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Physical exertion in sports triggers a systemic reorganization of the body’s requlatory mechanisms, which occurs
through neuroendocrine and immune interactions and leads to the development of long-term functional adaptation.
During adolescence, when growth and maturation are not yet complete, homeostatic stability is relatively fragile,
increasing the risk of overexertion and the development of adaptive stress. This is particularly relevant for team
sports, specifically futsal, which is characterized by high-intensity interval training, frequent changes in pace, and
significant psycho-emotional stress.

The aim of the study was to assess the level of adaptive stress in 15- to 16-year-old female futsal players based
on immunohaematological parameters of peripheral blood.

A group of athletes who train regularly and a control group of otherwise healthy peers without regular athletic
training were examined. We determined the total white blood cell count and the white blood cell differential using
the Romanovsky-Giemsa method, and calculated the integral adaptation index. Statistical significance was assessed
using Student’s t-test.

No statistically significant differences were found in total white blood cell count or red blood cell parameters
between the groups. Female athletes showed an increase in the proportion of band neutrophils without the devel-
opment of leukocytosis, indicating mobilization of the bone marrow reserve and training-induced activation of the
immune system. The values of the adaptation index corresponded to control indicators, with a state of calm activa-
tion - characteristic of physiological adaptation - predominating.

Regular futsal training during adolescence contributes to the formation of an adequate adaptive response in the
body without signs of chronic adaptive stress, confirming the safety of rationally dosed physical activity.

Key words: futsal, adolescents, adaptation, adaptive stress, immunohematological parameters.
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Connection of the publication with planned re-
search work.

This study was conducted as part of the research
project “Investigation of the body’s adaptive responses
formed under the influence of various natural and social
factors” (state registration number 0115U003314).

Introduction.

Physical exercise in sports is regarded as a factor that
triggers systemic reorganization of the body’s regula-
tory mechanisms. The response to it is shaped by the
interaction of neuroendocrine, immune, and metabolic
processes, the balance of which determines an athlete’s
functional stability [1-12]. Under conditions of adequate
training load, the efficiency of regulation increases,
whereas excessive or prolonged stimulation leads to reg-
ulatory overload and the development of chronic adap-
tive stress [1-12].

In sports medicine practice, functional status is usu-
ally assessed using cardiovascular indicators and mor-
phometric characteristics [1-12]. However, such param-
eters reflect only the body’s activity and do not provide
insight into the level of strain on regulatory mechanisms.
For intermittent forms of physical activity, such as futsal,
integral indicators of homeostatic changes are more in-
formative [1-12].

The blood system, which is functionally linked to im-
mune mechanisms, plays a particularly important role
in the development of adaptive responses. The cellular
composition of peripheral blood reflects interactions
among the hypothalamic-pituitary-adrenal axis, innate
and adaptive immunity, and can serve as an indicator of
adaptive stress [1-12].

The relevance of this issue increases during adoles-
cence, when immune reactivity is fully developed and
hormonal restructuring of regulatory systems occurs
[1-12]. In female athletes aged 15-16, training loads are
combined with age-related characteristics of immune
homeostasis development, which increases the risk of
inadequate adaptive responses [1-12].

Thus, determining the boundary between physiolog-
ical adaptation and overexertion of regulatory mecha-
nisms in young female athletes in team sports remains
an important task of modern sports physiology.

Current concepts of the physiology of physical exer-
cise interpret muscle activity as a factor in the systemic
regulatory restructuring of the body [1-12]. It is accom-
panied by changes in the hormonal profile and the cel-
lular composition of the blood, manifested by a redis-
tribution of leukocyte populations and modifications in
indicators of nonspecific resistance [1-12]. The nature
of these changes depends on the intensity and duration
of the stimulus and reflects the stage of the adaptation
process [1-12].

It has been shown that moderate physical activity
helps optimize immune regulation, whereas excessive
or frequently repeated stimuli can cause transient sup-
pression of immune reactivity and an accumulation of
allostatic load [1-12]. In adolescents, response variability
is higher due to the incomplete coordination of regulato-
ry systems [1-12].

Team sports are characterized by a combination of
metabolic and psychoemotional influences. In futsal,
the alternation of accelerations and short-term recovery
phases causes significant fluctuations in homeostasis [1-
12]. However, most studies have been conducted with

adult athletes, while the physiological responses of ado-
lescent female athletes remain understudied.

Recent studies demonstrate the potential use of
comprehensive hematological parameters as markers
of adaptive status in young athletes [1-12]. At the same
time, their interpretation regarding the boundary be-
tween effective adaptation and overstrain of regulatory
systems in female futsal players requires further clarifi-
cation.

The aim of the study.

To identify the characteristics of adaptive stress in
the organisms of 15- to 16-year-old female futsal players
based on immunological and hematological parameters
of peripheral blood, and to determine differences in
adaptive responses compared to their peers who do not
engage in regular sports activities.

Object and research methods.

The study involved girls aged 15-16. The participants
were divided into two groups: the experimental group
consisted of female athletes who regularly played futsal,
while the control group included peers who did not en-
gage in regular training.

The body’s adaptive state was assessed based on
integrated immunohaematological characteristics de-
termined by the absolute and relative content of major
peripheral blood cell populations.

Blood samples were obtained via capillary puncture
in the morning (7:00-9:00 a.m.) on an empty stomach,
on days without training sessions, and in the absence of
signs of acute illness. The total white blood cell count
was determined using a Goryaev chamber, and a differ-
ential white blood cell count was performed on blood
smears stained with Romanovsky-Giemsa. Based on the
obtained indicators, integral indices of the body’s adap-
tive stress were calculated.

