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AHHOTAauMsA. H3JI0)KEHBl alrOpUTMbl HOBOTO MPUMEHEHUS HW3BECTHOTO
METO/Ia MAaTeMaTHYeCKOTr0 MOJICTUPOBAHUS (aMMpPOKCUMAIIMM SMIIHUPUUYECKUX
JTAHHBIX, TIPEJICTABIICHHBIX B BUJIE BPEMEHHBIX PSAJIOB, CHEIMAIBHO MOJ00paHHBIM
HKCTIIOHEHIIMAJILHBIM BBIPKEHHEM) JJISI OLICHKU TOPHOKIMMATUYECKOTO BIIMSIHUS
Ha YpPOBEHb JIMIIONPOTEHJOB U BEreTaTUBHOE OOECHEYEHUE MBIIICUHON
nearenbHOCTH. OOCYKIAatoTCd BO3MOXXHOCTH TPUMEHEHHUST HOBOTO METOJla B
JIpyrux o0JIacTsIX BOCCTAHOBUTEIBHOW W CIOPTUBHOW MEAWIMHBI U, IIHUPE, B
(bU3HOJIOTHH aalTaIiH.
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Annotation. The algorithms of a new application of the well-known method
of mathematical modeling (approximation of empirical data presented in the form
of time series, with a specially selected exponential expression) for assessing the
mountain climate effect on the level of lipoproteins and vegetative support of
muscle activity are described. The possibilities of applying the new method in
other areas of rehabilitation and sports medicine and, more broadly, in the
physiology of adaptation are discussed.



BBeaenne. ['opHOKIMMATHYECKOE BO3IEUCTBUE UCIOJIB3YETCS B TEPANUU U
peadMIUTAIMK IIUPOKOTO CIEKTpa 3a00JIEBaHUI U BapbUPYET KaK 1O BHICOTAM HaJl
YPOBHEM MODS (BBICOTHAsI TUIIOKCHS), TaK U TI0 YPOBHIO (PU3UYECKON aKTUBHOCTHU
Ha pasHbBIX BBICOTAX (COYCTaHHME BBICOTHOM H paboueid rumokcum) [1-3].
CoBpeMeHHBbIE  METOJbl  JOKAa3aTeJbHOM  MEIUIIMHBI, OCHOBAaHHBIE  Ha
BEPOSITHOCTHBIX OIICHKAaX, TPEOYIOT JUITMTEILHOTO HAKOTUICHHsI OOJBIIIOr0 o0heMa
SMIIUPUYECKUX  JAHHBIX C MHHUMAIbHOW TIE€TEPOr€HHOCTBIO, UYTO IS
TOPHOKIUMATHYECKOTO JICUYCHUS BPSIT JIN TOCTHKMMO UMEHHO B CHITY €€ OOJIBIION
BAPUATUBHOCTU U COYETAaHUN MHOXKECTBA (DAKTOPOB pa3IMYHON MHTEHCUBHOCTHU
(pa3peKeHHBIN YMCTHIN BO3AYX, yibTpaduoieT, PU3nyeckue Harpy3Ku, XOJIOJ U
T.1.) [4-5].

[Ipy H>TOM BEPOATHOCTHO-CTATUCTUYECKUE METOJbl, B TOM UHCIIE
BbIUUCIIEHUE KO3(PGUIIMEHTOB JUHEHHOM Koppemsimuu 1o [lupcony wumum
CnupmeHy, HE TO3BOJISIIOT OIICHUTh TaKHE BaXKHBIE MapaMeTpbl JEe4eOHOTrO
BO3JICUCTBUSI, KaK, HApPUMEP, CKOPOCTh JOCTUKEHHUS IEJIEBBIX XapaKTEPUCTUK
roMeocTazuca — OOBEKTUBHOTO SKBUBAJIEHTA 3/10pOBbsi. Kpome TOro m3BecTHO,
YTO MPHUOJIMKEHUS BPEMEHHBIX PSJIOB JUHEHHBIMH (QYHKUUSAMH 10 Mepe
BO3pACTaHUs WM CHIDKCHHS] TEPEMEHHOW BEIMYMHBI YacTo JalT (U3ndecKku
OCCCMBICIICHHBIE  pe3yJbTaThl,  HampuMep,  OECKOHEYHBbIE  BO3pACTAHUS
KOHIICHTpAIIMU BEIIECTB WM OTpHUIIATENIbHbIC 3HAUCHMS JAaBJICHUS B Cllydae HUX
JUHEWHOro cHukeHus. UToObl u30€xkaTh Takoro poja Ka3yCoB T.H. «IypHOMU
OCCKOHEUHOCTW», NPUMEHSIOT METOJbl  NPUOMIKEHUS  (anmmpoKCUMAIlUN)
BPEMEHHBIX PAJIOB SMIIUPUYECKUX JAHHBIX HeNWHEHHbIMU (yHKuusmu. Cpeau
HUX B MEIUKO-OMOJIOTHYECKON 00JIaCTH JOBOJIBHO YaCTO MOIXOAT MPUOIMKCHUS
SMITMPUYECKUX JIAHHBIX IKCIIOHCHIMAIbHON GyHKIueH [6]. OTcrona 1menb JaHHOU
paboThl JaTh 0030p JIBYX VYCHEIIHBIX MPUMEHEHUH OSKCIOHECHIIMAIbHON
anmpoOKCUMAIUU I CPABHUTEIBHON OIIEHKU TOPHOKJIMMATHYECKOTO BIUSHUS Ha
JUNUAHBIA Tpoduiab KpoBU [/] W BereTaTUBHOE OOECHEUYEHHE MBIIIECYHOU
nesitenbHOCTH [8].

