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AHHOTaAMSA

B 9TOI>i KHHUI'C B CpaBHI/ITeJ'[bHOM IJIAHE OITNUCAHBbI HpaKTI/I‘{eCKI/I BCEC
U3BECTHbIE METOOUKHU O3IlOpOBI/ITeJ'[beIX JAbIXATEJIbHbBIX pra)KHeHHfI
MU JIaHO JOCTAaTOYHO TMOAPOOHOE MX TOJIKOBAHUE IO CYIIECTBY.
Ha OCHOBE€ HBIHCHIHUX HayLIH])IX 3HaHHI71 O6"bHCHeHbI MEXaHU3MbI
6ﬂaFOTBOpHOFO BIIMAHUA CHUCTEMATHUUYECCKUX 3&HHTI/II71 ,[Ile&TeﬂbHOﬁ
FHMHaCTHKOﬁ. 3HaX3pCKI/IM HpeIICTaBHeHI/IHM 0O TaWMHCTBECHHOM
BO3/IEACTBUY pa3HOOOPA3HBIX METOIAMK JIBIXaHHSI IIPOTUBOIIOCTABJICHO
KOHKPETHOE€ HAYYHOC OIMMCAHUE IMPOLECCOB, MNMPOUCXOAANINX IIPU
5ToM B opranum3Me. KHura mnpenHazHaueHa i pa3pabOTUYMKOB
HOBBIX OSILOpOBI/ITCJIbeIX CUCTEM AbIXaHUA, METOOUCTOB, ITAITUEHTOB,
CTpAJIAIOIINX JIBIXaTeJIbHOW TMATOJIOTUEH, U TeX, KTO XOTeJl Obl UM
TMOMOYb, IJId IMaCCaKUpoOB O6L[IGCTB€HHOFO TPaHCIIOPTa, JOMOXO3ACK
U TIPOCTO JHO603HaTe.HbeIX ‘{I/ITaTeJIeIL/’I, HUHTEPECYIOIINXCSA CBOUM
3I0pPOBBEM.
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BukTop Cadonon
Kak apIlmarthb, YTOObI
*KUTDb Jiyume. Cambie

3¢ eKkTUBHDbIE
AbIXaTeJbHbIE MPAKTHKH

IHNPEIUCJ/IOBUE

B ommume ot mpourx aBTOpoOB s He Oymy oOemiars, 4To jia-
K€ CaMO 3HAKOMCTBO C 3TOM KHMIOi MpUOaBUT BaM 3/10POBBSI.
Ho ureHue ykpenut Bauly Bepy B ceOsl, COOCTBEHHBIH 3/1paBblii
CMBICJT ¥ IOMOKET OCO3HAHHO NMPHUHATH Pa3yMHOE pEIICHHE.

JL71s1 3TOTO 51 COOpAT BOSAMHO M BKPATIIE M3JIOXKUIT OIMCAHUS
BCEX U3BECTHBIX HbIHE CUCTEM JIbIXaHUS C BbIICICHUEM HX IJIaB-
HBIX OCOOEHHOCTEW M OOBSICHEHWEM MX BO3JEHCTBHUSA Ha opra-
HU3M. braromapst SToMy BIyMYMBBI YMTATENb IMOTy4YaeT BO3-
MOXHOCTh CAMOCTOSITEJIBHO COCTABUTh KOMIUIEKC YIPaKHEHUH,
HauOoJsiee COOTBETCTBYIOIIMX €r0 WHAWBUAYAJIbHBIM CKJIOHHO-
CTSIM M YPOBHIO NTOATOTOBJIEHHOCTH.

Sl mombiTancs MoppoOHO NPOAHAIM3UPOBATH MHOTHE CO-
BPEMEHHBIE U TPAJUIMOHHBIE TAK HA3BIBAEMBIE IbIXAaTEJIbHBIC



yIpPaXHEHUsl, TPEHUHTU, METOJUKU, MPAKTUKU, TMMHACTUKU,
TEeXHUKU, TEXHOJIOTUU, A TaKXkKe TPEHAXKEPhl VISl YKPEIUIeHUs
3[I0POBbSI U CTOMKOCTH K JIIOOBIM OOJIE3HSIM, M30ABJICHUS OT
HEJlyrOB U U3JIUIIHErO Beca, CAaMOCOBEPIICHCTBOBAHUS U JKU3HE-
PaIOCTHOTO HACTPOEHU I, OTVIMYHOT'O CAMOYYBCTBUS U aKTUBHOM
PabOTOCTIOCOOHOCTH.

3areM 51 epesioKUII COBEPIICHHO J1ajleKie OT HayKU 03/10pO-
BUTEJIbHbIE CUCTEMbI HA HAYYHO NO/IK PETJIEHHbIE BO33PEHU 11
00BSICHEHUsI BEpOSTHOTO 3(ppeKkTa UX IeHCTBUS HA OPraHU3M.

[Tocemy BHUKaiiTE B CyTh CaMM, COMOCTABJISITE PEKOMEH/1a-
UM MHOTHX U TIOJIIEP’KUBANTE COOCTBEHHOE JIbIXaHKEe Ha YPOB-
He, J0CTAaTOYHOM J171s1 OJIarornoyYHON KU3HU.

MHoroneTHui TTyOOKUI MHTEpEC K TOMY, KaK MOTYT JIbIXa-
TeJIbHBIC YIPaKHEHWS BJIUSTh HA OPraHU3M U OKa3biBaTh OJia-
TOINPUSATHOE JISWCTBUE HA JKU3HEAEATETLHOCTD, MOOYXK I K 00-
IIEHUI0 ¥ OOMEHY MHEHUSIMU CO MHOTMMU KOJUIEraMU-yUYeHbI-
MU U pa3padOTYMKaMU Pa3HBIX JIbIXaTeIbHBbIX T'MMHACTUK. C
0J1aroIapHOCTHI0 BCTIOMHUHAIO COAEpIKaTeIbHbIe 00CYXIEHUS C
2.b. BemukanoBwim, P.III. T'abapaxmanoBbiv, B.I1. lopory-
koM, JI.A. Koueproii, B.I'. Octpornazosbim, M.B. Ceprueckum,
N.M. Ceponeruasim.

Ortnenpras OGnaronapHocts — A.I'. KBagparosoii, B.B. u U.B.
CadoHOBBIM.



I'maBa 1
NBbIXAHUE U ’KU3Hb

C onHOM CTOPOHBI, JbIXaHUE JIETKO M HE3AMETHO U3MEHSETCS
CaMOIIPOM3BOJIBHO ITPU Pa3HbIX COCTOSAHUAX YesioBeka. C qpyrou
CTOPOHBI, AbIXaTEIbHBIMU JBUKEHUSMU B U3BECTHBIX IpeAesIax
MO’HO YIPABJISATh IPOU3BOJIBLHO, U [1aK€ Ha KaKOe-TO BpeMsI 3a-
JepxuBaTh ux. [Toatomy yke JaBHO BO3HMK BOIIPOC: & HENb3S
JIY TTIOCPEICTBOM U3MEHEHM ST IbIXATEIbHBIX JBUKEHUM BbI3bIBATD
OIpE/IEIEHHBIE COCTOSIHUS OpraHu3Ma’?

['oBOps1 O LIEUTETBHOM WJIM O3[J0POBUTEIBHOM 3HAYEHUU [bl-
XaTeJIbHbIX YIPaXXHEHUH, HEBO3MOXHO HE 3aTPOHYTb BOIIPOC
0 MEXaHM3Max MX BIIMAHMUA Ha 4ejoBeka. K coxkanenuio, uc-
CJIEIOBATENIbCKUX KCIIEPUMEHTAIBHBIX JAHHBIX [0 9TOM TeMe
HUYTOKHO MaJio, TIO3TOMY MPHUXOTUTCS OTIEPUPOBATh OOIIMMU
HAyYHBIMU COOOPAXEHUSIMH, POTUBOIOCTABIISIS UX 3aBEIOMO
HEeHayYHBIM pe3y/IbTaTaM CaMOHAOTIOCHHSI.