The study was conducted in accordance with the
principles of bioethics and international guidelines for
research involving human subjects. All participants and
their legal representatives provided written informed
consent to participate and to the use of their results for
scientific purposes.

Statistical analysis of the results was performed
using methods of variational statistics. The mean (M)
and standard error of the mean (+m) were calculated.
The significance of differences between independent
samples was assessed using Student’s t-test. A differ-
ence was considered statistically significant at p<0.05.

Research results and their discussion.

The hematological examination conducted made it
possible to assess the state of the blood system as an
integrative mechanism for the body’s adaptation to reg-
ular physical exercise.

The total white blood cell count in the female ath-
letes and the control group showed virtually no differ-
ence (6.1620.74 x 10%L and 6.14 + 0.73 x 109L, respec-
tively; p>0.05). The absence of leukocytosis indicates
that training loads do not cause acute stress reactions
and correspond to the body’s functional capabilities.

The leukocyte differential count also remained bal-
anced (fig. 1). The ratio of key cells of innate and adap-
tive immunity showed no intergroup differences, indi-
cating the stability of immune homeostasis.

At the same time, analysis of the neutrophil pool re-
vealed a characteristic feature: female athletes showed
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Figure 1 — Relative content of the main populations of peripheral blood leukocytes in female futsal athletes and girls of the control group, %.

White blood cell counts (absolute values, %)

o W *‘\‘09 N \-I-‘\Qq W *\‘00 W "
£ 3 S \
N &o&
o

0 I\ . _f_‘\,d;“\

o . ’
so‘;%f@& v Mfy\
o

mm Female futsal athletes
mm Not futsal players

*ﬁfﬂ) ﬁyﬁ) *ﬂf“)
A L%

\
o

Figure 2 — Absolute number of main populations of peripheral blood leukocytes in female futsal athletes and girls of the control group.

a significant increase in the proportion of band neutro-
phils - by 28.31% relative and 30.77% absolute (p<0.05).
This was not accompanied by an increase in the total
white blood cell count or a decrease in segmented neu-
trophils (fig. 2).

Lymphocytic and monocytic immunity remained

31.31+3.79% in athletes and 31.88+3.61% in controls
(p>0.05), monocytes — 5.38+1.22% and 5.94+1.31%,
respectively (p>0.05). This indicates the absence of an
immunosuppressive effect of training.

The eosinophil concentration and the erythrocyte
sedimentation rate remained within normal limits, ex-

stable. The relative content of lymphocytes was cluding the presence of an inflammatory process. Red
Red blood cell and ESR indicators
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Figure 3 — Red blood cell parameters and erythrocyte sedimentation rate in female futsal athletes and girls in the control group.
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Figure 4 — Body adaptation index in female futsal athletes and girls in the control group.
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Figure 5 — Distribution of the examined adaptive and compensatory reactions of the body by zones in female futsal athletes
and girls of the control group.

blood cell parameters (erythrocytes, hemoglobin, color
index) also did not differ between groups (fig. 3). Thus,
regular training is not accompanied by the development
of anemic or hypoxic component of the load.

The obtained data characterize the hematological
profile of female athletes as stable, with moderate acti-
vation of the neutrophil component, which reflects the
formation of nonspecific resistance. The next stage was
determining the integral indicator of adaptive stress.
The adaptation index in female athletes was 0.55+0.05
a.u., in the control group — 0.56+0.05 a.u. (p>0.05) (fig.
4). The absence of significant differences confirms the
adequacy of training loads.

A slight tendency to decrease the index in female
athletes may reflect the economization of functional
reactions - a characteristic feature of a trained organ-
ism, when adaptation is provided by lower energy costs.
Analysis of individual adaptive reactions showed that
75% of female athletes had a state of calm activation,
6.25% - increased activation, and 18.75% - a training re-
action (fig. 5). No stress zone was detected.

In the control group, calm activation (87.5%) pre-
dominated, while the training response was not regis-
tered. This indicates that athletes form specific adaptive

mechanisms in response to regular physical activity, and
not signs of functional overstrain.

Thus, in young futsal players, the formation of phys-
iologically adequate adaptation to systematic training
is observed, which is characterized by the stability of
hematological indicators, moderate mobilization of the
neutrophil reserve, economization of regulatory pro-
cesses and the absence of manifestations of chronic
adaptive stress.

The identified changes are compensatory-adaptive
and consistent with the body’s age-related functional
capabilities.

Conclusions.

In futsal athletes aged 15-16, systematic physical ac-
tivity forms a physiological type of adaptation without
signs of maladaptation. The stability of hematological
indicators in combination with an increase in the pro-
portion of rod-shaped neutrophils reflects the activation
of nonspecific immune defense without the develop-
ment of an inflammatory reaction. The invariance of the
adaptation index and the predominance of a state of
calm activation indicate the economization of regulatory
mechanisms and effective long-term adaptation of the
body to futsal loads.
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Prospects for further research. abolic indicators, and by dynamically monitoring them
Further work should be directed towards a compre-
hensive assessment of adaptive reactions by combin-

ing immunohematological, neuroendocrine, and met-

throughout the training cycle to early detect overstrain

of adaptive mechanisms.
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®1310/10T14HI OCOB/IMBOCTI ADANTALIMHOIO CTPECY Y FOHUX
CMOPTCMEHOK ®YT3AJIICTOK

