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B3AUMOCBA3b OBUTATEJIbHbIX KAHECTB 5
FOHbIX CMMTOPTCMEHOB U PE3EPBHbIX BO3MOXHOCTEM
HACOCHOU ®YHKUWMN CEPOLA

H.N. A63anoe, P.P. A63anos, P.A. A63asnoe
Kasaxckut (MNpusosnkckuti) ghedepanbHbili yHueepcumem, 2. KasaHb, Poccusi

Hesn: nccnenoBanne 3aKOHOMEPHOCTEH (HOPMUPOBAHHS PE3EPBHBIX BO3MOXKHOCTEH Hacoc-
HOH (yHKIMHU cep/ua eTeil MIKOJIBHOTO BO3pacTa B YCJIOBHSX TUIIO- U THIIEpKUHE3NH. MaTepuas
u MeToAbl. J[is oleHKH (QYHKIMOHAJIBHBIX PE3EPBOB HACOCHOM (DyHKLMH ceplia HCIBITYyeMbIe
BBITIOJHSIM (PU3MYECKYIO Harpy3ky Ha Benospromerpe Kettler Ergoracer, rae MomHocTs (u3m-
YECKOM Harpy3kKu 3aJaBajlaCb W PETyJUpPOBaJach CHELMAIBHOM KOMIBIOTEPHOM MPOrpaMMoin
ERGO-KONZEPT, pa3paboTaHHOU JUIs STHX MOJENEH BEI03ProMeTpoB. Pe3epBHBIEC BO3MOXKHO-
CTH ONpEACISUIM Pa3HHULICH MEXAy NOKa3aTelsIMA HAaCOCHOH (YHKIMM ceplia: 4acTOTOH cep-
JIEYHBIX COKpAIICHUH, YIapHBIM 00BEMOM KPOBH M MHUHYTHBEIM 00BEMOM KPOBOOOpAIIECHHS BO
BpeMsI BHITIOJIHEHHS MBIIICYHON HATPY3KA MaKCHMAIBHOW MOITHOCTH M MOKa3aTeIsIMH UX B II0-
koe. V3ydann 0coOeHHOCTH pa3sBUTHA PE3EPBHBIX BO3ZMOXKHOCTEH HACOCHON (YHKIIMH ceplia B
YCIIOBHSIX a/IallTalli{ OPTaHU3Ma K pa3IMIHBIM JABUTaTEIbHBIM PEKUMaM IIKOJIEHUKOB 7—18 Jer.
Pe3yabTaThl. YCTaHOBJICHO, YTO pPEe3epBHBIE BO3MOXKHOCTH CEpIIla MO YacTOTE CEpACUHBIX CO-
KpallleHHH ¢ BO3PacTOM YBEIMYUBAIOTCS B OCHOBHOM 3a CUET ypEeXEHHUs IOKa3arenel B TMOKoe.
Pe3epBHbBIC BO3MOXKHOCTH CEplia 10 yAapHOMY 00bEMY KPOBU U MUHYTHOMY 00BEMY KPOBOOO-
paleHus] YBEINYHMBAIOTCS C BO3PACTOM M OCOOEHHO Y TPEHHPOBAHHOTO OpraHU3Ma. XapakTep
N3MEHEHHSI Pe3epPBHBIX BO3MOKHOCTEH MHHYTHOTO 00beMa KPOBOOOPAILIEHUS! COBIA/IAET C 3aKO-
HOMEPHOCTSMH M3MEHEHHUS PE3EPBHBIX BOZMOKHOCTEH cep/ua Mo MoKa3arelisiM y1apHoro odbema
KpoBH. 3akino4eHue. lccnenoBanue nNposBIEHUS PE3EPBHBIX BO3ZMOXKHOCTEN cep/lia NO3BOIIIO
YCTaHOBHUTH OCOOCHHOCTH M3MEHEHUSI XPOHOTPOITHON M MHOTPOITHON PEeakIMy CepAana, KOTOphIe
OTIPENICISUTUCH PA3HOCTHIO YaCTOTHI CEPICUYHBIX COKPAIISHUH, YIapHOTO 00BbeMa KPOBH U MUHYT-
HOro 00BEMa KPOBOOOpAIIEHNSI B YCIOBHAX MaKCHMAIIbHOTO HANpPsDKEHUS OpraHW3Ma C JTaHHBI-
MH, TIOJTy9E€HHBIMH B YCJIOBHSIX OTHOCHTEIHHOTO TIOKOS IIPH aJalTaIlldl OPTaHU3Ma K Pa3InIHBIM
JIBUTATEIIEHBIM PEXIMaM.