MeToabl M OpPraHM3alUs UCCJIAENOBAHUA. OMIUPUYECKUN MaTepuan Mo
W3MEHEHUSIM JIUITATHOTO MPOGUIIS M BETETATUBHOMY OOECIICYCHHIO IESITEIIbHOCTH
HAaOUpaJica B XOA€ CXKETOAHBIX HAYYHO-HCCIEAOBATEIBCKUX  OKCICIUIIAN
«I'mmaman 2009-2018» B pamkax aBTopckoro mnpoekta Mpunsl ApxumnoBoi «B
MOMCKaX YTPaueHHbIX 3HaHUI» (C), HAPaBJICHHOTO Ha MOACPKKY OTEUECTBEHHOM
Hayku. OOcleIoBaHMSI YYAaCTHUKOB JTHUX DJKCIEIUIINM, PEKPYTUPOBAHHBIX B
dbopmate rpaknanckoit Hayku (Citizen Science), mpoBoAMIIN 0, BO BpeMs U IOCIIE
npebbiBanus B cpenneropbe [ 'umanaeB (monuna Kymny, mratr Xumauan I[paner,
WNunus) va Beicotax oT 2000 go 3500 M Hax ypoBHEM MOpsi. 3a00pbI KPOBU ISt
OTIpEJICIICHHS CTAHIAPTHON JIMTIUIOTPAMMBI ObUTH B3SITHL Y 16 y4aCTHHUKOB 000€T0



1oJjia HaTOIIAK JO W MOCJI€ UX HEJAEIBLHOTO MPEObIBAHUS B CPEAHETOPHE B paMKax
skcnienunuu «l'mmanan 2009». Kpome TOro HCHoiab30BaMCh JaHHBIC JPYTHX
aBTOPOB MO0 TOPHOKIMMATHYECKOMY JICUCHHMIO IUCIUIONPOTEUACMUMN, a TaKkKe
JAaHHBIE  TIEPUOJIMYECKOM  TUMOOApUYECKOM  Tepanuu, COMOCTaBUMOM ¢
peOBIBAHNEM HUCTIHITYEMBIX Ha YKa3aHHBIX BBICOTAX.

BereratnBHOoe oOecrieueHWE MBIMICYHOW JEATEILHOCTH H3y4ajioCch B
skcneauiusax «l'mmaman 2016 u 2017», B KOTOpBIX Y4YaCTHHKHM 00O€ro moja
(n=13) BBIMOJHSIA CTYIICHYATO BO3PACTAIONIUE CTPECCIXOKAPAUOTPaAPUICCKUC
Harpy304HbI€ TECTHI JI0 U MOCJe NpeObIBaHUs B CpeAHErOphe [ mManaes (Tam xe).

UccnenoBanus ObLIH 0J100pEHBI OTUYECKUM KOMHUTETOM
Cankr-IletepOyprckoro rocynapctsennoro yuusepcurera (IRB00003875 — Ne 67,
e-mail: irb@spbu.ru). Bce yuacTHHKH Tonucaiy HHPOPMHUPOBAHHBIC COTJIACUS U
OTBETUJIM HA BCE BOMIPOCHI UCCIIEIOBATEIECH.

Cratuctuueckass 00pabOTKa M SKCIOHEHLUMANbHAs  allpOKCHUMALUs
BBITIOJTHSTUCHh TPUMEHEHUEM METOJ0B HAUMEHBIINX KBAJIPATOB U MAaKCUMAaJIbLHOTO
npaBgonogoous Puiiepa, peaqu30BaHHBIX B MaTEMaTUYECKUX MPOrpaMmax
OriginPro 2019b (c) u Derive 5.05 (c).

