenbHoro annapata, 22% — papyrve 3aboneBaHus.
Wccneposanue npoBoaunu Bo Bcex co3panHbix LITPA ¢ pe-
Kabpsa 2019 r. no mait 2022 . .

Bce uccnepoBaHus ¢ yyactueM niofei COOTBETCTBYIOT
3TMYECKMM CTaH[apTaM HaLMOHamNbHOro KOMUTETa No ucche-
[0BaTeNbCKOW 3TUKE M XeNbCUHKCKOM aeknapaumn 1964 r.
1 eé nocnefytoLmM uamMeHeHnaM. OT KaXIOoro y4acTHUKa no-
ny4yeHo MHPOpMMpoBaHHOE [0bpOBOJbHOE cornacue (npoTo-
KOJ1 IoKanbHoro 3tudeckoro komuteta N2 683 ot 28.01.2020).

[lna oueHKM cocTosHMA BereTaTMBHOro 6anaHca W Ha-
NPSIKEHUs PerynaTopHbIX QYHKUMA opraHM3Ma WCMosb3o-
Banm Metop, usmepenus KU npu nomowwm annapatHo-npo-
rpamMMHoro komnnekca «BHC-Mukpo» ¢upMbl «HerpoCodT»
(Poccus, WBaHoBo). HakaHyHe uccnefoBaHWUsi UCTbITYEMBIE
nosy4anu MHCTPYKLMIO N0 MOATOTOBKE K UCCe0BaHMIO: Bbl-
cnatbCs, NoCneAHWI NPUEM NULLM He No3aHee yeM 3a 1,5-24
L0 npouenypsl. iccneaoBanne NpoBoauaAM B NONOMKEHUM UC-
MbITYEMOr0 JIEXa, CO CTaHLAPTHBIM HaNOXEHUEM 3MEKTPO-
[0B, B TEYEHME 5 MUH, [aniee UCMbITYeMbIi BCTaBan. B Bep-
TUKanbHoM nonoxennn KU 3anuceiBanu Takxe B TeyeHue
5 MuH. Mocne npoBeaenns Npobbl Ha 3anKcaHHOM rpadimke
ybupanu «wym» 1 NpOBOAMNM CTATUCTUYECKUIA U BOSTHOBO
aHanM3 NoNyYeHHbIX AaHHbIX. Bbln nonyyeHsl cnepytowme
nokasarenu: S, HF, LF, VLF, HF%, LF%, VLF%, LF/HF, roe
HF — BbicoKoYacToTHble KonebaHus, XapaKTepu3yloLimne
BK/1aZ NapacuMNaTUYecKoi HepBHOW CUCTEMbI B OpMU-
poBaHMWe BeretatMBHoro banaHca, LF — HM3KOBONHOBbIE
Konebanus, VLF — oueHb HM3KOBO/HOBbIE KOnebaHus,

LF/HF$

LF/HF 1

Puc. 1. IuHamuka nokasarens LF/HF¢.
Fig. 1. Changes of the LF/HF index.
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XapaKTUpM3YHoLLWe BKIIAA, CMMNaTUYECKON HEPBHOW CUCTEMBI
B NpoLiecc BereTaTMBHOW perynsauum [16]. S| BbisBnseT Ha-
MpSIKEHWE perynsaTopHbIX cucTeM. [laHHbI NoKasaTesb YacTo
UCMOMb3yeTcs B UCCNELOBaHUSAX W TPAKTYeTCA KaK YPOBEHb
aflanTaLMOHHbIX BO3MOXHOCTeW opraHuaMma [17, 18]. Takxke
paccynTLIBaNM NoKasateslb «HANPSKEHUE PETYNATOPHbIX CU-
ctem no P.M. baeBcKoMy».

bbinu  onpepeneHbl  aHTPOMOMETPUYECKUE [aHHble:
PoCT, Bec, apTepuanbHOe LaBneHue, MynbC W KU3HEHHas
EMKOCTb JIETKMX. [lpu nomoLuy OMpoCHWKA MO MeToauKe
Ponskepca—[laiiMoHAa BbISIBNEH YPOBEHb NCUXOCOLMANIBHOM
apantaumv [19].

JlaHHbIN KOMMNIEKC M3MepeHWN Dbl NPOBEAEH ABAXAbI:
[0 Hayana TpyLoBOW NPaKTUKM U N0 UCTEYEHWUMN [IBYXHEAESb-
HOro CpOKa TPYLOBOW Harpy3Ky.

Cratuctuyeckuin 610K MccnefoBaHus NpOBEAEH B He-
CKONbKO 3TanoB C UCMONb30BaHMEM nporpaMMbl Stattech v.
2.6.1 (000 «Cratrex», Poccus).

Ha nepsoM 3tane onpepenvnv xapakTtep pacrnpegeneHus
BblIbopKM ¢ nomoLbto Kputepues LLanupo-Yunka u Konmo-
ropoBa—CMupHOBa, 4T 00YCNOBMNO AanbHeMLLMe METOAb
onmMcaTesibHOM CTaTUCTUKU: CpefHee + CTaHAAPTHOE OTKIIOHE-
Hue (M+SD) ansa HopManbHOro pacnpeAeneHu s U MepaHa
¢ kapTunamu (Me [Q1-Q3]) B ocTanbHbIX ciyyasX.

Ha BTopoM 3tane, uccnenys AMHAMUKY rpynnbl U CABUIHA
B 3HaYEHMSIX B 3aBUCUMBIX BbIOOPKaAX, NPUMEHATN t-KpUTEpUiA
CTblogeHTa Ans 3aBUCMMBIX TPYNN UK Kputepuii Bunkokco-
Ha. Pasnuuus cuutanu cTaTMCTMYECKM LOCTOBEPHBIMU NpH
p <0,05.

Ha saknountensHoM 3tane nposenu ROC-aHanus, no-
ctpounu ROC-KpuBble. 119 BbISBNEHUS NOPOroBbIX 3HAYEHWM
noKa3satesien bbinn HangeHbl HaMBbICLLEE 3HAYEHUE HLEKCA
tOneHa B Touke cut-off.

PE3Y/IbTATbI

B 1abn. 1 npepacraBneHbl pesynbTaTbl, MOAYYEHHblE
npu aHanuse AuMHamuku nokasatenend KUI. OnpepeneHo,
4TO BereTaTMBHbIA DanaHc CMeLlaeTcs B CTOPOHY HU3KO-
BonHoBbIX Konebanuit (LF/HF); p <0,001. WUcnonb3yembiii
MeTon, — KpuTepun YunkokcoHa (puc. 1). MiaMeHeHue no-
kasatens HF% npu doHosoii npobe (p <0,003) gokasano,

VLFd

VLFo1

Puc. 2. luHammuka nokasatens VLF¢.
Fig. 2. Changes of the VLF% index.

VLF$2
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Ta6nuua 1. AHanu3 AMHaMUKVM NoKa3aTeneil KapAvouHTepBanorpacbmm
Table 1. Changes of cardiointervalography parameters
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3Jranbl HabnopeHns

[lo Hauana TpyaoBO# Harpysku Mocne oKOHYaHWs TPYAOBOWA Harpy3Ku P
LF/HFd
Me Q,-Q, Me Q-G <0,001*
1,2 (n=25) 07-184 2 (n=25) 1,22-3,47
HF%d
Me Q-0 Me Q-q, 0,003*
25 (n=25) 18-36 5 (n=25) 11-25
VLF%db
M:SD 95% [N MxSD 95% [N 0,033*
39+14 (n=25) 33-44 4718 (n=25) 40-55

lMpumeyaHue. * Paznnums nokasaTenen CTatucTuyecku 3Haummel (p <0,05); & — doHoBas npoba.
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Puc. 3. ROC-KpuBasi, xapaKTepu3yloLLas 3aBUCUMOCTb BEPOATHOCTU MOKa3aTess HaNpsKEHNs PEryNATOPHbIX CUCTEM NOCIe TPYAOBOIA NPAKTUKY OT BO3pacTa.
Fig. 3. ROC curve showing the relationship between age and the probability of regulatory system strain after occupational exposure.

YTO NpUYMHA BbISBNIEHHOrO BeretTaTMBHOro fucbanaHca —
CHUXEHME BKIaLa B MPOLECC Perynsunv BHYTPEHHUX Op-
raHoB NapacMMnaTMYecKom HepBHOM cucTeMbl. OpHaKo
AanbHenwee uccnepoBaHne usmeHenun KU BbisBuno
3HauMTeNbHbIN BKNAf, HaACErMEHTApHOr0 YPOBHS peryns-
UMM B MpoLecc NoAnepxaHus BHYTPEHHEro paBHOBECKS,
YTO OMpefenseTcs CTaTUCTUYECKU 3HAYUMBIM YBEJIMYEHH-
eM VLF% (p=0,045). Ucnonb3yeMblii MeTOA — KpUTepUii
YunkokcoHa (puc. 2).

Mpu aHanu3se gaHHbIx KUT, nonyyeHHbIX B pesynbTarte op-
TOCTATUYECKOW NpOBbI Y MYXUMH-UHBANWOB, JOCTOBEPHbBIX
U3MEHEHWIA BbisIBNEHO He bbino. OgHaKo B 0myBaMKoBaHHbIX
HaMu paHee paboTax Npu uccnefoBaHuM 06LLEel BLIBOPKY pa-
boTarowmx MHBanMAo0B 0bHapyXeHa KoppensLMOHHas B3au-
MOCBSA3b MOKa3aTesiel opTocTaTuyeckoi npobel U cTpecc-
uyBcTBUTENBHOCTY [20].

[anHble KU, nonyyeHHble nocne BO3aenCTBUA TPYLO-
BOI Harpy3Ku, UCMoNb30BaNM LA OLEHKU BAMAHWA Tpyna
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Puc. 4. AHanu3 4yBCTBMTENBHOCTM U CNELMBUYHOCTU MOLENN B COOTBET-

CTBUK C BO3paCTHbIMK MOPOroBbiIMU 3HaAYEHUAMMN.

Fig. 4. Analysis of model sensitivity and specificity according to age

threshold values.
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Puc. 5. ROC-kpuBas, xapaKTepusylollas 3aBUCUMOCTb BEpPOSITHOCTM MOKa3aTensi HanpsiKeHWs perynsTopHbIX CUCTEM MOcne TPYAOBOW MPaKTUKM

OT UHAEKCa MaccChl Tena.

Fig. 5. ROC curve showing the relationship between body mass index and the probability of regulatory system strain after occupational exposure.

Ha Ntoaen ¢ HBaNMAHOCTbI0. Tak, npu noMowwmn ROC-aHanu3a
MOKa3aTeNiA HaMpsKEHUs PerynAaToOpHbIX cucTeM no baes-
CKOMY Dbl onpefeneHbl KpUTUYECKUE 3HAYEHUS BO3pacTa
W MHAeKca Maccol Tena (IMT), npuBoAALLME K BEreTaTUBHOMY
avcbanaHcy npu NPOXoXAeHUM TPYA0BOIA NPaKTUKK.

ROC-aHanu3 — 310 MeTod JIOrMCTUYECKON PErpeccum,
MO3BONIAIOLLMIA ONPeAeNUTb BEPOSTHOCTb HACTYM/IEHMS CO-
BbITWsA, NpefcTaBNeHHOro B BuAe BWHapHONM nepeMeHHoW
[21]. B HaweM cnyyae BuHapHOW NEpPeMeHHOW CTano Ha-
JINYME UNN OTCYTCTBUE HaMPSIKEHUS PEFYNATOPHBIX CUCTEM
nocne MpOXOXAEHWA TPYLOBOW NpakTUKKW. bbina aokasaHa
CBAi3b JAHHOr0 MOKa3aTens W Bo3pacta TpyAoycTpanBaeMo-
ro MyXYWHbI-MHBaNWAA, a TaKKe BO3PacCT, Bbille KOTOPOro
y paboTHMKa € MHBANMAHOCTLIO BESIMKA BEPOATHOCTb Ha-
CTYMNIEHUA HANPSXKEHUS PErYNATOPHbIX CUCTEM KaK peakums
Ha TPYLOBYI0 HarpysKy.

Mnowapp nog ROC-kpmeoit (puc. 3) coctasuna 0,80+0,07
¢ 95% [OK: 0,65-0,94. MonyyeHHass Mofenb CTATUCTUYECKM
3HaumMa (p=0,005). MoporoBoe 3HaueHMe BO3pacTa B TOUKE
cut-off, KoTopoMy COOTBETCTBOBANO HaMBLICLLEE 3HAYEHME
nhaekca 0pena (puc. 4), coctasuno 35 net. CnegoBatenb-
HO, MpX 3HAYeHUM BO3pacTa, paBHOM 35 NeT WM BbilLe,
¢ BepoATHOCTbI0 80% (oTHOCMTENbHAs BESIMHYMHA MIIOLLaAM
non ROC-kpuBoii) byaeT HacTynaTb HanpsyKeHue perynsaTop-
HbIX CHCTEM NOoC/e TPYLOBOW Harpy3Ky.

[loka3aHa cBA3b MOKa3aTens HanpsKeHUs perynsaumuoH-
HbIx cucteM 1 UMT TpynoycTpanBaeMoro MyX4nHbI-MHBaK-
Aa, a Takke MIMT, Bblwe KoToporo y paboTHMKa-WHBanMAaa
¢ 60M1bLLUION BEPOATHOCTLIO HACTYNAeT BereTaTMBHLIN Ancha-
NaHC KaK peaKums Ha TPyAOBOe BO3LENCTBYE.

Mnowaae nog ROC-kpusoi (puc. 5) cocTaBuna
0,800+0,071 ¢ 95% [W: 0,66-0,94. TMonyyeHHas Mopenb
cTatucTMyeckn 3Hauuma (p=0,004). MoporoBoe 3HaueHue
WMT B Touke cut-off, KoTopoMy COOTBETCTBOBANO HaMBbIC-
Luee 3HayeHWe MHAeKca H0aeHa (puc. 6), cocTaBuno 26. 310
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Puc. 6. AHanu3 YyBCTBUTENBHOCTM U CNELUMGUYHOCT MOAENN B 3aBUCH-
MOCTH OT MOPOroBbIX 3HA4YEHUN MHAEKca Macchl Tena (MMT).

Fig. 6. Analysis of model sensitivity and specificity according to body mass
index (BMI) threshold values.

roBOPUT 0 TOM, YTO npu 3Ha4eHun UMT, paBHoM 26 1 BoiLLe,
¢ BepoATHoCTbi0 80% (OTHOCMTENbHAs BEMYMHA MNoLLaaM
nog ROC-KpuBOit) BO3MOXKHO HanpsKeHue perynsTopHbIX
cucTeM, 006ycnoBieHHOE TPYA0BOW Harpy3Ko.

Mpu uccnepoBaHuM coumanbHO-NCMXONOMMYECKON ajan-
TaLumM TPYAALLMXCA UHBANWAO0B He BbISIBNEHO CTAaTUCTUYECKM
3HaYMMON OMHaMWKW. B paHee onybnmKoBaHHbIX paboTtax
MOKa3aHo, YTO HEKOTOpble MOKa3aTenn UMenu LOCTOBEPHbIE
M3MEHEHMSA B 3aBUCUMOCTM OT FPynnbl MHBANIMAHOCTU U UH-
BanuausMpylowero 3abonesannsa cpeau Bcex paboTaroLimx
MHBANMAO0B (MYX4MH W XeHLmH) [20].

OBCYXEHUE

TpyLOYCTPOIACTBO NS YesoBeKa C MHBANMAHOCTbIO, NpK-
HUMas BO BHMMaHWe ocoboe caMoBocnpuaTMe CybbekTa

321



322

OPUIMHATTIBHOE VICCIEOOBAHME

W CTPeCCOreHHOCTb JaHHOro npouecca, — 370 crneunduye-
CKWN BWJ, Harpy3Kkyl, CTUMYNIPYIOLLMIA OPMMpOBaHME onpe-
LENEHHBIX aAaNTaUMOHHBIX MEXaHU3MOB npucnocobieHus
K [aHHOMy BO3ZEMCTBMIO. BHOBb creHepupoBaHHas QyHKLM-
OHanbHas cuUcTeMa TPYLOYCTPOWCTBA KaK MOBELEHYECKOro
aKTa MMeeT TPYAO0BOM HaBblK B Ka4ecTBe cucTeMoobpasyo-
wero haKTopa, @ MOTUBALIMOHHBIA KOMMOHEHT — KpUTEpUA
otbopa B uccnefoBaHue. AHaNNU3MPYs AaHHble, NOSTyYeHHbIe
B MCCNIe0BaHWH, BbISIB/IEHbI 0COBEHHOCTU MeXaHU3MOB, Npu-
BOAALWMX K [JOCTUKEHWUIO MpUCnocobuTenibHOro pesynbrara.
TaK, C TOUKM 3peHus BEreTaTMBHOM PErynsiuuu OnpefeneHo,
YTO TPyZLOBas Harpy3Ka MPUBOAMT K pa3banaHcMpoBKe 3TUX
anropuTMOB perynupoBanus. [ns nopiepiaHus roMeocta-
TUYECKUX MOKa3aTeNielt B onpefenéHHOM (QU3M0Ior1YeCKOM
Kopuaope HeobXOAMMO YBENUYMTL BKITQf, HaLCerMeHTapHoro
YPOBHSA perynsummu, 4to Mbl onpegenunu bnarogaps BOJIHO-
BoMy aHanu3y KWT. Mo gaHHbIM nuTepartypel, yBennyeHue no-
Kasatens VLF npu peictBum ¢umanyeckux Harpy3oK B TpeHU-
POBOYHOM MPOLIECCE XapPaKTEPHO Ans fuy, ¢ 3aboneBaHuaMH
ncuxuyeckoi cdepol [16], 4T NOATBEPKAAIOT HAlLWM AaHHbIE,
TaK KaK B CTPyKType BbIOOPKY N0 MHBanMamsupytoLLeMy 3abo-
NeBaHMI0 Npeobnagany ncuxuaTpuyeckue Hapywenus (46%).

B Hawmx npenplaywmx uccneoBaHUaX NoKasaHa B3a-
MMOCBA3b MOKa3aTeneil CTpecc-4yBCTBUTENBHOCTU U Bere-
TatMBHoro 6anauca y pabotatowwmx uHeanunos [20], oaHako
uccnefoBaHue MCUXOCOLMANBHON afanTaLun y MYXUWH-
WHBaNMAOB HE BbISIBUIO CTAaTUCTMYECKU 3HAYUMBbIX W3-
MeHeHun. Hambonee BaxHble faHHble Obiv 0BHapyMeHb
npu aHanuse MopQOMETPUUECKUX U3MEPEHWIA. BbisBNeHHbIE
npu nomoty ROC-aHanm3a KpUTHUECKMe 3Ha4eHUs Bo3pacTa
(35 net) n UMT (26), BeposiTHO, MOMOrYT ONPEAENNUTb PUCK
Pa3BUTMS HaNpsXKeHWs afanTaLMOHHBIX MeXaHWU3MOB Y UH-
Ba/lMAOB Ha TPyAOBOE BO3LENCTBUE, YTO MOXKET NPUBECTM
K YXYLLIEHMI0 COCTOSHWSA 3[0POBbS. 3Has 3TW MoKasaTenu,
paboTopaTtenib CMOXET CKOPPEKTUPOBATh YPOBEHb Harpy3Ky
1 pabounii pexumM, 4Tobbl TPYL ona byayuiero coTpyaHWKa
WMen npexzae Bcero peabunutaumoHHbI xapakTtep. Tpyno-
YCTPauBalLLMMCS MYyX4YMHAM-MHBaNMAAM C BbISIBIEHHBIMU
NPeAMKTOPaMU MOXHO PEKOMEHAO0BATb KOPOTKY0 pabouyto
Hefenio, COKPALLEHHbIA pabouni AeHb, yBeNMUeHWe Konu-
YecTBa NepepbIBOB [J19 0TAbIXa.

3AKJIOYEHUE

1. NpoBeAEHHbIN aHanM3 BbISIBUAN BEreTaTMBHbIA anchba-
NaHC, NPOSBMBLLMICA CHUXEHWEM MapacMMNaTYecKoro Bn-
SHWA U aKTMBaLMeEW Ha[CEerMeHTapHOro YpPOBHS Perynsuuu
Y UHBaIMA0B-MYUMH K TPYL,0BOMY BO3AEMCTBUIO, HTO FOBO-
PUT 0 HE3aBEPLUEHHOCTM aflanTaLMOHHBIX MEXaHW3MOB.

2. BsaumocBs3b nokasatesied, OnpefenéHHbIX B Havane
TPYAOBOM NPAKTUKKM, U KOMMIEKCHOrO MOKa3aTenis Hanps-
JKEHWSA PEerynaTopHbIX CUCTEM MOCAe e€ OKOHYaHWA [ana
BO3MOXHOCTb NPOrHO3UpOBaTh YPOBEHb HAMPSKEHUs apan-
TaLMOHHBIX MEXaHW3MOB Y JIIOLEN C MHBAIMAHOCTHIO NPU BO3-
OENCTBUM TPYAOBOA Harpy3Ku.
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3. BbisiBieHHbIE MPeAMKTOPbI BeretaTMBHOro AucbanaH-
ca, BbI3BaHHOM0 TPYAO0BOM HArpy3KoW Y MY}K4YUH-MHBANULOB,
M UX NOpOroBble 3HauyeHus (Bo3pact 35 neT u ctapwe, AMT
26 1 Bblle) MOXHO NPUMEHATb [ BEKTOPHOrO MpOrHo3a
peaKLuu YenoBeKa C MHBAMAHOCTBH Ha TPYA.

AOMO/JHUTE/IbHAA UHDOOPMALIUA

Bknap aBtopos. E.A. HaroBuubiHa — npoBefeHvie WccnenoBaHus,
cbop 1 aHanu3 pe3ynbTatos; H.H. BacunbeBa — pyKkoBoamMTENb NPOEKT],
aHanmM3 pe3ynbTaToB. Bce aBTOpbl MOATBEPKAAKOT COOTBETCTBME CBOEMO
aBTOPCTBa MeXAyHapoaHbIM Kputepuam ICMJE (Bce aBTopbl BHECTM CyLLie-
CTBEHHbIV BKNaA B pa3paboTKy KOHLENUWW, NPOBeAEHUE UCCNe0BaHus
1 NOArOTOBKY CTaTbM, MPOYAM M 006punm GUHaNbHYO BepCUio Nepes ny-
bnvKaupen).

ITHyeckan 3kcnepTusa. [lposeseHne UCCNenoBaHMs 0A00PEHO NoKab-
HbIM 3TUYECKUM KOMWTETOM VIKEBCKOM rocyAapCcTBEHHOM MeaMULIMHCKOM
akagemum (npotokon N° 683 ot 28.01.2020).

Cornacue Ha ny6nukaumio. Bce y4acTHUKM nccneaosanms [o6poBOSbHO
noanucany hopmy MHGOPMMPOBAHHOMO COrnacst 0 BKITIOYEHUS B UCCre-
JI0BaHMe.

WUcTounukmn dmnancupoBanmus. OTCyTCTBYIOT.

PackpbiTe MHTepecoB. ABTOPbI 3asIBNAIOT 00 OTCYTCTBMM OTHOLLIEHWI, fie-
ATEIbHOCTM W MHTEPECOB 3@ MOCNefiHWe TPY rofa, CBA3aHHBIX C TPETbUMM
JmLaMK (KOMMEPYECKUMM U HEKOMMEPYECKVMM), UHTEPECH! KOTOPLIX MOTYT
BbiTb 3aTPOHYTLI COAEPKAHMEM CTaTby.

OpuruHanbHocTb. [1py CO3aHMM HACTOALLIEN paboThl aBTOPbI He UCMOJTb-
30Ba/nu paHee onybiMKoBaHHbIE CBEAEHMs (TEKCT, UNMIOCTPaLWMY, AaHHbIE).
HocTyn K AaHHBIM. PefjaKLMOHHas NOUTMKA B OTHOLLEHUM COBMECTHOMO
MCNOMb30BaHMS aHHbIX K HACTosLLe paboTe He NPMMEHMMA, HOBble AaH-
Hble He cobupanu v He co3gaBau.

leHepaTUBHbIA MCKYCCTBEHHbIV MHTENNEKT. [Ipy CO30aHMM HACTOALLEN
CTaTbW TEXHOMOTWM FEHEPATUBHOTO WCKYCCTBEHHOrO WHTENNEKTa He UC-
No/Nb30Bany.

PaccMoTpeHue u peueHsupoBaHue. HacToswlas pabota nogaHa B xyp-
Han B MHWLMATMBHOM MOPAAKE WM PacCMOTPEHa no 06bIYHOM Mpouemype.
B peLieH3MpoBaHWM y4acTBOBaNM [Ba BHELLHUX PeLeH3eHTa, YieH pefaK-
LIMOHHOM KOMNErMM U HayuHbIA peaaKTop M3AaHus.
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JKCNO3ULUOHHDBIN PUCK 3A0PO0BbLI0 HaceNeHUA
U METOAUKa OLEHKU ero yBeJsiuueHusa

M.M. CantbikoBa, 0.B. epHos, E.A. CantbikoBa, T.B. LexopaaHosa,
A.A. CemeHoBa, A.[l. bBaHuyeHKo

|.|,EHTp CTpaTernyecKoro niaHnMpoBaHUA U ynpasJieHUA MeLMKO-61onornyeckuMm pucKaMu 34,0p0Bbi0
GJep,epaanoro MefuKo-buonoruyeckoro areHTcTea, Mockea, Poccus

AHHOTALMA

O6ocHoBaHue. CoyeTaHHOe BAMSHWE MPUPOLHO-KIMMATUYECKUX M COLMANbHO-3KOHOMUYECKUE (HAKTOPOB, a TaKKe XUMM-
YecKoe W pafmaLMoHHOe 3arpsi3HEHMe OKpYKaloLlei cpefbl ABNSAIOTCA XapaKTepHbIMW YepTaMu JKU3HU COBPEMEHHOIO Ye-
noseka. CywectBytowue npobnembl 06ycnoBneHbl Kak HeAOCTAaTOYHOCTBIO 3HAHWUKA O MOMEKYNAPHO-KIIETOYHOM MeXaHU3Me
LEeWCTBUA Kaxoro U3 GakTopoB W UX COYETaHUM, TaK U OTCYTCTBUEM METOAO0/I0TMYECKUX NOLXOA0B K U3YYEHUI0 MEXaHU3MOB
BEPOATHOTO0 CUHEPTMYECKOro B3aUMOAEHCTBUA (haKTOPOB PasfMUHON NPUPOABI.

Llenb. Pa3paboTtka anroputMa BbISIBNIEHNS YBEIMHEHUA SKCMO3ULMOHHOMO PUCKA 3A0POBbLIO HACENEHWS OMPEAENEHHONO ro-
poaa unu TeppuTopuM.

Martepuanbl u MeTogbl. [10CKONBKY 3HAUMTENBHYI0 YaCTb POCCUMCKUX FOPOLOB COCTAaBASIOT HebonblMe ropoAa, To 04HUM
13 TpeboBaHuil K paspabaTbiBaeMoMy anropuTMy bbina NpUMEHUMOCTb (YCTOWYMBOCTB) €ro MpU aHann3e AaHHbIX Kak 60sib-
LUMX, TaK CPESHMX U Manbix ropoAoB unu Tepputopuid. OcHoBY pa3paboTaHHOro anropuTMa CocTaBuNl CPaBHUTENbHbIA aHanu3
NoBO3PACTHbIX NOKa3aTesiell CMEPTHOCTW HacenieHus. [lns BbISBNEHNUS LOCTOBEPHO 3HAUMMOTO (HECNyYalHOro) YBENMYEHUS
CMEpTHOCTU MPOBOAMIM CPaBHEHME AaHHBLIX O CMEPTHOCTM HaceneHus, 3aperucTpUpoBaHHOW B aHanU3uMpyeMmblii Nepuos
U B TeueHne pedepeHCHOro uHTepBana. [lng npoBepku afieKBaTHOCTM NpeLJ1araeMoro anropuTMa NPoBESIM CPaBHUTENBHBIN
aHanmM3 AaHHbIX 0 cMepTHocTH Hacenenus B 10 ropoaax (Yde, Kypcke, Mense, Kupose, Kanyre, Bonorge, Koctpome, Konom-
He, 0bHuHCKe, [lumuTpoBrpade) esponeickon yactu Poccuiickoit Defepaumm, pacrnonoeHHbIX B 30HE YMEPEHHO-KOHTU-
HEHTaNbHOro KnmMata M B KoTopbix B 2010 r. 3aperncTpupoBaHbl SKCTpeManbHble NOroAHbIe YCIoBUA (HU3Kas TeMnepatypa
B SIHBape U BbICOKas TeMMepatypa B JIETHWE MecsLbl), @ B noc/efyolme 9 nieT norofHble ycnosus Obiv B npefienax Kim-
MaTuyecKoit HopMbl (B Kupose B despane 2011 r. perucTpupoBanach aHoManbHO HWU3Kas Temnepatypa, No3TOMy AaHHble
0 cMepTHocTH HaceneHus B Kupose B 2011 1. Bbinn UcKiioueHbl M3 aHanu3a). B KadyecTe aHanusupyemoro nepuona pac-
cMatpueanm 2010 r., a 2011-2019 rr. — B KayecTBe peepeHCHOro MHTepBana.

Pesynbtatbl. Bo Bcex ropogax, BKIOUEHHbIX B uccnegoBanue, B 2010 r. 6bio 3aperMcTpupoBaHo YBENMYEHWE 3KCMO3U-
LMOHHOTO PUCKA B COOTBETCTBMM C NPEAJIOXNEHHBIM anroput™MoM. [1pu 3aToM Hu B oamnH 13 rogos ¢ 2011 no 2019 He 6bino
BbIMOJTHEHO YC/IOBUE aNnropuTMa, KOTopoe No3Boaunio bbl cienaTth BbiBOL 00 YBENMYEHUN SKCMO3ULMOHHOMO pUcka. 3T0 A0-
NOJIHUTENBHO CBUAETENLCTBYET 00 afleKBaTHOCTW anropuTMa, TaK KaK B ropofiaX, BKIIOUYEHHBIX B UCCNE0BaHUE, B TEYEHUE
pecdepeHcHoro uHTepsana (2011-2019 rr.) He BbINO NPUYKH, KOTOpLIE MOTAM Bbl 06YCNOBUTL YBENMYEHWE IKCMO3ULMOHHOMO
puCKa.

