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KIIMHNUYECKASA ®U3NOJOI'USA IbIXAHUSA

ITonnmanue nponecca AbIXaHHs — KIK0YEBAask CTYIICHb K IOHUMAHUIO CYyTH U
TaKTUKH BEJICHUS OCTPOM ABIXaTENbHOM HEIOCTaTOYHOCTHIO. KOHTpoNb QyHKIMH
JIBIXaHWUSI TOPEACTABIEH TECHOM KOOpPAMHALMEM TpEX TIPyNnn HEHWPOHOB
MPOJOJTOBATOTO MO3Ta: JOPCANbHBIM PECHUPATOPHBIA LEHTP, YIPABISIOLIIUN
BJIOXOM; BEHTPAJbHBI PECHUPATOPHBIM LIEHTP, YIPABISIONIMN BBIJOXOM, U
MMHEBMOTAKCHUYECKUM IIEHTpP, YIPABIAIONIMNA YacTOTOM M TIyOMHOU AbixaHus. B
JIOTIOTHEHUU K HEWpoHaM CTBOJIa MO3ra HMMEETCS CcHucTeMa mnepudepuyeckux
XEMOPELENTOPOB, PACIIONAraromascs 3a MpeaeslaMi MO3ra B BUAE KapOTHIHBIN
TEJell U a0pTaJbHBIX TEJEll, pearupyolux Ha He3HAUYUTENbHbIE n3MeHeHus PaO,,
HepBHble MMIYJIBCBI U3 HEHTPATIBHON HEPBHOW CHCTEMBI POXOIAT YE€pPE3 CHUHHOM
MO3r M MOTOpHBIE HEWPOHBI, JIOCTUTAs U AaKTUBUPYS AuapparMy U Apyrue
JabIxatenbHble  MbIIIbl.  COKpallleHHe  ABIXaTEIbHBIX  MBIII]  CO3/1aeT
OTPULATEIIBHOE JABJICHUE B IIEBPAIBHOM ITOJOCTH 34 CUET PACIIUPEHUS TPYAHOM
KJIETKA M CMEIIAeT BHU3 COJEpKUMOE OpIomHON mosiocTh. B rpynHol kieTke
OTPHULIATENBHOE JABJIEHUE, CO3JaBAEMOE BO BpPEMS BJOXA, BENET K CHUKCHHUIO
JABJICHUSI B allbBEOJIaX HUXKE aTMoc(hepHOro, (GpopmMupys rpagueHT s MOTOKa
BJIbIXa€MOI'0 BO3JyXa IO HAMNpaBJICHUIO K ajbBeonaMm. OOOoraiieHHbIA KHCIOPOJ
BJIbIXaE€MbIN BO3/yX JieJIaeT BO3MOKHBIM u(dy3uto O, U3 aabBeos B KPOBb Yepe3
JIbBEOJIO-KAMWJULIPHYI0O MeMOpaHy, TJe JIeOKCUTEHUPOBAHHBIM T'e€MOTJI00WH
HACBILIAETCS KUCIIOPOJAOM M CTAaHOBUTCS (POPMOM OKCUTEMOTIIOOUHOM.

JIpIxaHue B NIMPOKOM CMBICJIE CJIOBA - OOMEH ra30B OpraHuM3Ma C BHEIIHEH
Cpeloi, HEOOXOMUMBIN Il MOJJEPKaHUS dHEpPTreTUYecKoro oomeHa. DyHKIUS
JBIXaHUS OOECIEYMBACTCS TPEMsS IMOCIEIOBATEIbHBIMU JTallaMU: BHEIIHUM
npixaHueM (0OMEH Ta30B MEXIy BHENIHEH Cpeloil M alibBeoJlaMU JIETKHUX),
TPAaHCIIOPTOM Ta30B KPOBBIO OT ajbBEOJ] JO KICTOYHBIX MeMOpaH M oOpaTHO,
TKAHEBBIM JIBIXaHHEM, B MPOIECCE KOTOPOTO MPOUCXOAUT YTHUIU3AINS KUCIOPOIa
TKAHSIMU U BBIICJICHNAE YTICKUCIOTHI.

HopmanbHast GyHKUIMS BHEIIHETO AbIXaHUS OMPEEseTcs] TPOXOIUMOCThIO
JbIXAaTENbHBIX IYyTEW, AJIbBEOJSIPHON BEHTWISIMEN, COCTOSHHEM KpPOBOTOKA B
n€rkux U nuddysueit. CylecTBEHHBIM MOMEHTOM MOJJEPKAHUS MPOXOAUMOCTU
JBIXATENbHBIX MyTeH SBJSETCS ApeHaxxHas (yHKIUS, MPHUCYIIas BCEM YPOBHSIM
OpoHxuanbHOro JaepeBa. Hapymenue 5Toil (yHKIUMM BeAeT K BO3PACTAHUIO
CONPOTHUBJICHUS, HAPYIIECHUIO JBWKEHUS MOTOKOB BO3/1yXa MU, B KOHEYHOM HTOrE,
TpeOyeT TOBBIIMIEHHON paOOThl JbIXaTeabHBIX MbIII. OO0BEeM BEHTUISALUU
peryaupyercs IbIXaTeJbHbIM LIEHTPOM, KOTOPBIM UyBCTBUTENIEH K pe(IEKTOPHBIM,



TYMOpPAJbHBIM M TCUXMYECKUM CTUMYJaM. BakHa anbBeoJsipHas BEHTHIIALIUA,
KoTopas B3auMocBsizana ¢ YJI, Tak kak npu yBeanueHuun YJI Bozpacraer yaenbHoe
3HAUYE€HHWE BEHTWISALMU MEPTBOTO TNPOCTPAHCTBA. AJIEKBATHOCTh BEHTUJISAIUU
yn00HO KOHTpoJupoBaTh Mo HampsbkeHuto O, u C0, B apTepHallbHOM KpPOBH.
XapakTep KpoBooOpaleHust JIETKUX (IIyHTUPOBAHUE CIIpaBa-HaJIEBO) CO cOpOCOM
BEHO3HOM KpPOBH B JIEBOE CEPJIE OMpPENENseT aJeKBATHOCTh apTepHaTu3alliu
kpoBu. B cBmu c Tem, uro CO, B anbBeosly MOXET BBIICTATHCS B
HEOTpaHUYEHHBIX O00BEMAX, a KHUCIOPOJ TMOTJOMATECS B 3aBUCUMOCTH OT
MPOXOMSIIEed uepe3 albBeOJibl KPOBU, MEXAHU3M IIYHTUPOBAHUS HE MOXKET
KOMITIEHCUPOBAThHCA M0  norioieHno O,. MexaHu3M IIyHTUPOBAHUSL OTpaXKaeTcs
Ha U3MEHEHUHU T'a30BOr0 COCTaBa KpoBU B BUjie CHIbKeHUS PaO, nmpu HOpMaibHOM
17001 CHI>KEHHOM HANPSHKEHUU YTIEKUCIIOTO rasa. YTomnmenue
aJIbBEOJIOKAMMMIUIIPHON MeMOpaHbl HapyllaeT MPOHUIIAEMOCTh Ta30B uepe3 He€, B
nepByto ouepear O, (nuddysunonnas cnocooHocts CO, B 20 pa3 Beiiie yeM y O2).
Ha »orame TpancmopTa Ta30B ONPEAETSIONIMMH  TMPOIECCAMU  SIBISIOTCS
pPacTBOPUMOCTh MX B IUIa3Me€, CIIOCOOHOCTh BCTYIATh B XUMHUYECKYIO PEAKILUIO C
remorjoounom u auddysus. B tpancnopre CO, npuHumaer yuyactue OydepHas
cUCTeMa KpOBHU. PacTBOpMMOCTh Ta30B B IJJa3M€ HE HUrpaeT OoJbIION POJiH B
TPaHCIOPTE Ta30B, OJHAKO HAINpsDKEHHWE Tras3a BaXHO g AUP(Y3HMOHHBIX
MIEPEHOCOB €r0 Yepe3 MPOHUIIAEMbIE IEPETOPOIKH.

