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[Ipepucaosue K pycCKOMY M3IaHHUIO

Hkon B. ¥Yact — kpynueiimul cnennanuct B o6aactu (Guano-
JIOTHH AbIXaHHst — LIHPOKO H3BECTEH KaK OCHOBOINOJIOKHUK COBpe-
MEHHOH TEOPHH O POJIA BEHTHJ/SIHH JIETKHX U JIETOYHOTO KPOBO-
TOKa B (OPMHPOBaHHH aJeKBATHOrO razoo0MeHa OpraHH3Ma ye-
JIOBEKA ¢ BHelllHeH cpejod.

Ou  sAsjsercss aBTOPOM BOCOMH MOHOrzaduil, MHOTHE H3
KOTODBIX HEOMHOKpaTHO nepeuznasanucs. HauGosblleli ussect-
HOCThIO IOJB3YIOTCsi ero TpyAn «Ventilation/Blood Flow and
Gas Exchange» (1977), «Pulmonary Pathophysiology — The
Essentials» (1982) u «High Altitude and Man» (1984). Ilo-
CJICAHAS H3 HA3BAHHBIX KHHT 00001laeT pPe3y/bTaThl (H3HOJOTH-
YECKHX HCCAe0BaHUH, IPOBEACHHLIX ABTOPOM, CTPACTHLIM aJbli-
HHCTOM, B XO/le aMEPHKAHCKOH 3KCHeAHUnl Ha DBepect B 1981 r.
Cuientyer otmerntb, uTo Bo BpeMs nee JIK. YocTy BrepBHe B MHpe
YAAQNOCH MOJYYHTH H IPOAHAJIM3HPOBATH aJ/bBEOJIAPHBIA BO3AYX
Y UYJIORCKA, NOCTHTIIErO BhlcOualmell TOYKH miaaxers (8848
HaJ ypoBHEM Mops).

Ocoboe mecto cpean mayunbix paGor K. Yscta zanummaer
ero mouorpagus «Respiratory Physiology — The Essentials»,
Beitenmas B CIIA tpersum usnanuem B 1985 r. Hassauue xuu-
ri — «®Duznonornd apxanus. OCHOBBI» — naufojee TOUHO OTpa-
JKaeT ee cojpepranue. IT0 — KOMIAKTHOE H3JOKEHHE OCHOBHHIX
NPUHLHIOB H 33aKOHOMEDPHOCTEH, JeKallHX B OCHOBE COBPEMEH-
HBIX NpeicTaBielnid o (QH3HOJOrHH Abixauus. Pabora manucana
NpefesibHO fACHO, caMble CJAOXKHLIE BOMPOCHI H3J0XKeHL Tak, uTo
KaxKyTCsl OYeBHAHBIMA. ABTOp, He BIABAsCh B JETaJH, COCPeLO-
TOYH/ BHUMaHHe HAa OODBACHEHHH CAMOIO BasKHOTC M HeOBGXONH-
MOro st CBOGOAHOrO ONMepHPOBAHHS YaCTHBHIMH BONpPOCaMH. Bce
3T0 nesaeT MoHorpaduw K. ¥scta npexpacubiM ydeGHBIM no-
co0HeM /1A CTYAEHTOB, H3yYaiol(MX (H3HOJOTHIO UeJOBEKa, H
BeCbMa [OJIe3HbIM [/ Hay4YHBIX palOTHHKOB, 3aHHMAIOWUXCS
¢usnosorneli ABXaHHA HIH CMEXHLIMH BompocaMu. OrpoMibiii
OnbIT npenofAaBanus ¢pusnosorun (asTop ¢ 1969 r. Asaserca npo-
¢deccopom  KanupopHHACKOrO yHUBEPCHTETA) HECOMHEHHO CHO-



6 MPEOUCJIOBHE K PYCCKOMY H3IAIINIO

co6CcTBOBAJ MOSABJIEHHIO MOHOTpadHH, B KOTODOH MeTOIUKe sC-
HOro M 06pas’HOro H3JIOKEHHs MaTepHa/a yJAe/seTcss BHHMAaHUA
He MeHblie, ueM (DakTHYECKHM HaHHBIM.

Kuura cOCTOHAT M3 JECATH IVIaB, OXBATHBAIONIHX BCE Pa3iebi
($U3UOJIOTHH JBIXaHHSA, IPHJIOMXKEHHS, BONPOCOB MJA CaMonpo-
BEDKH H DEKOMEHAYEeMOro CIHCKa JHTepaTypel. JTOT CIUCOK
MOXKHO PACIIUPUTH 3a cUeT MyO/HKauui, BHINEAIHX HA PYCCKOM
s3biKe, TaKHX KakK «PYKOBOJACTBO IO KJAHHHYECKOH (DH3HOJIOTHH
ablxanusay» non pemakuuein JI. JI Hluka u H. H. Kanaesa (JI,
«Menununas», 1980), xkuura A. II. 3unnbepa «Pernonapuole
¢yuknuu gerkux» ([lerposaBoack, «Kapeaua», 1971) uin kuura
A. U. Ipsuenko u B. I'. llla6enbnukoBa «MaTtemaTtuueckue Mo-
neqad AeHcTBHs rpapurauud Ha QyHKOIEH Jerkux» (M., «Hayxka»,
1985).

«®usnogorus apxauust, OcHOBEY — NepBas KHHra ¥yacra, ne-
peBeseHHasl HA PYCCKuil f3bIK. MBI HajeeMmcs, 4TO OHa HaHjeT
LIHPOXUA KPYr UnTaTeseil — CTYAEHTOB, H3YUaIOIHX OHOJIOTHIO H
MeIUIMHY, Bpauell H HayuHHX PaGOTHHKOB.

Arxademur O. I'. T'asenro



flpegucaoBue K TpeTbemy W3AAHUIO

Muor#e pasjenbl HACTOSAUIEro H3JaHUS — B TOM YHCJE HOCBS-
IIeHHble MeTaboNu3My B JIEroyHo# TkaHH, cypdakTaury U pery-
JSIHA BEHTUJSALUH JIeTKUX — OBl JOTOJHEHH B COOTBETCTBHH
C COBperieHHBIMH JadEbiMH. B 1O XKe BpeMst oOmullt o6beM KHUTH
ocTascs npexxHuMm. HexkoTopele BONPOCH, HaNPHMEP OTEK JErkux
H JIETOYHHIE 3allUTHEIE CHCTEMBI, JIeXKAT Ha CTHIKE HOPMAJBHOH
U natoJsoruueckoll ¢usuogornn. bosee NoAPOOHO OHH OCRELICHB
B Apyroii mame# kuure (J. B. West, Pulmonary Pathophysio-
logy — The Essentials, ed 2. Baitimore, Williams and Wilkins,
1982).
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Crpykrypa n QyHKuUMA Jerkux

Kax crpoenue seexkux obecnequsaer ux GeaTesbHOCTb

Jlerkune — 370 opranel razoob6mena. Mx riaBHoe nazHaueHne
COCTOUT B TOM, uTOOBl 00ecHeyHTh Mepexof KHCJIOpoAa H3 BO3-
AyXa B BEHO3HYIO KpPOBb, a YTJEKHCJAOTO rasda — B 06paTHOM
HanpasJeHuH. Jlerkue BHIIOJHSIOT B Apyrue QpyHKIHKH: 34eCh IPO-
HCXOAUT MeTaboJin3M HEKOTOPHIX BellecTB, (UAbTPALUA H yAa-
JieHHe BPEIHBIX NPOAYKTOB H3 KPOBOTOKA H JAENOHHPOBAHHE KDPO-
BH. B 10 xe BpeMs rnaBHas HX 33Jaua — ra3oo0Men, MO3TOMY MBI
IpexJae BCEro pacCMOTPHM CTpPOeHHe AaJbBeOJsAPHO-KanH/LIAp-
1oro Gapbepa, T. €. IOBEPXHOCTH pa3fesa KPoBb/BO3AYX, Iie 3TOT
razoo0MeH NPOHCXOJHUT.

ARbBEOASPHO-KANMAAAPHBIA Gapbep

[TepeHoC KHUCJIOPOAA H YIJEKHCJOrOo rasa MeXIy BO3AYXOM
¥ KPOBBIO NPOHCXOAHT NyTeM npoctoit audoysuu, T. e. OT 00-
JACTH C BHICOKHM NapuuajJbHBIM JaBJieHHeM rasal) K obmaactu

D [Tapuyanbioe JaBlieHHe ra3a MOXKHO pPacCyHTaTb, YMHOXHB €0 KOHs
HeHTPAMI0O B Ta30BOH cmecH Ha ofuee paBieHHe 3Tofl cmecH. Tax, KoH-
HeHTpanua KHCAOpoia B cyxoM Bospyxe 20,93 %, u ero napuuanbHoe AaB«
nenue (Pp,) Ha ypoBre Mops (aTMmocdepHoe nasaeHHe — 760 Mm pr. cF,
1 mm pr. cr. = 133,322 ITa) cocrasasier 20,93/100 X 760 = 159 mm pr. cT.
Tlps npoxoAeHud BO3AyXa 4Yepe3 BepXHMe AbIXaTeJbHpe IYTH OH Harpe-
BaeTCsl M YBJAaXHseTcs, ¥ JaBleHHe BOJSHHX 0NapoB B HeM CTaHOBHTCHA
paBibiM 47 MM pr. crT. TakuM o6pasom, ofllee AaBJEHHE «CYXOH» rasoBoit
CMeCH  CoCTaBiseT JaHWy 760 —47 =713 wmm pr. cr. CaenoBaTenbno,



CTPYKTYPA M- ®VHKIIMHU NETKUX 9

Puc. 1.1. Daextponnast mukpodororpadus Jserousoro xauwwmispa (K), uwpo-
XOAfIEero B CTCHKe anbBeoJibl. OOpaTHTe BHUMAHHe, HACKOJTBKO TOHOK alb-
BeOJAPHO-Kanuisipuniii  6apbep (ero Ttoamuna Medpwe 0,5 mxm). Jdaun-
HAL CTPEeAKA COOTBETCTBVET NYTH AM(pOY3UH JIBIXATEfibHBIX ra3oB OT aJbBeoN
BHYTPb 3putpountoB (211). Ilpm sroM rasam HeoSxoAHMO INPONTH uepes
caofl cypdaxtanta (34echb He BHAEH), aJbBeossApHbIR snuTeauil (AJ), un-
tepcruunit (M), xamuaaspusit sHgoresuit (K®) u naasmy xposn. Bujsst
(bparMeHTHl  COEJHHHTENBHOTKAHHHX KJIeTOK — pubpobaactos (D), 6Gaszanb-
Hasi MemGpana (BM) w sapo suporenuanbuoft xaetky (E. R. Weibel: Res-
piration Physiology 11 : 54, 1970)

€ HH3KHMM NapUHaJbHBIM JaBjeHHeM (NoA00HO TOMYy, Kak BoOja
Teger cBepxy BHH3). CorsiacHo 3akoHy anddysuu Ouka, KoJju-
4ecTBO rasa, nepeMeulaloileecss yepe3 cJOH TKaHH, NPAMO HPO-
HOPIHOHAJBHO IJIOWAAH 3TOTO CJ10S1 H OBPATHO NPOMOPLHOHA b=

Pg, Bo Babixaemom sosayxe pasHo 20,93/100 X 713 = 149 mm pr.cr. Ecm
KHUAKOCTb IIPNBECTH B CONPHKOCHOBEHHE C ra3oBod CMecblo H BBIXKJAATE, MOKa
Memny STHMH ABYMA cpeaamu YCTaHOBHUTCA paBHOBECHE, TO napuHanbHoe
A&aBJIEHNE Tra3a B KHAKOCTH CT@HET TaKUM ke, KakK MU B rasopoil cmecu, Bo-
Jiee NOAPOGHO rasoBHe 3aKOHB M3JOMEHH B NPHIOKEHHH.
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Puc. 1.2, MHorounciennsie ajbBeoNbl ¥ Meakas GPOHXMOJa Ha Cpese Jerkoro.
Jlerounbie KANHAASPH NPOXOZAT B  TOJILE AJbBEOJAPHBIX CTEHOK  (CM.
puc. 1.1.). OTeepcTisi B CreHKax ajibBeOs] — 3TO ajbseossapubie mopsl Koha
(mzirpodororpadgusi cperasa ¢ NOMOULbI0 CKAHHPYIOUIErO 3JEKTPCHHOLO MUK~
pockona; J. A, Nowell, W. S. Tyler)

HO ero rtoJauupe. B jserkux Gapbep MeEXKAY KPOBBIO U BO3NYXOM
(anbBeOJAPHO-KANMIAPHBIA  Gapbep)  YPE3BBHIUARHO  TOHOK
(puc. 1.1), a moBepxHocTb ero cocrasisier 50—100 m2 3naunr,
[0 CBOHM XapakKTEPHCTHKAM 5TOT Oapbep BIOJHE HOAXOAHT /s
npoieccoB rasoobmena.

Kakum xe o0pasoM B OrpaHUdYeHHOH TI'DyAHOH MOJIOCTH pa3-
MeCTHJach Takas KoJjoccanbHasi AubQY3HOHHAS NOBEPXHOCTH?
OKkasblBaeTcs, Me/byajilllie KPOBEHOCHBIE COCYAB (KanHJJIsAPh)
OMJIETAIOT TPOMAJIHOE YHUCJIO MaJeHhKHX BO3AyUINBIX MEMIOYKOB —
anabpeos (puc. 1.2). B merkux uyesioBeka 0K0J10 300 muaH. anbBeEOd,
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Puc. 1.3. Crenok BO3ZYXOHOCHEIX NyTeHi YeJOBEUECKOIO JIErKoro. AJbBeodH
NpH H3TOTOBJIEHUH CJenKa OTOPBAJNCh, OJHAKO AkiXaTelbHbie nyTH OT TpaxeH
BIVIOTh MO KOHEYHEIX 6pOHXHOJI BHAHBI

a4 JHaMeTp KaxKJo#i M3 HUX cocTaBJasdeT okoso 1/3 mm. Ecan 6n
a/lbBEOJIEl HMeNH cTporo cheprueckyo dopmy D, To obmasn mio-
lane MX MOBEPXHOCTH cocTaBuja OHl 85 M?, a obmuil o6beM —
JUWIb 4 . JIAA cpaBHeHHSl: BHYTPeHHAS IJIOMANb CRAHHOYHON
chepuueckol CTPYKTYPHL TAKOrO 06beMa COCTABMJIA OBl JIHIIb
0,01 M% Takum o6pasom, orpomuas Audpy3uoHHAA TOBEPXHOCTD
B JIEKHX 00ycJ/I0BJIeHa pa3fe/eHHeM 3THX OPTaHOB Ha KOJI0CCAJIb-
HO€ YHCJIO CYObelHHHIIL,

l'asbl nocrasasioTcs K aubBeONSIPHO-KATHANAPHOMY Gapbepy
no OblxaTenbHblM NYTAM, 4 KPOBb (C APYroil ero CTOPOHH)— MO
KpogerocuoimM cocydam.

) AfbBeonrl MpeACTaBASIOT COGO He cdepH, a MHOrorpanHuku. Kpome
TOrO, HE BCA MX MOBEPXHOCTh yuacTByeT B audpdysuum (cm. puc, 1.1), Takum
00pasom, saech NPHBEAEHB JHIIb NPHOAHKEHAE HHGPH,
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IlblxaTeJleble NyTH 1 ABHXECHHE B HUX BO3AyXa

Bo3jlyXOHOCHBIE TYyTH NPEACTaBJSIOT cO00H NMOCAEeAOBATENBHO
yazBeTBJAAIOMMecs] Tpy6ouku. [lo Mepe morpyKeHHs B JIErOYHYIO

Tpaxea

IMposoaawan 30Ha

N l

VA‘K 17

S A 18
B R T 19
35 4

3 20
x @

| Ax | ) 21
X {%" 22
= | A 23
Puc. 1.4. VYnpoueunass cxema

303/YXOHOCHBIX [yTeil YesoBeKa
10 BeiiGemo. Buano, uto k npo-
30Af1eH 30He JIerkHX OTHOCAT-
51 abixatensisie oyt 0—16 no-
vagkos (1), a & gbixaTeabHOl
(WM nepexofHOH W JAblXaTelb-
10f) 3one — 17—23  nmopaikos.
bP — épouxu;  BJI — Gpouxuo-
mol;  KBJI — koneunnie  6poun-
XUOAR; JDBJI — nuixatenbHble
Gporxuoan;  AX — anbpeonsap-
ble XOJBL A — ampBeoan
(E. R. Weibel: Morphometry
of the Human Lung. Berlin,
Springer-Verlag, 1963, p. 111)

TKaHb OHH Cy:KaloTcfl, YKOpauuBa-
I0TCH W yBeJAHYHBAIOTCS B YuCJIE
(puc. 1.3). Tpaxesa pasnensercs Ha
npasbifi ¥ JieBLIH ryaBHBIE OPOHXY,
Te B CBOIO OuYepedb HA JOJEBLIE,
3aTeM Ha CcerMeHTapHbie OpOHXH,
U TaK jaJjee J0 KOHEYHLIX OpOH-
XUO0JI, elle He CBA3aHHBIX HeENoC-
PEACTBEHHO ¢ aJjbBeoJaMu. Bea
3Ta cucteMa o6pasyer nposod-
wiie (KOHAYKTHBHBIE) 8030YXOHOL-
Hote nyTu. I'naBHoe UX HasHAayeHHe
COCTOUT B MOLBEAEHUHM BIBIXAEMO-
ro Bo3ayxa K raszoo0MeHHOH Io-
sepxuocru Jerkux (puc. 1.4). Tlo-
CKOJIbKY B NPOBOASIIMX BO3IYXO-
HOCHBIX HYTSIX HET aJbBeoa i,
CJIe0BATeNbHO, OHH He MOTYT yua-
CTBOBAaThb B raszoobMeHe, HX Ha3bl-
BAIOT  QHATOMUYECKUM — MePTGbIM
npocrpancrgom. Obbem ero  co-
crapasier okoso 150 ma.
KoHeuHble OpOHXHOJLI Pa3BETB-
JSI0TCs Ha JbixaTejabHble 6POHXHO-
Jbl, B CTEHKaX KOTOPHIX B BHIe
BLINSYUBAHUA  yKe  [OSBJAIOTCSA
oAHHOUHBlE aJbBeOsBl. Haxouer,
OT JBIXaTeAbHBX OPOHXHON OTXO-
JASIT aAbBEC/sIPHBIE XOA4bl CO CTeH-
Kavu, OO6pa3sOBaHHBIMH HCKJIOYU-
TesbHO ajbBeoaamu. Otgenm Jer-
KHX, COjepiKaluue aJjbBeosanl H
yyactpymoluie B rasoofMeHe, Ha-
apBalorcs  Ostxareavroti  30HOM.
CTpyKTypbl; pAacnoJIOKeHHble JHC-
TasbHee KoHeuHOH GPOHXUOJM, 00-
pasyloT 3JeMeHTapHyl aHaToOMH-
YeCKYIC  eHHHIY  JieTKHX ~— Tep-

BHYHYI0 JOA6KY, BAH ayunryc. PaccTosune oT KoHeuHoH OpOHXHO-
B A0 caMOil AajbHell aJbBeOJIBl COCTABJSCT NOPALKA O MM, OX-
HAKO Ha AHIXATeNbHYIO 30HY NPUXOAUTCA 00biIas 1aCTb JETKHX!
ee o6beM paBen npumepHo 3000 ma,
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Puc. 1.5, Kpusasn sasucumoctd cyMmapHoro [ONEPEUIIoro Ceyenuss BO3AYXO-
HOCHBIX NyTeH OT HX NOPAAXA, BRANO, 4TO B ALIXATEAbHON 30Ie OHO PE3KO
BO3pacraer (CM. AAs cpaBHeHus puc. 1.4). B pesyabraTe B 06aacti AHXa-
TeJILALIX GPOHXHON NPOJOAbIOE NePeMelnlenne BO3AYXa BO Bpems BIOXa CTa-
HOBUTCA CYelb HeSOMbWIKM H POJb [J4BIOTO MEXaUH3Ma BEHTHJSIHY HayH<
Haer urpath aupdysua

Bo Bpemst Broxa obvem rpyanoit mojoctu yseipunpacrcs
BO3AYX 3aCacbiBaeTCsl B Jerkve. IJTO yBeddyeHde 00bema ua-
CTHYHO OOGYC/IOB/IEHO COKpalleHHeM AHAQPATMbI, HPH KGTOPOM
KyNoJl ee OmyCKaercsl, YaCTHUHO — COKpPallleHHeM MexpebepHbIX
MBI (11pH 3TOM pebpa MOAHMMAIOTCS U IIONEPEYHOE CeuyeHHe
rpyAHON MOJOCTH yBeJHYMBAeTcs1). BiabixaeMmbiil BO3AyX NpoiBH-
raercst NPUMEPHO MO KOHEYHBIX OPOHXHOJ 1O MeXaHH3MY o0beM-
HOro NOToKa (Kak BOja vepes LLIAHT), OAHAKO 3a HUMH 00m[as
IJI0ILalb  NIOTIEPEYHOro CevyeHHsd BO3AYXOHOCHBIX nyTell H3-3a
MHOFOKPATHHIX BETBJIEHHH HACTOJbKO Bo3pacraer (puc. 1.5), 4to
NOCTyI4TeJNbHOE NepeMellleHiie Tra3oB CTAHOBHTCS OueHb He3MHa-
uuTeNbHBIM. C/1e0BATENbHO, [VIABHBIM MeXaHH3MOM BEeHTHJSLHH
B 1bIXaTe/NbHOH 30He siBisercsa Aupdysus rasos. Crkopocts nud-
(y3uM MOJIEKys ra3a B BO3LYyXOHOCHBIX NyTAX TaK BeJHKa, a npe-
Olo/ieBaeMble PACCTOSAHHS TaK MaJbl, YTO Pa3HHUA KOHUEHTpa-
UM B npefesax anpHyca NPAaKTHYECKH [OJHOCTBIO YCTPAHSETCS
3a cekyHay. M3-3a pe3koro najeHusi CKOPOCTH ABHKEHUS BO3AyXa
B KOHEYHBIX OPOHXHOJNAX 3€Ch YaCTO OCEAAIOT MblJIEBbe YACTHILHL.
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Bararomapsa CBOHM YHOPYTMM CBOHCTBAM JeErkKdHe IOC/e BAOXA
DH CHOXOHHOM JABIXaHHH NACCHBHO CHANAlOTCs, M BOCCTAHABJIU-
aercsl ux npexuuii oObeM. OHH OueHb pacTAXKHMBI: YTOOHL yBe-
uuuTh HX o0beM Ha 500 M4 (Kak NPH HOPMAaJbHOM JAbIXaHHH),
OCTATOYHO IPHJIONKHThH JiaBJeHHe MeHee 3 cM BoA. cT.l. [las
paBHenis: YTOGHI HACTOMBKO 2Ke yBeJHYUTb 00beM JeTCKOrO BO3
yiugoro mapuka, tpebyercs: aasjenue 30 cM BOA. CT.

Jasienue, obecneuupamwoniee HNPOABHMKEHHE BO3AYXa 4Yepes
03]y XOHOCHHIE MYTH, TaKXKe oueHb MaJjo. Pacxon sosayxa 1 Ja/c
KaK OPH HOPMAaJbHOM /JLIXaHHMH) COOTBETCTBYET Iepemnany JAaB-
leHHS B HHX MeHee 2 ¢M BOJX. CT. (IpH KypeHHH TPyOxH mJs
2KOTO JKe Pacxofa Bo3Ayxa HeoGxoauMa pasuuua oxonao 500 cm
01. CT.).

Kposeunocusie cocyir M ABHKEHHE B HUX KPOBU

Jlerounble KPOBESHOCHBIE COCYABl, Kax M OpOHXH, NpPeACcTaB-
IRI0T cOB0fi Berpsliecs TPyOOUKH-— cHAUaJa Jiero4yHas apre-
M ReJHUTCS [0 KalWisgpoB, 4 3aTeM OHH BHOBb OOBLEAMHAIOTCSH
y Jleroyisle Bedbl, BrHavase apTepuH, BeHH H OPOHXH HAYT BMe-
Te, OJHAKO B nNepudepHuecKHX OTHeNax JerkKHX BeHBl OT/Ae-
JAI0TCA M NPOXOAAT MexkAy AOJbKaMM, TOrAa Kak apTepHu H

Taste ey,

g

%,

>yc. 1.6. AMbBeoasipHAs CTCHKA JAIVHIKA NOJ MHKPOCKOmOM. BHEE2 MACGTHAA
camuaisipuast ceTh. CueBa DPOXOAMT MeJkas aprepud, a cClpaBa — MeJKasn
seHa. OTje/bHbIE CerMEHTH KANHMISPOB HACTONBKO KOPOTKH, 4YTO KpPOBb B
“TenKax ajbBeod oGpasyeT moutd cnsommoil caofl (J. E. Maloney, B. L. Ca-
stle: Respiration Physiology 7: 150, 1969)

1 1 ¢m BOA. T, = 98,0665 Ila,
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Puc. 1.7. Muxpocronuueckuii cpes serxoro cofaxu. Buanu KAMHAIADE], MRo-
XOAdliHe B CTEHKAX aibBeos. AjbBeoJAPHO-KANUIIAPHEG Gapbep HaCTOJLKO
TOHOK, H4TO B CBETOBOH MHKPOCKON €ro Re BHJIHO (CM. AJd cpanlelus
puc. 1.1). Cpes Gul1 NpuroTOBAEH NyTeM OBICTPOrO 32MOPANKHUBAIHES JEKOIO
Bo_Bpems ero neppysun (J. B. Glazier, J. M. B. Hughes, J. E. Maloney,
J. B. West: Journal of Applied Physiology 26: 65, 1969)

OpOHXH CJeLYIOT PAAOM K LEHTPY Aosek. Kamuiisps o6pasyior
B CTEHKAaX a./ibBe0Ji I'ycToe cljeTeHne (puc. 1.6) u uMeloT Ama-
MeTp 0Ko0J0 10 MKM, T. e. cedeHHe ux npubJIHIKAETCA K HHKHEMY
npenesy NPOXOXKIEHHS 3PUTPoUHTOB. OT/lesbHbE KaMHJAADH
HaCTOJIbKO KOPOTKH, 4TO HX TycTasl ceTb o0pa3yer B CTEHKE aJlb-
BEOJIbl MOYTH HENPEPHIBHLIA CJAOH KDOBH, YTO YPe3BHIYAHHO Bhi-
TOAHO C TOUKH 3DeHNs ragoobMena. DTy CTEHKY JaJeKo He Bceraa
MOXHO YBHIETb «aH(pac», kak Ha puc. 1.6. O6BYHO Ha momepeu-
HOM C€UeHHH B CBETOBOM Muxpockone (puc. 1.7) pasiuuuMb B
OCHOBHOM 3DHTDOUMTH B KANHJISPAX, 4TO MAeT NpeicTaBJ/eHhe
06 OrpoMHOH NOBEPXHOCTH CONMPHKOCHOBEHHsS MEXKAy KDOBLIO H
aJIbBEOJISIPHEIM FasoM, Pa3Jle/eHHBIMH TOJBKO TOHKHM Gapbepom
(cM. pas cpaBHenus puc. 1.1).

B serounyio aprepuio BHOpachBACTCS BCS KPOBbL M3 NPaBOrO
CepAla, OJHAKO CONPOTHBJICHHE JIETGUHBIX COCYIOB YAMBHTEILHO
mago. Pacxox kposu 6 a/Muu obecueunBaercs CpefHHM JaBJe-
HHEM B JIErOYHOH apTepuu Jullls oxog0 20 cM BOA. ¢r. (4TofHl
CO3/laThb TaKO#d XKe NOTOK Uepe3 COJOMHHKY JJISl KOKTeHAs, He-
obxonuMo aapjaense 120 c¢M BOA. cT.).

Kaxnuifi 2pHTPOLHT HAXOAUTCS B KaNWIIAPHOH JErouHoi
ceTH B TeueHue npumepuo 3/4 c. [lo-suaumomy, sa 3To BpeMs oH
NPOXOJUT Yepe3 2—3 aybBeoJsbl. Jlerkue No CBOEMY CTPOEHHMIO
HACTOJBKO XOPOLIO NPHCIOCOOJEHHl AJs1 razoofMeHa, 4To Haxe
TAKOr0 KOPOTKOIO IPOMEXKYTKa BPeMeHH JOCTaTOYHO HJsl ycTa-
HOBJIEHHS NPAKTUYECKH IOJHOIO DPaBHOBECHS IO KHCJIODOAY H
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VIJIEKHCJIOMY Ta3y MeXAy a/bBeOJIsPHEIM BO3AYXOM H KamuiI-
APHON KPOBBIO.

B JlerKHX CYLIECTBYIOT TaKikKe OpOHXHa/bHbie COCYAbl, CHAl-
’)KaIoUHe KPOBbIO MPOBOAAIILME BO31YyXCHOCHBIE NYTH BIJIOTH M0
KOHEeYHBbIX OpoHXHOJ. Dosblias yacThb 5TOH KPOBU OTTeKaeT OT
JlerKHX 110 JierouHbIM BeHaMm. KpoBorok B OPOHXHAJNBHOH CHCTEME
ropasio MeHblle, uYeM B JErouHbIX COCyLax, MOITOMY JIErKue
BIOJHE MOTyT (YHKUHOHHDPOBaTb Oe3 Hee (Hanpumep, Mocjae HX
nepecaiku).

ITepes TeMm, Kak 3aKOHUHTb 5TO KPATKOE O3HAKOMIeHHe ¢
GyUKIMOHAJNBHON aHaTOMMeH Jerkux, pacCMOTPHM HBe ocoObie
npo6/eMsl, ¢ yCneXoM paspellenuble NPHPOAOH.

Cra6nibHOCTb aNbBEOJ

Jlerkue MOXKHO cunTath ckondensem 300 MJH. Ny3HPLXKOB,
AHAMETP Kaxkaoro u3 KoTophix Oausox k 0,3 mwm. IlogoGubiM
CTPYKTyPaM NPHCYLla BHYTPEHHSA HECTaOUJIBHOCT: IOBEPXHOCT-
HOE HATSKCHHE AKHUAKOCTH, BHICTH/IAMEH adbBeOJIBl, CO34aeT 31ia-
UHTeAbHBIE CHJBI, CTPEMSAIIHECS HX CIVIIOUIHTL. K CHacThio, HEKO-
TopLle M3 KJETOK, BBICTH/IAMOUIHX CTeHKH aJbBeoJ, CeKkperil-
pyioT ocofoe BellecTBO — Cyp(GaKTaHT, Pe3Ko CHHXKalomlee Mo-
BEPXHOCTHOE HATSIKEHHE 3TOH KHAKOCTH (CM. IV 7), 6aarojgapsa
yeMy cTaGHIBHOCTL aJbBEOJ OUEHb CHMIbHO ToBBIIAeTCsA. OnHaKo
BCErjia OCTaeTcsl IOTeHLHAJbHAS OHACHOCTb CIHAJEHHST MEJKHX
BO3AYLIHLIX CTPYKTYP, W 9TO u4acTo Habawoaaerca npu sabore-
BaHUSX.

YaajeHue OblJAEBBIX HYaCTHL

Jlerkue ¢ MX OrpoMHOH cyMMapHofi miomanpio (50—100 M)
npeacTaBasiior cofofl camyro GoJbLIYIO MOBEPXHOCTh OpraHusMa,
compHKacaiouyoca co Bce 0ojlee arpeccusHofl okpyxaiouled
cpenoii. B abixarennbiofl cicTeme Boipaborasinch pasJadunble Me-
XaHW3MBl yAajesus newiesblx wactnm (ea. i 9). Kpynnbie sa-
LiepupaloTesl B Hocy, Oosiee MejKHe 0CeAaloT B TPOBOAALLUX
BO3AYXOHOCHBIX NyTSX H yAA/AI0TCS ¢ BOCXOAAUIUM TOKOM CJHBI,
lenpepEBHO HECYUIHM BCAKOTO pOja 3arpsisHenus K Haaropran-
HHKY, [Ae OHH mporaatsieaiores. Cansb BbIpabaThIBACTCA CAUH-
CTBIMH eJe3aMu H GOKaJOBUAHLIMH KJIEGTKAMH B CTeHKax OpOH-
XOB M OTTeKaeT BBepXx O6/4arolaps pPUTMHYHBIM JBHKEHHAM
MIUIIHOHOB TOHKHX pecHuuek, pafora KOTOPBIX IapayH3yercs
IIEKOTOPBIMH BABIXAEMBIMH TOKCHHAMH.

B a/ibBeosax peCHHYEK HET, N Ocaxkjaemble 3/eCb IbIIEBbIE
YacTHIBl IOTJVIOLIAICTCA KPYMHBIMH [OJABHAKHBIMH KJIETKAMH —
MakpodaraMmy, 1ocje 4ero 3arpssHsiollde BellecTBa yAaasioTCs
yepes AuMdAaTHICCKHE W KPOBEHOCHble cocylbl. B saumure Jer-
KHX OT HHOPOJAHBIX BELIEeCTB YYaCTBYIOT TAKXKe JICHKOLHUTH KPOBH.
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BernTunguus

Kax 8030yx nocrynaer 8 aavgeonst

B s10#i m caeayomux IBYX rJaBax pacCMOTPEHO, KakKuM 00-
pasoM BIbIXaeMbll BO3AYX HOCTyNaeT B aJibBeOJIbl, KakK TIasbl
IepexoAsAT uepe3 ajbBeOMsAPHO-KANWIASPHBIHE 6apbep U Kak OHH
VIAJSIOTCH M3 JIETKHX ¢ TOKOM KPOBH. DTH TPH npouecca obec-
NEeYHBAIOTCS COOTBETCTBEHHO BeHTHJsLHMed, AupPysued U Kpo-
BOTOKOM.

O6bembl Pacxopn bt
HbtxarenbHbii oBvem O6tar BeHTUARLUA Ner Kux
500 mn 7500 Mn/mus

AHaTOMUYECKOE MEpTBOE !

NPOCTPaHCTBQ
150 mn

YacroTa AvixaHua 15 Mun

AntBEONAPHAA BeHTUNALKWR

\5250 mMn/ Mk
-~

AnNbBEONAPHLIA

BO3AYX i
3000 win /
06beM KpoBY et .
B NeroYyHbIx " Y‘ erOYHbLIU
Kanannapax // \\ KpoOsOTOK
70 mn 5000 mn/mMuH

Puc. 2.1. Cxema Jerxoro. Ilpupesenst THOHuNLe 3HadeHHA oOBEMOB H  pac-
X0M0B BO3AyXa H KposH. Ha NpakTHKe 3TH BEJHYHNIB CYUIECTRCHHO Bapbli-
pyior (no J. B. Wesl: Ventilation/Blood Flow and Gas Exchange. Oxford,
Blackwell, 1977, p. 3, ¢ u3MeHelHAMH)
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Ha puc. 2.1 npuBeneno cxemaTuyeckoe H306pakenue Jerkoro.
Bpouxn, o6pasyiomine Bo3AyXoHOCHbe nyTH (cM. puc. 1.3), npea-
CTaBJIEHH 3[€Ch 0OAHOH TPYOKOHl (aHATOMHYECKHM MEPTBLIM IIPO-
crpancTsoM), ITo Hell BO3AYX mocrymaer B razoo0MeHHBIE OTARILL,
OrpaiuYenble a/JabBeoJsAPHO-KANHIIAPHOR MeMOPaHofi H KPOBBIO
JIETOUHBIX KaNWJ/IsApoB. Ipa KaXaAOM BAOXE B JIerKHE MOCTYNAEeT
okosio 500 ma Bo3ayxa (AbIxaTesbHbH 06bem). U3 puc. 2.1 Bua-
HO, UTO 00beM aHATOMHYECKOTO MePTBOTO HPOCTPAHCTBA MaJj MO
CpaBHEHHIO ¢ o0muM OOBEeMOM JIETKHX, a 00beM KaHWIIAPHON
KPOBH ropasno menplie, yeM 00beM albBeoJIsIPHOTO BO3AyXa (CM.
Takxe puc. 1.7).

JleroyHnie 06bEMBL

[Tepen Tem kak mepefiTH K AMHAMHYECKHM IIOKa3aTe/IsAM BeH-
TUJIALHH, 0JA€3HO KGPOTKO PacCMOTPETh «CTATHYeCKHE» JIerou-
nele o6beMbl. HexoTopele U3 HUX MOMKHO H3MEPHTb ¢ HOMOIIbIO
cnapomerpa (puc. 2.2). Bo Bpemst BbIAOXA KOJOKOJ CIHPOMETpA
NOJHUMAaeTCd, a IePo CaMOIUHCIa Onyckaercs. AMIJUTYIa KoJe-
GaHui, 3aNMUCHIBAEMBIX NMPH CHOKOHHOM [BIXAHHH, COOTBETCTBYET
Joixareavriomy o6vemy. Ecau ke o6CaenyeMblil JeJaeT MaKCH-
MaJbHO rAyGOoKHH BJOX, 2 3aTeM — Kak MOXKHO GoJiee rayGokui
BBIIOX, TO perHCTPUpyeTcss 00beM, COOTBETCTBYIOLIHH HCU3HEH-
not emrocru aeexux (JKEJI). Onuako paxe mocae MakCHMaib-
HOTrO BBIZOXA B HHX OCTaeTcsl HEKOTOPOe KOJIHUECTBO BO3AyXa —
ocrarounsiii o6sem (O0). O6beM rasa B JErkKHX ROCTE HOPMAaJb-
HOTO BBLAOXA HA3LIBACTCH (PYHKUUOHAALHOU OCTATOUHOL eMKOCTbIO
(@®OL).

DYHKIUHOHAJBHYIO OCTATOYHYIO €MKOCTh H OCTATOYHBI 06heM
Heb3s H3MEPHTb ¢ IOMOINBIO NMpOCTOro cunupomerpa. Ilaa storo
IpUMEHHM METOA pasBeleHHs rasza (puc. 2.3), saxkiouatoluiics
B caeaymwolieM. Bo3ayxoHocHBE TyTH OGCAENYEMOIO COENUHSIIOTCS
CO COHPOMETPOM, COAEpIKAlMeM B H3BECTHOH KOHIIEHTPALUHH re-
Ju# —ras, nPaKTHYECKH HePaCTBODUMBIH B kpoBH. OGcienyeMbli
JleJlaeT HEeCKOJABKO BIOXOB M BBIIOXOB, B PE3YJbTATE YEr0 KOMH-
LEHTPALKH TeJus B CIUPOMETpe H B JIerKUX BuipaBHupaiotcs. [lo-
CKOJIBKY IIOTEPb FeJHsl He NPOUCXOAUT, MOXKHO NPHPABHATL €ro
KOJIHYeCTBA [0 H IIOCJAe BLIPABHHBAHUA KOHUEHTpauuf, pas-
nple coorsercTBeHHo C; X Vi (kouueurpaunus X o6vem) n Co X
X (Vi V3). Caenosarensto, Vo = V;(C; — C;) /C.. Ha npak-
THKE B XOJ€ BBIPAaBHHBAHUS KOHUEHTpaHWil B cnupomerp pobas-
JISTIOT KHCJIOPOA (4TOOB! KOMIIEHCHPOBATD MOTVIOLIEHHE STOTO rasa
HCIBITYeMBIM) H abcOopOHPYIOT BHIAESIEMBIHl YraeKHCJABIH ras.

QyHKUUOHANBHYIO OCTaTOuHyI0 eMKoCcTh (POE) MoxHO H3Me-
PUTL TakKe ¢ NOMOLLbIO ofulero mietruamorpada (puc. 2.4). On
npeicrasisger cobofl KPYNHYIO FeDMETHUHYIO KaMmepy, HaloMH-
Haouylo Kabuuky TeledoHa-aBToMara, ¢ obcaenyeMbIM BHYTPH,
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Puc. 2.2, Jlerounnie o6nemel. OGpatnte BHEMAaHHE Ha TO, 4TO (YHKIHOHAb<
HYI0 OCTaTOYHYIO €MKOCTh H OCTATOUHHI 00beM iedb3f H3MEPLTB MCTOAOM
COHPOMETPRH

Ho ypastosetmeating Tocne ypagHoBeWaaHng
'CLX‘Jj:sz (Vl +V,)

Puc. 2.3. Vismepesnue dyuxugonanproli ocratoynofl emkocru (OOE) mertozom
paspeielus rejus

B goHue HOpPMAa/JbHOIO BHIA0XZ C NOMOLIBIO 3arJyIIKH NEPeKph-
BaeTcsd MYHAIITYK, Yepe3 KOTOPHIH IHIUHT ofcieayeMbli, u ero
IPOCAT CAeJaThb HECKOJABKO ABIXATENbHBIX IBtxkeHHd. Ilpu mo-
OBEITKE BJOXa rasoBasg CMeCb B €ro JErKHX pacluupsiercs, o6beM
HX yBeJHYnBaercs, a AaBJeHHe B KaMepe PacTeT C yMeHblIeHHeM
obnema sosayxa B Hell. [lo 3akony DBo#ins — Mapuorra npous-
BeleHHe JaBjaeHusd Ha o0beM INPH INOCTOSIHHOH TeMmepaType —
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BeJHuuHa nocrosHuaa. Takum obpasom, PV, = P,(V, — AV),
rie P; v Py — naBJeHne B KaMepe COOTBETCTBEHHO 10 NONBITKA
BAOXHYTh ¥ BO BpeMs Hee, V; — 00beM KaMmephl [0 3TOH HONBITKH,
a AV — ugmenenue ofbema ka-
mepst  (uan aerkux). Otcioaa
MOXKHO paccunrate AV.

Hanee weobxoiumo npume-
HUTb 3akoH bBoias — Mapuorra
K BO3AYyXy B JIETKMX. 3/ecb 3a-
BHCHMOCTL  OyjaeT  BLIIAAAETh
caeayomum obpasom: PV, =
= p4(V2 +AV), rae Pg 51 p4 —
JlaBJeHHE B MOJOCTH pTa COOT-
BETCTBEHHO [0 MONLITKA BAOX-
HyTb U BO BpeMsl Hee, a Vp—
®OE, xoropas W paccuuThiBa-
eTcs no 3Toll (opwmyde.

MerogoMm ofuiell nseTusMo-
rpaguu usMmepserca obuinit 06b-
€M BO3/yXa B JIETKUX, B TOM UHC-
Je W yyacTkos, He coofmaio-
INUXCA € NOJOCTbIO pTra BCJIEX-

Ptvi

Puc. 2.4. Hzmepenue POE c¢ no-
moutblo  ofwefi  nuetusmorpaduu,
Korna o6cnenyemmii muraercs cue-

JaTh BJAOX JIpHY [EPEKPHITHIX BO3-
JYXOHOCHBIX NMYTHX, 06bEM €ro Jjer-
KHX HECKOJABKO YBEJIHYHBAETCS,
JA2BJeHHE B AHIXATeJNbHBIX NYTHX
cufKaercs, a JaBJeHHEe B KaMmepe
nosbimaetca.  OTciona, HCNOJB3Ys
s3akon  DBofiis — Mapuotra, Moxio
paccuurath o0bem Jerkux (noxapos-

CTBHE TOIrO, YTO HX BO3IYyXOHOC-
HBIC NYTH NEpPeKphIThl (CM., Ha-
npumep, puc. 7.9). B oraugue
OT 3TOr0 METOJ DPa3BCAEHHS re-
JHUsl JaeT JuMb 00beM BO3AyXa,
coobmiapuierocss ¢ HOJOCTBIO
pTa, T. €. yuacTBYyIOWIAH# B BeH-

Hee CM. B TEKCTe) THAAUME. ¥ MOJOABIX 310POBBIX

JIO4CH 3TH ABa 00bLemMa MPaKTH-
YECKH OAMHAKOBBL Y JIHI K€, CTPAJAIOHIHX JErOYHLIMH 3a6oJe-
BANHUAMY, YYaCTBYWIIHA B BeHTHJAALHH 00beM MOKET ObITh 3Ha-
UNTENbHO MeHblle 00ulero, Tak Kak 60JblIOe KOJHYECTBO Ta30B

U30JIHPYETCS B JIETKHX H3-32 OOCTPYKUHH (3aKPBITHA) ABIXATE/b-
HBIX IyTell.

BenTnasuus

[Tpeanosnoxum, uTo NpH Ka’KAOM BBHIAOXE H3 JErKHX yJla-
asiercs 500 mMa1 Bosayxa (puc. 2.1) ¥ 4TO B MHHYTY COBepIlaeTcs
15 nbixaTeqbHBIX ABHKeHHH. B aTOoM cayuae oOWMHA 06beM, Bbl-
AbixaeMbld 3a | muH, pasen 500 X 15 =7500 mu/Muu. 10 Tak
HasbiBaeMas o0ujaa GeHTUAAYUS, WIH MUHYTHbLL 00Bem AbIxa-
nust. O6beM BO3AyXa, NOCTYNAIOLIErO B JIETKHE, HECKOJbKO 60Jb-
e, TaKk Kak NOIVIOLleHHe KHCJAODOJA CJerka npeBbillaeT BhJe-
JieHKhe yrJaexHuc/0ro rasa.
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Onnako He Bech BABIXaeMBbIl BO3AYX HOCTHraer afbBeoJfp-
1I0TO “IPOCTPAHCTBA, TAe HPOUCXOAHT raszoobved. Ecau obbem
BABIXaeMOro sozayxa paeen 500 ma (kax na puc. 2.1), to 150 ma
0OCTaerCsl B aHATOMHYECKOM MEPTBOM MPOCTPAHCTBE H 32 MHHYTY
uyepes J(blXaTesdblyio 30HY Jerkux npoxoaurt (500—150)X 15 =
= 5250 My armocdepnoro Bozayxa. JTa BeJHYMHA HAa3bIBAeTCs
anvgeoanprol esenruaayuerd. Ona HMeeT BaXKHeifllee 3HaueHue,
TaK KaK COOTBETCTBYET KOJIHUECTBY «CBEKEro BO3JyXa», KOTOPLifi
MOXET y4acTBOBaTh B raszoobmeHe (CTPOro rosops, aJjbBeoJsap-
HYIO BEHTHJSALIIO H3MEPAIOT [10 KOJHYECTBY BLIAHIXaeMOro, a ie
BABIX2EMOro BO3AYyXa, OAHAKO pasHHNA B o0beMax OueHb He-
BeJIHEa).