[ep)XaBHUiA BULLMIT HaBYaNbHUIA 3aKknapg, «[JoH6AcbKUA Aep)KaBHUIA NeparoriyHKiA yHiBepcuTeT»
(m. CnoB’siHCbK - m. i Hinpo, YKpaiHa)
v.v.dichko@ukr.net

dizu4yHe HABAHMAM(EHHA Yy CIIOPMI CIPUYUHAE cucmeMHy repebydosy pe2ynamopHUX MeXaHiamie op2aHiamy,
wo peanizyemosca Yepes HelipoeHOOKPUHHI ma iMyHHi 83aemoliil ma 3abe3neyye popmysaHHa doszompusanoi
byHKUioHanbHOi adanmadjii. ¥ nidnimkosomy e8iui, Koau npouyecu pocmy ma 003pi8AHHA wWe He 3a8epuleHi,
cmabinbHicmb 20Meocmasy € 8iOHOCHO 8PA3/aUB0H, MOMY PU3UK MepeHanpyHeHHa ma po3sumky adanmayiliHo2o
cmpecy nidsuwyemsca. Ocobnuso uye akmyanbHO 0nA ieposux eudie criopmy, 30Kpema ¢ymsany, AKul
XapaKkmepu3yemosca iHMepe8aabHUM HOBAHMAXEHHAM BUCOKOI IHMEeHCUBHOCMI, YacmumMu 3MiHOMU memry ma
3HAYHOIO rcUXoeMoUyiliHO HaMpy20t0.

Mema OdocnidxceHHA — oyiHUmu pigseHb adanmayiliHo2o HanpymeHHa Yy CrnopmcmMeHoK-gpymsasnicmok 15-16
POKi8 30 iMyHO2emMamos02iYyHUMU MOKA3HUKAMU repugepuyHoi Kposi.

ObcmexceHo epyny CNOPMCMEHOK, WO CUCMeMamu4HO MpPeHyrmbCsa, ma KOHMPOsbHY 2pyny MPaKmu4yHo
300po8uUx 00HONIMOK 6e3 peaynapHUX COPMUBHUX HOBAHMAM(eHb. BU3HAYanU 3a2a7bHY KinbKicms nelikoyumis,
nelikoyumapHy ¢opmynay 3a memoodoM PomaHoscbko2o-[iM3u, a mMaKoX po3paxosysanu iHMez2pansHull
adanmayitiHuli iHoekc. Cmamucmu4yHy 00CmosipHicmb OUiH8aU 3a t-Kpumepiem CmbrodeHma.

JocmosipHux siomiHHocmell y 3a2asbHill KinbKocmi nelikoyumie i moKazHUKax 4ep8oHOI Kposi Mixc 2pynamu
He 8CMAHO8/EHO. Y CIOPMCMeHOK BUABAEHO Mi0BUWEHHA YaCMKU Naau4koadepHuUx Helimpodginie 6e3 po3gumky
nelikoyumosy, wo c8idyume rnpo Mobinizauyito KicMKoO80-MO3K08020 pe3ep8y ma mpeHysasabHy AKMueauyito iMyHHoT
cucmemu. 3HavyeHHA adanmayiliHo2o iHOeKcy 8i0no8idanu KOHMPOAbHUM MOKA3HUKAM, MPpU UbOMYy fepesaias

cmaH crokKiliHoi akmusauyii, xapakmepHuli 014 ¢hizionoiuHoi adanmauyii.
PeaynapHi mpeHy8aHHA 3 hymsany y nionimkosomy giui crpuaroms hopmysaHHO adeksamHoi adanmay,itiHoi
8i0noeidi opaaHiamy 6e3 03HaK xpoHiuHo20 adanmayiliHo2zo cmpecy, wo niomeepoxcye 6e3zrnevyHicms payioHas16bHO

003080H020 hi3U4YHO20 HABAHMAMEHHS.

Knrouoei cnoea: pymsan, nionimku, adanmauis, adanmayiliHuli cmpec, imyHo2emamosnoz2i4Hi MoKasHUKuU.

38’A30K nybaikauii 3 nhaHoBMMM HayKoBO-goCNig-
HUMU poboTamu.

JocnigKeHHA BMKOHAHO B MeXax HayKoBO-Z4OCNiA-
HOi poboTn «[ocnigKeHHA aganTauiiHUMX peakuin op-
raHiamy, chopmoBaHWUX Mg BMNAMBOM Pi3HOMAHITHUX
NPUPOAHMX i COLLiaNIbHUX YNHHMKIBY» (HOMEpP AeprKaBHOI
peecTtpauii 0115U003314).

Bcryn.

@i3MyHe HaBaAHTAXeHHA Yy CMopTi PO3rALAETHCA
AK aKTop, WO BMKIMKAE CUCTEMHY nepebynosy pe-
ryNATOPHUX MEeXaHi3MiB opraHiamy. PeakKuia Ha HboOro
boOpMyETbCA Yepe3 B3AEMOAIID HEWPOEHAOKPUHHUX,
iMyHHUX | MeTaboniuHUX Npouecis, Big 36anaHcoBaHOCTI
AKUX 3aNeXUTb OYHKLiOHaNbHA CTiMKICTb CnopTCMeHa
[1-12]. 3a ymoB afieKBaTHOro TPEHYBa/IbHOrO BM/UBY
BifOyBa€eTbCA NiABMLLEHHA eDeKTUBHOCTI perynauii, Tog
AK HagMipHa abo TpuBana CTUMYAALA NPU3BOAUTL 4O
GOpMyBaHHA PErynATOPHOro NepeHanpyKeHHs Ta pos-
BUTKY XPOHiIYHOTO aganTauiliHoro ctpecy [1-12].