Knrwouesvie cnosa: osucamenvhvie kayecmsd, MblUeUHAsl HASPY3Kd, pe3epeHble 803MONCHO-
cmu HACOCHOU PYHKYUU cepoyd, YACMOma CepOeyHbIX COKpaweHutl, yOapHulli 00bem Kposu, Mu-
HYmMHbLL 00beM KPOBOOOPAUeHUSL.

BBenenue. lccrnenoBanue pe3epBHBIX BO3-
MOXXHOCTEH HACOCHOH (PyHKIMH cepiama pa3BH-
BAaIOIIETOCS] OpPraHWU3Ma SIBIISCTCS YPE3BBIYAHO
aKTyaJbHBIM, MO0 OXBATHIBACT MEPHOIBl MHTCH-
CHUBHOTO (PU3UYIECKOTO U (PU3UOIOTHIECKOTO Pa3-
BUTHS OpraHu3Ma MIKOJLHUKOB [6, 7]. Ha manHOM
BO3PacTHOM dTare (HOPMHUPYIOTCS OCHOBBI (hU3H-
YECKOTO 37I0POBbS — (UINYECKOTO COCTOSHUS
OpraHu3Ma, WMEIOIIETO pEIIaolee 3HAuYCHUE
JUIS BCEeH TIOCIENMYIOIIEH €ro >KU3HEACSTeIbHO-
ctu. [losToMy mM3ydeHHe pe3epBHBIX BO3MOXKHO-
cTell HacOCHOW (YHKIHU CepiIia MPeacTaBIIsIeT
3HAYUTEIbHBIA MHTEPEC HE TOJBKO IS OIpele-
neHnust (U3NOIOTUYECKUX BO3MOXHOCTEH oOpra-
HU3Ma, HO W JJIS YCTaHOBJICHHS 3aKOHOMEPHO-
cTeil (pyHKIIMOHUpPOBAHUS CepAlla B YCIOBHIX
aJanTauy K pa3IuYHON MBIIICYHON JEATeIbHO-
ctu [1,2,4,5, 8-11].

Manou3sydeHHO# ocTaercst mpobiema dop-

MHUPOBaHUS PE3EPBHBIX BO3MOKHOCTEH HACOCHOH
(hyHKIIMH cepAia B yCIOBHSX THIO- W THIIEPKHU-
He3uu. MccrnenoBaHue pe3epBHBIX BO3MOXKHO-
CTel HACOCHOW (PYHKIMH CepAlla B 3HAYUTEIb-
HOHM CTENIEHH CITOCOOCTBYET PEIICHUIO MPOOIEMBI
orbopa W mNPO(hECCHOHATBHON OpUCHTALIUU B
JIETCKO-IOHOIIIeCKOM criopte [1].