3aknioyenue. [okazaHo, YTO NpeaIOKEHHDIA anropuT™M MoXeT 3bdEKTUBHO MCNONB30BATLCS 151 BbISIBIEHUS YBENIMYEHUS
3KCMO3WLMOHHOTO PUCKa 3[10POBbI0 B rOpoJax € pPasHbIM KONMHECTBOM HacemneHus.

KnioueBbie cnoBa: oueHKa PUCKa; CMEPTHOCTb HacesieHua; cpena 0buUTaHuS; 3arpAasHeHue OKPY)KaI'OLLLEVI cpenbl.
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Exposure Risk to Public Health and a Method
for Assessing Its Increase

Marina M. Saltykova, Yury V. Zhernov, Elena A. Saltykova, Tatiana V. Shekhordanova,
Anastasiya A. Semenova, Alexey D. Banchenko

Centre for Strategic Planning and Management of Biomedical Health Risks, Moscow, Russia

ABSTRACT

BACKGROUND: The combined impact of climatic and socio-economic factors, along with chemical and radiation pollution of
the environment, is a defining feature of modern life. The current challenges stem from both insufficient knowledge of the
molecular and cellular mechanisms of individual and combined factor effects, and the lack of methodological approaches to
studying potential synergistic interactions between factors of different nature.

AIM: To develop an algorithm for detecting an increase in exposure risk to public health in a specific city or territory.
METHODS: Since a significant proportion is made up of small towns, one of the requirements for the developed algorithm was
its applicability (robustness) in analyzing data from large, medium, and small cities or territories. The core of the developed
algorithm was a comparative analysis of age-specific mortality rates. To detect a statistically significant (non-random) increase
in mortality, a comparison was made between mortality data recorded during the observation period and those from the
reference interval. To test the adequacy of the proposed algorithm, a comparative analysis of mortality data was performed
for 10 cities (Ufa, Kursk, Penza, Kirov, Kaluga, Vologda, Kostroma, Kolomna, Obninsk, Dimitrovgrad) in the European part of
the Russian Federation. These cities are located in a temperate continental climate zone and experienced extreme weather
conditions in 2010 (low temperatures in January and high temperatures in summer), whereas weather conditions in the
following nine years remained within climatic norms. (In Kirov, abnormally low temperatures were recorded in February 2011,
so the 2011 mortality data for Kirov were excluded from the analysis.) The year 2010 was designated as the observation period,
and 2011-2019 as the reference interval.

RESULTS: In all cities included in the study, an increase in exposure risk was identified in 2010 according to the proposed
algorithm. At the same time, in none of the years from 2011 to 2019 was the condition of the algorithm met that would allow for
a conclusion about an increase in exposure risk. This further supports the adequacy of the proposed algorithm, as no conditions
were presented in the studied cities during the reference interval (2011-2019) that could have led to an increase in exposure
risk.

CONCLUSION: The proposed algorithm has been shown to be effective for identifying increased exposure risk to public health
in cities with varying population sizes.

Keywords: risk assessment; mortality; habitat; environmental pollution.
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OPUIMHATTIBHOE VICCIEOOBAHME

Ob0CHOBAHUE

CoueTaHHOE BAWSIHWE  NPUPOLHO-KANMATUYECKUX
W COLMaNbHO-3KOHOMUYECKMX (DaKTOPOB, @ TaKMe XMMUYe-
CKOE W pafMaLMOHHOE 3arps3HEHWE OKPYXalolen cpeppl
ABNAIOTCA XapaKTEPHBIMU YEPTaMM KU3HU COBPEMEHHOO
yesnoBeKa. BMecTe ¢ TeM paspaboTKa HafEXHbIX UHCTPY-
MEHTOB JJ151 OLEHKU TaKOro BO3JENCTBUA ABNAETCA Ype3Bbl-
YaiiHo croxkHon 3apavent [1]. C.P. Wild [1] B 2005 r. npea-
IOXWA JOMOJHUTL U3YUYeHNe reHOMa YesloBeKa M3MepeHneM
BO3JENCTBUA OKPYKaloLLend cpedpl, BBELAS MOHATUE «3IKC-
MoCcOM». JKCMOCOM — 3TO COBOKYMHbIN MOKasaTeslb BO3-
LEeWCTBUA OKpYKaloLLen cpedbl U (aKTopoB 0bpasa MHU3HH
Ha NPOTAXEeHUM Bcei #wm3Hu YenoBeka [1-3]. KoHuenums
3KCnocoMa Obina paspaboTaHa, 4Tobbl aKLEHTMPOBAaTh BHUMA-
HWe Ha HeobxoaMMocTM bonee MOMHOM OLIEHKU BO3LENCTBUS
OKPYIKAIOLLLEN cpedbl B 3MMAEMMONIOMMYECKMX UCCNe0BaHM-
fIX, OKPY)KaloLLas cpefa B AaHHOM KOHTEKCTe Ompefensercs
B LUMPOKOM CMbIC/e Kak «HereHeTudeckas» [4]. C.P. Wild [1]
0TMeYaeT, 4To aucbanaHc TOYHOCTU NPU NPOBEAEHUM aHanNM3a
reHoMa W Npu OLLEHKE BIMSIHUS «HEreHeTMYECKOM» OKPYMalo-
LLen cpedbl He NO3BOJSIAET B MOJTHOW Mepe U3BNEKaTb Mofb3y
Anf 00LLECTBEHHOO 3[,paBO0XPaHEHMS M3 3aTpaT Ha aHan3
reHoMa YesioBeKa U NpPOBOAMMBIX KOrOPTHbIX UCC/1e LOBAHUIA.

PaspaboTka HafiEKHbIX MHCTPYMEHTOB NS aHanu3a nos-
HOW WUCTOPUM BO3LEWCTBUSA ABNAETCA YPE3BbIYANHO CIOXK-
HOM 3afayel, KOTOpas LOMOHUTENBHO OCIIOXHSETCS TEM,
YTO 3KCMOCOM, MO CPaBHEHMIO C FEHOMOM, sBnseTcs bonee
AVHaMUYHON CTPYKTYPOM, KOTOpas pa3BMBAETCsA Ha MpoTs-
JKEHUM BCEW U3HM YenoBeKa. OfHaKo, KaK U B CIyyae C re-
HOMOM, Ja¥e YacTU4HOe, LieSleHanpaBneHHoe MOHUMaHue
BO3[,eMCTBUA MOXKET 06eCneyunThb CyLLeCTBEHHbIN Nporpecc.

Heobxonumo 0TMETUTb, YTO BO3LEMCTBUE OKPYIKAIOLLEH
Cpefbl Ha 34,0p0BbE MOXET OLIEHMBATLCS HE TOJNbKO Ha MHAK-
BMAYabHOM YPOBHE (3KCMOCOM), HO M Ha YPOBHE HaceseHus
onpefenéHHbIX TEPPUTOPUIA C XapaKTePHBIMU 3KONOTUYECKHU-
MW YCIIOBMSMM, BK/IIOYAKILLMMM NPUPOAHO-KIMMaTUYECKME
M COLManbHO-3KOHOMUYECKME, a TaKXKe YPOBEHb aHTpOMo-
TeHHOro 3arpA3HeHUs OKpyatoLen cpeapl. CylecTsytowme
npobnembl pa3paboTkM MeTOA0B KOMMYECTBEHHOM OLIEHKU
B/MAHWA TaKMX Pa3HOPOAHBIX (aKTOPOB Ha 3[40POBbE ABNS-
t0TCS 0BLUMMM W ANS OLEHOK Ha YPOBHE MHAMBUAA (SKCMOCOM),
W 1S OLEHOK Ha YPOBHE HACeNleHWs ONpefeNieHHON Teppu-
Topuu. 3T NpobieMbl 06yCIOBNIEHBI KaK HELOCTAaTOYHOCTbH
3HaHWN 0 MONEKYNAPHO-KIIETOYHOM MeXaHW3Me LeiCTBUS
KaXLOoro u3 (haKTopoB M MX COYETAHWMW, TaK U OTCYTCTBU-
€M METOAO0NIOMMYECKUX NOAXOL0B K U3YYEHUO MeXaHWU3MOB
BEPOSTHOrO0 CMHEPrUYecKoro B3aMMOAENCTBUA (aKTOpOB
pa3nuuHon npupofbl [5-7]. BMecTe ¢ TeM BO3MOXHbI CUTY-
aumu, Korga nepcoHan npefnpusaTUs UK HaceneHue ropo-
Aa NOJBEPraloTcs BO3AEHCTBUI0 HECKONTBKUX PErynmpyeMblx
MCTOYHMKOB Bpefa, HanpuMep, MOHU3UPYHOLLErO W3NYYEHUS
W HEKOTOPbIX XMMUYECKUX BELLECTB, U KaX/0e BO3AEeNCTBUE
YO0BNETBOPSAET 0TPac/eBbIM HOpMaM Be30MacHoOCTH, HO Hera-
TUBHbIN 3 (EKT, BbI3BaHHbIN UX COYETAHHBLIM BO3AENCTBUEM
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(aAAUTVBHBIN MU CUHEPTUYECKMIA) MOXKET BbITb CYLLLECTBEH-
Ho 6oniee BbIPaXKEHHBIM M0 CPAaBHEHWID C U30/IMPOBaHHBIM
BmsHueM. Kak otMevaiot B.I. MeTuH v coasr. [8], «Hanbo-
Nee pacnpocTpaHéHHble M3 MpeAnofiaraeMblX MexaHU3MoB
CMHEPrMYECKOro B3aMMOLENCTBUSA CBA3aHbl C NOAABNEHUEM
cnocobHocTM 6MO0DOBEKTOB K MOCTpasMaLMOHHOMY BOC-
CTAHOBMNEHWIO B YCIOBUAX KOMOWHMPOBAHHBIX BO3AEHCTBUIA
unn ¢ GOpMUPOBAHUEM AONOSIHUTENbHBLIX 3(D(PEKTUBHBIX
MOBPEXAEHUA 3a CYET B3aUMOAENCTBUS CybnoBpexaeHuiA,
WHAYLMPOBaHHBIX KaXAbIM areHToM». Kpome Toro, cyuie-
CTBEHHbIMK npobniemamy, 0byCNOBIMBAIOLLMMM CNOXHOCTb
OLIEHKM KOMIJIEKCHOTO BJIMSIHUA HECKOJNbBKUX 3arpA3HSIOLLNX
OKPYAIOLLYI0 Cpefy UCTOYHMKOB Ha 3[0POBbE HACceNeHus,
ABNAIOTCA KaK pa3nuumsa B HopMax bBesonacHocTu, paspa-
BoTaHHbIX 119 pasHbix chep AEATENBHOCTU YesloBEKa U UC-
NOMb3YIOLWMX NPUHLMIUANBHO Pa3Hble NOKa3aTenm BpeHoro
BO3[EMCTBUS, TaK U HaNMuMe TaKUX MOLYSIMPYIOLLMX (aKTo-
POB, KaK MpUPOAHO-KIMMATUYECKUEe U COLMaNbHO-3KOHO-
MWYECKUE YCIIOBUSA, KOTOPbIE CYLLECTBEHHO BAMSIKOT Ha yA3-
BMMOCTb HaceneHns K Bo3pdeincteuto 3arpsasHenus [9, 10].
HononHuTensHoe BAUSHUE COLMANbHO-3KOHOMUYECKMX YCTO-
BMI Ha PUCK Pa3BUTUS OCHOBHBIX HEMH(EKLIMOHHBIX 3abone-
BaHWM M NOBbILLEHHAsA YA3BUMOCTb K HEraTUBHOMY BIISHUIO
3arpAHEHUA OKPYXaAlOLEeNn cpedbl B rpynnax HaceneHus
C HU3KUM COLMANBHO-3KOHOMUYECKMM CTaTyCcOM MOKa3aHbl
BO MHOrMX uccneposanmsx [9, 11].

B cBs3n ¢ 3TMM npeAcTaBnseTcs LenecoobpasHbIM pas-
paboTaTb MOAXOAbI K MHTErpanbHOM OLEHKE HEraTMBHOIO
BNMAHWA Ha 3[10POBbE HaceneHWs Bcex (aKTOpPOB 3KCMo-
3ULMKM (XMUMMYECKUX, (BU3NYECKUX, NPUPOAHO-KIMMaTHYe-
CKMX, COLManbHO-3KOHOMUYECKUX). [lns 3TOr0 MoXeT ObiTb
UCMONIb30BaHO MOHATUE «3KCMO3ULMOHHBIA PUCK», KOTopoe
He OnpefenisfieT PUCK Pa3BUTMS HEMHPEKLMOHHbIX 3abone-
BaHWWA NS KOHKPETHOT0 MHAMBMAYYMA, Nofo6HO OLEeHKaM
no wkane SCORE [12] unmn 3kcnocoMy, a CAyXUT ANA BbIAB-
NeHus TEPPUTOPUIA, HacesleHUe KOTOPBIX MOJBEPIKEHO onac-
HOCTU YBENIMYEHUS HEraTUBHOTO BAMSHUSA (aKTOpOB cpepbl
00MTaHMS 1 Pa3BUTUA TeX UM UHBIX HEMH(EKLMOHHBIX 3a-
bonesaHmin. Ha 3Tux Tepputopusx, NOMUMO MEepPONPUATUN,
HanpaBneHHbIX Ha YMEHbLLEHUE BAIMAHWA YNPaBSEMbIX He-
raTUBHbIX (PaKTOPOB OKpPYatoLLelt cpefibl, He0BXoaUMbI Aeii-
CTBMS, HaMNpaBJiEHHbIE HA YBENMYEHWe afianTaLmmn HaceneHus
33 CYET CHWXKEHMS ero yA3BMMOCTM K BIIMSIHUIO KaK ynpas-
NAEMBIX, TaK U HEYNpaBnseMbIX HeraTMBHbIX GakTopoB. 310
npeanonaraeT, ¢ O4HOM CTOPOHbI, NPOBEAEHUE AOMOJHM-
TENIbHbIX MEAMKO-NPO(UNAKTUYECKUX MEPONPUATUIA, Ha-
MpaBMeHHbIX Ha paHHee BbiSIBIEHWE MapKepOoB pasBUTUSA CO-
OTBETCTBYHLLUMX HEMHDEKLMOHHBIX 3aboneBaHni, a ¢ fpyron
CTOPOHbI, YTOYHEHWE, KaKNe UMEHHO 3KCMO3ULMOHHBIE (aK-
TOpbI MOTYT OKa3biBaTb JOMUHUPYIOLLEE BAMSIHUE, YTOBBI Cy-
3UTb KOHTUHIEHT NULL, KOTOPbIM HE0BX0AMMbI JONONTHUTE b~
Hble MeAMKo-npodunaKTUieckue MeponpusaTus. B kauectse
MHTErpasnbHbIX XapaKTepPUCTUK KOMMIEKCHOro HEraTMBHOIO
BAMAHWA cpefbl 06MTaHMs (aHTPOMOreHHOr0 3arpsA3HeHus
OKPYaIOLLEeN Cpefibl, IKCTPEMasIbHbIX NMPUPOAHBIX (aKTopoB
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CpeAbl U COUMaNbHO-3KOHOMUYECKUX YCIIOBWIA) LeNecoo-
BpasHo Mcnonb30BaTh MOKa3aTeNM CMEPTHOCTU HACeNeHUA.
KonuyecTBEHHO OLIEHUTb 3IKCMO3MULMOHHBIA PUCK KaK Be-
POSATHOCTb HEraTUBHOIO B/IUAHUS (HAKTOPOB OKpYatoLLeW
cpenbl Ha 3[0pPOBbE HACENIEHNUS ONpPeSEeNEHHON TePPUTOPUN
C HeDOJbLLMM HaceneHWeM He NPeACTaBNAETCA BO3MOKHBIM.
BmecTe ¢ TeM Ha OCHOBaHWM aHann3a AaHHBIX O CMEPTHO-
CTU HaceneHus LenecoobpasHo BbISBNATb GaKT yBENNYEHMS
3KCMO3MLMOHHOr0 PUCKa 3[40POBbH0 HACENEHWS B aHaNW3u-
PYEMBIA Fof MO CPaBHEHWID C pedepeHCHbIM BPEMEHHBIM
WHTepBanoM. Mcnonb3oBaHne Ans 3TUX Lieneii noKasarenei
3aboneBaemMoCTy He NPeACTaBNSAETC BO3MOMKHbIM, MOCKO/b-
Ky NpUMeHsieMble B HacTosLiee BpeMsi HOpMbl OTYETHOCTH
Mo 3TUM NOKa3aTeNsM He NpefnonaraloT pa3bueHus no nony
W Ha BO3pacTHble rpynnbl. BMecTe ¢ TeM ropoaa uMetoT pas-
JIMYHYI0 BO3PACTHYI0 CTPYKTYPY HaceneHusi, KoTopas u3Me-
HSIETCA C TEYEHWEM BPEMEHM, MO3TOMY MpW aHanuse BAUA-
HWSA Ha 3[0POBbE HaceneHus Nbbix GaKToOpoB 3KCMO3NLMH
HeobxoaMMO MCNoNb30BaTh NMOKa3aTeNn, XapaKTepusyloLme
COCTOSIHME 3[10POBbSA HACeNEHMs C pa3fefieHneM Ha S-neTHue
BO3pacTHble NOArpynmbl.

OcHoBHas 4acTb POCCUMCKUX FOpPOLOB — 3TO CPefHue
u manble ropoga. Mo coctosHuio Ha 2019 r. B Poccumn Ha-
cuntbiBanock bonee 1100 roposos, Npu 3TOM OCHOBHas X
yacTb (okono 1000 roponos) ¢ HaceneHueM MeHee 100 Thic.
yenoseK'. CTaTUCTUYECKIMA aHasIU3 AaHHBIX O CMEPTHOCTU Ha-
ceneHns co ctpatudmKkaumen no noty, BO3pacTy U MpUYMHaM
CMepTU B TaKWX ropojax CyLIeCTBEHHO 3aTpyOHEH BCnef-
CTBME OTHOCUTENBHOTO HeboMbLLIOro 06bEMa BhIBOPKY, U HC-
Nnosb30BaTh, HaNpUMep, PErPeCcCUOHHBIE MOJEIN LIS OLIEHKH
BKJIaZia TEX WM UHbIX (aKTOPOB He NpeACTaBseTCs BO3-
MoxHbIM [13]. B HebomblumMX ropoaax, NOCKONbKY HaceseHue
HEBEJIMKO, B CUNY CNy4ailHbIX KonebaHuid cMepTHOCTb B abeo-
IOTHBIX eAMHMLIX (KONMYECTBO YMEpLUMX JI0AEN) B MOJIOLOM
1 LeTCKOM BO3pacTax MeHsIeTCA KpaTHO 0T roda K rogy. 310
obycnoenuBaeT HeobxoauMMOCTb MCMOMb30BaTh AfS aHanu3a
TOJMbKO MOKA3aTeNM CMepPTHOCTYW B CTapLUMX BO3PaCTHbIX rpyn-
nax, B KOTOpbIX U3-3a 60nee BbICOKOW CMEPTHOCTU ClyqaiHble
(NyKTyaLmUm OTHOCUTENBHO MEHEE 3Ha4MMBbl (CTyYaiiHbIe MeX-
rofoBble KonebaHus MeHblUe CpefHux 3Hauenwit). OfHaKo,
MOCKOJIbKY KOMMYECTBO HAaceseHust B 5-NETHUX BO3PACTHbIX
rpynnax crapLue 75 ieT pe3Ko YMeHbLLAeTCs, To NpeAcTaBns-
eTcsl HellenecoobpasHbM BKITKOYaTb B aHaK3 3TV BO3PacTHbIe
rpynnbl. Takum obpa3soM, Havbosee YCTOMUMBLIMU K Cryyaid-
HbIM (IYKTyaLMsM OKa3biBAlOTCA MOKA3aTeNM CMEPTHOCTY
B CIEAYHLUMX YETbIPEX BO3PACTHbIX FPYMMax MyXUMH U KeH-
wuH: 55-59 net, 60-64 ropa, 65-69 net, 70-74 ropa.

XoTa yxyAlleHWe COCTOSHMA cpedbl 0buTaHus BAMseT
npexpe Bcero Ha 3ab0s1eBaeMoCTb U CMEPTHOCTb OT 6ones-
Hel CUCTEMbI KPOBOOBPaLLIEHNS 1 OHKONOTUYECKMX 3abone-
BaHWI, a TakKe Boe3Heil opraHoB AbIXaHusl U NULLEBAPEHNS,

' CN 42.13330.2016. Csop npasun. MpapoctpoutenscTso. MnaHMpoBKa
11 33CTPOIKA FOPOACKMX W CEMBCKUX NOCENEHNIA. AKTyann3upoBaHHas pe-
pakums CHulM 2.07.01-89. Pexxum goctyna: https://mchs.gov.ru/uploads/
document/2022-03-22/92f1282638e98bees1afcccdbe57f247 pdf
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B HebonbLUMX ropofax UCnosib30BaTh MOKa3aTeNu CMepPTHO-
CTW OTAENbHO IS KaXAOW M3 3TUX TPYnn NpUYMH CMepTH
He MpeACTaBNsAeTC BO3MOXKHbLIM. OCHOBHBIE MPUYKHBI Cre-
Aytowme. Bo-nepBeblix, B ropogax ¢ HacenenneM o 100 Tbic.
YenoBeK COOTBETCTBYIOLME MOBO3pacTHble MOKasaTesu
CMEpTHOCTH B abCONITHBLIX eauHMLAX UMeloT Hebonblume
3HaYeHms, UTO, KaK YXe 0TMeyanocb, 0byCnoBnMBalOT Bbl-
COKWe cnyyaiiHble nyKTyauuu. Bo-BTopbIX, Kak MOKasaHo
BO MHOrMX uccneposanmsx [14-20], B Poccuitckont @epe-
paLMu UMEIOTCA 3HAUMMble UCKAXKEHUS CTPYKTYPbl MPUYUH
CMepTH TpyaocnocobHoro Hacenenus. B ceasu ¢ atum npeg-
cTaBnsieTcA LenecoobpasHbIM UCMOb30BaTh MOBO3PACTHbIE
MoKasaTesu CMePTHOCTW OT BCEX MPUYMH CMEepTH.

TakuM obpa3oM, Haubonee yCTOMYMBLIMU K CITy4alHbIM
GRyKTyaumaM sBNSIOTCA MOKasaTenm CMepTHOCTM OT BCEX
MPUYMH B BO3PACTHbIX rPYNNax MYXUMH W XKeHWMH 55-59,
6064, 65-69, 70-74 ner.

Lenb nccnepoBanms. PaspaboTtka anroputMma BbisiBre-
HWSA YBEIMYEHMS 3KCMO3MLMOHHOTO PUCKa 3[0pOBbI0 Hace-
NeHnsa onpefenéHHoro ropoga unu Tepputopuu. Mockonb-
Ky 3HauMTeNbHYK 4acTb ropogos Poccuiickon ®epepauun
COCTaBAAT HebonblMe roposa, TO 0HUM U3 TpeboBaHui
K paspabatbiBaeMoMy anroputMy Obina MpUMEHUMOCTb
(ycTOMYMBOCTb) €ro Npu aHanu3e LaHHbIX Kak boMbLUMX, TaK
CPeLHWX W ManbIX FOPOAO0B WUN TEPPUTOPUIA.

Takum 0bpa3oM, faHHOe WUcciefoBaHMe Bbino Hanpas-
NeHO He Ha pa3paboTKy HOBOr0 MeToAa OLEHKM PUCKa,
a Ha paspaboTtky cnocoba BbISBEHUS (aKTa YBEAMYEHMS
3KCMO3WLIMOHHOTO PUCKa.

MATEPWAJIbl U METO[ bl

OcHoBy pa3paboTaHHOr0 anropuTMa COCTaBWUA CPaBHU-
TeNbHbIA aHanU3 NOBO3PACTHbLIX NOKa3aTeneit CMepTHOCTY
Hacenenus. [ns BbISBNEHUA [OCTOBEPHO 3HAYMMOro (He-
CNy4alHOr0) YBESIMYEHUSt CMEPTHOCTU NMPOBOAMNM CpaBHe-
HWe AaHHbIX 0 CMEPTHOCTU HaCeNIeHus, 3aperncTpupoBaHHoM
B aHa/M3MpyeMblil Nepuop, U B TeueHue pedepeHcHOro WH-
Tepsana.

Onucanue aJiropuTtMa

1. BbibupaeTcs pedepeHCHbIi BPEMEHHON MHTepBan
(He MeHee peBATU N1ET), B TEUEHUE KOTOPOrO BAUSIHUE CPefbl
06MTaHMs Ha 30,0pOBbe HacemneHUs BbIo OTHOCUTENBHO He-
U3MEHHBIM (CTaLMOHapHbIM).

2. B Kaxpon M3 YeTblpéXx 5-NETHUX BO3PACTHbIX rpynm
MYXUYMH U XKEHLIMH OT 55 10 74 neT onpepensTca MaKcu-
MaJbHble 3a 3TOT pedepeHCHbIN MHTEPBAN 3HaYeHUs MOKa3a-
Tenen eXerofHoi cMepTHOCTU OT BcexX npuunH Ha 100 Thic.
HaceneHus.

3. [lna aHanusupyeMmoro rofa B Kawf[on U3 YeTbIpEX
5-1IeTHUX BO3PACTHbIX TPYNN MYXYWH M KEHLWMH OT 55
00 74 neT BblMUCTIAOTCA 3HAYEHWS NOKa3aTeNen CMEPTHOCTH
oT Bcex npuunH Ha 100 Tbic. HaceneHUs COOTBETCTBYHOLLErD
nona 1 Bo3pacTa.



https://mchs.gov.ru/uploads/document/2022-03-22/92f1282638e98bee41afcccdbc57f247.pdf
https://mchs.gov.ru/uploads/document/2022-03-22/92f1282638e98bee41afcccdbc57f247.pdf
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4. BbluucneHHble B MyHKTe 3 3HauyeHWs rokasaTenei
CMEpTHOCTU CPaBHMBAIOTCS C COOTBETCTBYIOLUMMM 3HAUEHU-
AIMW, MaKCUMarbHBIMK 33 pedepeHCHbIA MHTepBaI.

Ecrv Kak mnA MyMuWH, TaK M [NA  KEHWWH
He MeHee 4YeM B [BYX U3 YeTbIpEX BO3pacTHbIX rpynn 55-59,
60-64, 65-69, 70-74 net 3HaueHWs MoOKasaTenen CMepT-
HOCTM OT BCEX MPUYMH 33 aHaNMU3MUpYeMbIN roj BbilLe COOT-
BETCTBYIOLLMX MAKCUMaJIbHbIX 3HA4YEHWIA, TO ENIAeTCA BbIBOS,
0 TOM, YTO B 3TOT rof, UMeeT MecTo HecnyyaiHoe yBeNinyeHe
CMEpTHOCTH, OPYrUMW COBaMM — YBEJIMYEHME IKCMO3ULK-
OHHOTO pUCKa.