Y npakTULi CNOPTUBHOI MeAUUMHWU OLiHIOBaHHA
bYHKLIOHaIbHOTO CTaHy 3a3BM4Yail 6a3yeTbCA Ha NOKas-
HUKaxX CEPLLEBO-CYANHHOT CMCTEMM Ta MOPDOMETPUYHUX
XapaKktepuctukax [1-12]. OgHaK Taki napameTpu Bigo-
6parkatoTb AnLle pesynbTaT AiANbHOCTI opraHiamy i He
[Al0Tb YABNEHHA NPO PiBEHb HaMPyXEHHA MeXaHi3mis

perynauii. Ana iHTepmiTytounx BUAIB Pyx0BOi aKTUBHOC-
Ti, 4O AKMX Hanexuntb ¢yT3an, binbw iHPopMaTUBHUMM
€ iHTerpasibHi MOKa3HWKM rOMeoCTaTUYHMX 3MiH [1-12].

OcobnmBe 3HauyeHHa y popmyBaHHI MpPUCTOCYBasb-
HUX peaKuii Mae cuctema KpoBi, WO PYHKLIOHANbHO
nos’A3aHa 3 iIMyHHUMM MexaHismamu. KNiTMHHUIA cknag,
nepudepuyHoi KpoBi Bifobparkae B3aemogito rinotana-
Mo-rinogizapHO-HaZAHUPKOBOI cucTemn 3 dakTopamu
NPUPOAKEHOrO i HabyTOro iMyHITETY Ta MOXe BWKO-
PUCTOBYBATUCSA AK iIHAMKATOP afanTaLiiHOT HAaNpy»KeHo-
cTi [1-12].

AKTyanbHiCTb Npobnemu 3pocTae y nNigniTKoBomy
Billi, KONM BiAOYyBa€TbCA 3aBEPLIEHHA CTaHOBAEHHA
iMyHHOI peaKTMBHOCTI Ta ropMOHasibHa nepebynoBsa pe-
rynatopHux cuctem [1-12]. Y cnoptcmeHok 15-16 pokis
TPEHYBa/IbHi HaBaHTA*KEHHA MOEAHYIOTLCA 3 BiKOBMMMU
ocobnmsocTaAMM GOPMyBaHHS iIMyHHOTO rOMeoCTasy, Lo
NiABULLYE PU3MK HeafeKBAaTHUX afanTaliiHUX peaKLii
[1-12].

TakKMM YMHOM, BU3HAUYEHHA MeXKi Mix disionoriyHoto
a[anTaLi€elo | NepeHanpyKeHHAM pPerynaTtopHuUx mexa-
Hi3MiB Y IOHMX CMOPTCMEHOK irpoOBMX BUAIB CMOPTY 3a-
NINLLAETHCA BaXK/IMBMM 3aBAAHHAM Cy4acHOI CMOPTUBHOI
disionorii.
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CyyacHi ysBneHHA npo o¢isionorito ¢isMyHoOro Ha-
BaHTAXKEHHSA TPAKTYIOTb M'A30BY AiANbHICTb SK daKTop
CUCTEMHOI perynatopHoi nepebynosu opraHismy [1-12].
BoHa cynpoBOAKYETbCA 3MiHAMM TOPMOHANLHOrO NpPo-
¢into Ta KNITMHHOIO CKNaZy KpoBi, WO MPOABASAETbCA
nepeposnoainom nemkouuTapHux nonynaui i moguadi-
KaLi€ MOKa3HMKIiB HecneundiyHoi pe3ncTeHTHOCTI [1-
12]. XapaKktep UuMx 3MiH 3a1€KUTb Bif, IHTEHCMBHOCTI Ta
TPMBaNOCTi BNAMBY i Bigobparkae cTaAito aganTauiiHoro
npouecy [1-12].

MokasaHo, Wo NoMipHi GisMYHi HaBaHTaXKeHHA cnpu-
AOTb ONTMMI3aLLii iIMYHHOrO KOHTPO/IO, TOAI AK HaAMip-
Hi ab0 YyacTo NOBTOPIOBAHI CTUMYIU MOXXYTb BUK/IMKATU
TPaH3MTOPHE MPUrHIYEHHA IMYHHOI PEeaKTUBHOCTI Ta
HaKOMMYEHHA aNnoCTaTUYHOIO HaBaHTaKeHHAa [1-12]. Y
nianiTkis BapiabenbHicTb BiANOBIAl BUlLA Yepe3 Hesa-
BepLUeHiCTb KoopaMHaLii perynatopHux cuctem [1-12].

IrpoBi BUAM CNOPTY XapaKTepu3yoTbCA NOEAHAHHAM
meTaboniyHoro Ta NCUXOEMOLMHOro BNAMBY. Y dyT3ani
YepryBaHHA MPUCKOPEHb i KOPOTKOYACHUX BiAHOBHMX
$a3 3yMOB/IOE 3HAYHI KO/MMBAHHA romeocTasy [1-12].
MpoTe 6inblicTb AOCNiAKEHb BUKOHAHA 3a y4acTio 40-
pPOCANX CNOPTCMEHIB, TOAI AK peaKu,ii opraHiamy cnoprc-
MEHOK NigNITKOBOro BiKY 3a/MLWIAOTbCA HEeAOCTAaTHbO
BMBYEHUMU.

OcTaHHi pob0TU AEMOHCTPYIOTb MOK/IMBICTb BMKO-
PUCTaHHA iHTErpasbHUX reMaToNorNYHMUX NOKA3HUKIB AK
MapKepiB afanTauiiHOro CTaHy Yy HOHWX CMOPTCMEHIB
[1-12]. Pasom 3 Tvm ix iHTepNpeTaLia WOA0 MeXi MixK
edeKTMBHOI aZanTalieto Ta NepeHanpy*KeHHAM pery-
NATOPHUX CUCTEM Y CMIOPTCMEHOK-PyT3anicToK noTpebye
NoAaNnbWOro yTO4YHEHHS.