OO0ulyI0 BENTHJISIMIO MOXHO JErko H3MEepHTb, Nompocus o0-
cJAenyeMoro ABILUATL 4Yeped TPYOKY ¢ ABYMs KJalaHaMH — BIy-
CKAIOUl¥M BO3AyX NPH BAOXE B BO3/JAYXOHOCHBIC NYTH H BHIY-
CKAIIHM ero MpH BbUAOXE B CIelHasbHBHA MelIOK. AJbseoJssp-
HYIO BEHTWJSLHUIO OUEHHTL cJaoxHee. OIuH H3 crnocobos ee
ONpeAe/eHNs 3aKJAKUALTCH B H3MepeHHl 0O beMa aHaTOMHYECKOTo
MEePTBOrO HPOCTPAHCTBa {CM. HH)KE) W BLIYHCJAEHHH €ro BEHTH-
aaunuu (o6bem X yactora Ablxanuil). [lonyueHHyI0 BeJHYHHY BbI-
YHTAIOT H3 OOLUell BEeHTHJSUUM JeTKHX,

Pacuers! seirsaasT ciaenytomum obpazom (pic. 2.5). Obozua-
yuM Vr, Vp, Va COOTBETCTBEHHO AbIXareJbHbI 0o6bem, 00beM
MEPTBOr0 NPOCTPaHCTBA H 00beM ajibBeoJAPHOTO NPOCTPAHCTBA.
Toraa

Vi=Vp+Va, D
OTKy1a
Vi-n=Vp:n-+Va-n,

Te n-—uacroTa JABXaHuf; CJIel0BATeJbHO,
Ve=Vp + Va
rie V — of6bem 3a ennsuuly BpeMeH#, Vg -— ofmiasg 3KCOUPaATOp-

HasA (OLeHHBaeMas O BHABIXaeMOMY BO3AYXY) JIerousas BEHTH-

nauus, Vp 1 Va4 — BEHTHJISLRS MEPTBOTO NMPOCTPAHCTBA U aJbBed-
JAApHasd BEHTHJALHUS COOTBETCTBEHHO (0OIMA cOUCOK 0603Haye-
HUH NpuBeACH B IIPHJICKEHAN).

Takum obpazom,

Va=Vg— Vp

CJ0XHOCTh 3TOTO MeToja 3akaloyaercs B TOM, 4TO 00beM
aHATOMHYECKOTO MEPTBOrO NPOCTPAHCTBA H3MEPUTH TPYAHO, XOTH

b Caeayer DOAYEPKHYTb, 49TO0 Vi —- 5TO KOJHYECTBO BO3AYXa, MOCTYHAiO-
umee B ajLBeosnl NMPpU OXHOM BACXE, a He o0luee KOJHYECTBO adbBEOJIPHOIG
BO3AYXa B JErKHK,
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Puc. 2.5. Boanyx, nokupaownuil Jerkue npu BeioXe (ALXaTedbHLIE ofbeM,
V1), mocTymaer W3 aHATOMHYECKOrO MepTBOro mpocrpancrea (Vo) H a/ibBeos
(Va). T'ycrota touek Ha pucynke coorsercTsyer Kounentpamun CQOp F —
(bpakumoHNas KOHNEHTPamud; | — uHCHUPATOPHHIL BO3AYX, E — 3KCOHPATOp-
notit Bosayx. Cm. ans cpasuenus puc. 1.4 (no J. Pliper ¢ usmenenusmu)

¢ ne6oJbMIol OWKOKOA MOMXKHO NPHHATH €r0 PABHHIM ONPeAeJeH-
HO¥ BeJinuHKe,

Y 310pOBLIX JIONEH aTbBEONSAPHYIO BEHTHJASHHMIO MOXKHO pac-
cyurarth Taxxe no conaepxannw COy; B BHIBIXAEMOM BO3AYXE
{(puc. 2.5). ITockosbKy B aHATOMUYECKOM MEPTBOM NPOCTPAHCTBE
rasoo6Mena He NPORCXOLNT, B KOHIE BAOXA B HEM HE COJEPIKHTCH
CO, (nuuromuniM coxep:kanuem CO, B aTMocepinoM BO3AyXe
MOXHO npeHebpeus). 3uauar, COy mocTymaer B BHALIXaeMHI
BO3JYyX HCKJIOUHTENBHO H3 aJbBEOJAPHOrO BO3AYXa, OTKYAa
HMeeM

. . oL

Vco,= Vi X %(?2 ,
rae Veeo, — 66nem COq,phifibixaeMuii 3a eaunnny spemenu. Cie-
JOBAaTeJbHO,

o Vg, X 100
ATTTYCO;

Beanuuny 9, CO,/100 uacro HaswBaoT (PPAKLHOHHO KOH-
nenrpapueit CO, u obosnauawor Feo,. AJbBEO/ISPHYIO BEHTHJA~
ILHI0 MOXKHO PaccuuTaTb, pa3ienHB Koanuectro BelgpixaeMoro CO,
Ha KOHUEHTPALMIO 3TOTO ra3a B aJbBEOJAPHOM BO3AyXe, KOTOPYIO
ONpefeasdioT B IOC/eIHUX MOPUHSX BBIABLIXaeMOro Bo3iyxa ¢ Io-
Molblo GulcTpofeficTByloniero ananuzaropa COs.

[Mapunansuoe pasiaenne COs(Pco,) MPONOPIHOHAIBHO KOH-
UeHTPaUUu 3TOro0 rasa B aJbBeoJIIpHOM BoO3Ayxe: Pco,==,
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=Fco, XK, rne K — goucraura. Orciona

- \.}CO
Va= 322 XK.
CQy

TTockobKy y 3/10D0BHX J10/edl Pco, B a1bBEOAAPHOM BO3AyXe
W B aprepua/bHOll KDPOBH NPAKTHUYECKH OLMHAKOBH, Pco, apre-
PHAJILHON KPOBH MOXKHO HCHOJB30OBATH AJs1 ONpeleeHusl aJbBeo-
aspHoil BeHTuaauina, Ee Bzaumocssssb ¢ Pco, Ype3BHUaiHO BaX-
Ha. Tag, eciH YPOREeHb AaJbBeOJIAPHOH BEHTH/SIUH CHH3HTCSA
BABOC, TO (IIpH NOCTCAHHCH cropoctu oOpaszosanust CO, B opra-
uusme) Pco, B anbpBeonapHOM BO3JyXe H aprepualibHONR KPOBH
BO3pacTeT B JlBa pasa.

AHaToMHYECKOEe MEPTBOE MPOCTPAHCTRBO

AnaToMHYECKMM MEPTBHIM ITPOCTPAHCTBOM HAa3BIBAIOT 06bEM
NPOBOASLINX BO3AYXOHOCHBIX nyTefl (puc. 1.3 n 1.4). B HOpMe oH
cocraBs/der okosao 150 M.z, Bo3pacrag npu riay0oKOM BAOXe, TaK
Kag OpOHUXH DACTIIHBAIOTCA OKpYXRalolled HX NapeHxHMOH Jer-
knx. O0beM MeDTBOrD NPOCTPAHCTRBA 3aBHCHT TAKIKE OT PA3MEPOB
Tesqa H no3el. CyuiecTByer npubiuiKeHHOe NPaBHJIO, COIVIAacHO
KOTOPOMY y CHASIErO YeJOBEKa OH NPUMEPHO paBeH B MHJJIH-
JuTpax Macce Tena B ¢ynrax (1 ¢yHr=453,6 r).

O06beM aHATOMHYECKOTO MEPTBOTO NPOCTPAHCTBA MOXKHO H3-
MepuTh no Merony Payaepa. [Ipu stom obciaefiyeMblll ABILIUT
yepea CHCTEMY KJamaHOB M HENPepLiBHO M3MepseTcd cojepXkKaHue
230Ta ¢ HOMOIILI0 GLICTPOASHCTBYIOUIEIO aHanH3aTopa, 3abupalo-
Llero BO3AYX U3 1TpyOxy, HaupHawouiefics y pra (puc. 2.6,4).
Korga nocne parixanua 100 ¢ O, uesiceex menaer BHAOX, COAEP-
*aHune Ny IOCTENEHHO YBeJHYHBASTICS [0 Mepe 3aMEHB BO3AyXa
MePTBOI'O NPOCTPAHCTBA AJbBEOJSPHBIM. B KOHIle BH/JOXA peru-
CTPHPYETCH NMPaKTHUECKHU NOCTOHHAS KOHIIEHTPallUus asoTa, YTo
COOTBETCTBYET YHCTOMY 2JIBBEOJISIDHOMY BO3AYXY. DTOT Y4acTOK
KDHBOH YacTO Ha3LIBAIOT aJIbBEOJADHBIM <«IJIATO®, XOTH Haxe
Y 3ROPOBHIX JIOJEH OH He COBCEM TOPH3OHTAMNLHBEIH, a ¥ 60JBHBIX
¢ AODaKeHHsIMHM JETKHX MOMKET KPYyTO HATH BBepX. [Ipu mannom
MeTO/e 3aNHUCHIBAETCA TaKxkKe 00’beM BLIABIXaeMOTO BO3AyXa.

Hast onpenenenuss o6beMa MepTBOTO MPOCTPAHCTBA CTPOSIT
rpadHx, cBA3BIBAIOIINH cofepRatie Ny ¢ BBIABIXaeMBIM 06beMOM.
3arem Ha 3TOM rpaduke IPOBOAST BEPTUKAJIBHYIO JHUHHUIO TAKHM
o6pasoM, yrolul naomans A (cM. puc. 2.6, 5) 6elia paBHa mio-
masn b. O6beM MepTBOrO NPOCTPAHCTBA COOTBETCTBYET TOUKE
nepeceyeHHs 5TOM JHHHH ¢ ocblo abcmucc. PakTHYecKH 5TOT
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Puc. 2.6. Mamepenue ofbema avaTOMHYCCKOTO MEPTBOTO NpoCTpaHcTBa ¢ MO-
MoLILBIO GLicTpoAeiicTByOero anaauzatopa Ny 1o merony Payaepa. A. Tloc-
Je BACXA M3 EMKOCTH € WHCTLIM KHCI0pojoMm oOcieayeMblil geflaer BBIAOX,
H xoHueurpauus N, B BLIALXaeMOM BO3AYXe BHAuaje MOBLINAETCA, & MOTOM
ocraeTcsl NMOYTH NocToAHHoN (KpuBasg MNPM 2TOM MNPAKTHYCCKH BLIXOAUT HA
I1aTO, COOTBETCTBYIOLICE YUCTOMY aibBeosIpHOMY BO3AYXY). B. 3aBHCHMOCTD
KOHUENTpalluM OT BhlAkixaeMmoro o6bema. OObeM MepTBOTO MPOCTPAHCTBA
onpejiessercss TOUKO[ Iepeceyenus ocu abcnuce ¢ BCPTUKAILHON NYHKTHPHON
aunuell, nposesenuoii Takum oGpasoM, uro miowaan A M B panib

MeToq AaeT 06beM MPOBOASALIMX BO3AYXOHOCHBIX MyTell 10 «cpen-
Hell TOYUKH» MePexcja OT MePTBOro NMPOCTPAHCTBA K aNbBeOJsp-
HOMY BO3JYXY.

®yHKUMOHAJIbHOE MEPTBOE NPOCTPAHCTBO

Hsmeputs 06beM MePTBOrO NPOCTPAHCTBA MOXKHO TakwKe me-
rodom Bopa. VU3 puc. 2.5 BHAHO, 4TO BbLAbIXaeMbIH CO, nocty-
1laeT U3 aJbBeOJIIPHOrC BO3JyXa, a He H3 BO3JlyXa MEPTBOTO NpO-
¢rpanctBa. OTcioAa

Vr-Fe=Va-Fa.
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ITockonbky

Vr=Va- Vp,
T, €.

Va=Vr—Vp,

nocJjie NOACTAHOBKH IIONyYaeMm

V1« Fg=(Vr— Vp)- Fa,
CJI€0BATEJbHO,

nOCKOJIbe napoudajabHOe MNaBJI€HHE rasa MNpPONOPIHOHANbHO
€ro CoAepaKaHHulo, 3anuuieM

Vb Prco, — PE
o= — €02 7COq (ypaBuenue Bopa),
T

rae A u E oTHOCSTCS K aJbBeOIIPHOMY H CMellaHHOMY BblibiXxae-
MOMY BO3JYXy COOTBETCTBEHHO (cM. npHJoxKenue). [1pu cnokoii-
HOM JABIXaHHH OTHOLIeHHe 00'beMa MepTBOrO NPOCTPAHCTBA K Jbl-
xareaoHoMy o0bvemy B HopMe paBuo 0,2—0,35. ¥ 310p0oBBIX
Joned Pco, B anbBeossipHOM BO3Ayxe U aprepHajbHON KPOBH
NpakTHYECKH OJHHAKOBH, NO3TOMY MBI MOIJKEM 3anucatb ypas-
Henne bBopa caenyomum o6pasom:

Vp pac02 - pECOz

Ve Paco2 )

Heo6xonuMo noxuepkuyth, uro Mmerogamu ®aysiepa u bBopa
U3MepsIT HECKOJbKO pasjuuHble NokazatTedd. [lepBuii MeTon
naer o0beM NPOBOAAIIUX ABIXATEJAbHBIX NyTeH BILIOTH A0 TOTO
VPOBHS, e NOCTYNAWLIHI NPH BJOXe BO3AyX OBICTPO CMeLH-
BAeTCsl C yXe HAXOAUBIUMMCSH B JIETKHX. DTOT 00beM 3aBHCUT OT
reoMeTpPHH OBICTPO BETBALIHXCSH C YBEJIHYEHHEM CyMMapHOIo ce-
YeHUs JAhIXaTeJbHbIX NyTel (cM. pHc. 1.5) m oTpaxKaer cTpoeuHe
pecnupaToOpHOA CHCTeMHEl. B cBf3M ¢ 3THM ero Ha3BIBAIOT AHATO-
muyeckum MepTBuiM npocrpaHcTeoM. [To Metoay xe Bopa onpe-
nejsiercss 00beM TeX OTAEJNOB JErKHX, B KOTOPBEIX He MPOUCXOAHT
yaanenne CO, u3 KpOBH; IOCKOJBKY 3TOT [OKa3aTejb CBA3al
¢ paboToii opraHa, OH HasbIBAETCS PYHKYUOHAAbHbLM (PHU3HOJO-
FHYECKHM) MEePTBLIM NPOCTPAHCTBOM. ¥ 3/0POBHIX JHL 3TH 00b-
€MBl NpakTHYeCKH OAMHaKOBb. OaHako y OOJIBHHX ¢ nopaxe-
HUSIMH JIETKHX BTOPOH INOKasarejb MOXET 3HAYUTEJbHO NPEBHI-
are NepBHE B CBA3H C HEPAaBHOMEPHOCTHIO KPOBOTOKA H
BEHTHJIALHHY B PasHBIX OT[e]ax Jerkux (cM. ra. ).
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Peruonapm:!e pasianunsi BSCHTHARUHMNA JET 1HX

Jlo cux mop Mbl JOINYCKAaJH, 4TO BEHTH/SIHs BCeX yYyacTKOB
30POBLIX JIErKHX ofunakoBa. Onnako Gbuio 06HAPYXKeElO, 4TO
HX HMKHHE OTAe]bl BeHTHIAPYIOTCs Jydlie pepxuux. Ilckasartb
9TO MOIKHO, NONPOCHB 0OCAeAyeMOro BAOXHYTb I'a30Bylo CMeChb
¢ paanHoakTHBHHIM kceHonoMm (puc. 2.7). Koraa 133Xe nocrynaer
B JIerKue, HCIyCKaeMasi UM paJualus IiPOHUKAET Yepes rpyAHYIo
KJIeTKY H YJaBJHBAETCSI 3aKPEIJeHHbIMI Ha Hefl CYeTYHKAMH U3-
nygedust. Tak MOMKHO H3MePHTb O0beM KCEHOHA, MOCTyNalomiimil
B pasHble YJacTKH JEerKHX,

100~
133
Xe CyeTuviki
> wminyveHud
Y = ol
e a
' g }
U ‘g 50 |-
g =
- £ a0k
ey s
20~
Huxnue CpepHue BepxHue
orpenst otgentl  OTAeRbe
o]

PaccTofHWe 0T OCHOBaHVIA

Puc. 2.7. Ouenka peruoHapHBIX Pa3JHUHH B BEHTHIAUHH C NOMOINBIO PajHO-
akTuBHOro KeenoHa. O6GcnenyeMblil BABIXaeT CMeCh C 3THM a3oM, H HHTEH-
CHBHOCTh H3Jyuelldst M3MepsieTcs CUeTUHKAMH, MOMEUCHHBIMH CHApyKn rpyi-
HOHI KJEeTKH., BHAHO, YTO BEHTHJSNHA B JETKHX 4YeJ0BeKa B BEPTHKA/JbHOM
[0J0KeHnH 0CAa0AseTCA MO HAIpPAaBAeHHI0 OT HHXKHMX OTAC/NOB K BEPXHHM

Ha puc. 2.7 mpeacTaB/eHsl pe3ysbTaTbl, NOJyYeHHBIE C MO~
MOLIbIO 9TOr0 MeTOJa Ha HeCKOJbKHX 370POBHIX A00pPOBOJbLAX.
BujHO, 4TO ypOBeHb BEHTH/ALMM Ha eIuHuly obbema BEILIE B
06JacTH HIKHHX OTAEJOB JIEMKHX H NOCTCHEHHO CHHKAETCA MO
HanpasJenuio K ux sepxyukam. ITokasano, uto, ecin obenenye-
MBI} JIEKHT HA CNHHE, PA3HHIIA B BEHTHJSIHMH BEpPXYyUIEUHBIX H
HUYKHHX OTIEeJOB JErKHX Hcuesaer, OJHAKO NPH 3TOM 3ajHHE
{(fopcasbHble) MX yJ4acTKH HAYHHAIOT BEHTHJIHPOBATHCS Jydlle,
yeM nepeaude (BeHTpasbHbie). B mosioxennn Jexa Ha Boky
Jyullle BEHTHJHPYETCsl HAaXOslleecss CHU3Y Jerkoe. IIpHuHHbL Ta-
KHX perdoHapHbIX Pas/HUMil BeHTUIsALHH pasGupaiorca B T 7,
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Nudgpy3us

Kaxk easer nepexodar uepes CTeHKU aibBeon

B npegpiayniefl riase MB pacCcMOTped nepexoj BO3AyXa H3
aTMoc(epsl B anbBeodnl u obpatno. Temepp Ke Ham cienyer
H3YUHUTD II€PEHOC I'a30B uYepe3 Oapbep MEkKAY AJbBEONAPHEIM BO3-
JYXOM H KPOBbIO. 3TOT HepPeHOC OPOUCXOLUT 3a cueT Juggdysuu.
Bcero nuuib 40 ger nasaa uekoTophie (PH3HOJOTH CYHTANIH, YTO
B JIErKHX IIPOMCXOJHT CeKpelMs KHCJIOPOAA B KanHAIADH, T. €.
€ro IepemewleHrne HPOTHB TpajHeHTa HapUHAJbHOTO LaBJCHHI.
Taxoll npouecc, Tpebylominil 3atpaT SHEPrLY, TPOTEKAET B MJIABA-~
TeJbHOM Ny3nipe puiObl. OpHaxko B ZajbHelllleM ¢ nomounio 60-
Jice TOYHBIX METOJHK OBIJIO IOKa3aHO, YTO BCE Iasbl B JierKHX
HPOXOAAT 4Yepe3 aJibBeOJsIPHYIO CTEHKY HCKJ/IOUHTENbHO NYyTeM
naccuBHOH AHDPYy3HR.

3axoubl AudQPy3nM

Jnpdyaus BerrecTB yepes TKAHH ONHCHIBAeTCH 3akoHOM Duka,
COrJIaCHO KOTOPOMY CKOPOCTb IlepeHoca rasa uyepes CJOH TKaHH
NpAMO NPONOPLHOHANbHA NJOLIAAH 3TOrO CJOS H pasHUILe map-
LHAJbHOrO JAaBJ/eHHs rasa 1o obe ero CTOpoHH H 06paTHO HpoO-
nopuHoHanbHa TogauuHe ciaofd (puc. 3.1). M3 ra. 1 mer y3Hamy,
YTO IJIOILAZb aJibBEOJIAPHO-KANHJJASIPHOrO Oapbepa B JIETKHX
orpomtua (50—100 m?), a Tommuna ero menee 0,5 Mmxm (puc. 1.1),
T. €. IO CBOHM pasMepaM OH NPeKPacHO NOJAXOLHT AaA Zuddy-
3uu. Kpome Toro, ckopocTs HepeHoca rasa NpONOPIHOHAJbHA
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Puc. 3.1. Oudbdysns rasa uepes caoii Tkaud. Koauuecrso puddyHAnpyoILeTO
rasa (V:) npsSIMO NPONOPUMOHAJABHO Wiouiagu cjaosi TKanu (S), KOHCTaHTE
mnbdysnn (D), pasuuMue napluuasibHply nasieHmit rasa (P) mo oGe CTOPOHE!
nuddysuontioro OGaprepa W 00paTHO NPONOPLHOHANBHO TOJIIHHE CJ0%7 (d).
Koncraura aubdysun B CBOIO ovepeAb NPOMOPUHOHANLHA PACTBOPHMOCTH rasa
(ct) ¥ O6paTHO NPONOPUHONANLHA KBAAPATHOMY KOPUIO K3 €r0 MOJMEKYyJAsnpuo#
maccel (MM)

KoHCTauTe AnGdy3nn, 3aBHCAILEH OT CBOACTB TKAHH H TPHPOMHI
rasa. DTa KOHCTaHTa B CBOIO ouepeldb NPSAMO NPOMOPUHOHAIbHA
PACTBOPHMOCTH raza H oOpaTHO NPOMOPIHOHAJIbHA KBAAPATHOMY
KODHIO H3 €ro MoJjieky/sapHol maccel. PactBopumocts CO, sHaUH-
TebHO Bhiitle, yeM y Og, a UX MOJEKy/spHbie Macchl pas/nuda-
10Tcsa Hedamuoro, nosromy CO, nuddysanpyer dyepes TKaHH NPH-
mepuo B 20 pas Guictpee, ueMm O,

Ouddysus u nepdhysus kKax (PaKTOPs,
OrpaHnuNBaolHe NEePEHOC ra3os

[1peanoioKUM, UTO B HEKOH aJbBeoJie COAEePKHUTCA FyXKepoad-
BB ras, HalPHMEpP OKUCh YIJIepoja WM 3aKHCh a30Ta, # B Ka-
MIJISIPE 5TOH a/bBEOJbl NMOCTYNAloT 3PpUTPOlHTH. Kak OHICTPO
TOAHEMETCs MapluHaibHoe AaBJjenne AaHHOro rasa B kposu? Ha
puc. 3.2 nmpHBeleHB KPHBLIE, OTPaXKAKOUIHe NMPOLECCH IepeHoca
rasoB HO Mepe NPOXOMKAeHHS 3DUTPOLHTA Yepes KallUJISPEl JIer-
KHxX (B cpeiHeM OHO NpORoJXKaercs oKoJo 3/4 c). Paccmorpim
cHauasa neperoc okucd yriepoaa (CO). Korga asputpouur mo-
nagaer B kanuaasap, CO ObcTpPO mepecekaer YPe3BHIYANHO TOH-
Kuft Gapbep, pasleqsoOHA aJbBeOJSAPHBI BO3XAYX H KpPOBb.
B pesyabrate cogepxanne CO B spurpounte sospacraer. Ox-
Hako, mockoabky CO oueHb HPOYHO CBA3BIBAETCS C COAepKa-
niuMcest B TOH KJETKe reMorJofuHoM, OHa MOXKET 3aXBATHIBATDH
GOJbIIOE KOJHYECTBO OKHCH Yriepofa NpakTHYeCKH 0e3 MOBHI-
IeHHs ero NapuHa/JbHOro JaBjeHHst B KpoBu. TakuM oGpasow,
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Bpema npebeiBaHUA KPOBK B Kanuanape, ¢

Punc. 3.2, Toraoutenue yrapnoro rasa, 3akuCH asoTa M KHCIOPOAA 1O XOAY
gcrounore Kanuanspa. Buano, uTo nmapiumasbHble AaBJeHHS 3aKHCH as30Ta B
KPOBH ¥ B 4JbBCOJASIPIIOM BO3AYXe OPAaKTHUECKH CPaBHUBAIOTCH YXKEe B CaMoM
Havaje KauMaispa; TakdMm o0pa3oM, NepeHoc 3TOTO rai3a B JIerKHX orpaniyed
nepgysnedi. K wanporus, napunasibHoe paasleliie YrapHoro rasa B KPOBH
FOUTH HE MEHAETCH; 3HAUMT, B AAaWIIOM cjlydae nepenoc orpaHuuex jpugQysueil.
Iepence C; B 3aBHCHMOCTH OT YC/IOBRHE MOKET OblTh orpanuuen JanGo ncp-
¢ysueil, mubo vacTnuno auddpysuci

10 Mepe NPOABHYKEHHST 2PHTPOLATA Hepe3 Kamuiasp 3TO pasJe-
e BO3pacTaer MaJao, T. e. IPENsaTCTBHA AJA AafnbHefllero nepe-
xoda CO B KpPoBL He BO3HHUKAET, H OH NPOL0JKAET ¢ GOJAbLIOH
CKOPOCTLIO NepecekaTh AJbBEOJSIPHYIO CTEHKY. 3HAUYHT, KOJHue-
crso CO, nocrynaiomell B KpoBb, OFPAHHYEHO HE TeM, CKOJIBKO
KPOBH NPOXOAHT YepPe3 KaramJaisap, a cBoHcTBaMHi AudPy3nHoHHOTO
Gappepa. TakuMm 06pa3oM, mepenoc OKHCH YIVIEPOLA O2PAHUMEH
dupcbysueri V.

CoBeplueHHO NO-HHOMY OCYLIECTBJSIETCS II€PEHOC 3aKHCH
asota. [Ipoxoas yepes anbBeosspHYIO CTEHKY B kposb, Ny,O He
COEJHHAETCS] ¢ reMOrJIOOHHOM. B CBfI3H ¢ 2THM CPOACTBO KPOBH
K 3aKHCH a30Ta HHYTOXKHO N0 cpaBHeHUIO co cpoiactioMm K CO, u
napunaabioe nasienue NyO B KpoBH OHCTPO BospacTaer. U3
pac. 3.2 BuaHO, 4To napunajsHoe aasnenre N,O B KpoBH cTaHO-
BHTCA HOYTH TAKUM XKe, KaK W B aJbBEOJAPHOM BO3AYXe, KOria
IPUTPOILMT NPOXOAHT JulWb 1/10 ofwmell AJUHB Kanuaaspa.
ITocae atoro mepenoc No,O npakTHueckH npexpamjaercs. 3HaUHT,

D Taxoe cxemaTHuHoe omucanme npomecca nepenoca CO He coBCeM TOUHO,
TaK Kak He YYHTLIBAeTCs CKOPOCTb PeakiHH 3TOrQ BellecTBa ¢ reMorio0HHOM
(CM. Bume),
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KOJHYECTBO rasa, HOCTylawuiero B KPOBb, B JaHIOM cJjayuae
HEJHKOM 3aBHCHT OT ee 00'bema, NPOoTexaloilero 4epes Kanuisp,
a He oT csodicrs aArd@ysuonHoro G6apoepa. CraeACBATENbHO, Ne-
PeHOC 3aKHCH a30Ta ogpaHuuen nepysied.

Yro kacaercs O, TO KpuBasi NepeHoca T0ro rasa Ha puc. 3.2
3aHUMaeT MPOMENKYTOuHOe noJoxenue mexkiy kpuspivu CO 1
N,O. B orinuge or NyO O, coenunsierca ¢ remMoracOuHOM, OA-
HAKO 3HauuTe bHo caabee, ueM CO. B csssu ¢ atuMm, koraa Oy
oCcTynaer B SPUTPOLUT, NapluajgbHoe AaBJjeHHE 3TOro rasa B
KPOBM pacTeT HaMHOIO CHJbHEE, ueM LpH D[epexole B KpOBb
Takoro xe goagdecrsa mosexysn CO. M3 pucynka BHILHO, HTO
B HauaJje Kaiuisgpa Po, B IPHTPOLHTE yXKe COCTapjifdeT HpH-
mepro 4/10 mapuuasgpHoro RapjeHHs 3TOTO rasa B aJ/baeoJisip-
1OM BO3JyXe. ITO cBsizaHo ¢ naauuueMm O, B CMellaHHOHA BeHO3-
no#i xposu. B ycaosusx nokos Po, B KaNWAIgpHO# KPOBU
oOLIUiIC CTAHGBHATCS DPAKTHYECKH TAKUM JKe, KaK B aJbBe0JAP-
HOM BO3/yXe, KOrAa 3PHIPOUUT NPOXOAHT NPUMEPHO TPETb Ka-
nusaspa. Ipu stom nepeuoc Oy, kak u 'y NpO, orpanuyeH nep-
Qysueit. B 10 e BpeMs IPU HEKOTOPLIX MaTOJOTHYECKHX COCTOA-
HHAX, CONPOBOXKAAIOMNXCs HapyllenueM AHGQY3HOHHBIX CBOHCTB
JerxHx {HanpHMep, HPU YTOJLIEHHN a/bBeOJsipHOH CTeHKH), Po,
B KPOBH [aXKe K KOHIYy KalWInsipa He CTaHOBUTCS PaBHBIM Iap-
LUa/JbHOMY [AaBJAEHHIO KHCJAODOAA B aJbBEOJsPHOM BO3LYXe, H
B 3ToM caydae neperoc O, OrpaHHYUBAETCS OTYACTH H AHQ-
(pysueil.

fiosnimeunne napnuansuoro fasiedust Og B KPOBH
BAOJ/b JETOUHOIO Kanuaaspa

Paccmorpum mojapobuee npogece nepexona O, B KPOBb, LBU-
KYULyiocs 1o JeroudsoMy kanaauaspy. Ms puc. 3.3, A Buano, 4r0
Po, B spurpouuTax, HOCTYNAIOMHX B 3TOT KalWJIApP, B HOPME
cocrasaser okoso 40 MM pr. cT. [lo Apyryto CTOPOHY a/nbBeoJsaAp-
HO-KaNdAAAPHOro Dapbepa, T. e. Ha paccrodinun menee 0,5 MKM,
HAXOAUTCS a/AbBeOJSIPHBI BO3AYX — rasosasd cMechb ¢ Po,=
=100 mm prt. c¢r. Baaronaps taxomy nepenaiy IapliuaJbHOrO
JlaBJAeHHs] KHCJAOPOA HHTEHCHBHO IOCTYNaer B Kposb H Po, B 3pH-
TporuTe ObCTPo noBHEILaerca. Kak ropopHJOCH BHILE, y¥Ke B nep-
Bo#l Tperu kamumiaspa Po, B 3pUTPOLHTE CTAHOBHTCA NPaKTH-
YeCKH TaKHM e, KaK B aJibBeoJIsipHOM BO3AyXe. 3HAYUT, B HOp-
MaJbHBIX YCJAOBHSIX PA3HUIA LapUHaJbHbIX AaBjaeduit Oy MexAy
aJIbBEOJISIPHBIM BO3JIYXOM M KDOBbIO KOHEYHOro OTpe3Ka KalHJ-
Jsipa HUYTOXHA (JOJH MUJJMMETPa PTYTHOTO cTosba), T. €. pe-
3epBHl BpeMeHu AJs Auddy3un KHCJA0pPOJa B JIEFKHX OTPOMHBL

[Ipun Tsxkesnofi (Qu3HUECKOH Harpy3Ke JIErOYHBIA KPOBOTOK
CHJIBHO BO3pAacCTaer, U BpeMs MNPOXOXKAEHHsS] IPHUTPOLHUTOB uepes
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BpeMA npeSuiBatitA KPoBX B Kanunnape, ¢

Puc. 3.3. Morsomenne Op mo XOAY JIErOYHOr0 KANHAIADPA B VCJIOBHAX HOD-
MaJbHOU W HapywewHoll (maupumep, NPH VTOJNILEHHH AJbBEONSIPHBIX MEM-
Gpan) anpdysun. A —upi nopuansbioM Pg B albReoJapHOM Bo3ayxe; b —
IpH NOHHKEHHOM Py, B anbpeoaapuoM posiyxe (BHANO, YTO OKCHTEHALHS
NPH 3TOM [POUCXOAMT MelJectidee). B ofoux ciayuaax npy Tsxedaoll Gbuau-
YECKOA Harpyske YMeHBILIAETCS BpPEMsl, B Tedelide KOTOPOr0 MOMET [POHC-
XOJAHTh OKCHIEHALHs

Kamuiasapel (B yCcAOBHAX NMOKOHS OHO cocraBssier okogo 0,75 ¢)
MOXET yMeHbUIaThcsl B Tpu paza. CJefoBaTenbHO, COKpaniaercs
BpeMs, OTBOAHMOE [Jsl OKCHT€HALUH, HO NAXe B 3THX YCJIOBHUSIX
Y 8IOPOBHIX JilOJeH, AbIIALUIHX HOPMAJbHBIM aTMOC(HEepHBIM BO3 Y-
xoM, Po, B KOHeWHBIX OTpe3KaX KalHJIsPOB OOBUHO NPaKTH-
uyeckd He cHHKaerca. OgHako, ecan JHGDY3NA KUCJIOpOLA HAPY-
IlleHa BCJEACTBHE 3HAYHTENLHOrO YTOJLIEHHSI a/ibBeOJISIPHO-Ka-
NUJISIPHOTO Gapbepa, CKOPOCTD YBeJaHUeHHS Po, B 3PUTPOLHUTAX
CHUKAETCH, U 32 BPeMsl X IPOXOMKACHUS uepe3 KamUJJIsiPhLi JIer-
KHX OHO MOXKET He ypaBHHBaTbhCsA ¢ Po, B aJbBeO/ISPHOM BO3JYyXE.
B rakux cayuasix pasuuna mexay Po, B aJbBeoJsiPHOM BO3AyXe
K B KPOBH KOHEUHHIX OTPE3KOB KaNH/1/AAPOB MoxKeT ObiTb JocTa-
TOYHO OOJIBLIOCH,
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Huddysnonnbsle cBOACTBA JerkHX MOXKHO TaKXKe XOPOLIO Npo-
H/UIIOCTPUPOBATh Ha NpHMepe NOHHKeHHA Po, B a/lbBeosspHOM
po3ayxe (puc. 3.3,5). [lpeanosoxum, 4To 3Ta BeJHYHHA YMEHb-
mmgach 1o 50 MM pT. CT.; TakHe ycJA0BUS HAOG/AIOAAIOTCA, HAODH-
Mep, Ha GO0JbIIOH BHICOTE WJIM MPH BABIXAaHHUH CMECH C HHU3KHM
cogepxannem Oy Xors npu atoMm P o, B apurponutax B HauaJe
JIEroYHbIX KAaNMJ/JISIPOB MOXKerT rmagate go 20 MM pT. cT, nepenajg
napuuanbLHOro JasJjenusi, obycaoBauBatomuii nepenoc O, depes
nudoysvonnunii Oapbep, cHHxaeress ¢ 60 go 30 mm pT. cT.
{puc. 3.3,A). B pesyaprare O, nocrynaer B KPOBb MeAJeHHee.
Kpowme Toro, samenJsiercs npupoct Po, NpH AaHHOM IOBbILIEHUH
kouuentpaunu O, B KPOBH, 4TO CBA3aHO ¢ ocoboit popmo# caTty-
pannounoii kpuBoit Oy (cM. ra. 6). Obe 3TH NPUYUHB NPHBOAAT
K CPABHHTEJIbHO MEIJIEHHOMY yBEJHYEHNIO Po, N0 XOLY JEerOYHBIX
KanuIsipoB, T. €. BO3HHKAET BEPOSITHOCTb TOTO, YTO NAPUKAIbHOE
LaBiedie B KOHEYHOM OTpe3ke Kanuagaspa He cpasusercs ¢ Po,
B a/lbBeosasApHOM Bo3ayxe. Takum obpasom, TAXKesaas (U3uyecKas
Harpyska Ha GOJbLIOH BHICOTE MOXKET CJIYXHTb OLHOH H3 PeAKuX
nipuunt AudPy3noHHbIX Hapyulenuir neperoca Op B JE€rKux y
310poBbIX Jiojefl, PasyMeercd, y OOJbHBIX C YTOJULEHHEM aJib-
BEOJISIPHO-KATIWJLISIpHOrO Hapbepa Takde HapylleHusl mpH Abixa-
HHH CMEChI0 C HH3KHM COJepxKaHueM KHCJI0poaa, ocobenno B co-
yerauuu ¢ (HU3HYECKOH HATPy3KOH, MOTYT BO3HHKATb [OPasjio
nerge.

Meropnt uamepenusi Tu@gEy3UOHHONH CNOCOOGHOCTH JIETKUX

Mpr y6enminch B TOM, YTO IIepEHOC KHCJIOPOAa B KPOBb Jle-
rOYHbLIX KanuwlisgspoB OGBIYHO OrpPaHHYEH CKOPOCTHIO JIerOYHOTO
KPOBOTOKA, XOTsl HHOTZA B POJH JHMUTHpYOUiero (paxropa Mo-
ket Bolctynate u auddysua (puc. 3.2). M manporus, mepexoc
OKHCH YIJIepo/a orpaniued HCKJIIOYHTENbHO AHGPY3Hed, 103TOMY
AJs uaMepenust AnQOY3HOHHOH cNOCOOHOCTH JIeIKHX JIyYllle BCero
CNOJb30B4Th UMEHHO »TOT ras. Koraa-to ¢ 3TOH 1e/bl0 npume-
uaad O, B ycaosusix runokcun {puc. 3.3, 5), oAHAKO cefiuac OT
37TO# METOAHKHI OTKa3aJ/HCh.

Coraacno sakouam auddysnn (puc. 3.1), KOAHYECTBO rasa,
LePexoAsllero uepes CJOH TKaHH, NPONOPHHOHAJBHO MJIOIANH
5TOrO €105, KOHcTanTe AH(MQY3UH U PA3HOCTH NAPILHAJBHOIO AaB-
Jjieuds rasa U 00paTHO NPONOPLUHOHAJILHO TOJIIMHE CJIOf:

Vra;-}:%' D- (pl '—P‘))

Caoxuoe crpoende and¢ysnonnoro 6apbepa B JErKHX He IIO-
2304587 NPHKH3HEHHO H3MEPHTh €r0 TOJIIMHY H IIOLIA/b.
B ¢BsA3d ¢ THM OPUMEHSIIOT HECKOJbKO H3MeHeHHOe ypaBHeHHE

Vras = DL ' (pl - P2)»
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rae Dy (Qudpdpysuonnas cnocoGHOCTs AeeKkux)— napamerp, yu-
THIBAIOWHH [IOMA/b, TOJIMHY Gapbepa M KOHCTaHTY AUGPY3uH
gaHHoro rasa B AanHO# Tkanu. CieloBaTenbHO, NuPPy3HOHHAA
¢nocobuocts A5t CO paBHa

VCO
DL = P, — P, ’

rae Py u Py — napuuanenbie gasaerus CO B anpBeoJIsipHOM BO3#
JlyXe W KaNHJJISIPHOH KPOBH cooTBeTcTBeHHO. OAHAKO, KakK MH
yXe 3HaeM (puc. 3.2), mapuuaabHoe Aasjaenue CO B KpoBH Ha-
CTOJIbKO MaJjio, 4TO UM MOXKII0 npeHebpeun, CirefoBatenbHo,

A%
Dy, — pco ’
Aco

T, e. gdddysnoHnas cnocoOHOCTbL JNEFKUX [JIf OKHCH yIJepoja
paBHa orTHowenHo o6bema CO (MJ), mepeHOCHMOro 3a 1 MuH,
K nmapumaspiomy aasiesuio CO B aibBeosax (MM. pT. CT.).

CyIIlecTBYeT HECKOJbKO CHOCOO0B H3MEDEHHST 3TOH BEIHYHHBL
Tlo merody odunouroeo gdoxa obcielyeMblli OfHH pa3 BABIXAeT
cMech rasos ¢ HeGoablinM koaudectBoM CO u 3ajep:KHBaer Abl-
xanue Ha 10 ¢. PaccunrtsiBalor ckopoctb BhimbiBanus CO #3 afb-
BEOJIIPHOTO BO3Ayxa 3a 310 BpeMs. OGpuHO KoHuentpanuwo CO
BO BIBIXaeMOM M BBHIABIXae€MOM BO3AYyXe ONPeLesslOoT ¢ NOMOLLbLIO
ugdpagpacHoro rasoaHanusaropa. B anbpeossprom BO3ayXe
BO BpeMsl 3ajepXKH IBIXaHUS OHA HENOCTOAHHA, OLHAKO 3ITO
MOKHO yuecTb. BO BABIXaeMyl cMecb 400aBJA0T Teanfl AJd u3-
MepeHus JIETOUHOTO 06beMa METOAOM Pa3BeleHHUs.

[To pasHosecnomy merody OO6CAEAyeMBblil JLIIHT Fa30BO#
cMmechlo ¢ nu3koil kouuentpanneii CO (okoqo 0,1 %) ao Tex nop,
NOKa He yCTaHOBHTCSL paBHoBecHe (mpumepio 0,5 muu). [lanee
B TedeHue KODOTKOro HHTEpBaja BpeMmenu no Kouumentpaiuu CO
B aJbBEOJISIPHOM Ta3e H3MEPSIOT NMOCTOSHHYIO CKOPOCThb BHIMbBIBA-
Hust sroro Beulectsa V. B nmokoe aAud¢ysnonHHas cnoco6HOCTb Jer-
kux just CO cocrasusieT 0KOJIO 25 MJ/MEH-MM DT. CT., a HPH
Harpyske yBeJHUYHBaeTcsa B [ABa-TPH pasa.

CKOpPOCTH PEaKLHY Fa30B C reMOraoGHHOM

J1o cuX mOp MBI paccMartpHBaii Kax NpenaTcTBHe JJd mepe-
poca Oy u CO B EKPOBbL TOJMBKO aJbBeOJAPHO-KAMANAPHH
G6apsep. OnHako H3 puc. 1.1 BUANO, UTO paccTodilHe MEXIY CTeH-
KOl a/bBEONBl M HEedTPOM SPHUTPOUMTA 6OJbIie TONLIHHGL 3TOMH

U Han onpepenenus norsomenuss CO, Kpome KORIENTpau#i 3TOTO Be-
1ecTBa B aJdbBEOJSIPHOM Tase, I!QOGXOHMMO H3MEPATE Cro KOHLL\?HTPE\QH}O BO
BIAbLIXAEMOM BO3AYXC H BCHTHWIALHIO — H{?l«’M. [](30.

2 3ax, 732
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AntaeonapHan
creHKa

OpHrtpouur

Puc. 3.4, Benuinna aud¢ysuonnoii crmocobuoctn Jerkux (Dr) o6ycsopnena
AeyMs1 cocrapisiomumy. Ilepsas ms HuX oTpaxKaeT cam HpoUecc anddyauy,
a Bropasd — Bpems peakuun Op (uaum CO) c remorioGuHOM

CTEHKH, a 3HAuHuT, HeKoTopoe AH(GGY3HOHHOE CONPOTHBJIEHHE CO-
3jaeTcsd M B caMux Kanujispax. KpoMe Toro, cyiiecrsyer eule
oguH (axTop, NPEnsiTCTBYIOUIHHA IepexoAy rasoB B KPOBb, —
onpenesnennasi ckopocth peakiun O, uau CO c remoraoGuHOM
SPHTPOIIMTOB. DTOT BOHpoc yRoOHee BCEro paccMOTPeTb HMEHHO
Apyd H3yyeHHH Jeroynodl aup¢ysuu.

