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AnHOTanms. B cratee npoananm3upoBaH 10-JI€THHI OIBIT MEXyHAPOIHBIX
HAy4YHO-CIIOPTUBHBIX J3KcneAuruii B pamkax mnpoekta «Dmar TITJIV/IITY nHa
M3BECTHEHIINX BEpIIMHAX IUJIAHETbD» U OCOOCHHOCTH METOJMYECKOro MOoJxoia B
IOJATOTOBKE CIIOPTCMEHOB-AIBIIMHUCTOB. [IpoBEeAeHO HCClIeNOBaHHE NapameTPOB
BapualOeIbHOCTU CEPACYHOr0 PUTMA A0 M MOCJE CTaHAApTHOM TPEHHUPOBKHU INpHU
MOATOTOBKE K TOPHBIM BOCXOKJIEHUAM M J1aHa oneHka nuHaMuku YCC u catypauu
KpOBU B MEpUOJ CTYNEHYATOM aJanTaluud Npu BocxoxaeHusx Ha Kazoek (5033m
H.y.M), ['py3us, Opucaba (5700m H.y.M.), CeBepHas Amepuka, Mekcuka.
HccnegoBanusi  MOKa3pIBAlOT — MPEUMYLIECTBA  pa3pabOTaHHOW  MPOrpaMMmbl
TPEHUPOBOYHOIO IpOLIECCa M BKIKOYEHHE B €€ CTPYKTYpy noabema (3 pas3a B
Henento) Ha BepinHy Mamnyka (¢ 570 M 10 993 M H.y.m). U3MeHeHus nokaszaTeneit
CEPJIEYHO-COCYIUCTOM M ABIXATEIbHOW CUCTEM IPU BOCXOKJIEHUAX HAXOIHWIINCH B
npenenax (U3MOJOTMYECKOW HOPMbI afanTalMd K THUIOKCMU B  YCIOBUAX
BBICOKOTOPbsI, YTO CBUIETEIBCTBYET 00 3(PHEKTUBHOCTH METOAUYECKOTO MOAX0a K
TPEHUPOBKAM.
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Annotation. The article analyzes the 10-year experience of international
scientific and sports expeditions in the framework of the project "Flag of PSLU/PSU
on the most famous peaks of the planet” and the features of the methodological
approach in the training of high mountain climbers. A study of the parameters of
heart rate variability before and after standard training in preparation for mountain
ascents and an assessment of the dynamics of heart rate and blood saturation in the
period of step adaptation during ascents of Kazbek (5033m a.s.l), Georgia, Orizaba
(5700 m a.s.l.), North America, Mexico. Research shows the advantages of the
developed training program and the inclusion in its structure of the ascent (3 times a
week) to the top of Mashuk (from 570 m to 993 m a.s.l). Changes in indicators of
the cardiovascular and respiratory systems during ascents were within the limits of
the physiological norm of adaptation to hypoxia in high-altitude conditions, which
indicates the effectiveness of the methodological approach to training.

Beenenue.

AnanTanus K YCIOBUSM BBICOKOTOPBS SIBISIETCS HE TOJIBKO BOMPOCOM
(GyHIaMEHTAIEHON MEIUIMHBI, CIIOPTUBHON METUIIMHBI U OMOJIOTHH, HO U MMEET
NPUKIIATHOE 3HAYEHHE — MOMCK HOBBIX DHEPTOPECYpPCOB U TMOJIE3HBIX MCKOMAEMBIX,
BEJICHHE XO3SHUCTBEHHOW ESATEIBHOCTH, CO3JaHHE CIIOPTUBHBIX KOMILIEKCOB |
KypOPTOB — 3TO JaJIeKO HE BECh NEPEYEHb SIKOHOMUYECKUX U COLMAIBHBIX MMPUYMH,
MPUBEIIINX K 3aCEJICHHUIO TOPHBIX pailoHOB 3emul [6].

[lpy  amanTamu K  TUMOOAPUYECKOM  THUIOKCMHM, B  OCHOBHOM,
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paccMaTpUBaJIMCh BOMNPOCHI  YBEJIWYEHUS (DYHKIIMOHAIBHBIX  BO3MOKHOCTEH
OpraHM3Ma  4YeJoB€Ka, M  YAaCTHOCTHM  TOJOBHOTO  MO3Td,  pe3epBOB
CTpECCIMMUTHpPYIOLIEH cucTeMsl [7,8,9].

MHOTOJIETHUI OMBIT MOATOTOBKH CIIOPTCMEHOB QJIBITMHUCTOB MOXXET OBITH
MPEJUIOAKEH B KQUECTBE OJTHOTO M3 HAIMPABJICHUN HOBBIX MEIMIIMHCKAX TEXHOJIOTHM
dbopmupoBaHus  (QYHKIIMOHAIBHBIX  PE3€PBOB  OpraHM3Ma C  IOBBIIICHUEM
YCTOMYMBOCTA OpraHW3Ma K OCTPOM M XPOHHUYECKOM THUIIOKCUU Yy JIHI]
AKCTpEMaJIbHBIX MTpodeccuil, CBI3aHHBIX C BBICOKOTOPHEM.

[enp uccienoBaHUs: aHAIU3 OIbITA MEXKIYHAPOIHBIX HAyYHO-CIHOPTHBHBIX
skcnienuiuii B pamkax npoekrta «®mar [MIJIY/IIIY Ha u3BeCcTHEHITUX BEpIIMHAX
IJIAHETBD> U OCOOEHHOCTEM METOJMYECKOro TOJAX0/a B OpraHHU3aIuu
TPEHUPOBOYHOTO IIPOLECCa CIOPTCMEHOB-AJIBIIMHUCTOB IIPU NOATOTOBKE K TOPHBIM
BOCXOXJICHUSIM.

MeTtoabl M OpraHu3anusi HCCJIACA0OBAHUS.

