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Om u3garejscTBa

UznmarensctBo "Onumnuiickasg autepatypa” HammoHanbHOro yHMBEpCHTETA
(pU3MIEeCKOTO BOCIMTAHUS M CIIOpTa YKpauHbI MOATOTOBMIO — B IIEPEBOMAE C
AaHIJIMICKOTO s3bIKa — yuyeOHUK "dusunonorus cnopra M IBUTaTebHON aKTHB-
HOCTH", HANIMCAHHBIM U3BECTHBIMU aMEPUKAHCKUMU YYeHBIMU — JI>kekoM Yuii-
mopoM u [IzBugom Koctusaom.

BpIOGOp 3TOM KHUIM Cpelyd MHOXECTBA APYIUX OOYCJIOBJIEH IPEXIE BCETO TEM,
YTO €€ aBTOPBI CYMEJIU YCIIEIIHO OOBEIMHUTh COBpEeMEHHbIE 3HAHMSI, HEOOXOMM-
MbI€ CIELMAIUCTy B 00JacTH (PM3UMYECKOM KyJbTypbl M CIOpPTa MO pa3HOOOpa3-
HBIM acIleKTaM (U3MOJOTHM CIIOpTa M IBUTaTEJIbHOW aKTMBHOCTU B IieJoM. B
KHUTE OTpaXeHbl MOCTMXKEHUS COBPEMEHHOM OYpHO pa3BHUBAIOIIEiiCS MEIUKO-
OMOJIOTMYECKO HAayKM, MCITOIBL3YIOIIEe HOBEMIIEe METOIbl MCCIEIOBAaHMSI.

ITo cBoeil cTpyKType M CoAepXaHMIO YYeOHMK HamucaH TaKUM 0o0pa3oM, 4To
o0yJarIuiics 1o HEMYy CTYACHT B paBHOM CTEIEHM HalleJIeH Ha MOoJIydeHHue 3Ha-
HUI, HEOOXOMMMBIX KaK IS TpeHepa, TaK M Ul CIeLMaIiCcTOB B 00JacTu (hu3u-
YeCKOI0 BOCIIUTAaHUS M (QPU3NIECKON peaOuInTaIINNU.

B xuure JIx.Yunamopa u JI.Koctumma xopollio y4TeHO TO, YTO B IOCIETHUE
roasl MHOTME Hambojee MHTEPECHBIe M BaXKHBIE Pe3yJbTaThl MCCIEIOBAHUN B
00J1acTU CIIOPTUBHOM (PU3MOJIOTUM, HEOOXOAMMBIE KaK ISl CIIOPTa BBICIINX JOC-
TUXEHUI, TaK U JUISI MacCOBO-03IO0POBUTEIBLHOTO CIIOPTA, IMOJyYeHBl YIYEHBIMU
pa3HBIX CTpaH "Ha CTHIKE" (DU3MOJOTHN CO CMEXHBIMU AUCHUIUIMHAMUA — MOp-
doorneit, OMoOXMMHUEH, OMOMEXaHWKOM, CITOPTUBHONM MEIWIIMHONM, OOIIEi Teo-
pueii ¢pU3NMIECKOTO BOCIIMTAHMS W CIIOPTUBHON TPEHUPOBKU M JIp.

B y4eOGHMKe D10CTaTOYHO ITOJHO M ITOCJIEI0BATENIbHO, SICHO U IIOHSATHO, XOPO-
IIUM JIMTEPATYPHBIM SI3bIKOM HM3JIOXKEHBI IIPOTpaMMHBIE (M CBEPXIPOrpaMMHEIE)
Marepuasbl, HEOOXOOMMBIE CTyAeHTaM — OyIyIlMM cIeLualucTam B o0JacTu
(pu3nIeCcKoil KyJabTyphl U CIIOPTa, B TOM YMCJIE M CTYIeHTaM — OyIyIIUM CITeI-
anucTaMm B o0JacTu (pu3MyYecKol peadMJIMTalUU.

K uncny nocTomHCTB yuyeOHMKA ClAeAyeT OTHECTH M TO, YTO B HEM OTCYTCTBYET
W3JIMIIHAS AeTaanu3anus cyryoo ¢pu3MoI0TUYeCKUX 3HAHUI, KOTOPHIE, BO3MOX-
HO, TIPUTOIMJINCH OBl CIIELIMATUCTY-0MO0JIOTY WM MEIUKY, OMHAKO He TaK Ba>KHBI
DI TpeHepa WM TpenofaBaresst (U3NIeCKON KyJIbTYpHI.

Y4eOHUK mpemHa3HadYeH MpeXIe BCETro IJIsd M3ydeHMsT (PU3MOJIOTUM CIOpTa,
HO OH MOXET C YCIIeXOM MCITOJIb30BaThCs MPU M3YYEHUU IPYTUX MEINKO-0MOJI0-
TMYECKUX TUCLMILIAH.

Psan pasmenoB yuyeOHMKa, O€3yCIOBHO, MPUBIEYET BHMMAHUE acCIIMPaHTOB M
coMcKaTeNeil HayIHbIX CTeIeHeil B 00JacTu (M3MIeCKOi KYJIbTYphl U CIIOpTa, a
TaKXKe BCeX, KTO MHTEpecyeTcs MmpobieMaMy CIIOpTa, 3I0POBOro o0pas3a XXMU3HU U
TTOJITOJIETHS.



Ilpeducaosue kpycckomy H3IAHHIO

[lepeBon Ha pyccKuii S3bIK TIEPBOTO U3AaHUA Hallel KHUTH "Pu-
3MOJIOTUS CIIOPTA W IBUTATENbHON aKTMBHOCTH" Mbl paclieHMBaeM
Kak OOJIBIIIYIO0 YECTh U C YAOBOJBCTBUEM OTMEYAEM 3TO.

B 10 BpeMs xak cropTcMeHbl B TeueHue mociaenHux 40 jer Benu
OCTpPOE COMNEPHUYECTBO MEXMY COOOM, YYEeHBIE HAIMX CTPaH yCTa-
HaBJIMBAJIM TECHBIC JIMYHBIE KOHTAKTHI, 0OMEHUBAINCh BaXXHOM Ha-
YYHOI MH(pOPMAaIUeii 10 pa3InIHbIM MTPOo0eMaM MOATOTOBKU CITOPT-
CMEHOB, a TaKKe pe3yJbTaTaMU MCCICI0BAaHUIA B 00JaCTU CIIOPTUB-
HBIX HayK. I103TOMy COBEpIIEHHO €CTECTBEHHO, YTO MaTepual,
colepXaluiics B 3TOM KHWUIe, CTAaHOBUTCS JOCTYITHBIM JJISI YMTATe-
JI, BIAACIOIIETO PYCCKUM SI3BIKOM.

Mp&l HageeMcs, YTO YYEOHMK ITOCIYKUT OCHOBAaHUEM IJIST Iy0O0-
KUX 3HAHW O (DM3MOIOTUU CIIOPTA U MBILIIEYHOM NeITEIbHOCTH CTY-
NIEHTOB, HAYMHAIOIIUX CBOIO MPO(PECCUOHATBHYIO Kaphepy.

MpbI paccuuThIBaéM Ha TO, YTO CIEAyIOIIasd TeHepalus YYEHBIX
OymeT NpoAOIKaTh TPAAMLIMK COTPYIHMYECTBA, COBMECTHBIX MCCIIE-
JIOBaHUIA, 4TOo OYIeT COAENCTBOBATH MEpeXoay UCCIeAOBaHUM B 3TOM
00JTaCTM Ha HOBBIN, 00Jee BHICOKMIA YPOBEHbD.

Icex Yuamop,
Yuusepcuter mrata Texac, Oraifo

Jr6ud  Kocmum,
VYuusepcuter bomn creiit, MyHcu, MHanaHa



HPEANCIIOBUE

Hamre teyno — yauBUTEIbHO CJIOXHBIN Mexa-
Hu3M! Bce ero KieTKM M TKaHW MOOIEPKUBAIOT
MEXIy COO0O0i CBSI3b M MX JESTeIbHOCTh YE€TKO CKO-
opavHupoBaHa. TpynHO MpencTaBUTh, HACKOJIBKO
COITacCOBaHHO (PYHKIIMOHUPYIOT BCE CUCTEMBI Ue-
JioBeyeckoro Tena. Jlaxe ceifyac, Korma Bbl CHIU-
T€ W YMTAeTe 3TU CTPOKHU, Ballle Cepile MpoKadu-
BaeT KpOBb, HAIIpaBJIsis €€ 0 BCEMY OpraHU3My,
Balll KAIIEYHUK abcopOMpyeT MuTaTeJIbHbIe Bellle-
CTBa, BalllM MOYKHU BBIBOIASAT U3 OpraHM3Ma Mpo-
IyKThbl pacrana, a JIeTKMe yCBauBalOT KUCIOPO,
Ballli MBbIIIIIbI TTOMOTaloT AEpXKaTh B pyKax 3TOT
y4eOHMK, TOrma KakK roJIOBHO MO3r "3aHST" 4Te-
HueM. M xoTd Bbl, yMTasi, OTABIXaeTe, Ballle TEJIO
¢u3MoNOrMYecK aKTUBHO, M TMpEACTaBbTe, Ha-
CKOJIBKO TIOBBILIAETCS aKTMBHOCTh BCEX CHUCTEM
opraHmMsma, Kormua Bbl akTUBHO aBuraetrech. C yBe-
JIu4eHueM (U3NYECKOll Harpy3ku BO3pacTaeT U
¢du3noornuyeckast aKTMBHOCTb MBIIIL. AKTUBHBIM
MBIIIIIAaM HEeOOXOAMMO OOJbllle MUTATeJbHBIX Be-
IIEeCTB, OOJbIIE KHUCIOpoma, Ooiee BHICOKAS CKO-
pPOCTb OOMEHHBIX MpoIeccoB U Oosiee 3hGheKTUB-
HOe BBbIBEJEHUE MPOAYKTOB pacnana. Kak xe pea-
TMpyeT OpraHuM3M Ha BBICOKME (PU3HOJOTUYECKUE
TpeOOBaHUsI, TIPeIbIBIsIEMbIc (PU3NISCKON aKTUB-
HOCTBIO?

DTO KJII0YEBOU BOMPOC TPpU U3YYEHUU (DUU-
OJIOTMM CTIOPTa M MBILIEYHOMN NESITEeIbHOCTH, Ha
KOTOPBIH JaeT OTBET JaHHBIK y4eOHUK. MBI mpe-
cleNoBaJid 1IeJIb HA OCHOBAaHMM M3BECTHBIX BaM
M3 Kypca aHaTOMUU W (U3MOJOTUM 3HAHUU T0-
Ka3aTh, KaK Hallle TeJO BBIMOJHSIET QU3NIECKYIO
paboTy M Kak pearnpyeT Ha MBIIIECYHYIO NeSITeb-
HOCTb. '

IlepBas rnaBa npeacTaBisieT co0Oi UCTOpUYEC-
KW OYepK O 3apOXICHMW M CTAaHOBJIEHUU (hU3MO-
JIOTUM CIIOpTa U MBIIIEYHOM NesITeIbHOCTU Ha 6a3e
POICTBEHHBIX TUCLIUTUIMH — aHATOMUU U (PU3UO-
jgoruu. B Kaxmoil yactu y4yeOHMKA paccMaTpuBa-
I0TCS1 OTHEJIbHbIE (DM3MOJOTMYECKHE CUCTEMBI, UX
peakuuyu Ha KpaTKOBpeMeHHbIe (u3nueckue Ha-
IPY3KM, a TakKe MX aJalTallMOHHbIE peakiuyd Ha
MPOOJDKUTEIbHBIE Du3ndeckue Harpy3ku. Yacte |
TOCBSIIEHA COrJTaCOBAHHOCTU AEHCTBUN Mblley-

HOW M HEPBHOM CHCTEM, HAIIPaBJICHHBLIX Ha BbI-
nojHeHue nBuxeHus. B yactu II paccmartpusa-
IOTCSI OCHOBHBIE DHEPreTUYecKrue CHUCTEMBbI, a TaK-
K€ POJb dHAOKPUHHON CHUCTEMbI B PEryJIsILUU
00MeHHBIX TTporieccoB. B wactu III Mb1 3HAaKOMUM-
¢l ¢ (pyHKIIMSIMU CEPASYHO-COCYIUCTON U PECITu-
pPaTOpHOI CHUCTEM, B YaCTHOCTHU TPAHCIIOPTOM ITH-
TaTeJIbHBIX BEIIECTB M KUCIOPOIa K aKTWBHBIM
MBIIIIIIAM Y BbIBEACHHWEM M3 HUX IPOIYKTOB pac-
Maja B MPOIIECCe MBIIIEUYHOU AeITeTbHOCTH.
Yactp 1V nocBsiilieHa U3ydyeHUIO BAUSHUS (hak-
TOPOB OKpYXKaloIlle Cpeibl Ha IBUTATEJbHYIO aK-
TUBHOCTb. PaccMaTpuBaloTcsl peakiluu OpraHu3-
Ma YyeJioBeKa Ha IOBBIIICHHYI0 W MOHMUXEHHYIO
TeMIepaTypy OKpyXKalollleil cpenbl, INOHWXXEHHOE
(B yclI0BHUSX BBICOKOTOPbSI) M ITOBBIIIEHHOE
(Tipu morpy:keHuu Ha rJIyOrHYy) aTMOochepHoe naB-

JieHue. 3aBepuiaeTcs 3Ta 4YacTb PAacCMOTPEHUEM
YCJIOBUM BJIMSIHUS YHUKAJIBHOW CpeEAbl — HEBe-
COMOCTH.

B vactu V n3noxXeHbl IyTH ONTUMM3AIAN MbI-
IIEYHON HeATeIBHOCTA CIIOPTCMEHOB. AHaIW3U-
pyeTcsl BAUSIHME Pa3IWYHBIX 00BbEMOB TPEHUPO-
BOYHBIX 3aHSITUI, paccMaTpMBaeTcs IieIecoo0pas-
HOCTb MCIIOJIb30BaHMS IpeIrapaToB, KOTOPhIE, KaK
YTBEPKIAIOT, CIIOCOOCTBYIOT ITOBBIIICHUIO pPado-
TOCITOCOOHOCTU. M3yJaroTcsl Takke ITUIIEBBIE IT0-
TpeOHOCTH CIIOPTCMEHOB M BIMSHUE IUTAHUS Ha
JIBUTATEIbHYIO aKTUBHOCTh. 3aBeplllaeTcs 3Ta 9acTh
paccMOTpeHHEM 3HAYMMOCTH OINTUMAJIbHONM Mac-
Chl TeJIa IS 3aHSITUM CIIOPTOM.

IIecTast yacTh MocBsIIeHa OCOOBIM KaTeropu-
sIM CITOpTcMeHOB. BHauajie paccMaTpuBaloTcsl Ipo-
LIECChl POCTa, Pa3BUTUS U UX BIMSIHUE Ha IBUTA-
TEJBHYIO CIIOCOOHOCTH MOJIOABIX CITOPTCMEHOB.
AHaIM3UPYIOTCSI M3MEHEHMSI YPOBHSI MBIIICUHOM
eI TeIbHOCTA, OOYCJIOBJICHHBIC IIPOLIECCOM CTa-
peHMsI, CIIOCOOBI MOAIEePKAHUS aIeKBaTHOTO YPOB-
HS (U3MYECKON ITOATOTOBJICHHOCTH C ITOMOIIBIO
JIBUTATEJIbHOW aKTMBHOCTU. PaccMarpuBaloTcs IMo-
JIOBBIE Pa3Id4YMsl, a TaKKE OCOOCHHOCTH MHBIIIEY-
HOM JeSITebHOCTU >KCHIIWH-CIIOPTCMEHOK.

3akmountenbHass VII yacTte yyeOHMKA TMOCBSI-
IIeHa BOIlpocaM MPOQMIAKTUKU U JICUEHUS pa3-



JIUYHBIX 3a00JIeBaHUI C IMOMOILUBIO (PU3NIECKUX
yIpaxHEeHUN U 3aHITUN CIIOPTOM, MX KCIOJb30-
BaHus s peabuiutauuu. [1aBHOe BHHUMaHue
o0pallleHO Ha TakWMe pacIpoCTpaHeHHBIE B MHpE
3a00yieBaHUs, KaK CepAEYHO-COCYIUCThIE, OXUpPe-
HUe U auabeT. 3aBepllacTcsl YICOHUK paccMOTpe-
HMeM BbIOOpa (PU3MUYECKUX YINPaXHEHWH AJs co-
XpaHEeHUs] U YKpeIUIeHUS 300POBbSl U YPOBHS (Du-
3UYECKOH TMOArOTOBIEHHOCTH.

"MU3M0NOTUS CIIOPTa M JBUIATEIbHOI aKTHUB-
HOCTMU" TMpeajaraeT HOBBIM TOAXOA K M3YYCHHUIO
3TUX IBYX (U3MOJOrMYecKuX AucuMiiuH. Hau-
0osiee BaXXHbIE MOMEHTBI BBIACHSAIOTCA PYOPUKOM
"KnioueBas mo3uuus”. KoHTpoJabHbIE BOMPOCH B
KOHIIe KaXIO0# IJaBbl MO3BOJISAIOT MPOBEPUTH, KaK

Bbl YCBOMJIM U3JIOXEHHBIA MaTepuas. 3aBepliaer-
cs Kaxnaas riaBa UM(POBBIMU CChIIKAMMU, a TakXke
CIIMCKOM pEKOMEHIYeMOI JMTepaTyphl, Halomieit
JOTMOJHUTENbHYI0 MH(OPMALIMIO I10 BOIIpOcaM, Ko-
TOpble Bac 3auMHTepecoBaiu. B KoHLe yyeOHMKa
npuseaeH "CioBapb KJIIOYEBBIX MOHATHI".

Mbl HageeMcsl, 4TO MH(pOpPMaLKsl, TaHHas B
y4eOHUKe, OyaeT CTUMYIUPOBATD JajibHelIee u3y-
YeHHUE 3TOr0 HOBOTO M MHTEpeCcHOoro npeameta. 13-
JIOXKEHHBI MaTepual IMojie3eH C MpaKTU4YeckKoi
TOYKY 3PEHUST HE TOJBKO TeM, KTO PELIUT BCEphbes
3aHATHCS (PU3UOJIOTHEH CIIOPTa U MBIIICYHOM Je-
SITeJIbHOCTH, HO M BCEM, KTO XOUET OCTaBaThCs aK-
TUBHBIM, 3I0POBbIM U (U3UYECKU IMOATOTOBIEH-
HBIM.



Inaesea 1

Beeoenue
6 ¢huzuonozuro ynpaxcnenuii
u cnopma

Teno yenoBeka — yAMBUTEIbHBIN MexaHu3M! B
HeM TMPOUCXOIUT OECKOHEUHOEe MHOXECTBO OTJIMY-
HO KOOPJMHUPOBAHHBIX siBJeHUA. OHU obecneyu-
BalOT HEIMPEPHIBHOE OCYIIIECTBICHUE CIOXHBIX (hyH-
KW, TaKWX, KaK 3peHUe, IbIXaHUe, CIyX, obpa-
0oTka MHboOpMaLMM, 0e3 Balllero CO3HATEJIbHOTO
ycunus. Eciu Bbl BcTaHeTe, BbliineTe Ha YJIUIY U
HayHeTe OeraTh TPYCIIOM BOKPYT XWJIOTO MAacCHBa,
B JIeHCTBME TPUIYT MOYTH BCE CUCTEMBbI Ballero
opraHu3Mma, Mo3BOJIsISI JeTKO TepelTH OT COCTOsI-
HUSI TMOKOSI K COCTOSIHUIO (bM3UYECKOW Harpys3KH.
Ecnu BBl Oymere exeqHEBHO 3aHMMAThCS TaKUM
00pa3oM M MOCTENEHHO YBEIWYMBATH MPOIOJIKH-
TEJIbHOCTh MU WHTEHCHUBHOCTb Oera Tpyclloil, Bail
OpraHu3M afanTUpyeTcsl W Balla paboTa CTaHeT
6osiee 3¢ PEKTUBHOM.

B TeueHue croneTuii yueHble U3ydaau, Kak pabo-
TaeT OpraHu3M yejioBeKa. B mocienHue HECKOIbKO
CTOJIETUI HeOOoJIbIlast, HO OBICTPO YBeIUYMBAIOLIAs -
csl TpyIIa Y4YeHbIX 3aHsUlach M3YYyeHUEM TOro, Kak
U3MEHSIOTCSl GYHKIMU WK (GU3UOJIOTHS OpraHu3Ma
BO BpeMsl 3aHSTUN (U3NUYECKOW AesSTeNTbHOCThIO U
CIOPTOM. DTa rilaBa 3HaKOMUT Bac ¢ (pusMonorueit
yIpaxHEeHU U CIopTa, a TAKXKe COAEPXUT UCTOPU-
YyecKuil 0030p, KOTOPHIN TMO3BOJUT OOBSCHUTH He-
KOTOpblE OCHOBHbIE TOHSITUSI, U3JIOXEHHbIE B MOC-
JIEMYIOUIUX TJ1aBax.

Hcropus 3apoxaeHust puznonoruu ynpaxHeHU i
B CIIIA cBs13aHa r1aBHBEIM 00pa3oM ¢ MMeHeM [3Bu-
na bproca JIusia, ceiHa KaH3acckoro depMepa, yeit
HMHTepec K (DU3MOJIOTMM TPUBEN €ro K MccienoBa-
HMIO cocTaBa KpoBU Kpokonmia. K cuacTbio 115 Hac,
9TOT MOJIOJION YUYEeHBI BCKOpe HamlpaBWJ CBOM HUC-
CJIeIoBaHMsI Ha YeJoBeKa, CTaB MEPBbIM AUPEKTOPOM
ocHoBaHHOW B 1927 r. TI'apBapackoit saGoparopuu
M0 M3YYEHUIO SIBJIEHUSI ycTaJlocTU. B TeueHue Bceii
CBOEH XKM3HU OH MHTepecoBasics (PM3UOIOTUEN U TIPU-
CIOCOOMISIEMOCTbIO MHOTMX KWBOTHBIX, CYILIECTBYIO-
LIUX B 9KCTPEMaJIbHbBIX YCIOBUSX OKPYXalolllel cpe-
nbl. OgHako JI.B.JInmn 6ojiee M3BECTEH CBOMMM WC-
cJIeqoBaHUSIMU peaklMii opraHu3Ma 4YeJoBeKa Ha
(puznyeckue Harpysku, kapy, BbICOKOTOPbE U JpY-
rue gakropsl okpyxamwiieit cpenbl. Jlokrop I.b.JInmn

BCEIIa CIYXWI YelIOBEUYeCKOM "MOPCKON CBMHKOM

v

B 3TUX HccienoBaHusax. 3a 20-JeTHee CylIecTBOBa-
HuMe [apBapmckoil abopaTopud UM W KOJJIeTaMu
O0bL10 HanmcaHo 330 HayYHBIX CTaTeil, B TOM 4uCJIe
Kknaccuueckuit Tpyn "2KusHb, kapa U BBICOKOTOpbe"
3, 4].

CYIIIHOCTh ®U3NOJIOTUN
VIIPAXXKHEHUHM U CIIOPTA

B ocHoBe (pusmonoruu ynpaxHeHuii U cropra Jje-
KaT aHaTOMUSl U (U3HONOTHsA. AHATOMMSI U3y4yaeT
CTPYKTYpy U (hopMy, Wiu MOpdoIoruio, opraHusMa.
OHa faeT npeacTaBieHue 0 CTPOSHUU pa3IMyHbIX Ya-
cTeit Tena M MX B3amMmogpeicTBuu. Pusnonorus usy-
yaeT (pyHKLIMMU OpraHM3Ma: Kak paboTaloT CHCTeMbI
OpraHoOB, TKaHel, KJIETOK, a TakXke KaK MHTeTrpupy-
10TCs UX (OYHKIIMU C TEM, YTOObI PETYIUPOBATh CPEIy
opranusma. ITockosbKy hU3MONI0THS XapaKTepusyeT
(byHKLIMM CTPYKTYp, HelenecoodpasHO HauMHATh ee
M3yyeHue, He MMesl TIpelCTaBlIeHus] 00 aHATOMUMU.

Q@uznosiorust ynpaxkHeHUN u3ydaeT WU3MEHEHUS
CTPYKTYp M (YHKLMI opraHu3Ma MoJ BO3IeiCTBU-
€M CPOYHBIX M JOJTOBPEMEHHBIX (DM3UYECKUX Ha-
rpy3ok. CiopTuBHasi GU3MONOTHS MPUMEHSIET KOH-
Lenuuu (pU3noaoruu ynpaxHeHui B mpoliecce moj-
TOTOBKU CIIOPTCMEHOB, a TaKXKe IS YIydlleHUs UX
CIIOPTUBHOM AeaTeJIbHOCTH. TakuM o6pa3oM, crop-
TUBHas (HU3MONOTHS SIBASIETCS] TIPOM3BOIHOM (hr3no-
JIOTUU YIIPOXKHEHU .

‘? ®uznosiorus ynpaxHeHHid pa3BIIach Ha 0ase
MATEPHHCKOM TMCIMILIAHBI — (hH3HOJIOTHH.
Ona u3yyaeT (PU3HOJOTHYECKYIO ANANTAIMIO
OpraHM3Ma K CTpeccy CPOYHOIl HATPY3KH MpH
BBINOJIHEHNH YNPAKHEHNs WM 3aHATHA (u-
3MYECKOil JIeATENHHOCTBI0 M XPOHMYECKOMY
cTpeccy J0JrOBpeMeHHOW HArpy3ku mpu (u-
3n4ecKoil TpennpoBke. CropTuBHas (usmo-
JIOTHsA BbIIETMAACh U3 (PHU3HOJIOTHH YIIpaKHe-
Huii. OHa MCHOJIB3yeT JaHHble (H3HOJIOTHH
YIpaKHEHMiA 1S peleHds npodJeM cropra




PaccmoTpum mpumep, KOTOPBIM ITOMOXET HaMm
OTJINYUTH APYr OT Ipyra 3TU JIBE TECHO CBA3aHHLIE
oTpacau ¢usnonoruu. brarogaps uccie1oBaHuSIM B
o0acty (pU3UOJOTUM YIIPAXKHEHUNM MBI UMEEM YeT-
KO€ IIPeACTaBIEHHE O TOM, KaK Halll OpraHM3M IIO-
Jy9aeT SHEePruio 13 MPOAYKTOB IIUTAaHMSI, HEOOXOU-
MYI0 HalllUM MBIIIIAM, YTOOBI HAYaTh U MOAAEPXH-
BaTh ABMKEHME. MBI 3HaeM, YTO BO BpeMs OTIbIXa
WJIY TIPY BBITIOJTHEHUH YIIPaXXHEHUS HEOOIbIIION MH-
TEHCUBHOCTHU TJIaBHBIM HMCTOYHUKOM DHEPIUH SIB-
JITIOTCS KUPHI ¥ TI0 MEpe YBEIUYSHMSI UHTEHCUBHO-
CTH YIIPaXXHEHMS HAIll OPTaHM3M BCe OOJIbIIIE UCIIOJb-
3yeT YIJIEBOMABI 0 TeX MOp, ITOKAa OHU HE CTAaHOBSITCS
[JIABHBIM MCTOYHUKOM 3Heprun. I1pu nmpomomkurenib-
HOM Harpy3ke BbICOKOW MHTEHCUBHOCTH 3aIlachl yr-
JICBOJIOB B HAIlleM OpPraHM3Me 3HAUYMTEJIbHO COKpa-
MIAIOTCS, YTO MPUBOIUT K MX HCTOILIEHUIO.

Hcnonb3yg a1y mHDOpMaIMIO W TOHWMAsl, 4TO
Halll OpraHu3M MMeeT OrpaHUYEHHbIE 3arachl yrie-
BOJIIOB /ISl IPOM3BOACTBA SHEPTUU, CIIOPTUBHASA (u-
3UOJIOTHS OTBICKMBAET IyTU AJIST TOTO, YTOOBI

* YBEJIMYUTH CIIOCOOHOCTh OpraHM3Ma HaKarliu-
BaTh YIJIEBOMBI (yIJIEBOAHAS HArpy3Ka);

* CHU3UTb MHTEHCUBHOCTh MCIIOIb30BAHUS Opra-
HU3MOM YIJIEBOJOB BO BPEMS MBIIIEYHOM s~
TETBHOCTH (3KOHOMMUSI YIJIEBOIOB);

* YCOBEpIUICHCTBOBATh PALIMOH IMUTAHMS CIIOPT-
CMEHOB JI0 U BO BpeMs COPEBHOBaHMI1, YTOObI
CBECTH K MUHUMYMY PUCK MCTOIIEHMS 3a1acoB
VIJIEBOIOB.

DU3HONOTUST CITOPTUBHOTO MUTAHUS, SIBJISIONIA-
SICSI TIOAPA3IeSIOM CIIOPTUBHOM (bM3MOJIOTMH, B Ha-
CTOsIIee BpeMs OBICTPO pa3BMBAETCS.

VUCTOPUYECKUI ACIIEKT

Ecnu BBI TOTEKO HauMHaeTe M3ydaTh (PU3MOI0-
TUI0 YIIpaXXHEHU M, Y BAC MOXET BOSHUKHYTb Ipeji-
MOJIOXEHHWE, YTO MPUBOAMMAS B 3TOM KHWTE WH-
dopManmst HoBa M HeocmopuMa. MoXeT ITOKa3aTh-
cs, YTO COBpPEeMEHHBbIe yueHble, paboTaloliue B
obsacTi GU3NONIOTHH YIIpaxKHEHUH, cHOPMYINPO-
BaJIM HOBBIE MM, HMKOTJA TpEeXae He MPUMEHSB-
muecs B "OKOCTeHenoi" Hayke. D10 He Tak. UH-
(bopmanus, KoTopylo MBI OyaeM paccMaTpuBaTh, —
pe3yJbTaT MHOTOJIETHUX YCUJIMM MHOTMX BBIIAO-
muxcst yueHbIX. CoOpaHHast o KpylHllaM, OHa
MO3BOJIMIIA PA3PEIIUTh MPOOIEMY MBIIIEYHOTO IBU-
XeHus. JIOBOJIBHO YacTo MAEH M TEOPUM COBpE-
MEHHBIX HcclienoBareieii B obnactu (HU3NONOTUU
(bopMupoBanuCch Ha OCHOBAHUU TUIIOTE3 YYEHBIX,
YpM MMEHa JaBHO 3a0bITE. TO, YTO CYMTAETCS OpH-
TMHAJbHBIM WJIM HOBBIM, JOBOJBHO 4YacTO OKa3bl-
BaeTCd aCCUMWIIAIIMEN MPeabIAyIINX OTKPBITHI WK
HCIIOJb30BaHUEM JaHHBIX APYTUX HAYK IJis pelie-
HUS mpobjieM (u3nogornu ymnpaxkHeHni. YToOw!
MMOMOYb pa3o0paThbcs B 3TOM, PACCMOTPUM KpPaTKO
HUCTOPUIO Pa3BUTUA (DUMONOTUHU YIPaXHEHUNH U
BCIIOMHMM TeX JIIOJIei, KOTOphIe ee CO3daBajM.

HAYAJIA AHATOMUH
N ®U3NOJIOTHUU

XOoTd Havajgo McCaeIOBaHUsIM (DYHKIIMIA YeIoBe-
YEeCKOTO TeJia TTOJIOXKWIN APEBHUE TPEKU, TOJbKO K
1500 r. ObLT choenaH OEWCTBUTENLHO 3HAYUTEIbHBIN
BKJIAJl B TOHUMAaHUe KaK CTPYKTYPhl, TaK U (DYHKLIUIA
opraHm3Ma uenoBeka. [lpenmmecTBeHHUIEH (DU3MO-
Jorun Oblma aHaromus. Pabora AHapeaca Besanus
“Fabrica Humani Corporis” ("CtpykTypa 4enoBeuec-
Koro tena"), onmyOJuMKOBaHHasg B 1543 r., gaBujach
MMOBOPOTHBIM MYHKTOM B Pa3BUTHUU HAyKU O YeJIOBe-
Ke U U3MEHMJIA HalpaBJieHue MOCIeAYIOIINX UCCle-
noBaHuil. XOTS IJTJaBHOE BHMMaHME B Hell ObLIO 00-
palieHoO Ha aHATOMUYECKOe OIMCAHHWe Pa3TMYHBIX
OpraHoOB, MPEANPUHUMATICH TAKXKE MOMBITKI 00bsIC-
HUTb X (QYHKIWHW. bputaHckuii mcropmk Maiiki
®ocrep 3ameTuI: "DTa KHUTIA IOJIOXKMAIA HAYaJIo HE
TOJIbKO COBPEMEHHON aHATOMWW, HO U COBpPEMEH-
Hoit ¢umsmonmornn. OHa HaBcerga ITONOXMIA KOHeI]
MpEeACTaBIeHUsAM, LIApUBIIMM B TedeHue 14 croie-
THI, W CIIOCOOCTBOBANIA JEHCTBUTEIHLHOMY BO3POXK-
NEHUI0 MeauLUHBL" [6].

BonbIMHCTBO paHHMX TIOMBITOK OOBSICHUTH (DHU-
3MOJIOTUYECKUE ACTEeKThl ObUIM OO HEBEPHBIMU,
MO0 HACTOJIHKO TYMaHHBIMU, YTO MX MOXKHO OBLIO
paccMaTpuBath IMIIb KaK TpearnonoxeHust. Hampu-
Mep, TOMBITKU 0OBSICHUTD, KAK MBIIILBI TIPOU3BOAST
CUITy, CBOIWIINCH, KaK MPaBUJIO, K OMMMCAHUIO U3Me-
HEHMIT MX pa3MepoB ¥ (POpPMBbI BO BpeMsl COKpallie-
HHUSI, TIOCKOJIBbKY HaOMIONEHUS] OrpaHUYMBAIMCH JIUIIh
TEM, YTO MOXHO OBLIO BUIETh HEBOOPYKEHHBIM TJIa-
30oM. Ha ocHoBaHMM MOmOOHBIX HaOMIOmEHUIT Xepo-
Humyc Pabpuninyc (okomo 1574 r.) BEIIBUHYI Mpe-
MOJIOXKEHHE, UYTO COKPATUTEIbHAST MOLUTHOCTh MBIIII-
LIbI HAXOJAWTCSI B €€ BOJIOKHUCTBIX CYXOXMIIUAX, a He
B "MscHUCTOM 4acTu"'. AHATOMaM He yIaBajoch 00-
HapYXUTh CYIIECTBOBAHNE MHAMBUIYATBHBIX MbIIIIECU -
HBIX BOJIOKOH JI0 TeX IOp, MOKAa TOJUIAHICKUI yue-
HBIIT AHTOHHM BaH JIeBeHIyK He M300pes MUKPOCKOIT
(oxomo 1660 r.). OmHaKoO TO, KakK 3TH BOJIOKHA CO-
KpallaloTcsd U MPOU3BOIAT CHITY, OCTaBaJlOCh 3araji-
KOW JI0 CepelMHbl HAIIEero CTOJETHS, KOTAA IMOSBU-
J1Iach BO3MOXKHOCTh M3Y4YaTh CIIOXXHEHIIYIO esITeITb-
HOCTb MBILIEYHBIX OEJTKOB ¢ TTIOMOIIBIO 3JIEKTPOHHOTO
MHUKPOCKOTIA.

[TOABJIIEHUE .
OU3NOJIOINHU YITPAXKHEHUU

®Pu3noaorug ynpaxHeHUd — OTHOCUTEIbHBIN
HOBMYOK B Mupe Hayku. Jlo korua XIX cr. rmaBHag
1IeNTb (PM3HOJIOTOB 3aKJTI0YajIach B TTOJyYeHUH MHGOP-
Malliy, UMeEIoIIel KIMHnIeckoe 3HaueHue. [1pobie-
Ma peaklMM OpraHuM3Ma Ha (pU3nMYecKue Harpy3Ku
MPaKTUYECKU He M3ydanack. HecMoTpst Ha ob1enpus-
HAaHHYIO0 3HAYMMOCTb PETYJISIPHOW MBILIEYHOW nesi-
TETBHOCTH yXe B cepeamue XIX cr., 1o KoHIIa cTo-
JeTHS Ha (PU3HMONOTUIO MBILIICUHON AEATeNbHOCTH
BHMMaHHe IMOYTH He obpallajin.



IlepBeIii y9eOHMK TT0 (DU3UOJIOTUN YIIPaXKHEHMI
"@u3nosiorus (GU3NIECKoro ympaxHeHus' [9] ObLT
Hanucad B 1889 r. Mepuangom Jla I'paHxeM. Tpu-
HUMasl BO BHUMaHUEe HEOOJBIIOe KOJTUMIECTBO MCCIIC-
OBaHUI B 00JIaCTH (PM3UUYECKHUX HArpy30K B TO Bpe-
MsI, BeChMa MHTEPECHO MO3HAKOMUTBCSI C TeM, KakK
aBTOpP OCBEIAeT TaKUe TeMbl, Kak "MbllleyHast pa-
oora", "Ycramoctws", "[IpuBhiIKaHMe K pabote",
"MyHKIIMI MO3ra NpyM Harpyske'. DTa paHHS I0-
ITBITKA OOBSICHUTH PeakIIuy OpraHM3Ma Ha (hu3mdec-
KHe Harpy3Ku ObLIa BO MHOTOM OrpaHMYeHa BeChMa
MMPOTUBOPEUYNBLIMU TEOPETUUCCKUMH aCHeKTaMH U
HE3HAYUTEIbHBIM KOJIMYECTBOM (PaKTUIECKOIO Ma-
Tepuana. HecMoOTpst Ha MOSIBJICHHE B TO BPeMsI HEKO-
TOPBIX OCHOBHBIX MOHATUI OHMOXMMUK (DUZNICCKUX
Harpy3ok, Jla I'pamk, TeM He MeHee OTMEYas, 4YTO
MHOTHE IeTal 3TOM IPOOJIeMBI BCe €Ille HaXOIATCS
B CTaOuM CTAaHOBJICHMS M u3ydeHMs. Harmpumep, oH
nucai, 4ro: "...NOHSTUE "dHEpPreTUYECKUil MeTabo-
JM3M" CTajlo BeChbMa CIIOXHBIM B IOCJICIHES BpeMs;
MBI MOXEM CKa3aTb, YTO OHO B OIPEIeICHHON CTe-
MEeHU 3aIyTaHO U OBOJIBHO TPYIHO B ABYX CJIOBax
IaTh €My YETKYI0O M SICHYIO XapaKTepHCTHKy. OHO
MpeacTaBiIsieT co0oM pasmen (GU3MOJIOTUH, KOTOPBIA
B HacTosllliee BpeMsl MepecMaTpuBaeTcs, IMO3TOMY B
MaHHBIII MOMEHT MBI HE MOXeM CHOOpPMYIMPOBaTh
CBOM BbIBOABI" [9].

Tlepsvim onyoauKo8anHbiM yueOHUKOM
no Qusuos02UU UIUECKUX HASPY30K
ovira paboma D. Jla Ipanxca "Dusuonoeus
@usuueckoil naepysku ”(18892.)

B xonue 1800 r. mosiBUJIOCH MHOXECTBO TEOPUIA,
OOBSCHSIONINX UCTOYHUK SHEPTIH, 00eCIIeunBalOIICit
MBIIIeYHOe coKpaleHre. Kak n3BectHo, Bo BpeMst (hu-
3UYECKOM HArpy3KU MBIIIIIEI IIPOU3BOISAT MHOTO TEIl-
JIa, TIO3TOMY, COIVIACHO HEKOTOPBIM TEOPHSIM, 3TO T~
JIO WCITOJIb3YeTCs] KOCBEHHO WJIM HEITOCPEACTBEHHO,
YTOOBI 3aCTABUTh COKPAIATLCS MBIIICUHBIC BOJIOKHA.
B crenyromem cronetuu Yourep Praerdep u Ppene-
puk T'oyneny XOIKWHC yCTAHOBWIN TECHYIO B3aMMO-
CBSI3b MEXXIIy MBIIIICYHBIM COKpaIllcHUEM U 00pa3oBa-
HueM Jakrata [5]. Crano SICHO, 4TO 3Heprus AJisl Bbl-
MMOJTHEHMSI MBIIIEYHOr0 COKpaIleHHsI obpasyercs
BCJICICTBUE paclialia MBIIIEYHOIO IJIMKOreHa ¢ o0pa-
30BaHUEM MOJIOYHOM KUCJIOTHI (CM. TJIaBy 5), XOTS 1e-
TaJIu 3TOM PEaKIMA OCTABAINCH HEBBIICHCHHBIMMU.

ITocKOoIBKY TSI MBIIIIEYHOTO COKPAILICHUST TPeOy-
€TCSI JOCTATOYHO MHOT'O 3HEPIMH, MBIIIeYHAas] TKaHb
MMOCTY>KIJIa UIeATBHOM MOJIEITBIO TSI PACKPBITHUS TallH
KJeToyHoro Mmertabonusma. B 1921 r. Apumbanbn
(A.B.) X nonyunnr HoGesteBeKyro IIpeMuIo 3a Uc-
CJIeIOBaHUSI SHEPreTUYECKOro Meraboiausma. B ToT
MepUoa BpeMEHH OMOXMMMSI HAXOOWIACh B KOJIbIOE-
JIM CBOETO Pa3BHUTHS, OMHAKO OHA OBICTPO 3aBOCBHI-
Bajla IpU3HaHMWE OJlaromapsl YCWIMSIM TaKuUX yde-
HBIX — JaypeaToB HoGeneBckoil mpemMmuu, — Kak

Anp0epr CeHdp-Abépmu, OTro Meiieprod, Asrycr
Kpor n Xanc Kpebc, akTUBHO M3y4aBIIUX MPoOJIeMy
BBIPAOOTKM HEPIMU XWBBIMHU KIIETKAMMU.
BoJbIIMHCTBO CBOMX MCCIenOoBaHU XWII IIPO-
BeJI Ha U30JIMPOBAHHBIX MBIIIIIAX JISTYIIKHA, OTHAKO
OH OBbLI OJHUM W3 MEPBBIX, KTO MIPOBEJT (DU3HOJIOTH-
YeCKUe UCCIIENOBAHUS Ha YEIOBEKE. DTHU HCCIe0Ba-
HUsI CTaJIM BO3MOXHBI OJIaromgapss TeXHHUYECKOU IT0-
momu JIxoHa (JIx.C.) XosmeHa, paspaGoTaBILErO
METOI Y IIPUOOP ISl U3MEPEHUS TTOTPEOICHUST KIC-
Jiopora Bo BpeMsT (OU3NYECKOM HArpy3KH. DTUMHU U
IPYTUMH YYCHBIMH OBbLIa 3aJI0KeHa OCHOBa COBpE-
MEHHOI'O ITOHMMaHHUS IIpoliecca o0pa3oBaHUsS IHEP-
MU, OKa3aBIIErocs B LIEHTPE IPUCTAIBHOIO M3yde-
HUsI B CepeIVHE HAIIlero CTOJICTHS, KOTOPHIA B Ha-
CTOsIIee BpeMsl MCCIAeayeTcsl B JIabopaTopusix
(GU3HOIOrMYECKIX Harpy30K € MCIIOIb30BAaHUEM KOM-
MBIOTEPHBIX CHCTEM JUISI U3MEPEHUS TOTpeOeHUS
KUCJI0poaa. :

DOU3NO0JIOTUA
OU3SNYECKHNX HAT'PY30K
N IPYTUE OTPACIIN

®usnosorus Beerma OblIa OCHOBOM KIMHUYECKOM
MeIUUMHBL. TOYHO TakKe (hU3UOJOTUST (DU3UUECKUX
Harpy3oK Bcerga IpeaocTaBisjla HeoOXOAUMYIO MH-
(bopMarmIo 1711 MHOTHMX IPYTHX OTPAcIei, TaKMX, Kak
duznyeckoe BocIUTaHUe, GU3HIecKast IOATOTOBJICH-
HOCTb, COXpaHeHHe 3M0poBbst. HecMOTpst Ha TO, UTO B
T'apBapnckom yHmsepcutete (CILA) B nabGopatopuu
YTOMJIEHUSI pabOTaIM TakKue CIIELUAIUCThI, Kak Jlax-
mu CepmxeHT, JIx.X.Mak-Kapmu u npyrue, uzydyas-
e BIMSHWE (U3MYECKOM TPEHWPOBKU HA CWIy U
BBIHOCJMBOCTb, MHULIMATUBA UCIIOIb30BaHMS JAHHbBIX
B HayKe O (PM3MYECKOM BOCIIUTAHUM ITPUHAIJICKHUT
KapnoBudy, pyccKOMYy 3MHIPaHTy, TakKKe paboTaB-
1IeMY B 3Toli 1aboparopun. KapmoBud npoBoaui coo-
CTBEHHbIC MCCIICIOBAHMS U IPEIronaBai (hU3N0JI0THIO
B CnpuHrdunackom kosutemke (Maccauycerc) ¢
1927 1. mo cBoeil KOHYMHBI B 1968 T. XOTsI OH BHeEC
3HAYUTEJIBHBIM BKJIaL B 00JIaCTh (DM3MYECKOTO BOC-
MUTaHUST ¥ (DU3NONIOTMY (DU3NUSCKUX HArpy30K, TeM
He MeHee ero OOoJIbIIe BCEro ITOMHST KaK BBITAIOIIe-
rocs IpenogaBaTelst.

Jpyroii MmpeacTaBUTEIb 3TOTO KOJUIEIKa, TPEHEP
no mnasanuio T.K.KapeToH, cosman maGoparopuio
duznonorun pU3NIeCKMX Harpy30K Npu YHUBEPCU-
tere wrata MimHoiic B 1941 r. OH mpomosokai 3a-
HUMATBCSI UCCIICA0BATEIIbCKOM AESTeIbHOCTBIO 1 00Y-
Yajl MHOTUX M3 CETOAHSIIHMX BEIYIIUX YYCHBIX B
006sacTi (OUBMYECKON ITOATOTOBKU WM (DU3MOIOTHHI
dU3MYECKNX HArpy30K IO CBOErO yXOlIa Ha IEHCHIO
B 1971 r. IIporpaMMbl (bU3UYECKOM OATOTOBKH, pa3-
pa6orannbie T.K.KapeToHoM co cBouMu crymeHra-
mu, a takxke kHura Kennera Kyrepa "AspobGuka',
onyovkoBaHHast B 1968 T., dusnororndecku 000-
CHOBAJIM 11eJ1€CO00Pa3HOCTh MCITOJIb30BaHMST (hU3H-
YECKMX HArpy30K IJIsSI OOECIICUeHHUs 3I0POBOrO 00-
pa3a xxu3Hu [2].



Ccepenunan XIX B. cymmecTBoBano MHEHME O He-
00XOIMMOCTHPETYISIpHONPU3NUECKONAEATETBHO-
CTU IJIs TOAJAEPXKaHUS ONTUMANbHOTO COCTOSHUS
3I0pOBbsI, OJHAKO TOJBKO B KOHIe 60-x rogoB XX
CT. OHO cTajio obmenpu3HaHHbIM. [locmenyromue
HCCIEeNOBAaHUS 10Ka3alu 3HaueHne (hU3NUeCKUX Ha-
IPY30K IS TIPOTUBOAEHCTBUSI (DU3NMUECKOMY CIIamy,
00yCJIOBIECHHOMY IPOILIECCOM CTapeHUSI.

Oco3HaHuMe TOTPeOHOCTH B (PU3NIECKOM IeITeNNb-
HOCTH CIIOCOOCTBOBAJIO MIOHUMAHUIO BAXKHOCTH TIpe-
BEHTUBHON MEIMIIMHBI U HEOOXOOMMOCTHU pa3paboT-
KU ITpOTrpaMM ISl TOAIe p>KAHUS U YKPeTUIeHUsI 3110-
poBbs. XOTS (GU3MOJOTUM PU3NIESCKUX HATPY30K
HeJb3sl CTaBUTh B 3aCIyTy COBPEMEHHOE IBMXKEHUE
3a COXpaHEHHUE 3J0POBbS, TeM He MeHee MMEHHO OHa
obecreunia OCHOBHOI KOMILJIEKC 3HaHUIA 1 000CHO-
BaHME BKJIIOUEHUS (PU3MUECKUX HArpy30K Kak He-
OThEeMIIEMOTO KOMITOHEHTa 3[0pOBOTO 00pa3a Xu3-
HM, a TaKXe 3aJI0XWJIa OCHOBBI HAYyKHW O 3HAYCHUU
(pm3nIecKUxX HAarpy30K IJis GOJbHBIX U 3I0POBBIX.

COBPEMEHHAA ®H1U3NOJIOT'UA
OU3NYECKHNX HATPY30K M CITOPTA

MHorue mOCTIKEHWST B 00JIAaCTH (DU3MOJIOTUH
(pu3MyecKnx Harpy3oK OOYCIIOBJIEHBI COBEPLIEHCTBO-
BaHueM MeToauK. Tak, B 60-x romax co3maHue 3JIeK-
TPOHHBIX AHAJIU3aTOPOB IJII M3MEPEHMSI IbIXaTelhb-
HOI CMeCH 3HAYMTEJIbHO OOJIETYWIO M caenano 0o-
nee 3(pPEeKTUBHHIM M3y4eHUE DHEPTETHYECKOTO
MeTabonm3ma. DTa MeToAMKa, a TaKKe pamroTelie-
MeTpusl (OCHOBaHHAs Ha WCIOJIb30BAaHUM pamgyorie-
pemalolIuX CUrHAJIOB), MPUMEHseMas JJIsT KOHTPOJIS
YacTOTHI CEPIACUYHBIX COKpAIIeHU W TeMIIepaTyphl
Tena BO BpeMs (DM3UYECKOM HATrpy3KH, OBLIH pa3pa-
0oTaHbI B pe3yJibTaTe MPOTrpaMMbl KOCMUYECKHX HC-
cnenoBanuii CILIA. 1o koHia 60-X romoB TEKYILEro
CTOJIeTHSI OONBITMHCTBO MCCIIeIOBaHMI B 00acTn pu-
3MOJIOTUY (PUBMUYECKHUX HATPY30K OBLIO HAMPABJIEHO
Ha M3ydeHUe UX BIUSHUSA Ha Bech opraHuaM. B mo-
JABISIIONIEM OONBIIMHCTBE UCCIEAOBAHMI U3MEPSUIN
Takue TepeMeHHbIe BEMUMHBI, KaK MOTpeOlieHe
KHUCJIOpOIa, YacTOTy CEPHEYHBIX COKPAILleHMId, TeM-
reparypy Tella U WHTEHCUBHOCTb TOTOOTAECICHUSI.
BnustHUI0 MBIIIEYHBIX HArpy30K Ha KJIETKY YIes-
JIOCh TOPAa310 MEHbIIIe BHUMAHMSL.

ITpumepHO B TO Xe Bpemst, korna Jx.beprcrpem
BTOPUYHO BBEJ B MPAKTUKY METOH MYHKLHMOHHOHI
OuorCcHUM, MMOSBUIACH 1ie/Ias TiIesga MOJOIBIX CIie-
LIMAJINCTOB B 00J1aCTH (DU3MOJIOTUY HPU3NUECKUX Ha-
rpy3ok u Ouoxumuu. beurr ConreH (CTOKIoibM)
MpuaaBaj OONbIIOe 3HAYCHUE METOAY OMOTICUU ISt
W3YYEeHUS CTPYKTYPHI 1 0noxumMuu Mernsl. b.Coj-
teH u Jx.Beprcrpem B koHue 60-x romoB XX CT.
BIIEPBbIC M3YYMJIW BIUSHUE PallMOHA NMUTAHUSI Ha
BBIHOCJIMBOCTh W TIUTaHUE MbII. [1pubmusnuTesb-
HO B TO Xe caMoe BpeMs Pemxku Daxepron (Kamu-
(popHuiickuit yanusepcutet, Jloc-Anmxenec) u Oui
lNonnauk (YHUBepcuTeT mTata BammHITOH) cTamm
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HCTIOJIb30BaTh B CBOUX 3KCIIEPUMEHTAX KPBIC IJIs
M3YYEeHUS XapaKTePUCTUK OTHENbHBIX MBIIIEYHBIX BO-
JIOKOH U WX peakluii Ha GU3NYECKYI0 TPEHUPOBKY.
Couetanue 3HaHuii b.CoJjiteHa B 00JacTU METOAM-
K1 6uorncuu ¢ Guoxumuyeckoit apyauuueif ®©.Tom-
JIHUKA aJ0 BO3MOXHOCTb MMEHHO 3THM IBYM yue-
HBIM TIPOBECTH TIEPBBIC MCCIICIOBAHUS XapaKTepHC-
TUK MBIIICYHBIX BOJOKOH YeJloBeKa U BIUSHMS Ha
HUX pusmyeckux Harpy3oK. M xotss MHOTME OMOXM -
MHKHM UCIOJNB30BaNU (U3NUECKUE HATPYy3KW ISt
M3ydeHUs MeTabon3Ma, JWIIb eOUHUIBI U3 HUX
0KasaJld TaKoe Xe OTPOMHOEe BIMSHUE Ha COBpe-
MEHHOE COCTOSHME (DU3MOIOTUN (DU3NUECKUX Ha-
rpy3ok 4enoBeka, kak Jx.beprcrpem, b.Conten un
@ TonaHuk,

Temepb, KOorga Mbl BBIICHWIM MCTOPHUYECKYIO
OCHOBY (u3nosornu (pU3NIECKNX HArpy3o0K — Iipa-
POIUTENILHULIBI CITOPTUBHOM (PU3MONOTMU, MBI MO-
KeM TPUCTYIUTh K U3YYEHUIO CYLIIHOCTU (DU3HOJIO-
My PU3NIECKUX HArpy30K U CIIOPTA.

CPOYHBIE ®U3NOJIOTUYECKHUNE
PEAKIINN HA ®PU33NYECKYIO
HAI'PY3KY

Haumnag msyyate ¢pu3nonornio (pu3nIeckKnx Ha-
IPY30K M CIIOpTa, HEOOXOAUMO IIPEXIEe BCETO BHISC-
HWTb, KaK pearrpyeT OpraHu3M Ha OIpeaeIeHHbINA BUIT
Harpy3ku, Hampumep, Oer Ha TpenbaHe. Takas peak-
1S Ha3bIBaeTCs CpouHoO amanranmeid. I1pencrasie-
HME O CPOYHOI ajarnTaiuy o0JerdYuT MOHMMaHUe T10-
CTOSIHHOM aIanTalyuy, TPOUCXONIIIEA B OpPraHU3ME,
KOIla OH CTAJKMBAETCS C IOBTOPSIONIMMMCS IIMKJIa-
MU (pU3UIECKUX HArpy30K, HAIlpUMeEp, U3MEHEHUEM
(byHKIIMM cepaeUHO-COCYAUCTOM CUCTEMBI TTocIe 6 Mec
TPEHUPOBOYHBIX HATPY30K Ha pPa3BUTHE BBIHOCIMBO-
ctu. Jlamee MBI PacCMOTPUM OCHOBHBIE ITOHATHSL U
MPUHIIMIIBI, CBSI3aHHBIE KAK CO CPOUYHBIMU PEaKIIMSI -
MM Ha (pu3nyecKkue Harpy3ku, Tak U C IOCTOSTHHOM
amanranyeil K TpeHWpoBKaM. BDTa MHOOpMAINSI I10-
MOXET TIOHSTh MaTepuall MOCIEIYIOIIMX IJIaB.

Kak omnpenennts pusnosornyeckmue peakiimy Ha
¢umsmyeckyio Harpy3ky? Hwm OeryH BBICOKOTO ypOB-
HSI, HU OOBIYHBIN JIIOOMTENTh Oera TpyclIol He 3aHM-
MaloTCsl 0ETOM B YCJIOBHSIX, ITO3BOJISIOIIMX OCYIIIE-
CTBUTH NETANbHBIM (DU3UOJOTUIECKUI KOHTPOJb.
JIump HekoTopele (QuU3MONIOTMYECKHE II€PeMEHHBIE
MOXHO KOHTPOJMPOBATh BO BPEeMsI BHITTONHEHUS (hH-
3MYECKOM HAarpy3KM Ha ILIOIIagKe, IMPUYeM HEKO-
TOpbIE M3 HUX MOXHO TOYHO M3MEPUTh, HE Hapy-
masg (pu3ndeckyio aesdTeabHOCTh. Harmpumep, cpen-
CTBAa paauoTeIeMEeTpUM W MUHUATIOPHEIE
MarHuTo(OHBI MOXKHO MCIIOJb30BaTh BO BpeMS BbI-
MOJHEHUS (PU3MUECKOM HArpy3Ku 17151 KOHTPOJIS

+ gnesrenbHocT cepaia (YCC u anekTpokapau-

orpamma);

* YaCTOTHI ABIXaHMUS;

* BHYTPEHHEH TeMITepaTyphl M TEMIIEPATYpPhl KOXU;

* MBILLIEYHOM JAEATEILHOCTU (3AEKTPOMHUOTpaMMa).




[TocnenHue pa3pabOTKU TMO3BOJSIOT AaXe He-
MOCPEACTBEHHO KOHTPOJIMPOBATh MOTpeOIeHUE KHUC-
JIopojJia BO BpeMs IPOM3BOJbHON (PU3MUecKoil ne-
ATEJbHOCTH 32 TpeaeaMu UCCIE0BATEIbCKOM Jia-
Oopatopuu. Bmecre ¢ Tem yalie BCero KOHTPOJb
OCYIIECTBSAECTCS B 1aOOpaTOPUU, TAe UCITBITYEMBIX
HCCIEAYIOT OoJiee TINATEIbHO B CTPOTO KOHTPOJIM-
PYEMBIX YCIOBUSX.

QOAKTOPBI, KOTOPBLIE CIEAYET
YUYUTBLIBATH T1PU KOHTPOIJIE

MHorue ¢GakTophl MOTYT M3MEHUTH CPOYHYIO
peakiMio Balllero opraHuM3Ma Ha (Qu3nyeckyr Ha-
rpy3ky. IIpu 3ToM 0co00 cienyeT yYuThiBaTh YCIO-
BUSI OKpYXatomeil cpennl. Takue ¢pakTophl, KaK TeM-
mepatypa M BJAaXHOCTh B JIaOOpaTOpWM, a TakKXke
OCBEILIEHHOCTh M HalMuue IIyMa B MecTe MpoBele-
HMS TecTa, MOTYT 3aMETHO IIOBIMATH Ha peakIuIio
opraHu3Ma U B COCTOSIHMM TTOKOSI, W IIPU BBHITIOJIHE-
HuM usnueckoil Harpy3ku. CremyeT maxe YUUTHI-
BaTh, KOTJa ¥ KaKoe KOJWYECTBO MUIIM Bbl CHEJH.

Tabn. 1.1 uamocTpupyer, Kak pa3lIndHble (PakTo-
pPHl OKpYXKalomllell Cpeabl MOTYT M3MEHUTh YacTOTy
cepaeunbix cokpamenniit (HCC) B mokoe 1 Bo BpeMs
Oera Ha TpenbaHe ¢ MHTEHCUBHOCTbIO 14 KMy — !
(9 Muiby — ). YacToTa cepaeyHbIX COKPALIEHMIA 1C-
MBITYEMOTO BO BpeMsS Harpy3ku M3MeHHJIach Ha
25 yo.-MMH ™ ! IIpM MOBBILIEHUY TEMIIEPATYPBI BO3LY-
xa ¢ 21 1o 35 °C (70 — 95 “®).

Ta6nauua l.1. Usmenenne YCC npu Gere Ha Tpenbane
C MHTEHCHBHOCTbIO 14 KM ® ™~ !, B 3aBuCcHMOCTH OT
U3MeHeHMs yCJIoBmii OKpYXKarouled cpempt

YCC, ya.-MuH™
@akTop BHEIIHEW cpenbl
TToxo#t | Harpyska

Temneparypa (50 % BnaxHOCTH)

2TC (70°D) 60 165

35°C (95°D) 70 190
Biaxuocts, % (2TC)

50 60 165

90 65 175
Vposens myma (2I'C, 50 % Bnax-
HOCTH)

HU3KUIA 60 165

BBICOKUI 70 165
Torpeonenue muum (2I'C, 50 % Baax-
HOCTH)

HeOOJIbIIOE KOJUYECTBO ITHILH, 60 165

MIPUHATOI 3a 3 4 10 usnyeckoit

HarpysKku

0OJIBIIIOE KOJIMYECTBO THIIIH, 70 175

npuHsaToi 3a 30 MUH 10 ¢dusnyec-

KOI Harpysku

M3MeHeHuUe yCI0BUi OKpYyXaloliei cpeabl TAKUM
ke 00pa3oM BIMSIET Ha OOJBIIMHCTBO (PU3MOJIOTH-
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“:? CnemyeT y4uThiBATH M TIHATENBHO KOHTPO-

7 1MpoBaTh YCJOBHMS, MPH KOTOPHIX TECTHPY-
10T MCOBITYEMBIX, KaK B MOKOE, TaK M NpH
BbINOJIHEHHH (pu3Hyeckoii Harpy3ku. Takue
(dakTopbl OKpyKawlmeil cpelpl, Kak Temiie-
patypa, BJaXHOCTb, BBICOTA HAl YPOBHeM
MOpsi, YPOBeHb IIyMa, MOTYT BO3IeiiCTBOBATH
Ha CTeleHb PeaKiuH BceX OCHOBHbIX ¢u3HO-
Jornyeckux cucteM. ToyHo Tak ke ciexyer
KOHTPOJIMPOBATh CYTOYHbIE M MEHCTpPyaJbHbIE
IHKJIBI

YeCKUX MepeMEeHHBIX, U3MEPSIeMbIX BO BpeMsl (uU3u-
yeckoil Harpy3ku. @DakTopbl OKpyXaloliei cperbl
cleayeT YUMThIBaTh, CPaBHUBASI KaK Pe3yabTaThl TeC-
TOB OJHOTO MCIBITYeMOTO, TPOBOAMBIIUXCS B pas-
Hble JHU, TaK W COIMOCTABIsIS pe3y/bTaThl pasiny-
HBIX MCIIBITYEMBIX.

Ouznonoruyeckrue peakiuu Kak B MOKOe, TaK U
MIpY BBIMOJHEHUU (PU3MUYECKON HATPY3KU KOJIEOTIOTCS
B TeueHue AHs. TepMuH "CyTouHOEe M3MEHEeHMe" 03-
HayaeT KojebaHMs B TeueHUe 24-4acoBOro Mpo-
MexXyTka. Taom. 1.2 MTIOCTpUPYET 3T0 M3MEHEHMUE
YCC B mokoe, NMpu pa3InyHbBIX YPOBHSX (uUMUec-
KO Harpy3Ku ¥ BO BpeMsl BoccTaHOBJIeHUS. [lomo0-
Hble U3MEHEHHUS B TEUCHME CYTOK XapakTepHBI U s
peKTalbHOM TeMmepaTypbl. Kak BumHO M3 Taba. 1.2,
TECTUPOBAHMS OJHOTO U TOTO € MCIBITYEMOT0, Mpo-
BeICHHBIC YTPOM OJHOTO AHS U TOIMOJYIHU BTOPOTO,
Jalyd COBEpIIEHHO pa3Hble pe3y/bTaThl. B 3To0il CBf-
34U CcliefyeT MPOBOAMTH TECTUPOBAHMSI B OJHO U TO
e BpeMs.

Taonauma 1.2. Cyrounsie konebanus YCC

B TIOKO€ U MpY (DU3NYECKUX HATPY3KAX, Y. * MUH '

Bpemst cytok, 4

YcioBue orbita Ho nonynHs [MononynHu

2le|wl2)elm

OTaBIX 65 69 73 74 72 69

dusnyeckass Harpyska

Jierkast 100 103 109 109 105 104

CpeHsisI 130 131 138 139 135 134

MaKCUMaJIbHast 179 179 183 184 181 181

Boccranosnenue, 3 MuH 118 122 129 128 128 125
HMannbie Peitn u Bpykca (1990).

Y XeHIIWH cleayeT Takke YYMThIBaTh HOPMaslb-
HBIl 28-THEBHBI MEHCTPYaJbHBI LMK, KOTODBIii
JOBOJILHO YacTO BBI3BIBAET 3HAUYNTEIbHbBIC N3MEHEHMS

* Macchl TeJa;

* 0O0IIeT0 KOJIMYECTBA KUIKOCTH B OPTaHU3ME;

* TeMIIepaTyphl Tena;

* MHTEHCUMBHOCTM OOMEHA BEILECTB;

* YacTOTHI CEPACYHBIX COKpPAIEHUI;

* CUCTOJMYECKOro obbeMa KpOBU (KOJIMYECTBO



KpOBU, BHIOPACHIBAEMOI U3 KEJyTOUYKOB CepJ-
11a TPU KaXJOM COKPAIICHWUN).
DTH nepeMeHHbIe ClefyeT YIUTHIBATh MPU TECTU-
POBaHUM XEHIIWH, KOTOPbIE TAKXKE CIEAYeT MIPOBOUTh
B OJIMH ¥ TOT X€ MEPUO/ MEHCTPYaIbHOIO IIMKIIA.

BPTOMETPUA

[Ipu mpoBeneHNUM Hcceq0BaHN PU3NOJIOTUIEC-
KUX peaKkIiuid, OmpelnessieMblX B JIADOPATOPHBIX YC-
JIOBUSIX, HEOOXOAMMO KOHTPOJMPOBATH BEIUYUHY
(pusnueckoro ycuiusi UCIBITYEMOTO C TE€M, UYTOOBI
00€ecreyuTh OMPEeaeSICHHYIO TOCTOSTHHYI0O MHTEHCUB-
HOCTh paboTel. Kak mpaBuiio, 310 OCylIeCTBASETCS C
TOMOIIIbIO 9PTOMETPOB. DProMeTp (rped. 3peo — pa-
0ota; memp — Mepa) MNpeacTaBisieT coboi mpuodop,
MO3BOJISIIONIMI  KOHTPOIUPOBATh (CTAHAAPTU3UPO-
BaTh) U UBMEPSATH KOJTUYECTBO Y UHTEHCUBHOCTD (hu-
3UYECKON pabOTHI, BBIMOJHSIEMOM denoBekoM. Pac-
CMOTPUM HEKOTOPBIE TTPUMEDHI.

Benoapromerpsl

JlnuTenbHOE BpeMsl BETO3ProMeTphl ObLIM OCHOB-
HBIMU TPUOOPAMHU, UCTIOIB3YEMbIM JJISI TECTUPOBA-
HMs. B Hactosiiiee Bpemsl MX IIMPOKO HMCIIOJNB3YIOT
KakK MpM MCCIIEAOBaHMSIX, TaK U B KIMHUYESCKUX Lie-
ngx, xorg B CIIIA HameTnnach TeHAEHINS K UCIIONb-
30BaHUIO TPeIOAHOB. BHIIOTHSITH paboTy Ha BEJIO3P-
TOMETpe MOXHO JIMOO B BEPTUKAJIBHOM TIOJOXEHUU
(puc. 1.1), nn6oO B MONOXEHUH JIEXA HA CITAHE.

B Bemoapromerpax OOBIYHO MCIIONB3YETCS OOUH
U3 YETBIPEX BUIOB COIMPOTHUBJICHHUS: 1) MexaHmdec-
Koe TpeHme; 2) 3JIeKTPUICCKOE COIPOTUBICHUE; 3)
COIPOTHUBIICHUE BO3IyXa; 4) TMAPABINICCKOE COIPO-
TUBJICHUE XUIKOCTH.

B mpubopax, oCHOBaHHBIX Ha MEXaHMUYECKOM Tpe-
HUU, BEJIMYMHA COMPOTHMBICHUS TeAaJupOBaAHUIO

Puc. 1.1. Beaospeomemp
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peTynupyercsl ¢ TOMOIIbIO PEMHSI BOKPYT MaxOBUKa.
Barra ncxogHasi MOIIHOCTb 3aBUCUT OT MHTEHCUB-
HOCTM TeNaJupOBaHUs, T.e. YeM BBIIIE UHTCHCHUB-
HOCTh, TeM OOJIbIIIE MOIIHOCTh. YTOOBI MOAmEpKU-
BaTh OJIHY M Ty X€ MOIIIHOCTb BO BpeMs TecTa, Heo0-
XOIMMO COXPAHSTb ONHY, MOCTOSIHHYIO WHTEHCUB-
HOCTb TIeIaJTUPOBaHMsI, TO3TOMY e¢ He0OX0IMMO BCe
BPEMSIKOHTPOJHUPOBATh.

B mpubopax ¢ ucmob30BaHUEM JIEKTPUIECKOTO
COTNPOTUBJIEHUSI, KOTOPbIC Ha3bIBAIOT BEJIOIPIOMET-
paMu C 3JIEKTPUYECKMM TOPMO3HBIM YCTPOWCTBOM,
COTIPOTUBJIEHHE 00ECIIEYNBAET MEKTPUISCKUIA TTPO-
BOJIHUK, TICPEABUTAIOIINICS B MATHUTHOM WJIN 3JIeK-
TPOMAarHuTHoM rosie. Cujla MarHUTHOTO TIOJISI OTTpe-
JeJsieT BEJIMYMHY COMPOTUBIICHUS TeIaipOBaHUIO.
[MocnenHsis aBTOMaTUYECKM BbIpAcTaeT MO Mepe
YMEHbIIEHUS MHTEHCUBHOCTH TIeNATUPOBAHMS U CHU-
KaeTcs TpU ee YBeJIUYSHUU, TeM caMbIM 00ecTieuH-
Basl TMOCTOSIHHYIO MOIIHOCTb.

BenoapromeTpsl, OCHOBaHHBIE Ha JEHUCTBUM CO-
MPOTUBJICHUS] BO3[yXa, BeChbMa IMOMYJISPHBI, OJTHAKO
OHU 0OJIbIlIe TIOAXOMAT JJISI TPEHUPOBOYHBIX LENCH,
yeM JJIsl TIpOBeIeHUsT 1abopaTOpHBIX TeCcToB. B HuUX
MaXOBMK CTaHIApPTHOTO 3PrOMETpa ¢ MEXaHUUYECKUM
TOPMO3HBIM YCTPOMCTBOM 3aMeHEH KOJIECOM, MMeto-
IIUM DPSIbl BEHTWISITOPHBIX KPBUIBEB, PACIIONIOXEH-
HBIX, KaK cruilbl. Korma Koneco Bpalaetcsi, Kpblibs
MepeMelaloT BO3ayX; TaKuM 00pa3oM, BeJIUYMHA CO-
MPOTUBJICHUS TIPSIMO TPOIOPLMOHATbHA WHTCHCUB-
HOCTH TIeaMPOBaHUS.

BenoaproMeTpbl, B KOTOPBIX MCIIOJb3YeTCSI TH-
paBuyecKasi XUAKOCTb JJISI UBMEHEHUS] BEJTMUYMHBI
COTIPOTUBJICHUS, MOTYT O0OEeCIeYMBaTh MOCTOSTHHYIO
MOIIHOCTh HE3aBUCUMO OT WHTEHCUBHOCTH IIelaJIN-
poBaHus. [Ipu mepanupoBaHUK TUAPABIMYECKAsK XK1~
KOCTb BBITEKAeT yepe3 oTBepcThe. M3MeHeHUe pas-
Mepa 3TOro OTBEpPCTHS TO3BOJISICT BapbUpOBAaTh Be-
JUYMHY cOnpoTuBiIeHus. YeM OoJbliie OTBEpCTHE, TeM
JieT4e XUAKOCTH BBITEKAaTh M TEM MEHbIlle BeJUYMHA
WCITBITBIBAEMOTO COTMPOTUBIICHUS.

BestoaproMeTpbl UMEIOT psifl IPEMMYILIECTB IO CPaB-
HEHUIO C IPYIMMHU 3PTOMETPUYECKHMMH IpUOOpaMHu.
[Ipu pabote Ha Bego3promeTpe BepXHSST 4acTh TYJO-
BHUIIIA TIPAKTUYECKN OCTAETCS HETMOABUXKHOM, 4TO T0-
3BOJIIET C OOJIbIICH TOYHOCTHIO M3MEPATHh NaBlicHUE
KpPOBH, a TakXe 00JIer4aeT MpoLecc B3SITUSI TPOO KPOBU
npu puzmIeckux Harpy3kax. Kpome Toro, MHTeHCHB-
HOCTb PabOThl TIPU TeEeNATMPOBAaHUM HE 3aBUCHUT OT
MacCHl Tesla. DTO BaXXHO IPU U3YYCHUM (DU3MOIIOTH-
YeCKMX peaklMii Ha CTaHJApTHYIO WHTEHCHUBHOCTb
padoTH (BRIXOAHYIO MOITHOCTH). Hampumep, eciu BbI
norepsuid 15 (yHTOB Macchl, pe3yibTarhl, IOIy4EH-
Hble TIPM TECTUPOBAHMM Ha TpemdaHe, OKaXyTcs He-
COTIOCTABUMBIMU C pe3yJbTaTaMH, TOJYYEHHBIMU 10
TOTO, KaK Macca Balllero Tejla YMEHbILINIACh, TOCKOJIb-
Ky (DM3MOTOTHYECKIe PeaKIIMK Ha 3a1laHHYI0 CKOPOCTb
Y HaKJIOH Ha TpembaHe U3MEHSIIOTCS B 3aBUCUMOCTHU
oT Macchl Tena. [loce moTepu Macchl Bbl CMOXKETE
BBIITOJTHUTH MEHBIINK O00BEM padOThI, YeM IIpEeXKIe,
MpY TaKWX Xe CKOPOCTM M HakjoHe. YTo Kacaercs



BeiospromMeTpsl — HamoJiee MOAXOASIITE
npuOOpPbI IS OIEHKH W3MEHeHHil CyOMak-
CHUMAJILHON (PU3MOIOTMYECKOH peakuuu 10
W N0CJIe TPEHUPOBKH Y MCIBITYEMbIX, MACCA
Tela KOTOPbIX He m3Menmiach. CompoTus-
JieHHe HAa BeJIO3ProMeTpe He 3aBHCHT OT
maccel Teja. B oTummume ot Hux Ha Tpenda-
He BeJIMYMHA BHINOJHSAEMOW PabdOThI Hemoc-
PEICTBEHHO 3aBHCHT OT MACCHI Teja

\

BEJIO3PTOMETPOB, TO 3IeCh YMEHBIICHNE MAacChl Tella
HE CTOJIb CUJIBHO M3MEHSIET (PU3MOJIOTHICCKYIO peak-
N0 Ha CTAaHAAPTHYIO MOIITHOCTb.

CremyeT OTMETUTh, UTO BEJOIProMeTphl MMEIOT
u HegocTtaTku. Ecam BB HeperyaspHo paboTacTe Ha
BEJIOIPTOMETPE, MBIIIIbI BAILIMX HOT, BEPOsITHEE BCE-
r0, YCTAaHYT paHbIIe, 4eM Teno. Kpome Toro, mmko-
BbIe (MaKCHMaJlbHBIC) TTOKA3aTeIM HEKOTOPHIX (DH-
3MOJIOTUUCCKUX ITIepeMEHHBIX, ITOJyIaeMbIX IIPU pa-
00Te Ha dProMeTpe, YacTO OKA3BIBAIOTCS HUXE ITHX
Xe ToKasaTrejieil, MoJyJaeMbIX HPU BBIIOJHEHUU
pa®oTHI Ha TpemdaHe. DTO MOXKET OBITH OOYCIIOBIIC-
HO JIOKQJIbHOHM YCTaJIOCThIO HOT, CKOIUICHHEM KpO-
BM B HOrax (MCHBIIEe KOJIMUYECTBO KPOBM BO3Bpa-
maeTcs K cepAlly) WIM TeM, 9TO IpH paboTe Ha Be-
JIO3PTOMETPE YIACTBYET MEHBIIE MBIIII, YeM IIpU
BBITIOJTHCHUM pabOTHI Ha TpembaHe.

Tpendoansl

Tpenbansr (puc. 1.2) SIBISIOTCS 3proMeTpaMu
BbIOOpa IJISI YBEIMUYMBAIOUIETOCS YMCJA UCCIeI0Ba-
Tenel n Bpadeit, B yactHoct! B CIIIA. Motop 1 cu-
cTeMa pOJIMKOB B HUX MPUBOJAT B IBUXEHUE OOJIb-
IIYI0O KOHBEUEPHYIO JICHTY, Ha KOTOPOU MUCITBITYEMBII
MOXeT JIN00 uaATH, nubo OexaTh. /JIMHA M IIMpUHA
ee JOJDKHBI COOTBETCTBOBaTb pa3MepaM Ballero Tejia
U JUIMHe 1ara. Ha cauinKoMm y3KMX WJIM KOPOTKHX
TpeabaHax MPakKTUYECKH HEBO3MOXHO OCYIIECTBUTD
TeCTUPOBaHUE CIIOPTCMEHOB BBICOKOTrO KJjacca.

Puc. 1.2. Tpedoan

TpenbaHbl UMEIOT psAA NMpeuMyllecTB. B oTau-
yye OT OOJBIIMHCTBA BEJIOIPTOMETPOB MHTEHCUB-
HOCTh pabOTHl Ha TpembaHaX He HYXKHO KOHTPOJHU-
pOBaTh: €ClIM Bhl HE MOAJIEPKUBAEeTe CKOPOCTh, paB-
HYI0 CKOPOCTH IBWXEHUS JICHTHI, BBl IIOIIPOCTY
"coiimere" ¢ Hero. Xombba Ha TpembOaHe SIBISIETCS
BeCchbMa €CTECTBEHHBIM BUIOM JEATEIbHOCTH, IIO-
5TOMY NPUCIOCOOUTHCS K Heil O04YeHBb JIETKO, IS
aToro Tpebyercs He 6omee 1 — 2 muH. Kpome Toro,
OOBIUHBIE JIIOOM TTOYTH Cpa3y Xe JTOCTUTAIOT MaK-
CUMaJbHBIX IJIgd cebs (U3MOIIOTUUECKUX IToKa3a-
Telleii Ha TpemdaHe, B TO BpeMsI KaK HEKOTOpPHIE
CIIOPTCMEHBI JTOCTUTAIOT OoJiee BBICOKMX IOKa3a-
Tellei Ha 3promMerpax, YTO COOTBETCTBYET UX pe-
XKAMY TPEHUPOBOYHBIX 3aHITUI YN COPECBHOBAHUIA.

Ha tpenbanax oObIYHO JOCTHTAIOT 0oJjiee BbI-
COKHX MHMKOBBIX IOKA3aTeliell MOYTH BCEX M3-
MepgeMbIX (PM3HOJOTHYECKHX IEPEMEHHBIX,
Taknx, KaKk YCC, BeHTHISANUA B MOTpedIe-
HHMe KHCJI0pona

TpenbaHbl, 0OMHAKO, UMEIOT W PSIJ HETOCTATKOB.
OHHU, Kak NpaBUJIO, CTOSAT IOPOXKE, YEM BEJIOIPTro-
MeTpbl. Kpome Toro, oHM 0Gojiee TpPOMO3AKHU, IS
UX HCHOJL30BAaHUSA HeoOXoamMMa 3JeKTpudecKas
sHeprusi. TpyaHO TOYHO M3MEPUTH JaBJIeHHE KPO-
BM BO BpeMs BBINOJHEHUS pabOTHl Ha TpeadaHe,
ITOCKOJIbKY IIIYM OT €ro padoTHl 3aTPYZHSIET IIPO-
CIIyIIMBaHUE C TTOMOIIBIO cTeTocKomna. Takxke Tpya-
HO TOYHO M3MEPUTh JaBJIECHUWE KPOBU IIPU yBEJIM-
YeHWW CKOPOCTH IBVMXXEHWUS JIeHTH. He MeHee Tpya-
HO B34ITh MPOOY KPOBU y UeloBeKa, HaXOIAIIIEerocs
Ha TpenbaHe.

Jlpyrue 3promerpbl

Hpyrue 3proMeTpsl MO3BOJISIIOT CIIOPTCMEHAM, 3a-
HMMAIOIIUMCS OIIpeIeICHHBIMI BUIAMU CITOPTa, ITPOM-
TH TeCTUPOBaHME B (hopMe, OJIM3KOI K TPEHHMPOBOYHO-
My WIN COpEBHOBATeJIbHOMY IIpoleccy. Hampumep,
PYYHBIC 3PTOMETPHl MPUMEHSIOT IS TECTUPOBAHMS
CITOPTCMEHOB 1 HECIIOPTCMEHOB, KOTOPEIE B CBOCH (pui-
3MYECKOM AESITEIFHOCTH MCIOIB3YIOT B OCHOBHOM PYKU
U Tuleun (Hampumep, II0BUOB). I'peOHOI 3promeTp
MpeaTHa3HaueH UIST TECTUPOBAHUSI TPeOIIOB.

LleHHbIe faHHbBIE ObUIM MOJYYEHBbI TIpU HaOJIOE-
HUU 3a maoBuamMu B OacceiiHe. IlpoOiembl, cBsI3aH-
HBIE C BEITTOTHEHNEM ITIOBOPOTOB M ITOCTOSTHHBIM JIBH -
>XEHHEM HOT, TIPHUBEIN YICHBIX K ITOMBITKAM HUCIIOJb-
30BaTh IJIaBaHME "Ha MIPUBI3U": TJIOBIIA 3aKJII0YAJIN
B “YIPSDKKY”, MPUKpPEIUIEHHYIO K KaHaTy, cepuu 0JI0-
KOB U CIelIMaIbHOMY JIOTKY C TsIKecThio (puc. 1.3,a).
CropTcMeH IIIBIBET CO CKOPOCTBIO, IPU KOTOPOit
COXpaHSIETCSI TTOCTOSTHHOE ITOJIOKCHHWE Tela B Oac-
ceifae. ITo Mepe m00aBICHMS MacChl B JIOTKE TIOBILY
MPUXOAUTCS TUIBITh ObICTpee (OoJibllie paboTaTh), YTO-
OBI COXPAaHUTH MOJOXKEHUE TeIa.



Bnok

OtarowieHne

Puc. 1.3. Ilnaeanue "na npuessu’ (a)u naasauue 6 2udpodunamuueckom obacceiine (6)

XOT$ 3TOT METOJ1 MO3BOJIUII MOJTYYUTh BeChbMa UH-
TepecHble JaHHbIE, TEXHUKA MJaBaHMS TUIOBLA "Ha
MpUBSA3U" OTIMYAETCS OT TEXHUKM CBOOOIHOTO Iija-
BaHus. [MapommHamMmudeckuii 6acceitd (puc. 1.3,6) mo-
3BOJISIET MJIOBI[AM MaKCUMaJbHO MPUOIU3UTHCS K CBO-
eil ecTecTBeHHOI TexHUKe TulaBaHusl. CylIHOCTb THI-
POAMHAMUYECKOro OacceiiHa COCTOUT B CIIEAYIOLIEM:
Mpone/UIepHble HAcoChl OOECTIEUMBAIOT LIUPKYJISLIUIO
BOJIbI TI033/IM TJIOBLIA, KOTOPBIH CTapaeTcs COXPaHUTD
nojioxeHue Tena. M3MeHsia cTemeHb LUPKYJISLUU
BOJIbI, U3MEHSIOT CKOPOCTb, C KOTOPOW TMJIOBEL 10JI-
KeH TUIbITh. [uapoarHamMuyeckuii 6acceitH, K coxa-
JIEHUIO, OYEHb JOPOTOCTOSIINIA, TO3BOJIWI, 110 Kpal-
Hell Mepe YaCTUYHO, PEeLIUTh MPOOIeMbl, CBSI3aHHbIE
¢ IJIaBaHWEM "Ha MPHUBSI3K", a TaKKe CO30al HOBEIE
BO3MOXHOCTHU JJIs1 TIPOBEACHMS NajlbHEHIINX UcCie-
JOBaHUM.

CIIELUMDOUYHOCTb TECTUPOBAHUA

Bribupas spromerp mis MpoBeAeHUS TeCTUPOBa-
HUSA BIUSHUS (PU3MYECKOM HATPy3KHM, OYeHb BaXXHO
YYUTHIBATh MPUHIUI CHEUUDUUHOCTU TecTa, UTO
IoKasajy pe3yibTathl ucciemoBanuii [8, 10]. B obo-
WX WCCIETOBAHUAX KOHTPONHMPOBAIN YBEIUUCHUE
a3p0o0HOM BRIHOCIMBOCTU Tociae 10 Hemenb 3aHATHI
Mo TaBaHWO. M CHBITyeMble BBHITTOTHSIIM MaKCH-
MaJIbHYIO Harpy3ky (Oer Ha Tpen0OaHe ¥ IJIaBaHHE Ha
MIPUBSI3M) 10 ¥ TOCTIe TPEHNPOBOTHBIX 3aHATHI. [To-
Ka3aTelb BEIHOCIWBOCTH, OIPeHeNeHHBIN Ha OCHO-
BaHUY TECTA IUIABAHMUS "'HAa MPUBSI3U", YBEIUIUIICS
Ha 11 — 18 %, B TO BpeMsI KaK BRIHOCITUBOCTD, OTIpe-
IeleHHasT Ha OCHOBAHMH TecTa Oera Ha TpendaHe, He
u3MeHuaach. Eciu Obl 1151 TECTUPOBAHUS UCTIOIbB30-
BaJIM JIMIIhL OeT Ha TpemOaHe, YUYCHBIM IPUIIIOCH OBl
clenatb BHIBOI, YTO TPEHUPOBKA CIIOPTCMEHA-TJIOB-
11a He BJMSIET Ha KapIUOpecrnupaTOpPHYI0 BBIHOCIHU-
BOCTb BOOOIIIE.
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B OB3OPE...

1. Haubonpumiuii unTepec 1 GpusnMonoros mpen-
CTaBJISIIOT OCTPHIEC WIN CPOYHBIE peaKIIMM OpTaHU3Ma
Ha OTJeJIbHbIe LMKl HATPY3KHU.

2. Tlpu olieHKe 3THUX peakluil cenyeT YUUThIBaTh
YCIIOBUS OKpYXafollei cpemsl (TeMIlepaTypy, Blax-
HOCTb, OCBEILIEHHOCTb, YPOBEHb IIyMa), MOCKOJbKY
M3MEHEHHS YKa3aHHBIX (DAaKTOPOB MOTYT MOBJHSITH
Ha peaklny OpraHW3Ma.

3. Cremyer TakXe YYUTHIBATh CYTOUHBIC M MEHCT-
pyabHBIC UK. TecTHpoBaHUE CIeqyeT MPOBOAUTD
B OIHO M TO Xe¢ BpeMs CYTOK M B OOWH M TOT Xe
MepUOI MEHCTPYATbHOTO ITMKIIA.

4, DproMeTp MpeacTaBIseT co00il IpUOOp, II0-
3BOJISIIOIINI M3MEPUTDh KOJTMIECTBO 1 MHTEHCHBHOCTD
(hu3mIecKoit paboTHl B CTAaHIAPTU3MPOBAHHBIX YCIIO-
BUSIX.

5. BenoaproMerphbl TO3BOJIAIOT 6€3 0COOOTO TPY-
Jla UI3MEPUTDH TaBlieHWE KPOBU U B3SITh MPOOY KPOBH,
MOCKOJIBKY BEPXHSIS YacTh TYJIOBHINA HCITBITYEMOTO
0CTaeTCcsl OTHOCHMTEIbHO HemomBMXHON. Kpowme Toro,
Ha TIOJTyYeHHBIC Ha 3TWX NMPUOOpax pe3yibTaThl Mpak-
THYECKN He BIMSET M3MEHEHME MAacChl Tejla MCITBITye-
MOTO.

6. TpenbaHbl 00ECTICYNBAIOT OTHOCUTETEHO ITOCTO-
STHHYI0 MHTEHCUBHOCTb PabOTHI, TIOCKOJIBKY MCITBITY-
eMBIl He MOXET OCTaBaThCd Ha TpenOaHe, He TOmIep-
KMBas 3aJaHHYI0O UHTEHCUBHOCTb paboThl. Xoabba Ha
TpenbaHe MpeacTaBisieT co00i ecTeCTBEHHBIN BUI Jie-
aTenbHOCTH. OITHAKO Pe3ymbTaThl 3aBUCAT OT MacChl
Tela, W M3MEPATh (PU3MOIOTHYECKHe TepeMeHHBIE
TpyZIHee, YeM Ha BeJlodpromeTpe. MakcumanbHble Gu-
3MOJIOTHIECKIE TTOKA3aTeNl, KaK MMPaBUIO, BBIIIE MPU
MPOBeIeHNU TeCTHPOBAHMUS Ha TpemdaHe.

7. IlnaBanue "Ha MPUBSI3HU" ITO3BOIIIO IOJYIUTh
LEHHYI0 UHGOPMALIKMIO O PUBUOJOTUIYECKUX peaKiu-



SIX, OMHAKO MPM 3TOM METOIE ABMXEHUS IJIOBLA He-
JOCTaTOYHO €CTeCTBEHHBI. B cBOIO ouepenmb, IMApO-
IMHAMUYECKUIT OacceilH olOecrmeynBaeT CBOOOIHOE
€CTECTBEHHOE IIJIaBaHME, a TaKKe ITO3BOJISET IOJY-
YUTh Pe3yIbTaThl, KOTOPHIE MOXHO MCIOJb30BATh KaK
B COPEBHOBATEJIbHOM, TaK U B PEKPEAllMOHHOM ILJa-
BaHWN.

8. Ilpm ompemeneHuMM peaknuii opraHm3Ma Ha
(pu3nyecKyo Harpy3Ky O4eHb BaXHO, YTOOBI PEXMM
TECTUPOBAHUS MAKCUMAaJbHO COOTBETCTBOBAI THUITY
(pu3myeckoil AeITeIbHOCTH, MPUBBIYHON IJIS MCIIBI-
TYEMOTO.

JOJITOBPEMEHHAA ®N31NOJIOTr'NMYECKAS
AJAIITALINA K TPEHUPOBOYHbBIM
HATPY3KAM

[lpn m3ydeHUW CpOUHOH amamTaly Ha (u3Mdec-
KyI0 Harpy3Ky Hac MHTepecyeT HeMeIJIeHHas peaKIus
OpraHM3Ma Ha OTHEeJMbHBIN IMKI Harpy3ku. dpyroit
OCHOBHOM cepoii uHTepeca B 00JaCTU (PU3MOIOTUI
(bu3MYecKHUX HATPY30K M CIOpTa SIBISIETCSl peaKilus
opraHu3Ma B TeYEHHE OMpPEAeNEHHOTO Mepuoaa Bpe-
MEHU Ha MOBTOPSIIONIMECS LUKl Harpy3oK. Eciu Bbl
peryJsipHO 3aHUMaeTech (PU3NYECKON AESTENbHOCThIO
Ha MPOTSDKEHUM Hejiesb, Balll OPTaHM3M afanTupyeT-
cs1. @usnonornyeckas aganTalys BCIEACTBHE ITOCTO-
STHHBIX (PM3MIECKUX HArpy30K TIOBHIIIAET CTIOCOOHOCTh
BBITIOJTHATh (DU3MUECKYIO HArpy3Ky, a Takxke 3ddek-
TUBHOCTb BBIMOJHEHUS. [Ipy CUIOBBIX TPEHUPOBKAX
YBEJIMUMBAETCSI CUJa MBI, TMPU a3pPOOHBIX TMOBBI-
maetcs 3(h(GeKTUBHOCTD (GYHKIIMOHMUPOBAHUS CEpIIa
1 JIETKNX, a TAKKE YBEINUMBAETCS BHIHOCIMBOCTD Opra-
HM3Ma. DTU aflanTaluy crieuuOUIHbI 11 pa3IuYHbIX
TUTIOB TPEHUPOBOYHBIX HATPy30K.

-

OCHOBHBIE ITPUHIUITBI
TPEHMPOBOYHbBIX HAI'PY30K

B cremyrommx rimaBax MBI BCECTOPOHHE PacCMOT-
PUM CITeIMGIIECKYI0 (PU3NOTOTHIECKYIO alalTaIlHIo,
00YCITOBICHHYIO MOCTOSHHBIMU (DU3MIECKUMU WU
TPEHUPOBOYHBIMHU Harpy3kamu. HekoTopble prHIIM-
IIBl TPUMEHUMEI KO BCEM BHIAM (DU3MIECKUX HaTpy-
30K. Kaxmprii u3 HUX OymeT pacCMOTPEH B COOTBET-
CTBMH CO CHeIM(DUIHBIMU BUAAMH 3aHSATUH. 3mech
PacCMOTPUM OCHOBHBIE TIPUHITUIIE TPEHUPOBOTHBIX
HaTpy30K.

IIpuHIMN MHIUBHAYATLHOCTH

Y Hac ¢ BAMM HEOIMHAKOBasI CITIOCOOHOCTD ajar-
THUPOBAThCI K TPEHMPOBOYHEIM Harpy3kaM. Hacnen-
CTBEHHOCTh MTPAeT TIaBHYIO POJIb B OMpPeHeICHUN
TOrO, KaK OBICTPO M B KaKOH CTETICHW OPTaHU3M
amanTHPYeTCcd K TPEHUPOBOTHOM MpoTrpaMMe. 3a M-
KJIIOYeHNEeM MOHO3WUTOTHBIX OJTM3HEIOB HET ABYX
nMoneil, UMeIOIIX abCOMIOTHO OTMHAKOBHEIE TeHe-
THYEeCKHE XapaKTepucTHKH. [losTomy amamranmus
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Pa3HBIX UCIBITYeMBIX K OTHOM M TOH Xe IMporpaM-
Me Harpy3ok oyzmet pazHoii. KonebaHus NHTeHCHUB-
HOCTH KJIETOYHOTO Pa3BUTHUS, 0OMEHa BeIIEeCTB, a
TaKXe HEPBHOU U SHIAOKPUHHOM PEeTYNSIUN TaKXe
00YCJIOBIMBAIOT 3HAYUTEIbHBIE WHIWBUIYaJIbHBIE
pasnmumuusa. UMeHHO 3T pa3nuius 00bACHSIOT, TI0-
YeMy y OIHMX JIOAel HaOM0JaloTCs 3HAYMTelbHbIE
YIYUYLIEHUS TIOCNIE 3aHATHI 10 JaHHO IporpaMme
TPEHUPOBOYHEBIX HATPY30K, a y APYTHUX IOCIE TaKOM
K€ TIPOrpaMMBl YIYUYIIeHUS MMUHUMAaJbHBI WIN MX
BooOUIe HeT. IMeHHO MmoaToMy Jitobasi mporpaMmma
TPEHUPOBOYHBIX HATPY30K MOJKHA YIMTHIBAThH CIIE-
uMpUIecKrue MOTPeOHOCTH M CIIOCOOHOCTH OTIEINb-
HBIX UCTBITYEMBIX. DTO — MPUHIWI WHIUBUIYaNlb-
HOCTH.

IMpuxmun cnenupuIHOCTH

TpeHnpOBOYHBIE agaNTaluyd BechbMa CIEIM(OUIHEL
K THITY (GU3MIECKON NeATeTbHOCTH, a TaKKe O00BbeMy
1 MHTCHCUBHOCTH BBHITIONHSAEMBIX (PU3NIECKUX HATPY-
30K. [l yaIydImeHUs MBIIIEYHOM CUIIBI, HAaIIpuUMep,
TONKATENIO Sapa He CIeAyeT aKIeHTUPOBaTh BHUMA-
HUe Ha Oere Ha IIMHHBIC TUCTAHIIUN WU BBITIONHSATD
MeIUIEHHBIE CHJIOBBIE HArPy3KW ¢ HU3KOM WHTEH-
CHBHOCTBI0. TOYHO TaK Xe, CTaifepy HET CMBICNIA 3a-
HUMAThCS TJIABHBIM 00pa3oM WHTEPBATbHBIMU TPEHH-
POBKaMM CIIPUHTEPCKOTO THUMA. MIMEHHO Io3TOMY
CIIOPTCMEHHI, TPEHUPYIONINECS Ha Pa3BUTHE CHJIBI U
MOIIIHOCTH, HATTPUMED, TSKEI0ATIETh, 0OBIYHO MeS
OOJBIIYIO CUITY, XapaKTePHU3YIOTCS TaKUM XK€ ypOB-
HeM a3pOOHOI BHIHOCIMBOCTH, KaK M HETPEHUPOBAH-
Hble mopu. CormacHO MPUHIIMIY CIIeTUPUIHOCTH Tpe-
HUPOBOYHAS MTPOrpaMMa JOJIKHA 00eCIIeYnTh Harpy3Ky
TeX (PM3MONOTUIECKUX CHCTEM, KOTOpBIE MMEIOT pe-
IIafolnee 3HaYeHUe IS TOCTYXKCHMS ONTHMATbHBIX
pe3yIbTaToB B TAaHHOM BHIE CITIOpPTa C TeM, YTOOBI I0-
CTHYD CHEeIUGIIECKON TPSHUPOBOYHOM amanTaIliH.

IIpuHoun npekpameHust
TPEHUPOBOYHBIX HArpy30K

BoblIMHCTBO CHIOPTCMEHOB COTJIACATCS C TEM,
qTO peTyMsIpHBIe (PU3NUYECKNe HATPY3KW ITOBHIIIAIOT
CMOCOOHOCTb MBIIIL MTPOU3BOAUTL OOJIbIIE SHEPTUU
M MEHBIE yCTaBaTh. TOYHO TaK Xe¢ TPEHHPOBOUHBIE
3aHSITUS, HalpaBjieHHbIe Ha Pa3BUTUE BHIHOCIMBOC-
TH, yJIy4IlllaloT CMIOCOOHOCTb CIIOPTCMEHA BBIMTOJHSATD
OosblINii 00beM pabdoOThl B TeueHUe Oojiee AJTUTENb-
HOro nepuona BpeMeHU. OgHAKO ecliv Bbl Mpekpa-
TUTE TPEHUPOBATHCS, YPOBEHb Balllei MOATOTOBJEH-
HOCTM 3aMETHO CHM3HUTCS. Bce, 4ero BBl HOCTUTIIH
BCIICICTBHE TPEHUPOBKH, MOTEPSETCSI. DTOT MPUH-
LU MPpeKpalieHUs TPEHUPOBOYHBIX HATPY30K TOPO-
I TOMYJISIPHOE M3peyeHue "UCToAb3yiTe WIu Mo-
Tepsiete”. TpeHUPOBOUHAs TporpaMmma IoJKHa BKITIO-
YyaTh IUIAH COXpaHeHus gocturHyroro. B rmase 13
MBI paCCMOTPUM cTieliMuYecKre PU3nogoruyeckKme
U3MEHEHUS, TPOUCXOISIIINE B OpTaHU3Me TIpH TIpe-
KpallleHNW TeHCTBUSA TPEHUPOBOUYHHBIX CTHMYIIOB.



IpuHIMIT TIPOTrPECCUBHOI IMEPErpy3Ku

JIBa BaxXHBIX MOHATUS — TMeperpys3Ka u nporpec-
CUBHasl TPEHUPOBKA — SIBJISIOTCS OCHOBOW BCEX BU-
JIOB TPEHUPOBKU. B COOTBETCTBUM C MPUHIUIIOM
MPOTPECCUBHOM Meperpy3ku, Bce TPEHUPOBOYHBIE
MpOTpaMMbl JOJKHBI BKJIIOYATh 3TU 1Ba KOMIIOHEH-
ta. Hanpumep, 4ToObl yBEJIUYUTH MBILIEYHYIO CUITY,
MBIl CJAEAYEeT Meperpyxarb. OTO O3HAYAET, 4TO
Harpy3ka JOJDKHa IIpeBbIIIaTh 0ObIYHYM0. IIporpec-
CUBHas CWJIOBas TPEHMPOBKA IOAPAa3yMEBAET, UTO C
YBEJMYEHUEM CUJIbI MBIIIL POMTOPLIUOHATBHO 00JIb-
masi BeJIMYMHA COMPOTUBJEHUS HeoOXoouma s
JaJbHeNIero CTUMYIMPOBAHUS YBETUUYEHWS UX CUITBI.

B kauectBe nmpumepa BO3bMEM MOJIOJIOTO YEJTOBE-
Ka, KOTOpBIA MOXET BBHINMOJHUTh Juilb 10 moBTOpe-
HUM XuMa Ha ckambe macchl 68 kr (150 ¢yHTOB),
MpeXIe YeM JOCTUTHET COCTOSAHUS yTomieHus. Ye-
pe3 1 — 2 Hemenu CUIOBBIX TPEHUPOBOK OH CMOXET
YBEJIMYUTD YUCIIO TTOBTOPEHUH 10 14 — 15 (Macca Ta
ke). 3ateM, yBeauuMB Maccy Ha 2,3 Xr (5 ¢yHTOB),
OH CMOXET BBHIMOJHUTHL 8 — 10 mosTopeHuid. Ilpo-
JI0JXasi TPEHUPOBAThCS, OH CHOBA YBEJIMYUT KOJU-
YeCTBO MOBTOPEHUM M B T€YEHUE OYepedHbIXx 1 — 2
Hejesb OyaeT roToB 100aBUTh ele 2,3 Kr (5 (pyHTOB)
K Macce cHapsiaa. Takum o0pa3oM, OCYLIECTBIISIETCS
MPOTPECCUBHOE YBEJIMYEHHME MAacCChl, KOTOpPYIO TOM-
HuMaloT. TakuM ke 00pa3oM MOXHO IPOrpeCcCUBHO
YBEJIUYUTh TPEHUPOBOYHBIM 00bEM (MHTEHCUBHOCTD
U TPOAOJIKUTENBHOCTh), 3aHMMAsICh aHAPOOHBIMU
1 a3pOOHBIMY TPEHUPOBKAMMU.

B OB3O0OPE...

1. I'MaBHBIM acrekToM H3y4yeHus (HU3UOJOrOB B
001aCTH (PU3MOJIOTUU MBIIIEYHON AESTEIbHOCTHU SIB-
JIieTCsl ajanTtalys OpraHu3Ma K TMOCTOSHHBIM (JUTU-
TeJIbHbIM) TPEHWPOBOUHBIM HAarpy3kam.

2. B coOTBETCTBUM C MPUHLMIIOM WHAWBUIYAJb-
HOCTH, KaXJblii YEJOBEK SIBJISETCS €MMHCTBEHHBIM B
CBOEM pOJIE, TO3TOMY NP MJIAHUPOBAHUHU MPOrpaMM
TPEHUPOBOK CJIEAYeT MPUHUMATh BO BHUMaHWE WH-
JIUBUIyaJbHbE OCOOEHHOCTH. PasHble Momu Mo-pas-
HOMY DearupyloT Ha AaHHYI TporpamMmy TPEHUPO-
BOK.

3. B CcOOTBETCTBMM C IPUHIMUIOM CHeUUbUY-
HOCTM, JJIs1 MOBbIIIEHUSI 3(P(HEKTUBHOCTU TPEHU-
POBKM OHM JIOJDKHBI MaKCUMaJlbHO COOTBETCTBOBATb
crieliuKe MBILICYHOM IesATeIbHOCTH, KOTOPOMl 3a-
HUMaeTcsd ucnbiTyeMblili. CrnopTCcMeH, 3aHUMalo-
1iMiAcs BUIOM CIOPTa, TPEOYIOLIMM MPOSIBJAEHUS Or-
POMHOM CUJIBI, HAIIPUMED, TSIXKEJIOM aTIIETUKOU, HE
YBEJIMUUT CUJIY BCIENCTBUE Oera Ha JJIMHHBIE IUC-
TaHIUU.

4. B COOTBETCTBUM C MPUHLUMIIOM IpeKpalleHMs
TPEHUPOBOYHbBIX 3aHATHUI, TOCTUTHYTOE B PE3yJIbTa-
T€ 3TUX 3aHATUI TEPSIETCS, €CIM OHM MPEKPaIlaloTCcs
WM Pe3KO0 CHUXKaeTcs ux 00beM. Bo u3dexxaHue 3Toro
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BCE TPEHUPOBOYHBIE MPOTPAMMBI TOJKHBI COIEPKaTh
MPOrpaMMy COXpaHEHUSI JOCTUTHYTOTO.

5. B cooTBeTcTBUY ¢ MPUHIIMIIOM IIPOrPECCUB-
HOI Meperpy3Ku, TPEHUPOBOYHBIE 3aHSATHS TOJKHBI
BKJIIOUATh HATPY3KKM HA OPTaHU3M (MBI, CEpAeY-
HO-COCYIMCTYIO CUCTEMY), TIPEBBIILIAIOINME OOBIYHbIE;
M0 Mepe ajanTtalyy OpraHW3Ma TPEHWPOBOUYHBIE Ha-
TPY3KU YBEIUIMBAIOTCSI.

BMIbl TPEHUPOBOYHLIX [TPOTPAMM

BrIICHUBOCHOBHBIE TPEHUPOBOYHBIE TPUHIIUIIHI,
MBI MOXEM PacCMOTPETh HEKOTOPbIE BUIBI TPEHUPO-
BOYHBIX TPOTPaMM:

* CHWIOBYIO TPEHUPOBKY;

* VHTEePBATbHYIO TPEHUDPOBKY;

* HETIPEPBIBHYIO TPEHUPOBKY;

* KPYTOBYIO TPEHUPOBKY.

CujoBasi TpeHMPOBKA

CuiioBasi TpeHMpOBKA HampapjieHa Ha yBeJuye-
HUE CUJIbl, MOUTHOCTH U MBIILIEYHOM BHIHOCIUBOCTH.
[TnaHupys cunoBble TPEHUPOBOUYHBIE HATPY3KM, HE-
00X0IMMO, B TEPBYIO OYEPEb, OMpPENENUTb, Kakue
MBbIILIEYHbIE TPYMIbl Bbl XOTUTE TPEHUPOBATh, a 3a-
TeM I0J00paTh COOTBETCTBYIONINE ypaxkHeHus. Tpe-
HUPOBKA B KaxJOM YIpaXHEHWM pa3dOUBaeTCd Ha
LIUKJIbl, TOBTOPEHUS U CONPOTUBJIEHKE. PaccMoTpuM
MpUMep, MpUBEIEHHbIH B Ta01. 1.3 — crudaHue AByX
pYK ¢ raHtensiMu. [Iporpamma BKJIIOYAET TPU LMKJIA
no 10 moBropeHuit B KaxaoM. B mepBoMm 1uKie
conporusienue cocrasiger 100 % mMakcuMmanbHOMU
Macchl, KOTOPYIO CIIOPTCMEH MOXeET nofaHATh 10 pas.
OT0 TaK Ha3bIBaeMblit MakcUMyM 10 MOBTOpEeHUI, UK
10-I1M. B Hamem npumepe 10-IIM pasen 100 yH-
taM. Conpotusnenue 90 % 10-IIM (90 dyHTOB) HC-
noJib3yeTcst Bo Bropom 1ukie, 80 % 10-TIM (80 dyH-
TOB) — B TpeTbeM. bojiee moapoOHO mporpaMma Cu-
JIOBOM TPEHUPOBKU paccMaTpuBaeTcs B riase 4.

Taoaumma 1.3. IIporpaMma cHIOBOii TPEHHPOBKH

N0 CTMOAHMIO JBYX PYK

Lnxn [ToBTOpeHue ConporusieHue, GyHTbI
[Tepsbiii 10 100
Bropoii 10 90
Tpetnit 10 80

HMurepBaibHasi TpeHUPOBKA

B uHTEpBaIBHON TPEHUPOBKE KOPOTKUE WU CPEI-
HUE TIepuoIbl pabOThl YepemyloTcs C TaKUMH Xe Tie-
pyojaMK OTAbIXa MM TOHMXEHHOW aKTHBHOCTH.
B ocHOBY MHTepBaIbHOI TPEHUPOBKU 3aJOXEH YeT-
KUt (pU3UONOTUYECKUI MPUHIUI. YUeHbIE YCTaHO-
BUJIM, YTO CTIOPTCMEHBI MOTYT BBHITIOJHSTh 3HAUUTE b~
HO 0oJiblINiT 00beM paboThl, pa3dKBasi ee Ha KOpOT-



KM€ MHTEHCUBHbIE IIUKJIbI C MEPUOJAMU OTAbIXa UJIN
MOHUXXEHHOI AeATeIbHOCTH MEXIY MOocea0BaTeb-
HBIMU LMKJIaMu paboTel. Kak cinemyet w3 Tabn. 1.4,
MePBBII IIUKJT BKJTIOYAET 6 MOBTOpeHUI Oera (MHTEp-
Bajibl pabothl) mo 400 M Kaxmoe; KaXxablii MHTepBal
BBIMOJIHSETCA 3a 75 ¢, 3aTeM CJIeyeT BOCCTaAHOBICHME
B ¢opMe MeIIeHHOro Oera Tpycuoil B TeueHue 75 C
MEXIy MHTepBajJaMu paboThl. Bo BTopoM LMKIIe Tpe-
AaycMoTpeHo 6 moBTopeHuit 1o 800 M Kaxmoe, BHIITOJ-
HEHMe UHTepBaja padoThl 3a 180 ¢ U BoccTaHOBJIEHKE
C MOMOIIbIO MEAJIEHHOTO Oera TpycLoi U1 X0ab0bl B
TeueHue 180 ¢ Mexay MHTepBajJaMU paOOTHI.

WHrepBaibHasi TpEHUPOBKA MPUMEHUMA MTPaKTH-
yeckM B KaXIOM BHUJE CIOpTa, Yalle BCEro ee MC-
MOJb3YIOT AJSl TOATOTOBKM OEryHOB M TLIOBLIOB.
[IpuHUMIIBI MHTEPBATBLHON TPEHUPOBKM MOXHO ajiar-
TUPOBAaTh K JPYTMM BUIAM J€SATENbHOCTH, BbIOpaB
(bopMy WM pexkuM Harpy3KU U M3MEHSIS OCHOBHbIC
nepeMeHHbIe B 3aBUCHUMOCTH OT BUJA CIOPTa U WH-
JTVBUAYaTbHBIX 0COOEHHOCTel criopTcMeHa. Pokc u
M>3Thl03 Onpeneauan OCHOBHbIE IMEpeMeHHbIe, KO-
TOpbIe ciefyeT "MOJOrHATh”" TOM KaXA0To CHOpTCMe-
Ha [7]:

* MHTEHCUBHOCTb U MPOJOKUTEIbHOCTh UHTEP-
Bajia paboThl (Harpy3ska M MPOAOKUTEIbHOCTh
CUJIOBOI TPEHUPOBKH);

* KOJMYECTBO MOBTOPEHMI U LIMKIOB Ha KaXI0M
TPEHUPOBOYHOM 3aHSATHUU;

* MPOJOJKUTEbHOCTh MHTEpPBaJa OTAbIXa (BOC-
CTaHOBJICHUS );

* BUJ AESATEILHOCTU BO BpeMsl OTAbIXa;

* KOJIMYECTBO TPEHUPOBOUHBIX 3aHATHI B HEAEIO.

HenpepbiBHasg TpeHHpoOBKa

CaMo Ha3zBaHUE TOBOPUT O TOM, UTO 3TOT BUI Tpe-
HUPOBKM TOIpa3yMeBaeT HeMPePhIBHYIO AeSITeIbHOCTD
0€3 MHTEPBAJIOB OTIbIXa. DTO MOXET OBITh BHICOKO-
WHTEHCUBHAsl HeMpepbIBHAS AeSITEIbHOCTh CpPEeAHEn
MPOIOKUTENbHOCT WJIM TPEHUPOBOUYHAS Harpyska
HEeOOJbIION MHTEHCUBHOCTU B TeUEHUE MPOJOJIKHU-
TeJIbHOTO Tiepuojaa BpeMeHu. PaccMoTpum 06a Buaa.

BhicoKOMHTEHCHBHAS HeNpepbIBHAS TPEHUPOBKA.
MHTEeHCUBHOCTD pabOTHI MPU TAKOW TPEHUPOBKE CO-
craBnseT 85 — 95 % makcumanpHoit YCC crmopt-
emena (UCC, | ). Hampumep, GeryH Ha cpelHue nu-
CTaHIIMU MOXET Mpodexath 8§ KM (5 MWIJIb) CO CKO-
pocTbio 3 MUH'KM ~ ! (5 MUH- -MMb ') ipu cpenHeit
YCC 180 ynapos-Mun~ ' (nomyctus, yto YCC
= 200 yaapam-MunH~').

BricokoMHTeHCHBHAS HEMPEepbIBHAS TPEHUPOBKA
BecbMa 3 (HEKTUBHBI AJIsI TIOATOTOBKY CIIOPTCMEHOB,

Makc

3aHUMAalOIMXCS BUAAMU CITOPTA, TPEOYIO MM U MPO-
SIBJICHUSI BBIHOCJIMBOCTHU, KOTAA HE BBITIOTHSIETCS
OosbpuIoil 00beM paboThl. TpeHUPOBKA ¢ TMOCTOSIH-
HOW, OJU3KON K COPEBHOBATEIbHOU MHTEHCUBHOC-
ThIO TOBBILIAET CHOCOOHOCTb CMOPTCMEHa MOAep-
KMBaTh OJMHAKOBBIM TeMI BO Bpems 3abera u, Kak
MpaBUJIo, BeldeT K YIyullleHUIo pe3yabTaToB. Kpome
TOTO, PEryJispHble TPDEHUPOBOYHbIE HATPY3KU UJIH 3a-
0erv ¢ MHTEHCUBHOCTBI0, OJIM3KOM K COPEBHOBATE/b-
HOM, MOBBILIAIOT CKOPOCTh HOT, UX CUJY M MbIIIEY-
HYI0 BBIHOCIMBOCTb. K coxaneHuio, mogoOHas Tpe-
HUPOBOYHAs TpOrpamMma MpeabsIBiseT CIOPTCMEHY
BeCbMa 3KCTpaopAMHapHbIe TpeOOBaHUSI, OCOOEHHO
€C/IM OHa paccuMTaHa Ha HECKOJIbKO HEeleNb MU Me-
csaueB. PekoMmeHmyeTcsl mepuoauyecky BBOIUTH Ba-
pUaHTHl ¢ Ooslee HU3KOW MHTEHCUBHOCTHIO (1 — 2
pasa B Heleso), YToObl AaTh CMOPTCMEHY HEMHOTO
MEPENOXHYTh M1OCIe U3HYPUTEIbHbIX, BRICOKOMHTEH-
CUBHBIX HEMpPEPBbIBHBIX TPEHUPOBOK.

IIponomkuTe/ibHAS TPEHMPOBKA HU3KOW WHTEHCUB-
HOCTH. DTOT BUJ TPEHUPOBKU CTAT UCKIIOUUTEIBHO
MOMYJISIPHBIM B KOHIIE 60-X TOIOB TEKYINETo CTOJIe-
Tusi. COPTCMEH TPEHUPYETCS! C OTHOCUTENbHO HU3-
KOW MHTEHCUBHOCTBIO, cKaxeM 60 — 80 % 4YCC
YacroTa cepieUHbIX COKpallleHU PelKo MpeBbilaeT
160 ynapos-MUH ™! y MoJIOABIX cIOPTCMEHOB U 140 —
y Oosiee 3penbix. [NTaBHas Leib TPEHUPOBKU HE CKO-
pocTb, a pucTaHuusi. COpTCMEHbI, 3aHUMAIOIIAECS
BUJAMU CTIOPTa, TPEOYIOLIVMHU MPOSIBICHUS BBIHOCIH -
BOCTM, MOTYT npobderath 24 — 48 kM (15 — 30 mub)
KaXablil JeHb, YTO COCTaBUT 3a Heaelto 160 — 320 kM
(100 — 200 muab). CKopocTh Oera mpu 3TOM HAMHOI'O
HUXE MaKCUMAaJbHOM, KOTOPYIO MOXET MOAIEPXKU-
BaTb criopTcMeH. Hanpumep, eciu Bbl MoxkeTe OexaTh
CO CKOPOCTBIO 3 MUHKM™! (5 MUH-Mum0™!), BB 10I-
XHBI TPEHIPOBATLCH CO CKOPOCTHIO 4 — 5 MUH-KM™ !
(7 — 8 MuHMUIbL1). DTOT METOI TPEHMPOBKU 3Ha-
YUTENbHO Jierye, YeM METOJ BbICOKOMHTEHCUBHOM He-
MPEePHIBHON TPEHUPOBKU, MOCKOJIbKY OKa3bIBaeT 3Ha-
YUTEJbHO MEHBUIYI0 HArPYy3Ky Ha CepAeYHO-COCYaU-
CTYI0O U pecnupaTOpHyO cucTeMbl. Bmecte ¢ Tem
npoberaHue OOJbIIMX AUCTAHUUNA MOXET BbI3BATb
3HAYUTEIbHBIH TUCKOMMOPT B 001aCTH MBIIIIL U CY-
CTaBOB U MPUBOAUTHL K TpaBMe.

DTOT METOA TPEHUPOBKM, MO-BUAMMOMY, dallle
BCETO UCITOJIb3YETCS AJISI Pa3BUTHUS BBIHOCIMBOCTHU

* TeMHM, KTO X04eT "OBITh B popMe" C TOUKM 3pe-
HUS COCTOSIHMS 310POBbSI;

* CIIOPTCMEHAMU, 3aHUMAIOLIIUMUCSI KOMaHAHBIMU
BUJAMU CIIOPTa, KOTOPbIE MCIONb3YIOT TPEHHU-
POBKHM Ha pa3BUTHE BBIHOCIMBOCTHU TOJBKO ISl
0011e(U3UIECKON OATOTOBKY;

Taonumald
Luxn Tosropenue, JluctaHuMs, M HponosxuressHoCTs Bpemst Bun niesitesbHocTH fU1st O06pa3sen MporpamMmbi
pas HUHTEpBaia pa60Tl>I, C BOCCTAHOBJICHUS, C BOCCTAHOBJICHU A “HTepBaﬂLHOifi

TPEHUPOBKH

TMepBblit 6 400 75 75 Ber Tpycuoii A5 GeryHoB

Bropoii 6 800 180 180 Ber Tpycuoii/xonL6a Ha cpeAHue
UCTAHIAH
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* CIIOPTCMEHAMMU, XK €10 LUMU COXPAHUTD BBICO-
KW ypOBEHb BBIHOCJIMBOCTH B MEXCOPEBHOBA-
TEJbHBIN MEPUOI. |

st oTUX Ueaedl ypoBeHb MHTEHCHMBHOCTU COXpa-
Hsetcs B npenenax 60 — 80 % YCC _ , a nucranuus
cokpauiaetcs. Hanmpumep, 6eryHbl MOTYT COKpaTUTb AU -
cTaHuuio 10 5 — 8 kM (3 — 5 Muib).

CrenyeTr OTMETUTb, YTO NAaHHBIM METON BecbMa
3¢ GeKTUBEH A1 pa3BUTHS OOIIEl BHIHOCIMBOCTH,
MOCKOJIbKY MO3BOJISIET BBIMOJHATH paboTy ¢ Hambo-
Jiee MOAXOosIIel MHTEeHCUBHOCTbIO. s moaeit cpen-
HEro U CTaplllero Bo3pacta, KOTOPbIe XOTIT AOCTUYb
WA COXPAHUTb MPUEMJIEMbI YPOBEHb (U3MUECKOM
MOATrOTOBJIEHHOCTH, 3TOT METON HamboJiee MOAXOMAs -
IIMA M HaMMeHee OMacCHbIN. YMpaXHEHUsI BbICOKOM
MHTEHCUBHOCTU TOTEHIIMAJbHO OMAaCHbI JJIs JIoaei
MOXWJIOTO BO3pacTa. DTUM JIOISIM TakXe He PEeKo-
MEHIyeTCsT 3aHUMAaThCS CIIPUHTEPCKUMHU MJTH "B3PbIB-
HBIMU" BUIaMHU (GU3NIECKOU HESITCIBHOCTH.

TpennpoBka ¢apriaek. PapTieKk — Urpa coO CKO-
pOCTbI0O — TIpEeACTaBisSIET coOOl (opMy HemNpepbiB-
HOW Harpy3kv ¢ HaMEKOM Ha UHTEPBaJIbHYIO TPEHU-
POBKY. DTOT TpeHMPOBOYHBINM MeTon ObLI pa3pabdo-
taH B llIBeuuu B 30-¢ rombl XX CT. U UCHONB3YETCS
MPEMMYILECTBEHHO OeTyHaMu Ha JIJWHHbIE AMCTaH-
uuu. I[lpogoskuTeabHOCTh 3a0era MpU TakoM BHUIE
TPEHUPOBKU COCTaBisieT 45 MUH U OoJiee, CIIOPTCMEH
MOXET MO0 XeJaHWI0 M3MEHSITh CKOPOCTb OT BBICO-
KOl 10 ckKopocTH Oera Tpycloil. DTo cBoOOmHast
(opmMa TpeHUPOBOK, B KOTOPOil I1aBHas 1ieJb HE qU-
CTaHLIMSI U BpeMsl, a MoJiydyeHue ynoBoabcTBUs. Tpe-
HUPOBOYHBIE 3aHSTUS OOBIYHO MPOBOJST B CEIBCKOM
MECTHOCTM, M300UJIYIOIEl MHOXECTBOM MOABEMOB
n cnyckoB. CrnopTcMeH caMm BbIOMpaeT Kak Mapli-
pyT, TaK U CKOpocTh Oera. OaHAKO MEPUOANYECKU
CKOPOCTb IOJKHA JOCTUTaTh BBICOKKUX YpOBHE. MHO-
rvue TPpeHepPhbl UCIMOJb3YIOT (apTiek Kak JOMOJHEHUE
K BBICOKOMHTEHCUBHBIM HEMTPEPBIBHBIM TPEHUPOBOY -
HBIMM Harpy3kamu WM UHTEPBaJbHOU TPEHUPOBOY-
HOW mporpamMe Ui HapyuieHUsi MOHOTOHHOCTH Ka-
KOTO-71M00 ONHOTO WX BUIA.

KpyroBas TpenupoBka

IIpu KpyroBoii TpeHUPOBKE CIOPTCMEH BBITION-
HSIeT CepuIio M30paHHBIX YIpaXXHEHW B TOCIEI0Ba-
TeJbHOCTH, Ha3biBaeMoil KpyroM. Kpyr oObIYHO cO-
crout u3 6 — 10 TpeHaxepon. Ha kaxmom TpeHaxe-
pe CIIOpPTCMEH BBITIOJIHSAET ONMpeae/ieHHOe YITpaxKHe-
HUe, HallpuMep, OTKMMaHue NN cTubaHue pyK, 3a-
TeM TIEpEXOIMT Ha CACAVIOILUI TpeHaxep. CnemyeT
CTPEMUTBLCS BBHITTOJHUTL paboTy B Kpyre Kak MOXHO
onicTpee. [TokasaTeaeM yaydIe HUS IBISIETCS BHITTOJ -
HeHHe Bceil paboThl 32 MEHBIIHMI OTPE30K BPEMEHU
WJIN BBITIOJIHEHUE 00JIbIlIero 00beMa padoThl Ha KaX-
IOM TpeHaxepe WAM U To, M apyroe. Kpome Toro,
MMOCKOJIbKY CIIOPTCMEH OeraeT MeXXIy TpeHaXepaMu,
M0 Mepe YBEJIUUEHUS PACCTOSTHUS MEXAY HUMU yIyd-
maeTcs U OeSITeJIbHOCTh CepAeYHO-COCYIUCTOM CHC-
TeMbl.
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[Mpu o6benMHEHUN KPYTOBOM TPEHUPOBKHM C Tpa-
IUITMOHHOM CUJIOBOM TTOJTydaeM KPYTOBYIO CHJIOBYIO
TPpeHUPOBKY. TpamguimoHHas CUI0OBas TPEHUPOBKaA
TpearoaraeTt, Kak mpaBmIo, MeIJICHHOE M METOTNY -
HOE BBITIOTHEHUE paboThl. MHTEepBaIbl pabOTH OYeHB
KOPOTKHE, a IEPHOIBI OTIBIXa — MPOAOJKUTEIbHBIC.
IIpu kpyroBo#t cuIOBOI TpeHMpPOBKE paboTa OOBIY-
HO BBITIOJHSETCS C WHTEHCHUBHOCTBHIO Topsnka 40 —
60 % MakcuMaabHOM cuibl B TeueHUe 30-CeKYHAHOro
WHTEpBaja, MEePHOJ OTIbIXa MEXIy paboYMMM WH-
TepBajaMu — 15 ¢, XOTSI UHTepBaJibl pabOTHI U OTIbI-
Xa MOXHO BUmouM3MeHATh. K mpumepy, Ha mepBoM
TpeHaxepe BBl BBHIMMOTHsAETE 3a 30 ¢ CTOJBKO IOBTO-
pEeHMIA, CKOJTbKO MOXeTe, 3aTeM oTmeixaere 15 c, me-
pexond K npyromy TpeHaxepy. Hauumnaete ciemyro-
it 30-ceKyHAHbIM mepron padoTel. OGBIYHO 3a KPYT
BBITIOJTHAIOT paboTy Ha 6 — 8 TpeHaxXepax. Peko-
MEHIyeTCsl BBIMOJHATh 2 — 3 1LUKIIA.

KpyroBast cuimoBasi TpeHHMpOBKa OOecIeunBacT
cpemHee yBeaWIeHUE adpOOHON BHIHOCTMBOCTH U 3HA-
YUTEJIbHOE YBEJIWYECHUE CWJIBI, MBIIIEYHOW BBIHOC-
JUBOCTUA W TUOKOCTH. Kpome Toro, Kpyromas CHJIO-
Basi TPEHUPOBKA MOXET 3HAYNTEIHHO U3MEHUTH CO-
CTaB Teja, YBEAWYUB MBIIICYHYIO Maccy M CHU3UB
comepXaHWe X1Upa B OpraHU3Me.

