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AHHOTAIMSA

HccnenoBanace Bo3pacTHas JUHaMUKa 3kckperuu cBobomnoro (Kcs), cBsazanHoro (K)
KOpPTH30Jla U METa0OJINTOB IOJIOBBIX TOPMOHOB, €€ CIOBHI Ha JIO3UPOBAHHYIO (DU3UUECKYIO
Harpy3Ky y Majgb4MKOB-criopTcMeHOB 11-15 nmer. CpaBHHUTENIBHAS XapaKTEPUCTHKA MOTyYeH-
HBIX JTAaHHBIX C TOKA3aTENIsIMM JIeTel, He 3aHMMAIOIIUXCS CIIOPTOM, MO3BOJIMJIA YCTAHOBUTH
JOMHHHUPYIOIIEe BIUSHUE ITOBBIICHHBIX (U3MIECKUX HATPY30K HA BO3PACTHYIO TUHAMUKY H
pe3epBHBIC BO3MOXKHOCTH KOphI HaamouedHukoB (KH). Tak, B 12, 13 u 14 ner skckpenns Kc
UMeeT cTaOMIBHO BBICOKHME 3HAUEHHMS, a K 15 rogaM HabmogaeTcs ee JOCTOBEPHOE CHIKEHHE
npu yeennueHnu K. B oTimdne oT MagbuMKOB KOHTPOJIBHOTO KJacca, Y KOTOPBIX COJEpKa-
Hue Kcs u K cymectsenHo Hmxe, a oT 13 x 15 rogam oTrmeuaeTcs UX MPOTPECCUPYIOIUI
poct. Peakuus cpounoii apanranuu KH Ha no3upoBaHHyIo (H3MYECKyIO Harpy3Ky 3aBHCUT
OT BO3pacTa IOHBIX CIIOPTCMEHOB, XapaKTEPU3yeTCs] YBEINUCHHUEM €€ PEe3ePBHBIX BO3MOXKHO-
creil B 14 u 15 ner, uro HabmomaeTcs Ha GoHE MpeodaagaHus aHAOOIMUYSCKUX MPOIIECCOB
HaJl KaTabOJMYECKUMH M TOBBILICHHS POJIM aHJPOTEHOB B IPOIIECCE MEPEKIIOUeHUsI opra-
HHM3Ma OT MBIIIEYHON JEATEIBHOCTH K BOCCTAHOBJICHHIO.

Knrouesnie ciioBa: koptusodn, 17-keTocTepousipl, 103UpoBaHHas (puU3nUecKas Harpyska,
MaJIbYUKH-CIIOPTCMEHHI 1115 net

BBeaenue

OHIOKpUHHAS PETYISIUA MBIIMICYHON NESATENILHOCTA OpraHm3Ma JeTed W TOj-
POCTKOB OTIIMYAETCS OTHOCHTENLHOM HE3PENOCThIO0 U (PYHKIIMOHABHON HEYCTOWYHBO-
CTBIO, UTO MIPOSIBIAETCS B (DU3MOJIOTHYECKOM KOJICOAHWHU TIPOTYKIIMA TOPMOHOB U Me-
JIMATOPOB, N3MEHEHUHN YYBCTBUTEIILHOCTH PEIEITOPHOTO arapaTa HEPBHOM CUCTEMBI
u TKaHe-mumeHei [1,2]. Jlake mpu CHCTEMAaTHYECKUX MBIMICYHBIX TPEHHPOBKAX
y IeTell He HaOIoaeTcsl SKOHOMM3AIK (DYHKIIMH, KOTOpasi CBOMCTBEHHA B3POCIIBIM,
ux ¢pu3nyuecKas paboTOCOCOOHOCTh JOCTUTAETCsl 3a CYET 3HAYUTEIBHOTO HampshKe-
HUS SHIOKPUHHBIX JKeJe3 U BeretaTUBHBIX (yHkiwmii [3]. KimroueByro posb B peryss-
MU MBIIIEYHON NIeATENIbHOCTH OpTraHu3Ma mrpaer kopa HaanodedHukoB (KH) [4].
['MOKOKOPTHKOMIBI 00ECIIEUNBAIOT MEPEX0J] CPOUYHBIX MPHCIOCOOUTETBHBIX peak-
LMK B MOJHOLICHHOE Pa3BUTHE JIOJITOBPEMEHHOM ajanTtanuu. [Ipu 3ToM OHU HE TOIBKO
MOOMITU3YIOT IDIaCTHYEeCKUEe (DYHKIIMK OpraHu3Ma, co3zaBas ()OH7 CBOOOIHBIX aMHHO-
KHCIIOT B TIOJIb3Y 0OPa30BaHMs KHUPOB M YIIIEBOAOB, HO M MPEAYIIPEXKIAIOT N30BITOUHBIE
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TKaHEBbIE PEAKLIUU Ha CTPECC MyTEM BPEMEHHOTO PEryJIsTOPHOTO YIHETCHHS CHHTE-
3a TopMOHOB [5]. Ocoboe 3HaYeHre NpU OLIEHKE TIOKOKOPTUKONIHOH ¢yHkunn KH
MMeeT pa3leNbHOoe M3ydeHne coaeprkanns cBobomgroro (KcB) m cBsS3aHHOTO KOPTH-
3oma (K). MzBectHO, uTo 90% BBLAENSAEMBIX B KPOBb TTIOKOKOPTUKOUIOB CBSI3BIBACTCS
CO crenuQprueckuM O0SIKOM — TpaHCKOPTHHOM, a 10% HaxomuTcs B CBOOOIHOMU (opMme.
Komrutekc TpaHCKOPTHH — INIIOKOKOPTHKOMJ HE 00J1aJaeT TOPMOHAIBHON aKTHBHO-
CTBIO, CITY>KUT JJIS TPAHCTIOPTUPOBKH TTIFOKOKOPTHKOUAOB K TKAHSM H SIBISIETCS OBICTPO
MOOMIN3yeMbIM pe3epBoM. [losToMy OMoiornyeckas akTUBHOCTb TOPMOHA HMEET
MPSIMYIO0 KOPPETSIUI0 He ¢ O0IIel ero KOHIIEHTpalWeH, a JINIIb ¢ KOHIEHTparuen
€ro cBo0O1HOM (opMEI [6].

