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ExXeMecAYHbIN HayYHbIW PeLeH3NPYeMbIN KYpHan
Tom 31 ¢ Ne 1« 2024

OCHOBHbIM HarnpaBreHneM AeATENbHOCTU XypHarna saBnseTca nyonukaumna
pe3ynbTaToB Hay4HbIX UCCreaA0BaHNA, NOCBSALWEHHBIX Npobremam akonorum
YenoBeka 1 UMEeKLLNX Kak yHOaMeHTanbLHoe, Tak 1 NpuknagHoe 3HadyeHue.

TemaTuka u cneumnanunsaums xXypHarna BKito4aeT 3Konoro-usnonormieckue
OCHOBBbI XN3HeesATeNbHOCTN YeloBeKa, 9KOMOrnio NPUPOAHLIX U coLManbHbIX
KaTacTpod, BOCNPON3BOACTBO HAaCENeHNs n aemMmorpaguyeckme npoLecchl,
a Takxe BOMpocChl 06LEeCTBEHHOro 340POBbsS U COLManbHOW NONUTUKMK.

XKypHan opMeHTUpOoBaH Ha LLUMPOKNUIA KPYr HAay4YHOWM O0BLLEeCTBEHHOCTH,
npakTU4eCcKux Bpayvemn, 3Komnoroe, OMONoros, coumanbHbiX PabOTHMKOB,
paboTHMKoB cchepbl 06pa3oBaHus u ap.

B >xypHane ny6nukylTcs opurnHasbHble cTatbu, 0630pbl U KpaTkme coobLle-
HWA MO BCEM acrnekTaM 9KOMnormm Yyenoseka v o6LLEeCTBEHHOro 340POBbS.
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JleTepMuHaHTbI YpOBHA 3a60/1€BaeMOCTH CENbCKOro0
HaceneHusa Poccuiickon ®epepauum B nepuops,
NaHAEeMUU: permoHanbHbIM acnexT

C.[. bbinuHa

WHcTUTYT arpapHbix npobneM — obocobneHHoe CTPYKTYpHoe noapasaeneHue CapaToBCKOro HayyHoro LieHTpa Poccuiickoii akapemum Hayk, Capatos,
Poccus

AHHOTALMA

O6ocHoBaHMe AHanM3 3aBUCMMOCTM 33DO0IEBAEMOCTU CENILCKOMO HACENIEHUA OT Pas3fMyHbIX (aKTOPOB cpeabl 00UTaHUS
NO3BOUT He TOMbKO OLIEHUTb COLManbHO-feMorpaduyeckue npobnembl Ha ypoBHe pervoHoB Poccuickoin @epepauny,
HO U OMpefenuTb HanpaBneHWs roCyAapCTBEHHOW PErvoHanbHOM MOMUTUKKA N1 AOCTUMEHWS Liefel HaLMOHanbHOMo pas-
BUTHA.

Llenb Onpenenexne feTepMUHAHT YpoBHS 3aboneBaeMoCTH CeNIbCKOro HaceneHus pernoHoB Poccuiickon ®epepauym, B ToM
yKcne No OCHOBHbLIM KnaccaM 3aboneBaHuii, cpeam dhakTopoBs cpeabl 0buTaHus B ycnoeusax naHaemum COVID-19.

Marepuan n Metofapl. VicXoAHbBIMM AaHHBIMU AN UCCNEA0BaHUA Nocnyxunu Matepuansl QesepanbHoii cnykbbl rocynap-
CTBEHHOI CTATUCTUKM, @ TaKXKe CTaTUCTUYECKMe MaTepuanbl cbopHuka «Cenbckoe 3apaBooxpaHenune Poccun B 2021 ropy»,
npefocTaBeHHble LieHTpanbHbIM Hay4HO-WUCCNeA0BaTEbCKUM MHCTUTYTOM OpraHu3auuv U MHpopMaTU3aumMmM 34paBooxpa-
HeHus. B npouecce uccnefoBaHMs UCMOAb30BanM MeToabl Koppensumm [upcoHa, hakTopHoro aHanusa (MeTog, rnaBHbIX KOM-
MOHEHT), MepPapXMYECKOro KNacTepHOr0 aHanm3a, MHOXECTBEHHOMN JIMHEHON perpecciy (MeTog, UCKITOYEHNS).

Pesynbrartbl. [lonyyeHo 6 TUNOAOTMYECKMX rPynn permoHoB Poccuiickon Qefepaun, OTMYAIOLWMXCA MO YPOBHIO 3abone-
BAEMOCTM CE/bCKOr0 HaceNeHUst 0CHOBHLIMU Knaccamu 6one3Hei: HEKOTOPbIMM MH(EKLMOHHBIMU 1 Napa3uTapHbIMK bones-
HAMU, HoBOObpa3oBaHMAMM, H01e3HAMU OpraHoB KpoBOObpaLLeHMs, AbIXaHWS, NULLEBAPEHMS, HEKOTOPLIMU NOCEACTBUAMM
BO3/IEMCTBUS BHELLHUX MPUYMH. YCTaHOBNEHO Hannume auddepeHumnaumm pervoHoB Poccuitckon Oepepaumm no gaktopam
BMIMSIHUS Ha YpOBEHb 3a00/1eBa@MOCTM CENTBCKOro HacesieHUs 0CHOBHBIMM Kilaccamu bonesHen B nepuof naHpemumn COVID-19
B 2021 r. NokasaHo, 4To COCTOSHME CUCTEMBI 3[LPaBO0XPaHEHNS U MeAMKO-CoLManbHble haKTopbl HaubonbLUee BNMSHUE OKa-
3bIBalOT Ha 06LUMIA YpoBeHb 3ab0/1eBaEMOCTM B PerMoHax YeTBEPTOM W NATON KIACCUBUKALMOHHBIX Py, Ha BbISBASEMOCTb
HEKOTOPbIX UHPEKLIMOHHBIX U Napa3uTapHbIx 3ab051eBaHWIN — B peroHax BTOPOM, NATOM W LuecToi rpynn, 6one3Hel opraHoB
ObIXaHWA U NULLEBAPEHNS — B peruoHax Tpetben rpynnbl. Cpeau coumanbHbix hakTopoB Hanbosee 3HAUMMO KayeCTBO K-
Nbsl B Cy6bEKTaX NPaKTUYECKW BCEX MPynn. IKOHOMUYECKME YCNOBUS OKa3bIBAIOT CYLLECTBEHHOE BAIMSHUE HA ypoBeHb 3abo-
NIeBaEMOCTU HEKOTOPbIMU MH(DEKLIMOHHBIMM 1 Napa3nTapHbIMK 3a60/1eBaHUAIMM B pErvioHax TPETLEM W LLIECTOM PYNM, a TakKe
Ha ypoBeHb TPaBMaTU3Ma W HEKOTOPbIX MOCIEACTBUI BHELLHUX MPUYMH B PErMoHax NepBoi U TpeTbei rpynn. IKonormdeckue
(aKTopbl 3HAYMMbl B PerMoHax MAToW rpynnbl. [py 3TOM NULWb A1 HEKOTOPbIX MHPEKLIMOHHBIX U Napa3uTapHbix 3abone-
BaHWM MONYYEHbl PErPECCUOHHBIE 3aBUCUMOCTU OT BblbpaHHbIX (HaKTOPOB A1 BCEX KNAcCU(UKALMOHHBIX TPYnn pervoHoB
Poccuiickont ®epepaunn. HanMeHbluee Yncno Mofenei onpefeneHo Ans 3aboneBaeMocTv HOBO06pa3oBaHMAMM 1 OpraHoB
KpoBoobpaLLeHus.

3aknioyeHue. 3HaueHue M BKNAL COLMANbHO-3KOHOMMUYECKUX, AeMOrpaduyeckux, 3KOMOrMYecKMX W NpUpOAHbIX daKTo-
poB B (hOpMMpOBaHMe 0OLLIECTBEHHOTO 3[0pOBbA CENbCKOTO0 HACeNeHUs JOKHbI ONpefensTb CTpaTermo U TaKTUKY rocy-
LapCTBEHHOW PeruoHasbHOW MONUTUKK, HaNpPaBNeHHO| Ha pa3BUTME CENIbCKOTO 3[1PaBOOXPAHEHMUS C YYETOM PErMOHasbHbIX
0cobeHHOCTEN.

KnioueBble cnoBa: ce/ibCKoe HaceneHue; 3aboneBaeMoCTb; BbISIB/IIEMOCTD; PernoHbl Poccuiickoi (De,u,epaumm; dJaKTopr
cpeabl 0buTaHus; moaenupoBaHue.
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Determinants of the morbidity of the rural population
in Russia during the COVID-19 pandemic:
a regional aspect

Svetlana G. Bylina

Institute of Agrarian Problems — Subdivision of the Federal State Budgetary Research Institution Saratov Federal Scientific Center
of the Russian Academy of Sciences, Saratov, Russia

ABSTRACT

BACKGROUND: Analysis of the associations between the morbidity of rural populations and different environmental factors
will enable us to assess the extent of social and demographic challenges in regions of the Russian Federation. Furthermore,
the it may contribute to the development of regional policies to reach the national development goals.

AIM: To study associations between morbidity of the Russian rural populations and environmental factors during the COVID-19
pandemic.

MATERIAL AND METHODS: Data from the Federal State Statistics Service, as well as statistical materials from the digest
“Rural Healthcare in Russia in 2021", provided by the Federal State Budgetary Institution “Russian Research Institute of Health”
of the Russian Ministry of Health were the main sources of information for this study. Analytical procedures included Pearson
correlation analysis, factor analysis (principal component method), hierarchical cluster analysis, multiple linear regression
with backward elimination method for selecting variables.

RESULTS: Six typological groups of regions of the Russian Federation were identified based on the variations in the morbidity
rates of the rural population across certain classes of diseases including infectious and parasitic diseases, neoplasms, diseases
of the circulatory system, diseases of the respiratory system, digestive system, and external causes. It has been established
that there was a differentiation in the regions of Russia in terms of factors influencing the morbidity rate of the rural population
by the main classes of diseases during the COVID-19 pandemic in 2021. Healthcare system, medical and social factors had the
greatest impact on the overall morbidity in the regions of the fourth and fifth classification groups, on the detection of some
infectious and parasitic diseases in the regions of the second, fifth and sixth groups, and respiratory and digestive diseases
in the third classification group. The housing quality in the regions of almost all groups was one of the most significant social
factors. Economic conditions had a significant impact on the incidence of infectious and parasitic diseases in the regions of
the third and sixth groups, as well as on the level of injuries and some consequences of external causes in the regions of the
first and third groups. Environmental factors were significant determinants of morbidity in the regions of the fifth group. At
the same time, regression analysis showed associations between selected factors for all classification groups of regions for
some infectious and parasitic diseases. The smallest number of models has been defined for the incidence of neoplasms and
circulatory organs.

CONCLUSION: Contribution of socioeconomic, demographic, environmental and natural factors to rural public health should
guide the development of policies aimed at development of rural healthcare taking into account regional characteristics.

Keywords: rural population; morbidity; detection; regions of the Russian Federation; environmental factors; modeling.
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OPUTMHATIBHOE VICCIEOBAHME

OB0CHOBAHUE

OpnHoM M3 BaXHEWLWNX Lienen HaLuMoHaNbHOro pasBuTHS,
onpenenéHHbIX YkasoM lNpesupenta Poccuiickon Pepepaumm
N2 474 ot 21.07.2020 r., 3asBNEHO «COXPAHEHWE HaceneHus,
37,0poBbe 1 6narononyume nioaei»'. Hanbonee 06bEKTMBHEIM
KpUTEpWEM, XapaKTEpPU3YIOLLMM AOCTUKEHWUE MOCTAB/IEHHOV
Lenu, SIBNsieTCA cocTosHWe obLecTBeHHoOro 3a0poBbs. Cre-
LManucTaMn onpepensietcs TecHas CBA3b 00LUECTBEHHOro
300p0BbA «C COLMANbHBLIM W 3KOHOMUYECKUM Pa3BUTUEM,
AeMorpauyecKoii CTpyKTYpoii, 3ab01eBaEMOCTbIO, a TaKdKe
C CUCTEMOIA YNpaBNeHUs 0BLLIECTBEHHBIM 3[paBOOXPaHEHH-
em» [1]. Cutyaums c coctosiHMeM 06LLEeCTBEHHOMO 340pOBbA
W €ro 0XpaHoli B CeJie 3HAUYUTESIbHO CIIOXHEW, YEM B FOpoje,
BBUAY CIOMMBLUMXCA AeMOrpauyeckmx, 3KOHOMMYECKUX,
TEPPUTOPUANbHBIX, MEANKO-COLMANbHBIX, OpPraH13aLMOHHbIX
W ynpaeneHyecknx haKTopoB cenbcKoi xu3hu [2, 3]. bonb-
was TeppuTopuanbHas NPOTAXKEHHOCTb CENIbCKUX PalOHOB,
cneunduKa BbITOBLIX YCIOBUN W YCNOBUW Tpyaa, Npobnembl
AOPOXKHO-TPaHCMOPTHOro CoobLLeHNs, HexBaTKa Kanudu-
LMPOBaHHBIX MeAWLMHCKUX KafpoB CO3MAlOT CEepbe3HbIe
npobnembl JOCTYMHOCTU MeAULMHCKOWA MOMOLLM CENbCKOMY
HaceneHuio [4, 5].

AHanu3 gUHaMMKM M 3aBMCMMOCTW OAHOMO U3 Mapame-
TPOB 00LLECTBEHHOTO 3[,0POBbSA CENbCKOr0 HaceneHus (3a-
6oneBaeMoCTH) OT pa3fMyHbIX HaKTOpOB NO3BOJIUT HE TOJBLKO
OLEHUTb YPOBEHb COLUManbHO-AeMorpapuyeckux npobrem,
HO 1 OMpefenuTb HanpaB/eHUs roCyAapCTBEHHON MOUTUKH
ANS AOCTUIKEHWSA 3aSIBJIEHHOW LieNIY HaLMOHaNbHOro pasBu-
T1sI. 3aboneBaeMocTb, N0 MHEHWIO CNELUANUCTOB, 3TO UHTE-
rpanbHbIf NoKasaTtesb, XapaKTepU3YHLLMIA, C OLHOI CTOpo-
Hbl, YPOBEHb [OCTYMHOCTU MEAMULMHCKOIN NOMOLLM CESTbCKOMY
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HaceneHuto, C Apyroii CTOPOHbI, BbIABNSEMOCTb 3aboneBaHuii
KaK 3¢ eKTMBHOCTb NePBUYHOTO 3BEHA 34paBO0XpaHeHus [6].

0aHMM M3 cepbE3HbIX r106anbHbIX BbI30BOB MOCHELHUX
neT AN CUCTEMBbI 34PaBOOXPaHEHMs W 0bLiecTBa B LENOM
ABUNACb NaHAEMMS KOpPOHaBMpycHoM uHdeKumun COVID-19.
OrpaHuyeHms, cBA3aHHble C MaHAEMUEN, a TaKXKe BIUAHME
CaMoMN KOPOHABUPYCHOW WHGBEKLMN NPUBENM K 3HAUUTENb-
HOMY YCUNEHMIO BO3AEHCTBUSA Pa3fMyHbIX QaKTopoB cpefbl
06MTaHWA Ha COCTOSHME 3[10POBbA CENbCKOro HaceneHus [7].
Ha puc. 1 npeactaBneHa cpaBHWUTENbHAs OMHaMUKa OTHO-
CUTeNbHBIX MOKasaTesnien obuiero ypoBHst 3aboneBaemMocTy
M CMepTHOCTU CcenbCKoro Hacenenust Poccuickon Qepepa-
umun. OueBMOHbI pe3kas cMeHa ybbiBatoLLero TpeHaa Koaddu-
LIMEHTa CMEPTHOCTM CenbCKoro Hacenenmsa ao 2020 r. Ha Bo3-
pacTaloLLmii U pe3Koe NafieHWe NnoKasaTens 3abonesaeMocTu
B 2021 r. [InHaMuKa noKasaTens 3aboneBaeMoCTi CeNbCKOro
HacesneHWs B KOBUAHbIN Nepuoj BO MHOrOM OMpeaensnach,
BO-MepBbIX, NepepacnpeAesieHneM pecypcoB 34paBooxpa-
HeHust Ha bopbby C maHgemuen, BO-BTOPbIX, OTNIOKEHHBIMU
06paLLeHUAMM 32 MeIULIMHCKOMN NOMOLLbIO, 33 UCKITHOYEHNEM
3KCTpeHHbIX cnyyaes [8, 9]. Mo paHHbIM BceMupHon opranm-
3auMM 3[paBOOXpaHEHNs, NaHLEMUSA CEPbE3HO OCNOXHWUNA
npeLocTaBNeHNe YCNYr AUArHOCTUKM, NeYeHus, peabunmta-
LMK 1 OKa3aHWe NOMOLLM NIOAAM C HEMH(EKLIMOHHBIMU 3a60-
NeBaHUSIMM, ABNAIOLLMMUCS B HACTOSLLEE BPEMS OCHOBHBLIMY
MpUYMHaMK cMepTH, 60Ne3HN U MHBANMOHOCTU B 6ONBLUKH-
cTBe cTpaH [10].

Takum obpasoM, B 2021 r. CNOMUINUCL 3KCTpEMarbHble
YCNoBMA UM [N CUCTEMbI CENIbCKOTO 3[paBOOXpaHEHUS,
W NS COCTOAHMS 06LL,eCTBEHHOMO 3[10p0OBbA CENTbCKOr0 Hace-
nenus. Onpepenenne GaKkTopoB BAMAHMSA Ha YPOBEHDb 3abone-
BAEMOCTY CESIbCKOr0 HACENEHMUS B IKCTPEMAIbHBIX YCI0BMSAX
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Puc. 1. [InHamuka noxasatenen 3aboseBaeMoCT M CMEPTHOCTM CENbCKOr0 HaceneHust Poccuitckon Qepepaunm, yen. Ha 1000 HaceneHms.
Fig. 1. Morbidity and mortality rates of the rural population in the Russian Federation, per 1000 population.

! Yka3 Mpeaunpenta Poceuitckoin Gepepaumm ot 21.07.2020 N° 474 «O HaupoHanbHbIX Lensx passutus Poccuiickoin Penepauym Ha nepuog, go 2030 roga.

Pexxum foctyna: http://publication.pravo.gov.ru/Document/View/0001202007210012 [lata obpatuenms: 12.12.2023.
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Bo3aencTeus naHaemun COVID-19 no3BonnT He TONBKO oLe-
HWUTb 3QMEKTUBHOCTL CUCTEMBI 34PaBOOXPaHEHUS HA Ceflb-
CKUX TEPPUTOPUAX B [LaHHbIA Nepuojd, HO U HaMeTUTb Ha-
MPaBJIEHHOCTb MPOMUNAKTUHECKUX NPOrPaMM peroHabHbIX
CMCTEM 3ApaBOOXPaHeHNs U 3QPEKTUBHBIX MeaMKO-CaHUTap-
HbIX MeponpuaTUiA. Mo MHEHMIO CeunanncToB, UccnenoBa-
HWIA B 00NACTU CENbCKOr0 3APaBOOXPaHEHUS, YUNUTbIBAIOLLMX
C/IOXKHbIE CBA3M MEXAY 300poBbeM, beaHOCTLIO U Bnarono-
Jly4neM, a TakxKe NpUMEHEHNE NOSTUTUKM 3paBOOXPaHEHMS,
KOTOpas COOTBETCTBYET NOTPEOHOCTAM CENbCKUX Co0bLLecTB
U onupaeTca Ha GaKTMYecKue LaHHble, B HACTOALLEE BpeMs
HepocTaTtoyHo [11].

LUenb uccnegoBaHus — onpegeneHne AeTEPMUHAHT
YPOBHA 3a00/1€BaEMOCTU CENIbCKOTO HACEeNIeHUs! PErMoHOB
Poccuiickoit Depiepauni, B TOM YnCIIe MO OCHOBHBIM KNnaccam
3aboneBaHuii, cpeay hakTopoB cpefibl 06MTaHWA B YCIOBUAX
naHaemum COVID-19.

Moa cpenon obutaHusa ByaemM NMOHUMATb COBOKYMHOCTb
COLMANBbHO-3KOHOMUYECKMX, COLMANbHO-AeMorpaduyecKmX,
a TaKXKe KONOrMYEeCKMX M KIMMaTUYeCKMX (aKTopoB, OKa-
3blBalOLLMX ONpeaensioLlee BAMSAHME Ha COCTOSIHWE 3[,0p0-
Bbsl CENIbCKOro HaceneHus B cydbekTax Poccuitckon Qepe-
pauum [71].

MATEPUANT U METObI

Hacrosee nccnepoBaHne COCTOMT U3 HECKONIBKUX 3Ta-
nos.

Ha nepBom 3Tane noctpoeHa MHoroMepHas Knaccudm-
Kauus pernoHoB Poccuiickon Qepepauun no nokasartensm
3ab01eBaEMOCTM CENCKOT0 HACeNIEHUs OCHOBHBLIMMW Knacca-
Mu 3aboneBaHui no aaHHbIM 3a 2021 r. lNepen nocTpoeHnem
KnaccuduKkaumm npoBeAEHO arperMpoBaHWe MoKasaTtenei
METOAOM [NaBHbIX KOMMOHEHT, NpeABapuUTeNbHas Kiaccu-
(uKauMA BbINOIHEHA C MCMONIb30BaHWEM NpoLeAypbI Mepap-
XMUYECKOr0 KNacTepHOro aHanm3a, oKoH4aTenbHoe hopMupo-
BaHWe KNacCUQUKALMOHHBIX FPYNM OCYLLECTBNIEHO B PyYHOM
pexuMe.

Ha BTopoM 3Tane oTobpaHbl NoKasaTenu, KOTopble Npea-
MOMNOXUTENBHO MOTYT OKa3blBaTb BSIUSIHME Ha YPOBEHb 3a-
boneBaeMocTH CenbCKOro HaceneHus. Boibop nokasarteneid,
C O[LHOW CTOPOHBI, YYUTLIBAET OMbIT APYrUX 3MMIUPUYECKUX
uccnefosaHuii [6, 7, 12, 13], ¢ apyron CTOpoHbI, onpeaens-
€TCA HaNnuMeM JOCTYMHbIX AaHHBIX. B KauecTBe BO3MOXHBIX
(aKTopoB BAMAHWSA 0TODpaHbI CriefyoLLMe NOKas3aTenu:

* 3KOHOMUYECKUe: BENMYMHA BaslOBOr0 PErvoHanbHOro

npoaykta (BPI) B pacuéTte Ha Aywy HaceneHus, pyb.
(X,); mons BanoBoii A06aBNEHHOW CTOMMOCTU Cefb-
CKOro, NIeCHOro X03fIMCTBa, OXOTbl WU PbIBONOBCTBA
B 9KOHOMUKe pernoHa, % (X,); MHBECTULIMN B OCHOBHOVA
KanuTan, HanpaB/neHHble Ha pa3BUTUE 3[paBooXpaHe-
HUS 1 NpefocTaBNeHne coumanbHbix yenyr (X,); cpen-
HedyLieBblE JEHEXHbIE [OX0Abl B pPacyéTe Ha myLuy
HaceneHus B Mecsll, pyb. (X;); ypoBeHb bespabotuLpbl,
paccumTbIBaEMbIA N0 METOLONOMMUN MEXLYHapOAHOM

T.31Ne T, 2024
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opranu3aumm Tpyaa (MOT), % (X,); nHAeKc npoussos-
CTBa MPOLYKUMM CENbCKOr0 X03AIMCTBA B peruoHe, %
(X;); yoenbHbI Bec YObITOUYHbIX CENbCKOXO3ANCTBEH-
HbIX OpraHu3aumin B pervoHe, % (Xg); pacxofpl KOH-
CONMAMPOBaHHbIX OlofKeToB Ha obpa3sosaHue (Xs),
3apaBooxpaHeHue (X,), coumanbHyto noautuky (X;,),
MIH pyb.;

s COYUQsIbHbIE: YAENbHBIA BEC YNCIIEHHOCTU HaceneHus
C A0XO0LLaMU HUXKE BENIMYUHBI NPOXKUTOYHOTO MUHUMY-
Ma (X,); 0bLas nnoLasb XKunbiX NOMELLLeHMIA, NpUXo-
LAMXCA Ha 04HOTO MuTens, M2 (X,,); yaembHbIi Bec
06LLieli NNOLLAAM XMIbIX NOMELLEHWI, 000pYA0BaHHbIX
BoAonpoBoaoM (X,;), kaHanu3aument (X,,), oTonneHu-
eM (X,;), rasocHabxeHnem (X,g); NNOTHOCTL aBTOAO-
por 06LLero nNonb30BaHUs C TBEPAbIM MOKPLITUEM, KM
Ha 1000 km? Tepputopum (X,,); ynoTpebrenue ¢ Bpea-
HbIMW nocneacTuamMm ankorons, Ha 100 000 cenbcko-
ro HaceneHus (Xo);

* coyuaseHo-0eMozpaghuyeckue: JONA CENbCKOr0 Ha-
cenenus B TpyaocnocobHom Bospacte, % (X,,); Mu-
PALMOHHBIA NPUPOCT HaceneHms, yen. Ha 100 000
Hacenenusa (X,,); obpasoBatenbHas CTpyKTypa Cefib-
CKOF0 HaceneHusi: YACNEHHOCTb CENbCKOro Hacene-
HUA cTaple 15 neT ¢ BbiclunMM obpasosaHueMm (X,,),
CO cpefHMM npodeccMoHanbHEIM 06pa3oBaHKEM
(X,p), NONHLIM cpefHUM 0bpa3oBaHneM (X,;), Hayanb-
HbIM npodeccroHanbHbIM 0bpa3soBaHueM (X,,), € oc-
HOBHbIM 0OLWMM W HayanbHbIM 06pasoBaHueM (X,;),
Ha 1000 yen. HaceneHus;

+ MeduKo-coyuasbHbie: 0becneYeHHOCTb  KoWKaMu
Ha 10 000 cenbcroro Hacenenus (X, g); obecneyeHHocTb
Bpayamu (X,;), obecneyeHHOCTb CpeaHUM Mefnepco-
HanoM (X;,) Ha 10 000 cooTBeTcTBylOLLErO Hacene-
HUS B MeAMLMHCKUX OpraHu3aumsX, PacnofloMeHHbIX
B CEJIbCKON MECTHOCTH; YMCIIO MOCELLEHUA HA OJHOI0
cenbCKoro xutens B rog, (X, ).

* 3Ko/I02u4ecKue: BblOPOCHI 3arpA3HAILLMX BeLLecTB
B aTMochepHbIl BO3AYX, OTXOAALLMX OT CTaLMoHap-
HbIX MCTOYHUKOB, ThiC. TOHH (X30); COpOC 3arpA3HEHHbIX
CTOYHbIX BOZ, B NOBEPXHOCTHbIE BOAHbIE 0OBEKTBI, ThIC.
M3 (X31);

*  K/IUMa@MUu4ecKue: OTKIIOHEHWe 0T HOPMbl TeMMepaTypbl
uons, rpaa. Lenbcus (X,,); 0THOLLEHWe K HopMe Komu-
YecTBa 0CaKoB, % (X33).

Ha cnepytowemM 3tane uccnefoBaHUs OCYLLECTBEHO
MOJle/IMPOBaHMe 3aBMCUMOCTU YPOBHA 3aboneBaeMoCTy
CENbCKOT0 HACESIeHNs, B TOM YMC/IE MO OCHOBHBLIM KJlaccaMm
3aboneBaHuin, oT aKTopoB cpeabl 06UTaHWA No Knaccudm-
KaUMOHHLIM rpynnaM peruoHoB Poccuitckoit ®epepaumm.
B kauecTBe OCHOBHbIX KilaccoB 3abonieBaHuiA B3ATbI KNacchbl
Hanbonee pacnpoCTPaHEHHbIX NMPUYUH CMEPTHOCTH, 0603Ha-
YeHHble B CTaTUCTMYECKUX MaTepuanax PoccTata, a MMeHHO
HeKoTopble UHPEKLMOHHLIE U napa3uTapHble 6onesHu (INF),
HoBoobpa3oBaHus (ONK), bonesHu cucteMbl KpoBoobpaLLe-
Hua (KROV), abixanusa (DIH), nuwesapenus (PIZH), a Takeke
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OPUTMHATIBHOE VICCIEOBAHME

MOCNEACTBUA BO3AENCTBUA BHELLHUX MPUYMH, CPEaM KOTOPbIX
TpaBMbl, otpaBnenus u apyrve (VNESHN) [14]. Ha 3akntoum-
TeNbHOM 3Tare CUCTEMaTU3UPOBaHbI NOYYEHHbIE Pe3yNibTaThl,
MPOBEAEHO COMOCTaB/IEHWE C M3BECTHLIMU UCCNEA0BAHNAMM.

NcxooHbIMM AaHHBIMKM 01 UCCNIELOBaHUSA MOCTYXK-
nm Matepuansl ®epepanbHoit ciyxObl rocynapcTBEHHOM
ctatucTukn (Pocctarta) [14—16], a TaKKe cTaTUCTUYECKMe
AaHHble cbopHuKa «Cenbckoe 3apaBooxpaHeHne Poccum
B8 2021 ropy», npegocTaBeHHble LieHTpanbHbIM Hay4HO-UC-
Cei0BaTENIbCKAM MHCTUTYTOM OpraHW3aumm U MHpopMaTm-
3aLMM 34paBOOXpaHEHHA.

B npouecce uccnenoBaHus UCMoAb30BaM MeToAbl KOp-
pensumu MupcoHa, GaKTopHOro aHanu3a (MeTof riaBHbIX
KOMIMOHEHT), MepapXuYecKoro KNacTepHoro aHanusa, MHo-
JKECTBEHHOW JIMHelHoW perpeccun (METo WUCKIOYEHMA).
Bce 3HaueHWs nokasarteneit npefBapuTe/lbHO HOPMUPOBAHDI
Mo MUHUMaNbHOMY 3Ha4eHMI0. PacyéTbl BbIMOJHEHbI B CUCTE-
me STATISTICA 10 (StatSoft, CLLA).

Mpu onpeAaeneHnn Ka4yecTsa NoayHeHHbIX PErpecCcMoHHbIX
MOZeNei UCMoNb30BaHbl CTaHAAPTHbIE KpuTepuu: Koaddu-
LMEHT MHOMKECTBEHHOW AeTepMUHauMM (oons aucnepcuu
3aBUCMMON NepeMeHHON, 0bbACHAEMas MoNyYeHHON Mope-
Nbio), F-kputepuin Ouwepa, xapakTepusyoLLMA HaleHOCTb
YpaBHeHWs perpeccuu B LeNoM, p — HabnoaeMbli YpoBEHb
3HauMMocTH s Kputepus Ouwepa, t-kputepuin CTblofeH-
Ta 1S NPOBEPKW 3H3YMMOCTU KO3DOULMEHTOB perpeccuu,
Kputepuii lapbuHa—YoTcoHa ans npoBepKM He3aBMCUMOCTU
0CTaTKOB.

PE3Y/IbTATbI

lNokasaTenb 3aboneBaeMocTn ABNAETCS CneUUdUYECKUM
(aKTOpoM, XapaKTepum3ytoLLMM 06LLeCTBEHHOE 3[0POBbE Ha-
CeeHus, MOCKObKY, KpOMe YPOBHSA pacnpocTpaHeHus 3abo-
NIeBaHMs Cpeay CEeNbCKOr0 HaceneHus, faHHbI NoKasaTesb
oTpakaeT 1 YpoBEHb BbISIBNSEMOCTU 3abonieBaHuiA, obecne-
YEHHOCTU W JOCTYMHOCTU CENTbCKOMY HACeNleHU0 MeaULIMH-
CKOM MOMOLLM 1, BO3MOXHO, KBaNMPUKALMIO MeMLMHCKOrO
nepcoHana, 4Yto NoATBepAaeTcA uccneaoBaHusamu (2, 171.

PaccMoTpeH ypoBeHb auddepeHuMaunu peruoHoB
Poccuiickoin Qepepaumn no 3aboneBaeMocTU OCHOBHBIMM
Knaccamu 3abonesanwuin B 2021 r. (tabn. 1). YctaHosne-
HO, YTO pasHWLA MeXAy MaKCUMamnbHbIM W MUHUMATbHBIM
YpOBHEM 3a(uKcUpoBaHHOW 0bLien 3aboneBaeMocTu co-
cTansger 5,3 pasa, MHOEKUMOHHBIMKM U NapasuTapHbIMU
bonesHsmMu — 16 pas, HoBoobpasoBaHuaMn — 9,2 pasa,
bonesHAMM opraHoB KpoBoobpalueHus — 6,5 pasa, opraHos
ObixaHua — 13,9 pa3a, opraHoB nuwieBapeHus — 5,7 pasa,
MocneACTBUAMU BO3AEHCTBUS BHELIHWX NpUYMH — 6,4 pa3a.
OueBuaHa HeobxoanMMocTb A depeHUMpPOBaHHOrO NOAX0AA
K pa3paboTKe nporpaMM pervoHasnbHbIX CUCTEM 3ApaBOOX-
paHeHust U AOPEKTUBHBIX MeAMKO-CaHUTapHbIX Meponpus-
T, OCHOBHBIM MepBOHAYasbHbIM MHCTPYMEHTOM KOTOPOro
ABNAETCA PeruoHanbHas TUNONOTUA CeNbCKUX TEppPUTOpUI
Mo YpOBHIO 3a00/1EBAEMOCTM CEMNbCKOT0 HACceNeHuS.

Vol. 31 (1) 2024
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MocTpoeHa Knaccudmkaums pernoHos Poccuitckon Qe-
Aepauun no ypoBHI0 3aboneBaeMOCTU CENbCKOro Hacene-
HWSA OCHOBHBIMW Knlaccamu 6onie3Heid No AaHHbIM 33 2021 r.
AHanus MaTpuubl Koppensuuii Mexay UCXoHbIMW napame-
TpaMu NoKa3an BbICOKMIA YPOBEHb CTAaTUCTUYECKU 3HAYUMOM
B3aMMOCBA3U (NpW JOBEPUTENBHON BepOATHOCTH 95%) Mex-
Ly YPOBHeM 3aboneBaeMocTH bonesHsAMU KpoBOODpaLLeHMs
1 HOB0OODBPa30BaHMAMM, a TaKIKe Mexay bone3HaMK opraHoB
ObIXaHWA, NULLEBAPEHNA U BO3AEHCTBUEM HEKOTOPbIX BHELL-
HUX NpUYMH. [Ns CHWXKEHWs pa3MepHOCTU NpPOW3BEAEHO
arpernpoBaHue MoKasaTesen C NOMoLLblo npoueaypsl hak-
TOPHOr0 aHasM3a MeTOLOM FMaBHbIX KOMMOHEHT. [loyyeHbl
[Be [NaBHbIE KOMMOHEHTbI, 0bbAcHsowme 75,7% cymMMap-
HOM AMCNepcumn UCXOAHBIX GaKTOpOB, KOTOpbIE U Bbinv B3ATI
B KQ4eCTBE HOBbIX TMNOODPA3YHLLMX NEPEMEHHBIX.

MpuHUMN NoCcTPoeHUs KNaccudUKaLmMmM 0CHOBaAH Ha CpaB-
HEHMM PErMoHanbHbIX JaHHbIX N0 NoKa3aTensM 3aboneBae-
MOCTU cenbeKoro Hacenenns B 2021 r. 0CHOBHbIMU Kaccamm
bonesHeit ¢ Ux CpeaHMMM 3Ha4eHnaMM no Poccuiickon Qe-
Aepauuu B UenoM. [MonyyeHo 6 TUNONOrMYeCKUX rpynn pe-
rmoHoB Poccuiickoii Depiepaumm, cocTaB KOTOPbIX MPUBELEH
B Tabn. 2, a 0cobeHHOCTW pernoHoB rpynn — B Tabn. 3.

K nepBoin KnaccuduKaLmMOHHOM rpynne OTHeCeHbl Cyob-
eKTbl Poccuiickoit Defiepaunm, xapaKTepu3yloLwmMecs BbiLe
CpeHEPOCCUICKMX 3HAYeHUit NoKasaTensamu 3abonieBaeMo-
CTW BCEMW PaccMOTpeHHbIMM Knaccamu bonesHei. B rpynny
BXOASAT PErvoHbl C MaKCUManbHbIMKM MOKasaTensmu 3abone-
BaEMOCTV HOBOODOpa3oBaHUAMM 1 BoNe3HAMM OpraHoB NuLLe-
BapeHust (ANTalicKui Kpait), 60Ne3HAMK cMCTEMbI KPOBOODpa-
weHus (Pecnybnmka Yysatuvs), HEKOTOPLIMU NOCNEACTBUAMY
BO3/[1eACTBUS BHELLHWX NpuunH (Pecnybnuka Komm).

Bropas knaccudmKaumoHHas rpynna BKIOYAeT B CBOW
cocTaB cyobeKTbl Poccuitckon Defepaunm, B KaxAoM U3 KO-
TOpbIX BhbILLE, YEM B CpeAHEM MO cenbcKoi Poccum, ypoBeHb
3aboneBaeMoCTV MO HEKOTOPbIM MHGEKUMOHHBIM W Mapa-
3uTapHbIM 3aboneBaHusM, HoBOObpa3oBaHUAM U Hone3HAM
CUCTEMBbI KpoBoODpaLLeHus. B oTnnume ot mepBoii rpynmbl,
B 60NBLUMHCTBE PErMOHOB [LaHHOI rpynnbl ypoBeHb 3abone-
BAEMOCTM OT Done3Hel opraHoB MULLEBAPEHUS U AbIXaHUS
HWKe, YEM B CPeJHEM 0 CeNbCKOMY HaceneHuio. B Kypran-
CKOM 1 PAi3aHCKoi 0611aCTAX TakiKe HUXKe cpesHepPOCCUICKUX
nokasaTtenn 3abosieBaeMoCTM OT HeKOTOpbIX MOCiefACTBUM
BHELLUHWX MPUYWH, B OCTasIbHbIX PernoHax rpynnbl AaHHbIA
noKasare/ib NPEeBbILIAET CPeLHEPOCCUACKOE 3HAYEHME.