Korna O, uar CO mocTynaioT B KPOBb, OHH OUYeHb OHICTPO
coenuHs0TCs ¢ remoryobunom: 3a 0,2 ¢ 3Ta peakuus HOYTH 3aKaH-
ynpaerc. OfHAKO OKCHreHAUHsI KPOBH B JICTOUHHIX KaNHJJspax
APOHCXOAMT OYeHb HHTEHCUBHO (puc. 3.3), W [axe TaKOi CKO-
POCTH PeakUUH HeJOCTaTOUHO, YTOOBl IPUTPOLUT «yCles» CBA3ATDh
nocrynaioutnii Op. Takum o6pazoM, MOKHO CYHTATh, YTO 3axBaT
Kposbio Oy (uau CO) mporekaeT B ABe cTajuu: Auppysus uepes
Gapbep MeXAY aJbBeOJSAPHBLIM BO3AYXOM W KPOBbIO, B TOM HHC/IE
yepes IJ1asMy H IPUTPOLHUT (cTajaust 1), ¥ peakuHs ¢ remoryio-
6unom (cramua 2) (puc. 3.4). Ha xaxjoii us sTux cTaiauf me-
PEHOC TAa30B CTA/AKHMBAETCH C ONpEeNENCHHbIMH NPENATCTBHAMH;
C/J0XKHB COOTBETCTBYIONIME BEJHUYHHBEI, MOXHO IOJYYHTh HEKOe
cymmapuoe «1udOy3noHHOE» CONPOTUBIEHHE.

MH yxe 3HaeM, 4to Auddy3nonnas cnoco6HOCTH JETKNX pas-
Ha pacxXoidy npoxojsilero 6apbep rasa, OTHECEHHOMY K eJ1UHHLE
napunansioro aasienns (Dy = Vras/(P1— P2). Bemuunua, 06-
patHas Di, T. . pasHHUa NApIHAJbHBIX 1aBJEHMIl, AeNeHHas Ha
pacxo]l rasa, aHaJOTHYHA dJeKTpHUecKOMy conpoTusienuio. Ha
puc. 3.4 comporuBieHHe Gapbepa MexX1y aJbBeOJAPHBIM BO3AY-
XOM H KpOBbIo cooTserctByer 1/Dm (M o3Hauaer «memGpaHa»).
Ckopocts peakuuu O, (unu CO) ¢ remorno6HHOM MOXKeT GBITh
BbipaKeHa BeJH4HHOH O, paBHOH o6bemy Op nan CO (ma), cBa-
3LBaeMOMY | MJI KPOBH 3a MHHYTY, OTHECEHHOMY K €IHHALE
(I MM pr. €T.) mapUHaNbHOTO AABJEHHS COOTBETCTBYIOLIETO rasa.
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Tako#i nokasarenap aHajornuen «AuQdy3uOHHOH cnocoGHOCTH»
1 ma kposH. Eciin yMHOXUTE ero Ha o6wuil 06beM Kanu/aapHod
KpoBu (Vc), MOXHO HOJNyuHTh 2(PQPEKTHBHYI0 <«AH(DDY3HOHHYIO
cnocoGHocTh» ckopocTH peakunu O, ¢ remorsoGunoM. OGpatHas
BeJyuHa — 1/(0-V.) — cooTBeTCTBYET CONPOTHBJIEHHIO AAHHOM
peakuun. CJIOXKHB CONPOTHBJEHHA aJIbBEOJSPHO-KATHMJIAPHOM
MeMOpaHBl H KPOBH, MOXHO HOJYYUTb ofuiee nudpdysuonnoe co-
NIPOTHBJIEHHE:

IlpaktHueckH nudQysHOHHbIE CONPOTHBJIEHHS MeMOPaHB H
KPOBH MIPHMEPHO OAMHAKOBLI, IO2TOMY CHHXKeHHe 00beMa KPOBH
B JIETOYHBIX KaluIsgpax (npu 3a6oneBaHHAX) MOMKET YMEHbIIHTh
TP (PY3UOHHYIO CHOCOGHOCTE JErKHX.,

Hntepnperanus pequUHHbBI
auddysnonnoil cnioco6HocTH Jerkux pias . CO

Tenepp naM scHo, 4to u3Mepsiemas Audy3HOHHAST CHOCOOG-
nHocTh Jierkux Aast CO 3aBHCHT HE TOJBKO OT IJIONIAJH M TOJ-
1HHBL Oapbepa MeXAy aJbBEOJISIPHBIM BO3JYXOM H KPOBbIO, HO H
oT o0beMa KPOBH B JIErOYHBIX Kamuiaaspax. Kpome Toro, npu sa-
Go/leBaHMAX JIETKHX Ha 3Ty BEJHYHHY BJIHSET HEPAaBHOMEDHOCTD
pacnpegenenns 1uQbysHOHHBIX CBOHCTB, 00beMa BO3AYXa B aJib-
B€0JIaX H KPOBH B JIETOUHHEIX Kanu/asipax. B cBs3H ¢ 3THM HHOra
(ocoGenno B EBpone) ucrno/nbaylor TepMuH «K03b(HUIHEHT Tepe-
HOCa», NOJYEPKUBAsi T€M CaMBIM, 4TO De3yJbTAaThl H3MepeHHil
OTPaXalT He TOJbKO AA(PGY3HOHHEIE CBOHCTBA JIEFKHX.

Hamenenue napunansHoro nasaeuua CO,
B JIEFOYHBIX KalHAJAPax

Yxke ropopusoch, uTo ckopocth nuddysuu CO, uepes TKaHH
npuMepro B 20 pas Buie, yem y Op, B CBsA3H ¢ ropasjo Goee
BBICOKOH DPacTBOPHMOCTBIO yIJIeKHcsaoro rasa (puc. 3.1). Taxum
o6pa3oM, Ha mepBbH B3raajx Beigesenne CO, He A0JKHO CTaj-
KHBaThCSl € AUGPY3SHOHHBIMH TPYAHOCTAMH. DTa TOYKA 3PeHHA
NeHCTBHTEABHO B CBOe BpeMd Obljia OOIIENPHHSITOH, OJHAKO BBI-
SICHHJIOCH, YTO Ha caMoM Jede cBsi3biBaHHe COy KPOBBIO — CJ0K-
HEI nmpomece (CM. IV 6) U, XOTA MBI elle He 3HAEM TOYHO CKO-
POCTH BCEX INPOHCXOASUINX IIPH 2TOM pPEaKUHH, He HCKJIOUEHO,
YTO NpH HapyLIEHUsX aJbBeOJAPHO-KaNHIsApHOro Gapbepa map-
uuasnpHele pasieHuss CO, B KOHIe JIErOYHBIX KANW/JISPOB H B
aJTbBEOJIAPHOM BO3JYyX€ MOTYT OBITh Pas3/IHYHBEIMH,

2*-
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Puc. 3.5. Paccunrannsie nsMencnaa Pgp, 00 X0Ry kanmmaaspa B YCI0BUAX
HOPMaJbLHOil u Hapyuiennoil Au(dysuu (CM. aa cpaBHenna u3meneins Po,
na pue. 3.3) (P. D. Wagner, J. B. West, J. Appl. Physiol. 33: 62, 1972)

Ha puc. 3.5 npeacrasieus kpubasi Bupeienus CO, U3 xposy
B HOPME H BO3MOMKHEI CABHMI 3TO# KPUBOH HDH YTOJUICHHH
4/1bBEOIAPHO-Kanuanspnoro 6apbepa. OTmernm, uto Pco, B Kpo-
BH, nocrynalollefi B JerouHbie KalWJJAADPH, COCTABJAET OKOJO
45 MM pT. CT., @ B aJlbBEOJISIPHOM BO3AyXe — OKoJo 40 MM PT. CT.
(8 nopme). Buino, 4To nepuoi, HeoOXOAUMBIA AAS YPABHUBAHUS
napunanapnoro gasienns CO, B KPOBH U a/1bBEOJISPHOM BO3AYXE,
IpHMEPHO TaKoH XKe, KaK H ANA ycranosjenus pasHosechst Po,
B HOpMaJabhbix ycaosusix (puc. 3.3). Takum obpaszom, B nokoe
anddysus CO, mMeer ocTatounbiil 3anmac spemenu. Oanako,
Koria anddysHoHHas CHOCOOHOCTL aflbBEOJAPHO-KANNIAPHOTO
Gapbepa NoOHHXKeHa NPHMEPHO B YeTbipe pasa, CYLIeCTByeT He-
GoJiblilas pasHulla Mexay Pco, B KPOBH KOHEYHBIX OTPE3KOB Je-
rOYHBIX KanWJIsAPOB U B aJbBe0OJsAPHOM BO3AyXe.
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JierouHniii KPOBOTOK u MeTaOOAU3M

Karx kposeroctoie cocydor 661800aT u3 seexkux easos
U KAk @ 3tux cocyoax
npeobpasylorcs HekoTOpbLe BeuecTsa

Jlerounoe kpoBoofpalieHHe HAYHUHAETCS OT JErOUHOTO CTBO-
Jla, B KOTODHIl BEIOpachlBaeTcsl CMelllanHAs BEHO3Hash KPOBb H3
IpaBoro xenynouka. Tax Ke Kak H BO3LYXOHOCHBE NYTH
(puc. 1.3), serounsle apTePHH MOCAEIOBATENBHO BETBATCS H HAYT
psiioM ¢ OGpOHXaMH K HEHTPAM BTOPHYHLIX JOJEK BIJIOTH A0 KO-
HeuHbIX Gpouxuod. ITocse aT0ro aprepuosn pacnagarnores, ob6pa-
8ysl B CTEHKAaX aJbBeO. [YCTYI0 KANHJISAPHYIO ceThb (puc. 1.6 u
1.7), uckmoquTebHo 3G HEKTHBHYIO C TOUKH 3PeHHsI ra3oo0MeHa
(puc. 1.1, 1.6 u 1.7). Dra cerb HACTOJAbKO IJIOTHAS, YTO, IO MHe-
HHIO HEKOTOPHIX (PU3HOJIOTOB, He CTOMT BHIAEISATH B HEH OT/Aedb-
Hble KalWIIsApDHbIE CEIMEHTHI: CJAelyeT CKOpee paccMaTpPHBATh ee
KaK CIUIOIIHOH CJI0# IBUXKYIIeHCS KPOBH C OTAENbHBIMY «OCTPOB-
KaMH» — MEXKANUMIAPHBIMH y4acTKaMu TKaHH (puc. 1.6). Or-
CI0OJa OKCHI€HHPOBAHHAs] KPOBb OTTEKAET B MEJIKHE JIETOUHLIE Be-
HYJIBL, TIPOXOAsIIIHE MeXIy AOJNbKAMH; B KOHEYHOM CueTe NyTeMm
CIMAHAA BEHY/]1 H BeH 00pasylorcd YeThlpe KPYHHBLIE JerOUHbe
BeHbl (y Yen0Beka), BNaJalOLIHe B JeBoe NpejcepiHe.

Ha nepsbiil B3rysa Jerounoe KpoBooGpallenne Ka)ercs mo-
BTODCHHEM «B MHHHATIODEe» 0OJBINOrO Kpyra KpOBOOGpalleHHs,’
KOTODBIH, KaK H3BECTHO, HAYHHAETCS C A0PTHl M 3aKAHUMBAETCS
B IpaBoM mpefcepiud. B cBAsH ¢ 3THM wacTo roBopAT o «MaJsiom
Kpyre KpoBooGpautenusi». OAHAKO HA CaMOM Jese MeXIy ABYMs
STHMH CHCTEMaMH HMEIOTCS] CYIeCTBEHHBIE PA3JIHUHA, H HOMNbITKH
Ha#TH MeXJy HHMH TeCHBE aHAJOTHH YacTo IDUBOAAT K Iy~
TaHHIe,
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)J,aB.neHue B JErouHbiX cocyaax

JlaBJeHHe B JIErOYHBHIX COCYyAaX OuYeHb HH3KOe. B JierouHom
CTBOJIE OHO COCTaBJseT B CpelHeM JHIIb OKoJo 15 MM pT. CT.
(W1 cpaBHeHHs: cpeiHee JaBieHHe B aopTe okoso 100 MM pT.cT.,
T. €., IPEMEPHO B LIecTh pa3 Bhullle). CHCTONIHYECKOE JaBjeHue
B JIEFOUHOM CTBOJIE DAaBHO NPHMEpPHO 25, a AMaCTOJHYECKOe —
8 MM pr. cr. (puc. 4.1); TakuM 06pasoM, OHO 3/eCb UMEET APKO
BEIDAXKEHHEI NyJbcHpyIOImUHA xapakTep. UTo Xe Kacaerca Aas-
JIeHWil B IPaBOM H JIeBOM IIpeJCepJuH, TO OHH OJNH3KH — OKOJIO
2 u 5 MM pT. cT. cooTBeTcTBeHHO. ClIe0BATEIbHO, €C/IH PAa3HOCTD
JlaBJeHHs] MeX/1y HauaJoM M KOHLOM CHCTEMHOTO KPOBOOOpalie-
Hug cocrasasger 100 —2 =98 mm pT. CT., TO B J€ro4HOM KPOBO-
o6pallleHHu oHa paBHa 0K0JO 15— 5 ==10 MM pT. CT., T. €. B Jie-
CSATh pa3 MeHblIe.

ITockoabky faBJieHde B JIErOYHBIX apTepusix HH3KOe, HX CTeH-
KM TOHKHE H COAEpPXKAT CPaBHHUTENLHO HeOOJIbIIOE KOJHYECTBO
[JIaJKOMBILIEYHBIX BOJOKOH; HX JIETKO NyTaloT ¢ BeHaMu. M Ha-
NPOTHB, B OOJBLIOM Kpyre CTEHKH apTepuil OOBIYHO TOJICTHIE;
rJajkHe MBIINBE B HHUX, o0cobeHHO B aprepHojax, CHJbHO
Pa3BHUTHL.

[TpHuyuHBl 3THX Pa3JHYHH CTAHOBATCH SACHBIMH, €CJIH CPABHHTD
¢yHkuuun o6oux Kpyros. B cucTeMHOM KpPoBOOGpalieHuH Heo6xo-
AMMO PeryJiipoBaTh MOCTABKY KPOBH K PA3JIHYHBIM OpraHam, H B
TOM 4HCJAE K TeM, KOTOPhie MOryT HAXOAHThCS HAMHOIO BhieE
cepaua (mampumep, moaHATas pyka). K JierkuM ke MOCTOSHHO
IOJIKHA TOCTyHaTb Bes BbiGpachiBaeMas cepAneM kposb. Cay-
yad, KOTJAa HeoOXOJUMO mepepacnpelendaTb KPOBb OT OJHHUX OT-
JleJIOB JIErKUX K APYrdM (Hanpumep, NPH MECTHOH albBeOTsapHOM

Cpeatiee aasnedue = 15 Cpennee pasnedue, = 100

Aprepwn Aptepnn

Mansti Kpyr i {  Bonsuon kpyr

Kanunnnpel Kanuanape!

Puc. 4.1. Beanupnst pasBaeuii (MM pr.cr.) B OOJbIIOM M ManoM Kpyrax
KpoBooGpaliesus (BAHARHE THAPOCTATHYECKOTO AABACHHA HE YKa3aHo)
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THIIOKCHH — CM. HHXKe), PEeAKH, H IO3TOMY apTepdajbHOe AaBJe-
HHe B JIErOYHBIX COCYAaX MOJIKHO JHUMbL o0ecleydBaTh HOAbEM
KPOBU 0 Bepxyllek Jjerkux. TakuMm o6pasoM, 3ajaya MPaBOro
cepauna cpoputcss K obecneyenuio 3(pQpexkTHBHOrO rasoobmMeHna B
JIerKHX. '

JapjieHre B JErOUHBIX KANWApPax TOUHO He H3BeCTHO. Pan
LaHHBIX CBUAETEJBCTBYET O TOM, UTO OHO NPUOJU3UTENLHO COOT-
BETCTBYET CpPelHeMy MEXAY [JaBJeHHEM B JIErOUHBIX apTepHAX H
JIErOYHBIX BeHAX; COTJIaCHO HEKOTOPBIM paboTaM, OCHOBHOE Maje-
HHe JaBJeHUs B MaJoOM Kpyre NPOHUCXOAUT UMEHHO B KaNUaaap-
HO# cerd. Bo BcAKOM caydae, ICHO, 94TO pacnpejeseHnne AaBJAeHHs
B JIEFOYHOM KpOBOOOpallleHHH ropasgo 0oJee CHMMETPHYHO, YeM
B CHCTeMHOM, rie HauboJsiee pe3koe ero najeHue Habmaiozaercs
nepen kanussipamu (puc, 4.1). Kpome Toro, naB/ieHue B KamHJa-
Jsipax PasHbIX OTAENOB JErKHX BapbHPYeT B CBSI3H € THAPOCTA-
THYeCKUMU (aKTOpaMHu (CM. HUXKe).

JaepjaeHune, EeiicTBylolllee Ha BHELIHIO
NOBEPXHOCTD JIETOUHBIX COCYHOB

YHHKaIbEAST 0COOEHHOCTD JIETOUHBX KAIIMJLJISPOB 3aKJ0YdeT-
cs B TOM, UTO HX IPAKTUYECKH OKpy:KaeT rasosas cpeia (puc. 1.1
u 1.7). [IpaBna, cTeHKY a/ibBeOJl BBICT/JAAHbl TOHKUM 3NHUTEJNHAb-
HBIM CJIOEM, OJHAKO 3TOT CJOI IPAKTHYECKH He NOAAEpIKHBAET
Kanwuigapsl, IO3TOMY OHH MOLYT CNAaJaThCSl HJIH DACIIHPATLCA B
3aBHCHMOCTH OT JaBJIEHUS] BHYTPHU H CHAPYXH HX. DTO NOCJeAHee
JAaBJieHye oueHb GJIH3KO K aJIbBEOJISPHOMY, KOTOPO€ OOBIYHO IPH-
MepHO paBHO armMochepHOMY (IIpH 3aJep:KKe ABIXAHUSA C OTKDHI-
TOR TOJIOCOBOHM WIeNbI0 aTMOC(hepHOe H aJbBEOJISIPHOE AABJEHHS
CTAHOBATCS OJMHAKOBBIMH). B HEKOTOPHIX 0COOBIX YCJIOBHAX 3(¢h-
(ekTHBHOE JaBjeHHE CHAPYXKH KaNKAJIAPOB CHHXKAaeTcs 3a cyeT
MOBEPXHOCTHOT'O HATSIKEHUS XKHAKOCTH, MOKPBIBAIOLIRH aJIbBEOJIBL.
Onuaxo o6bUHO 3T0 3((PEeKTHBHOE [IaBJIEHHE TAaKOe Xe, KaK B
aJIbBEOJIAX, H, KOP/a MocJefHee BHiLle, yeM BHYTPH KaNHJIAPOB,
OHH cnajaiorcss. PasHocTh AaBieHM# MeXAy BHYTpeHHel U Ha-
PYXHOH CPeAOH KPOBEHOCHBIX COCYJOB 4YacCTO Ha3bIBAIOT TPAHC-
MYyparoroim 0Q8AEHUEM.

Yto kacaercs /MaBJjeHHsl B TKaHAX, OKPYKAIOUIUX JIErOuHble
apTepud M BEHBl, TO OHO MOXKeT ObiTb 3HAYHTEJbHO MEHbLIE aJib-
BeoJisipHoro. Koraa Jierkve pacilHpsiOTCH, NPOCBET KPYNHBEIX CO-
Cy/l0B B HHX YBeJHUHBAeTCS IOJ NeHCTBHEM OKpyXKaloleHd saa-
CTHYECKOH JeroyHo#t napeuxumbl (puc. 4.2 u 4.3). [lpu stoM
a¢dexTHBHOE JaBaeHHe B OKOJIOCOCYJHUCTBIX TKAaHAX MaJo; eCcThb
JlaHHBIE O TOM, YTO OHO Jaxe MeHbIle JaBJEHHS BOKPYT CaMHX
JIETKHX (BHYTPHIIEBpaJbHOro jAaBJenus). Taxkas mapajgoxcasb-
Has curyauus o0DBACHAETCS pachpeleseHHEeM MeXaHHYeCKHX CHJI,
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JeHCTBYIOIIMX B TOM CJy4ae, KOIJa CPaBHUTEJbHO KecTkas
CTPYKTypa (KPOBEHOCHBIH COCYA MJIH GPOHX) OKpyXKeHa ObCTPO
pacliupsiouieficss 3JaCTHYECKOH TKAaHbIO THIIA JIErOYHOH MapeH-
xuMbl. B mo6oM cjayuae npu paclUHPeHHH JIETKHX NpPOCBeT Je-
rouHblX apTepuil U BeH BO3pacraer.

T

Puc. 4.2..CxeMa <«aJbBEOJSIPHBIX» U <«BHEaJbBEOJSIPHEIX» KPOBEHOCHBIX COCY-
108 Jerkux. K NepBbIM OTHOCATCH INPEMMYINECTBEHHO KaMHJIIAPHI, CHApYXH
Ha HuX AeficTByeT a/ibBeosspHOe AaBjeHue. BreasbBeossipHbie COCYAb pacTs-
I'HBAIOTCS B PAjAHaibHOM HANPABJIEHHH M NOAJAEPKHBAIOTCS B OTKPLITOM CO-
CTOSUAM CHIaMH, ACACTBYIOIMMH B PajHaJbHOM HANPAaBJEHHH CO CTOPOHLI
OKDY:Kaloliell NapeHXHMbl JEFKHX, MO3TOMY 3(eKTHBHOE [aBJeHiHe BOKPYT
nux menowe anbseossipaoro (J. M. B. Hughes et al. Respir. Physiol, 4:588,
1068}

]
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Puc. 4.3. Mubrouncientipie ajbBeoJH i BHeadbseoaapHLl cocya (meaxkas
BeHa) ¢ oKoJococyaHcToll 060104KON Ha cpese Jerkoro



JIEFOUHbLIM KPOBOTOK. M METABOJM3M 41

3TH 0COOEHHOCTH KanuAAAPOB U GoJsiee KPYNHBIX. COCYAOB Jer-
KMX HACTOJbKO .Pa3JIMYHBI, YTO YacTO HX MOAPA3NenfT Ha
a/1bBeOJIAPHble H BHeaJbBeossApHEE cocyawl (puc. 4.2). K nep-
BbIM, Ha KOTOpHIE JeHCTBYeT ajbBeoJiipHOE J2aBJeHHEe, OTHOCATCSH
Kaluaaspel H OJanKaWIIHe K HHM COCYAbl, DPAacloJIOXKEHHBE B
vriax CTEHOK aJbBeoJs. [IpocBeT HX 3aBHCHT OT OTHOLIEHHSA
MEXKAYy BHYTPUCOCYAMCTHIM H aJbBeOJSIPHBIM NaBjeHHeM. K BHe-
aJ1bBEOJISIPHBIM COCYAaM OTHOCSITCS-aPTEPHH H BeHBl, IPOXOAsiliye
B JleroyHo#t mapenxuMe. Ha ux npocBer B 3HAYUTENbHOH CTeNeHH
BausieT 06bEM JIEFKHX, TaK KaK HMEHHO UM onpelessiercs CHAA,
¢ KOTOPO{i MapeHxXuMa pacTsrnBaeT CTeHKH COCYAGB. MarucTpalb-
Lble cOCY/bl Y BOPOT JerKHX yiKe He CBSI3aHEl ¢ JIerOUHOH mapeH-
XUMOH, U Ha HHUX JeACTBYeT BIYTPUIJIEBPaJbHOE JaBJEHHE.

COHpOTHBJIeHHe JIEro4YHbIX COCY 0B

CompoTHBJEHHE CHCTEMEl COCYJ0B NPHHSITO PACCYHTHIBATE CJle-
nywomuM obpaszom:
COCYIMCTOE COMPOTHBJACHUE ==
== (faBJjeHne Ha BXOJe — J(aBJeHle Ha BLIXOje)/KPOBOTOK.

Pasymeercs, noaysenHas TakuM 66pa30M BeJHUMHA He MOXKET
HNOJIHOCTBIO ONHCATh COOTHOLIEHHE MEX/y JaBJEeHHEM H KPOBOTO-
KOM B AalHoil cucreme. Tak, oGbIUHO OHA 3aBHCHT OT KPOBOTOKA.
B 10 e BpeMs ee uacto YAOOHO HCMOJAB30OBAThH IJI CPaBHEHHS
Pa3JHYHBIX CHCTEM COCYAOB MJ¥ OAHOH H TOH Ke CHCTeMbl NpH
Pa3HBIX YCJIOBHSAX.

Mubr yxxe 3Haem, uTo nepemaj JaBJeHHS B JIEFOUHOM KPOBO-
obpauleHun (T. €. MeXAy Jerounoil aprepuefl u JesnM npei-
cepAHMeM) cocTaBaseT JHlbs 10 MM pT. CT., a B 0JABIIOM KPyre —
oxkoJso 100 MM pT. cT. [TockoasKy KpoBOTOK B 000HX KPYrax npakx-
THYECKH OJMHAKOB, CONPOTHBJIEHUC JErQUHLIX COCYAOB A0JKHO
GbITh B JeCATb pa3 MeHblle, 4eM B CHCTeMIHX. JIerounsfl Kposo-
TOK COCTABJSIET OKOJO0 6 J1/MHH; TakuM 00pa3oM, CONPOTUBJIEHHE
JIEFOUHLIX COCYAOB [20.1XKUHO OHTh paBHBIM {15—05)/6 =2 1,7 MM
pT. oT./a-Muu b,

Bricoxoe conpotuBaenue B GOJAbLIOM Kpyre KpoBooGpalienus
B 3HAYHTEJIbHOH cTeneHu O0YCJAOBJEHO apTePHONAMH C KX MOLl-
HBIMHU TJ1aAKOMBIIIedHLIME CJAOAMH. IDTH COCYLBl, KakK H3RECTHO,
PeryJupyIoT MeCcTHBI KDOBOTOK B DasJyIMUHLIX opraHax. B Je-
rOYHOM KpyTe TaKHX COCYLOB HET, H CONPOTHBJEHUE 31eCh, 10-BH-
JUMOMY, CPABHUMO C TeM, KOTopoe HalJofanoch 65 Ipu pacre-
KAaHHW KPOBH TOHKOH IJ1eHKOH 1o OOWIHPHOH NOBEPXHOCTH
aJbBeol.

D CrneuManucThl MO KPOBCOODAUIENHI0 HIONAA BHPAKAT CONPOTHBACHHC
JleroqublX CoCyoB B Aiil-c-cm~S. B 3THX eaununax oxo pasuo npumepho 100.
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Puc. 4.4. Kpupas, oTpaxkamonias CHHXKeHHe CONDOTHBJIEHHUS JErOYHBIX COCYIOB
IpH [OBHINEHHM [ABJEHHA B JIETOUHbIX apTepusAX wiH BexaxX. ApTepuasbroe
IapJeHHe H3MeHSJOCh NMPH HOCTOSHHOM BEHO3HOM xasneHuu (12 cm BoA. cT.),
a BeHO3HOe — NIPH MOCTOSHHOM aprepuanbHOM (37 cM BoA. CT.). Jannmbe nojay-
YeHsl Ha npenapare ¥30JHPOBANHBLIX Jerkux cobaxu

Jlerounnle cocyan 061aLal0T YAMBHTENLHOH OCOGEHHOCTHIO!
HX COIPOTHBJieHHe, OYyLyYH OUeHb HH3KHM yXKe B HOPMaJbHBIX
VCJOBHUSIX, CTAHOBHTCS elle HHXKe IPH NOBBILEHAH BHYTPHCOCY-
nucroro papjesns. s kpuBoéi Ha puc. 4.4 BHAHO, YTO YBeJaHYe-
HHe JAaBJIeHUsl B JErOYHBIX apTepHAX HJH BeHax NPHBOJHUT K mna-
JIEHHIO COCYLHCTOrO CONPOTHBJIEHUA B MaJOM Kpyre. DT0T 3pdert
06yc/oBJeH JByMs MeXaHH3MaMH. B HOpMaJbHBIX YCJIOBHAX He-
KOTOpBIE JIErOUHble KAMHJJIAPbL 3aKPHITH (JHGO OHH OTKPHITHI,
HO KPOBOTOKA B HHX HeT). IIpH MOBBLILIEHHH [AaBJIeHHs 0 HHM
HauHHaeT Teub KPOBb, UTO CHUXKAET oblllee COCYAHCTOE CONPOTHB-
Jgenue. Takol MexauuaMm HasblBaercsl gosaederuem (puc. 4.5);
NO-BHAYMOMY, UMEHHO OH B OCHOBHOM OTB€YaeT 3a NajeHHe Co-
OPOTHBJIEHHS JIETOYHBIX COCYLOB [PH TNOBLIUEHHH [aBJeHHAd B
JIErOUHOH apTepUH OT HHU3KOTO HCXOAHOro ypoBHs. Ilpuunnb
OTCYTCTBHS TIep(Y3HU HEKOTOPHIX JIETOUHHBIX COCYHOB IPH HH3KOM
ZaBJEHUH A0 KOHIIA He SICHBE. B03MOXKHO, 3TO 00YCJIOBJIEHO CJy-
YaHHHIMH Pa3JHUHsfMH B I'eOMETPHH CJOXHOH COCYAHCTOH CeTH
{puc. 1.3), B peayabrarte KOTOPHIX HEKOTOPHIE €€ yYaCTKH 0Ka3kl-
BatoTcs OoJiee MPeNNOUITUTENBLHEIMH VIS KPOBOTOKA.

IIpu GoJsee BEICOKOM BHYTPHCOCYAMCTOM [aBJIEHHH IIPOHCXO-
JAIUT YBEJIHYEHHE NPOCBETa, WIH pacuiuperue, OTLE/AbHBIX KalHJ-
JIAPHBIX CEIMEHTOB. DTO BIOJHE eCTECTBEHHO, IIOCKOJBKY KalHJ-
JISIPBI OTAGAIOTCSA OT a/JdbBe0JAPHOrO NPOCTPAHCTBA OYEHb TOHKOM
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Boeneyenue Pacwvipenue

i

Puc. 4.5. Ipa mexanusMa CHUKEHMS COTUPOTHBJICHHST JIETOYHLIX COCYJOB NpPH
IIOBBILEHHHE BHYTPHCOCYAHCTOrO NABJCHHMA: BOBJEUEHHe (OTKPHITHE HOBBIX CO-
CYAOB) W pacluHpeHHe (YBeJdyeHHe HPOCBETA €OCyI0B)

MemGpano#i (puc. 1.1). Ilo-BuauMOMY, Takoe paculMpeHue cJay-
JKHT TVIABHBIM MEXaHH3MOM CHHIKEHMSI CONPOTHBJICHHS B MajoM
Kpyre npu CpaBHHTE/bHO BHICOKOM BHYTPHCOCYIHCTOM [ ABJEHHH.

Eme oxHuM BaxKHBIM (GaKTOPOM, BJIHSIOUIHM Ha CONPOTHBJIE-
HHE COCYL0B MaJIOro KpPyra, CAyXKHT 06vem aeekux. IIpocer BHe-
AJIbBEOJISIPHBIX COCYAOB (pHC. 4.2) 3aBHCHT OT B3aMMOIEHCTBUS
PasJMUHbIX CHJL. Kak MBI yXe 3HaeM, IPA PACIIUPEHHH JIETKHX OH
YBEIHUHBAETCA H, CJIeJ0BATE]bHO, CONPOTHBJIEHHE STHX COCYAOB
cunxaerca. C Opyrofl CTOPOHBI, B HX CTEHKAX COLEPIKATCA Taaj-
KOMBILIEYHBIE H 3/1aCTHYECKHE BOJOKHA, MPENSATCTBYIOIHE PaCTs-
KEHHIO, T. €. CTPEMSLIHeCHd YMEeHbIIHTh IPOCBeT. B CBSI3H C 5THM
IpH CHUXEHHH 00beMa JIETKHX CONPOTHBIIEHHE BHEAbBEOIs PHEIX
cocynos Bospacraer (pHuc. 4.6). B ycaIOBHAX HOJHOCTBE ClIaB-
IIHXCSl JIETKHX TOHYC IVIAAKHX MBI 3THX COCYAOB HACTOJBKO
BEJIHK, YTO I NOSABJIEHHS KPOBOTOKA JABJEHHE B OCHOBHOH Jle-
TOYHOH apTepuH AOJIKHO CTAaTh HA HECKOJLKO CAHTHMETPOB BO-
HOro cT0/16a BEIWE, YeM B JIETOYHHIX BeHaX, DTO aprepHalbHOE
AaBJeHHE HASBIBACTCS KPUTULECKUM OABACHUEM OTKDOITUAL.

Hro kacaercs BaHAHES 00beMa JerkHX HA CONPOTUBJIEHHE Ka-
IHIIAPOB, TO OHO 3aBHCHT OT TOTO, H3MEHAETCS JIH aJlbBEOJsip-
HOC AdBJ/IEHHE N0 CPABHEHHIO C BHYTPUKANMIIAPHLIM, T. €, OT H3-
MENEHUs TPAHCMYPaJbHOrO AaBJjeHus. Ecian anbpeosispHoe naB-
JIEHHE CTAHOBHUTCS BBILIE BHYTPHKANUJISPHOTO, KANUIADEL CLAB-~
JINBAIOTCH, M MX CONPOTHBJIEHHE yBeanunBaercst. OGBYHO 3TO mpo-
HCXOJHT, KOI1a 3ACDOBLI# yesOBeK Jesaer IMyOOKHH BLOX, Tak
Kax ONHOBPEMEHHO Najaer AaBAeHHe B COCYAax (c/aeAyer moM-
HHTDb, 4TO BOKPYr cepiua AeHCTBYeT BHYTPHIJICBPAJbHOE AaBJe-
nue). HeoGxonMO OTMETHTH, OLHAKO, YTO NaBJeHHE B pasJsiuyg-
HBIX JIETOYHBIX COCyZJax IIOCJe TaKOro BAOXa HE.OCTAeTcs IMo-
CTOSIHHBIM. Kpome TOro, COnpoTuB/IEHHE JETOYHBIX KallHJIAAPOB
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Puc. 4.6. Bauanpe Jaerounoro ofbema Ha COUPOTHUBJACHHE JIELOYHBIX COCYI0DB
B yCAOBHAX [OCTOAINHOrO TPAHCMYPAJNLHOTO AaBJeHHs B 00/1aCTH KanWARpos.
Ilpu Buzxom obbeMe JCTKHX COCYAHCTOE CONPOTHBJCUHE BeJHKO, TaK Kak
BHeaJbBEOAAPHbiE COCYAbl cyxeHbl. IIpH BLICOKHX oObemax CONpPOTHBJEHlLE
TaKKe YBEJIMYEHO, MOCKOJIbKY KaNMMIAPbL PaCcTANYTH M UX OPOCBET yMeHb-
mwed. Jlannbie DoJgydens Ha mpemnapaTe LOJH JErxoro cobaku

H3MeHsieTcd B 3aBUCUMOCTH OT 06beMa JerkHx eule U OTOMY, 4TO
NpH yBEJWYEHUH 3TOrC OObLeMa MPOCBET KaNulispoB yMeHb-
Waercs M3-3a PAacTsKEHHs CTEHOK aJbbeos. Takum obpasow,
npu ray6oKoM BAOXE CONPOTHBJICHHE JIETOUHBIX KalM//IsipOB BO3-
pacraer jaxe TNpPH HEH3MEHHOM TPAHCMypaJbHOM J@BJIEHHN
(puc. 4.6).

[TockoabKy Ha NPOCBET BHEAJNbBEONAPHLIX COCYAOB BJHSIET
TOHYC TJIa[JKOMEIIIEYHBIX BOJIOKOH MX CTEHOK, BElLeCTBa, BHI3bL-
BaloUi¥e coxpallenne raiKkiuX MBIIUL, NOBBIIAIOT COCYAHCTOE CO-
npoTHRBJEHHE B MaJOM Kpyre. K TAKHM COeJHHEHHAM OTHOCATCA
CEepOTONUH, IHCTAMHE U Hopaapenaaud. Mx cocyrocyxupamwiuee
neficTeUe 0COGEHHO XOPOUIO BEISIBASETCS, KOrAa oObeMm JerkKux
MaJ 1, CJAeJ0BaTe/bHO, HEBEJIAKH CHJIbI, pacTAruBaloliue CTeHKH
cocynos. Hekoropble BemiecTBa, HanpuMep aUETU/IXOJNHH H H30-
npoTepeHod, BLI3BIBAIOT paccaabaedne MMaAKHX MBIUIL JEerOYHbIX
COCY/I0B.

W3mepeHue JierouHoro KposoTeKa

s suguchenus o6beMa KPOBH, NPOXO/SIIEro uepes JerkHe
3a muuyry (Q), MOxHO ucnodb3osatb apunyun Puxa. CoraacHo

sTOMY mpuununy, MuayTHOe norpedaenue O2(Vo,) paBHO ero Ko-
JUIY9eCcTBY, MOIJIOLLAEMOMY 3a 3TO BpeMs KPOBbKO B Jerkux, Cie-
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JOBATENBHO, .
Vo, = —C.
VOz Q (Caoz 04 ’
rae C; — kounuentpauns O; B KpoBy, nocrynaroueil B Jerkue, a

Ca — Konuenrpauus O, B OTTeKawoumed U3 Jerkux Kposu. Orcioza

Q= Yor
Cag, C;02

Vo, MOXHO HU3MepHTh, co6Hpast BHABIXAEMEIH ra3 B CITHPOMET]
¢ GO/IbLIOR eMKOCTBIO M ompelefss B HeM KoHUeHTpauuio Q,.
3abop cMeLIaHHOH BeHO3HO KPOBH OCYILIECTBJIAETCS uepe3 KaTe-
T€p, BBEACHHbIA B JIEFOYHYIO APTEPHIO, a APTePHAILHON KPOBH —
IyTeM NyHKUHHA TJIeYEBOS HJH Jy4eBOH apTepHH. JIerouHbrii Kpo-
BOTOK MOXCHO TaKe H3MEPHUTb METOAOM pPa3BENeHHS MHIHKATO-
poB. Ilpu 3ToM B BeHB 60.bLIOTO Kpyra BBOJAHTCSH, HampuMep,
Kpacurejb W ONpPeRe/seTCs ero CONep:KaHHe B aprepusix. O6a
MEeTOAa HMEIOT OueHb OO0JbLIOE 3HAUEHHE, ONHAKO noapobuee
3llech pasbupathesa He GYAYT, TAK KAK OTHOCSTCS yXxe K Gu3noJo-
PHH KpoBooOpallenHs.

Meroan ®uka u paspenenus HHAHKATOPa MO3BOJSIOT pac-
CHHTATb CPEAHHH JIETOYHBII KPOBOTOK 3a HECKOJBKO CepAEYHBIX
CoxkpaueHHd. MOXHO U3MepHTDh H BeNIHUHHY MEHOBEHHO20 Ae20Y-
1020 KposoToKa. [las srtoro ucnoabayercs o6mas [JIETH3MOrpa-
¢ns (puc. 4.7). OGcaenyeMbiii BAbIXaeT u3 PE3HHOBOrO MellKa,
TIOMEILEHHOr0 BHYTPb IJIETH3MOTPaPUUECKOH KaMephl, ra3oByio

KposoTok, n/mun

0 02 04 06 08
Bpema, ¢

Puc. 4.7. Usmepenne mruoBenuofi pesmunmsi KalHJISPHOTO KPOBOTOK& B J€r-
KHX METOAOM OGulel NACTH3MOrDAUH € BALKXAHHEM B3AKHCH A30Ta. Ioay-
UEHHLIE KDUBLIE NPHBEICHb BMECTE C 9IEKTPOKAPAHOIPAMMON B npasoil yacTH
pHCYHKa
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cmech, cogepxkamyio 79 % N,O u 21 % O, 3aknch a3oTa OueHb
XOPOIIO PACTBOPHMA, MOITOMY KOPJa OHA 3aXBaTBIBAETCs KPOBbIO,
nasjeiHe B KaMepe najgaer HeOOJbIIMMH CKauKaMH, CHHXPOHHO
¢ cepAeuHHMH COKpalleHusiMu. [ToCKO/IPKY MNOrJIOeHHe 3aKHCH
a30Ta OTPaHUYEHO KPOBOTOKOM (CM. PHC. 3.2), MOXKHO paccuuTarh
MPHOBEHHBH PACXOA KPOBH B JIETOUHBIX COCYy[aX. ¥ 3/0POBHIX
J:07efl KDOBOTOK B KANHJIAPAX JIEFKHX HOCHT BEIDAXKEHHO IyJib-
CHDYIOUIH XapakTep M Hapyllaercs npu saboJeBaHHsX.

PacnpepeneHue Jero4Horo KpoBoToKa

Jlo cux mop MH Kak Obl MpeAnoJaraly, 4To KpoBooGpalnenue
BO BCeX OTlenax Jerkux ogunakoBo. ORHAKO y uejJOBEKa 37C
nagexo He Tak. CyILeCTBYIOILYIO HepaBHOMEPHOCTh MOXKHO Npo-
NeMOHCTPHPOBATL € MOMOIIBIO MOAH(QUKALMHE METOAA MEUEHOro
KCEHOHA, PACCMOTPEHHOTO BhIle B pasjiesie 0 paclpeesNeHnt Jje-
rouHofi BeHtuasuua (puc, 2.7). Iaa usMepeHdus KpPOBOTOKA pa-
JHOAKTHUBHBII KCEHOH PACTBOPSIOT B COJIEBOM PACTBOPE H BBOAAT
B nepudepuueckyio seny (puc. 4.8). KceHOH IUIOXO DacCTBOPHUM,
II03TOMY, MOCTYNAasl B JIero4yHble KallH/ASAPE, OH BHIXOAUT B aJlb-
BeoJIspHOe mpoctTpancTBo. O6ciefyemMoro npocAr 3aAepxKarb Abl-
XaHHe W U3MepsIOT PaJHOAKTHBHOE H3Jiyuenye ¢ MOMOIIbIO AaTyH-
KOB, MOMELIEHHBIX HA TPYAHYIO KJETKY.

V 4e0BeKa B BePTHKAJIbHOM [OJOXKEHHH JIETOYHBIH KPOBOTOK
[OYTH JHHefiHo YObBAaeT B HANPaBJEHUH CHU3Y BBEPX, LOCTUTAs
OUCHb HM3KWX 3HAUCHUIl B 06J1acTH BEpPXyLIEK Jerkux (pHc. 4.8).
Ha Takoe ero pacmpeienenue BIHSIOT H3MeHeHHe NMO3bl H QH3H-
yeckas Harpyska. B TOJIOXKEHHH JiexXa Ha CIHHe KPOBOTOK B
BEPXYUIKAX JIETKHX YBeJHUMBAETCsl, 4 B OCHOBAHHSX NPAKTHUECKH
He H3MeHseTCsd, B pe3y/]bTaTe 4ero ero BepTHKA/IbHAsA HEPaBHO-
MePHOCTb MOYTH HCYezaeT. B To Ke BpeMs B 3TOM NOJIOKEHHH
KPOBOTOK B 3afHHX ([AOPCAJbIBIX) OTAJNAX JErkuxX CTaHOBHTCS
BBILIE, UeM B NepelHuX (BeHTPa/bHbix). [Ipn mosoXeHHH dYeso-
BeKa BHH3 TOJIOBOH KPOBOTOK B BEPXYIIKaX JIETKHX MOXKeT OBITb
Gosbille, ueM B ocHOBaHusiX. I1pu yMepeHHOH dusndeckol Ha-
rpy3Ke KPOBOTOK B BEDXHHX M HHXKHHX OTJEIaX YBENMYHBAETCS
H perHoHapHBIE PA3JHUUs €ro pacrlpelesefus CrIaxuBaloTCs.

HepasuoMepHoe pacrnpejeneHne JeroyHoro KpOBOTOKa MOXHO
OGBACHHTh PA3JHYHSMH THAPOCTATHYCCKOTO [AaBJEHUSA B KPOBe-
HOCHBIX cocylax. Ec/id paccMaTpHBATh JIELOUHYIO apTEPHAJbHYIO
CHCTEMY KAK eIuHBbIi CT0J6 KPoBH BbicOTOH OKO/IO 30 cM, TO pas-
HHIlAa B JAABJEHHU MeXK1y €ro BepIIHHOX H OCHOBAHHEM COCTABHT
npumepto 30 CM BOA. CT., W 23 MM P7. cT. [IocKOJIBKY B Ma/IOM
Kpyre JaBjeHne KpoBH Mano (puc. 4.1), TaKas pasHUIA AOBOJILHO
cymiecTBeHHA. BunsiHne ee Ha DETHOHADHBIH KPOBOTOK MPOHJLIIO-
cTpupoBaHO Ha puc. 4.9.
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Puc. 4.8. Usnepenne paciipejie/leHisl KPOBOTOKAa B JIETKOM YeJOBEKa B Bep-
THKAJLHOM MOJOKEHHH C NOMOUIBI0 PajHOAKTHBHOIO KCEHOMA. Kcenon, pac-
TBODEHHbIl B KPOBH, NOCTYIaeT B ANLBEOJSIDHLI  BO3AYX M3 JErouilblX Kas
nuAIsapoB.  Exumunust pacxoja KPOBH TNOROOPaHbL TAaKNM 00pa3oM, uTo6H
PaBHOMEPIOMY KPOBOTOKY COOTBETCTBOBAla Bedmunta 100 Buano, uto cia-
Gee BCero KPoBoCHAGueHHe B Bepxyuikax Jgerkux (J. M. B. Hughes et al.g
Respir. Physiol, 4 : 58, 1968)
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Puc. 4.9. Monenns, cpasmpamomas HEPABHOMEPHOCTL PaCHpeeNeHts JIErOYHOro
KPOBOTOKZ C BEJHYHHOH NaBJCHHS, ACHCTBYILIGNO Ha kanuanspe (J, B, West
et al.: Appl. Physiol., 19:713, 1964)
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B BepxylUkax Jerkux (sona l) MOryT CyliecTBOBATh obsacTn
¢ naBJeHHeM B JErouHblX apTepHAX HHXKe aJbBe0JIAPHOTO (no-
clelHee, KAK MH yXKe 3HaeM, B HOpMe OJIH3KO K atmochepHOMY).
IIpy 5TOM Kamu/isiphl MOJHOCTBIO CHAJAIOTCA, H KPOBOTOK f€pe3
HHX CTaHOBMTCS HEBO3MOXKHBIM. Takad cutyaiuusd B HOpMeE HE
Habaonaercs, MOCKOJbKY JaBJeHHe B JErouHblXx apTepudx J10-
CTaTouo, 4TO6Bl <IIOAHATH» KPOBb [0 BepXyllek, OJHAKO OHA
MO¥ET BO3HMKHYTb IPH CHHXKEHHH apTepnaibHOro (HampuMeD,
npuy 3HAUUTEJbHOH KPOBONOTEPE)
WJAH YBEJUUEHHH aJbBEOJISIPHOTO
JaBJeHHs (IpH MCKYCCTBEHHON BeH-
THJSIHUA JErKUX TOJ IOJOKHTEb-
HpiM pasiennem). [Ipu 3TOM BEH-
THJIHpyeMble, HO He cHabiKaeMbie
KpPOBbiO, T. €. He yyacTBYiOIlWE B
razoobmene, yuacTKH JierKHX Ha3bi-
BAIOTCSL QAbBCONAPHBIM MEPTELIM
RPOCTPAHCTBOM.

