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CraTba NpepacTaBnseT 0630p AMTepaTypbl, NOCBALLEHHbIV ponu BapuabenbHOCTM puTtma cepaua (BPC) B nporHo3upoBaHWy roToBHOCTH CMOPTCMEHOB
K TPEHUPOBKaM, OLieHKe COCTOAHWUA BereTaTMBHOM HepBHOM cuctembl (BHC) M aganTaLMOHHbIX BOSMOXKHOCTEN opraHM3ma. PaccmoTpeHbl MeTozbl
aHanusa BPC, Takme kak SDNN, rMSSD, HF, LF u LF/HF, 1 ux npumeHeHne B CNOPTMBHOM NpakTuke. Ocoboe BHUMaHWE yAeneHo NpeaoTBpaLLeHmio
NepeTpPeHNPOBaHHOCTU U GU3NYECKOTO UCTOLLEHWA C MOMOLLI0 MOHUTOPUHIa BPC.

Lienb uccnepoBaHuA: cuCTemMaTM3aLMA AaHHbBIX MO NPUMEHeHUIo aHanu3a BPC gna OuLEHKM rOTOBHOCTM CMOPTCMEHOB K Harpyskam u paspaboTku
peKkomeHAaLMii No afanTaLum TPEeHUPOBOYHbIX MPOrPaMM.

Matepuan u meTtoabl: NpoBeaEH aHanu3 60 peLeH3npyeMbix UCCIeA0BaHMI, onybaMKoBaHHbIX B 6a3ax Scopus, PubMed 1 Web of Science B nepvog,
¢ aHBaps 2018 no aekabpb 2024 ropa. B KayecTse K/oUeBbIX C/10B UCMONb30BaHbl: “heart rate variability”, “training readiness”, “athletes”, “recovery”,
“overtraining”. Kputepuu BKAtOYEHMA: cTaTbM C AaHHbIMK no BPC (SDNN, rMSSD, HF, LF, LF/HF) y cnopTcmMeHOB B NpoLecce TPEHMPOBOK U BOCCTa-
HOB/IEHWMA. VICKNIOUeHbI HepeLieH3upyemble Ny6anKaLum, matepuasbl KOHGEPEHLMIA U UCCIel0BaHUA, He CBA3aHHbIE C aTNETUYECKOW Nonyasaumen.
Pe3ynbratbi: BbicoKkMe 3HavyeHna SDNN 1 rMSSD KoppenupytoT ¢ ypOBHEM BOCCTAHOBNEHWA U FTOTOBHOCTU CNOPTCMEHOB, TOTAA Kak CHMeHue HF u
pocT LF/HF cBA3aHbl C yCTanocTbio M PUCKOM TpaBM. PerynsipHblit MOHUTOPUHT BPC CHUKAET pUCK NepeTpeHUpoBaHHOCTH Ha 34% 1 TpaBm — Ha 27%.
BHelwHWe daKTopbl, TakMe Kak HEAOCTATOK CHA, CTpecc U AedULMT Kanopuii, CyLLecTBEHHO BAUAIOT Ha nokasaTenn BPC. Ctatba npepniaraeTt peko-
MeHZaLun No exefHEeBHOMY MOHUTOPUHTY BPC, nHauBMAayanusaumm nporpamMmm TPEHUPOBOK M BOCCTAHOBNEHUA, YYETY reHAEPHbIX U BO3PACTHbLIX
pasnnunii. MpakTuyeckas LEHHOCTb 3aKalo4aeTca B BU3yasn3aumm AaHHbix BPC 1 nx ucnonbsoBaHuu ans agantauuu Nporpamm, YTo noaesHo Ana
TPEHEePOB U CMOPTUBHbIX BPaye.

3aKknioueHue: aHanns BPC — nepcnekTUBHbIM MeTOZ, OLeHKM FOTOBHOCTM K Harpy3kam 1 NpodunakTMKM TpaBM, NO3BONAIOLLMIA CBOEBPEMEHHO KOPPEK-
TUPOBATb TPEHMPOBOYHbBIE MPOrPAMMBI.

Kniouesble cnoBa: sapuabesnbHocms pumma cepdya, MPEHUPOBOYHAA 20MOBHOCMb, CMOPMCMEHbI, 8€2emamueHaA HEePBHAs cucmema,
80CCMAHOB/1EHUE, MepempeHUpPOB8AHHOCM®.
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This article presents a literature review on the role of heart rate variability (HRV) in predicting athletes' training readiness, assessing autonomic nervous
system (ANS) status, and evaluating the body's adaptive capacity. Common HRV analysis methods, including SDNN, rMSSD, HF, LF, and the LF/HF ratio, and
their practical applications in sports are discussed. Emphasis is placed on using HRV monitoring to prevent overtraining and physical exhaustion.

Purpose of the study: To systematize existing data on HRV analysis for assessing training readiness and to develop evidence-based recommendations for
adapting training programs.

Methods: An analysis of 60 peer-reviewed studies published in the Scopus, PubMed, and Web of Science databases was conducted (January 2018 -
December 2024). Keywords included: "heart rate variability". "training readiness", "athletes", "recovery", and "overtraining". Inclusion criteria required
studies providing HRV data (SDNN, rMSSD, HF, LF, LF/HF) in athletic populations during training and recovery. Non-peer-reviewed publications, conference
proceedings, and non-athletic studies were excluded.

Results: High SDNN and rMSSD values correlate significantly with recovery and readiness, whereas decreased HF and an increased LF/HF ratio are
associated with fatigue and elevated injury risk. Regular HRV monitoring was found to reduce the risk of overtraining by 34% and injury by 27%. External
factors, including sleep deprivation, psychological stress, and caloric deficits, significantly impact HRV metrics. The study provides recommendations for
daily HRV monitoring, individualized training and recovery programming, and the consideration of gender and age-specific differences. The practical value
lies in visualizing HRV trends to inform real-time adjustments to training.

Conclusion: HRV analysis is a robust and promising method for assessing physiological readiness and preventing injury, enabling coaches and practitioners
to make timely, data-driven adjustments to training loads.

Keywords: Heart rate variability, training readiness, athletes, autonomic nervous system, recovery, overtraining.



Aomnuépos bb c coasm. BaprabeabHOCTs puTMa cepalia

BECTHMK ABUMILIEHHEI
Tom 28 = No 1 % 2026

For citation: Doniyorov BB, Mavlyanova ZF, Khamdamova MT. Variabel'nost' ritma serdtsa kak indikator gotovnosti sportsmenov k trenirovochnym nagruzkam
[Heart rate variability as a marker of training readiness in athletes]. Vestnik Avitsenny [Avicenna Bulletin]. 2026;28(1):152-61. https://doi.org/10.25005/2074-0581-

2026-28-1-152-161

BBEOEHMUE

OueHKa roTOBHOCTY CMOPTCMEHOB K TPEHUPOBOYHbBIM Harpy3kam
— 0AHa U3 KAYEBLIX 33434 CMOPTUBHOW MEeAMLMHBI U GU3MOI0MMN.
Moaaep:kaHne BbICOKOTO YPOBHs puanueckoit dopmbl M NpesoTepa-
LeHWe NEepPeTPEeHMPOBAIHHOCTU TpebByeT MNOCTOAHHOMO KOHTPOAA 3a
coctosHMem opraHusma [1-3]. BapuabenbHocTb putMa cepaua (BPC)
BbICTYNAET B KayecTBe OBBLEKTUBHOMO NOKa3aTesis, KOTOPbINA OTpakaeT
6anaHc cUMNaTUYECKOM M MapacMMNaTUYECKON aKTUBHOCTU BereTaTms-
HOI HepBHOI cucTembl (BHC), UTo AenaeT ero BaxKkHbIM MHCTPYMEHTOM
[15 OLLEHKM afjanTaLMOHHbIX BO3MOMKHOCTEN cnopTcmeHos [4-8).