B pabote nposenen ananu3 10-neTHero ombita anbnuHUiickoro kiryoa [MIJTY
(B HacTosee BpeMs [IsTuropckuii rocyaapcTBeHHbld yauBepeuteT) 1 AHO

«PernonanbHeiii HaydyHO-criopTUBHBIA 1eHTp CK®O» B mnpoekre «Pnar
[IIJIV/IITY Ha wu3BEeCTHEMIIMX BepIIMHAX IUIaHETB». B sKkcnegunusax -
BOCXOXJICHUSX MPUHUMANK yyacTue ot 6 no 10-15 genosek, cpeanuii Bo3pact 30-
40 net, MOCTOSIHHO 3aHUMAIOIIMECS B aTBIIMHUCTCKOM KiyOe (3 pasa B Hejemo 1o 2
yaca) ¥ MOCTOSHHO MPOXKHUBAIOLIUX B yCIOBHSIX HU3KOropbs (550-600 m). IIpoekt
pa3zpabaThiBaJici B paMKaxX KOMIUIEKCHOW MpOrpamMMbl IO HU3YYEHHUIO OIbITa
MUPOBBIX ULEHTPOB TypU3Ma H© ajblIMHU3MA, KOTOPBIA MperycMaTpUBal
BOCXO>KJICHHS HA BBICOYAMIIINE BYJIKAHbI KOHTUHEHTOB:

— Onpopyc (5642 M H.y.M) - BOCXOXJIEHHUE 8 pa3 MO TpPEeM MapuHipyTam
(2010 - 2019 r.r.) — BBICOUaiias BepmrHa EBponsl, Poccus;

— Kaz6ek (5033m H.y.Mm) — Bocxoxaenue 2013 -2019 r.r., I'py3us;

- JlemaBeng (abcomotHas BbIicoTa 5610 M) - BOCXOXKIACHHE IBAXKIbI
(2013 r., 2019 r.) - A3wus, WpaH, crsmiuii CTpaTOBYJIKaH B TOPHOM XxpedTe Dab0yc
(Anb0op3) Ha ceBepe Mpana, MMEIOTCS MHOTOYMCIIEHHBIE TPABEPTUHBI, (PyMapoIIbl
U TOpS'YME CEPHUCThIE UCTOYHUKH, HA BEPIIUHE paclojliaraeTcsi Kparep JUaMeTpoM
400M ¢ HEOOTBIIUM 03€POM;

- Kumumanmkapo (5895 m H.y.M.) - BocxoxaeHue 2011 r. - Adpuka,
Tan3aHus1, BICOYAMIIAs BEPIIMHA KOHTUHEHTA,

— Opucaba (5700m H.y.M.) Bocxoxaenne 2012 r.- CeBepHas Amepuka,
MekcuKka, BbICOYAWIINNA BYJIKAH KOHTHHEHTA, BXOAUT B NIpOrpaMMmy 7/ BYJIKAaHOB
MUpa.
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- Oxoc nenp Camamo (6893m H.y.m) Bocxoxaenue 2014 r. - FOxHas
AMepuka, Yuid, BbICOYAWIIMI BYJKAaH IUJIAHEThI, BTOpas MO BBICOTE BEpPIIMHA
KOHTHHEHTA, BXOJIUT B IPOTPamMMy «7 BTOPBIX BEPIITHH.

Bo Bcex akcrequIusax aHaIM3uPOBAIIACH MTapaMeTPhl caTypamuy (HACHIICHUS
KpoBHU KucIopoaoM-SPO,, %) n gactora cepaeunnix cokpamenuii (HCC), akTuBHBIC
OPTOCTAaTHYECKUE TMPOOBI, MPOBOIUIUCH TICHXOJOTHYECKHE TECTHI, B JHEBHUKAX
SKCTIeMUIUA  (UKCUPOBAIUCh  MHAWBHUAYAJIbHBIE  IICHXO-dMOIIMOHAIBHBIE W
(bU3HOTOTHYECKHE TTapaMETPhl YUaCTHUKOB BOCXOXKICHHM.

B pamkax mpoekra ampoOupoBaiach  pa3paboTaHHas  TpeHEpamu
ANBIIMHUCTCKOTO KIIyOa mporpaMma TPEeHUPOBOK, BKJIOYaromias 3 paza B HENEIIO
3aHATHS Ha CKaJoOJIpOME B 3aj€, BOCXOXKJIEHUS B OBICTPOM TEMIIE Ha BEPIIMHY
Maimyk - 993 M H.y.M. 1 ciyck 10 570 M H.y.M. 32 40-50 MUHYT), B T€UEHHUE TOJA
TPEHUPOBOYHBIC BOCXOXKJICHUS Ha BepmmHbl [leHTpansHoro m 3amagnoro KaBkasa
(3000 — 5000 M Hanm ypoBHeM Mops). B wucciienoBaHMM NPUHSIM ydacThe 15
J00POBOJIBIIEB- MY)KYMH (WICHOB albIIMHUCTCKOro Kiryda) Bospact - 20,5 (19,0 -
36,0) ner.

[IpoBeneHo uccieoBaHUE MapaMeTpPOB BapuaOEIbHOCTH CEPACUYHOIO PUTMA
(BCP) cnoprcmMeHOB 10 U TmTOCH€ CTaHJAPTHOW TPEHUPOBKU IO JIAHHBIM
KapJUOMHTEPBAIOTPAMMBI € HMCIOJIb30BaHUEM  amllapaTHO-MPOTPAMMHOTO
koMmiiekca (upMmbl «Helipocodt». YUactory cepaeunsix cokpauieHuit (UCC) u
mapamMeTpbl  carypaluu  (HAChIICHWS  KPOBH  KHUCIOPOAOM)  OINpPEACIsUIN
nynscokcumerpom APME/] Y X302.