BaxHyto poib B BOCCTaHOBHTEJIFHOM MEPHOJIE MOCIE MBIIICYHONH HArpy3KH Wr-
patot arnporensl KH, obmamatomie OenkoBo-aHabommaeckuM AeiicterueM [7]. Kpome
TOTO, OHH MOTYT BBICTYNAaTh B Ka4eCTBE 3alUTHOIO MEXaHW3Ma, CHIDKAIOIIETO BBICO-
KN YpOBEHb TTIOKOKOPTHKOHMJIOB M OMACHOCTh KaTabOJIMUecKOTo AeHCTBUS HA opra-
Hu3M [8]. BamsHne cnopTHBHBIX TpeHHPOBOK Ha coctostare KH mereit u mompocTkoB
M3y4danoch pAaoM Hccienosateneil [3, 9], KkoTopele OTMEYaroT HEYCTOHYHMBOCTH €€
(YHKIIMOHAILHON aKTUBHOCTU TPU MBIILICYHOH JESTENbHOCTH, KOT/Ia TIEPHO/] YCHIICH-
HOW BBIPaOOTKH TIFOKOKOPTHKOHMIIOB CMEHSETCSl TOpMoXeHueM. 1Ipu 3tom upesmep-
HbIC MBIIICYHBLIC HAI'PY3KH U CBA3AHHOC C HUMHU SMOIMOHAJIBHOC HAIIPSKECHHUC MOTYT
BBI3BIBATH 33J€PKKY POCTa, MOJOBOIO CO3PEBAHUS ACTEH, MOJABISITh PEaKIUA NMMY-
HHUTETa, YTO OO0YCIIOBJICHO KaK MPSIMBIM KaTaOOJMYECKUM ACHCTBUEM TITFOKOKOPTHUKO-
W/IOB HA MBIIICYHYIO COETUHUTEIbHYIO U JIMM(OUIHYIO TKaHb, TAK ¥ HHTUHOUPYIOLIAM
BJIMSIHUEM Ha OEJIKOBO-CUHTETHUECKYIO (DYHKIMIO coMaTomenuHa [1], a Takke mojas-
JISTOIIAM JEWCTBHEM KOPTH30J1a Ha IPOIECCH MMoNIoBoH nndepeHIpoBK u (PyHK-
nuonuposanue ronay [10]. OmxHako B OOJBIIMHCTBE UCCICIOBAHUI CEKpETOpHAs aK-
tuBHOCTE KH paccmarpuBaercst uib Kak Moka3aTelb TPSHUPOBAHHOCTH JACTEH H
MOAPOCTKOB 0€3 yueTa BO3pacTHBIX OCOOEHHOCTEH M TOPMOHANBHBIX IEPECTPOEK IIe-
pHo/ia TIOJIOBOTO CO3PEBaHM, KOT/ia HaOIoAaeTcsi PU3N0IoTuIecKas rHrnepQyHKIHs
TUIIOTATIAMO-TUIIO(H3aPHO-HAIIIOYEYHUKOBOH CHUCTEMBI, CONPOBOXKAAIOIIASICA YCH-
JICHHOM BBIPAOOTKOM aHAPOTre€HOB M TIIOKOKOPTHKOHMIIOB, OOJIaJAIOIINX OIPEAEIICH-
HbIM OMOJIOTMYECKMM aHTaroHW3MoM [3]. MblllieuHble HArpy3kyu Ha (JOHE HE3PEIOCTH
CHCTEMBI «TUIO(H3 — KOpa HAAIIOYESYHUKOBY» YBEIMUUBAIOT PUCK MEpPexXoia BO3pacT-
HBIX 3BOJIFOTUBHBIX IIPOLIECCOB B SHAOKPUHHBIE JUCHYHKIIMH NOAPOCTKOBOTO BO3PACTA.

Onwupasich Ha aKTyaJbHOCTh HACTOSIIETO UCCIIeIOBaHuS, OblIa CHOPMYITUPOBaHA
€ro 1efib, HalpaBJeHHAs Ha M3y4YCHHUE BO3PACTHOM AWHAMHMKH (PYHKIHMOHAJIHHOTO
COCTOSIHHSI TJTFOKOKOPTHUKOUTHOW W aHaporeHHOH (yHkmii KH y 1oHBIX criopTcme-
HOB 11-15 ner, cTeneHn MX ydacTus B MPOIECCE CPOYHOHN aTaNTallMyi OpraHu3Ma K
JO3MPOBaHHOH (pr3nUecKoil Harpys3Ke.

1. MaTepuaJjibl 1 MeTObI

1.1. Opranuzanus uccjaeaoBaHusi. B nccnenoBanny NpuHUMAaIy y4acTUE Majlb-
yuKH-criopTcMensl 11-15 ner (60 yen.), oOydaromumecst B CIOPTUBHBIX CHEIHATNA3H-
poBaHHBIX Kiaccax MmKoJbI Ne 1 1. Kazanu u 3aHMMAromrecss XOKKEeM ¢ Maidoi Ha
JBbIY C HeNleJbHBIM 00beMOM (u3nyeckor Harpy3ku 12—14 4. Jlins 10ocToBEpHOro cyx-
JeHHus O crenuduueckoM BIMSHUM (Qu3nueckol Harpy3ku Ha coctostuue KH mapan-
JIETIEHO 00CIIeI0BANINCH MATBUMKN KOHTPOJILHOTO KJIacca, 3aHUMATOIIHECs] PU3NIECKOM
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KyJIBTYpoil B 00beMe oOmeoOpaszoBarenbHoi mKombl (40 yen.). st ob6ciaenoBaHus
yJaluxcs ObUIO MOITy4eHO J0OPOBOJIBHOE COTTIACUE POAUTEIEeH Ha yyacTHe peOeHKa
B HCCIIC/IOBAHUH.