OTMunUTENBHON YepToi BCEX PEFMOHOB, BXOLSALLMX B Tpe-
Tb0, CaMyl0 MHOTOYMCIIEHHYH, TPYNNY, SBNSETCA BbICOKWN
ypoBeHb 3ab0nieBaeMoCTU DONE3HAMU OpraHoB [bIXaHWA.
Hereukuin AO, BXOAALMIA B Fpynny, XapaKTepusyeTcs Mak-
CMMaSIbHBIM 3HayYeHWeM faHHoro nokasatens B 2021 r. Cne-
OYeT TaKKe 0TMETUTD, 4TO B BOJIbLLMHCTBE PErMOHOB TPETbEV
rpynnbl (B 15 U3 22) Bbile CpeAHepPOCCUACKOr0 YPOBEHD 3a-
BoneBaeMoCTV HEKOTOPbIMU MHBEKLMOHHBIMK W NapasuTap-
HbIMK 3ab0s1eBaHMAMM, a TakKe (B 12 U3 22) nocneAcTBUAMM
BO3JENCTBUSA HEKOTOPBIX BHELIHWUX Npu4mH. [0 ocTanbHbIM
3aboneBaHuaM BonblKMHCTBO CcybbekToB Poccuickon
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Ta6nuua 1. MexpernoHansHas anddepeHuMaLIms ypoBHS 3aboieBaeMoCTH CeNbCKOro Hacenenus Poccuiickoi Oeaepaumm no 0CHOBHLIM

Knaccam 3abonesanuii B 2021 .

Table 1. Interregional differentiation of the morbidity of the rural population of the Russian Federation by the main classes of diseases in

2021
CPHebféHe:e;Hz:e_ MuHuManbHoe MakcuManbHoe
Knacc 3abonesanna | 1000 ;daceﬁenml 3HAUCHME, en. Pervon 3HAUCHME, Hen. Peruon
Disease class National average Ha 10&%:’::3‘::“"“ Region Ha mpggx?;fﬁﬂe“m Region
pe)iru:a?t?t?n per 1000 population per 1000 population
Bcero 3abonesLumx 12494 524,4 MarapaHckas 2789,3 HeHeukun
Total obnactb aBTOHOMHbIN OKpYr
Magadan Region Nenets
Autonomous Okrug
HekoTopble UHdEKUM- 21,3 4,6 MarapaHckas 73,7 YyKoTcKui
OHHbIE M NapasuTap- obnactb aBTOHOMHbII OKpYr
gble 6c_)nfesH_M ) Magadan Region . Chukotk%k
ome infectious an utonomous Okrug
parasitic diseases
HoBoobpa3oBaHus 33,2 7,2 Pecnybnuka TeiBa 66,8 Antaiickuii kpan
Neoplasms Tyva Republic Altai region
BonesHu cuctemsl 215,9 72,0 Kamuatckui kpa 4577 Pecnybnuka
KpoBooOpaLLeHus Kamchatka Krai YyBawwms
Diseases of the circu- Chuvash Republic
latory system
BonesHu opraHos 3447 69,1 MarapaHckas 963,7 HeHeukui
JibIXaHuA obnactb aBTOHOMHbIN OKpYr
Respiratory diseases Magadan Region Nenets
Autonomous Okrug
bonesnu opraHoB 85,6 32,3 EBpeiickas aBTo- 185,4 Antaickuii Kpait
nuLLeBapeHus HOMHas obnacTb Altai region
Digestive diseases Jewish
Autonomous
Region
MocnepcTeua 42,7 18,2 Amypckas 116,0 Pecnybnmnka Komm
BO34eNCTBMA obnactb Komi Republic
BHELLHWX NPUYUH Amur region
Consequences

of external causes

®epepaumny, BXoAAWMX B rpynMy, UMEKT 3HAYEHUS YPOBHS
3aboneBaeMoCTH HUXE CPeAHEPOCCHUIACKOTO.

YeTBEPTYI0 KNacCU(UKALMOHHYIO Tpynny COCTaBNAT
pervoHbl Poccuiickon @epepaumm, B KawaoM U3 KOTOPbIX
YpoBeHb 3a00/1eBaeMOCTU HEKOTOPbIMU MHGEKLMOHHBIMU
1 NapasuTapHbIMK 3aD0/1EBaHNAMU HIXKE CPEAHEr0 3HAYeHNS
no cenbckoin Poccun, a HoBoobpa3oBaHMAMM 1 BonesHAMU
OpraHoB KpoB0oobpaLLeHs, HanpoTKB, Bhille. 10 ocTanbHbIM
paccMaTpuBaeMbIM KilaccaM 3aboneBaHuin B 60MbLUMHCTBE
PErMOHOB, COCTaBAIOLMX YETBEPTYHD KNAcCUBUKALMOHHYIO
rpynny, ypoBeHb 3ab0/1eBaeMOCTM CENbCKOT0 HaceneHus
HWXKe CpeHEePOCCUIACKOr0 3Ha4eHMS.

MaTas KnaccudUKaUMOHHAA TPynna XapaKTepusyetcs
TEM, 4YTO MOKa3aTenu 3aboneBaeMOCTU BCEMM KJlaccamu
paccMaTpuBaeMbiX 3ab051eBaHWI B CPeAHEM MO TPynne HUXe
CpeiHEePOCCUIACKMX 3HauyeHuid. OHAKO B KaK[OOM peruoHe

DOl https://doi.org/10.17816/humeco632920

rpynnbl UMeeTcA OT OfHOro 40 TPEX MoKasaTenei 3abone-
BAaeMOCTM MO paccMaTpuBaeMblM KyaccaM 3aboneBaHui,
3HaYeHMs KOTOPBIX BhILLE, YEM B CPEAHEM M0 CeNbCKOMY Ha-
ceneHunio Poccuickoi ®epepaumn.

HaKoHel, K LwecTon KnaccMdMKaLMOHHOW rpynne oTHe-
ceHbl cybbekTbl Poccuiickoin Pefiepaumnu, B KaXa0M M3 KO-
TOPbIX YPOBEHb 3300/1€BaEMOCTA MO BCEM PaCCMOTPEHHBIM
KnaccaM 3aboneBaHW HUXE CpefHEPOCCUMIACKUX 3HAYEHWN.
CnepnyeT 0TMETUTb, UTO B JaHHYI0 FPYNMy BXOAAT TPU PErmoHa
C MMHUMANbHBIMM 3HaYEHUSIMU MOKa3aTesien 3abonieBaeMo-
cT¥ o pagy 3abonesaHuii: MaragaHckas v AMypckas 06-
nactw, EBpelickas aBToHOMHas obnacTb.

OcyLLiecTBIEHO MOLLENMPOBaHME 3aBUCMMOCTY YPOBHA 3a-
boneBaemocTn 00LLeid M No KiaccaM 3abonieBaHMin OT COLM-
anbHO-3KOHOMUYECKMX, COLMaNbHO-AEMOrpadMyeckux, 3Ko-
NIOTUYECKMX W KIMMaTUYECKMX (HaKTOpOB, XapaKTepu3yHoLLmMx
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Tabnuua 2. KJ'IE]CCVId)MKaLI,VIFI peruoHoB Poccuinckoii (Dep,epau,mm M0 YPOBHIO 3a00/1eBaeMOCTH CEIbCKOr0 HaceIeHNUs OCHOBHBIMM KJlaccamu

6onesHein

Table 2. Classification of regions of the Russian Federation by morbidity of the rural population across the main classes of diseases

Yucno
peruoHoB
Number
of regions

Homep
rpynnbi
Group No.

CocrTas rpynnbl

Composition of the group

1 9
BpsHckas, YnbaHoBcKas

Pecnybnmku: Antaii, bawkopToctaH, Komm, YaMypTus, Xakacus, YyBawums. Antanckuii kpain. 06nactu:

Republics: Altai, Bashkortostan, Komi, Udmurtia, Khakassia, Chuvashia. Altai region. Regions: Bryansk,

Ulyanovsk

TamboBcKas

O6nactu: ApxaHrenbckas, Knposckas, Kypravckas, Huxkeropoackas, OpnoBckas, lNeH3eHckas, Psi3aHcKas,

Regions: Arkhangelsk, Kirov, Kurgan, Nizhny Novgorod, Oryol, Penza, Ryazan, Tambov

Pecnybnmku: KanMbikus, KapauaeBo-Yeprecckas, Caxa (Akytus). Kpas: Ctapononbckui, MepMckuii. 06-

nactu: ActpaxaHckas, Bnagummnpckas, Upkytckas, Kanyxckas, JleHnHrpaackas, MypManckas, Hosropoga-
ckasl, CaxanuHckas, CBepanoBckas, Tomckas, Tynbckas, Yensbunckas, ApocnaBcKas. ABTOHOMHbIE OKpyra:
HeHeurkuit, XaHTbl-MaHcuickuid, Hykotckuid, AMano-HeHeukui

Republics: Kalmykia, Karachay-Cherkess, Sakha (Yakutia). Regions: Stavropol, Perm. Regions: Astrakhan,
Vladimir, Irkutsk, Kaluga, Leningrad, Murmansk, Novgorod, Sakhalin, Sverdlovsk, Tomsk, Tula, Chely-
abinsk, Yaroslavl. Autonomous okrugs: Nenets, Khanty-Mansiysk, Chukotka, Yamalo-Nenets

Pecnybnmku: KpeiM, Mapuin 3n, Mopaosus, TatapctaH. KpacHoaapckui Kpaid. Obnactu: benropoackas,

KoctpoMckas, Openbyprckas, Camapckas, CapaToBcKan
Republics: Crimea, Mari EL, Mordovia, Tatarstan. Krasnodar region. Regions: Belgorod, Kostroma, Orenburg,

Samara, Saratov

Pecnybnuku: Apbires, bypstus, [arectaH, UHrywetus, Kapenus, CeepHas Ocetus — Ananus, TbiBa, YeueH-

ckas. Kamuatckui kpait. 0bnactu: Bonrorpaackas, Bonoroackas, Bopoexckas, MeaHoBckas, Kemepos-
ckas, Kypckas, Omckas, lNckoBckas, CMoneHckas, Teepckas, TroMeHcKas

Republics: Adygea, Buryatia, Dagestan, Ingushetia, Karelia, North Ossetia - Alania, Tyva, Chechen. Kamchat-
ka Krai. Regions: Volgograd, Vologda, Voronezh, Ivanovo, Kemerovo, Kursk, Omsk, Pskov, Smolensk, Tver,

Tyumen

KabapauHo-bankapckas Pecnybnuka. Kpas: 3abaiikansckui, KpacHosipckuid, MpuMopckui, XabapoBckuid.

Obnactu: AMypckas, KanunuHrpapckas, Jiuneuxas, MaragaHckas, Mockosckas, Hosocubupckas, Poctos-

ckas. EBpeiickas aBTOHOMHas obnacTb

Kabardino-Balkarian Republic. Territories: Transbaikal, Krasnoyarsk, Primorsky, Khabarovsk. Regions:
Amur, Kaliningrad, Lipetsk, Magadan, Moscow, Novosibirsk, Rostov. Jewish Autonomous Region

cpefy 0buTaHMA B KawpaoW KnaccudmKaLMoHHOI rpynne pe-
TMOHOB. Pe3ynbTaThl MOAENMPOBaHWA NpeaCcTaBneHbl B Tabn. 4.

CnepyeT OTMeTWUTb, YTO B pe3ysbTaTe WCCIefO0BaHMS
METOAOM MOLIAroBOM perpeccuu 0TobpaHbl UL MOAENH
C K03 duUMeHTaMM NpU NEPEMEHHBIX, CTAaTUCTUYECKU 3Ha-
UMMbIMK Ha 5% ypoBHE, KOIQPULIMEHTAMU MHOXECTBEHHOM
netepmuHaumm Boiwwe 0,500, co 3HaveHuneM F-kputepusa Ou-
wepa 6onble TabnMyHOro 3HaueHUst NpyU 3a4aHHOM umche
cTeneHeii cBoboabl Ans BCex Mofeniel, a BEpPOATHOCTb Mo-
JYYUTb 3TO 3HAYEHME CITY4alHO He NpEBbLILLAET AOMYCTUMBIN
YpoBeHb 3HauMMocTH B 5%.

OBCYXOEHUE

PesynbTathl uccnefoBaHus  3aBUCMMOCTM  YpOB-
HA 3aboneBaeMOCTM CENbCKOrO0 HACeNeHWs O0CHOBHbIMM
Knaccamu 6onesHeit monydenol 3a 2021 r. B ycnosusx
nangemun COVID-19, uaMeHuBLei paboTy cucTembl 3apa-
BOOXPaHEHMs, YTO COMPOBOXAANOCh OCTAHOBKOW npoLiecca

BOI: https://doi.org/10.17816/humeco632920

[VCnaHcepu3aLmm HaceneHns, NpodUNaKkTUYECKUX 0CMOTPOB,
nepenpoguIupoBaHMeM CMELMANU3UPOBaHHbIX OTLENEHUN
nos WHQeKuMoHHble. Mo3ToMy ypoBeHb 3aboneBaeMoCTy
CENbCKOr0 HaceNeHns B AaHHbIA NEPUOL, MOXKHO paccMaTpu-
BaTb B Npu3Me 06paLLlaeMOCTM 33 MEAULIMHCKOW NMOMOLLbH
Npy HeMH@EKLMOHHBIX 3abonieBaHKAX, TO €CTb BbIABASEMOCTH
3aboneBaHuii. Mpu aHanu3e NoAYYeHHbIX pe3ynbTaToB cre-
OyeT UMeTb B BUAY CreuuduKy paccMaTpuBaeMoro nepuoaa
BPEMEHH.

CornacHo noJly4yeHHbIM pe3yfbTataM, ypoBeHb audde-
peHumaLmmn pervoHos Poccuiickon Deaepaumn no haktopam,
onpedensiolMM 3aboneBaeMocTb CeNbCKOr0 HacefneHus
B KoBuAHOM 2021 r. no ocHOBHbIM KJlaccaM 3abosieBaHui,
[0CTaTOYHO BbICOK. TaK, COCTOSHME CUCTEMBI 3[paBoOXpaHe-
HWA ¥ MeAMKO-couManbHble GaKTopbl Haubonbluee BAUAHME
OKa3bIBalOT Ha 06LLMIA ypoBeHb 3ab60/1EBaEMOCTH B perMoHax
YETBEPTOM M NATON KNACCMGBMKALMOHHBIX Tpynn, Ha BbifB-
NAEMOCTb HEKOTOPbIX MHMEKLMOHHBIX U MapasuTapHbIX 3a-
boneBaHnit — B pernoHax BTOPOM, NATOI M LIECTOW rpynn,
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Ta6nuua 3. CpeaHue no rpynnaM 3HaueHWsi NoKasaTeseli 3ab0seBaeMoCTU CeNIbCKOro HaceleHnst M0 0CHOBHBLIM KilaccaM 3abosieBaHuid,

yen. Ha 1000 Hacenenus

Table 3. Average values of morbidity indicators of the rural population by main classes of diseases across classification groups of regions,

per 1000 population
PO lpynna
I'Imﬁzz;enb Russian Group
Federation 1 2 3 4 5 6
061umin ypoBeHb 3aboneBaeMocTn 1249 4 1843,8  1455,6  1437,6 12657 1064,3 805,0
Overall incidence rate
HeKoTopble MH(EKLMOHHBIE M Napa3uTapHble 605e3HM 21,3 36,8 26,0 30,3 17,8 19,5 13,5
Some infectious and parasitic diseases
HoBoobpa3oBaHus 33,2 478 45,1 31,0 425 29,7 21,1
Neoplasms
Boneshu cucteMbl kpoBoobpalLeHus 215,9 3217 283,6 1894 265,7 167,9 136,8
Diseases of the circulatory system
bonesHu opraHoB AbixaHus 344,7 465,3 358,5 494,2 319.4 275,8 240,9
Respiratory diseases
BonesHu opraHoB nuLieBapeHus 85,6 125,3 84,5 93,0 78,2 74,1 53,0
Digestive diseases
MocnencTeus BO3AEACTBUS BHELLHUX NPUYUH 42,7 67,7 58,6 48,8 40,5 40,7 26,5

Consequences of external causes

BonesHeli opraHoB AbIXaHUA W MULLEBAPEHUS — B TPETbEV
KnaccuumKaumonHoi rpynne. CounanbHble GaKkTopbl 3HaUM-
Mbl B CybbeKTax NpaKkTUYecKun BCex rpynmn, 0cobeHHo Bo BTO-
poii rpynne, Haubonee 3HAUMMO KAYeCTBO MWIbA. IKOHO-
MWYECKME YCIIOBMSA OKAa3biBAlOT CYLLECTBEHHOE BWAHMUE
Ha ypoBeHb 3ab0neBaeMOCTU HEKOTOPbIMU UH(EKLMOHHBI-
MW U Napa3uTapHbiMK 3ab0IEBaHMAMW B PErMOHaX TPeTbeld
W LIECTOW rpynn, a TaKXKe Ha YpoBEHb TPaBMaTWU3Ma M He-
KOTOpble NOCNEeACTBUS BHELUHWX MPUYMH B PEroHax nepBoii
W TpeTbei rpynn. 3Konornyeckue GakTopbl 3Ha4MMbI B peru-
OHax MATOW rpynnbl.

CneflyeT OTMETWUTb, 4TO pPErpeccMOHHble 3aBUCHUMO-
CTU OT BbIOpaHHbIX (aKTOPOB [ BCEX KIAcCU(PUKALMOH-
HbIX rpynn pernoHoB Poccuiickon Qepepauun nonyyeHs
JMIWb LN HEKOTOPbIX MH(EKUMOHHBbIX W NapasuTapHbIX
3aboneBaHuin. HauMeHbluee uucno Mopeneii onpepene-
Ho ans 3abonesaeMocTV HOBOODpa30BaHWAMW M OpraHamu
KpoBoobpaluenus. CnepyeT npeanonoxuts, yro B 2021 .
ypoBeHb 3aboieBaeMOCTM AaHHbIMM Knaccamu bonesHei
Y CeNbCKOr0 HaceneHWs OMpeaensica UHbIMKA MPUYMHAMM,
OT/IMYHBIMW OT PACcCMOTPEHHbIX B AaHHOM WCCNe0BaHMM,
HanpuMep, reHeTUYECKUMU UITK 0BPa3oM HU3HW.

Ha ocHOBaHKUM Nosy4eHHbIX pe3ynbTaToB MOLENMPOBAHUA
PaccMOTPUM BNIUSIHWE PasfnyHbIX (DaKTOPOB Ha YPOBEHb 3a-
6oneBaeMoCTM CeNbCKOro HaceneHUs Mo 0CHOBHBLIM Kiaccam
3aboneBaHuii, B TOM uY1cie B COMOCTABMEHUM C U3BECTHBIMU
nogo6HLIMK UCCNeJ0BaHNAMM.

Kak nokasanu pesynbTatbl MOLENMPOBaHNS, CEPbE3HBIMM
(aKTopaMm BNIMSHWA Ha YpOBEHb 3a601EBAEMOCTM CENTbCKOr0
HaceneHus ABNSAIOTCA MeAUKO-COLMANbHBIE, B KAYECTBE KO-
TOPbIX PACCMOTPEHBI PECYpPChI 30paBooxpaHeHus. Ha Hannuve

DOl https://doi.org/10.17816/humeco632920

nofo6bHOM 3aBUCMMOCTM YKa3biBaloT HEKOTOPbIE UcCe0Ba-
Tenun [18, 19], npu 3TOM 0TMeYaeTCs ABOUCTBEHHBIN XapaKTep
[aHHOIM B3aUMOCBS3W: C OJHOW CTOPOHBI, AedUUMT KaLpoB
MPUBOAMT K CHUIKEHWIO JLOCTYMHOCTW MeMULMHCKON NOMOLLM
W, COOTBETCTBEHHO, CHUKEHUIO perucTpupyemMoit 3abonesae-
MOCTU HaceeHus, C ipYroi CTOPOHbI, YBEMYEHWUE JOCTYMHO-
CTW MeAMLIMHCKOW MOMOLLM MOET NPUBECTU K YBEJIUYEHMIO
peructpupyeMon 3abonesaemoctu. CornacHo nosyyeHHbIM
pesynbTataM, OTHOCWTENbHBIA YpOBeHb 0becneyeHHoOCTy
BpayamMu B MEMLMHCKMX OpraHM3aumsX, pacronoXeHHbIX
B CEJIbCKOM MECTHOCTW, CHWXaeT 3aboneBaeMoCcTb HEKOTO-
PbIMWA MHPEKLMOHHBIMM UM Napa3nTapHbiMK 3aboneBaHNaMH
B PervoHax, 0THECEHHbIX K LwecTon rpynne. Cnepyet oTMe-
TUTb, YTO B OONBLUMHCTBE PETMOHOB LUECTON rpynMbl 3HaYe-
HWe noKasaTens 06ecneyeHHOCTU CENbCKUMI BpadaMm HIKeE,
yeM B cpefHeM no Poccun. CnepoBatenbHO, CHUMXEHME 3a-
boneBaeMoCTU HEKOTOPbIMU MH(EKLIMOHHBIMY U MapasuTap-
HbIMK 3ab0n1eBaHMAMM 06bSACHAETCA HEAOCTATKOM KBaNUdu-
LIMpOBaHHbIX MeAMLIMHCKUX KaapoB. OTHOCUTESTBHBIN YPOBEHD
obecreyeHHOCTM CpeiHAM MeANepcoHanoM, KOTOpbI ABNS-
eTCS OCHOBOM CENbCKUX aMbynaTopui 1 enbaLLepCKo-aKy-
LUEPCKUX MYHKTOB, HaNpOTUB, CMOCOBCTBYET BLISBNSEMOCTM
3aboneBaHNii OpraHoB [blXaHWA B TPETbEN KNacCUPUKALMOH-
HOM rpynne W 6one3Hel OpraHoB NULLEBapEHUs — BO BTOPOii
rpynne. [laHHbli pe3ynbTat cornacyetcs ¢ BblBofaMm paboth
[19] 0 BbICOKOM NONOKMTENIbHO KOppensLmm obecrneyeHHo-
CTV Bpa4yaMm 1 NoCeLLaeMoCcTy NOJIMKITMHUK C YPOBHEM 3abo-
NeBaeMOCTH B pasnuuHbIX pakioHax Hoeocubupcka. Mokasa-
Tesb YMCIa NOCELLEHUA HA OHOTO CENIbCKOTO XKUTENA B rof,
NMPUBOAMT K YBENMYEHWHD YPOBHA BbisIBNSEMOCTH 3aboneBa-
HWIA OPraHoB NULLEBAPEHNSA B TPETbEN KlacCMUKALMOHHOM

15
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Ta6nuua 4. MapaMeTpbl Mogenei 3aBUCHMOCTH YPOBHA 3ab0NIEBAEMOCTH CeNbCKOro HacenieHus Poccuiickoi Mepepaumm oT pasiuyHbIX

d)aKTOpOB no KJ'IaCCVId)MKaLIMOHHbIM rpynnaM permoHos

Table 4. Parameters of the models for prediction of morbidity of the rural population in Russia across classification groups of regions

3abonesaHue Mopenb 2
Disease Model R F P
Mpynna 1| Group 1
06wwwmit yposeHb 3abonesaeMocty | Overall incidence rate Y=0,834+1,472*X23 0,553 7,424 0,034
HekoTopble MH(EKLMOHHBIE M Napa3uTapHble 3aboneBanus  Y=7,616-0,975*X27-0,662*X18-0,295*X25 0,990 133,496 0,000
Some infectious and parasitic diseases
HoBoobpasoBahus | Neoplasms Y=-1,316+2,734*X23 0,939 91,807 0,000
MocnepcTBus BO3AEACTBUSA BHELLHWX NMPUYMH Y=1,835+0,691*X8-0,462*X3 0,914 26,615 0,000
Consequences of external causes
Fpynna 2 | Group 2
06wwit yposeHb 3abonesaemocty | Overall incidence rate Y=4,282-0,720*X28 0,583 8,380 0,028
HekoTopble MHdEKLMOHHBIE W Napa3uTapHble 3abonesBanus Y=2,097-0,188*X13 0,797 23,621 0,003
Some infectious and parasitic diseases
BonesHu opraHoB nuweBaperus | Digestive diseases Y=6,279-1,690"X28 0,721 15,537 0,008
MocnencTBus BO3AEUCTBUSA BHELLHWX NPUYMH Y=8,099+2,188*X28 0,646 10,932 0,016
Consequences of external causes
lpynna 3 | Group 3
06wwmit ypoBeHb 3abonesaemocty | Overall incidence rate Y=2,164+0,328*X21+0,435*X23-0,487* 0,975 89,469 0,000
X25+0,450%X5+0,393*X29-0,373*X24
HekoTopble MH(EKLMOHHBIE M Napa3uTapHble 3abofeBaHus Y=3,289-0,492*X32+0,401*X5- 0,839 20,781 0,000
Some infectious and parasitic diseases 0,414*X25+0,587*X3
bonesHu cucteMbl KpoBooBpaLLEHUA Y=3,181-0,342*X19+0,528*X9-0,214*X25 0,541 6,687 0,003
Diseases of the circulatory system
BonesHu opraHoB abixaHus | Respiratory diseases Y=1,427+0,673*X12 0,944 67,350 0,000
Bonesnu opraHoB nuwwesapenus | Digestive diseases Y=0,474+0,709*X13 0,691 42,562 0,000
MocnepcTBus BO3AEACTBUA BHELLHWX NMPUYMH Y=0,736+0,607*X23-0,353*X2 0,777 31,444 0,000
Consequences of external causes
Fpynna & | Group 4
06wwmin yposeHb 3abonesaeMoctu | Overall incidence rate Y=1,040+0,446*X13 0,523 8,770 0,018
HekoTopble MH(EKLMOHHbIE M Napa3uTapHble 3ab01eBaHus Y=1,958+0,247*X23-0,415*X28 0,742 10,081 0,009
Some infectious and parasitic diseases
bonesHu cucteMbl KpoBoobpalleHus Y=-1,257+0,992*X32-0,415*X23+0,376*X20 0,957 44,213 0,000
Diseases of the circulatory system
bonesnu opraHoB AbixaHus | Respiratory diseases Y=6,620-0,293*X22-1,323*X28-0,280*X18 0,945 34,482 0,000
lMNocnencTens BO3neUCTBUSA BHELLHWX NPUYUH Y=0,189+0,392*X13+0,223*X9 0,832 17,357 0,002
Consequences of external causes
lpynna 5 | Group 5
06Lwumit yposeHb 3abonesaeMocty | Overall incidence rate Y=4,111-0,759*X13-0,160*X26-0,243*X32- 0,882 24,262 0,000
0,209*X14
HekoTopble UHdEKLMOHHBIE U Napa3uTapHble 3aboneBaHus Y=3,446-0,469*X32-0,519*X13- 0,969 57,839 0,000
Some infectious and parasitic diseases 0,281*X19+0,230*X33-0,061*X22-0,156*X4
bonesHu opraHoB fbixaHus | Respiratory diseases Y=2,325-0,577*X13-0,151*X29+0,812*X31- 0,810 13,851 0,000
0,408*X3
BonesHu opraHos nuwesapeHus | Digestive diseases Y=-0,174+0,611*X23-0,285*X10+0,392*X4 0,85 27,719 0,000
I'pynna 6 | Group 6
HekoTopble MHGEKLUMOHHBIE W Napa3uTapHble 3abonesBanus Y=1,690-0,446*X11-0,210*X2 0,726 11,932 0,003
Some infectious and parasitic diseases
bonesHu opraHoB fbixaHus | Respiratory diseases Y=0,738+0,254*X17-0,250"X29+0,196*X28 0,909 26,496 0,000

BOI: https://doi.org/10.17816/humeco632920




OPUTMHATIBHOE VICCIEOBAHME

rpynne M HEKOTOPbLIX MOCNELACTBUNA BO3LEACTBUS BHELIHUX
MPUYMH 1 0bLLero ypoBHsA 3aboneBaeMoCTV B YETBEPTOM
rpynne. B 1o e BpeMs Ans HEKOTOPbIX MH(EKLMOHHbIX
W napasuTapHbiX 3aboneBaHWin B pervoHax BTOPOM W MATON
rpynn, a Takxe bonesHeli opraHoB AbixaHUs B NATOM rpyn-
ne AaHHbIA NOKa3aTeNb CHUKAET YpoBeHb 3abosieBaeMocCTH,
yTo CBUAETENLCTBYET 00 3D(EKTUBHOCT CBOEBPEMEHHOIO
obpaLLeHns 3a MeULMHCKON NOMOLLBIO MPY AaHHbIX 3a60-
NeBaHUAX B PErMOHAX, OTHECEHHBIX K YKa3aHHBIM rpynnam.
AHanoruyHo B peruoHax NAToM rpynnbl Ha CHUKEHWUE YPOBHS
3aboneBaemMoCTV opraHoB nuLieBapeHus pabotaet obecne-
ueHHocTb Korkamm Ha 10 000 cenbcKoro HaceneHus.

YCTaHOBMEHO, YTO CYLLECTBEHHOE 3HAYEHWE LIS YPOBHS
3ab0/1eBaEMOCTH CENbCKOr0 HACENIEHUA UMEHT HUITULLHBIE
ycnosus, 0cobeHHO HanuuMe BOAOMPOBOAA M rasuduKa-
uus xunbsi. Ocobyto ponb ypoBeHb rasudukaumm urpaet
ONs PErMOHOB BTOPOM Ipynnbl C BICOKWM YpOBHEM 06LLero
nokasarens 3aboneBaeMoCTW, B TOM YKCTIe NMPU HEKOTOPbIX
nocneacTBMsX BO3LENCTBUA BHELLHUX NpuumnH. Cnegyet oT-
MeTUTb, YTO YAENbHbIA BEC MUNbIX MOMELLEHUi, obopyno-
BaHHBbIX ra30CcHabeHWeM, B pervoHax BTOPOM rpynbl BhbiLLe,
yeM B cpefiHeM no Poccuiickon Pepepaumm, 3a UCKIoYe-
HueM ApxaHrenbckon obnactu. CornacHo nonyyeHHbIM 3a-
BMCUMOCTAM, YPOBEHb ra3vGUKaLMM KWUNbsS CHUMXAET 3a-
boneBaeMoCTb OpPraHoB [blXaHWs B PeruoHax YeTBEPTOA
rpynnbl, HO BEAET K POCTY MX BbISIBASIEMOCTU B peruoHax
LecToi rpynnbl. Hannune BogonpoBofa MrpaeT CyLLecTBeH-
HY0 PoJib ANl PErMOHOB TPETLEN KilacCUUKALMOHHON rpyn-
Mbl, B 6ONBLUMHCTBE PErMOHOB KOTOPOW 3HAYeHUe AaHHOro
MoKasaTens HWXEe CPefHepOCCUIACKOro YPoBHS. [laHHbIN
daKTop B TPETbEW rpynne pPerMoHOB UrpaeT CYLLECTBEHHYHO
posb Ans obliero ypoBHs 3aboneBaeMOCTH, a TaKKe He-
KOTOPbIMM MHBEKUMOHHBIMM 1 Napa3uTapHbiMM 3aboneBa-
HWUAMM M BOME3HAIMM CUCTEMbI KPOBOODPALLLEHUS, CHUMMKaN
nokasarenb 3abonesaeMocTi. Hanuume LieHTpann3oBaHHOro
OTOMIIEHUSA CHUKAET YPOBEHb 3ab0/1eBaEMOCTM HEKOTOPLIMH
MHOEKLMOHHBIMKA M NapasuTapHbIMU 3aboneBaHuAMU B pe-
rMOHax, OTHECEHHbIX K nepBou rpynne. [na naton rpynnbl
PErNOHOB OJHMM M3 (DAKTOPOB CHUMEHWS 0OLUEr0 YpOBHS
3ab0neBaeMOCTY BbISBNEHO HA/IMUME KaHANWN3aLMM B KUIbIX
noMeLueHusx. Konu4yecTso Xunon nnowagm, Npuxoasiei-
CSl Ha OQHOIO XWTeNSA, TAKKe CHIKAEeT 0bLLMIA ypoBeHb 3a-
boneBaeMoCTW AN PErMoOHOB TPeTbeN KNacCMUKaLMOHHOM
rpynnbl. C caHUTapHO-3NMAEMUONOTNYECKOW TOUKU 3pEHUS
YNyuLIEHME KaYecTBa XMW/bA AOJKHO CHUKATb YPOBEHb 3a-
boneBaeMoCTV CeNbCKOro HaceneHus, 4To Habniopaercs
B NONYYEHHBIX MOLENSX.

JocTynHoCTb MeAMUMHCKOM NOMOLLM ANS CENTBCKUX M-
TeNen ABNAETCS CEPbE3HOM M LUMPOKO 0BcyxpaeMoii npo-
bnemoit. B uccnefoBaHUAX MOLYEPKUBAETCS HanMuue He-
PaBEHCTBA MEXAY FOPOACKUMM W CENbCKUMU KUTENISIMU
B BO3MOXHOCTAIX MOJy4eHUs KBanM(MUMpOBaHHON Meny-
LMHCKOW MOMOLLUM B BUAE (M3NYECKUX OrpaHUYEHUH, TaKuX
KaK paccTosiHMe, OTCYTCTBUE Pas3BUTON MHGPAcTPyKTyphl
3[paBO0OXPaHEHUA M HECMOCOBHOCTL ONNaTMTL HeobxoauMoe
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MeauumHcKoe nedenne [20, 21]. B pesynbTate npoBeAEHHOMO
uccnefoBaHuA yCTaHOBeHa NpsMas 3aBUCUMOCTb YAENbHO-
ro Beca YMC/IEHHOCTW HaceNIeHUs! C LOX04aMU HIKE BESTNUU-
Hbl MPOXMUTOYHOrO MMHMMYMa U YPOBHEM 3aboneBaeMocTy
BonesHAMM OpraHoB MULLEBAPEHUS U HEKOTOPbIMU UHGDEK-
LMOHHBIMU W Napa3uTapHbIMU 3aboneBaHUAMU B peruoHax
MATON KnaccudmKaLMoHHOM rpynnbl. [laHHbIN pe3ynbrar co-
OTHOCUTCS C BbIBOAaMM paboThl [22] 0 BO3AECTBUM TaKOro
coumanbHoro akTopa Kak 6ejHOCTb Ha BO3MOXHOCTW Npu-
0bpeTeHMs 340POBOM MWLM, @ TaKKE YPOBEHb CaHUTApHO-
TUIMEHNYECKUX YCIOBUIA XM3HW. Pa3Mmep cpefHedyLeBbix
LEHEXHbIX J0X0/10B B pacyéTe Ha AyLUy HaceNieHus ABNseTcs
OJJHUM U3 NapaMeTpoB, onpefenstLLMX KaK 0bLLMiA ypoBEHb
3ab0/1eBaEMOCTU CENbCKOTO HAceNneHus, TaK U HEKOTOPbIMHU
MHAEKLMOHHBIMU W Napa3uTapHbIMKU 60NIE3HAMM B pernoHax
TpeTben rpynnbl. [locTyNHOCTb MeAMLMHCKONM NOMOLLM B BULE
HanMuua aBTOAOPOr C TBEPALIM NOKPBITUEM TaKIKE aKTyasb-
Ha s 0bLLero ypoBHs 3ab0/1eBaeMOCTH PErMOHOB TPETLEN
KnaccudukaumonHon rpynnbl. C y4€TOM cocTaBa TpeTbei
rPyNnbl AaHHbINA pe3ynbTaT BrOJHe 06BACHUM U C TOUKM 3pe-
HWA auddepeHumaLmMm no foxoaM, U No cTeneHn AocTyn-
HOCTM MeAMUMHCKO/ noMoluy. C fpyroii CTOpOHbI, Hanuyme
aBTOJOPOr C TBEPLALIM MOKPBLITUEM CHUMXAEET YpOBEHb 3abo-
neBaeMocTW 60/1€3HAMM OpraHoB AbIXaHUs B per1oHax naToi
W LIECTON KacCUUKALMOHHBIX TPYMN C CaMbIMKU HU3KUMM
nokasartensmMu 3aboneBaeMoCcT Mo BCEM paccMaTpUBaeMbIM
KnaccaM bonesHen.

K coumanbHbIM (aKkTOpaM BO3AEHCTBUS Ha MOKasaTenu
3aboneBaeMocTU HaceNeHus OTHOCUTCA W ynoTpebneHue
C BpPeAHbIMM NOCNeACTBUAMM ankorons. BnonHe 06bsacHUMO,
YTO AaHHbIA (aKTOp BHOCUT BKNAA B YpOBEHb TpaBMaTM3Ma
M WHBIX BbIABMIEHHBIX NOCNEACTBUN BO3AEHCTBUS BHELIHWX
MPUYMH, YTO XapaKTepHO [N PerMOHOB YETBEPTOM Kilaccu-
(u1KauMoHHOW rpynnbl. [laHHbIA NOKa3aTeb TaKKe 3Ha4YMM
ONs ypoBHA 3aboneBaeMOCTU BoE3HAMM CUCTEMBI KPOBO-
obpalLeHus B permoHax TpeTben KNnaccubMKaLMOHHOW rpyn-
Mbl, YTO NOLTBEPXKAAET TE3NC O TOM, YTO ANKOrofb ABASETCS
(haKTOpPOM pUCKa MpU [aHHOro BMAA 3ab0neBaHUAX.