3aKIIOYUTENBHBIA 3Tall JBIXaHUS COCTOMT B IIEPEHOCE 3JIEKTPOHOB K
MOJIEKYJIIPHOMY KUCJIOPOAY M OKHUCIHUTEIbHOM (QocpopunupoBanun. Jlus
HOPMAJIbHOTO MPOTEKaHUs JAbIXaHUS HEOOXOJUMO JOCTATOYHOE KOJIMYECTBO
CyOCTpaTOB M aKTUBHOE COCTOSIHUE AbIXaTENbHBIX ()EPMEHTOB.

Kpome razoodmena mexay KpoBbIO M aTMOC(Epoil JIeTKHE y4acTBYIOT BO
MHOTHX METa0OJUYECKUX IMPOIleccax JHIIb KOCBEHHO CBSI3aHHBIX C Ta3000MEHOM
Wi BOOOIE HE CBA3AHHBIX C HUM. Ponb HenbIXaTelnbHBIX (DYHKIHH JETKHX
3aKJIIOYAeTCsl B TOM, YTOOBI MMOJABEPrHYTh MEXaHWYECKOM, (U3NYECKOH U
OMoXxuMHUYECKOl 00paboTKe BO3AYyX, MOCTYMAIOUMH B OpraHu3M, U KpOBB,
HUPKYJIUpPYIONIyt0 B HeM. OuucTKa BO3AyXa BBINONHSIETCS M JbIXaTeIbHBIMU
OyTSAMHU, W albBEONSIPHOW TKaHbIO. Bo3ayx ouumaercs OT MEXaHUYEeCKHX
npuMeceld, MHPEKINH, TOKCHYHBIX Ta30B M ayuiepreHoB. OCHOBHYIO DPOJb NpPHU
3TOM UTPAIOT MYKOIMJIMAPHBIN M KaIlIEeBOM MEXaHU3MBI, a TaK)Ke aTbBEOJISIPHBIC
Makpodaru, KOTOpble Y4acTBYIOT B BOCHAIMTEIBHBIX PEAKIMSIX U CEKPETUPYIOT
(bepMeHTbI, MOAYJISITOPHl UMMYHHBIX peakiuii u ap. K HenpixarenbHbIM QyHKIUSAM
JETKUX OTHOCSTCS TeMocTa3 U (pubpunHonus. JIErkue CUHTE3UPYIOT IPOCTAIIUKIIHH,
TpoMOokcaH A2. Jlerkue y4yacTBYIOT B MeTabonmn3me O0eIKkoB U xupoB. [Ipoaykuus
alIbBEOJSIPHBIMM ~ KJIETKaMH  cypdakTaHTa  00ecredyrMBaeT  HOPMAaJIbHYIO



BEHTWISIIIMIO JIETKUX. BOMHO-CONEBON M TEMIOBOM OOMEH OJHa M3 Ba)KHEWUIIHX
HeJbIXaTeNbHBIX (PyHKIMNA N€rkux. [lyTéM nepcrnupanuu u3 JAErKUX yAaIsIeTcs
okonno 500 ™y BOABL, MOMAJAOLIEH B AJIbBEOJBI M3 Majoro Kpyra
KpoBooOpaimieHusi. TemmoBoe M KUAKOCTHOE KOHJUIMOHUPOBAHHE BO3yXa
OCYILECTBIISIETCS. M B BEPXHUX, M B HUKHUX JIbIXaTeNbHBIX MOyTsX. CTeneHnb
COTPEBaHMSI BO3JYyXa B JIBIXaTENbHBIX IYyTAX 3aBUCUT OT €ro TEMIEpaTyphl U
pexuMa BeHTWISIMU. Jlerkue akTUBHO Y4YacTBYIOT B METa0OJM3ME rMCTaMUHA U
CEpOTOHHMHA.

B jerkux cCymecTBYIOT IBE€ CHUCTEMBI KpPOBOOOpAIeHHS: OpOHXHATbHBIN
KPOBOTOK U JIETOYHBIM — «Mallblii KpPyr» KpOBOOOpaIlleHUs, CYIIECTBEHHO
OTJIMYAIOIIUICA OT «OoJybmioro». JIBmwxymied cuiioi  JIEroyHoro KpPOBOTOKa
SABIIAETCS pA3JIMYME JABJICHUM B IIPABOM XKEIYJIOUYKE W JIEBOM NPEIACEpPAUHU, a
TJIABHBIM PETYJIHPYIOIIAM MEXaHU3MOM - JIETOYHOE COCYAHUCTOE COIPOTHUBIICHUE.
HopManbHas BeIWYMHA JIETOYHOIO COCYAMCTOIO COMPOTHUBJIEHMS cocTtaBisier 0,2
klla/n MmuH. HapymieHus 1erouHoro KpoBOToKa, MOTYT OBITh TPEX TUIIOB:

1. JlerouHsli KpPOBOTOK MOXET OBITh HapylIeH BCJIEJICTBUE MAKpO- U
MUKPOAMOOJIUH.

2. JlerouHsle BaCKyJIUTHI, BBI3IBAIOIINE UILIEMUIO JIETKOTO.
3. Jlerounas apTepualibHasi THIIEPTEH3US.

OIHO W3 BaXXHEMIIUX IMATOJOTMYECKUX CIEICTBUA HAPYIIEHUS JIETOYHOTO
KPOBOTOKA - MIIEMHs JIErKOTro. M3BecTHO, YTO OpOHXHAIbHBIE COCYAbl MUTAIOT
JIETKOE, a JIETOYHbIE TpeIHa3HAa4YeHbl JUIsi Ta3000MEHAa BCEro OpraHu3ma.
bponxuanbHbIli KPOBOTOK cocTaBisgeT Juiib 1-3%. cepaeunoro BeIOpoca, a aiis
COOCTBEHHOI'0 THUTaHUs JIETKUX pacxonayercs 1/7 obmiero o0bema JIEroyHOro
KpoBOTOKa. CHHUXEHUE JIETOYHOIO KpOBOTOKa Oojiee 4YeM B 7 pa3 MOXKET
HaOMoAaThCsl MOpU AMOOJIMU  JIETOYHOW apTepuu, TSKEIOM KapIUOT€HHOM,
aHa(pMIaKTUYECKOM, TeMOpparu4eckoM M Jp. Bujax Moka. Korga jeroudHsiit
KPOBOTOK CHIDKAETCS HACTOJIBKO, YTO COOCTBEHHBIM META0O0IU3M JIETKUX HE
oOecrieuynBaeTcs, BO3HHKAET HIIEMHUS TKaHU, COMPOBOXKIAIONIASCS CHUKECHHUEM
oOpa30oBaHUs BEIIECTB, CTPAJACT JACCTPYKIIUSI MHOTHUX OMOJOTHYECKUX BEIIECTB,
YBEJIMYUBACTCS MPOHUIIAEMOCTh TKAaHU W BO3HUKAET MHTEPCTHUIIMATIBHBIA OTEK,
YMEHbIIIAeTCs IPOAYKIIUS Cyp(aKkTaHTa, 4YTO BEACT K aTeJIeKTa3aM.

Judbdysuro ra3oB yepes aabBeOsIO-KAMMUIIPHYIO MEMOpaHy o0ecrednBaeT
pazvure UX TapluaIbHBIX JaBJICHUN MO 00€ CTOpoHBI MeMmOpaHbl. Ha oObem
muddyHaupyeMoro rasa BIMSET TJIaBHBIM 00pa3oM Iiomanab Jud@y3rnoHHOM
MOBEPXHOCTU M BEJIMYMHA JIETOYHOTO KPOBOTOKA. PacTBOpMMOCTH KHCIIOpOJa B



TkaHu MemMOpanbl B 20 pa3z mensie, ueM CO,, B cBs3u ¢ uem O, nuddyHaupyer
MeJIJIEHHEE.

OOmiee COOTHONICHWE BEHTWISIMM M KPOBOTOKA, OOECIEYMBAIOIICE
HOpMAaJIbHBI Ta30BbIii COCTaB apTepuaabHOW KpoBH mo/pkHO ObITh 4:5 (0,8).
HopmanbHoe  cocTosiHME — JIETOYHBIX  (YHKIUA - HEPAaBHOMEPHOCTh  HX
BHYTPHUJIETOYHOTO pacrpeneneHus. OHa 3aBUCUT OT JEWCTBUS T'PaBUTALUU U JP.
IPUYHUH U MaXKET ObITh PErMOHAPHOM, OCIOMHOM, MapauIeIbHON, aCHHXPOHHOUN 1
ap. J.B. West cuctematu3upoBail JaHHbIE MHOTHX MCCIEA0BATENIECH U MOKA3all, YTO
pPErMOHapHbIE Pa3Inyusl BEHTWIALUOHHO-TIEP(PY3UOHHBIX COOTHOIIEHHM B JETKUX
3aBUCAT OT COYETAHHWA YETBIPEX BHJOB BHYTPHUJIETOYHOTO  JABJICHUS:
anbBeossipHoro (Pa), aprepuansnoro (Pa), BeHozHoro (Py), HHTEpCTHIIMATIBLHOTO
(Pi). Ycia0BHO BBILIENSIOT YETHIPE 30HBI JIETOUYHOTO KPOBOTOKA, OOJiee UM MEHeEe
nepexojsue ogHa B Apyryro. B 1 30He (camoil BepxHeil) KpOBSHOE /aBlICHUE
HUKE, YeM aJIbBEOJISIPHOE U YCIIOBUSI MOTYT OBITh BhIpa)KeHbI Kak P > Pa > Py .
[IpakTyeckn B 3TOH 30HE HET KPOBOTOKA, TaK KaK JETKOCKUMAEMbIE COCYBI,
HaXOJSAIIMECS MOJ JEHCTBUEM AbBEOJIIPHOTO JABJIEHUS, HE MPOMYCKAIOT KPOBb.
Huxe 1 30HBI apTepralibHOE TaBJICHUE YK€ MPEBBIIIAET albBEOJIIPHOE, U YCIOBUS
JUIsL IETOYHOT0 KpoBoTOKa BO 11 30He onpenenstorcs cootHouienueMm Pa > P > Py,.
JIBrKyliel CWIOH JIErOYHOTO KpPOBOTOKAa B JTOM 30HE SBISIETCA Ppa3IMune
apTepUaIbHOTO U aJbBEOJIIPHOTO JABIIEHUS, KOTOPOE OBICTPO YBEIMUYMBAETCH,
COIPOBOXK/IAsICh BO3PACTAHUEM JIETOYHOTO KpoBOTOKA. B III 30HE TeMIn HapacTaHus
KPOBOTOKA CHMKAETCs, TAK KaK BEHO3HOE JIaBJIEHWE B HEW BO3POCIIO HACTOJBKO,
YTO NPEBBIIIAET AJBBEOJSPHOE, M YCIOBUS JIETOYHOIO KPOBOTOKA 3aBUCAT OT
cootHomenust Pp > Py > Pa. Kamwinsipel B 3TOM 30HE pacUIMpEHbl, BBIPAXKEH
myHtupyrommii d3pdexr. B IV 30He cymiecTByrOT T€ K€ COOTHOIICHUS, HO
nepdy3usi CHOBa CHMIKAETCSl M3-32 MECTHOTO YBEJIMYEHUS WHTEPCTULHMATBHOTO
JIABJICHUSI HA TIPEKANUJUISIpHbIE COUHKTEPHI. PeruoHapHbie pa3nnyusi BEHTUISALIUN
JEeTKUX O0O0YCJIOBIMBAIOT 00Jieeé YacTO€ pa3BUTHE B HUKEPACIOJIOKEHHBIX
JIETOYHBIX 30HaX BOCHAJIMTENILHOIO IpoLecca U arenekrazupoBanus. Urpaet posb
HE TOJBKO TaK Ha3bIBa€MbI 3aCTONHBIM KpPOBOTOK, HO TJaBHBIM 00pa3om
BO3HUKHOBEHUE HKCIUPATOPHOTO 3aKpbITUS JbIXaTEIbHBIX nyTeu
MPEUMYILECTBEHHO B HWKHUX 30Hax. briaronaps atomy npu Kaiuie Npu JaHHOM
MOJIO’KEHUHU OOJIBHOTO 30HBI JIETKUX HE OMOPOXKHSIOTCS OT MOKPOTHI, U BO3HUKAET
OOCTpYKLHMSI JAbIXaTelIbHBIX MyTed B 3TUX 30HaX. C yd4eToM peruoHapHbIX
pa3nuuuil (PYHKIMM JIETKUX NpU MOPAKEHUSIX OJHOTO JIETKOIO PEKOMEHIYeTCs
TaKoe MOJIO)KeHHE Ha OOKy, Korja OOJIbHOE JIETKOe HaXOAMUTCS CBepxy. 'a30BbIi
COCTaB  OTTEKawUEed  OT  JIETKUX  KPOBU  SBIBIIOTCA  PE3yJIbTAaTOM
B3aMMOCYILIECTBOBAHUS HECKOJIBKUX KOMIIOHEHTOB BHYTPHIJIETOYHOI'O ra3000MEHa:



1.9 dexTuBHbI anbBeOJSAPHBII 00BEM, B KOTOPOM HMEETCA aJeKBaTHOE
COOTHOILIEHHE BEHTWISIIMM M KPOBOTOKA, oONTUMaibHble IHdpel PaOy;
2.APpoiMHAMHYECKUH  KOMIIOHEHT, CBSI3aHHBIA C  Pa3sHOBPEMEHHOCTHIO
BEHTWISIIUM OTNEIbHBIX albBEOJI H3-3a Pa3HOW JIMHBI JBIXaTENbHBIX ITyTeH,
HEOJIMHAKOBOTO MX CONPOTUBICHUS, pa3IU4dsd BHYTPUJIETOYHON Ta30BOM
muddy3un 1 KOHBEKIUY;

3. qudby3noHHBIE KOMIIOHEHT, 3aBUCSIIINI OT YTOJIICHUS AJIbBEOJIOKATAIUISIPHON
MeMOpaHBbI U TI0 XapakTepy OMU3KHUI K aTbBEOIIPHOMY IITYHTY;

4. AIbBeoJIIpHOE MEpPTBOE MPOCTPAHCTBO, ra3 KOTOPOTO HE OOMEHUBAETCA C
KaWJUISIPHOW KPOBBIO, HO BXOJUT B OOLIUM JbIXaTEIbHBIA 00bEM, MOCTYMAIOIIUN
B JIETKHUC;

5. ANbBBOJSIpHBIA IWIYHT, NEPENAONMid B OOJIBIION KpPYyr BEHO3HYIO KpOBb, HE
OOMEHHBAIOUIYIOCS C AJIbBEOJIIPHBIM BO3AYXOM;

6. AHaTOMHUUYCKOE MEPTBOE MPOCTPAHCTBO, KOTOPOE 3AMOJHEHO IEpPE]l BXOJI0M
OTpaOOTaHHBIM BO3JyXOM U BBOAUT ATOT BO3yX BO BCE KOMIIOHEHTHI, KpOME
aJbBEOJISIPHOTO 1IyHTA. Bee Jierounbie mpoiiecchl, 1aBiaeHus, 00beMbl U OObEMHbBIC
CKOPOCTH UMEIOT BEPTUKAIBHBIN TPAUEHT JJIsl JAHHOTO MOJIOKEHUS Tea.

[Ipr naToOJIOrMYECKUX COCTOSHMSAX —aJbBEOJOAPTEPUAIBHBIE  PA3IUUUS
CBA3aHbl C Tpems (PU3MOJOTHMYECKHMMH MEXAaHM3MaMU: HEPAaBHOMEPHOCTHIO
BEHTWISILUOHHO-TIEP(Y3MOHHBIX COOTHOILICHHH, HapyLICHUEM
aJIbBEOJIOKAMWIUISIPHON AU(y3un ra3oB M IIYHTUPOBAHHMEM BEHO3HOM KpOBH.
KoHeuHbIM BbIpaK€HUEM HEPAaBHOMEPHOCTH JIETOYHBIX (YHKUUU SBISETCS
BEJIMYMHA JIBIXaTEJIbHOrO0 MepTBOTO mpoctpaHcTBa (AMII) u ansBeonsipHOro
myHTa. JlpixarensHoe mepTtBoe mpocTpancTBo ([IMII) - yacTh BeHTUIMPYEMOTO
raza, He BCTYNHBIIAs B Ta3000MEH C KPOBBIO JIErOYHBIX KamwuisipoB. [IMII
COCTOUT M3 aHATOMHUYECKOTO U albBEOJIAPHOTO 00beMOB. AHaTomuueckoe JIMIT -
00BbEM BO3AYXOMNPOBOASIIMX IyTEH, B KOTOPBIX HET JIETOYHBIX KalWUIIPOB WU
O3TOMY OTCYTCTBYET Ta3000MeH C MajblM KpPYroM KpoOBOOOpalleHusl.
AnsBeomnsiproe JIMII - yacte 00bEMa anbBEOISIPHON BEHTHIISIIIMK, HE BCTYMUBINAS
B Ta3000MEH C KpOBBIO JIETOYHBIX KanmuuisipoB. Pusnonorumueckoe JIMII -
pacuéTHas  BeJMYMHA, TOJIydeHHass W3 ypaBHeHus bopa-Ourxodpa u
XapakTepu3yomas 4YacTh BEHTWIALMOHHOTO 00bEMa, HE BCTYNMBIIYIO B
raz000MeH ¢ KpOBBIO.

AJBBEONSIPHBIA IIYHT - COpOC KPOBHU CIIpaBa HajleBO (BEHO-apTepHUAIbHOE
IIYHTUPOBAHUE) MPOUCXOJUT 4Yepe3 MpsIMble aHACTOMO3bl MEXKJY BEHAMU U
apTepusiIMU JIETKMX, YYAaCTKU BMaJCHHsS TeOe3neBax BEH B JIEBOE MpelcepaAne U



OpOHXHMANBHBIX BEH B JETOYHYIO apTEPHIO Yepe3 MaTOJIOTUYECKHE COYCThS B
CepAlle W KPYMHBIX COCyJaX M Yepe3 COXPAaHEHHBI B areliekTa3e KpPOBOTOK.
[Ipeobiamanue KpPOBOTOKA HAJ BEHTHISAIMEH MOXET OBITh HCTOYHHKOM
NOJIMEIIMBAaHUsI BEHO3HOW KpPOBH Majoro Kpyra B Ooubmioil. HopmanbHbie
3HAYCHUSl albBEOJISIPHOTO MIYHTA HE MPEBBINAIOT 5-7% MUHYTHOTO 00BEMA
KPOBOOOpAIICHHS.