MerTa gocnigyKeHHs.

Bu3Hauntn ocobamnBoCTi aganTauiiHOro Hanpy»KeH-
HA OpraHiamy crnopTcmeHoK-dyT3anictok 15-16 pokis
Ha OCHOBI iIMyHOremaTonoriYyHMX MOKa3HWKIB nepude-
PUYHOT KpOBi Ta BCTAHOBUTM BiAMIHHOCTI aganTauiiHux
peakLilt MopiBHAHO 3 OAHONITKAMM, AKi He 3aimatoTbCA
CMCTEMATMYHOK CMOPTUBHOIO AiA/IbHICTIO.

O6’eKT i meToAU AOCNiAMKEHHSA.

Y pocnipgxeHHi 6bpanm yyactb gisyata Bikom 15-16
pokiB. O6cTeXKeHi bynn po3noaineHi Ha A4Bi rpynu: OCHo-
BHY CTAHOBMWM CMOPTCMEHKM, AKi perynsapHo 3aimatoTb-
ca $yT3a10M, 4O KOHTPOBHOI Fpynu YBINLIAN OAHONIT-
KM, LLO He 3any4eHi A0 CMCTEMATUYHUX TPEHYBaHb.

OujiHIOBaHHA aZanTaliiHOro CTaHy OopraHiamy npo-
BOAMAN 33 iHTErpasibHUMM iIMyHOTreMaTONOTIYHUMMK Xa-
paKTEPUCTUKAMM, BU3HAYEHMMWU Ha niacTasi abcontoT-
HOrO Ta BigHOCHOIO BMiCTy OCHOBHWX MONYAALIM KAITUH
nepuoepmnyHoi KpPoBi.

3pa3ku KpoBi OTpPMMYBanM METOAOM KaninapHoi
NyHKLUiT y paHkosuiA yac (07:00-09:00) HaTwe, y AHi 6e3
TPeHyBa/IbHMX 3aHATb Ta 33 BiACYTHOCTI O3HaK rOCTPUX
3aXBOpPOBaHb. 3arasibHy Ki/IbKiCTb 1EMKOLUTIB BU3HAYA-
nn 'y Kamepi lopsieBa, andepeHLilioBaHUi NigpaxyHOK
nenkounTapHoi Gopmynn NPOBOAMAM Y MasKax KpoBi,
3abapBneHnx 3a PomaHOBCbKMM-[iM30l0. Ha OCHOBI
OTPMMAHUX MOKA3HWUKIB PO3PaxoByBaN iHTErpasnbHi iH-
OEeKCU afanTauiiHOro HanpyXeHHs opraHismy.

JocnigeHHA BUKOHAHO 3 4OTPMMaHHAM NPpUHLUMNIB
6ioeTuKM BigNOBIAHO A0 MiIKHAPOAHUX PeKoMeHaaLlil
LLLOAO AOCAIAMKEHb 3@ YYaCTHO NOAMHMU. YCi y4acHMU Ta iX
3aKOHHI NpeacTaBHUKM Hagaau nucbMmoBy iHGopmoBaHy
3rofly Ha y4acTb Ta BUKOPUCTaHHA pe3y/bTaTiB Y HayKo-
BUX LLiNAX.

CTaTUCTUYHY 06PO6KY pesynbTaTiB 34iiCHI0BaIN Me-
TOAAMM BapiauiMHOI CTAaTUCTUKKU. BuM3Havanu cepenHe
3HauyeHHn (M) Ta cTaHAaPTHY NOXMBKY cepeaHboro (xm).
JocToBipHicTb BigMiHHOCTEN MiXK He3anexxHumu Bubip-
KaMu OuiHIOBanuM 3a t-Kputepiem CTbtogeHTa. PisHuULIO
BBaa/iM CTaTUCTMYHO 3Havywoto npu p<0,05.

Pe3ynbTatv AoCnigKeHHA Ta ix 06roBopeHHs.

MpoBeaeHe remaTtonoriyHe o0b6CTEXEHHA [03BOUMO
OLiHWUTW CTAH CUCTEMM KPOBI SIK iIHTEFPATMBHOIO Mexa-
Hi3My MPUCTOCYBaHHA OpraHiaMmy Ao perynsapHux ¢ismny-
HUX HaBaHTaXeHb.

3aranbHa  KifbKiCTb  /IeMKOUMTIB Yy  CnopTcme-
HOK i KOHTPO/IbHOI TPpynyM MPaKTUYHO He Bigpi3HANa-
ca (6,16+0,74x10%n Tta 6,14+0,73x10%n BignosigHo;
p>0,05). BiacyTHiCTb NEMKOLUTO3Y CBIiAYUTD, LLO TPEHY-
Ba/IbHi HABAHTA)KEHHA HE BUK/IMKAKOTb peaKLii rocTporo
cTpecy Ta BignoBigatoTb GYHKLUiOHAbHUM MOXKAMBOC-
TAM OpraHiamy.

CTpyKTypa feiiKounTapHoi GOpMyaM TaKOX 3anu-
wanaca 36anaHcosaHoto (puc. 1). CniBBiAHOWEHHA OC-
HOBHWX K/ITUH BPOAMKEHOrO Ta aAanTUBHOIO iMyHITeTY
HEe [AEeMOHCTPYBAso MiXKIPyrnoBux BigMiHHOCTEM, LWO
BKa3y€E Ha CTabiNbHiCTb iMyHHOro romeocTasy.