CratucTuyeckoe 060CHOBaHME WCMOMb30BaHHOMO MoA-
X04a cnepytoliee. 3aperucTpupoBaHHble B TeYeHWe LeBATU
neT pedepeHCHOr0 MHTEpPBaNa 3HAYEHUA EXErOAHbIX MOKa-
3aTesiell CMEpPTHOCTM OT BCEX MPUYMH B KaX0M BO3pacTHOI
NOATPYNNe MY4YUH UMW JEHLIMH pa3buBaloT BECb YMCIIOBOVA
pAf Ha 10 WHTEepBanoB: MeHbLUE MUHWUMAJBHOTO 3HAYeHUs
€XKerofHoi CMepTHOCTH, 3aperncTpUpoOBaHHOMO B 3TOM BO3-
PacTHOM rpynne COOTBETCTBYIOLLErO MoNia B TeYeHue pede-
PeHcHoro uHTepBana (9 net), 0T MMHAMANBHOMO A0 BTOPOro
Mo BENMYMHE W T.A., NOCNeLHWN UHTepBan — bonblue MaK-
CMManbHOr0 3HAYEHUS EXXEroJHON CMEPTHOCTH, 3aperucTpu-
POBaHHOrO B 3TOW BO3PAacTHOM rpynne COOTBETCTBYHLLErO
nona B TeyeHue pedepeHcHoro uHTepsana. Heobxoammo ot-
METMTb, 4TO, XOTA A/IMHA MHTEPBAJIOB Ha YMCNOBON OCH (COOT-
BETCTBYHOLLIEN KonMyecTBY cMepTel Ha 100 Tbic. HaceneHus)
ByneT pasHoii, HO B JAHHOM anropuTMe Mbl pacCMaTpuBaEM
PaHroByto (MOPSAKOBYI0) LKAy, B KOTOPOM MMHBI MHTEpBa-
NOB paBHbl (pacCTOSHME MEXKY COCEAHUMM PaHraMu MOXHO
cunTatb paBHbIM 1). NHTepBanbl onpepensloTcs OTAENBHO
AN MyXUMH W NS KEHLLMH, NMOCKONbKY NOKa3aTenu cMepT-
HOCTM Y HUX BO BCEX aHaNM3MPyeMbIX BO3PACTHbIX Fpynnax
CYLLECTBEHHO pa3nuyailoTcs. Takumu o6pa3oM, Kaxaon
W3 YeTbIPEX S-NETHWUX BO3pacTHbIX rpynn (55-59 ner, 60-64
roga, 65-69 net, 70—74 roga) My4YuH MM XKEHLLMH COOT-
BETCTBYET YMCIOBOM paf, pa3buTbIiii Ha 10 HTepBanoB B CO-
OTBETCTBMM C NOKAa3aTeNsMU eXXEroJHON CMepPTHOCTM JINL, Co-
OTBETCTBYHILLEr0 M0J1a M BO3pacTa B TeYeHWe pedepeHcHoro
uHtepana (9 net). Bcero B aHanu3 LoMKHO ObiTb BKIOYEHO
8 uncnosbix pAAOB (2 nona (My)X4YMHBI U KEHLLMHBI) U 4 BO3-
PacTHbIX rPyNMbl), KAKAbIA U3 KOTOpbIX pasbut Ha 10 mH-
TepBano.. [1pu oTCyTCTBUM MOAMDULMPYIOLLETO BO3LENCTBUS
Ha CMepTHOCTb HACeNIeHUs 3HAYEHWUS NOKa3aTesnel CMepTHo-
CTU B KaX[0i BO3PACTHOM Ipynne C paBHOW BEPOSTHOCTHIO
(p=0,1) nonagatot B oanH n3 10 MHTEpPBaNoB, COOTBETCTBYHO-
LUMX 3TOM BO3PACTHOM rpynmne W ONUCaHHbIX Bbille. [ns npo-
BEPKU HYNEBOM rUnoTe3bl 06 0TCYTCTBUM MoAUdULMPYIOLLErD
B/IMAHWS MOXHO WCMOMb30BaTh OMHOMMasNbHLIA KpUTEpUH,
NpY 3TOM KOJIMYECTBO «UCMbITaHMIA» PaBHO 4 (4 BO3pacTHbIX
rpynnbl), KOIMYECTBO «yCNeXoB» He MeHblle 2 (To ecTb 2,
3 wnu 4), a BepoATHOCTb «ycnexa» paBHa 0,1. BeposiTHoCTb
(p) Toro, uto cny4anHo (Mpu OTCYTCTBUM MOAMULMpYIOLLE-
ro BAMSHWA Ha CMEPTHOCTb) HE MEHEe YeM B [BYX W3 Ye-
ThIPEX BO3PACTHBIX FPYNN MYXUWUH (KEHLLMH) 3HAYEHUA No-
Ka3aTeneil CMEpTHOCTU B aHaNWU3MpYeMbIN rof nonajalTt
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B WHTEpBas BblLUE COOTBETCTBYHILLEr0 MAKCMMAsbHOMO 3Ha-
yeHus 3a pedepeHcHbli MHTepBan pasHa 0,0523 (nockonb-
Ky pacnpegenexue buHommanboe, To p=0,1%+C,3x0,13x
0,9+C,2x0,12x0,92=0,0523, rae C,*u C,2 — 6uHoMManbHbie
KO3((hMUMEHTLI, KOTOPbIE paBHbI COOTBETCTBEHHO 4 1 6). Be-
POSITHOCTb TOTO, YTO HE MEHEE YEM B JBYX M3 YeTbIpEX BO3-
PaCTHBIX TPYMM W MYXYWH, W KEHLUMH 3HAYEHUA CMEPTHOCTH
nonagalT B MHTEPBaN BbILLE COOTBETCTBYHOLLETO MaKCUMaTb-
Horo pasHa 0,0027 (0,0523x0,0523=0,002735), To ecTb oLumb-
Ka nepBoro poAa (BepOSTHOCTb OTKNOHWUTL BEPHYIO HYNEBYIO
runotesy 06 OTCYTCTBMM Kakoro-nvbo MopuduuupyloLLero
B/MSIHUA Ha CMEPTHOCTb HaceneHus) paBHa 0,0027, uto MeHee
0,01. Takum 0bpasoM, ecm B aHanM3MpyeMbIn rof, nokasare-
TN CMEPTHOCTM M MYXUMH, U XEHLLMH HE MEHEee YeM B JIBYX
U3 YeTLIPEX BO3PACTHbIX FPYNM NPEBOCXOAAT MaKCUMaJbHbIE
3Ha4eHWs A1s COOTBETCTBYHOLLIETO MONa M BO3pacTa (BbluMC-
JeHHbIe N0 AaHHBIM 3a pedepeHCHbI MHTepBas), TO C A0CTO-
BEPHOCTBLI0 99 % MOKHO rOBOPUTL O HECTYYANHOM YBENIMYEHNM
CMEPTHOCTH, TO €CTb 0 HaNIMYMM MOANDULMPYIOLLIETO BIMSHMS
KaKux-NMbo (aKTopoB Ha CMEPTHOCTb HACceNEeHMSI.

[ins Toro, 4To6bI NPOBEPUTL 3EKBATHOCTL NPeAIaraeMoro
anroputMa, bbin NpoBefieH CPABHUTESbHbINA aHANU3 AaHHBIX
0 cMepTHocTi HaceneHns B 10 ropogax B 2010 — 2019 rr. B Ka-
YecTBe aHanu3upyemoro nepuona paccMatpusanca 2010 r.,
a2011- 2019 rr. — B Ka4ecTBe peepeHCHOro MHTEpBana.

B aHanu3 BK/IIOYEHbI AaHHbIE O CMEPTHOCTM HacesieHus
B 10 ropopax esponeiickon Yactu Poccuickoit ®epepaumm
(Yobe, Kypcke, Mense, Kupose, Kanyre, Bonorge, Koctpome,
KonoMHe, 06HMHCKe, [UMUTPOBrpajge), PacnofoXeHHbIX
B 30HE YMEePEeHHO-KOHTUHEHTANbHOMO KNMMaTa U B KOTOPbIX
B 2010 r. 3aperncTpupoBaHbl 3KCTPEMAsbHbIE MOroAHble
ycnoBsus (HU3Kas TeMrepaTypa B SHBape U BbICOKas TeM-
nepatypa B JileTHUe Mecslbl), @ B nocneayiowme 9 net no-
rogHole ycnosus 6beinn B npefenax KIMMaTUYecKoi HOPMbl
(B Knpose B despane 2011 r. pernctpupoBanacb aHoMasbHO
HW3Kas TeMrepartypa, No3TOMy AaHHble 0 CMEPTHOCTU Hace-
nenns B Kupose B 2011 r. Obinn MCKNIOYEHbI M3 aHanK3a).
MockonbKy Haubonee 3HaYUMbIMU NPUPOLHO-KIIMMATUYECKM-
MW aKTopamm, NOTEHLMANbHO BAMSIOLLMMM Ha YBEMYEHME
CMEPTHOCTM OT XPOHMYECKMX HeMHGDEKUMOHHbLIX 3aboneBa-
HWA, SBNAIOTCA IKCTPeManbHble NorogHele ycnosusa [7-11],
To Anga ykasaHHbix 10 ropopoB 2010 r. paccMatpuBancs
KaK rof, C NOBbILIEHHBIM IKCMO3ULMOHHBIM PUCKOM 181 3[0-
poBbsi. B KauecTBe pedepeHcHoro uHTepBana bbin BbibpaH
BpeMeHHoi uHTepBan ¢ 2011 no 2019 r. ¢ 6narononyyHon
3KOMNOTMYECKOW 0BCTAHOBKOMW, CO CTaLMOHApHBIMU MPUPOS-
HO-KNIMMaTU4ECKUMY, COLMATNBHO-3KOHOMUYECKUMM U OTHO-
CUTENBHO BAAronNpUATHBIMK 3NMAEMMONIOTMHECKUMU YCITOBU-
AMW, TO CTb C OTCYTCTBUEM NEPUOJOB C IKCTPEMASbHBIMM
MorofH6IMK YCNOBUAMU M 060CTPEHNEM COLMANBHO-3KOHO-
MUYECKMX NPobiieM, a TaKKe C OTCYTCTBMEM 3nuaemMuid 0cobo
OnacHbIX MHDEKLMI (3ab0N1eBaHMI MHDEKLMOHHOW NPUPOABI,
NpeaCTaBNSLLIMX Ype3BbIHalHYH ANMAEMUYECKYI0 ONAcHOCTb
Ansa Hacenehus). Mcnonb3oBanu faHHble [0cynapcTBEHHbIX
LOKNaf0B 0 COCTOSIHUM CaHUTApHO-3MWEMMOJIOMMYECKOMO
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bnarononyuus Hacenenus B Poccuiickoit ®epepaumn, exe-
FOAHbIX COOPHUKOB O COCTOSHUW 3arps3HeHWs atMocdepbl
B ropoziax Poccum v 6a3 aaHHbIX Nokasateneii MyHULMnanb-

Vol. 32 (5) 2025

Exologiya cheloveka (Human Ecology)

Ta6nuua 1. YucneHHoCTb HaceneHUs Ha TepPUTOPUAX, BKIKOUEHHBIX B UC-
cnenosaHue, Ha 2019 .

Table 1. Population size in the areas included in the study as of 2019

HbIX 0bpa3oBaHuii Poccrara. Fopon YncneHHocTb CybbexT
NcxoaHble faHHbIe 0 YMCIEHHOCTU M CMEPTHOCTM Hace- Hace/neHms Poccuiicko Gepepaumt
nenus B 10 ropopax 3a 2010-2019 rr. (co cTpatudmKaumeit Yoa 1124 226 BaLuKopToCTaH
no nosny Mvao3paCTy2 no 3anpocy 6le'le npegoctaBneHsl Pe- Hypx 449 556 HypcHas ofnacs
AepansHon cnyx60ii rocynapcTBeHHOM CTaTUCTUKKW. B aHa-
MeH3a 522 317 [eH3eHcKas obnacTb
713 ObIAW BKIIOYEHBI AaHHbIE 0 CMEPTHOCTW OT BCEX MPUYMH
B BO3PACTHbIX FPYMNax MyUYMH U eHLWuH 55-59, 6064,  Kwpos 512 954 Kuposcias obnacts
65-69, 70—74 net. bbinn BblYKCNIEHbI NOKA3aTeNM CMEPTHO- Kanyra 336726 Kanyxcran obnacte
CTM MYXUMH U1 JKEHLUMH B YKa3aHHbIX BO3PACTHbIX rpynnax Bonorna 311 846 Bornoroackas o6nactb
Ha 100 Tbic. HaceneHMs COOTBETCTBYHLLENO MO M BO3pacTa. Kocrpomia 276 064 KocTpomcas o6nacts
[laHHble 0 NPUPOAHO-KIMMATUYECKUX YCIOBUSX B ropojax,
.. o KonomHa 141106 MockoBcKas obnacTb
BKJOUEHHBIX B UCCie0BaHUe, Bbnn nosyyeHsl ¢ caiTa «[lo-
roga 1 knumat» (http://www.pogodaiklimat.ru). OBHuHH 125 374 Kanysckas obnacts
[vmMuTpoBrpag 114229 YnbsHoBCKan obnacTb

PE3Y/IbTATbI

B 1abn. 1 npenctaBneHa KpaTKas XapaKTepucTUKa ropo-
0B, BKIIOYEHHLIX B UccejoBaHWe. B Tabn. 2 npeacrasneHs!
MaKCUManbHble 3Ha4YeHUs NoKasaTenel CMepTHOCTU Hacene-
HWS B rOPOAaX, BKIIOYEHHBIX B aHanM3, C yKa3aHWEM rofa,
B KOTOpbLIA 3T0 3HauyeHWe Obino 3aperncTpupoBaHo (B WH-
Tepsane ¢ 2010 no 2019 r.). Kak MoxHo BMAETb U3 Tabn. 2,
BO BCEX rOPOJAX, BKIIOYEHHbIX B UCCE0BaHNE, HE MeHee
YeM B [ABYX BO3PACTHbIX FPynnax MaKCUManbHble 3HauYeHus
MnoKasaTenei CMePTHOCTU U MYMUMH, U KEHWMH bbinn 3a-
peructpupoBaHbl B 2010 r. (aHanusupyemeiit rop). B Kypcke
1 OBHMHCKe MaKCUMarbHble 3HaYeHWs NoKasaTeneli CMepTHo-
CTU MY3KUMH W KeHLLMH 3aperucTpupoBadbl B 2010 1. Bo Beex
YeTbIPEX BO3PACTHbIX rPynMax, BKIKYEHHbIX B UCCIE0BaHME.
HeobxoanMMo 0TMeTUTb, UTO MOKa3aTesiu eXerofHoM CMepT-
HOCTM H1 B 0auH u3 roaos ¢ 2011 no 2019 He ynosneTsopsioT
TpeboBaHuUi0 NpepsiaraemMoro anroputMa (To ectb HA B OAMH
u3 rogos ¢ 2011 no 2019 r. He BbINOMHAETCS CneayloLlee

YCNOBMe: 3HaYeHWs MoKasaTeniel CMepTHOCTU OT BCeX Mpu-
YMH BbIlLE, YeM B OCTajlbHble rofibl He MeHee 4YeM [ABYX
13 YeTbIPEX BKITIOYEHHBIX B MCCe0BaHNe BO3PACTHBIX rpynn
W MY}KYUH, W JKEHLUMH). 3TO AONOJHUTENBHO CBUAETENLCTBY-
eT 00 afeKBaTHOCTW anropuTMa, TaK Kak B ropoaax, BKJI0-
UEHHbIX B UCCNeAOoBaHKe, B TeyeHWe pedepeHCHOro MHTep-
Bana (2011-2019 rr.) He 6bi10 NpUYMH, KOTOpble MOrAM bl
06yCoBUTL YBENINYEHWUE IKCMO3NULIMOHHOMO PUCKA.

OBCYXEHUE

B Poccuitckoii ®eaepaumm 04HOM M3 BaXKHeMLWMX Npo-
BneM 0CTaéTca BbICOKas MpeXAeBPeMEHHas CMepTHOCTb
HaceseHWs 0T HeMHEeKUMOHHBIX 3aboneBanui [21]. Kak oT-
MeyaloT MHOrMe UccnepoBatenu, Npu paspaboTke Meponpus-
TUIA, HanpaB/eHHbIX Ha €€ CHUXeHMe, HeobX0AMMO U3yyeHne
W aHanu3 ynpasJifieMblX COCTABSIOLMX MPEXAeBPEMEHHON
CMepTHoCTH [22-25].

Tabnuua 2. MakcuMarbHble 3Ha4YeHUS NOKa3aTesen CMePTHOCTM HaCeNIeHUs B rOpPOLaX, BKIIOYEHHBIX B aHanu3, B uHTepBane ¢ 2010 no 2019 r.

Table 2. Maximum mortality rates in the analyzed cities for the period 2010-2019

Fopoa CMepTHOCTb Myu4MH (Ha 100 TbiC.) CMepTHOCTb JKeHWwwuH (Ha 100 Tbic.)

55-59 net 60-64 ropa 65-69 net 70-74 ropa 55-59 net 60-64 ropa 65-69 net 70-74 ropa
Ya 2309 (2010) 3676 (2010) 4762 (2014)  Her mamHbix 882 (2010) 1232 (2011)  1818(2010)  Het maHHbix
Kypck 2855 (2010) 3672 (2010) 5422 (2010) 6933 (2010) 803 (2010)  1391(2010)  1871(2010) 3301 (2010)
MeH3a 2401 (2010) 3759 (2010) 4833 (2013)  7191(2010)  694(2011)  1162(2010)  1712(2011) 3042 (2010)
Kvipos 2688 (2010) 3928 (2010)  4941(2012)  7313(2010)  815(2012)  1129(2010) 1743 (2015) 2935 (2010)
Kanyra 2603 (2019) 3969 (2010) 4703 (2012) 6494 (2010)  816(2013) 1500 (2010) 1879 (2010) 3362 (2010)
Bonorpa 3474 (2010) 4243 (2010)  5732(2012)  8521(2010)  978(2010)  1330(2010) 2164 (2014) 3241 (2010)
Koctpoma 2511(2010) 3868 (2010) 5487 (2010) 8556 (2010) 929 (20100 1391(2010) 2092 (2014) 3796 (2010)
KonomHa 3183 (2010) 3872 (2010)  6128(2010) 8221 (2010) 976 (2010)  1532(2010)  2150(2011) 3349 (2012)
OBHUHCK 3122 (2010) 4350 (2010) 6239 (2010) 9009 (2010) 1502 (2010) 1656 (2010) ~ 2771(2010) 4287 (2010)
LmntpoBrpag 3097 (2010) 4682 (2011) 5616 (2015) 8947 (2010) 941 (2010) 1729 (2010) 2504 (2010) 4048 (2010)
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lpoBefiEHHOE McCreoBaHME MO3BOSIANO MPEAIOXMTL
anropuT™ BhISIBNIEHWUS YBEJTMHEHNA IKCTIO3MLIMOHHOIO PUCKa,
TO eCTb YBEJIMHEHWUA HEraTUBHOTO BNMAHUA (HAKTOPOB Cpeabl
00MTaHWA Ha 340p0OBbe HaceNeHUst OnNpefeNIEHHON TepPUTO-
PUM MM TOpoJa Ha OCHOBE aHanM3a NoKasaTeNiel CMepT-
HOCTW HacenieHus B 5-NIeTHUX BO3pacTHbIX rpynnax. Mpen-
CTaBnsAeTcA LienecoobpasHbiM LUMPOKO MCMO/b30BaTh TaKOM
anropuT™ [19 onpeaeneHus «npoodieMHbIX» ropofioB, YTobbl
B 3TMX KOHKPETHbIX rOpoAax 3aTeM MPOBOAUTb AeTabHbIi
aHanu3 (aKTopoB cpeAbl 06MTaHMA ANA BbIABEHMA TeX,
KoTopble 00ycnoBuin (B OTAIMYMM OT «MOTEHLMANLHO MOryT
OKa3aTb») HeraTMBHOE BAMAHME Ha 3[0POBbe HacesieHus
U yBeJIMYEHWe ero CMepPTHOCTH.

06LLenpUHATBI METOS, OLLEHKM COBOKYMHOMO BO3AENCTBUSA
(aKTOpoB pasnMyHON NPUPOAbI Ha 340POBbLE HACEeNeHNs oc-
HOBaH Ha (M3MKO-XMMUYECKOM aHann3e Npob Bo3ayxa, BOAb
1 MOYBbI M CPABHEHWM KOHLLEHTPaLMiA ONpeLenseMbIX 3arpss-
HAOLLMX BELLECTB C MPeAenbHO A0MYCTUMBIMU 3HAUEHWAMM.
0aHaKo 3TOT NOAX0A UMEET PAS, CYLLECTBEHHbIX HEA0CTATKOB.
B yacTHOCTH, KOMYECTBO TOKCUYHBIX M MyTareHHbIX BELLECTB,
MPUCYTCTBYIOWMX M BHOBb 00pasyloLLMXCA B OKpyKatoLen
cpene, BCeraa 3HauMTeslbHO MPeBbILIAET TO, KOTOpOe MOryT
BbIIBUTb AOCTYNHbIE CPEACTBA M METOAbl KOHTPONISl aHTpO-
MOreHHOro BO3eHCTBMA Ha Npupogy. B To e Bpemsa paxe
UcYeprblBatoLan MHGOpPMaLMA 0 3arpA3HAIOLLMX BeLLecTBax
B OKPYKaloLLen cpefie He NO3BOMISET OLEHUTb OXWAAeMble
TOKCMYECKME M MyTareHHble 3ddeKTbl Npyu 0AHOBPEMEHHOM
BO3/e/CTBUM HECKOJbKUX HEOMaronpuaTHLIX haKTopoB U3-3a
MX NOTEHLMANbHOTO0 CUHEPrMYeCKOro M aHTarOHUCTUYECKOro
B3auMogencTeua [26, 27].

B aHrnossblyHOM NuTepaType B NOCNedHWe roabl npu
OLeHKe BAUSHUA (aAKTOPOB OKPYKalOLLel cpefibl Ha 340p0-
Bbe [OCTAaTOYHO YaCcTO BCTPEYAETCS MOHATUE «KYMYNATUBHBIA
puck» [10, 28, 29]. K.R. Solomon u coasr. [10] aatoT 3ToMy
MOHATUIO CneaytoLlee onpeaenenne: «KyMynaTUBHBIN pUCK
GopManbHo onpeaensieTca Kak KOMOMHALUMA PUCKOB, CO3-
[aBaeMbIX COBOKYMHbLIM BO3AENCTBUEM HECKOJbKUX areHToB
UMK CTPECCOpOB, MU KOTOPOI COBOKYMHOE BO3AeNCTBUE
npeAcTaBnseT cobon BO3AeNCTBUE BCEMM NYTAMU M NYTAMU
13 BCEX UCTOYHWUKOB KaX[oro AaHHOT0 areHTa unu cTpecco-
pa» [10]. BMecTe c TeM B pyccKOM fi3blKe MOHATUE «KYMYNS-
TUBHbIW» TPaAMLIMOHHO 0603HaYaeT «HaKONUTENbHbIN», a ro-
BOpS 0 PUCKE BO3[eNCTBUS (aKTOPOB PasfIMHHON NpUPOAbI,
HeobX0AMMO YuMTLIBaTb BO3MOXHOCTL He TOJIbKO afauTMB-
HOr0, HO U CMHEPrUYECKOro UNK, HANPOTUB, aHTArOHUCTUYE-
cKoro 3¢dekTo.. [o3TOMy NpefCcTaBAAETCA, YTO CIOBOCOYE-
TaHWe «3KCMO3WULMOHHBIA PUCK» ABNAeTcA Bonee yaauHbIM.
HeobxoonMo OTMeTUTb, YTO MPK OLIEHKE PUCKA 3[0POBbIO
BCNEACTBME 3arpA3HEHNS OKPYKAIOLLEH Cpefbl XMMUYECKU-
MU BELLECTBaMM WCMOJb3YETCA MOHATME «(aKTOpbl IKCMO-
31LMU», KOTOPOE ONpefenseTcs TObKO KaK KONMYeCTBEHHOE
MOCTYMJIEHNEe XMMUYECKOro BELLeCTBa B OPraHWU3M YesioBeKa
Pa3HbIMU NYTAMU B pe3ysibTaTe KOHTAKTa C PasfiiHbIMU 00b-
eKTaMy OKpYXKaloLLien cpeapl (BO3AyX, BoAa, No4Ba, NPoayK-
Tbl MuTaHus) [30, 31]. Mpu oueHKe 3KCMO3WULMOHHOTO pUCKa
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peub UAET 06 IKCMO3WLMM HaceneHUs BceM (aKTopaMm cpefbl
061TaHMs, B TOM YMC/e COLMATNBHO-IKOHOMUYECKUM.

K. Sexton u S.H. Linder [32] obpawatoT BHMMaHue
Ha TO, YTO MPM OLEHKE KyMYyNATMBHOIO pUCKA UcciefoBa-
TENN Hen3beXHO BbIHYKAEHbI UCMOMb30BaTh YMPOLLEHHbINA
nepeyeHb WHAMKATOPOB M [ONYLUEHMIA, BKIKOYasA CXeMaTtu-
YecKoe MOCTYNIMpOBaHUE CBA3EH MeXAYy He3aBUCUMbIMU
MepeMeHHbIMU, @ TaKXKEe MEeXOY HEe3aBUCUMBIMU U 3aBUCH-
MbIMW MEpPeMEHHBIMM, BKIIOYEHHBIMW B aHanu3. 370 03Ha-
YaeT, YTO pe3y/bTaTbl MOryT 6bITb TOBKO KayeCTBEHHbI-
MW WM B JIy4LIEM Clyyae MOJTYKOSIMYECTBEHHBIMU. TaKKe
K. Sexton u S.H. Linder [32] oTMeuyaloT, YTo OLIEHKa puCKa
3[,0pOBbI0 C YYETOM (PAKTOPOB CTPECCA HEXUMMYECKOW NpU-
Pofbl, TaKUX Kak, HanpuMep, YPOBEHb JXWU3HMW, HELO0CTaTou-
HO 3 EKTUBHA M3-3a OTCYTCTBUA HALEMHBIX 0a3 AaHHbIX
U pa3paboTaHHbIX aHaNUTUYECKMUX NOAX00B.

BmecTe ¢ TeM npu aHanuse BAMsSHUA (aKTOpoB Cpeabl
0buTaHMA Ha 340poBbe HaceneHus Poccuiickon Qepepa-
UM HeobxoaMMO NMpWUHMMaTh BO BHUMaHWe MHOroobpasue
W NPUPOAHO-KIIMMATUYECKUX, U COLMANbHO-3KOHOMUYECKMX,
W 3KONOTMYECKMX YCIIOBUI, YTO C YYETOM OTHOCUTESNIBHO He-
BonbLUOro HaceneHus He No3BOSWT B brKaliLee BpeMs CO3-
AaTb 6a3bl AaHHbIX, LOCTaTOYHbIE N0 06BEMY Ans pa3paboTku
YHUBEPCANbHbIX aHANUTUYECKUX NOAX0A0B. 3T0 06YCNOBNMBa-
€T HeobX0AMMOCTb Pa3paboTKM NPOCTLIX aNropUTMOB, HaMpaB-
TIeHHBIX MPEK/e BCero Ha BbIBNEHWE YBENUYEHUS HEraTUBHO-
ro BNMAHWUA haKTopoB cpefibl 06MTaHWs Ha 340POBbE, KOTOPLIE
MOTYT 6bITb MONIE3HBIMW NPU UCMO/b30BaHUU Ha CYLLECTBEHHO
Pa3nMualoLLMXCcA MO YCIOBUAM KW3HW TEpPUTOPUAX C He-
BonblumM HaceneHueM. OiHAM U3 TaKWX anropuUTMOB MOXET
ObITb NpeanaraeMblil aNropuUTM BbISBIEHUSA YBEUYEHUS IKC-
MO3MLMOHHOTO PUCKA 3[,0POBbH HAacemNeHus.

CnepyeT 0TMeTUTb, YTO B HacTOALLEN paboTe cyLlecTBy-
10T onpefenéHHble orpaHnyeHus. lpexae Bcero Heobxoammo
06paTMTb BHMMaHME Ha CNOXHOCTL Bblbopa pedepeHcHoro
WHTEpBana, B TEYEHWe KOTOpOro YCIOBUA Cpefbl 06uTaHMs
HaceNeHns aHaM3WpyeMoi TeppUTOpPUM LOMKHBI ObITb OT-
HOCUTENIBHO CTaLMoHapHbIMU. KpoMe Toro, M3MeHeHmne couu-
arnbHOM CTPYKTYpPbI HAaCENEHMS, HaNpUMep, 3a CYET YBEIMYEHMS
[0/ MUArPAHTOB W3 APYrUX PErMOHOB UK, HaobopoT, yeuneHus
NOAJEPKKM MUTPaLMM N0l CTapLUEero Bo3pacTa U3 paioHoB
KpaiHero CeBepa, MOXeT MCKaXaTb U3y4aeMble NOKasaTesnu
W SOJTKHO NPUHMMATBLCA BO BHUMaHMWe B X0 aHanm3a.

3AKJIIOYEHUE

MpennoxeH anroput™ BbISBNEHWS YBEIMYEHNS IKCTO3N-
LIMOHHOTO PUCKA 3[10POBbLI0 HACENEHMUS OMPEAESIEHHOr0 ropo-
[ Wy TeppUTOPUN B aHANM3MPYEMBIiA NEPUOL, MO CPABHEHMIO
¢ pedepeHcHbIM. [TpoBefeHa OLeHKa afieKBaTHOCTM anropuT-
Ma C UCMOoNb30BaHMEM [laHHbIX 0 CMepTHOCTU HaceneHns B 10
ropofax Poccuitckon ®epepaumn B 2010-2019 rr. MNokasako,
YTO aNropuUT™ MoXeT 3 EKTUBHO UCTONb30BATLCA NS BbI-
ABNEHNUS YBENMYEHUSA 3KCMO3WLMOHHOTO PUCKA 3A0POBbH
B ropofiax € pasHblM KOJMYECTBOM HaceneHus.
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N0NOJIHUTE/IbHAA UHOOPMALIUA

Bknap aBropoB. M.M. CantbikoBa — aBTop upeu, cbop M aHanms AaH-
HbIX W NUTEPATYPHbIX UCTOYHWMKOB, HamWcaHWe U peaaKTMpoBaHWe CTaTblf;
t0.B. XepHoB — HanucaHue W penaKTUpOBaHWe CTaTbil, OKOHYaTebHOe
yTBepxaeHue pykonvcy; EA. CantbikoBa — cbop W aHanm3 AaHHbIX 1 fnTe-
paTypHbIX UCTOYHMKOB, HaNVCaHWe 1 pefakTpoBanue ctatbys; T.B. Llexopaa-
HOBa — CTATUCTUYECKMI aHanM3 [iaHHbIX, MOArOTOBKA U HaMMCaHWe TeKcTa
cratbit; AA. CemeHOBa — aHanM3 AaHHbIX, NOATOTOBKA W HamWcaHe TeKcTa
cratbht; AJl. baH4eHKO — CTaTUCTUYECKWI aHanM3 AaHHbIX W MOATOTOBKA
TeKCTa cTaTby. Bce aBTOpLI MOATBEPIKAAIOT COOTBETCTBYE CBOErO aBTOPCTBA
MexayHapoaHsiM Kputepuam ICMJE (Bce aBTOpbl BHEC/M CYLLLECTBEHHBIN
BK/aZ B pa3paboTHy KOHLLeNLMW, NpoBeAeHVE UCCNeLoBaHWA 1 MOAroTOBKY
CTaTby, MPO4M M 040BPUNIM QUHANBHY BEPCUIO Nepes nybnvKaumen).
3ITUyeckan akcnepTusa. B caA3m ¢ TeM, 4o paboTa NpoBoAMNack TONLKO
C apXVBHbIMW [laHHbIMM, OMy6MKOBaHHLIMM PoccTaToM, paspeLLeHue 3Tu-
YeCcKoro KOMUTETa Ha NpoBeAeHWe UCCNea0BaHUs He TpeboBanoch.
WUcTounukm uHaHcupoBaHmua. PaboTta BLINOSHEHa B paMKax rocydap-
CTBEHHOr0 3afaHuAa ¢ LudpoM «HamKaTop pucka 25—27», perncTpaumoH-
Hbln Homep ETNCY 125032604484-5.

