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IHPU TPAHCMEPUINOHAJIBHOM INIEPEMEIIIEHUN
B YCJIOBUS KJIUMATA TEPPUTOPUU COPEBHOBAHUM
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Annoranus. [IpeacraBieHbl pe3ylbTaThl UCCICIOBAHUS 10 YIBTPAIHMAHHBIM PUTMaM aJanTallOHHBIX
peakiuii My>K4uH, CIIOPTCMEHOB-TAPAIIIOTHCTOB BBICIIUX JAOCTHKEHHU, TIOCTOSHHO MPOXKUBAMOIIMX B YMe-
PEHHOM U KapKoM (CyOTpONMHMYECKOM, TPOIMHUYECKOM, CyOIKBaTOpHAIBFHOM) KIMMAare, MPU TPAHCMEPHINO-
HaJIbHOM NEPEMECIICHNU HAa COPCBHOBAHUA B YMCPCHHO-KOHTHUHCHTAJILHBIC HINPOTHI ueHTpaﬂbHOﬁ Poccun.
AHau3 BereTaTHBHOTO FOMEOCTa3a IM0Ka3al, YTO Ha MPOTSHKCHUU COPCBHOBAHUHN Y CIOPTCMEHOB U3 YMEPCH-
HOTO KJIMMAaTa YIpaBJICHUE PEryJsiliueil puT™Ma cep/ia OCYIeCTBISUIOCh IPEUMYIIIECTBEHHO CUMITATHYECKHM,
a y CIOPTCMEHOB M3 apKOro KiIuMara — MapacuMIIaTHYeCKUM OTJIEJIOM BEreTaTHMBHOW HEPBHOM CHCTEMBbI.
CymMmMapHbIii 3G GeKT BEreTaTUBHON PEryIIsui KpOBOOOPALICHHS TOCTOBEPHO HUKE Y CIIOPTCMEHOB U3 yMe-
PEHHOTO KIIMMaTa. Y CIIOPTCMEHOB, TIOCTOSHHO MPOKUBAOIIIX B KAPKOM KIIUMATE, BBISIBIICHBI HH BTy aJTh-
HbIE 0COOCHHOCTH aJaNTAI|K, & Y CIIOPTCMEHOB, ITOCTOSHHO MPOKUBAIOIINX B YMEPEHHOM KJIMMare, HaOIo-
Jlanack TPYIIOBasi CHHXPOHHU3AIMS YIPABICHUs pErysiiell putMa cepaa. Y CropTCMEHOB-IAPaIitoTHCTOB,
IMOCTOAHHO MPOXUBAKOIINX B YMEPCHHOM KJIIMMATEC, B IICPUOJ] 06CHC[[OBaHI/I}I BbISIBJICHA PE3UCTCHTHOCTD, 4 Y
MIPOKUBAIOMINX B )KAPKOM KIIMMATe — HE3aBEPILICHHAS aJaNTalus K YCIOBUSAM KJIMMara TEPPUTOPHUU IIPOBE-
JICHUSI COPEBHOBaHUI. YacTOTHO-CIIEKTPaIbHbIE KOMIIOHEHTBI PUTMA Cep/illa BHE 3aBUCUMOCTH OT KJIMMara
OCLHUJUTMPYIOTCS] aKTUBHOCTHIO BA30MOTOPHOTO HEHTPa. Y CHOPTCMEHOB, MOCTOSIHHO MTPOYKHBAIOIINX B YCIIO-
BUSIX KaK YMEPEHHOT0, TaK U jKapKOTo KJIMMara, BBIABICHBI IPU3HAKY NEPEKPECTHOMN afanTaluu. AJanTanus
K YCJIOBHUSIM KIIMMaTa OCYIICCTBIISICTCS HAMPSDKCHHEM CEPIICYHO-COCYIAHMCTOrO IEHTPA, JNAaHHBIN MOKa3aTellb
SIBJISIETCS] TIPEIUKTOPOM aJIAIITAIIMOHHBIX TPOIECCOB K M3MEHSIOIIUMCS YCIOBUSIM Cpe/ibl. BHE 3aBrCUMOCTH
OT KIIMMaTa IOCTOSIHHOTO TPOKUBAHHUSI CHOPTCMEHOB-IIAPALIIOTHCTOB BBICIIMX JOCTHXKCHUI B COpPEBHOBA-
TEJIbHBIN Mepuoa npu JJIMTCIbHOM BOS}leﬁCTBHH KOMIIJICKCAa HETaTUBHBIX q)aKTOpOB aZlaliTallHOHHBIC PECAKIINU
OCYIIIECTBIISFOTCS 32 CYCT BOJH OOJIee BRICOKOTO ITOPSIKA, YTO YKA3bIBACT HA MPEIIOCHUIKHA K ()OPMHUPOBAHIIO
MATOJIOTUYECKUX COCTOSIHUIA.