Hanuuve 3aBuMCMMOCTM noKasaTeniel 06LUECTBEHHOMO
3[10p0BbS OT YPOBHS 06pa30BaHUs OTpaXeHo B MCCNeAO0Ba-
HWW [23], roe nokasaHo, YTO poCT YPOBHA 06pa3oBaHMA MO-
eT cnocobcTBOBaTb YBEMUEHUIO MOKa3aTeNs 0XMAaeMoi
NPOAOIKUTENBHOCTU M3HK. o paHHBIM MuHucTepcTBa
30paBooXxpaHeHus W coumanbHbix cyxb CLUA, yposeHb 06-
pa30BaHNA M MeULIMHCKAs rPaMOTHOCTb BAIMSIKOT Ha Crnocob-
HOCTb JI04eN NoayYaTb AOCTYN K MEAULIMHCKUM ycnyraM [22].
3aBucumocTb 06LLero ypoBHs 3aboneBaeMocTv 0T 06paso-
BaTe/IbHOW CTPYKTYpPbl CENBCKOr0 HaceneHus MOXeT CBUAe-
TeNIbCTBOBATH 00 OTHOLLIEHMM K CBOEMY 3[,0P0OBbI0, AMHAMUKE
obpalLaeMocTyi W, COOTBETCTBEHHO, YBENIMYEHWIO MU YMEHb-
LeHno YpoBHA 3aboneBaeMocTu. 0bpa3oBarenbHas CTpyK-
Typa CeNbCKOro HacesieHus!, COrNacHo MOJTy4eHHbIM pe3ysib-
TataM, BAMSET Ha yPoBEHb 3aD0N1EBAEMOCTU HEKOTOPLIMU
MHGEKLUMOHHBIMM M Napa3uTapHbLIMM 3ab0/1eBaHNAMM B NATO
rpynne perMoHoB, HOBOObpa3oBaHWAMKU — B NepPBOIA rpynne,
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bonesHAMKM opraHoB KpoBoobpalleHUst — B TPETbed U YeT-
BEPTOI rpynnax, opraHoB AbixaHus — B YETBEPTON rpynne,
OpraHoB nuLieBapeHuss — B NATOW rpynne. MoxHo cka-
3aTb, YT 0bpasoBaTeNbHas CTPYKTYpa CENbCKOr0 HaceeHus
B KayecTBe (haKTOpa BNMAHWA CMOCOBCTBYET BbISABNSEMOCTH
MPaKTUYECKU BCEX PacCMOTPEHHBIX KNAccoB 3aboneBaHui,
HE3aBMCMMO OT KnaccuduKauMoHHoW rpynnbl. OfHako che-
LYET 0TMETUTB, YTO ANA NEPBOI KacCUdUKaLMOHHO rpynnbil
C CaMbIMU BbICOKMMM MOKa3aTensaMm obLuero ypoBHA 3abo-
neBaeMoCT! U HoBOODBpa30BaHUAIMM ypoBeHb 0bpasoBaHus
UrpaeT peLuaoLLyio posb AJ1 CBOEBPEMEHHOrO BbISB/IEHMS
3aboneBaHuii.

YcTaHoBneHo BAMsAHWE AeMorpadmyeckux XapaKTepucTuK
CENbCKOro HaceneHus Ha ypoBeHb 3aboneBaeMoctu. Poct
LONU CENbCKOro HacemneHus B TpynocnocobHoM Bo3pacTe
CHWXKAeT ypoBeHb 00Lien 3ab01eBaeMoCTM B pernoHax ns-
TOW KNacCMUKaLMOHHOW rpynmbl, Y4TO BMOHE 06BACHWUMO,
MOCKONbKY 6onee 3HauMTeNbHBIA BKAL B YPOBEHb 3abone-
BaeMOCTU HaceseHUs BHOCAT CEJIbCKUE XUTENM B BO3pacTe
cTapLue TpyAocrnocobHoro. MurpaumroHHbIi NpUpPOCT CebCKo-
ro HaceneHwus, UCXOAA U3 MOMYYeHHbIX Pe3ysibTaToB, CHUMa-
€T YpoBeHb 3ab0/1eBaEMOCTM HEKOTOPbIMU MHAEKLMOHHBIMH
W napasuTapHbIMU 3aD01EeBaHNAMM B PErMOHaX NepBom rpyn-
Nbl 1 601E3HAMM OpraHoB bIXaHWUs! B PETMOHAX, OTHECEHHbIX
K nATOi KnaccudmKkaumonHoi rpynne. [laHHbIN GaKT BecbMa
TPEBOXEH U 0OBACHAETCA C 6OMbLION BEPOSATHOCTLH) HEob-
PaLLaeMOCTbI0 MUMPaHTOB 338 MeAMLMHCKOW MOMOLLbHO, OT-
CYTCTBMEM KaK MOSMCOB MeAMLMHCKOrO CTpaxoBaHue, TaK
1 PUHAHCOBBIX BO3MOXKHOCTEN ANS MOYyYeHUs Me AULMHCKOM
MOMOLLM Ha BO3ME3/IHOW OCHOBE.

Cpeayn paccMOTPEHHbIX 3KOHOMUYECKUX (aKTOpOB BO3-
MOXXHOTO BIMSIHUA Ha YpOBEHb 3aD0N1EBaEMOCTH CENIbCKOro
HaceneHus OTCYTCTBME 3HAYMMOI B3aUMOCBSA3M OKa3anoch
Y BE/IMYMHbI BaIOBOTO PErMOHANbHOMO MPOAYKTa B pacyé-
Te Ha [ylly HaceneHus, ypoBHA be3paboTuupl, paccunTaH-
Hou no Metogonorun MOT, pacxoAoB KOHCONMAMPOBAHHBIX
blopeToB Ha 0bpa3oBaHue M 3apaBooxpaHeHue. OpHako
YCTaHOBMNEHO, YTO [0NIA BasioBoW A00aBNEHHON CTOMMO-
CTU CENbCKOrO, JIECHOrO X03SIACTBa, 0XOThl W pbIb0ONOBCTBA
B 3KOHOMMWKE PErMoHa CHUXaeT YpoBeHb 3abosieBaeMocTy
HEKOTOPbIMU MHAEKUMOHHBIMW M Napa3uTapHbIMM 3abone-
BaHWAMM B cydbekTax Poccuiickoii Peepaumm, 0THECEHHBIX
K LUECTOW KnacCU(GMKALMOHHOM rpynne, U NocieLCcTBUSMMU
BO3[e/CTBMS BHELUHUX MPUYMH B PEMMOHAX TPETbEN rpynnbl.
PasButue oTpaciu B pervoHe AaeT BO3MOXKHOCTb, C OLHOM
CTOPOHbI, NOAHATb B X03AWCTBAX Ha JOMMHbIN YPOBEHb CaHU-
TapHO-3NMAEMUONOTMYECKUA KOHTPOb U, C iPYroii CTOPOHI,
CHU3WUTb MPOM3BOACTBEHHbINA TpaBMaTM3M. PocT yaenbHoro
Beca YObITOYHbIX CENbX03NPeLnpUATUI, HANPOTMB, NOBbILLA-
€T YpoBeHb TpaBMaTU3Ma 1 HEKOTOpbIX APYriX NocnesCcTBuiA
BO3[EHCTBMS BHELLUHMX MPUYMH B PerMoHax nepBoii Kiaccu-
(UKaLMOHHOI rpynnbl. WHBECTMLMM B OCHOBHOW KanwuTar,
HanpaB/eHHble Ha pasBUTHMe 3[paBOOXpaHEHWUs U Npefo-
CTaBJIEHUE COLManbHbIX YCNYT, CNOCOOCTBYHOT BbISBNSEMOCTH
HEKOTOPbIX MHPEKLMOHHBIX U Mapa3uTapHbIX 3aboneBaHuil
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B PervoHax, OTHECEHHbIX K TpeTben KnaccudUKaLMOoHHOV
rpynne, HO MO3BONSKOT CHU3UTL 3a60/1€BaEMOCTb OPraHoOB Jbl-
XaHusi B NATOW rpynne 1 nocneAcTBus BO3LENCTBUS BHELLHUX
npudvH B nepsoii rpynne. MonydyeHHble pe3ynbTaTbl COOTHO-
CAATCA C BbISIBNEHHOW 3aBUCMMOCTBHO 3abonieBaeMocTy 0T 06bE-
MOB (DMHaHCMPOBaHMS, 0TPaXaloLLMX 0bLLee GUHaHCUpOBaHME
CUCTEMbI 3[JpaBOOXPAHEHMSA PErMoHa B paMKax TeppuUTopu-
anbHbIX NPOrpaMM rocyaapcTBEHHbIX rapaHTui [24]. Lectas
rpynna perMoHoB € CaMbIMU HU3KUMK MOKa3aTensamMm 3abo-
NeBaeMOCTV N0 BCEM PacCMOTPEHHBIM KiaccaM 3aboneBaHni
OT/IMYAETCA TaKKe MONOXMTENbHBIM BKIIa40OM B BbisiBsie-
MOoCTb 3ab0sieBaHuii OPraHoB AbIXaHUs PacXxoAamMu KOHCONW-
[VPOBaHHbIX O10JXKETOB Ha COLMANbHYK MOUTMKY.

WccnepoBaHwin BIMAHWA 3KONOTMYecKUX GaKTopoB Ha 3a-
boneBaeMoCTb pasnMYHBIMK Knaccammu GonesHen [ocTaTod-
Hoe Konnyectso [7, 25], ofHaKo B HacTosLLen paboTe ycTa-
HOBJ/IEHO JIULb BNIUSIHME COpOCa 3arpsi3HEHHBIX CTOYHBIX BOA
B MOBEPXHOCTHblE BOAHbIE 06BLEKTHI B MOBLILLEHUE YPOBHS
3ab01eBaeEMOCTM CeNbCKOro HAceNeHns NAToN Kiaccuduka-
LIMOHHOM rpynnbl 60Ne3HAMK OPraHoB [bIXaHMs.

BbiBoabl 6onblUMHCTBA PaboT, NOCBALLEHHBIX U3YYEHMIO
CBA3M 3300/1€BaEMOCTU C NOrofHbIMK (haKTopamu, N0 MHe-
HUI0 cneumanucToB [12], BecbMa npoTMBOpeunBbl. PesynbTa-
Tbl HACTOALLLEr0 MCCEL0BAHUA NOKA3bIBAKOT, UTO OTKIOHEHME
OT HOpMbI CPeiHel TEMMepaTypbI MIONSA CHUMXAET 0BLLMIA Ypo-
BeHb 3a60/1eBaeMOCTY B perMoHax NATOW rpynrbl, @ TaKKe 3a-
BoneBaeMoCTb HEKOTOPLIMU MHGDEKLMOHHBIMW 1 NapasuTap-
HbIMK 3ab0N1eBaHMAMM B CyObEKTAX, OTHECEHHBIX K TPeTbelA
U NATOW KacCMdUKaLMOHHBIM rpynnaM. HyHo oTMeTwTb,
4TO OTKJIOHEHWE OT HOPMbI TEMMEpATypbl UK MOXET BbITh
KaK B CTOPOHY Xapbl, TaK 1 B CTOPOHY X0/103, YTO, BEPOATHO
CYLLECTBEHHLIM 00pa3oM onpeaenseT pacnpoCcTPaHEHHOCTb
HEKOTOPbIX MHGEKLUMOHHBIX U NapasuTapHbIX 3aboneBaHuWi.
WHas kapTuHa Habnogaetcs ¢ 3aboneBaHUAMM OpraHoB Kpo-
BOOOpaLLEHMA B PerMoHax YeTBEPTOW KacCU(MKaLMOHHOM
rPynnbl, FAe U3MEHEHWe TeMNepaTypbl U0 ABNSETCA OAHUM
13 (aKTOpOB pPUCKa, NPOBOLMPYHOLLMX 0BOCTPEHNE cepaeyHo-
cocyamucTbix 3aboneBaHuii. OTKIIOHEHWE OT HOpMbI KOUYe-
CTBa 0CAJKOB TaKXKe CYLLLECTBEHHO A pacnpoCTpaHEHHOCTH
HEKOTOPbIX MHGBEKUMOHHBLIX M NapasuTapHbIX 3aboneBaHui
B pervoHax naron KnaccuuKaLumMoHHON rpynnbl.

Takum 06pa3oM, YCTaHOB/EHO Hannuue Cepbe3Ho Aud-
(hepeHumaummn pernoHoB Poccuiickon Pepepaumm no dak-
TOpaM BAUSHUA Ha YpoBeHb 3ab0N1eBaEMOCTU CENIbCKOMo
HaceNleHUs 0CHOBHBIMM KJlaccamu bonesHeli B nepuof, naH-
AeMuiiHbIX orpaHuyenuin 2021 r. CnepyeT npefnonoXuThb,
yTo 0060CTPEHNE CUTYaLMU C OKa3aHUEM MEIMLMHCKOMN Mo-
MOLLM CeNbCKOMY HaceneHuto B nepuog nanaemum COVID-19
JMLWLb YCyrybuno pernoHasbHble pasnnuymns BO BAUSHUM hakK-
TOpoB cpefbl 06UTaHUA Ha ypoBeHb 3ab051EBAEMOCTU HEWH-
(eKuMoHHbIMKM 3aboneBaHnaMU. OrpaHMYEHHOCTb HacTosLLe-
ro uccnefoBaHusa faHHbIMK 2021 r. TeM He MeHee No3BonseT
NPeAnoNioXMUTb, YTO UMEHHO B 3TOT Mepuof, 06oCTpuInCh
He TOJIbKO Npob/ieMbl C OKa3aHWeM MeAMLMHCKOW NOMOLLY
Mo HeUHHEKLMOHHBIM 3a00N1eBaHNAM CENIbCKOMY HaCeNIeHUHo,




OPUTMHATIBHOE VICCIEOBAHME

HO W BAMSHME MHOrUX Apyrux aKTopoB cpefbl 0buTaHus
Ha cocTosHMe 0BLLECTBEHHOMO 3[40POBbS CENICKOr0 Hacere-
Hus. NoaToMy pesynbTaTbl HAaCTOALLErO CCeL0BaHMS CTOUT
paccMaTpuBaTh KaK HEKMiA Cpe3 COCTOSIHUSA BAMSHUA (aKTo-
poB cpefbl 06UTaHKSA Ha 06LLECTBEHHOE 3[,0pPOBbE CENILCKOT0
HaceneHus B 3KCTPeManbHbIX ycnosusx. UccnegoBanue ms-
y4aeMbIX NPOLECCOB B AMHAaMUKE MO3BONUT CAENaTh BbIBOL
0 CTENEHM YCTOMYMBOCTM NONYHEHHBIX 3aBUCUMOCTEN M Knac-
CUGUKALMOHHBIX FpYnn perMoHoB. 1o MHEHUHO CreLManucToB
(®epnepanbHoii cnyxbbl N0 Hap3opy B cdepe 3aluMTLI NPaB
notpebutenen u 6narononyunsa Yenoseka, K 2025 r. Bknag
CcoLManbHbIX M 3KOHOMUYECKUX (HaAKTOpOB B MOKasaTenu co-
CTOSHWA 3[,0POBbA HaceneHus B cybbekTax Poccuiickoi De-
Aepauun Bynet Bo3pactatb M AocTuUrHeT bonee 45% cpeau
Bcex (haKTOpPOB cpefibl 0OUTaHUA, NpK ITOM BKIIA CaHWUTap-
HO-FUrMeHUYeckux aKTopoB cocTaBuT He bonee 25%, hak-
TOpoB 06pasa xm3um — a0 30% [8], noaToMy uccnenoBaHus
AETEPMUHAHT 06LLeCTBEHHOrO 3[0POBbLA CENILCKOr0 Hacerne-
Hus byayT No-nNpeKHeMy aKTyalbHbI.

3AKJIK4YEHUE

[lns nocTUXKEeHMA 3asBNIEHHOM LieNIM HaLMOHaNbHOro pas-
BMTUS B 00N1acTh 06LLeCTBEHHOrO 3[,0p0OBbS CENLCKOr0 Hace-
nenus Poccum HeobX0AMMO yuUTLIBATL He TOMBKO CMOXHbIE
CBSI3U MeX[y 3A0POBbEM W COLMAsbHO-3KOHOMUYECKUM MO-
JIOXKEHMEM, a TaKKe [OCTYMHOCTBI0 W KauecTBOM MefLMH-
CKUX YCIYTr, HO W CTeNeHb peruoHanbHol auddepeHumMaLmm
110 YPOBHI0 3a60/1€BaEMOCTY CENbCKOr0 HAceNeHUs OCHOBHBIMM
Kraccamu 3abonieBaHmii 1 GaKTopamy BIMSHUA Ha UX YPOBEHD.

TakuM 0bpa3oM, ¢ YH4ETOM pernoHabHbIX 0cobeHHOCTel
3HauYeHue ¥ BKIaZ COLMAbHO-3KOHOMUYECKMX, AeMorpadm-
YECKMX, IKONOTMYECKUX U NPUPOAHBIX HaKTOPOB B COCTOAHME
06LLeCTBEHHOTO 3A40POBbSA CENbCKOTO0 HACeNeHUs AOJIKHbI
onpefensTb CTpaTervio U TaKTUKY rocyfapCTBEHHOM pervo-
HaNbHOW MOMMTUKM, HanpaB/IEHHOW Ha Pa3BUTME CEJSTbCKOrO
30paBO0OXPaHEHUs, B UHTEpeCcax CEeNbCKOro HaceneHus. Pe-
3ynbTaThl HACTOALLEro MCCNEA0BaHUA MOTYT BbITb UCMONb-
30BaHbl NpU pa3paboTKe rocyAapCTBEHHBIX PErvOHaNbHbIX
MporpamMM pasBuTUS CENbCKOr0 3PaBOOXPaHEHUS.

AOMO/IHUTE/IbHAA UHOOPMALIUA

BbnaropapHocTu. ABsTop BblpaxaeT rnybokyl 6narofap-
HOCTb CheumanucTaM [lenapTaMeHTa MOHWTOPWMHIA, aHanu3a
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Bpaku u pa3Boabl B ApKTUUECKOW 30He
Pecny6nuku Caxa (kytusa) B 2000-2022 rr.

J1.0. Tumodpees, H.B. CaBeuHa, A.J1. Tumocdees

Cesepo-Boctounbin pepepanbHbiii yHuBepeuteT uM. M.K. AMMocoBa, AkyTck, Poccus

AHHOTALMA

06ocHoBaHue. OfHO U3 OCHOBHBIX YrP03 HaUMOHasbHOM Be3onacHoCTU B APKTMKE Ha CErOAHALUHUIA [eHb NpU3HAETCA co-
KpaLLeH1e YUCIIEHHOCTU HaceNieHus, KOTOpoe 3a NnociefHee fecatunetve HabnopaeTcs v B ApKTUYecKoi 3oHe Pecnybnukm
Caxa (Akytus). MoHATHO, YTO TaKas CMTyauMs B OCHOBHOM 06ycrioBneHa HebnaronpuATHBIMK MeMKO-LeMorpapuyeckumMm
NpoLIECCaMM: HU3KUM YPOBHEM POXAAEMOCTH, OTHOCUTENBHO BbICOKUM YPOBHEM CMEPTHOCTU Hacenenus B 13 ynycax, Bxoas-
LUMX B rpynny apKTuyeckux. KaKk noKasanu Halum uccnefoBaHus, CBOK JIENTY BHOCSAT U HU3KME YPOBHM OpaKoB B BOMbLUMH-
CTBE pacCMaTpUBAEMbIX apKTUYECKUX YITyCOB.

Lenb. AHanu3 1 oLeHKa AMHAMUKKM MoKasaTeneii 6payHocTy 1 pa3BoaMMocTH B ApKTudecKoii 3oHe Pecnybnuku Caxa (Aky-
1) 3a 2000-2022 rr.

Martepuan n Metopbl. AHann3 ocHoBbIBaNCA Ha Matepuanax oduumManbHOM rocynapcTBEHHONM CTaTUCTUKU. [lepBoHavanbHo
Mo nepceHTUNbHOMY MeTofy Obiv paccuMTaHbl YPOBHM NOKasaTenen no bpakaM 1 pa3sofiaM BO BCEX paloHax/ynycax pecny-
OnMKK, 3aTEM aHanK3 NPOLOMKUAM Mo rpynne U3 13 apKTUYECKMX yycoB.

Pesynbtatbl. YpoBHM Kak bpayHOCTH, TaK M pa3BOAMMOCTU BbiM OTHOCUTENBHO HU3KUMW B BbiBpaHHOM rpynne, YTo Harnsaa-
HO NOATBEpPXKAAETCA NpefcTaBeHHbIMU Tabnuuamm u guarpaMMamu. PacuéTbl KoahhULMEHTOB KOppensuun Mexay nokasa-
TensaMu 6payHOCTU M POXKAAEMOCTV NOKA3anm WX NOTUYECKYI0 CBA3b.

3akntoyenue. OTHOCUTENBHO HU3KWE YPOBHM BPayHOCTM M Pa3BOAMMOCTM yXyALIaloT U 6e3 Toro HebnaronpusTHyl0 MeauKo-
AeMorpaduuecKyto CUTYaLMIo B apKTUYECKUX paioHax pecnybnuku. [Ing ynyJlieHns nonoxeHns B chepe feMorpadmyeckoil
NOJIMTUKU aHbl COOTBETCTBYHLLUME PEKOMEHLALMM [NaBaM MyHULMNabHBIX 06pa3oBaHuin Pecnybnukm Caxa (AkyTus).

KnioueBble cnoBa: bpaky; pa3Bofbl; poxaaeMocTb; ApKTuKa; Pecnybnuka Caxa (Akytus).
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Marriages and divorces in the Arctic zone
of the Sakha (Yakutia) Republic in 2000-2022

Leonid F. Timofeev, Nadezhda V. Savvina, Artem L. Timofeev

M.K. Ammosov North-Eastern Federal University, Yakutsk, Russia

ABSTRACT

BACKGROUND: One of the primary concerns for national security in the Russain Arctic today is the declining population.
A decrease in population over the last decade has also been observed in the Arctic zone of the Sakha (Yakutia) Republic. This
trend can be attributed to unfavorable medical and demographic factors, such as low birth rates and relatively high mortality
rates in the 13 districts that belong to the Arctic zone. We hypothesize that low marriage rates in most of the Arctic districts
may also contribute to population decline.

AIM: To describe marriage and divorce rates in the Arctic zone of the Sakha (Yakutia) Republic in 2000-2022.

MATERIAL AND METHODS: A descriptive study. Materials from the official government statistics were used. Initially, marriage-
and divorce rates were calculated using the percentile method in all districts of the republic. Then the analysis was performed
using the data from 13 Arctic districts. Associations between the variables were studied by correlation analysis

RESULTS: Both marriage- and divorce rates were relatively low in the Arctic districts as demonstrated by the data in tables
and charts and supported by the results of the correlation analysis.

CONCLUSION: The Arctic regions of the Sakha (Yakutia) Republic face challenges due to relatively low marriage- and divorce
rates, which exacerbate the already unfavorable medical and demographic situation. In order to address these issues and
improve the demographic policy in the region, specific recommendations have been developed for the municipal leaders of the
Sakha (Yakutia) Republic.

Keywords: marriage; divorce; birth rate; Arctic; Sakha (Yakutia) Republic.
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OB0CHOBAHUE

MoaepHu13aLMoHHbIE NpOLLECCh COBPEMEHHOTO 06LLeCTBa
3aTparuBaloT Bce chepbl XKU3HELEATENBHOCTM JI0AEH, B TOM
uucne u cdepy bpayHo-CeMENHBIX OTHOLLEHWIA: YBENMYMBa-
eTCcA BO3pacT BCTYNneHust B GpaK, pacTeT uMcio pasBoAos,
CHWXaeTcs ypoBeHb bpayuHocTm [1].

Ha cerogHAWwHWiA AeHb MMeeTcA [0CTaTO4HOE KOMM-
YeCTBO MCCNIEOBAHMI, MOCBSLLEHHBIX AAHHOW TEMaTuKe,
MPUYEM B BONBLUMHCTBE MYBAMKALUMIA KOHCTATUPYETCH TeH-
AEHUMA CHUKEHWUA KONM4YecTBa BpaKoB M pocTa pa3BoAOB.
TaK, cpaBHUTEIbHasA XapaKTePUCTUKA KO3 duLmMeHTOB bpay-
HocTu U pa3sogumocTu B Poccuiickon Pepepauumn u apyrux
CTpaHax npeacrasneHa B pabote X.K. Abywesoi 1 coasr. [2].
MpobneMbl BpayHOCTM M Pa3BOAMMOCTM M NMYTU UX PELLEHUSA
B Poccuitckoit ®epepaumm, HaumHas ¢ 1950 r., pacKpbiThl
B paborax C.B. PasaHueBa u coasrt. [1], B.I. AntoHoBa [3]
u E.C. KoBaHoBoW 1 coaBT. [4]. 3Tn e npobnembl B HOBEli-
weit uctopum Poccum obcyxpatotca B pabotax JI.A. [laB-
netwmHon, E.A. Jonrux, 10.B. 3anueson, E.A. CbicoeBon,
A.0. Wepundosoii u coasr. [5-7].

YKa3aHHble npobnembl B defepanbHbIX OKpyrax M oT-
LeNbHbIX PErMOHAX TaKKe BbI3blBAlOT MHTEPEC Y Uccieno-
BaTeneii, uMetotca pabotsl no Ceepo-KaBkasckoMy depe-
panbHoMy okpyry [2, 8], [lanbHeBocTOUHOMY defiepanbHOMY
okpyry v Espeiickoit AO [9, 10], KpacHopmapckomy kpato [11].
AnanornuHele uccnegoBaHusa npoBogunuck M B Pecnybnm-
Ke Caxa (Akytus), a TaKKe B 3apyDexHbIx cTpaHax [12-13].
BmecTe ¢ TeM oKasanoch, Y4TO 0YeHb Masio HayuHbIX Uccre-
L0BaHWUM, NOCBALLEHHBIX OLEHKe BpayHOCTV U pa3BoAMMOCTH
B ApKTMYeCKoiA 30He Kak B Poccuiickon Deepaumu B LENoM,
TaK 1 B Pecnybnuke Caxa (Akytus) [14, 15].

OCHOBHbIM HaLMOHanbHbIM MHTEpecoM Poccuinckoii Qe-
Aepauuv B ApKTuKe, cornacHo Ykasy lpe3suaenta Poccuin-
ckoi Pepepaumnm «06 OcHoBax rocynapCcTBEHHOM MOJIUTUKM
Poccuitckon ®Oepepaumm B ApkTuke Ha nepuog ao 2035 r.»
N® 164 ot 05.03.2020 r., sBnsetca obecneyeHne BbICOKOrO
KauecTBa XM3HU U BnarococTosHMA HaceneHus ApKTuue-
CKoli 30HbI Poccuitckoit ®epepauuu [16]. Mpu 3ToM 0aHOM
M3 OCHOBHbIX Yrpo3 HauMoHanbHoW besonacHocTn B Apk-
TUKE MPU3HAETCA COKpALLEHME YMUCIIEHHOCTU HaCeneHus,
B TOM uuCie Ha TeppuTOpuK Halwueii pecnybnukm. Tak, B pa-
bote T.E. bypueBoii 1 C0aBT. 0TMEYaeTCs, YTO B AMHAMUKE
3a 20-netHui nepuog, (2000-2020 rr.) B apKTUYECKUX pant-
oHax Pecnybnukn Caxa (AKyTus)) YMCNEHHOCTb HaceneHus
CHU3unach Ha 22,1%, B TOM YMC/e YUCNEHHOCTb TPYL0CHO-
cobHoro Hacenennsas — Ha 21,5%, [eTcKoro HaceneHus —
Ha 32,2%; koadduumeHT aenonynaumm B 2020 r. cocTaBun
0,78 [17].

B HacToswee BpeMs B ApKTudeckyto 30Hy Pecrybnuku
Caxa (Akytus) BxoaaT 13 paiioHoB (ynycoB): AGbiAcKui, An-
NauxoBCKuii, AHabapckuid, BynyHckwii, BepXHeKonbIMCKUiA,
BepxosHckuin, Xuranckuin, MoMckuit, HUXKHEKONbIMCKHMA,
OneHéKckuit, CpenHeKoNbIMCKUA, YcTb-AHCKUIA M IBEHO-
boiTaHTanckuii. [Ina 3aTux ynycoB XapaKTepHbl CypoBble
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KnuMatoreorpauyeckue ycroBus, ManouUCNEHHOCTb Ha-
ceneHus npu obWwMpHOW naowaan Tepputopui, cnaboe
pa3BUTME TPAHCMOPTHOW MH(PACTPYKTYPbI, 4TO HE MOXET
He B/IUATb Ha COCTOSIHME 3[10POBbE HACESIEHNS, B TOM YKCIe
Ha MeIMKO-AeMorpadmyeckyio CUTYaLMIo, Ha KOTOPYHO OKa-
3bIBalOT BAMAHME TaKKe Dpaku U pa3Boabl Ha TON UK MHOW
TeppUTOpHUM.

Llenb uccnepoBaHns — aHanu3 M OLEHKa AMHaMUKK Mo-
Ka3aTenei bpayHOCTU ¥ pa3BOAMMOCTW B ApKTMUYECKOI 30HE
Pecnybnuku Caxa (Akytus) 3a 2000-2022 rr.

MATEPUANT U METObI

CTaTMCTMYeCKUe MOKasaTeNn B3ATbl M3 0GMLMANbHBIX
uctouHnkoB DepepanbHoii cnyxbbl rocynapcTBeHHON CTa-
tmcTukm (OCIC, Pocctarta) u TepputopuansHoro opraHa (TO)
OCI'C no Pecnybnmke Caxa (Akytus) [18—20]. [NepeoHavanbHo
M0 NepceHTUNbHOMY METOLly paccuMTany rnoKasaTenu no BCeM
aMUHICTPATVUBHO-TEPpUTOpHabHBEIM 06pa3oBaHKaM (paiio-
Ham/ynycam) pecnybnuku. CornacHo aToMy MeToay, ynychl
¢ nokasatenamu fo 10-ro nepceHTMns OTHOCMIUCL K Tep-
PUTOPUAM C HU3KUM YPOBHEM TOTO MMM MHOrO MOKa3aTens,
ot 10-ro 8o 25-ro — c YpoBHEM HWXe CPefHero, oT 75-ro
Ao 90-ro — c ypoBHeM Bbllle cpeaHero, cBbiwe 90-ro —
C BbICOKMM YpoBHeM. OueBMAHO, 4TO C NOKa3aTensamu, ne-
Xalmmm B npefenax ot 25-ro fo 75-ro nepceHTUns, ynycol
OTHOCWAMCB K Fpynine co CPeSHUMM 3HAUYEHUAMM.

3aTeM yKasaHHble 13 ynycoB, BXOAALMX B APKTUYECKYIO
30Hy, ObIM BbILENEHBI 1S AaNbHENLLIEro aHanum3a. [pu atom
YPOBHM MoOKa3aTenen (HWU3KMIA, HUKE CPefHero, CPeaHui,
BbILUE CPEAHEro M BbICOKMW) MO KaXAoMy ynycy yKasaHbl
B CPaBHUTESIbHOM acneKkTe €O BCEMM paloHaMu/ynycamu
pecnybnmku.

Wcnonb3oBanu TakKe MeToz, KOPPesLUMOHHOO aHann3a:
paccumTan KoahduumeHTbl Koppensaummn Mexay bpayHocTbio
W POXAaEMOCTbIO HACENIEHNS B apKTUYECKUX ynycax pecny-
onmKm.

PE3Y/IbTATbI

YucneHHocTb HaceneHmss ApKTUYECKOMN 30Hbl
Pecny6nuku Caxa (AkyTus)

Mpexnae yeM paccMoTpeTb BpayHOCTb M pPa3BOAMMOCTb
B APKTWUYECKOW 30He YNyCoB/palioHoB 3a 23-NeTHUiA nepuog,
XXI B. (2000-2022 rr.), 06paTUM BHUMaHUE Ha YUCNEHHOCTb
HacesleHnsa B 3TUX ynycax. TaK, cornacHo AaHHbiM TO OCIC
no Pecnybnuke Caxa (fIkyTus), no YMCneHHOCTU HaceneHus
BONBLUMHCTBO YNycOB ApKTUYECKOM 30HbI ABMIAKOTCA Hanbo-
nee ManoumcneHHbIMu (tabn. 1).

[ins 60MbWKHCTBA YNyCOB XapaKTepeH Cnaf uWCIeH-
HOCTW HacefileHus B CpPaBHEHUM C MPeabIAyLMM r0[0M
(cumBon {). U Tonbko OneHEKckuin u IBeHo-bbiTaHTanckui
ynychbl 3a NocnegHue 5 NeT UMET NMONOKMTENbHYK [MHA-
MWKy pocTa AaHHOro noKasarens.
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Bpaku u passoppbl

HemanoBaxHoe 3HaueHue 4151 OLEHKM AeMorpadmryecKmx
MpOLIECCOB Ha TOW WM MHOW TEPPUTOPUM UMEET COCTOSIHME
BpayHocTn 1 pasBogumocTu. Ecnn cpaBHUTB KO3 dULMEHTEI
bpauHocTu B LenioM no Poccuiickon Pepepaumu n Pecnybnm-
Ke Caxa (Akytus), To go 2019 r. oHM Obinn BroNHe comno-
cTaBuMbl, ogHako ¢ 2020 r. oTMeuvatoTcs bonee HU3KUe MX
ypoBHu B Pecnybnuke Caxa (Akytus; cMm. Tabn. 1).

06wue KoapduuMeHTbI BpayHOCTM M Pa3BOAMMOCTU
B apKTMYECKUX ynycax NpefcTaBeHbl B Tabn. 2 n 3 (ypoBHU
B CPaBHUTE/IbHOM acreKkTe CO BCEMU MYHULMNAbHBIMKU 06-
pa3oBaHuaMK pecnybnmkm). BugHo, uto B 2000 r. 8 ynycos
uMenn KoadduumMeHTbl BpayHOCTU XyKe, YeM B CPeAHEM
no pecnybnuke, no utoram 2022 r. — yxe 11.

OnucaHHoe BbiLLie UAMIOCTPUPYET NapHOe COMOCTaB/EHME
CpefHUX 3HaYeHWn KoadduumeHToB bpayHocTn no pecny-
6nmKe n ApkTuueckoii 3oHe (puc. 1).

[ins ApKTMUYeCKOM 30HbI, KaK 1 B LesoM Ans pecnybnvku,
XapaKTepHa BonHoobpasHas AuHaMMKa nokasateneii bpad-
HocTu. [lpn 3TOM caMble HU3KWE KOIPGMLMEHTHI AaHHOrO
nokasarens Habnoganuce B 2020 r., YTO M He YAMBMTENLHO,
umes B BuLYy Havano nangemuun COVID-19.

CornacHo napHOMy COMOCTaBNEHWIO NoKa3aTeneit Koag-
Gu1LMEHTOB pa3BOAMMOCTH, B LIENIOM Mo pecnybnnke u Apktu-
YeCKOiA 30He 0TMeYaeTca bonee NO3UTUBHAs KapTUHA B apK-
TMYeCKUX ynycax (puc. 2).

T.31Ne T, 2024

JKoNorna HenoBeka

Kpome Toro, npoBenu napHble pacyéThl KO3QPULMEHTOB
Koppensumu (r) Mex<ay nokasatensamu 6payHocTi 1 poxaa-
eMoctu 3a 2010-2022 rr. B pacuért bpanv nokasarenm r=0,31
¥ BbILLE, TO eCTb C YMEPEHHOMN U CpefHel CBA3AMU Koppens-
UK. BoisicHunocn, y4to 8 U3 13 apKTMYECKUX YNycoB UMEKT
r Bbilwe 3Ha4eHus 0,31, opyrMum cnoBaMm, MOXHO NOATBEp-
[VTb W3BECTHYIO UCTUHY, YTO YeM bonblue ceMeliHbIX nap pe-
TUCTPUPYET CBOM OTHOLLIEHMS, TeM BOsibLUE POXAAETCA LETENd.

C y4eToM BpEMEHHbIX J1aroB NpOBENM W TaKUe pacyé-
Tbl, KOrAa B 0AMH MaccuB Bpanu nokasatenn BpayHocT
3a 2010-2021 rr., a B Apyrod — noKa3aTesu poXAaeMocTy
33 2011-2022 rr. UMetoTcs B BULY Te 3aKOHOMEPHOCTH, KO-
[ OMH U3 HabnoaeMbix HaKTOPOB B OJHOM KaneHAapHOM
rofy MOXeT [aTb 0XMA3eMble pe3ynbTaThl B CNeAyHOLIEM
KaneHpapHom rogy. Kak v npegnonaranocs, yxe B 10 yny-
cax Habmoganuce bonee-mMeHee 3HaUUMble KOIPOULMEHTHI
Koppensuuu, a ewweé B ABYX yiycax Noayuunn norpaHnyHbIe
3Hauenus (0,29-0,30).

ObCYXOEHWUE

CHavana HeMHoro o KoadduumeHTax bpayHocTn Hace-
nenus 3a 2000-2009 rr. Ina aMHaMUKM nokasatens bpauy-
HocTu no Pecnybnuke Caxa (Akytus), kak n no Poccuitckon
Oepepaumm, xapakTepHa TEHAEHUMA K YBENMYeHuio C 6,8
B 2004 r. no 8,4 B 2009 r. (B pacuéte Ha 1000 xuTeneit),

Tabnuua 1. YucneHHocTb HaceneHuns ApKTYecKoi 30Hbl Pecnybnmnkm Caxa (Fkytus), Yen. Ha Hayano rofa
Table 1. Population of the Arctic zone of the Sakha (Yakutia) Republic at the beginning of the year

Ynyco! | Districts 2010* 2019 2020 2021 2022 2023
Abbiiickuit | Abyisky 4425 39794 39491 39164 37974 37861
Annavxosckuit | Allaikhovsky 3050 27084 26974 2726 23621 23491
Anabapckuit | Anabarsky 3501 3597 3653 3672 34794 34541
BynyHckuit | Bulunsky 9054 83404 8513 85014 77304 7997
BepxHexonbimckuii | Verkhnekolymsky 4723 40494 4003! 39841 37644 37484
BepxosHckuit | Verkhoyansky 12815 111338 110594 109894 100054 10009
HuraHckuii | Zhigansky 4296 41784 41120 4179 41560 4086¢
Momckwmii | Momsky 4452 3973 3974 4051 37250 3783
HwxHekonbiMckuii | Nizhnekolymsky 4664 42900 42600 4228) 41920 4211
OneHékckuit | Olenyoksky 4127 4148 4247 4326 4335 4361
CpenHekonbimckuii | Srednekolymsky 7897 74241 73320 73120 67514 67411
Yerb-SHckui | Ust-Yansky 8056 70281 70084 7035 67864 6809
3IBeHo-bbiTaHTalickui | Eveno-Bytantaysky 2867 28271 2845 2879 2916 2948
Pecnybnuka Caxa (flkytus) | Republic of Sakha (Yakutia) 958528 967009 971996 981971 997833 997565

ﬂpumeanu,q: AYENKN ceporo upeta — ypoBeHb HU3KWIA )18 YUCNEHHOCTM HaceneHus, 6paqucm U BbICOKMI ans passoguMMoCTu; nony-
)KMprIVI LUpMdJT — YPOBEHb HUXE CpefHero Asa Y4CeHHOCTU HaceneHns, 6paqucm W BbilLle cpegHero ans passogmMMocTu.

