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Annomayus. leab: cpaBHUTH COCTOSTHUE NOKa3aresieii MIMMYHOTPaMMBI ITPH Pa3BUTHH JTMM(OIUTAP-
HOM (ha3bl MHOTEHHOTO JICHKOIIMTO3a Y IOHOIIEH U IEBYIIEK C pa3HBIM YPOBHEM JIBUTATEIbHOW aKTHUBHOCTH.
Marepuansl u MeToabl. Y oOydatommxcs 1—4-x xkypcoB 18—22 5eT ¢ pa3HBIM yYpOBHEM ITOBCETHEBHOI
JIBUTaTENIbHON aKTUBHOCTHU MPOBEAEHO UCCIIEIOBAHNE AUHAMUKH TOKa3aTelIed HMMYHOTPaMMBI B IIpoLiecce
MBIIIIEYHOH pabOThl MaJION U cpenHel MOMIHOCTH. Jlu3aiiH nCCIeI0BaHus: TTOKa3aTelld KPOBOOOPAIeHHS U
¢u3ngeckoit paboTocrocoOHOCTH; OIEHKA MMOKa3aTeleld IMMYHHOTO CTaTryca; CTaTHCTHYecKas obpaboTka
pesynbraro. PesyasTarbl. B cocTosiHUM OmepaTHBHOIO MOKOs, a Takke IHocie (U3NYECKOW Harpysku y
foHOMIEeH u aeByuiek 18—22 net ¢ pa3HbIM ypPOBHEM NOBCETHEBHOMN ABUraTelIbHOM aKTHUBHOCTH OMpENEIsLTN
MOKa3aTed UIMMYHOIPaMMBbl METO/IOM MPOTOYHOM IIUTOMETPHU M UMMYHO(EpPMEHTHOTrO aHanu3a. B kaue-
CTBE MBILIEYHOIN PadOThl, HHULIMHUPYIOLIEH pa3BUTHE MHUOTEHHOTO JIEHKOLIMTO3a, UCIIOIb30BANIN IIEpeIBIIKe-
HHe 1o OeroBoii nopoxke ¢ nporHosupyemoit YCC 120-140 yn./MuH npu 3aJlaHHOM ckopocTH Ha 1-if cryne-
HH, Hcxonst u3 ypoBHs: UCC mokosi. YpOBEHb CKOPOCTH NEepEIBIKEHUS TP IIOBTOPHOW padOTe ONpeessiin
no BenimurHe YCC mpu BBINOJIHEHUH HadajlbHOU HArpy3ku. B mokoe y roHomIeH MOArOTOBUTENBHOIO OTHE-
JICHUSI OTMEYAJIOCh O0Jiee BHICOKOE, YeM Y CIIOPTCMEHOB, COAEPKAaHUE TyONb-TTO3UTUBHBIX T-muMQonuToB,
YTO, BEPOSTHO, OTPAXKAET HAJIMYNE y HUX BTOPHYHOTO MMMYHOAE(MUIINTA, OTPAaHWIMBAIOIIETO YPOBEHb MX
MTOBCEHEBHOM IBUraTenbHON akTuBHOCTU. CozepikaHue MyOiab-HETaTUBHBIX T-KIIETOK y IOHOIIEH U JIeBY-
HIeK C Pa3sHBIM YPOBHEM IOBCEIHEBHOH JABHMIaTENbHOM AKTMBHOCTH HE MMENO CYLIECTBEHHBIX Pa3JIMYU.
IIpu pa3sBUTHH MHOTE€HHOTO JIEMKOLUTO3a y IOHOILIEHN CIIOPTUBHOTO OTIENIEHH OTMEYAIO0Ch yBEIUYEHHE HH-
nekca HCT-akTuBHOCTH HEHTpOGMIOB Mocie 2-i CTyNeHH Harpy3KH, a y JeByLIeK YPOBEHb 3TOTO MHAEKCA
3HAYMMO He u3MeHsuicsi. Mupekc ortHomenusi coxpepxanuss HCT-weraruBubix Ho k yposhHio HCT-
MO3UTHUBHBIX KJIETOK B CIIOHTAHHOM T€CTE y JEBYLIEK OCHOBHOTO M MOATOTOBUTEIHHOTO OTAEICHUI 3Hauu-
MO CHIDKAJICSI TIOCJIE MBIIIEYHOH paboThl. 3akiaoueHue. Y IOHOIICH CHM)KEHHE ypoBHS T-xenmepoB 1mof
BIIMSTHUEM (DU3UYECKOM HAarpy3Kd CONPOBOXKIAJIOCH YMEHBLICHHEM coiepkaHus T-cynpeccopoB 0e3 3Ha-
YUMBIX NU3MEHEHHH XEJIEpPHO-CYIPECCOPHOIo MHJEKca. Y JIeBYIIEK CTaOWIBHBIN ypoBeHb T-CyrpeccopoB
npu pU3HYECKON Harpy3Ke 00yCIOBINBA CHIDKEHHE XEIIEPHO-CYIPECCOPHOTO HHAEKCA B OCHOBHOM IpyII-
e yXe IOCJIe HU3KOMHTEHCUBHOW HAyallbHOW HArpy3KH, a y JAEBYIIEK-CIIOPTCMEHOK — TOJBKO MOCIE IO-
BTOPHOM Harpy3ku cpeHed HHTEHCUBHOCTH.

