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“ HWKHeBaPTOBCKMIA rocyAapCTBEHHBINM YHMBEPCUTET, HuHeBapToBCK, Poccua

AHHOTALLUA

06ocHoBaHue. CofHeYHas pafvMaumMsa COCTOMT M3 3EKTPOMArHUTHOTO M3Ny4YeHUs W CONHevHoro BeTpa. OHa MMeeT Henm-
HEMHbIN XapaKTep BO BPEMA BCMbILLEK, KOrAa HabntoaeTca ycuneHWe BOSIHOBOrO M3My4YeHWs U BbIBPOC MOLLHBIX MOTOKOB
3apAXKEHHBIX 4acTuL, YBeNIMYeHWe MHTEHCUMBHOCTW CONHEYHONM pajMaLMn U3MeHSieT CBETOBOM M TennoBoW banaHc 3emnm,
reoMarHUTHYI0 aKTUBHOCTb, BAIMAET Ha NOrofy M KUCIIOPOAHbINA CTaTyC.

Lenb. OueHnTb BNIMAHME KOMMOHEHTOB COJIHEYHOM pafuaLMn Ha AMHAMUKY NapLmManbHOi NNOTHOCTM KUCI0PoAa B CybapKTH-
YECKOM U CYOTPONMUYECKOM per1oHax B 3aBUCMMOCTU OT YPOBHS CONTHEYHOM aKTUBHOCTH.

Matepuanbl u Metopbl. CBefleHNs 0 uKCiie CONHEYHbIX NMATEH NOyyeHbl M3 MatepuanoB KoponeBckoi obcepeatopuw
Benbrum. [N oLeHKW YpOBHA CONHEYHOM paanaumu, NNaHeTapHOro MarHUTHOro WHAeKca (Ap) M NOKanbHOro MHAEKCA reo-
MarHuTHoM aktuBHocTH (K) ncnonb3oBanu faHHble Bcepoccuiickoro Hay4YHo-MCCes0BaTeNbCKOr0 MHCTUTYTA rMAPOMETE0pO-
NIOrM4ecKon MHPOpMaLmMK. 3HaueHNsa NapLmManbHoi NIOTHOCTU KUCI0PoAa ONpeaensniv pacyéTHLIM MeTO0M C YYETOM TeM-
nepaTypbl, aTMOC(HEPHOr0 JaBNEHMA U OTHOCUTENIbHOM BNAXHOCTW Bo3ayxa. CpaBHuBanu aaHHble 2007 r. (HU3Kas conHeyHan
aKTtuBHoCTb) M 2001 r. (BbICOKas CONHEYHas aKTUBHOCTb). [lna MaTeMaTuyecKoi 00paboTKM NPUMEHSNM BEMBNET-aHau3.
Pesynbratbl. Me3op, aMnnuTyaa 1 aBTOKOppensaums conHeuHon paguaumm Ha Cesepe B 2001 r. He OTAMYAIOTCA OT AAHHBIX,
3apeructpupoBatHblx B 2007 r. B cybTponukax Mesop M aMninuTyaa COMHEYHOM pafuaLymn 3HaYMMO Bbille, HO aBTOKOppe-
NALUMS CHUKEHA, YTO CBUAETENLCTBYET O HApYLUEHUN CTPYKTYpbl BpeMeHHOro paaa. BennunHa koadduumeHTa cMHXpOHU3a-
UMM IeMOHCTPUPYET 3aMeTHYI0 B3aMOCBA3b COSTHEYHOM paauaumi U napuuanbHOM NAOTHOCTM KUCIOPOAA B rof, aKTUBHOMO
1 cnokoiiHoro ConHua Ha Ceepe 1 ciabyto CMHXPOHW3aLMIO B CYOTPONMKaX B rOA C HU3KOW COSHEYHOM aKTUBHOCTbIO. CHH-
XpoHu3aumsa ungexcos Ap u K B lonokeaHe pacTeT Npu NOBLILLIEHWW CONTHEYHOWM aKTUBHOCTM OT O4eHb cnaboit oo cpefHew;
BENMYMHA KO3IDPULMEHTA CUHXPOHMU3aUMM Ap M NapumarnbHOM NAOTHOCTU Kucnopoda v K 1 napumanbHoi mioTHOCTU KuUc-
10poja YKa3blBaeT Ha O4YeHb Cnabylo B3aMMOCBA3b MarHUTHLIX MHAEKCOB M MapLManbHOW NAOTHOCTU KUCNOPOAA BHe 3a-
BMCUMOCTM OT COJTHEYHOW aKTMBHOCTW. B XaHTbl-MaHcuiicKe cuHXpoHM3aumsa Mexay uHaekcamu Ap u K octaércs cnabon,
BEJIMYMHA KO3 dULMEHTA CUHXPOHM3aLMM Ap M NapumanbHoi NAOTHOCTM KMCIOPOAA He3HAaYMMO PacTeT C NOBbLILLEHUEM COJl-
HEYHON aKTUBHOCTM, @ CUHXPOHM3aLmMsa K 1 napuuanbHOM NAOTHOCTY KUCIIOPOAA C POCTOM CONHEYHOW aKTUBHOCTM CHUKAETCA
co cnabon [0 o4YeHb cnaboin.

3akniouenue. B 0bonx reorpaduyeckmx pernoHax B rog cnokonHoro ConHua BbifB/IEHa 3Ha4MMas B3aUMOCBA3b KonebaHwid
COTHEYHOW pafMaLMW W NapLManbHOM NIOTHOCTM KMCNopoaa. B cybTponukax pocT CoNHEeYHOM aKTMBHOCTM XapaKTepu3yeTcs
CHUXEHMEM B3aMMOCBA3M COJIHEYHOW paMaumn U napLmManbHoOi MIOTHOCTU KUCopoaa. CTaTMCTUYECKU 3HaUMMasi CUHXpO-
HW3auma KonebaHui NapumanbHOM NAOTHOCTM KUCIIOPOAA M NaHeTapHOM M JIOKabHOM MarHUTHOW aKTUBHOCTM KoslebneTcs
0T CNaboi A0 o4eHb cnaboi BHe 3aBUCMMOCTM OT YPOBHS COJTHEYHOM aKTUBHOCTU W reorpadUyecKom LUMpOThI.

KnioueBble cnoBa: sKCTpeManbHble NOroJHbIE YCOBUS; CONHEYHAs aKTUBHOCTb; FeOMarHUTHas aKTUBHOCTb; KUCTIOPOA;
Ceep; cybTponukm.

Kak uutupoBartb:

ParoauH O.H., MyTano J1., Wanamosa E.10., l'yakos A.b., Moroxbiwesa W.A., Parosuna 3.P., MoroHsiwes [1.A. BivsiHme KOMNOHEHTOB CONHEYHOM paguaLmmy Ha
napumanbHyto MAOTHOCTb KMCOpOoAa NPM3EMHOro Cos BO3yXa B CyDapKTUYECKOM W cyBTponMUecKoM pernoHax // 3konorus denoseka. 2025. T. 32, N2 2.
C. 80-89. DOI: 10.17816/humeco678873 EDN: QRUPRI

Pykonucb noctynuna: 24.04.2025 Pykonucb ogo6peHna: 20.05.2025 Ony6nukoBaHa online: 17.06.2025
4

3KO®BEKTOP Pacnpactparserca Ha yenosusax nuuen3un CC BY-NC-ND 4.0 International
© 3Jko-BexTop, 2025

80


https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ru
https://doi.org/10.17816/humeco678873
https://elibrary.ru/qrupri
https://doi.org/10.17816/humeco678873
https://elibrary.ru/qrupri

81

ORIGINAL STUDY ARTICLE Vol 37 (2) 2025 Exologiya cheloveka (Human Ecology)

DOI: https://doi.org/10.17816/humeco678873 EDN: QRUPRI

The Effect of Solar Radiation Components
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ABSTRACT

BACKGROUND: Solar radiation consists of electromagnetic radiation and the solar wind. It becomes nonlinear during solar
flares, with increased wave radiation and the emission of large amounts of charged particles. Increased solar radiation intensity
alters the Earth’s light and thermal balance and geomagnetic activity, affecting both weather and oxygen status.

AIM: To assess the effect of solar radiation components on changes in partial oxygen density in subarctic and subtropical
regions, depending on the level of solar activity.

METHODS: Sunspot data were obtained from the Royal Observatory of Belgium. Solar radiation levels, the planetary magnetic
index (Ap), and the local geomagnetic activity index (K) were assessed using data from the All-Russian Research Institute of
Hydrometeorological Information. Partial oxygen density was calculated based on air temperature, atmospheric pressure, and
relative air humidity. Data from 2007 (low solar activity) and 2001 (high solar activity) were compared. Wavelet analysis was
used for mathematical processing.

RESULTS: In the North, the mesor, amplitude, and autocorrelation of solar radiation in 2001 did not differ from those recorded
in 2007. In subtropical regions, the mesor and amplitude of solar radiation were significantly higher, whereas autocorrelation
was lower, indicating a disruption of time series. The synchronization coefficient demonstrated a strong correlation between
solar radiation and partial oxygen density in both high and low solar activity years in the North, and a weak synchronization in the
subtropics during the year of low solar activity. Synchronization of the Ap and K indices in Polokwane increased as solar activity
rose from very low to moderate. The synchronization coefficients for Ap and partial oxygen density, as well as K and partial
oxygen density, indicated a very weak correlation between magnetic indices and partial oxygen density, regardless of solar
activity. In Khanty-Mansiysk, synchronization between the Ap and K indices remained weak. The synchronization coefficient for
Ap and partial oxygen density showed a non-significant increase with rising solar activity, whereas synchronization between K
and partial oxygen density decreased from weak to very weak as solar activity increased.

CONCLUSION: During the year of low solar activity, both geographic regions showed a significant correlation between solar
radiation fluctuations and partial oxygen density. In subtropical regions, increasing solar activity was associated with a weaker
correlation between solar radiation and partial oxygen density. Significant synchronization between fluctuations in partial
oxygen density and planetary or local magnetic activity ranged from weak to very weak, regardless of solar activity levels or
geographic latitude.

Keywords: extreme weather conditions; solar activity; geomagnetic activity; oxygen; North; subtropics.

To cite this article:

Ragozin ON, Muthelo L, Shalamova EYu, Gudkov AB, Pogonysheva IA, Ragozina ER, Pogonyshev DA. The effect of solar radiation components on the partial
density of surface air oxygen in subarctic and subtropical regions. Ekologiya cheloveka (Human Ecology). 2025;32(2):80-89. DOI: 10.17816/humeco678873
EDN: QRUPRI

Received: 24.04.2025 Accepted: 20.05.2025 Published online: 17.06.2025
V-2
ECO®VECTOR The article can be used under the CC BY-NC-ND 4.0 International License

© Eco-Vector, 2025


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/humeco678873
https://elibrary.ru/qrupri
https://doi.org/10.17816/humeco678873
https://elibrary.ru/qrupri

ORIGINAL STUDY ARTICLE Vol 32 (2) 2025 Exologiya cheloveka (Human Ecology)

DOI: https://doi.org/10.17816/humeco678873 EDN: QRUPRI

PN PR oA PORIE| AN EIRIE 2T ] i RS == R0
ErSZIE

Oleg N. Ragozin', Livhuwani Muthelo?, Elena Yu. Shalamova', Andrei B. Gudkov?,
Irina A. Pogonysheva®, Elina R. Ragozina', Denis A. Pogonyshev*

k4

! Khanty-Mansiysk State Medical Academy, Khanty-Mansiysk, Russia;
Z University of Limpopo, Polokwane, South Africa;

3 Northern State Medical University, Arkhangelsk, Russia;

“ Nizhnevartovsk State University, Nizhnevartovsk, Russia

WHE

HE o K BH A S H F R S A O FH R B . FE R BEOVEBRE A TE], HLER I AR 2R R 1E, 1A H
T 2 G 5 i DA R R B R PR o A B 2R 5 56 5 T 45 i 2 507 b B3R 1) S 1y AR vy
31, JEMEZ A R ARG AOIRES

B . ARIEKBHIE SR, AR A BHEE S AN [F] 55 73 % I AL AR AN I #4y B [X 48 5% B B S840 1
AL

MEE . T RKMHEBFHMEIE R HRoyal  Observatory of  Belgium/AFF R A%
Blo KPHEESTHRE . AT REMTEEL (Ap) AR EHMTEsITEEL (K B EHAL1-Russian
Research Institute of Hydrometeorological Information. “E25EMRIEIEE . KL
ORI THRAT o EEE T 20074 CRFIIEENRE) 520014F CRIHWEShEF) B8dE.
TR N AT

Zi%. 1E20014FAb 7 X, R PHARE ST -394 . SRIEAT EAHSCIE 520074 B R EFEZ R . 1M
FEN R i X, P E MR IE B A m, HAHSCIHERRAS, RN R 75 450 2 23380 .
720 R BN EUE 7w, AE K FH & 3036 BR A AR BHE 30~ 5 4F, 677 H X R R BH 48 43 5 410 %
F 2 [ AFAE S 35 A O, T AE K FH G SRR B AF A, I AT i X DU 2 300 HE A 55 1) [R) 28 1 o
fEPolokwane, [E#E KFHVEZIAKE MK S 24, A p #8805 K 385U R D ME1E5E; SR
M, Ap5EFE. KSEEEZEMFELREER, LW KHENZKFUT, X iifs
R E 2 B AR IR 2. 55 . fEKhanty-Mansiysk, A p #8805 K #8502 (8] 10 [R5 1
RIS BEE RPHTESIIG 9, A p SEAFEE M FED REEA LA, MK 558 %E (A
(Y TR) 2012 T AN 55 T B4 22 I 55 o

El. TEWIANHER X I K PH P, K PH A S 5 480 % B A i 8 R) R B 2 285 (R R o
TENE R HLIX, R BHE S 5RO BHAR ST 5 0% B 2 (A AR DS 55 « AN 18 K P& B 7KF
BH R LR R ], AU R SAT B RGE S ARG S 2 (R gt B R I b T 55 &
W55 )

REIE: Wom AR &M KW HiiEsh; A dbr; WHGE.

5| FA3L:

Ragozin ON, Muthelo L, Shalamova EYu, Gudkov AB, Pogonysheva IA, Ragozina ER, Pogonyshev DA. & BH % 55 1 23 %o 7. 36 AR A0 7 ity b [X T b 4
SJZEE L IR2. Ekologiya cheloveka (Human Ecology). 2025;32(2):80-89. DOI: 10.17816/humeco678873 EDN: QRUPRI

WL E: 24.04.2025 $#:52: 20.05.2025 KA H#A: 17.06.2025
&
ECOeVECTOR The article can be used under the CC BY-NC-ND 4.0 International License

© Eco-Vector, 2025


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/humeco678873
https://elibrary.ru/qrupri
https://doi.org/10.17816/humeco678873
https://elibrary.ru/qrupri

83

OPUIMHATTIBHOE VICCIEOOBAHME

Ob0CHOBAHUE

ConHe4Has pagmauusi COCTOMT M3 3NIEKTPOMArHUTHOro
U3/Ty4eHNs BO BCEM €ro CNeKTpanbHoM auanasoHe [1] u con-
HEYHOro BeTpa — cNlaboro NOTOKAa 3N1EKTPOHOB, NPOTOHOB,
AOep renus, NpPeacTaBAOWEro paguanbHoe WcTedeHue
MnnasMbl CONIHEYHOM KOPOHbI B MEXMIAHETHOE NPOCTPaHCTBO
[2], MetoLLEero HeIMHEHHbIN, HECTALMOHAPHbIN 1 HENTOKalb-
HblIi xapakTep [3].

Bo Bpems coHeuHbIX BCMbILIEK HAabMOAAETCA yCuneHue
BOJIHOBOTO COJIHEYHOTO M3JTY4YEHWSt Ha Pa3HbIX 4acToTax,
W3 CONHEYHOM aTMocdepbl BbIOPACLIBAKOTCS B MeXKMNIaHETHOe
MPOCTPAHCTBO MOTOKM 37IEKTPOHOB, NPOTOHOB, AAEp resus,
3HEprusi U CKOPOCTb KOTOPbLIX HAMHOTO O0JbLLE, YeM Y YacTuL
CONHeyHoro BeTpa. PoTOHbI OT BCMbILLKK JOCTUTAOT 3eMnu
MPUMEPHO 3a 8,5 MUH, Aanee B TeYEHUE HECKOMNBKUX AeCAT-
KOB MWHYT [0 3eMHOW MOBEPXHOCTU [LOXOLAT MOLUHblE MO-
TOKM 3apsKeHHbIX YacTuL, a obnaka nnasmbl OT COSHEYHON
BCMbILUKM JOCTUrAloT HaLlen MyiaHeTbl TONbKO Yepes [Boe-
Tpoe CYTOK [4]. YBEANYeHUEe MHTEHCMBHOCTH 3NIEKTPOMArHMUT-
HOFO WU3/Ty4eHUA U CKOPOCTM MOTOKOB 3apSMEHHbIX YacTuL
M3MEeHsieT CBETOBOM W TEMoBOM DanaHc, reoMarHWUTHYHo
aKTUBHOCTb, BAMSIET HA NOrofly, KUCNOPOAHbIN CTaTyC U Co-
cTosiHMe brocdepsl [5], UTo U onNpefenseT aKTyanbHOCTb UC-
Cel0BaHMS.

Lenb uccnepoBanus. OLeHUTL BAUSHUE KOMMOHEHTOB
CONHEYHOW paaMaLMM Ha AMHAMMKY NapuuManbHOM NOTHO-
ct1 kucnopoga (MMK) B cybapKTiecKoM u cybTponnuyecKoM
pernoHax B 3aBUCUMOCTH OT YPOBHSA COJIHEYHOM aKTUBHOCTM.

MATEPWUAJIbI U METOA bl

PaccMoTpeHHbIe B UCCNeLOBaHUM rOpoja XapaKTepusy-
l0TCA pasHbIMKA KAMMAaTUYeCKUMM 0COBEHHOCTAMM: XaHTbl-
MaHcuiick — Poccuiickas Qepepaums, cybapKTUUecKui
PErMoH C Pe3KO-KOHTMHEHTaNbHbIM KiuMatoM, [lonokBa-
He — OAP, cybTponnyecKmin permoH ¢ yMepeHHbIMU M3MeHe-
HWAMK poToneprosia U CTabUNbHBIM KIIMMATOM KpYrIibiid ro,
Takoi BbIOOp NO3BOMMA CPABHUTL BAMAHME PErMOHANbHBIX
KIMMaTUYECKUX PasfuuuiA Ha AMHAMUKY KOMMOHEHTOB COJl-
HeyHoii pagmaumm, reoMarHuTHbIX MHAeKcoB U MIMK B pasHble
nepuoabl COSIHEYHON aKTUBHOCTU.

XaHTbI-MaHcUCK — cTonmua XaHTbl-MaHcuickoro aB-
TOHOMHOro oKpyra — Hrpbl; KoopauHathl 61° c.w. 69° B.A.
KnuMmar pesKo-KOHTUHeHTanbHbIN. B TeueHne roaa Habnoaa-
l0TCS BblpaXKeHHble U3MeHeHUs GoTonepuoa: MUHMMAabHas
NPOACIIKMTENBHOCTL CBETOBOTO [HA OTMeyeHa 22 AeKabps
1 pocTuraet 5 4 32 MuH, NeTOM BO BpeMs Benbix HoYelt CBeT-
noe BpeMms cyToK coctaenset 19 4 17 mun'.

MonokBaHe — aAMWHUCTPATUBHLIA LEHTP My-
Huumnanuteta [lonokBaHe, paiioHa wuMeHM Tponuka

! XaHTbl-MaHCUIACKWI LIEHTP MO MOpOMETEOPOsIor A U MOHUTOPUHTY
OKpy*alolleit cpepsl. Pexxum poctyna: http://www.ugrameteo.ru [lata
obpaluenms: 17.03.2025.

T1.32, N2, 2025
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JKoNorna HenoBeka

Koseporawu nposutuum Jiumnono (HOAP); koopayHaThl 23° 10.Lu.
29° B.4. Jleto ¢ 6oMbLUMM KONMYECTBOM 0CaAKoB B JlnM-
Mnono NpoAosKaeTca ¢ Hosbpa no mapt (~5 Mec.). 3uma
LJMTCS C MIOHA MO aBrycT (~3 Mec.), 0CafKu NpaKTUYecKH
He BbiNagawT. B npoBuHUMM 0bBMNBHOE CONHEYHoe ocBe-
LLIeHWe B TeYeHMe BCero rofa, 0cobeHHo 3umoii. Ce30HHbIe
Bapuaumm hoTonepuofa He3HauMTeNbHbI, B npegenax 3 u
(cBeToBOM AeHb 22 uioHa — 10 4 39 MuH, 22 nekabps —
13 4 36 MuH)?.

[laHHble 06 0THOCMTENBHOM eXeSHEBHOM YKUCIIe COHEY-
HbIX nATeH (4mcno Bonbpa — W) nonyyeHbl U3 obLieno-
cTynHbix MaTepuanoB Koponesckoi obcepeatopumn benbrum
(Bptoccens)®. Cpasumsann 2007 r. KaKk oauH M3 Haubonee
CMOKOMHbIX NepuoaoB 23-ro UMKMA CONHEYHON aKTUBHOCTM
(cpeaHeMecAYHbI crnaxeHHbI MuHuMyM W cocTaenset 2,2)
1 2001 r. — rop, aktusHoro ContHua (W — 180,3). [ins oueH-
K FO/10BOI IMHAMUKM YPOBHSA CONHEYHOM paamaumm (BT/M?),
NnaHeTapHoro MarHUTHOro uHaekca (Ap, HTn), noKanbHoro
WHOeKca reoMarHuTHon aktueHocTu (K, 6annbl) ucnonb3o-
Ba/IM MaTepuansbl Bcepoccuiickoro HayyHo-MccnenoBaTenb-
CKOr0 MHCTUTYTa M’MAPOMETEOPONIOrMYECKON MHDOpMaLMN —
MUpOBOro LieHTpa AaHHbIX",

Lna pacuéta MNMK (r/M%), unu Becosoro comepaHma
KMCnopona, MCMonb30Baiu eXEeLHEBHbIE CPELHECYTOUHbIE
3HauyeHus TeMnepaTypbl OKpyxatowero Bo3sgyxa (T, °C),
aTMocdepHoro aaeneHus (P, MM pT. CT.) U OTHOCUTESNbHOM
BnaxHocTu (@, %). MMK npsamo nponopumoHanbHa atMochep-
HOMY [1aBJIEHUIO 33 BbIYETOM NapuManbHoro AaBneHUs BOAS-
HOro mapa u 0bpaTHo NponopuMoHanbHa TeMnepaType BO3-
pyxa: MMNK=83x(P-¢)/T. Habnogaetca npsMas Koppensaums
MMK ¢ napumanbHbIM AaBNEHUEM KUCIOPOLA BO BAbLIXaeMOM
W anbBEOJIAPHOM BO3yXe.

[INA OLIEHKM BPEMEHHBIX P08 NPUMEHSAN BEilBNIET-aHa-
N3, KOTOPbIA MAEHTUOUUMPYET YCTOWYMBBIE LIMKIMYECKME
COCTaBJIflOLLME, OTPaKalLme AONTOCPOYHble rnobanbHble
SIBNEHUS, UCKII0Yas KPaTKOBPEMEHHbBIE UMM MECTHbIE COBbI-
ms°. Mo pe3ynbTaTaM BeMB/ETHOrO Npeobpa3oBaHmMA MOXHO
CYAUTb, KaK MEHSETCS CMeKTpasibHbI COCTaB BPEMEHHOro
psga co BpeMeHeM. Onpenensnum cpefHuii ypoBeHb NoKasa-
Tens (Mesop, M+m), aMnnUTyay puTMa (SKBUBAMEHT SHEPIUK;
A, ycn. ef.), nepuoapbl NOCTOSIHHBIX W BCTaBOYHBIX (KBaHTO-
BaHHbIX) PUTMOB (CYT), KO3DOULIMEHT CUHXPOHM3aLWK (T, yCn.
e/l.) aHaNU3MpyeMbiX BPEMEHHbIX PAA0B. CTaTUCTMYeCKyH
3HaUMMOCTb PUTMOB OLIEHWUBaNM NyTEM MHOrokpaTHou (5000)
CNy4alHON NepecTaHOBKW YPOBHEH MCXOAHOMO BPEMEHHOIO
pspa. MNpuBeaEHHas p NOKasbiBaeT JONKO CNyyaeB, Koraa

2 Green Book: Adapting South African Settlements to Climate Change. Pe-
XuM poctyna: https://greenbook.co.za [lata obpatuenus: 17.03.2025.

3 WDC-SILSO. Royal Observatory of Belgium, Brussels. Pesum moctyna:

http://www.sidc.be/silso/datafiles [1ata obpatuenus: 17.03.2025.

Bcepoccuitckuid Hay4HO-MCCIedoBaTENbCKUIA UHCTUTYT MMAPOMETE0pO-

NOrNYECKOM MHGOPMaLMK - MMpOBOI LIEHTP AaHHbIX. Pexum goctyna:

http://meteo.ru [lata obpatuenms: 17.03.2025.

5 TlporpamMma uccnefoBaHus 61ONOMMYECKMX PUTMOB METOLOM BEVIBMET-
aHam3a. CB1AeTeNbCTBO 0 rOCYAAPCTBEHHON PErucTpaLyv NporpaMMbl
ans 3BM Ne 2014611398 ot 03.02.2014.



http://www.ugrameteo.ru
https://greenbook.co.za
http://www.sidc.be/silso/datafiles
http://meteo.ru

ORIGINAL STUDY ARTICLE

3Heprus BblAESIEHHOW YaCTOTHOW COCTABNALLEN B UCXOLHOM
psLy NpeBbilLana COOTBETCTBYIOLLYK 3HEPTUIO B CAy4aliHOM
nepecTaHoBKe.

PE3Y/IbTATbI

CpeaHerofoBoi ypoBeHb (Me3op), amMniauTyaa putMma
M aBTOKOppEeNnsAuMsa COJIHEYHOW paguauuu B XaHTbl-MaH-
cuiicke B rop axktusHoro ConHua (2001 r.) cocTtaBnsioT
cootBetcTBeHHO: 217,61+9,10 Br/M? / 77 517,92 ycn. ep. /
0,84 M NpaKTUYECKM He OTAMYAIOTCA OT [aHHbIX, 3aperu-
CTPMPOBaHHbIX B roA cnokonHoro ConHua 23-ro umkna
CONMHeYHo! akTuBHocTW (2007 r.): 217,14+9,47 Br/m? /
79 784,86 / 0,84 (3peck 1 manee: me3op / aMnnuTyaa / aB-
ToKoppensauus; puc. 1). CnexkTp NOCTOAHHLIX M BCTABOYHbIX
putMmoB B 2001 r. cneaytowmi: 291,1 /47,62 / 0,001; 147,6 /
1,56 / 0,007; 105,1 /1,04 /0,019; 66,8 / 1,04/ 0,012. Put-
MUYecKas CTpYKTypa cosHeyHoW paguaumm B 2007 r. He-
MHOTMM OT/IMYaeTca oT roga aktmeHoro ConHua: 291,1 /
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37,3/0,001; 105,1/3,09/0,001; 66,8 /2,07 /0,001 (3mecb
W [anee npu onucaHuu putMoB: nepuog, (cyt) / amnautypa /
3HaUMMOCTD).

B cybtponuueckom pernoHe (MonoksaHe) Me3op 1 aMnn-
TyAa COJIHEYHOW pafuaLmMm B aHanMU3vpyeMble rofbl 3HauM-
Mo pasnmyatotca (p=0,038): 2001 r. — 756,42+14,84 Br/m? /
652238,79 ycn. en.; 2007 r. — 854,42+13,48 Br/m? /
796216,60 ycn. epn. (puc. 2). ObpawatoT Ha cebs BHUMa-
HWE W HU3KMEe 3HAueHUs KoadduuUMEHTa aBTOKOppenAuuy
(2001 r. — 0,32; 2007 r. — 0,49) B cpaBHEHMM C CEBEPHBIM
PErMOHOM, YTO CBMAETENbCTBYET O HAPYLIEHUM CTPYKTYpbI
BPEMEHHOro psaa v NPUCYTCTBUN B HEM KOPOTKOMEPUOAHbIX
COCTaBJIAIOLLMX.

B cpaBHeHuM ¢ ceBepHbIM pervoHoM B [1onoKBaHe Ha-
bntoaaeTcs NosMPUTMUS 33 CYET KOPOTKOMEPUOAHBIX HM3-
KoaMnnuTyAHbIx coctaensiowmx: 2001 r. — 291,1/ 6,15/
0,001; 66,8 / 1,26 / 0,006; 19,2/ 1,18 /0,001; 117,7 / 1,13/
0,013; 53,3 /1,07 / 0,010; 27,0 / 1,60 / 0,028; 18,0 / 0,66 /
0,060; 2007 r. — 291,1/ 9,92/ 0,001; 59,7 / 1,54 / 0,001;
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Puc. 1. OkonorogoBsas AMHaMMKa coNHeYHOW paauaumu B XaHTbl-MaHcuiicke B 2001 n 2007 rr.: ocb abcumcc — Mecsilbl; 0Cb OPAMHAT — BEIMUMHA
conHeyHol paguaumn (Br/m?).
Fig. 1. Circannual changes in solar radiation in Khanty-Mansiysk in 2001 and 2007: X-axis, months; Y-axis, solar radiation intensity (W/m?).
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Puc. 2. OkonoropoBas AMHaMWKa conHeyHoit paauaumm B MonoksaHe B 2001 1 2007 rr.: ocb abeunce — MecsLbl; 0Cb OpAMHAT — BENUYMHA COMHEYHON

paguaumm (Br/m?).

Fig. 2. Circannual changes in solar radiation in Polokwane in 2001 and 2007: X-axis, months; Y-axis, solar radiation intensity (W/m?).
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Ta6bnuua 1. KoahduumeHT CUHXPOHM3aLWMM OKONOMOA0BbIX BapMaLmiA Yncna conHeuHsIx nsteH (W), conHeuHol paamaumm (CP) 1 napumankHoi naoTHoCTH
kmcnopoaa (MMK) B XaHTs-MaHcwiicke 1 MonoksaHe B rogbl aktueHoro (2001 r.) u cnokoiHoro (2007 r.) ConHua

Table 1. Synchronization coefficient of circannual variations in sunspot number (W), solar radiation (SR), and partial oxygen density (POD)
in Khanty-Mansiysk and Polokwane during years of high (2001) and low (2007) solar activity

lopog | City lop | Year W/NNK | W/POD W/CP | W/SR MMK/CP | POD/SR
XaHTbl-MaHcuicK 2001 0,034 0,088 0,587
Khanty-Mansiysk 2007 0,027 0,049 0,603
NonokeaHe 2001 0,062 0,069 0,029
Polokwane 2007 0,037 0,022 0,279

105,1/1,19/0,010; 30,3 / 0,82/ 0,002; 10,9 / 0,79 / 0,059;
19,2 /0,66 / 0,054 (cM. puc. 2).

MocKonbKy NpesMeToOM WUCCef0BaHUsA SBSETCS BAUSA-
Hue renuoreodusnyeckux daxtopos Ha MK, 6bin BbluMcneH
IS OKONOrof0BbIX BapuaLuiAi Yucna conHeyHblx nsteH (W),
conHeyHou pagmaumn u MNMNK B cybapkTuieckoM n cybTponu-
YECKOM pervoHax B rofbl aKTUBHOIO U crokoiHoro ConHua
(tabn. 1).

[IvHaMuKa rs B CybapKTUYECKOM peruoHe yKasblBaeT
Ha CpeJHIO UMW 3aMETHYI0 B3aMOCBA3b COIHEYHOW pafu-
auum un MMMNK Kak B rop, akTMBHOrO, Tak 1 criokonHoro ConHua
W cnabylo CMHXpOHM3aLMI0 (AECUHXPOHM3ALMI0) CONHEYHOM
pagmaumv u MNMK B cybTponuKax B rof ¢ HU3KOW CONHEYHOM
aKTUBHOCTbIO (CM. Tabn. 1).

Ytobbl 06bACHUTL B3auMocBa3n auHamukm MMK B pe-
TMOHaxX C acCMMMETPUYHBIM U MapUTETHBIM rofoBbIM (oTo-
neproaoM, HeobX0AUMO BbISIBUTb BIIUAHUE HEBO3MYLLEHHbIX
BapWaLMii CONTHEYHOTO BETPA M HEPErynsipHbIX COSHEYHbIX
BCMbLeK, 3ddEKTbI KOTOPbIX MOXHO OLEHWUTb MO U3MeEHe-
HWAM UHOEKCOB reOMarHUTHON aKTUBHOCTH.

Okonorof0Boi MHAEKC Ap, BENMYMHA KOTOPOrO SIBASETCS
3KBUMBAJIEHTHON CPEAHECYTOYHOW MNaHeTapHOM aMnauTyae
BO3MYLLEHUA MarHUTHOro nosisi 3eMau, B rof, CMOKOWHOro
ConHua (2007 r.) umeet me3op 7,48+0,33 HTn, amnauTygy —
95,70 ycn. ef., koadduumeHT aBTokoppenaumm — 0,56. Lin-
KNMYecKas CTpYKTypa CoCTouT M3 Tpéx putmos: 27,0 cyT /

4,08ycn. en./0,001; 13,7 cyt/ 1,43 ycn. en. /0,001 8,7 cyt/
1,04 ycn. eq. / 0,001 (3neck 1 ganee npu ONMUCaHUM PUTMOB:
nepuop / aMnauTyAa / 3HaYUMOCTb).

B roa aktmeHoro ConHua (2001 r.) Mesop Ap yeenmunBa-
etca B 3 pasa — 21,97+1,10, aMnauTyaa Bo3pacTaet Ha no-
panok — 923,44 ycn. efl., aBTOKOppensaumMs yMeHbLIaeTcs
0o 0,53 n Habnopaetca noamputMua (7 3Ha4MMBbIX pUTMOB
BMECTO TPEX npy crokoiiHoM ConHue): 83,8 cyt/ 2,36 yen. eq. /
0,001; 165,3 cyt/ 2,0 ycn. en. / 0,001; 19,2 cyt/ 1,5 yen. ep. /
0,001; 13,7 cyt/ 1,17 ycn. en. / 0,002; 37,9 cyt/ 0,86 ycn. epn. /
0,032; 30,3 cyt /0,81 ycn. en. / 0,034; 7,8 cyt /0,80 ycn. eq. /
0,017 (puc. 3).

Okonoropaosble KonebaHus nokansHoro nHaekca K B rog,
cnokoiiHoro ConHua (2007 r.) B cyDapKTMYECKOM peruoHe
umetoT Me3op 3,24+0,04 6anna, amnantyay — 11,13 yen. eg.,
KoapduumeHT aBTokoppensumm — 0,56. Lmknuueckas
CTPYKTYpa COCTOMT U3 TPEX 3HAYUMbIX pUTMOB (259,9 cyT /
12,41 ycn. en./0,001; 27,0 cyt/ 3,95 yen. en. /0,001; 8,7 cyt /
0,93 ycn. en. / 0,001) u AByX pUTMOB C BbipaXEHHOM TeH-
AeHUMen K 3Haummoctn — 66,8 ¢yt / 0,57 yen. epn. / 0,069 n
13,7 cyt/ 0,57 yen. eq. / 0,079 (3pech, Kak v paHee, npu onu-
CaHUW pUTMOB: NMepuoA / amMnauTyaa / 3HauMMocTb). B roa
aktueHoro ConHua (2001 r.) mesop uHaekca K coctaBnset
4,12+0,05 6anna, amnnutyna — 17,80 ycn. ef., aBToKoppens-
uma— 0,51. Kak v B oTHoLLeHUM Ap, HabntoaeTcs nonMpuTMms
(5 3HauMMBbIX pUTMOB BMeCTO TPEX Npu crioKoiHoM ConHue),
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Puc. 3. OKonorofoBbie pUTMbI 0OLLENIaHETAPHOr0 MarHUTHOrO MHAeKca Ap B roabl aktueHoro (2001) u cnokoiiHoro (2007) ConHua: ocb abecumce —

amMnauTyLa puTMoB (ycn. ea.); 0Cb OpAUHAT — Nepuoabl pUTMOB (CyT).

Fig. 3. Circannual rhythms of the planetary magnetic index Ap in years of high (2001) and low (2007) solar activity: X-axis, rhythm amplitude (conventional

units); Y-axis, rhythm periods (days).
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Puc. 4. OKonoropoBble pUTMbl JIOKaNbHOTO reoMarHUTHoro uHaekca K B XaHTbl-MaHcuiicke 1 [MonokeaHe B rogbl aktueHoro (2001 r.) u cnokoiHoro
(2007 r.) ConHua: ocb abcumcc — amMnnUTyAa pUTMOB (yci. ef.); 0Cb OpAMHAT — Mepuofbl pUTMOB (CyT).
Fig. 4. Circannual rhythms of the local geomagnetic index K in Khanty-Mansiysk and Polokwane in years of high (2001) and low (2007) solar activity:

X-axis, rhythm amplitude (conventional units); Y-axis, rhythm periods (days).

HO C AAPYr1MMW NEpUOLAMM M YPOBHEM 3HaYMMOCTH: 66,8 cyT /
2,28 ycn.ep./0,001; 93,8 cyt/ 1,9 yen. en. /0,002; 21,5 cyt /
1,6 ycn. en. / 0,001; 13,7 cyt/ 0,78 ycn. en. / 0,001; 6,9 cyt/
0,68 ycn. en. / 0,015 (puc. 4).

B lOxHoM nonywapun cpenHerofoBoil  YpOBEHb
nupekca K B 2007 r. coctaun 4,11+0,04 6anna ¢ amnauty-
poii 17,54 ycn. en. npu koadduumeHTe agTokoppenaumm 0,33.
CnekTp putmoB cneaytowmit: 27,0 cyt / 2,26 yen. en. / 0,001;
117 cyt/ 1,52 yen. ep. / 0,002; 6,9 cyt/ 1,01 ycn. en. / 0,001;
13,7 cyt / 0,85 ycn. en. / 0,004; 325,9 cyt / 0,53 yen. en. /
0,019 (cM. puc. 4). B roa BbICOKOW CONHEYHOM aKTUBHOCTM
(2001 r.) Me3op uHpekca K, ero amnnutyna u Koapduuu-
€HT aBTOKOPPENALMM BPEMEHHOIO Psa HE3HAYMMO OT/INYa-
etca ot yposHa 2007 r.: 4,79+0,05 6anna / 23,72 ycn. eq. /
0,28. CnekTp npencTaBneH NATb 3HAYUMMBIMU pUTMaMU
W OJHMM C BbICOKOW TEHAEHUMEN K 3HauMMocTu: 24,1 cyT /
1,99 yen. en. /0,001; 93,8 cyt/ 1,43 yen. ea. / 0,005; 37,9 cyt /
1,07 ycn. en. / 0,005; 9,8 cyt/ 0,78 yen. eg. / 0,003; 13,7 cyt/
0,75 ycn. en. / 0,002; 5,5 cyt / 0,53 yen. ep. / 0,087.

Pe3ynbTaThl NOKa3blBaT 3HaUMTENbHOE OT/IMYME Cpef-
HUX YPOBHEW CONHEYHOM pagmaumn B XaHTbl-MaHcuMcKe
u lNonokBaHe, AEMOHCTPUPYS YETKYIO 3aBUCMMOCTb OT LUMPO-
Tbl MECTHOCTU W YPOBHSA MHCONAUMK. [INS MoMCKa BO3MOXK-
HbIX B3aUMOCBS3e/ MEXAY U3MEHEHUSIMU KOPMYCKYNSAPHOTO
KOMIMOHEHTA COSIHEYHOM pajnaLmu, NposBAAKLLIMXCA Kone-
BaHMAMM MarHWTHbIX MHAeKcoB, u MK BeliBneT-aHanu3oM
OLieHEHa CMHXPOHW3aUMA WUCCNedyeMbix nokasatenein (Ap,
uuaekc K u MNK) B rogbl aktueHoro 1 cnokonHoro ConHua
B CybapKTU4eCcKOM M CyBTPONMYECKOM KIIMMATUYECKUX NOos-
cax C pacyéTtoM r, (tabn. 2).