Cratuctrueckass o0paboTKa JaHHBIX MPOBOAMIIACH C HEMAPaMUTPHUECKUX
KpUTEpPUEB aHallM3a JaHHBIX: KpuTepuss MaHHA-YUTHH Ui MEXIPYIIOBBIX
CPaBHEHUM U KpUTEpUU BHIKOKCOHA MpPHU CPABHEHHUHU 3aBHUCHUMBIX II€PEMEHHBIX.
[Tokazatenu mpeacTaBicHbl B Buae Menuanbl (Me) m kBaptwiied (Q25-Q75).
Paznmuuus Mexmay rpymnmaMu CUMTald JOCTOBEPHBIMH NMPH MUHUMAJIBHOM ypPOBHE
3HaunmocTu p<0,05.

Pe3yabTaThl HCC/IeIOBAHMH U UX 00CYK/IEHUE.

[Ipn oueHke ajganTalul CEePACYHO-COCYIUCTOM CHUCTEMBl K HarpysKawm,
BBISIBIICHUN YPOBHEHW (Qu3nueckod paboTOCOCOOHOCTH ¥ (PUBHOJIOTUYECKOMN
ajanTallid B  TOCJIEIHME TOAbl AKTUBHO TMPUMEHSIETCS  HCCIEIOBAHUE
BapuabenbHOCTH cepaeuHoro putMma (BCP) [1,2].

AHanu3 mokazaTeneil BapuadenbHOCTH cepAeuHoro putMa (Tabn. 1) mokaszan
CTaTUCTUYECKU JI0CTOBepHOE moBhilieHHe Tmoka3arened YCC, HNH (unaekc
HarpspKeHUs1) U CHIKeHne nokasaresis SDNN, 94To cBHIEeTEeThCTBYET 00 YCUIICHUHN
AKTUBHOCTH CHUMIIATUYECKONM HEpBHOW cHUCTeMBl. [lymbc mocie du3ndeckoit
Harpy3ku BeIpocT Ha 32,7%, Toraa kak MH yBenuuuics no cpaBHEHHUIO ¢ UCXOIHBIM
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ypoBHEM B 4,6 paza, 4yTO B IIOYTH BJBOE BHIIIE HOPMATUBHBIX 3HAYEHUM.
XapakTepHble HM3MEHEHHsI KapAHO-PECHUPATOPHOM CHCTEMBI, OTMEUYaJUCh U B
OpYrux padoTax Mo M3y4eHHUIO aJanTaluy THIIOKCHH B BBICOKOTOphE [9].
Tabmuua 1
[Toxazarenu BapuabenbHOCTU CEPICYHOTO PUTMA, [ICHTPATbHOMN
reMOJAMHAMUKH U MyJIbCOKCUMETPHUH Y MOJIOJBIX MYKUHH B IEPUOJ CPOUYHOU
ajantauuu GU3NYECKUM Harpys3kaM B YCIOBHSIX CPETHETOPbSI

(ropa Mamyk, 993 M H.y.M)

ITokaszarenu J1o TpeHUpOBKH BBICOTA ITocne TpeHnpoBKH HopmatusH
HaJ ypoBHEM Mops 570 BBICOTA HaJl YPOBHEM P |ple 3HadueHUS
M Mopst 570 m
(r.IlsTuropck) (r.ITsaTuropck)
UccC 78,0 (75,0-81,0) 103,5 (102,0-106,0) | 0,01 60-90
UH 96,9 (74,1 -118,7) 445,2 (396,5-489,4) | 0,04 50-200
SDNN 54,7 (46,8-62,1) 28,7 (20,0-35,2) 0,02 40-80
ni 2,0 (1,6-5,6) 2,1(1,8-4,2) - -
TP, Mc? 2808,7 (2173,0-3702,3) 686,4 (414,4-808,8) | 0,04 -
VLF, Mc? 850,4 (327,0-1185,0) 242,3 (79,8-354,4) | 0,05- -
LF, mc? 1334,1 (761,8-1595,5) 341,6 (216,9-386,8) | 0,04 -
HF, Mc? 784,1 (408,8-979,5) 98,5 (36,1-172,5) 0,04 -

ITpumeuanune: YCC — uactora cepiaeunbix cokpamenni; MH — mnaexc Hanpsbxenus, SDNN -
CpelHee KBaJpaTHUecKoe OTKIOHEHHE, XapaKTepu3yeT BarycHyro perymsuuio; 1P- Total Power-
ompezessieTcst Kak cymma MomHoctei B auanasonax HF, LF u VLF; UIT (Index of centralization,
IC = (HF+LF)/VLF) u wunzgekc Barocummarndeckoro Bzammoneiicteus LF/HF;LF- (Low
Frequency) HF-(  High Frequency)
HuskouyacToTHbIX (Very Low Frequency — VLF) KOMIIOHEHTHI cieKTpa.

HU3KOYAaCTOTHBIC, BBICOKOYAaCTOTHBIC n O4YCHb

3anuchk KapAuOMHTEpBaorpaduu MPOBOAWIOCH B TEUEHHE 5 MHUHYT Iepen

CTaHJAPTHON TPEHUPOBKON «IMOABEM Ha T. Maimyk B OBICTPOM TEMIl€ U
MOCJIETYIOIIEM CITYyCKe» Y 6 4eoBeK (J00pOBOJIBIIEB CIOPTCMEHOB-AJIBITUHUCTORB) C
16.50 mo 17.00 m HemocpencTBEHHO mMocliie Bo3BpauieHus depe3 60 mMunHyT. B
pe3ynbTate OBUIM TIOMYyYeHBl aBTOMATHYECKHE MPOTOKOoJbl ¢ pacdetom UYUCC,
JUTUTEIBbHOCTBIO CEPACYHBIX LHUKIOB (CpeaHEl, MaKCUMalbHOW W MUHHUMAJIbHOU
JUTMTEILHOCTH B MUWJUIMCEKYHJIax), HWHIAEKCOB baeBckoro u ¢dopmMupoBaHHEM
aMIUIUTYAHO-BPEMEHHBIX XapaKTEPUCTUK CHEKTpabHOIrO aHanu3a. [1o pesynapraram
5 MHUHYTHOW 3alMCH B HMCXOJIHOM COCTOSIHHME aOCOJIFOTHAsi 0OIash MOIIHOCTH BO
BceM amanasoHe TP cocrasnsma (2808,7 (2173,0-3702,3)) Mc?, a B IPOLIEHTHOM