KaroueBnble ciioBa: YIbTpaguaHHBIC PUTMBI, alalITAllTUOHHBIC PEAKIINU, BapI/la6eHI)HOCTI) CCPACYHOI'O PUT-
Ma, TPaHCMEPUJNOHAJIBHOC IMEPEMCIIICHUC, KIIMMAT.

ADAPTATION REACTIONS OF ELITE ATHLETES
DURING TRANS-MERIDIONAL MOVEMENT
TO CLIMATE CONDITIONS OF THE COMPETITION TERRITORY

A.A. Kirichuk', D.M. Maksimov?, T.V. Bashkireva®

Abstract. The results of the study on ultradian rhythms of adaptive reactions in high-achieving male
athletes (elite parachutists), living in both moderate and hot (subtropical, tropical, subequatorial) climates,
during transmeridional travel to competitions in the moderately continental latitudes of Central Russia are
presented. Analysis of autonomic homeostasis showed that during the competitions, heart rate regulation was
controlled predominantly by the sympathetic part of the autonomic nervous system in athletes living in a
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moderate climate, while parasympathetic parts of the autonomic nervous system prevailed in athletes living in
a hot climate. The overall effect of autonomic regulation of circulation is significantly lower in athletes from a
moderate climate. Individual adaptation features revealed in athletes living in a tropical climate, while group
synchronization of heart rate regulation was observed in athletes living in a moderate climate. Resistance reveals
in parachutists permanently residing in a moderate climate during the survey, while incomplete adaptation to
the climatic conditions of the competition area observed in representatives of a tropical climate. Heart rhythm
patterns in men change with the vasomotor center’s activity, regardless of climate. Signs of cross-adaptation
found in athletes permanently living in both moderate and hot climates. It was found that in male athletes, high-
achievement parachutists, adaptation to the climatic conditions is achieved by the tension of the cardiovascular
center, this indicator is a predictor of adaptation processes to changing environmental conditions. Regardless
of the climate of permanent residence of high-achievement parachutists in conditions of the competitive period
with long-term exposure to a complex of negative factors, adaptation reactions are carried out as a result of
higher-order waves, which shows the prerequisites to the formation of pathological conditions.

Keywords: ultradian rhythms, adaptive responses, heart rate variability, trans-meridional displacement,
climate.



11.

12.

13.

14.

15.

CIIMCOK JIMTEPATYPBI

. Nopnanckast ®@.A. 2000. OcobeHHOCTH BPEeMEHHOI ajanTaiuu

IIpU IepeseTax Ha BOCTOK U 3allajl, CPeCTBA KOPPEKIIUH H ITPO-
(bUITAKTHKH TECUHXPOHO3a. Teopus u npaxkmuka gusuieckou
Kynomypsl. 3: 16-20.

. Yubuco C.M., Xamabu ['M., Karunac I.C. 2015. Jecun-

XpOoHU3aYUsL OUONO2UYECKUX PUMMOS.
EBOX: 286 c.

Mocksa — beiipyr,

. Buijs R.M., van Eden C.G., Goncharuk V.D., Kalsbeek A. 2003.

The biological clock tunes the organs of the body: timing by
hormones and the autonomic nervous system. Journal of
Endocrinology. 177(1): 17-26. doi: 10.1677/j0e.0.1770017

. Button C., Seifert L., Chow J.Y., Aratujo D., Davids K. 2020.

Dynamics of skill acquisition: an ecological dynamics
approach. Champaign, Human Kinetics: 288 p.

. Martoxun B.A., PazymoB A.H. 1999. Oxonocuueckas ¢usuo-

Jl02Usl YenoseKka u occmanosumenshas meouyuna. M., Menu-
muHa: 335.