HecmoTtpst Ha TO 4TO (PyHKIIMSA AbIXaTeIbHOM CUCTEMBI — Be-
retatMBHasl (OTHOCALIASICA K HEMPOU3BOJIBHOMY YIPABJICHUIO
BHYTPEHHUMH OpraHaMu), UCIIOJIHAETCA OHA IMOCPEACTBOM CO-
MaTUYECKUX (TEJIECHBIX, IPOU3BOJIbHBIX) MBI, JTa CMELIaH-
Hast 0COOEHHOCTh PaOOThI IbIXaTEIbHOIN CUCTEMBI CTABUT €€ B UC-
KJIIOUMTEIbHOE MOJIOKEHHE [J151 TAK Ha3bIBAEMOT'O ITPOU3BOJIbHO-
ro ynpasyieHus. Kaxercs, 4To Mbl MOXEM II0 CBOEMY KEJIAHHIO



0e3MepHO YIpaBJIATh JbIXaHUEM — B OTJIMYME OT KpaiHe orpa-
HUYEHHO KOHTPOJIMPYEMBIX MHBIX BEI€TATUBHBIX CUCTEM: MTHUIIIE-
BAapUTEJIbHOM, CEPIEYHO-COCYAUCTOM, BBIACUTENBHOM U JIp.

JlpIxaHue Bcerja OTOKAECTBIISETCS C caMOM XU3HbI0. Bot no-
yemy BO BceX MHUax U carax, a1ocax U JIereH1ax, CKa3aHusiX 1
TPAKTaTax O CO3IaHUM MMPA, BCETO CYLIEro Ha 3eMJle — U B TOM
YHCJIEe YEJI0BEKA — IbIXaHUE YIIOMUHAETCS KaK [JIABHBIN ITPU3HAK
Ku3HU. CrielivasbHble CUCTEMBI IbIXaTENIbHBIX YIIPAXKHEHUN /1aB-
HO ObLTM pa3padotansl B nauu, Kurtae, I'periuu, Pume. Tpak-
TUKA IIPUMEHEHUS IbIXaTEIbHBIX YIIPAXKHEHUN 151 TTOBBIIIICHUS
(pyHKIIMOHATIBHBIX BO3MOXHOCTEN CaMOW JbIXaTeJIbHOW CHUCTE-
MBI, a TaKke OOIIero Bo3 IEHCTBUS HA OPraHU3M U YKperIeHusI
HEPBHOW CUCTEMbI HACUMTHIBAET HECKOJIBKO THICSUENIETHIA.

B nocnenane necarmietns XX BeKa BO3HUKAET MHOXKECTBO
CHelMalbHBIX IIKON AblxaHus B AMepuke u Eppone. B Haie
BpeMsi HaOmoiaeTcst Oy pHbIN pacliBET B CO3[JAHUU U UCTIONb30Ba-
HUH CaMBIX pa3HOOOPA3HBIX CUCTEM JIbIXATEeNIbHBIX YITPAXKHEHHA.
HpiHe mpeasnioxeHo, mogpoOHO OMMCAHO M HACTOSITENBHO PEKO-
MEH/IOBAaHO K YNOTpeOJEHUI0 HEMaJIO Pa3HBbIX METOIOB «IIpa-
BUJIBHOTO» JIBIXaHUS1, PA3HOOOpa3HENIINX JIeueOHbIX JbIXaTesb-
HBIX yIpakHeHUW u TpeHaxepoB. [Ipomomkaercs: nzodpereHue
CaMBbIX «HOBEHIIIUX W eCTeCTBEHHBIX», HAOOJIee «IIeTUTETbHBIX
1 3((PEKTUBHBIX» JbIXATEIbHBIX YIIPAXKHEHUN.

JleficTBUTENbHO, KAKUX TOJBLKO HETPAAMIIMOHHBIX CIOCOOOB
ablaTh He npuaymanu! TyT U «CBUCTSIIIEE», U «T1APaJOKCATb-
HOE», U «9HEPreTUYECKOe», U «IHIOTEHHOE», U MHOTHUE JIpyrue



«CHCTEMBI IbIXaHH1», HA3BaHHBIE [10 UMEHaM MX n300peTaTesei.
OOpaTuTe BHUMAHKE: y4aT JIM BaC JbIIIATh ITyOOKO HJIH MTOBEPX-
HOCTHO, 4aCTO WX PEJIKO, YEPE3 HOC WX POT — PE3YJIbTAThI BCE-
r71a 00eIaloT ObITh OJMHAKOBO 3aMevaTebHbIMU.



I'maBa 2
CTPOEHUME N ®YHKIINN
I[I)IXATEJII)HOI71 CUCTEMBbI

BHemHee gbIxaHnue

Jlerkue ABIAI0TCS HEIPOTOYHBIM PE3EPBYAPOM, U [TOITOMY UX
BEHTWJIALIMS, TO €CTh OOMEH BO3yXa MEX/1y aTbBEOJIaMU JIETKHUX
Y BHEIITHEW CPEJION, MOXKET OCYILECTBIIATHCS TOJIBKO B PE3YJIbTa-
TE€ PUTMAYECKUX AbIXATEJIBHBIX IBUKEHUN IPYIHON KJIETKU. IbI-
XaTeJIbHbIE MBIIILBI PUTMUYECKH COKPAILAIOTCS U 00yCIaBIMBa-
10T [IEPETabl 1aBJICHNUM B Pa3HBIX YYaCTKAX AbIXaTEIbHBIX ITyTEN
¥ JIETOYHOTO arapara, Co3aBasi TEM CaMbIM BO3BPATHO-TIOCTY-
HaTeJIbHBIE IOTOKU Ia30B, KOTOPBIE U OCYILECTBIIAIOT BEHTHIIA-
M0 JIerKuX. Bo3myx, Bo BpeMs BJoOXa NOCTYNAIOUIUN B JIETKHUE
Jyepe3 HOC, Tpaxelo U OPOHXH, 3aIONHSET AbIXaTeIbHbIe TyTH, 1
KHCJIOPOJL €0 NMOCPeACTBOM U Py3Uu TOCTUraeT aJIbBEOI, THIe
CMEUIMBAETCS C aJbBEOJSAPHBIM BO3YXOM. Uepe3 CTEeHKM ajib-
BEOJI U JIETOYHBIX KAIWJUISIPOB COBEPIIAETCS] TA3000MEH MEX/1y
BO3JyXOM U KPOBBIO. YacTb ke BO3/1yXa OCTAaeTCs B TaK Ha3bIBa-
€MOM MEpPTBOM IIPOCTPAHCTBE, B KOTOPOM OOMEH Ta30B ¢ Kpo-
BbIO HE MpoucxoauTt. Jlerkue A KpacoTsl, ynoOcTBa U 3alllu-
ThI OKPY>KeHbI peOpamMu. [IpIxaTeIbHbIi TPOLIECC MPOXOIUT B TPH



JTana — BHEIlIHee (JIETOYHOE) AbIXaHKEe, TPAHCIIOPTUPOBKA ra30B
KPOBBIO M BHYTPEHHEE (TKAHEBOE) AbIXaHUE. JIerouHoe qpixanve
— 3TO Ta3000MeH MeXy aTMOoc(epoil U KPOBBIO JIETOUHBIX Ka-
MWUISPOB, PE3YJIbTATOM UYEro SIBJISETCS apTepuain3alusi KpoBU
(noBbllIEHUE coaepxaHus kKucaopona — O ; — U CHUKEHHE COLEP-
kaHus yriekucnoro raza — CO,). TakoBa ocHOBHasA (PyHKLIMSA
JbIXAHUS.

Kucnopon B coctaBe BO3yxa ITOCTYITAET B OPraHU3M ITPEUMY-
IIECTBEHHO 4Yepe3 HeOOobIIINe OTBEPCTHUSI HOCA M CPABHUTEIIBHO
y3KHE XO/Ibl HOCOBOM TMOJIOCTH, & MHOTJIA Yepe3 pOT U POTOBYIO
IIOJIOCTb.

Ho3papu citykar OCHOBHBIMM BOPOTaMU JIsl BO3AyXa, a POT
NpeJHa3HAYeH 1l UTaHUus U pedd. [ AbIXaHus UM Cleny-
€T TI0JIb30BAThLCS JIUIIb B OCOOBIX CITy4yasix B KAYeCTBe JOTOTHU-
TEJILHOTO 3aIIaCHOrO BO3LYIIIHOIO X01a. Bapixarh BO31yX HY)KHO
yepe3 Hoc. CTEHKH HOCOBOH IMOJIOCTU 00pa3yloT HEPOBHBIN pe-
Jbed, 3a CUET YEro yBEeJIMUMBAETCS IOBEPXHOCTh BHICTHIIAIONIEH
ee 000JIOYKH U TUIOIIA/Ib KOHTAKTA BO3/1yXa C HAPYKHBIM CIIOEM
KJIETOK CJIM3UCTOM OOOJOYKM, MHOTHE M3 KOTOPHIX MMEIOT pec-
HUYKHU (BOJIOCKM). BIpIxaemblil BO31yX, TPOXO/s Yepe3 HOCOBYIO
TM0JIOCTb, MTOJOTPEBAETCS KPOBBIO, ITPOTEKAIONIEN 110 MHOTOUYMC-
JIEHHBIM TPOHU3BIBAIOIIMM OOOJIOUKY COCylam, U, KpoMe TOro,
COIIPUKACASICh CO CIM3UCTOM, YBJIAXKHSETCA U OYULIAETCS OT Ya-
CTUI] TTBLTH, MUKPOOOB U SJOBUTHIX ra3000pa3HBIX MPUMECEH.