METOXLOJIOT'YISI MICCIJIELOBAHMIA

B 3T0il KHUTe MBI PacCCMOTPUM MCCIEAOBaHMUSA,
KOTOpBIE MMO3BOJIUIN HaM YCTAaHOBUTh, KaK PYHKIIM-
OHUpYET Halll OpTaHU3M BO BpPeMSI MBIIICYHOMU AesI-
TEIbHOCTH M KaK M3MeHseTcs ero yHKIMOHUPOBa-
HUE BCJEACTBUE TPEHUPOBOK. YTOOBI BaM OBLIO JieT-
ye MHTEPIPETHUPOBATh 3TH MCCIeJOBaHMs, BHavaje
BBl JOJDKHBI pa3o0paThcsl B OCHOBHBIX MOMEHTax MX
METOHOJIOTUU. PaccMOTpMM IBa acrekTa.

[JIAHVPOBAHVE JCCJIEODOBAHNUA

B 3T0li T71aBE MBI B OCHOBHOM 3aTPOHEM JiBa OC-
HOBHBIX TUIA TJIAHUPOBAHUSI WCCIEIOBAHUS: €IMHO-
BpEMEHHOE U JJIUTEbHOE MOBTOpHOE. B mepBoM ciy-
4yae B OOHO W TO X€ OMPENEIEHHOE BPEMS MTPOBOAUT-
csl TeCTUpOBaHME OOJbUIONW TPYMNIbl HACEJEHMS.
Paznuuus Mexny oTaeJbHbIMU TPYIIaMU UCTIOJIb3Y-
I0TCSI ISl OLIEHKW M3MEHEHUI J11000i naHHO pusu-
0JIOTUYECKOI mepeMeHHO# co BpeMeHeM. Bo BTopom
cllyyae mnocijie IepBUYHOTO TECTUPOBAHUSI UCTIBITYE-
MBIX TECTUPYIOT €ll€ OJWH WJIN HECKOJBKO pa3, 4To-
Obl OTIpENEUTh U3MEHEHHUSI CO BDEMEHEM.

B OB30PE...

1. CunoBas TpeHUPOBKA CIIOCOOCTBYET Pa3BUTHUIO
CHJIBI, MOIITHOCTH ¥ MBIIIEYHOM BRIHOCTUBOCTH. Tpe-
HUPOBOYHOE 3aHATHE TUIAHUPYETCS IO IIUKIJIaM, KO-
JUYECTBY MOBTOPCHUN W BEIWYUHE COTMPOTUBICHUS.



2. UHTepBanbHAasi TPEHUPOBKA XapaKTEPU3YETCS
YyepenoBaHWEM TMEPUOIOB PabOTHI M OTABIXA WU
MOHUXEeHHOU nesteabHocTH. OHa obecreunBaeT
BBINTOJIHEHKE 00JblIeTo o0bemMa Bcelr paboThl, IMO-
CKOJIbKY BO BpeMs TPEHUPOBOYHOTO 3aHSITUS TIPO-
WCXOAWT HEKOTOPOE BOCCTAHOBJIEHUE.

3. HenpepwiBHAsS TpeHUPOBKA TIPOBOAMTCS O€3 MH-
TepBaJIOB OTIbIXa. BHICOKOMHTEHCHUBHASI HETIPEPHIB-
Hasl TPEHUPOBKA TIPeyCMaTpUBaeT BHITTOTHEHUE pa-
0OTbl C BBHICOKOM MHTEHCUBHOCTBIO (85 — 95 %
HYCC,,..) u Becbma shdexTuBHA 11 PA3BUTUA Bbl-
HOCJTMBOCTH, HE OKa3bIBasi MPU 3TOM 3HAYUTETbHBIX
Harpy3ok. [lpomomkutenbHash TPEeHMPOBKA HM3KOUN
WHTEHCUBHOCTY TIPEATIONAraeT BBITOJIHEHUE PAa0OThHI
C OTHOCHUTENIbHO HU3KOW WMHTEHCHMBHOCTBIO (60 —
80 % YCC, ) B TeyeHME OYEHb MPOMOKUTENBHO-
rO Teprojia BpEMEHU WM Ha OYeHb OOJNBIION auc-
TaHIIMU, TEM CAMBIM OKa3bIBasi MEHbBINYIO HATPY3KY
Ha CepIEeYHO-COCYIUCTYIO U PECTIMPATOPHYIO CHUCTE-
MbI. BMecTe ¢ TeM OoHa MOXET BBI3BAaTh AMCKOMMOPT
VTV TPaBMY MBIIII] U CYCTaBOB.

4. TpenupoBka ¢apmieKk (Urpa co CKOPOCTHIO),
KCMOJb3yeMas IJIaBHBIM 00pa3oM OeTyHaMu Ha JJIMH-
HbI€ TUCTAHIIUM, TIPEICTABISET COO0I HETTPEePBIBHBII
BUJI TPDEHUPOBKM, OCYLIECTBIISIEMBIII B UHTEPBATbHOMN
(opme. beryHnl 1Mo COOCTBEHHOMY YCMOTPEHUIO Ba-
pBUPYIOT TeMIl Oera (OT BHICOKOI CKOPOCTH 1O CKO-
poctu Gera TpycLoi). OObIYHAST TPOAOIKUTEILHOCTh
3abera — 45 MUH wiu OosbIIIe.

5. Tlpu xpyroBoit TpeHUPOBKE CIMOPTCMEH KakK
MOXHO OBICTpee BBLIMOJHSAET pabOTy Ha CepUU Tpe-
HaxepoB, obpasyromux Kpyr. Ha kaxaom TpeHaxe-
pe BBITIOJHSETCS COBEPUICHHO WHOE YIpaXKHEHUeE.
KpyroBbie TpeHUPOBKYM MPEUMYIIECTBEHHO oOecrie-
YUBAIOT CpeqHEe MOBBIIIEHNE adPOOHON BBIHOCIH-
BOCTU ¥ 3HAYUTEbHOE YBEIUUEHUE CUJIbI, MBITIIEY -
HOW BBIHOCJIMBOCTU M TMOKOCTU. YBEJIMYEHUE Tpe-
HUPYEMOCTH CEPIETHO-COCYIUCTON CUCTEMBI JOCTH-
raeTcs 3a CUYeT PACIOJIOXKEHUs TPpeHaXepoB Ha 00JThb-
1IeM pacCTOSTHUU JIPYT OT Apyra, a TakXke yBeamde-
HU S CKOPOCTH TIepexofia OT OMHOTO TpeHaXepa K Ipy-
ToMy.

Paznuuusa Mexay 9TUMM IBYMsI TOAXOAAMU JIyd-
Lie BCEro WIJIIOCTPUPYET cilenyroiinii npumep. o-
MyCTUM, BBl XOTUTE OMPEAEIUTDh, TTOBBIIIAET JIU OeT
Ha JUINHHBIE TUCTAHIIMW KOHIIEHTPAINIO XOJecTe-
pvHa 1 anbda-TUMONPOTENHOB BHICOKOU TIIOTHOC-
1 (HDL-C) B kpoBu. D10 XenatenbHas popma xo-
JIeCTepUHA U TIOBBIIIEHHAS €€ KOHIIEHTPAIIUs CHU-
’KaeT pUCK BOSHUKHOBEHUS CEPAETHBIX 3a00IeBAHUA.
Hcmonb3yst eTMHOBPEMEHHBII TIOAX0 BBl MOXETE,
HampuMep, 00CcIen0BaTh OOIBIIT0E KOJUYECTBO JI0-
Jelt, KOTOPBIX MOXHO Pa3AeuTh Ha CIeAyI0IINe Ka-
TETOPUU:

* He MpoOeralNIuX 1 MUJIN B HEJEINO;

+ mpoberatomux 48 kM (30 MUIB) B HEIEIO;

* npobGeratouux 97 kM (60 MUIb) B HEAEIIO;

* mpoberaromux 145 kM (90 MUIIb) B HEIEIO.

3ateM BBl CpaBHUBAETE Pe3YJbTaThl KAXI0N IPyII-
b, 000CHOBAB CBOM BHIBOJIBI HA 00beME BHITIOJTHEH -
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HOM pabotbl. Takoii moaxon UCMOJb30BaIU B Oosee
PaHHMX UCCIETOBAHUSIX U JACUCTBUTEIBHO YUEHBIE
YCTAaHOBUJIM, YTO 4eM OOJIbIIE KMJIOMETPOB Ipodera-
€T 3a HEeJIeJI0 CIIOPTCMEH, TEM BBIIIE KOHLIEHTPalUs
XO0JIeCTEpUHA U alb(ha-JTUMONPOTEUHOB BBICOKOU
TUIOTHOCTU, 9TO CBUJETEIBCTBYET O MOJOXUTEIBHOM
BIUSAHUU Oera Ha JJIMHHBIE TUCTAHLIMU HA COCTOS-
HUE 3[10POBbS.

Wcmonb3yst 1IMTeTbHBIN TOBTOPHBIN TTOAXOM IS
WU3YYEHUS 3TOTO Xe BOMPOCA, BBl MOXETE CIIAHU-
poBaTh McClIeAOBaHNE TAKUM 00pa3oM, 4TOOBI B 12-
MECSAYHON mporpamme Oera Ha JJIMHHBIE TUCTaH-
LMW TIPUHSITN y9acThe HETPEHUPOBaHHBIE TIOMU. Bl
MoXeTe, HampuMmep, HaOpaTh 40 UYeIoBEK, Xelar-
IMX HavyaTh 3aHUMAThcs Oerom; 20 M3 HUX BKIIO-
YUTH B TPEHUPOBOUHYIO Ipymiy, 20 Ipyrux — B KOH-
TposibHyl0. OOe TpyImbl TMPEACTOMT HAOMomaTh B
teyeHue 12 mec. [1poObr KpoBU ciieayeT B3SITh B Ha-
yaJjie MCCJIeIOBaHMS U 3aTeM Kaxabie 3 mec. [locrne-
JHIOI0 TIpoOy KPOBU CJIEAYET B3SITb B KOHIE MpO-
TpPaMMBI.

[Ipu TakoMm monxoae o6e rpymnmbl HabMOAAIOT B
TeUEHUE BCETO IMepuoja, YTO MO3BOJISIET OMpee-
JISITh U3MEHEHUS YPOBHS XOJecTepuHa U anbda-
MPOTEVHOB BBICOKOW IJIOTHOCTU B JI000O€ BpeMs
Bcero mepuona. KoHTposnbHasg Tpymnmna UCHONb3Y-
eTCcsl IJISI TOTO, YTOObI yOemIUThCs, 4TO JIOObIe W3-
MEHEHUS, TMPOU3OUIEANINE Y UCTIBITYEMBIX TPEHU-
POBOYHOW TpyNIbl O0YCIOBAEHBl UCKIIOYUATEIBHO
MpOTPaMMOU TPEHUPOBOK, a HE KAKUMU-TO IPYTH-
MU (pakTopamu, HampuMep, BPEMEHEM Toia WU
crapeHueM. [logoOHBI MOAXOJ IMMPOKO MCIMOJb-
30BaJICS ISl BBISIBJICHUS U3MEHEHUU YPOBHS XOJie-
CTepuHA W aib(da-JTUTONMPOTENHOB BHICOKON TIIOT-
HOCTU BCJIEACTBUE Oera Ha JJIMHHbBIC AUCTAHIUU.
OnHako pe3yabTaThl MPOBEACHHBIX UCCIEI0BAHNN
He 0Ka3aquch TAKUMU Xe OYEBUAHBIMM, KakK pe-
3yJAbTaThl €IMHOBPEMEHHBIX 00CIEeNIOBAHUM.

Bmecte ¢ TeM cienyeT OTMETUTh, YTO METOJ JJIH-
TEJIbHOTO TMOBTOPHOTO 00CienoBaHUs 0ojiee Mpu-
TOIEH IJIs M3y4yeHWs 3Toro Bompoca. CIumkom
MHOTHE (haKTOPBI MOTYT MCKA3UTh PE3YJNbTAThl €1~
HOBpPEMEHHBIX 00cienoBanuii. Hampumep, B3aumo-
JefCTBUE TEeHEeTUYeCKNX (DaKTOPOB MOXKET MPUBEC-
TH K TOMY, 4TO O0Jiee BBICOKHME YPOBHU XOJECTEPU-
Ha " aixbda-IUIMONpPOTENHOB BHICOKOW TUIOTHOCTHU
OKaXyTcs y TeX, KTo npoberaet 60JblIyI0 1MCTaH-
uuio 3a Henenw. Kpome Toro, y pasauyHbIX Tpynn
HaceJieHUsI MOXET ObITh HEOAMHAKOBBIN peXUM
nutaHusg. MeToj IJUTEeIbHOTO MOBTOPHOTO 00CIe-
JOBaHUS MO3BOJIET 00Jiee JIETKO KOHTPOJIUPOBATh

‘? JlMTe/IbHBIE TOBTOPHBIE 00CJIEIOBAHNSA, KAK
¥ npasmio, 6onee HH(OPMATUBHBI IS H3yYe-
HHS JAHHOI MPOo0JeMbl HIH JAHHOTO BONPO-
ca. OmHako He Bceraa e€CcTb BO3MOXKHOCTD
OCYHIECTBUTh MX, MO3TOMY HMHOIAA CJeayeT
NPOBOANTh €IMHOBPEMEHHbIE 00CJIeI0BAHAS
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PEXUM IMUTAHUA U APYIUE€ IICPEMCHHBIC. O,I[HaKO
HC BCCraa €CTb BO3MOXHOCTb IMPOBECTU OJIUTECIIb-
HOC ITIOBTOPHOC O6CHC,Z[OB3.HI/IC, A CAMHOBPEMCHHLIC
00cnemoBaHM MO3BOJISIOT B KaKO¥-TO MEpPE IOJIy-
YUTb OTBETHI HAa MHTCPCCYIOIIMUE HAC BOIIPOCHI.

MPOBEAEHUE WCCIEJOBAHUN

HccnenoBanus MOTyT MPOBOAUTLCS MO0 B Jia-
0opaToOpHbBIX, MO0 B MOJEBbIX ycaoBusx. Jlabopa-
TOpPHBIE UCCIeAOBAHNUS, KaK IIPAaBUJIO, OTINIAIOTCS
OoJpIlIell CTEIEHbI0 TOYHOCTH, MOCKOJBKY MOXHO
KCIIOIb30BaTh 0ojiee CIEeIMaIn3UpOBAaHHBIE IIPH-
Oopbl, a Takxe 0ojee THIATENbHO KOHTPOJIMPOBAThH
yCIOBUS IpoBeAeHUs TecToB. K mpumepy, Hemoc-
PEICTBEHHOE M3MEPEHHE MaKCHUMaJbHOTO IIOTPeOd-
neHus xuciaopona (MITK) B nmaGopaTopHbIX ycio-
BMSX II03BOJISIET Haubojiee TOYHO OIEHUTh Kapau-
OpecIMpaTOPHYIO BEIHOCIMBOCTh. BmecTe ¢ Tem mis
OLIEHKM MU ompeneineHus oxumaemoro MIIK wc-
IIOJIb3YI0OT HEKOTOpHIE IIOJIEeBBIE TECTHI, HAIpUMep,
oer Ha 1,5 munm (2,4 xm). IloneBoit TecT, HE OTIU-
Yasch aOCONIOTHOM TOYHOCTBIO, IIO3BOJISIET TEM He
MeHee goctaTouyHo TouyHo oueHuTh MIIK. K Tomy
Ke OH He TpeOyeT OONBIIMX 3aTpaT Ha IIPOBEACHUE
U TI03BOJSAET 00CaemoBaTh OOJBIIOE KOJIMYECTBO
HCHBITYEMBIX 3a KOpPOTKOe BpeMs. UYToObl Hermoc-
penctBeHHo ompemenuts MIIK, Bam HeoOxomumo
IIONTH B YHUBEPCUTETCKYIO J1abOpaTOpHUI0O WU B
0OJNBHUITY, HO BBl TaKXe MOXETEe JEeTKO OILEHUTh
cBoe MIIK Ha ocHoBaHMM pe3yiabTaTa Oera Ha 1,5
MUJIN.

Mnorma Hanbosee npuemieM mojeBoil TecT. Ha-
IIpUMED, BO BpeMs IePBHIX MCCIeIOBaHUI B 00/1aCTH
BIMSIHUS ayTonepdy3un KpoBH, KOIIa y CIIOPTCMEHa
Opamu 1po0Oy KpoBM, HEKOTOPOE BpeMSI XpaHWIU €e
1 3aTeM CHOBA BBOOWJIM B OpraHusMm (cM. . 14), Bce
KCCIEeNOBaHNS IIPOBOAUINCH B Ta0OPATOPHBIX YCIIO-
Busx. IloiydeHHBIE pe3yabTaThl OTIMYAIUCH OOJb-
IIOM CTETEeHbI0 TOYHOCTU BCJIEACTBHE TINATEILHOTO
KOHTpPOJIS 3a ycaoBusiMu. OmHAKO OHM HE ITO3BOJIS-
JIA OIpeNeIuTh, VIYYIIAET U ayrolepdy3ns KpoBU
(pusmueckyio mesTeabHOCTh. TONBKO IO3IHEE, KOTrma
B MCCJIEAOBAaHUU COYETATNICH JabOpaTOpHEIE TECTHI C
ITOJIEBEIMU OOCJIETOBAHMSIMU BO BpEMsI HACTOSIIETO
Oera, aTa 3amaya ObLTa pellIeHa.

B OB3OPE...

1. EnnHoBpeMeHHOE 00ClIenoBaHMe Mpeaoiara-
€T OJHOPA30BBIA COOp MAHHBIX Y Pa3AMYHBIX TPYIIII
HacelleHUs M MOCenyIollee UX CpaBHEHHUE T10 TPYII-
mam.

2. JlnuTenpHOE IOBTOPHOE OOCIEIOBAaHMUE IIPEN-
rmoJiaraeT HaOMIOMeHNE 32 UCIIBITYeMBIMU B TeUeHHUE
MPOIOJIKUTEIEHOTO MTEPHOJIa BpeMEHU, a Takxke cOop
JAHHBIX Yepe3 OIpeleIeHHbIe MHTePBalIbl BpeMEHHU

20

IS BBRIIBICHUS WHIWBUIYAJbHBIX M3MeHeHUi. Me-
TOI MO3BOJISIET TIOJIYYUTD Oosiee TOUHYI0 mWHDOpMa-
M0, OMHAKO HE BCeTma MOXeT OBITh MPHUMEHEH.
B TakoM ciygae MeTom eTMHOBPEMEHHOTO 00CIeno-
BaHMUS 1aeT BO3MOXHOCTD IMOJTYINTH HEKOTOPYIO MH-
(hopMaIuio Mo MHTEPECYIOIIMM BOTIPOCAM.

3. UccnemoBaHus MOTYT IPOBOAUTHCS B T1abopa-
TOPHBIX U MOJIEBBIX YCIOBUAX. B mabopaTopHBIX HC-
CIeIOBaHUAX 00ecIeYnBaeTCS TIIATEbHBIN KOHT-
poJb OOJTBIMMHCTBA TIepeMeHHBIX. KpoMme Toro, mc-
MoJb3yeTcsd Hamboliee COBEPIICHHAS W TOYHAS
ammapatypa. MccrnenoBanus, IpoBOAMMBIE B ITOJIE-
BHIX YCIOBUAX, He 00€CMeYNBaIOT TaKOU Xe KOHT-
POJIb TTEPEMEHHBIX ¥ He MO3BOJSIOT MCIIOIh30BaTh
pa3IMUHYIO ammapatypy. Bmecte ¢ TeM B IOJEBBIX
YCIOBUSAX (U3MUeCcKas AeATeIbHOCTh NCTBITYEMBIX,
Kak TIpaBWio, Oojee ecTecTBeHHa, 4eM B Jabopa-
TOpHBIX. Kaxnmberit MeTom mMeeT CBOM IIpeUMYIIe-
CTBa M HEIOCTATKH, TTO3TOMY JOBOJBHO YacTO B MC-
CJIEIOBAaHUSAX COYETAIOT 00a METOMa, YTO TIO3BOJIAET
MOJTYYUTh Oojiee TOUYHYI0 MH(OPMAIIHIO.

B aroit TIaBe MBI paccMOTpend MCTOKU (pH3no-
JIOTUY yMpaxXHeHU u crnopta. Mbl y3HaIU, YTO CO-
BpeMeHHas MHGOPMALIHS B 3TUX 00JACTAX 3UXKIETCS
Ha CTaphIX 3HAHUSAX U SBJISICTCS CBOEOOPa3HBIM MOC-
TUKOM K OYIyIIMM OTKPBITUSM, MOCKOJIBKY Ha MHO-
THMe BOIMIPOCH TOKa eIlle He TOJIYYeHB OTBETH. MBI
paccMOTpesid IB€ OCHOBHbBbIE TMPOOJEeMbl, 3aHMMalO-
e YICHBIX COBPEMEHHOCTH: CPOYHBIC peakIny Ha
(hu3wyeckre HaTpy3KH W JOJITOBPEMEHHYIO amarTa-
LU0 K MTPOJAOKUTEIbHBIM TPEHUPOBOUHBIM Harpys-
KaM. MBI oOCyInMIM OCHOBHBIC TPUHIIMIE TPEHHU-
POBKM, a TakKxKe pa3jMUHble TUIIBl TPEHUPOBOUHBIX
MIPOTpPaMM, 3aBEepINUB CBOM 0030p XapaKTepUCTUKOMN
Ham0oJiee TUMMMYHBIX METOIOB MCCIIeMOBAHNUIA.

B I wactTi MBI HaUHEM M3Y9aTh (PU3UYECKYIO Hesd-
TeIbHOCTb, KaK [eNaloT CMelUalucTbl B 00JacTh
(hU3MOIOTHY YIIpaXHEeHWH, paccMaTpruBas OCHOBHBIE
acrekThl IBMXeHMs. B ciemyromieil rmaBe Mbl pac-
CMOTPUM CTPYKTYPY M (PYHKIMIO CKEJTETHON MBIII-
LIbI, BBISICHUM, KaK OHa OCYIIECTBJISET ABUXEHUS U
Kak pearupyeT Ha (GU3HIECKYI0 HATPYy3KYy.

Konrpomasre eonpocoi

1. Yto Takoe Qusuosorus ynpaxsHeHuit? Yro Takoe
¢dbusuonorust cnopra?

2. Pacckaxute 00 3BOJIONKU (HU3UMOJOTUN YIIPAKHE-
HU} ¢ MOMEHTa MEePBbIX MCCAENOBAHUN B 00JacTH
aHaToMuu. KTo chirpan BaxHYI0 pojib B pa3BUTUU
9TON 006JacTH 3HAHUI?

KTo BBen B MpakTUKy WcciefoBaHUil B obmactu
(bu3noNOrMN YMpaxXHEeHUH MTNY AN MYyHKIMOHHOM
ouoncun wmernu? HazoBute uMeHa (Gu3MOJIOTOB,
COTPYAHMYABIINX B 001aCTH U3yYeHUS XapaKTepuc-
TUK MBILIEYHBIX BOJOKOH YeNOBEKa.



4, OOBSICHUTE, YTO TOIpa3yMeBaeTCs IMOA M3yuYeHHUEM
CPOUYHBIX peaKIMii HA OTAEIbHBIN LMK HATPY3KU U
JOJITOBPEMEHHOI aJamlTallid K TPeHUPOBKE.

5. Kakwue (akTopbl oKpyXaloleil cpeabl OKa3bIBalOT
BIUSIHME HA CPOYHYIO pPEakiMi0 OpraHu3Ma Ha OT-
IeNbHBI UK Harpy3ku? YTo Takoe cyToyHOe KO-
nebanue? IloueMy Npu TeCTUPOBAHMM OYEHb BAKHO
YYUTHIBATh YCJIOBUS OKpyXalouied cpeabl M CyTOY-
Hble KojeOaHusi? [lpuBenuTe TPUMEpHI.

6. Yro Ttakoe ospromerp? IlpuBemute mnpuMephl ABYX
9pProMeTpOB U OODBSICHUTE MPUHLUI UX PabOTHI.

7. Kakoii aproMmerp HamboJjee MpueMIeM IJis TeCTHU-
poBaHus BenocuneaucTta? beryHa Ha IJVMHHBIC AKMC-
tanuuu? [lnosua?

8. Ompenenurte MPUHUUN WHAWBUAYAIBHOCTUA W TIPU-
BeAUTE TIpUMeEp.

9. O0OBsicHUTE MPUHIUT CTIEUGUIHOCTU U TIPUBEAU-
Te MpUMep.

10. Yto 03HAYaeT MpUHLIMII TTPEKpaIlCHUS TPEHUPOBOK?
[MpuBenute mpumep.

11. Onpenenute MPUHIIUT MPOTPECCUBHON TMEperpy3Ku
U TIPUBEIUTE TIPUMED.

12. OnuiuTe OCHOBHBIE KOMIIOHEHTHI ITPOrPaMMBbI CH-
JIOBOM U MHTEPBAJIBHOW TPEHUPOBOK.
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Iraea 2

Mpbimeunoiii konmpoaw
deusiceHus

JIro00e aBMXKEHME YeJ0BeKa, OT MOpPTaHuUs 10 Ma-
padoHCcKoro Oera, 3aBHCUT OT aieKBAaTHOTO (PYHKIIM-
OHUPOBAHUS CKEJNETHOW MBILIIIBI. byab TO HampsixeH-
HOE YCHMJIME CITOPTCMEHA, 3aHMMaroIerocsi 00pbooi
CYMO, MJIY I'PallMO3HbIN MUPY3T OaJlepUHbI, OHU OCY-
LIECTBIISIIOTCS  ONlarofapsi MbIILIEYHOMY COKpaIlEHMIO.

B 2710i1 rmaBe MBI pacCMOTPUM CTpOEHUE U (PYHK-
LIMIO CKEJIETHOM MBIIILIBI. MBI HAYHEM C OCHOB aHa-
TOMUU U (PU3UOJOTUU U U3YYMM €€ KaK Ha MakKpo-
CKOIMYECKOM, TaK M Ha MUKPOCKOIMYECKOM YpPOB-
He. 3aTeM MBI OOCYIMM, KaK (DYHKIIMOHUPYET MBbI1LiLia
MpY COKpalleHUM M KakK oOpa3syeTcs cuia, HeobXo-
JIUMast Ui BHITOJTHEHUS ABMKCHMSI.

B cokpaimeHuu cepaiua, MPOXOXIEHUU THIIIH,
KOTOPYIO MbI Ch€JIU, Yepe3 KUIIEUYHBI TPaKT, ABU-
KEHUU JII000M YacTH Teja yJacTBYIOT MBIIILIBI. ToOJb-
KO TPH THUIIa MBILIL BBHITIOJTHSIOT 06CKOHEYHOE MHO-
KeCTBO (DYHKIIMA MBIIIEYHON CUCTEMBl — TJIaJKKE,
CepleyHbIe U CKEJIETHHIE.

I'mankas Mbllla OTHOCHMTCSI K HEMPOU3BOJLHO
COKpalaloIMMCs, MOCKOJbKY U3MEHEHUE €€ TOHYCa
HE KOHTPOJUpPYETCS HalluM co3HaHueM. [naaxue
MBIIIIBl COAEPXKATCSI B CTEHKAX OOJBIIMHCTBA KPO-
BEHOCHBIX COCYIOB, OO€cCreuuBas HX CYXCHHE WIU
pacIliMpeHMe UM TeM CaMbIM PEryJupys KpOBOTOK.
Kpome Toro, nx MoxkHO 0OHapyXUTh B CTEHKaX 00JIb-
IIMHCTBA BHYTPEHHUX opraHoB. OHM 00ecIeYnBaioT
MX COKpallleHWe U pacciabjeHue, a Takke MpPOIBU-
>KeHHUe MUILK BIOJb MUILEBAPUTEIHHOTO TPAKTa, BbI-
JeJIeHHe MOYM, DPOXIEHUE peOeHKa.

CepaeyHasi MbIIILA HAXOOUTCS TOJAbKO B Cepa-
11, COCTaBJIsIs OOJBIIYIO YacTh €ro CTPYKTYphl. OHa
HMeeT HEKOTOphie OOIIMEe CBOICTBA CO CKEJETHOM
MBIIIIIEH, HO, KaK W TJafKas MbIIIa, He HaXOIuUT-
Cs MOJ HAallIUM CO3HATeNbHBIM KOHTposeM. Cepaeu-
Hasl MbIIII11a CAMOKOHTPOJUPYETCS, B KAKOM-TO Mepe
ee "HacTpauBaloT"' HepBHAasd M SHAOKPMHHAS CHCTe-
MbI. TlogpoOHO cepaeyHasi MBINIIA pacCMaTpUBAeT-
cd B TaBe 8.

OObIYHO MBI OOpalllaeM BHMMAaHWE Ha T€ MBIIII-
LIbI, KOTOPbIE KOHTPOJMPYEM CO3HATEeJIbHO. DTO CKe-
JIeTHBIE, MJIA TTPOU3BOJbHO COKPalllaloLMeECs], MbILI-
1bl. OHYM Ha3bIBAIOTCS TaK, MOCKOJIBbKY OOJBIIMHCTBO
13 HUX MIPUKPEIJIEHO K CKEJIETy M 00eCIeYnBaeT ero
IBUXEHMS. B Tene yenoBeka HaCUMTBHIBAETCSI CBBIILE
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215 map CKeJEeTHBIX MBIIII— JeIbTOBUAHASA, OONb-
mas ¥ Majas rpyaHas, OBYIJaBas MbIIILA Ijie4a 1
ap. JBmXeHus OOJBIIOr0 TMajblia PYKW, HAIpUMED,
OCYILIECTBJISIOTCS € y4acTHeM 9 pasHbIX MBIIIII.

BrimonHeHne (GU3NYECKOro yIpaxXHEHUsS TpeoyeTr
NIBIDKEHUSI Tejla, KOTOpoe OOeCIieurMBaeTCsl COKpalle-
HMEM CKEJIETHBIX MBIIII. B CBSI3M ¢ TeM 4TO 3Ta KHUTA
MOCBSIIIEHA (DU3MOJIOTUM MBIIIEYHOU AESTENbHOCTU U
CTIOpTa, HAc, B IEPBYIO OYepelb, MHTEPECYIOT CTPYKTY-
pa ¥ QyHKIUS CKeneTHOM MbIIibl. CaeayeT OTMETHUTD,
4TO XOTSI aHaTOMMYeCKasl CTPYKTypa IJIaiKoM, cepraey-
HOM 1 CKEJIETHOM MBILILL B ONpPEAEIeHHON CTeNEHU pa3-
JIMYHBI, TIPUHLUI WX COKPAIIEHUS OIMHAKOB.

CTPYKTYPA 1 ®YHKIINA
CKEJIETHOM MBIIIIIBI

Korna peub 3ax0quT 0 MBIIIIAX, MbI, KaK IpaBu-
JIO, paccMaTpvBaeM KaXayl0 MBILIIY KaK OTAEIbHYIO
eIMHUILY. DTO BIIOJHE €CTeCTBEHHO, TaK KaK CKeJeT-
Has MbIIIIA ASHCTBYeT KakK €IMHOE LIeN0e, OIHAKO
CKEJICTHBIE MBIIIIBI 3HAYUTEJIbHO CJOXHEE, YeM MO-
3KeT MOoKa3aThCsl.

Ecibl Ob1 BaM NPUILIOCH pacceyb MBILILY, TO CHa-
yana Obl BBl pa3pe3aji BHEIIHIOK 000JI0YKY COEM-
HUTEJBHON TKaHU. D10 — snmuMm3uii. OH OKpyXaer
MBIIIIY ¥ Tpugaer e ¢opmy. Paspe3aB sanumusmii,
Bbl YBUAWTE MajleHbKHE TMYYKM BOJIOKOH, "3aBEpHY-
ThIX" B 00OJIOUKY COEAMHUTENIbHOM TKaHu. Coeau-
HUTEJIbHOTKAHHAsl 000JI0YKa, OKpYyxXarollas KaxIblid
My4oK, Ha3biBaeTcsl mepumusneMm. HakoHel, paspe-
3aB MEPUMM3UI U BOOPYKUBLIUCH JYIIOM, BBl YBUAM-
Te MBIIIECYHbIE BOJIOKHA, SIBJSIOIIMECS OTACIbHBIMU
MBbIIIEYHBIMHU KJeTKamMu. Kaxmaoe MblllieyHOe BOJIOK-
HO TaKXe IMOKPbIBAET COEIMHUTEIbHOTKAHHAs 000-
JI0YKa, KOTOpas Ha3bIBAaeTCSl SHIOMUBUEM.

Tenepb, Korma Mbl 3HaeM, KaK pacroOXEeHbI
MBIIIEYHBIE BOJIOKHA B LIEJIOM MBIIIILIE, TaBAUTE B3IJIS-
HEM Ha HUX IOOJIUXKE.

? OT1aenbHAS MbIIIEYHAS KJIETKA SABJISETCS MbI-
HI€YHbIM BOJIOKHOM




MBIIIEYHOE BOJIOKHO

JluaMeTp MblIIE€UHBIX BOJIOKOH KoJiebjeTcs oT 10
10 80 MUKpOMETPOB (MKM), U OHU MPAKTUYECKU He-
BUIMMBI HEBOOPYKEHHBIM I71a30M. BoNmbIImHCTBO 13
HMX TIPOCTUPAETCSA Ha BCIO ITMHY MBIIIIBI. Hampu-
Mep, JJIMHA MBILIIEYHOTO BOJOKHA Oeapa MOXeT mpe-
Bbilath 35 cM (14 nioiiMoB)! KonnyecTBo BOJOKOH
B MBIIIILIE 3HAUUTEJIbHO KOJIeOIeTCsl B 3aBUCUMOCTH
oT ee pazmepa U QYHKLIMU.

CapkonemMma

Eciu BHMMAaTEIHbHO pacCMOTPETh OTAEIbHOE MBbI-
IIEYHOE BOJOKHO, MOXHO 3aMETHUTh, YTO OHO IO-
KPBITO MJIa3MaTUIYECKON MeEMOpPaHOI — CapKOJIEMMOIA.
B xoHIle KaXmoro MbIIIEYHOTO BOJIOKHA €ro CapKo-
JIEMMa COEIMHSIETCS C CYXOXWINEM, IIPUKPEIJICHHBIM
K koct. CyXOXWJIMSI TPEACTaBISIIOT CO0O0M IIOTHYIO
COEIVMHUTEIbHOTKAHHYIO CTPYKTYPY, KOTOpasl Imepe-
JaeT YCUIHue, IMPOU3BOAMMOE MBILIIEYHBIMM BOJIOK-
HaMU, KOCTSIM, TeM CaMBbIM OCYLIECTBIISIS ABUXKECHUE.

Capxkomiazma

C moMoIIbl0 MUKPOCKOIA BBl MOXETE YBHUJETH,
YTO BHYTPHU CAPKOJEMMBI MBILIIEUHOE BOJIOKHO CO-
JepXUT MOCaeNoBaTeIbHO 0ojiee MalleHbKHME CyObe-
JvuHULEL (puc. 2.1). CaMble KpYIHbIE U3 HUX — MH-
oUGPHIIBI, 0 KOTOPHIX pedb moiiaer Huke. IToka
OTMETHM, 4TO MUOGUOPHIUIBI MPEACTABISIOT COOOM
MaJ0YKo00Opa3Hble CTPYKTYPhI, MPOCTUPAIOLIECS Ha
BCIO IJIMHY BOJOKOH. IIpoCTpaHCTBO MeXIy HUMMU
3aTIOJTHEHO XEJTATWHOTOAOOHON XWIKOCTBIO. DT0 —
capkoIuta3mMa, XMJIKOCTHAs 4acTh MBIIIEYHOTO BO-
JIOKHA, SIBJISTIomIasicsl ero IuTorriasmoit. Capkorias-
Ma COJEPXKUT IJIaBHBIM 00pa30oM pacTBOPUMEIE Oe-
KU, MUKPO3JIEMEHTHI, TIMKOTE€H, XXUPhl U HE0bX0-

3nummania

a

auMble opraHeinbl. OHa OTJIMYaeTCs OT LIUTOMJIa3-
Mbl OOJIBIIMHCTBA KJIETOK OOJBLIMM KOJWYECTBOM
HAaKOTIJIEHHOTO TJIMKOTeHa, a TaKXe KMCJIOPOICBSI-
3YIOLLIUM COEAUHEHUEM —MUOTJIOOUHOM, TOJOOHBIM
TeMOTJIOOUHY.

[Tonepeunsie Tpyoouku. Capkoria3my rnepeceka-
eT o0luMpHasl ceTh MoIepedHbIx Tpyoouek (T-tpydo-
YyeK), SBISIONIUMXCS MPOAOKEHUEM CapKOJEeMMbI
(rurasmatudeckoit MemOpaHbl). OHM B3aMMOCOEIM-
HSIOTCS, TPOXOJs cpeau MUoGuUOpuUILI, U obecreyun-
BalOT OBICTPYIO Miepeayy HEPBHBIX UMIYJIbCOB, MPH-
HHMMAaeMbIX CapKOJeMMOM, OTHeJbHBIM MHOGMUOPUI-
nam (puc. 2.2). Kpome Toro, tpyboukm obecre-
YKBAIOT MOCTYIUIEHWE BO BHYTPEHHHWE YacTU MbIIIEY-
HOTO BOJIOKHA BELIECTB, MEPEHOCUMBIX BHEKJIETOY-
HBIMU XMIKOCTSIMU: TJIOKO3bl, KUCAOPOJAA, pas3any-
HBIX MOHOB.

CapkomiasMaTH4ecKail peTHKYJyM. B MpImeyHoM
BOJIOKHE TaKXe COMAEPXKUTCS CeTb MPOMOJbHBIX TPY-
0ouek, KOTopasi Ha3blBaeTCs CapKoIia3MaTu4eckKuM
petukyaymoMm (CP). Dt MemOpaHHBIE KaHaJbIIbl
pacroJjioxXeHbl TMapajuieJbHo MUohuOpuIaM, obpa-
3ysl MeTau BOKpYyr Hux (puc. 2.2). CP ciyxur mec-
TOM HaKOIJIEHUS] KaJIbLUsl, UMEIOILEro OOJblloe 3Ha-
YeHUe IS MBILIEYHOTO COKpPAalIEHHS.

B OB3OPE...

1. OtmenbpHas MBILIEUHAs] KJIETKa Ha3bIBAECTCS
MBIIIEYHBIM BOJIOKHOM.

2. MbllieyHOe BOJOKHO OKPYXEHO IJIa3MaThdec-
KOi MeMOpaHOii — capKOIIa3MON.

3. luromia3ma MBIIIEYHOTO BOJIOKHA Ha3hIBAaeT-
csl CapKOIUIa3MOiA.

4, O6mmpHast ceTh TPyOOUEK B CapKOILIa3Me CO-
ctoutr u3 T-TpyOouek, oOecHeuMBarOIINX CBSI3b U

 SHAOMUBUIA

Mwviodunbpunna

MbILLIEYHOE BOSTOKHO

Puc. 2.1. Cmpoenue (a) u nonepeunviii paspes crkesemuoii moiuiyyot (6)



Capkonemma

"Bxog" B T-1pyBoOHKy

mepeMelleHre BEIIeCTB M0 MBIIIIEYHOMY BOJIOKHY, d
TaKKe CapKOIUIa3MaTHIeCKOTO PeTUKYIyMa — MecTa
HaKOTICHUS KaJIbIIHS.

bonee nmogpobHo yHKIMU T-TpydOUEK M CapKOII-
Ja3MaTUIECKOTO PETHKYIyMa MBI PACCMOTPHM, KOTZa
OymeM M3ydaTh TPOIECC MBIIIEYHOTO COKPAIICHNS.

MUODPUGPUIIIIA

B xaxmoM MBIIIEYHOM BOJIOKHE COIAECPXKUTCS OT
HECKOJIBKHX COTEH J0 HECKOJbKUX THICSY MUOpUO-
pUJUL. DTO COKPATUTEJIbHBIE DJIEMEHTBHI CKEJIETHOM
MBIIIIB. MUOGUOPHUIIAL COCTOAT U3 CAapKOMEPOB,
MMEIOIINX BUJ JIMHHBIX HUTEH.

ITomocer U capkomep

BosokHa ckeneTHO#! MBILIIBI 101 MUKPOCKOIOM
MMEIOT XapaKTepHbI mosiocatwlit BUI. MMeHHO mo-
9TOMY CKEJIETHYI0 MBILIIY YacTO Ha3bIBAIOT TaKXe
nomnepeyvHomnoocaroii. Takue e MoJaockl XxapakTep-
Hbl W IJIS1 CepAEYHON MBI, MO3TOMY €€ TaKxXe
MOXHO CUMTaTh MOTIEPEYHOIOI0CATON.

Ha puc. 2.3, neMOHCTpuUpYIOIIEM CTPOCHNE MHO-
bUGPUIIIIBI, OTYETAMBO BUAHBI Mojochl. OOGpatuTe
BHUMaHUE, YTO TEMHbIE YYaCTKU, TaK Ha3biBaeMble
A-TUcKH, YepenyIoTCs CO CBETIBIMU, KOTOPbIe Ha3bl-
BaloTcs [-muckamMu. B 1ieHTpe Kaxaoro TeMHOro A-
JuckKa ecTb 0ojiee CBETJbIN yyacTok — f-30Ha, Ko-
TOPBI MOXHO YBUIETb TOJbKO MpU pacciabieHuun
MHOGUOPHIUTLL. CBETIIblE /-AUCKU TIEPECeKaoTCs TEM-
HOW Z-NMUHUEeH.

OcHOBHOI (DYyHKIIMOHAIBHON equHMIIeH MUO(puUO-
pUILIBL ABIsIeTCs capkoMep. Kaxnas muodubpuia
COCTOMT M3 MHOXECTBa CaApKOMEPOB, KOHIIbI KOTO-
PBIX COEIMHEHBI APYT C APYTOM Y Z-nuHuii. Kaxmplii
capkomep BKJIIOYAeT TO, YTO HAXOAMTCS MEXIY KaxX-
JO TMapoil Z-TUHUI B TaKOW IOC/IEN0BATEIbHOCTH:

» [-nuck (CBET/IBIN Y4acTok);

* A-quck (TEeMHBIM yyacTok);

+ S-30Hy (B cepenuHe A-AKcKa);

* OCTaJIbHYIO 4acTbA-IUCKa;

* BTOpO¥i/-OHUCK.

Flonepedrbie TPYOOUKN

Puc. 2.2
ITlonepeunvie
mpyo6ouKu

u capkonaaamamu-
ueckuli pemurkyiym

CapkonnasmarTudeckmiv
PETUKYNYM

Muodunbpunna

Capkonnasma

B3rnsgHyB Ha OTHENBHYI0 MUODUOPUILTY ITOJ, 31eK-
TPOHHBIM MUKPOCKOIIOM, MBI YBUIWM JBa BIIA TOH-
KHX TPOTEMHOBHIX (PUIAMEHTOB, OTBEUAIOIIUX 32
MBIIIEUHOE coKpalleHue. bonee ToHKME hUIaMeHTHI
00pa3oBaHbl aKTUHOM, 00Jiee TOJICThIE — MUO3MHOM.

‘? Capkomep — HauMeHbIIas (GyHKIMOHAIBHAS
€MHHAIA MBIIIIIBI

B xaxmoit Mmumodubpuiie 60K 0 OOK pacrionaraercs
okoio 3 000 aktrHoBbiX 1 1 500 MMO3UHOBBIX (PrIa-
MeHTOB. [loockl, XapakTepHBIe IS MBIIIETHBIX BO-
JIOKOH, — DPE3YNIbTaT PacIOIOXEHUS 3TUX (pUIaMEH-
TOB, YTO WIIIOCTpUpyeT puc. 2.4. CBeTnbiii [-auick

yKa3bplBaeT Ha YJacCTOK capKoMmepa ¢ TOHKUMU aK-
TUBHBIMH buiaMeHTaMu. TeMHBIN A-TUCK TIpeaCTaB-
Js1eT co0Oii YUacTOK, COCTOSILUIMI KaK U3 TOJNCTHIX MU-
03WHOBBIX, TAK M U3 TOHKHUX aKTUHOBBIX (PMITaMEH-
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Puc. 2.3. Cmpoenue muoghubpuin



- CapkoMep ————

Z nnHns
;

Z NHus H 30Ha

Puc. 2.4
OcHosHas
@yHKyUOHANbHAS
eduHuya
MUODUOPULLLE —
capkomep,
coCmosauuil X

U3 onpeoeneHHbIM
obpaszom
PACNON0IHCEHHBIX
AKMUHO8bIX

U MUOIUHOBIX
Quaamenmos

Z nnHua

TOB. fI-30Ha — LIEHTpaJbHAsI YacThb A-JUCKa, BUIU-
Masi TOJbKO TOTrda, KOrja capkoMep HaxOIUTCSl B
nokoe. OHa COCTOUT UCKJIIOYMTENLHO U3 TOJNCTHIX (U~
nameHTOB. bonee cBetnast okpacka H-30HBI 1O CPaB-
HEHMIO C COCENHUM A-IUCKOM O0YyC/OBJieHa OTCYT-
CTBHEM B Heil aKTUHOBBIX (DMJIaAMEHTOB. 1-30HY MOX-
HO YBUIETb TOJIBKO MPU pacciabiieHHOM capkomepe,
MOCKOJIbKY OH YKOpauMBaeTCsl MPU COKpallleHUU, U
aKTHHOBble (UIaMEHThl "BTSITUBAIOTCSA" B 3Ty 30HY,
Jiefasl ee OKpacKy Takoii, Kak U OCTalbHOI yacTu A-
JMCKa.

Mpuo3unoBble dhuiamMmeHTbl. XOTSI MBI TOJBKO 4TO
OTMETHWJIM, YTO B KaXA0i MUOGUOPUIIEC COTCPKUT-
cs okoio 3 000 aktuHOBBIX U 1 500 MMO3WHOBBIX
(uaaMeHTOB, 3TU LUGPHl HE COBCEM TOYHBI. OKOJIO
2/3 GENIKOB CKEJIETHOM MBIIILBI COCTAB/ISET MUO3KH.
BcnoMHuM, 4T0 MMO3HHOBbIE (DUTAMEHTHI TOJICTHIC.
Kaxnpiii MMO3UHOBBIA (uaaMeHT o0pa3oBaH IIpU-
onmsuteabHo 200 MoJieKy1aMy MUO3UHA, BBHICTPOEH-
HBIMM OOK B OOK KOHLAMM IPYT K APYTY.

. XBOCT

Muo3auHoBas ronoska
a

\/

6 MwosuHoBbIE rONOBKM

Puc. 2.5. Moaexyara muozuna (a)
U MUo3uHoewlil uramenm (6)

Kaxpmast Monekysnia MUO3WHA COCTOUT U3 JBYX
CILUIETeHHBIX NPOTEMHOBBLIX IMYYKOB (puc. 2.5).
OmuH KOHel KaXxaoro mydyka oOpasyeT IJIoOyisip-
HYIO TOJIOBKY, Ha3blBa€MYyl0 MUO3WHOBOU TrOJIOB-
koit. Kaxnblii unaMeHT MMeeT HECKOJIbKO TaKMX
rOJIOBOK, KOTOpbIE BBIIAIOTCS BIEpea U 00pasyloT
MoTmepeyHble MOCTUKU, B3aUMOJECUCTBYIOIIME BO
BpeMs MBIIIEYHOTO COKPALILEHUS CO ClELNalbHbI-
MU aKTUBHBIMM YYacTKaMU Ha aKTUHOBBIX (uia-
MEHTaXx.

AkTuHOBble (uaaMeHTbl. OIUH KOHEl KaXaoro
AKTMHOBOTO (pUIAMEHTa BXOOUT B Z-TWHUIO, TPYroi
MPOCTUPAETCS K LIEHTPY CapKoMepa, MPOXOAsT MEXIY
MHO3HHOBBIMU (prameHTamMu. KaxXblii akTHHOBBI
(punaMeHT MMeeT aKTUBHBIN Y4acTOK, K KOTOPOMY
MOXeT "MpUBSI3aThbCsA” MMO3MHOBAsI TOJIOBKA.

Kaxnplit TOHKUI, WIM aKTUHOBBIN, (PUIAMEHT CO-
CTOUT U3 TPEX PA3JIUYHBIX MPOTEUHOBBIX MOJEKYII:
aKTWHA, TPOITOMHUO3WHA U TPOTIOHUHA.

AKTUH 00pa3yeT ocHOBY (puiaameHTa. OTIeNbHBIC
AKTUHOBBIE MOJIEKYJIbI SIBJSIIOTCS TJIOOYJISIPHBIMU W,
COEUHSISICh BMECTE, 00Pa3ylT HUTU aKTUHOBBIX MO-
nekyi. JIBe HUTU OOBUTHI OHA BOKPYT APYTO B BUJEC
CIIMpaTU MOJOOHO JBYM HUTSIM XEMYYra, CKpy4YeH-
HBIM BMecTe. TpOMmOMUO3UH — O€JIOK, UMEIIUM
¢popmy TpyOKHU; OH O0OBMBAeT aKTUHOBBIE HUTH, 3a-
MOJIHSIS YIIyOaeHus Mexay HUMU. TpormoHuH — 60-
Jiee CJIIOXHBINA OeoK, KOTOPBIA 4epe3 paBHbIE MpO-
MEXYTKU MPUKPEIUIEH K HUTSIM aKTUHA U K TPOTMO-

TponoHuH TpornomnosmH

Puc. 2.6. Axmunosuviii puramenm, cocmosuuii
U3 MONCKYA AKMUHA, MPONOMUOUHA U MPONOHUHA




MuUO03uHY (puc. 2.6). ClioxHast 1eATeJIbHOCTb TPOIIO-
MMO3WHa U NOHOB KaJbIMs HalpaBlieHa Ha coXpa-
HEHUE COCTOSIHUA pacciablieHUus] WM pa3BUTHE CO-
KpalneHus MUOGUOPHUIUIBI, peUb O KOTOPHIX I1OAAET
Jajblle.

B OB3OPE...

1. MuopuOpUIIE COCTOAT U3 CAPKOMEPOB —
HaMMeHbIIUX GYHKIMOHATbHBIX €IMHMI] MBI,

2. Capkomep COCTOMT M3 (DMIAMEHTOB IBYX Oe€li-
KOB, OTBEYalONIMX 32 MbIIIEYHbIE COKPAILCHMUS.

3. Muo3uH — TOJICTBIN (pUTaMEHT, UMEIOIIUI Ha
OJTHOM KOHIIe TJIOOYJISIPHYIO TOJIOBKY.

4. AXTUHOBBI (DUIaMEHT COCTOMT U3 aKTHUHA,
TPONIOMUO3MHA U TpoNOHUHA. OIUH KOHell KaXaoro
AKTUHOBOTO (PMIaMeHTa IPUKPEIUICH K Z-TUHUH.

COKPAIIEHUE
MBIIIEYHOT'O BOJIOKHA

Kaxnoe mbiiiedyHOEe BOJTOKHO MHHEPBUPYETCS OT-
JETbHBIM JIBUTATEIbHBIM HEPBOM, OKAHYMBAIOUIAM -
cA 'y cpemHeil YacTh BoJIOKHA. OTIOENbHBIN IBUTATEIIb-
HBbII HEPB U BCE BOJIOKHA, KOTOPblE OH UHHEPBUPY-
€T, UMEIOT coOupaTeibHOE Ha3BaHUE —/IBUTraTelbHAs
enuHuna. CuHATNC MEXIy ABUTATEJIbHBIM HEPBOM W
MBILIEYHBIM BOJIOKHOM Ha3bIBAETCSI HEPBHO-MBILIEY-
HBIM cuHancoM. MIMEHHO B HEM OCYIIECTBISIETCS
CBSI3b MEXIY HEPBHOI U MBIIICYHOM cucTeMamu. Ja-
BaiiTe PacCMOTPUM STOT MPOLECC.

=% JIuraTe/bHAS €IMHANIA COCTOHUT U3 OTIENb-
HOTO MOTOHCﬁpOHa M BCEX MbIINICYHBIX BO-
JIOKOH, KOTOpbIe OH HHHEPBHPYET

JIBuraTeabHbIl UMITYJIHC

SIBneHMs, BHI3BIBAIOINNE COKpAIICHNE MBIIIEY-
HOTO BOJIOKHA, BecbMa ciIoxXHHL. [Ipomecc, moka-
3aHHBII Ha puc. 2.7, HAUMHAETCSI BCICACTBUE BO3-
OyXIeHUS NBUTATENbHOTO HepBa. HepBHBIM uM-
IIyJIBC TIOCTYIIaeT K HEPBHBIM OKOHYAHUSM aKCOHOB,
KOTOpBIC HaXomATCs BOIM3U capKojeMMbl. [1pu mo-
CTYIUICHUM HMMITYJbCa 3TH HEPBHHIC OKOHYAHUSI
BBIICIISIOT HEMPOMEANATOp — ALICTUIXOIUH (ALX),
KOTOPHIA "TIpUBS3BIBAETCA" K PELENTOpaM CapKo-
nemMMbl (puc. 2.7, a). Ilpy mocTaToyHOM €T0 KO-
JINYECTBE HA PELENTOpax dJIEKTPUICCKUN 3apsi Te-
pemaeTcs IO BCell JUIMHE BOJOKHA. DTOT IpoIece
Ha3BIBAeTCS pa3BUTUEM IMOTeHUMANA AeicTBUS. Pa3-
BUTHE MOTECHIIMAIa NEWCTBUS B MBIILIEYHOU KJIETKE
IOJKHO IPOU3OMNTH IIPeXae, YeM OHA CMOXET CO-
KpaTuthcs. bojee moapoOHO 3TH MPOLECCH OIU-
CaHbl B IyaBe 3.
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Posp Kanpnus

Kpome nenonspusanuu MeMOpaHBI BOJIOKHA,
3JIEKTPUYECKUI MMITYJbC MPOXOIUT Yepe3 BCIO CeThb
Tpybouek BojokHa (T-TpyOoukM M capKoruia3maTu-
YeCKUI peTUKYJIYyM) BO BHYTPEHHIOI 4acTh KJIETKU.
[MocTymnaeHue 3AeKTPUIECKOTO UMITYJIbCA TPUBOAUT
K BBIJICJEHUIO 3HAYUTEIBHOTO KOJUYECTBA MOHOB
KaJbLMSI U3 CapKOIIa3MaTUUYEeCKOTO PETUKYJIyMa B
capkoriasmy (puc. 2.7, 0).

[TonaraloT, 4TO B COCTOSIHUU TOKOSI MOJIEKYJIbI
TPONIOMUO3MHA HAXOIATCS Hal aKTMBHBIMM yyacTKa-
MM aKTMHOBBLIX (DMJIAMEHTOB, IpemoTBpamias "TpH-
BsI3bIBaHUE" MUO3WHOBBIX To0BOK. [locne ocBoOoX-
JIeHUST MOHOB KaJlbIIUSl M3 CapKOIIa3MaTHYeCKOro
peTMKYJIyMa OHU CBSI3BIBAIOTCS ¢ TPOTIOHMHOM Ha
aKTUHOBBIX (pminaMeHTax. CUMTAIOT, YTO TPOIIOHUH,
MMEIOINI BBIPAXEHHOE CPOICTBO K MOHAM KaJIbIlus,
HauyMHAET 3aTeM IIPOILIeCC COKpAIleHUs, "TTOgHUMAs"
MOJIEKYJIbI TPOITIOMMO3WHA ¢ aKTUBHBIX YYaCTKOB aK-
TUHOBBIX (mnaMeHTOB (puc. 2.7, ). IlocKombKy Tpo-
IMOMMO3UH OOBIYHO "CKPBIBAeT' aKTMBHBIC YYaCTKH,
OH OJIOKMpYET B3aMMOJEHCTBUE IOTEPEUHBIX MOC-
TUKOB MHO3MHA ¢ aKTHHOBBIM (prmameHTOM. OmHa-
KO KaK TOJbKO TPOIOHUH M KaJbIUi "TOTHUMAIOT"
TPOTIOMUO3UH C aKTUBHBIX YYaCTKOB, TOJIOBKM MMO-
3MHa HAYMHAIOT MPUKPETISATHCS K AKTUBHBIM YYacT-
KaM aKTWHOBBIX (DMIAMEHTOB.

Teopus ckoabxkeHus (hUIAMEHTOB

Kak cokpaiaiorcst MplliieuHbie BOJIOKHA? JTO SIB-
JieHre OOBSICHSIET TaK Ha3bIBaeMasi TEOPUST CKOJbXe-
Husl dunamenToB. Korma momepevyHbii MOCTHK MUO-
3MHA MPUKPEILIsieTcss K aKTUHOBOMY GuiiaMeHTy, 00a
(prmamMeHTa CKOMB3ST OTHOCUTENBHO IpyT Apyra. Cum-
TAlOT, YTO MHO3UHOBbIE TOJIOBKM U TOMEPEYHBIE MOC-
TUKU B MOMEHT MPUKPEIIICHUS K aKTUBHBIM Y4acTKaM
AKTUHOBBIX (DUTAMEHTOB TIOIBEPTaIOTCSl CTPYKTYPHBIM
U3MEHEHUsIM. MexXy BEeTBbIO TOMEPEYHOTO MOCTHUKA
A MMUO3MHOBOW TOJIOBKOM BO3HMKAET 3HAYUTEIbHOE
MEXMOJIEKYJISIPHOE B3aMMOJICHCTBIE, B Pe3y/IbTaTe KO-
TOPOTO TOJIOBKA HAKJIOHSIETCS] K BETBU U TSHET aKTH-
HOBbIt 1 MUO3UHOBBII (PUIAMEHTHI B TIPOTUBOITOIOX-
HBIE CTOPOHHI (puc. 2.8). DTOT HAKJIOH TOJIOBKM HAa3bI-
BAIOT DHEPTETUYECKUM, WM CUJIOBBIM, YIAPOM.

Cpasy xe mocje HakjiOHa MMO3WHOBAsl TOJOBKA
OTPBIBAETCSl OT AaKTUBHOTO YYacTKa, BO3BpAIlacTCs B
VCXOJHOE TOJIOKEHUE U TPUKPEIISETCS K HOBOMY
AKTUBHOMY yYacCTKy Jajbliie BAOAb aKTMHOBOTO (u-
nameHTa. [loBropsitoiuecs: MpUKperaeHus U OTKPETI-
JNeHus (pa3pbiBbl) BHIHYXIAIOT (DMIAMEHTH CKOJIb-
3UTh OTHOCUTEIBHO APYT APYra, YTO MOCTYXUIO OC-
HOBaHMEM TOSIBICHUIO TEOPUU CKOJIbXKEHMUSI.

[ponecc mponomxkaercst 10 Tex Mop, MOKa OKOHYA-
HUS MHUO3WHOBBIX (PUJIAMEHTOB HE JOCTUTHYT Z-JH-
Huii. Bo BpeMsI CKOJIbXEHMS (COKpAILEHUS) aKTHHO-
Bble (DMJIAMEHTHI ellle OOJbIIe COMMKAIOTCS, BBIXOMST
B H-30HY 1 B KOHIIe KOHIIOB IepeKphiBaioT ee. Korma
9TO MPOUCXOMUT, H-30Ha OKa3bIBAETCSI HEBUIUMOIA.
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MbiLLEeYHOE BOJIOKHO
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Capkonemma

TponomMnoanH

i

AKTVUBHBIN y4aCTOK Mwo3nHOBas ronoeka, NpUKperieHHasa
K aKTMBHOMY Y4aCTKy

Puc. 2.7. [locaedosamenvrocms Oelicmauil, cnOCOOCMBYIOUUX OCYU,ECMBACHUIO MbIUIEYHO20 COKPAUCHUSL:

a — MOMOHEUPOH ebldensiem auemuaxXoaut, KOmopwlii NPUcoeOuHsemes K peuenmopam, HaxoO0AWuUMcs Ha capKoiemme;
ecau npucoedunsemcs 00CMAMOYHOE KOAUHECMEO AUEeMUAXOAUHA, 8 MblUUEYHOM 60A0KHe 00pasyemcs NOmeHuuan
Oeiicmeus; 6 —nomenyuan deiicmeus "exaouaem " evidenenue Ca** uz CP ¢ capxonaasmy; 6 — Ca** npucoedunsemes
K MPONOHUHY HA GKMUHOB0OM (husamenme u mponowun "ommsazueaem " MPONOMUOIUH OM AKMUBHbIX YUACMKOE,
N036045151 MUOIUHOGHIM 20/108KAM NPUKPENUMbCS K AKINUHOBOMY (purameHmy

DHepreTHKa MbIIIEYHOIO COKpALIEHHUS ¢ AT®, TOCKOJBbKY IOCIEeIHUN OOecIrieuyrMBaeT He-
00XOIUMYIO DHEPTUIO.

MprlieuHOe coKpallleHue — aKTUBHBIN Tpollecc, ®epment AT®aza, pacrosioXeHHBIN Ha TOJIOBKE
U1 KOTOPOTO HyXHa sHeprusi. KpoMe cBA3bIBal0O-  MUO3MHa, paciueruisier AT®, obpasys aAe€HO3UHIU-
LIero y4yacTka Juig akTUHa Muo3uHoBas romoska  ¢ocdar (AJD), neopranmveckuit docdop (PH) u
COICPKUT TAKOM Xe& YJ4acTOK IS aAeHO3MHTpudoc-  sHepruto. OcBoOoxaaromasics BCAEACTBUE paculen-
dara (ATD). Uro6bl BO3HUKIO MbILIeYHOE cokpa- JeHUs AT® sHeprus mcroyib3yercs mJisi IpUKperJie-

M EeHUEe, MOJICKYyJa MHWO3WHA OOJI2KHA COCOAMHUTHCSA HHAd TOJOBKM MHO3MHa K aKTUHOBOMY (bI/IJ'[aMCHTy.
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Takum o6paszom, AT® — XUMHYECKUIT UCTOUHUK
9HEPTUU JUISI MBIIIEYHOTO cokpalleHus. bonee mon-
POOHO 3TOT BOMPOC PacCMOTPEH B TJaBe J.

3aBepmeHne MBIIIEYHOI0 COKpalleHUuA

MpillieyHOE COKpallleHUe MPOAOJIKAeTCs A0 TeX
Mop, MoKa He MCTOILIATCS 3amachl KajabLMs. 3aTeM
Kajapuuii "mepekauuBaeTca Hazag B CP, rme Ha-
XOMUTCS 70 TeX MOp, MOKa HOBBI HEPBHBIA HM-
MyJbC HE JOCTUTHET MeMOpaHbl MBIIIEYHOTO BO-
nokHa. BosBpaiienue kanpuusi B CP ocymiectsis-
eT aKTMBHasg CHUCTEMa "KallblIMeBOro Hacoca". OTo
elle OJMH MPOLEcC, ISl OCYLIECTBIEHUSI KOTOPOTO
HeobxoauMa Heprusi, MICTOUHUKOM KOTOPOii OMSITh-
taku aBisgeTca AT®. Takum obpa3oM, sHeprus Tpe-
OyeTcs masa ¢a3bl KaK COKpallleHWs, TaK U pacciaad-
JIEHUS.

B OB30OPE...

1. MbleyHoe COKpall€HHUE BLI3BIBACTCSA UMITYJIb-
COM JIBUIaTCJIbHOI'O HEpBaA. HBI/II‘aTCHbHHﬁ HEPB OC-

TponoHWH
-AKTUH

TponoMmosuH

a
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Puc. 2.8. Mbiueuroe 6or0kno 6 paccaabaennom cocmos-
Huu (a), é npouyecce cokpaweHus (6) u NOAHOCMbIO COKPA-
wernHoe (8), urrocmpupyrouee dsudicenue, obecneuusaro-
wee CKoaviceHue aKmuHoBsIx U MUOSUHOBBIX
duramenmos

BOOOXIaeT AlIX, KOTOPBII OTKPBIBAET MOHHBIE KaHa-
JIbl B MEMOpaHe MbIILIEUHOM KJIETKH, TEM caMbIM 0bec-
nevyuBas MOCTYIUIEHWE HATPUSI B MbILIEYHYIO KIETKY
(nermonsipusanumsi). [1pu goctatouHoit aenonsipuzauu
KJIETKM BO3HMKAET MOTeHIIMAN AeHCTBUS U TTPOUCXO-
JIUT MBILIEYHOE COKpallleHNE.

2. TMoreHuman aeicTBUSI pacmpocTpaHseTcs IO
capkojieMMe, cucTeMe TpyOOueK U BbI3bIBa€T OCBO-
ooxneHue kanpuus u3 CP.

3. Kanpuuii cBA3bIBa€TCS C TPOMOHUHOM, KOTO-
pBIii 3aTeM TMOAHMMAET MOJIEKYJbl TPOMIOMUO3MHA C
AKTHUBHBIX y4aCTKOB aKTHHOBOIO (pUIaMeHTa, OTKPbI-
Basl UX ISl CBSI3bIBAHUSI C MMO3MHOBON T'OJIOBKOM.

4. Tlocne cBSI3bIBAHUSI ¢ aKTMBHBIM aKTHMHOBBIM
y4acTKOM MMO3MHOBas TOJIOBKA HAKJIOHSIETCS U Ts-
HET aKTUMHOBBIN (DUIaMEHT, B pe3yjbrare 4ero ¢u-
JJaMEHTBl CKOJIb3AT OTHOCHUTEJbHO Apyr apyra. Ha-
KJIOH MUO3WHOBOM TOJIOBKY TMOTYYWJI Ha3BaHUE SHEP-
TeTUYeCcKOro, WM CUJIOBOTO, yaapa.

5. TloTpeOHOCTh B 3HEPTMM BO3HUKAET IO MBbI-
IEYHOTO COKpallleHus. MUO3MHOBasi TOJOBKA CBS-
3piBaeTcsl ¢ AT®, a AT®aza pacimennsger AT® Ha
AILD u Py, BbIIENAS SHEPTHIO IS COKPAILEHMUS.

6. MEIIeyHoe COKpalleHHe 3aBepIlaeTcs TOTla,
KOrJa KajJbliMii aKTUBHO BbIKAYMBAETCSl M3 CApKOI-
na3Mbl Hazan B CP mnis xpaHeHusi. DTomy mpoiieccy,
BelylieMy K pacciablieHuio, Takxe HeoOxonuma
SHEPTUsI, UCTOYHUKOM KoTopoii sBisteTcst AT®.

[Ipu ynaneHuu Kajabiiusi TPOMMOHUH U TPOTIOMUO-
3UH MHaKTUBUPYIOTCS. [lpu 3TOM MpOMCXOMUT pas-
PBIB CBSI3U MOMEPEYHBIX MOCTUKOB MUO3MHA C aKTH-
HOBBIMH (pMJIaAMEHTAMU U IIPEKpPaIaeTCs MCIIONIb30-
Banne AT®. BciemcTBue 3TOTO MUO3WHOBBIE U
aKTUHOBbIE (PUITIaMEeHThI BO3BpAILAIOTCS B CBOE Iep-
BOHAyaJibHOE pacciabieHHOEe COCTOSIHUE.

UTNagnaOyHKIUOHHOMOUOICUK
M bl 11 11

Korma-To 6bII0 TPYAHO U3yYaTh MBILIIEYHYIO TKAHD
KUBOTO uenoBeKa. Kak Obl Bbl OTHECIHCh K TOMY,
€CIIi KTO-HUOYIb pa3pe3as Ballly KOXY, 4TOObI B3SITh
HEKOTOPOE KOJMYECTBO MBIIIIBI? B GonbIIMHCTBE
pPAaHHUX MCCIEIOBAHUI MCIIONb30BAIM MBI J1a-
0GOPaTOPHBIX KUBOTHBIX. COBpeMEHHBIE TOCTVXEHUS
B 00J1aCTH TEXHOJIOTUH MO3BOJISIIOT B HACTOSIIEE Bpe-
MsI TI0JIy4aTh 00pa3ibl MBIIIEYHOM TKAHU Y UCIIBITY-
€MBIX Jaxe BO BpeMsI BHITIOJHEHUS YIPaKHEHUS.

s B39TUSA 00pa3sloB MCIOJIL3YIOT MBIIIEYHYIO
OUOICHUI0, KOTOpas IMPEAINoaraeT U3BJIeUueHUe Kpo-
IIEYHOI0 KyCcOUKa TKAaHU M3 OPIOIIKA MBIIIIBL. Ydac-
TOK, M3 KOTOPOrO M3BJIEKAIOT TKAHb, CHAYaJIa JeIaioT
HEYYBCTBUTEIbHBIM C IIOMOIIbI0 MECTHOI aHECTE31H,
3aTeM CKaJIbIIeIeM JeJIaloT HeOOIbIIOoi Haape3 (Mpu-
Onm3uTeNnbHO 1/4 mioiiMa) KOXH, TMOAKOXHON TKaHU
u ¢acuuu. Ilocie 3Toro B 6GPIONIKO MBIIIIE BBOISAT
Ha JOCTATOYHYIO [IyOUHY Toiyio uriy (puc. 2.9, a) u
C MIOMOIIbIO HEOOIBIIOTO MIYHXepa BHYTPU UTJIbI OT-
pe3aloT KPOIIEUHbI KycoueK MBIIILLI. M3BIeKaoT
UTITy ¢ HEGONBIIMM KYCOYKOM MBIIIIBI Maccoii 10 ru
oonee (puc. 2.9, 6), KOTOPbI OYMIIAIOT OT KPOBH,
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Puc. 2.9. buoncuiinas uera 6600umcsi 6 OprOWKO Mblulybl 0451 U3BACUEHUS KYCOUKA MblUUe4HOU MKaHu (a);
usgaevenHolll o6pazey noodsepeaemcs anaiuzy (6)

TTOATOTABIMBAIOT MJISI TIOCJICIYIONIETO MCCICTOBAHUS
1 OBICTPO 3aMOpaXXMBAaIOT. 3aTeM €ro pas3pe3aloT Ha
TOHKME Cpe3bl, OKPAIIMBAIOT W WCCICAYIOT TOI MUK-
POCKOTIOM.

MerTon MO3BOJISIET M3YJaTh MBIIIIEYHBIC BOJOKHA,
a TakKe OIpeAesiATh BO3NEUCTBUS OMHOKPATHOM (hu-
3UYECKOI Harpy3Ku M TOJITOBPEMEHHOM TPEHUPOBKU
Ha WX cocTaB. MHUKPOCKOITMYECKHE W OMOXUMUYEC-
KWe aHaJW3bl 00Pa3IIOB MBIIIIII ITOMOTAOT BBISICHUTD
MeXaHN3M 00pa30BaHMS SHEPTUN MBIIIIICH.

CKEJIETHAA MbIIIA
N OUBNYECKAA HAI'PY3KA

Tenepb, Korma Mbl pacCMOTpPENIN OOIIYI CTPYK-
TYpY MBIIII U TIPOLECC aKTUBALMM MUOMUOPWI, MBbI
MOXeM MPUCTYIUTh K U3YYeHUIO TOTO, KaK (PyHKII-
OHUPYIOT MBIIILBI BO BpeMs (pU3NUYECKON Harpy3Ku.
BbIHOCIIMBOCTD U CKOPOCTh 4ejioBeKa BO BpPEeMsl BbI-
NOJHEeHUS (PU3NYECKON HArpy3KH BO MHOTOM OIIpe-
JEJISIIOTCSI CIIOCOOHOCTBIO MBIIIIL, TIPOU3BOIUTH SHEP-
ruto u cuiy. [TocMOTpUM, KaK MBIILILBI CITPABIISIIOT-
Cs C 3TOM 3agaydei.

MEJJIEHHO-
N BbBICTPOCOKPALIAIOIIMUECH
MBIINEYHBIE BOJIOKHA

He Bce MbIIreyHbIe BOJIOKHA OOUHAKOBEL. OTmeb-
Hasl CKeJIETHasi MbIIII1A BKIIOYAET 1BA OCHOBHBIX TUIIA
BOJIOKOH: MeIllleHHOocoKpalnalowmuecst (MC) u 6bIcT~
pocokpammatomuecst (BC). YtoObl mocTYh MTUKa Ha-
MMPSDKEHUS TIPY CTUMYJIMPOBAaHUY MeLIEHHOCOKPa-~
IarIInMcs BojlokHaM Tpebyercs 1O mc, B To Bpe-
MsI KaK ObICTPOCOKpallaolMMcs — okojo 50 mc.

BricTpocokpailiaroliiiecs: BOJIOKHa, B CBOIO OUe-
penb, MOApAa3NessIIoTCsT Ha ObICTpOCOKpallaolligecs
BosiokHa Tuna "a" (BC,)) u GbicTpocoKpaliaromecs
BosiokHa tuna "6" (bC). Ha puc. 2.10 npencrasine-
HbI ToHKHEe (10 MKM) TIomepedyHble Cpe3bl MBIIIIIHI,
OKpallleHHbIE C LieJbIo nuddepeHIaum TUIOB BO-
JIOKOH. MeIIieHHOCOKpAIIaoII1ecs: BOJIOKHA OKpallle-
Hbl B TEMHBbII 1IBET; OBICTPOCOKPAILAIOLINECST BOJIOK-
Ha Tuma "a" HeOoKpallleHbI, a OBICTPOCOKpaIlaoIIe-
cg BoOJIOKHA TMIa "0" mMmeloT cepyio okpacky. Cy-
LIECTBYET Y TPETUIM TUII OBLICTPOCOKPANIAIOLIUXCS BO-
nokoH (BC,), KOTopblil He BUIEH HA 9TOM PHUCYHKE.

Paznuuus Mexmy Tpemsl TUIIAMUM OBICTPOCOKpa-
IIAIOIIMXCS BOJIOKOH HE IO KOHLA M3ydeHbl. Bwmec-

Puc. 2.10. MC u BC moviueunvie onoxna.
Tosacuenua e mexcme
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Te C TeM CYMTAETCd, YTO BOJIOKHA TUTA "a  4acTo
HUCIIOJIb3YIOTCS TIPU MBIIIEYHOMN AeATEIABHOCTH Ye-
JnoBeka 1 auinb MC-BOJIOKHA UCITOJIB3YIOTCS Yallle.
Pexe Bcero ucmosibdytorcsi BC-BonokHa Tuma "B".
B cpeanem Mbimbl coctodaT Ha 50 % u3z MC u Ha
25 % n3 BC-BonokoH tuna "a". OcranbHbie 25 %
COCTaBJISIOT TJaBHBIM oOpa3zom bBbC-BojgokHa TuIia
"6", Torma kak BC-BosokHa Tuma "B" COCTaBISIOT
Bcero 1-3 %. I1oCKONIBKY MBI Majo 3HaeM 00 3TOM
tune bC-BoOKOH, B JajibHENIIIeM MBI He OydeM HX
paccmatpuBaTh. KoOJIM4eCTBO 3TUX TUIIOB BOJIOKOH
B Pa3JIMYHBIX MBILIIaX 3HAYUTEIbHO KOJIEOIETCS.

Xapakrepuctuku MC- n BC-Bosiokon

HTak, MBI 3HaeM, YTO CYIIECTBYIOT pa3JIUdIHbBIC
TUITBl MBIIIEYHBIX BOJOKOH. Terepb HaM TPEACTOUT
BBIICHUTh MX 3HadeHMe. Kakyio posib OHM WTpaioT B
MBIIIIEYHON AesATebHOCTU? YTOOBI OTBETUTH Ha 3TOT
BOIPOC, BHISICHUM CcHadaja, 4YeM OTJIWYAIOTCS THIThI
BOJIOKOH.

AT®aza. Haszanue MC- u BC-BosokoH 00yc-
JIOBJIEHO Pa3Iu4YusIMU B CKOPOCTHU UX JACUCTBUS, OCY-
LIECTBISIEMOrO pasHbIMU (GopmamMu MUO3MH-AT®Da-
3pl. BcrmoMHuM, 4to Muo3mH-ATdaza — depMeHT,
pacwerisiiomuii AT® nnsg obpa3oBaHUsI dHEPTHH,
HEoOXOOUMOM I BBITIOJTHEHUsS COKpAIleHUS WU
obecrieueHus: pacciabieHus. MC-BoOJTOKHA UMEIOT
MemieHHyo ¢dopmy AT®a3sl, BC — 6bicTpyio. B or-
BeT Ha HepBHYIO cTumyisuuio AT® GwicTpee pac-
menaserca B bC-, yvem B MC-BosiokHax. Bciencrsue
3TOTO TIepBbIe ObICTpee IMOJTYYaloT SHEPTUIO IJIsS BbI-
MOJIHEHUsI COKpAaIllleHUsI, YeM BTOpbIE.

CucreMa, ucrojb3yeMasi 1l KiiacCuMuKauy Mbl-
IEYHBIX BOJIOKOH, OCHOBaHa Ha HAJIOXEHWH XUMM-
YeCKOTro KpacHuTelisi Ha TOHKHMI cpe3 TKaHU, MPU 3TOM
okpamuBaetcss AT®Paza BojokoH. Kak BUIHO M3 puUC.
2.10, MC-, BC,- u BC,-BosioKHa MMEIOT Pa3HYIO OK-
packy. MeTon JeMOHCTPUPYET, YTO KaXaoe MbIIIed-
HOE BOJIOKHO MMeeT ToJbKo onuH T ATda3sl, BMe-
CTe C TeM BOJIOKHa MOTYT BKJIIOYaThb CMeCh THIIOB
AT®a3. JIns HEKOTOPBIX XapaKTEepHO IpeolyamaHue

MC-AT®asbl, ana apyrux —bC-AT®azsbl. Mx BHe-
IMHUMI BUI B OKpAlIeHHOM Tpenapare CleayeT pac-
CMaTpUBaTh KakK MEpPeXOmHbli, a He Kak abCOTIOTHO
pa3HbIe THIIHI.

Tabn. 2.1 0600111aeT XapaKTEPUCTUKHU PA3TIUYHBIX
TUTIOB MBIIIIEYHBIX BOJIOKOH. B Hell Takke mpuBee-
HBl aJbTepHATUBHBIC Ha3BaHUs, MCIOJb3yeMbie B
IPYTUX KIacCU(PUKAIMOHHBIX CUCTEMAaXx.

CapromnazmaTudeckuii peTHKYJiyM. /st bC-Bono-
KOH xapakTepeH Oosee Bbicokopas3Buthiii CP. Ilo-
9ToMy BC-B0OJIOKHA CMTOCOOHBI JOCTaBIATh KadbLUK
B MBIIIEYHBIE KJIETKU MPU UX akKTuBanuu. CIYUTAIOT,
YTO MMEHHO 3Ta CIIOCOOHOCTh OOYCJIOBIMBAeT Oosee
BBICOKYIO CKOPOCTb HeiicTBusi BC-BOOKOH.

JlpuratenbHble eaMHMIB.. BCMOMHUM, 4ro IBHUIa-
TeJIbHAsl eNMHUIIA — 3TO OTHEJbHBIH MOTOHEHPOH M
MBIIIIEYHBbIE BOJIOKHA, KOTOPbIe OH MHHEepBUpPYyeT. Ta-
KUM 00pa3oM, HEWPOH OMpeesieT, SIBISIOTCS JIM BO-
JIOKHa MeIJIEHHO- WiIu ObICTPOCOKpALAIOIIMMHUCS.
Motoneiipon B MC gBurateapbHOil €IMHUIIE HUMEET
HEOOJBbIIOe KIETOYHOE TeJI0 M WHHEPBUPYET TPYITITY
n3 10 — 180 MBIIEYHBIX BOJTOKOH. Y MOTOHEWpPOHA B
BC aBuratenbHO# equHULIE OOJBIIOE KJIETOYHOE TeJIO
u OoJsbllle aKCOHOB, U OH MHHepBHpyeT oT 300 mo
800 MBIIIIEUHBIX BOJIOKOH.

Orcroma ciemyeT, 4To Kaxabiii MC-MoToHeiipoH
B COCTOSIHUM aKTMBHUPOBATb 3HAYUTEJNHbHO MEHbBIIEe
KOJIMYECTBO MBIIIIEYHBIX BOJIOKOH, B IMIPOTUBOIIOIOX-
Hoctb BC-moroneiipony. Ilpu 3ToM HeoOGxomuMo
OTMETHUTb, YTO CHUJA, MPOM3BOAUMAHA OTAEIbHBIMU
MC- n BC-BonokHamMHu, IO BEJMYMHE OTJIMYAECTCS
He3HauuTenbHO [1].

wy Pazjiuune B BeJIMYMHE MPOM3BOIUMOM CHIIBI
MeXIy MeMJIEHHO- W ObICTPOCOKPALIAIOIIN-
MHCSl JBUTATEIbHBIMM €IUHHIAMH O00YCJIOB-
JIEHO KOJMYECTBOM MBIIIEYHbIX BOJOKOH B
JABUTraTeJbHOM eIUHUIIE, A He BeJUYHUHOM
CHJIbI, TIPOM3BOIANIMOi KAXKIbIM BOJOKHOM

Twumn BonoKHa

XapakTepucTuka MC BC. BC,
Tun I Tun Ta Tun 116
MO BOT bI
OKUCIUTENbHAsI CTIOCOOHOCTD Bricokas YMepeHHO BbICOKast Huzkas
T'mukonuTraeckas criocoOHOCTb Huskas Beicokas Maxkcumanbuis
CKOpOCTh COKpAILIEHUS MennenHas Brictpas Brictpas
ConpoTuBIeHHE YTOMJICHUIO Bricokoe CpenHee Huskoe
Cuta IBUTaTeIbHON €IUHULIBI Huzkas Bricokas Bricokast

Tadbnuma 2.1

IIpuMedanue. BraHHOM TeKCTe Mbl UCIOB3YeM cuCTeMy | Kiiaccu(UKaLMU TUMOB MBILLIEYHBIX BOJIOKOH.

Knaccudukanmmusa
TUINOB

MBI EYHbIX
BOJIOKOH

J10BOJIbHO YacTO MCIOB3YIOTCS Apyrue cucteMbl. Cuctema 2 onpenensier MC-BosiokHa Kak BosiokHa tumna I, a BC —
Kak BosiokHa tuna [1a u H6. Cucrema 3 kiaccuduumpyeT TUITbl BOJIOKOH HA OCHOBAHUM CKOPOCTH X COKPALUEHUsI U
OCHOBHOTO MeTo1a 00pa3oBaHusi aHepruu. M C-BosiokHa HasbiBaloTcst MO (MeaieHHble okueutensHbie), BC, — BOT
(GbICTpBIE OKUCTHTEMbHbIE ITHKoNnKUTHYecKHe), BCs — BI' (GbICTpbIe MUMKONUTHYECKHE).
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Pacnpe,ue.ﬂeﬂue THUNOB BOJIOKOH

Kak yxe otrmeuanoch, cogepxanne MC- u bC-
BOJIOKOH BO BCeX MBINILIAX TeJla He ogMHaKoBo. Kak
MPaBUJIO, B MBIIIIAX PYK U HOT YeJoBeKa CXOIHBIN
coCTaB BOJIOKOH. MccaenoBaHusT TOKa3bIBAIOT, UTO Y
moneit ¢ mpeobiramanrneM MC-BOJIOKOH B MbILiLIax
HOT, KaK MpaBWIO, 00JIbIlee KOJTMIECTBO ITHX Ke BO-
JIOKOH U B MbIIILAX PYK. DTO ke oTHocuTcs U K bC-
BOJIOKHAM. BMmecTe ¢ TeM CyIIecTBYeT psii MCKIIIOUe-
Huii. Hampumep, kaM6an0BMAHAS MBINIIA, HAXOIS -
mascsl riayoxe MKPOHOXHOM, y BCeX JIoJAeH MouTu
MOJHOCTBIO cOCTOUT U3 MC-BOJIOKOH.

Tun BosiokHA M (u3MYecKas HATPY3Ka

MbI paccMOTpenu pa3Hble acnekThl oTiauunii MC-
n BC-BomokoH. Ucxonst u3 aTtux pasnuuuii, MOXHO
MPENNONIOXUTh, YTO AaHHBIE TUIIBI BOJIOKOH WMEIOT
TakXe pasHble (QYHKIMU BO BpeMs (U3MYECKOU aK-
TUBHOCTU. DTO NEHCTBUTEIHHO Tak.

MC-BoJoxHa. B npuHuune MemjieHHOCOKpallia-
IOIAMCSI MBIIIEYHBIM BOJIOKHAM TPUCYII BHICOKUI
YpOBeHb a3pOOHON BBHIHOCIMBOCTU. YTO 3HAYMT 3TO
moHATHe? A3SpOOHBIN 03HAaYaeT "B IMPUCYTCTBUM KHC-
Jiopona”, Tak Kak OKUCJIeHUe — a3pOOHBIN TTpoliecc.
MC-BojsiokHa BechMa 3Gh(GEKTUBHBI ¢ TOYKHM 3PEHUS
npousBoactBa AT® Ha OCHOBE OKMCICHUS YIJIEBO-
JIOB U XUPOB.

BcnmomuuM, ytro AT® Heobxommuma mis odpaso-
BaHUS DHEPTUM, UCIOJB3YEMON MPU COKpAIlEeHUU
" pacciabiieHuM MBIIIEYHOTO BOJIOKHA. B mpoltec-
ce okucieHusi MC-BOJOKHA TMPOJOJIKAIOT CUHTE-
3upoBaTh AT®, yTO maeT BO3MOXHOCTb BOJIOKHAM
oCTaBaThCsl aKTUBHBIMU. CIOCOOHOCTH MOAIEPKU-
BaTh MbBIIIEYHYIO AaKTUBHOCTh B TeUEHUE IJIUTENb-
HOTO TIepHOaa Ha3BbIBAETCS MBIIICYHOM BHIHOCIIH-
BOCTbIO, cienoBaTenbHOo, MC-BojokHa o006JanaoT
BBICOKOI a3poOHOI BBIHOCIAUBOCTHIO. biaromaps
9TOMY OHU 0OoJjiee MPUCITOCOOIEHBI K BBIMTOJHEHUIO
JUTUTETbHOW paboThl HEBBICOKOW MHTEHCUBHOCTH,
HampuMmep, MapagoHCKOMY Oery Wiu TIaBaHUIO B
OTKPBITOM MOpE.

BC-BoaokRa. bricTpocokpaluaroigiecss MbIliey-
HbIE BOJIOKHA, HA000POT, XapaKTepU3yITCS OTHOCHU-
TEeJIbHO HU3KOW a’po0HOI BHIHOCIUBOCTBIO. (OHH
6oJiee mpucmocobJieHbl K aHA3POOHOI AEITEIbHOCTU
(6e3 kucnopona), yeM MC-BojioKHa. DTO O3HAyaer,
gyro ux AT® obpasyercs He MyTeM OKUCJIeHUsI, a Oia-
rojiapsi aHa3pOOHBIM PeaKIIMsIM, PeUb O KOTOPHIX TOM-
IeT B IaaBe 5.

bC, nBurarenbHble eIMHUIbI TPOU3BOAAT 3HA-
YUTEJbHO 00JbIIYI0 cuily, yeM MC aBuUraTeabHbIE
€AUHWIbI, OMHAKO OHM JIETKO YCTAalOT BBUIY Orpa-
HUYEHHO# BbIHOCIMBOCTU. Takum obpazom, bC -
BOJIOKHA MCTTOJIb3YIOTCS TIaBHBIM 00pa3oM TPy BhI-
MOJITHEHU Y KPAaTKOBPEMEHHO paboThl BRICOKOM UH-
TEHCUBHOCTHU, TPeOYIOIIell MPOsSIBIEHU S BHIHOCIIH -
BOCTH, Hampumep, Oere Ha | MU0 WIK TIaBAaHUU
Ha 400 wm.
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Xorst 3HauMMOCTh bC -BOIOKOH ellle He MOJIHOC-
TBIO OTIpejieJieHa, OYeBUAHO, YTO OHU HE TaK JIErKo
BO30YXIal0TCsl HEPBHOM cucTeMoil. BBuay aToro, oHu
OYEHb PEKO MCIOJNB3YIOTCS BO BpeMsl OOBIYHOM 1e-
SITEJIBHOCTA HU3KON MHTEHCUBHOCTU. [TTaBHBIM 00-
pa3oM OHM KCIIONB3YIOTCS BO BpeMs "B3PBIBHBIX" BU-
OB JeSITeIbHOCTU, TakKuX, Kak 6er Ha 100 M unm
miaBaHue Ha 50 M. B Tabn. 2.2 0600uIeHB XapaKTe-
PUCTUKHU Pa3jUYHBIX TUIIOB BOJOKOH.

Onpene.nel-me THIIA BOJIOKHA

XapaKTepuCTUKU MBIILIEYHBIX BOJIOKOH, T.€. CIO-
COOHOCTb MEAJIEHHO WJIM OBICTPO COKpallaThCsl, OIl-
penensiioTcsl B paHHeM Bo3pacTe, MO-BUAUMMOMY, B
nepBbie 5 jer Xu3Hu. McciaegoBaHUs OIHOSIMIO-
BBIX OJIM3HEILIOB MMOKA3aJM, YTO COCTAB MBILIEYHBIX
BOJIOKOH OMpeaeeH TeHeTUYEeCKM U HEe3HAYUTEeNb-
HO U3MEHSIETCSl OT AETCKOTO 10 CpPEeAHEero Bo3pac-
Ta. OTU MCCAeJOBaHUS TakXKe MOKa3aiu, 4TO Yy Of-
HOSAMIOBBIX OJM3HELOB COCTAaB BOJOKOH MpaKTH-
YeCKU MAEHTUYEH, TOraa Kak mpodujib BOJOKOH Y
JABYSIALIOBLIX OJIM3HELIOB OTJAMYaeTcsi. ['eHbl, KOTO-
pble Mbl HacjeAyeM Yy HallUX POAWTENei, ompene-
JISIIOT, KakKue MOTOHEWpPOHbI WHHEPBUPYIOT HaIlU
MbllIEYHbIE BoJOKHA. Ilocie ycTaHOBJIEHUS! MHHED-
BaUMU HallW MbILIeYHble BOJIOKHA AUddepeHIn-
pytoTcsa (CTAaHOBSTCSA CMeUMalu3upOBAHHBIMU) B
3aBUCUMOCTU OT TUIMA HEWpOHa, KOTOPBIK MX CTHU-
MYJUpYeT.

Tao6auua 2.2. CrpykrypHble H (GYHKUMOHATbHbIE
XAPAKTEPUCTHKH THUIOB MbILIEYHBIX BOJOKOH

Tun BosoKkHa
XapakTepucTuka
MC BbC, BCs
KonmmuecTBo BOJIOKOH 10-180 300-800  300-800
Ha MOTOHENPOH
Pasmep MoToHelipona  HeOombuioit  Bosbinoit  bobiioit
CKOpOoCTb HEpBHOI HeGonbmasi Bombimasgs  Bonbimast
MPOBOIUMOCTHU
CKopocTb 50 110 110
COKpAILEHUSI, MC
Turm muo3uH-AT®assr  MemieHHblil  BeicTpbiii  BBICTpHBIi
PazBuTtnie capko- Huskoe Bricokoe Bricokoe
[U1a3MaTH4YeCKOIo
pPETHKYTyMa
Cuia JBUATATENIBHOM Heb6onbmiass  bosnbmiasi  Bospiias
€IMHUILIBI
AspoOHasi CriocOOHOCTh
OKUCIIUTEIbHAS Bricokast Cpenusast  Huskas
IUKOIUTHYEeCKAs Huzkas Bricokass  Bwicokast

OnHAKoO CO BPEeMEHEM COCTaB MBIIIEYHBIX BOJIO-
KOH MOXeT u3MeHuthcs. [lo Mepe cTapeHus Halim
Mbimbl "Tepsior” BC-BoloKHa, YTO BeleT K OTHO-
CUTEJIbHOMY YBEJUYEHUIO MPOLEHTHOro coctaBa MC-
BOJIOKOH. ’



BOBJIEYEHHWE
(PEKPYUTHUPOBAHMUE)
MBIIEYHBIX BOJOKOH

Korma MOTOHEHpOH aKTUBUPYET MBILIEYHOE BO-
JIOKHO, 1/l BO3HUKHOBEHUS peakluy Heobxoouma
MUHUMaNbHas BeIUYNHA CTUMYJTMPOBAHMS, Ha3bIBa-
emas moporoM. EciM BeluumHa CTUMYNSLUU HUXE
JaHHOTO MOpOTa, MBIIIEYHOE COKpAllleHHe He Mpo-
ucxomut. Ecam Xe oHa COOTBETCTBYET MJIM TIPEBBI-
IIaeT MOPOT, MBIIIEYHOE BOJOKHO MaKCUMAJIbHO CO-
KpalaeTcs. 9Ta peaklusl peanusyeTcs Mo TUIY "Bce
i Hudero". TToCKONbKY Bce MbILIEUHbIE BOJIOKHA
OTNEeNbHON IBUTATENbHON €IMHUIIBI MOIBEPraloTCs
OIMHAKOBOW HEPBHOW CTUMYJSILIUU, BCE OHU Xapak-
TEpU3YIOTCS MaKCUMAJbHBIM COKpallleHUeM B CIIy-
yae IpeBbIIIEHUS MOpora CTUMYJIALUU. TakuMm 00-
pa3oM, IBUTATENbHON €AMHUIE TAKXKe MpUcyla pe-
aKIIMsg TMIa "BCe MJIM HMYEro'.

BenuunrHa cunbl HaXOAMTCS B TMPSIMOM 3aBUCH-
MOCTH OT KOJMYECTBA AKTUBMPYEMBIX MBILIIEYHBIX
BonokoH. Korga HeoOxomuMa HeOoNbIIasl cUjia, CTH-
MYJIUPYETCS IUIIb HECKOIBKO BOJOKOH. BCITOMHMM,
yro BC npuratesnbHble eQMHULBI COAepXkKaT OOJbIie
MBIIIEYHBIX BOJIOKOH, yeM MC. JleiicTBUe CKeleT-
HOM MBIIIIBI BKJIIOYAET U30MpaTebHOE BOBIEYEHUE
MC wnu BC MbIlI€YHBIX BOJIOKOH B 3aBUCHMOCTHU
OT MOTPEOHOCTEH TOH AEITEIbHOCTH, KOTOPOM Ipe-
CTOUT 3aHATbcd. B Hauane 70-x rogoB XX c1. Ton-
JHUK W Op. TPOIEMOHCTPUPOBAIM, YTO 3TO M30Mpa-
TEJIbHOE BOBJIEYEHUE OIPELENAETCI HE CKOPOCTHIO
JIEeHCTBUSI, a YPOBHEM CUJIbI, KOTOpBIi HEoOX0auM
Mmblie [5, 6].

B OB3OPE...

1. BOJIBIIMHCTBO CKEJIETHBIX MBI COAEpXKaT Kak
MC-, tak bBC-BonoxHa.

2. PaznuyHble TUMBI BOJOKOH MMEIOT Pa3Hble
AT®azb. AT®a3a BC-BonokoH JeiicTByeT ObIcTpee
u Oosiee OBICTPO MOCTABJISIET YHEPTUIO AJIS MBIIIEY-
Horo cokpamnieHus, yem AT®aza MC-Boji0KOH.

3. BC-BosoKHa XapaKTepu3yloTcs 00jiee BbICOKO-
Pa3BUTBIM CApKOIJIa3MaTUYECKUM PETUKYJIYMOM,
obecneynBalolMM JOCTaBKY KajbllMsi, HEOOXOIUMO-
IO JUIS1 MBIIIEYHOTO COKPAIllEHUS.

4. Mortoneiiponsl bC nBuraTeabHbIX €IUMHMIL
KpYIHEE U MHHEPBUPYIOT 00JIbIlIE BOJOKOH, YEM MO-
ToHelipoHsl MC nBUraTeabHbIX eAMHMIL. TakKuM 00-
pazoMm, BC nBurarenbHble €IMHUIBI MMEIOT OOJIbIIE
COKpalAOUIUXCS BOJOKOH WM MOTYT MPOU3BOAUTD
oospmie cvibl, yeM MC gBUTaTENbHBIE €AMHUIIBI.

5. Kak mpaBuiio, MBIl PyK U HOT YejoBeKa
MMEIOT CXOAHBIM COCTaB BOJIOKOH.

6. MC-BoJIOKH2a XapaKTePU3YIOTCS BHICOKUM yPOB-
HeM a’po0HOI BHIHOCIUBOCTU U 0ojiee MpUCIocon-
JIEHBl K BBITIOJHEHUIO AJUTEIbHOM PabOThl HU3KOMN
WHTEHCUBHOCTH.

3%

7. BC-BosokHa 0ojiee MPUCIIOCODIEHBI K aHad-
poGHoii nesaTenbHOCTH. bC -BOJOKHA MCIOJIB3YIOTCS
npy Harpyskax "B3pbiBHOro" Tuna. ®ynkunsa bC,-
BOJIOKOH TMOJHOCTbIO HE BbISICHEHA, OJHAKO U3BECT-
HO, YTO OHU HEJIETKO BOBJIEKAIOTCS B JESITEIbHOCTD.

Ha puc. 2.11 noka3zaHa B3aMMOCBSI3b MEXAY pa3-
BUTHEM CUJIBI M BOBJICYECHHEM B paboTy BoJIOKOH bC
BC, u MC. Bo Bpems Harpy3ku HeGOJIbLION MHTEH-
CUBHOCTH, HAPUMED, TIPU X0J160€, MBILIIEYHY IO CUITY
npou3BoaAT B ocHoBHOM MC-BosokHa. Ilpu Gosee
BbICOKOY MHTEHCUBHOCTHM Harpy3ku, Hampumep, bere
TPyCLIOM, B MPOM3BOACTBO CMJBI BKJIo4aoTcsa bC-
BoJIOKHA Tuma "a". HakoHel, nMpu BHITIOJHEHUU pa-
00THI, TpeOyIOLIe MaKCUMalbHOI CUJIBI, HAIIpUMED,
Oere Ha CIMPUHTEPCKUE NUCTAHLUU, AKTUBUPYIOTCS
BojiOKHa Tuna bC,.

Bmecre ¢ TeM naxe npu MaKCUMaJIbHbBIX YCUTUSAX
HEepBHAs CUCTEMa He BOBJIEKAeT B paboty 100 % ume-
IOIIMXCS MBILIEYHBIX BOJMIOKOH. HecMoTpsi Ha Baiie
KeJlaHUE MPOU3BECTU OOJIbIIYIO BEIMUYMHY CUJIbI, aK-
TUBUPYETCS JIUIIb MX YacTh. OTO MPENOTBpAILAET
BalllM MBILILLI U CYXOXUJIUS OT MoBpexaeHus. Eciau
Obl Bbl CMOTJIM COKPATHUTh BCE CBOM MBIILIEYHBIE BO-
JIOKHA B OIMH MOMEHT, MIPOM3BECHHAs CUia, BUAM-
MO, pa3opBaja Obl MBILIILY UM €€ CYXOXUJIME.

IIpu mpoaoaXuTenbHOM (B Te€YeHMUE HECKOJb-
KHX 4acOB) Harpy3ke Bbl IOJKHBI paboTaTh B Cy0-
MakcMMalbHOM TeMmmne. HamnpsokeHue MbllIlL Mpu
3TOM OTHOCHUTEJbHO HeboJjblioe. B pe3ynbrare He-
pBHas cUCTeMa BOBJIEKAET B pabOTY UMEHHO T€ Mbl-
LIeYHbIE BOJOKHA, KOTOpble Haubojiee MPUTOAHBI
JUIS eT€JIbHOCTU, TpeOylolleil BbIHOCIMBOCTHU:
MC- u Hekoropeie bC-BonokHa tuma "a". B mpo-
llecce Harpy3kKuM B 3TMX BOJOKHAax MCTOILIAETCS 3a-
rac OCHOBHOTO "Topioyero” (IIMKOreHa) U HepBHOI
cucTeMe MPUXOAMTCS BOBIeKaTh Gosibiie BC -Bo-
JIOKOH JJISl TMOJAEPXaHUS MBIIIEYHOTO Hampsixe-
Husg. HakoHen, xorma 3amacel "roptoyero” B MC-
1 BC_-BojlOKHax MOJHOCTBIO UCTOIIATCA, B paboTy
BKiovaorcs BC -BosokHa, obecneynBas Mpoao-
KEHUE yrpaxHeHus.

BT0 00DBSICHSET, MOUYEMY YTOMJIEHHUE BO BpeMs
MmapadoHa wiau Oera Ha 26,2 MUK TPOUCXOOUT Kak
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0Bl mosTanHo. Mnu mouyemy TpeOyeTcs 3HAUUTEINb-
HOE CO3HATeJIbHOE YCUIIME ISl MOANepKaHUS JaH-
Horo Temma Ha (puHuuie. Pe3ynbraToM co3HaTesb-
HOTO YCHUNHS SBISIETCS aKTHBALMS MBIIIEYHBIX BO-
JIOKOH, KOTOpPbIE TPy HEE BOBJIEKAIOTCS B paboTy. DT1a
nHOpMAIIUI UMeeT O0JBIIoe TPaKTHIeCKoe 3HaUe-
HUe U Halllero MOHMMAaHMS CrelupuIecKux mno-
TpebHOCTel TPEHUPOBOYHOM 1 COPEBHOBATENbHOM e~
sTebHOCTU. bonee moapoOHO maHHBIA BOMPOC OC-
BellleH B raBax 4 u 7.

B OB3OPE...

1. JIBUTaTeIbHEIM €OWHUIIAM IIPUCYIIA peakKIus
TAMa "Bce MM HUYero". /I BOBIIEUCHUS eTMHUIIEI
B JEATENBHOCTh NMOTEHUMAN NEefICTBUS ABUTATEIBHO-
r0 HepBa JO/DKEH COOTBETCTBOBATh MJIM IIPEBHIIIATH
ropor. Korma 310 mpoucxoauT, BCe MBIIIEYHBIE BO-
JIOKHA JBUTATEIbHOM E€IWHUILI COKPAIalTCI MaK-
cumanbHO. Ecim mopor He mocTuraeTcsl, BOJIOKHA JaH-
HOIl eIVHUIILI He aKTHBUPYIOTCS.

2. Yem Oonbllle aKTUBUPYETCS IBUTATEIbHBIX €I~
HMII U, CIelOBaTebHO, MBIIIEUYHBIX BOJOKOH, TEM
OoJple MPOW3BOAUMAsT CHUIIA.

3. Ilpu MamOMHTEHCHUBHOI HESITEIHHOCTH OOJb-
IIYI0 9acTh MBIIIEYHON cwibl mpou3BogsaT MC-Bo-
nokHa. C yBeJIMYeHNM COIPOTUBIICHUS IIPOUCXOIUT
BopyieyeHue BC -BonokoH. Korna BosHuKaeT motped-

“0CTh B MAKCUMAJTbHON BEJIMYMHE CUJIBI, aKTUBHUPY-
otcs BC-postokHa. Tlogo6Has cTpyKTypa BOBIEYE-
HHUS XapaKTepHa Ui NesTeJIbHOCTH OOJIBIION IIpO-
JOJDKUTENBHOCTH.

THUIT BOJIOKHA
N CIIOPTUBHBIE JOCTUXEHUA

Ha ocHoBaHWM M3y4eHMS COCTaBa MBIIIEYHBIX BO-
JIOKOH MOXHO TPEIIOJOXUTb, YTO CIIOPTCMEHBI C
BBHICOKUM comepxkaHueM MC-BoJOKOH UMEIOT TIpe-
MMYIIECTBO B MIUKINYSCKUX BUIAX CITOPTa, TPEOYIO-
WX TIPOSBIECHNS BEIHOCIUBOCTH, TOTIA KaK CIOPT-
CMEHBI ¢ BRICOKMM TIporieHToM BC-BomokoH Gomee
MPUCTOCOOJEHBI K KPATKOBPEMEHHBIM U “B3PbIBHBIM ”
BuJaM. MoXeT M MPOLIEHTHOE COiepXXaHKe pa3iny-
HBIX TUTIOB MBIIIEYHBIX BOJIOKOH OTIPEAENATh yCIeX
B cropre?

CocTaB MBIIIEYHBIX BOJIOKOH CIIOPTCMEHOB, 3a-
HUMAIOIINXCA pa3MNIHBIMY BUIAMHU CIIOPTa, TOOWB-
muxcs OOJBIINX YCIIEXOB, IMpUBENEeH B TabmI. 2.3.

Paccmorpum, nHampumep, OeryHoB. Kak Mbl u
MIPeATIoNaTair, MBIIIIIE HOT OETYHOB Ha JIMHHBIC
JTUCTAHIMU, U1 KOTOPBIX 00JIbIIOE 3HAUEHUE UMEET
BBIHOCITBOCTD, COCTOAT IpenMymiecTBeHHO 13 MC-
BOJIOKOH. MccienoBaHusl MOKa3bIBalOT, YTO Y 0O0JIb-
MIMHCTBA CHTbHEMITNX GeTyHOB M OETYHMIT HA IUTMH-
HBIe OUCTAHIIMM WKPOHOXHBIE MBIIIIIEI COmepXKar
oonee 90 % MC-BomokoH. Kpome Toro, XOTs ITO-
Magh TMOMEPEYHOTO pa3pe3a MBIIEYHOTO BOJOKHA
3HAYMTETBHO OTIMYACTCS Y CUIbHEHIINX OSTYHOB Ha
JUIMHHBIE OUcTaHlMU, MC-BOJOKHA B MBIIIIAX KX
HOT 0XBaThIBAIOT IJIOLIAb MOMEPEYHOTo pa3pesa Ha
22 % 6ombmyto, yeM BC-BoJoKHa.

Y crpuHTEpOB, IJII KOTOPHIX IJIaBHOE — CHJIA U
CKOpPOCTh, — MKPOHOXHBIC MBIIIIEl COCTOSAT TIpe-
uMyiecTBeHHO U3 BC-BosokoH. XOoTs y MJIOBLOB,
KaK TpaBmiIo, B Mblmax Oonbime MC-BOJTOKOH
(60 — 65 %), yeM y HeTPeHMPOBAHHBIX WCIBITYe-

Cocras, % IDromank nonepeyHoro
CCUYCHUS, MKM
CriopTcMeH Mon Mpia
MC | BC MC BC

Crpuntepbl (OeTyHBbI) M HkpoHoxHas 24 76 5,878 6,034

X " 27 73 3,752 3,930
BeryHbl Ha IUIMHHBIE M HxpoHOxXHast 79 21 8,342 6,485

UCTaHLINA X " 69 31 4,441 4,128

BenocunenucTsl M  JlarepanpHasi mmMpoxast 57 43 6,333 6,116

X MbIIa Geapa 51 49 5,487 5,216
TTnoBLBI M 3anHss OeIbTOBUAIHAS 67 33 - -
TsoxemoatieTsl M HKpoHOXHast 44 56 5,060 8,910

M [densroBuaHas 53 47 5,010 8,450
TpoeGopist M 3anHss nenbToBUIHAS 60 40 - - TaGauuma 2.3

M JlatepanbHasl IIMpOKast 63 37 - - Cocras

MbIlIIa Oeapa T —

M HkpoHOxXHast 59 41 - - ToMNepeyHoro
I'pebipl Ha KaHO3 M 3anHsist JelbTOBMIHAS 71 29 4,920 7,040 ceuenust
Tonkarenu siapa M HkpoHOXHast 38 62 6,367 6,441 MC- u BC-BOJOKOH
HecnoprcMeHbI M JlarepasbHas HIMpoKas 47 53 4,722 4,709 U30pPaHHBIX

MBIIIILA Oempa MBILIIL
X HkpoHoxHas 52 48 3,501 3,141 cnioprcMenoB (M)
u cnoprcmeHok (2K)
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MbIX (45 — 55 %), pa3nuuMs B TUIIE BOJOKOH MEX-
Iy XOPOIIMMU U CUTbHEUITMMHU ITOBI[AMU HE CTOJb
OUeBUIHB [2 — 4].

HUrpornoocHbie mblidybl YeMRUOHOE MUpPA NO Ma-

pagony codepucam 93 — 99 % MC-goaoxoH,

moeda Kak y CUAbHeHWUx CHPUHMEPO8 Mupa 6
amux moruyax éceco 25 % MC-eonoxon

CocraB BOJIOKOH B MbIIIILIaX OETYHOB Ha IJIMHHbIE
W KOPOTKME TUCTaHIIMU 3HAYMUTEJbHO OTIMYaETC.
OnHako ObLJ10 ObI HEMPABUIbHBIM CUMTATh, YTO JIUIIb
Ha OCHOBAaHWHW JTOMMHUPYIOIIETO THUTA MBIIIEYHOTO
BOJIOKHA MOHO JIETKO "0TOoOpaTh" 4YeMIMOHOB B Oere
Ha JJTMHHBIE W KOPOTKUE TUCTAHIIUU. Y CITEIIHOE BhI-
CTYIUIEHHE B 3THX TUCITUILINHAX, TPEOYIOIINX MPOSIB-
JIEHUsl BBIHOCJIMBOCTH, CKOPOCTH M CUJIbI, 3aBUCUT U
OT Jpyrux (HakTopoB, HampuMep, MYHKIMH cepaed-
HO-COCYIMCTOM CHCTeMBI M pa3Mepa M. Cremo-
BaTeJbHO, COCTaB BOJOKOH caM IO cebe — He equH-
CTBEHHBII MHINKATOP CIIOPTHBHOTO yCIIexa.

HMcnoabn3oBanne MbIIIIIL

Mpbl u3ydanu pazauyHble TUIbI MBIILIEYHBIX BO-
JIOKOH. MBI TaKXe BBISICHWIM, YTO MPU CTUMYJIHUPO-
BaHUU BCe BOJIOKHA IBUTATEIbHON €IMHUILIBI IEHCTBY-
10T OJTHOBPEMEHHO U pa3JInYHbIe TUITbI BOJIOKOH BOB-
JIEKaloTCsl B pabOTY MO3TAINHO, B 3aBUCUMOCTHU OT BUIA
JesITeIbHOCTU. Ternepb Mbl MOXEM BEPHYTLCS Ha MaK-
POCKOINMYECKUI YpOBEHb M HAMpaBUTh Hallle BHU-
MaHMe Ha TO, KakK JAEWCTBYIOT MBIIIIIbI, YTOOBI MPO-
W3BECTH IBUXKEHUE.

bonee yem 215 map cKeJeTHBIX MBIIIII] OpraHu3Ma
3HAUUTENbHO OTJIMYAIOTCS APYT OT Apyra pa3Mepom,
(opmoit u ucnonb3zoBanueM. Kaxmnoe KoopauHUpo-
BaHHOE BUXEHUE BBIMOJIHSETCS TIOCPEACTBOM MPU-
JIOXEHUs MbllieyHoi cuibl. Ero ocymiecTsasiior

* aTOHUCThI, WU MEePBUYHbBIE ABUTATEIN, — MbILI-
1Ibl, TJIaBHBIM 00pa3oM OTBeYarolIue 3a BbIMOJ-
HEHMe IBUXEHUS;

* QHTarOHUCTBbl — MBIIILIBI, IPOTUBOCTOSIIINE TIEP-
BUYHBIM JBUTATENISIM;

* CHHEPIMCTBI — MBI, TOMOTAMOIINE TIEPBUY -
HbBIM JIBUTATEISIM.

Kax BugHo 13 puc. 2.12, miaBHOe crubaHue JOK-
TS OCYIIECTBIISIETCS Oarogapsi COKpalleHuIo Tieye-
BOIi M JIBYTJIaBO¥ MBILILL (AarOHUCTOB), a TAKXe pac-
C/1abJIeHUIO TPEXIJIaBOM MBILIIBI TJieya (aHTarOHUC-
ToB). Ilneyenyyeras Mblliiiia (CUHEPTUCT) MTOMOraeT
MEePBBIM CrUOATh CyCTaB.

boabuiyro yacth cujibl, HEOOXOOAUMOM IS JIO-
00ro BbIMOJTHEH WS IBUXEHUSI, TPOU3BOIAT aTOHUC-
Thl. MBILILIBI COKPAILAIOTCS Ha KOCTSIX, K KOTOPHIM
OHU MPUKPETIIEHBI, MPUTATUBAS UX APYT K APYTY.

B aTOM MM OMOTaOT CUHEPTUCTHI, KOTOPbIE UHOT-
Jla y4acTBYIOT B "HacTpoiiKe" HampaBJIecHUS JBUXE-
HUSA. AHTarOHUCTBI BBHIMOJHSIOT 3aLIUTHYIO POJib.
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[Osyrnaeas Muaula nneva

MneyeBas MblLLILA

Mneyenyyesas MbiLA

Tpexrnasas
MblLILA Mieya
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Puc. 2.12. Jleiicmeue mbluiyy a2oHUCMo8, aHmMazoHUCmMo8
U CUHEP2UCINOE 60 6peMsi CCUDAHUS PYKU 8 10Kme

PaccmorpuM, HampuMep, YETBIPEXTIABYIO MBIIIILY
bempa (mepeqHIO) M MOOKOJIEHHOE CYXOXWIne (3ai-
Hee) Genpa. [Ipy 3HAYMTETPHOM COKpAmIeHWH TIOMI-
KOJIEHHOTO CYXOXWINS (arOHMCTHI), YeThIPEXTIIaBble
MBIIIIBl (AHTarOHUCTBI) TAKXe CJierka COKpalllaloT-
cs, TIPOTUBOIEHCTBYS IBUXKEHHUIO ITOAKOJEHHOTO
CYXOXWIHs. DTo TpeaoTBpamiaeT Ype3MepHoe pac-
TSKEHUE YeThIPEXTJIaBbIX MbILIL BCIEACTBUE 3HAYM-
TEIHOTO COKPAIICHMs ITOIKOJECHHOTO CYXOXWIINS
u obecreuyrBaeT 0ojiee KOHTPOJIMPYyEMOe IBMXKEHUE
oempa. Kpome Toro, 3to MpoTHBOCTOSIIEE AEHCTBHE
MEXIy arOHUCTaMU M aHTarOHNCTaMK 06ecIIeYrBa-
€T MBIIICYHBIN TOHYC.

THUNBIMBIIIIEYHOTO COKpaIeHuA

MpileyHoe IBUXEHUE MOXHO pa3leNuTh Ha TpU
THMa COKpALIeHUS: KOHIIEHTPUUYECKOe, CTaTUYeCKoe
U SKCIEHTPUUYECKOE. OTU TPU TUIA COKpalleHus
MBILILBI XapaKTePHbI JUIsI MHOTUX BUIIOB JeSITEIbHO-
CTU, HampuMmep, Oera Wiu MpbIKKOB, MPU BbITOJHE-
HMM TJITABHOTO KOOPAMHUPOBAHHOTO ABMXeHMUsI. Pac-
CMOTPUM KaX[Iblii TUII OTAEIBHO.

Konnentpuueckoe cokpamende. OCHOBHOW THIl
AKTUBALIMU MBIIIILIBI — COKpallleHUe —SBJIsAeTCs KOH-
neHTpuyeckuMm (puc. 2.13, a). DTOT BUA COKpalle-
HUS Haubojee HaM 3HaKOM. YUToObI MOHATH, KaK CO-



KoHueHTprYeckoe cokpalleHve:
MbILLILIA YKOpa4YMBaeTcs

a

Cratnyeckoe CokpaLleHue:
AO/IMHa MbIlLbl HE U3MEHAETCA

[syrnaeas Mbillua nieya

OKCLIEHTPUHECKOE COKPaLLIEHVE:
MbILLLA YOTMHAETCA

R ——

6

Kpalaercsl MbIIIA, BCTOMHUM O TOM, KaK CKOJIb3SIT
JIPYT OTHOCHUTENIbHO ApYyra aKTWHOBBLIE U MUO3UHO-
Bble dunaMeHTsl. Mcxonst U3 TOro, 4to MpU 3TOM
MPOU3BOIUTCSIBMKEHUECYCTaBa, KOHIIEHTPUUECKUE
COKpAILEHHUSI CYUTAIOTCS TMHAMUYECKUMMU.
CraTuyeckoe cokpamenue. MBIIIIIBI TAKXE MOTYT
aKTUBUPOBATHCS, HE U3MEHsI s cBoel AnHbI. Korma
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Puc. 2.13. [llpu xoruenmpuueckom COKpaujeHuy Molullibl
aKmuHogbvle @uaamenmsl noomseusaromcs opye K opyey,
meM cambiM ygeauuugaemces. NAowads UX NepeKpvimus ¢
MUO3UHOBbIMU rusamernmamu (a). Tlpu cmamuueckom mol-
WEeYHOM COKpauwieHuu npoucxooum o6pasoeanue u ocyuje-
cmeasiemcs: NOBMOPHBII UUKA MUOIUHOBHIX NONEPeUHbIX MO-
CMUK08, O00HAKO 66UV 3HAUMEAbHOU CUAbl AKMUHO8bE
Qunramenmor ne Oguzaromes (6). Bo epemsa sxcuyenmpuyec-
K020 MblUEUHO20 COKPAUeHUS. aKMUHOBble (DUAAMEeHMbl euwe
boavute pazdsuearomes (8)

9TO TPOUMCXOAWT, MBINIA TTPOU3BOIUT CUTY, ONHA-
KO €€ IJIMHA OCTAeTCs CTAaTUYHOU (HEe M3MEHSIETCS).
DTO Ha3BIBACTCS CTATUYECKUM COKpallleHueM (pHc.
2.13, 6), TIOCKONBKY YIOJl CycTaBa HE M3MEHSIETCS.
Jpyroe Ha3BaHUE —HU30OMETPUUECKOE COKPAIIICHUE.
DTO TPOUCXOAUT, HATIPUMEpP, KOTHA BbI THITAETECH
MOMHSTh KaKON-TO TMpeaMeT, Macca KOTOpPOro 0OO0Jib-
111€ BEJIMYUHBI CUJIbI, TIPOU3BEICHHOW BallIE MBbIIII -
LIeW, WIM KOTZA Bbl YAECPXUBACTE KAKOM-TO TIPEAMET,
COTHYB PyKy B JjokTe. B 000ux citydasix BbI onryiiae-
T€ HATPSKEHUE MBIIII, OAHAKO OHU HE MOTYT CIBU-
HYTb TSKECTh U TI0O3TOMY He cokpainatorcst. [Tpu atoit
aKTUBAIMM MBILILBI TTOTIEPEYHbIE MOCTUKMA MUO3WHA
00pa3yloTcs 1 BBITIOJTHSIOT TTOBTOPHBIE ITUKIIBI, TPO-
U3BOJSI CUJTY, OJIHAKO BBUIY 3HAYMTEIbHOU BHEII-
HEW CUJIbl aKTMHOBbIE (DUTAMEHTHI HE MOTYT [IBU-
ratbcsi. OHUM OCTAlOTCS B CBOEM OOBIYHOM IOJIOXKE-
HUU, TO3TOMY COKpallleHue He mpoucxonuT. [Ipu
BOBJICUEHUH JIOCTATOYHOTO YWCJ/IA TBUTATEIbHbIX €Iv-
HUII, KOTOPBIE MPOU3BOISIT CUTY, JOCTATOYHYIO JJIst
MPEONONCHNST COTPOTUBIICHUS, CTAaTUYECKOE COKpa-
IIEHNE MOXET MePEerTH B AMHAMUYECKOE.

DCKIEHTPHYECKOe COKpamiende. MEBIIIIIBI CIIOco0-
HbI TIPOU3BOINTH CUTY B TIPOLIECCE YUIMHEHUST. DTO —
9KCUEHTPUIECKOE cokpaleHue (puc. 2.13, 8). 310
TaKKe JMHAMUYECKUI TPOLIECC, MOCKOIbKY MPOMUC-
XOAUT NBUXeHue cycraBa. Hampumep, cokparieHue
JIBYTJIABBIX MBIIIII] TUIEYa, KOTAA BbI OITyCKAaeTe TsKe-
JIBI TIPEIMET, BBITIPSIMUB PYKY B JIOKTe. B 3TOM Ciy-
yae aKTUHOBbIE (DPMJTAMEHTHI €I1le OOJIbIIe YAAISIOTCS
OT LIEHTpa capKoMmepa M pacTSITMBAIOT €ro.

OO0pa3zoBanne CHIIBI

MpleyHas cuia OTpakaeT CIIOCOOHOCTH ITPOM3-
BomUTh Du3muecKyto cwry. Ecimm BB MoXeTe OTKaTh,
nexa Ha ckambe, Maccy 300 ¢yHTOB (Gomee 136 Kkr),
TO Ballly MBIIIIBI CIIOCOOHBI MPOU3BECTU CUITY, JIOC-
TATOYHYIO YTOOBI CIIPABUTBCS C TPY30M TAKOM XKe Mac-
chbl. Jlaxke 6e3 Harpy3ku (He IIBITasCh ITOMHSITH MAaccCy)
Ballld MBIIIILIBI JOJKHBI TPOU3BOIUTE CUITY, TOCTATOY-
HYIO YTOOBI ABUTATh KOCTU, K KOTOPBIM OHU IMPUKPETT-
JIeHbl. Pa3BUTHE MBIIIEYHON CHJIbI 3aBUCHUT OT

* KOJIMYeCTBa aKTUBUPOBAHHBIX IBUTATEIbHBIX
eNMHMII;

* TUIaaKTUBUPOBAHHBIXIBUTaTEIbHBIX CIMHULL;

* pa3Mepa MBIIIIbI;

* HayaJIbHOW JUTMHBI MBIIIIIBI B MOMEHT aKTUBAILIUH;

* yIjia CycTaBa;



* CKOPOCTH IEHCTBUS MBIIILIBI.

PaccMoTpuMnepeyncieHHBIE KOMIIOHEHTHI.

JIBuraTebHble eUHUIbI H pa3Mep MbIlIbl. MBI yxe
paccMaTpuBalIv IBUTaTeabHbIe eAMHUIbL. BcrioMHUM,
YTO BEJMYMHA IPOU3BOAMMOI CHUIIBI 3aBUCUT OT KO-
JINYECTBA AKTMBMPOBAHHBIX IBUTATEIbHBIX CAUHMII.
BohicTpocokpalaioliiecs IBUIaTeIbHbIE €IMHULIBI
MIPOU3BOIAT OOJIbILE CUJIBI, YEM MeUIEHHOCOKpalla-
folMecs, MockoibKy Kaxaas bC aBurateabHas eau-
HMIA COAEPXKUT OOJIbIIEe MBIIICYHBIX BOJIOKOH, YeM
MC nBuratenbHas egunuua. ITomoOHO 3TOMy, YyeM
OoJibllle MBIIILA, TeM OOJIbIIE BOJOKOH OHA COAEp-
XHUT, U TeM OOoJIbllie CUJbI MOXET MPOU3BECTH.

Jlmana Mpimpl. J1s MBIIOL U UX COGAUHUTEIb-
HbIX TKaHeW (acimit ¥ CyXoXuauil) xapakTepHa aJ1a-
cTuyHOCTh. IIpu pacTsSKeHMU 371aCTUYHOCTD MPOSIB-
JISIETCSI B HAKOIUIEHUM dHepruu. Bo Bpemst mocueny-
IOIlIeil MBIIIEYHOI AEATeJIbHOCTU 3Ta HAaKOIUIEHHAas
SHEPIUsl OCBOOOXKIAETCS, TeM CaMbIM YBeJIMYMBasl
cuiy.

JIIMHa MBIl OTpaHUYeHa aHATOMMYECKUM pac-
MOJIOXKEHUEM U ee IMpUKperieHueM K Koctu. Ilpu-
KpeIIeHHasl K CKeJIeTy MbIIILA B IIOKOE BCE Xe CJIer-
Ka HaIpsiXeHa BCIIEACTBUE HEOONBLIOTO PacTSKEeHUs.
Ecau 661 MbIIILA M30aBUIACh OT MPUKPEIUICHUS, OHA
pacciaduiach Obl M ee JUIMHA cTaja Obl YyTh MEHbIIIE.

[IpoBoauBIIMECcS M3MEpeHUs ITOKA3bIBAIOT, 4TO
MBIIIIA MOXET MPOM3BECTH MAaKCHMAaJIbHYIO CHIY,
€ClIi OHa IepBOHAYaJIbHO OblIa pacTsSHyTa Ha UIM-
Hy, Ha 20 % TpeBBINIAIONIYIO ee IUIMHY B MoKoe. [1pu
TaKOM pPaCTSKEHMM MBIIILbI COYeTaHME HAKOILIEH-
HOIi SHEPruy M CUJIbl MBIILIEYHOTO COKpalleHNsI, Be-
ayuiee K IPOM3BOIACTBY MaKCHMaJIbHOW BEJIMYMHBI
CWJIBI, OIITUMAJIBHO.

VBennueHne WIM YMEHbIIEHUE IJMHBI MBbIILIIIBI
oonee uau MeHee 20 % CHUXAET MPOU3BOACTBO CHUIIBI.
Hanpumep, ecnu mavHa pacTSIHYTOM MBILILBI B ABa
pa3a IpeBhHIIIAET €€ AJIMHY B IIOKOE, IPOU3BOIMMAS
CUJia mpaKkTU4ecku OydeT paBHa HyJwo. BBumy pacts-
KEHUS MBIIIILI SHEPIUS B HEW IO-IIpeXHEMY Ha-
KarmBaercsa. B IOedcTBUTEIBHOCTM 4YeM OoJiblle

MBbIIIIIIa PacTATUBAETCS, TeM OOJbllle dHEPTUU OHA
HaKarMBaeT.