Marepuan u meroasbl. /s oneHKH QyHK-
UOHANIBHBIX ~ PE3ePBOB  HACOCHOM  (QyHKIMH
Cep/la HCHBITYEMbIE BBIMOIHSUIA (U3UICCKYIO
Harpy3ky Ha Benospromerpe Kettler Ergoracer,
/i€ MOIIHOCTH (PM3WYECKOil HAarpy3KH 3a/1aBanach
U PEryJIMpoBallach CIELHATIHON KOMITbIOTEPHOU
nporpammoit ERGO-KONZEPT, pazpabortanHoit
JUIS 9TUX MOJIeNield BeIo3proMeTpoB. MOITHOCTh
nepBoil  (pu3MUecKoil Harpy3kd A KaKIOro
IIKOJILHUKA OTPeIeNsuiach U3 pacuera 9 KrmM/MuH
(1,5 Bt) Ha 1 kT Macchl Tena. Yacrora neganupo-
BaHMs COCTaBWIA 65-75 o0/mMuH. 3atem depes
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FOHbIX CITOPMCMEeHO08 U pe3epPe8HbIX e03MoXkHocmell...

KOKIYI0O MHHYTY MOITHOCTh HAarpy3KH IUIaBHO
yBenuuuBanack Ha 50 BT, BIoTh 10 yaep)kaHus
MaKCHMAaJIbHO BO3MOXHOTO TEMIIA.

Jia perucTparyl peorpaMMBbl IOJIb30BaJIHCh
TOYCYHBIMH JUCKOBBIMU dJIEKTpomamu [3, 5], ko-
TOpBIEe OBUIM 3aKperyICHbl Ha 3JAaCTUYHYIO Pe3u-
HOBYIO JICHTY. DJIEKTPOJIbI HAKJIa [bIBATUCH B 00-
JACTH MIEW W MEYEBHUIAHOTO OTPOCTKA TPYIHOU
KieTku. IlprMeHsemMble 31IeKTpOIbl HE CTECHSAIN
JMIBUKCHU W HE CMEIajich Ha Teje BO BpeMs
BEITIOJTHEHUST BEIIOIPTOMETPHUYECKON Harpy3KH.
IIpu peructpamuu peorpamMmbl Hamu OBLT HC-
MOJB30BaH aHAJIOTO-IU(POBOI MpeodpazoBaTenb
(ALIIT) dupmer Maclab. 1o gaaapIM peorpaduu
ompeneNsuin yaapuelii oobeM kpoBu (YOK) mo
¢dopmyne Kubicek (1974), wactoTy cepaeyHbIX
cokpamieanii (HCC) u MUHYTHBIH 00b€M KPOBO-
obpamenus (MOK).

Hacocnas ¢yHknms cepana y IIKOJIBHHKOB
OIICHMBAJach 1O JAaHHBIM PEOTPaMMBI B COCTOS-
HUU OTHOCHUTEIFHOTO MBIIIEYHOTO ITOKOS 10 BBI-
MOJTHEHMSI (PU3UYECKON Harpy3Kd B IOJIOKEHUH
«CHJIS Ha BEJIO3PTOMETPE» U BO BPEMs BBINOJIHE-
HUSl TeCTOBOM (m3mueckoir Harpy3ku B 10-15
3aKJIIOYUTENBHBIX CEKYH.

PesyabTratel u oO0cyxaenue. Pasznuna
Mexay nokaszarensiMu UCC Bo BpeMsl BBINOJIHE-
HUSI MBIILIEYHON HArpy3kKd MaKCUMaJIbHOW MOIII-
HOCTH, a TaKKe JaHHBIMH B TIOKOE€ MO3BOJISET
OTIpEeAETUTh NUANa30H XPOHOTPOITHOW peaKIuu
cepamna. BenmuuwmHy »TOM peakiuu 0003HAYAIH
KaK pe3epBHBIE BO3MOKHOCTH CEp/Ilia M0 YacTOTe
CepJICYHBIX COKpAICHUH.