B nocnepHue rogbl BPC akTMBHO MCMNONb3YeTCA B CMOPTUBHOM
MeAUUMHE 419 ONPeAeNeHUs YPOBHS YCTasoCTU M BOCCTAHOBAEHUS.
CHuKeHWe noKasaTeneit BPC cnyKUT MapKEPOM MepeHanpsKeHus,
YTO AE€NAET 3TOT METOA HE3aMEHUMbIM ANA NPODUNAKTUKM TPaBM U
obecneyeHns yCTOMUYMBOCTM K GU3MYECKUM Harpy3kam [9-12]. AKTy-
aNbHOCTb MOHUTOPWHIa BPC BO3pacTaeT B YCNOBUAX MHTEHCUBHbIX
TPEHWPOBOYHbIX MPOLLECCOB, TakK Kak OH MO3BO/IAET CBOEBPEMEHHO
KOpPEKTMPOBaTb MPOrpammy noaroTosku [13-16].

LLENb UCCNEQOBAHUA

CMCTeMaTM3MPOBaTh CYLLECTBYHOLME UCCAEA0BAHMA NO NpUMe-
HEeHMIo aHanm3a BPC aAns nporHo3vMpoBaHWs roToBHOCTH CNOPTCMEHOB
K Harpyskam v pa3paboTaTb KOHKPETHblE PEKOMEHAALMM MO ajanTa-
LMW TPEHUPOBOYHBIX MPOrPamMM ANA Pa3NUYHbIX KaTeropuit cnop-
TCMEHOB.

MATEPUAN U METOADbI

[ns oueHkn adpdpekTmBHocTM BPC B NpOrHO3MpPOBaHUM FOTOBHO-
CTW CNOPTCMEHOB K TPEHMPOBOYHbLIM Harpyskam 6bin NpoBeaéH aHa-
nm3 60 nccneaoBaHuii, onybanKosaHHbIX B Scopus, PubMed n Web of
Science ¢ 2018 no 2024 roab!. ObLan YUCAEHHOCTb BbIOOPKM COCTaBM-
na 6onee 5000 y4acTHUKOB, BK/OYAA NPOdECCMOHA/IbHBIX CNOPTCME-
HOB, Nt0BUTENEN M aKTUBHDBIX Ntoaen. Mcnosb3oBaHbl KNOYEBbIE CO-
Ba: “heart rate variability”, “training readiness”, “athletes”, “recovery”,
“overtraining”. Bbin 0TO6pPaHbI peueH3npyemble CTaTby, B KOTOPbIX
paccmaTtpuBanucb metoaonorum aHanusa BPC n eé npumeHeHue B
CNopTUBHOW NpakTuKe [1-60].

Kputepuu BKAOYEHUA: MCCNea0BaHMA, COAEPMKaLLMe AaHHble
no namepeHuto BPC B npoLiecce TPEHUMPOBOK M BOCCTAHOBNEHMSA CMOP-
TCMEHOB.

Kputepuu ucknioueHua: HepeLeHsnpyemble nybamMKaLmm, ma-
Tepuanbl KOHdepPeHUMI U PaboTbl, He BKAKOYAOLME CMOPTUBHYIO NO-
nynaumio.

O6nactv aHanu3a:

e metogonorus aHanmnsa BPC (SDNN, rMSSD, HF, LF, LF/HF)
[1-3,5-8,11,13, 15,17-19, 21, 22];

®  B/MAHME TPEHMPOBOYHBIX HArPy30K W CTPECCOBbIX (haKTO-
poB Ha nokasatenu BPC [4, 7-11, 12, 15, 16, 18, 23, 24, 26-
31];

INTRODUCTION

Assessing athletes' readiness for training loads is a prima-
ry objective in sports medicine and physiology. Maintaining peak
physical fitness and preventing overtraining requires continuous
monitoring of physiological status [1-3]. Heart rate variability
(HRV) serves as an objective indicator reflecting the balance be-
tween sympathetic and parasympathetic activity within the auto-
nomic nervous system (ANS), making it a critical tool for assessing
an athlete's adaptive capacity [4-8].

In recent years, HRV has been widely adopted in sports
medicine to assess fatigue and recovery. A decrease in HRV values
often serves as a marker of overexertion; therefore, this method
is indispensable for injury prevention and ensuring physiological
resilience [9-12]. The relevance of HRV monitoring is especially
high during intensive training cycles, as it allows for timely, da-
ta-driven adjustments to training programs [13-16].

PURPOSE OF THE STUDY

To systematize existing research on the use of HRV analysis
to predict training readiness and to develop specific recommen-
dations for adapting training programs across various athlete cat-
egories.

METHODS

To evaluate the effectiveness of HRV in predicting readi-
ness for training loads, a review of 60 studies published in Sco-
pus, PubMed, and Web of Science between 2018 and 2024 was
conducted. The total sample size exceeded 5,000 participants,
including professional athletes, amateurs, and physically active
individuals. Keywords included: "heart rate variability". "train-
ing readiness", "athletes", "recovery", and "overtraining". Selec-
tion was limited to peer-reviewed articles that examined HRV
analysis methodologies and their practical applications in sports
[1-60].
Inclusion criteria: Studies containing primary data on HRV
measurements during the training and recovery phases of ath-
letes.
Exclusion criteria: Non-peer-reviewed publications, confer-
ence proceedings, and studies not involving an athletic popula-
tion.
Areas of analysis:
e HRV analysis methodology (SDNN, rMSSD, HF, LF, LF/
HF) [1-3, 5-8, 11, 13, 15, 17-19, 21, 22].

e The influence of training loads and stress factors on
HRV indices [4, 7-11, 12, 15, 16, 18, 23, 24, 26-31].

e  The impact of HRV on recovery and adaptation [1-3, 5,
8,11, 12, 14-16, 19, 30, 32-36].

e The use of HRV in the prevention of overtraining [1-3,
7-12, 15, 16, 30, 34, 35, 37, 38].
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o BAnaHue BPC Ha BoccTaHOBEHME M afianTaLLMIo CnopTCme-
HoB [1-3, 5, 8, 11, 12, 14-16, 19, 30, 32-36];

*  npumeHeHune BPC ana npenotspalleHVsa nepeTpeHunpo-
BaHHocTu [1-3, 7-12, 15, 16, 30, 34, 35, 37, 38].

PE3YNbTATbI

Mertoaonormyeckas BapuabenbHOCTb U CTaHAAPTM3ALMA

HecmoTps Ha 601bLLIOE KOSIMYECTBO UCCNEA0BAHNM, CyLLEeCTBYET
BbICOKas CTENEHb BapUaTUBHOCTM B METOAAX U3MEPEHUS U MHTEpMpe-
Taumu BPC [5, 13-15, 39]. PasHble ycTpoiCTBa M airopuTMbl MOTYT Aa-
BaTb HECOBMECTMMblE pe3ynbTaTbl. Hanpumep, o4HW paboTbl UCnonb-
3y10T KOpoTKuMe 3anuck KT (5-10 muHyT) [11-14], Apyrue — cyTOYHbIM
MOHUTOPWHS [4, 12, 20, 21, 40]. 370 3aTpyAHAET 06006LLEHNE AaHHbIX
n TpebyeT cTaHZapTM3aumMm noaxopos [1, 3, 22, 41, 42]. Hexkotopble
UcCcNenoBaHNA NOKA3bIBAOT 3HAUUTENbHOE CHUXeHMe BPC nocne wH-
TEHCUBHbIX TPEHWMPOBOK, TOFAA KaK Apyrne 0TMEYatoT JIMLb He3HauKn-
TenbHble n3meHenusa [9, 11, 24, 25, 43]. MpUunMHaAMM TaKUX Pa3IUUUiA
MOTYT 6bITb MHAMBMAYANbHbIE OCOBEHHOCTU CMOPTCMEHOB, WX YpO-
BEHb NOAFOTOBKM W BO3AENCTBUE LOMNOJHUTENBHbBIX GAKTOPOB, TaKUX
KaK KIMMaTUYeCKMe YCNOBMA U SMOLLMOHANbHOE COCTOAHME.