OnHaKo HEOOXOAMMO YYUTHIBATD €1lle OOUH (haK-
top. Cuna, mpou3BoaMMasi MbIIIEYHBIMU BOJOKHA-
MU BO BpeMsl MBIIIEYHOTO COKpPAIleHUS, 3aBUCUT OT
KOJIMYECTBA MOIMEPEYHbIX MOCTUKOB, COMpUKacai-
IIUXCs C aKTUHOBBIMU (PUTaMeHTaMU B JI1000€e J1aH-
Hoe BpeMsi. YeM 6oJibliie UX YUCIO0, TEM CUJIbHEE MbI -
ieyHoe cokpaieHue. [1pu nepepacTskeHUM Mbl LI ey -
HBIX BOJIOKOH PAacCTOSIHME MEXIy aKTUHOBBIMU M
MHUO3UHOBBIMHU (UTaMEHTaMU elie OoJiblie YBeIU-
YUBAETCS. YMEHbIIEHUE IJIOMIAAN TMEePEKPbIBAHUS
9TUX (UIAMEHTOB COKpallaeT KOJIMYECTBO Momnepey-
HBIX MOCTHKOB, KOTOpPbIE HEOOXOIMMBI Il 06pa3o-
BaHUsS CUJIBI.

Yron cycraa. IToCKOJBKY MBIIIIBI TPOU3BOAST
CUJTy C TIOMOIIbIO CKEJIETHBIX PHIYAaroB, YTOObI BhISIC-
HUTb MPOLIECC IBUXEHUS, HEOOXOIUMO MOHSTH (HU-
3MYECKOE PACMONOXEHUE ITUX "MBILIEUHBIX GJOKOB"
1 "pblyaroB Kocteit'. PaccMOTpuM JIBYT/IaBYO MBILIILY
miaeya. CyxoXWJiMe 3TOM MBILIILI COCTABJSIET BCEro
1/10 paccTosstHMS OT JIOKTEBOII OIOPHI JIO MAaccChl,
yaepxuBaeMoii B pyke. [1oatomy 4ToObI yaepxaTb B
pyKe o0bekT Maccoir 10 ¢yHTOB (4,5 Kr), MbIlIIa
JoxHa npwioxuth B 10 pa3 Gombiiyo cuiny (100
(yHTOB WM 45 KI).

Cuna, nmpousBoauMasi MbILILEH, COOOINAETCS KO-
CTW 4Yepe3 MbIlIeYHOe MpUKpeTuieHue (CyXoXuuue).
MakcumanbHOe KOJHUYECTBO COOOIIaeMOi KOCTH
CWJIBI 3aBUCHUT OT ONTMMAJbHOIO YIja cycTaBa. YTroJ
CycTaBa, B CBOI OYepelb, 3aBUCUT OT OTHOCUTEJb-
HOTO TIOJIOXEHUSI CYXOXWJIBLHOTO TPUKPEIUIEHUST K
KOCTH, a TakXe OT BEeJMYMHBI MepeMellaeMoil Mac-
cbl. B HanieMm mpumepe JydliuM YoM JIJisl IPUJIO-
xxeHus cuibl B 100 dyHTOB (45 Kr) SIBASIETCSl yroi
100°. bonbiee win MeHbllIee CTUOAHUE JIOKTEBOTO
cycTaBa MpUBEAET K U3MEHEHUIO YIja MPUIOXKEHHUS
CWJIbI, YTO YMEHBLIUT BEJIUYUHY CUJIbI, COOOIAEMON
koctu. M3noxeHHoe WUIOCTpUpyeT puc. 2.14.

Ckopocts cokpamienusi. CrocoOHOCTb IIPOM3BO-
JIUTb CUJIYy TaKXe 3aBUCUT OT CKOPOCTH MBILIEYHOTO

Mbiwiua

Puc. 2.14. Kasxcowiii cycmas umeem onmumanvhuiii yeon npusoxcenus cuavt — YIIC (a). s deyenasoii muiuypt naeua,
cokpauwarowetics 6004b A0KMs, onmumanvibiil y2on cocmaensem [00°(6). Ymenvwenue uau () yeeauuenue yena
cycmaea npusooum K U3MEHEHUIO YeAa NPUNONCEHUs CUAbL U CHUNICAem BeAUMUHY CUNbl, Nepedagaemoil mbluyel Kocmu
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YanusHexuve, m-¢™' YKkopaumBaHue, M-
OKcueHTpuyeckoe KoHueHTpuieckoe
cokpaleHmne coKpalueHmne

Puc. 2.15. Bzaumocesnsv mexncdy 0aunoll moiuiibi
U 8eAUMUHOU NPOU3600UMOIl cunbl. JJaHHble
Acmpanda u Podaxas (1985)

cokpanieHus. IIpu KOHIIEHTPUYECKOM COKpAIIeHUH
MPOM3BOJACTBO MAaKCHMMAJIbHON CHJIBI TIPOTPECCHBHO
CHUXKaeTcs ¢ yBeJIMueHueM ckopocTtu. Hampumep, Bbl
MBITAeTECh MOTHATh OUYEHD TAXKENbIN peameT. OObIu-
HO BHI Jie/laeTe 3TO MEAJEHHO, KOHLUEHTPUPYS CUIY,
KOTOPYIO MOXeTe TPUIOXUTh. Eciin BBl CXBaTHUTE €ro
U TIOMBITaeTeCh OBICTPO TOMHSTH, CKOpPEdl BCEro Bam
9TO He yJacTcsl ciejiaTh, KPOME TOTO, Bbl MOXKETe
HaHecTu cebe TpaBmy. CoBceM Ipyroe xapakTepHO
JUI OKCUEHTPUUYECKMX COKpamieHuid. bricTpbie 3Kc-
LEHTPUYECKUE COKPAILEHUSI TIO3BOJISIOT MPUIOKUTh
MaKCUMAaJIbHYIO CUITY.

BTa B3aMMOCBA3b MPOJEMOHCTPUPOBAHA Ha
puc. 2.15. TTockoabKy €IMHUIBI BHIPAXXEHBI B MET-
pax B CEKyHIy, YeM OOJIbIlIe YHCIIO0, TeM OBICTpEe MbI-
HIeYHOEe COKpalleHue (IBMXEHHE CO CKOPOCTHIO
0,8 m-c™! ocymecTBsieTca OBICTpee, YeM CoKpalle-
HUe co ckopocThio 0,2 M 3a TO Xe camoe Bpemsi).

B OB3O0OPE...

1. MbILbl, KOTOPbIE YYacTBYIOT B OCYLIECTBIE-
HMU IBUXEHUS, MOXHO pa3ae/iuTh Ha

* ArOHUCTH (TIEPBUYHBIC IBUTATENH);

* QHTaroHUCTHI (OMIOHEHTHI);

* CUHEPTUCTHI (MTOMOIIHUKM).

2. Cyl1iecTByeT TP OCHOBHBIX THUIIA MBIIIIEYHOTO
COKpalIEHUS:

* KOHUEHTPUYECKOE, MPU KOTOPOM MBILILA CO-

Kpauaercs,
* CTAaTMYECKOE, MPU KOTOPOM COKpAaIEHUE MBbIIII-
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IIbI HE COMPOBOXIACTCS U3MEHEHNEM YIJIa Cyc-
TaBa;
¢ OKCHECHTPUYECCKOEC, NP KOTOPOM MBbIIINA YIAJIN-
HSETCA.

3. VYBenuueHHe MPOM3BOACTBA CUJIBI JOCTUTAeTCs
3a CUeT BOBJIEUEHUSI B pabOTy OOJBILIETO YMCIA IBU-
raTeJbHbIX €AUHUII.

4. MakcuMmanbHOE TIPOU3BOACTBO CHMJIBI HMeEeT
MEeCTO B TOM CJIy4ae, €CJIM 10 Havyajia JeiCTBUSI MbIII -
1a moxsepriack pactskennio Ha 20 %. Ilpu sTom
OIITUMAJIbHO COYETAIOTCS KOJUYECTBO HAKOIIJIEHHOM
SHEPIUU ¥ YUCIIO CBSI3aHHBIX aKTHHOMHO3MHOBBIX T10-
NMEPEYHBIX MOCTHUKOB.

5. Kaxnpiit cyctaB MMeeT ONTUMAJIbHBIN YT, pU
KOTOPOM MBIIIIBI, 00eCIeurnBaloIIye IBUKEHHUE CY-
CTaBa, IIPpOM3BOAAT MAaKCHMAJIbHYIO BCJIMYMHY CUJIBIL.
VYro 3aBUCUT OT OTHOCHUTENbHOTO TOJIOXEHHUS MBbI-
IIEeYHBIX anernneHuﬁ K KOCTM M Harpy3km Ha
MBIIIILLY.

6. Ha BeiMunHYy NpOoMU3BOAMMOM CUJIbI BIMSIET TaK-
K€ CKOpPOCTb COKpalieHUs. [Ipy KOHIEHTPUUECKOM
COKpallleHUM MaKCHMallbHasl CUJla pa3BUBaeTcsl Ha
OCHOBaHMM 0oJiee MeIJIeHHBIX cokpaieHuii. 1o mepe
MPUOIIKEHUST K HYJIEBON CKOPOCTU (CTaTMIECKOE
COKpallleHNWe) YBEIUYMBACTCS KOJMYECTBO IIPOM3BO-
quMoii cuibl. IIpy KOHUEHTPUYECKUX COKPALIEHUSIX
MaKCUMaJlbHOE pa3BUTHE CHJIbI O0OecreynBaoT 00-
Jiee OBICTpPBIC TBUKCHUS.

+

B nmaHHO# raBe MBI paccMOTpeau KOMITOHEHTHI
CKEJIETHOW MBIIIIbI. M3yuuiau pasnuuust MexXay TH-
naMy BOJIOKOH, a TaKXe WX BIMSIHME Ha (u3uydec-
KYIO IeSITeJIbHOCTh. BBISICHMIM, KaK MBILIIBI TPOU3-
BOISIT CUJIYy W JIBWKEHUE, TOATATMBAsI KOCTU. Terepb,
KOrja Mbl 3HaeM, KakK OCYILIECTBISIETCS JABUXKEHUE,
MBI MOXEM TMPUCTYNUTh K M3YYEHUIO TOTO, KaK OHO
KOOpIMHUpYeTcs. B cnenyiolieil riaBe Mbl paccMOT-
pPUM KOHTPOJIb ABWXXEHUSI HEPBHOM CHCTEMOIA.

Konxrpo.mnable sonpocot

—_—

. [lepeurcauTte v onpeneuTe KOMITOHEHThI MbIIIIEY -
HOTO BOJIOKHA.

2. [lepeuncanTe KOMIIOHEHTHI BUTATEALHON S IMHUIIEI.

3. Kaky1o pojib urpaet KaJblKii B POLECCE MbIIIEY-

HOTO COKpalieHus ?

Pacckaxurte o Teopuu CKOJIbXKeHUs (PUIaMEHTOB.

Kak cokpaliaioTcst MbllIe4Hble BOJIOKHA?

. ITpuBenrTEe OCHOBHbIE XapAKTEPUCTUKU MELIEHHO-
1 GBHICTPOCOKPALIAIONIUXCSA MBIIIIEYHBIX BOJIOKOH.

. KaxkoBa poJib reHeTUKHM B OIpee/IeHIN TPOITOPIUit
THUTIOB MBIILIEYHBIX BOJIOKOH M B BO3MOXKHOCTHU
JIOCTMYb ycriexa B M30paHHBIX BUAAX NESTeIbHOCTH?

7. OnuIIKTe B3aMMOCBSI3b MEXTY IIPOU3BOACTBOM MbI-

IIEYHOM CUJIBI M BOBJIEYEHHEM B PaOOTY MeJIeHHO-

1 GBICTPOCOXPANIAIOIINXCS BOJIOKOH.

4.



8. KakoBa cTpykTypa BOBjieueHUS B pabOTy MbllIey-
HBIX BOJIOKOH MpPU: a) BBHITIOJTHEHUM MpPbIXKA B
BHICOTY; 0) Oere Ha 10 xM; B) MapadoHckoMm Oere?

9. NuddepeHuupyiite 1 npuBeaAUTe MPUMEPbl KOHIEH-
TPUYECKOTO, CTaTUYECKOTO M JUHAMMYECKOTO COKpa-
LIEHUH.

10. KakoBa onTuManbHas AJMHA MBIIIIbL A5 TIPOU3-
BOJICTBA MaKCUMaJbHOW CUJIbI?

11. KakoBa B3aMMOCBSI3b MEXAy MaKCHMaJIbHBIM COKpa-
IIEHUEM W CKOPOCTbIO COKpAalIEeHUS (KOHLEHTpUYEC-
KOe COKpallleHue) 1 pacciabieHns (3KCLEeHTpuIec-
KOe CoKpaineHue)?
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Fraea 3

Poab nepenoii cucmemot
8 pez2yasauuu 08udceHull

¥

B npenpimyiiieit riaBe Mbl pacCMOTpENH, KaK MbIII-
LIbl, pa3BUBasl YCUJME, BO3JCHCTBYIOT Ha KOCTH, K
KOTOpPbIM OHM MPUKPEIJIEHbI, MPOU3BOIS TAKUM 00-
pa3oM IBUXEHME. DTOT IPOLECC HEBO3MOXEH 0e3
y4yacTUsl HEPBHOM cucTteMbl. Kak ckener octaeTcsi He-
MOJBWXHBIM 10 TeX TOp, MOKa MBIl HE MpUio-
Kar yCuiIve, TaK U MBIIIIBI HE MOIYT COKpPalaThes
JI0 TeX TMOop, MoKa MX He BO30YXIaeT HepBHAs CUCTe-
Ma. HepBHasg cuctema TulaHUpyeT, HAauMHAeT U KO-
OpAVHUPYET BCe IBMXKEHUS 4eJoBeKa. DTa poJib He-
PBHOW CHUCTEMbI — KOHTPOJIb IBMXEHUI YEI0BEKA —
MpeaMeT Hallero M3yYyeHUs B JaHHOM TJaBe.

HepBHasa cuctema Biauser Ha BCIO (DU3MOIOTH-
YeCKylo JeSATebHOCTh OpraHu3Mma yejsoBeka. HepBbl
00pa3yloT CBOEOOPa3HYyI CETh, IO KOTOPOM 3JIEKT-
pUYECKUE UMITYJbChl MEPEAATC MPaKTUYECKU BO
BCE YYaCTKM Teja, a Takke MPUHUMAIOTCI U3 HUX.
lonoBHOIT MO3r J€iiCTBYET Kak KOMIIbIOTEP, WHTET-
pupys TocTymawulyo WHGOpMalMio, MOAbICKHUBAsK
HYXHBIA OTBET U 3aT€M UHCTPYKTUPYSI COOTBETCTBY-
IOIME YacTU Tejla, KaK IMOCTYINUTh. TaKuM o0pa3oM,
HepBHas cucTeMa o0ecreyrnBaeT KOMMYHMKALWIO U
KOOPAMHALIMIO B3aMMOACUCTBUI MEXIy BCEMHU TKa-
HSIMU OpraHU3Ma, a TaKXe ¢ BHELUITHUM MUPOM.

B 1011 T71aBe MBI paccMOTpUM, KaK OCYLIECTBIIS-
€TCSl HEPBHBIM KOHTPOJIb TPOM3BOJLHOTO ABUXKEHMUS.
Ilpu sTOM CliemyeT NHOMHUTb, YTO MPAKTUYECKU JII0-
0ast pusmonorunvyeckass (pyHKIUSI, BIMAIONIAS Ha
CIIOPTUBHYIO JEATEJBHOCTb, B TOM WJIM WHOW Mepe
PETYJIMpYeTCs U KOHTPOJIUPYETCS HEPBHOW CUCTEMON.
Mbl paccMOTpUM JIMILIb YacTh MHOTOTPAaHHOM nesi-
TEJbHOCTU HEPBHOU CUCTEMBI B OCYILIECTBJIEHUU
MBILIEYHOM AESITENbHOCTHU.

CTPYKTYPA 1 ®YHKIINN
HEPBHOI CUCTEMBI

HepsHas cucrema — omHa 13 HauboJIee CI0XHBIX
CHCTEM OpraHu3Ma 4ejioBeka. MHorue u3 ee yHK-
LKA elle HemocTaTouyHO M3ydeHbl. IlocKoJbKy maH-
HBI Y4€OHMK ITOCBSILEH CYTy0O CIIOPTUBHOM U MBI -
LIEYHOH AesATeIbHOCTH YeJI0BeKa, MBI He OyJIeM BIa-
BaThCd B HEHYXKHBbIE MmoapooHocTu. HauneM ¢ xpart-
KOI'0 O3HAKOMJIEHU S C HEPBHOU CUCTEMOM, 3aTEM TIE-
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peiimeM K M3YyYeHHWIO BOIPOCOB, HEIOCPEICTBEHHO
CBSI3aHHBIX CO CIIOPTUBHOM M MBIIIECYHON HEATEeNb-
HOCTBIO. MBI HAaUHEM C U3yYeHUS OCHOBHBIX SIMHMUIL
HEPBHOI CHCTEMBI — HEHPOHOB.

HEVPOH

OtaenbHBIE HEPBHBIE KIETKM M WX OTPOCTKH,
n3o0paxeHHble Ha puc. 3.1, Ha3bBIBAIOTCS HEWpOHa-
MU. OOBIYHBINM HEMPOH COCTOUT M3 Teja, WIN COMBI,
JIEHIPUTOB U aKCOHA.

Teno comepxut smpo. OT Tela OTXOAST OTPOCT-
KU — JAeHAPHTH U akcoH. COOKY IO HaIlpaBICHMIO K

Puc. 3.1. Cmpoenue neiiponos




AKCOHY KJIETKa CyXaeTcs, o0pa3ys aKCOHHBIH XOJI-
MUK, KOTOPBI/ UTPAET BaXKHYIO POJIb B IIepefave uM-
MYyJbCOB.

HeiipoHsl comepXaT MHOXECTBO AEHIPUTOB.
D10 — pelenTophl HEIIPOHOB. BOJIBIIMHCTBO UMITYJIb-
COB, TIOCTYNAIOLIMX B HEPB M3 COCETHUX HEWPOHOB,
Kak MpaBuJio, MOCTYNAOT B HEWPOH Yepe3 JeHIPUTHI
W 3aTeM Iepenarotcs ey HeiipoHa. Hapsay ¢ atum
HEWPOHBI, KaK MPaBUJI0, UMEIOT JIUIIb OIUH AKCOH.
D10 —HelpoMeanaTop HellpoHa, Mepeaaroiuii UM-
MyJbChl U3 TeJa KJIETKU. AKCOH pa3BeTBJsAETCS, 06-
pa3ysd OKOHYaHHUS, WIM TepMUHaIbHbIE (UOPUILIBL.
OKOHYaHMS aKCOHA PaCLIMPSIOTCsI, 00pa3ysl Kpoliey-
Hbl€ BBIMYKJIOCTU, TAaK Ha3blBAEMble CUHANTUYECKUE
XOJIMUKU. B HUX COmEpXMTCS MHOXECTBO MY3bIPb-
KOB (MEIIIOYKOB), HAMOJHEHHBIX XUMUUYECKUMHU CO-
eIVMHEHUSIMU — HelipoMeauaTopaMu, obecreurBao-
UMMM CBSI3b HEMPOHOB APYT € IPyroM (peub 06 3ToM
TIOWZIET Janee).

HEPBHBI MMIIYJbC

HepBHblil uMIyIbCc — 3JeKTpUYECKUI 3apsig —
MpeacTaBisgeT co0oil CUTHAN, Mepexoiusdiluil OT oj-
HOIO HEWMpOHAa K APYroMy, MOKa HE NOCTUTHET KO-
HEYHOTO OpraHa, HampuMep, TPYMIbl MBIIIEYHBIX
BOJIOKOH, WJIM HE BEPHETCS Ha3al B LIEHTPaJbHYIO
HepBHYIO cucteMmy (LIHC). IIpoxoxaeHue HEPBHOTO
HUMITyJIbCA 10 HEMPOHY MOXHO CPAaBHMUTb C MPOXOXK-
JEHUEM BJIEKTPUUYECKOTO TOKA MO MpoBoaaM. Temnepb
BBISICHUM, KaK 00pa3yeTcsl 3TOT 3JMEKTPUUECKU UM-
MyJibC U KaK OH MPOXOAUT MO HEUPOHY.

MEMBPAHHbBIW MOTEHLIMAI MTOKOA

MemOpaHHBIi MOTEeHIIMAN TIOKOsI HeipOHa COCTaB-
JsieT npuMepHo —70 MB. 3T10 3HauuT, 4TO, €ciu Obl
Bbl BCTaBWJIM B KJIETKY JaTYMK BOJIBTMETPA, TO YBU-
Jeau Obl, YTO BMEKTPUUYECKUI 3aps] BHYTPU KJIETKU
OTJIMYAETCS OT DJEKTPUUECKOr0 3apsifia 3a ee Ipee-
Jamu Ha 70 MB, mpuyem BHYTPU KJIETKU 3apsii OTPHU-
LATEJIbHBIN, a 32 €€ MpeAeaaMu — TOJOXHUTEIbHBIMN.
OTa pa3HuIIa IOTEHIIMAI0B Ha3bIBAETCS MEMOPaHHBIM
noreHuuanoM nokos (MIIIT). On oGycnosneH pas-
JeJeHreM 3apsiioB MeMOpaHoi. [Ipu pazauuuu Mexy
3apsgamMu MeMOpaHa Mojisipu3oBaHa.

BHyTpu HelipoHa cofepXuTcsl 00JbLIOE KOJUYE-
ctBo MoHOB Kanusd (K*), Torma kak cHapyxXu — 60JIb-
o€ KOJIM4ecTBO MOHOB Harpus (Na'). Dro obyc-
JIOBJICHO TE€M, 4TO HATPUM-KAJIUEBBIA HACOC BBIKA-
YMBAET U3 KJIETKW MOHbl HATpUs, HAaKauuBas B Hee
MOHBI Kanud. Ha ocHOBaHMM 3TOr0 MOXHO ObLJIO Obl
MPEATI0N0XUTh, YTO 110 00€ CTOPOHBI MEMOpaHHI 3a-
PS5 OMMHAKOB, OMHAKO HATPUM-KAJIMEBBIA HACOC, BbI-
KauuBag U3 KJiIeTku 3 Na*, HakauuBaer B Hee 2 K*.
Kpome Toro, MoHbI Kaiusg jerye NpoOHUKAIOT Yepe3
MeMOpaHy, 4YeM MOHBI HAaTpusl. YTOObI TOCTUYb paB-
HoBecus, K* monagaioT B y4acTOK HU3KOM KOHILIEH-
Tpaluu, NO3TOMY HEKOTOPbIE U3 HUX OKAa3bIBAKOTCS
BHE KJIeTKU. MIOHbI HATPUsI HE MOTYT IBUTaThCS MO-
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10OHBIM 00pa3zoM. B KoHLe KOHLOB OosbLIE TOJIO-
JKUTEJIbHO 3apSIKEHHBIX MOHOB 0Ka3bIBAETCS 3a Tpe-
JelaMy KJIETKM, YeM BHYTPH €€, CO3/1aBasi pa3HOCTb
noTeHuanoB. OcHoBHas PYHKIMSI HATpUli-Kaaue-
BOr0 Hacoca — TOAJEePXAHUE MOCTOSIHHOTO MeMO-
paHHOTrO TOTeHIMaNa mokos —70 MB.

E

OEIIOJIAPU3AIINA
U TUIIEPIIOJIAPU3ALINA

Ecau BHYTpM KJE€TKM 3apsii CTAHOBUTCS MEHee
OTPUIIATENIbHBIM OTHOCUTEJbHO 3apsiia CHapyXH,
Pa3HOCTb TOTEHLIMATIOB YMEHbIIAETCS U, CleI0BATENb-
HO, CHIDXaeTcsd Mojsgpu3anus MmemopaHbsl. Korma ato
MPOUCXOIUT, peub UIET O JAenojspu3anuu Memopa-
Hbl. TakuM oOpa3oM, Hemojsgpu3alus UMEeT MeCTO
NpU CHUXEHUU MEMOpPAHHOTO MOTEHLHMana IMOKOS
MeHee —70 MB, nmpubnuxatomierocst K Hyno. OObIu-
HO 3TO MPOUCXOAUT MPU U3MEHEHUU MPOHUIIAEMOC-
T MeMmOpaHbl g1 Nat,

Nmeer mecTo 1 obpatHoe. Ilpu yBenuueHuun pas-
HOCTH 3apsj0B 10 00eMM CTOpOHAM MeMOpaHBI I0-
JIIipy3alus ee yBeJMUYUBaeTcs. DTOT MPOLECC Ha3bl-
BalOT TMIIEPIIONSAPU3ALUECH.

N3meHeHns: MeMOpaHHOTO MOTEHIIMANA TIPeaCcTaB-
JIAIOT COO0M CUTHAJbl, KOTOPbIE MCMOJb3YIOTCS M1
npuema, nepeiayu M MHTerpalum MHGOopMaluu BHYT-
P KJIETKM M MEXIY KJIeTKaMu. DTU CUTHaIbl OblBa-
10T JIBYX BUJOB: CTYMEHYAThle MOTEHLMAIbl U TIOTEH-
uuanbl gerictBusg. O0a OHU SIBISIOTCS 3JIEKTpUYEC-
KMM TOKOM, 00pa3yeMbIM IBUXEHHEM HOHOB.

Ilonnoporosbie MOTEHIHAJIBI

IMoanoporoesle MOTeHIMANBI MIPEACTABISIIOT COO0M
JIOKaJIbHble M3MEHEHUS MeMOpPAHHOIO MOTEHIIMANA.
BT0 MO0 AeTosIpU3aLIMS, JIMOO0 TUIIEPIIOISIPU3ALIMSL.
MemOpaHa MMeeT MOHHbIE KaHaJbl, KOTOphIE, B CBOIO
oyepelb, MMEIOT HOHHBIE BOPOTa, CBOEOOPA3HbIi BXOJ
B MOH. Kak mpaBmiio, OHU 3aKpbIThl, MPEAOTBpAIlas
MPOHUKHOBEHUE MOHOB. Ilpu pazipaxeHUM OHU OT-
KPBIBAIOTCS, MO3BOJISISI MOHAM MEPEMELIAThCsl CHApy-
K BOBHYTPb M HAoOOpOT. DTO MPUBOAUT K pasielie-
HUIO 3apsJa U U3MEHEHUIO MOJSpU3alid MeEMOPaHHI.

N3MmeHeHte T0KaabHOK OKpYyXKalollel cpeabl Heii-
pOHa MPUBOAUT B AEWCTBUE CTYNEHYAThIE TOTEHIIMA-
Jbl. B 3aBUCMMOCTH OT pacronoXeHus W TUMa Heii-
pOHAa MOHHBIE KaHaJlbl MOTYT OTKDBIBATHCS B OTBET
Ha Mepefavyy MMIyJbca OT APYroro HelpoHa Wiu B
OTBET Ha CEHCOPHbIE CTUMYJIbI, TaKUE, KaK U3MEHE-
HUE XMMUYECKON KOHLEHTpAlMM, TEMIEPaTypbl WU
JaBJIEHUS.

Kak Mbl 3HaeM, OOJIBIIMHCTBO PELENITOPOB HEl-
pPOHA PacToNOXeHbl Ha JEHIPUTaX (XOTSd HEKOTOpbie
HaxOo[sTCS Ha TeJie KJIETKM), a UMIYJIbC BCErna rnepe-
JIaeTcs C OKOHYAHMI aKCOHA, HaXOA[IIKUXCS Ha Mpo-
THUBOTIOJIOXHOM KOHIIE KJIeTKU. MMIybe, nmockliae-
MBI HEWPOHOM, TIPOXOIUT MOYTH YEPE3 BECh HEM-
POH. XOT$ CTyNEeHYaTbIi MOTEHLMAT MOXET IPUBECTH
K JeToJspu3alu MeMOpaHbl, 3T0, KaK IpaBuiIo, Jo-



%,ﬂ OObIYHO HepBHbIE UMITYJIbCHI MIAYT OT JAEHI-
PHUTOB K TeJly, a TAaKKe OT TeJia 1o BCeid 1JIm-
He aKCOHA K €ro TePMHHAJIBHBIM (pudpHLIaM

KajabHOE SIBIICHUE, U NETIONSIPU3aLUs HE OXBATHIBAET
Bechb HelipoH. UTOOBI MMITYJIbC MPOIIIEN BCE PACCTOS-
HUE, TOJIKEH 00pa30BaThCs MOTEHIINAI JEWCTBHUS.

IToreHmmaJbl AeiCTBUA

bBricTpas u 3HAUMTEIbHAS JeTONIIpU3aIiis MeMO-
paHbI HelipOoHa Ha3bIBAETCS MOTEHIIMATIOM NEMCTBUS.
Ero mpomnokKuTenbHOCTh, KaK MPaBUIO, COCTABIISET
okoJio 1 Mc. OGBIYHO MeMOpaHHBII TTOTEHITNAN 13-
MeHsteTcst ¢ —70 MB Ha +30 MB, 3aTeM OBICTPO BO3-
Bpalaercss K OOBIMHOMY YPOBHIO TMOKos. Kak mpo-
WCXOIUT 3TO OYEBMAHOE H3MEHEHHEe MeMOpaHHOTO
ToTeHIana?

[Topor u npuHIMN "Bce mian Hu4ero'. Bce moTeH-
MajIbl NeMCTBUS HAaUMHAIOTCS KaK CTyIeHYaThle.
Korma ctumynupoBaHVe OKa3bIBA€TCS JTOCTAaTOYHBIM,
yTOOBl BBI3BATh JAETOJISIpU3AIMI0 Topsaka 15 —
20 MB, Bo3HWKaeT MOTCHIMAN IEHCTBUA. DTO 3HA-
YUT, YTO €CJIM MeMOpaHa Jenonsipusyercs ot —70 10
—50 — 55 MB, B Ki1eTKEe BO3HUKAET TTOTEHIIAAI JIeH-
cTBUA. MUHUMAaTbHAS AENONSpU3ailis, TPUBOIIIIIAsT
K 00pa3oBaHUIO TIOTEHIIMANA AEWCTBUSI, Ha3bIBAeTCS
moporoM. /[lemosisipu3anvisi MeHbIIIe TIOPOTOBOM Be-
auuuHbl 15 — 20 MB He mpuBOmUT K 00pa3oBaHUIO
nmoTeHIana aeiicteus. Hampumep, ecimm MemOpaH-

HbII OTeH LA U3MeHseTcd oT —70 1o —60 MB, us-
MeHeHue cocTraBiser Bcero 10 MB m He oTBeuaer
MMOPOTY, TO3TOMY ITOTEHIIMAJ ACCTBHS He BOSHUKA -
et. Ecnm e gemongpu3anns JOCTUTAET WU TTPEBHI-
IIaeT TOPOTOBYIO BEIMYMHY, 00pa3yeTcs MOTEHITA A
JIeUCTBHSI. DTO TaK Ha3bIBAEMBIM TIPUHINMIT WX 3a-
KOH "Bce WM HUYETO".

ITocenoBaTebHOCTD SIBJICHHIT IIPH BO3HUKHOBEHNH
noteHnuana aeicrsusa. I1py 11060M BOBHUKHOBEHUU
MOTeHIIMAIa AeCTBUSI MMEET MECTO CIIEAYIOIIast IToc-
JIe0BaTeIbHOCTh SIBAeHUI (puc. 3.2):

1. Ilosviwenue nponuyaemocmu memopansvl Kaemgu
ona Na®. B pesyabTate CTUMYJIMPOBaHMS OTKPbLIBA-
1orca Na'-kaHansl MeMOpanbl. IIpu HOCTHXEHUU
ropora POHMIIaeMOCTh YBEJIMYMBAETCS B HECKOJb-
KO coT pa3. B xneTKy momanmaloT MOHBI HaTtpus. Bo
BpeMsI 5TO HadalbHOM (a3l KOJIMYECTBO HOHOB
HaTpus, TPOHMKAIONINX B KJIETKY, IPEBBIIIACT YKC-
JI0O MOHOB Kajus, BBIXOASAIINX W3 Hee, BCIICACTBUE
Yero BHYTPEHHSS 9acTh KJIETKA CTAHOBHUTCS ITOJIO-
XUTEJIbHO 3apsIKeHHOW OTHOCHTEIHbHO BHEITHEH.
MN3meHeHue HanpsiKeHUs (Aenosipyu3alus ), Kak rpa-
BUJIO, mpoucxomut ¢ —70 mo +30 MB (puc. 3.2,6).

2. CHuxcenue nampuesoli nponuyaemocmu. Hagamb-
Has HaTpueBasl IIPOHMUIIAEMOCTh OUYeHb KpaTKOBpE-
MeHHa. Kak TobKo MeMOpaHHBII ITOTEeHIINAT MUHY -
eT oTMeTKy "O", IBMXEHME TTOJIOXKUTENBHO 3apsTKeH -
HBIX MOHOB B KJIETKY IIpekpamiaercd. Kpome Ttoro,
OYeHb OBICTPO 3aKPHIBAIOTCS HATPHUEBBIC KaHAJIHL.

3. Penoaspuzayus. B oTBeT Ha TOBBIIICHHUE ITI0JIO-
KUATEJLHOTO 3apsifa BHYTPH KIIETKM OTKPBIBAIOTCS
KanmeBbie KaHabl. [10CKOIBEKY MOHBI KallWsI TI0JI0-
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“MIN=—70mB"

L

Knerouxas
membpaHa

Puc. 3.2.
Hlocaedosamens-
HOCMb A6AeHUL

8 GO3HUKHOBEHUU
ROMeENUUana
deticmesus:

a — cocmosHue
noKos;

6 — Odenoaspusayus;
8 — pacnpocmpane-
Hue nomenuuana
deticmeus;

2 — penoaspusayus;
0 — Jelicmeue
Na*/K*-nacoca




KUTEJbHO 3apSIKeHbI, OHU IIEpEMEIIAlOTCs K y4acT-
Ky ¢ Goyiee OTpUIlaTeIbHBIM 3apsigoM. Kak ToJabKO
3TO MPOMUCXOIUT, CHAPYXKM KIETKH CHOBA yBEJIUYHU -
BaeTCS MOJIOKUTEIbHBIN 3aps, MPEeBBIIIAIOIINI 3a-
PSI BHYTPU €€, ¥ HAIlpsiKeHUe CHOBA BO3BpallacTCs
K 0O0br9HOMY 3HaueHUo -70 MB. Dra 3aBepmarormast
daza — perongpuzaums (puc. 3.2,2).

[Mocne 3aBepilieHUS pEMOJIIPU3ALIMU, IPEKIE YEM
HEWpPOH HEHCTBUTEIBHO BEPHETCS B CBOE OOBIYHOE
COCTOSIHME TOKOS, MOJIKHO MPOU30MTH ellle OXHO
sgBieHue. Bo Bpems reHepaldy MoTeHLMala AeicTBUAS
Na* npoHuKaer B KIEeTKy. 3areM Ui OCYLIECTBIIE-
HUA obpatuMocTu genonspusaunn K* Beixogur us
Hee. TakuM 06pa3oM, KOHIICHTpAlUs KOHOB HATPUS
0Ka3bIBaeTCsl BBICOKOI BHYTPM KJIETKHM, a KOHIIEHT-
pauna K" — cHapyxu ee, T.e. Kak pa3 0OpaTHOH 110
CPaBHEHMIO C COCTOSIHMEM ITOKOsl. YTOoObI OKOHYa-
TeJbHO IIOCTaBUTh BCE HA MECTO, IOCJIE 3aBEPLICHUS
peroIsipu3alMi  aKTUBHUPYETCS HaTPUIi-KaJIueBbIT
Hacoc, BO3BpaIIAIONINil Ha CBOM MeCTa MOHBI Kajus
n Hatpus (puc. 3.2,0).

Pacnpocrpanenne noreHnmanta aeicTBus

BrisicHuB, Kak o0pa3yeTcsl HEpBHBIM MMITYJILC B
BUIE TOTCHIMAAA NEWCTBUS, MBI MOXEM DPacCMOT-
peTh, KaK OH PacIIpPOCTPaHSIETCS WIN TIepeMeIIaeTcs
1o HeiipoHy. CKOPOCTh MPOXOXACHUS UMITyJIbca Je-
pe3 aKCOH 3aBHCHT OT ABYX (haKTOPOB: MHUEIMHM3A-
LIMM aKCOHAa W BEJUYMHBI HEUpOHa.

MueannoBass 00009Ka. AKCOHBI OOJIBIIMHCTBA
JBUTATEJbHBIX HEWPOHOB MOKPHITHI MUEJIMHOBOW 000-
JIOYKOW — XUPpOCOJepXKallUM BellleCTBOM, U30JIUPY-
IOIIUM KJIETOUHYI0 MeMmOpaHy. B mepudepuyeckoit
HEepBHOM cHCTeMe 3Ta 000J0YKa oOpa3oBaHa IIIBaH-
HOBCKUMH KJIETKAMH.

O0omouka He SIBISETCS LETBHOM, YIaCTKU MEXIY
COCeTHMMHM ITBAHHOBCKUMU KJIETKAMHU HE TTOKPBITHI
MHEJIMHOBOI 000y10uK0ii. HemokprIThIe yIacTKM Ha-
3pIBAIOTCS TiepexBaTtamMu PanBbe. [loTeHImanm meiicTeus,
nepeMelasch Mo MUEIMHU3NPOBAHHOMY BOJIOKHY, Kak
OyaTO MEpEenpLIrMBAET C OJHOTO IepexBaTa Ha Ipy-
roii. OTo — CKayKooOpa3Has MPOBOIMMOCTH, OTJIH-
yajormasicss 6ojiee BBICOKON MHTEHCHUBHOCTBIO, YeM
MPOBOAMMOCTb B HEMMEJIUWHU3UPOBAHHBIX BOJIOKHAX.

Ckopocmb nepedaui HepeHO20 UMNYALCA NO M-
EAUHUZUPOBAHHBIM B0N0KHAM MOdcem 00cmueams
120 ¢! (cevime 250 m/4), m.e. ona ¢ 5— 50
paz oavue, uem NO HeMUEAUHUUPOBAHHBIM
BONOKHAM MAK020 Jce Ouamempa

[Ipouecc MueTMHU3ALMY IBUTATEIBHBIX HEHPOHOB
TIPOVMCXOMIMNT B IIEPBBIE TOMBI KMU3HU YeJI0BEKa, YaCTHY -
HO OOBSICHSS, TTOYEeMY HOETSIM HEOOXOTMMO KaKoe-TO
BpEMS VT pa3BUTUS KOOPIUHALINY JBUXKEHWUH. Y 10~
Ieii, CTpagaroIIuX o peaeIeHHBIMI HEBPOJTOT IS CKH -
MU 3200JIeBaHUSIMU, HATIPUMEDP, OOIMTUPHBIM CKIIEPO-
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30M, TIPOMCXOIUT AeTeHepalllsl MUCTNHOBOI 000104~
KM, BeAyIas K HapyIe HU 0 KOOPIWHAIINH IBIKCHUA.

HuameTtp HeiipoHa. CKOpOCTh Mepenadyd HepBHOTO
HMITYJIbCA TaKXe OIpPeneIeTC pa3MepoM HepoHa.
I[IpoBOIMMOCTE HEPBHBIX UMITYJIBCOB IO HEWpOHAM
0oJIBIIIETO MTUaMeTpa BHIIIE, YeM II0 HelpoHaM He-
OOJIBIIIOTO AWAMETPa, MOCKOIbKY CONMPOTUBIECHUE Y
e PBBIX MECTHOMY TOKY 00Jjice HU3KOE.

B OB3OPE...

1. MemOpaHHBIii TOTEHUMAT IOKOSI HeHpoHa
-70 MB — pesyabTaT pasmenecHHMS MOHOB HATpPUSA U
KaJus, o0yCJIOBJIEHHOTO IJIaBHBIM 00pa3oM JEeWCTBU-
€M HaTpuii-KaJaueBOro Hacoca B COYETAaHUU C BBICO-
KO HAaTPUEBOM M HM3KOW KaJWE€BOM IPOHMIIAEMOC-
TblI0 MeMOpaHbl HeWpoHa.

2. JTio6oe n3MeHeHNe, TTOBBIIIAIOIIEE TTONOKUTETb-
HBIA 3apsii MEMOpPaAHHOIO MOTEHIIMAla, Ha3bIBAETCS
Jenonsipysanuei. Jlroboe nsmMeHeHue, MOBbIIIAIOLIEE
OTPULIATEJbHBIN 3apsis, HA3bIBAETCS TMITEPHOJISIpU3a-
nuei. OTM U3MEHEHUS UMEIOT MECTO IPU OTKPBHITHIX
MOHHBIX KaHAJIaX, MO3BOJISIIOIIMX NOHAM TepeMeNIaTh-
Csl U3 OJHOTO yYyacTKa B JAPYTOil.

3. Ilpu penonsgpusaunn MeMmopansl Ha 15-~20 mMB
JIOCTUTAETCsl MOPOT, pPe3yJbTaTOM KOTOPOTO SIBJISIET-
¢ moTteHuMan neictBus. I[loTeHuuan meWcTBUST HE
BO3HUKAET, €CJM MOPOT HE AOCTUTAETCS.

4. Bo3HMKHOBEeHUE TOTEHIIMANA NeHCTBUS BKITIO-
YaeT CJEMyIOllyl0 IOCIeN0BaTebHOCTD SIBJICHUIA:

* TIOBBIIICHUE HATPUEBOM MPOHUIIAEMOCTH BCIIE-

CTBHUE OTKPBITUSI HATPMEBBIX KaHAJOB;

* CHWXXEHME HATPUEBOM MPOHUIIAEMOCTU MPH UX

3aKpBITUH;

* OTKPBITHE KAJIMEBBIX KAHAJIOB U PEMOJISIPU3ALIUSI.

5. B MMEJIUHU3UPOBAHHBIX HEMpPOHAX MMITYJbC
repeMeniaeTcs Mo akKCOHy, 'TepenphiruBas” MeXmy
repexBataMu PaHBbe (Y9aCTKM MCTOHUYCHMS OOOIOYKH
MMEJIMHOBOTO HEPBHOTO BOJIOKHA). DTOT IPOIIECC —
CcKaYKooOpa3Hasi mpoBoAMMOCTh — B 5 — 50 pas
BBbILIE, YEM MTPOBOAUMOCTb B HEMUEJIMHU3UPOBAHHBIX
BOJIOKHAaX TaKOTO XK€ JuaMeTpa.

6. HepBHblii MMIynbc OBICTpee IepeMeliaeTcs B
HellpoHax OOJIbILIETO AHUAMETPA.

CHUHAIIC

CB#I3b OJHOTO HEWpPOHA C APYTUM OCYLIECTBISIET-
cs O6maromapsl moTeHIMany neiicteust. Ilocine BO3HUK-
HOBEHHUS TOTCHIMANa NEWCTBUSI HEPBHBIA MMITYJIbC
MIPOXOIUT Yepe3 BeCh aKCOH, MOCTUTasl €r0 OKOHYA-
Huii. Kak mepexomuT HepBHBIM MMITYJIBC C OTHOTO
HelpoHa Ha JIpyroi?

CBs13b HEMPOHOB IPYT C APYTOM OCYIIECTBISIETCS
¢ moMoIpio cuHarcoB. CuHarc —o61acTh nepeaaun
UMITYJIbCa C OMHOTO HelipoHa Ha mpyroit. HambGonee
XapaKTEePHBIM BUIOM CHHATICOB SIBISIETCS XUMUUEC-
KHWI CMHATIC, KOTOPHIA MBI M PACCMOTPHUM.



Oxom4arie akcoHa
.~~~ MPECUHANTAYECKOro
HeMpoHa

Curantudeckuii

ny3blpek
Cunanrudeckas
Lenb

Moct-
UHANTAHECKUIA
peuenTop

K1 HelApoH

Puc. 3.3. Xumuueckuii cunanc mexcoy 08yms HeilpoHamu
(nokaszan cuHanmu4eckull nysvipex)

Kak BumHO m3 puc. 3.3, cMHAmIC MeXmy OBYyMS
HepoOHAMM BKJIIOYAET: KOHIEBYIO YacTh aKCOHA Heii-
POHA, HECYIIEro UMIYILC; PeleNTOPhl APYToro Hei-
pOHa U TMPOCTPAHCTBO MEXAY 3THMMH CTPYKTypaMu.
HeiipoH, mochlnaolmii UMITYJIbC Yepe3 CUHAIIC, Ha-
3BIBACTCS TIPECUHANITHUECKNM, a OKOHUAHUS aKCo-
Ha —IIpecUHAaNITHYeCKMMHA OKOHYaHusIMU. HelpoH,
MPUHUMAIONINI UMIIYJIbC HA APYTOM KOHIIE CHHAII-
ca, Ha3bIBAaeTCSl IOCTCUHANTUYECKUM U MMEET IOCT-
CHUHANTUYecKue peuentopbl. OKOHYAHUS aKCOHA U
MOCTCHUHANTHYECKHE PELIEITOPhl (hPU3MIECKA He KOH-
TaKTUPYIOT APYr ¢ ApyroM. Mx pasnensieT cCMHamnTu-
yecKasl IIeJb.

HepBHBINE MMIIyTbC MOXET IepeAaBaThCs 4Yepes3
CUHAIIC TOJIEKO B OJHOM HAIpaBlIeHUU: OT OKOHYa-
HMSI aKCOHA IPEeCHMHANTUYECKOro HelipoHa K IOCT-

CHHANTHYECKUM pEIenTopaM, KakK MpaBUIO, HAXO-
IAIIUMCS Ha TeHIPHUTAX MOCTCUHANTHYECKOro Heli-
poHa. MIMITy;IbCBI TaKxKe MOTYT TIOCTYIIATh HEMOCPeN-
CTBEHHO Ha pEIEeNTOPHI Tela HelpoHa, MOCKOJIBKY
npubmsuTenbHo 5 — 20 % OKOHYAHWMIT akCOHA Ha-
XOmATCS ONMXKe K Texy, 9YeM K AeHapuTaMm [2].

[TpecHHanTHYeCKMe OKOHYAHHUS aKCPHA COiepXkaT
00JIbLIOE KOJTMYECTBO CUHATITUYECKUX TY3bIPHKOB, WU
MEIIOYKOB, B KOTOPHIX HAXOMATCS HepoMeIuaTophl.
Korma mMITyIbC TOXOMNT 0 MpecMHANTHYECKMX OKOH-
YaHW, CMHANITUYECKHE TTY3bIPbKU PearupyroT Ha HEro
BBIIETICHIEM CBOMX XMMWKAJWU B CHHaNTHUYECKYIO
1ieib. DTU HeHApOTpaHCMUTTEPHl 3aTeM AUMPGYHIU-
PYIOT dYepe3 CHHANTHYEeCKYI0 INelTb K IIOCTCHHAIITH-
YeCKUM pELienTopaM HelpoHa, KOTOPhIE UX CBSA3BIBA-
1oT. Ecnm 310 TIpOMCXOOWT, 3HAYWT WMITYJIBC JOCTHT
HelpoHa W MOXeT OBITH TiepemaH ajblile.

HEPBHO-MBIINEYHOE COEJIMHEHUE

Ecmu cBsI3p MeXmy HelpoHaMM OCYIIECTBISAETCS
B TIOMOIIBIO CMHATICOB, TO WX CBSA3b C MBINICUHBIMHU
BOJIOKHAMM TIPOMCXONUT B HEPBHO-MBIIIEYHOM CO-
ennHeHNN. HepBHO-MBIIIEYHOE COeTMHEHNE BHITTON-
HSET Ty Xe (PyHKILMIO, YTO U cuHarc. Jlaxe nmpokcu-
MaJIbHas YacTh HEPBHO-MBIIIEYHOTO COCTMHEHHMS Ta-
Kas Xe: OHa HAYMHAeTCSd OKOHYAHWSIMHU aKCOHa
IBUTATEILHOTO HEpoHa, KOTOPHIC BBIICISIOT HEM-
POTPaHCMUTTEPHI B TIPOCTPAHCTBO MEXIY IBYMS KIIET-
Kamu. OKOHYaHMS aKCOHAa B HEPBHO-MBIIIEYHOM CO-
eMMHEHUM TIePeXOmaT B IIOCKWE AMCKU — KOHIIe-
Bbl¢ TITACTUHKMU.

B HEpBHO-MBITIIETHOM COSTMHEHUN UMITYIIBC TTPH-
HMMaeT MEIIIIeYHOe BOJIOKHO (puc. 3.4). B mecre npu-
OMMKeHWs] OKOHYaHWI aKCcOHa K MBIIIEYHOMY BO-
JIOKHY OHO WMeeT BOTHYTOCTh. OOpasyemas TaKUM
00pa3oM BIagHa HA3BIBACTCS CHMHANITUICCKUM Xe-
n060oM. TIpocTpaHCTBO MeXXIy HEPOHOM M MBITIEY-
HBIM BOJIOKHOM Pa3ieIeHO CHHAIITUIECKOM IIEITBIO.

?

Puc. 3.4. Hepeno-mviueunoe coedunenue
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HelipoMenmaTopsl, BEIIEAIE MBI OKOHIAHUSIMU
aKcoHa, TUMOYHIUPYIOT Yepe3 CUHANTUUYECKYIO
IIeTh ¥ TIPUCOEANHSIIOTCS K PelleTITopaM Ha capKo-
JeMMe MBIIIIETHOTO BOJIOKHA, MeMOpaHe. DTo, Kak
MPaBWIIO, IPUBOIUT K ACTONSPU3AIINU, TOCKONBKY
OTKPHIBAIOTCS KaHaJNBl MOHOB HATPHUS, U B MBIIITET-
HOEe BOJIOKHO ITOTIafaeT Oonbine HaTpus. Ecmm moc-
TUTAeTCS IOPOT AeTIOIApU3aIni, 06pa3yeTcs MOTeH-
A AeUCTBUS, KOTOPBIA pacIpocTpaHsIeTcsa yepes
CapKoJIeMMY, BBI3BIBas COKpaIleHWE MBIIICYHBIX
BOJIOKOH.

WTak, MBI BBISICHWIM, KaK TIepeqaeTcs MMITYIIbC
MeXIy IByMs KieTKaMu. UToOBl pa3oOpaThes, 4TO
MPOMCXOIUT TTOCTIE TIepeNadyr UMITYIbca, HEeOOXOmn-
MO U3YIUTh XUMIUECKUE CUTHABI, 00€CTIeINBAIOIITIE
nepenady UMIyiabca. Mrtak, obpaTiM Hallle BHUMa-
HHE Ha HelpOMeIUaToOPHI.

HEMPOMEJUATOPHI

BursBneno oonee 40 HeiipoMmeanaTopoB. Mx Mox-
HO pa3eNuTh Ha OBICTPO- U MEAJEHHOAEHCTBYIONINE,
W Hedponentuasl (Tadn. 3.1). Mbl paccMoTpum
MPEeUMYLIECTBEHHO OBICTPOJEHCTBYIOIINE HEelpoMe-
JMaTOpbl, KOTOpbIE 00ECTEeYMBAIOT OOJIBIIYI0 YacTb
nepeaay HepBHBIX UMITYJIbCOB.

ALIETUJIXONIUMH U HOPaJIpeHaJIMH — OCHOBHBIC HEM-
pPOMEIMATOPhI, YYaCTBYIOIIME B PEryasuuu (Gpusno-
JIOTUYECKUX peakliMii opraHu3Ma yejloBeka Ha u-
3udeckue Harpysku. IlepBbIii — OCHOBHOII HEHpO-
MeJMATOp ABUraTeIbHbIX HEMPOHOB, MHHEPBUPYIOLIHMX
CKEJIETHYIO MBILIIY, a TAKXE MHOTHE MapacuMIIaTh-
Yyeckue HeWpoHbI. DTO, Kak MpaBujo, BO30yXIaio-
1M HepoMeauaTop, OMHAKO OH MOXET OKa3bIBaThb
Y TOpMO3slliee AeiCTBME Ha HEKOTOpbIe apacuMIia-
TUYeCcKKMe HEpBHbIE OKOHYAHUS, HAIpUMeEp, B 00Ja-
ctu cepaua. HopampeHaiuH — Heiipomenuatop He-
KOTOPBIX CUMIATUYECKUX HEMPOHOB, KOTOPHIH Tak-
K€ MOXET OKasblBaThb KakK BO30yXpiarollee, Tak M
TOpMO3silliee AEHCTBHE, B 3aBUCUMOCTU OT YYacTBY-
IOIIKUX PELENTOPOB.

Taonuma 3.1. Knaccupukanus HeiipoMeuaTopos
DBovicmpodeiicmsyrowue meduamoput

Knacc 1 ALIeTWIIXOJIUH

Knace 1T AMUHBI: HOpaApeHaJIWH, alpeHaIuH,
IOIIaMHH, CEPOTOHWH M I'MCTaMUH

Knacc 11 AMUMHOKNCIIOTEL: TaMMa-aMHUHOMACIsTHast

KHCJI0Ta, TNIMLWH, THIOTaMaT U acrapTar

Mednennodeiicmgyouue meduamopot
l'unoranaMo-po36yxgaiomye ropMOHbI (HapuMmep, TUPO-
TPONUH, BBIIEISIONINIA TOPMOH COMATOCTaTUH)
T'unodusapHsie nenTubl (HarpuMmep, B-3HAOpOUHEL, TH-
POTPONMH U Ba30MPECCUH)

[lenTuap!, Bo3AENCTBYIOIIME HA MO3T M KUIIIEYHUK (Ha-
MpUMED, XOJNCUUCTOKUHUH, HEUPOTEH3UH U JIeHIINH-3H-
KedhaH)

IMenTuael U3 Apyrux TKaHew (Hampumep, aHruoteHsuH 11,
OpaMKUHUH U KaNbLUTOHUH)
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Al TUWIXOJIMH U HOpAAPCHAJIMH — OCHOBHbIC
HeﬁpomezmaTole — XUMHUYECKHE BelleCTBa,
nepeaamomue HepBHbIC UMITYJIbChl Yepe3 CU-
HancChl 1 CHHANTUYIECKUE HIC/IN

7

p

Ecim HelipomenmaTop IpucOeIMHSETCS K MOCT-
CUHANITUIECKOMY PEIETITOPY, 3HAYUT HEPBHBIN UM-
MYJIbC YCIIEITHO TepeaaH. 3aTeM HelipoMeTnaTop oo
paspymraetcss GepMeHTaMu, JNO0 TPaHCIOPTUPYET-
¢S 00paTHO B MpeCHHANTHYeCKyie OKOHYAHMS LTS HO-
BOTO WCIOJb30BaHUs, KOTHA ITOCTYIMUT OYepeIHOM
MMITYJIBC.

[TOCTCHUHAIITUYECKAS PEAKIINA

Mgl paccMoTpenn, Kak o0Opa3yeTcsl IMOTeHIHAal
JIeCTBUS, KaK IepeaaeTcsl UMIIYIbC 10 HEHPOHY U
cienymiomieil KieTke. Temepb pacCMOTPHUM, YTO IIPO-
HCXOIUT ITOCIE CBSI3BIBAHUS HEIPOMEIUATOPHI C TIOCT-
CUHANTUIECKUMU PeLeNITOpaMHu.

ITocne cBA3bIBaHMS HelipoMenraTopa ¢ pelenTo-
paMy XMMMYECKMI CHUTHAJ, MEPEeCceKIInii CHHAITH-
YeCKYIO IIeiIb, CHOBA CTAHOBUTCH 3JIEKTPHYECKUM
curHanoM. [Ipu 3TOM B MOCTCMHANITMYECKOM MeMO-
paHe reHepupyercsa TudepeHIpOBaHHBINA ITOTEH-
nuan. Kak yxe yKa3hBaaoch, IOCTYIAIOIINI UMITYJIbC
MOXET OBITh MO0 BO30YXKAAOIIUM, JTHO0 TOPMO3S-
muM. [lepBbIil BEI3BIBACT AEIMOIIPU3AINIO, TaK Ha-
3bIBA€MbIi1 BO30YKIAIOIINI TOCTCUHANITUYECKUIA 110~
TeHIuaa. Bropoii — rumepnoiaspu3aluio — TOPMO-
3AIIUNA TTOCTCUHANITUYECKUN TTOTEHIIHUAI.

Pa3psin oToenbHOTO IpeCcMHANTUYECKOTO OKOH-
YaHHUs, KaK IPaBWIO, M3MEHSET IIOCTCUHAITHYEC-
K1l moTeHIIMan MeHee 9yeM Ha 1 MB. EctecTBenHO,
3TOr0 HEJOCTATOYHO AJIsT 00pa30BaHUS IMOTEHIIMAJa
JIEeHCTBUS, TIOCKONBKY IJISI JOCTUKEHHUS IOpora m3-
MEHEHME HaIpSIXKEHUS JOKHO COCTABIATH HE Me-
Hee 15 — 20 mB. Korma HeiipoH mepemaeT UMIIYJIbC,
PSI ITpecHHANITHYECKHX OKOHYAHNUI, KaK IIPaBuUo,
BBIICJISIOT CBOM HEHPOMEIUATOPBI, KOTOPBIE MOTYT
IupOYHIUPOBATh K MOCTCUHANITUIECKUM PeIeTO-
pam. Kpome Toro, mpecMHanTUYeCKKMe OKOHYAHUS
MHOTOYMCJIEHHBIX aKCOHOB MOTYT CXOIUThLCS Ha IEH-
JIpUTax 1 Teje OTAeabHOro HeiipoHa. Eciu B omHO 1
TO XK€ BpeMs pa3psKalTcs MHOTOUYMCICHHBIE IIpe-
CUHANTUYECKNE OKOHYAHNS WJIN HECKOJBKO ITO0YeE-
PeIHO, BBIAEISETCS OOMbIIe HeiipoMeanaTopoB. Yem
0oJIblIe CBS3BIBAETCS BO30YXMAOIIMX HEpoMenu-
aTOpPOB, TEM BHIIIEe BO30YXKIAIOIIMI ITOCTCUHAIITH-
YyeCKUI TOTeHIINA.

B OB3OPE...

1. HeiipoHBI mOAaepXuBaiOT CBSA3b IPYT C IPYIOM
IOCPELCTBOM CUHAIICOB.
2. CHHAIIC COCTOUT U3



OKOHYaHUS aKCOHOB MPECUHANTUYECKOTO Hell-
pOHa,;

NTIOCTCUHANTHYECKHX PELENTOPOB Ha AEHIPUTAX
WY TeJie CeaYIoIero HelipoHa;

MPOCTPAHCTBA MEXY IBYMsI HelipoHaMu (CUHaI -
THYECcKas Ieb).

3. HepBHBI#l UMMYJIbC BBI3BIBAET BhIACIECHUE XU~
MHMUYECKHUX BeLIeCTB, KOTOpble HA3bIBAIOTCS HeWpo-
MearaTopaMu, U3 MpecUHANTUYECKUX OKOHYaHU i aK-
COHOB B CMHANTUYECKYIO LIEJb.

4, HeitpoMeauaropbl 1uGOYHIMPYIOT yepe3 1ieIb
W CBSI3BIBAIOTCSI C TOCTCUHANTUYECKUMU PELETTO-
pamu.

5. Ecnim He#poMeauaTopsl IPUCOSAMHMINCH K
pelienitopam, UMIYJbC MepefaH, U HelipoMeanaTop
nocJjie 3Toro Jubo paspyliaetcs hepMeHTaMu, JUOO
BO3BpalllaeTcsl B MpPEeCUHANTUYECKU HEWpOH aJs
MOCJIeAYIONIEr0 UCIOJb30BaHUS.

6. IlpucoemuHeHne HelipoMearaTopa K TOCTCH-
HaNTUYeCKUM peLienTopaM OTKPbIBaeT MOHHBIC Ka-
HaJibl B JaHHOI MeMOpaHe U BBI3BIBAET JeMoisapu3a-
M0 (BO30YXIOEHUE) WIM TUIIEPIOJAPU3ALUIO (TOpP-
MOXEHNE) B 3aBUCUMOCTU OT HeiipoMenuaropa u
PELENnTOpOB, ¢ KOTOPHIMU OH CBSI3aH.

7. CBsI3b HEMPOHOB C KJIETKAMM MBIIILIBI OCYIIE-
CTBJISIETCS. B HEPBHO-MBIILIEYHBIX COeAMHEHUAX. OHM
BKJIIOYAIOT MPeCUHANTUYECKHNE OKOHYAHMS aKCOHOB,
CUHANTUYECKYIO 1IeJb U PELENTOPbl Ha CapKoJeMMe
MBIIIIEYHOTO BOJIOKHA. HepBHO-MBIILIEUHOE COEAMHE-
HUe (QYHKIMOHUPYET MOJOOHO CHHATCY.

8. ALIETUIIXOIWH M HOpaipeHaJIWH — Hamboee
BaXXHble HEMPOMEAMATOPHI B PETyJISIIMK MBIIIEYHOTO
COKpalIeHUS.

O6pa3oBaHue MOTeHUMANA JACHCTBUSI B TOCTCHU-
HaMTUYeCKOM HEWpOHE 3aBUCHUT OT KOMOWHUPOBAH-
HOTO BO3JEWCTBUSI BCEX MOCTYMAIOUIUX UMIYJIbCOB C
Pa3NMYHBIX TPECUHANTUYECKHUX OKOHYaHUM. JIs1 06-
pa3oBaHMsI TOTeHLMaNa AecTBUS TpeOyeTcsl ompe-
J€JIEHHOE 4YMCJIO MMITYJIbCOB, BBI3BIBAIOIIMX JOCTA-
ToYyHylo nemonspuzanuio. CyMMa Bcex M3MEHEHMId
MeMOpaHHOTO TIOTEHIIMAaNa JOKHA ObITh PaBHOW MM
MpeBbIIaTh MOPOT. DTO SIBJIEHME Ha3bIBAaeTCS CyM-
Maluen.

JInst ocyIIecTBICHUS CyMMAIMM MOCTCMHANTHYEC-
Kasg KJIeTKa JOJDKHA BECTU YYET BCEX peaklUil Hew-
POHA Ha MOCTYMAIIUEe UMIYJIbChl. DTO 3aaHUE BbI-
MOJTHSIETCS Y aKCOHOBOTO XOJIMUKA, HaxXOMISIIErocs
Ha akcoHe. TonbKO Korja cyMMa BCEX OTHEIbHBIX
I depeHIMPOBAHHBIX TOTEHLIMANOB COOTBETCTBY-
eT WM TMpeBbILIaeT MOpor, obpasyercsl MOTeHLUa
NEWCTBUSI.

Tenepb, Korma Mbl BBISICHUIW (PYHKIIUIO 00Jb-
HIMHCTBA OCHOBHBIX €IMHUI HEPBHOW cuUcCTe-
Mbl — HEWPOHOB, MBI TOTOBBl M3YUUTh, KaK 3TH
KJIeTKM padoTaioT coBMecTHO. OTmenbHBIC HEM-
POHBI TPYNNUPYIOTCS B sAApa, a UX aKCOHBI 00-
pasyloT npoBoasiue Nyuku. B nmepudepuveckoit
HEPBHOW cHUCcTeMe OTPOCTKM HeWpoHa Ha3bIBa-
I0TCSI HEpBaMU.
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B OB3O0OPE...

1. Bo3byxpaaromue MOCTCUHANITUYECKHE MMOTEH-
IYanbl MPEeACTaBASIOT CO00H MemoNsipu3anuio
MOCTCUHANTUYeCKOi MemOpaHbl. Topmossuiue
MOCTCMHANTHYECKNE TOTEHIUAIBl — €€ THIEPIO-
JsipU3aluio.

2. OtmenbpHOE MPECUHANITUYECKOE OKOHYaHUE He
CMOCOOHO TPOU3BECTH TOCTATOUHYIO AETMOJISIPU3ALINI0
s 00pa3oBaHUs MoTeHUMana aeiicteus. HeobOxo-
JUMbl MHOTOYMCJIEHHBIE CHUTHAJbl OT MHOTOYHMCIECH-
HBIX HEIPOHOB WM OTAEIbHOTO HEMPOHA, KOTIa MHO-
TOYMCIeHHbIE OKOHYaHHUS aKCOHA BBIAESIIOT HEHPO-
MeIUaTopbl MOBTOPHO U OBICTPO.

3. AKCOHOBBIM XOJIMUK BENIET yUeT BceM BO30YX-
JaI0IMM U TOPMO3HBIM MOCTCUHANTUYECKHUM MOTEH-
nuanaM. Korma ux cymMMma gocTuraet WM MpeBblilia-
eT MOpOT JAenoJIsipu3aliMy, BO3HUKAeT MOTeHIua aek-
CTBUS. DTOT MPOLECC AKKYMYJSILUU TMOCTYMAIOIIMX
CUTHAJIOB Ha3bIBaeTCs CyMMaLMe.

IEHTPAJIbHASI HEPBHAA
CUCTEMA

YroObl MOHATH, KaK Jaxke Hauboyiee 3jIeMeHTap-
HbI€ CTUMYJIBI BBI3BIBAIOT MBILICYHYIO J€ATEIbHOCTD,
HE0OXOOUMO TIPEXJe BCETO0 PacCMOTPETh CIOXHBIN
XapakTep HEpBHON cucTembl. PaccMoTpuM pasiny-
Hble KOMITIOHEHTBl HEPBHOW CUCTEMBI U MX BIUSHUE
Ha IBuKeHue (puc. 3.5).

LleHTpansHas HepBHas cuctema
+ [onoBHOM MO3r
* CUHHOM MO3r

Mepudepuryeckas HepBHas cuctema

* YepenHbie HepBbl

» CMHHOMO3roBble HepBbI
CeHCopHbIli oTaen

AN

[puratensHbii otaen

(apPpepeHTHbIIN) {adpdepeHTHbIN)
ABTOHOMHasA Comatunueckas
HepBHas! HepBHas!
cuctema cuctema
(HenpownaBosbHas) (NponsBonbHas)

Puc. 3.5. @yukuyuonanvnas opeanuzayus HepeHOU
cucmemul



KOHeYHbIln Mo3r

MpoMeXxyToYHbIN
MOo3r

Crson mosra

Mo3axeuok

Puc. 3.6. Yemuwipe ocnoenble uacmu 20108H020 M032a

Llenmpanvnas Hepenas cucmema codepicum
6oaee 100 mapo Heliporos

TOJIOBHOM MO3Tr

TonoBHO# MO3T YeIoBeKa COCTOUT U3 MHOTOYMC-
JIEHHBIX YacTeil. YCJIOBHO pas3le/iuM ero Ha 4YeThipe
yuyactka (puc. 3.6):

1) KOHEYHBII MO3T;

2) IPOMEXYTOYHBIN MO3T;

3) MO3XKEYOK;

4) cTBOJ MO3TAa.

KoHe4HBbIii MO3r COCTOMT W3 JICBOTO W IPaBOTO
TTOJTYIIAPUiA, KOTOPBIE COSAMHEHBI APYT C APYTOM ITy4-
KaMu BOJIOKOH, O0pasylolIMMU MO30JIMCTOE TeJoO.
Kopa romoBHOro mosra o6pasyeT BHEIIHIO 4YacTh
MOJTyIIAPUI, OTBEYAIOIIIYIO 33 MICUXUYECKYIO IESATEb-
HocTb. Kopy Mo3ra Ha3bIBalOT CEpbIM BEILIECTBOM W3-

KonueHTpauusi, nnaHMpoBaHue
peLleHe 3agad

MbliwneHne
* 1N 3amMoummn

Mone bpoka
Puc. 3.7

(DyHICLqLIOHa/leble
30HblL KOpbl
20/106H020

Mmo3ea

N CJTyXOBbIX NATTEPHOB

3anomMuvHaHve BU3yasibHbIX

3a XapaKTEepHOTO CEpOro 1BeTa, 00yCIOBIEHHOTO OT-
CYTCTBMEM MUEJIMHA Ha TeJlaX HEIPOHOB, HAXOISIIINX-
cs B 9ToM yuactke. Kopa rosoBHoro mosra — 1eHTp
CO3HaHMs. 3MIECh OCYIIECTBISIOTCS MBICIUTEIbHbIE
MPOIIECCHI, OCO3HAIOTCS CEHCOPHBIE CTUMYJIbI, pea-
JIM3YETCS MTPOU3BOJIbHBIA KOHTPOJIb ABUXECHUM.

KoHeYHBIII MO3I COCTOUT M3 IIATU IOJIEM — 4Ye-
THIPEX BHEIIHUX U LIEHTPAIbHOU, KOTOPYIO MBI HE
Oymem paccmartpuBath (puc. 3.7). YeTwsipe moiam BbI-
TOJTHSIOT CJIEeNyIolre OCHOBHbIE (hyHKIINU:

1) moOHas gojasi — OOIIMI WHTEJUICKT W JIBUTA-
TEJIbHBIA KOHTPOJIb;

2) BUCOYHAS IOJS — CIYXOBBIE CHTHAJIBI U X
WHTEPTPETALINS;

3) TeMeHHas J0JIsT — OOIIME CEHCOPHBIC UMITYJIb-
Chl M UX UHTEPIIpEeTAIINS;

4) 3aThlIOYHAS 10JI51 — 3PUTEIbHbBIE UMITYJIbCHI U
WX WHTEPIIPETaLUSI.

Tpu ocHOBHBIE 00JIACTM KOHEYHBIN MO3ra, Mpe-
CTaBJISIONINE IJISI HAC HAuOOBIIUN MHTEPEC, O KO-
TOPBIX pe€Yb MOUAET JAJIbIIE, 3TO

* JBUTATETbHAsI 00JaCTh KOPbI TOJIOBHOTO MO3-
ra — BJIOOHOI1 JoJie;

* DasasibHbIe spa — B OEJIOM BEIIECTBE;

* yyBcTBUTEIbHAS (adpdepeHTHAST) 30HA KOPHI TO-
JIOBHOTO MO3Ta — B TEMEHHOW H0Je.

ITpome:KyTOYHBIE MO3T

BTOT yyacToK MO3ra COCTOMT B OCHOBHOM M3 Ta-
JaMyca M TurnoTtajamyca. TajlaMyc — BaXXKHBIN CEH-
COpPHBIN MHTErpaTUBHBIA LIeHTp. B Hero mocrynaror
BCE CEHCOPHBIC CUTHAJIBI (32 MCKJIFOYCHUEM 3aI1aXoB)
U TIepeNaloTcsl B COOTBETCTBYIONIUI yYacTOK KOPBI
roJIOBHOTO Mo3ra. Tajamyc Mrpaer BaXHYIO pOJib B
JIBUTATEIbBHOM KOHTPOJIE.

IumotanaMyc, HaxomsUIUCA HETOCPEICTBEHHO
MoJI TAJIAaMYCOM, 0o0ecrieurBaeT MoAAepXaHue rome-
ocTasza, peryJupyst Bce MPOLECChl, BO3NEHCTBYIONINE
Ha BHYTPEHHIOI0 cpeny Teia. HepBHbBIE LIGHTPHI 31eCh
PETYINPYIOT:

* aBTOHOMHYIO HEPBHYIO CUCTeMY (M yepe3 Hee —

[euratensHast obnacTtb
KOpbl FOMIOBHOIO MO3ra

YyBCTBMTENBHASA 30HA KOPbI
rONIOBHOr0  Mo3ra

3oHa BepHuke
MpepnpeepHoe none

O6uwasn
MHTEpPpeTaLms

BusyanbHas 30Ha
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apTepraIbHOE TaBIeHNEe, YaCTOTY CEPACUHBIX CO-
KpalleHui, TbIXaHue, MUIeBapeHne, Beese-
HHE U T.IL);

TeMIIepaTypy Tela;

OayaHC KMUIKOCTH;
HEeWPOIHIOKPUHHBIA KOHTPOJIb;

OMOLMU;

9yBCTBO XKaXXIIbl;

MOTpeOJIeHNE MUY,

LUKl CHa — TIPOOYXKIEHUSI.

Mo3xke4oK

Mo3xe4oK HaxomguTcs mo3any cTBosia mMo3ra. OH
COCIIMHSACTCI CO MHOTMMM 4YacTSIMU MO3ra U UrpaeT
BaXXHYIO pOJIb B KOHTpOJIE ABMKEHMUSL.

CTBOJI MO3ra

CrBONT MO3ra COCTOMT M3 CPEIHEro Mo3ra, Bapo-
JIMEBOIO MOCTa M IIPOAOJIroBaroro mosra (puc. 3.8) u
MpeACTaBsIET COO0M YacTh MO3ra, COENUHSIONLYIO rO-
JIOBHOM MO3T CO CNMHHBIM. Yepe3 Hero MpoxomsT
BCE CEHCOpHbIE U JABUTaTe/bHbIE HEPBBI, OOecreun-
Balole oOMeH WH(OpMaLKell MeXAy TOJOBHBIM U
CIIMHHBIM MO3TOM. 3aech 0epyT Havano 10u3 12 map
yepemHbIX HEPBOB. B cTBoJIE Takke comepxkarcs oc-
HOBHbIE ABTOHOMHBIE PETYJSITOPHbIE LEHTPHI,
KOHTPOJIMPYIOIIME JEeSITENbHOCTh IbIXaTeJIbHOI U Cep-
JIEYHO-COCYIUCTON CUCTEM.

Psn crienManbHbIX HEHPOHOB, 0Opa3yloLIUX CBO-
€00pa3Hylo CeTh U MAYLIMX MO BCeii JJIMHE CTBOJA —
TaK Has3blBaeMasli PeTUKYJIsSpHas ¢dopMauus — Mof-
BEPraroTcsl BO3ACUCTBUIO U CaMU BO3AEHCTBYIOT MpaK-
tnyeckn Ha Bce yyactku IIHC. Btu HeiipoHBI cro-
COOCTBYIOT: a) KOOpAMHALUMMU (YHKIMU CKEIETHBIX
MBI, ©) MOAAEPXAHWIO MBILIIEYHOTO TOHYCA;
B) KOHTPOJIIO AEATEIbHOCTU CEPJEYHO-COCYAUCTOM 1
JIbIXaTeJbHOU CUCTEM; T) OIMpeaeseHHI0 HAIero co-
3HATEIBHOTO COCTOSIHUST (IIPOOYKIEHUE M COH).

B con06HoM mMo32y umeemcsi cucmema KOHMpPOAs
6one6bIx owyuieHull, Mmak Hasvleaemdsl aHaiee-
suueckasn cucmema. Dnxeparunvt u B-3HO0pPU-
Hbl — HApKoOmMu4ecKue euwecmaea, oelicmayrouue
Ha ONUAMHbIE peyenmopsl MOl CUCEMbl, CHU-
Jcarougue Oonesvle ouwlyuienus. Ilpednonaearom,
umo npodoadxcumesnsvHole @uauvecKue Hazpy3Ku
NOGLIULAIOM eCMeCMEeHHble YPOGHU IMUX HAp-
KOMu4eckux eeujecme

CIIUHHOMW MO3T

CamMasi HMXXHSIS 4acTb CTBOJIa MO3ra — IpOIOJ-
TOBaThIil MO3T — IEPEXOAUT B CIIMHHOU Mo3r. OH B
OCHOBHOM COCTOUT M3 MYYKOB HEPBHBIX BOJIOKOH,
obecneynBalIIMX IBYCTOPOHHEE MPOBEIEHUE

HEpBHBIX MMITYJIbcOB. CeHcopHble (acdhepeHTHBIE)
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CpenHuii Mmo3ar
Baponues moct

Mpogonroearblii MO3r

Puc. 3.8. Cmeon mozea

BOJIOKHA TI€PealoT HEepBHBIE CHUTHAIBI M3 CEHCOp-
HBIX PELENTOPOB (MBILILL M CYCTaBOB) Ha BEpXHUE
ypoBau IIHC. JIBurarenvHbie (3¢d¢epeHTHbIE) BO-
JIOKHA TOJIOBHOTO MO3Ta M BepXHE#l 4acT CIIMHHOTO
MO3Ta UAYT K opraHaM (MBIIILAM, XeIe3aM).

B OB3OPE...

1. LenTpanpHas HepBHAsI CHCTEMa COCTOMT M3
TOJIOBHOTO W CITMHHOTO MO3Ta.

2. YeTbipe OCHOBHBIE YacCTW TOJIOBHOIO MO3Ta:
COOCTBEHHO TOJIOBHOM MO3T, TIPOMEKYTOUHBIM MO3T,
MO3XEUOK M CTBOJI MO3Ta.

3. Kopa rosoBHOro Mosra — Haill MHTEJJIEKT.

4. TIpoMexXyTOUHBIII MO3T COCTOMT M3 TaJaMmyca,
MPUHKMMAIOIIIETO BCE CEHCOPHbIE CUTHAJBI, MTOCTYMA-
Iol[1Me B TOJJOBHOW MO3T, U TMIoTajaMmyca — IJIaBHO-
ro ILeHTpa KOHTPOJISI TOMEOCTasa.

5. Mo3Xe4uoK, COeTMHEHHBI ¢ MHOTOUYMCICHHBI-
MH YacTSMM TOJIOBHOTO MO3Ta, MMeeT OOJIbIIoe 3Ha-
YeHME IS BBITIOJTHEHUS TBYDKEHUI.

6. CTBOJ MO3ra COCTOMT U3 CpPeIHero Mosra, Ba-
POJIMEBOTO MOCTa M IPOIOJITOBATOIO MO3Ta.

7. CIMHHOM MO3T B OCHOBHOM COCTOUT M3 CEH-
COPHBIX M JBUTATEIbHBIX BOJOKOH, O00ECIICYMBAOIINX
oOMeH uH@OpMalMeil MeXIy IOJOBHBIM MO3TOM U
nepudepuei.

MMEPU®EPITYECKAST HEPBHAS
CHUCTEMA (ITHC)

ITHC Bxmiouaet 43 mapsl HEpBOB: 12 map vepen-
HBIX HEPBOB, COCAMHEHHBIX C TOJJOBHBIM MO3TOM, U
31 mapy COMHHOMO3IOBBIX, COEOIMHEHHBIX CO CIIMH-



HopcanbHel# (CEHCOPHBIA) KOPELLOK .

JopcanbHbin
KOPELLIOK raHrnms

BeHnTanbHbi
{aBurarTensHolii)
KOpeLwoK

Cepoe BeuiecTso

Benoe BellecTBO

CnmMHHOMOS3roBol HepB

Puc. 3.9. Ilonepeunviii paspe3 cnuHHOM03208020 Hepea

HbIM M03roM. CIIMHHOMO3TOBBIE HEPBH HETOCPEI-
CTBEHHO "00CITYXKMBaIOT" CKEJIEeTHBIE MBIIIIEI. Bcrmom-
HUM CTPYKTYPY CIIMHHOMO3TOBOTO HepBa (puc. 3.9).
KaxnoMy CIMHHOMO3TOBOMY HEPBY COOTBETCTBYET
CEHCOPHBIA HEUPOH, BXOISIIMA B CIMHHON MO3T 4e-
pe3 TopcaTbHBIN KOPEIOoK; Tejla HEPOHOB pa3Mella-
I0TCSl Ha TOpCaJIbHOM KOpelike raHmius. JIBurarenb-
HbIe HEHPOHHI BBIXOIAT M3 CITMHHOTO MO3Ta Yepe3 BeH-
TpadbHBINA KOpelmoK. OHU SBISIOTCA TOCTCTHUM
3BEHOM B IIETIM KOHTPOJISI MBIIIEYHOM IeATeTbHOCTH,
Y 3aKaHUYMBAIOTCS Y HEMPOMBILIEYHBIX COSTUHEHNUIA.

[Mepudepuueckas HepBHasg cUCTeMa HMMeeT JIBa
OCHOBHBIX OT/IeJIa; CEHCOPHBIN U ABUTaTeIbHbIN. Pac-
CMOTPHM WX.

CEHCOPHBIN OTJEN

CeHcopHbIft oToen nepudepuyeckoii HepBHOU
CUCTEMHI TiepenaeT ceHcopHyo nHpopmammio B [ITHC.
Cencopnble (apdepeHTHBIE) HEPOHBI OepyT Haya-
JIO B KPOBEHOCHBIX M TUM(ATUIECKUX COCYax; BHYT-
PEHHUX OpraHax; opraHax 4yBCTB (BKyca, 3amaxa,
3peHus, clyxa, KacaHMs); KOXe, a TaKxKe MbIIIIax 1
CYXOXWITUSIX.

Cencopunie Heiiponsl [THC 3akanumBaiorcs
JIM00 B CMIMHHOM, 10O B TOJJOBHOM MO3TY; OHU Tie-
penaoT B IIHC mHbopManmio o IOCTOSHHO U3Me-
HSIOLIeMCS CTaTyce opraHu3ma. Takum o0pazom, ro-
JIOBHOW MO3T MMEET IMOJIHOE MpPeACTaBIeHUE O TOM,
YTO TIPOMCXOAMT BO BCEX YACTSX Tesla, a TAKXKe BOK-
pyr Hero. BcraBounbie Heliponbl IITHC nepecbuiator
WHGOPMALIMIO B YUaCTKH, Tle OHa MOXET ObITh 00-
paboTaHa M WHTErpUpOBaHA C IPYroil IOCTyIalo-
et nHhopMaLmei.

CeHcopHBI oTAen mojiyyaeT MHGOPMALIMIO OT
MSITU OCHOBHBIX BUIIOB PELIETITOPOB:

1) MexaHOpPeLeNTOpPOB, KOTOPble pearupyoT Ha
MEXaHMUYECKYIO CUJTY, TaKylo, KaK AaBleHUe, TpUKa-
CaHMe WIM pacTsiKeHue;

2) TepMOPELENITOPOB, pearnpyoNInX Ha U3MEHe-
* HUE TeMIIePaTypHl;

3) OoMeBBIX PELENTOPOB, PearupyIOIINUX Ha Ooje-
BEIE CTUMYJIBI;

4) dotopellenTopoB, pearupyolnux Ha 3JMEKTPo-
MarHUTHOE M3NydeHUe, 00eCTIeYMBAIONINX 3PUTEITh-
HOE BOCIIPHUSATHE;

5) xeMopeLenTopoB, KOTOPhIe pearnpyoT Ha Xu-
MUYECKKE CTUMYJIbI, TAKWE, KaK MUIIA, 3araxy Wiu U3-
MEHEHUsI KOHIIEHTpallMii BELIECTB B KPOBU (KMCIOPO-
Ia, MMOKCHIIA YIIIepoa, TITFOKO3bI, 3JIEKTPOJIUTOB M T.I1.).

Hexkotopble 13 3TUX peLienTOPOB UIPAIOT BaxkKHYIO
POJTb B MBITIIEYHON W CTIOPTUBHOM AeATeTbHOCTH. Pac-
CMOTPUM HEKOTOphle M3 HUX. CBOOOTHBIC HEPBHEIE
OKOHYAHUS BBISBJISIOT Ipyboe IPUKOCHOBEHME, TaB-
neHue, 601b, Xapy u xomom. CiemoBaTelbHO, OHHU
(DYHKIIMOHMPYIOT KaK MeXaHOpeleNnTophl, 0OoJeBEe
PELenTOPhl ¥ TePMOPEIETITOPEL. DTH HEPBHBIC OKOH-
YaHUS UTPAIOT BAXHYIO POJIb B TPOPUIAKTUKE TPAaBM
BO BpeMsi CIIOPTUBHOM AEATENbHOCTH.

HepBHble OKOHYaHMSI HEKOTOPHIX MBIIII] W CYC-
TaBOB OBIBAIOT Pa3HbIX BUIOB U BBITTOJHSIOT MHOXE-
CTBO (DYHKULMIA, KaXIblii BUI pearupyeT Ha orpeie-
JIEHHBIN CTUMYyJ. PaccMOTprM HEKOTOpBIE TPUMEPHL:

KMHECTETHIECKIE PEIIETITOPEI CYCTABOB, MMEIOIITH -
ecs B CYCTaBHBIX KaIlCylaX, YYBCTBUTENBHHI K YTy
cycTaBa M CKOPOCTM M3MEHEHHS yria, cleioBaTelb-
HO, OHM BOCMPUHMMAIOT TMOJOXEHHE U JIIo00e ABU-
KEHHE CYCTaBOB,

HEPBHO-MBIIIEYHOE BEPETEHO OIpeneysieT CTeneHb
PACTSKEHUS MBIIITITHI,

HEPBHO-CYXOXWJIbHEIE BepeTeHa OMPEIeIIIoT CTe-
MeHb PACTSKEHUS CYXOXWINSA MBIIIIeH, obecreun-
Bas WHGOPMAIIHMIO O CHJIe MBITIIEYHBIX COKPAIIEHMIA.

JIBUTATEJIbHBIM OTAEN

IIHC nepenaer nHGopManuio B pa3iuyHbIE yya-
CTKM TeNla 4Yepe3 ABUTATeNbHBIA MU 3P depeHTHEIM
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otnen [THC. O6paboraB uH(popMalLuio, MOCTYMNB-
myio u3 ceHcopHoro otnena, IIHC pemaer, kak Ha
Hee pearupoBath. Ilo clioxHeineir ceTn Helpo-
HOB, MAYIIMX OT CIMHHOTO M TOJOBHOTO MO3Ta BO
BCE YAaCcTH TeJjia, MepeaaloTcst MoApoOHbIe MHCTPYK-
LMM B y4acTKM-MHINEHM, B JaHHOM ciydyae — B
MBIIIIIBI.

ABTOHOMHAA
HEPBHAA CUCTEMA

ABTOHOMHAsI HepBHas CUCTEMa, KOTOPYIO YacTo
paccMaTpuBaIOT KaK 4acTh IBUTATENIbHOTO OTHENa
[THC, oGecneurBaeT KOHTPOJb HEMPOM3BOJbHBIX
BHYTpeHHMX (yHKIMiA. HekoTopble M3 HMX HeMaio-
BaXXHBI 11 CIIOPTCMEHa. DTO

« YCC;

* apTepHaJbHOE AaBJIeHHUE KPOBU;

* pacripezesicHe KpOBH,

* IBIXaHUE.

ABTOHOMHAs HEpBHas CHCTeMa WMEET IBa OC-
HOBHBIX OTHENa: CHMIATUYECKyl0 W ITapacHMIIaTH-
YecKyIo HepBHYIO cucTeMy. OHE GepyT Havaio B pas-
JIMYHBIX Y4acTKax CIIMHHOTO MO3Ta, a TakKXe y 0C-
HOBAaHMS TOJOBHOTO Mo3ra. MX meiicTBHS 3a9acTyio
AHTAarOHWUCTUYHBI, OTHAKO OHM BCerna (YHKITMOHMU-
PYIOT BMecTe.

CUMITATUYECKAA
HEPBHAA CUCTEMA

Cummnaruueckass HEpBHasi CUCTeMa MpeacTaBsieT
coboit cucteMy, obOecreurBaloIyl0 peaklnio "0opb-
0a mim OercTBo”, T.e. OHA IOATOTABIMBACT HAIl Opra-
HU3M K "BcTpeue ¢ KpusucoM”. Koraa yenoBek BO3-
Oy>XJIeH, CMMIaTUYecKasl HepBHasl CCTeMa OCYIIECTB-
JISIeT 3HAYMTENbHBIA pa3psii, MOATOTaBIMBAs TENO K
neiictBuio. HeoxXumaHHBIM IPOMKUI BEIKPUK, CUTYa-
LS, yrpoxarouiasi XW3HW, MOCNIeAHUe CEeKYHIbI Iie-
pell CTapTOM COpPEBHOBAaHMSI, — BCE 3TO MPUMEPHI,
KOTJIa YeJIOBEK MCIBITBIBAeT Ha cede JeHCTBUE CHM-
MATHIECKOM HEepBHOM crcTeMbl. CTHMYJISLIAS CO CTO-
POHBI 3TOI CUCTeMbl MMeeT 0O0JiblIoe 3HaYeHUE IS
CTIOPTCMEHOB:

yBesinuuBatotcs YCC U cuna cepaeuHbIX coKpa-
LIECHWUI;

pacIIMpsIlOTCS KPOBEHOCHBIE COCY/bI, YBEJIUYM-
Basi KPOBOCHAOXEHUE CepAEeYHON MBILILBI C LIENbIO
VIOBJETBOPEHUSI BO3POCIIMX TMOTPEOHOCTEN;

paclMpeHue Cocyl0B 00ecreurBaeT MoCTyIIeHue
0oJbillero o0beMa KpoBM B aKTUBHBIE CKeJeTHbIE
MBITIIIIH;

CYXeHME COCYIOB B GOJTBIIMHCTBE APYTHUX TKAHEH
HaIIpaBJIseT KPOBb OT HUX K AKTMBHBIM MBIIILIAM;

MOBBIILIAETCS apTepuanbHOe NaBjleHKe, yaydllas
nepQy3MI0 MBILILL ¥ BEHO3HBI BO3BPAT;

pacuIupsitoTCsl OpOHXH, YIyullasi ra3000MeH;

BO3pacTaeT MHTEHCHBHOCTh OOMEHHBIX ITPOIIEC-
COB, OTpaxarolias MOBbBIILIEHHbIE YCUJIUS OpraHu3-
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Ma, HampaBJjieHHble Ha YJIOBJIETBOPEHUE BO3POCILKX
MOTpeOHOCTEM, 00YCIOBIEHHBIX MBIILIEYHOM eI TE/b-
HOCTbI0;

yJIy4IlaeTcsl YMCTBEHHasl JeaTebHOCTb, YTO IO-
3BOJISIET JIyUllle BOCTIPUHKUMATb CEHCOPHbIE CTUMYJIbI
W JIy4llle CKOHLIEHTPUPOBATHCS HA BBIMOJHEHUM MbI-
LIEYHOU IesATebHOCTH; \

13 TIeYEHU B KPOBb BBIIEJSIETCS TJIIOKO3a B Kaue-
CTBE MCTOYHUKA DHEPTUM;

3aMeIIOTCS (PYHKIWU, He SBISIONIMECsS B Ha-
CTOSILIIMI MOMEHT TMepPBOCTENEHHBIMU ((DYHKLIMS T10-
YyekK, YCBOEHUE TUILU), TeM CaMbIM COXPaHSIeTCSI SHep-
IS, KOTOpasi MOXET ObITh MCIOJIb30BaAHA.

[IpuBeneHHbIE U3MEHEHHUS 00JIETYAIOT IBUTATEb-
HYIO peakluio U IeMOHCTPUPYIOT BaXXKHOCTb aBTOHOM-
HOW HEpBHOM CHUCTEMbl B TIOATOTOBKE OpraHM3Ma K
KpaTKOBPEMEHHON CTPECCOBOM CUTyallMM WU Mbl-
LIEYHOW JesaTebHOCTH.

IMAPACUMITATUYECKAAA HEPBHAA
CUCTEMA

[TapacuMnaTuyeckass HepBHas CUCTEMa BBITIOJI-
HSET poJib JOMOX03diku. OHa 3aHMMAETCSI TaKu-
MM IpolieccaMu, KaK YCBOCHME MUILM, MOYEUCITYC-
KaHHWe, CEeKpelus 3Xejle3 M COXPAHEHME SHEPTHUM.
Ora cuctema Ooyiee aKTMBHA, KOIrJa YeJOBEK CIIO-
KOeH U oTapixaeT. Ee meiicTBUSI IpOTUBOITOI0XKHEI
JIEHCTBUSIM CUMIIATUYECKOM HEpBHOM cucteMbl. OHa
BBI3bIBACT

+ ymeHbiieHue YCC;

* CyXeHHEe KOPOHAPHBIX COCYIOB;

* CcyXeHue OpOHXOB.

Pasnuunble meicTBUS CMMIIATMYECKOTO M IIapa-
CHUMIATUYECKOI0 OTAEJIOB aBTOHOMHOI HEPBHOM CH-
CTEMbI MPUBOAATCS B Tabm. 3.2.

B OB3O0PE...

1. Mepucepnueckast HepBHas cucTeMa BKJOYaeT
43 maphl HepBOB. 12 4YepermrHOMO3roBHIX 1 31 cIUH-
HOMO3TOBEHIX.

2. [IHC umeer aBa oTnena: CEHCOPHBIM UM JBUTa-
TenbHBINA. K mociaemHeMy TakKe OTHOCHTCST aBTOHOM-
Hasl HepBHas CHCTeMa.

3. CeHCOpHbII OTHEN TEpeHOCUT WH(OPMaLUIO
ot ceHcopubix peuenropoB B ITHC, mostomy ITHC
BCETIa 3HAET, YTO MPOUCXOOWT BHYTPH OpraHW3Ma U
BOKPYT HETO.

4. JIBUTATeNBHBIN OTHEN TEPEHOCUT JBHMTATENb-
Hbele umnynbehl 3 [ITHC x Mbrmmam.

5. ABTOHOMHasI HEpBHasl CCTeMa BKJIIOYAeT B ce0st
CUMITAaTUYECKYI0 HEPBHYIO CHCTeMy, 00eCIeYHBal0-
LIyI0 peakiuo "0oppda min OErcTBO" M ImapacuMIia-
THYEeCKYI0 HEPBHYIO CUCTEMY, BBITTOJIHSIOIIYIO CBOE-
00pa3HyI0 pojb "momMoxo3siiku". Obe cUCTEMBI Aeii-
CTBYIOT BMECTE, XOTSI UX BIUSHUS 3a4aCTyIO TIPOTHU-
BOTIOJIOXKHBI.



Tabnruuya 3.2
Biusinue
CUMMATUYECKOI

OpraH, cucteMa, MUIIEHb

CuMraTuyeckast HEpBHas1 CUCTEMa

[Mapacummaruueckasi HepBHasi CUCTEMa

U TapacUMIIATUYECcKOii
HEpPBHOW CUCTEMBbI

Ha pa3iu4yHbIe
OpraHbl

CepaeyHast MbIILILIA

Cepaue, KpOBEHOCHBIE

YBenuuuBaeT 4yacTtoTy u
CUJIy COKpalleHUi
Pacumpsier cocynbl

YMeHbIIIaeT 4acToTy
COKpallleHU1
CyXaeT cocyabl

COCY/IbI
Jlerkue

KpoBeHocHbIe cocymbl

[1euenb

Knerounsrii MeTabonu3m
KupoBast TKaHb

[TotoBbIe Xene3bl

Mo3sroBoe BelleCTBO HAIIO-

YCYHNKOB

HI/ILL[CBEI]JI/IT@JI]:HE[H CUCTEMa

Pacumpsier Oponxu, yme-
PEHHO CYXaeT KPOBEHOC-
HbIE COCYIbI

[ToBbilraeT aprepuanbHOE
JaBJICHHUE, CYXaeT COCYIbI
BHYTPEHHMX OPraHOB U KO-
KM, BO3Bpallas KpoBb K
Cepiily, paclIUpsieT COCy-
JIbI CKEJIETHBIX MBIIIIL 1
cepiLa BO BpeMsI MbIIIeU-
HOH AeITeJIbHOCTU
CrumynupyeT BblIeJIeHUE
TJIIOKO3bI

[NoBbIlIaeT UHTEHCUBHOCTD
obMeHa

CTUMyIIUpYeT JTUITONN3
YcunuBaetr moTooTneaeHue
CTuUMyIupyeT CeKpeLmio
afpeHaIMHA U HOpaZpeHa-
JIMHA

CHIXaeT aKTUBHOCTb Xe-

Cyxaer OpoHXU

HesnauurenbHoe BO3AEiiCTBHE
WK OTCYTCTBUE BO3ICHCTBUS
BOOOI1IE

OTCyTCTBI/Ie BJIMAHUA

YcunmBaeT NepucTaibTUKY U ce-

TMouxku

Jie3 ¥ MBIIIL;, CyXaeT
cUHKTED

CyxaeT cocyibl, YMEHb-
1aeT o0pa3oBaHe MOYM

KpeLuIo XeJjie3; paccaadsser
C(hUHKTEp
OrtcyTcTBUE BO3OEHCTBUIA

CEHCOPHO-ABUT'ATE/IbHAA
NHTEI'PALINA

Teneps, Koraa Mbl BHISICHUJIU KOMIIOHEHTHI U OT-
JIeJIbl HEPBHOM CUCTEMbI, MOXEM pPacCMOTpETb, Kak
CEHCOPHBIN CTMMYJ BbI3bIBAaeT ABUTATEIbHYIO peak-
uuto. OTKyna, HampuMep, MBILIIBI PYKU 3HAIOT, YTO
HYXHO yOpaTh naiel ot ropsiueil mauthl? Kak, kor-
Jia Bbl pEUIMJIA T00eXaTh, MBILIIbI COBMEIIAIOT CO-
XpaHeHue MOJIOXEeHUSs Tela U MPOIBUXKEHNE ero BIie-
pen? BeimosHeHWe 3TUX 3aJaHUi OCYLIECTBISIETCS B
pe3ynbTaTe B3aMMOAEUCTBMUSI CEHCOPHOTO W [BUTa-
TEJIbHOTO OT/IEJIOB.

BTOT Tpoliecc, KOTOPbIA Ha3bIBAETCS CEHCOPHO-
JIBUTATEJIbHON MHTErpauuei, mokasaH Ha puc. 3.10.
YroObl Teno mpopearupoBajio Ha CEHCOPHBIN CTH-
MYJI, CEHCOPHBI/ U JIBUTATEJbHbIM OTHEIBl HEPBHOM
CUCTEMBl JOJDKHBI (DYHKIIMOHUPOBATh BMECTe B Ta-
KOW Mocaeq0BaTeIbHOCTH COOBITUIA:

1) ceHCOpHblE peLEenTopbl MPUHUMAIOT CEHCOp-
HBIl cTumyn (puc. 3.10,4);

2) CEHCOpPHBbI MMIYJbC TEpeaaeTcss Mo CEeHCop-
HbeiM HeliponaMm B LIHC (puc. 3.10,6);

3) HHC obpabatriBaeT IOCTYIMBIIYIO CEHCOPHYIO
MHGbOPMALIMIO U OTTpeesisseT Haubosee MoaX0ASIYI0
peakuuio Ha Hee (puc. 3.10,8);
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4) curHansl peakiyu nepenarorcd u3 IIHC mo nBu-
rateJbHbIM HelipoHam (puc. 3.10,e);

5) mBUTaTeNIbHBI MMITYJbC TEPenaeTcsl MbIIIIIe
(puc. 3.10,0) u peakius OCyLIeCTBISETCS.

CEHCOPHbLIM MMIVYIbC

O1ynieHust M HpU3MOJOTUYECKUI CTAaTyC OpraHu3-
Ma OMpene/sSIoT CEHCOPHBIE PelenTOphl. MMIyIbCehl
BCJIEJICTBME CEHCOPHOTO CTUMYJIMPOBAHUS MEPENaroT-
¢Sl Yepe3 CEHCOpHBIE HEPBH B CITMHHON MO3T. Jloc-
TUTHYB €r0, OHW "BKJIIOYAIOT" JIOKAJbHbBIN pediiekc
Ha JaHHOM YpPOBHE WJIM UIYT B 0ojiee BHICOKME yya-
CTKM CIIMHHOTO MO3Ta WM B T0JIOBHOU Mo3r. CeH-
COpHBIE MYTH K TOJJOBHOMY MO3TY MOTYT IpEpbIBaTh-
¢Sl B CCHCOPHBIX yYacTKax CTBOJIA MO3Ta, B MO3XeU-
Ke, TanamMyce WJIM KOpE TOJIOBHOTO MO3ra. YYacTok,
I7ie 3aKaHYMBAIOTCS CEHCOPHbIE UMITYJIbChI, Ha3bIBa-
€TCsl MHTETPAllMOHHBIM IIeHTpoM. MIMeHHO 31ech ceH-
COPHBII UMIYJIbC UHTEPIIPETUPYETCH U TIepeaaeTcs
B IBUTATeNbHBIA oTaen. MyHKINM WHTErpalMoOHHBIX
LEHTPOB Pa3IMYHEI:

CCHCOPHBIC WMMITYJIECH, KOTOPHIE TPEPHIBAIOTCS
(3aKaHYMBAIOTCS) B CITMHHOM MO3TY, 31eCh I MHTET-
pupyiorcsa. Peakimeit OOBIYHO SIBASIETCS TPOCTOM




CeHCOopHbI peLenTop
NPYHUMAET CTUMYI

HelpoHam B LUHC

V|MI'IyJ'IbC nepenaeTca no CeHCOPHbIM

T~

LIHC obpabatbiBaeT
NOCTYNUBLLYIO
MHpOPMaLMIO

n onpepensier
OBUraTeNlbHylo peakumio

JBuratencHbin UMMyNLC
nepenaetca n3 LUHC no
ABuUraTesbHbIM HelpoHam

[euvratencHbiin MMNynbC OOCTUNraeT MbILLEYHbIX
, BOJIOKOH, peakuysa OCyLleCTBIAeTCA

Puc. 3.10. [Tocaredosamenvrocmsb cobbimuii 8 CeHCOPHO-08USAMENbHOU UHMePauUU

JIBUTATENbHBIN pediieKc, TMpeACcTaBISIONINI cOo0oM
HaMIPOCTEUININIA TUI UHTETPALIUN;

CEHCOPHBIE UMITYJIbCHI, 3aKAaHYMBAIOLIUECS B HILK-
HEell YacTW CTBOJa MO3Ta, BBI3BIBAIOT ITOACO3HATENb-
HbIE ABUTATEIbHbIE PEAKIUU 00Jiee BBICOKOTO YPOBHS
u Oosiee CIOXHBIE, YeM pedIeKChl CIIMHHOIO MO3Ta.
IIpumep 3TOro YpoBHS CEHCOPHOTO MMITyJbca —IT0-
CTYPaIbHBII KOHTPOJIb MPU NEPEABYKEHUN, MTPEObI-
BaHWM B IOJIOXEHUU CHMOS WIM CTOS;

CEHCOPHbIE MMIMYJIbChI, KOTOPhIE 3aKaHYMBAIOTCS
B MO3X€UKe, TAKXe y4acTBYIOT B peaju3allMu ITOJI-
CO3HATEIbHOTO KOHTPOJIS ABKEHMS. DTO, TIO-BUIM-
MOMY, LEHTP KOOPIMHALIMU, OeNatolInii Halllk JBY-
XeHUSI 0oJiee TJIABHBIMM, KOOPAWHMPYS HEHCTBUS
Pa3IMYHBIX COKPAIIAIOUIMXCS MBIIIEUYHBIX TPYMII.
Mo3xedok BMeCTe ¢ 0a3ajbHBIMU SApaMU TOJIOBHO-
O MO3ra KOOpAMHUPYET BCE TOHKUE M TpyOble OBU-
XeHUs Tenaa. be3 KOHTpoJisg CO CTOPOHBI MO3XKedKa
BCE BBINOJIHIEMbIC IBUXEHUS ObLIM Obl HEKOOPIH-
HUPOBAHHBIMU Y HEKOHTPOJIUPYEMBIMH;

CEHCOpHbIE CUTHAJIbI, 3aKaHYMBAIOLIECSd B Tajla-
Myce, MTOCTUTalOT YPOBHS CO3HAHUS W YEJIOBEK Ha-
YUMHAeT pa3inyaThb BCEBO3MOXHBIEC OIYLIECHNS;

TOJBKO KOIJA CEHCOPHbIE CUTHAJIBI IOIAAaloT B
KOpPY TOJIOBHOTO MO3ra, YE€JIOBEK MOXET OUCKPETHO
JIOKaIM30BaTh cUrHal. OCHOBHAsI YyBCTBUTE/IbHAS 30HA
KOPBI TOJIOBHOTO MO3Ta, PAaCIOJ0XEeHHas B TOCTIIEHT-
palbHOM M3BWIMHE (B TEMEHHON I0Jie), IIPUHUMAET
0011I1e€ CEHCOPHBIE MMITYJILCHI OT PELIENTOPOB KOXMU,
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a TaKKe IPOIMPUOPELICTITOPOB MBIIIII, CYXOXWINNA U
cycraBoB. B 3TOM yyacTke mmeercs "Kapra" BCero Tena.
CTuMyIMpoBaHUE B OIMpPENSIECHHOM yJacTKe pacIio3-
HaeTCs, M €ro TOYHOe HaXOXIEHHE Cpa3y Ke CTaHO-
BUTCSl U3BECTHBIM. TakuM 00pa3oM, 3Ta YacTh TOJIOB-
HOTO0 MO3Ta IOCTOSTHHO o0ecIieunBaeT Hac MH(popMa-
uMeit 000 BceM, YTO HAac OKpYXaeT, M O Hallei
B3aMMOCBS3M C OKPYXAIOIIEeH Cpeloi.

Ha puc. 3.11 moka3zaHBl CEHCOPHBIE PELETITOPHI,
a TaKkXKe WX HEPBHBIEC IyTU K CIIMHHOMY MO3Ty M pa3-
JUYHBIM Y4acTKaM TOJIOBHOTO MO3ra.

JBUTATEJIbHBIM KOHTPOJIb

ITocne moctymrennst B ITHC ceHcopHOTO MMITYITh-
ca cpasy xXe BO3HHMKAeT peakIus IBUTaTeIbHOTO Heli-
pOHa, HE3aBMCHMO OT YPOBHSI, Ha KOTOpPOM "OCTa-
HOBWICS" UMITyJNbc. KOHTPOIb CKENETHBIX MBIIIIIL
OCYILECTBJISIIOT UMITY/IbChI, TIPOBOIVMEIEC BUTATE/Ih-
HeIMU (3(p(DepeHTHBIMI) HEHpOHaMM, KOTOphIE Oe-
PYT Hayajo B OMHOM M3 TpeX ypoBHe#: 1) cmmHHOM
MO3TIy; 2) HIDKHMX y9aCTKax TOJIOBHOTO MO3ra; 3) IBU-
raTeJIbHOM YYacTKe KOpPBI TOJIOBHOTO MO3ra.

ITo mepe mepeMelieHHsT YPOBHSI OCYIIECTBICHMS
KOHTpPOJISI OT CIIMHHOTO MO3ra K JIBUTraTeIbHOI 00-
JIACTU KOPHI TOJIOBHOTO MO3Ta YBEIWYMBACTCS CIIOXK-
HOCTh IBUXXEHUI OT MPOCTHIX peIeKCOB K YCIOX-
HEHHBIM IBVXXEHUSIM, BBIIIOJHEHNE KOTOPHIX TPEOY-
€T y4acTUsI MBICJUTENIBHBIX ITPOLIECCOB. JIBUraTeIbHbIe



[puratencHas o6nactb KOpbI
roJIOBHOro Moa3ra

HyscrautensHas
30Ha KOpbI
rONOBHOMO MO3ra

Tanamyc

PeTukynsipHast MogxeHok

dopmaums

Baponues mocT
[Mpoponroearsii
MO3r

CeobopgHoe HepBHoe
OKOH4YaHue (60orb,
TemMneparypa)

YyBCTBUTENBHOE
Tensue MeliccHepa
(kacaHue)

\Asno-cwo linsHoe

Tenbue Ma4rHm BEpeTeHo
(DaBneHne)

' HECTETVHECKUN
peLenTop

|

HepBHO-MblLLIEYHOE
BEPETEHO

Puc. 3.11. Yyscmeumenvnoie peyenmopul u ux nymu
K CHUHHOMY U 20106HOMY MO32y

peaxkiuu 0osiee CIOXHBIX IBUXXEHUI, KaK IMPAaBUJIO,
OepyT cBoe HAyaJl0 B JBUTATENIbHOM 30HE KOPBI TO-
JIOBHOTO MOa3ra. HeKOTOpre JBUTATCJIBHBIC ITYTHU I10-
Ka3aHbl Ha puc. 3.12.

Tenepb MBI MOXEM CBSI3aTh BOEGAWHO JIBE CHCTE-
Mbl Ha OCHOBAaHUU CCHCOMOTOpHOﬁ MHTECIpalnun.
IIpocreiimeit ee popmoii siBnsieTcst pediieke, ¢ HEero
MbI U HQYHEM.

PE®JIEKTOPHAA NEATEJIBHOCTD

Y10 MpOMCXOIUT, €CM Bbl HEOCTOPOXKHO IOJIO-
KWJIM PYKY Ha ropsiuyio miuty? Bo-nepBeix, TepMo-
peLEeNnTOophl M 00JIeBbIE PELIETITOPBI KOXKM PYKU TTIOJIY-
YalOT CTUMYJIBI XKapbl U 00JI1, KOTOPhIE 3aTeM IOCTY-
MalT B CMMHHOK Mo3r. OKa3aBIIMCh B CIIMHHOM
MO3Ty, OHM MOMEHTaJIbHO MHTETPUPYIOTCS BCTaBOY-
HBIMU HelipoHaMu (MHTEpHEWPOHAMM), COEMUHSIO-
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/- JpuratenbHas 30Ha
BbasanbHoe sapo

BaponveB mocT Mo3xeHok

PetukynspHas
dopmaums

Puc. 3.12. /lsueamenvHvle nymu HepeHOL cucmembl

IIMMU BMECTe CEHCOpPHBIC U ABUTATEJbHBIE HEWpo-
Hbl. UMIyJIbC TIOCTYTIACT B ABUTATEIbHBIC HEMPOHBI
1 UOeT K 3cheKropaM — MBIIIAaM, KOHTPOJUPYIO-
IIMM OTIEpruBaHue pyku. B pesynbraTe B pediiek-
TOPHO OTIEPIYMBacTe PyKy OT Topsiyeil TUIMTHI, Jaxke
HE yCIieB 00 3TOM MOIyMATh.

Pednekc mpencraBnsier coboil 3apaHee 3aImpor-
paMMHMPOBaHHYIO peakuuio. B 1000i1 MOMEHT mpu
repenaye CEHCOPHBIMU HEPBAMU OCOOBIX UMITYJIbCOB
Ballle TeJO pearupyeT MTHOBEHHO M OJMHAKOBO. B
HalleM IIpyuMepe, He3aBUCUMO OT TOro, IpuKacae-
TECh JIX BBl K YeMY-HUOYIb TOPSTYEMY WM XOJIOIHO-
My, TEPMOPELICTITOPHI BBI3BIBAIOT pedhaeKe OTaAepIu-
BaHMSI pyKu. TOYHO TaK Xe, HE3aBUCHUMO OT TOTO,
BO3HUKAET JIU 00JIb OT MPUKOCHOBEHUS K KAKOMY-TO
rops;ueMy WIM OCTPOMY IpeaMeTy, OoJieBble peliern-
TOPBI BBI3BIBAIOT peduiekc oTaepruBaHusl. K Tomy
BPEMEHM, KOTJa Bbl OCO3HAHHO OUIYTUTE OCOOBIN
CTHUMYJI, TIOCJIe TOTO KaK CEHCOPHbIE MMITYJIbCHI Oy-
IYT TiepeJaHbl B YyBCTBUTEJbHYIO 30HY KOPBI TOJIOB-
HOro Mo3ra, pedJeKTopHasl AeSITeIbHOCTh CKOpee
BCEro 3aBepInuTcs. Bes HepBHAs AeSITETbHOCTD IPO-
TeKaeT OYeHb OBICTPO, OHAKO pediekc — Hambolee



OBICTpPBIN PEeXUM peaklluu, MOCKOJbKY He TpeOyer
OCO3HAHHOTO IMPUHSITUS pelieHNs. Bo3aMoXHa 1 IIb
OJIHa peaKIusl — HeT HeOOXOIUMOCTH PACCMATPUBATh
BapUaHTHI.

HepsHo-MbliieuHbie BepeTeHa

Paccmorpum nBa pedrekca, KOTOpbie ITOMOTalOT
KOHTPOJIMPOBATh MbilleyHylo (pyHK1M0. [1epBoIil u3
HMX BKJTIOYAET 0COOYIO CTPYKTYPY — HEpPBHO-MBbIIIEY-
HOE BEpETEHO.

HepBHo-Mpineunsie BepereHa (puc. 3.13) Haxo-
JSITCSI MEXIY OOBIYHBIMU BOJIOKHAMHU CKEJIEeTHOM
MBI, TAaK Ha3bIBAEMbIMU 3KCTpacdy3adbHbIMU
(cHapyxXu BepeTeHa) BosoKHaMu. HepBHO-MbIIIey-
Hoe BepeTeHO cocTonT m3 20 — 24 MaJeHBKHUX OCO-
OBIX MBILIEYHBIX BOJOKOH, KOTOpPBIE HAa3bIBAIOTCS
uHTpady3aabHBIMU (BHYTPU BepeTeHa), U HePBHBIX
OKOHYAaHUN (CEHCOPHBIX M IBUraTeJIbHbIX, CBSI3aH-
HBIX ¢ HuMH). O0O0JI0YKA COEAMHUTETHHON TKAaHU
OKpYXaeT HepBHO-MbILIIEUHbIE BepeTeHA U TPUKPETI-
JIeTCsI K BHYTPEHHEMY CIIOI0 3KcTpady3aibHBIX BO-
JokoH. MHTpady3aibHble BOJIOKHA KOHTPOIUPYIOT-
cA CIelValbHBIMUA IBUTATEIBHBIMU HEWPOHAMU —
raMMa-JIBUTaTeIbHBIMUA HeiipoHaMUu. AJb(ha-aBura-
TeJIbHbIE HEHPOHBI KOHTPOIUPYIOT IKCTpady3aibHbIe
(0OBIYHBIE) BOJOKHA.

LeHTpanbHbIil y9acTOK HHTpadhy3aJiLHOIo BOJIOK-
Ha HEe MOXET COKpAallaThCs, TaK KaK He COAEPKUT

Famma-aBurarenbHbI
HENPOH

Kancyna
HEPBHO-MBILLEYHOrO
BEpeTeHa

akcTpadysancHble
BOJIOKHA

Anbda-
OBUraTenbHbIn
HEMpPOH

WHTpadysanbHble
BOJIOKHA HEPBHO-
MBbILLEYHOrO
BEpeTeHa

CeHCopHbIA HEMPOH

Puc. 3.13. HepsHo-muiueunoe eepemero

WM COAEPXKUT OYEHD MajlO0 aKTUHOBBIX U MUO3MHO-
BbIX (miameHToB. ClenoBaTeslbHO, 3TOT Y4aCTOK
MOXET TOJIbKO pacTaruBaThcsl. I10CKOJIBKY HEPBHO-
MBIIIEYHOE BEPETEHO MPUKPEIIEHO K 3KcTpady3aib-
HbIM BOJIOKHAM, B J1II000M MOMEHT, KOIJA pacTsTu-
BalOTCS 3TU BOJIOKHA, PAaCTIATMBAETCS WM LIEHTPaJb-
HBI y4aCTOK BepeTeHa. .

YyBCcTBUTEIbHbBIE HEPBHbBIE OKOHYAHUS, OKYThIBA -
IOIIME 3TOT LIEHTPAJbHBIN YIaCTOK HEPBHO-MBIIIEY-
HOIO BepeTeHa, COOOIIAIOT B CIMHHOM MO3r MHMOp-
Malnunio o ero pactskenun, mapopmupys LIHC o
JUIMHE MBIIIIE. B CIMHHOM MO3Ty CEHCOPHBIN Heli-
POH B3aMMOJIENCTBYET C ajb(da-aBUTraTeIbHbIM HeM-
POHOM, KOTOPBIil BbI3BIBA€T pedIeKTOPHOE MBIIIEY-
HOE COKpalleHUe 3KCTpady3aJbHbIX BOJOKOH, IPO-
TUBOAEHCTBYIOILIEE JaJbHEMIIIEMY DACTSKEHMIO.

[IpounmocTpupyeM 3TO CIEAYIOLIMM IMIPUMEPOM.
Baiia pyka corHyra B JIOKTE, KMCTh BBITSIHYTa BIIe-
pen JIafoHBIO BBepX. BHeE3amHO KTO-TO KiIaleT Ha
Ballly JIAJOHb TSKENbI mpeaMeT. Baiire mpenruieybe
HayMHAeT OIYCKAaThCd, YTO BHI3LIBAET PACTSKEHUE
MBIIIEUHBIX BOJIOKOH PYKM (IBYIVIABOM MBIIILIIBI), YTO,
B CBOIO OYepelb, NMPUBOIUT K PACTSKEHUIO HEPBHO-
MBIILIEYHOTO BEpPETEHA. B OTBET Ha 3TO pacTKeHME
CEHCOpHBbIE HEMPOHBI IOCHUIAIOT MMITYJIbC B CIIMH-
HOM MO3T, KOTOpPBIi 3aTeM BO30yxXIaeT anbba-IBU-
ratejbHble HelipoHbl. B pe3ynbTaTe AByIaaBas MbILI-
a COKpaIlaeTcsi, IIpeooieBast pacTssKeHNe.

I'aMMa-nBUraTeIbHble HEMPOHBI BO30YXIAI0T UH-
Tpady3ajibHbie BOJIOKHA, TPEIBAPUTEIBHO UX ClleTKa
pactaruBas. Ecim IeHTpajbHBIA Y4acTOK O3THX BO-
JIOKOH HE MOXKET COKpaIlaThCs, TO MX KOHIIBI MOTYT.
I'aMMa-aBuraresibHbie HEHPOHBI BHI3BIBAIOT HE3HAUM -
TEIbHOE COKpAIlleHWe OKOHYAaHWI MHTpady3aIbHBIX
BOJIOKOH, YTO IPUBOIUT K HE3HAYUTEIHHOMY pPaCTH-
KEHMIO LIEHTPAJIbHOIO y4acTKa. DTO IpeaBapUTeEIb-
HOe pacTsDKeHUe 00eCIeYMBAET BHICOKYIO YyBCTBU-
TEJbHOCTb HEPBHO-MBIIIEYHOTO BepeTeHa Iaxe K
OYeHb HE3HAYUTEILHOMY PACTSXKEHMUIO.

HepBHO-MbIIlIEYHOE BEPETEHO CIIOCOOCTBYET HOP-
MaJIbHOMY MBIIIEYHOMY cokKpaiieHuo. Ilpu ctumy-
JUpOBaHUU ajibda-ABUraTeIbHBIX HEMPOHOB Ha CO-
KpameHue 3KCTpady3adbHbIX MBIIIEYHBIX BOJIOKOH
raMMma-JaBUraTesIbHble HEMPOHBI TAKXKE OKa3bIBAIOTCS
AKTMBU3UPOBAHHBIMM M BO30YXIAIOT OKOHYAHMS
UHTpady3anbHBIX BOJOKOH. DTO NPUBOIMT K PacTs-
KEHUIO LIEHTPAJIbHOIO y4acTKa HEPBHO-MBIILIEYHOI'O
BepeTeHa U HampaBJIEHUIO CEHCOPHBIX MMITYJIbCOB B
CIIMHHOM MO3T U 3aTeM K JIBUTaTeJbHBIM HEHpOHaM.
B otBet MbIma cokpamaercsa. Takum o0pa3om, He-
PBHO-MBIIIEYHbIE BEpeTeHa CIOCOOCTBYIOT MBbIIIEY-
HOMY COKpALEHHIO.

HNudopmaiiys, mocTynuBIas B CIMHHONA MO3T OT
CEHCOPHBIX HEMPOHOB, CBSI3aHHBIX C HEPBHO-MBbIIIIEY -
HBIMU BepeTeHaMy, He 00s3aTeIbHO OCTAeTCs Ha 3TOM
ypoBHe. MIMIYJIbChl TaKXe HAIpaBsSIOTCS B 0Oosee
Beicokue otnennl LIHC, obecrnieunBas ToI0BHOM MO3T
nHdopMaLMeil 0 TOYHON JUIMHE U CTEIEHM COKpa-
LIEHMS MBILILBI, a TaKXKe CTENEHU UX U3MEHEHMIA.
Dra nHGOpMALMA HEOOXOAMMA IS TOIAEPXKAHMS



MBILIEYHOTO TOHYCA, MO3bl U BBHIMOJHEHUS JABUXE-
Huit. Ilpexnme yeM rojloBHOM MO3T "CKaxkeT" MBIII-
1ie, 4TO JeJiaTh, OH JOJDKEH 3HATh, UTO OHA JC/IacT B
HACTOSIINI MOMEHT.

HepBHo-CyXo0KiIbHBIE BepeTeHa

HepBHO-CyXxoXWIbHBIE BepeTeHa IpPeaCTaBIISIOT
c000if CEHCOPHBbIE PELENTOPbI, Yepe3 KOTOPhI€ Mpo-
XOIUT HEOOJBIION ITy4YOK MBILIEYHO-CYXOXMIbHBIX
BOJIOKOH. OHU pacrojioXeHbI MPOKCUMAJIBHO e¢ Me-
CTa TPUKPEIJICHUS CYXOXUJIbHBIX BOJIOKOH K MBbI-
meyHBIM (puc. 3.14). Okono 5 — 25 MBIIIEYHBIX BO-
JIOKOH, KaK ITPaBUJIO, COSMMHEHBI C KaXIbIM HEPBHO-
CYXOXWJIbHBIM BepeTeHOM. Eciv HepBHO-MBIIIICUHBIC
BepeTeHa CJIEIIT 3a JUIMHOWM MBIIIIBI, TO 3TU CTPYK-
TYpbl YYBCTBUTEJIbHBI K HANPSKCHUIO B MbIIIIEYHO-
CYXOXHJIBHOM KOMIUIEKCE 1 AEUCTBYIOT IMIOMO00HO TEH-
3uoMeTpy. MIX 4yBCTBUTENIBHOCTb HACTOJIBKO BBICO-
Ka, 4YTO OHM MOTYT pearMpoBaTh Ha COKpallleHUE
OTIIEJTbHOTO MBIIIEYHOro BOJOKHA. Ilo cyTu, oHm
SIBJISTIOTCSI TOPMO3HBIMU M BBITIOJHSIOT 3allIUTHYIO
(yHKIMIO, CHMXAs BEepOSITHOCTb TpaBMBI. Ilpu cTH-
MYJIMPOBAaHUM OHU TOPMO3SIT COKPAaTUTE/IbHBIC (aro-
HMCTbI) MBIIIIIBI M BO30YKIAIOT aHTarOHUCTUYECKUE.

[To MHEHUI0O HEKOTOPHIX YYCHBIX, YMEHbIICHUE
BJIMSIHUSI HEPBHO-CYXOXUIbHBIX BEPETEH MPUBOIUT
K pacTOPMaXMUBAHUIO aKTUBHBIX MBIIIII, OOECIeYm-
Basi 0oJiee MOITHOE MX COKpallleHhe. DTOT MeXaHU3M
00BSICHSIET, IO KpaiiHeil Mepe 4acTMYHO, MPUPOCT
MBIIIEYHOM CHUJIBI BCJIEACTBUE TPEHMPOBOK CHIIOBOIA
HanpaBIeHHOCTH.

BbICIHME OEHTPBI TOJIOBHOI'O MO3TA

Pedraexkchl npeacTaBiasioT co00il MpOCTElIyIo
¢dopmy HepBHOM uHTerpauuu. OmHaKo OOJbILIMHCTBO
NBDKEHUI B CITOPTE BKIIIOYAE€T KOHTPOJIb U KOOPIHU-

Cyxoxunve

Kancyna HepBHO-
CYXOXMIIbHOrO
BepeTeHa

HepesHo-cyxoxcunvhoe eepemero
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HallMI0 CO CTOPOHBI BBHICIIMX LIEHTPOB TOJOBHOIO
MO3ra, a UMEHHO:
* IBUTATEJbHON 00JaCTU KOPbI TOJOBHOTO MO3ra;
* 0asaJIbHBLIX S7ep;
* MO3XeuKa.
BoisicHuM HekoTopble (PYHKLIMU KaxXA0T0o U3 HUX.

I[BI/Il"aTeJ'leaﬂ 00J1acTh KOpbI
roJIOBHOro Mo3ra

JIBurateibHast 06J1aCTb KOPBI TOJIOBHOTO MO3ra OCy-
LIECTBIISIET KOHTPOJIb TOHKUX M Pa3pO3HEHHBIX MbILIEY-
HBIX IBYXeHUI. OHa HAXOOUTCS B JIOOHOI J0J€ B Ie-
pemHeil LieHTpanbHOM M3BMIMHe. Haxomsiuecst 3mech
HEMpOHBI, TaK Ha3bIBa€Mble MUPAMUAANBHBIC, TTO3BO-
JISTIOT HaM CO3HATEIBHO KOHTPOJMPOBATh IBUKEHUS
CKEJIETHBIX MBI, JBUTraTenbHass 00J1acTh KOPhI ro-
JIOBHOTO MO3Ta TMpeICTaBiIsieT co00il 4acTh TOJIOBHOTO
MO3ra, KOTopasi pelllaeT, Kakoe IBWKEHHME BBl XOTUTE
BBINONHNUTL. HampuMep, eciv BBl CUAMTE B Kpecie 1
XOTUTE BCTaTh, PelIeHUE 00 3TOM MPUHUMAETCS B IBU-
raTe/IbHOM 00JIACTH KOPhI TOJIOBHOTO MO3ra, T¢ Haxo-
IATCI CBOeoOpa3Has "KaprTa" BCero Teima. YYacTKH,
TpeOyIolIMe TOHYAMIIEro JBUTATEeIbHOTO KOHTPOJIS, B
OOJTbIIICH CTEMEHH MPEICTaBICHbI Ha HEM, TeM CaMbIM
obecrieurBaeTCs OOIbIINI HEPBHBIN KOHTPOJIb.