Kntoueswle cnosa: MUOTEHHBIN JEHKOLUTO3, TOKA3aTeI HIMMYHOTPaMMBI, PH3HYecKas Harpys3Ka
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Abstract. Aim. This study aims to compare immune profiles during the lymphocytic phase of myo-
genic leukocytosis in young males and females with different levels of physical activity. Materials and
methods. This study involved university students in years 1-4, aged 18-22 years, with different levels of
routine physical activity. Changes in their immune profiles were investigated during low- and moderate-
intensity muscle work. The study design included assessments of hemodynamic parameters and physical
performance, while immune status was evaluated using appropriate methods, followed by statistical ana-
lysis of the data. Results. Immune profiling was performed using flow cytometry and enzyme-linked im-
munosorbent assay on samples obtained at rest and after exercise in males and females aged 18-22 years
with different levels of routine physical activity. Treadmill running at a target HR of 120-140 bpm, with speed
set at the first stage based on resting HR, was used as the muscle work to induce myogenic leukocytosis.
The speed during repeated exercise was determined based on the HR measured during the initial load.
At rest, males from the preparatory department had higher levels of double-positive T lymphocytes than
athletes, which likely reflects secondary immunodeficiency that limits their routine physical activity. Males
and females with different levels of routine physical activity demonstrated no significant differences in
the levels of double-negative T cells. During the development of myogenic leukocytosis, male athletes
demonstrated increased NBT activity of neutrophils after the second stage of exercise, while in females this
parameter did not change significantly. The NBT-negative to NBT-positive neutrophil ratio in the spontaneous
NBT test decreased significantly after exercise in females from preparatory and main departments. Conclu-
sion. In male students, decreases in T helper cell levels after exercise were accompanied by decreases in
T suppressor cell levels, with no significant change in the helper-suppressor cell ratio. In female students,
stable T suppressor cell levels during exercise led to a reduced helper-suppressor cell ratio — after low-
intensity initial exercise in the main group and only after repeated moderate-intensity exercise in female
athletes.
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BBenenne. Pazmmunbiii ypoBeHb ¢uznue-
CKOM TIOATOTOBJIEHHOCTH H  (DYHKIMOHAIBHBIX
BO3MOXHOCTEH OpraHusMa TIpU TPOBEICHUHU
TPYIIIOBBIX 3aHATHU MO (PU3UIECKON TTOATOTOBKE
00yCIIOBIMBACT Pa3HBIl YpOBEHb (hHU3HOIOTHYE-
cKoW Harpy3ku. IIpuHATO cuuTaTh, YTO YpPOBEHBb
(M3MYIEeCKUX HArPy30K BO BpeMs 3aHATHS OOBEK-
TUBHO SABJISIETCS aJ€KBAaTHBIM COCTOSHUIO (YHK-
LMOHAJBHBIX  BO3MOXHOCTEH  3aHHMAIOLIUXCS
MpH TPOSBICHUH ITUMQOUUTApHOH (a3l MHO-

TeHHoTO JIelikoruTo3a [3]. BMecte ¢ Tem konmde-
CTBCHHBLIC W BPEMCHHBLIC XapPAKTCPUCTHUKU MHO-
TEHHOTO JICHKOIIUTO3a Y 00y4JaloIUXCs C Pa3HbIM
cocTosiHHEM (DYHKIIMOHAIBHBIX BO3MOKHOCTEH
OpraHu3Ma OCTAaIOTCS JUCKYCCHOHHBIMU [4].

Leanb pabdoThl: CPaBHUTH COCTOSHHE TOKa-
3arenell IMMYHOTPaMMBbI TP Pa3BUTHUU JTUMQO-
MUTapHOW (Ha3sl MHUOTEHHOTO JICHKONUTO3a Y
IOHOIICH U JEBYIIEK C Pa3HbIM YPOBHEM JBHUTa-
TEBHON aKTHBHOCTH.
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Marepuajbl U MeTOAbL. Y 0OO0y4aronuxcs
1-4-x xypcoB 18—22 ner ¢ pa3HbIM YpOBHEM IIO-
BCEJHEBHOHM IBUTATENLHOW aKTHBHOCTH IPOBeE-
JIEHO WCCIIeIOBaHNe TUHAMUKH ITOKa3areje nM-
MYHOTpaMMBI B TIPOLIECCE MBIIMIEYHONH pPabOTHI
Majoi u cpeaHe mMomHocTu. [duzaiiH uccieno-
BaHUS TTOKa3aTelIe KpoBOOOpaIeHus U (hu3mde-
CKOl paboTOCIIOCOOHOCTH, a TaKke METOIBI

OLICHKH I0Ka3arelieii MMMYHHOTO craryca o0y-
YaolMxcd M CTaTUCTUYeCKod 00paboTku pe-
3yJIBTaTOB MIPECTABICHBI paHee B paboTe [5].