BPC KaK MHANKATOP rOTOBHOCTM CNOPTCMEHOB K TPEHMPOBKaM

AHanwu3 60 nccnesoBaHMM, BKNOYEHHbIX B 0630p, NO3BOAWA Bbl-
ABUTb 3HAUMMble KOpPPEeNnALmMm mexay nokasatenamv BPC n rotosHo-
CTbO CMOPTCMEHOB K TPEHUPOBOYHbLIM Harpy3kam. OCHOBHble pe3y/b-
TaTbl aHa/M3a NpeacTasneHbl B Tabauue 1 NoapobHO onucaHbl HUKeE.

AHanu3 BbISBUA, YTO CMOPTCMEHbI C BbICOKMMM 3HAYEHUAMMU
SDNN (nokasatenb obLweit BapnabenbHocT) n rMISSD (oTpaxkatoLmit
MapacMMnaTUYecKyo aKTUBHOCTb) YKa3blBa/iM Ha BbICOKMIA YPOBEHb
BOCCTaHOBNEHWA U roToBHOCTH [1, 2, 5, 11, 14]. CHUKeHue noKkasate-
neit HF u ysenndyenne LF/HF 6bian accoummpoBaHbl C NOBbILLEHHOM
YCTaNOCTbO U CHUXKEHMEM aZlaNTaLMOHHbIX BO3MOXHOCTEW OpraHus-
Ma, YTO CBUAETENLCTBYET 0 U3MYECKOM ucToLleHnm [3, 7, 9, 10, 12].

Ucnonb3osaHue BPC ana npepotspalieHns

nepeTpeHNPOBaHHOCTH

B 25 nccnegosanuax (n=1800) [1-3, 7-12, 15, 16, 25, 30, 34, 37,
38] BbiAiBNEHO, 4TO CHUXeHWe HF npeawecTBoBano KAMHUYECKUM
CMMNTOMaM NepeTpeHUpPOBaHHOCTU. AHaAW3 BbIABWI, YTO BBEAEHME
WHAMBUAYAN3NPOBAHHbIX BOCCTaHOBUTE/IbHbIX MPOrPamMm Ha OCHOBe
MOHUTOpUHra BPC no3B0/AMAO CHU3UTL CAyYan nepeTpeHMpOBaHHO-
CTU B cpeaHem Ha 34%. CnopTCcMeHbI C pPeryispHbIM MOHUTOPUHIOM
SDNN 1 rMSSD nemoHcTpupoBanu 60onee BbICOKMIA ypoBeHb afanTa-
LMK M MEHBLUMI PUCK NepeHanpaXKeHus.

MpakTUyeckoe NpUMeHeHUe TpeHepaMM 1 Bpayamu
PerynsapHbiit MoHUTOPUHT BPC no3BosifeT TpeHepam 1 cnopTve-
HbIM Bpayam:

*  OTCNEXKMBATb WM3MEHEHUA B COCTOAHUM CMOPTCMEHa Ha
NPOTAKEHWUN TPEHUPOBOUHbIX LIMK/OB;

*  BbIABNATb PAaHHWE NPU3HAKM NEPEHANPAKEHUA U CHUXKATD
PUCK TPaBMm;

e oueHuBaTb 3DPEKTMBHOCTb BOCCTAHOBUTE/bHBIX MPO-
rPamMM M KOPPEKTUPOBATb TPEHWUPOBOYHbIE HArPy3Ku B CO-
OTBETCTBUM C GU3MOIOTMYECKMM COCTOAHMEM CIOPTCMEHA.

daKTopbl, BAMAOLWME HA NOKa3aTeau BPC

AHanus 18 uccneposanuii [6-8, 17, 20, 25, 28, 31, 34-36, 39, 44-
49] BbIABMA, YTO Ha NoKa3atenn BPC 3HaunTeNbHOE BAUAHME OKa3bl-
BalOT BHELUHME (aKTOpPbI, TAKME KaK Ka4ecTBO CHa, YPOBEHb CTpecca U
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RESULTS

Methodological variability and standardization

Despite the high volume of research, significant variability
remains in the methods used to measure and interpret HRV [5,
13-15, 39]. Discrepancies between devices and algorithms often
produce inconsistent results. For instance, some studies utilize
short-term ECG recordings (5-10 minutes) [11-14], while others
employ 24-hour monitoring [4, 12, 20, 21, 40]. This inconsisten-
cy complicates data generalization and underscores the need for
standardized protocols [1, 3, 22, 41, 42]. Furthermore, findings
regarding post-exercise HRV are mixed: some studies report a sig-
nificant decrease following intense training, whereas others re-
port only negligible changes [9, 11, 24, 25, 43]. These differences
may be attributed to individual athlete characteristics, training
status, and external factors such as climatic conditions and emo-
tional state.

HRV as an indicator of training readiness

An analysis of the 60 studies included in this review revealed
significant correlations between HRV parameters and athletes'
training readiness. High SDNN (a measure of overall variability)
and rMSSD (reflecting parasympathetic activity) values were con-
sistent indicators of superior recovery and readiness [1, 2, 5, 11,
14]. Conversely, a decrease in HF and an increase in the LF/HF ra-
tio were associated with cumulative fatigue and diminished adap-
tive capacity, signaling physical exhaustion [3, 7, 9, 10, 12].

Overtraining prevention

Twenty-five studies (n=1,800) [1-3, 7-12, 15, 16, 25, 30, 34,
37, 38] found that a reduction in HF power typically preceded the
onset of clinical overtraining symptoms. The analysis indicates
that implementing individualized recovery programs based on
HRV monitoring reduced the incidence of overtraining by an av-
erage of 34%. Athletes who underwent regular SDNN and rMSSD
monitoring demonstrated greater physiological adaptation and a
lower risk of overtraining.

Practical implications for coaches and practitioners
Regular HRV monitoring enables coaches and sports physi-
cians to:

e Track physiological changes throughout training cycles.

e |dentify early signs of overexertion to mitigate injury
risk.

e  Evaluate the efficacy of recovery interventions and ad-
just training loads based on real-time physiological sta-
tus.

Factors influencing HRV indicators

Data from 18 studies [6-8, 17, 20, 25, 28, 31, 34-36, 39, 44-
49] indicate that external factors, including sleep quality, stress,
and nutrition, significantly influence HRV indices. Psychological
stress triggers activation of the sympathetic nervous system; ath-
letes experiencing pre-competition stress often show decreased
HF and an increased LF/HF ratio, indicating a predominance of
sympathetic activity.

Analysis of the impact of stress on HRV

An analysis of 15 studies (n=1200) [6-8, 19, 28, 35, 45, 48,
49] demonstrated that athletes with high stress levels exhibit-
ed an LF/HF ratio that was, on average, 18% higher than that of
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paLyoH nuTaHus. CTpecc OKasbiBAET 3HAYUTE/IbHOE BIMAIHWE Ha MOKa-
3aTenu BPC, BbI3biBasA aKTMBALMIO CUMNATUYECKOM HEPBHOM CUCTEMBI.
Y cnopTCMEHO0B, UCNbITLIBAOLLMX CTPECC Nepes, COPEBHOBAHUAMM, Ha-
6aopaerca cHukeHne HF u yeenndenmne LF/HF, uto cBuaetenbcrayer
0 npeobnagaHmM CUMNATUYECKOW aKTUBHOCTM.

