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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
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! Komi Science Centre of the Ural Branch of the Russian Academy of Sciences, Syktyvkar, Russia;
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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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70—

60 1 1 I 1
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1 1 1T 1T 11

7 10 12 15§ 1 3 §

[MnoKcuyeckoe Bo3aencTBue
Hypoxic effects

BoccraHoBnexue
Recovery

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)

110

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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Ta6numua 1. lTapameTpbl 3N1EKTPOKAPAMOTPaMMBI BO || 0TBEEHUM OT KOHEUHOCTEA 1 3/IEKTPUUECKOTO MONA CepALA, UCCIIefyeMble B rpynnax

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

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

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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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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