Pe3yabTaThl HCCICA0BAHMS U MX O0CyKAeHHUe. /(151 cpaBHEHUsI CKOPOCTHU
AHTUATEPOTCHHBIX HM3MEHEHHWI ObLI MNPUMEHEH CICAYIONIUN BBIYUCIUTEIbHBIN
QITOPUTM, CJIeAysl OJHOMY U3 M3BECTHBIX NPUMEHEHUM WHTErpaIbHOTO
ucuncienus [9]:

1.[lo pe3ynbTaTam yCpPEIHEHHBIX W3MEHEHUN UHCIEHHBIX 3HAYEHUU
JUTUAHOTO PO 10, BO BpeMs U MOCIe MPeObIBaHMS B PA3JIMYHBIX YCIOBUSIX
MOHIKEHHOTO0 0apOMETPUUYECKOrO JIaBJIEHUS METOJOM HAWMEHBIIUX KBaJpaTOB
(manmee MHK) BbImosHeHa SKCHOHEHIIMAIbHAS —AaIMPOKCUMAIUS HW3MEHCHHS
OOIIEro XOJECTEpHHA M XOJIECTEPUHA B COCTAaBE JIMIIONPOTEUIOB BBICOKOW H
HU3KOM MJIOTHOCTH aHAJTUTUYECKUM BhIpa)KEHUEM BUA!

X(t) = Ce * (1),

roe X — kojaudecTBO JunuuoB, t — Bpems, K u C — ko3 puimeHTsl,
HaneHHble npuMeHenneM MHK.

2. JIns cpaBHEHHUS] CKOPOCTEHl M3MEHEHHs 3alucaHa IepBas MPpOM3BOJHAs,
(usnyeckuii cMbIcH KOTOpPOii cyTh ckopocTth X(t) '=Cke X

3. Beruncnen kBajpar OMpeaesieHHOT0 MHTETpayia OT MEePBON MPOU3BOIHON
HaliieHHoro BeIpaxeHusi (1) c¢ mpegenamu uHTerpupoBanus ot 0 mo 29 (mo
MaKCUMaJIbHOW MPOJIOJKUTEILHOCTH MpeObIBaHUsI HA BbicoTe B TeueHuu 30 qHel
U3 YEeThIpEX CpPAaBHMBAEMBbIX BApUAHTOB — lIATUTOpCKMIT KypOpT, KypOpThI
Kupruzum, runobapuyeckast Tepamus U Hallly 3Kcneaunny B [ mmanan):



29 2
( j Cke" dt j
0

B 1ensix moHOTHI U3JI0KEHUST BOCIIPOM3BEIEM CBOJHYIO Tabymiy (Tadu. 1)
9KCITOHCHIIMAIBHBIX MOJIeNIeH U3 paboThI [7]:

Tabmauua 1

CBo/IHas TabIMIA SKCIIOHEHIMANBEHBIX Mojienteil Buaa Ce' ms n3menenuit o6mero
X0JIECTEPUHA, X0JIECTEpUHA JTUTTONPOTENI0B BhicOKoM rutoTHOoCTH (JITIBIT) M HU3KO# TUIOTHOCTH
(JITTHIT) (cronOupt 2, 4, 6) ¥ BEIYUCICHHBIE C UX TOMOIBIO YACIEHHBIE 3HAYCHUS KBaIPAaTOB
OIpeeNICHHBIX UHTETPAJIOB OT UX MEPBBIX MPOU3BOAHBIX 10 BPEMEHU C MpeaeaMu

29 2
uHTerpupoBanus ot 0 10 29 (cyTok) [I Cke' dt ] (cronOuer 3, 5, 7)
0

Ne OO0muit xonecrepuH Xonecrepun JIIIBII Xonecrepun JITTHIT

1 2 3 4 5 6 7

1 297.1¢70004 1285

2 241.1 70002 146 37.500043 27.1 161 000t 24.3
3 204.2 0002 275 49.4 002 17 142.8 ¢ 0008 344
4 190.8 e7001 2902 34.3e%02 702 131.8 00 2480

Conepxxanue Tabnuubl 1 sSBIsSETCS AOKA3aTE€IbCTBOM TOTO, YTO COYETAHHE
BBICOTHOM THUIIOKCHHM, YMEpPEHHOH (U3UYECKOW Harpy3ku U peryJspHbIX
XOJIOZIOBBIX BoO3AeCcTBUM (cTpoka 4 — okcneguius «l'mmamam 2009») maer
HauOOJIbIINE CKOPOCTH CHU)KEHHS OOIIEro XOJIECTEPUHA, MOBBIIMICHUS YpPOBHS
JunonpoTeuHoB  BbIcOKOM  mioTtHoctu  (JITIBII) w  cHmwkeHus  ypoBHA
aunonpotenaoB HU3KoM mnotHocTy (JIITHIT), koTopbie 3HAUUTENBHO MPEBOCXOASIT
MU3MEHEHUS JIMMUIHOTO Npouis Ha POHE TOJIBKO BHICOTHOW TMIIOKCUM (CTPOKH 1
u 2 — xypoptsl Ilaruropcka m Kuprusum) u ajgantaumd K TunoOapuyecKoin
runokcuu (cTpoka 3).