AHanus BanaHuA ctpecca Ha BPC

Ananus 15 uccnegosanuid (n=1200) [6-8, 19, 28, 35, 45, 48, 49]
MoKas3a/, YTo y CNOPTCMEHOB C BbICOKMM YpoBHeM cTpecca LF/HF 6bin
B cpefHeM Ha 18% Bblwe, Yem Y KOHTPOAbHOM rpynnbl. CHUMXKEHME
HF pocturano B cpeaHem 20%. ITM M3MEHEHUA CBUAETENLCTBYHOT O
HapyLleHnn 6anaHca BHC B CTOPOHY NOBbILLEHHOMO TOHYCA CUMNATU-
YECKOW HEPBHOW CUCTEMBI U CHUMXKEHHOM CMOCOBHOCTM K BOCCTaHOB-
JIEHWNIO, YTO MOXKET NPUBECTU K NEPETPEHMPOBAHHOCTU U CHUXKEHUIO
CMOPTUBHBIX PE3YNLTATOB M YTO NOATBEPIKAAET 3HAYUTEIbHOE YrHEeTe-
HMe NapacMMMaTUYECKOMN aKTUBHOCTU. YYacT1e B NPOrpammax rno CHu-
KEHUIO cTpecca (MeauTaums, AblXaTebHble NPaKTUKM) NPUMBOAMAO K
yBenudenuio HF B cpesHem Ha 15% 1 cHuxkeHuio LF/HF Ha 12% (8, 28,
35]. HepocTaTok cHa NpuBoAamT K cHuxkeHuto rMSSD u SDNN. Uccne-
[0BaHNUA MOKa3au, YTO CMOPTCMEHBI, CRALLME MeHee 6 4acoB B CYTKMK,
AEeMOHCTPUPYIOT cHukeHne BPC Ha 15-20%. BocctaHoBneHue Hop-
MasbHOrO peXkmMma CHa cnocobcTayeT ysenndeHuio HF u cHuKeHuto
LF/HF, 4To yKa3blBaeT Ha aKTMBM3aLIMIO NapacMNaTUYECKON CUCTEMbI
1 yay4LleHne BOCCTaHOBUTENbHbIX npoueccos [5, 9, 14, 16, 53-60].

AHanus BnnaAHNA cHa Ha BPC

Ananus 12 nccneposanuin (n=980) [18, 25, 34, 44-47] nokasan,
YTO CMOPTCMEHbI C XPOHUYECKMM HELOCTaTKOM CHa (MeHee 6 Yacos)
nmenu cHuxkeHue rMiSSD B cpeaHem Ha 17% v SDNN Ha 14%.

e rMSSD (Root Mean Square of Successive Differences) — no-

Ka3aTe/ib, OTPaXKAOLWMIA NAaPacMNATUYECKYIO aKTUBHOCTb
1 cnocobHOCTb OpraHM3ma K BOCCTaHOB/EHMI0. CHUMKeHWe
Ha 17% yKasbiBaeT Ha yXyAleHue pereHepaTuBHbIX Npo-
LLeccoB U 3aMea/1eHNe BOCCTAaHOBIEHUA OpraHn3ma.

e SDNN (Standard Deviation of NN intervals) — nokasatens,
KOTOpbIA OTpaaeT o6yt aktmeHocTb BHC u cnocob-
HOCTb a4anTMpoBaTbeA K cTpeccy. CHuxeHne Ha 14% cBu-
[ETeNbCTBYET O CHUMNKEHMM 06LLEN afanTUBHOCTU U CTpeC-
COYCTOMYMBOCTM.

e HF (High Frequency) — nokasaTesb, oTpaalowuii napa-
CMMMATUYECKYI0 aKTMBHOCTb. Ero yBesmyeHue ykasbiBaeT
Ha yNy4ylleHWe NPOoLEeccOoB BOCCTAHOB/IEHWUA U CHUMNKEHUe
YPOBHSA cTpecca.

YyacTHukM, cnaslume 8 yacoB u bonee, nokasanu poct HF B
cpesHem Ha 19%, 4To CBMAETENbCTBYET O MOBbILEHHOW CNOCOBHO-
CTU K BOCCTAaHOBNEHMIO U CHUMKEHUW YPOBHSA YCTanoctu. Takum obpa-
30M, HEAOCTAaTOK CHA MPUBOAMT K 3HAUMTENIbHOMY CHUNKEHWIO KO-
yeBbIX Nokasatesneit BPC: rMSSD Ha 17% (4To oTpakaeT yxyaleHue
BocctaHosneHus); SDNN Ha 14% (4TO CBUAETENbCTBYET O CHUXKEHUU
aZanTaLMOHHbIX Pe3epBOB OpraHM3ma). LLocTaTouHbIM COH (8+ Yacos)
OKasblBaeT no3uTueHoe BanaHWe Ha BPC, nosbiwasa HF Ha 19%, yto
CBMAETENbCTBYET O MOBbILEHUW YPOBHA BOCCTAHOBNEHMA U CHUMNKE-
HUW YCTaNOCTH.

AHanus BAMAHUA NUTaHUA Ha BPC

AZleKBaTHOE NUTaHWe M rmapaTauua Heobxoaumbl ANA noaaep-
YKaHWA HOPMasbHbIX Nokasateneit BPC. Jeduuut kanopuit u xua-
KOCTU BEOET K CHueHuo HF n nosbiweHuo LF/HF, 4To moskeT cBu-
[EeTeNbCTBOBaTb O HApPYLUEHUM afanTaLMOHHbIX npoueccos. AHann3
10 uccneposanuit (n=850) [6, 17, 19, 27, 44, 47, 49] nokasan, 4to y
CMOPTCMEHOB C AePULMTOM KaNopUIMHOCTM paumoHa HF cHuKanca B

control groups. At the same time, HF power decreased by 20%.
These shifts indicate an autonomic imbalance toward sympathet-
ic dominance and a reduced recovery capacity, which may lead
to overtraining and diminished athletic performance. The signifi-
cant suppression of parasympathetic activity further confirms this
finding. Participation in stress-reduction programs (e.g., medita-
tion and breathing exercises) led to a 15% increase in HF and a
12% decrease in the LF/HF ratio [8, 28, 35]. Furthermore, sleep
quality significantly impacts HRV. Studies show that athletes who
sleep fewer than 6 hours per night exhibit a 15-20% decrease in
HRV metrics, specifically rMSSD and SDNN. Conversely, restoring
a normal sleep pattern increases HF and decreases LF/HF, indicat-
ing parasympathetic activation and enhanced recovery processes
[5,9, 14, 16, 53-60].

Analysis of the effect of sleep on HRV

An analysis of 12 studies (n=980) [18, 25, 34, 44-47] demon-
strated that athletes with chronic sleep deprivation (fewer than 6
hours per night) experienced an average reduction in rMSSD by
17% and SDNN by 14%.

e rMSSD (Root Mean Square of Successive Differences)

reflects parasympathetic activity; a 17% decrease in-
dicates a deterioration in regenerative processes and a
delay in recovery.

e SDNN (Standard Deviation of NN intervals) reflects
overall autonomic activity and adaptive capacity; a 14%
decrease indicates a reduction in stress resistance and
adaptive reserves.

e HF (High Frequency) reflects parasympathetic tone.
Higher levels indicate superior recovery and reduced
physiological stress.

In contrast, participants who slept 8 hours or more showed
an average 19% increase in HF power, signaling enhanced para-
sympathetic activation and a significant reduction in fatigue. In
summary, sleep deprivation leads to significant decreases in key
HRV parameters, with rMSSD dropping by 17% (reflecting im-
paired recovery) and SDNN by 14% (indicating reduced adaptive
reserves). Conversely, adequate sleep (8+ hours) positively affects
HRYV, increasing HF by 19%, indicating improved recovery and re-
duced fatigue.