PackpbiTUe uHTepecoB. ABTOPbI 3aABNAIOT 06 OTCYTCTBUM OTHOLLEHWI, fe-
ATEbHOCTV W WHTEPECOB 3a NOCNeH1e TPU rofa, CBA3aHHbIX C TPETbUMU
muUaMK (KOMMEpUYECKUMM 1 HEKOMMEPYECKMMM), UHTEPECH! KOTOPLIX MOTYT
BbiTb 3aTPOHYTLI COZEPKAHMEM CTaTbU.

OpuruHanbHocTb. [py C03A4aHMN HaCcToALLLEN paboTbl aBTOPbI He UCMOMb-
30Ba/M paHee onybMKOBaHHbIe CBeeHWs (TEKCT, UMIOCTPaLMK, AaHHbIe).
JocTyn K AaHHbIM. PefjakUMoHHas NOMTIKA B OTHOLLIEHWUW COBMECTHOMO
CMONb30BaHUs AaHHbIX K HAacToALLEN paboTe He NPUMEHUMa, HOBble [laH-
Hble He cobupany 1 He CO3AaBaM.

FeHepaTUBHbIA UCKYCCTBEHHbIA MHTENNEKT. [1py CO3[aHNN HACTOSLLEN
CTaTbW TEXHONOTWM FeHEPaTUBHOMO MCKYCCTBEHHOrO WHTENNEKTa He UC-
nonb30Banu.
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Evaluation of Influence of Metal Nanoparticles
And Their Oxides on Elemental Composition
of Organs in Laboratory Animals

And Their Bioaccumulative Potential

Inna V. Obidina, Gennady I. Churilov, Yulia N. Ivanycheva, Elizaveta M. Pronina,
Tamriko I. Matua, Ivan V. Chernykh

Ryazan State Medical University, Ryazan, Russia

ABSTRACT

BACKGROUND: Active development of nanotechnology and the use of research in many industries, including agriculture and
medicine, require a comprehensive study of the influence of ultra dispersed substances on humans and animals. Today, we
have limited evidence of the influence of nanoparticles on the microelement levels in organs and tissues. However, given the
growing production and release of nanoparticles into the environment in processes, it is required to consider both the direct
and indirect effects of particles of various chemical origin.

AIM: To evaluate the influence of copper, cobalt, and copper oxide nanoparticles on behavior and microelement levels in the
liver, kidneys, and reproductive system in laboratory animals and to study their bioaccumulative potential upon intragastric
administration.

METHODS: The experiment was conducted on male ICR mice divided into four variable groups of 6 subjects each, who were
administered distilled water (control group) or 0.02 mg/kg suspensions of copper, cobalt, and copper oxide nanoparticles
intragastrically for 20 days, once a day. We assessed the changes in body weight and anxiety in animals (the number of upright
postures with and without support and the number of short-term grooming). At the end of the experiment, the animals were
euthanized to sample the liver, kidneys, and reproductive organs and to determine the microelement levels using energy
dispersive X-ray fluorescence.

RESULTS: After administration of all tested nanoparticles, the animals showed signs of anxiety, including an increased
number of upright postures with support (the cobalt nanoparticle group) and a decreased number of upright postures without
support accompanied by increased number of grooming acts (the copper and copper oxide nanoparticle groups). Animals of
the same groups (copper and copper oxide) showed a decrease in body weight compared to the control group. An analysis of
the microelement level in the liver, kidneys, and reproductive system revealed ambiguous changes in potassium, calcium, and
sulfur levels and increased oxygen content in the testes and appendages. We detected no signs of bioaccumulation of copper,
copper oxide, and cobalt nanoparticles in the studied organs. Thus, nanoparticles have indirect toxicity, which is manifested by
changes in the microelement levels in organs and is characterized by the rapid elimination of nanoparticles.

CONCLUSION: Copper, cobalt, and copper oxide nanoparticles have a multidirectional indirect effect on the physiology and
behavior of animals realized by changes in the microelement levels in their organs. We detected no accumulation of copper,
cobalt, or copper oxide nanoparticles in the studied organs.

Keywords: nanoparticles; cobalt; copper; copper oxide; bioaccumulation; liver; kidneys; reproductive system; essential
elements.
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OueHKa BAMAHMA HAHOYACTUL, METaJIJIOB U UX OKCUAOB
Ha 3N1eMEeHTHbI COCTaB OPraHoB JiabopaTopHbIX
YKMBOTHBIX M UX CMOCO6HOCTb K HAKOMJIEHUIO

.B. 0buamna, 1. Yypunos, t0.H. MBaHbiueBa, E.M. lponuHa, T.W. Matya, U.B. YepHbix

Ps3aHCKMI rocyAapCTBEHHbIA MeAMUMHCKUIA yHUBepcuTeT uM. akag. W.I. Maenoea, PasaHb, Poccus

AHHOTALMA

06ocHoBaHMe. VIHTEHCMBHOE pPa3BUTHE HAHOTEXHOMOIMIA, UCMONb30BaHWE Pe3ynbTaToB MCCIeL0BaHMIA BO MHOTUX OTpacnsx
NPOMBILLIEHHOCTH, B TOM YMCIIE CESIbCKOM X03AINCTBE U MeuLMHe, TPebyeT BCECTOPOHHENO U3yUYeHUs BO3LENCTBUSA BELLECTB
B YNIbTPaAMCTIEPCHOM COCTOSIHUM Ha YeNIOBEKA M XMBOTHbIX. B HacTosLLee BpeMs CBEAEHUS 0 BAMAHWUM HAHOYACTUL, HA MUKPO-
3/1eMEHTHBINA COCTaB OPraHOB M TKaHei orpaHuyeHbl. Mexay TeM ¢ y4€ToM pacTyLLero Npou3BOACTBA U BbIBpoca HaHoYacTHL,
B OKPYJKAIOLLYI0 Cpedy B X04e TeXHOMOrMyecKux mpoLeccoB HeobXoAMMO yuuTbIBaThb Kak NMpsMoe, TaK U onocpesoBaHHoe
BO3/eHCTBME YaCcTUL, PasfIMYHON XUMUYECKOW NPUPOAbI.

Lenb. OueHutb BAmaHMe HaHovacTuy Meam (Cu), kobanbta (Co) 1 okeupa Meam (CuQ) Ha noBeieHYECKME peaKLmK U MUKpO-
3M1EMEHTHBIA COCTaB MEYeHH, NOYEK W PENPOAYKTUBHOM CUCTEMbI J1TabOPaTOPHBIX HUBOTHBIX, @ TaKXKEe UCCNEAO0BaTb MX Cro-
COBHOCTb K HAKOMMEHWIO NPU BHYTPUKENYA0YHOM BBEAEHUM.

Marepuanbl U MeToabl. 3KCNEPUMEHT NPOBEAEH HA caMuax Mbiwen nHuKM ICR, pa3aenéHHbiX Ha YeTbipe BapuaTMBHbIX
rpynnbl no 6 0cobeii B KaX oM, KOTOPbIM BBOLAUAM BHYTPUKENYAOYHO AUCTUANIMPOBaHHYI0 BOLY (KOHTPOb) MM CYyCMEH3uM
HaHouactuy Cu, Co n CuO B Teyenne 20 aHeit oguH pa3 B aeHb B fo3ax 0,02 mr/kr. OueHnBanm AMHaMUKy Macchl Tena, a Tak-
K€ YPOBEHb TPEBOXKHOCTM KMUBOTHBIX (KONMYECTBO BEPTUKANbHBIX CTOEK C ONOPOi M 6e3 onopbl M KOIMYECTBO aKTOB KpaTKo-
BpPEMEHHOro rpyMuHra). Mo 3aBepLueHMM 3KCMepuMeHTa NPOBOAWNM 3BTaHa3ui, 3ab0p NeyeHu, NMOYeK U PEnpOLYKTUBHBIX
OpraHoB, B KOTOPbIX ONpefensM MUKPO3NIEMEHTHBIA COCTaB METOAOM 3HEProAMCNEPCUOHHOIO PEHTTEHOMNYOPECLLEHTHOMO
aHanusa.

Pesynbtatbl. BBeeHWe Bcex NpoTECTMPOBAHHBIX HAHOYACTHLL BbI3bIBANO Y KMBOTHbIX MPOSB/IEHUE MPU3HAKOB TPEBOKHOCTY:
Habnoaanock yBenMyeHWe KONMYECTBa CTOEK C onopoi (rpynna, nonyyasLwas HaHouacTuubl Co) M CHUMeHMe uncna CToek
6e3 onopbl, CONPOBOXKAABLUEECS YBEIMUEHUEM AKTOB KPaTKOBPEMEHHOTO FPYMMHTA (FpYnmbl 3KMBOTHbIX, MOYYaBLUMX Ha-
HoyacTuubl Cu 1 Cu0). B atux e rpynnax (Cu, Cu0) Habmofanoch CHUMKeEHMe Macchl TeNa JKUBOTHbLIX MO CPaBHEHUIO C KOH-
TPOSIbHOM rpynnoii. AHann3 ypoBHS MUKPO3SIEMEHTOB B MEYEHU, MOYKaX M PENPOLYKTUBHBIX OPraHaXx BbisiBU HEOAHO3HAYHbIE
M3MEHEHNS KOHLIEHTPALIMK Kanus, KanbLmMs U Cepbl, YBeMYEHUe COLEePIKaHUA KMCNIOPOAA B CEMEHHUKaX C npuaatkamu. Mpu-
3HaKoB HaxonneHns HaHoyacTuy, Cu, CuO u Co B uccnepyeMbix opraHax He BbiSIBIeHO. TakuM 06pa3oM, TOKCUYHOCTb HaHo-
YacTWL, peanu3yeTca OMoCpPefoBaHHO, YepPe3 U3MEHEHNE MUKPO3JIEMEHTHOTO COCTaBa OpraHoB, M XapaKTepusyeTcs bbicTpon
3/IMMMHALMEN HAHOYACTULL.

3akntouenue. HaHoyacTuubl Meau, KobanbTa M OKCMAA MeAy OKasbiBalOT pa3HOHAMNpaB/ieHHOE BAMSHWUE Ha GU3Monoruye-
CKWe NMOKasaTesu U NoBeLEHNE XUBOTHbIX, peann3yeMoe 0nocpesioBaHHO, Yepes U3MEHEHWE 31EMEHTHOO COCTaBa MX opra-
HoB. HakonneHus HaHouacTUL, Meau, KobanbTa, OKCMAA MeAM B UCCiedyeMbIX OpraHax He obHapyeHo.

KnioueBble cnoBa: HaHOYaCTULbI; KODANT, MeAb; OKCUA, Meau; HaKOMEHWE; NeYeHb; NOYKMY; penpoayKTUBHaA CUCTEMa;
3CCeHUnanbHble 3JIEMEHTDI.
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OPUIMHATTIBHOE VICCIEOOBAHME

BACKGROUND

Nanoparticles (NPs) of various chemical origin are both
produced in industrial processes and formed naturally [1].
A variety of substances, including those in nanodispersed
substances, enter the human body from the environment.
In addition to biological activity, promotion of growth and
development, protection against diseases, and delivery of
medicines to cells, NPs produced in certain processes and
manufactured for medical and agricultural applications pose
risks to plant and animal organisms as they can cause oxi-
dative stress and cell dysfunction [2, 3].

Ultra dispersed metals and their oxides have fundamen-
tally different properties compared to the same substances
in a macrostate or in the form of ions [4]. NPs are capable
of overcoming biological barriers; therefore, they are used
in medicine for treatment and diagnostic purposes [5]. How-
ever, some studies revealed their ability to cause oxidative
stress and disrupt microelemental balance, as well as their
cytotoxic effect [6]. Nevertheless, there are reports of rapid
elimination of NPs without significant bioaccumulation and
pronounced toxic effects [7].

The dialectic of this issue requires a comprehensive study
of the toxicological safety of NPs affecting humans, animals,
and plants [8, 9]. Industries dealing with nanomaterials
should have a realistic understanding of toxicologic risks of
a well-known material in a new, ultra dispersed form [10].
Both in vitro and in vivo studies are needed to verify an ac-
ceptable risk profile.

In a series of previous experiments, it was shown that
cobalt, copper, iron NPs; and copper, cobalt, and zinc oxides
NPs promote plant growth [11]. The studies demonstrated
the manifestation of a low-dose mechanism and the rela-
tionship between the toxicity or promoting effect and the
particle size and concentrations [12]. In most cases, NPs
of 35-80 nm in size promoted germination and germinative
power and activated inorganic nutrition, which was confirmed
by changes in the microelement levels in plants. It was found
that NPs of 35-60 nm in size could influence the transmem-
brane potential of cells and activated enzymes and plant
hormones by changing the pH of solutions used for dipping
before planting [13]. By activating enzyme synthesis, such
particles promoted carbohydrate and nitrogen metabolism,
but their bioaccumulation in plants was not recorded. Still,
ultra dispersed metal oxides often suppressed plant growth,
inhibited their development, and showed a bioaccumulative
trend [12].

As such, NPs are used to treat plants, it is highly probable
that they enter the body of animals, necessitating an evalu-
ation of their effect on organs and metabolism. Our previous
studies on rats and mice investigated the acute and chronic
toxicity of copper and cobalt NPs, and copper and zinc oxides
NPs. They showed that the optimum dose was 0.02 mg/kg as
it did not cause pronounced signs of metabolic and morpho-
logic toxicity in intragastric administration [14, 15].

1.32,N25, 2025
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The liver, kidneys, and reproductive system are generally
considered as target organs when studying the toxicity of
new compounds due to their key role in detoxification, fil-
tration, and reproduction [16, 17]. In addition, nanodispersed
metals both cause a cascade response themselves and may
have an indirect effect by changing the elemental composi-
tion of organs and tissues; there is insufficient data on such
studies in the literature [18].

AIM: To study the influence of copper, cobalt, and copper
oxide NPs on the behavior of laboratory animals; changes in
body weight; microelement levels in the liver, kidneys, and
reproductive system in chronic intragastric administration
and to evaluate the bioaccumulative potential of NPs.

METHODS

The study used copper and cobalt NPs of 20-50 nm in
size, and copper oxide NPs of 40—60 nm in size. All nanoma-
terials were synthesized at the National University of Science
and Technology MISIS using the electroless metallization of
the corresponding hydroxides in a hydrogen stream. The par-
ticle surface area was determined by BET adsorption using
a Quantachrome NOVA 1200e analyzer (Japan). X-ray phase
analysis using a Shimadzu XRD-7000 diffractometer (Japan)
was used to verify the ball shape of the particles.

Six weeks old male ICR laboratory mice (n = 24) weigh-
ing 18-22 g (Federal State Budgetary Scientific Institution
Scientific Center for Biomedical Technologies of the Federal
Medical and Biological Agency, Moscow Region) were used
as subjects. The animals were kept under standard vivar-
ium conditions (temperature: 22 + 2 °C, relative humidity:
50-60%; light conditions: 12/12 hrs) with access to water
and food ad libitum.

The experiment was conducted in the vivarium of the
Federal State Budgetary Educational Institution of Higher
Education Ryazan State Medical University of the Ministry of
Health of the Russian Federation in accordance with interna-
tional regulations (Directive 86/609/EEC) and good laboratory
practice (Order No. 199n of the Ministry of Health of the Rus-
sian Federation dated April 1, 2016). The study protocol was
reviewed and approved by the meeting of the Commission for
Control over Laboratory Animal Care and Use (No. 22 dated
January 23, 2020). During the experimental period, the mice
received complete granulated feed with balanced elemental,
energy, vitamin, and mineral content manufactured under
GOST R 50258-92.

Mice were randomized into four groups of six subjects.
Animals in group 1 (control group) received distilled wa-
ter intragastrically; group 2 received suspended copper
NPs; group 3 received cobalt NPs, and group & received
copper oxide NPs. 0.002 mg/mL NPs were suspended in
distilled water by dispersing nanopowders in an ultrasonic
bath (Grad 13-35, STC Soltek, Moscow) with a power of
150 W and a frequency of 35 kHz for 15 min. 10 mL/kg of
suspended NPs were administered daily in the morning,
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before feeding, for 20 days, according to Guidelines (MU)
1.2.2869-11 (Moscow, 2011).

The animals’ body weight was measured using OHAUS
laboratory scales (resolution 0.01 g) before the experiment
and at day 6, 11, 16, and 21. Visual examination was per-
formed daily. Motor activity was assessed every three days
by counting upright postures (with and without support)
for 2 min in a plexiglass arena (diameter: 135 mm, height:
350 mm). In addition, we recorded the number of grooming
acts lasting up to 5 s [19].

At day 21, animals were euthanized by decapitation after
inhalation anesthesia with isoflurane. The liver, kidneys, and
reproductive system (testicles and appendages) were sam-
pled in accordance with MU 1.2.2745-10. The organs were
dried in a cabinet dryer for 72 h at 75 °C and ground in por-
celain mortars with porcelain pestles.

The elemental composition of the tissues was determined
by energy dispersive X-ray fluorescence using an Arl QuantX
spectrometer (Switzerland) at the Regional Center for Scan-
ning Probe Microscopy of the Federal State Budgetary Edu-
cational Institution of Higher Education Ryazan State Radio
Engineering University named after V.F. Utkin. The test was
performed using UniQuant software with automatic spectral
fitting. In addition, we performed spot analysis of samples
using a JEOL JSM-6610LV scanning electron microscope
with an INCA X-MAX system (identification of all elements
except hydrogen, helium, and lithium).

Statistical data processing was performed using the Sta-
tistica 12.0 software. Normality of distribution was tested
using the Kolmogorov—Smirnov and Shapiro-Wilk tests. The
data were processed after variance analysis (normal distri-
bution) or the Kruskal-Wallis test (anomalous distribution).
The corresponding parameters recorded in each experimen-
tal group on a specific day were compared with the control
group on the same day (Dunnett’s test for body weight and
behavior of animals in normal distribution; Mann—-Whitney
test with Bonferroni correction for the essential microele-
ment level in abnormal distribution). Data are presented as
the arithmetic mean and standard error of the mean (normal
distribution) or the median and lower/upper quartiles (anom-
alous distribution). Differences were considered significant at
p < 0.05 for normal distributions and p <0.017 for anomalous
distributions.

RESULTS

Body Weight

The average baseline body weight of mice in all groups
was 19.07£0.10 g and did not differ between groups
(p=0.987). As early as at day 4 of the experiment, the group
of animals given copper oxide NPs showed low appetite,
which was recorded by an increased amount of food left in
the feeders. At day 7, the mice that were given nanodispersed
copper showed low appetite as well. Weighing of animals
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at day 6, 11, 16, and 21 recorded weight loss in the groups
receiving copper and copper oxide suspensions. The weight
in the copper NPs group of animals decreased by 38.6% (the
average weight difference was 12.27+1.21 g; p <0.001) and
by 43.9% (the difference of 13.97+1.46 g with the control
group; p <0.001) in the copper oxide NPs group compared
to the control group at the last day of the experiment. The
experimental group subjects that were administered nan-
odispersed cobalt consumed all food and showed weight
gain that did not differ significantly from the control group
(p=0.492; see Fig. 1).

Motor Activity

The upright motor activity of experimental animals was
determined by counting the number of times they stood
on their hind legs without support and with support on the
side in a special setup at day 3, 6, 9, 12, and 18. Starting
from day 7 of the experiment, we observed a reliable de-
crease in the number of unsupported upright postures by
21.4% (day 9, p=0.017), 38.7% (day 12, p=0.037), and 43.8%
(day 18, p=0.002) in the copper NPs group; and by 28.1%
(day 9, p=0.055), 32.25% (day 12, p=0.011), and 40.6%
(day 18, p=0.002) in the copper oxide NPs group. The num-
ber of short-term (less than 5 s) grooming acts increased,
indicating a lower cognitive activity and anxious behavior.
The supported upright postures on the side in these groups
did not differ significantly from the control group (p=0.567).
In the cobalt NPs group, starting from day 9, the animals
tended to increase the average number of supported upright
postures by 1.53 times (41.93-53.57%; p=0.013) compared
to the control group. This trend persisted until the end of
the experiment. However, the number of grooming acts and
unsupported upright postures did not differ from the control
group (p=0.352).

Elemental Composition of Biological Material

Measurements of copper (p=0.288), copper oxide
(p=0.323), and cobalt (p=0.596) levels in the liver, kidneys,
and reproductive system did not reveal significant differences
between the experimental and control groups, indicating the
absence of bioaccumulation of the studied NPs. The analysis
of other elements showed reliable differences of potassium
and calcium levels in all studied organs, sulfur levels in the
liver and reproductive system, and oxygen in the reproductive
system.

Potassium level in the liver of animals was reliably higher
in all experimental groups compared to the control group:
by 111.8% (p=0.004) in the copper NPs group, by 159.8%
(p=0.001) in the cobalt NPs group, and by 208.1% (p=0.002) in
the copper oxide NPs group. Calcium levels in the cobalt NPs
and copper oxide NPs groups were higher by 86.2% (p=0.004)
and 89.4% (p=0.004), respectively, compared to the control
group (see Table 1).

In the kidneys, there was a significant increase in ele-
mental sulfur (copper oxide NPs) by 34.4% (p <0.001) and
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Fig. 1. Changes in body weight of mice (g) with intragastric administration
of nanoparticles (NPs) for 21 days (mean value + standard error of the
mean). * Significant differences in relation to the control group (each
experimental group was compared with the control group on a specific
day of observation using the Dunnett’s test); p <0.01.

calcium (cobalt NPs) by 30.8% (p=0.001) compared to the
control group; in the copper oxide NPs group, the calcium
level decreased by 37.83% (p=0.001). In the nanodispersed
copper and cobalt groups, the potassium level was lower
(by 66.1% and 42.6% [p=0.001], respectively) (see Table 2).
We observed a significant decrease in the sul-
fur level in the testes of animals in the cobalt NPs group
(by 83.7% [p <0.001]) and the copper oxide NPs group
(by 54.3% [p <0.001]) compared to the control group.
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However, the calcium level increased in all experimental
groups: by 52.4% (copper NPs; p=0.005), by 44.4% (cobalt
NPs; p=0.004), and by 107.9% (copper oxide NPs; p <0.001;
see Table 3).

An increased level of elemental oxygen was found in the
reproductive system of animals in all experimental groups
compared to the control group. Significant differences were
observed in two groups; an increase of 50.5% (cobalt NPs,
p=0.001) and 30.9% (copper oxide NPs, p=0.014), which may
indicate a specific effect of such NPs on these tissues (see
Table 3). Levels of other elements did not differ significantly
between the groups (p=0.392).

DISCUSSION

Copper and cobalt are important for cell function. For ex-
ample, cytochrome c oxidase, consisting of several subunits
with a copper atom, is an element of the electron transport
chain, a universal catabolic pathway.

Cobalt is primarily contained in cyanocobalamin mole-
cules; it is present in the active centers of important enzymes,
such as methyltransferase and ribonucleoside triphosphate
reductase; it is a coenzyme of some proteolytic enzymes, and
influences heme metabolism [20].

According to the literature, when administered intragas-
trically, the tested NPs may be absorbed enterally, primarily
by clathrin-dependent endocytosis [10, 21]. Subsequently,
they enter the bloodstream and are delivered to organs and
tissues, where they can accumulate [22, 23]. Mononuclear
phagocytes, especially macrophages, are largely responsible
for the elimination of NPs from the body [24, 25].

Macro- and microelements, including calcium, potassi-
um, and sulfur, are markers of toxicity [26]. According to
the literature, copper and cobalt NPs can increase the level
of essential elements in tissues, such as calcium, magne-
sium, iron, manganese, zinc, potassium, and phosphorus [27,
28]. As laboratory animals received identical feed and water

Table 1. Measurements of the levels of elements in weight samples of liver tissue, %

Group |

Potassium Calcium

Group 1 (control group)
Group 2 (copper NPs)
Group 3 (cobalt NPs)
Group 4 (copper oxide NPs)

0.259 (0.247; 0.262)
0.546 (0.532; 0.574)*
0.673 (0.648; 0.709)
0.798 (0.751; 0.836)"

0.094 (0.077; 0.1171)
0.132 (0.114; 0.152)
0.175(0.142; 0.183)
0.178 (0.157; 0.185)*

Note. * Significant differences in comparison with the control (p <0.01).

Table 2. Measurements of the levels of elements in weight samples of kidney tissue. %

Group

Sulfur

Potassium Calcium

Group 1 (control group)
Group 2 (copper NPs)
Group 3 (cobalt NPs)
Group 4 (copper oxide NPs)

0.442 (0.411; 0.458)
0.407 (0.387; 0.442)
0.518 (0.470; 0.528)
0.594 (0.575; 0.613)

0.183 (0.177; 0.191)
0.062 (0.059; 0.071)*
0.105 (0.103; 0.112)*
0.228 (0.221; 0.236)

0.185 (0.169; 0.193)
0.122 (0.119; 0.137)
0.242 (0.238; 0.263)*
0.115 (0.091; 0.120)*

Note. * Significant differences in comparison with the control (p <0.01).
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Table 3. Measurements of the levels of elements in weight samples of reproductive tissue (testes and appendages). %

Sulfur

Group

Potassium Calcium

Kucnopon

0.527 (0.518; 0.536)
0.648 (0.629; 0.707)
0.086 (0.079; 0.103)
0.241 (0.233; 0.271)*

Group 1 (control group)
Group 2 (copper NPs)
Group 3 (cobalt NPs)
Group & (copper oxide NPs)

0.229 (0.221; 0.236)
0.503 (0.483; 0.531)*
0.287 (0.265; 0.302)
0.271 (0.261; 0.277)

0.126 (0.112; 0.141)
0.192 (0.172; 0.214)
0.182 (0.171; 0.194)*
0.262 (0.251; 0.277)*

15.18 (14.70; 15.71)
22.48 (14.01; 25.64)
22.85 (20.77; 23.87)*
19.87 (19.12; 20.14)*

Note. * Significant differences in comparison with the control (p <0.01).

throughout the experiment, changes in the levels of elements
in organs may be associated with changes in their excretion
by the kidneys and redistribution between different organs
under the influence of the administered NPs.

Increased potassium and calcium levels in the liv-
er and reproductive system may indicate nephrotoxicity of
NPs [29, 30]. Calcium is a universal regulator of humoral
response [31]. There is evidence that exposure to NPs causes
oxidative stress, depleting antioxidant ability and disrupting
calcium homeostasis [32]. Possible mechanisms include ex-
tracellular calcium influx due to lipid peroxidation-induced
membrane damage and calcium channel blockade [33]. In-
creased calcium levels may also be associated with its mo-
bilization from bone tissue due to the direct effect of NPs
on osteoclasts and osteoblasts or indirect effect involving
parathyroid hormones.

Lower sulfur levels, especially in the reproductive sys-
tem, may be associated with a disrupted antioxidant protec-
tion and protein metabolism. Increased kidney sulfur (copper
oxide NPs) can be interpreted as an adaption—an attempt to
compensate for oxidative stress by increasing the production
of antioxidant sulfur compounds, especially glutathione [34].
However, its lower levels in the reproductive system (cobalt
NPs and copper oxide NPs) indicates a possible coenzyme
deficiency and depletion of protective systems [35].

Increased oxygen levels in the reproductive system of
animals in all experimental groups may be associated with
increased lipid peroxidation, which is a typical effect of metal
NPs [36]. This is confirmed by lower sulfur levels in the system
and indicates the development of uncompensated oxidative
stress. This effect may indicate both higher sensitivity of the
reproductive system to NP exposure and a possible increase
in blood flow, promoting local oxygen saturation of tissues.

Increased anxiety in animals observed at administration
of NPs may be associated with the nephrotoxicity described
above and, similar to the NPs described above, the penetra-
tion of blood-brain barrier by the particles and their central
nervous system toxicity [37].

The normal weight gain in animals receiving cobalt NPs
and its decrease in subjects receiving copper NPs and copper
oxide NPs may be associated with the latter’s gastrotoxici-
ty [38, 391. The absence of bioaccumulated copper and cobalt
in organs can be explained by their rapid elimination, mainly
by the intestines [40]. Excretion of NPs by the kidneys is un-
likely due to the damaging effect on these organs.
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Thus, at a dose of 0.02 mg/kg, all studied NPs show signs
of toxicity, especially reproductive, which is consistent with
the literature [41, 42]. Therefore, when using NPs in agricul-
ture, e.g. for seed treatment, it is required to consider the
possible risks of their subsequent entry into the body of ani-
mals and humans. It is advisable to evaluate the doses, fre-
quency, and duration of exposure to NPs and the vegetative
season, when they should be used. It is worth noting that the
prooxidant effect of NPs can be reduced by improving their
physicochemical properties, including size, shape, content,
and pH of solutions.

CONCLUSION

Copper, cobalt and copper oxide NPs are toxic in case of
continuous intragastric intake. lts toxicity is manifested by
nephrotoxicity and activation of lipid peroxidation.

The absence of significant bioaccumulation of copper,
copper oxide, and cobalt in tissues is consistent with the
hypothesis of the predominantly transient effect of the stud-
ied NPs and their possible rapid elimination from the body.
Our study emphasizes the need for further research into the
mechanisms of NP exposure on organs and systems, espe-
cially in long-term exposure.
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A0NOTHUTE/IbHAA UHOOPMALIUA

Bknap aBropoB. /1.B. 06uanHa — cbop v 0bpaboTka Matepuana, aHanms
[JaHHbIX, HanucaHue Tekcta; .M. YypunoB — KOHLENUMs 1CCnefoBaHus;
t0.H. MBaHblueBa — pa3spaboTka An3aitHa uccneposaHus; EM. MponnHa
n T.1. Matya — npoBesienue nccneposaHui; A.B. YepHbix — aHanu3 fak-
HbIX, peflaKTMpOBaHWe TeKCTa. Bce aBTOpbl MOATBEPKAAKT COOTBETCTBME
CBOEro aBTOPCTBa MeXayHapoaHsiM kputepusam ICMJE (Bce aBTopbl BHEC-
NW CyLLLECTBEHHbIA BKNaf B pa3paboTKy KOHLEMNLMW, NpoBeaeHUs vccre-
[l0BaHMS 1 NOATOTOBKY CTaTbi, MPOYNM W 0806punn drHasbHYI BEpCUio
nepep nybnvkaumen).