Tena mupaMUIHBIX HEHPOHOB HAXOAATCH B JIBU-
rateJIbHOM 00J1acTM KOPBI TOJOBHOTO MO3ra, M HX
aKCOHBI 00Pa3yIoT 3KCTpaMpaMUAHbIe IYTH. DTO TaKk
Ha3bIBacMble KOPKOBO-CITHHHOMO3IOBbI€ MYyTH, I1O-
CKOJIbKY HEPBHBIE MPOLIECCHI MPOXOAIT OT KOPHI Tro-
JIOBHOTO MO3ra J0 CIIMHHOro Mo3ra 6e3 Iepekimode-
HUS. DTU MyTH 00ECTICUMBAIOT TJIaBHBIA MPOU3BOJIb-
HBI KOHTPOJIb CKEJIETHBIX MBIIIIILI.

Baszajnuble sapa

bazanbHble siipa He SBJISIIOTCS YacThblO KOPHI TO-
JoBHOTO Mo3ra. OHM HaxomsTcs B OeJIOM BEIIeCTBE,
IJIyOOKO ITOJ KOpOil TOJOBHOTO Mo3ra. basanbHbie
spa TIPEACTABISIOT CO00M CKOIUICHUSI HEHPOHOB.
CnoxHble (YHKIIMU UX M3y4eHBl HEIOCTaTOYHO; U3-
BECTHa MX BaxXHas pOJIb B MHUIIMALIMU JABUXKCHUMN
MPOIOJKUTELHOTO WM TTOBTOPSIOIIETOCs XapaKTe-
pa (Takux, Kak ABUXKEHUS PYK MpPHU XOALOe), Cleao-
BaTeJIbHO, OHM KOHTPOJMPYIOT CJIOXHBIEC ITOJIYIIPO-
WU3BOJIbHBIC OBMXEHUS, HampuMmep, Xoab0y M Oer.
Kpome Toro, oHM y4acTBYIOT B IOIIEPXAaHUM MBbI-
IIEYHOI'0 TOHYCa W TIO3bI.

Mo3xKedyoK

MoO3XeUOK UrpaeT BaXXHEMIYI0 pojib B KOHTPOJIE
BCEX OBICTPBIX M CJOXHBIX BUIOB MBILICUHON mdes-
TenbHOCTU. OH MOMOTaeT CMHXPOHU3UPOBATh IBUTA-
TEJIbHYIO IeSITEIbHOCTh M OBICTPBIA Mepexom OT Of-
HOT'O IBUXXEHHU K IPYIOMYy, Cilels U BHOCS HEoD0Xo-
JIUMble U3MEHEHUS! B ABUTATEIbHYIO AESTEIbHOCTD,
BbI3BAaHHYIO JPYTMMU Y4acTKaMM TOJOBHOTO MO3ra.
Mo3Xe4yoK CoAeiicTByeT (YHKIMOHMPOBAHUIO KakK



JBUTaTEIbHON O0JIACTH KOPbI TOJOBHOTO MO3ra, Tak
u G6asanpHbIX sAaep. OH "cMsryaer” CTPyKTypy JBU-
>XKEHUI, B IPOTUBHOM CJIy4ae OHU Obl ObUIM PE3KUMU
1 HEKOOPAUHUPYEMBIMU.

Mo3Xe4oK BBIMNOJHSET POJb HMHTEIPaLlMOHHON
CHCTEeMbI, CpaBHUBasl 3allpOrpaMMMPOBAHHYIO Aesi-
TEJbHOCTb C U3MEHEHUSIMU, KOTOPbIE MPOUCXOAST B
OpraHu3Me, ¥ IMPOM3BOIS 3aTeM COOTBETCTBYIOLIME
KOPPUTHUPYIOLIKE IEACTBUS C TIOMOILbIO IBUTATE/b-
Horo otaeia. OH mojyyaeT MHGOPMALUIO U3 TOJIOB-
HOIO MO3ra, a TakKXe OT IPONpPHOPELENTOPOB, Ha-
XOISIIMXCS B MBILILIAX M CYCTaBaX, KOTOpbIe COO0-
1LAIOT O TIOJIOXKEHUHU, 3aHMMAaeMOM B JaHHbII MOMEHT
TejaoM. KpoMe Toro, mMo3xXedok IoJy4daeT 3pUTelib-
Hble UMITYJIbChI, a TAKXe MMITYJIbChl O PABHOBECUU.
CrnenoBaTebHO, OH 00pabaThIBacT BCIO MOCTYIIAIO-
1yl MHOOPMALMIO O HAMPSKEHWU W TMOJOXEHUU
BCEX MBIIIL, CYCTABOB M CYXOXWIMI, a TaKXe I0-
JIOKEHUHU Tejla OTHOCUTENIbHO OKPYXXAIOIIUX YCJI0-
BUI M 3aTeM OIPENEC/ISICT HAWIYYIIMA IUIaH Jei-
CTBUIA, HaINpaB/JICHHBbI Ha BBIIOJHEHHE HEOOXOMM-
MOTO IBIKEHUS.

BcroMHuM Hall npeablayIlivii IpuMep, KOraa Bbl
HaxOOWINUCh B IOJIOKEHUU CUAS U XOTEJIU BCTATh.
JBurateabHasi 00J1aCTb KOPbI TOJIOBHOTO MO3ra — 3TO
Ta 4acTh €ro, KoTopas INpMHUMAaeT pellleHue BCTaTh.
D10 pelleHWe IepeaacTcss B MO3XEYOK, KOTOPHBIH,
MOJIYYMB €ro MH(popMalLKio, U3yJyaeT TeKyllee M0JI0-
JXEHUE Tejla, OCHOBBIBASICh HA MOJYYEHHBIX CEHCOP-
HbIX UMIyJbcax. Ha ocHoBaHuM 3Toi MH(pOPMALMKU
MO3X€4YOK BBIOMpaeT HauboJjee ONTUMAaIbHBIA ITUIaH
JIEeACTBYSI, HAIlpaBJI€HHbIN Ha TO, YTOOBI BCTATh.

SHIPAMMBI

IIpu ocBoeHUM HOBOI IBUIaTEIbHOM ITPOrPaMMbI
B IIEPBOE BpeMsl HeoOXoauMa BbICOKAs KOHLIEHTpa-
uMs BHUMaHus. 1o Mepe n3ydeHus IBIKEHUST HE00-
XOAMMOCTb 3HAUYUTEJbHON KOHLIEHTPALIMM BHUMAHUS
cHmkaercst. HakoHel, Korma BBl OBJajeBacTe 3TUM
JECTBAEM, Bbl MOXETE IPOM3BECTH €0 MpaKTUYeC-
KU1 0e3 co3HaTenbHOro ycuaus. Kak ato nocturaercs?

BripaboTaHHbIE CTPYKTYpHI IBVDKEHUIT "XpaHSIT-
cs1" B MO3TY Y IIPYM HEOOXOIMMOCTH MOTYT OBITh BOC-
MPOU3BEACHBI. DTU CTPYKTYPhl, Ha3bIBAIOIIMECS IBU-
raTeJIbHbIMU IIporpaMMaMM, WIM 3HIpaMMaMu, Xpa-
HSITCSI B CEHCOPHOM M JBUTaTeIbHOM OTHeJIaX MO3ra.
B ceHcopHOM oTaene XpaHATCSI CTPYKTYphl Ooiiee
MEIJIEHHbIX ABUXXEHUI, IBUraTeJIbHOM — OBICTPHIX.
B HacTosiiee BpeMsi cBeAeHMII 00 3HrpamMmax U O
MeXaHU3Max UX AeHCTBUSA HELOCTATOYHO.

B OB30OPE...

1.CeHcopHO-ABUTaTEIbHAS UHTETPALIUSI IPECTaB-
JsieT coboil mpouecc, nmocpeactsoM Koroporo ITHC
nepenaeT ceHcopHbii ummyase IIHC, roe oH uHTep-
MPETUPYETCSI, TIOCIIE YETO MOCHIIAETCSI COOTBETCTBYIO-
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LM JABUTATEJIbHbIA CUTHAJI, HAIIPaBJIEHHbIA Ha TO,
YTOOBI BbI3BATh HEOOXOAMMYIO TBUTATENIbHYIO PEAKIIUIO.

2. CeHCOpHBII UMITYJIbC MOXET 3aBEPIIUThCS Ha
paznuuHbix ypoBHsx [IHC. He Bce ummynbChl 10X0-
JISIT 10 TOJOBHOTO MO3ra.

3. Pednekchl — mpocteiimast (opma ABUTATENb-
HOTO KOHTPOJIs1. DTO — HEOCO3HAHHbIE peakuuy. [{ms
JTAHHOTO CEHCOPHOTO CTHUMYyJIa JBUTATEJIbHAsI peak-
LIMS BCErJa MTHOBEHHA W WIIEHTUYHA.

4. HepBHO-MbIlIEYHbIE BepeTeHa "BKJIOYalOT"
pedIeKTOPHOE MBIIIEYHOE ACWCTBUE MPU MX PacTsi-
KEHUU.

5. HepBHo-cyxoxuibHble BepeTeHa "BKIIOYalOT"
peduiekc, TOPMO3SIIMIA COoKpalleHue, Tpu Tepepac-
TSDKEHUU CYXOXWJIbHBIX BOJIOKOH.

6. [IBurarenpHast 006JacTb KOPBI TOJOBHOTO MO3-
ra, Haxosiiasicsl B JIOOHOU [Tojie, —UEHTP CO3HATENb-
HOTO JIBUTaTeJIbHOTO KOHTPOJISI.

7. basanbHple sapa B O€JOM BEUIECTBE MOMOTAIOT
VHUIIMALA HEKOTOPBIX JIBWXKEHUN (TPOIOIKUTEb-
HBIX U MTOBTOPAIOIIUXCS), a TAKXKEe KOHTPOJIIO MO3bI U
MBIIIIEYHOTO TOHYCA.

8. Mo3XeuoK akTMBHO Y4acTBYET BO BCEX MpO-
1Ileccax BBIMOJHEHUSI OBICTPBIX U CIIOXHBIX JABUXE-
HMI, a Takke IOMOTaeT NEWCTBUIO IABUTATEJIbHOM
001aCTH KOpPBI TOJIOBHOTO MO3ra W 0a3ajibHbIX SIAEP.
OH sBAsIeTCS MHTErpaTUBHBIM IIEHTPOM, KOTOPBIA
peliaeT, Kak Jydlle BBITOJTHUTh HEOOXOMUMOE BU-
>KEHUE MPY JAHHOM TOJIOKEHUHU TeJla U JAaHHOM CTa-
TYCE MBIIIIII.

9. BHrpaMMbl MPEACTABRIISIIOT COOON 3areYaTieHHbIE
JIBUTATEJIbHbIE TPOTPAMMBbI, KOTOPBIE XPAHSITCS B CEH-
COPHOM U JIBUTATEIbHOM OT/E/IaX TOJIOBHOTO MO3Ta U
MOTYT OBITh BOCIIPOU3BEAECHBI MPU HEOOXOTUMOCTH.

JBUTATEJIbHAA PEAKIIVA

BBIsSICHUB, KaKk MHTETPUPYETCS CEHCOPHBIA MM-
MYJIBC C 1IETBIO OTNPENeSICHHST COOTBETCTBYIOLIEH TBH-
raTeJIbHOM peakiii, HaM OCTaJIOCh PACCMOTPETh IPO-
LIeCC PeaKIMX MBI Ha ABUraTeIbHbIe MMITYJIbCHI,
MOCJTe TOCTYDKEHUSI UMK MBIIIICUHBIX BOJIOKOH.

ABUTATEJIIBHAA EAVMHULA

JOCTUTHYB ABUTATEIbHOIO HEPOHA, 3JIeKTpUIeC-
KU UMITYJIbC UAET M0 HEMY 10 HEPBHO-MBbIILIEYHOTO
COeAMHEHUS. 31eCh OH PacCIpOCTpPaHSIETCS BO BCe
MBILLIEYHbIE BOJIOKHA, UHHEPBUPYEMbIE OIPENCIEH-
HBIM JBUTaTeIbHBIM HEPBHBIM BOJIOKHOM. BCcrmioMHUM,
YTO OBUIaTeJIbHbIA HEMpPOH U BCE MHHEPBUPYEMbIE
MM MBbIIIIEYHbIE BOJIOKHA 00Pa3yIOT OTAEAbHYIO IBU-
raTejbHyo eauHuly. Kaxmoe MblllieYHOE BOJOKHO
WHHEPBUPYETCS JTUIIb OTHUM IBUTaTeIbHBIM HEepo-
HOM, B TO BpPEMS KaK KaKAbli ABUraTEJIbHbIA HEH-
POH B 3aBUCMMOCTHU OT (PYHKIIMM MBIl UHHEPBU-
pyeT OO0 HECKOJbKUX THICSIY MBIIIEYHBIX BOJIOKOH.
MBI, KOHTPOJUPYIOIINE BHIMOJIHEHUE TOHKUX
JIBUXEHUI (HalpuMep, IBUKEHUS I1a3), UMEIOT He-



0OIBIIIOE KOTMUYECTBO MBILIEYHBIX BOJIOKOH Ha IBU-
raTeJIbHBI HelipoH. B MbImmax, nMeomux dojee
obmme (PYHKIIUM, COACPXUTCS MHOTO BOJOKOH Ha
NIBUTATEJIbHBIA HEWPOH.

MpIlIedHbIe BOJIOKHA OIpee/IeHHOM IBUTATEIh-
HOM eTWHUIILI TOMOTeHHBI OTHOCUTEILHO TUIA BO-
nokHa. CregoBaTeIbHO, BBl He HaliieTe ABUTATEb-
HYI0 COWHUILY, COIepXKaIlylo KakK OBbICTpO-, TaK U
MeUIeHHOCOKpallaplyecs BojJokHa. Kak yKassIiBa-
JIOCH B IVIaBe 2, CYUTAETCH, YTO XapaKTePUCTUKU IBU-
raTeJIbHOTO HeWpOoHa ONpeAeNsioT TUM BOJOKHA B
OAHHOU IBUTATeIbHOM equHULIE [1, 3].

Muviwybt, KoHmpoaupyrouwue 0suxicenus eaas (9K-
CMPAOKYAAPHbBIE MbLULbL) UMerOm Ko3(dulyuenm
unnepsavuu 1:15, umo osnauaem, umo o0un Heti-
DPOH obcayxcueaem 6ceeo 15 mblueunvix 6040-
Kon. Haobopom, uxponoxcnas u nepeouss 601b-
webepyo8an Molulubl uUMerom Kodpguuuenm
unnepsayuu nopadka 1:2 000

Hepsno-mbimeunas akrusHocTh dHpdepen-
nupyerca Ha OCHOBaHMM (DMKCHPOBAHHOTrO
YIOPAI0YEHHOI0 PEKPYMTHPOBAHMS [IBHMIa-
TeJbHBIX enuHu. YeMm OoJblne cmia, HeoO0-
XoauMas Jisd BBIIIOJHCHHSI OIPEaeICHHOrO
JBUZKCHUA, TEM 60.]1]:]]19 BOBJICKAETCA ABUra-
TEJbHbIX €IUHHUIL

KEHUS, PEKPYUTUPYIOTCS GBICTPOCOKpallaloIecs
JIBUTATEIbHbIE eqUHUIBI. He coBceM IMOHATHO, KaK
MOXHO IPUMEHUTH JAHHBIA IPUHLUI K GOJBLIINH-
CTBY CIIOPTUBHBIX ABVKEHUI, ITOCKOJBKY OH pac-
CMaTpUBAeTCs TOIbKO IIPU BBITONHEHNH AU depeH-
LMPOBAHHBIX JBWXEHUI, IIPEACTABISAIONINX OTHOCH-
TEIbHYIO0 MHTEHCUBHOCTb MBILIEYHOTO COKPALLEHUS
MeHee 25 %.

B OB30PE...

YIIOPAJOYEHHOE PEKPYWUTHUPOBAHUE
MBIIHEYHbBIX BOJIOKOH

BoaBIIMHCTBO YICHBIX CYUTAIOT, YTO JBUTATEIb-
HbIC eAWHUIIBI, KaK MPaBUJIO, aKTUBUPYIOTCS Ha OC-
HOBE YITOPSIOYESHHOTO PEKPYUTHUPOBAHUS. DTO TaK
Ha3bIBaCMBIH IIPUHIINAT YIIOPSAOYCHHOTO PEKPYUTH -
pPOBaHMSI, COTJIACHO KOTOPOMY IBUTATCIBHBIC CIM-
HUIBbl JAHHOW MBIMIIbLI UMEIOT CBOM MOPSAKOBEIN
HOoMep. BosbMem, HampumMmep, OBYIJIABYIO MBIIIILY,
JOIyCTUM, YTO B Heil comepxurcst 200 mBUraTeb-
HBIX €IWHUII, KOTOPHEIE OyIyT MMETh ITOPSIIKOBEIC
HoMepa ot 1 mo 200. I BBITTOJTHEHUST OUYeHb TOH-
KUX OeUCTBUI TpeOyeTcsl HEMHOTO YCUJIMiA, TT03TO-
My OymeT peKpyMTHpOBaHa IBUTAaTeIbHAS CIMHMIIA
mox HoMepoM 1. C yBenmndeHHEM IIPUKIATbIBAEMO-
TO yCWIHs OYAyT peKpPYUTHPOBATLCS CAMHUIIBI IO
HoMepaMmu 2, 3, 4 U T.I. 10 MaKCUMAaJIbHOTO MBEI-
IIEYHOTO COKPAIICHUS, PN KOTOPOM aKTUBUPYIOT-
¢ 50 — 70 % nBurarenbHBIX equHAL. [1py 1aHHOM
YCUJIUM BceTma OyIyT peKpyUTHUPOBAThCS OTHU U TE
K€ IBUTraTejIbHble €IUHUILIBI.

MexaHn3M, KOTOPBIi XOTS OBl YACTUYHO ITO3BO-
JISIET OOBSICHUTh 3TO YIIOPSIHOYCHHOE PEKPYUTHPO-
BaHME, OCHOBAaH Ha IPUHINIIE pa3Mepa, COIIAaCHO
KOTOPOMY BOBJICUYEHHE ABUTATEILHON eTUMHUIILI He-
MOCPEACTBEHHO CBI3aHO C pa3MepoOM JIBUTATEIBbHO-
ro HelipoHa. [TepBBIMU PEKPYUTUPYIOTCS IBUTATEITb-
HBle eIVMHUIILI, MMeIole HeOOIbIIe ABUTATENh-
HBle HelipoHBI. TTOCKOJIBLKY MeajIeHHOCOKpallaro-
LIM€eCs ABUTaTeIbHbIE €IUHULILI UMEIOT HEOOIbIIINE
JIIBUTATeIbHEIE HEIPOHBI, OHU PEKPYUTUPYIOTCS TIEp-
BBIMHU I BBIOJIHEHUS OU(dEepeHIINPOBAHHOTO
IBVKeHUS (OT HU3KOM JO OYeHb BBICOKOI MHTCH-
CUBHOCTH IIPOM3BOACTBA YCIINS). 3aTeM, C YBEIU-
YeHUEeM CUJIbI, HEOOXOIMMOI TSI BEITTOJTHEHUS IBU -
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1. Kaxnoe MbIlIe4HOE BOJIOKHO UHHEPBUPYET TOJIb-
KO OIVH HEWPOH; KaXIbIiA HEMPOH MOXET MHHEPBU-
pOBaTh 10 HECKOJBKMX ThICSIY MBIILIEUHBIX BOJOKOH.

2. Bce MpblImeyHbIC BOJIOKHA JAHHOI IBUTATCIIb-
HOW €AWMHULIbI MPUHAAJIEXaT K OJHOMY THUITY.

3. IBurateIbHBIC CIMHULBI PEKPYUTHPYIOTCS YIIO-
pPSIOYEHHBIM 0O0pa3oM: MpU BBIMOJIHEHUU JaHHOM
JeSITeIbHOCTU BCErna peKpYUTUPYIOTCSI OMHU U TE Ke
NBUTATEJIbHbIE €IVUHULIBI.

4. IlepBBIMM PEKPYUTHUPYIOTCSI IBUTATEIbLHEIC €1~
HUILBI ¢ HEOOJBIIMMU HepoHaMU (MEIIEHHOCOKpa-
IIAMOIINECsT), 3aTeM — C OONBIIMMH (OBICTPOCOKpA-
IIAOIINECST).

B 3akmouenie...

B 3T0i1 m1aBe MBI pacCMOTPEITH JIUIID HEOOIBIITYIO
YacTh CJIOXHOW IeSITeIbHOCTH HEPBHON CHUCTEMBI B
PETyIISIINY OBUKECHUU. B 3TOM mporecce mpuHUMa-
IOT y9acTHe BCE €€ OTHEIIBL:

» cencopubiii otanen [MTHC mocTossHHO cHaGxXaer
nHpopManmeir [THC o ToM, 4TO MPOMCXOINT B
TeJie ¥ BOKPYT HETO;

* IHHC obpabatsiBaeT BCIO ITOCTYITAIOIIYIO MHGMOP-
Malyio U MPUHUMAET pellleHue, KaK MOCTYIUTD;

 puratedabHbIi oTnen [THC coobiaeT MbImaM,
KOTJa 1 YTO OHM JTOJDKHBI JeIaTh;

+ aBroHoMHBIN otnen [THC xoppurupyer ¢pusu-
oJlormdeckre (GYHKIIMHA BO BCEM OpTaHM3ME, Clle-
IS 32 TeM, YTOOBI ITOJTHOCTBIO YIOBJICTBOPHUTH
IMOTPEOHOCTH aKTMBHBIX TKAHEI.

MBI BBHISICHWIH, KaK pearupyloT MBIIIIBI Ha
HEpPBHOE CTUMYJMpOBaHue 1160 pediekcaMu, 11bo
I01, CIOXHEUIITMM KOHTPOJIEM CO CTOPOHBI BBICIITNX
IIEHTPOB TOJIOBHOTO Mo3ra. PaccMoTpenm, Kak pea-



TUPYIOT OTAEIbHbIC ABUTATEbHBIC €IMHMIIBI U KaK
OHHM YIOPSAIOUYEHHO PEKPYUTUPYIOTCS B 3aBUCUMOC-
TH OT TIpUjIaraeMoro ycuiusi. Takum odopa3oM, Mbl
y3HallM, KaK QYHKIMOHUPYET Hallle TeJlo, obecredn-
Basi BEITIOJTHEHME IBIKeHUS. B clienytoniieii riiaBe Mbl
pPacCMOTPUM BJIUSIHUE (DU3NUECKUX TPEHUPOBOK Ha
HEPBHO-MBIIICUYHBI KOHTPOJIb.

Kontpo.mHbre onpocot

1. HazoBuTe pa3anyHble YaCTU HEHpoOHa.

2. OOBACHUTE, YTO TAKOE MEMOpPAHHBII MTOTEHLIMA TT0-
xos1. Uto ero Bei3piBaeT? Kak oH monaepxuBaercs?

3. OnuimMTe MOoTeHIMaI aeictBus. YTto HeoOXonmmMo
IIJIsl BOBHUKHOBEHUsI TOTeHuMana aeictusa? Onu-
IIUTE TTOCIEA0BATEILHOCTD SIBJICHUM TOCTIE €ro BO3-
HUKHOBEHUS.

4. OObICHUTE TIepeaady JeKTPUIECKOro UMITyJIbca U3
MPEeCUHANTUYECKOTO HEWpOHa B MOCTCHHAITUYEC-
KM, OxapakTepM3ylTe CMHAIC U HEPBHO-MbIIIEY-
HOE coearHEeHMe.

5. Kak Bo3HUMKAaeT MOTEeHIIMa AEUCTBUS B IIOCTCUHAII-
TUUYECKOM HelpoHe?

6. Kakne ocHOBHBIE OTIEJIBI HEPBHOI cucrtembl? Ka-
KOBBI MX OCHOBHbIE (DYHKLIMU?

7. Kakue 1LeHTpbI TOJJOBHOIO MO3ra MUIpaloT IIaBHYIO
poJib B KOHTpoOJIe ABMXeHUs? B uem 3akiiouaeTcst
UX poJib?

8. B yeM omimume MexXay CUMIIATUYECKOM U MapacuM-
narudyeckoit cucteMamu? KakoBa X pojib B BBIIOJ-
HEHMU MBIIICYHON NesTeIbHOCTH?

9. OOBSICHUTE, KaK OCYLIECTBJISIETCSI ABMXKECHUE B OT-
BET Ha KacaHWe ropsiyero npeamera?

10. OxapakTepusyiiTe poib HEPBHO-MBIIIIEUHOTO Bepe-
TE€Ha B KOHTPOJIC MBILLIEYHBIX ICVCTBUNA.

11. KakoBa poJjib HEpBHO-CYXOXXMUJIBHOI'O BepeTeHa B
KOHTpPOJIE MbIIIEYHBIX ACHCTBUIA?

12. YTo Takoe aBUraTesibHasI €IMHULIA U KaK PEeKPYUTU-
pYIOTCsl IBUTATE/IbHbIC €IUHUIIBI?
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lTanaea 4

Hepeno-muvimeunaa aqanranus
K cuao6ou
noo2omoeke

¥

B npeapinyniyx riaaBax Mbl 00CyXaanu (pyHKUIAU
MBIIIIEYHON W HEPBHON cUCTeM TpU (DU3NUECcKoit
Harpy3ke. Ho kKak oOBbSICHUTb pa3nuuus Mexay ¢u-
3U4eCcKr CJabbiM 4YE€JIOBEKOM, BECSIIUM OKOJIO
90 GyHTOB, M TSKEIOATICTOM, BEBICTYITAIOIIMM Ha
Onumnuiickux urpax? Yro momoraer 9-IeTHeMY
MaJIb9MKY TOTHATh MamuHy, Maccoil 2 1?7 Iloyemy
CMOPTCMEHBI BUAOB CHOPTA, IJISI KOTOPLIX HE HYXKHA
OoJsbllas cuia, 3aHUMAIOTCS CUJIOBBIMU TPEHUPOB-
KaMu? [deiiCTBUTEIBHO JIU TOCTUYL YETO-TO MOXKHO
TOJBKO 4epe3 00ib?

He xaxnaprit Mmoxet ctatb ApHoabaoM llIBapiie-
HEIrrepoM, HO NpakKTUYECKU KaXAbli MOXET YBe-
JIMYUTDH CBOIO CUJy. B 3TOii riaBe Mbl pacCMOTPUM,
KaKk MpPOUCXOAUT yBEJIWYEHUE CUJIbl MPU CUJIOBOM
TPEHUPOBKE, OOpaTMM BHMMAaHWE HAa U3MEHEHMUS,
MPOUCXOASIINE B CAMUX MBIIILAX U B HEPBHBIX Me-
XaHM3MaxX, KOTOpble MX KOHTPOJIUPYIOT. Mbl U3y-
YUM SIBJIeHUE 00JE3HEHHOTO OILUYLIEHUS B MBbIII-
11aX ¥ TO, KaK MpeaoTBpaTUTh €r0 BO3HUKHOBEHHUE.
HakoHel, Mbl 00CyIMM OCHOBHBIE TTPMHIIAIIBI Opra-
HU3alMX TIPOTPAMMBbI CUJIOBOM MOATOTOBKU U BaX-
HOCTb HX COOTBETCTBUSI IMOTPEOHOCTSIM KaXI0Tro
4yeJloBeKa.

JnuTenbHble HArpy3Kd BbI3BIBAIOT MHOXECTBO
aganTaluyd B HEPBHO-MBIIIECYHOU cucteMe. CTeleHb
ajanTaluy 3aBUCUT OT TPEHUPOBOUYHON MPOrpaMMBbl.
AspOoOHbBIE TPEHUPOBKU, HampuMep, Oer TpycLoi uiun
TUIaBaHUE, €CJM W BbI3bIBAIOT, TO JIUILb HE3HAUYUTE I b-
HO€ yBEJWYEHUE CUJIbI U MOIIHOCTU. BOJBIIMHCTBO
HEPBHO-MBbIIIEYHBIX afanTallu MPOMCXOAUT B pe-
3yJbTaTe CUJI0BOW TPEHUPOBKM.

OnHO BpeMs OBITOBAJI0O MHEHME, YTO CHIJIOBAS Tpe-
HUPOBKA HEOOXOIMMA TOJIBKO TSDKEI0AT/IETaM, CITOpT-
CMEHaM CMJIOBBIX JIETKOATJIETUUECKUX AUCIIUTIINH, a
TakXe (B oTpaHMIeHHOM BUe) — (pyrbommcTam, 6op-
maM u 6okcepaM. OgHako B KoHIE 60-x — Hayaie
70-X TOIOB TPEHEPHI M YICHBIC YCTAHOBUIIN, YTO CH-
JIOBasi TPEHUPOBKA MPUHOCUT IM0JIb3y CIIOPTCMEHAM,
3aHUMAIOIIMMCS Pa3IMYHBIMU BUIAMHU CIIOPTA.

B Hacrosiiiee BpeMsi cuiioBasi TPEHUPOBKA — BaX-
HbIi KOMITOHEHT TPEHUPOBOYHBIX TpOrpamMM 0OJIb-
IITHCTBA CIIOPTCMEHOB. DTO OTHOCHUTCS M K CIIOPT-
CMEHKaM, KOTODPBIX TPAAUIIMOHHO HE JOIMYyCKalu K
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9TOMY BHIOY Harpysok. Takoe m3MeHeHHE OTHOILE-
HUS K CAJIOBOM TPEHUPOBKEC BO MHOI'OM O6YCJ'[0BJ'IC—
HO HCCJIC€OO0BaHUAMHU, IMOKA3aBIINMH €€ 6J'Ial"OH]I)I/I—
ATHOC BJIMAHHNEC, a TAKXE HOBIICCTBAMMU B TPEHMHPO-
BOYHOU TEXHUKE U CIIOPTUBHOM OCHAIICHHMU.

Cunosas TPECHUPOBKA PCKOMCHAYCTCA OAXC IJIA
HECIIOPTCMEHOB, KOTOPBIC 3aHMMAIOTCA CIIOPTOM IJISL
YKPECIICHUA 3J0POBbA.

TEPMWHOJIOTHA

[Ipexne yeM IPUCTYIUTh K PAcCMOTPEHUIO He-
PBHO-MBIIICYHBIX M3MECHEHMI, Pa3BUBAIOIINXCS B pe-
3yJIbTaTe CUJIOBOM TPEHUPOBKH, OIPEACTNM HU3MEpPSI-
e€MBbI¢ KOMIIOHEHTHI MBIIIECYHOI ITOATOTOBICHHOCTH.

MbBIIHEYHAA CUJTA

MaxcuManpHOE YCUIIHE, KOTOPOE MOXKET IIPOM3-
BECTH MBIIIIA WX TPYMIla MBI, HA3BIBACTCI CU-
aoti. YenoBek, CmOCOOHBII OTXaTh, Jieka Ha CKa-
Mbe, Maccy 300 (byHTOB MMeeT B IBa pa3a OOJBIIYIO
CWIy, 9YeM TOT, KTO MOXeT oTXath 150 ¢yHTOB.
B manHOM TIpMMepe cwia, WM MaKCUMalbHas CITO-
COOHOCTB, OTIpEAeIseTCS B BUIC MaKCHUMAJIBHOM Mac-
CBI, KOTOPYIO YEJIOBEK MOXET IOTHSATH ONMH pa3.
DT0 TaK Ha3BIBACMBI MAaKCHMYM OTHOTO IIOBTOpE-
Husa win 1-TTM.

MAKCUMAJIBHAA MOLWHOCTDb

Mowpocms — B3pBIBHOIT KOMIIOHEHT CHUITHI,
3yJIbTaT CHJIBI U CKOPOCTH IBIKCHUS:

MOIITHOCTh = (CHJIa X PacCTOSTHME)/BpeMsl.

Paccmotrpum mpumep. [IBa deiaoBeKa MOTYT OT-

pe-

‘H MomHocTb siBasieTcsl (PYHKIMOHATbHBIM TPH-
JIOJKeHHEeM CHJIbI M CKOPOCTH. DTO KIIoue-
BOii KOMNOHEHT OOJbIIMHCTBA BHIOB
CIIOPTUBHOM 1eSATEJbHOCTH




Puc. 4.1. Mownocmes cnopmemena A edsoe Goavuie mowsnocmu cnopmemena b, nockoavky on evinoansem scum
250 ¢pynmos, nexca Ha ckamve, 8 dea paza bvicmpee

XKaTh, JiexXa Ha ckaMbe, Maccy 250 ¢yHTOB Ha omu-
HaKoBoe paccTosiHue. ToT, KOTOPBI BBIIOJIHSET 3TO
B JIBa pa3a ObIcTpee, MMeeT B 1Ba pa3a OOJIBIIYIO MOIII-
HOCTh. DTOT NPUHLMI MMOKa3aH Ha puc. 4.1.

XoTs abcoMoTHAs cujia — BaXXKHBIE KOMIIOHEHT
¢u3UYeCKO AeSATEIbHOCTU, BCE K€ MOIIHOCTD, I10-
BUIMMOMY, UTPAET ellle OOJIbIIYIO POJIb B OOIBIINH-
cTBe BUIOB criopta. Hanpumep, B ¢yrbone Hamaga-
fouuii, nmeromuii 1-ITM 450 ¢yHTOB, BpsII I CMO-
KET Mepeurparhb (MPeB30MTH) 3alUTHUKA, UMEIOIIEeTo
1-TIM Bcero 350 ¢yHTOB, ecliM MOCAEIHUI CITOCO-
o6en nepememath 1-IIM ¢ Oojee BBICOKOI CKOpOC-
Thi0. Hanmagatomuit Ha 100 ¢pyHTOB cHiIbHEE, OTHAKO
0oJjiee BhICOKAsl CKOPOCTh 3allIMTHHUKA B COUETAHUM C
JOCTaTOYHON CWIOK OOECIIeYMBAIOT €My IpeuMYyIIe-
CTBO.

B nmaHHOI1 r1aBe MBI B OCHOBHOM PacCMOTPUM
aCMeKThl MBIIIEYHOM CHWIIBI, YACIUB JIUIIL HEOONb-
1I0€ BHUMaHME MBIILIEYHOU! MOIITHOCTU. BcrmoMHuM,
YTO MOIIIHOCTb BKJIIOYAET ABA KOMIIOHEHTAa — CUJTY U
ckopocTb. CKOpocTh — B OO/bllIe CTeNeHU BPOXK-
JNEHHOE KauecTBO, HE3HAYUTEJIbHO M3MEHSIoIIeecs B

pesyabTaTe TpeHUpOBOK. [1oaToMy yBeTMUeHIE MOIII-
HOCTHU TOYTH UCKIIOUUTEIBHO 3aBUCUT OT Pa3BUTUS
CHJIBI.

MBIITEYHAA BbIHOCIUBOCTD

XOTs naHHas TlaBa IOCBSIIEeHAa B OCHOBHOM pa3-
BUTHUIO MaKCHMAaJbHOI CUJIbI U MOILIHOCTH, yCIEX
BO MHOTHUX BHUJaX CIIOPTUBHOM AESITEIbHOCTU 3aBU-
CUT OT CITOCOOHOCTM MBIIIL ITIOBTOPHO IIPOM3BOIUTH
U MOAAEPXMUBATh MOYTU MaKCHMaJbHble MJIM MakK-
cuMaJjibHble ycuius. Takast CiocOOGHOCTD BBIIIOJIHSITh
MMOBTOPSIONIMECS MbIIIIEUHbIC NeICTBUS, HATIPUMED,
MOMHITUS TYJIOBUIIA U3 TOJIOXEHMS Jiexka 0e3 Io-
MOIIY PYK M HOT JIMOO BBDKMMAHMS B YIIOpe, WU
CTaTUYECKME MBIIICYHbIC AECTBUS Ha MIPOTSKECHUU
OTHOCUTEJIPHO JUIMTEJbHOIO Mepruona BpeMEHM, Ha-
MIpUMED, IPU MOMIBITKE MOJIOXUTh COIIEPHUKA Ha JIO-
naTtky (00opb0a), HA3LIBACTCS MblULEHHOU GbIHOCAUBO-
cmoro. Ee onpenensior, UCXoas U3 MaKCUMaJIbHOTO
KOJIMYECTBA MOBTOPEHMIA, BBIIIOJHSIEMBIX IIPU JaH-
HoMm kommyecTBe 1-IIM. Hampumep, ecim Bbl MO-

KommoHeHT* CrnioprcmeH A — Bo6 CrnoprcmeH b — ben CrniopremeH B — b
Cuina 200 ¢dyHTOB 400 dyHTOB 400 ¢yHTOB
MouiHocts 200 ¢yHTOB, mogHATHIX Ha 400 GYHTOB, MOTHSTHIX 400 ¢hyHTOB, TMOMHATHIX
BeIcOTY 2 (byTa 3a 0,5 c, Ha BbICOTY 2 ¢yTa 3a 2 ¢, Ha BbicoTy 2 (yta 3a 1 c,
w800 dyros-bynr-c™'  wm 400 byros-bynr-c”  wm 800 dyros-dynTc™!
MbeieyHas 10 moBTopeHuit ¢ Maccoit 10 moBTOpeHMi ¢ Maccoil 5 MOBTOPEHMIA C Maccoit
Taonuma 4.1
BBIHOCTTU- 150 ¢ynHTOB 300 dyHTOB 300 c¢yHTOB Citia
)
BOCTb
MOIIIHOCTh
* Culy onpeeNsuid Ha OCHOBAaHMM MakcumyMa omaHoro mnostopeHusi (1-ITM). MouHocTs onpenessiiv, BbITOTHSIS W MbILICYHAA
KaK MOXHO Gonee "B3pbIBHbIM" 00pa3zom Tect 1-IIM. MoLIHOCTb MCUMCISIM KaK MPOU3BEACHUE CKOPOCTH BBIHOCJIBOCTb
MPWIOXEHMsT yCHusi (TOAHSITAsi Macca) [UIsl OJHSTUSI MacChl HA TAHHOE PAacCTOSTHUE, Pa3le/ieHHOe Ha BPeMsi, MPY BBIIOJHEHUU
Heobxommoe [Utst BbiroHeHus1 1-TTM. MBbIiieuHy0 BBIHOCIMBOCTD OIPEAETSUIN 10 HAMOOBIIIEMY YUCITy TIOBTOPCHHIA, JKUMa
BBINOJIHEHHBIX ¢ 75 % 1-TIM. TTo Yunimopy, 1986 (¢ u3MeHEHUSIMU). JIexa Ha CKAMbe




KEeTe OTXaTh, Jiexxa Ha ckaMmbe, Maccy 200 dhyHTOB,
Ballly MBILIIEYHYIO BBIHOCIMBOCTb MOXHO OIpele-
JINTh, HE3aBUCUMO OT BEJIMYMHBI MBILIIEYHOU CUJIBI,
Ha OCHOBaHMU KOJIMYECTBA MOBTOPEHUM, BBIMTOJIHS-
eMBIX IIpK, Hanpumep, 75 % manHoi Harpysku (150
(yHTOB). IlOBBILIEHWE MBIIIEYHONH BBHIHOCIMBOCTH
OCYLIECTBJISETCS 32 CYET YBEJIMYEHMS MBbIIIECYHOM
CHUJIBI U BCJIEACTBME M3MEHEHMUS JIOKATbHBIX CTPYK-
Typ (IMaTTepHOB) OOMEHa BELIECTB M KpoBooOpallie-
Hus. MertabosMueckue aganTallMOHHbIE peaKIUU
BCJIEICTBUE TPEHUPOBOK OYAYyT PacCMOTPEHHBI B IJia-
Be 7, aganTallMOHHbIE CUCTEMbl KPOBOOOpAILEHUS] —
B riaBe 10.

Tabin. 4.1 winocTpupyeT QYHKIMOHAIbHBIE pa3-
JINYUST B CUJIE, MOIIIHOCTY U MBIIIEYHOM BBIHOCIM-
BOCTH y TPEX CIOPTCMEHOB. [leiCTBUTEIbHbBIE IO-
KazaTeJu cjerka U3MEHEHBI IS Jy4lleid WUJUTIoCT-
pauuu.

B OB3O0OPE...

1. MakcuManbHas BeUYMHA YCUJIMS MBILIIBI WU
TPYIIIIbI MBILILL HA3bIBAETCA MBILIEYHOU CUJION.

2. MplllleyHasi MOIIHOCTb — pPe3yJbTaT CUJIbI U
CKOpOCTM [IBMXKEeHMs. JIBa yesoBeKa MOTYT WMETh
OJIMHAKOBYIO CUJIYy, HO TOT U3 HUX, KOTOPOMY TpeOy-
€TCsl MEHbIIIE BPEMEHU JIsl TIEPeMEeILEHUs OTSTOllIe-
HMSI ONHOW M TOW XK€ MAacChl Ha OAHO U TO X€ pac-
CTOsIHME, 00jianaeT OoJibllieli MOIIHOCTbIO.

3. MpllieyHass BHIHOCJIMBOCTb IMPEACTaBIsIET CO-
00l CIOCOOHOCTH MBILIL, BHITIOJHSITh TTOBTOPSIIOLIM -
€Csl MbIIICYHbIE ACUCTBUS WU OTACIbHOE CTaTHyec-
KO€ NIEHCTBUE.

YBEJIMYEHUE CWJIbI BCJIEACTBUE
CUJIOBOM TPEHUPOBKU

IIporpamMmbl CHUJIOBOM MOATOTOBKM OO€cCIeuMBa-
I0T 3HAYMTEJIbHOE YBeJIMUEHUE CUIbl. B TeyeHue 3 —
6 Mec BBl MOXeTe yBeNUUUTh cuity Ha 25 — 100 % u
naxe oonbiie. Kak crath cunbHee? Kakue ¢usnono-
ruyeckue amanTaluu, IO3BOJISIIOLIME TMPUTIOXKUTh
0OJIBIIIYIO CUJTY, MPOUCXOAST B OpraHuzme?

PASMEP MBI

B TeyeHue MHOIMX JIeT CYUTANIA, YTO YBEJIMUYECHUE
CUJIBl — HEIMOCPEICTBEHHBIN pe3yabTaT YBeJUYEHUS
pa3mepa Mbiil (runeprpodun). Takoe mpeanono-
XeHHME OBbIJI0O BeChbMa JIOTUYHBIM, ITOCKOJBKY 0OJIb-
IIMHCTBO PETyJISIPHO 3aHMMABLIMXCS CUJIOBBIMU Tpe-
HUPOBKAMM ObUIM MYKUMHBI, Yallle BCEIro MMEBILINE
OoJibllIME, XOPOILIO pa3BUThie MBINILIBI. Kpome Toro,
MMMOOMIN3aLMs KOHEUHOCTH C IIOMOIIBIO TUTICOBO
MOBSI3KM Ha HECKOJIbKO HeieIb UM MeCsLEeB IPUBO-
JMJa K YMEHBIIEHUIO pa3Mepa MbIIIL (aTpodun) u

63

IOYTH HEMeJJIEHHOMY CHUXEHUWIO YPOBHS CHUJIBI.
VYBenuueHue pa3Mepa MbIIIL, KakK IpaBuiIo, Iapai-
JIEJIbHO YBEJIMYEHUIO CHJIBI, @ YMEHbIIEHHE MX pa3-
Mepa MMEET BBICOKYIO CTENeHb KOPPEISIUU CO CHU-
KeHUeM cujbl. TakuMm o0pa3oM, JIOTMYHO ClellaTh
BBIBOJI O CYILECTBOBAHWMU IPUYMHHO-CJIEICTBEHHOM
B3aMMOCBSI3M pa3Mepa MbIIIL M MX cuibl. OmHaKo
MBIIIIEYHAs CHIa BKJIIOYAET B ce0s 3HAYUTEJIbHO 00JIb-
IlIe aCIIEKTOB, YeM IIPOCTO pa3Mep MbIuil. PaccMor-
PUM HEKOTOpbI€ IPUMEPHI.

CBepxuejioBeyecKkasi CUIa

HeonHokpaTHO B cpeicTBax MaccoBOl MH@op-
MallMu TOSBISIOTCS COOOLIEHUSI O MPOSIBICHUU
CBEPXYETOBEYECKUX YCUIUMN TIOM AEHCTBUEM 3HAUM-
TEJbHBIX MCUXOJOTMYECKUX CTpeccoB. CMUPHUTENb-
HbI€ pyOallIKy OBUIM CITeLMaJIbHO CO3JaHbl AJ1s TOTO,
4yToOBl CAEpPXMBATh MALMEHTOB TCUXUATPUYECKUX
0OJIbHUII, KOTOPbIE MOTJIM BHE3allHO MPUUTH B He-
MCTOBCTBO M C KOTOPHIMU HEBO3MOXHO OBLIO CIpa-
BUThCS. [laxke CIOPTUBHBIA MUP MOXET MOXBACTaTh-
cs OTHEJbHBIMU TMPUMEpPAMU CBEPXYETOBEUECKUX
CITIOPTUBHBIX TOCTVXKEHUI. OTHUM U3 HUX ObUT IIPHI-
koK B JuinHy boba bumona Ha 29 ¢yrtos 2 1/2 noiimMa
Ha Onumnuitckux urpax 1968 r. IMpempiaymuii Mu-
pOBOIi peKopAd ObLI cpasy XKe YIydlleH MOYTH Ha 2
(yra! Kax mpaBuio, pekopabl Mupa yIyyllaloT Ha
HECKOJIbKO JI0MMOB, a yallle BCero — Ha J0JIu AI0i-
MoB. Pexopn b.buMoHa ocrtaBajics HenpeB30UIeH-
HbIM 10 1991 T.

HccaenoBanus ¢ yyacTueM JKeHIIUH

JIist XeHIIMH, 3aHUMAIOIIUXCS MO0 OJUHAKOBBIM
C MyX4YyMHaMM MporpaMMaM TpPEHUPOBOK, Xapak-
TEPHBI TAKUE X€ YBEIUUYEHUST CUJIbI, KaK U JIJIST MyX-
yuH. EOMHCTBEHHOE OTIMYME COCTOMT B TOM, YTO
JUISL KEeHIIMH XapaKTepHa MEHbIIasl CTeNeHb TUIIep-
Tpodun Muin (cMm. 1. 19). HekoTophie XeHIM-
HbI, HAIIPUMEP, CMOIJIM YBEJIMYUTDH CBOIO CUJTY BIBOE
0e3 3aMeTHBIX U3MEHEeHU I pa3mepa Mbiml. Creno-
BaTeJIbHO, YBEJIMYEHME CUJIbI HE BCerna TpeOyeT Tu-
nepTpodumn.

OnHako 3TO HE O3HayaeT, YTO pa3Mep MBIIII]
HE KMeEET 3HayeHMs IS MaKCUMAaJbHOTO TOTEH-
uana Cujiabl MbIILbl. OH UrpaeT UCKIIOYUTEIbHO
BaXHYIO pOJib, O 4YeM CBMIETEIbCTBYIOT PEKOPJbI
MUpa B TSXEJOW aTjeTuKe KaK y MYX4YWH, TaK U y
XeHIIuH (puc. 4.2). Ilo Mepe Bo3pacTaHuUs Beco-
BBIX KaTeropuii (1, cieqoBaTesIbHO, pa3Mepa MbIIIL
CIIOPTCMEHOB) YBEJIMYMBAIOTCS MTOKA3aTeJIN PEKOP-
0B B 0OIel cymMMe moaHsAToid Maccel. CiemyeT
OTMETHUTh, YTO MPUMEPHI MPOSIBIEHUST CBEPXYENIO-
BEUECKUX YCUJIUN M MCCIEIOBAHUS C y4acTUEM KEH-
IMH MOKa3bIBAlOT, YTO MEXAaHU3MBbI, CBSI3aHHBIE C
yBEJMYEHUEM CHUJIBI, UYPE3BBIYaliHO CIOXHBI U B
HacTosIIee BpeMsl €llle MOJHOCThIO HE M3YyYEHHBI.
Kak xe 00BbSICHUTD YBeJIMYECHUE CUJIBI B Pe3yJIbTa-
Te TPEHUPOBOK?



WMEHHO 3TH CTPYKTYpPHL. DTO TOBOPHT O TOM, UTO
TOPMO3HBIE MEXaHW3MBI OBIITN "000MIeHbI".

B 1.3 MBI paccmaTpuBaiu GYHKIUIO HEPBHO-CY-
XOXMJIBHOTO BepeTeHa. Korma pacTsokeHme (Hampsi-
KEHHNE) MBIIMICYHBIX CYXOXUIWA U CTPYKTYp BHYT-
peHHEll COeOTWHUTENBPHOM TKAaHW IIPEBHIIIACT ITOPOT
HEPBHO-CYXOXWIHBHOTO BepeTeHa, MOTOHEHPOHBI TaH-
HOM MBIIIIIH 3aTOPMaXKMUBAIOTCS. DTOT pedieKe Ha-
3BIBACTCS AyTOTCHHBIM TOPMOXEHUEM. PeTuKysapHast
CyOCTaHIIMS CTBOJIA MO3Ta, a TaKXe KOopa TOJIOBHOTO
MO3ra MOTYT TaKXXe MHULMUPOBATH U PACIIPOCTpA-
HATH yTHeTaoInne (MHTUOHPYIOLME) UMITYIbCHI.

TpeHnpoBKa MOXET IOCTEIICHHO PEeIyINpOBaTh
WA HEWTPaJIM30BBEIBATh 3TH YIHETAIOIINE WMITYJIb-
CHI, TIO3BOJISIS MBIIIIAM OOCTHYh 00Jee BBICOKMX
ypoBHe# cuiabl. TakmMm 006pa3oM, CHIIYy MOXKHO YBe-
JINYNTh, CHU3UB TOPMOXEHHE MOTOHCHpPOHOB. DTa
Teopus BeCchbMa IIpUBIICKaTebHA, ITOCKOJBKY OOBSIC-
HSIET IPOSIBIICHIE CBEPXUEIOBEUCCKUX YCUIIUI 1 YBe-
JIMYEHHUE CHJIBI TIPM OTCYTCTBUU THUITEPTPOGMUN MBIIIII,
OmHako Kak M Jo0asl mpyras Teopus, OHa JOJDKHA
MIPOMTH CePhe3HYI0 HAYYHYIO MIPOBEPKY, MPEXIE IeM
MMOJIYYUTh TIpU3HAHME.

HepBuasa akTuBanus v runeprpodus

IIpoBeneHHBIE O HACTOSIIETO BPEMEHHM HCCIIE-
JOBaHMS, Kacalollrecs CHJIOBOM IMOATOTOBKM, ITOKa-
3BIBAIOT, YTO HAYAJIbHOE YBEJIMYEHHUE IIPOU3BOIbHOM
CHJIBI CBA3aHO B OCHOBHOM C HEPBHOI ajarTallieii.
OHa BKITIOYAET:

* YIAYYLIEHHYIO KOOPAMHALIMIO,

* YJIy4dllleHHOE YCBOEHHUE;

* TIOBBIIIEHHYIO aKTHUBALMIO MEPBUYHBIX JIBUTA-

BMmecTe ¢ TeM DONTOCPOYHBIC M3MEHEHMWS CYUIIBI
CKOpee BCEro — pe3yabTaT THUIEPTPOPUU TPEeHUPO-
BaHHOM MBIIIILI WX Tpynisl Mem [30]. Drto -
mocTpupyeT puc. 4.3. OTMETUM, YTO OBIIM OOHApPY-
XKEHBI CYIICCTBEHHBIC MCKITIOUCHUS U3 3TOTO 3aKJII0-
yeHHUs1. Pe3ynbraTthl 6-MeCSIYHOIO MCCIEIOBAaHMS, B
KOTOPOM YYaCTBOBAJIM CIIOPTCMEHBI, 3aHUMAaBIIHECS
CHJIOBEIMHM TPCHUPOBKAMM, ITOKa3ajd, YTO HEepBHAS
aKTUBaIMsI, a He TUTNepTpodust OblIa OCHOBHBIM (pak-
TOPOM, OOYCIOBUBIINM YBEIMICHUE CHJIBI BO BpPEeMsI
HanboJiee MHTEHCUBHBIX TPEHUPOBOK [21].

Ha navajgbHOe yBesiMueHHE CWIbI B 00JIb-
meil cTeneHd BJIUSIOT HepPBHbIEe (PAKTOPbI,
nocjenympnee J0JrocpoyHoe yBeludeHUue
CWJIbl MOYTH MCKJIIOYMTEJIbHO — Pe3yiabTaT
runeptpodun

v

TUITEPTPO®UA MbILILL

Ecmu rumeprpodusi BO3HMKAET BCIENCTBUE CHIIO-
BOIl TPEHMPOBKHU, YTO BBI3bIBaeT ee? CUUTAIOT, YTO,
10 MEHBINIEH Mepe YaCTUYHO, e¢ BOSHUKHOBEHNE 00yC-
JIOBIMBAET TOPMOH TECTOCTEPOH, MOCKOJBKY ONHA U3
ero (yHKIMiT — obecriedeHre MBIIIEYHOTO PAa3BUTHS
(pocta) (cM. mi. 6). Y MyxXuuH HabmogaeTcs Oosee
3HAYUTENIFHOE YBEIMUEHUE pa3Mepa MBI 10 CPaB-
HEHWIO C XEHIIMHAMY TIPU 3aHATUSIX OMHUMU W TEMU
Xe TporpaMMaM¥ CUJIOBOW TIOATOTOBKM W JaXe Ha
(hoHEe OAMHAKOBOTO OTHOCWUTEITHHOTO YBETUUCHUS
cunbl. TecTocTepoH — aHAPOr€HHBIA TOPMOH — Be-
IeCTBO, OOECTIeunBaloNiee MYXKCKUE TTOJIOBbIE TIPU-
3HaKU. AHA0OIMYECKNE CTEPOMIBI TAKXKE SIBIISIOTCS
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Puc. 4.3. Adanmayuonnosie peakyuu HepeHoil U MblUleHHOU cucmem Ha Qu3uyeckue MpeHUposKU CUN080il
nanpasaennocmu. IIpodoasxcumensiocms 6oavuuncmea uccaedoganuii cocmaensina éceeo 8§ — 20nedens.
Kak nokazanu pezysbmamst npoOOANCUMENbHBIX UCCACO08AHUN, A0ANMAYUOHHbLE DeAKUUU HEPEHOU CUCeMbL
npeodaadarom 6 HA4aAbHbL NEPpuod MPeHUupo8oK, mo20a KAk 2unepmpo@us Molull, Omme4aemcsi
Ha nocaedHux amanax mpeHupogouHoeo nepuooa. Januvie Ceiina (1988)
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Mogem» Moputanu u 1e Bpueca

Moputanu u ne Bpuec npenjioxuiau Mopaeib
IUIST OOBSICHEHUSI YBEJIMYEHUSI CUJIbI BCIICACTBHE
KaK TUNepTporM, TaK M HEPBHOIN aKTHUBALIMKM
Mbliiel [27]. Moneiab MO3BOMSET ONPEAEIUTh OT-
HOCUTENBbHBIN BKJIaJ TMIEpTpoUA U HEPBHOM aK-
TUBALlMM B YBEIMICHUE MBIIIICUHON CHJIBI, YTO WJI-
JIocTpupyet puc. 4.4.

M3MepseTcss Ipou3BOACTBO CHJIBI M MHTET-
pUpOBaHHOM 31eKTpoMuorpaduueckoit (MOMI)
aKTUBAllUM OJHOBPEMEHHO OT MUHHMAJIbHOTO IO

A lMoBblLLEHHas
Z takm BaLUs

nomr

Cuta
a

OrtcytcTare 2
N3MEHEHNI 7|
B akTuBaLpm [T e i

N\

Nnamr
. W

Cuna
6

@)
= -

Puc. 4.4. Modeav Mopumanu u de Bpueca oas ouenku
npupocma cunvl 8cre0cmeue mpeHupo8oK CUA080U HA-
npaeneHHocmu, 00YCA06AEHHO20 HEPBHbLIMU pakmopa-
Mmu (a), mvlueunoii eunepmpodgueti (6) u mem u opyeum
(8). Hannvie Mopumanu u de Bpueca (1950):
1 — 0o mpenupogok; 2 — nocire mpeHupo8oK

MaKCHMAaJIbHOTO YPOBHSI IIPOM3BOICTBA CHUIBL.
NUDMT npencraBiser cob0il MHTETpaLIUIO 3JIEKT-
PUYECKUX MUMIYJIbCOB, CHSATBIX C ITOBEPXHOCTH
MBIIIIIB M, CJIeI0BaTeIbHO, YPOBEHb HEPBHOM
aKTUBAIlMM MBIILL. Ecin yBelmyeHHE CHIIBI
00YCIIOBJICHO UCKJIIOUUTEIbHO HEPBHBIMU (haKTo-
pamu, MakcumanbHasgs HMOMI-akTMBallks 10IK-
Ha BO3pacTaTh, 4YTOOBI OOBSICHUTH YBEIMYCHUE
MPOM3BOICTBA CHJIBI WM ycuus (puc. 4.4,a).

B sroM cnywyae makcumanbHasgs MOMI-akrtuBa-
LIUs TIOBBIIIAETCS W OOJbIIEe YKUCIIO ABUTATEIIb-
HBIX €IVHUII aKTUBHUPYETCS, OHAHaK® BeIMYMHA
CUJIbI, TIPOM3BOIMMON OTHOCUTEIBHO OTIEIBHO-
IO MBIIIEYHOTO BOJIOKHA WJIM IBUTATECIBHON emu-
HUILIBI, HE M3MeHseTcs. Ecim yBeaudeHUe CUIIbI
00YCIIOBJICHO MCKITIOUNTEIFHO MBIIIIEYHOI THIIEp-
Tpodueit, MOBHIIICHNE CIIOCOOHOCTH TIPOU3BOIUTH
CUJIy He COIpoBOXaaeTcsl yBeanyenuem MOMI -
aktuBauun (puc. 4.4,6). Hanbonee TunuaHas pe-
aKIMsI Ha CUJIOBYIO TPEHUPOBKY (puc. 4.4,B), yBe-
JIMYEHHWE TIPOM3BOICTBA YCWJIMS WM CHJIBI OOyC-
JIOBJICHO TOBBILICHHOM KaK HEPBHOM aKTWBALIUEN,
TaK M MBIIIEUYHON TUIIEPTpOPUEii.

Ha ocHoBanum gaHHbIX puc. 4.4,B Mbl MOXEM
OIIpeIeIUTh OTHOCUTEIBHBIN BKJIAI HEPBHBIX (hak-
topoB (H®) u meimeynoit runeprpobun (MI).
Touka A — HaYaIbHOE MAKCHUMAaJIbHOE TIPOU3BOMI-
CTBO CWJIbI MbIIIILEH, Touyka 5 — MakcHMalbHOE
MPOM3BOACTBO CHJIBI IIOCIE CHJIOBOM TPEHMPOB-
KM, TOUKa B — cuia Ha KpUBOI IOCJIe TPEHHUPOB-
KM, IIe DOJDKHA IPOM30MTH MaKCHUMAajIbHas aKTH-
BalMA 10 TPeHUPOBKU. OTHOCUTEIbHBIN BKIag M’
n H® MOXHO onpeaennTh CAeayiolM 00pa3oM:

_b-A :
MI = B A x100% ;
B-b

=_— 0
HO® B AxlO%,

rme B — A — obuiee yBeauueHWE CIIOCOOHOCTHU
MPOW3BOIUTE cuiy; b — A — BKJIam TUIIEPTPO-
¢un; B— b — BKJIaO MOBBIIICHHON aKTHBAIIUM.

Wcnonb3ys sty Mmoaenb, Mopurtanu u ne Bpuec
IOKa3aJn, 4TO 8-HeleNbHbIE CHIIOBbIC TPEHUPOBKHU
(c TOCTeneHHBIM YBEIWYCHUEM COIPOTHBIICHUS)
MPUBEIA K Pa3INYHBIM afaNTAIlMOHHBIM pEaKIIH-
SIM Y TISITA MOJIONBIX (CpemHMiA Bo3pacT 22 rona) u Yy
MAITU TTOXWIBIX MY>XYUH (cpemHuii BospacTt 70 jet)
[28]. Y mOXMITBIX My>KYMH YBEIMYEHUE CUIIBI BCIIEII-
cTBUE 8-HeAeNLHbIX TPDEHMPOBOK B OCHOBHOM OBLIO
00YC/IOBJIGHO HEpPBHOI aKTuBaluel. Y MOJIOIbIX
MYXYMH B TIepBbIe 4 HemeaIn TOMUHUPYIOIICH Oblia
HepBHAs aKTWBALWs, a B ITOCIenHUC 4 Hemeam —
runepTpodus. DTO CBUIETEILCTBYET O TOM, 4YTO
CIIOCOOHOCTh  YBEIMYMBATh pa3Mep MBI MOXET
CHITKATBCS C BO3PACTOM.

aHIPOreHHBIMY TOPMOHAMU. XOPOIIO M3BECTHO, YTO
0oJIbllIKe T03bI aHA0OJIMYECKUX CTEPOUIOB B COYeTa-
HMU C CHJIOBBIMU TPEHMPOBKAMHU MPUBOASIT K 3HAYUM-
TEJIbHOMY YBEJIMUEHUIO MBIIICYHOI MacChl (CM. TIL. 14).

XOTSI TeCTOCTEPOH MrpaeT IJIaBHYIO POJb B THU-
neprpoduu, caM 1o cedbe OH He OMpelessieT CTeIeHb
runepTpoGuu BCIEACTBUE CHIIOBBIX TPEHHDPOBOK.
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B yactHOCTH, €T0 KOHIIEHTpallks B KPOBU UMEET HHU3-
KYIO CTeTICHb KOPPEJISIIIUU C BEIMIMHONM MBIIIEYHOM
runepTpoduu, oOYCIOBICHHONW TPEeHUPOBKAMMU.
Y HEKOTOpBIX XEHIIWH HaOMomaeTcs 3HAYMUTeIbHAS
TUrepTpodust BCIEACTBUE CHJIOBBIX TPEHHUPOBOK, TOTI-
Ja KaK y APYIMX pa3Mep MBIIII MPAaKTUISCKN HE W3-
MeHseTcsa. CyInecTByeT MPeaIoaoXeHNe, YTO y Imep-



BbIX Gojiee BHICOKOE COOTHOIIEHUE MEXIY TeCTOCTe-
POHOM U 3CTPOTeHOM, KOTOpPOe U 00YCIOBIMBAET yBe-
JIMYEHUE MBIILIEYHON MAacCHI.

Kak ysennuuBaerca pasmep Mbll? CyllecTByeT
JIBa TUMA TMIepTpoduu: KpaTKOBpeMeHHas U JOJro-
BpemeHHas1. IlepBasi mpencrtaBisgeT coboii "Hakayu-
BaHUe" MBIIILBI BO BpeMs €IMHMYHON (Pu3MuecKoit
Harpy3Ku. 910 MPOUCXOIUT, IIaBHBIM 00pa3oM, BCIIeI-
CTBME HAKOTUIEHUS XKUAKOCTHU (OTeKa), MOCTynalomen
U3 TJIa3Mbl KPOBHU, B MHTEPCTULIMANIBHOM (MEXYTOY-
HOM) U BHYTPMKJIETOYHOM ITPOCTPAHCTBE MBIIIIIHI.
KpaTtkoBpeMeHHas1 runepTpodusi, Kak BUIHO M3 €€
Ha3BaHMS, IIUTCA Hemojiro. 2KWAKOCTh BO3BpallaeT-
¢ B KPOBb B T€UEHUE HECKOJbKMX 4YacoB Iocje du-
3UYECKON Harpy3KHu.

HonroBpeMeHHasl TUNepTpodus MpeacTaBisieT co-
0oif yBeJIMYEHME MBIIIEYHOTO pa3Mepa BCIEACTBUE
JUTUTEJIbHBIX CUJIOBBIX TPeHUPOBOK. OHa oTpaxaeT
NeCTBUTENIbHBIE CTPYKTYPHbIE U3MEHEHUST B MBILILIE
BCJICACTBUE YBEJIWYEHMS] YMCJIa MBIIIEYHBIX BOJOKOH
(runepruiazust) MO0 yBeJIMUEHUS pa3Mepa OTACIbHbBIX
MBIIIEYHBIX BOJIOKOH (rurneptpodus). Teopuu, nbita-
folKecsl OObSICHUTh TPUYMHY 3TOTO SIBJICHUS, XapakK-
TEPU3YIOTCSI MHOXECTBOM ITPOTUBOPEYMIA.

T'MIEPTPO®UA U TNITEPITVIA3UA
BOJIOKOH

IlepBble uccaeqoBaHUS TOKa3aJM, YTO KOJUYE-
CTBO MBIIIEYHBIX BOJOKOH B KaXIOW MBILILE yCTa-
HaBJIMBAETCS MPU POXACHUU WM Cpa3y IMOCIe HEro
M OCTaeTcsl HEU3MEHHBIM Ha MPOTSKEHUU XKU3HM.
Ecau a10 OeiicTBUTENBHO TaK, TO XpOHUYEcKasn TH-
nepTpodursi MOKET BO3ZHUKHYTh TOJILKO BCJICACTBUE
TUTIEPTPO(PUU OTAEIHHOTO MBIIIEYHOI'O BOJOKHA. DTO
MOXET OBITh OOBSICHEHO

* QOJBbIIMM KOJUYECTBOM MUOGUOPUILT,

* OONBIIMM YUCJIOM AKTUHOBBIX U MUO3WHOBbBIX

(puIaMeHTOB;

* 0OJIBIION CapKOIIa3MOIif;

* OOJBbIIMM KOJIMYECTBOM COCIMHUTEILHOI TKAHU,

« JIIOOBIM COYETaAHUEM MPUBEICHHBIX (DAKTOPOB.

Kaxk BugHo u3 puc. 4.5, MHTEHCUBHbIE CUJIOBbIE
TPEHUPOBKU MOTYT 3HAYMTEJIbHO YBEJIUYUTH IILJIO-
1Iaab MOMEPEYHOTr0 CEYEHUST MBIIIEUYHBIX BOJIOKOH.
B astom cnyuae rumnepTtpodusi BOJIOKOH, OYEBHUIHO,
00YCJIOBJIEHA MOBBIIIEHHBIM KOJIUYECTBOM MUO(DPUO-
pUI, a TakXke aKTMHOBBIX M MUO3MHOBBIX (puja-
MEHTOB, KOTOpbIe O00OeCIeuuBalOT OOJiblliee YHCIO
MOTepeYHbIX MOCTUKOB, MTPOU3BOISIINX YCUIIUE TTPU
MaKCHUMaJbHBIX cOKpalleHUusX. OTMETHM, UYTO IIO-
J0O0HOE 3HAYUTENIbHOE YBEJIUYEHUE MbIIIIEUHBIX BO-
JIOKOH He HaOJiofaeTcsl BO BCEX ClydasiX MbIIIeY-
HOI TUIepTpOhUu.

IIpsimbie noKa3aTeabCTBA
B MNOJIb3y THIEPILIA3ZUU

HenaBHue uccjaeaoBaHusd, MMPOBOJANBIIMECA Ha
JKMBOTHBIX, ITO3BOJIAIOT NPEANOJ0XUTDL, YTO TUIIEP-

5*

M1a3us MOXET ObITh OJHUM U3 (haKTOPOB, 00YCIOB-
JUBAOIIMM TUNepTpoduio Bcex Mbil. Hcciaemo-
BaHUs, NMPOBOAMBINMECS Ha KOIIKaX, JHOCTaTOYHO
yOeaUTEIPHO TPOACMOHCTPUPOBAIN pPACIICIICHUE
BOJIOKOH IIpYM TPEHUPOBKAX C OYEHb OOJBIIMM OTSI-
romeHueM [15]. Koiek TpeHMpoBanu mnepeaBUraTh
3HAYMTENBHYIO Maccy TepeaHeil 1amoit, 4yTOOL] MO-
Ay4uTh numy (puc. 4.6). OHUM HayYWJIUCh IIPOM3-
BOAWThH 3HAYMTEJIbHOE ycuiaue. B pesynbraTe Takux
WHTEHCHBHBIX CHUJIOBBIX TPECHUPOBOK M30paHHBIC
MBIIIIEYHbIE BOJIOKHA NEHCTBUTEIBHO PACIICIUISIIUCH
HAIOJIOBMHY, MPUYEeM Kaxas IMOJJOBMHA 3aTeM YBE-
JIMYMBajiach 10 pa3Mepa "pOAUTEIbLCKOro" BOJIOK-

Tlonepeunviii paszpe3 Mbluiybl HO2U MYICHUHYL,
Komopulii He mpeHuposancs 6 meyenue 2 nem, 00 60300-
HOBNeHUsI MPEHUPOBOUHbIX 3aHamuil (a) u nocre 6 mec
MPEHUPOBOUHBIX 3AHAMULL CUN0BOL HANPABAEHHOCMU 6 OJu-
Hamuyveckom pexcume (6). Habardaemcs eunepmpogus
6010KOH noOCAe nepuoda MpeHUupoBoK

Puc. 45.
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Tpybka, No KOTopOW
nofaeTtcs nuLia

Jlozarop

Pbi4axxHoe
YCTPOMCTBO

Bniopgeyko ona nuwm

Harpysaka Npeobpasosare b

Puc. 4.6. Opeanuzayus mpeHnuposku c conpomuenenuem
ona xowek. 3aumcmeosaro y louwsa (1980)

Ha. DTO BMIHO Ha IOMEPEYHO PACCEUYECHHBIX Cpe3ax
MBILIEYHBIX BOJOKOH (puc. 4.7).

B mocienyroomumx ucciaeaoBaHusIX, OIHAKO, TUIIEP-
TpousT U30PaHHBIX MBI Y LUBIUISAT, KPBIC U MBbI-
1Iei BCJIENCTBUE MTOCTOSIHHBIX TIEPErpy30K ObLIa 00yC-
JIOBJIEHA MCKIIIOYUTEIBHO TUIEpTpPO(dueil BOIOKOH,
a He runepruiasueit [13, 14, 38]. B atux uccinenona-
HUSIX YUUTHIBAJIOCh KaXI0€ BOJOKHO B LIEJIOM MBIIII-
1e. KonnyecTBo BOJOKOH HE M3MEHUJIOCH.

DT0 BBIHYAWIO YYEHBIX, IIPOBOIMBIIMX 3KCIIEPU-
MEHTHI Ha KOIIIKaX, IPOBECTU €Ile OTHO HCCIIeNoBa-
Hue. Ha 3ToT pa3 OHM yYUTBIBaIM KaXI0€ BOJOKHO,
YTOOBI ONPENCIUTh, SBISACTCS JIM TUIepTpodus Bcei
MBIIIIIIBI PE3Y/IbTaTOM TMIEPIUIA3UM WIN TUIepTpodun
BoJIOKOH [16]. TTocie mporpaMMBbl CHITOBBIX TPEHUPO-
Bok, jinuBLIeiica 101 Hemenro, KOLIKKU MOIJIM TOIHU-
MaTh OJHOIi JIalloil Maccy, paBHYyIO B cpeaHeM 57 %
Macchl MX TeJla. Macca MBIIII Y HUX YBEJIMYMIach Ha
11 %. bonee Toro, yaeHnle oOHapyXwim 9 %-¢ yBenn-
YeHHe OOIIEro YMcjia MBIIIEYHbBIX BOJIOKOH, 4TO IOA-
TBEPAWIO TPOLECC TMIIEPIUIA3UN.

Paznuuusa B pesynbraTax MCCICIOBaHUIL C ydac-
THEM KOIIEK U APYTUX XUBOTHBIX MOTYT OBITh 00yC-
JIOBJIEHBI pa3HBIM XapaKTepoM "TPEHMPOBOK' KWBOT-
HBIX. TPeHUPOBKM KOIIEK IMPEACTABIIIA "JHUCTYIO"
(opMy CHIIOBBIX TPEHUPOBOK — BBICOKOE COIPOTHUB-
JIeHHe ¥ HeOOJbIIoe KOJIMYeCTBO MoBTOpeHuit. Tpe-
HUPOBKU JPYTUX XUBOTHBIX OTIMYATUCH OOJBIIUM
aKIICHTOM Ha pa3BUTHE BHIHOCIMBOCTU — HEOOJbBIIOE
COIPOTHBIICHHE 1 OOJIBIIOE KOJTUYECTBO MTOBTOPEHMIA.

KocBennoe NOATBEPKACHHUE OCYHICCTBJICHUA
npouecca runepiiiasvum

Hccrenosarenu 10 cux MOp He MPUILTUA K eIUHO-
MY MHEHWIO OTHOCHUTEIBHO POJIM, KOTOPYIO HIpaeT
IUMEPILIA3us U TUIepTpodUst OTACIbHBIX BOJTOKOH B
YBEJIMYEHUU pa3Mepa MBILIL YeJTOBEKa BCJIEACTBUE
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Puc. 4.7. Pacwenaenue moviuieunovlx 60a0koH. Modeau
Hapucoeéanvl no caaiidam (@—e). 3aumcmeosano y Iomes,
Bpurcona u bono-Ilemepcena (1977)

CWJIOBBIX TPEHHUPOBOK. Pe3y/bTaThl OOJBIIMHCTBA MC-
CJIeIOBaHUI CBUAETEIBCTBYIOT, YTO TUIEPTPOGUS OT-
JICIBHBIX BOJIOKOH OOYCIIOBIMBAET TUITEPTPOGUIO BCEid
MBIIIIIEI. B TO e BpeMst pe3ysIbTaThl ABYX MCCIeI0Ba-
HMII C yyacTHeM KYJIbTYPUCTOB YKa3bIBalOT Ha BO3-
MOXHOCTD IIPOLIECCa TMIEPILIA3UK MBIIIILL Y JIOIEIH.

B ogHOM uccnemoBaHUU CpedHss IUIOIIAAb BOJIO-
KOH JIaTepaJIbHBIX IIMMPOKUX MBIIIIL Oeapa U AeIbTO-
BUIHBIX MBIIII Y KYJbTYPHCTOB BBICOKOIO Kjlacca
Obl1a MEHBIIE, YeM Y TSDKEJI0aTICTOB, M IIOYTU Ta-
KOIl Xe, KaK y CTYICHTOB (bM3KYJIbTYPHBIX 3aBele-
HUIA U JIOAEH, He 3aHMMAaBIIMXCS CUJIOBBIMU TPEHM-
pOBKaMM. DTO CBMICTEIBCTBOBAIO O TOM, UYTO I'M-
nepTpodusi OTAEIbHBIX BOJIOKOH HE SIBIISIETCS
[JIaBHBIM (DaKTOPOM YBEJIMYCHUS MBIIIEYHON MaCChI
y KyabTypuctoB [37].

IlonoGHbIe pe3yabTaThl ObUIM MOJYyYEHBI B IpY-
TOM HCCJICI0BAaHUM, [ CPAaBHUBAJIM ITOKA3aTEIN BhI-
COKOTPEHMPOBAaHHBIX KYJIbTYPUCTOB U (DU3UYECKU aK-
TUBHBIX, HO HE TpeHUpyloumxcs mopaeid. Ilmomanp
MBIIIEYHBIX BOJIOKOH Yy HUX ObUIA MOYTH OAMHAKO-
BOI, HECMOTpsI Ha TO, YTO Y KYJbTYpPHUCTOB OOXBAaT
KOHEYHOCTel Obl1 3HauuTeNbHO Oojbiie [25]. Kpo-
Me TOTO, YYeHbIE YCTAaHOBUJIM, YTO Y KYJIbTYPUCTOB B
JIBUTATEIbHON eAMHULIE OOJbIIe MBIIIEUYHBIX BOJIO-
KOH, YeM y HEeTPEeHMPOBAHHBIX Jtoaeid. TToCKONbKY y



KYJbTYPUCTOB ObLT 3HAUYUTENbHO OOJBIINI 00XBAT
MBI TP HOPMaJTbHOM TIOIIAAM MOTIEPEYHOTO Ce-
YeHU S MbIILI€YHBIX BOJIOKOH, TOJIyYEeHHbBIE pe3y/ibTa-
Thl YKa3bIBAIOT Ha YBEJIMUYEHNE KOJUUECTBA MbIIlIEY-
HbIX BOJIOKOH. JIpyroe o0bsICHEHHE — Y KYJbTYpHC-
TOB MPU POXICHUM ObLIO OOJIbIlIE MBIIIEYHBIX BO-
JIOKOH.

[To xpaitHeii Mepe, B OTHOM MCCIeIOBAaHUN Ha-
0JI01aTM 3HAYUTEIbHbIE PA3IMUMS B TUIOLIAAN Mbl-
IIEYHBIX BOJIOKOH Y KYJABTYPUCTOB U YIAIIUXCS HU3-
KYJbTYpHBIX 3aBefeHUit oboero mona [31]. Cpen-
HSS TUIOLIAZb BOJIOKOH JlaTepalbHON IIMPOKOW
MBIIIB Oeapa cocraBuna: 8,400 MKM? — y Kylb-
TypucToB; 6,200 — y cTyneHTOB (GU3KYIbTYPHBIX 3a-
BeneHU u 4,400 MKM2 — y CTYIEHTOK (DU3KYIIb-
TYPHBIX 3aBEeICHUIA.

Paznuuus B pesynbTaTax 3TMX MCCIEIOBAHUN MOX-
HO OOBSCHUTH CYIITHOCTBIO TPEHMPOBOYHBIX HArpy-
30K WM CTUMYJNOB. CuuTaeTcs, YTO TPEHUPOBKHU C
BbICOKOW MHTEHCUBHOCTBIO UM COTTPOTUBIEHUEM Bbl-
3bIBAIOT OOJIBLIYIO CTENEHb MMNePTPOdUM BOJOKOH,
B YaCTHOCTH, OBICTPOCOKpAIIAIOIIMXCS, YeM TPeHU-
POBOYHEIE 3aHATHUS HEOONBITON MHTEHCUBHOCTH MIIN
C KCIOJb30BAHMEM HE3HAYUTEIbHOTO COIMpPOTUBIIE-
Hus [23].

MEXAHW3MbI, BBISBIBAIOIIINE
TMIEPTPO®UIO BOJIOKOH

mmepTpodust OTHETHHOTO MBIIIEYHOTO BOJIOK-
Ha BCJICICTBHE CHUJIOBBIX TPEHUPOBOK SIBISETCS, TTO-
BUIMMOMY, Pe3yJbTaTOM UMCTOTO YBEIMUYCHUS Oenl-
KOBOTO CHMHTe3a B MbIIIIIax. beJok B MblIlIax Moj-
BepraeTcs MOCTOSHHHIM IIpolleccaM CHUHTe3a M
pacmeruieHus. MHTeHCMBHOCTD MX M3MEHSETCS B 3a-
BHCHMOCTH OT HoTpeOHocTel. [Ipy BrImoaHeHNH (hu-
3WYEeCKUX HATPY30K CHTE3 YMEHBIIIAeTCs, a paciier-
neHue yseauuupaetcs [17]. JIng mepuoma Boccra-
HOBJICHUS TTOCTIe (PU3NIECKHUX HATPY30K XapaKTepHO
yBeIMUeHNE CHHTe3a Oenka.

DKCIIepUMEHTHI, TIPOBOIUBIINECS HA XXUBOTHBIX,
ToKa3aju, 9To 00yCIoBIeHHAsT (PU3MIECKIMHU HATrpy3-
KaMU MBIIIeYHas THTIePTPOGUSI COIIPOBOXIAETCS T~
TeJbHBIM YCUJIEHUEM OeJKOBOTO CMHTEe3a U ociabiie-
HHUEM paclleIIeHusT 6elka. DTo TMpOIEeMOHCTPUPO-
BajJl0 MCCIeJOBaHNE, B KOTOPOM WCIIOJb30BalH
3JIEKTPOCTUMYIMPOBAHIE 3aIHEH KOHETHOCTH KPBIC,
obecrieynBaBIIee TPEHUPOBOUHBIM CTUMYN BBICOKO-
TO YPOBHS COIPOTUBIICHHS ¢ HEOOIBITIM YHCIIOM IT0-
BTropeHuit [39]. Ipyras 3aaHss1 KOHEUHOCTb BBIMOJI-
HsIJIa pOJIb KOHTPOJIBHOM. 16-HenenbHas IporpaMMa
TPEHUPOBOK IMOKa3aa:

* 66 %-¢ BO3pacTaHMe 00BbeMa pabOTHI BO BpeMs

TPEHUPOBOYHOTO 3aHSTH,
* 18 %-¢ yBenuueHMe "CBIPO" MAacChl TPEHUPO-
BaHHOU MBIIIIILIHI;

* 17 %-¢ nOBBINIEHKE CONEPKAHNS OEJTKOB B MBIIII-

ue;

* 26 %-e yBenmIeHUE CONEPKaHUSI PHOOHYKIIEH -

HOBOW KHCIIOTHI B MBIIIIIIE.

ATPO®HA MbILIL]

Ecnu TpeHupoBaHHas Mbllia 0e3AeHCTBYeT, Ha-
MpuMep, B Clyyae MMMOOMIM3aLIM KOHEYHOCTH, U3-
MEHEHHUS B Hell MPOUCXOIAT B TeUEHUE HECKOJIbKUX
qacoB (1. 13). B mepBeie 6 4 TIOCTIe MMMOOYITH3AITIH
KOHEYHOCTU MHTEHCHUBHOCTH OETKOBOTO CMHTE3a Ha-
YUHAET CHUXKAThCS. DTO, OYEBUIHO, CBSI3aHO C Haya-
JIOM aTpoduu MBI, TPeaCTaBsIoIIEN COOON YMEHB-
LIeHKWEe pa3Mepa MbIIIEYHON TKaHU. ATpodus BO3HHU-
KaeT B pe3yjbTaTe HEUCIOJb30BAHUS MBIl U
00ycJIoB/IeHa MOTepel MBILIEYHOTO OesTka, COMPOBOXK-
Jatonieit mpoiecc Oe3nesiTeIbHOCTU. 3HAYMTENIbHbIE
CHUXEHHUS CUJTbl HAaOIOAAl0TCs B IEPBbIE HEAETU MOC-
Jie UMMOOMITI3aITiK, COCTAaBIISAA B cpenHeM 3 — 4 % B
neHb [2]. OHM CBS3aHBI HE TOJNBKO C aTpoueii, HO U
C TMOHMXEHHO! HEPBHO-MBIIIEYHON aKTUBHOCTbHIO
MMMOOWIM30BAHHON MBIIIILIBI.

Atpodus B mepBywo ovepend BauseT Ha MC-Bo-
JIOKHa. B MHOTOUYMC/IEHHBIX MCCIEIOBAHMSIX YUEHbIE
Habonany ne3uHTerpauuo MUoGUuOpULI, Mpephbl-
BUCTOCTb Z-TMHUHK U CIUSTHUE MUODUOPUILI, TIOBPEXK-
neHue mutoxoHmpuit B MC-BojokHax. Ilpu atpo-
(um MbIII CHUXaETCS TJIoLIaab MOMEePevyHoro ce-
YeHUs BOJOKOH M KojudyecTBO MC-BosokoH. B
HacTosIlee BpeMsl HEU3BECTHO, SIBJISIETCS JIU YMEHb-
meHue KojuvyectBa MC-BOJOKOH CHENCTBUEM UX
OTMMpaHus WK npesBpaineHus B BC-BonokHa [2].

[Tpu B0300HOBIEHNM aKTUBHOCTH MBIILILIBI MOTYT
OYeHb YacTO JeMCTBUTENbHO BOCCTAHABIMBATHCS MOC-
ne atpoduu. Tlepuoa BoccTaHOBIEHMS UTUTCS N0Jb-
e, 4eM Mepuo] MMMOOMIM3AlMU, OTHAKO OH Ha-
MHOTO KOpoue, 4eM IepBOHAyaJbHbIM TMepuos Tpe-
HUPOBOK.

3HauyuTeIbHbIe U3MEHEHUS B MBIIILIAX MPOUCXO-
JT TPU MpeKpalieHu TPEHUPOBOYHBIX 3aHATH. B
OIHOM MCCJIENOBAHUY XEHIINHBI 3aHUMAJIKICh CUIIO-
BOil moAroroBkoil B TeueHue 20 Henesb, 3aTeM Ha
npotsikeHuu 30 — 32 Hexenb He TpeHupoBauch. [oc-
JIe 3TOTO BO30OHOBMIIM 3aHATHUS M TPECHUPOBAIHCH 6
Hemenb [34]. [IporpaMMa TpeHMPOBKHU ObLIa HAIIPaB-
JieHa Ha pa3BUTHE CUJIbl HMXHUX KOHEUHOCTeW U
BKJIIOYAJIA MOJHOE MpUCeAaHne, KUM HOTaMU U BbITI-
psiMieHue Hor. bbulo oTMeueHO 3HAUUTENbHOE YBe-
nmuueHns cunbl (puc. 4.8). OOpatuTe BHUMaHME Ha
BEIMIWHY CHIIBI Tocne 20- U 6-HeoeabHOTO ITIepro-
JIOB TpeHUpoBKU. Pa3Hulila mpencrasiseT coboit cre-
MeHb CHUXEHHUSI YPOBHS CUJIbI BCJIEACTBUE MpeKpa-
LIEHUS 3aHATUN.

YBenauueHue cuiibl BO BpeMsl IBYX MEPUOIOB Tpe-
HUPOBKM COIMPOBOXKIAIOCh BO3pacTaHWEM IUIOIIAAN
MOTNEePEYHOr0 CEYeHMUsI BCEX TUIIOB MBIIIEUYHBIX BO-
JIOKOH U cHUXeHueM KonuuectBa bC-BonokoH. Ile-
pMOJ MpeKpalleHus] TPEHUPOBOYHBIX 3aHATUI He3Ha-
YUTEJBHO MOBJIHKAI HA MJIOLIAAb TOTMIEPEYHOTO Ceve-
HUS BOJOKOH, XOTSl Ha0J10najoCh YMEHbIIEHHUE
miomagun bC-Bonokon (puc. 4.9).

B npyrom uccienoBaHuUM yyacTBOBAIU MYXYH-
HbI ¥ XEHIIMHBI, 3aHUMAaBILIKXECS] CUJTOBOU TpeHU-
POBKOW (BBITIPSIMJIEHUE HOTU B KOJIEHHOM CYCTaBe)
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Puc. 4.8. Hzmenenue cunvt moiuy y jsceHuun ecredcmaue
MPEHUPOBOUHBIX 3AHAMMULL CUN080L HANPABAEHHOCU, ON-
pedensiguieecsi NO BbINOAHEHUIO NOAHO20 hpucedanus (a),
acuma Hoeamu (06) u evinpsamaenuto Hoe (8). o 20, nocae
20 — usmenenuss coomeemcmeenno 00 u nocie 20 nedenv
MPEHUPOBOUHbIX 3aHAMULL;, 00 6 — U3MeHeHUus nocie Nnepuo-
Oa npekpawjenus 3amamuii; nocre 6 — uszmenenus nocae
6-HedenbHo20 nepuoda 60300HO6AEHUS MPEHUPOBKU.
Jannvie Cmepora u dp. (1991).

B TeueHue 10 mnu 18 Hemeab, KOTOpBIE 3aTeM B Te-
yeHue 12 Henenb MO0 BoOOIEe HE TPEHUPOBAIUCH,
00 TPEeHUPOBANIUCHh B HeOONbIIOM oObeMe [18].
IMoce meproga MHTEHCUBHOM TPEHUPOBKY CHJIA pa3-
rndaHusl HOTM B KOJIEHHOM CYCTaBe YBEJIMUYMIACH
Ha 21,4 %. Y UCIBITYeMBIX, KOTOPbIE 3aT€M HE Tpe-
HUPOBAJKCh, HabOIOHaNu 68 %-e¢ CHUXEHUE yBEIu-
YWBIIEICS BCIAEACTBUE TPEHUPOBOK CUJIBI. Y TEX, KTO
MMPOI0JIKAJl TPEHUPOBATHCSI BCETO OIAWH pa3 B Helle-
JI10, YPOBEHBb CUJIbI He YMeHbIIICcsA. ClemoBaTelb-
HO, YPOBEHB CHJIBI MOXHO COXPaHUTH O KpalHei
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Puc. 4.9. Hzmenenue cpedueii naowadu nonepeunozo ce-
YeHUST MbIUEHHBIX B0A0OKOH Y JCEHWUH 8caedcmeue mpenu-
POBOK CUNOBOII HANPABACHHOCIU 8 NEPUOO NPOBedeHUsl, npe-
KpawieHust U 60300HOBACHUSI MPEHUPOBOUHBIX 3AHAMUIL:
1-MC 2-BC; 3- BC+bC,. BC, - npomecy-

mouHbtil mun 60a0KoH. [lannvie Cmepona u dp. (1991)

Mepe Ha MPOTSLKeHUM 12 Henerb, TIPOBOISI OTHO Tpe-
HUPOBOYHOE 3aHSTHE B HEIEIO.

JI1s mpenoTBpaIieHUsl CHUKEHUST YPOBHS CHIIHI,
OOCTUTHYTOTO B PE3yJIbTaTe CHJIOBBIX TPEHUPOBOK,
HEOoOXOIMMO CO3IaHWe CIICINAaJbHBIX ITPOTPAMM,
00eCTIeYMBAIOIINX JOCTATOUYHYIO HArpy3Ky Ha MBIIII-
1Bl C IIEJTbI0 COXPaHEHUS YPOBHS MX CHJIBI M BMECTE
C TeM TO3BOJISIOMMX YMEHBIINUTh JMOO WHTCHCHB-
HOCTb, TMOO TIPOIOJLKUTEIBHOCTD, TUOO 9acTOTY Tpe-
HUPOBOYHBIX 3aHATUMA.

N3MEHEHWA TUITA MBIIIEYHbBIX
BOJIOKOH

MoxeT 11 U3MEHUTHCS TUIT MBIIIEYHOTO BOJIOK-
Ha BCJICACTBHME CWJIOBOM TpeHHMpPOBKU? Pe3ymabTarhi
MEePBBIX HMCCICHOBAHUIM B 3TOM HAIPaBICHUU AU
TIOBOJ, CeIaTh BBIBOI, YTO HU aHA3POOHBIC (CKOPO-
CTHBIC), HU a3pOOHBIE (BEIHOCIUBOCTD) TPEHUPOBOY-
HBIE HArpy3KW HE MOTYT IPUBECTH K M3MEHEHMIO OC-
HOBHOTO THma BojiokHa [7, 12]. Bwmecre ¢ Tem ati
HCCIIeIOBaHUS TIPOICMOHCTPUPOBAIM, YTO Y BOJIO-
KOH HauYMHAIOT MOSIBIISITHCS OTIpeIeIeHHbIC KaueCcTBa
MMPOTUBOITOJIOKHOTO TUIa, HampumMep, bC-BonokHa
MOTYT CTAaHOBHUTBHCS 0oJiee OKMCICHHBIMU TIPU TIPO-
THBOTIOJIOXKHOM BUIE HArpy3ok (a3poOHBIE).

B Gosee mo3mHMX MCCIIeIOBaHMSX, IIPOBOAMBIITNX-
¢S Ha XXUBOTHBIX, OBLIIO YCTAaHOBJIEHO, YTO KOHBEPCHUS
THTIA BOJIOKHA I€MCTBUTEIBHO BO3MOXHA B YCIOBUSIX
TepeKpecTHOM MHHepBalnu, Korna bC nBuratepHast
ennHUIIa WHHEepBUpYyeTcs MC MOTOHEHPOHOM, M Ha-
obopotr. Kpome Toro, mmurtenbHass HepBHAsT CTUMYJISI-
s bC mBuraTebHBIX €IUHUIL ¢ HU3KOM 9acTOTOM
TpaHchopmupyeT ux B MC nBuraTeibHbIC SIMHUIIH B
TeYeHNE HECKOJbKMUX Hemenb [29]. ¥V KpbIC THI MBI-
IIEYHBIX BOJJOKOH M3MEHWJICST BCICACTBUE TPECHUPO-



BOK Ha TpemdaHe ¢ BHICOKOM MWHTEHCUBHOCTBIO B Te-
yeHne 15 Hemenb: kommuectBo MC- n bC-BonokoH
YBEJIMYUIIOCH, TOTA KaK YMcio BC -Bo/I0KOH COKpa-
tunock [19]. Tlpespauienne Bosokon BC. 8 BC , a
takxe bC, B MC-BosiokHa IoATBEpANT Pl Pa3Iny-
HBIX TUCTOJIOTHYECKUX METOIOB.

CrepoH W KOJUIETM HAIJIM J0Ka3aTelbCTBa
TpaHchOopMalMK TUIa BOJOKOH y XEHIIMH BCea-
CTBUE WHTEHCHUBHOM CHUIIOBOM TpeHHpOBKHM [335].
[Tocne 20-HeaenbHO MpOTpaMMbl TPEHUPOBOUHBIX
Harpy30K, IpeTHa3HadYe HHBIX IUTS YBETUICHUS CYITEI
MBI HIDKHUX KOHEYHOCTEM, HaOMIomaI 3HAUM-
TeNbHOE YBEIWYEHHE CTaTUIECKOM CHIIBI, a TaKkKe
TJIOINANN TIOTIEPEYHOTO CEYeHUS BCEX THITIOB BOJIO-
koH. CpenHee KOJIMYECTBO BC6-BOJIOKOH 3Ha4YU-
TEJIbHO YMEHBIINIOCH, Torna Kak bC, —ysennyu-
noch. TrratenbHBIN aHAMW3 HAYIHOUN JTUTEpaTypHI
0 JAaHHOMY BOIIpOCY, MpoBeAeHHbINH B 1990 T., mo-
3BOJIMJI CHEJTaTh BBIBOJ, YTO MHTEHCUBHBIC W TIPO-
TOJMKUTENbHBIE TPEHUPOBOUYHBIE 3aHATUS MOTYT
MPUBECTH K M3MEHEHMIO TUIA BOJOKOH B CKENET-
Hoi MBImme [1].

BOJIEBHEHHBIE OIIYIIEHUA
B OBJACTH MBbIHIIY

bonesHeHHbIe olyIeHUs B 00JaCTM MBILII] MO-
TYT BO3HHUKATb
* K KOHILY TPEHUPOBOYHOTO 3aHATHS U BO BpeMsI
Meproga BOCCTAaHOBJICHMS,
* yepe3 12 — 48 4 mocne TPEHUPOBOYHOTO 3aHSTHS;
* U B MEPBOM, U BO BTOPOM CIy4asix OZHOBpe-
MEHHO.

OCTPbBIE BOJIESHEHHDLIE OIIYIIEHUA
B OBJIACTH MBbIIIIL]

Bonb, omymaemMast Bo BpeMs 1 cpasy mocie pusm-
YeCKOil HATPY3KM, MOXKET OBITb Pe3yJbTaTOM HAaKOIl-
JIEHUS KOHEYHBIX MPOLYKTOB, TaKuX, Kak H*, makrar
WM OTeKa TKaHeil, OO0YCJIOBJIEHHOIO IepeMelleHIeM
KUJKOCTH M3 TUIA3Mbl KPOBM B TKaHM. DTO OIIyIIE-
HMe "HaKauMBAaHUS' MCIIBITHIBAIOT CIIOPTCMEHBI ITOC-
Jie U3HYPUTETBHBIX CUJIOBBIX WM LUKIUYECKHUX Ha-
rpy30K. boiab 1 Oose3HEHHbIe OUIYLIEHUSI 0OBIYHO
MPOXOAIT Yepe3 HECKOJbKO MUHYT WIM 9acoB IIOCIIE
3aBeplleHUsT (PU3MIECKOM HATPy3KH, OTCIONA M Ha3Ba-
HHE — OCTpble 0OJIE3HEHHBIE OINYIIEHUS.

B OB3OPE...

1. YBennmueHue CUIIBI BCJICICTBUE CUJIOBOM Tpe-
HUPOBKUM BCEraa COMPOBOXIACTCA adallTAHMOHHBIMUA
p€akounAMU HCpBHOfI CUCTECMbI, B HCKOTOPBIX CJIy4a-
AX MOXET UMETb MECTO FHHCprO(bI/ISI MBIIII.

2. HCpBHLIe MCXaHHN3MbI, BbI3bIBAIOIIMNE YBCIN-
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YeHME CUJIbI, MOTYT BKJIOYaThb PEKPYUTUPOBAHUE
0oJIblIIero Ynca IBUraTebHbIX €IMHULL, IeHCTBYIO-
IIMX CMHXPOHHO, a TakXe MOHUXeHNWEe ayTOTeHHOTO
TOPMOXEHMUS HEPBHO-CYXOXUIBHOTO BOJOKHA.

3. IIpoxonsimast MbIIIIeYHas TUIePTPOGUS XapaK-
TEPU3YETCS OINyIIeHWEM "HaKauMBaHUA", KOTOpPOE
BO3HUKAET Cpasy Mocje BHIMOJHEeHUs (U3UYECKpit
Harpy3ku. OHa sIBJsIETCS Pe3yJbTaTOM OTeKa TKaHei
U OBICTPO MPOXOMIMUT.

4. TIponokuTeabHast TUTIEPTPOMUST MBILILL 00yC-
JIOBJIEHA MTOBTOPSIOLIMMUCS CUITOBBIMU TPEHUPOBOY-
HBIMM Harpy3kaMu M OTpaxaeT AelCTBUTEIbHBIE
CTPYKTYpHbI€ U3MEHEHHUSI B MBIIIIIE.

5. Xotg MbllIeyHas TunepTpodus, Mmo-BUAMMO-
My, OOyC/IOBJieHa TJaBHBIM 0Opa3oM YBEJIMUYEHUEM
pazMepa OTHEJbHBIX MBIIIEYHBIX BOJOKOH (TUIEpT-
podust BOJIOKOH), UMEETCS Psifi 10KA3aTeNbCTB yyac-
TUS B 3TOM IIpoliecce W TUIepIuiasuu (yBeludeHue
Yucia MBILIIEYHBIX BOJOKOH).

6. [Npym Ge3meATeTPHOCTY MBI (HAITpUMep, B pe-
3yJibTaTe TPaBMbl) OHM aTpOuUpylOTCs, T.e. YMEHb-
1Ial0TCsl UX pa3Mep U cuja.

7. Ilpouecc aTpoduu IpoTeKaeT OYeHb OBICTPO
MpU TOJHOM TMpeKpallleHWU Harpy3ku, B TO Xe Bpe-
Ms1 YMEHBIIEHHBIH 00beM 3THX Harpy30K (HampuMmep,
Mporpamma CoXpaHeHHUs JOCTUTHYTOTO YPOBHS pas-
BUTUS CWJIbI) TIPEIOTBpAlllaeT Mpouecc arpoduu.

8. OoMH TUIN BOJOKOH MOXET MpuoOperaTb Xa-
pakTepHble YepThl MPOTUBOIMOJIOXHOTO TUIA BCJE-
CTBUE TPEeHMPOBOK. MMeloTcsl JaHHBIE O TOM, YTO B
pesyJbTare epeKpecTHOW MHHEPBALUK WU JUTUTEb-
HOTO CTMMYJMPOBAHMSI ONWH THUIl BOJOKOH MOXET
MPEBPAILATHCH B APYTOM.

3AIMTA3IBIBAIOIIEE BOSBHUKHOBEHUE
BOJIEBHEHHBIX OHIYUIEHUU
B OBJIACTU MBI

[NossBneHne OoOJe3HEHHBIX OIIYLIEHWI B obac-
T MBI 4epe3 1 — 2 mHA moclie U3HYPUTEIbHOMN
(pmsmueckoil Harpy3Ku, Tak Ha3blBaeMOE€ 3aIla3lbl-
Balollee BO3HMKHOBEHME OOJIE3HEHHBIX OIIYIICHUI
B 00J1aCTM MHEINIL, HE COBCEM IOHATHO. B ciemyio-
IIMX pa3feilax MBI IMO3HAKOMMMCSI ¢ HEKOTOPHIMU
TEOPUSIMH, KOTOPBIE IIBITAIOTCS OOBSICHUTH 3TOT BHI
00JIe3HEHHBIX OINYIIEeHU B 00jgacTu MBI, OTMme-
THM, 9TO HM OJHA M3 HUX HE SBJISETCS OOILEIPHU3-
HaHHOM.

CornacHo IMpakTUIeCK! BCEM CYIIECTBYIOIIMM Te-
OpHsIM, TJIaBHHII "MHMIIMATOp" JaHHOIO TUIa 0O-
JIe3HEHHBIX OIIYIIEHN — BBIITOJTHEHUE SKCIEHTPHU-
YeCKHUX yIpaXHeHUi. DTo ObIJIO YCTAHOBIEHO B UC-
clIeJOBaHMM, B KOTOPOM HM3ydalM B3aMMOCBS3b
MeXIy IOSIBIIEHNEM 00JIe3HEHHBIX OIIYIIEHUHA B 00-
JIACTY MBIIII M BBIIOJIHEHHEM 3KCIEHTPUIECKMX,
KOHIIEHTPMYECKNX M CTATMIECKUX YIPaXHEHUIA.
Hawnbonee 3HaunTenbHBIE 00JI€3HEHHBIE OIIYIIEHUS
B 00J1aCTH MBIIII] UCITBITHIBAJIM BBITIOJHABIINE UC-
KIIOUUTEIBHO KCIEHTPUYECKIUE YIIpaxkHeHUS [306].



B manpHeliem 3T0 MOATBEPAVIN PE3YNbTaThl APY-
I'MX UCCIEeNOBAHUI, B KOTOPBIX UCITBITYyeMbIe B ABa
pa3HbBIX THS BBITTOJHSAIN Ger Ha TpembaHe B Tede-
Hue 45 muH. I1epBrlii pa3 6er BHITTOJHSIICS "TTO TIPS -
Moi1", BTOpOii pas — Mo HakJIoHHON BHU3 (10 %)
[32, 33]. 3HauMTenbHBIE O0OJE3HEHHBIC OIIYIICHUS
cryctd 24 — 48 9 oTMeyanauch BO BTOPOM cClydae,
HECMOTpSI Ha TO, YTO OoJjiee BHICOKHME YPOBHM JIaK-
TaTa KPOBU, paHee CUUTABLINECS TPUINHON BOZHUK-
HOBEHUS OOJIe3HEHHBIX OUIYIIEeHWN B 00JacTH
MBINIL, HAOIOAIUCh B IIEPBOM CIydae.

= BoJie3HCHAbIC OLIYLUEHUA B 00JACTH MBI
BO3HHMKAIOT BCJICJACTBHE BBIIOJHEHHS IKCLEH-
TPUYECKUX YNPAXKHEHHH M CBA3AHbI C Jeil-
CTBUTEJILHBIMH TIOBPEXKICHUSAMH MBILII

PaccMoTpuM HEKOTOphlE U3 TpeiaraeMbiX OOBSIC-
HEHWI BO3HUKHOBEHHUS 3aIa3IbIBAIOIINX OOJIE3HEH-
HBIX OILYIIEHUA B 001aCTH MBILILI.

CrpyKTypHBIE TTOBPEKIEHHS

[MosiBneHMe MbIIIEUHBIX (hePMEHTOB B KPOBU TOC-
Jie UHTEHCUBHOMN (hU3MYECKOM HATPY3KH CBUAETEIb-
CTBYeT O BO3MOXKHBIX CTPYKTYPHBIX MOBPEXICHUSIX
MBIIIEYHBIX 00omoyek. ComepxkaHue 3TUX (epMeH-
TOB yBeanunBaercsd B 2 — 10 pa3 mociie 3HaYNTENb-
HBIX (QU3NYECKUX HATPY30K. Pe3yabTaThl MOCIeIHUX
WCCIIENOBAHNI CBUACTENLCTBYIOT B TMOJNB3Y TMPEATO-
JIOXKEHHUST O TOM, YTO 3T W3MEHEHMS MOTYT OTpa-
KaTh pa3HYIO CTEMEHb pa3pylleHUs MBIIICUHON TKa-
HU. UccnemoBaHust 00pas3iioB TKAHW M3 MBIIIIL HOT

Puc. 4.10. Muvuuya cpasy nocae 3aeepuienus mapagomnc-
K020 3abeea. Pa3pvie kaemounoil membparsl 00HO20 U3
6onoxon. Ilo Xaeepmeny u dp. (1954)

MapagOHIIeB TOKa3bIBAIOT 3HAYUTEIbHBIE TOBPEXKIE-
HUS MBIIIEYHBIX BOJIOKOH KaK I10CJIe TPEHUPOBOY-
HBIX 3aHATUI, TaK U TIOCJIE COPeBHOBaHMUI. Bo3HMK-
HOBEHME 3THMX M3MEHEHUI B MBIIIIIAX COBIANAeT C
MOSIBJICHUEM OOJIE3HEHHBIX OINYIICHUH, HCIBITHIBA-
eMbIX OeryHamu.

Ha puc. 4.10 moka3aHo pa3pylIeH1e MBIIIEYHOTO
BOJIOKHA TTocsie Mapadonckoro oera [20]. Capkonem-
Ma ObLJIa TOJTHOCTBIO pa3opBaHa, BCIEACTBHIE YETO CO-
JIePXMMOE KJIETKM CBOOOMHO MepeMeIIagoch MEXIy
JIPYTMMM HENOBpeXIEeHHbIMU BosokHamu. K cuac-
ThIO, HE KaXIoe ITOBPEXICHUE MBIIIEYHBIX KIETOK
HACTOJIbKO CEPbe3HO.

Ha puc. 4.11 moka3zaHbl U3BMEHEHMS COKPATUTEIb-
HBIX (UIAMEHTOB M Z-TWHUI 10 M TIOociie Tpobera-
HUS MapadOHCKOM AWCTaHIIMU. BcrmoMHMM, dto Z-
JUHUM — MECTO KOHTaKTa COKPATUTEIbHBIX OEJIKOB.
OHu 00ecneyrBalOT CTPYKTYPHYIO TIONAEPKKY Iepe-
Ja4u YCWIWSI TIPU AKTUBALMU MBIIICYHBIX BOJIOKOH.
Kak BugHo u3 puc. 4.11,6 (mocne 3abera), Bcien-
CTBHE IKCLIEHTPUUYECKUX IBIKEHUI VI paCTIKEeHUS
HAIPSKEHHBIX MBIIIEYHBIX BOJIOKOH Z-JHHWUU OKa-
3aJIMCh pa3BeICHHBIMU B CTOPOHBI.

XOTs BO3AEMCTBUS MOBPEXIEHUI MBI Ha (Pu-
3UYECKYIO NESATENbHOCTh M3YyYeHBI HEI0CTaTOYHO
MOJIHO, CIIELIMAIUCTBl CXOASTCS Ha TOM, YTO OHM
XOTsI OBl YaCTMYHO OOYCIIOBIMBAIOT JIOKAJbHBIE 0O-
JIE3HEHHBIE OLIYIIEHMS, TTOSIBIEHUE TIPUITYXJIOCTEH,
CBSI3aHHBIX C 3ala3gbIBalONIMM BO3HMKHOBEHHUEM
00JIE3HEHHBIX OIIYIIeHWI B o0nacTi MbIi. B To
K€ BpeMsI YPOBHHU (PEpMEHTOB B KPOBM MOTYT IIO-
BBIIIATHCSI, @ MBIIIEYHBIE BOJIOKHA ITOBPEXKIATHCS
BCJIECACTBUE €XETHEBHBIX (PU3MUECKMX TPEHHPOBOK
0e3 BO3HMKHOBEHMSI OOJE3HEHHBIX OIIYIIEHWH B
00J1aCTU MBIIIIII,

BocnanmurenbHas peakuus

JlefiKOLMTHI 3alIUINAIOT OpraHM3M OT IPOHUKA-
IOIIMX B HETO MHOPOIHBIX OPTaHU3MOB, a TaKXke Yc-
JIOBUIA, KOTOPBIE MOTYT HApYLIUTh HOPMaibHOE (DYH-
KIMOHMPOBAHUE €ro TKaHeil. WX KoamvecTBO, Kak
MPaBUJIO, YBEJIMYUBACTCS TI0CIe (PU3NUECKON NeaTelTb-
HOCTH, TPUBOASIIE K BO3HMKHOBEHMIO OOJI€3HECH-
HBIX ONIyIIEHWI B obmactu MpIml. Ha ocHoBanum
9TOT0 HEKOTOPHIE YYEHBIe CYUTAIOT, YTO OOJIE3HEH-
HblE ONIYIIEHUS — Pe3yIbTaT BOCIHAIMTEIbHBIX pe-
akimit B Mbimax. OqHaKo YyCTAHOBUTH B3aMMOCBSI3b
3TUX peakluii U 00Je3HEHHBIX OIIYIIeHUI B o0Jac-
TH MBIIIIL JOBOJBHO TPYAHO.

[pennpuHMMAaIach TOMBITKA MCIONL30BATh MEIM-
LIMHCKHWE TIpenaparbl AJIsl HEHTpanu3aldy BOCIIANU-
TEeJIbHOM peaklii, OJHAKO OHAa OKa3ajaach Oe3ycIiell-
HOI, TIOCKOJIbKY He TIpUBeJia K CHIDKCHUIO CTeTIeHU
HU 0OJIC3HEHHBIX OLIYIIECHUI, HU BOCIAIUTEIHHOTO
nporecca [24]. CremoBarebHO, HENB3ST TOBOPUTH O
poJii BOCHAJIMTEbHOW peakiMi B BOSHUKHOBEHUU
0O0NIe3HEHHBIX OLIYIIEHUI B 06MacTi MbIni. OmHaKo
B Oosiee MO3THUX MCCIENOBAHUSAX OTMEUEHa B3aMMO-
CBSI3b 3TUX JABYX SIBICHUI.



Puc. 4.11. Hopmanvhoe pacnonoxcenue AGKMUHOBHIX u MUOIUHOBHIX (DUAAMERMOB U HOPMAAbHASL KOHQPU2YPAUUsL
Z-auHull 6 mviuye 6ecyHa neped COpegHOBAHUEM NO Mapagony (a); mvluiya cpazy nocie COpeeHOBAHUS CO CMeuleHUeM
Z-nunuu, 00yCA06ACHHbIM IKCUEHMPUHECKUMU COKpawenuamu 6o epems Oeza (6). Ilo Xaeepmeny u op. (1984)

ITocenoBaTeIbHOCTh TANOB 3aNMA3IbIBAIOIINX
00JIe3HEHHBIX OIIYIIEeHHit
B 00.,1aCTH MBIIIIII

B 1984 r. ApMcTpOHT U3y4yas BO3MOXHBIC MeXa-
HU3MBI 3aMa3bIBAIOIINX 00JIE3HEHHBIX OLIYIIEHUN B
00/1aCTM  MBIIII BCJAENCTBUE (DU3MYECKUX HArpy30K
[3]. OH mpuizen K BBIBOAY, YTO 3alla3mbIBaioliue 00-
JIE3HEHHBIE OIIYIIEHUSI B O0JIACTU MBIIIII] CBSI3aHBI C

* MOBBIIIEHUEM KOHIEHTPAIMU MBIIIIEUHBIX (ep-

MEHTOB B ITUIa3Me;
* MUOITIOOMHEMMEH (HaJIMIMeM MMOTIO0MHA B
KPOBH);
* AHOMAJIBHOM TMCTOJIOTUEN U YJIBTPACTPYKTYPOU
MBIIIIII.

OH pa3paboTa MOIe/Ib 3aa3abIBAIOIICTO BOZHUK-
HOBEHMS OOJIE3HEHHBIX ONIYIIEHU B 00IACTU MBIIIIII,
COTJIACHO KOTOPOIl MMEET MECTO CJIEAYIOoNIasi mocie-
JIOBAaTEeJIbHOCTh COOBITUIA.

1. Bobicokoe HampskeHME COKpaTUTETbHO-3J1ac-
TUYHOW CUCTEMbI MBIIIIBI TPUBOAUT K CTPYKTYPHO-
MY TTOBPEXIECHUIO CaMOM MBILILBI U €€ KIETOYHOU
000J104YKHU.

2. IloBpexaeHne KICTOYHOW 000JIOYKM MBIIIIIBI
00yCIOBIMBAET HapyIIEHUE TOMeOocTa3a KajblUs B
TOBPEXACHHOM BOJIOKHE, MPUBOJISIIEE K OTMUPAHUIO
KJIETOK, ITMK KOTOPOTro HabIromaeTcs yepe3 48 4 mociie
pU3MIECKOI HAIPY3KHU.

3. IlpomykThl aKTUBHOCTH MaKpodaroB, a Takxe
BHYTPUKJIETOUHOE COACPXKUMOE (TMUCTAaMUH, KMHUHbI
n K*) HakarmummBaioTcs BHE KJIETOK U 3aT€M CTUMYJIH-
PYIOT HEPBHbBIE OKOHYAHUS MBIIIIIBI. DTOMY TIPOILIEC-
Cy CITOCOOCTBYIOT BHITIOJTHEHUE 3CKIIEHTPUYECKUX YTI-
paXXHEHU, TPU KOTOPOM 3HAUUTEJIbHBIEC YCUJINSI pac-
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MPENENSIOTCS M0 OTHOCUTENIbHO HEOOIBIIUM TUIOIIA-
JISIM TIOTIEPEYHBIX CEYCHUI MBIIIIII.

Bonee mo3nHue uccienoBaHusi ¢ UCMOAb30BAHU -
€M HOBEMILIEeH TEXHOJOTUU TMO3BOJWIN TIyOXe B3IJIsI-
HYTh Ha MPUYUHBI BO3HUKHOBEHUSI OOJIE3HEHHBIX
ONIyIlIeHU! B 00nacTu Mblil. B Hacrosiiee Bpemsi
MBI MOXEM C YBEPEHHOCTbIO yTBEPXKIaTh, YTO BO3-
HUKHOBEHUE OO0JIE3HEHHBIX OIIYLIeHWA B 00JaCTU
MBIl — Pe3yJIbTaT TPABMbl WK TOBPEXACHUS ca-
MOI MBIIIIIBI, OOBIYHO — MBIIIEYHOTO BOJIOKHA M,
BO3MOXHO, CapKoJeMMBI [4]. DTO mOBpeXIeHUE BBI-
3bIBACT 1IETIOYKY SIBJICHUI, BKJIIOYAsl BbIAEJICHUE
BHYTPUKJIETOYHBIX OEJKOB M yBeJWueHUEe oOMeHa
MbllIeYHOTO Oenka. B mpoileccax moBpexaeHus: u
"peMOHTa" MBI YIACTBYIOT MOHBI KaJbLIWS, JIM-
30COMBI, COCIMHUTEIbHASI TKaHb, CBOOOMHBIC PamIU-
KaJbl, UCTOYHUKU DHEPTUU, BOCMAIUTEIbHBIE pe-
aKilMyi, BHYTPUKJIIETOUYHBbIE U MUODUOPUILISIPHBIE
O0enku. Bmecte ¢ TeM TOuHas MpUYMHA TOBpPEXKIE-
HUSI CKEJIETHOW MBIIIIBI U MEXaHU3MBI €€ 'PEeMOH-
Ta" HEOOCTATOYHO XOPOIIO BBISICHEHHI. [lo MHeHUIO
HEKOTOPBIX CIMEIUAJINCTOB, 3TOT TPOLIECC — Bax-
HBII 3Tal HAa MYTU K TMNEPTPOGUM MBIIIIIHI.

ITpodunnakTuka BO3HUKHOBEHHsT 00JI€3HEHHBIX
ONIYIIEHNii B 00JIACTH MBIIIII

[IpodwmrakTnka BO3HMKHOBEHHUSI OOJIE3HECHHBIX
ONIYIIEHU B 00JACTH MBIIII MMEeT OOJIbIIOe 3Ha-
yeHHUe 71 00eCIeYeHUs] MAaKCHMMAaJbHOTO TPEHHPO-
BOYHOTO BO3IeHCTBUS. B HavaIbHBIN ITepHO ITOATO-
TOBKM PEKOMEHIYETCS CBECTU K MUHUMYMY 3KCLIEH-
TPUYECKUI KOMMOHEHT MBIIIEYHOTO COKpAalleHMUS,
YTO, OJHAKO, HEBO3MOXHO B OOJILIIMHCTBE BUIOB



cropTa. AJIbTepHATUBHOE PEIIeHUE 3TOM TTPOOIeMbI
COCTOMT B TOM, 4TOOBI HaYMHATh TPEHHPOBOYHBIE
3aHSATHS C OYeHb HU3KOM MHTEHCUBHOCTU HAarpy3o0K,
MOCTETICHHO YBEJINYMBAsA MHTEHCUBHOCTD B TIEPBBIE
HECKOJIbKO Hefienb. Elle omvH BapuaHT Iperoara-
€T HauYWHATh TIEPUOM TIOATOTOBKU C BBICOKOMHTEH-
CUBHBIX, M3HYPHUTEIbHHBIX 3aHATUI. Bone3HeHHBIE
OINYIICHWS B TIEPBBIE THU OYAyT 3HAYUTEIBLHBIMU,
OJIHAKO, COTJIACHO HEKOTOPBIM JaHHBIM, TOCITENYI0-
HIMe TPEHUPOBOYHBIC 3aHSATHSA OYIyT BBHI3HIBATD 3HA-
YUTETHHO MEHBINNE 0OJNIe3HEHHBIE OIIYIICHUS B 00-
JacTi MbImi [9].

B OB3OPE...

1. Octpble GoJie3HEHHBIE OILYIIEHUS] B 00JacTH
MBIIIIL BO3HUKAIOT K KOHIy TPEHUPOBOYHOIO 3aHs-
THSI U BO BpeMsl TMepuojia BOCCTAHOBJIECHUSI.

2. 3amazabiBalollide OOJie3HEHHbIE OIIYLIEHUS B
00JIacTV MBILIL BO3HUKAIOT yepe3 1 — 2 aHS mocie
3aHSaTUSI. [NaBHBIM "MHULMATOPOM" HX BO3HMKHO-
BEHHUS SIBISIOTCS, MO-BUAMMOMY, 3KCUEHTPUUECKUE
YIPaxXHEHUSI.

3. lpeanonaraeMpIM¥ MpUYMHAMU 3arla3abIBalo-
11eT0 BO3HUKHOBEHUSI 0OJIE3HEHHBIX OLIYILEHUH SIB-
JISIIOTCS TIOBPEXAEHUST MBIIIIEYHOM 000JI0YKU U BOC-
MaTUTEbHBIE PEaKIIMK B MBIIIIIAX.

4. TlpennoxeHHass APMCTPOHIOM MOJENb IOCe-
JIOBaTeJIbHOCTH COOBITUI TIpU 3ama3blBaiolleM BO3-
HUKHOBEHUM OO0JIE3HEHHBIX OILYLIEHU! B 00JacTU
MBIIII BKJIIOYaeT

CTPYKTYPHbIE MOBpPEXIECHMS;

HapylleHWe TOMeocTa3a KajbliMsl, Bemyllee K OT-
MUPAHUIO KJIETOK;

AKKyMYJISLIMIO pa3paxkalolivx BelIecTB;

MOBBILIEHHYI0O aKTUBHOCTb Makpodaros.

5. TlpodunakTuka uivM CHUXEHUE CTereHn 0oJie3-
HEHHBIX OLIYIIEHWI B 00JIACTM MBIIIII IIPEAIIONAracT

COKpallleHHe SKCIEHTPMIECKOTO KOMIIOHEHTa
MBIIIEYHO AEATEIbHOCTU B HauaJIbHBIN IEPUOJ IO/ -
TOTOBKM; IOCTEIIECHHOE YBEJIMYEHIE UHTEHCUBHOCTU
Harpy3oK OT MUHUMAaJbHOI;

Hayajo TPEHMPOBOYHBIX 3aHITUI C MaKCHMallb-
HOIl MHTEHCUBHOCTH, BBI3BIBAIONICH ITepBOHAYAIBHO
3HAUYUTEJIbHBIE 0O0JIC3HEHHBIE OINYIIEHMS B 00JIACTU
MBI, a 3aTeM —3HAYUTEJTLHO MEHbIIINE.

IULIAHUPOBAHUE ITPOTPAMM
CIJIOBOM ITOJATOTOBKU

3a nocnenHue 50 JeT HaKOIUIEH 3HAYMTEIbHBIN
Marepral O CHUJIOBOM TIOATOTOBKE W €€ MCIONb30Ba-
HUW U YKPETUICHUS 3I0POBbS M YBEJTMUCHUSI CHJIO-
BBIX CIIOCOOHOCTEl CITOPTCMEHOB. Bormpoc mcmoib-
30BaHUST CUJIOBOI TPEHUPOBKY ISl YKPETUICHHS 3110-
POBbsI paccMaTpuBaeTcs B /1. 22. B maHHOM pasznene
MBI PACCMOTPUM €€ MCIIOIb30BaHME IS YBETMUCHIS
CUJIOBBIX CITOCOOHOCTEN CITOPTCMEHOB.

PEXKMMBI PABOTHI MbIIIII,
HCITOJIB3YEMBIE B ITPOLIECCE
CHJIOBOM MMOATOTOBKU

B cunoBoii TpeHUpPOBKE MCMOJb3YIOT CTaTUYeC-
Kuit (M30MeTpUYeCcKMii), IMHAMUYECKUI WU U TOT
W Jpyroii pexumbl paboThl Mblimil. CraThyeckue
YOpaXHEHUsT BKJIIOYAIOT WMCIOJb30BAHUE CBOOOJ-
HBIX OTATOLICHUI Y YPOBHEN CONMPOTUBJIEHUS, U30-
KAUHETUYECKUNA PEXUM JBUXECHUN U TUIMOMETPUKY
(puc. 4.12).

[Ipu ucnonb3oBaHUM CBOOOTHBIX OTATOIIEHUIA
(lTaHru, raHTeNeil) CONPOTUBIEHNWE WU MMOIHU-

Tunsl AMHAMMYECKMX COKPALLEHNIA CUIOBOM
HanMpPaBNEHHOCTU U UCTOSIb3yeEMbIE TPEHaXKEPbI

[

CBob0oAHbIE MepemeHHoe n
nuomeTpuka
OTSrOLLEHUS COMPOTUBIEHME MsokmHeTu4eckme P
MHeBMaTN4eCKme vopaenuyeckme
TaxecTn T
peHaxepbl TpeHaxepbl
Puc. 4.12. [lpumepsr dunamuueckux COKPa4erutl cuno8oil HanpaeieHHOCmu mpeHaafcepoe

UCnoNb3Yyemblx ons paseumus Cuabl



TpeHnaxep nmepeMeHHOTO CONIPOTUBJIEHMSI, B KOTO-
POM BeJMUYMHA COMPOTHUBICHUS PETYIUPYETCS C T0-
MOIIIBIO TCKa, TTOKa3aH Ha puc. 4.14. B u3okuHeTH-
YECKOM peXUMe TPEeHaxXep 00ecrevyMBaeT IOCTOSH-
HYI0O CKOPOCTb ABUXKEHMS HE3aBUCHUMO OT TOTO,
MpUjIaraeT Jid CIIOPTCMEH MUHUMAJIbHOE WM MaKCH-
MajbHOe ycunre. COBMEIEHHBIN C 3JIEKTPOHHBIM WIIN
TMIPaBIMYECKUM YCTPONCTBOM, TPEHAXKEP MOXET ObITh
YCTaHOBJIEH Ha KOHTPOJMPYEMYIO CKOPOCTB JIBMIKE-
HUs (yrioBast cKopocTb) OT (0 (CTaTMUECKU PEXIM)
10 300°-c’! u Beime. TeopeTndeckn NpY afeKBaTHON
MOTHUBAIIMM CIIOPTCMEH MOXET COKPAILAaTh MBILIIIBI C
MaKCHMMaJIbHOI CHJION Ha BCEM Auara3oHe TBUXKECHMUSI.

60°=67 % __| x

100°=100 % -

120°=98 %
AHAJIM3 MOTPEBHOCTEN TPEHUPOBKMU

®nek n KpeMep cUMTaIOT, 4TO MEPBBIM IIIAaTOM B
IJIAHUPOBAHUU TPOTPaMMbl CUJIOBON TOATOTOBKU
CIIOPTCMEHOB JOJDKHO OBITH TpOBEIEHHUE aHaau3a
TPEHMPOBOYHLIX moTpedHocTeil [11]. OH momxeH gaTh
OTBETHI Ha CJIeAYIOLINE BOMPOCHI

* Kakue IpyMmbl MBILULL CIEAYET TPEHUPOBATh?

* KaKoif MeToJ TIOATOTOBKM HEOOXOOMMO HMCITOJNb-

30BaTh?

140°=95 %

180°=71 %

Puc. 4.13. HUsmenenue geauuunvl cuabl 0MHOCUMENbHO
yeaa ceubameneli 10KMs NPU GbINOAHEHUU CCUOAHUIL
deymsa pykamu. OnmumanbHas 6eAU4UHA CUNbL
Habardaemcs npu ceubanuu nood yeaom 100°

MaeMmasl Macca OCTalTCSl MOCTOSHHBIMM B JIWHA-
MUYECKOM [MaNa3oHe IBUXEHHUS, T.e. €CIU Bb
nogHumaeTe Maccy 10 Kr, cOmpoTHUBIeHUE BCe-
rma paBHo 10 kr. Hapsgmy ¢ stuM mepeMeHHas
BEeJIMYMHA COMPOTHUBJICHUSI TpeAroaraer M3Me-
HEHHUE CONPOTUBJICHUS B 3aBUCUMOCTH OT KpH-
BOM mpuioXeHUd cuibl. Puc. 4.13 mumoctpupy-
€T U3MEHEHME BEJWYMHBI CUJIBI TIPU BBIMTOJHEHUU
MOJHOTO JMamna3oHa ABMXEHUS TPU CTUbaHUU U
pa3rubaHuu pyK C OTITOIIEHUEM B JIOKTEBOM CY-
crtaBe. MakcuManpHOe ycuiue crubateneit JoK-
TEBOTO CYyCTaBa OTMEYaeTcs IMpu CTUOAHUM cycC-
TaBa TpuOAM3uTeNbHO Tox yrioM 100°, MuHH-
MajbHOoe — 60° (pyKM IIOJHOCTBIO COTHYTHI B
JIOKTeBOM cycTaBe) u 180° (pyKu ITOJTHOCTBIO BEITI-
PSIMIICHBI).