BbIpakeHUH Obutn cienyromue 3HadeHus VLF (33 (15-39)) %, LF (42(33-73) %
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u HF (24(11,5 — 27,3) % u HaxoAWJIuCh Ha YpOBHE HOPMATHUBHBIX 3HAYCHHI, KaK U
unnekcol baeBckoro (tabmuma 1). Ilocne TpenupoBku 10 BocctaHoBieHus YCC
abcoroTHast 001as MOIIHOCTh CHU3MIIAch B 4 pasa, u TP cran 686,4 (414,4-808,8)
MC2 C JOCTOBEPHBIM CHIDKCHHEM aOCOTIOTHON MOIITHOCTH BO BCEX JIMAIla30HAX, TIPH
OTOM COXpaHSAETCS BO BCEM HAONIOMAEMOM JAWAna30HE dYacTOT TPEKHUE
oTHOcuTeabHOE BiausiHus Ha BCP Bcex Tpex CIEeKTpOB B TOM € COOTHOIIECHHUE, YTO
u a0 tpeauposku VLF (32 (19-35)) %, LF (51,7(41,6-67,3) % u HF (18(9 — 21) %.
OTU J1aHHbIE MOTYT CBHJIETEJIbCTBOBATH OO0 YCTOMYMBOCTH HAJICETMEHTApPHBIX U
TUNOTAIAMUYECKUX CTPYKTYp K TakKOMy BHUAY Harpy3k, a s oOecreueHus
FeMOJIMHAMHUKN  JOCTaTOYHO CETMEHTAPHOTO YPOBHS PETYISIIIUH, O UYeM
cBuzeTenscTByeT noBbimenue MH u camkerrne SDNN (Tadmuia 1).

B paborax mo u3ydeHUWIo ajanTaliiyd OpraHW3Ma CIIOPTCMEHOB K THIIOKCHH
TAaK)K€ OTMEUYAeTCSd YBEJIMYECHUE PE3EPBHOM MOIIHOCTU CHUMIIATO-aIPEHAIOBON
CUCTEMBI, IIPU ATOM MMOKA3aHO UYTO KypC MHTEPBAIILHON TMIIOKCUYECKON TPEHUPOBKHU
OPUBOAUI K TOBBIIICHUIO MOIIHOCTH MEXaHM3MOB BEreTATHUBHOW PETYISIIUU
GYHKIIMKA Ccepala B COCTOSHHM TIOKOSI 3a CYET YBEIMYCHHS aKTUBHOCTH
MapacUMITATHICCKOT0 3B€HAa aBTOHOMHOM HEpBHOM crcTteMsbl [11].

Cnenyer ormetuts, uto aHaim3 YCC u nmokazarens carypaiuu reMorioonHa
KHCIIOPOJIOM Y CIIOPTCMEHOB-AJIBIIMHUCTOB TPH BOCXOXKJACHUM HA BEPIIHHY
Opucabo (Mekcuka) mokazan qoctatodHo 6eicTpoe BoccTaHoBiienne YUCC u SpO; y
TPEHHPOBAHHBIX CIIOPTCMEHOB OCHOBHOI'O cOocTaBa (Tadimuia 2).

Tabmauma 2
NunuBunyanbhbie nokazatenu carypainuud 1 YCC y 4ieHOB IKCIIETUIIN Ha
BepinHy Opucaba (5700 M Haz ypOBHEM MOPSI)

Ne 1 [Tont Ypoenr 2200m 2700 m 4200 m 5600 m 4200 M H.y.M.
M [pOKIE [NOATOTOB [H.Y.M. H.Yy.M. II0C.  |H.y.M. H.Y.M. rociie
HUS KN 2200M Tnageuyko BOCXOKJICHUSA
MeXuKo
1. 1982 [cnopt 08\62 08\68 08\90 96\98 98\92
2. 1981 [cmopt 99\66 09\76 08\98 98\102 96\96
OC
3. (1955 [cmopt 08\68 99\80 08\86 96\110 96\100
OC
4. (1989 |cmopt 09\78 99\80 08\90 98\120 98\90
OC

[Ipumeuanue: B uyucnurene SpOz/3namenarene UYCC. Bce 3amepsl kpome BbicoThl 5600,
MIPOU3BOIMIIMCH B COCTOSIHUU MOKOS, uepe3 1.5-2 yaca nmocie cHATus Harpy3ku. OcoOble yCioBus:
cropt — crioptecmed, OC- 0CHOBHO# cocTaB (B aKTHBE BOCXOXKICHHE Ha HECKOJBKO
(IISITUTBICSTYHUKOBY).
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Heckonbko apyras cuTyanwsi y ajJblIUHUCTOB HE WUMEIOIIUX JOCTATOYHOTO
ONbITA BBICOTHBIX BOCXOXAeHHMW. I[Ipm ananmsze OTUX JKe IOKasareinen y
CIIOPTCMEHOB TIPH BOCXOXkAeHUH Ha BepmuHy Kazoek (5033 M H.y.M.) oTMedaeTcs
pasiuyHas peakuus KapauO-peCHHpaTOPHOM CHCTEMbl B YCIOBHUSX CpPOYHOM
ajanTaluk K (Tabm.3).
HE3HAUUTEIbHOE CHUXEHUE mokazarens SpO; Ha Beicore 3600 M H.y.M. - 10
BocxoxkaeHus: 96(96-96,5)% wu 91(89,5-94,5)% BOCXOXKJICHUSL TpU