Bo3ayx nmpoxomut B HOCOIJIOTKY, OTCIO[a Yepe3 ropTaHb — B
JbIXaTeNIbHOE TOpIIo, Tpaxeto U OpoHxu (puc. 1). T opraHs co-



CTaBJISIIOT BO3/IyXOHOCHBIE TyTH U CITy’KaT JJIs1 TPAHCTIOPTHUPOB-
KM BO3ayxa. B HUX He mpoucxoaut oOMeH ra3oB ¢ KpoBbio. Pac-
NOJIOKEHHbIE HUXKE IJIOTKM TOpTaHb, Tpaxess U OpOHXU cofep-
)KaT B CBOMX CTEHKaX XPAIIU, KOTOPblE MPUIAIOT UM YIIPYrOCTh
¥ TIPEIOX PAHSIOT OT CIIa/IeHUSI.

Puc. 1. Cxematnueckoe n300paxeHre OpraHoB JbIXaHus. [ —
TOJIOCTh HOca; 2 — TBepraoe Hebo; 3 — MATKoe HeOO (SA3bIUOK);



4 — onocTh pTa; 5 — HOCOMIOTKA; 6 — POTOBasl YacTh IJIOTKU; 7
— HaJIFOPTAHHUK; 8 — MOJIOCTh TOpTaHu; 9 — nuieson; /0 — Tpa-
xest; 11 — raBHbIC JIEBBIN Y IPaBbIid OpOHXM; /2 — pa3BETBIICHUS
OpoHXOB (OpOHXMOJBI); /3 — JIerOuHble MYy3bIPbKU (JILBEOJIHI);
14 — neBoe u mpaBoe JIeTKOe

AtMOoc(hepHBIN BO3/1yX, IPOLIEAIINM 110 BEPXHUM JbIXaTeJIb-
HBIM ITyTSIM, ITIOJOTPETHIN, YBJIAKHEHHBIM U OYALIEHHBIN, TIOCTY-
naer B OpoHxH. [IBa IIaBHBIX OpPOHXa, OTXOMSAIINE OT TPaxew,
1oJoOHO BETBSIM JiepeBa, MHOTOKPATHO AENATCSA Ha Bce Oosee
u Oosiee MeJIKHe, J0XOs /10 TOHKMX UM TOHUYAWIINX BETOUEK —
OpPOHXMOJI, JMaMeTp KOTOPbIX HE MPEBbILIAET A0JIel MUUIMMET-
pa. OHM 3aKaHYMBAIOTCS TPO3AbSAMHU MEJbYANIINX I1y3bIPbKOB,
TaK Ha3bIBAEMBIX JIETOUYHBIX AJIbBEOJ, 11O (POPME HATOMUHAIOLIUX
MUHHUATIOPHYI0 BUHOTPA/IHYIO0 KUCTb.

CTeHKM ajbBEOJ OYEHb TOHKHME U OIUIETEHBI TYCTHIMU CETS-
MU TOHYANIIMX KPOBEHOCHBIX COCYIMKOB — KaWJUIAPOB. V3HYT-
Y JIbBEOJIBI BHICTJIAHBI TOBEPXHOCTHO-AKTUBHBIM BEILIECTBOM —
cypdakraHToMm, ocnaGIsIOIMM JIeHCTBUE CUJIbI TTOBEPXHOCTHO-
IO HATSKEHUS U TEM CaMbIM IPEyTPEkKAAIOLIMM CIIaIEHUE aJlb-
BEOJI M JIETKUX Ha BblIoxe. CymMmapHas TONIIMHA CTEHOK ajIbBe-
OJIbl ¥ KalWJUISAPa, OTAEISIONIMX KPOBb OT BO3AyXa, OOBIYHO HE
IIPEBBILIAET THICYHBIX JOJEeM MWLIMMeTpa. biarogapsa trakomy
CTPOEHMIO YEePE3 CTEHKU aJIbBEOJIBI U KalujulsApa JIETKO MTPOHU-
KaloT ras3bl: KUCJIOPOA — U3 aJIbBEOJIIPHOTO BO3/1yXa B KPOBb, a
YIJIEKUACIIBIY Ta3 — U3 KPOBU B BO3MYX.



[pouiecc razooOMeHa B JIETKMX COBEpIIAETCS Ype3BbIYaii-
HO OBICTPO BCIIEICTBHE OIPOMHOTO YHCIa AIbBEOJ, PABHOTO
HECKOJILKUM COTHSIM MUWJUIMOHOB, U 9TOTO OKa3bIBAETCs BIIOJIHE
JOCTaTOYHO, YTOOBI YCTAHOBMJIOCh KMCJIOPOJIHOE U YIJIEKUCIIOT-
HOE PaBHOBECHE MEXY BO3yXOM aJIbBEOJ U KPOBBIO.

Jlerkue 3anonHSAIOT 06€ MOJOBUHBI TPYAHON KJIETKU. B cooT-
BETCTBUHU C UX PACMOJIOKEHUEM Pa3InYaloT IPaBOE U JIEBOE JIer-
xoe. Kaxaoe U3 HuX umeer BUJL MIOJIOBUHBI BEPTUKAJIBHO pa3pe-
3aHHOT'O KOHYCa C 3aKPYIJIEHHOW BEPXYIIKON U HECKOJIBKO B/AB-
JIEHHBIM OCHOBaHMEM, NoMelaliuMmcs Ha auadparme. ua-
(parma (rpynoOproriHas mperpaaa) — MUpoKast TIOCKask MBIII-
11a C IUVIOTHOM CyXOXWJIbHOH KyIOJI0OOPa3HO MPUMOAHSATON ce-
PEIVHOM, OT/CIISIONIAs TPYIHYIO ITOJIOCTh OT OPIOIITHOM.

Jlerkvie MOKpPBHITHI TOHKOM OOOJOYKOW — TUIEBPOM, KOTOpast
BBICTWJIAET TaKK€ U CTEHKM T'PYAHOMW MOoJoCcTU. Mexy Jierou-
HBIMU U IIPUCTEHOYHBIMU JIMCTKAMM TIJIEBPbl 0Opasyercs Iiese-
BUJIHOE€ T€PMETMUYECKM 3aMKHYTOE MPOCTPAHCTBO, UMEHYEMOe
TUIEBPAJILHON TIOJIOCTBIO. B Hell comepkutcst HeOOMbIoe KOMu-
YECTBO CEPO3HOM KUAKOCTH, BBIIEJISEMON IUIEBPOM, HO OTCYT-
CTBYET BO3/lyX. Tak Kak 3Ta I10JI0CTb 3aMKHYTa U HE COEIMHEHA C
aTMocepHBIM BO3IyXOM, a cijia aTMocGepHOTo JaBjieHusl, Aei-
CTBY#1 OIHOCTOPOHHE, 3aTPAauyMBaeTCsl B HEKOTOPOI Mepe Ha Ipe-
OZI0JIEHUE ACTUYECKOM TATHU JIETOYHOUM TKAHU, TO OBEPXHOCTD
JIETKUX MPUKHUMAETCA K TPYAHOU CTEHKE C HECKOJIBKO MEHbILEN
CHUJION, 4eM cuiia atMocgepHOro 1aBieHust. B pesynbrate nasie-
HHE B IJIEBPAJIbHOM MOJOCTH OKa3bIBAETCSl MEHbIle aTMocdep-



HOT'O (M3-32 Yero OHO Ha3bIBAETCSl OTPUIIATE/ILHBIM) Ha BEJTUYU-
HY 9J1aCTUYECKOU TATH JIETKHUX.

Ha3zHaueHue JIeroyHoro arnrapara COCTOMT B OCYIIECTBIEHUN
BHEIIIHETO JIbIXaHUS U MEPEHOCe ra30B MEX/y BHEIIHEW Cpeaon
U aJIbBEOJIAaMU, B KOTOPBIX MPOUCXOIUT ra3000MeH C KPOBBIO.