. Kuxy I1.®., Xorumuenko M.1O., Harupnas JL.H. 2015. IIpo6-

JIeMBI TPAHCMEPHANOHATBHBIX MEPENETOB. DK0N02Us Uel06eKd.
22(1): 15-20. doi: 10.17816/humeco17166

. Haiimymmaa A.I. 2010. [cuxopu3nonornueckine MeXaHU3MBbI

IKOJIOTHYECKOW amantanun. DYHOAMEHMALbHble UCCLe008d-
Hust. 6: 76-81.

. Cho K., Ennaceur A., Cole J.K., Suh C.H. 2000. Chronic jet

lag produces cognitive deficits. The Journal of Neuroscience.
20(6): 1-5. doi: 10.1523/INEUROSCI.20-06-j0005.2000

.Katz G., Durst R., Zislin Y., Barel Y., Knobler H.Y. 2001.

Psychiatric aspects of jet lag: review and hypothesis. Medical
Hypotheses. 56(1): 20-23. doi: 10.1054/mehy.2000.1094

. Leger D., Badel D., de la Giclais B. 1993. The prevalence of
jet-lag among 507 travelling businessmen. Sleep Research. 22:
409-418.

Sack R.L. 2009. The pathophysiology of jet lag. Travel
Medicine and Infectious Disease. 7(2): 102—110. doi: 10.1016/j.
tmaid.2009.01.006

Oxonoeuss uenosexa 6 uzmensrowemcs mupe. 2008. Exare-
punodypr, YpO PAH: 570 c.

Pazymo A.H., Ilano C.E., IlaBioB A.C. 2016. «Ilepe-
KpecTHasl aJlanTalys» M 3aKOHBI «IIePeHOca TPEHHPOBAHHO-
ctuy. Iledazocurko-ncuxonoeuieckue u MeOUKo-oUoN0UecKUe
npobnemvl ghuzuyeckoil Kyromypsl u cnopma. 11(3): 42-52. doi:
10.14526/01 1111 123

Lagarde D., Doireau P. 1997. Jet lag. Médecine tropicale: revue
du Corps de santé colonial. 57(4): 489—492.

Otte F.W., Davids K., Millar S.-K., Klatt S. 2021. Understanding
how athletes learn: integrating skill training concepts, theory

and practice from an ecological perspective. Applied Coaching
Research Journal. 7: 22-32.

Otte F.W., Davids K., Millar S.-K., Klatt S. 2020. Specialist
role coaching and skill training periodisation: a football
goalkeeping case study. International Journal of Sports Science
& Coaching. 15(4): 562-575. doi: 10.1177/1747954120922548
Reilly T., Edwards B. 2007. Altered sleep—wake cycles and
physical performance in athletes. Physiology & Behavior.
90(2-3): 274-284. doi: 10.1016/j.physbeh.2006.09.017
Rothwel M., Davids K., Stone J.A., O’Sullivan M., Vaughan J.,
Newcombe D.J., Shuttleworth R. 2020. A department of
methodology can coordinate transdisciplinary sport science
support. Journal of Expertise. 3(1): 55-65.

16.

17.

18.

19. ®netimman A.H. 1999. Meonennsie konebanus 2emoOuHamuxL.
Teopus, npakmuueckoe npumMeHeHue 8 KIUHUYECKOU MeOUyUHe

u npogunakmure. HoBocnbupcek, Hayka: 264 c.

20. Menger K. 1960. A counterpart of Ockham’s razor in pure
and applied mathematics ontological uses. Synthese. 12(4):

415-428. doi: 10.1007/BF00485426
REFERENCES

1. Iordanskaya F.A. 2000. [Features of temporary adaptation during
flights to the east and west, means of correction and prevention
of desynchronosis]. Teoriya i praktika fizicheskoy kul tury. 3:
16-20. (In Russian).

2. Chibisov S.M., Khalabi G.M., Katinas G.S. 2015.
Desinkhronizatsiya biologicheskikh ritmov. [Desynchronization
of biological rhythms]. Moscow, Beirut, EBOX: 286 p. (In Russian).