OJHOBPCMCHHOM YBCIIMYCHUU qCC, TOrJa KaK y CIIOPTCMCHOB, MMCIOIIHUX OIIBIT

TUNI00ApPUUECKON  TUIOKCHUU Peructpuposanocs

IIOCJIC

BocxoxkaeHul, YCC octanach NpakTUYECKH HA TOM K€ YPOBHE.
Tabnuma 3
Junamuka namMeHeHui nokaszarenei caryparuu (SpO2) u UCC y uiieHoB
skcnenuuuu Ha BepinmHy Kaz6eka (5033 m Hax ypoBHEM MOpsi)

[Toka3zarenu [YpoBeHb Bricora  [Beicota  |BeicoTa Bricora 3600 Bricora 3600
500 m 1500m (3000 m M H.y.M. JI0 M H.Y.M.
MMOJATOTOBKH [H.Y.M. H.y.M. H.y.M. BOCXOXKJICHUS [[TOCJIE
BOCXO0>KJICHUS
SpO2 Hos. 08(98- 99(98- 08(98-98) [96(96-96,5) 01(89,5-94,5)
99) 99)
uCC Hos. 80(69,5- |87 (80,5- [100(87,5- (100 (96- 100 (97,5-
82,5) 94,5) 103,0) 101,5) 113,0)
SpO2 Cropt 98 (97,3- [99(98,3- |98 (98- 98 (96,5- 07(96-98)
98,8) 99) 98) 98,8)
qcCcC Cnoprt 69 (62,5- (80 (74- |78 (73- 85 (80-90) 82 (80-94,5)
71,5) 80) 86)

[Ipumeuanue: B yucnurene SpOz/3namenarene YCC. Bee 3amepsl MpOU3BOAUIUCH B COCTOSHUU
nokos1, uepe3 1.5-2 gaca mocse Harpy3Kkud. YpOBEHb MOATOTOBKU: HOB. ( 14 4enoBeKk)— HET OmbITa
BOCXOJJIEHUH ; criopT (7 4eJoBEK) — CIIOPTCMEHBI, OCHOBHOW COCTaB (B aKTHBE BOCXOXICHHUS Ha
HECKOJIBKO IISITUTBICSTYHUKOB)).

DTO CBHIECTEILCTBYET O 0OJIee BHICOKOM YPOBHE aJalTallMOHHBIX PECYPCOB
(U3UOJOTHUECKUX CHCTEM Yy TPEHUPOBAHHBIX CIOPTCMEHOB-AJIBIIMHUCTOB B
YCIOBUSAX THIIOOAPHUYECKOW THIOKCHU. PaHee MHOIHME HCCAeIOBATEeIM OTMEYAIH,
9YTO THIIOKCHYECKOE IMPEKOHIUIMOHHUPOBAHME  CIIOCOOCTBYET  IOBBIIIEHHUIO
YCTOMYUBOCTH OPraHU3Ma K YCIOBUSAM OCTPOM THIOKCHH, YTO MPOSABIISETCS B MECHEE
BBIPAKEHHOW CTEIEHU JecaTypallii IeMOrIo0nHA U MEHBIIEM IPUPOCTE YaCTOTHI
CepCUHBIX COKpaleHui [3, 5].

Crnenyer TakXke OTMETUTh, YTO TMPH JIMTEABHONH  ajanTaluMd K
NEPUOJINYECKON TUIOKCHH BKIIIOYAIOTCS HE TOJBKO (DHM3HOIOIMYECKHE, HO H
KJICTOYHbIC YPOBHHM pEryaupoBaHMs. Tak OTMEUaeTCs YBEIMYCHHE AKTHBHOCTH
dhepmenTa HAJI®H-mutoxpom  C-

OKCHIOPEAYKTA3HI. PCFy.HHLII/IIO OCYHICCTBIIACTCA 3a CUCT CHHXKCHHA €T0 CPOACTBA K

KJIFOYEBOT'O JIpIXaTeIbHOM 11(S1051

HAJI®H, uyrto, B CcBOWO oOuepeab, MOBBIMIAET YCTOMYMBOCTH MHUTOXOHAPHUHN K
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KHUCIIOPOAY. DTO UMEET 3HAYEHUE MPU BOCCTAHOBJIEHUM KPOBOTOKA, KOIJla BBICOK
puck  penep(y3HOHHBIX MOBpexAeHUH. IIpy CHUKEHUM HHTEHCHBHOCTU
OKHCIIUTEIbHBIX MPOIIECCOB OTMeueHa Oosee 3dexTuBHass paboTa IbIXaTeIbHON
eNu — «mapajgokcanbHbil 3ddexT» amantanuu Kk runokcur. OJTHOBPEMEHHO
MIPOUCXOJAUT UHIYKIHS aHTUOKCUAAHTHOU CUCTEMBI (MUTOXOHAPHUATIBHON MapraHer
3aBucuMoil cynepokcuaucmyrtassl (MnCO/) [10].