IIBIX&TEJII)H])IG ABUKCHUA

[Mepuon AbIXaTebHBIX TBYKEHUHN, WM PUTM JIbIXaHus, (hop-
MUPYETCs. B CHCTeME HEpPBHBIX KJIETOK IPOAOJATrOBaTOro0 MO3-
ra, 4ro oOecrneynBaeT padOTy JbIXaTeJILHOW CHCTEMBI B pe-
KMMe HEMPOM3BOJIBHOTO JbIXaHUsl. VI3 JbIXaTeqpHOro IIEeHTpa,
PAacIIONIOKEHHOTO B MPOJOITOBATOM MO3re, MepeJaloTcsl KOMaH-
Ibl K JbIXaTeJIbHbIM MbiiaM. MHdopmaims o mocienoBa-
TEJIbHOCTH, MTPOJIOKUTENLHOCTU U CUJIE COKpAITeHusI MOCTyIa-
€T K MOTOHEeWpOHaM (JIBUTaTeIbHBIM HEWPOHaM) JIbIXaTeTbHBIX
MbII. Tak ycTaHaBIMBaeTCs CTENeHb COKPAIEHUs JIbIXaTelTb-
HBIX MBIIII] U TEKYIIUHA 0ObEM JIETKUX MPH CIIOHTAaHHOM JIbIXa-
HUK. B IpOM3BOILHOM YITPaBJIEHUH [IIXaTEIbHBIMU JBHKCHU SI-
MU yYacTBYIOT KJIETKH KOPBI OOJBIINX TMOTYIIAPUI TOJIOBHOTO
Mo3ra. CMeHa ra3oBOro cocTaBa B JITKUX, WA BEHTUJISLIUS JIeT-
KHX, TIPOMCXO/IMT 3a CYET PadOTHI JbIXaTEJIbHBIX MBIIIII. [IbIxa-
TEJIbHBIA aKT (LIMKJI) COCTOMT M3 BIOXA M BBIJIOXA.

B npononroBatoM Mo3ry pacrnoyiokeH JbIXaTeIbHBIN IIEHT,
U3 KOTOPOTO MEPUOAMYECKH MOCTYMAIOT KOMAH/Ibl K JIbIXaTesTh-
HBIM MBIIIIaM. DTO IEHTpaJIbHOE HEpBHOE OOpa3OBaHME, CO-
CTaBJIeHHOE U3 (DYHKIIMOHAJILHO Pa3HbIX HEPBHBIX KJIETOK, 00ec-
nieynBaeT padoTy JIBIXaTeTbHON CHCTEMbI B HEITPOM3BOJIbHOM aB-
TOMATUYECKOM peKUMe (IT03TOMY OOBIKHOBEHHO MBI HE 3aMeya-
€M COOCTBEHHOTO bIXxaHusl). [IbIXaTeJIbHbIA IIEHTP ONpejieisieT
HOPSIJIOK BKJTIOUEHHM S, CHITY M TTPOJIOJKUTENLHOCTh COK PAITIeHUsT



Pa3IMYHBIX MBIIII] B 3aBUCUMOCTH OT ra3000MeHHOI OTpeOHO-
CTH OpraHm3Ma. 3aJrbl BO30YKAA0MIMX UMITYJILCOB TIepeaaioT-
CAl U3 ABIXATEJIBHOTO LIEHTPA N0 AxadparMajibHOMy HEpBY K JHa-
(parme u o mexpeGepHbHIM HEPBAM — K MEKPEOEPHBIM MBbIILI-
am.

[Ipn BIOXE, COITIACHO KOMAaHIE AbIXATEJIbHOIO LIEHTpa, CO-
KPalAlTCs OCHOBHAs BJbIXaTesIbHASA MbIIIA — quadparma — u
HapyKHble MexpeOepHble MbIIILBL. B pesynbprare cokparieHus
BJbIXAaTEJILHBIX MBIIIL KyNOJI JuadparMbl YIUIOIAETCS U OIyC-
Kaercs, a pedpa MOAHNMAIOTCS, BBUY YETr0 YBETMUMUBAETCS 00b-
€M IpygHoHN KieTku. IlneBpasbHas mosnocts, MOBTOPSEM, Iep-
METHUYHA, U JABJECHUE B HEU OTPULIATEBHOE MO OTHOIIEHHIO K
arMocgepHoMy. [loaTomy Jlerkue nacCUBHO paclpaBiIsIlOTCS B
I'PYZHOU MOJIOCTU U TIOA ICUCTBUEM CHJIBI aTMOC(EPHOTO J1aBIe-
HUs Yepe3 BO3IyXOHOCHBIE ITyTH HAIMOJHAKTCA BO3LyXOoM. Tak
IIPOUCXOAMT BJOX.

BupixaTenbHble MBIIILIBI TPEOJOIEBAIOT P, CONPOTUBIIEHNN,
ITIABHEHIIIAE U3 KOTOPBIX — MACTUYECKOE CONPOTUBJIEHUE Pe-
OepHBIX XpslIel U CaMOW JIETOYHOU TKaHU, Macca PUIOIHUMA-
€MOi1 Ipy/IHOM KJIETKU U CONPOTUBJIEHHE OPIOLIHBIX BHYTPEHHO-
CTel U CTEHOK JKMBOTA, OTTECHSEMbIX TuadparMoii pu ee yIuio-
IIICHUY BO BPEMsl COKpAILECHUS.

Korja B10x OKOHUYEH U BJIbIXaTeIbHbIE MbIIIIIbI PACCIA0NSIOT-
Csl, CyMMapHO€ JEWUCTBUE MEPEUNCIIEHHBIX CONIPOTUBIIEHUI BO3-
BpAIlaeT rPyJHYIO KJIETKY B ICXO/IHOE MOJIO)KeHue: peOpa B CUITy
YIPYTOCTH MX COEAMHEHUI OIyCKAIOTCS, AUadparma BbIsTuYMBa-



eTcsl BBepX. B pe3ynbrate yMeHbIaeTcsi 00beM Ipy/IHON KIeTKU
¥ COOTBETCTBEHHO — 00beM JierKux. [IprdeM M30BITOK BO3IyXa,
BOIIE/IIIEro MPY BJIOXE, BHITAIKMBAETCS HAPYKY U3-32 YBEIIYe-
HUSI BHYTPUJIETOUHOTO JIaByieHUsi. Tak B CIIOKOWHOM COCTOSTHUU
MACCHBHO, 0€3 aKTUBHOTO Y4YacCTHsl JbIXATEJIbHBIX MBIIII] OCY-
IIECTBIISIETCS BHIOX. JIMIIb TP yCUJIEHHOM WUTH 3aTPYJHEHHOM
JbIXaHWH BBIIOX CTAHOBUTCS aKTUBHBIM: €My MOMOTaeT COKpa-
IIEHNE MBIIII-9KCITUPATOPOB (BbIABIXATEIbHBIX MBIIIIT) — OPIOIII-
HOT'O Mpecca, BHYTPEHHUX U YaCTU HAPYKHBIX MEKPEOCPHBIX.

[Mocne BbIIOXa ABIXATENbHBINA UK PUTMAYHO TIOBTOPSIETCS.
U Ttak Bcio xku3Hb. OT MEpBOro 0 MOCTEAHETO BOXA. . .

[Ipy TPOM3BOJIBLHOM CTPEMJIEHMM W3MEHUTDb [IbIXaTesIbHbIe
JBVDKEHUs, HAPUMeEpP 3a/IepPKaTh JIbIXaHWe MPU HBIPSHUU WJIHA
COIJIACOBATh PUTM CHOPTHUBHBIX IBMKEHU C JIBIXaTeIbHBIMH, B
PEryJISIIUIO JBIXaHHS BKJTIOYAIOTCSI BBICIIME OT/ENBI TOJIOBHOTO
MO3ra, KOHTPOJIUPYIOIKe paboTy BCEX MBIIIIL Tela (coMaTuye-
CKUX MBIIIIIT).