BogHouac aHanis HelTpodinbHOro nyny BUABUB Xa-
paKTepHy 0Cob/MBICTb: Y CNOPTCMEHOK CriocTepiranoca
O0CTOBipHE 36i/IblUEHHA YaCTKU NaNNYKoALEPHUX HEN-
Tpoodinis — Ha 28,31% 3a BigHOCHUM Ta Ha 30,77% 3a ab-
CONIIOTHMM NoKa3HUKom (p<0,05). Lle He cynpoBoaxyBa-
JlocA NiABULWEHHAM 3aranbHOI KilbKOCTi nekouuTis abo
3MEHLLEHHAM cermeHToaaepHux popm (puc. 2).

Take NOEAHAHHA O3HaK CBiAYMTb HE Npo 3anajsbHUM
«3CyB B/iBO», @ NMPO MObifi3aLilo KicTKOBO-MO3KOBOTO
pesepsy. OTKe, BUABAEHI 3MiHU cAig, po3rnsgatv aK oi-
3ionoriyHy aganTauiiHy peakuito HecneundiyHoro saxu-
CTY Ha CUCTEMATUYHE HAaBAHTAXKEHHS.

NlimboumTapHa Ta MOHOUMUTAPHA IAHKKW iIMYHITETY 3a-
nvwanucs ctabinbHMmK. BigHoCHMIA BmicT nimdouunTis
ctaHoBuB 31,31+3,79% y cnoptcmeHoK Ta 31,8813,61%
y KoHTponi (p>0,05), moHoumuTiB — 5,38+1,22% Ta
5,94+1,31% signosigHo (p>0,05). Lle cBig41Tb Npo BiA-
CYTHICTb iIMyHOZEenpecuBHOro epeKTy TPeHyBaHb.

KoHueHTpaLia eo3nHodiNiB Ta WBUAKICTb OCiAaHHA
€PUTPOLLUTIB 3a/IMLLANIUCA Y MEXKaX HOPMMU, WO BUK/IO-
Ya€ HaABHICTb 3ananbHOro npouecy. MoKa3HUKK YepBo-
HOi KpoBi (epuTpounuTn, remornobiH, KoAbopoBUI Mo-
Ka3HWK) TaKoX He BiApi3HAAUCA MiX rpynamu (puc. 3).
TaKMM YMHOM, PerynsipHi TpeHyBaHHA He CynpOBOAKY-
HOTbCA PO3BUTKOM aHEMiYHOro abo rinoKCMYHOro Kom-
NMOHEHTY HAaBaHTaXEHHS.

OTpuMmaHi [aHi XapaKTepu3yloTb FemaToNoriyHuM
npodifib CNOPTCMEHOK fIK CTabinbHMIA, i3 MOMiIpPHOKO aK-
TUBaLiE HelTpodinbHOI NaHKK, Wo Bigobparkae dop-
MYyBaHHSA HecneumdiyHOi pe3nCTeHTHOCTI.

HactynHum etanom 6yno BM3HAYeHHA iHTerpasibHo-
ro NOKasHWKa aganTaliiHOro HanpysKeHHA. AganTauin-
HUI iHOEKC y cnopTcmeHok ctaHosuB 0,55+0,05 vy.o., y
KOHTposbHOI rpynu — 0,5610,05 y.o. (p>0,05) (puc. 4).
BiacyTHiCTb A0CTOBIpHMX BiAMIHHOCTEN NiATBEPANKYE
a[EeKBaTHICTb TPEHYBa/IbHUX HaBaHTaXeHb.

He3HayHa TeHAEeHUia [0 3HWMKEHHA iHOeKcy Y
CNOPTCMEHOK MOMKe BifgobparxkaTn eKoOHOMI3aUito PyHK-
LiOHaNbHWX peaKLili — XxapaKTepHy 03HaKy TPeHOBAHOTO
opraHiamy, Konu agantalis 3abe3neyvyeTbcst MeHLW MMM
eHepreTMYHUMM BUTPaATaMU.
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PUCYHOK 1 — BigHOCHMIA BMICT OCHOBHMX NOMYAALii NeiiKouuTiB nepudepryHOi KPOoBi Y CNOPTCMEHOK-DYT3aNiCTOK
Ta AiBYAT KOHTPONbHOI rpynu, %.
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PUCYHOK 2 — A6CONIOTHA Ki/IbKiCTb OCHOBHUX NonyAnsALiii nelkouuTie nepudepnyHoi KpoBi y CnopTcMeHOK-dyT3anicTok
Ta AiBYaT KOHTPONbHOI rpynu.

MoKa3HnKK YepBoHOi Kposi Ta LLIOE
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PucyHoK 3 — MoKa3HUKKN 4epBOHOI KPOBi Ta LIBUAKICTb OCiAAHHA €PUTPOLMUTIB Y CNOPTCMEHOK-(YT3aNiCTOK Ta AiBYAT KOHTPO/IbHOI rpynun.
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PUcyHOK 4 — ApanTauiiiHuii iHgeKc opraHiamy y cnopTcMeHOK-pyT3anicToK Ta AiBYAT KOHTPOJIbHOI rpynu.
Po3nopain 3a 3oHamMu iHAKMBIAyansHoi apanTauii
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PUcyHOK 5 — Po3nogin o6cTexkeHnx 3a 30HaMM afanTauiiiHO-KOMNEHCAaTOPHUX peaKLiii opraHiamy y cnoptcmeHoK-$pyT3anictok
Ta AiBYAT KOHTPO/ILHOI rpynu.