1.2. Onpenenenne B moue K. Conepxanne K onpenensiiocs METOIOM XeMU-
JIOMHUHECIICHTHOT'0 UMMYHOAHaIN3a Ha MUKpoyacTunax [11] ¢ ucnosap3oBaHueM ori-
tnaeckort cuctemsl ARCHITECTi System (CLUIA). Tect ARCITECT Cortisol siBst-
€TCSl OJIHOCTYIICHUAThIM MMMYHHBIM aHAJIM30M, B XOJIe KOTOpOro o0Opasell u mapa-
MarHUTHBIC MHUKPOYACTHUIIBI, CCHCHUOWIN3UPOBAHHBIC aHTH-KOPTU30JIOM, CMEIIHBA-
I0TCS JUIA 00pa3oBaHMs peakimoHHO# cMmecu. [locie MHKYOMpOBaHUS MEYEHBINA aK-
PUIMHOM KOHBIOTAT KOPTH30Ja 3aHUMAaeT CBOOOJHBIC IICHTPHI HA MUKPOYACTHIIAX,
KOTOpBIE 3aTEM MPOMBIBAIOTCS, @ B PEAKIIHOHHYIO CMECh TOOaBIISIOTCS IPETPUTTED-
HBI U TPUITEPHBIN pacTBOPHL. VHTEHCHBHOCTH JIOMUHECIICHIINY U3MEpSIeTCS B OT-
HOCHTENBHBIX CBEeTOBBIX eaunuiax (RLU).

1.3. Onpenenenne B moue KcB. KomumuectBenHoe ompenenenue KcB ocy-
HIECTRISIIOCh HA OCHOBE MMMYHO()EPMEHTATHBHOIO KOJIOPUMETPUIECKOTO METOa
[12] ¢ ucnonp3oBanueM Jsaboparoproii ycranoBku Urinary Free Cortisol ELISA
(EIA-2989) (I'epmanusi). CyTb MeTOJa CBOJUTCS K TOMY, UYTO KOPTH30I, COZAEpKa-
muiics B oOpasiie (aHTUTeHE), CBA3BIBAETCS C aHTUKOPTH30JIOM (aHTUTEIIOM), aJcop-
OupoBaHHBIM Ha MHKporuiare. [lociie HHKYOaMOHHOTO MepHoa MPOUCXOAMT BhIIe-
JICHWE J0JIM CBOOOHOTO KOPTH30JIa MYTEM TLIATENBHOTO MIPOMBIBAHHS TUCTUILITHPO-
BaHHOW BOJIOM W 3aTeM MPOTEKaeT peaknus ¢ ¢pepMeHTaTHBHBIM cyoctpatom (TMB
Substrate). [lanee oOpaszer Beiaep:kuBaeTcs npu temneparype 22—28 °C B TeueHue
15 MHH B yCNOBHSX TEMHOTBHI JJIi MaKCHMAILHOTO Pa3BUTHS IIBETA, MOCIE YEro
(bepMeHTaTHBHAS peakiys ocTaHaBiWBaeTcs. KoHIEHTpalus KopTh3oia B oOpasiie
O6paTHO ImponopuruoHajbHa UHTCHCUBHOCTH LIBETA U BBIYUCIIACTCA Ha OCHOBE CECPpUU
craanaptoB (STDO-STD4).

1.4. Onpenesenne B moue 17-keroctepounos (17-KC). KonnyectBeHHOE
ofpeJiesieHre B MOY€ METabOIUTOB aHPOTEHOB MPOBOIUIIOCH KOJIOPHUMETPUIECKUM
METOJIOM Ha OCHOBe peakimu [{ummepmana B moaudukarmu M.A. Kpexosoii [13].
Mouy cobupanu 6e3 KOHCepBaHTa U XPaHWIU B XOJIOJHOM MECTE IPU TeMIepaType
ot 0 °C no —12 °C. Tlocne ruaponn3a MpOU3BOAWIN ee dKCTpakuuio 3dupom. Oun-
IICHHBIM 3KCTPAKT MOJABEpraid WHKYOAIlMH U1 Pa3BUTHSA OKpacKd B TedeHue 1 d.
O6pa3zoBaBLMiicss XI0pOPOPMHBIN CIOH CMEIIMBAIN C a0COJIIOTHBIM 3TaHOJIOM, U3-
MEpSUTH OINTHYECKYIO0 IUIOTHOCTh pacTBopa Ha QoTosnekTpokonopumerpe DIK-
56I1IM npu mrae BosHbl 500—-560 HM B KroBeTax TonuuHo#i 0.5 cM.

Jist UCKIIFOUEHMsI BIMSHUS CE30HHBIX PUTMOB aJPEHOKOPTUKAIBHOW aKTHBHO-
CTH CyTOYHAsi MOYa COOUpANIach B OJIHO M TO K€ BPEMs T0J1a — B OKTSOpe.