B cpenHeii uactu Jerkux (B 30-
He 2) /[daBjleHHe B apTepHAX MNOA

Puc. 4.10. [sa CONpOTHBACHHHA
Crapaunra (A u B), npeacras-

NeUCcTBUEM THIAPOCTATHYCCKHX CHJI
yBeJIHUUBAETCA H CTAHOBUTCA BbI-

gsoline coboil TOHKHE Pe3HHO-
Bble TPyOKH, MOMeIIEHHbIE B Ka-
mepr. Korga paienne B KaMme-
pe GoJplie, YyeM B KOHEUHOM OT-
peske TpyOxku (A), pacxom Kul-
KOCTH HE 3aBHCHT OT JaBJIEHHA
OTTOKa. B NPOTHBOMOJOXKHOM
caysae (D) pacxom KHAKOCTH
onpejesseTcss PasHOCTbIO  A@B-
JNeHUH NMPUTOKA H OTTOKA

Hle afbBeOJsPHOro, KOTOpOe B
CBOIO Ouepelb BCe ellie MpeBBaeT
BeHO3HOe, 4TO NpPUBOAUT K OUYeHb
MHTepPECHOH 3aBUCHMOCTH MEXAY
JaBJeHUEM M KpPOBOTOKOM. Bennuu-
Ha KpOBOTOKA B JAHHOM CJIyuae ol-
penessiercss PasHUIEd MeX1y ap-
TepuajJbHBIM H aJbBEOJISAPHBIM, a
He, KaK OOBIUHO, apTepHAJbHLIM H
BEHO3HBIM AaBJeHVeM. BeHosHoe jaBjieHdHe He B/IMsET Ha KPOBO-
TOK, [0KA OHO He [PEBLILAeT ajbBeOJIsIPHOTO. IMogo6GHBIE YCI0-
Bisl MOJKHO BOCIPOM3BECTH Ha MOJENH Pe3NHOBOU Tpy6XH, IOME-
ImeHHOll B CTeKaAsiHHylo Kamepy (puc. 4.10). Koraa pasienue B
KaMepe CTAHOBHTCS OOJbIIE, 4eM B AHUCTA/ILHOM OTPE3KE TpyOKH,
oH cnagaercst (KOJMAnCUpyeT), T. €. 3TO «JaBJCHHE CHaJCHHI> B
TpyGKe OrpaHHUMBaET KPOBOTOK. Jlerounsie KamuJApEL, pasyme-
eTCsi, BO MHOTOM OTJIHYAIOTCS OT PE3HHOBBIX TpyGOK, OAHAKO B
LesoM BeAyT cebsi Tak ke (TaKoe siBJ€HHE HA3LIBAIOT s dexToM
conporusienus Crapauira, mjosa Hid poponaja). Ilockoabky
B paccMarTpHBaeMol 30He apTepuajbHOE AABJICHUE yBeJHuABaeT-
sl B HATIPABJEHUM CBEDXY BIH3, @ aJIbBEOIAPHOE BO BCEX OTACIAX
JierKuxX OJHMHAKOBO, HX pasHuua, obecneyupaiouas KpOBOTOK, BO3-
pacraer. Kpome TOro, B BepXHe-HUKHEM HallPaBJICHHH IPOHCXO-
[UT BOBJEUEHHE HOBBIX KalWLIAPOB.
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B uukneil sose (3ona 3) AaBieHHe B JIETOYHBIX BEHAX BhIIIe
a/IbBEOJIAPHOrO N BEJIHYHHA KPOBOTOKA, KAK H B OOBIYHBIX COCY-
Jlax, onpefeasiercs pasHHIed MeXly apTepHajbHbIM H BEHO3HBHIM
naBjaeHHeM. BospacraHue KPOBOTOK2 B BepXHe-HHKHEM Hampan-
JIEHHH B 3TOH 30He, NO-BUANMOMY, 00YCJIOBJIEHO IMIaBHBIM 06pasom
paclnpeHueM JeroyHbIX Kanuaasapos. [laBjenue B HHX, KaK yxe
FOBOPHJIOChH, COOTBETCTBYET CpeAHeMy MeXJAy apTepHaNLHBIM H
BEHO3HBIM ¥ BO3PacTaeT K OCHOBAHWAM JIErKHX, TOT/[a Kak BHEMI-
Hee (aJbBeO/SAPHOE) JABJIEHHE OCTAETCA NOCTOSHHBIM. DTO NPHU-
BOJHUT K NOBBLIILEHAI TPaHCMYPasbHOTO AaBieHust, JleHCTBHTENb-
HO, GblJIO MOKA3aHo, YTO CPEAHKHH NPOCBET KAUHMISIPOB B BEpXHe-
HEXKHEM HampapjeHnn yBenuuupaercd. Kpome Toro, mocreneHHoe
BO3pacTaHHe KPOBOTOKA B BepXHEe-HHXKHEM HalpaBJeHHH B 30He 3
MOKeT GBITb YaCTHYHO OOGYCJOBJEHO BOBJICYEHHEM HOBBHIX Kas
NHJLAAPOB. .

Ha puc. 4.9 npusenena ofo0uleHHas CXeMa, AEMOHCTPHAPYIO-
mas posb KAMHIIAPOB B PacTpeNeJeHHH JIErOYHOTo KPOBOTOKA.!
IIps MajoM ofbeMe JlerKHX GOJbLIOE 3HAUEHHE HMEET CONPOTER~!
JieHile BHeAJbBEONSPHEIX COCYAOB. B 5THX YCJOBHSX CHHXKaeTcs
PerHoHapHBI KPOBOTOK, NMPHYEM NpeHMyLlecTBeHHO B 06JacTit
OCHOBaHHH JIErKHX, /e JierouHas MapeHXHMa pacnpasJeHa cja-
Gee Bcero (cM. puc. 7.8). IIpuuHHOI TAKOro CHHMKEHHS SABJSETCS
3leCh CyXKeHHe BHEea/JbBEOJSIPHBIX COCYAOB NPH HEAOCTATOYHOM
pacnpaB/ieHHH JIETKHX. DTH YYaCTKH HHOIAA HasblBalOT 30HOH 4
(puc. 4.6).

I'nnokcuueckas Ba30KOHCTPHKIHA

Mbl y6eqnauch B TOM, YTO B HOPMaJIbHBIX YCJOBHUSIX COCYAH-
€TOE COINPOTHBJEHHE H pachpeje/eHHe JerouHoro KPOBOTOKA 34-
BUCAT INIaBHBIM 06pa3oM OT maccuBHBIX (rakTopos. OAHAKO NpH
cHuXeHHH Po, B aJbBeo/iPHOM BO3AyXe Halb/aw0gaercss odeub
HHTEpecHasi AKTHBHAS peaKUHUA — COKPalleHHe IVIAAKHX MBbILIIL
CTEHOK apTepHOJ B THIOKCHYECKO# 30He. TOUHBIA MexaHu3M 3TOk
peakuiH HeH3BeCTeH, HO NMOKAa3aHO, YTO OHA HPOUCXONUT B H30-
JIIPOBAHHBIX JIETKHX, CJIE€AOBaTe/IbHO, HE 3aBHUCHT OT HEHTPasib-
HOU HepBHOH cucTeMHl. [ToCKOMbKY LaXkKe OTAeNbHblE HCCEUEHHBIE
cerMeHTHl JIerOYHOH apTepHH MOTYT COKPALlaThCs NPH HEJAOCTATKE
KHCJIOPO/a B OKpyXKawllell UX cpefe, MOXKHO NPEANOJ0KHTh, YTO
CHIIOKCHSA OKa3hIBAET MeCTHOE JeHCTBHE Ha CaMH apTepHH. Dolia
BEICKA3aHA THIIOTE3d, COrJIaCHO KOTOPOH B OTBET HA HEAOCTATOK
KHCJAOPOAA KJETKH OKOJOCOCYAHCTBIX TKaHed BLIAENSIOT HEKHE
COCY/IOCYKHBAIOIIKHEe BellecTBa, OlHAKO MHOTOYHC/EHHbBIE MONBIT=
KH OGHapYXHTh TaKHe BeLecTBa 0Ka3asHch OesycuemnbiMu, Mu-
TEpPecHo, 4TO TMIOKCHYECKAs BA30KOHCTPHKLHUA 3aBHCHUT NPEUMY-
HecTBeHHo 0T Po, B aJAbBe0JISIPHOM BO3JyXe, a He B KPOBH Jerou-
HBIX apTepHil: npyu nepdysHH JerKux KPOBbIO C BLICOKUM Po, n



50 I'JIABA 4

noHuxeHuu Po, B anbBeONAPHOM BO3AyXe peaKUUsas COXpas
HsIeTCsl.

Bo3MOKHO, IHIOKCHA COCYMHCTOH CTEHKH BO3HHKAaeT B pe-
aysibrate AudpQy3uw KHCIOPOAA M3 Hee B aJbBEOJIB, KOTOpHIe,
KaK yXe TOBOPHJOCH, OYCHb TECHO CONPHKACAIOTCA C MEJKHMH
JICTOYHBIMH apTepHAMH, T. €. AHbQY3HOHHOE paccrosHHe MOpH
9TOM KpaiHe mMazo (cM. puc. 4.3). 3aBHCUMOCTb CTHMYJ — peaK-
1ysl 17151 THOOKCHYECKOH BA30OKOHCTPHKLIMH HesnHHefina. [1pu usme-
neunsix Po, B oO6mactu Bbhime 100 MM pT. CT. cOCyAHCTOE CONPO-
THBJIEHHE MeHsieTcsl Manao. Ecam ke Po, B anbBeosax mnajaer
H{XKe npuMepHO 70 MM PT. CT., CYKEHHE COCYL0B OBIBAeT OYeHb
3aMETHBIM, a IIDH OYEHb HU3KHX Po, MeCTHHIH KPOBOTOK MOMKET
IOYTH HpeKpaImaThes. :

Brarogapss rumoxcHueckoii Ba3OKOHCTPHKUHH yMeHbUIaeTCs
KPOBOCHAOXKEHHEe IJIOXO BEHTHJIHPYEMBIX YYACTKOB JIETKHX, IOSB-
JISIIOIIHXCS, HANPHMEpP, B pesysbTare OPOHXHANBHONH OGCTPYKILHH,
Takoe ymenbHIenue yayuwlaer ofmiuii rasoo6med. Ha 6oabliof
BEICOTE MOXKET HACTynaTh IeHePaJIH30BAHHOE CYKEHHE JIerOYHBIX
COCY/J0B, NMPHBOJsINIee K 3HAYHTENbHOMY MOBBIIUEHHIO [aBJIeHHA
B JIErOYHOW apTepuH M yCHJEHHIO paboTsl mnpasoro cepama. Of-
Hako HauboJ/iee BaXKHa TUNIOKCHUECKAs] BA30OKOHCTPHKILHS, BEPOSIT-
HO, NPH poXkjeHHH. Bo BpeMsa BHyTPHYTPOGHOro MepuHoa CONpo-
THBJIEHHE JITOYHLIX COCY[OB OYeHb BeJHKO M uepes Jierkue mpo-
TeKaer JHWL 0KoJ0 15 9% cepaeunoro BoiGpoca (cm. puc. 9.5).
HactHuno 310 0O0yC/OBJENO HMEHHO THIIOKCHYECKOH Ba30KOH-
crpukuuedl. Koraa nocsie mepsoro BA0xa B ajbBeOJB MOCTyHaeT
KHCJIOPOJ, CONPOTHBJEHHE JICTOYHBIX COCYIOB BCJEACTBHE pac-
caabnenns IVIaAKHMX MBILIL Pe3KO NMajaer H JIETOYHBIH KPOBOTOK
MIHOBEHHO BO3pacTaer.

O6uapyXeHsl n ApPyrHe AKTHBHEIE PEAKIHH JIETOUHBIX COCY-
nos. Tax, oun cyxusarorcss npu HuskoM pH kposu — ocobenHo
B YC/JOBHSAX a/IbBeossAPHON runokcun. CyliecTBYIOT TakiKe gaH-
Hble 0 c1a00M BJAHSHMH HA 3TH COCYLBI BEreTaTHBHOH HepPBHOI CH-
CTeMbl: BO3OyXKeiHe CHMIATHUECKHX HEPBOB NPUBOAHT K MOBBI-
IIEHHIO TOHYCA CTEHOK JEerouHBIX apTrephil U BA30KOHCTPHKIHH.

Bophbiil 00MeH B JErkKux

AspBeosspHBII BO3AYX OTJE€N€H OT KPOBH JIETOUHBIX KallHJ-
JIIPOB CJI0EM TKAHH TOJIIHHOH Jullb okoJao 0,5 MM (puc. 1.1).
B cBA3H C 3THUM 4Pe3BHYANHO BAXKHO MPENOXPAHHTh aJbBEOJIBL
OT mepenoJHeHns KuAKOCTbIO. COracHo NMPUHATHIM TpeicTaB/ie-
nusiv, oOMeH KHAKOCTEH dYepe3 KAMHJISIPHYIO CTEHKY OIIUCHI-
Baerca 3akonoM Crapiaunra. Cusa, non gefcTBHEM KOTOPOMH
XKUAKOCTD CTPEMUTC BBIHTH M3 Kanuiisgpa, paBHa PasHOCTH
TUAPOCTATHYECKHX JMABJIEHUH B HEM H HHTEPCTHIHAJIBHOH KUJ-
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gocte (P.— Pi). Cuna Ke, nos [neiicTBUeM KOTOPO# KUAKOCTH
CTpeMHUTCA BOATH B KaNHJJIAD, COOTBETCTBYET Pa3HOCTH KOJJIOHI-
HO-OCMOTHYECKHX 1) naBJjeHull GeJKOB B MnJja3Me KPOBH H HHTEp-
CTHUHAJBLHON KHUAKOCTA (me — ;). [locaennsia cuia 32BHCHUT
TakxKe OT Ko3(pQHUHeHTa OTpPaXKeHHA ¢, OKa3bIBAIOUIEro, Ha-
CKOJIbKO (P (]EKTHBHO CTeHKa KanuAJsPOB NPENsATCTBYET NPOXOXK-
Jenulo OegxoB. C/aefoBaTeNbHO, PE3YJbTHPYIOIIHN NOTOK MKHM-
KOCTH COCTAaBHT:

K[(Pe =Py —a(a. — )},

rae K — koncranra, naseiaemas ko3(pdunueHrom QUIbTPaLUH.

K corkajenuio, Ha NpaKTHKE HCMOJMb30BAHHE 3TOr0 ypaBHEHHs
OrpaHHYEHHO, TAK KaK HaM HEH3BeCTHBl MHOTHE BXOISAIIHE B HEro
pejuuMHbl, OHKOTHUECKOe AaBJeHHe B KanWMWIsgpax cocTaBJsier
0k0J10 28 MM pT. ¢T. I'mapocraTuueckoe AaBJeHHe B HUX, NO-BH-
MMMOMY, TNPHMEPHO COOTBETCTBYeT cpelHEdl BeJHUYHHE MekIy
MABJEHHAME B JErOYHbIX apTePUSX U BeHaX, ONHAKO Y OCHOBaHHH
JIerKUx OHO 3HAaYHTENbHO BHLIlIe, ueM y Bepxyliek. OHKOTHYECKOE
ZlaBJeHHe HHTePCTHLUHAJbHOH KHAKOCTH HEH3BeCTHO. B maumdbe,
OTTEeKAIOWEeH OT JIerkux, OHO cocTaBjaseT okoao 20 MM pT. cT.,
ONHAKO B TEAHSX, OKPYKAIOUIHX KANHJJISPH, MOXKeT OBITh H
MeHbllle. MHTepCTHIHANBHOE THIPOCTATHUECKOE JaBJeHHE TAKXKe
HeH3BeCTHO, XOTSl HeKOTOpHe (PU3HOJOrH NoJaraloT, 4TO OHO Cy-
HlecTBEHHO HHXKe arMochepHoro. Bo3MoxHO, pe3yJpTHpYIOIce
7flaBJeHne B ypaBHeHMH CTapJHHIa HampaBJ/JeHO HaPyXKy, 4TO
OPHBOILUT K MeIJIeHHOMY OTTOKY JHM(H (y uejoBeKa B HOPMaJb-
HBIX YCJOBHSIX €r0 PacXof, TNO-BHAMMOMY, cocTaBafer 20 mu/u).

KakoBa xe cyab6a Boillelliefi U3 KAMUJIAPOB KHAKOCTH? U3
puc. 4.11 BuAHO, 9TO, MOCTYNHB B HHTEPCTHIHE aJIbBeOJSpHON
CTCHKH, OHA OTTEKaeT 10 HEMY K IIePHBACKYJAPHHIM H HepubpoH-
XHaJbHHIM IPOCTPAHCTBAM. 3/eCh INPOXOJAAT MHOCOYHCJAEHHbHIE
JuM@aTHUIeCKHE COCYAHl, 110 KOTOPHIM MKHIKOCTb HampasJjsercd K
JuMdaTayeckKuM y3jaaMm BopoT Jerkux. Kpome toro, Giaropaps
HU3KOMY JaBJEHHIO B INEePHBACKYJSIPHBIX NPOCTPAHCTBAX BO3HH-
KaeT Kak OBl ecTecTBeHHAas JpeHaXKHas CHCTEMa JJs ee OTTOKa
(cM. nua cpaBHenust puc. 4.2). Ha paHHHX crajusx oTeka Jer-
KHX ?) MEPEenoJIHAOTCS HMEHHO NepuOpOHXHANbHBIE U NMepHBACKY-
JspHBle MPOCTPaHCTBA (TaK Has3blBaeMBH HHTEPCTHIHAJBHEIH
OTEK).

D B oreyecTBeHHO!N JMTEpaType dalie YHOTPEGNAETCA TEPMUH OHKOTHUE.
CKO€ [4BJICHHE», KOTODHII MH ¥ OyJAeM HCIOJAb30BaTh B AaJbHEHIIeM, —
Hpun. nepes.

2 Bonee noapo6HO OTeK JerKHX pasbupaercst B kumre J. B, West, Pulmo-
nary Pathophysiology — The Essentials, ed, 2, Baltimore, Williams and
Wilkins, 1982, - '
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‘AnbBeonapuoe npocrpa
JpBe0l P! NpOCTPaHCTBO 2

AsbBeonnpHan Kanunnap
CTeHKa \\
[
—~— ]
. /
7/
Bpohx a s
Aptepua V
Okonococyancroe
I'POCTPaHCTBO

Puc. 4.11, Ipa BO3MOXKHHX NOYTH TOTEPH XKUJIKOCTH H3 JErOUHHIX KaMHJ/Iss
pos. Ilpexze Bcero ona NocTymaeT B MHTEPCTHUHAaJbHOE npocrpaHcTBo (1),
3aTeM — B NePHBACKYJSPDHOEe M NepubpoHxHasbHoe Hpoctpancrsa. Ecan xe
3TOr0 NYTH OTTOKA HEJOCTAaTOUHO, XKUAKOCTH MOXKET NPOXOAHTH B am:aeo.nu
yepe3 HX CTeHKu (2)

Ha Gosee no3jHuX CTafHsIX OTE€KA JIETKHX KHAKOCTh BEIXOMHT
uyepe3 aJbBeOJSIPHBI{l snuTenuit B aabBeosasl (puc. 4.11), nocuae-
JIOBATE/IbHO 3aNOJHASA HX. BeHTU/IsALHS B TaKUX ajbBeoJsax Ipe-
Kpalllaercs, ¥ NPOXOJAIIAs Yepe3 HUX KPOBb HE OKCHIeHHpYeTcd.
IlpuunHbl POHNKHOBEHHS XKHUAKOCTH B aJbBeOJsIpPHLIE IPOCTPaH-
¢TBa HedcHH. B03M0XKHO, 5TO MPOUCXOINUT, KOTAA €€ MOCTYIJIeHHE
B HHTEPCTHLHH NpPEBHILIAET MaKCHMaJ/JbHO BO3MOXKHYIO CKOPOCTBb
OTTOKA M3 HErO W AaBJeHHE 3JeCh Pe3Ko HoBHIaerca. B HopMme
JUMQOOTTOK OT JIEFrKHX COCTaB/SIET BCErO HECKOJIBKO MHJJIHJIH-
TPOB B 4ac, OAHAKO 0OpH JUIHTEJILHOM IIOBBILIEHHH NABJEHHS B
JIETOYHBIX KAlMJIAPAX OH 3HAUUTEJBHO yBeJdHuHBaercs. AJbzeo-
JISIDHBIA OTEK 3HAYHUTEJBHO OHAacHee, YeM HHTEPCTHIHAJbHBIH, 110-
CKOJIbKY IIPH 9TOM CTPajaer ra3oo0MeH B JErKHX,

JApyrue GpyHKuHu JerouHoro KpoBooopaueHns

TnaBHas QyHKIUHS JeroyHoro KpoBooOpallleHHst COCTOHUT B HO-
CTOSIHHOM OMBLIBAHHHM KPOBBIO a/JbBEOJSPHO-KANHIISPHOTO 6aph-
epa. ToabKO NpH 3T70M BO3MOXKeH razooOmen. OZHAKO JerouHnle
COCYJHl BHIIOJHSAIOT U HEKOTOPHE Apyrue GpyHKUHH. B wacTHOCTH,
OHH HIPAalOT POJIb pe3epByapa KPoBH. Mbl yiKe 3HaeM, 4TO COCYAH
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MaJoro kpyra o00j4afaiorT yIHBHTENbHOA CHOCOGHOCTBIO yMeHb-
Iare CBOE CONPOTHBJEHHE IIPH MOBLIUCHHH BHYTPHUCOCYLHCTOTO
[aBJeHus 3a cueT BOBJEUEHHS N PACIIUPeHHs cocynoB (puc. 4.5).
Baaronapsa >1uM e MexauusMam obbeMm KDOBH B HHX YBeJHYH-
BAETCs NPH OTHOCHTENBLHO HEOOJbIIOM [OBLIUECHUH AABJAEHHSA B
JIErOUHDBIX aApTEPHAX HAH BeHAX. DTO MOMET NPOUCXOLUTD, Hanpu-
Mep, Koria 4esOBeK HPUHHMAET IOC/e BEePTHKAJAbHOLO HOJA0NKe-
HUA TOPH30HTAJbHOE H KPOBL [EpeMellaercsd OT HIKHUX KOHeM-
HOCTeR B JerKue.

Eule oaHa GyHknus Jgerounstx COCy 0B — (GHABTPALHS KPOBH.
B HHX 3a1epKUBAIOTCS H YAAQJIAOTCS! U3 KPOBOOOpALIEHHs Med-
Kde TpoMObl, KOTOPble B IPOTHBHOM c/yyae MOMJH Obl MONACTh
B COCYAbl MO3ra WJIH APYIHX XKU3HEHHO BajKHBIX opraHos. Mmeror-
Cs1 TaKXe JaHHBIE © 3aJepPKUBAHHH JIEKUMH GOJDBIIOrO KOJHYe-
CTBa JIEHKOILMTOB, OAHAKQ (PU3HOJOTHYIECKHH CMBICJ 3TOrO SIBJIE-
HUsA HEACEH. )

MetaGoanueckue GpyHKUHH JerKux

Jlerkne He TOJIbKO 06eCNeuHBAIOT Fa3006MeH, HO M BHIIOHIIOT
BaKHble MeTabo.inyeckue Gynruuu. OJHA M3 HHUX COCTOUT B 06-
pasoBanuu (ocHOSUNHAOB, HANPUMED AunanbmutonadochaTH-
AUIXOJIHHA, BXOAAULEro B cocTaB cypdakTaHta (cM. 1. 7). Bax-
HYIO DOJIb HIpaeT TaKxe CHHTe3 OeJKOB, TaK KaK CTPYKTypHas
OCHOB& JIerKHX o00pasoBaHa KOJIJIareHoM o 9JacTHHOM. M3-
BECTHO, YTO NIPA MATOJIONHH B JIETKHX U3 JIEHKOLUTOB HJIH MakKpo-
daros BrIGpachiBalOTCs MPOTea3bl, BHI3HIBAIONLHE PacHa Ge/KOB,
B pesyJbTaTe Yero Bo3nHkaeT >sMdusema. BoJbliloe 3HaueHue
HMeeT TaKxKe OGMeH yryeBo/I0B, OCOGCHHO BHIPAGOTKA MYKOMOJIi-
CaxapHIOB, BXOMSIIHX B COCTAB GPOHXHAJNBHON CJH3H.

B jlerkux npoucxoint 06Men MHOrHX BewiecTB, BJHSIOLIEX HA
cocyarl (puc. 4.12). Tosnbko uepe3 TH Opranbl MPOXOZHT BeA
KpOBb, a C/IE0BATEJbHO, OHH HIEAJbHO MOAXOAAT AJIs NpeBpa-
LIeHH# UHMPKYJHUPYIOIHX B Hedl BellecTB. MIMEHHO B Jerkux co-
CpeloTOueHd 3HAYHTE/NbHASl YaCTh BCEX COCYAHCTHIX SHAOTENUANb-
HBIX KJ€TOK OPTaHH3Ma.

EnvHcTBeHHOE M3BECTHOE HaM BellecTBo, AKTHBHPYeMOE B Je-
TOUHBIX COCyAax, — aHruoTeHsuu I, mosumentun, xortopwiii mpe-
Bpallaercsl 34eCh B MOLIHBIH COCYIOCYXKHBAIOLINN areHT — aHTHO-
rensut II, mpumeprno B 50 pas Gosiee akTHBHBLA, yeM ero npea-
INecTBeHHHK. [Ipn NPOXOXKIEHHH 4Yepes COCYABl JIErKUX AaHTHO-
Teusnn Il ne usmensercs. dro npespalrexne KaTa/JH3upyercs
TaK HA3bIBAEMBIM AHTHOTEH3HHKOHBEPTHPYIOUHM (BepPMEeHTOM, JIo-
Ka/H30BaHHBIM B HeGOJbLIMX yraybaeHusx (caveolae intracellu-
lares) Ha NOBEPXHOCTH 3HAOTENHANBHBIX KJETOK KalWLISPOB,

MHorue Ba30aKTHBHEIE BelIeCTBA NOJHOCTHI HJH YACTHYHO
TEPAIOT AKTHBHOCTb IPH INPOXOMAEHHH Yepe3 COCYALI JIETKHX.



54 TJIABA 4

a N\

AKTUBaUVA
At A

AHrMOTEH3UH ] e AHrHOTeH3MH 1L

WrakTreaums
_—

BpagukvHnK
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Puc. 4.12. Tlpespalletnss BA30AKTHBHBIX BEIIECTB B JEIKHX. 31eCh NPOUCXO-
AMT OueHb 3(GeKTHBHAS KHAKTHBAUHA OpaJMKHHHHA, CEPOTOHHHA, MNPOCTa-
rnauaukos E u Fga; HOpPaJApeHaquH M THCTAMHH HHAKTHBHPYIOTCS JIHIIb Has
CTHYHO

Tak, 6pafuKHHHH MOXKeT WHAKTHBHpOBaTbes 3iech HA 80 % mox
neficTBHEM aHIHOTEH3MHKOHBepTHpyouero ¢epmenta. Jlerkue
CJYXKAT IVIaBHBIM MECTOM HHAKTHBAlMH CEPOTOHHHA (D-THAPOKCH-
TPHNTAMHHA), OLHAKO 9TO IIPOMCXOJHT HE B pesyJbraTe (hepMeH-
TATHBHOTO pacnajia, a NyTeM 3axBaTa M 3amacaHus. B Jierkux
CEPOTOHHH MOJKeT YaCTHYHO MOCTYNaTb B KPOBSHbIC MJIACTHHKH
WM HAKalJIHBAaTbcd KaKUM-TH00 ApyrHM crnocobom; npu anadid-
JakCcHH OH BuICBOOOKjaercs. 3JeCh HAXOAATCA TaKKe MHOTHe
depMenTsl, HHAKTHBUpYOUIHe mpocraraaniuusl Ej, Ey u Foy, 1
yacruuno (mo 30 %) saxeartwiBaercsl HopaapeHajiuu. ['ucramus,
HO-BUAMMOMY, He npeoBGpasyercs B HHTAKTHBIX JIEMKHX, HO XOPO-
110 MHAKTHBHPYETCS HX CPe3aMH.

HekoTophie Ba30aKTHBHBIE BELIECTBA NPOXQJAT 4epe3 JerkHe
6e3 Kakux-THOO CyLIeCTBEHHBIX H3MeHeHnii. K HHUM oTHOCATCS
agpesanun, npocraraaniusl Ay u A, anrunoredsud Il u Baso-
npeccun (Al). HonpoGree meraGonuueckHe (QYHKIHH JETrKHX
pas6upaoorcs B nocobusax mo (hapMakoJOrii.

Psn Ba30aKTHBHEIX BelIECTB CHHTE3MpyeTcs HUJW 3anacaercd
B JErKHX B HOPMAJbHBIX YCJOBHSIX H MOXKET BBHICBOOOXKAATHCS
B KpoBb npu nartosorud. Tak, npu anapuJakCHH MM NPUCTyTe
6pOHXHAJBHOH aCTMBI B Hee MOCTYHAT 3[eChb MHCTaMHUH, 6panu-
KHUUHH, TPOCTArIaHINHbl W MeJJIEHHO Pearnpyloliye cyOcTaniuu
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aaneprun . CuipHozeficTByIONHe OHOJOTHYECKH AKTHBHEE Be-
HI1eCTBa BHICBOOOKAAITCA U3 JIEFKHX TAKXKe NPH SMOOJIHH Jeroy-
HOW apTepHH H a/bBeOJIsiPHOH THIOKCHH.

HMmelotest TakKe NaHHBEIE O TOM, YTO JIETKHE HIPalOT ompeie-
JICHHYIO POJIb B CBEPTHIBAHHH KPOBH B HOPMaJbHBIX H IATOJO-
rHYecKUXx yc/1oBuAX. Tax, B HX HHTEDCTHLHH NPHCYTCTBYeT 6O.Ib-
moe KOJHYeCTBO TYUHBIX KJIETOK, COJAepxKalliux remapud. Hako-
Hel, JIeTKHe MOIYT BhIpaGaThiBaTh 0coOble HMMYHOIJIOGYJIMHEL,
B 4acTHOCTH, IgA; oHM BBEIZEJSIOTCS B GPOHXHAJBHYIO CJAH3b H
yuactBylot B Gopnle ¢ nndpernuell. 3HaueHHe HEKOTOPLIX MeTa60-
JINUECKHX MPOLECCOB, NPOHCXOAAIIHX B JerkuX, IIOKa HescHO,
OZHAKO COBEPUICHHO OYEBHAHO, YTO 3TH OPraHbl, NOMHUMO (YHK-
uun razoo6MeHa, BEIMOJHSAOT H ADPYrHe BaxKHBIE 3a]aUH.

D TloapoGues 06 atom cm. J. B. West, Pulmonary Pathophysiology —
The Essentials, ed. 2, Baltimore, Williams and Wilkins, 1982
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BeHTHJISMOHHO-TIep(Yy3HOHHbIE
OTHOIIEHUS

Kax cooTHOuleHue mexcoy BeHTuisyued
U KPOBOTOKOM GAUSET HA 2a3000MeH

Mpl yKe 3naeM, Kak BO3AYyX fepeMellaercs K albBeoJpio-
KanuaaspHoMy 6apbepy  OT HCTO, KaK JiblxaTe/IbHble rasbl zng-
GyHAMPYIOT Yepes 5TOT Gapbep H KAKHM 06pasoM OH OMBIBaeTcs
KpOBbIO. Dbl0 OBl eCTECTBEHHBIM 3aAKJIOYHTb, UTO €C/H BCE 3TH
nponeccul IPOMCXOAAT HOPMAJbHO, TO B JIETKHX obecrieyed noJ-
HoleHub i razoobmet. K coxazeHHio, 3T0 He Tak: 414 sthderTHs-
HOTO rasoobmena Heo6XOAHMO TaKMkKe COOTBETCTBHE BEHTHJALNWH
H KPOBOTOKAa B pasHbIX yuyacTKax Jerkux. HMmenHo Hapylledine
5TOrO COOTBETCTBHSI B GOJBILINHCTBE CJjydaeB HNPUBOAHT K HEI0-
CTATOYHOCTH Ta3000MeHa NPH JErouHbX 3a00JeBaHUAX.

B nauHOll rMiaBe MBI NOAPOOGHO PECCMOTPHM BaXKHbI (U TPYA-
Hbll) BONPOC O BJIHAHUU OTHOLICHHH MEXAY BEeHTHJsILHEeH B KPO-
BOTOKOM Ha rasoo6men. Ilpexie Bcero pasbepeM JBa OTHOCH-
TeJIbHO IIPOCTHIX NplMepa €ero HapylleHus: IUIIOBEHTHJSIHIO H
wynTHpoBanue. I10cKo/IbKY B 060HX c/y4asix BOSHHKAET runoKce-
Musi (IaTOJOTHYECKOe CHHXKEeHue Po, B aprepHabHOil KPOBH),
HeoBX0AUMO CHayaJa paccMOTpPeTh MPOIeCChl Mepenocd O; B HOp-
MaJlbHBEIX YCJOBHSIX,

Mepenoc O, u3 BO3ayXa K TKaHHM

W3 cxempl Ha puc. 5.1 BAAHO, KaK N0 Mepe nepenoca KHCJIO-
poaa u3 oKpyxKalolleil Hac aTMocdephl K MHTOXOHADHSIM, Ile OH
ucnoJbp3yercs, cHuKaercs Po,. B atMocepHOM BO3JyXe Ha A0J1I0
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Puc. 5.1. Miameneunus PO2 B npouecce MepeHoca KUCIOPoAa OT aTMocdepunoro

BO3AyXa K TKaHsM. Cnaowinas aunus COOTBETCTBYCT «HAeaJSbHBIM» YCIAOBH S,
a NYHKTUP — THOOBEHTUJISIIIUNA. BHZU]O, YTO NPH THIIOBEHTUASAUUU ysmenbumaercs
pOz B aJibBEOISIPHOM BO3AYXE, a CJIeJ0BaTeNbHO, I B TKAHAX

Py, npuxoaurca 20,93 9 obuero naBJeHHs (3a wuCKJIIOYEHHEM
RaBJeHusa BOAAHBIX napos). Ha ypoene Mopsi atmocdepnoe pas-
Jenue cocrasjfer 760 MM PT. CT., a JaBieHHe BOASHBIX NapoB
BO BJIaXXHOM BJBIXa€MOM BO3JyXe NpHu TeMiepatype Tesna 37 °C —
47 mm pr. c1. TakuM 06pasom, Po, BO BAbIXxaeMOM BO3/lyXe paBHO
(20,93/100) X (760—47) =149 MM pT. cT. (WIH OpUBIHKEHHO
150 mm pT. cT.).

Cxema Ha puc. 5.1 COOTBETCTBYeT «HIeaJbHOMY» JEerKOMY.
Buano, uro, Koraa BABIXaeMBIl BO3AYX JOCTUraer anabseod, Po,
CHHXKaeTcA npumepHo 10 100 MM pT. cT., T. €. HA OAHY TpeTb. ATo
CBA34HO C 3aBHCHMOCTBIO Po, B a/lbBEOJAPHOM BO3AyXe OT COOT-
HOLIEHHs MeX1y ABYMsi mpoueccamu: nocrymieHus O, B Kposb
JIETOYHBIX KANHJLISPOB H €ro NOCTOSAHHOPO BOCHOJHEHHS NPH ab-
BEOJIAPHOH BEHTHJIALMH (CTPOTO rOBOPS, a/bBEOIbI BEHTH/IHPYIOT-
Csl He NOCTOSHHO, a NMEePHOJAHYECKH, T. €. OT BJOXa K BIOXY; OJ-
Hako Kosebanus Po,B albBeONsIPHOM rase IPH 3TOM COCTABJSIOT
JHIb OKOJIO 3 MM PT. CT., TO3TOMY MOKHO CYHTATb BEHTHJSALHIO
noctosinnoit). CkopocTs ynajenuss O, H3 JI€FKHX 3aBHCHT OT
noTpeb/IeHns KHCJIOPOAA TKAHSIMH H B YCJIOBHAX [OKOS MeHSeTCs
nesnauurenasto. Takum o6pasom, Po, B ajbBeosax onpefesiercs
IPEUMYINECTBEHHO aJ/IbBEOJIAPHOR BeHTHJAALHEH. DTO OTHOCHTCS
W K 3Hauenuio Pco, B ajbBeoJax, KOTOpPOe B HOPME COCTABJ/IAET
npumepuc 40 MM pT. CT.
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Koraa KpoBb MO CHCTeMHBIM apTEPUSAM [OCTHraeT TKAHEBBHIX
KAIULISAPOB, KHCIOPOA AuGPYHAUPYeT K MHTOXOHIApUAM, Tie
Py, sHauuTesbHo HuXe. BepositHo, Po, B TKaHAX pa3HbIX OPTaHOB
BeCbMa pas/MYHO W N0 Kpafield Mepe B HEKOTOPHIX KJIETKAX CHH-
waercs 10 1 MM pt. cr. OfgHako B jo6oM cayyae rJiaBHbBIM 3Be-
HOM B Ii€IlH IlepeHoca KHCJOPOAa fABJSIOTCS JIeIKHe, M CHUXKeHHne
Po, B apTepuasbHOf KPOBH NPU NMPOYHX PABHBIX YCJIOBHAX MOJIK-
HO MPUBOAUTH K YMEHBLIUGHHIO 3TOro NOKasaTelsi B TKaHAX. Ilo
TeM JKe NPUUMHAM HapylIeHHe rasoobMeHa B JETKHX CONPOBOXK-
AaeTcs nopbllleHHeM Pco, B TKaHAX. ‘

TUnoBeHTHAS LU

HUrax, Po, B ajbBeosax 3aBHCUT OT COOTHOLIEHHS MEXAY CKO-
pOCTBIO YAaJeHHs KHCAOPOJAa KPOBBIO (onpeaensieMoii B CBOM
ouepelb MeTaboJMHUECKIMY NOTPeGHOCTAMH TKaHeH) H CKOPOCTHIO
€r0 BOCMOJIHEHMS NyTeM BEHTHJAUMH. 3HAYHT, NPH aJbBeOJAp-
HOll BEHTHJISIIIMM HIKe HOpMaJjbHOro yposHs Po, B asnbBeosax
nazaer, a Pco,, Ha060pOT, BO3pacTaeT. JTO COCTOSHUE HA3EBIBAET-
csi runoBeHTHIsAnKeH (puc. 5.1).

K rdnoBeHTHJAIHMH MOTYT NPHBOAHTbL TakHe BellecTBa, KaK
mopduit man O6apOuTypaThl, yrueratoumine JIbIXaTeJNbHBIH LEHTP,
NOBpeXk/eHus. TPYAHOH KJETKH, NMapajind ABIXaTEJbHBEIX MBI
B/ BHICOKOE COMPOTHBJIEHHE ABLIXaHHIO (HampuMep, NP UCHOJb-
30BAHHI OUEHDb MJIOTHOH ra3oBofi cMecH Ha GOJbUINX TIyOHHAX).
Ona Bcerja CONpoBOXaaercs nopeilienneM Pco, B albBeossp-
HOM BO3AYXE, a CJeIOBATEJIbHO, W B apTepHajbHOH KPOBH. Ha
crp. 23 NpPHBOAMJIOCH ypaBHEHHE, CBs3blBalollee aJbBeONAPHYIO
peHTuaANHI0 H Pco.:

Pco,=

COg
VA >< K *

rre Veo, — ckopocth obpasoBauust COs, Vi — asibBeoJspHas
penTHaALus, a K — Koncranra. Takum o6pa3oM, eciin ajbBeo-
AApHas BEHTHJALHS CHUXKaeTcs BHBOE, Pco, DpA IOCTHXKEHHUH
CTALHOHAPHOTO COCTOSIHUSA y/BaWBAETCA.

KosnuecTBeHHYIO CBSI3b MEXAY CHHXEHHEM Po, ¥ moBHIlle-
pueM Pco, TpH TUNOBEHTHJAINHMH MOXKHO NpPEACKa3aTb, HCXOMd
U3 YPABHEHUA (A68€0AAPHOZO 2a3a. s 3TOTO HAlAO 3HATL CO-
CTaB BJBIXa€MOro BO3JyXa M TaK Ha3plBaeMoe OTHOUIEHHE AbiXa-
qeqbpHOro obMeHa — R Y, paBHOe OTHOLICHHIO o6bemMoB 006paso-

D) B orTedecTBEHHON JHTepaType OHO 00o3HauaeTCA TEPMHHOM «Ooixas
TesbHblil  KOS(hPuyent»; ero Mnl M OyleM ynotpe6Gaate B AaJbHCHIIEM. —
Hpum, nepes,
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sapurerocst CO; u noraouensoro Q,. Kosdduunent R 3aBucur
OT OOMEHHBIX NPOIECCOB B TKAHAX B CTALMOHAPHBIX YCJIOBHSAX.
B ynmpomenHom Buie ypaBHeHHE aJbBEOJISPHOTO rasa BHIIVISLAHT
caeayrouM obpasom:

pA
pAOZ = p[02 - ‘-——RC& + F,

raie F — ne6oabwoil nonpagounnii uned. M3 storo ypabHenus
BHAHO, 4TO ecau R cocrasaser 0,8 (kak B HOpMaJbHBIX YCJIO-
BHSIX), TO yMeHbllleHue Po, NPH rHNOBEHTHAALHH JOJKHO ObITh
HECKOJbKO O00JbIINM, 4eM NoBHilleHHe Pco, [loJaHOCTBIO 3T0
ypaBHeHHe NPHUBEAEHO B NPUJIOKEHHH.

[lpu runosenruniamuu Po, B anbBeosisipHoM BO3AyXe M apTe-
pHaJbHO# KPOBH BCceria CHHXaercsl. Mck/awueHHe COCTaB/IAIOT
JIdIIb T€ CJy4YaH, KOTAa YeJOBEK ABIIHT Ta30BOH CMechlo, 060-
raileHHoil kucjaoponaom. Ilpu atom ysennuenue comepxkanus O,
BO BLBIX2€MOM BO3JyXe JIerkO KOMIIEHCHDYET CHHXXeHHe 0O6LLero
00beMa BEHTHJISIIHH.

[lpn BHesannom yBennuenuy a/ibBeO/isiPHON BEHTHNALHH (HA-
npuMep, IPH NPOH3BOJbHOH THIEPBEHTHJSLHH) CTAUHOHAPHOE
COCTOSIHHE, COOTBETCTBYIOUlee HOBBIM 3HaueHHsM Po, H P co
B a/1bBE0JIaX, MOXKET YCTAHOBHTLCS Yepe3 HeCKOJbKO MHHYT. DTO
CBA34HO C HAaKOMJIeHHWeM JblXaTe/bHHIX [a30B B oprasuaMe. [a-
konsnenHoro CO, HaMuoro GoJblie, uem Oy, TaK KAk 3HAYATEJ b-
HBle KOJIMYECTBA YIVIEKUCJIOro rasa 3amnacalorcs B suie Oukap-
G0HATOB B KPOBH M HHTEPCTHLHAJBHOH MKHAKOCTH (CM. IVI 6).
B pesyabrate Pco, B a/1bBe0JsipHOM BO3AyXe JAOCTHIA€T CTAIMO-
HapHOTO COCTOSIHUS [O3XKe, H NpPH THIEPBEHTHJIANHR BO BpeMs
HEePexoJHOrO pexX¥Ma ABIXaTeJbHbIH K03(hDUIHENT BHABIXaeMOro
BO3Ayxa MOKeT ObTb AOCTaTO4HO BeuK (CO, «BEHIMLIBAETCA» H3
sanacos). Ilpu runosenTuasinun nabiaionaercs obpaTHoe.