Taoauna 1.

HnpeanbHble BEJIMYMHDI MapauajJdbHOIro JaBJICHUA ra3a B MM pPT.CT.

TTokazarens Bapixaemblii BO31yX AJIbBEOJISIPHBIN Ta3 BriabixaeMblid BO31yX
PaO, 159 100 116
PaCO, 0,3 40 32

Kucnoponneie 3amacel opraHn3sMa HEBENWKH: B JE€rkux - 370 mi, B
apTepraibHON KpoBH - 280 M, B BeHO3HOHU - 600 M1, B MbImmax - 240 mii, mpou.
TkaHu - 56 mu. OOmas kuciopojHas €MKOCTh opraHusma 1,5 1. Ilockonbky B
nokoe opranu3M notpedmser 250 mu O2 B MUH., MAKCUMAaJIbHBIA CPOK JKM3HU HE
npesbimaeT 7 MuH. Ecnu nipeasapurensHo uHranupoBatb 100% 02, to 3anacer 02
B JIETKUX COCTaBISIOT 2352 MII, B apTepuaIbHON KpoBH - 297 M1, B BeHO3HOM - 608
MJI, T. €. Bcero 3257 mia (naumib BABoe Oonibiie). M3MeHeHHe Tra3oB B JIETKUX B
UJiealbHOM BapHaHTe mpejcTaBiieHo B Ta0n. 1. Takum oOpa3zom, HEaAEKBATHOCTh
JETKUX KaK Ta3000MEHHOTO MpuOopa WM MoBpexkaeHue TpaHcnopra 0, cucteMoit
KpPOBHU U KPOBOOOpAIIEHUS MPUBEIET K TUTIOKCUU B CYUTAHHBIC MUHYTHI.

[To ¢u3nomornyecKkoMy MEXaHHW3MY THIIOKCHIO MPHUHATO JCIWTh Ha 4
bopMmbI:

1. Tunokcuyeckasi (IpIxaTenabHas) — pe3yJbTaT PACCTPOUCTB JIETOYHOTO
anmapara (MmaTtojorusi BEHTWIAIMH, Iu(Qy3uu, MIYHT U Jp.), XapaKTEePHBIH
Mpu3HaK - Hu3Kkoe PaOy;

2. lwupkynaropHas - BO3HHMKaeT NpU HapymeHun Tpancnopra 0,
KpPOBOTOKOM, T.€. MNpPH HIIEMUH WIA 3aCTOMHOM TIOJIHOKPOBUM OpraHOB,
XapaKTEPHBIN TPU3HAK - YBEIUUYECHHE ApTEPUOBEHO3HOTO paszinuus O,.

3. I'emMuueckas - cBsi3aHa C HEJOCTATKOM T'eMOTJIOOWHA (aHEMHs) WJIH €ro
HECMOCOOHOCTBIO CBs3bIBaTh (), (OTpaBJIeHHE IMAHWIAMH, OKCHUIOM YIJIepoja U
JIp.); XapaKTepHBIN MpU3HaK - Bbicokoe PO, mpu HU3KOM coaepkaHuu 0.



4. I'uctorokcuyeckas (TKaHeBasi) - HECIIOCOOHOCTh TKaHEW yTHUIM3UPOBATH
0, B cBs3u C nopaxkeHHEM (EPMEHTATUBHBIX WM DHEPIeTUYECKUX CHUCTEM;
XapaKTEPHBIM NPU3HAK - PE3KOE COKpALICHUE apTEPUOBEHO3HOro pazmuuus O,.
Takum o00pa3zoMm, yX e IO CONOCTaBJICHUIO HalpsbkeHus U coxaepxkanus 0, B
apTepuaIbHON M BEHO3HOW KPOBH MOYKHO CYAUTh O BHJE TMIIOKCUU U MPABUIIBLHO
Ha3Ha4aTh JICUCHUE.

3aBucumocth Mexay PO, (nanpsbkenuem) u HbO, (HackimeHuem
reMOrJIoOONHa) BBIpaXKaeTcsl KpuUBOM aucconumanuu okcuremornoouna (KIO),
umeronet S- obpasHyio GopMy U XapaKTepH3yIOIIelH CPOJCTBO IeMOTJIo0MHA K
KHUCTIOPOy. OTy CHOCOOHOCTh BhIpakaeT BenuunHa P50 — mapuuanmbHOe
Hanpspkerue O, ripu kotopom 50% Hb cBszansl ¢ O, npu pH 7,4 u temnepartype -
37 °C. Hopmanbnass BenmuuHa P50 — 27 mMm pr. ct. Cmemenne KO BmpaBo
o3HauaeT ymeHbllleHue crnocooHoctu Hb cBs3biBate O, H, cliegoBaTeibHO,
conpoBoxjaercss mnoseimieHueM P50; mpu cmemenun KO BieBo siBieHUS
oopatubl. Hb B opranusme okosnio 600 r. CpoacTBO reMoriioOnHa U KUCIopoja
3aBUCUT B OCHOBHOM OT pH: 4yemM OH BhIllle, TeM MeHbIIE crnocoObHocth Hb
cBs3biBaTh O, u Tem Oonbie P50. usmenenus pH nHa 0,1 menbiie P50 Ha 2,5 Mm
pT. cT. B Tkansx Hb merko otmaér 0, , a B IErKMX aKTHUBHO €ro moriouaer. Yem
BBHIIIE TeMIlepaTypa, TeM MeHbine cpoactBo Hb u O, u tem Goinbie kuciaopoaa
oTaéT TKaHsM remorioOuH. [lpu runeprepmuun TkaHu nonydaroT Ooisbine O,, a
IIPU TUIIOTEPMUH - HA0OOPOT.

[Tox BIMSIHMEM TUIOKCUM YBETUYMBAETCS MPOHUIIAEMOCTh MEMOpaH Mo3ra,
pa3BuBaeTcs ero OTék. KnmHuveckue mnposiBieHUus — dHopusi, MOBBIIMICHHAS
BO30yAMMOCTb, CyIOPOTH, KOMa.

B muoxkapne ocHoBHas uacth 0, pacxonyercs Ha ero cokpauieHue. [Ipu
TUTMIOKCUU CHUXKAETCSl JHEPreTHKa, HapyliaeTcss BO30YyAMMOCTb, MPOBOJAMMOCTb,
COKpPaTUMOCTh MHOKapja, BO3HUKAIOT HEKPOOWO3bl U JKUPOBAsl JETCHEpAINU
MHOKapaa.