1.5. ®yHknuoHaNbHBIN HArpy304HbIi TecT. lcrnonb3oBanachk /103upoBaHHAS
BEJI0IProMeTpHUECKasl Harpy3ka yMEpPEeHHON MOIIHOCTH, cocTasisomeil 1.5 Bt Ha
1 KT Maccel Tena, JIMTEeTLHOCThIO 3 MuH. [Ipoba mpoBoaniIachk myTeM BpalleHHsI UC-
MBITYEMBIMH TTefaneit Benospromerpa «Putm BO-05» (Ykpannaa) B HOJTOKEHUH CUJISL.
YacroTa nepanupoBanus cocrasisiia 60 06./MuH. Moua coOupanack 10 Harpy3Kd 1
B TEUEHHUE Yaca Ioclie Hee.
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CraTucTiyeckyro 00pabOTKy MOJYYCHHBIX PE3YJIbTaTOB MPOBOAMIN OOIIEIPH-
HATBHIMU METOJaMU BapUallMOHHOM CTATUCTHUKU. /(151 OIEHKH JOCTOBEPHOCTHU pa3iiu-
YU UCTIOJB30BANIN T-TeCT, OCHOBAaHHBIN Ha f-KpuTepun CThIOJCHTA.

2. Pe3yabTaThl M HX 00CY:KAeHHE

2.1. U3MeHeHHe TJIIOKOKOPTUKOUAHON u auaporenHoil d¢ynxkumii KH y
cnoprcmenoB 11-15 ser ¢ Bo3pacToM. AHanu3 BO3pacTHOW JUHAMHUKH (YHKIHO-
HanbHOro coctossHusA KH y ronbIx cnopremenoB 11-15 nmeT mokasan, 4To ee IiroKo-
KOPTHKOWIHAS U aHApOTeHHas (hYHKIIMH UMEIOT CBou ocobeHHocTH (puc. 1), a Taxoke
OTIMYMS C MaJbUHMKaMH KOHTPOJBHOTO Kiacca. Tak, cyTouHas skckpeuus KcB y
cnoptcMeHoB OT 11 neT k 14 rogam n3MeHsieTcsl HE3HAYUTEIFHO U HAXOJUTCS B TIpe-
nemax ot 206.01 + 10.34 mo 242.80 + 16.10 amoinb/cyT, a B 15 met Habmromaercs ee
JOCTOBEpPHOE CHW)KeHHMEe Ha 32.77 HMOIB/CYT TO CpaBHEHUIO ¢ 14-nmeTHUMH
(p <0.05). Takas Bo3pacTHas NTWHAMUKA DKCKPEIMHM KOPTU30JIa HE COTJIacyercs ¢
JTaHHBIMU JTUTEPaTyphl 0 3aKOHOMEepHOCTIX ctaHoBieHuss KH ¢ Bo3pacrom [3, 14] u
OTJIMYAeTCsl OT IOKazaTesiel MalbUMKOB KOHTPOJBHOTO KJIacca, Y KOTOPBIX, BO-
nepBbIX, dkckpenus Kes B 1.6-1.9 pa3 Hmke, yeM y XOKKEHCTOB (pa3HUIa B abco-
JOTHBIX IU(pax HaxoauTcs B mpenenax oT 27.50 go 112.55 aMons/CyT 1 tocToBEpHA
B 12,13 u 14 ner (p <0.05)). Bo-BTOpBIX, ¥ MaJbYUKOB, HE 3aHUMAIOIIUXCS CIIOP-
ToM, oT 13 net x 14 u 15 romam oTMeyaeTcs JOCTOBEPHOE YBEIUYEHHE SKCKPELUH
Kcs na 39.05 amons/cyT (p < 0.05) u 31.43 amons/cyT (p < 0.05), uto oTpakaer oc-
HOBHBIE TeHJeHIWHU pa3BuTuia KH B moapocTkoBoM Bo3pacTe, COTIacHO KOTOPBIM
MepBBIN 3HAYUTEIBHBIA MPUPOCT KOPTHU30JIa Y MAIbYUKOB oTMedeH B 14 ser. Oco-
OBIil MHTEpeC MPEICTABISICT CPaBHUTENBHBIA aHamu3 3kckpennn Kce u K (puc. 2).
brut0 ycTaHoBNEHO, UTO y MaJIbYUKOB-CIIOPTCMEHOB C BO3PACTOM OHA M3MEHSETCS
pasHoHamnpaBieHo — Ha (ore cHmkeHnst Ke ot 14 met x 15 rogam otMevaroTes cra-
OWIBEHBIE U OTHOCUTENHHO BEICOKHE mokasatenu K (B mpemenax ot 56.18 = 2.80 mo
60.32 £ 4.06 Mkr/cyT) ¥ uX AocToBepHBIH npupocT B 13 net (p < 0.05), 4ro MoxeT
CBHUJIETENLCTBOBATh O (POPMHUPOBAHUHU OBICTPO MOOMIHM3YEMOTO0 M JOCTaTOYHO CTa-
OWJIBHOTO pe3epBa TJIIOKOKOPTHUKOWIOB B MPOLECCE IOITOBPEMEHHOW aJanTaiuu
JeTell K TOBBIIIEHHBIM (PU3UMYECKUM Harpy3kaMm. B KOHTpONBHOM Kitacce 3KCKpeIus
K cootBerctByeT nunamuke KcB, oHa XapakTepu3yercsi MOCTOSIHHBIMU 3HAUYEHUAMU
B 11-13 ner (ot 32.45 +1.34 mo 39.84 + 1.69 mkr/cyt), yBenuueHueM K 14 romam
(» <0.05) 1 MakcuMaBEHBIM TIpUpOCcTOM B 15 neT Ha 14.56 Mxr/cyT (p < 0.05). IIpu
3TOM y MaJlbYMKOB, HE 3aHMMAIOLIMXCS CIIOPTOM, YpoBeHb K CylecTBEHHO HUIKE,
yeMm y cioprcMeHOB B 11-14 net (p < 0.05) (paznuuus B npenenax ot 6.00 mo 14.02
MKr/cyT). CorllacHO IaHHBIM JIUTEPATYpHI [6], cienuduyeckre TpaHCTIOPTHBIE OeTKN
SIBIISTIOTCSL HEOTHEMIIEMON YacThiO «()HU3MOOTHUECKON OpraHU3aluuy 3HIOKPHHHON
(YHKLNY, B YACTHOCTH TPAHCKOPTHH-TIIOKOKOpTUKONAHON QyHKImu KH. Ilpu s3Tom
W3BECTHO, YTO TPAHCKOPTHH OTHOCHUTCS K CEMEWCTBY OEJKOB, MOCTOSHHO MPUCYT-
CTBYIOIIMX B IJIa3M€ KPOBU B BBICOKHMX KOHLEHTpauusx [15] Ha Bcex sTamax oHTOre-
Hesza. [loaTromy HaOnromaeMblii HAaMH OJHOBpPEMEHHBIH ckauok 3kckpenun K u Kcs
B 14 1 15 net y Aereil KOHTPOJIBHOTO KJlacca, 10 BCeW BEPOSITHOCTH, CBHETEIHCTBYET
O TIOBBILICHUH HACHIIIEHHUS KOPTH30JI-CBSI3BIBAIOLIETO III00YJIMHA B Pe3yibTaTe yCu-
JICHUS TPOIYKIINH KeJIe301 TOPMOHA.
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Puc. 1. IlokazaTenu SKCKpeLHH KOpPTH30Ja U 17-KeTocTepouIoB y ManbuyukoB 11-15 m;er.
[Ipmmeuanne: a — K;; 6 — K; 6 — 17-KC; m — cIopTUBHBIN KJ1acc, O — KOHTPOJBHBIH KIlacc.
* — pa3nUYMA 10 CPABHEHHUIO C MPEABIIYIINM BO3pacTOM JOCTOBEpHEI 1pH p < 0.05; @ — paz-
JMYHSA MEXTy CIIOPTHBHBIM M KOHTPOJILHBIM KJIaCCaMU TOCTOBEpHHI 1pH p < 0.05