Ruddysus

HMs puc. 5.1 BHAHO, 4TO B «HieaNbHOM» JerkoM Pg, B apre-
pHasibHOH KPOBHU JLOJIKHO OBITb TAKHM JKe, KaK H B aJbBEOJAPHOM
Bogayxe. Oxanako mpakrtuueckd 310 He Tak. OAHA H3 NpPHUMH
3aKJIOYAETCA B TOM, uTO, X0Tst Po, B Kamunispax no mepe mpo-
XOXJeHHUs 4epe3 HUX KPOBH CTaHOBHTCA Bce OsiHXKe K Po, B aJb-
Beosax (puc. 3.3), 5TH BeJHYHHBEl BCE-TAKH HUKOTAA He CPABHH-
BaloTcsA. B HOpPMaJIbHEIX yc0oBHAX pasuuua B Po, MeXIy ajbBeo-
JAPHBIM BO3JAYXOM H KPOBbIO JHCTAJNbHBIX KOHLOB JIETOYHBIX
Kanu/JIapoB, 06yc/OB/eHIas HenoaHol Anddysuedl Kucaopoxa,
upe3BhYafiHO MaJsa, OJHaKO Ha puc. 5.2 Bce Xe HoKaszana, Kak
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Puc. 5.2. Cxema nepesoca Op oT aTmochepHoro Bo3ayxa X TkaHam. Buawo,
yro HemosiHasg AudGYSHA M HATMYHE UIYHTOB OPHBOAST K CHEXeHuio P,

B aprepuansHoll kpoBu (mo J. B. West: Ventilation/Blood Flow and Gas
Exchange, ed. 3. Oxford, Blackwell, 1977, c usmenenusmu)

yKe FOBOPHJIOCH, OHA MOXKET YBeJHMYMBATbLCS TPHU JBIXAHHI [a30-
BOH cMechbl0 ¢ HH3KHM cofepxkanueM O, (pmc. 3.3, 5).

IIyHTBI

Eule oasa npuunHa Ttoro, uto Po, B apTepHaJbHOH KPOBH
MeHblIle, 4eM B aJbBEOJSIPHOM BO3JyXe, 3aKJI0O4aeTCsl B HaJHUUH
COCYMMCTHIX wynTo8. Ilo] HMMHM MOHHUMAIOTCS COCYABI, Hecyliike
KPOBb B apTepHaJbHOE PYCJI0 B 00XO0J BEHTHJIHPYEMBIX y4aCTKOB
nerkux. B HopMme LIYHTAMH ABJAIOTCH OPOHXHMAAbHLIE apTepuu:
yacTh NpUTEKAlOUlefi MO HHM KpPOBH OMBIBaeT OpPOHXH, Tepsier
KUC/JIOPOR M 3arTeM TOCTyNaeT B Jerounble Benbl. Eme oaHuM
eCTeCTBEHHEIM HIYHTOM CJIy:KaT Te0e3HeBbl BeHbI, MO KOTOPbIM
HeBoJIbIIOE KOJHYECTBO BEHO3HOH KPOBH U3 KODOHADHOro pycaa
cOpacbiBaercsl HEMOCPEeACTBEHHO B MOJIOCTb JIEBOTO KeJyLOouKa.
IMpumeninBanue Takol o0eHEHHON KHCJIOPOAOM KPOBH IPHBOLHT
K CHHXKeHHIO apTepHaibHOro Po,. ¥ 6G0MBHBIX ¢ NIOPOKaMH cepala
BEHO3HAas KPOBb MOXKET CMEIUHBATLCS C apTepUaJbHOA H 3a cuer
[ATOJIOTHYECKOrO coobileHust MexXay NpaBofl H JIeBOH INOJOBHU-
HaM# 3TOrO opraia.

Korpa mo 1yHraM B KPOBb, OTTEKAIOUWLYIO OT JIErOYHBIX Ka-
OHJJISIPOB, HOCTYNaeT cMellaHHAas BEHO3HAsl KPOBb U3 JIETOUHBIX
aprepui, MOMKHO BBIYHC/IUTb BEJHYHHY IIYHTOBOIO KDPOBOTOKA
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Puc. 5.3. Hamepenne wynrosoro kposoroka. KoduueeTso KHC/I0pOJa B up-
TEPHATBHON KPOBH PaBHO CYMME €rg KOJAMYeCTB B KalHWMIAPHOH KPOBH H
B KpoBY, oTTexalowell no wyntam. Togpo6uee cm. B Tekcre

(puc. 5.3). CymmapHnoe xonnuecrzo O, B KPOBH, OTTeKalollel OT

JIETKHX, PABHO NpOH3BeleHHIo 06lero KpoBotoka Qr Ha KOHMeH-

Tpauuio Oy B aprepuaJdbHOil KPOBH Cap, H ONHOBPEMEHHO CyMMe

kosuvects O, B LIYHTHPYEMOR KPOBH (Qs X C;O ) U B KPOBH KO-
. 2

HEUHbIX OTPE3KOB JIEOUHBIX Kanuanapos (QT — Qs) X C/. Or
Oy
clona

QX Cag, = (Qs X Cg )+ (Qr — Qs) X Cer,,
Hocne npeoGpasosanus noayuaem
Qs Cyp,—C

302

R L‘702

Kouuentpauuio O, B KPOBH KOHEUHBIX OTPE3KOB KN/ POB
COLIYHO PACCYHTHIBAIOT HCXOAS U3 Po, B aJibBeo/sipHOM BO3/yxe
H caTtypaunoHHOd KpHBO#l Oy (cM. ri. 6).

Eciu xounentpanus O, B Texyweil no uyuram KPOBH He Ta-
Kasi, Kak B CMEWANHOH BeHO3HOH (Hanpumep, koraa IIyHTamu
CJyXKaT GPOHXHA/bHbIE BEHL), TO HCTHHHYIO BEJIHYHHY UIYHTO-
BOTO KPOBOTOKa OGHIYHO BEIMHCIMTL Hedp3s. B 10 e spems
YaCTO PACCUMTLIBAIOT €r0 «yCJOBHBIHS ypPOBEHb, T. €. TaKOil, KO-
TOpHA HalbJaoaancs Obl, ecaH Obl CHHXKeHHe KoHuentpanun O,
B apTepHaNbHOA KPOBH ObLI0 00YC/I0BAEHO NPHMECHIO CMellaHHOR
BEHO3HOM.

Baxuoe ciencTBie MIYHTOBOrO KPOBOTOKA 3aK/I0YAECTCS B He-
BO3MOMKHOCTH yCTPAaHHTb THIOKCEMUIO Biuixanuem 100 9 O,,
Heno B TOM, 4TO 10 LIYHTaM KPOBb TeUeT B 06XOJ BEeHTHJIHDYe-
MbIX aJ/IbBE€OJ H, €CTeCTBEHHO, HE€ KOHTAKTHPYET ¢ 60raTbim
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Puc. 5.4. Hanmuune wyHTOB npHBOAHT K cHEmenuo Pgo, B aprepuanibHOl

KPOBH JlaXe DM ABIXQHMH YHCTHIM KHC/IOpOAOM. IIpumeninpanue HeGO/bLIMX
KOJIMYECTR «IYHTOBOIi» KPOBH € HH3KOH KomueHTpaimedn Op compoBoxcnaerca
3HAYNTEJBHEIM yMeHbinennem P, aprepuaibHO KPOBH, TaK KaK CaTypaluoil-

nast kpuas Op HAET NOYTH TOPH3OHTAJBHO

KHCJIOPOAOM aJsibBeoJsApHbIM Bo3ayxom. ITosromy ee npumeuin-
BaHue cumkaer Po, aprepuajpHO# KpOBH. B TO XKe BpeMms npu
IBIXAHHY UHCTHIM KHcaopoaoMm Po, B aprepuajibHOH KpPOBH Bce-
TaK{ HECKOJIbKO HOBHIIIAETCS 32 CHET AONOJHHTEJNBHOIO IIOCTYII-
genns Op B KPOBb KANWJASIPOB BEHTUIHPYEMBIX YYaCTKOB JIeTKHX,
Béapiiasg gacthk 31010 «Aob6aBouHoro» O, He CBA3aHa € reMorVo-
6UHOM, 4 pacTBOpeHa B I1asMe, TAK KAk NpOTeKawomias uyepes
BEHTHJUPYEMble aJbBEOJIB KPOBb yXe B OOBIYHBIX yCJIOBUAX NpaK-
THUECKH IIOJHOCTHIO HACHILEHa KHCJAopoAoM (cM. ra. 6). Jeixa-
uue 100 % O, — oueHb UYBCTBUTE/IbHBIH TECT Ha HaJHYHE HIYH-
TOB, HOCKOJIbKY, KOTZa Pg, BBICOKO, HeGOJbllIOe CHHXKEHHe KOH-
UeHTPAUHH KHCJOPOAA B aprepuajbHOil KpOBH MOKeET OBITb
NPHYNUHON 3HAYHTEIBHOTO NafeHHsaPo,. IT0 0ObsACHAETCS TeM, YTO
carypanuoHHasi kpuBasi Oy B 06s1acTH BRICOKHX P o, npakTuueckn
ropusoHTajbHa (pHC. 5.4).

Hannuue LIYHTOB OBBLIYHO He HPHBOAUT K NMOBBHILIEHHIO Pco,
B apTepdajibHOA KPOBH Aaxe B TOM cJyyae, €C/JIH TeKyllas Mo
HuM KpoBb Gorata CO,. DTO CBA3AHO C BHICOKOH YYBCTBHUTE/b-
KOCTBIO LEHTPAJbHBIX XeMODeLeHNTOPOB K MaseiliieMy MOBLILIe-
Huo Pco, B apTepuasnbHo# kKpoBH. Mx B030yxieHHe IPHBOAUT
K YCHUJIEHHIO BEHTHJIALHH JerkuX. [Ipu atom Pco, B KpPOBH, mpo-
TeKalolllell MO OCHOBHBIM IUYHTOBBIM COCYAaM, CHHXKAeTCs A0 TeX
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nop, noka Pco, B apTepua/ibHOA KPOBH HE CTAHET HOPMAJbHLIM.
BoJee Toro, y HekoTophix GOJIbHEIX ¢ NATOJIOrHYECKHMU IIyHTAMH
NOC/eHUA TOKa3aTe/lb NOHMWIKEH, TaK KaK [HIOKCEMHs CTHMY-
JUPYeT AbiXaTeJbHBIH HeHTp (cM. rJ. 8).

Beutunsiuuonno-nepy3nonHce OTHOUICHHE

o cux mop MBI paccMaTPUBAJUd TPH BO3MOMKHBIE NPHUMHH
FHIIOKCEMHUH: THOOBEHTH/ISALHUIO, HapylleHue [udQy3un H HaJHune
urynToB. OfHAKO CYL[ECTBYET elife OJMH MEXaHu3M ee¢ BO3HHKHO-
BeHHS — HEPABHOMEPHOCTL BEHTHJAIHOHHO-TIEPHYIHOHHOTO OTHO-
wenus. On BCTpeyaercst yamle APYTHX H B TO Ke BpeMs Hau6o-
Jiee TPyAeH /s BOHMMaHus. [leso B TOM, UTO, €CAH BEHTHJSIHS
H KPOBOTOK B PAa3HBIX OT/Ae/]ax JErkKHX He COOTBETCTBYIOT APYr
Apyry, Hapyuiaercsa nepesoc kak Oz, tak u CO,. Jlaa nosuma-
HHSl 9TOTO SIBJIEHHA OYeHb BAXKHO 3HATH YTO TAKOE BEHTHJSLHOH-
HO-ep(Yy3HOHHOE OTHOLIEHHE,

PaccmoTpuM Mofenb (yHKIHOHAJBHONH eIHMHHIBI JIETKHX
(puc. 2.1}, B kotopoii morsouenne O, HMHTHPYETCA pacTBOpe-
HHEM B BOJe Kpacku (p#c. 5.5). Hepes «Jjaerounyio eruuumy»,
KyJla NOCTOSIHHO HOJACHIaeTcs NMOPOLIKooOpasHasi kpacka (aua-
Jgor nocrynyiennss O, TPH BEHTHJAALHH), TaK e MOCTOSHHO npo-
TeKaer BOAa (aHaJjor Toka KpoBH, yHocsuiero Oy yepes Jerounble
kanuaaspel). Comep:KuMOe <«eIHHULBI» IepeMellnBaercst ¢ Io-
MOWIbIO MeLIAaJIKH; B PeajbHOM JIEPKOM 3TOMY COOTBETCTBYET

Cropocts poBasnerus £
nopowxa V

KoruerTpauva
Kpackn V/Q

T
Pacxoa

Meuwsanka

Puc. 5.5. Mogeab «pYHKUHOHAMLHON eIMHHLLIS JEIKOr0, OGDBSICHsSOMAs BIIHS-
HHE BeHTHJIAUMGHHG-NEPYSHOHHOIO OTHomer#s Ha Po.s  xpacka jpo6ap-
JAeTC B KaMepy co cKepocthio Vo (aHaaor BEHTHWSALUH) M YAAJSeTCs u3
Hee €O CKoOpocThi0 Q (amantor Kposoroxa). KoHueHtpauuss Kpacku (amasor
Py, B anbBeogaphoM Bosfyxe) pasHa otHomenuio V/Q (J. B. Wesi: Ven-
tilation/Blood Flow and Gas Exchange, ed. 3. Oxford, Blackwell, 1977)
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au¢dysus razos. [naBHEf Bompoc, TPeOyOIIHA OTBETA, CAEAYIO-
mui: oT uero 3aBUCHT cojepxaunne kpacku (Og) B «rerouHo
eIMHIILEe> H, CJef0BaTeJbHO, B OTTeKaollell Boje (KpoBH)?

CoBepIIeHHO ACHO, UTO KOHILEHTPallusi KPACKU B OTTeKalollel
BOde 3aBHCHT K4K OT CKOPOCTH TOCTYIJIeHHs NOpouIKa (BEHTH-
ASILHM), TAK H OT CKOPOCTH TOKA XKHJKOCTH (pacxona KPOBH),
T. e. onpelejsercs OTHOUIEHHEM 3THX ABYX ckopocrteil. MubimMu
CIOBaMHM, €CJH TOPOLIOK A06aBisieTcst co cKopocTbio V r/MuH,
a BOJA TeyeT ¢ pacxoaoM Q J/MuH, KOHLEHTPAIHS KPACKH B «JIe«
FOYHOH eLHHHLE» U OTTeKawuel Boje cocraBuT V/Q r/iL.

Touno Tak e KOHIeHTpauus (HJAM TOYHEe mapluajpHOe AaB-
aenne) O, B JIOGOM yuacTKe JIETKHX 3aBHCHT OT OTHOLIEHH:A
MeKJy BeHTHJsIHER ¥ KPOBOTOKOM, DTO Kacaerca He TOJbKO 0O,,
#o takxe CO,, Ny 1 J1000r0 APYroro rasa, ecjau CojepxaHnue ero
B Bo3Jyxe moctosHHO. KMeuno nostomy BEHTHJSILLHOHHO-IepdY-
3[OHHOE OTHOWIGHHE WIrpaerT KJIOUEBYIO pOJib B JIETOUHOM raso-
obMmene.

MocaeacTBUsE M3MEHEHHH BCHTHIALHOHHO-NEP(Y3HOHHOTO
OTHOLIEHUS B (PYHKUHOHAJALHOH efuHULE JeTKHX

Tenepb paccMOTPHM, KaK BJHAIOT H3MEHEHHS BEHTH/ISLHOHHO-
nep(py3HOHHOTO OTHOLIEHHS B <«JIErOuMoil eIHHHUE» Ha razoo06-
men. Ha puc. 5.8, 4 nouseneust suavenust Po, u Pco, A1 ciy-
yas, KOTJAA 9TO OTHOUleHHe HOpMaJtbio (7. e., okoso 1). Po, BO
BAbIXaEMOM BO31yxe paBHo 150 mm pt. ct. (puc. 5.1), a Pco, —
npakTuueckd 0 MM DT. ¢T. B cMentanHofl BeHO3HOH KDOBH, MOCTY-
nawolleil K jerkuM, Po, papuo 40 MM pt.cT., a Pco, — 45 MM PT. CT.
Yposeus Po, B ajabseosax — 100 MM PT. CT. — YCTAHABJIHBAETCS
B pe3y/ibTaTe AMHAMUUYECKOrO PABHOBECHA MEXIy NOCTYI/eHHeM
0, 3a cueT BEHTHJSUAN H yAaJeHHEM €ro C KPOBOTOKOM. Sivii'e
JKe ofpe/elsercs 34ech U HOPMAJbHOS 3HAUEHHE Pco, — 40 mm
pT. CT.

[1peAnosoxuEM TEnephb, 4To BEHTHJISIIIHOHHO-TTep(PYy3HOHEOE OT-
pollleHHe HOCTENSHHO YMEHbIUAeTCA 3a CUET CHHXKEHHS BEHTHJs-
UH{ NP MOCTOSNHOM KPOBOTOKE (puc. 5.6,5). fcno, uto Po,
B gerounoll exnuuie 6yaeT nanath, a Pco, — NOBBIIATLCSA (XOTS
KOJHUECTREHHBIE COOTHOMRHUA MeXAy H3MEeHEHHIMH 3THX BeJH-
GHH He CTOJb OUYeBNINL, KAk KaXKertcs Ha nepBblii B3rasn)'.

) VpapueHHE AJbBCOJADHOTO raza B JANNCHM Clydae HEMPHMCHUMO, TaK
KaK ABXATEJbIHl Ko3hMUILEHT HE NOCToRHel. 350Ch CAEAYET HCHOJAB30BATh
TaK HasLBaeMoe ypanielhe RENTHASILHOHIO-TIEePHVIHOHHOIO OTHOEHHH:

Va c, —C;
_é_ =863 XRX %0y Y02

PACOZ
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0, == 150 MM pr.cT,
€O, =0

A l
0; = 40 0, =100
€O, =45 0,=40] CO:=40

X

CO, =45
O 0 Hopma
TloxwxkeHue flosblienme
Va/a Va/Q

Puc. 5.6. Brusune uaMeHeHuii BeHTHIANHOHHO-NEP(YIHOHHOTO OTHOMEHHS HA
Pg, u Pcozﬁ ¢dyuxunonaneHoli enuuuue nerkoro (J. B, West: Ventilation/
Blood Flow and Gas Exchange, ed. 3. Oxford, Blackwell, 1977)

JIerko MOXHO MOHATH, YTO NPH NOJHOM NpPeKPaLleHHH BeHTHJIS-
UHH  (BEHTHJALHOHHO-NeP(hY3HOHHOE OTHOUIEHHE PaBHO HYJIIO)
Po, 1 Pco, B a/1bBe0ssipHOM BO31yXe M B KPOBH KOHEYHEIX OTpe3-
KOB KaNW/IspoB OyAyT TAKHMH XKe, KAK H B CMEIIaHHO!H BEHO3-
HOH KPOBH (Ha caMOM JleJle YYaCTKH JIETKUX, B KOTOPHX IpeKpa-
HmiaeTcd BEHTWISLMA, CNAJAOTCH, OAHAKO 3TO IIPOHCXOAMT HE
€pasy, ¥ MOITOMY 3/€Chb Mbl 3TOrO Kacarbcsi He OymeM). Heo6xo-
AMMO NOAYEPKHYTH CleNlaHHOe HaMH AONYIIeHHe: IPOIeccHl, npo-
HCXOAsAIHEe B OLHOH JIerOYHOH eAuHHIe (a4 TaKHX eJHHHI OrpoM-
HOE€ KOJIHYECTBO), He BJIHAIOT HA COCTAB CMeLIAHHOH BEHO3HOM
KDOBH.

Paccmorpum o6paTHEIf ciyuail: BeHTUASHHOHHO-MePhY3HOH-
HOe OTHOLIeHHEe MOCTENEeHHO YBEJHYHBAETCS B De3yJbTaTe mepe-
KPbIBaHUSI KpOBOTOKa (puc. 5.6, B). Tenepp Po, Gyner noswl-
mwathesi, a Pco, — CHHXKATbCA, H NPH TOJHOK OCTAHOBKE KPOBO-
TOKa (BEHTHJ/IALHOHHO-eP(PY3HOHHOE OTHOUIEHHE CTPEMHTCA K
6eCKOHEUYHOCTH) 5TH NOKA3aTeNH CTAHYT TAKHMH K€, KaK H BO
. BIbIXaeMOoM Bo3ayxe. Takum o6pasoM, NpH H3MEHEHHH BEHTHJA-

LHOHHO-NeP(Y3HOHHOTO OTHOIIEHHS MApIHaJbHHE AABJAEHHS ra-
30B B JIETOYHOH eAHHHLE NPHUOJUKAIOTCA K CBOHCTBEHHHIM JHGO
AJst  CMEHIAHHOH BEHO3HOH KpoBM, JaH6GO JAJAs8 BABLIXAEMOLO
BO3/Jyxa. ‘

Bce 3tu caBurum yno6HO NPOHIIOCTPHPOBATb TPadHKOM
0,—CO, (puc. 5.7). Ilo ocu a6eunce orkaaawiBaioT Po, a no
ocH opAHHAT — Pco,. Touka A cooTBeTCTByeT HOPMAJbHOMY cO-
craBy aJjbBeoasipHoro rasza (Po,= 100 MM p1. c1.,, Pco,=

3 3ak, 782
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Puc. 5.7. Kpupasi BEHTHIALHOHHO-Iep(hY3HOHHOIO OTHOINEHHS, TNPENCTABJEHs
Has rpadurom 3aBucuMmoctH Oz — CO,. Ilpu yBesuueHHH BEHTHJISIHOHHO-NEP«
{ysuonnoro orHowenus 3Hauenus Py, u Pco, cMemlawTes BAOAb KPEBOH

OT TOUKM CMEIIAHHOW BEHO3HOH KPOBH V K Touke Bipixaemoro rasa I (cm.
s cpaBHenusi puc. 5.6) (J. B. West: Ventilation/Blood Flow and Gas
Exchange, ed. 3. Oxford, Blackwell, 1977)

=40 MM p7. cr.). Eciu MBl mosaraeM, 4To B KOHEUHHIX OTPe3Kax
KAMHJJISIPOB KPOBb MO 3THM TOKa3aTeNsM [OJHOCTbIO ypaBHOBe-
LIMBAETCA C aJbBEOJAPHEIM Bo3AyxoM (puc. 3.3 u 3.5), To Touka

‘A cooTBeTcTBYyeT M OTTeKamlle#dl oT aapseon Kpopu. Touka v
OTpaxKaer coCcTaB CMeHNIanHoH BeHo3HOH KpoBu(Po,—~ 40 MM pT.CT.,
Pco,= 45 MM pr. cr.) (ueprouka Han OyKBOI «v» O3HAHAET, YTO
pedyb HAET O «CMeMIaHHO», «ycpelHeHHOH» Beauunne). Haxo-
Hel, Touka I coorBercTByer BABIXaeMomy BO34yXy (Po,==
= 150 mMm pr. cT., Pco,=0). Buano, uro y srtoro rpaduxa
MHoro ofiero ¢ puc. 5.6.

Kpusas, coenuusiomas Touku v, A u I, orpakaer uaMeHeHua
B COCTaBe a/IbBEOJIIPHOTO BO3AyXa (M OTTEKalomiell OT aJbBeoJ

KPOBH), NMPOUCXOAsIHE TPH CHHXKeHHU (0T A 10 V) HJIH TNOBH-
mennn (ot A po 1) BeHTHNANHOHHO-Nepdy3HOHHOTO OTHOLIEHHS.
Dra KpHBas ONHCBIBAET BCEe BO3MOXKHBIE CHTYallMH B JIeTKUX,
KOTJla COCTaB BABIX2eMOTO BO3LyXa COOTBeTcTBYeT I, a2 cMmemwaH<

HOM BEeHO3HOH KpoBH— v. Tak, B anbBeojsax HHUKOrJAa He ycra-
HoBsITCSL Po,=70 MM prt. CT. u Pco,= 30 MM PT. CT., IOCKOJb-
Ky 9Ta TOUKa HE JIEKHT Ha MOCTPOeHHOH KpuBOH. B TO XKe BpeMms
HofoGHBIH COCTaB aJIbBEOJIIPHOTO BO3AYyXa MOKeT HabJofaTbCs
IPH H3MEHEHHH COlepIKaHHs ra3oB B CMelllaHHOR BEHO3HOR KPOBH
HJH BJBIXaeMOM BO3fyxe, T. €. ecau kpuBasi O;—CO, cmecTuTCs
H NPOHAET yepe3 COOTBETCTBYIOILYI) TOUKY.
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Pernonapubiii ra3oo6meH g Jerknx

Biuanne BeHTHJALHOHHO-N@DP(Y3HOHHOrO OTHOIUEHHS B Je-
TOYHBIX eHHHIAX HA ra3000MeH XOpOIIO BHAHO Ha IPHMepe pas-
JIHYHA <0 BEPTHKAJNH» B JIEKHX CTOSIUIEro uenoBeka. M3 1. 2
H 4 (puc. 2.7 u 4.8) MHl y3HaJH, YTO B HANDPAaBJEHHH OT HX Bep-
XylleK K OCHOBaHHSM BEHTHJSLHSA NOCTENEHHO YBEJIHUHBAETCS, HO
B ropasjio GoJblied creleHH BO3pacTaer KpOBOTOK (puc. 5.8).
CuefoBaTesbHO, B 061aCTH BepXyluek (rie KPOBOTOK MaJ) BeH-
TH/IAAIIHOHHO-NEP(Y3HOHHOE OTHOLICHHE BBILIE HOPMAJbBHOTO, a Y
OCHOBaHMH ropasao Huxke. Temeps, ucnoassys gpusyio O;—CO,
Apuc. 5.7), MOXHO mnpOaHaNH3HPOBATH, KAK 3TH DPErHOHAPHbBIE
Pas/iuunsl BEHTH/SALHOHHO-NEePPY3HOHHOIO OTHOLIEHHS OTpaXka-
IoTcs Ha rasoo0OMmeHe,

Ha puc. 5.9 n3o6paxeHo Jierkoe HaxoAIIerocs B BePTHKA/b-
HOM TOJIOXKEHHH 4Ye/I0OBEKa, Yepes KOTOpOe HAa DPAasHBIX YPOBHAX
IpoBeJleHH BOOOpaXkaeMble FOPH3OHTAJbHBIE «cpe3bly. Kaxpuwil
YPOBEHb XapaKTEPH3YETCsl ONpeeNeHHBIM BEHTHIIALHOHHO-TIepdy-
SHOHHBIM OTHOUICHHEM, T. €. COOTBETCTBYIOIIEH TOYKOH HAa KPHBOK
0.—CO,. 117 Bepxyllek JerkHx, rie BEHTHISAUHOHHO-TIEPDY3H-
OHHOE OTHOILIEHHEe BBICOKO, 3Ta TOYKA CMeLIeHa MO KPHBOH BIpa-
BO, a 1A OCHOBAHHH — BJEBO (CM. AJSl cpaBHeHHst pHc. 5.7).
SlcHo, uTo anmbBeossipHOe 3Hauenne Po, CBepPXy BHH3 pesko ma-
Aaer, rtoraa Kak Pco, 3HauuTeNbHO MejJIeHHee IIOBBIIAETCS.

0151 n/mui+ % obsema
neroyHol TKaHK 13
VA/ Q
Kposotok
D10
. 42
Vall
Berthnayus
0,05 - dq
6
OcHoBaHuA 1 I'-Iomepl pe p? ! | Bepxyuikn
5 4 3 2

Puc. 5.8. Pacnipesienienne BeHTHW/ALUHM H KPOBOTOKA B JErKoM 4Ye/lOBeKa B
BEPTHKAJBHOM MHONOXKeHHH (CM. HJs cpasHenust puc. 2.7 u 4.8). Bugmo, urto
CBepXy BHH3  BEHTH/ISHHOHHO-NEPQY3HONHOE  OTHOWIEHHE  YMeHbUIAeTCH
(J. B. West: Ventilation/Blood Flow and Gas Exchange, ed. 3. Oxford,
Blackwell, 1977)

3*
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Puc. 5.9 Bansnuge HepaBHOMEDHOCTH BEHTHJSIUOHHO-NEP(PY3UOHHOrO OTHOMCs
wus  (cM. puc. 5.8) Ha rascobmen (no kpmpoii Op—COQOg oM. puc. 5.7).
BHAHO, YTO BERTHHALMOKHO-TEP(Y3ROHHOE OTHOWIEHHE B obnacTn BepXyMex
MerKHx BeNHKO, NMosToMy P, snech Bricokoe, a Pgo, Huskoe B HUXKHEX

oTaenax Jerkux kKaprupa obpaTsas (J. B. West: Ventilation/Blood Flow
and Gas Exchange, ed. 3. Oxford, Blackwell, 1977)

Ha puc. 5.10 npuBeneHsl KOHKpeTHBle HH(PbI, COOTBETCTBYIO-
mue puc. 5.9 (ecrecTBeHHO, 3TO JIMIUb yCpeJHeHHBIE 3HAYEHHA,
Tak KakK Halla HeJb— O0CYAHTb MNPHHIKINHKAJbHEE BONPOCHI
razoo6Mena; GaKTHUECKH )Ke HHAHBHAYaJbHble KOJeOaHHA MOTYT
6LITH HOCTATOYHO UIHPOKH). OTMETHM, BO-NEPBHIX, u4TO 00beM
«Cpe3a» JIErKUX B 06JIaCTH BepXylleK MeHbIHe, YeM y OCHOBaHHUi.
BepxyllIkd BEHTHJIHPYIOTCSA XYyKe OCHOBAHHM, HO PA3JIAYUA MEXAY
HIMH B KPOBOTOKe elle Gosiee Bhipaxenbl. BeaeacTsne aT0ro BeH-
THASLHOHHO-ep(Y3HOHHOE OTHOUIeHHe B JErKHX CBepXy BHH3
yMeHbLIAeTCsl H COOTBETCTBYIONIMM 06pa3soM H3MeHseTcs razoo6-
Men. BaxkHo oTMeTuTb, uT0 Po, B BEPTHKAJbHOM HaNpaBJEHHH
u3MensieTca npuMepHo Ha 40 MM pT. cT., a Pco, — ropasfio Mesb-
we (BO3MOXHO, TyGepKyjes y B3POCJHBIX uallie MOpa)KaeT Bep-
XYLIKH JerKHX HMEHHO NOTOMY, 4TO Bhicokoe Po, cosiaer Gaa-
rONpHSITHYIO Cpely ANA PasBUTHsl BO3GYIHTENs); MOCKOAbKY 06-
jfee NaBJeHHE aJbBeOJIIPHOro rasa BO BCEX YYaCTKax JErkux
JAOJKHO OBITb OOMHAaKOBO, Pn, KOMIEHCHPYET BO3HHKAIOULYIO
pasuuny.

" Peruonapueim pagauuusam B Po, u Pco, B aabBeosax coOT-
BETCTBYIOT M HEOJAHHAKOBblEé KOHIEHTPALMH 3THX Fa3oB B OTTe-
Kamouieli OT aJabBe0J KPOBH, HoJiyuaeMble H3 COOTBETCTBYHOLINX
CaTypalMOHHLIX KPHBHIX (cM. ri. 6). Puc. 5.10 nokasbiBaer Tak-
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Puc. 5.10. PernonapHule pu3inuus B rasoo0MeHe B HOPMAJbHBLIX JIETKHX,
Jis 1pocToTH NpUBeAeHH UMGbPH TOMBKO S BEPXYMEK M OCHOBAHKI 3

Xe yAHBHTEJbHO KDYTOH <«BepTHKAaJibHHIHA» rpaguent pH B Jer-
KUX, 00ycJaoBJIeHHbLIH 3HAUYHTEJbHBIM H3MeHeHueM Pco, KpOBH,
MHUHHMaJIBHBIA BKJaJl BepXYHIEK JErkKHX B o6liee MOIJVIOLIEHHE
O, MOXHO cBf3aTb IJIaBHEIM 06pPasoM C OueHb HH3KOH 37eCh
BeJqnUMHOH Kposoroka. Pasmuums xe B Bogenenun CO, Bhipa-
XKeHH ropasfio MeHee, TaAK Kak OHO B OOJblleH CTemeHH 3aBUCHT
OT BEHTHJALHMH. B pesysabrare awixaTelbHbl#l Ko3(pduIHEHT (BHI-
menenne COg/morsomenne Oy) B 06JacTH BepXYIIEK BhIlle, yeM
y ocHoBaHuH. [Ipn Harpyske, Korfia KpOBOTOK B JIETKHX pacrpe-
messiercss 6oJiee pPaBHOMEDHO, yuacTHe BePXYIUIeK B IOTJIOUIEHHH
KHCJIODPOAAa CTAHOBHUTCS 3aMeTHee,

Biusinue HepaBHOMEPHOCTH BEHTHJISLLMOHHO-NIEP (PY3HOHHOIO
OTHOLIEHHWS Ha oGIHil JeroyHbld ra3oooMeH

PernonapHele pas3inuus 8 razoo6MeHe, pacCMOTpedHble Bhlllle,
6e3yc/10BHO, OU€Hb HHTEPECHBI, OJHAKO JJS OpPraHH3Ma B LEI0M
BaxHee TO, KaK COOTHOLIeHHe BEHTHASIUMH H Nepdy3uu BIHsET
Ha o6uiuii razoofMen B JETKHX, T. € Ha HX CNOCOOHOCTH MOLJIO-
aTh KHCJAOPOA H BBHIAEAATbH YyrJyeKHcabld ras, O4yeBHAHO, UYTO

i
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KOTAa paBHOMEPHOCTb BEHTHIALHOHHO-NEPPY3HOHHOTO OTHOMIE-
HHS HapylleHa, JerKHe IOPH NPOYHX PABHLIX YCJIOBHAX HEe MOIYT
OCYLIECTBJATh 3TH (YHKIHH CTOJb Xe 9 (eKTHBHO, KaK B yCJIO-
BHSIX COOTBETCTBHSI BEHTHJANHH KPOBOTOKY. IpyrHMH CJIOBaMH,
NPH OAHOM M TOM XK€ KOJHYeCTBE IEePEHOCHMBIX AbIXaTeJbHBIX
rasoB B JIerKHX C HepaBHOMep-
Pp, =101 Mmpr.er. HOCTBIO BEHTHJIALHOHHO-TIED-
(hy3HOHHOTO OTHOMIeHHs! (ONATh
e [pH OPOUHX PaBHBEIX YCJO-
BUAX) Po, B aprepuajnHOi
Kposu Oymer Huxe, a Pco,—
BhHiIIE, YeM B HOpMe.

Ilousite, HOYeMy B JIEFKHX C
HEPABHOMEPHEIM BEHTHJSAIHOH-
HO-TIep(}Y3HOHHEIM OTHOLIEHHEM
apTepHaJibHas KPOBb IIOXO OK-
CHIeHHPYeTCs,, MOXKHO, 0B6paTHB-
muck K puc. 5.11. Ha Hem Mnl
CHOBAa CTaJIKHBAeMCH C perHo-
HAPHBIMH Da3JIHYHAMH ra3000-
: MeHa B JIeTKHX BepPTHKAJbHO
Puc. 5.11. Cxema Jerkux uenoseka CTOSIIEro uejioBeka: Po, B 06-
B BEPTHKAJbHOM TIOJIOKEHHH, HJ- JlacTH BepXyuIiek anMepHo Ha
mocTpupyioias  ymenbwenne Po, 40 uu PT. CT. BHIE, ueM Y OC-

B aprepuajbHOfi KPOBH INIPH Hepas- =
HOMEDHOM  BEHTHJSILHOHHO-NEepdyY- noanyit. OzpHako  ocHOBHAs

3WOHHOM oTHomenuu. Ilpusenennt MAaCC2 KPOBH OMBIBaeT HMEHHO
TOAbKO [BA yuacTKa Jerkux: oauH OCHOBaHHS JIETKHX, rae Po, He-
B 007acTH BepXYWKHM, APYroi B  BeJHKO. DTO NPUBOAUT K CHH-

o6aacTH ocHopaHHsl. PasMepnt BO3- P i
o XKeHH1 TepHa
IYXOHOCHHIX HyTefl H KPOBEHOCHBIX cHH 0; B apTepUaIbHOM

COCYZ0B Ha puCyHKe coorerctsyior ~KPOBH. OGbeMbl K€ BO3AYyXa,
OTHOCHTEJBHEIM ~ BeJMuWHam  ux  BBIXOILSLICFO IPH  BHAOXE U3
zig;ﬁﬂﬂggﬂbﬁaﬁ lfqr;%BOTOKa- Mo-  anbBeOJ BEPXYLIEK M OCHOBaHHH
CTynam}" OT IJIOXO oxc:[];egggfrgmg?o JIETKHX, pasiuuaiorcs He Tax
HHKHETO yyaCTKa, HemsGexmo mo- CHJ/IPHO, TOCKOJBKY «IIO BEPTHKA-
nuxkenne Pgo, B aprepuanpHofi  JIM» BEHTHJ/SILUA pacipeae/naer-
kpoBu (J. B. West: Lancet 2:1055, C€f 3HauuTeJbHO paBHOMEpPHEE,
1963) yeMm KpoBOTOK (puc. 5.8). AHa-
JoruuHbiM oOpasom Pco, B ap-
TepuaJbHOl KpoBW OyHeT MOBHIIEHO, TaK KakK B 06JacTH OCHO-
BaHMil JICTKHX OHO BHIIE, ueM y Bepxymek (puc. 5.10).
CyliecTByeT ellle OJlHA NPHYHHA CHUXKeHHs Po, B apTepHallb-
HO# KDPOBH NpPH HEPAaBHOMEPHOCTH BEHTHJSALHOHHO-NEPPY3HOH-
noro oruoirenusi. Ha puc. 5.12 npuBefeHsl TPH aJibBEOJIB: B OA-
HOH M3 HHMX BEHTHJAIMOHHO-Tep(PY3HOHHOE OTHOIIEHHE HHUBKOE,
BO BTOpOM — HOpMaJbHOE, a B Tperbeil — BhicOKoe. KonueHnrpa-
i Op B OTTEKAIOUIEH OT HHUX KPOBHU COCTABJISAIOT COOTBETCTBEHHO
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Puc. 5.12. Eme onna BO3MOXHaA OpHUMHA cHUXeHHA P, B apTepuaibHoit

KPOBH NPH HEpaBHOMEPHOM OTHOUIGHHHM MeXAY BeHTHasUuell H nepdysmueit
Jterkux, JIONOMHHTENbHOE KOJMUECTBO KHCIOPOAA, MOCTYNAIOUIEr0 B KPOBb OT
YYACTKOB € BBLICOKHM BEeHTHJSIUOHHO-NIepY3HOHHLIM OTHOLIEHHEM, . MAJO IO
CPaBHEHHIO € HENOCTATKOM KHCJIOPOAAa B KPOBM, OTTEKaloLIeH OT YYaCTKOB €
HH3KuM orHomexnem (mo J. B. West: Ventilation/Blood Flow and Gas
Exchange, ed. 3, Oxford, Blackwell, 1977, ¢ namMeHeHHsIMHU)

16, 19,5 u 20 06. %. M3 atoro cjaeayer, 4TO BHICOKOE BEHTHJIf-
HHOHHO-NepPY3HOHHOE OTHOUIEHHe MNPHBOAHT JHIIb K CPAaBHH-
TeJbHO HeOOJIbIIOMY HOBHILIEHHIO OKCHTeHHPOBAHHOCTH KPOBH,
TOrJa KaK HH3KOe BHI3LIBAET €e Pe3Koe NMajieHHe. JHAUHT, B CMe-
HIaHHOH KPOBH, OTTeKamolieli OT BCeX TPeX aJbBeoJ, KOHLEHTpa-
uusg O, Oyler MeHblle, YeM NIPH HOPMaJbHOM BEHTUJISLHOHHO-
nephy3HOHHOM OTHOLIEHHH. DTO OODBACHSAETCS HEJNHHEHHOH KOH-
durypanueit carypaunnonsoii kpusoit O,. [leno B ToM, 4TO, XOTSHA
Po, B KpoBH, oTTeKkaoUiell OT aJbBEOJT C BEICOKHM BEHTH/ISLHOH-
HO-NeP(Y3HOHHBIM OTHOUIEHHEM, BEJHKO, KOHUEHTpPAlUs KHUCJIO-
pPoAa NOBHIUAETCS JHIIL He3HauHTenbHo. CjefyeT OTMETHTh, UTO
nosbilieHne Pco, IPU TarUX YCJIOBHAX HENb3sl OOBICHHTh CXOM-
HBIM 00pasoM, Tak KaK B (DH3HOJIOTHYECKHX MpeJesnax carypa-
nuonunasa kpusas CO, B KPOBH MOYTH JHHEHHa.

Bce 3TH MexaHH3MEBI BMeCTe NPHBOIAT K TOMY, 4TO Po, B ap-
TE€PHAJLHOH KPOBH HMIKE, YeM B CMEUIaHHOM aJbBEOJIAPHOM BO3-
Ayxe. MabIME cjoBaMH, cyllecTBYeT TaK Ha3blBaeMas ajbBeoJsp-
HO-apTepHaJbHasg pasuuna no O, Y 340poBOro uejoBeka B
BEPTHKAJLHOM IIOJIOKEHHUII 5T4 PasHHIlA, BHI3bIBAeMas HECOOTBeT-
CTBHEM BEHTHJAUMH H Nepdy3HH, HecyllecTBeHHA — NPUMEPHO
4 MM p1. cT. MH oOcynusau 37ech BO3MOXHEIE MOCJAEACTBHS He-
PaBHOMEPHOCTH BeHTHJISUMOHHO-NeD()Y3HOHHOIO OTHOIIEHHS He
st ee OOBSACHEHHS, a TOJbKO AJSi TOro, 4ToGbl MOKa3aTb, KaK
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Hapyilenne GajiaHCa MEXAY BEHTHJALHEHd H KDOBOTOKOM MOXeT
NPHBOAKTL K CHHXKeHHIO Po, B apTepuasbHoii kposu. Ilpn serou-
nbix 3a60JeBaHNAX NajieHHE ITOro nokasarens, o0ycJOBJIeHHOE
HA3BAHHBIMH Bbille NPHUNHAMH, OblBaeT YPE3BHYAMHO PE3KHM:

HepaBHOMEPHOCTb BEHTHAALNMOHHO-NEPHY3HOHHOTO OTHOLICHHSA
KaK npuunna sapepxkun CO,

IMpeacraBuM cee JierkHe ¢ paBHOMepPHOH BEHTHJALHEHd H nep-
dysueil u HopMaabubiM nepesocoM Op u CO,. [Ipeanonoxum, 470
HO KAKHM-TO HENOHSATHHIM NPUYMHAM HODPMAaJbHOE COOTHOILEHHE
MEXAYy BEHTHJsUHEHd W KPOBOTOKOM BHE3ANHO HApyIIHNOCh, HO
BCe OCTaJbHhie NPoleccH He M3MeHWJHCh. UTo Xe NPOH30#LeT C
rasoo6MeHOM TNPH TAKOM <YHCTOM» HapyllleHHH PaBHOMEPHOCTH
BeHTH/IALHOHHO-nepdysHoHHoro orHouenns? OkasbiBaercs, NpH
5TOM OLHOBPEeMeHHO CHH3UTCcA morJouieHne Oy u Boinesenune CO,.
HubiMu caoBamu, 3¢ (eKTHBHOCTh mepeHoca 00OMX rasos B Jer-
KHX yMeHbLHTcst. TakuM 06pa3oM, 3TO «YHCTOE» HAPYIUEHHE NPH
HOPMaJIbHOM NPOTEKaHHH OCTaJbHBIX HPOLECCOB NPHBEAET OLHO-
BPEMEHHO K THIOKceMHH H runepkanuuu (3agepxke CO;).

Onnako npakTHYeCKH y OOJIbHHIX C IBHOW HEpaBHOMEPHOCTHIO
BEHTHJSALHOHHO-IepPY3HOHHOrO OTHOWeHHs: Pco, B aprepHab-
HOil KPOBH 4acCTO OCTA€TCsl HOPMAaJbHHIM. DTO 00YCJIOBJEHO TeM,
yTo NOBHIIeHHE Pco, NPHBOAHT K DPa3ipa’KeHUHI0 XeMOpPeLenTo-
POB, CTHMYJIMpYyIOLleMYy AbixaHue (cM. ra. 8). B pesyabrare BeH-
THAALUA albBeOJ YCHJIHBaercsi, ¥ 3T0 OOBIYHO NMPHBOAHT K BOC-
CTaHOBJIEHHIO HOpMaJbHOrO Pco, B aprepua/bHOil KpoBH. OLHAKO
nopmaJibHoe Pco, ¥y Takux GOJbHEIX oOecreuuBaeTcs nojiepxa-
HHeM ajIbBeOJIPHON BeHTHJsAUMH Bhllle HOPMH. Takyio u30ObITOY-
HYIO BEHTHJISAIHUIO YaCTO HASHIBAIOT «X0.40CTOI»; OHa HeoOXoAHMa
NOTOMY, 4TO B Yy4acTKaX JIETKHX C NOBBIIIEHHBIM BEHTHJIAIHOH-
HO-epQy3HOHHBHIM OTHOowmeHHeM BhiBesenue CO; HapyleHo.
TlogoGHble y4aCTKH Ha3BIBAIOTCA QALBEOAAPHOLIM MEPTELIM NPO-
CTPAHCTBOM.