AHANOTMYHBIM adropuT™M OBLI MNPUMEHEH JUIsl OLIEHKHM BETreTaTUBHOTO
o0ecrieuyeHns MBILIICYHON JEeATENbHOCTH 1O W TOCie NpeObIBaHUs Ha BBICOTE
2000-3700 M Hag ypoBHEM MOPS MO pe3yjbTaTaM TPagyupOBAHHBIX HArPY30YHBIX
CTpecc-TeCTOB Ha Besodprometpe [8]:

1.[lo pe3ynbraramM NOpsIMBIX HM3MEPEHUN aApPTEPUAIBHOIO JABJICHUS U
CEpJIEYHOr0 IMyJbCa, BBIMOJHIEMBIX HAa KaXKIOW CTYNEHH CTPECC-TECTOB ObUIN
BBIYMCIICHBI TOYEUHbIE 3HAYEHHUs BEreTaTMBHOro MHAekca Kepno mpumeHeHuem
BBIPAKEHHUS:

\ :1_% (2)1
qcce

rae 1Al — amxHee (IuacToIMYecKoe) TaBJICHHE B MM PTYTHOTO CTOJIOA, H
YCC — gacToTa cepJIeYHbIX COKpallleHui B yaapax B Mmunyty [10].



2. AnmpoKcuManusi MOAXOSIINM SKCIOHCHITMAIBHBIM BBIPAKCHUEM BHJIA
V(t)=A;—Axe* ¢ mnocnemyromel KOIMYECTBEHHON OLEHKONW BEreTaTHMBHOIO
KOHTPOJISL JEATEIbHOCTH, MPOU3BEIEHHON OpPraHU3MOM HCIBITYEMBIX B XOJI€
CTaHJAPTU3UPOBAHHBIX HArpy304YHBIX NTpoO0 [0 U 1ocie mnpeObIBaHUS B
CpEIHEeTOpbe, BHIMIOJHEHA MPUMEHEHHEM METO/1a MaKCUMAIHHOTO MPaBIOTIOI00MS
Qdurrepa.

3. [Ins cpaBHeHHWs BETeTaTUBHOTO KOHTPOJS ACSATEIBHOCTA 10 W TIOCIE
npeObIBaHMs B CPEAHETOPbE BBIYUCIISLTA OTHOLICHHE TUIOMIaieH (MHTErpaioB) Mo
HaWJICHHBIMHM aIMPOKCUMUPYIONIMMHU 3KCIIOHEHTAMH Ha PAaBHBIX HHTEpBaJIax
BpeMeHu. [Ipenensl HHTerpupoBaHus 3a/1aBajid IO MEHBIIEH MPOIOIKUTEILHOCTH
HArpy304HOM MpoOkI (B CEKyH/IaX), T.€. 0 MPEObIBAHUS B CPEIHETOPHE.

B 1ensx MONHOTHI W3JIOKEHHUS TMPUBEAEM IPUMEP WHTETPATLHON OIEHKH
YCIEUIHON alanTalluy K BBICOTE MOCJE HeJeabpHOro npedsiBanus Ha BeicoTe 2000-
3700 u Hag ypoBHEM Mops (Tadm. 2 u puc. 1).

Tabnuma 2
WuTerpanbHas OlleHKa BEreTaTUBHOTO KOHTPOJIS ICATEIIbHOCTH TIPU BBIIIOJTHCHUN
CTaHJIAPTH3UPOBAHHOTO HArPY30YHOTO CTPECC-TECTA J0 U TOCTE MPEOBIBAHUS B CPETHETOPHE Y
ucneityemoro 1. (51)

1 2 3 4 5 6 7 6

NHurerpanbnas
Kosddbumuenrtsr orierKa
S| Bpewms AAA YCC B | Unnekc anng)oacHMpr}omeﬁ BETCTaTHBIOTO /
=|Bcex. |°MM y/mun | Kepao | SKCIIOHEHTHI BU/IA KOHTPOIA 210 (S1) 1 | S1/S2
pT.CT. V()=Ar—Ase X nocie (S2)
npeObIBaHUS B
CpETHETOPhE
0 60 57 -0,05