AHanu3 CyTOYHOM SKCKPELUH METa0OJIMTOB MOJIOBBIX TOPMOHOB BBISIBHJI HHYIO
TUHAMUKY, B OOJNBIIEH CTENICHH OTpaKaroIlyr posb aHaporeHoB KH u momoBbeix
JKene3 B PeryJIsUHN poCTa U MOJOBOTO Pa3BUTHS MalbUMKOB. Tak, y IOHBIX CHOPTC-
menoB skckpenusi 17-KC, ne npesbimaromas 5.16 + 0.28 mr/cyt B 12 u 13 ner, cme-
HSETCS Pe3KNM ee CKaukoM B 14-nmetHeM Bo3pacte Ha 7.40 mr/cyt (p < 0.05) (puc. 1),
B 15 net oHa ocraeTcs Takke Ha BeiIcokoM ypoBHe (10.04 = 0.70 mr/cyT). Henb3s uc-
KJII0YaTh M POJIM aHAPOTCHOB B PETYJISILIMU MBILICYHOH AeATeNbHOCTH [7], nx Ouoso-
THYECKOTO aHTAaroHU3Ma C TIIOKOKOPTUKOMAAMH, O0JaJaloliMH KaTabOoIMYeCKUM
BIUSHUEM Ha opranu3Mm [8]. B cBs3u ¢ 3TUM oOpainaroT Ha ceOs BHUMaHHUE CIIOPTC-
Mmensbl 11 u 15 ner. Tak, B 11-neTHEM Bo3pacTe HaOMOJAETCS HEOKHUIAHHO BHICOKAS
skckperus 17-KC, cocraBmsromas 9.62 + 0.64 mr/cyt, kotopas Ha 4.24 Mr/cyT mpe-
BBIIIAET MOKA3aTe M KOHTPOJIbHOTO Kitacca (p < 0.05) u Ha 4.46 Mr/cyT — noka3atesin
12-netHux crnoprcMeHoB (p < 0.05). Ckauok 3kckpennu 17-KC Ha HavansHOM dTare
TpeHHpoBO4HOTO Mpouecca (11 jeT) B coueTaHnH ¢ OTHOCUTENBEHO BEICOKMM YPOBHEM
KcB ykaspiBaeT Ha CTpecCOpHOE BO3JCHCTBHE (H3MYECKUX HArPY30K M BO3MOXKHOE
y4yacTHe aHAPOT€HOB B PErYIALNN (U3ndecKoi paboTOCIIOCOOHOCTH CIIOPTCMEHOB.

B 15 ner skckpernust 17-KC m KcB mMeeT pasHOHanpaBlIEeHHYIO IUHAMHUKY —
HaOmomaetcs cHmkeHne KeB 1mo cpaBHeHnto ¢ 14-neTHUMHU Ha (OHE CTAOMIIBHO BBI-
cokux 3HaueHuil 17-KC. D10 Mo)keT oTpaxaTb BO3MOXHbIE KOHKYPEHTHBIE B3aUMO-
OTHOIIIEHUS MOJIOBBIX TOPMOHOB U KOPTH30Ja Ha YPOBHE IIUTOILUIA3MATUYECKUX pe-
LIENTOPOB CKEJICTHBIX MbIII [ 16], Koraa npu OONBIINX KOHIICHTPALMIX aHIPOTrCHOB
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Puc. 2. [Tokazarenu 3KCKpeLy CBOOOAHOTO M CBS3aHHOIO KOPTH30J1a Y MajbuukoB 11-15 yer.
[Tpumeyanue: a — CHOPTUBHEIN Ki1acc, & — KOHTPOJIBHBIH Kiacc, © — Kes, ® — K, * — paznuuus
10 CPABHEHUIO € MPEABLAYIINUM BO3pacTOM J0CcTOBEpHBI IpH p < 0.05

MIPOUCXOJUT UX CBSI3BIBAHHE C TIIOKOKOPTHKOUIHBIMHU PELETITOPAMHE, MPUBOISIIECE
K IIOJABJIEHUIO OMOIOTHYECKOT0 JEUCTBHS ITOCIEIHUX.