TpeHaxepbl ¢ MePeMEHHBIM COMPOTUBICHUEM
00eCIIeunBalOT YMEHbBIIEHUE COMPOTUBICHUS B Cla-
OeiIMX TOUKaxX OWara3oHa IOBIKCHMSI UM YBeJIde-
HHMe — B CWJIbHelMX. Ha atoM mpuHLMIe mocTpo-
€H psiI MOMYMSIpHBIX TpeHaxepoB. OCHOBHas Hes
3aKJTI0YaeTCs B TOM, YTO YBEJIWUYCHMSI TPEHUPOBAH-
HOCTM MBIIILBI MOXHO IOCTHYb, 3aCTaBUB c¢€ pabo-

TaTh MpU 00JIee BHICOKOM MOCTOSIHHOM peanu3aliuu Puc. 4.14. Tpenaxcep ¢ nepemenHbiM CONPOMUBACHUEM,
€10 CBOMX BO3MOXHOCTE B KaXJ0W TOUKE AUANa3o- 6 KOMOpoM GeaudUHa CONPOMUBAEHUS Pecyaupyemcs
Ha IBUXEHUM. : ¢ nomoubro ducka
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* Ha KaKylo CHCTEMY SHeprooOecedeHIs CIeny-

€T 00paTUTh IJ1aBHOEe BHUMaHUe?

* Ha YTO CJIefyeT 00OpaTUTh BHUMAHUE, YTOOBI U3-

Oexatb TpaBM?

[Tocne nmpoBeaeHMs TAKOTO aHAIM3a MOXHO MPU-
CTyMaTh K MJIAHUPOBAHMIO TIPOTPaMMBbl CHJIOBO# 1Mo -
roToBKH. Termeph BBl MOXeTe BHIOpAaTh

* YIIpaXXHEHUS;

* MOPSIOK UX BBITIOJHEHNUS;

* KOJIMYECTBO LIMKJIOB KaXIOTO YIPaXHEHHUS;

MPOAOJIKUTELHOCTD May3 MeXAy LMKIaMU U
VIIpakKHEHISAMH;

* BEJIMYMHY COMPOTUBICHUS (HArpy3Ku).

Oco0eHHO BaXeH IOCIeAHUI ITyHKT. Bribop co-
OTBETCTBYIOIIETO COMPOTUBJIEHUSI B TPDEHUPOBKAX, Ha-
MIpaBJIeHHBIX Ha Pa3BUTHE CHUJIBI, MOITHOCTHU, BEIHOC-
JUBOCTU M pa3Mepa MBINII, UTpaeT 04eHb BaXHYIO
pOJb.

BbIBOP COOTBETCTBYIOILLIEN
BEJIMYHMHBI COIMMTPOTUBIIEHUA

BenuunHa conmpoTuBieHusl (COOCTBEHHO TMOAHM-
MaeMOil mMacchl) OOBIYHO BbIpaxaeTcsl B MPOLEHT-
HOM OTHOIIEHUM K MaKCUMajbHO TMOJHUMaeMOi
Macce. BcmomumMm, uro Harpyska 1-IIM makcu-
MajibHa, T.e. 3T0 Haubosbllasg BeJUYMHA COMPO-
TUBJIEHUSI, KOTOPYIO MOXHO TMPEOA0JeTh BCEro OAUH
pa3. HaoGopot, Harpyska 25-IIM oueHb HebOJIb-
masi. ONTUMU3alusl pa3BUTHS CUJIOBBIX CITOCOOHO-
CTell OCTUTAaeTCs 3a CUET HeDOJBbIIOro yucia Io-
BTOPEHUI W 3HAYMTEJbHON BEJIMUYMHBI COMPOTUB-
JIeHWs, Torga KakK pa3BUTUE MBbIIIEYHON
BBIHOCJMBOCTHM TMperosaraeT 3HaAUUTENbHOE YHUC-
JIO TIOBTOPEHUI MPU HEOONbIION BeJIUYMHE COMPO-
THUBJIEHMUS.

MeHee SiICHO, BO BCSIKOM cllyyae U3 pe3yJbTaToB
(byHImaMeHTaNbHBIX MCCIeI0BaHMI, KaK 00eCreuuThb
MaKCUMaJlbHOEe pa3BUTHE MOIIHOCTU U yBEJIUUYEHUE
pasmepoB M. [To mHeHUIO ®Pneka m Kpemepa,
TPEHUPOBKHU, HaNpaBIeHHbIE HA PA3BUTHE MOIIHO-
CTH, C TOUKHU 3PEHUS BEJIMUYMHBI HAIPY3KU TOJKHBI
OBITh TAKUMU K€, KaK MU TPEHUPOBKU, MpeAHa3Ha-
YEeHHBIE JJI Pa3BUTHUSI CUJIOBBIX ClTOcOOHOCTei. Of-
HaKO CKOPOCTb BBITIOJTHEHUSI YIIPaXKHEHUSI TTPU 3HA-
YUTEJbHON BEJWUYMHE COMPOTHUBICHUS OOBIYHO
oyeHb HebOoabmasg. IlocKoAbKY CKOPOCTh —
HEOTHEMJIEMbII KOMIIOHEHT MOUIHOCTM, 3TO TpPO-
TUBOPEUUT MPUHIUIY CHEUUDUIHOCTH TPEHUPOB-
ku. PazoOpaThCsi B 3TOM BOMpPOCE HEBO3MOXHO,
BBUIY HEIOCTaTOYHOTO KOJUYECTBA MPOBEIEHHBIX
HUCCIIeTOBaHUM.

Ecnu 1ienb TpeHMPOBOUHBIX 3aHSTUN — YBENTUYUTD
pa3Mephl MBI (HATpUMep, KyJIbTypu3M), BEIUUYM-
HY Harpy3Ku yCTaHaBIMBAIOT B Iipefenax § — 12-11M,
a YWCIIO0 IMKJIOB yBEJIMYMBaeTCd OT 3 — 6 (MUHHU-
MajibHOe) 10 10 — 15 (MakcumanbHoe). [Iponomxku-
TeJIbHOCTH May3, KakK MpaBUJIO, He JOJKHA MPEBbI-
math 90 ¢ [11].
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NNEPUOAN3ALNA

[lepuonusanus o3HauaeT BHeCEHUE U3MEHEHU B
MporpaMMy CHUJIOBOM TMOATOTOBKM B TeYEHME OIpe-
JIeJIEHHOTO Meproaa BpeMeHU, HalpuMep, B TeUeHUe
roaa. [lepuoau3aiius HampaBieHa Ha U3BMEHEHUE Tpe-
HUPOBOYHOIO CTUMYJa, YTOObI HE JNOMYCTUTH Tepe-
TPEHHUPOBAaHHOCTH CITOPTCMEHA.

CormacHo ®nexyn Kpemepy, epronmn3aiys B Kax-
JIOM TPEHUPOBOYHOM IIMKJIE BKJIIOUAET YeThipe (ha3bl.
[TepBas daza xapakrepusyercs: 60IbIIUM 00BEMOM (T10-
BTOPEHUi ¥ LIUKJIOB) U HEBBICOKOWH MHTEHCUBHOCTBIO.
B Teuenue nocaenyroimx Tpex da3 o0beM coKpaliaeT-
csl, a MHTEHCUBHOCTb yBeauuuBaeTcs. Kak mpasuio,
nocne yeThbipex a3 clemyeT Mepuoj akKTUBHOTO BOC-
CTaHOBJIEHUSI, BKJIIOUAIOLIUiA JIETKME CHUTOBbIE TPEHU-
POBKH, OO KaKoi-To Apyroit BuA AesiTebHOCTH. Llennb
TTeproIa aKTHBHOTO BOCCTAHOBJIEHNSI — IaTh BO3MOX-
HOCTb CITOPTCMEHY MOJTHOCTbIO BOCCTAHOBUTBCS TMOCIE
TPEHUPOBOYHOTO 1MKJIA KaK (DU3MUECKU, TaK U TICU-
xudeckd. [locnme 3aBepIieHMs meproma aKTHBHOTO OT-
JIbIXa BeCh LIMKJI MEPUOAN3ALIMM TTOBTOPSIETCS.

[TponomkuTe bHOCTh LIMKIOB MEPUOAN3ALIUA MO-
KeT KoJjiedaThCsl OT OAHOTO A0 JABYX-TPEX B Te€UeHUE
roga. Tabia. 4.2 wuIlOCTpUpYeT MporpaMMmy Mepuo-
auzanru. KoauuecTBO MOBTOPEHUI M LMKJIOB MO-
KT M3MEHSATHCA B 3aBHCHMOCTH OT TIOTpeOHOCTEM
BUIOB criopTa. [NaBHas mues TMepHOIU3alMd — TI0-
CTETICHHOEe YMEHBIIeHNEe 00beMa MpHU OJHOBPEMEH-
HOM TIOCTENEHHOM YBEJIWYEHUM WMHTEHCUBHOCTH.
Kaxnas u3 uyeTblpex (a3 HampaBieHa Ha pa3BUTHE
Pa3IMYHBIX KOMITOHEHTOB MEBIIIEYHOM HATPEHHPO-
BaHHOCTH: ‘

* (aza I — runeprpoduu (pa3mMepoB) MBIIIIIL;

* ¢aza II — cunsr;

.+ ¢aza III — momrHOCTH;

* ¢aza [V — mMakcuMaibHOM CHITBI.

BUJIbI CUJIOBOM MOJArOTOBKU

3a MHOTrWe TOABl HAa CMEHY OIHUM IIOIMYJISIPHBIM
BUJIAM CHJIOBOI TIOATOTOBKY MPUXOIVIN Ipyrue. Pac-
CMOTPUM HEKOTOpPHIE U3 HUX.

TpeHupoBKa, BBINOJIHSAEMAS
B CTATHYECKOM pexKnMe

CuioBBle TPEHMPOBOYHEIE HATPY3KH, BBHIIIOIHS-
€MBI€ B CTATUYECKOM PeXUME, MOSIBWINCH B Hadaie
XX CT., 0IHAKO MOMYJISIPHOCTH 3aBOEBAIM TOJBKO B
cepenuHe 50-X romoB Oiaromapsi Cepuy MCCIIeI0Ba-
HUI, IPOBEIEHHBIX HEMELIKMMU YIeHBIMU. Pe3yib-
TaThl 3TUX MCCIENOBaHUI ITOKAa3ajM, YTO CHIIOBAs
TPEHUPOBKA, BHIMOJHSIEMAas B CTAaTUIECKOM PEXU-
Me, IPUBOAUT K 3HAYUTEILHOMY IIPUPOCTY CHIIBI U
ee 3G (PEKTUBHOCTL HAMHOTO IPEBHIIIAET TAKOBYIO
TPEHUPOBOUYHEIX HATPY30K, BHIMTOJTHSIEMBIX B IMHA-
MMYECKOM pexxuMe. B mociaenyomux uccieoBaHusIxX
He yIaJI0Ch ITOJIYYUTh TAKKE Xe pe3yIbTaThl, TEM HE
MeHee TPEHMPOBKA B CTATUYECKOM PEXMME OCTaeT-



¢S BaxXHOH (popMoii MOroToBKH, 0COOEHHO OHA 3(-
(ekTUBHA TIpM TPOBEACHUU IOCHEOTEePALUOHHOM
peabuIUTalMU, KOTJa UMMOOUIN30BaHHAS KOHEY-
HOCTb HE MOXET paboTaTh B IMHAMUYECKOM PEXKU-
Me. CtaTiaecKuii peXkKuM pabOTHI CITIOCOOCTBYET ITPO-
LIeCCY BOCCTAHOBIICHUS, CHUXKAET CTETICHb MBIIIIEY-
HOI aTpoduy U TIOTEPb CHIIHL.

ILmomeTpuka

OTHOCHUTENbHO HOBBIM BHI CHJIOBOI TPEHUPOB-
KU, BBITIOJHSAEMOM B IMHAMUYECKOM PEXUMe, — ILIU -
OMETpHKA — CTal MOMYISIPHBIM B cepeauHe 70-x —
Havaye 8§0-rofoBajs yaydineHus npoirydectu. Ipen-
JIOXEHHasI B KaueCTBe CBOEOOPA3HOIO IPOMEXYTOU-
HOTO 3B€HA MEXIY CKOPOCTHOM M CWJIOBOM TPEHM-
pPOBKaMM IIMOMETPHKA OCHOBaHA Ha peciekce pac-
TSKEHUST MBIIIL, OOECIEeYMBAIONIEM PEKPYMTHPO-
BaHME TOTIOJHUTEIBHOIO KOJIMYECTBA IBUTATEIbHBIX
enuHul. Hampumep, i yBeauvyeHUs CUIOBBIX Ka-
YECTB MBIIII[-pa3rudaTenieii KOJIEHHOIO CycTaBa
CIIOPTCMEH BBITNOJHSET MPBIXKOK C SIIMKa BBHICOTOM
18 mroiiMOB Ha 3eMJTI0, TPU3EMIISIETCS, CJIeTKa Co-
THYB HOTM B KOJICHHOM CyCTaBe, M 3aTeM "OTCKaKU-
BaeT" BBEpX, BCIEACTBME MOIIHOTO COKpalleHUs
MBIIIIII-pa3rudareneii KoJeHHOro cycraBa (puc. 4.15).
Bo3moxeH psin pa3IMYHBIX BapMAHTOB BBIOJTHEHUS
TAaKOTo IpPbIKKA, HAIIPpUMEp, MPBDKOK Ha SIIUK U C
SIIITMKA, TIPBIKOK C OTSATOIIEHUSIMM U T.I1.

[IpoBens meTanbHBIM aHAMM3 JUTEPATYpPhI, ITOCBSI-
IEeHHOHM TIMoMeTpuke, bobbepT mpuiea K 3aKio-
YEHUIO, YTO 3TOT BMI CUJIOBOI TPEHUPOBKU HE IIpe-
BOCXOIUT 0oJjiee TPamUIIMOHHBIE METONbI CHJIOBBIX
TPEHUPOBOK [6].

TpeHHpoBKAa B 3KCIIEHTPHIECKOM
pexunmMe

Hpyroi1 BUI CMIIOBOI TPEHUPOBKH, BHITIONHSIEMOM
B IMHAMUYECKOM pEXMMeE, IpearosaracT akieHTH-
poBaHME BHMUMAHUS Ha BKCLIEHTPUUYECKYIO ha3y.
B aKkcreHTpUYecKOM peXuMe CIOCOOHOCTb MBIIII]
npeonojieBath conpotuieHre Ha 30 % BhIlIe, YeM B
KOHIIEHTPMYECKOM. TeOopeTHMYecKr BO3MEHCTBUE 3TOrO
0oJiee BBICOKOTO CTHMYJIa Ha MBIIIIY JOKHO TpH-
BECTU K OOJIbIIIEMY IIPUPOCTY CHUJIBI.

Bmecte ¢ TeM mpoBemeHHBIE IO HACTOSIIETO Bpe-
MEHU MCCIENOBAHUS HE YOeXAaloT, YTO 3KCLEHTPU-

YeCKMI pexXUM 3aHATHI Oonee >(PQPeKTHBEH, YeM
KOHIEHTPUYCCKUI MK cTaTUUeCKni [5, 11]. Pe3ynb-
TaThl HEJAaBHUX UCCIIeIOBAHUI, OMHAKO, TTOKA3aJIH 1ie-
JIeco00pa3HOCTb COYETAHUST SKCLUEHTPUUECKON (Dasbl
pexxnMa paboThl ¢ KOHIEHTPUIECKOM 1 obecrieye-
HUST MAKCUMAJTbHOTO TTPUPOCTA CUITHL M 00beMa MBITIIL]
[8, 22]. ’

YipaxHeHHs ¢ OTATOIWEHUAMU

B mocnenHee BpeMst MHOTHE CIIOPTCMEHBI BO3Bpa-
IAI0TCA K MCIOIb30BAaHUIO YIIPaXXHEHUHN ¢ pa3iny-
HBIMH OTSITOIIEHUSIMA BMECTO TPEHAXEPOB, 3aIoji-
HUBIINX PBIHOK B Tocaenaue 25 net. I[lo MHeHMIO
CMOPTCMEHOB MU MHOTHX TPEHEPOB, UCIOJb30BaHUE
oTdrouieHui 6onee 3(pGeKTUBHO, YeM MCITOIb30Ba-
HHe TpeHaxepoB. [Ipy UCIOTB30BAHUN OTATOLICHUI
CIIOPTCMEH JTOJDKEH KOHTPOJIMPOBATh IMOIHUMAEMYIO
MAacCy, PeKPYMTHUPYS MPU 3TOM OOJIbLIEE KOJTUYECTBO
JIBUTATEIbHBIX €IMHUII HE TOJbKO TPEHUPYEMBIX, HO
M IPYruX MBI, YTOOBI yAep:KaTh paBHOBecue. Tpe-
HHMPOBKA C OTSTOILECHUSMHU B GOJIbIIEH Mepe OTBeva-
€T IPUHLMITY CIIeU(DUIHOCTU, B YACTHOCTH, 3TO OT-
HocuTcs K (yroony.

Hcnosb30Banne 3JI€KTPOCTHMYJISIAN

MBIy MOXHO CTUMYJIMPOBaTh, MPOIYCTUB Ye-
pe3 Hee WJIW ee JIBUTATeIbHBIN HEPB 3JIEKTPUUCCKUIA
TOK. DTOT MeToH (3JIEKTPOCTUMYJISILIMS) BechMa 3(-
(bekTHBEH TSI TPEAOTBpAILCHUST 3HAUUTETBHOTO CHU-
KEHUST YPOBHS CHUIIOBBIX KayeCcTB M pa3Mepa MBIIIII
Mpy MMMOOMIM3AIMM KOHEYHOCTEH, a TaKXke BOC-
CTAHOBIICHUSI CHUJIOBBIX CIIOCOOHOCTE B IEpUON
peabunuTany. OH TakKe MCIONb3YeTCs B Mpolecce
MOATOTOBKY (DU3NYECKU 3JO0POBHIX MCITBITYEMBIX
(BKJIIOYAsT CIIOPTCMEHOB), TOCKOJIBKY CIIOCOOCTBYET
Pa3BUTHUIO MBIIIEYHOM CHJIbl. OIHAKO MPUPOCT CUIIBI,
KOTOPBIN JaeT METOH 3IEKTPOCTUMYIALMM, He Ha-
MHOTO TIPEBBIIIAET TOT, KOTOPBIA MMEET MECTO MpU
WCTIOB30BaHNY TPaIUIIMOHHBIX MeTomoB. CropTcMe-
HBI UCTIOJIB3YIOT 3TOT METOJ B KAUeCTBE JOIMOJIHEHUS
K OOBIYHBIM MPOrpaMMaM CUJIOBOI IOATOTOBKU, OfI-
HAKO, KaK TOKa3bIBAIOT PE3YNbTAaThl MCCIIEIOBAHUM,
Takas MpakTUKa He JaeT OLIYTUMBIX pe3yIbTaToB C
TOUKU 3pEHUS JOTOJIHUTEIBHOTO YBEIUUECHHS YPOB-
HEll CHJIbI, MOIIHOCTY WM TOBHIIIEHUS CIOPTUBHBIX
pe3yJIbTaToB.

Tlepemennas @aza 1 ®asza 1T ®@a3za 111 @aza IV A }
Tab6nuua 4.2 P T'uneprpodus Cuna MoumocTs | MakcumaibHas CHIA THBHBIH OTABIX
Iepuomuzamms
TPEHUPOBKH
penup a Lmkotbr 3-5 3-5 3-5 3-5 OOCiast TBUTATENbHAS
B BHAAX
criopra IMoBTopeHus 8§ —20 2-6 2-3 1 -3 aKTMBHOCTb WJIM JIETKHE
Tpe6y10um;: HWHTeHCHBHOCTD Huzkas Bricokasg Bricokag  OueHb BBICOKAs  cuioBble TPEHUPOBKH
NpPOSBJICHUS CHIbI IMponomkurens- 6 6 6 6 2
M MOUTHOCTH, HOCTb, Hellelb
C HCNOJIb30BAHHEM ®rox 1 Kpewep (1987).
JIBYX IMKJIOB B IO/
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CHEUMPUYHOCTb CIIOPTUBHOM
TPEHUPOBKH

Kak yxe ormeuanoch B rmmaBe 1, apheKTUBHOCTD
CIMOPTUBHOM TPEHUPOBKM BO MHOTOM 3aBUCHUT OT €€
crieluuYHOCTU. ber Ha JUIMHHbBIE TUCTAHLIMKU BPSI
JIM yAYYIIUT CUJIOBBIE KauecTBa TsKeaoatTieTa, a CH-
JIOBbIE TPEHUPOBKM CO 3HAYMTELHON BEJMYMHON CO-
MPOTUBJIEHUS HE MPUBEAYT K YIYUIlIeHUIO pe3yibTa-
Ta B Oere Ha JUIMHHYIO AucTaHuuioo. [losatomy mpu
IUTAHUPOBAHUU TIPOTPAMMBI CUJIOBOM MOATOTOBKU,
HaIpaBJieHHON Ha Pa3BUTUE CUJIbI U MOIIHOCTH, Clie-
JIyeT TIIATeJIbHO YYUTHIBATH MOTPEOHOCTU HAHHOTO
BUA CIIOPTA.

[IpupocT cuibl BCleACTBUE CUIOBON TMOATOTOB-
KM BO MHOTOM OOYCJIOBJIEH CKOPOCTbIO BBITIOTHE-
HUS yripaxHeHuil. Eciu cnopTcMeH BBIMOJHSIET pa-
00Ty ¢ BBICOKOW CKOPOCThbIO, MAKCUMAbHBIN MpU-
poCT cuibl HabJOAaeTcss NpPU TMPOBEACHUU
TECTUPOBAHUS TaKXKe C BBICOKON CKOPOCThlo. MIMeH-
HO MO3TOMY OOJIBIIMHCTBY CIIOPTCMEHOB HEOOXO-
JIUMO XOT$I Obl YaCTh TPEHUPOBOYHOTO 3aHSTHUS MPO-
BOIUTb C BBICOKON CKOPOCTbIO, MOCKOJBKY 3TO —
CYIIHOCTb OOJIBIIMHCTBA IBUXEHUI B criopTe. [1pu-
pPOCT CWJIBI BO MHOTOM OOYCJIOBJIEH TaKXe CTPYKTY-
pOii BBITIOTHEHUST ABUXKEHUIA, T.€. YeM OJIMKE CTPYK-
Typa JABWXEHUN K COPEBHOBATENbHOU, TeM 3ddek-
TUBHEE TPEHUPOBOUYHOE 3aHSTHUE.

CuioBasi TIOATOTOBKA JIOJKHA OTBEYATH MPHH-
muny cnemupuyHocTH. XOoTd Obl YacTh Tpe-
HUPOBOYHOTO 3aHATHS I0JKHA BKJIIOYATH BbI-
NOJHEHHE IBIKEHHi, MAKCHMAJILHO IPHOJIH-
KEHHbIX K COPEBHOBATE/IbHbIM, BKJIIOYAS X
CTPYKTYPY H CKOPOCTb

v

B Hacrosiiee BpeMsl He COBCceM SICHO, Kak obec-
MEeYUTh CIEU(PUIHOCTh TPEHUPOBOYHBIX 3aHITUMI
MPOrpaMM CHJIOBOM ITOATOTOBKU IJISI OOeCIedeHUst
MaKCHMAaJBHBIX pe3ybrartoB. [IporpaMMbl CHIOBOM
MOATOTOBKK MOTYT HE YJIy4IlaTh CIIOPTUBHBIE Pe3Yiib-
taThl. KOCTHIIT 0OHAPYXWII 3HAYMTEIBHBIN MPUPOCT
CUJIBI Y TUIOBLIOB BCJIENCTBHME IPOrPAMMBI CHJIOBOM
MOATOTOBKM, OMHAKO CITOPTHBHBIC PE3yNbTaThl MpPU
3TOM He YJIYYIIUINCh B CPABHEHUH C TEMU, UTO HAIOT
OOBIYHBIE TPEHUPOBKY IO TJIaBaHUIO.

B OB3OPE...

1. B cuiioBoit TPeHMPOBKE MOXET MCITOIb30BaTh-
CS1 CTaTUYECKUW MM TUHAMHUYCCKMII peXuM pabo-
Thl. JIMHAMWYECKHUI pEXMM BKIIOYaeT MCITOJIb30Ba-
HHUeE pa3TMIHBIXOTSTONICHUI, TpEHAXepOBIIEpEMEH-
HOTO COIPOTUBJICHMS, W30KUHETUUYSCKUNA PEXKUM
IBUXKECHUH ¥ INTMOMETPUIECKUE YITPAKHEHUS.

2. Tlpexme yeM IJIaHMPOBATh MPOTPAMMY CHIIO-
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Puc. 4.15. ITauomempuueckui npoiyicok: cnopmemen
npvleaem 6HU3 ¢ AWUKA, U CPA3y dce "omcKaxKueaem
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BOIl IIOATOTOBKH, CJIEAyeT IIPOBECTH aHAJIM3 TPEHU-
POBOYHBIX TOTPEOHOCTEH, YTOOBI OIpeneIuTh, Ha
KaKMX acleKTaX aKLeHTHPOBaTb BHMMAaHMUE.

3. TpeHHUpPOBOYHBIE 3aHSTHUSI CO 3HAUMTEIbHBIM
YPOBHEM COIPOTUBJICHUSI U HEOOJIBbIIUM KOJMYECTBOM
MOBTOPEHUI CIIOCOOCTBYIOT Pa3BUTHUIO CHJIOBBIX Ka-
YecTB, TPEHHUPOBOYHBIC 3aHATHS C HEOOJBIIMM CO-
MPOTUBJICHUEM U OOJIBbIIMM YKCIOM ITOBTOPCHUN —
YBEJIMYEHUIO MBIIIEYHO! BBIHOCIMBOCTH.

4. Ilepuomuzauus, obecnedyuBalollnas U3MeHe-
HHME pa3JIMYHBIX acCleKTOB TPEHUPOBOYHON IIpo-
rpaMMbl, MIPaeT BaXHYIO pojb B MpoduUIaKTHUKE
MepeTPeHUPOBAHHOCTU CIIOPTCMEeHOB. Ee 1ienb, Kak
MpaBUjI0, — IMOCTEIEHHOEe CHMXEHME 00beMa Ipu
MOCTETICHHOM YBEJIMYEHUU MHTCHCUBHOCTH. OOBIU-
HBII IMKJ BKJIIOYaeT 4eThipe (asbl, Kaxnas U3 KO-
TOPBIX HallpaBjieHa Ha COBEPIIEHCTBOBAHHUE OIIpe-
JCJICHHOIO KOMIIOHEHTA MBIIIEYHON HATPEHUPO-
BaHHOCTH.

5. IlpupocT cuibl B 3HAUMTEIbHOI Mepe o0yc-
JIOBJICH CKOPOCTbIO BBHINOJTHEHUS ABUXKECHUNM U UX
CTpYKTYypoit. JIJIsl JOCTUXKEHUS MaKCUMaJbHBIX pe-
3yJIbTATOB MpOrpaMmMa MOArOTOBKY JOKHA BKIIOYATh
BUIIBI AESITEIbHOCTU, MAKCUMAJIbHO MPUOJMXKEHHbBIE
K COpPEBHOBATEJIbHBIM.

AHAJIN3 3HAYEHUS
CIJIOBOM IMOJATIrOTOBKA

BLITYCT MHCHUE, YTO CUJI0OBasd IMIOATOTOBKA — YIS
TOJIbKO MOJIOABIX, (I)I/ISI/I‘{CCKI/I 30POBLIX MYXYUH.
HMmMeHHO IIO3TOMY MHOTHE JIIOOU, IIJIAHUPYAI c00-
CTBCHHBLIC IIPpOrpaMMbl (I)I/ISI/I‘{eCKI/IX 33H$ITI/II7[, HE
BKJIIOYAJU B HUX JIEMEHTbI CUJIOBOM MOATOTOBKHU.
Huxxe ™Mbl KpaTKO pacCMOTPUM 3HAUCHUEC CUJIOBOM



MOArOTOBKHM IJI BCEX CIIOPTCMEHOB, HE3aBUCHUMO OT
I1oJjia, Bo3pacta 1 Buaa CIiopTra.

BO3PACTHBIE M ITOJIOBBIE
PA3IINYNA

B mocneaHue rombl CHeUMaTMCThl 3aMHTEPECOBA-
JINCh BO3MOXHOCTBIO TPEHUPYEMOCTHU XEHILMH, Je-
Teil ¥ MOXWIbIX Jiofeil. Kak yxe yka3blBaJoch B Ha-
yajie 3TOU IJIaBbl, XEHIIUHbI CTAJIM 3aHUMAThCS CU-
JIOBOW TIOATOTOBKOI coBceM HemaBHO. B Hayaie 70-x
roJ0B ObIJIO YCTAHOBJIEHO, YTO MYXYMHBI U XEHIIM-
HbI 00J1a7al0T OAMHAKOBBIMU CIIOCOOHOCTSIMM Pa3BU-
BaTb CUJIOBbIE KaueCTBa, TOJbKO XEHIIMHBI HE MOTYT
JIOCTUTaTh TAKUX X€& MaKCHMaJIbHbBIX MTOKa3aTeNed, Kak
MYXUMHBI. B OCHOBHOM 3TO OOYCJIOBJIEHO pPa3IUUMsI-
MU B pasMepax MBIIIL BCAEACTBUE TOJOBBIX Pas/iu-
Yyuii B COMEPXaHWU aHAOOJMYECKUX TOPMOHOB. Me-
TOMbI CUJIOBOM MOATOTOBKHU, pa3paboTaHHbIE ST MyX-
YUH, MO-BUAUMOMY, MOTYT OBITb C YCIIEXOM KCIOJb30-
BaHbl U XeHIIMHaMU. bosee moapoOHO 3To paccmar-
puBaeTcs B ImaBe 19.

Llenecoobpa3HOCTh CUJIOBOM TIOATOTOBKM JAeTEi
1 TIOAIPOCTKOB 00CYyXIanach JIUTeIbHOe BpeMsi. bosb-
LIYI0 TPEBOTY BbI3bIBaJla BO3MOXHOCTh TPaBMUPOBa-
HUSI JeTeil TMPU MCIOJb30BAaHUU Pa3IUUYHBIX OTATO-
eHuit. MHOrMe Takke CYMTaNM, YTO CUJIoBas MOJ-
rOTOBKA HWYEro He JacT AETSIM, OCHOBBIBAsICh Ha
MPEANOIOXEHUM, YTO MPUPOCT CUJBI U MBIIIEUHOMN
Macchl TECHO CBSI3aH C TOPMOHAJbHBIMU U3MEHEHU-
SIMUM B TIepUO/I, ITOJIOBOTO co3peBaHus. B HacTosiee
BpeMsl Mbl 3HaeM, YTO JETU U MOJAPOCTKU MOTYT YC-
MEIHO TPEHUPOBAThCSl ¢ MUHUMAIBbHBIM PUCKOM TO-
JIY4eHUS] TpaBMbl TIPU CTPOTOM COOJIIOICHUM HeoO-
XOIUMBIX MEp MPEAOCTOPOXXKHOCTU. bojee Toro, oHn
JeWCTBUTEILHO MOTYT YBEJIMUYUTH MBILICUHYIO CUITY
u Mmacey (em. 1. 17).

B nocnenHee BpeMsi MHTEpEC YYEHBIX MPUBJIEKIIO
M3yyeHUEe BO3MOXHOCTH HCIIOJb30BaHUSI CHUJIOBOI
MOATOTOBKMU JJISl JItoAel Mmoxujaoro Bospacta. Ilpo-
LIECC CTapeHHUsl COTMPOBOXIAETCS 3HAUYUTEIbHBIM
YMEHBIIEHUEM YUCTOM Macchl Teja, 4TO TJIaBHBIM
00pa3oM OTpaxaeT CHUXXEHME MBIIIEYHO! Macchl,
00YCJIOBJIEHHOE B OCHOBHOM MeHee aKTMBHBIM 00-
pPa3oM XW3HU MOXWIbIX Jtoaei. Ecau mblina pery-
JIIPHO He TofBepraercsl (pM3MYECKMM Harpyskam, OHa
yTpauuBaeT CBOM (PYHKLMHU, B 3HAYUTEIbHOW Mepe
arpoupyercss U TepsieT CUy.

MoxeT 1 cuioBasi MOATOTOBKA OOPaTUTh BCIISATh
atu mpotiecchi? Kak Mmoka3blBalOT pe3ysibTaThl UCCHe-
JIOBaHUii, BCIENCTBUE TPEHUPOBOYHBIX 3aHATHIA y TO-
SKUJIBIX JIIOJIe TIOBBILIAIOTCS CUJIOBBIE KAuecTBa U yBe-
JINYUBAETCS MbIILIEYHAsl Macca. DTO OUeHb BAXXHO KaK
JUISE COXpaHEHMsSI 3[0POBbs, TaK U AJS YIydlleHUs
KayecTBa XM3HU MOXWIbIX Jofei (M. . 18). Tlpu
COXpaHEHUU WU yBEJUYEHUU CHUIJIOBBIX KauyecTB
YMEHbIIAeTCsl BEPOSITHOCTD MajJeHUI, a, KaK U3BeCT-
HO, MaJeHUs] — OJUH U3 OCHOBHBIX (haKTOPOB TpaB-
MUPOBaHUS Y MOXWUIIBIX JIIO[EH, OUeHb 4acTO TIPUBO-
JSIIIUX K CMEPTH.
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CUIOBAA TIOATOTOBKA
CIIOPTCMEHOB

VYBennueHue CUJIbl, MOIHOCTU WJIM MBIIIEYHON
BBIHOCJIMBOCTH TOJIBKO JJISI TOTO, YTOOBI CTaTh CWJIb-
HEe, MOIIHEE WJIX MOBBICUTh MBIIIEYHYIO BIHOCIIH-
BOCTb HE TIPECTABISIET 0COOOTO0 MHTEpeca JAJIsl CIOpT-
CMEHOB, €CJIM TOJIbKO 3TO HE MPUBOAMT K yIydllle-
HUIO UX CTIOPTUBHBIX pe3yabTaToB. LlenecoodpazHocTh
CUJIOBO TIOJTOTOBKM TSIKENIOATIETOB HE BBI3bIBACT
COMHEHUIi. MeHee 04eBUIHO €€ UCITOIb30BAHKUE THM-
HacTaMu, OeryHaMu Ha IJIMHHbIE TUCTaHIUU, Oeiic-
0OoMcTaMu, TPBITYHAMU B BBICOTY WJIM apTUCTAMU
Oanera.

K coxaneHuto, Mbl He MOXeM MpeNCTaBUTh Ha-
YUYHBIE TOKA3aTEIbCTBA OarONpUsITHOTO BO3AEUCTBUS
CUJIOBOM TIOATOTOBKM Ha CIMOPTCMEHOB BCEX BUIOB
cropta. OfHAaKO HECOMHEHHO, 4YTO ISl AOCTVKEHHUS
ONTUMAJIBHBIX PE3YJIBTATOB B JIIOOOM BUJE CIOpPTa He-
00XOMUM ONpeNeNeHHbIA HaYaJlbHbI YPOBEHb CHJIO-
BOIl TTOJIT'OTOBKMU.

TpeHnpoBOYHBI Mpoliecc TpeOyeT OOMBIINX 3aT-
pat BpEMEHU, IMO3TOMY CIOPTCMEHBI HE MOTYT MO-
3BOJIUTh Ce0€ 3aHUMAaThCsl TeMU BUIAMU (u3MYec-
KO JIesITeNbHOCTHA, KOTOPbIE HE CITIOCOOCTBYIOT YIyU-
LIEHUIO UX CIIOPTUBHBIX pe3yabTaToB. [loatomy eciu
BBl KCIIOJIb3YEeTE MPOTPaMMy CUJIOBON TOATOTOBKH,
HE00X0UMO OLIEHUBAaTh e¢ 3 HEeKTUBHOCTh. Bpsia n
CTOUT TPEHUPOBATHCS TOJIBKO JJISI TOTO, YTOOBI CTaTh
CUJTbHEE.

B OB3OPE...

1. CujioBas MoAroToBKa MPUHOCUT TOJIb3Y MpaK-
TUYECKMA BCEM 3aHMMAIOIIMMCS, HE3aBUCHMO OT TOJIa,
BO3pacTa WM BUJA CIIOPTA.

2. Tlpu mpaBWUILHOM TMJIAHUPOBAHMU TPOTPAMMBI
CUJIOBOM TIONTOTOBKM OHA OJIarONmpUsATHO NeWCTBYeT
Ha CIOPTCMEHOB MPaKTUYECKU BCEX BUAOB CIOPTA.
Bwmecte ¢ TeM 1ieecoobpa3Ho omnpenensTh ee adpdek-
TUBHOCTb U B CJIy4ae HEOOXOIUMOCTU BHOCUTH COOT-
BETCTBYIOIINE W3MEHEHUS.

B ool m1aBe Mbl IETalbHO PACCMOTpPENU 3Haue-
HUE CWJIOBOM IMOATOTOBKM UISl PA3BUTHUSI CUJIOBBIX Ka-
YeCTB M YJIYYIIEHUSI CIOPTUBHBIX PE3YJbTaToOB. BhI-
SICHUJIM, KaK BO3pacTacT CuJja BCJAEACTBUE afanTalu-
OHHBIX PEaKIMiA MBILIEYHON U HEPBHOM CUCTEM, KAaKWe
(akTopbl 00yCI0BIMBAIOT BOSHUKHOBEHUE 00JIE3HEH-
HBIX OINYLIEHWI B 00JaCTU MBILIL, KaK CILIAHUPO-
BaTh MPOTrpaMMy CHJIOBOM MOJATOTOBKM C YYETOM MH-
JUBUAYATbHBIX MOTPEOHOCTEH KaxXXAOro CIIOPTCMEHA.
B caenyronieii riaBe Mbl pacCCMOTPUM MPOLIECCHI SHEP-
roodecrneyeHusI MbIIIEYHO I eI TEIbHOCTH.



Iraea 5

Ocnosenvle IJHepeemuvecKue
cucmemol

Bcem pacTteHMsIM ¥ XKMBOTHBIM TpeOyeTcs dHep-
rusi. YenoBek MoJydyaeT SHEPIUI0 M3 IHUIIU, KOTO-
pyio notpebisier. HezaBucumMo OT TOro, eauM i Mbl
caMble CBeXue (PYKThI M OBOIIM WM YIUIETaeM Kap-
Tobenb mo-paHIy3cku M OudiTeKe Mo-ramoOypre-
KM, KaXIblii KycOUeK IMUIIM 00eCIIeurBaeT Halll Opra-
HHU3M HEOOXOIMMOM 3HEpTHEH.

be3 paccmoTpeHuUsT HEKOTOPHIX OCHOBHBIX ITOHSI-
TUW SHEPIUM HENb3S TMOHATH CYTh (DU3MOJOTMHU MBI-
IIEYHON AEATeNIbHOCTU. B mMpembimynmx riaBax Mbl
Y3HQJIM, 4YTO 3a JIBIKEHWE HYXHO 'TIIaTUThL'. MBI
"miatuM” AT® — bopMoii XMMHUYECKOIl 3HEPTUU,
comepalleiicss B KIeTKax Haiero opranusma. AT®
oOpasyercs B pe3yJbTaTe IpPOIECCOB, MMEIOIINX CO-
OupaTtenbHOE HazBaHUE — MeTabomm3M. MeHHO Me-
TabOJMM3M — TJIaBHAsl 1IeJb M3yYeHUs B ITOM IJIaBe.
Mpbl paccMOTpUM OMOXMMUYECKHME TIPOLIECCHI, KOTO-
pble TO3BOJSIT HaM BBISICHUTbH, KaK HAIlXd MBIIIIIBI
WCITOJIB3YIOT MUY JJIsI 00pa30BaHUsI SHEPTUH, HEO00-
XOIMMOMN ISl BHITIOJHEHMS ABMXKEHMI. 3aTeM 00cy-
IIMM, KaK U3y9eHre 00pa3oBaHMsI 1 MOTPEOIEHS SHEp-
MM TIOMOTaeT pa3o0paThcs BO BIMSHUM CPOYHBIX U
JOJITOBPEMEHHBIX (DPM3MYECKMX HArpy30K Ha MBIIIEY-
HYIO IeSITEIbHOCTD 1 (PU3NIECKYIO ITOATOTOBIEHHOCTb.

B 1978 1. Tom Ocnep, BceMMpPHO M3BECTHBIN Oe-
I'YH Ha MapadoHCKUe U cBepxMapaOHCKME AMCTaH-
uuu, npumen B Jlaboparopuio 1o McCCIeI0BaHMIO
MBIIIIEYHON AEATENbHOCTU 4YesIoBeKa (YHUBEPCUTET
Bonn), 4ToOBI MOIBEPTHYTHCS HCCICAOBAHUSIM BO
BpeMsI €r0 IONBITOK HENPEephIBHO OeXaTb W WITU B
teueHne 72 4. IIpoBeneHHBIC M3MEpPEHUS ITOKA3ajH,
YTO B TIE€PBBIC YaChl BBIMOJHEHUS PaOOTHI MBIIIIIIBI
CIIOPTCMEHA B KAUYeCTBE MCTOYHMKA SHEPTUM UCITOJIb-
30BaJIM1 B OCHOBHOM YIJIEBOABI. 3aTeM OHM CTalu BCE
0oJIbIlIe ¥ 0OJIbIIIE MCIIOAb30BaTh XKUpPHl. HakoHell, B
rnocienHue 24 9 uccieaoBaHMs TIOYTH BCIO SHEPTUIO
JUTSI MBIILIEYHOM IESTEIbHOCTU 00ECTIeYMBaJIM KU PHI,
HECMOTpSI Ha TO, YTO CIIOPTCMEH IIOCTOSIHHO IIWJI
MOJIOKO C CaxapoM M eJl Mpa3gHUYHBIN IUpor, pas-
Mepbl Kotoporo Obn 18x21 mioitM. Hecmotpst Ha
TO, 4TO B IepBhIe 24 4 Tom moTpedmI muILy, SHepre-
THYECKas IIEHHOCTh KoTopoit mpeBeicria 9 000 kxar,
OH BBIHYXJEH OBbLI NMPEKPaTUTh CBOIO IOIMBITKY Ha
70-m yacy, npobexan 200 MUITb, B COCTOSHUN M3HE-
MOXEHHUS ¥ MCTOILEHUS 3aI1acOB SHEPTHUMU.

85

MHorne cioBapu OIpEeAessIoT TOHSTHE SHep-
rusg" KakK CIIOCOOHOCTH BBITIOJHSTH pabOTy, OTHAKO
Takoe oIpeaeeHre He JaeT MH(POpMalud 0 MHOTHUX
OmosornyecKux (PyHKIMSX, 3aBUCSAIIMX OT 00pa3o-
BaHUSI U OCBOOOXICHUS SHEPIUU.

CylIecTBYIOT pa3inyHbie (GOPMBI SHEPTUU:

* XMMHUYECKasl;

* BJIEKTpUUECKas;

* 3JIEKTPOMArHMUTHas;

* TETUIOBAS;

* MeXaHU4YecKasl,

* guepHas.

CoracHO 3aKOHaM TepMOAMHAMMKHM, Bce (op-
MBI SHEPTUU B3aMMO3aMeHsIeMbl. XMMUYeCKas HEP-
TS, HAaIpUMeEpP, MOXET ObITh MCITOIb30BaHAa AJis 00-
pa3oBaHUs 3JIEKTPUUECKOI dHepruu B GaTapee, Ko-
Topast 3aTeM MOXET MCII0Jb30BaThCS JJISI BHITIOJIHE-
HMSI MEXaHMUYECKO paboThI ImyTeM o0ecIeYeHusI M-
TaHUEM 3JICKTPOABUTATENSA. DHEPTUS HE MOXET ObITh
HM co3[JaHa, HM YHUYTOXeHa. OHa IepexomuT u3
0IHOI (OpPMBI B IPYTYIO U B KOHEYHOM MUTOTeE Ipe-
Bpaiaercd B Temiao. IlpumepHo 60— 70 % Bceit
SHEPTUU B OpraHM3Me 4YelloBeKa MpeBpallaercs B
Terjo. Kak Xe MCIIONb3yeT HAlll OPraHu3M 3Hep-
IMi0, MPEXAe YeM OHa JOCTUTaeT CBOEH MOCIeAHe
das3er TpeBpaIeHns?

DHEPTUA 1JIA KJIETOYHO
JEATEJIBHOCTH

McTouHMKOM BCeX BUIOB SHEPTHM SIBISICTCST SHEP-
rust ConHua. XMMUYECKUE pPeakluu, TPOUCXOISIINe
B pacTeHMsIX ((POTOCHMHTE3), TpeBpaIaloT SHEPIHUIO
CosHIa BXUMUYECKYIO SHEPTUIO. YTIOTPeOIss B MUY
OBOIIM U (PYKTHI, a TaKXKe MSICO XMBOTHBIX, KOTO-
phle TTUTAIOTCS PACTEHUSIMU, MBI TIOJTy4aeM SHEPTHUIO.
DHeprusi COOePXUTCS B MUIIEBHIX MMPOAYKTAX B BUIE
VIJIEBOMOB, XKUPOB U OENIKOB. DTH OCHOBHBIE KOMITO-
HEHTHI TTUIIEBBIX TPOIYKTOB PAaCLICTISIOTCS B KJIET-
Kax Hallero opraHu3ma, 0CBOOOXIast SHEPrUio.

[MockonbKy 3HEPTHSI MOCTETIEHHO TpeBpalaeTcs
B TEIUIO, €€ KOJIMYECTBO, BRICBOOOXIaeMOE B PE3yJib-
Tare OMOJIOTMYECKMX PEaKLuil, onpeaesercs Mo Ko-
JINYECTBY 00pa3oBaHHOrO Teruia. B Omonormyeckumx



cHUcTeMax 3HEprus M3MepseTcs] B KUJIOKAJIOPUSIX
(kxai). CornmacHo ompemelieHn0, 1 KKaj paBHa KO-
JIMYECTBY TETUIOBOY 9HEPT MU, HEOOXOAUMOI JJTS TO-
BeIIeHUs TemmepaTypbl 1 Kr Boasl ¢ 1 mo 15 °C.
Hampumep, npu cxXUraHUM CITUYKU BBIACIISIETCS TIPU -
MepHo 0,5 KKaj, Torja Kak MpU IMOJHOM CTOpaHUW
1 ryrineBonoB Beiaensiercs 4,0 Kkai.

Hexkoropoe KoaM4ecTBO CBOOOMHOM 3HEPTUU B
KJIETKaX WCTOJb3yeTcsl ISl pa3BUTUS U "peMOHTa"
Halllero opraHu3Ma. Takue TPOLEeCChl, KaK MBI yXe
3HaeM, HampaBJieHbl Ha PA3BUTUE MBIIIEYHON MacChl
MOJI BIMSIHME TPEHUPOBOUYHBIX HATPY30K W BOCCTA-
HOBJIEHWE MBI Toce (GU3MUECKUX HATpy30K WJTH
TpaBM. DHEprusl Takke HEoOXOAMMa ISl aKTMBHOTO
TpaHCIIOPTa MHOXECTBA BEIECTB, TaKWX, KakK TIIIOKO-
3a nu Ca?* yepe3 KJIeTOUHbIE MEeMOpaHbl. AKTUBHBIN
TPAHCIIOPT HeoOXoAuM [Tl (PYHKIIMOHUPOBAHUST KIie-
TOK W TIOAJepXaHUsI ToMeocTasa. OmnpeneneHHoe KO-
JINYECTBO IHEPTUM WCTOJIB3YIOT MUOPUOPUIILL mis
obecrieueHUs] CKOJIbXeHUs] (UITAMEHTOB aKTWHA U
MUO3WMHA, B pe3yJbTaTe KOTOPOTO MPOU3BOMSATCS MbI-
IIeYHOE COKpAIllleHWe M CHUJIa, YTO MBI YXe paccMat-
pUBaju B TJaBe 2.

NCTOYHUKHU SHEPTUN

[TponyKThl MUTaHUS COCTOST, B OCHOBHOM, W3 YI-
Jepona, BOIOpOna, KUCIOPOAA, a MPU HaIWIuuU Oen-
KOB — U3 a30Ta. MOJEeKyIsIpHbIe CBSI3U B MUIIEBBIX
MPOIYKTaX OTHOCUTEIBHO Ciabble, W B CIydyae pac-
LIETUIEHUST OCBOOOXIAETCSI HEOOJNBIIOE KOIMYECTBO
sHepruu. CrenoBaTeNbHO, MPOAYKThl MUTAHUS HeE
WCTIOJIB3YIOTCSI HETIOCPEICTBEHHO JJIST TOTPEOHOCTE
KJIeTKY. DHeprusi MOJEeKYJSIPHBIX CBSI3eil TPOMYKTOB
MUATAHUST XUMUYECKU OCBOOOXIAETCS B KJIETKaX opra-
HM3Ma U XPaHUTCS B BUIE BBICOKOIHEPTETUUYECKOTO
coenuHeHuss — aneHo3uHTpudochara (ATD).

wy  (O6paszoBanue AT® no3Boiger KieTkaMm co-
XpaHATb JHEPTHI0 B 3TOM BBICOKOIHEPIETH-
YeCKOM COeIMHEHNH

B nokoe sHeprus, HeoOXoaAKMMas HallleMy OpraHU3-
My, o0ecreuyrBaeTcsl 3a CUeT pacllerIeHUs] MPaKTHU-
YecKUd OAMHAKOBOTO KOJMYECTBA YIJIEBOAOB U XUPOB.
benxu mpencraBisioT coboil “cTpouTesbHbIE OJOKU"
U O00ObIYHO obecreuynBaloT (YHKUIMOHUPOBAHUE KIle-
TOK HeOOJIBIINM KOJIudecTBOM 3Hepruu. [lpu yBemnu-
YeHMM MBIIIEYHOTO YCHJIMSI B KayecTBe WMCTOYHMKA
SHEpPruu O0JblIe UCTIOIb3YIOTCS yriieBoabl. [Ipu Mak-
CUMaJTbHOM KpaTKOBpeMeHHOU Harpy3ke AT® moutn
HCKJTIOUUTEIbHO 00pa3yeTcs 3a CUeT YIJIEBOIOB.

YrieBoapl

3aBUCUMOCTb MBIIILL OT YIJIEBOIOB BO BpeMsi (hu3m-
YecKoil Harpy3ku CBsI3aHa ¢ MX HaJUYMEM, a Takxke
CTMOCOOHOCTBIO MBIIIEYHON CHUCTEMBI WX PACHIETUISATD.

“@ CozepxaHue yrjieBoIOB B MeYeHH M CKeJIeT-

7 HBIX MBINIIAX OTPAHMYEHO; MX TOCTATOYHO

Juisi oopa3oBanus He Gosiee 2 000 kKay dHep-

M. DTO KOJHYECTBO PACXOAYETCHA HA TO,

yT00BI MpodexkaTh 32 KM (20 Muiib). 3ama-

Cbl KHPOB JOCTATOYHBI i1 0Opa30OBAHHUS
oosiee 70 000 Kkaj SHeprum

YTraeBonbl B KOHEYHOM WTOTE MPEeBPAIIalOTCS B TIIIO-
KO3y — MOHOCaXapW, KOTOPHII TPaHCIIOPTUPYETCS
KPOBBIO KO BCeM TKaHSIM OpraHM3Ma. B cocTossHMM 110-
KOs TIOTJIOIICHHBIE YIJIeBOIBI TOMAagaoT B MBIIIIIBI U
reyeHb, a 3aTeM TpeoOpasyloTcsl B 0oJiee CIOKHYIO MO-
JIEKyJTy caxapa — TJIMKOTeH. [JIMKoreH HaXOaMTCs B 1IU-
TOTUIa3Me JI0 TeX TI0p, MOoKa KIETKU He MCTONb3YIOT ero
s obpazoBanust AT®. [mkoreH, comepKamuiics B
TeYeHn, MOXET CHOBA MPEBPaIIaThesl B TIIOKO3Y, OHA
TPAaHCIIOPTUPYETCS KPOBBIO K aKTUBHBEIM TKAaHSM, TIe
U TIPOMCXOIUT ee MeTaboNM3M (pacllerieHue).

ConepxaHue TIMKOTeHa B TIEYEHU M MEIIIIAX OT-
PaHMYEHO, W €ro 3aIlachl MOTYT UCTOIIHUTHCS, €CIIH B
paloHe MUTAHUS HET JOCTAaTOYHOIO KOJWJYeCTBa
yriaeBonoB. TakuMm o0pa3oMm, BOCIOJTHEHWE 3amaca
VIJICBOIOB BO MHOTOM 3aBUCHT OT IHINEBBIX MCTOY-
HMKOB KpaxMajoB u CaxapoB. be3 nocratoyHoro mo-
TpeOJICHUS YIIEBOAOB MBIIIIEI M TIeYeHb JTUIIAIOTCS
CBOETO0 OCHOBHOTO MCTOYHHMKA SHEPTUU.

Kupbi

Kupbl 1 GeKu TakKe MCIOJb3YIOTCS B KauyecTBe
HWCTOUHUKOB 3HEPruM. B opraHusme comepxXurcs 3Ha-
YUTEJbHO OO0JbIlIe XUPOB, YeM yriaeBoaoB. Kak Bua-
HO U3 Tabia. 5.1, XUpOBOI pe3epB dHEPrMU B opra-
HU3ME 3HAYUTEJIbHO MpEeBBIIIAET YIJIeBOAHBIN. Om-
HaKO XWHpbl MEHee JOCTYMHBI KJIETOYHOMY
MeTaboJIM3My, TTOCKOJIbKY MpPeXkae BCEro A0KHA ObITh
paciierjieHa cioxHasi ¢opMa — TPUIIMUEPUI — Ha
OCHOBHBIE KOMITOHEHTBI: TJUIEPUH U CBOOOIHBIE
KUPHBIC KUCTOTEL. TOJBKO CBOOONHEIE KMPHBIC KHC-
JIOTHI UCTIONIB3YIOTCS 1UTst o6pa3oBaHuss ATO.

Tao6nuuas.l. 3anacel "Tommmsa" u 3Heprum
B OpraHusme

WcTouHuk sHepruu T KKaT

Yrnesoast

[JIMKOTEeH MeYeHU 110 0,451

MBILIEYHBIN TIIMKOTEH 250 1,025

IJIIOKO3a B JKUIKOCTSIX OpraHU3Ma 15 0,062
Bcero 375 1,538
Kupot

MTOJKOXHBII 7,800 70,980

BHYTPUMEIILIEYHBIH 0,161 1,465
Bcero 7,961 72,445

Il puMeYaHHeE Ol.leHKa MpoOM3BEaCHA HA OCHOBAHUU
CpefiHel Macchl Tefia 65 Kr ¢ cofepkaHueM xupa 12 %.




Kak BugHO u3 puc. 5.1, U3 OOHOrO U TOrO Xe
KOJIMYECTBA XHPOB M yIJIEBOAOB 00pasyeTcs abco-
JIIOTHO Pa3HOE€ KOJMYECTBO IHEPTUU: COOTBETCTBEH-
HO 9 u 4 kkanT!. B 1o6om ciydyae MHTEHCUBHOCTh
OCBOOOXIEHUS SHEPTUU U3 ITUX COSNUHEHUN CITUIII -
KOM HeOOoJIbIasi, YTOOBI YIOBIETBOPUTH MOTPEOHOC-
TH OpraHM3Ma B DHEPTrUU BO BpeMs MHTEHCUBHOMU
MBIIIEYHOU NeATETLHOCTH.

Beakn

IIpouecc npeBpalleHUsT OEJIKOB WIK XXKUPOB B IO~
KO3y HasbIBaeTcsl TJloKoHeoreHe3oM. B pesynbTaTe
cepum peakiuii 6eJJ0K MOXET MPeBPaTUTHCS B XXUP-
HbI€ KUCIOThl. DTO — JIMIIOTEHEe3.

benku obecneunsaior 5 — 10 % sHepruu, HeoO-
XOAUMOM 1151 BBIMOJHEHUS] MPOJOJKUTEIBHOTO (Pu-
3U4ecKoro yrnpaxHeHus. [ns obpa3oBaHUSI dHEPrUuU
HUCIIOJB3YIOTCS JIMIIb OCHOBHbIE €IMHMILBI OeaKa —
aMUHOKMCJIOTHI.

MHTEHCHUBHOCTDb BBICBOBOXIEHWA
OHEPTMHUN

YTOoOBI OBITH MOJIE3HOM, SHEPTUS JOJIXKHA BBICBO-
0OXIaThC M3 XUMUUYECKUX COCAMHEHUN C KOHTpPO-
JUPYyeMOil MHTEHCUBHOCTbIO. YaCTMYHO 3Ta MHTEH-
CUBHOCTH OTIpENeNsIeTCs] BHIOOPOM MCTOYHUKA DHEp-
ruu. Ecnu ucmonb3yeTcss 0ONbIIOe KOJMYECTBO
9HEePrMY M3 ONHOTO MCTOYHMKA, KJIETKU PACCUUTHI-
BAalOT IJIAaBHBIM 00pa3oM MMEHHO Ha 3TOT UCTOYHUK.
Takoe BiIMsIHME HAJIWYUST SHEPTUM Ha3bIBaeTCs -
(hexTOM MaccoBOTO BO3IEHCTBUSI.

CrneuuanbHble (epMeHThl oOecreyuBaT Oosee
YETKUN KOHTPOJIb WHTEHCUBHOCTU BBICBOOOXIECHUS
cBoOOMHON sHepruu. MHoOrve U3 HUX OOJIeTyaloT pac-
meruieHue (Kataboau3M) XMMHUUYECKUX COeIMHEHUN
(puc. 5.2). Xots Ha3BaHUS (DEPMEHTOB TOBOJBHO CIOX-
Hbl, BCE OHM 3aKaHUMBalTCsl cyddpuxkcom -a3a. Ha-
npumep, depMmeHT, BozaeiicTByommit Ha AT®, Ha-
3pIBaeTCA afeHo3MHTpU(ocdaraza (ATDaza).

Pa3zo0paBiiuch ¢ MCTOYHUKAMM OSHEPrUU, pac-
CMOTPUM, KakK COXpaHsieTcsl dHepTus. B ciemyioiem
naparpade Mbl M3y4yuMM, KakK oOpasyeTcsl comepxka-
mee sHepruio coennHeHne — ATD,

Xupsbl (cBOGOAHBIE

Yrnesons! XXUPHbIE KUCNOTbI)

1rCH,,0, 1 rC,;H.,0,

4 Kkan sHeprum J ( 9 KkKan aHeprum

Puc. 5.1. Ob6pa3zosarue suepeuu u3 1 e yene6o0os
u 1 e xcupos

B OB3OPE...

1. Oxo510 60 — 70 % sHepruu B OpraHU3Me 4eo-
BeKa TpeBpainaercs B Termio. OcTalbHOE KOJIUUECTBO
HCTIONIB3YEeTCS IJI BHITTOJTHEHUS MEXaHWYeCKOU pa-
OOTBI M OCYIIECTBICHUS KJIETOYHON NeSITeIbHOCTH.

2. MBI mojiy4aeM 3HEPruio U3 MUIIEeBBIX MPOIYK-
TOB — YIJIEBOIOB, XUPOB U OEIKOB.

3. Tlomyyaemast U3 MPOAYKTOB MUTAHUS IHEPTUS
COACPXUTCA B BBICOKOIHEPTETUYECKOM COEIMHE-
Hun — ATO.

4. YrneBoabl obecrieynuBalOT OKOJO 4 KKajl 3Hep-
ruu Ha 1 1, Torga Kak XXupbl —OKo0JIo 9 kkanr!, on-
HaKO 3Heprus, IMojyJyaemasl U3 YrJeBOTHOTO MCTOY-
HuKa, Ooyee moctynHa. benku Takxke obecrneuyuBaloT
OpraHM3M BHEpTUei.

Monekyna Ab

depmeHT

Katabonuam

SHeprusa

Monekyna A Monekyna b

depmeHT

Puc. 5.2. Jleiicmeue hepmenmos ¢ kamaboauzme
(pacwennenuu) coeouHeHuil
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Puc. 5.3
CmpykmypHbiii
cocmas

monexyrvi A T®

¢ 3Hepeoboeamvimu

AT docpamubimu
a3a
7~~~ —_ coeduHeHUAMY (a)
> T DL HE-E) ,
6 _Anmerosu P P :)'A_“ AfeHosuH _\P.)+ (P.) + Sneprus U 6b1c8060ICOeHUE
sHepeuu (0)
ATD AllD

BNODHEPTETUKA: OBPA3OBAHUE AT®

Mosnekyna AT® (puc. 5.3,a) cocrount U3 aneHO3N-
Ha (MOJICKYJIBI aleHWHA, COCAMHEHHON C MOJIEKYJION
pubO03bl), COETMHEHHOTO C TpeMsl TPYIIIaMu Heopra-
Huyeckoro docdara (P,). Tpu BosneiictBun pepmenTa
AT®a3pl mocaenHss gocdarHast TpyIia OTIIENUISIeT-
¢t oT MoJiekyJibl AT®, GbICTpo BBICBOOOXOAST OOTb-
roe KoJimyecTBo sHepruu (7,6 kkan-Mons! AT®D). B
pesynbrare AT® pacieruisiercss Ha AJIIP (aaeHO3MH-
mudocdar) u dochop (puc. 5.3,6). OnHako roe Ke
HaXOAWJIach 3Ta SHEPIUsI B caMOM Hayvaje?

[Ipoliecc HaKOTUICHUSI SHEPTUM B pe3yiibTaTe 00-
pazoBaHuss AT® M3 APYruxX XMMHUUYECKHUX MCTOYHM-
KOB HasbIBaeTcs dochoprimpoBanueM. BenencTeue
Pa3TUYHBIX XUMUICCKUX PeaKImii octhaTHas TpyI-
Ima MPUCOEANHSIETCS K OTHOCHTEIbHO HM3KO3HEpTe-
TUYECKOMY COeAMHEHUI0 — ameHo3mHaudocdary,
npeobpasys ero B ageHosHMHTpUdocdar. Korma stn
peaxIIy OCYIIECTBISTIOTCS 6e3 HaTu4Irsl KUCIopoa,
Mpollecc Ha3bIBaeTCS aHA3POOHBIM METa0OIU3MOM.
Ecnmm xe B peakIiM y4acTBYeT KUCJIOPOI, MPOIIECC
Ha3bIBaeTCs a’pPOOHBIM MeTabOJIM3MOM, a a’poOHOe
npeBpanieHre AI® B AT® —OKUCIUTETEHBIM (oc-

dbopwmpoBaHueM.
Knetkun o6pasyior AT® ¢ MOMOIIBIO TPeX CHC-
TeM: cucteMbl AT® — K@, mmmKoIuTHYecKon u

OKHUCJIMTEJIbHON CUCTEM.

CUCTEMA AT® - KO

IIpocreiiiieii 3HEPTETUYECKON CUCTEMO SIBJISICT-
ca cuctema AT — K®D. Kpome AT®D, kietku co-
JiepKar ele ofaHy Ooratyio sHeprueit pochaTHyo MO-
nekyny —kpearutdocdar (KD). DHeprus, BbICBO-
6oxnatorasicss pu pacmerieHun K®, B omimame

OT BHEePIruu, BEICBOOOXKIAIOMIEHCS TP paclieTUICHUN
AT®, He UCITONB3YeTCs] HEITOCPEICTBEHHO JUIST BbI-
MOJTHEHMST pabOTHl Ha KJIETOYHOM ypoBHe. OHa uc-
noyp3yetcs mist pecuHTe3a AT®, 4yTo6bl 06eCeYnTh
€r0 OTHOCHUTEJIPHO ITOCTOSTHHOE OOpa3oBaHUE.

BricBOOOXIEHMIO 3HEpruy TpH pacinervicHnn Kd
cozeiicTByeT (hepMeHT KpeaTUHKMHA3a, KOTOpbIil Acii-
cteyer Ha K® ¢ uenbto otnenenns P, or kpearuna.
OcBOOOXIEHHAsI SHEPTHsSl MOXET ObITh MCIOJIb30Ba-
Ha jis mpucoenuHenust Py k momekyne AAD u 06-
pazoBanust AT® (puc. 5.4). IIpu ucroab30BaHUU 3TOM
cucTeMbl (3HepTHus BbicBoOOXmaeTcs n3 AT® B pe-
3yJbTaTe OTIIeruieHUus (PochaTHOl TpyMIibl) KIETKUA
MOTYT TIpeNOTBPATUTh HUCTOIlleHUe 3amacoB AT,
pacmeruistst KO, u teM caMbiM obecriedynBast SHep-
Yo JIsi obpa3oBaHus Oojbiiero komuyectsa ATD.

DTO OBICTPBII TpollecC, KOTOPbI MOXET Ocyllle-
CTBJISITECSI 63 TOMOINM KaKWX-JIMOO CITEeIIMabHBIX
CTPYKTYp KJIeTKM. OH MOXeT MPOTeKaTh U C yJacTH-
€M KHCIIOpOoJa, OQHAKO JJISl €r0 OCYILEeCTBICHUS KUC-
JIOpOJ He HYXeH, nmo3tomy cuctemy AT® — K® Ha-
3BIBAIOT aHA3POOHOIA.

B mepBble CeKYHIB WHTEHCUBHOM MBIIIICUYHOM
neATebHOCTH KonmmdecTBo AT® mommepkuBaeTcs
Ha OTHOCHUTEJBHO ITOCTOSHHOM YPOBHE, TOTHAa KakK
ypoBeHb K® HEYKIIOHHO CHMXAaeTCsI, IMOCKOJBKY
OH WCTOJIb3YeTCs IJIsI MoTNoHeHUus 3amacoB AT®
(puc. 5.5). B cOCTOSIHUM U3HEMOXEHMS YPOBHU
AT® u K® noBoibHO HU3KM U HE MOTYT obecrie-
YUTh SHEPTHIO IS MOCIEOYIOIIMX COKpAaIleHUN |
pacciaabJeHUiA MBIIIIII.

Takum o6pa3oM, moamepxkanue ypoBHs AT® 3a
CYET SHEePTUHU, BHICBOOOXKIAIOIICUCS TIPH pacIlerrie-
Hun K®, orpanmueno. 3amacel AT® u KO pocra-
TOYHBI JUTSI YIOBJICTBOPEHUSI SHEPTETUIECKUX TTOTPeO-
HOCTEI MBIIIII LB B Te4eHue 3 — 15 ¢ cripuHTep-

KpeatuH-
KMHasa

KpeatuH )

(_AI® )

Puc. 5.4

Kb

N
N

OHeprus

Tlodoepicanue
yposus A T®
3a cqem
SHepeuu,
codepacauyetics
6 KO

=>— D
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Puc. 5.5. Hsmenenus é moiumeunvix ATO u KD ¢ nepevie
CeKYHObI MAKCUMANBHO20 MbIUEYHORO YCUAUS

ckoro Oera. Ilocme 3TOro MbIIIIaM MPUXOIUTCS pac-
CUMTHIBATh Ha OpyTHe Tpoliecchl oopazoBaHus ATO:
TJIMKOJUTUYECKUA U OKUCIUTEIbHBINA.

INTMKOJIUTUYECKAA CHUCTEMA

Jlpyroit MctoyHuk nojaydeHus AT® mnpemycmart-
pUBacT BBHICBOOOXIECHUE SHEPIMM B pe3ysbTaTe pac-
IIeTUIEHMS (JTM3K1Ca) TIIOKO3bl. DTO — TITMKOIUTUIEC-
Kas CHUCTeMa, BKJIIOYalolias Mpolece IIMKOoIn3a, T.€.
pacIIerUieHHe TIIIOKO3bI C TIOMOIIBIO CHELUATbHbIX
[JIMKOJUTHYECKUX (hepMeHTOB (puc. 5.6).

I'moko3za coctapisger okoio 99 % Bcex Caxapos,
LMPKYIUpYIOIMX B KpoBu. OHa TMOCTyMaeT B KPOBb B
pe3yabTaTe YCBOEHUS YIJIEBOJOB U pacHIeTIeHUs TJIu-
KOTeHa MeueH!. [JIMKOreH CUHTE3MPYETC U3 TITIOKO3bI
BCIIEAICTBUE TIpOLIECCa, HA3bIBAGMOTO TJIMKOTEHE30M.
I'mukoreH comepXuTcsl B MeYeHW WM MBIIILAX IO TeX
op, ToKa He ToTpebyercs. Korma Bo3HMKaeT moTpeo-
HOCTb B IJIMKOT€HE, OH paclIerlisieTcss B pe3yJbTaTe
npoliecca INIMKOreHoMN3a Ha IToko30- 1 -docdar.

[pexme yeM II0KO3a WIN TJIMKOTEH MOTYT OBITh
WCTIONB30BaHbI AJIs1 00pa30BaHMsl SHEPTUU, OHU J0JI-
KHBI TPaHC(HOPMUPOBATLCS B COCAMHEHUE, KOTOPOE
Ha3bIBAeTCs ITI0K030-6-ocdat. i npeBpalieHus
MOJIEKYJIbl TJIOKO3H HEeoOXoAMMa OJHA MOJIEeKYya
AT®. TIlpu pacuieruieHMM ITMKOreHa IJII0K030-6-
docdar obpasyercs u3 rimoko3o-1-docara 6e3 3aT-
pathl 9Hepruu. [NHMKOIU3 HAauMHaeTCs, KaK TOJNbKO
obpasyeTcs IJI0K030-6-(ocdar.

3akaHYMBaeTCA TJMKOIU3 00pa3oBaHMEM MUPO-
BMHOTPAJIHOM KUCIOTHL. JJIsT 3TOTO Mpoliecca He Hy-
KeH KHUCIIOpOJ, OJHAKO WMCIIOJNb30BaHWE KUCIOpOaa
omnpeaenseT "cyap0y" NMMPOBHMHOTPATHON KHCIIOTHI,
00pa30BaHHON BCJIEACTBUE TIuKoiIu3a. Korma Mbl
TOBOPUM O TJTUKOJIMTUYECKOU CUCTEME, MBI NMEEM B
BUy, YTO TIPOIIECC TJIMKOJM3a IpOTeKaeT 0e3 yyac-
TUSA Kuciopoda. B atom ciayyae MUpGBHHOrpaaHasi
KHMCJIOTa TPEeBPAIaeTCs B MOJIOYHYIO KUCIIOTY.

I'mukonus, SBasSACH GoJiee CIOXHBIM MPOLIECCOM,
yem cucremMa AT® — K@, obecrneunBaer paciier-

;

JIeHWEe TJIMKOTeHa Ha MOJIOYHYIO KMCJIOTY Oiaromaps
12 depMeHTHBIM peakimsM. Bce 3tm (pepMeHTH Ha-
XOIISTCSl B IIUTOIIa3Me KJIETOK. B pesyibraTe IImKo-
Jau3a obpasyercst 3 Monst AT® Ha Kaxnblii MOJIb pac-
IIETUIEHHOTO TJIMKOTreHa. Ecim BMecTo TIMKoreHa
WCIIONB3YETCSl TI0KO3a, 0o0pa3yeTcsl BCero 2 MOJs
AT®, MockoabKy OIWH MOJb pacxodyeTcs Ha TIpe-
BpalleHe TII0KO3bl B ITI0K030-6-(ocdar.

OTa 3HepreTMyeckasd cucTeMa He 00ecreurBacT
obpasoBaHue OoJbinoro koaundectsa AT®. Hecmor-
ps Ha 3TO, COYETaHHbIE NeCTBUS MIMKOJUTUYECKOM
cucteMbl U cucteMbl AT® — K® obecrneynBaior
MPOM3BOACTBO CHMJIBI MBIIIIAMU AaXe IPU OrpaHu-
YEHHOM IOCTYIUIEHUH KMCIOpOoAa. DTH ABE CUCTEMbI
JOMUHUPYIOT B MEPBbI€ MUHYTHI BBITOJTHEHMS YII-
pPakKHEHMIA BBICOKOW WHTEHCHBHOCTH.

JlpyruM 3HAYMTEIbHBIM HETOCTAaTKOM aHa3pOOHO-
IO TJIMKOJIM3a SIBJISIETCS TO, YTO OH BBI3BIBAET HAKOII-
JIeHUEe MOJIOUHOM KUCJIOTBI B MBIIILAX U KUIKOCTSIX
opraHusMa. B CIpMHTEpCKUX AUCHMIUIMHAX MTPOIOSI-
KUTETBHOCThIO 1 — 2 MHMH MOTPEOHOCTU TJIMKOJIM-
TUYECKOI CUCTeMBbl BHICOKU, M YPOBHU COAEPKAHUS
MOJIOYHOM KMCJIOTBI MOTYT YBEJIMYUTHCA ¢ 1 (mmoka-
3aTelb B COCTOSHMM IIOKOs) n0 Oojee dYeM
25 mMonbkr!. Takoe MOAKKUCAEHNE MBIIIEYHBIX BO-
JIOKOH TOPMO3UT JalbHeIIee pacilerieHue TIMKO-
reHa, MOCKOJIbKY HapyllaeT (DYHKLMIO TIHKOJUTH-
yeckux epMeHToB. Kpome TOoro, KucioTa CHMXaer
CIOCOOHOCTh BOJIOKOH CBSI3bIBATh KAJbIIUI U 3TO MO-
KET TIPEIsITCTBOBATh COKPAIIEHMIO MBIIIII.

HMHTEeHCHBHOCTD 3HEPro3aTpaT MBIIIEYHOTO BO-

nioko3a nvikoreH

'noko30-6-dpocdar
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27 [VoJIOYHAS KHCJIOTA U JIAKTAT — He OJIHO U TO

¥ ke coemunense. MoJI0YHAA KHCIOTA HMMeeT
¢opmyny C,H,O,. Jlakrar npencrasiser co-
0oii o0yl coab MosoYHOM KuciaoThl. Korma
MoJiouHas Kkuciaota Tepser H*, ocrasmeecs
coenuHenne, coemuussach ¢ Na* wm K*, 00-
pasyer coib. B pe3yabTaTe aHa3poOHOro rim-
KOJIM3a 00pa3yeTcsi MOJIOYHAS KHCJIOTA, KOTO-
pas oyeHb ObicTpo pasnaraerci W 00pasyer
cojib — JakTat. M3-3a 3T0ro 04eHb 4acTo OHO
MOHSATHE MCHOJIb3YIOT BMECTO JPYroro

JIOKHa BO BpeMsl Harpy3ku MmoxeT ObiTh B 200 pa3
BBIIIIE, YEM B COCTOSIHMM TOKOs. ['TMKomuTHyecKas
cucteMa u cucteMa AT® — K® He B cocTosHMM
obecreynTh He0OXOMMMOE KOIMYECTBO d3HEpTUH. be3
JPYroil HEPreTUYECKON CUCTEMBI Hallla CITOCOOHOCTD
BBITIONHATh MBIIICYHYIO AEATEbHOCTh OblTa OBl OT-
paHMYeHa BCET0 HECKOJIbKUMU MUHYTaMu. PaccMmort-
PUM TPETHIO SHEPTETUUYECKYIO CHCTEMY.

OKHUCIUTEIbHAA CHUCTEMA

[TocnemHeit cucteMoil oOpa3oBaHUs SHEPTUU
KJIETKOM SIBJISIETCS] OKUCIUTENbHAS CUCTEMa, Haubo-
Jiee CJIOXHasi U3 TpexX 3Heprermueckux cucrem. Ilpu
€¢ PacCMOTPEHMM Mbl OMYCTUM OOpPEeMEHUTETbHbIE
noapobOHocTu. TIpouecc, B pe3yabTaTe KOTOPOro opra-
HU3M Ui TIPOM3BOACTBA OSHEPIUU AUCCUMUIMPYET
COeIMHEeHMsI, OoraTbie SHEeprueil, ¢ MOMOIIbI0 KHC-
JIOpOla Ha3bIBAeTCsl KJIETOYHBIM ObIXaHUEM. OTO
adpo0HBIN TIpollecc, MOCKOJbKY B HEM Yy4acTBYeT
kucnopod. AT® obpasyercs B crielUaIbHBIX KIETOU-
HBIX OpraHejjlax — MUTOXOHAPHUSIX. B MbIlIax oHu
MPUMBIKAIOT K MUOPUOpUIIaM, a Takke pa3dpoca-
Hbl TIO CapKoIlIa3Me.

MplmiamMm HeoOX0IMMO MTOCTOSTHHOE 00ecTieyeHre
SHEpTueil Aas MPOU3BOJICTBA CUJIBI BO BpeMs Ipo-
JOJDKUTEJIbHOM MBIILIEYHON JAesiTeIbHOCTU. B oTiu-
yye oT aHaspoOHoro oopazoBaHust ATD okucauTeIb-
Hasl CCTeMa MPOU3BOAUT 3HAUUTEbHOE KOJUYECTBO
9HEPTUU, MO3TOMY a3pOOHBIN META0ONIM3M — OCHOB-
HOI MeTOJ 00pa30BaHUs SHEPTUU BO BPEMsI MbIIIEY-
HOM AeSITeIbHOCTH, TpeOyIolIei MPOsIBJICHHU S BBIHOC-
JIMBOCTU. DTO MpPeIbsBIsET MOBBILIEHHbIE TpeOOBa-
HMSI K CUCTeMe TPaHCIOpTa KMCIOpoda K aKTUBHBIM
MBbILIIAM.

B OB3OPE...

1. Tpu HepreTMYECKHUE CUCTEMBI 00ECIIEYNBAIOT
obOpazoBanue AT®:

» cucrema ATO — KO;

* TIMKOJIUTHYECKASI CUCTEMA;

* OKHCJIUTEIbHASI CUCTEMA.
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2. B cucreme AT® — KO P ornensercs ot Kpe-
atuH(ocdara 101 AefCTBMEM KpeaTWHKWHasbl. P
3aTeM MOXeT coenuHuThesi ¢ AP, obpasys ATO.
BT10 aHa3poOHas cucTeMa, T1aBHast PYHKIKS KOTO-
poii — noanepxanue ypoBHs AT®. BenuuuHa Bbic-
BOOOXIEHMS 3HepTHUM cocTaBisgeT 1 Mmonbp AT® Ha |
Mojib K. ~

3. I'nukonuTHYecKas cucTeMaBKII0UaeTIIPOLECC
[JIMKOJIN3a, MOCPEACTBOM KOTOPOTO TJII0K03a WU
IJIMKOTE€H PacIIeIlIIeTCs Ha MMPOBUHOTPATHYIO KUC-
JIOTY C TIOMOUIbIO TIMKOJIUTHYECKUX (PEPMEHTOB.
Ecnu B mpoliecce He Y9aCTBYET KUCIOPO, TUPOBU-
HOTpagHasl KMCJIOTa MPEeBPaIaeTCcsl B MOJIOYHYIO KHC-
noty. M3 1 Mons riaoko3sl oopasyercs 2 mojist ATO®,
Torga kak u3 1 Mons riaukoreHa — 3 Moust ATO.

4. I'mukonutuyeckas cuctemMa u cuctemMa ATO —
K® — oCHOBHbIE MCTOYHUKM BHEPTUM B TEPBbIC
MUHYTHl BBHIMOJTHEHUS (HU3MUYECKOTO YIIpaxXHEHUS
BBICOKOI MHTEHCUBHOCTHU.

OkucieHne yriieBoa0oB

OxkucnutenbHoe obpasoBaHue ATD (puc. 5.7)
BKJTI0YaeT TpH Ipoliecca:

1) rukoaus;

2) mukn Kpeoca;

3) LEemnouKy mepeHoca 3JeKTPOHOB.

Iukomm3 npy oOMeHe YIJIEBOAOB MIpaeT BaXKHYIO
poJIb KaK B aHa3pOOHOM, TaK M a3poOHOM 00pa30Ba-
Huu AT®. [Ipuyem oH MpoTeKaeT OAMHAKOBO, He3a-
BUCUMO OT TOTO, Y4YacTBYEeT JIM B Mpolecce KUCIO-
pon. YyacTue KHC/IOpOAa OINpelelisieT JHIIb "CYIb-
0y" KOHEYHOTO MPOAYKTAa — MUPOBUHOIPAAHOM
KUCIIOTH. BcmoMHMM, YTO MpU aHa3pOOHOM TJIMKO-
J3e 00pasyeTcss MOJIOYHasl KUCI0Ta U BCero 3 MOJst
AT® na 1 monb rnukoreHa. [1pu ygactuu Kuciaopo-
Jla MUPOBUHOIPaAHAs KUCIOTa MpeBpallaeTcsl B co-
eIMHEeHUe, KOTOpOe Ha3bIBaeTCsl aleTUI-KohepMeHT
A (auetmin-KoA).

IMnkn Kpeoca. Ilocne obpasoBaHusi aitetii-KoA
nonagaeT B MK Kpebca (LUK JTMMOHHON KUCIIO-
Thl) — CJOXHYIO MOCJIEI0BATEIbHOCTh XMMUUECKUX
peakivii, KOTOphle TO3BOJISIOT 3aBEPIIUTh OKMCIIC-
Hue aueTuia-KoA. B konue nukia Kpebca obpasyeT-
ca 2 mong AT®, a BemiecTBo (coenMHEHUE, Ha KOTO-
poe BO3IEHCTBYIOT (PepMEHTHI, B JaHHOM cliyyae —
MIEPBOHAYANIBHBIN YITIEBOM) pacllEeIUIIeTC M COeoy-
HSSCh C KMCIOPOAOM, 00pa3yeT AMOKCHI yIiaepoaa
(CO,), koTopblil JeTKo IU(OYHINPYET U3 KIETOK,
TPAaHCIIOPTUPYETCS KPOBBIO B JIETKME M BBIACISACTCS
BO BHEIIHIOW cpeay (IoCT peakius JeKapOOKCUIM -
posanus R - H + CO,).

Ilenouka mepenoca 3j1eKTpoHOB. Bo BpeMs riinko-
J3a, KOrja IJIoKo3a IpeBpaniaeTcs B TUPOBUHO-
I'PagHYI0 KUCJIOTY, BBIAEIISIETCS BOOOPO. 3HAYNTEIb-
HO OoJiblliee KOJMYECTBO BOAOPOIA BHIIEISETCS BO
BpeMs nukia Kpedca. Eciu oH ocTaercs B cucteme,
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BHYTPEHHSIS YacTh KJIETOK CTAHOBMTCS CIHIIKOM
KUCIoi. UTo TIPOMCXOMUT C 3TUM BOIOPOIOM?

Tab6nuiua 5.2 O6pasosanue
SHEPrud BCJIEACTBHE OKHMCJICHHS IIMKOTeHAa IeYeHd

AT®, obpasyemslii u3 1 Momst
[JIMKOTEHA TeYeHH

Dran npouecca
OKHCITUTETbHBIM

HETOCPEICTBEHHO tocdoprtrposannem*

6

IMukonus
(TpeBpaleHre
IJTIOKO3bI B TTUPO-
BHHOTPAJHYIO
KUCJIOTY)

[peBpaieHue
TTUPOBUHOTPATHON
KHUCJIOTBI
B aneTHiI-KoA

Iuxn Kpe6ea 22

34

Hroro 39

* OrHocutest K AT®, obpazoBaHHOMY Npu nepeHoce HY U
3JIEKTPOHOB B LENOYKY ITIEPEHOCA 3JIEKTPOHOB.

Muxn Kpebca cBsizaH ¢ cepueii peakliMii, KOTOpbIe
Ha3BIBAIOTCS IIETIOYKON TIepeHoca 31eKTPoHOB. Bomo-
pon, BI)IIICIIH}OLHI/II‘/’ICH BO BpEM{ INIMKOJIM3a U B LIUKIIC
Kpe6ca, coeaunsiercst ¢ IByMs KocbepMeHTaMu — HU-
KOTMHaMH-aJeHUH-TUHYKJIEOTHIOM U (aBUH-aIe-
HUH-IMHYKJIEOTH/IOM, KOTOPbIE TIEPEHOCST aTOMBI BO-
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JI0pojia B LIETIOUKY MepeHoca 3/IeKTPOHOB, I1e OHM pac-
HICTUIAIOTCA Ha IIPOTOHBI M 3JICKTPOHLI. B KOHIIE LIC-
nouku H* coemmHsieTcst ¢ KuciaopomoM, obpa3yst BOoy
M TeEM CaMbIM IpeIOTBpallias TOAKUCICHYE.

SJICKTpOHbl, OTACIMBIIMECA OT BoAopoda, IIpU-
HUMalOT y4yaCTue€ B CEpUU peaKuMﬁ U B KOHECYHOM
UTOTe O00ECIeuMBAIOT DHEPTUIO I (HOCHOPUINPO-
BaHus A/l®D, a ciaenoBatenbHo, oOpaszoBaHus ATO.
[TockoJIbKY 3TOT MpoLIeCC MPOXOIUT C YYaCTHEM KHC-
JIOpojia, OH Ha3bIBAeTCs OKMCIMTENbHBIM (hochopu-
JMPOBAHUEM.

O0paszoBaHue 3Hepruu 3a cyer yriiepoaoB. OKuCIH-
TeJbHAsT cUcTeMa 00pa30BaHMS SHEPTUU 00ecIeynBa-
eT nosaydyenue 39 monekya AT® u3 onHOl MOJIEKYJIbI
TJTI0K03bl. Ecnu mpoliecc HaYMHAETCsI ¢ III0KO3BI, 00-
pasyercd 38 monekyn AT® (BCOMHMM, 4TO OJHA
monekyina AT® wucnonb3yercss 10 Hayajga IJIMKOJIM3a
JUIsT 00pa3oBaHMS TNMIOKO30-(pocdaTa). B Tadm. 5.2
MOKa3aHO KOJIMYECTBO 0Opa3yIolIeicsl S9HEPTUM.

OkucieHne KupoB

Kak yxe oTMe4anoch, XUpPHl TaKXe BHOCST CBOI
BKJIaJl B 9HEPTeTUUECKYE MTOTPEOHOCTH MBIIIII. 3amachl
[JIMKOT€HA B MBILILAX M IIeYeHU MOTYT 00eCIeYMTh
Bcero 1 200 — 2 000 xkkan 9HepruM, B TO BpeMs Kak
SKUPBI, COAepXaliecss BHYTPU MBIIIEYHBIX BOJOKOH U
B XXMPOBBIX KJeTKax, — okojio 70 000 — 75 000 kkaur.

XOTS X1UpaMy Ha3bIBalOTCSA MHOTHE XMMUYECKHUE
COeIMHEHMs, TaKue, KaK TpUrauLepuast, hochou-



Xupbl (CBOGOAHbBIE XUPHbIE KUCIOTbI)

H,
/_\

/’\x» H o~ H' /_\H+__L. H,0

Puc. 5.8
Obwue
nymu
obmeHa
HCUpos

U yeneeodoe
0,

/

Auetnn-KoA —( Lmkn KpeGea 1

o

€ AN € M\ €&
Llenoyka nepeHoca

F——-ATD
3N1EKTPOHOB

/N

| Cnukonus I

CHO (rnukoreHn)

MUIBI U XOJIECTEPUH, TOJIBKO TPUTJIULIEPUIBI UCTTONb-
3YIOTCSI B KAYECTBE OCHOBHOTO UCTOYHUKA SHEPTUH.
Tpurnuuepuabl HaxoAATCS B XUPOBBIX KIETKax W
BOJIO'KHAX CKEJETHBIX MBIIII. YTOOBI MCIOIB30BATH
TPUTIULEPUBI UISI 00pa30BaHUS dHEPTUM, HEOOXO-
JAMO PacHIeNUTh UX Ha OCHOBHBIE COCTaBJISIOLLUE:
OIHYy MOJIEKYJy TJIIMIEPWHA U TPU MOJIEKYJIBI CBO-
OOIHBIX XUPHBIX KUCIOT. DTOT MPOLECC Ha3bIBAETCS
JIMTIONIM30M U OCYIIECTBIsieTCs hepMeHTaMU — JIn-
ma3zaMu. [TockosbKy CBOOOAHBIE KUPHBIE KUCIOTH —
OCHOBHOU MCTOYHUK 3HEPTUU, MBI YACIUM UM TJIaB-
HOE BHAUMAaHMUE.

BricBoOOMMBIINCH U3 TpUTAULEPUIA (KUpa), CBO-
0OHBIE XUPHBIE KUCIOTHI MOTYT MOMNACTh B KPOBb,
KOTODPAasi TPAaHCTIOPTUPYET UX TIO BCEMY OPTaHU3MY, U
B pe3ynbrate nud@y3ur NPOHUKHYTh B MBILIEYHbIE
BOJIOKHA. MIHTEHCUMBHOCTD TOCTYIIJIEHUSI CBOOOJHBIX
XAPHBIX KACJIOT B MBIIIEYHBIE BOJOKHA 3aBUCUT OT
rpaivieHTa KOHUeHTpauuu. [loBbllieHre KOHIEHTpa-
LIMU CBOOOJHBIX KUPHBIX KACIOT B KPOBU BBITATIKU-
BaeT UX B MBILIEYHBIE BOJOKHA.

B-Oxucienre. HecMoTpst Ha 3HaYMTEbHBIE CTPYK-
TYpHBIE PA3JUYUs MEXIYy Pa3HbBIMU CBOOOIHBIMU
XUPHBIMU KUCJIOTaMU, WX METa0O0JM3M TOYTU OIU-
HaKoOB, Kak cienyer u3 puc. 5.8. [lo Toro, kak oHU
MOMAAyT B MBIIIEYHBIE BOJIOKHA, CBOOOJHBIE XUP-
Hble KHUCJOTHI akTWBUpYoTcs Heprueir ATD ¢ mo-
MoIIbio (pepmMeHTOB. TakuMm 00pa3oM WX IMOATOTaB-
JINBAIOT K KaTa00M3My (pacIIeIIcHUIO) B MUTOXOH-
Ipusx. DTOT (epMEeHTHBIM KaTabOIM3M XKHUPOB
MUTOXOHIPUSMU Ha3bIBACTCS O€Ta-OKUCIEHUEM.

" B aTOoM mpolecce yriepoaHas Lenoyka cBoOOMI-
HOM XUPHOU KUCIOTHI ACJIUTCS HA JABYXYIJIEPOJHbIE
OCTaTKM yKCYCHOU KucioTel. Hampumep, eciau nep-
BOHAYaJIbHO CBOOOMHAS ¥MpHasi KUCIOTAa MUMeEa
16-yraepoaHyo 1eI0YKy, TO MpU B-OKHUCAEHUH 00-
pasyercs 8§ MOJIeKyJ YKCycHOU KucioTel. Bes ykeyce-
Hasl KMCJIOTa 3aTeM TpeBpantaercs B aleTui-KoA.
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IHukn KpeGca m memoyka mnepeHoca 3JIEKTPOHOB.
C aT0r0 MOMEHTa OOMEH XHMPOB OCYIIECTBIISICTCS IO
TOMY K¢ MIPUHIIMITY, 9TO ¥ METa0OJIM3M YIJIEBOIOB.
Auetun-KoA, o6pa3zoBaBIIniics BCIEACTBUE P-OKUC-
JieHus, BctynaeT B uukia Kpebdca. B atom nukie o6-
pasyeTcs BOMOPON, KOTOPBIM TpaHCIOPTUPYETCS B
LIETT0YKY TTepeHOca 3JIeKTPOHOB BMECTE C BOAOPOAOM,
00pa3oBaHHBIM BO BpeMsl P-OKUCJIEHUS, Tae MoJBep-
raeTcsl OKUCIUTeIbHOMY (ochopmmmpoBanmio. Kak
1 TIpY OOMEHE TITI0KO3BI, MTPOMEXYTOUHBIMA ITPOIYK-
TaMW OKHCJICHUSI CBOOOMHBIX KUPHBIX KMCIIOT SIBJISI-
1otrca ATO, HZO u CO,. OnHaKO IS MOJHOTO CXKU-
TaHUS MOJICKYJIBI CBOOOTHBIX KMPHBIX KHUCJIOT Tpe-
OyeTcs OoJibllle KHUCIOpOa.

k4

XoTs1 KUpbI 00eCeYnBalOT 00Jblle KHIO0-
KaJIOPHii SHEPrud HA TPaMM, YeM YIJIEBOJIbI,
ISl MX OKHUCJIEHHs TpedyeTcsi 00JibIe KHC-
JIopoaa, 4YeM IJisi OKUCJIEHHS YIJIeBOJIOB.
XKupwr oopaszyor 5,6 monekya AT® orHo-
cuTesbHO Mosiekyabl O,, yriesomst —6,3 mo-
aekyn AT® orHocutensho mouekyin O,.
JlocTaBKa KHCJIOPOIA OTPAaHHYEHA KUCIOPO/I-
TPAHCNOPTHOM CUCTEMOM, O3TOMY MpPeANoY-
THTEJIbHBIM HMCTOYHHKOM DJHEPIHH BO BpeMs
BBINOTHEHUS (PU3HYECKOTO YNPAKHEHUS BbI-
COKOii MHTEHCHBHOCTH SIBJISIIOTCS YIJIEBOMIBI

[TpenmytiecTBO conep>kaHusT B CBOOOTHBIX SKUPHBIX
KHCJIOTaX OOJIBIIETO KOJTMYECTBA YIJIepo/a, YeM B IJTI0-
KO3e, 3aKJI0YaeTcs B 00pa3oBaHUY OOJTBIIIETO KOTIYe-
cTBa aueTun- KoA mpu MeTabon3me TaHHOTO KOJIYe-
CTBa XXMpa, chenoBaresibHO, B MK Kpebca mocTymaeT
Oospire alleTHI-Ko A, a B 11enmouKky nepeHoca 3J1eKTpo-
HOB —00JIbllle 2JIEKTPOHOB. MIMEHHO TO3TOMY TIpHU
MeTaboJM3Me KHUPOB 0OpaszyeTcsi HAMHOTO 0oJibllle
9HEPIH, YeM MPU MeTaboIM3Me YTJIEBOIOB.



BosbMeM, HanipuMep, TaJTEMUTUHOBYIOKUCTOTY —
JTOBOJILHO PACTIPOCTPAHEHHYIO 16-YIIepoaHYIO CBO-
0OIHYI0 XUPHYIO KucaoTy. B pesyiabTate peakuuit
OKUCHeHUs, InKiaa Kpebca n 1emouyku mepeHoca
3JIEKTPOHOB M3 OJIHOM MOJIEKYJIBl MaJbMUTUHOBOU

Kucaotel obpasyercst 129 monexkyn AT® (tabn. 5.3),

B TO BpeMs KaK M3 MOJIEKYJIBI TJIIOKO3bI U TJIMKOTeHa
cooTBeTcTBEHHO 38 U 39 Mosiekyn. HecMoTps Ha Ta-
KO BBICOKMIA TIOKa3aTesb, TOJbKO 0KoJo 40 % sHep-
TMU, BBICBOOOXIaloleics BCAeACTBUE MeTab0Iu3Ma
MOJIEKYJ JIMOO TIIOKO3bI, JIMOO CBOOOJHBIX XKUPHBIX
KHCIIOT, uAeT Ha obpazoBanme AT®. OcranabHBIE
60 % BBIIENSAIOTCS B BUIE TEILa.

Tao6aumuna 5.3. O6pa3oBanue 3HePruM BCJIEICTBHE
oxucnenns nassvutnnosoii kuctorsr (C H,,0,)

AT®, obpasyempiii u3 1 MoJeKyIbI
NAJIbMATHHOBON KHCJIOTBHI
Bran npouecca
OKHCJIMTEJIbHBIM
HEMOCPEACTBEHHO dJOC (t)OpPU[HpOBa.HHCM
AKTHBaLUHA XKUPHOIH -2
KHCJIOTBI
B-OxmcreHune 35
Iukn Kpeoca 8 88
8 121
Hroro 129

METABOJIN3M BEJIKOB

Kak yxxe ormevanoch, yriieBOIbl ¥ XKUPBl — TIPE-
MOYTUTEbHbIE MCTOYHUKM 3HEPTUM HaIlero opra-
Hu3Ma. OQHAKO UCTOJB3YIOTCS U OEJKW WJIM, CKO-
pee, aMUHOKMCIIOTHI, U3 KOTOPHIX OHU cocTosT. He-
KOTOpble aMMHOKUCJIOTHI MOTYT TpeBpallaThcs B
MII0KO3y (MOCPEeACTBOM TJIIOKOHeoreHesa). pyrue
MOTYT TIPEBPAIAThCS B Pa3IMUHBIC TIPOMEXYTOUHbBIE
TPOIYKTHI OKUCIUTEILHOTO MeTabonm3Ma (Takue, Kak
nupyBaT uau auetui-KoA), 4ToObl MpPUHATH y4ac-
THE B OKHUCIUTEIHHOM TIpoIlecce.

KonuyectBo sHepruu, obpazyemoii Oenkamu, IO-
BOJILHO TPY/IHO OTpPENEIUTh B OTJIMYME OT IHEPTUM,
oOpa3yeMoli yriaeBoiaMy WM XKUpaMU, TTOCKOJIbKY Oell-
KM Takxe comepxkar a3or. [Ipu karabonmsme aMHUHO-
KHCJIOT HEKOTOPOE KOJIMUECTBO a30Ta MCTIONb3YEeTCS TSt
00pa3oBaHUs HOBBIX aMUHOKUCJIOT, OCTaJIbHOE KOJU-
YeCTBO a30Ta MPEeBPAIAeTCsl B MOYEBUHY U BBIIEJISIET-
¢S TJIaBHBIM 00pa3oM ¢ MOYOii. DTOT mpolecc TpedyeT
ucnojib3oBaHust AT® u, ciemnoBaTeslbHO, MTPUBOINUT K
3aTpaTaM HEKOTOPOTO KOJIMYECTBA IHEPTHUU.

ITpu pacmenneHnu 6e1KOB MOCPEACTBOM CXHUTa-
HUS B 1a00OpaTOPHBIX YCIOBUSAX o0OpasyeTcs
5,65 kxan-r-!' sHepruu. Ilpu Merabonusme Geika B
OopraHu3Me BCJIEACTBUE 3aTpaT SHEPTUM Ha TIPOIIecC
MpeBpalleHUs a30Ta B MOUEBUHY BBICBOOOXIAETCS
Bcero 5,20 kkayi-T~! aHepruu, T.e. Ha 8 % MeHblIle.

YT0oObl TOYHO ONpPEAETUTh UHTEHCUBHOCTh O0OMe-
Ha 0eJKOB, HEOOXOAUMO YCTAaHOBUTh, KaKOe KOJIU-

YecTBO a30Ta BBIBOAUTCS U3 opraHusma. s atoro
HeoOXxonuMo cobupaTh MOUy B TeueHue 12 — 24 u.
[MockosbKy 310pOBBIi OPraHU3M HUCIMOJb3YeT HEOOb-
110€ KOJIMYECTBO OETKOB B COCTOSIHUY TOKOSI U TTPU
BBITIOJTHEHU U (DU3MUECKON HATpy3KH (KakK MpaBuiio,
HamHoro MeHblie 5 — 10 % Bcex 3aTpaT SHEPTHUM),
MpU OLEHKE 3aTpaT 3HEPruu MeTaboJu3M OEKOB .
MPOCTO HE TPUHUMAIOT BO BHUMAaHUE.

OKUCIUTEJIBbHBIE CIIOCOBHOCTH
MBI T

Mbl BBISICHUJIM, YTO MPOLECCHl OKUCIUTEIbHOTO
MeTabosn3Ma obecrneynBalOT MakKCUMalbHOE 00Opa-
30BaHUE 3HEpruu. bbulo Obl MIeanbHBIM, €Cau Obl
5TU MPOLIECCHI BCETNA OCYLIECTBISIIACH C MAaKCUMATb-
Hoit apdekTuBHOCTBIO. OnMHAaKO, Kak U Bce (HU3MO0-
JIOTUYECKUE CUCTEMbI, OHM MMEIOT CBOM OTpaHUye-
Hus. OKucauTenbHas crocodHocTs {J, MBIIIIB —
[10Ka3aTellb ee MAKCHMAIBbHON CIIOCOGHOCTH UCTIONb-
30BaTh Kucjaopoa. B cienyloiem naparpacde Mbl pac-
CMOTpUM (aKTOpbl, OrpaHUYMUBAIOIIME 3Ty CIIOCOO-
HOCTh MBIIIII,

AKTHBHOCTb (pepMEHTOB

CrHoCcOOGHOCTh MBIIIEYHBIX BOJIOKOH OKHCIATH yT-
JIEBOIBI M XMPHI JOBOJBHO TPYAHO OINpeAeauTh. Bo
MHOTMX MCCJIEJIOBAHMSIX HAOIIONAM TECHYIO B3au-
MOCBSI3b MEXIY CITOCOOHOCTBIO MBIIIIBLI BBHITIOJTHATH
aspo0OHOe yIpaXHEeHUe B TeUEHUE TUTELHOTO Bpe-
MEHU W aKTHMBHOCTBIO €€ OKUCIUTECIBHBIX (hepMeH-
ToB. [TOCKOJBKY ISl OKUCIEHUS TpeOyeTcsi MHOTO
(epMeHTOB, WX AKTUBHOCTh B MBIIICYHBIX BOJIOK-
HaX — JIOCTaTOYHO HAJEXHBIN IOKa3aTelb OKUCITU-
TEJILHOTO TIOTEHIMAIA.

Het cMpIcia m3MepsaTh Bce (DEpMEHTHI, ITO3TOMY
JUTSL WLTIOCTPAIIMM a3pOOHON CIOCOOHOCTU BOJIOKOH
BBEIOMPAIOT HEKOTOPBIe M3 HMX. Yalle BCero MCIOjb-
3YIOT TaKue (hepMEHTHI, KaK CYKLIMHATIerHaporeHa-
3a M IUTPATCUHTAa3a, (PepMEHTHl MUTOXOHAPHIA, yda-
ctBytome B uukiae Kpeoca. Ha puc. 5.9 npoustoct-
pupoBaHa B3aMMOCBSI3b MEXAY aKTHUBHOCTHIO
CYKLIMHATIErNAPOreHasbl B JIATEpaJbHOU LIMPOKOHN
MBIIILIE UM €€ OKUCIUTEIbHON crocoOHOCThIO. OKuC-
JIUTENTbHAS aKTUBHOCTH (DePMEHTOB B MBIIIIIAX CIIOPT-
CMEHOB, 3aHMMAIOLIMXCSl BUIAMU CIIOpTa, TPeOyIo-
IIAMMY TIPOSIBJICHUS BEIHOCIMBOCTH, B IBa — YETBIpE
pasa BEIIIE, YeM B MEIIIIAX HETPEHUPOBAHHBIX MYXK-
YUH M XEeHWUH [2, 3, 5].

CocTaB MBIIIEYHBIX BOJOKOH M TPEHUPOBOYHbIC
Harpy3Kv, HanmpaBJC€HHbIC HA PA3BUTHE
BbBIHOCJ/IMBOCTH

CocTaB BOJIOKOH MBIIIIIBI YACTUYHO OMpEIessieT
€e OKUCIUTETbHYI0 CITocoOHOCTh. Kak yxke oTmeua-
Jgock B miaBe 3, MC-BonokHa 0ojiee mpeapacnoo-
KEHBI K BBHITTOJTHEHU IO a3pO0HOI IeSITETbHOCTH, YeEM
BC, nmockonbky coaepxar 00jbllle MUTOXOHIPUIA U
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Puc. 5.9. Bzaumocsssb akmueHocmu CyKyuramoezuopo-
2€HA3bl 1aMePanbHOl WUPOKOL MblUUbL
U OKUCAUMENbHOU cnocoOHOCmU (Q()? )

OKUCINTENbHBIX (pepMeHTOB. BC-BoNIOKHA Gojtee mpu-
TOIHBI JJIS TJTMKOJUTUYECKOTo MPOU3BOACTBA SHEP-
ruu. CiemoBaTenbHO, YeM OoJsblie B MEIax MC-
BOJIOKOH, TeM BEHIIII€ MX OKHUCIUTEIbHAs CIIOCOOHOCTD.
HampuMmep, y cunpHeHImnuX OETyHOB Ha UIMHHBIC
IUCTAHIIMM 3HaYUTeNbHO OoJybire MC-BOJOKOH,
MUTOXOHIPHUI M BBINIIE aKTUBHOCTH OKHUCIUTEIBHBIX
(bepMeHTOB, YeM y HETpeHUPOBAHHBIX JIfofei [5, 6].

TpeHNpPOBOUYHEIC HArpy3KM, HAIpaBJIcHHBIC Ha
Pa3BUTHE BEIHOCIMBOCTH, YBEIMINBAIOT OKUCIINATEb-
Hble CIIOCOOHOCTM BCeX BOJOKOH UM ocobeHHo BC;
TIPeABIBIISAS BEICOKHE TPeOOBaHMS K OKMCIUTEIBHO-
My GochHOpUIMPOBAHUIO, OHU CTUMYJIUPYIOT MbIIIEY-
HBIe BOJIOKHA K O0pa30BaHMIO OOJBIIETO KOIMIECTBA
MHUTOXOHIPHI, comepxKaIlnX OOJbIIee YMCIO OKWC-
JUTENbHBIX (DEepPMEHTOB. YBEIMUYMBAS KOJIMIECTBO
(epMeHTOB B BOJOKHAX IS P-OKUCJIEHHS, TaKHe
Harpy3KM TaKxXe ITOMOTAIOT MBITIIIIAM B OOJBIIEH Mepe
pPACCUMTHIBATh Ha XUPHI KaK Ha MCTOYHUK IIPOM3-
BoactBa ATO.

TakuMm 00pa3oM, TPeHHPOBOUYHEIC HArpy3KM Ha
pa3BUTHE BHEIHOCIMBOCTH IT03BOJISIIOT IOBBICHTH
a3pOoOHbIe CMIOCOOHOCTH MBIIIIL AaXe Y JIIOJEH C BBI-
coknM coaepxanneM bBC-pomokoH. Bmecte ¢ TeM u3-
BecTHO, 4T0 BC-BOJIOKHO B pe3ysibTaTe TPEHUPOBKU
Ha pa3BHUTHE BBEIHOCIMBOCTH HE CMOXET B TaKOH Xe
Mepe YBEIWIUTh BBIHOCIMBOCTH, Kak MC-B0JIOKHO.

IToTpedHOCTDL B KHCJIOpOIE

XOTsI OKMCIUTENbHAsT CITOCOOHOCTh MBIIII] OTpe-
TeJSeTCsT KOJTMIeCTBOM MUTOXOHAPUN U OKUCIHUTENb-
HBIX (PePMEHTOB B HUX, OKACIUTEIbHBI METa00IM3M
B KOHEYHOM CUeTe 3aBUCHUT OT MX aeKBAaTHOTO CHA0-
KEHMUSI KMCJIOpOoAoM. B cocTosTHMM TOKOS TOTped-
Hoctu opraHu3Ma B AT® oTHOCUTENbHO HEBEJIMKH,
MMO3TOMY TOTPEOHOCTh B KMCIOPOJE TaKKe MUHU-
ManbHa. OMHAKO C YBeIMYEHUEM MHTEHCUBHOCTH
Harpy3KH BO3pacTaeT U MOTPeOHOCTh B 9Hepruu. s
€€ yIOBJIETBOPEHMS HEOOXOIUMO YBEIMIUTh OKHC-
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nuTenbHoe oopasoBaHue AT®. YnoBineTBopeHue To-
TpeOHOCTEH MBI B KUCIOPOJAE OCYILECTBIsIETCS 3a
CUETYBENIMYEHUS YACTOTHI U TTYOUHBI ABIXaHUS, yIyU -
LIeHus mpoiiecca razoodMeHa B jerkux. Cepiie Ha-
YUHAeT COKpallaThcs Yalle, MOCTABMISS B MBIIIIBI
* OoJTbIIIee KOJTMYECTBO OKCUTEHUPOBAHHOW KPOBH.

B opranusme 4enoBeka Kuciaopojaa HemHoro. [lo-
3TOMY KOJIMUECTBO KUCIOPO/a, MOMAAAIOIIETO B KPOBb,
KOTOpast TIPOXOAUT Yepe3 JIETKUE, IIPSIMO MPOTIOPIINO0-
HaJbHO KOJMYECTBY, MCIOJB3YEMOMY TKaHSIMU IS
okucnutesbHoro ochopunrpoBaHusi. CienoBaresib-
HO, MOXHO JOCTATOYHO TOYHO OTPEAETUTh BEIUUNHY
a3pOOHOTO TPOM3BOJICTBA SHEPTUU, M3MEPUB KOJIM-
YeCcTBO KUCJIOpOJa, MOTPeOIsIEMOro B JETKUX.

B OB3OPE...

1. OxucnuTenbHasl cUCTeMa BKIIOYAeT pacilel-
JIeHUEe MCTOYHMKOB DHEPTMH C yYacTUEM KHCIOpOJa.
Ona obecrnieynBaeT 00pa3oBaHUe OOJBIIETO KOJTUYE-
CTBa JHEPIUM, 4YeM TJIMKOJUTHYECKass W CHUCTEeMa
ATDO - KD.

2. OkucjeHUe YIIeBOJOB BKIIOYAET TIMKOJM3,
uuka Kpebca u nenouky nepeHoca 3JaeKTpoHoB. Ko-
HEYHbIM pesysbTatom apistorca H)O, CO, u 38 unu
39 monexkyn AT® u3 omHON MOJEKYNBI YIJEBOIOB.

3. OxucieHne XKNPOB HAUMHAETCS C P-OKUCICHUS
CBOOOMIHBIX XKUPHBIX KUCIOT M 3aTE€M OCYIIECTBIISIET-
¢ Tak Xe, KaK U OKHCJAeHMe YriieBoaoB: UK Kpebca
Y IIeTI0YKa MepeHoca 3yekTpoHoB. KommndecTBo aHep-
', 00pa3yeMoil BCIEACTBUE OKUCIEHUS XUPOB, 3HA-
YUTETHHO TPEBBIIIACT TAKOBOE, 00pa3yeMoe IpH OKKC-
JICHUW YIJIEBONOB, M 3aBUCUT OT KOJMWYECTBA OKMC-
JICHHBIX CBOOOMHBIX XKMPHBIX KUCIIOT.

4. TIpormecc OKHCIEHUST OeTKOB OoJice CITOXKHEINA,
MOCKOJIbKY 0eNKM (aMUHOKUCIOTHI) coAepXkar a3or,
KOTOpBIA He okuchisercd. Bkiman 6en1koB B 06paso-
BaHME BHEPIMU OTHOCUTEIbHO HE3HAUMTENEH, IT0-
3TOMYy 0OMeH 0eJIKOB 4acTO He MPUHMMAIOT BO BHU-
MaHHe.

5. OxucauTeIbHbIE CTTIOCOOHOCTH MBIIII] 3aBUCST
OT YPOBHEM COIEpPXaHNUSI B HUX OKUCITUTEIBHBIX (ep-
MEHTOB, COCTaBa BOJIOKOH M HAJIMYUS KUCIOPOJA.

OIIPEAEJEHUE PACXOJA DHEPTUU
TP ®U3NYECKHNX HAT'PY3KAX

HeB03MOXHO HEMOCPEeNCTBEHHO ONpENeNUTh 00-
MEH DHEpPIuy B MBIIIEYHBIX BOJIOKHAX. MHOXECTBO
KOCBEHHBIX JJaOOPAaTOPHBIX METOIOB MO3BOJISIOT OI-
peneIuTh MHTEHCUBHOCTD M PAacXol dHEPTUU B TIO-
KO€ M TIpW BBHINOJHEHMU (HU3NIECKONW HATPY3KH.
MHorue u3 3TUX METOAOB NMPUMEHSIOTCS C Havyaa
XX cr. [Ipyrue 1Mb COBCEM HEAABHO CTaIU UCIOJb-
30BaThCs B PU3MOJOTUM MBIIIEYHOM 1€ TETbHOCTH.
B caenyromux naparpadgax Mbl paCCMOTPUM HEKOTO-
pble M3 3TUX METOMIOB.



MMPAMAA KAJIOPUMETPUA

Kak yxe ormMedanoch, ToiabKo okono 40 % sHep-
My, BBICBOOOXMaoIecss Tpu MeTaboau3Me TJTI0-
KO3Hl M XHUpOB, MaeT Ha obOpasoBaHme AT®. Oc-
tTanbHBIe 60 % TpeBpamaloTCcd B TEIIO, MO3TOMY
WHTEHCUBHOCTh M KOJMYECTBO OCBOOOXAaeMOI
9HEePruu MOXHO OTNpeAeNUTh, U3MEPUB 00pa3yeMoe
TErjao. DTOT METON Ha3bIBaeTcsl MpsAMOI Kalopu-
METpHUEH.

BrepBrie oH ObuT ommcad 3yHIOM M XareMaH-
HoM B KoHme XIX cr. OHM co3manu KaJopuMETp
(puc. 5.10), mpencraBisioniuii coboi TepMeTUIECKHI
3aKpbITyI0 Kamepy. CTeHKM KaMepbl UMEIOT MeIHbIe
TpyOBI, 10 KOTOpHIM TeveT Boga. Korma yenoBek Ha-
XOIUTCSl B Kamepe, TEIJIOo, BBIACISEMOE €ro TejoM,
ucIapsieTcs W HarpeBaeT Body. Peructpupyrores us-
MEHEHHUS TeMIlepaTypbl BOIbI, a TAKXe BO3ayxa, IO-
CTYMaloLIero B KaMepy U BbIXOISLIETO U3 Hee BO Bpe-
Msl IbIXaHUSl 4ejoBeKa. OTM M3MEHEHMsI O0yCoBJe-
Hbl TENJOM, BBIAENSIEMbIM TeJIOM uYeJloBeKa.
Ucnonb3ys cymmapHbie mokasaTeau, MOXHO KOJM-
YeCTBEHHO OLEHUTb METa0OJIU3M.

KanopumeTrpbl oueHb A0OPOTH, KpOMe TOro, ISt
MOJIy4eHUSI JOCTOBEPHBIX PE3YJIbTaTOB MEPHON UcCe-
JOBaHUS NOJKEH UIMThCS AOBOJBHO aoiro. EauH-
CTBEHHBIM pealbHbIM MPEUMYIIECTBOM KaJlOpUMET-
POB SIBJISIETCSI TO, YTO OHM HEMOCPEACTBEHHO U3Me-
psAOT Teruio. XOTS KaJllOpUMETP IMO3BOJSET TOYHO

OTIpeIeNINTh OOINMIA pacxXom HEPTUHU, TeM He MeHee
OH He JaeT BO3MOXHOCTH MPOCIEANUTH 3a OBICTPHIMH
M3MEHEHUSIMHM B BRICBOOOXICHIY dHepTuu. UMeHHO
MO3TOMY 3HEPTeTUYeCKUt OOMEH BO BpeMsT MHTEH-
CUBHOM HAarpy3kd HeJb3s M3y4aTh C ITOMOIIBIO Ka-
JopuMeTpa. MeTton MpsIMoi KaJopUMETPUH TOBOJIb-
HO peIKO MCITOJIh3yeTcs B Hamie BpeMs. ['opasmo wpo-
e W JemieBie OIMPEOeNUTh PacXom SHEPTHHM Ha
OCHOBaHUM 0OMEHa KHCIIopolIa W TUOKCHUIA YIIepo-
Ia BO BpeMsI OKUCIUTETBHOTO (HOCHOPMINPOBAHNS.

HEITPAMASA KAJTIOPUMETPUA

Kak yxe oTrmeuanoch, MeTabOJM3M TJIIOKO3bl U
XUPOB 3aBUCHUT OT Hanuus O,, obpasosanusa CO, u
Bogbl. KommdectBo 0OMeHMBaeMBIX O, n CO, B Jer-
KUX OOBIYHO PaBHO TOMY MX KOJMYECTBY, KOTOpPOE
WCTIOJIb3YETCSl U BBIAESIETCS TKaHSIMU Tefa. 3Hast 3To,
MOXHO OTpENeJNTb PacXoJl SHEPTUU, U3MEPUB KO-
JINYECTBO JbIXaTeJbHBIX Ta30B. DTOT METOI Ha3blBa-
€Tcs HEempsMoii KaJopuMmeTpueil, MocKoJbKy obpa-
30BaHME TeIja U3MepsieTcsl KOCBEHHO, Ha OCHOBa-
HUY JIbIXaTeTbHOTO razoodmena CO, u O,.

[Tpu6op mia usmepenus odpasosanuss CO, u 110-
Tpebaenna O, nmoxkasad Ha puc. 5.11. Hecmotps Ha TO,
YTO OH HECKOJIbKO TPOMO3IOK ¥ OTpaHUYMBAET IBMKE-
HMUSI, €T0 MOXKHO MCIOJIb30BaTh B Pa3IMUHBIX YCIOBUSIX
B JJabopaTopuu, Ha UTPOBOM TLIOIIAAKE W T.1.

KAJTIOPUMETP

N3onaums

XonopHas
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Tenno
MM

Boixogsitumit|sosnyx

2 g

J1iuid BO3AYX |

. [logorperas
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g R Yo

Mornotutens CO,

OxnaxpatoLmin - KOHTYp

Jocrtaeka O,

Puc. 5.10. Karopumempuueckas kamepa
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Puc. 5.11. [Ipubopsi, ucnonvsyemvie ona usmeperus
nompebaeHuss Kucaopooa u oopazoeaHusi C02

JlprxaTebHblii K03¢¢uuueHT

st onpeneNeHUsT KOJIMYECTBa S9HEPTUU, PacXomy-
MOl OpraHM3MOM, HEOOXOOMMO 3HaTb, YTO HCIONb-
3yeTcsl B OKMCIUTENIbHBIX TIpolleccaX B KauecTBe CyO-
cTpatoB (YIJEBOABI, XUPHI WiKu 6enku). ComepxkaHue
yrjiepoia U KMCIOponIa B IIIOKO3€, CBOOOMHBIX XXUP-
HBIX KHMCJIOTaX M aMUHOKMCJIOTaX OYeHb OTIMYAeTCs.
B pesynbraTe 3TOr0 KOJIMYECTBO KMCIOPOAa, UCTIONb-
3yeMOro B IPOIIECCe MeTa0O0IM3Ma, 3aBUCUT OT OKMC-
JisieMoro cyocrpara. MeTon HenmpsIMoii KallopruMeTpUK
TIO3BOJISET ONPENETUTh KOMMYECTBO Bhiensiemoro CO,
(V co,) MmoTpebsieMmoro Kucnopona ( ). Coor-
HOIIICHUE 3TUX IBYX BEJIWYMH HA3bIBACTCS IbIXATeNb-
HbIM Koadpuimentom (JIK).

B npuHIMIEe KoIMYeCTBO KUCIOpOaa, HEOoOXOmu-
MOTO /IS TIOJTHOTO OKMCJICHUSI MOJIEKYJIBI yIJIeBOJa
WJIY XKHpa, TPOITOPIIMOHAIBHO COIEPKAHUIO YIIIepO-
na B aToM cyocrpare. Hanpumep, rmokosa (C.H,,0()
COIEPXMT IIeCTh aTOMOB yriepona. Ilpu cxuraHnuu
[JI0KO3bl 6 MOJIEKYJT KUCIIOPOAa UCIIOJIb3YIOTCS ISt
obpazosanus 6 mosekyn CO,, 6 monekyn H,O u 38
Monekyn AT®:

OLEeHUBasl KOJMMYECTBO BBIIEICHHOIO CO, mo
CPaBHEHUIO C KOJIMYECTBOM NOTpedaeHHOro O,, Mbl
yctaHoBuM, uto K paBen 1,0:

K = Veo, 6CO,
=1, 2
Vo 60,

1

Kaxk cnenyer u3 ta6n. 5.4, K usmensiercs B 3a-
BUCHMOCTH OT cyOcTpaTa, MCITOJIb3yeMOTo ISl 00pa-
30BaHUs 3HepTruu. CBOOOIHBIE XUPHBIE KHUCIOTHI
colepkaT 3HaYMTEJILHO OOJIbIlIe YIiiepoda WU BOIOPO-
Jla, HO MEHBIIIe KUCJIOpoaa, 9YeM TIToKo3a. Bo3bMeM,
Harnpumep, NaIbMUTHHOBYIO KUC/IOTY, C, 6HBZOZ. Yro-

1,0
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7

Obl MOJIHOCTBIO OKMUCIMUTH 3Ty Moyekyiay a0 CO, u
H,O, Heobxonnumo 23 MoJIeKyIbl KMCIOPO/A:

16C + 160, 16CO,
32H + 80, 16H,0

Bcero Heobxonumo 24 O2 — 10,
obecrieueHHas caMoil TaJIbMUTHHOBOM
KHUCJIOTOM,

23 O, OJKHBI OBITH 1006aBIEHbI
B KxoHEYHOM MTOIe 3TOT MPOLIECC OKUCTCHMS TTPU-
BOIMT K oOpasoBanuio 16 mosiekyn CO,, 16 monexyn
H,O u 129 monexyn AT®:

JI1st cXUraHusl OMHOM MOJIEKYJIBI KUpa TpeOyeT-
Cs 3HAYUTEIbHO OOJIbIIe KUCIOPOA, YeM IS CKHU-
raHusl OMHOM MOJIEKYJIBbI YIJIeBOIOB. Bo BpeMsi okuc-
JIEHUS YIJICBOIOB M3 KaXKIOM MOJIEKYJIbI HCITONIb3Yye-
moro O, obpasyeTcsi MPUOMM3UTENBHO 6,3 MOJIEKYI
AT® (38 AT® Ha 6 O,), Torna Kak npu oOMeHe najb-
MUTHUHOBOM KUCIOTH — 5,6 Mosiekya1 ATD (129 ATD
Ha 23 O,).

Taonuma 5.4. Kanopnyeckas sksuBajieHTHOCTH JIK
M KOJIMYECTBO KIJIOKAJIOPHIi 32 CYeT OKHMCJIEHUS
YIJIEBOIOB W JKHPOB

Kunoxanopuu, %
oK DHeprusi, Kkara ' O,
YIJIEBO/IBI KUPbI
0,71 4,69 0 100
0,75 4,74 15,6 84,4
0,80 4,80 33,4 66,6
0,85 4,86 50,7 493
0,90 492 67,5 32,5
0,95 4,99 84,0 16,0
1,00 5,05 100,0 0

XOTs KUpbl 00eCeYnBalOT OOJIbIlIE SHEPTUU, UEM
VIJIEBOIBI, IS WX OKWCJICHUS TpeOyeTcsT OoJble
Kuciopoga. 9ro 3Hauut, yto K XXupoB 3HAYUTEb-
Ho yctynaeT K yrinesomoB. Ilpu ucrnoab3oBaHUU
naauMutuHoBOM kucnotsl JK pasen 0,70:

OnpeaenuB K Ha ocHOBaHUM WM3MEPEHUS JbIXa-
TEJbHBIX I'a30B, CPaBHUM IIOJYYECHHOE 3HAUYCHUE C
MpUBEACHHBIM B Taba. 5.4, 4TOOBI OMpeneanuTh, Ka-
Koil cybctpar okuciasgercsa. Eciau, Hanpumep, K
paBeH 1,0, KJIETKM MCIIONB3YIOT TOJIBKO TIIIOKO3Y WU
IJIMKOTeH, W KaXIblii JIUTP MOTPEOIsIeMOTo KUCIO-
pona obpasyet 5.05 KKan sHepruu. I[Ipu okucieHuun



OIHUX TOJIBKO XUPOB obpasyercs 4,69 KKEUI'II"IOZ, a
TIpY OKMCIeHWN 6enkoB — 4,46 kxar1' morpebnen-
Horo O,.

CrremoBaTeIbHO, €CJIA MBIIIIBI UCIIOIb3YIOT TOThb-
KO TJII0OKO3Y, a OpTaHW3M IIOTPeOIsIeT 2 JT KHCIOpoaa
B MHHYTY, HHTCHCHUBHOCTD TEILUIOBOTO 00pa30BaHUS
sHeprun 6yzer 10,1 kxan-mun! (2 1-mua 5,05 kKan).