Pe3yabTarthl. Y 10HOIIEN C pa3HbIM YPOBHEM
MOBCEIHEBHON JBUTATEIbHON aKTUBHOCTH CpEll-
HUE 3HAYEHUs IMOKa3aTeledd MMMYHOTpamMMbl B
COCTOSIHUM OIIEPaTHUBHOIO IOKOS IPEACTaBICHBI
B Tabm. 1.

Ta6nuua 1
Table 1

YpoBeHb NokasaTtenei UMMyHorpaMmmbi B nokoe y toHouemn (Me; Qz5—Qy7s)
Immune parameters at rest in young males (Me; Q25—Qy7s)

ypOBeHI) Z[BHFaTeHLHOﬁ AKTHUBHOCTHU

Ne Hccnenyemble XxapakTepUCTUKU Physical activity level
/I Parameter Hu3Kuii / low | Ga3oBblii / moderate | Bbicokwmii / high
n=3 n=11 n==6
AKTHUBHOCTb (paronurosa HeHTpohuIoB 79; 65-87 55; 46-64* 54; 50-60*
1 | Neutrophil phagocytosis activity, %
x 10%/1 (x 10°/L) 1,79; 1,63-2,50 1,20; 0,82-1,90 1,50; 1,20-1,80
Cnonrannsiit HCT-tect Helitpodunos 17; 12-60 22: 16-30 28: 18-36
2 | Spontaneous NBT-test (neutrophils), %
x 10°/n (% 10°/L) 0,35;0,33-1,70 0,56; 0,38-0,80 0,90; 0,40-1,20
Conepxanne CD; CD;y” muM(OIHTOB 84,1; 58,2-88,7 79,5, 71,8-81.,4 75,8; 74,2-76,1
3 |CD; CDyy lymphocytes, % 1591; 1632; 1495;
x 10%/m (x 107/L) 11501598 1274-1935 1316-1636
Conepxanne CD; CD, CDg CDys" muMponuToB 46; 39-57 46; 40-51 42; 4044
4 |CD;'CD, CDg CDys" lymphocytes, %
x 10%/1 (x 10%/L) 832; 767-1069 1019; 702-1273 860; 687-929
COJI?p)KaHI/Ie C+D3+CP4’ CD¢ CDys" JTUMQOIUTOR 24:16-27 25;21-30 26;25-28
5 |CD3; CD4 CDg CDys lymphocytes, %
x 10%/1 (x 10%/L) 460; 308494 548; 437-636 534; 466580
COJI?p)KaHI/Ie CD3+CP47 CDg CDys" JTUMQOITUTOR 3.4:2,5-12,8 4,5:2.3-7.0 6,7; 6,468
6 |CD; CD4 CDg CDys lymphocytes, %
x 10%/1 (x 10%L) 67;47-231 101; 49-120 131; 118-142
Conepixanue CD3'CD;'CDy CDys' umpommtos | 0 8: 0,4-2,3 0,4; 0,0-0,6 0.3;0,2-0,3"
7 |CD3; CD4 CDg CDys lymphocytes, % "
x 10%m (% 10°L) 15,1;7,941,4 6,9; 0,0-14,0 4,6;4,0-5,2
Conepianne CD3” CD)y” monuTos 9,2;4,8-222 8,3;6,1-11,7 10,9;9,1-12,2
8 |CD;5 CDyo lymphocytes, %
x 10%m (x 10°L) 174; 87-439 170; 139-250 228; 158-254
Conepianne CDy CDy CDsg” kietox 4.4;3,1-14,1 11,7;7,9-13,7 | 11,9;92-15.7
9 CD37CD1(, CDS(, Cell, %
x 10%/1 ( IOG/L) 79; 59-279 245; 158-317 217; 190-272
Conepxanne CD; CDy¢ CDss KieTOK 23:12-2.7 1,6:0,9-2.,6 2,5:1,6-3.6
10 CD3+(:D1(,+CD5(,Jr Cell, %
x 10%/1 (x 10%/L) 41;23-53 30; 17-64 52;26-93
Conepxanue IgA SARS—CoV-2, yci. en. 1 el iy
11 ToA SARS—CoV-2, arb. units. 3,1;1,7-12,3 8,2;5,6-15,7 3,6;2,5-5.9
Conepxanue IgM SARS—CoV-2, ycn. en. ) o . . . o
12 ToM SARS—CoV-2, arb, units. 0,25; 0,09-0,50 0,38; 0,20-0,40 0,30; 0,20-0,40

Ipumeuanus: * — 3HaunMocTh pasnuuuii P < 0,05 no kpurepuio ManHa — YUTHH ¢ 00y4alOIIUMHUCS C HU3KUM
YPOBHEM JBHMTaTEbHOM aKTHBHOCTH; = — 3HAYMMOCTh pasiuuuii P < 0,05 no kputeputo Manna — YutHu ¢ 06y-

HaromuMHCs 0a30BOro JABUTAaTCJIbHOI'O YPOBHH.