OOBIYHO YEJIOBEK HEe 3aMevaeT, Kakylio paboTy eKeCeKyHIHO
BBITIOJIHSIOT €ro JbIXaresbHble MBIIp. OpHako modas ¢usm-
Jyeckasi Harpy3Ka, IpUBO/Sl K YCHUJIEHHIO JIbIXaHUS, JIeJIaeT BEeCh-
Ma OIIy TUMBIMHU JIBUKEHHSI TPYIHOM KJIeTKU. U mpy criokoiHOM
JbIXaHUM pacxoayeTcst Hemasas sHeprus. [lostomy 3amavua apl-
XaTeJIbHOW CHCTEMBI COCTOUT B JIOCTABKE OPraHU3My KHCIOpOAa
IIpY HAaMEHbIIIeH 3aTpaTe SHepruu Ha camo Jpixanue. CoxpaHe-
HUE€ MUHUMAJIBHON YHEPreTHUECcKON «Cce0ecTOMMOCTU» KHCIIO-
poza — OOHO U3 BAaXKHEUIINX YCIOBUM KU3HENEATEIBHOCTH Op-



ranusMma. [Ipu uypeamepHOM pacxoze Kuciopoja Ha (PyHKIIMOHU-
POBAaHME CaMOTO JIBIXATEeJILHOTO arapara, Kak 9T0 ObIBaeT MmpH
Pa3IMUYHBIX 3200IEBaHUSIX UJIH TP 3aTPYJHEHUSIX IBIXaHUSI, Op-
raHU3M CTpagaeT OT KUCIOPOIHOro rojoaaHusi. B kpurtuueckux
ClTy4asix JbIXaHUe TiepecTaeT ObITh YCJIOBUEeM KU3HU U CTAHOBUT-
Cs1 CaMOIIETIbIO: TIONTyYaeTCsl TaK, YTO OONBHOU KUBET JIMIIb IS
TOro, 4TOOBI ABIIATH, BMECTO TOTO YTOOBI AbIIATH ISl OJTHO-
EHHOU XU3HU.

JKu3HeHHast eMKOCTb JIETKMX — OOIIUI 00beM BO3/IyXa, KOTO-
PBIi MOXET OBITh BBIJOXHYT IPU MAKCUMAJIBHOM BBIIOXE TIOCTIE
CaMoro rIyOOKOro BA0Xa, — CIIYXKUT OHUM U3 MoKa3aresieit (pu-
3UUYECKOrO pa3BUTHS YEIOBEKA. 3aHATHUS CIIOPTOM U AbIXaTelb-
Hbl€ yNPaKHEHUs MOBBIIIAIOT )KU3HEHHYI0 EMKOCTb, a BCE MPU-
YMHBI, 3aTPYAHSIONINE JbIXaTeJIbHbIE IBUKEHHU S, CHUKAIOT ee U
TEM CaMbIM YXYIILIAIOT CHaOKeHHE OpraHu3Ma KUCIOPOAOM (pHC.
2).

Ona B cpenneM paBHa 3500 mut y myskuuH U 2700 M y keH-
IIMH, a Y XOPOILO TPEHHPOBAHHBIX JIUL MOXkeT gocturare 6000
w1 Ipu aTOM fake nmocne BecbhMa MHTEHCMBHOI'O BbIJIOXA B JIET-
KX 00s13aresibHO ocTaercst okono 1500 mul Tak Ha3bIBAE€MOTro
OCTaTOYHOTrO BO3yXa.

O0beM Bo3myXxa, MPOXOIAIINI Yepe3 JIerKue 3a OIHY MUHY-
Ty, HA3bIBAIOT MUHYTHBIM OOBEMOM JIbIXaHHWs1. B HOpMe OH paBeH
4000 — 6000 mn. ITpu mbleyHON padOTE OH YBEJIMYMBACTCH,
HarpuMep, y CrioptcMeHoB mpu Oere — 10 30 1.

B nokoe B3pociiblil yesnoBek AesaeT npuMepHo 16 IpIxaHuii B



OZIHY MUHYTY. 3a KaX[plii BIOX B JIETKKE NOMaAaeT okoio S0 M
Bo3ayxa. [Ipu camom rIyOGOKOM BJOXE MOXHO JIOTIOTHUTENHHO
BIOXHYTh OK0JI0 1500 MuT BO3/1yXa, a PU CaMOM TIIyOOKOM BbI-
noxe BbIIOXHYTb eme 1500 M1 pe3epBHOro BO3/1yxa, OJHAKO U
I0CJIE STOT'O B JIBIXaTEJILHOM CUCTEME OCTAHETCA ellie 0KoJ1o 1500
MJ1 BO3/yXa.

He Bech 00beM B/IbIXa€MOro BO3/yXa y4acTByeT B ra3000Me-
He. [Ipu kaxaom Baoxe okosno 150 mut ero ocraercst B moso-
CTH HOCA, POTOBOM YaCTH ITIOTKH, HOCOIJIOTKE, TOPTaHH, Tpaxee,
OpoHxax. ITOT 00BEM BO3/IyXa HA3bIBAIOT BPEJHBIM MPOCTPAH-
CTBOM.

Wrak, B sierkue BO BpeMs BJOXa IMOCTYNAaeT BO3AYX, KOTO-
PBIi TIO ABIXATEIbHBIM Y TSIM JIOXOAUT /10 MEJIKHMX Pa3BETBICHUM
6ponxoB. [lanee kuciaopoa mocpeacTBoM Audy3nuu JOCTUraeT
aJIbBEOJ M CMEIIMBAETCS C aJIbBEOISIPHBIM BO3yXoM. B anbBe-
oJ1aX MPOMCXOAUT UHTEHCUBHBII OOMEH ra3oB, HO XMMUYECKHUI
COCTaB aJIbBEOJISIPHOTO BO3/yXa M3MEHSIETCS] COBCEM HE3HAUM-
TEJIbHO, XOT$ 3aMETHO OT/InYaeTcs ot armocepHoro. Ero cocras
OCTaeTCsl JOBOJIbHO MOCTOSTHHBIM MPU BJIOXE U BBIIOXE 3a CYET
TOrO, YTO B aJIbBEOJIbI U3 BO3/yXOHOCHBIX IyTeH HENPEpPHIBHO
I PyHANPYIOT MOJIEKYJIB KACIOPOAA U YAAISIIOTCS MOJIEKYJTBI
YIJIEKUCIIOTO ra3a. 1o uMeeT 0ombInoe (pru3HoIornueckoe 3Ha-
YeHue Uil MOAJIepKaHusl MOCTOSIHCTBA BHYTPEHHE! Cpefibl Op-
ranu3Ma. biaronaps anbBeossipHOMY BO3/1YyXY, BBINOTHSIOIEMY
POJIb TOCPEJHMKA, KPOBb HETTOCPEACTBEHHO HE COTPUKACAETCS C
OKPYKaIOLIMM Hac BO3AYXOM.
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(mpIXaTesIbHBIM 0OOBEMOM) M YaCTOTOH JIBIXaTeIbHBIX ABUKEHH.
B mokoe ipixaresnbHbIl 00beM MaJl TI0 CPAaBHEHHUIO C OOIIUM 00b-
€MOM BO3JIyXa B JIeTKHX. Takum 00pa3oMm, YesIOBEK MOXET Kak
BJIOXHYTb, TaK M BBIJIOXHYTh OOJIBIION NOMOJHUTEIbHBIA O0b-
eM. OIHaKo Jaxe MpU caMOM TIIyOOKOM BBIJIOXE B aJIbBEOJIaX U
BO3J/IyXOHOCHBIX MYTsX JIETKMX OCTAETCS1 HEKOTOPOE KOJMYECTBO

BO3/yXa.



I'az000MeHn

['a3000MeH MeX Iy BO3AYXOM M KPOBBIO Yepe3 CTEHKH ajibBe-
OJ1 ¥ JIETOYHBIX KAIWJUISIPOB U MEKAY KPOBBIO U KJIIETKaMU Yepe3
CTEHKM TKaHEBbIX KalMJUISIPOB MTPOUCXOAUT MOCPEICTBOM -
(py3uu. B anbBeonax nerkux kuciaopod AudpyHAUPYET B KPOBb,
a YIJIEKUCIIBIN a3 — U3 KPOBU B BO3/yX. ApTepuasibHasi KpOBb OT
JIETKUX JIBUKETCS K TKAHEeBBIM KarWJLIsIpaMm, IJie POUCXOST 00-
paTHbIE 10 HAMPABJIEHUIO TIPOIIECCHl OOMEHa ra30B MeX[y TKa-
HSIMU U KPOBbIO.