JdTnyeckas aKkcnepTusa. [IpoTOKON MCCNEAOBaHUS paccMOTPeH
W YTBEPKAEH Ha 3acefaHuy KOMUCCWW MO KOHTPOMIO 3@ COAepXaHueM
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Regional Specificity of Neurovegetative Regulation
on the Example of the North-East of Russia
and the North Caucasus
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ABSTRACT

BACKGROUND: Heart rate variability (HRV) is a highly informative marker of neurovegetative regulation of cardiovascular
activity, as well as a method for quantitatively assessing its physiological changes, allowing for the analysis of the specifics of
neurovegetative regulation, taking into account the influence of climatic and geographic factors of different regions of residence.
AIM: The study of regional characteristics, as well as differences in the autonomic control of the circulatory system based on
heart rate variability indicators in individuals living in different natural and climatic zones such as the North-East (Magadan) and
the North Caucasus (Vladikavkaz), which differ in both climatic conditions and relief (lowland and low mountain).

METHODS: The indices of the autonomic regulation of the heart were assessed in the time and frequency domains in 89 young
men, 41 of whom were born in the North-Eastern region (Magadan) (mean age 19.8+0.5 years) and 48 young men were born
in the North Caucasus (Vladikavkaz) with an average age of 20.8+0.8 years. All study participants underwent an analysis of
the key parameters of the HRV at rest (sitting position) using the «Varicard» hardware and software complex. The type of
autonomic regulation was determined based on the variation range (MxDMn) and stress index (Sl), assessed in a state of rest.
RESULTS: The results obtained allowed us to establish that living in low-altitude conditions leads to a decrease in vegetative
functions, which was associated with a decrease in the activity of the parasympathetic link of the autonomic nervous system,
shifting the sympathovagal balance to a relative state of sympathetic activity. In the natives of the North-Eastern region, in
lowland conditions, most of the heart rate variability parameters corresponded to the optimal physiological ranges with a shift
of a number of parameters to the area of parasympathetic activity.

CONCLUSION: The conducted studies demonstrate that the heart rate variability parameters reflect the specificity of adaptive
restructuring of physiological systems, forming ranges of the functional norm characteristic of each natural and climatic
zone. These indicators can serve as objective markers of the body's response to extreme environmental factors characteristic
of various regions of the Russian Federation. Our study complements the results of scientific research on the shift of the
neurovegetative regulation vector to the area of sympathetic activation of the circulatory system as a component of adaptation
to combined mountain climatic factors (North Caucasus) and, conversely, in the formation of compensatory mechanisms of
vegetative regulation in conditions of extreme climatic factors of the northern territories, manifested in increased tonic activity
of the vagus nerve.

Keywords: heart rate variability; climatic and geographic factors; low-altitude conditions; lowland conditions.
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PernonanbHasa cneuuduka HeMpoBereTaTUBHOM
perynauum Ha npuMmepe Cesepo-BocTtoka Poccum
u CesepHoro KaBkasa

B.A. bensesa', 1.B. ABepbsiHoBa?

" NHCTUTYT BMOMeaMLMHCKUX MCCneaoBaHuii — dunnan Bnaankaskasckoro HaydHoro LieHTpa Poccuiickoin akapeMum Hayk, c. Muxaiinosckoe,
PCO-Anahms, Poceus;
2 HayyHo-1ccne0BaTenbCKuil LIeHTP «ApKTMKa» [lanbHeBOCTOYHOrO OTAeneHna Poccuiickon akagemum Hayk, Marapan, Poccus

AHHOTALMA

06ocHoBaHue. BapnabenbHoCTb cepeyHoro putMa npefcTaBnifeT coboii BbICOKOMH(OPMATUBHBIA MapKep HEMpOBEreTaTuB-
HOM perynauuu cepAe4Ho-COCYUCTON AEATENbHOCTH, @ TaKXKE MeTo[, KOIMUECTBEHHON OLIEHKW €€ QU3MNOOTMYECKUX U3Me-
HEHWW, NO3BONSAOLLMIA aHaM3UPOBaTL CNELMGUKY HENPOBEreTaTUBHON PEryNsLMA, B TOM YUCE C YYETOM BIIMSIHUS KIMMATO-
reorpaguuecknx hakTopoB pasfivyHbIX PETMOHOB NPOXKMBAHMS.

Llenb. M3yyeHue pervoHanbHbIX 0COBEHHOCTEH, a TaKKe pa3nnymMii B BEreTaTMBHOM KOHTPOJe CMCTEMbI KpoBoObpaLLeHus
Ha ocHOBe MoKa3aTesie BapuabenbHOCTM CEpAEYHOro pUTMa Y NUL, NPOMUBAKOLWMX B NPUPOLHO-KIIMMATUYECKUX 30HAX
CeBepo-Boctoka Poccum (MarapaH) u CeBepHoro KaBkasa (BnagmkaBKas), KOTOpblE OT/IMYAIOTCA KaK MO KMMATUYECKUM
YCNOBMSAM, TaK 1 M0 penbedy (HU3MEHHOCTb U HU3KOTOpbE).

Marepuanbl u Metoabl. OLeHMBaNM NoKasaTeN BEreTaTMBHON PerynsuMu cepaua Bo BPeMEeHHOM W YacTOTHOW obnactsax
y 89 toHoweit, u3 Kotopbix 41 — ypoxeHubl Ceepo-BocTtouHoro pervoHa (MarapaH; cpephuit Bospact 19,8+0,5 ropa)
1 48 — ypoxeHubl CeepHoro KaBkasa (Bnaaukaskas; cpeaHuii Bospact 20,8+0,8 roaa). Y Bcex yyacTHUKOB aHanmavpoBanu
K/TloYeBbIe MapaMeTpbl BapuabenbHOCTW CepAeYHOro pUTMa B COCTOSHWM MOKOA (MONOXeHUe CUis) C UCMOb30BaHUEM ar-
napaTHO-NPOrpaMMHOro KoMnekca «Bapukapay». Tun BereTaTMBHOM perynsaumu onpefensnm Ha 0CHOBaHUW BapyaLMOHHOTO
pa3Maxa U MHAEKCa HaNpPsXKEeHUS,, OLIEHUBAEMbIX B COCTOSIHUW NOKOS.

Pesynbtartbl. [olydeHHble pe3ynbTaThl NO3BOAMAM YCTAHOBUTb, YTO MPOXMBAHME B YCIIOBMSX HU3KOTOPbs XapaKTepusyeT-
CA CHWXKEHWEM BEreTaTMBHbLIX QYHKLMIA, YTO CBA3AHO C YMEHbLUEHWEM aKTUBHOCTW NapacMMMNaTMYECKOro 3BEHa BereTaTuB-
HOM HEepBHOW CUCTEMBI, CMELLAIOLLMM CUMMATOBarasbHbIA 6anaHc B OTHOCUTENBHOE COCTOSIHME CUMMATUYECKOW aKTUBHOCTH.
Y ypoxeHues CeBepo-BocTouHoro pervioHa B yCioBUsIX HU3MEHHOCTM BONBLUMHCTBO NapaMeTpoB BapuabenbHOCTH cepaeu-
HOro puUTMa COOTBETCTBOBa/M OMTUMAsbHBIM (DU3WONOrMYECKUM [Mana3oHaM CO CMeLLieHWeM psfia napaMeTpoB B obnactb
napacMMnaTM4eCcKoM aKTUBHOCTM.

3akniouenue. [poBefEHHbIE UCCNELOBaHWSA AEMOHCTPUPYIOT, YTO NapaMeTpbl BapuabesbHOCTM CepAeYHOro puTMa oTpa-
}aloT pervoHanbHylo cneumduKy HelpoBereTaTMBHOW perynsuuy, hopMUpys XapaKTepHble Ans KaXAoW NpupoAHO-KiuMa-
TUYECKOW 30HbI AnanasoHbl GYHKUMOHANBHOM HOPMBI. 3TU MOKa3aTenu MoryT CITyXWTb 0ObEKTUBHBIMU MapKepamMu peaKLum
OpraHu3Ma Ha 3KCTpeMalbHble 3K0orMyeckue haKTopbl, XapaKTepHble Ans pasnuuHbIX pernoHoB Poccuiickoin Oepepaumu.
Hawe uccnepoBaHve [ONOHAET HayyHble AAHHbIE O CMELLEHUW BEKTOpA HepoBereTaTUBHOI perynaumm B obnactb cuMna-
TUYECKOI aKTUBaLMM CUCTEMbI KPOBOODpALLLEHMS KaK KOMMOHEHTA afanTauuu K KOMOMHUPOBaHHBIM FOPHO-K/IMMAaTUYECKUM
dakTopam (CeBepHbiit KaBkas) 1, HanpoTue, (OPMMPOBaHMS KOMMEHCATOPHBLIX MEXaHU3MOB BErETaTUBHOM PeErynsummu B yc-
NIOBUSX 3KCTPEMaNbHbIX KIIMMATMYeCKUX QaKTOpOB CEBEPHBIX TEPPUTOPUI, NPOABNSIOLLMXCS B YCUNEHUN TOHUYECKON aKTUB-
HOCTW BNTy)KAaloLLero Hepea.

Kniouesble cnoBa: BapuabenbHOCTb CEPAEYHOr0 PUTMa; KMMaToreorpaduyeckue haxkTopbl; HU3KOTOPbE; HU3MEHHOCTD.
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BACKGROUND

Today, analysis of heart rate variability (HRV) is one of the
most popular methods worldwide for studying and evaluating
heart function, the functional performance of the body as a
whole and the condition of various parts of the autonom-
ic nervous system (ANS) [1]. HRV, which is a change in the
time intervals between consecutive heart beats [2], is widely
known as an effective tool for assessing the autonomic reg-
ulation of the heart [3, 4]. The conventional interpretation of
HRV includes an analysis of the parasympathetic and sympa-
thetic activity of the ANS, their balance, and relationship and
analysis of some other related parameters [5]. HRV can be
used as a health index and a measure of the integration of the
ANS and the central nervous system [6, 7]. The neurovisceral
integration model suggests that higher control levels of vagal
cardiac activity are associated with more effective self-regu-
lation of the body in general, including better health [8]. Vari-
ous HRV parameters are used for in-depth description of the
sympathetic-parasympathetic interaction of the ANS in the
cardiovascular regulation and control. The level of regulation
can be used to characterize the functional abilities of the car-
diovascular system and the adaptation abilities of the body.
HRV is a highly sensitive indicator of the dynamic change in
the autonomic balance in response to exogenous influences,
including climatic and geographical factors [9].

In characterizing the climatic and geographical differenc-
es of the studied regions, it is worth noting that Magadan
(59°34° N, 150°47" E) is located in the temperate climate
zone within the coastal climatic zone characterized by a com-
bination of marine and monsoon influences. The climate of
the northern part of the Northeast region, including most of
the Magadan Region, is considered the harshest in the Rus-
sian Far East [10]. Average temperature reflects its obvious
seasonality (-26.0 °C in January and + 13.4 °C in July).

Vladikavkaz (Republic of North Ossetia-Alania) is located
in a temperate climate zone (43°02" N, 44°39" E) with oro-
graphic moderation due to the proximity of mountain ranges.
The average temperature in January is - 1.9 °C and + 20.7 °C
in July. In addition to climatic differences, it is worth noting
that Vladikavkaz is located in the foothills zone of the Greater
Caucasus, in the North Ossetian Trench framed by the offsets
of the Sunzhensky and Terskiy Ridges. The terrain is charac-
terized by deep differentiation with absolute marks from 600
to 1,000 m and average height of about 670 m above sea
level, which corresponds to low-mountain relief, according to
the contemporary geomorphological classification. Magadan
is located in the coastal climate zone and characterized by
low-lying relief with absolute heights not exceeding 100 m
above sea level. Such hypsometric conditions create a spe-
cific complex of factors affecting the physiological adaptation
of the human body.

AIM: To study regional differences and differences in the
autonomic control of the circulatory system based on HRV
in individuals living in different climate zones, such as the

1.32,N25, 2025

DOl https://doi.org/10.17816/humeco6/8572

JKoNorna HenoBeka

Northeast (Magadan) and the North Caucasus (Vladikavkaz),
which differ in both climatic conditions and relief (lowland
and low mountain).

METHODS

The study involved 89 young men, including 41 natives of
the Northeast region (Magadan; mean age: 19.8 + 0.5 years)
and 48 natives of the North Caucasus (Vladikavkaz; mean
age: 20.8+0.8 years). The study was conducted in the spring
(April, May) of 2024.

Inclusion criteria: males in their young adulthood; no
acute chronic diseases and health complaints, and a signed
informed consent. All participants included in the sample had
comparable living conditions (students) and physical activity
(physical education classes as part of the educational insti-
tution’s curriculum) and permanently resided in the studied
region.

All study participants underwent an analysis of HRV us-
ing the Varicard suite and VARICARD-KARDi and ISCIM-6
software. The subjects had the following HRV parameters
recorded in the time and frequency domains: heart rate (HR,
bpm); mode (Mo, ms); difference between maximum and
minimum RR intervals, or variation range (MxDMn, ms);
root mean square of successive differences (RMSSD, ms);
standard deviations of all NN intervals (SDNN, ms); stress
index (regulatory stress index; SI, relative units); total pow-
er (TP, ms?); total high-frequency (HF) HRV in the range of
0.4-0.15 Hz (respiratory waveforms; HF, ms?); low-frequen-
cy (LF) HRV in the range of 0.15-0.04 Hz (vascular wave-
forms; LF, ms?), very low-frequency (VLF) HRV in the range
of 0.04-0.015 Hz (VLF, ms?). In addition, we analyzed the
centralization index (IC, relative units [RU]) and the activity
index of regulatory systems (IARS, RU) [11]. The subjects’
type of autonomic regulation was determined based on the
variation range (MxDMn) and stress index (SI) at rest. Nor-
motonic individuals included participants with MxDMn in the
range of 200-300 ms and Sl of 70-140 RUs; sympathoton-
ic individuals included participants with MxDMn below the
specified range and Sl higher than 140 RUs; vagotonic indi-
viduals included participants with MxDMn above the specified
range and Sl less than 70 RUs [12].

The study was approved by the Ethics Committees of the
Institute of Biomedical Research, a branch of the Federal
State Budgetary Scientific Institution Vladikavkaz Scientific
Center of the Russian Academy of Sciences (protocol No. 3
dated February 20, 2022), and the Federal State Budgetary
Scientific Institution Arctic Research Center of the Far East-
ern Branch of the Russian Academy of Sciences (Opinion
No. 002/021 dated November 26, 2021).

Statistical data processing was performed by standard
methods of mathematical statistics in the Statistica 7.0 soft-
ware. To test the normality of the quantitative variables,
we used the Shapiro-Wilk and Kolmogorov—Smirnov tests.
The analyzed variables are presented as median (Me) and
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interquartile range [q25%; q75%]. The significance of differ-
ences in the analyzed variables was determined using the
Mann-Whitney U test. The difference was considered signif-
icant at p=0.05; 0.01; 0.001.

RESULTS

The study involved a comprehensive analysis of auto-
nomic cardiovascular regulation based on the HRV time and
frequency domains in groups of young men from different
regions, including northeast Russia (Magadan) and the North
Caucasus (Vladikavkaz, Republic of North Ossetia-Alania).
The distribution of types of autonomic heart rate regulation
in young men living in different environment and climate with
significant gradients of meteorological parameters and al-
titude above sea level is shown in Fig. 1. It is evident that
among natives of the northeast, the share of vagotonic in-
dividuals is 59.0%, the share of normotonic individuals is
27.0%, and the share of sympathotonic individuals is 14.0%.
On the contrary, the share of vagotonic individuals among na-
tives of the North Caucasus is 20.8%, the share of normotonic
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Fig. 1. Distribution of types of vegetative regulation HR in young men,
living in different natural and climatic zones: the North-East (Magadan)
and the North Caucasus (Vladikavkaz).

Table 1. Main indicators of heart rate variability and the level of significance of their differences in young men depending on the climatic and geographical

conditions of residence

Me (q25; q75)

Parameters p
Magadan Region (n=41) Republic of North Ossetia-Alania (n=48)
HR, beats/min 74.72 (65.21; 84.38) 85.20 (76.34; 93.48) 0.001
MxDMn, msec 255.00 (203.00; 366.00) 231.00 (182.00; 301.00) 0.114
RMSSD, msec 40.58 (29.73; 64.11) 3417 (23.36; 49.69) 0.043
pNN50, % 13.58 (7.09; 35.63) 8.35 (2.63; 19.47) 0.020
SDNN, msec 49.20 (38.70; 70.92) 51.33 (41.12; 65.50) 0.955
Mo, msec 808.00 (707.00; 905.00) 688.00 (635.00; 747.00) 0.001
AMo50, msec 43.23 (26.02; 52.66) 49.57 (34.60; 58.95) 0.083
Sl, arb. units 112.21 (38.77; 165.33) 139.70 (70.46; 232.35) 0.053
TP, msec? 2481.76 (1510.57; 4874.63) 2107.10 (987.70; 3075.40) 0.050
HF, msec? 730.25 (401.88; 1348.17) 526.47 (253.84; 844.77) 0.050
LF, msec? 1151.12 (729.14; 2112.35) 1007.59 (582.80; 1656.63) 0.202
VLF, msec? 411.46 (255.11; 926.64) 336.36 (149.52; 625.370 0.105
LF/HF, arb. units 1.68 (1.15; 2.61) 1.94(1.19; 3.02) 0.429
IC, arb. units 2.44 (1.72; 3.50) 2.82 (1.61; 4.02) 0.524
PARS, arb. units 4.00 (3.00; 6.00) 5.00 (4.00; 7.00) 0.135

Note. HR is the heart rate; MxDMn is the difference between the maximum and minimum values of the cardiointervals, or the variation range; RMSSD is the
square root of the sum of the differences in a consecutive series of cardiointervals; pNN50 is the number of pairs of cardiointervals with a difference of more
than 50 ms, % of the total number of cardiointervals; SDNN is the standard deviation of the full array of cardiointervals; Mo is the mode; AMo is the amplitude

of the mode; Sl is the stress index (voltage index of regulatory systems); TP is the total power of the spectrum of time values of R-R heart rate intervals.; HF

is the spectral power of the high—frequency component of heart rate variability in the range of 0.4-0.15 Hz (respiratory waves); LF is the spectral power of the
low—frequency component of heart rate variability in the range of 0.15-0.04 Hz (vascular waves); VLF is the spectral power of the very low—frequency compo-

nent of heart rate variability in the range of 0.04-0.015 Hz;. LF/HF is an indicator of sympathovagal balance; IC is an index of centralization, PARS is an indicator

of the activity of regulatory systems; p is the level of statistical significance.

DOl https://doi.org/10.17816/hurmeco6/8572

349



OPUIMHATTIBHOE VICCIEOOBAHME

HR
MxDMn
RMSSD

pNN50
SDNN

Mo

AMo50

Sl

Parameters

TP

HF

LF

VLF

LF/HF

IC

PARS

1.32,N25, 2025

JKoNorna HenoBeka

-20
-10
-0
=X
g
3
8
-0 B
--20
-=30

Fig. 2. Intergroup differences in heart rate variability in young men of the North Caucasus and North-Eastern regions of Russia. * Statistically significant
intergroup differences are indicated. Blue color range — the value is higher for representatives of the north-eastern region, red color range — the value

is higher for representatives of the North Caucasus.

individuals is 29.2%, and the share of sympathotonic individ-
uals is 50.0%.

The basic HRV parameters and significance of differences
between groups in the samples of young men living in differ-
ent climate and geographic zones of the Russian Federation
are shown in Table 1. The study shows that in 15 analyzed
HRV parameters, we observed significant differences be-
tween groups in seven parameters as clearly shown in Fig. 2.

It was found that the group of young men from the north-
east Russia had significantly higher RMSSD (p=0.043), pNN50
(p=0.020), and Mo (p=0.001) backed by lower SI (p=0.053)
and HR (p=0.001).

An analysis of the HRV frequency between the study
groups showed that the total power (TP), reflecting the total
activity of the body’s regulatory systems, was lower in the
group of young men from the North Caucasus due to a lower
HF HRV (p=0.050).

DISCUSSION

The intragroup analysis of the types of autonomic heart
rate regulation shows the proportional distribution of individ-
uals with different types of regulation. This analysis clearly
demonstrates the intergroup differences, namely the pre-
dominant sympathotonic type of HRV in young male natives

DOl https://doi.org/10.17816/humeco6/8572

of the North Caucasus (Vladikavkaz), parasympathetic type
of HRV in natives of the northeast Russia (Magadan), thereby
reflecting the population levels of rhythm variability in the
studied age and sex groups. Analysis of the obtained data
showed significant differences between both groups in some
key HRV parameters (HR, Mo, RMSSD, pNN50, SI, HF, and
TP). The study reveals a predominant parasympathetic type
of cardiac activity control in the northeastern population com-
pared to residents of the North Caucasus Region. For example,
participants from the Northeast region tended to have a greater
heart rate variability (TP) with a higher median RMSSD and
pNN50, which together indicate the predominance of parasym-
pathetic type of the ANS regulation. It is known that at physi-
ological rest, predominantly parasympathetic activity provides
the optimum economization of the body's functions and bio-
energetic processes. An inverse relationship is observed with
initial sympathicotonia: increased tone of the sympathetic ANS
correlates with functional physiological stress and lower ad-
aptation abilities, limiting the range of possible compensatory
reactions when exposed to disturbing factors [13].

It has been shown that young natives of the Republic of
North Ossetia-Alania have a significant predominance of HR,
IC, SI, and IARS. The data reveal a pronounced vagal domi-
nance in relation to the reduced sympathetic modulation ob-
served with a relatively increased overall heart rate variability
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in young men from the northeast Russia. These differences
may be interpreted as population specificity of the autonomic
balance under chronic exposure to extreme climatic factors
of the northern regions manifested in the activation of para-
sympathetic cardiac regulation. The findings are consistent
with the data on the effect of low temperatures on HRV caus-
ing lower sympathetic activity and, consequently, a higher
HRV [14]. They are also consistent with our previous studies
showing that the identified parasympathetic activation of the
ANS improves gas exchange in the context of cardiovascular
stress in Northern conditions and may indicate increased cold
resistance [19, 16].

The interpretation of IARS values indicates that young
men in the Northeast region have moderate regulatory stress;
whereas, the North Caucasus sample has a high regulatory
stress caused by the active mobilization of the sympathetic
(adrenal) system and the pituitary-adrenal system [17-19].

CONCLUSION

The study involved a comprehensive analysis of time
and frequency domains of HRV in two groups of young men
permanently residing in contrasting climate and geographic
zones of the Russian Federation. The findings significantly
expand the contemporary understanding of neurovegetative
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adaptations to various extreme environmental factors. The
study demonstrates fundamentally different autonomic con-
trol patterns in response to combined mountain climatic
factors, manifested by the persistent sympathicotonic dom-
inant and lower parasympathetic activation in autonomic
regulation. In the conditions of northeast Russia, the op-
posite adaptation manifested by a higher overall variability
and parasympathetic activation in the autonomic circulatory
regulation. The revealed autonomic differences in the vege-
tative cardiovascular regulation patterns based on climatic
and geographic parameters demonstrate the specificity of the
autonomic response.

Our data demonstrate the diagnostic value of HRV for
monitoring physiological acclimatization and identifying in-
dividual characteristics of autonomic regulation in various
environments. These observations support the hypothesis
that climatic and geographic factors are important for the
development of individual autonomic cardiovascular regula-
tion system. The findings require further study to specify the
interaction mechanisms of external factors and internal reg-
ulatory processes and development of methods to improve
public health in various climate zones.

This study has some limitations as it involved young
males, which does not allow a full description of the corre-
sponding populations.
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[0MNOJIHUTE/IbHAA UHOOPMALIUA

Bknap aBrtopoB. B.A. bensesa — KoHuenums u AusalH wuccnenosa-
HWS, aHanM3 AaHHbIX, HanWCaHWe U pefaKTMpOBaHWe TEKCTa PYKOMUCH;
1.B. ABepbsiHoBa — KOHLENUMA W AW3aiH UCCNeaoBaHMs, NOAroToBKa
MepBOro BapuaHTa TeKCTa PyKOMUCK, aHanm3 JUTEPaTYPHbIX AaHHbIX, YT-
BEPX/IEHWE OKOHYATEeNbHOrO BapuaHTa pykonwvcu. Bce aBTopsl ofobpunm
pyKOMMChb (Bepcuio Ans NybnmnKaLmm), a Takke COrNacunmcb HeCTU oTBeT-
CTBEHHOCTb 3a BCe acMeKTbl PaboTbl, rapaHTUpYs HaA/exalllee paccMoTpe-
HWe W peLLeHne BOMPOCOB, CBA3aHHbIX C TOYHOCTBIO M [106POCOBECTHOCTBID
nioboit eé yactu.

ITHyeckan 3kcnepTusa. VlccnenoBaHvie 0406pEHO ITUYECKMMUM KOMUTE-
Tamu VHcTUTyTa BrioMeAMUMHCKMX UccneoBaHuii — dunmana Pepepans-
HOrO FOCY[apCTBEHHOrO BIOKETHOTO yupexaeHus Hayku DefiepanbHoro
Hay4HOro LieHTpa «BnaaunKaBKasckuii Hay4HbI LeHTp Poccuickol akage-
MUK HayK» (MpoTokon N2 3 ot 20.02.2022) n ®enepanbHoro rocyAapcTBeH-
HOrO OIKETHOrO YUPEIAEHNA HayKW «HayuHO-MCCnenoBaTebCKMiA LIEHTP
«ApKTvKax» [lanbHeBOCTOUHOrO OTAeneHnss PoccuitcKom akagemMuy HayKn»
(3aknioveHve Ne 002/021 ot 26.11.2021).

Cornacue Ha ny6nmkaumio. Bce y4acTHUKYM uccnejoBaHWs J06POBOSbHO
noanucany dopmy MHGOPMMPOBAHHOMO COrnacus 40 BKIIOYEHUS B UCCNe-
[0BaHve.

WUctounukn duHaHcupoBaHma. PaboTa BrinonHeHa 3a CHET bioKeTHOro
durHaHcmposanua MBEMU BHL, PAH B paMkax TeMbl «M3ydeHne Moneky-
NAPHO-TEHETUHECKUX MEXaHW3MOB CTPECCOPHbIX, BOCMIANMTESbHBIX U Me-
TaboMYECKVX HapYLLEHWIA MpW CepLeYHO-COCYAMCTON M BPOHXONEro4HOM
MaTonorn B 3KCMEpUMEHTE U KNMHWUKE B AMHAMVKE Me[WKO-3KoNornye-
cKoro MoHuTopuHra B PCO-AnaHus, paspaboTka TexHonoruin npodunak-
TUKM W KOPpeKUMW (3KCMEPUMEHTaNbHO-KIMHUYECKOE WCCNe0BaHe)»
(per. Homep 125030603222-0) 1 HALL «Apktuka» [1BO PAH B paMKax Tembl
«M3y4eHne MeXCUCTEMHBIX W BHYTPUCKCTEMHBIX MEXaHW3MOB peaKLyit
B (QopMMpOBaHUM dYHKLMOHANBHLIX ajanTUBHBIX PE3epBOB OpraHW3Ma
YesioBeKa CEeBEPHOro TMMa Ha pa3HblX 3Tanax OHTOreHe3a L, MPOXu-
BalOLLWX B AWMCKOMMOPTHBIX M 3KCTPEMasbHBIX YC0BUAX C OMpefeneHn-
eM MHTerpanbHbIX WH(HOPMATUBHBIX MHAEKCOB 3[0pOBbA» (per. Homep
AAAA-A21-121010690002-2).

PackpbiThe uHTepecoB. ABTOpbI 3as1BNAIOT 00 OTCYTCTBUM OTHOLLEHWH, fie-
ATENbHOCTV W MHTEPECOB 3a MOCMeHWE TPW Fofa, CBA3aHHbIX C TPETbUMM
MUaMM (KOMMEPYECKUMM W HEKOMMEPYECKVMM), MHTEPECH! KOTOPbIX MOTYT
BbITb 3aTPOHYTHI COAEPIKAHMEM CTaTbU.

OpuruHanbHocTb. [py co3aaHMM HacTosLLelN paboTsl aBTOpbI He UCMOMb-
30Banv paHee onybiMKOBaHHbIe CBEAEHMs (TEKCT, AMIOCTPaLWMY, AaHHbIE).
HocTyn K AaHHBIM. PefaKLyOHHas NOAUTMKA B OTHOLLIEHUM COBMECTHOMO
MCMONb30BaHUs AaHHbIX K HAacTosALLEeN paboTe He MpUMeHWUMa, HoBble AaH-
Hble He cobupany 1 He co3aaBanu.

leHepaTMBHbIW UCKYCCTBEHHbIW MHTEJUIEKT. [TpW CO3AaHUN HacTOoALLEN
CTaTb¥ TEXHOMOMWM FeHEePaTUBHOTO UCKYCCTBEHHOrO WHTENNEKTa He uc-
nonb30Banu.