Cunxponmsauusa Ap u K B lNonokBaHe pacTér npu no-
BbILUEHWW COJIHEYHOW aKTUBHOCTM OT 04YeHb cnabon (0,234)
no cpeateii (0,510), Ho Bennumua rg Ap/MIMK n K/MNMK, xota
U 0BHapyXMBaeT TEHAEHUMIO K YBEJIMYEHMIO, YKa3blBaeT
Ha o4eHb cnabyto B3auMOCBA3b MarHUTHBIX MHAeKCcoB K MMMK
BHE 3aBUCUMOCTU OT COJIHEYHOMN aKTUBHOCTMU.

B XaHTbl-MaHcwiicKe CMHXpPOHM3aUMs WMHAEKCOB Ap
u K B cpaBHMBaeMble rofibl COJIHEYHOTO LMKNIA OCTaETCs

Ta6nuua 2. 3HaueHust KoadduLMeHTa CUHXPOHM3ALMM (r,) NIOKANbHOTO reoMarHuTHoro uHAaekca (K), nnaHeTapHOro MHAEKca MarHUTHOI akTUBHOCTH (Ap),
napumanbHom niotHocTh kucnopoga (MMNK) B XaHTbl-MaHcuitcke 1 MonokeaHe B roabl akteHoro (2001 r.) u cnokoitoro (2007 r.) ConHua

Table 2. Synchronization coefficient (r,) values for the local geomagnetic index (K), planetary magnetic activity index (Ap), and partial oxygen density (POD)
in Khanty-Mansiysk and Polokwane during years of high (2001) and low (2007) solar activity

2001 2007
& K Ap MK | POD K Ap MK | POD
Nonoksaxe | Polokwane
K 1,000 0,510 0,126 1,000 0,234 0,097
Ap 0510 1,000 0,089 0,234 1,000 0,037
POD 0,126 0,089 1,000 0,097 0,037 1,000
XaHTbl-MaHcuiick | Khanty-Mansiysk
K 1,000 0,207 0,103 1,000 0,108 0,280
Ap 0,207 1,000 0,092 0,108 1,000 0,027
MnK | POD 0,103 0,092 1,000 0,280 0,027 1,000
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cnaboit (2007 r. — 0,108; 2001 r. — 0,207); BennumHa ry Ap
1 MNK He3HauMMo pacTeT ¢ NoBbILIEHNEM CONTHEYHOW aKTMB-
Hoctm (2007 r. — 0,027; 2001 r. — 0,092), a cuHxpoHu3aums
K v MNMNK ¢ poctoM conHeyHon akTmBHocTM cHukaetcs ¢ 0,280
B 2007 r. no 0,103 B8 2001 .

OBCYXXAEHUE

N3yyeHne [AMHAMWKM CONMHEYHOM papuaumm uMmeet
Bonblioe MpaKTUYeCKoe 3HaueHue AAs MPOrHo3vpOBaHMS
KOCMMYECKMX W 3EMHBIX KJIMMaTWYecKWUX MpoLeccoB, fB-
NleHnn B 3eMHOM atMocdepe W cocTosHua bruocdepsl, Tak
Kak ComnHue SBNSieTCA OCHOBHBIM WCTOYHUKOM 3HEpruM,
ONMpeaensioLLmMM pagnaLmMoHHbIN 1 TEN0BOM banaHc 3eMnu.
Mpuxop, CONHEYHOW paguaumMm K NoBepxHOCTU 3eMiu 3aBu-
CUT OT TaKuX (haKTOpOB, KaK reorpauyeckue KOOpAMHATHI,
Ce30H rofia 1 BpeMs CyTOK, COCTOSIHME aTMocdepbl U penibed
MECTHOCTM [6]. Bapuaumm npuxopsiuen K 3emne nyyncToin
3HEPrvM TaKKe 3aBUCAT OT (UIloKTyaumit aktueHocTv ConHua
1 HebeCHO-MexaHUYeCKUX MPOLECCOB, CBA3aHHbIX C U3MeHe-
HUEM 3/IEMEHTOB 3eMHOMW 0pbuThI [7].

BnusHe acMMMeTpU4HOro M mapuTeTHoro ¢oTonepuo-
L0B KaK NposiBNEHWE LUMPOTHbIX reorpauuyeckux pasinyuii
B HalLleM UccnefoBaHUM 0bHapyxuBaeTcsa B hopMe paseutus
MEe30pPHOr0 W YacTOTHOrO (NOSMPUTMUA) AECUHXPOHO3a FOL0-
BbIX KONebaHi CONTHEYHON paguaLmm Npy BbICOKOM YpOBHE
COJTHEYHOW aKTMBHOCTM [8].

AHanu3 cuHxpoHn3aumMm conHeyHomn paauaumm c MNNK no-
Ka3blBaeT CpefHuii YpoBEHb B3aUMOCBA3M ITUX MOKa3aTeneil
B CEBEPHOM PErMOHE B FOfbl KaK CMOKOWHOTO, TaK W aKTUB-
Horo CosHLa, YTO MOXET CBUAETENbCTBOBATb O BO3MOXHOM
B/MSHWW COJTHEYHOrO BETPA Ha YPOBEHb W BapUaLmm reoMar-
HWUTHO aKTUBHOCTH.

B cybTponuyeckoM perroHe B3aMMOCBSA3b COSIHEYHOM pa-
avaumm u MK nposBnsetcs B MeHbLUEH CTEMNEHN W TOJbKO
B roA, cnokonHoro ConHua.

BnusHMe Ha opraHM3M YenoBeKa reoMarHUTHbIX BO3-
MYLLEHWIA NPUBEKAET BHAMaHWE MMPOBOM Hay4HOi 0bLue-
CTBEHHOCTW AOCTATOMHO faBHO. B 3ToM acnekte msydyanu
Bap1abenbHOCTL pUTMa CepAua YenoBeKa U KUBOTHbIX [9],
AVHaMUKy apTepuanbHoro pasnenus [10, 111, uameHeHus
MOBeAEHNA 3KCMEPUMEHTaNbHBIX XMUBOTHBIX [12, 13]. [lo-
CTaTO4YHO MHOr0 NY6AMKaLMIA 0 HapyLUEHUN LMpKagUaAHHBIX
pUTMOB U 0BMEHa MeNlaTOHMHA MPW reoMarHUTHBIX BO3MY-
wenmax [14, 15].

Yrobbl M3bexaTb 3aMeyaHUi METOAMYECKOr0 XapakTe-
pa Mpu UcCneAoBaHUM OMOTPOMHOTO BAMSIHUA MarHUTHOM
aKTMBHOCTK [16], B HalueM uccnefoBaHWUW OLiEHUBANU B3au-
MocBssb AuHamukn Ap u K u MNK Kak unTterpansHoro no-
Ka3aTens, BiuAtoLLero Ha buocdepy. B cybapkTuyieckom 3oHe
ucnonb3oBaHbl 3HaueHus K, monyyeHHble B HoBocnbupcKoii
MarHuTHon obcepsatopumn «Knoun», KoopauHatel — 55°N,
82°E, pacctosiHme o XaHTbl-MaHcuincka — 1051 kM; B cyb-
TPOMMYECKOM KNUMaTU4YecKoM nosce HxHoro nonywwapus
UCnonb3oBaHbl faHHble obcepBaTopum «XepMaHyc» (HOAP),
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KoopamHatel — 34°S, 19°E, pacctosHue fo lonokBaHe —
1567 kM.

O6palwyaet Ha cebs BHMMaHWe COBMajeHWe MEepUOAOB
HEKOTOPbIX PUTMOB KaK MOKa3aTens COSHEYHOW paavauum
1 0MOCpefioBaHHOT0 BIUSIHUA CONTHEYHON aKTUBHOCTU B BULE
M3MEHEHUs TeoMarHWTHbIX MHAeKcoB. Ecnn paccyxpatb
C TOYKM 3pEHMS KOHLENUUM «YHUBEPCANbHOTO CMEKTpa COoNl-
HEYHOI CUCTEMBI», TO CONHEYHAsA PUTMUYHOCTL NpeaCTaBnsAeT
cobon NoACTPOMKY OpraHu3Ma Mof rapMOHUKW COJHEYHBIX
CYTOK FOAMYHOrO W CyTOYHOrO LmMKNoB 3emnm [17]. 310 nog-
TBEPXKAAETCA HaJMuMEM pUTMOB KonebaHWil CoNHeyHoM
paavaumMmM M MarHWTHBIX MHAEKCOB € nepuogamu 165,3 cyr,
90,3 cyr, 30,3 cyt u 27,0 cyT. PuT™M cMHOAMYeECKOro nepuoaa
BpaLueHus CosHua (26,24 cyT) npucyTCTBYeT B BapUaLMAX UC-
cneayeMbix MarHuTHbIX UHaekcoB (Ap, K) B roa cnokoiiHoro
ConHua KaK B CEBEPHOM peruoHe, TaKk u B cybTponukax Hx-
HOro NonyLLapus, a B CNEKTPEe PUTMOB COJTHEYHOM pagnaLmumn
27-CyTOYHBIN BCTaBOYHBIA PUTM 0OHapyxwmBaeTcsa B 0boux
reorpadnyecKux peroHax uccnefoBaHus TONbKO B rof, aK-
TueHoro ConHua.

B KauecTBe BO3MOXHbIX MEXaHU3MOB BO3AEHCTBUA Mar-
HWUTHbIX NOJEl Ha XUBble OPraHU3Mbl NPearalTcs «paso-
HOBas» TEOpUSA, COrNAcHO KOTOPOW reoMarHuUTHble bypu MoryT
BbI3blBaTh AedOpMaLMI0 FOPHbIX NOPOJ, COMPOBOXAAMOLLY-
l0Cs YBENMYeHWeM COAepXaHus pajoHa B MPU3EMHOM Crioe
atMoctepbl, YTO NPUBOAMT K pasfnyHbIM Bronornyeckum
apdekrTam [18], «pe3oHaHcHas» Teopusa B.B. Jlegnesa [19],
«uMpKagHas» runotesa [20, 21].

B npoBenéHHOM McciefoBaHWMM NMpU NOBLILIEHWM CON-
HEYHOM aKTMBHOCTM KonebaHus Ap xapaKTepusylTcs pas-
BMTUEM ME30PHOr0, TMNEpPaMMIMTYAHOMO W YacTOTHOrO Ae-
CMHXPOHO03a, pacTéT CMHXPOHWU3auMs BpeMeHHOro pspa Ap
u K, ocobeHHo B cyb3kBaTOpuanbHoii 30He. B cpaBHMBaeMbIx
reorpaguyeckmux Toukax s3aumocesasm Ap c [MMK otcytcteytot
MpU Pa3HOM YPOBHE COJTHEYHO aKTUBHOCTH.

3AKJIIOYEHUE

Bcnencteue BbIpayKeHHbIX 3UMHE-NETHUX KonebaHwii
OCBELLEHHOCTM U TEMNEPATYPHOr0 PeXuMa B CEBEPHOM pe-
TMOHe C acUMMeTpUuHbIM doToneprofoM HabnopaeTcs 3a-
MeTHas CUHXPOHM3aumsa conHeyHoit paauaumm u MNK B rogpl
CMOKOMHOro 1 aktueHoro ConHua. B cybTponmueckom permo-
HEe CMHXPOHU3aumsa conHeyHon pagmaumm u NINK cHmkaetca
B rof aktueHoro CosiHLa U3-3a KayeCTBEHHOM NepecTpoiKu
BPEMEeHHOro paaa KoniebaHuii CofHeYHON paamnaLmm no Tuny
MOSMPUTMUMN (4aCTOTHBINA LECUHXPOHO3).

BennunHa n konebanna Ap 3aKoHOMepHO pacTyT B rog,
aKktMBHoro CosHUa M COOTBETCTBYIOT KapTUHE MEe30pHOro
U rMNepaMnuTyAHOr0 AeCMHXPOHO3a. B cpaBHMBaeMbIX Mpo-
CTPAHCTBEHHbIX 1 BpeMeHHbix TOYKaX MOJIHOCTbH OTCYTCTBYET
CMHXPOHM3aumsa AaHHoro nokasartens c [MK.

KonmyectBeHHbIe XapaKTepUCTUKK (Me30p M aMnauTy-
Aa) OKonorofoBoro uMkna K B rofibl ¢ pasnmyHoi aKTUB-
HocTbio ConHua B CYOTPONMKax M cybapKTUYECKOM pervoHe
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OT/IMYAKTCA He3HauMMo. B rop aktueHoro CosmHUA CUHXpO-
Husauma K v MNMNK B cybTponmkax uMeeT TeHAEHLMIO K Npu-
pocTy, a B cybapKTMYeCcKOM pervoHe HabnoLaeTcs CHUKeEHMe
B3aMMOCBA3M 3TUX MOKa3aTeneil.

ObpaLLaeT Ha cebs BHMMaHWe COBMafeHWe NepuosoB He-
KOTOPbIX PUTMOB NOKa3aTesisl COIHEYHOM pajumaLym 1 reoMar-
HUTHBIX MHAEKCOB. PUTM CUHOAMYECKOro Nepuosa BpaLleHus
ConHua (26,24 cyT) NpuUCyTCTBYET B BapuaLMsaX UCCNeLyeMbIX
MarHuTHbIX MHAaekcoB (Ap, K) B roa cnokonHoro ConHua
KaK B CeBEpPHOM pervoHe, TaK 1 B cybTponmkax H0xHoro nosny-
Lapus, a B CMIEKTpe PUTMOB COJTHEYHOI paauaumn 27-cyTou-
HbI BCTABOYHBIA PUTM HaboaeTcs TOMbKO B FOf aKTUBHOIO
ConHua B 0boux reorpaduUyeckux perMoHax UccieoBaHus.

B oboux reorpaduuyeckmx permoHax B rof CMOKOMHO-
ro ConHua BbifiBNIEHa 3HauMMas B3aMMOCBA3b KosebaHwil
conHeyHon pagmaumm u MMK. PocT conHeYHoM aKTUBHOCTM
XapaKTepu3yeTcsi CHUXEHWEM B3aUMOCBA3M COSIHEYHOM pa-
AMaLMM 1 KUCNOPOJHOrO cTaTyca B CyGTpOnMUecKoM peruo-
He. CTaTUCTMYeCKM 3HaUMMas CUHXPOHM3aLWS OKOJIOr0f0BbIX
Konebanuii MK B npu3eMHOM c/oe Bo3ayxa U NiaHeTapHoM
M NIOKaNbHOM MarHUTHOW aKTUBHOCTW BapbupyeT OT cnaboi
[0 04YeHb Cnaboi, HE3aBUCUMO OT COJIHEYHOW aKTUBHOCTH
1 reorpaMyecKoii LUMPOTI.

N0NOJIHUTE/IbHAA UHOOPMALIUA

Bknap aBtopoB. O.H. Paro3uH — cyLLecTBeHHbIM BKNAL B KOHLEMLUMO
1 IN3alH UCCNe0BaHWSA, peAaKTUPOBaHUE M OKOHUATESbHOE YTBEPKAEHWE
pykonucy; J1. Mytano — aHanus aanHblx; EFO. LLanaMoBa — noarotoBka
nepBoro BapuanTa cTaTbit; A.b. [yoKkoB — pefaKTvpoBaHue nepeoro Ba-
puaHTa ctathu; M.A. MoroHbllesa — aHanu3 fanHblx; 3.P. ParosvHa —
Habop nepauyHoro Matepuana; [L.A. MoroHbilleB — aHanu3 faHHbix. Bee
aBTOPbI MOATBEPHAAIT COOTBETCTBME CBOEr0 aBTOPCTBA MEXAYHapOAHbIM
Kputepnam ICMJE (Bce aBTOpbI BHEC/N CYLLECTBEHHDIN BKNaf B pa3paboT-
Ky KOHLeNUMW, NpoBeAeHUe UCCEA0BaHMA U MOAMOTOBKY CTaTby, MPOUv
1 ofobpunu huHanbHylo Bepcyio nepen Nybnvkaumen).

JITuveckan 3kcnepTusa. [poBefeHne 1ccnefoBaHWs 0A06PEHO NOKanb-
HbIM 3TU4eCKUM KoMuTeToM BY «XaHTbl-MaHcuiickas rocyaapcTBeHHas Me-
IMUMHCKas aKagemuay (3axmoderve N° 214 ot 15.10.2024).
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Exologiya cheloveka (Human Ecology)

WUcTounukm dpunancuposanms. OTcyTCTBYIOT.

PackpbiThe uHTepecoB. ABTOpbI 3as1BNAIOT 00 OTCYTCTBUM OTHOLLEHWH, fie-
ATENLHOCTV U MHTEPECOB 3a MOCNEAHME TPW FOAa, CBA3aHHBIX C TPETUMM
JMLAMM (KOMMEPYECKUMM M HEKOMMEPYECKMMM), MHTEPECH! KOTOPLIX MOryT
BbITb 3aTPOHYTHI COAEPIKAHMEM CTaTbU.

OpuruHanbHoCTb. [1py CO3AaHUM HacTosLLEN paboTsl aBTOPbI He UCMOMb-
30Basv paHee onybMKOBaHHbIE CBEAEHS (TEKCT, MIKOCTPALMK, AaHHbIE).
JocTyn K AaHHbIM. PejaKLMOHHAA NOMTMKA B OTHOLLEHWM COBMECTHOMO
MCMONb30BaHWs AaHHbIX K HacTosLLe paboTe He MpUMeHWUMa, HoBble AaH-
Hble He cobupany 1 He co3aaBani.

leHepaTUBHbIA MCKYCCTBEHHbIN MHTENNEKT. [1py CO34aHMM HACTOALLEN
CTaTbW TEXHOJIOMMM TeHEPaTMBHOMO MCKYCCTBEHHOTO WHTEN/IEKTa He WC-
M0/b30BaN.

PaccMotpenue u peueHsupoBaHue. HacTosiias pabota nofaHa B xyp-
Ha/l B VHWLWMATMBHOM MOPSKE M PacCMOTpeHa Mo 0BbIYHOM MpoLeaype.
B peLleH31poBaHUM y4acTBOBaNM [Ba BHELLHWMX PELEH3EHTa, UNeH pefaK-
LIMOHHOM KOMNErnn 1 HayYHbIA PeaaKTop M3haHus.
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Ponb KOMHaTHbIX pacTeHul B U3MEHEHUM KayecTBa
BO3AYLUHOM cpefbl B NOMELLEHUAX AOLWKObHbIX
o6pasoBaTeNbHbIX OpraHM3aLui

H.®. Yyenko', N.N. Hosukosa', M.A. Jobkuc', C.N. PomaHeHKo',
0.A. CaBueHKo', B.A. LLnpunckui?, ¥.B. MyanHosa?

! HoBOCMBMPCKMIA HayHHO-MCCIIEA0BATENBCKIMIA MHCTUTYT ruriensl, HoBocubupck, Poccus;
2 OMCKWI1 rocyapCTBEHHBI MeMLIMHCKMIA yHuBepcuTeT, OMcK, Poccust

AHHOTALMUA

O6ocHoBaHMe. B coBpeMeHHbIX yC/IOBUAX HA 340POBbE [eTeN D0/bLIOE 3HAYEHME OKA3blBAaeT KauecTBO BO3AYLUHONM CPeabl.
Mepvof 0by4eHUs B AOLIKONMbHLIX 00pa30BaTeNbHbIX OpraHU3aLmsX 3HaUMTeNbHO BAMSET Ha 3[0pPOBbEe AETel, KOTOpoe 3a-
BMCUT OT COOTBETCTBMSA YC/OBUIA BOCMIUTAHUS M 0BYUEHMS CaHUTApPHO-3NMAEMUOIOrMYECKMM HOPMaM U YCTaHOBNEHHBIM MUri-
€HUYECKUM CTaHAapTaM. AHanu3npys oTeyecTBeHHble W 3apybeHble HayyHble UCCNEeA0BaHNS, MOXHO OTMETUTD, UTO HU3KOE
KayecTBO BO34yXa, MUKPOKNMMaTa, KoMdopTa B MOMELLEHUAX C NPUCYTCTBUEM AMOKCMAA YrNepoAa OKasbiBaeT Hebnaro-
NpuATHoe BO3AEACTBUE HA (YHKLMOHANbHOE COCTOSHME AeTel. 3T0 ABNIAETCA OAHOW U3 MPUYUH HU3KOM TPYAOCTOCOOHOCTH
1 MO3rOBOI AEATENLHOCTH, @ TaKKE MPUBOAMT K CHUKEHUIO UMMYHUTETA, 3HAYUTESTBHO MOBLILLAA PUCKY 3aboneBaeMocTH ae-
Teir. BaxHo oTMeTUTb, YTo ypoBeHb yrnekucnoro rasa (CO,) no-npexxHeMy 0cTaéTca HeHOPMUPYeMbIM NOKa3aTeneM u npef-
cTaBnseT cobon HaKTop pUCKa B YUPEXAEHUAX, M HAXOAATCA AETU KaK BPEMEHHO, TaK U MOCTOSHHO.

Llenb. OueHKa MCMO/b30BaHUA KOMHATHBIX PacTeHWii Ans MOBLILIEHWS KauecTBa BO3[yXa B 3aKPbITbIX MOMELUEHMsX [0-
LUKONbHbIX 06pa3oBaTesibHbIX OpraH13aLyi.

Martepuanbl ¥ MeTogbl. MOHUTOPUHI MUKPOKITMMATUYECKMX MOKA3aTenen M KayecTBa BO3AYLLHOW cpedbl OCYLLeCTBAANCA
B [BYX UrPOBbIX MOMELLEHUSX IEeTCKOro cafia KOMOMHMPOBaHHOro BiAaa «Paayrax. B rpynnoBbix fAYeikax pasMecTunu onpe-
OENEHHbIN BUA, KOMHATHBIX pacTeHui, aenstowmxca besonacHbiMu 1 6e3BpefHbIMK AN AeTeit M 061aaaloLwmMX A0Ka3aHHO
AHTUMUKPOOHOW aKTMBHOCTBLHO C CaHUPYHOLLMMMW U ra3onorioTMTENbHBIMU CBOMCTBaMMW. B rpynnax HabnofeHus u KoHTpons
obin yctaHosneH npubop EClerk-Eco-RHTC (Hosocubupck, Poccus), npegHasHaueHHbIi A1s HenpepbiBHOMO U3MEePEeHHSs, KOH-
TPONS U PEryNnMpoBaHus BaXHENLLMX 4151 30,0P0OBbS YesloBeKa NapaMeTpoB BO3AYLIHOM cpefibl (TeMnepaTypbl, OTHOCUTESTbHOM
BNIAXKHOCTU BO3AyXa, KOHLEeHTpaLum B Bo3ayxe CO,) 1 curHanusnpyloLLmii o Beixode Ntoboro nokasarens 3a yCTaHOBMEHHbIE
npegenb.

Pesynbtatbl. ccnegoBaHue no oueHKe KayecTBa BO3Jyxa B AETCKOM OpraHM30BaHHOM KonnekTuse «Papyra» nokasano,
YTO NPUMEHEHWE PEKOMEH0BAHHBIX KOMHATHBIX PacTEHMI B MOMELLEHUAX C ASIMTeNbHBIM NpebbiBaHneM aeTen cnocoberay-
€T CTaTUCTUYECKN [OCTOBEPHOMY CHUKEHWMIO COLEPIKaHUS YINIEKWUCNOro rasa B BO3AyXe MOMeLLeHUs rpynnbl HabmogeHus
Mo OTHOLLEHUIO K 3Ha4eHuaM B rpynne KoHTpons B 1,3 (tect Kpackena—Yonnuca, p <0,05) n 1,2 (tect Kpackena—Yonnuca,
p <0,05) pa3a COOTBETCTBEHHO MPW Pa3MeLLieHMN PacTeHNi C MOLaALI0 MCTOBOro annapara 1,7 u 2,5 M? Ha nnowaam
nomeLLieHmna 48 m2.

3akniouenue. IGPEKTUBHOCTL NOBLILLIEHUA KaYecTBa BO3LyXa B MrPOBbLIX MOMELLEHMAX LOLLKOSbHLIX 00pa30BaTebHbIX Op-
raHu3auuid 3aBUCUT OT NAOLLAAW SIMCTOBOM MOBEPXHOCTM PEKOMEHAYEMBIX PACTEHUA U UX PaLMOHANBHOMO pacnpesesieHus
C Y4ETOM 3 PeKTMBHOrO pagmyca Bo3aencTeus. Mcnonb3oBaHMe KOMHATHBIX PacTeHUiA C KOMMIEKCOM QUTOHLMAHBIX, ra3o-
MOrNIOTUTENBHBIX W TPAHCTIMPUPYIOLLMX CBOWCTB CMOCOBCTBYET YyuLLIEHUIO KAaYeCTBa BO3AYXA U CHUKEHWUIO YPOBHS KOHLIEH-
Tpauum CO, B 3aKPbITbIX NOMELLEHNSAX [OLLKOMbHBIX 06pa30BaTeNbHbIX OpraHU3aLMil.
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The Effect of Indoor Plants on Indoor Air Quality
in Child Care Centers
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ABSTRACT

BACKGROUND: In the modern settings, air quality is critical to children’s health. Preschool education has a significant impact
on children’s health, which is determined by child care centers' compliance with sanitary and epidemiological regulations and
established hygienic standards. According to Russian and international studies, low air quality, poor microclimate, and reduced
comfort in indoor environments caused by carbon dioxide have a negative impact on children's functional status. This reduces
functional capacity and cognitive performance while also compromising the immune system, which significantly increases the
risk of morbidity in children. Notably, there are currently no standards for carbon dioxide (CO,) levels; as a result, it is a risk
factor in institutions where children are housed both temporarily and regularly.

AIM: To evaluate the use of indoor plants to improve indoor air quality in child care centers.

METHODS: Microclimatic indicators and air quality were monitored in two playrooms of the Raduga combined-type
kindergarten. A specific type of indoor plants was used; the selected plants were safe and harmless to children, with proven
antibacterial, air-sanitizing, and gas-absorbing properties. EClerk-Eco-RHTC devices (Novosibirsk, Russia) were installed in
the observation and control groups to continuously measure, monitor, and regulate air parameters essential for human health
(temperature, relative humidity, CO, concentration), alerting users when any value exceeded preset thresholds.

RESULTS: The air quality study in the Raduga kindergarten showed that the recommended indoor plants in rooms where
children stay for extended periods provided a significant decrease in carbon dioxide levels in the observation group compared
to the control group: by 1.3-fold (Kruskal-Wallis test, p < 0.05) and 1.2-fold (Kruskal-Wallis test, p < 0.05), respectively, when
plants with leaf surface areas of 1.7 m? and 2.5 m? were placed in a 48 m? room.

CONCLUSION: The effectiveness of improving air quality in playrooms of child care centers depends on the leaf surface area of
the recommended plants and their rational distribution, taking into account the effective radius of impact. Indoor plants with a
combination of phytoncidal, gas-absorbing, and transpiring properties improve indoor air quality and reduce CO, concentrations
in child care centers.

Keywords: indoor air; child care centers; children; carbon dioxide; indoor plant use; air quality improvement; efficacy
assessment.

To cite this article:
Chuenko NF, Novikova II, Lobkis MA, Romanenko SP, Savchenko OA, Shirinskii VA, Gudinova ZhV. The effect of indoor plants on indoor air quality in child
care centers. Ekologiya cheloveka (Human Ecology). 2025;32(2):90-99. DOI: 10.17816/humeco646321 EDN: PNUENT

Received: 17.01.2025 Accepted: 21.04.2025 Published online: 15.06.2025
V-2
ECO®VECTOR The article can be used under the CC BY-NC-ND 4.0 International License

© Eco-Vector, 2025


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/humeco646321
https://elibrary.ru/pnuent
https://doi.org/10.17816/humeco646321
https://elibrary.ru/pnuent

ORIGINAL STUDY ARTICLE Vol 32 (2) 2025 Exologiya cheloveka (Human Ecology)

DOI: https://doi.org/10.17816/humeco646321 EDN: PNUENT

EREMENEFRHEIIEERAZSRERIER

Natalia F. Chuenko', Irina I. Novikova', Maria A. Lobkis', Sergey P. Romanenko',
Oleg A. Savchenko!, Vladimir A. Shirinskii?, Zhanna V. Gudinova?

! Novosibirsk Scientific Research Institute of Hygiene, Novosibirsk, Russia;
2 Omsk State Medical University, Omsk, Russia

WHE

WiE. AW &MH T, TAAEAEN IJLEBFEAAFEELZWN., ZRATHE L
MM HEEMBEXNIILEBRBEEEEMEH, HREWNETHRESHEA IR EBF
G DA ENE LB DAERRE. SIS A EA R s REN,
ENTAMEAR. MAMBEFHRE LAWK FAE, =X JLED D)
MREFEAREZE . X2 PEILESEE T FE DD R DL & % ) B
K, NmEEMMEERNEHERRNZ —. HEFEEMZ, "MK (Coy
W H AT AR IANFE S A5, SR E A ) L2 I B 3K BT B B ATUAS) R R B T 3 7 RS (R
E
B VPl 7E S AT A HUR S P = RS A = R DR T SRR I RUR .

MBS AR, 7£ “Raduga” ZR-G 840 LI BN RE 2 = N TR T S i S50 = S &
PN TAE. 7ESCIRA 2= NI TR e MRS NIEY), REEYNLELZ S LEH, HA
BLUESEMPUEFENE, FFR&EM SRR DR . LI 50 A I BL % TEClerk—Eco-
RHTC (&% B vufaRINE) Z IhRetadii, F TR, AT 2@ e 2 o0 EH
BSE GRE. MXHEE KCO2MEE) , FETEHE H e Yo B A SR L4 s .

R, £ “Raduga” 2)LEITEMENTSSEIEHT AR, 75)LEKIEENAE N
B ENEY), EEARSAANL T M2.5 md. ZEMFA N8 m2f&E T, SiEA
FHEE, WA= NS IIC0, W AIFEIS T 1. 3f% (Kruskal - Wallista%:, p < 0.05)
L. 2% (Kruskal -Wallistuds, p < 0.05) , ZREFSIZE L.

. I FRHENIER E TSR ERE RE, BT B A8 4 i T AR RN e AR
2R RS A, BRI E. BRI . S AR A2 S T RE I =
WHEYD, AT acE =R I E A2 N RS SiE, HFRKCO, MK .

R HHAME; FAIEENMN; JLE; —E5 A ENEYRE; SR ER
PP

5 AL
Chuenko NF, Novikova Il Lobkis MA, Romanenka SP, Savchenko OA, Shirinskii VA, Gudinova ZhV. 2= PR MIAE I 22 AT A B NI E NS S BT
HI1E . Ekologiya cheloveka (Human Ecology). 2025;32(2):90-99. DOI: 10.17816/humec0646321 EDN: PNUENT

I

;R

W&: 17.01.2025 #32: 21.04.2025 AR H3H: 15.06.2025
&
ECO®VECTOR The article can be used under the CC BY-NC-ND 4.0 International License

© Eco-Vector, 2025


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/humeco646321
https://elibrary.ru/pnuent
https://doi.org/10.17816/humeco646321
https://elibrary.ru/pnuent

93

OPUIMHATTIBHOE VICCIEOOBAHME

Ob0CHOBAHUE

KntoueBbIM acrneKkToM bnaronosiyuus 1 npoLBeTaHus rocy-
AapCTBa ABNAETCA YKPensieH\e 340p0BbA AETel LOLIKO/bHOO
W LUKOMBHOrO Bo3pacTa. B HacToslee Bpems uccrnefoBaHue
COCTOSHWSA 3[10pOBbS AETCKOr0 HaceneHUs U (aKTopoB, BAns-
IOLLMX Ha Hero, OCTAETCA BaXHOM 3aAaqeit, TpebytoLeit ocobo-
ro BHAMaHWA W KOHTponiA. B aToM KoHTeKcTe ocoboe 3HaueHue
UMeHT ycrioBus 0by4EHNA U BOCMIMTAHWA AeTeN B AOLUKOSb-
HbIx 0bpa3oBaTenbHbIX opraHmsauusx (L00) [1].

Mepnof AOLIKOMBHOTO 06yYeHMs OKa3biBaET 3HAYUTEb-
Hoe BMSHME Ha (OPMUPOBaHWE MCUXMYECKOro W (u3nye-
CKOro 3/10pOBbS yHaLUMXCS, KOTOPOE 3aBUCUT OT COBMIOAEHMSA
06pa3oBaTesibHbIX YCNOBUA U TMIMEHWYECKUX CTaHAAPTOB.
HebnaronpusaTHble GaKTopbl OKPYHatOLLEN Cpeabl CHUMXKAKT
MMMYHUTET Y PpebEHKA, UTO MOXET NPUBECTM K HEraTMBHLIM
MOCNeACTBUAM Kak Ans NCUXMYECKOro, Tak u ans dusnye-
CKOro 370poBbsi. IMEHHO MO3TOMY KOHTPO/b M 03[0pOB-
fleHWe NapaMeTpoB BO3MYLUHOW Cpefbl, BKIOYas Mpexpae
BCero (M3nyeckue U XuMUYeckue (akTopebl, ABNAIOTCA 0f-
HOM U3 KJIKOYEBbIX 3afa4 1A C03AaHuUA bnaronpusTHbIX yc-
noswit B obpasoBatesibHbIX opraHusauusx. Ocoboe BHUMa-
HWe crnepyeT YAENWUTb KayecTBy BO3[yXa, KOTOPbIM [blLaT
LEeTU B TeYeHUe AHA: NOKa3aTeslb KOHLEHTPALMU OUOKCMAA
yrnepoaa B auanasoHe ot 300 no 400 ppm cuutaetcs 3Ta-
NIOHHBIM BO3AyXoM st feteid; o1 400 po 600 ppm npeg-
naraetca 4nia feTelt WKonbHoro BospacTa; npu 600 ppm
W Bbllle MPOABMIAKOTCA Xanobbl HA MIOX0e CaMO4yBCTBUE,
yCTanocTb, CHUXeHMe paboTocnocobHOCTM U KOHLEHTpaummn
BHUMaHuA. B TeueHue [HA AMOKCMAA YrnepoAa, KaK npaBuiio,
HaKannuBaeTcs B NoMeLLeHuu. o cBesEHUAM MeANLIMHCKUX
paboTHMKOB, Y [eTell C BbICOKOM KOHLEHTpaUMel AMOKCuaa
yrnepoa yacto HabniogalTca TAXENOe [blXaHWe, OAbILLKA,
CYXOM KalLefib M pUHUT. POCT KOHLEHTpaLmMmn guoKcuaa yrie-
pOAa B MOMELLEHWM NPUBOAUT K BO3HUKHOBEHMIO MPUCTYMNOB
acTMbl Y [eTei-acTMaTuKOB. V13-3a NOBbILIEHMS KOHLEHTpa-
LMW AMOKCMAA YrepoAa B NOMELLEHUM YBEIMUMBAETCS YNC-
no nponyckos noceteHnsa [100 no 6one3Hun. PecnmpatopHble
MHDEKUMM M acTMa SBNAKOTCA OCHOBHbIMM 3ab0neBaHMAMM
B JOLUKOJbHBIX YYPEKAEHMSX.

B cocTaB Bo3ayxa BXOAMT CMecb ra3oB (a3oTa, Kucno-
POZia, aproHa, YrNeKMcnoro rasa), BOASHbIX NapoB U ApYrux
KoMnoHeHToB. Kucnopop ans YenoBeka SBASETCS OCHOBOWA
u3Hu n coctaenseT 20,9% Bo3ayxa. lpyu CHUMXKEHUM YPOBHS
KUCNOpPOAa Yy YesloBeKa NMpoSBASIOTCA NPU3HAKK TUMOKCUM
(KMcnopoaHOro ronofaHus), MHOrLa 3T0 MOXKET NpUBECTH
K NeTaslbHOMy MCXOAY. 3T0 NPOMUCXOAUT B MIOXO NPOBETPU-
BAEMbIX 1 BEHTUAMPYEMBIX 3aKPbITbIX MOMELLEHMSX.

[vokenp yrnepopa, ras bes LBeTa W 3anaxa, akKyMymnm-
PYeTcs B HUMHEM CI0e 3aMKHYTOro npocTpaHcTea. lepeouc-
TOYHUKOM JMOKCUAA YrTiepofa ABNSeTCs Yenosek [2]. MeH-
HO M03TOMy BO3HWKAeT BOMPOC 0 HOPMUPOBaHWM OMOKCUAA
yrnepozia B yuebHbIx opraHusauusx. HefocratouHoe npose-
TPUBaHME U N0Xas CUCTEMA BEHTUNALMK He MO3BONAOT A0-
CTUraTb ONTUMasbHbIX NapaMeTPOB MUKPOKIIMMATA B TEYEHUM
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AHA. HanpuMep, Ans Ka4yeCTBEHHOro MPOBETPUBAHMUS MOMe-
LLeHW TpebyeTca bonee [BYX YacoB, B AOLUKOMbHBIX Opra-
HW3aLMAX BbIMOJHATL 3T0 He MPEeLCTaB/IAETC BO3MOXKHbIM,
TeM bonee no CanlvHy npoBeTpuBaHMe NoMeLLEHUS 3anpe-
LieHo B mpucyTcTBUM AeTeit. C nosBNEHMEM COBPEMEHHbIX
CTPOMTENBHBIX M OTAENOYHBIX MaTepPUaoB CHIMAETCS Kaue-
CTBO BO3[yXa. JKONOTMYECKUE [epeBsSHHbIE OKHA 3aMEHMNU
Ha repMeTMyHble, BO3AYXOHEMPOHMLIAEMbIE OKHA U3 MIACcTUKa,
Nno3ToMy B MoMeLLeHWn obpa3syeTcs cnépTbiin Bo3ayx. B ceA3m
C 3TMM 60JIbLLYIO aKTyanbHOCTb NpUOBPETAET KOHTPOSTb 3a CO-
CTOSIHWEM BO3[yXa B 3aKpbIThIX MoMeLLeHusx [3].

B lepmahum n ppyrux ctpaHax EBponeickoro corosa
[0 HacTOALLEro BPEMEHU HET HOPMAaTUBHO-NPaBOBLIX AKTOB
Mo yperynmMpoBaHuio NapaMeTpoB MUKpoKuMaTta. CornacHo
ctaHgapty DIN 1946, yacTb 2, npeanonoXUTENbHBIM TUMK-
EHWMYECKMM HOPMAaTVMBOM CUUTAETCA COAEPIKaHUE AMOKCUAA
yrnepoga B nometienn 1500 MunnnoHHbIX ponen [3, 4].
B rocypapcteax CeBepHoii EBponbl HOpMbI AnoKcuaa yrne-
poga coctasnstoT ot 1000 go 1200 MUANMOHHBLIX HoneW.
CornacHo ampektvBe TRGS 900 06 onacHbIX BeliecTBax,
L0MyCTUMas KOHLEHTpaumus QMoKcuaa yrnepoda ans pabo-
yen 30Hbl cocTaBnsieT 5000 MunanoHHbIX fonei. U3bbiTok
[VOKCMAA Yriepoa B BO3AYXe 3aKPbITbIX MOMELLEHUI A Me-
LUIAeT COCPeLOTOUUTLCSA U CMIPABAATLCA € Y4EBHOI Harpy3Koil.
B ofHOM M3 uccnenoBaHWn NOKa3aHo, YTO 6oMbLUyo YacTb
BPEMEeHW AeTW NPOBOAAT BHE A0Ma, @ UMEHHO B y4ebHOM 3a-
BeAeHWM, BpeMs yuebHoro AHs cocTasniseT 4o 9 Y, Npy 3ToM
nokasarens CO, B Bo3ayxe BapbupyeT B Ananasote ot 1300
A0 2500 mMunnmoHHbix goneit [3]. Tpu TakoM cocTosiHUM
BO3JYLUHOW Cpefbl CHUKAKTCA COCPeOTOYEHHOCTb, YCua-
UMBOCTb U BOCMPUATUE LIKOAbHOrO MaTepuana. B CLUA o6-
pa3oBaTesibHbIM OpraH13aLUusaM PeKOMeHLYeTCs NOALEPHM-
BaTb NapaMeTp AWOKCKAA Yrnepofa Ha ypoBHe He Bobiwe 600
MWNMOHHBIX Aoneit. Ha Tepputopum Poccuiickoii Oeaepaumm
Mp1eMeMbIM NOKa3aTeNeM COAepKaHus OMOKCKUaA Yriepo-
03 B BO3[YXe 3aKpbITbIX MOMELLEHUI CUUTAETCA 3HAYEHMe
800 MunnuoHHbIX gonei [3, 5].