~| 85 60 94 0,36

§ 187 70 112 0,38 A1 0,46306 384

<| 271 70 125 0,44 Az 0,51195 | Si=[V(t)dt ~ 146,4

2| 302 70 129 0,46 K 0,01624 0

| 384 70 146 0,52 p 0,00155

0 | 80 | 55 | -045 ~1.6

~| 87 80 97 0,18

§ 189 80 110 0,27 A1 0,39181 384

w| 270 80 120 0,33 Az 0,84068 | So=[V(1)dt ~128,5

Sl 332 80 134 0,40 Kk 0,01388 0

| 404 80 142 0,44 p 0,00219

[Tpumeuanue: JIAJl — nuacronmmueckoe nanenue; YCC — gacTora cepedHbIX COKpalieHui; Ay,
Az, Kk - ko3 punmeHTh anmpPOKCUMHUPYIOIICH SKCIIOHEHTHI; P — 3HAYMMOCTD ANMPOKCUMAIIUHU T10
kputepuro Oumepa-CHenexopa; S1 U Sz — BRIYUCICHHBIE HHTETPAITBI (TUTOMIAIHN IO KPHBOK) Ha
PaBHBIX POMEXKYTKAX BPEMEHH J0 U TOcye MPeObIBaHUs B TOpax
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Puc. 1. I'padmueckas uHTEpIIpETAIlUs BETETATUBHOTO 00CCTICUCHHMSI IEITSIIBHOCTH TIPH

BbINoJHeHUH uctibityemoit .M. (51) Harpy30uHbIX Ipo0 (CTpecc-TeCTOB) 0 U MOCIe
npeObIBaHUS B CPEIHETOPhE

[Tpumeuanue: Ilo ocu abcumcc — Bpems t B ceKyHJax, IO OCH OpJAMHAT — V BereTaTUBHBIN
unuaekc Kepno;

° UCXO/IHbIE 3HAUYEHUs BEreTaTuBHOro mHAekca Kepno, HaiileHHbIE B XOJi€ BBINOJIHEHUS
Harpy304Hoi 1npoOsl, 10 IpeObIBaHUs B CPEAHETOPHE;

- - - - anNpOKCHUMHUPYIOIIAs SKCIIOHEHTA JI0 NPeObIBaHMsI B CPEJHETOPEE;

o 3Ha4YeHus1 uHaekca Kepno, HaliileHHbIE B X0/I€ BBIIIOJIHEHHUSI HATPY30YHOU MPOOBI 1mocie
peObIBaHUS CPEIHETOphE;

anMpOKCUMHUPYIOIIAs SKCIIOHEHTA T0cyIe NMPeObIBaHUS B CPETHETOPbE.

Haiinennoe ortnomenue turomaneii — 1,6 (cronberr 6 Ttabmuubl 2) —
CBUAETEIbCTBYET O TOM, UTO BEreraTuBHOE obecreueHue (HU3NUECKon
nesteapbHOCTH Y ucnbiTyemort .M. mocne npeObiBaHMs Ha BBICOTE CIBHHYJIOCH B
CTOPOHY CHIDKEHHSI CUMITATUYECKUX BIUSHUM, a 3HAYUT (U3HOIOTHUYECKas IeHa
Harpy3ku (dproTporHas COCTaBIAIOIIAs) yMmeHblmniach. Ha puc. 1 cHuxeHue
CUMIIATHYECKOTO  TOHyCa  WJUIIOCTPUPYETCS ~ TeM,  4YTO  DKCIIOHEHTa,
aNMpPOKCUMUPYIOIIAsi TOYEYHBIE OILCGHKH BETeTaTUBHOTO TOHyCa BO BpeMs
CTaHIapTU3UPOBAHHON HArpy304HOM MPOOBI (CTpecc-TecTa) M0 MpeObIBaHUS HA
BBICOTE, PACIOJIOKEHA BBIIIE, YEM DKCIIOHEHTA, alMpOKCUMHPYIONIAs Pe3yIbTaThl
BETETATUBHOTO TOHYCA TOW K€ HAarpy304HOUW MpOOBI Mocie NMpeObIBaHUs B TOpax.
[Ipu 3TOM HECMOTPS Ha TO, YTO Yy BCEX HCIBITYEMBIX, ITOOBIBABIIMX Ha BBICOTE,
YBEJIMYUJIOCh BpeMs JOCTHXKeHus cyomakcumanbHou (85%) UCC B oTBeT Ha
CTaHJIAPTU3UPOBAHHYIO HArpy304YHYIO MpoOy, a TakKe BO3POCIO MaKCHMalTbHOE
notpebneHune KHCJIOPO/Ia, BEreTaTUBHBIH KOHTPOJIb OOHaApPYKHJIT
MIPOTUBOIIOJIOKHBIE TEHJEHIIMHW Yy 30POBBIX JIUI[ M HCIBITYEMBIX, ¥ KOTOPBIX
BBISIBJICHBI CEPJICUYHO-COCYAUCThIC TaToJoruu. M3 pe3ynbTaToB HMHTETpabHOU
OLIGHKH  O3KCIOHEHIUANIbHONM  aNIpOKCHMAIlMM  BETETaTUBHOTO  KOHTPOJIS
HArpy304YHBIX MPOO CIeAyeT, uTo nocie npedbiBanus Ha BeicoTe 2000-3700 M Han



ypOBHEM  MOps  ajantauus  (aJeKBaTHOE  BEreTaTuBHOE  oOecredeHue
NEATEIbHOCTH) K Harpyske mnpousonuia Toiabko y 10 u3 13 ucneiTyemsix, y
KOTOPBIX ILIOIIAJAb IOJ COOTBETCTBYIOIIEH aIlIPOKCHUMHUPYIOLIEH 3KCIOHEHTOU
YMEHBIINJIACh TTOce Bo3BpaiieHus ¢ BbIcoThl 2000-3700 M.