Note: * — significant differences at P < 0.05 (Mann — Whitney U test) compared to students with low physical
activity levels; * — significant differences at P < 0.05 (Mann — Whitney U test) compared to students with moderate

physical activity levels.
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Kak BuaHO u3 npeacTaBICHHBIX [aHHBIX,
B ITIOKOE YpOBEHb MCCIEAyEeMbIX IOKa3aTeiaei
MMMYHOTPaMMBbI Y FOHOIIIEH OCHOBHOTO M CIIOp-
TUBHOIO OTIEJCHUI HE MMEN 3HAYUMBIX pa3iu-
yuii. Y IOHOMIEH MOATOTOBUTEIBHOIO OTIACIICHUS
OTHOCHUTEIIFHOE COJlepKaHUe (ParonuTHPYIOMINX
H¢} Obuto cymiecTBeHHO BBINIE, a KOJIHMYECTBO
JIEUKOLIUTOB, HE MPOSBISABIIMX MONIOTUTEIbHON
cnocoOHocTH, 3HaunMo Hike (P < 0,05), uem y
CIIOPTCMEHOB U IOHOIIECH OCHOBHOTO OTACNICHUS.
OueBunHO, O0JIee BRICOKHI YPOBEHb aKTHBHOCTH
¢aroruro3a Hd y roHOmICH ¢ HU3KUM YpOBHEM
MMOBCEAHCBHON JBUTATEIHHOW AKTUBHOCTH 00Y-
CIIOBJICH 00Jiee HU3KHM YPOBHEM COJIEPKAHUS
KOPTH30JIa B COCTOSIHUU TOKOS, YTO JOCTAaTOYHO
00CTOSATENIEHO OTPaXEHO B PaHee MPOBENECHHBIX
HCCIeNOBaHusAX [2, 4].

IloMmumo TOrO, y IOHOLIEW MOATOTOBUTENb-
HOTO OTZAENIEHUS B IIOKOE OTMEYAIOCh 0Ojiee BbI-
COKOE COJlepXKaHHe AyONb-TIO3UTHUBHBIX T-JINM-
(oMTOB, B CPAaBHEHHU C TAaKOBHIM Yy CIIOpPTCMe-
HOB. Kak ObUIO TOKa3aHO A.A. AKTaHOBOH U
coaBT. (2025), B Tpymme MyXYMH YBEIHUYEHHE
conmepkanusi  TyONb-TIO3UTUBHBIX CD,'CDy'-
JTUMQOILUTOB OTMEYAJIOCh y JIUI[ C BTOPUYHBIM
UMMYHONIE(OUITUTOM, MPOBOIMPYEMBIM HEKOTO-
PHIMH BHPYCHBIMHA HHQEKIHUIMHE, a TaKXKe y TI0-
JIOBUHBI O0OCTIETOBAHHOTO KOHTHHIEHTA — TIpH
HaJIU4YMKM B aHAMHE3€ y HUX aTONMMYECKUX 3a00-
neBanuii [1]. BeposiTHO, BBICOKOE CcoOIEp:KaHUE
IyOIIb-TIO3UTUBHBIX KJIEeTOK y roHomrerd [10 ot-
pakaeT HaJu4yue Y HUX BTOPUYHOTIO UMMYHOJIE-
¢duIMTa, OrpaHUYMBAIONIETO Y HUX YPOBEHB IO-
BCEIHEBHOU IBUraTeILHON aKTUBHOCTH.

Pe3ynbraTel cpaBHEHHUs IOKa3zareieii uMMy-
HOTPaMMBbI JIEBYIIEK C Pa3HbIM YPOBHEM IIOBCE-
JIHEBHOM JIBUTAaTEIbHOW aKTUBHOCTH IMpPEJCTaB-
JICHBI B Ta01. 2.

U3 magaeix Tabil. 2 BUIHO, YTO B COCTOSHHUM
nokost y aeBymiek CO oTmeyasncs 3HAYUTEIBHO
0ojyiee HU3KHI YpPOBEHb KOIUYECTBA IUPKYIH-
pyromux T-XenmepoB u JOCTOBEPHO OoJiee BBHICO-
KO€ colepkaHue B-mumdonuros, yemM y cTymueH-
ok OO. [Tokazarens IMMyHOTPaMMBbI Y I€BYIIEK
[NO xapakrepuzoBanuch 0OoJiee HU3KHM COACP-
skanneM IgM SARS—CoV-2, a Taxxe komudecTsa
nupKyaupyommx Hd, He crmocoOHBIX K TOTIIO-
IIEHUIO, B CPAaBHEHUHM C TAKOBHIMHU Y JEBYIIEK
OCHOBHOTO U CITOPTUBHOTO OTACIICHUH.