CnenyeT nofYepKHYTb, YTO KOHCTPYMPOBaHWE BEHTUNS-
LIMOHHOW CUCTEMbI Da3MpyeTcs Ha YCTAHOBNEHHLIX HOPMaXx
Bo3ayxoobmeHa. B Poccum MWHMManbHbIM  BO34yx006-
MeHHbIM roKasateneM cuutaetca 30 M3y (B eBpomeicKux
rocygapcteax — 72 M%/u), OH He 3aBUCMT OT NapaMeTpoB
MoMeLLeHns, a TObKO OT BEHTUNIMPOBaHus. B pesynbrarte
KOHLEHTPaUMA AMOKCMAA Yrepoaa B BO3LYXe MOXET [0X0-
antb 0o 1000 MUNMOHHBIX 4oneid, a BO BpeMA (U3NYecKom
Harpysku NepexoauTb 3a BepXHWe rpaHuubl HopMbl. Cnepo-
BaTeNbHO, HOpMaTMB BO3/yX006MeHa B 30 M3/u, MPUHATBIiA
B Poccuu, He rapaHTVpyeT 6naronpuaTHOro MUKpOKIMMaTa
B NnomeLueHum [3, 6].

Bonpoc 06 ynyuyweHun Bo3ayLWHON cpedbl B 3aKpbITbIX
NnoMeLLeHusIX 06LLeobpa3oBaTebHbIX YUpeXaeHuiA 00ycroB-
JleH pPOCTOM CJTy4aeB acTMbl M pecnupaTopHbIX 3aboneBaHuit
Cpeav feTel, KOTopble MPOBOAAT 3HAYUTESbHYI0 YaCTb CBOEH
JU3HU B LUKOJIbHBIX MOMELLEHUAX, @ TaKXkKe pe3ynbTatamu
1cCnef0BaHuWI, NOATBEPHAAIOLLMX B3aMMOCBSA3b NapaMeTpoB




ORIGINAL STUDY ARTICLE

KauyecTBa BO3AyXa B MOMeLLeHMsX 06LieobpasoBaTenbHbIX
W OLLKOJIbHBIX YYPEXAEHUA U Hannuus 3aboneBaHuiA, 0 YEM
CBUAETENbCTBYET pAf OnybnuMKoBaHHbIX paboT 3apybex-
HbIX aBTOpOB. B3aMMoCBA3b KONMYECTBEHHOTO COLEPHaHMS
YrNEKMUCNOro rasa B Bo3ayxe 06pa3oBaTesbHbIX YUPEKAeHMI
C NOTEHUMaNbHbIMU NOCNELACTBUAMU ANS 3[0p0BbS LeTel
1 NoApPOCTKOB Obiia 0BHapYKeHa No pe3ynbTaTaM HEKOTOpbIX
uccnenosanui [7-9].

PaHee yacTble pecnupatopHble 3aboneBaHUs CBA3bIBAIN
TOMbKO C KONIMYECTBEHHBIM COAEPKaHUEM YITIEKUCTIONo rasa
B BO3[yXe MOMELLEHUA, YTO B AaNbHEWLLEM NPUBENO K pas-
paboTke HopMaTMBHOW 6asbl Ans LUKOMBHOWM Cpefbl, KoTopas
ornpeaenseT MakcUManbHbIA ypoBeHb KoHueHTpaumn CO,
¥ MMHWUManbHbIE CKOPOCTM BO3AyLIHOro notoka. Hampumep,
no pesynbTaTaM uccienosanus Simoni et al. [10] obHapy»eHo,
4TO Y LUKO/IbHWKOB, MOABEPrLUMXCA BO3AeicTBM0 ypoBHen CO,
6onee 1000 yacTeit Ha MUNMOH, 3HAYUTESBHO BbILLIE PUCK CY-
xoro Kawns (OR: 2,99; 95% Cl: 1,65-5,44) v punura (OR: 2,07;
95% CI: 1,14-3,73). Takke ecTb AaHHble, HANPSAMYHO [LOKa3bl-
BaloLLMe, UTO O[IHUM M3 PaAKTOPOB Pa3BUTUSA PUHUTA Y LLKOSTb-
HWKOB SIBNAIETCA HaNMuMe UCTOYHMKOB opManbaernaa [11].

[pyrve uccnepfoBaHus bbinv NOCBALLEHBI OLEHKE Kaue-
CTBA BO3/YXa B LUKOJIbHBIX MOMELLEHMSIX.

Mpu uccnefoBaHMM NapaMeTpoB BO3AyXa B LUKONAX
M LETCKWX cajax Habnoganu reorpaduueckue pasnnums
MeXOy CeBepoM U KoroM EBponbl ¢ TOUKM 3peHus BO3Aei-
CTBMS CTPecca Ha 340poBbe B 06pa3oBaTe/ibHbIX OpraHu3a-
UMAX BHYTpM noMeLLeHuid. Hampumep, ypoBHU 3arpsi3HeHMs
B rpeyeckux 0bpa3oBaTesibHbIX OpPraHM3aLusX NOKa3biBaloT
cpeaHee 3Hadenne 5,33 Mkr/M® (3,1-7,8 mkr/m3) 6eHsona
n 16,55 MKr/m® (13,8-20,2 mrr/mM®) dopmanbaeruaa. Te e
XMMUYECKME COEAMHEHWS MOKa3blBalOT CPeAHUE 3HAYEHMs
B FO/MIaHACKUX 06pa30BaTesbHbIX OpraHu3aumsx: 1,42 MKr/m®
(0,8-3,0 MKr/M®) BeHzona u 13,93 Mkr/M® (6,1-22,4 MKr/m3)
dopmanbaernaa. 0bHapyeHo, YTO YPOBEHb IETYUNX Opra-
HWYECKMX COEAMHEHWUN B MOMELLEHUM U YpoBeHb B1oa3po-
30719 B LUKOMAX M AETCKUX Cafax Bbille, 4eM B Apyrux pabo-
unx noMeLLeHusx. BHyTpeHHWe KoHLEeHTpaLmuu aTMochepHBbIX
anbpernpos (bopManbaeruns, auetanbaerug, NPon1oHOBbIN
anbperua v beHsanbaerns) UMeroT bonee BbICOKME 3HaYe-
HWS B MOMELLEHUAX MO CPaBHEHMIO C X KOHLEHTpaLMaMu
B atMocthepHoM Bo3gayxe. [lpegnonaraeTcs, YTO BHYTPEHHME
UCTOYHMKY sBNAlOTCA boniee BaxkHbIMKU (haKTopamu, BAUsIO-
WMMU Ha YPOBEHb 3arpsA3HEHUs MOMELLEHUIA, YEM Hapyk-
Hble MCTOYHWUKM, TaKME KaK BbIXJIOMHbIE ra3bl aBTOMOOUNS.
Bonee BbICOKME KOHLIEHTPALMM KPYMHO3EPHUCTBIX YacTuL
HabntopaloTca npu bonee BLICOKWX TeMmepaTypax Bo3ayxa
B NoMeLLeHUn W KoHueHTpaumun CO,, npu 3TOM KOHLieHTpa-
UMM MEJIKMX YacTULL NOSTOXUTENbHO KOPPENUPYIOT C OTHO-
CUTENbHOW BNAXHOCTLIO BO3AYXa B MOMELLEeHNW. B LWyMHbIX
MecTax, rfie pacnonoxeHbl 06pa3oBaTenbHble OpraHu3aumm,
KaK NpaBuso, 3aKpbIBalOT OKHA, 0COBEHHO BO BpeMS 3aHATUH,
YTO NPUBOLMT K YBEJIMYEHUIO BEPOSTHOCTM NEperpeBa Kiacc-
HbIX KOMHAT B XapKylo Morofly W NioxoMy KayecTsy Bo3ayxa
W3-3a OTCYTCTBUA AOCTAaTOYHON BEHTUNALMW.
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B nocnefHue rofbl BO MHOTWX CTpaHax B LUKOfIAX CO3-
[AETCA «3e/EHas apXMTEKTYpa» C Liefblo rapMOHU3aLuu
OTHOLLEHMI YesioBeKa M OKpyxatowen cpepbl. Cospanue
«3EJIEHBIX LUKO» ABMIAETCA YPE3BblYalHO NepPCrEKTUBHBIM
MPOLLECCOM, HampaBNieHHbIM HEe TOJIbKO Ha GhopMUpoBaHue
LOMNOJTHATENbHBIX 3KOMIOTMYECKUX FOPOACKUX MPOCTPaHCTB,
HO M Ha COXPaHEeHWe 3J0p0Bbs YeNoBEKA. ApxuTeKTypHas
cpefa v An3aiH Nofo0HbIX LUKOM 0Ka3blBaKOT NOSIOXUTENb-
HOe BAMSHME Ha COCTOSHWE 3[,0POBbS YHaLLMXCS, YIIy4Lla-
0T ncuxoduamyeckuii KoMpopT, cnocobCTBYIOT PasBUTMIO
TBOPYECKOr0 M MHTENNEKTYabHOro noTeHumana. YcTaHoB-
NIeHO, YTO 03eNIeHEHHas TeppUTOpUS B XMION 3aCTpoliKe
MONOXMTENbHO BO3JEWCTBYET Ha [YLIEBHOE COCTOSHUE
UemnoBeKa, MPW 3TOM CHUXAET YPOBEHb pa3fpaXMUTeNbHO-
CTM B KpaTyaiillee BpeMs, C NOCNEAYHLNM CHUXKEHUEM
pUCKa pasBUTUS LENpecCuBHbIX CMMNTOMOB B MOAPOCT-
KOBOM BO3pacTe.

B nocnepHue mecsaTuneTUs UCMOb30BaHMIO KOMHATHBIX
pacTeHuii B KayecTBe CpeACTB OYUCTKU BO3MyXa yaensetcs
Bonbluoe BHUMaHWe. WcnbitaHns 3 heKTUBHOCTM KOMHATHBIX
pacTeHuii B Ka4ecTBe OYUCTUTENS BO3LyXa, BriepBbie NpoBe-
AénHble HACA, nokasanu, 4to pactenus obnapatot cnocob-
HOCTbK) CHUXKaTb YPOBEHb 3arpA3HAIOLLMX BELLECTB B NOMe-
weHum [12]. KpoMe Toro, pacTeéT KONMYECTBO UCCeA0BaHMIA
MO0 KOMHAaTHbIM PacTeHUAM NYTEM TeCTMPOBAHWA CrMoCcobHO-
CTWU KOHKPETHBIX BUAOB K OYMCTKE BO3AyXa B MOMELLEHUM.
Bbino npoBegeHo HECKONBKO WCCef0BaHWiA, CBA3aHHbIX
C MCMO/b30BaHNEM KOMHATHBIX PAcTEHUA W UX BIIUSIHUEM
Ha 3aboneBaeMocTb AeTeid. MccnegoBaHus nokasanu 3Hauu-
TeNIbHOE CHUXKEHWE COAepXaHusa beH3ona B BO3LyXe NoMe-
LLeHMs, rae ucnosnb3oBamck pacTenus. S.H. Hong et al. [13]
BbISBUAM CNOCOBHOCTb pacTeHwit pofa GMKyC ouuwatb
BO3/yX MOMELLEHMSA NMYTEM CHUMKEHWUA YPOBHEN TaKUX NETy-
UMX OpraHMYecKux CoefMHeHM, Kak beHson, atunbenson,
Keunon, ctupon, dopmanbaerug, aueTanbierug v Tonyos.
B nccnenoBaHUM ypoBHY 3arpA3HAOLLMX BELLLECTB OLEHUBaNM
[0 1 NIoCJie UCNONb30BaHWA pacTeHuit. B pesynbrate ypoBeHb
NEeTY4nX OPraHNyecKUX COEAMHEHMIA B MOMELLEHUM 3HAUM-
TENIbHO CHU3MACS.

OutopeMegnaums (Mnn BuodunbTpaums) B Kauectse
METOAa OYMCTKW aTMOC(epHOro Bo3ayxa B MOCNefHWe fAe-
CATWNETUA NpuUBNiEKaeT 3a pybexoMm bGonblioe BHUMaHue,
BEPOATHO, M3-33 €€ [JOCTYMHOCTU M MPUMEHUMOCTH, a TaK-
e IKONOTMYECKUX, IKOHOMUYECKUX M COLMANbHbIX BbIrof
1 CNOCOBHOCTM AOCTUraTb HYNEBOrO YPOBHA BbbpocoB [14].
Bbino pokasaHo, YTo KOMGOPTHBIN YPOBEHb MPOXMBAHMS,
MPOAYKTUBHOCTb M YMCTBEHHOE (YHKLUMOHUPOBAHWE MOrYT
ObITb 3HAYMTENBHO YMYULLEHbI, @ TaKXKe YMeHbLUIAeTCs BOC-
npustue 6onn, KOraa pacTeHWs MPUCYTCTBYIOT B KOMHaTe
unn Ha pabouem mecte [14]. MNpu duTopeMeamaumnm pactenus
C WX POLCTBEHHbIMM MWUKPOOPraHM3MaMu crocobHbl U3Bne-
KaTb 3arps3HslLLMe BELLECTBA M3 aTMOC(EpHOro BO3AYXa,
a 3aTeM pasfaratb WM AeTOKCUDULMPOBATb UX C MOMOLLbH
Pa3nMYHbIX MexaHu3MoB. [loKa3aHo, YTo 3T0 3KONOTMYECKH
UWCTBIA M YCTOMYMBLIA NPOLECC HA OCHOBE [AEATENIbHOCTH
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pacTeHuid, No3BonsaoWMiA 3GPEKTUBHO CHUMXATL 3arpasHe-
HWe BO34yXa KaK B MOMELLEHUHN, TaK 1 HA OTKPBLITOM BO34yXe.

B Kutae 6bina uccnegoBaHa CKOpOCTb MOMOLLEHUS
opmanbgernia UCTbIMM U cNocobHOCTb 3KCTPAKTOB
nMCTbEB paspywatb GopManbperug. PesynbraTbl nokasa-
nm, yto QopManberna MoOXeT NepeHoCUTbCA U3 BO3MyXa
yepes JIUCTbA U KOpHW B pu3ocdepHyto Boay. lpu Bo3peii-
cteum 0,56 Mr/m3 dhopManbaeruoa cKopocTb ero yaane-
Hus cocTaensna ot 18,64 no 38,47 mkr/u. B cooTBeTCTBMM
c banaHcoM Macc B CUCTEMe «BO3AyX—pacTeHue—Bojax»
OCHOBHbIM MeXaHW3MOM noTepu GopManbaeruaa oo ero
pa3pyLUeHne B TKaHAX pacTeHui, BbI3BaHHOE Kak hepMeH-
TaTUBHOW, TaK U OKWUCNUTEJIbHO-BOCCTAHOBUTENBHON peaK-
umen. bonee BbICOKME MOTEHLMANbl OKUCIEHUA NIUCTHEB-
3KcTpaktoB Wedelia chinensis w Desmodium motorium
COOTBETCTBOBaNM bofiee BbICOKMM CMOCOOHOCTAM K pac-
wennexvio aobaeneHHoro GopManbaernaa, Yem y apyrvx
pacTeHuit. OKMCNMTENIbHO-BOCCTAHOBUTENbHBI MeXaHW3M
npeanonaraert, 4to yaaneHue dhopManbaernia MoxeT bbiTb
YBEJIMYEHO 33 CYET MOBLILUEHUS YPOBHSA aKTMBHbIX (OpM
KMCNOPOLA, BbI3BaHHbIX CTPECCOM Y pacTeHW U3-3a napa-
METPOB OKpYatoLen cpegpl [15].

Mo utoram nuTepatypHoro 063opa MoATBEPHKAEHO Crie-
Aylollee: KOMHaTHble pacTeHusi obnapfatoT GUTOHLMAHON
aKTMBHOCTbIO, OKa3bIBalOT BAUAHME Ha 3[0POBbLE YESIOBEKA,
HaxoAsLLerocs B NOMeLLEHNM, CocobCTBYIOT CHUKEHUIO CO-
AEepXaHus YIIEKUCIIOro rasa B BO3AyXe 3aKpbIThiX NoMeLle-
HWI, BbIAENAA KUCNOPOA B npouecce GoTocuHTe3a, NPefoT-
BPaLLalOT CHWXEHWE pernaMeHTUPOBaHHBIX MOKa3aTenei
OTHOCHTEJIbHOM BNIAXKHOCTM BO3AyXa NpY aKTUBHOM UCMOSb-
30BaHWUW HarpeBaTesbHbIX NMPUOOPOB B 3UMHMIA NEpUOL Fofa.
YYET noNoMMTENbHOTO BAMAHWSA pacTeHuid, obnafatoLumx
BnaronpuaTHBIMK CBOICTBaMY, Ha BO3AYLUHYIO Cpefly CBUAe-
TeNbCTBYET 0 NOTPeBHOCTM pa3MeLLaTb KOMHATHbIE pacTeHus
B 0bpa3oBaTenbHbIX yupexpaeHusx. KoMHaTHble pacTeHus
obecrneunBaloT ynopsLoYEHHbIE MapaMeTpbl MUKpOKIMMATa
BO3/yXa 3aKpbITbIX MOMELLEHU.

Llenb uccnepoBanua. OLueHKa UCMOMb30BaHUS KOMHAT-
HbIX PacTeHWiA [/ NOBbILLEHNS KaYecTBa BO3AyXa B 3aKpbl-
TbiX noMeteHumsx J00.

MATEPWAJIbI U METOAbI

lpoaHanu3upoBaB Konnekumi 6oTaHuyeckoro capa,
Mbl onpefenunu besonacHole AN 3[0poBbsA AeTeN BUAbI
pacTeHuii, pEKOMEH0BaHHbIE K NMPUMEHEHWI0 B 0bpasoBa-
TeNbHbIX opraHu3aumsx. OAHUM U3 OCHOBHBIX YCIIOBUIA OT-
bopa sBNANOCH OTCYTCTBUE AJOBUTHLIX MAOAOB, anjeprusu-
PYIOLLIEN aKTUBHOCTM U UIOJIOK.

B pesynbtate 6bino ycraHoeneHo 10 BUAOB pacTeHui, co-
OTBETCTBYIOLLMX AaHHBIM ycnousaM: Chlorophytum comosum,
Aspidistra elatior, Begonia ricinifolia, Hibiscus rosa —
sinensis, Kalanchoe blossfeldiana, Coleus blumei, Murraya
exotica, Nephrolepis exaltata, Sansevieria trifasciata,
Cyperus alternifolius. Y naHHbIX pacTeHui bbina onpeaeneHa
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naoLanb IMCTOBOI NNACTUHLI M Mx Bronormyeckue napame-
Tpbl (BbICOTa M WMpKHA) [7-9].

B urpoBbIx noMeLueHnax nnowaasio 48 M2 pasmectunm
KOMHaTHble pacTeHUs U YCTaHOBMIIM YCTPOWCTBO, KOTOpOE
Mo3BOASET U3MEpUTb NapaMeTpbl MUKPOKIIMMATA M KOHLEH-
TpaLMIo YINEKWUCNOro ra3a B pexuMe OHNaliH. Bee 3HaueHns
(UMKCUPOBANM EEMMHYTHO C Nepefayedt B 3NIEKTPOHHYHO
0a3y. MonyyeHHble 3Ha4eHUs ycpeaHsnu. B xope ctatuctu-
UEeCKOro aHanmsa M 06paboTkW MoMyyeHHbIX pesynbTaToB
OCHOBbIBaNICb Ha onucaTenbHoW cTatucTuke. [lepBoHa-
YasbHO MOMYYeHHbIe MOKa3aTenu OLEHMBANM Ha HOpManb-
HOCTb pacnpeaeneHus, Ucnonb3ys kputepun Lanupo—Yunka
1 Konmoroposa—CmupHoBa. [lncnepcroHHbIN aHanus npuMe-
HS/M OIS aHanM3a CPeHUX BENIMUMH, HECKONbKUX BbIOOPOK.
KpuTtnuecknit ypoBeHb 3HAYMMOCTM HYJIEBOI CTAaTUCTUHECKON
runoTesbl (p) 6bin yctaHoneH 0,001. MpoBepKy paBeH-
CTBa HECKOJIbKMX BbIBOPOK MpOBOAMAM C MOMOLLbBIO TecTa
Kpackena—Yonnuca (H-kputepuit).

PE3Y/IbTATbI

B naHHOM uccneoBaHMM BrepBbIe U3YUEHO BAMSHUE pac-
TEHMIA Ha KOHLIEHTpaLMIo IMOKCUA YTTIepOLia B OLLKOSIbHBIX
OpraHW3aumsax B 3aBMCMMOCTM OT MAIOLLAAM JIUCTOBOM nna-
CTuHbI (puc. 1).

YcTaHoBMeHO, UTO cofepiKaHue YraeKUcroro rasa B BO3-
Oyxe MOMeLUeHns rpynnbl HabmogeHns LOCTOBEPHO HUXeE
Mo OTHOLUEHMIO K 3HAYEHMSIM B Ipynrne KOHTPOSS: COOTBET-
ctBeHHo B 1,3 (tect Kpackena-Yonnuca, p <0,05) u 1,2 (tect
Kpackena—Yonnuca, p <0,05) pasa npu pasMeLLeHum pacTe-
HUil C NoLLaabio nucToBoro annapara 1,7 u 2,5 M? Ha nno-
Waau nomewenmna 48 Mm% (puc. 2).

Bo BpeMs UrpoBbIX 3aHATMI Ka4ecTBO BO3ayXa B rpynno-
BbIX fueiiKax 3HAUUTENbHO YXYALLAEeTCs, 0 YEM CBUAETENb-
CTBYeT ypoBeHb cofepxanus CO, n3MepseMblil B pa3Hoe
Bpems cyTok (08:00, 11:00, 14:00 n 17:00 u).

MoBbilEHHBIN YpOBEHb AMOKCUAA Yrnepona Habnopan-
€S BO BCEX UCCMeAyeMbIX Mpynnax B TeYeHWe paboyero LHA.
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Puc. 1. [laHHble 0 cOZepyaHUM QMOKCWAA YrNepofa B 3aBUCHMOCTH

OT N/IOLLAAM JIUCTOBOM MNACTUHBI.
Fig. 1. Carbon dioxide concentration depending on leaf surface area
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Puc. 2. CopeprxaHue YIIeKUCOro rasa B KOHTPOMbHBIX TOYKaX B UCCNeAYEMbIX Fpynnax, ppm.
Fig. 2. Carbon dioxide concentrations at control points in the study groups, ppm

TeM He MeHee CpefiHMe KOHLLEHTpaLMM OMOKCUAA Yrnepoaa
(MMnNNMOHHaA [ons) B BO34yXe rpynnbl HabmogeHus bbiu
CTaTUCTMYECKU 3HAUMMO HUXKE MO CPaBHEHWKO C TPynmnom,
roe pactenus otcytcteoBanu, a B 11:00 n 17:00 4 pasnu-
UMs UMENIM CTATUCTMYECKM [OCTOBEPHLIN XapakTep (TecT
Kpackena—Yonnuca, p <0,05).

YpoBeHb AMOKcMAa yrnepoaa B rpynne C yCTaHOBIEH-
HbIMM KOMHaTHbIMM pacTeHusamu 6bin B 1,3 pasa Huxe
(p <0,001) rpynnbl KOHTPONS, FAe pacTeHWs OTCYTCTBOBAIH,
YTO COrNacyeTca C pesynbTaTaMu COOTBETCTBYIOLLMX MCChe-
AoBaHui [16, 17] u no3sonset caenatb BbIBOA 0 He0bX0au-
MOCTM KOHTPONIS 3arpASHEHHOCTM BO3LyXa Ha MpeaMeT co-
LEepXaHus OMOKCMAaa yrnepoa.

B KauecTBe HE3aBMCUMBIX MEPEMEHHBIX C YYETOM
BPEMEHM M3MEpeHusl, HanWuus pacTeHuil, C nonpas-
KOW Ha Temnepatypy W OTHOCUTENbHYID BJIAXHOCTb BO3-
[yXa B MOMELLEHUM, OUCTIEPCUOHHBIA aHanu3 MoKasan,
YTO, HECMOTPSA Ha BRMAHUE 3TUX (AKTOPOB, CoflepXaHue
AVOKCUAA yrneposa yMeHbluaetcs (no kputepuio ®uiepa,
p <0,01). IMHaMMKa CHUKEHWA KOHLLEHTpaLMKU YrIeKnUcno-
ro rasa B MrpoBOM MOMELLEHUN C YCTAHOB/IEHHBIMU pac-
TEHWUAIMM BbIpaXKaeTcs CneayloLen IMHENHOW perpeccuent:
y=131,02x+535,5; R*=0,9697; B rpynne, roe oTCyTCTBYIOT
pactenus: y=153,19x+698,97; R>=0,8288.

TakuM 06pa3oM, pa3MeLLieH e NpeACTaBEHHOO NepeyHs
KOMHATHbIX PacTeHWUi C APKO BbIPaXEHHbIMU DUTOHLMOHBI-
MW, TPAHCMIUPUPYHOLLIMMM U Fa30MOrNIOTUTESTbHBIMU CBOICTBA-
MW cnocobCcTBOBaNO CTabUIbHOMY CHUMEHMIO KOHLLEHTPALMH
YrNEeKMCoro rasa B urpobix noMettenusx [00.

OBCYXEHUE

BnusHMe KOMHaTHbIX pacTeHWit Ha BHYTPEHHIOW cpeay
aktmeHo uccneaytot ¢ 1989 r. beina npeanoxeHa naes uc-
MONb30BaHWA pacTeHUit AN yAaneHus NETy4nux opraHuye-
CKUX COEAMHEHMIN U3 BO3AYXa 3aKPbITbIX NoMeLleHuni [18].
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Ceifyac cyllecTBYeT MHOMECTBO WCCNef0BaHWM, Mo-
CBALLEHHBIX YAANEHUI0 NIETY4YUX BELUECTB U3 BO3AyXa 3a-
KPbITbIX MOMELLEHWA C MOMOLLbK TOPLUEYHbIX PacTEHM.
lMonyyeHHble faHHbE ABAAIOTCA NepBoii BceobbemiioLLei
JEMOHCTpaLmeit cnocobHOCTU CMCTEMBI TOpLUEYHBIX pac-
TEHMIA BbICTYNaTb B KayecTBe MHTErpupoBaHHOr0 6ruodub-
Tpa npu ynaneHum 3Tux 3arpssHeHuid. Hanpumep, 6oTaHm-
ueckuit dunbTp ¢ E. qureum npuMeHsnca LS yaaneHus
12,3+0,24 mr/M® dopManbaerupa. Pesynbtat nokasan,
4To 3T0T OMOPUNLTP MMeN 3PDEKTUBHOCTL yaaneHusa dop-
Manbaernaa 32—-33% paxe npy BbICOKOW BNAXKHOCTW BO3AY-
xa (90%). F. Torpy et al. [19] nokasamu 57% 3 deKT1BHOCTL
yILaneHus METUI3TUIIKETOHA C NOMOLLIbH BEPTUKaNbHOro Ho-
TaHW4ecKoro 61MogumbTpa CMeLLaHHOro TUna.

Hawm nccnepoBaHus, nposeféHHbIe HENOCPECTBEHHO
B WIPOBbIX MOMELLEHUSAX AOLUKONIbHBIX YYPEKAEHUIA, Mo3-
BOJIUNM BbISIBUTb, Kakas OMTUManbHas MoLaib JIMCTOBOrO
annapara KOMHaTHbIX pacTeHuii NoTpebyeTcs Ans CHUKeEHUS
COZlepXKaHWA KOHLEHTPALMIA YIIEKUCNION0 rasa B WUrpoBbIX
MOMeLLEHNUAX: Ha Nowaab noMeleHus 48 M2 — ot 1,7
0 2,5 M2,

YcTaHoBneHo, 4to KoHueHTpaums CO, B Bo3ayxe CHUXa-
eTcs npuMepHo Ha 35%; KOMHaTHble pacTeHUst MOryT CHU3UTb
KoHueHTpauuto CO, B noMeLLieHUN 1 onpeaenuTh KoN4ecTBo
yrnepoaa, normoLwaemMoro KoMHatHeiMu pacteHusmm; CO,
He TOKCMYEH, HO MOXET OKa3blBaTb HAPKOTUYECKOE JEeiCTBME
npu bonee BbICOKOM KoHLeHTpauuu [20]. Poccuiickue y4éHble
0BHapyXunu, uto x1o0poduUTyMbl 06n1aaal0T 3GPEKTUBHOCTLIO
MOrNOLLEHNS, YTO COrNacyeTca C AaHHBIMU KUTANCKUX UCCe-
nosatesniet o KoHueHTpaumm CO, ot 635 no 650 ppm. Ha-
npuMep, B noMeLLeHnm nnowaasto 30 M2 KOMHaTHoe pacTe-
Hue ¢ nnowaabto mcta 3,1 M% cHano KoueHTpauuio CO,
Ha 25,7-34,3% no cpaBHEHWIO C MOMeLLEHMEM, e OTCyT-
CTBOBa/IM pacTeHus. PesynbTaTbl NoKasanu, yto YeM 6onb-
e niowanb JUCTa, TeM Bbile 3G(EKTUBHOCTb YAaNeHUS
CO,, a KauecTBo BO3AyXa B NoMelLieHn1 byaeT NpofomKaTh
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YAYYLLATBCA C MOMOLLbI0 KOMHATHbIX pacTeHuii [20].

WccnepoBanus, NpoBefiEHHbIE 0TEYECTBEHHBIMU YYEHBIMU
B 2021 r., noKasanu, 4To K KOHLY y4ebHOro AHs B XONof-
Hoe BpeMsl roJa B MOMeLLEHUSAX CMOPTMBHOIO By3a YPOBEHb
AVOKCMAA Yrieposia npe.biwan AonyctuMble HopMbl B 100%
cnyyaeB. ABTOpbI CBA3LIBAKT 3TO C HEAOCTATO4HOW 3 deK-
TMBHOCTbIO PaboTbl BEHTUAALUMOHHBIX cucTeM [3, 5, 8-10].
[na pewenns paHHoi npobnembl HeobxoamMmo paspabo-
TaTb W CPOEKTUPOBATb CUCTEMBI KNIMMATU3aLMK B 34aHUAX,
KoTopble obecriedat KoMdopTHble M b6e3onacHble ycnosus
ONA yyaLmxcs B y4ebHbIx nomeLuenmsx [21].

PaboTbl 0TeUeCTBEHHBIX apXUTEKTOPOB, a TaKKe uccre-
LO0BaHUSA YYEHBIX-TUTMEHWUCTOB MOAYEPKMUBAIOT BaXHOCTb
CO30aHUs KPUTEPUEB ANS OLEHKW KauyecTBa BO3LYLUHOM
cpefbl B 3aKpbiTbix noMeLueHusx. Mouutopur yposhs CO,
B MOMELLEHMSAX MOMOXET CHU3UTb PUCKU EF0 HEraTMBHOIO
BO3/eCTBMA Ha 380poBbe [22].

Mo [aHHBbIM UTEPATYpHbIX WCTOYHUKOB M3BECTHO,
yto pactenus Chlorophytum comosum, Aspidistra elatior,
Begonia ricinifolia, Hibiscus rosa — sinensis, Kalanchoe
blossfeldiana, Coleus blumei, Murraya exotica, Nephrolepis
exaltata, Sansevieria trifasciata, Cyperus alternifolius 06-
NafaoT GUTOHUMAHBIMM, TPAHCMUPUPYIOLMMKM U ra3omno-
FNOTUTENbHBIMW CBOWCTBaMM, SBNSIIOTCA rMNoaiepreHHbIMU
1 HETOKCUYHBIMM A8 feTeid. [laHHbIi aCCOPTUMEHT pacTeHuii
He TpebyeT ocoboro yxopa.

B xone Hawwero uccnefoBaHus YCTaHOBIIEHO, YTO UTOH-
UMAHbIe, ra3onorNoTUTeNbHbIE U TPAHCTIMPUPYHOLLME CBOIICTBA
PacTeHWIi OKa3bIBAKOT MONOXKUTENBHOE BAIMSHUE HA OMTUMMU-
3aLyMi0 NCMX03MOLIMOHANBHOTO COCTOSHUA Ntoaeir. OHn cno-
CODCTBYIOT CHUMEHMIO YPOBHA YINEKUCIION0 ras3a B BO3AyXe
3aKpbITbIX NOMELLEHUI M MOMOTaloT NpesoTBPaTUTL CHUMKE-
HWe YCTaHOBJIEHHBIX HOPM OTHOCUTENILHOM BIAXHOCTU BO3-
AyXa NP1 aKTUBHOM MCMONIb30BaHWW 0borpeBaTesbHbIX NpU-
bopoB B 3uMHee BpeMs roga. 310 MOXeET paccMaTpuUBaThCs
KaK 0[iHa U3 Mep NpodUNaKTUKy.

3AKJIOYEHUE

AHanu3 MCTOYHMKOB NUTEpaTypbl U pe3ysbTaToB Co6-
CTBEHHOTO WCCNE0BaHUA MO OLEHKE WCMOJb30BaHUA
KOMHaTHbIX PacTeHWA AN MOBbILEHUS KayecTBa BO3-
Ayxa B 3aKpbiTbix nomewenusx 00 nokasan, yto uc-
no/b30BaHWe PeKOMEHAO0BAHHOr0 acCOpPTMMEHTa KOMHaT-
HbIX pacTeHWn cnocobcTByeT 06ecneyeHno ONTUMANbHbIX
napaMeTpoB MMKPOK/IMMATa W CHIKEHUIO COLepXaHMs
YINIeKMCIoro rasa o fonycTUMbIX napametpos (800 ppm)
B FpynnoBbIX noMeLueHnsx. KpoMe Toro, ycTaHoBneHa on-
TUManbHas nowaab NIMCTOBOr0 annapata, HeobxoauMas
Ans 0b6ecneyeHnss HOPMUPYEMbIX BESIMYMH OTHOCUTESIbHOM
BNAXHOCTU BO3AyXa (2,5 M?) N CHUXKEHNA KOHLEHTpaLmu
yrnekucnoro rasa (1,7 m?) npu nnowagu noMewieHus
48 M. cnonb3oBaHne peKoMeHA0BaHHOro acCopTMMeHTa
KOMHaTHbIX pacTeHui byneT cnocobCcTBOBaTb MOBbILIEHHIO
KayecTBa BO3[yXa, a TaKXKe CNYXKUTb Mepoit NpodUNaKTUKU
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LSl CHAXKEHWUS pUCKOB 3ab0/1eBaeMOCTM AETEN B 3aKPbIThIX
nomeLueHusx [00.

Takum 0bpa3oM, 3QHEKTMBHOCTb MOBLILLIEHWSA KayecTBa
BO3/yXa B MrpoBbix noMetleHuax 00 3aBucUT 0T nnioLaam
JINCTOBOMN MOBEPXHOCTU PEKOMEHAYEMbIX PacTeHU U UX pa-
LMOHA/bHOrO pacnpeeneHns ¢ y46ToM 3GpeKTMBHOMO pa-
avyca Bo3geiicTeus. Mcnonb3oBaHMe KOMHATHBIX PacTeHWN
C KOMMJIEKCOM QUTOHLMAHBIX, Fa30MOrfI0TUTENbHBIX U TPAHC-
MUPUPYIOLLMX CBOWCTB CMOCOBCTBYET YNyyLLEHU0 KayecTBa
BO3/lyXa W CHIKEHMI0 YpoBHA KoHueHTpauvu CO, B Bo3ayxe
3aKpbITbix noMelueHuidi 1,00,

AOMO/HUTE/IbHAA UHDOOPMALIUA

Bknap aBtopoB. H.O. HYyeHko — 0630p nutepatypsl, chop v aHanm3 nu-
TepaTyPHbIX UCTOYHMKOB, IKCMEPVMEHTaNbHbIE MPOLeAYPbI, aHanM3 AaHHbIX,
HanucaHWe TeKCTa W pepakTvpoBaHue cratbit; H.B. l'yamHoBa — aHamms
JaHHblx; M. HoBukosa, M.A. Jlobruc, C. 1. PomaHenko, 0.A. CaByeHKo,
B.A. LUnpvHCKMIN — pefakTvpoBaHue cTatbi. Bce aBTOpbl NOLATBEPX AT
COOTBETCTBME CBOEr0 aBTOPCTBA MexAyHapoaHbIM KpuTepuaM ICMJE (ece
aBTOPbI BHEC/IN CYLLIECTBEHHBIN BKIAZ, B pa3paboTKy KOHLEMNLMK, npoBeae-
HWSA UCCNEA0BaHMSA U NOATOTOBKY CTaTby, MPOU4AM M 0406puUnn GUHanNbHY0
Bepcuio nepes NybnmnKkaLmen).

JITnyeckas akcnepTusa. [poBefenne nccnenoBaHns 04obpeHo NoKamb-
HbIM 3T4eckmM komutetom OBYH «Hosocnbupekmin HUW rurvedsi» Pocrio-
TpebHaa3opa (npatokon N 2 ot 29.04.2022).

WUcTtounukm dpunancuposanma. OtcyTcTBYIOT.

PackpbiThe uHTepecoB. ABTopbI 3as1BNAIOT 00 OTCYTCTBUM OTHOLLEHWH, fie-
ATENIbHOCTM W MHTEPECOB 3@ MOCNefiHMe TPY rofa, CBA3aHHbIX C TPETbUMM
JmLaMK (KOMMEPYECKUMM 1 HEKOMMEPYECKVMM), UHTEPECH! KOTOPLIX MOTYT
BbITb 3aTPOHYTHI COAEPIKAHNEM CTaTbU.

OpuruHanbHocTb. [1py co3a4aHMM HacTosLLEN paboTbl aBTOPbI He UCTOTb-
30Banu paHee onybiMKoBaHHbIE CBEAEHMs (TEKCT, UNMIOCTpaLWMY, AaHHbIE).
HocTyn K AaHHBIM. PefjaKLMOHHas NOUTMKA B OTHOLLEHUM COBMECTHOMO
MCMONb30BaHUs AaHHbIX K HacTosLLeN paboTe He MpUMeHWUMA, HoBble AaH-
Hble He cobupany 1 He co3aaBany.

leHepaTUBHbIA MCKYCCTBEHHbIV MHTENNEKT. [Ipy CO30aHMM HACTOALLEN
CTaTbW TEXHOMOTWM FEHEPATUBHOTO WCKYCCTBEHHOrO WHTENNEKTa He UC-
nonb30Banu.

PaccMoTtpenne u peueHsupoBaHme. HacTosiias pabota nofaHa B xyp-
Han B MHWLMATMBHOM MOPAAKE WM PacCMOTPEHa No 06bIYHOM Mpouemype.
B peLieH3MpoBaHWM y4acTBOBaNM [Ba BHELLHUX PeLeH3eHTa, YieH pefaK-
LIMOHHOW KOMMIErnu W HayuHbIA pefaKTop U3faHus.
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Quantitative Assessment of Traditional and Imported
Meat Consumption by Indigenous and Local Caucasian
Populations of the Modern Arctic

Fatima A. Bichkaeva, Ekaterina V. Nesterova, Olga S. Vlasova, Boris A. Shengof,
Alexandra V. Strelkova, Nina F. Baranova, Tatyana B. Gretskaya

N. Laverov Federal Center for Integrated Arctic Research of the Ural Branch of the Russian Academy of Sciences, Arkhangelsk, Russia

ABSTRACT

BACKGROUND: A healthy, balanced diet is essential for preserving metabolic health in high-latitude environments. Indigenous
peoples’ traditional lifestyles have shifted from nomadic to settled due to socioeconomic changes caused by industrial growth
and urbanization in northern regions. This transition has affected dietary patterns and, consequently, metabolic health.

AIM: To conduct a comparative quantitative assessment of traditional and imported meat product consumption by indigenous
and local Caucasian populations of the modern Arctic.