Analysis of the impact of nutrition on HRV

Adequate nutrition and hydration are essential for maintain-
ing normal HRV parameters. A caloric and fluid deficit can lead
to decreased heart rate and increased LF/HF ratio, indicating a
potential disruption of adaptive processes. An analysis of 10 stud-
ies (n=850 [6, 17, 19, 44, 47, 49] showed that in athletes with a
caloric deficit, heart rate decreased by an average of 13%, while
the LF/HF ratio increased by 16%. Restoring calorie intake and hy-
dration normalized these parameters within 48 hours.

Analysis of the impact of training on HRV

Excessive physical activity and insufficient recovery time
reduce HRV indices. Regular monitoring after training allows for
the adjustment of exercise volume and intensity, which is critical
for preventing overtraining. A review of 18 studies (n=1500) [1, 2,
5,7-12, 14, 15, 26, 30, 32, 38, 51] showed that following high-in-
tensity training, HF decreased by an average of 22%, and the LF/
HF ratio increased by 20%. Participants who utilized active recov-
ery programs (e.g., massage, stretching, cryotherapy) demon-
strated an 18% improvement in HF indices [14, 30, 32].
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cpepHem Ha 13%, a LF/HF ysennumBanca B cpegHem Ha 16%. Boccta-
HOBNEHWE KaNOPUMHOCTU M rapaTaLLMm NPMBOAUAO K HOPManU3aLLMm
nokasaTeneii B TeyeHue 48 4acos.

AHanu3 BAMAHUA TpeHNpPOBOK Ha BPC

YpesmepHaa ¢u3nyecKkana Harpyska M OTCYTCTBME A0CTATOM-
HOro BpPEeMeHW ANA BOCCTAHOBNEHMA CHUMKAOT nokasatenn BPC.
PerynsapHbIi1 MOHUTOPWHT NOC/AE TPEHUPOBOK NO3BONAET KOPPEKTU-
poBaTb 06BEM M MHTEHCMBHOCTb HArpysKu, NpeaoTBpaLLan nepeTpe-
HUpoBaHHocTb. 0630p 18 uccnemosanuii (n=1500) [1, 2, 5, 7-12, 14,
15, 23, 26, 30, 32, 38, 51] nokasasn, YTo NOC/NE BbICOKOMHTEHCUBHbIX
TPeHUPOBOK HF cHUKanca B cpesHem Ha 22%, a cooTHolweHue LF/HF
yBenmunMBanocb B cpegHeM Ha 20%. Y4acTHMKM, MCNONb30BaBLIME
NPOrpamMmmbl aKTUBHOMO BOCCTAHOBNEHMA (MacCaXK, pPacTAKKa, Kp1o-
Tepanus), AeMOHCTPUPOBAN yaydleHue nokasaTtenei HF Ha 18%
[14, 30, 32].

MpaKTMyeckoe npumeHeHWe: ONTMMM3ALMA TPEHUPOBOK M
BOCCTAaHOBUTENIbHbIX NpOrpamm

MpumeHeHne BPC B cnOpTMBHOW NPAKTUKE NO3BONSET:

*  WNHAMBWMAYANU3NPOBATb Harpy3Ky — COPTCMEHbI C HU3KK-
MU 3HaueHuamM BPC TpebyioT 60/1bliero BpemeHu Ha Boc-
ctaHosneHue [1, 2,7, 11, 16];

*  npeaoTBpalLaTb TPABMbl U NEPETPEHUPOBAHHOCTb — CHU-
»eHve BPC aBnfaetca paHHUM MHAMKATOPOM ycTanocTu [9,
10, 12, 15, 37];

®  OUeHMBaTb 3QPEKTUBHOCTb BOCCTAHOB/IEHWUA — YBEAWUYE-
Hue HF u cHuxeHue LF/HF nocne BoCCTaHOBUTE/bHbIX Me-
POMpUATUIA (HaNpUMep, Maccaxa Ui meguUTaLmum) ceuae-
TenbCTBYeT 06 ycnewHom peabunutauum [8, 14, 32, 28, 35].

AHanus npumeHeHusa BPC B TpeHUPOBOYHBIX Nporpammax

0630p 20 uccneposanuii (n=1750) [1-3, 5, 7-12, 14-16, 19, 30,
37, 38, 42] nokasan, 4To ucnonb3oBaHue BPC gis MOHUTOPUHTra Tpe-
HMPOBOYHOrO MpoLecca NO3BONAO CHU3UTb PUCK TPABM B CpesHeEM
Ha 27% W yny4lwnTb NOKa3aTenn BOCCTAHOBNEHNA B CpeaHeM Ha 21%.
CnopTcmeHbl € perynsapHbiM MoHUTOpuHrom BPC gemoHcTprpoBsanu
POCT CMOPTMBHBIX Pe3ynbTaToB Ha 8-12% B TeYeHWe roga TPEHUPOBOK
[1,2,7,11].

Csasb BPC ¢ TpaBMatMsmom U pUCKom Tpasm

B 12 wnccneposaHMAX YCTaHOBAEHO, YTO CHMKeHue HF u VLF
noKasaTesnei KoppesMpoBano ¢ NOBbILEHHbIM PUCKOM TPaBMUPOBa-
HMA. Y CNOPTCMEHOB C HU3KUM ypoBHeM HF pucK TpaBm noBbIwanca B
cpeaHem Ha 28%, 0cObeHHO B NepUO MHTEHCUBHbIX TPEHMPOBOK [7,
9,10, 18, 22, 34, 38,41, 42, 47-49].

OueHKa J0NroCPpOYHbIX M3MEHeHMiA B NnoKasaTtensx BPC

JIOHrUTIOAHbIE MCCNeaoBaHNA MOKa3aau, YTo perynapHoe Ha-
6ntoaeHne 3a BPC no3sonser oTcneuBaTb M3MEHEHWUA ajanTaliy-
OHHOTO MOTEHUManNa B TeYeHWe COPeBHOBATE/IbHbIX CE30HOB. B uc-
CNefloBaHUAX C HabnloAeHWeM B TedeHUe 6 MecaALEB Y CMOPTCMEHOB,
NPaKTUKyoWmx moHutopmHr BPC, nokasatenb SDNN ysennuunca s
cpesHem Ha 12-15% no cpaBHEHWMIO C KOHTPOALHOM rpynnoii [2, 5, 11,
18, 22, 36, 42].

TeHaepHble pa3nnuuna U UHAUBUAYANbHbIE 0CO6EHHOCTU

B 9 nccnefoBaHMAX OTMEYEHO, YTO Y XKEHLWMH nokasatenn HF
1 SDNN B cpeaHem Ha 5-8% Bblle, Yem y MyXKUMH, YTO MOXKET OTpa-
aTb 60/1ee BbICOKMI YPOBEHb NapPacKMMNATUYECKON aKTUBHOCTH [31,
33, 35, 38, 41, 49]. Y cnOpTCMEHOB C BbICOKMM YPOBHEM $U3NYECKO
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Practical application: Optimizing training and recovery pro-

grams

The integration of HRV monitoring in sports practice en-

ables:

¢ Individualization of load: Athletes with low HRV values
require extended recovery periods [1, 2, 7, 11, 16].

e Injury and overtraining prevention: A decrease in HRV
serves as an early indicator of cumulative fatigue [9, 10,
12,15, 37].

e  Effectiveness assessment: An increase in HF and a de-
crease in LF/HF following recovery measures (e.g., mas-
sage or meditation) indicates successful physiological
rehabilitation [8, 14, 32, 28, 35].