M3MeHenus mokaszaresieid JEUKOrpamMMbl MOz
BIIMSTHUEM JTO3UPOBAHHON (DM3WYECKON HATpy3KH
BO BCEX HCCIEyEMBIX TpylIax XapaKTepu3oBa-
JINCh YMEPEHHO BBIPAKEHHBIM JICHKOIIMTO30M 3a

CYET TOBHIIIIEHUS! OTHOCUTEIHHOTO ¥ a0COJTIOTHO-
TO comepkaHus JTUMGOIIUTOB W aOCOIIOTHOTO
conepxanus Hd. B omnmnume ot eanHooOpa3Hoit
JUHAMHKH COJICPXKAHUsSI JICHKOIIUTOB IOJ BIIHS-
HHEM J03UPOBAHHON MBIILICYHON NEeSTEIBHOCTH
W3MEHEHHsI ToKazarenst JIuMQOIUTapHO-TpaHy-
JIOUMTApPHOTO HWHJEKCA Y HWCIBITYeMBIX HCCIe-
JIyEMBIX TPYIII UMEJIH OTpEelICHHbIC Pa3Inyusl.
Tak, y ronomeit u gesymexk OO HaOIIOAanOCh
CTaTUCTUYECKH 3HAYMMOE TOBBILICHUE JHM(O-
[IUTAPHO-TPaHyJIOMUTAPHOTO HWHAECKCA IMOCHEe
KaKJIOM CTYINEHU HArpy3Ku. AHaJlOTMYHAs JWUHA-
MHKa 3TOT0 WHJEKca oTMeuanachk y aeBymiek CO.
VY ronomedt CO 3HAYMMBIX W3MEHEHHI OanaHca
cofiepkaHus JTUM(OIMTOB M CErMEHTOSACPHBIX
Hd¢ ne mabmromanocs. Kpome toro, y roHOmIEH 1
nesymiek [10, HecMOTpst Ha TOCTOBEPHOE TMOBHI-
HICEHUE KOJMYECTBa JIMM(POLUTOB B KPOBH IPH
MBIIIEYHOH paboTe, CTATUCTUYECKH 3HAYUMBIX
U3MEHEHHI  JTUM(OIUTAPHO-TPAHYJIOIUTAPHOTO
WH/IEKCa He OTMEYCHO. YPOBEHb OTHOCHTEIBHOTO
U aOCOJIOTHOTO COAEpXKaHUS DO3MHO(PWIOB U
nanovkosiiepHblx H y McmeiTyeMbIX Hccienye-
MBIX TPYII TaKke HE MMeEJ 3HauuMbIX KojeOa-
HUH. MOXHO Tonararb, 4YT0 OTMEUEHHBIE H3Me-
HEHMsI TIOKas3arelnel IeiKkorpamMmbl y oOydaro-
MIUXCS TION BIMSHAEM (U3UYECKOW Harpy3Ku
XapaKkTepH3yIoT pa3BuTHe TuMdonuTapHon (asbl
MHUOT€HHOTO JIEHKOIIUTO3A.

XOopo1Io U3BECTHO, YTO MOJ BIMSIHUEM yMe-
PEHHBIX a3pOOHBIX (PM3MUYECKHUX HATrpPy30K Haps-
Iy C yBeJIWYEHHWEM KOJIMYECTBa JHUMQOIHUTOB
B KPOBH, MOOWMIIM3aIUsI KOTOPBIX CBsI3aHA C BO3-
JNEeHCTBUEM aJpeHalliHa, OTMEYaloTCs H3Me-
HeHuss cooTHomieHuit T- w B-nmumdonuros,
T-xenmepoB u T-cynpeccopos, a takxke Thl- u
Th2-mumdonmToB BBUAY pa3HOH OSKCIPECCHUH
U TUIOTHOCTH [3,-aApEeHOPELenTOpOB Ha MeMO-
paHe 3THX KJIETOK [2].

PesynbraThl cpaBHEHUS! TUHAMUKHU COACPIKA-
HUusl T-muMGOUNTOB TOJ BIUSHHEM JO3UPOBaH-
HBIX (PU3WYICCKUX HArpy30K y 00ydJaromInXcsl OC-
HOBHOTO, TMOATOTOBUTEIBHOTO H CIIOPTHBHOTO
OTJIeNIEHUH MpeICTaBIeHbl Ha puc. 1.