PasBuTHe pezepBHBIX BOZMOXKHOCTEH cepaia
M0 YacTOTE CepIEeYHBIX COKPAIEHUH B YCIOBHAX
MBIILIEYHBIX TPEHUPOBOK IPOUCXOIUT TETEpo-
xpoHHO. HekoTopoe yBenmudeHue ero mokasare-
Jed TpoucXoauT B 6—7 JeT, B MOCIEAYyIoLIEeM
BO3pacTe HAONIOMAeTCA CTaOMIM3AIUs dTOTO II0-
Kazarens, a Bo3pacte 17-18 mer HaOmromaercs
HanboJee BRIPa)KEHHOE yBEIINICHHE.

Camplif BRICOKHN MOKA3aTENb pe3epBa Cepll-
na no YCC namu ycraHoBieH y 17-18-neTHux
I0HOIIIEH. BhICOKHe Mmokazarenu pe3epBHBIX BO3-
MoxkHOCcTel cepama mo UCC meBymek u IOHOMICH
B 17-18-netHeM Bo3pacTe IOCTHUTArOTCS B OC-
HOBHOM OJlaroapsi BRIpaXXKEHHOMY YMEHBIICHHUIO
YaCTOTHl CEPJEYHBIX COKpAIIeHWH B TOKOE, TO
€CTh Pa3BUTHUIO OpaauKapANH TPEHUPOBAHHOCTH.
CnenyeT OTMETUTB, YTO IO MEpPE B3POCICHUS Y
WCCIIEIlyeMbIX Pe3epBHBIE BO3MOXKHOCTH Cep/a
M0 YacTOTE CEpACYHBIX COKpAaIlleHUIl YBEIHYH-
BaIOTCSI.

AHanu3upys usmeHenus: nokasareneit YHCC

BO BpeMs BBINIOJHCHHSI MBIIICYHOW HArPy3KH
MaKCHUMaJIbHON MOITHOCTH TI0 CPaBHEHHIO C JaH-
HBIMHU B MTOKO€ Y IIKOJBHHUKOB, OBLJIO yCTAHOBIIE-
HO, 9T0 abcomotHeie mokazatenn YCC y HEUX
HaxoaatTcs B npeaenax 183—193 yua./mun. Jlocto-
BepHBIX paznuuuil B mokasarensix YCC Bo BpeMs
TECTOBBIX MEBIIIEYHBIX HATPY30K B Pa3HBIX BO3-
PacTHBIX TPyHIax He HAOI01aeTCsl.

Takum 00pa3zoMm, (GpyHKIMOHAIBHBIN pe3epB
cepana o YCC obecrnieunBaeTcss B OCHOBHOM 3a
CYeT YMEHBIIICHUS CepAIIcONCHHS B TTIOKOE, a MaK-
cumanbHble yBenuueHns YCC B 3aBUCUMOCTH OT
BO3pacTa U MOJBEPXKEHHOCTH MBIIICUYHBIM Tpe-
HHUPOBKAM JOCTOBEPHBIX Pa3IUdINil HE WUMCIOT U
XapaKTEPU3YIOTCS 3HAYUTEIHHBIMA WHIIUBUITY-
aJbHBIMH KOJICOaHHMSIMHU.

Pasnuna mexay mokazatensmu YOK, ompe-
JIEJICHHBIMA BO BpEMsI MBIIIIEYHONW HArpy3KH MaK-
CHMAaJIbHOM MOIIIHOCTH, a Tak)Ke¢ BEIWYMHAMHU B
MOKOE cocTaBisieT pe3epB cepaua no YOK. Ve-
TaHOBJICHO, 9YTO (YHKIMOHAIBHBINA pe3epB cep-
1a 1Mo yaapHoMy 00beMy KpOBHU Y IOHOIIEH U Jie-
BYIIEK B MPOIECCE X WHIUBUIYAIBHOTO Pa3BU-
THS BO3PACTaeT.

ITokazarenu  pe3epBHBIX  BO3MOXKHOCTEU
cepaua mo ypoHio YOK y 6—7-neTHUX Majabuu-
KOB TPYIIIHl YCUJICHHON BUTATEeIHHONH aKTHBHO-
ctu coctapwi 103,00 + 2,34 mi, a y neBouex
TOM e rpymnnsl ¥ Bo3pacTta — 98,19 + 2,59 mu.