Analysis of HRV implementation in training programs

A review of 20 studies (n=1750) [1-3, 5, 7-12, 14-16, 19, 30,
37, 38, 42] found that utilizing HRV to monitor training reduced
injury risk by an average of 27% and improved recovery rates by
21%. Athletes undergoing regular HRV monitoring demonstrated
an 8-12% increase in athletic performance over a one-year train-
ing period [1, 2, 7, 11].

The relationship between HRV and injury risk

Twelve studies indicated that decreased HF and VLF values
correlate with an elevated risk of injury. Athletes with low HF lev-
els experienced an average 28% increase in injury risk, particular-
ly during high-intensity training cycles [7, 9, 10, 18, 22, 34, 38, 41,
42, 47-49)].

Assessing long-term changes in HRV indices

Longitudinal studies indicate that regular HRV monitor-
ing enables the tracking of fluctuations in adaptive potential
throughout competitive seasons. In studies with a six-month fol-
low-up, athletes utilizing HRV monitoring demonstrated an aver-
age increase in SDNN of 12-15% compared to control groups [2,
5,11, 18, 22, 36, 42].

Gender differences and individual characteristics

Nine studies have shown that female athletes exhibit, on
average, 5-8% higher HF and SDNN values than their male coun-
terparts, potentially reflecting a higher level of parasympathetic
activity [31, 33, 35, 38, 41, 49]. Furthermore, athletes with higher
levels of physical fitness consistently demonstrate superior SDNN
and HF values compared to less-trained individuals [1, 2, 5, 11,
18].

In summary, this analysis confirms the high diagnostic value
of HRV in assessing training readiness, recovery status, and pre-
venting overtraining.

DISCUSSION

The data collected indicate that the SDNN and rMSSD indi-
ces correlate positively with physical fitness [1, 2, 5, 11, 18, 19,
36, 41]. In contrast, a decrease in HF and an increase in the LF/
HF ratio are associated with fatigue and elevated injury risk [7, 9,
10, 22, 34, 38, 41, 48, 49]. These findings align with a broad body
of international research in sports medicine and physiology. For
instance, prior studies have demonstrated that a 20% increase in
rMSSD is associated with enhanced readiness for intense work-
loads, improved recovery quality, and reduced injury rates [17].
This finding is consistent with our review.
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NoAroToBKM Habnoganuch 6onee Bbicokne 3HadeHms SDNN v HF no
CPaBHEHMIO C MEHee NOAroTOBNEHHbIMM aTneTamu [1, 2, 5, 11, 18].

Takum 0bpasom, pesynsTaTbl NPOBEAEHHOTO aHaAM3a NOATBEp-
VN BbICOKYO MHGOPMATUBHOCTb aHanu3a BPC, Kak nHAaMKaTopa ro-
TOBHOCTM CMOPTCMEHOB K TPEHMPOBKAM, OLLEHKMN CTEMNEeHM BOCCTAaHOB-
NEHUA 1 NPeSOTBPALLEHNA NePeTPEHNPOBAHHOCTY.

OBCYXOEHUE

Mony4yeHHble faHHblE CBUAETENLCTBYIOT O TOM, YTO NOKa3aTenu
SDNN 1 rMSSD £eMOHCTPUPYIOT NONOKUTENBHYIO KOPPEnaumto ¢ du-
3uyYecKow rotoBHocTbio [1, 2, 5, 11, 18, 19, 36, 41], Toraa Kak CHuxe-
Hue HF v ysesmyenne LF/HF cBA3aHbl C YCTANOCTLIO M MOBbILEHHbBIM
puckom Tpasm [7, 9, 10, 22, 34, 38, 41, 48, 49]. Nony4yeHHble pe3ynb-
TaTbl COMNACYHOTCA C AaHHBIMU PAZA 3apybeKHbIX MCCeA0BaHUM, NPo-
BeAEHHbIX B 06/1aCTU CNOPTUBHOW MeauLMHbI U dusnonoruu. Tak, B
OZIHOM M3 UCCNe0BaHWNIA NOKa3aHo, YTo yBesndyeHue rMISSD Ha 20%
CBA3aHO C MNOBbILWEHHOWM FOTOBHOCTbIO CMOPTCMEHOB K MHTEHCUBHBIM
Harpy3Kam, 4To TaKKe COMMacyeTcs C HalUMMKM pesybTaTamu. ITo uc-
CnegoBaHMe TaKKe NOATBEPANIO, YTO BbICOKMI ypoBeHb rMISSD cBs-
3aH C Y/Iy4YLWEHNEM KayecTBa BOCCTAHOB/IEHWNSA U CHUXKEHUEM TPaBMa-
™3ma [17].

HecmoTpa Ha 06LLYHO CXOXKECTb PE3YNbTAaTOB, B HEKOTOPbIX 3apy-
6exHbIX paboTax HabaoLaTCA NPOTUBOPEYMA. B 0ogHOM U3 cucTEMa-
TUYECKMX 0630pOB OTMEYEHO, 4To nokasatenn SDNN n HF moryT 3Ha-
YMTEeNbHO BapbMpPOBaTb B 3aBUCMMOCTM OT BUAA crnopTa. Hanpumep, y
MapadoHLeB HabntogaeTcs bonee HU3KMIA ypoBeHb HF No cpaBHeHUIO
C NNI0BLAMMU, YTO CBA3AHO C PA3NINYMAMM B TUME HArpy30K U aganTauu-
el opraHusma [18]. 3Tv pa3nnuma MoryT O6BACHUTL PACXOXKAEHUA B
HeKoTopbIX paboTax, BKNOYEHHBIX B HalW 0630p. B apyrom mccnesno-
BaHWM OTMEYeHO, YTO Y npodeccroHanbHbIx GyTbonncToB nokasare-
v LF/HF moryT ocTaBaTbCA NOBbILUEHHbIMU AaXKe B Nepuoabl BocCTa-
HOB/IEHWA. ABTOPbI 0BBACHAOT 3TO OCOBEHHOCTAMM CMMMATUYECKOM
AKTUBHOCTW, HEOOXOAMMOW A1 NOALEPHKAHWUA BbICOKOI CKOPOCTM pe-
aKLMK, B3PbIBHOM MOLLHOCTU U KOOPAMHALMM B UFPax C NepeMeHHoM
MHTEeHCUBHOCTbIO [40].

HeKkoTopble 3apybeHble UCCNeA0BaHUA YUUTHIBAIOT FeHAEPHbIE
pa3nnuma B nokasatenax BPC, 4To MOXKET BAMATb Ha MHTEPNpPEeTaLMto
JaHHbIX. Tak, 0B6HapYKEHO, UTO Y }KEHLWMH nokasatenu HF B cpegHem
Ha 7% BbllLe, Yem y MyXYMH [27], 4TO COrnacyeTca ¢ AaHHbIMM HaLLero
0630pa. ABTOPbI OTMETUAM, YTO PA3/IMYMA B TOPMOHAZILHOM GOHE U
YPOBHE MapacMMMATUYECKON aKTMBHOCTM MOTYT onpenenstb bonee
BbICOKME MOKa3aTe/IM BOCCTAHOB/IEHWUA Y CMIOPTCMEHOK. Kpome Toro,
MCCNefoBaHUA AEMOHCTPUPYIOT, YTO PErYNAPHbIN MOHMTOPUHT BPC B
TeyeHMe COPEeBHOBATE/IbHbIX CE30HOB NO3BONAET CHU3UTb PUCK Nepe-
TPEeHMPOBAHHOCTM Ha ~30% 3a CYET CBOEBPEMEHHOM KOPPEKLUU Tpe-
HWPOBOYHBIX NIAHOB. 3TW PE3y/bTaTbl NOATBEPKAEHDI B OLHOM U3 UC-
CNegoBaHun, roe NPOAEMOHCTPMPOBAHA BbIPAKEHHAs B3aMMOCBA3b
MeXay AvHamuKoi BPC 1 BocnpusTMEM BOCCTAHOBNEHMSA Y SNUTHbIX
cnoptcMeHoB [39]. Haw aHanu3 TakkKe BbIABMA aHANOMMUHbIE 3aKO-
HOMEPHOCTU, YTO MOAYEPKMBAET 3HAYMMOCTb A/IMTENbHOrO Habito-
AeHna 3a BPC Kak MHCTpyMeHTa NpoduaakTUKKM NepeHanpaKeHms 1
TpaBmaTtu3ma.