PaccMotpenue u peueHsupoBanue. Hactosias paboTa nogaHa B xyp-
Han B MHWLMATUBHOM MOPAAKE W PaccMOTpeHa no 0bbI4HOM Mpouemype.
B pevieH31poBaHMM y4acTBOBaNM [Ba BHELLHMX PeLieH3eHTa, YieH pefaK-
LIMOHHOWM KOMMIErMW W HayuHbI pefjakTop U3faHus.
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ConocTaBMMOCTb OLEHKM AeduuUTa HOAa U CeneHa
B NOYBEHHOM MOKpoOBe M 3aboneBaeMocTH 60s1e3HAMM
WUTOBUAHOM Xenesbl Hacenenus LleHTpanbHoro
denepanbHoro okpyra
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AHHOTALLUA

O6ocHoBaHue. B nocnefHune LecATUNETMS Bo BCEM Mupe HabnopaeTcss pocT 3aboneBaemMocT D0Ne3HAMU LUMTOBULHOM
xene3bl. [Tocne aBapun Ha YepHobbinbekoi A3C B LieHTpanbHoM defiepanbHOM OKpYre COMKMUAACh YHUKaNbHas 3K00ro-reo-
XMMUYECKas CUTYaLMs,, MPY KOTOPOM Ha LUMTOBUAHYIO XeNe3y OKasblBajM HeraTMBHOe BO3AENCTBUE O[HOBPEMEHHO NPUPOL-
Hble (aedULMT MUKPOINEMEHTOB, NPEXAE BCEro oAa M CeneHa) M TeXHOreHHble (3arpsAsHeHne pagmonsoTonamm) haKTopbl.
WccnenoBaHua no3goaunu NoATBEPAUTL HannuKe CBA3M feduunta Hoaa B NoYBEHHOM NoKpoBe LieHTpanbHoro deaepanbHo-
ro OKpYra C pacnpocTpaHEHHOCTbI0 3aD01eBaHUIA LUMTOBUAHOM ene3bl, B TOM YUC/E OHKONOrMYecKuX. PesynbTatbl Uccneno-
BaHWUA JAlT AOCTOBEPHYH MHGOPMaLMI0 Ans NPOGUNAKTUKU U ANArHOCTUYECKO HAaCTOPOXKEHHOCTU B CUCTEME 3[PaBoOXpa-
HEeHMs PErMOHOB, a TaKKe MO3BOJISIT CO3AaTb afieKBaTHbIA MHOPMALMOHHBIA KOHTEHT A1 HAaceneHus.

Llesib. AHann3 pernoHanbHbIX 0cobeHHoCTeN 3aboneBaeMocT Hone3HAMM LWMTOBUAHOM ene3bl y HaceneHus LieHTpanbHoro
(enepanbHOro OKpyra B 3aBUCUMOCTM OT MUKPO3NIEMEHTHOMO CTaTyca TePPUTOPUN.

Matepuanbl M MeToabl. [1ns aHanM3a NonynALMOHHOMO 30poBbsA LleHTpanbHoro defepantHOro oKpyra U ero CyobeKToB
UCMONb30BajIM AaHHbIE 0 YMCNIEHHOCTU HaceNeHus, AenepcoHMdULMPOBaHHbIe AaHHbIE O KONMYECTBE MALMEHTOB C BRepBble
ANarHoCTMpOBaHHbIMK 3abonieBaHUAMU LUMTOBMAHOMN ene3bl 3a 2013-2017 rr. n nepBu4HOM 3ab0neBAaEMOCTM 3/10Kaue-
CTBEHHbIMM HOBOOOPa30BaHWAMM LUTOBUAHOI ene3bl 33 1995-2023 rr. [Ina nocTpoeHWs Mogenu pacnpefenieHns KoH-
LLeHTpaLMA MUKPO3NIEMEHTOB B MOYBEHHOM MOKPOBE PErvoHOB UCMOMb30BanK EANUHBINA rocynapCTBEHHbIA peecTp NOYBEHHbIX
pecypcoB. Kax ol nape «Tun noyBbl—no4Boobpasylollasn nopoAa» ObliM NPUCBOEHbI aTpUDYTHI CPEAHUX KOHLEHTpaLMM.
[loCTOBEPHOCTb OLIEHKW KOHLIEHTPALMIA MUKPO3/IEMEHTOB MOATBEPIKAEHA NONEBbIMM UccnefoBaHUAMMW. CocTaBNeHbl KapTbl
i0[IHOrO M CENeHOBOro CTATycOB MOYB MUCC/efyeMon TeppuTopun. MeTofoM paHroBoi Koppenauum CnvpMeHa npoBoauIy
HenapaMeTpMyecKoe ConocTaBneHne noKasateneit 3a601eBaeMOCTU M KapTOrpamyecKmx OLEHOK.

Pe3ynbratbl. AHanu3 XxuMm4ecKoro coctaBa oTobpanHbix B 2007-2023 rr. B page obnacten LleHTpanbHoro ¢epnepanbHoro
OKpyra No4YBeHHbIX 00pasLioB NOATBEPAMI KOPPEKTHOCTL MOAENMN KapTorpanyecKmx OLIEHOK COLlepXKaHNs MUKPO3/IEMEHTOB
B nouBe. BbisiBneHbl 3HauMMble 0bpaTHble paHroBble Koppensunun (R=—0,473; p=0,055) Mexay coaepaHueM hoaa B noyBax
cybbekToB LleHTpanbHoro deaepanbHOro oKpyra U 00f1e3HAMK WMTOBUAHON Xenesbl. [Ins B3pOCioro HaceneHus BhisIBNEHa
npsAMas CBA3b MeXAY 3arpsA3HEHMEM MOYB PaAMOM30TONaMM U 3abD0IeBaEMOCTbI0 PaKoM LUMTOBUAHOW Xenesbl (R=0,711;
p=0,001). Mpun atom ansa peteit (0—17 net) BhisBNeHa obpaTtHas Koppenaumsa (R=-0,375; p=0,138) Mexay NoAHbLIM cTaTycoM
MoyB 1 3a060/1eBaEMOCTbI0 PaKOM LMTOBMAHOM Xene3bl. [ocKoNbKy coaepiaHue ceneHa B noyBax LieHTpanbHoro denepans-
HOF0 OKpYyra HaxoaMTCA B Npefenax HOPMbl, CBA3K Mex Ay 3a00/1eBaeMOCTbI0 M KOHLIEHTPaUMEN MUKPO3SIEMEHTa B MoYBe
He BbisiBneHo (R=-0,091; p=0,729).

3aknouenme. ConoctaBeHNe reOXMMUYECKUX U MEOUUMHCKUX AaHHbIX B YCNOBUAX MPOCTPAHCTBEHHOM HEOAHOPOAHOCTH
PUCKOB Noc/eAcTBUN YepHOObINBCKOrO paiMoaKTUBHOIO 3apaXKeHns MoYBkbl M NpUpoaHoro aeduuMTa NOATBEPAMUNIO HaNMuKe
CBA3M MeXay AedUUMTOM 10f1a B OKpYKalOLLEl cpefie U cocTosiHMEM 3a0poBbs. CyliecTByeT He0OX0AMMOCTL MHGOPMMpO-
BaHWUA HaceneHus LleHTpanbHoro ¢eaepanbHoOro oKpyra U pyKoBOAMTENEN PerMoHasbHbIX OpraHoB UCMOJHUTENIbHOW BRAcTH
0 HeraTMBHbIX NOCNeACTBUSX AeduumuTa MUKPO3IEMEHTOB.

KnioueBbie cnoBa: iiof; ceneH; 3ab01eBaHMs LWUTOBUAHOM ene3bl; aHaus ﬂpOCTpaHCTBEHHOVI HeoAHOPOAHOCTW.
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Relationship Between lodine and Selenium Deficiency
in Soil and Incidence of Thyroid Diseases
in Population of Central Federal District
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Liudmila I. Kolmykova?, Valentina N. Danilova?, Valery S. Stupak', Ekaterina N. Enina’,
Yulia S. Zhuravleva'

! Russian Research Institute of Health, Moscow, Russia;
2 Vernadsky Institute of Geochemistry and Analytical Chemistry of the Russian Academy of Sciences, Moscow, Russia

ABSTRACT

BACKGROUND: In recent decades, there has been an increased incidence of thyroid diseases worldwide. Following the
Chernobyl accident, unique environmental and geochemical conditions developed in the Central Federal District, where the
thyroid gland was affected by both environmental (microelemental deficiency, primarily iodine and selenium) and man-made
(radioisotope contamination) factors. The studies have confirmed the relationship between iodine deficiency in the soil cover of
the Central Federal District and the prevalence of thyroid diseases, including cancer. The study provides reliable data to prevent
the diseases and to raise diagnostic alerts for the regional healthcare system and allows to develop the appropriate content
for the population.

AIM: To analyze regional differences of thyroid disease incidence in the population of the Central Federal District based on its
microelemental status.

METHODS: To analyze the population health of the Central Federal District and its constituent entities, we used population data,
anonymized data on the number of patients with newly diagnosed thyroid diseases for 2013-2017, and incidence of malignant
thyroid neoplasms for 1995-2023. To build a distribution model of microelements in the soil cover of the regions, the Unified
State Register of Soil Resources was used. Each soil type—parent rock pair was assigned average content attributes. The
reliability of microelemental estimates has been confirmed by field studies. We mapped iodine and selenium status of soils
in the studied region. A nonparametric comparison of morbidity rates and map-based estimates was performed using the
Spearman’s rank correlation.

RESULTS: An analysis of soil samples collected in 2007-2023 in some regions of the Central Federal District confirmed the
correctness of the map-based model of the estimated microelemental composition of soil. We found significant negative
correlations (R=-0.473; p=0.055) between the iodine levels in the soils of the Central Federal District and thyroid diseases.
For the adult population, we found a positive correlation between radioisotope soil contamination and the incidence of thyroid
cancer (R=0.711; p=0.001). In addition, for children (0—17 years), we found a negative correlation (R=-0.375; p=0.138) between
the iodine level in soils and the incidence of thyroid cancer. As the selenium level in the soils of the Central Federal District is
within the reference range, no relationship was found between the incidence and this microelement level in the soil (R=-0.091;
p=0.729).

CONCLUSION: Comparison of geochemical and medical data in the context of spatial heterogeneity of risks associated with
the effects of Chernobyl radioactive contamination of soil and natural deficiency confirmed the relationship between iodine
deficiency in the environment and health status. There is a need to increase awareness of the population of the Central Federal
District and heads of regional executive authorities of the adverse effects of micronutrient deficiency.

Keywords: iodine; selenium; thyroid diseases; spatial heterogeneity analysis.
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OPUIMHATTIBHOE VICCIEOOBAHME

Ob0CHOBAHUE

VMonmblit 6anaHc yenoseka, BbipaboTka U ceKpeuys Tv-
PeOMIHbIX FOPMOHOB TpuUAoATMpOHMHA (T3) M TMpPOKCcMHa
(T4) KoHTponMpylTCA WKUTOBUAHOI Xene3ou [1]. Ha Bbipa-
BOTKY rOpPMOHOB LUMTOBMAHON Jene3bl BAMSET AOCTYMHOCTb
oja — MMKpO3neMeHTa, KOTOpbIA HepaBHOMEPHO pacnpe-
LEnéH Ha 3emne ¥ HeobxoauM AN CUHTE3a TUPEOMAHbIX
ropMoHoB. He10CTaTOK 10/1a BbI3bIBAET CHUKEHME YPOBHSA T3
u T4. Kpome Toro, nosenisieTcst BCE 6ofblue AaHHbIX, CBA3bI-
BalOLLMX AMCHYHKLMIO LUMTOBUAHOM JKenesbl C ernpeccueit
W TPEBOKHBIMM PacCTPOMCTBAMU, OXVPEHUEM, MeTabonnye-
CKAM CMHOpPOMOM, 3ab0neBaHMAMM MOYEK U CepLeyHo-Co-
CyamncTbiMu 3aboneBanuamm [2].

Vlon B opraHnaMe ydacTByeT B pa3fuHbIX BUOXMMMYe-
CKUX peakumsx. B uyacTHocTn, Nop ero BAMSHWUEM YCUMBa-
I0TCS OKMCIUTENbHBIE NPOLIECCHI, @ MOANCTLIE METaIbI MHAK-
TUBMPYIOT UM TOPMO3AT aKTUBHOCTb MHOTMX (epMEHTHbIX
cucteM. [leduumt Mopa npencraenseT coboii Haubonee Bax-
Hbli MaTOreHeTUYeCKMit (haKTop, KOTOPLIA 0TBEYAET 3a BO3-
HWKHOBEHME 3H[EMMYECKWX 3ab0NIeBaHWIA LMTOBULHOMN Ke-
nesbl [3, 4]. Mpy anuTeNnbHOM HELOCTAaTOMHOM MOCTYMNIEHWM
MWUKPO3/IEMEHTA B OpraHU3M MPOUCXOJAT CPbIB MEXaHU3MOB
afantauuu U BO3HWKHOBEHWE 0f0AePULMTHBIX 3aboneBa-
HuiA [5].

MHorouncneHHbIMW  UCCNeA0BaHMAMU MOATBEPIKAEHA
BAXHOCTb CefieHa B MOAJEpKaHUM rOMeocTasa pasivyHbIX
JKU3HEHHO BaXKHbIX NPOLLECCOB, BKIOYAs UMMYHO3HIOKPUH-
Hylo GyHKUMto [6]. CeneH urpaeT BaxHyl0 posib B YHKLMO-
HUPOBaHUM LUMTOBMAHOMW Kene3bl [/-13], npegnonaraetcs,
YTO 3Ta CBA3b OCYLLECTBNIAETCSA 4epe3 0cobblf (hepMeHT,
Ha3blBaeMbli 5'-pgelioanHa3oi TMna 1, KOTopblid 0TBEYaeT
3a npeobpa3oBaHWe FOPMOHOB LLMTOBUAHOM }enesbl U Co-
LEPXUT ceneH [14].

C 1990 r. uncno cny4aeB paka LUMTOBMOHOMN HKeJesbl
B Mupe Bbipocno Ha 169% [15]. BHepeHue HOBbIX TexHo-
NOTWA CKPUHWHIA, TaKWX KaK YnbTpa3ByKoBas 3xorpadwms,
KOMMbloTepHas TOMOrpadus M MarHUTHO-pe3oHaHCHas TOMo-
rpacdus, a TaKXKe pocT LOCTYMHOCTA MeAMLIMHCKON MOMOLLY
B MUpe NO3BOSIAKT MeayKaM 0BHapyXuBaTb U perucTpupo-
BaTb MOPa)KEHUs LUMTOBMAHOW 3Kene3bl, OT HebonbLuMx
A0 3HauuTenbHbIX [16].

Mocne aBapumn Ha YepHobbinbckoit A3C B 1986 . B LleH-
TpanbHoM eaepansHoM okpyre (LL®O) cozganack yHUKamb-
Has 3KOJIOro-reoXuMMYecKas cuTyaumus B pesynbrare Bbina-
LEHW paMoaKTUBHBIX M30TOMOB Ha TEPPUTOPUM C PasHBbIM,
B TOM uucne AedUUMTHBIM, YPOBHEM COLEPXAHUS MUKpO-
3N1EMEHTOB B OKpYXatoLLen cpepe. 3o cnocobcTBoBano pac-
MPOCTPaHEHUIO CPeaM HaceneHus 3ab051eBaHNI LUMTOBMAHOM
enesbl. HopManbHoe yHKUMOHMpOBaHUE LLMTOBMAHOM
)enesbl TpebyeT noaepKaHus onpeAeNEHHOro YpoBHS No-
CTYNNeHus #oja W ceneHa C CYTOYHbIM PaLMOHOM. TaKuMm
06pa3oM, Ha 3TUX TeppUTOpUSAX BO3HMKNA YHWKaNbHas CU-
Tyauus co4YeTaHHOro (MPMpOLHOTO M TEXHOTEHHOr0) BO3AEeN-
CTBMS Ha NOCTpajaBLUee HaceneHue. Takas cutyaums Tpebyet
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MOCTOSAHHOrO MOHUTOPMHIa FreOXMMUYECKMX MHAMKATOPOB py-
CKa W M3Yy4eHUs UX MPOCTPAHCTBEHHOrO pacrnpegeneHus.

X0T$l OCHOBHbBIM MCTOYHUKOM NOCTYMIEHNS NOAA B NOYBLI
U pacTenus sBnsieTcs MyupoBoii OKeaH, ypoBeHb COLlepIKaHus
M MUrpauuMsa Mofa BO MHOTOM 3aBUCAT OT penbeda MecT-
HOCTM, arpoM3NYECKUX M arpOXMMUYECKUX CBOWCTB MOYB,
K/MMaTa W r1aponorMyeckoro pexmvma. HauMmeHbluee Komu-
YecTBO #oda B nouax Poccum oTMevaeTcs B MOA30/MCTBIX
W CepbiX JIECHbIX NMOYBaX JIETKOTO rPaHysIOMETPUYECKOrO CO-
CTaBa, a Haubosbluee — B conoHyakax [17].

Takum obpasoM, oueHKa MOAHOrO cTaTyca TeppuTopum
LU®0 npencraBnseTcs aKTyanbHOM, NOCKONbKY HeLOCTAaTOK
ioaa B opraHuaMe, 06yCNOBNEHHBIN ero fedULMTOM B HUX-
HWX 3BEHbAX TPO(MUECKON Lienu, MPUBOAMUT K BO3HUKHOBE-
HUI0 3HEMUYECKMX 3ab01eBaHMI.

3aboneBaHusa LUMTOBUHOW 3Kenesbl MOryT ObiTb 06-
YCNOBAEHbI He TObKO AeMLMTOM o3, HO W NpOSIBNATLCS
MpU CoaepXaHum oaa, 6IM3KOM K HopMe, Ha oHe Aucha-
NaHca Apyrux 3CCEHUManbHBIX 3MIEMEHTOB, TaKUX KaK CelleH,
Mefb, kobanbT. B yacTHocTH, B Mupe AeduumT CenleHa BbisiB-
neH y 1 mnpp yenosek [18]. B Poccum 90% Hacenenus no-
TPebNAT ¢ NPOAYKTaMW NUTAHUA HeLOCTAaTOYHOE KOTMYECTBO
ceneHa [19]. NMomMumo 3aboneBaHUin LLMTOBUIHOW Xenesbl,
YCTaHOBMEHO, YTO AeQUUMT CefleHa B MULLEBBIX LIENsSX Cro-
cobCTBYET BO3HMKHOBEHUIO NopsAKa 40 pasHbix 3aboneBaHMmil.

XoTsa cpefHee cofiepxaHue ceneHa B no4Bax Poccuiickon
Oepepaumnu coctaensiet 300 Mr/Kr, MHorve paioHbl CTpaHbl
ssngawTca ceneHogeduuntHeiMu. ObecneyeHHOCTb MOYB
BaJIOBbIMM (hOpPMaMM cefleHa BapbUpYeT B 0YEHb LLIMPOKUX
npegfenax — ot 50 MKr/Kr B AepHOBO-NOL30JIUCTLIX U Ce-
pbiX NecHbIx noysax HeuepHoseMbs A0 1100 MKI/Kr B noyBax
apuaHbix Tepputopuin [20]. Npum 3TOM KOHTpacTHOe copepxa-
HWe KaK CeneHa, TaK U ioja MoxeT HabmoaaTtbcs B noyBax
pa3HbIX TUMOB B NpeAesiax 0fHO/ 0bnacTu 1 paxe panoHa.
Tak, 6110 nokasaHo, uto B bpsHcKoii obnacTv cepas necHas
CYrNIMHMCTas MoYBa Ha NECCOBUAHBIX CYTMIMHKAX COAEPHUT
B BepxHeM 20-caHTMMETpOBOM Coe B [Ba pasa bonblue
1ofa v noyTH B YeTbipe pasa bonbLue ceneHa, YeM [1epHoBO-
NoA30/MCTas CynecyaHas Ha ABYY/IEHHBIX OTIOXEHMSAX B TOM
e cnoe [21].

Lenb mccnepoBanusa. AHanm3 permoHasnbHbIX 0CobeH-
HocTeli 3a60/1eBaeMoCTM BONE3HAMM LUMTOBMOHOW Kene3bl
y Hacenenus Li®O B 3aBMCMMOCTU OT MMKPO3/IEMEHTHOMO
cTaTyca TeppuTopuy.

MATEPWUAJIbl U METO[ bl

LI®O 3aHMMaeT LeHTpanbHyto YacTb BoctouHo-EBponeit-
CKOM paBHuHbI. Mnowaab okpyra coctasnset 650 205 km?,
4To NpeBOCXOAMT Noboe M3 eBPOMEMCKUX rocynapcTB.
B okpyr BxonsT 18 cybbekToB: 17 obnacteit (benropoackas,
bpsHckas, Bnagnmupckas, BopoHexckas, MBaHoBckas, Ka-
nyxckas, Koctpomckas, Kypckas, Jluneukas, MockoBckas,
OpnoBckas, PsizaHckas, CMoneHckas, TamboBcKas, Teepckas,
Tynbckas, ApocnaBckas) v ropof hefepanbHOro 3HaYeHUs
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Ta6nuua 1. Bnepsble BbisiBNeHHas 3aboneBaeMocTb HaceneHus LleHTpanbHoro depepantHoro okpyra (L®O0) GonesHsaMu LMTOBUAHOM Xenesbl,

Ha 100 000 Bcero HaceneHus B rog,

Table 1. Incidence of thyroid diseases in the population of the Central Federal District (CFD), per 100,000 of the total population per year

Cyonext LOO 2013 r. 2014, 2015 . 2016 . 2017 r. CpepHee
benropoackas obnactb 289,4 284,7 234,6 2493 2144 254,48
BpsHckasn obnactb 840,3 179,6 750,4 729,3 646,6 149,24
Bnagumupckas obnactb 445,6 4282 4613 3653 386,7 413,42
BopoHeckas obnactb 196,0 2230 283,1 2441 241,0 237,44
MBaHoBckas obnactb 383,7 3778 285,9 486,0 3915 384,98
KanyxcKas obnactb 249 4 207,3 2288 265,1 225,0 235,12
KoctpoMckas obnactb 184,6 225,2 2153 201,8 2535 216,08
Kypckas obnactb 1803 206,4 216,7 185,7 1977 197,36
Jivneuxas obnactb 2182 252,0 198,1 188,5 146,8 200,72
MockoBcKas obnacTb 174,0 201,4 2335 226,9 2094 209,04
Opnosckas 0bnacTb 470,0 4755 6772 6325 623,7 575,78
PsazaHcKas obnacTb 3971 4358 3648 4088 319.9 385,28
CMoneHckas obnactb 222,4 220,9 2374 256,3 232,8 233,96
TamboBcKas obnacTb 2055 2027 145,3 190,2 1701 182,76
Teepckas obnactb 257,9 262,4 317,2 2521 2774 273,40
Tynbckas obnactb 159,7 1777 2048 2439 2632 209,86
flpocnasckas obnactb 406,0 450,8 397,0 3595 3683 396,32

Mockga'. IGO0 3HaunTeNbHO NPEBOCXOANT Apyrue heaepasb-
Hble OKpYra CTpaHbl N0 YACNEHHOCTU Haceneus (26,9% Ha-
ceneHns Poccun) ¢ NOTHOCTBIO HaceneHns — 57,7 yen./km?,
CenbCcKoe X03MCTBO CreLManuM3upyeTcs Ha BblpaLLUBaHUM
3ePHOBbIX, 0BOLLHBIX, MAC/IMYHBIX KYNIbTYP, MOJIOYHO-MSICHOM
JKMBOTHOBOACTBE U XapaKTepuU3yeTcsi pa3BUTOM PbIHOYHOM
MH(PaCTPYKTYPOIA.

MockonbKy ropof (epepanbHoro 3HadeHus Mockea,
KaK KpynHeiiuuit Meranonuc EBponbl, npakTuyecky He notpe-
BnseT NpoLyKTbl MUTaHWSA, NPOU3BOAMMbBIE U3 BbIpaLLEHHOV
Ha MECTHBIX CEeNbCKOXO3AWCTBEHHBIX YroAbsX MA0A400BOLL-
HOM U MACOMOJIOYHOW MPOAYKLMM, a TaKXKEe M3-33 3HAUYUMBIX
Pa3nnyMiA B YPOBHE KW3HM HaCceneHns U LOCTYMHOCTU Meau-
LWMHCKMX ycnyr, B cpaBHeHuu ¢ obnactamu LMO, oHa bbina uc-
K/TI0YeHa 13 COMOCTaBUTENbHOMO aHanM3a. [pocTpaHCTBeHHas
HeOo[HOPOJHOCTb pacnpeseneHns 3HAEMUYECKUX 3aboneBa-
HWWA B ypOaHM3MpOBaHHLIX paiioHax (BK/o4as MOCKOBCKYHO
arnoMepaumio) TpebyeT JONONHUTENBHOW OLIEHKH.

[Ina aHanusa nonynALUMOHHOTO 340POBbS HACENEeHMs
pervoHoB LI®O ucnonb3oBanu AenepcoHUMLMPOBaHHbIE
CBEJIEHMSA 0 KOIMYeCTBE MALMEHTOB C BMEPBLIE AWMArHOCTM-
POBaHHbLIMW 3ab01eBaHUAMM LUMTOBMAHOM Xene3bl 3a 2013—
2017 rr., B3ATbIE M3 ONYOMKOBaHHLIX Ha 0PULMANBHOM CaiiTe
MuH3ppaBa Poccum cOOpHUKOB CTAaTUCTUYECKUX MaTepuanos

! Pervionbl LI®O. Pesxmm poctyna: hitp://cfo.gov.ru/spisokregionov

[lata obpatuenus: 22.10.2024.
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«3aboneBaeMocTb Bcero Hacenexus Poccum» (tabn. 1).
B Tabnuue npepacTaBneHbl NOKa3aTeN BNepBbIe BbISBIEH-
HoW 3aboneBaeMocTU HaceneHus cyobekTos LIMO bonesHaMM
mToBMAaHow xene3bl Ha 100 000 Bcero HaceneHus 3a 2013—
2014 rr. [22], 3a 2015 1. [23], 3a 2016-2017 rr. [24].

[laHHble 0 nepBWMYHOM 3aboneBaeMOCTM 3/710Ka4eCcTBEH-
HbIMW HOBOOOPA30BaHMAMM LMTOBUAHOM 3KeNe3bl NOSy4eHb
Ha OCHOBE arperMpoBaHHOW (OPMbl MONYNSLMOHHOMO peru-
CTPa OHKONOTMYEeCKUX BoMbHLIX B Poccuiickoi Oeaepaumi [25]
U NMoKasarens 3a00/1eBaeMOCTU HaceNeHMs 3/10Ka4YEeCTBEHHbI-
MU HOBOODPa30BaHMAMM LUMTOBUAHOM Kenesbl (Ha 100 000
HaceneHus) Ha 0CHOBaHUM LaHHbIX GopMbl heaepanbHoro
cTatucTyeckoro Habnopenna N® 7 «CBefeHus o 3/oKade-
CTBEHHbIX HOBOOOPa30BaHMsX» N0 BCEMY COLEpHaLleMycs
BpeMeHHOMy psay: 3a 1995-2023 rr., ¢ pasbuskoi no Bo3-
pactam 3a 2003-2023 rr. no KaxkpaoMy u3 cybbektos LIOO
(tabn. 2).

B ocHoBe MeToAa MOCTPOEHNS KapT 3KONOMUYECKOr0 pu-
CKa 3aboneBaHMI NIEXUT YCTaHOBMIEHME MPOCTPAHCTBEHHO
HEO[HOPOoAHOCTM 3aboeBaHM U (QAKTOPOB, €€ BbI3blBald-
LUMX, NYTEM aHanm3a 61aronpuATHOCTM re0XUMUYECKUX YCII0-
BMI1. B KauecTBe MHAMKATOPOB TaKKUX YCNOBUI UCMOMb30BaK
BaJIOBbIE KOHLIEHTpaLMM MWUKPO3/IeMEHTOB (iiofia U ceneHa)
KaK MOTEHLMaNbHbIN MaKCUMYM COAEPXaHWs, LOCTYMHBbIN
pacTenuaM. B paccMatpuBaeMoM cnyyae peduumuta Takas
OLeHKa npefcTaBnseT coboit BepxHWiA (To ecTb Hambonee
OnaronpuaATHbIA) Npeaen [26].
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[lns nocTpoeHns NpocTpaHCTBEHHOM MOAENM HEOAHO-
POAHOCTW re0XUMUYECKMX (PaKTOpOB, CBA3aHHLIX C 3abone-
BaeMOCTbI0 HAaCeNeHNs, UCMOJb30BaM anropUT™M NOCTPOEHMS
KapT NpUpOLHOI re0XMMUYECKON HEOAHOPOAHOCTW TEpPUTO-
puii Ha 6a3e 3NEeKTPOHHBIX MOYBEHHBIX KapT C NocneaytoLL el
OLLEHKOM U anropuTM NOCTPOEHMS KapT 3KOJIOr0-reoxumu-
YECKOro puCcKa, NepBbIM 3TaNoM KOTOPOro SIBMIAETCA KapTo-
rpadupoBaHve NPUPOSHON FreOXUMUYECKON HEOLHOPOAHOCTH
TEPPUTOpUI Ha Ba3e 3NEKTPOHHBIX MOYBEHHbIX KapT.

KapTorpaduyeckoit 0CHOBOM, MCMONb3YeMON AJiIA Mo-
CTPOEHMS OLEHOYHBIX KapT pacrpepesieHusi MUKpO3JieMeH-
TOB B MOYBEHHOM MOKPOBE pervoHa, mocnyxun Eaubiii
roCyLapCTBEHHbI peecTp MOYBEHHbIX pecypcoB Poccum
C KapTorpaduyeckon ocHoBoW Macwraba 1:2 500 000 [27].
B KkauecTBe UCXOLAHBIX JaHHbIX MO KOHLEHTPALMK ioja B no-
uBax ucnonb3o0Banu AaHHble E.M. Kopobosoii [28] u H.A. [Mpo-
Tacoson, A.ll. LLlepbakosa [29], ceneHa — A.H. Apuctapxosa
u coasT. [19]. Kaxpoi KauecTBEHHOW KNacCUPMKALMOHHOM
nape KapTorpaguyecKkux eMHMLL «TvM No4BbI—No4YB00Dpa3yto-
LLas MopoAa» NpUCBOEHbI KONMHECTBEHHbIE aTpUbYTHI CpeHMX
KOHLieHTpaumii. B Tabn. 3 npuBeaeHbl TvMbI NOYB (C YCIOBHbIMM
0003HauYeHMAMM), CKNNaAbIBaOLLMX NOYBEHHbIM nokpos L0,
X noYBoobpa3yioLLmMe Nopofbl, a TAKXKE OLEHKa CofepXaHms
oaa n ceneHa AnA KaXAoro TMna noys 1 nousoobpasyroLLieii
Mopofbl B MI/KI BO3LYLUHO-CYX0i Macchl (B.C.M.).