*Mo utoram Bcepoccuiickon nepenmncn Hacenenus 2010 r.

Note: Grey cells — low population size, low marriage rates, and high divorce rates; in bold — below the average population size and

marriage rates, above the average for divorce rates
*Based on the results of the 2010 Census.
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Puc. 1. KoadduunenTsl bpauHocty B ApKTuueckoii 3oHe u Pecnybnnke Caxa (AkyTus) 3a 2000-2022 rr. (Ha 1000 HaceneHus).
Fig. 1. Marriage rates in the Arctic zone and the Sakha (Yakutia) Republic in 20002022 (per 1000 population).
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Puc. 2. KoadduumeHTsl passoauMocTu B ApkTuueckoii 3oHe 1 Pecnybnmnke Caxa (Akytus) 3a 2000-2022 rr. (Ha 1000 Haceneus).
Fig. 2. Divorce rates in the Arctic zone and the Sakha (Yakutia) Republic in 2000-2022 (per 1000 population).

TeMn npupocTa coctasun 23,5% [21]. B nocnenytowwme 6 ner,
¢ 2010 no 2015 rr., KoadpduumeHTbl BpayHocTM Konebanuchb
c 8,7 8 2010 r. (MakcumanbHoe 3Ha4eHmne B 2011 1. — 9,4)
0o 8,082015r., aB 2016-2021 rr. — B npepenax 7,1-4,6.

3a Becb paccmaTpuBaeMblii nepuod B BepxosiHcKoM
n CpeLHEKONBIMCKOM ynycax Habnoganucb YpoBHW Opad-
HOCTM HUKE, YeM B CPefHeM No pecnybivke, eweé B TPEX
ynycax (BepxekonbiMckoM, MoMckoM 1 YcTb-fHCKoM) Bbinn
e[IMHUYHbIe Cly4au, Koraa KonmyectBo bpakos Ha 1000 Ha-
ceneHus bbino BbilLe cpeHepecnybMKaHCKOro noKasarens.
W HeT Hu opHoro ynyca, rae bl HabmoaanUch TOMbKO OTHO-
CUTENLHO BbICOKWE UMK X0TA bbl cpeiHue YpoBHM BpadHOCTM
Ha 1000 Hacenenus. HanpoTuB, 3a 3ToT nepuog, ABbINCKUiA
1 CpeAHEKONbIMCKMIA YyCbl BOLUMK B FPYNMY C HU3KWUM YpOB-
HeM bpayHocTH, a BepxosHckuiA, MoMckuii U 3BeHO-bbiTaH-
TaWUCKUA — B FPYNNy C YyPOBHEM BPayHOCTM HUXKE CpPefHero.
Mpu 3TOM B psfe ynycoB B OTAeNbHbIE rofbl Habnwoaanuch
Laxe BbICOKME YPOBHM 3TOr0 MoKa3saTens. Hanpumep, otnu-
yanmucb Annamxosckuii (2000, 2020 u 2022 rr.), AHabapcKui
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(2018 n 2021 rr.), XuraHckuit (2010 n 2016 rr.) n 3IBeHo-
BuitanTaiickuin (2000 1 2017 rr.) ynycel. OaHaKO OHU He CTanu
3HauYMMbIMU Ha 00LUEM (DOHE OTHOCUTENBHO HU3KOO YPOBHS
OpayHOCTM B apKTUYECKUX YNycaX.

CpaBHuTENbHAA XapaKTEPUCTUKA KO3hdUUMEHTOB pas-
BoauMmocTu B Poccuiickoii @epepaunm m Pecnybnuke Caxa
(AkyTna) nossonseT caenartb NpaKTUYECKW Te 3Ke BbIBOAMI
1 no bpakam — c 2020 r. HabnopatoTca ux bonee HU3KMI
YpOBEHb.

W3 Tabn. 3 BuAHO, 4TO B BONBLLMHCTBE YITyCOB OTMEYaeT-
cs bonee bnaronpuaTHas KapTMHa pasBOLMMOCTM MO CPaB-
HEHW0 ¢ BpayHocTbio Hacenenus. Tak, no KoaduuneHTam
3a 2000-2022 rr. nyywwue no3vumm uMeroT ONeHEKCKWA
U 3BeHO-BbITaHTANCKMI ynychl (HU3KWM YPOBEHb Pa3BOAM-
MocTy), 3aTeM — AHabapckuin u Momckuid ynychl (ypoBeHb
Hue cpepHero). OagHako npu atoM B BepxHeKombIMCKOM
ynyce 0THOCWTESIbHO BbICOKWIA YPOBEHb Pa3BOA0B.

BMmecTe ¢ TeM oTHocuTenbHo GnarononyyHas cuTya-
LMA N0 pa3sBOAMMOCTU HE BHOCWT CyLLLECTBEHHOrO BKJ/afa
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Tabnuua 2. 06wwme koadduumeHTb! bpayHocTH B ApKTUueckoii 3oHe Pecnybnukm Caxa (Akytus) B pasHble rogel (Ha 1000 Hacenenus)

Table 2. Marriage rates in the Arctic zone of the Sakha (Yakutia) Republic in different years (per 1000 population)

Peruvonbl/ynycol | Regions/districts 2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
Poccuiickas ®epnepaums | Russian Federation 6,2 1.4 8,5 1,9 6,7 71 6,1 6,5 53 6,3 1,2
Pecnybnuka Caxa (AkyTus) 6,1 1.4 8,7 8,0 6,5 71 6,2 6,7 4,6 57 6,7
Republic of Sakha (Yakutia)

A6biiickmii | Abyysky 44 L5 52 46 59 72 63 73 33 41 3]
Annanxosckuii | Allaikhovsky 7.3 46 72 6,3 4.4 6,6 4,1 5,2 6.6 3,3 98
AHabapckuit | Anabarsky 69* 58 6,8 6,5 52 76* 1.0 50 44 6.8 5,2
BynyHckuit | Bulunsky 6,4 76 58 68 6,8 6,8 4,1 44 34 53 6,5
BepxHekonbiMckuit | Verkhnekolymsky 50 55 74 19 42 79 44 65 38 53 48
BepxosHckuii | Verkhoyansky 46 6,6 5,7 6,6 53 6,2 4,1 4,3 35 45 6,5
HuraHckuit | Zhigansky 53 6,3 9.1 6,6 8,5 59 5,2 4,3 3,6 38 53
Momckmit | Momsky 60 60 74 84 56 47 60 65 45 32 43
HuskHekonbiMckui | Nizhnekolymsky 68* 1,1 1,7 6,8 80 55 54 6,1 4,5 4,3 83*
OneHékckmi | Olenyoksky 53 44 53 45 53 69 L4 91 47% 46 2,5
CpeaHekonbiMckmii | Srednekolymsky 44 5,1 52 55 35 4,8 50 53 40 4,8 4,6
Yctb-Anckmi | Ust-Yansky 5,2 4,7 86* 54 55 6,6 50 6,8 3,6 4,9 5,6
3JBeHo-bbiTaHTanckuit | Eveno-Bytantai 1,7 2,9 4,9 54 54 10,0 5,7 4,9 4,2 38 55

[Mpumeyarus: A4eikN ceporo LBETa — YPOBEHb HU3KMIA LISl YUCTIEHHOCTW HaceneHusi, BpaqHOCTM U BbICOKMIA ANl pa3BOAMMOCTY;
MONYXVPHBIA LIPUDT — YPOBEHb HUKE CPELHEr0 1S YUCAEHHOCTU HaceseHNsl, BpaYHOCTU U Bbllle CPesHero Ais pasBoaMMOCTH;
KYPCMB* — YPOBEHb BbILLIE CPEJHEr0 /15 YUCIEHHOCTU HacemeHns, BpaYHOCTU U HUKe CPEAHero Ans PasBOAMMOCTH; NOAYEPKHYTbIE
3HaYeHNs — YpPOBEHb HU3KWIA ANS Pa3BOAUMOCTU W BBICOKWIA AN YUCTIEHHOCTU Hacenenms, bpauHocTy.

Note: grey cells — low population size, low marriage rates, and high divorce rates; in bold — below the average population size
and marriage rates, above the average divorce rates; in italics* — above the average population size and marriage rates, below the
average divorce rates; underlined values — low divorce rates and high marriage rates and population size.

B yNyuLLIEHWe MeWKo-LeMorpaduyecKoin cutyaumum B ApKTH-
yecKoit 30He Pecnybnimkmn Caxa (Akytus) B uenoM. [ing BbI-
MnpaBneHmMs cUTyaumuy B Liensx obecneyeHmns ycrnoBui Ans po-
CTa YMCNEHHOCTU HaceNeHusi HeobXoauMbl KapaWHasbHble
Mepbl U B MacwTabe pecnybnuku, M B paMKax rocypap-
CTBEHHOM NonuTUKKM Poccuiickon Qepepaumnm B ApKTUYECKMX
peruoHax.

3AKJIKYEHUE

AHanu3 bpayHoCTM 1 pa3BOAMMOCTM B paloHax (ynycax),
npeacTaBnstomx ApKTuueckyto 3oHy Pecnybnuku Caxa
(AxyTua), 3a 2000-2022 rr. nokasan cneaytoLlee.

[Iina ApKTUYecKOM 30HbI B LIEJIOM XapaKTepHbl OTHOCU-
TENbHO HU3KME YPOBHU KaK bpayHOCTH, TaK W pa3BoAUMOCTM
HaceneHus. Huskuin ypoBeHb 6payHOCTW B LIEIOM KOppesu-
PYeT 1 C HU3KWUM YPOBHEM pOXXAaeMocTu. HeyamsutenbHo,
YTO MPAKTMYECKU BCe YNyCbl APKTUYECKOW 30HBI ABASIOTCS
MarnouuCNEHHBIMU, U TONBKO B [BYX M3 HUX Habmopaet-
€Al poCT uncieHHocTM Hacenenus B 2023 r. no cpaBHEHWIO
c2010r.

Heobxoaumo oTMeTUTb, UYTO Kak B Poccuiickoit ®epepa-
UMM B LenoM, Tak 1 B Pecnybnuke Caxa (AKyTus) B YacTHoCTM
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[eN1aeTcs MHOroe B MNyaHe 0XpaHbl MaTepuHCTBA U AETCTBA,
rocyAapCTBeHHOW NOAJEPIKKU B CBA3M C POKAEHUEM [ETEN,
MaTepuasnbHOro CTUMYSIMPOBAHUS MHOTOAETHBIX CEMEN U T.4.
OpHaKo Ha mpuMepe apKTUYeCKUX YIycoB Mbl Ybexaaemcs,
4TO 3TU Mepbl HE COBCEM [LOCTATOYHbI [1S CO3[,aHUA HOBbIX
CEMelA, poXAaeMoCTH AeTel, pOCTa YMCIEHHOCTU HaCeNeHUs.
Buamnmo, umeetcs HeobX0AMMOCTb AONOAHUTENBHBIX, bonee
3HEPruyHbIX Mep N0 COLMaNbHO-3KOHOMUYECKOMY Pa3BUTUIO
ApKTHuecKon 30Hbl B LieNsX KapAMHaNbHOMO YNyyLLeHUs Ka-
4eCTBa JKM3HU HacemeHus], 3aKPeNIEHNI0 KafpoB pPasfnyHbIX
ctep IKOHOMMKM Ha MeCTax, YNYyULIEHWIO coLManbHO-6bITo-
BbIX YC/IOBUM U Jp.

[ins 6e3ycnoBHOro ynyyiieHus MeauKo-gemMorpaduue-
CKOM cuTyaumm B ApKTuyeckoii 3oHe Pecnybnmku Caxa (Aky-
TUS1) PEKOMEHYEM CrieaytoLLee:

1) Bo Bcex 13 ynycax APKTMUYECKOI 30HbI BECTU NOCTOAH-
Hblii MOHUTOPUHT MeaMKO-AeMorpaduyeckon CUTyaLmm, AB-
NAKOLLEeNACs 3HaYMMbIM KpuTepueM 0bLLeCTBEHHOM0 30,0p0BbS;

2) rnaBaM MyHMUMNanbHbIX 00pa3oBaHuin yAenuTb
Donbluee BHUMaHWe LeMorpaduyeckoir U CeMeiHol no-
JIUTUKE B CBOMX palOHax, B TOM YMCe COLManbHONM Mof-
LEepXKe MOJOfbIX M MHOrOLETHbIX CEMEN, He0DX0aUMO aK-
TMBHEe y4acTBOBaTb B peann3aLmnu HaLuMOHaMbHBIX MPOEKTOB
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Ta6nuua 3. 06wime koadduumeHTsl passoamUMocTy B ApkTudeckoii 3oHe Pecnybnmku Caxa (AkyTus) B pasHble roabl (Ha 1000 HaceneHus)
Table 3. Divorce rates in the Arctic zone of the Sakha (Yakutia) Republic in different years (per 1000 population)

Perunonbl/ynycol | Regions/districts 2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
Poccuitickas ®epepauns | Russian Federation 4,3 42 45 42 4,1 42 40 42 39 44 47
Pecnybnuka Caxa (AkyTus) 4,2 3,9 4,7 4,3 4,3 4,1 3,4 4,3 3,3 4,3 44
Republic of Sakha (Yakutia)

A6biiickmii | Abyysky 24 38 50 32 39 32 38 30 41 34 50
Annanxosckuii | Allaikhovsky 4,6 3,4 33 3,7 52 44 26 L4t 22 48 5,1
AHabapckuit | Anabarsky 56 38 1.4 35 2.3 2.0 25 44 30 3,3 29
BynyHckuit | Bulunsky 57 34 4,0 26* 3, 4,3 3,6 23 31 4,0 4,8
BepxHekonbiMckuit | Verkhnekolymsky 4,3 3.8 6,7 58 59 4,8 24* 40 3.8 43 5,6
BepxosHckuit | Verkhoyansky 3,2 2,3 3,7 27% 32 4,0 1.5 2,3 2,4 2.0 4,3
HuraHckuit | Zhigansky 3,0 4,2 35 4,0 4,5 3,8 24% 22 6,0 41 32*
Momckmit | Momsky 11 24 45 24 27 34 12 38 32 20 45
HuskHekonbiMckui | Nizhnekolymsky 4,0 3,4 6,2 4,8 41 4L 26 35 47 50 29
OneHékckmi | Olenyoksky 3,4 3,4 1.7 23 28 1.2 2,9 3,8 14 3,0 3,0*
CpeaHekonbiMckmii | Srednekolymsky 2,0 1,5 4,3 2.4 4,0 4,1 3,8 3,9 2,6 25*% 33*
Yctb-Anckui | Ust-Yansky 5,1 4,0 38 39 32* 32 2,8 2,7 2.0 3,4 34
IBeHo-bbiTaHTanckuit | Eveno-Bytantai 1.1 14 2,1 2,5% 4,0 11 3,2 25*% 14 0,3 38

[Mpumeyarus: sueiiky ceporo LBeTa — YPOBEHb HU3KMIA NS YUCTEHHOCTU HaceseHus, 6paYHOCTM U BbICOKMIA ANS pa3BOAMMOCTY; NoJy-
KMPHBIA LWPUbT — YPOBEHb HUKE CPESHEr0 /1 YUCAEHHOCTU HaceneHus!, BpadHOCTy U BblLLe CPEAHEro ANsi Pa3BoAMMOCTH; KypCUB® —
YPOBEHb BbILLE CPEAHEr0 IS YACTIEHHOCTU HaceneHus, BPayHOCTM W HUXKeE CPeiHero s PasBOAMMOCTY; NOAYEPKHYTbIE 3HAYEHUS —
YPOBEHb HU3KWUIA i1 Pa3BOAMMOCTM U BbICOKUA 1Sl YUCIEHHOCTU HaceneHus, 6payHocTy.

Note: grey cells — population size, low marriage rates, and high divorce rates; in bold — below the average population size and marriage
rates, above the average divorce rates; in italics* — above the average population size and marriage rates, below the average divorce
rates; underlined values — low divorce rates and high marriage rates and population size.

«[leMorpadms», «3apaBooxpaHeHue», a B bnmxaiweM by-
AylLeM — HaunpoekTa «CeMbs».
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Evaluation of the impact of living conditions,

as a set of social factors of the habitat, on mortality
rates of the rural and urban population

of the Nenets autonomous okrug in 2000-2019

Alexey A. Dudarev, Alexey V. Dozhdikov

Northwest Public Health Research Center, St. Petershurg, Russia

ABSTRACT

BACKGROUND: Currently, in the Arctic zone of the Russian Federation (AZRF), there are clear signs of a deterioration in the
medico-demographic situation against the backdrop of a low level of development of social infrastructure. The study of the
influence of living conditions, as a set of social factors of the habitat, formed by social infrastructure, on the mortality rates of
the population of one of the AZRF regions, was carried out for the first time.

AIM: To assess the impact of living conditions, as a set of social factors of the habitat, on the mortality rates of the rural and
urban population of the Nenets autonomous okrug (NAQ) in the period 2000-2019.

MATERIALS AND METHODS: The databases “Housing and communal services and social infrastructure in NAO in 2000-2019"
and “Death cases in NAQ in 2000-2019" (including information on the population number and age-sex structure) of the NAQ
population in the context of individual settlements have been generated. Using the developed scoring system for assessing
living conditions, a ranking (division into tertiles) of all rural NAO settlements was carried out according to the value of the
integral index of living conditions (IILC). A comparative analysis (tertiles with the city, and tertiles with each other) of average
annual age-standardized rates of overall mortality, mortality from the main causes and structural components of external
causes (EC) of mortality was carried out. Relative epidemiological risks were calculated as the ratio of mortality rates in each
tertile to the corresponding indicator for the urban population.

RESULTS: Average annual standardized rates (and relative risks) of mortality (total, EC, drowning, freezing, alcohol poisoning
and transport accidents) of the NAO population “step by step” increase in the sequence “city — highest tertile — middle
tertile — lowest tertile”, i.e. as living conditions worsen (as the IILC decreases). Statistically significant differences were
identified between the city and tertiles, as well as between the highest (“favorable” living conditions) and lowest (“unfavorable”
living conditions) tertiles in terms of total mortality, mortality from EC, drowning and freezing. Mortality rates from alcohol
poisoning and transport accidents also increase (but not statistically significant) as living conditions worsen. With the exception
of suicides, the relative risks of mortality for individual EC reach maximum values in the lowest tertile.

CONCLUSION: Statistically significant inverse relationships have been identified between rates of total mortality, mortality
from external causes (and its main structural components), and the values of the integral index of living conditions of the rural
NAO population: as living conditions worsen, mortality rates (and relative risks) increase.

Keywords: Arctic; Arctic Zone of the RF; Nenets AQ; living conditions; social factors of the habitat; social infrastructure;
mortality; external causes of death; suicides; alcohol poisonings.
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OueHKa BAMSAHMA YCNOBUW NPOXXUBAHUA, KaK
COBOKYMHOCTU coLManbHbiX GaKTopoB cpefbl
06uTaHMA, Ha NoOKa3aTesu CMEPTHOCTU CeNbCKOro

U ropoackoro HaceneHusa HeHeukoro AQ
B 2000-2019 rr.

A.A. lynapes, A.B. [loxamnkos

CeBepo-3anafHblii Hay4HbI LIEHTP MMr1eHbl U 00LLecTBEHHOrO 30,0poBbs, CaHKT-[MeTepbypr, Poccus

AHHOTALMSA

06ocHoBaHMe. B HacTosLLlee Bpemsi B ApKTMUeCKoi 30He Poccuitckoii ®epepaumn HabnoaalTcs ABHbIE NPU3HAKKM yXyaLe-
HWA MeAMKO-AeMorpamueckon cuTyaummn Ha GoHe HU3KOro YPOBHS PasBUTUA coLmanbHon HdpacTpykTypbl. Mccneposanue
B/MAHWA YCNOBUIA NPOXMUBAHUA KaK COBOKYMHOCTU COLManbHBIX (aKTOpoB cpefbl 06uUTaHus, GopMUpyeMoii coumanbHON UH-
dpacTpyKTypoi, Ha MoKa3aTesin CMepPTHOCTU HACeNIeHUst OHOr0 M3 PernoHoB ApKTUYecKoi 3oHbl Poccuiickoii ®epepaumm
NpoBeAEHO BrepBbIe.

Lenb. OueHuTb BAMSHME YCIIOBUIA NPOXWBAHMSA KaK COBOKYMHOCTU COLManbHbIX GaAKTOpOB cpefbl 06UTaHMs Ha MokasaTtenu
CMEpPTHOCTU CeNIbCKOro M ropoackoro Hacenenus Heneukoro AO B 2000-2019 rr.

Marepuan u Metopbl. ChopMmmpoBaHbl 6a3bl faHHbIX «HUAULLHO-KOMMYHaNbHOE X03AWCTBO M couManbHas MHGPaCTpYK-
Typa B HAO 3a 2000-2019 rogbi» u «Cnyyan cMeptn B HAO 33 2000-2019 roapl» (BKNKOYasA MHGOPMALMIO O YMCIIEHHOCTH
1 BO3pacTHO-MOM0BOI CTpyKType Hacenenus Hereukoro AQ) B pa3pese OTAENbHbIX HACENEHHBIX MyHKTOB. C MCMONb30BaHUEM
pa3paboTaHHoI 6ansbHOI CUCTEMBI OLIEHKU YCI0BMIA NPOXKMBAHWSA BbINOHEHO paHXMpPoBaHue (pasfeneHne Ha TepTuiu) BCex
CeNIbCKUX HacenéHHbIX NyHKToB HeHeukoro AQ mo BenMumMHe MHTErpanbHOro MHAeKca ycnosui npoxuanusa (MAYI). Mpo-
BEEH CPaBHUTENbHBIN aHanu3 (TEPTUIM C rOpofioM, TEPTUAM ApPYTr C APYrOM) CPeAHErof0BbIX CTaHAAPTU30BaHHbIX MO BO3-
pacTy noKasatenei obLLeit CMEepTHOCTW, CMEPTHOCTW OT OCHOBHBIX MPUYMH U CTPYKTYPHBIX KOMMOHEHTOB BHELUHUX MPUYMH
cMepTHOCTU. OTHOCUTENBHBIE 3MMAEMMONOTMUECKME PUCKM PACcCUMTaHbl KaK OTHOLLEHWSA MoKa3aTtesieil CMEPTHOCTU B KaXK/0M
W3 TepTUnel K COOTBETCTBYIOLLIEMY MOKa3aTesio 18 FOpOACKOro HaceneHus.

Pesynbratbl. CpeHerofoBble CTaHAAPTM30BaHHbIE NMOKa3aTeN U OTHOCUTENbHBIE PUCKM CMEPTHOCTH (0BLLEN, OT BHELUHUX
MPUYMH, YTOMNIEHUA, 3aMepP3aHuiA, 0TPaABNIEHUIA aNIKOTONEM M TPAHCMOPTHBIX HECYACTHBIX ciyvaeB) HaceneHus Heneukoro AO
CTYMeHYaTo BO3PacTaloT B MOCNeL0BATENbHOCTU «TOPOS — BEPXHWUMA TEPTUIb — CPELHUN TEPTUIb — HKHUIA TePTUNIbY,
TO €CTb M0 Mepe YXYALUEHWs YCIoBuiA NpoxuBanua (no Mepe cHuxeHus NAYTI). BbisBeHbl CTaTUCTUYECKW 3HAUMMbIe pas-
JMYMS MEXAY FOPOJOM U TEPTUNAMM, @ TaKKe MEXAY BEPXHUM (BnaronpusiTHble YCIIOBUA NPOXUBAHMSA) U HUXHUM (Hebnaro-
NPUATHbIE YCNOBUS NPOXWUBAHWUA) TEPTUNAMM NO NOKa3aTensM o6LLeidl CMEPTHOCTM, CMEPTHOCTM OT BHELLHWUX NPUYMH, YTO-
NAeHnaM 1 3amep3aHnaM. [lokasaTtenu cMepTHOCTU OT OTPaBMEHMIA aNKOrofieM M TPaHCMOPTHBIX HECUACTHBIX CITy4aeB TaKKe
BO3pacTaloT (HO CTAaTUCTUYECKM HE3HAYMMO) N0 Mepe YXYALLEHWS YCI0BMIA MPOXUBAHMS. 33 UCKIIOYEHNEM CYULMAO0B, OTHO-
CUTENbHbIE PUCKW CMEPTHOCTU MO OTAENbHBIM BHELUHUM MPUYMHAM AOCTUrAlOT MaKCUMAabHbIX 3HAUEHUN B HUKHEM TepTUNE.
3akniouenue. BobifBneHbl CTAaTUCTUYECKU 3HAUYMMblE 0OpaTHbIE 3aBMCMMOCTM MeX[y NOKa3aTeNisiMu 00LLEN CMepTHOCTH,
CMEPTHOCTM OT BHELUHMX MPUYMH (M €€ OCHOBHBIX CTPYKTYPHbIX KOMMOHEHTOB) M BennumnHamu MUYT cenbckoro Hacenewus
HeHeukoro AO: no Mepe yxyALUeHUs YCNOBUN NPOXUBaHWS NOKa3aTenu U OTHOCUTESIbHbIE PUCKW CMEPTHOCTU BO3pacTaloT.

KnioueBble cnoBa: ApkTuka; ApkTudeckas 3oHa P®; HeHeukwit AO; ycnoBus npoxmBaHus; coumanbHble hakTopbl cpeab
0buTaHus; coumanbHas MHPPACTPYKTYpa; CMEPTHOCTb; BHELLUHUE NMPUYMHBI CMEPTU; CYMLMAbI; OTPABJIEHNA aNKOroMeM.
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OPUTMHATIBHOE VICCIEOBAHME

BACKGROUND

The Strategy for the Development of the Arctic Zone of the
Russian Federation (AZRF) and ensuring national security up
to 2035' includes the main dangers, challenges, and threats
that form risks for the development of the Arctic Zone, among
other things, clear signs of deterioration of the medical and
demographic situation, where, along with a decrease in
natural population growth, migration outflow and population
decline, there is a lag behind the national values of indicators
characterizing the quality of life of the population, low level
of development of social, housing, communal, transport, and
other services, as well as a decline in the quality of life of
the population.

Research results indicate that in the regions of the AZRF,
the levels of total mortality of the rural population significantly
exceed those of the urban population; for external causes
of death, the differences are significant. The most common
external causes of death in the AZRF were suicide, murder,
transport accidents (primarily during the operation of small
motor vehicles), drowning, frosthite, burns, and alcohol
poisoning [1].

The population in the AZRF, primarily rural and
including the indigenous people, is characterized by the
highest (in comparison with the national average) rates of
total mortality, especially high levels of alcohol-attributed
mortality (AAM) from external causes, including alcoholic
suicides. Alcoholism in the AZRF develops due to a complex
of factors, among which is the lack of opportunities for any
leisure activity other than drinking owing to low quality of
living conditions [1].

Many villages in the AZRF are deprived of land transport
communication with administrative centers and neighboring
settlements. In many villages, there is high housing
deterioration, outdated technical equipment of buildings
and structures, and lack of centralized energy, gas, water
supply, and wastewater disposal. Moreover, some villages
are provided exclusively with delivered water, and some do
not have any water supply (residents deliver water on their
own and harvest ice from nearby reservoirs); the majority
of villages do not have an organized waste collection and
disposal system, and several small villages lack schools,
kindergartens, cultural centers, and sports facilities; and
many villages are characterized by limited public access to
medical care [2].

The abovementioned features of the rural territories of
the AZRF are typical for Nenets Autonomous Okrug. Several
recent studies [2-6] reported the medical and demographic
data and living conditions and social factors of the habitat

! Decree of the President of the Russian Federation no. 645, dated October
26, 2020, “On the Strategy for the Development of the Arctic Zone of the
Russian Federation and ensuring National Security for the period up to
2035." Date of speech: 04/17/2024. Available at: https://base.garant.
ru/74810556/
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of the rural and urban population of Nenets Autonomous
Okrug in the context of individual settlements for the period
2000-2019.

The demographic situation in Nenets Autonomous Okrug
has been found to be deteriorating in recent years; there are
obvious signs of the formation of a pronounced depopulation
trend among the urban and rural population in the okrug.
The situation among the rural population was characterized
as critical; with such high mortality rates, so far compensa-
ted by a high birth rate, and even higher rates of migration
loss, further (and in the future irreversible) reduction in the
“habitability” of rural territories of Nenets Autonomous Okrug
is expected [3]. The rural population of Nenets Autonomous
Okrug demonstrates a low life expectancy (a difference of
more than 10 years) and significantly higher levels of total
mortality and mortality from external causes in comparison
with the urban population [3].

We have established the concept of living conditions as
a set of social factors of the habitat formed by the social
infrastructure of the settlement and scientifically substantiated
the concept of harmful effects of social factors of the habitat
as the absence, shortage, or inadequate functioning of any
elements of social infrastructure [1].

To assess the impact of living conditions on the medical
and demographic status of rural areas in the AZRF, a
targeted approach using a scoring system for assessing
living conditions has been developed, which allows ranking
individual settlements by the magnitude of infrastructure
indices and integral index of living conditions (IILC) [1].

This study aimed to assess the impact of living conditions
and social factors of the habitat on the mortality rates of
rural and urban population of Nenets Autonomous Okrug in
2000-2019.

MATERIALS AND METHODS

Information on all cases of death of the population of
Nenets Autonomous Okrug for a 20-year period (2000-
2019) was obtained from the annual “Death Logs in Nenets
Autonomous Okrug,” which was regularly filled in by
employees of the Department of Medical Statistics of the
Nenets Okrug Hospital (Naryan-Mar) based on information
in the medical death certificates from the Registry Office of
Nenets Autonomous Okrug Administration.

The information was transferred to an electronic database
format, which included each case of death of permanent
residents of Nenets Autonomous Okrug over a 20-year period
(a total of 9026 records), with details of sex, age, ethnicity,
place of residence (registration in a particular settlement),
and date and place of death, indicating the main cause of
death and related diseases (conditions) that contributed to
the onset of death; each case of death in the database was
assigned a three-digit ICD-10 code [5]. The database “Cases
of death in Nenets Autonomous Okrug for 2000-2019" is
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registered in the database registry of the Federal Service for
Intellectual Property?.

Data on the number and age-sex structure of the
population for each of the 42 settlements of Nenets
Autonomous Okrug for each year over a 20-year period
(2000-2019) were obtained from the medical information
and Analytical Department of the Department of Health,
Labor, and Social Protection of the Population of Nenets
Autonomous Okrug. This information expands the possibilities
of processing and analysis of the created mortality database,
as it allows calculations of the annual dynamics of the
number and age—sex structure of residents of any settlement
(and their groups), to standardize mortality rates by age
and analyze the indicators in space and time, including the
grouping of settlements by various criteria [5].

The sources of information on the socio-household and
socio-cultural infrastructure of rural settlements of Nenets
Autonomous Okrug were explanatory notes to the regional
territorial planning schemes of the okrug, explanatory notes
to the draft general plans of municipalities, passports of
municipalities, programs for the development of municipal
infrastructure of Nenets Autonomous Okrug, schemes of
water supply, wastewater disposal and other design and
technical documentation, and the “Database of indicators of
municipalities” of Rosstat [2, 4].

Regarding individual rural settlements in Nenets
Autonomous Okrug, information on energy supply (heat,
electricity, and gas), water supply, wastewater disposal,
waste collection and disposal, healthcare, education
(including preschool), culture, leisure, sports, and the service
sector were collected. The data were transferred to the
electronic format of the database “Housing and communal
services and social infrastructure in Nenets Autonomous
Okrug for 2000-2019",

Scoring system for assessing living conditions
(social infrastructure) in rural settlements
of Nenets Autonomous Okrug

Social infrastructure as a set of socio-residential and
socio-cultural infrastructures was assessed using a point
system, of which the socio-household infrastructure (ISHI),
socio-cultural infrastructure (ISCI), and IILC indices were
calculated for each rural settlement of Nenets Autonomous
Okrug [1].

2 Certificate of state registration of the database No. 2020622857 Russian
Federation. Cases of death in Nenets Autonomous Okrug for 2000-
2019 years: No. 2020622722: submitted on 18.12.2020: published on
29.12.2020 / A.A. Dudarev, A.V. Dozhdikov; applicant Federal Budget
Institution of Science “North-West Public Health Research Center.”

3 Certificate of state registration of the database No. 2022620237 Russian
Federation. Housing and communal services and social infrastructure in
Nenets Autonomous Okrug for 2000-2019 : No. 2022620070 : submitted
on 13.01.2022: published on 26.01.2022 / A.V. Dozhdikov, A.A. Dudarev;
applicant Federal Budget Institution of Science “North-West Public Health
Research Center.”
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Table 1 presents the scoring of the components of socio-
household (heat supply, boiler fuel type, water supply, water
treatment, water quality, shops, canteens, and bathhouses)
and socio-cultural infrastructures (healthcare facilities,
sports facilities, kindergartens, schools, and cultural centers)
used in this study to calculate the ISHI, ISCI, and IILC.

ISHI and ISCI were calculated as the sum of points for
each component according to the following formulas:

ISHI=X, +X,+..+Xgi
ISCI=Y+Y +.. +Y.

The IILC is the sum of the points of the infrastructure
indices: IILC = ISHI + ISCI.

Division into tertiles the rural settlements
in Nenets Autonomous Okrug

The entire set of settlements of Nenets Autonomous
Okrug was divided according to the size of the calculated
individual (for each settlement) IILC into tertiles (highest,
middle, and lowest), that is, into three groups with high,
medium, and low IILC indices. The number of settlements
included in each of the tertiles differed, owing to the need
to form three groups of settlements comparable not by the
number of settlements, but by population size (Table 2).
A small population in any of the tertiles and a small number
of deaths would make it impossible to correctly compare
mortality rates between tertiles.

Then, for each tertile and for the urban population of Nenets
Autonomous Okrug, we calculated the annual average (for
2000-2019) standardized rates of total mortality, mortality
from circulatory diseases, external causes and cancer,
and the main structural components of external causes of
mortality (i.e., suicides, drowning, freezing, homicide, alcohol
poisoning, and transport accidents), with calculation of 95%
confidence intervals (95% CI).

Methods of statistical data processing

A direct standardization method was used to calculate
standardized mortality rates. For general mortality and
mortality from diseases of the circulatory system and
external causes, the European Standard of 1976 was used
as the standard for the age structure of the population [7],
which was used by Rosstat in calculating mortality rates in
the Russian Federation regions and in the whole country,
whereas for mortality from cancer, the world standard Segi—
Doll of 1966 was used [8, 9], which is used by the population
“Cancer Registry” of the Russian Federation at the Herzen
Moscow Research Institute of Oncology and the International
Agency for Cancer Research.

The normality of the distribution of mortality rates was
assessed with the Shapiro-Wilk criterion and quantile
diagrams.

To identify significant differences when comparing
multi-year average annual mortality rates in the two
compared population groups, the Mann-Whitney test was
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Table 1. Components used to calculate the infrastructure indices for each rural settlement in the Nenets Autonomous Okrug

Components Designation Differentiation Scores
Socio-household infrastructure
Heat supply (heating system) X Socially significant objects and apartment buildings 2
Individual heating 0
Boiler fuel type X, Gas or diesel 2
Coal 0
Water supply X, Decentralized 3
Not organized 0
Water pretreatment X, Available 2
Unavailable 0
Drinking water quality Xs Complies with hygienic standards 3
Does not meet hygienic standards 0
Shops X4 Two or more 2
One 0
Canteens X, Available 1
Unavailable 0
Bathhouses Xg Available 1
Unavailable 0
Socio-cultural infrastructure
Healthcare (type of institution) Y, Local hospital 4
Outpatient clinic 3
First-aid posts 2
Indoor sport facilities Y, Sports complex 3
School gym 1
Lack 0
Kindergartens Y, Available 1
Unavailable 0
Schools Y, Available 1
Unavailable 0
“Houses of culture” Ys Available 1
Unavailable 0

used; the critical level of statistical significance (p) was
assumed to be 0.05.

The Kruskal-Wallis test was used to identify significant
differences when comparing average annual mortality rates in
three or more compared groups. The critical level of statistical
significance of p (adjusted for Bonferroni) was assumed to be
0.008 when comparing four groups. Subsequent a posteriori
pairwise comparisons were performed using the Mann-
Whitney test.

The relative epidemiological risk was calculated as
the ratio of the mortality rate in each of the tertiles to
the corresponding indicator in the background (control)

BOI: https://doi.org/10.17816/humeco630439

population, which is, in the present study, the urban
population of Nenets Autonomous Okrug.

Statistical data was analyzed using the MS Excel 2021
and IBM SPSS Statistics (version 26) software packages.

RESULTS

General mortality and the main causes of death

The indicators of total mortality and mortality from
the main causes of the urban and total rural population
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Table 2. Parameters of tertiles formed from 40 NAO villages

Vol. 31 (1) 2024
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Tertile Living conditions Integral index of living conditions of s"(leltjt?:at:s;nts Pzz%ﬂ:n
Highest Favorable 20-22 6 4844
Middle Satisfactory 13-19 9 4727
Lowest Unfavorable 2-12 25 4318

of Nenets Autonomous Okrug (in comparison) are shown 440 -
o p <0.001
in Figure 1.
Excess of the average annual mortality rates of the 1404
rural population over the corresponding mortality rates of 120
the urban population of Nenets Autonomous Okrug was 100
35% (p < 0.001; the differences were significant) for total
mortality, 11% (p = 0.185) for mortality from diseases of 80 p=0.185
the circulatory system, and 165% (p < 0.001) for mortality 60
from external causes, whereas the cancer mortality rate of p <0.001
the rural population was 11% (p = 0.204) lower than that of 40+
the urban population of the Okrug (Fig. 1). Clearly, external ;| p=0.204
causes considerably contributes to the 35% excess of the |—z—-_
average annual total mortality rate of the rural population 0 Total osD £C Cancer
of Nenets Autonomous Okrug in comparison with that of the
urban population. [ Urban E Rural

The rates of total mortality and mortality from major
causes of the urban population of Nenets Autonomous
Okrug in comparison with the rural population divided into
tertiles are presented in Figure 2 with the indication of the
significance of differences in the compared populations.