OrpanuyeHus

Haxe MeTom HeIPSIMO# KaJJOPUMETPUH JajieK OT
coBepireHcTBa. M3aMepeHMs ra3oo0MeHa IIpearoia-
raloT, 4To conepxanue O, B OpraHU3Me OCTAeTCs Mo~
cTOssHHBIM 1 yTo 06MeH CO, B IerKnX Nponopumo-
HaJIeH KOJIMYECTBY €T0, BEIIEISIEMOMY U3 KIIETOK. Ap-
TepHajJbHas KPOBb OCTAETCS ITOYTU ITOJHOCTHIO
HACBIIEHHO# KucaopogoM (okomo 98 %) maxe npu
WHTCHCUBHOM YCWIMH. MBI MOXEM HPEATIONOXNTD,
YTO KOJUYECTBO KMCIIOpOIa, M3BJIEKAEMOIO M3 BO3-
JyXa, KOTOPbIM MBI IBIIIUM, MPOMOPLUOHATILHO €ro
KOJIMYECTBY, MOTpebiIsieMoMy KieTKamu. OTMETHM,
YTO0 OOMEH OHUOKCHAA YIJepoda MeHee ITOCTOSHEH.
Heno CO, B opraHu3me T0BOJILHO GOJBIINE; UX MOX-
HO M3MEHUTh JIMOO TIIyOOKMM JbIXaHUEM, OO BbI-
MTOJIHEHNEM (PU3HYECKOTO YIIPAaKHEHHSI BRICOKOM MH-
TeHcuBHOCTH. [lpu Takux ycaosusax konndectso CO,,
BBIICIISIEMOTO B JIETKHAE, MOXET HE COOTBETCTBOBATh
MMPOU3BOIMMOMY B TKaHSX. TakmMm o0Opa3oM, OIpe-
JieJieHre KOJIMYeCTBa UCMOJb3yeMbIX YIJIEBOAOB U XKH-
POB Ha OCHOBAaHWUM M3MEPEHUI Tra30B MOXHO CUM-
TaTh MOCTATOYHO HAAEXHBIM TOJIBKO B COCTOSHUU
ITOKOSI YUIM TIPY BHITTOJTHEHUU YIIPaXKHEHUI oImpere-
JICHHO! WHTCHCHUBHOCTH.

Hcnonp3oBaHne ABIXaTEIbHOIO KO3((UIIMEHTa
TaKXe MOXET IIPUBECTH K HETOUYHOCTSIM. BermoMHUM,
YTO OEJIOK OKHCISCTCS B OpraHM3Me He ITOJHOCTEIO,
ITOCKOJIBKY a30T He CITOCOOEH OKUCIIThC. [loaTomy
Ha ocHoBaHUHU JIK HEBO3MOXHO ONpPEICIUTH BEJIM-
YUHY KcIoab3oBaHust 6enkos. [lostomy JIK mHorma

_Has3bIBaIOT HEOENKOBBIM K, MOCKONLKY OH HE Yy4u-
THIBAET OKWCJICHUE OEJIKOB.

TpaguIIMOHHO CYUTAJIOCh, UTO BKJIad OCIKOB B
00pa3oBaHNE SHEPIrUHM BO BpeMs (DU3MIECKOM Ha-
IPY3KM HE3HAUYMTEJICH, IO3TOMY (DU3HUOJOTH IIPU
MMPOBEICHNH TOACYETOB MCITOIb30BaI HEOETKOBHI
AK. OpHako pe3yabTaThl ITOCIAEAHUX MCCIEea0Ba-
HUH MOKa3bIBAIOT, YTO BO BpeMs (M3MIECKON Ha-
IPY3KU IPOJOJIKUTEIbHOCTEIO HECKOJIbKO YacoB
BKJIaJ OEJKOB B 00pa30BaHWE SHEPTUU MOXET CO-
craBiaTs go 10 %.

OpranmsM, Kak IpaBIJIO, UCITOIb3YeT COUCTaHUE
HCTOYHUKOB 3Heprun. JK m3MeHsieTcs B 3aBUCUMO-
CTHU OT CBOeoOpa3ust oKuUcasemMoro cyocrpara. B mo-
koe JIK o6wruHo cocraBuser 0,78 — 0,80. Bo Bpems
Harpy3KH MBIIIIE B OCHOBHOM HCIIOJIB3YIOT YIJIEBO-
Il B KaUeCTBe UCTOUHMKA DHEPTUM, YTO BeAeT K I0-
BeimeHuio JIK. C yBennueHrneM MHTEHCUBHOCTU Ha-
IPY3KHM BO3pacTaeT IMOTPEeOHOCTh B yrieBomax. Ilo
Mepe YBeIUYeHUsS KOJMYECTBA UCIIOJB3YEeMBIX YIJIe-
BogoB K crpemurcs x 1,0.
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Oto npubnuxenue AK x 1,0 orpaxaeT moTped-
HOCTB B [NTFOK03¢ KPOBH ¥ MBIIIEYHOM TJIMKOTEHE, a
TaKKe MOXET CBHICTSILCTBOBATh O TOM, UTO 3HAUM-
TeNbHO Oosibuiee KonnuectBo CO, BbimesSeTCS U3
KPOBH, YeM MPOU3BOIUTCS MBIIIIIaMu. 1o Mepe Ha-
CTYIUIEHUS COCTOSIHUSI U3HEMOXKEHUS B KPOBU aKKY-
MyJIupyeTcs JakTtat. OpraHu3M IBITaeTCS PeBEPCH-
pOBaTh 3TO OKHUCJICHME, BBHIIEJSIS OONbIIee KOJIMIC-
creo CO,. HakomieHue snakrara yBelU4YUBaeT
obpasoanne CO,, MOCKOIbKY U3OBITOK KHUCIOTBI
BeZIeT K IIPEeBPAIICHUIO YTOJIbHON KUCIOTH KPOBH B
COz. BceneacrBue 31oro M30BITOK CO2 b GyHII-
pyeT M3 KpPOBHM B JICTKHE, YBEIWUMBAs KOJUICCTBO
sbinensgemoro CO,. IMostomy K, nocruraromuii 1,0,
MOXET He COBCEM TOYHO OIPEIeISITh THI CyOcTpaTa
OKHCJICHUSI, UCITOJIB3yeMOro MeImamMu. Kpome toro,
o0pa3oBaHME TIIOKO3Bl BCIEICTBHE KaTabOaM3Ma
amuHokucaoT gaet JAK nuxke 0,70. CnemoBaTesbHO,
ompeneIecHe OKHCEHMS YIJIEBOIOB HAa OCHOBAaHWU
JK OymeT HETOUHBIM, €CIIM DHEPrusl 0CBOOOXIAeTCS
3a CYeT 3TOTo IIpoIrecca.

Hecmotpst Ha ompenesieHHbIE HEAOCTATKM METOmIa
HeTIPSIMOi1 KaJIOpUMETPUU, OH OCTACTCS JTYIIINM CIIO-
co0OM OIpeIe/ICHHNS pacXoia SHepIuH B ITOKOE U TIPU
cyOMaKCcUMaJIbHBIX Harpy3Kax.

N30TONHLIE U3MEPEHUA
OHEPTETUYECKOI'O OBMEHA

B mpomwiom ompepeseHne OOIIEro pacxoma SHEp-
TMU 3a JIcHb OCYIIECTBISUIOCh Ha OCHOBAaHUU TINA-
TEJIbHON PEeTUCTpAllid TMOTPeOJICHUST MUIIM B Tede-
HHE HECKOJbKHUX THEH, a TaKKe U3MEPCHMIT N3MeHe-
HUII B COCTaBe Tejla 3a 3TOT IEpHoA. DTOT METOI,
HECMOTpS Ha IMMPOKOEe IpPUMEHEHWE, OBbLI OTpaHu-
YeH CIIOCOOHOCTBIO YeJIOBEKa BECTH TOUHYIO PErHCT-
paiyio U TOYHO ONIPEAETSATbh PACXOX SHEPTUU MBI-
MIEYHOM AeSITeTbHOCTH.

I[IpuMeHeHNE M30TOIOB PACIIMPIIO HAIIM BO3-
MOXHOCTH M3Y4YeHHMS OoOMeHa SHepTruu. W30TOIBI
MPEICTABISIOT CO0O0I B3JIEMEHTH ¢ HETUIHIHOM
aToMHOM Maccoil. OHM OBIBAIOT PamMOAKTUBHBIMU
(panmou30TONbl) WJIM HEePaauOaKTUBHBIMU (YCTOM-
yuBble U30ToMnbl). Hampumep, yriepon-12 (12C) ume-
€T MOJIEKYJISIpHYIO Maccy 12 u sBisteTcss Hanbonee
eCTeCTBeHHO# (opmoit yriaepoma. OH Hepaamoak-
tuBeH. CymiecTByeT Takxe yriepos-14 (*C), y xo-
TOPOro Ha JBa HENTpOHA OOJbIIe, YeM y yriiepoma-
12, moaTomy ero atomHast Macca 14. Yrineposa-14 06-
pasyercsl B JTaOOPATOPHBIX YCIOBUSIX M SBISCTCS
pPaguOaKTUBHBIM.

Vriepon-13 (3C) cocrasiser 1 % yrnepona B npu-
pole W OYEeHb YAacTO MCIOJB3YeTCS IJIT M3YYeHUS
obmeHa sHeprur. OH HepaIMOAKTUBEH, MO3TOMY 3a
HUM TPYIHEE CICOUTh B OpraHU3Me, YeM 3a yIJIepo-
noM-14. XoTs 3a paiuoakKTUBHBIMU M30TOIAMU JIeT-
KO CJIEOUTh B OpraHU3Me, OHU OTPUIIATEIHBHO BIIUSI-
0T Ha TKaHU Tejla U IMMO3TOMY MX PEAKO MCITOIb3YIOT
B MICCIICIOBAHUSIX C YYACTUEM JIIOICH.

Vrnepoa-13 u apyrue HM30TOIBI, HAIpUMEp, BO-



Jopon-2 (neitrepuii, uau H) ncnonb3yioTcs Kak Me-
YeHbIe aTOMBI, T.€. 32 MX MepeMeIleHUsIMUA B Opra-
HMU3ME YeloBeKa MOXHO HaOJogaTh. OTOT METO.
MpeAnosaraeT BBeAeHUE U30TOIOB YeJ0BEeKY M TOC-
Jieayolee caexXeHue 3a UX pacrpeneeHueM U Tepe-
MeILeHUEM.

XoTs maHHBIM MeTon omucaH 6Gojee 30 jer Ha-
3ajl, UCCJEeI0BaHUSl ¢ MCIOJb30BaHUEM MeYeHOM
BOJIbI CTAJIM MPOBOAUTHCS JUIIL COBCEM HEAABHO ISl
KOHTpPOJISI pacxojia 3HEPruu B OOBIYHBIX YCIOBUSIX.
WcnpiTyeMblii BBHINMMBAET M3BECTHOE KOJMYECTBO
BOJIbI, MeYeHOI 1ByMs uzotonamu (*H,'*0). [leiire-
puit *H) nuddyHaupyeT B XUAKOCTH OpraHu3mMa, a
kuciopoa-18 (1*0) — B XMIKOCTH, a TAaKXe B 3ara-
Chl JIBYYIJIEKUCIION comu (Tae COmepXUTCS OOoJbIas
YyacTh OMOKCHIA yriaepojaa, o0pa3oBaHHOTO BCIe-
cTBUe MeTaboau3ma). MHTEHCUBHOCTh BbIACIECHUS
JIBYX U30TOIIOB M3 OpPraHW3Ma MOXHO OMNpPEIeIHUTh,
aHaJU3MUPYsl UX MPUCYTCTBUE B MoOYe, CIIOHE WU
npobax kpoBu. Ha ocHOBaHUM TOJYYEHHBIX daH-
HBIX MOXHO OINpEeAEIUTh KOJUYECTBO 00pazyeMoro
CO, v 3aTeM, MCHOIb3Ys KATOPUMETPUIECKUE YPaB-
HEHHUsI, TIepeBECTH TMOJYYeHHBI IOKasaTeJb B Be-
JIMYMHY PacXOAyeMOil 3HEpTuu.

[TockonbKy OOMEH WM30TOMOB IMPOMCXOIUT OTHO-
CUTEJIBHO MEUICHHO, W3MEpeHMs] OoOMEHa JSHEepruu
clleflyeT MPOBOOUTH B TeUeHWE HECKOJBKUX HENEb.
CrenoBaTeNlbHO, 3TOT METOJ HE COBCEM IMOAXOMMT AJISt
onpe/eeHs CpouHoro metaboausMa. Bmecre ¢ Tem,
Onmarogapst BeICOKOH (cBbile 98 %) ToyHOCTH M He-
OOJBILION CTEMEHW PHUCKA €r0 MOXHO CUUTATh BECh-
Ma IMpUeMJIeMbIM JJIs1 ONpeae/ieHUs 3aTpaT SHePIuu,
MPOUCXOASIIMX M30 OHS B AeHb. CrHeluaaucTsl B
00J1aCTU MUTAHUS YTBEPXAAIOT, YTO NAHHBIM METOA
MpeACTaBisgeT coboii Hambosiee 3HAYMTEIbHOE TEX-
HUYECKOEe OTKPBITUE MPOIIOr0 CTOJETUS B 00JacTH
oOMEeHa 3HEpPTrUH.

B OB3OPE...

1. MeTox mpsMOil KalOPUMETPHH OCHOBaH Ha
WCIOJb30BaHUU KaJopUMeTpa Uil HemocpelCTBEH-
HOTO M3MEpEeHUsl KOoJMuyecTBa Teruia, 00pa3yeMoro
TEJIOM.

2. Meton HenpsIMOii KaJTopuMETpUM Tpeamnoara-
eT U3MepeHue MoTpedIeHUS 02 u Beigenenus CO,,
BbiunciaeHue K (cooTHomeHue mokazaTeseil 3TUX
ra3oB) M €ro COMOCTaBJIeHUE CO CTaHAAPTHHIMU TI0-
KazaTeJsIMU Ul OTpeAeJeHUs] BuJa OKUCIEHHOTO
cybcTpata M TOCJEIYIONIeTo OMpeneIeHus pacxona
9HEPruy Ha JUTP MOTJIOLMEHHOTO KUCIOPOa.

3. O6nynbie 3HaueHus K — 0,78 — 0,80.

4. JIng onpeneneHUs] MHTEHCUBHOCTH METabOJ I3~
Ma MOTYT MCIOJIb30BaThCsl M30TOMbl. WX BBOAST B
OpraHM3M U CJIefar 3a ux nepemerieHusiMu. CKo-
POCTb MX BBIIEJCHUS TO3BOJISIET OMpeaeauTh 00pa-
3oBanne CO, M pacxon SHEPruu.
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OLEHKA AHABPOBHOI'O YCHUIUA

MBI paccMOTpeJIM CIIOCOOBI OTIpeeIeHIS a3po0-
HOT0 MeTa00/I1M3Ma, OIHAKO OHM He YIYUTHIBAIOT aHa-
3po0OHBIe TIpoLecchl. Kak MOXHO OLEHUTh B3aUMO-
JeiicTBUe a3pOOHBIX (OKUCIUTEIbHBIX) U aHa3pO0-
HBIX mpoueccoB? Hawmbosnee pacmpocTpaHeHHBIMU
METOJAMM OLIEHKM aHadPOOHOTO YCHIIUS SIBISIOTCS
METO/bI, BKJIIOUAIOIINe M3ydeHe N30BITOYHOTO I10-
TpeOJIeHUs KUCIOpPoAa IOocjie Harpys3ku Ju0o Jak-
TaTHOro mopora. PaccmoTpum oba MeTona.

IToTpebJenne Kucaopoaa
nocjie (pu3ndecKkoi HArpy3Ku

CrnocoOHOCTh Halllero opraHuM3Ma ajekBaTHO
YAOBJETBOPSITh MOTPEOHOCTH MBILIL B KHUCJIOPOIE
JajieKka oT coBeplieHcTBa. Korma Bbl HauMHaeTe BbI-
MOJIHATD YIpaXHEeHHe, CUCcTeMa TpaHCIopTa KUCIO-
poma (OplxaHHWe W KpoBOOOpallleHHWEe) He cpasy Io-
CTaBJIsIeT HEOOXOAMMOE KOJMYECTBO €ro aKTHBHBIM
MblInam. JIuip yepe3 HECKOJbKO MUHYT HOCTHUIa-
eTcsl CTaOMJIbHBIN YpOBEHb MOTPEOJeHUS] KUCIOpO-
Ja, TMPU KOTOPOM MOJTHOCTbIO (PYHKUMOHUPYIOT
a’pOOHBIE MPOLECCh, OAHAKO MOTPEOHOCTb OpraHu3-
Ma B KUCJIOPOJE Pe3KO IMOBHIIACTCSI UMEHHO B MO-
MEHT Hayajia BHIMOJTHEHUS YIIpaxkKHEHMUS.

[TocKosbKY MOTpeOHOCTh B KMCIOPOIE U €ro Jo-
CTaBKa OTJIMYAIOTCS B MOMEHT Iiepexofa OT COCTOsI-
HUS TTOKOSI K BBIMOJHEHUIO (DU3UYECKOTO YIpaxHe-
HUSI, B OpraHM3Me HabJrogaeTcss 1eUIUT KUCI0po-
na (puc. 5.12) gaxe mpu He3HAYUTEIbHOU GuU3M-
yeckoii Harpyske. leduuuT Kuciopoaa onpeaenseT-
Cs1 KaK pa3HUIla MeXIy KOJUYECTBOM KHCJIOpOja, He-
OOXOAMMBIM JUIS BBITIOJHEHUSI JAHHOW BEJIMYMHBI
paboThl, ¥ KOJMYECTBOM IOTPEOISIEeMOTO KHCIOpPO-
na. HecMoTpst Ha HemocTaToOK KMCIOpoaa, B MBIIILAX
no-npexHeMmy obpaszyercas AT® ¢ momolibio aHas-
POOHBIX TPOLIECCOB OOMEHa.

B mepBble MUHYTHI BOCCTAHOBJICHMS, XOTS MBIII-
LIl ykKe He paboTaloT aKTUBHO, MOTPEOHOCTh B KUC-
JIopoJe YMeHbIIaeTcsi He cpaszy. HaobopoT, motpe0-
JIEHMe KUCI0pOJa OCTAeTCsl TOBBIIIEHHBIM B TEUECHUE
HeKoToporo BpeMeHu (puc. 5.12). B10 morpebieHue
KMCJIOpoaa, MpeBbilIaoliee HEOOXOAUMYIO BETUYMHY
B TMOKOE€, Ha3bIBAaeTCsl KUCIOPOAHBIM A0aroM. B moc-
JieqHee BpeMsi Oojiee PacmpoCTpaHEHO OMpeneecHue
"M30BITOYHOE TOTpEOIeHNE KUCIOpoaa mociie (hu3i-
YeCKOM Harpy3ku”. DTo JOMOJHUTEIbHOE KOIMYECTBO
K OOBIYHO MOTPeOIsIeMOMY KOJMYECTBY KUCIOPOAA.
[IpencraBbTe, UTO MPOMCXOAUT TOCTIE 3aBeplleHus (hu-
3MYECKON Harpy3ku: MpoOexaB KBapTaa, YTOObI yc-
MeTh Ha OTXOASIIMI aBTOOYC, WM OBICTPO B300paB-
LIMCh MO CTYMEeHbKaM Ha HECKOJbKO 3Taxeil BBEpX,
Bbl MTOYYBCTBYETE, KaK y4acTHUJICS Balll MyJbC U OLIY-
TUTE HEXBATKY Bo3ayxa. Yepe3 HECKOJIbKO MMHYT Ya-
CTOTA MyJibca BOCCTAHABIMBAETCS U JbIXaHUE BO3Bpa-
11aeTcsl K HOpMe.

MHorue rombl KpUBYIO M30BITOYHOTO MOTpedIIe-
HUS KMCI0pOJa OMUCHIBAIN KaK UMEIOIYIO IBa Oue-
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BUIHBIX KOMITIOHEHTA: MCXOAHBIA OBICTPBIM U BTO-
pUYHBIH MemieHHBI. CorlacHO KJIacCU4ecKoil Teo-
puHu, OBICTPBI KOMITIOHEHT KPUBOI OTpaXkaeT KOJIu-
YeCTBO KHCJIOPOAa, HEOOXOAMMOIO MJisI BOCCTAHOB-
neHus AT® u K®, ucnonb3yeMblXx BO BpeMs
(u3nyeckoit Harpy3Ku, 0COOEHHO B CaMOM Hayaje.
be3 moctarouHoro kKosmyecTBa KMCJIOpPOIa MaKpo-
sHepreTuyeckue (ocdarHble CBSI3U B 3TUX COEAMHE-
HUSIX HapyIIamTCs, BCAEACTBUE YETr0 HE IMOCTaBIISI-
eTcs HeoOXoaMMOoe KOMMYEeCTBO aHepruu. Bo Bpems
BOCCTaHOBJICHUSI 3TU CBSI3U IOJIKHBI OBITH BO30OHOB-
JIeHBbl Oyiarofgapsi OKMCIMTENbHBIM IIpolieccaM, 4To-
OBl BOCIIOJTHUTD 3aI1achl SHEPTUU WU YCTPAHUTD JOJIT.
Cuuranoch, 4TO MeIJIEHHBIA KOMITIOHEHT KPUBOW —
pe3yabTaT BhIBEIEHUSI aKKYMYJIMPOBAHHOTO JIaKTaTa
M3 TKaHeil myTeM 10O MpeBpalleHUs B TJMKOICH,
mubo okucnenuss B CO, n H,0, yro obecrieunsaer
SHEPTUI0, HEOOXOAUMYIO 1711 BOCCTAHOBJICHUS 3aria-
COB TJIMKOT€Ha.

B pamkax sToif TeopuM Tonaraaum, 4ro oba KOM-
MOHEHTa KPUBOW OTpaxkaloT aHAdPOOHYIO AeSITelb-
HOCTb BO BpeMsl (pu3nueckoil Harpy3ku. CylecTBo-
BaJI0 MHEHHME, YTO HAa OCHOBAaHMM ITOTPEOJIEHMS KUC-
JopoJa TOocCje BBIMOJHEHUST YHPaKHEHUS MOXHO
OIpeneUTh BETUYMHY aHAIPOOHOM MPOU3BOIUTEb-
HOCTH.

HenasHue uccnenoBaHusi, 0OMHAKO, TOKa3alu, YTO
KJlaccu4eckKoe o0bsICHeHUE M30BLITOUHOIO MoTpede-
HUSI KHCJIOpOIda CJIMIIKOM yrpolieHo. Hampumep,
BHayaJjie BBIMMOJHEHUS YIPaXXHEHUS HEKOTOPOe KO-
JIMYECTBO KUCJIOPOIa MOXET OBITh B3SITO M3 3aIlacoB
(remornobuHa u MuoriaoduHa). Bo BpeMst BoccTaHOB-
JIEHUS 3TO KOJMYECTBO KUCIOPOAA TOJKHO OBITh BOC-
nojaHeHo. Kpowme Toro, mociie BHIMOJTHEHUS YIIpaxk-
HEHMS IbIXaHUEe HEKOTOPOE BpEeMsI OCTaeTCs yJalleH-
HeIM. YacTUYHO 3TO O0OYCJIOBJIEHO MOMBITKOM
YCTpaHUTh HakonuBuuiicst B Tkansix CO, Kak 1npo-
OYKT MeTabonu3ma. Temmnepartypa Teja TakxkKe MOBBI-
IIIeHa, B pe3yJbTaTe Yero MoaaepKUBaeTCs BhICOKas
WHTEHCUBHOCTb MeTa00JM3Ma 1 AbIXaHMS, YTO Tpe-
oyet Ooublle KUcaopoaa. TOYHO Tak e BIUSIOT M0-
BBILIIEHHBIC YPOBHU aJipeHaJMHA U HOpaapeHalnHa.

Takum obpa3zom, Kiaaccuueckas TeOpUsl HE YU -
THIBaeT Bce (PaKTOPbI, OT KOTOPBIX 3aBUCUT KUCIIO-
ponHblil gonr. Heobxonumo Gosee THiaTenbHOE U3Y-

T*

yeHue GhHU3UOJOTHYSCKMX MEXaHU3MOB, 00YCJIOBIU-
BalOIIMX M30BITOK MOTpeOJIeHUsT KHUCIopoaa Ioce
(pU3NYECKOil HArpy3KU.

ITopor aakrara

MHorue crneuudagucTbl CYUTAIOT MOPOT JIaKTaTa
HaJeXHBIM TI0Ka3aTesieM TOTEHIIMAJIbHBIX BO3MOX-
HOCTe CTIOpTCMEHa BBITOJIHSATh GU3NYECKIE HATPy3-
KU, TpeOyIolIre MposiBaeHUsT BBIHOCAUBOCTHU. [Topor
JlaKTaTa OIpenessiioT KaK MOMEHT HaJajla aKKyMyJIsi-
LIMM JJaKTaTa B KPOBU BO BpeMs (PU3MIECKOI HArpy3-
KU YBEJIMYMBAIOIENCS MHTEHCUBHOCTU CBEPX YPOB-
Heli, XapaKTepHBIX IJIs1 COCTOSIHMS mokosi. Eciau uH-
TEHCUBHOCTh MBIIIEYHOU OeATeJIbHOCTH HEOOJbIIast
WU CPeIHss, YPOBEHb JaKTaTa JUIIb HEMHOTO Tpe-
BBIIIAET IOKAa3aTeJdb B COCTOSIHUM ITOKOSI. YBeluye-
HUEe MHTEHCUBHOCTU MPUBOIUT K 00Jiee ObICTPOIi aK-
KyMYJISIUK JakTata. [1py HeBhICOKO# CKOPOCTH TIIa-
BaHMs (puc. 5.13) ypOBHM JlaKTaTa paBHbI WM OJM3KU
K YPOBHSIM, XapaKTEPHBIM JIJISl COCTOSTHUS TToKosI. [1pu
yBEJIMYEHUU CKOPOCTU TjaaBaHus Oonee 1,4 M-c!
YPOBHU JIaKTaTa KPOBU OBICTPO IOBBIIIAIOTCS. JTa
TOYKA pa3pbiBa HEMPEPHIBHOCTH Ha KPUBOI COOTBET-
CTBYET IOPOTY JaKTaTa.

CornacHO ompeneNieH!Io, IMOPOT JIaKTaTa IOJIKeH
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Haepy3Ku (cKopocmu naaéauus) U aKKymMyAayuu
AaKkmama 8 Kposu



OTpaxaTh B3aMMOJEHCTBHUE MEXIY a3pOOHON 1 aHa-
9pOOHOIM SHEPTETUUECKUMU crucTeMaMu. [1o MHEeHMIO
HEKOTOPBIX MCCJIeNoBaTesIeld, TOPOT JaKTaTa OTpaXaeT
3HAYUTEJbHbBIN CABUT B CTOPOHY aHA3POOHOTO TJIK-
KOJIM3a, BCJIENCTBHE KOTOPOTO 0OpasyeTcsl JIaKTar.
[MosToMy 3HauMTEeTbHOE TMOBBIILICHUE YPOBHS JIAKTa-
Ta KpPOBU TPU YBEJIWMUEHUU YCWJIMS Ha3bIBAIOT aHas-
POOHBIM TIOPOTOM.

CrnenyeT OCTAaHOBUTBLCS Ha 3HAYUTEIbHBIX TIPO-
TUBOPEYMSIX, KACAIOUINXCS B3aMMOCBSI3U MEXY TT0-
pPOrOM JIaKTaTa M aHa3pOOHBIM MeTaboJM3MOM B
MbIIe. MBIIel, 0e3ycJI0BHO, 00pa3yloT JaKTaT
elle 0 TOro, KakK JOCTUTaeTcs IMOpor JiakTara, Of-
HAaKO €ro BbIBOAAT Apyrue Tkanu. Kpome Toro, Toy-
Ka pa3pbiBa HEMPEPHIBHOCTH HE BCETla OYCBUIHA.
[TosToMy cHenuaaucThl JOBOJBHO YacTO YCTaHaB-
JINBAIOT TIPOM3BONBHEIN mokazarenb 2,0 wm 4,0
MMOJIb JIAKTaTa Ha JINTP MOTPEOISIEeMOr0 KHUCI0PO-
Ja, OTpaxkaloUIMii MOMEHT Hayala aKKyMYJSIUU
JIaKTaTa KpPOBU. DTO —3TAJOHHBIA MOMEHT Hayaja
AKKYMYJSILIMW JIaKTaTta KPOBM WM OTIPABHON MO-
MEHT pabOTHI.

Ilopor nakTaTa, BbIPAXKEHHDbIA B NMPOLEHTHOM
ornomenmi K MIIK — omun u3 Jyymmx mo-
Ka3aTeJieil TPEHHPOBAHHOCTH CTOPTCMEHA B Ta-
KUX IMKIMYECKUX BHIAX CMOPTA, KaK Oer Ha
JUIMHHBIE MCTAHIMM W €372 Ha BeJocHIene

T

[Topor nakraTa 0OBIYHO BHIPAXAIOT B MPOLIEHTAX
MIIK, mipu koTopoM oH mpocturaeTcs. CITocoOHOCTh
BBITTOJIHATL PabOTy ¢ BBICOKOM WHTCHCHMBHOCTHIO 03
HaKOIUICHMS JIAKTaTa UMeeT OOJblloe 3HaYeHue, II0-
CKOJIbKY 00pa30oBaHUE JaKTaTa CIIOCOOCTBYET YTOM-
nenuto. CnegoBatenbHO, Topor jaktata npu 80 %
MIIK cBumeTebCTBYET O JIYUIIE TOJEPAHTHOCTH K
(u3nyeckM Harpy3kam II0 CpPaBHEHHMIO C JIaKTaT-
HbIM TIoporoM Tipu 60 % MIIK. U3 nByx moneit ¢
omnHakoBeiMu MITK Gosiee BBICOKMIT ypOBeHb hH-
3MUYECKOI AeSITEeTbHOCTH, TPeOYIolIeil MpOsBIeHUS
BBIHOCIIMBOCTHU, OYyIeT y TOTO, Y KOTOPOTO BHIIIE
MOPOT JIaKTaTa.

B OB3OPE...

1. M30BITOUHOE TIOTpEOIeHNEe KMCI0opoaa Mocie
(busnyeckoil Harpy3ku TpPEACTaBIsAeT COOOIl MOBBI-
LIEHHOE 10 CPaBHEHUIO C COCTOSIHMEM ITOKOS II0-
TpebJieHue ero, KOTOpoe IMPOAOJIKAETCI HEKOTOPOe
BpeMs Ioc/e 3aBeplleHMs (DU3NYECKO HArpy3KHU.

2. TpamgWLIMOHHO CYMTAJIOCh, YTO W30BITOYHOE
MoTpeblieHNe KUCIOPOAa OTpaXkaeT aHa3pOOHOe yCH-
JIe BO BPeMsI BBITTOTHEHUST (PU3NIECKON HATPY3KH,
OJHAKO 3TO CJIMIIKOM YIMPOLIEHHOE MpeACTaBIcHME.
Couetanue 1emoro psga (akropoB 0OOYCIOBIMBAET

Y nempenuposannvix aideii nopoz aakmama

00biuHo Habarwoaemes npu 50— 60 % MIIK. YV

CUAbHEIIUUX CNOPMCMEHO8, 3AHUMAIOULUXCA Ui~

damu cnopma, mpedyrouuMu NPosgACHUs 8bIHOC-

AuBOCMU, HOpO2 AaKmama 0ocmuzaemcs npu
70 — 80 % MIIK

MOBBIIIEHHYIO MOTPEOHOCTD B KUCIOPOJE IMOCIIE BbI-
MMOJTHEHUST PU3NIECKOI pabOTHI.

3. Ilopor nakrata — 3TO MOMEHT, KOTJa IPOMUC-
XOIUT ObICTpast aKKyMYJISILIUSA JJaKTaTa B KPOBH, BO
BpeMsI BHITTOJTHEHUS (DU3NIECKOM HArPy3KU, IPEBbI-
1Iarolas ypoBHU JlaKTata B Moxoe!.

4. Kax mpaBwio, JIOOu, uMerole 6ojiee BhICO-
KHWe ToKa3aTeJid TMopora JlakTaTta WM Hadaja akKy-
MYJISIIAY JJAaKTaTa KPOBU, BhIpaXKeHHBIE B TIPOLICHT-
HoMm oTHomeHMn K MIIK, crmocoOHBI moka3aTth 00-
Jiee BBICOKME Pe3yJIbTaThl B BUIAX CHOPTA, TPEOYIOIIMX
MPOSIBJICHUSI BBIHOCIMBOCTH.

SHEPTETMYECKHE 3ATPATBI
B ITOKOE U1 ITPU ®U3NYECKHUX
HATPY3KAX

[Tocne PacCMOTPCHHUA SHEPIECTUYCCKUX CHUCTEM
Halmero opraHni3Ma MOXXeEM IMPUCTYIIHUTD K U3YUYCHUTIO
TOro, Kak HMCITIOJIb3YCTCA 06pa3yeMaﬂ MMM OHEPIU:A.

MHTEHCHBHOCTb METABOJIN3MA

MHTeHCUBHOCTb, C KaKoOW OpPraHU3M MCIIONb3YyeT
SHEPrUIO, Ha3bIBAECTCS MHTEHCHBHOCTBIO META0O0JIM3-
Ma. Kak yxe yKa3bIBalloCh, OINpelc/ieHUe 3HEPro-
3aTpaT B MOKOE U BO BpeMsl (hM3UYECKOIl HArpy3Ku
OCHOBBIBAaeTCSI Ha M3MEPEHUM TIOTPeOJIEHUS] opra-
HM3MOM KHUCIIOPOAA U €ro KaJllOpUIecKOro 3KBHBa-
JieHTa. B cOCTOSHMM TIOKOSI CpeiHUil 4eloBeK IIo-
TpebnsieT okojo 0,3 1 02'MI/IH", win 18 n-ut, unm
432 n'menvw.

Temnepb onpenennM, CKOJIbKO SHEPTUU €XeTHEB-
HO PacxoiyeT Takoil yejioBeK. BCIIOMHMM, 4TO B CO-
CTOSIHMM TIOKOSI OPTaHM3M CXUTaeT CMeCh YIJIEBOIOB
n xupoB. [loxazarens JIK 0,80 B mokoe TummyeH
JUIST OONBIIMHCTBA JIIOACH, palliOH NMUTAHUS KOTO-
PBIX BKJIIOYACT XUPHI W yrIeBoAbl. Kamopmueckuii
sksuBaieHT K 0,80 paBen 4,80 kxan- 1! morpedis-
emoro O, (cm. tabn. 5.4). Wcronbsys oM Benuuu-
HBI, MOXEM OIIPEIeIUTh PacXo KaJopuil (B KKaj B
JIEHb) CICOYIOIIUM 00Pa3oM:

=10, noTpe6/IIeMOro B IcHb, * KKaJl, UCIIONb-

3yemble Ha 1 O,,

=432 1 O, nenb 4,80 kxana'! O,

2,074 xxan-neHb .

! B KayecTBe 3Ta/IOHA Hayajla akKKyMYJISILIMK JIaKTaTa B KPOBU
WCIIOIB3YIOT CTAaHIAPTHBIN IOKa3aTenb, paBHbIA 2,0 — 4,0
MMonb flakTata B 1 1 O,
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DTOT MoKa3aTesib COOTBETCTBYET CPEIHUM 3aT-
paTaM 3HEpPTUU B COCTOSTHUM MOKOS y 4eJOBeKa
Maccoit 70 xr (154 ¢yHTa). EcTecTBeHHO, OH He
BKJII0YAET KOJIMYECTBO SHEPTUU, HEOOXOTUMOIA
JJ19 BBIITOJTHEHUS OOBIYHON MOBCEIHEBHOM A€d-
TEJbHOCTH.

CraHpapTHagd Mepa 3aTpaT SHEPrMu B ITOKOE —
CKOpOCTb OCHOBHOTO 0OM€Ha, T.€. CKOPOCTb SHEPTO-
3aTpaT y 4eJOBeKa B COCTOSIHMM IOKOS B IOJIOXE-
HUU JIeXa Ha CTIMHE, KOTopast U3MepseTcs cpasy mociie
CHa B T€YeHUE HEe MeHee 8 4 U IOcje roJ0AaHus B
TeueHue He MeHee 12 4. DTO moKasaTeslb OTpaXaer
MHUHUMAaJIbHOE KOJIMYECTBO SHEPTUU, HEOOXOIUMOIL
JUISL OCYLIeCTBAEHUST (DU3MOIOTUYECKUX (DYHKIIUIA
OpraHu3Ma.

CKOpOCTh OCHOBHOTO 0OMEHa HEMOCPeNCTBEHHO
CBSI3aHA C YUCTOM MaccCoii Tejla U OOBIYHO BhIpaxKa-
€TCsl B KWJIOKAJIOPUAX Ha KWJIOTPAMM YMCTOI MacChl
Tella B MUHYTY. YeM BBIlIe YMCTas Macca Teua, TeM
OoJIblile KUJIOKAJIOPUil pacxoayeTcd 3a AeHb. BermoM-
HHUM, YTO Y XEHIIMH Macca Xupa OoJblle, Y4eM y
MYXurH. [1oaTOMY y HUX, KaK NMPaBuIo, TOKA3aTeJIn
CKOPOCTH OCHOBHOTO OOMEHAa HWXe, YeM Y MYXKUMH
OIMHAKOBOI ¢ HUMM MacChbl.

Taxkoe xe OobIIOE 3HAYEHUE NMEET U TIIIOMIAIb
rmoBepxHocTH Tena. Yem OoJblIe IIIOIMIAAb TTOBEPX-
HOCTM Tejla, TeM OoJjbllle OTHAaya Teria TeJIOM MU
BBIIIIE CKOPOCTh OCHOBHOTO 0OMEeHa, TTOCKOJIBKY ISl
MOAAepKaHUS TeMIIepaTyphl TeJla TpeoyeTcs 60JTb-
e sHepruu. I103TOMY CKOPOCTH OCHOBHOTO 00-
MEHa 4acTO BBIPAXaloT B KUJIOKaJOpusx Ha 1 M’
MJIOLIAAM MTOBEPXHOCTHU Tesia B Yac. [10CKOIbKY Mbl
00CyXIaeM pacxoj SHEPruu 3a JeHb, UCIONb3yeM
0ojiee MOAXOASINYI0 €IUHULY —KWIOKaJOPHH B
JIeHb.

Ha cxopocTh 0CHOBHOTO 0OMEHA BIMSIET MHOXKeE-
CTBO Jpyrux ¢daktopoB. Cpeau Hux:

* BO3pAcCT: CKOPOCTb OCHOBHOTI'O 0OMeHa ¢ BO3pa-
CTOM IOCTENEHHO CHIKAETCH;

* TeMIlepaTypa Tela. CKOPOCTb OCHOBHOTO 0OMe-
Ha YBEJIMYMBAETCS! MPU TOBBIIIEHUN TeMIlepa-
TypBI;

* CTpecc: CTpecC MOBBIIIAET AKTUBHOCTb CUMITATH-
YECKOM HEPBHOM CUCTEMBI, YTO, B CBOXO OUEDPE]Ib,
YBEJIMYMBAET CKOPOCThH OCHOBHOTO OOMEHA;

* TOPMOHBI: TUPOKCUH IIUTOBUIHON XeJe3bl
U aipeHaJIMH MO3TOBOTO BEIIECTBA HAAIIOUEY-
HUKOB MOBBIIIAIOT CKOPOCTh OCHOBHOIO 00-
MEHa.

B nHacTogmiee BpeMsi BMECTO CKOPOCTU OCHOB-
HOTO oOMeHa OOJBIIMHCTBO CIELUAJTUCTOB HC-
MOJB3YIOT TEPMUH "MHTEHCUBHOCThL OOMeEHa Be-
LIECTB B IMOKOE", TOCKOJbKY OOJBIIMHCTBO U3ME-
pPEHUI OCYLIECTBISIETCS TaKUM Xe 00pa3oM, Kak
U MpU OTpefeNeHUu CKOPOCTH OCHOBHOIO 00Me-
Ha. [Toka3aTeqnm CKOPOCTHM OCHOBHOro oOMeHa
koyeomores ot 1 200 mo 2 400 kkan meHn'. OO-
niasg CpeaHsss MHTEHCUBHOCTh MeTabonu3Ma Mpu
00BIYHOIi TOBCEIHEBHO 1€ATEJIbHOCTU KOJIEOaeT-
ca or 1 800 mo 3 000 kkai.

Pacxod suepeuu y kpynHoix cnopmcmeros,
eXCeOHe8HO NPOBOOAUUX UHMEHCUBHbIE MPEeHU-
posku, moxcem npeeviuwams 10 000 Kkan Oerv—"!

MAKCHUMAIJIbHAA CITOCOBHOCTD
BBITTOJITHATD ®U3NYECKUE HAIPY3KHU

[Ipu mepexome OT COCTOSHUS IMTOKOSI K BBITTOJTHE-
HU10 GU3NIECKON HATPY3KU MOTPEOHOCTh B 9HEPTUN
Bo3pacTaeT. MeTaboIM3M yBeTUINBAETCS MTPSIMO TTPO-
MOPIUOHANBHO YBEINICHUIO WHTEHCUBHOCTH pabo-
Thl. CTaJKMBasCh ¢ BO3paCTalOLIMMU MOTPEOHOCTS-
MU B 9HEPTUU, HAIll OPTaHMU3M MOCTENEHHO JOCTHTA-
eT TIpelieNia ToTpedIeHns Kuciopona. B aTot MoMeHT,
KaK cjemyeT M3 puc. 5.14, moTpebieHMe KUCIOpoma
(V o,) DOCTUTAeT NMKA U OCTAETCA NMOCTOSHHBIM MM
Jaxe ClieTKa CHMKAeTCsI, HECMOTPST Ha BCe BO3pacTa-
OIIYI0 MHTEHCUBHOCTh pabOTHI. DTOT TMKOBEIN TTO-
Kaszatejlb MpecTaBiasieT co0oil a3poOHYy Crnocod-
HOCTh, MaKCHMaJIbHOE MOTpeOIeHe KUCIOpOaa WK
MIIK. ITo mHeHuto psiaa yueHbix, MITK — nyuimii
MoKa3aTeNib YPOBHST KapAMOPECITMPATOPHOI BBIHOC-
JIUBOCTU M a3pOOHON TIOATOTOBICHHOCTH.

XO0TsI, TT0 MHEHUIO HEKOTOPHIX CITEI[MATHCTOB B
obnactu crniopra, MITK — xoporuiuii mporHoctuyec-
KU (akTop ycmexa B BHIAX CIOPTa, TPEOYIOIINX
TIPOSIBIICHUST BEIHOCJTMBOCTH, TeM He MeHee, Ha OC-
HOBaHWMHM TOJIbKO 3TOTO TIOKAa3aTelsl, ONpeaeieHHOTO
B JTaOOPATOPHBIX YCIOBUAX, HENb3sI MPEAONPENCTUTh
nobeautenst MapadoHckoro 3abera [4]. ToyHo Tak
Ke TecT Oera Ha JTMHHYIO TUCTAHIIMIO MOXET JIUIIb
MPUOIM3UTETBHO TpeacKa3aTh HHANBUIYATbHEIH TIO-
kazateap MIIK. OTo cBupeTenbCcTBYeT O TOM, UTO
XOPOIINI CHOPTUBHBIN pe3yibTaT 3aBUCUT HE TOJb-
Ko oT Beicokoro MIIK [1].

HccnenoBanus nokaseiBatot, uro MIIK yBenu-
YMBAETCS BCIEACTBHE (DU3NUCCKUX TPEHUPOBOK TOJIb-
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Puc. 5.14. Bzaumocensb mexncoy uHmMeHCU8HOCMbio
usuueckoil Haepysku (ckopocmv) u nompebdaeHuem
Kucaopooa, unrnocmpupyrouas MIIK y mpenupoéarhbix
(1) u nempenuposanuvix (2) myxncuun
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KO B TeueHue 8 —12 Hemenb, 3aTeM HaOJ0IaeTCsS
IJIaTO, HECMOTPSI Ha JajbHEiIIee yBeIMICHUE WH-
TeHcuBHOCTH TpeHUpoBOoK. U xors MIIK ne ysenu-
YUBACTCSI, Y UCIBITYEMBIX MPOIOJIKAET YIYIIIaThCS
MBIIIIEYHAS IeSITeIbHOCTD, TPEOYIOMAs MPOSIBICHUS
BBIHOCJIUBOCTH. Y HUX MOXET IMOBBICUTHCS CIIOCO0-
HOCTBb paboTaTh Ipu 6ojiee BhicOkoM mpoueHte MITK.
Hanpumep, 00JbIIMHCTBO OETYHOB MOTYT IpoOexXaTh
guctaHuuio 42 km (26,2 MUIKM) CO CpeaHel CKOpoc-
ThIO, Ipeamnoarapieii ucnoiab3opanue 75 — 80 %
nx MIIK [1].

Hanpumep, y OvIBIIETO peKOpacMeHa MHpa B Ma-
padone Anbbepro Canazapa MIIK cocrasnsiio 70
M-kr-!'mMun~!. Oro Huxe npeanoaaraemoro MITK Ha
OCHOBaHUHU ero pesyabrata 2 4 8§ MuH. OgHAKO OH
Mor OexaTh gucraHuuio mpu 86 % MIIK. Dror mpo-
LIEHTHBIN ITOKa3aTe/Ib OBUT HAMHOTO BBIIIE, YeM Y APY-
TUX CIIOPTCMEHOB. MIMEHHO 3TMM MOXHO YacTHIHO
OOBSICHUTh €T0 BBICOKHE CIIOPTHBHBIC PE3YJIbTATHL.

I'maBHBIMM TTOKA3aTeISIMHU YCIIEITHOTO BBICTYILIC-
HHUSI B BUIAX CIIOPTa, TPEOYIOIIUX MPOSIBICHUS BHI-
HocnuBocTu, siBastorcss MIIK u npouent ot MIIK,
KOTOPBIM CIIOPTCMEH CIIOCOOEH IOMIEPXUBATh M-
TeabHOE BpeMsd. IlocimenHee, BUOIUMO, CBSI3aHO C II0-
pPOrOM JIaKTaTa, MOCKOJbKY OH, OYEBUAHO, SIBJSETCS
[JIaBHBIM (DaKTOpPOM, OMpPEeAesIolUM CKOPOCTh, KO-
TOPYIO CIIOPTCMEH CIIOCOOEH BBIIECPXKMBATh BO Bpe-
Ms JUINTEJIbHOTO COpeBHOBaHMS. TakuM obpasoMm,
CIOCOOHOCTh BBINOJNHATH PabOTy Impu 0Oosiee BBICO-
koM tmpoueHte or MIIK, ckopee Bcero orpaxkaer
60JIce BRICOKMII YPOBEHD JIAKTATHOIO TIOpOra.

Tak KaK MHOUBUIYaJbHBIC MOTPEOHOCTH B 3HEP-
MU 3aBUCSIT OT pa3dmepoB tena, MIIK, kak nmpaBuio,
BBIPAXXAlOT OTHOCHTEIBHO MACCHI Tela B MIJLIUINT-
pax KUcIopoaa, MoTpedIsieMOro Ha KMJIOTpaMM Mac-
chl Tena B MuHYTy (MI'KI"MUH™!). Bro mo3BossieT
bojice TOYHO CPaBHWBATh WHIWBUIYYMOB Pa3HOIO
pa3Mepa, BBICTYNAIONIMX B TaKMX BUAAX, Kak OeT.
B To XXe BpeMsl MBIIIeUHAs IeSTEIBHOCTD IUIOBILIOB 1
BeJIOCUTIEANCTOB Oosee TecHO cBsizaHa ¢ MIIK, ko-
TOPHIN BBIPAXAIOT B JINTPAaX B MUHYTY (JI'MHH !).

VY pu3NYecKkn aKTUBHBIX YYalllUXcd KOJUIE[KEH B
Bo3pacte 18 — 22 ner cpennue mokazateau MIIK co-
cTaBysioT 38 — 42 Mk *Mun-! (neByiku) u 44 — 50
MK “MuH~! (toHomu). HaunHast ¢ Bo3pacrta 25 — 30
JIeT, V (OU3NIeCKM HEaKTUBHBIX JIIONEH ITOKa3aTeNd
MIIK cHmxarorcst Ha 1 % B ron. O4eBUIHO, 3TO 00yC-
JIOBJICHO COYeTaHWEM ABYX (paKTOPOB — OMOIOTHYEC-
KOTO CTapeHMs M MAJIOTIOABIDKHOTO 00pasa KW3HM.
OTMeTHM TakxXe, 4TO y XeHUIMH mokasarenu MIIK,
Kak TIPaBWJIO, HAMHOTO YCTYIAIOT ITOKA3aTeJISIM MYX-
YUH OTHOTO ¢ HUMH BO3pacTa. DTO pasndme ooyc-
JIOBJICHO ABYMS (paKTOpaMM: pa3HBIM COCTABOM Teja
(Y XXeHIIH, KaK MpaBWjio, MEHbIIIEe YHCTas Macca Tejia)
1 pa3HO# KOHLEHTpaLKeil reMorjaooruHa (H1xXe y XXeH-
IIAH, BCJCICTBUE 3TOTO IOHMXEHHAS CIIOCOOHOCTB
TpaHcmopTa Kuciopoma). OmHaKO He COBCEM SICHO,
HACKOJIbKO 3T0 MoJjioBoe paznuure B MITK oGycios-
JIEHO A€M CTBUTEIBbHO (DM3UOJOTUYECKUMU Pa3anymsi-
MU ¥ HAaCKOJIbKO — TPagUIIMOHHBIM MaJIOMOIBIIKHBIM

Yposnu aspobuoii npoussodumenvnocmu nopsoka
80 — 84 make™! mun—'xapaxmepnor onsa cunvheii-
wux 0ecyHo8 Ha OAUHHble OUCMAHUUU U AbIJHCHU-
xo06. Camoe evicokoe MIIKYy mymxcuun 6vir0 3ape-
eucmpuposano y yemnuona Hopeeeuu no nvicHoim
eonam — 94 muxe mun~'. Cpedu ncenugun ca-
Mmoe ebvicokoe MIIK 3apeeucmpupo6arno y nwlicHu-
ubt u3 Poccuu — 74 make™"mun='. B mo xce épe-
MS1y He00CMamo1Ho nodeomoeéaerHuix atodeii MITK
Mmodxcem Obimo HUdce — 20 Ma k™ mun!

00pa3oM XHU3HM, KOTOPBIM BEAYT KEHIIUHBI TIOCTE T0-
CTUKECHUS IIOJIOBOM 3penocTu. bomee mompoOHO 3T

BOIIPOCHI paccMaTpuBaloTcs B Tiase 19.

BKOHOMUA YCUITUA

Ilo Mepe moBblIeHUST 3(PPEKTUBHOCTH BBIIOI-
HEHHSI KaKOTO-HMOYIb YIPaXHEHUS MOTPEeOHOCTh B
SHEPTUM CHUXKACTCS, M Y Bac IOBBIIIACTCS pe3epB-
HOCTb. DTO WJLTIOCTpUpYET puc. 5.15 Ha ocHOBaHUU
JaHHBIX OIBYX OCTYHOB Ha IJIMHHBIC TUCTaHIWU. [1pu
Bcex ckopoctsax Beime 200 M-MUH! (7,5 Muabu!),
OeryH A moTpeOJsl 3HaUYUTeJIbHO MEHbIIIE KUCIOPO-
na, yuem OeryH b. Y o0oux cnopTcMeHOB ObUIM TTOUYTH
oguHakoseie MITK (64 — 65 Ma-kr~!*MuH™}), osTO-
My OeryH A, pacXoOOBaBIINN MEHBIICE KOJIUIECTBO
9HEpPruu, UMes OYeBUAHOE MPEUMYILECTBO BO BpeMs
COpPEBHOBAHMIA.

O6a OeryHa HEOOHOKPATHO MPUHUMAIM ydacTUe
B COPEBHOBaHMSIX. Bo BpeMsI COpeBHOBaHUI IO Ma-
padoHy OHM Oeraaud cO CKOpPOCTbIO, TpeOoBaBIlIEit
ucnosb3oBanus 85 % MIIK. B cpenHem GeryH A umen
npeumylilecTBo B 13 MuH Onarogaps 0osiee BBICOKOIT
addexkTuBHocTH. [lockonbky MIIK y oboux cmopt-
CMEHOB OBLIO OMWHAKOBBIM, a MOTPEOHOCTH B DHEP-
TUU pa3Hasl, MPEUMYIIECTBO, KOTOPOe MMeJI OeTyH A,
BO MHOTOM OBLJIO O0YCJIOBJIEHO 0o0Jjice BBICOKOI 3-
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Puc. 5.15. Iompebnocmo 6 kucaopode y 08yx
b6ecyH08 Ha OauHHble OUCMAHUUU, Oe2yuux ¢ pasHol
ckopocmoio. Hecmomps na odunakoewiii MITK
(64 — 65 make™-mun'), 6eeyn I bonee spgpexmueno
UCNOAB308AN KUCAOPOO U NOIMOMY bOedcan bvicmpee
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(heKTUBHOCTBIO eTo Oera. K coxkajeHHIo, MBI He 3Ha-
€M, YeM OOBSCHSIIOTCS 3TU pa3Indus.

HccnenoBanust, IpOBOOMBINKECS Ha CIIPUHTEpPAX,
OeryHax Ha cpemHue M MapadoHCKHUE AMCTAHIIVU,
MMOKa3aJif, YTO HanboJiee SKOHOMUYHBI M IPOIYK-
TUBHBI MapadoHubl. OHU, KaK MpaBUIO, PaCXOIYIOT
Ha 5 — 10 % MmeHbIlle 2HEPTUU, YeM CIIPUHTEPHI 1
OeryHbl Ha cpenHue nucTaHuuu. [IpaBna, s3KoHOMUIO
YCWJINI M3y4Yaju TOJIbKO IIPU OTHOCUTEIBHO HEBBI-
cokux ckopoctax (10— 19 xkMu™! wmm 6 — 12
MWJIb-Y~'). BrojiHe eCTECTBEHHO IPEANOIOXUTh, YTO
OeryHbl Ha IJIMHHBIE TUCTAHUUU MeHee 3(P(PeKTUB-
Hbl Ha KOPOTKUX AUCTAHIUSX 110 CPABHEHUIO C TEMHU,
KTO Ha HHUX CTENUaTU3UPYETC.

Paznuuus B TexHuKe Oera v crieliu(puUHOCTU Tpe-
HHUPOBOK B Oere Ha KOPOTKHE W IJWHHBIE TUCTaH-
MU MOTYT OOYCJIOBIMBATh yKa3aHHbBIE Pa3ivyuus B
SKOHOMMYHOCTH. Kak moKasbIBaeT aHaJIM3 TeXHUKHU
Oera OeTYHOB Ha cpenHUE, KOpPOTKME U MapadoHC-
KUe TUCTAHIIUU, Y CIIPUHTEPOB M OETYHOB Ha Cpel-
HMe OUCTAaHUHMKM 3HAYMTEJHLHO OOJIbIee BEepTUKAIb-
HOe ABMXeHWe mpu ckopoctd Oera 11 — 19 km-u!
(7 — 12 muwibu'), uem y mapadonues. OnHako Ta-
KH1e CKOPOCTH 3HAYMTESTbHO YCTYMAIOT COPEBHOBATEIb-
HOIi CKOpOCTM Oera Ha CpefHMe TUCTAHIIUU U TI03TO-
My, OYCBUIHO, HETOYHO OTpaxkaloT 3(P(HEeKTUBHOCTH
Oera CIOPTCMEHOB Ha 0OoJiee KOPOTKUMX MUCTaHLUSIX
(1500 M u MeHblLe).

Db dOEKTUBHOCTh ABUKEHUSI MOXET OKa3bIBaTh €IIIe
OoJblliee BIMSHKE B APYTHX OUCHUILIMHAX. Hampw-
Mep, YacTb HEPTUM, PACXOAyeMOil BO BpeMsl TuTaBa-
HMSI, UCTIOJIB3YETCS JJIST TOTO, YTOOBI yIepXaTh TEJO
Ha TTOBEPXHOCTH BOOHI W IIPOM3BECTH IOCTATOYHOE
yCWIIWE JUTSI TIPEOIOJIEHUsT COTTPOTUBIICHUSI TBUXKEHUIO
BOmBl. M XOTS KONWYECTBO SHEPTUM, HEOOXOTMMOWM
JUTS TJTAaBaHMSI, 3aBUCUT OT pPa3MepoB Tesa U "TUIaBy-
yecTH', TJIAaBHBIN TTOKA3aTellb SKOHOMUY TUIaBaHUS —
93(HEeKTUBHOCTh TPUIOXKEHUSI CHUJIBI.

Ha puc. 5.16 moka3aHbl MOTPeOHOCTH B KHCIIO-
pozie y TPEHUPOBAHHBIX IJIOBLIOB 000Ero MoJia, a Tak-
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Puc. 5.16. ITompebrnocms 6 kuciopode y mpenuposar-
HbIX NA0BUOE U MPOeBOPUEs 6bICOKO20 YPOBHS

VYcmex B BUAax criopra, TPeOYIOIIMX MPOSIB-
JIEHWSI BBIHOCJIMBOCTH, BO MHOTOM 3aBUCUT OT

« Boicokoro MIIK;

« BBICOKOTO YPOBHS JJAKTaTHOTO MOpOra WK
Havyajla akKyMYJISILUM JIAKTaTa B KPOBU;

e OoJibLIEN SKOHOMMM YCWJIMI WIM HHU3KOro
ToKasareJisi IIPYU BBITMIOJTHEHUU PAOOThL
OIMHAKOBOW MHTEHCUBHOCTH;

¢ BBICOKOTO MPOLEHTA MeIeHHOCOKpalua-
1IMXCsL BOJIOKOH

7

K€ Y TPYIIBI XOPOIIO MOATOTOBIEHHBIX TPOEOOPIIEB.
IMokazatenu moTpebneHUsT KUCAOPOJA HAHOCUJIU Ha
rpadvK TIpU Pa3TUIHBIX CKOPOCTSIX TUTAaBaHUS. XOTS
TpoebOPLIbI eXeTHEBHO MPOBOAWIN TPEHUPOBKU TIO
MJIaBaHWIO, HU OIMH M3 HUX HUKOTJA HE BBICTYMAJ B
COPEBHOBAHUSX MO TUIaBaHU10. JIIOOOMBITHO, UTO XOTS
MHOTHE U3 TpoeOOpILIeB UMENU CYIIECTBEHHO OoJee
BBICOKHE TMOKa3aTeJM a’poOHOil paboTOCImocoOHOC-
TH, 9eM TUTOBIIBI, JINIIIh HEMHOTHE U3 HUX MOTJIU Jie-
MOHCTPUPOBATh TaKHUe€ XK€ Pe3yabTaThl, KaK HamOo-
Jlee cna0blii U3 TIOBIOB. HekoTophle TUIOBUMXU C
MIIK 2,1 — 2,3 m-MUH"! TIpOIUTBIBAIM AMCTAHIIUIO
400 M ¢ TakMM 3Ke pe3yabTaTOM, KakK U TpoeOOopLbl ¢
MIIK Bsimie 5,0 a-MuH. J{1s1 10BLOB ObUIa Xapak-
TepHa Oosee BbicoKas 3(GHEKTUBHOCTD.

PesynbTaThl BO MHOTMX BHUjaxX CIOpPTa MOTYT B
OoJibllIell CTENEeHW 3aBUCEThb OT TEXHUKU CIOPTCMe-
Ha, 4eM OT CMOCOOHOCTU MPOU3BOAUTH SHEPTHUIO.
[TosTOMYy BaXHO HE TOJBKO HAMpaBJsITh YCUIUS Ha
TTOBBIIIIEHNE BEIHOCTMBOCTU UM YBEJIMUEHUE CUIIBI, HO
U Ha TIOBBIIIEHWE TEXHUYECKOTO MacTepcTBa CIOPT-
cMeHoB. OfHAaKO B BUIAX CIOpTa, TPeOYIOIIUX IMPo-
SIBJIEHUS BBIHOCJTUBOCTH, YCIeX 00YCJIOBJIEH, TI0 Kpaii-
Helt Mepe, TpeMsl (pakTopamu:

* BbIcOKMM noka3zareieM MIIK;

* BBICOKMM TOPOTOM JIaKTaTa WM HayaJloM aKKy-

MYJISIIUU JTaKTaTa B KPOBU;

* OOJIbllIell SKOHOMUEN YCUIUIA WJIM HU3KUM TO-
KazaTenaeMm TPU BHITIOJTHEHUU PabOTHI OU-
HaKOBOW WHTEHCHUBHOCTH;

* BBICOKHMM IIPOIEHTOMMEIICHHOCOKPALLAIOIINX-
Cs MBIIIIEYHBIX BOJIOKOH.

SHEPTETUYECKUWE 3ATPATDLI ITPU
PA3JIMYHLIX BUAAX AEATEJIIBHOCTHA

KosmuecTBo sHeprum, 3aTpaunBaeMOii TIpH pas3ind-
HBIX BHIAX JESTENbHOCTH, 3aBUCUT OT MHTEHCHBHOCTH
M BUIa (HU3MUECKON HArpy3KW. Pacxom sHepruu Impu
GOJBIIMHCTBE BUIOB AESTEIbHOCTHA OIPENENSIOT TI0
BeJIMYMHE MOTPeOJISIEMOTO KMCIOPO/IA, U3MEPSIst Cpeji-
HUIi MTOKa3aTe/b MOTPEONCHUS] KUCTOPO/Ia 3a eIUHUILY
BpeMeHHM. Ha OCHOBaHWM IMOJYYEHHOTO ITOKA3aTess
MCUYKCIISIOT KOJMYECTBO KUIOKAIOPHiI SHEPTHH, pac-
XOIyeMOii eXeMUHYTHO (KKal-MHH™).

DTH mokasaTen OOBIYHO HE YYHWTHIBAIOT aHA3-
pOGHBIE ACIEKTHl MBIIIEYHOM AEATENBHOCTH U W3-
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ObITOYHOE MOTpedIeHUe KUCIopoaa Mocje BhIIOJI-
HEeHUs pabOThl. DTO HEMaJIOBaXXHO, IOCKOJBKY pac-
XOJ dHEPTUM TNPU BHIMOJHEHUU AAHHON pabOTHI
MoXeT cocTaBisaTh 300 KKan TUIIOC JOMOJHUTENb-
Hbie 100 KKan Bo BpeMsl BOocCTaHOBAeHMS. Takum
o0pa3oM, obLIMil pacxon aHepruu coctaBut He 300,
a 400 xkau.

OpraHusmy cpeaHero 4yejioBeka HE0OXOAUMO
0,20 — 0,35 1 Kucaopoga B MUHYTY AJISI YAOBJIETBO-
peHHUs MOTPEeOHOCTEl B SHEPIUM B COCTOSSHUM IIO-
Kos1. O1o cocrasiger 1,0 — 1,8 kkan-MuuH~!, miu 60 —
108 xkany~, wm 1,44 —2,592 kxan - geHs~!. OueBus-
HO, 4YTO J11I0001 BUJ ICATCIBbHOCTHU YBCJIMYUBACT OTOT
nokasateb. JlnanazoH CyTOUHOTO Pacxoja SHepruu
oyeHb IMPOK. OH 3aBUCUT OT MHOTHUX (paKTOPOB, B
TOM 4YHUCJIE OT

* YPOBHS JBUraTeJIbHOW aKTUBHOCTHU;

* BO3pacTa;

* T0J1a;

* pa3MepoB Tena;

* Macchl TeJia;

* cocTraBa TeJja.

Takke OTIMYAIOTCS HEPro3aTpaThl MPHU 3aHATUU
pa3IMYHBIMU BHJaMH CIIOpTa. HCKOTOprC BUbI
CIoOpTa — CTpesib0a U3 JIyKa WIN UTpa B KerId — He
HaMHOI'O IIPEBbLIIIAIOT pacXod SHEPIMU IO CpaBHEHUIO
¢ TOKa3aTesieM B COCTOSIHMM MOKosl. Jpyrum Bumam,
TaKMM, KaK CIIPMHTEPCKUE COPEeBHOBAHMSI, TPeOyeTCs
OYEeHb MHOTO 3Heprur. IToMMMO MHTEHCUBHOCTU (Pu-
3UYECKOM HArpy3Kku, CIEAYeT YYUTHIBATb TAKXE €€
IpoAoJKUTENbHOCTh. Hampumep, npu OGere co cko-
poctbio 25 kM-4~! (15,5 MIs-y~!) pacxomyercs: OKOJIO
29 KKRaJI'MHH™!, OIHAKO TaKyl0 CKOPOCTb MOXHO CO-
XpaHsTh JIMIIIb KOPOTKOE BpeMsl. B To xxe Bpemsi mpu
Gere Tpycuoii co ckopocteio 11 kM-u~' (7 Muwibu)
pacxomyercs TOJabKO 14,5 Kkam-MuH™!, T.e. BIBOE MEHb-

me. OmMHAaKO CKOpOCTh Oera Tpycloii MOXHO TMOAAep-
>KMBaTh 3HAYUTENBLHO AOJIbIIE, YTO MPUBEAET K 0OJb-
HeMy o0IIeMY pacXody 3HEpPTUU.

B 1abn. 5.5 npuBeAeHHBI cpelHUE TTOKAa3aTeNIM pac-
XOJla SHEPTUM MYXKYMH U XEHIIUMH MPU pPa3IM4YHbIX
BUIAX MBILIEYHOM AeITebHOCTU. BOIBIIMHCTBO BU-
JOB (pM3MYECKOil Harpy3ku, yKa3aHHBIX,B TaOJMIIE,
BKJIIOUAIOT NIepeMellieHUEe MacChl TeJla, TT0O3TOMY TpH-
BeIleHHbIC 3HAYCHUS MOTYT 3HAUUTENBHO KOJebaThb-
¢Sl B 3aBUCUMOCTM OT MHIWBUIAYaJbHBIX Pa3IMuMii, a
TaKXe YPOBHS TEXHUYECKOTo MacTepcTBa (3(phekTB-
HOCTY JBUXCHUS).

B OB3OPE...

1. CKOpocTh OCHOBHOI'O OOMeHa MPEICTABIISIET CO-
00li MUHMMAaJIbHOE KOJMYECTBO SHEPIUM, HEOOXOAM-
MO JIJIS1 OCYILIECTBJCHUSI OCHOBHBIX KJIETOUYHBIX (DyH-
Kuuii. Ee u3MepsioT ¢ codoaeHeM oIpeaeIeHHbIX
ycJoBuUiA TecTa. BennunHa OCHOBHOTO OOMEHa TeCHO
CBsI3aHa C YMCTOM Maccoy TeJjia U IUIOLIAAbIo MOBEp-
XHOCTH Te€Jla, XOTd Ha Hee MOTIYT BJIMATH U Jpyrue
(bakTopBHI.

2. BeanunHa ocHOBHOrO oOMeHa KoJeOseTcsl OT
1 200 go 2 400 xkamgeHb~'. Ilpu BBIIOJHEHUU IIO-
BCEIHEBHOWM MbIIIEYHOM IESITeIbHOCTU PACXOM SHEP-
rvi moBbimaercst 1o 1 800 — 3 000 kKan-meHb™!.

3. MeTabonu3M yCUIMBAETCS C YBEJIMYEHUEM MH-
TEHCUBHOCTUA (DU3MUYECKON Harpy3Ku, OTHAKO IOTpeo-
JIEHUEe KUCJIopoJa orpaHuuYeHo. Ero mukom siBisieT-
cs1 MIIK. .

4. VYnyuiieHue (U3MYECKOM IMOATOTOBICHHOCTU
YacTo O3HauaeT OoJjiee JUIMTEIbHOE BBIIIOJHEHUE pa-
00Thl mpu Oosee BbicoKoM mpolieHTe MITK.

BU esITeNbHOCTH My):(ln/n-nﬂ.,l )KeHmMHb_I‘, OTHOCI/ITeIIbH(_)l MaCCEI Tena,
KKaJ-MHH KKal MAH KKaJI'KT "MHH

Backer6oi 8,6 6,8 0,123
Benocunennplii criopt, MWIbY™!

7,0 5,0 3,9 0,071

10,0 7,5 5,9 0,107
Tann6on 11,0 8,6 0,157
Ber, muwrsg ™

7,5 14,0 11,0 0,200

10,0 18,2 14,3 0,260
[NpeObiBaHMEe B TIOJIOKEHUW CUIS 1,7 1,3 0,024
Con 1,2 0,9 0,017
[peGbiBaHME B TIOJIOXKEHUN CTOST 1,8 1,4 0,026
MnaBanue (kporb, 3,0 MHIHY™) 20,0 15,7 0,285
Tennnc 7,1 5,5 0,101 Ta6auua 55
Xompba, 3,5 MWK Y 5,0 39 0,071 Pacxoﬂ
Tsoxenast ataeTuka 8,2 6,4 0,117 SHEpPIuu
Bopnda 13,1 10,3 0,187 MpU  pasIMyHbIX

BUIAX

ITpumeyan e [lokasareau NpUBENEHBI 11 MYXUMH ¢ Maccoii Tena 154 dyHTa (70 Kr) ¥ KEHLIMH ¢ Maccoit IVBVecKoit

Tena 121 dyHT (55 Kr). OHM MBMEHSIIOTCS B 3aBUCMMOCTU OT WHIMBUMAYATbHBIX Pa3IMIMId.
IeATeIIbBHOCTU
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Puc. 5.17. Hcnoavzoearnue enuxkoeeHa 6 UKPOHOICHOL

Muligye (a) u omuocumenvroe gocnpusmue ycuaus (6) 6o

epems 3-uacogoeo Geca Ha mpedbane ¢ UHMEHCUBHOCMbIO
70 % MIIK. Jlanneie Kocmuma (1986)

30BaHMSI TJMKOT€HA B UKPOHOXHOW MbllIle Obuia
MakcuMaibHOU B mepBbie 90 MuH. McnbiTyeMblii co-
o011 00 UCTIBITHIBAEMOM HAMPSKEHUU (KaK TPYIHO
€My [aBajloCh YCWJIME) B Pa3IMYHbIE MOMEHTHI TeCTa.
OH UCHBITBIBAJ CPEIHIOID CTEMEHb CTpecca B CaMOM
Hayasie, KOIja 3arnachl MIMKOreHa ObUIM elle J0CTa-
TOYHO OOJIBIIMMU, HECMOTPSI Ha BHICOKYIO MHTEHCUB-
HOCTb €T0 UCMOJIb30BaHUsl. OH He UCTIBITHIBAJ 3HAYU -

TEJIbHOTO YTOMJICHMSI IO TeX IMOp, TMOKa 3amachl MbI-
[IEYHOTO TJIMKOTeHA MOYTU He MCTOLIMIuCh. Takum
06pa3oM, BOSBHUKHOBEHUE OLIYILEHNS YTOMJICHUSI TTPU
MPOJODKUTENbHOM (hU3NYECKON Harpy3ke COBITafaeT
CO CHMIXEHUEM YPOBHS MBIIIEYHOTO TIMKOTeHa. Ma-
padoHIIbl Ha3bIBAIOT BHE3AIMHOE HACTYIUICHHWE YTOM-
JeHus Ha 29 — 35-M kwioMerpe gacTaHuuu (18 —
22-9 MuJIs) "CTOJIKHOBEHWMEM cO cTeHKoi". Yactnu-
HO BOBHMKHOBEHUE YyBCTBA YTOMJICHUS O0YCIOBICHO
UCTOIIIEHHEM 3aIlacoB MBIIIEYHOTO TIMKOTeHa.

HcTomenne 3anacoB IJIMKOTeHa B Pa3jMYHBIX Mb-
MeYHbIX BOJIOKHAX. CyIIECTBYIOT onpee/ieHHbIe IaT-
TepHbI PEKPYUTUPOBAHMS BOBJICUCHUSI MBILIEYHBIX BO-
JIOKOH M MCTOIIEHUS B HUX 3aIacoB IJIMKoreHa. 3a-
nachl ITMKOTeHa MOTYT UCTOIIUTLCSA B Haubosee 4acTo
UCIIOJIb3YeMbIX BOJJOKHAX. DTO BeeT K COKpaIleHHIO
YKcIa BOJIOKOH, CIIOCOOHBIX MPOW3BOAUTH MbIIIEY-
HOE yCuJIMe, HeoOXOAMMOe IS BBIMOTHEHUS (PU3M-
YECKOro yrpaXHeHMUS.

Ha puc. 5.18 mpenacrtaBieHa MUKPOCTPYKTypa
MBIILIEYHBIX BOJIOKOH, B3SITBIX M3 MBILILLI OeryHa 10
u nocjie 3abera Ha 30 kM. Ha puc. 5.18,a Mbl BUugum
muddepenimanuio MC- u bC-BojiokoH. OfgHO u3
BC-BosnokoH 06BeneHo kpyrom. Ha puc. 5.18,6mpo-
JEMOHCTPUPOBAH BTOpPOI 0Opasel] TOi XK€ MBIIIIIHI,
OKpallIeHHOI IJ1s1 BbISIBIEHMS TIMKoreHa. Yem Kpac-
Hee (TeMHee) OKpacka, TeM OoJblle B Heil IJIMKOre-
Ha. /o 3abera Bce BOJIOKHA COiepXKaiu JOCTaTOYHOE
KOJIMYEeCTBO TJIMKOTEHAa M MMEIU KpPacHYK OKpacky.
B o0OBenenHom kpyre BC-BonokHe Ha puc. 5.18,6
(mmoce 3abera) Bce ellle JOCTaTOYHO IIMKoreHa. B To
Ke BpeMsi B Haxonsiuxcs psinom ¢ HuM MC-Bosiok-
Hax 3arachl TJIMKOT€Ha TMOYTH TMOJHOCTBIO HCTOIIE-
HbI. DTO CBUIETENLCTBYET O TOM, yTo MC-BoJlIOKHa
0oJiee MHTEHCUBHO MCIIOJIBb3YIOTCSI BO BPEMS MbIIIEY-
HOW JeSITeIbHOCTU, TPeOYIOIIeil MPOsIBIEHUSI BBHIHOC-
JIMBOCTHU, BO BpeMsI KOTOPOil MPOMU3BOAUTCS CpelHEe
ycuaue, Hampumep, oer Ha 30 KM.

Puc. 5.18. Tucmoxumuueckoe okpawueanue na evisignenue moiumeuno2o aauxozena 0o (a) u nocae (6)
3abeea Ha 30 km. [loscnenus 6 mexcme
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ITatTepH ucToleHUs 3amacoB TriaukoreHa B MC-
1 bC-BoJIOKHAaX 3aBUCUT OT MHTEHCUBHOCTUA (PU3M-
Jyeckoit Harpy3ku. BecromuumM, yto MC-BosiokHa mep-
BBHIMM BOBJIEKAIOTCS MPY HEBBICOKOM MHTEHCUBHOC-
T™a ¢u3ndyeckoit Harpysku. Ilo mepe yBeanueHUs
MHTEHCUBHOCTY HAYMHAIOT BKio4athess U bC -Bo-
JokHa. Korma MHTEHCHMBHOCTb BO3pacTaeT A0 Mak-
cuMajbHOM, Hactymaer ouepens bC -Bojokow. Ilo-
BUAMMOMY, TaKOM e MaTTepH XapaKTepeH U IS Mpo-
1ecca UCTOLIEHMS 3aIacoB IJIMKOTeHa.

Ha puc. 5.19 nmoka3zaHo KOJIMYECTBO TJIMKOIeHa,
KoTopbiii ucnonb3oBamt MC-, a takxe BC. - n bBC.-
BOJIOKHA JIaTepaJlbHOM MIMPOKOI MBIIIIIBLI Oeapa Ipu
€376 Ha BeJIocuIleNie ¢ pa3anyHbIM npoueHToM MITK
ucnbiTyeMoro. IIpM OTHOCUTENLHO HEBBICOKOW WH-
TEHCUBHOCTH u3nyeckoii Harpys3ku (40 — 60 %
MIIK) HaubGonee akTuBHBIMU ObLIM MC-BoJIOKHA.
Ilpu Gonee BbIcOKOI MHTeHCcHBHOCTH (75 — 90 %
MIIK) yvame wucnonb3oBanmuck bC-BojokHa, KOTO-
pble ObICTpee MCTOIIAIM CBOM 3arachl IJIMKOTEHa 10
cpaBHeHNIO ¢ M C-BoJIOKHAMM.

D10, 0HAKO, He 03HavyaeT, yTo MC-BojIOKHA MEHb-
1Ie MCIOJIb3YIOTCSI BO BpeMsl MaKCHMaJbHbBIX COKpa-
meHuii, yemM BbC, mpocTo 3mech oTpakeH TOT (hakT,
uyro BC-BonokHa B 6oJblieil cTeneHy "rosaratTcs”
Ha TIMKoreH. [Ipy MHTEHCUBHBIX MBIIIEYHBIX COKpa-
HIEHUSIX B pabOTe y4acTBYIOT BCE TUIIBI BOJIOKOH.

Korma B MC-BoJsiokHax MCTOIIAIOTCS 3arachl TIK-
KoreHa, BC-BolokHa OKa3bIBAIOTCS JMOO HECIIOCO0-
HBIMUA TIPOM3BOAUTH OCTATOYHOE YyCWIue, 00 He
MOTYT OBITh MOJIHOCThIO PEKPYUTUPOBAHBI, YTOOBI KOM-
TIeHCUPOBaTh HemocTatoyHoe ycwaue. IloaToMy BbI-
JIBUTAJIOCH TTPETIONIOXKEHNE, YTO OLIYLIEHWS] MBILIeY-
HOTO YTOMJIEHHUSI WY TSDKECTH TIPU TIPOIOJIKUTEIbHON
(pusmueckolt Harpy3Ke MOTYT OTpaxkaTh HECTIOCOOHOCTD
HEKOTOPBIX MBIIIEYHBIX BOJIOKOH pearupoBaTh Ha Tpe-
0oBaHUsI, TpeabsIBIsIEMble (PU3MYECKOM HATpy3KOM.

Hcromenne 3anacoB IIMKOTeHA B PA3JHYHBIX MbI-
mevHbIx Tpymmax. [loMuMoO M30MpaTenb-HOrO MCTOINIE-
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Puc. 5.19. Hcnonvsosanue enuxocena MC- (), bC - (2)
u BC- (3) eonoxnamu npu esde na genocunede ¢ meuenue
60mun ¢ unmencuernocmoio 40, 60, 75u 90 % MIIK.
Hannvie Yurmopa u  Kocmuma (1988)
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HMs 3amacoB raukoreHa B MC- u bC-BonokHax, ¢u-
3UYeCKUe HAarpy3kKu MOTYT MPEAbSIBISTh Ype3MEPHO
BBICOKME TpeOOBaHUSI K OTICIBHBIM MBIIICYHBIM
rpynnam. PaccMoTpuM MccienoBaHue, B KOTOPOM HUC-
nbITyeMble Oeraju Ha TpeabaHe, YCTAaHOBJIEHHOM B
TpeX TOJOXEHUSIX — TOPU3OHTAJIbHO, C HAKJIOHOM
BHM3 U C HAKJIOHOM BBepX, — B TeueHHE 2 Y mpu
70 % MIIK. Kak rmoka3ssIiBaloT pe3yabTaThl (puc. 5.20),
HE3aBUCUMO OT TOTO, OEXMWT JIM CIOPTCMEH IO Ha-
KJIOHHOM BHU3, BBEPX MU FOPU3OHTAIbHO, OOJbIIIE
BCETO TJIMKOT€HA MCIOJIb3yeT MKPOHOXHAS MBIIIIIA.
DTO CBUIETEIBCTBYET O TOM, 4YTO MBIIIIIBI-pa3ruoda-
TeJIM TOJIEHOCTOITHOTO CYCTaBa, MOABEPraBIIUecs Hau-
OoJibllieMy (hM3UYECKOMY CTpeccy BO BpeMsi Oera Ha
JUTMHHbBIE OTUCTAaHLIMM, CKOpee BCEro MCTONIAIOT 3a-
machl TIMKOTEHA B OTIMYME OT MbIIIL Oemep. Takum
00pa3oM, y4acTKOM BO3HUKHOBEHMSI YTOMJIEHUS SIB-
JISTIOTCSL MBIIILBI HUXKHEH YacTU HOT.

Uctolenne 3amacoB DIMKOreHa
U IJII0KO3a KPOBU

OnvH JUIIb MBIIIEYHBIA TJIUKOTeH HE B COCTOSI-
HUU 00ECIeYUTh JOCTATOUYHOE KOJUYECTBO YIJIEBO-
JOB TpH (PU3MIECKUX HAarpy3Kax MpOJOIKUTEIBHOC-
ThIO HECKOJbKO YacoB. 3HAUMTENBbHOE KOJIMYECTBO
SHEPTUU BO BpeMs (U3MUECKUX HArpy3ok, TpeoOyio-
IIMX TIPOSIBICHUSI BBIHOCIMBOCTH, O00ECIICUMBAET IJIO-

(

JlatepanbHas WMpokas MbllLA

Kambano-
BMOHAA MbILLILA

Puc. 5.20. Hcnoavzoeanue sanacos eaukozena uxpo-
HOXCHOU, KaAMBOAOBUOHOU U 1aMepanbHOll WUPOKOLL
moluyamu 8o epemsi 6eca no npsamoi (1),
noo ykaonom eeepx (2) u enuz (3)
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KO03a, KOTOpas IOCTYIaeT B MBIIIIEI ¢ KPOBbIO. 3a-
IMachl TIIMKOTEHA B TIeYeHU PaCIICIUITIOTCS, YTO 0bec-
MMeYMBACT IMOCTOSIHHOE IOCTYIUICHWE TIIOKO3Bl B
KpOBb. B mepBbic MOMEHTHI BEITTOJTHEHHS YIIPAXHE -
HUS IJI9 00pa30BaHMS SHEPTUU HEOOXOTUMO OTHO-
CHTEIbHO HEMHOTO TJTIOKO3bI KPOBH, OITHAKO ITO3IHEE
BKJIaJ TJTIOKO3E B 00pa30BaHNE SHEPTUU 3HAYUTEIIb-
HO yBenImuuBaeTca. YTOOBI 0OECIIEYUTh aleKBaTHOE
MMOTPeOJICHNE TIIFOKO3BI MBIIIIIAMHU, IT0 MEPe YBEJIM -
YeHMST TPOIOIKUTEIBHOCTH (hPU3NUECKON Harpy3Ku
MeYCHU TTPUXOIUTCS PACIICILISATEL BCe OOJIBIIEC M 6OJIhb-
1II¢ TTUKOTeHa.

3amacel TIIMKOTEHA B TICYCHHW OTPAaHUYCHBI, M OHA
HE MOXET OBICTPO PACIIEIUIATH TIIIOKO3Yy M3 IPYTHX
cyocranuuii. CrnemoBaTelbHO, KOrjga IOTpeOieHue
MBIIIIIAMK TJIIOKO3BI TIPEBHIIIACT 0OOpa3oBaHUE ce
MeYeHbIO, YPOBHU IIIOKO3BI KPOBH MOHIXKaOTCA. He
“MesT BO3MOXHOCTU TOJYYUTh TOCTaTOYHOE KOJIUYe-
CTBO TJIIOKO3BI M3 KPOBM, MBIIIIEI BEIHYXKICHBI 00-
Jlee MHTCHCHBHO HCIIOJIB30BaTh CBOM PE3CPBHI IJIH-
KOT€Ha, YTO YCKOpPSIeT HCTOINEHME €ro 3aIlacoB B
MBIIILAX U MPUBOAUT K PaHHEMY BO3ZHMKHOBEHUIO
YTOMJICHUS.

Bimsinne r1imkorena
HAa MbIIICYHYIO JeATC/IbHOCTh

He BBI3BIBacT yIMBICHUS TOT (GaKT, UTO YBEIUUC-
HMe CHaOXeHUST MBI [TMKOTCHOM B Hadajie Qu3m-
YeCKOM HArpy3KH Ha BBIHOCIMBOCTD YIIyUIIIaeT Pe3ylib-
TaThl. 3HAUCHNE HAKOILICHUS MBIIICYHOTO TIMKOTeHa
IUTSI MBIIICYHOM IeSATeIbHOCTH, TPEOYIOIIEH TPOsBIIC-
HUSI BBHIHOCIMBOCTHU, oOcyxknmaercsi B riase 15. Iloka
OTMETUM, YTO HWCTOIICHHWE 3arIacoB IIMKOT€HAa U TH-
noriukeMust (MOHUXEHHOE colepKaHue TJIIOKO3bl B
KPOBM) OTPaHUYMBAIOT YPOBEHb MBIIICYHOM HeSITEIIb-
HOCTM B BHJAX CIIOPTa a3pOOHOI MPOU3BOAMTEIEHOC-
TH. YTOMJICHHE B BHIAX CITOpTa 6ojiee KOPOTKOI Ipo-
JOJDKUTEIBHOCTH, IO-BUANMOMY, — Pe3YJbTaT aKKy-
MYJISIIAHA TIPOMEXYTOYHBIX IIPOAYKTOB METa0OIM3Ma,
TaKWX, Kak jJaktaT 1 H*, B MbImIax.

MMPOMEXYTOYHBIE ITPOAYKTDLI
METABOJIM3MA U YTOMJIEHUE

BcrmoMHMM, 4TO MOJIOYHASI KUCIOTa — IIPOMEXKY-
TOYHBIM TPOOYKT TJUKONIM3a. XOTS MHOTHE CUMTa-
10T, 9YTO UMEHHO OHAa — IJIaBHAasg IIPUYMHA YTOMIIE-
HUST M W3HEMOXCHUS IIPH BCeX BUIAX (PU3MIECCKUX
Harpy30K, MOJIOUHAs KHUCJIOTa aKKyMyJIUpYyeTcs B
MBIIIEYHOM BOJIOKHE TOJBKO BO BpeMs KpaTKOBpe-
MEHHOT'O MBIIICYHOTO YCHJIMSI BHICOKON WHTEHCHB-
HocTu. Y MapadoHIIeB, HallpuMep, YPOBHU MOJIOY-
HOM KHCJIOTH B KOHIIe 3a0era MOTYT OBITh IOYTH Ta-
KMMH, KaK B COCTOSTHMM IIOKOSI, HECMOTpS Ha
KpaliHIo10 cTeneHb yromueHns. Kak yXe oTMevanoch,
BO3HUKHOBEHIME YTOMJICHHS Y MapadoHIIeB 00YCIOB-
JIEHO HEAOCTATOUHBIM DHEPTETHUECKAM 06eCIIeYeH -
€M, a He M30BITKOM MOJIOYHOM KHMCIIOTHI.

Y cnipunTepoB (6eryHOB, IIJIOBIOB, BEJIOCHUIIEIM -
CTOB) BO BpeMsl COPEBHOBaHMSI HabitomaeTcsl ObICT-
pas aKKyMYJISIIIAS MOJIOYHO! KHUCITOTH. OgHaKo Ha-
JIMYMEe MOJIOYHOM KUCIOTBI CaMo II0 cebe He SIBIISIeT-
cs IpUYMHOM yToMIeHUsI. Eci oHa He BRIBOIMTCS,
TO pacHIeIIsIeTCs, MPEeBpaIasch B IAKTAT, M BeIET K
aKKyMYJSILIMM WOHOB BOAOpOJA, 4TO, 8 CBOIO OdYe-
penb, MPUBOAUT K MOIKUCIEHUIO MBIIII] U B KOHEY-
HOM WMTOTe¢ — K aIlUIo3y.

Bunmpl copta KOpOTKO# IIPOMOKUTEIBHOCTU WU
BBICOKON WHTCHCHBHOCTU MBIIIEYHON IESITEIHHOC-
TH, TaKue, KaK Oer M INIaBaHWE Ha CIIPUHTEPCKUE
IOUCTAHIIMM, BO MHOTOM 3aBHUCSAT OT MHTEHCUBHOCTHU
[JIUKONIM3a. Y CIIOPTCMEHOB, 3aHUMAIOIIUXCS STUMU
BHIAMH CIIOpPTa, oOpasyeTcsl OOJBIIOEC KOIMIECTBO
snakTata 1 H* B Mpimmax. K cyacTelo, KJIETKHM U KU~
KOCTH OpraHM3Ma UMeEIoT Oy(epHBIE CUCTEMBI, Ta-
kue, Kak 6ukap6oHar (HCO,”), koTopele CBOIAT K
MUHUMYMY OTpulIaTelbHOe BosaeiictBue H*. Ecmu
ObI He ObLTO TaKUX Oydepos, H* mpuBen Ob1 K moHU-
xenuio pH mo 1,5 u HapyleHUIO XU3HEAESITEIbHOC-
TH KJeTKu. braromapst OydepHbIM cucTteMaMm opra-
HU3Ma KoHIeHTpauuu H* ocraioTcss HEBBHICOKMMU
Jaxe P Hanbojee M3HYPUTETbHBIX (PU3MUCCKHUX Ha-
rpy3kax. [TostoMy MbImeuHbIii pH MmoHMXaeTcs OT
IoKa3aTeJIsl, XapaKTepHOTO UISI COCTOSHUS TTOKOSI —
7,1 10 6,6 — 6,4 B COCTOSHUU M3HEMOXEHMUSI.

OnHako momoOHble n3MeHeHus pH oTpuiiaTeabHO
BJIMSIIOT Ha 00pa3oBaHME SHEPIMH U MEBIIICYHBIE CO-
KpameHus. Buyrpukierounsnii pH Huxke 6,9 Topmo-
3ut aeictBre $HochoppyKTOKUHA3Bl — BaXHOTO INIH-
KOJIUTUYIECKOTO (pepMEeHTa, 3aMeIUIAIONICTO MHTCHCHB-
HOCTb INIMKOJM3a U obpasoBanne AT®. Ilpu pH 6,4
pnusine H* mpexkpauiaer gajibHeiiliee pacuieruieHue
[JIMKOTeHA, BBI3BIBAS pe3Koe CHIDKeHUe YpoBHS AT®
U B KOHEYHOM utore — yromueHue. Kpome toro, H*
MOXET BBITCCHSITh KaJBLIMI M3 BOJIOKOH, BMEIINBA-
SICh B ITPOLIECC COUYCTAHMSI TTOTIEPEYHBIX MOCTUKOB aK-
THHA W MUO3WHA W CHILKAs COKPATUTEIBHYIO CHUIIY

AR
7,0F

6,9}

pH Mbiwbi
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Puc. 5.21. HUzmenenus pH moimiybl 60 épems HazpysKu
CHNPUHMEPCK020 XapaKkmepa U 80CCMAHO8AeHUs.
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MblllL. MHOIME yYeHble CUMTAIOT, YTO HU3KMIA MbI-
nieyHblil pH gBasercs rnaBHbIM (aKTOpOM, TUMUTH-
PYIOLIMM MBIIIEYHYIO IEATENbHOCTD, & TAKXE OCHOB-
HOU NMPUYMHOY BOZHUKHOBEHHUS YTOMJIEHUS TIPU KpaT-
KOBPEMEHHBIX MAaKCUMAJIbHBIX (DU3UUECKUX HATPY3KaX.

Kak BunHo u3 puc. 5.21, BoccTaHOBJIEHUE IOCIIE
W3HYPUTEbHON (PU3NUECKOM HATPy3KHU CIIPUHTEPCKOTO
XapakTepa ypoBHs MbllliedHoro pH mpourcxoaur B Te-
yeHue 30 — 35 muH. Jlaxxe Ipu BOCCTaHOBUBILIEMCS
ypoBHe pH KOHIIEHTpal1y JJaKTaTa B KPOBU U MBbIIII-
1IaX MOTYT OCTaBaThCs MOBbIIIEHHBIMU. OHAKO CIIOPT-
CMEH MOXET MPOJO/DKATh BBITIONHATh YNPaKHEHUE C
OTHOCUTEJbHO BBICOKOW MHTEHCUBHOCTBIO JaXe MpU
rokasarese MbieuyHoro pH Hike 7,0 1 ypoBHe Jak-
TaTa KpoBU BhIlIe 6 — 7 MMoabT!, T.e. B4 — 5 pa3
MPEBBILIAIONIEM YPOBEHb B COCTOSIHMM MOKOS.

B nocnenHee BpeMs HEKOTOpbIE TpPEHEpPbl WU
CTHIOPTUBHBIE (DPU3MOJIOTM TMBITAIOTCS HA OCHOBAHUU
M3MEPEHUS MoKazaTeseid JakTaTa KpOBU OINpPEAeIUTh
MHTEHCUMBHOCTb X 00bEM TPEHUPOBOK, OOECIeuuBa-
IOUIMX ONTUMAJIbHbIE TPEHUPOBOYHbBIE CTUMYJIbI. Ta-
K€ M3MEPEHUS TO3BOJISIOT OMpPENeTUTh WHTEHCUB-
HOCTb TPEHMPOBOK, OJHAKO OHM BpPS[ JIU MOTYT OXa-
paKTepu30BaTh aHA3POOHBIE MPOLIECCHl WU CTEMEHb
anuao3a M. ITockonbky nakrat 1 H* o6pasyior-
cs B MbIIILAX, TuDOYHIUPYs U3 KIETOK BO BHEKJIe-
TOYHBIE XUIKOCTU OpraHM3Ma, 3aTeM TPaHCIOPTHU-
pysACh K APYTMM Y4YacTKaM TeJjia Ul MOCIENYIOIIETO
obomeHa. CriefoBaTeNIbHO, MOKa3aTeau JiakTaTa Kpo-
BU 3aBUCST OT MHTEHCUBHOCTM €ro o0pa3oBaHMUS,
muhdysun 1 oxkucieHus. Ha 3Ty mpoiiecchl MOXET
BJIMSITh MHOXECTBO (haKTOPOB, IIO3TOMY IIEIECO00-
pPa3HOCTh MCIOJb30BAHUS TMOKa3aTeseid JakTara 1jis
onpeneneHuss 00beMa M WHTEHCUBHOCTHU TPEHUPO-
BOUHbIX 3aHITUI HECKOJIBKO CIIOPHA.

HEPBHO-MBIINEYHOE YTOMJIEHUE

Jlo HacTOSIIEro BpeMEHW MBI pacCMaTpUBAIM B
npeziesiax MBI (aKTOphl, KOTOPBIE MOTYT SIBJISTb-
Csl IPUYMHOM BO3HMKHOBEHMS yTomuieHus. OmHako
P DTaHHBIX YKA3bIBAET, YTO MIPU OMpPeneIeHHBIX 00-
CTOSITEJILCTBAX YTOMJIEHVE MOXET BO3HUKATh BCJIE-
CTBHE HECMOCOOHOCTH aKTMBMPOBATh MBIIIEYHBIE
BOJIOKHA. OT0 — (pYHKLMS HEpBHOU cucTembl. Kak
paccMaTpuBaIoch B TJIaBe 3, HEPBHBIM MMITYJIbC Tie-
pemaeTcss MO KOHIIEBOM IJIACTMHKE JBMIAaTeNbHOTO
HEepBa K MBIIIIIE, YTOOB aKTMBMPOBATbh MBIIICUYHYIO
MeMOpaHy M 3acTaBUTb CapKOIUIa3MaTHUYECKWid pe-
TUKYJIYM BBIIESATh Kalblivii. B cBoio ouepens, Kaib-
Ui, COETUHSISCH C TPOTIOHMHOM, MHUIIUUPYET MBbI-
meyHoe cokpaumieHue. OOCyauM J1Ba BO3MOXKHBIX
HEPBHBIX MEXaHMU3Ma, KOTOPbIE MOTYT HAPYIIMTh 3TOT
MpoLIecC W CMOCOOCTBOBaTh BO3HMKHOBEHWIO YTOM-
JIEHUS.

HepsHas nepenaua

YTomieHue MoXeT BO3HMKHYTb Ha KOHIIEBOM TLI1a-
CTMHKE ABUTATCJIbHOI'O HEpPBa MBbIIIIBI, IIPEAOTBpaA-

1iasi nepejayy HEpBHOTO MMITyJibca K MeMOpaHe Mbl-
LIEYHOTO BOJIOKHA. B riccienoBaHusIX, MPOBOAMBIIMX-
csd B Hayaje cTojeTus. HabJIonanu MoJo0Hyl0 He-
CMOCOOHOCTh MEpefaud HEPBHOTO MMITYJIbCa B YTOM-
JeHHOU Mbliie. OHa MOXeT ObITh CBSI3aHa C ONHUM
WM HECKOJBKUMHU CIIEAYIOUIMMU MPOLIECCAMU:

* BbIIEJICHUEM WM CHUHTE30M alETUJIXOJMHA —
HelipoMenuaTopa, Mepekaoyaloero HepBHbIM
UMITYJIBC C ABUTATEIbHOTO HEPBA Ha MEMOpaHy
MBILILBI, KOJUYECTBO KOTOPOTO MOXET OBITH
CHUXEHO;

*  XOJMH3CTEepa3a — (EepPMEHT, pPaCILEILISIONINIA
AUETUJIXOJUH TIOC/E TOTO, KakK TOT MepeKIio-
YUJI UMITYJIbC, MOXET CTaTb TMIIEPaKTUBHOM,
MpenoTBpaliiasi 0opa3oBaHUE JOCTATOYHOI KOH-
LEHTPALMKU alleTUIXOJMHA ISl UHULMALMU T10-
TeHUMalla JeCTBUS;

* AKTUBHOCTbXOPJIMHACTEPa3bl MOXET MOHU3UTHCS
(TUITOaKTHUBHOCTb), BCIEACTBUE YEro IPOM30ii-
JIET Ype3MepHOe HAKOIUIEHWE aleTWIXOJIMHA, Ma-
paU3YIOIIEE BOJOKHO;

* MOXET IOBBICUTHCS MTOPOT BO3OYXAEHMSI MEMO-
paHbl MBIIIEYHOTO BOJIOKHA;

* HEKOTOpbIE CYOCTaHLIMM MOTYT BCTYIIUTh B OOPb-
0y C aLEeTWIXOJIMHOM 3a PEeLENnTOphl Ha MeMO-
paHe, He aKTUBUPYS €€;

* KaJIMi MOXET MOKUHYTh BHYTPUKIETOUHOE MPO-
CTPAHCTBO COKpallaloleiics MbIIIIbI, CHUXAas
HaMoJIOBUHY TOTEHLMAT MeMOpaHHbI.

bBosblIMHCTBO M3 3TUX MPUYMH HEPBHO-MbIIIEY-

HOU OJ0Kajibl CBSI3aHbl C HEPBHO-MBILIEYHBIMM pac-
CTpOiiCTBAMU (HAmpuMep, MUACTeHMEN), HO OHU TakK-
K€ MOTYT 00YCJIOB/IMBaTh HEKOTOPHIE (hOPMbI HEPBHO-
MbILIEYHOTr0 yToMmaeHus. CyllecTByeT Takxe Mpero-
JIOXEHHUE, YTO YTOMJIEHWE MOXET BO3HUKATh B pe-
3yJabTaTe 3alepXKu Kanblusi B T-TpyOoukax, 4TO
MPUBOJUT K YMEHBIIEHUIO KOJMYECTBA KaJbIIUs, He-
00XOJIMMOTO ISl OCYILECTBIEHUS MbILIEYHOTO COKpa-
nieHusl. B JeicTBUTENbHOCTM MCTOLIEHWE 3alacoB
K® u HakorieHue Jlaktata MOTYT TPOCTO YBEJH-
YUTh UHTEHCUBHOCTb aKKYMYJSILMU Kaibliugd B T-Tpy-
0ouykax. DTM TeOpuM BO3HMKHOBEHMSI YTOMJICHUS
MOKA OCTAIOTCS JIMILb TPEANON0KEHUSIMU.

LlenTpanbHasi HepBHAsI cHCTeMA

HenrpansHass HepBHasg cuctema (IITHC) rtakxke
MOXET ObITb MECTOM BO3HMKHOBEHUS YTOMJIEHMS.
NmeroTcs faHHbIe KaK MOATBEPXAAIONIME, TaK U OT-
puuaoiue 31o. IlepBble MccieaoBaHUS MOKA3aJH,
YTO KOTJA MBILILBI KUCIBITYEMOIO OKAa3bIBAlOTCS Ha
rpaHu KpaWHEW yCTaJOCTH, CIOBECHAs TOANepXKKa,
OKPHMK WM NpsiMasi 3J€KTPOCTUMYJISLIUS MbIIIILL MO-
IyT YBEJMYUTh CUJY MBIIIEUHBIX COKpAIeHWid. IDTH
JIAaHHBIE CBUIETEIbCTBYIOT O TOM, YTO JUMHUTHUPYIO-
IUMU (HaKTOpaMK MbILIEYHOU NeITeTbHOCTH MTPU BbI-
MOJIHEHUU WU3HYPUTEIbHON (DUBMYECKO Harpy3ku
MOTIYT OBITh M IICHXOJIOTMYecKue (akTopsl. Mexa-
HU3MBI, Jexaiue B ocHoBe yromieHus LIHC, Hemo-
CTaTOYHO M3yuyeHbl. HesacHO Takxke, orpaHUyYeHa Jik
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ata popMa ycranoctu Toapko IHHC miam xe cBsa3aHa
c nepudepndIecKoii mepeaadeii HEPBHBIX UMITYIbCOB.
BoneuyeHue B pabOTy MBIIIL YACTUYHO 3aBUCUT OT
co3HaTteabHOTO yrnpaBiaeHus. [lcuxonornyeckas Tpas-
Ma U3HYPUTEIbHON (PU3NIECKOM HArpy3KM MOXKET CO-
3HATEJIbHO WM HECO3HATEIbHO TMOAAaBUThH IMPenpacro-
JIOXKEHHOCTb CIIOpTCMEHa BBIHOCUTH 00jb. ILITHC Mo-
JKET CHU3UTh MHTEHCUBHOCTb HArpy3Ku 10 TePIUMOTo
YPOBHSI, YTOOBI "3aLIUTUTEL" CIIOPTCMEHA. YUeHBbIE eIU-
HOIYIIHbI B TOM, YTO MCHBITBIBAEMbIi AUCKOMGOPT
YTOMJIEHMSI TIPEIILIECTBYET BOSHUKHOBEHUIO (hH3UOJIO-
TMYECKUX OTpaHWYEHUN B MbllILaX. BoOJbIIMHCTBO
CIMIOPTCMEHOB, €CIM TOJIbKO Uil HUX HE XapaKTepeH
BBICOKMI YypOBEHb MOTHMBALIUM, MPEeKpallaloT BHIMOJ-
HEHUE YMPaxXHEHUs, Mpexae YeM HACTYNnuT (hU3nosio-
TMYECKOe W3HEMOXEeHue uX MbIul. YToObl H0CTUYb
MUKa MBIIIEYHOU AESITebHOCTH, CIIOPTCMEHBI AOJIXK-
Hbl Ha TPEHUPOBKAX OTPabaThIBaTh BHIMOJHEHUE YII-
paxXHeHUi1 B HauboJyiee ONTUMAJIBHOM TeMIIE, a TakXKe
TPEHUPOBATh TOJEPAHTHOCTb K YTOMJICHUIO.

B OB3OPE...

1. YTomneHue MOXET BO3HUKATh BCJIEICTBUE UC-
towmeHus 3anacoB K® win rmmkorena. B moboMm ciy-
yae Hapyluaetcs obpazoBaHue ATO.

2. OyeHb 4YacTO B BO3HUKHOBEHUU YTOMJIEHUS
"0OBUHSIOT" MOJIOUHYIO KHUCJIOTY. JleiiCTBUTEILHO,
o0pa3oBaHue MOJOYHON KuciaoToir H* BemeT K Bo3-
HUKHOBEHMIO yTomueHusl. Akkymyasuus H' cHu-
XaeT MblmeyHbld pH, uyTo HapylmaeT KiIeTOUHBbIE
MpolecChl 00pa3oBaHUsSI JHEPIrUU UM COKpAIleHUS
MBIIIIII.

3. Bo3HuKHOBEeHNE HEKOTOPHIX (OPM YTOMJICHUS
MOXET OBITH OOYCIIOBJICHO HapylIeHHeM Iepeaadu
HEPBHBIX MMITYJIbCOB, B OCHOBE KOTOPOTO MOTYT Jie-
XaThb Pa3UYHble MEXaHU3MBI.

4. HHC Ttaxxe MOXET BbI3bIBaTb BO3HUKHOBEHUE
YTOMJIEHUSI, KOTOpOe, TMO-BUIAMMOMY, MTpaeT 3alluT-
HyI0 pojib. McrnbIThiBaeMoe yTomiieHHe, KakK MpaBuIo,
MpenecTByeT (PU3MOIOTMUECKOMY YTOMJICHUIO; YTOM-
JIEHHBIE CITOPTCMEHBI MOTYT MPOJOJKUTH BBITTIOTHEHWE
VIPaXHEHUS MOCJe TICUXOJOTUYECKOM MOMIEePXKKY.

B npenbiayuux riiaBax Mbl pacCMOTpEJIM COBMEC-
THBIE JCCTBUS MBIIIICYHON M HEPBHOM CUCTEM, 00eC-
NeYyrBaOIIUX IBMXeHMEe. B 3Toil rmaBe Mbl obcynu-
I MeTabojanyeckue Iiporecchl. Paccmorpenn, Kak
xpaHutcs sHeprus B Buge AT®D, kak ee obGpasoBa-
HUE U HaJIMYKe BJIUSIOT HA BHINOJHEHUE MbILIEYHO M
nesiTeIbHOCTU. MBI y3HalIM, YTO MeTaboJIMUecKue Io-
TpeOHOCTH 3HAYMTEIbHO U3MeHsII0TC. B ciaenyromeit
rJlaBe Mbl U3YYUM YIpaBieHUE METa0OIMUYEeCKUMU
npoueccamu, paccMoTpeB (YHKIWU 3HAOKPUHHOU
CUCTEMBI.

Konrrpohabie eonpocut

—_—

. Kakosa poiab K®?

2. Onuuute B3auMocBsI3b MblieuHbIX AT® 1 KO npu
CIIPUHTEPCKOI AESITeTbHOCTH.

3. [Touemy cucremy AT® — K® 1 rmMKOJIUTHYECKYIO
cucTeMy o0pa3oBaHUS SHEPTUY CUNTAIOT aHA?POO-
HBIMU? :

4. Kakylo poib urpaeT KMcjaopo B mpolecce a’poo-
HoroMmeTabosu3ma?

5. PacckaxuTe 0 MpOMeKyTOYHBIX TPOAYKTaX 00pa3o-
BaHuUs 3Hepruu 3a cuet AT®, riukoausa u oKucie-
HUS.

6. YroTakoe gpIxaTerbHbI Ko3hduuneHT? O0bICHN-
Te ero MpUMeHEeHUE IS OTIpeeIeHUST OKUCIEHUS
VIJIEBOZOB U XKUPOB.

7. KaxoBa B3aUMOCBSI3b MEXKIY ITOTPEOIeHUEM KUCIIO-

pola 1 00pa3oBaHUEM dHEPTUM ?

. Uto Takoe nopor nakrara?

9. Kak Ha OCHOBaHMU U3MEPEHU I OTPeOSIeHUS KUC-
JIOpOIa MOXHO OLIEHUTh IIPOU3BOAUTEIBHOCTS (3(-

(EeKTUBHOCTD) IPU BBITIOJTHEHU U YITPasKHEHUS ?

10. IToyemy crmopTcMeHBI ¢ Oonee BhicokumMu MITK
MOKAa3bIBAIOT JYYIIIME Pe3yJbTaThl B BUIAX CIIOPTA,
TpeOYIONIUX MPOSIBJIEHUS BBIHOCIUBOCTH, 110 CPaB-
HEHUIO C TeMU, Y KOTOPBIX 3TU MOKa3aTeJu HuxXe?

11. [Touemy noTpedieHUE KUCIOPOIa YaCTO BhIPAXKAIOT
B MIWIJIMJIUTPAX KUCJIOPOJAa Ha KUJIOTPAMM MacChl
Tesna B MUHYTY (MK~ -MuH-1)?

12. OnuinTe BO3MOXHBIE TPUYNHBI yTOMJIEHISI BO Bpe-

M$I MBIILIEYHOH AEATETBHOCTH TPOAOKUTENbHOCTHIO

I5—30cu2—4uq.

oo
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lrhaea 6

T opmorasisnasa peeyaauus
MblileMHou
desmeabvHoCcmu

Bo BpeMst pusnueckoit Harpy3Ku B OpraHu3Me ue-
JIOBEKa TPOUCXOAUT MHOXECTBO (PU3MOJIOTMUYECKHUX
u3MeHeHui. [loBbIlIaeTCsI MHTEHCUBHOCTD MCIIOJb-
30BaHUsI 9Hepruu. [IpoMexXyTOuHbIE MPOAYKTHI Me-
TaboJIM3Ma, KOTOpPHIE JOJIKHBI BBHIBOAMTHCS M3 Opra-
HM3Ma, YacTO HAYMHAIOT HaKaruiMBathcs. Boma me-
peMelaeTcs MeXAy KOMIAapTMEHTAMM KIETKU U
BBIBOAUTCS € TOTOM. [laske B COCTOSIHMM TTOKOSI BHYT-
PEHHSISI cpella OpraHW3Ma HAXOOUTCSI B COCTOSIHUU
MTOCTOSTHHOTO M3MEHEHHUsI, KOTOpoe Tpu (PU3MIecKoit
Harpy3ke MOXET MPEeBPATUTHCS B XaOTUYHOE.

Mpbl 3HaeM, YTO XU3HEAESATEIbHOCTh 3aBUCHUT OT
CcOXpaHeHMs ToMeocTa3a. YeM 3HaunTeIbHEE HArpys3-
Ka, TeM TpyJHee nojiepxarb romeocta3. OCHOBHYIO
PETYIHUPYIOINIYI0 paboTy BO BpeMs BBITTOJHEHUST (Pu-
3MUYECKOM Harpy3ku OepeT Ha ceOs HepBHasl CUCTe-
Ma. OgHaKo He MeHee aKTMBHOE YyJ4acTHe MPUHUMAET
M JApyras cHCTeMa, KOTopas IIOCTOSIHHO CJIEAMT 3a
COCTOSIHUEM BHYTPEHHEU cpellbl, 3amedasi BCe U3Me-
HEHUSI U OBICTPO pearupys Ha HUX, YTOOBI HE JOMY-
CTUTh PE3KOro HapylleHUsI ToMeocTasa. D10 — 3H-
JOKPMHHAS CHCTEMA, OCYLIECTBIIAIOIASA KOHTPOJb C
MTOMOIIbIO BBIAEISIEMBIX €10 TOPMOHOB. B 3T0ii rase
MBI U3y4UM POJIb SHIOKPUHHOM CHCTEeMBI B obecrie-
YEHUU MBIIICUHOM JeSITeIbHOCTH, a TaKKe COXpaHe-
HUM TOMEOCTa3a JAaxe B YCIOBUAX CIUIOIIHOTO Xaoca
BO BHYTPEHHEN cpelie opraHu3Ma.

B 1972 1. g (A.J1.Koctwin) yoemnmst CBOero coaB-
Topa (JIx.Yumimopa) 6eratb mo 16 km (10 Muiib) B
JIeHb TATh AHel moapsa. Cremyer cKazaTh, YTO HAIK
MPOOEXKK TTPOXOAMINA B JOBOJBHO Xapkoe jeTo (30 —
35°C, wm 86 — 95°®), crogsiee B TOT Tox B JleBu-
ce, mrar Kammpopraus. ExemHeBHO MBI Tepsyim C
notoM 3 — 4 xr (6,6 — 8,8 (byHTOB) BOABI, YTO MpHU-
BOIWJIO K OMpeIe/ICHHOMY 00€3BOKMBAHUIO U TIEpe-
IpeBaHUI0 opraHu3Ma. TeM He MeHee eXeIHEBHBIC
MpoObl KPOBU TMOKA3bIBAIM CHUXEHUE YPOBHEH Te-
MOTIJIOOMHA M TeMaTOKpHTa (TPOLIEHT KPOBU, COCTO-
sIIel U3 3pUTPOLIMTOB) B HalleM opraHusme. K3zo-
TOIMHBIM aHaau3 Mpo0 Hallei KPOBM IOKa3aj, 4To
coJiepXKaHue TeMOTJI00MHA U SPUTPOLIUTOB HE YMEHb-
1I1aJ10Ch, TIPOCTO YBEJIMUYMBAJICA OOBEM ILIAa3Mbl KpO-
Bu. OKa3ajoch, YTO HAIll OPTAaHU3M IIBITANCS KOM-
MEHCHUPOBATh OTPULIATEILHOE BO3ICHCTBUE €XKEIHEB-

¥

HOro 00€3BOXMBaHMS, 3aJepXKMBas BOAY M TeM ca-
MBIM CBOISI K MUHMMYMY YMEHbLIEHE 00beMa I1a3-
MBI BCJIEACTBAE CTOJIb 3HAYMUTEJIBLHOTO ITOTOOTIHEJIE-
Hug. Ho oTKyna Hall opraHu3M y3HaJl, 4yTO HeobXo-
IVMMO YBEJIMYMBATh 00BbeM miaa3Mbi? Yem Oblia
oOycloBJIeHa 3amepXkKa Bombl B HeMm? B Hacrosmee
BpeMs MBI 3HaeM, YTO I10 MEHbIIEel Mepe TP TOPMO-
Ha — aJbJOCTEPOH, PEHUH U aHTUIWYPETUUECCKUI
TOPMOH — BBIMOJHSIOT (DYHKLMIO MOAAEPKAHUS OIl-
TUMaJbHOIO YPOBHS IIIa3Mbl, TEM CaMbIM OIpaHU-
YyBasi BEPOSITHOCTh O0E3BOXMBAHMS OpraHMU3Ma.
MpllieyHas AeSITeIbHOCTh OCHOBaHA Ha KOOPIM-
HUPOBAHHOM B3aMMOAEUCTBUU MHOTMX (U3MOJIOTH-
YECKUX M OMOXMMUYECKUX CUCTEM. DTO B3aMMOIEN-
CTBME BO3MOXHO TOJILKO B TOM CJIy4yae, €CJId pa3-
JINYHbIE TKAHU U CUCTEMbI OpraHu3Ma MOTYT ITOIEP-
KABaTh MEXIY CO00I CBSI3b. XOTS B IIpoliecce odec-
MEeYEHUs] CBSI3U MEXIY pa3IMYHBIMU CUCTEMAMHU M
TKAHSMM OpraHu3Ma OrPOMHYIO pOJIb UTpaeT HePBHAsI
cucTeMa, "HacTpPOMKY' (DM3MOJNIOTMIECKUX peaKIInit
opraHu3Ma Ha J1000oe HapylleHHe ero paBHOBECHS
OCYILECTB/ISIET SHAOKPUHHAg cuctema. Obe 3T cuc-
TEMBI COBMECTHO OOECITEYMBAIOT B3aMMOIEUCTBUE U
KOHTPOJIb IBMXKEHUI, a TAKXKE BCe MMEIOLIUE K HEMY.
OTHOLIEeHHME bu3nosornyeckue npouecchl. HepBHas
cucteMa GYHKLUMOHUPYET OYeHb OBICTPO, OKa3biBast
HENMPOIO/LKUTEIbHbBIE JIOKATIbHbIE BO3AEUCTBUS, TOI-
A KaK SHIOKpPMHHAs cucteMa (YHKLMOHMpYET Ha-
MHOI'O MeJJIeHHee M OKa3bIBaeT 0osiee IPOIOJIKU-
TeJbHBIE U OoJsiee OOILME BO3IENCTBUSA.
DHIOKPUMHHAS CUCTeMa BKJIIOYAET BCE TKAHM M
JKeJIe3bl, CeKpeTHpylolme ropMoHbl. OCHOBHEIE Xe-
JIe3bl BHYTPEHHEN CEKpeldy IOoKasaHbel Ha puc. 6.1.
OHM CEKPETUPYIOT TOPMOHBI HEMOCPEACTBEHHO B
KpoBb. ['OpPMOHBI AEMCTBYIOT ITOAOOHO XUMUYECKUM
CUTHaJlaM IO0 BceMy opraHusmy. OHU BbIAENSIOTCS
SHIOKPUHHBIMM KJIETKAMHU U TPaHCIOPTUPYIOTCS
KPOBBIO B CITEIMAIBHBIC KJIETKM-MHUIIeHH. J1o Tex Tmop
[0Ka OHM He JOCTUTHYT MeCTa CBOEro IpeaHa3Haye-
HUS, OHM HE MOTYT KOHTPOJHPOBATb aKTHMBHOCTb
TKaHU-MUIIEHU. XapaKTepHON 4epTOili FOPMOHOB
SBJIIETCS TO, YTO OHM IEPEMELIAIOTCS OT KJIETOK, U3
KOTOPBIX OHU BBIAEIWINCDH, M BIUSIOT HA aKTUBHOCTD
NIPYTUX KJIETOK M opraHoB. OmHU FOPMOHBI J€iCTBY-
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Puc. 6.1. Pacnonoxcernue ocHo8HbIX
IHOOKPUHHBIX OP2AHO8

10T Ha MHOIM€ TKaHU, OAPYIrue —-TOJbKO Ha OIpeac-
JICHHBIC KJICTKN-MUIICHN.

ITPUPOJA TOPMOHOB

T'opMOHBI y4acTBYIOT B OOJBLIMHCTBE (PU3HOJIO-
TMYECKUX TIPOLIECCOB, IO3TOMY HX JNECUCTBUE HMMEET
OoJIbIIIOE 3HAYEHME IS MHOTUX acIleKTOB MBbIIIEY-
HOI U CHOPTUBHOM AedTenbHOCTU. IIpexne yeM mpu-
CTYIUTb K U3y4eHUIO (PYHKIUI FOPMOHOB, pacCMOT-
PUM HX CYIIHOCTb. [lanee Mbl pacCMOTPUM XMMHYEC-
KYI0 NpUPOAY TOPMOHOB M OOIIME MEXaHU3MBI MX
TIeVICTBUSI.

XUMHNYECKAA  KIACCUDPUKALIUA
T'OPMOHOB

TopMOHBI MOXHO pa3leNuTh Ha B OCHOBHBIX
TUTIA: CTEPOMIHBIE M HECTePOMAHBIC. XUMUIeCKast
CTPYKTYpa MEPBBIX HATIOMUHAET CTPYKTYpPY XOJecTe-
pUHA ¥ GOJBITUHCTBO 3TUX TOPMOHOB SIBIISIOTCS €TI0
Mpon3BOTHBIMU. [103TOMY OHUM PacTBOPSIIOTCS B JIH-

8

5-5%

MUJaX ¥ J10BOJBHO JIETKO 1M PYHAMPYIOT Uyepes Kiie-
TOUYHBIe MeMOpaHBl. K 3T0if rpymie oTHOCITCS TOp-
MOHBI, 9KCKPETUpYeMble

* KOPKOBHIM BEIIECTBOM HaIITOYeYHUKa (TakKue,

KaK KOPTU30Jl U aJIbJOCTEPOH);

* SUYHUKAMU (3CTPOTE€H U IPOTECTEPOH);

* Au4YKaMu (TECTOCTEPOH);

* MJIALEHTON (3CTPOreH U MPOrecTepoH).

HectepounHble TOpMOHBI HE SIBASIOTCS XUpOpa-
CTBOPUMBIMH, TTO3TOMY OHU HE MOTYT JIETKO Tiepece-
KaTh KJIECTOYHBIE 000J0YKU. [pyIITy HeCTEpOUTHBIX
TOPMOHOB MOXHO Pa3leJuTh Ha JiBa Kjacca: 0eaKo-
Bble, WJIM TMENTUIHbIE, TOPMOHBI U TIPOU3BOJHbBIE
aMuUHOKUCIOT. K mocieaHeMy Kiaccy OTHOCSITCS 1Ba
rOpMOHa LIMTOBUAHOM XeNe3bl (TUPOKCHMH U TpU-
HOATUPOHWH) W JBa TOPMOHA MO3TOBOTO BEIECTBA
HaAIMOYeTHUKOB (aIpeHalIuH U HopaapeHaTHH). Oc-
TaJIbHbIE HECTEPOUIHBIE TOPMOHBI OTHOCATCS K KJ1accy
0€JIKOBBIX, WM TIENTUIHBIX, TOPMOHOB.

OYHKUINWW TOPMOHOB

ITockonbKy TOPMOHBI IEpEMELIAIOTCSI ¢ KPOBBIO,
OHM BCTYMAIOT B KOHTAKT MPaKTUYECKU CO BCEMU
TKaHsIMH Tena. [loueMy XXe Torma ux AeiicTBUE Orpa-
HMYEHO OIIpeIeIeHHBIMU KJleTKaMu-MueHIMu? OHO
00YCJIOBJICHO HaJIMYMEM CIELUaIbHBIX PEIENTOPOB
B TKaHSIX-MHUIIEHIX. B3auMoneiicTBrie rOpMOHA U €0
OIIpeNIeICHHOrO PelenTopa CPAaBHUBAIOT C MPUHIIK-
IMOM B3aMMOMAEHCTBUS 3aMKa (pelenrtopa) ¥ Kioda
(ropMoHa), Korja JUIIb MOAXOASIINM KII0UOM MOX-
HO OTKPBITh COOTBETCTBYIOLIUI 3aMOK. B3ammopneii-
CTBME TOPMOHA W €ro pelenTopa Ha3bIBalOT KOMII-
JIEKCOM TOpPMOHA-peLenTopa.

Kaxmas kmerka comepxur ot 2 000 mo 10 000
pelenTopoB. PelienTopbl HeCTEPOUIHBIX TOPMOHOB
pacmoJjiararorcs Ha o0OJIOYKe KJIETKM, TOTIa Kak pe-

© HEMNTOPbI CTEPOUIHLIX TOPMOHOB HaxXodATCA B €€ LU~

ToITa3Me oo sape. Kaxmelit ropMoH XapaKTepH-
3yeTCsl BBICOKOM CTETICHBIO CITEIM(UYHOCTH IO OT-
HOIIEHUIO K OaHHOMY THUITY pPEIENTOpPOB U
CBSI3BIBAETCS TOJBKO C OMpEAeICHHBIMH (CIEeUpIY-
HBIMHU) peLeNITOpaMH, BO3IEHCTBYSI, TAKIM 00pa3oM,
TOJIBKO Ha TKaHW, COIepXKallue 3TH PEIEeITOPHI.

MHoOToYnCIeHHBIE MEXaHMU3MBI MO3BOJISIOT TOp-
MOHAM KOHTPOJMPOBAaTh NEUCTBUS KJIETOK. PaccMoT-
pPUM OCHOBHBIE CITOCOOBI HEWCTBUSA CTEPOMITHBIX U
HECTEPOUIHBIX TOPMOHOB.

CrepouHbie TOPMOHBI

Kak yxe ykasplBajioch, CTEPOUIHBIE TOPMOHBI
SIBJISTIOTCSI JIMITUAOPACTBOPUMBIMU U JIETKO TIPOXOJIST
yepes KJIETOUHYI0 000J04Ky. MexaHu3M UX AeiicTBuUs
MmoKasaH Ha puc. 6.2. Haxomsch BHYTpH KJIETKH, CTe-
POMIHBIA TOPMOH CBSI3BIBAETCS CO CIELU(PUIHBIMU
1t Hero petienitopaMu. O6pa30BaBILNiiCsS KOMILIEKC
TOPMOH — pELEeNTOp MPOHUKAET B PO U CBSI3bIBA-
etcs ¢ yacthio IHK knetku, akTuBUpYySs onpeneneH-
Hble TeHbl. DTOT MpPOLECC Ha3blBaeTCs HEMmocpes-
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CTepounaHbIin FOPMOH MPOHVKAET B KIEeTKY

mPHK obecrnieuvBaer
OenKkoBbI CUHTE3 B
umTonnasme

MPHK "nokmnpaet” sapo

KneToyHass membpaHa

opMOH NpuBA3bIBAETCH K
cneundryHoMy peuenTtopy
8 uMTONIa3Me Wn sape

Anpo

Komnnekc ropmoH—peuentop
aktmeupyet OHK kneTkn,
obpazyollyio MPHK

Puc. 6.2. Mexanusm deiicmeust cmepoudHo2o 20pMOHA, NPUBOOAUUI K HENOCPEOCMBEHHOU AKMUBAUUU 2eHO8

CTBEHHOI aKTWBallMel reHoB. B oTBeT Ha Hee B sI-
pax npoucxomut cuHTe3 MPHK. 3arem MPHK mo-
CTyIMaeT B LMTOIJIa3My U obecrieurBaeT OeJIKOBbII
CUHTEe3. DTU OeJKU MOTYT ObITh
* (depMeHTaMU, OKa3blBAIOIIUMU MHOTOYMUCIIEH-
Hble BO3IENMCTBUS Ha KJIETOYHBIE MPOLIECCHI;
* CTPYKTYPHBIMU O€JKaMU, KOTOpbIE MCIIOJb3Y-
J0TCS JUIs pOCTa U BOCCTAHOBJICHUSI TKaHEH;
* PeryJIsITOPHBIMU OelKamMu, CIIOCOOHBIMU U3Me-
HUTh QYHKIMIO (DEPMEHTOB.

HeCTepOl/lIlH])le TOPMOHBbI

HOCKOHBKY 9THU T'OPMOHBI HE MOTYT JICTKO ITPOXO-
JUTb 4€PE3 KJICTOUYHYIO 06OH0‘{Ky, OHM BCTYIIalOT BO
B3aWMOJIEVICTBUE C OIIPE€ACICHHBIMU PEUCIITOPAMU BHE
KJICTKH, Ha €€ 000JI0UKeE. MOJ'[CKYJTa HECTEPONIHOTIO
TOpPMOHAa, HNPUKPCILUIAACH K CBOEMY DPCLCIITOPY, BbI-

3bIBaeT CepUIo (hepMEHTHBIX peaKInii, KOTOpbIE TIPH-
BOISIT K 00pa30oBaHMUIO BTOPOTO BHYTPHMKIETOYHOTO
nepeHocunka ("Kypwepa"). Hambonee xopoiro u3y-
YeHHBIM U paclpoCTpaHEHHBIM BTOPBIM "KypbepoM"
SIBJISIETCSI LMKIMYECKU ameHo3uHMoHodocdar
(HAM®). DroT MexaHM3M IMoOKa3aH Ha puc. 6.3.
B manHOM ciyyae mpuKperuieHWe ropMoHa K COOT-
BETCTBYIOIIEMY PELIENTOPY Ha 000JI0YKe aKTUBUPYET
depMeHT ageHUNATUMKIIa3y, HaxoOsdIuiics Ha 000-
nouke. OH KartaimsupyeT obpaszoBanne HTAM® u3
kietouroro AT®. O6pasosasiuuiics TAM® moxer
3aTeM BBHI3BaTh OIpeleeHHbIe (U3MOJIOTUYECKUE
peaxkiuy, BKIIovast:

* aKTUBALIMIO KJIETOYHBIX (DEPMEHTOB;

* U3MEHEHME MMPOHUIIAEMOCTH 000JIOUKH;

+ obecrieyeHue OEITKOBOTO CHMHTE3a;

* U3MEHEHME KJIETOYHOTO MeTaboJIn3Ma;

* CTUMYJIMPOBAaHME KJIETOYHBIX BBIIEIECHUI.