Ecnn ycujeHnne JieroyHOH BEHTHJALHH NPH HEPABHOMEPHOCTH
BEHTHJIAIHOHHO-ep(y3HOHHOTO OTHOILIEHHS MOXeT JOCTaTOYHO
3¢ dekTHBHO ¢nm3uTb Pco, B apTepHabHOA KPOBH, TO NOBHICHTD
TakHM nyTeM P, B apTepHajibHOfl KPOBH JOBOJBHO TPYAHO. DTO
CBS3aHO C pasiu4HON KOH(QHTypauHe#d caTypailHOHHBIX KDHBHX
CO; u Oy (cM. a1, 6). s CO, 3Ta KpuBast B PU3HOJOTHYECKHX
npejejiax HMeeT BOCXOAANIHH Xapakrep, [O3TOMY NPH NOBHILE-
HHH BEHTHJSLHH YBeJIHUHTCA BbIAC/IEHHE YIJIEKHCJIOro rasa M3
YYaCTKOB JIEFKHX KaK C BHICOKHM, TaK ¥ C HU3KHM BEHTHJANHOH-
HO-nepY3UOHHBIM OTHOIIeHHeM, HanpoTus, caTypalHOHHAs KPH-
Basg O npu BHICOKHX Po, NOYTH TOPH3OHTAJIbHE, H TNO3TOMY
JHIIL B CJy4ae YMEPEHHO HH3KOTO BEHTHJSIMOHHO-nepdy3HOH-
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HOrO OTHOUIeHHA TNOBHILIEHHE BEHTHJSLHH OLIYTHMO YBEJHUHT
norjouenre Op. B Tex yyacTkax JIerkHx, rae CHTYamus COOTBET-
CTBYeT BEPXHHM OTpe3KaM caTypalHOHHOH kpusoil O, (T. e,
BBICOKOMY BEHTHJISLLHOHHO-TIeP(Y3HOHHOMY OTHOWIEHHIO), KOH-
uenrpauns O; B OTTEKaomeH# KPOBH IMOBBICHTCS OUYEHb He-
3HauHTeAbHO (puC. 5.12). OT yuacTKOB Xe ¢ OYeHb HH3KHM BEH-
THISLHOHHO-NIEP(Y3UOHHBIM OTHOLIEHHeM 6yaeT OTTeKaTh KPOBb
¢ KonueHrpanued O,, 6JU3KON K YCTAHOBHBIIGHCS B CMEIAHHON
BeHO3HOH KpoBU. TaknMm .06pa3oM, npH THnepBeHTHAANHH Po, B
4PTePHANIbHON KPOBH NOJHHMETCS He3HAYHTEJNbHO, H. HEKOTOPHIH
YPOBeHb IHNIOKCeMHH 003aTeJbHO COXPaHMTCH. :

Hamepenne -nepasmomepnoctn BEHTHJISIUMOHHO-NEePDHY3HOHHOFO
OTHOLUEHHSA

Kak Xe MOMXKHO OLEHHTb HEPaBHOMEPHOCTb BEHTHJAIHOHHO-
nepdysHOHHOro OTHOWEHHs B Jerkux? [las OnpejesieHHsT Perdo-
HapHLIX PA3JHYHIl B BEHTHJIALHH H KPOBOTOKE Y 30POBHIX JIOAEIT
B BEPTHKAJNBLHOM NOJOXKEHHH HCHOJb3YIOT PajHOaKTHBHHE rashl
(puc. 2.7 u 4.8), oAHaKO BO MHOTHX CJydYasx Laxe MeX1y €o-
CelHHMH yYaCTKaMH JIEFKHX CyLIeCTByeT 3HAUHTe/bHAs HePaBHO-
MEpHOCTDb, He BHISIBJAEMadA C NOMOUILIO CUETUYHKOB, HOMEULEHHLIX
Ha TPYAHyIO KJIeTKy. B cBsisn ¢ 3TMM Ha npakTuke HCMOAB3YIOT
HHJEKCBI, OCHOBaHHbIE HA OLEHKE HapylleHHs razoobmeHa D,

ITosesusim nokasartesem HEPaBHOMEDHOCTH BEHTHJSIIHOHHO-
neppy3sHOHHOrO0 OTHOUIEHHS MOXET GBITh anbBEOAAPHO-APTEPU-
aAbHaa pasnuya no Po,. Jlaa Toro uto6bl ee paccuMTaTh, U3 TaK
Ha3bIBAEMOro «HJeajbHOrO» ajbBeoJsIpHOro Po, BeuuTaoT Po,
apTepuanbHoil KpoBH. «HneanbHoe» 3HaueHue cootBeTcTBYeT Po,
B aJbBe0JIaX, KOTOpoe HalbJuiojajsoch OBl NIPH PABHOMEPHOCTH
BEHTHJIALNHA U NePPy3HH BO BCEM JIETKOM H TaKOM Ke JBIXaTelb-
HOM KO3(QHUHeHTe, KaK B peaabHOM oprare. [Ipm sTom pHMe-
HAIOT YpaBHEHHE aJbBEOJSIPHOrO rasa

Py
. COa
Pag, = Pio, — —1 22 4 F.

Bumecto Pco, B aibBeo1ipHOM BO3AyXe B 3TO BEHpaKeHHe MO-
CTaBJAOT Pco, B aprepuajbHOil KposH.

YBesnuenue a/bBeossipHO-apTepUANBHON pasuuns no O, 06-
YCJIOBJIEHO YYacTKaMH Kak C MOBHIIIEHHEM, TaK H C MOHMXKEHHEM
BEHTHJIALROHHO-NEeP(PY3HOHHOTO OTHOLIEHHS, XOTS B OCHOBHOM
HOCJTeIHAMH. MOXHO OLLEHHTb BKJAA KaXXJO0TO H3 3THX OTKJOHe-

D DToT _cnomuEiY _Bompoc  noapoGHee  paccMaTpMBaeTcs B KHure
J. B: West, Pulmonary Pathophysiology — The Essentials, ed. 2, Baltimore,
Williams and Wilkins, 1982.
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Huil B o6llee HapyllleHUe JerovyHOro razoo6Mena. Jiisa BHIACHEHHS
POJIH YY4acCTKOB C HH3KHM BEHTHJISIHOHHO-TEPdY3HOHHBIM OTHO-
IMeHHeM PacCUHTHIBAIOT (puduosoeudeckutl wynt. IIpn atoM cuH-
TaIOT, YTO THIOKCeMHsSl 00ycJoBJeHa HCK/IIOYHTENbHO NMPOXOXKIe-
HHEM KDOBH uYepe3 HeBEHTHJIHDYeMble aJbBeoJbl (XOTS MBL H
3HAEM, 4TO 3TO KpaliHe YIpOIleHHoe fonyliienue). Bkiaj myHTOB
OLIEHHBAETCH CJeLyoIuM 00pasoM:

rae Qps — HOTOK yepe3 (HH3HOJOTHYECKHE HIYHTHI, A CiOz_ KOH-

neuntpaunsi O, B KPOBH, OTTeKaIOIeH OT «HAEaJbHBIX» ajbBeoJl.
IlocnenHsisl BeJHUHHA PACCUMTHIBAGTCS HCXOAH M3 «UAEAJNbHOrO»
asnpBeossipHoro Po, u catypanuontoit xpusoii Oo.

BkJaJ B HapylleHue razoo0MeHa y4acTKOB JIEFKHX ¢ BBHICOKHM
BEHTHISAIHOHHO-Iep()Y3HOHHBIM COOTHOIUEHHEM OLEHHBAeTCA Iy-
TeM pacueTa (usuono2uuecko2o (GbYHKUHOHAJIBHOIO) MepT8020
npocTpancTéa. B naHHOM clydae CUHTAIOT, YTO CHHXKeHHE Pco,
B BBIAHIXaeMOM BO3JyXxe 0GYyCJOB/eHO Henephy3upyeMbIMH afb-
BeoJaMH BMeCTe ¢ AHATOMHUYECKHM MEPTBBIM IIPOCTPAHCTBOM.
Hcnoabsyercs ypaBHende bopa Aas Meprsoro mpoctpaHcrsa B
cJelyIolUeM BHIE:

V%yax — Pacm - pEccm
Vr Pac02 !

£ae VDyyue — 06beM (DYHKIHOHAJBHOrO MEPTBOrO NPOCTPAHCTBA.
VY 60JbIIHHCTBA GOJBHBIX C XPOHHYECKHMH OOCTPYKTHBHBIMH 32-
GosleBAaHHSIMH JIETKHX INOBHINIEHBH KaK BeJHUMHA (PHU3HOJIOTHYE-
CKOro HIyHTa, TaK H 00beM (DU3HOJOrHIECKOTO MEPTBOrO Ipo-
CTpPaHCTBA.
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[lepeHoc ra3zoB K TKaHaM

Kak npoucxodur Tpawenopr easos
MeHOY NeeKUMU U TKAHAMU

Kucaopop,

Kncnopon NEPEHOCHTCA C KPOBBIO B pPaCTBOPEHHOM BHJIe H
B COEIHMHEHHH C reMOrJioGHHOM,

Dusunecku pacrsopennsiii Oy

®usuveckoe pacteopenne O, B KPOBH NONXUHHSIETCH 3AKOHY
Ienpu, cornacHo KOTOPOMY KOJIHYECTBO PACTBOPEHHOIO B KHJI-
KOCTH Tra3a JfpOHNOPIMOHAJBHO €ro NApIHAJbHOMY JaBJICHHIO
(puc. 6.1). ITpu P, =1 mm pT. c1. B 100 MJT KpOBH pacTBopsieTcst
0,003 ma O, (. e. 0,003 06.%). Takum oGpasom, colepxKaHHe
(bH3MYeCKH PACTBOPEHHOIO KHCJIOPOJa B HOPMAaJbHOH apTephalb-
Ho# kpoBu (Po,= 100 MM pr. cr.) cocrasasier 0,3 06. %.

CoBeplIeHHO fICHO, YTO (PU3UUECKH PACTBODEHHBIH KHCJIOPOJ
He MoxeT oOecneynTb NOTPeOHOCTER YeI0BEUECKOro OpPTraHA3Ma.
IIpeanonoxum, 4to Bpu TsAKe0OH (H3HMYECKOH HArpyske norped-
genre O, cocrasisier 3000 MJI/MHH H 4TO BeChb KHCJAOPOJX mepe-
XOIHUT M3 aprepHaibHOH KpoBH B TKaHU. Cepleunblii BHOpOC,
norpebaenne O, u aprepuo-BeHo3Has pasnuiua mo O, cBs3aHbl
ypaBHenneM Puka (cM. crp. 45): ‘
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Puc. 6.1. Carypaumonnas xpusan O (8epYHAL RYHKTUPHAR Kpusag) TpH
pH 7,4,PCO2 40 MM pr.cT. u 37°C. Ob6was kounentpauus Oy (mo ocu OpAH-

HAT cropaBa) NpHBEJEHA /il KOHUEHTpauuu remorsiobuna 15 r/100 ma

OT1ci01a, MOCKOJbKY Caoz=0»003 06. %,

3000

Q =003 =0 = 1 000 000 mus/mMuH,

WHBIMH c/10BaMH, MHHYTHBIH 00beM KPOBH JOJIKEH COCTaB-
asth 1000 sn/mMun! OueBHAHO, OPraHH3My HEOOXOJAHM elle OMHH
crnoco6 nepenoca O,.

Temoenrobun

Tem, Kenesocojepikallee NPOH3BOAHOE nopdupuHa, B MOJE-
KyJie reMorjio6HHa coeluHen ¢ GeKOM rJOOHUHOM, COCTOSIIIUM U3
ueThIpeX MOJHMENTHAHBIX Hemel (ABYX a-uened H ABYX p-uemneit).
Y uenoBeKa CyLIeCTBYeT HECKOJbKO THIOB reMOrJoOuHa, pasiu-
YaIOUIMXCA 110 HX AMHHOKHCJOTHOH MOC/JeR0BaTeNbHOCTH. B HOp-
Me y B3POC/BIX HMEeTCsl TaK HasblBaeMblli reMoryiobuH A. Y Ho-
BOPOXK/EHHBIX NPHCYTCTBYET ONpejesieHHOe KOJHYEeCTBO reMOrJo-
6una F (remorso6HH IJ04a), KOTOPBIA B TeueHHe IPHMEPHO
NepBOro roja XU3HM 3aMmelnaercs remorsnobunom A. CyiecTByer
TaKXe reMorJioGMH S (oT aHrJHiickoro cjosa sickle — cepm);
B ero P-Lensix OLHH OCTATOK IJyTAMHHOBOH KHCJOTBI 3aMEHEH
OCTATKOM BaJHHA. DTO NPHBOJAHT K CMEIIEHHIO CaTypanMOHHOH
kpuBoii O, BIpaBo, OIHAKO BaXKHee TO, YTO AEe30KCHIeHUPOBAHHAA
¢opma remorio6HHa S IIOXO pacTBopuMa M oGpasyer BHYTDH



NEPEHOC TA30B K TKAHSAM 77

9PHTPOLHUTOB KPHCTAJNL. B pe3yjbTaTe OHH TEPSIOT CBOIO 06bIY-
HY10 IBOSIKOBOTHYTYI0 (opMy, # 00pasyioTcs CepHOBHAHLIE KAET-
KH C TOBHIIEHHOR XPYNKOCTbIO M TeHIAEHHHEH K 06pa3oBaHMIO
TpoMGoB. B nacrosilllee BpeMsi onHcaHbl M MHOTHE APyrHe THNH
TeMOrJIO0HHA, HEKOTOPhle H3 KOTOPHIX 06/1afaloT BecbMa CBOeo6-
pasHbeiM cpoactBoM K O,. Bosee moapo6uo 06 3ToM Gesike MOXKHO
y3HaTb H3 MOCOGHM NO GUOXHMHH.

IpyxBaneHTHHH MOH ene3a B cocTaBe remorao6uHa A
MOXKET OKHCAATBCA A0 TPEXBaJEHTHOro MOA JNEHCTBHEM pasjuy-
HBIX XHMHYECKHX CO€JMHEHHH, B TOM YHCJe HUTPHTOB, CyJbdaMu-
A0B W alleTaHuAnja. B pesyabrate obpasyerca Tak Ha3biBaeMblil
MerreMorsio6un. CymecTByer BpoKIeHHOe 3aGoJieBaHHE, Xapak-
TEPH3YIOleeCsl HEJOCTATOYHOCTbIO (epMeHTa MeTreMorJoGHHpe-
AykTashl B spuHTpounrrax. K narosoruueckum dopmam remorJo-
GuHa OTHOCHTCH TaKkKe CylbdremMornobun. Bee 3TH coelnHeHHs
He MoryT obGecneunTb HOpMaJsbHOro nepenoca Q.

Carypayuonnas xpusas Oy 1

Coenunsisics ¢ remorsio6unom (Hb), O, obpasyer Jerko nuc-
COLHHDYIOLlee COeAHHEHHE — OKCHIEMOTVIOGUH:

02+Hb 2 HbO2.

[Tpeanonoxum, Mbl B3siIH HEKOTOPOE KOJHUECTBO CTEKJISAHHBIX
COCyl0OB (TOHOMETPOB), ROGABHJIH B KaXIbli H3 HHX HEMHOrQ
KPOBH, a 3aT€M — ra3oByl0 CMeChb C Pa3/IMUYHBIMH KOHIEHTPalHsi-
Mi O, Tlo jocTHXKEHHH DABHOBECHS MEX1y rasoM H KPOBBIO
MOXHO H3MepHTb Po, raza u cogep:xkanue O, B KpoBH. 3Has, uTo
¢u3HYecKas pacTBOPHMOCTb KHCJIOPOAA B KPOBH COCTaBJIsAeT
0,003 ma1/100 msi-mMM pr. cT. Py, paccuntaem koamuecTo O,
coennnentoro ¢ Hb (puc. 6.1), Cnauana ouo GbicTpo BospacTaer,
a 3areM, koraa Po, nocruraer npumepno 50 MM pT. cT., caTypa-
nHOHHaA kpuBas O, CTaHOBHTCA ropasfo noJjoxe. MakcumasbHoe
konuuectBo O,, coeaunsiomeecs ¢ Hb, Haswpaercs KUcA0podHol
emxocTs0. Ee MOXHO oueHHTb, 06pa6oTaB KPOBb rasoM ¢ OYeHb
BEICOKUM Po, (nanpumep, 600 MM pT. cT.), 3aTeM usMepus obuiee

D AsTop HasbiBaeT STy KpHBYIO «Kpusas amccolpaduu Og». Omnaxo
TAKOW TePMHH (TaK e KaK M NPHMEHSEMBl HHOIJa TEPMHH <KHCJOPOLHO-
AHCCOUMallIOHHAR KpUBasi») HeTodeH, Tak kak O He AHCCOLMMpYeT. ITo
‘OTHOCHTCA H K KPHBBIM 3aBHCHMOCTH KoHueHTpauuu CO; oT ero napouanb-
HOTO AABJIEHHS, KOTOPHIE aBTOP Ha3blBaeT <«KPHBHIMH auccounauud COg».
Pacnpocipanen Takie TePMHH «KDHBafl NHCCONHANMH OKCHreMONVIOGHHA», Ofi-
Hako OH CApaBeAJHB JMIIb B TOM CJyvae, KOrAa IO BePTHKAALHOH OCH OT-
JIOEHO BachblilleHHe KHCAOPOAOM remorsio6una (cM., Hanpumep, puc. 6.3),
a pe koHuentpauus Op. B cBA3K. ¢ 3THM, Korga 10 BepTHKaABHOH OCH OT-
JioXeHa KoHIeHTpamus O, (uam CO,), MH OyzeMm HCHOAB30BATb TEPMHH
scarypaunonnas kpusas Oy (COq)», — Ilpum. nepes,
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Puc. 6.2. Hamenenns xounenrpanun Op B KPOBM H HACHIIEHMA TeMONNIOOHHA
KHCIOPOAOM NpPH aHEMHH H NOJHIHTeMHH. IJYHKTUPHAA KPUBAA COOTBETCTBYET
catypauuonHoit kpupoit Oz B TOM crydae, Korja remorJoGuH Ha 33 % cBs3aH
¢ CO, BuaHo, uTo KpHBas IDH 5TOM CMEULAETCs BJEBO

KoJsuecTBO Oy B KPOBH M BBHIUTHA TO, UTO NPHUXOAUTCH Ha (u3HUE:
cku pactBopenublit Op. Onuu rpamMM yucroro Hb Moxer cBA3aTh
11,39 ma O . Ilockoanky conepxanne Hb B kposu B HOpME CO-
crapjser okoqao 15 r/100 mJ, ee KHCIOPOAHAA €MKOCTh PaBHA
npuMepHo 20,8 06. %.
Hacuilmenve remMorao6uHa KHCJAOPOJOM pPAacCUHTHIBAETCA MO

crenymwome Gopmyde:

Q,, coepunennsit ¢ Hb < 100,

KHCJ0pOJAHAA €MKOCTb

TIpu Po,, paBHom 100 MM pT. CT., HacHIIeHHe apTepPHaJbHOR
' KPOBH KHCJOPOAOM cocrasisier mnpumepno 97,5 %. Beunosuas
kpoBb (Po,=40 MM pT. CT.) HachleHa MM NPUGIHUSHTENLHO
Ha 75 %. OueHp BakKHO MOHATh B3AaMMOOTHOLIEHHS MeXAY Po,,
HacuenneM kposu O u xouuentpanuein O. (pue. 6.2). Ilpen-
cTaBUM ce6e, HampHMep, YTO mnepex HaMH OOJLHOH € TSAXKENOW
anemueii u comepxanuem Hb B kposu Bcero 10 r/100 ma. B 1o
JKe BpeMs JIerKHe Y STOTO yeJoBeKa paboTaloT HOpMajbHO H Po,
B aprepuaibHofi KpoBH pasHo 100 mMm pt. c1. Kuciopoauas
emMkocTh Gyaer paBna 20,8 X 10/15=13,9 06.%. Hacoienue
KPOBH KHCJIOpooM (npu HopMasbubix pH, Pco, n Temmepatype)
coctaBuT 97,5 %, oanako conepxanue O,, cBasannoro ¢ Hb, —
aumb 13,5 06.%. Ilpubasus ¢usudeckn pacTBopenubii Oj
(0,3 06. %), nonyuum obuiyio kouuentpauuio Op— 13,8 06. %.

) [Ipy HeKOTOPHX HsMepeHHsx mnoayuero 1,34 wmwm 1,36 wma/r. 7o
06yClOBJEHO TeM, YTO B OpraHH3Me B HOPMAJBHBIX YCIOBMAX HacTh TeMo-
rJIo6uHA BPHXOAMTCH Ha H3MEHEHHble (OPMBI, HAmPHMEP METreMOrJIoOHH, H
te MOxeT coeaunaATbea ¢ Oq.
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Xox carypaunonno#i kpuo#i Op mmeer GosblIOe (HHINONOTH-
geckoe 3HadeHue, Ee BepXHUl rOPU3OETAJNbHEY Yy4aCTOK NMOKA3bI-
BaeT, YTO Jaxe NPH CHHXKEHHH NG KakuM-JIHGo nmpuuuHam Po,
B aNbBEOJNAPHOM BO3AyXe KOJH4eCTBO O: B KPOBY VMEHLIUHTCH
He3HauHTeIbHO. KpoMe TOro, KOraa SpHTPOLHTH, [POABHIAsCH
BAOJIb JIEFOUHBIX KaNHWJJIAPOB, 3aXBaTHIBAOT KUCaOpOA (pHC. 3.3),
MeXJy aJbBEOJISIPHBIM Ta30M N KDOBBIO COXPaHSIETCS BBHICOKHIT
rpajuedT mnapuHaJbHOro JnasieHds O, faxe B clyuae IOUYTH
NOJIHOTO HACHIIMIEHHS] KPOBH 9THM rasom. D10 cnocobeTver aud-
¢ysuu. Kpyro#i HHXHHH y9aCTOK KDHBOH TOKasbBaer, YTC NPH
nepexoje B TKaHH OoJblioro koauuectsa Oy Po, B xponu xanui-
JISIPOB MOXKET MeHSTbCSl BeCbMa HE3HAYHTeNbHO. Takoe LORxep-
HaHHE OTHOCHTE/JbHOTO NOCTOSHCTBA Po, B KPOBH CIOCOGCTBYET
nupPysHy KHCIAOPORA B KJETKH,

Boccranossennrnii Hb mumeer cuiomno-6arposuiil 1ser, no-
STOMY MNPH HH3KOM HACHII|€HHH apTepHaJibHOR KPOBH KIICJIOPG-
JoM BO3HHKaeT yuano3 . OQHAKO 3TOT CHMNTOM HE MOXKET Cay-
¥KHTb YYBCTBHTEJbHBIM MOKa3aTeseM HeJOCTaTOYHOH OKCHIEHaLHH
KPOBH, TaK KaK €ro MOfBJEHHE 3aBHCHT OT MHOTHX (aKTOpOB,
HanpuMep OCBELIEHHOCTH HJH KOXHOH nurMeHTauud. Ilockosn-
Ky PpassuTHe [HaHO3a OOYCJOBJEHO COJEepPXKAHHEM BOCCTa-
HoBJienHoro Hb, on 6niBaeT Gosiee BHIPAXKEHHBIM NPH MOJHIATE-
MHH H C TPyAOM OOHapyXKHBaercsd y aHeMHUYHHIX GosbHbix. Caty-
panuonnasi kpusaa O, MOXKeT CABHraThCsi NOJA BjausHHeM pH,
Pco,, TeMmeparypsl ¥ KoHuenrpauun 2,3-audocdorauiepara
(A®T) B spurpounrax. Us puc. 6.3 Buano, 9to cHHXKenHe pH,
noswimenue Pco, H yBe/IHUGHHE TeMIepaTyphl CMELIAIOT ee Bripa-
BO, a o6paTHEe H3MEHEHHS] ITHX NMapaMeTPOB — BJIEBO. BJHsAHHE
Ha 3ty kpuByio Pco, (3¢hdpexr Bopa) moxer Bo MHOrOM o6bsic-
HATbest usMenenuaMmyu pH. Caeur kpuBo# BOpaBO 03HAYaer BH-
cBoboxkaeHHe Gogbliero koauuectBa O, B TKAHEBHX KallHJJIfg-
pax npu gaHHOM 3Ha4deHHH Po,. 3amoMuHTH JHelicTBHe DPasHBIX
¢$akTOpOB Ha 3Ty KPHBYIO HETPYAHO: B MbIUIIAX NPH HarpysKe
cosfaercs Kucsas cpeaa, noswitiaercd Koumentpanus CO, ¥ TeM-
nepaTtypa, a HOCKOJBKY IJsl PabOTE OHH HYXJAIOTCA B KHUCJO-
pone, BHIroAHO ero 6oJiee HHTEHCHBHOE BEIAEJEHHe U3 KPOBH.

Ha carypaunonnyio kpusyio O, BiHsieT TakXe COCTaB CPei,
okpyxatowmei Hb B spurpounrax. Tak, sta kpuBas cmeiaercs
BIPAaBO NpH yBeJHUeHHH KoHHeHTpauun I PI — roueunoro mupo-
JyKTa Merabosiu3Ma KpacHHIX KDOBSHHIX Tesel, Takoe ypennue-
HHe NPOHCXOJHT B YCJAOBHAX NOJTOBPEMEHHON T'MIIOKCHH, Hampu-
Mep Ha GOJbILOH BHICOTE WJH NPH XPOHHYECKHX JErouyHHX 3a60-
JeBaHusAX. JTO NMPHBOANT K Gojiee HHTEHCHBHOMY mnepexofly Os
H3 KPOBU B TKaHH. BaXHEIM nokaszarteseM, OTPaKalomuM CABHTH

1 Or nartuHckoro cyaneus —- cunnil, — [Tpun. ped,
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Puc. 6.3. Casuru cartypannonnoii kpusoit O, npu uamereunsx pH, Pco,,
TeMmepaTypsl ¥ cojepiKanus p spurpouutax 2,3-mudochoranuepara (LOT)

caTypaluontoi Kpusoft, ciyxur Po, npu 50-9 HachllieHHH KPO-
Bu Oy (Pso). [list yenoBexa B HOpPMAaJbHBIX YC/IOBHAX 3T4 BeJH-
YyUHa COCTaBJSET OKOJO 27 MM PT. CT.

Kucnopoaneperocsiuiast GyHKiHsS KPOBH MOXKeT HapyllaTbCd,
KOTZa K FeMOIJIOGHHY NPUCOEeNHHsIeTCs OKHCh yraepoaa (yrapHablii
ras) c o6pasosanuem KapGokcuremorao6una (HbCO). Cpoacrso
CO k Hb B 240 pas Bhillle, 4eM y KHCJOPOAA. DTO O3HAUAET, UTO
npu napiuuanbgom aasiennn CO B 240 pas menbuie, ueM Po,,
5TH [Ba rasa CBSKYTCA ¢ OAMHaKOBbHIMH KojuuectBamu Hb. Ca-
typanuounas kpusasi CO no gopme MoYTH HAEHTHYHA aHAJIOTHY-
HO# xpuBoit mas O, (cM. puc. 6.3), Toapko Macwrab ocu Pco
ropasfo Mmesbue. Tak, ecin Pco cocraaser seero 0,16 MM pr. cT.,
75 9% Hb coemuusiercss ¢ CO, o6pasyss HbCO. Umernno nosromy
naxe HeBOJbIIMe KOJHUeCTBA YrapHOro rasa MOCYT CBSI3bIBATH
3HAUHTEJNBbHYI YacTb Hb KPOBH, BBHIK/IIOUAsi TeM CaMBIM €ro KHuc-
nopoanepenocsilyio yukuuwo. [Ipn srom xonumentpauuu Hb u
Po, B KPOBH MOryT GbITh HODMAJbHBIMH, OJHAKO cofepXkanue O
B Hefl pe3ko mnanaer. Kpome toro, 8 mpucyrcrsun HbCO carypa-
nuonHas kpusasa O, casuraercsi Bieso (puc. 6.2), yro npenar-
CTBye® BEIXOLY KHCJOPOAA B TKaHH H yCyryG/sieT TOKCHYHOE e~
CTBHC yrapHoro rasa. ‘ ‘



MEPEHOC TA30B K TKAHSM 81
Yraekucabiit ras.

Tpancnopr CO,

CO, nepenocurcs KpoBbl0 B (PU3UYECKH DACTBOPEHHOM BHJE,
B cocTaBe OHKapOOHATOB M B COEJMHEHHU ¢ GeskaMH (TaK Hasbl-
BaeMble KapOaMHHOBLIE, WU KapGocoernHeHus) (puc. 6.4). Pu-
suyeckoe pacrsoperue CO,, kak u B cayuyae Op, NOAYHHSETCH
sakony Denpu, oxnako pacrBopumoctb CO, npumepso B 20 pas
Bblllle, N03TOMY pacrtBopeHHas ¢opma CO, BecbMa BaXHa AJA

PacTBOPEHHbIN “
y T PacreopeHHbIi 4‘
CO; CO; C\(Pz _— CO2. "%
i CO,+H,0~H,CO;8
o
=
S - Z
£ |HCO3
1
o
(|l -
5 Nat
02 ‘02 O2
H,0
Txatib MNnasma Jputpoumy

Puc. 6.4. Cxema mnornowenas COy n  BhicsoboxAenus Op B Kanwuispax
6osbuioro Kpyra KpoBooOpamieHusi, B JIerOYHbIX KaOMIApax [POUCKOAAT
o0paTHble [POLECCH

~€ero TpaHCHOPTa — Ha ee 10Ji0 npuxoautcs okoso 10 % yriekuc-
JIOTO rasa, mepexoisulero B Jerkie u3 Kposu (puc. 6.5).
Peakuun o6pasoBanuss OUKapOOHATOB B KPOBH CJeAylOILHE:

CO, + H,0 === H.CO, === H'+ HCO;

TlepBasi U3 HHX NIPOTEKAET OYeHb MeJJIEHHO B IJIa3Me KPOBH
H GLICTPO B 3PHTPOLUTAX, TOCKOJBKY B 3THX KJIETKaX COAEPXKHTCA
tepment kapboanrunpasza (KA). Bropas peakuusi — AQHccouna-
LU YTOJbHOH KHCJOTH — HAeT OblcTpo M He TpebyeT yuyacTus
tdepmentos. Korma conepxkanue noHos HCO; B spurpouure no-
.Bbllaercs, oHH IUGGYHIHPYIOT B KPOBb, OAHAKO HOHH H+* He
MOTYT CJed0BaTh 34 HHMH, TaK KaK MeMOpaHE 3DHTPOLHTOB
CPABHHUTENbHO HENPOHUIAEMBI IJs KaTHOHOB. B cBA3WM ¢ stum
I TOAJePKAHHA 3JeKTPOHEATPATbHOCTH H3 NJIa3Mbl B 3PHTPO-
DHTH BXoAAT uoHbl Cl- (Tak HasblBaeMHil xaopudwsui cdsue;
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puc. 6.4). Ouddysua xnopul-uoHOB NPH STOM MNOJUHHAETCS PAB-
noBecuto I'u66ca — Jonunana.
BricBoGoxnatomuecs uousl H+ gacTnuHo cBA3HIBAIOTCS C re-
MOrJIoOHHOM:
H*4- HbO, = H*.Hb + O..

Ota peakuus obneryaercs Tem, 4To BoccTaHoBJjeHHbH Hb
npeicTaBJser. cobofi Goaee cnaﬁyxo KHCJAOTY (T. €. Jy4YUIHH aK-
uenrop NPOTOHOB), Y€M OKCHTE€HHDOBaH-«

100%[ 5 . ubiit. Takum 06pasom, NPHCYTCTBHE BOC-
v 1 cranosaenHoro Hb B BeHO3HOI KpPOBH

- 13 1 cnocoberByer cBsismBanuio CO., TOraa

, : KaK ero OKHCJIEHHE B JIETOYHLIX KalHJ-
/ ~1 JApax oO6Jeruaer OTAauy YrJEKHCJIOTO

. HCO3 /| suBawT sppextom Xoadelina.

/ rasa. YBeqHueHHe CPOACTBA KPOBH K
, / CO, npH ee Ae30KCHTeHANHMH YacTO Ha-
90
/ /4 ITpomecchl, NPOHCXOASAIIHE MPH CBS~
// spiBaEud CO; KpOBbLIO, NPHBOAAT K 11O~
/ / BHILICHHIO OCMOTHYECKOTO JaBJeHHA B
' / SPHTPOLMTAX, BCJENCTBHE UYero B HHX
/ % BXOLHT BOZa, H OHH pa3byxaior. Koraa
/ e SPHTPOLHUTH IPOXOAAT uepe3 Jerod-
|3

dusnteckoe 10

0% pacreopes L HBIE€ KaNU/IAPE, HX 006DbeM HECKOIbKO
Aprepu~  HM€  Aprepyo. YMEHBINACTCS.
anshan BeHoanad Kapbamnunosgele coedunenus obpasy-
Kpoeb pasHnua

1orcs B pesysabrate cpsisniBaHHAst CO;z ¢
Puc. 6.5. Jlemuili cTon6uk: KOHEUHBIMH  aMHHOTpynnaMu  6esKoB
OTHOCHTE/IbHAs#  KOHHEH- KPOBH, BaKHEHMHH H3 KOTOPHIX — IVIO-
Tpauus C062 (s mpouen-  Gyy p cocrape remorsno6uHa. Pearius
tpamin) B pasmmuy  COSMHHenus CO; ¢ raoGunom crenyio-
dopMax B ap'urepuanbﬂoﬁ Hiasd:
spow. Tlpaoui CTo10A iy, . NH, + CO; = Hb - NH - COOH.
pa3nnuHbix GopM MepeHo-
ca CO, B aprepHo-BEHO3- Tlpu stom ofpasyercss Tak HasblBae-
HYIO pasHmily mo yrie- MBI KapGamuHOreMmornoGuH., Peakuusg
KucjIoMy rasy nporekaer GBHICTPO M He TpeOyeT yuacTHA
¢epmentoB. Boccranosnennnit Hb 06-

aagaetr G6oapmuM cpopctsoM K CO,, uem HbO,. Takum o6pasom,
3hech, KAK H B cJiyyae ¢ DPOTOHaMH, JE30KCHTeHAUHA TeMOIJOo-
6MHAa B TKaHEeBHX Kanuaaspax obseruaer nordyomedne COs,
COeMHEHHEe C KHCJAOPOJOM CIOCOOCTBYET BLIBEAECHHIO YIJIEKHC-
JIOFO Tasa.

HuarpaMmel Ha puc. 6.5 OTpaxaloT A0JI0 PasaHYHBIX popm
CO, B KpoBH. MOXHO BHIEThb, UTO OCHOBHOE €ro KOJIHUECTBO
OpUXOAHTCA Ha OukapOoHaThl. Bkaan ¢usHueckd pacTBOPEHHOIO
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Puc. 6.6. Carypaunornsie kpuphle CO, B KPOBM IPH Pa3/iMYHOM HACHIIIEHHH
ee KuciaoposoM. BuaHo, uTo npu oanom m Tom e Pio, OKCHreHHpoBaHHad
KpoBb cBssnBaeT MeHbuie CO,, ueM HeOKCHTeHHpOBaHHas. [IpuBeieHa Takxke

apdexTHBHAS KpHBas, OTpPaKalollas NEPexXon OT apTepHabHOM K CMEllaHHOH
BEHO3HOH KPOBH 4

yriaekucaoro rasa, a takxe CQO,, CBf3aHMOr0 € TeMOrJIOGHHOM,
CPaBHUTENbHO HeBeqHK. OJHAKO 3TH COOTHOLIEHHS He OTpPaxKair
CABHIOB, MPOUCXOAAMINX NpH noryiomendn CO, KPOBBIO WJIH €ro
BbAesieHHH, EcJH paccMOTPETb BEHO3HO-apTEpHAJIBHYIO Pa3HUILY
nmo COg, okaxerest, yTo npuMepHo Ha 60 % oHa o6ycioBieHa
HCO;, na 30 % — xap6amunoremorsno6unom u Ha 10 % — ¢usu-
YeckH pactBopeHHEM CO,.

Carypayuonnas gpusas CO,

Ha puc. 6.6 npuBeseHa kpuBas 3aBHCHMOCTH oOIIel KOHIIEH-
rpaunn CO; B KpoBu or Pco,. BHAHO, YTO oOHa 3HAYHUTENBLHO
Oosee nuHefina, ueM cartypanuoHnas kpusas O, (puc. 6.1). Cie-
JlyeT OTMETHTb Takke, 4To KoHiuenTpanusa CO, npu paunom Pco
TeM BHIIE, YeM MeHee reMorsioOMH HachlllleH KHcAopopoMm. Kak
yKe TOBOpHJOCh, 3TOT TakK Ha3blBaeMbld aghpexr Xoadelina
00yc/I0BJIeH yBeaMYeHHeM CPOACTBA BoccTaHoBAeHHOro Hb & mpo-
TOHaM, 00pasylomUMcsd NPH NHCCOLHALHU YLOJBHOH KHCJAOTHI,
a Takxe ero OoJsblliell cmocobHOcThIO cBaA3BIBaTh CO, ¢ 06paso-
BauneM KapGamuHoremorsobuna. Ms puc. 6.7, A BumHO, YTO cCa-
gypanunonHasi kpusass CO, aHauuTennHo kpyue, ueM Q.. Tak, npu
W3MEHEHHH MNapUUaJbHOrO JLAaBJEHHA 3THX TraszoB ot 40 10
50 mm pr. cr. koHnenrpaunsi CO, u3MeHseTcA NPHUMEPHO Ha
4,7 06. %, a Oy — b Ha 1,7 06. %.
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Puc. 6.7. A. Tunuunble catypaunonusie kpussie CO; n O, mnpHBenelHLie B
oanoM macwtabe. Buano, uro aas CO, kpusasa nHamuoro kpyue. 5. I'padHrn
0,—COy C H30KOHUEHTPAUMOHHBIMM KDUBBLIMH JJIsI 3THX JHBYX TrasoB. ITH
KDHBbIE HE TapaJjejbHbl KOOPAHHATHHIM OCAM, 4TO oO0bacHseTcs spdexrami
Bopa u Xoageina. TlpusegeHsl Taxkike THNHYHBE TOUKH IS apTepHaabHOR
¥ CMEWIaHHON BEHO3HGOW KPOBH

Has ua/ocTpauuy B3aHMOOTHOUIEHHH MeXAy caTyPauHOHHBI-
mu kpuBhiMu O, 1 CO, xopowo Henosb3oBath rpadukn O;—CO,
(cm. mast cpaBHeHus puc. 5.7 u 5.9). Ha puc. 6.7, 5 nokasano, uto
«H30KOHIleHTpaunoHuble» JuHul A1 Op 1 CO, HelHHEHHH H He
napajienbHbl OcAM rpadHka, T, €. KOHIEHTPalHA 3THX Ia3oB HE
IPOCTO IPOMNOpLHOHAIbHA HX NapUHaJbHOMY AaBjeHHIO. Bribe-
peM, HampHMep, HeKoe 3HaueHHe Py, Ha HUXKHe#h ocH abcumuce
(nanpumep, 50 mMm pr. c1.). Ecau nposectu uepes 3Ty TOYKY
BBEPX BEPTHKAJBHYIO NPAMYI0 (4TO COOTBETCTBYET NOBHIIIEHHIO
Pco,), TO oHa N0 ouepeH NepecedeT H30KOHLEHTPALHOHHEIE KPH-
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pole Og, COOTBETCTBYIOILHE BCe MEHBLIHM KOHUEHTPALHAM 3TOro
raza (a¢dekr Bopa). To xe camoe Haba0aeTCs, €C/IH IIPOBECTH
BIPaBO TOPU3OHTAJBHYIO NPSIMYIO dYepe3 HEKyl TOUKY Pco, Ha
JeBOfl ocH OpAHMHAT- (3TO COOTBETCTBYeT YBeauuyeHH0 Po,): mo-
PALOK IepeceueHusl KPHBBIX OyJeT COOTBETCTBOBATbL MOHHMIKEHHUIO
koHuentpanuuy CO; B kpoBd (2ddexr Xouaneitna). [Togobuuie
rpaduyeckue NMOCTPOEHHST MBI HCHOJb30BaJH B INI. 5 s TOrO,
yTo6n no rpaduky O,—CO,, npeacraB/ieHHOMy Ha pHc. 5.9, mo-
ayqarh kouunentpauun Oy u CO,, npuBeseHHbe Ha puc. 5.10.

KucioTHo-11e/104H0€e COCTOAHNE

Ilepedoc CO; oka3epiBaeT oueHb CHJBHOE BJHSHAE HA KHCJIOT-
HO-IL[€JOYHOE COCTOSIHHE KPOBH H OPraHH3Ma B LEJOM. 32 CYTKH
Jerxue Beiiensitor Gosnee 10 000 Mr-sks yroJbHO#t KHCJAOTH (Asid
CpPaBHCHHA: MOYKH BbIAEAAIOT Menee 100 MT-3KB HEJETYUHX KHC-
J0T). M3 storo cnenyer, 4To u3MeHeHHs a/bBEOJIIPHOH BEHTHJIA-
UM, a c/aefoBarenbHo, H yanajenne CO, MOryT HMeThb OdYeHb
GoJsibllIoe 3HAYeHHe JJI PeryJ/isiiud KHCJIOTHO-I1eJI0YHOr0 COCTOs-
HHA. 3]ech MBI JIHIIb KPATKO KOCHEMCS 3TOH TeMBI, TaK KaK OHa
BO MHOTOM IlepeKpbiBaercs ¢ (hu3Hosoruell nouex.

Bennunny pH KpoBH, yCTaHABJIHBAIOLLYIOCS B Pe3yJbTaTe pac-
TBopedHsa CO, H nocienyouleil AHCCOUHANHMA YIONbHON KHCJOTH,
MOXKHO paccYHTaTh HCXOAst U3 ypaBHeHus [ enaepcona — [accedn-
6anbpxa. OHO BHIBOAWTCA CcJedylOmHM o0pa3oM. 3amuilieM CHa-
4aja peakHHI0 AUCCOIHALHKH YroJIbHOH KHCAOTHI

H,CO, = H’ + HCO;-

Hcnosb3ysi 3akoH AeHCTBYIOHIHX Mace, MOJNyYaeM KOHCTAHTY
JHCCOLLHALUN YIOJbHOH KHUCJIOTH Kar

K _ [H*]x[HCo;]
AMTTTICOT
IlockoNbKYy KOHIIEHTPALLHH YrOJBHON KHCJIOTHL U PacTBOPEH-

HOTO YIVIEKHCJIOTO ras3a IPONOPLHOHAJIBHBEL MeXAy co00fl, MOXKHO
pPaccMOTpPeTb KOHCTAHTY

[ xJHCO;]
Ko="reor -
Ilocse norapudMuYecKoro npeo6pasoBaHus
. [HCo; ]
lg Ka =1g[H'] +1g 5,1
OTKyZa
. [Hcos}
—lg[H]=—IlgKa +1g~s57~ [COa
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ITockonbrky pH — orpunatenbubiil Jorapudm KOHIEHTPAIHH NPO-
TOHOB, [OJYYHM
He [HCo;]
pH="pKr+1g 5,7

®usnueckoe pacrsopenrie CO, momumHsercss 3axkony Ienpw,
ciaenosarenbuo, KoHuedrpanuio CO, (MM/1) MOXHO 3aMEHHTH
BeanuuHOk (Pco, X 0,03). Ilpu stoM nosnyuaem

HCO;
pH=pKs+Ig ———-0[’03%30]2 .

3uas, uto pKa = 6,1, a conepxxanne HCO; B apTepHa/bHOI
KpPOBH B HOpMe — 24 MM, MOXHO, MOACTAaBHB 5TH 3HAYEHUH, MO-
JIYYUTD

PH=6,1+lg gros =6,1 +1g20=6,1 + 1,3.

ClenoBaTebHo,
pH=7,4.

BaxHO OTMETHTD, 4TO [0 TE€X NOP IOKAa OTHOLIEHHE COMepIkKa-
Hus 6ukapbonatos K Benuuune (Pco, X 0,03) ocraercsa paBHbIM
20, pH 6yner coorserctBoBaTh 7,4. Comep:kanue B KPOBH GHKap-
60HATOB 32BHCHT IMABHEIM 06pa3oM oT paboTH nouek, a Pco, —
OT JeSTEJbHOCTH JIETKHX.

Ceasp Mexay pH, Pco, u comepxanunem HCO; xopoiio BuA-
Ha M3 auarpammbl [lasenumopra (puc. 6.8). ITo ocaM 3T0d ana-
rpaMmul otnoxenn! kounentpanus HCO; n pH, a xpusbie coor-
BETCTBYIOT paBHBIM 3HaueHHsAM Pco, Ilaasma xposu B HOpMaJb-
HBEIX YCJOBHAX mpejictaBieHa toukoit A. IIpamas BAD orpaxaer
usMenenus kouueurpauun HCO; u pH, npoucxoasdmue mpu 10~
GaBJenul K LEeJbHOH KPOBH YLOJbHOH KHCJOTHI, T. €. sIBJIsIeTCS
OTPe3KOM KPHUBOH THTPOBaHHsS [/ KPOBM H HasbiBaerca 6ygep-
noii npamod. Ee HakJOH I HeJbHOH KPOBH Kpyde, 4eMm JJis
naasMbl (6ydepubiii 3¢ derr remorgobuna), a in vitro He Tako#,
KaK in vivo, uTo cBsizaHo ¢ GydepHBIM JeHCTBHEM HHTEPCTHILH-
AJbHOH KHJIKOCTH ¥ JPYyruX TKaHell opraHuaMa.