The average annual standardized total mortality rates
increase in the sequence “city—highest tertile—middle
tertile—lowest tertile”; that is, as living conditions worsen,
[ILC decreases. Mortality rates in all three tertiles exceeded
the urban level: by 1.5 times (p < 0.001) in the middle and
lowest tertiles, and by 13% in the highest tertiles. It is crucial
to identify significant differences in the levels of total mortality
(33.5%) between the highest (favorable living conditions) and
lowest (unfavorable living conditions) tertiles (p < 0.001).

Mortality rates from diseases of the circulatory system
in the middle and lowest tertiles were 25% and 17% higher
than the urban level, respectively, whereas in the highest
tertile, the mortality rate was slightly lower than the urban
level. Significant differences in mortality from diseases of the
circulatory system in tertiles were not revealed in a pairwise
comparison with the urban population (p > 0.008). Mortality
from diseases of the circulatory system in the highest tertile
was 1.3 times lower than the average (p = 0.001) and 1.25
times lower than that in the lowest tertile.

Similar to the total mortality, mortality from external
causes demonstrate an inverse relationship between the
quality of living conditions and mortality rates. With the
worsening of living conditions (from the highest to the
lowest tertile), mortality from external causes increases. The
average annual mortality rates from external causes in the
highest, middle, and lowest tertiles were 2—-3 times higher

BOI: https://doi.org/10.17816/humeco630439

Fig. 1. Average annual (2000-2019) age-standardized rates of
total mortality, mortality from circulatory system diseases (CSD),
external causes (EC) and cancer, per 10 thousand of the urban and
rural Nenets Autonomous Okrug population with the designation of
95% Cl and p-value.

than the urban level (p < 0.001). It should be emphasized that
the mortality rate from external causes in the highest tertile
(favorable living conditions) was 1.5 times lower (p = 0.001)
than that in the lowest tertile (poor living conditions).

Cancer mortality rates of the urban population in Nenets
Autonomous Okrug were 4%-16% higher than the levels
in tertiles. No significant differences were noted in cancer
mortality rates when comparing tertiles with each other
and with the urban population. The significance levels of the
Kruskal-Wallis criterion exceeded 0.05. The cancer mortality
rate in the highest tertile was 11% lower than that in the
lowest tertile.

Comparative analysis of the relative
epidemiologic risk of total mortality
and mortality from major causes in tertiles

For each tertile, based on the average annual standardized
mortality rates, the relative epidemiological risks (relative to
the urban population of Nenets Autonomous Okrug) of total
mortality and mortality from the main causes: diseases of
the circulatory system, external causes, and cancer were
calculated (Table 3).

All calculated relative epidemiological risks (total
mortality and mortality from diseases of the circulatory
system, external causes, and cancer) increased from the
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Fig. 2. Average annual (2000-2019) age-standardized rates of total mortality, mortality from circulatory system diseases (CSD), external
causes (EC) and cancer, per 10 thousand of the urban population compared to rural Nenets Autonomous Okrug population divided into
tertiles (highest, middle and lowest), with the designation of 95% Cl and p-values for the compared mortality rates in the populations; *
differences between the compared populations are statistically insignificant, since the Kruskal-Wallis test level exceeds 0.05.

highest tertile to the lowest, that is, from favorable living
conditions to unfavorable. Regarding total mortality, an
increased relative risk (>1.5) was observed in the middle and
lowest tertiles. The relative risk of mortality from diseases of
the circulatory system in the middle and lowest tertiles did
not reach 1.5, indicating that such risk values were slightly
increased. Owing to external causes of mortality, a high
relative risk (2-3) was observed in the highest and middle
tertiles; the maximum risk (>3.5) was observed in the lowest
tertile. The relative risk of mortality from cancer in all tertiles
was close to 1, whereas the lower limits of the Cl did not
reach 1, indicating the absence of an increased risk.

Thus, the unfavorable living conditions of the rural
population of Nenets Autonomous Okrug, corresponding to

the lowest tertile, were associated with the highest rates
of total mortality and mortality from external causes, the
highest values of the relative risk of total mortality, and
the maximum values of the relative risk of mortality from
external causes.

Mortality from external causes

Previously, it was demonstrated that the differences in
the structure of the total mortality of the rural and urban
population of Nenets Autonomous Okrug were primarily due
to external causes of mortality, the levels and relative risks of
which were highest in the rural population, especially in the
lowest tertile. Here, using the methodology described above,
the main structural components of the external causes of

Table 3. Values of relative epidemiological risks of total mortality and mortality from major causes, calculated for each tertile (with 95% CI)

Mortality Mortality

from external causes

from cancer

Tertiles Total mortality Mort::,igefr:‘omst‘:ei;?;;atory
Highest 1.17 (1.05-1.30) 0.98 (0.83-1.14)
Middle 1.49 (1.38-1.61) 1.36 (1.18-1.54)
Lowest 1.57 (1.41-1.70) 1.26 (1.09-1.43)

2.29 (1.92-2.66)
2.83 (2.40-3.26)
3.51(2.91-4.11)

0.93 (0.74-1.12)
0.92 (0.77-1.07)
1.01(0.78-1.24)
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ORIGINAL STUDY ARTICLE

death (i.e., suicides, drownings, freezing, homicides, alcohol
poisonings, and transport accidents) were analyzed.

Figure 3 presents the rates of separate external causes
of mortality of the urban and rural population of Nenets
Autonomous Okrug.

Excess of the average annual indicators of separate
external causes of mortality of the rural population over the
corresponding mortality levels of the urban population of
Nenets Autonomous Okrug amounted to 2.6 times for suicides,
4.4 times for drownings, 7.6 times for freezing, 2.2 times for
murders, 2.1 times for alcohol poisoning, and 1.6 times for
transport accidents. All rural rates were significantly higher
than the urban ones, except for transport accidents.

Notably, suicides, drownings, and freezing considerably
contributed to the external causes of mortality of the rural
population in Nenets Autonomous Okrug, the levels of
which were several times higher than the corresponding
indicators for the urban population. Moreover, the incidence
of homicides, fatal alcohol poisoning, and traffic accidents in
rural areas exceeded urban levels, but the magnitude of the
“city-village” differences for these causes of mortality was
lower (from 1.6 to 2.2 times).

Mortality rates from certain external causes of the urban
population of Nenets Autonomous Okrug in comparison with
the rural population divided into tertiles are shown in Fig. 4,
indicating the significance of differences in the compared
populations.

A comparative analysis of mortality from certain external
causes in the urban and rural population of the Nenets
Autonomous District, divided into tertiles, revealed a similar
situation in the following pairs: suicides and homicides,
drowning and freezing, and alcohol poisoning and transport
accidents.

Suicide and homicide mortality rates significantly
increased from the city to the middle tertile, but slightly
decreased toward the lowest tertile. Mortality rates in all three
tertiles exceeded the urban level by 2-3 times. Moreover, the
differences were significant in suicides and insignificant in
homicides. No significant differences were found in suicide
and homicide mortality rates between tertiles.

Mortality from drowning and freezing were increasing in
the sequence “city—highest tertile—middle tertile—lowest
tertile,” that is, as living conditions deteriorate. Significant
differences in mortality rates in all tertiles when compared
with the city were noted in freezing and drowning (except for
the highest tertile). It should be noted that mortality rates
from drowning and freezing in the highest tertile (favorable
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Fig. 3. Average annual (2000-2019) age-standardized rates of
mortality from selected external causes, per 10 thousand of the
urban and rural Nenets Autonomous Okrug populations with the
designation of 95% Cl and p-values.

living conditions) were 2.2 times lower (differences are
significant) compared to that in the lowest tertile (unfavorable
living conditions).

Mortality rates from alcohol poisoning and transportation
accidents also increased in the sequence “city—nhighest
tertile—middle tertile—lowest tertile” and reach in the lowest
tertile twice the city level (“city—lowest tertile”). However,
significant differences in mortality rates from alcohol
poisoning and transportation accidents were not found when
comparing tertiles with each other and with the city.

For each tertile, based on the average annual standardized
mortality rates, the relative epidemiological risks (relative
to the urban population of Nenets Autonomous Okrug) of
mortality from certain external causes were calculated
(Table 4).

All obtained relative epidemiological risks of mortality
from certain external causes (i.e., suicides, homicides,
drowning, freezing, alcohol poisoning, and transport accidents)
increased from the highest to the lowest tertile, that is, from
favorable living conditions to unfavorable. Mortality risks
due to certain external causes, except for suicides, reached
the highest values in the lowest tertile; maximum risk
values were recorded for drownings (9) and freezing (15).
The relative risks of mortality from alcohol poisoning in the

Table 4. Values of relative epidemiological risks of mortality from individual external causes, calculated for each tertile (indicating 95% Cl)

Tertiles Suicides Murders Drownings Freezing Alcohol poisoning | Transport accidents
Highest 2.55(1.53-3.56) 2.17 (1.18-3.17) 3.46 (1.88-5.05) 7.87 (3.44-12.31) 2.75(1.18-4.31) 0.94 (0.59-1.29)
Middle 3.81(2.72-4.90) 2.74(1.74-3.75) 5.07 (2.41-7.72)  6.86 (3.65-10.07)  4.57 (1.59-7.56) 2.19 (0.35-4.03)
Lowest 3.30 (2.16-4.45) 3.13 (1.60-4.65) 9.00 (4.75-13.25) 15.00 (6.63-23.37) 4.98 (0.00-10.63)  2.52 (1.57-3.46)
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Fig. 4. Average annual (2000-2019) age-standardized rates of mortality from external causes, per 10 thousand of the urban population
compared to the rural Nenets Autonomous Okrug population divided into tertiles (highest, middle and lowest), with the designation of
95% Cl and p-values for the compared mortality rates in the populations; * differences between the compared populations are statistically

insignificant, since the Kruskal-Wallis test level exceeds 0.05.

lowest tertile and from traffic accidents in the highest and
middle tertiles were insignificant, as the lower limits of the
Cl did not reach 1.

DISCUSSION

Several studies have indicated that alcohol abuse is
the main cause of premature death and a direct trigger of
external causes of death in the Far North [1].

In a study conducted using materials from a 2011-2012
forensic medical examination in Arkhangelsk, ethanol in the
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blood of the deceased was found in one in four, regardless
of the cause of death. Moreover, in almost every second case
of death from external causes, ethanol was detected in the
blood of the deceased, in severe (3%0—5%o) or fatal (>5%o)
concentrations [10].

Alcohol intoxication reduces fear, but increases
aggression and proneness to conflict, which leads to poorly
controlled actions when handling fire and weapons (often
ending in unintentional or intentional injuries and murders)
and when driving vehicles on land and water. Notably, there
are no roads in the rural areas of Nenets Autonomous Okrug,
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and the local population is actively engaged in hunting
and fishing (often in combination with alcohol intake) and
uses motor vehicles of increased injury risk (quad bikes,
snowmobiles, swamp walkers, all-terrain vehicles, etc.) as
means of transportation off-road and unsafe small boats and
speedboats for transportation along Arctic rivers and lakes,
where the water temperature is close to 0°C even in summer.

Chronic alcohol abuse often leads to depressive states,
which often form suicidal behavior. Autopsy materials
showed that alcohol was present in the blood of 74% of men
and 83% of women (among Nenets: 78% of men and 92% of
women) who died from suicide in Nenets Autonomous Okrug
in 2002-2012, which significantly exceeded the figures of the
Arkhangelsk region (59% of men and 47% of women) for the
same period [11].

In this regard, a single external cause of death “alcohol
poisoning” (X&45 according to ICD-10) is only a small proportion
of a significant number of deaths directly or indirectly related
to alcohol consumption.

The question arises, can we determine what proportion
of the values of mortality rates from separate causes is the
alcohol component based on publicly available statistical data?
The answer is no, we cannot for various reasons. Significant
disadvantages of the existing practice in Russia in diagnosing
and accounting for mortality from causes related to alcohol
abuse have been noted in many studies [10, 12-15]: a small
proportion of autopsies of the deceased (pathoanatomical
studies) with a tendency to further decrease, alcohol analysis
is not mandatory during autopsy, poor quality of postmortem
diagnosis of visceral manifestations of alcoholic illness, low
reliability of primary medical documentation, intentional and
unintentional errors (concealment or loss) of accounting for
alcohol-attributed mortality (AAM), “alcoholic” diagnoses are
considered last (in the absence of other options), and lack of
a unified national standard for accounting for AAM.

It follows from the above that the urgency of the problem
of excessive AAM is due to the lack of data on its real scale
and structure. Its consequence is critical—the distortion of
the characteristics of risk groups of excessive AAM, which, in
turn, does not allow the development of effective preventive
programs [10].

In a study that determined the sources and causes of
underestimation of alcohol-related losses in the Russian
population, the following argument was provided: “the
source of possible statistical manipulations is obvious:
alcohol losses are socially significant and are accompanied
by constant monitoring and control. So, if death occurred as
a result of a traffic accident, and the concentration of alcohol
in the blood of the deceased exceeded 5%o (a deliberately
lethal dose), then the medical death certificate will indicate a
traffic accident as the cause, and not alcohol poisoning, and
the official statistics will not reflect the alcoholic etiology of
this death. As a result, it can be stated that the picture of
the mortality structure in Russia as a whole and at regional
levels is significantly distorted due to the underestimation of
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alcohol losses” [13].

Thus, the assessment of mortality of the rural population
of Nenets Autonomous Okrug from external causes related
to alcohol consumption in terms of mortality from “alcohol
poisoning” will be incomplete; the cumulative losses
caused by alcohol is expected to be higher because of the
underestimation of alcoholic suicides, homicides, drownings,
freezing, transport accidents, and other external causes (i.e.,
missing persons, “gone to the tundra,” etc.).

The present study utilized data from death certificates
from the Registry Office, which do not contain information on
pathologoanatomical examinations for alcohol (even if they
were conducted); hence, “alcohol losses” from any causes of
death, except for “alcohol poisoning” were not analyzed, the
diagnosis of which was probably made based on completed
alcohol tests.

It is important to emphasize that the latter fact allows us
to use mortality from “alcohol poisoning” as the only publicly
available (and confirmed by the results of analyses) tool
for assessing and comparing alcohol-associated mortality
in populations and selected population groups. Analysis of
mortality from alcohol poisoning in Nenets Autonomous
Okrug using the developed scoring system for assessing
living conditions and dividing rural settlements into tertiles
demonstrated an increase (although insignificant) in mortality
rates in the sequence “city—highest tertile—middle tertile—
lowest tertile,” where mortality rates in unfavorable living
conditions (lowest tertile) was 38% higher than mortality
rates in favorable living conditions (highest tertile) and 140%
(2.4 times) higher than in the city (Fig. 4).

CONCLUSION

The conducted research, which was based on the
generated databases “Cases of death in the Nenets
Autonomous Okrug for 2000-2019" and “Housing and
communal services and social infrastructure in the Nenets
Autonomous Okrug for 2000-2019" using the developed
scoring system for assessing living conditions, which allows
ranking (dividing into tertiles) rural settlements of Nenets
Autonomous Okrug by the magnitude of infrastructure indices
and lILC, demonstrated the following:

The average annual standardized rate of the total mortality
of the rural population of Nenets Autonomous Okrug exceeds
the mortality rate of the urban population by a third, mainly
due to a 1.5-fold excess of the “rural” mortality rate from
external causes over the “urban” level (the differences are
significant).

The rates of the total mortality of the population of
Nenets Autonomous Okrug increase in the sequence “city—
highest tertile—middle tertile—lowest tertile”; that is, as
living conditions deteriorate, the IILC decreases. Significant
differences were found in the levels of total mortality
between the highest (favorable living conditions) and lowest
(unfavorable living conditions) tertiles.

43
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Mortality rates from external causes increase stepwise with
the deterioration of living conditions. Differences in mortality
rates from external causes between the city and tertiles and
between the highest and lowest tertiles were significant;

The relative epidemiological risks of total mortality and
mortality from external causes increase significantly from
the highest tertile to the lowest that is, from favorable living
conditions to unfavorable. The relative risks of mortality from
external causes reach a maximum value in the lowest tertile.

Excess of the average annual rates of separate
external causes of mortality of the rural population over
the corresponding mortality levels of the urban population
of Nenets Autonomous Okrug amounted to 2.6 times for
suicides, 4.4 times for drownings, 7.6 times for freezes, 2.2
times for murders, 2.1 times for alcohol poisoning, and 1.6
times for transport accidents. All rural rates were significantly
higher than urban ones, except for transport accidents.

Significant differences in mortality rates were noted
for drowning and freezing under favorable living conditions
compared with unfavorable ones (in the highest tertile, the
indicators were 2.2 times lower).

Mortality rates from alcohol poisoning and transport
accidents increase stepwise, but insignificantly, as living
conditions deteriorate and reach twice the urban level in the
lowest tertile.

The relative epidemiological risks of mortality from
certain external causes (suicides, homicides, drownings,
freezing, alcohol poisoning, and transport accidents) increase
from the highest to the lowest tertile. With the exception of
suicides, the risks of mortality from certain external causes
reach the highest values in the lowest tertile; the maximum
risk values were recorded for drowning and freezinges.

T.31Ne T, 2024
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The shortcomings of the existing practice in Russia for the
diagnosis and accounting of AAM, primarily mortality from
certain external causes associated with alcohol abuse in the
AZRF, are considered.
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OPUIMMHATBEHOE MCCNEOBAHME T.31,N 12024 JKONOrVIA HenoBeKa
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OueHka aganTalMoHHOro noTeHuuana aertei
W NOAPOCTKOB B 3KOJIOFMYECKU HaNPSIKEHHbIX
YC/IOBUSAX

C.B. EpMonaeBa

YNbsHOBCKMIA rocyfapCcTBEHHbIN YHUBEPCUTET, YNbAHOBCK, Poccus

AHHOTALLMSA

06ocHoBaHue. B pspe uccnenoBaHuWin, NPOBEAEHHBIX B NOCNEHME roAbl, YCTAHOBMIEHO YBENMYEHWE YMCTa feTel U NoLpOCT-
KOB C OTK/IOHEHWAMU B GPU3NMIECKOM Pa3BUTUM. BONbLUMHCTBO aBTOPOB CBA3bLIBAIOT 3TOT POCT C AEHCTBMEM 3arpASHEHUS NpU-
POAHOIA cpeAbl. AfanTauMoHHbIe BO3MOXHOCTU [eTeil U NOAPOCTKOB MOTYT BbICTYNaTb MHAMKATOPaMW pa3BuTUS OpraHu3Ma
B HebaronpuATHbIX YCI0BMSX CPefbl.

Lenb. OueHKa dumanyeckoro pasBuTva U afanTaLMOHHOTO NOTEHLMana AeTel U NoApOCTKOB, NPOXMBAIOLLMX HA TEPPUTOPUSX
C Pa3nM4HON CTENEHbI0 aHTPOMOTEHHOM Harpy3KU Ha OKpYatoLLyH cpefy.

Matepuan u MeToabl. AHaNM3 3KOI0rMYECKO 0BCTAHOBKM TeppuTOpuin YNbAHOBCKOI 0bnacTu nponssenéH 3a 2009-2023 rr.
Ha 0CHOBe COBCTBEHHbIX UCCef0BaHuiA Npob aTMochepHOro Bo3ayxa, MUTLEBOI BOAbI M3 BOAONPOBOAHOM CETH, NOYB CENN-
TebHbIX 30H paiioHoB 0bnacTu. B pesynbTate aHanu3a nokasatesniei 3arpASHSIOLLMX BELLECTB B NPUPOLHON Cpede ANs Ka-
A0r0 MyHWLMNanbHoro 0bpasoBaHms paccumTaH Ko3ahdULUMEHT aHTPONMOTeHHOM HarpysKuU Ha OKpYXatoLlyto cpedy. Ha Teppu-
TopuM 0bnacT NpoBefieHo 0bcneaoBaHKe LWKOMBHUKOB MO NPOrpamMMe, KOTopas BKIoYaa U3MepeHUe TOTaslbHbIX Pa3MepoB
Tena (AnMHa Tena, Macca Tena, OKPYXHOCTb MPYLHOMN KNETKW, MHAEKC Macchl Tena) U GyHKLMOHanbHbIX NapaMeTpoB (YacToTa
CepAEYHbIX COKPALUEHMIA, CUCTONIMYECKOE M AMACTONIMUECKOE apTepuanbHoe LaBfieHue). BelumcieHus aganTalumoHHOro no-
TeHuwana nposoaunm no gopmyne b.M. baesckoro.

Pesynbratbl. Y WKONbHUKOB 060MX MOMIOB, MPOXMUBAIOLLMX HA TEPPUTOPUAX C HU3KOM CTEMEHbID aHTPOMOreHHON Harpy3Ku
Ha OKpYyKatoLLyto cpedy, Mopdonornyeckue M GyHKLUMOHaMbHbIE NOKa3aTeNu UMeloT onee BbICOKWE 3HaYeHWs N0 CPaBHEHUIO
CO LUKOJIbHWUKaMM, NPOXUBAIOLLMMM Ha TEPPUTOPUAX C BbICOKOM CTEMEHBK aHTPOMOrEHHOM Harpy3Ku Ha OKPYXatoLLylo cpefy.
MepamaHHble 3Ha4eHUs aflanTaLMOHHOTO NOTEHLUMANa MabyYMKOB W [AeBOYEK PaOHOB 2-M rpynnbl Bbille 3HAYEHUIA apan-
TaLMOHHOrO NOTEHLMaNa MajbYuKOB U AeBOYEK 1-i rpynmbl, YTO CBUAETENLCTBYET O HAMPSMXEHWM afanTaLMOHHBIX Mexa-
HWU3MOB B 30He 3KOJIOTMYECKOro Hebnarononyumns. Y geBoyek pasnuums B NoKasaTensx afantaluMoHHOro NoTeHupuana noutu
COBMAafalT C pPasfMunUAMU, KOTOPbIE BbISIBEHbI Y MaJIbYUKOB, HO C MEHBLUMM KOIMYECTBOM BO3PACTHbIX FPYNM, YTO MOXET
CBUAETENbCTBOBATH 0 Hoslee BbICOKMX afanTaUMOHHbIX pe3epBax NOCHeHMX.

3aknioueHue. PesynbTaThbl MCCNEA0BaHUN MOTYT BbITb UCMOMb30BaHbI I CAHUTAPHO-TUIMEHUYECKOr0 MOHUTOPUHIA, Npo-
QUNaKTUKM JETCKOM 3a601EBAaEMOCTM U NNAHUPOBAHMSA SKONOMMYECKUX MEPOMPUATHIA, HAaNpaBieHHbIX Ha MUHUMM3aLMI0 He-
raTMBHOrO BO3LENCTBUA QaKTOPOB cpeabl Ha 3L,0pOBbE HACeNEeHUS.

KnioueBble cnoBa: afanTaumMoHHbIi NoTeHUMaN; pu3ndeckoe pa3BuTue; HaKTopbl OKpyKaloLLel cpefpl.
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Assessment of the adaptive capacity of children
and adolescents in environmentally challenging
conditions

Svetlana V. Ermolaeva

Ulyanovsk State University, Ulyanovsk, Russia

ABSTRACT

BACKGROUND: A number of recent studies have demonstrated an increase in the number of children and adolescents with
deviations in physical development attributing this increase to the effects of environmental pollution. The ability of children and
adolescents to adapt to their environment can serve as an indicator of their physical development in unfavorable environmental
conditions.

AIM: To assess the physical development and adaptive capacity of children and adolescents living in regions with varying
degrees of anthropogenic impact on the environment.

MATERIAL AND METHODS: An analysis of the environmental situation in the Ulyanovsk region was carried out based on the
author’s own research of atmospheric air, drinking water and soil samples collected from residential areas in 2009-2023. The
study focused on identifying pollutants in the natural environment and calculating a comprehensive pollution indicator for each
environmental component. In addition, a survey of schoolchildren in the Ulyanovsk region was conducted. Height, weight, chest
circumference, body mass index, heart rate, systolic and diastolic blood pressure were measured. The adaptation capacity (AC)
of the study participants was calculated using the Baevsky formula.

RESULTS: Schoolchildren of both genders, who lived in regions with low level of anthropogenic impact on the environment, had
higher values for morphological and functional characteristics than schoolchildren in regions with high degree of anthropogenic
impact. Median AC values for boys and girls in the latter group were higher than those in the former, suggesting heightened
adaptation mechanisms in environmentally disadvantaged areas. The differences in AC among girls closely mirrored those
observed in boys, albeit across fewer age-groups, potentially indicating greater adaptive reserves in the latter group.
CONCLUSION: Our findings can be used for sanitary and hygienic monitoring, prevention of childhood morbidity and the
development of environmental strategies to reduce the adverse effects of environmental factors on public health.

Keywords: adaptive capacity; physical development; environmental factors.
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OPUTMHATIBHOE VICCIEOBAHME

OB0CHOBAHUE

B HacToswee BpeMs Kak 3apybexkHble, TaK U 0TeYecTBeH-
Hble WCCef0BaHWA CBUAETENbCTBYHT 06 OTpuuaTensHOM
TEHAEHLUWUW B COCTOSHUM 3[10POBbA NOAPACTAOLLEro NoKoe-
Hus [1]. B psage nccnepoBaHwid, NpoBeLEHHBIX B MOCAEAHME
roAbl, YCTAHOB/EHO YBENMYEHWE YuCa AeTeN U NOJAPOCTKOB
C OTK/OHEHUAIMU B (QU3NYECKOM pa3BUTUW. BonblLIMHCTBO
aBTOPOB CBA3bIBAIOT 3TOT POCT C AEHCTBUEM ClIEAYIOLLMX He-
BnaronpuATHLIX aKTOpOB: 3arpsi3HeHNe NPUPOLHON CPeabl,
HeJ0CTaToYHo KOMGOPTHbIE KIMMATUYeCKUe YCIoBUS, He-
YL,0BNETBOpUTENIbHAA MeMKO-CoLManbHas MHbpacTpyKTy-
pa, ancbanaHc MMKPO- M MaKpOHYTPUEHTOB B MuUTaHum [1-3].
KoMnneKcHas oLieHKa COCTOSHMSA OKpYaloLLEeN cpefibl U eé
B/IMAHWA Ha 3[0POBbE HACENEHUs [O/KHA OCHOBbLIBATHCS
He TO/bKO Ha MOKa3aTensX HaXOoXAEHWUS 3arpA3HSILLMX Be-
LLeCTB B NMPUPOAHBIX CPefaX, HO M Ha OTBETHBIX peaKumsx
JUBbIX OpraHM3MOB Ha BO3[ENCTBME 3TUX 3arps3HAOLLMX
BewecB. Ocobylo 3HaUMMOCTb NpUOBpEeTaeT MOHUTOPUHT Mo-
Kasaresiel GprU3v4ecKoro pasBUTUA AeTell LIKOJbHOro Bo3pacTa
BC/IEACTBUE WX BbICOKOM 3KOCEHCUTUBHOCTM, 0OYCIIOBNEHHOV
nybepTaTHbIMM U3MEHEHUSIMU B OpraHu3Me (MHTEHCUBHbIE
NpubaBKW ANMHBI M Macchl TeNa, HeMporyMopanbHbId 1 Bere-
TaTUBHbIN aucbanaxc) [1]. AaanTaUMoHHbIe BO3MOMHOCTY Je-
TeN M NOAPOCTKOB MOTYT BbICTYNaTb MHAMKATOPaMM Pa3BUTHS
opraHu3Ma B HebnaronpusTHLIX YCIOBUAX CPefbl, Tak KaK no-
3BOJIAIIOT OMEPATUBHO pearnpoBaTh Ha U3MEHEHUS cpeabl 0bu-
TaHUS U HaXOAUTb OMTUMaNbHbIA PEXMM paboTbl opraHoB
n cucteM [4, 5. KoMnneKcHbIi NoKasatesb, NpeaJioxeHHbI|
b.M. baeBckuM U c0aBT. [6], OCHOBaHHbIN Ha B3aMMOOTHOLLIE-
HWM MOKasaTenen Bo3pacTa, MacCbl M pocTa Tena, YacToThl
CepLeYHbIX COKPALLEHMI, CUCTONIMHECKOTO U AMACTONIUYECKO-
ro apTepUanbHOro AaBneHNs, NO3BONSET OLEHUTb afanTaum-
OHHbIM noTeHuman (All) nofpacTaloLLero NOKoNeHus.

PesynbTaThl MpoBeAEHHBIX UCCEL0BaHWU B3auMoLen-
CTBMsA pa3HbX HaAKTOPOB cpeabl M 3[40POBbS HAceNeHUs no-
Ka3blBalOT, YTO MHOTWE BOMPOCHI, CBA3aHHbIE C PUCKOM Ha-
PYLLEHWSA 30,0pOBbS Pa3HbIX N0I0BO3PACTHbIX FPYM, YPOBHEM
BO3[eCTBMS TEXHOTEHHOM Harpy3Ku Ha OpraHu3M, HegocTa-
TOYHO M3yyeHb! [7-10].

LUenb nccnepoBanua. OueHKa GuM3NYeCcKOro passuTus
un Al geTein M NOAPOCTKOB, MPOXUBAIOLLMX HA TEPPUTOPUSAX
C Pa3/M4HON CTEMEHbIO aHTPOMOreHHON HarpysKM Ha OKpY-
Xalowyo cpepy.

MATEPUANT U METObI

AHanu3 3Konornyeckon 06CTaHOBKU TEPPUTOPUI Ynbs-
HoBcKowW obnactu 3a 2009-2023 rr. npou3BeAEH Ha OCHOBE
COBCTBEHHBIX MCCNeoBaHM Npob aTMocdepHoro Bo3ayxa,
MUTLEBOM BOAbI U3 BOAOMPOBOAHOW CETH, MOYB CENMTEOHDIX
30H paiioHoB obnactu. CocTosiHMe aTMocdepHoro Bo3ayxa
OLIEHMBANM M0 KOHLEHTPaLMKM B3BELLEHHbIX BELLECTB, CEpbl
LVOKCUAA, Yrnepoja OKCMAA, asoTa AvoKcupa, deHona,
ruapoxnopuaa, gopManbaeruaa, beHs(a)nupeHa, aMMuaka,
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cepoeopopoaa. OueHky npob nuUTbEBOM BOAbI NPOBOAMIU
Mo aHanu3y cnepyloLmMx MoKasaTeneii: Jenesa, HUTPAToB,
cynbdato., xnopuaos, pochartos, LMHKA, xpoMa lIl, MapraH-
ua, Meau. CocTosHMe MOYBbI OLEHUBANM MO KOHLEHTpaLMK
MEeTannoB: KaAMMs, MeM, CBUHLA, LMHKa, HUKens. Bce aHa-
N3kl BbINOMHANM Ha Base XMMUKO-aHaNMUTMYecKon nabopa-
Topun HATW um. C.1N. Kannubl YnbsaHoBCKOro rocynapcreeH-
HOro YHMBEpPCUTETA.

Mo pe3ynbTataM 3KONOrMYECKOr0 MOHUTOPMHIA, NpoBe-
AexHoro B 2009-2023 rr., paHKupoBanu TeppUTOPUM pervo-
Ha. AHanu3 nokasareneii 3arpA3HAIOLLMX BELLECTB NO3BOSIAIT
paccuuTaTb Ans KawaoWd NpUPOAHOWA CPefbl KOMMIEKCHBIN
noKasaresb 3arpsA3HeHns no cnenytoein Gopmyne:

K,=tC./NOKNAK, ), (1.1
rae K, — KoMnneKcHbIil NoKasatesb 3arps3HeHns Npupos-
HbIX CPefi, PAaCCUUTAHHBINA MO KPaTHOCTM NPEBBLILLEHNS FUTMe-
HMYECKMX HOPMaTUBOB (N — NpUpOAHbIe cpeabl: aTMocdep-
HbI BO3AYX, MUTbeBas BOAA, NOYBA);

C, — cpeaHeapndMeTMHeCKMe 3Ha4EHNS KOHLEHTpaLmMK Be-
LLECTB, 3arpA3HAILIMX NPUPOAHYI0 CPedy, N0 MyHULMMab-
HbIM paloHaM peruoHa;

NOK — npegencHo fonyctuMas KOHUEHTpaUMA 4SS Belle-
CTBa, 3arpAsHAIOLLEro NpUpoaHYlo cpefy (MUTbEBYID BOAY,
nousy);

MNOK, . — npenenbHo AonmycTUMas KOHLEHTpaumMa Ans 3a-
PA3HSIOLLEro aTMOCQepHbIA BO3AYX BeLLecTBa.

B pe3ynbtare, ¢ MCMoMb30BaHMEM KOMMEKCHBIX MOKa-
3aTenien MPUPOSHbIX CPeL PacCUUTany UHTErpanbHbIA Koad-
(GurumeHT aHTponoreHHon Harpysku (KAH) Ha okpyxatowyto
cpeqy.

Pacuét nnterpanbHbix KAH Ha oKpy»atoLuyto cpeay, npo-
M3BOAMAM N0 Creaytolen hopmyne:

HAH=(K303ﬂyxa+KBOJ]bI+KI'ID‘-{BbI)/n’ (1 2)
rne KAH — wHTerpanbHbIl KO3 GUUMEHT aHTPONOreHHOM
HarpysK1 Ha OKPYKaloLLYIo CPeqy;

Kaosnyxa — KOMIUIEKCHBIN MOKa3aTeNlb 3arpsisHeHns atMoc-
(epHOro Bo3Aiyxa, paccumUTaHHbIN Mo cpesHUM apudMeTUye-
CKMM 3HAYEHUAIM KOHLIEHTPaLMi;

Koo — KOMMMIEKCHBIA MOKa3aTesb 3arpA3HEHNA NUTbEBON
BOAbl, PacCYMTaHHbIA MO KPaTHOCTW MPEBbILIEHUA TUMUEHU-
YeCKMX HOPMaTUBOB;

K ous — KOMMEKCHBIA MOKa3aTeNb 3arps3HeHUs MoyBbl,
PacCuMTaHHbIA MO KPaTHOCTW MPEBbILEHUS TUTMEHUYECKUX
HOpPMAaTMBOB;

N — KOJIMYECTBO aHanU3UpyeMbIX NMPUPOLHBIX CPeS.

BennunHy KnaccoBoro MHTEpBana [Jis OLEHKW aHTpOmMo-
FEHHOM Harpysku paccuuTbiBanu Mo criefyiolen popmyne
[11]:

C= |(Xmax=Xmin)xlg2|
lgN '
roe Xmax — MaKCUManbHoe 3HayeHue MHAEKCA aHTpono-
TEHHOM HarpysKky;
Xmin — MWHMManbHOe 3HaYeHWe WHIEKCA aHTPOMOreHHoM
Harpysku;

(1.3)
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N — 06bEM BbIBOPKYW, COOTBETCTBYIOLUMIA YMCTTY 3HAYEHMIA
WHOEKCa aHTPOMOreHHOW Harpysku B rpaHMLax MHTepBana
(min+max).

Ha Tepputopum obnactu npoBenu obcnesoBaHmne LWKOMb-
HWKOB B MEJMUMHCKUX KabuHeTax LUKON €O cneuuanbHbIM
obopynoBaHMEM MO NporpaMMe, BKJKOYAIOLLEN U3MepeHME
AnvHbl Tena ([T), Maccel Tena (MT), OKPYHOCTW rpyaHOM
Kknetku (OTK), 4to no3sonmmo pacuntatb MHAEKC Macchl Tena
(MMT) [12], dyHKUMOHAMBHBIX NapaMeTPoOB YacToTbl CepAeY-
HbIX cokpaluenmn (HCC), cuctonmueckoro (CAL) m gmacto-
nndeckoro (JAL) aptepuansHoro aaenenus. Ha nposeaeHue
UccnefoBaHU UMEETCS 3aKJTYEHUE 3TUHECKOW KOMUCCUM
(akt N2 15 ot 17.10.2007 r.) YNbsIHOBCKOrO rocyaapCTBeH-
HOro YHUBEPCUTETA, BCE MONYYEHHbIE aHHble 06€3MMYeHbI.
06cneposanue nposoamnm B 2008-2023 rr. B 25 obpasoBa-
TeNbHbIX YUpEXAEHMAX, BbibopKa cocTosna u3 5053 yyawmx-
cs (2663 manbumka n 2390 peBoyek) B Bospacte ot 7 fo 17
JIeT, NOCTOSIHHO MPOXMBAIOLLMX B peruoHe (tabs. 1).

Bbiuncnenms All nposoamnm no dopmyne b.M. baesckoro
1 coaBr. [6]. YeM Bbiwe BenmunHbl All, Tem bonee 3Hauu-
TeNbHbl U3MEHEHUS! DYHKLMOHANBHOMO COCTOSHUS CUCTEMBI
KpoBoobpallieHus (2,60 1 HuKe — yAOBNETBOPUTENbHASA
apantauus; 2,61-3,09 — HanpsxeHue MexaHWM3MOB ajan-
Taumu; 3,10-3,49 — HeyposneTBopuUTENbHAA ajanTauus;
3,50 u Bblle — cpblB MEXaHM3MOB afanTaumm).

CratucTuyeckyto 06paboTKy MoSlyYeHHbIX pe3ynbTaToB
NPOBOAMNM C UCTOfb30BaHWeM nporpamm Microsoft Office
Excel 2010 u Statistica Soft 10.1. Ha ocHoBe BbluMCNEHUS
KputepueB Konmaroposa—-CmupHoBa wu Llanupo-Yunka
(c nonpaBskon Jlunnuedopca) oueHMBanM pacnpepeneHue
noKasaTesien MOAYMHEHUID 3aKOHY HopManbHocTh [13].

T.31Ne T, 2024

JKoNorna HenoBeka

CTaTMcTUyecKas 3Ha4YMMOCTb MPUHUMaNAch Ha YpOBHE BEpO-
atHocTv Gonee 95% (p <0,05). PesynbTaThl cpaBHeHUA no-
Ka3atenen All feTei M NOAPOCTKOB MO BO3PaCTHbIM rpynnam
OLIeHMBaYM ¢ noMoLLblo T-KpuTepus CTbloaeHTa 1 aucnepeu-
OHHOro aHanmsa (ANOVA).