METHODS: During field expeditions to the Yamalo-Nenets and Nenets Autonomous Okrugs, 839 people’s dietary habits
were assessed using a questionnaire-based survey. Retrospective data were collected on the consumption of traditional and
imported meat products over the preceding 12 months among both indigenous (nomadic and settled) and local Caucasian Arctic
residents.

RESULTS: Indigenous populations consumed more traditional meat products, whereas local Caucasian populations consumed
more imported meat, both lean and fatty. Among indigenous populations, nomadic people consumed significantly more
traditional meat, whereas settled people consumed more fatty imported meat. There were no significant differences in
processed meat consumption between the three groups.

CONCLUSION: The abundance of imported meat products in the diet, previously uncharacteristic of the Russian Arctic's
indigenous peoples, has not completely replaced traditional cuisine. Among indigenous populations, nomadic people consume
meat in ways that are more similar to traditional diets than their settled counterparts. However, retrospective data indicate
a decline in the consumption of reindeer meat, a dietary staple among the Nenets. Therefore, to ensure a high quality of life
and good health, indigenous populations of northern regions should stick to their centuries-old traditional dietary patterns,
maintaining a high proportion of locally sourced foods.

Keywords: traditional diet; meat products; indigenous populations; Nenets; local Caucasian populations; Arctic.
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OueHKa KoiM4ecTBEHHOro NoTpe6neHUs TpagMLUOHHOM
U NPUBO3HOW MSACHOM NPOAYKLMM Cpeau abopureHHOro
U eBpONeoMAHOro HaceneHus ApKTUKK

Ha COBpeMEHHOM 3Tane

O.A. buukaesa, E.B. Hecteposa, 0.C. Bnacosa, b.A. LleHrod, A.B. Ctpenkosa,
H.®. bapaHosa, T.b. [peukas

(MepepanbHblif UCCNeL0BaTENbCKMIA LIEHTP KOMM/IEKCHOTO U3yyeHus Apktuku uM. akap. H.M. JlaBepoBa Ypanbckoro otaenenus Poccuiickoit akapemuu
HayK, ApxaHrenbck, Poccus

AHHOTALMUA

06ocHoBaHue. BaxHyio ponb B NoAAep:xaHUM MeTabosinyecKoro 3[0pOBbs YEN0BEKa B YCIOBUAX BbICOKUX LIMPOT MMeeT
Hanu4me NoJHOLEHHOro U cbanaHcMpoBaHHOro NuTaHus. CounanbHO-3KOHOMUYECKWE M3MEHEHNS, CBA3AHHDIE C MPOMBILLIIEH-
HbIM OCBOEHMEM U ypbaHW3aLMeN CEBEPHbIX TEPPUTOPUI, 00YCNOBUIM MOLUPUKALMIO MCTOPUYECKU CIIOMUBLLErOCA YKNIaAa
JKU3HWU KOPEHHOTO HACcEeNeHNs NpU CMeHe C TPaLULMOHHOMO KOYeBOro 0bpasa MU3HW Ha ocefsibl B NOCENKAX, YTO OTpasu-
J10Cb Ha paLMoHe NUTaHUS, W, KaK criefcTeue, Ha MeTabonMyecKoM 3[,0poBbe.

Llenb. CpaBHUTENbHBINA aHANM3 KOAMYECTBEHHOrO NOTPebNeHNs TPaAMLIMOHHOM M NPMBO3HOM MSICHOM MPOAYKLMM cpeay abo-
PUreHHOr0 M MECTHOTO €BPONEOMAHOM0 HaceneHst ADKTUKM Ha COBPEMEHHOM 3Tarie.

Marepuansl u MeToabl. Bo Bpems 3KCneAMUMOHHBIX Bble340B Ha TeppuTopum iMano-HeHewkoro n HeHeLKoro aBTOHOMHbIX
OKpYroB ObiN M3y4eH XapaKTep NUTaHWUS aHKETHO-0NPOCHBIM MeTofoM Y 839 uenoek. CobpaHa peTpocneKTUBHasA MHDOpMa-
ums o noTpebneHny TPaAMULMOHHON U NPUBO3HOM MACHOM NPOAYKUMM 33 NpefLLecTBYIOLMIA 12-MecaYHbIM nepuog, y abopu-
reHHOro (KOuyHLLLEro 1 0Ceaoro) U MeCTHOr0 eBpONeoMAHOr0 HaceneHns ApKTUKK.

Pesynbtarbl. [ToTpebneHne TpaguLUMOHHON MSACHOW NPOAYKLMM Bbilue cpeau abopureHoB, a MPMBO3HOTO Msca, KaK AueTU-
YECKOro, TaK W JKMPHOTO, Y MECTHOr0 eBPONeoMaHOro HaceneHus. lpu aTom noTpebnexHne TpaaMLMOHHON MACHON NPOAYKLNN
3HauMMO BbILLE Y KOUYIOLLIMX abopUreHOoB, M0 CPAaBHEHWIO C OCEAIbIMM, @ MPUBO3HOW XUPHOW MACHOM NPOAYKLUMK, HaobopoT,
y ocepnbix. NoTpebnenne nepepabotaHHoro Msca Mano pasiMyanoch B TPEX rpynnax.

3akntouenue. 06mnve NPUBO3HOI MSCHON NPOAYKLMM B PaLMOHeE, PaHee He XapaKTepHOI AN KOPEHHbIX HapOAO0B apKTUye-
CKoi 30HbI Poccuiickoit ®epepaumm, He [0 KOHLA BbITECHWNO TPAaAULMOHHbIE bntoaa. Mpy 3ToM y abopureHHoro HaceneHus,
BeAyLLero Koueson 06pa3 u3Hu, notpebneHne MACHBIX NPOAYKTOB bivKe K TpaguUMOHHOMY TUMY MUTaHWA B CPaBHEHUM
c ocefibiMu abopureHamun. Ho npum atoM noTpebneHue oneHMHbI — OCHOBbI PaLMOHA HEHLEB — B PETPOCTEKTUBE CHUMKA-
etca. CnefoBatenbHo, A1A NOAepKaHUs [OCTOMHOMO YPOBHS XW3HU U 340POBbs KOPEHHBIX KUTENE CEBEPHbIX TEPPUTOPUI
UM HeobXoMMo NpUAEPHKMBATLCA TPAAMLIMOHHOW BbipaboTaHHOM BEKAMW MOJENU NMUTAHUA C COXPAHEHUEM [L0M NMPOLYKTOB,
NpOU3BEAEHHBIX B PETUOHE MPOXUBAHMS.

KnioueBble cnoBa: TpafuUMOHHAsA AMETa; MACHAA NPOAYKLMS; abopuUreHbl; HEHLbI; MECTHOE BPOMEOUAHOE HACEeNEHMUE;
ApKTuKa.
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BACKGROUND

A wholesome, balanced diet is essential for preserving
health. Nutrition is the foundation of human health. A per-
son needs food to build the cellular structures of organs,
which is a source of energy used by the body. Historical-
ly, the traditional diet of the Arctic indigenous people has
differed from the food culture of the population in mod-
erate and middle latitudes and has developed to improve
the body's adaptation to extreme living conditions [1-4].
Historically, the key traditional activity of the Nenets was
large-scale nomadic reindeer herding; fishing was also
widespread, i.e. the staples of their unique diet included
reindeer meat, fish, and game (bears, elks, upland game
birds, and waterfowl). In addition, the Nenets consumed
fresh or boiled reindeer blood. Indeed, for a long time,
blood consumption has been actually the only way for the
peoples of the North to receive the essential micronutri-
ents [5, 6]. The meat was eaten raw immediately after the
animal was slaughtered or dried and frozen. However, in
most cases, the peoples of the North consumed heated an-
imal meat as they usually boiled it in a cauldron. The broth
was drunk from teacups, chasing it with pieces of boiled
meat rather than bread [7]. The indigenous population con-
sidered deer heart, liver, fat, bone marrow, and brain as
delicacies. In addition, nutritional qualities of these foods
(high content of vitamins, proteins, and polyunsaturated
fatty acids) were suitable for wholesome nutrition in the
extreme natural conditions of the North; their regular con-
sumption contributed to preserving health [8, 9].

Indigenous peoples' traditional lifestyles have shifted
from nomadic to the settled one due to socioeconomic
changes in Russia caused by industrial growth and urban-
ization in northern regions. Subsequently, many of them
shifted from a nomadic lifestyle in the tundra to a set-
tled lifestyle in villages [10]. Their diet has westernized:
consumption of traditional products available through
reindeer herding, hunting, and fishing decreased; on con-
trary, dependence on purchased products rich in saturated
fats and refined carbohydrates, previously not typical for
the indigenous population, increased [6, 11]. In addition,
the indigenous population cooking methods have changed:
they started frying meat in a frying pan, cooking soups
that were previously uncommon for them (e.g. borscht,
cabbage soup), using semi-finished products and pas-
try (pies, sweet buns). The traditional diet of indigenous
peoples was rich in animal proteins and fats; whereas to-
day, plant carbohydrates and proteins are becoming more
common in the diet of the indigenous population of the
North [3, 6, 12].

AIM: To conduct a comparative quantitative assessment
of traditional and imported meat product consumption by
indigenous and local Caucasian populations of the contem-
porary Arctic.
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MATERIALS AND METHODS

We conducted a cross-sectional single-center observa-
tional study to investigate the consumption of traditional and
imported meat products by the nomadic and settled indige-
nous population in the Arctic region and the local Caucasian
population.

The areas were selected for the study based on the im-
portance of the lands included in the list of the Arctic zone
land territories of the Russian Federation (Executive Order of
the President of Russia dated May 02, 2014), including the
Nenets and Yamalo-Nenets Autonomous Okrugs, and Mezen
Municipal District of the Arkhangelsk Region.

This study used materials from 2009-2017 expeditions.
We examined a total of 839 people living in villages and the
tundra of the Yamalo-Nenets Autonomous Okrug (YNAO:
Krasnoselkup village, Syo-Yakha village, Tolka village,
Antipayuta village, Nori village, Nyda village, Gyda village,
Tazovsky settlement), the Nenets Autonomous Okrug (NAO:
Nelmin-Nos village, Nes village), and the Mezensky District
of the Arkhangelsk Region (Dolgoshchelye village, Sovpolye
village, Soyana village). 126 nomadic participants (NP),
422 settled participants (SP), who moved from the tundra
to the settlement and live together with the local Caucasian
population, and 291 participants of the local Caucasian pop-
ulation (LCP) of the settlement were interviewed. The study
involved participants aged 22 to 60 years with the mean age
of 44 [35; 52] years. By ethnic groups, indigenous population
is mainly represented by Nenets and the Caucasian popula-
tion is mainly represented by Russians [13].

The study complies with the biomedical ethics principles
and standards (the 2010 Helsinki Declaration of the World
Medical Association, as amended in 2013). The examination
procedure was as follows: during expeditions to villages (in
the winter and spring), respondents were invited to medi-
cal stations. After an explanation of the idea behind the
examination, they signed a voluntary consent approved by
the Biomedical Ethics Committee at the Natural Adaptations
Physiology Institute of the Federal State Budgetary Research
Institution Scientific Research Center of the Ural Branch of
the Russian Academy of Sciences and filled a questionnaire.

The frequency method of nutritional research is based
on recording the frequency of meat consumption. The study
identified four groups of meat consumed by the indigenous
and local Caucasian population of the North over a 12-month
period: 1) traditional (venison, deer liver, game); 2) import-
ed healthy meat (beef, poultry, minced meat, canned goods
based on these types of meat); 3) imported fatty meat (pork,
lamb, and their offal); 4) processed meat (smoked and
cooked sausage, frozen semi-finished products, links, and
link sausage) [14]. An analysis of the data identified the fre-
quency of consumption and converted it into numerical daily
consumption. The amount of food consumed was assessed
using the Album of Portion Sizes of Foods and Courses [15].
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Statistical analysis of the results was performed using
Microsoft Excel 2010 and SPSS 22.0 for Windows soft-
ware package. A normality test (Shapiro-Wilk test) was
performed. Given the partial asymmetry of the distribution
series of the studied parameters in the analyzed groups,
we used nonparametric statistical methods. To character-
ize the variation series, the median (Me), arithmetic mean
(M), percentiles (25; 75), and standard mean error (m) were
determined. For preliminary assessment of significant dif-
ferences between independent samples, we used nonpara-
metric Kruskal-Wallis test (H-test). In addition, for as-
sessment of statistical significance of differences between
independent samples, we used the Mann—Whitney test. The
statistical significance of differences was considered to be
established at a probability of type Il error of p < 0.05. To
adjust the probability of type | error when comparing the
analyzed groups, we used a Bonferroni correction of 3 (for
three comparisons).

RESULTS

The survey of respondents showed that meat products
are quite widely consumed by the indigenous and local Cau-
casian population of the Arctic. Moreover, the total consump-
tion of meat and meat products is higher in the indigenous
population as compared to the non-indigenous population
(p <0.001); the consumption of non-traditional meat prod-
ucts (imported healthy (low-fat) and fatty meat) gradually and
significantly increases in groups from NP to LCP (p <0.001;
see Table 1).

Consumption of traditional meat products was highest in
the NP group as compared both to SP (p,_,=0.029) and LCP
(p,_; <0.001). A similar trend was identified in relation to SP
as compared to LCP (p,_; <0.001). The average daily con-
sumption of venison and other game in the NP and SP groups
is significantly higher as compared to the local Caucasian
population (p,_; <0.001; p,_5 <0.001; p,_,=0.006, p,_; <0.001
respectively). Analysis of deer liver consumption did not
show any significant differences in the analyzed groups. The
consumption of deer blood was significantly higher in the NP
group as compared to SP and LCP (p <0.001).

The consumption of imported healthy meat products is
significantly higher in the LCP group (p,_3 , ; <0.001; see
Table 2). However, the consumption of this meat in all stu-
died groups was higher as compared to imported fatty meat
products (see Table 3).

A significantly higher consumption of chicken meat
(p;_3 1-3 <0.001) and minced meat (p,_,=0.005) was found
in the SP and LCP groups as compared to NP. Despite the
highest daily consumption of beef by the LCP group, no sig-
nificant differences were found between the analyzed groups.
An analysis of the consumption of canned meat showed
significant differences between the groups (p,_, <0.001;
p;-3=0.040; p,_,=0.007) with the highest daily consumption in
the SP group (see Table 2).
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An analysis of the average daily consumption of imported
fatty meat showed that it was significantly lower in the NP
group diets (p,_,=0.027, p,_; <0.001) as compared to SP and
LCP (p,_,=0.001). An analysis of some fatty meat products
showed the highest consumption of pork in SP, offal in LCP,
and lamb in SP. However, there were no significant differ-
ences (see Table 2).

We believe that all this would, first and foremost, impair
the energy balance and the balance of essential nutrients in
the indigenous population, especially in the SP group.

An analysis of the consumption of processed meat
showed no significant difference in their overall consumption,
neither in the indigenous nor local Caucasian population (see
Table 3). However, for individual products, we can see that
the NP group less often consumed cooked and smoked sau-
sages and significantly less often consumed links and linked
sausage (p,_,=0.015, p,_,=0.001) as compared to SP and LCP.
Nevertheless, the NP group is inferior only to SP in terms of
consumption of frozen semi-finished products (p,_,=0.045;
p,_3 <0.001 as compared to SP and LCP, respectively).

DISCUSSION

The ethnically specific activity of the indigenous peoples of
the Russian Arctic is reindeer breeding [15]. This determines
the nomadic or semi-nomadic lifestyle of reindeer breeders.
The venison is valued for its nutrition properties, making it an
indispensable product in the diet of the indigenous population
of the North. Venison is a dietary protein that sets favorably
apart from natural meat of other domestic animals due to its
low energy value, delicate taste, and low fat content. It has
high bioavailability as it contains 16 amino acids, B vitamins,
tocopherols, ascorbic acid, and some bioelements (K, Mg,
Na, Fe, Se, Mn, Zn, Cu, and P) [16—18]. Large-scale urban-
ization of the Arctic strongly affects the indigenous lifestyle,
traditional work associated with breeding of domestic rein-
deer, fishing, and hunting. In recent years, there has been a
decrease in the reindeer population, leading to reindeer meat
shortage in the diet of indigenous people [17]. Summarizing
the numerical data on the consumption of venison by indig-
enous populations of the Russian Arctic in 1960-2010 from
literature, the average daily consumption was about 440 g in
the range of 149-700 g [4, 8, 10]. Our study showed a lower
venison consumption, 294 g in the NP group and 259 g in
the SP group.

Khasnulin [19] noted that for the indigenous population
of the Khanty-Mansi Autonomous Okrug, the lowest daily
requirement for animal protein (120 g) is met by 640 g of
meat or 800 g of fish. Robbek et al. [16] showed that con-
sumption of 500 g of venison covers all human body needs
(according to the Russian standards) in nutrients, such as
animal proteins, critical amino acids, fatty acids, including
polyunsaturated, some macro- and micronutrients, and vita-
mins. Thus, our study confirms the new trend of decreasing
venison consumption in the indigenous peoples of the North.
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Table 1. Quantitative overall consumption (g/day) of meat and meat-containing products, non-traditional meat products (imported lean and fatty meat),
and traditional meat products by indigenous and local Caucasian populations of the Arctic

Food products Lifestyle Mzm Me (p25; p75) Kruskal-Wallis test and p-values
Meat and meat-containing products NIP (1) 387.4£36.1 200.0 (149.6; 613.3) Kruskal-Wallis test=25.3
. p <0.001
SIP(2) 398.1£19.7 207.6 (112.4; 653.2) p, ,-0528
LCP (3) 274.8+18.2 150.2 (98.9; 289.2) P13 <0.001
p,_; <0.001
Non-traditional meat products NIP (1) 63.749.0 33.8(17.9; 69.6) Kruskal-Wallis test=49.4
_ p <0.001
SIP(2) 129.5£10.3 53.3 (20.9; 128.6) p,_;=0.004
LCP (3) 157.9+13.5 78.7 (40.0; 171.9) p,_3 <0.001
py_; <0.001
Traditional meat products: NIP (1) 333.4£35.1 1343 (132.5; 542.9) Kruskal-Wallis test=136.7
_ p <0.001
SIP (2) 277.3+15.4 134.3 (86.5; 413.3) p,,=0.029
LCP (3) 122.0£11.8 415(26.7;113.8) Pp,_3 <0.001
p,_; <0.001
Reindeer meat NIP (1) 293.9£29.0 1143 (114.3; 450.0) Kruskal-Wallis test=147.7
' p <0.001
SIP (2) 258.6+15.1 114.3 (71.4; 400.0) p,,~0050
LCP (3) 103.5¢11.7 16.7 (6.7, 114.3) P53 <0.001
p,_; <0.001
Reindeer liver NIP (1) 50.0+16.9 13.3(13.3;31.7) Kruskal-Wallis test=5.9
) p=0.053
SIP(2) 27.9+4.3 13.3(6.7; 26.7) p, 0051
LCP (3) 275477 13.3(6.7; 25.0) p,5=0.228
P,_4=2.168
Reindeer blood NIP (1) 40.719.9 19.3(6.7; 28.6) Kruskal-Wallis test=23.2
_ p <0.001
SIP (2) 4784139 6.7 (2.6;,14.3) p,., <0.001
LCP (3) 10.045.2 33(1.7;6.8) p,_,=0.001
p,_,=0.400
Game meat NIP (1) 6.1£1.0 5.0 (5.0; 5.0) Kruskal-Wallis test=23.9
_ p <0.001
SIP (2) 6.0+£0.5 5.0 (5.0; 5.0) p=2177
LCP (3) 13315 5.0 (5.0;5.0) p,-,=0.006
P23 <0.001

Note: NIP, nomadic indigenous populations; SIP, settled indigenous populations; LCP, local Caucasian populations; bold indicates significant differences

(p<0.05).

Based on our study, we can also conclude that the consump-
tion of venison by the Nenets is less than recommended and
required for the indigenous peoples of the Russian Arctic.

The ever declining consumption of traditional products
affects the health of indigenous people. Disruption of the
ethnic diet principles can lead to an increased prevalence
of metabolic disorders, endocrine diseases, cardiovascular
diseases, and malignant tumors [20]. Bersamin et al. [21] and
Little et al. [22] showed that for Arctic indigenous populations
in Canada and Alaska the replacement of traditional diets
with so-called Western diets contributed to aggravation of
several chronic conditions, including obesity, cardiovascular
diseases, and type 2 diabetes mellitus. Some authors have
provided evidence that a diet rich in venison helps to increase
antiatherogenic fractions of blood lipids [3, 19-24], which, in
turn, helps to prevent myocardial infarctions and ischemic
strokes.

DOl https://doiorg/10.17816/humeco633042

Thus, only adequate nutrition in the context of human life-
style allows to maintain his or her normal functional perfor-
mance and the level of adaptation to extreme environmental
conditions can be defined as satisfactory. This convinces us
that traditional dietary habits of the indigenous population
must be preserved.

CONCLUSION

The analysis of meat and meat product consumption
showed a significantly higher consumption of traditional meat
by the indigenous population as compared to the local Cauca-
sian population (LCP). However, the consumption of venison
and game is significantly higher in the nomadic population
(NP) as compared to the settled population (SP). At the same
time, nomadic indigenous populations much less frequently
consumed poultry, beef, pork, lamb, and processed meat
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Table 2. Quantitative consumption (g/day) of imported fatty and lean meat products by indigenous and local Caucasian populations of the Arctic

Food products Lifestyle Mzm Me (p25; p75) Kruskal-Wallis test and p-values
Imported lean meat products: NIP (1) 35351 20.0 (6.7; 47.0) Kruskal-Wallis test=47.3
SIP (2) 58.9+5.6 25.6 (10.7; 55.9) p <0.001
p,_,=0.112
LCP (3) 87.6+8.3 42.9 (20.4; 88.6) P;-; <0.001
P,-3<0.001
Beef NIP (1) 31.7+10.8 20.0 (10.0; 40.0) Kruskal-Wallis test=3.4
i p=0.176
SIP(2) 67.5¢11.6 28.6 (20.0; 85.7) p 0222
LCP (3) 78.3+13.0 32.1(16.7; 85.7) p,5=0.209
p,_5=2.881
Poultry (chicken, etc.) NIP (1) 175437 5.0 (2.5; 20.0) Kruskal-Wallis test=6.8
_ p <0.001
SIP (2) 40.8+4.3 13.3 (6.3; 38.6) p,.,<0.001
LCP (3) 43.4+h L 20.0 (6.3; 40.0) P;_3<0.001
p,_5=0.408
Canned meat NIP (1) 7.8+2.3 17 (1.7;1.7) Kruskal-Wallis test=20.8
_ p <0.001
SIP (2) 11.941.1 42 (17,167 p,., <0.001
LCP (3) 103416 1.7(1.7;13.3) P,_;=0.040
Pp,_3=0.007
Minced meat (cutlets) NIP (1) 16.79+3.1 2525 429) Kruskal-Wallis test=9.2
) p=0.010
SIP (2) 8.97+1.1 25(25;10.7) p_-0765
LCP (3) 11.68+0.8 6.3 (2.5, 21.4) pis=1.714
p,;=0.005
Imported fatty meat products NIP (1) 6.9+15 25(25;25) Kruskal-Wallis test=29.2
_ p <0.001
SIP(2) 24424 6 25(25;18.6) p,_=0.027
LCP (3) 31.643.9 10.7 (2.5; 37.5) Py-; <0.001
p,-,=0.001
Pork NIP (1) 144417 13.8 (9.6; 20.0) Kruskal-Wallis test=5.2
) p=0.073
SIP (2) 59.0+11.1 23.4(133; 80.3) p, 0215
LCP (3) 41.4+6.9 13.3 (6.7, 40.0) P1_5=2.091
p,5=0.127
Mutton NIP (1) 9.2£1.1 92(7.1;11.3) Kruskal-Wallis test=1.6
. p=0.448
SIP (2) 15.043.9 142 (1.9, 22.9) p_-0728
LCP (3) 30.2+4.7 167 (6.7, 28.6) p,5=0.706
p,4=2.077
Offal NIP (1) 3.9+14 25(25;25) Kruskal-Wallis test=8.0
) p=0.018
SIP (2) 37406 25(25;25) p_-0765
LCP () 49405 25(25;25) p1_5=0.064
p,5=0.143

Note: NIP, nomadic indigenous populations; SIP, settled indigenous populations; LCP, local Caucasian populations; bold indicates significant differences

(p<0.05).

products. However, the consumption of imported healthy
meat is significantly higher in the Caucasian population. It is
worth noting that the consumption of this meat in all studied
groups was higher than the consumption of fatty meat. It is
quite predictable that a reduced consumption of traditional
meat in the SP group was due to departure from the tradi-
tional nature management (nomadic reindeer herding) and
reduced availability of its products. Consumption of tradi-
tional products by local non-indigenous populations indicates

DOl https://doiorg/10.17816/humeco633042

a certain assimilation of Caucasians due to the use of local
food sources in their diet.

Thus, the increase of imported meat products, previously
not used often by indigenous peoples of the Arctic zone of
the Russian Federation, did not replaced all traditional foods.
In the nomadic indigenous population, the consumption of
meat products is closer to the traditional diet as compared to
the settled indigenous population. However, the consumption
of venison, a staple of the Nenets diet, has been declining
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Table 3. Quantitative consumption (g/day) of processed meat by indigenous and local Caucasian populations of the Arctic

Food products Lifestyle Mzm Me (p25; p75) Kruskal-Wallis test and p-values
Processed meat KA (1) | NIP (1) 37.7+83 15.1 (8.7; 35.7) Kruskal-Wallis test=3.64
] p=0.162
0A(2)|SIP(2) 722471 21.4 (8.7;57.1) b, 0184
ME (3) | LCP (3) 51.6+6.5 19.7 (8.7; 49.6) p;3=0.435.
P;5=1.585
Smoked sausage KA (1) | NIP (1) 28.9+13.5 13.3 (6.7; 24.1) Kruskal-Wallis test=4.69
) p=0.096
0A(2)|SIP (2) 58.4+7.6 13.3 (6.7, 85.7) p._~0950
ME (3) | LCP (3) 63.6£11.7 267 (6.7; 42.9) p;5=0.067
p,_5=0.359
Boiled sausage KA (1) | NIP (1) 29.6£12.2 13.3(6.7;38.9) Kruskal-Wallis test=4.7
0A(2)|SIP (2) 58.8+7.5 14.3 (6.7; 80.0) pngg?g()
1=
ME (3) | LCP (3) 67.9+13.1 429 (7.1;429) p;_5=0.066
p,_5=0.309
Frozen semi-finished products KA (1) | NIP (1) 19.9+3.9 5.0(2.5; 26.7) Kruskal-Wallis test=23.5
(€g. dumplings) 0A ) [SIP (@) 235:2.0 107 (5.0; 26.8) p <0.001
P,_,=0.045
ME (3) | LCP (3) 15.72.1 5.0 (2.5; 20.0) p15=2.275
p,_; <0.001
Frankfurters and sausages KA (1) | NIP (1) 6.1+1.4 33(33;33) Kruskal-Wallis test=14.6
] p=0.001
0A(2)|SIP(2) 10.2+1.2 33(33;143) p,,=0.015
ME (3) | LCP 3) 11.8+1.0 33(33;143) P53 <0.001
Py5=0.442

Note: NIP, nomadic indigenous populations; SIP, settled indigenous populations; LCP, local Caucasian populations; bold indicates significant differences

(p<0.05).

against past periods. Therefore, to maintain a decent living
and health standards, the indigenous people of the northern
regions need to adhere to the traditional diet developed over
centuries and maintain the share of products produced in the
region of residence.

N0NOJIHUTE/IbHAA UHOOPMALIUA

Bknap aBTopoB. O.A. BukaeBa — opraHu3aums v An3aitH UCCTIef0BaHMA,
pefaKums v yTBepAeHMe OKOHYaTesbHOro BapuaHTa ctatbi; E.B. Hectepo-
Ba — 0630p NuTepaTyphl, chop 1 06paboTKa AaHHBIX, aHANM3 MTEPATYPHbIX
MCTOYHMKOB, NOArOTOBKA W HanucaHue TexkcTa cTatby; 0.C. Bnacoa — cbop
11 aHann3 IUTepaTypHbIX MCTOYHUKOB M HaMvCaHme TekcTa cTatby; b.A. LLen-
rod — cbop 1 obpabotka AaHHbIx; A.B. Ctpenkosa — 0630p nuTepatyps;
H.0. bapaHoa — 06paboTka faHHblX; T.6. Ipelikast — 0bpaboTka faHHbIX.
Bce aBTOpbI NOATBEPIKAAIOT COOTBETCTBME CBOET0 aBTOPCTBA MEXAyHapOL-
HbIM KpuTepuam ICMJE (Bce aBTOpbI BHECNW CYLLECTBEHHbIM BKNaf B pas-
paboTKy KOHLENuWyW, NpoBefeHUs UCCNefoBaHUsS W NOArOTOBKY CTaTby,
Npoynmn v of0bpunM GUHanbHyY Bepcuio nepes nybnukaumen).
JITHyeckas akcnepTu3a. [poBefeHue 1ccnefoBaHKa 0f10bpeHo NoKab-
HbIM 3TUYECKMM KOMUTETOM WHCTUTYTa dur3nonorum npupoaHblx agan-
Taumin Yp0 PAH n OTBYH OULIKMA Yp0 PAH ot 02.02.2009, 04.02.2013,
09.11.2016.

Cornacue Ha nyé6nukaumio. Bce y4acTHUKY 1ccnefoBaHWs 06POBONbHO
noAnvcany GopMy MHHOPMMPOBAHHOMO COTlacks 40 BKIYEHWA B McCre-
[0BaHve.

WUcTounuku dpuHancmpoBaHua. Pabota BLINONHEHa B COOTBETCTBUM C NNa-
HoM QefieparnbHOro MCCNe0BaTENbCKOMO LIEHTPA KOMMIEKCHOMO 13y4eHWs
ApkTukn uM. akag. H.MN. JlaBepoBa Ypanbckoro otgeneHns Poccuitckon
aKafleMum HayKk no TeMe «[opMoHasnbHoe 0becrneyeHre 1 xapakTep nuTa-
HUS B PEryaUMM MeTabofMyeckux MpoLeccoB Y MPaKTUYECKW 30POBbIX

DOl https://doiorg/10.17816/humeco633042

XuTenei APKTUKM Ha coBpemeHHoM aTane» (FUUW-2025-0015), roc. peru-
cTpauwmsa N2 125021902587-6.

PackpbiTie MHTepecoB. ABTOPLI 3asBNSOT 06 OTCYTCTBIW OTHOLLIEHWIA, fie-
ATENbHOCTM W MHTEPECOB 3@ MOCNefiHWE TPW rofa, CBA3aHHbIX C TPETbUMM
JmLaMK (KOMMEPYECKUMM U HEKOMMEPYECKVMM), UHTEPECH! KOTOPbIX MOTYT
BbITb 3aTPOHYTHI COAEPIKAHWEM CTaTbU.

OpuruHanbHocTb. [lpy co3aHWM HacTosLLel paboTkl aBTOPLI He UCMob-
30Ba/nu paHee onybiMKoBaHHbIE CBEAEHUs (TEKCT, UNMIOCTPaLWMY, AaHHbIE).
HocTyn K AaHHBIM. PefjaKLMOHHas NOUTMKA B OTHOLLEHUM COBMECTHOMO
MCMONb30BaHUs AaHHbIX K HacTosLLeN paboTe He MPUMeHWUMA, HoBble AaH-
Hble He Cobupanu 1 He Co3aBanu.

TeHepaTUBHbBIA MCKYCCTBEHHbIN MHTENNEKT. [Ipy CO30aHMM HACTOALLEN
CTaTbi TEXHOMOTWM FEHEPATUBHOTO WCKYCCTBEHHOrO WHTENNEKTa He uc-
nonb30Banu.

PaccMoTpeHue U peueHsupoBaHue. Hactosias paboTa nosaHa B xyp-
Han B MHWULMATMBHOM MNOPAJKE W PacCMOTPEHa No 06bIYHOM MpoLesype.
B peLieH3MpoBaHWM y4acTBOBaNM [Ba BHELLHMX PeLieH3eHTa, YeH pefaK-
LIVIOHHOW KOMMIErnu W HayuHbIA pefakTop U3faHus.
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YacToTa BcTpeyaeMocTH ecTeCTBEHHbIX aHTUTeN
cuctembl ABO y soHopoB CypryTa

J.A. Tycauenko'?, 0.1 JutoBueHko', P.P. Fabuaynnuua?, 10.A. Yemakut?

! CypryTckuit rocynapcTenHbii yHusepeurer, Cypryt, Poceus;
2 CraHums nepenmBanus Kposw, CypryT, Poccus

AHHOTALMUA

06ocHoBaHue. DU3MONOTMYECKOE COCTOSHME NOMYMALMM MOXHO OLEHUTb afanTaLMOHHON QYHKUMEH NOAJEpaHNUS NoCTo-
SIHCTBa BHYTPEHHel Cpefibl OpraHM3Ma YenoBeKa C TOUKM 3PEHUs U3YUEHUS aKTUBHOCTU €CTECTBEHHbIX aHTUTeN. JKonoruye-
CKoe cBOe0bpasue NpOsBNEHUS aHTUTeNI00bpa30BaHusA B NOMYNAUMAX NPeACTaBnseT UHTepeC ANS NonynsuuoHHoN ¢usno-
JIOTMK, a TaKKe COBEPLLEHCTBOBAHUA MPUKIIaAHON TPAHCGY3WOIOrM 1 TPAHCMNAHTONOMMH.

Lenb. OnpeneneHne 0cobeHHOCTEN 4YacTOTbl BCTPEYAEMOCTU TUTPOB eCTECTBEHHbIX aHTUTEN cuctembl ABO y moHopoB
CypryTa.

Martepuanbl u MeToapbl. [lpoBeseHo HabnoLaTeNbHOE OHOLEHTPOBOE OAHOMOMEHTHOE NOMNEPEYHOE UCCNEA0BaHNE, B KO-
TOpOE BKIKOYeHbI AoHOpbLI CypryTa. OnpeAeneHne U aKTUBHOCTb eCTECTBEHHBIX NOSHLIX ABO aHTM3pUTpoLMTapHBIX - (aHTU-A)
W B-antuTen (aHTn-B) npoBoaMNM MeTOAOM TUTPOBAHUA HA MIOCKOCTU C UCMOb30BaHUEM CTaHAAPTHbIX 3puTpoumToB A(ll)
u B(Ill) rpynnbl, a TakKe U30TOHMYECKOrO pacTBopa HaTpus X1opuaa. [l OLeHKM YacToTbl BCTPEYAeMOCTU TUTPOB aHTUTEN
PacCYUTLIBANM NPOLEHTHbIE NOKa3aTenu.

Pesynbratbl. Bcero vccneposaHo 14 223 obpasua noHopckon Kpoeu. Y foHopoB CypryTa aKTMBHOCTb €CTECTBEHHbIX aH-
tuten O(l) rpynnbl KPoBM HauMHanack ¢ TMTpoB 1:2 1 1:4. KpoMe Toro, BbisIBNEHbI BbICOKME TUTPbI, AocTuratowme 1:512.
[Iins A(Il) rpynnbl KpoBK Hanbonee xapakTtepHbl TUTPbI 1:8 y MyxumnH 1 1:16 y xeHwwH, a B B(lll) rpynne kpoeu y npeacTasu-
Teneit 06oux nosioB Haubosee pacnpocTpaHéH TuTp 1:32. MakcuManbHble 3aperucTpupoBanHble TuTpbl Ans A(l) v B(lll) rpynn
coctaBuam 1:256. Y MyXUWH M Yy JKEHLWMH Habniofanu CXOXWe COYeTaHUsi TUTPOB, U TaKIKE UX TEHAEHLMIO K CHUKEHUIO
K 2023 r. ¥ My}4MH 0TMeYeHa BbICOKas 4acToTa BCTpedaeMocTu Tutpa 1:8, B To BpeMs KaK y xeHwmH — 1:16.
3aknioyeHue. YCTaHOBNEHbl 0COBEHHOCTM YacTOTbl BCTPEYAEMOCTM TUTPOB ECTECTBEHHbIX aHTUTen cuctembl ABO
B 2015-2017 rr. no cpasHenuto ¢ 2023 r. — nep1oaoM NOCTKOBUAHON TpaHC(OpMaLyM UMMYHHOTO 0TBeTa. [lonyyeHHble
pa3nnums, BeposTHO, 0bYC0B/EHbI BIMSHWEM NEPEHECEHHON KOPOHABMPYCHOM MHBEKUMM 1 €€ NoCNeACTBUAMU 415 UMMYH-
HOM cucTeMbl. Pe3ynbTaThl UCCe40BaHUA CBUAETENLCTBYIOT 0 TOM, UTO MMMYHHas cucteMa AoHopoB CypryTa aKTMBHO Bbl-
pabaTbiBaeT ecTecTBEHHbIE HOPMaJTbHBIE IPYNMOBLIE aHTUTENA, UTO MMEET BayKHOE 3HaYeHMe NpU OLLeHKe (QU3NOIOTMYECKON
CTPYKTYPbI NOMYNIALMM, MPOXUBAIOLLIEN B KOHKPETHBIX YCIIOBUAX Cpefbl.

KnioueBble cioBa: [oHOpbI; rpynnbl Kposu cucteMbl ABO; ecTecTBeHHble aHTUTena cucteMsl ABO; Tutp; COVID-19.
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l'ycauenko J1.A., Jlutouenko 0.1, FabupynnuHa P.P., YeMakuh 10.A. YacTtoTa BcTpeuaeMocTu ecTecTBeHHbIX aHTuTen cuctemsl ABO y goHopos CypryTa //
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Prevalence of Natural ABO Antibodies in Donors
in Surgut
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! Surgut State University, Surgut, Russia;
2 Blood Transfusion Station, Surgut, Russia

ABSTRACT

BACKGROUND: The physiological status of a population can be assessed through the adaptive function of maintaining
internal homeostasis, particularly by studying the activity of natural antibodies. The population-specific ecological variability
in antibody production is of interest for both population physiology and the advancement of applied transfusion medicine and
transplantation.

AIM: To assess the prevalence of natural ABO antibody titers in donors in Surgut.

METHODS: A single-center, cross-sectional, observational study was conducted. The study included donors from Surgut. The
presence and activity of natural complete ABO anti-erythrocyte a (anti-A) and B (anti-B) antibodies were assessed using slide
titration with standard A(ll) and B(lll) erythrocytes and isotonic sodium chloride solution. The prevalence of antibody titers was
calculated as a percentage.

RESULTS: A total of 14,223 donor blood samples were analyzed. In type O(l) blood donors, natural antibody activity began at
titers of 1:2 and 1:4, with some reaching titers as high as 1:512. The most prevalent titers in type A(ll) blood donors were 1:8
in males and 1:16 in females, whereas in type B(lll) blood donors, a 1:32 titer was most common in both sexes. The highest
titers reported in the A(ll) and B(lll) groups were 1:256. Titer distributions were similar in males and females, with an overall
tendency toward lower titers in 2023. A high incidence of 1:8 and 1:16 titers was reported in males and females, respectively.
CONCLUSION: Distinct patterns in the prevalence of natural ABO antibody titers were identified in 2015-2017 vs. 2023, a period
with post-COVID-19 immune response transformation. These differences are likely due to previous SARS-CoV-2 infection and
its effects on immune system function. The findings indicate that Surgut donors' immune systems actively produce natural ABO
antibodies, which is important for assessing the physiological structure of populations living in specific environments.

Keywords: donors; ABO blood group system; natural ABO antibodies; titer; COVID-19.
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Ob0CHOBAHUE

(Ousnonormyeckoe cOCTOsIHUE MONYNSLUMM MOXKHO OLe-
HWTb aflanTaLUMOHHON QyHKUMEN NojaepaHus NoCTOAHCTBA
BHYTPEHHEN Cpejibl OpraHM3Ma YesoBeKa C TOUKU 3peHUs U3-
YYEHUS aKTUBHOCTM ECTECTBEHHBIX aHTUTEN. JKONOTMYECKOe
cBoeobpa3ue nposBeHUs aHTMTeNnoobpasoBaHus B nonyns-
LMAX NpeLcTaBAAeT UHTEPEC 418 NONYNALMOHHON dur3nono-
MK, a TaKXKe COBEPLUEHCTBOBAHUA NPUKNAAHON TpaHChy3u-
oforum M TpaHcnnanTonorum [1-3].