[ox BnusHMEM IO3UPOBAHHBIX HAIPY30K OT-
HOcHTeIbHOE conepxanue T-mumporutoB u T-
XenepoB (puc. 2) y IOHOIICH U JeBYIIEK OCHOB-
HOTO ¥ CIIOPTHBHOTO OTJAEJICHUI CYIIECTBEHHO
CHIDKAJIOCh, a y oOyuaromuxcs [10 — nocroBepHO
He M3MEHsIoch. Bmecre ¢ Tem numdonuros,
WHUIIMAPOBAHHBIA (PU3UYECKO Harpy3Koi, mpu-
BOJWJI K CYIIECTBEHHOMY MOBBIIICHUIO B KPOBH
a0COTIOTHOTO ~ coepaHus T-TUM(ONHUTOB U
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Table 2
YpoBeHb noka3sarenen MMMyHorpaMmmbl B nokoe y gesyuuek (Me; Qzs—Qyrs)
Immune parameters at rest in young females (Me; Q25—Q7s)
YpoBeHb JBUTATENBHON AKTUBHOCTH
Ne Hccnenyemble XapaKTePUCTHKH Physical activity level
n/m Parameter Hu3kuii / low | Ga3oBbiii / moderate | Beicokuii / high
n=_§ n=06 n=_§
AKTHBHOCTB (haronnuTo3a HeUTpoUIOB 73; 62-82 60; 4664 63; 55-68
1 |Neutrophil phagocytosis activity, %
x 10%/1 (x 10°/L) 2,49;1,77-3,58 1,87; 1,23-2,06 2,14; 1,84-2,65
CnonTtannsiii HCT-tect nelftpoduion 23; 18-41 21; 16-23 25:7-30
2 | Spontaneous NBT-test (neutrophils), %
x 10%/1 (x 10°/L) 0,83; 0,49-1,30 0,59; 0,37-0,94 0,85; 0,33-1,06
+ _ 82,0; 80,1; 73,9;
Coxepcane CD; CDys mmponTos 74.4-87.1 72.4-84.6 733-77.1
3 |CD; CDyy lymphocytes, %
% 10% (x 10°/L) 1668; 1802; 1230;
1338-1887 1500-2132 1072-1577
Conepsxanne CD; ' CD, CDg CDys' mumdonuTon 51; 46-53 47; 44-50 39;36-48"
4 |CD;'CD,'CDg CDys" lymphocytes, % 1093; 1067; 712;
x 10%m (x 10°/L) 784-1184 912-1403 562-860""
Conepsxanne CD; CD, CDg'CDys' mumoruTon 25:23-26 25: 24-26 25:22-29
5 CD3+CD47CD8+CD45+ lymphocytes, %
x 10%/m (x 10%/L) 486; 392-548 550; 503665 38; 364-560
Conepxanne CD; CDy CDg CDys' mambounToB | 43:2.9-58 3.7:1,7-63 8.8:4,7-10.6
6 |CD; CD; CDg CDys" lymphocytes, %
x 10%/m (x 10%/L) 83;51-128 93; 43-131 153; 66229
Conepixanne CD; CD, CDg'CDys mumornutos | | 6. 1,0-32 1.2: 0,612 0,7:0,5-1,6
7 |CD;'CD, CDg'CDys" lymphocytes, %
x 10%m (x 10°L) 28,7; 15,9-76,3 24.9; 8,4-29,2 17,0; 7,0-25,5
Conepixanne CD3 CDi” mumorunTon 8,1; 6,6-12,6 6,7; 6,2-7,7 11,4; 8,9-15,9"
8 |CD; CD,y lymphocytes, %
x 10%/1 (x 10%/L) 171; 148-193 154; 135-168 196; 140-318
Conepxanme CD; CDjs CDss Ki1eToK 6,5;3,8-11,6 10,7;10,3-16,7 | 11,3;8,2-15,1
9 CD37CD]6+CD56+ CCH, %
x 10%/1 (x 10%/L) 134; 89-214 284;251-346 187; 165-249
Conepxanne CD; CD;4'CDss' Ki1eTOK 3,4;1,3-5,1 1,6:1,5-5.8 2,5:1,1-3,3
10 CD3+CD16+CD56+ Cell, %
x 10%/m (x 10%/L) 71;27-108 42;31-82 49; 14-68
Conepxanne IgA SARS—CoV-2, ycn. en. ) 0 Can
11 TeA SARS—CoV-2, arb. units. 1,5;0,9-4,4 3,4;0,7-8,9 5,9;3,2-12,4
Conepxanne IgM SARS—CoV-2, yci. en. ] - ] st ) 0 eat
12 ToM SARS—CoV-2, arb, units. 0,15;0,11-0,30 |  0,44; 0,39-0,74 0,40; 0,40-0,60

Ipumeuanus: cM. Tabm. 1.
Note: see Table 1.

T-xennepoB y oOyuatommxcss OO u I10, a taxxe
y JIeByIIEK-CIIOpTCMeHOK. [Ipu 3ToM y 1oHOIIEH-
CHOPTCMEHOB KOJMYECTBO 3THX KJIETOK B IIMPKY-
JSIIMU 3HAYUTEIIBHO HE U3MEHSAJIOCH.