B 5€rkux BO3HUKAKOT BAa30KOHCTPUKIMS, WHTEPCTULIMAIBHBIA OTEK,
CHIKAETCsl MPOAYKIUS Cyp(daKTaHTa, YMEHbBIIIACTCS PACTIKUMOCTb. [ unepTeH3us
B MaJIOM Kpyre BeAET K MPaBOKEIYJOYKOBOM HEJOCTATOYHOCTH.

B neuenu pa3BuBaroTcs LIEHTpalbHbIE HEKPO3bl, BEIOpachIBaeTCsl (heppUTHH,
MOBBIIAOIINAN COMPOTUBIIEHUE NOPTATbHOMY KPOBOTOKY.

B IOYKax BO3HUKAET WILIEMUYECKUN HEKpoHe(Po3 n3-3a
KaTE€XOJIAMUHEMHUH, KOTOpAs CIIA3MUPYET apTepUMd M HApPylIaeT KPOBOTOK B
CUCTEMAaxX MUKPOUUPKYJIAMUA. C 3TOr0 HAYMHAKOTCA HAPYLICHHS! PEOJIOTHUYECKUX



CBOMCTB KpOBHM, KOTOpbIE BEAYT K THIOBOJEMHUHM U, CIEIOBATEIbHO, K
LUPKYJIATOPHOW T'MIIOKCUH, 3aMbIKasl MOPOYHBIA KPYT - TUIIOKCHUS AbIXaTEJbHAS -
LHUPKYJIATOPHAs TUIIOKCHA. POCT HEJOOKHMCIEHHBIX NPOAYKTOB BENET K
YBEJIMYECHHUIO KOJIM4YecTBa MOHOB H+, W pa3BuBaeTcs MeTa0OJMYECKUN alujo03.
OCHOBHBIMM TPOJYKTaMU METAOOJIUTOB B KIIETKE SIBJIAIOTCS KHUCJIOTBI, KOTOpBIE
JUCCOLIMUPYIOT C OCBOOOXKIEHUEM AKTUBHBIX HOHOB H+ , BHyTpHKI€TOYHas
KUIKOCTh OKHCIISETCS, M YacTh HMOHOB HeHTpaimsyercs OydepHOl cHucTeMon
KiIeTku. Korma KOHIEHTpanus MOHOB BOJOPOJA NPEBBIIIAET IMPENES MOIIHOCTH
KJIETOYHOU Oy(depHOI cucTeMbl, OHM MOKHMJIAIOT KJIETKY BMECTe ¢ MoHaMu Na+ u
HCO3- (Mexanusm "HatpueBoro Hacoca'). B mexknerounoit cpene monsl H+
BCTYNAIOT B KOHTAKT € Oy(epHON cHCTEMONl TKaHEBOW MKUAKOCTH, 3aTeEM
BKJIFOYAIOTCS JIETOYHBIE U TIOYEYHBIE MEXAHU3Mbl KOMIIEHCALIMH, U KOHLUEHTpPAIUs
H+ BO BHEKJIETOYHOW XUAKOCTH BbIpaBHUBaeTcs lIpu coxpaHeHuu crnocoOHOCTH
JNETKUX U MOYEK K yNATCHHUIO YrieKucsoTel, a [IHC - k. HopMasbHOW perymisunu
JpIXaHusg caBUT pH KpoOBH B KHCIYHO CTOPOHY COMNPOBOXKAAETCS CTHUMYJISLUEH
JBIXaTeJIbHOTO ILEHTpa, THUIIEpBeHTWsiuMed u cHwkeHuem PaCO,;, T.e. K
MeTaboIMYEeCKOMY  alU03y  INPUCOEOUHSETCS  PECHUPATOPHBIM  aiKanos.
BeHTWisAMs ~ NOANEPKUBAET NApLUUAIBHOE  HANPSDKEHUE  YIVIEKUCIOTHI B
apTEpUAIIBHON KPOBU Ha ypOBHE 35-45 MM PT. CT.
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CLINICAL PHYSIOLOGY OF RESPIRATION

Understanding the process of breathing is a key step to understanding the
essence and tactics of managing acute respiratory failure. The control of
respiratory function is represented by the close coordination of three groups of
neurons in the medulla oblongata: the dorsal respiratory center, which controls
inspiration; the ventral respiratory center, which controls exhalation; and the
pneumotactic center, which controls the frequency and depth of respiration. In
addition to the brainstem neurons, there is a system of peripheral chemoreceptors
located outside the brain in the form of carotid cells and aortic cells that respond to
minor changes in PaO,. Nerve impulses from the central nervous system travel
through the spinal cord and motor neurons, reaching and activating the diaphragm
and other respiratory muscles. The contraction of the respiratory muscles creates
negative pressure in the pleural cavity due to the expansion of the chest and shifts
down the contents of the abdominal cavity. In the chest, the negative pressure
created during inspiration leads to a decrease in pressure in the alveoli below
atmospheric pressure, forming a gradient for the flow of inhaled air towards the
alveoli. The oxygen-rich inhaled air makes it possible to diffuse O, from the alveoli
into the blood through the alveolo-capillary membrane, where the deoxygenated
hemoglobin is saturated with oxygen and becomes a form of oxyhemoglobin.

Breathing in the broadest sense of the word - the exchange of gases of the
body with the external environment, necessary to maintain energy metabolism. The
function of respiration is provided by three successive stages: external respiration
(the exchange of gases between the external environment and the alveoli of the
lungs), the transport of gases by blood from the alveoli to the cell membranes and
back, tissue respiration, during which oxygen is utilized by the tissues and carbon
dioxide is released.

The normal function of external respiration is determined by the patency of
the airways, alveolar ventilation, the state of blood flow in the lungs, and diffusion.
The essential point of maintaining airway patency is the drainage function inherent
in all levels of the bronchial tree. Violation of this function leads to an increase in
resistance, disruption of the movement of air flows and, ultimately, requires
increased work of the respiratory muscles. The volume of ventilation is regulated
by the respiratory center, which is sensitive to reflex, humoral, and mental stimuli.
Important is alveolar ventilation, which is interrelated with the breathing rate, since
with an increase in the breathing rate, the specific value of ventilation of the dead
space increases. The adequacy of ventilation is conveniently monitored by the
voltage of O, and CO, in the arterial blood. The nature of the blood circulation of



the lungs (right-to-left bypass surgery) with the discharge of venous blood into the
left heart, it determines the adequacy of blood arterialization. Due to the fact that
CO; can be released into the alveoli in unlimited volumes, and oxygen can be
absorbed depending on the blood passing through the alveoli, the bypass
mechanism cannot be compensated for by the absorption of O,. The mechanism of
bypass surgery is reflected in the change in the gas composition of the blood in the
form of a decrease in RaO, with normal or reduced carbon dioxide voltage. The
thickening of the alveolocapillary membrane disrupts the permeability of gases
through it, primarily O, (the diffusion capacity of CO, is 20 times higher than that
of O,). At the stage of gas transport, the determining processes are their solubility
in plasma, the ability to enter into a chemical reaction with hemoglobin, and
diffusion. The blood buffer system is involved in the transport of CO,. The
solubility of gases in plasma does not play a large role in the transport of gases, but
the gas voltage is important for its diffusion transport through permeable partitions.