Insa antuten cuctemsl ABO pelicTByeT npasuo JlaHa-
WTeNHepa, KoTopoe GopMyNUpyeTcA CeayioLuM 0bpasom:
HE3aBUCMMO OT TOTO, KaKOW aHTUIeH HaXxoOMUTCS Ha MeM-
BpaHe 3apuTpoumTOB, B NNasme byayT oTCyTCTBOBaTb COOT-
BETCTBYHOLLME aHTMTENA. Y MHAMBMAA ¢ rpynnoii kpoeu A(ll)
B Mf1a3Me NpUCYTCTBYIOT aHTUTeNa K aHTUreHy B (B), y unau-
Buaa c rpynnon kposw B(lll) — aHTUTena K aHtureny A (a),
a 'y uiamempaa c rpynnoii kposu AB(IV) aHTuTena otcyTcTBy-
10T, MOCKOJbKY B MX 3puTpoumTax 0bpasytorcs oba aHTure-
Ha. B cBolo o4epeb, NMpu OTCYTCTBUW aHTUIEHOB CUCTEMBI
ABO B cbIBOpPOTKE NpUCYTCTBYHT €CTECTBEHHbIE aHTUTENA
npoTuB aHTUreHoB A n B, a Takxe — nNpoTMB KOMBUHUPO-
BaHHOro aHtureHa AB [4, 5].

[puUHATO CuMUTaTh, UTO ECTECTBEHHbIE aHTUTENa hopMupy-
l0TCS B OTCYTCTBUE NPSMOMN aHTUIreHHOM cTUMynsumu. Cyuie-
CTBYET HECKOJIbKO rurnoTe3, 0ObACHAIOLMX UX eCTECTBEHHOE
MPOUCXOXKAEHME, a Takke (aKTopbl, BAUAIOLIME Ha WX re-
Hepauwmio. [TonararoT, YTo NPOAYKLMA eCTECTBEHHBIX aHTUTEN
3anycKaeTcs B OTBET Ha aHTUreHbl 3HTEpPObaKTepuit U Ha-
UMHaEeTCS Ye B HeoHaTanbHOM nepuoge. Bmecte ¢ TeM ux
€nocobHOCTb CBA3LIBATLCA C 0BaNbOYMUHOM UM aHTUrEHaMM
COBCTBEHHBIX TKAHEN YKa3bIBAET HA BO3MOXHYI0 CTUMYAALMIO
UX BbIPabOTKM ayTONOrMyHbIMK aHTUreHamu. CoBpeMeHHbIe
uccnenoBaHva noateepXaatT obe runotesbl: NPOAYKLMSA
€CTECTBEHHBIX aHTUTEN MOXET BbITb KaK CleaCcTBUEM ecTe-
CTBEHHOW KOJNIOHM3aLMKW, TaK U Pe3ynbTaToM peakuuu UM-
MYHHOI CUCTEMbI Ha COBCTBEHHbIE aHTUreHbl [3, 6—8]. Cywie-
CTBYIOT [Ba TMNa B-nuMdoumToB, y4acTBYOLLMX B NPOAYKLMK
aHTUTEN.

 B1-numMdoumTel — caMble NPoCTble KINETKU [aHHOro

3BEHAa MMMYHHOM CUCTEMbI, MPUCYTCTBYIOLLME ecTe-
CTBEHHbIM 06pa3oM. OHW npoayumpytoT aHTuTeNa 6e3
NpeaBapUTENbHON CTUMYNALMN aHTUFEHOM, NpEUMY-
LLIeCTBEHHO MMMYHOI06YAMHBI Knacca M (IgM).

+ B2-numdounTsl, HanpoTuB, BbipabaTbiBalOT aHTUTENA
B OTBET Ha aHTUrEHHYID CTUMYNALMIO — KaK NpaBy-
1o, B COCTaBe BELLECTB NPUPOAHOI0 MPOUCXOMAEHMS.
OCHOBHbIM KJTaCCOM aHTUTEN, NPOAYLIMPYEMBIX 3TUMM
KIeTKaMm, ABNAOTCA UMMYHOrNo0ynuHbl G (IgG) [8].

Antutena cucteMbl ABO HauMHaIOT BLISBNIATL Y pebeHKa
rpyaHoOro Bo3pacra B nepuog, oT 4 go 6 Mec. CnepyeT oT™e-
TUTb, 4TO0 IgG 1 IgM cnocobHbI aKTMBMPOBATL CMCTEMY KOM-
MIEMEHTA U BbI3BaTb BHYTPUCOCYANUCTON remonu3 [4].

EcTecTBeHHble aHTUTENa ABNAITCA  KOMMOHEH-
TOM TyMOpaNnbHOr0 3BEHAa BPOXAEHHOTO WMMYHUTETA
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JKoNorna HenoBeka

W MpeACTaBneHbl MPEUMYLLECTBEHHO HM3K0AQHUHHBIMU
aHTMTeNaMu, NpUCYTCTBYIOLMMK B OpraHu3me bes npeg-
BapUTENbHON aHTUIEHHOW CTUMYNALUMK. VX MULweHaMM [B-
NAOTCA KaK 3K30-, TaK W 3HLOTEHHbIE aHTUIeHbI, BKITOYas
BaKTepuanbHOro MPOMCXOKLAEHUSA, YTO OMNpefensieT posb
eCTECTBEHHbIX aHTUTENl KaK 3/1EMEHTOB NepBOW JIMHUM
MMMYHHOW 3alwmMTbl OT natoreHoB. KpoMe Toro, yctaHoB-
NEHO MX yyacTue B KAMpeHce MPOLYKTOB KaTabonusma.
CopepxaHue ecTeCTBEHHbIX aHTUTEN B KPOBW [0BOJIbHO
BbICOKOE, @ UX penepTyap cTabuneH B TeYeHMEe BCEM KN3-
HW. OTKIOHEHMS CBMAETENLCTBYIOT O Pa3BUTUW MaTONOMMM.
Bcé aTo yKasbiBaeT Ha BaXKHYH poJSib eCTECTBEHHBIX aHTU-
Ten B romeocrase [3, 8—10]. UccnepoBanns nocnegHux net
YKa3blBalOT Ha accoLMaLuio MeXay CUCTEMON rpynn KpoBu
ABO u Rh-hakTOpOM € HEKOTOPLIMM NATONIOTUYECKUMU CO-
cTosHuAMK. B yacTHocTH, obHapyXeHa BO3MOXHas CBA3b
MeXAy rpynnon KpoBW M BOCMPUMMUMBOCTBIO K MH(EKLWK
COVID-19, ogHako MexaHM3Mbl 3TUX accoLMaLmii 0CTalTCs
HeAO0CTaTOYHO M3yyeHHbIMU [9, 11-14].

EcTecTBeHHble aHTUTENa cucTeMbl ABO nMeroT 6onblioe
Bronornyeckoe 3HaueHme. 10 MHEHWIO HEKOTOPbIX aBTOPOB,
OLLHOW U3 UX KIToYeBbIX DYHKUWIA ABNISETCA NOALEpHKaHUe
MMMYHONOrMYECKOr0 FOMEOCTasa, B 4acTHOCTM 3@ CYET
NPUCYTCTBUA eCTECTBEHHbIX aHTU-A M aHTW-B aHTuTEn,
CMOCOOHLIX pacno3HaBaTb M HEWTPaANWU30BaTb MHOTPYMM-
Hble M30aHTUreHbl, NOCTyNaloLWue B OpPraHU3M C aHTure-
HaMW XMBOTHOTO, baKTepuanbHOro UAW BUPYCHOTO Npoumc-
X0XAeHWA. MexaHu3Mbl, Nexalime B OCHOBE MPOAYKLUU
aHTUTEJ1, NePEKPECTHO pearupyloLmMx ¢ aHTUreHamm iubo
aHTMreHonoA00HbIMM CyBCTaHLMAMM, OCTAOTCA NPEeAMETOM
aKTUBHbIX WUCCNeA0BaHUA. Y KeHWMH ¢u3noNornyeckoe
3HaYeHMe eCTECTBEHHBIX QHTUTEN MOXKHO 0OBACHWUTH He-
00X0AMMOCTbIO HEMTPaNU3aLMM TOKCUYECKWUX NPOAYKTOB,
MoCTynatLMx OT MIoAa K MaTepy B YCIOBUAX reTepocne-
unduueckoi bepeMeHHoctu [3, 6, 8, 9, 15-19]. Kpome
TOro, ecTecTBeHHble aHTMTena cuctembl ABO wurpatot pe-
LatoLLYo ponb B TpaHcnnaHTonoruu. MNpu nepecaake ABO-
HECOBMECTMMOro opraHa (Hanpumep, NeYeHu UK MoYekK)
BO3MOXXHO Pa3BMTME MOJIHUEHOCHOW peakuuu OTTOpMKe-
HWUS, ONOCPefOBaHHOW aHTUTeNaMu. Beicokuii TUTp ecTe-
CTBEHHbIX aHTU-A W aHTW-B aHTUTEN y peumnueHTa MoxeT
CAYXMWTb NPenATCTBUEM L) TPAHCMNAHTALMK, HECMOTPS
Ha COBMECTMMOCTb MO APYrMM KPUTEPUSM, M 4acTo npu-
BOAMT K OTKasy 0T MOTeHUManbHO MOAXOASALLEro AoHopa
[17, 18, 20-22].

Llenb uccnepoBanusa. Onpepnenerne ocobeHHocTel Ya-
CTOTbl BCTPEYAEMOCTU ECTECTBEHHBIX aHTUTEN cucTeMbl ABO
y BoHopos CypryTa.

MATEPWUAJIbI U METO[bI

Jln3aiiH uccneposaHms

HPOBEJJ,EHO HabnopaTenbHoe 0JHOUeHTpoBOE OAHOMO-
MEHTHOE nonepeyHoe uccnenoBsaHue.
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KpMTepMM cooTBeTCTBUA

Kpumepuu sxntoyeHus B uccnesoBaHue:

* BEHO3Has KpoBb AoHOpoB CypryTa, oTobpaHHas cny-
YalHbIM 06pa3oMm;

* Hanuume 40OPOBOILHOTO MUCbMEHHOO COTMacks.

Ycnosus nposegeHus

WccnepoBanue nposefeHo Ha CTaHumM nepenuBanus
Kposu CypryTa. [laHHble 0xBaTbiBalOT ABa nepuoga: Ao Ha-
yana nangemumn COVID-19 — c 2015 no 2017 r. (apxuBHble
AaHHbIE) M nocTnaHAeMuiHbIM — 2023 r. (pe3ynbTaTbl 04HO-
MOMEHTHOr0 uccrnefoBanue). CpaBHUTENbHBIA aHanu3 npo-
BOAMIM KaK M0 XPOHONIOMMYECKUM NepuofaM, TaK U C YUETOM
MOMOBOI NPUHAANEXHOCTH.

OnpepeneHue TUTPa eCTECTBEHHbIX AHTUTEN
cucteMbl ABO

Martepuanom uccnefoBahus 6bina BeHO3Has KPoBb.

OnpepeneHve TUTpa ecTecTBEHHbIX aHTUTeN cucteMbl ABO
aHtU-A (o) u aHTU-B (B) npoBoaMnM MeTo40M reMarrnioTHa-
UMM Ha NNOCKOCTM cTaHAapTHbIMKU apuTpoumTamu A(ll), B(lll)
rpynnbl ¢ ABOMHBIM MOCNEA0BATENbHBIM Pa3BeieHNEM Chl-
BOPOTKM!.

[ina onpepeneHns TUTpa aHTUTEN UCCNEAYeEMYH) CbiBO-
POTKY Pa3BOAMIM HEMOCPEACTBEHHO HA MIACTUHKE, UCMOSb-
3ysl M30TOHUYECKMIA pacTBOp HaTpuA xnopuga. B gecats npo-
HYMepoBaHHbIX TOYEK MOCNeA0BaTeIbHO HAHOCUNW MO OAHOV
bonbwon kanne (0,1 mn) 0,9% pactBopa Hatpus xnopuaa.
B nepayto Touky aobaensnu ogHy Kannto (0,1 mMn) uccneny-
€MOi CbIBOPOTKM U TLLaTeNbHO NepeMeLLMBani. 3aTeM ¢ no-
MOLLbIO TOM JKe MUMNETKW NEPEHOCUNN OLHY Kanto Nosy4yeH-
HOI CMeCK BO BTOpYIO TOUKY, NEPEMELLMBAIA M NPOACIIKANH
nocnefoBaTenbHoOe pasBefeHne A0 AECATOW TOUKM. TakuM
obpa3oM nosyyanu cepuio pa3BefeHU CbIBOPOTKU OT 1:2
po 1:1024.

Ha nnacTuHKy psaoM c KaXaomn Kannen pa3sefeHHON
CbIBOPOTKM HaHocunu ManeHbKyto Kammo (0,01 mn) craH-
AapTHbIX 3pUTPOLMTOB COOTBETCTBYIOLLEN FPYNMbI: IPUTPO-
umntbl rpynnbl A(ll) — npu TUTPOBAHMM G-aHTUTEN U 3pU-
Tpoumthl rpynnbl B(Ill) — npu TuTpoBaHMM B-aHTuTEN.
CoOTHOLIEHME 3IPUTPOLMTOB W CbIBOPOTKM LOMKHO CO-
ctasnatb 1:10.

Kaxaylo Kanmo cTaHLapTHbIX 3pUTPOLMTOB TLLATENBHO
nepeMeLLMBanK C CbIBOPOTKOM CYXO0W CTEKISAHHOW NanoyKoM,
nocne Yero NIacTMHKY NoKauMBanu, ocTaBnsim Ha 1-1,5 MuH
B MOKOE, a 3aTeM CHoBa Nokauusanu. Habnwopanu 3a arrnio-
TUHaLUMEN B TeYeHUe 5 MUH.

3a TMTp aHTUTEN NpUHWUManu Haubonblluee pa3BefeHue
CbIBOPOTKM, NMPY KOTOPOM NPOMUCXOAMNA arrlTMHALMA CTaH-
AapTHbIX 3PUTPOLIMTOB B Npejenax YKasaHHoro BpeMeHu Ha-
bnopenus [3, 15, 19, 23].

OcHOBHOM UCXOA, UcCne,0BaHUSA

AKTMBHOCTb €CTECTBEHHbIX TPYMMOoBbIX O- W B-aHTUTEN
y noHopos CypryTa.
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JTnyeckKasn JKCnepTu3sa

lpoBeaeHue nccnepoBaHnsa 04006peHO 3TUHECKUM KOMM-
TeToM CypryTckoro rocyfapCTBeHHOr0 yHuBepcuTeTta (npo-
ToKon 3acedanusa N2 26 ot 29.09.2021).

Bce yyacTHUKM [0 BKIOYEHMA B UcCiefoBaHue Jobpo-
BOJIbHO mognucanu cornacue. 06cnegoBaHue NpoBOAMIM
C CODNIOIEHNEM 3TUYECKUX HOPM, U3MOKEHHDIX B XeSbCUHK-
CKOW [ieKNnapaumm 1 AupekTuBax EBponeickoro coobLuecTea
(8/609 EC). B cooTBeTCTBMM C 3aKOHOM NEpCOHanbHbIe faH-
Hble 1eNepCOHN3MPOBaHBI.

CraTUCTUYECKUIK aHanu3

[NpuHyunel pacyéma pasmepa 8blb0pKU: pa3mep BbIDOPKU
npeLBapuUTeNIbHO He paccunTbiBany. Beibopky dopMupoBa-
JIN C YYETOM PEnpe3eHTaTMBHOCTM OXBaTa BCEX KIIHOYEBbIX
noarpynn (rpynna KpoBwW, MoA, rOAbl), MOLHOCTM aHanu3a
(BO3MOXHOCTb BbISIBUTb flaxe Hebonblume pasnnums), CTaH-
AapTHbIX CTAaTUCTUYECKUX MPpUHUMNaX obecneynBaloLmx Ha-
OEXHOCTb pe3ynbTaToB 415 BbIBOAA O NOMYNALMOHHBIX 0CO-
BeHHOCTAX pacnpefeneHns TUTPOB eCTECTBEHHBIX aHTUTEN.

Memodsl cmamucmuyeckozo aHanusa daHHeix. Cra-
TUCTUYECKYI0 00paboTKy MonyyYeHHbIX pe3ynbTaToB NpOBO-
[MM C UCronb30BaHWeM nporpamm Microsoft Offise Excel®
2010 (Microsoft, CoeauHéHHble LLTathl AMepuku) u SPSS
Statistics” 27.0.1. (IBM Corporation, CoeguHéHHble LUTaTbl
Amepukn). C nomMowbto kputepus Llanupo-Yunka oueHnsanm
COOTBETCTBME pacrnpefeneHns nokasateneil HopManbHOMy
3aKoHy. pu cpaBHeHMM BbIBOPOK CTAaTUCTMUECKYID 3HAYU-
MOCTb Pas3nMuMin ONpesensnm c NoMOLLbK anocTepUopHOro
Kputepusa Kpackena-Yonnuca (c nonpaekoi boHdeppoHu).
KateropuanbHble nepeMeHHbIe OnmMcaHbl B BUAE MPOLEHTHbIX
COOTHOLLEHWIA. Pa3nnuma cuMtanu cTaTUcTUYECKU 3HAUYUMBI-
Mu nipu p <0,05.

PE3Y/IbTATbI

06BbeKTbl uccneaoBaHus

[Ins nonyyeHns penpe3eHTaTMBHON BbIOOPKW C MUHU-
ManbHO BEPOATHOCTbIO CTAaTUCTUYECKOM OLLMOKM B uUccne-
A0BaHue BKtoYeHo 14 223 poHopa (tabn. 1).

OcHoBHble pe3ynbTatbl UCClieA0BaHUA

MbI M3yunnu aKTUBHOCTb €CTECTBEHHBIX TPYNMOBBIX O-
u B-aHtuten y poHopoB Cypryta. BcTpeuaemoctb TUTpOB
0(l) rpynnbl KpoBM pa3HoobpasHa B CBA3M C MPUCYTCTBUEM
COYETaHWS a- U B-aHTUTEN.

Y MymumuH noHopos Cypryta O(l) rpynnbl KpoBu aKTuB-
HOCTb ECTECTBEHHBIX aHTUTEN Ha4MHaNach C COYeTaHUA o 1 B
BTutpe o 1:2n B 1:2. Tutpbl a 1:2 B coueTanmmn ¢ B 1:2, B 1:8
BoisiBneHbl B 20151 2017 rogy, a a 1:2 v B 1:4 Tonbko B 2017.
YacToTa BCTpe4aeMoCTV 3TWUX TUTPOB 33 WUCCNEe[OBaHHbIE
roAbl y My»4nH Hu3kas v Bapbkpyet ot 0,006 o 0,017% co-
OTBETCTBEHHO. TUTpbl a 1:4 B coueTaHuu ¢ B NpeacTaBneHs
B LUECTW BapWaHTax C HanbosbLLEe! YacToTOM BCTPEYaEMOCTH
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Ta6nuua 1. Konuuectso obcnefoBaHHbIX AoHopoB CypryTa
Table 1. Number of donors examined in Surgut

T1.32, N2, 2025
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Tpynna Kposu 2015r. | year 2016 . | year 2017 r. | year 2023 r. | year Bcero
Blood type MM WIF MM WIF MM WIF MM WIF Total
ol) 1419 896 1407 814 1441 728 1381 746 9032
Al 402 320 379 332 302 335 395 276 2741
Bl 356 336 306 287 361 284 348 216 2494
$cerlo 2377 1552 2092 1433 2104 1347 2124 1238 14223
ota

[pumeyaHue. M — MyxumHbl; H — KEeHLLUMHBI.
Note: M, male; F, female.

u BapbupoBanu ot 0,06 no 1,32% B 2017 r., 4o cTaTMCTH-
YECKM 3HAYMMO OTAMYANOCh OT MOKasaTenen Apyrux fer.
Cnepytowmii TvTp o 1:8 ¢ B-aHTUTENamMn obHapyxwm B Lwe-
CTW BapWaHTax, HaunHaa ¢ codetaHus TuTpos a 1:8 u B 1:2,
roe Haubonbluas 4yacToTa BCTPEYAaEMOCTM MpeAcTaBieHa
B 2017 r. CoueTanne a 1:8 u B 1:4, a Takke a 1:8 n p 1:8
yaue otMeyanu B 2023 rogy — 3,41 1 3,62% cooTBeTCTBEH-
HO, YTO CTAaTUCTMYECKW 3HAYMMO OT/IMYaNoCh OT MoKasaTe-
neii apyrux net. BapuanTtbl couetanus a 1:8 ¢ § 1:8, B 1:16,
B 1:32 perucTpupoBanu Bo Bce UcciefyeMble rofbl bes cTa-
TMCTUYECKU 3HAUUMbIX pasnuumin. CoveTaHue TuTpos o 1:8
u B 1:64 BoisBneHo Tonbko B 2023 r. B 0,07% cnyyaes. Tutp
a 1:16 B coyeTaHun ¢ P-aHTUTENaMM OOHapYKeH B CeMM
BapuaHTax. Tutpbl a 1:16 n B 1:2 bonee pacnpocTpaHeHsl
B 2017 r. no cpaBHenmto ¢ 2023, Toraa Kak 4yactota couye-
TaHus o 1:16 n B 1:8 6bina Hanbonbluen B 2023 r. B T0 e
BpeMs Habnijanu CTaTUCTUYECKM 3HAYMMOE CHUMEHUE
yacToThbl BbiiBNeHMs codeTaHuit a 1:16 u B 1:16, a Tak-
we a 1:16 m B 1:32 B 2023 r. Tutp a 1:32 B coyeTaHum
C B-aHTUTenamm 3aperucTpupoBaH B BOCbMW BapuaHTax.
HaumeHbluas yacToTa BCTpeyaeMocTu BbiSiBNIEHa Npu ca-
MbIX HU3KMX W CaMbIX BbICOKMX 3HaueHusx f — 1:2, 1:128
n 1:256. YacTota couetaHuii o 1:32 u B 1:4, B 1:8 u B 1:64
bbina Huxe B 2023 r. Hanbonbluee 3HayeHne 3aduKcHUpo-
BaHo ania a 1:32 m B 1:16 B 2023 r. — 21,22% cnyyaes,
yTo 6bINO CTAaTUCTMYECKU 3HAYMMO MO CPaBHEHWIO C npe-
Ablaywummn nepuodamu. Y poHopos Cypryta MyXCKOro
nona TuTp o 1:64 B coyeTaHuu ¢ f-aHTUTeNaMn 0bHapyeH
B BOCbMMW BapuaHTax, HauuHas c a 1:64 u B 1:2, 3aperu-
ctpupoBaHHoe B 2015 r. B 2023 r. Habnopanu CHUXeHWe
yacToTbl coyetaHma a 1:64 v B 1:8. B 2016 r. obHapymunu
TMTp o 1:64 B coueTaHum ¢ akTuBHbIM B 1:256 B 0,007% cny-
yaeB. Tutpbl a 1:128 u B 1:4 y My}KUMH AOHOPOB BbIfiB-
NeHbl B eAuHNYHBIX cnydasx B 2017 n 2023 rr. Haubonee
aKTUBHbIN BapuaHT — a 1:128 u B 1:128. Cratuctnyeckm
3HaQYMMBIX Pa3NINyMI B pacnpefeNieHnn codeTanuii a 1:128
c B B uccnepyemble rofbl He obHapyxeHo. bonee akTuB-
HbIl TMTP a 1:256 B coyeTaHum ¢ B-aHTUTeNaMu OnpeaenéH
B LUECTM BapuaHTax c 4actoToi BcTpedaeMoctn fo 0,64%.
B 2023 r. y MyxunH-a0HOpoB CypryTa BbISB/IEHO COYETaHUE
TMTpoB o 1:512 1 B 1:8.

DOl https://daiorg/10.17816/humeco643450

B vccnepoBaHHble rofbl Habmoganu CHUMXEHME Konnye-
CTBa BapWaHTOB CoYeTaHUiA TUTPOB a 1 B-aHTuten O(l) rpynnbl
KpoBw y foHopoB-MyxuuH CypryTa. B 2023 r. 3apeructpupo-
BaHO 35 pasfiMyHbIX CoYeTaHui, Toraa Kak B 2015-2017 rr. ux
KOJIMYeCTBO COCTaBNANO 44, 40, 43 cooTBeTCTBEHHO. Ha npo-
TSIKEHUM BCEX MCCNEAO0BaHHbIX JIET HanbonblUylo YacToTy
BCTPEYAEMOCTU [EMOHCTPUPOBANM COYETaHUA C TUTpaMu
1:16 n 1:32. CTtaTUCTMYECKM 3HAUMMbIE pPa3nnyMa B YacToTe
BCTPEYAEMOCTW TUTPOB ECTECTBEHHbLIX aHTUTENT MeXJy pas-
JIMYHBIMU FOaMU CPeam MyumH-aoHopoB Cypryta c | rpyn-
Mo KPOBYW NpefcTaBneHbl Ha puc. 1.

Y eHwmH-aoHopos Cypryta ¢ O(l) rpynnoi Kposw co-
yeTaHus TMTPOB o 1:2 1 B BbISBNEHbI B YETbIPEX BapuaHTax
B 2016 n 2017 rr. Hanbonee 4acTbiMu M3 HUX ObIKU TUTPLI
a 1:2 n B 1:2, obHapyxeHHble B 2017 . B 0,68% cnyyaes.
Hpyrve covetanms — a 1:2 n B 1:4, f 1:8, B 1:16 — BbI-
ABneHbl ¢ yactoToit ot 0,12 ao 0,14% cootBeTcTBEHHO. TUTP
a 1:4 B coyeTaHuu ¢ B-aHTUTENAMM 3apernucTpUpoBaH B TPEX
BapuaHTax c vacrotoii ot 0,12 po 0,71%. Tutp a 1:8 B co-
YeTaHWM C PasNIMYHBbIMKA 3HaYeHUAMM B NPeLCTaBEH B CEMM
BapuaHTax. Tak, TuTpbl a 1:8 u B 1:4 uMenmn cTaTUCTMYECKN
3HauuMble oTiuums u B 2017 r. BbIIBNEHDI C YacToTol 2,58%.
3HauMMoe CHWXeHue Habnpanm B coyeTaHun TMTpoB a 1:8
u B 1:16 B 2023 r. No cpaBHEHUIO C NPEeAbIAYLLMMM FOfaMH.
Tutp a 1:16 B coyeTaHMm ¢ B-aHTUTENAMM TaKKe [LEMOHCTPU-
poBan pa3nuuus no rogam. Hanpumep, Ttpsl o 1:16 n B 1:4
BcTpevanmch B 2017 1., B To BpeMsi Kak a 1:16 u B 1:8 goctur-
nm Hambonbluen yactotel B 2023. Hanpotus, tutpbl a 1:16
u B 1:32 B 2023 r. UMeN CTaTUCTUYECKM 3HAYMMOE CHUMKE-
HWe YacToTbl MO CpaBHEHMIO C npowsbiMM roaamu. Kpome
Toro, B 2015 1 2017 rr. perucTpupoBanu akTMBHbIE COYETa-
Hua ¢ TuTpoM B 1:256 — a 1:16 u B 1:256 — c YacToToi
0,11 n 0,14% cooTBeTcTBEHHO. BapmaHTbl coyeTaHus TuTpa
a 1:32 ¢ B-aHTMTENaMM HacUMUTLIBANU BOCEMb KOMOMHALMIA.
Tutpbl o 1:32 u B 1:2 BeisBneHbl Tonbko B 2016 T. B co-
yeTaHu a 1:32 u B 1:16 Habmoganm pocT YacToTbl BCTpe-
yaemoctvt K 2023 r. Tutp a 1:32 B cOYETaHUM C aKTUBHLIM
TMTpoM B 1:256 BbisieneH B 2015 1 2023 rr. ¢ yactotoii 0,23
1 0,41% cootBeTcTBEHHO. CoyeTanus a 1:64 c B obHapyeHbl
B ceMy BapuaHTax. B 2017 r. tutpbl a 1:64 n B 1:4 BbifiBNEHbI
B 0,95% cnyyaeB, 4To CTAaTUCTUYECKM 3HAUMMO OT/IMYANOCh
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a b
c d
e f

Puc. 1. Yactota BCTpeyaeMocCTi TUTPOB eCTECTBEHHbIX aHTUTEN B pasHble roAbl cpeay AoHopoB ¢ O(l) rpynnoii kposm B Cypryte: @ — o 1:2 v 1:4 B co-
ueTaHum ¢ B-aHTutenamu; b — a 1:8 B coueTaHum ¢ B-aHtutenamu; ¢ — a 1:16 B couetanum ¢ B-aHtutenamu; d — a 1:32 B couetaHuu ¢ B-aHTuTenamu;
e — a 1:64 B coyeTaHum ¢ B-aHtutenamu; f — a 1:128 B couetanuu ¢ B-aHtutenamu; ¢ — o 1:256 n 1:512 B coyetanuu ¢ B-antutenamu. Cronbupl
owmboK 0603HaYaloT CTaHHAPTHOE OTKIIOHEHWE, YKa3aHbl CTaTUCTUNECKM 3HAUYMMBble Pasfuuua MpU CPaBHEHUM MEXAY rofiaMu U Mexay MyX4uHamu
1 XeHwwuHamu, p <0,05.

Fig. 1. Prevalence of natural antibody titers across different years in type O(l) blood donors in Surgut: @, a 1:2 and 1:4 combined with B-antibodies;
b, a 1:8 combined with B-antibodies; ¢, a 1:16 combined with B-antibodies; d, a 1:32 combined with B-antibodies; e, a 1:64 combined with B-antibodies;
f, a 1:128 combined with B-antibodies; g, a 1:256 and 1:512 combined with B-antibodies. Error bars represent standard deviation; significant differences
are indicated for comparisons across years and between male and female donors, p < 0.05.

D0l https://dai.org/10.17816/humeco643450

116



117

OPUIMHATTIBHOE VICCIEOOBAHME

ot nokasarenen 2015 n 2016 rr. Yactota BCTpeyaeMocTy co-
yeTaHust TMTPoB o 1:64 1 B 1:8, B 1:128 cHuxena B 2023 T,
Torga Kak a 1:64 u B 1:32, HanpoTuB, yBeNMYeHa U NOKa-
3aTenu CTaTUCTUYECKM 3HAUMMo oTiuyaiotea. C TuTpoM a
1:128 BbisiBNEHO LWeCTb BapuMaHTOB coveTaHuW. HavanbHas
KoMOMHauma — a 1:128 u B 1:8. Bapuant a 1:128 n B 1:16
B 2023 r. MMen HU3KYK YacTOTy BCTPEYAEMOCTH, B TO BpeMs
Kak o 1:128 u B 1:32, B 1:64 B TOM e roay AeMOHCTPUpOBa-
JI1 POCT M0 CPABHEHMIO C NpeLbIAYLIMMM FrofaMu. Y EHLIMH-
AoHopos CypryTa TuTp a 1:256 B coyeTaHum ¢ B-aHTutenamu
BbISIB/IEH B NATU BapuaHTax. Tutpbl a 1:256 n B 1:16, B 1:32,
B 1:64, B 1:128 u B 1:256 BCTpeyanuck ¢ yactotoii ot 0,11
£o 1% cootBeTcTBEHHO. EAMHMYHBIE cnyyan a 1:512 ¢ f 1:8
u B 1:32 3aduKcupoBaHbl B 2017 1 2023 rr. cOOTBETCTBEHHO
¢ oAMHaKoBo# Yactoto — o 0,14%. 3To coueTaHWe MOXHO
pacLieHnBaTh Kak Hanbonee akTMBHbIE OPMbI €CTECTBEHHBIX
aHTMTEN o B KoMrjieKce c B.

B 2023 r. y seHwuH-goHopos ¢ 0(l) rpynnoii Kposu Bbl-
SIBNEHO MEHbLUE COYETaHMI TUTPOB ECTECTBEHHBIX aHTUTEN
cuctembl ABO — 33, torpa kak B 2015 r. 3admKcupoBa-
Ho 38 BapuaHnToB, B 2016 — 39, B 2017 — 43 BapuaHTa
(cM. puc. 1). AHanu3 noKasan HanMuMe CTaTUCTUYECKU 3Ha-
YAMBIX pasnuuuii B 4acToTe BCTPEYaeMOCTW TUTPOB ecTe-
cTBeHHbIX ABO-aHTUTeN B 3aBMCMMOCTH OT rofia NpoBeAeHNs
uccnesoBaHuA.

Mexay MyXUMHaMu- W XKeHLMHAMU-[0HOpaMK ¢ nep-
BOW rpynnoi Kpoeu, npoxusatowmmu B CypryTe, BbisBEHbI
CTaTUCTUYECKM 3HAYMMble PasnMums B 4acToTe BCTpPEYaeMo-
CTU ecTecTBEHHbIX aHTUTeN cucteMbl ABO.

Mpu wnccnenoBaHWM TUTpA E€CTECTBEHHBIX aHTUTEN
A(Il) rpynnbl KpoBU Y MyX4nH-L0HOpPoB CypryTa B pasHble
rogbl 06Hapy»eHo, YTO aKTUBHOCTbL B-aHTUTEN oXBaTbiBana
BeCb CrMeKTp TUTPOB, HauuHas ¢ 1:2. B 2015-2017 rr. tutp
1:2 peructpupoBanm ¢ yactoton 1,9, 3,2 u 4,3% cootseT-
CTBEHHO, Torfa Kak B 2023 rofly ero 4actoTa 3HauMTesNbHO
Bbipocna fo 11,9%. Kpome Toro, k 2023 r. oTMeYeHo He-
3HauMTeNIbHOE YBENMYEHWE YacTOTbl BCTPEYAEMOCTHM TUTpa
1:4 no 18,5% (no cpaHeHmto ¢ 11,7% B 2015 1. 1 12 1 15%
B nocneaytowme roapl). Haubonbluas yactota BcTpeyaemo-
ctn B 2023 r. 3admKcumpoBaHa y Tutpa 1:8. B 20151 2017 .
npeobnagan utp 1:16, ogHako B 2023 r. ero YacToTa CHU-
3unacb Ao 19,7%. B 2016 r. tutpbl 1:8 n 1:16 BbIsSBNEHbI
C 0AMHaKoBoM yactoToit — no 27,7%. Takxe B 2023 r. oT-
MeYeHo CHUKeHue BcTpedaemoctn Tutpa 1:32 po 10,5%,
TOrfa KaK B NpeAbloyLLMe rogpl 3TOT NOKa3aTeslb BapbUpo-
Ban ot 13,5 go 20,3%. Tutp 1:64 pemMoHcTpupoBan cTabunb-
Hble NOKa3aTenu B TEYEHWE BCEX UCCefyeMbIX NET Habto-
AeHus, coctaensas oT 5,6 no 11,4%. B oTaenbHbIX cnyyasx
Y MY)XUYMH OTMeYeHbl BbICOKWe TUTpbl — 1:128 n 1:256. Tak,
tmTp 1:128 mocturan yactotel 1,3% B npegpbiayline rofbl
U 0TMeYeHo eé noebiwenne 0o 3,5% B 2023 r. Tutp 1:256
BbISIBJIEH TOJIbKO B € AMHUYHBIX CNy4asix, MaKCMManbHas Ya-
cTota coctauna 0,5% B 2016 1.

CpaBHWTENbHbIN @aHaNM3 YacToTbl BCTPEYAEMOCTU TUTPOB
B-aHTUTEN Y MyxumH-poHopoB A(ll) rpynnbl KpoByW BbiSBUN

T1.32, N2, 2025
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CTaTUCTUYECKM 3HAUYMMble Pa3nymnsa MeXay UccnenyembiMu
rofamu, ocobeHHo B conoctaenennu ¢ 2023 r. (puc. 2).

Mpn M3yyeHUM ecTecTBEHHbIX TFPYMNMNOBLIX aHTUTEN
A(ll) rpynnbl y xeHWmH-AaoHopoB CypryTa Mbl onpegenu-
N pasHble BapUaHTbl TUTPOB, MAKCUMabHBIA U3 KOTOPbIX
pocturan 3Hadenus 1:256. B uccnepyemble rogpl tutp 1:2
BbiABNANM ¢ yactoton ot 0,6% B 2016 r. mo 6% B 2023,
4TO NpeLCTaBAsAeT HaMBbICLLIEE 3HAYeHUe 3a 3T0 Bpems. Ya-
cToTa BcTpeyaeMocTy TMTpa 1:4 Bapbuposana ot 9,1 fo 13,7%
B 2023 r. Tutp 1:8 peMoHCTpUpPOBaN CXOXKWe MOKasaTenu
3a uccneayeMble rogbl — oT 22 1o 25%, 3a UCKIOYEHUEM
2015 n 2017 rr., Korpa ero yactota coctasuna 19%. Mak-
CMMarbHas 4yacToTa BCTPEYaeMOCTW YCTaHOBJIEHA 1A TUTpa
1:16 — ot 26 pno 32% B pasHble rogbl, ogHako B 2023 r.
3TOT NoKasaTenb CHUMeH Ao 22,6%. KpoMe Toro, B 2023 r.
CHUXEHa 4acToTa BcTpeyaeMocT TuTpa 1:32 no cpaBHe-
HWI0 C npeablaywmuMn rogamm (22-27%). Tutp 1:64 coxpa-
HAM OTHOCUTENbHYI0 CTabubHOCTb, BCTPEYasCh C YacToToi
ot 8,7 no 13,7%. ¥ eHLWMH-[0HOPOB BbisiBNieH TuTp 1:128:
B 2010 r. ero yactoTa cocTaBnsna 2,6%, a Haubonbluee
3HayeHme — 7% (3admrcmpoaro B 2016 r.). B npencras-
NEHHOM WUCCNe0BaHUM EXKEMOAHO Y EHLLUMH Mbl BbISBASNN
1Tp 1:256 ¢ yactotoii o1 0,17 no 1,5%. Mpu cpaBHeHUM pac-
NpefeneHns TUTPOB ECTECTBEHHbIX aHTUTEN cucTeMbl ABO
A(Il) rpynnbl KpoBM y XeHLMH-AoHopoB CypryTa B pasHble
rofbl BbISIBNIEHbI CTATUCTUYECKU 3HAYUMbIE Pa3fnums.

Mpu cpaBHEHMM YacTOTbI BCTPEYAEMOCTM TUTPOB ecTe-
cTBeHHbIX aHTuTen A(ll) rpynnbl KPOBU MeXAY MYKUMHAMU-
W JKeHLMHaM1-A0HopaMu CypryTa BbISIBNEHbI CTAaTUCTUHECKH
3HaUYMMBbIE Pa3nNums.

AHanus yacToTbl BCTPEYAEMOCTW ECTECTBEHHBIX aHTUTEN
B(Ill) rpynnbl KpoBM y MyxumH-foHopoB Cypryta nokasan,
uto TuTp 1:2 onpepensim peako: B 2016 n 2023 rr. — 0,98
1 2% cooTBeTcTBEHHO. TuTp 1:4 BapbupoBan ot 0,5 fo 11,3%
B 2023 r. B ToM e roay Habniopfanu BbICOKYK 4acToTy
BcTpeyaemocty TuTpa 1:8 — 21,6%, B To BpeMs Kak B npe-
pbinywme rogsl — 10,6—12,7%. Tutp 1:16 B 2023 r. pe-
rucTpupoBanu ¢ yactoton 27,6%, npu 3ToM Hambonbluee
eé 3HaueHne — 30,6%, 3admkcupoBaHHoe B 2015 r. Tutp
1:32 neMoHCTp1poBan HanbosbLLYy0 YaCTOTY BCTPEYAEMOCTM
¢ 2015 no 2017 r., uto coctasuno ot 30,3 go 31,4%, oaHako
B 2023 r. ero yactoTa cHukeHa go 18,4%. Yactota ttpa
1:64 B npencTaBneHHble roabl Bapbuposana ot 18,8 B 2017
0o 21,2% B 2016 r., a B 2023 oHa coctaBuna 11,5%. Tutp
1:128 BbisBAANM € YacToTon oT 4,2 no 7% B pasHble rofbl.
B otmenbHbix ciyyasx y MyxumH ¢ B(lll) rpynnon kposu
peructpuposanu TMTp 1:256, LOCTMraBLUMIA MaKCMManbHOW
yactoTbl BcTpedaeMocti B 2016 r. — 1%. Mbl He BbiSIBUNK
CTaTUCTUYECKM 3HAYMMBIE PA3NIMuMA B PacnpepesieHun -
TPOB €CTECTBEHHBIX aHTUTEN Y foHOPOB Myxu4mMH B(lll) rpynnbl
KpOBM B 3aBMCMMOCTM OT r0Aa UCCNeA0BaHuS.