BBIACHUTH 3Ty 3aKOHOMEPHOCTH BET€TaTUBHOIO KOHTPOJS B OTBET Ha
bu3NYeCKyl0 Harpy3ky CTajJo BO3MOXXHBIM Oyarojnapsi NPUMEHEHHI0 HOBOTO
METO/a MHTErpajbHOM OLIEHKM BEreTATUBHOIO KOHTPOJS JIEATEIBHOCTU C
IIOMOLIBI0 BereTtaTuBHOro uHAekca Keppo. I[lpuBsi3ka e€IMHMYHBIX W3MEPEHUU
apTepUaIbHOIO JABJICHHS U CEPAECYHOIO PUTMA K TOUHBIM MOMEHTAM BPEMEHU IIPU
CTaHAAPTU3UPOBAHHBIX HATPY30YHBIX TECTAX ITO3BOJIMJIA BBINOJHUTE aJCKBAaTHYIO
HKCIIOHEHIMAJIBHY0 alIIPOKCUMALUIO C MOCJIEIYIOUMM CPaBHEHUEM HaWJEHHBIX
AHAJIMTHYECKUX BBIPAKEHUN BEreTaTUBHOIO KOHTPOJISI 0 U MOCJe NpeObIBaHUS Ha
BBICOTE.

3akiouyenue. I[IpuMeHeHME OKCIOHEHUHAIBHOW — aAlIIPOKCHMAIUU K
AMIIMPUYECKUM JAHHBIM, MPEJCTABICHHBIM KAaK BPEMEHHBIEC PSbl, IO3BOJSET
U3BJICYb JIOTIOJHUTEIbHYIO (PU3MOJIOTUYECKYI0 W/WIM KIMHUYECKH 3HAUYUMYIO
uHpOpMaIMIO, TaKhe KaK CKOPOCTb M3MEHEHMSI M3y4aeMbIX XapaKTEPUCTUK WIIU
(GU3MONOTMYECKYIO 1IEHY aJlalTalii, YTO MOKET HaWTH NMPUMEHEHUE HE TOJBKO B
OLICHKE TOPHOKJIMMATHYECKOTO JIEYEHHUS, HO MW B JpYrux o0JacTsIx
BOCCTAHOBUTEIBHOU U CIOPTUBHOM MEIULIMHEI U, IIKUPE, PU3UOIOTUHU aAaNTaLUH.

baarogapuocTh:  ABTOpBI  BBIpaXalOT  TIyOOKyr0  OJaroapHOCTb
reHEepaJIbHOMY JTUPEKTOPY KHUHOCTYIUU ucTtopudeckoro ¢uiabMa «DAPAOH»
Upune BrnagumupoBHe  ApXUIIOBOW, OpPraHU3atopy H  BIOXHOBHUTEINIO
MEKIYHAPOIHBIX HAYYHO-UCCIIE0BATEIbCKUX 3Kcneauuuii B ['mManan B pamkax
€€ aBTOPCKOTO MpoekTa «B mouckax yTpauyeHHBIX 3HAHUW» (C), HATIPABJICHHOTO Ha
NOJJIEP)KKY OT€YECTBEHHON HAyKHU.
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Annotation. The algorithms of a new application of the well-known method
of mathematical modeling (approximation of empirical data presented in the form
of time series, with a specially selected exponential expression) for assessing the
mountain climate effect on the level of lipoproteins and vegetative support of
muscle activity are described. The possibilities of applying the new method in
other areas of rehabilitation and sports medicine and, more broadly, in the
physiology of adaptation are discussed.

Introduction. Mountain climate effect is used in therapy and rehabilitation
of a wide range of diseases and varies both in altitude (mountain sickness) and in
the level of physical activity on different altitudes (combination of mountain
sickness and hypoxia) [1-3]. Modern methods of the evidence-based medicine
centered around probability estimations require a long-term gathering of a big
amount of empirical data with a minimal heterogeneity, which is hardly achievable
for mountain climate treatment exactly due to its high variability and combinations
of factors of different intensity (thin clear air, ultraviolet, physical loads, cold etc.)
[4-5].