[lns aHanu3a KOpPpEeKTHOCTU OLLEHOK MCMONb30BaK AaH-
Hble MONEBbIX MCCNefoBaHuiA, npoBoauMblx B TEOXM PAH
¢ 2007 r. no HacTosiiee BpeMs Ha TeppuTopuu obnacteit,
Hanbonee nocTpapaBLUMX B pesynbTaTe aBapuv Ha YepHo-
bbinbekoit A3C: bpaHckon, Opnosckon u Kanyxckon [30].
Ha npeaBaputenbHo BbiBpaHHbIX y4acTKax nactbuw, Bo6au-
31 CeNbCKMX HACENEHHBIX MYHKTOB 0TOMpanu obpasubl nous
PYy4HbIM BypoM W3 BepxHero cnos MowHocTbio 20 cM. Onpe-
LeneHne MoAa 1 ceneHa BbINoMHANMM B labopaTtopum buoreo-
xuMun okpyxatowen cpeabl FEOXM PAH. Banosbie dopMbl
ioaa onpepensiv YCKOPEHHbIM KUHETUYECKUM pOJaHUAHO-
HUTPUTHBIM MeToAoM [31] Ha dpoTomeTpe KDK-3-01-«30M3»
(30M3, Poccus) U3 ceexux obpasuos noys. YyBCTBUTENb-
HoCTb MeTofla — 1-4 Hr/mn, BocnpoussoauMocTb — 2—7%.
Bce pesynbraThl M3MepeHwit Moja Ans conocTaBUMOCTH
nepecymTani Ha BO3LYyLUHO-CYXYt0 HaBecKy. 06LLyio u rurpo-
CKOMMYECKYH0 Bary onpegensnm CTaHAapTHEIMU MeToAaMu
[32], onpepeneHue ceneHa — cneKTPohIyopUMETPUYECKUM
METO/I0M B BO3AYLLHO-CYXWX 0bpasuax? Ha creKTpodioopm-
meTpe MPFS-2A (Hitachi, AnoHus). YyBcTBUTENBHOCTD METO-
pa — 1 Hr/mn, BocnpoussoamMocTs — 7%.

CpeHss KOHLEHTPaLMS MUKPO3/IEMEHTOB B NMOYBEHHOM
noKkpoBe bGonee KpynHoro Bbigena — cybbekra denepa-
UMM KaK TeppUTOpUM, ANs KOTOPOW AOCTYNHa MeAMLMHCKas

2 MYK 4.1.033-95. 4.1. MeTopipl KOHTPONS. XuMmdeckue (axtopsl. Onpe-
LefleHne CeneHa B MPOLyKTax NUTaHus. MeTopuuyeckue ykasaHus
(ym8. MockoMcaHanuaHan3opoM Poccum 24.07.1995). Pexxum foctyna:
https://meganorm.ru/mega_doc/norm/metodicheskie-ukazaniya/5/
muk_4_1_033-95_4_1_metody_kontrolya_khimicheskie_faktory.html
[lata obpatuenus: 22.10.2024.
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uHpopMauus, Bbina oueHeHa Nnocsie NPUCBOEHUA COOTBET-
cTBytoLMX aTpubyToB no dopmyne (7) [33]:

n
Creg = z Ci A, (N
i=1

roe Creg — cpefHsAs KOHLEHTpaUMs MUKpO3NeMeHTa B Mo-
yBe pernoHa; C; — cpeaHAsA KOHLIEHTPaLMA MUKPO3JIeMeHTa,
XapaKTepHas Ans Tuna noysbl, CHOPMMPOBAHHOI Ha AaHHOM
noysoobpasytoLLen nopoae; A, — [ons NnowWaam noauroHa
B M/10LLaAN PErMoHa; N — YMCII0 NOSUTOHOB NOYBEHHON Kap-
Tbl Ha TeppuTopum 0651acTH, i — HOMEp NOSIUrOHa.

AHanu3 npoBoamnu B reoMH(pOPMaUMOHHOW cUCTeMe
ArcGIS 10.8.1 (ESRI, CLLA).

PanuaumoHHoe 3arpsisHeHWe uccnefyeMoi TeppuUTopum
BC/IeACTBUE aBapuu Ha YepHobbinbckoii A3C aHanusuposanu
Mo [LaHHbIM 0 pacrpeAeNieH N KONMYEeCTBa HaCeEHHbIX NyH-
KTOB M0 YpOBHI0 3arpssHenus '/Cs (no cocTosHMIo Ha AHBapb
2024 1.) Ha ocHoBe eXerogHo MybnukyeMbix AaHHbIX HIO
«TaldyH», KoTopoe ¢ 1986 r. npoBOAMT YTOYHEHWE paama-
LiMOHHOM 0bCcTaHOBKU Ha TeppuTopusx obnacteit Poccuu, 3a-
TPA3HEHHBIX TEXHOrEHHBIMU PaVOHYKIMAAMMU B pe3ynbraTe
aBapum Ha YepHobbinbckoit A3C. 0bcnenoBaHna BKKYAOT
M3MepEHUS MOLLHOCTW [03bl FaMMa-U3/Ty4eHns Ha TeppuTO-
pusiX HacenéHHbIX NyHKTOB [34]. CnepyeT 0TMETUTL BO3MOXK-
HOCTb NepecyéTa U3MepuUTENbHBIX [aHHbIX O 3arps3HEeHUM
noussl ''Cs B naHHble 0 3arpsasHennn Tepputopun 311 [35].

Cratuctuyeckylo 06paboTKy pe3ynbTaToB MPOBOAMIU
B MporpamMMHbIx KoMnnexcax Microsoft Excel (Microsoft,
CLLIA) n TIBCO STATISTICA 13.3 (TIBCO, CLUA). OueHku obe-
CMEYEHHOCTW NOYB MOJOM U CENEHOM M NoKasatenu 3abo-
NeBaeMOCT N0 PErMoHaM UMENW pacnpesenerue, 0TIUYHoe
0T HopMasnbHoro (puc. 1), a TaKkxe HebosbLLylo BbIDOPKY
(n=17), no3atoMy Ans MHTEpNpeTaLMy BO3MOXHbIX B3aUMOC-
BA3EM MEXAY reOXMMUYECKUMM U MeOMULMHCKAMM OaHHBIMU
UCNoJb30BanM KOIQGUUMEHT paHroBoii Koppensumm Cnmp-
MeHa (R).

PE3YJIbTATbI

ConocTaBnenne KapTorpamyeckux oLeHOK obecneyeH-
HOCTW pasfiUyHbIX TUMOB NOYB M3Yy4aeMbIMU MUKPO3JIEMEH-
TaMW U [AaHHbIX XMMUYECKOro aHanu3a obpasuoB nokasano
XOPOLLYH CXOAMMOCT: M0 ioay B 16 napax «no4Ysa—nopoga»
(n=136) R=0,92 (p <0,01), no ceneHy B 6 nNapax «no4Ba—mno-
poaa» (n=44) R=0,80 (p=0,05; puc. 2).

Kaptorpaduyeckoe npeactaBneHve MOAHOMO W CENEHO-
BOro cTaTyca nouseHHoro nokposa LM0, nonyyeHHoe Ha oc-
HOBE AaHHbIX N0 BapbMPOBaHUI0 CPEHEr0 COAEPIKaHUA hoaa
U CeneHa B NOYBax pasHOro Tuna, NoKasaHo Ha puc. 3.

Mpu oLeHKe BaNoBOro CoAepKaHust Moaa B noysax Poc-
CWM UCMONb3YIOT CieaytoLme rpagaumu: <5,0 Mr/kr B.c.M. —
HefocTaToyHoe coaepaHue; 5,1-40,0 Mr/kr B.c.M. — Hop-
ManbHoe; >40,0 Mr/Kr B.c.M. — u3bbITouHoe [36, 37]. AHanus
MOJy4YEHHOr0 pacnpeseneHus Moaa B nousax (cM. puc. 3)
MO3BOSIUA BbLILENUTL TPW TPYNMbl PErMOHOB C Pa3fIUYHbIM
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JKoNorna HenoBeka

Ta6nuua 3. OueHKa KOHLEHTpaLmM ioaa (Mr/Kr BO3AYLUHO-CYX0M Macchl) U ceieHa (Mr/Kr BO3AyLUHO-CYX0ii Macchl) B noYBax W nousoobpasyioLmx no-

ponax LieHtpanbHoro defepanbHoro okpyra

Table 3. lodine (mg/kg of air-dry weight) and selenium (mg/kg of air-dry weight) levels in soils and parent rocks of the Central Federal District

Yenosroe Tun noysbl MoyBoobpasytoLas nopopa Von | Cenen
0603HayeHme pasy P
Mn2 Monzonucteble, [MHWCTBIE W TAXENOCYTNIMHUCTLIE 050 021
MPEMMYLLIECTBEHHO CpeaHeCyrHUCTbIe 050 021
HernyboKonoa30MCTbIe
MecyaHble 1 cynecyaHble, MOACTUIAEMbIE CYrIMHUCTBIMK U FMHUCTBIMKM nopogamm 0,50 0,21
Mfrr ToptsHo- v TopdaHMCTO- [MHMCTBIE 1 TAXKENOCYTIMHACTbIE 531 018
NOA30NMCTO-TNEEBLIE CpeaHeCyrIMHUCTbIe 531 0,18
CpeHeCyrnMHUCTbIE BanyHHbIE W rafeYHUKOBbIE 531 0,18
JlerkocyrnanHmcTble 531 0,18
JlerkocyrnmHucTble BanyHHble ¥ raneqyHKoBble 531 0,18
CynecyaHble 531 0,18
[lecyaHble 531 0,18
MecyaHble 1 cynecyaHble, NOACTUNAEMbIE CYrIMHUCTBIMMA U FAMHWCTBIMU nopogamm 5,31 0,18
Ma [lepHoBo-nof30nmcTbIe, [MHWCTBIE W TSKENOCYTIMHUCTLIE 1,39 035
MPEMMYLLECTBEHHO ME/IKO- CpeHeCyrIMHUCTbIE 139 035
1 HernyboKonoA30am1cTble
CpeiHecyrNIMHUCTbIE BanyHHbIE W raneyHUKOBbIE 1,39 035
JlerkocyrnmHmcTble 1,39 035
JlerkocyrnmHMCTbIe BanyHHbIE U FraneyHmKoBble 1,39 035
CynecyaHble 083 035
CynecyaHble BanyHHbIE W raneyH1KoBbIe 083 035
[lecyaHble 0,64 035
MecyaHble 1 cynecyaHble, MOACTUNAEMbIE CYTIIMHUCTBIMMA U FAMHWCTBIMU nopogamm 0,64 0,35
CynecyaHble Ha COMCTLIX MecHaHbIX M CynecyaHblx Nopoaax 083 035
Jlerko- v cpeHeCyrMHMCTbIE, NOACTUIIAEMbIE TAXKENOCYTTIMHUCTBIMM 1,39 035
W FVHUCTBIMK NOPOAAMM
Yacrtas cMeHa NOpOA pa3fIMYHOro MexaHUYECKOro cocTaBa C npeobnafgaHneM 1,39 035
CYrAIMHKOB U [IVH
YacTas cMeHa Nopoj pasfMyHOro MeXaHW4YecKoro cocTaBa ¢ npeobnagaHvem 064 035
MecKoB 1 Cynecew
n2no [lepHoBo-nog3onucTble, [ MHWCTBIE 1 TAXENOCYTNIMHUCTLIE 139 035
MPENMYLLIECTBEHHO CpenHecyrMHICTbIe 139 035
HernyboKonoa30MCTbIe
CpeiHecyrnMHUCTbIE BasyHHbIE U rafevHUKOBbIE 1,39 035
JlerkocyrnmHmcTble 1,39 035
JlerkocyrnMHMCTbIE BanyHHbIE U raneyHnKoBbIe 1,39 035
CynecyaHble 083 035
CynecyaHble BanyHHbIE U raneqHnKoBbIe 083 035
MecyaHble 1 cynecyaHble, NOACTUNAEMbIE CYTIMHUCTBIMA U FAMHWCTBIMU nopogamm 0,83 0,35
CynecyaHble Ha CNOMCTLIX MeCHaHbIX W CynecyaHbIx NopoLax 083 035
Jlerko- v cpegHeCyrMHMCTbIE, NOACTUIAEMbIE TAXKENOCYTIMHUCTBIMU 1,39 035
W TIVHUCTBIMK NOPOAAMM
Na [lepHoBo-noa3onmcTLIe CpeHecyrnMHUCTbIe 1,39 035
(6e3 paspenenvs) TerkocyrMMHUCTbIe 139 035
CynecyaHble 083 035
Jlerko- v cpeaHeCyrMHNCTbIE, NOACTUIIAEMbIE TAXKENOCYTTIMHUCTBIMM 1,39 035
U FAMHUCTBIMK NOPOAAMM
YacTas cMeHa Nopof, pasfIMYHOro MeXaHUYeCcKoro cocTaBa ¢ npeobnagaHneM 1,39 035
CYTJIMHKOB W MIVH
Moo [lepHoBo-noa3onucTble MecyaHble 1 cynecyaHble, NOACTUIAEMbIE CYrIMHUCTBIMK W FAMHUCTBIMK nopogamn 0,64 0,35
€O BTOPHIM OCBETNEHHBIM Jerko- 1 CPeMHECYTMMHUCTLIE, NOACTNAEMbIE THXENOCYTIMHUCTLIMM 139 035
rOPW30HTOM

W TNMMHUCTBIMK NopoaaMum
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MpogomxkeHue Tabn. 3 | Continuation of the Table 3

Yenosroe Tun nousbl MoyBoobpasyiolas nopopa Von | Cenen
0603HayeHme pasy P
Manr [lepHoBo-noa3onmucTbIe [ MHMCTBIE 1 TAXENOCYTNIMHUCTLIE 0,79 026
MOBEPXHOCTHO-TJIeeBaTble, CpeaHecyrmH1CTEe 079 026
MpenMyLLLECTBEHHO ryboKue n 079 026
1 cBepXTnyBokvie erkocyrIMHUCTbIE , ,
MecyaHble 1 cynecyaHble, NOACTUAEMbIE CYrIMHUCTBIMK W FMHUCTBIMK nopodamn 0,79 0,26
CynecyaHble Ha CNOMCTLIX MeCHaHbIX M CynecyaHblx Nopogax 0,79 026
Jlerko- 1 cpeaHecyrMHUCTbIE, MOACTUNAEMbIE TAXENOCYTIMHUCTBIMM 079 026
W FNMHUCTBIMK NOPOAAMM
Yacras cMeHa nopog, pa3nnyHoro MexaHM4eCKoro CocTaBa ¢ npeobnafaHneM 0,79 026
CYTMIMHKOB U MIVH
Marr [lepHoBo-noa3onucTble [ MHMCTBIE 1 TAXENOCYTNIMHUCTLIE 0,79 0,26
rnybokorneesarsie CpenHecyrMHICTbIe 079 026
¥ rneesatble (B TOM uucre C 079 026
MOBEPXHOCTHO-FeeBaTe), peLHECYrTIMHICTbIE BaNyHHbIE W raleyHKOBbIE , ,
NPEUMyLLLECTBEHHO ryboKuMe JlerkocyrnmHmucTble 0,79 026
MecyaHble 1 cynecyaHble, MOACTUNAEMbIE CYrIMHUCTBIMMA U FAMHWCTBIMU nopogamm 0,79 0,26
Mok [lepHoBo-noa3onucTble CpeHecyrnMHUCTbIE BasyHHbIE U raneqyHUKoBbIE 1,23 026
0CTaTO4HO-KapboHaTHbIe
Yacras cMeHa nopof, pa3nnyHoro MexaHM4eCKoro CocTaea ¢ npeobnafaHueM 1,23 0,26
CYTIMHKOB W MIVH
Mo [lepHoBo-noa3onucTbie [lecyaHble 0,79 035
WIIOBUANBHO-KENEINCTBIE  Macyaupie 1 cynecyaHble, NOACTMNAEMbIE CYFIMHUCTLIMIA W FAMHUCTEIMY Mopopam 079 0,35
Yacras cMeHa nopog, pa3imyHoro MexaHW4eCKoro CocTaea ¢ npeobnagaHueM 0,79 035
MecKoB 1 cynecew
Mon [lepHoBo-naneso-noa3onu- CpenHecyrnMHUCTble 123 035
CTble 1 noA3onMeTo-bypo- YacTan cMeHa Mopog; PasinyHOro MexaHU4ecKoro cocTaBa ¢ npeobnafaHnem 123 035
3EMHbIE CYIMHKOB 1 FINH
Mron [lepHoBo-naneBo-noa30um- CpenHecyrnMHUCTble 123 035
CTble 1 nof3onmcTo-bypo-
3eMHble rnyboKorneeBatble
W rreeBble
Mro [lepHoBo-noa3onmcTo- [ MHACTBIE W TAXENOCYTNIMHUCTLIE 123 035
rneesble CpenHecyrMHICTbIe 123 035
JlerkocyranHmcTble 1,23 035
JlerkocyrnmHMCTbIE BanyHHbIE U raneyHnKoBbIe 1,23 0,35
MecuaHble 079 035
[NecyaHble 1 cynecyaHble, NOACTUIAEMbIE CYrIMHUCTEIMU 0,79 035
W TNMHUCTBIMM NOPOAAMM
Molur Mof30Mbl UNOBMANBHO-KE- [ecuaHble 079 017
nesucTble (NoA30MbI MINIoBH-
arnbHO-ManorymycoBble)
Mour Mon30sbl UIMOBUASBHO-Ke- [NecyaHble 079 017
Ne3nCThIE U UIIKOBUATBHO-
ryMycoBble 6e3 pasneneHus
(Moa30nbl UNMOBUANLHO-
Marno- 1 MHOroryMycoBble)
Mor Mof3onbl reeBble TOPPAHN- [ecuaHble 079 017
CTble /1 TopAHbie, Mpeny- MecyaHble U cyrecyaHble, NOACTUNAEMblE CYFIMHUCTHIMM 079 017
LLIECTBEHHO WIMIOBUANBHO- W FVHICTHIMI NIOPOAaMM
TyMyCOBble
Ik [lepHoBo-KapboHaTHble CpenHecyrnmMHuCTbIe 079 017

(BK/TIOYas BbILLIENIOYEHHBIE
1 0NOA30/1EHHbIE)
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OxoH4aHwe Tabn. 3 | End of the Table 3

Yenosroe Tun nousbl MoyBoobpasytoLas nopopa Vop, | Cene
0603HayeHme
[r [lepHoBo-rneesble CpenHecyrnMHUCTbIE BanyHHbIE W raieYHMKoBbIe 123 017
M MeperHovHo-Teesble JlerKocyrMHUCTbIe 123 017
[ron [lepHoBo-rneesble [MHUCTBIE W TAXKENOCYTIMHACTbIE 123 017
ONoA30/eHHbIe
Cllc CBeTno-cepble necHble Her 200 026
[IMHWCTBIE W TAXENOCYTIMHUCTLIE 200 026
CpenHecyrnMHUCTbIe 200 026
JlerkocyrnmHmCTble 200 026
cn Cepble necHble [IMHWCTBIE W TSXENOCYTIMHUCTLIE 250 041
CpegHecyrnMHUCTbIe 250 041
JlerkocyrnmHmcTble 250 041
Chr TEMHO-Cepble necHble [ MHACTBIE W TAKENOCYTIMHUCTLIE 320 041
CpenHecyrnMHUCTbIe 320 041
JlerkocyrnmHucTble 320 041
[ecyaHble 320 041
Yon YepHo3EMbI 0NOA30MEHHbIE [ MHWCTBIE 1 TAXENOCYTNIMHUCTLIE 400 020
CpeiHecyrnMHUCTbIE 400 020
JlerkocyrnmHmcTbIe 400 020
Ys YepHo3EMb! BbILLLENOYEHHBIE [ AMHMCTBIE 1 TAXENOCYTNIMHUCTLIE 5,60 047
CpeHecyrnMHUCTbIE 410 047
JlerkocyrnmHmcTble 410 047
Yr YepHo3EMbI TUMMYHbIE [ MHMCTBIE 1 TAXENOCYTNIMHUCTLIE 560 032
JlerkocyrnmHMCTbIe 560 032
Yo YepHo3EMbI 0OLIKHOBEHHbIE [ MHWCTBIE W TAXENOCYTNIMHUCTLIE 560 025
CpenHecyrnMHUCTble 560 025
JlerkocyrnmHmcTbIe 560 025
Yio YepHO3EMbI H0)KHbIE [ TMHUCTbIE 1 TAXKENOCYTIMHACTbIE 560 0,18
Yk YepHo3EMbl 0CTaTO4HO- [ MHKCTBIE 1 TAXENOCYTNIMHUCTLIE 410 032
KapboHaTHbie I13BECTHSIKW W [pyrye KapBoHaTHbIe Mopob! 410 032
Yv YepHo3éMbl be3 pasaeneHus, [MHWCTBIE 1 TAXENOCYTNIMHUCTLIE 410 032
NPEUMYLLLECTBEHHO HEMOMHO-

pasBuTble
Yn Jlyroso-4epHo3EMHbIE [MHWCTBIE W TAXENOCYTIMHUCTLIE 560 084
JlerkocyrnvHmcTble 560 032
Yne Jlyroso-4yepHo3EMHbIe [ IMHACTBIE W TSKENOCYTIMHUCTLIE 560 032

BbILLEI0YEHHbIE

TB TopdsHble 6on0THbIE Het 923 0,18

BEpX0Bble
n TopdsHble bonoTHLIE Het 923 032

nepexoaHble
TH TopdsHble 6010THbIE HUA3WH- Her 9,23 032
Hble
T TopdsaHucTo- 1 TopdsaHo- Her 531 032
rneesble H0N0THbIE (FNee3EMbl
TOPPAHNUCTLIE U TOPdSAHbIE

60n0THbIE)
A [oviMeHHble KuCTble Her 227 097
AH Mo MeHHble cnabokucnble Her 221 097

N HeMTpasbHble
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Puc. 1. PacnpepeneHne OLEHOK KOHLEHTpauuii o o

iona (1) v cenena (Se) B pernoHax LientpanbHoro & g

(benepanbHoro okpyra. KpacHoii nnHueit noka- = T

3aHa KpuBas pacrpeseneHus.

Fig 1. Distribution of estimated iodine (I)

and selenium (Se) levels in the regions of the

Central Federal District. The red line shows the

distribution curve. OueHKa copepanms |, Mr/kr OueHKa coaepaHus Se, Mr/Kr

KapTorpaduueckas oueHka
conepaHus Se, Mr/kr

(DaKTndyecKue cpeaHuUe KoHLEHTpauum |
Mo TMMaM MoYB W NOYBOOBPA3YIOLLUMX NOPOA, MI/KP

KapTorpaduueckas oueHKa cogepanus |, Mr/kr KapTorpaduuyeckas oueHka copepxanms Se, Mr/kr

Puc. 2. ConocTaBneHue KapTorpaduueckux oLeHoK obecneyeHHoCTV nouB MofoM (1) u ceneHoM (Se) u AaHHbIX 0TBopa daKTMYeckoro MaTepuana.
Fig 2. Comparison of map-based estimates of soil iodine (I) and selenium (Se) level and actual data from the selection.

Puc. 3. lpocTpaHcTBEHHOE pacnpeeneHne coaepxanus noaa (1) u cenera (Se) B nousax LieHTpanbHoro deepanbHOro okpyra.
Fig. 3. Spatial distribution of iodine (I) and selenium (Se) levels in soils of the Central Federal District.
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ypoBHeM obecrniedeHHocTH MofoM [38]: 1) peduumt no copep-
XaHuio oaa (MeHee 4,0 Mr/Kr B.c.M.) xapakTepeH ans Mo-
ckosckon (1,91), Teepckon (1,85), BpaHckon (1,69), Cmo-
nexckon (1,72), Bnagumupckoii (1,68), Apocnasckon (1,55),
MeaHosckoii (1,51), Koctpomckoi (1,75) n Kanyxckoii (1,49)
obnacten; 2) copepxaHue iopga oT cnaboro peduuuta
[0 HopMbl (B npeaenax 4,1-4,8 Mr/kr B.c.M.) — ana Bopo-
HeXcKoM (4,88), TamboscKow (4,79), Jiuneuron (4,75), ben-
ropoackon (4,71) n Kypckoit (4,17) obnacteif; 3) KOHTpacTHble

Tabnuua 4. CpefHeB3BeLLEHHbIE KOHLEHTpaLWM 1i04a W CeneHa B noYBax
pervoHoB LieHTpankbHoro geaepaneHoro okpyra (Ld0)

Table 4. Weighted average levels of iodine and selenium in soils of the
regions of the Central Federal District (CFD)

1.32,N25, 2025

CpenHes3BeLueHHas | CpeaHeB3BeLLEHHas
T I o e
X0l Macchl CyX0ii Macchbl
Benroposickast obnactb 4,71 0,36
BpsHckas obnacTb 1,69 0,39
Bnapumupckas obnacts 1,68 0,39
BopoHexckas 0bnactb 4,88 0,45
BaHoBCckas obnactb 1,91 0,37
Kanyxckas obnactb 1,49 0,38
KoctpoMckas 0bnacTb 1,75 0,41
Kypckas obnactb 417 0,50
JInneuxas obnactb 4,75 0,35
MockoBcKas obnacTb 1.9 0,44
OpnoBckas 0bnactb 3,77 0,44
PsazaHcKas obnacTb 3,00 0,34
CMoneHckas obnactb 172 0,59
TamboBcKas 0bnacTb 4,79 0,33
TBepckas 0bnactb 1,85 0,42
Tynbckasn obnacts 3,66 0,38
fipocnaBckas obnactb 1,55 0,35

JKoNorna HenoBeka

Mo COAEPIaHUI0 MOAA PErvOHbI, B KOTOPbIX BCTPEYAKOTCA CO-
nocTaBMMbIE M0 NOLLAAMN NOYBbI C 06€CNEYEHHOCTBIO H00M
ot cnaboro pedwuumta (3,0-4,0 Mr/Kr B.C.M.) 4O HOpPMBI:
a) PssaHckas obnactb (3,00 Mr/kr B.C.M.), rae noA3onbl
U cepble NlecHble MOYBbI Ha CeBEpO-3anafie CoYeTakTCs
C YepHO3EMaMM Ha tore U ToppAHbIMK BoNOTHBIMM B MeLwép-
CKOW HM3MEHHOCTM Ha ceBepo-BOCTOKe; 6) Tynbckas (3,66)
u OpnoBcKas (3,77) obnacTu (coyeTaHue AepHOBO-NOA30NMN-
CTbIX, CEPbIX NECHbIX MOYB 1 YEPHO3EMOB).

OueHKka pacnpefeneHus ceneHa B MoyBax MO3BOSIU-
na sbigenutb B LIOO obnactu ¢ OTHOCWTENIBHO HU3KUM
(0,30-0,40 Mr/kr B.C.M.) COAEpXaHWeM MUKpPO3NiEMEHTa:
TamboBckas (0,33), PssaHckas (0,34), Juneukas (0,35),
fpocnasckan (0,35), benropoackas (0,36), MBaHoBcKas
(0,37), Kanymckas (0,38), Tynbckas (0,38), bpsHckas
(0,39) n Bnagumupckas (0,39) 1 OTHOCUTESIbHO BLICOKUM
(0,41-0,59 mr/xkr B.c.M.) — KocTpoMckas (0,41), TeepcKas
(0,42), Opnosckas (0,44), Mockobckas (0,44), BopoHecKas
(0,45), Kypckas (0,50) u CmoneHckas (0,59). Mpu aToM Bo Bcex
pervoHax cofepaHue cefeHa B NoYBax HaxoauTcs B npefie-
nax buoreoxummyeckoit Hopmel (0,20-0,70 mr/kr B.c.M.) [39].
CnepyeT 0TMETUTb, YTO, B OT/INUME OT 103, LIS COAEpHKaHMS
ceneHa B MOYBE YCTAHOB/EHBI TOMIbKO Npefenbl reoXxumuye-
CKOI HOpMBI, HO OTCYTCTBYHOT OOLLENPUHATLIE Fpajaumu fe-
¢uvumTa unn nsbbiTKa. CBoAHbIE pe3ynbTaTbl NpeACcTaBNeHb
B Tabn. 4.

ConocTaBnieH1e reoxMMU4YeCcKMX NapaMeTpoB ¢ NoKasare-
namu 3aboneBaeMocTy LWMTOBMAHON enesbl (koabl MKB-10
E00-E07) B 2013-2017 rr. noKa3ano 3Hauumylo (Ha ypoBHe
p=0,055) obpatHyto (R=—0,473) cBA3b CO CpeAHEB3BELLEHHBIM
COAIep3KaHueM MoAa B Noyse peruoHa (Tabn. 5).

CnenyeT OTMETUTb, YTO 3HAYMMBIX CBA3EM C KOHLEHTpa-
uuei ceneHa B nouyse He BbisBNneHo (R=—0,039; p=0,881),
KaK 1 cBf3ei 3ab0/1eBaeMOCTU C pafnaLMOHHbIM 3arpsi3He-
HueM Tepputopum (R=0,257; p=0,319).

ConoctaBneHne 3aboneBaeMoCTW PaKOM LLMTOBMAHOM
wenesbl (kog MKB-10 C73) ¢ KoHueHTpaumeli MUKpo3ne-
MEHTOB 1 PaMOaKTUBHBIM 3arpsA3HEHWEM MOKa3a/10 Haluyme
3Haummoit (p=0,001) npsamoit (R=0,725) cBA3n Mexay 3abo-
NeBaeMOCTbI0 M TEXHOrEHHbIM 3arpASHEHWEM 3a BECH NEPUOL,

Tabnuua 5. KoadduumeHTsl paHrosoi koppensumu CnupMeHa (R) 1 ypoBHM 1X 3HaYUMOCTH (p) Mexay copepxanueM iioaa (1), ceneHa (Se), aKTUBHOCTbIO
137Cs (Cs-137) B nousax obnacteit LieHTpansHoro GefiepanbHoro okpyra 1 3a60s1eBaeMOCTbI0 LUMTOBUAHON Hene3bl Hacenenms 3a 2013-2017 rr.