Y seHwmH ¢ B(lll) rpynnoii kpoem tutp 1:2 3aduKcu-
poBaH Tonbko B 2023 r. u coctasun 0,4%. Tutp 1:4 npo-
LEMOHCTPUPOBaAN CaMyH BbICOKYH0 YacToTy BCTPEYaeMOCTH
TakKe B 2023 r. — 8,8%, Toraa Kak B npefblayLume rofbl
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Puc. 2. YactoTa BCTpe4aeMoCTi TUTPOB ECTECTBEHHBIX aHTUTES B pasHble rofsl cpeau aoHopos ¢ A(ll) rpynnoit kposm B CypryTe. CTonbupl owumbok 06o-
3HaYaloT CTaHAAPTHOE OTKIOHEHME, YKa3aHbl CTAaTUCTUYECKW 3HAUMMbIE Pa3fiUuMA NpY CPABHEHUN MEXAY FOAAMU U MEXAY MYXUMHAMU U KEHLLMHAMM,

p <0,05.

Fig. 2. Prevalence of natural antibody titers across different years in type A(ll) blood donors in Surgut. Error bars represent standard deviation; significant
differences are indicated for comparisons across years and between male and female donors, p < 0.05.

oH BapbupoBan ot 1,2 po 2,5% B 2017 r. EcTecTBeHHbIe
a-aHTuTena B Tutpe 1:8 BuisiBnanu ot 5,9 ao 19,9% cnyyaes
B 2023 roay. Yacrota Bctpeyaemoctn Tutpa 1:16 Bapbupo-
Bana ot 20,4 no 28,7% B 2023 r. 37oT nokasatenb Haubo-
Nlee BbICOKWA B AaHHOM TuTpe. Tutp 1:32 aeMoHcTpupoBan
MaKcuManbHyto YacToTy BcTpedaeMocTu B 2008 r. — 40,7%,
oAHaKo K 2023 eé 3HaueHue bbIIO HaMMeHbLLee M cocTa-
Buno 24%. Yactota BctpeyaeMoctn Tutpa 1:64 coctaBuna
ot 13% B 2023 r. (HauMeHblLLee), @ MaKCUMaNbHas BbIsB-
neHa B 2015 r. — 22,9%. Yactota BCTpeyaeMocTu TUTpa
1:128 y seHwwmH c B(lll) rpynnoii kposu BapbupoBana ot 3%
B 2008 r. no 9,7% B 2017 (puc. 3). CaMblii aKTMBHBIN TUTP
B NpeacTaBnieHHblx rpynnax 1:256 obHapyxeH C yacToToi
ot 0,2 no 4% B 2017 r. cooTBeTCTBEHHO. BbifiBNEHbI CTaTU-
CTUYECKU 3HAUMMble PasfnyMa B 4acToTe BCTPEYaEMOCTH
TUTPOB ecTecTBeHHbIX aHTuTen B(lll) rpynnbl KpoBw y eH-
WwmH-goHopoB Cypryta B 3aBMCMMOCTM OT roga uccnego-
BaHUA.

KpoMe Toro, yctaHoBneHbl CTaTUCTMHYECKU 3HAYUMBbIE
MEXKIOJIOBLIE Pa3nuumMsA NpU pacnpefeneHnn BCTPeyaeMo-
CTU ecTecTBeHHbIX aHTUTen B(lll) rpynnbl KpoBu y AoHOpoB
Cypryta (cM. puc. 3).

D0l https://dai.org/10.17816/humeco643450

OBCYXEHUE

Mo Hawum HabnofernaM, y AoHopos ¢ O(l) rpynnbl Kposu
aKTUBHOCTb ECTECTBEHHBIX aHTUTEN HauMHaNach ¢ TMTpoB 1:2
n 1:4. B 2023 r. 0TMeYEHO CHUMXEHME KONMYECTBa BapUaHTOB
COYETaHWUN TUTPOB KaK Y MYXUMH, TaK W Y XeHLWWH. Bbico-
KYI0 YacToTy BCTpe4aeMoCTH Habtofanu B cO4ETaHUM TUTPOB
1:32 1 1:16. Y KeHWMH TaKkKe BbISBNEHO YBESIMYEHWE Ya-
CTOTbI BCTpeyaeMocTn TUTpoB 1:64 n 1:128. MakcuManbHble
3HayeHMs aKTUBHOCTM TUTPOB Yy AoHopos O(l) rpynnbl KpoBw
pocturanm 1:512. B A(ll) rpynne KpoBx HaMbobLLYH YacToTy
BCTPeYaeMocTi Habnopanu ansa TutpoB 1:8 u 1:16 y MyxuuH,
a TakKe 1:16 u 1:32 y xeHwwuH. Ona B(lll) rpynnbl kpoBu
XapaKTepHo npeobnaganue TMTpoB 1:16 n 1:32 y MyxuuH,
a 'y XeHwuH 1:32. MakcuManbHO 3aperncTpupoBaHHbI TUTP
8 A(Il) n B(Ill) rpynnax coctaenan 1:256. Y MyXUmMH 1 y XeH-
WKMH Habniopanu CxoXyl NpeAcCTaBNEHHOCTb BapUaHTOB
TUTPOB M TEHAEHLMIO U3MEHEHMS WX MPOLEHTHOrO COOTHO-
weHmna K 2023 r. OTMeyeHbl 0COBEHHOCTM YacTOTbl BCTPeYa-
€MOCTU TUTPOB eCTECTBEHHbIX AHTUTET, Y EHLLWH YaLle Bbl-
SBNSNN MOBbILLEHHBIE TUTPbI, Y4TO NO3BOASET NPEANONIOKUTL
HasmM4me LONOSHUTENIBHON CTUMYNALMU NPOAYKLMM aHTUTEN
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Puc. 3. YactoTa BCcTpeyaeMocTy TUTPOB eCTECTBEHHbIX aHTUTEN B pasHble rofsl cpeay AoHopos ¢ B(lll) rpynnoi kposu B CypryTe. CTonbubl owumbok 060-
3HaYaloT CTAHZAPTHOE OTKIIOHEHME, YKa3aHbl CTAaTUCTUYECKW 3HAYUMBIE Pa3fMUNS MPU CPABHEHUM MEXY FOAaMU U MEXY MYKUMHAMMU U KEHLIMHAMMU,

p <0,05.

Fig. 3. Prevalence of natural antibody titers across different years in type B(lll) blood donors in Surgut. Error bars represent standard deviation; significant
differences are indicated for comparisons across years and between male and female donors, p < 0.05.

BCNEeLCTBME NEPEHECEHHBIX Pa3HOrPYNMHbIX bepeMeHHOCTEN.
CornacHo M.M. 3uraHwumHoii 1 coasr. [9], ecTecTBeHHbIE
aHTUTENa UrPaloT BAXKHYI0 Posib B NOALEPXKaHUW rOMeocTa-
3a. ABTOpbI paccMaTpUBAIOT UX KaK 3HAUUMBbII PEryNsTOpHbIi
KOMMOHEHT CeTU WMAMOTUN-aHTUUAMOTMIMYECKUX B3auMo-
AeWCTBUIA, OKa3blBAlOLMN KaK CTUMYNVpYylOLLee, TaK U Cy-
MpeccopHoe BAMSHWE Ha BCE 3BEHbS UMMYHHOW CUCTEMBI.
CTaTUCTMUeCKU 3HAUMMbIE Pa3NiuyKs, BbiSIBNEHHbIE B Ha-
LUeM uccnefoBaHuu Mo cpaBHeHuto ¢ 2023 r. (NocTKoBUA-
Hblli nepuopn), MoryT ObiTb 0BYCNOBNEHbI MOCNEACTBUAMM
nepeHecéHHoi uHderumm COVID-19. M3BecTHo, uto deHo-
n Oaf(l) obecneunBaeT ycTOMUMBOCTD MHAMBMAA K UHU-
uupoBaHuio BupycoM SARS-CoV-2 u 6Gonee nérkoe Teye-
Hue 3abonesanus. 06 3TOM CBUAETENBCTBYIOT pe3ynbTarhbl
uccneposanua C.M. [loHckoBa u coaBT. [9], yKasbiBatoLime
Ha 3alUMTHYK ponb AaHHoro deHotuna. B To e Bpemsa de-
Hotun AP(l) accoumupoBaH C MOBLILLEHHBIM PUCKOM TAXE-
noro Tedenuss COVID-19, ocnoxHennit u cmeptHocTh. Kpo-
Me Toro, 3apybekHble aBTOpbI BbIABUTAOT FMNOTE3bI O TOM,
uTo aHTMreHbl cuctembl ABO Ha NOBEPXHOCTM KIETOK MoryT
y4acTBOBaTb B MpoLiecce NPOHMKHOBEHMS BMpYca U onpe-
LEeNIATb XapaKTep MMMYHHOr0 oTBeTa. B vacTHocTw, Hanmu-
une aHTUTEN K aHTUreHy A MOXKEeT UrpaTb 3alLWTHYI0 POfib,
BnoKvpys BMpYCHble YacTWLbl W NpenaTCcTBYA UX CBA3bIBa-
HUIO ¢ peLenTopamu KneToK [9, 11]. Haww pesynbtatel noa-
TBEPHAAT AaHHbIE IMTEPATYPbl O CHUXEHUM COAEpPHaHUs
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aHTUTEJT B CbIBOPOTKE KPOBM NMPU COXPAHEHUM UX B CIIOHE —
KaK MoKa3aTesii UMMYHUTETA CNIM3UCTOM 0D0N0YKM Ibixa-
TenbHbIx nyTeid. E.M. Matzhold u coasr. [14] npegnonarator,
uyTo aHTUTENa cucTeMbl ABO yuacTBYIOT B MEXaHM3MaX 3aLLyThI
ot SARS-CoV-2. TeM He MeHee HeobxoauMbl AanbHemLme
UCCIeJ0BaHUS MOJIEKYNIAIPHBIX MEXAHU3MOB, 0BBACHSAIOLLNX
BKJIaJ, CTECTBEHHbIX aHTWUTEN B NatoreHe3 MHbeKUMM, Bbl-
3BaHHOW [aHHbIM BUPYCOM.

PaHee yacToTy BCTPeYaeMOCTW €CTECTBEHHbIX aHTUTEN
cucteMbl ABO aHtuten usydanu H.H. MepkynoBa [24] cpe-
an noHopos Cypryta, E.A. XpoMoBa [25] — cpeau npea-
cTaBuTenen aTHUYecKoi rpynnbl xaHTel, C.A. Unbpebenesa
[26] — B nonynsumn foHopoB HukHeBapToBCKa. B mpyrvx
pervoHax Poccun aHanormuHble MccnefoBaHus MPOBOAM-
nm 0.H. CmupHoBa u coast. [27] B CtaBpononbCcKOM Kpae,
a Taroke JI.A. TycaueHko [3] cpeam 3THUYECKMX Fpynn MOKLUA
n 3p3a Pecnybnmku Mopgosusa. KpoMe Toro, msyuyeHbl no-
nynauuv goHopos MpaHa, bpasunumn, Manaiiaum, Taunanga
u ap. OgHaKo NpsMoe CPaBHEHME MOAYYEHHbIX Pe3y/bTaToB
3aTPYLHEHO M3-3a Pa3/INymii B METOAAX TUTPOBaHWSA, opMa-
TaX NpeACTaB/ieHus faHHbIX U 06bEMaxX BbibopkU. 3T0 Aenaet
HEKOPPEKTHBIM COMOCTAB/EHME C pe3ysbTaTaMy, Moy4eHHbI-
MW B monynsauuv AoHopoB CypryTa. YuuTbiBas NpaKTU4ecKylo
3HaYMMOCTb ONpefieNeHns COAEpHKaHNs eCTECTBEHHBIX aHTU-
Ten HeobxoamMo pa3paboTatb euHbIE NOAXOAb! M METOLUKM
TUTPOBaHMS.
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TakuMm 06pa3oM, HawwM pe3ynbTaTbl MOAYEPKUBAIOT He-
06X0AMMOCTb AanbHelWmX MccnefoBaHuiA, HanpaBieHHbIX
Ha MOBbILIEHWE TOYHOCTM OLLEHKW COLEPIKAHWSA aHTUTEN CU-
cteMbl ABO. AKTyanbHOCTb M3y4eHWs 4acTOTbl BCTPEHAEMOCTH
€CTECTBEHHBIX aHTUTE COXPAHSAETCA B CBA3M C HEA0CTATOYHO
OCBELLEHHOCTBH0 JaHHO TEMbI B COBPEMEHHOI SIUTEpaType.

MoKkasaTenu, Noy4eHHble B JOHOPCKOW MOMyAALMM,
MOryT ObITb penpeseHTaTMBHLIMU )1 HacesneHWs ropofa
B LIE/IOM, NOCKOJIbKY AOHOPCKOE ABUKEHWE OXBATbIBAET LUK-
POKWI CMEKTP coLManbHo U GU3MONOrMYECKN aKTUBHBIX JIUL.
WMMyHHas cuctema poHopoB Cypryta akTMBHO pearupyet
BbIpabOTKOM eCTECTBEHHBIX HOPMaIbHbIX FPYNMOBLIX aHTUTEN,
uYTO MMeeT bosbLLIOE 3HAUEHWEe NPK U3y4YeHUM duanonoruyec-
KOW CTPYKTYpbl NOMYNALMU B KOHKPETHBIX YCNOBUSAX Cpefbl.
N3yyeHue ecTecTBEHHBIX HOPMasbHbIX aHTUTEN NO3BONSET
YCTaHOBUTb PasiMymMe MM CXOLACTBO OTAENbHBIX (u3mono-
TMYECKMX MoKasaTtenen U GU3MONOr1YecKoro ctatyca nony-
NAUNIA B LENOM.

3AKJIOYEHUE

MpoBeaEHHOE UCCNeA0BaHWEe AeMOHCTPUPYET MoandMKa-
LIMK0 NOCTOSIHCTBA BHYTPEHHEMN CPefibl OpraH13ma B NocTnaH-
LEeMUIAHBINA Nepuoj, B BUAE U3MEHEHWS YacTOTbl BCTPEYAEMO-
CTU TUTPOB €CTECTBEHHBIX O- W B-aHTuTen.

Mbl BbISIBUAM BbLICOKYK YacToTy BCTPEYaeMoCTW ecTe-
CTBEHHbIX aHTUTeN B TMTpax 1:32, 1:16 n 1:8, a Takke 0bHa-
PYXMIN CNy4an aKTUBHBIX TUTPOB O- W B- aHTUTEN C coaep-
*aHueM 1:128 n 1:256. YcTaHoBREHbI reHAEpHbIE pasinyms
B 4acTOTe pacnpoCTpaHeHWUs! TUTPOB €CTECTBEHHbIX aHTUTEN:
y MyumH ¢ A(ll) rpynnoii KpoBK Yalle perucTpupoBany Tu-
Tpbl 1:8 1 1:16, Toraa Kak y xeHwuH — 1:16 n 1:32. B po-
Hopckon nonynsumv ¢ B(IIl) rpynnoi kposm TuTpbl 1:16 1 1:32
yalLie BCTpeYau y MyXKUMH, a Y XeHLUMH npeobnagany TUTpb
1:32. Takum 06pa3oM, Mbl MOXEM FOBOPUTBL O HANIMYUK MOSI0-
BbIX Pa3/INyuil B COAEPKaHUM ECTECTBEHHbIX aHTUTEN Y [IOHO-
poB CypryTa. CpaBHUTENbHbIN aHanu3 aaHHbix 3a 2015, 2016,
2017 n 2023 rr. nokasan, 4to B NOCTKOBUAHbIA NEpUOA Npo-
WM30LLNO CMELLIEHME B CTOPOHY NpeobnasaHus TUTPOB ¢ bonee
HWU3KMMM 3HAYEHUSIMM, YTO, BO3MOXHO, CBSI3aHO C 0CODEH-
HOCTAIMU MMMYHHOIO 0TBETa, CHOPMMPOBAHHOIO NMOCAe nepe-
HeceHHon MHekumm SARC-CoV-2.

Mbl paccMoTpenn aKTMBHOCTb €CTECTBEHHBIX aHTUTEN
C TOYKU 3peHus afjanTauuy NonynsuMM K HOBbIM YCIIOBUAM
cpelbl U MOLAEPIaHU MMMYHONOTMYECKOr0 roMeocTasa
€ N03ULMKM HM3MONOTMHECKOI aflaNTUPOBaHHOCTW NOMYNALMW.
370 ABNAETCA OAHOM M3 3a[a4 afanTaLMOHHOW (uU3KnoNorm
W 3KOMOrUK, a TaKKe OLIEHKW 3KONornyeckoro ceoeobpasms
cocTosiHusA nonynsumu. Kpome 3Ttoro, 3HauyeHue ydyacTtus
ecTecTBeHHbIX aHTuTen cuctemsl ABO B romMeoctase usyye-
HO HeJ0CTaToOYHO, MO3TOMY MpOLECC aHTMTenoobpasoBaHus
TpebyeT LONONHUTENBHOIO U3y4eHUs. PaccMoTpeHne JaHHO-
ro, paHee HelOCTaTO4YHO U3YYEHHOrO, aCMEKTa eCTECTBEHHOI
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WMMYyHU3aLUMW NPeACTaBNSAET BaXHOCTb KaK ANA AasbHeli-
LLIero COBEPLUEHCTBOBAHUA MPUKIAAHON TpaHcdy3uonorum,
TaK M 151 YCTaHOBMIEHWS 0BLLENnonyNsuUMOHHbIX 3aKOHOMep-
HOCTe#l aHTUTeN00bpa3oBaHus.

AOMO/JHUTE/IbHAA UHOOPMALIUA

Bknap aBropoB. J1.A. [ycaueHko — cbop AaHHbIX, aHANM3 U UHTeprpe-
TaumMs pesynbTatos, 0030p MTepaTypbl, NOArOTOBKA W HamWCaHWe TeKcTa
pykonucy; 0.1, JTNTOBYEHKO — KOHLENUMS v An3aiH UccnefoBaHus, 063op
JIUTEpaTYpbI, PejaKT1POBaHKe TeKcTa pykonuey; P.P. MabuamynnmHa — cbop
[aHHbIX, aHaNM3 W MHTepnpeTaums pe3ynstatos; 0.A. YeMaKuH — KoHLen-
LA M AU3alH UCCneAoBaHus, 0630p iMTepaTypbl, pefaKTMpOBaHMe TeKCTa
pyKonucu. Bce aBTopbl NMOATBEPXKAAKT COOTBETCTBUE CBOEr0 aBTOPCTBA
MeXayHapoaHbiM kpuTepuam ICMJE (Bce aBTOpbl BHEC/IM CYLLECTBEHHIN
BKJ1af, B pa3paboTKy KOHLENLMK, NpoBeLieHNs UCCNeA0BaHNA W MOAroToB-
Ky CTaTbii, MPO4NM 1 0806puM drHanNbHYI0 BEPCUIO Nepeq NybimnKaumen).
ITuveckan 3kcnepTusa. [lpoBeaeHVe UCCNENOBaHUS 0400PEHO NoKasb-
HbIM 3TUYECKMM KomuTeToM CypryTcKOro rocyfapcTBEHHOr0 YHUBEpCUTETa
(npoTokon 3acefaHus N2 26 ot 29.09.2021).

WUcTounukmn dpuHaHcupoBanua. OTcyTCTBYIOT.

PackpbiTie MHTepecoB. ABTOPLI 3asBNSOT 06 OTCYTCTBUM OTHOLLIEHWIA, fie-
ATENbHOCTM W MHTEPECOB 3@ MOCNefiHWE TPY rofa, CBA3aHHbLIX C TPETbUMU
JmLaMK (KOMMEPYECKUMM U HEKOMMEPYECKVMM), UHTEPECH! KOTOPLIX MOTYT
BbITb 3aTPOHYTHI COAEPIKAHWEM CTaTbU.

OpuruHanbHocTb. [lpy cO3aHWMM HacTosLLEl paboTkl aBTOPLI He UCMob-
30Banu paHee onybiMKoBaHHbIE CBEAEHUs (TEKCT, UNMIOCTPaLWMY, AaHHbIE).
Hoctyn K paHHbIM. Bce flaHHble, NOMyYeHHble B HACTOSALLEM UCCNefoBa-
HWW, [OCTYMHbI B CTaTbe.

leHepaTMBHbIW UCKYCCTBEHHbIW MHTEJUIEKT. [TV CO3AaHUM HaCTOoALLEN
CTaTbil TEXHOMOTWM FEeHEPATUBHOMO UCKYCCTBEHHOrO WHTENNEKTa He uc-
nonb30Banu.

PaccMotpenue u peueHsupoBanue. Hactosias paboTa nogaHa B xyp-
Han B WHMLMATMBHOM MOPSZKE M PacCMOTPeHa Mo 0BbIYHOM npovesype.
B peLieH3MpoBaHWM y4acTBOBaNM [Ba BHELLHUX PeLieH3eHTa, YileH pefaK-
LIMOHHOWM KOMIErnM W HayuHbI pefaKTop U3faHus.
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Penonspusauus xenyao4ukoB cepaua y NpakKTUYECKU
3A40POBbIX MOJIOAIX MY>XYMH NPU KPaTKOBPEMEHHOM
BO3JeACTBMM HOPMOBAPUYECKOWU U30KaANHUYECKOM

U runepKanHu4YecKom rmnoKcum

E.B. 3amenuHa', H.W. MBonuHa', A.A. ®okumnZ, .M. Powesckas'

! Komm HayuHbilt LieHTp Ypanbckoro oTaenenus Poccuiickolt akaaemun Hayk, CoiKTbiBKap, Poccus;
2 CbIKTbIBKApCKWiA rocyaapCTBeHHbIA yHUBepcuTeT uMenn Mutupuma CopokuHa, CoikTiBKap, Poccua

AHHOTALMUA

06ocHoBaHue. Bo3speicTBMe MMMOKCMYECKOTO (aKTopa Ha (DYHKLMOHMPOBaAHWE KapAMOPECnMPaTOpPHON CUCTEMBI YenoBeKa
M3y4eHo [OCTaTo4HO xopowo. KoMbuHMpoBaHHOe BO3LEMCTBME MMMOKCUYECKOTO W TMNepKanHUYeckoro GakTopoB CHUMaeT
cTeneHb NposB/IEHUS HeBNaronpuATHbIX IQ(EKTOB KMCIIOPOAHON HELLOCTAaTOYHOCTM BO BCEX QYHKLMOHAMbHBIX CUCTEMAX Op-
raHu3Ma U CybbeKTMBHO YNTyyLLAET NePEHOCUMOCTb OCTPOIA TUMOKCUMU.

Llenb. M3yuntb 3neKTPUYECKYI0 aKTUBHOCTL CEpALIA B NMEPUOL PENONSpU3aLMM KeNyLA0YKOB NpU BO3LENCTBUM K30TEHHOM
HopM0b6ap1yYeCcKoM MMMNOKCUM C Pa3fuyHBIM COLLEPIKAHMEM YITIEKUCNOro ra3a BO BAbIXaeMOM BO3[yXe Y NpaKTUYeCKM 340p0-
BOr0 HETPEHUPOBAHHOIO YesloBeKa.

Marepuans! u MeTogbl. [IpoBeEHO 3KCNEPUMEHTANIbHOE OAHOLEHTPOBOE MPOCNEKTUBHOE UCCNefoBaHue. B Hero BKITOUEHbI
NPaKTUYECKM 30,0p0OBble HETPEHUPOBAHHbIE MYXUMHBI MONIOA0ro Bo3pacta. Cpeay KpUTepueB UCKIIHOYEHUS BbILENANM Hanu-
uMe XPOHUYECKON BPOHXONErOYHOM NaToNOrUK, CEPAEYHO-COCYANCTLIX 3abonieBaHuiA, a TaKxKe QaKTa He[laBHO NepPeHeCEHHON
OCTPOW PecnupaTopHOI BUPYCHON MHGBEKLMMU. YUaCTHUKM UCcCie0BaHNsA PaHLOMHO pa3feneHbl Ha ABe Fpynmbl B 3aBUCUMOCTH
0T M3y4aeMoro Bo3AeicTBus: 1-A rpynna — 3K30reHHON M30KaMHUYECKON MUMOKCUN; 2-,1 rpynna — 3K30TeHHOMN rUnepKanHm-
YeCKOM rnoKcum. M3oKanHnyecKas 1 runepranHUyecKas rmnoKcus CMoLenupoBaHbl MYTEM AblXaHWUA Yepes SMLEBYI0 MacKy
B TeueHue 15 MuH. lNo aneKTpuyeckoMy Nosiko cepALa aHanM3npoBani aMMIUTYLHO-BPEeMEHHbIE XapaKTEPUCTUKM NOIOKUTESTb-
HbIX 1 OTpULTENbHBIX 3KCTPEMYMOB B a3y penonspu3aLmm Kenya0uKoB No AaHHbIM 3/IeKTPOKapAMOrpaMMbl, MOSTyYeHHOM
Bo Il cTaHAapTHOM 0TBEAHUM, ONpefensii AnTeNbHoCTb HTepBanoB AT, J-T .., Toea—Teng KOPPUTMPOBaHHBIX Mo basetTy.
PesynbTarthbl. YcTaHOBNEHO, UTO M30KaMHUYeCKas MMNOKCUA BbibiBaeT bonee 3HauuTenbHoe uaMeHenne Sp0, W yacToThl
CepAeYHbIX COKPALLIEHMIA N0 CPaBHEHMIO C rUnepKanHuyeckoi. pu conoctaBuMblx 3HayeHUAX Sp0, aHann3 BpeMeHHbIX Xa-
PaKTepPUCTUK penonspm3aLmMy NoKasar, uTo r1nepKanHUIeCKUii KOMMOHEHT B TMMOKCUYECKOW CMECU HUBEAMPYET CTeNeHb 13-
MEHEHUS BJMTENBHOCTU NPaKTUYECKU BCEX UCCNEAYeMbIX MHTEPBAJIOB 3/IEKTPOKApAUOrPaMMbl.

3akniouenue. [poBefiEHHOE McCneoBaHME MpoLecca Penonspu3aLmn XenyaouKkoB CepAaua npu BO3LEMCTBUM TUMOKCUM
C pasnnyHbIM copiepxkainem CO, nokasano bonee BblpaXKeHHOe CTPECCOBOE BAIUSHWE U30KAMHWUYECKOM MMMOKCUM Ha 3MeK-
TPUYECKYI0 aKTUBHOCTb CEPALIA MO CPABHEHMIO C TMMNEPKaNHUYECKON Y NPaKTUYECKM 3A0POBbLIX MOMOALIX MYMUMH.

KnioueBbie cnosa: ANIeKTpu4ecKoe none cepala; JKT; HOpMOﬁapVIl-IECKaH M30KarnHnyecKaa runoKcuAa, runepkanHnuyeckasn
FMNoKCcKuA.
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Ventricular Repolarization in Apparently Healthy
Young Men Under Short-Term Normobaric Isocapnic
and Hypercapnic Hypoxic Exposure

Elena V. Zamenina', Natalya . lvonina', Andrei A. Fokin?, Irina M. Roshchevskaya'

! Komi Science Centre of the Ural Branch of the Russian Academy of Sciences, Syktyvkar, Russia;
2Pitirim Sorokin Syktyvkar State University, Syktyvkar, Russia

ABSTRACT

BACKGROUND: The effects of hypoxic exposure on the human cardiorespiratory system have been extensively studied.
Combined hypoxic and hypercapnic exposure has been shown to reduce the severity of adverse outcomes associated with
oxygen deficiency across all functional systems, while also improving subjective tolerance to acute hypoxia.

AIM: To assess cardiac electrical activity during the ventricular repolarization phase under exogenous normobaric hypoxic
exposure with different inspired carbon dioxide levels in apparently healthy, untrained individuals.

METHODS: A prospective, single-center, experimental study was conducted. The study included apparently healthy, untrained
young men. Exclusion criteria: chronic pulmonary or cardiovascular diseases and recent acute respiratory viral infections.
Participants were randomly assigned to one of two groups based on the type of exposure: exogenous isocapnic hypoxia
(Group 1) or exogenous hypercapnic hypoxia (Group 2). Isocapnic and hypercapnic hypoxia were simulated by breathing through
a facial mask for 15 minutes. The cardiac electric field was used to assess the amplitude and temporal characteristics of
positive and negative extrema during the ventricular repolarization phase based on lead Il electrocardiogram findings. The
duration of QT, J=T ., and T o~ T,,q intervals with Bazett's correction was measured.

RESULTS: Isocapnic hypoxia was found to cause more pronounced changes in Sp0, and heart rate compared to hypercapnic
hypoxia. At comparable Sp0, levels, analysis of the temporal characteristics of ventricular repolarization demonstrated
that the hypercapnic component of the hypoxic gas mixture reduced changes in the duration of nearly all examined
electrocardiogram intervals.

CONCLUSION: The study of ventricular repolarization under hypoxic exposure with various CO, levels found that isocapnic
hypoxia had a more pronounced stress effect on cardiac electrical activity than hypercapnic hypoxia in apparently healthy young
men.

Keywords: cardiac electric field; ECG; normobaric isocapnic hypoxia; hypercapnic hypoxia.
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OPUIMHATTIBHOE VICCIEOOBAHME

Ob0CHOBAHUE

Bo3zpeiicTBre runokcuyeckoro GakTopa Ha GyHKUMOHM-
poBaHWe KapAMopecnupaTopHOM CUCTEMbI YeNOBEKa U3yye-
HO [0CTaTo4HO XopoLo. BbigeneHbl 0CHOBHbIE Hanpasne-
HWA Pa3BUTUA TMMOKCUYECKOW CTpECC-peaKLun opraHu3Ma
NPW Pa3fNYHbIX KOHLLEHTPALMAX 3K30reHHOro KMCNopoaa.
MNpodunaktnueckme v neyebHble CBOWCTBA MMMNOKCUYECKUX
rasoBblX CMeCeM, NPUMEHSIEMbIX KaK B MPEpPLIBUCTOM, TaK
W NPOSIOHTMPOBAHHOM peXuUMe (TUMOoKCUTepanus), HaxoaaT
LUMPOKoe ucrnonb3oBaHue. CoueTaHne rasoB C pasiUyHbIM
COAepXaHMeM KuCnopoja NpUMEHSIT B 3aBUCMMOCTH
OT KOHKPETHbIX UCCNeA0BaTENbCKUX UM KIIMHUYECKUX 3a-
pay [1-4]. KoMbuHupoBaHHOe BO3AEWCTBME TMMOKCHYe-
CKOFO M MMNEepKanHUYECKOro (aKTOpOB CHUKAET CTeMeHb
nposBneHns HebnaronpusaTHbIX 3QHEKTOB KUCIOPOAHOM
HeJL0CTaTOYHOCTM BO BCEX QYHKLMOHANbHBIX CUCTEMAX Op-
raHuaMma u cybbeKTUBHO yyyLIaeT NepeHoCMMOCTb OCTpOiA
rMNoKcuu [5).

Hanbonee 3aBUCMMBIMM OT KOHLEHTpaLUM 3HAOMEH-
HOr0 KMCNOpoAa ABNAIOTCA MO3r U cepiue, noTpebnsio-
Lwme 60onbLUe NONOBUHBI BCEMO KUCIOPOAaA, MOCTYNatoLLEero
B opraHusm [3]. HenpepbiBHas pUTMUYECKas aKTMBHOCTb
cepaua obycnoBnMBaeT BbICOKYH YYBCTBUTENbHOCTb MUO-
Kapha K YMEeHbLUEHW NapuuanbHOro AaBJIEHUS KUC-
7lopoda B KPOBW, €ro CHWXEHUEe MOJABNSET 3/EKTPO-
reHes B Kapavomuoumtax [6]. lpu runokcum Muokapaa
Ha 3nekTpokapauorpamme (3KI) npemmyLlecTBeHHO oT-
MEYaloT U3MEHEHUs Penonapu3aLmnmn XenyaouKoB, ofHa-
KO OHW ManocneunduyHbl. BoBneyeHne fonoNHUTENBHOMO
KONMYecTBa perMcTpupytoLLMX 3NEKTPOAOB L1 NpoBefe-
HUSA 3/eKTpoKapauorpaguum Ha NOBEPXHOCTW Topca no-
3BonseT nonyuntb bonbwe MHopMauum 06 aneKTpuye-
CKOW aKTMBHOCTM CepALa B HOPME W NpU MOAENNPOBaHNN
pasnnyHbIX cTpecc-Bo3geicteuii [7-9]. UccnepoBanus
3NEKTPUYECKOr0 MONIS CepAua C UCNoib30BaHUEM MHO-
JKECTBEHHON CUHXPOHHOM PerucTpauuv KapauO03NeKTpu-
YECKMX MOTEHUMANO0B Ha MOBEPXHOCTU TPYAHON KIETKM
Yy 340poBbIX Noaei B nokoe [10-12], cnopTcMeHoB ¢ pas-
JINYHOW HanpaBIeHHOCTbID TPEHUPOBOYHOrO MNpoLecca,
a TaKXe Npu BO3LENCTBUN Pu3nYecKoit Harpyskm [13-15]
NoATBEPAUNIU BbICOKYI0 MHPOPMATUBHOCTb LJAHHOTO METO-
Aa ONs OLeHKU QYHKLMOHANBbHOrO COCTOSHUS MUOKApAa.
Pe3ynbTaTthl TaKe CBUAETENLCTBYHT O NEPCNEKTUBHOCTM
KapAno3aneKTpoTonorpadmyeckoro noaxoAa npy U3y4eHum
B/WUAAHUA U3MEHEHHOTO KUCNOPOLHOTO peXMMa Ha fes-
TeNIbHOCTb CepALa.

LUenb uccnepoBaHua. M3yuuTb 3neKTpuueckylo ak-
TMBHOCTb CEpALa B MEpPUOS PEnofspu3aLimn XenynoyKkoB
MpW BO3AEHCTBUM 3K30TEHHOW HOPMODApUYECKOM MMMOKCUU
C PasfiMyHbIM COAEPXKaHMEM YINIEKUCIION0 rasa BO BAbIXae-
MOM BO3[yXe Y NPaKTU4ECKU 3[,0POBOr0 HETPEHUPOBAHHOIO
YeJIoBeKa.
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MATEPWUAJIbI U METO[bI

Jlusait uccnepoBaHus

HPOBED,EHO JKCrnepuMMeHTanbHoe OAHOLeHTpoBOoe Mnpo-
CNeKTuBHOE UccneanoBaHue.

Kputepum cootBetcTBuA

Kpumepuu exknoyeHus:

* MPaKTUYeCKW 3[40POBbLIE HETPEHUPOBAHHBIE MYKUMHBI;

+ Bo3pacT — ot 17 go 23 ner.

Kpumepuu ucknwoyeHus:

* Hajnuyme XpoOHMYECKON BPOHXONErOYHOI NaTosoruu;

* Hanuume cepLevHo-CoCcyamMCThIX 3aboneBaHmit;

+ He[aBHO MepeHecEHHas ocTpas pecnupaTopHas Bu-
pycHas uHdeKums.

Ycnosus nposeneHuA

WccnepoBanue BeINoiHEHO Ha base oTAena cpaBHUTEb-
Hoi Kapamonorun QepepanbHOro UCCNeAoBaTeNbCKOro LieH-
Tpa «KoMu Hay4HbIi LeHTp YpanbcKoro oTaenenus Poccun-
CKOI aKafieMuu HayK».

npO,D,OH)KMTEHbHOCTb uccnepoBaHua

Wccnegosanue npoBefeHo B nepuog, CeHTABpb-OKTABpb
2022 r.

BospencTBue 3k3oreHHon HopMobapuyeckon
M30KaNHUYECKOW U rmnepKanHU4ecKom
TUNOKCUU

B MCcXoaHbBIX yCoBUAX Y Y4aCTHUKOB UCCNEL0BaHMA B Mo-
NOXEHUU CMAA B KPECsie perncTpupoBasIy YacToTy CepAeYHbIX
cokpatuenmii (CC) n catypaumto remornobuHa kposw (Sp0,)
C MUCMmonb3oBaHWeM nynbcokncMetpa MySign® S (EnviteC-
Wismar GmbH, l'epmanus). Kpome Toro, peructpupoBany
JKI B cTaHAApPTHBLIX OTBEAEHUAX OT KOHEYHOCTEH, @ TaKKe
KapAMO3NeKTPUYECKME NOTEHUMANbl HA MOBEPXHOCTU TPyA-
HOM KJNETKW. 3aTeM Y4aCTHUKA 3KCMEpPUMEHTa NepeBOANITH
Ha AbIXaHWe TMMOKCMYECKON CMECHI0 Yepes JINLEBYH0 MacKy.

Bo3paeiicTBME M30KAMHWUYECKON MMMOKCUMM OCYLLECTBASIN
B TeyeHne 15 MUH B YCIOBMAX HOPMasbHOro aTMochepHoro
AaBNeHns Npy MOMOLLM M30KANHUYECKO MMMNOKCUYECKON ra-
3080il cMecy (copepxanmne 0, u CO, — 12-13 1 0,04% co-
0TBETCTBEHHO). Mcnonb3oBanm runokcukatop OXYTERRA®
(000 «OXYTERRA», Poccus) 1 MoanduULMPOBaHHBIA MAMOK-
cukatop Krober® 0, (Krober Medizintechnik, epmaHus)
(cBpeTenbCcTBO Ha nonesHylo Mopenb N2 24098 ot 27 wions
2002 r.). CopepxaHue 0, B ra3oBoii CMecK KOHTPONMPOBa-
AN Npu noMolun KkucnopogHoro fatumka (EnviteC-Wismar
GmbH, l'epMaHus). YyacTHUK 3KCnepuUMeHTa Ablwan raso-
BOI CMecbio 15 MUH, 3aTeM MacKy CHUManM 1 OH NepexoAms
Ha AblxaHWe aTMOC(EpHbIM BO3JYXOM B TEHEHWE 5 MUH.

Bo3peicTBIE r’UNEpKanHUYECKON TMMOKCUM OCYLLLECTBAIS-
1 B TeyeHue 15 MUH C Mcnonb3oBaHWEM MeTO/a BO3BpaT-
HOro AblXaHus Yepes JieyebHO-ANArHOCTUYECKUIA TPEHAXED
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«Kap6oHuk» (000 HNK «Kapbonuk», Poccus). LaHHbii npu-
bop co3aaéT r1nepKanHMyeckyto runokcuio (copepxatue 0,
n CO, no 12 n 5-8% cooTBETCTBEHHO) B aNbBEONSPHOM BO3-
AyXe NYTEM aBTOMAaTMYECKOr0 perynMpoBaHns 0bbEMa MEpT-
BOro npocTpaHcTea. lpu nomowm nporpammHoro obecne-
yenns Carbonic Software® v. 2.00 (000 HIMK «Kap6oHuk»,
Poccus) M KMCNIOPOAHOTO [aTYMKa BbIMOHAAM MOHUTOPUHT
KoHueHTpauun 0, n CO, B BbiAbIXaeMOM BO3AyXe. YHaCTHUK
3KCMEepPUMEHTA AblILLaN ra3oBon CMechbio 15 MUH, 3aTeM MacKy
CHUMaM 1 OH Nepexoaun Ha AblXxaHWe aTMocdepHbIM BO3-
LYXOM B TEYEHME 5 MUH.

Peructpaumio YCC, Sp0,, 3K Bo Il cranpapTHoM oTBe-
LEHUN U KapAMO3NEKTPUYECKUX MOTEHLMANO0B NPOBOAMIH
Ha KaM/10M MUHYTE UCCNef0BaHuS.