Moreover, probability and statistical methods, including calculation of linear
correlation coefficients according to Pearson or Spearman, do not allow evaluating
such important parameters of a therapeutic effect as, for example, the rate of
achieving key characteristics of homeostasis, which is an objective counterpart of
health. It is also known that approximations of time series using linear functions in
the course of increasing or decreasing variable often give inadequate results, i.e.
infinite increases of substance concentrations or negative pressure values in case of
their linear decrease. In order to avoid such errors (i.e. “bad infinity”), researchers
use methods of approximating time series of empirical data using non-linear
functions. Approximations of empirical data using the exponential function are
often used in the biomedical field [6]. That is the reason the purpose of this study is



to review two successful applications of exponential approximation to conduct a
comparative analysis of the mountain climate effect on the blood lipid profile and
vegetative support of muscle activity [7-8].

Methods and organization. Empirical data on changes in the blood lipid
profile and vegetative support of muscle activity was gathered during annual
scientific and research expeditions “Himalayas 2009-2018” within the author
project of Irina Arkhipova “Searching for lost knowledge” (c), aimed at supporting
national science. Examinations of participants who were recruited in the format of
Citizen Science took place before, during and after staying at the Himalayas’
middle altitude (Kullu valley, Himachal Pradesh, India), at an altitude of 2000 to
3500 meters above sea level. Blood collection for identifying the standard lipid
profile was taken in 16 participants of both genders in the fasted state before and
after their one-week stay in the “Himalayas 2009 expedition. We also used the
data of other authors of mountain climate treatment of dislipoproteinemia, as well
as the data of periodical hypobaric therapy that matched the stay of participants at
given altitudes.

Vegetative support of muscle activity was studied in “Himalayas 2016 and
2017 expeditions, in which participants of both genders (n=13) performed
gradually increasing echocardiographic load tests before and after staying at the
Himalayas’ middle altitude (the same spot).

The Ethics committee of the Saint Petersburg State University
(IRB00003875 — Ne 67, e-mail: irb@spbu.ru) approved the research. All
participants signed an informed consent and answered all questions asked by the
researchers.

Statistical processing and exponential approximation was performed using
Fisher’s methods of least square and maximum likelihood, implemented in
OriginPro 2019b (c) and Derive 5.05 (c) mathematical programs.

Results and discussion. To compare the rate of antiaterogenic changes, we
used following calculation algorhythm, following one of well-known usages of
integral calculus [9]:

1. According to results of averaged changes of the lipid profile’s numeric
values before, during and after staying in various conditions of reduced barometric
pressure using the least square method (LSM), we performed the exponential
approximation of changes in total cholesterol and cholesterol in high and low
density lipoproteins using a following expression:

X(t) = Ce ¥ (1),

where X —a number of lipids, t —time, k and C — coefficients found by using
the LSM.



2. To compare the rate of changes, we noted the first variable, physical
meaning of which is the rate of the aforementioned expression.

3. Then we calculated a square of a certain integral of the first variable of the
expression (1) with limits of integration of 0 to 29 (according to maximum
duration of staying for 30 days from four compared options — Pyatigorsk resort,
Kyrgyzstan resorts, hypobaric therapy and the Himalayas expeditions):

29 2
( j Cke dt J
0

In order to give full information, we present a summary table (Table 1) of
exponential models [7]:
Table 1
Summary table of exponential models of the Ce* type for changes of the total cholesterol,
cholesterol of high-density (HDL) and low-density lipoproteins (LDL) (columns 2, 4, 6) and
calculated numeric values of squares of specific intervals from their first variables in time with

29 2
integration limits of O to 29 (days) (j Cke dt j (colums 3,5, 7)
0

No Total cholesterol HDL cholesterol LDL cholesterol

1 2 3 4 5 6 7

1 297.1e70%04 1285

2 24117002 146 37.5¢%%%4% 27.1 161709 24.3
3 204.2 7901 275 49.4 %% 17 142.8 e700% 344
4 190.8 7" 2902 34.3¢%%% 702 131.8 % 2480

Contents of the table 1 serve as an evidence for the fact that combination of
the mountain sickness, moderate physical loads and regular exposure to cold (4th
row is the “Himalayas 2009 expedition) supports with the highest rate of the total
cholesterol’s decrease, increase of the HDL cholesterol level and decrease of the
LDL cholesterol level, which significantly exceeds changes in the lipid profile
associated only with the mountain sickness (1st and 2nd rows — Pyatigorsk and
Kyrgyzstan resorts) and adaptation to the hypobaric hypoxia (3rd row).

We applied the same algorhythm to evaluate vegetative support of muscle
activity before and after staying at an altitude of 2000-3700 m above sea level
according to results of graduated load tests on the stationary bicycle [8]:

1. Based on results of direct measurements of blood pressure and pulse
performed at each stage of the load test, we calculated pointwise values of the
Kerdo index using the following expression:

po1-dBP

HR(2),

where dBp — diastolic blood pressure (mm of Hg), HR — heart rate

(beats/min) [10].