2.2. Peakuusi CPpOYHOH aJanTaluU IVIIOKOKOPTUKOUIHON W AHAPOreHHOM
¢pynxuuiit KH Ha no3npoBanHy10 ¢pu3dndecKy0 Harpy3Ky y IOHBIX CIOPTCMEHOB
11-15 aert. [IpoBeAcHHBIN aHAIM3 MMOKA3aJl, YTO PEAKIUs TTIOKOKOPTUKOUIHON U aH-
nporeHroi ¢yakmmit KH Ha 103upoBaHHYIO BEIOIPrOMETPHUYECKYIO HATPY3Ky WMEET
CBOM OCOOEHHOCTH W 3aBHCHUT OT BO3pacTa criopTcMeHoB (puc. 3). Tak, y Manb4ukoB
11, 12 u 13 ner Tectupytomas (yHKIMOHAIbHAS Harpy3Ka BbI3BIBACT YBEIHYCHHE
skckperuu KcB, koTopoe B OoJblneli cTenenn mposiBisieTcs B 11-neTHeM Bo3pacTe —
118.70 amonw/a (p <0.05), B 12 ner ono cocrapuser 39.04 mumonb/u (p <0.05),
aB 13 — gump 22.80 HMOJIB/Y ¥ HEAOCTOBEPHO, YTO B MPOIICHTHOM BBIPAKECHUH CO-
otBeTcTBYeET — 70.86%, 15.39% 1 8.10%. YcuneHue aipeHOKOPTUKAIBHON aKTUBHO-
CTH B OTBET Ha IO3MpPOBaHHBbIC (U3MUECKUE HArPYy3KU — aJCKBAaTHAS pEaKiys opra-
HU3Ma OCOOEHHO B MEPHOJ aJaNTalliid K UHTEHCHBHOMY TPEHHPOBOUYHOMY PEKUMY
[4, 5]. Ongnako B 14- u 15-neTHeM Bo3pacTe peakuusi IPUOOpPETaeT MHOW XapakTep,
HaOJroaeTcss CYIIECTBEHHOE CHIDKEHHE OJKCKPEIMH KOPTH30Ja, COCTaBIISIOIIEE
41.17 amonb/4 (p < 0.05) (22.69%) u 37.54 umoinb/u (p < 0.05) (18.71%) B kaka0oM
BO3PacTe COOTBETCTBEHHO. BeposATHO, ¢ BO3pacTOM IO Mepe YBEIWYECHHUS! TPEHHPO-
BaHHOCTH IOHBIX XOKKEHCTOB TIOBBIMIAETCS PE3UCTEHTHOCTh MX OpPraHM3Ma K MBbI-
IIEYHON Harpy3ke Kak K crpeccopy. CoriacHo JUTepaTypHBIM JaHHBIM, B IpoIiecce
ajlanTaluy OpraHu3Ma K CHCTEeMaTHUECKON MBIIIEYHOH JesITeIbHOCTH MOTYT HACTY-
MaTh U3MEHEHUS, COMPOBOXKIAIONIUECS YMEHBIIEHNEM KOJUYECTBA TIIIOKOKOPTHKO-
UAHBIX PELENTOPOB B LUTOIIA3ME KIJIETOK CKEJIETHBIX MBIIIL, a TAKKE U3MEHEHHUEM
YyBCTBUTEIILHOCTH TKaHeH K ropmoHaM [15]. Mnas nuHamuka HaOMOJaeTCsl B 9KC-
kpermn K: B ornmuume ot KcB, nmo3upoBanHast (usndeckass Harpy3ka BBI3BIBACT Y
cnoptcMeHoB 11 u 12 set ero gocToBepHOE CHIKEHHE, cocTaBisromee 13.31 Mxr/4
(» <0.05) u 16.24 mxr/4 (p < 0.05) COOTBETCTBEHHO.



POJIb TOPMOHOB KOPBI HAZITIOYEYHNKOB B PETI'YJIALINU. .. 585

350 - & 300 -

300 * 230 -

250

N .

"f': x 150

150

100 . *
50 50
0 0

204

MO T
»
MET TS

BOSPACT i

]

) =
=
15
- ’_I
0 4 T T ’_I T T
12 13 14 15

11

M U

BOSpPECT

Puc. 3. Mi3aMeHeHHe 3KCKPEMH KOPTH30J1a U 17-KeTOCTEPOUIOB Y FOHBIX CLIOPTCMEHOB B OTBET
Ha J03UPOBaHHYIO (HhU3UUECKYI0 HArpy3ky (M = m). [Ipumeuanue: a — Keg; 6 — K; ¢ — 17-KC;
O — J0 Harpy3kd, W — IOCJE Harpy3ku. * — pa3iu4us 10 CPaBHEHUIO C COCTOSIHUEM ITOKOS
JocToBepHH! pH p < 0.05