HccnenoBanuio agantanud K BBICOKOTOPHIO TOCBSIIEHO MHOTO paboT W B
HUX, B OCHOBHOM, JEJIAJIUCh AKLEHTHl HA aHaJu3€ JOCTaBKM KHUCIOpOJAa, T.€ Ha
MPUTOKE KPOBH B DPA3JIUYHBIM TKaHAIM M OpraHaMm, B IEPBYIO OYEpPEIb MO3TY,
00€eCIeunBaIOIEM KOOPANHAIIMIO U PETYIUPOBAHUE PA3IUYHBIX CHCTEM U OPraHOB
opraHusma yesnoBeka. B o03ope, aHanu3upymoieM uccieoBanus 3a nocieanue 50
JIET 1O U3YYEHHUIO MO3TOBOTO KPOBOTOKA Y JIFOJEH, MOABEPIIINXCS TUI00apUUYECKOi
TMIIOKCUM B YCJIOBMSX BBICOKOTOPBSl, KOHCTATHPOBAJIM IOBBIIICHHBIH MO3IOBOM
KPOBOTOK Ha paHHUX CTaaAusxX runokcuu. M3meHeHue 1epeOpanbHOU
reMOJIMHAMHMKHN B TEUEHHUE IMEPBbIX 12 yacoB Ha OOJBIION BBICOTE M BO3BPAILECHUE
ee TMoKaszareilel K ONU3KUM 3HA4YCHHUSIM YpOBHSA MoOps mocie 3-S5 JHel
aKKJIMMaTU3allyd BOEPBbIE ObUIO 3a(UKCUPOBAHO C HMCIOJIb30BAHUEM METOAUKHU
Keru-Illmuara B 1964 romy. CreneHb 3TUX H3MEHEHH Ha OOJIBIIONH BBICOTE
3aBUCUT OT MHOTHX IEPEMEHHBIX, BKIIIOYasl apTEPUAIILHOE HAIIPSHKEHUE KUCIOpOaa
U YTJIEKUCIIOro Tas3a, coJiep:kaHue kuciopoaa B atmocdepe, pH cnmHHOMO3roBoi
KUIAKOCTH U TeMaToKpuT. Ho ciieyeT OTMETUTD YeThIpe KIIFOUEBBIX HHTETPAIBHBIX
dakTopa: 1) rumokcuyeckas lepeOpaibHas BazoJujaTalys; 2) THIOKAITHUYECKas
1epedpanbHas Ba30OKOHCTPUKIIMS; 3) TUIIOKCUYECKAs] BEHTHIIATOPHAS peakuus; u 4)
rUNepKanHuyeckas BEHTWISATOpHas peakuus. [loHnmManne MexaHu3MOB, JexKallluxX B
OCHOBE 3THX IPOLIECCOB M UX B3aUMOJEHCTBUA JPYr C IPYroM, UMEET pellaroliee
3HaueHWe JUIs  yriayOJeHusT TOHUMaHUS TJI00aJIbHOIO M PErMOHAIbHOIO
perynupoBanust [12].

[Ipu n3ydyeHun CpOUHON aanTalMy B YCIOBUSAX OJHOJHEBHOW SKCHEAULINM B
[Tpusnsbpyche (2380 ™M H.y.M. B ypoummie JDxunbl-Cy) y CHOPTCMEHOB-
J00POBOJIBLIEB, HE UMEIOILIUX OIBITA TOPHBIX BOCXOXKIEHUH, OTMEYAIUCh MPU3HAKH
(GU3M0IOTUYECKON afanTalry K TUNo0apuyecKoil THIIOKCUN: CHI)KEHUE caTypaluu
KpPOBH, yYallleHHE CepALeOMEeHHs] U aKTUBALMS TOHYCA CHUMIIATUYECKON HEpBHOMN
CUCTEMBI, PACIIMPEHUE COCYAOB T'OJOBHOIO MO3ra, HE3HAYUTEIIbHBIEC MPOSBICHUS
BBICOTHOM TUNEpPBEHTWISAIMU. HO mnpu 3TOM perucTpupoBajoch ABYKpPaTHOE
npeBblllieHre (GU3HOJIOTHYECKON HOPMBI TIOKA3aTeNsi BEHO3HOTO OTTOKA U3 MOJIOCTH
yepena [4]. [JaHHbIe TOCTEIHUX JIET CBUIETEILCTBYIOT O TOM, YTO OTHOCUTEIbHAS
HEJOCTATOYHOCTh BEHO3HOIO OTTOKA SABJISIETCS OJHHUM W3 HWHTErPAIBHBIX
MoKa3areseil paHHero dTarna MaToreHes3a «BbICOTHOW TOJIOBHOM 00JIM M CUMIITOMOM
OCTpoii «ropHO# Ooste3Hm» [18].
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B psne wucciaegoBaHuid TOpU  HU3YYEHUM POJAM  LUTOTOKCUYECKOTO U
Ba30I€HHOTO OTEKa MPH TUIOKCUU OTMEUAeTCs, YTO OCTpas «ropHas OOJIe3Hb)
ABJISIETCS] PACIIPOCTPAHEHHBIM 3a00JIEBAHUEM CPENHN HEKJIMMATU3HPOBAHHBIX JIFOEH
npu moabeMe Ha OOJbIIyI0 BBICOTY. B cBoeit pabote Mairer K. ¢ coaBTopamu
(2012) BBIABMHYN THUMIOTE3y, 4YTO OTEK MO3ra U, CIEJOBAaTEIbHO, pPa3BUTHUE
CUMIITOMOB OCTpPOM «TOpHOM OoJyie3HW» OoJiee BBIPAKEHbI, KOTJA CYOBEKThI
BBITIOJIHAIOT (PU3UYECKUE YNPAKHEHUS B YCIOBUAX TUIOKCHUU MO CPABHEHHIO C
ycioBUsAMH 1okos [15]. OcHOBHOE BHMMaHHUE B TaKMX paboTaxX Takke YIENsIOCh
OCHOBOTIOJIararomeil poau Takux (HaKTOpOB, KaK HHIYIHPYEMbIH THUIIOKCHUEH
daxrop (HIF-1) u dakrop pocra sugorenus cocynoB (VEGF), a Takxe ux BKiagy B
pasButhe oreka [13].