AHani3 iHAMBIAyaNbHUX aganTaUiliHUX peaKuild no-
Kas3aB, Wo y 75% cnopTcmeHOK cnocTepirasca cTaH cno-
KilHOT aKTuBaujii, y 6,25% — nigBuweHoi aktusau,ii, y
18,75% — TpeHyBanbHOI peaku,i (puc. 5). 3oHa cTpecy He
BMABNEHA.

Y KOHTPO/IbHIN rpyni 4OMiHYBaB CTaH CMOKiNHOT ak-
TMBaUii (87,5%), Toai AK TpeHyBa/sbHa peakuia He pee-
cTpyBanaca. Lle Bkasye, Wwo y cnoptcmeHOoK GopmytoTbea
cneundiyHi npucTocyBanbHi MexaHiamu y Bignosiab Ha
perynspHe ¢isMyHe HaBaHTAXKEHHA, @ He 03HAKU QyHK-
LiOHaNbHOro NepeHanpyeHHs.

OTKe, y IOHUX GYT3aNiCTOK CNOCTEPIraeTbcA CTaHOB-
neHHs ¢isionoriyHo ageKkBaTHOI aganTauii 4o cucTema-
TUYHMX TPEHYBaHb, L0 XapaKTEPM3YETbCSA CTabiNbHICTIO
remaTosIoriYHMX MOKA3HMKIB, MomipHOtO Mmobinisauieto
HeNTPodiNbHOTrO pe3epBy, €KOHOMI3aLiE perynaTop-
HUX NPOLECIB Ta BiACYTHICTIO NPOABIB XPOHIYHOro agan-
TaLilHOro cTpecy.

BuasneHi 3miHM MalOTb KOMMEHCAaTOPHO-NPUCTO-
CyBaJIbHY CMPAMOBAHICTb i Y3roAXylTbCA 3 BiKOBUMMU
bYHKUiOHaNbHUMM MOXKINMBOCTAMM OPraHi3my.

BucHoBKM.

Y cnopTcmeHoK-dyT3anictok 15-16 pokiB cuctema-
TUYHI Gi3NYHI HaBaHTaXKeHHsA dopmytoTb disionoriuHmi
TMN aganTauii 6e3 o3Hak amsagantauii. CtabinbHicTb
reMaToNoriYHMX MOKA3HMUKIB Y MOEAHAHHI 3 NMiABULLEH-
HAM YacTKM ManuuKoanepHUx HeiTpodinis Bigobpakae
aKTMBaLiO HecneundiyHOro iMyHHOro 3axmcTy 6es3 pos-
BUTKY 3anasnbHOI peakKuii. HeamiHHiCTb aganTauiinHoro
iHOEKCY Ta MepeBarkaHHs CTaHy CMOKiMHOI akTuBaLil
CBig4aTb NPO EKOHOMI3aLil0 PeryniaToOpHUX MexaHi3miB
i epeKTUBHY AOBroTpMBany afanTaL,ito opraHiamy Ao Ha-
BaHTaXeHb pyT3any.

MepcneKkTMBM NOAANbLUUX AOCNIAMKEHD.

Moganbwi poboTN AOLINBHO CNPSAMYBATM Ha KOMIM-
JIEKCHY OUiHKY aganTauiiHUX peakLuii Waaxom Moes-
HaHHA IMyHOTeMaToNorYHNX, HEMPOEHAOKPUHHUX | Me-
TaboNiYHMX NOKA3HMKIB Ta IX AMHAMIYHOTO MOHITOPUHTY
BMPOAOBK TPEHYBA/IbHOTO LMKAY 3 METOI PAaHHbOTO BU-
AB/IEHHA NepeHanpyXeHHA afanTauiinHUX MexaHi3miB.
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®I1310/10T14HI OCOBUBOCTI AOAMNTALIINHOIO CTPECY Y FOHUX CMTIOPTCMEHOK ®YT3A/ICTOK

Awuko A. B., Auuko O. A., KypunbueHnko l. 0., Kywakosa I. B., KnumeHko 0. C., iluuko B. B.

Pe3stome. Di3nyHi HaBaAHTAXKEHHSA Yy CNOPTI BUKIMKAOTb CUCTEMHY NepebynoBy HEMPOEHAOKPUHHUX, IMYHHUX i
MeTaboniyHMX MexaHi3miB peryasauii. Y nigniTkoBomy BiLli, KOAK LLLe TPUBAE CTAHOB/IEHHA TOPMOHA/IbHOTO KOHTPO/IO
Ta iIMyHHOT peaKTUBHOCTI, TPeHYBa/IbHUIA BNIMB MOXKe CNpUATK iK GOpMyBaHHI0 ¢isionoriyHoi aganTau,ii, Tak i pos-
BUTKY PEryi1ATOPHOrO nepeHanpy»KeHHA. Jna iHTepmiTytoumx BUAIB PyxoBOi AiANAbHOCTI, 30Kpema ¢yT3any, iHpop-
MaTUBHUMMU € iHTErpasibHi iMyHOremaTo/ioriYHi NOKa3HUKK, Lo BigobparkatoTb piBeHb a4anTaliiHOrO HaNpPY*KeHHS
OopraHismy.

MeTa gocniaskeHHa — BU3HAYMTU 0COBIMBOCTI afanTaliiMHOro cTpecy y CnopTcMeHoK-¢yT3anictok 15-16 pokis
33 iIMyYHOremaTonoriYHMMM NOKa3HUKaMK neprudepmnyHOi KpoBi Ta NOPIBHATK iX 3 OAHONITKAMM, AKi He 3aiMatoTbCA
CMCTEMATUYHOKO CMOPTUBHOO AiANbHICTIO.