Pesynbrarthl cpaBHEHUS AMHAMHKH COJAEP-
xanusg CD3; CDjg -1uMpoLuTOB y 06ydaromuxcs
OCHOBHOTO, TOATOTOBUTEIBHOTO U CIOPTHBHOTO
OTICTICHUH MO BIMSHUEM I03UPOBAHHBIX (HU3U-
YEeCKHUX Harpy3oK IpeICTaBICHbI Ha puc. 3.

VY I0HOILIEH UCCHENYEMBIX TPYIII, KAK BUIHO
U3 pHC. 3, B IPOLIECCE MBIIIEYHOH AEATEIbHOCTH
HE OTMEYalOoCh CYIIECTBEHHBIX M3MECHEHUH OT-
HOCHUTEIBHOIO coAepxaHusi B-inm¢ponuros,
torga kak y aesymek CO u I1O mocne 2-i cTy-
MIEHN Harpy3Kd HaOIIONaIoCh 3HAUMMOE CHIDKE-
HUE MPOLEHTHOTO COACPIKAHUS OSTUX KIETOK.
JlumdonuTos, HaOMoaaBIIMiCS TpH HU3NIECKON
Harpy3ke, y neBymek OO u CO o0ycinoBiuBaI
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Puc. 1. AuHamuka cogepxanusa T-numcountoB y oHowwen (a; c) u aeByuwek (b; d)
OCHOBHOrO, MOArOTOBUTENLHOIO M CMOPTUBHOIO OTAENIEHUSA B NpoLiecce BbINONHEHUA
A03MPOBaHHbIX (PM3NYECKNX HArpPy30K
Fig. 1. Dynamics of T-lymphocyte levels in males (a; c) and females (b; d) from the main,
preparatory, and athletic groups during graded physical exercise

YBEJIMYECHHE KOJMYECTBA ATHUX KIETOK IO CpaB-
HEHHWIO C WCXOIHBIM ypOBHEM B IIOKOE, a y Je-
Bymiek [1O — obecrneunBan JUIb MOANCPKAHNEC
HCXOJHOTO YPOBHS 3THUX KIETOK, KOMIICHCUPYS
CHIKEHHE UX MPOICHTHOTO CONEPKAHUS.
Yenosuvie obosunauenus na puc. 1-3: - -0- - —
pe3yabTaThl OO0YyYarOMIMXCs OCHOBHOTO OTZAeIe-
HUsT, T — pe3ynbTaThl 00yYaroInuXCcs MOAro-
TOBUTENBHOTO OTHAeNeHus; — —O — — — pe3yibTra-
Tl OOYYarolIUXCs CIOPTUBHOTO OTIEICHMUS;
Py < 0,0...; Py < 0,0...; P, < 0,0... — ypoBeHb
3HAYUMOCTH pa3inuui mo Kpureputo Opuamana
JMUHAMHKH TTOKa3aTesei 00yJarouxcs OCHOBHO-
r0, TIOATOTOBUTEIBLHOTO W CIIOPTHBHOTO OT/IENE-
HHI, COOTBETCTBEHHO; pl< 0,0...; P2 < 0,0...;
P2 < 0,0... — ypoBeHb 3HAYMMOCTH pPa3INUHil
MoKa3aresyieil B COCTOSTHUM TOKOsl U Tiocie 1-i cTy-
nern Harpysku (°), B mokoe  mocite 2-if cTymeHn

narpyskn (), mocne 1-i m mocne 2-# cTymeHu
Harpyskd (') COOTBETCTBEHHO, IO KPHTEPHIO Bru-
KOKCOHA TSI 00Y9arOIIuXCsl OCHOBHOTO (o), TTOATO-
TOBUTEIBHOTO () ¥ CIIOPTUBHOTO () OTACIICHHH.
Note to Fig. 1-3: - O - - — results of students
from the main group; < results of students
from the preparatory group; — — O— — — results
of students from the athletic group; P,, < 0,0...;
Pro < 0,0...; P, < 0,0... — significance levels for
changes over time for students from the main,

preparatory, and athletic groups, respectively
(Friedman test); P*1<00.... P"?<0,0..;
P'"?< 0,0... — significance levels for pairwise

comparisons between baseline and first exercise
stage (*"), baseline and second exercise stage
(®?), and first and second exercise stages ('),
shown separately for the main (,,), preparatory
(), and athletic (.,) groups (Wilcoxon test).
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Puc. 2. lnnamuka cogepxanuns CD, 'CDg -numdounTos y toHolweM (a; c) u aeByuek (b; d) ocHoBHOrO,
NnoAroToBUTENLHOIO U CMOPTUBHOIO OTAENEHUs B NpoLiecce BbINOMHEeHUS [403UPOBaHHbIX (hM3NYeCKUX Harpy3ok
Fig. 2. Dynamics of CD,"'CDs -lymphocyte levels in males (a; c) and females (b; d) from the main,