Cnenyer oTMeTuTh, uTo nokasarenu YOK y
JeTeH, TMOABEPIKEHHBIX CHCTEMATHYCCKHUM MEI-
[IICYHBIM TPEHHUPOBKAM, B TOKOE 3HAYUTEIHHO
0oJbIlle, YeM Y IIKOJLHUKOB HEOTPAHUYCHHOMN
JIBUTAaTEIbHOM akTUBHOCTU. B Bo3pacte 14—15 ner
nmokazarenmu YOK y meBymek, MMOABEPIKEHHBIX
YCUJIGHHOW JBUTATEIBHON aKTHUBHOCTH, MPH MBbI-
meyHo Harpyske cocraBunu 170,30 + 3,16 mu.
ITo cpaBuennro ¢ manaeiIME YOK BoO3pacra
10—11 et pasuuma cocrapmia 10,83 mi (P < 0,05).
V 1oHomel 14-15 neT naHHBINA MOKa3aTelb CO-
craBun 184,51 + 2,27 M, npu CpaBHEHUHU C
magaeiMu YOK 10-11 mer caBUTrd COCTaBWIIN
24,15 ma (P < 0,05).

Bricokmii mokaszarenp pesepBa cepila Io
YOK cpenn neBymek 14—15 ner, amantupoBaH-
HBIX K JIBUTAaTE€IbHOM AaKTUBHOCTH, COCTaBUJI
104,37 £ 2,87 mn. Y pesymek 17-18-netHoro
BO3pacTa, IOJBEPKEHHBIX YCHWJICHHOMY JIBHUTA-
TETFHOMY PEXUMY, TPU BBIMOJTHCHUH MBIIICY-
HOM Harpy3ku MaKCHUMaJbHON MOIIHOCTH IOKa-
3aten YOK cocraBmm 180,83 + 3,22 wo.
A B cocrostHMM TTOKOs ¥ HUX ke YOK paBHsuics
73,33 + 2,51 Mz, peseps no YOK cocrasun
107,50 £+ 2,69 mn. Cxoxast KapTUHA AUHAMHUKU
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dusmonoruna

mokasareneit pesepsa cepaua mo YOK namu Ha-
Omomanack M 'y IOHOIIEH.

Pasnuna mexny nokasarensimu MOK, nomy-
YEeHHBIMH BO BpeMs BBITIOJHEHHUS MBIIIEYHON
Harpy3Kd MaKCHMaJbHOM MOIIHOCTH, a TaKXe
JAHHBIMH B TIOKOE CHJSI 10 HArPy3KH COCTABIISET
peseps MOK. VYV neBodek HaHHBIA ITOKA3aTENb
yBenuumnBaerca. Haubomnee cyiecTBeHHbIE U3-
MEHEHMs PE3epBHBIX BO3MOYKHOCTEH cepiua Io
MOK neByImek mpouCXOAsST B BO3PACTHOM Ha-
na3one ot 10—11 1o 17-18 net. ¥ 1oHomIeit 3TOTO
BO3PAcCTHOro Juamna3oHa HaOmronmaercs Oojee
BBIPOKEHHOE yBenuueHue pesepBoB no MOK,
a Taxke Oosree BBICOKMX BO3MOKHOCTSIX HACOCHOM
(yHKIUY cep/ia Mo CpaBHEHHUIO C JIEBYIIKAMHU.

Pazanna Mexmy mokazaTensiMu pPe3epBHBIX
BO3MOXKHOCTEeH cepama mo MOK y geBodek
67 net u aeBymiek 17-18 net B mporecce HHIN-
BUJyaJbHOTO PAa3BUTHsI COCTaBIsET 8,67 JI/MUH,
a y MaJbYUKOB H toHoIeH — 10,83 n/MuH.