Eme omuu cnoco6 mpeicTaB/eHHs BCEX 3THX B3aHMOOTHOIIE-
Huil nmpHBefeH Ha puc. 6.9. 3xech mo ocH abCHHCC OTIOKEHB
snadennss pH, a mo ocu opaunat — Pco, B JorapudMuueckoMm
macmrabe. TlpsiMble JUHHM, HAyLIHe C/eBa HampaBo H CBEPXY
BHH3, — H30KOHIeHTpanuonuse npsamele 111 HCOj;- Buano, uro
OHH IepPeceKalTesi ¢ FOPH30HTANbHOR MPAMOH, COOTBETCTBYIOLIEH
Pco,=40 MM p1. cT. B HOpMme Oydepnas mpsimMas HECKOJbKO
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Puc. 6.8. B3aHMOOTHOIIEHASA MeXIY [HCO;], pH u Pgo, Ha nuarpamme

Ilasennopra. B Bepxuedl uactn (A) — Gybepuan xpuBas BAB, a » wmxied
vactd (B) -— u3MeHeHUs], TPOHCXOAIME P IHLIXaTeAbHOM H MEeTaGOoAHYeCKOM
anugo3e H ajkajiose (HoAPoGHee CM. B TeKCTe)

kpyde ux. KpoMe TOro, smech e IMPeNACTaB/eHA KPHBAs H3-
6pITKa ocHoBaHuii (cM. HHXe). Takve rpadHkm Bce uyalle HC-
NOJIb3YIOTCS B KJAHHHKE 175 OLIEHKH KHCJOTHO-LIEJOYHOIo CO-
cTosHHA. B NmpuHIiHe OHH JAIOT Ty e HHOOPMAIIHIO, YTO H KPH-
BbIE pH——[HCO;], OJIHAKO IPAKTHUECKH HX CTPOUTh VAOOHee,
tak kak pH u Pco, MOXHO JIeTKO H3MepHTb B IIpobe KPOBH ¢ HO-
MOIIBIO CHeNHaJbHBIX 3JekTporoB. Ecau xopolllo noHATH Aua-
rpammy Jlasenmopra, TO Ucnosb3oBaHHe KPHBHX pPH —Ig Pco, He
npeacTasisieT TPYLHOCTEH.
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Puc. 6.9. I'padux pH — g Pco, ¢ nopManbnoll Gydeprofi mpaMoil # Kpusoi
u3buiTka ocnopanust, ToukH, 0603HaueHHbie OYKBaMH, COOTBETCTBYIOT COCTOS-
HHAM, YKa3aHHbIM Ha pHc. 6.8 (mo O. Siggaard — Andersen, K. Engel:
Scand. J. Clin. Lab. Invest,, 12:177, 1960, ¢ usmenenusamu)

CymecTByIOT yeThipe BHAA HapyUIeHHH COOTHOLIEHHS MEXIy
cojlepkanveM GukapboHaToB H Pco,: KaXABH H3 3THX NOKasa-
Tesqed Moxer Jau6o nosHarthes, JHG0 TOHHXKATHCA. Bee 3TH
HapyLIEHHs] NPUBOIAAT K crleUH(HIECKHM H3IMEHEHUSIM KHCJOTHO-
L1eJJOYHOTO PaBHOBECHS.

MbixaressHsii ayudos

JbixaTe pHEIl allif03 BO3HHKAeT B pe3y/bTaTe MNOBHIUEHUSA
Pco,, uTO IPHBOJAMT K CHHKEHHIO OTHOLUEHHSA HCO3/Pco, H, cie-
JoBaTtesbHo, K yMenbilennto pH. Ha puc. 6.8 n 6.9 ato coorser-
CTBYET CMeIlleHHI0 OT Toukn A K Touke DB. YBeanuenne Pco,
JNOJIJKHO COTPOBOXKAATHCA M HEKOTOPHIM IOBBIUIEHHEM COJepxKa-
Husl OUKapOOHATOB B CBSI3U C Auccoluaunueil o6pasyrouleica NpH
136nTke CO, yroabHOH KHCJIOTH, YTO M OTpa’kKaer CMeIleHHe
BROJb OydepHOil npsaMoil KPoBH BJeBO H BBepx (puc. 6.8). Oana-
KO, HecMOTpsi Ha 310, oTHoWlenne HCO3/Pco, cuuxkaercs. Ha-
xomene CO, MOXeT NPOUCXOAMTHL B pe3yabTaTe THIOBEHTHJIS-
uun (cM. crp. 58) HJIM HECOOTBETCTBHA MEXKAy BEHTU/SUHEH H
nepodysues,
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TIpu ycTOMYHBOM AHIXaTeNbHOM ANMA03€ HACTYNAET KOMIEH-
catopnas 3anepxka HCO; B nouxkax. Ilpu atom -Pco, B kaer-
KaxX NOYEUHHIX KaHANbIeB YBEJIHYHBACTCS, U OHH BHIAENSIOT 6OJb-
LIee KOJIHYECTBO BOJOPOAHEIX HOHOB, -T. €. 6oJiee KHCJIYIO MOTY.

IMporoun npu 3TOM BHBOAATCA B Bufe HL,PO; man NHJ, a nonn
HCO; peaGcopbupytorca. B pesysbrate NOBHIIAETCH COLEPHKA-

nue HCO; B miasme, u otHomeHHe HCO;/PCO2 BO3BpaIlaercs
K HOpMaJbHOMY ypoBHI0. Ha puc. 6.8 saro coorBerctByer cmelue-
1o or Touku b K touke I' no xpusoit Pco, =60 Mm pr. cT. Ilo-
LOOGHOE COCTOSSHHE Ha3BIBAETCH KOMNCHCUPOBAHHBIM OblxaTeAb-
Hoim ayudosom. Tlpoucxoisaiine H3MEHEHH MOXHO ONHCATh Cle-
AyoIuM obpazom:

PH=6,1 +1g g5 =86,1 -+ 1g 20 =7,4 (uopwa),

PH=6,1 + g gresy =6, +1g 15,6 =7,29,

(npixarTeJbHEH AlUA03)
pH=6,1 -+ ]gmigm=6,l +1g 18,3 =7,36.

{(xoMmeHCHPOBAHHBIA

ABIXaTeJbHbIA auua03)

[Toukn snump B pelkux ciayyasix CHOCOGHBI MOJHOCTHIO KOM-
TeHCHPOBATh anuAo3, noaromy pH o0buHO He Bo3Bpallaercd K
HOpPMaJdbHOMY ypoBHIO (7,4). CrenmeHb NOYeYHOH KOMMOEHCALHH
MOKHO OLEHHTb MO TAaKOMY TNOKasaTesIi0, KaK U36bITOK OCHOBA-
nutl. Ha puc. 6.8 oH coOTBETCTBYer pacCTOSHHIO 11O BEPTHKAJN
mexay Oydepusimu npsimbeiMu BA u ['Jl. Ero Moxkuo TakXe oue-
HATb TI0 KpHBOH Ha puc. 6.9: nas 3Toro uepes TOUKY, COOTBET-
CTBYIOIIYIO COCTOSIHHIO KPOBH, NMPOBOASIT JHHHIO, MAaPaJJeJbHYIO
Oydeproii mpaAMo#, H HaXOAAT TOYKY €€ HepeceyeHHss ¢ KPHBOH
H30LITKA OCHOBAHHUH

Jloixareabuolli aikanros

JbixaTesqbHE aJ1K2J103 BO3HHKAET B PE3YJbTATE CHHUKEHHSA
Pco,. [Ipu s10M yBenuunsaercsa otnomenne HCO3/Pco, 1 B pe-
syabrate nosbiiaercs pH (cMemenue or Touku A K Touke B Ha
puc. 6.8). Takoe ymenbumienne Pco, 06yc/0BI€HO THIEPBEHTHISA-
uued, nanpumep Ha 6oabluux BhicoTax (cM.ra. 9). KoMmnencatop-
HbBle PeakLHH CO CTOPOHH NOYEK NPOABJSAIOTCS B YCHJIEHHOM BH-
BelleHHH OHKapOOHATOB, YTO NPHBOAHT K BOCCTAHOBJEHHIO HOP-

maabnoro ornomenns HCO;/Pco, (cmewenne or Toukn B 10
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goukn E no mpamofi Pgo;==20 mMm pr. cr.). Ilpn naureqpHoM
npe6LIBaHUd Ha GOJIBIIUX BEICOTAX MOYKH MOIYT KOMIEHCHPOBATDH
JMBIXaTeJbHEA aJKaJ03 NOYTH mnojHoctsio. IIpm stoM mabJio-
JlaeTcsi TaK HA3HBAeMBlA OTPULATENbHBHIH H3OBITOK OCHOBaHHH,
HIH Oeuyur ocroBarull,

Meraboauneckuit ayudos

B naxzom cayuae Iojx «MeTab0oJIHYeCKHM» HapyUICHUEM KHC-
JIOTHO-IILEJIOYHOTO COCTOSAHHA NOJAPa3yMeBAIOTCA HNePBHYIHBIC H3-

meHenus cogepxanusg HCO; (T. e. BeTHUHHBI, CTOAIUEH B YHCIH-
Tese ypaBHeHns I'emnepcona— [accenn6anbxa). Ilpu MeraGo-
JIHYECKOM alHA03€ YMeHbLIAeTCs OTHOLIeHHe HCO3/Pco, uTO
npusonut K cuuxennio pH. Konuenrpanus HCO; moxer yMmeHb-
IaThCsl B pe3yJibTaTe HAKOMJIEHHS B KPOBH KHCJOT, HalpHMeED
NpY HEKOMIIEHCHPOBAHHOM caxapHoM jAuabere WY IpH TKaHeBOH
FUIOKCHH, NPHBOAAMIEH K BEIIENEHHIO MOJOYHOH KHCJOTH. ITO
COOTBETCTBYeT CMellleHHi0 OoT ToukH A K Touke )K Ha pHC. 6.8.

Meraboyingeckdii alEi03 KOMIEHCHPYeTCs JEerKHMH: yBesH-
yHBaeTcs BEHTUJIALHSA, 4TO NPHBOXHT K cHUXKeHHIO Pco, B BOC-

CTAHOBJICHHIO OTHOUIEHHS HCO;/Pco,- OCHOBHLIM CTHMYJATOPOM
IBIXaHHS B JaHHOM cJjydae CJay:Kurt AeficTBHe nmoHoB H+ ma me-
pudepuueckue xemoperenropsl (cm. ra. 8). Komnencanus oOmu-
chBaeTcs cMelienHeM oT ToukHd JK k Touke E (x0T mocreanss
He pocruraercsi). Ilpu stom HaGuopaercss AedHIHT OCHOBaHHIL

Meraboaiuveckudl arkaros

IIpu MeTaboJHYeCKOM ajiKajo3e yBEeJHYHBAETCS COAEpKaHHE
HCO;» Boapactaer orHolerne rICO +/Pcoy u B pesyabrare Io-
soimaercss pH. K 9TOMy cOCTOSIHHIO MOXKET NPHUBOAHTE Ype3Mep-
Hoe norpebJjeHne ¢ MUIeH IIeJOYHLIX BEIIECTB HJIH HEA0CTaTOK
KHCJIOTO KeJYA0YHOro coKa (cMmellleHHe OT TOYKH A K Touke [l Ha
puc. 6.8). KoMmmencanus co CTOPOHBI JIETKHX MOXKeT NPOSABJATHCS
B CHHJKEHHH aJbBEOJSIPHON BEHTHJSIHH, NPUBOASLIEH K MOBBIIIe-
1uo Pco, (Henomumiii casur or Touku JI K touke I'). JlbixaTesn-
Hasi KOMIIEHCAUHS TPH MeTaGoJUYeCKOM aJKajio3e MOXKeT GHITb
csab0 BhHpa’keHa HJH He INPOSBIAThCA BOBCE. VI3OBITOK OCHOBA-
HHEH [OPH STOM COCTOSIHHH MOBHIIIEH.

CrneiyeT OTMETHTb, HYTO 9YacTO BCTPEUAIOTCSl CMeLIaHHbIe
(omHOBpPeMEHHO AbIXaTeJbHBle H MeTafoNMYeCKHe) HapyLIeHHS
KHCJIOTHO-IILeJIOYHOTO PaBHOBECHS, KOrZa MPoaHa/H3HPOBaTh BCIO
HOC/JAeL0BATEIbHOCTh COOBITHH OHBAET TPYAHO,
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Fa3006Men MeXAy KPOBbIO U TKAHAMHU

ITepenoc O, u CO; MeXAY KPOBBIO CHCTEMHBIX KallHJJAAPOB 4
KJIeTKaMH TKaHed OCyllecTBJsieTcsd NyTeM INpocTol auddysuy,
T. €. TaK Xe, KaK MeXJy KPOBbIO JIEFOUHBIX KANUAISIPOB U ajlb-
BeOJIIPHBIM BO3JyxoM. M3 ra. 3 MBI yXe 3HaeM, 4TC CKOPOCThb
IlepeHoca rasa yepe3 CJioH TKaHH OPSIMO NPONCPIHOHAJABHA IiJIO-
IaaH ¢JIod M pasHUle NapUHaJbHOrO JaBJjeHHs rasa no ofe ero
CTOPOHH M 00paTHO NPONOPILHOHAJNbHA TOJIHHE cjIosi. [Ipu raso-
o0MeHe MeXIy TKaHSIMH M KPOBBIO TOJIIMHA AU(DY3HOHHOrO
6aprepa Menee 0,5 MKM, OZHAaKO B MHIINAX B COCTOSTHHH HOKOS
paccTosiHHe MEXAY OTKPHTHMH KalHWJJASPaMH COCTABJIsSeT OKOJO

Kamvnnap  Txkawe Kamunnap
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Puc. 6.10. CHuxkenue Pgo, B HpocTpaHCTBEe MEKAY ABYMsl NPHJIETAIMHMH

OTKPHITHIMH KalHIspaMu. A — J0CTaTOuHOe CHaGKEeHHe KHCaopogoM; B —
KPHTHYECKHH YPOBeHb CHaGXKeHHS KHCJIODOLOM; B — nenocratouHoe obecne-
HYeHHe KHCJIODOJAOM; B CpefiHeH MeXKaNmH/JIAPHOH 30He a3pobublii MeTabonm3Mm
HEeBO3MOXEH

50 mxm. IIpu paGore, xorxa mnorpef/eHHe KMCJAOPOAA MEILINAMH
YBEJIUYHBACTCSA, OTKPHIBAIOTCA J00aBOYHBIE KANHJJIADPH, UYTO
yMeHblllaeT AuP(Dy3HOHHOE PACCTOSHHE U yBeauuuBaer Audoy-
3HOHHYIO 110BepxHOCTh. [Tockoabky CO; nHDOYHAHPYET B TKAHAX
npumepHo B 20 pas Ouictpee, yem O, (puc. 3.1), yranenue yrae-
KHCJIOTO rasa NPOHCXOAHT ropasjo Jerde, ueM cHalxKeHHe KHC-
JI0POJOM.

Ipanuent Po, B TKaHAX MeXAY ABYMsl COCEIHHMH OTKPHITHI-
MH KanuissipaMu cxeMaTHyHO H306pakeH Ha puc. 6.10. ITo mepe
Iuddysun KHCIOPOLA OT KATHJAAPOB OH MOTPeObJaseTcs TKaHIMH
H Po, nanaer. Ha puc. 6.10, A oTHOuIeHHe MeXay NoTpebieHHeM
O, u ero nocrynsiennem, saBucsiuee ot Po, B Kanuaaspax u pac-
CTOSIHHSL MEXKJy HHMH, o0ecneuynBaeT JOCTATOUHYIO BelHUHHy Po,
BO BCeX yuacTkax TkaHedl. Puc. 6.10,5 cooTBercTByer ysennue-
HHIO U060 MeXKamuAJISPHOrO paccTosinus, Jdubo norpebiaeHus
O,. Tlpu 3TOM B HEKOTOPOM yuacTKe TKaHH Po, manaer mo Hyds.
Takoe cocrosiHHe HaswbiBaercsi kpuTueckum. HakoHen, Ha
puc. 6.10, B uzobpakena curTyalus, OpH KOTOPOH 3HAUHTEJbHas
YacTb TKaHH COBEPIICHHO He HOJydYaeT KHCJIOpPOLa, a3pobHLIH
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{(cenzannnilt ¢ norpeGienueM O,) oOMeH B HEll CTAHOBHUTCA HE-
BO3MOXHBIM H KJETKH IepeXOJAT Ha aHa’POOHBIH TVIMKOJH3 C
o6pasoBaHHEM MOJOYHOH KHCJIOTHI.

HackonbKo XK€ [JO0/IKHO ynacTb 3HaueHue Po, B TKaHfAX, 4TO-
6bl KHCJIODOX Iiepectas BOBJEKaTbCs B OGMeHHBIE MPOLECCHI?
M3yuenne cycneHsuii H3 MHUTOXOHIDH# KJETOK medeHH in vitro
nokasaso, 4to norpebaenne Oy NPOLOKAETCHA C TOCTOSIHHOH CKO-
pocThio, noka Po, He omyctutcst HHXKe 3 MM pT. cT. [To-Buaumomy,
3HauHTeabHO Gosbliee Po, B Kanuanapax HeobxoauMo Jfd CO3-
maHug mocratouHoro AHGQY3HOHHOrO AaBiieHHsA, obecneudBaio-
mero nepedoc O, K MUTOXOHAPHAM. B MecTax HemocpeACTBEHHOrO
HCHOJIB30BaHUsL KHCA0poaa Po, MoXKeT OBITh OUYeHb HHU3KHM.

HepocratouHoe cHaGxeHHe TKaHedl KHCJAOPOZOM Ha3bIBaerCs
TKaHeBoli rumokcue#i. OHa Moxer OBIThL 00ycJOBJIeHA pasJjiu-
HbIMH IpHYHHAMH: HH3KUM Po, B apTepHasbHOi KPOBH, Hanpumep
npu 3a60JeBaHUAX JIETKHX (THOOKCHYECKasi THINOKCHS»); IOHH-
KEHHOH CmOocOGHOCThIO KPOBH mnepeHocuTh Oy, HanpuMep MpH
AHEMHMH MWJ/JH OTPAaBJEHHH YrapHHIM rasoMm («reMuueckasi CHIIOK-
CusI»); yMeHbLIEHHEM KPOBOCHAOXKeHHS TKaHell — /MO0 BO BCEM
opraHusMe (HanpuMep, IPH LIOKe), Au6O NPH MECTHOH 3aKyNOPKe
cocynoB («IHPKYyJAATOpHAS THIOKcHs»). HakoHen, cymecrsyer u
yerTBepTas NPHUHHA — HEKOTOPHe SJOBUTHIE BelleCcTBa MNOLaB-
JAIOT CHOCOGHOCTR TKaHel UCnogab3oBaTh Op (KTHCTOTOKCHUECKAR
rHNOKCHS»)., B kauecTBe mpuMepa MOMXKHO NPUBECTH IHAHHAH,
yrHeTamollie B3aUMOAEACTBHE KHCJIOPOJa C AbIXAaTelbHBIM (ep-
MeHTOM HMTOXpOoMOkcHAa3of. [Ipi sToM koHuenTpauus O, Kak
B apTepHaJbHOM, TaK U B BEHO3HOH KPOBH MOXeT ObIThb BHICOKOH,
a norpebJeHue ero TKaHIMH — YPe3Bbl9afiHO HU3KUM. ITO CTAHO-
BUTCSl BIOJIHE MOHATHBIM, €CJAH NPUMEHHTb K TNOIVIOLLEHHIO HMH
O, npusuun PHka.
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MexaHuka abIXaHus

Kax neexue sakpenaenvt 6 epydnoii xaerke,
U KaK OoHu 08uiyrcs

W3 ra. 2 Mul y3naaum, yTo B mpomecce JeroyHOH BeHTHJASIUH
BO3AyX nepeMellaercs B anbBeosbl W 00paTHO. 34ech Mbl pac-
 CMOTDHM CHJBI, NPUBOJALIME B JIBHMXKEHHE JIETKHE H TPYAHYIO
KJEeTKy, W CONpPOTHBJIEHHSl, KOTOPble 3THM CHJAM [PHXOAHTCA
NIpeoioJIeBaTh.

JibIxaresbHble MbILILBI

Bdox

Baxnedlwlas wuncnuparopsas (T. e. OTBeualomas 3a BJOX)
Muluna — duappaema. Ona npeiacraBaser coboi TOHKYIO KyTNoO-
JIOOGPa3HYI0 TNJACTHHY, NPHKPEIVIEHHYIO K HUXHHM pebpaM.
K nnadparme noaxomsr Hepeul OT 3-ro, 4-r0 # 5-ro MeHHBIX cer-
MEHTOB CNUHHOro mosra. [Ipn cokpamenun auadparmbl opraHsl
OpIOIIHOH NOJIOCTH CMELIAlOTCsl BHU3 H BIepell, H BePTHKAJbHbie
pasmepsl rpylHOA nojocTu BospacraloT. Kpome Toro, mpu stom
NONHUMAIOTCH W pacxXoaarcs pebGpa, OPHBOAS K YBEJHYEHHIO ee
nonepeynuka (puc. 7.1).

[lpu cnokoiinoM AbXanuu AuadparMa cMemlaercs NPHMEPHO
Ha 1 cM, a npu GOPCHPOBAHHOM AMIIMTYAA ee ABHIKEHHH (K-
ckypcusi) Moxer gocturath 10 cm. [apannsosannas auadparma
npu  BAOXE CMeIlaercsi He BHH3, a BBePX B CBfA3H C yMeHblie-
HHEM BHYTDHIDYAHOIO JaBJEHHA. ITO ee TaK HasbBaeMoe
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Puc. 7.1, [Ipn Baoxe puadparMa COKpaumlaercsi, CTAHOBUTCS MeHee BBINYKJIOH,
BHyTpPEHHHE OpraHpl OprolHOH MOJOCTH CMeIaloTCs BHH3 H Bhepej H pebpa
NoAHAMal0TCA. Bce 3TO NPHBOANT K YBeJNHYEHHIO OObeMa TIPYAHOH KJETKH.
IIpn ¢opcupoBaHHOM BBIZOXe MBILLE GpPIOWHOA CTEHKH COKPAIlaloTCa H
opranbl OPIOINHOH MOJOCTH CMeWaloT auadparmy BBepX

napadoxcassnoe OsuceHue MOXKHO YBUAETb HAa PEHTIEHOCKOIHH,
€CJIM NONPOCHTH GONBHOTO BAOXHYTD.

Cocennre pebpa COefHHSIIOTCH HAPYNHOIMU MexpebepHoImy
moiuyamu. VIx BOJIOKHA HampaBJieHbl Buepel BHH3 (puc. 7.2).
Ilpu cokpamieHud 3THX MBI pedpa NOLHAMAIOTCSH H CMeIlaloTCs
BIIepeJ, YTO NPHUBOAUT K YBEJHUEHHIO Pa3MePOB TPyAHOH KJETKH
B OOKOBOM H TepejHe-3aJJHEM HalpaB/eHHH (pacllupeHyue ee B
CTODOHHI CBSI32HO C TeM, 4To pe6pa NOAHHMAlOTCA, KaK BelepHHE
pyukn). K aTuM MBIINAM NOAXOAAT MeXpeOepHHle HePBHI, BHIXO-
SII{HEe H3 CIHHHOTO MO3ra Ha YPOBHE COOTBETCTBYIOILUX pebpam
cerMeHToB. Ilpu mnapanuue MexpeGepHBHIX MBILIL CEPbE3HBIX
pPaccTpoiicTB ABIXaHHS He BO3HHKAeT, TaK Kak ABHXKEHHS [Ha-
¢parMbl npekpacHo o6ecrneyuBalOT BEHTHJALHIO.

K 6cnomoearenssroim UHCRUPATOPHOIM MbLUILGM OTHOCATCS
JIeCTHHYHEIe, IIOXHUMAIOIIKe BAa BEPXHHUX pebpa, H IPyAHHO-KI0-

™1 MexpeBepHsie P —L ~~
MblLybl
HapyxHbie \‘
fosso- & BryTpeH ~<—, A
HOYIUK A wie | }
PeBpa |

Ocb BpateHun

Puc. 7.2. IIpu coxpailleHNM HapyKHBIX MeXpeGepHBIX MBI peGpa CMemaloT-
¢z BBepx H Bmepex. [lpm 3TOM OHH BpalwalOTCs BOKPYr OCH, COeRHHSOuIE
NO3BOHKH H T'OJOBKH pebGep. B pe3yibrate rpyjpHasi KJeTKa YBeJMYHBaeTCA
Kax B INONEPEuHOM, TaK M B MPOJOJABHOM Hampas/eHHsx. IIpH COKpalleHHH
BHYTPEHHHX Me:xXpeGepHBIX MBIUIL HPOHCXOAAT 0OpaTHble HPOLECCH
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YHYHO-COCLeBHAHBIE, NOAHUMAKOLIHE TPYANHY. B cnokofinoM mambl-
XaHHH 3TH MBIIIIL NPAKTHYECKH He YYacTBYIOT, OJHAKO NpH (u-
8MYECKOH Harpyske MOTYT OY€Hb HHTEHCHBHO paboTaTh. MeHb-
LIy10 POJIb HIPAIOT MBIUIL KDELIbEB HOCA, BHI3EIBAIOLIHE pasu.y-
BaHHE HO3JApeH, H MeJKHe MBIUIIIb [OJOBH U IUEH,

Betdox

Ilpy crokofiHOM AHIXaHHH BHIIOX MPOHCXOAUT MaccuBHO. Jleno
B TOM, 4YTO JIeTKHe H IpyJHas KJeTka 00,1alaloT yNPyrocThio, H
HO3TOMY TOCJI€ BAOXA, KOTAa OHH aKTHBHO PaCTATHBAIOTCH, CTpe-
MATCS BePHYThCA B npexHee nogoxenue, [Ipu ¢dusuueckoit Ha-
I'py3Ke H NPOH3BOJIbHOH THIEPBEHTHMSANHHA BEIOX CTAHOBHTCSH aK«
THBHBIM, BaXHefAINMMH 3KCOHPAaTOPDHEIMH (OTBEYAIOMIHMH 34
BHIIOX) MBINLAMH CJyKAaT MBIILL nepednel GPIOuHOL CTeHs
KU —TIpAMasl, BHYTPEHHAS M HapyXHad KOCHE H nomepewHas,
Ipu ux coxpalleHMH NOBHIIAETCS BHYTPUGPIOLIHOE HABJIEHHE M
duadparma noxHAMaercss BBepxX. KpoMe Toro, 3Tu MBI
CHJIBHO COKDPAlllalOTCA NPH Kallljie, pBOTe H Jederalny.

B aKkTHBHOM BHIIOXe YYaCTBYIOT TaK¥Ke BHYTPEHHUE Mmedxcpe-
beproie moiuyst. Tlpu Bx COKpPalUleHHH pebpa cMelalTcss BHH3
H BHYTPb (T. €. 5TH MBIIUb JefCTBYIOT B HaNpaBJIeHHH, oGpar-
HOM J€HCTBMIO HapYyXHBIX MexpeGepHbIX) H 00beM TPyAHOil
KJIeTKH yMeHbliaercs. Kpome TOro, cokpalileHHe 3THX MBIIIIL
CIocoGCTBYeT YKPemJIeHHI0 MeXpeGepHbX NMPOMEXYTKOB; B Mpo-
THBHOM cJiyyae MATKHe TKaHH BHINSYHBAJHCh OBl uepes HUX NpH
HaNPSAXKEHHH.

Ynpyrue cBoiicTBa Jerkux

Kpussie dasaenue — o6ven

[IpeanonoxuM, 4To MBI B35171H H30JHPOBAHHEIE JeTKHEe COOaKH,
BBeJIM B Tpaxelo TPYy6GKy H MOMECTH/H 3TH JIETKHE B 6aHKy
i(puc. 7.3). Ecam naBienne B Gauke CTAHOBHTCA MeHblle aTMO-
chepHOro, Jerkue pacHInPSIOTCS, U H3MEHeHHe HX 06beMa MOXKHO
H3MEPHTb C IIOMOINbIO CHHpOMeTpa. B GaHke MOXKHO CO31aBaTh
pasuble YPOBHH NaBJeHHA U (DUHKCHPOBATH HA HECKOJNBKO CEKYHJL
CTaHOHAPHOE COCTOSAHHe Jerkux. TakuM crnoco6oM AJsi HUX
CTPOSAT KDHUBYIO LaBJjieHne—o6beM,

Ha puc. 7.3 naBnenue, BLI3bIBalONIee pacliipeHHe JIETKHX, CO3-
laetcs HacocoM. B OpranusMe e OHO OOYCJOBJEHO yBelHde-
HHeM oObema rpynHod kiaerku. To, uto pasMephl MIeBpaabHON
mie/d MEXAY JIErKHMH H TPyJHOH KJIeTKOH (B 3TOH mieau conep-
XKUTCA JIHUIb HECKOJIbKO MHJJIHJIKRTPOB XKHIAKOCTH) rOPasio MeHb-
Lle, 4eM DacCTOsiHHE MEeXAYy JIErKHMH H OaHKo# (puc. 7.3), ue
HMeeT IPHHIHIIHAJBHOrO 3HAYEHUS,



9 [JIABA 7

10
=
Hacc_:c z
o
o
05
Basnexue
Nerxoe
_ 1 1 t
0 —-10 ~20 -30
Jasnexune cHapy®u nerkvx,
CM BOA. GT,

Puc. 7.3. TocTpoensie kpuBcHi 33aBHCHMOCTH 00bemMa OT [aBJeHHA A3 H30-
JIMPOBAHHOTO Jerkoro. JIlis TOro BOKPYI JIETKOTO. Ha HECKOJNbKO CeKYHA
CO3LAeTCSL ONpejesenHoe faBjeHue M u3Mepsercs Jerouuulii ofwem. Iloay-
ueHHad KpHBas HEJMHEiHa: [P BHICOKMX JABJEHHAX OHAa CTAHOBHUTCH M0+
qaoxke. BuaHo, 4TO KpHBLIE I/ PasjyBaHHA # COAACHHA JIETKHX HEOJMHAKOBLI;
3TO siB/IeHHE Ha3biBaeTCs THCTEPe3nCcoM

U3 puc. 7.3 BUAHO, YTO KPHBBHE JaBJjenue — o6beM NpH pas-
NyBaHHH W ClIaJ€HHH JIETKHX He oAuHaKoBbl. [logoGHble pasiu-
YU MEXKAY NPSAMBIM U OOPATHBIM IPOHECCOM Ha3bIBAIOTCS eucTe-
pe3ucom. Buano, 4To NPH OJHOM H TOM Xe NaBJeHHH oObeM cra-
HalOUlUXcs Jierkux OGoJsiblile, 4eM BO BPeMsl HX pa3ayBaHud, H
JaXe B OTCYTCTBHE PaslyBaloillero AaBJeHHsl B HUX COAEPIKHUTCSH
HEKOTOpOe KoJHYecTBO Bo3ayxa. Ecau nas/enue CHapyXHu cTa-
HOBHTCSL BhIIle arMocdepHOro, H3 JeErkux BBIXOAHT JIHIIb He-
GoJbliIoe KOJHYECTBO BO3[yXa, TaK KaK MeJIKHe BO3LYyXOHOCHBbIE
IyTH CAafaioTcs, 3alep:kKHBas ero B a/lbBeojax (CM. MJs cpas-
Henus puc. 7.9). C Bo3pacToM, a Takxe IPH HEKOTOPBHIX Jeroy-
HBIX 3a60/1€BaHUSIX TAKOE 3aKpoiTUe OblXaTenbHbly nyTei MPOUC-
XOAWT NpH OoJblieM oObeMe JErKUX.

Ha puc. 7.3 naBjieHHe B BO3AYXOHOCHBIX MyTfX W aJbBeosax
paBHO aTMoc(hepHOMY; Ha OCH abCLHHCC ITO COOTBETCTBYET TOUKE
«0». Takum o6pa3oM, o JaHHOK OCH (PAaKTHUYECKH OTJIOXKeHa pas-
Hula JaBJeHHS BHYTPpH H cHapyxH Jerkux. OHO HasbiBaercs

" TPAHCAYALMOHAAGHOIM ¥ PABHO [AaBJEHHIO BOKPYL JIETKHX, €CJH
naBJeHHe B aJbBeoJax cOOTBeTcTByerT atmocdepHomy . Kpusyio
faBJeHHe—O00DbeM IJs JEerKHX MOXKHO MOJYYHTH TakXKe, HarHeTast
B HHX N0OJ NOJOXHTEJIbHBIM JaBJ/leHHEM BO3AYX NPH HAPYyKHOM
‘laBJieHHH, paBHoM artMocdepHomy. B artom caydae mo ocu

) ToyHee TPaHCOY/bMOHAJbHOE JasfieHMe OyNeT PaBHO AaBJCHHIO BO-
KDPYT JIETKHX CO 3HakoM MuHyc, — [Ipum. ped.
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abciHce GyAeT OTJIONKEHO MOJA0XKHUTeNbHOE «AaBJcHHEe B BO3YXO-
HocHbIX nyTsx». [losydaemble TakuM cnoco6oM KpHBble COBMA-
flal0T ¢ DpHUBeleHHBIMH Ha pHC. 7.3, )

Pacrascumocrs aeekux

Kpyrusna kpHBOWH naBJjenne — ob6beM, T. €. U3MeHEHHE O6L-
€Ma Ha eJHHHIY H3MeHeHHs [aBJeHWA, Ha3bIBAETCA paCTANCU-
MOCTb/0. B (hH3HOJOTHUECKHX YCJOBHSIX (€CJH pacTArMBalOllee
laBJeHHE cocrasisieT oT —2 10 —10 c¢M BoA. ¢T.) Jerxue obJa-
ZAAI0T YLHUBUTEJIBHOH DaCTSIKUMOCTBLIO. ¥ 4YeJOBeKa OHa JOCTH-
raet npumepHo 200 ms/cM BOI. CT., OXHAKO NpH 6GoJee BHICOKUX
NaBJEHUAX yMeHbllfaercs. DTOMY COOTBETCTBYeT GoJjiee IOJOTHI
YyYacToK KPHBOH NaBJieHue — obbeM.

PacTamuMOCTb JIErKHX HECKOJDbKO CHHXKAeTcs TPH MOBBILIe-
HUM [aBJieHHst B JIETOYHBIX BeHAX W TIE€PENOJIHEHHH JIerKux
KpoBbIO. [IpH a/nbBEONAPHOM OTeKe OHA YMEHBIUAETCS B Pe3yJb-
TaTe HECIOCOGHOCTH HEKOTOPBIX asbBeos pa3ayBaThes. Kpome
TOrO, PACTAMHMOCTb JIETKHUX, NIO-BHAMMOMY, CHHIKAETCS NPH AJit-
TeJbHOM OTCYTCTBHH BEHTHJISILHM (OCOGEHHO, €C/H UX 06beM mpH
stoM Obl1 MmaJd). Takad 0coGeHHOCTb MOMKeT OBITh YaCTHYHO
00yCJ/IOB/IeHA aTEJEeKTa3oM HEKOTOPHIX y4YaCTKOB JIErKHX; KpPOMe
TOrO, BO3PACTAET IIOBEPXHOCTHOE HATsKEHHE B ajbBeoJax (cM.
unxke). 3abosieBaHHA, CONMpOBOXKAalomuecs (HH6PO3OM JErkKux,
TaKXKe NPHBOAAT K YMEHbIIEHHIO UX PACTAXKHUMOCTH, U, HANPOTHS,
¢ BO3pacToM H npu smduseme oHa Boszpactaer. OueBHLHO, B
ofoux cayyasx 3TO CBSI3aHO C M3MEHEHHAMH. 3J1aCTHYECKHX
TKaHeH.

Pactamumocts 3aBHCHT OT pasmepoB Jerkux. CoBeplIeHHO
SICHO, YTO HU3MeHeHHe uX o0'beMa Ha eJUHHIY H3MeHeHHS LaBJe-
HHs y uenoBeka Oyner OoJblie, 4eM, CKaXKeM, y MbIIU. B caszu
C 3TUM [UIS OLEHKH YNPYTHX CBOHCTB JIETOYUHON TKAHHM 4acTo HC-
NOMB3YIOT PaCTAXKKUMOCTb, OTHECEHHYIO K eQuHuLe o0neMma Jer-
KHX, HJIH YyOeAbHYIO PACTANCUMOCTb.

B mopesn, npusenentodl Ha puc. 7.3 (a Takke B pea’bHOM
opranusme), NaBjeHde B CPeje, HENOCPeICTBEHHO OXpYyKalollei
Jierkue, HHXKe aTMOC(hepHOro. DTo CBA3AHO C YOPYLUMH CHAAMH,
NOA JAeHCTBHEM KOTOPHIX OHM cTpeMmsitcsi cnacrtbes. OTKyna Ke
Gepyrcsa Takue cHabl? OAHHM H3 3/1€MEHTOB, YYaCTBYIOIIUX B HX
(opMHUPOBAHKH, CIYKHT 3/71aCTHYECKAs TKAHb, XOPOIIO 3aMeTHast
Ha TUCTOJIOTHYECKHX npenapaTtax. B credkax albBeos, a Takxe
BOKDYT COCYN0B ¥ GPOHXOB HNPOXOASIT BOJIOKHA 3JAaCTHHA M KOJ-
Jaresa. BO3MOXHO, ynpyroctb nerknx ofycJOBAeHA He CTOJBKO
YA/JMHEHUEM 3THX BOJIOKOH, CKOJIbKO H3MEHEHHEM HX reoMeTpHye-
CKOro pacmosioxkenus. Ilo aHazornu MOMKHO NPENCTaBHTL cebe
HEHJIOHOBBIE UyJKH: XOTA HUTH CaMH IO ceBe U3MEHAIOT JJIHHDI,

4 3ak, 782
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TKaHb JErko pacrsAruBaercsi O6jarofaps HX ocoboMy mepenJe-
TeHHI0. B0O3MOXKHO, HMEHHO IePecTPOAKa 3JaCTHYECKOH TKaHH
06yCJIOBIMBAET HU3MEHEeHHs yNPYTHX CBOACTB JIETKUX C BO3PacTOM
H npu sMbpuseme.

HOB@]))CHOCTHO(? HaTANCeHUe

Fule oXWH BaxKHeHIIMH (akTop, BO MHOroM oO0yCJIOBJIHBAIO-
tifil 0COGEHHOCTH KPUBHIX JaBJjeHHE — 00beM JJIsl JETKHX, — 3TO
NOBEPXHOCTHOE HATsKEHHe IKHMAKOCTH, BBICTH/IAIOHIEH CTeHKH
asbBeo . TI0BepPXHOCTHBIM HaTsKEHHEM HasbBaercs cuia (H3Me-
pseMas OOBIYHO B AHHAX), AeACTBYIOU(asl B IOIEPEYHOM HaNpas-
JIEHHH Ha BOOOpaXKaeMblil OTPe30K AJHMHOH 1 ¢M Ha NMOBEPXHOCTH
wuakocta (puc. 7.4,A4). dra cuna obycjoBieHa TeM, YTO MeX-
MOJIEKyJIApHOE CleMJieHHe BHYTDH 2KHAKOCTH FOPasfo CHJbHEE,

Tem

MeifbHBIA
ny3siper
A &

Puc. 7.4. A. TlosepxHocTHOE HaTsiKeHHe — 3TO CHJa, fAelficTByolias B MOMNes
peducy HalpaBJeHHH Ha BOOGpaxcaeMbill OTPE3OK JIHHOIM 1 cM Ha HOBEpX-
noctn kupkoctd. B. Tlox BaMsHHEM CHJ NOBEPXHOCTHOrO HATSAXKEHHS M10-
majAb TOBEPXHOCTH MBUIBHOTO My3LIPhKa CTPEMHTCH YMEHBIIMTHCA H B HEM
cosgaetcs napienne. B. IToCKoJbKY B MeJKOM Iy3bipbKe japaeHue Gojbure,
yeM B KPYNHOM, BO3AYX IEPEKAUHBAECTCS B KPYIHBIT My3bIpeK

yeM Ha IPaHHIE ee Pas3jena ¢ rasoM, MO3TOMY MOBEPXHOCTb KHI-
KOCTH CTAaHOBHTCS KakK MO0XKHo Menblle. XODPOIIHUM IPHMEPOM
MOMKeT GbiTb 06pasoBaHuMe MBUIbHOrO myswipsi (puc. 7.4,5). Ero
CTEHKH CTPEMATCSI MAKCHMAaJbHO COKPATHThCSA, M B pe3y/bTaTe
o6pasyercsi cepuueckast MOBEPXHOCTh, IUIOMaAb KOTOPOH INpH
nanHOM oObeMe MMHHMAaJbHA. BHYTPH TAaKOro mysbips JefcTByer
AaBJeHHe, paBHOe Mo 3akoHy Jlamaaca 4¢/r, rie ¢ — HOBEPX-
HOCTHOE HATsKEeHHe, a I — pajuyc. B BBICTIAHHBIX KHIAKOCTHIO
aJIbBe0JIaX B CO3AHHMU JaBJeHHs yIacTBYeT TOJbKO OJHa NOBepX-
HOCTB (a He [Be, KaK B MBIIBHOM My3bipe), MOITOMY B HHCIHTEJE
5TOr0 ypaBHEHUs cJelyeT MOCTaBUTh He 4, a 2.

IlepBbie JaHHEE O TOM, YTO CHJIbBI [OBEPXHOCTHOTO HATsiKe-
HHS MOTYT HMMeTb 3HAueHHe JUIsi PACTAXKHMOCTH JIErKHX, (0358131
nonyuensl Heprapaom. On oGHapyXuis, 4TO JIErkue, HalOJdHEH-
Hble COJIeBEIM PACTBOPOM, PACTAHYTh ropasjio Jierye, 4em Toraa,
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Puc. 7.5. Kpusne pasnenue — o6bem 108 Jerkux KOIUKY, HAMOJHEHHHX BO3-
AYXOM #  CONEBEIM pacTBopom. Ceeravie Kpyswcku — pasiysasne; Temuoe
KpYMKku — cnajanne. BHAHO, 9TO Jerkue, 3aNoJHEHHEBE CONCBHIM pacTBOpOM,
Gosiee  DACTAXKHMLL M THCTEPESHC Y HHX 3HAUHTENbHO MeHee BbIPaKeH
(E. P. Radford: Tissue Elastisity. Washington, D. C., American Physiological
Society, 1957, p. 177)

Korja B HHX HaxOAMTCs BO3AYX (puc. 7.5) [Tockoabky coaeBoii,
PacTsop, O4eBHAHO, HC BJIMSCT HA TKAHEBLIE CTPYKTYDLI JIeTKHUX,
HO CHHXX2eT MOBEPXHOCTHOE HATsXKEHHe, 9TH Pe3y.bTaTH YKa3hI-
BaJli HA €ro CYWECTBEHHYID pOJb B obecneyedny yIPyrux
CBOHCTB opraHa. JlaJsbHelilune N0KA3aTeNbeTBA GBI NONy4eHE!
IPH H3YYEHHM KPOLIEYHBIX NY3LIPHKOB NEHHl M3 OTEUHBIX JIECKHX
Yy XHBOTHBIX, OTPaBJCHHBIX SIAOBHTEIMH razamu. Mckaountenpgas
CTaOHIBbHOCTL STHX Ny3bIPbKOB TOBOPHJIA O KpalHe HH3KOM noO-
BEDXHOCTHOM HaTAXKeHHH 00pasylomlell mX MUAKOCTH. T8% SHLIN
CACJIaHbl NePBble WIATH K OTKPBITHIO JICTOYHOTO CYppaxrTanta.

Cefluac yXe uH3BecTHO, 4TO HEKOTOPEIe M3 BBHICTHJAMIOUIHX
CTEHKH d/IbBEOJI K/IETOK BHIPAGATEIBAIOT CEKPET, 3HAUHTENbHO CHU-
AKAIOIHA IOBEPXHOCTHOE HATSIKEHHE aJIbBEOJIADHON  JKUAKOCTH.
Tounbii cocTaB 5TOro cekpera noka He BBISICHEH, OJAHAKO IOKA-
34HO, UTO €rc BaxHeHIHuii KOMIOHEHT — AHnanbmuTonapocha-
rufunxoinn  (II®X). Cywectsyior gsa Ttuna aJIbBEOJSIPHBIX
OIIUTE/NHAIbHBIX KIeTOK. KJeTkd | THmna uMeror dopmy pacrei-
11erocst sfiflia ¢ JAJMHHBIMH LHTOIJIA3MAaTHYeCKHMH BhIpOCTaMH,
"TEHOLWHMHCS TOHKHM CJIOEM I10 CTEHKAM aJibBeoJ (puc. 1.1).
Kaerku Il tuna Gosee KoMIakTHEL (puc. 7.6), u nox 3JIEKTPOH-
1BIM MHKDOCKOIIOM B HHX BHJHBI OCMHOQHJbHBEIE MJIACTHHYATHE
[€/]1blla, KOTODbIe BHIOGPACKIBAIOTCA B AJIbBECJILI H npeBpamaloTca
3 cypdakrant. Herotopoe konnuectso CcypdaKkTaHTa MOMXKHO IO-
IYYUTh U3 JIETKHX 2KHUBOTHOFO IPH NPOMBIBAHHE MX COMEBEIM pac-
'BOPOM.