preparatory, and athletic groups during graded physical exercise
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Puc. 3. AuHamuka cogepxaHma B-numdounTtoB B npouecce Mbllle4yHON AEATENBHOCTU
y toHoweM (a; ¢) u aeByLek (b; d) c pa3HbIM ypoBHEM NoBceaHEBHOMW ABUraTeflbHOM akTUBHOCTU
Fig. 3. Dynamics of B-lymphocyte levels in males (a; c) and females (b; d) with different levels
of routine physical activity during physical exercise
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3akiiroueHue. B CBsI3M ¢ pa3sHBIM ypOBHEM
MIOBCEAHEBHOM JIBUTATENbHOW AaKTUBHOCTH Y
IOHOLIEH W JEBYLIEK OCHOBHOTO, MOATOTOBH-
TEJIBHOTO U CIIOPTUBHOIO OTACTICHUN MMEIOT Me-
CTO 3HAYMMbIE OTIIMYHS COCTOSHHS MEXaHHU3MOB
HecTieUu(pHUECKOl PEe3UCTEHTHOCTH U HMMYHHU-
Tera. B wactHocTH, y 1oHowwel [1O B cocTosHuM
IIOKOS 3TO IIPOSIBIISIETCS B OIIPEAEIICHHOM CHIDKE-
HUH KOJIMYECTBA HE MPOSBISBLIMX MOIIOTUTEIb-
Ho# criocoOHOocTH Hh 1 yBenmnyennn 6a3anpHOTO
YpOBHA (paronMTapHON aKTUBHOCTH 3THX KIICTOK.
V nesymiek [1O Hapsmy co CHUKCHHEM KOJIUYC-
CTBa He CHOCOOHBIX K ¢arouutoly Hd ormeua-
JIOCh CYLIECTBEHHO Oojiee HM3KOE COICpKAHUE
IgM SARS—CoV-2. Ilpu stom y neBymek CO
B COCTOSIHUM IOKOS OTMEYaJoCh 3HaUMMOE CHU-
JKCHUE OTHOCUTEIBHOTO M a0COJIIOTHOTO conep-
»anus T-xenmnepos.

[lox BiMsHMEM [BYXCTyNEHYaTod IO3HMPO-
BaHHOW (r3nUecKol Harpy3ku JIUMEGOLUTO3 Yy
00y4arommxcss OCHOBHOTO U IOATOTOBUTEIBHOIO
OTJICJICHHH, a TaKkkKe y JIEBYIEeK CIOPTHBHOTO OT-
JETICHUSI COMPOBOXKAANCS CYLIECTBEHHBIM MOBBI-

IIEHUEM B KPOBU aOCOJIIOTHOIO COMEPIKAHUS
T-mumdornmrtoB u T-xenmepoB, KOMIIEHCUPYs 3Ha-
YUMOE€ CHIDKEHHE OTHOCHTENIBHOTO COAEpKaHUs
9TUX KJIETOK. OTMEUYEHHbIC N3MEHEHUS COIeprKa-
Hus T-mumborutoB u T-xXenmepoB y [oOHOIICH
COTIPOBOXKJAJINCh AHAJIOTUYHON JWHAMUKOM CoO-
nepxxanus T-cynpeccopoB, 4To 00yCJIOBIUBAJIO Y
HHUX OTCYTCTBHE 3HAYMMBIX KOJeOaHWN CpeIHEeTro
YPOBHS XEJIEPHO-CYIIPECCOPHOTO HHJEKCa IOJ
BIIMSIHAEM JO3MPOBaHHON (PU3MUECKOM HarpysKu.
Cra0bWIbHBI YPOBEHb OTHOCHTEIHLHOTO COZCpKa-
Hug T-cynmpeccopoB Bo BpeMsi (H3MYECKO Ha-
TPY3KH y JIEBYIIEK HCCIEIyeMBIX TPYyMIl B COBO-
KYITHOCTH C Pa3BUBILUMCS JIUM(OIUTO30M HHAY-
IIUPOBAJ 3HAYMMOE MOBbIIIeHHe KomuuectBa CD,-
CDg' B kpoBu y obyuaromuxcst OO u IO nmocne
Ha4yaJlbHON Harpys3kH, a y CIOPTCMEHOK — IOCTe
MOBTOPHOM Harpy3ku. B utore 310 mpuUBOAWIIO K
CHIDKEHHIO YPOBHS XeJEepHO-CyIPECCOPHOTO UH-
nekca y aesyiiek OO yixe nocie Majloi Harpys3Ku,
y aepytrek CO — TOJBKO TTOCIIE HATPY3KH CPEIHCH
BeNIMYMHBL, a y neBymek 110 ypoBeHb 3TOrO MH-
JIEKCa CYIIECTBEHHO HE U3MEHSIICS.
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