The final stage of respiration consists in the transfer of electrons to
molecular oxygen and oxidative phosphorylation. For the normal course of
respiration, a sufficient amount of substrates and the active state of respiratory
enzymes are necessary.

In addition to the gas exchange between the blood and the atmosphere, the
lungs participate in many metabolic processes only indirectly related to gas
exchange or not related to it at all. The role of the non-respiratory functions of the
lungs is to subject the air entering the body and the blood circulating in it to
mechanical, physical and biochemical treatment. Air purification is performed by
both the respiratory tract and the alveolar tissue. The air is cleaned of mechanical
impurities, infections, toxic gases and allergens. The main role is played by
mucociliary and cough mechanisms, as well as alveolar macrophages, which are
involved in inflammatory reactions and secrete enzymes, modulators of immune
responses, etc. Non-respiratory lung functions include hemostasis and fibrinolysis.
The lungs synthesize prostacyclin, thromboxane A,. The lungs are involved in the
metabolism of proteins and fats. The production of surfactant by alveolar cells
ensures normal ventilation of the lungs. Water-salt and heat exchange is one of the
most important non-respiratory functions of the lungs. By perspiration, about 500
ml of water is removed from the lungs, which enters the alveoli from the small
circle of blood circulation. Thermal and liquid air conditioning is carried out in
both the upper and lower respiratory tracts. The degree of warming of the air in the
respiratory tract depends on its temperature and ventilation mode. The lungs are
actively involved in the metabolism of histamine and serotonin.



In the lungs, there are two circulatory systems: the bronchial blood flow and
the pulmonary-the "small circle™ of blood circulation, which is significantly
different from the "large” one. The driving force of pulmonary blood flow is the
difference in pressure in the right ventricle and left atrium, and the main regulatory
mechanism is pulmonary vascular resistance. The normal value of pulmonary
vascular resistance is 0.2 kPa / | min. Disorders of pulmonary blood flow, can be of
three types:

1. Pulmonary blood flow may be impaired due to macro-and
microembolism.

2. Pulmonary vasculitis, causing lung ischemia.
3. Pulmonary arterial hypertension.

One of the most important pathological consequences of pulmonary blood
flow disorders is lung ischemia. It is known that the bronchial vessels feed the
lung, and the lungs are designed for gas exchange of the entire body. Bronchial
blood flow is only 1-3%. cardiac output, and for its own nutrition of the lungs, 1/7
of the total volume of pulmonary blood flow is consumed. A decrease in
pulmonary blood flow by more than 7 times can be observed in pulmonary
embolism, severe cardiogenic, anaphylactic, hemorrhagic, and other types of
shock. When the pulmonary blood flow is reduced so much that the own
metabolism of the lungs is not provided, there is tissue ischemia, accompanied by a
decrease in the formation of substances, the destruction of many biological
substances suffers, the permeability of the tissue increases and interstitial edema
occurs, the production of surfactant decreases, which leads to atelectasis.

The diffusion of gases through the alveolo-capillary membrane is ensured by
the difference in their partial pressures on both sides of the membrane. The volume
of diffused gas is mainly affected by the area of the diffusion surface and the
amount of pulmonary blood flow. The solubility of oxygen in the membrane tissue
is 20 times less than that of CO,, and therefore O, diffuses more slowly.

The total ratio of ventilation and blood flow, which provides a normal gas
composition of arterial blood, should be 4:5 (0.8). The normal state of pulmonary
functions is the unevenness of their intra-pulmonary distribution. It depends on the
action of gravity and other causes and may be regional, layered, parallel,
asynchronous, etc. West systematized the data of many researchers and showed
that regional differences in ventilation-perfusion ratios in the lungs depend on a
combination of four types of intra-pulmonary pressure: alveolar (P,), arterial (Pa),
venous (Py), interstitial (Pi). Conventionally, there are four zones of pulmonary



blood flow, more or less passing into one another. In zone | (the uppermost), blood
pressure is lower than alveolar and conditions can be expressed as P, > Pa > Py, .
In practice, there is no blood flow in this zone, since easily compressible vessels
under the influence of alveolar pressure do not pass blood. Below zone I, the blood
pressure already exceeds the alveolar pressure, and the conditions for pulmonary
blood flow in zone Il are determined by the ratio Pa > P, > Py,.. The driving force
of pulmonary blood flow in this zone is the difference in arterial and alveolar
pressure, which increases rapidly, accompanied by an increase in pulmonary blood
flow. In zone Ill, the rate of increase in blood flow decreases, since the venous
pressure in it has increased so much that it exceeds the alveolar one, and the
conditions of pulmonary blood flow depend on the ratio P, > Py > Pa. The
capillaries in this area are dilated, and the shunt effect is pronounced. In zone 1V,
the same ratios exist, but perfusion is again reduced due to a local increase in
interstitial pressure on the precapillary sphincters. Regional differences in lung
ventilation cause more frequent development of the inflammatory process and
atelectasis in the lower lung zones. Not only does the so-called stagnant blood flow
play a role, but mainly the occurrence of expiratory closure of the airways mainly
in the lower zones. Due to this, when coughing in this position of the patient, the
areas of the lungs are not emptied of sputum, and there is an obstruction of the
airways in these areas. Taking into account the regional differences in lung
function in cases of lesions of one lung, it is recommended to have a position on
the side, when the patient's lung is on top. The gas composition of the blood
flowing from the lungs is the result of the mutual existence of several components
of intra-pulmonary gas exchange:

1. The effective alveolar volume, in which there is an adequate ratio of
ventilation and blood flow, the optimal figures of RaO,; 2. The aerodynamic
component associated with the different timing of ventilation of individual alveoli
due to the different length of the airways, their unequal resistance, differences in
intra-pulmonary gas diffusion and convection;

3. The diffusion component, which depends on the thickening of the
alveolocapillary membrane and is similar in nature to the alveolar shunt;

4. Alveolar dead space, the gas of which is not exchanged with capillary
blood, but enters the total respiratory volume entering the lungs;

5. Alveolar shunt, which transmits venous blood to the large circle, which
does not exchange with the alveolar air;



6. Anatomical dead space, which is filled in front of the entrance with
exhaust air and introduces this air into all components except the alveolar shunt.
All lung processes, pressures, volumes, and volume velocities have a vertical
gradient for a given body position.