OcHOBHOW MCXo0p, UccneaoBaHUs

OLeHKa 3MeKTPUYECKON aKTUBHOCTW cepaua B nepuon,
penonspu3aLMm Xeny[ouKoB NpK BO3AEACTBUM 3K30reHHOM
HOPMODap1yecKoil TMMOKCUM C Pa3INYHBIM COAEpXKaHUeM
YITIEKUCTIOr0 ra3a BO BAbIXaeMOM BO3LyXe.

AHanu3 B rpynnax

YYaCTHUKM UCCNeA0BaHNS PaHAOMHO pa3feNeHbl Ha Be
rpynmbl B 3aBMCUMOCTW OT U3y4aeMoro BO3AENCTBUS:
 1-9 rpynna — 3K30reHHOW M30KaNHUYECKON rMMoK-
cuu;
* 2-2Tpynna — 3K30TeHHO rMnepKanHUYecKom rmmnoK-
cun.

MHorokaHanbHoe 3neKTpoKapAuorpaduyeckoe
KapTupoBaHue

JNeKTPUYECKY0 aKTUBHOCTb cepaua y obcreayeMbiX uL,
W3yyanu npyu NOMOLLUM MHOTOKAHANBHOTO 3NEeKTPOKapauo-
rpaduyeckoro KaptupoBanusa (IKM-KapTupoBaHuA) Ha no-
BEPXHOCTW Tefa C WCMOJb30BaHWEM aBTOMAaTWU3MPOBAHHOIA
CUCTEMBI AN CMHXPOHHOW PerucTpaumuv KapauoaneKTpuye-
CKWX MOTEHLMaNoB B Mepuoj, penossipu3aLmm KenyaouKkoB
cepaua. KapavosneKTpuieckue noTeHUManbl perucTpupoBa-
7N Ha NOBEPXHOCTM Tena fNioaei:

* B MCXO[HOM COCTOSHUM;

* NPV BO3AENCTBUM 0BOMX TUMOB MMMNOKCHIA;

* B MEpUOA BOCCTaHOBNEHMUS (dbixaHWe aTMoc(epHbIM

BO3yXOM).

Yuunonspryto 3Kl peructpupoBanu B MOSIOKEHUM CUAS
OT 64 3MEKTPOAOB, PaBHOMEPHO PACMONIOXEHHbIX Ha BEH-
TpanbHOM M A0pCaNbHOW CTOPOHAX TYNOBWLLA OT YPOBHS
KITIOYNL, 0 HUXKHETO Kpas rpyAHON KNeTKU. IneKTpoasl pac-
nonoeHsl B 8 pagoB no 8 B KawaoM (puc. 1, a). CUHXpoHHo
¢ rpyaHbiMu 3anuckiBany KT B ctaHfapTHBIX 6UNONAPHBIX
otBefieHunsax oT KoHeuHocten (I, 11, Ill), B kauecTBe pedepeHc-
HOro 3/1eKTpoAa [N YHWUMONSPHBIX OTBEAEHWA C MOBEPX-
HOCTM TYNOBULLA MCMOMb30BaNM LEHTpanbHyl0 TepMUHaNb
BunbcoHa. lMocne peructpauum Kapamo3neKTpUYECKON aK-
TUBHOCTW CTPOMNM 3KBUMOTEHLMANBHBIE MOMEHTHBIE KapTbl,
OTpaKatoLme pacnpesesieHne NOTEHLMANOB MIEKTPUYECKOrO
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nons cepaua (3MNC) Ha nNpAMOYronbHOM U300paeHUu no-
BEPXHOCTW TY/OBMLLA, FAe /ieBas CTOpPOHa COOTBETCTBOBA-
na BEHTPaNbHOW, a npaBas — [OpCaibHOW CTOpPOHe Tena
(cM. puc. 1, b).

Ha aKBMnOTEHLMANbHBIX MOMEHTHBIX KapTax aHanm3upo-
BaJIM aMIIUTYIHbIE XapaKTEPUCTUKU MONOMKUTENBHBIX U OT-
puuatenbHbix akcTpemymoB 3MNC (A M A . COOTBETCTBEHHO)

max min

U BpeMs JOCTUKEHUA UMM MAKCUMAIbHBIX aMTYA, B Nepu-
oA penonspu3amn xenyaoukos (T, 1 T, COOTBETCTBEHHO)
OTHOCMTENIbHO MKKa 3ybua R Bo Il cTaHAapTHOM 0TBEAEHUM,
CTabUnbHOCTb KOTOPOro NMPOBEPSAIM BO BCEX KOHEYHOCTHBIX
W TPYLAHbIX OTBEJEHUSAX Nepef, Ha4anoM aHanu3a. BpemeHHble
MOKasaTeNi 3KCTPEMYMOB KOPPUrMpOBaHbl C WHTEPBANiOM
RR, KOTOpbIA paccyuTbiBanM No TPEM CEPAEYHBIM LMKIIAM.
Mo panHbiM KT Bo Il cTaHAApTHOM OTBEAEHMM ONpeaensny
KoppurupoBaHHble no basetty pautensHocTy:

« wuHTepBana QT;

* WHTepBas ot Touky J Ao nuKa 3ybua T (J-T,.);

* WHTepBan oT nuka 3ybua T A0 ero OKOHYaHWS

(Tpeak_Tend)'

3TnyecKasn aKcnepTusa

WUccnenoBaHue npoBeeHo B COOTBETCTBUM C NpUHLMNE-
MM BUOMELVLIMHCKON 3TUKM M 0[,06PEHO NIOKAMbHBIM 3TUYe-
CKMM KOMUTETOM OT/ieNla CPaBHUTENbHOM Kapauonorum Qe-
AeparbHOro MCCef0BaTeNbCKOro LeHTpa «KoMu HayuHbIi
LieHTp YpanbcKoro oTAeneHus Poccuiickoi akafeMum HayK,

a b c

185.25ms  max: 0.45 mV

min: =0.25 mV

Puc. 1. CxeMa pacnonoxeHus 3neKTPOAOB Ha MOBEPXHOCTU PYAHOIA
KIeTKW YenoBeKa (a) M 3KBUNOTEHUMANbHAA MOMEHTHas KapTa pacrpe-
AENEHNS KapAMO3MeKTPUYECKUX MOTEHLMAN0B Ha MOBEPXHOCTU TPyAHO
KINETKN B MEPUOA PenonsipusaLmm xenyaoukos cepaua (b): 3akpalueHbl
06nacTv NONOXMUTENbHLIX NOTEHLMANOB; 3HAKW «+» U «—» Ha KapTe 06o-
3HaYaloT JIOKANU3aLMIO NONOKUTENBHOO U OTPULIATENBHOMO SKCTPEMYMOB
COOTBETCTBEHHO; MO/ KapTOi yKasaHo BpeMs B MC (MS) 0THOCUTENBHO MWK
3ybua R Bo Il cTaHAapTHOM 0TBeJlEHNM; YKa3aHbI MaKCUMalbHas aMManTy-
A3 NosoXuTesbHoro (Mmax) M oTpuuaTebHoro (min) KapA1onoTeHUManoB
B MunmBonbTax (mV). JleBasi CTOPOHa KapTbl COOTBETCTBYET MepefHen
(BeHTpanbHoM), a npaBas — 3aJiHeit (LopcanbHOI) CTOpPOHaM rpyaHo
KIETKU. C — 3/eKTPOKapA1orpaMMa Bo Il cTaHaapTHOM oTBeAeHNM C Map-
KEPOM BpeMeHH (BepTUKanbHas YepTa).

Fig. 1. Electrodes' positions diagram on the surface of the human chest
(a) and equipotential map of cardioelectric potential distribution on the
chest surface during the ventricular repolarization phase (b): areas
of positive potentials are shaded; the “+" and “~" symbols indicate the
locations of the positive and negative extrema, respectively; the time (ms)
relative to the peak of the R wave in standard lead Il is indicated below
the map; the maximum amplitude of the positive (max) and negative (min)
cardiopotentials is shown in millivolts (mV). The left side of the map
corresponds to the anterior (ventral), and the right side to the posterior
(dorsal) chest surface. c, standard lead Il electrocardiogram with time
marker (vertical line).
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(npotokon N® 1 ot 06.04.2022). YyacTHUKM uUcCneaoBaHUs
npeABapuTeNbHO 03HAKOMITEHbI C €r0 Liefbi, BO3MOXHBIMU
CyOBEKTUBHBIMU OLLYLLEHWSMM NIPY NPOBELLEHNN TUMOKCHYe-
CKOro BO3/ENMCTBYSA, OT KaXA0r0 U3 HUX MOJTy4eHO MUCbMEH-
Hoe cornacue.

CTaTUCTUYECKUIM aHanu3

Bce HenpepbiBHbIE faHHbIE NPOAHANM3MPOBaHbI C NOMO-
LLibI0 MporpaMMHoro naxera Statistica® sepcua 10.0 (StatSoft
Inc., CoeanHéRHbIe LLiTaTbl AMepuKy) 1 NpeLcTaBneHbl B BUAE
MzSD, roe M — cpegnHee apudMetnyeckoe, SD — cTaH-
AapTHOe OTKIIOHeHMe. HopManbHoCTb pacnpefieneHus npose-
psv ¢ nomoLbto Kputepus LLanupo-Yunka. [na cpaBHeHus
CPeAHMX 3HAYeHWI O[JHOrO W TOrO e MapaMeTpa B pasnuy-
Hble Nepuobl BPEMEHN NPUMEHSNW AUCNEPCUOHHBIA aHANM3
ANs noBTopHbIX U3MepeHuii (RM-ANOVA). B cnyyae Bhisiene-
HWA 3HAYMMOr0 B/IUAHMA (QaKTOpa BPEMEHW Ha W3y4aeMblii
napameTp MPOBOAWUNM arnocTepuopHblii aHanus (Post hoc
TecT) ¢ nomowblo Kputepus [laHHeTa. [lns MexrpynnoBo-
o cpaBHeHUsi MOKasaTeneil MCMNOMb30Banu HenapHbIA TecT
CrblogeHTa. CTaTUCTUYECKM 3HAUMMBIMU CHUTaNU Pa3fiNyms
npu p <0,05.

PE3YNIbTATbI

06beKTbl UccnenoBaHUs

B wuccnepoBaHMn npuHanu  [06poBOsIbHOE y4yacTue
25 NpaKTUYEeCKW 3A40pOBbLIX MYKUMH (CpefHWUI Bo3pacT —
20,7+0,9 rona; macca tena — 76,5+7,8 kr, pnvMHa Tena —
178,45,4 cM). Y4acTHUKM uccnenoBaHUs paHAOMHO pas-
[eneHbl Ha [Be Tpynnbl B 3aBUCUMOCTM OT M3y4aemoro

a

1-5 rpynna (UTK)
1t group (ICH)

2-a rpynna (TKP)
2" group (HCH)
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7 10 12 15§ 1 3 §
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T1.32, N2, 2025

JKoNorna HenoBeka

BO3[eNCTBUS: 1-A1 rpynna — 3K30TeHHOW W30KamHUYEeCKOM
runokeuu (n=15); 2-9 rpynna — 3K30reHHOM rMnepKanHuye-
cKoii runokeum (n=10).

MpaKTnyecku y BCex y4acTHUKOB 1-ii rpynnbl U3MeHeHUs
YCC n Sp0, bbinu boniee BbIpaXeHbI MO CPABHEHUIO C MY~
YMHaMu 2-# rpynnbl. B 1-i rpynne MakcuManbHbIA NpUpoCT
YCC Habnopanu Ha 7-# MUH runoKcuu, oH coctaBun 29,2%,
a Haubonbluee cHumenne Sp0, — Ha 12-i MUH, [OCTUrHYB
22,4%. Bo 2-n rpynne makcumanbHblid npupoct YCC duk-
cupoBanm Ha 10-i MuH (8,7%), @ MMHMMarbHOe 3HauYeHue
Sp0, — Ha 15-# MuH (cHKeHne Ha 7,7%). YBennuenune YCC
U cHuKenne Sp0, Ha KaX A0 MUHYTe BO3AENCTBUA MMIMOKCUN
B [IBYX rpynnax bbinn CTaTUCTMYECKW 3HauMMbIMU. N3MeHe-
HWA YCC u SpO, y MyXUWH 2-i4 rpynnbl XapakTepusoBanmcb
BonbLueli 0HOPOLHOCTBH0 M MEHbLUMM pa3bpocoM B CpaBHe-
HWM ¢ 1-1 rpynno (puc. 2).

OcHoBHble pe3ynbTatbl UCCNieA0BaHUA

BpeMeHHble napaMeTpbl 3N1EKTPUYECKON aKTUBHOCTM
cepAua Npu pasfMyHbIX TUNAX MUNOKCMYECKOro
BO3/EMCTBUA NPU CONOCTABUMOM CHUIKEHWUU
caTypauuu reMorno6uHa Kpoeu

Ha 1-1 1 3-4 MWH y My»umuH 1-i4 U 2-i4 rpynnbl cooTBeT-
CTBEHHO OTMEYEHO MPaAKTUYECKW COMOCTaBUMOE CHUKEHME
Sp0, oTHOCUTENbHO UCXOAHOO YPOBHA (CM. puc. 2). C uenbio
OLEHKM BAMSHWA TMNepKanHUYeckoro dakTopa B rMNOKCH-
UECKOW CMecu Ha penonispu3aLuio MUOKApAA KenyaouKoB
cepaua NpoBeAEH CPaBHUTENbHBIA aHANM3 aMMIUTYAHbIX
U BPEMEHHbIX 3MIEKTPOKapAUOrpadUYECKUX XapaKTEPUCTUK
MYXUUH 1-# 1 2-# rpynn Ha 1-1 U 3-W MUH COOTBETCTBEHHO
(tabn. 1).

b

1- rpynna (UTK)
BT group (ICH)

2-a rpynna (TKP)
2" group (HCH)
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YacToTa cepaieyHbIX COKpaLLeHNi, MUH
Heart rate, min

50 T T T T T T T T

McxopHoe 14 3 5 7 10 12 15 1 3 5

Original  Tynokcuueckoe Bosmeiicene  BoccTaHonexue
Hypoxic effects Recovery

Puc. 2. HacbilieHne KpoBM KUCIIOPOAOM (@) M YacToTa cepAeyHbIX COKpaLLeHuii (b) Npu pasHbIX BUAAX MMMNOKCUYECKOr0 BO3ZEMCTBUA OTHOCUTESLHO
MCXOJHOT0 COCTOSHMS Y YYaCTHUKOB MCCNE0BaHUS: * — CTAaTUCTUYECKM 3HAUMMOE OT/IMYMe MO CPaBHEHMI0 C UCXOAHBIMM Mokasatensmu (p <0,05);
# — cTaTUCTMYECKM 3HAuMMOe OT/MuMe Mokasateseit Mexxay rpynnamu (p <0,05); UKI — u3okanHuuyeckas runokens; TKI — runepKanHmyeckasn

TMNOKCKA.

Fig. 2. Blood oxygen saturation (a) and heart rate (b) during different types of hypoxic exposure relative to baseline in study participants: *, significant
difference compared to baseline (p < 0.05); #, significant difference between groups (p < 0.05); ICH, isocapnic hypoxia; HCH, hypercapnic hypoxia.
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Table 1. Parameters of limb lead Il electrocardiogram and cardiac electric field assessed in the study groups

MapameTpbl 1-5 rpynna 2-arpynna 3HaueHune HenapHoro t-kputepuit CTbloaeHTa
Parameters Group 1 Group 2 Unpaired Student's t-test p
BpeMeHHble xapakTepuctukm | Temporal characteristics
J=T g MC | J=T ey, MS 230,6211,6 229,020,0 t=0,21, df=23 083
Toeak™Tends MC | Toee—Tengs MS 81,7427 82,8+10,4 t=0,32, df=23 074
ar, mc | AT, ms 4177484 415,929 4 t=0,063, df=23 0,95
Tonao MC | Tipe MS 246,618,2 261,8+20,6 t=2,18, df=23 0,039’
T MC | T MS 280,629,6 282,317,0 t=0,93, df=23 0,36
AmnnutypHbie xapaktepuctuku | Amplitude characteristics

T,MB| T, mV 0,45+0,24 0,4310,21 t=0,37, df=23 071
Ao MBTA, ., MV 0,79+0,08 0,8310,10 t=0,60, df=23 0,55
A, MBIA_ ., mV -0,49+0,07 -0,4110,04 t=1,73, df=23 0,09

[Mpumeyanue. BpeMeHHble 1 aMMNTYAHbIE XapaKTEPUCTVKY YKa3aHbl B Fpynnax Npy 0f1HaKoBOM CHKeHun Sp0,: B 1- 1 2-14 rpynnax Ha 1- 1 3-11 MuH rv-
MOKCKUYECKOr0 BO3AENCTBYS COOTBETCTBEHHO; 3Ha4eHMs NpecTaBeHsl B Buae MSD, rie M — cpenHee apudmetnyeckoe, SD — CTaHAAPTHOE OTKIOHEHVE;
| — CTAaTMCTUHECKM 3HAUMMOe Pa3NidMe Mexy NoKasaTensmu B rpynnax (p <0,05); J=T ea — VHTEDBAN OT TOUKM J 0 MWKE 3y6LA T; T oy =Ty — WHTEPBAN
0T NvKa 3ybua T A0 ero oKOHYaHWs; T, — BPeMs AOCTVXKEHUA MOMOXKWTENBHOMO 3KCTPEMYMa; T, — BPeMs JOCTUXKEHUA OTPULIATENBHOMD 3KCTPEMYMa;
Ax — NONOXUTENbHBIN 3KCTPEMYM; A

— OTpULLaTeNbHbIA 3KCTPEMYM.

Note: The temporal and amplitude characteristics are presented for both groups at comparable degrees of Sp0, reduction: in Group 1 at minute 1 and in Group 2
at minute 3 of hypoxic exposure. Values are expressed as M + SD, where M is the mean and SD is the standard deviation. 1, significant difference between

groups (p < 0.05); J-T,,, interval from the J point to the peak of the T wave; T,,.~T,, interval from the peak to the end of the Twave; T, time to the positive

extremum; T, time to the negative extremum; A,

WcxonHble BpeMeHHbIe M aMMIUTYAHbIE XapaKTePUCTUKM
3MEKTPUYECKON aKTMBHOCTM cepaua B rpynnax bbiin cratu-
CTUYECKM He3HauuMbIMK. OfHaKo BO 2-W rpynne y MyX4uH
Ha 3-it MUH runokcuyeckoro Bo3peiicteua (Sp0, 93,2+0,7%)
Habnoaanu MeHee BbipaXXeHHOE U3MEHEHWE BPEMEHHbIX Xa-
PaKTepPUCTMK Mo cpaBHeHuto ¢ 1-1 rpynnoii Ha 1-1 MuH (Sp0,
91,3+2,0%). Mexrpynnosoe pasnnune no nokasareno T,
BbIN0 CTAaTUCTUYECKU 3HAUMMBIM (CM. Tabn. 1).

BpeMeHHble napaMeTpbl 3/1eKTPUYECKOW aKTUBHOCTU
cepjALa npu pasfuYHbIX TUNaX FMNOKCMYECKOro
BO3JeMCTBMUSA B TeyeHue 15 MuH

[McnepcuoHHbIA aHanu3 y MyuuH 1-i rpynnbl BbISBUN
CTaTUCTMYECKM 3HAUMMOE B/IMSIHME TMMOKCMM Ha Npopon-
HKUTENbHOCTb MHTEPBanoB J-T ., (Fqq 1,0=3,63, p <0,0001),
m QT (Fyg, 14=2,03, p=0,03), npu 370M mHTepBan T .,—T..
cTatucTuyecku 3Haummo He msmedanca (Fq 419=0,99,
p=0,48). AnocTep1opHbIii aHanM3 YCTaHOBWI CTAaTUCTUYECKU
3HauMMOe YMEHbLUEHWE MPOLOMKMTENBHOCTU WHTEpBana
J=Toeak Y MYK4MH 1-id rpynnbl MO CPaBHEHUIO C MCXOAHBIM
coctosHueM Ha 3, 7 u 10-i MuH Bo3pencteusa (p=0,027;
0,022 n 0,039 cooTBeTCTBEHHO), a TakKe Ha 1-W MUH Boc-
craHoBnenus (p=0,003). N3MeHenus unTepBana QT y My»unH
1-# rpynnbl BbIAM CTATUCTUYECKM HE3HAYUMBI HA BCEX MUHY-
Tax Bo3gencTeus (puc. 3).

Bo 2-n rpynne cratuctuyeckuii aHanms (RM-ANOVA)
NPOAEMOHCTPUPOBAN BAMAHUE TUMOKCUMYECKOTO BO3LEN-
CTBUA Ha ANMMUTENbHOCTb MHTepBanoB J-T .. (Fq 9=6,26,

p<0,001), TopuTong g, 5066, P <0,001) QT (Fiyg ,=6.78,

DOl https://doi.org/10]

positive extremum; A ;. negative extremum.

p <0,0001). Mo pesynbTaTaM anocTepuMOPHOr0 aHanM3a Bbl-
SIBNEHO CTAaTUCTUYECKU 3HAUMMOE YMEHbLUEHME MPOLONKU-
TenbHOCTU UHTepBanoB J—T.,, Ha 5-i MUH BOCCTaHOB/EHNS
(p=0,007), T ea—Teng — Ha 3-1 MUH TMMOKCMYECKOrO BO3AEN-
cteus (p=0,021) u Ha 5-1 MMH BoccTaHoBneHus (p=0,024),
a Takxe QT Ha 5-i MuH BoccTaHoBnerus (p=0,013).

MexrpynnoBble pa3nnums BbisBEHbI N0 NPOACSIKUTENb-
HOCTW UHTepBana J—T ., y MyxuuH 1-i rpynnbl Haboda-
JIN CTAaTUCTMYECKU 3HAYMMOE €ro yMeHblUeHWe B Mepuos
c 3-1 no 10-10 MUH TMMNOKCUYECKOro BO3AENCTBMS, @ TaKIKe
Ha 1-W MUH BOCCTaHOBNEHMS AbiXaHWeM aTMochepHbIM BO3-
LYXOM 0 CPABHEHMIO C Y4aCTHUKaMM 2-1 rpynnbl.

JlncnepcuoHHbIN aHanu3 BbiSIBUM BAIUSIHUE 000MX BUAOB
TUMOKCUM Ha KOPPUrMpOBaHHble C PUTMOM 3HaueHna T,
n T, B NePMOA penonspusaLmn MuoKapaa (puc. 4).

Bo 2-n rpynne BauAHWE TMNEpKaNHUYECKOM TUMOK-
CMM Ha KOppUrMpoBaHHbi nokasatenb T, (Fqo 90=16,3,
p=0,00001) conpoBoxAaanocb ero CTaTUCTUYECKU 3HAYU-
MbIM YMEHBLUEHWEM Ha BCeX MUHyTax Bo3geictBus (c 1-i
no 15-to MuH, p <0,0001), a TakKe B NepUOA, BOCCTAHOB/EHMS
(1-5 MuH, p <0,0001). Mokaszatens T, AEMOHCTpUPOBaN Me-
Hee siBHYI0 auHamuky (F o ¢,,=3,83, p <0,0001); anoctepu-
OpHbII aHanW3 NoKasan yMeHbLUEHWe BPEMEHN LOCTUKEHMS
OTpMLATE/bHBIM 3KCTPEMYMOM CBOEW aMMIMUTYAbl TOSIbKO
Ha 3-1 1 5-1 MUH BOCCTAHOBINEHNS.

B 1-n rpynne Bo3aenCTBME W30KAMHUYECKOW MMOK-
cun Ha 3MC bbIno MeHee 3HAUMTENIbHBIM: NpU OTCYTCTBUM
CTaTUCTMYECKM 3HAYNMMbIX n3MeHeHnid T . (Fq 1,0=0,33,
p=0,96), BbIBNEHO CTATUCTUYECKM 3HAUYUMOe CHUKeHune T .

7816/humeco643503
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Puc. 3. BpeMeHHble XapaKTepUCTUKM NPU pa3HbIX BUAAX TMMNOKCMYECKOTO BO3[ENCTBUA Y YYaCTHUKOB MCCNe0BaHMUS: ¥ — CTATUCTMYECKW 3HaunuMoe
OT/IMYMe NOKa3aTesA Mo CPaBHEHMIO C UCXOHBIM 3HaYeHMeM NpK BO3AENUCTBUM U30KaNHUYecKoi runokeum (p <0,05); # — cTaTUCTMYeCKM 3HAUMUMOe OT-
JIM4Me NoKa3aTens No CPaBHEHMIO C MCXOAHBIM 3HaYeHWEM NpY BO3AENCTBUM runepKanHudeckom runokenm (p <0,05); UK — n3okanHuyecKas runokeus;
Kl — runepkantmuyeckas runokens;; J-T ., — WHTepBan ot Touku J [0 nuka 3y6ua T; T~ T,y — MHTEPBaN OT NUKa 3y6ua T 10 ero OKoHYaHNA.

Fig. 3. Temporal characteristics during different types of hypoxic exposure in study participants: *, significant difference compared to baseline under
isocapnic hypoxic exposure (p < 0.05); #, significant difference compared to baseline under hypercapnic hypoxic exposure (p < 0.05); ICH, isocapnic

hypoxia; HCH, hypercapnic hypoxia; J-T,
T wave.

eak?

(Fi10, 140=2,86, p=0,0027) Ha 3, 5, 7, 10, 12 v 15-1 MUH rMnoK-
cnyeckoro Bosgenctausa (p=0,017; 0,002; 0,038; 0,001; 0,01
1 0,002 cooTBETCTBEHHO), @ TaKkXke Ha 1-W MUH BOCCTAHOB-
nenus (p <0,0001).

MeXrpynnoBoii aHanu3 MoKasan CTaTUCTUYECKU 3HAYM-
Mble pasnnumns nokasarena T, ¢ 10-# no 15-10 MUH runoK-
cmm (p <0,05), ¢ 1-# no 5-10 MuH BoccTaHoBAeHus (p <0,001).
3HaueHus T ;, TaKKe UMenn CTaTUCTUYECKM 3HaYMMble pas-
JMYMSA MeXay rpynnaMu B aHaorvyHble NpOMEXYTKU Bpe-
MeHm (p <0,05).

AMNAUTYgHbIe NapaMeTpbl 3/IEKTPUYECKOM aKTUBHOCTM
cepaua B nepuos penonspu3aLum XenyaouKkoB

NP Pas/IMYHbIX TUMAX FTMNOKCMYECKOro Bo3AenUCTBMA
B TeyeHue 15 MuH

WcxofHble 3HaueHWs aMnauTyabl BoSiHbl T Bo Il cTaH-
AAPTHOM OTBEZEHWM Y MYXYMH B [ABYX Fpynnax He UMesu
CTaTUCTUYECKM 3HAuMMOro pasnuums. Tak, B 1-W rpynne
eé 3Hayenue coctaBuno 0,48+0,28 MB, Torpa Kak Bo 2-#
rpynne — 0,47+0,25 MB. Ha npotsxkeHun Bcero nepuoga
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interval from the J point to the peak of the T wave; T,.;~T,,,, interval from the peak to the end of the

TMMOKCMYECKOro BO3[ENCTBMA U BOCCTAHOBNIEHUS CTATUCTU-
YECKM 3HAYMMbIX M3MEHEHWN aMnanTyab! T Bo Il cTaHfapTHOM
OTBE[IEHWM Y MYXKYMH B rpynnax He 0OHapyMeHo.

Ananu3 amnautygHbix napametpos 3JMC, 3apeructpu-
POBaHHbIX Ha NMOBEPXHOCTU TeNa, TaKKe He BbISBUN CTaTU-
CTUYECKM 3HAYMMBIX MEXIPYNNOBbLIX Pa3fNyUiA UCXOLHBIX
3HaveHun: A, B 1-1 u 2-it rpynnax coctasuna 0,91+0,09
n 0,90+0,10 MB cootBeTcTBEHHO. CTaTUCTUYECKM 3HAUMMOTO
n3MeHeHus A_,, B rpynnax He NpOMCXOAMIO0, OfHAKO OTMeye-
Ha TEHAEHUMA K CHUMKEHUIO LlaHHOr0 noKa3satens B 1-1 rpyn-
ne Ha 7, 10 1 12-it MuH fbixaTenbHoi akcnosvumm (p=0,061;
0,073; 0,061 cooTBETCTBEHHO).

WcxopHble 3HaueHns A TaKxKe He UMenu cTaTucTuye-
CKM 3HaUMMBbIX OTIMYMA B rpynnax: B 1-1 u 2-il rpynne —
0,50+0,06 n 0,44+0,05 MB cooTBetcTBeHHO. OgHako B 1-i
rpynne NpoMCXoAMno NOCTeneHHoe CHIKeHue A ., AOCTU-
raBllee CTaTUCTUYECKU 3HAUMMBIX OTIMYMIA OT UCXOAHbBIX
Ha 5, 7 n 10-1 MuH runokcmyeckoro Bosaencteus: —0,40+0,13
(p=0,047), -0,37+0,11 (p=0,043) n -0,38+0,08 mMB (p=0,01)
COOTBETCTBEHHO. Bo 2-ii rpynne CTaTUCTMYECKU 3HAYUMBbIX
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Puc. 4. KoppurupoBaHHoe BpeMsi LOCTUXEHUS SKCTPEMYMOB 3/IEKTPUYECKOr0 MOTEHLMANa MaKCcMManbHOW aMnauTyAbl B hase penonspusaumm xeny-
JI04YKOB NPU PasfMyHbIX GopMax TUMOKCUM: * — CTAaTUCTUYECKM 3HaYMMOe M3MeHeHWe NOKa3aTens Mo CPaBHEHMIO C UCXOAHBIM 3HaueHueM (p <0,05);
WKl — wn3okanHmnyeckan runokens; MKM — runepkanHudeckan runokeus; T, — BpeMA AOCTIKEHUA NONOMMUTENBHOMO 3KCTpeMyMa; T . — Bpems
JOCTUKEHWS! OTPULIATENBHOTO 3KCTPEMYMa.

Fig. 4. Corrected time to maximum amplitude extrema of electric potential during the ventricular repolarization phase under different forms of hypoxic
exposure: *, significant change compared to baseline (p < 0.05); ICH, isocapnic hypoxia; HCH, hypercapnic hypoxia; T,,,,, time to the positive extremum;
T_.., time to the negative extremum.

min?

N3MeHeHUn A He BbISIBJIEHO.

OBCYXEHUE

Pe3stoMe ocHOBHOrO pe3ynbtaTta uccnenosaHusa

CpaBHUTENbHbIN aHaM3 NOKa3an, YTo Y MOJIOAbIX 30p0-
BbIX MY)X4YMH HOpMobapUyecKas runepKanHUYecKas rmnok-
YA BbI3bIBAET MEHEE BbIPAYKEHHbIE M3MEHEHUS 3NEKTpUYe-
CKOW aKTMBHOCTU cepALa B a3y penonspusaumn M1oKapaa
MO CPaBHEHMIO C U30KAMHUYECKOM.

06Cy)AeHNe 0CHOBHOrO pe3y/bTata
uccnepo0BaHus

OcTpas peaKuws KapavopecnuMpaTopHOM CUCTEMBI HA M-
MOKCMYECKOe BO3LEMCTBIE HaMpaB/eHa Ha NOAAEPIKaHUeE ro-
MeocTasa W obecrieyeHue afleKBaTHOrO KPOBOCHabKeHus
JKU3HEHHO BaXKHbIX, BbICOKO3HEpPro3aTpaTHbX opraHoB. OHa
NpOSIBNSETCS YYalleHEM CepAeYHOro pUTMa, MOBbILLEHU-
€M CUCTEMHOrO apTepuanbHOro AaBfEHWUS U YBEJIMYEHWEM
yacToTbl AblxaHua [2, 16]. CpaBHuTenbHble MccnenoBa-
HWS NPOAEMOHCTPMPOBANM pasfiMime B XapaKTepe CpPOYHOM

DOI: https://doi.org/10.17816/humeco643503

KapAmopecnupaTopHOi peakuMu Ha pasHble BUABI TUMOKCH-
UECKOro BO3[eNCTBMA. TaK, NMpW M30KaMHUYECKON TUMOKCUM
MPENMYLLIECTBEHHO aKTMBU3MPYIOTCS MEXaHU3MbI, YCUNMBaLO-
LUMe CepAEeYHYI0 LeATeNIbHOCTb, B TO BPEMS KaK YBENUYEHME
L0V YTIEKMUCIIONO ra3a BO BAbIXAEMOW TMMOKCUYECKOH CMecK
NPUBOANT K aKTUBALMM XEMOPELLENTOPOB KapOTUAHbIX TENeL,
YTO COMPOBOXJAETCA YCUIEHMEM AbIXaTelbHON AEATeNbHO-
CTW 3a CYET yBennueHus rnybuHsl Booxa [17-19]. B Hawem
uccnepoBalun oba TMNa rMMNOKCMYECKOro BO3AeEHCTBUA Bbl-
3Ba/IM CXOXYI0 PEAKLMI0, XapaKTepU3YHOLLYIOCS YBENMYeHNEM
YCC u cHuxeHrem Sp0,, Ha NPOTAXEHUN BCE IKCMOULIMK.
OpHaKo Npu runepKanHUYEcKON TMMNOKCUN e€ CHUMeEHWe bbino
CTAaTUCTUYECKU 3HAYUMO MEHEE BbIPAXKEHHBbIM Ha KaX oM
MWHYTE BO3AEWCTBUA KaK B abCONIOTHBIX MOKa3aTensx, Tak
¥ N0 NPUPOCTY OTHOCUTESIBHO UCXOAHOTO COCTOSHUS.

Mpu conoctasnMoM cHixeHn Sp0, Ha hoHe U3oKanHUYe-
CKOW W TMNepKanH1YecKoi rMNOKCUN MEXTPYNMoBbIX pasfin-
YW B M3MeHEHUM 60bLUMHCTBA BPeMEHHBIX napameTpoB JKI
1 3MC, KoppurupoBaHHbIX MO PUTMY, He BbISBIIEHO. Mckntode-
HWe COCTaBMII0 CTAaTUCTUYECKM 3HAYMMOE MEHEE BbIPAXKEHHOE
yMeHbluenne T, NpW BO3LEACTBUM rUNepKanHU4ecKon rv-
MOKCWM MO CPABHEHMIO C M30KAMHMYeCKOM. MonyyeHHble AaH-
Hble MOTYT CBMAETENbCTBOBATbL 0 YaCTUYHOM HUBENIMPOBAHUU
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OPUIMHATTIBHOE VICCIEOOBAHME

3(PEeKTOB rMNOKCUYECKOro BO3AEHCTBUA 3a CHET NpUcoeau-
HEHWUS| TUNepKanHUYeCKOro KOMMOHEHTa, NPosIBASIOLLErocs
yKe B NepBble MUHYTHI 3KCMO3ULINK.

Penonspu3auus xenynoyKoB cepaLa NpeAcTaBnseT 0co-
BbIl MHTEpEC AN1S UcCnefoBaTeNen BBULY BbICOKOW YyBCTBU-
TENbHOCTU K BO3LENCTBUI Pa3fiUyHbIX BHELLHUX U BHYTPEH-
HUX (haKTopoB. Mpu FMMOKCUYECKOI IKCNO3ULMN OCHOBHBIMY
MOLyNATOpaMW AaHHOW (a3bl CEPAEYHOr0 LMKA BbICTYNaloT
M3MEHEHWUS MapLMaNbHOrO AABMIEHMA Fa30B KPOBM, @ Takxke
1 eé aneKTponuTHoro coctaea [6, 20]. B HaweM uccnefoBa-
HWM TUMOKCMYECKOe BO3LENCTBME BbIIo KpaTKOBPEMEHHDIM,
yto, no MHennto H.W. Canosoit u coasr. [2] u J1.[. JlykbsiHO-
BOM U COaBT. [3], He NpUBOAMUT K 3HAUUTENIbHBIM U3MEHEHU-
SIM 3MIEKTPOJIUTHOrO COCTaBa KPOBW, CNOCOOHBIM Hemocpes-
CTBEHHO MoBAMATL Ha napamMeTpbl K. BMecTe ¢ TeM paxe
KpaTKOBPEMEHHAA TMMOKCHUA CHUMXAET aKTUBHOCTb 3HEPro-
3aBUCKUMBIX MOHHBIX HacOCOB MeMbpaHbl KapAvMOMUOLMTOB,
U3MeHsA UX QYHKUMOHaMbHoe cocTosiHve. BrinsiHne usokan-
HWYECKOMW TMMOKCUM Ha MMOKapS, MPOSBASETCS B UBMEHEHUSAX
penonspu3aLmm Xenya0uKoB, YTO 0TPaXKaeTca B BUJE TPaHC-
dopMaumm GopMbl M aMINUTY bl T-BOMHbI, YBENIMYEHUS [LTH-
TeNbHOCTU MHTepBana QT, a TakKe BO3MOXHOMO CMeLLEeHuUs
cerMeHnTa ST oTHocuTeNbHO M3onuHUK [21-23]. [leTanusaumio
M3MEHEHUIA penonapu3aLmMm Keya0uKoB CepALa NpoBoasAT
C NOMOLLIbIO OLIEHKY [UITENbHOCTU MHTEPBANOB J—T ., T,
Tong KIMHUYECKM NOATBEPAMBLUMX CBOK WH(OPMATMBHOCTL
B KaueCTBe MapKEPOB apUTMOreHHOCTH [24, 25]. YMeHbLUeHWe
LVMTESIbHOCTY MHTepBana J-T ., B COYETaHIM C YKOPOUEHMEM
QT sBnseTcA TUNWYHOW peakuMeit Ha KUCNOPOAHYI0 HepoCTa-
TOYHOCTb [25, 26]. PaHee Mbl NOKasanu, YTO y NPaKTUYECKM
3[,0pOBOT0 YeSIOBEKA Ha HaYaslbHbIX CTaAMAX Pa3BUTUS TUMOK-
CMYECKOro COCTOSHUA 06LLas AAMTENBLHOCTL penonspu3aLmm
YKeNyL04KOB TECHO KOPPENMPYET C NPOLOSIKUTENBHOCTBH UH-
TepBana J-T ., a npu bonee 3HauuTenbHoM nagexum Spo,
PacTET B3aUMOCBA3b C AMTENBHOCTBIO T —Tong [22]. U3mMe-
HeHWe MPOAOSIKUTENBHOCTU MEPUOAA PEnonspU3aLmm Keny-
LOYKOB MPOUCXOAUT MPEMMYLLIECTBEHHO 3a CYET MHTEpBana
J-T zko 1PV 3TOM MEXKTPYMINOBbIE PA3NNYMA B UIMEHEHUM €0
ANWUTENbHOCTY 0TMEYaIoT € NEPBOI MUHYTLI BO3AENCTBUSA M30-
KamHWYECKOW M runepKanH1YecKomn runoKCum, Koraa rnybuHa
TUNOKCEMMUM eLLE He3HauMTeNbHa. Pe3ynbTaThl Hallero uccne-
A0BaHWM CBUAETENLCTBYIOT 0 Hosiee 3HaUUTENBHOM BAMAHUN
M30KamMHWYECKON TWUMOKCUM Ha pernosifipU3aumio MMoKapaa
Mo CpaBHEHUIO C TUMepKanHuyeckon. bonee MHTEHCUBHOE eé
B/MSIHWE Ha opraHusM obycrioBneHo mpexze Bcero MeTabo-
JINYECKUM aLMA030M, KOTOPbIA Ha PaHHUX CTafusX pa3BUTUA
TUNOKCUYECKOT0 COCTOSHUS aKTUBMPYET CUCTEMHBINA OTBET Op-
raHusMa (ycuneHve apixaHus U CepaeyHo-CcocyaucTbIe U3Me-
HeHWs), Npy NPoAoMKatoLLeMcs — hopMUpYeT NePeCTPOMKY
AbIXaTesIbHoM Lenu B MUTOXoHApUsIX [3]. OfHaKo HakonneHue
KMCTbIX MPOAYKTOB peakumu CMELLAeT KUCOTHO-O0CHOBHbIE
CBOWCTBA KpOBM, KOTOpble Ha doHe BbiMbiBaHMA CO, (13-3a
MNepBEHTUNALMM) MPOTrPECCUBHO HApACTaKT U YIKE He aK-
TUBMpYIOT, @ NOAABNAIOT AeicTBUE (DEPMEHTOB KUCNOPOA-
TpaHcnopTHoM Lenu. IMeHHo no3stoMy ysenuyenue fom CO,

T, eak
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JKoNorna HenoBeka

BO B/bIXaeMOM BO3/yXe CHUKAET BbIPAXKEHHOCTb MMMOKCUYE-
CKWX peaKumii, yBennumBas bydepHylo EMKOCTb KpoBw [27].
TakuM obpa3oM, runepKanHUYecKas rMnoKcKs 3a CYET BBe-
nenus CO, obecneynsaeT MeHee ABHbIN CUCTEMHBIN OTBET.
Mpn MHorokaHaneHoM 3KI-KapTupoBaHUM 0cob0e BHU-
MaHWe YAensT MCCNEAOBaHMIO aMMAMTYAHO-BPEMEHHbIX
xapakTepucTuk akctpemymoB 3JMC, 4to [aéT npepacraene-
HWe 0 NpoLecce BOCCTAHOBIEHUS BO3OYAMMOCTU MUOKapAa
MpM pa3nnyHbIX GU3MONOTUHECKUX COCTOAHMAX UM BHELLIHWX
Bo3gencteusix [9, 11, 12]. Panee mbl ouenunm 3MC y nnos-
LL0B, TPEHMPOBOYHbIN MPOLIECC KOTOPbIX MPOXOAMT B yCIo-
BMAX 3a[lepXKU AblXaHua 1 nosbiweHHoro pCO, B KpoBu,
W BbISIBUIM, YTO afanTauus K BO3AENACTBUIO TMMOKCUYECKOrO
W rUnepranHUYecKoro aKTopoB y HUX NPUBOAMUT K MeHee
3HaUYMMbIM U3MEHEHUSAM PENONAPU3aLIMM XENYLOYKOB Cepa-
Lia B OTBET Ha OCTPYI0 MMMOKCUIO, YEM Y HETPEHUPOBAHHBIX
NAEA — U3MEHSIOTCS NPEUMYLLECTBEHHO BPEMEHHbIE,
a He aMnauTyaHble napametpsl [28]. HacToswee uccnepo-
BaHWe MOKAa3ano, YTo Y HETPEHUPOBAHHOIO YenoBeKa U3o-
KanHWYecKas TUMOKCUS BbI3bIBaeT U3MEHEHUS KaK aMn-
TYOHbIX, TaK M BPEMEHHbIX XapaKTEePUCTUK 3KCTPEMYMOB
3JMC, Torga Kak npu runepKanHU4eckon GopMe U3MeHeHUS
3aTpar1BaloT NPeUMYLLECTBEHHO BPEMEHHbIE NapaMeTpbl. 310
CBUAETENbCTBYET 0 bonee BbIPaXEHHOM CTPECC-BO3LENCTBUM
Ha MMOKap., U30KamnHUYeCKOW rMnoKcumn. PasHoHanpaBneHHble
M3MEHEHWs! aMNJITYAHO-BPEMEHHbIX XapaKTepUCTUK 3KCTpe-
MymoB JMC y CnopTCMeHOB-MIOBLIOB MY HOpMOOApUYecKoi
runoKeun [29] yKasblBaloT Ha U3MeHeHWe MPOACIIKUTENBHO-
CTW W BHYTPEHHEW CTPYKTYpbl PernonspusaLyi XenynouKos
cepaua. AMnautypa T-BonHbl Ha 3KI B CTaHAApTHBLIX OTBe-
LEHUSX XapaKTepusyeT CYMMapHY0 3NIEKTPUYECKYI0 aKTWB-
HOCTb KapAMOMMOLMTOB B NpoLiecce penonspusaumu, Toraa
KaK npy MHorokaHanbHoM 3KI-KapTupoBaHMM NioKanu3auws
M aMNiMTYaa KCTPEMYMOB MOKA3bIBAET MaKCMMarbHbIA Mo-
TEHUMaN penosspu3oBaHHON 0611acTU B KOHKPETHBIA MOMEHT
BPEMEHMU, Ero M3MEHEHUA NPU BO3AENCTBUAX ABNseTCA bonee
UYBCTBUTENbHBIM MOKA3aTeNeM 3MEKTPUYECKON aKTUBHOCTU
cepaua [10]. M3yyeHne aMnInMTyaHbIX XapaKTEPUCTUK Y uccne-
AYeMbIX NP1 0AMHAKOBOM (Ha 1-1 M 3-1 MUH M30KaMHUYECKOM
W TUNEPKANHUYECKON TMMOKCUW COOTBETCTBEHHO) M PasHOM
(MpopoMKMTENBHOCTLIO MO 15 MWUH) YPOBHAX TMMOKCEMUW MO-
Kasaso OTCYTCTBUE M3MEHEHUS| aMNUTYAbl T-BOJHbI, TOrAa
KaK MeXrpynnoBble pasinins B yMeHbLLeHn T . BbISIBEHbI
C NepBbIX MUHYT BO3AeNCTBUSA (HA 0AWMHAKOBOM YpOBHE -
MOKCeMMWM) 1 10 ero KOHLa, a T, — YKe NMpu CyLLLeCTBEHHOM
pashuue Sp0, Mexay NpeAcTaBUTENSMW Pa3HbIX rpynn.