2. Approximation with a suitable exponential expression V(t)=A;—A,e™
with a subsequent quantitative assessment of vegetative control of the activity
produced by the organism in case of standardized load tests before and after
staying at a middle altitude was carried out using the Fisher’s maximum likelihood
method.

3. In order to compare vegetative control of the activity before and after the
stay in middle altitude, we calculated a ratio of areas (integrals) of founded
approximating exponentials on equal time intervals. Integration limits were set
according to a shorter duration of the load test (in seconds), i.e. before staying at a

middle altitude.

Table 2
Integral evaluation of vegetative control of the activity in the experimental group (51) when
performing the standardized load test before and after staying at a middle altitude

1 2 3 4 5 6 7 6
Coefficients of Integral e\(aluation
dBP, | HR approximating of vegetative
Z| Time,s | mm | beats/m | <90 | exnonential of the control before (S1) | ¢ /o
a ’ : index por "t and after (S2) 12
of Hg | in V(t)=A1—Aze . .
equation staying at a middle
altitude

0 60 57 -0,05
~ 85 60 94 0,36
S| 187 70 112 0,38 AL 0,46306 384
S 271 70 125 0,44 A; 051195 | Si=[V(1)dt~ 146,4
2| 302 70 129 0,46 k 0,01624 0
NI 384 70 146 0,52 p 0,00155

0 | 80 | 55 | 045 ~1.6
~| 87 80 97 0,18
S| 189 80 110 0,27 AL 0,39181 384
o 270 80 120 0,33 Az 0,84068 | So=[V(1)dt~128,5
S; 332 80 134 0,40 Kk 0,01388 0
| 404 80 142 0,44 p 0,00219

Note: dBP — diastolic blood pressure; HR — heart rate; A1, A2, k — approximating exponential
coefficients; p — approximation significance according to the Fisher-Snedecor criterion, S; u Sy —
computational integrals (areas under the curve) in equal time intervals before and after staying in
the mountains

In order to give full information, we present an example of integral
evaluation of successful adaptation to altitude after one-week stay at an altitude of
2000-3700 above sea (Table 2 and fig. 1).



0,4 4

0,2+

0,04

-0,2

-0,4 -

D
T

¥ T ) T L] T ¥ T
0 100 200 300 400
t,s

Fig. 1. Graphic interpretation of vegetative support of the activity when performing load tests by
the experimental group (51) before and after staying at middle altitude

Note: X-axis — time (t) in seconds, Y-axis — the Kerdo index (V);

° initial values of the Kerdo index, revealed in case of performing the load test before
staying at middle altitude;

- - - - approximating exponential before staying at middle altitude;

o the Kerdo index values, revealed in case of performing the load test after staying at
middle altitude;

—approximating exponential after staying at middle altitude.

The revealed ratio of areas — 1,6 (6th row of the table 2) shows that the
vegetative support of physical activity of the experimental group after staying at an
altitude shifted towards a decrease of sympathetic effects, which means that
physiological value of a load (its ergotropic component) has reduced. On the fig.1
a decrease of the sympathetic tone is illustrated through the fact that the
exponential that approximates pointwise assessments of the vegetative tone during
standardized load test before staying at an altitude is located higher than the
exponential that approximates results of the vegetative tone of the same load test
after staying on the mountains. Moreover, despite the fact that in all participatns
who stayed at an altitude a time of achieving the submaximum (85%) HR as a
response to the load test increased, as well as the maximal oxygen consumption,
the vegetative control revealed opposite tendencies in healthy people and in people
with cardiovascular pathologies. Results of the integral evaluation of the
exponential approximation of the load test vegetative control show that after
staying at an altitude of 2000-3700 m above sea level, adaptation (an adequate
vegetative support of the activity) to loads occurred only in 10 of 13 participants,
whose area under the corresponding exponential reduced after returning from the
altitude of 200-3700 m.

Using the new method of the integral assessment of the activity with the
Kerdo index contributed to revealing this regularity of the vegetative control as a



response to physical loads. Matching measurements of blood pressure and heart
rate to pointwise moments of time in case of the standardized load test allowed
carrying out an adequate exponential approximation with a subsequent comparison
of the discovered analytical expressions of the vegetative control before and after
staying at an altitude.

Conclusion. Using the exponential approximation to empirical data
presented as time series allows gathering an additional physiological and/or
clinically significant information, such as the speed of changes in examined
characteristics or the physiological value of adaptation, which can be applied not
only when evaluating the mountain climate treatment, but also in other fields of
rehabilitation medicine, sports medicine and adaptation physiology.
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