In pathological conditions, alveoloarterial differences are associated with
three physiological mechanisms: uneven ventilation-perfusion ratios, impaired
alveolocapillary gas diffusion, and venous blood shunting. The final expression of
the uneven lung function is the size of the respiratory dead space (RDS) and the
alveolar shunt. The respiratory dead space (RDS) is a part of the ventilated gas that
has not entered into gas exchange with the blood of the pulmonary capillaries. The
DMP consists of anatomical and alveolar volumes. Anatomical RDS is the volume
of airways in which there are no pulmonary capillaries and therefore there is no gas
exchange with a small circle of blood circulation. Alveolar RDS is a part of the
volume of alveolar ventilation that has not entered into gas exchange with the
blood of the pulmonary capillaries. Physiological RDS is the calculated value
obtained from the Bohr-Engh of equation and characterizes the part of the
ventilation volume that has not entered into gas exchange with blood.

Alveolar shunt-the discharge of blood from right to left (veno-arterial
bypass) occurs through direct anastomoses between the veins and arteries of the
lungs, the areas of the confluence of the tebesian veins in the left atrium and the
bronchial veins in the pulmonary artery through pathological anastomoses in the
heart and large vessels and through the blood flow preserved in atelectasis. The
predominance of blood flow over ventilation can be a source of mixing of venous
blood of the small circle in the large one. Normal values of the alveolar shunt do
not exceed 5-7% of the minute volume of blood circulation.

Table 1.

Ideal values of the partial pressure of the gas in mmHg

Indicator Inhaled Air Alveolar Gas Exhaled Air
PaO, 159 100 116

PaCO, 0,3 40 32




Oxygen reserves of the body are small: in the lungs-370 ml, in arterial
blood-280 ml, in venous-600 ml, in muscles-240 ml, and other tissues-56 ml. The
total oxygen capacity of the body is 1.5 liters. Since the body consumes 250 ml of
O, per minute at rest, the maximum life span does not exceed 7 minutes. If 100%
02 is pre-inhaled, then the reserves of 0, in the lungs are 2352 ml, in arterial blood
- 297 ml, in venous blood-608 ml, i.e. only 3257 ml (only twice as much). The
change in the gases in the lungs is ideally presented in Table 1. Thus, the
inadequacy of the lungs as a gas exchange device or damage to the transport of
oxygen by the blood and circulatory system will lead to hypoxia in a matter of
minutes.

According to the physiological mechanism, hypoxia is usually divided into 4
forms:

1. Hypoxic (respiratory) - the result of disorders of the pulmonary apparatus
(pathology of ventilation, diffusion, shunt, etc.), a characteristic feature-low RaO,;

2. Circulatory-occurs when there is a violation of the transport of oxygen by
the blood flow, i.e.,, with ischemia or stagnant fullness of the organs, a
characteristic feature is an increase in the arteriovenous difference of O..

3. Hemic - associated with a lack of hemoglobin (anemia) or its inability to
bind 0, (cyanide poisoning, carbon monoxide, etc.); a characteristic feature - high
PO, with a low content of 0,.

4. Histotoxic (tissue) - the inability of tissues to utilize 0, due to damage to
the enzymatic or energy systems; a characteristic feature is a sharp reduction in the
arteriovenous difference of O,. Thus, already by comparing the voltage and the
content of 0, in the arterial and venous blood, it is possible to judge the type of
hypoxia and correctly prescribe treatment.

The relationship between PO, (voltage) and HBO, (hemoglobin saturation)
is expressed by the oxyhemoglobin dissociation curve (BDO), which has an S -
shape and characterizes the affinity of hemoglobin to oxygen. This ability is
expressed by the value P50 — the partial voltage of O, at which 50% of H is bound
to O, at a pH of 7.4 and a temperature of-37 °C. The normal value of P50 is 27 mm
Hg. The shift of BWW to the right means a decrease in the ability of HB to bind
02 and, therefore, is accompanied by an increase in P50; when mixing BWW to
the left, the phenomena are reversed. NI in the body about 600 g. The affinity of
hemoglobin and oxygen depends mainly on the pH: the higher it is, the lower the
ability of HH to bind O, and the greater the P50. changes in pH by 0.1 less than
P50 by 2.5 mm Hg. In the tissues of HH, it easily gives off 0, , and in the lungs it



actively absorbs it. The higher the temperature, the lower the affinity of H and O,
and the more oxygen the hemoglobin gives to the tissues. With hyperthermia, the
tissues receive more O,, and with hypothermia-on the contrary.

Under the influence of hypoxia, the permeability of the brain membranes
increases, its edema develops. Clinical manifestations — euphoria, increased
excitability, convulsions, coma.

In the myocardium, the main part of the 0, is spent on its reduction. With
hypoxia, energy decreases, excitability, conduction, contractility of the
myocardium is disturbed, necrobiosis and fatty degeneration of the myocardium
occur.

In the lungs, vasoconstriction, interstitial edema occur, the production of
surfactant decreases, and the extensibility decreases. Hypertension in the small
circle leads to right ventricular failure.

Central necrosis develops in the liver, and ferritin is released, which
increases resistance to portal blood flow.

In the Kkidneys, ischemic necronephrosis occurs due to catecholaminemia,
which spasms the arteries and disrupts blood flow in the microcirculation systems.
With this, violations of the rheological properties of the blood begin, which lead to
hypovolemia and, consequently, to circulatory hypoxia, closing the vicious circle -
hypoxia respiratory - circulatory hypoxia. The growth of under-oxidized products
leads to an increase in the number of H+ ions, and metabolic acidosis develops.
The main products of metabolites in the cell are acids, which dissociate with the
release of active H+ ions, the intracellular fluid is oxidized, and some of the ions
are neutralized by the buffer system of the cell. When the concentration of
hydrogen ions exceeds the power limit of the cell buffer system, they leave the cell
together with Nat+ and HCOs-ions (the "sodium pump" mechanism). In the
intercellular medium, H+ ions come into contact with the buffer system of the
tissue fluid, then the pulmonary and renal compensation mechanisms are activated,
and the concentration of H+ in the extracellular fluid is leveled While maintaining
the ability of the lungs and kidneys to remove carbon dioxide, and the central
nervous system - to the normal regulation of respiration. The shift in the pH of the
blood to the acidic side is accompanied by stimulation of the respiratory center,
hyperventilation and a decrease in RaSO,, i.e., respiratory alkalosis joins the
metabolic acidosis. Ventilation maintains the partial voltage of carbon dioxide in
the arterial blood at the level of 35-45 mm Hg.
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