Table 5. Spearman'’s rank correlations (R) and their significance (p) between the levels of iodine (1), selenium (Se), and 137Cs (Cs-137) activity in soils of
the Central Federal District and thyroid disease incidence in the population for 2013-2017

Mapametp 2013r. 2014, 2015. 2016. 2017 r. Becb nepuog
R -0,419* -0,306 —0,424* -0,583** -0,534** —0,473*
p 0,094 0,231 0,090 0,014 0,027 0,055
Se R -0,265 -0,223 0,157 -0,081 0,039 -0,039
p 0,305 0,390 0,548 0,758 0,881 0,881
Cs-137 R 0,162 0,11 0,183 0,316 0,236 0,257
p 0,535 0,670 0,482 0217 0,361 0,319

[pumeqarue. * p <0,100; ** p <0,050.
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Tabnuua 6. KoadduunenTsl paHrosoii Koppensuum Cnnpmena (R) v ypoBHM MX 3HAUMMOCTK (p) Mexay cofiepanueM Moaa (1), ceneHa (Se), akTMBHOCTbIO
1391Cs (Cs-137) B nousax cy6beKToB LieHTpansHoro hefepansHoro oKpyra v 3a6051eBaeMoCTLI0 HACeNeHNA PaKOM LUMTOBUAHOI xene3bl B 1995-2023 rr.

Table 6. Spearman’s rank correlations (R) and their significance (p) between the levels of iodine (1), selenium (Se), and "¥Cs (Cs-137) activity in soils of the
constituent entities of the Central Federal District and thyroid cancer incidence in the population for 1995-2023

[apameTp 1995-2003 rr.

2004-2013 rr. 2014-2023 rr. Becb nepuop

0,267
0,300
-0,225
0,384
0,552
0,022

Se

Cs-137

T T T X

-0,002 0,157 0,189
0,993 0,548 0,468
-0,005 0,287 0,010
0,985 0.264 0,970
0,701 0722 0725
0,002 0,001 0,001

pumeyarue. ** p <0,050.

¢ 1995 r. no HacToswee BpeMs, a Takxke no 10-neTHUM ne-
puonam (Tabn. 6). 3HauMMbIX CBA3eli NOKasaTenell OHKO3a-
boneBaeMoCTW LUMTOBMAHOI Xene3bl N0 BCEM BO3PACTHbIM
rpynnaM c KoHueHTpauuen noga (R=0,189; p=0,468) n ceneHa
(R=0,010; p=0,970) He BbIsBNEHO.

AHanus Bo3pacTHbIX rpynn nokasan auddepeHumpo-
BaHHYI0 KapTUHY Ans B3pochbix (cTapwe 18 net, 3abone-
BaeMOCTb 3a uccneayeMslii nepuop 8,91 Ha 100 000 B roa)
u peteit (oo 18 ner, 3abonesaeMocTb 3a UccneAyeMbIn ne-
puog 0,45 Ha 100 000 B rop). Tak, Ans B3pocnoro Hacene-
HMA 0TMeyeHa 3HaumMas (R=0,711; p=0,001) cBA3b ypoBHs
PafMaLMOHHOrO 3arps3sHeHUs TeppuTopuUK 1 3abonesaemo-
cTu (Tabn. 7).

[lns peteit TakKe XapaKTepHO HanMyme 3HAYMMOW CBSI-
31 MeX Ay 3a601eBaeMOCTbI0 PaKoM LUMTOBUAHOM Xenesbl
M pagMaLMOHHbIM 3arpsisHeHueM Tepputopumn (R=0,748;
p=0,001), ofiHaKO NOKa3aHo W HanMuue (Ha rpaHM 3Hauu-
mocTu p=0,138) obpatHoii (R=—0,375) cBA3n 3abonesae-
MOCTM C YPOBHEM NPUPOAHOro Mopoaeduumta, 0cobeHHo
B 2003-2013 rr. (tabn. 8). 3HauMMoli CBA3N MeXAY MO-
KasaTeneM OHK03aboneBaeMoCcTU W CpeAHeB3BELIEHHOI

Ta6nuua 7. KoapduumenTsl paHrosom koppensiummn CnvpMena (R) v ypos-
HM WX 3HauMMOCTH (p) Mexay coaepxatueM ioaa (1), cenexa (Se), akTue-
HocTbo '¥Cs (Cs-137) B nousax cy6bekTos LieHtpanbHoro depfepanbHoro
OKpyra 1 3ab0/1eBaEMOCTbH PaKOM LUMTOBMAHOM Xenesbl B3pocnioro (cTap-
we 18 net) Hacenenus 3a 2003-2023 rr.

Table 7. Spearman’s rank correlations (R) and their significance (p)
between the levels of iodine (1), selenium (Se), and "¥Cs (Cs-137) activity
in soils of the constituent entities of the Central Federal District and thyroid
cancer incidence in the adult (over 18 years) population for 2003-2023

[NapameTp 2003-2013 rr. | 2014-2023 rr. | Becb nepuog
I R 0,083 0,130 0,029
p 0,751 0,619 0,91
Se R -0,017 0,297 0,140
p 0,948 0,248 0,593
Cs-137 R 0,671* 0,701* 0711*
p 0,003 0,002 0,001

[pumeqaHue. * p <0,050.
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KOHLIEHTpaLMel ceneHa B MOYBaX pervoHa TaKKe He Bbl-
agneHo (R=-0,091; p=0,729).

OBCYXAEHUE

ConoctaBneHne KapTorpauyeckux OLEHOK MOKasano
XOpOLLYI0 CXOAMMOCTb C (DaKTUYECKUM MaTepuasnoM, 0To-
bpaHHbIM B bpsHckon, Opnoeckoi u Kanyxckoii obnactsx.
O6HapyeHHoe B pe3ynbraTe WUCCNELOBaHMSA MOHMMEHHOE
COfepXKaHUe MMKPO3NIEMEHTOB B M3YYEHHbIX TUMax MoyBs
(4epHO3EMaXx, cepbIX IECHbIX, AEPHOBO-MOA30AUCTbIX, aJlio-
BManbHbIX) B CPaBHEHWM C WX KapTorpapuyeckuMu oLeHKaMu
MOXET ObITb CBA3aHO C BbICOKOW CTEMEHbIO CENIbCKOX03Ai-
CTBEHHOM 3KCMyaTaLuuu Uccnef0BaHHbIX MOYB, B OCHOBHOM
BbINACOM KpYMHOro poratoro ckota. MoTepu Mopa BepxHUMH
rOpU30HTaMM BCNEACTBUE U3MEHEHUS TaKMX NMOYBEHHbIX Na-
PaMeTpoB, KaK cofiepiKaH1e OpraHMYecKoro BeLLecTBa, rpa-
HYIOMETPUYECKUIA COCTaB, peakLmusi NOYBEHHOr0 pacTBopa,
B TOM YKCNe B pe3ynbTate CelbCKOX03AWCTBEHHOMO BO3AEN-
cTBuA, Obinn NoKa3aHbl paHee [17, 19].

Tabnuua 8. KoacdduumeHTsl paHrosoii koppensumuu Cnnpmena (R) v ypos-
HW X 3Ha4MMOCTU (p) Mexay coaepaHueM ioga (1), cenena (Se), akTus-
HocTblo '¥Cs (Cs-137) B nousax cybbekTos LieHTpankHoro depnepansHo-
o OKpyra M 3ab051eBaeMOCTbI0 PaKOM LUMTOBUAHON JKenesbl AETCKOro
(0-17 net) Hacenenus 3a 2003-2023 rr.

Table 8. Spearman’s rank correlations (R) and their significance (p)
between the levels of iodine (I), selenium (Se), and '¥’Cs (Cs-137) activity
in soils of the constituent entities of the Central Federal District and thyroid
cancer incidence in the child (0—17 years) population for 2003-2023

MapameTp 2003-2013 rr. | 2014-2023rr. | Becb nepuop,
I R -0,375 -0,132 -0,225
p 0,138 0613 0,384
Se R 0,034 -0,252 -0,091
p 0,896 0,328 0729
Cs-137 R 0,568* 0,650* 0,748*
p 0,017 0,005 0,001

[pumeyarue. * p <0,050.
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OPUIMHATTIBHOE VICCIEOOBAHME

Mo nuTepaTypHbIM LaHHLIM, AN GonblUel YyacTu noyB
CeNbCKOX03ANCTBEHHOro HasHayeHusa LIPO Habniopatotcs
HW3KWe 3HaueHus HoAa: faXe B YepHO3EMax 0ObIKHOBEHHbIX
BopoHexckoi 0bnacti BanoBoe cofepanue Mofia B BEPXHEM
ropu3oHTe Konebnetcs ot 4,8 o 5,0 Mr/Kr B.c.M., a ans 3a-
MoBeAHbIX TEPPUTOPUIA pernoHa — 4,1-6,5 Mr/kr B.c.M. [40].
[ns nepHOBO-NOA30/UCTLIX M NOA30AMCTLIX NoyB EBponeii-
cKoM yacTu Poccuitckont ®epepaumn cpefiHee cOLepaHue
opa He mpeBblwaet 2,5 Mr/kr B.c.M. [21], 4To He npoTMBO-
PeumT MOoNYYEHHbIM B X0[e AAHHOrO UCCNeA0BaHNSA pe3yib-
TaTaMm.

MoneBble M nabopaTopHble UCCNE0BaHUA B COYETaHUM
C KapTorpau4ecKMM aHanM30M NOYBEHHOM KapTbl MOKa3an,
uYTO pacnpefeneHue Woaa B NoYBax CeNbCKOX03ANCTBEHHBIX
yroguin LUOO B LenoM NoauvHAeTC 3aKoHy reorpaduue-
CKoW 30HanbHocTW. CopepiaHue iofa B MOYBEHHOM Mo-
KpoBe BocTouHo-EBponeiicKoii paBHUHBI B BEPXHUX FOpU-
30HTax MoYB BO3pacTaeT C CeBepo-3arafa Ha Kro-BocToK,
4To He MpOTMBOPEYMT paHee MOAYYEHHbIM AaHHbIM [41].
Kak nokasano Halle uccnefoBaHue, NpUYMHBI HepaBHOMeEp-
HOro pacrnpefeneHus cefieHa B 3TUX NouBax, 6e3ycnoBHo,
3aC/yKUBAIOT AANbHENLIEr0 WU3yYeHUs, HO MaNo3HauUMbl
C TOYKM 3PEHNS Pa3BUTUS PaKOB LUMTOBUAHOMN Xenesbl.

BoisBneHHbili feduuut Mopa B cybbektax L®O nog-
TBEPXKAAET paHee BbINOSIHEHHbIE OLEHKU CTaTyca: Hacene-
Hue L0 B HeuepHo3EMHOM 30He MeHee obecneyeHo MoLoM
W CENEHOM, KOTOpble COLEPIKATCA B OCHOBHBIX MPOAYKTax
MUTaHUs, NPOM3BOJMMBIX M3 BbIPALLEHHOW HAa MECTHbIX
CEebCKOX03ANCTBEHHbIX YrofbsX MN0A00BOLLHON U MACOMO-
NOYHOW NMPOAYKLMM, YeM HaCeNeHUe CTEMHbIX YEPHO3EMHbIX
paioHoB [17].

Cnepnyet 0TMeTUTb, 4TO Ha efepanbHOM ypoBHe B Poc-
CMM UCCMEeLL0BaHNA COAEPIKaHMS 0Aa B OpraHU3Me YeoBeKa
He npoBogmnmuch [42, 43]. Ina 6onbluen 4acTn HacenieHus
CTPaHBbI, 3 UCKITOYEHNEM NPOXKUBAIOLLMX B BbICOKOPA3BUTbIX
pernoHax (MockBa, CaHkT-lleTepbypr, TroMeHcKas obnactb),
peHarbHas 3KCKPeLys 1ofia OLLeHWUBAETCA Ha YPOBHE MeHee
100 mKr/n [43], uto cooTBeTCTBYET AedMuMTY [44] No WKane
BceMupHol opraHu3aumm 3npaBooxpaHerns (HOpMoK cumuTa-
etca 100-200 mkr/n). B oTpenbHbix pervoHax LOO duken-
pyeTca neduunT iofa B OpraHM3Me YenioBeKa: B bpsaHCKoi
obnactn «no pesynbtatam obcneposanus 337 petent <...>
A051A Npob MOYM CO CHUMKEHHOW KOHLEHTpauueid Woga co-
ctasuna 50,1%» [45], B TBepcKoi obnactv MeamaHa iogy-
pun — 62 Mrr/n [46]. 06a pervoHa no cpeiHEB3BELUEHHOI
OLieHKEe KOHLIEHTpaLMK 1ofia B NOYBE OTHECEHBI K AeduLmT-
HbIM. OiHaKo OTCYTCTBME LaHHbIX MO ApyruM pervoHam L0
n1bo Ha 06LLEepOCCUIMCKOM YPOBHE He NO3BONSET 0AHO3HAYHO
COMOCTaBUTb COAEPaHME W0Aa B MOYBE M B OpraHu3Me Ye-
/I0BEKa N0 UCCNIe0BaHHbIM PErMoHaM.

MonyyeHHble B paboTe AaHHbIE MO YPOBHSAM COLEpIKa-
HuA ceneHa B nouBax L|®O no3BonsioT 0THECTM TEpPPUTOPUID
K Broreoxumuyeckon Hopme [39] no AaHHOMy noKasartento,
YTO MOATBEPXAAIT UCCNEe0BaHMA MO OLEHKe 0becrneyeH-
HOCTU CeJIEHOM pacTeHMI W NoYB Ha Tepputopumn Poccum [47].
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JKoNorna HenoBeka

OpHako, NOCKONbKY NEpexof ceneHa B pacTeus (1 fanee
Mo MWLLEBOI LNy B OPraHU3M YenoBeKa) 3aBUCUT He TONb-
Ko oT 0becneyeHHOCTM NOYB NOABUKHOM GOPMOIi INEMEHTA,
HO 1 0T bronornyeckux ocobeHHocTen pacteHui [20], npen-
CTaBNIEHHbIE OLIEHKU CEJIEHOBOro CTaTyca pPerMoHoB Moryt
ObITb ynyylleHbl MYTEM 3aMeHbl BaNoBbIX KOHLEHTpaLWi
CceneHa Ha COfiepXaHue B Mnoyse MOABWHBIX dopM (ycBa-
MBaEMbIX PacTeHUAMH).

lpn nepexope ceneHa B OpraHM3M YesioBEKa Bbl-
pa)KeHHas MNpOCTPaHCTBEHHas HEOLHOPOJHOCTb COXpa-
Haetcs. [insa pervoHoB LU®O ypoBeHb ceneHa CbIBOPOTKM
KpOBW YenoBeKa BapbupyeT: Brnagumupckas obnacte —
101,3+2,3 mkr/n, KoctpoMckas — 79,6+6,4 Mkr/n, Kanyx-
ckas — 105,0+9,1 mrr/n, Mockosckas — 115,0+33,0 Mr/n
[48], npn 3TOM HapywweHWeM MeTabonM3Ma cefleHa CuMUTarT
KOHLEHTPaLMK, OTKNOHAOLMECS OT 3HaueHui 60—230 MKr/n
[49], 4TO TaKXKe MOXKET KOCBEHHO YKa3blBaTb Ha YPOBEHb
cefieHa B noyBe, 65M3KMIA K HOpME, O[JHAKO [aHHOe Npef-
MoJIoKEeHWe TaKkkKe TpebyeT LONONHUTENbHBIX UCCeA0BaHNN
Ha YpOBHe BceX CyObeKTOB defiepanbHOro oKpyra.

Pesynbtathl MccneoBaHUA NMPOCTPAHCTBEHHOM HEOLHO-
POAHOCTY COAEpKaHMs 3NIEMEHTOB Ha TEppUTOpHAX, NOCTpa-
AaBLLMX OT aBapuu Ha YepHobbinbekon A3C, cornacytotes
C [aHHbIMM, NoNyyYeHHbIMM Hamu panee (2007-2023 rr.)
Ans oTaenbHbIX pervoHos LIOO: ans bpsHckoi obnactv bbino
YCTaHOBJIEHO, YTO 3ab0/1eBaEMOCTb PaKOM LLIMTOBUHOM 3Ke-
nesbl B CENbCKUX NOCENEHNUAX OTpULATebHO KOppenupyet
C YpOBHeM noTpebneHus Mofa M NONOKMTENBHO — C Mpo-
CTPaHCTBEHHOW OLLEHKOW PaaMoaKTUBHOIO 3arpsa3Henus [33].
[ins aToro e pernoHa bbina BbisSB/IEHA YA3BUMOCTb AETCKOTO
HaceneHus (8—12 net) K npuponHoMy ogoaeduunty [50].
B pnanbHeiiwmx uccnenoBaHusax cnepyet yaenatb 6onblue
BHWMaHWA 3TOW BO3PACTHOW rpynne, MOCKOMbKY MMEHHO
ONs AeTen XapaKTepeH OTKIMK 3ab0neBaeMoCT LWUTOBUS-
HOM 3Kenie3bl Ha COYeTaHUe MPUPOSHBIX U TEXHOTEHHBIX daK-
TopoB pucka [51, 52].

Huskue 3HauveHns KoahGUUMEHTOB Koppensauuu, nony-
UeHHble ANS PAAA 3aBUCUMOCTEN, CriefyeT OTHECTU K MHOrO-
(aKkTopHOCTK [52] pUCKa BO3HMKHOBEHUS UCCEAYEMBIX 3a-
bonesaHuii. KpoMe Toro, B UccnefoBaHUy NpoOBEAEH aHaNU3
3aboneBaeMocTu no pervoHam 6e3 paspenieHns Ha ropoa-
CKOE M CeNbCKOe HaceneHue, Npu TOM YTO Afis CeNTbCKUX Ha-
CENEHHBIX NYHKTOB CBA3b C MPUPOAHLIM AeULIMTOM MUKpO-
3/IEMEHTOB B OKPECTHbIX MOYBaX AOMKHA ObiTh BhbILE, YeM
LNs FOPOLCKMX, NOCKONBKY CYLLECTBYHT pa3fuymns B CTPYK-
Type NoTpebneHns NPOAYKTOB MUTaHWSA B JOMALLUHUX X035-
CTBaX M UCTOYHMKAX MX nocTynnenus [53].

OnucaHHble B3aUMOCBA3M Bbiu 06HapYXeHbI U B ApYrux
pervoHax Mupa. B Kutae [54] nokasaHa cBs3b Mexay CO-
CTOSIHWEM MOYBbI U MOYBOOOPA3YIOLLMX MOPOA M PAKOM LUU-
TOBMAHON 3ee3bl, YTO YKa3bIBaET HAa BO3MOXHOCTb MCMOJTb-
30BaHKA NOAX0AA, 0CHOBAHHOIO HA TUME NOYBbI, 1S OLIEHKU
PUCKa pasBMTUS paKa LUMTOBUIHOM Jenesbl. AHanormyHas
CBA3b MEX/LY CPEAHUMM KOHLIEHTPaLMSMU MUKPO3JIEMEHTOB
0bHapyXeHa 1 B Apyrux cTpaHax: B benapycu caMblii HU3KMI
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YpOBeHb M0Aa Y HaceneHus bbin 0bHapyxeH B Morunesckoil
obnactu [55] Ha befHbix ofoM nouBax; B VicnaHum Hambo-
flee BbICOKME 3HAYeHWsl peHaslbHOW JKCKpeuun Mofa y Ha-
cenenus [56] xapaktepHbl anst Actypum m CrpaHbl backos,
XapaKTepU3YHLUMXCA BbICOKUMU KOHLEHTPALMAMU MUKPO-
3neMeHTa B nouse [57]; HU3Koe cofepiaHue Noaa B NoYBax
nposuHUMM Acup B CaynoBcKoi ApaBum CBA3bIBaKOT C bonee
BbICOKO 3a60/1€BaEMOCTbI0 3HAEMUYECKUM 3060M [58].
CnepyetT 0TMETUTb, YTO MMEHHO COYETaHWE MHOXECTBA
(GaKTopoB MPUBOAMT K 3HAYMTEsbHOM pa3Huue B 3abone-
BAaeMOCTW TOPOACKOTO0 M CEeNIbCKOr0 HaceneHus, BKI0Yas
bonee BbICOKYl0 06eCMeYeHHOCTb U JOCTYMHOCTb MeAMLIMH-
CKMX M AMArHOCTUYECKUX ycnyr, 60MbLUYI0 [0MI0 NPUBO3HbIX
NPOAYKTOB (BbIpaLLEHHbIX HE Ha MOYBE PErvMoHa) B paLyoHe
NUTaHWUA B CBA3M C ypbaHM3aumMen permoHa u bonee KoM-
GOopTHBIMM ycnoBUAMM XU3HU. [TpOCTpaHCTBEHHOE pacnpefe-
JleHne U3y4eHHbIX 3ab0s1eBaHMiA B ryCTOHACENEHHbIX ypbaHu-
31pOBaHHbIX paoHax (Takux Kak MocKoBcKas arnoMepaums,
KpynHeiiwas B EBpone) TpebyeT fanbHeNLLIEN OLEHKM.

3AKJIOYEHUE

MpeanoxeHHas Mofenb pacnpefeneHus KOHLEHTpaLum
MWUKPO3/IEMEHTOB B MOYBEHHOM MOKPOBE PErMOHa HarsAHo
NPOAEMOHCTPUPOBaNa NPOCTPAHCTBEHHYID HEOJHOPOLHOCTL
pacnpefeneHus Mofa u cenieHa B noyseHHoM nokpose L0
Ha pernoHanbHOM U MyHALMNANBLHOM YPOBHSX.

MonyyeHHble MOAENbHbIE OLIEHKW COMOCTaBUMbI C pe-
3ynbTaTamMu NoeBbIX UCCeA0BaHMI, YTO YKa3bIBAET HA BO3-
MOXHOCTb MCMONb30BaHUA pa3paboTaHHoOM KapTorpaduue-
CKOM MOJENM 1S pa3HOYPOBHEBOM OLIEHKM pUCKa.

lMoaTtBepxaeHa 3HauMMas obpaTHas Koppenauus Mexay
COLiep)KaH1eM 10ia B MOYBE M HEOHKONIOrMyecKoi 3abonesa-
€MOCTbI0 LLMTOBUAHOM Xenesbl B perioHax LdO.

YpoBeHb ceneHa B NoYBe BCEX UCCNEA0BaHHbIX PETMOHOB
HaxoguTcsa B Mpefesiax HopMbl, MO3TOMY 3HAYMMOI CBSI3V
MEeX[y ero COAepXaHWeM B NoyBe M 3ab0s1eBaeMoCTbI0 Ha-
ceneHns He obHapyxeHo.

MoKa3aHa 3HauMMas npsaMas Koppensums Mexny ypoB-
HEM TEXHOFEHHOro 3arpsAsHeHWA MOYBbI PafMoU30TONaMM
19Cs u 3abonesaeMocTbio Hacenenus LIOO pakom wuTosna-
HOM Kene3bl.

TakuM obpasoM, obecreyeHHOCTb WOLOM, HapaLy
C pafMaUMOHHBIM 3arps3HEHUEM TEpPUTOPUH, ABNSETCA daK-
TOPOM pucKa 3ab0/1eBaeMOCTH LUMTOBUAHOW Xene3bl, B TOM
uucne OHKONOrMYECKON.

Hacenehuio, BxoasLieMy B rpynny pucka no 3abonesa-
€MOCTW PaKoM LmMToBMAHON Xenesbl B L0, HeobxoanMo
3HaTb 0 HEraTMBHbIX MOCNEACTBUAX AeduumUTa MUKpO3fe-
MeHTOB. [lonyyeHHbIe HaMW pe3ynbTaTkl NOKa3anu, YTo Npo-
CTPaHCTBEHHas HEOAHOPOAHOCTb FeOXMMUYECKUX (haKTOpPoB
1 3aboneBaeMoCTW LUMTOBUIHOM 3Kene3bl 3aciyxuBaeT 6o-
nee [ETaNbHOr0 U3Y4eHMs.

PesynbTathl MccnefoBaHMs MOryT ObiTb WUCMOb30Ba-
Hbl AN Pa3BUTUS CUCTEMbI UH(OPMMPOBAHMUSA KUTENE
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0 NPUPOAHBIX M TEXHOTEHHBIX PUCKAX, COMPAMEHHBIX C 6o-
Ne3HAMU LUMTOBUAHOMW Kenesbl, Npu pa3paboTKe MeTOAOB
OLEHKM PUCKOB ANA BCEX TEPPUTOPUANbHBIX 00pa3oBaHuid,
a TaKKe Ans paspaboTKM nporpamMm NpodunakTUKK 3abo-
NeBaHUI LUMTOBUIHON }Kenesbl, BKI0Yasa 3/10Ka4eCTBEHHble
HOBOOOpa30BaHMsA, Ha MONYNMSALMOHHOM W PErMoHaNbHOM
YPOBHSX M Ans GOPMMPOBaHNA MHAMBUAYANbHBIX MPOrpaMM
NPOMUNAKTUKKU NaTONOrNIA LMTOBUAHON Kenesbl.

A0MNOJIHUTE/IbHAA UHOOPMALIUA

Bknap aBtopos. B./. CtaponyboB — HaydyHoe pyKOBOACTBO, OpraHu3a-
umsa cbopa 1 aHanM3a MefULMHCKON 1 aeMorpaduyeckoin HbOpMaLmK;
B.C. bapaHuyKoB — MOArOTOBKA W HanucaHWe TeKCTa CTaTbi, NPOCTPaH-
CTBEHHbI aHanM3 AaHHbIX, 0TBop Npob hakTnyeckoro Matepuana; EA. Ba-
paBWMKOBa — MOAFOTOBKA W HamnucaHWe TeKCTa CTaTby, cbop M aHaim3
MeLULMHCKUX CTaTUCTUYecKUX AanHblx; B.H). bepeskuH — otbop npob
(haKTuyecKoro Marepuana, NpobONOAroTOBKa, XMMUYECKWA aHanu3 npob,
aHanM3 reoxMMMYecKmMX fanHblx; J1.M. KonMelkoa — otbop npob dakTnye-
CKOro MaTepmana, XMMUYeCKWiA aHanu3 npob, aHanM3 reoX MUYeCKUX AaH-
Hblx; B.H. [laHnnoBa — xuMudeckuit aHanu3a npob; B.C. Ctynak — HayuHo-
METOLIMYECKOe PYKOBOZACTBO, OpraHu3aLms cbopa 1 aHanm3a MeMLMHCKON
nHdopMaumy; EH. EHnHa — cbop 1 aHanm3 MeaUUMHCKUX CTAaTUCTUYECKMX
BanHblx; 10.C. Xypasnesa — cbop v aHanM3 MeaMLMHCKMX CTaTUCTWYe-
CKMX AaHHbIX. Bce aBTOpLI NOATBEPKAAIOT COOTBETCTBME CBOETO aBTOPCTBA
MexayHapoaHbiM kpuTepuam ICMJE (Bce aBTOpbl BHEC/IM CYLLECTBEHHIN
BKJ1aJ B Pa3paboTKy KOHLeNLmu, NpoBeLeHns UCCReaoBaHys 1 NoaroToB-
Ky CTaTbi, Npo4v 1 0a0bpuan drHanbHyto Bepcuio nepeq nybnnkauyen).
ITHyecKan akcnepTM3a. liccnenosaHve OCHOBaHO Ha flaHHbIX hefepanb-
HOTO CTaTUCTUYECKOro HabmtofleHus, No3ToMy He TpeboBano 3KCMepTU3bI
JIOKa/bHOr0 3TUYECKOr0 KOMUTETA.

WcTounuku pmHaHcupoBaHua. [eox1MIUYECKME 1CCIeA0BaHWSA BbINOsHe-
Hbl B paMKax rocyjapCTBEHHOr0 3afiaHus VIHCTUTYTa reoXMMumn 1 aHanutu-
yeckow xmummm M. B.M. BepHagckoro Poccuinckon akageMum HayK. AHanm3
Me[VKO-AeMOrpaduyeckux AaHHbIX BbINMOMHEH MO FOCYAapPCTBEHHOMY 3a-
patuio OrBY «UHUMOW3» MuHucTepcTBa 30paBooxpaHeHmus Poccuiickoil
Oepepaumm.

PackpbiThe uHTepecoB. ABTOpbI 3asBNAIOT 00 OTCYTCTBUM OTHOLLEHWH, fie-
ATENbHOCTV W MHTEPECOB 3a MOCNeHWE TPW rofa, CBA3aHHbIX C TPETbUMM
JMLaMM (KOMMEPHECKUMM M HEKOMMEPYECKVMM), MHTEPECH! KOTOPLIX MOryT
BbITb 3aTPOHYTHI COAEPIKAHMEM CTaTbU.

OpuruHanbHoCTb. [1py CO3AaHMM HacTosLLEN paboTsl aBTOPbI He UCMOMb-
30Banu paHee onybiMKOBaHHbIe CBEAEHMS (TEKCT, UAMIOCTPaLWMY, AaHHbIE).
JocTyn K AaHHbIM. PeflaKLIOHHas MOSMTVKA B OTHOLLIEHWM COBMECTHOMO
MCMONb30BaHUs AaHHbIX K HacTosLLEeN paboTe He MpUMeHWUMa, HOBblE AaH-
Hble He cobupany 1 He co3aaBani.

leHepaTMBHbIW UCKYCCTBEHHbIW MHTEJUIEKT. [TpW CO3AaHUM HacToALLEN
CTaTbW TEXHOJIOMMW TeHEPaTMBHOMO MCKYCCTBEHHOTO MHTEN/IEKTa He WC-
nonb30Banu.

PaccMotpenue u peueHsupoBanue. HacTosiias pabota nofaHa B xyp-
Han B MHWLMATUBHOM MOPABKE W PaccMOTpeHa no 06bI4HOM Mpouemype.
B peLleH31poBaHNM y4acTBOBaNM [Ba BHELLHWX PELEH3EHTa, UNeH pefaK-
LIOHHOM KOMNErnn 1 HayuHbIA PefaKTop M3haHus.
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