PE3Y/IbTATbI

B pesynbrate cOBCTBEHHOr0 MHOrONETHEr0 MOHMTO-
PWHra OMpefenunu CpesHEMHOrOIeTHUE KOHLEeHTpauuu
3arpssHaoLwmx Bewects [14]. [lnanasoH 3HayeHwi WKanbl
KaueCTBEHHOM OLEHKM aHTPOMOreHHOW Harpy3ku Ha OKpy-
XaloLLyto cpefy MyHULMNaNbHbIX 06pa30BaHuUit BbIMUCUIU
¢ nomoLblo Gopmynbl [11] ¢ BEAUYMHOIM KNAcCcoBOr0 WMH-
TepBana 1,53. LLkana KayecTBEHHOW OLEHKM aHTPOMOreH-
HOW Harpy3Ku Ha OKPYXaloLLYH0 Cpefly TeppUTOPUIA perMoHa
npencTapnieHa B Tabn. 2. WUHTerpanbHble KO3 hUUMEHTHI
W CTerneHb aHTPOMOreHHOM Harpy3k1 Ha OKpYXKaloLLyio cpe-
Ay npencTasieHbl B Tabn. 3.

B pe3ynbrate aHanu3sa BbISIBUAM BbICOKYIO CTEMEHb aH-
TPOMOreHHOM Harpy3Ku1 Ha OKpYKaloLLyto cpesy B IuMUTPOB-
rpage, YepoakamMHCKoOM paiioHe, YnbsiHoBcKe M CeHrunees-
CKOM paioHe.

[ing cpaBHUTENbHOrO aHanu3a (GU3MYECKOro pasBuUTUA
u All geten n noapocTkoB Bblbpanu Tepputopun CeHrune-
€BCKOro 1 Yepak/IMHCKOro paioHoB, TaK Kak 3T MyHULU-
nanbHble 00pa30BaHNA HapaBHe C MPOMBbILLIIEHHBIMU OpO-
[aMU MMEIOT BbICOKYI0 CTEeMeHb aHTPOMOreHHOW Harpy3ku
(cM. Tabn. 3). ina rpynnbl KOHTPONS BbIOPany panoHbl, B KO-
TOPbIX OTMeYeHa HW3Kas CTeMeHb aHTPOMOreHHoW Harpys-
Kn, — BewwKaiimckuin u Cypckuii.

Tabnuua 1. YncneHHoCTb AeBOYEK M MasIbuMKOB N0 BO3PAcTaM U rpynnam cpaBHeHNs
Table 1. Number of girls and boys across age- and comparison groups

Bospacr, net Manbuuku, n | Boys, n

DeBouku, n | Girls, nn

Age, years 1-arpynna | Group 1 | 2-arpynna|Group2 | 1-arpynna|Group 1 | 2-srpynna | Group 2

7 134 115 128
8 127 124 118
9 122 84 89
10 121 91 87
1 91 83 87
12 129 114 118
13 118 113 77
14 m 139 128
15 143 93 m
16 149 135 129
17 101 101 126
Bcero 1346 1217 1192 1198
nTOro: 2663 2390

D0l https://doiorg/10.17816/humecoé29716
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Ta6nuua 2. Lllkana KayecTBEHHON OLLEHKM aHTPONOreHHOM Harpys-
KM Ha OKpY3KaloLLyto Cpefly TEppUTOpUIA per1oHa

Table 2. Scale for assessing anthropogenic load on the environment

OueHKa aHTPONOreHHO Harpy3ku
Ha OKpy:KaloLLyio cpeay
Assessment of anthropogenic
load on the environment

[lmanasoH 3HayeHun
Range of values

1,53+3,06 Huskas | Low
3,07+4,60 Cpepnss | Average
24,61 Boicokas | High
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C noMoLwbio npoueaypbl HOPMUPOBAHUS M OUCNIEPCUOH-
HOr0 aHanu3a cpaBHUNM MopdOMETPUYECKUE MOKa3aTenu
LUKOJTBHUKOB, NMPOXKMBAIOLLMX B PaOHAX C Pa3HOW CTEMEHbIO
aHTPOMOreHHONM Harpysku Ha OKpyKatowwyto cpedy. U3 puc.
1 cnenyer, uto 3Hadenus AT, MT, OTK n UMT y mManbunkos
1- rpynnbl bonee BbIpaKeHbl B CTOPOHY YBENUYEHMS, YEM
Y Masb4MKoB 2-1 rpynnbi.

Pasnuumnsa sennund [T u OTK uMeloT BbICOKyI0 cTeneHb
3HaummocTu (p <0,01; p <0,001). ¥ nesoyek 1-# rpynnbl,
KaK ¥ y ManbumkoB, nokasatesm [T, MT, OTK n UMT Bbiwe,
yeM y AeBoyeK 2-i rpynnbl [15].

Tabnuua 3. NHTerpanbHble Ko3QdUUMEHTbI aHTPOMOTEHHOI HarpPy3KM Ha OKPYIKaloLLYIo Cpeay
Table 3. Integral coefficients of the anthropogenic load on the environment

nggjf?i:;:aﬁ?:lﬁig. CTeneHb aHTPONOreHHoM
PaiioHb! ' HarpysKu Ha OKpyXaloLLyto
Districts Bosmyxa | Bomel | MouBbi AHT::;&';%"OFI Degree of tﬁzeéqrzlthropogenic
Air Water Soil Anthropogenic load load on the environment
Papuwesckuit | Radishchevsky 1,99 0,85 0,38 1,07 Huzkas | Low
HoeomanbikamHckuii | Novomalyklinsky 2,93 0,43 0,47 1,28 Huskas | Low
BewwukaiiMckuii | Veshkaimsky 1,96 1,09 0,81 1,29 Hu3kas | Low
KapcyHckuit | Karsunsky 2,18 1,24 0,57 1,33 Huskas | Low
UnnbHuHckui | Tsilninsky 1,37 1,89 1,05 1,44 Huskas | Low
Crapokynatkunckuid | Starokulatkinsky 2,04 1,28 1,05 1,46 Huskas | Low
Hukonaesckui | Nikolaevsky 2,16 1,46 1,05 1,56 Huzkas | Low
MaiiHckuit | Mainsky 2,61 0,89 1,40 1,63 Huskas | Low
TepeHbrynbckuii | Terengulsky 2,65 1,33 0,92 1,63 Huskas | Low
KysoeatoBckuii | Kuzovatovsky 2,19 2,31 0,92 1,81 Huskas | Low
Maenosckuit | Pavlovsky 2,10 2,44 0,91 1,82 Huskas | Low
Menekecckui | Melekessky 1,65 2,59 1,39 1,88 Huskas | Low
Cypcruit | Sursky 2,00 2,70 1,03 1,91 Huskas | Low
Bapbiwwckuin | Baryshsky 3,33 2,22 0,53 2,03 Huskas | Low
YnbsHosckui | Ulyanovsky 4,20 1,12 1,51 2,28 Hu3kas | Low
WH3eHckuit | Inzensky 5,07 1,17 0,98 2,41 Huskas | Low
BasapHocbI3raHckuii | Bazarnosyzgansky 2,02 6,29 0,72 3,01 Huskas | Low
Hosocnacckuit | Novospassky 7,44 1,03 1,18 3,22 CpepHsis | Average
CrapoMaitHckuii | Staromainsky 3,22 5,75 1,03 3,33 CpenHss | Average
HosoynbsHoBck | Novoulyanovsk 7,98 0,84 1,45 3,42 CpepHsn | Average
CeHruneesckuit | Sengileevsky 5,56 6,50 1,85 4,63 Bricokas | High
YnbsHoBck | Ulyanovsk 15,85 0,97 1,52 6,11 Bbicokas | High
Yepaaknmunckuii | Cherdaklinsky 2,74 15,23 1,66 6,54 Bricokas | High
IumuTposrpag | Dimitrovgrad 21,99 0,71 1,49 8,06 Bbicokas | High

00I: https://doiorg/1017816/humecob29716
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Manbuuku | Boys HeBouku | Girls
0,15
0,15
0,10 0.10
0,05 T T 0,05 B =
0,00
0,00 01 o1
-0,05 gy OO m2
-0,10
-0,10
-0,15
015 020
-0,20 L L -0,25 L L
025 OT | BI MT | Bm OrK|Cc  WMT | Bml 0,30 AT | Bl MT|Bm  OrK]|Cc VIMT | Bml
MpuaHakm | Signs pynnbl 1-2 | Groups 1-2 MpuaHakm | Signs pynnbl 1-2 | Groups 1-2
AT | B 0,00005 AT | B 0,0003
MT | Bm 0 MT | Bm 0,00003
OrK|Cc 0,01 OrK| Cc 0,009
WMT | Bml 0 WMT | Bml 0,02

Puc. 1. Pe3ynbTathl aucnepcuoHHoro aHanusa (ANOVA, p <0,05) HopMUpoBaHHbIX OTKIIOHEHUI MOpPhOMETPUUECKUX NOKa3aTenen Manb-
UMKOB W [IEBOYEK, MPOXKMBAIOLLMX HA TEPPUTOPUSAX C Pa3HOW CTENeHbI0 aHTPOMOreHHON Harpysku Ha oKpyxatowyto cpefy: 1T — anuHa
Tena; MT — Macca Tena; OFK — oKpyHoCTb rpyaHoin knetku; UIMT — uHaeKe Macchl Tena.

Fig. 1. Results of analysis of variance (ANOVA, p <0.05) of normalized deviations of morphometric indicators of boys and girls living in areas
with varying degrees of anthropogenic pressure on the environment: Bl — body length, Bm — body mass, Cc — chest circumference,

Bml — body mass index.

Y Manby4mKoB, NpoXMBAIOLLMX Ha HeBNarononyyHbIX Tep-
putopusx, CALL u YCC Hmke, 4eM y NpOXKMBAIOLLMX B paio-
Hax C HU3KOM aHTPOMOTEHHOM HAarpy3KOM Ha OKPYXaloLLyH
cpeay. Npnyém pasnuums c BbICOKOW CTEMEHBIO 3HAYUMOCTH
oTMeueHbl Tonibko anda CAJl. Y neBouek, B 0TIM4ME OT Mafb-
UMKOB, BCE (YHKUMOHAMbHLIE MOKA3aTesu 3HAYMTENIbHO
BbILLE B 3KONOMMYECKW HebnarononyyHbIx pamoHax. 3Hade-
HWA QYHKUMOHANbHbIX MOKa3aTenell AeBOYEK, MPOXUBALD-
LUMX Ha TEPPUTOPUSX C BbICOKOW CTEMEHbK aHTPOMOreHHOV
Harpysku Ha OKPYKAIOLLLYI0 Cpefy, ropasfo Bbille 3HAYeHUi
apTtepuansHoro faenenns u YCC peBoyek, MpOXUBAOLLMX
Ha TePPUTOPUAX C HU3KOM CTEMEHbK aHTPOMOreHHOW Harpys-
KW Ha OKPYKAIOLLY0 Cpefly, MPUYEM C BbICOKOM CTEMEHbIO
3Haumnmoctm p <0,01 (puc. 2).

Onpepenenue All cucteMbl KpoBoobpalLeHWs npoums-
BoaMnM no dopmyne, BKoYatowen nokasarenm YCC, CAL
n OAL, a Takoke Bospact, [T u MT. Mo wkane 3HaveHuin Al
y 60MbLUMHCTBA LIKOIbHUKOB BbISIBUIW YA,0BNIETBOPUTENTBHYHO
ajlanTaumio, Ho Takke HabmofaeTca y ManbyMKOB U [1€BO-
YeK 0beux rpynn HanpsXeHWe MexaHM3MOoB afanTaumu. Tak,
B -1 rpynne HanpsKeHWe afanTauMoHHbIX CUCTEM OTMEYEHOD
y 4,5% ManbuuKoB 1 y 4,1% [eBoYeK OT YMC/a BCeX AeTeil
8-netHero Bo3pacra. Bo 2-1 rpynne BbISBNEHbI LETW U NOA-
POCTKU C HaMpsiXeHWEM MexaHM3MOB afanTaLum B BO3pacTe
8 net — 13,3% manbumkos 1 10,0% nesoyek, B Bo3pacTe
17 net — 12,0% Manbumkos u 10,0% peBouyek (0T Konmue-
CTBa NOLPOCTKOB AAaHHOM Bo3pacTHoi rpynnbl). Kpome atoro,
y NOAPOCTKOB 2-i1 rpynnbl B Bo3pacte 17 neT BbisiB/eHa He-
ynoBneTBopuUTenbHas apantaums: y 1,6% Manbumkos v 1,0%
LEBOYEK.

D0l https://doiorg/10.17816/humecoé29716

MenuaHHble 3HayeHna All ManbyMKoB M AeBOYeK, npo-
KMBAIOLLMX B palioHax C pasHbiM KauyecTBOM OKpYyKaloLLeil
cpefbl, NpeLcTaB/ieHbl Ha puc. 3.

MenuaHHble 3HaveHus All ManbuMKoB U ieBoYeK paiio-
HoB 2-ii rpynnbl (CeHrnneeBcKuin U YepaakiMHCKUIA paito-
Hbl) Bbille 3HadyeHwi All ManbunMKoB M AeBoYek 1-i rpyn-
Mbl, YTO CBUAETENLCTBYET O HAMPSIKEHUN aAANTALMOHHBIX
MEXaHM3MOB B 30HE 3KOJIOTWYeCKOro Hebnaronoayums.
B CeHruneeBcKoM paiioHe 0TMeYeHbl IKCTpeMarbHbIe 3Ha-
UeHus, KOTOpble NOKa3bIBAKOT HaJMuWe LeTeil U NOAPOCTKOB
C HanpsXKeHWeM MexaHM3MOB afanTauum U C Hey40BNEeTBO-
puTeNbHOWM afianTtaumeid opraHuamMa. MoapocTky ¢ TakuMu
nokasatensMu ecTb u B Cypckom patioHe. MpuimHamu cHu-
weHusa All MoryT BbITb He TONIBKO GaKTOPbI 3KOIOMUYECKOT0
xapakTtepa [5, 7].

Pacuét oueHku All WKOMBHMKOB MOKasas, YTo CpeaHe-
rpynnosble 3HadyeHust All y ManbuuMKoB U [eBOYEK BbILE
B panoHax 2-i rpynnbl, FAe 0TMEYaeTCs BbICOKAsA CTEMeHb
aHTPOMOreHHOM Harpy3Ku Ha OKpyXatoLyto cpefy. B Tabn. 4
NpUBeJEHbI pe3ynbTaTbl CPABHEHUSA CPEAHErpynnoBbIX Mo-
Ka3ateneii All LUKONbHUKOB, NPOXMBAIOLLMX Ha TEPPUTOPHSIX,
OT/MYAIOLLMXCA CTEMEHbIO aHTPOMOrEHHOM Harpy3KM Ha OKpy-
XaloLLyto cpeay.

Mo BceM BO3pacTHLIM rpynnaMm LUKOSIbHUKOB, MPOXMUBaL0-
LLMX B paiiOHaXx C pa3Hoi CTeNeHbK0 aHTPOMOreHHOM Harpy3Ku
Ha OKpYKaloLLylo cpefy, cpaBHUIM 3HaueHns All. Cratuctu-
YECKM 3HAUMMbIe Pa3fiNyus OTMEYEHbI Y Manb4YuKOB BO BCEX
BO3pacTHbIX rpynnax, kpoMe 8, 10 n 14 ner, y aeBoveK cTa-
TUCTUYECKW 3HAYMMble Pa3fiuMsa O0TMEYalTCA B BO3pacT-
Hbix rpynnax 7, 10, 12, 16 n 17 net. Pe3ynbTathl CpaBHEHMA
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nokasareneil All geTeit M NoApPOCTKOB N0 BO3PACTHLIM Fpyn-
naMm npepcTaBneHbl B Tabn. 5. OBCy}KﬂEHME

Y ManbumKoB pasnuumns B nokasatensx All Mexxay rpynna- Y LWKONbHMKOB 0601X N0NOB, NPOXKMBAIOLLMX HA TEPPUTO-
MM BbISIB/IEHbI HA TPEX 3Tanax pa3suTus: B /-9 nieT, 11-13 neT  pusAX ¢ HU3KOI CTENEHbK0 aHTPOMOreHHON Harpy3Ku Ha OKpy-
n 15-17 net. Y peBoyek pasnuuma B nokasatensx All 6imsku  xawowyio cpedy, nokasatenm AT, MT, OTK u UMT umetot
C pasnnyMaMM Tex BO3PACTHbIX Py, KOTOPbIE BbISBAEHbI  60siee BbICOKUE 3HAUEHWS MO CPABHEHUIO CO LUKOMbHUKAMMU,
Y Mafib4uKOB, HO C MEHBLUMM UX KONMYECTBOM U C HEKO-  MPOXWBAKOLLMMU Ha TEPPUTOPUSX C BbICOKOM CTEMEHBH aH-
TOPbIM CABUIOM BO3PACcTOB, YTO MOXET CBUAETENbCTBOBATL  TPOMOTEHHOW HAarpy3KWU Ha OKPYKaloLlyl cpefy. Y AeBoueK

0 6onee BbICOKMX afanTaLMOHHBIX pe3epBax NOCNeAHMX. 1-# rpynnbl, Kak 1 y Manbuukos, nokasatenm AT, MT, OTK
Manbuukm | Boys [eBouku | Girls
0,10 0,20
0,15
0,05
m 0,10
0,00 o1 0,05 mi|
@2 @2
0,05 0,00 L
-0,05
-0,10
0,10
-0,15 — -0,15
CAL / SBP [OAL / DBP YCC/HR CALl/ SBP [AL / DBP UCC/HR
MpusHakm | Signs pynnbi 1-2 | Groups 1-2 MpusHakm | Signs Mpynnbl 1-2 | Groups 1-2
CAL | SBP 0,019 CAll | SBP 0,02
LA | DBP 0 [AL | DBP 0,03
YCC |HR 0,01 YCC |HR 0,004

Puc. 2. Pe3ynbTaThl [UCNEPCMOHHOMO aHaNM3a HOPMUPOBAHHBIX OTKIOHEHMIA QYHKLUMOHANbHBIX NOKa3aTesnel MabYuKoB U AEBOYEK, NPo-
KVBAIOLLMX Ha TEPPUTOPHUSIX C Pa3HON CTeMeHbI0 aHTPONOreHHOM Harpy3Ku Ha OKpyxaioLuyio cpeay: CALl — cuctonmnyeckoe apTepuanbHoe
nasnenue; [JAJl — nuactonuyeckoe aptepuanbHoe aaenenmne; YCC — yactoTa cepfieyHbIX COKpaLLEHNN.

Fig. 2. Results of analysis of variance of normalized deviations of functional indicators of boys and girls living in areas with varying
degrees of anthropogenic pressure on the environment: SBP — systolic blood pressure; DBP — diastolic blood pressure; HR — heart rate.

Manbuuku | Boys DeBouku | Girls
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Puc. 3. MeauaHHble 3HauyeHUs afanTaUMoOHHOro MoTeHUMana (B 6annax) ManbyuMKoB W [1eBOYEK, MPOXMBAIOLLMX B palioHax ¢ pasHbIM
Ka4ecTBOM oKpyxKatoLeii cpefbl: CypP — Cypckuin panon; CeHP — CeHruneeBckuii paiioH; YP — YepaaknmHckum paiioH; BP — Beww-
KaliMCKMIA paiioH.

Fig. 3. Median values of adaptive potential (in points) of boys and girls living in areas with different environmental quality:
SurR — Sursky district; SenR — Sengileevsky district; CR — Cherdaklinsky district; VR — Veshkaimsky district.
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Tabnuua 4. PesynbTaThl cpaBHEHUS CpeAHErpYNMoBbIX MOKasaTesel afanTaunoHHOro NoTeHLMAanNa LWKObHUKOB, NPOXUBAIOLLMX Ha Tep-
PUTOPMSAX C Pa3NIMYHON CTENEHBIO aHTPOMOTEHHON HarPy3KY Ha OKPYIKAIOLLYI0 Cpesy

Table 4. Adaptive capacity of children and adolescents across groups with different anthropogenic load on the environment

Mon 1-a rpynna | Group 1 2-q rpynna | Group 2
Gend t-value p
ender Mean Std. Dev. Mean Std. Dev.
Manbumkm | Boys 1,47 0,50 1,79 0,22 -11,0368 0,0000001
JleBouky | Girls 1,53 0,49 1,77 0,21 -8,50313 0,0000001

Tabnuua 5. PesynbTathl cpaBHEHWS MoKa3aTesleil afanTalUMOHHOMO NoTeHUMana AeTeil U NOJPOCTKOB, NPOXUBAIOLLMX Ha TEPPUTOPUSX
C Pa3Hoii CTENeHbI0 aHTPOMOrEHHOM HarPy3KM Ha OKPYIKaIOLLYIO CPeAly, N0 BO3PACTHBIM rpyrnnaMm

Table 5. Adaptive capacity of children and adolescents s with different anthropogenic load on the environment, stratified by age

Manbuukm | Boys DeBouku | Girls

Bospacr, net

hoeyears | T | Coroz | tveue | p TR PO | twale |
7 1,20 1,70 -3,45 0,0029 1,20 1,73 -3,71 0,0016
8 1,40 1,94 -1,54 0,1624 1,77 1,69 0,63 0,5315
9 1,46 1,79 -3,09 0,0033 1,63 1,76 -0,71 0,4907
10 1,58 1,71 -1,37 0,1744 1,49 1,73 -2,75 0,0075
1 1,44 1,71 =317 0,0022 1,64 1,69 -0,57 0,5704
12 1,08 1,70 -6,21 0,0001 1,40 1,69 -2,46 0,0185
13 1,44 1,79 -4,26 0,0001 1,64 1,77 -1,89 0,0615
14 1,72 1,76 -0,53 0,5944 1,57 1,73 -1,52 0,1340
15 1,46 1,84 -4,13 0,0001 1,50 1,72 -1,55 0,1319
16 1,39 1,76 —4,31 0,0001 1,32 1,79 -6,13 0,0001
17 1,48 1,93 -6,75 0,0001 1,56 1,86 -5,63 0,0001

1 UMT Bbiwe, YeM y feBoYEK 2-1 rPynMbl, HO 3TN Pa3uums
HEMHOr0 MeHbllUe, YeM Y MasbYMKOB, XOTS U UMEKT BbICO-
Kyto cTeneHb 3Hauumoctn p <0,01. OTMeueHo, YTo Y Manb-
UMKOB, MPOXKMBAIOLLMX Ha TEPPUTOPUAX C Pa3HOM CTEMEHbID
aHTPOMOTEeHHOM Harpy3Ky Ha OKPYXaloLLylo cpefy, pasHuua
B nokasatensx [T u MT bonee BbipaeHa, YeM y [OeBO-
yeK. B cBA3M ¢ 3TMM HeKoTopble UcCiesoBaTeENM OTMEYatT
6ONbLUYI0 YYBCTBUTEILHOCTb K BIUSIHWIO BHELUHWX (haKTopoB
(SKOCEHCMTMBHOCTB) UL, MyXcKoro nona [16].

Y ManbunKoB, NpOXUBAKLMX Ha HebBnaronoayyHbIX
Tepputopusx, CALL n HYCC Huxe, YeM y NPOXMBAIOLLMX B YC-
NOBMSAX 3KONorMyeckoro bnarononyuns. Y aeBoyek, B OT-
NMYME OT ManbuMKOB, BCe (YHKLMOHaNbHbIE MOKa3aTenu
3HQUMUTENBHO BbILWE B 3KONOrMYECKW HebnarononyyHbix
panoHax.

MeawaHHble 3HaueHus All Manb4YMKoB W AeBOYEK paiio-
HOB 2- rpynnbl Bblle 3Ha4eHW All ManbumKoB U AeBoYeK
1-# rpynnel, YTO CBMAETENLCTBYET O HaNpsXKeHWW afjanTa-
LMOHHBIX MEXaHU3MOB B 30HE 3KOJIOTMYECKOro Hebnarono-
nyuns. Y ManbumMKoB pasnnums B nokasatensx All mexay
rpynnamu BbiSIBNEHbI HA TPEX 3Tanax passutus: B 7-9 neT,
11-13 net n 15-17 ner. lNep.biit 3Tan — 7-9 nert, Tak
KaK 3TOT BO3PacTHOM NepUoS, BXOAMT B NEPUOL OHTOTEHE3a,

DOl https://doi.org/10

KOrAa BKJIaJ, BHELLUHWX CPefOoBbIX BO3LEMCTBUIA B pa3BuUTUE
AeTen 3HAuYMTENbHO MPEBbILAET CTeMNeHb FeHeTUYECKO
aetepMuHupoBaHHocTu [17]. Btopoii atan — 11-13 ner,
MOCKOMbKY 3TOT BO3PacT HEKOTOPbIMM aBTOpaMu onpefe-
NAeTCA NepuoaoM «CnypToBOro 6MONOrMYECKOro CKauKa,
KOrAa Lenblii psAf NoKasaTenien LOCTUraeT MaKCUMMalbHbIX
BEJIMYMH U B AaTbHEMLLEM MOXET NOABEPraThCs perpeccuu
[17]. Tpetuin atan — 15-17 neT, UMEHHO B 3TOM BO3pacT-
HOM nepuoje HabnoaaeTcs HeyCTOMYMBOCTb BEreTaTUBHOM
HEPBHOW M 3HAOKPUHHOW CMCTEM, a TaKXKe 0TMeYaeTcsa Ncu-
XMyeckoe u hnsnyeckoe nepeHanpsiKeHue y NoJpoCTKOB,
YTO HaK/aAblBaeTcA Ha HebnaronpusaTHbIE 3KONOTMYECKUe
ycnosus [16].

Y pesoyek pasnuuua B nokasatenax All 6nusku
C pasNyMAMM Tex BO3PACTHbIX FPynM, KOTOPbIE BbIABMEHB
Y Manby4uKOB, HO C MEHBLUWUM UX KOIMYECTBOM U C HEKOTO-
PbIM CLBUIrOM BO3pacToB, 4TO MOMET CBUAETENIbCTBOBATH
0 bonee BLICOKMX afanTaUMOHHBIX pe3epBax MOCHELHUX.
lMonyyeHHble JaHHbIE COTNAcylTCA C UCCNeL0BaHUAMM
H.H. TaTeHKOBOM M COaBT., KOTOPbIE 3aKJIOYAIOT, YTO «ae-
BYLUKM, HE3aBUCHMO OT YPOBHS 00pa30BaHuWsA W COLMANbHO-
ro cratyca, obnapanu 6onee BbICOKMMM (QYHKUMOHAMbHBI-
MU ¥ afanTauMoHHLIMK pe3epBaMu KapAMOpeCcnMpaTopHoil
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OPUTMHATIBHOE VICCIEOBAHME

CMCTEMBI N0 CpaBHEHWIO C loHoLwammy [18]. PesynbTathl uc-
C/le[l0BaHUii NOKa3bIBAOT DOMbLUYI0 YCTOMYMBOCTL afanTa-
LMOHHBIX CUCTEM Y [1eBOYEK MO CPaBHEHUIO C MaslbuMKaMK
[19]. Uccneposanmnsa H.A. [lonrywmHom n coaBT. N0 OLEHKe
All peten MarHutoropcka nokasanu yLoBETBOPUTENBHYHO
afianTtaumio y 60bLUIMHCTBA LETCKOrO HAceNeHus, Manbyu-
KM, N0 CPaBHEHUIO C AeBOYKaMK, 00/1afaloT bonee HU3KUMH
BO3MOXHOCTAAMU af,anTauMOHHbIX cucTeM [20].

3AKJIKYEHUE

B pe3ynbTate npoBefiEHHOIO UCCe0BAHNUSA YCTaHOBIEHO,
YTO Y LUKOJIBHUKOB 000MX NOJOB, NPOXKMBAIOLLMX Ha TEPPUTO-
PUSX C HU3KOM CTEMEHbK aHTPOMOreHHOW Harpy3Ku Ha OKpy-
Xatowyto cpegy, Mopdonoruyeckme u yHKUMOHaNbHbIE
MoKasaTeu UMeT bonee BbICOKWE 3HAYEHUA MO CPaBHe-
HUI0 CO LUKOJIbHWUKAMM, NMPOXMBAKOLWMMM Ha TEpPPUTOPUAX
C BbICOKOW CTEMEHbK aHTPOMOreHHOM Harpy3ku Ha OKpy-
atwowyw cpeny. Y 60NbLIMHCTBA LUKOMBHUKOB BbISIBE-
Ha y[0BNETBOPUTENbHAA afanTauus, HO eCTb MallbYuKH
W 4eBoYKW B 0beux rpynnax c HanpsikeHMeM MeXaHU3MoB
afjanTtauuu.

MeauaHHble 3Ha4eHns All ManbYmMKOB 1 AEBOYEK PaiioHOB
2-W rpynnbl Bbile 3HayeHuUn All ManbumkoB v AeBoyeK 1-i
rpynnbl, YTO CBMAETENLCTBYET O HAMPSIKEHUM afanTaLMOH-
HbIX MeXaHW3MOB B 30HE 3KONOTUYECKOro Hebnaromonyuns.
Y ManbumkoB pasnnuns B nokasatensx All Mexay rpynnamu
BbISIBNEHbl HA TPEX 3Tanax pa3sutus: B 7-9 net, 11-13 nert
n 15-17 net. Y peBoyek pasnuumsa B nokasarensx All 61u3ku
C pasnuuMaMK TeX BO3PaCTHbIX FPYMM, KOTOpPbIE BbiSBMEHb
Y MaJIbYMKOB, HO C MEHBLUMM WX KOJIMYECTBOM M C HEKOTOPLIM
CABMIOM, YTO MOXET CBUAETENLCTBOBATL 0 60siee BbICOKMX
aflanTaLMOHHbIX pe3epBax NOCNeLHNX.
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Pe3ynbTathl UcCNefoBaHMIA MOTYT BbiTb MCMOJb30BaHbI
ANA CAHUTAPHO-TUMMEHNYECKOT0 MOHUTOPUHIa, Npodunak-
TUKM [ETCKOI 3ab0/1eBaeMOCTM W MNaHUPOBAHUS 3KONOMU-
YECKUX MEepOonpuUATUIA, HampaBleHHbIX Ha MUHUMU3aLMIO
HeraTMBHOTO BO3AeNCTBMS (aKTOPOB Cpeabl Ha 3[0pOBbE
HaceneHus.

AOMO/THUTENIbHASA UHOOPMALIUA

Bknap aBTOpoB. ABTOp NMOATBEPXKAAET COOTBETCTBME CBOEMO aB-
TOPCTBa MeXAyHapoaHbIM KpuTepuaM ICMJE (cyLuecTBeHHBIN BKNag
B pa3paboTKy KOHLENLMK, NpoBeAeHWe UCCNeoBaHUs U NOAroToB-
Ky cTatbu, ofjobpeHure duHanbHoM Bepcum nepes nybnvkauuen).
WUcTounuk dumHaHcupoBaHua. ABTop 3asBnseT 0b OTCYTCTBMM
BHELLIHEro GUHaHCMpOBaHUS NPUY NPOBEAEHNM UCCIIE0BaHMS.
KoHdnukT uHTepecoB. ABTOp AeKnapupyeT OTCYTCTBUE SBHbIX
1 NoTeHUManbHbIX KOHQIMKTOB MHTEPECOB, CBA3aHHBIX C Mybnuka-
LMeNn HacTosLLLEN CTaTbu.

WHdopMupoBaHHoe cornacue Ha yyacTve B Mcclef0BaHUM.
Bce ydacTHVKM 10 BKIIOUYEHWUS B UCCNe0BaHMEe A0OPOBOMLHO MOA-
nvcanu Gopmy MHHOPMUPOBAHHOMO COrNacKs, YTBEPHAEHHYHO B CO-
CTaBe MPOTOKO/1A UCCNe0BaHUS STUUECKMM KOMUTETOM.
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MoaenupoBaHue U NPOrHo3MpoBaHue BO3PaCTHbIX
K03¢pPpULUEHTOB CMEPTHOCTU Ha OCHOBE
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AHHOTALMSA

060cHoBaHue. [pobnema BbICOKOW CMEPTHOCTW HaceNeHUs 0CTAETCA OHOW U3 Haubonee 3HauUMMbIX Npobnem 3apaBooxpa-
HeHust Poccumn. OpHOM M3 NpUOPUTETHBIX 3aAay rOCYAApPCTBEHHON MOSIMTUKU SBASETCS COKpaLLeHue CMepTHOCTM TPYLoCMo-
COBHOro HaceneHus v yBenmyeHue NpoLOSIKUTENBHOCTU XU3HW. [TpOrHO3MpoBaHMe YPOBHS CMEPTHOCTM HACceNIeHNs ABNIETCA
MHCTPYMEHTOM pasyMHOr0 pacnpefenieHus pasHbX BULOB PecypcoB.

Llesib. MogennpoBaHme 1 NporHo3 nokasatesieit cMepTHOCTM HaceneHus OpeHbyprckoii obnact Ha ocHoBe Mogenu Jiu—Kap-
Tepa.

Marepuan u Metoabl. M3yyeHbl nosoBo3pacTHble NOKa3aTeNn CMEPTHOCTU M YMCTIEHHOCTH Beero Hacenenns OpeHbyprckon
obnactu 3a 1991-2020 rr. [lns MoaenupoBaHus U NpOrHO3MPOBaHNA CMEPTHOCTU HaceNieHns npuMeHeH MeTof Jiu—Kaprepa.
Ha ocHoBe BbYMCIIEHHBIX NapaMeTPOB NOCTPOEHa MOLeNb CydYanHoro baywaanus ¢ apendoM 1 NpousBeAeHa OLEHKA ToY-
HOCTU.

Pesynbratbl. [Ina OpeHbyprckoin obnactn Mogensto Jln—Kaptepa onvcaHa cMepTHOCTb MYyXXCKOMO HaceneHus. B pesynbrate
MOJE/MPOBaHUA CMEPTHOCTM MYXCKOr0 Hacenenus OpeHByprcKoii 06nacTi noiyyeHa TOYHOCTL NOAroHKW 87%, focTaToyHas
ANS OLLEHKW pesynbTaToB [OSITOCPOYHOr0 NPOrHO3MPOBaHKA, MOCTPOEHbI NPOrHO3bl cMepTHOCTM A0 2035 T.

3akntoueHue. AHanu3 NOyYeHHbIX Pe3yNbTaToB NOKa3an, YTo B/MAHME NaHAEMUW Ha CMEPTHOCTb HaceneHWs HOCUT KpaTKo-
CPOYHbIN XapaKTep, B banxaniLme rofbl CMEPTHOCTb MYXCKOro HaceneHust OpeHbyprckon 06nacTv Npoo/MKUT CHUKATBCS.

KnioueBbie cnoBa: CMEepPTHOCTb; YACJIEHHOCTb HaceJieH!s; N0J10BO3pacTHbIe KOSCI)CIJVILI,VIEHTbI CMEepTHOCTU; MO eNTUpOBaHKe;
MPOrHo3mpoBaHue.
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Modeling and prediction of age-specific mortality
rates using the Lee—Carter model
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ABSTRACT

BACKGROUND: High mortality remains one of the most significant health concerns in Russia. One of the priorities of the state
policy is to reduce mortality rates among the working-age population and increase life expectancy. Predicting population
mortality rates serves as a valuable tool for effectively allocating the available resources.

AIM: To perform mathematical modeling and prediction of mortality rates of the population of the Orenburg region using the
Lee—Carter model.

MATERIAL AND METHODS: The age- and sex-specific mortality rates and the population size of the Orenburg region for the
period 1991-2020 was used as a study base. The Lee—Carter method was applied to model and predict population mortality.
By deriving key parameters, a random walk model with drift was developed, and an accuracy assessment was performed.
RESULTS: The Lee-Carter model has been utilized to analyze the mortality rates of the male population in the Orenburg region.
Through this modeling process, an accuracy rate of 87% was achieved, providing a reliable basis for long-term prediction.
Mortality forecasts have been generated up to the year 2035, allowing for a comprehensive evaluation of future trends in the
region.

CONCLUSION: The analysis of the results indicates that the pandemic's impact on population mortality is expected to be
short-term. In the upcoming years, the mortality rate of the male population in the Orenburg region is projected to continue
decreasing.

Keywords: mortality; population; age and sex mortality rates; modeling; forecasting.
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OPUTMHATIBHOE VICCIEOBAHME

OB0CHOBAHUE

BbiCoKMit ypoBEHb CMEPTHOCTM ABNSIETCA OCHOBHOM €MO-
rpaduueckon npobnemoii [1]. CeronHs Haubonee ocTpo cTOUT
BOMPOC CMEPTHOCTU HaceneHus TpygocnocobHoro Bo3pacTa
KaK 3KOHOMMYECKYM aKTUBHOM YacTyh 0bLecTBa [2], B pe3ynb-
TaTe MPEeXAeBPEMEHHON CMEPTHOCTU KOTOPOro 3KOHOMMUKA
CTpaHbl HECET KonoccanbHble notepu [3, 4. lpu atoM cne-
LYeT OTMETUTb, YTO BOMBLUMHCTBO YYEHBIX, 3aHUMAIOLLUXCS
AaHHON TEMaTUKOMW, 0TMEYAKT NOTEPU UMEHHO TPYAO0CTOCo6-
HOM pabouei cunbl CTpaHbl [9, 6].

CHMKEHME YPOBHAI CMEPTHOCTW HaceNeHus — OfHa
U3 TNaBEHCTBYIOLWMX LeNiel AeMorpauyeckoit NoamTUKM
Poccum [7]. locTnub 3TOr0 MOXHO MYTEM COKPALLEHWA 3a-
boneBaHuii cucTeMbl KpoBoobpalleHus, HoBOOOpa3oBaHui,
BHELLUHUX MPUYMH, KOTOpble 3aHUMAKT NMAMpPYIOLLME MecTa
B NMpU4YMHAX CMepTH BO BceM Mupe W B Poccuickoin Pepe-
paumu [8, 9.

OAHMM U3 OCHOBHBIX MOKa3aTesiel 340p0OBbS HACeeHus
noboro rocyaapcTea ABNAETCA 0XKMAAEMas NPOJOIKUTENb-
HOCTb u3HU [10] — MHTerpanbHbIA NOKasaTesb COCTOAHMS
3[,0p0Bbsl HACENEHUS W YPOBHA COLMANbHO-3KOHOMMYECKOIO
Pa3BUTMS, KOTOPbIA aKTUBHO MCMONb3YeTCA KaK WHAMKATOp
KauecTBa YeN0BEYECKUX PECYPCOB.