VY 310poBOro yesnoBeka B HOPMaJIbHBIX YCJIOBUSX JJaBJICHUE
KHCJIOPO/Ia B JIbBEOJISIPHOM BO3JyXe OOJbllie, Y4eM B BEHO3HOM
KPOBH, MPUTEKAIOIIEHN K JIETOYHbIM Kanujuisipam. B oTHoieHun
YIJIGKUCTIOTO ra3a HaOMogaeTcsl Kak pa3 oOpaTHOe: ero JaBiie-
HUE B aJIbBEOJISIPHOM BO3/yX€ MEHBIIIE, YEM B BEHO3HOW KPOBU U
TeM OoJiee B TKaHsIX, IJIe OH MOCTOSIHHO 00pa3yeTcs B pe3yJibTaTe
KU3HEJESATEIbHOCTU KJIETOK. Pa3HOCTH HaBlieHUi, CyIIECTBYIO-
1€ MEXIY KHCIOPOJOM B aJIbBEOJISIPHOM BO3/yXE U B BEHO3-
HOW KPOBH U MEXJY YIJIEKUCIBIM ra30M B MPUTEKAIOIIEH KPO-
BU U B JIbBEOJIIPHOM BO3J1yXe, ABJISAIOTCSA (PU3MUECKOW MPUIH-
HOW Mepexofia KUCIOpPOoAa U3 BO3[yXa B KPOBb M YITIEKUCJIOTO
rasa u3 KpoBH B aJbBEOJIApHBIN BO31ayX. a3l nuddynaupytor
B HAIPaBJICHUH, OIPENEISAEMOM Pa3HOCTBIO AABJIEHUNA (Hamps-
KEHUI1) BHYTPU U CHAPYXU KaMUUISIPHBIX CTEHOK. Bcrencreue
addy3un (caMonpoU3BOILHOTO MTPOHUKHOBEHHST MOJIEKYJT Ia-



3a U3 MecTa ¢ OOJBIIMM JJABJICHUEM B MECTO, TJe JIaBJIeHHe ra-
32 MEHBIIIE) KUCIOPO/ U3 AJIbBEOJIAPHOTO BO3AyXa NEPEXOIUT B
KPOBb, a YIJIEKUC/IBIN I'a3, IPUHECEHHBIN B JIETKUE KPOBbIO, I1e-
PEXOIUT U3 HEE B aJIbBEOJISIPHBIN BO3/yX U yJaJIseTCsl B aTMO-
cepy.

Ckopoctb and@y3un B JIErOYHBIX KaWLUISIPax JI0BOJBHO Be-
JIMKA, Y 32 BpeMs JABWKEHUsI KPOBU MO HUM (OKOJIO 2 CEKyH]I)
JaBJIEHUE I'a30B BHYTPU U CHAPYKU KalMJUISPOB YCIIEBAET BbI-
poBHATHCA. [103TOMY MOXXHO cUMTaTh, UYTO HANIPSKEHUE (J1aBjie-
HUE) ra3oB B aJbBEOJIAX M apTepUaIbHOM KPOBU OJAMHAKOBO. B
TKAHEBBIX KalWJUIsIpax CKOPOCTbh Iu(pdy3un ra3oB Ha IpaHuULIe
KPOBb — TKaHb CPABHUTEJIBHO MaJla, U 1aBJIEHUE I'a30B B KPOBU
HE YCIIEBAET JOCTUYb BEJIMYMHBI, PABHOU JABJIEHUIO B TKAHSX.
[loaTomy faBieHKE ra30B B BEHO3HOM KPOBHM HAa HEKOTOPYIO Be-
JIMYUHY OTJIMYAETCS OT JABJICHUS Ta30B B TKAHSIX.



IlepeHoC ra3zoB KpOBbIO

[NepeHoc ra3oB KpOBbIO Tpe/CTaBsieT coOoi goctaBky O K
TKaHsAM 1 o6parHbiid Tpancroptr CO,. KpoBb, aBurasce mno 3a-
MKHYTOMY KpYry, OO€creurBaeT NepeHoC ra30B MeXy JIerKu-
MU U TKaHsIMU. ['a3bl IepeHOCATCS KPOBBIO YACTUYHO B CBOOO/I-
HOM PAaCTBOPEHHOM B IJIa3Me COCTOSIHUM, HO B OCHOBHOM B CBfI-
3aHHOM BH/JIE TIOCPEICTBOM OOpa30BaHUsI OOPATUMBIX XUMUYeE-
CKUX COEAMHEHUH ¢ TeMOrI00MHOM. FIMeHHO reMoriioOuH KpoBU
o0ecreurnBaeT XUMHUECKOe CBSI3bIBAHUE U ITEPEHOC KUCIOPOAA U
YIJIEKUCITIOTO ra3a, KOTOPbIE MOCTYNAIOT B IJ1a3My KPOBH B IPO-
uecce nuggy3um.

['a3000MeH B JIETKUX W TKaHSIX OpraHru3Ma CTaHOBUTCSI BO3-
MOXeH Onarofapsi TpPaHCIIOPTHOM cUCTEMe KPOBU, KOTOPasi LIUP-
KYJIMPYET M0 3aMKHYTOMY KPYTY, COIEpIKallleMy JIBa yJacTKa Ka-
MUJUISIPOB: JIETOYHBIX M TKaHEeBbIX. He mpuxoauTcs qoka3biBath,
YTO (PYHKIMS JBIXaTEIbHON CUCTEMbI HEPa3pbIBHA C €SI TEJILHO-
CTBIO CEPIEYHOCOCYAUCTOM, U 00€ OHU HEPACTOPKUMBI ITPU BbI-
MOJTHEHUU TIePBOCTENEHHON 3a/1auM: JOCTaBKM OpraHaM U TKa-
HSIM KUCJIOPO/Ia M yIAleH!sI M30bITKA YIJIEKUCIIOTO rasa.

[Ipouecc nepenoca ra3oB KpoBbIo Toke He mpocTo. [IpoHuk-
1K€ U3 aJIbBEOJ B TUIa3My KPOBU MOJIEKYJIbI KMCIOPOIA HEAOJITO
OCTAIOTCS1 CBOOOJHBIMHU, TAaK KaK CBSI3BIBAIOTCS C TEMOTJIOOMHOM,
HAXOJSAIIMMCS B KPaCHBIX KPOBSIHBIX TeJIbI[aX — SPUTPOLUTAX.
JlpIxaTenbHBIN OeTOK TeMOTTIOONH, BCTYyTasi B COeTUHEHUE C KUC-



JIOPOJIOM, 0Opa3yeT OKCUTeMOIJIOONH, M TeM CaMbiM KPOBb TIe-
PEHOCUT HAMHOTO OOJIbIIIe KUCIOPO/IA, YeM €CJTH OBl ra3 IPOCTO
pacTBOpsICS B ee IIa3Me. B apTepualibHON KPOBHU, OTTEKAIOIIEH
OT JIETKHX, MTOYTH BECh FeMOIJIOONH COE/IMHEH C KUCIOPOIOM U
NpeBpallieH B OKcureMorioonH. Hectoiikoe coeimHeHre KUCIo-
pona ¢ reMor;ioOMHOM B KOHIIEHTPMPOBAHHOM BHJIE B PUTPO-
[MTax JOCTABJISETCS K TKAHSIM.

Bysyun nocTaBieHHbIM B MeJbYaiiiie KPOBEHOCHBIE KaIlvJl-
JISIPBI, TIPOHU3BIBAIOIIME BCe OPraHbl M TKAHW Tejla, OKCHIeMO-
[JIOOWH JIETKO OCBOOOK/IAET KUCIOPOA. XUMHYECKOe CPOACTBO
(CHIOCOOHOCTH yIepKMUBATh MOJIEKYJTy KMCIIOpO/a) TeMOTJIOOnHA
C KUCJIOPOJIOM 3aBUCHT TaK3Ke OT COfIEpKaHUsI YIJICKKCIIOTO ra3a:
YyeM ero 0oJIblie, TeM ObICTpee PaCIIeTIISETCS] OKCUTEeMOTTIOOHH.

BbIIe/MBIIMIACS KUCIOPOJ POHKUKAET Jlajiee Yepe3 KIIeTod-
HYI0 00OJIOUKY M y4acTBYeT B TKaHEBOM jbixaHuu. HaBcTpeuy
9TOMY TPOIIECCY MPOTEKAeT IPYroi, B3aUMOCBSI3aHHBIN C HUM:
U3 KJIETKH B KPOBb MIOCTYIAET YIJIEKUCIIOTa. [ eMOorioOuH, oTiiie-
NUBIINI OT Ce0s1 KMCIIOPO, TYT e BCTYIMAET B CBA3b C YIJICKKC-
JIIM Ta30M: YeM MEeHbIIIe KHCIOopoaa B KPOBHU, TeM OOJIbIIIe XU-
MHYECKH CBSI3aHHOTO YIJICKKCIIOTO ra3a.