[Ipu BocxoxnaeHun Ha BepmnHy Oxoc aens Canano, Uumm (6893m H.y.M,
IOxHoe monymapue) MapmpyT Opoxoawst depe3 NycThiHio ATtakama. IlycTeiHs
ATakaMa CUMTAETCs CaMOM CyXOM IIyCThIHEM 3emuiM, oHa Haxoautcs B HOkHOU
AmMepuke Ha ceBepe Unin U rpaHuyuT Ha 3anazne ¢ Tuxum OKeaHOM Ha ceBepe— C
Ilepy n Ha BocTOKe — ¢ bonmBuen nu ApreHTuHON. B HEKOTOPBIX MeCTax IMyCTHIHU
JOK]Ib BBINIAZAET Pa3 B HECKOJIBKO JIECATKOB JIET.

bazoBbii starepp Haxomuics Ha BbicOTE 4200 M H.y.M., OTKyJa AJIBIIMHUCTHI
COBEpILATU AKKJIMMATU3Al[MOHHBIE BBIXOAbI, MCHOJB3Yd TEXHUKY BBICOTHOMN
«CTyneH4aTo» akkiuMmaruzauuu. [Io mMapuipyTy BOCXOXKAECHHS ObUIO 3 HOYEBKH:
nepBasi— 5200 M H.y.M, BTOpasi HOYEBKA IEpe]l BOCXOXKIECHUEM, U TPEThSI MOCIE
BOCXOXeHUsT Ha BeicoTe - 5800 M H.y.m. JlnmutensHoe (9 mueit) mpeObiBaHuE Ha
BbicoTe cBbIlIE 4000 M H.y.M., a TaKXe MPEIBAPUTEIIbHBIN MyTh Yepe3 MYCTHIHIO C
BBICOKOM TeMITepaTypoil U HU3KOM BIIAXXHOCTHIO BO3/yXa ObUTH JOMOJHUTEIHHBIMU
Harpy3kamu Juisi (OpMHpPOBaHUS (PU3MOJIOTHYECKON aJanTaluu K YCIOBHIM
BBICOKOTOPbSI.

B 3aBepmiaromieit cragun skcneaunuu, Ha Beicotax 6700-5800 M H.y.M., Y
HECKOJIBKUX WICHOB KOMAaHJbl, OTMEUYAJIUCh PA3JIUYHbIC HAPYIIEHUS 3PUTEIBHOTO
BOCHIPUATHS, B BUJE TAJUIIOLUUHAIIMNA W 3PUTEIBHBIX MHUpaXEHd - Ha CHEXKHBIX
CKJIOHaX OTMEUAIHNCh (UTYpPHI KUBOTHBIX (KOT, BOJK), OrocTel A.C.IlymkuHa,
Hapra, npoeknuu orpoMHbIX ¢uryp Ha cHery. Ha ¢oro aBropa (I'pebGentox A.B.)
KpacHoil nuHHel oOpucoBaHa (urypa, KoTopas B YCIOBUSX THIOKCUU YETKO
acCOIMUPOBAJIACh C BUACHUEM OIpeeICHHBIX 00BEKTOB (puc.la, 10).
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Puc. la. «Mupaxu Atakampl»: JIMIIO U pa3BUBAIOIIKECS BOJIOCHI

Bo3gaeiicTBue THUMOKCHMM W3MEHSET IIBETOBOE 3peHHE — TMpeolIagaroT
KOPOTKOBOJTHOBBEIE CIIEKTPHI CBETa. B MCCIeMOBaHMUIX THMOOAPUIECKON TUITOKCHU
Ha 5400 M H.y.M. OTMEYaEeTCsl CHIKCHHE Pa3Iuyusi KPAaCHOTO M CHUHEro CIEKTpa,
BOCIIPUSITUSL 3€JIEHOTO BCE e€lle ocTaeTcs HopmaibHbM [14]. IlapamnensHo ¢
3pUTETBHBIMH «MUPKAMI» Y OJHOTO W3 WICHOB SKCHEAWIIMHN ObLIa CIOKHOCTH C
BU3yanu3alueil qromuka mrypmoBoro jareps (5800 M H.y.M), KOTOPBINA ObLIT SAPKO
OpaH)KeBOTO I[BeTa. MeXaHU3Mbl 3TO SIBJICHUS CJIOXHO OOBSICHUTH TOJBKO
BEPOSITHBIM H3MEHEHUEM BOCIPUHMMAEMBIX CIEKTPOB CBETa, BO3MOXHO, 3TO
CBSI3aHO W C M3MEHEHHWEM IepeOpalbHOW TeMOIUHAMUKHN B YCIIOBHUSX JOCTATOYHO
JUTMTEITLHOTO TpeObIBaHUS Ha BbICOTE. HapyiieHue BOCHPHUATHS CHHETO CIIEKTpa
MOET MPUBOJIUTH TAK)KE K HAPYIICHUSAM ITUPKATHBIX PUTMOB CHHTE3a MEJIATOHMHA.
AMIUTATYIa TTUPKATHOTO MEJATOHMHOBOTO PUTMa YMEHBIIACTCS MPH THUIIOKCHUU, H
ero cBs3b ¢ yactoToit aeixanus (RQ) ocrnabeBaeT naxe Ha yMEPEHHOW BBICOTE - 710
4000 M H.y.m. Takum o0Opa3oM, cBs3aHHAs C THIIOKCHEH CHMIIaTHYECKas
CTUMYJIAIMS MOXET OBITh TaKXe€ CBSi3aHAa M C CYTOYHBIM HM3MEHEHHUEM YPOBHS
MeJIATOHWHA Ha O0JbIol BeicoTe [14].
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Puc. 16. «Mupaxu Atakambi»: Kot

[Ipu BocxoxxaeHun Ha BepuMHBI CBbime 5000 M H.y.M. 4acTO OTMEYaeTcs
HapyuieHue cHa. M3-3a HegocTaTKa KUCIOpOJa U3MEHSIETCS METaO0INYECKUN pUTM
CHUHTE3a MeJaTOHWHA. [ MIOKCHUs, HEJOCTATOK KHUCIOPO/a B CBS3H C MOBBIIICHUEM
MOTPEOHOCTEH B SHEPTUU BIUSIOT HA «METAaTOHUHOBBIN PUTM» PETYIISIIHH.