3HauMTENbHBIM OrPAHNYEHNEM KaK OTEYECTBEHHDIX, TaK U 3apy-
GeXKHbIX UCCNe0BaHMI OCTAETCA OTCYTCTBME €AMHbIX MPOTOKO/OB M3-
mepeHus BPC. B page paboT MCnonb30BaNnCh Pa3nyHble YCTPOWCTBa
M anropuTMbl 06paboTKM CUrHANOB, YTO 3aTPYAHAET NPAMOE CpaBHe-
HWe pesynbTaToB. Hanpumep, B OZHOM M3 UCCNEL0BAHMI UCTIONb30BA-
INCb MOBWAbHbIE CUCTEMbI pernucTpaumm BPC ons aHanmsa coctonHuA
¢dyT601MCTOB [41], TOrAa KaK B BO/BLUMHCTBE KNACCUYECKMX UCCNEA0-
BaHMI MCMNOb30BaNUCL NPOGECCUOHANbHBIE MEAULMHCKME NPMBOpPbI

Despite these general trends, some inconsistencies exist in
the available literature. One systematic review noted that SDNN
and HF values vary significantly across sports; for example, mar-
athon runners may exhibit lower HF values than swimmers due
to sport-specific physiological adaptations [18]. This inconsis-
tency is also reflected in our review. Similarly, professional foot-
ball players may maintain an elevated LF/HF ratio even during
recovery, likely due to the high sympathetic drive required for
explosive power and coordination in high-intensity intermittent
sports [40].

Gender differences also influence HRV interpretation. Re-
search indicates that female athletes have HF parameters approx-
imately 7% higher than their male counterparts [27], a finding
reflected in our review. This observation may be attributed to
differences in hormonal profiles and to higher baseline parasym-
pathetic activity, which may account for higher recovery rates
in female athletes. Furthermore, longitudinal HRV monitoring
during competitive seasons has been shown to reduce the risk
of overtraining by approximately 30% through timely load adjust-
ments. These patterns are supported by evidence of a significant
relationship between HRV dynamics and perceived recovery in
elite athletes [39]. Our analysis also revealed similar patterns,
highlighting the importance of long-term HRV monitoring to pre-
vent overuse and injury.

A primary limitation across the analyzed literature remains
the lack of standardized measurement protocols. Discrepancies in
recording devices (e.g., mobile applications vs. clinical-grade ECG
systems) and signal-processing algorithms make direct compari-
sons difficult [41]. Such methodological variations can significant-
ly impact data interpretation.

A comparison of the analyzed studies confirms that HRV is a
highly valuable, non-invasive tool for assessing training readiness
and preventing overtraining. Despite methodological controver-
sies, most studies demonstrate a clear positive correlation among
SDNN, rMSSD, and physical fitness. While HRV analysis is an ef-
fective performance-monitoring tool, the lack of standardization
in current literature remains a hurdle that future research must
address to refine sports medicine practices.

Limitations and disadvantages

The analyzed studies exhibit several limitations, including
heterogeneity in HRV measurement methodologies; a lack of lon-
gitudinal (long-term) data; limited sample sizes, often restricted
to professional athletes; a lack of standardized recovery proto-
cols; and the frequent omission of gender- and age-specific vari-
ables.

Strengths and weaknesses of the analyzed literature

Strengths

1. Validated methodologies: Most studies used stan-
dardized HRV analysis metrics, including time-domain
(SDNN, rMSSD) and frequency-domain (HF, LF, LF/HF)
indices, thereby ensuring data comparability.

2. Clinical relevance: The research addresses a critical
issue — assessing training readiness — providing a valu-
able evidence base for sports medicine.

3. Broad demographic coverage: Several studies included
diverse populations, from professional athletes to am-
ateurs, increasing the external validity of the findings.

4. Interdisciplinary scope: By incorporating data on sleep
quality, psychological stress, and nutrition, the liter-
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C BbICOKOW TOYHOCTbO. 3TU METOAONOTMUYECKME PACXOKAEHUA MOTYT
CYLLEeCTBEHHO BAWATb Ha Pe3yNbTaThl U MHTEPNPETALMIO AQHHbIX.

Takum obpasom, cpaBHeHUEe pe3ynbTaToB aHanM3a pPabot noa-
TBEPMKAAET BbICOKYIO 3HaUMMOCTb BPC Kak HenHBasMBHOrO U MHPOp-
MaTUBHOTO MHCTPYMEHTA ANA OLEHKU FOTOBHOCTU CMOPTCMEHOB K
Harpyskam 1 npefoTBpalleHns nepeTpeHMpoBaHHOCTU. HecmoTpa
Ha CyLLecTByloLLME NPOTUBOPEUMSA, HONBLIMHCTBO UCCeA0BaHUN Ae-
MOHCTPUPYET MONOXKMUTENbHYIO KOPPENALMIO MeXAy MoKasaTenimu
SDNN, rMSSD 1 ¢u3nyeckol roTOBHOCTbIO, YTO AenaeT BPC BakHOM
YacTblo CNOPTUBHON MeanLUMHbI. AHann3 BPC gemoHcTpupyeT Bbico-
Kyt 30 dEKTUBHOCTb B MOHUTOPUHIE COCTOAHUA CMOPTCMeHOB. OfHa-
KO CYLLECTBYIOT HefoCTaTKM U OrPaHUYEHUA MPOaHaNN3UPOBAHHDIX
CcTaTel, YTo 3aTPyAHAET CTaHAAPTU3ALMIO.

HepocTtaTKu U orpaHMyYeHUa NPoaHaIN3MPOBaHHbIX CTaTeit

PasHopogHocTb meTogoB usmepenmna BPC; HepgocTaTok gonro-
CPOYHBIX UCCNEA0BAHMM; OrpaHNYeHHble BbIGOPKM M QOKYC Ha npo-
deccMoHanbHbIX CMOPTCMEHAX; OTCYTCTBME CTAHAAPTU3MPOBAHHbIX
NPOTOKO/I0B BOCCTAHOB/IEHMSA; UTHOPUPOBAHME FreHAEPHbIX M BO3pacT-
HbIX PA3NNYUIA.

CunbHble U cnabble CTOPOHbI NPOAHAIM3UPOBAHHbIX CTaTel

CuNbHbIE CTOPOHDI

1. Wcnonb3oBaHue coBpeMeHHbIX MeToaoB aHanusa BPC.
BONbLWMHCTBO MCCNea0BaHMI MPUMEHANO CTAHAAPTHbLIE U
Ba/MAMPOBaHHbIe MeToabl n3meperuna BPC, Bkntouas spe-
MeHHble (SDNN, rMSSD) u cnektpanbHble nokasatenu (HF,
LF, LF/HF), uto o6ecneynsaeT CONOCTaBUMOCTb AaHHbIX.

2. AKTyanbHOCTb TeMaTUKKU. MccnepgoBaHMA NOCBALLEHDI
BaXXKHOM Npobieme — oLeHKe TOTOBHOCTM CMOPTCMEHOB K
TPEHWPOBOYHbIM HarpysKam, YTo AeNaeT UX LLEEHHOW OCHO-
BOM A/17 BHEAPEHMA B CMIOPTUBHYIO NPAKTUKY.