Kucnopos, nepeHOCUMBbIiA ¢ TOKOM KPOBH B pa3InuHble TKAHU
Y OpraHbl, HAYMHAET NEPEXOIUTh U3 KPOBH B KJICTKH STUX TKAHEH
Y OpraHoB, TaK Kak BCJEACTBUE HEMPEPHIBHOM PaOOThI KJIETOK
NIPOUCXOIUT HETPEepPhIBHOE MOTpedsIeHre KUCIOPO/Ia U Bhijieie-
HME YIJIeKUCIOTh. KOHIIeHTpalyst KMCIopo/ia B KJIETKax BCeraa
HVKE, YeM B MPUTEKAIONIECH KPOBH, & KOHLICHTPAIHS YIJIEKUCIIO-



ThI BCET/IA BBIIIIE.

Takum 06pa3om Ha BCEM CBOEM ITYTH OT JIETKUX Yepe3 KPOBb
K TKaHSIM KUCJIOPOJ IBMKETCSl U3 00J1acTU ero Oosiee BhICOKOM
KOHLIEHTpAllMU B 0071acTh OoJiee HU3KOM M, HAKOHEll, YTUJIN3H-
pyetcs (yrnorpeOinsieTcsi) B KJIeTKax.

[TpumepHO TO ke camoe MPOUCXOIUT U C YIJIEKUCIIBIM Ia30M,
KOTOpBII IBUKETCSl U3 padoTaloIIMX OPraHoB (TO ecTh MecT 00-
Jiee BBICOKOH ero KOHLEHTpAllMU) Yepe3 KpOBb K JIETKUM, IJie
KOHIEHTpAIIMsl €ro MUHUMAJIbHA.

VYriekucnora B OTTEKAOIIEN OT TKaHE BEHO3HOM KPOBH CO-
JEPKUTCSL B PACTBOPEHHOM U CBSI3aHHOM COCTOSIHMM: B BUze Ou-
KapOOHATOB M COEAMHEHUS C TeMOITIOOMHOM — KapOoreMmorso-
6uHa. B Takom Buae Ooblas YyacTb YIJIEKUCIOTH IOCTABIISIET-
Cs1 KPOBBIO K JIeTKMM. Tak Kak KapOoreMorjioouH — COeAMHEHUEe
HEMpOYHOE M PaCILEIUIsieTCs TeM Jierye, 4yeM OoJbliie coaepka-
HME KHCJIOpOJa, TO B KalWUIAPaX JIETKMX OHO OYeHb OBICTPO
pacnazaercsi, a OCBOOOAMBIIMIACS YIJIEKUCIIBIN Ia3 BhIACISIETCS B
AJIbBEOJISIPHBIA BO3YX U B JAJIbHEHILIEM yAaJIsAeTCsl U3 OpraHu3-
Ma.

KonnyecTBo XMMUYECKH CBSA3aHHOTO ra3a, C OIHOM CTOPOHBHI,
COOTBETCTBYET €ro COIEPXKAHMIO B IUIa3Me KPOBU U, C JIPyrou
— 3aBHCHT OT COIEPKaHMUSI KOHKYPHPYIOILETO Ta3a: YeM OoJbIle
KHCJIOPO/a, TeEM MeHbIIe KapOoreMorioOrHa, ¥ 4eM OOJIbIIIe yT-
JIEKUCJIOTO Ta3a, TeM MEeHbIlle OKCUreMorsioouHa. ['emornooun
pabotaet Oe3 MPOCTOEB U BCE BPeMsl HarpykeH, II00YEPEeIHO Iie-
PEHOCS TO KUCJIOPOJ, TO YIJIEKUCIIBIN ra3. [IpIXaHue CBepIInIOCh



TOT/1a, KOT/ia K Ka 0 KJIETKE JJOCTaBJIEHBI MOJIEKYJIBI KHCIIOPO-
14, B MUTOXOH/PUSIX IPOU30IILIO OKHUCIEHHUE U TIOJIyYeHa SHep-
TWsl, a U3 OpraHu3Ma BhIBEJIeH HEHYKHBIN IPOAYKT OOMEHa — yT-
JeKUCIbIi ra3. Kiietka sxuBeTr v AefCTBYeT.



BuyTpeHHee nbixanue

BHyTpeHHee, TKaHeBOe, JbIXaHWE — 3TO KOMIUIEKC OWOXU-
MUYECKUX MPOLIECCOB BHYTPUKJIETOUHOTO OKMcieHus. Kierku
OpraHu3Ma IpeCTaBISIT COOON MaJIeHbKYIO STYeWKY JKU3HU U
ouar ee SHEpruu. DHeprusi HyXkKHa, YTOObI KUTh, BOCIIPOM3BO-
IMTh ceOe MOJOOHBIX, IBUTAThCsl, YYBCTBOBATh, MBICTINTh. B ue-
JIOBEUYECKOM OpraHu3Me SHeprusi JoObIBaeTCs U3 OpPraHMYeCcKUX
BEIIIECTB, CHHTE3UPOBAHHBIX PACTEHUsIMU, A TaKXke MOTpeOIeH-
HBIX XMBOTHBIMU. UTOOBI UCTIONB30BaTh SHEPTUIO COJHIIA, TTEP-
BOHAYAJILHO 3aKJIIOUEHHYIO PACTEHUSIMUA B MOJIEKYJIbl OpraHruye-
CKHX BEIECTB, €€ HaJ0 BHICBOOOAUTH, OKUCIIUB T BEleCTBa.
B kauecTBe OKHMCIMTENs UCTIONB3YETCs] KUCIOPOI BO3/1yXa, KO-
TOPBIN TpeOyeTcst OABECTH K Kaxaou kieTke. [Tpu 6uonoruye-
CKOM OKHCJIeHHH O€JTKOB, JKUPOB WJIH YIJIEBOJOB Y HUX OTHUMA-
€TCsl BOIOPOJ1, KOTOPBIHA, B CBOIO OUY€PE/Ib, BOCCTAHABIMBAET KUC-
Jopon, oopasyst Bony. B pesynbrare OKHUCIEHHs] OpraHMYecKuX
BEIIECTB 00pa3yeTcsl TaKkKe YIJIEKUCIBIN ra3. TakoBa B c:KaTOM
BUJIE CX€Ma TKAHEBOTO AbIXaHWS, TO €CTh MOMYyUYEHUS] SHEPruu
MyTeM OTIIEIUIEHHS U NepeOPOCKU BOJOPO/A K KUCIOPOAY.

Kak m3BecTHO, KJIETKM 3eJIeHbIX PACTeHUM, UCTIONb3Ys CBETO-
BYIO HEPIHIO, U3Ty4yaeMyl0 COJHIIEM, 0Opa3yloT SHEpProconaep-
’Kainue Beriectsa. Hanpumep, B HaleM ciydae B IJTIOKO3€ HEp-
T'Usl COXpaHsETCsl B XUMUUYECKOW (hopMe U MOXKET ObITh BbIjIeIeHa
Ipy orpezieIeHHbIX YcIoBusiX. [lonmyueHHyo TIII0KO3y pacTeHust



YaCTHUYHO NTPe0oOpasyioT B OPraHUIECKre KUCIIOTHI, a 3aTeM, JI0-
0aBJIsIst K HUM a30T M JPYTYe IEeMEHTHI, TIOCTYIAIONIHe 13 T0Y-
BbI, CO3/IAI0T B CBOMX TKaHSX O€JKU U XUpbl. Tak BHYTpU CIIOK-
HBIX MOJIEKYJI B BU/IE XUMUUECKUX CBA3EN KOHCEPBUPYETCS COJ-
HeuyHasl SHeprusl.

B npupone n3naBHa yCTaHOBHMJIOCH HEKOE PABHOBECHE: KU-
BOTHBIE B TIPOIECCE CBOEW KU3HENCATEBHOCTH TOTPEOISIOT
KHCJIOPOJ M BBIIENAIOT YITIEKUCIIBIN ra3, a pacTeHUs MOIVIOoNIa-
0T YIJIEKUCITBIA Ta3 v BOIY /7151 0Opa3oBaHus yrieBonos. [Tomy-
YEHHBIE C TIOMOIIBIO (POTOCUHTE3A YITIEBO/BI 3€JICHbIE PACTCHUA
IIPeBpaIIAOT B XKUPbI, OCJIKW U JPyTrre BellecTBa.

B KOHEUHOM cueTe, KMBOTHBIE U YEJIOBEK IOJy4aloT OT pac-
TEHUI TOTOBbIE OPraHMYECKUE BEILIECTBA U 3aIIAKOBAHHYIO B HUX
SHEPIUI0, KOTOPYI0 OCBOOOXKIAIOT, MEIEHHO OKUCISISI C TIOMO-
IO KUCIOPO/A, Pa3pbiBasi XUMUYECKHUE CBSI3U BHYTPU MOJIEKYJT
YIJIEBOIIOB, OEJIKOB U KUPOB, MPUHSTHIX C MUIIEH.