HecTepouaHble rOpMOHbI He MOryT
NMPOXOAUTb Yepe3 KIeTO4YHYI0 MeMbBpaHy

[OpMOH MPUBA3LIBAETCH K O

cneumduyHoOMy peLenTopy
Ha KJIeTO4YHOM MeMbpaHe

KNHa3bl

Komnnekc ropmox~—-pelen-
(HeaKTVBHbIE)

TOp aKTMBMPYET ageHunaT-
uMKIasy B KIeTke

KnetoyHas membpaHa

AgeHunarumknasa
ob6pasyet LAMD

[POTENH- sz KNHA3BI

Cyb6crpar
(HeaKTVBHbIN)

UAM® akTmBupyeT
NPOTENHKNHA3b!  (PepMeHTbI),
YTO MPUBOOUT K KJIETOHYHBIM
VIBMEHEHVISIM 11 FOPMOHJTbHBIM
adpdekTam

(akTMBHbIE)

%“-«: . Cy6mpa1:
{aKTUBHbINA)
, KJ1eTO4YHblIE

S YIMEHEHWS

Anpo

Puc. 6.3. Mexanusm Oeiicmeus HecmepouoHo2o 20pMOHA C UCHOAb30BAHUEM
eémopoeo neperocuuxa (UAM®D) ¢ kaemke
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TakuM 00pa3oM, HECTEPOUTHBIE TOPMOHBI, KaK
MpaBUIO, aKTUBUPYIOT cucteMy HTAM® KJeTKu, 4To
MPUBOJIUT K U3MEHEHUSAM BHYTPUKIETOUHBIX PYHK-
187078

KOHTPOJIb BBIAEJIEHUA
IT'OPMOHOB

BeigeneHre TOpMOHOB HOCUT KPATKOBPEMEHHBIH
U pe3Kuil xapakTep, YTo OOyCJIOBAMBAET Kojeba-
HUS YPOBHEHW OMpeaeIeHHbIX TOPMOHOB TJIa3Mbl B
TeYeHUE KOPOTKUX MEPUOIOB BpEMEHU, HATIPUMED,
B T€UEHME Yaca U MeHbIile. BMmecte ¢ TeM Koseba-
HUE WX YpOBHE# HabiiomaeTcs U B TedeHue Oosee
MPOJOJKUTEIBHOTO BPEMEHU, NEMOHCTPUPYS CY-
TOYHBIE U JaXe MeCSYHble UMKIbI (MOJA00HO Me-
CSIYHBIM MEHCTpyalbHBIM IMKIaM). OTKyna Torga
KeJie3bl BHYTPEHHEH ceKpelMu 3HalT, KOTAa BbI-
JeJSITh TOPMOHBI?

OTtpunarenbHas oOpaTHasi CBA3b

Cekpelusi OOJBUIMHCTBA TOPMOHOB PETYJIUPYET-
Cs Ha OCHOBAaHUU OTPUIATEJIbHON OOPAaTHOW CBSI3U.
BrineneHrue ropMOHOB BbI3BIBAET OMpPENEICHHBIE U3-
MEHEHUS B OpraHU3Me, KOTOpbie, B CBOIO Ouepelp,
TOPMO3SIT WX JAajlbHEWIIyl0 cekpeluio. BcrmomHuM,
Kak paboTaeT KOMHATHBIM CTa0WIM3aTop TemIepa-
Typhl (TepmoctaT). IIpM CHMXXEHUM 3aJaHHOW TeM-
nepaTypbl TEPMOCTAT MOCHUIAET CUTHAA B KOTEN Ta-
pPOBOTO OTOIUIEHUS, KOTOPBIA HAUMHAET 00OrpeBaTh
KoMHaty. Ecin KoMHaTHas Temmnepartypa MoJHUMa-
€Tcs 10 3aJaHHOTO YPOBHSI, TEPMOCTAT TMOCHLIAET
CUTHaJ MpekpaTtutb oborpeBanue. Ecmu temmepary-
pa CHOBA CHMXXAETCS HUXE 3aJaHHOTO YPOBHS, BECh
IMKJ HaYMHAETCsl cHayaja. TOYHO TaK Xe Mpolecc
CeKpely OIpeleeHHBIX FOPMOHOB "BKJIIOYaeT" MU
"BBIKJIIOYAET" OTpe/eNeHHble (PU3N0IOoTruueckKre us-
MEHEHHMUS.

T'opMoHBI MOTYT BO3/1€iCTBOBATh HA CHIELH-
7 (muHbIe I HUX TKAHH-MHIIEHH WIH KJeT-
KH-MHIIEHH HA OCHOBAHMHM CJIOKHBIX B3aH-
MOJIEiiCTBUIl C pelenTopamMu, pPacHoJIOXKeH-
HBIMH HA KJIETOYHO# 000J10YKe WM B KIETKe,
COOTBETCTBYIOIIUMH JAHHOMY TOPMOHY

E:

OTpuuarenbHass obpaTHasl CBSI3b — OCHOBHOI
MEXaHU3M, MOCPEACTBOM KOTOPOrO 3HAOKPUHHAs
cucTeMa MoJepXuBaeT romeocras. PaccMoTpum Ta-
Kol mpumep. [1pu BHICOKOU KOHIIEHTpPALUU TJIIOKO-
3bl B IUIa3M€ MOKEIYIO0YHAs Xejie3a BbIICNSET UH-
CYJIMH, KOTOPBI/ YBEIUUUBAET MOTPEOJEHUE TIIIOKO-
3pl KJIETKAMU, YTO MPUBOAUT K CHUXEHUIO €€
KoHUIeHTpauuu. Korma KoHLEHTpalusl TJIOKO3bl B
MJ1Ia3Me BO3BPAILAECTCSA K HOPMAIbHOMY YPOBHIO, BbI-
JieJIEeHUEe MHCYJIMHA TOPMO3UTCS [0 TeX 1op, MOKa ee
YPOBEHb CHOBA HE MOBBICUTCA.

8*

KosuuyecTBo peuenTopos

YpoBHU cofepkaHKsI TOPMOHOB B IJIa3Me He BCe-
Ila OTpaXxaloT NeUCTBUTENbHYI0 aKTUBHOCTh TOPMO-
HOB, MOCKOJbKY KOJIMUYECTBO PELENTOPOB HA KIIETKE
MOXET U3BMEHUTHCS, MOBBILIAST UM MOHUXAS €€ YyB-
CTBUTEJIBHOCTb K OIpe[esieHHOMY TopMoHy. Yaiie
BCETO YBEJMYEHUE KOJUYECTBA OIMpPEIeeHHBIX TOp-
MOHOB MPUBOJIUT K COKPAIIEHUIO YUCJIa COOTBETCTBY-
o1Kx perentopos. Korma 310 mpoucXoauT, 4yBCTBU-
TEJIHOCTh KJIETKM K JaHHOMY TOPMOHY CHMXKaeTcs,
MOCKOJIbKY COKpAIAeTCsl YUCIO PELENTOPOB, C KO-
TOPBIMU MOXET CBSI3aTbCsl TOPMOH. DTO Ha3bIBaeTCS
JeceHCMOWIu3alrei, Wid MOHUXEHHON peryssiu-
eil. Y HEKOTOpBIX JIIofiel ¢ U30BITOYHON Maccoii Tena,
HarpuMep, KOJMYECTBO WHCYJIMHOBBIX PELIENTOPOB
Ha KJIeTKax MoHMxeHo. Mx opraHusm pearupyer Ha
9TO YCUJIEHHON CEKpeuueid HMHCYJIMHA M3 TOMXETY-
JIOYHOM Xee3bl, BCJACACTBME YEro MOBHIIIAIOTCS YPOB-
HU WHCYIMHA B mjazMe. YToObl JOCTWYbL TaKOW ke
CTEMEHU DPEryJsiUU TJIOKO3bI MJIa3Mbl KaK y OObIYU-
HbIX, (DU3UYECKU 3[0POBBIX JIOIEH, HEOOXOAUMO,
4TOObl UX OPTAaHU3M BBIAES HAMHOTO OOJIbIlIEe WH-
Cy/luHa.

Hao0opot, KieTka MOXeT OTpearupoBaTh Ha IIpo-
JOJDKUTENIbHOE HaJuyue OOJIbIIOro KOJU4ecTBa rop-
MOHA YBEJIMUYEHUEM Yuciia peuentopos. B atom ciy-
Yyae ee YYBCTBUTEJIbHOCTh K JaHHOMY TOPMOHY IO-
BBIIIAETCSI, MOCKOJbKY OOJIbIIEE €ro KOJUYECTBO
MOXeT OBbITh MPUBSI3aHO B JAHHBI MOMEHT. BTO —
MOBbIIIEHHAs peryasuus. Kpome Toro, nHorna oquH
TOPMOH MOXET BOCIPUHUMAThCS peLENnTOpaMu Apy-
roro ropMoHa.

B OB30PE...

1. TopMOHBI AENSITCS HAa CTEPOUJHBIE U HECTEepO-
unHbie. CTepoUaHbIE TOPMOHBI JTHITMAOPACTBOPUMbIE
1 OOJIBIIMHCTBO M3 HUX 00pa3yeTcsl U3 XoJecTepuHa.
HecrepounHbie TOpMOHBI — OEIKM, MENTHIAB WK
AMUHOKMCJIOTHI.

2. TopMOHBI, KaK MpPaBWJIO, 3KCKPETHPYIOTCS B
KPOBb M IIUPKYJIUPYIOT MO OPTraHU3MYy, BO3AEHCTBYS
TOJIbKO Ha KJIETKM-MUlIeHU. VX aeficTBUe Mo MpuH-
HUITY "3aMOK — KJII0Y" 3aKJII0YaeTcsl B CBS3bIBAHUU
UX CreUr(MUIHBIMU PELENTOpaMu, COMePXaIIUMUCS
TOJIbKO B TKaHSIX-MHUIIEHSX.

3. CrepouaiHble TOPMOHBI MPOXOJIST YEPE3 KIETOYU-
HYI0 000JI0YKY U CBSI3BIBAIOTCS C pelenTopaMu, Ha-
XOASIIIUMUCS BHYTPU KieTKu. C MOMOIIbI0 MeXaHU3-
Ma, MOJYYMBIIEro Ha3BaHME HEMOCPEACTBEHHON aK-
TUBALIMM TEHOB, OHY BHI3BIBAIOT OEJKOBBIM CHHTE3.

4. HectepouaHbie TOPMOHBI HE MOTYT TakK Xe JIETKO
MPOHUKATh B KJIETKH, TIO3TOMY OHU CBS3BIBAIOTCS C
pelienTopaMu, HaXOASIIMMUCS Ha 000J0YKe. DTO
MPUBOJUT K aKTUBAIUU BTOPOTO "Kypbepa" KIETKH,
4TO, B CBOIO OYEpE/b, BHI3BIBAET MHOTOUYUCICHHbBIE
KJIETOYHBIE MPOLECCHI.
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5. Cekpelus OOJBIUIMHCTBA TOPMOHOB OCYILECTB-
JISIETCS HAa OCHOBAaHUM OTPULIATENbHOUW 00paTHOM
CBSI3U.

6. KonnuecTBo pelienTopoB AJsl JaHHOTO TOPMO-
Ha MOXET U3MEHSIThCS IS YIOBJIETBOPEHUS TOTPEO-
HocTeli opraHusma. [loBbilieHHAS peryasIus O3Ha-
YaeT yBeJIMYEHME YUCIIA PEIIETITOPOB, MOHMXEHHAsT —
yMeHbIIeHUEe. DTH [BA IPOLIECCAa U3MEHSIIOT YYBCTBU -
TETHHOCTD KJIIETKU IO OTHOIICHUIO K TOPMOHAM.

KEJIE3bI
BHYTPEHHEUN CEKPEIIMN
N NX TOPMOHBDI

PaccmoTpeB nmpupoay ropMOHOB, MBI MOXKEM TIPU-
CTyNaTh K U3y4EHUIO OMpPEeIEHHBIX TOPMOHOB U MX
dynkuuii. ZKeae3pl BHYTpeHHEH CEKpellud M COOT-
BETCTBYIOIIME UM TOPMOHBI IPUBOIATCS B Tabil. 6.1,
B HEWl yKa3aHbl TAKXE CTUMYJIbI, BbI3bIBAIOIINE BbI-
JeieHue KaXIoro TOpMOHA, MUIIEHU TOPMOHOB U UX
nevictBue. [loMHUTE, YTO SHIOKPUHHASI CUCTEMA BECH-
Ma cioxHa. IIpuBomuMoe 3mech OOBSICHEHHE CHIIBHO
YTIPOLICHO AJisl 00JIeTYeHUsT U3YYEHUSI TOPMOHOB, KO-
TOpbIE MMEIOT OOJbIIOE 3HAYEHUE MAJIsI CIIOPTUBHOMN
Y MBIIIEYHON nedrenbHOCTH. CleayeT OTMETUTDh 3Ha-
YUTEIbHbIC TPYIHOCTU B M3YYEHUM NEUCTBUU TOp-
MOHOB B TIPOIIECCE BHITMOJHEHUS (PU3NUECKON HATpPy3-
KU, a TaKKe 3HAYUTEIbHYI0 TPOTUBOPEUYUBOCTH UME-
towueiica uHGopMauuy. B 3ToM HampaBaeHUU MHOTOE
eIlle MPEICTOUT BHISICHUTD.

'MIIoeuns3

lunmodu3 — 310 Xee3a, pacIonokeHHas! Y OCHO-
BaHWS TOJIOBHOTO Mo3ra. OIHO BpeMs CUMTalIM, 4YTO B
SHIOKPWMHHOM "OpKecTpe" OH BBHIITOJHSIET KaK ObI POJb
JTMpUXepa, BBIICSS 0OJIbIIoe KOJTMYECTBO TOPMOHOB,
BO3/ICCTBYIONIMX HA MHOTOYMCIICHHbBIE OpTaHbl U Ipy-
rue xene3bl. OIHAKO CEKPeTOpHOE NeiCTBUEe THIO(MU-

32 KOHTPOJUPYETCS JUOO HEPBHBIMU MEXAaHU3MAMU,
JINO0 IPYTUMU FOPMOHAMU, BBLIEJISI€MbIMU TUIIOTANIA-
MycoM. [ToaTomy runmodus 6ojee mpaBHIBHO paccMart-
pUBaThKAKMPOMEXYTOYHOE 3BEHO MEX1Y PETYIUPYIO-
UMM LIECHTPAMU LEHTPAJbHOW HEPBHOM CUCTEMBI U
nepudepuIecKUMU SHIOKPUHHBIMU XKee3aMu.

g T'unodu3 onHO BpeMsl CYMTAIM TIABHBIM ““/IH-

7 puxepoM” 3HIOKpMHHOTO "opKecTpa", py-
KOBOJSIIMM MHOXKECTBOM APYTHX KeJe3 U op-
ranos. B Hacrosmiee BpeMs H3BECTHO, YTO
€ro JeATeJbHOCTh BO MHOIOM pPeryMpyercs
THIIOTAJIAMYCOM

lunocdus cocrout u3 moneit — mepenHeit, nmpome-
KYTOUHOI1 u 3aaHei (puc. 6.4). IIpoMexyTouHas 10/
y 4ejioBeKa OYeHb HeOOJbIlIasH; CYMTAIOT, YTO OHA B
OTJIMYME OT IBYX APYTHUX HE UIPAET CYILECTBEHHOM POJIHI.

3amnsaa p0Jsa runogusa

3amgHss posl runodusa MpeacTaBIsieT Co00 OTpo-
CTOK WM BBIPOCT HEPBHOI TKaHW TUIOTaIamyca. MMeH-
HO TMO3TOMY €€ 4acTo Ha3biBaloT Heltporuroduzom. OHa
BBIICIISICT JIBA TOPMOHA — aHTUIMYPETUYESCKUN TOPMOH
(AT, wmu Ba3ompeccHH) M OKCUTOLMH. B cymHocTH,
MX MPOM3BOAUT runotagamyc. OHU MepeMellaloTcsl BHU3
M0 HEPBHOW TKAaHM WM COMEPXaTcs B IMy3bIpbKax He-
PBHBIX OKOHYAHMII 3amHell mojm rurocdusa. B orser
Ha HEpBHbIE MMITYJIbChI, MMOCTYIAIOLINE U3 TUIIOTAIa-
Myca, 3TW TOPMOHBI TIOTAAIOT B KPOBb.

M3 stux aByx ropMoHoB Toiabko AJIT" urpaer Baxk-
HYIO POJIb B MIPOLIECCE MBIIIEYHON AesitenpHoCTH. OH,
B YaCTHOCTH, 0OecrieunBaeT CoOXpaHeHWe BOIbI B Opra-
HU3Me, TIOBBIIIAsK €¢ MPOHUKHOBEHKWE B KaHAJIBIIBI TIO-
YeK, BCJICACTBUE YETO B MOYY TIOCTYIAeT MEHbIIIE BOIbI.

O BausgHUM (PU3MYECKUX HATPY30K Ha CEKPEIUIO
3agHeil monmu rumodumsa cBemeHUit Mano. M3BecTHO,

ITpocrarnanaunbl

IIpocTarnaHuHbl, XOTb U HE SBISIOTCS TOp-
MOHaMU, OYEHb YACTO PACCMATPUBAIOTCS KakK
TakoBble. OHU SIBASIIOTCSI TPOU3BOJHBIMU KUP-
HOW KMCJIOTBl — apaxuIOHOBOW — W CBSI3aHBI
¢ MeMOpaHaMM IOYTH BCeX KJIEeTOK Tena. OObIu-
Ho [IpoctrarmaHavHbl AEHCTBYIOT Kak MECTHBIE,
WJIY JIOKAJIbHbIE, TOPMOHBI, BO3ACUCTRYS NUIIb
Ha TOT Y4acTOK, TJie OHU oOpa3oBaiuch. B TO
ke BpeMsI HEKOTOPbIE U3 HUX, MEPEMEINasich C
KPOBBIO, BO3ACUCTBYIOT Ha 0oJjiee OTAaCHHBIC
TKaHu. BeigeneHue mpocTarjiaHAMHOB MOXET
aKTUBHUPOBATh ApPYrue TOPMOHBI, a TaKXe BbI-
3BIBaTh JIOKAJNbHBIC MMOBpexaeHUs1. Mx dyHK-

LIMM MHOTOYMCIICHHBI, TOCKOJbKY CYIIECTBYET
HECKOJIbKO Pa3IMYHBIX TUIIOB MPOCTATIAHAM-
HoB. OueHb YacTO OHM YCWJIMBAIOT NCHCTBUS
JIpYyTux ropMoHoB. Kpome Toro, oHM MOTYT He-
MOCPENCTBEHHO BO3JeiiCTBOBaTb Ha KPOBEHOC-
HBIE COCY/IbI, TIOBBIIIAs MX MPOHULIAEMOCTh (UTO
CIIOCOOCTBYET MX HaOyXaHUIO) M obecreunBast
pacuiperue. B aToii CBSI3M OHM — BaXKHbBIC Me-
JIUATOPHl BOCMAJMTENbHOU peakuuu. Kpowme
TOTO, OHW TIOBBIIIAIOT YYBCTBUTEIBLHOCTh HE-
PBHBIX OKOHYaHWIi GOJIEBBIX BOJIOKOH W, Ta-
KUM 00pa3oM, y4yacTBYIOT B Pa3BUTMM BOCIa-
JICHUs U OIYIIEHUU OOJIu.
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Ta6nuua 6.1. Kene3sl BHyTpeHHEN ceKpeLMU, MX TOPMOHEI, OPTaHbI-MUIIEHN U OCHOBHEIE (DYHKLHH

SHZ[OKpI/IHHBj[ XKeJie3a

T'opmon

OpraH-MuIlIeHb

OcHOBHbIE (PYHKLIMU

Tunopus
TepemHsIst 10JIst

3a/IHSIST 1OJIST
(OT rumoTazamyca)

[IIuroBuaHas Xene3a

INMapammrosuiHas
XeJie3a

Hannoueunuku
MO3rOBOE
BEIIECTBO

KOPKOBOE
BEIIECTBO

IMomxenymouHast
Kenesa

[TosoBbIe Xeme3bl
SIMYKU

T'opmoH pocra

TupotponuH, um
THPEOCTUMYIUPYIO-
11 TOPMOH
ANpPEHOKOPTUKO-
TPOIIMH

TIponakTiH

DOoUTHKYTOCTUMY-
JIMPYIOIIMHA TOPMOH
(®CI)
JIroTemHU3UpYIO-
i ropmoH (JIT)

AHTHOUYpETHYEC-
kuit ropmoH (AT,
WY Ba30TMPECCUH)
OxcuronnH

TupokcuH u
TPUHOOTHPOHHUH
KaspirosuH
ITaparropmoH, wiu
MapaTUpPeONIHEIH
TOPMOH

AnpeHanuH

Hopanpenanun
MuHepalKopTHKO-
HOB (ATBAOCTEPOH)
I'moKoKOpTHKOUABI
(xopTH30)
AHIPOTeHB! U
3CTPOTEHbBI

Wncynun

I'mokaron

CoMaTtocTaTH

Tecrocrepon

Bce knerku Tena

Uiurosunas
Kesesa

Kopkosoe
BEIIECTBO
HaAMoYeyHMKa
MosnouHbie
KeJe3bl
AWYHUKY, TUYKU

SAWYHUKY, SUIKT

TMouku

Marka, Moo4-
HbIE KeJIe3bl
Bce xneTku Tena

Koctu
Koctu, mouku,
KUIIIEYHUK

BonbmHcTBO
KJIETOK Tella

To xe
TMouku

BonbimHcTBO
KJIETOK Tejla
AvyHuku, Mo-
JIOYHBIE KEJIe3bl,
SIMYKHI

Bce knetku Tena

To xe

OctpoBku JlaH-
repraHca u Xemy-
JIOYHO-KUIIIeY-
HBII TpakT

[TonoBbie
OpraHbl, MBIILILIBI

OO0ecrieunBaeT pocT U pa3BUTUE BCEX TKAHEH Tejia B Tie-
PHOJI MOJIOBOTO CO3PEBAHUSL; TIOBBILIAET WHTEHCUBHOCTD
0EJIKOBOrO CUHTE3a; YBEJIMYMBAET MOOUIN3ALINIO KUPOB
U UCIIONB3YeT X B KAYeCTBE UCTOUHMKA IHEPTUU;
CHIDKAET MHTEHCUBHOCTh YTWJIN3AlMU YTJIEBOAOB
PerynupyeT KOIMUECTBO MPOU3BOAUMBIX U BBIICISIEMbIX
ILIMTOBUIHOMN XeJie30i TUPOKCHMHA U TPUHOIATUPOHUHA

PerynupyeT cekpeluio ropMOHOB M3 KOPKOBOTO Be-
1IeCTBA HAAMOYEYHHUKA

CTuMyIMpyeT pa3BUTUE MOJIOUHBIX XeJIe3 U CeKPeLurIo
MOJIOKa

CtumynupyeT pocT (Po/UIMKYJIOB B SMUHUKAX U 00ec-
MEYMBaeT CEKPELMIO 3CTPOTeHa U3 SIMUHUKOB, a TAKXkKe
00pa3oBaHUE CIIEPMbI B SIMUKAX

ObecreynBaeT CEKpeLMIO 3CTPOreHa M IIPOrecTepoHa,
BbI3bIBACT pa3pbiB (HOJUTUKYIIOB, 00eCreYrBaroIni
BbIICJCHUE STMLIEKICTKU; CTUMYJIMPYET CEKPELIUIO Tec-
TOCTEpOHA U3 SIMYEK

CrocoOCTBYeT peryJMpoOBaHUIO BbIICICHUS BOIbI MOY-
KaMu; TOBBILIAET JaBJICHUEe KPOBU BCJICACTBUE CY-
KEHUSI COCYIIOB

CTUMY/IMpYeT COKpAIlleHUe MBILIL MAaTKW, CEKPELUIo
MOJIOKa

[oBbllIaeT MHTEHCUBHOCTb KJIETOUHOTO MeTaboin3Ma, a
TaKXXe 4acTOTY M COKPATUTENIbHYIO CITOCOOHOCTh cepiua
PerynupyeT KOHIIEHTpAIIMIO MOHOB KaJIbLUsI B KPOBU
Perynupyer KOHILIEHTpalMI0O NOHOB KaJibliMsl BO BHE-
KJIETOUHOM XMAKOCTH, BO3AEUCTBYSl Ha KOCTH, TIOYKU
U KMIIEYHUK

MoGOuIM3yeT TIMKOTeH; YCUIMBAET KPOBOTOK B CKe-
JleTHOM Mbiie; moBbiaeT YCC, coKpaTUTEIbHYIO
CIIOCOOHOCTh cepaila M MOTpebeHre KKcaopoaa
CyXaeT apTepHoiIbl U BEHYBI, TEM CaMbIM MOBBIIIAS
JaBJIeHUe KPOBU

VBenuuuBaeT 3aAepXKKy HATpUsl U BbIICICHUE KaJus
yepe3 MOYKH

Perynupyer MeTaboiu3M yIjieBOAOB, KUPOB U OEIKOB;
MPOTUBOBOCHAJIUTEIbHOE JIECTBYE

Pa3Butre MoI0BBIX MPU3HAKOB

Peryaupyet ypoBHM IJTIOKO3bI KPOBHU, MOHVKAsI COAEP-
JKaHME TIIOKO3bI; MOBBILIAECT YTUIM3ALMIO [JTFOKO3bI 1
CUHTE3 OeJIKOB

[NoBbIIIaeT KOHLIEHTPALIUIO [JII0OKO3bI B KPOBU; CTUMY-
JIUPYET pacuieryieHnue OeJKOB U KUPOB

CHUXaeT CeKpelIo NHCYIMHA U TJII0KAroHa

OobecrnieyrBaeT pa3BUTHE TOJOBBIX TPU3HAKOB MYXXYUH
(sIMYeK, MOLIOHKU, TMOJIOBOTO YieHAa); UBMEHEeHUE
rojioca, TosIBJIEHUE BOJIOC Ha JIMLIE; Pa3BUTHE MBILILL
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Tab6nuua 6.1. Oxkonyanne

DHIOKPUHHAs XeJe3a T'opMmon OpraH-MulleHb OcHoBHbIe YHKUIUU
SIMYHUKU DKcTporeH ITonoseie opranbl, Pa3BuTHe XEHCKMX TOJOBBIX NMPU3HAKOB U OPTaHOB;
KUPOBast TKaHb TOBBIIIIEHHOE HAKOIUIEHUE XUPa, CIOCOOCTBYET peTy-
JIIIIU MEHCTPYaJIbHOTO 1IUKJIA .
IMouku Penun KopkoBoe Bemiec-  CriocoOCTBYET PETYJISLIMU AaBICHUS KPOBHU
TBO HaANOYEYHUKA
DPHUTPONOITHH KocrHbIit MO3T O6pa3oBaHNEe SPUTPOLUTOB
IIpuMedaHu e [IpuBeacHb OCHOBHBIC XeJIe3bl BHYTPEHHEW CEKPELMU U TOPMOHbI, UMEIOIIME OTPEIeIeHHOe 3HAYCHUE TSl MbILIEYHON U
CHOpTl/IBHOﬁ JEATCJIbHOCTH.

HalnpuMep, 4TO BBEJEHNE B KPOBb KOHLIEHTPUPOBAH -
HOTO 3JIEKTPOJIMTHOTO PACTBOPA BHI3bIBACT 3HAUUTEIb-
Hoe BeiaeneHue AJII u3 runodusa. D1a CIIOCOOHOCTh
AJIT" coxpaHATh BOLY B OpraHM3Me CYIIECTBEHHO CHU-
JKaeT pUCK 00Ee3BOXMBAHUS B YCJIOBUSAX 3HAYUTEb-
HOTO TIOTOOTAEIECHUS TIPY BBITTOJIHEHUM OOJIbIINX (hu-
3UYECKMX HArPy30K.

Ha puc. 6.5 mokasaH 3TOT MEXaHHU3M B IE€HCTBUM.
BcnenctBre MBIIEYHOUN OeATEIBHOCTU M TTOTOOTIE-
JICHUsI B TIJIa3Me KPOBU TOBBIIIAETCS KOHLIEHTPAIWS
3JIEKTPOJIUTOB — TIPOIIECC, Ha3bIBaeMBbIi T€MOKOH-
LeHTpauueil. B pe3ynbprare yBeIMuMBaeTCsI OCMOTH-
YyecKoe JaBJIeHUE MJIa3Mbl. DTO — OCHOBHOU (puU3u0-
Jlorndeckuii crumyn gia BoigeneHus AT, TToBeime-
HME OCMOTUYECKOTO JaBJIeHUSA OIIYIIAIoT
OCMODELIEIITOPbl, PACcTIOI0XEHHbIE B TMITOTAIaMycCe.
OH mochl1aeT HEPBHBIE UMITYJIbChl B 33HIOI0 JOJIIO
runodusa, ctuMyaupys BoiaeaeHue AJII, KoTopslii
MOCTYMaeT B KPOBb, MepeMellaeTcs B MTOYKU U 0bec-
TeYnBaeT 3aJePXKKy BOIbBI C TEM, YTOOBI TOBECTU KOH-
LIEHTPALINIO 2JIEKTPOJIUTOB B TUIa3Me 10 HOPMaIbHO-
TO YPOBHS.

Ilepenusas nons runodusa

Ilepenusasa mons runmodusa, WA ageHOrUInopus,
BBIJIEJISIET 1IECTh TOPMOHOB B OTBET Ha BbIIEJIEHUE
TUMOTAJIAMYCOM CTUMYJIMPYIOUIUX WA TOPMO3SIIUX
¢dakTopoB (ropmoHoB). CBsI3b MeXIOy THIIOTaJaMy-
COM M IlepemHeil qoneil runogu3a OCylIeCTBISIET CIie-
1lMajbHas CUCTeMa KPOBOOOpallleHUs, TPAHCIIOPTHU-
pyouiasi 3Td TOPMOHBI U3 TUIOTajaMyca B MEPEIHION0
noiio runogusa. I'maBHble PYHKIIMK KaXXIOIo U3 TOP-
MOHOB TiepeqHell noiau runodusa HapsiLy ¢ UX CTU-
MYJIMPYIOIIUMHU U TOPMO3SIIUMU BIUSHUSIMU, TPU-
BeleHbI B Ta0I. 6.2. du3nyeckas Harpy3Ka OKa3bIBa-
eTcsd 3HAYUTEJNbHBIM CTUMYJIOM sl TUIOTajllamyca,
MOCKOJIbKY TOBBIIIAET MHTEHCUBHOCTb BbIIEIECHUS
BCEX TOPMOHOB IIepemgHell mojieil rumodusa.

W3 1iecty TOpMOHOB, BbIJEJISIEMbIX TIEpEeIHEN 10~
Jielt runodusa, YeTbipe SBASIOTCS TPOITHLIMU, T.€. OHU
BO3JEUCTBYIOT Ha (DYHKIMU APYTUX XeJie3 BHYTPEeH-
Heil cekpeuuu. MckitoueHUe COCTaBJISIIOT TOPMOH
pocTta U mpoJyiakTuH. IlepBbIii — CHIBbHBI aHA0OJIM-
yeckuii areHT. OH oOecmeuynBaeT poOCT U TUIEePTPO-

Ta6nuua 6.2. Topmonsl mepeneii 1om runodusa

T'opmon

Perynupyromuit  dakrop

OcHoBHble DYHKITMH

ANPeHOKOPTUKOTPONHAIN
ropmon (AKTT)
T'opmon pocra (CTT)

Tupeorponusni ropmon (TTT)

DoUTHKYTOCTUMY TP YOI A
ropmoH (DCT)

JioTenHU3UPYIOLUMIT
ropmoH (JIT)
[IponakTua

CtumMynupyercsi KOPTHKO-
TPOIHBIM TOPMOHOM
CTUMYTUpPYeTCsS CTUMYJIHPY-
[OLIM FOPMOHOM T'OpPMOHA
pocra

HHrubupyercsi comarocra-
TUHOM WIA WHTHOMPYIOIIHM
TOPMOHOM TOPMOHAa pOCTa
CrumynupyeTrcs: THPOUMI-
BBIIEJISIONIMM TOPMOHOM
CtumynupyeTcs TOHaAOTPO-
MUHBBIAEIAIOIMM TOPMOHOM

CTuMynupyeTcs TOHALOTPO-
TIMHBBLLIEFIOIHUM TOPMOHOM
CTUMYIMPYETCS IIPOJIAKTHH -
BBUICISIIOIINM TOPMOHOM
WHrnoupyercs: MpogaKTHH-
MHIHOUPYIOLUM TOPMOHOM

OOGecrieunBaeT BbIIEJICHUE TOPMOHOB M3 KOPKOBOIO BE€-
mecTBa HaAIIOYCYHUKOB

ObGecrieunBacT POCT KOCTE W MBIIIIL, UCIOJIb30BaHUE
XKUPOB B KAY€CTBEC MCTOYHHKA SHEPIrUM, a TaKXKE 3KO-
HOMMUIO TJIIOKO3bI

O6GecrieynBaeT BbIIEJIEHNE TOPMOHOB IIIMTOBUIHOM
KeJie3bl

VY XeHIIMH obecrieynBaeT co3peBaHue (HOJTUKYIOB B
SIMYHUKAX U 00pa30BaHUE 3CTPOreHa; Y MYXKYUH CTUMY-
JUpyeT 06pa3oBaHKUe CIIEPMbI

Y XEeHIIUH CTUMYJIMPYET 00pa3oBaHKME ICTPOTeHA U
MPOrecTepoHa; y MyXYUH —TeCTOCTEpPOHa

OO6ecrieunBaeT JIAKTAIMIO (BbIIETIEHNE MOJIOKA MOJIOUHOM
XKeJIe3011)
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Puc. 6.4
Pacnonoxncenue MepenHssa pons

u cmpykmypa FOPMOH poCTa
TUPEOCTUMYMMPYIOUAA rOPMOH

eunogusa v
GONMKYNOCTUMYNIUPYIOWIMA TOPMOH
NIOTeVNHNSVNPYIOWWIA FTOPMOH
NPONAKTHH
AAPEHOKOPTUKOTROMHBIA FOPMOH

3agHsa nons
aHTUONYPETMHECKMIA TOPMOH
OUNTOUMH

'vnopus

[MpomexyToyHasa aons

2. MoTeHre NpUEOAKT K NoTepe Mniasmbl,
4TO OBYCNOBIMBAET TEMOKOHLEHTPRALMIO
N YBESIMYEHNE OCMONANBHOCTH KPOBU 3. MOBbILIEHHAS OCMONSNILHOCTL
KPOBW CTUMY/IMPYET rurnoTasamyc

4. [vnotanamyc CTumynupyet
3aHI010 A0 rmnodpusa

1. MblWweyHaa OeaTenbHOCTb
cnocobcTByeT
MOTOOTAENEHMIO

5. 3agHas pons rmnodusa BbiaenseT
aHTUOVNYPETUYECKNIA FOPMOH

6. AHTUONYPETUYHECKNA TOPMOH
DENCTBYET Ha NOYKM, NoBLILIAR
NMPOHULIAEMOCTb  MOYEYHbIX
Tpybouek ana Boapl 1
peabcopbumio BOabI

7. O6bemM NnNasmbl yeenvymMsaercs,
BC/IE[ICTBNE YEro CHUXaeTcs
OCMOJISNIBHOCTb KPOBM

Puc. 6.5. Mexanusmoi coxpanenusi 6006l aHMuouypemu1ecKum 20pMOHOM
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¢GUI0 MBI, CIOCOOCTBYSI TPAHCHOPTY aMUHOKHC-
JIOT B KJeTKu. Kpome Toro, oH HermocpeacTBeHHO CTH -
MYJUPYyeTMEeTab0IU3MXKNUPOB(IUTTONN3),yCUTUBAS
cuHTE3 HEPMEHTOB, YUYACTBYIOLIUX B 3TOM MPOLECCE.
YpoBHU cosepKaHUS TOPMOHA POCTa MOBBIIIAIOTCS
MPY BBIMTOJHEHU U pabOTh a9 POOHOTOXapaKTepanpo-
MOPIMUOHAJIILHO MHTEHCUBHOCTU U OCTAIOTCS TTOBBI-
LEHHBIMU €1l HEKOTOpOe BpeMsl MOocje 3aBeplie-
HUS paboTHI.

HIMTOBUOHAA XKEJTE3A

[luToBUAHAS Xee3a PacloioOXeHa BIOIb CPE/l-
HEW TMHUM IIEN, HEITOCPEACTBEHHO MO/ FOPTAHbIO.
OHa BbIIEJISIET IBA TOPMOHA, PeryIupyloire oOMeH
BewecTs, —TPUHOATHPOHUH (T,) u Tupokcun (T,), a
TakXe KaJbUHUTOHUH, KOTOPBIA CITOCOOCTBYET pEry-
JISILAY MeTa00JIM3Ma KaJIbLIKs.

TpuitonTUPOHUH U TUPOKCUH

DT IBa TOPMOHA 00J1agal0T OAMHAKOBBIMU CBOM-
CTBaMM: IOBBIIIAIOT MHTEHCUBHOCThL MeTaboJM3Ma
MPaKTUYECKU BCEX TKAHEN U MOTYT YBEJIUUMBATH MH-
TEHCUBHOCTb OCHOBHOTO 00MeHa Ha 60 — 100 %. Oun
TaKxXe

* YCWJIMBAIOT OCIKOBBIN CHMHTE3 (CIeI0BATEIbHO,

U cuHTe3 (hepMEHTOB);

¢ YBCJIMYHNBAIOT pasMEpPhbl 1 KOJIMYECTBO MUTOXOH-

Ipuil B OOJBIIMHCTBE KJIETOK;

* oOecrieynBaOT OBICTPOE KJIETOYHOE TOTpedie-
HUE TJIIOKO3bI;

* CIOCOOCTBYIOT TIpOlIECCaM ITMKOJIM3a U TITI0KO-
HeoreHes3a;

* MOBBIIIAIOT MOOWIN3ALINIO TUTTUIOB, YBEININ-
Basi KOJIMYECTBO CBOOOTHBIX JKUPHBIX KUCIIOT JIJIST
OKHCJIEHUS.

Bo BpeMs (pu3nuecKoil Harpy3Ku Bo3pacTaeT BbI-
neneHue Tupeoctumyaupytoniero ropmona (TTY) us
nepeaHe 10U rurnodusa, peryaupyromiero Boiaene-
HUEe TPUHOATUPOHWHA W THPOKCUHA, TO3TOMY MOXK-
HO TIPEITONIOXUTD, YTO MOBBIIIEHHOE BCIIEACTBUE (DU-
3U9eCKOl Harpy3ku BhiaeiaeHue TTY momkHO cTH-
MyJIUpOBaTh (PYHKUIWIO IMUTOBUIHON XKEJE3H.
dusnyeckue Harpy3kKu AEHCTBUTEIHLHO MPUBOAAT K
MOBHIIIIEHUIO YPOBHS THPOKCHHA B TIJIa3Me, BMECTE C
TeM HabJiogaeTcsl cBoeoOpa3Has Iay3a MeXIy Io-
BbinieHuEM ypoBHA TTY Bo Bpems (pu3mueckoi Ha-
TPY3KM ¥ TUPOKCHHA TiIa3Mbl. boee Toro, mpu mpo-
MOJIKUTEIbLHON CyOMaKCUMaJbHOUM Harpyske Toche
MEPBOHAYAJILHOTO pPe3KOro ToabeMa (B Havasne u-
3UYECKOW Harpy3ku) ypoBE€Hb TUPOKCHHA OCTAaeTCs
OTHOCUTEJIBHO TTOCTOSHHBIM, a COAEpKaHWe TPUii-
OATUPOHWHA CHUXKAETCS.

Kanpuuronmu

KanblIMTOHWH CHUXKAaeT KOHIIEHTPAIINIO KaTbIIUS
B mazme. OH BO3/IeicTBYyeT Ha KOCTU U TTOYKU, UH-
TUOUPYst aKTUBHOCTH OCTEOKJIACTOB (KJIETOK, Pe30p-

OUPYIOIINX KOCTh), U TEM CaMBbIM TOPMO3UT IPOIIECC
pe3opb6umn Kocteit. OCTeoKIaCThl MOTYT OBITh €IH-
CTBEHHOW MWUIIEHBIO IJIsI KAJIbLUWTOHWHA B KOCTH.
B moukax 3TOT TOPMOH YyBEJIWUYMBAET DKCKPEIUIO
KaJblMsl ¢ MOYOM, yMEHbIIAsl €ro peacopOIuio U3
MOYeYHBIX KAaHATbIIEB.

KanplimTOHMH MMeeT OOJIbIIOE 3HAYSCHUE IJIST PO-
cTa KOCTel B J€TCKOM OpraHu3Me. OTOT TOPMOH He
SIBJISIETCSI OCHOBHBIM DPETYJIITOPOM TOMeocTa3a Kajlb-
1Sl B OpraHu3Me B3pOCJIoro yesioBeka. Bmecre ¢ Tem,
OH B OINpEeNEJIEHHOUN CTeNeHU TpenoTBpaIlaeT ype3-
MepHYyIo peabcopbiitio KocTeil.

[MAPALIUUTOBHUIHDBIE XKEJTE3bI

[MapaToBHAHBIC, MJIM OKOJIOLIUTOBUIHEIE, XKe-
JIe3bl PacCIOJIOXKEHbl C ThUIbHOW CTOPOHBI IIUTOBUI-
Ho¥ Xene3bl. OHU BBIAEASIOT [TapaTUPEeOUAHbl Top-
MOH (MapaTropMOH) —TJIaBHbIA PEeTyIsiTOp KOHIIEH-
TpalMu Kajibliusl B cpenax opraHusma. Kpome Toro,
OH peryJupyeT KOoHLeHTpauuo ¢docdaTta niaa3msbl.
BoigeneHue mapaTropMoHa CTUMYJIMPYET MOHUXEHUE
YPOBHS KaJbliMs B MIa3Me.

IIpodoaxcumenvhvle ¢husuueckue Hazpysku yge-
AUMUBAIOM OCMEOZEHE3 BCAedcmalie NOBbIUEHHOU
aocopoyuu Ca** ¢ KuueyHuke, NOHUNCEHHOU K-
cxpeyuu CaZ* ¢ mouoil u ycunrenus 00pazoeanus
napameopmona. Hmmoburuzayus uaiu cobarode-
HUe NOCMeNbHORO DedcumMa, HAnpomug, chocoo-
cmeyrom pe3opbyuu Kocmeil. B makux cayuasx
YPOBHU NAPAMEOPMOHA CHUICAIOMCS

ITapaTropMOH BO3AEMCTBYET HAa TPU MUIIEHU —
KOCTH, KMIIEYHUK U TTIOYKHU. B KOCTSIX OH CTUMYJIU-
pyeT aKTMBHOCTh OCTEOKJIACTOB. DTO BeIeT K yBe-
JIMYEHUIO Pe30pOLUr KOCTei, O00YCIOBIMBAIOIIEH
BBEIIEJICHUE Kanblus 1 ¢ocdara B KpoBb. B xumreu-
HUKE OH KOCBEHHO YBEJIMYMBAET aOCOPOIINIO Kalb-
1M, CTUMYIUpPYS AeITeIbHOCTh (PpepMeHTa, HeoO-
XOAUMOTO [JIsI OCYILIECTBJIEHMSI 3TOro IIpoliecca.
IloBbrmienHass adcopOLMS KaJlbLUSI B KUIICYHUKE
COIIPOBOXAAETCSI YBEJIMUYEHHOIM abcopbOimeir docda-
Ta. [ToCKOMBKY MapaTrTOPMOH ITOBBIIIAET COJAEpKa-
Hue MOoHOB docdara B ruiazMe, M3OBITOK (ocdara
JIOJIKEH OBITh BBIBEIEH. DTO OCYLIECTBISETCS AEii-
CTBMEM MapaTTOPMOHA B ITOYKAaX, HAIpPaBJIEHHBIM Ha
yCcuJIeHHe peabcopOLMyM KajabliMs U OcJIabJIicHUEe pe-
abcopoumu (¢ocdara, odeceUMBaAOIIMM BbIICICHIE
docdara ¢ MOUOIL.

HAANOYEYHUKHN

Ha,HHO‘-IC‘-IHI/IKI/I pacmoJOK€HbI HEIIOCPEACTBEH-
HO Hag IMOYKaMu. OHU COCTOSIT U3 MO3TOBOTO U KOp-
KOBOTO BE€HIECTBA, BBIACIAKIINX COBEPIICHHO pa3-
HBIC TOPMOHBI, KOTOPBI€ MBI paCCMOTPUM B OTACJIb-
HOCTHU.
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Mo3rosoe BelecTBO HAANOYEYHUKOB

Mo3sroBoe BellleCTBO 00pa3yeT M BBIAE/SIET ABa
rOPMOHA — aApeHaluH U HOPaJAPEHATUH, KOTOpbIE
Ha3bIBalOTCH KaTtexonaMmuHamu. [lpu cTumyasuuun
MO3TOBOTO BEIECTBA CHMITATUICCKON HEPBHOM CHC-
TeMOI1, BhiaeaseTcs: okono 80 % agpeHaldHa U OKO-
1m0 20 % HopanpeHanmnHa. OTMETHM, YTO 3T IIOKa-
3aTe TN KOJIEONIOTCS B 3aBHCUMOCTH OT (DM3MOJIOTH-
YeCKUX ycIoBMil. I KaTeXollaMMHOB XapaKTepHO
MOIIIHOE BO3ICIICTBHE, TTOJO0OHOE TOMY, KOTOPOE OKa-
3pIBacT CUMIIAaTHMUYCCKAsl HEpBHAS ccTeMa. Bmecte ¢
TeM BO3ICHCTBHE, OKa3bIBacMOE TOpMOHaMH, Ooiee
MIPOMOIKUTEILHO, ITOCKOJBKY OHM OTHOCHUTEIBHO
JOJIBIIE BRIBOASITCS M3 KPOBU. DTH IBAa TOPMOHA IO~
TOTABJIMBAIOT TEJI0 K HEMEIJICHHOMY IEeHCTBHIO, 0bec-
rmevymBas peakiuio "0opnda mau 6ercTo”.

AIlpeHaIMH W HOpaIpeHAIWH ITOMOTalT OOpPOTh-
¢S C KPU3UCHBIMHU CUTYAaIMSIMH. XOTSI HEKOTOPHIE MX
JNeCTBUS OTIMYAIOTCSI, 00a ropmoHa "paborarotr”
BMecTe. X coBMeCTHBIC BO3MEHCTBHUS BKIIIOYAIOT:

* TIOBBIIIEHHE YAacTOTBI M CHJIBI CEpACYHBIX CO-

KpalleHN;

* yCWJICHWE MHTCHCHUBHOCTH OOMEHA BEILNECCTB,;

* yBeIWYCHUE TIIMKOTeHOMN3A (pacIileIUIeHHe TN -
KOTeHa Ha TJII0K03y) B MEYCHN U MBIIIIIE;

* MOBBIIICHNE BHIIEICHUS TITIOKO3BI U CBOOOMHBIX
XKHUPHBIX KUCIOT B KPOBB;

* TepepacipeneeHue KPOBU K CKEJICTHBIM MBIIII-
aM (Ha OCHOBAaHHUM PaCIIMPEHMS COCYIOB CKe-
JIETHBIX MBIIII M CYXCHUS COCYIOB KOXHU W
BHYTPEHHHUX OPTaHOB);

* TOBHIIICHNE apTePHATBHOTO JaBJICHUS KPOBU;

* yYalleHHUEe TbIXaHMUSI.

Ha BHimenenue ampeHalImHa W HOpaapeHaJIWHA
BIUSIOT MHOTHE (DAKTOpPHI, B TOM YMCJIe M3MEHEHUE
MTOJTOKCHUSI Tejla, TICUXOJOTMIECKHIl cTpecc, (Du3u-
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yeckas Harpy3ka. Ha pmc. 6.6,a moka3aHO U3MeHe-
HHE COICPXaHUs 3TUX TOPMOHOB B IIJIa3Me IIPH I10-
CTCIIEHHOM YBEJIWYCHUN WHTCHCUBHOCTH (pU3MUeC-
KO Harpy3ku. YpOBHM HOpaJpeHajluMHa B IJIa3Me
3HAYUTEIBHO IMOBHIIIAIOTCS IIPH MHTCHCUBHOCTH pa-
6othl cBbime 50 % MIIK. B To xe BpeMst KOHLEHT-
pamus agpeHa Ha BO3pacTacT He3HAYMTEIBHO 10 TeX
TI0p, TI0Ka MHTEHCUBHOCTh (DM3MIECKOI HATPY3KH HE
npeBbicut 60 — 70 % MIIK. Ilpu npogo/Xureib-
Hoi1 (Oonee 3 4) pU3MUECKON HATpy3Ke ¢ MHTCHCHUB-
Hocthio 60 % MIIK comepxaHue 000MX TOPMOHOB B
KpoBU Bo3pactaeT (puc. 6.6,6).I1ocie npexpalieHus
(pu3mUecKoit Harpy3KHW YPOBHU allpeHAINHA BO3Bpa-
al0TCsS K MCXOOHBIM B T€UCHHUE HECKOJBKMX MHHYT,
TOrAa KakK cojJepxXaHWe HOpaapeHaJIMHa OCTaeTcs Mo-
BBIIIEHHBIM B TeUeHNE HECKOJBKHMX YaCOB.

KopkoBoe BelecTBO HAANOYEYHUKOB

KopkoBoe BelllecTBO HaAMOYEYHUKOB BBIIEISICT
oonee 30 pa3TUUYHBIX CTEPOUIHBIX TOPMOHOB, KOTO-
pble Ha3bIBAlOTCSl KOPTUKOCTepoumamu. Mx, Kak rpa-
BUJIO, Pa3eNsioT Ha TPU OCHOBHBIE TPYIIITHI:

1) MUHEPATIKOPTUKOUIBI;

2) IIIIOKOKOPTUKOM/IbI;

3) roHaIOKOPTUKOU/IbI (TI0JIOBEIC TOPMOHBEI).

MunepaikopTHKOHAbl. MUHEPATKOPTUKOUIB ITOI-
JICPKUBAIOT PaBHOBECUE BJICKTPOJIMTOB BO BHEKJIC-
TOYHOM XMIKOCTH, 0COOCHHO HATpusa M Kamms. Oc-
HOBHBIM U Ham0o0JIee aKTUBHBIM MUHEPAJIKOPTUKOU-
IOM SIBJISIETCS ajlbAocTepoH. OH IpemMyIIeCTBEHHO
YBEIMYMBACT peaObCOPOIINI0 HATPHUS B MOYKAX U TeM
CaMBIM O00ECIICUYMBACT €ro 3aJepXKy B OpTaHM3Me.
Ecmu 3amepxxuBaeTcs HaTpUiA, 3aIepKUBacTCSI U BOIA;
TaKAUM 00pa30M, aJBIOCTEPOH IIPEedOTBpallacT 00e3-
BoxmBaHue. Kpome Toro, 3amepxXka HATpHSI IIPHUBO-
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Puc. 6.6. Hzmenenue xonyenmpayuii adpenaruna (1) u Hopadpenasuna (2) 6 Kposu 6 nokoe u npu pasiuyHoll
unmencusnocmu (MIIK) b6eca na mpedbane (a), a maxdice npu npoodoaxcumenvHom beee Ha mpedbane
¢ unmencusnocmoio 60 % MIIK u 6o eépems 6occmanoenenus (6)

121



JUT K YBEJIMYCHUIO BbLIACICHUA K+, CJI€O0BAaTCJIbHO,
JIBJIOCTCPOH MI'PACT BAXKHYIO POJIb B IMOAACPXAaHUN
PAaBHOBECHUA KaJaudd. BcnencrBue storo CEKPECLIMIO
AJIbAOCTEPOHA CTUMYJIMPYIOT MHOTUE (I)aKTOPI)I, BKJTIO-
yasg MOHMKCHHOC COACpXKAaHME HATpUA B IJIa3ME,
YMeHI)H_ICHHHﬁ 00BeM KpOBH, MOHMKECHHOC JaBJIC-
HUE KPOBU U MOBLIMICHHAA KOHUOCHTpalMA Kajlnusd B
T1asMe.

I'moKoKopTHKOMIbl. [ TIOKOKOPTUKOMIBI — KW3-
HEHHO He0OXOIMMBbIe TOpMOHBI. OHH TTO3BOJISTIOT HAM
aIaTnTHPOBAThCI K BHEITHUM M3MEHEHUSIM M CTpec-
caM. OHM TakXe TONICPKUBAIOT OTHOCUTEIBHO ITO-
CTOSIHHBIE YPOBHHM TJIIOKO3BI B IITa3Me IIPH TPOXOJI-
KUTEJTBHOM BO3IepXXKaHUKM OT MpUHATUS munm. Oc-
HOBHBIM KOPTHKOCTEPOUIOM SIBIISIETCST KOPTH30H, WU
THAPOKOPTH30H. M3 BCeX TIOKOKOPTUKOMAOB OH
HauOonee aktuBeH (95 %). ['MAPOKOPTU30H BHIMOJI-
HSIET cleayroinue (QyHKIUN:

* CTHMYIHUPYET TIIIOKOHEOoTeHe3, obecreunBast 10-

CTaTOYHOE KOJMYECTBO SHEPTUM,

* TIOBBHIIIACT MOOMJIM3ALIUIO CBOOOMHBIX XHPHBIX
KUCJIOT, IeJlash X HanboJIee MOCTYITHBIM UCTOY-
HUKOM SHEPTHUU;

* TIOHMXaeT YTWIM3AINIO TIIIOKO3bI, COXPAHSS ee
JUIST MO3Ta;

* CTUMYJIMpPYET KaTaboMm3M OeNKOB C IEIbl0 BBI-
JeJeHUS aMUHOKMCIIOT U CUHTe3a (hepMeH-
TOB, "peMOHTa" M 0Opa30BaHUSI 3HEPTUU;

* JIEHCTBYeT KaK MPOTUBOBOCTIATUTEIbHEIN areHT;

* ocnabnseT MMMYHHBIE PEaKIINN;

* YCUIIMBAeT CyXeHHWe COCYIOB, OOYCIOBICHHOE
NEMCTBUEM aJpECHAIMHA.

3HayeHNe KOPTH30HA OyIeT pacCMOTPEHO HITKe.

Tonanokoprukouasl. KOpKoBOe BEIECTBO TaKKe
CHHTE3NPYET W BBIIEIAET TOHAIOKOPTUKOMILI. OTH
TOPMOHBI B OCHOBHOM SIBJISIIOTCS aHIPOTeHAMM, XOTS
BBIJIENSETCS TaKXKe HE3HAUYMTETbHOE KOJUYECTBO
3CTPOr€HOB U IPOreCTEPOHOB. DTH TOPMOHBI COOT-
BETCTBYIOT T€M, KOTOPBIE BBIIEJIAIOT OPraHbl BOCIIPO-
n3BeneHns. BosneiicTBie roHaloOKOPTHKOUIOB HA/IIIO-
YEeYHUKOB Ha OPTraHW3M B3POCJIBIX JIIOAEH He3HAuM-
TEJIbHO BBHIY HEOOJBIIONO KOJIMYECTBA [10 CPABHEHUIO
C TeM, KOTOPOE BBIAENSIOT OPTraHbl BOCIPOM3BEICHHUA.
BcnenctBue 3TOr0 HENOCTATOYHO OIpEAEeHA POlb,
KOTOPYIO OHM UTPAIOT.

MNOKEJIYAOUYHAA XKEJIE3A

MMomxkenymouHas xee3a HAXOMUTCS C3aId M 9yTh
HUXe Xenynka. Ee oCHOBHBIMM TOPMOHAMU SIBJISI-
I0TCS MHCYJIMH W TJI0OKATOH, PeryIupYIOIINe Comep-
’KaHMe TIIOKO3H B Ia3Me. [Ipy MOBBINIEHWY YPOB-
Hell TJIIOKO3bI B TIa3Me (TUTEPIIUKEeMUsT), HaIpu-
Mep, Tocjie IPUHATasd MWLM, B MOIXKETYI0YHYIO
KeJIe3y TIOCTYNalT CUTHANBI O HEOOXOMMMOCTH BBI-
JeJUTh UHCYIUH B KPOBb.

Cpemy MHOXeCTBa (DYHKLIMN MHCYJTMHA OTMETHM:

+ obecreyeHe TPAHCIIOPTA TIIIOKO3BI B KIIETKH,

0COOCHHO B KJIETKW MBIIIEYHON U COCTUHUTEIbHON
TKaHU;

*+ obecrnieyeHre oOpa3oBaHMS caxapa;

* TOPMOXEHUE TJIKOHEOreHe3a.

I'maBHast pyHKILIMS MHCYIMHA — CHUXEHUE COollep-
>KaHUS TII0KO3bI, HUPKYJIUpYIolieit B KpoBu. OH Tak-
XK€ TPUHUMAET yJyacTue B MeTabonm3Me OenKoB
KMPOB, obecrieunBas KJIeToOuHOe MoTpedIeHre aMu-
HOKMCJIOT U yCUJIMBAsl CUHTE3 OEJKOB U XUPOB.

Korma xoH1IeHTpalus T110K03bl B TIa3Me 0Ka3bl-
BaeTCsl HUXe OOBIYHOM (TUITOTITMKEMMS), MIUTOBHI-
Hasl XeJjie3a BbIAe/seT TIIOKaroH, BIMSHUE KOTOpPO-
ro, Kak MpaBujio, MPOTUBOMOJIOXHO BIUSHUIO UHCY-
nuHa. [JokaroH obOecrneyrMBaeT MOBBIIIEHHOE
pacuieneHue raMkoreHa B eYeH! Ha ToKo3y (IJu-
KOTE€HOJIM3) W TOBBbIIIEHHBIN TIoKoHeoreHe3. Oba
npollecca. BEAYT K IMOBBIIICHUIO YPOBHEN TIIIOKO3H B
naasme.

Bo Bpems (pusnyeckoil Harpy3ku MpoJOIKUTENb-
HocTbio 30 MUH U Oojiee YPOBHM MHCYJIMHA, KaK Mpa-
BUJIO, CHUXAlOTCA (puc. 6.7), XOTd KOHLIEHTpaLus
[JTI0KO3bI B TIJIa3Me€ MOXET OCTaBaThCSl OTHOCUTEb-
HO TIOCTOSIHHOM. Pe3ynbTaThl KMcCienoBaHMiA MOKa-
3BIBAIOT, YTO KOJMYECTBO WM HAJIWYMe aKTHUBHBIX
pEelenTOpoOB MHCYJMHA YBEJIUUYMBAETCS BO BpeMs
(hM3nYecKoi HATPY3KH, TTOBBINIAS YYBCTBUTEIBHOCTD
OopraHM3Ma K MHCYJIMHY. DTO CHUXaeT HeoOXoau-
MOCTb TOANEPXMBATh BBICOKME YPOBHM WHCYJIWHA B
M1a3Me, HeoOXOoMMMble JAJISl TpaHCIIOpTa TJII0OKO3bl B
KJIeTKy Mbiil. KomuuecTBo rirokaroHa rjia3Mbl, Ha-
MIPOTHB, TIOCTETIEHHO TIOBBIIIACTCS BO BpeMsI MBITIIEY-
HOM medTenbHOCTH. [JIIOKaroH rjaBHBIM 00Opa3oM
MOJJIePKMBAET KOHIIEHTPALMIO IJIIOKO3bl B TJa3Mme
3a CYET CTUMYJISIUMU TJIMKOTEHOM3a B MeYeHU. D10
YBEJIMYMBAET BO3MOXHOCTb MCIOJb30BaHUS TIIIOKO-
3bl KJIE€TKaMHW U TIOIJIEPXUBAET aieKBaTHbIe YPOBHU
[JII0KO3bI B MJ1a3me, obecreurBasl MOBbILIEHHbIE TMO-
TpeOHOCTH Mpoliecca oOMeHa BemlecTB. Kak BuaHO
u3 puc. 6.7, peakuus TOPMOHOB Y TPEHHPOBAHHBIX
Jojiell, Kak TMpaBUJIo, HECKOJbKO CHUXEHa.

[MOJIOBBIE XEJIE3bI

[TonoBble Xene3bl — SIMYKU U AUYHUKU — SIBIIA-
I0TCS OpraHaMy BocIpou3BeneHus. Brinensiemble mMu
TOPMOHBI B IPUHIIUIIE aHAOOIMYECKUE, T.6. OHU 00OeC-
MeYMBAIOT aHA0OJM3M — CO3MAATEeNIbHYIO a3y Me-
Tabomu3Ma. SIMUKyM BBIIEISIOT aHAPOreHbl, CPean Ko-
TOpHIX HanboJiee BaXKHBIM TOPMOHOM SIBJISIETCS T€C-
TOCTepOoH. TecrocTepoH obOecreuynBaeT pa3BUTUE
BTOPUYHBIX MTOJIOBBIX IPU3HAKOB Y MYKUMH, a TAKXe
crepmaroreHe3. OH Takke HeoOXomaMM Ajis obecrie-
YEeHHUSI HOPMAJIbHOTO pa3BUTUS U MTOJOBOIO CO3pEBa-
HUS CKeJIETHOM cucTeMbl MyXunH. Kpome Toro, aH-
JPOTeHBI 00ECTIEUNBAIOT Pa3BUTHE CKEJIETHHIX MBIIIIII,
YTO OCOOEHHO BaXXHO JJII MOHMMaHMS IPUHIMAIA
CHJIOBOM MOATOTOBKY M MOJOBBIX pa3iuynil B pa3Bu-
TUHW MBIIIL. AHApOreHHble BO3IEUCTBUS TECTOCTEPO-
Ha B OIpeAe]eHHOM CTeMeHU 00eCceunBalT TUIIEP-
TPO(UIO MBI, 00YCIIOBJICHHYIO CUJIOBHIMY TPEHU -
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GU3NYECKON Harpy3Knu, MMH
Puc. 6.1. Hszmenenue yposmeii 2A0KA20oHA, UHCYAUHA

U 210K03bl NAG3MbL NPU NPOOOANCUMENbHOL PU3UHecKoll
Haepyske: 1 — HempeHupoganHbie, 2 — MpeHUPOGAHHbIE

pPOBKAMM. DTO IPHUBEJIO K TOMY, YTO HEKOTOpPHIE
CIIOPTCMEHBI CTaJld KCIIOJNIb30BaTh TECTOCTEPOH M
Ipyrie aHabOoJIMYeCKHe CTEPOMABI JJIST MCKYCCTBEH-
HOTO YBeJIMYEHU MbIIIEYHO Macchl. Takoe Hampas-
JIEHUE KCIOJb30BAHUS TECTOCTEPOHA M IPYTUX aHa-
0OJIMYECKUX CTEPOMIOB MOAPOOHO paccMaTpUBaeTCs
B IaBse 14.

SIMYHUKM BBIIETSIOT 3CTPOTEHBI U IMPOrecTePo-
HBI. DCTporeHnl 00ecreynBalOT Pa3sBUTHE KEHCKUX
BTOPUYHBIX IOJOBBIX TPU3HAKOB, MPOTU(PEPATUBHYIO
(hazy MEHCTPYaJbHOTO LIMKJIa, OBOr€HE3, OBYJISLIMIO
1 MHOTHME U3MEHEHUS BO BpeMs 6epeMeHHocTH. [Ipo-
reCcTepOH 00€eCIeYnBaAET CEKPETOPHYIO (JTI0TEabHYIO)
(hasy MeHCTpyaJbHOTO 111KJ1a, TOTOBUT MaTKy K Oe-
PEMEHHOCTH, a MOJIOYHBIE 3KeJIe3bl K JIAKTAllMH.

[TIOYKHU

PaccMoTpeHue B JaHHOW TIaBe MOYeK OOYCIIOB-
JIEHO TeM, YTO OHM BBIACISIOT TOPMOH 3PUTPOINO3-
TUH, PeryJIMpYOLINil 00pa3oBaHUE SPUTPOLIUTOB My~
TeM CTUMYJSILIUU KJIETOK KOCTHOTO MO3ra. DpUTPO-
UUTH UIpaloT BaxXHYK poOJb, TPAHCIOPTUDYS
KUCIIOpOI B TKAaHU M BHIBOAS AMOKCHUJ YIJepoja.
MIMEHHO M03TOMY 3PUTPONOITUH UTPaeT MCKIIOUM-
TEJIbHO BaXHYIO POJIb B IMpPOLIECCE agamnTaluu Opra-
HM3Ma YeJoBeKa K (pU3MYeCKUM Harpyskam B yCJO-
BUSIX BBICOKOTOpbs. Kak Mmoka3bIBaloT pe3yabTaThl UC-
CJIEIOBAHUI, OJHOW M3 aZanTalMOHHBIX pEaKIUid,
00yCIOBICHHOM (PM3NYECKUMU HaTpy3KaMHU, BBIITOJ-
HSIEMBIMU B YCJIOBUSX BBICOKOTODPbSI, SIBJSIETCS IO-
BHIIIEHHOE BBIAEJICHUE 3PUTPOIIOATUHA, KOTOPHI, B
CBOIO OYEpENb, CTUMYJIMPYET 0Opa3oBaHME OOJblie-
IO YKcJia 3PUTPOLIMTOB, YBEIUUMBAsST KUCIOPOATPaH-
CIIOPTHYIO CIOCOOHOCTb KpoBU. MMEHHO MoaToMy
HEKOTOphIE CIIOPTCMEHBI BBOAAT B OPTraHM3M 3pUT-
POTOSTUH, YTOOBI YBEIMUYUTh COACPXKAHUE SPUTPO-
LIMTOB B KPOBU, HaiesiCh TAKUM O0pa3oM IMOJYYUTh
MPEeUMYILECTBO Hal comepHUKaMu. boiee moapoOHO
9TO paccMaTpuBaeTcs B IiaBe 14.

PEAKIIMU DHIOKPUHHOM CUCTEMBI
HA ®UBNYECKUE HAT'PY3KH

Peakiimuu 3HIOKPMHHON CHCTEMbl Ha KpaTKOBpe-
MEHHBIN UMK (U3MYECKON HATPY3KU WILTIOCTPUPY-
eT Tabm. 6.3. B Heil mpuBeIeHbI TOPMOHEI, KOTOPBIE,
KaK CUMTAIOT, UIPAIOT IJIaBHYIO POJib B CHOPTUBHOIA
U MBIIIEYHOH AESATETbHOCTH.

BJINAHUE I'OPMOHOB HA OBMEH
BEHIECTB 1 DHEPTOOBECIIEYEHUME

Kak MBI yXe 3HaeM M3 ABYX HpPEAbIIYIIMX TJaB,
JUISL YIOBJETBOPEHMS TOBBIIIEHHBIX MOTpeOHOCTEMH
OpraHM3Ma B 3HEPIMM IPU MBIIIEYHON AesITeIbHOC-
T HEOOXOIMMO MOBBIIIEHHOE KOJUYECTBO TJIIOKO3bI
IS YTUAM3alMKd MBIIIIaMu. BcrmoMHUM, 4TO TiliO-
K03a COIAEPXKUTCS B OpraHM3Me B BUIE TJIMKOTEHA, B
OCHOBHOM B MBIIIIAX W TedyeHH. [T BBRICBOOOXIE-
HUS TJII0OKO3bl HEOOXOAMMO yBEJIMYEHUE WHTEHCHUB-
HOCTH ruKoreHoausa. OcBoboauBLIasics U3 TEUYEHU
[J1I0KO03a TIoMagaeT B KpOBb U IIMPKYJIUPYET MO BCe-
My TNy, MO3TOMY €€ MOTYT MCIOJb30BaTh aKTUBHBIE
TKaHU. [JI0OKOHeoreHe3 MOXeT NMPUBECTH K TMOBbI-
HIEHWI0 YPOBHE# TIJMI0Ko3bl B IasMe. PaccMoTpum
TOPMOHBI, YYacCTBYIOILIME KaK B IJIMKOT€HOJIM3€, TaK
U B [JIIOKOHEOTeHE3e.

Co;lep)KaHne IIIOKO3bI B IIa3Me€

JleiicTBMS 4eThIpeX TOPMOHOB HAIlpaBJeHB Ha
yBeJIMYEHME KOJIMYECTBA IIMPKYIUPYIOLIEH B TIa3Me
TJTIOKO3BI:
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Ta6nmuua 6.3. FopmoHanbHbie u3MeHeHN, 0OYCIOBIEHHbIE PU3NYECKUMU HATPy3KaMK

T'opmon

Peaxuust Ha
Harpysky

Bzaumocssi3b

Bo3moxHoe 3HaueHue

KarexonaMuHbI

T'opmoH pocta

AKTT -xoptHzon

YBenueHue

Bonee 3HaumTeNIbHOE yBENMYEHUE CONEP-
XKaHUSI TPpU 0OoJiee BBICOKOW MHTEHCHBHOC-
TH, HOpaApEeHAIUH > aApeHaIMH, MeHblIee
YBEJIMYEHUE TIOC/IE TPEHUPOBOK

Bonbie VYBEJIMUMBACTCA Yy HEMOATOTOBJICHHBIX

Joniei; ObICTpee CHUXKAEeTCsl Toclie TpeKpa-
LIEHUsT HArpy3KH y MOATOTOBJIEHHBIX JIIOIEei
Bornee 3HauMTeIbHOE YBEIUMYCHUE KOJIM-

Y4yecTBa 1npu 0oJiee BBICOKOI MHTEHCUB-HOCTHU

Harpy3ky; MeHBIUEE YBeJIMYeHHUE TOCIie
cyOMaKCHMMaJIbHBIX Harpy3ok

IoBbliIaeT 0OMeH TMPOKCHHA BCJIEACTBUE
TPEHUPOBOK; TOKCUUYECKHE BO3IEUCTBUSI HE

[oBbimaeTcst Bo BpeMs JTIOTeUIbHOH (ha3bl

MeHbl11asi cTeleHb CHIDKEHUST T10CTIe Tpe-

MeHblasi cTerieHb YBECJIMUCHUA IIOCJIE TPE-

[oBbI1IeHHOE COOCpXKaHUC
TJIIOKO3bl B KPOBU

He n3BectHO

[ToBBILIEHHBIN TTIOKOHEOTeHE3
B IeUeHM (ITOYKaX)

He usBectHO

<«

He usBectHO

[ToHMXKeHHBIN CTUMYJT K
KCTIONIb30BAaHUIO TJIIOKO3bl KPOBU
[oBbllIeHHBIA YPOBEHb TIIIOKO3bI

HICHUA

Takas ke cTereHb YBCJIMYCHUA Y KPbIC

MoryT yBeIMUMBATBLCSI B OTBET Ha MPO-
JIOJDKAIOIIMECS] M30METPUYECKUE COKpa-

TupeorporuH- “
THPOKCHH

HabJIoNATUCh
JhoTenHU3MpYIONIMIt He mu3BectHa  He u3BecTtHa
TOPMOH
Tecroctepon VYBenuueHue “
SOcTpanuon-nporecre- VYBemmueHue
POH LKA
Wucynun CHizkeHve

HHPOBOK
Imioxarox YBenuueHue

HUPOBOK
PeHuH-aHTMOTEH3UH - “
ANBROCTEPOH Mocjie TPEHUPOBOK
AHTUANYPETUYECKUIA Bo3moxHo He usBectHa
TOPMOH yBeJIMYeHUe
KanpuuoToHuH He usBectHa
OPUTPOITOITUH “ «“
HpocrarnauanHb! BosmoxHo

yBEJIMUEHUE

KpoBHU Ojaromapsi TIMKOTCHONN3Y
¥ TIIOKOHEOTCHE3Y

3amepKKa HATPHUS C LIEJIBIO
MoafepKaHUsl 00beMa IUIA3Mbl
3amepkKa BOIbI C LIEJIbIO
noafaepKaHust o0beMa ILIa3Mbl
HeobxomuMm mist obecrieueHust
HOPMAJIBHOTO Pa3BUTHUSI KOCTEM
Moxer urparb BaXHYIO pojib B
TOBBILLIEHUN 3PUTPON033a
Moryt o0ecrieunBaTh JIOKAJIBHOE
paciLIMpeHre COCyI0B

1) ritoKaroH;

2)aapeHalliH;

3)HopaapeHalluH;

4) KOPTU3OIL.

KoHIeHTpalIysI TIII0KO3HI B IUIa3Me BO BPEeMsI MbI-
IIEYHOU AESITeTbHOCTH 3aBUCHUT OT COOTHOIIICHMSI MEXK-
Iy TIOTPEOJICHEM €€ MBIIIIIAMH 1 BBIICJICHUEM TIede-
HBIO. B COCTOSHUUM TTOKOSI BBIAEJICHUIO TJIOKO3BI M3
MeYeHU CIIOCOOCTBYET IJTIOKArOH, 00eCIIeUNBAIOIINIA
pacilenieHue rIMKoreHa neyeHu U o0pa3oBaHue IIio-
KO3Bl M3 aMUHOKHCIOT. Bo Bpems ¢du3mueckoil Ha-
TPY3KHU CEKpELIMS [JII0KaroHaycuauBaeTcs. Mbliey-
Hasl aKTUBHOCTD TaK:Xe ITOBBIIIAeT MHTCHCUBHOCTh
BBIICJICHUSI KaTeXOJAMIHOB M3 MO3TOBOTO BEIIeCTBa
HAIMOYEeYHNKOB, 1 3TU TOPMOHBI (aIpeHaJIMH W HO-
paapeHaIMH) COBMECTHO C TJIIOKarOHOM 00ecIieurBa-

OTHaJbHEHIIee yCHIICHUE TIMKOTeHOIM3a. Y CTAaHOB-
JICHO, 9TO BO BpeMs (PU3MIECKOM HATpy3KU YPOBHU
KOpTH30J1a TaKKe MOBHIIIATCI. KopTusomi, B cBOIO
ouepenb, YCWIMBAeT KaTaboau3M OeIKOB, OCBOOOXK-
ITasi aMUHOKWCJIOTHI IJISI TJIIOKOHEOTeHe3a, KOTOPBIA
peanm3yeTcsl B medeHW. TakuM 0o0pa3oM, Bce YeThIpe
TOPMOHAYBEINYNBAIOT KOJIMIECTBO IITIOKO3HI BILIA3-
Me, YCHJIMBAsI MPOLECCH TTMKOTeHON3a U TII0KOHE-
oreHe3a. Kpome TOro, TopMOH pocTa MOBBIIIACT MO-
OMIM3AIIO CBOOOTHBIX KUPHBIX KMUCJIOT ¥ CHIDKAET
KJIETOYHOE MOTPeOJICHIE TJIFOKO3bI, BCICACTBHE YETO
KJIETKU KCITOJIB3YIOT MEHBIIIE TJTFOKO3BI (0OJIBIIIE TITIO-
KO3BI OCTaeTCsI B CUCTEME KPOBOOOPAIIICHHMST), a TOp-
MOHBI IITATOBUIHOM 3KeJIe3bl CIIOCOOCTBYIOT KaTabo-
JIN3MY TJIIOKO3BI I METa00IM3MY KHUPOB.
KonuyecTBo m10K03bl, BBIAEASIEMON MEYEHBIO,
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3aBUCHT OT MHTEHCUBHOCTHU 1 TIPOIOIKUTEILHOCTH
dusmueckoit Harpy3Ku. C yBeIndeHNEM NHTCHCUB-
HOCTH YBEJIMINBACTCS BEIICICHNE KATEX0JIaMIUHOB.
DTO MOXET BBIHYIUTD ITEUCHb BEIAEISITE OOJIBIIIE TITI0-
KO3BI, KOTOPYIO MCTIOIb3YIOT aKTUBHBIC MBIIITITEL. Ha
puc. 6.8 moka3aH ypoBeHb IJIIOKO3bI IIOCIe KPATKOB-
peMeHHOI Harpy3ku "B3pbIBHOTO" THIa. K KOHITY
60-cexyHIHO CTPUHTEPCKOM HATpy3KH (e31a Ha Be-
JIOCHUIIe[Ie) YPOBEHD TIIOKO3H B INIa3Me MPEBHIIIACT
ee comepKaHNe B COCTOSTHUM TTOKOSI, YTO CBHICTEIIhb-
CTBYET O TOM, YTO KOJIMYCCTBO BHIACISIEMOM TITIOKO-
3BI IIPEBHIIIACT ee IMoTpedaeHue. [ToueMy He UCITOTb-
3yeTCS 3TO JOIMOJHUTEIFHOE KOJIMIECTBO TJIFOKO3HI?

YeM BIIIIe MHTEHCUBHOCTD (PM3MIECKOI HATPY3-
KM, TeM OOJbIle BHIIEIICTCS KaTexodaMuHoB. Cre-
JIOBATEIbHO, 3HAUYMTEIBHO ITOBBIIIACTCS MHTCHCHUB-
HOCTh TJIMKOT€HOJM3a. DTOT IPOIECC MPOMCXOMTUT
HE TOJIBKO B MEYCHHW, HO W B MBIIIIIaX. [J0Ko03a,
BBIIEJIsIEMasl TIeYeHbBIO, IIOCTYIIaeT B KPOBh U CTAHO-
BUTCSI TOCTYIMTHOM MBIMIaM. OTHAKO MBIIIIIE MME-
IOT ¥ IPYTOW JOCTYITHBIA UCTOYHUK TJIOKO3bI — CBOU
COOCTBEHHBIN TIMKOTeH. MBIIIIIIA UCIIOIb3YEeT CBOU
3amachl TIMKOTeHA, MPEXIe YeM MCIIOJIb30BaTh III0-
KO3y IIJIa3Mbl BO BpeMsI KpaTKOBPEeMEHHON (pu3m-
YeCcKOM Harpy3kd "B3phIBHOTO" Thma. ['10K03a, BHI-
neseMasi TIeYeHbI0, MCIIOIb3yeTCs He cpasy, a oc-
TaeTcsl B CHUCTEME KpOBOOOpalleHMs, ITOBHIIIAS
YpOBEHB INIIOKO3HI B Ta3Me. [locie 3aBepineHus ¢u-
3M9YEeCKOM HArpy3KM YPOBHU INIIOKO3HI B TUIa3Me CHHU-
KAIOTCSI IO Mepe TOro, KakK TJII0KO3a ITOCTYIIaeT B
MBIIIIIBI, BOCIIOJHSS UCTOIIEHHBIC 3aITachl MBIIIIEY-
HOTO TJIMKOTE¢HA.

Bo Bpems dhu3ndecKoi Harpy3Ky IPOIOJIKUTEIb-
HOCTBIO HECKOJIBKO 9acOB WHTCHCHBHOCTH BEIIEIIe-
HUS TJIIOKO3BI TTeUYeHBI0O MAaKCUMAaJIbHO COOTBETCTBY-
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€T TIOTPEOHOCTSIM MBIIIIIBI, ¥ YPOBEHb COMEPKAHMS
[JIIOKO3Bl B IIJIa3M€ COOTBETCTBYET WJIM CJIeTKa IIpe-
BBIIIAET €€ COICpKaHME B COCTOSTHUM ITOKosA. Ilpum
YBEIMICHNU TIOTPEOICHIUS TIIOKO3bI MBIIIIIEH MHTEH-
CHBHOCTH €¢ BBIICIICHUS IIEYCHBIO TaKKe ITOBHIIIA-
ercs. B OonbIIMHCTBE CIy9aeB YpPOBHU TJIIOKO3HI B
IJ1a3Me He CHIDKAIOTCS O TeX IOp, IMoKa He MCTO-
IIaTcs 3aIachl TJIMKOTeHA B TTeYeHU. B 3TOT MOMeHT
3HAYNTEILHO YBEJIWYMBACTCS KOJMYECTBO TAIOKAro-
Ha. [TroKaroH BMecTe ¢ KOPTU30JIOM YCUIUBAIOT TJTIO-
KOHEOTeHe3, o0ecreuynBasi OpraHu3M OOJBIINM KO-
JIMYECTBOM DHEPTHUU.

Puc. 6.9 wimocTpupyer u3aMeHeH1e YPOBHEH Co-
IepXaHUS ampeHaadHa, HOpagpeHalnHa, TII0Karo-
Ha, KOPTH30JIa U TJIOKO3BI B INTa3Me BO BPEeMsI €31IBI
Ha BeJIOCHTIeNe B TedeHHEe 3 4. XOTS TOpMOHAaIbHAs
PEeTYSINS TIIOKO3Bl IIPH TaKOW IPOIXOKHTEIbHOM
(uzmIecKoil Harpy3ke He HapyIlIaeTcsI, COMEPKaHMe
[JIMKOTEHA B TICICHU MOXKET CYIICCTBEHHO TMTOHU3UTh-
cs. B pesynpraTe MHTCHCUBHOCTD BHIIEJICHUS TJIIO-
KO3bI TICYCHBIO OKaXETCS MEHBIIC WHTCHCHBHOCTHU
ee MmoTpedeHusI. B TakMx yCIIOBUAX YPOBEHD IITIOKO-
36l MOXET CHU3WTBCS, HECMOTPS Ha 3HAUMTEIBHOE
TOPMOHAJIBHOE CTUMYJIHMpOBaHUE. B 3TOT MOMEHT
[JIABHYIO POJIb B COXpAaHEHNH YPOBHEH TIIIOKO3HI TIa3-
MBI MOXET CBITpaTh III0KO3a, ITOTpedseMast BO Bpe-
MsI MBIIIEYHOU AESITCTPHOCTH.

VYTUIn3auus riaoKo3bl MbIIIIIAMHA

[IpocToe BEHImEICHWE HOCTATOYHOTO KOJWYCCTBA
[JIIOKO3HI B KPOBb HE 03HAYACT, YTO MBIIIECUYHBIE KIICT-
KU TIONy9aT JOCTAaTOYHO TJIIOKO3BI, YTOOBI yIOBIIET-
BOPUTh 3HEPTETUUYCCKHE IMOTPEOHOCTH OpTaHMU3Ma.
I'mroK03a He MPOCTO MOKHA ITOCTYIATh B 3TH KIIET-
KU, a TIOTPEOISITECA UMH. DTOT IIPOLIecC OCHOBAaH Ha
NEeCTBUM MHCYIMHA. Kak TOJbKO II0K03a MOoCTyna-
€T B MBIIIIY, UHCYJINH 00ecIeuyrBaeT ¢ TPaHCIIOPT
B BOJIOKHA.

YouButeabHo (puc. 6.10), HO YpOBHU MHCYJIM-
Ha IJIa3MBl CHUXAIOTCS TPH TNPOIOJIKUTCIBHOU
cyOMaKCUMalbHOU HArpy3ke HECMOTPSI Ha YBEJIH-
YyeHUe KOHUEHTpPALUU IJI0KO3bl B IJIa3Me U ee 00-
Jlee MHTCHCUBHOE HMCITOJIb30BAaHUE MBIIIIIAMU. DTO
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Puc. 6.10. Hszmenenue yposnueii earxosor (1)
u uxcyauna (2) 6 naazme npu npoooANCUMENbHOLL
e3de Ha genocunede ¢ UHMEHCUBHOCHbIO

65— 70 %BMITK

SIBHOE TIPOTMBOpEYME MEXAY KOHIIEHTpauueld WH-
CyJIMHA B IJIa3M€ M MOTPEOHOCTHIO MBIIIIBI B TJIIO-
KO3¢, HAalTOMMHAET HaM, YTO AKTUBHOCTh TOPMO-
HOB HE BCerga OMmpenesseTcsl MX COAepXaHUEM B
KpoBU. B 1aHHOM cilydyae 4yBCTBUTEIbHOCTb KJIET-
KA K WHCYJIUHY MOXET OBITh TaKOW Xe& BaXHOH
MepeMEeHHOM, KaK M KOJUYECTBO U PKYIUPYIOIIE-
ro B KpoBU ropmoHa. Pusnveckue Harpysku Mo-
IYT YCUJIMBATh MPOLECC CBS3BIBAHUS WHCYJIMHA
pelLenTopaMy MBIIIIEYHOTO BOJIOKHA |5, 6]. MbIlmed-
HbIE COKpAIlEHUS, HEMOHATHO MO KaKWUM MpPUYM-
HaM, 0Ka3blBalOT MHCYJIMHOMOAO0HOE BO3JEiCTBHE
MPU PEKPYUTUPOBAHUMU PELIENTOPOB: Ha KJIETKAaX IT0-
SIBJISIETCST OOJIBINIE PELIENITOPOB M UX aKTUBHOCTh
MOXET MOBBIIIATHC, TEM CaAMBbIM CHUXasl MOTped-
HOCTb B 3HAYUTEIbHOM KOJIMYECTBE WHCYJIMHA B
MJ1a3Me Ui TPAHCIIOPTa TIII0KO3bl 4epe3 000JI04Ky
KJIETKM. DTO OYEHb BaXHO, MOCKOJbKY BO BpeMs
MBIIIEYHON AESITEIBHOCTH YEThIPE TOPMOHA IbITa-
IOTCSl BBIACJIUTDH TJIIOKO3Y U3 MECT €€ XpaHeHUs W
00pa3oBaTh HOBYIO TJI10K03y. MX NEHCTBUIO MPOTH-
BOCTOUT MOBBIIIEHHOE KOJHWYECTBO MHCYJIWHA, Ha-
MpaBJEHHOE Ha MPEJOTBPALIEHUE YPE3MEPHOTO
YMEHbIIEHUS KOJWYECTBA TIIOKO3BI.

PEI'VJIALNA METABOJN3MA XNPOB
BO BPEMS ®U3UYECKOW HATPY3KU

XOTS XUpBI, KaK MPaBWJIO, B MEHBIICH CTENIEHH,
YeM YTJIEBOBI, YIOBIETBOPSIIOT 9HEPTETUIECCKUE MO-
TpeOHOCTY OpraHMU3Ma BO BpeMsl (PU3UUECKOii Harpy3-
K1, MOOMJIM3ALIMS M OKMCIIEHHE CBOOOTHBIX XXM PHBIX
KHUCJIOT UTPaeT BaXXHYIO pOJib IUIs BHITIOJHEHUS (PU-
3UYECKOM paboThl, TpeOyIOIIEei MPOSBIAECHUS BHIHOC-
nmBocTU. Bo BpeMs Takoil paOOTHI 3amachl YIrieBO-
JI0OB UCTOINAIOTCSI M SHEPreTUYECKUEe MOTPEOHOCTH
OopraHu3Ma B 00JIbIICH CTENIEHU YAOBIETBOPSIOTCS 3a
CYeT OKMCIeHUS XKUpoB. [Ipn MOHMXKEHHBIX 3aMacax

YIJIeBOJOB (HU3KUE YPOBHU TJTIOKO3BI IMJ1a3Mbl U MbI -
LIEYHOTO IJIMKOTeHa) 9HAOKPUHHAS CUCTEMa MOXET
YCKOPUTD OKUCICHUE XKUPOB (JIUMOIU3), TEM CAMBIM
VAOBJIETBOPSISI 9HEPreTUYeCKKe MOTPEOHOCTH MBIIIIII.
[Ipoiiecc aumonusa MHTEHCUDULIUPYETCS TaKkKe B
pesyJbTare MOBbIIIeHUs] YPOBHEH agpeHaIHa U HOp-
aJpeHalMHa. '

BcroMHUM, YTO CBOOOAHBIE XKUPHBIE KHUCIOTHI
XpaHATCs B (opMe TPUTIMLEPUAOB B XUPOBBIX
KJIeTKaX U BHYTPU MBIIIEUYHBIX BOJOKOH. TpuUrin-
UepuIbl TOJXHBI paclleNUThCs, YTOOBI BBICBOOO-
JIUTb CBOOOOHBIC XKMPHBIE KMCIOTHI, KOTOpHIE 3a-
TeM TPaHCIOPTUPYIOTCS B MBbILIIEUHbIE BOJOKHA.
MHTeHCUBHOCTD MOTPEOJECHUSI CBOOOTHBIX XXM PHBIX
KHUCJIOT aKTMBHOW MBILIIEH XapaKTepu3yeTcsl BbI-
COKOIi CTeMeHbI0 KOppensiiuU ¢ KOHIIEHTpaluei
CBOOOJHBIX XKUPHBIX KUCAOT B mua3Mme. [loBbilie-
HHME UX KOHUEHTpaUMU MPUBOAUT K Oojee MHTEH-
CHUBHOI KJIETOUYHON YTWUIM3AaLUU CBOOOMHBIX XHUP-
HBIX KUCJIOT. MBI MOXeM MpPeanoJoXUTh, 4TO MO-
BBILIEHHAs! KOHUEHTpaUMusi CBOOOMHBIX XMPHBIX
KUCJIOT B IIa3Me YCUJIMBaeT MX OKMCJIEHHUE, IOo-
CKOJIbKY TIOBBIIICHHOE KJETOUHOEe MOoTpeldieHune
CBOOOIHBIX XMPHBIX KHUCIOT CIIOCOOCTBYET Ooiee
cuipHOMY okucienuio [1]. CrenoBareibHO, UHTEH-
CHUBHOCTb paCIIEIICHUS! TPUTIMLEPUIOB MOXET
YaCTUYHO OMpeNeasiTh MHTEeHCUBHOCTh YTUIM3ALUN
MBIIIIIAMY XUPOB B KaueCTBe UCTOUHUKA SHEPTUU
BO BpeMs (pU3MUECKOI HArpy3Ku.

Tpurauuepuasl pacllesiloTcsl A0 CBOOOTHBIX
SKUPHBIX KUCJIOT ¢ MTOMOILBIO CIIeLNalbHOTO (hepMeH-
Ta — JIMMa3bl, aKTUBUPYEMOI, MO MEHbIIel Mmepe,
YeThIPbMSI TOPMOHAMU: KOPTU30JIOM; aIpeHATNHOM;
HOpaJpeHaJTMHOM U TOPMOHOM pOCTa.

[ToMUMO TOTO, YTO KOPTH30J UIpaeT BaxkKHYIO POJb
B [JTIOKOHEOTeHe3e, OH TaKXe yCKopsieT MOOUIM3a-
LU0 ¥ UCIOJIb30BaHUE CBOOOMHBIX XUPHBIX KUCIOT
B Ka4eCTBEe MCTOYHUKA SHEPTUU BO BPeMs BBIMOJIHE-
HUS pU3NIecKOoi Harpy3ku. [1pu mpoaoKuTenbHoi
(usnueckoii Harpyske (puc. 6.11) ypoBHU KOPTH30-
Jla B TUla3Me JOoCTuraroT nuka vepe3 30 — 45 MuH
MBIIIEYHON AESITEIbHOCTH, a 3aTeM CHMXAIOTCS I10-
YTH 0 HOpPMaJbHBIX. B TO ke BpeMsl KOHLIEHTpaLMsI
CBOOOIHBIX XXUPHBIX KUCIOT MPOJOJIKAET MOBBIIIATh-
cs1 B TeUeHME BCEro Meproja BHIMOJHEHUS (u3nyec-
KO Harpys3ku. DT0 O3HayaeT, YTO APYrve rOPMOHBI
JOJKHBI TPOAOJIKATh aKTUBMPOBATh unasy. ['opmo-
HbI, KOTOpbI€ MPOAOJIKAIOT 3TOT Ipolecc, — Kare-
XOJJaMUHEI MU TOPMOH pocTta. Kak BumHO u3 puc.
6.11,6, comepxXaHue 3THMX TOPMOHOB B IIIa3Me YBe-
JIMYMBAeTCs B TeUEHUE BCETO MEepUOaa BHIMTOJTHEHHUS
(buznyeckoil Harpy3Kku, MOCTEIIEHHO YCUIMBAs BbI-
JeJieHue CBOOOMHBIX XMPHBIX KUCIOT U OKUCIEHUE
kupoB. Takue xe BO3IEHCTBUS OKa3bIBAlOT TOPMO-
HbI IIUTOBUAHOMN XEJe3Hl.

Takum oOpazoMm, SHIOKPHUHHAS CUCTEMa UTpaeT
OYEHb OOJBLIYIO POJIb B PETyAsiLiMU 00pa3oBaHUS
AT® Bo BpeMsl MBILICUHOM AeSITeIbHOCTH, a TaAKXKe
obecrevynBaeT KOHTPOJIb PABHOBECUSI MEXIy MeTa-
00JM3MOM YIJIEBOAOB U XUPOB.
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B OB3OPE...

1. CogepxaHue TJIOKO3bI B MJa3Me MOBBILIAET-
cs BCJEICTBUE KOMOMHUPOBAHHOTO BO3IEHCTBUS
rJIl0KaroHa, agpeHajivuHa, HOopaJpeHaJluHa U KOp-
THU30Ja. DTU TOPMOHBI 00eCIeUnBAIOT TIMKOTEHO-
JIU3 U FJIOKOHEOTeHe3, TeM CaMbIM YBeJuvuBas
KOJIMYECTBO TJIOKO3bI, KOTOPYIO MOXHO MCIIOJb-
30BaTh B KauyecTBe MCTOUYHMKA DSHEPTUU. DTU XKe
(yHKLIMU BBIMOJHSIOT TOPMOH pOCTa U TOPMOHBI
LIATOBUJHOMN XKEJIE3BI.

2. VIHCYNMH TOMOTaeT BbIENEHHON TJIIOKO3¢ I0-
CTYMUTb B KJIETKH, TJie OHa MOXeT ObITh UCIOJIb30Ba-
Ha aj1s1 oOpa3oBaHusi 3Hepruu. OJHAKO YpOBEHb WH-
CYJIMHA CHMXKAETCs MPU MPOAOIKUTETbHON huzndec-
KOI Harpyske, CBUIETEIBCTBYS O TOM, UTO (pu3nyecKast
Harpyska cama 1o cede CriocoOCTBYeT ASHCTBUIO UH-
cynuHa. TakuMm o0pa3oMm, MpU BbIMOJHEHUU (HU3U-
YeCKON Harpy3ku TpeOyeTcsl MeHbIIe TOPMOHOB, YeM
B COCTOSTHUM TTOKOSI.

3. Ilpu MOHMXEHHBIX 3amacax yrjieBOJIOB Opra-
HU3M TIEPEXOJMT Ha MCIOJb30BaHUE XUPOB B Kaue-
CTBE MCTOUYHMKA SHEPIUU. DTOMY MpolLeccy Crocoo-
CTBYIOT KOPTHU30J1, alpeHalIlH, HOpaipeHaIUH U Top-
MOH pOCTa.

4. Koptuzon yckopsieT mpoliecc JUMoau3a, Bbiae-
TSl B KPOBb CBOOOTHBIE KUPHBIE KUCIOTHI, KOTOPbHIE
MOTYT OBITh MCTOJb30BaHbl KJIeTKaMHU AJisl 00pa3oBa-
HUSI 3HEPTUU. YPOBEHb KOPTU30Ja JAOCTUTAET MUKa,
a 3aTeM TpU MPOAOJIKUTENbHON (u3nueckoil pabore
BO3BpalaeTcs: K ucxoaHomy yposHio. Koraa ato mpo-
WCXOJUT, POJb KOPTU30J1a HAUMHAIOT BITMOJHSITH Ka-
T€XOJJAaMUHBI U TOPMOH POCTA.
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BJINAHUE TOPMOHOB HA BAJIAHC
AKNIAKOCTHU U BDJEKTPOJIINTOB
BO BPEMA ®U3NYECKOMN HATPY3KH

banaHc XMIKOCTU BO BpeMsl BBHITIOJHEHUS (Pu-
3MYECKO PabOThl MMEET OOJIbIIIOE 3HAUEHNUE IS Tep-
MOPETYJISITOPHON (DYHKIIUU U AESITEIbHOCTH Cepiey-
HO-COCYIUCTO# cucteMbl. B Hauane pusnyeckoii pa-
00Tl BOJA TepeMeIlaeTCcsl U3 KPOBU B MHTEPCTUILIN -
ajbHble U BHYTPUKJIETOYHBIE MpocTpaHcTBa [2, 3.
BOT0 mepeMelIeHUE CBA3aHO C aKTMBHOW MbIlIEY-
HOIl Maccoii U MHTEHCUBHOCTbIO ycunus. Ilpoayk-
Thl META0OJMYECKOTO pacajga HauMHAT HaKarIn-
BaThCSl BHYTPU M BOKPYT MBILIEYHBIX BOJOKOH, TMO-
BbIIIAs OCMOTUYECKOE NaBjeHue. B aTu ke yuacTku
noctynaet U Boga. Kpome Toro, ycuaeHHas Mblliey-
Hasl aKTUBHOCTb BBI3bIBAET MOBHIIIEHUE apTepUab-
HOTO JaBJIEHUsI, UTO, B CBOIO OUepe/ib, BHIBOAUT BOLY
13 KpoBU. Bo BpeMs ¢pusznuecKoit Harpy3Ku yCcuin-
BaeTcsl TakKXe Mpoliecc MOTooTAeIeHUus. B pesyinb-
TaTe STUX HACHCTBUI MBIIIIA HaKaljiuBaeT BOAY 3a
cueT obObeMa mua3Mmbl. Hampumep, Ger mpu 75 %
MIIK npuBOIUT K CHUXEHUIO 00beMa IMJIa3Mbl Ha
5 — 10 %. IloHMXeHHBI 00BEM IUIa3MBI 00YCIIOB-
JIMBaeT CHUXEHME apTepuaJbHOTO TaBJIEHUS U Kpo-
BOCHA0XEHMSI KOXHU W MBIIIL, YTO MOXET OKa3aTh
Cepbe3HOe OTpUlIATeIbHOE BO3AEHCTBUE HA CIIOPTHB-
HBII pE3yJbTar.

DHIOKpUHHAS CUCTeMa MIrpaeT TJIaBHYIO poJib B
PETYJISIIMU YPOBHEH XUIKOCTU B OpraHu3me, Kop-
pUTHpYs BO3HUKAlOIEe HepaBHOBecHe. DTO ocylle-
CTBISIETCS 3a CYET peryasiluuy OanaHca 3JeKTPOJIH-
TOB, 0COOEHHO HaTpus. IJTlaBHYIO poJib B 3TOM IIPO-
Liecce MrparoT JBa rOpMOHA — aJIbJAOCTEPOH U aHTU-
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Puc. 6.11. Usmenenue codepiucanus 6 naazme c600600HbIX HeupHblx Kucaom (1) u kopmukosona (2) (a),
a maxxce adperanuna (3), Hopadperanruna (4), eopmona pocma (5) u c60600HbIX HcupHbIX Kuciom (6)
npu npoooadcUmenvHoll guzuueckoil Haepyske (6)
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JINYPETUYECKUI TOPMOH, 2 OCHOBHOW MUIIEHBIO SIB-
Js10TC MoYKM. PaccMOTpuUM BO3IEiCTBUSI 3TUX TOp-
MOHOB.

AJIBAOCTEPOH U MEXAHU3M
PEHUH-AHITMOTEH3UHA

ITouku 0Ka3bIBAIOT 3HAYMTEIHHOE PETYINPYIOLIEee
BO3/ICHCTBYME HA apTepUallbHOE JaBJIeHKE, ITO3BOJIS-
Iolllee UM TaKXe PeryJImpoBaTh 0alaHC XXUIKOCTH B
opraHusMme. [ maBHBII onpenensomuil (pakTop apre-
PHATBHOTO AaBICHUS] — 00bEM TUIa3MBL: €CJTU YMEHb-
maeTcs 00beM IJ1a3Mbl, — CHUXKXAETCS U apTepHallb-
HOe HaBjeHue. 3a YpOBHEM apTepUabHOIO JaBIe-
HUS TOCTOSHHO "cieoar” creluajbHble KIIETKH,
HaxoAsIMecs BIioukax. BoBpemsiBeImonHeHUS pu-
3MYECKOI HArpy3KU UX IEHCTBYE CTUMYIUPYETCS CHU-
KEHUEM apTepUalbHOTO JABICHUS U MOHMKECHHBIM

KPOBOCHA0XEHMEM TTOUYEK BCIIEACTBHE ITOBHIIICHHOM
CUMIIATHYECKOM HEPBHOM NeATeTbHOCTH MM HETOC-
PEICTBEHHOTO BO3IEWCTBUS CO CTOPOHBI CHMIIATH-
YeCKHUX HEPBOB.

MexaHU3M TIOYETHON PeTYNSINK apTepraTbHOTO
NaBJICHU TOKAa3aH Ha puc. 6.12. D10 Tak Ha3bIBae-
MBIl MEXaHU3M PEHWH-aHTHOTeH3uHa. [loukm pea-
TUPYIOT HA CHUKEHIE apTepUaTbHOTO TaBICHUS WTH
MMOHVKEHHBIM KPOBOTOK 00pa3oBaHMeM (hepMeHTa —
peHuHa. PeHuH, B CBOIO o4yepenb, IpeBpaliaer Oe-
JIOK TIJIa3MBl — QHTUOTEH3WHOTEH — B aKTMBHYIO
¢opMy, KOTOpast Ha3bIBAETCS AHTUOTEH3UMHOM I, B KO-
HEYHOM UTOre NpeBpaliaouMMcs BaHruoTeH3uH I1,
KOTOPBI BBITTOJHAET IBe (GYHKIMK. Bo-TIepBBIX, OH
SIBIIIETCS MOIIHBIM KOHCTPUKTOPOM apTEpPHUOIL.
BcaencTBue aToro yseaumunBaeTcs nepudepuiaeckoe
COTIPOTHBJICHNE, BHI3bIBAIOIICE TIOBHIILICHNE apTepH-
ajbpHOrO JaBieHus. Bo-Bropeix, aHnrnoreH3uH Il cro-

2. NoreHune NpUsoOAUT K YMEHBLLIEHNIO
obbema Mmna3mbl U KPOBOCHAGXEHMS
no4ex

1. MbllLeyHasa OesaTensHOCTb
CrnocobCcTBYET MOTOOTAENEHMIO

3. TMoHWwkeHHoe KPOBOCHabXeHME NoyeK
CTUMYNMPYET BblOESIEHNE N3 HUX
peHuHa. [locneaHwin BbI3bIBAET
00pa3oBaHne aHrMoTeHavHa |, KoTopbiii
npeBpaLLaeTcs B aHrmMoTeH3unH

4, AHrnoteHsvH Il ctumynmnpyet
BblOENEHVE ankfoCTepPoHa 13
KOPKOBOrO BeLLecTBa
Hano4eyHvKa

5. AnbgocTepoH MNOBLILLAET
peabcopbumw Na* n H,0
M3 MOYEYHbIX KaHaLLIEB

6. O6bEM NNasmbl YBENMYMBAETCS

Puc. 6.12. Mexanuszm deiicmeus peHUH-aHeUOMEH3UHA
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Puc. 6.13. Hszmenenus obsema naasmor (1)
U KoHuenmpauuu asb0ocmepoHa (2) 6o epems
2-yacoeoil gusuueckoli Hazpy3Ku

COOCTBYET BBIIEICHUIO ATbIOCTEPOHA U3 KOPKOBOTO
BEILlECTBA HAAIOYEYHUKOB.

Kak Mbl yxe 3HaeM, albgoctepoH obecreuyrnBaeT
peabcopbuuio HaTpusi B moukax. IlockoibKy Boja
CJIEMYET 32 HATPUEM, 3a[epXKa MOYKaMU HATPUS Be-
JeT U K 3a7epxke Boibl. B pesynbraTe comepxaHue
KMIKOCTH B OPTaHU3Me YBEJIMUMBAETCS, YTO CIOCOD-
CTBYET BOCIOJHEHMIO 00beMa Ta3Mbl M MOBBIIIE-
HUIO apTepUabHOTO JAaBJIEHUS 10 HOPMAJIbHbBIX YPOB-
Hell. MI3MeHeHue o0beMa Tula3Mbl U KOHIIEHTpaluit
aJIbIOCTEPOHA MIPY BHIMOJHEHUM (PU3UUECKON HArpy3-
K B TeUeHME 2 U TIOKA3aHO Ha puc. 6.13.

AHTUAUYPETUYECKHU TOPMOH

prrI/IM TOPMOHOM, IPUWHMMAIOIIUM aKTUBHOC

yJacThe B PeTy/ISaIuy OagaHca XUIKOCTH, SBISCTCS
AHTUINYPETUIECKHiA TopMOH. OH BHIIEISIETCS B OT-
BET Ha YBeJIMYEHUE KOHILIEHTPALMK PACTBOPEHHBIX B
KpoBU BellecTB. Bo BpeMs (u3ndecKoit Harpy3Ku
mepeMelIeHrne BOABI M3 TIa3Mbl MTOBHIITAET KOHIICH-
TpalMio KpOBU. DTOMY Xe CITOCOOCTBYET IpoIece
MOTOOTAETeHNI. Bce 3TO TPMBOIMT K MOBHIMICHUIO
OCMOJISUTBHOCTH KpoBU. KOHIIEHTpUpOBaHHAS TITa3-
Ma IMPKYJIHPYeT M JOCTUTaeT TUIOTajJaMyca, B KO-
TOPOM HAXOMSTCS OCMOPELENTOPHI, TIOCTOSTHHO pe-
TYJIMPYIOIIE OCMOJISITBHOCTh KpoBH. [Ipy moBHIIIIe-
HAW OCMOJISIIBHOCTU THUIOTaJaMyC CTHMYJIUpPYeT
BHIIEIEHNE AHTUANYPETUIECKOTO TOPMOHA W3 3ajl-
Heil gonu rumodu3a. BcrmoMHUM, 9TO 3TOT TOPMOH
obecrieurBaeT peabcopOIMIo BOOBI B IMOYKAX M, Clle-
TOBaTeIbHO, €€ 3aIepKKy B opranu3Me. Kak u B ciry-
9ae ¢ albJOCTEPOHOM, XOTS CTUMYJIBI M MEXaHU3MBI
TEUCTBHSA BO MHOTOM OTJIMYAIOTCS, YHCTHIM 3ddek-
TOM CeKpeIlNH aHTUANYPETUIECKOTO TOPMOHA SIBJIS-
eTCsl yBeJIMUeHUe coaepKaHUsl XUAKOCTH B OpraHU3-
Me, BOCCTAaHOBJIEHNE HOPMAaJTbHOTO 00beMa IITa3Mbl
1 apTepUaNbHOTO TaBIEHUS.

[Moce mepBOHAYATBHOTO CHUXKEHUST 00beMa TIa3-
MBI OH 3aT€M OCTaeTCsl OTHOCHUTENLHO MOCTOSHHBIM
Ha TIPOTSDKeHWM Bcell dumanmveckoil Harpysku. Ilo-
MUMO JEUCTBUSI albIOCTePOHAa M aHTHIMYpPETHUEC-
KOTO TOPMOHA, MMEIOTCS TaHHBIe, 9TO HeCMOTpS Ha
9

3-3%

MOTEePH TI0Ta BO BpeMsI GU3MIeCKOM HaTPY3KH, Tajb-
Helilee CHIDKeHNe 00bheMa TIa3MBbl ITPeIoTBpaniaeT
BOJIa, BO3BpaIIafomIascd B KPOBb M3 pabOTAIOIINX
MBI, Kpome Toro, mo Mepe MpomosKeHHsT MBITIeY-
HOI IeITETbHOCTH YBETMYMBAETCS KOJTIMYESCTBO BOIHI,
obpasylolmeiicss B pe3ynbTaTe MeTaboM3Ma B IIPO-
ecce OKHMCICHMS.

AKTUBHOCTb TOPMOHOB
MOCJE ®U3UYECKON HATPY3KHU
N BAJTAHC XNIKOCTH

BoszneiicTBust anbioctepoHa M aHTUAMYpETHUEC-
KOT'0 TOpMOHA TIPOAOJIKAIOTCA cirycTs 12 — 48 1 mocie
3aBepuieHUS (Qu3ndeckoir Harpy3ku. OHM HampaB-
JICHBI Ha CHIDXCHME 00pa30BaHMS MOYM W HadbHel-
1Iylo 3alllUTy OpraHu3Ma oT o0e3BoXuBaHuUs |[3, 4].
IIponomxurenpHOE obecredeHre peadcopOoLy Ha-
Tpusi, 00yCJIOBJIEHHOE eiiCTBMEM albIOCTEpOHa, Be-
JeT K YBEJMUEHUIO KOHLEHTpalllKd HaTpus B opra-
HU3ME Tocie (U3nuecKoi Harpy3ku. UToObl KoM-
MeHCHPOBATh TOBHIICHHBIE YPOBHU HATPHS, Opra-
HU3M TiepeMelaer 0oJibllie BOAbl BO BHEKJIETOYHBIE
TIPOCTPAHCTBA.

Kak BumHO m3 puc. 6.14, y MCIBITyeMBIX, peTy-
JISPHO 3aHUMAIOLIMXCSl MBIIIEYHOM JesSITeNbHOCTHIO
M TIOIBEPTalONINXCs 00e3BOKMBAHUIO, 3HAYUTEIBHO
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Puc. 6.14. Hzmenenue obsema naasmvl npu GvinOAHEHUU
@uzuueckoil Haspy3Ku 6 YCA08UsAX NOBbIUEHHOU meM-
nepamypel okpyxcaioujeii cpedsl u 00e360CUBAHUS 0pea-
Huzma. Obpamume GHUMAHUE HA pe3Koe CHUMICeHUe 00ve-
Ma naazmvl NpU 3a6epUieHUl  MPEeHUPOBOUHO20 3AHAMUSL:
1 — obsem naasmoi; 2 — "Pazepyska ” usbimxa H,0;
3 — obsem spumpouyumos; 4 — eemoenobuH +eemamoxpum
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%/ [loTeps KMIKOCTHOW YaCTH KPOBU (TLIA3MBI)

Y NpUMBOIMT K MOBBILEHHI0 KORIEHTpamm (op-
MeHHbIX jemenToB. HaoGopor, yBemdenne
COJepKAHUA JKUIKOCTHON YaCTH KPOBH YMEHb-
IAeT KOHUEHTPAuuio (opMEHHBIX 3JIeMEHTOB.
DTOT npouecc Ha3bIBAETCS reMoIU.TIoNAeH

YBEJIMUYMBAIOTCI OOBEMBI IJIa3Mbl B TEUEHME BCETO
Teproaa BBITTOJTHEHUST (u3NdecKoil Harpy3ku. [lpm
NMpeKkpaleHu 3aHITUIA U30BITOK HAaTpUsI U BOAbI
BBIIEJISETCS C MOYOM.

['eMOrIOOMH — ONHO M3 BELIECTB, Pa30aBJSEMBIX
BCJICICTBUE YBEIMUYEHUST o0beMa Tia3Mbl. MAMeHHO
MO3TOMY Y HEKOTOPBIX CIIOPTCMEHOB C HOPMaJbHbI-
MM BCJIEACTBME TE€MOOWIIOLMM YPOBHSIMM COmEpxKa-
HUS TeMOINIOOMHA MOXET HaOJIoJaThCs aHEMMUS.

Y cnopmemenos, nodeepearouguxcs 6030eticmeuio
UHMEHCUBHBIX MPEHUPOBOUHbIX HAPY30K, 006eM
Kposu yeeauven. Koauuecmeo gopmennwix sne-
MEHMO8 Kposu Npu 3MOM He UMEeHSemcs, OHU
npocmo codepycamcsi 6 3HAUUMENbHO OoabueM
obseme naazmol (2emMoouMOyUs)

BT0 cOCTOSIHUE, KOTOPOEe He ClIenyeT IyTaTh C Jeii-
CTBUTEJIBHOM aHEMMEN, YCTpaHsIETCSl B TeYeHMUE He-
CKOJIBKUX JHEN OTAbIXa, BO BPeMsl KOTOPOTO YPOBHU
aJbIOCTEPOHA BEPHYTCS K HOPME, a MTOYKM M30aBAT-
¢ OT ype3MepHoro Kosimuectsa Nat U BOZIBL

B OB3OPE...

1. B perynsguum GanaHca XWIKOCTM NPUHUMAIOT
y4yacTue IBa TOPMOHA —aJIbJOCTEPOH U aHTUAMYpPE-
TUYECKUUN TOPMOH.

2. Ilpu cHIXeHMU o0BbeMa TIIa3Mbl MU apTepu-
aJTbHOTO JABJICHMS IOYKM 00pasyioT hepMEeHT — pe-
HWH, KOTOPBIi, B CBOIO OYepPE/b, MPEBpAIlaeT aHTH-
OTEH3WHOTE€H B aHTMOTEH3WH I, BMOCIeNCTBUE TIpe-
Bpawatomuiicas B aHruoreHsuH II. TlocnenHuii
MOBBIIIAET MepudeprudecKoe COMPOTUBICHNUE, a 3HA-
YUT ¥ apTEePUATbHOE JaBJICHUE.

3. Kpome Ttoro, anrmoreHsuH II oOecreumBaer
BBIZICJICHUE aJbIOCTepPOHA M3 MO3TOBOTO BEIECTBA
HaJIOYeYHUKOB. AIBIOCTEPOH, B CBOIO OYEPE/b, CIIO-
coOcTByeT peabcopOUMU HATpUs B MOYKAX, 4TO OOyC-
JIOBJIMBAET 3aJePXKKy XUAKOCTU, yBEJIWUMBAS TEM
CcaMbIM 00BEM TIa3MBl.

4. AHTUOWYPETUYECKUI TOPMOH BBIAETSIECTCS B
OTBET Ha MTOBHIIIIEHNE OCMOJSIBHOCTH uta3Mbl. Korma
OCMOpELEeNTOPbl, HaxoAdMecsd B TUIOTalaMmyce,
OUIYIIAIOT 3TO YBEJIMYECHUE, TUIIOTATaMyC BBI3BIBAECT
BBIICJICHUE AHTUIWYPETUYECKOTO TOPMOHA W3 3a-
Heii o runodusa.

5. AHTMIMYpPETUIECKUIT TOPMOH BO3IAEHCTBYET Ha
MOYKHM, obecreunBas cOXpaHeHUE XUAKOCTU. bia-
roapsi 3TOMY YBEJIMIMBAETCS 00beM TJIa3Mbl, UTO Be-
JIeT K pa30aB/IeHUIO PACTBOPEHHBIX B IJIa3Me BEIIECTB.
OCMOJISIBHOCTD KPOBU CHUKAETCS.

B aT0i1 I71aBe Mbl BBISICHUJIU POJIb SHIOKPUHHOM
CHCTEMBI B PETYISLMU (DU3MOJOTUYECKUX ITPOIIEC-
COB, TIPOTEKAMOIIMX B OpraHM3ME IIPU BBITOJTHEHUH
(usnyeckoit Harpysku. PaccMmoTpenu ponb ropmo-
HOB B 0OMEHE TJII0KO3bl M XUPOB, a TAKXe COXpaHe-
HMM OamaHca XUIKOoCTH. B mepBylo ouepenb HacC WMH-
TEPECOBaIO, YTO MPOMCXOOUT B OPraHU3Me BO BpEMS
KpaTKOBpeMEHHOI (pu3myeckoit Harpy3ku. B ciemy-
IOIIEH TJIaBe€ MBI PAaCCMOTPUM alalTallMOHHBIE peaK-
LIMM OOMEHHBIX ITPOIIECCOB, OOYCIOBJICHHBIE TPEHU-
POBOYHBIMHU Harpy3kKaMmu.

Konumpoavnote eonpocot

1. UTo TaKoe Xene3bl BHYTPEHHEH CeKpellk U KaKo-
Bbl (DYHKIIUU TOPMOHOB?

2. OOBsICHUTE pa3INyne MEXIY CTePOUIHBIMU U He-
CTePOMIHBIMM TOPMOHAMH.

3. Kak ropMOHBI MOTYT BBITIOJHSTh BecbMa crieduy-
Hble DYHKLIMHU, €CIM OHU OCTUTAIOT MPAKTUYECKU BCEX
yacTei Tes1a 61arogapsi cuctemMe KpoBooOpalieHust?

4. Kak KOHTPOJIUPYIOTCS YPOBHU CHIEU(PUIECKUX IOp-
MOHOB B T1a3me?

5. O0BSICHUTE TOBOJILHO CJIOKHYI0 B3aMOCBSI3b TMIIO-
TajaMyca u Turodusa.

6. KpaTko oxapakTepusyiiTe OCHOBHBIE XeJIe3bl BHYT-
PEHHEH CeKpeLy, UX TOPMOHBI, (DYHKIIUKM STUX TOP-
MOHOB.

7. Kakue 3 TopMOHOB MTpalOT BaXXHYIO POJIb BO Bpe-
M1 BBITTOJTHEHUST (PU3NYECKOI HATPY3KU?

8. UTo Takoe reMOKOHIIEHTpALMS U KaK C Hell CBsizaHa
9HIOKpPUHHAs cucTeMa?

9. OnuimTe TOPMOHATBHYIO PETYIISLNMI0 OOMEHa Be-
LIECTB BO BpeMS MBILIEUHOM nesATeIbHOCTH. Kakue
TOPMOHBI IIPUHUMAIOT Y9aCTUE U KaK OHU BIMSIIOT
Ha HaJlMyKe YIJIeBOIOB M XMPOB, UCIIOJIb3YeMbIX B
KavyecTBe NCTOYHIKA IHEPTUH ITPU MBITIIETHOM €51~
TEJBHOCTY TIPOAOJKMTEILHOCTBIO HECKOIBKO YacoB?

10. OmuImTe TOPMOHATBHYIO PETYIISILINIO OaNaHca K-
KOCTH ITPH BBITIOJTHEHUY (DU3MIECKO HATPY3KHU.

11. YTo Takoe reMOOUIIOLNS U KaKUM 00pa3oM ¢ Hel
CBsI3aHa HIOKPUHHAs cucTteMa?
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IThnaea 7

Anamranng
obMeHa eeuiecme
K Mblue4Holl dessmeabHoCmu

MBI paccMOTpeH, KaK Halll OpTraHU3M UCITOIb3Y-
€T MOTpebIsieMble MPOMYKTHI MUTAHUS U ITUTATEIhb-
HBIE BeIlleCTBa IUIST 00pa30BaHUSA 3HEPTUH, HEOOXO-
IVUMOM TSI BBITIOJTHEHUS MBIIICYHOM NeATeTbHOCTH,
BBIICHUJIM POJIb SHIOKPUHHOM CHUCTEMBI B PEryIIs-
MM pa3IUIHBIX OOMEHHBIX IIPOIIECCOB, IIPOTEKalO-
IIMX TPU BBIMOJIHEHUM (PU3UUYECKUX HArpy3ok. Mo-
K€M JIU Mbl YBEJMYUTh MOTEHLMAT CBOEH MbIley-
HOU fesaTeabHOCTH? [1OBBICHTH CBOM 3HEPreTUIECKUE
3amnachbl?

B 3T0i1 TI1aBe MBI pacCMOTPHUM, KaK Halll OpTaHU3M
amanTUpyeTcs K MOBTOPSIOIIMMCS TPEHHUPOBOUYHBIM
ctumynaM. [71aBHOe BHMMaHMe OOpaTMM Ha amarTa-
LIMOHHBIC PeakKIi 0OMeHa BEIIeCTB, KOTOPHIC ITOBBI-
LIAIOT HAIly CIIOCOOHOCTh OCYIIECTBIISATh MBIIIEYHYIO
HOeATeIbHOCTh. M3yuynM amanTallMOHHBIE PEaKINU
MBIIICYHOU W DHEPTeTUYCCKOM CHCTEM, KOTOpBIC ITO-
3BOJISTIOT HaM Oosiee 3(P(heKTUBHO HCIIOIh30BATh CBOIO
sHepruto. PaccMOTpuM BIMSHUE adpOOHBIX M aHad-
POOHBIX TPEHUPOBOYHBIX HATPY30K M BBISICHUM, KakK
VBEJIMYUTDh UX TOJOXUTEIBHOES BO3NEUCTBUE.

XKena JIxxmMa Iomymaina, 4To €€ MYXK COIICNT C
yMa, Korma B 37 JeT OH C Apy3bsAMM Haual Oerarhb
TPYCLIOM HECKOJBKO pa3 B Hemelio. Bemb paHbIme
CITOPT €T0 COBCeM He mHTepecoBald. Kpome Toro, oH
Bcerga usoeran 1000 (pU3MYECKON JeSITeTbHOCTH.
HecMoTpst Ha ©ojie3HEHHBIE OIIYLIEHUS] B 00JacTh
MBIIII ¥ HECTIOCOOHOCTh IMOAIEPXUBATh TEMIT Oera
cBoMX Apy3eit, JIkuM cran 6erath GoJblie — 6 pas B
Henmemo. Yepe3 8 Hemenb kUM BAPYr OOHApYKWII,
yTo 0e3 Tpyna OeXUT HapaBHe co BceMu. Bckope oH
CTajl TUAEPOM CBOEH TPYIIIBI U TEIeph eMy IPHUXO-
IUIOCH "cOpachIBaTh” CKOPOCTh, YTOOBI OEXKaTh BMe-
cte co BceMu. Korma npyrue 6eryHbl pellvid YBeIU-
YUThb O0BEM TPEHUPOBOK, YTOOBI ITOATOTOBUTHCA K
yuactuio B boctoHckom mapadone, JIxxum npucoe-
JUHWUICS K HUM M cTaa mpoberatb 60 — 70 Muib B
Henemo. Bo Bpemst copeBHOBaHUSA J:KMM HaMHOTO
MPEeB30IIe] CBOMX MTapTHEPOB IO TPEHUPOBKaM, (pu-
HUIIMPOBAB HA 4yac paHble C pe3yabTatoMm 2 4 45
MUH, TonaB B yucio 3 % nyymwux u3 umcina 9 540
yyacTHUKOB. OKazanock, 4To y JI>kruma Oblia yauBM -
TeJbHAsI MPeapacIoOKeHHOCTD K OeTy Ha IJIMHHBIC
OUCTaHIIMK, KOTOpask MPOSBHIACH ITOCIE TOTO, KakK

€r0 OPraHU3M aIalTUPOBAJICI K 3HAUNTEIbHBIM Tpe-
HUPOBOYHBIM HAarpy3KaM.

He Bce MexaHK3Mbl, 00ECIIEUNBAIOIINE YBETNICHIE
MBIIIICYHOM CYITBI ¥ BRIHOCJIUBOCTH, XOPOIIIO N3YICHBI.
TeMm He MeHee MBI MOXEM HICHTH(UIINIPOBATH MHOTHE
MeTaboanyeckre U MopdoornaeckKiue M3MEeHEHUS,
KOTOpBIE IIPOMCXOIAT B pe3yNbTaTe ITOBCEIHEBHOM
MBIIIEYHOU AeATEIEHOCTA. ASpOOHBIC HATPY3KHU, Ha-
MIpUMep, TMPUBOMAIT K YAYIIICHUIO (QYHKIINN CHCTEMBI
KPOBOOOpAIIIEHNSI, a TAKXKe MOBBIIIAIOT CIIOCOOHOCTD
MBILIEYHBIX BOJIOKOH 0OPa30BbLIBAThL OOJIbILIEE KOTMYE-
c¢tBo AT®. AHaspoOHBIE TPEHUPOBKU YBEJIUYHUBAIOT
MBIIICYHYIO CHITY ¥ TOJIEPAHTHOCTD K HAPYIICHUIO KIC-
JIOTHO-IIIEJIOYHOTO PaBHOBECHS TIPH OYCHb MHTCHCHUB-
HOM yCcwInu. MBI pacCMOTPMM 3HAYCHUE Pa3TMIHBIX
METa0O0IMUCCKIX MU3MEHEHU, KOTOPEIE UMEIOT MECTO
BO BpeMs TPEHUPOBOK, U BBIICHUM, KaK 3TH U3MEHE-
HUS BIMSIOT Ha MBIIICYHYIO AeSITEIbHOCTD.

ATANITAIINA K ADPOBHBIM
TPEHVUPOBOYHLIM HATPY3KAM

[oBrIIIcHE BEIHOCTUBOCTH BCIICICTBHE CXEIHEB-
HBIX a’pOOHBIX HAarpy30K, HaIpuMmep, Oer Tpycioi
WU IUIaBaHUE, OOYCIIOBJICHO MHOXKECTBOM aIarlTa-
LIMOHHBIX PeakIUii B OTBET Ha TPCHUPOBOYHEIC CTHU-
Mysbl. OTHM TIPOUCXOOST HEIMOCPEICTBEHHO B MBI -
11ax, IpyTue BKIIIOYAIOT U3MEHEHHUS B CUCTEMax 3Hep-
roo0ecreueHNsI, TPETbU 3aTParuBarOT AESITEIbHOCTD
CePICYHO-COCYINCTON CUCTEMBI, yaydlnast (GYyHKIIUIO
KpoBooOpaiteHus. Huxxe Mbl OCTaHOBMMCS Ha ajaar-
TallMOHHBIX peakiMsIX MBILIEYHON CUCTEMbI, O0yC-
JIOBJICHHBIX TPEHUPOBOYHBIMY Harpy3KaMH, HaIIpaB-
JICHHBIMM Ha Pa3BUTHE BBIHOCIMBOCTH (amamTaly-
OHHBIC peaKIUM KapAUOpPECIHPATOPHON CHCTEMBI
paccmatpuBatotcs B riiase 10).