3. Buijs R.M., van Eden C.G., Goncharuk V.D., Kalsbeek A. 2003.
The biological clock tunes the organs of the body: timing by
hormones and the autonomic nervous system. Journal of
Endocrinology. 177(1): 17-26. doi: 10.1677/joe.0.1770017

4. Button C., Seifert L., Chow J.Y., Aratjo D., Davids K. 2020.
Dynamics of skill acquisition: an ecological dynamics
approach. Champaign, Human Kinetics: 288 p.

5. Matyukhin V.A., Razumov AN. 1999. FEkologicheskaya
fiziologiva cheloveka i vosstanovitel naya meditsina. [Human
ecological physiology and restorative medicine]. Moscow,
Meditsina: 335 p. (In Russian).

6. Kiku P.F., Khotinchenko M. Yu., Nagirnaya L.N. 2015. [Problems
of transmeridian flights]. Human ecology. 22(1): 15-20.
(In Russian). doi: 10.17816/humeco17166

7. Najmushina A.G. 2010. [Psychophysiological mechanisms of
ecological adaptation]. Fundamental’'nye issledovaniya. 6:
76-81. (In Russian).

8. Cho K., Ennaceur A., Cole J.K., Suh C.H. 2000. Chronic jet
lag produces cognitive deficits. The Journal of Neuroscience.
20(6):1-5. doi: 10.1523/INEUROSCI.20-06-j0005.2000

HAYKA IOTA POCCHUM 2026 Tom22 Nel



AJAIITALIMOHHBIE PEAKIINMN...

9. Katz G., Durst R., Zislin Y., Barel Y., Knobler H.Y. 2001.

11.

12.

13.

14.

15.

Psychiatric aspects of jet lag:. review and hypothesis. Medical
Hypotheses. 56(1): 20-23. doi: 10.1054/mehy.2000.1094

. Leger D., Badel D., de la Giclais B. 1993. The prevalence of

jet-lag among 507 travelling businessmen. Sleep Research. 22:
409-418.

Sack R.L. 2009. The pathophysiology of jet lag. Travel
Medicine and Infectious Disease. 7(2): 102—110. doi: 10.1016/j.
tmaid.2009.01.006

Ekologiya cheloveka v izmenyayushchemsya mire. [Human
ecology in a changing world]. 2008. Ekaterinburg, Ural Branch
of the Russian Academy of Sciences: 570 p. (In Russian).
Razumov A.N., Pavlov S.E., Pavlov A.S. 2016. [“Cross
adaptation” and the laws of “training level transfer”].
Pedagogiko-psikhologicheskie i mediko-biologicheskie
problemy  fizicheskoy kultury i sporta. 11(3). 42-52.
(In Russian). doi: 10.14526/01 1111 123

Lagarde D., Doireau P. 1997. Jet lag. Médecine tropicale: revue
du Corps de santé colonial. 57(4): 489—492.

Otte F.W., Davids K., Millar S.K., Klatt S. 2021. Understanding
how athletes learn: integrating skill training concepts, theory

16.

17.

18.

19.

20.

109

and practice from an ecological perspective. Applied Coaching
Research Journal. 7: 22-32.

Otte F.W., Davids K., Millar S.-K., Klatt S. 2020. Specialist
role coaching and skill training periodisation: a football
goalkeeping case study. International Journal of Sports Science
& Coaching. 15(4): 562-575. doi: 10.1177/1747954120922548

Reilly T., Edwards B. 2007. Altered sleep—wake cycles and
physical performance in athletes. Physiology & Behavior.
90(2-3): 274-284. doi: 10.1016/j.physbeh.2006.09.017

Rothwel M., Davids K., Stone J.A., O’Sullivan M., Vaughan J.,
Newcombe D.J., Shuttleworth R. 2020. A department of
methodology can coordinate transdisciplinary sport science
support. Journal of Expertise. 3(1): 55-65.

Fleyshman A.N. 1999. Medlennye kolebaniya gemodinamiki.
Teoriya, prakticheskoe primenenie v klinicheskoy meditsine
i profilaktike. [Slow oscillations of hemodynamics. Theory,
practical application in clinical medicine and prevention].
Novosibirsk, Nauka: 264 p. (In Russian).

Menger K. 1960. A counterpart of Ockham’s razor in pure
and applied mathematics ontological uses. Synthese. 12(4):
415-428. doi: 10.1007/BF00485426

Hocmynuna 11.08.2025
Hpunsama 10.11.2025

HAYKA IOTA POCCUN 2026 Tom22 Nel