Kak n3BecTHo, A1 pacyéTa AaHHOro NoKasartens CTpoAT-
cA Tabnmupl cMepTHocT [11]. Ecnv M3BecTHbI NOBO3pacTHble
K03 UUMEHTBI CMEPTHOCTM, TO MOABNIAETCS BO3MOXHOCTb
paccyuTaTh BEpPOATHOCTb AOXUTUSA A0 ONpPefesieHHoro Bo3-
pacTa — HenocpeACTBEHHO e€ U IKCTpanonmpyioT Ha byay-
LLee, onpeaenas CPeSHION 0XMAAEMYI0 NPOLOMIKUTENBHOCTD
YU3HW ANs pasfinyHbIX BO3PACTHbIX KOropT.

WHTepec K MoAeMpOBaHUK0 M NPOrHO3WPOBaHMIO NOKa3a-
TeNsl CMEPTHOCTM HaceneHus obycnoBnieH HeobXxoaMMOCTbIo
€6 CHWXEHUs Ans JOCTUKeHUs bonee BbICOKMX MOKasaTeneil
KayectBa Xu3HW u bnarococtosHua [12], coxpaHeHus ponu
3KOHOMMYECKW aKTUBHOIO HACeNIeHUs! XU MHOTMMMW LpYrUMH
MpUYMHaMK, B TOM ymcie noTpebHocTbio GopMUpoBaHUs Me-
XaHM3MOB CHUMeHWS cmepTHocTh [13]. OBocTpuno npobnemy
MOJy4YeHUs TOYHBIX MPOrHO30B CMEPTHOCTU CYLLECTBEHHOE
CTapeH1e HaceNieHns B SKOHOMMYECKM pa3BuTbIX cTpaHax [14].

Takum 06pa3oM, NpOrHo3vMpoBaH1e CMEPTHOCTM B HACTO-
fillee BpeMs ABMIAETCA aKTyanbHOM 3afaveid. [ing peanusa-
LMW MeponpusTUiA LeMorpamyeckomn NOIMTUKW B peLLeHun
npobnembl HeobX0AMM MyNbTUAUCUMIIMHAPHBIA MOLXOA
[15], No3BONAIOWMA OCYLLECTBAATL AHANIMTUYECKYID OLIEHKY
1 NporHo3upoBaHme 3QHEKTUBHOCTM NMPUHUMAEMBIX PELLEHUIA
Ans 060cHOBaHMs Hanbonee ONTUMaNbHBIX Mep KaK As KpaT-
KOCPOYHOA, TaK W Ans 6onee NpoACIKUTENBHOIM NEPCNEKTU-
Bbl [16]. CTaTucTUyeCKMe Moaenn No3BoNAIOT paspabaTbiBath
PEKOMEHAAUMM N0 PauMOoHabHOMY MepepacnpeaesieHuio
(UMHAHCOBBIX W APYrX pecypcoB AJ1s1 NoBbilLeHNs addeKTmB-
HOCTU M pe3yNbTaTUBHOCTW OKa3aHUs MeAMLIMHCKOW NMOMOLLY
[17]. lns 3 beKTUBHOIO peLLeHns 3afa4n NO3TanHo! TPaHC-
(opMaLmm cUCTEMBI OKa3aHWUA NePBUYHOI MeMKO-CaHUTap-
HOM NOMOLLM ObIM UCMONb30BaHbI METOAbI MaTEMATUYECKOIA
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cTatmcTukm [18], uto no3sonmno paspabotatb peKoMeHaLmMm
M0 ynpaBNieHNo U3MEHEHMSIMM B MpoLIecce Nepexoa K HoBoM
MOJENIN MeaMUMHCKOW opranmsaumm [19]. Pesynbtathl Mo-
LeNMPOBaHNSA MoKasaTenel LedTenbHOCTU OHKOJIOrMYEeCKoi
Cyx0Obl MOKa3anM BO3MOXKHOCTM MPOrHO3MPOBaHUS YMCHa
Cy4yaeB CMepTM OT 3/10KQYeCTBEHHbIX HOBOOOpa3oBaHWH,
yTo no3BosifeT bosiee IPHEKTUBHO U paLMOHaNbHO pacnpe-
[ensTb OIOAXKET Ha AMarHoCTUKY 1 neyenme [20].

Hanbonee wHTepecHoi Ana NporHo3uMpoBaHMsA BO3pacT-
HbIX K03 dULMEHTOB CMEPTHOCTY ABNSETCA MOAENb, paspa-
boTtaHHas pemorpadamu P.1. Jiu u J1.P. Kaptepom B 1992 1.
Ansa nporHosupoBaHus cMepTHoctn B CLUA [21]. OcobeHHo-
CTbI0 J;@HHON MOJENU SBNSIETCA YYET BO3PACTHOM CTPYKTYPHI
Hacenenws. Mpenmywiectea Mogenu Jin—-Kaptepa no cpaeHe-
HWIO C ApYrMUW NPOrHO3HBIMW MOAENSAIMM BO3PACTHOI CMepT-
HOCTU COCTOST B €€ OTHOCUTESIbHO MPOCTOM KOHCTPYKLMM
U ycToitumBocTU. Mogenb BKIKOYAET MUHUMYM MapaMeTpos,
KaXXOblii U3 KOTOPbIX MOXHO AeMorpadnyecku HTepnpeTu-
poBatb. [1ns ux oueHky TpebyeTca cpaBHUTENbHO HebonbLLoE
KOIMYEeCTBO MH(DOPMaLIMH.

LUenb uccnepoBanusa. MosenmpoBaHue 1 NporHo3 no-
KasaTenen cMepTHOCTU Hacenenust OpeHbyprckoi obnactu
Ha ocHose Mopenu Jln—-Kaptepa.

MATEPUAJT U METO/IbI

[laHHble YMCNEHHOCTM HaceneHus Mo Moay W Bo3pacty
B3ATbl M3 basbl TepputopuanbHoro opraHa QepepanbHoit
cnyxbbl rocynapcTBeHHON cTaTUCTUKM No OpeHbyprckomn 06-
nactu. U3 exerofHbix COOPHUKOB MeMULMHCKOro MHDOpMa-
LMOHHOr0-aHanMTMyeckoro LeHTpa OpeHbyprckoid obnactu
BbIKONMPOBanu abcoNoTHbIE AaHHbIE O KOJIMYECTBE CMEpTEN
B 1991-2020 rr. no nony u no Bo3pactaM. Ha ocHose co-
BpaHHbIX AaHHBIX PacCyUTanM NOBO3PacTHbIE KO3PHULMEHTBI
cMepTHocTU. K nonyyeHHbIM 3HaYeHMSM NPUMEHSM MeTog,
JIn—-Kaptepa. Paccuntanu napameTpbl MOAEM METOLOM CUH-
TYNSPHOrO Pa3fnoKeHUs, B TOM YMCNE UHLEKC CMEPTHOCTH
HaceneHusa OpeHbyprckoi obnacTu, NpeacTaBnAwLLMiA coboi
BPEMEHHOI pAL. Bce BbluMCNEHWS M pacyéThl, B TOM Yuche
MPOBEPKY CTaTUCTUYECKMX TMMNOTE3, NPOBOAMIM C MOMOLLBI
brbnmotek s3bika nporpammupoBanms Python.

[lns MopenupoBaHWs UM NPOrHO3MPOBaHUSA WHOEKCa
CMEPTHOCTU MPUMEHSITN MHTErPUPOBaHHbIE MOLENN aBTope-
rpeccuu — cKonb3sLero cpeaHero (ARIMA-mopenu). ARIMA
onpegenseTcs TpeMs napametpamu (p, d, q):

» p — nopsanok asToperpeccun (AR), nossonstoLmii

BKJIIOYNTbL MPefblAyLLMe 3HAYeHWUs BpEMEHHOro psafa
B MOJENb;

+ d — nopsiAoK nHTerpupoBaHms (I), oTpaxKaloLLmi Ko-
JIMYeCTBO LUAroB, TpebyeMbix ANs npuBefeHUs pAaaa
K CTaLMOHapHOMY BUaY;

+ g — MOpAJOK cKonb3sAwero cpegHero (MA), no3so-
NAOLLMIA yYecTb NOrPELLHOCTb MOLENN KaK JIUMHENHYI0
KOMOMHaLMI0 HabMAABLUMXCA paHee 3HAYeHUiA oLLIK-
oK.
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MpoBepKy BpeMeHHOro psiia Ha CTaLUMOHapHOCTb OCY-
LeCTB/IANM HA OCHOBE aHanM3a aBTOKOPPENSLMOHHON
W YacTHON aBTOKOPPENALUMOHHON BYHKLMK, @ TaKkKe Ha oc-
HoBe paclumpeHHoro Tecta Jukn—-®ynnepa.

Mopbop napametpoB ARIMA-mogenn npoussoaunm
Ha OCHOBE aHanM3a aBTOKOPPENALMOHHONM M YaCcTHOW Kop-
PENIALMOHHON (PYHKLMM, Ka4eCTBO MOJLENMN OLiEHUBANM C no-
MOLLIbH MHPOPMALIMOHHBIX KpuTepueB Axauke, LLBapua, XaH-
HaHa—KymHa.

AnekBaTHOCTb BbIBpaHHO MOJENM OLEHUBANM Ha OCHOBE
Koadduumenta aetepMuHaumn. KoadduumeHT netepMuHa-
UMM — [0NIA QUCTIEPCUU 3aBUCMMOI NEPEMEHHON, 06 bACHS-
eMas paccMatpusaemoi Mmogensto APUMA:

Re=1-0".
0y
YeM bnme 3Ta Aons K eguHuue, TEM Jyulle KayecTBo
MOJEe/M.
ToyHoCTb MPOrHO3MPOBaHWS OLIEHMBANM Ha OCHOBE
MAPE — cpepHeii abconoTHOM NPOLEHTHOM OLLIMOKMU:

N real_ model
MAPE= s I

Ni=1 %eal

B KauecTBe UCXOAHLIX AaHHbIX ANA MOCTPOEHUS Mofe-
JIN UCNOJIb30BaNM BO3PacTHble KOIQOULMEHTHI CMEPTHOCTH
3a 1991-2020 rr. oTAENBHO AN MYXCKOI0 U JKEHCKOr0 Hace-
nenns OpeHbyprckoi obnactn. BospacTHble KO3hPULMEHTDI
CMepTHOCTM NpeACcTaBneHbl Ans 5-NeTHUX BO3paCcTHbIX Fpynn
( ): 0-4, 5-9, 10-14, 15-19, 20-24, 25-29, 30-34, 35-39,
40-44, 45-49, 50-54, 55-59, 60-64, 65-69, 7074, 75-19,
80-84, 85-89, 90-94, 95-99, 100+ net, ux paccunTbiBaNU
no dbopmyne:

roe S,; — CpenHeroa0Bas YAC/IEHHOCTb MYMUNH/EeHLLMH
B BO3pacTHoli rpynne x B rogy t (t = (1991, 2020)).

D, ,— abconioTHOE YMCI0 YMEPLLNX MY)UMH/IKEHILMH B BO3-
pacTHoOM rpynne X B rogy t.

[Ina panbHedwero MoLenMpoBaHUA M3 BbIYMCIEHHBIX
K03 GMLMEHTOB CMEPTHOCTM COCTaBNANM Matpuuy M, rae
Ka[as CTPOKa OTpaaeT onpefenéHHy0 BO3PacTHYHO rpyn-
ny, a Kaxabli ctonbel NpefcTaBNseT rofbl UCCNEA0BaHNA.
Pasmep nonyyeHHoi Matpuubl coctasun 21x30.

K nonyyeHHoi Matpuue noBO3pacTHbIX KO3(QGULMEHTOB
cMepTHocTM NpuMeHsnn Metog Jln—Kaptepa. CornacHo Me-
TOLY, MaTpuLa MOArOHAETCA C NOMOLLbIO NPOCTON MOLENM
ONS ONUCaHNS U3MeHeHWUN 0BLLEl CMepTHOCTU Kak GyHKLMK
OAHOTO BpeMeHHOro napameTpa k;

In(m, J=a,+b ke, , wm me,=e”X+kaf+ et
rae m,, — HabofaeMas MoBO3pacTHas CMePTHOCTb
B BO3pacTe X B TeyeHue BpeMeHu t, KoadduumeHTsl a,, b,
k. — napaMeTpbl MofieN, €, , — OLWMEKN, UMeloLMe Hop-
MarlbHOe pacnpefieNieHue C HYNeBoi CpefHEN M MOCTOSHHOV
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avcnepcuen. MHTepnpeTaums napamMeTpoB A0BOMbHO MPOCTa:
a, — CpefiHue 3HaqeHus [n(m, ) B Bo3pacTe X B TeueHue Bpe-
MeHMU t, b, npeAcTaBnseT coboii xapaKTep U3MeHeHUs CMepT-
HOCTM N0 BO3pacTy, a MHAEKC Kk, — TEHAEHLMI0 U3MEHEeHWIA
CMEpPTHOCTM BO BPEMEHM.

3Ta Mofienb IBHO He00npeseneHa, To ecTb b, 1 k, MoX-
HO BbIBpaTb MHOXECTBOM cnocoboB. Tak, 0AUH U3 3TUX ABYX
3/1EMEHTOB MOXKHO YMHOXMTb Ha KOHCTaHTY, a ApYroi pas-
[T Ha Ty JKe KOHCTaHTY 6e3 M3MeHeHUA NPOrHo3upyeMbiX
3HaYeHWN, 3afaHHbIX Mofenbio. Mbl Ucnonb3oBanu HopMa-
nu3yloLLee orpaHnyeHme Ha b,:

sh=1.
X

[na nonHoi noeHTMdMKaUMK TaKxe Heobxoaumo no-
TpeboBaTb

Tk=0.

lapaMeTpbl He MOryT BbITb HalieHbl METOAAMM perpec-
CUM, TaK KaK B MOJENM OTCYTCTBYIOT 00BACHSIOWME nepe-
MEHHbIe, B PaBO YacTU YPaBHEHMS Y HAc eCTb TOJbKO OLie-
HWBaeMble napaMeTpbl. [Ing peleHns 3Ton NpobnieMbl pacyeT
napaMeTpoB MOLENM OCYLLECTB/IANM NpKU NOMOLLM MeTofa
CUHTYNAipHoro pasnoxenus (SVD).

CWHrynsipHbIM pa3noxeHneM Matpuubl M nopsgka mxn
ABNSETCA pasnoXeHue creayloLlero Buaa:

M=UAVT,

roe A — Matpuua pasMepa mxn C HeoTpuUaTenbHbIMU
3/IeMeHTaMK, Y KOTOPOW 3M1EMEHThI, JIEXaluue Ha riaBHOM
[MaroHanu, — 3T0 CUHIyNsApHble yucna (BCe 3NEMEHTH
He Ha rNaBHOM [UarcHaM SBASKTCA HYNeBbIMM), @ MaTpULbI
U (nopsgka mxm) n V (nopsaKka nxn) — 370 ABe yHWTap-
Hble MaTpULbl, COCTOSILLME W3 NIEBBIX U NPaBbIX CUHTYNAPHBIX
BEKTOPOB COOTBETCTBEHHO, V7 — 3T0 TPaHCMOHMpOBaHHas
Matpuua K V.

MeTop, SVD npumeHsieTcs NS yMeHbLLEHWS pa3MepHOCTH
BO MHOTWX NPaKTUYeCKUX 3afavax, rae Tpebyetcs npubnu-
aTb MaTpuLly HEKOTOPOW [pyroi MaTpuueid M, c 3apaHee
3a/1aHHBIM PaHroM k:

M=UAV],

roe matpuubl U, A, V, nonyyatotca u3 cooTBETCTBYIOLLMX
MaTpUL, B CUHTYNIAPHOM pasJioXKeHun MaTpuubl M obpesaHu-
€M [10 POBHO k nepBbix cToNbLOB. TakuM obpasoM, npubnu-
as MaTpuuy M MaTpuuen MeHbLUEro paHra, Mbl BbIMOJHS-
€M CBOEro pofia cxkatue uHdopMaumm, copepxalleincs B M:
MaTpuua M pa3Mepa mxn 3aMeHSIeTC MeHbLUMMK MaTpu-
LLaMmK pa3MepoB mxK 1 kxn W AnaroHanbHoW MaTpuuen ¢ K
aneMeHTamu. lpn 3TOM CxKaTue NPOUCXOANT C NOTEPSMU —
B MPUOMIKEHUM COXPAHSETCA UL Hanbonee CyLLecTBEHHan
yacTb MaTpuubl M. [IpUMeHUTENBHO K Hallel 3afade MeToq,
CUHTY/ISIPHOTO PasfioXeHMs 3anuCbIBAeTCA B BULE:

SVDM, )=U, AV},

roeM, =ln(m, )-a,, b=U,,, k= V],
TakuM 06pa3oM, Mbl NPUBAMMKAEM MaTPULY CMEPTHOCTH
MaTpuLiel, Npe/iCTaBNeHHO B BMAE NPOU3BEEHNS NepBoro
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nesoro (nepsbliii cTonbel, Matpuubl U) M nepeoro npasoro
(nepBas cTpoKa MaTpuLbl V7) CMHMyNsipHbIX BEKTOPOB, a B Ka-
yecTBe /| BbIOMpaeM nepBoe (HaubosbLLEee) CUHIYNAPHOE YMC-
no A,.

Pacyér cuHrynspHoro pasnoxeHus NpoM3BoAMUAM C NOMO-
Wwbto ¢yHKumm linalg.svd(), BXoasLLet B cocTaB bubnmoTeku
scipy s3blka nporpamMmmpoBanusi Phyton.

[Ina OUEHKM TOYHOCTW MOAFOHKM BbIYMCAANN 06bBAC-
HEHHYI0 Aucrepcuio. 3T0 OTHOLLEHWE AMUCMepCUN pasnnuui
Mexay (akTMYyecKUMM M MofobpaHHBIMM MOKasaTeNsMu
K aucnepcun GakTMyecKux nokasareneu:

0.(mmadel— mreal)

U(m real)

[ns nanHbIX no OpeHbyprcKoii 061acTv TOYHOCTL MOLENH
npencTasneHa B Tabn. 1.

Ananus octatkoB noctpoeHHon ARIMA-Mopgenm ocywect-
BAANCA Ha ocHoBe KpuTepus JlblonHra—bokca Ha ypoBHe 3Ha-
unmoctm p=0,05.

B pesynbrate npeABapuTENIbHOTO aHanM3a MCXOLHbIX
AaHHBIX NOCTPOMAM rpadmKK 3aBUCMMOCTeH KO3 PULMEHTOB
CMEPTHOCTU MYXCKOMO M XEHCKOr0 HacesieHUsi 0T BPEMEHH
u ot Bo3pacta. Ha puc. 1 nsobpaxeHa auHaMuKa 06LMX
K03 dULMEHTOB CMEPTHOCTU [JI MYKCKOTO M XEHCKOro
Hacenenus 3a 1991-2020 rr. AHanu3 npuBeEHHbIX 3aBUCK-
MOCTei N03BOAM CAENaTh BbIBOS, 0 TOM, YTO CMEPTHOCTb Ha-
CeJleHns peroHa uMeeT HectabunbHylo AMHaMUKY, 0bycnos-
NeHHY0 pa3nnyHbiMK dakTopamu. K npumepy, pacnag CCCP,
3KOHOMUYECKMIA KPU3UC U YXYZLUEHWe MOKa3aTesiel YpoBHS
M KayecTBa XW3HW NPUBENW K PE3KOMY POCTYy CMEPTHOCTH
B 1993-1994 rr. C 2005 po 2020 r. B OpeHbyprckoii 0bnactu
Habnofanack TEHAEHLMA K CHUKEHUIO CMEPTHOCTM Hacene-
HWS, NPUYEM CHUXKEHWE CMEPTHOCTU MYXCKOr0 HacesieHus
“Meno 6onee BblpaXKeHHbIN xapaKTep. TeMn CHUKeHNUs cpeau
MyxumH ¢ 2005 no 2019 r. coctaun 22,0%, a cpeam KeH-
wmH — 10,5%. Ckauok cMepTHocTH B 2020 r., OTPaXEHHBIN
Ha puc. 1, cBA3aH ¢ HavaBLelica naHaemuein COVID-19, Temn
npupocta cpean MyxuuH B 2020 r., no cpaBHenuio ¢ 2019 r.,
coctasumn 19,5%, cpeam xeHwmH — 28,5%.

o=(1- )x100%.

PE3YJIbTATbI

Ha puc. 2, 3 npuBeaeHbl 3aBUCMMOCTU KO3 PULIMEHTOB
CMEepPTHOCTU MYIKCKOrO UM KEHCKOro HacefeHus no pas-
NIMYHBIM Bo3pacTHeIM rpynnam gna 2005, 2019 v 2020 rr.
AHanu3 npuBeAEHHBbIX 3aBMCMMOCTEN MOKa3al, YTo CMepT-
HOCTb KaK MYXCKOI0, TaK M XEHCKOr0 HaCesIeHUs CHUXanach
£o 2019 r. ons Bcex Bo3pacTHbIx rpynn. B 2020 r. cmeprt-
HOCTb MY)KCKOr0 HaceneHus npesbicuna cMepTHocTb 2019 T.
ANS BO3PACTHbIX FPYNn cTapLue 25 NeT, a XXEeHCKOro Hacene-
HWUS — ANS BO3PACTHbIX rpynn cTape 15 ner.

PacuéT napamMeTpoB Mofienu OCyLLEeCTBASNM NpU NOMOLLM
MeTOla CUHTYNISPHOTO Pa3/oKEeHuS.

PesynbTathl pacyéTa napamMeTpoB MoLeNM NPeACTaBEHb
B Tabn. 2, 3.
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PaccmatpuBas cooTBeTCTBME ANS KaXAOKW BO3PacTHOM
rPynnbl 0TAeNbHO, HabniaaeM caMyld HU3KYIO TOYHOCTb
ANIA MyX4MH B Bo3pacTHoi rpynne 95-99 net (10,27%),
oang xeHwuH — 75-79 net (10,46%). B uenom TouHOCTb
Mopenu coctaeuna 70,69% ans myxunH u 51,91% ans
HEHLLMH.

[lancHenwee wuccnenoBaHne 6bino  choKycMpoBaHO
Ha MYKCKOM 4acTW HaceNeHus, TaK Kak TOYHOCTb MOArOH-
KW ONS KEHCKOro HacenieHusi OKasanacb HejoCTaToyHoi
ONs JanbHEeWLLIero NporHo3vpoBaHms.

PesynbTathl pacyéta napaMeTpoB MOLENN A5 MYyMCKOr0
HacesieHUs NpeAcTaBeHbl rpauyecky Ha puc. 4—6.

AHanu3 3aBMcMMOCTM Ha puc. b MOKasan, 4To WUHAEKC
CMEpPTHOCTU He NOLYMHSETCA JIMHEMHOMN 3aBUCMMOCTH, N03TO-
MY TOYHOCTb MOJLENM OKa3anacb HepocTaToqHoi. Ha puc. 6
MOKa3aHo yMeHblUEeHWe MHAEKCa CMepTHOCTU K, HauMHas
¢ 2001 r. MNpeanonoxuTensHO TOYHOCTb MOATOHKW MOXHO

Tabnuua 1. To4HOCTb NOCTPOEHHON MOAENM 1S BO3PACTHBIX KO-
3 duumeHToB cMepTHOcTH OpeHbyprekoit obnacv ¢ 1991 no 2020 .

Table 1. Accuracy of the constructed model for age-specific
mortality rates in the Orenburg region from 1991 to 2020

06bscHEHHas aucnepcus o, %

BospacTHble rpynnbi The explained variance o, %

Age groups

My>Ku4mHbBI HeHwuHbl
Males Females
0-4 89,82 58,28
5-9 73,06 57,75
10-14 78,44 69,68
15-19 84,61 92,31
20-24 87,91 81,94
25-29 61,80 63,27
30-34 66,74 34,18
35-39 66,13 52,59
40-44 72,51 65,03
45-49 79,07 63,40
50-54 68,17 51,99
55-59 73,14 51,34
60—64 62,03 62,62
65-69 53,93 36,88
70-74 65,73 51,14
75-79 54,32 10,46
80-84 27,06 29,89
85-89 30,71 53,39
90-94 35,16 22,58
95-99 10,27 18,40
100+ 3313 23,13
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Puc. 1. 06wime koaddumumeHTbI CMEPTHOCTH MYXCKOTO W XeHCKOro HaceneHust Openbyprckoii obnactv Ha 1000 HaceneHus.
Fig. 1. Mortality rates of the male and female population of the Orenburg region per 1000 population.
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Puc. 2. Bo3pacTHble noKasaTenm cMepTHOCTM MyCKOro HaceneHus OpeHbyprckon obnactv Ha 1000 HaceneHms.
Fig. 2. Age-specific mortality rates among males in the Orenburg region per 1000 population.
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Puc. 3. Bo3pacTtHble nokasaTenu cMepTHOCTM JeHcKoro Hacenenus OpeHbyprckoii obnactu Ha 1000 HaceneHus.
Fig. 3. Age-specific mortality rates among females in the Orenburg region per 1000 population.
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Puc. 4. 3Hauenns napametpa a, Ans basucHoro nepuopa 1991-2020 rr.
Fig. 4. Values of the a, parameter for the baseline period 1991-2020.

Tabnuua 2. MapameTpsl a,, b, Ans MyXCKoro 1 xxeHcKoro HaceneHus OpeHbyprckoii obnacTu ans 6asucHoro nepuona 1991-2020 rr.
Table 2. Parameters a,, b, for male and female population of the Orenburg region for the baseline period of 1991-2020

Bo3pacTHbie rpynnbl Myxckoe HaceneHue | Male population YeHckoe Hacenenue | Female population
Age groups a, b, a, b,
0-4 -5,83 0,11 -6,10 0,16
5-9 1,77 0,10 -8,19 0,18
10-14 -7,64 0,09 -8,26 0,25
15-19 -6,45 0,09 -7,32 0,32
20-24 -5,73 0,1 -7,00 0,25
25-29 -5,32 0,06 -6,62 0,06
30-34 -4,97 0,03 -6,28 -0,06
35-39 -4,74 0,01 -5,98 -0,03
4L0-44 -4,48 0,02 -5,73 0,04
45-49 -4,21 0,04 -5,40 0,09
50-54 -3,91 0,04 -5,05 0,03
55-59 -3,64 0,03 -4,63 -0,05
60-64 -3,25 0,03 -4,20 -0,05
65-69 -2,92 0,03 -3,84 0,09
70-74 -2,60 0,03 -3,30 0,16
75-79 -2,27 0,02 -2,85 0,01
80-84 -1,92 0,01 -2,28 -0,05
85-89 -1,55 0,02 -1,77 -0,14
90-94 -1,17 0,02 -1,32 -0,10
95-99 -0,87 0,02 -0,85 -0,06
100+ -1,21 0,09 -0,87 -0,09
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Tabnuua 3. Mapametp k, Ans MyXCKoro 1 JxeHcKoro HaceneHust OpeHByprekoit obnactu
Table 3. Parameter k, for male and female population of the Orenburg region

Fop | Year 1991 1992 1993 1994 1995 1996
MyxunHb! | Males 4,31 2,54 3,34 4,31 3,73 2,35
¥eHwunubl | Females 2,04 1,99 2,41 2,30 2,52 2,75

Fop | Year 1997 1998 1999 2000 2001 2002
MysunHbl | Males 2,47 3,75 3,22 2,00 4,49 3,14
eHwunbl | Females 1,41 1,91 1,26 1,57 2,85 1,07

Fog | Year 2003 2004 2005 2006 2007 2008
My3kunHbl | Males 2,86 2,05 2,39 0,20 0,52 1,61
¥eHwunbl | Females 0,89 0,41 0,43 0,34 0,61 -0,08

lop | Year 2009 2010 2011 2012 2013 2014
My3kunHbl | Males -0,24 -0,74 -1,99 -2,29 -1,47 -3,06
¥eHwwmubl | Females -0,72 -1,54 -0,50 -1,53 -1,93 -1,1

Fop | Year 2015 2016 2017 2018 2019 2020
MyumHbl | Males -4,34 -6,72 -5,73 -6,52 -8,25 -1,94
¥eHwunubl | Females -2,68 -3,08 -2,12 -4,24 -3,43 -3,80

0,12 -
0,10 -
0,08 -
0,06 -
0,04
0,02 -

| ~ ~ N N (ap] [ap) [Tp] 0 © © N~ M~ (e o] (o) D D o

o Yol | | | | | | 7 Y | | | | | | | | | | o

S L8 88 8IYB8BB8EBRESLBE 8 <

BospactHble rpynnbl | Age groups

Puc. 5. 3Hauenus napameTpa b, ans 6asucHoro nepuoaa 1991-2020 rr.
Fig. 5. Values of the b, parameter for the baseline period 1991-2020.

YBEIMYUTb, COKPATMB Nepuog HabnoaeHni. Takxke bonbLuon
BK/1a[, B TOYHOCTb MOATOHKM BHECNO pa3bueHne Ha BO3pacT-
Hble rpynnbl.

[ng yBenuyeHns TOYHOCTU MOAFOHKM NOCNEef0BaTeNbHO
oTbpoCMAM BO3pacTHbIe TPYNMbl U MOMEHTHI HabalaeHus,
KoTopble BHEC/IM Hambosiee 60JbLLION BKNaA B HEOOBACHEH-
HYI0 AMCNEPCUIO MOAEITU.

Huxe npuBedeHbl owuOKM Mogenu, onpeaenéH-
Hble KaK CyMMa KBaJpaToB OTK/IOHEHWW peabHbIX
M MOJENbHbIX [aHHbLIX OTAENbHO ANA KaXAOoM BO3PaCcTHOM

DOl https://doiorg/1017816/humecob11099

rpynnbl U Kaxpaoro rofa Habmopexus. OHW NpeacTaBneHsb
B Tabn. 4, 5. [1na yBennyeHns TOYHOCTM NOAFOHKW yAaIuM
“3 nepuoaa HabmoLeHWA Bo3pacTHble rpynnbl U roaa, co-
0TBETCTBYHOLLME MaKCMManbHoOM owmnbke Mogenu. B pesynb-
TaTe CepUM BbIYUCITUTENBHBIX IKCMEPUMEHTOB B KadyecTse
ba3sncHoro nepuona BuibpaH uHTepean ¢ 1999 no 2020 .
M3 Bo3pacTHbIX rpynn ucktounnm rpynnel 04, 5-9, 10-14,
95-99, 100+, KoTopble UMEIOT CIULLKOM MaNEeHbKYH YNCIEH-
HOCTb YMEPLLKX, 4TO NPUBOLMT K CTaTUCTUYECKON HETOHHOCTH
¥ 0LIMBKaM B MOJENMPOBaHNM U NPOrHO3UPOBAHUK.
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Puc. 6. 3Hauenus napametpa k, ons 6asucHoro nepuopa 1991-2020 rr.
Fig. 6. Values of the k, parameter for the base period 1991-2020.

Tabnuua 4. OLmMOKM Moaenu Ans Kax Aok Bo3pacTHOM rpynnbl

Table 4. Model errors for each age group

BospacTHbie rpynnbl| CyMMa KBaapaToB 0CTaTKOB M0 Bo3pac-

Age groups TaM | Sum of squared residuals by age
0-4 0,64
5-9 1,61
10-14 0,91
15-19 0,72
20-24 0,71
25-29 1,07
30-34 0,94
35-39 0,45
4044 0,22
45-49 0,19
50-54 0,35
55-59 1,63
60-64 0,21
65-69 0,32
70-74 0,15
75-79 0,17
80-84 0,16
85-89 0,38
90-94 0,33
95-99 2,05
100+ 7,85
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To4HOCTb NOArOHKW NOCTPOEHHOW MOJENU Ha BbIOPaHHOM
nepuope coctasuna 87,21%.

CneayloLwmm 3TanoM 1cciefoBaHus ABNSAETCA NoNydeHue
MPOrHo30B MoKasaTenend cMepTHocTU. [lporHosupoBaHue,
KaK NpaBuiio, ABNSETCS OCHOBHOW LIESIbI0 MOAENUPOBaHMS
nokasaresnen CMepTHOCTU. [NaBHBIM NPeUMYLLECTBOM Mofie-
nm Jin—Kaptepa sBnseTcs eé npocToTa 415 NPOrHo31poBaHus
OyayLIMX 3HAYEHMIN NOKa3aTenei CMEPTHOCTU M 0XMAAEMON
NMPOACIKUTENBHOCTU JKM3HM, MOCKONBKY 3HAYeHUs Ko3g-
$UUMEHTOB a, U b, NOCTOAHHLI M He 3aBUCAT OT BPEMEHW.
[inga atoro Heobxo4UMO NOCTPOUTL KCTPANONALMIO UHAEK-
ca cMepTHOCTU K,. MporHo3bl BO3pacTHbIX KO3(dULMEHTOB
CMepTHOCTM BbIBOAATCA U3 MPOTHO30B K,.

Ha npaktuke Ans MofenupoBaHWs U MPOTrHO3MPOBAHMS
Koad@uumeHTa k, UCMOMb3YIOT MHTErPUPOBaHHbIE MOLENM
aBToperpeccum — cKonb3aswero cpeatero ARIMA (p, d, g),
mogesnb APICC, mopenb bokca—[eHKuHca.

MNepen npuMeHennem ARIMA-mopenu HeobxoauMo npo-
BECTW MpefBapuTe/bHbI aHanu3 BPEMEHHOro psiaa, onpe-
OenUTb NPUCYTCTBME TPEHAOB, LMKIMYHOCTW, CE30HHbIX
KonebaHui M npoumx 0cobeHHOCTeN, KOTOpble MOryT Mno-
BNMATb Ha pe3ysbTatbl MogenvupoBaHus. llo pesynbratam
aHanu3a cfenaH BbiBOA O HECTaUMOHAPHOCTM MCXOJHOrO
psAa, YTo MOATBEPXAAETCA paclUMpeHHbIM TecToM [uku—
Oynnepa (ADF=1,699, p=0,998). OnHako nocne npuMeHeHUs
onepauuyv B3ATUA NepBOiA PasHOCTU PAA, CTaN CTALMOHAPHBIM,
4TO TaKXKe OTPaXeHo B pacLumpeHHoM TecTe [uku—Dynnepa
(ADF=-6,908817, p <0,0001). Takum obpasoM, onpeneneHo,
yTO NapaMeTp Moaenu d [omxeH bbiTb paBeH 1, To ecTb au-
HaMWKa BPeMeHHOro psfa MoXeT ObiTb OmMcaHa Moaesnbio
ARIMA (p, L, q).

[ins nopbopa napamMeTpoB MOAENM p U g NPOM3BENU BU3Y-
albHbIN aHanM3 KOPPESIALMOHHOM M YaCTHOW KOPPENIALMOHHOM
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Ta6nuua 5. OLwmbKM Moaenm pns Kaxaoro HabnogaeMoro roga
Table 5. Model errors for each observed year

Foabl CyMMa KBaapaToB OCTaTKOB Mo rofam
Years Sum of squared residuals by year
1991 2,20
1992 2,38
1993 0,38
1994 0,30
1995 0,31
1996 0,90
1997 1,1
1998 0,86
1999 0,33
2000 2,45
2001 0,43
2002 0,24
2003 0,39
2004 0,39
2005 0,47
2006 1,05
2007 0,40
2008 1,13
2009 0,26
2010 0,46
2011 0,57
2012 0,42
2013 0,76
2014 0,41
2015 0,24
2016 0,63
2017 0,30
2018 0,29
2019 0,35
2020 0,67

GyHKuMK. KoaddmumeHTbl KOPPENsLMOHHOMA M YaCcTHOW aB-
TOKOPPENALUMOHHOW (YHKUMM BIN3KM K HYNIO, p-ypoBeHb
Q-cTatUCTKM ansa nepsbIX TPEX KOIQ(PMLMEHTOB aBTOKOP-
pensumoHHoi ¢yHKumm: 0,26; 0,51; 0,64. [ins 6onee TouHoro
onpefeneHus p 1 g BbINOJTHWAM Nepebop no ceTKe, KaYecTBo
MO/ OLIEHWIN C MOMOLLbI0 UH(OPMALMOHHBIX KpUTEpU-
eB Akauke, LlBapua n XaHHaHa-KyuHa. Hannydwen mope-
Nbl0 C MUHWUMAaJbHBIMU 3HAYEHUAMW KPUTEPUEB OKasanachb

T.31Ne T, 2024

DOl https://doiorg/1017816/humecob11099

JKoNorna HenoBeka

Mojenb ciyyanHoro bnywpanus ARIMA ¢ napameTtpamu
p=0, d=1, g=0. B pe3ynbTate nonyyeHa cnepyiowlas Moaenb
Cy4anHoro 6y paaHua ¢ apendoM ansa onucaHua UHLEKCa
CMEpTHOCTU:

k=k, 0,338+,
rae k, — VHOEKC CMepTHOCTU B rofy t, £, — C/yyaliHble BO3-
MYLLIEHMS.

MapameTp Apeiida 6=-0,338 okasancs 3HauMMbIM, ero
3HaK onpepensieT ybbiBaHMe MHAEKCa CMepTHOCTU. AHanu3
0CTaTKOB Ha 0CHoBaHUM Kputepus JlbloHra—bokca Ha ypos-
He 3HauumocTn 0,05 nokasan oTcyTCTBME aBTOKOPpENsLUM
(p >0,2). AHann3 aBTOKOPPENALMOHHON U HYaCTHOM aBTOKOppe-
NALMOHHOM BYHKLMA W TECT Ha HOPMabHOCTb OCTATKOB NOJ-
TBEPAUNW UX COOTBETCTBUE MpoLeccy benoro wyma, To ectb
B OCTaTKax OTCYTCTBYIOT 3aBUCMMOCTW, MOJEfb NPUroOAHa
ANS NporHo3vpoBaHus. [lpuMeHeHWe Mofenu CnydvanHoro
bnyxnaHua ¢ apendoM ansg MHAEKCa CMEPTHOCTH 0Ka3anoch
3 PeKTMBHLIM M MOKa3a/o BbICOKMIA YPOBEHb AOCTOBEPHO-
CTU, TaK KaKk Ko3p@uumeHT aetepMuHaumm R?=0,951.