ANATNITAUMOHHBIE PEAKLINN
MBIIHNEYHOU CUCTEMBI

[ToBTopstoIIEeCs cOKpallleHe MBI €Y HBIX BOJIO-
KOH BEI3BIBACT U3MCHEHMS B X CTPYKTYype U DYHK-
uuu. MHOrMe M3 HMX pacCMaTpHWBAaJINCh B IlaBe 4,
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OTHAKO Kak CJIeICTBUE CUIOBOUM TpeHUpoBKku. Hac B
JaHHOM cJly4yae UHTEepPeCyeT BIUSTHUE TPEHUPOBOY-
HBIX 3aHATUI, HATPaBJAEHHBIX HA Pa3BUTHUE BBIHOC-
JIMBOCTU, HA TUI MBIIIEYHBIX BOJOKOH; KOJIUYECTBO
KanuagpoB; coAepXaHue MUOrJIo0MHA; GYHKIIUIO
MUTOXOHJPUI; OKUCIUTEIbHbIE (DEPMEHTHI.

Tun MbIIIEYHBIX BOJIOKOH

AdpoOHBIE BUIBI AESITEILHOCTH, HallpuMep, Oer
TPYCLIOM WJIM €3/1a Ha BeJIOCUMene ¢ HEBBICOKOM MH-
TEHCUBHOCTBIO, B OCHOBHOM "oOciyxwuBaioT' MC-
BOJIOKHA. [lon neiicTBrEM TPEHUPOBOUYHBIX CTUMYJIOB
9TU BOJIOKHA CTAHOBSITCS Ha 7 — 22 % 0oJiblile, 4eM
cootBercTBytone bC-BosokHa [5]. OnHako pa3me-
pPbl BOJIOKOH 3HAYUTEJNbHO KOJEOJIOTCS Y pas3HbIX
CIOPTCMEHOB. Y HEKOTOPbIX MOTYT OBbITb HEOOBIYHO
6oapie MC-BoJIOKHA, Yy IPYIUX — TaKue ke 00Jb-
e bC-BosokHa. OTMETUM, YTO pa3Mepbl BOJOKOH
y CIIOPTCMEHOB, 3aHMMAIOIIUXCSl UMKIMYECKUMU BU-
JaMu CIopTa, MO-BUAMMOMY, MaJlo CBSI3aHbI C YPOB-
HeM aspoOHBIX BO3MOXHOCTEeW. Pa3Mepbl BOJIOKOH
MOTYT UrpaTh OOJbIIYIO pOJib B BUAAX CcropTa, TpeOy-
IOIIMX MPOSIBJIEHUS] 3HAUUTENbHONW CUJIbl U MOILIIHOC-
THU, TaKWX, KaK CIOPUHTEPCKUI Oer u Tskenas aTaeTh-
Ka, B KOTOPbIX MPEUMYILIECTBO UMEIOT CIIOPTCMEHBI C
0osee KpynHbiIMU BC MbIlIEYHBIMU BOJOKHAMM.

PesynbraTthl  OONBIIMHCTBA MCCAEIOBAaHUI MOKa-
3bIBAIOT, YTO TPEHUPOBOUYHBIE HArPy3KU, HAMpaBJIeH-

Hble Ha Pa3BUTHE BBIHOCIWBOCTH, HE WU3MEHSIOT CO-
otHouieHUst bC- 1 MC-BoJloKOH. DTO MOATBEPKAA-
10T U Pe3yJIbTaThl MOCAEIHUX UCCIeI0BaHUI, KOTO-
pble BMECTe C TeM YKa3bIBalOT HAa HEKOTOPbIE M3Me-
HeHus TunoB bC-ponokon. bC -BosiokHa,
HECOMHEHHO, MCIOJB3YIOTCSI MEHee 4acTo, 4eM BO-
JIoKHa TUMa "a", UMEHHO MO3TOMY Yy HUX 0Oojiee HU3-
Kue a3pobHbIe ciocobHocTu. [TpoaomkurenbHble Gu-
3MYECKNE HArpy3KM CO BPEMEHEM MOTYT MPUBECTH K
HUX PEKPYUTUPOBAHUIO, BHIHYXHAA WX (PYHKIIMOHM-
poBaTh TOmOOHO BOJOKHaM Tuma "a". Kak mokasbl-
BalOT PE3YJbTaThl TMOCASTHUX WCCIENOBaHUMN, (U3M-
yecKkue Harpy3ku, HalpaBJIeHHbIE Ha Pa3BUTHUE BHI-
HOCJIMBOCTH, MOTYT ITPUBECTH K TOMY, YTO HEKOTOPbHIE
BC-BojloKHa MPHOOPETYT ONpe/ieieHHbIE CBOMCTBA
BosiokoH tuna bC . Hu npuynHa, HU mocieactsus
TAaKOTO M3MEHEHUS MOKa HE BBISCHEHBI. B03MOXHO,
npeppamenne bC-BojokoH tuma "6" B THI "a" Tpo-
CTO OTpaxaeT Oojee WMHTEHCUBHOE WCIOJIb30BaHUE
BC-BOJIOKOH TIpW JUTUTENBHBIX W3HYPUTETbHBIX Tpe-
HUPOBOYHBIX HATrpy3Kax.

KoamnuecTBo KannuwuIsApoB

OmHoil M3 Hambosiee BaXHBIX aZalTallMOHHBIX
peakiuilt Ha Harpy3Ku, HampaBJIeHHbIE HA pa3BUTHUE
BBIHOCJIMBOCTH, SIBJISIETCS YBEIMUEHUE YMCia Kalui-
JISIPOB BOKPYT KaXI0ro MbILIEYHOTro BoJOKHA. Kak
BUIHO M3 puc. 7.1, B MbILIIIaX HOT YeJl0BeKa, 3aHU-

Puc. 7.1. Cmpyxmypa Kanuinspos, pacnonoiceHvix 60Kpy2 MbluleHHbIX 6010KOH
HempeHUpPOBaHHO20 MYNCHUHbL (@) U MPeHUpo8anHoeo OeeyHa Ha OauHHble Jucmanuyuu (6)
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? A3poOHble TPeHHPOBOUHbIE HATPY3KH MPHBO-
¥ 4T K yBeIHYEHHIO KOJIMYECTBA KANK/LISPOB B
MBILIEYHOM BOJIOKHE, 4 TAKXKE HA JTAHHOH ILI0-
IIA/IA TONEePeYHOro CeYeHUsT MBI, DTH U3-
MeHeHUs TOBBIAIT Mephy3ui0 MBINI KPo-

BbIO

Malollerocs LHUKINYECKUMU BUIAMU CIIOpTa, KOJIU-
YeCTBO KamwuisipoB Ha 5 — 10 % Oonbiue, 4eM y
MaJIONoABIKHOrO MHauBUaAyyma [9, 11}. Yem 0Ooib-
IlIe CIIOPTCMEH TPEHUPYETCsI, TeM OOJIbIlIe YBEIUUM-
BaeTcs (1o 15 %) KonuuecTBO Kanuuisapos [9]. YBe-
JIMYeHUE KOJMYECTBAa KaNWJJISIPOB YAydllaeT razo-
1 TEIUIOOOMEH, YCKOpsIET BhIBelcHHE MPOJYKTOB pac-
maga ¥ OOMEH IUTATeJIbHBIX BEIIECTB MEXIY Kpo-
BbIO U pabOTAIOILIMMM MBIIIEUHBIMU BOJIOKHAMU. DTO
oOecreynBaeT MOATOTOBKY BHYTPEHHEN Cpeabl s
00pa3oBaHus DHEPIMU U BHIIOJHEHMS MbIILIEYHBIX
COKpallleHW. 3HAYUTEeNbHOE YBEJIWYEHUE KOJIuye-
CTBa KaNWUISIpOB HaOJIomaeTcs 4epe3 HECKOJbKO
HeJle/Ib MJIM Mecs1eB TPEHUPOBOYHBIX 3aHATHII. Kak
U3MEHSETCS KOJMYECTBO KamuJIsApoB IIpu 0Oosee
IPOAO/DKMTEIbHBIX IEepUoJaX aKTUBHOCTU HEU3BeE-
CTHO, TIOCKOJIbKY JaHHBIN BOIPOC NMPAKTUYECKU He
u3yyascs.

Coaepxanue MHOIJIOOMHA

Kucnopoza, nonagamouiyii B MbILIEYHOE BOJOKHO,
CBSI3BIBAETCSI C MUOTJIOOMHOM —COEeIUHEHMEM, I10-
JOOHBIM TeMOIJIOOMHY. DTO coAepxKallee XKeJie30 Co-
elMHEHNE 00ecreynBaeT YeIHOYHOOOpa3HbIe TBMXeE-
HMST MOJIEKYJT KUCJIOpOJa U3 KJIETOYHOU 000J04YKM B
MUTOXOHAPUU. MMOIIOOMH B OOJIBIIOM KOJIMYECTBE
conepxurcsa B MC-BoJioKHaxX, ofecrieunBasi uX Kpac-
HOBAaTY10 OKpacKy (MUOIJIOOMH — TMUTMEHT, OKpaIlu-
BAIOLIMICS B KPACHBIN LBET MPU CBI3bIBAHUU C KUC-
snoponoM). BC-BookHa 00J1a1al0T BBICOKOM TJIMKO-
JIMTAYECKOU CITOCOOHOCTBIO, TIO3TOMY UM TpeOyeTcsI
(M OHM HEUCTBUTENBHO COAEPXKAT) HE3HAYMTEIbHOE
KOJIMYECTBO MMOTJIOOMHA, B CUJIy YeTO MMEIOT CBET-
Jyto okpacky. CrenyeT OTMETUTh, YTO OrpaHUYEH-
HOE KOJIMYECTBO MUOIIOOMHA TIPUBOAUT K MOHUXKEH-
HOMY COAEpPXaHWIO KUCAO0pOAa, YTO YMEHbINAeT
ad3pOOHYI0 BHIHOCJIMBOCTb.

Muoro0MH BbIIESIET KUCIOPOA B MUTOXOHAPUU,
KOIJIa €ro 3arachl MPY BbIITOJIHEHUM MBIIIEYHBIX CO-
KpaleHUid MCTOIAIOTCS. DTOT pe3epB Kuciaopoaa
UCIIOJIb3YETCSI MPU MEPEX0Ae OT COCTOSIHUS TMOKOS K
COCTOSIHUIO BBIMOJHEHUS (DU3NYECKON HarpysKu.
Kucnopon mocrynaer B MUTOXOHAPUU B IIPOMEXKY-
TOYHBIN MEpUOI MEXITY HayaJaoM BBIMIOJHEHMS (U-
3MYECKOM HArpy3KH U MOBBILIEHHOM JOCTABKOM KHC-
JIopoJia CepIeYHO-COCYIUCTON CUCTEMOA.

TouHbIi BKJIag MUOIJIOOMHA B IOCTaBKY KUCJIO-
pona He usydyeH. OgHaKo TPEHUPOBOYHbBIE HATPY3KU,
HaIpaBJIEHHbIE HA Pa3BUTHE BHIHOCIMBOCTH, YBEJIM -
YMBAIOT COJEPKaHME MUOIIOOMHA B MBILILIAX HA 75 —
80 %. D1y aganTalMOHHYIO PEAKLMIO MOXHO OBLIO

OBl CYMTATDh OJIATOMPUSITHOH, eclii Obl OHA MOBBIILIA-
Jla CITOCOOHOCTD MBIIIL OCYIIECTBISITE OKUCIUTENb-
HBII MEeTabOoIU3M.

DOyHKIUSA MATOXOHIPHIA

Kak otmeyanock B r1aBe 5, a3poOHOe 00pa3oBaHUe
OQHEPrum OCymeCTBIICTCA B MHUTOXOHIPUAX.
B 31011 cBSI31 HEYIUBUTENILHO, YTO TPEHUPOBKA, HAIIPaB-
JICHHAas Ha pa3BUTUE BBIHOCJIMBOCTU, BbI3bIBACT U3MC-
HEeHUsT (GYHKIIMA MUTOXOHIPUH, MOBBILIAST CIOCOOHOCTb
MBIILIEYHBIX BOJIOKOH 00pa3oBbiBaTh AT®. CriocoOHOCTh
MCIIOJIb30BaTh KUCIOpoI U 00pa3oBbiBaTh AT®D myTtem
OKUCJIEHUSI 3aBUCUT OT KOJIMYECTBA, pa3Mepa U Mpou3-
BOAMUTEbHOCTY MUTOXOHAPUN MbILIL. TpeHUpPOBKa,
HampaBJICHHas Ha pa3BUTUE BBIHOCIMBOCTHU, ITOJIOXKM-
TeJbHO BJIMSIET HA BCE TPU TEPEMEHHBIE.

?’ A3poGHas TpeHMPOBKA MPUBOJMT K yBeJdde-
HHI0 Pa3MepoB M KOJMYECTBA MHTOXOHIPHIi
CKeJIETHOW MbIIIbl, 4TO MoBbiaeT 3ddex-
THBHOCTb €€ OKHCJIMTEIbHOr0 MeTado/m3Ma

B omHOM wuccinemoBaHMM Yy KpbIC TPEHUPOBAJU
pa3BUTHE BHIHOCIUBOCTH, TIPU 3TOM KOJIMYECTBO MMU-
TOXOHIPUIt 3a 27 HeflesIb YBETUUMIOCH MoYTH Ha 15 %
[10]. B To Xe BpeMs cpeqHUil pa3Mep MUTOXOHAPUI
yBenuumics nouty Ha 35 %. B Hacrosiiee Bpewms
M3BECTHO, 4YTO YBEJIMYEHHE 00beMa a’pOOHBIX Tpe-
HUPOBOYHBIX 3aHATUI MPUBOAUT K BO3PACTAHMIO KO-
JIMYECTBA U Pa3MEPOB MUTOXOHAPUIA.

Oxucurenbabie epMeHTHI

VYBenunueHue pazMepoOB U KOJUYECTBA MUTOXOH]I-
puil moBbIlIaeT a’3pOOHBIE BO3MOXHOCTH MBIIIII.
MHTEHCUBHOCTh 3TUX M3MEHEHUI BO3pacTaeT B pe-
3yJIbTaTE ITOBBILIECHMST TTPOU3BOAUTEIBHOCTU MUTO-
xoHapuii. Kak oTMeyanoch B I1aBe 5, OKUCIUTENb-
HOE pacIleIIeHe UCTOYHUKOB IHEPTMU U KOHEY-
Hoe oOpazoBaHue AT® 3aBUCIT OT AEHCTBUS MUTO-
XOHJIpUaNbHBIX (DEPMEHTOB. AKTUBHOCTb 3THUX ep-
MEHTOB YBEJIWYMBAETCS BCIEACTBUE TPEHMPOBKHU,
HalnpaBJIeHHOW Ha pa3BUTUE BBHIHOCIMBOCTHU.

Puc. 7.2 unmocTpupyeT U3MEHEHUSI aKTUBHOCTH
CYKUMHATAECTUAPOTreHa3bl — OJHOTO MX KJIOYEBbIX
OKUCJIUTEIbHBIX (DEPMEHTOB MBILII[ — B pe3yjibTaTe
TPEHUPOBOYHBIX 3aHSTUIM 10 MJABaHMIO C TIOCTETEH-
HBIM yBEJIMYEHUEM O0beMa Ha MPOTSKEHUU 7 Mec.
MHTEepecHO, 4TO HECMOTpPSI Ha TOBBIIIEHWE aKTUB-
HOCTH 3TUX (DePMEHTOB Ha MPOTSKEHUM BCEro Iie-
puoga, MIIK B mocnegnue 6 Helnedb MPAKTUYECKH
He U3MEHUJIOCh. DTO YKa3biBaeT Ha To, uTo Ha MIIK
B 0OJIbIIEH CTENEHU BIMSIET OTpaHUYEHME TPAaHCTIopTa
KMCJIOpO/Ia CO CTOPOHBI CUCTEMBI KPOBOOOpAIICHUS],
YeM OKMCIUTEIbHBIM MOTeHIIMAT MBI,

TpeHUpoBKa Ha YBEJMYEHHME BHIHOCIMBOCTU OKa-
3bIBACT 3HAYUTEIbHOE BIUSIHUE HA aKTUBHOCTh TaKUX
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MpoAoNKMTENbHOCTb TPEKNPOBOK, MEC

Puc. 7.2. Uzmenenue axmusnHocmu CyKyuHam-
de2udpoeena3ssl (0enbmosuoHas mMuluya)
npu NOCMeneHHOM yeeaudeHuu oosema
MPEHUPOBOUHBIX 3AHAMUL NO NAAGAHUIO

MBIIIEYHBIX (DEPMEHTOB, KakK CYKIMHaTIEruaporeHasa
¥ UUTPaTCHHTa3a. DTO BUAHO U3 puC. 7.3, Ha KOTOPOM
I10Ka3aHa aKTUBHOCTb 3TUX (1)€pM€HTOB Y HCTPECHUPO-
BaHHbIX, CPCAHCTPCHUPOBAHHLIX U BBICOKOTPCHMPOBAH-
HBIX HCTBITYeMbIX. [laxke mpu cpeagHeM YpPOBHE exe-
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I\ [Jonp~yM3MUECKMX HArPY30K aKTMBHOCTh YKa3aH-
HbKyyj11eMEHTPB MOBBIIIACTCS, A C HEil BO3pacTaroT 1
a3Fypgble BO3MOXHOCTY Mbl1ILL. Hanpumep, 6er Tpyc-
Lot 5pit €35 Ha BEJOCHIeNe B TeUeHHe XoTs Obl 20
MWk, IEHb YBEJMUMBAIOT aKTUBHOCTD CYKLIMHATAEIUII-
porg;a3bl B MbILILIAX HOT Oosee yeM Ha 25 %. Bonee
WHT, pCUBHbIETPeHUPOBKU (60 — 90 MUH B ieHb) IpH-
BOJl4, 3K TIOBBILIIEHHUIO €¢ aKTUBHOCTH B 2,6 pasa.

& ‘&zzguem/le AKTUBHOCTH 3THX OKUCIUTEIBHBIX
depyop. BB BCIIEACTBME TPEHMPOBOK OTPAXaeT Kak
YBeJy) o€ KOJIMYECTBA U PA3MEPOB MBIIIEYHBIX MH-
TOX{¥HIkoW}, TaK W TOBBILLIEHUE CIIOCOOHOCTH 00pa3o-
BbiBath AT®. TlepBoHaYaIbHO YBEJIMYEHUE AKTMBHO-
cTu (hepMEHTOB COBMAnacT ¢ nosbiieHueM MIIK.
OnmHako B HAcTOSIIIEe BPeMsI HEM3BECTHO, CYIIECTBY-
eT U MeXIy HUMH TPUIMHHO-CJICICTBEHHAs B3au-
MOCBsI3b. Takke HEM3BECTHO, MTOYeMy (DU3NIECKIe Ha-
TPY3KH TIOBBIIAIOT aKTUBHOCTH OKWCIUTEIBHBIX (hep-
MEHTOB CKeJICTHOU MBIIIIIE. Boiee Toro, He coBceM
TOHSTHO 3HAYEHHWE 3TOU TOBBIIICHHOW aKTUBHOCTH.
B n11000M ciiydae ykasaHHbIE U3MEHEHUSI MOXHO pac-
CMaTpuBaTh KakK WMEIOIINE OIpeaesieHHOe 3HAUYCHME
W I YTWIM3AIWMW KHUCIIOPOAa TKaHSMHU BO BpeMs
MBIIIIEYHON HESITeIbHOCTH, W JUIsl obecriedyeHus 3¢-
dexra "sxoHoMMM" TaMKoreHa. M mepBoe, M BTOpoe
MOXET CITOCOOCTBOBATh MHTCHCU(DUKAIINNA MBIIIEIHOMN
NeSITENIBHOCTH, TPEOYIOIIEeH TIPOSBICHUS BEIHOCTUBO-
cti. B TO Xe BpeMsl CyIecTBYeT JINIb He3HAUUTETh-
Has B3aMMOCBSI3b MEXIY AKTUBHOCTBIO OKWCIUATEITb-
HbIX (epMeHTOB U yBenudeHuem MIIK [8, 14].

ITo MHeHMIO0 HEKOTOPBIX YueHbix, MIIK perynu-
pyetcst KUCJIOPOATPAHCIIOPTHON CUCTEMOI (CHUCTEMOI
KpoBooOpaiieHusi). Jpyrue cuuTamT, 4YTO €ro a3poo-
HBIE BO3MOXHOCTH OTIPEIENISIOTCS OKMCITUTEIbHBIMU
cBoiictBamMu MbITII. CITOpHI O TOM, Kakas W3 CHUCTEM
Oosee BaxkHa, TIPEICTABIISIOT YUCTO aKaIeMUICCKUI

80t
70 (
60 | =
50| ———
30 l ———]
20 ————
10 —

1 2 3

Puc. 7.3. Axkmuenocmov ¢hepmenmos UKpOHONCHOU Mbluiybl Y HempeHuposarHvix (1), cpedoHemperHuposanHvix
beeynoe mpycuoil (2) u evicokomperupogaruslx (3) mapagonues. I[loxazarnvl yposHu chepmenmos
0451 CYKUUNamOe2uopozerasbi (a) u yumpamcunmassl (6) — 08yx u3 MHodcecmea gepmenmos,
yuacmeyouux 6 oxucaumenvnom obpazoeanuu AT®. Jlaunvie Kocmuana u op. (1979)
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MHTEPEC, MOCKOJIbKY aJanTallMOHHbIE peak. . e-
WX CUCTEM KpaliHe BaxKHBbI A5 YAYYLIEMU S bp- “nit
OKMCIIUTENIbHOW CUCTEeMbl U MHTEHCUMHKALIUB . (bI-
IEYHON NeATENbHOCTH, TpeOylolel APOsSBh HUs
BBIHOCJTUBOCTH. T

§ e
I

B OB3O0OPE... »
.o
ueM -

1. TpeHupoBKa, HampaBJeHHas Ha pa3Bk Goipy-
HOCJIMBOCTH, B Gonbllueil cTeneHu Bo3gedcTHye™ Ha
MC MEIIIeYHEBIe BOJIOKHA. BceencrBre 3toro oHu yBe-
JuyuBaioTcs. Xots cootHoueHue MC- u BC-Boro-
KOH U He U3MEHSIETCSI, OJHAKO B pe3yJibTaTe TPEHU-
poBouHbIX Harpy3kok BC.-BolokHa moryr npuo6-
peTaTh ompeeneHHble cBoiicTBa BC -BOJIOKOH.

2. TpeHUpoBKa, CMOCOOCTBYIOIIAS ITOBBIIIEHUIO
BBIHOCJTUBOCTH, YBEJIUYUBACT KOJMYECTBO KaIMJIJIsI-
POB BOKPYT KaXkJIOTO MBIIIIEYHOTO BOJIOKHA.

3. ConmepxaHne MHUOTJIOOMHA B MBIIIIAX ITOBBI-
maetcsa Ha 75 — 80 % B pe3ynabrare TPEHUPOBKH,
HaIpaBJeHHOU Ha pa3BUTHE BBIHOCIMBOCTH. B MHO-
IJIOOWHE COOEPXKUTCST KUCIOPOI.

4. TpeHUpOBKa, HaIpaBJeHHas Ha pa3BUTHUE BbI-
HOCJIMBOCTH, TIPUBOIMUT K YBEJIWYEHUIO KOJUYECTBA
W pa3MepoB MUTOXOHIPUIA.

5. BcaenctBre TPEHUPOBKM TOBBIIIASTCS aKTUB-
HOCTh MHOTHUX OKUCIUTEIbHBIX (hepMEHTOB.

6. Bce m3MeHeHUsI, MMPOUCXOISIINE B MBIIIIE, B
COYETaHWM C aJaNTAallMOHHBIMU peakKUMUsSIMU KUCJIO-
POATPAHCTIOPTHON CHUCTEMBI YCUJIMBAIOT (DYHKIIUU
OKVCJTUTETbHOM CUCTEMBI U YPOBEHb MBIIICYHON esi-
TEJIbHOCTHU, TPeOYIoIIeil MPOSIBIEHUST BHIHOCIUBOCTH.

AnanrauoHHble peaKuumi, BIUAIOIIHE
Ha UCTOYHUKH DHEPrum

Cucremarnyeckast a3p06HaH TPCHUPOBKa INPEAbIAB-
JIFICT IMOBTOPAIOLINECA Tpe60BaHI/I$I MbIIICYHBIM 3aIia-
CaM TJIMKOr¢éHa Mn 2KHMPOB. Hey)II/IBI/ITeJTLHO, YTO Hall

OpraHu3M afarTUPYeTCs K MTOTOOHBIM MOBTOPSIOIIIUM-
csl CTUMYJIaM, TTOBBIIIas 3 (GEKTUBHOCTb 00pa30BaHUs
HEPTUU U CHIXasl BEPOSITHOCTh BOSHUKHOBEHUS YTOM -
JieHus1. PaccMOTpUM, ¢ TTOMOIIBIO KaKUX aganTallioOH-
HBIX peaKlMil OpraHu3M TPEHUPOBAHHOTO YeJIoBeKa 00~
pasyeT SHEPruIo 3a CYET YIIIEBOIOB U XUPOB.

VYrieBoapl B Ka4ecTBe HCTOYHHKA JHeprum

MBbIlIeYHBIN TJIMKOTEH BeChbMa aKTUBHO UCMOAb-
3yeTcsl BO BpeMsl KaXKJ0ro TPEHUPOBOYHOIO 3aHSTHUS,
MO3TOMY TIOCJIe KaXK/I0TO 3aHSITUSI MEXaHU3MbI, 00ec-
MeYunBarIIe ero peCUMHTE3, CTUMYJIUPYIOTCS, a MC-
TOIIEHHBIE 3aMachl TJIMKOTeHa BOCTIOJNHSIOTCS. [1pu
aleKBaTHOM OTAbIXe U MOTPEOJIEHUU ITOCTATOYHOTO
KOJIMYECTBA YIJIEBOAOB C MPOAYKTAMU MUTAHUS Tpe-
HMpOBaHHas MblIlIIla HaKarmjuBaeT 3HAYUTEJIbHO
OoJibllle TIMKOTeHA, YeM HeTpeHupoBaHHas. Harpu-
Mep, eclii OeryHbl Ha AJWHHbBIE TUCTAHILIMM TpeKpa-
TSAT HA HECKOJIBKO JTHEel TPEHUPOBOYHBIE 3aHSATUS U
OyayT MOTpebIATh ULy, 6oratyio yrieBogamu (400 —
550 r-meHb™!), ypOBHY MBILIEYHOTO DIMKOTEHA Y HUX
MPEBBICAT BABOE CONEpPXKaHUE TIIMKOTeHAa B MBIIIIIAX
MaJIOTONBUXKHBIX JIIOJEH, TOTPEOJISIIONINX TaKoe XKe
KOJIMYECTBO yriieBonoB. bosiee BhICOKME 3amachl TJM-
KoTeHa 00ecIeYnBaloT CIIOpTCMeHa OOJIBIITUM KOJIM -
yectBoM 3Hepruu. [logpoOHee BOMpPOChl TUTAHUS
CIIOPTCMEHOB OOCYXXIaloTcsl B TyaBe 135.

ZKupsbl B KauecTBe UCTOYHMKA IHEPTUM

KpoMe 3HauuTEebHBIX 3amacoB TJIMKOTEHa, Tpe-
HHUpoBaHHAasI (HAa BBEIHOCIMBOCTH) MBIIIIIA COHEPXKUT
0oJbllIee KOJIWYECTBO XXUPOB B (pOopMe TPUTIIULICPH -
JI0B. MexaHuU3Mbl, oOecIieyMBaIOIIe ITOBBIIIEHHOE
cojiepXKaHUe UCTOYHUKOB SHEPIUU Y TPEHUPOBAHHOTO
CIIOPTCMEHA Ha pPa3sBUTUE BBIHOCIUBOCTU, U3YYEHBI
HEJOCTaTOYHO, TeM HE MEHee pe3yabTaThbl UCCIIEIO-
BaHWM TOKa3bIBAIOT, YTO BCEro JIMIIb IIOC/Ie 8 He-
JeJib 3aHSTUI colepKaHWe TPUTJIMLEPUIOB YBEIU-
yuBaeTcsa B 1,8 pasa [7]. BooOme, kak BUOHO U3

Puc. 7.4
Mumoxondpuu (a),
2PaHynbl
MbIULEHUHO20
eaukoeena (6)

U 8aKyoau
mpuenuyepudos (8)



puc. 7.4, Bakyosu, coaepxauiie TpUrIULEpu, pac-
MPEJENAI0TCS 110 MBIIIIEYHOMY BOJIOKHY, KaK MpaBu-
710, Omke K MUTOXOHIpUSIM. [To3ToMy OHM MOTYT
OBITh JIETKO MCTIOJb30BaHBl B KaYeCTBE MCTOYHWKA
9HEPIUU BO BpeMs (GDU3NYECKON HAaTPY3KHU.

CrenyeT Takxe OTMETUTb, YTO Y TPEHUPOBAHHO-
IO Ha YBEJWYECHUE BBIHOCIMBOCTU TOBBILIACTCS aK-
TUBHOCTh MHOTHUX MBITIEYHBIX (DEPMEHTOB, YIaCTBY-
IOIIMX B P-OKUCJIEHUU XUPOB. DTO MO3BOJSET Tpe-
HUPOBAaHHOHN Mbllle Oojee 3D(PEKTUBHO CXKUTaTh
KUPBI, CHUXASI TEM CaMbIM MOTPEOHOCTh B MBIIIIEY -
HOM ryiiKoreHe: O0pasiibl MbIIIIL Oeep aTieToB, B3s-
Thle O W IIOCJIE €3[bl Ha BEJOCHUIeNe, MOoKa3aln
30 %-e yBenwueHME CIIOCOOHOCTH OKMCJIEHUS CBO-
OOMHBIX XUPHBIX KUCIOT. Y TPEHUPOBAHHBIX HA pa3-
BUTHE BBIHOCIMBOCTU CIIOPTCMEHOB TaKXe YBEJIUYM-
BaeTCsSI MHTEHCUBHOCTD BBINEIECHUSI CBOOOTHBIX XUP-
HBIX KHUCJIOT TIPU TPOMOJIKUTENbHOU (PU3ndecKon
Harpy3Ke JJid UX UCIOJb30BaHUS MBIIIIIAMU.

A3poOHAs TPEHMPOBKA MOBBIIIAET BO3MOXK-
HOCTb HCHOJIb3OBAHHUA 2KMPOB B KadYeCTBE
MCTOYHHUKA JSHEPrum BO BpeMsA MbIILIEYHOI
JeATebHOCTH. DTO obecneuyuBaeTr 0oJiee
HHM3KYI0 MHTEHCHBHOCTb MCHOJIL30BAHUS TJIM-
KOreHa MbIIII U ITeYeHN

HccekyTl ¢ KomjeraMy BBIICHUJIM, YTO IIOH00-
HOE YBEJIMYECHME KOJHUYECTBA CBOOOMHBIX KUPHBIX
KHCJOT B KPOBU TO3BOJIIET MBIIILAM CXUTraTh 00JIb-
e XMPOB, 4eM yriaeBoaoB [12]. Pesynbrathl mocie-
JYIONIUX WCCIEAOBAHMI TOKa3aau, 4TO BCJIEACTBHE
TTOBBIIIEHUST YPOBHEW CBOOOIHBIX XUPHBIX KUCIOT B
KPOBU 3KOHOMSITCS 3alachl MBILIEYHOTO TJIMKOI€HA
M OTCPOYMBAETCSI BOSHUKHOBEHME yromiaeHus [3, 13].
IIpu m060i1 JaHHONH MHTEHCUBHOCTU pPabOTHI Opra-
HU3M TPEHHUPOBAHHOTIO YeJIOBeKa, KaK MpaBUiIo, HC-
MOJb3yeT B KaueCcTBE MCTOYHMKA SHEPTUU OOJIbIIIe
KUPOB, YEM YTJIEBOMOB, MO CPAaBHEHMIO C OpPraHu3-
MOM HETPEHUPOBAHHOTO YeJIOBEKa.

B OB3O0OPE...

1. 3amachl IIMKOreHa B TPEHUPOBAHHOMW (HA BbI-
HOCJIMBOCTb) MBbIIIILIEe 3HAUYUTEIbHO MPEBBIIIAIOT €T0
3arachbl B HETPEHUPOBAHHOM.

2. Kpome Toro, B Takoii MBIIIILIE COACPXKUTCS 3HA-
YUTEJbHO OOJIbIIIE XUPOB (TPUTTIULIEPUIOB).

3. TpeHupoBKa MPUBOIUT K MOBHIIIEHUIO aKTUB-
HOCTHU MHOTHX (DepPMEHTOB, yYaCTBYIOILUX B P-OKHC-
JIEHUU XHUPOB, YTO OOYCIOBIMBAET YBEIUUEHUE CO-
Jep>XaHUsT CBOOOIHBIX KM PHBIX KHCJIOT. DTO, B CBOKO
ouepellb, MPUBOAUT K 00jiee MHTEHCUBHOMY MCIOJb-
30BaHHUIO XMUPOB B KAUeCTBE UCTOUHMKA SHEPTUU U,
cliefoBaTeIbHO, K 5KOHOMMMU TJIMKOTEHA.

[TogBoast MTOT BBILIECKA3aHHOMY, OTMETHM, YTO
yIIydieHue PYHKIMK a3pO0HOI BRIHOCIMBOCTH MBITIII]
MPUBOJHUT K YBEIMUYEHUIO CIIOCOOHOCTH 00pa3oBaHue
SHEPTUU C OOJIBIIMM aKLEHTOM Ha MCIIONb30BaHME
xupoB st cunte3a AT®. [loBelleHHas BCIeNCTBUE
TPEeHMPOBOYHBIX HAIPy30K, HAaIIpaBJIeHHBIX HA Pa3BU-
THE BBIHOCIMBOCTH, CITOCOOHOCTH MBIIIII] MCITOIB30-
BaTb XXUPbI 00YCIOBIEHA ee Oojiee BHICOKON YTUIN3a-
LMeil CBOOOXHBIX XMPHBIX KHMCJIOT M OKUCICHUEM
XupoB. B psine BUmoB criopta (JIBDKHBIE TOHKH, Mapa-
(boH) MogOOHBIE aganTalMOHHbIC M3MEHEHUS MTPEA0T-
BpalIaloT MPEXAEBPEMEHHOE UCTOIIEHNE 3aM1acoB T~
KOTeHa M TeM CaMbIM 00€CIeUMBAIOT IIOCTOSHHOE 00-
pazoBanue AT®. Taxum o06pa3oM, MBIIIcYHAas
JeSITeIbHOCTh, TPeOyrolash MPOSIBJIEHUSI BEIHOCIMBO-
CTH, CTAaHOBUTCSI Oonee 3 HEKTUBHOIMA.

TPEHUPOBKA ADPOBHOM
CUCTEMBI

B naGopaTOpHBIX YCIOBUSIX YUEHbIe MOTYT M3Me-
PUTh a3pOOHBIE BOZMOXKHOCTH 00Opasia MBILIIbI, MO-
JIY4EHHOTO C TIOMOIIbIO TYHKIIMOHHON OWOMCHUU.
Eciu ero pasmenbuuTh B pacTBOpe, colepKalieM
Jpyrue XXU3HEHHO HeOoOXOAMMbIE KOMITOHEHThI, MU-
TOXOHAPUM HAYHYT UCIOJIb30BaTh KUCIOPOI U 0Opa-
30BbIBaTh AT®. Takum 006pa3oM, MOXHO OMpeaeTUTh
MaKCHMAaJbHYI0O CKOPOCTb MCITOJIb30BaHUS MbILIEY-
HBIMM MUTOXOHAPUSIMU KUCIOpOa 1 00pa3oBaHuUs
AT®. DToT MeTOJ, KaK Mbl BUIUM, TIO3BOJISIET U3ME-
PUTb MaKCUMAaJIbHBIN AbIXaTeIbHBIN 00bEM MBIIIIIHI,
wiu O, . B cymnoctn, 0, — nokasatenb Makcu-
MaJIHOTO MOTPEOIeHNsT KUCIOPOAa MBIIIIER (B OT-
nuame ot V., SBIsIONerocs mokasaresieM Mak-
CHMAIBHOTO MOTPeBIEHIS KICIOPOa OPTaHU3MOM).

OOpa3siibl MKPOHOXHBIX MBIIIL TpeX TPyHH UC-
MBITYEMbIX, TIPUBEIEHHbIE HA PUC. 7.5, TTOKa3bIBAIOT,
4TO B HETPEHMPOBaHbIX Mblniax ()  COCTAaBIAIOT
okojo 1,5 1 Kuciopoa B 4ac Ha KaxXILId rpaMM
mbimibl (-u~t-r~1). C 1pyroit cTopoHsl, y Joaei ¢
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Puc. 7.5. Pecnupamopubie 6ozmoxnchocmu Q07 Jurponoc-

HOII MblULbl HEMPEHUPOBAHHbIX ucnbimyemuix (1), cpedne-

MpeHUpoBanHvix 6ecyHoé mpycuoi (2) u 8biCOKOmMpeHupo-

sanHbix mapagponyes (3). Obpamume enHumaHue Ha onpe-

Oenennyro nponopyuoransiocme &, —00semy mpenupogoy-
HbiX Haepysok. Jannvie Kocmuana (1986)
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SHepro3arpaTamMu, OOYCIOBJIEHHBIMU (PUNYSCKUMU
Harpyskamu, HanpuMmep, Oer Tpycuoii 25 — 40 km B
Hepemo (mopsaka 1 500 — 2 500 kkan B HeAemo),
@, cocrasnsor 2,7 y~ir™!, uto B 1,8 pasa Bbie,
4yeM y HeTpEeHUPOBaHHBIX JIIOEH. Y MapadOHLEB, YbU
sHepro3aTparel npesbimatoTr 5 000 kkam B Hexe-
mo (okonmo 80 KM B Heleno), QO, COCTaBJSIOT
4,0 my~''r}, T.e. moutu B 2,7 pasza BbIlIE, YEM Y

HETPEHUPOBAHHLIX JIOJICH.

Yeeauuenue a3apobHbix 603MONCHOCMEN OpeaHU3-
Ma npusodum K HOBbIUEHUN) MAKCUMAALHOZ0
OKUCAUMENbHO2O UAU  ObIXAMeAbHo20 006eMa
{ Q0 ) mulypl. MakcumanvHble cpeoHue 3Hate-
Husi QOJ (5,2 wu'-27!) 6viau 3apecucmpuposa-
Hbl 8 0eAbMOGUOHBIX MbIUUUAX NA0BYUO8, UblU IHED-
203ampamol 8caedcmeue MmpeHUposKU Npesviuia-
au 10 000 kkan 6 nedenro [1]

BriosiHe OuYeBMAHO, YTO TPEHUPOBAHHBIC MCIIbI-
TyeMble MMEIOT IIPEUMYIIECTBO 10 CPAaBHEHUIO C He-
TpeHupoBaHHbBIMU. Ho kKak oHo gocturaercsa? B cre-
IYIOIIKX pa3feax KHUTYM pacCMOTPUM pa3IM4YHbIe ac-
MEKThI BJIMSHUS HArpy30K, HalpaBJIeHHbIX Ha pa3BU-
THE BBIHOCJIMBOCTH, C TeM YTOOBI MOMBITATHCS BBISIC-
HUTh, KaKUM 00pa3oM MOXHO elllie OOJbIle yBeIu-
YUTh TPEUMYILECTBO TPEHMPOBAHHOIO OpraHMU3Ma.

OBBEM TPEHMWPOBOYHBLIX HAT'PY30K

AnmanTalMoOHHbIE pPEaKIMd Ha TPEHUPOBOYHBIM
MpoIecC JOCTUTAIOTCS TIPU BBIMOJHEHUU ONTHUMAJIb-
HOro oObeMa pPabOThI Ha KaXIOM TPEHUPOBOYHOM
3aHATMM B TeYeHUE TaHHOTO mepuona BpemeHu. He-
COMHEHHO, OINTUMAJIbHBI 00beM (PU3NYECKUX Ha-
IPY30K OyIeT OnpenesiTbCsl MHIUBUAYAIbHBIMU BO3-
MOXHOCTSIMU KaXIOrO CIIOPTCMEHa, BMECTE C TEM,
KaK MOKa3bIBalOT pe3yabTaThl HAOMIOAEHUI 3a Oery-
HaMU Ha IJWHHbIE TUCTAHIIUM, CPEOHUN ONTUMAJIhb-
HBIII 00bEM Harpy3oK COOTBETCTBYET 3Heprosarpa-
tam mopsiaka 5 000 — 6 000 xkkanm B Hememo (Mpu-
oausuTenbHo 715— 860 kkan B meHb). DTO
COOTBETCTBYET IpoberaHuio auctaHuuu 80 — 95 km
B Henemo [2]. Jns TUTOBLOB CpeIHUI ONTUMAIbHBIN
00beM Harpy3ok coctaBur 4 000 — 6 000 M B meHb
[6]. BrionHe o4eBHIHO, YTO 3TU 3HAYEHUS OTPaAXKAIOT
BCEro JIMIIb OLEHKY BEJIMYMHBI CTUMYJa, HEOoOXOmu-
MOTO ISl TPEHUPOBKU MBI, HekoTtopeie cropt-
CMEHBI MOTYT 3HAYUTEJIbHO IOBBICUTH CBOM a’po0-
HbIe BO3MOXHOCTM, BBITIOJHSISI MEHBIIUN 00beM pa-
0OTBI, IPYTUM JJISI 3TOT0 MOXET MOTpeOOBaThC ellie
0O0JIbIIIEe YBETUIUTD TPEHUPOBOYHBIE HATPY3KU.

CrerneHb MOBBIIIEHUS] a3POOHBIX BO3MOXKHOCTEM
JAaCTUYHO 3aBUCUT OT KOJMUYECTBA KaJOpUi, pacxo-
IyeMbIX Ha KaXXIOM TPEHUPOBOYHOM 3aHSATHUH, a TaK-
K€ 0T 00beMa paboThl, BHINMOJHIEMOM B TEUEHUE HE-
CKOJIbKUX HeneJlb. MHOTHEe CIIOPTCMEHBI U TPEHEPHI
CUYMTAIOT B 3TOM CBSI3U, UTO IMOBBIIICHUE adpOOHOI

BBIHOCJIMBOCTA TIPSIMO TPOINOPLIMOHAIBHO 00beMy
TpeHUpPOBOK. OmHAKO ecid Obl 00bEM TPEHUPOBOU-
HBIX HArpy3ok Obl1 Haumbojee BaXXHBIM (DaKTOpPOM,
00YCJIOBJIMBAIOIIMM adallTAllMOHHBIE PEaKLIMU MbI-
IIEYHOU CHCTEMBI, TO T€ CIIOPTCMEHBI, KOTOPBIEC pac-
XOIOBaJu Obl OOJBILIE BCETO DHEPTUU BO BpeMs Tpe-
HUPOBOYHBIX 3aHATUN, UMeIU Obl caMOe BBICOKOE
MIIK. OnHako 3TO He Tak.

[ToBbllIeHME a3POOHBIX BO3MOXHOCTEN B PE3Yib-
TaTe TPEHWPOBKM, HAIlpaBICHHOW Ha pa3BUTHE BbI-
HOCJIMBOCTHU, UMeeT cBou peaesbl. CopTCMEHbI, Mo-
CTETIEHHO YBeJWYMBaIOIIMe (pU3nUeckKue HarpysKu,
B KOHIIE KOHIIOB TOCTUTAIOT Ipeesia a3poOHbBIX BO3-
MOXHOCTEM, KOraa JajbHeiilliee yBeJuueHue oobema
Harpy3kyd He TPUBOIUT K TOBBIIICHUIO BBIHOCIMBO-
cti wim MITK. Dro mimoctpupyer puc. 7.6, Ha KO-
TOopoM mnoka3aHbl u3MeHeHusi MIIK y nByx GeryHoB
Ha IJIMHHBIE AWCTAaHLIMM A0 W TIOC/E Pa3IUYHBIX IO
00beMy TPEHUPOBOYHBIX 3aHITUl. B Hauane TpeHu-
poBouHoro mpouecca (40 xm B Hememo) MIIK yBe-
JINYUBANOCh 3HauuTenbHo. YBenuuenue MIIK mpo-
TOJIXAJIOCh MO TeX IMOp, IMOKa CIOPTCMEHBI HE JIOBe-
1 00beM Harpy3ku a0 80 kM B Henmemo. JlanbHeliiee
yBeJIMYeHUE 00beMa HArpy3Ku He MPUBEJIO K IOBBI-
LIEHUIO YPOBHS BBIHOCIMBOCTH. B TeuenHume 1 mec
CIIOPTCMEHBI TOBEIM O00bEM TPEHUPOBOUYHBIX HATPY-
30K 10 350 kM (217 Munp) B Hemelllo, OIHAKO YpoO-
BeHb BBIHOCIMBOCTM He MOBBLICHICS [2].

HexoTtopble cHOPTCMEHBI YBEIUUYMBAIOT O0BEM
Harpy3oK 3a CUeT IPOBEACHUS IBYX TPEHUPOBOYHBIX
3aHITUM B JeHb. OmHAKO eclii BO BpeMs IEpPBOIO
TPEHUPOBOYHOTO 3aHSITUSI CHOPTCMEH M3pacXomoBasl
sHepruio, paBHylo 1 000 Kkam B JeHb, ITPOBEACHUE
BTOPOT0 TPEHUPOBOYHOI'O 3aHATHUS HE TPUHECET eMY
HUKaKO# MOoib3bl. (DTOT BOIPOC OOCYXIaeTcs B IJia-
Be 13.)
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TPEeHMPOBOYHAsA AUCTAHUMS, KM B HEOEo

Puc. 7.6. Hsmenenus MIIK y Osyx Oecynoé na OaunHble
ducmanyuu npu pazruuHom obseme Haepysku. Obsem mpe-
Huposku 40— 80 km 6 Hedeato cnocobcmeosan nogviuie-
HUIO aspobHbIX 803MOJCHOCMell, moeda Kak npu bonee 8bi-
COKOM o0b0seme Hacpy3Ku OONOAHUMENbHO2O NOBbIUIEHUS
aspobHbIX 803MONCHOCMEN He HABAI00aA0Ch.
Iannvie Kocmunna (1986)
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MHTEHCUBHOCTb TPEHUPOBOYHBIX
SAHATHUN

AIanTallMOHHBIE peakKlMM Ha TPEHUPOBKY, Ha-
IpaBIeHHYIO0 Ha Pa3BUTHE BHIHOCIMBOCTH, 3aBUCST
HE TOJbKO OT 00beMa, HO M OT MHTEHCUBHOCTH Tpe-
HUPOBOYHBIX 3aHATHIA. PaccMoTpUM 3HayeHUE UH-
TEHCHBHOCTH TPEHUPOBOUHBIX 3aHATHIH B IIUKIHYEC-
KUX Bujax croprta (0onee moapoOHO 3TOT BOIIPOC OC-
Beliaercs B riase 13).

AJanTallMOHHBIE PeaKIUU MBIIIEYHOM CHCTEMBI
3aBUCAIT KaK OT CKOPOCTH, TaK U OT MPOJOJIKHUTEIb-
HOCTM YCMJIMSI, IIPWJIaraeMOro BO BpeMsI TPEHHUPO-
BOYHOTIO 3aHATHUSA. BeryHmI, BEIOCUIIEIUCTHI U TIOB-
LIBI, TPEHUPOBOYHEII IIPOLECC KOTOPHIX BKIIIOYAIOT
KpaTKOBpEMEHHbBIE, BHICOKOMHTEHCUBHBIE (DU3MUEC-
K1€ Harpy3Ku, JOCTUTAIOT IYYLINX PEe3yIbTaTOB UeM
Te, PEeXUM TPEHUPOBOYHBIX 3aHATHI KOTOPHIX TOCT-
POEH Ha JUINTEJIbHBIX, MEUIEHHO BBITTOIHSIEMBIX (DH-
3MYECKMX YIPAXHEHUIX HEOONBIION MHTEHCHBHOC-
TH, TIOCKOJIBKY ITOC/IEIHNE HE 00eCIeurBaIOT BOBJIE-
YyeHne OOJBIIETO0 YMCIAa MBIIIEYHBIX BOJOKOH B
COKPATUTENbHBINA TIPOLIECC ¥ BBICOKYIDO WHTEHCHUB-
HOCTh 00pa3oBaHUS BSHEPrUU, HEOOXOTUMBIX IJIS
MaKCHMaJIbHOI MBIIIEYHON NeATETbHOCTA LINKIINYEC-
KOTO XapakTepa.

CKOpOCTHas TIOATOTOBKA BHICOKON WHTEHCHBHOC-
TU BKJIIOYAeT MO0 MHTEpBaJbHEBIC, OO HEIpPEpPhIB-
HBIe TPEHUPOBKM C OKOJOCOPEBHOBATEILHON CKOPOC-
Thi0. PaccMOTpUM TIperMyIIeCTBa TaKOW TPEHUPOBKU.

HNuTtepBanbHas TpeHMPOBKA

BoNbIIMHCTBO CMOPTCMEHOB UCIOIb3YIOT METON
MHTEPBAIbHOM TPEHUPOBKU /17151 TIOBBILIEHHUSI TJIaBHBIM
00pa3oM aHa3’pOOHBIX BO3MOXHOCTel. CremoBaTelhb-
HO, OOJTBIIMHCTBO ITOBTOPSIONINXCS INKIIOB (pr3mdec-
KOI Harpy3ku BBITIOJIHSIETCSI CO CKOPOCThIO, TIPU KO-
Topoit oOpasyercsi OO0JbIIOE KOJIMYECTBO JaKTaTa.
OJHAaKO WHTEPBAJIbHBIA METOA TPEHUPOBKU MOXET
OBbITh TaKXXE MCIIOIb30BaH [UIS MOBBIILIEHUST @39POOHBIX
Bo3MoXHOcTel. [loBTOpsIONIMECS KPaTKOBPEMEHHBIE
LMK (PU3NYECKOU HArpy3KU, BHITTOJHSIEMbIE B ObIC-
TPOM TEMIIe TIPM KPaTKOBPEMEHHBIX MHTEpBaIax OT-
JbIXa MEXJy LIMKJIaMM, OKa3bIBalOT TaKOE Xe BO3nei-
CTBUE, KaK U TPOJOJKUTENbHbIE M HEMpPEepbIBHbIC
(hm3muecKre Harpy3Ku BBHICOKOH MHTEHCHBHOCTH.

DTOT BUI a’pOOHOI MHTEPBAJILHON TPEHUPOBKU
CTaJl OCHOBOH AJIS1 TMOBBILIEHUSI a3POOHBIX BO3MOX-
HOCTel CTIOPTCMEHOB, 0COOeHHO TIOBLIOB. OH TIpe-
noJjiaraeT BbITOJHEHUE KpaTKOBPEMEHHBIX (pusuyec-
kux Harpy3ok (30 ¢ — 5 mun; 50 — 400 M mIaBaHuMs)
€O CKOPOCTbI0, HEMHOTO YCTYTalolIei COpeBHOBATEb-
HO, a TaKXe 0YeHb KOPOTKIE MHTEPBAITBI OTIBIXA (5 —
15 ¢). Cronb KOpOoTKME MHTEPBAJIbl OTAbIXA BHIHYKIA-
0T BBITIOJIHATH Pa0OTY B @3pOOHOM peXUMeE, TIPaKTH -
9eCKM HE CTUMYIUPYS TJIMKOJIUTHYECKYIO CHCTEMY
MPOM3BOJICTBA JIAKTaTa.

B ta6n. 7.1 npuBoauTcs mpuMep MporpaMMbl
a3pOOHBIX UHTEPBAJIbHBIX TPEHUPOBOK JIJIs1 OETYHOB.

[TockombKy I1aBHBIM (PAaKTOPOM IOBHIIIEHUS a3p00-
HbIX BO3MOXHOCTEW SIBJsIETCSI 00beM TPEHUPOBKH,
OETYHbI JOJKHBI BBIMTONHATH 0OJbIIOE KOJIUYECTBO
noropeHuii. B ntanHoM npumepe 20 moBTopeHuit Oera
Ha 400 M cooTBeTcTBYIOT 00l1eMy o0bemy 8§ 000 M
(okoso 5 mMuib). CkopocTb Oera cierka ycTymnaeT co-
peBHOBaTeIbHON Ha aucTaHuuu 10 KM, B JaHHOM
cimyyae Ha 8§ — 10 ¢ xaxmsie 400 M. Bmecte ¢ TeM oHa
MPEeBBILIAET CKOPOCTb, KOTOPYIO MOTJIM Obl MOAAEp-
KMBaTh CIIOPTCMEHBI BO BpeMs HEMpPEephIBHOTO 3a0e-
ra Ha 8 000 M. ['maBHasi TPyAHOCTb B JAHHOM Cliyyae
COCTOMT B OTHOCHUTEJbHO KOPOTKOW MpPOJOJIKUTEb-
HOCTHM WHTEpBajJoB OoTAbIXxa, Bcero 10 — 15 ¢, KoTo-
pas He TO3BOJISIET MbIIILAM BOCCTAHOBUTBCS, XOTSI
JlaeT BO3MOXHOCTb "CJlerKa TepeloXHYTh'".
Ta6naunua 7.1. IIpumep a3poGHOIT MHTEPBAIBHON
TPEHUPOBKH A1 OeryHoB Ha nucTanumio 10 km

Jlyammii
pesysisTar | Orpesox WutepBansl | CkopocTs,
OBTOpEHUE | TUCTAHLIUM,
Ha 10 KM, oTARIXA, C MUWHX
MHH:C M

46 : 00 20 400 10—-15 2:00
43 : 00 20 400 10 — 15 1:52
40 : 00 20 400 10— 15 1:45
37 : 00 20 400 10— 15 1:37
34 : 00 20 400 10 — 15 1:30

HenpepbiBHblii MeTO] TPEHUPOBKH

MoXHO yTBEepXaaThb, YTO HEMPEPbIBHOE BbHIMOJ-
HeHUe (PU3MUECKON Harpy3Ku BBICOKOW MHTEHCHB-
HOCTM OKa3blBaeT Takoe e BO3IeHCTBHE Ha a’po0-
Hble BO3MOXHOCTH, KaK U €€ BbITIOJHEHUE WHTEp-
BaJIbHbIM MeTofoM. OIHAKO HEKOTOPbIE CIIOPTCMEHBI
CUMTAIOT HEMpEepbIBHbI MeToA 00Jiee CKYUHBIM.
B HacTrosiiee BpeMs HeT MOBOJA CUMTATh MHTEPBab-
HBIII METOA TPEHMPOBKU Oonee 3(PHEKTUBHBIM, M
HETIPEPBIBHBIA.

B OB30PE...

1. MneanbHblit pexxuM TPEHUPOBKU JOJKEH obec-
MeynBaTh 3Heprosarparsl mopsaka 5 000 — 6 000 kxai
B Hemenmo. bosee HM3KMIA ypoBeHb SHEPro3aTpar, BU-
JIUMO, He 00ecreunBaeT J0CTaTOYHOTO TPEHUPOBOU-
Horo 3¢dexra.

2. BaxHyio poib B Ipoliecce TPEHUPOBKU UTPacT
€¢ WHTEHCUBHOCTb. ANANTallMOHHBIE PEaKIMH BO
MHOTOM 3aBUCST OT MPOAOJXKUTETbHOCTH U CKOPOC-
TU BBITIOJHEHUS (PUBMYECKUX HArpy30K; CIIOpTCMeE-
HBI, 3aHUMAIOIINeCs BUIAMU CIIOPTa, TPEOYIONTMMMU
MPOSIBIIEHUSI BBICOKMX CKOPOCTHBIX CIOCOOHOCTEH,
JOJXHBI TPEHUPOBATHCS C BHICOKOI CKOPOCTHIO.

3. Meton aspoOHOI MHTEPBAIbHOM TPEHUPOBKHU
MpeanojaraeT BbIMOJHEHNWE IIUKIOB (U3UYecKoii
HaTpy3K1 BHICOKOM MHTEHCUBHOCTH C KPaTKOBPEMEH-
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HbIMM MHTEpBaJIaMU OTIBIXa MEXIY HIUKIaMHU. DTOT
METON, TPAAUIIMOHHO CUYNTAIONIMIACSI aHA3POOHBIM,
obecrieynBaeT MOBHIIICHNE a3POOHBIX BO3MOXHOC-
Telf, TTOCKOJNBKY MHTEpPBAIbl OTHBIXa HACTONBKO KO-
POTKM, YTO TIOJHOE BOCCTAHOBJIEHHE He TMPOUCXO-
IIMT, BCJIENCTBHME 3TOTO JOCTUTACTCS aleKBaTHAas Ha-
Tpy3Ka a3pOOHBIX CHCTEM.

4. HempepbIBHBINE METOI TPEHMPOBKH, IO MHE-
HHIO0 MHOTHUX CITOPTCMEHOB, Yepecuyp YTOMUTEIECH U
CKyYeH.

5. NATepBanbHBIN U HEMPEPHIBHBIA METOIBI TPe-
HHUPOBKM 00ECTIEUYNBAIOT MPAKTUIECKN OXMHAKOBOE
TTOBBITIICHUE a3POOHBIX BOZMOXHOCTEH CITOPTCMEHOB.

AJATITAIIMOHHBIE PEAKIINNA,
OBYCJ/IOBJIEHHBIE AHADPOBHbBIMMH
TPEHUPOBOYHBIMHN HATPY3KAMU

DHepreTuyecKe MOTPeOHOCTH TAKUX BUIOB MbI-
IMeYHON IesTeTbHOCTH, KaK Oer WiIM ITUIaBaHWE Ha
KOPOTKHWE TUCTAHLIMK, TPeOYIOIIe MPOSBIeHUS I10-
YTU MaKCHMAJBHBIX YCUJIMIA, O00ECIIeUrBaIOTCS CHC-
TeMoil AT® — K® ¥ mMKOIUTHYECKON CUCTEMOM
(aHAa®pOOHOE pacIIeTIEHNe MBIIICYHOTO IJIMKOTEHA).
Hixe MBI paccMOTpPUM BO3MOXKHOCTUA TOBBIIICHUS
3(pPeKTMBHOCT 00EUX CHUCTEM.

AJAIITALIMOHHBIE PEAKIIMA
CUCTEMbBI AT® - K®

Bunbl MBIIIEIHON OEATEIBHOCTH, TpeOylomIeit
MIPOSIBJICHHUSI MAaKCUMAaJIBHBIX YCUITNI, — Oer, IjiaBa-
HUe Ha KOPOTKWE AWCTAHIINM, TSXKeTas aTieThKa —
ocHoBaHbl Ha cucreMe AT® — K® ob6pa3oBaHus
sHeprun. ObecriedyeHe MaKCUMaNbHBIX YCUITUH TIpO-
TOJDKUTENTBHOCTBIO MEHee 6 C OCYIIECTBIAETCS 3a CUeT
pacmerieHust n pecuare3a AT® n K®. Uzyyennio
aJanTalMOHHBIX peakiuil cucteMbl AT® — K® Ha
KpaTKOBPEMEHHYI0O MaKCUMAalbHYI0 HAarpy3Ky OBLIO
MOCBSIIEHO HEMHOTO MccienoBaHuit. OoQHO M3 HUX
nposed B 1979 r. Koctunn ¢ komteramu [4]. Mcnbl-
TyeMble BBITIOTHSIIN pa3THOaHWe HOT B KOJICHHOM
cyctaBe. OmHy HOTY pas3rubaim B TedeHHe 6 ¢ (Mak-
CcHMMajibHas Harpyska), BbIMOJNHSA 10 MOBTOpEeHUN.
Br10 obecreynBano HarpysKy Ha cuctemy AT® — K.
[IpomomKUTeTPHOCTh BBITIOJTHEHUST PaOOTHI BTOPOIA
Horoit Obi1a 30 ¢, yTo OOECreynBao CTUMYJIMPOBA-
HUE TIMKOJUTUIECKON CHCTEMBI.

Oba meToma TPEeHMPOBKY TIPWBETN K OTMHAKOBO-
MY MpUpOCTy cuibl (oKojo 14 %) u oguHaKOBOI CO-
TIPOTHBIIIEMOCT! yToMJIeHnI0. Kak BumHO u3 prc.
7.7, BcmencTBue 30-CeKyHIHBIX MaKCHMAaTbHBIX Ha-
TPY30K TTOBBICHJIACh aKTHBHOCTh MBIIIEYHBIX (PepMeH-
TOB KpeaTuHdpochokrHa3bl 1 MIUOKMHA3E. B To Xe
BpeMsI MX aKTMBHOCTH B MBIIIIIAX HOTH, KOTOPOI BHI-
TIOJTHSIN 6-CeKYHIHYI0 MaKCHMaJbHYIO paboTy, He
n3MeHMIach. Ha ocHOBaHMM TOTyYeHHBIX pe3yiIbTa-
TOB MOXHO C/IeJIaTh BBIBOM, UTO MaKCHMadbHbIE (PH-
3WYeCKHe HAarpy3Ku CIIPUHTEPCKOTo TUMa (6 ¢) CIo-

COOCTBYIOT ITOBBIIIEHUIO CHJIOBBIX KayecTB, OTHAKO
MPaKTUYECKN HE BIMSIIOT Ha MEXaHM3MBI, 00CCITeUN-
Baromue pacinerienne AT®. CnemoBatelbHO, TO-
TOOHBIN BUI TPEHUPOBKM OOECTIEUMBACT YIYUIICHUE
CTIOPTUBHBIX PE3YIbTaTOB BCIEACTBUE IMOBBIIICHUS
CUJIOBBIX KauecTB, OIHAKO HE CIOCOOCTBYET YBEIH-
JeHNI0 3()QPeKTUBHOCTH Tpolecca obpa3oBaHUs
SHepruu 3a cuer pacuierieHus AT® u KO.

Bmecte ¢ TeM B ApyroM McclienoBaHWU Haboma-
JI TIOBHIIIEHNE aKTUBHOCTU (hepMeHTOB ATD — KD
BCIIEICTBHE IHMKIOB TPEHUPOBOYHBIX HATPY30K TIPO-
TOJDKUTENBHOCTBIO BeeTo 5 ¢ [16]. HecMmoTpst Ha mpo-
TUBOPEYMBOCTD PE3Y/IbTaTOB, 00a MCCIIEMOBaHUS yoe-
IUTENbHO TTOKA3bIBAIOT, YTO TJIABHBIM JOCTOMHCTBOM
TPEHUPOBOYHBIX LIMKJIOB, JISIIUXCA BCETO HECKOJb-
KO CEeKYHI, SIBISIETCS YBEIWIEHNE CHJIOBHIX KadyecTB.
BTO MO3BOJIAET CIIOPTCMEHY BBITTOJIHATH JaHHYIO pa-
00Ty ¢ MCHBIITM YCUIIUEM, YTO CHIDKACT BEPOSTHOCTD
BO3HUKHOBEHUS yToMiieHUs. M XOTS He ycTaHOBIe-
HO, TIO3BOJISIIOT JI 3TH M3MEHEHHUS BBITTONHSTH MBIIII-
aM OOJIBIINIA 00BeM PabOTHl aHA3POOHOTO XapaKTe-
pa, pe3yipTaTthl 60-CeKyHIHOTO TecTa "CIIPUHT —
yTOMIIeHHe" CBHUAETEIBCTBYIOT, YTO KPAaTKOBPEMEH-
HEIe aHa’pOOHbBIe TPEHMPOBOYHBIE HATPY3KU CITPHH-
TEPCKOI HAIIPaBJICHHOCTH HE CITOCOOCTBYIOT YBEIIH-
YEHUI0 aHa3pOOHOI BHEIHOCIMBOCTHU [4].

AJAIITAUVMOHHBIE PEAKIINN
TNIMKOJINTUYECKON CUCTEMBbI

TpeHupoBka aHadpoOHOW HampaBiaeHHocTH (30-
CEKYH/IHbIE LIMKJIbl Harpy3Ku) MOBBIIAET aKTUBHOCTh
psa KJIOUEBbIX TIMKOJUTUIECKUX U OKUCIMTEIbHBIX
(epmenToB. Yaile Bcero B MPOBOAMBILUXCS MCCIe-
JIOBaHUSX U3ydaJld aKTUBHOCTb TAaKUX TIMKOJUTHUYEC-
Kux depMeHTOB, Kak ¢dochopunasa, docdodpykro-
KWHa3a U JakTtatgeruaporeHasa. Mx akTMBHOCTH TO-
Beimaetcs Ha 10 — 25 % B pe3ynbTaTe BBITTOTHEHUS
30-CeKyHIHBIX IIUKJIOB (U3MYECKON HArpy3kKu H
MPaKTUYECKU HE U3MEHSETCSl BCAEACTBME BLITTOIHE-
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Puc. 7.7. Hzmenenue axmuenocmu kpeamun@ocgoxuna-
36t (KDPK) u mvrweunoit Muokurnaswvi (MM) e pezysomame
6- u 30-cekyHOHOU maKkcumanvbHoll ana3pobHOIl HASPY3KU
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HUSI KPaTKOBPEMEHHBIX (6-CeKYHIHBIX) IUKIIOB, KO-
TOpbIE TJIAaBHBIM 00pa3oM BO3AEHCTBYIOT Ha CUCTEMY
AT® — KO [4]. [TockoabKy ¢ochodpyKTOoKHUHA3a U
docdopunaza urpaT BaxXHYIO poJib B aHaA3POOHOM
o6pazoBannu AT®, MOXHO MPeaNONOXNUTh, YTO Ta-
Kasi TPeHUPOBKa yBEIMYMBACT [NIMKOJUTUYECKME BO3-
MOXHOCTH U TO3BOJISIET MBIIILE MPOU3BOAUTH OOJIb-
1ee ycujiue B TeueHue 0ojiee MPOIOKUTEIbHOTO
OTpe3Ka BPEMEHHU.

OnHako, Kak BUIHO M3 puc. 7.8, 3TO Mpeanoso-
JKEHHME He TIOATBEPXKIAIOT PE3YIbTaThl 60-CeKyHIHO-
IO TecTa CIIPMHTEPCKOIO TUMA AESITeIbHOCTH, BO Bpe-
Ms$ KOTOPOTO UCIIBITYeMbI€ BBIMTOJHSIIN CTUOaHUS U
pa3rubaHusi HOT B KOJIEHHOM CYCTaBe ¢ MaKCUMaJlb-
Hoii Harpy3koit. Ha mpou3BomIUTeIbHOCTh U UHTEH-
CUBHOCTb BO3HUKHOBEHHUS YTOMJIEHUS (CHUXEHUE
MPOU3BOAUTEIBHOCTU) B ONMHAKOBOM CTENEHM BJIM-
st 6- 1 30-ceXyHIHbIE HUKIIBI (DU3MYECKOI HATPY3-
ku. TakuMm oOpa3oM, Mbl MOXEM 3aKJIIOUMThb, 4TO
yIy4dlleHUe pe3yIbTaTOB BCIEACTBUE TaKUX TPEHM-
POBOYHBIX Harpy3ok OOYCJIOBJIEHO CKOpee yBeluye-
HMEM CHUJIOBBIX KauyecTB, YeM aHa’poOHbIM 00pa3o-
BaHueM AT®.

‘? TpenupoBka aHa3pOOHOIl HANMPABIEHHOCTH

MOBBINIAET AKTHBHOCTb TIJIMKOJMTHYECKHX
tepmentoB n depmentoB AT® — KD, ne
BISIA HA OKMC/HMTeNbHbIe (hepMenTbl. C npy-
TOii CTOPOHBI, TPEHHPOBKA A3POOHON HAMpaB-
JICHHOCTH, TOBBINIAS AKTHBHOCTb OKHMCJIH-
TeJbHbIX ()epPMEHTOB, HHKAK HE BIMAET HU
Ha IJMKOJMTHYeCKHe (pepMeHTbI, HU Ha (hep-
mMeHTbl AT® — K®. D10 eme pa3 noarsep-
XKIaeT NPUHIMN crenuduaHocTH u3no0-
TMYECKHX AJANTANMOHHBIX DEAKIMA B 3aBH-
CHMOCTH OT HANPABJIEHHOCTH TPEHHUPOBKH

3001 o TpeHnpoBKku
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Puc. 7.8. Pezyavmam 6 cnpunmepckom 3abece 6 meue-
Hue 60 ¢ nocae 6- u 30-cexyndnoid anaspobroil pusuuec-
Kol HacpysKu

APYTUEAJATITALLMOHHBIE PEAKLIWH,
OBYCJIOBJIEHHBIE TPEHUPOBKOU
AHABPOBHOW HAITPABJIEHHOCTH

Kakum eme o0pa3oM TpeHHUpPOBKaA aHa’pOOHOM
(CIIpMHTEPCKOI) HANpaBJICHHOCTU MOXET CIOCO0-
CTBOBATh YIy4YIlIeHUIO pe3ynbraToB? Kpome yBesu-
YeHUs CUJIbI, YIYyYllIeHUEe MO MEHbIIE Mepe Tpex
JOPYTUX KOMIIOHEHTOB MOXKET CIIOCOOCTBOBAThH MOBbI-
IeHNI0 3(GdOEKTUBHOCTA MBIIIEYHON AESITeIbHOCTH
1 3a[epKKe BOSHUKHOBEHUS YTOMJICHMS, 2 UMEHHO

* 3(p(HeKTUBHOCTHU ABUXKEHUS,;

* a3poOHOM SHEPreTUKeE;

* OydepHOIi CITOCOOHOCTH.

D GheKTUBHOCTD JBMKEHUS

TpeHUPOBOYHBIE 3aHSTHUSI, TPOBOAUMBIE C BBICOKOM
CKOPOCTBIO, YIYYLIAIOT MAacTepCTBO M KOOPAMHALMIO
MBIIIEYHON AESITENbHOCTH. YUUThIBAs U30MpaTebHOE
PEKPYUTHPOBAHKE MBIILICUHBIX BOJOKOH (CM. TIaBy 2),
MBI MOXEM IPEATNOI0XKUTh, YTO TPDEHUPOBKHU aHA3POO-
HOIl HaIpaBJI€HHOCTU O0ECIEUYNBAIOT ONMTUMAIBHOE
PEKPYUTHUPOBAHUE BOJIOKOH U, TeM CaMbIM, Oonee a¢-
(beKTUBHOE BBIMTOJHEHUE ABMXEHUN. TPEeHUPOBKU C
BBICOKOM CKOPOCTBbIO M 3HAYUTEIbHBIMU HArpy3KaMu
MOBBIIAIOT 3(P(PEKTUBHOCTD 3a CYET OOJIee IKOHOMHO-
IO MCIOJIBb30BaHUS SHEPTUU MBIIILIAMHU.

A>3poOHas 3HepreTHKa

TpeHupoBOUYHBIE HAIPY3KM aHA3POOHOM HaIpaB-
JIEHHOCTU CTUMYJIHPYIOT HE TOJBKO aHadpOoOHBIE
3HepreTuyeckue cucteMmbl. OmpeaeIeHHOe KOMIMYe-
CTBO HEPrUM, HEOOXOAMMONM JIJIs1 BHIIIOJHEHMS KpaT-
KOBPEMEHHBIX HAarpy3o0K, MpPOIOLKUTEIbHOCTbIO He
MeHee 30 ¢, obecrneynBaeTcsl 3a CUET OKUCIUTEIbHO-
ro Metabonusma. CjiemoBaTelbHO, KpaTKOBPEMEHHbIE
(pusnmyeckue Harpy3Ku CIPUHTEPCKOIo TUIla (TakKue,
Kak 30-ceKyHIHbIe IMKJbI MaKCUMAaJbHBIX Harpy30K)
TaKXe IIOBBIIIAIOT a3pO0HBIE BO3MOXHOCTH MBIIIIIL
[4, 14]. MoxXHO NpeanoN0XUTh, YTO yBEJIUYEHUE
OKMCJIUTEIbHBIX CIIOCOOHOCTEH MBIIIIL TOMOTaeT aHa-
3pPOOHBIM SHEPreTUYECKUM CHCTEMaM YIOBIETBOPSThH
MOTPEOHOCTU MBILILL B 9HEPTUM BO BPeMSsI 3HAUUTEb-
HBIX YCUJIMI aHa3pOOHOTIO XapakTepa.

BydepHas cnocodHOCTD

Harpyska aHa3poOHOro THIIA IOBBIIIACT TOJIEPAHT-
HOCTb MBILIL K KHCJIOTE, KOTOpasl HaKallJMBaeTcs B
HUX B IIpoliecce aHa’poOHoro mimkonamsa. Kak yxe
OTMEYAIOCh B IJIaBe 5, HAKOIUIEHWE MOJIOYHOM KHC-
JIOTHI CUMTAETCs IJIaBHBIM (haKTOpOM, OOYCIIOBIIMBA-
IOIIMM HACTYIUIEHHE YTOMJICHHS BO BPeMsI BBITIOJIHE-
HUS (PUBMIECKMX HArpy30K CIPUHTEPCKOIO THIIA, I0-
cKoNbKY H™, BhImenssich U3 Hee, BIUSET Ha MPOLECC
o0MeHa BelIeCTB M MBIIIEYHBIX COKpalleHuil. bydep-
Hble BellecTBa (Takue, Kak OuKapOoHaT M ocdarbl
MBIIIIIT), COSOUHSSACH C BOMOPOIOM, MOHMXAIOT KKC-
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JIOTHOCTb BOJIOKOH; CJIEIOBATEJIbHO, OHU MOTYT 3a-
JepK1BATh BOSHUKHOBEHME YTOMJIEHUS BO BpeMsl pu-
3MUYECKUX HArPy30K aHadpOOHOM HAaMpaBIEHHOCTH.

“?’ TpeHnpoBOYHBIE HATPY3KM aHA3POOHON Ha-

| NpaBJIeHHOCTH noBpIMAT OydepHbIe COCO0-
HOCTHM MBIIII B OTJIMYKME OT HATPY30K a3po00-
HOro XapakTepa

Kak noka3sbIBaloT pe3ynbTaThl UCCIEAOBAHUI, Tpe-
HHUPOBOYHBIE HATPY3KM aHa3pOOHOI HaIpaBJIeHHOC-
TH 3a § Heleslb MOBHIIAIOT OY(hEePHYI0 CIIOCOOHOCTh
Ha 12 — 50 % [15]. B To xXe BpeMsI TpPEeHUPOBOYHbBIE
Harpy3ku a3poOHOI HaNpaBIEeHHOCTH HE BAUSIOT Ha
oydepHylo crmocobHocTh. Kak u apyrue amanranu-
OHHBIE PeaKLMM Ha TPEHUPOBKY, U3MEHEHUs Oydep-
HOU CMOCOOHOCTU crelM(UIHbl MHTEHCUBHOCTHU Ha-
TPY30K, BBITIOJHSIEMBIX B IIPOLECCE TPEHUPOBOUHBIX
3aHATUH.

Tad6auma 7.2. AKTUBHOCTH M30PAHHBIX MbIIEYHBIX
(bepMeHTOB y HETPEHMPOBAHHBIX M TPEHMPOBAHHBIX MYKIHH

Boicokmii ypoBeHb
Cucrema HeTpeHM._, . .
POBaHHBIN | aHA3POOHOMI a3poOHOI
TOZITOTOBJIEH- | TOATOTOBJIEH-
HOCTU HOCTU
As3pobubie hepmenmot
OkucMTebHas
crucTemMa
CYKI{THAT~ 8,1 8,0 20,8*
AeTuapo-
TeHasza
MaaTaeruapo- 45,5 46,0 65,5*%
reHasa
KapHUTHH- 1,5 1,5 2,3*
MATMUTHI-
TpaHcdepasa
AHaspobHbie  pepmernmot
Cucrema ATO-KD
KpeaTuH- 609,0 702,0%* 589,0
dochoxunasa
MMOKMHA3a 309,0 350,0* 297,0*
IukomuTaecKas
crucTeMa
docdopuraza 5,3 5,8 3,7%
dochodpykro- 19,9 29,2% 18,9
KWHa3a
JIaKTaTOCTHA~ 766,0 811,0 621,0
poreHaza
* 3Ha‘II/ITeIIbHOC OTJIMYMUE OT IMOKasaTed HETPEHUPOBAHHOIO
HUCIIBITYEMOTO

B pesyibraTte moBwIIEHHON OydepHOi CIoco0-
HOCTH B KPOBM M MbIIIIAX MCIHBITYEMBIX, OTJIMYHO

MOJITOTOBJIEHHBIX K CIPUHTEPCKUM BUIAM JESITENb-
HOCTH, BO BpeMs W TOCJE BBHINMOJHEHUS PabOThI
CIIPUHTEPCKOTO XapakTepa 10 M3HEMOXEHUS HaKaI -
JIMBaeTCs 0OJIbIlIe JaKTaTa, 4eM y HETOATOTOBJIEH-
HBIX UCITBITYeMBIX. DTO O0BSICHSIETCS TEM, UTO K BO3-
HUKHOBEHMIO yToMileHUs nmpusomut H*, o6pasylo-
LIIUIACS U3 MOJIOYHOM KHUCIIOTHI, 2 HE HAKOIMUBIIUMNCS
nakrat. [Ipu moBbllIeHHOU OydepHON CITOCOOHOCTH
MBIIIIBI 00Pa3yI0T SHEPTUIO B TEYCHHUE MPOIOIIKH-
TeJILHOTO TepMoa BPEMEHU, TPEeXIe 4eM uYpe3Mep-
HO BbICOKasl KOHLeHTpauuss H' HauHeT TOpMO3UTH
TIPOILIECCHl COKPAILEHUSI.

HHTtepecHo, 4TO B MOZOOHBIX YCIOBUSAX (CIIPUHT
JI0 UBHEMOXKEHHUS) Y UCIIBITYEMBIX C BBICOKUM YpPOB-
HEM DPa3BUTHUsI BHIHOCIMBOCTU He HabJromaeTcs Ha-
KOIUUIEHHE CTOJIb OOJIBLIIOTO KOJMYEeCTBA JaKTaTa U
CTOJIb HU3KME MoKaszareau pH, Kak y UCIIBITYeMBbIX C
MPEUMYILECTBEHHBIM Pa3BUTHEM CIIPMHTEPCKMX Ka-
4ecTB. DTU pa3auyus TPYTHO OOBSICHUTb, OTMETUM
ToJIbKO, 4To pH He orpaHMyYMBaeT BBHIITOJHEHUE pa-
0OTBbl CIPUHTEPCKOI HaNpaBJIeHHOCTU TPEHUPOBAH-
HBIMU Ha BBIHOCJIMBOCTb UCTIBITYeMbIMU. B Tabm. 7.2
MOoKa3aHa aKTMBHOCTb M30paHHBIX MBIIIEYHBIX (Pep-
MEHTOB 3TUX TPeX IHEPreTUYECKUX CUCTEM y HeTpe-
HUPOBAHHBIX M TPEHUPOBAHHBIX MCIBITYeMBIX. Kak
cienyeT U3 JaHHBIX TaOJIUIIbI, Y UCTILITYEMBIX C Tpe-
o0JalaHueM Harpy3o0K as’poOHOI HaIpaBJIeHHOCTH,
aKTUBHOCTb TJMKOJUTUYECKUX (PEPMEHTOB 3HAUU-
TenbHO Hike. CremoBaresbHO, Y HUX OoJjiee HU3Kas
CMOCOOHOCTh K aHa3POOHOMY MeTaboNM3My WU BBI-
MOJTHsSIeMast UMW MBIIIeYHAs AeSITeIbHOCTh B MEHbB-
i€l CTeTMeHW 3aBUCUT OT TIMKOJUTUYECKUX MCTOY-
HUKOB 3HEPTUMU.

B OB3OPE...

1. TpeHupoBKa aHa’poOHON HamNpaBIEHHOCTU
TIOBBIIIIAET YPOBEHb aHA3POOHOM AESTEIBHOCTH BCIE-
CTBME CKOpEe YBEJMYEHUSI CHUJOBBIX KAauyecTB, 4eM
noBbIIIeHUS 3(D(GEeKTUBHOCTU (YHKIMOHUPOBAHUS
aHadPOOHBIX CHCTeM 00pa30BaHUsI SHEPTUM.

2. TpenupoBKa aHad’poOHOTO XapaKTepa TaKxke
MOBBIIIAET 3(DGEKTUBHOCTb ABUXKEHUS, YTO MPUBO-
JIUT K MEHBILIUM 3aTpaTtaM SHEPTUH.

3. HecMotpst Ha TO, 4TO (bU3MYECKME HATPY3KU
CIIPUHTEPCKOIO XapakTepa, B CYIIHOCTH, SIBJSIOTCS
aHa’pOOHBIMM, HEKOTOpPAsl 4acTb dHEPIMU, UCIIOJNb-
3yeMOil mpu 0ojiee MPOMOKMTENbHBIX HArpy3kax
CIIPUHTEPCKOTO THUIIA, 00pa3yeTcs 3a CUET OKHUCIIe-
HUSI, CJIeNOBATENbHO, 3TOT BUJ Harpy3okK Takke MO-
KEeT TOBBIIIATh a3PO0HBIE BO3MOXHOCTH.

4. bydepHas cmoCOOHOCTH MBIIII BO3pacTacT
BCJIEICTBUE TPEHUPOBKY aHAPOOHOI HaNpaBIeHHO-
CTH, 4TO oOecrieurBaeT 0oyiee BHICOKOE COmepKaHUe
JJaKTaTa B KPOBY M MBIIIIIAX. DTO 00ecrieynBaeT Heli-
TpaM3allMi0 BBIACISIEMOrO M3 MOJIOYHON KHCJIOTHI
H' u, cnenoBatenbHo, 3a1€pKKy HACTYIUIEHUS YTOM-
JIeHUS.
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KOHTPOJIb U3BMEHEHUI
BCJIEACTBUE TPEHUPOBOYHOI'O
ITPOLOECCA

Llennb 1000¥ MporpaMMbl TPEHUPOBKHM MPOCTass —
yJIydllleHUEe CIOPTUBHBIX PE3YJIbTaTOB. AlaNTallMOH-
Hbl€ peakKlMU MbIIIEUHOW CUCTEMBI TPOUCXOMST HE
cpasy, U noBblleHUe 3P (HEKTUBHOCTU SHEPreTUIeC-
KMX CUCTEM JIOCTUTAaeTCS B pe3yJibTaTe HECKOJIbKUX
Mecs1eB TPEHUPOBOYHEBIX 3aHSITUI. YTOOBI OBITH yBE-
PEHHBIM, YTO JaHHasl MporpaMma MOATOTOBKU 3(-
¢dekTUBHA, HEOOXOAUMO CJEAUTh 3a pe3yJbTaTamu
CIOpPTCMEHA Ha MPOTSDKEHUM BCEro Iepuopa 3aHs-
TUil. MBI paccCMOTpUM, KaK Ha OCHOBAaHWUM OIpe[e-
JIEHUS HEKOTOPbIX (PU3UOJOTUUECKUX U3MEHEHUU
MOXHO CJIEIUTh 3a MPOTrPeccoM CHOPTCMEHA.

ITo MHEHMI0 HEKOTOPBIX YUEHBIX, KOHTPOJIb afar-
TallMOHHBIX PeaKLU KapaAuOpeCIUPaTOPHOM U MbI-
IIEYHOU CUCTEM JIyyllle BCEro OCYLIECTBISITh, OINpe-
JleJisist YpOBEHb adpOOHBIX BO3MOXHOCTEU CIopTCcMe-
Ha, T.e. MIIK. OpgHako mjisg 3TOTo TpeOylOTCS
crieliMajibHble TPUOOPHI, KOTOPble MOXHO HaWTU
TOJIBKO B (hM3MOJI0rn4ecKoii jadbopatopuun. [losTomy
OOJIBILIMHCTBO TPEHEPOB U CITIOPTCMEHOB JIMILIEHBI BO3-
MOXXHOCTH HCIIOJIb30BaTh JaHHBIM MeTon. Kpowme
TOTO, OH HE MO3BOJISIET ONIPEAEIUTh alaNTallMOHHbIE
peaklMy MbILIEYHON CUCTEMbI BCIENCTBUE TPEHUPOB-
KM aHad’pOOHOI U a’pOOHOI HAIlPaBJIE€HHOCTU.

HepnaBHo ObLI0 MpeaioxkeHo U3MepTh CoIepKaHKe
JlaKTaTa KpOBM BO BpPEMsI TPEHUPOBOYHOTO 3aHSATUS,
MO3BOJISIONINE OLIEHUTh TPEHUPOBOUHYIO HArpysky, a
TakKKe CTENeHb alanTallMOHHBIX peakiuid Mbiuiil. [1pu
yBEJIUYEHUN (HPU3UUYECKON HArpy3Ku KOHLIEHTpaLUs
JlIaKTaTa pe3Ko MOBBILIAETCS. DTO U3MEHEHUE MOXHO
WCIOJIb30BaTh [JI1 OLIEHKWM WHTEHCUBHOCTU TPEHUPO-
BOYHOTO TIpoliecca (TpeHUPOBOYHOIO cTtumysa). Kak
ciemyeT U3 puc. 7.9, TpeHUpOBKa, HaIlpaBjieHHas Ha
pa3BUTHE BBIHOCIMBOCTH, TOBBIIIAET JIAKTATHBIM TO-
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Puc. 7.9. Bausnue mpenuposku, Hanpasienroil Ha
noBblUieHUe 8bIHOCAUBOCIU, HA NOPOe AAKMAMAd KpOoBu:
1 — mpenuposannvie; 2 — HempeHUPOBAHHbIE

por (MOMEHT Hauajla aKKyMyJISILIMU JlakTaTa). Mcnbl-
TyeMbI€ C BBLICOKMM YPOBHEM BbIHOCJIUBOCTU MOTYT BblI-
HOJHATH paboTy npu 6osee BeicokoM MIIK, mpexnae
4yeM MPpOM30MIeT HakKoIJIeHue JakTtarta. [lo MHeHUIo
OOJIBIIIMHCTBA CHELUATMCTOB, 3TOT MPOLECC JOCTATOU-
HO XOPOLIIO OTpaXKaeT YPOBEHb MBIILIEYHOU AeSTebHO-
CTU, TPeOYIOIIMIA MPOSIBJIEHUS BBIHOCIMBOCTH, a TaK-
K€ MO03BOJIsIET 0oJiee TOYHO OIpPEAeTUTb U3MEHEHMUS,
00yci10BIeHHbIe TpeHUpOoBKO#, yeM MIIK.

OnpeneneHue colmepXaHUsl JlaKTaTa KpPOBU MC-
MOJIB3YIOT B pa3JMYHbIX BUJAX CIOpTa, BKJOUYas Oer
u maBaHue. CIOPTCMEHBI BHITTOJHSIIOT CEPUIO CTaH-
MapTHBIX HAarpy3oK ¢ (PMKCUPOBAHHON CKOPOCThIO U
pa3HOW WHTEHCUBHOCThIO. MHTepBaibl OTabIxa CO-
craBstioT 30 — 60 muH. Ilociie KaXmoro LKKJIa Ha-
Tpy3Ku OepyT KPOBb U3 Tajblla WIK BEHBI IJIsI Omnpe-
NeJIeHUs KOHUEHTpaluu jJakrara. [lojsyyeHHbIe 3Ha-
YeHUsI HAHOCST Ha rpadMK, COOTHOCS CO CKOPOCTHIO
TiaBaHUs UK Oera UCIbITyeMOTO.

XOTS Takue TeCThl MO3BOJISIIOT AOCTATOYHO 3(Pdek-
TUBHO KOHTPOJIUPOBaTbh WHTEHCHMBHOCTb TPEHUPOBOY-
HBIX Harpy3oK W aJanTalMOHHbIE Peakluu, WX MpoBe-
JIEHUE 3aHMMAaeT CIUIIKOM MHoro BpemeHu. HeobOxo-
JMMMOCTb OpaTh KpOBb IMOCJIE KaXKXIOro 1IMKJa Harpy3kKu
W MU3MEpSTh YPOBHM JIaKTaTa HE OMNpaBIbIBaET 3HAUM-
MOCTb TaKOTO TeCTa. DTO MPUBEJIO K TOSIBJICHUIO OoJiee
MPOCTOrO METO/Aa KOHTPOJIsl, KOTOPBIA 3aKIIIoYyaeTcs B
U3MEPEHUN KOHLIEHTpAlUM JlaKTaTa KPOBU I1OC/IE BbI-
MOJHEHUS OJHOPA30BOI CTAHIAPTHOM (PU3UYECKOM Ha-
IPY3KHU ¢ (PMKCUPOBAHHOM CKOPOCThIO. HakiIoH KpuBoii
KOHLIEHTpallMU JIaKTaTa KPOBU — CKOPOCTH TIJIaBaHUS
OCTaeTcsl OTHOCUTENIbHO ONMHAKOBBIM B IpoOLIEcce Tpe-
HUPOBOYHOTrO 3aHATUS. ClienoBaTesbHO, Mbl MOXEM
OLICHUTh BO3MICUCTBHE TPEHUPOBKM HA MbBILLICYHBIA Me-
TabOJIM3M TIPY BBITTOJIHEHWUM TLJIOBLIOM OJHOM MOMBITKUA
C 3aIlaHHOM cKopocTblo. Hampumep, 11t u3ydeHus agan-
TalLMOHHBIX peaklidi BO BpeMsl COPEBHOBATEIBHOIO Ce-
30Ha UCITOJIB3YIOT 3aruibiBbl Ha 200 M ¢ 3aIaHHOI CKO-
pocTthbio. [110Bel] BHIMOJIHSIET 3aIlIbIB C OMHOI U TOM Xe
CKOPOCTBIO Ha MPOTSKEHUUM BCETO CE30HA.

PesynbraTel uccienoBaHusi, B KOTOPOM MPUMEHSII-
cg 3TOT MeToHd, mpuBeaeHbl Ha puc. 7.10. Hakorute-

i 14 HeTpeHnpoBaHHble
g 121 /
£ 10F YyacTtve B
s sl . COPEBHOBAHUAX
S s}
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MpPOoAOMKNTENBHOCTb TPEHWMPOBOK,MEC

Puc. 7.10. Bausnue mpeHuposku Ha KOHUeHMpauuro

AaKkmama Kposu nocae 3anavléa Ha 200 mc 3a0annoil cko-

pocmbio. Munumanvhvie nokazamenusaxmama Haba00a-

AUCH 8 Nepuod 0eMOHCMPAUUYU NAOBUAMU CBOUX AVHULUX
pe3yabmamos
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%ﬂ KonnenTpanusi jakrata KpoBM mocie IJia-
BAaHUS WJIH 0era ¢ 3aJaHHOH CKOPOCTBHIO IIO-
3BOJISIET CJIETUTH 32 (hH3HOJOTHIECKHMH U3~
MCHCHUAMU, OﬁyCJIOBJIeHH])IMI/I (l)I(IBI/l‘leCKl/IMPI
Harpy3kKamu. C nosblmeHneM YPOBHA TPEHH-
POBAHHOCTH KOHIICHTPAIMA JIAKTATA NPHA BbI-
TIOJIHEHHUH OTHOTO W TOr0 ke 00bemMa padoTsI
CHUKAeTCs

HHE JJaKTaTa B KPOBU T0CJI€ BBHITTOJTHEHUS TAKUX CTaH-
JApPTHEIX 3aIUIBIBOB CHIKAJIOCH Ha TIPOTSKEHUH BCe-
I0 7-MEeCSIHOTO Meproaa TPEHUPOBOYHEIX 3aHATUMN.
DTO TOBOPHUT O TOM, YTO JIMOO y IUIOBIIOB TOBBICH-
JIUCh a3pOOHBIE BO3MOXHOCTU, JTMOO MX OpraHU3M CTall
B MEHBIICH CTEIIeHN WCIONB30BaTh SHEPTHIO, 00pa-
3yeMYIO C TOMOIIBIO TIHKOJUTUYECKHUX CUCTEM, 00
U TO ¥ JPYTOE.

[TonbITKM WMCTIONB30BaHUS IPYTUX METONOB KOH-
Tposst 3((EeKTUBHOCTH TPEHUPOBOUHBIX IIPOTPaMM
O0Ka3aJINCh OE3yCIEIIHBIMIA, BBHMAY OOJBIINX 3aTpar
BpEMEHM U CPEICTB Ha WX IpoBeneHWe. CiemyeT Tak-
K€ OTMETHUTh, YTO METOI Pa30BOrO M3MEPEHMS KOH-
HEeHTPALH JIAKTaTa B KPOBH TaKKe TPeOYeT TOBOIb-
HO JIOPOTOCTOSIINX TPUOOPOB U CTIETIMATBHO TOATO-
TOBJIEHHOTO TiepcoHana. Kpome Toro, Uenblid psija
MMPOTUBOPEUMiI CBA3aH C WCIONB30BAaHWEM M WMHTEp-
TpeTanueil pesyabraroB 3toro Mmeroma. Cremyer Jm
Ha OCHOBAaHUM IIOJYYEHHEIX PE3yIbTaTOB M3MEHSTH
WHTEHCUBHOCTH TIporecca TpeHupoBku? Kakme ¢u-
3MOJIOTHUYECKYE aIalTallMOHHbIe peaKIInu JIeKaT B OC-
HOBe M3MEHEHMI JJakTaTHoro rmopora? Ha ati m MHO-
Tve Apyrue BOIPOCHI, MMEIONINE OOJIbIIOe 3HAUCHNUE
IUTST KAYeCTBEHHOTO WCITOJIb30BAaHMS M MHTEPIIpeTa-
LUK PEe3yIbTATOB TECTOB C IIEJbI0 KOHTPOJS amamnTa-
LIMOHHBIX PEaKIN MBIIIEYHOW CHCTEMBI Ha TPEHU-
POBKYy, eIlle TPEICTONT OTBETUTD.

B OB3OPE...

1. MHorue cuuratot, yto MITK — my4mmit moka-
3aTeNib aJanTallMOHHBIX DPEAaKUUiA Ha TPEHUPOBKY.
Opnako Tect ¢ ucrnonb3oBanneM MIIK oueHp He-
MPAKTUYEH, K TOMY X€ OH HE TO3BOJISIET ONPENEIUTh
aIanTallMOHHbBIE PEakiMM Ha TPEHUPOBKY MBIIIEY-
HOM CHUCTEMBI.

2. MHOroKpaTHble WM3MEPEHUS YPOBHEN JaKTaTa
KPOBU BO BpeMsl LIMKJIA (PU3NYECKON HArpy3Ku C yBe-
JINYUBAOIIENCS WHTEHCUBHOCTBIO B KAauyeCcTBE TECTa
OLIEHKM Tporpecca CIMOPTCMEHOB TAKXE BECbMa He-
TPAKTUYHBI.

3. M3 MHOXecTBa METONOB, WCIOIb30BABIINXCS
JUIS OLEHKM aJanTallMOHHBIX PEaKlMii Ha TPEHUPOB-
Ky, MO-BUAUMOMY, HanboJiee TPOCTHIM U JOCTYITHBIM
SIBJISIETCSI METOJI, MPEANOJIaralolluii CpaBHEHUE TO-
Ka3areJyei Jakrata KpoBU, OMPEAEIEHHBIX B pa3iny-
HBbI€ TIEPUOBI TIOATOTOBKH, TTOCJIE BHITIOJHEHUS (DU-

3MYEeCKOW HAarpy3KH ¢ 3alaHHOM cKopocTblo. OnHa-
KO JlaXke 3TOT IIPOCTOM TeCT He JaeT OTBeTa Ha MHO-
THe BOTPOCHI, KacalolIrecsl TOro, 4To B caMOM Jieie
MPOUCXOAUT B OpraHM3Me CIIOPTCMEHA B OTBET Ha
TPEHUPOBOYHBIA CTUMYIL.

B 2101 yacT MBI pacCMOTpeu BOMPOCHI SHEPIO-
obecreueHus MbIllIeYHOM aesaTeabHOCTU. B riaBse 5 uzy-
YWUJM OCHOBHBIE TIPOLIECCHI SHEPTOOOECTIEUEHUST Opra-
Hu3Ma. B riaBe 6 BBISICHWIM, KAKYIO POJIb UTPAET DH-
NOKpUHHasg cuctema. M, HakoHell, B 3TOil TJjaBe
paccMoOTpenn afanTaldOHHbBIE pPeaklWU MBbIIIeYHOM’
CUCTEMBI, a TaKXKe M3MEHEHHUs B CUCTEMax SHeprooodec-
TeYeHNsT BCIIEACTBUE TPEHUPOBKU aHadpOOHOM U a3po0-
HOI HampaBJIEHHOCTW U TO, KaK 3TU TPEHMPOBKHU CITO-
COOCTBYIOT YJIYYIIEHWUIO CIOPTUBHBIX pPE3yJIbTaTOB.

Crnemyiommass 4acTh TIOCBSIIIICHA KWCJIOPOITPaHC-
MOpTHOM crucTeMe opraHm3Ma. B rmaBe 8 MBI pac-
cMOTpUM (HYHKIIUHM CEPICIHO-COCYIUCTON CUCTEMEI
U €€ pojib B MepeMeIleHUNd KMCIOopojaa, dHEepPTuu,
MUTATEJIbHBIX BELIECTB U TOPMOHOB IO OPTaHMU3MY.

Konrpossasle eonpocot

1. Kak Bi1usieT TpeHUPOBKa a3pOOHON U aHAIPOOHOMI
HaIpaBJIeHHOCTU Ha MBITIIEYHbIE BOJIOKHA?

2. Kakxum 06pa3oM TpeHMPOBKa a3pOOHOTO XapaKkTepa
YAY4IIaeT TOCTaBKY KUCIOPOAA B MBIIIEYHBIE BO-
JIokHa? '

3. Kak BnusieT TpeHMpOBKa a3pOOHOI HaTpaBIeHHOC-
TU Ha CUCTEMY 9HeproodecrieueHus Bo Bpemsi hu-
3WYECKON Harpy3Ku?

4. Kakue (hakTopbl TOBBIIIAIOT JbIXaTEAbHBIN 00bEM
MBILLLIBI (Qo’) BCJIEICTBYE TPEHUPOBKU a3pOOHOMN
HaIpaBJIeHHOCTH?

5. IpuBenuTe MPUMEPHI MHTEPBATLHBIX TPEHUPOBOY-
HBIX 3aHATHI, KOTOPBIE MOTYT YJIYUIIUTh NESITETh-
HOCTb TJTMKOJIUTYECKON U OKUCITUTETHHOM CUCTEM,
a takke cucteMbl AT® — K® y GeryHos.

6. Kakue M3MeHEHMS! B MBIIIIAX, O0YCIOBICHHbBIC
TPEHUPOBKON aHAa3pOOHON HANpaBJIeHHOCTH, MO-
TYT TIOHVXATh CTETIEHb YTOMJICHUST TIPU BBITTOJTHE-
HUM (PU3NUECKUX HATPY30K TIIMKOJUTHYECKOTO Xa-
pakrepa?

7. Kak uamensiercst 0yepHasi CriocOOHOCTb MBIIII B
pe3yabTaTe TPEHUPOBKM a3pOOHOI M aHAIPOOHOM
HanpaejeHHoCcT? MOXeT JIn 3T0 CMocoOCTBOBATh
VAYUIIEHUIO CTIOPTUBHBIX PE3YJIbTAaTOR?

8. Kak MOXeT M3MEHUTHCS JIAKTaTHBIM TTOPOT BCIIE-
CTBHE TPEHUPOBKU a3pOOHOTO xapakrepa? Omumim-
Te B3aMMOCBSI3b MEXIY CKOPOCThIO Oera M akKKyMy-
JISILKAEN JIaKTaTa B KPOBHU.

CIIUCOK JTUTEPATYPBI

1. Costill D.L. (1985). Practical problems in exercise
physiology research. Research Quanterty, 56, 379 — 384.
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lTraea &8

Cepoeuno-cocyducmas
cucmema npu Molule4HOU
desameavHoCmu

Baria cepaeuno-cocymuctas cucteMa, BKIIOUYaoIIas
cepllle, KPOBEHOCHBIE COCYIbl U KpPOBb, BBIMOIHSIET
MHoOT1e (DYyHKIUM, B TOM YMCIIe TIMTAHUS, 3aLIUTHI 1
Jaxe yaaneHus nutakoB. OHa 10KHA B3aUMOJIECTBO-
BaTb C KaXO# KJIETKOW OpraHM3Ma U HeMeIJIeHHO pe-
arupoBaTh Ha Jitoboe U3MEHEeHMe YCJIOBUIA BHYTpEHHEN
cpembl, YToOBI O0ECIIeUnBaTh MAKCUMAIbHYIO 3(hdeK-
TUBHOCTb (DYHKIIMOHWPOBAHUSI BCEX CUCTEM OpTraHM3-
Ma. Jlaxke Koraa Bbl OTIbIXaeTe, CEpAeYHO-COCYAUCTAsI
cucTeMa He TIipeKpalliaet paboTy, YIOBIETBOPSIsl MOTpeO-
HOCTH TKaHeii Tena. Bo Bpemsi MbIllIeuHOH AesITeTbHO-
CTU KOJIMYECTBO TPeOOBAHUi1, MPENbSBISIEMbIX K HEl,
BO3pacTaeT, Kak M YBEJIWYMBAETCSI MOTPEOHOCTb B UX
CKOpeHIleM YIOBJIETBOPEHUU.

B 3r10if 11aBe Mbl paccCMOTPUM Ty YIMBMUTEIbHYIO
pOJIb, KOTOPYIO MIPAeT CepleYHO-COCYAMCTas cUcTeMa
MIPY MBIILIEYHOM JesITeNbHOCTU. B mepBoit yacTu riaBbl
pPacCMOTPUM CTPYKTYPY U (DYHKILMIO 3TON CUCTEMBI,
00paTiB BHUMaHUe Ha ee CI0XHOCTh. Bo Bropoit vac-
TU BBISICHUM, KakK pearupyeT CepaeuyHO-COCyaucTast
cucTeMa Ha TOBBIILIEHHBIE TPeOOBaHMsI, TMpEbsIBIsie-
MBI€ K Heil (pr3rdecKoil Harpy3Koiil. Y3HaeM, Kak azjan-
TUPYETCSl KaX/blii KOMITOHEHT 3TOM CUCTEMBI K U3Me-
HEHUSIM BHYTPEHHEN cpefibl opraHu3Ma, o0yCJIOBJIEH-
HbIM TOBBILIEHHON MHTEHCHUBHOCTBHIO (hU3NUECKOM
aKTUBHOCTU M KaK CHCTeMa KOHTPOJMpYeT Hally Cro-
COOHOCTb BBIMOJHATL (PU3UYECKYIO PabOTy.

CepnevyHo-cocyaucTasi CUCTeMa BBITIOJIHSIET B Opra-
HU3Me psii GYHKIMIA. BOJBIIMHCTBO M3 HMX HaIlpaB-
JICHO Ha OKa3aHWe TIOMOILM APYTMM (hU3MOI0Tuyec-
KuM cucteMaM. OCHOBHbIC (DYHKLUM CEPACYHO-COCY-
JIMCTOM CUCTEMbI MOXHO Pa3NenThb Ha MSATh KaTerOpHii:

1) oOMeHHasl;

2) BBIIEIUTEIbHAS;

3) TpaHCIIOpTHASI,

4) romeocTaTU4ecKas;

5) 3anIuTHAsI.

Paccmorpum Hekotopeie mpumepbl. CepraeyHo-
coCynucTasl cucteMa o0ecreyrBaeT TOCTaBKy KUCJI0-
pona ¥ MuTaTeJbHbIX BELIECTB KaxkI0i KJIeTKe opra-
HM3Ma U BbIBeJEHME M3 Hee AMOKCHIA yriepoia U
KOHEUHBIX MPOAYKTOB 0OMeHa BeliecTB. OHa TpaHc-
MOPTUPYET TOPMOHBI U3 SHAOKPUHHBIX XKeJe3 K UX
LIeJIeBBIM pelieriTopaM. DTa CUCTeMa MOAAEPKUBAET

v

TeMIIepaTypy Tena, a OydepHbIe CIOCOOHOCTH KPOBU
roMorarT KoHTponuposath pH opranmsma. Cepueu-
HO-COCYIUCTasl CHCTeMa TMOMNEPKMBAECT COOTBETCTBY-
IOl YPOBHU XUIKOCTH, TIPenoTBpamias 00e3BOXM-
BaHHMeE, a TakKe TIOMOTaeT MPeIOTBPaTUTh MH(EKITH-
OHHBIC 3a00JIeBaHMS, BBI3BAHHBIC IPOHHMKAIOIIUMU
B KPOBb MUKPOOPTaHM3MaMHM.

XOTsI TIPUBEICHHBIN CITMCOK KPaTOK, YKa3aHHBIC
(YHKIIMM cepaeTHO-COCYANCTON CHCTEMBI BaXKHBI LTS
MOHUMAaHMS (U3NOJOTMIECKHX OCHOB MBIIICYHOM
nesaTeapHOCTH. [Ipexe 4eM MPUCTYMUTD K U3YYeHHIO
peakImii cepaevIHO-COCYANCTON CUCTEMBI Ha (U3M-
YeCKYI0 aKTHMBHOCTb MBI JOJDKHBI PAaCCMOTPETh KOM-
MTOHEHTHI 3TOM CHCTEMBI, a TaKKe TO, KaK COTJIaco-
BaHHO OHU paboTaoT.

CTPYKTYPA 1 ®YHKIIUA
CEPJIEYHO-COCYJIUCTON CHUCTEMBI

CeprneyHo-cocymucTas CUCTeMa BIEYaT/IseT CBO-
el CImocOOHOCThIO HEMEJICHHO pearnpoBaTh Ha MHO-
TOUYMCIIEHHBIE ¥ TIOCTOSTHHO M3MEHSIOIINECS MOTpeo-
HOCTM Halllero opraHm3Ma. Bce ¢GyHKIIUM opraHu3-
Ma M MMPAaKTUYECKM Kaxmas KJIeTKa B TOM WM WHOU
CTETIEHW 3aBHCAT OT 3TOM cHcTeMBbl. JITo60it cructeme
KpoBooOpalieHuss TpebyeTcs TpU KOMITOHEHTA!
1) Hacoc (cepale); 2) cucteMa KaHajoB (KpOBEHOC-
HBIE cocyabl); 3) XXMOKOCTHas cpema (KpoBb). Pac-
CMOTPHUM KaXIblii M3 HUX B OTHEITHLHOCTH.

CEPJILE

Cepaue (puc. 8.1) umeer aBa mnpencepausi, Bbl-
MOJTHAIONINE POJTb MPUHMUMAIONINX KaMep, U JIBa Xe-
JIyIouKa, BBIMOJHSOLIME posib Hacoca. Cepaiie obec-
MeYrBaeT LIMPKYJSALMIO KPOBU 1O BCeil cucTeMe Co-
cynoB. PaccMoTpuM mBIKeHUE KPOBU Yepe3 Cepille.

KpoBoTok B cepame

KaHI/IJ'[JIHpHaH KpOBb, IIPpOKJIadbIBaroliasa CBOM
IyTb MEXAY KJIE€TKaMM OpraHuM3Ma, JOCTaBJAA KHC-
JIOPOA Y MUTATCJIbHLIC BEIICCTBA 1 0061/Ipa51 npoayk-

149



BepxHaa nonas
BeHa

<

JleroyHble BeHbI

MpaBoe npeacepave

TpexcTBop4aTbIit
KnanaH

Mpaswiit
Xenyaouyek

Man ITNAPHAA MblLLLA

HwxHas nonas seHa

Thl OOMEHa BELIECTB, BO3BpalllaeTcs yepe3 OoJblINe
BEHBI ~— BEPXHIOIO U HUXKHIOIO MMOJIbIE BEHBI — B Ipa-
Boe Mpeacepaue. B aTy kamepy mocTtymaeT Bcs Oe-
30KCUTEHUPOBAHHAs KPOBb.

M3 mpaBoro mpencepausi KpoBb, MPOXOAs Yyepes
[1paBOE AaTPUOBEHTPUKYJISIDHOE OTBEPCTUE, TOIAIAET
B [IPaBbIil XeJIYA0UEK, KOTOPBIX MEPEKAYNBAET KPOBb
Yepe3 pacKpbIThI MONYJIYHHBIN KJIalaH B JETOYHbIE
apTepuu, OTKyJa OHa ITOCTYIIAeT B IIPaBOE M JIEBOE

Puc. 8.1
Anamomus
cepoya uenogexa

AopTa
Jlero4Hbin cTBON

JleroyHble BeHbI

MonynyHHbIA KnanaH
JIEr04HOro CTBONA
JleBoe npepcepave
JleBbI  MpeacepaHo-
XENyRo4KoBLIF KnanaH

CyxoxunbHasi xopaa

JleBbIn xenypo4ek

MeokenyaoykoBas
neperopopka

nerkoe. Takum oOpas3oM, IpaBasl yacTh Cepiia Ipe-
CTaBIIAET COOOI JIETOUYHYIO YacTh KPOBOOOpAILECHUSI,
KOTOpast MOChUIAET IPOLIEIIIYIO Yepe3 BeCh OPraHu3M
KpPOBb B JIECTKMEC IJII PECOKCUTCHALIUU.

[ToyuuB cBeXyIO MOPLUIO KUCIOpOaa, KPOBb I10-
KHNOacT JIETKME Y€pe3 JICTOYHBIC BEHBI MU BO3BpalllacT-
cs B JIeBoe Mpejacepaue cepiua. B 3Ty kamepy nocry-
MaeT BCsI OKCUTeHMPOBaHHasl KpoBb. M3 JieBoro mpej-
cepaMsi KpOBb 4Yepe3 pPacKpbITblii aTpUOBEHTPH-

IITymsb1 cepaua

KnamaHsl cepaiia mpenoTBpaIiaoT BO3BPaTHOE
JIBUXKEHUE KpOBH, obecIieurBasi KpOBOTOK B OfI-
HOM HampaBJIEeHUM Yepe3 ceple. OTU KilalaHbl
o0ecrneyrBaloT BHITAIKUBAHKUE U3 Cepiia MaKCU-
MaJIbHOTO KOJIMYECTBA KPOBUM BO BpEeMSI COKpa-
nieHus1. OObIYHO KJIAllaH cepiila MpY 3aKPhITUU
MPOM3BOIUT OTYCTIMBBIN IIeT4oK. MHorma BMe-
CTO IIEJYKa CHBIIUATCS Aylomuii myM. OH Mo-
KEeT CBUIETEIBCTBOBATh O TYPOYJIEHTHOCTH KpO-
BOTOKA, TIPOXOJSILETO Yepe3 CYyKEHHbBIN UM He-
TUIOTHBIM KJIaTllaH, WIX O HAJIMYUU OTBEPCTUS B
Meperopojike, pasfessioNiell MpaBylo U JIEBYIO
yacTy cepaua (aedekr meperopoaKu).

IIymbl cepaiia — oObIYHOE SIBIEHUE Y AETEH
1 MOAPOCTKOB. B meproabl co3peBaHusT Ipolece
Pa3BUTUS KJIAITAHOB He BCET/ia IOCTIeBaeT 3a yBe-
JUYeHUEM OTBepCTHid cepmia. KimamaHbl Moryr
HETIJIOTHO 3aKPBIBAThCS Jaxe y B3pochbix. [1pu

MpoJ1abMPOBaHMU CTBOPOK MUTPATIBHOIO KilaraHa
JIEBBIY ATPHOBEHTPUKYISIPHBIM KJlalaH IpoITyC-
KaeT HeKOTOpOoe KOJIMYECTBO KPOBU Hazaj B Jie-
BOE TIPEACEpAre BO BPeMsI COKpAIIEHUS XKey-
J0YKa. DTO HapyllleHUe, JOBOJIBHO PacIpoCcTpa-
HEHHOE Cpeay B3pocbIX (6 — 17 % HaceneHus),
B TOM 4YHCJIC N CpE€AU CIIOPTCMEHOB, KakK ITpaBU-
JI0, He TpeOyeT NMPUHSTUS KIMHUYECKMX MeEp,
€CJIA TOJIBKO PETPOrpagHblii KPOBOTOK HE CIIMII-
KOM BEJIUK.

BonbIIMHCTBO 1IyMOB cepilia y CIIOPTCMEHOB
"MIrKMe" M He BIMSIOT HU Ha HAaCOCHYIO Jesi-
TCJIbHOCTDb CE€pALa, HU Ha CIIOPTUBHBIC PE3YyJIbTa-
Tel. BMmecTe ¢ TeM mHOrma mIyMbl cepilia MOTYT
CBUJETEIBCTBOBATh O 3a00JICBAHUAX KJIAaHOB,
HaIlpuMep, CTeHO3e, TTPY KOTOPOM KJIalaH CyxXa-
€TCSl WJIM CTAHOBUTCS TYTOITOABIIKHEIM, YTO MO-
KET OTpebOBaTh €r0 XMPYPruyeCcKOu 3aMEHBI.
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KYJIIpHBIi JIEBBIM MUTPATbHBIN KJIaMaH MOCTYyMaeT B
JeBbIil Xenynouek. OTTyaa oHa mormajaeTr B aopTy, a
3aTeM KO BCeM TKaHSIM opraHusMa. JleBas yacThb cepli-
1Ia Ha3bIBaeTcsl cucTeMHoit. OHa mojlyyaeT OKcure-
HUPOBAHHYIO KPOBb U3 JIETKUX U CHaOXaeT el Bce
TKaHU OpraHu3Ma.

Muokapn

CobupaTenpHOe Ha3BaHWE CEPIEYHON MBIIIIBI —
Muokapa. ToslrHa MUOKapia HEMOCPEACTBEHHO 3a-
BUCHUT OT Harpy3KW Ha CTEHKU CeplevyHbIX Kamep. Jle-
BBII KelyJouek — Hambojee MOIIHas U3 YeThIpex
Kamep cepaua. IlocpeactBoM cokpallleHUWid oHa J0J-
>KHa BBIKAQUMBATh KPOBb, MOCHLIAS €€ Yepe3 BeCh CUC-
TeMHBIH TyTh. Korma Teo HaxoauTcsl B CUASIYEM WU
CTOSTYEM TIOJIOKEHUU, JIEBBIN XKeJTyJ04eK AOKEeH JI0-
CTaTOYHO SHEPTMYHO COKPALUAThCS, YTOOBI IMPEOAO-
JIeTh IEACTBME 3€MHOTO MPUTSIKEHUSI, CKa3blBalolIee-
¢Sl B CKOIJIGHWM KPOBU B HMXKHUX KOHEUHOCTSIX.

O 3HAauUUTENIbHOM MOILHOCTU JIEBOTO XKeIyoo4yKa
CBUJIETENILCTBYET OOJIbIIAsT TOMIIMHA (TUIepTpodus)
€ro MBIIIEYHON CTEHKU IO CPaBHEHMIO C APYIrMMMU
KaMmepaMu cepaua. JTa runeprpodus — pesyabraT

Puc. 8.2. Cmpoenue cepoeunoii (a) u cxeaemnoii (6)
moiwypt. Obe umerom noaocvl, 00HAKO MOAbKO 80N0KHA
CcepoeyHOl MblUiUbl COCOUHEHbI 6CIAGOYHbIMU OUCKAMU

memHO20 Ugema

TpeOOBaHU, MPeAbSIBIASIEMbIX CEPAILY KaK B MOKOE,
Tak U B YCJIOBUSIX YMEPEHHOU (DU3UUECKOU aKTUB-
HocTu. [lpu Oojiee MHTEHCUBHBIX (PU3UUYECKUX Ha-
rpy3Kax, B YaCTHOCTH, BO BpeMsl UHTEHCUBHOI a3po0-
HOI IeSITeIbHOCTH, KOTIa MOTPeOHOCTh pabOoTaIOIIMX
MBIIII B KPOBU 3HAYUTENIBHO YBEJIUYMBAETCS, Tpe-
OoBaHUs1, IPEABSIBISIEMBIE K JIEBOMY XETYA0UKY, elle
Oosee Bo3pactaioT. Co BpeMEHEM OH pearupyer yBe-
JUYEHMEM CBOEro pasMepa, MOAOOHO CKEIETHOM
MBIIIIIIE.

HNmest mornepeyHo-10I0CcaTyi0 MCYEPUYEHHOCTD,
MUOKApJ BCE X€ CYIIECTBEHHO OTJIMYAETCsl OT CKe-
JieTHOI MbIlILbl. BoloKHa cepaeuyHOil MBIIILBI aHA-
TOMUYECKM B3aUMOCBSI3aHbl TEMHOOKpAaLIEHHBIMH
y4acTKaMU, KOTOPbIe HAa3bIBAIOTCSI BCTABOYHBIMU JUC-
Kamu (puc. 8.2). DTM OUCKU UMEIOT JECMOCOMBbI —
CTPYKTYpPHI, (PUKCHUPYIOLTUE BMECTE OTAEIbHbIE KIIET-
KM, YTOObl OHM He "pa3oLuIUCh"’ B CTOPOHBI BO Bpe-
MsI COKpallleHUs] U He oOpa3oBajii Opelid B COeIU-
HeHusix. TakuMm oOpa3zom, JAeCMOCOMBI OobecrieurBa-
10T OBICTPYIO Tepenadyy MMITYJIbca COKpallleHUs. DTu
CBOICTBAa TO3BOJISIIOT MMOKaply BO BCEX YEThIpeX
KaMmepax JeicTBoBaTh KaK OAHO OOJbIIOE MBbIIIEY-
HOE BOJIOKHO: BCE BOJIOKHA COKpAIIAOTCS COTJiaco-
BaHHO.

Y100l MOHATH KOOPAUHAIINIO CEPACUHBIX COKpa-
HIEHUI, MbI JOJDKHBI PAacCMOTPETh, KaK BO3HUKAET
CUTHAJ JJIs1 BHITTOJHEHUST COKPAILEHUSI U KaK OH pac-
MPOCTPaHSIeTCs] TIO0 Cepally. OTU (PYHKIIMU BBITTOIHSI-
€T MPOBOJINAs CUCTEMa CepIla.

IIpoBoasnmnas cucrema cepaua

CepneuHast MbllIa objagaeT YHUKaJIbHOU CIo-
COOHOCTBIO TTPOU3BOJAUTH CBOM COOCTBEHHBIN 3JIEKT-
pUYECKUI CUTHA — IO3BOJISIIOIIUN € pUTMUYHO
COKpaliaTbcsl 63 HEPBHON CTUMYJALIMU (aBTOMATUS
cepaua). be3 HepBHOW M TOPMOHAJIBHOM CTHUMYJISI-
LMW BPOXJEHHAs YacTOTa CEepAEYHBIX COKPAIICHUIA
coctapisieT B cpenHeM 70 — 80 ymapoB (cokpaiie-
HU1) B MUHYTY. Y TPEHUPOBAHHBIX JIOIEN 3TOT MO-
Ka3aTeslb MOXET ObIThb HUXE.

IIpoBonsimias cucrema cepaua (puc. 8.3) cocTout
U3 4eThIpeX KOMITOHEHTOB:

1) cunycoarpuanbsHoro (CA) y3na;

2) aTpUOBEHTPUKYJISIpHOTO (AB) y37a;

3) myuka T'uca;

4) BojiokoH IlypkuHbe.

HNmnynbe cepmedyHOro cokpalleHWsl BO3HUKAET
(vauumupyercst) B CA-y3ne — rpyrnme ocoObIX BO-
JIOKOH CEepAeYHON MBIIIIIbI, PACTIONOXEHHBIX B 3a/l-
Hell cTeHKe mnpaBoro mpeacepausi. ITockonbky 3Ta
TKaHb TeHEPUPYET UMITYJIbC OOBIYHO € YacTOTOM 60 —
80 ynapoB/muH, CA-y3e Ha3bIBaIOT BOAMTEIEM PUT-
Ma cepaua (meicMeiikepom), a ycTaHaBJIMBAaeMYIO UM
YacTOTY COKpAIIeHUi cepilla — CUHYCOBBIM PUTMOM.
DNeKTpUYecKuil UMMyJIbc, TpousBeaeHHbI CA-y3-
JIOM, TIPOXOJAMT yepe3 o0a mpeacepaus U AOCTUTaeT
AB-y351a, pacmoyioxXeHHOTO BOJM3U IEeperopoiaKU
MpaBoro Mpeacepausi Bosje LieHTpa cepaua. Korma
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BepxHssa nonas BeHa

CA-ysen

MNpasoe
npeacepave

AB-y3en

AB-nyuox fucca

OTBETBAEHUS (HOXKM
nyyKa

HUMITYJIbC PAcHpoCTpaHsIeTCs IO MpeacepausM, OHU
MOJYYaloT CUTHAJ COKpAIlleHUs U MOMEHTAIbHO €ro
OCYIIECTBJISTIOT.

AB-y3en MpPOBOAUT MMITYJIbC U3 MpeAcepAuil B
xenynouku. MMnynbsc, mpoxoas yepe3 AB-y3en, 3a-
nasapiBaeT Ha 0,13 ¢ ¥ 3aTeM TOCTYMaeT B My4oK
T'uca. Dra 3agepka MO3BOJSET MPEACEPAMSIM ITOJI-
HOCTBIO COKPAaTUThCS, MPEXIE YeM 3TO CHENAIOT XKe-
JyI0YKM, oOecrieurBasi UX MaKCUMaJbHOE HaroJHe-
Hue. Ilydok I'vica mpocTupaeTcs BOOAb MEXIKETya0u-
KoBO#l meperopoaku. IlpaBoe W jieBoe OTBETBIECHUS
My4yka 3axofsT B oba xemygouka. OHM TOCHLIAIOT
HUMITYJIbC K Bepxylike cepaua. Kaxmoe oTBeTBIECHME
nyyka ['vca mompasziesnsieTcsi Ha MHOXECTBO MEJIKUX
BETOYEK, KOTOphIE IMPOCTUPAIOTCS IO BCEil mepero-
pOIIKE Xeyaoyka. DT TepMUHAIbHbIE OTBETBICHUS
nyuka ['vica HasbiBaroTCs1 BoJlokHamu [lypkuHbe. OHu
MPOBOMST UMITYJIbC BO30YXACHUS 4Yepe3 XKeJyTouyKu
MOYTU B ILIECTh pa3 ObICTpee, YeM OCTaJbHbIE Y4acT-
KM TIpOBOASIIE cuctembl cepalia. Takas OblcTpast
MPOBOJVMOCTb ITO3BOJISIET BCEM YaCTSIM KEJTyI0YKOB
COKpAILIaTbCSl MOYTU ONHOBPEMEHHO.

BHecepneynasi perysinusi
JIeSITeJILBHOCTH cepaua

XoTs cepaue TeHepUpyeT COOCTBEHHBIE SJEKTPU-
YecKKMe MMITYJIbChI (BHYTpHUCepAeYHAs peTYIISIINS ), UX
BJIMSTHUE U XPOHOMETPAX MOTYT U3MEHUThCs. B Hop-
MaJbHBIX YCJIOBHUSIX 3TO OCYIIECTBISETCS B OCHOB-
HOM OJiaromapsi TpeM BHeCepACYHBIM CUCTEMaM:

1) mapacuMmaTu4ecKoi HEPBHOI CUCTEME;

2) cCUMIIAaTUYECKON HEPBHOI CUCTEME;

Puc. 8.3
IIposooawasn
cucmema
cepaua

JleBoe npencepaove

BonokHa
Mypxurse

Hnoeda moeym 603HUKAMb XpOHUHECKUe Hapy-
weHus: nPogoosuel cucmemsl cepoya, nposeasi-
owuecs 6 HapyuleHuu ee cnocooHocmu noooep-
JHCUBAMb COOMBEMCMBYIOWUIL CUHYCOBbLI PUMM
cepoya. B makux cayuasx 603mModcHa Xupypeu-
YecKkas UMHAGHMAUUS UCKYCCIMEEHH020 helicmeli-
Kkepa. OH npedcmasasiem co0oil pabomaroujuii Ha
bamapeiikax HebOAbUOU I1eKMPOCMUMYAAMOP,
00bIMHO UMAAGHMUPYEMBLI NOO KOXCY, NeKMPO-
dbl KOMOpoeo hukcupyiom K npasomy iceayoou-
Ky. Eeo uenecoobpasno ucnoavzosams npu mak
Ha3vleaemoll npedcepoHo-iceny0ouKoeoll 0a0Ka-
de. Ilpu smom uapywenuu CA-y3ea nocwviraem
€80l umnyavc, Komopuiii oaoxupyemes y AB-yana,
u He docmueaem xcenydoukos. HckyccmeeHHblil
neticmetixep bepem Ha cebs QyHKuuo eviueduie-
20 u3z cmpos AB-yana, obecneuueas neobxodu-
MbLil 2NeKMPUHECKUll UMNYAbC U meM ca-
MbIM KOHMPOAUPYS. COKPAUEHUST HCenyOoUKOo8

3) SHIOOKPWHHOI cucTeMe (TOPMOHBI).

B s10i1 r1aBe BaMsiHUE BHECEPAEYHBIX PETYISTOD-