CHmxenne K B couetaHuu ¢ pe3kuM yBenndeHueM KcB MOXeT CBUAETENbCTBO-
BaTh 0 QyHKUMOHAIBHOM HanpspkeHHH KH y I0HBIX XOKKEHCTOB M CHIJKEHHUH pe3epBa
TJIFOKOKOPTHKOUIOB Ha 3Talle aJanTalui K MHTEHCUBHOW MBILIEYHOHN AESTEIbHOCTH.
C BozpacToM HabmromaeTcs cradbunmzanus skckpenun K: B 14 u 15 ner ona npakru-
YEeCKH HE OTJIMYAETCs OT Harpy304YHbIX 3HAYCHHH, a B 13 JIeT UMeeT SBHO BBIPAXKEH-
HYI0 TE€HACHIWIO K yBenudeHuto Ha 11.29 mkr/4. CTaOMIIbHbIE U OTHOCUTENHHO BEI-
cokwue nokazarenu K Ha ¢one camxkenus: KeB y coptremenoB 14 u 15 net, BeIsBIISIC-
MbI€ TIocie (PU3UUECKON HAarpy3Kd, MOTYT yKa3blBaThb HAa COBEPILICHCTBOBAHHUE IIIO-
kokopTukouaHoi pyukunu KH n ¢opmupoBanue ee pesepsa B mpouecce 10JIroBpe-
MEHHOU aJlanTalMi MaJIbYMKOB K MOBBINICHHON (pu3nueckoil Harpy3ke. [lanee ObLIO
MOKa3aHo, YTo peakuusi aHaporeHHod ¢ynkunn KH B oTBeT Ha (QpyHKIMOHATBHBIN
TECT y IOHBIX CIIOPTCMEHOB MMEET OCOOCHHOCTH M M3MEHSETCs C BO3pacToM. Tak,
B 11-13 et oTcyTcTBYIOT Kakue-muOo caBuru B akckpennu 17-KC, ecnu B okoe oHa
Haxomutcs B mpedenax oT 8.10+0.18 mo 14.10+0.92 mr/4, To mocie Harpy3Ku
B Cpe/IHEM OHa cocTaBisieT He Oonee 13.75 £ 0.72 mr/a. OpHako y cioptcMeHoB 14 n
15 ner HaOmrOaeTCsl CYyNIECTBEHHOE YBEINYCHUE IKCKPEIIMH METaOOIUTOB TIOJIOBBIX
ropMoHOB — Ha 3.69 u 6,23 mr/4 (p < 0.05). OT0 MOXET yKa3bIBaTh Ha BO3MOKHOE
y4yacTHe aHAPOTeHOB B PETYISALMH MBIIIEYHON JIESITETBHOCTH IOHBIX XOKKEHCTOB, O YeM
CBUJIETETILCTBYIOT W JaHHBIE INTEPATYPHI O BIMSHUU aHAPOTEHOB Ha METa0OIN3M CKe-
JIETHBIX MBIIII] Yepe3 aHIPOTEeHHbIE penenTopsl [7, 16].
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Puc. 4. CaBur sKkckpenuu KOpTu3oia U 17-KeToCcTepon 0B B OTBET HA JO3UPOBAHHYIO (hU3HU-
YeCcKyl0 Harpysky y cnoprcMeHoB 14 u 15 net (%). [Ipumeuanue: a — 14 net, 6 — 15 ner, * —
pa3IMYMs [0 CPABHEHUIO C COCTOSIHUEM NOKOS JOCTOBEpHSI Ipu p < 0.05

O0paraer Ha ce0s1 BHUMaHUE TOT (aKT, YTO y FOHBIX XOKKEHUCTOB 14 u 15 net casur
B 3Kckpenmy KcB 1 MeTaboJIHMTOB MOJOBBIX TOPMOHOB HOCUT Pa3HOHAINpABJICHHBIN Xa-
pakTep — JOCTOBEpHOE CHIKEeHHE KCB coueTaeTcs co CTOJb K€ CYIIECTBEHHBIM YBENH-
yenneM 17-KC (puc. 4). 3T0 MOXKET CBUACTENHCTBOBATh O MPEoOIalaHiy aHabOIye-
CKHX TIPOLIECCOB HaJ| KaTaOONMYECKUMU U BBICOKOH S(PQEKTHBHOCTH IMEPEeKITIOUEHHUS
OpraHu3Ma OT MBILIEYHOH AESTENLHOCTH K BOCCTAHOBICHHUIO. Takum oOpa3om, 103Upo-
BaHHas (M3MUECKasi Harpy3Ka IO3BOJMIA BBIABUTH (DYHKIIMOHAJIBHBIE BO3MOXKHOCTH
KH, xapakrep ee BO3pacTHBIX U3MEHEHUH Y IOHBIX criopTcMeHoB 11-15 ner. YcraHos-
JICHO CYIIECTBEHHOE yBenuueHue s3kckpennu Kes B 11-13 et u ee cHwkenue K 15-net-
HEMY BO3pacTy, KoTopoe HaOmomaercss Ha ¢oHe crabmmmzammu ypoBHs K. Ilpu stom
HUMEET MECTO JIOCTOBEPHOE YBEIMYCHHE IKCKPEIMH METaOOJIHMTOB IOJIOBBIX TOPMOHOB
B BOCCTAHOBHUTEIBHOM IEPHOJE, YTO B LIEJIOM MOXET CBHIETEILCTBOBATH O COBEPIICH-
croBanuu pynkuit KH y ciopTcMeHOB ¢ BO3pacToM 1 TOBBIILICHUN PO aHIPOr€HOB
B MEPEKITFOUCHUH OpraHn3Ma OT MBIIICYHON e TeTbHOCTH K BOCCTAHOBJICHHIO.