CpaBHHBasi TEMIIbl YBEJIMYCHUS PE3CPBHBIX
Bo3MokHOcTel cepauna no MOK neBouek u ne-
BYIIEK HEOTPaHWYEHHOW W YCHWIEHHOW JIBUTa-
TETbHON aKTUBHOCTH CJEIyeT OTMETHTh, YTO K
17-18-netneMy Bo3pacty B o0eux rpymmax mpo-
U30IUIA JOCTOBEPHO BBIPAKCHHBIC YBEIMYCHUS
MokKa3aTteyied pe3epBHBIX BO3MOXKHOCTEM cepiila
o MOK 1o cpaBHEHHIO ¢ JaHHBIMH 6—7-JIETHETO
Bo3pacta. Ilox BIMSHUEM YCHUJICHHOTO JBUTA-
TEBHOTO peXHUMa KakK y JeBYIIEK, TaK U Y IOHO-
e TPOWCXOIUT 3HAYUTENHHOE YBEIHMUEHHE
pe3epBa no BennunHam MOK no cpaBHeHuto c
JAHHBIMHU TIKOJFHUKOB HEOTPAaHWYCHHOUN JBUTA-
TEJIbHOU aKTUBHOCTH.

3akaouenue. [lo pesynpraTam Hammx Hc-
CIeIOBaHUNM MOXXHO YTBEPKIaTh O TOM, UYTO C
BO3pacTOM, OCOOEHHO TpPU MBIIICYHBIX TPEHU-
POBKaxX, BO3pacTalOT pe3epBHBIE BO3MOXKHOCTHU
HacocHOW ¢yHkumu cepaua. [Ipm sToM peseps-
HbIE BO3MOXKHOCTH HAacOCHOW (YHKIMH Cepiia
M0 YacTOTEe CEpACYHBIX COKpAIIEeHUI YBEIHMIH-
BAIOTCS 32 CYeT OpaguKapIud TPEHHPOBAHHOCTH
B [TIOKO€. YBEIHUYEHNE PE3EPBHBIX BO3MOXKHOCTEH
HacocHoU ¢yHKuu cepama mo YOK m MOK
MIPOUCXOUT FETEPOXPOHHO, OCOOEHHO B YCIOBH-
SIX MBIIICYHBIX TPEHUPOBOK. Ilepuoasl yckopeH-
HOTO U 3aMeJICHHOTO Pa3BUTHS PE3EPBHBIX BO3-
MOKHOCTEH HACOCHOW (PYHKIMH cepjia B IMpo-
IIECCE B3POCIIEHUS IKOIBHUKOB YepEAYIOTCS.
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Aim. The purpose of the article is to study the patterns of forming heart pumping function
reserves in schoolchildren in the conditions of hypo- and hyperkinesia. Materials and methods.
The heart pumping function was assessed with the help of Ergoracer cycle ergometer (Kettler)
and the load adjusted using ERGO-KONZEPT software developed for this equipment. Reserves
were established by the difference between the indicators of the heart pumping function: heart
rate, stroke volume, minute blood flow at maximum load and at rest. The peculiarities of heart
pumping function reserves were studied in the conditions of adaptation to different movement
modes in schoolchildren aged 7—18 years. Results. It was established that heart reserves in terms
of heart contractions increase with age mainly by lowering the frequency at rest. Heart reserves
in terms of stroke volume and minute blood flow also increase with age, especially in trained
persons. The nature of changes in the reserves of minute blood flow coincides with the pattern of
changes in heart reserves in terms of stroke volume. Conclusion. The study of heart reserves al-
lowed to find the peculiarities of changes in the chronotropic and inotropic responses of the heart,
which were established as the difference between heart rate frequency, stroke volume, and
minute blood flow at maximum stress and the data obtained at relative rest during adaptation
to different movement modes.

Keywords: movement qualities, muscle load, heart pumping function reserves, heart rate
frequency, stroke volume, minute blood flow.
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