[Mosriienne kodhdurmenta apixanus (RQ) B 3TUX yCIOBHAX yKas3bIBaeT Ha
YBEJIMUEHUE YTHIW3ALUUA TIIOKO3bI, MPH 3TOM OTMEYAETCA KOPPENALUS MEXITY
3 (PEKTUBHOCTHIO HWHCYJIMHOBOW META0OJUYECKON PEeryIsiud ¥ IeJIOCThIO
ouoputmoB. [Ipu n3ydeHnn ajantaui K OCTPON TUTIOKCHH Y BOJUTENEH IPY30BhIX
aBToMOOUJIeH B YIIIMICKUX AHIAX IIpu OBICTPOM MoabeMe OT ypoBHs Mopst 10 3000
M H.3. MPU OCYUIECTBJIICHUU XO3SHUCTBEHHOW NEATENBHOCTH (MHOTME HACEJICHHbIE
MyHKTHI HaxoAsaTcss Ha BbicoTe Bbime 3000 M H.J.) M CTYIEHTOB-T0OPOBOJIBIICB
(momgwem B HeOombiryto aepeBHi0 Kacmany 3270 M H.y.M.) Takke OTMEYaJIOCh
M3MEHEHHE XPOHOOHMOJIOTHH OpraHu3Ma 4elloBeKa (HapylleHre IUPKaJHOTO pUTMa
HEHPOropMOHa MeNaTOHHWHA M Koppensauus ¢ RQ — WHTerpaJbHBIM MapamMeTpoM
SHEProoOMeHa NpPH THUINOKCUM B YCIOBUSX BbIcOrophsi) [14, 17]. Opnoit wus
MeTa0O0JIMYECKUX MPUYMH IePEryTUPOBAHUS UPKATHON pUTMUYHOCTH METaTOHUHA
MOXXeT ObITh cumnaruueckas addepeHTHas axTuBanus N- areTuinTpaHchepasbl
IIMIIKOBUIHOW JK€Je3bl, OrpaHWYMBAIOIIMA CKOPOCTh CHHTE3a MEJIaTOHUHA.
Cekpenusi MelIaTOHMHA MOXET, KpPOME TOTO, JOMOJHHUTEIBbHO H3MEHSTHCS TpHU
BBICOTHOW THUIOKANMHUU, MPeoOJaJaloluil y «HOBUYKOBY» B YCIOBHUSIX BBICOTHOM
TUTIOKCHUH.

M3BecTHO, YTO (PU3MOJOTHYECKHE MapaMeTpbl  CEepACUHO-COCYIUCTOM
CUCTEMBI TPOSIBJISIIOT KOJIEOAHUs, 3aBUCAIINE OT BPEMEHU CYTOK, KOTOpPBIE
OTIOCPEOBaHbl KaK BHEITHUMH (HaIpUMep, OKpY Karolias cpefa / MoBeACHUE), TaK

U BHYTPEHHUMHU (Hampumep, LUpKaaHbIMH uYacamu) (aktopamu. Hapymenue
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[IUPKAJHBIX PUTMOB OTPHUIIATEIILHO CKa3bIBACTCSA HA MHOXKECTBEHHBIX KapIHo-
MeTa0OJIMYeCKnX TmapaMmerpax. HemaBHuWe wWCCemOBaHUS TMOKa3bIBAIOT, YTO
IIUPKATHBIC Jackl ~ KapIUOMHOIIMTOB HEIOCPEICTBEHHO MOJTyJIUPYIOT
YyBCTBUTEIHHOCTh CEpANAa K META0OJMYECKHM CTUMYJaM (HarpuMmep, KUPHBIM
KHCJIOTaM) H cTpeccaMm (Hampumep, wumemus / penepdysus). [16] Jlanabie
CBUCTEILCTBYIOT O TOM, YTO HApyIICHUE MUPKATHBIX YaCOB KapUOMHOITUTOB TIO-
pa3HOMY BIJIMSET HA TIPOIECCHI, PETYIUPyEeMble HWHCYJIWHOM, M JAalOT HOBOE
NOHUMAaHWE TIOTCHIIMANIBHBIX IAaTOJIOTUYECKUX MEIUATOPOB MPH HAPYIICHUIX
OMOPUTMOB B YCIIOBUSAX BBICOTOPHSI.

3aKJIloueHue.

Takum oOpa3oMm, HeHpO-(U3HOIOTMUECKHE MEXaHU3MBbl aJanTaluu K
rUno0apuyecKoi TMIIOKCUU B YCIOBUSAX BBICOKOTOPbS, OCOOCHHO MPH BINOJIHEHUN
(¢u3nyecKkux Harpy3oK HOCHT CHUCTEMHBIH XapakTep, 3aBUCUT OT MHOTHUX
napamMeTpoB OKpY’Kalolllel cpeabl (TeMIiepaTypa, BIAKHOCTb, YaCOBOM MOfC,
MarHuTHOE TIOJI€ 3€MJIM), [ICHXO-3MOLIMAHAIBHOIO CTaryca 4YeJloBeKa U
c()OPMHUPOBAHHBIX B YCIOBHUSAX TPEHHUPOBOYHOIO Ipolecca (PYyHKIUOHATbHBIX
pe3epBOB opranusMa. Takyke y MHOTMX IAallMEHTOB, HAXOMAIIUXCS B KPUTUYECKOM
COCTOSIHUM, PAa3BUBACTCA T'MIIOKCEMUA, CXOJHAas C TUIIOKCEMHUEHM B YCIOBUAX
BBICOKOTOphsi. B CBsi3u ¢ 3TUM JaHHOE HampaBiieHHe TpeOyeT anbHEeHIero
U3YyUYEHUS U COOTBETCTBYIOLEI0 MEAUKO-OMOIOTHYECKOTO COMPOBOKICHHUS.
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