C ucnonb3osanveM ARIMA-Mogenu nonyumnm nporHo3bl
MHIEeKca cMepTHOCTH (puc. 7).

[ina nanbHemwen oLeHKU KavecTBa MOAENM NPOrHO3u-
POBaHUS NPOM3BENM CPaBHEHWE MPOrHO3UPYeMbIX KoIhdU-
LMEHTOB CMEPTHOCTM C peasibHbiMWA AaHHBIMU. JNEMEHTbI
TabnuL cMepTHOCTU HangeHsbl No hopMynam:

mX,t=ebxkt+ax,
roe t=1999, 2020, x=15-19, 20-24, ..., 90-94, a,, b, — no-
CTOSHHble BO BpeMeHu napameTpbl Mopenu Jiu-Kaptepa,
k=k,., — 0,338. CpenHss abcontoTHas npoLeHTHas olumbKa
Ha basucHoM nepuoge (t=1999, 2020): MAPE=6,1%.

Ha ocHoBe nosy4eHHbIX MPOrHO30B MHLEKCA CMEPTHOCTH
k, coctaBunu Tabnuubl CMEPTHOCTU MYXKCKOr0 HaceneHus
Ha 2022-2023 r.:

mX,t=ebxkt+ax,
roe t=2022, 2023, x=15-19, 20-24, ..., 90-94.

Ha nporHo3supyeMoM nepuopie TakKe paccuuTany MeTpu-
Ky MAPE: MAPE(2022)=5,6%, MAPE(2023)=4,9%.

TakuM obpa3oM, npensioXeHHas MofeNlb CAy4yanHoro
bnyxaaHus ¢ peligoM NpurogHa ans cpesHeCPOYHOro npo-
THO3MPOBAHWUA CMEPTHOCTM MYIKCKOr0 HACENIEHMS.

OBCYXOEHUE

Mangemmnsa COVID-19 3HauMTeNIbHO NOBAMANA HA U3Hb
nofei no BceMy mupy. K coxaneHuio, MHOTME CTpaHbl
CTONIKHYIUCb C YBEJIMYEHUEM YKCNa CMepTel U bonesHen.
HecMoTps Ha 3T1 TPYAHOCTM, CTOMT OTMETUTL NONOXUTENb-
Hble MOMeHTbI. [TporHO3bl MHAEKCA CMEPTHOCTU MOKa3blBa-
10T, 4T0 B BnMKaliLLMe rofbl CMEPTHOCTb CPEAM MYHCKOro
Hacenenus B OpeHbyprckoii o0bnactu npofomKuT napartb,
HECMOTpSA Ha HebnaronpusTHoe BNMSIHME NaHAeMuu. 370
CBUAETENBCTBYET O pOCTE YPOBHA MeAWLMHCKOro obcny-
UBaHUS B PervoHe, a TaKXe 0 BbICOKOM YPOBHE Meay-
LMHCKOI NOATOTOBKU M NpodeccuoHann3Me MeaULMHCKUX
paboTHUKOB.

Al
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Puc. 7. NporHo3 unpekca cMeptHocTn Ao 2035 T.
Fig. 7. Forecast of the mortality index until 2035.

C vcnonb3oBaHMEM MPOrHO30B MHAEKCA CMEpTHOCTY
MOJHO COCTaBUTb Tabnuubl CMEPTHOCTU HA HECKOJbKO
Bnmawmx neT U caenatb BbIBOA O TOM, Kakue rpynmbl
HacenNeHMs MOryT WCMbITbIBATL OMPeAeNnéHHble NpobneMsl
CO 37,0p0oBbEM. TaKKE MOXHO MPOBECTU aHanM3 U NporHo-
3MpoBaH1e s OnpefenéHHbIX BO3PacTHbIX Mpynm, YTo Aact
BO3MOXHOCTb NpOBOAUTL Boniee LeneHanpaBneHHyo paboty
Mo NPeAoCTaBNEHUI0 OMNPeLENEHHON KaTeropum HacenieHus
KauyecTBEHHOW MeAULMHCKOW MOMOLLW.

B cratbe J. Cerda-Hern'andez v coast. npounntocTpu-
poBaHa 3deKTMBHOCTb NpuMeHeHus Mopenu Jiu—-Kapre-
pa Mpu MOLENMpOBaHMM MoKasaTeneir cMepTHocTu B [llepy.
B kayecTBe naHenM AaHHbIX OblIM MCMONBb30BaHbI NOKasaTe-
1IN CMEPTHOCTW HaceneHus 3a 14-neTHuid nepuog, CocTaBneH
MPOrHO3 CMEPTHOCTU U OXWUAAEeMas NPOSOSIKUTENBHOCTb
JKM3HU M3y4aeMOro HaceNleHus, OHAKO A0BEPUTENbHBIE Fpa-
HWLbI 3aXBaTbIBaNM BOLLUOK MHTEPBAN 3HAYEHWH, YTO, BO3-
MOJHO, CBA3aHO C BapuabesibHOCTbI NporHo3a [21].

B ctatbe M. Belliard 1 coaBT. onucaHbl pesynbTaThl Npo-
FHO3a 0XMAEeMOW NPOAOSIKMTENBHOCTM HM3HM K 2050 r.
¢ noMoubio Mogenu Jin—Kaptepa. Mogenb umena BbICOKMI
NPOrHOCTMYECKWI MOTEHUMAN, HO MpU YBEAWUYEHUM 30HbI
aHanu3a NporHoCTUYECKUN YPOBEHb OTAMYaNcA oT haKTu-
yeckoro [22].

B xoge uccnegosanns 6binn BbiSIBNEHBb CEpbE3HbIE
orpaHuyeHus. [pu yBenuyeHUn ucciesyeMoro AuanasoHa
AaHHbIX NPOrHOCTUYECKas LEHHOCTb MOAENM CHUKANach.
B cBA3M Cc 3TUM HekoTopble BO3pacTHble rpynnbl ObiIK Uc-
KioyeHbl. Kpome Toro, 0cobeHHOCTBIO MOAy4eHHON MO
SBUIOCH TO, YTO NPYW BbICOKOM TEMIE MPUPOCTa NoKasaTens
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CMEepTHOCTV B OMPeAEesEHHOW BO3PACTHOM rpynne TaKxke
PEe3KO CHUKaNacb NPOrHOCTMYECKas LieHHOCTb Moaenu. Bos-
MOXHO, 3TO CBS3aHO C B/IMSHUEM HEU3BECTHbIX (aKTOPOB,
KOTOpble OKa3blBaKT BO3AENCTBME HA YPOBEHb CMEPTHOCTM
1 Ha NPOTHO3 MOLENN.

KpoMme Toro, nporHo3upoBaHne MHAEKCa CMePTHOCTU 1 Co-
CTaB/eHMe Ha ero ocHoBe Tabnuu cMepTHOCTU HeobxoauMo
ANs ONPeLeNieHNns CPeLHEN 0XUAAEMON NMPOJOIIKUTENBHOCTH
#u3Hu B OpeHbyprckoii obnactu. bynyum ogHUM n3 Hambonee
BAXHbIX MOKa3aTeneil YPOBHA KWU3HW HACeNeHus, CpeaHss
0XKUaeMast NPOAOIIKMTENBHOCTb HU3HW ABNAETCS BAaXHBIM
KpuUTepueM, AN KOTOpPOro 0671acTb MOXET HaMeTUTb pas-
JMYHbIE COLMAbHO-3KOHOMUYECKME Liesu U 3afaun. Takum
06pa3oM, MOXHO cAenaTb BbIBOJ, YTO aHanM3 rokasaresen
CMepTHOCTU UMeeT 6onbluoe 3HayeHWe ANA onpeaenequs
NPUOPUTETOB B paboTe MeAULMHCKUX YUPEIKOEHUH, a TaKKe
AAET BO3MOXHOCTb NONYYUTb MHOTO MOME3HON MHGOPMALIMK
0 3[0POBbE U XKU3HEHHOM YPOBHE HacenieHns obnacy.

Mo pe3ynbTaTaM WUCCNELOBaHUA MOXET OblTb OTMEYEHO,
4TO NpUMeHeHue Mopenm Jiu-Katepa ans OUEHKW AaHHbIX
Mo CMEPTHOCTU He BCeraa SBMAETCSA YHUBEPCANbHBIM peLue-
HWEM W MOKET ObiTb HEA0CTAaTOYHO TOYHLIM. TaK, Moaenb
JIn-Katepa cMorna onucatb TONbKO CMEPTHOCTb MYMCKOrO
HaceneHus B OpeHbyprckon obnacti, HO nMpu 3TOM OMU-
caTeflbHas CMOCOBHOCTb Mofenu cTana HeaoCTaTOuYHOM
ANS MOSIHOTO aHanu3a AaHHbiX. Bo3moxHo, npobnema 3a-
K/l04aeTcs B TOM, 4TO BasnCHbIN Nepuos, MCMosb30BaHHbIN
ANA NOCTPOEHNS MOAENH, ObIN CIIMLIKOM KOPOTKWM, NOCKOSIb-
Ky METOA M3Ha4asibHO pa3paboTaH 1 NPOTeCTUPOBaH Ha AaH-
HbIX 0 cMepTHOCTU HaceneHus CLUA B TeyeHue cToneTus.
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3AKJIKYEHUE

HecMoTps Ha BbllieyKa3aHHbIE CIOXHOCTW, TOYHOCTb
MOArOHKM NpYU MOJENUPOBAHUN CMEPTHOCTU MYXCKOr0 Hace-
nenus OpeHbyprckoii obnactu coctaBuna okoso 87%, uto no-
3BONIAET UCMOMb30BaTb 3TOT pe3ynbTaT ANs A0NTOCPOYHOro
NPOrHO3MPOBaHUA.

Haubonee nopxopsweir ARIMA-Mogenblo, onucbiBaio-
LLed MONYYeHHbIN BPEMEHHON PAA — MHAEKC CMepTHOCTH,
OKa3anacb MOAeNb Ciy4aiiHoro bnyxpanua c apendom,
uTO COrylacyeTcs ¢ pe3ynbTataMu Lpyrux aBTOpOB.

WccnepoBanue nokasano, YTO NaHAEMUS HE OKa3biBaeT
LONTOCPOYHOr0 BJIMSIHUS HAa CMEpTHOCTb, MOCKOMbKY, CO-
FNacHo NoSly4eHHbIM NPOrHo3aM, CMEPTHOCTb MYKCKOr0 Ha-
cenenus B OpeHbyprckoin 061acTm NPoOLOSIKUT CHUMKATLCA
B bmkaniume roppl.
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Assessment of health risks posed by heavy metal
contamination of wild mushrooms and berries

Daria A. Stepovaia, Tatiana N. Unguryanu

Northern State Medical University, Arkhangelsk, Russia

ABSTRACT

BACKGROUND: One of the primary objectives in ensuring food security for the population is to reduce the mitigate the risk
of chemical contamination in food. Wild mushrooms and berries have the potential to accumulate heavy metals from the
environment, posing a threat to human health if consumed.

AIM: To assess the risk of developing general toxic effects associated with the consumption of wild mushrooms and berries on
health of the adults living in the Arkhangelsk region.

MATERIAL AND METHODS: The amount and frequency of mushroom and berry consumption by the adult population of the
Arkhangelsk region was assessed by a survey (n=445). Intake of heavy metals contaminating mushrooms and berries was
calculated using four scenarios. Hazard Quotients (HQ) were used to characterize the risk of developing overall toxic effects
due to exposure to mercury, arsenic, lead, and cadmium. Hazard Indexes (HI) for substances with unidirectional effects were
employed to assess the risk of non-cancerous effects on critical organs and systems. Quantitative data were presented as
medians (Me) with 95% confidence intervals (95% Cl), and the 90th percentile (Py).

RESULTS: In total, 82% and 70% of respondents were engaged in collection of mushrooms and wild berries, respectively.
On average, they reported consuming 180 grams of fresh or frozen berries, 133 grams of berries with juice, and 50 grams
of mushrooms in soup or boiled/fried form per week. The Hazard Quotients (HQ) for all heavy metals did not exceed 1.0. The
Hazard Index (HI) calculated for the average consumption of mushrooms and berries, as well as the average heavy metal
contamination of wild plants was below 1.0.

However, at high levels of mushroom (Py, — 417 g/week) and berry (P90 — 900 g/week) consumption, along with high levels
of heavy metal contamination, elevated risk of developing general toxic effects on the endocrine- (HI=2.27), cardiovascular-
(HI=2.0), digestive- (HI=2.0), nervous- and immune systems (HI =1.81 for both) and kidneys (HI=1.25) were detected. Forest
mushrooms and wild berries can be consumed without restriction at an average level of their contamination. However, in
cases of heavy metal contamination of mushrooms and berries at the P, level or above, it is not recommended to exceed daily
consumption of 400 grams of forest mushrooms and 650 grams of wild berries.

CONCLUSION: Consuming high amounts of wild mushrooms and berries at the upper limit of exposure to heavy metals, may
lead to an elevated risk of developing toxic effects on endocrine, nervous, immune, cardiovascular, and digestive systems.

Keywords: mushrooms; berries; heavy metals; risk assessment; Arkhangelsk region.
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OueHKa pucka pa3BuTUS obLieToKkcuuecKux addekToB
ANA 3[0pOBbA HaceNeHUs, CBA3aHHOro C 3arpsi3sHeHUeM
AUKOPaCTyLWMUX rpuboB u Aroa THKENbIMU MeTannaMu

I.A. CrenoBas, T.H. YHrypsHy

CeBepHbliA rocyapCTBEHHbIN MeAMLIMHCKMIA YHUBEPCUTET, ApxaHrenbck, Poccus

AHHOTALMA

06ocHoBaHue. CHWXeHME yrpo3bl OPMUPOBaHUS HELOMYCTUMBIX PUCKOB, 0DYCNOBMEHHBLIX XUMUYECKON KOHTaMUHaLMeEN
MULLEBOM NPOAYKLMM, ABNIAETCS OAHOW W3 rNaBHbIX 3afa4 obecneyeHns NpoLLOBONLCTBEHHOM Be3onacHocTH Hacenenus. [u-
KopacTyLume rpubbl 1 Arofbl HaKaMIMBaKOT TSKENbIE METa bl U3 OKPYIKaIOLLE Cpefbl, YTO MOXKET MOBAMATL Ha 3[,0p0OBbe
YesioBeKa Npu ux ynotpebneHnu.

Lenb. OueHNTb puCK pa3BuTUA 0bLLETOKCMYECKMX 3P DEKTOB ANS 340POBbS B3pOCOro HaceneHus ApxaHrenbcKon obnacry,
CBA3aHHbIA € ynoTpebieHneM auKopacTywux rpubos u srof.

Martepuan u Metoabl. KonnyecTso 1 YactoTa ynotpebneHus rpuboB 1 Arof B3pocnbiM HaceneHeM ApxaHresbcKoin 0bnactu
WU3y4eHbl C MOMOLLbK aHKeTUPOBaHMs (N=445). [lo3bl NOCTYNNEHUA TKENBIX METANOB, 3arpA3HAOLLMX rpubbl 1 AroAbl, pac-
CUMTaHbl ANA YeTbIPEX CLeHapueB. XapaKTepUCTUKa pUCKa pasBuTHA 0BLLeTOKCUYECKUX IQ(EKTOB Npy BO3AEUCTBUM PTYTH,
MbILLbSKA, CBUHLA M KafMUA BbIMOSHEHA C MoMoLLblo KoadduumenToB onacHoctv (HQ). [ns oueHku pucka passutus He-
KaHLieporeHHbIX 3dEKTOB CO CTOPOHbI KPUTUYECKUX OPraHOB W CMCTEM WUCMOMb30BaHbl MHAEKCHI OMAacHOCTU [J1S BELLECTB
ofiHoHanpaeneHHoro fencteus (HI). KonnyecTBeHHble AaHHbIe NpeAcTaBnieHbl B BUae MeauaHbl (Me), 95% moBeputenbHOro
uHTepBana ans Meauanbl (95% [IM), 90-ro npoueHTnnA (Pyp).

Pesynbratbl. bonblumHcTBO pecnoHaeHToB cobupatoT rpubsl (82%) n aroapl (70%) Ha Tepputopum ApxaHrenbckoi obnactu
camocTosTensHo. B cpegHeM 3a Hegento oHu ynoTpebnsior 180 r cBexwux unu 3aMopoxeHHbIx arod, 133 r sarog, ¢ MopcoM
(cokoM, KoMmnoToM), no 50 r rpuboB C CynoM Wi 0TBapHbIX/XapeHbix rpuboB. 3Havenns HQ ans Bcex TKENbIX MeTanioB
He npesbiwanu 1,0; HI, paccumTaHHble [ns cpefiHero ypoBHs noTpebneHns rpuboB 1 Arof, U CPeHEro ypoBHA 3arps3HeHUs
[MKOPOCOB TAXENbIMKU MeTannamm, He npesbiwany 1,0. lpu BbicokoM ypoBHe ynoTpebnenus rpubos (Po; — 417 r/Hen.)
n arof, (P, — 900 r/Hep.) 1 BbICOKOM YpOBHE WX 3arps3HeHUA TAXENLIMA MeTannamMi GopMUPYeTCs MOBbILLEHHbINA PUCK pa3-
BMTUSA 0DLLETOKCMYECKMX I DEKTOB CO CTOPOHBI SHAOKPUHHOM cucTeMbl (HI=2,27), opraHoB KpoBoobpaluenus (HI=2,0) u nu-
wesapeHnua (HI=2,0), HepBHoit U uMMyHHo# cucTeM (HI no 1,81), a Takke noyek (HI=1,25). YcTaHoBnEHO, YTO NpuU CpeaHEM
YPOBHE 3arpsi3HeHus NeCHbIe rpUbbl M Arofibl MOXHO yNoTpebnsTh 6e3 orpaHuyeHui. [py BbICOKOM YpoBHE 3arps3HEHNS rpu-
608 1 Aroa TAXENLIMU MeTannaMn Ha yposHe Py, He pekoMeHayeTcsa ynoTpebnats 6onee yeM 400 r necHbix rpubos n 650 r
NECHbIX Arof, B IEHb.

3aknioueHue. YcTaHOBEH NOBBILIEHHBIA PUCK Pa3BUTMSA 06LLETOKCUYECKUX IPDEKTOB 1 IHAOKPUHHON, HEPBHOW, UMMYH-
HOM CMCTEM, OpPraHoB KpOBOODPALLEHUS M MULLEBAPEHMS NPU BbICOKOM YNoTpebieHuu AUKopacTyLwmx rpubos 1 Arof U Bepx-
Hell rpaHuLe 3KCMO3WLMK TSKENBIMU MeTaiaMu.

KnioueBble cnoBa: rpubbl; Aroapl; TAXKENbIE METaNbI; OLIEHKA pUCKa; ApxaHrenbckas obnactb.
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BACKGROUND

One of the main tasks in ensuring the safety of public
nutrition is to reduce the threat of unacceptable risks caused
by chemical contamination of food products [1]. The Arctic
Monitoring and Assessment Program [2] reported that there
is insufficient information on the safety levels of traditional
local food products, such as wild mushrooms and berries,
in the Arctic zone of the Russian Federation. Wild plants
can accumulate heavy metals from the air, groundwater,
and soil in areas exposed to pollution by industries [3-5].
The level of heavy metals in food products is influenced
by their species specificity, concentrations of toxicants in
the soil and groundwater, and the proximity of wild plants
to the source of pollution. When ingested, heavy metals
have a toxic effect on the human body, which depends
on many factors, namely, dose, frequency and duration
of exposure, age, gender, individual susceptibility, and
genetic characteristics [6]. Heavy metals, such as lead (Pb),
arsenic (As), cadmium (Cd), and mercury (Hg), are systemic
toxicants and can have negative effects on various organs
and systems, including the reproductive, nervous, and
excretory systems [7—11]. Chronic intake of heavy metals
into the body can cause damage to the nervous system,
which manifests as an asthenovegetative syndrome [8].
Heavy metals can accumulate in the kidneys, causing
histological and functional damage to the renal tubules,
leading to the development of renal failure [11].

A risk assessment method is used to establish negative
health effects when exposed to chemicals that pollute the
environment [12, 13]. The characterization of general toxic
(non-carcinogenic) effects during exposure to heavy metals
allows consideration of their additive effects on critical
organs and systems.

Wild plants growing in the Arkhangelsk region contain
heavy metals in low concentrations [14, 15]. The sources
of heavy metals entering the environment in the territory
of the region are industries, including shipbuilding and
mechanical engineering, pulp and paper industry, thermal
power engineering, and transport. Another way by which
heavy metals enter the atmosphere of the region is the
transboundary transfer of polluted air masses from the
central industrial regions of Russia and Europe, which
leads to an increase in the content of heavy metals in all
environmental components [16]. Considering the widespread
consumption of wild mushrooms and berries in the region, it
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is necessary to assess the risk to public health of exposure
to heavy metal pollution of wild plants.

The aim of the study was to assess the risk of general
toxic effects associated with the consumption of wild
mushrooms and berries on the health of the adult population
of the Arkhangelsk region.

MATERIAL AND METHODS

Data on the content of heavy metals in wild plants for the
period 2015-2021 were obtained from the testing laboratory
of the agrochemical service station “Arkhangelskaya.”
A total of 132 samples of berries and 94 samples of
mushrooms were collected from the forest area near
Arkhangelsk and Severodvinsk, in the Pinezhsky, Primorsky,
Onega, Krasnoborsky, and Ustyansky districts. Quantitative
determination of Hg in samples (n = 88) was performed using
the colorimetric method according to GOST 26927-86 “Raw
materials and food products. Methods for the determination
of mercury.” The content of As (n = 129) was determined
on the analyzer “PAN-As" using the inversion voltammetry
method according to GOST 31628-2012 “Food products and
food raw materials. An inversion-voltammetric method for
determining the mass concentration of arsenic.” The contents
of Pb (n = 102) and Cd (n = 119) were determined on an
atomic absorption analyzer “Spektr-5" using the method of
atomic absorption spectroscopy according to GOST 30178-96
“Raw materials and food products. Atomic absorption method
for the determination of toxic elements.”

The quantity and frequency of consumption of mushrooms
and berries by the population of the Arkhangelsk region
were evaluated using a questionnaire. We used a modified
questionnaire from the Federal Research Center for Nutrition,
Biotechnology and Food Safety, which allows determination
of the frequency of food consumption over the previous
month, indicating the portion size.

A total of 445 people aged 18 and above who permanently
reside in Arkhangelsk, Novodvinsk, Severodvinsk, and
districts of the Arkhangelsk region (Primorsky, Pinezhsky,
Kholmogorsky) were surveyed.

Non-carcinogenic risk was calculated based on the
concentrations of heavy metals in wild mushrooms and berries
growing in the Arkhangelsk region (Table 1) [14]. Doses of
heavy metals polluting mushrooms and berries were
calculated taking into account the amount consumed and
body weight of the respondents according to four scenarios:

Table 1. Concentration of heavy metals in wild mushrooms and berries in the Arkhangelsk region

Metals Measures All types of mushrooms All types of berries Detection limits
Hg (mg/kg) Me (95% ClI) 0.013 (0.011-0.022) 0.006 (0.004-0.011) 0.003-0.6
As (mg/kg) Me (95% CI) 0.034 (0.027-0.082) 0.031 (0.021-0.054) 0.02-2.0
Pb (mg/kg) Me (95% ClI) 0.083 (0.039-0.134) 0.065 (0.036-0.099) 0.01-1.0
Cd (mg/kg) Me (95% CI) 0.040 (0.030-0.062) 0.022 (0.015-0.033) 0.01-1.0
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» the first scenario (standard) is the consumption of wild
plants and the content of heavy metals in them at the
median level (Me);

« the second scenario is the consumption of wild plants
at the level of the upper limit of exposure (P,,) and the
content of heavy metals in them at the level of Me;

« the third scenario is the consumption of mushrooms
and berries at the Me level and a high level of
contamination of wild plants (Py);

» the fourth scenario (the worst) is a high consumption
of mushrooms and berries (Py,) and a metal content
at the level of Py,

The levels of public health risk associated with
contamination of wild mushrooms and berries were
calculated according to the “Guidelines for assessing
public health risk from exposure to chemicals polluting
the environment” [12] and the methodological guidelines
“Determining exposure and assessing the risk of exposure
to chemical contaminants of food products on the
population” [13]. As the studied heavy metals (Hg, Pb, Cd,
and As) have cumulative properties, the dose load was
calculated incorporating the weekly consumption of berries
and mushrooms according to formula 1:

N
Li.1x(CxM))
Epm ", i)
BW
where E,; is the value of exposure to a contaminant, mg/kg
of body weight per week;

C, is the concentration of the substance in specific foods,
mag/kg;

M, is the mass of the product consumed, kg/week;

BW is the calculated average body weight of the respondents
(68 kg), and

N is the total number of products included in the study.

The risk of developing general toxic effects for individual
substances was characterized by calculating hazard
coefficients (HQ) — the ratio of the exposure dose of a
chemical to its safe (reference) exposure level (formula 2):

. By
HA=RiDo
where HQ, is the hazard coefficient of exposure to substance ;
E,, is the dose, mg/kg of body weight per week, and
RfDo is the reference dose for oral administration, mg/kg/
week.

The values of the conditional tolerated weekly intake
were used as reference doses for the studied metals [12].

The risk of non-carcinogenic effects on critical organs
and systems was assessed by calculating hazard indices
(HI) the sum of hazard coefficients for substances with a
unidirectional mechanism of action (formula 3).

HI=ZHQ, Q)

where Hl is the hazard index;
HQ, is the hazard coefficients for chemicals that have an
effect on the same critical organs and systems.

)
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If HQ and HI did not exceed 1.0, the risk level was
considered acceptable.

The recommended daily safe intake (Recommended food
daily intake limit, RFDIL) of wild berries and mushrooms,
considering the content of heavy metals in them, was
calculated according to the method presented by Dudarev et
al. [17], according to formula 4:

TDIxBW
RFDIL= xc , ()

where RFDIL is the recommended daily safe intake (kg/day
per person);
TDI is the permissible daily dose, mg/kg, developed by the
joint FAO/WHO Expert Committee on Food Additives [18, 19];
BW is the average body weight of the respondents (68 kg),
and
C is the concentration of the contaminant (mg/kg).
Quantitative data were tested for normality using the
Kolmogorov—Smirnov test. As the distribution of data
significantly deviated from normality, the median (Me), 95%
confidence interval for the median (95% Cl), and the 90th
percentile (P o) were used to characterize them. Categorical
variables were expressed as percentages. The critical level of
statistical significance was 0.05. The STATA software, version
17, was used for statistical data analysis.

RESULTS

The average age of the respondents was 37 years (Pys s
24-50 years). Most of the respondents were women who
constituted 77% of the respondents. By occupation, most of
respondents were specialists (40%), university and college
students (20%) and pensioners (12%). The average body
weight of the adults surveyed was 68 kg (P, ;5: 58-80 kg).

The survey revealed that 96% of respondents consume
wild berries and 83% consume wild mushrooms. Most of the
respondents pick berries and mushrooms on their own in the
Arkhangelsk region (82% and 70%, respectively).

One third of the respondents consume from one to five
types of berries and mushrooms, about 45% consume from
six to ten types of berries and mushrooms. Among berries,
respondents preferred lingonberries, cranberries, and
blueberries, and among mushrooms, they preferred edible
boletus, rough boletus, and aspen mushrooms.

The frequency of consumption of mushrooms and
berries is influenced by the season of the year. As in other
Arctic territories, the population in the Arkhangelsk region
consumes mushrooms and berries more in the warm season
of the year, because of the seasonality of wild plants.

In the warm period of the year, 8.8% of respondents
consume berries daily, and in the cold period, only 2.7%
of respondents consume berries daily. In the summer
and autumn seasons, most respondents consume berries
2-3 times a week (27.6%), and the frequency of mushroom
consumption by most respondents (27.6%) ranges from
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1 time a week to 1 time a month (32.4%). In the winter and
spring seasons, most of the respondents consume berries
and mushrooms once a month (35.3 and 55.3%, respectively).

Respondents who consume wild berries consume an
average of 180 g of fresh or frozen berries per week, 133
g of berries with fruit juice (juice, compote), 38 g of soaked
berries, 33 g of berry jam, and 13 g of berries in pie filling.
Respondents who consume wild mushrooms consume an
average of 50 g of mushrooms with soup or boiled/fried
mushrooms, 25 g of salted mushrooms, 15 g of pickled
mushrooms, and 20 g of mushroom caviar per week. At the
Po, level, the consumption of berries is 2-8 times higher,
and that of mushrooms is 6—12 times higher than that of the
average consumption at the Me level (Table 2).

A comparative characterization of the calculated
doses for the four scenarios revealed that the quantity of
mushrooms and berries consumed is essential in the dose
load of contaminants. However, the contribution of berries
to the total dose load of all metals for the first scenario is
higher than for mushrooms, and amounted to 53%-70%. For
the second and third scenarios, the largest contribution of
berries to the dose load was As (60%—63%), Pb (60%), and
Cd (51%-56%). For the fourth scenario, only As (53%) was
contributed. The contribution of mushrooms to the total dose
of Hg is higher than that of berries for the second, third, and
fourth scenarios (53%—65%). The contribution of mushrooms
to Pb for the second and fourth scenarios was 51 and 58%,
respectively, and to Cd for the fourth scenario was 51%.

The HQ values for all heavy metals and for all exposure
scenarios did not exceed 1.0, indicating an acceptable risk
level. For the first and third exposure scenarios, the HQ
values occur in the following descending order: Cd - Pb -
As — Hg. For the second and fourth impact scenarios, the
order of the HQ levels is as follows: As = Pb — Cd - Hg.
This indicates that at an average level of contamination of
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mushrooms and berries with heavy metals, Cd is the greatest
risk to health, and at the upper limit of exposure at the level
of Py, As is the greatest risk to health (Table 3).

Analysis of the contribution of individual dishes of
berries and mushrooms to the total dose (Fig. 1) of all
heavy metals, regardless of the exposure scenario, showed
that the consumption of fresh berries and berry morses
contributes 26.1 and 19.4%, respectively. Mushroom soup
and fried mushrooms contributed 13.2% each to the dose
load of heavy metals. The contributions of salted and pickled
mushrooms and mushroom caviar were 6.6, 4.8, and 5.3%,
respectively. The contributions of berry filling, jam, and
soaked berries were insignificant amounting to 1.9, 4.8, and
5.5%, respectively.

The HI values for critical organs and systems under the
influence of heavy metals with unidirectional action for the
first, second and third exposure scenarios did not exceed 1.0,
indicating an acceptable risk level (Table 4). For the fourth
scenario, Hl values exceeding 1.0 were recorded for the
endocrine system (2.27), circulatory organs (2.00), digestive
system (2.00), kidneys (1.25), and nervous and immune
systems (1.81 each). The main contribution to HI for the first,
second, and third impact scenarios was made by berries
(50%—64%), but for the fourth scenario by mushrooms
(51%-57%). Because of the high consumption of mushrooms
and their high level of contamination with heavy metals, they
constitute a high risk of general toxic effects on the endocrine
system, circulatory and digestive organs, kidneys, and the
immune system.

Considering the actual levels of contamination of
mushrooms and berries growing in the Arkhangelsk region,
the permissible safe consumption for public health was
calculated and is shown in Table 5. At an average level of
pollution, forest mushrooms and berries can be consumed
without restrictions. Because of a high level of contamination

Table 2. Amount of berries, mushrooms, and dishes made from them consumed by the adult population of the Arkhangelsk region per

week, grams per person

Product Median 90th percentile 95% CI for the median
Fresh berries 180 900 60-180
Frozen berries 180 440 60-180
Berry jam/berries crushed with sugar 33 100 17-33
Pickled berries 38 300 25-97
Berry filling in pies 13 100 13-17
Berry juice, mors, compote 133 667 133-200
Mushroom soup 50 417 41-83
Boiled/fried mushrooms 50 300 25-90
Salted mushrooms 25 300 25-75
Pickled mushrooms 15 180 15-25
Mushroom caviar 20 148 10-25
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Table 3. Doses (ug/kg/week) and hazard coefficients (units) of heavy metals entering the body through the consumption of mushrooms

and berries
Metals Scenario 1 Scenario 2 Scenario 3 Scenario 4
Doses, pg/kg/week
Mercury 0.07 0.18 0.48 1.34
Arsenic 0.26 2.13 1.82 15.23
Lead 0.58 1.79 4.04 13.24
Cadmium 0.22 0.44 1.60 3.19
Hazard Quotient (HQ), units
Mercury 0.01 0.04 0.10 0.27
Arsenic 0.02 0.14 0.12 1.02
Lead 0.02 0.07 0.16 0.53
Cadmium 0.03 0.06 0.23 0.46

Note. HQ <1.0 corresponds to the acceptable risk, when HQ >1, the the probability of occurrence of harmful effects in humans increases

proportionally to the increase in HQ.

40 19

13.2

O Fresh berries

O Berry mors

O Mushroom soup

O Fried mushrooms
O Salted mushrooms
O Pickled berries

= Mushroom caviar
O Berry jam

m Pickled mushrooms

o Berry filling in pies

Fig. 1. Contribution of wild mushrooms, berries, and dishes made from them to the total intake of heavy metals, %.

Table 4. Hazard index for critical organs and systems associated with the consumption of mushrooms and berries contaminated with heavy

metals
Organs and systems Scenario 1 Scenario 2 Scenario 3 Scenario 4
Endocrine system 0.09 0.31 0.61 2.27
Circulatory organs 0.07 0.28 0.51 2.00
Digestive organs 0.07 0.28 0.51 2.00
Kidneys 0.07 0.17 0.49 1.25
Blood system 0.05 0.13 0.39 0.99
Nervous system 0.05 0.25 0.38 1.81
Immune system 0.05 0.25 0.38 1.81

Note. HI <1.0 corresponds to minimal risk; HI=1.1-3.0 corresponds to permissible (acceptable) risk.
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Table 5. Upper limits of recommended daily intake of mushrooms and berries (grams per day) by concentration of heavy metals

Forest mushrooms Forest berries
Metals
Median 90t percentile Median 90 percentile
Mercury No limits 880 No limits No limits
Arsenic No limits 400 No limits 650
Lead No limits 630 No limits No limits
Cadmium No limits 820 No limits No limits
All metals No limits 400 No limits 650

of mushrooms and berries with heavy metals (Py), it is
not recommended to consume more than 400 g of wild
mushrooms and 650 g of wild berries per day.

DISCUSSION

In this study, an assessment was made of the risk
of developing general toxic effects on the health of the
population of the Arkhangelsk region due to exposure to
heavy metals contained in wild mushrooms and berries.
The HQ values for all heavy metals and for all exposure
scenarios did not exceed 1.0, suggesting an acceptable risk
level. A high risk of general toxic effects on critical organs
and systems occurs only at a high consumption of wild
mushrooms and berries and the upper limit of exposure to
heavy metals. Mushrooms are the main contribution to HI
for this exposure scenario.

The risk levels depend on the amount of wild plant
material consumed and their heavy metal content. Our
findings indicate that the consumption of fresh berries by
the population of the Arkhangelsk region is 180 g per week,
which is comparable to the consumption of wild berries by the
population in Finland (158 g per week) [20]. The consumption
of wild (boiled/fried) mushrooms in the Arkhangelsk region
is 50 g per week, which is two times less than the quantity
of wild mushrooms consumed by the population in the
Murmansk region (96 g per week) [21].

The content of Hg, Cd, and Pb in wild mushrooms of the
southern countries is 20%-40% lower than those recorded
for the Arkhangelsk region in this study. The average
concentrations of As in wild plants of the Arkhangelsk region
are 16 and 38% lower than those in wild mushrooms in China
(0.040 mg/kg) and Bangladesh (0.047 mg/kg) [22, 23].

Analysis of the contribution of heavy metals to the dose
load in the consumption of wild plants of the Arkhangelsk
region revealed that in the standard scenario, the main
contribution to the dose is by Pb (51%), and in the worst-
case scenario As (46%) is the main contributor. In the
Pechengsky District of the Murmansk region, fungi are the
main contributor to the intake of Pb (35%) and Cd (91%) from
the diet [21]. In Poland, mushrooms are a significant source
of Hg and Cd, with contributions to the dose load of 43 and
28%, respectively [24].
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In line with findings of previous studies [22, 23, 25,
26], the calculated HI for the adult population at the level
of average consumption of wild foods did not exceed 1.0.
A study in Poland [24] recorded a high risk of cardiovascular
and nervous system diseases due to regular consumption of
wild mushrooms by adults. In Romania, the HI values for the
child population when consuming wild plants contaminated
with heavy metals were 3.3-6.5 in the age groups 1-3 years
and 610 years, which corresponds to a high-risk level [27].

In the Chukotka Autonomous Okrug, mushrooms growing
in the region have a low content of heavy metals, but wild
berries contained Cd in concentrations exceeding the hygienic
threshold [28]. It has been established that mushrooms
collected in the coastal zone of the Bering Strait can be
consumed without restrictions, and berry consumption should
not exceed 300 g/day [17]. In this study, the permissible safe
consumption of wild plants containing heavy metals at the
upper limit of exposure (P o) is high, being 400 g/day for
mushrooms and 650 g/day for berries.

One of the limitations of this study is the predominance of
women among the respondents (77%), which may affect the
extrapolation of the study results to the whole population as
the difference in the frequency and quantity of consumption
of wild mushrooms and berries between men and women
may be significant. Additionally, the duration of the study was
short— from May to October 2021. Respondents might have
found it difficult to specify the frequency of consumption of
wild plants in the winter-spring season of the year, which
could compromise the consumption data for this season.

CONCLUSION

Average consumption of wild mushrooms and berries
growing in the Arkhangelsk region, with an average level of
heavy metal pollution, is safe for public health. A high level
of consumption of mushrooms and berries and high level of
contamination of wild plants with heavy metals pose a high
risk of development of general toxic effects on the endocrine
system, circulatory and digestive systems, kidneys, and the
immune system. Because of the high level of contamination
of mushrooms and berries with heavy metals (Py), it is
not recommended to consume more than 400 g of wild
mushrooms and 650 g of wild berries per day. In light of
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these findings, we recommend monitoring of the levels
of contaminants, including heavy metals, in wild-growing
mushrooms and berries.
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