3. Lupokuii oxsaT BbIGOPOK. MHorne paboTbl BKIKOYAOT
pasHonnaHoBble BbIGOPKM (NpodeccroHanbHble cnop-
TCMEHbI, NOBUTENN, aKTUBHbIE /IH0AM), YTO NO3BONAET NPU-
MEHATb BbIBOAbI K PA3NINYHBIM MOMYAALMUAM.

4. WHTepaMcUMNIMHapHbIA nopxoa. HeKkoTopblie CTaTbu
BK/IOYAIOT [aHHble O BAMAHMM KauyecTBa CHa, YPOBHA
cTpecca v pauMoHa nNMTaHMA Ha nokasatenu BPC, uto cno-
COBCTBYET KOMMIEKCHOW OLEeHKe GpaKTOPOB, BAUAIOWMX Ha
afjanTaumio.

5. MpaktMyeckaa nNpMmMeHMMOCTb. Pesynbtathl MccaenoBa-
HUI NpeanaraloT PeKoMeHZauMn No UHAMBUAYAAU3aLMM
TPEHUPOBOYHbIX MPOrPAMM, YTO MOKET ObITb MONE3HO ANA
TPEHEPOB U CMIOPTUBHbBIX Bpayei.

Cnabble CTOPOHbI

1. PasHopoaHOCTb MeToAoB. B paboTax HabiogaloTca 3Ha-
YMTE/IbHbIE PA3NYMA B METOAONOMMM, BKAKOYAA UCMONb3Y-
emoe 060pya0BaHWe, NPOTOKO/IbI U3MEPEHUI U KpUTEPUU
WHTepnpeTaumm nokasatenei BPC, yto 3aTpyaHsaeT 0606-
LeHWe JaHHbIX.

2. HepoctaToK AONTOCPOYHBIX McCNefoBaHUWA. BosblunH-
CTBO CTaTeit POKyCMpYeTCcA Ha KPaTKOCPOUHbIX 3ddeKTax
ncnonb3oBaHuaA BPC, 4To orpaHMYMBaET BO3MOXKHOCTb aHa-
/1133 JONTOCPOYHOMN AVHAMUKM NOKa3aTenen.

3. OrpaHuuyeHHOCTb nonynauuu. MHorve uccnesoBaHua co-
CpefoToYeHbl Ha NPOdECCMOHANbHBIX CMOPTCMEHAX, YTO
MOET CHUXKaTb MPUMEHUMOCTb PE3yNbTaToB ANA NtobuTte-
e UM MeHee aKTUBHbIX NtoaeN.

4. Manble BbIGOPKU. B HEKOTOPbIX UCCNEA0BAHMAX pPa3mep
BbIOOPKM HEAOCTaToOueH A1 MOJYYEHWUA CTATUCTUYECKM
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ature offers a holistic view of the factors influencing
physiological adaptation.

5. Practical utility: The results provide actionable recom-
mendations for individualizing training loads, which are
highly relevant for coaches and practitioners.

Weaknesses

1. Methodological heterogeneity: Significant discrep-
ancies in equipment, measurement protocols, and in-
terpretation criteria complicate the generalization of
results.

2. Short-term focus: A lack of longitudinal research lim-
its the ability to analyze long-term trends in autonomic
adaptation.

3. Population bias: A heavy focus on elite athletes may
limit the applicability of findings to the general or rec-
reationally active population.

4. Sample size constraints: Small cohorts in some studies
may reduce statistical power and the reliability of the
conclusions.

5. Non-standardized recovery: The absence of unified re-
covery protocols leads to inconsistent interpretations
of HRV fluctuations.

6. Quantitative over-reliance: Insufficient attention is of-
ten paid to qualitative aspects, such as individual sub-
jective responses to training loads.

7. Demographic omissions: Many studies fail to account
for age and gender differences, which significantly im-
pact HRV baseline values and responses.

Practical examples and case studies

Monitoring HRV in professional football players during the
competitive season revealed that a 20% decrease in HF power
was associated with an 18% increase in injury risk. Implementing
load adjustments based on these data resulted in a 25% reduc-
tion in injuries. Furthermore, daily HRV analysis in long-distance
runners helped mitigate overtraining by increasing recovery time
by 30% [40].

CONCLUSION

HRV analysis is a robust and promising method for assessing
athletes' training readiness and preventing injury. Regular mon-
itoring enables timely adjustments to training programs, there-
by reducing the risk of overtraining and optimizing recovery. For
maximum efficacy, HRV protocols must be individualized based
on the athlete's training status, age, and gender.
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3HAYMMbIX BbIBOZOB, YTO CHUXKAET AOCTOBEPHOCTb Pe3y/ib-
TaTos.

5. OrtcyrctBMe  cTaHAApTU3aUUuK NpoTOKONOB  BOC-
CTaHoBneHus. B 60/1bLiMHCTBE paboT He onucaHbl YETKME U
YHUULMPOBaAHHbIE METOAbI BOCCTAHOB/IEHMA, UTO CO3LAET
Pa3HOPOAHOCTL B MHTEpNpeTauum BanaHuna BPC.

6. ®POKyc Ha KONMYECTBEHHbIX NOKa3aTenax. HekoTtopble cTa-
TbU YAENAT HEeAOCTaTOYHOE BHMMAHWE KayeCTBEHHbIM
acnekTam, Hanpumep, MHAUBUAYANbHBIM PA3/IMYNAM B pe-
aKuum BPC Ha TpeHMPOBOYHbIE HarpysKu.

7. OrpaHuyeHuna no Bo3pacty U nony. bonblWKMHCTBO Uccne-
[l0BaHMWIA He YUMTbIBAKOT reHAepHble U BO3PaACTHbIE Pas/in-
4YKA, YTO MOKET BAMATb Ha Nokasatenun BPC u nx nHtepnpe-
Taumio.

MpaKTnyeckne npumepbl U KeWcbl
MonwuTopuHr BPC y npodeccrmoHanbHbix ¢yT60MCTOB B Teue-

HUWe Ce30Ha MO3BO/INA BbIABUTL, YTO CHUXeHUe HF Ha 20% cBA3aHo

C YBENMYEHMEM PUCKA TPaBM Ha 18%. KoppeKuus TpeHWpoBOYHOM
HarpysKku nNpueena K CHWXeHUIo TpaBmatuama Ha 25%. Mcnonb3osa-
HUe exefHeBHOro aHanmsa BPC y 6eryHoB Ha A/IMHHbIE AMCTaHLMK
No3B0O/I/O M36eXkaTb COCTOAHUSA NEPETPEHUPOBAHHOCTM 3a CYET yBe-
NIMYEHUs BPEMEHM BOCCTaHOBNeHMA Ha 30% [40].

3AKNIOYEHUE

AHanunz BPC — nepcneKkTMBHbIN METOA AR OLEHKM FOTOBHOCTH

CMOPTCMEHOB K TPEHMPOBOYHBLIM Harpy3kam 1 NpoduUAaKTUKKN TPaBM.
PerynapHbIit MOHUTOPWHT NO3BO/AET CBOEBPEMEHHO KOPPEKTUPOBATbL
TPEHWMPOBOYHbIE MPOrPaMMBbl, CHUKAA PUCK NEPETPEHNPOBAHHOCTY 1
noBblwas 3GGEKTUBHOCTb BOCCTAHOB/EHUA. BaXKHbIM acnekToM ABAA-
€TCA aianTauma METOAMK K YPOBHIO NOATOTOBKM U MHAMBUAYAbHBIM
0COBEHHOCTAM CMIOPTCMEHOB.
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