3aKkiIoueHne

CornacHO pe3yJbTaTaM HaIllero MCCIeA0BaHus (pU3nUYecKas Harpy3Ka B BHIC CH-
CTEMaTHYECKUX CIHOPTUBHBIX TPEHHUPOBOK SIBISIETCS JIOMHHUPYIOIIUM (DaKTOpOM
B pa3BUTHH (PYHKIMOHATIBHBIX M aJaNTalMoOHHBIX Bo3MokHocTeld KH y manpumkoB
11-15 ner, mpu 3TOM J0Ka3aHa €€ KIIoueBasi posib B PETYIISLIMU MBIIIEYHON JESTEb-
HOCTH pacTylero opranusma. Beicokme mokasarenn skckpenuu Kes, K u 17-KC
y CIIOPTCMEHOB B 11 JIeT, CyIecTBEHHO MPEBOCXOJAIINE 3HAYCHUS] MAJBUYMKOB KOH-
TPOJILHOTO KJIacca, YKa3hIBalOT HA CTPECCOPHOE BO3/CHCTBUE IMOBBIMICHHBIX (hU3HMUe-
CKMX Harpy3oK Ha Ha4aJbHOM 3Tarie TPEHHPOBOYHOT'O TPOIIecca, a TAKIKE OIpe/IelieH-
HOE yJacThe KopTu3oia u anaporenoB KH B perymsiuu dusudeckoir paboTocnocoo-
HoctH jgereit. CHmxenne KeB B 15 nieT Ha GoHe cTaOMIBHO BRICOKMX 3HaueHui K Mo-
JKET CBUJIETEITLCTBOBATH O (DOPMHUPOBAHUH Pe3epBa IIFOKOKOPTHKOUIOB M MOBHIIIEHHH
PE3UCTEHTHOCTH OpraHU3Ma CIIOPTCMEHOB K TOBBIINICHHBIM (PU3UYECKHM Harpy3Kam.
O coBepIICHCTBOBAHIH TOPMOHAIBHOTO MEXaHM3Ma PETYIISIUA MBIIICYHON JIeSITEINh-
HOCTH y CHIOPTCMEHOB C BO3PACTOM CBHJIETEIBLCTBYET Peaklysi CPOYHON aJlanTalyy Ha
JIO3UPOBAHHYIO (PH3MUECKYIO0 Harpy3Ky, kotopas B 14 u 15 jer conmpoBoxKmaeTcs Cy-
IecTBeHHBIM moBbIeHneM 3kckpetun 17-KC npu cHmkennn KcB u crabunmzanmn
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YPOBH:A K B BoccTaHOBHTEILHOM nepuoae. ODTO MOXKET YKa3bIBaTh Ha Hpeo6nazlaHHe
aHa0OJIMYECKHUX mponuecCcoB Haa KaTa60J'II/I‘leCKI/IMI/I, BO3pacTaHUuC pPOJIM aHAPOIrCHOB
B IICPEKIIIOYCHNN OpraHn3Ma oT MBIIICYHOM AEATEILHOCTH K BOCCTAHOBJICHHIO.
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Abstract

We studied the endocrine mechanisms of urgent and long-term adaptation of children to increased
physical stresses and, in particular, the role of hormones of the adrenal cortex in the regulation of
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the muscular activity of male athletes aged 11-15 years old. The relevance of the study is determined
by the immaturity and functional instability of the hypothalamic-pituitary-adrenal system in children,
its physiological hyperfunction during the adolescent period, which, when exposed to high muscular
loadings, increases the risk of evolutionary processes transition to the endocrine dysfunction of adoles-
cence. However, in most studies, the secretory activity of adrenal cortex is considered only as an indicator
of fitness.

The age-related dynamics of glucocorticoid and androgenic function of adrenal cortex in 11-15-
year-old boys engaged in hockey, the degree of their participation in the process of urgent adaptation of
the organism to the measured physical load were investigated. The level of urinary excretion of free,
bound cortisol, and 17-ketosteroids was analyzed by means of chemiluminescence immunoassay on
micro particles using the ARCHITECT i optical system (USA), as well as by the immunoenzymatic
colorimetric method using the Urinary Free Cortisol ELISA laboratory unit (EIA-2989). As a functional
test, the bicycle ergometric load of moderate power at the rate of 1.5 W per 1 kg of body weight was
applied. Having compared the obtained results with the indicators of children that are not involved in
sports, it was concluded that the age of 14 and 15 years refers to the period when the reserve of gluco-
corticoids is formed, thereby increasing the resistance of the bodies of male athletes to physical activity.
This is observed with an increase in anabolic processes during the recovery period and with an increase
in the role of androgens in switching the body from muscle activity to recovery. The data obtained can
serve as a scientific basis for the normalization of the intensity of muscular loads and, taking into ac-
count the hormonal status of children, prevention of endocrine dysfunctions in athletes at a young age.

Keywords: cortisol, 17-ketosteroids, dosed physical activity, boy athletes aged 11-15 years

Figure Captions

Fig. 1. The excretion rates of cortisol and 17-ketosteroids in boys aged 11-15 years. Note: a — Cgee; b —C;
¢ — 17-KS; m — sports class, 0 — control class. * — differences from the previous age group are sig-
nificant at p <0.05; e — differences between the class of athletes and the control class are signifi-
cant at p <0.05.

Fig. 2. Free and bound cortisol excretion rates of in boys aged 11-15 years. Note: a — class of athletes,
b — control class, 0 — Cge., ® — C, * — differences from the previous age group are significant at
p <0.05.

Fig. 3. Changes in the excretion of cortisol and 17-ketosteroids in young athletes as a response to dosed
physical load (M + m). Note: a — Cge; b — C; ¢ — 17-KS; 0 — before load, m — after load. * — differences
from the state of rest are significant at p < 0.05.

Fig. 4. Shift in the excretion of cortisol and 17-ketosteroids as a response to dosed physical load in ath-
letes aged 14 and 15 years (%). Note: a — 14 years old, b — 15 years old, * — differences from
the state of rest are significant at p < 0.05.
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