[Ipu cropanum OpraHMYECKUX BEIIECTB BHE OpraHu3Ma (J10-
MyCTUM, APOB Ha KOCTpe) aTMOC(EPHBIM KUCIOPOJ HEMOCPE-
CTBEHHO MPUCOEUHSETCS K OKUCISIEMOMY BEILECTBY, B PE3YJlb-
TaTe 4ero oOpasyloTcsi UCXOAHbIE MPOAYKTH (YIJIEKUCIIBIA Ta3 U
BOMa). B KjleTkax ’KMBOTHBIX W YeJIOBEeKa IIIIOKO3a TiepepadaThi-
BAETCS MOCTETIEHHO, Y ITPU 3TOM SHEPTH sl BBIACIISETCS MOITAITHO,
a He BcA cpaszy.

PaccmoTpuM B COKpallleHHOM BapyaHTe MOCIIE10BATEbHOCTD
npolecca TKaHeBoro ApixaHusi. CTEHKU KJIETOK, U3 KOTOPBIX TO-
CTPOEH Halll OpPraHu3M, MPECTABISAIOT COOOM MOMYIMpOHUIIae-



Mble MeMOpaHbl. Yepe3 HUX U30MpATEbHO MPOXOAAT MOJIEKY-
JIbl ¥ MOHBI pa3/IMYHBbIX BEIIECTB M ra3oB. B mpororuiazme Kie-
TOK (IIOMMMO SiJpa M 3aKJIOYEHHOTO B HEM SIAPBINIKA) UMEIOT-
Cs1 TeJIblia pa3HOl BeWYUHBI ¥ (hopMbl. CpaBHUTENIBHO OOJIbILINE
00pa3oBaHMs1, UMEIOIINE, KaK IPABHUJIO, BHITIHYTYIO (hopMy, Ha-
3bIBAIOT MUTOXOHAPHAMM; O0Jiee MeJKHe CTPYKTYPhl OKpPYTJIOHn
(popmBI — MUK pOCOMaMU.

MUTOXOHIpUYU NPECTaBIAIT cOOOH IIaBHBIE SHEpreTuye-
CKHME CTaHLIMU KJIETKH, €€ OpraHbl AbIXaHUs. 31ech MO NPEUMy-
LIECTBY ITPOTEKAIOT OKUCIIUTENIBHBIE IIPOLIECCHI.

MuUTOXOHIpUY UMEIOT JBe 000T0UKU. BHYTpeHHsIs1 oOpasy-
€T MHOTOUYMCIIEHHBIE CKJIA/IKH, KOTOPBIE CO3JJAI0T MIEPETOPOIKU U
Kak Obl ISJIAT COAEPKMMOE MUTOXOH/APHUI Ha HECKOJIBKO Kamep.
B cknagkax o0oouek cocpeoToueHbl IpIXxareibHble (hepMeH-
Thl. DTO OYEHb AKTUBHbIE OMOJIOTMUYECKUE KaTaIu3aTopbl, YCKO-
psoIye XuMuueckue peakiuu. OHU paclioyioKEHbl B CTPOroM
nopsiake, O1arogapst KOTOpOMYy IMPOLIECC KJIETOYHOTO JIBIXaHUS
IIPOTEKAET HE CIIyYaruHO, a B 3AKOHOMEPHOU MOCJIEIOBATEIBHO-
CTH.

Karanusaropbl cHauasia pacIleIuISioT INII0KO3Y, a 3aTEM OTpbI-
BAIOT BOZIOPOJ Y IEPEHOCAT IEKTPOHBI BOJOPO/A Ha KUCIIOPO,
Jesasi ero XMMUYECKU aKTUBHBIM OTPULIATENIBHO 3apsiKEHHbIM
MOHOM. 1 TOJIBKO NOCIIE CTOJb CIIOKHBIX ITPEBPAILIEHUN OKUCIIH-
TeJIbHbIE MPOLIECChl B KJIETKE 3aBEpILaloTCsl 0Opa30BaHUEM KO-
HEYHBIX MPOAYKTOB: BOJBI ¥ YIJIEKHCIIOTO rasa.

[Mporiecc mepepaOOTKX TTIOKO3BI B YITIEKUCTIBINA Ta3 M BOAY



poxoauT okosio 30 craguii, M Ha KaXJI0W BBIIEISETCS HeOOb-
11asi MOPLMS SHEPTUU, TaK YTO B KOHIIE KOHIIOB OPraHM3M IOp-
IUSIMU TTOJTyYaeT Ty ke CaMylo SHEPIuio, KOTOPYI0 MOXKHO OBbLIO
OBl MMOJTYYUTh W3 IIIOKO3BI Cpa3y, CKUras ee Ha KOCTpe.

TakyM myTeM B KMBOW KJIETKE WJET MOCTENeHHash MHOTO-
CTyIeH4YaTasi repepadoTka rmoko3bl. Kucimopos, cTonb HyKHBIN
KJIETKE 3JIeMeHT, 0e3 KOTOpPOro OHa OYKBAaJLHO 3a/IbIXaeTcs,
Y4acTBYET B OJIHOM U3 MHOKECTBA PEaKIIMii, a UMEHHO — Ha TO-
CJIeTHEM STarie TOOBIYM SHEPIHH.

Kak BUauM, KUCIOPOX SIBJSIETCA BaXHEUILIMM 3BEHOM BCEU
JUTMHHOM LIeTH — 3Ta-TO LIeTb U Ha3bIBaeTCs AbiIxarebHon. Ecau
B KJIETKY HE MOCTyNaeT KUCIOPO, TO MOCTAeTHUN AbIXaTeIbHbIN
(bepMeHT He MOXET OCBOOOIUTHCS OT CBOETO JIUIITHETO JIEKTPO-
Ha. llernouka nepegaTyrMka 3aMUpaeT — KJIETKA MEepecTaeT [Ibl-
11aTh.

B pesynbTare cryneHvaroro nepepadarbiBaHUs TUTATEIbHBIX
BEIIIeCTB B KJIETKE IMOCTENIEHHO, HO HEIPEPhIBHO OCBOOOXKIACT-
Cs1 SHEPrusi, MOCTOSTHHO HeoOXoauMast IJisl KU3HeIesITeIbHOCTH
OpraHu3Ma.

OKuCIUTENIbHBIE TTPOLIECCHI, MPOUCXOASAIIUE B MUTOXOHIPU-
SIX, 3aMevaTesIbHBI eIlle U TeM, YTO 3/1eCh 0Opa3yloTCcsl U HaKal-
JIMBAIOTCS BEUIECTBA C HEIMIPOYHBIMU CBSI3SIMH, Pa3pbIB KOTOPBIX
COIPOBOKAAETCS BbIACJIEHUEM SHEPruu. HakorieHue Mosiekys ¢
BBICOKO9PIMYECKUMU CBSI3SIMU CO3JIAET SHEPTETUYECKUI pe3epB
opranusMa. K uuciy Takux BeIeCTB-aKKyMYJISITOPOB B NIEPBYIO
ouepeab OTHOCUTCA afeHO3UHTpudochopHaa kuciora (ATD).



3amMeyaTebHOE CBOMCTBO 3TOTO COEAMHEHHS, UMEIOILEro TpU
ocrarka (pocOpHOU KUCIOTHI, COCTOUT B TOM, UTO IPY pa3pbiBe
BBICOKO3pruyecko (pocatHoil cBsI3U OCBOOOKIAETCSI OFPOM-
Hasi SHeprusi. DHeprus ee BCerja rotoBa K ynorpeOieHuio, ee
JIETKO M3BJIeYb, €CIIM Pa30pBaTh MOCPEACTBOM OKUCICHUS BbI-
COKOIPrMYECKyIO CBS3b, TeM caMbIM IpeBpatuB AT® B aneHo-
sundochopuyio kuciaory. ATD, 06pa3oBaBIIMCh B MUTOXOH-
APMSX, B 3aBUCUMOCTH OT (DYHKIIMOHAJIBHOTO MPeAHa3HAUYEHUS]
KJIETKM MOXET OBITh MCIOJb30BaHA HA Pa3IMUHbIE HYX/IbI Opra-
HU3Ma: JBUKEHUE, Pa3MHOKEHUE, MBILIUIEHHE U T. [I.
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