Ob6cTerkeHo aisyat 15-16 poKiB: OCHOBHY rpyny CTaHOBW/IM CMOPTCMEHKM, WO PeryaspHo 3alimatotbca dyT3a-
JIOM, KOHTPOJIbHY — OAHOITKM 6€3 CUCTEMATUYHUX TPeHyBaHb. KanifapHy KpoB Bifbupanun y paHKOBI FOAMHM HaTLLe
y AHi 6e3 TpeHyBaHb. BM3Ha4yanu 3aranbHy KiNbKiCTb NEMKOLMTIB, NeMKouUTapHy GOopmMyay, MOKA3HUKM YePBOHOI
KpOBi Ta pO3paxoByBan iHTerpasbHi iIHAEKCK afanTaLiMHOro Hanpy»KeHHA. CTaTUCTUYHY 06pO6KY NpoBoAWAU Me-
TOA4aMM BapiaLiMHOT CTaTUCTMKM i3 3acTocyBaHHAM t-KpuTtepito CTbrogeHTa (p<0,05).

3arasibHa KinbKiCTb IEMKOLMTIB Y rpynax He BiapisHAnacs, Lo CBiAYMTb NPO BiACYTHICTb peakLuii rocTporo cTpe-
cy. Y CnOpPTCMEHOK BUABNEHO AOCTOBIpHE NiABULLEHHA YAaCTKM NasnuKoaaepHUX HelTpodinis 6e3 nenkoumnTosy i
6€e3 3MEeHLIEeHHA cermeHTosaepHUX Gopm, Lo Bigobparkae mobinisaLito KicTKOBO-MO3KOBOrO pe3epBy Ta aKTUBA-
uito HecneuMdivyHOI PE3NUCTEHTHOCTI, @ He 3ananbHUI npouec. MoKasHUKKN NimbounTiB, MOHOUMTIB, €03nHOINIB,
WBKUAKICTb OCiAAaHHA ePUTPOLUTIB | NapaMeTpun YepBOHOI KPOBi NepebyBann y mexkax HopMu. AganTalilHKIA iHAEeKc
iCTOTHO He BiApi3HABCA; Y BINbLWOCTI CNOPTCMEHOK PEECTPYBANMCA CTaHU CMOKiHOI abo TpeHyBanbHOI aKTUBaLi,
30Ha CTpecy He BUABAEHA.

CuctemaTUyHi 3aHATTA dyT3anom y aisyat 15-16 pokis popmytoTb disionorivHo agekBaTHY afanTauito 6e3 03HaK
XPOHIYHOro aganTauinHoro ctpecy. CTabifibHICTb reMaToNONYHUX MOKA3HMKIB Y MOEAHAHHI 3 MOMIPHOIO aKTUBaLLiEl0
HeWTPOodiNbHOI TaHKM CBIAYMTb NPO EKOHOMI3aL,ito PEFYIATOPHUX MeXaHi3MiB Ta epeKTUBHY AOBrOTPMBaNY ajanTa-
Lito A0 iHTEepPMITYHOUMX Gi3SUYHUX HaBaHTaXKEHb.

Kntouosi cnosa: ¢yT3an, nignitkv, agantauin, aganTtauiiHuii cTpec, iMyHOreMaToNOoriYHI NOKAa3HUKM.

PHYSIOLOGICAL FEATURES OF ADAPTIVE STRESS IN YOUNG FEMALE FUTSAL PLAYERS

Dychko D. V., Dychko O. A., Kurylchenko I. Yu., Kushakova I. V., Klimenko Yu. S., Dychko V. V.

Abstract. Physical exercise is considered a factor that induces systemic reorganization of neuroendocrine,
immune and metabolic regulation. During adolescence, the maturation of hormonal control and immune reactivity
is still ongoing; therefore, training loads may either promote physiological adaptation or cause regulatory overstrain.
In intermittent sports such as futsal, characterized by repeated accelerations and recovery phases, integral
immunohematological parameters provide informative markers of adaptive stress and organism stability.

Aim of the study is to identify the features of adaptive stress in 15-16-year-old female futsal players based on
peripheral blood immunohematological indices and to compare them with age-matched non-athlete girls.

The study involved girls aged 15-16 years. The main group consisted of athletes regularly engaged in futsal
training, and the control group included peers without systematic physical activity. Capillary blood samples were
obtained in the morning under fasting conditions and outside training days. Total leukocyte count, leukocyte
differential, erythrocyte parameters and integral indices of adaptive tension were evaluated. Statistical analysis was
performed using variation statistics and Student’s t-test (p<0.05).

Total leukocyte counts did not differ between groups, indicating absence of acute stress reactions. Athletes
demonstrated a significant increase in band neutrophils without leukocytosis or reduction of segmented forms,
which reflects mobilization of bone marrow reserve and activation of nonspecific immune defense rather than
inflammation. Lymphocyte, monocyte and eosinophil levels, erythrocyte sedimentation rate and red blood
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parameters remained within physiological limits. The adaptive index showed no significant intergroup differences;
most athletes were in calm or training activation states and no stress zone was detected.

Regular futsal training in girls aged 15-16 leads to a physiologically adequate adaptation without signs of
chronic adaptive stress. Stable hematological parameters combined with moderate neutrophil activation indicate
economization of regulatory mechanisms and effective long-term adaptation to intermittent physical loads..

Key words: futsal, adolescents, adaptation, adaptive stress, immunohematological parameters.
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