3AKJTIOYEHUE

MpoBenéHHOE MCCreA0BaHMe MpoLecca penonspusaLmm
KENY[OYKOB CepAaLa Npu BO3AENCTBMM MMMOKCMM C pas-
NMYHbIM copiepxkaHueM CO, nokasano Gonee BbipaxeHHoe
CTPEeCCOBOE BJMSIHME M30OKAMHWYECKOW MMMOKCUM Ha 3MeK-
TPUYECKYID aKTMBHOCTb CEpAua MO CPaBHEHWIO C runep-
KarHWYECKOM Y NMPaKTUYECKN 3[40POBbIX MOMOABIX MYMUMH.
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Wamerenus anutenbHoctv J-T o, Tope Trnin 33dMKeHpo-
BaHHbIe NpK 060MX TUNaX rUMOKCUK, Bbi MeHee BbIpaXKeHb
B YC/IOBMAX rMNePKaNHUYECKOM TMMOKCUN KaK MpU CXOAHOM
ypoBHe runokcemMun (1-A 1 3-A MUH M30KAMHNYECKON U M-
MepKanHU4ecKoii TMMOKCUM COOTBETCTBEHHO), TaK M MpU X
pacxoxzaeHm (15-2 MiH), 4TO NPOABMOCH B MEXKTPYNMOBbIX
PasNM4MAX UCCelyeMblX NapaMeTpoB.

AO0NOHUTE/IbHAA UHOOPMALIUA

Bknap aBTtopos. E.B. 3aMeHHa, H.W. ViBoHuHa, A.A. DokmH — cbop v aHa-
NM3 [aHHbIX, MHTEPNPETaLmMs pe3ynbTaTos, HanucaHue 1 pefjakTMpoBaHie
TeKcTa pykonucy; WM. PoLeBcKas — KOHLeNLUys UCCneLoBaHus, UHTep-
npeTaLmus pe3ynbTaToB, Hay4yHOe pefaKTVpoBaHWe TEKCTa pykonucu. Bee
aBTOPbI MOATBEPHAAT COOTBETCTBME CBOEr0 aBTOPCTBA MEXAYHapOAHbIM
Kputepumam ICMJE (Bce aBTOpbI BHEC/N CYLLECTBEHHDIN BKNaf B pa3paboT-
Ky KOHLeNUMW, NpoBeAEeHUs UCCIeA0BaHMA U NOAMOTOBKY CTaTby, MPOUX
1 ofobpunu huHanbHylo Bepcuyio neper Nybnvkaumen).

BbnaropgapHoctu. Konnektve aBTopoB BblpaxaeT 6narogapHocts 000
«OXYTERRA» 33 npedocTaBneHHbIn A8 UCCIeA0BaHNSA MHHOBALMOHHBIA an-
napat J/1st Mosy4eHUs! TMOKCUYECKYX, MNEPOKCUYECKUX 11 HOPMOKCUYECKIX
rasoBblx cMecert OXYTERRA. ABTopbl CTaTbW bnarofapsiT KaHa. 6uon. Hayk.
AC. LLinnosa 3a NoMoLLb B OpraHu3aLyy v MpoBeLeHUN UCCIen0BaHMA.
JITuyeckas akcnepTusa. [poBefeHne nccnefoBaHWs 0A06peHo NoKanb-
HbIM 3TWYECKUM KOMWUTETOM OT/AeNa CpaBHUTesbHOM Kapavonorm Pepe-
pasbHOro UCCNIEA0BaTENLCKOMO LieHTpa «KOoMM HayuHbIi LEHTp YparnbcKo-
ro oTAeneHns POCCUICKON aKaZeMun HayK» (MpoTokon 3acefaHms Ne 1
ot 06.04.2022).

UcTtounuku dunancupoBanms. OTcyTCTBYIOT.

PackpbiTUe UHTepecoB. ABTOpbI 3aABNAIOT 06 OTCYTCTBUM OTHOLLEHWIA, Jie-
ATESbHOCTW W WHTEPECOB 3a NOCNefH1e TPU rofa, CBA3aHHbIX C TPETbUMMU
nMLaMM (KOMMEPYECKUMM W HEKOMMEPYECKVMM), MHTEPECH! KOTOPbIX MOTYT
BbiTb 3aTPOHYTHI COZEPKAHMEM CTaTbU.

OpuruHanbHoCTb. [1py CO3aHNM HacToALLEN paboTkl MCNOMb30BaHO M130-
bparkeHvie (pacnpefeneHne 3NeKTPoA0B Ha MOBEPXHOCTW TyNOBMLLA U 3K-
BMMOTEHLMAsbHAs MOMEHTHas KapTa Ha puc. 1), 3aMMCTBOBaHHOe W3 pa-
6otbl H.W. Manteneesoit 1 coasr. [Panteleeva NI, Roshchevskaya IM. The
heart electric field on the thorax surface of sportsmen-swimmers during
ventricular repolarization under acute normobaric hypoxia. Russian Journal
of Physiology. 2016;102(11):1383-1393. EDN: XYGYMZ] (pacnpocTpaHsietcs
Ha ycnosusx nuuensum CC-BY 4.0).

Mpy co3naHuM HacTosiLLel paboTbl aBTOpbl He WMCMONb30Banu paHee ory-
BAMKOBaHHbIE CBeeHMS (TEKCT, UNMIOCTPaLMK, AaHHbIe).

JocTyn K AaHHbIM. ABTOpbI 3asBNSIOT 06 OTKPLITOM [OCTYME K JaHHbIM.
FeHepaTUBHbIA MCKYCCTBEHHbIM MHTenNeKT. [Ipy CO34aHWMM HacTo-
ALLEN CTaTbW TEXHONMOTWM FEHepPaTMBHOMO WCKYCCTBEHHOTO WHTENMEKTa
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PaccMotpenue u peueHsupoBanue. Hactosias paboTa nogaHa B xyp-
Ha/l B VHWLWMATMBHOM MOPSIKE M PacCMOTpeHa Mo 0BbIYHOM MpoLeaype.
B peLleH31poBaHUM y4acTBOBaNM [Ba BHELLHWX PELEH3EHTa, UNeH pefaK-
LIOHHOM KOMMErnn 1 HayYHbIA pefaKTop M3haHus.
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ABSTRACT

BACKGROUND: |n recent years, substantial evidence has accumulated regarding the negative impact of psychoemational
stress, sleep disorders, and anxiety and depressive disorders on the course of arterial hypertension, as reflected in national
guidelines. However, in real-world clinical practice, these aspects are often assessed subjectively and rarely incorporated into
the diagnosis; as a result, they frequently receive insufficient attention and are not addressed properly.

AIM: To assess the prevalence of subclinical and clinically significant anxiety and depression symptoms, as well as their
association with sleep quality in patients with hypertension.

METHODS: A single-center, observational, cross-sectional study was conducted. The study included patients admitted for
follow-up inpatient examination and treatment at the Department of Propaedeutics of Internal Diseases, S.M. Kirov Military
Medical Academy, from 2021 to 2024. During their first days in the hospital, patients completed validated questionnaires
assessing psychoemotional status, sleep disorders, and risk of obstructive sleep apnea. The questionnaires included the
Hospital Anxiety and Depression Scale, the Insomnia Severity Index, the STOP-BANG Risk Score for Obstructive Sleep Apnea,
and the Epworth Sleepiness Scale.

RESULTS: A total of 348 patients were surveyed, with a mean age of 49.5+20.6 years. The majority of participants were
male (83.3%), whereas females comprised 16.7%. Symptoms of subclinical and clinically significant anxiety and depression
were reported in 112 patients (32.2%) and 132 patients (37.9%), respectively. A high risk of obstructive sleep apnea was
identified in 228 patients (65.5%), whereas 282 patients (81.1%) had moderate sleep disorders. The severity of anxiety and
depression moderately correlated with sleep quality (0=0.51 and 0.50, respectively; p <0.001) and daytime sleepiness (r=0.43
and 0.57, respectively; p <0.001). Individuals with moderate sleep disorders were 12.88 times more likely to have depression
symptoms (95% Cl: 4.6-36.4) and 9.62 times more likely to have anxiety symptoms (95% Cl: 3.40-27.20); these differences
were significant. Moreover, there were significant differences in anxiety and depression severity in patients with exertional
angina and a high risk of obstructive sleep apnea, regardless of sex. In female patients, significant differences in anxiety
severity were reported (p <0.05).

CONCLUSION: The findings show that patients with hypertension have a high prevalence of cardiovascular risk factors, including
psychoemotional disorders, sleep disorders, and obstructive sleep apnea, emphasizing the importance of comprehensive
history taking and using specialized questionnaires in routine clinical practice.

Keywords: anxiety; depression; sleep disorders; apnea; obstructive sleep apnea; hypertension; prevalence.
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AHHOTALMUA

O6ocHoBaHMe. B nocnesHWe roabl HaKOMMEHO JOCTAaTOMHOE KOJIMYECTBO AAHHBIX 0 HEBNAronpuUsATHOM BAIUSIHUM MCUX03MO-
LIMOHANBHOrO CTpecca, HapyLLEHUiA CHa, TPEBOXKHBIX M AEMPECcCUBHBIX PacCTPONCTB Ha TEYEHWE apTepUanbHON TUNEPTEH3UH,
YTO HaLLIO CBOE OTPaMeHMe B HaLMOHAMbHBIX peKoMeHAaumsax. 0fHaKo B peanbHOM KIMHWUYECKOW NPaKTUKe OLieHKa 3TuX
acneKkToB 3a4acTyld HOCUT CYOBEKTMBHBIA XapaKTep, pefKo BKIIOYEHA B 0BLUYIO CTPYKTYpY OMarHosa, M, Kak CnepacTsue,
He MosyJaeT JOKHOr0 BHAMaHMUS U KOpPEKLMM.

Llenb. OueH1Tb pacnpocTPaHEHHOCTb CYOKMHUYECKUX M KIIMHUYECKM BbipaXKeHHbIX CUMITOMOB TPEBOTM W AENPEeccUy, a Tak-
K€ MX B3aMMOCBA3b C KAYeCTBOM CHA Y NaLMEHTOB C apTepuanbHOM runepTeH3ui.

Martepuanbl u Metoapl. [poBesieHo HabnopaTenbHoe OJHOLEHTPOBOE OLHOMOMEHTHOE WUCCNefoBaHue. B Hero BKoue-
Hbl MaLMEHTbI, NOCTYNMBLUME HA NNAHOBOE CTaLMoHapHoe obciefoBaHMe U NieYeHUe B KITMHUKY NPONefeBTUKU BHYTPEHHUX
bonesHeit BoeHHo-MeauumMHCKON akagemum uMeHn C.M. Kuposa B 2021-2024 rr. B TeueHne nepsbIX AHEN rocnUTanM3aumm
MaumMeHTbl 3aMoNTHANM OMPOCHUKM, HaNpaB/ieHHbIE HA OLEHKY NMCUMX03MOLMOHAMBHOTO COCTOSHMSA, HaMuUs HapYLUEHMIA CHa
M pUCKa CMHApOMA OBCTPYKTWMBHOIO amHo3 cHa. B nepeyeHb MCMoNb30BaHHbIX MHCTPYMEHTOB BOLLAM FOCMUTaNbHAsA LWKana
TPEBOMU U [ENpeccuu, MHAEKC BbIPaXEHHOCTU BECCOHHMLbI, OMPOCHUK [J1A OLEHKU pUCKa 0OCTPYKTMBHOTO anHo3 W LKana
COHNMBOCTM 3nBopTa.

Pesynbratbl. OnpoweHbl 348 nauueHToB, cpegHuin BospacT coctaeun 49,5+20,6 roga. Cpeam yyacTHUKOB MCCefi0BaHNA
npeobnagann MyxumHel — 83,3%, fons xeHwmH coctaBuna 16,7%. Mo pe3ynbTataM aHanM3a ONpOCHUKOB CUMNTOMBI Cyb-
KIMHUYECKOW U KITMHWYECKM BbIpaXKeHHOM TpeBorv Habnoganm y 112 (32,2%) venosek, aenpeccun — y 132 (37,9%). Bbi-
COKas BepOATHOCTb CMHAPOMa OBCTPYKTMBHOIO amHo3 cHa BbisBNeHa Yy 228 (65,5%) naumeHToB, Torna Kak YMepeHHO Bbl-
PaXeHHble HapyLleHus KadyectBa cHa — Yy 282 (81,1%). MNpu aHanu3e B3aMMOCBSA3M BbIpaXKEHHOCTV TPEBOU U Aenpeccumn
YCTaHOBNEHa CPefHel Cubl KOpPensiLMoHHan cBA3b ¢ KadecTBoM cHa (0=0,51 u 0,5 cooTBeTcTBEHHO, p <0,001) U Bblpa-
XeHHocTblo connmBocTy (r=0,43 n 0,57 cooTBetctBeHHO, p <0,001). Y nuu ¢ yMepeHHO BbIpaXKeHHBIMU HapyLIEHUAMU CHA
LUAHCHI BbIABMIEHUA CUMNTOMOB fienpeccuy Obinm Boilwe B 12,88 pasa (95% poBepuTenbHbIii MHTepBan: 4,6—36,4), CUMNTOMOB
TPEBOXHOCTM B 9,62 pa3a (95% poBeputenbHbiii uHTepBan: 3,40—27,20); pa3nmumus WaHCOB bW CTaTUCTUYECKU 3HAUUMBIMU.
KpoMe Toro, mony4eHbl CTaTUCTUYECKU 3HAYMMbIE Pa3NIMUUA B CTEMEHU BbIPAXKEHHOCTW TPEBOTW U AENPECccUU Y MaLMEHTOB CO
CTEHOKapAMeli HaNpAXEHUS U BbICOKON BEPOATHOCTbH) CUHAPOMA 0OCTPYKTUBHOO anHO3 CHa BHe 3aBUCMMOCTH OT NOJIOBOM
NPUHAZJIEKHOCTY, @ TaKKe ANS NaLMEHTOB XEHCKOro Noja Mo CTeneH BbipaXeHHOCTH TpeBoxHocTy (p <0,05).
3akniouenue. [laHHble Uccneo0BaHKSA, NPOAEMOHCTPUPOBAB BbICOKYH PacnpoCTPaHEHHOCTb (HAKTOpOB CepAeYHO-COCYau-
CTOro pucKa (NCUX03MOLIMOHANbHBIX HApYLLUEHWIA, PacCTPOUCTB CHA M CMHAPOMA OOCTPYKTMBHOMO anHO3 CHA) Y NaLMEeHTOoB
C apTepuanbHoON runepTeHsnelt, CBUAETENLCTBYIOT 0 BaXHOCTW bonee feTanbHoro cbopa aHaMHe3a M NpPUMEHEHUS Creuua-
JIM3UPOBaHHBIX OMPOCHWUKOB B KJIMHUYECKOW NMpaKTUKe.

KnioueBble cnoBa: TpeBora; Aenpeccus; HapyLLeHWs CHa; anHo3; CMHAPOM 0BCTPYKTUBHOTO amHO3 CHa; apTepuasnbHas
TUNepTeH3us; PacnpoCTPaHEHHOCTb.
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BACKGROUND

Arterial hypertension associated with a high risk of car-
diovascular complications remains an urgent social issue due
to its high prevalence. In recent years, substantial evidence
has been accumulated on the adverse effect of psychoemo-
tional stress, sleep disorders, and anxiety and depressive
disorders on the course of arterial hypertension as reflect-
ed in national guidelines [1, 2]. However, in real-life clinical
practice, these aspects are often assessed subjectively and
rarely incorporated into the diagnosis; as a result, they are
usually neglected and are not addressed properly.

Psychoemotional stress is a multifaceted factor of arte-
rial hypertension realized through several pathophysiologi-
cal mechanisms, including the activation of sympathoadrenal
system and the pituitary-hypothalamic-adrenal axis. The in-
tensity of these reactions is mostly determined by stress in-
tensity and various emotional reactions. An example of acute
stress is so called white coat hypertension, where the blood
pressure increase is short-term and caused by sympatho-
adrenal activation. In chronic stress, the key factor is high
cortisol level, which has a longer-term complex influence on
the cardiovascular system and metabolism [3].

The prevalence of anxiety and depression symptoms in
the population depends on many factors, both personal and
social (interpersonal relationships, political and economic
conditions in the country, military conflicts and pandemics).'
For example, an analysis conducted by Xiong et al. [4] during
the COVID-19 pandemic showed a high prevalence of psy-
choemotional disorders in the population of China, Spain,
Italy, Iran, the United States of America, Turkey, Nepal, and
Denmark. The frequency of depression symptoms ranged
from 14.6 to 48.3%, anxiety symptoms ranged from 6.33
to 50.9%, and general stress symptoms ranged from 8.1 to
81.9% and higher. The authors highlight a general increase
in the prevalence of these symptoms, especially in patients
with chronic diseases.

Thus, on the one hand, the recognition of the negative
influence of psychoemotional stress and its importance
as a risk factor of cardiovascular complications is beyond
doubt. However, on the other hand, its assessment methods
and prevalence data are still controversial. In routine clini-
cal practice, it is difficult to determine the psychoemotional
stress level due to the high degree of subjectivity of percep-
tion. In addition, it often requires to engage a psychiatrist
or clinical psychologist. The use of special questionnaires is
also limited by several factors, including lack of time and low
motivation of medical staff. As a result, the understanding of
the prevalence of anxiety and depressive disorders is mainly
based on targeted epidemiological studies.

" Mental health in emergencies; [about 3 pages]. B: World Health
Organization [Internet]. Geneva: World Health Organization, 2022-2025.
URL: https://www.who.int/news-room/fact-sheets/detail/mental-health-
in-emergencie. Accessed on March 12, 2025.

T1.32, N2, 2025

DOl https://doi.org/10.17816/humeco643517

JKoNorna HenoBeka

AIM

To assess the prevalence of subclinical and clinically sig-
nificant anxiety and depression symptoms, as well as their
association with sleep quality in patients with hypertension.

METHODS

Study Design

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

Eligibility Criteria

The inclusion criteria covered:

« Patients with arterial hypertension;

+ Patients admitted for follow-up inpatient examination

and treatment.

Exclusion criterion is patients who have suffered an acute
cerebrovascular accident.

« Study Setting

The study included patients admitted for follow-up inpa-
tient examination and treatment at the Department of Pro-
paedeutics of Internal Diseases, S.M. Kirov Military Medical
Academy.

Study Duration
The study was conducted in 2021-2024.

Psychoemotional and Somnological Assessment

During their first days in the hospital, patients completed
validated questionnaires assessing psychoemotional status,
sleep disorders, and risk of obstructive sleep apnea. The
study used the following tools:

+ Hospital Anxiety (A) and Depression Scale (D) (HADS):

0-7, no reliable symptoms of anxiety and depression;
8-10, subclinical anxiety/depression; 11 and more,
clinical anxiety/depression;

+ Insomnia Severity Index (ISI): 0-7, normal sleep;
8-14, mild sleep disorders; 15-21, moderate sleep
disorders; 22-28, severe sleep disorders [5];

+ STOP-BANG Score for Obstructive Sleep Apnea: the
total score exceeding 5 indicates high risk [6];

« Epworth Sleepiness Scale [7].

Main Study Outcome

The prevalence of subclinical and clinical symptoms of
anxiety and depression in patients with arterial hypertension.

Statistical Analysis

Principles of sample size calculating: The initial sample
size was not calculated.

Statistical data analysis methods: Statistical analysis was
performed using StatTech® v. 4.6.3 software (StatTech LLC,
Russia). The factors affecting the treatment outcome were
studied by Fisher's exact test. The strength of each factor
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was determined as the odds ratio of an unfavorable outcome
during the observation of patients during treatment. In all
statistical analyses, the achieved significance (p) was calcu-
lated and p=0.05 was considered critical.

RESULTS

Participants

A total of 360 patients with arterial hypertension were
surveyed. Twelve patients who had suffered an acute cere-
brovascular accident were excluded from the analysis.
The final sample size was 348. Mean age of patients was
49.5+20.6 years, including 83.3% male and 16.7% female.
The comorbidity structure included 88 patients (25.3%) diag-
nosed with Functional Class I-Il angina pectoris, 50 patients
(14.4%) with atrial fibrillation, and 84 patients (24.1%) with
type 2 diabetes mellitus. 12 patients (3.4%) had a history of
myocardial infarction.

Primary Results

According to the survey, symptoms of subclinical and
clinical anxiety and depression were reported in 112 pa-
tients (32.2%) and 132 patients (37.9%), respectively. A high
risk of obstructive sleep apnea was identified in 228 patients
(65.5%), whereas 282 patients (81.1%) had moderate sleep
disorders. Comprehensive psychoemotional status and apnea
risk assessment is summarized in Table 1.

Analysis of the relationship between the severity of anx-
iety and depression symptoms and sex and comorbidities,

Vol. 32 (2) 2025
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including the probability of obstructive sleep apnea, showed
significant differences in female patients as they report-
ed a more severe anxiety (p <0.05). In addition, signifi-
cant differences in anxiety and depression severity were
reported in patients diagnosed with angina pectoris and a
high probability of obstructive sleep apnea syndrome, re-
gardless of sex. However, other comorbidities did not have
a significant influence on anxiety and depression severity
(p >0.05). The odds of subclinical and clinical anxiety in fe-
male patients were 1.93 times higher than in male patients
with significant differences (odds ratio [OR]=0.52, 95%
confidence interval [Cl] 0.29-0.92]). In patients with angina
pectoris, the odds of subclinical and clinical anxiety were
3.22 times higher as compared to patients without this dis-
ease (OR=0.31, 95% CI 0.19-0.51); whereas the odds of
subclinical and clinical depression were 1.73 times higher
(OR=0.58, 95% CI 0.36-0.95).

The prevalence of subclinical and clinical anxiety and
depression in patients with a high probability of obstructive
sleep apnea was 36.0 and 47.4%, respectively, which is high-
er than in low risk patients (25 and 20%, respectively). More-
over, the odds differences were significant (p <0.05). Howev-
er, the relationship between anxiety and depression severity
and the total STOP-BANG score was weak (see Table 2).

An analysis of the relationship between anxiety and
depression severity showed that it moderately correlated
with sleep quality and daytime sleepiness (see Table 2).
The Insomnia Severity Index provides a detailed measure of
sleep disorders, including difficulty falling asleep, nighttime
and early awakenings. An assessment of the relationship

Table 1. Comprehensive assessment of psychoemotional status and risk of sleep apnea

Interpretation Abs. % 95% Cl
Hospital Anxiety and Depression Scale (HADS)
No symptoms of anxiety 236 67.8 62.6-72.7
Subclinical anxiety 80 230 18.7-278
Clinically significant anxiety 32 9.2 6.4-12.7
No symptoms of depression 216 62.1 56.7-67.2
Subclinical depression 80 230 18.7-278
Clinically significant depression 52 14.9 11.4-19.1
Sleep quality (Insomnia Severity Index, ISI)
Normal sleep 18 5.2 3.1-8.1
Mild sleep disturbance 48 13.8 10.3-17.9
Moderate sleep disturbance 14 328 27.8-38.0
Severe sleep disturbance 168 483 42.9-53.7
STOP-BANG Risk Score for Obstructive Sleep Apnea

Low risk 120 345 29.5-39.7
High risk 228 65.5 60.3-70.5
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between these symptoms showed the strongest relationship
with anxiety severity.

An analysis of anxiety and depression severity depending
on the degree of subjective sleep disorders showed signifi-
cant differences for all groups, except the depression sever-
ity in patients with mild sleep disorders and normal quality
of sleep (see Fig. 1, 2). An interesting fact was that the prev-
alence of subclinical and clinical anxiety and depression in
patients with moderate sleep disorders was 38.3 and 45.4%,
respectively, which is higher than in our sample in general
and as compared to the patients who reported normal sleep
or mild sleep disorders. The odds of detecting depression
were 12.88 times higher (95% Cl 4.6-36.4) and the odds
of detecting anxiety were 9.62 times higher (95% CI 3.40-
27.20); the differences in odds were significant. It is worth
noting that 70.2% (n=198) of patients with a high probability
of obstructive sleep apnea (see Table 1) reported moderate
sleep disorders. However, the odds of detecting symptoms
that worsen the subjective sleep quality perception were 2.83
times higher as compared to the group of patients with a low
probability of obstructive sleep apnea; the differences were
significant (95% CI 1.64-4.89).

T1.32, N2, 2025
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DISCUSSION

According to various studies, the prevalence of depres-
sion and anxiety symptoms in patients with arterial hyper-
tension remains high. However, it varies widely depending
on the assessment method, sample parameters, and diag-
nostic criteria. For example, a meta-analysis conducted by
Li et al. [8] based on 41 studies with a total sample size of
30,796 participants showed a total depression prevalence of
26.8% in patients with arterial hypertension. The estimated
prevalence determined by survey-based studies (1/3 of all
studies) was 21.3% (95% CI 14.2-30.0); whereas self-rating
scales showed the prevalence of 29.8% (95% Cl 23.3-36.7).
In the study conducted by T. Kaya et al. [9], psychoemotion-
al disorders were diagnosed using both questionnaires and
in-person assessment by professionals. In this study, the
prevalence of depressive disorders in patients with arterial
hypertension was 54.8%, which was significantly higher as
compared to the control group (27.5%). The prevalence of
anxiety disorders reached 27.9%, but no significant differ-
ences were found as compared to the control group (18.6%).
The higher incidence of depressive symptoms may be partly

Table 2. Correlation analysis of the association between anxiety and depression severity, risk of obstructive sleep apnea, and other

questionnaire data

Strength of correlation

Variable
r Strength of association on Chaddock scale | p-value
Association with anxiety severity
Sleep quality 0.51 Moderate <0.001
Sleepiness scale 0.43 Moderate <0.001
Obstructive sleep apnea 0.15 Weak <0.01
Difficulty falling asleep 0.33 Moderate <0.001
Sleep fragmentation 0.42 Moderate <0.001
Early awakening (anxiety-related) 0.38 Moderate <0.001
Association with depression severity
Sleep quality 0.50 Moderate <0.001
Sleepiness scale 0.57 Moderate <0.001
Obstructive sleep apnea 0.29 Weak <0.001
Difficulty falling asleep 0.24 Weak <0.001
Sleep fragmentation 0.35 Moderate <0.001
Early awakening (anxiety-related) 0.21 Weak <0.001
Risk of obstructive sleep apnea
Sleep quality 0.40 Moderate <0.001
Sleepiness scale 0.46 Moderate <0.001
Difficulty falling asleep 0.04 — >0.05
Sleep fragmentation 0.25 Weak <0.001
Early awakening 0.21 Weak <0.001
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due to the later period of the study, close to the time of our
observation, and the similarity of the results.

Information on the prevalence of anxiety and depression
in the population of the Russian Federation is provided in the
multicenter epidemiological study ESSE-RF (Epidemiology of
Cardiovascular Diseases in the Regions of the Russian Fed-
eration), which used the Hospital Anxiety (A) and Depres-
sion Scale (D) (HADS-A/HADS-D). An important feature of
this study was the opportunity to assess the changes in the
prevalence of these symptoms in different periods, including
ESSE-RF (2013-2014); ESSE-RF 2 (2017), and ESSE-RF 3
(2020-2022). The study showed that the prevalence of sub-
clinical and clinical symptoms of anxiety was 19.3 and 6.8%,
and symptoms of depression was 15.9 and 4.5%, respec-
tively. HADS-A and HADS-D sores =8 and <11, respective-
ly, and HADS-A score =11 in the ESSE-RF and ESSE-RF 2
studies were significantly higher (p <0.001) as compared to
ESSE-RF 3. Regression analysis (HADS-D >8+) in male and
female participants in models (M1 and M2) showed a signif-
icant (p <0.001) association with the age group 55-74 years,

HADS-A scores (anxiety)
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Puc. 1. Cpeanue 6annbl no wrkane HADS-A B 3aBUCMMOCTY OT BbipaeH-
HOCTU CYObEKTUBHOrO BOCMPUATMS HapyleHuid cHa: HADS-A (Hospital
Anxiety and Depression — Anxiety Subscale) — rocnuTanbHas Lkana
TPeBOrv W [ienpeccu, NoALLKana Tpesoru.

Fig. 1. Mean HADS-A scores by subjective severity of sleep disorders.
HADS-A, Hospital Anxiety and Depression Scale—Anxiety Subscale.
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lower education and income, a greater number of comor-
bidities (male >2 and female >1), and females living in rural
areas (p=0.019). Unlike foreign studies, the ESSE-RF project
observed a trend towards an annual decrease in the preva-
lence of anxiety and depression; the authors attribute it to
the fact that the sample included more patients with milder
disorders [10]. Perhaps, this explains the higher prevalence
of anxiety and depressive disorders in our group of patients
with arterial hypertension undergoing inpatient treatment.
The relationship between arterial hypertension and sleep
problems has been proven in other studies [11, 12]. For ex-
ample, Y. Cai et al. [11], analyzing the NHANTS (National
Health and Nutritional Examination Survey) patient database
for 2005-2018, showed that individuals reporting sleep dis-
orders had a higher risk of arterial hypertension (OR=1.36,
95% CI 1.23-1.50). It is worth noting that the prevalence of
sleep disorders in the subjects was 27.74%; whereas symp-
toms of depression were detected in 7.54% cases only. This
frequency ratio is consistent with our data showing that
moderate sleep disorders were more common in patients

HADS-D scores (depression)
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Puc. 2. CpeaHue 6annel no wrkane HADS-D B 3aBUCMMOCTY OT BbipaeH-
HOCTU CYObEKTUBHOrO BOCMPUATMS HapyweHuii cHa: HADS-A (Hospital
Anxiety and Depression — Depression Subscale) — rocnutanbHas WKana
TPeBOru U Aenpeccuu, NoALLIKana Aenpeccuu.

Fig. 2. Mean HADS-D scores by subjective severity of sleep disorders.
HADS-D, Hospital Anxiety and Depression Scale—Depression Subscale.
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with symptoms of anxiety and depression. This fact can be
explained by several factors. First, despite the association
of depressive symptoms with subjective sleep perception,
the latter may be associated with comorbidities affecting
sleep quality (obstructive sleep apnea and restless legs
syndrome) [12]. Second, the psychoemotional disorders are
often very personal and intimate. Only a few patients would
want to share it with their attending physician. However, a
story about sleep disorders is perceived easier and does not
require opening up the heart.

CONCLUSION

The findings of the cross-sectional study show that pa-
tients undergoing treatment for arterial hypertension have
a high prevalence of subclinical and clinical anxiety (32.2%)
and depression (37.9%). The prevalence of sleep disorders
(81.1%) and cases of high probability of obstructive sleep ap-
nea (65.5%) was even higher. Moreover, the severity of sleep
disorders showed a closer relationship with HADS-A/HADS-D
scores. All this allows us to consider sleep disorders as an
independent marker of high psychoemotional stress. For ex-
ample, difficulties falling asleep or early awakenings may
indicate hidden or unconscious anxiety; whereas, in addition
to anxiety, nighttime awakenings may indicate depression or
a high probability of obstructive sleep apnea.

Thus, a simple interview with a patient with arterial hy-
pertension about the quality of sleep, neither taking much
time from the attending physician nor requiring openness
from the patient, may become an effective tool for the early
identification of patients in need of an in-depth examination.
In such cases, it is advisable to use special questionnaires
and involve professional diagnosticians and healthcare pro-
fessionals specializing in sleep and psychoemotional disor-
ders. Timely and adequate management of sleep-disordered
breathing, anxiety, and depression certainly has a positive
effect on the quality of life and prognosis in patients with
arterial hypertension.
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AOMO/HUTE/IbHAA UHDOOPMALIUA

Bknap aBropoB. AA. KazaueHKo — cbop AaHHbIX, HanWCcaHve YepHOBMKa
PYKOMWCH, PacCMOTPeHVe W 0[0DpeHNe OKOHYaTeNbHOMO BapuaHTa pyKo-
nvicy; AH. KyuMuH — [m3aiiH vccnenoBaHus, paccMoTpeHue 1 ofobperne
OKOH4aTenbHOro BapuanTa pykonumcy; ENN. [anosa, A.B. TaHuy, B.A. bypne-
ToBa — Cbop AaHHbIX; .M. bopwucos, C.I0. ThiTiok — HanucaHWe YepHo-
BMKa pyKonucy; M. MysblkuH — HayyHoe peaaKTVpoBaHWe PyKOMUCH;
M.A. bynKoBas — Hay4HOe pefaKTvpoBaHue pyKonucu. Bce aBTopel nog-
TBEPXK/AI0T COOTBETCTBME CBOEr0 aBTOPCTBA MEX[YHAPOAHBIM KpUTEPUAM
ICMJE (Bce aBTOpbI BHEC/M CYLLIECTBEHHBIM BKNA/, B pa3paboTKy KOHLENUMM,
MpoBeAEeHNA UCCNeA0BAHMS U MOATOTOBKY CTaTbi, MPOYNM 1 0fA0bpum Gu-
HanbHylo Bepcuio nepen NybnvKaumen).

JTnyeckas akcnepTusa. Vccnenosanme 0[06peH0 NOKAbHBIM 3TUHECKUM
KomuteToM HOYBO "CaHKT-[NeTepbyprcKuin MeAnKo-CoLpmanbHbIA UHCTUTYT
(npotokon N® 3 ot 21.03.2024).

WUcTtounukm dpunancuposanusa. OTcyTCTBYHOT.

PackpbiThe MHTepecoB. ABTOPbI 3asBNAIOT 06 OTCYTCTBUM OTHOLLIEHWIA, fie-
ATENLHOCTV W MHTEpecoB 3a NOCeAHNE TPU FOfia, CBA3aHHBIX C TPETbI MM
JmLaMK (KOMMEPYECKUMM 1 HEKOMMEPYECKVIMM), UHTEPECH! KOTOPbIX MOTYT
BbITb 3aTPOHYTHI COLlEPXKAHMEM CTaTbU.

OpuruHanbHoCTb. [lpy CO3AaHWM HacToALLEl paboTel aBTOPLI He UCMOMb-
30BaNn paHee onybaMKoBaHHbIe CBEAEHNA (TEKCT, MINIOCTPaLMK, iaHHbIe).
Hoctyn Kk paHHbIM. Bce faHHble, NoyyeHHble B HACTOALLIEM UCCIefoBa-
HWM, JOCTYMHbI B CTaTbe.

FeHepaTUBHbIA MCKYCCTBEHHBIH MHTENNEKT. [Tpy CO3AaHMM HaCcTosALLEN
CTaTbW TEXHONMOTMM TeHepaTMBHOTO WCKYCCTBEHHOMO MHTENNEKTa He UC-
nonb30Banu.

PaccMoTpeHue u peuensupoBanue. Hactosias paboTa nofaHa B xyp-
Han B MHMLMATMBHOM MOPSZIKE M PaccMOTPeHa Mo 0bbI4HOM Mpovenype.
B peLieH3vpoBaHUy y4acTBOBaM [1Ba BHELUHMX PELiEH3eHTa, YieH pefaK-
LIWYIOHHOW KOMTIernu 1 Hay4HbIA pefakTop U3faHus.
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