4%
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Puc. 7.6. daexrponnas Mukpodororpadus SMATENHANbHONR KJIeTKH (a/1bBE0JO-
uara) 1 mama  (10000X). Buaubl ocMHO(U/IbHbBIE NJACTHHUATHE TeJbla
(TIIT), kpynuoe sapo ¥ MHKPOBOPCHHKH (ctpeakn). Ha Bpeske Bpepxy cmpasa
NpUBeieH CHUMOK TOBEPXHOCTH KJETKH 1] Tuma, MOJIYUEHHBIH C [OMOMUIBIO
CKANHDYIOLIETG 3JEKTPORHOTO MuKpockona. BuaHo xapakTtepHoe pacupejenes
nue wukposopcunok (3400X) (E. R. Weibel, J. Gil: In J. B. West: Bio-
engineering Aspects of the Lung. New York, Marcel Dekker, 1977, p. 15)

®ocdoaunua OIIPX cunTesupyercs B JECKHX H3 JKUPHBIX
KACJOT, JHO0 TPUHOCHMBEIX KpOBblO, 1160 o6pasylomuxcs Ha
Mecte. CHiTes U 3ameHa cypdakTanTa NPOHCXOAST 0YeHb OBICTPO,
OHAKO €c/d KPOBOTOK Uepe3 Kakoi-auGo ydacToK JErkoro npe-
Kpalulaercsi (Hanpumep, B pesy/bTaTe 3MO0JIHKH), TO €ro 3amnacl
ajech MoryT ucromartbes. Cypdakrant obpasyerca JHIb Ha
MO3MHAX CTAAuAX 5MOPHOHAABHOTO DA3BHTHA, MOITOMY, €CIH y
HOBOPOMK/IEHHBIX He XBaTaeT 3TOro BEILECTBa, MOTYT BO3HHKATD
paccrpoiicTBa ABIXaHHS, NOAYAC MPHBOASILHE K CMEPTH.

Buausinye cyppakTaHTa Ha NMOBEPXHOCTHOE HATSKEHHE MOXKHO
H3yuaTb C IOMOLIbIO CIEUHANBHOTO yerpoiicTBa (puc. 7.7), co-
CTOSILLErO M3 JOTKA C COJEBHIM PAacTBOPOM, B KOTOPHIA noMe-
HIaeTcsi HEKOTOPOE KOJHYeCTBO HCC/IELyeMOTo BELIeCTBa. [110-
majb MOBEPXHOCTH MHAKOCTU NONEPEMEHHO YMEHbIWAIOT 1 yBeIH:
YHBAIOT C NOMOIIBIO NEPeABHKHOMN NeperopoAKH, H NOBEPXHOCTHO!
HaTsKeHHe OIEHUBAIOT 1O CHJe, AeHCTBYIOUEll HAa NJATHHOBYK
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mnactuuky. IToBepxHOCTHOe — HaTsKeHHe  YHMCTOTO  CONEBOrO
PacTBopa HE3aBHCHMO OT IJIOWAJH MOBEPXHOCTH COCTABJIseT
0kosi0 70 nu/cm. JoGaBka perepreHTon yMeHbllIaeT NOBePXHOCT-
HO€ HATAMEHHE, HO H B 5TOM CJydyae IJIOMWAAb MOBEPXHOCTH Ha
Hero He BJHseT. Ecan xe 106aButs B pacTBOp cMbiB H3 JIETKOrO,
TO MOKHO NOJIYYHTb KPHBYIO, PHBENCHHYIO Ha puc. 7.7. [lo weit
BHIHO, 9TO IMOBEPXHOCTHOE HATSXKEHHE B 3HAUUTEJNBbHOH CTEHeHH
SABHCHT OT IVIOUIAJAH NOBEPXHOCTH, NPHYEM 3Ta CBA3b HMeeT
TUCTEpesHC (CM. MJIs CDABHEHHS pHC. 7.3). OTMeTHM TakXe, yTO
IIpH MaJIeHbKOH ILIOL(A/AH NOBEPXHOCTH NMOBEPXHOCTHOE HATSIKE-
HHE PEe3KO najpaer.

Haruuk cunbt
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nenocka g i
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Puc. 7.7. A. VYerpohicteo mas H3MEpenus MOBEPXHOCTHOro Harskenus. C mno-
MOLUIBIO . NEPEFOPOAKA MEHSAOT MJIOWAND MOBEPXHOCTH IKHAKOCTH K H3MEPHIOT
[IOBEPXHOCTHOE HATSKEUHE KaK CHITY, AEHCTOYWOIYI0 Ha TNOTPYIKEHHYIO B
JKMAKOCTE MUI2THHOBYIO miactuiKy. 5. KpHBule 3aBHCHMOCTH HOBEPXHOCTHOrO
HATAKEUU OT IVIOWAAH NOBEPXHOCTH, MOJYYEHHBIE 14HHbIM MeToaoM. Buawo,
MTO y CMBIBOB M3 JIEPKUX CHJIA TOBEPXNOCTHOIO HATSLKENHS 3aBHCHT OT 110
Llagd IHOBEPXHOCTH M MOMCT IIPH 3TOM CTAHOBUTLCH OYEHD 1e00.bI 0

Kakop e MexaHH3M Takoro CHabHOro ‘ReACTBUA Ccypdak-
TaliTa Ha MOBEPXHOCTHOE HaTsiKeHHe? OkasbBaercs, MOJIEKYJIbI
AII®X ¢ ogunoro kouna rupodobHu, a ¢ APYroro — rujapo-
(GUAbHBL, TO3TOMY 06pasyioT TOHKHII CJI0/ Ha TTIOBEPXHOCTH BOJHI.
JleficTByIOI e MEXy HHUMH CHJIBI MOJIEKYJIIPHOTO OTTAJKUBAHHS
IPOTHBOAEHCTBYIOT CHJIAM NPHTSKEHHS MEXIY MOJIEKYJIaMH BO-
Abl, 00YCJIOBJIMBAIOLINM MOBEPXHOCTHOE HATSKeHue, B 3TOM CJy-
1a€ Cro yMeubLIelHe NPH CHHXKEeHHH IIOWAaAH NOBEPXHOCTH OG-
ICHACTCS 6OJIee IJIOTHBIM NIPHMbBIKaHUEM APYr K APYTY MOJeEKyn
[II1®X, 3a cuer wero cusia B3aUMHOrO OTTAJKHBAHHS MeEX1y
HUMH CTAHOBUTCH GOJIbIIIE.

B uem xe cocrour ¢usuonornueckas poss cypdarranra?
Bo-nepsbix, Gaaronaps HH3KOMY MOBEPXHOCTHOMY HaTSKEHHIO B
A/IBBCOJIAX YBEIHYHBACTCS PACTAKHMOCTD JIETKHX H TeM CaMEIM
/MEHDBIIAETCS COBepulaeMasl NPH BAOXe pa6ora. Bo-Bropmix, ,
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obecreynpaercsl CTaGUIBHOCTH aJbBEOJ. Kak yxke TOBOPHJIOCH,
UX B Jerkux okoao 300 MJH., ¥ BCe OHH HMMEKOT TeHJAEHLHIO K
cnajaHyio (arTesexkrasy), ouars KOTOpOro 4acro ob6pasyloTes B
jerkux npu 3aboseBaHusX. MOXHO NpeACTaBHTb cefe Jerkoe
KAK COBOKYMHOCTb MHIJIIOHOB KPOUICUHBIX Iy3bIPHKOB (XOTSI Ha
caMoM Hede Bce, 0e3yCJOBHO, TOPasio caoxkHee). B momoOHBIX
CTPYKTYpPax MeJjiKue My3blpbKH CTPEMITCA fepekauaTh CBOH BO3-
AyX B Gonee kpynubie. M3 puc. 7.4, B BMAHO, 4YTO JaBJeHHE, CO-
sjapaeMoe CcHJIaMH IOBePXHOCTHOIO HATsKEHUS B Iy3BIPbKe, 06~
PaTHO IPONOPUHOHA/BHO €ro paanycy, [HO3TOMY [IPY OJHHAKOBOM
TIOBePXHOCTHOM HATSKEHHH B MEJIKHX nyssipbKax OHO GoJpile,
yem B KpymHbIX. OfHAKO, KAK C/ICAYeT H3 PHUC. 7.7, CMBIBBL U3 JIETKHX
NpHUAAIOT PacTBOpaM Ty XapakTepHyio 0co6eHHOCTD, UYTO MOBEPX-
HOCTHOE HATs’KeHHe yMEHbUIAeTCs: ¢ yMEHbLICHHEM nJoIaAK Io-
BepxHOCTH. B pesyibTaTe TEHICHUHST K «TepeKayuBanio» BO3-
JyXa M3 MeJKHX a/bBe0J B KPYIHEIC OJKHA CHHIKATBCA.

Hakonei, cyp(pakTaHT CnocoGCTBYeT TOMY, HTO MIOBEPXHOCTH
anpBeos ocTaerca cyxoil. Cuibl OBEPXHOCTHOTO HATsXKeHHA BHI-
SLIBAIOT HE TOJBLKO CHajeHue a/beos, HO U «3acachlBaHue» B HHX
KuLKoCTH u3 Kanu/asipos. CypdakTaiT yMeHbIlaeT 5TH CHJIBI H
TeM caMBIM IpensTcTByeT 06pasoBaHHIO TAKOTO TpaHccynara.

K uemy NPHBOJUT HELOCTATOK cypdaxranra? Ha ocnoBanHH
FOro, YTO MBI yXKe 3HaeM 00 3TOM BEIIECTBE, MOYKHO TIPeAIoJo-
KHTb, 4TO Ge3 Hero Jierkue ObLTH Gbl Gosiee «KecTKAMH» (T. €.
MeHee DACTSAXKHMBIMH), B HUX 0Gpa3oBLIBaiuCh Obl y4acTKH
aTeNeKTasa, a B aJbBeOJibl NPOIoTeBaiad OBl KHAKOCTb. JlefCcTBH-
TebHO, Bce 3TO Habgiogaercs npu Tak Ha3BBAEMOM <«pecnupa-
TOPHOM JHCTpEcC-CHHAPOME HOBOPOIKAEHHBIX», OOYCTOBJIEHHOM,
KaK MOJAaraloT, UMeHHO OTCYTCTBHEM cypdaxTanTa.

OmnHcaH elle OJHH MeXaHH3M, cnocoBcTBYIONUH, MO-BUANMOMY,
crabuabHOCTH anbBeod. K3 puc. 1.2, 1.7 1 4.3 BHIHO, YTO BCE OHH
[(sa uck/0YeHHEM HEeNoCPEACTBEHHO MpPHUJeraromuX K nJaespe)
OKpYZKEHbl APYTHMH aJibBeosaMu H TEM caMbIM TNOAAEPKHBAIOT
mpyr aipyra. Kpome T10r0, 6LLIO TOKA3aHO, UTO B NOJAOOHBIX CTPYK-
Typax ¢ MHOXKECTBOM cBsizeil cTpeMJIeHHe OJLHOH IPYIIBl SJIEMEH-
TOB YMEHBIIMTH HJIH YBEJNHUHTDH CBOY OTHOCHTEJBHBEIA 00beM
BeTpeyaer MPOTHBOJEHCTBHE. Tak, ecau Kakue-1H00 asbBeoJIbl
CTpPeMATCst CHACTbCs, TO OKpyXKalomliasd X TapeHXxHMa PacTArH-
paeTcsi § Ha 3TH ajbBeojbl GyAyT AeficTBOBATh 3HAYHTENDbHBIE
«pacrnpasJsioNIue» CHIBL JleficTBATE/IBHO, H3MepeHHs MOoKasaJH,
yTo CHJB, AeficTByIOLiHE HA Y4aCTOK aTeneKkTasa, MOryr OBITh
YAMBHTE/IbHO OOJIBIIMMH 32 CHET pacTsKeHWst TKaHH JErKoro
BOKPYT 3TOTO y4acTKa.

TogoGuoe siBJenue, 3aKA0OYaiolleecs B TOM, 4TO cOCeJHHUE
y4aCTKH JEerkHx Kak 6Bl TOLNEPKUBAIOT CTPYKTYPY APYr APyra.
6blLI0 HA3BAHO «B3aHMO3aBHCHMOCTDHIO?. Ono urpaet omnpeieset-
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HYIO DOJIb B CO3J{AHHH HH3KOTO NABJIEHHUS NIPH pacuiupesun Jer-
KHX BOKPYr KDYNHBIX KPOBEHOCHBIX COCYNOB H BO3yXOHOCHBIX
nyred (puc. 4.2). 3T0 MOKHO OBbBICHUTE TeM, YTO KPOBEHOCHLIE
COCYIbl IOCTATOYHO KECTKHE, IO3TOMY He MOTYT DacUIHPAThES
B T4KOH e CTeleHH, KAK H OKDyXKajollasi ux napenxuma. «Bsau-
MO3aBHCHMOCTb» CTPYKTYD JIETKHX MOXKET TakiKe HI'DATb BAXKHYIO
POJ/Ib B npeAynpeX/IeHUH aTeJeKTA33 HJH B pacnpasJ/ieHHH cnas-
HHXC N0 KaKUM-THOO HPHYMHAM yYaCTKOB. Hekotopsie ¢uano-
JIOTH [0/1araioT flaxke, 4TO OHA MOXKET HMeTb GOJbllee 3HaueHHe,
YeM CyphakTaHT, 15 NOAAEPKAHHS cTaBHIbHOCTH MEJIKHX BO3-
AYIIHBIX CTPYKTYP.

Npruubl pernorapuwix pasanunii s BEHTHJSILUH

Mel yxe 3Haem (cM. puc. 2.7), 4To HMXKHHe OTHdesH JIerKHX
BEHTH/IHPYIOTCS Jlyullie, yeM Bepxaue. Hacralo BpeMsa o6CyauTh
IPAYHHBL 5TOrO ABJeHHs. Bouto nokasano, urto s 00J12CTH OCHO-
BaHHH JIETKUX BHYTPHILIEBPAIbHOE 14BJEHHe MeHee OTpHIATe/b-
HO, ueM B o6s1acTu Bepxywek (puc. 7.8). Boamoxno, 310 cBsizano
C BecoM Jerkux. Jlio6oe Teqo maBur Ha cBoIO OIOPYy, U OHH B
5TOM CMBIC/Ie He HCKJoueHne. Onopoi CHYKaT rpyLHAsT KJAeTKa
U puadparma. 3HAYHT, KaBeHHe Y HHXHHX OTJEJOB JEerkKux
BHILE (MeHee OTPHIATENbHO), ueym Y BEPXHHX.

Hs puc. 7.8 Bugno, kakum o6pasom o6beM Toro wuiu HHOTO
y4acTka Jerkux (Hanmpumep, 1oJH) YBEJIHYUBAETCST NPH CHHMKe-
HHI BOKDYT HETO NaBJieHHs (CM. 4JIsl CPaBHeHMs puc. 7.1). Buy-
TPH JIErKHX OHO DaBHO aTMOC(epHOMY. Ilpyu nuskom wuexognom
o0beme Jierkue Jerue Pa31yTh, ueM IIPH BLICOKOM, Tak Kak o
Mepe pacClIupeHUs] MajaeT PacTAKHUMOCTS, Hockoabky «pacrsry-
Baiolee» nasienne B 00JIACTH OCHOBAHUH Jerkux HEBEJIHKO, ux
HCXOJHBH 00'beM Takke Mad. D10 COCTOsIHHE COOTBeTCTBYeT Go-
Jiee KPYTOMY Y4acTKy KDHBOI AaBaenne—obbeM, 103TOMY npH
BIOX€ OCHOBAHHS DAacCUIMPSIOTCS CHJbHee, Hanporus, ua Bep-
XYWIKH JeHCTBYeT GoJibliee «pacTiaruBaloniee» JaBJeHHe, HX lic-
XOLHHH 06beM BeJHK u, CIEL0BATeNBHO, MaJl0 H3MeEHSeTC s npu
BAOXe 1),

Korna mst rosopum o PErHOHAPHLIX PA3/IHYHAX B BEHTHISILHH,
TO UMEEM B BHLY TaKOH II0KA34Te/b, KAK H3MEHeHUe o6bema Ha
€IHHHIY UCXOMHOH BeJUYHHL. M3 puc. 7.8 BHAHO, uTo B obJyacru
OCHOBAHHH JIETKHX 3TH H3MCHEHUS Ipn AbIXaHuH 6oJblue, a pe-
XOMHBIE 00beM MeHble, yeMm Y BEpXylleK. 3HAUHT, B HuKHux
OTAeTax JITKMX BEHTHJSALMA HHTCHCHBHee, 910 Kamercs

b Taxoe obbsIcHe e HECKOJbKO YOPOIWIEHO, Tak Kax B3aHMOOTHOUIEI 1S
MeXJIy JaBJieHHeM u ofbemMoM B OTAEJNBHO B3ATOM (bpaFMCHTe JETKHX 1e
O6H3aTeJIbHO AOJIKHBl OLITh TaKUMH 2Ke, KakK B neqaom opraue
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Puc. 7.8. Cxema, ofbsAcHsONIas PerHoHapHbie pasnuiisl B BEHTHJSIIHA BepX-
HHX ¥ HHMCHHX yuacTkoB Jjerkux. [TOCKOAbKY JErKue o6/1afialoT BECOM, Y HX
QCHOBaHMii BHYTPHIUIEBpANbHOE JaBJeHue MEHee OTpHUATENLHO, YeM Y Bep-
XyHmeK. B CBASH C STHM HUXHUE OTACE JIeTKUX B KOHIE CNOKOHHOTO BB
10Xa OTHOCHTEIBHO CAABJEHDB, OLHAKO MpH BLOXE OHH pacnpaBasloTCa Jyulle,
yeM BEPXYLIKH

napaaoKcaJbHBM: OCHOBaHHA 1O CpaBHEeHHIO C BEPXYIIKaMH

pacnpaB/eHB MeHblle, a BEHTHIUPYIOTCA ayuwe. Touno rak ke
o6bicHAeTCA M GoJee WHTEHCHBHAS BEHTHJSLHA OTIE]OB Jer-
KHX, OKasbiBAIOIIHXCSA CHHU3Y, €C/IH YENOBCK JEKHT Ha CIuHe HJH
na OOKY.

[1pn ymeHbilenud oGbeMa JErKuX HPOMCXOAAT HHTEpecHbIe
i3MEHEHHS B PErHOHApHOM pacnpeie/eHnd BEHTHIALHH. Cpas-
numM puc. 7.9 u 7.8. OHu CXONHEL, OLHAKO Ha puc. 7.9 n3obpaxena
KpuBas naBaeHue—00bEM B YCJIOBHAX OCTATOUHOIO o6beMa, T. €.
jocae moJHOro BhAoXa (CM. pac. 2.2). Ilpu stoM BHyTpHIJE-
BpaJbHOe AaBJeHHE MeHee OTPHUATEJILHO, TaK Kak Jerkse pac-
npapJeHbl B MeHbllell CTENEHH H HX ssjacTHuecKas TAra caabee.
B To ke BpeMsi 00YC/IOBJIEHHAs BECOM JIETKHX pasHHLma Mexiy
BHYTpHIIEBPAJIbHEIM aBJEHHEM B o6JacTy OCHOBAHHH ¥ Bepxy-
mek coxpausierca. Buino, 4TO BHYTPHIJIEBPAJbHOE JaBJeHKE B
HHKHUX OTAeNax IpH 3TOM Gosblie NaBJeHH: B BO3AYXOHOCHHX
nyrax (T. e aTMocdepHOro). 3HAUYHT, Ha JIETKHE 34eECh nefct-
Byer yXe He pacTarusaiomas, a cxKHMAPIAsA Cuaa, B OHH HE
MOFYT BEHTHUJIHPOBATbCA AO TeX nop, noxa NaBJeHHE B OKPY¥Xalo-
efi ¥X NJeBPaJbHOA MOJOCTH HE CTAHET HHXKe atMocdepHoro.
1 nanpoTHB, COCTOsIHHE BEPXYLICK JErKHX ONHCHBAETCA KPYTHM
yuacTKOM Kpusoi naBienne—o06beM, T. €, OHH XOPOWIO BEHTHJIH-
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Puc. 7.9. Ta ke cxema, uTo n na puc. 7.8, HO AJS OueHb HH3KOro of6bema
JerKMX. BHYTpHmeBpasbHOe J1aBi€HME B 5THX YCI0OBHAX HOBCIOAY Menee
OTPHUATENBHO, B B 06JAaCTH OCHOBAHHE OHO MOMKET ObITh Goablue, ueM B
AbIXaTeNLHBX TyTAX (T. e. armecdepnoro). ITosTomy AbixaTenbHbie nyTd B
HIOKHEX OTH@Tax JIerKHX MOTYT™ 3aKPBIBATECS, M TPH HErMYBOKOM BAOXe
BO3Ayx B HMX He nomajaer (J. B. West: Ventilation/Blood Flow and Gas
Exchange, ed. 3. Oxford, Blackwell, 1977, p. 28)

pytorcst. Takum 06pa3oM, B 3THX yCJI0BHSX pernoHapHele pas3Jid-
YHA B BEHTHJSUAH MEHSIOTCS Ha NPOTHBONOJOMKHBIE: BEepXHHE
OT[leJ1bl JICTKHX BEHTHJAUDPYIOTCH Jydlle, yeM HHKHMUe,

3axpoitue 8030yxonocHbLX nyTedl

Ilpu cxKkatun yuacTKoB Jerkux B 06JacCTH OCHOBAHHH M3 HUX
HE BLIXOLHUT Bechb BO3AyX. [leso B TOM, UTO NPOHCXOAUT 3aKpHITHE
MEJKHX BO3LYXOHOCHBIX NyTeHd (BEPOATHO, HauMHAs C AHAMeTpa
ABIXaTeNbHBIX GPOHXHOM) (pHC. 1.4) H BO3AYX 3alePKHBACTCS B
a/bBeOJIAX, PACHOIOKEHHEIX JHCTaJbHee. Y MOJOABIX 3X0POBHIX
JI0Jlel 3TO sABJeHHe HaGJIONAeTcs JHIIb NPH OYeHb CHJIBHOM
yMmeHbilenHH oGbema Jjerkux. OpHako B 6ojiee NMOXKHIOM BO3-
pacTe Jaxe B HOPME BOSAYXOHOCHBlE NYTH HX OCHOBAHHH MOTYT
SAKpLIBATLCH . M NPU  JIOCTATOYHO BLICOKOM JIETOUHOM 0GbeMe,
HHOrLa JHa)ke DaBHOM (YyHKIHOHAJBHOH OCTATOYHOH eMKOCTH
{cm. puc. 2.2). J10 06bACHSIETCS TeM, uTO C BO3PACTOM 3JaCTH-
YeCKas THra JIETKMX yMeHbLIAeTCsl, BHYTPHUIJIEBPAJIbHOE [aB/JICHHE
CTAHOBHTCA MEHEE OTPHLATE/NbHEIM H BOSHHKAIOT YCJIOBHS, mpel-
CTaBJ€HHbBIE HA puC. 7.9. [Ipn 3TOM BEHTHIANMA HHKHHX OTAEOB
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JIETKHX CTAHOBUTCS NPEPHIBUCTOH, YTO NPHUBOJHT K HEAOCTATOY-
HOCTH razoo6Mena (cM. ra. 5). [TogoGuble siBeHHA YacTo HabJo-
JAIOTCS y JIMIL C XPOHHYECKHMH 3a00/IeBaAHHAMH JIETKHX.

Ynpyrue CBOACTBA IPYAHON KJIETKH

Yrnpyrocteio o61amaloT He TOJDbKO Jerkne, HO W IpyAHad
KJeTKda. DTO XOpOLIo BHAHO Ha NpHMepe NHEBMOTOpakca, T. €.
HonajaHusl BO3AyXa B IIEBPAJbHYIO II0JOCTh. B HOpMe JlaB/eHne
B IJIEBPaJbHOH 1, OKpyKalolled Jerkue, HHKe aTMmocgep-
Horo (puc. 7.10), xak B Hallleii Mojeau ¢ GaHKOH, H306paXKeHHOH
na puc. 7.3. Ecau B IJIeBpaJbHYIO I10JIOCTh NONMAAAET BO3AYX, TO
JaBJeHye B Hell CTAaHOBUTCSI PABHEIM aTMoc(epHOMY, JerKue crna-
JaloTCA, a TPyAHAs KJeTKa pacupapisercs. JTO FOBOPUT O TOM,

Hopma NuesmoTOpaKe

Puc. 7.10. Tengenuus Jerkux CHACTbCA  YPABHOBEIIHBAGTCS  CTPEMJIEHHEM
rpyAHofl KJIETKH PACUIMPHTbCS. ITO NPHBOAHT K NALCHHIO BHYTPHILICBDA/Ib-
Horo napjeHHs Huxe artmochepuoro. Ilpm mHesmoTOpaxce HPOUCXOJHMT Cla-
NaHue JerkuX H DaciiMpeHue I'PYAHON KJIETKH

yTO B HOpMe IpPYAHAs KJeTKa CTSHyTa, a JIeTKHe DaCTAHyTBl H
HeficTBYyWOUlHe B HHX YNOPyTHE CHJbl YPaBHOBEIUMBAIOT APYT
npyra.

Bece 9TH B3aHMOAEHCTBUS XOPOLIO HJJIIOCTPHPYIOTCA KPUBBIMH
naBJenue—o0GbeM A JEerKHX H IpyAHoft kjaeTku (puc. 7.11).
Uro6sl NMOCTPOUTHL HX, 00C/]I€1yeMOro npocsar cienaTb BAOX HJIH
BLIIOX B CIHMPOMETP M 3aTeM paccjaluTp TPYAHBIE MBILIBI; NPH
5TOM H3MEPSIOT NaBJeHHE B BO3AYXOHOCHBIX MYTSAX («JaBJeHHE
penakcauun»). Ms puc. 7.11 Buauo, uto ecau obObeM JIErKHX
paseH byHKIHOHAIbHOM ocTatounoil emxoctu (POE), To nasie-
HHe peJAaKCAMH JETKHX M IPYAHOH K/ETKH PaBHO aTMochep-
HoMmy. Jleficreurensto, ®OE — 3710 TOT pPaBHOBECHBIH o0beM, NpH
KOTOPOM 3JIaCTHUECKas Tara JIEKHX, HampaBJjeHHas BHYTPb,
ypaBHOBeUIeHa 3JacTHUECKOH TArOH TPYAHOH KJETKU, HAalPaBJleH-
Hoit Hapyxy. [Tpu Goabliem ofbeMe AaBJeHHE PeJaKCallu 100~
JKUTeNbHO (BBIIE aTMOC(HEPHOro), a INpH MeHblleM — OTpHUA-
tenpo. Ha puc. 7.11 npuBejeHa TakxkKe aHaJOrHuHas KpHBast
JUIs W30JaHpoBaHHOro Jerkoro, Ona cxofHa ¢ H306paxKeHHOH HA
pHC. 7.3, OLHAKO Ha PHC. 7.11 gjs1 mpocTOTH He NPMBOJAUTCS TH-
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Puc. 7.11. Penakcauuonnre KpuBBe aaBieHHe — ofbey A1 JIETKAX H TPy~
HOH KieTKH. Ilpy MOCTPOEHHH TAKHX KPUBBIX obcaesyembrit festaeT BAOX (Hau
BbIIOX) H3 CIHPOMETPA A0 ONpeIeJeHHOro 00beMa, BOSNYIIHYIO TPYOKY Ie-
PEKPLIBAIOT, IOCAE Yero obC/elyeMEll paccaaliser HLIXaTelbHbe  MbiilbL.
O6Guwas xpuBas nJda Jerkux o TPYAHOH KJIeTKH paBHa rpadmueckof cyMMe
COOTBETCTBYIOLIMX UM KpuBHX (mo . Rahn et al.: Am. J. Physiol., 146: 161,
1946, ¢ uaMeHenHsmMu)

CTepE3UCa U AABJICHHS HEe OTPHUATENbHH, a NOJOXKUTeIbHL. Feau
Gbl CTaBUJIM ONBIT B YCJOBHSIX, OIIUCHIBAEMbIX puc. 7.3, 1o Takune
napJieHuss Habuioauch Gbl B BO3AYXOHOCHBIX IyTSX mocJe pas-
AYyBAHHA JIETKHX N0 ONpPeAeJEHHOr0 o6beMa, MepeKpPhBAHHS X
COOOLIEHHS CO CHHPOMETPOM H pasrepMerusanuu GaHku (1. e,
JIErKHEe DENAKCHPYIOT NPH 3aKPBITEIX BO3MYXOHOCHBIX MyTAX).
Cureyer oTMeTHTB, 4TO NPH AABJEHUH, PABHOM HyJs10, 06beM N30~
JIAPOBAHHEIX JIETKAX CTAHOBHTCS PaBHBIM MHHHMAaJbHOMY, T. e,
nanaer HimxKe ocratoynoro (0O0).

Ha puc. 7.11 npusenena Takxe KpUBasi IJs U30JHDPOBAHHOMN
TPYAHON KJETKH (mpeicraBuM cebe, 4To OHa NoJiyyeHa y uejo-
BEeKa C HOPMAJILHOH IPYAHON KJeTKO#, Ho Ges Jerkux). Buamo,
uto npH o6beMe, pasHom POE, nasnenue penakcamun oTpHIa-
TeJIbHO. DTO O3HAYAET, UTO TPyAHAS KJeTKa CTPEMHTCS pacllH-
putbes. JInb B TOoM ciyuae, Koria o6beM HOCTHraer INPHMEPHO
75 % xusHeHHo#t emkoctH Jerkux (JKEJI), nasiaenue penakca-
LMH CTAHOBUTCHA PaBHEIM aTMOC(HEDPHOMY, T. €. IPYAHAS KJeTKa
IIPHXOJUT B CcOCTOsHHE paBHOBecH:. [IpH m06oM 06beMe naBaeHue
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pe/lakcalMH JIerKHX H TPYAHOH KJIETKH PaBHO CyMMe HX JaB-
JleHHHl peJlaKcallud, H3MepeHHBIX N0 OTAeabHOCTH. IlockOsbKy
naBjedue (IpH AaHHOM oObeme) 006paTHO HPONMOPUUOHAIBHO Pa-
CTAXKHMOCTH, OGIUYI0 PACTSXUMOCTb JIETKHX H TPYJHOH KJETKH
MOXKHO BBIUHCJHTBL IO (opmyJe

1/Co=1/Cn + 1/Crk,

rie Co — o611as pacTAKUMOCT JErKHX u TpyaHoit kierkd, Cpg—
pactaxuMocth Jerkux, Crx — pacTAXKHUMOCTb TPYAHON KJIETKH.

ConpoTHBJAEHME BO3AYXOHOCHBIX MyTei

Teuernue 8030yxa no Tpybram

Bosayx npoxomur uepes TPyOKy (puc. 7.12), eciu Mexay ee
KOHLAMH CyIlecTByeT nepenajl Aasjenuit. OT ero BeJHYHHBI 3a-
BHCAT CKOPOCTb M OCOOEHHOCTH BO3AYWIHOTO notoka. IIpu HH3KUX
CKOPOCTSIX JIHHHH TedeHHsi MOryT ObITb NapaJijlelbHbl CTeHKaM
Tpy6xu (A). D10 Tak HasbiBaeMbill JaMuHApHbE pexuM. ITo mMepe
BO3PaCTaHUSI CKOPOCTH IIOTOKA OH CTAHOBHTCSl BCe MeHee OIHO-
POAHBIM, OCOGEHHO B MecTax BeTBJeHus TPyOKH, rie pasieseHue
BO3/JYIIHBIX CTPY# MOMKET NPOHCXOAUTH C 06pa3oBaHHEM MECTHBIX
saBuxpennit (5). Hakonel, nmpu oueHb BBICOKHX CKODOCTAX JiH-
HHU TeUeHHS] HOJHOCTBIO TEPSIOT YNOPSLOYEHHOCTb, ¥ TMOTOK Ha-
3bIBaeTcd B 2TOM cJjyuae TypOynaeHTHIM (B).

YpasHenHe, cBA3bIBAOIee NaB/eHHe H pacxod (T. e. o6beM-
HYIO CKOPOCTB), NPH AAMURAPHOM NOTOKe OBLIO BUEpBble BHiBe-
neno (pawumysckum Bpauom [lyaseitnem. Jlas mpsiMbix TpyOOK
¢ KPYIJIBIM CeyeHHeM OHO 3alHChIBaeTcs C/eAylolHuM 06pasom:

P:rtr1

V= 8ny! ?

rae V— pacxon ¢.ionaa, P — pasiacHne, coslaiollee NOTOK (AP
"a puc. 7.12,A), r — paauyc TpyOKH, | — BAKOCTH duounna, 1 —
aauHa TpyOku). VI3 ypaBuenus BUAHO, 4TO AaBJ/€HHE IPOMNOPIHO-
waabHo pacxony (P = KV). ITockosbKy conpoTiBieHHe TIOTOKY R
paBHO NaBJEHHIO, JeJNeHHOMY Ha pacxoi (cM. A/ CpaBHeHHs
crp. 41), MOXKHO 3amucaTh

__ 8nl
R——'}E—r—r.

Kax BHAHO, GOJBUIYIO POJIb HrpaeT paauyc TpyOKH; KOTAa OH
yMeubluaercsi BABOE, CONPOTHBJEHHE IOTOKY YBeJHUHBACTCS B
16 pas! Ymeauuenue xe B ABa pasa AJIHHBL TPYOKH NPHUBOAHMT
JIHLIb K ABYKPATHOMY NOBBILIEHHIO CONPOTHBJICHUS. Baxno tak-
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e, UTO Ha B3aHMOOTHOLUEHHE MeX]y /[aBJEHHEM H DPACXOLOM
BJ/INSIET BA3KOCTb, a4 Hie MJIOTHOCTh (JIHOHAA. '

- Oana u3 ocobenHocreil NOJHOCTBIO PAIBHTOTO J1aMHHAPHOTO
NOTOKa 3aK/JK04aercst B TOM, 4TO YacTHUBl rasa B LeHTpe TPyOKkH
nepeaBuralTCs Co CKOPOCThIO, B ABA Pasa HpeBbIllalomlel cpel-
H010. MHBIME c/l0BaMH, BIOJb LEHTPAJbHON OCH Teyer camas
«GeicTpasi» cTpys rasa (puc. 7.12, A). Pacnpenesenne ckopocreit
JBHXEHHA YacCTHL N0 XHaMeTpy TPyOKH Has3blBaeTcs npoguiem
CKopocTu.

NamMuHapHbii TypbynenTHb
= SRLSYEE

LELBITEL LY

R P, Pl —

MepexoaHblit g
72

ﬁ k

2
[
Puc. 7.12. Tunel Bo3aywHoro noroka B TpyGkax. A. Jlamunapuu#i morox.
b. Tlepexopuwiii THn (¢ 3aBHXpeHHsAMH B 06JaCTH serpaeunit). B. Typ6y-
JENTHBIH NMOTGK. ASPOAHHAMHYECKOE CONPOTHBJIENHE PABHO OTHOWIEHHIO nepe-
naja pasienuit (P,—P;) k pacxoay

OcobenHoCTH TYpOyrenTHOO noTOKA COBepIIeHHO HHBble. J]aB-
JI€HHE B 9TOM CJyyae NPONOPLUHUOHAJIBHO yXKe He pacXony (uIou-
Aa, a npuMepHo kBaapary pacxona (P = KV2). Kpome Toro,
BASKOCTb [IPH TAKOM PeXHUMe He UTPaeT CyUIeCTBEHHON POJIH, 3aTO
yBeJHMYEHHE NJIOTHOCTH (JI0MJa NPH JaHHOM PACXOJe MOBLIIAET
nepenan aasjenui. IIpodunn ckopoctefi ¢ Makcumymom B 06-
JIACTH OCH TPYOKHU 1151 TYPOYJEHTHOrO NOTOKA HexapakTepeH.

Byner notTox aMuHapHbIM HJH TypOYJEHTHBIM, B 3HAYHTE]b-
HOM CTelNeHH 33aBHCHT OT TaK Ha3bIBAEMOTo umcaa Pefinosbica
(Re), monyuaemoro no ypasuennio

2rv d
' Re =
R |
rie d — naoTHOCTL (JIOHAA, V — CPEIHAS JHHeiiHAas CKOPOCTb,
I — pajnyc TPyOKH, m — BA3KOCTb (ulouaa. B npsaMBIX raagkux
Tpy6kax TypOyJeHTHOCTb BO3MOXKHA NpPH uncae PeiiHo/baca
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Gospure 2000. M3 ypaBueHust BHIHO, YTO TypOyJIEHTHEI NOTOK
Jierye BOSHHMKAET IPM BLICOKHX CKOPOCTAX H B IIMPOKHX TPyOKax.
Kpowme Toro, QuOHAE ¢ HE3KOH NJIOTHOCTBIO (nanpumep, renui)]
HMEIOT MEeHbUIYIO TEHAEHUHIO K TypOyJEeHTHOCTH.

[1piMeHHTb BCe 3TH 3aKOHOMEPHOCTH K TAKOH CJIOXKHOH CH-
creme TPyOOK, Kak OPOHXHA/JbHOE JEPeBO — CO BCEMH €ro pas-
BETBJEHHSAMY, H3MEHEHHSIMH JHaMeTpa H HePOBHBIMH CTEHKAMH —
Tpyano. [Ipakruueckd ocOGEHHOCTH NOTOKA OYeHb CHJBHO 3aBH-
CAT OT «BXOJAHBIX» XapakTepHCTHK TPyOku. Ecaum y Kako#-nu60
pPa3sBUJIKM BO3HHKAaeT 3aBHXPeHHe, BO3JAyIIHAsA CTPys Kak OBl
«TAHET» ero 3a cobofi, 1 OHO Hcue3aer JHUllp HA ONPEeACTEHHOM
PaccTOSIHAM OT MecTa 3apoxjaenus. ITOocKoJbKy Ke GpoHXHalb-
HOe JIepeBO IIOCTOSTHHO BETBUTCS, MOXKHO NOJarath, 4To HCTHHHBIH
JaMHHapHBI notok (puc. 7.12,A) BO3HHKAET JHUIb B CAMBIX
MEJKHX BO3AYXOHOCHBIX NyTsX, e uHcjo PeilHO/IBACA OUEHb
Ma/to (B KOHEUHBIX GPOHXHOJAX OHO MOXKET COCTaBJATH OKOJIO 1).
B ocralpHEIX ydYacTKax TedeHHe HOCHT MePeXOAHHLIl XapakTep
(B). TypOyJeHTHEH IOTOK MOMXKeT HaGJI0AaThCA B Tpaxee, OCO-
GeHHO IpH (HH3HUECKOH Harpyske, KOria CKOPOCTb BO3JAyXa BO3-
pactaer. B mesiom A/ pacuera «mepenajia» JaBJeHHs B 6poH-
XHaJbHOM JAepeBe cielyeT HCHOJb30BaTh Kak NEPBYIO, TAK HBTO-

PYIO CTeleHH pacxoia Bosayxa: P = KiV -+ Kz V2,

Hamepenue conpoTusenus 8030yXOHOCHbLY nyTell

ConpoTuBJenre BO3AYXOHOCHBIX MyTeil MOXHO pacCuHTaThb,
pasjeJHB PasHOCTb AABJEHHH B POTOBON MOJOCTH H a/bBeOJax
Ha pacxoj Bosiayxa (puc. 7.12). B poroBoit mosocTH AaBieHHe
JIErKo H3MepsieTcs ¢ IOMOIIbIO MAaHOMETPa, a B aJibBE0Jax €ro
MOJKHO OLIEHHTb C MOMOLIbIO obuiero mieruaMorpada (monpobuee
cum. crp. 167).

Usamenenue dasaeruil 80 gpema Oolxanus

Ha puc. 7.13 npuBeieHb KPHBblE H3MEHEHHs] BHYTPUNIEBPA/Ib-
Horo) U aJbBEOJAPHOrO [AaBJIEHHH BO BPeMsl COOKOHHOrO 1biXa-
Hus. BrpHO, uTO mepen HadaJoM BAOXa BHYTPHIJIEBDAJbHOES
NaBJeHue COCTaBAsieT —b5 CM BOA. CT. (9TO OOYCJIOBJIEHO 3/1aCTH-
qecKol TSArol JIerkux; CM. IJs cpaBHeHust puc. 7.3 u 7.10). Bayrpu-
aJbBeOJISIPHOE JaBJIeHHe TIPH 9TOM PaBHO HyJMIO (T. €. aTMochep-
HOMY), TOCKOJIbKY B OTCYTCTBHE NOTOKA BO3JyXa Iepenaja jiaBje-
HUA B BO3LYXOHOCHBIX MyTsiX OblTh He J0JKHO. [last TOro 4TOOH!
MOT TPOH3OHTH BAOX, BHYTPHAJbBEOJSPHOE JaBJeHHE CIEAyeT

L) BuyTpuMenpadbHOe JABJCHHE MOXKHO H3MEDHThb C HOMOLLLIO BBEACH-
[Oro B MUILEBOJ KaTeTepa ¢ 0ajiOHYHKOM Ha KOHIE,
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Puc. 7.13. Usmenerns nasienusi mo BpeMa neixanud. Ilpu orcyreremm a3po-
AHHAMUUECKOrO  COUPOTHBJEHHS aJlbBEOASPHOE JNaBdehUe 6Obilo 6o pcerga
PaBHO HYJIO, & BHYTPHILUIEBDA/JbHOE HM3MEHIIOCH Ghl B COOTBETCTBIHN © NyHK-
THpHOM kpuBoit ABB (r. e. mox aeiicTueM amimb SJ1aCTHYCCKON TArH Werkux).
Tlockonrky e abIXaTedbHBE nyTH (4 TKaHu) OGJaZaloT BI3KHN CONPOTHR-
JICHUEM, BHYTPUIVICBPA/NbHOE AABJEHHE HIMEHNETCS 10  CILIOMIEOIN KPHEOI.
«Bgnajgys 9Toro conporussenns COOTBETCTBYET 3aINTPNXOBAHHBIA yuaCTOK,
TlonpooGree cM. B Tekcre

NIOHU3UTH, CO3[AB «ABHKYUIYIO» PAa3HOCTb AABJCHHN {puc. 7.12).
CreneHb 3TOr0 NOHHKEHHS 3aBHCHT OT pacxoxa Bosayxa u c¢o-
IIPOTUBJICHHST BO3/yXOHOCHBIX NyTeH. ¥ 3J0POBHIX J0fel BUYTDPH-~
aJIbBEOJIADHOE NaBJeHHEe YMEHbUIACTCS JIHIUb Ha | cM BOJ. CT.,
OLHAKO y GOJMLHBIX ¢ OGCTPYKUUEH BO3JAYXOHOCHHX nyreit o
H3MeHeHne MOXeT OBiTb BO MHOrO pas GoJbilmM.
Buyrpunnespanbuoe naienue nagaer IPH BLOXe NO ABYM
npHYUHaM. Bo-nepsbix, NpH pacliupenuu Jerxux yBeJNHYHBaeTCH
HX Sjacrudeckas tara (puc. 7.3), 9To camMo 10 cebe LONKHO
ObL10 GBI IPUBECTH K H3MEHEHHIO STOTO JABJEHHS B COOTBETCTBHH
C yHKTHPHOH KpuBo#H ABB na puc. 7.13. Ognako, koraa s BN31Y-~
XOHOCHBIX NyTAX CO3AdeTcsl Nepenaj AaBJIeHHs, BHYTpPHILIEB-
PaJbHOE JlaB/eHHE CHWXKAeTCst emle pesye!) (kpuBag AB’B na

b Haﬂerme BHYTPHBILIEBPAJBHOIO JLaBJjleHHd CERaHO TaKxke O07T4acTH ¢
CONPOTHBJICHUEM TKaHeﬂ; 3TOT (baKTOp paccMmaTpiBaeTCs nHxKe,
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puc. 7.13). Takum o6pas3oM, BHYTPHAJbBEOJsIPHOE AaBJ]CHHE B
JI060H MOMEHT BpEeMeHH COOTBETCTBYET DPACCTOAHMIO MO BEPTH-
kaau mexay kpusbivu ABB n AB’B. Bee sTH B3aUMOOTHOLICHHUSA
MOYKHO BHIPA3HTh CJEAYIOLIUM 00pasoM:

AP (poroBas mOJOCTb — IIEBPANbHAA MEJb) == AP (poroBas mo.JiocTs —
— aJbBeosn) + AP (aabseosn — miieBpasbHas ulenb).

CxoJHble H3MEHeHHA [aBJeHHS NPOHCXOAAT U NPH BHILOXE.
B sToM c/ayuae BHYTPHAJIbBEOJAPHOE AABJEHHE NOJOKUTENbHO, U
oA ero NeficTBHEM BHYTDHIJIEBPaJbHOE NaBJieHHe CTaHOBUTCHA
MeHee OTPULLATEJbHEIM, YeM Oblj10 OB B OTCYTCTBHE COINPOTHB/E-
HUSL BO3AyXOHOoCHBIX mnyre#f. TIpun (QopcHpPoOBaHHOM BLIZOXE 3TO
JIaBJeHHEe MOXET AaXe CTaTh MOAOKHMTENbHBIM.

BuiHO, uTo KpHUBas aJbBEOJIAPHOTO AABJEHHs BO BpeMs Jbl-
XaHHus CXOAHA ¢ KPHBO# pacxona Bosayxa. [IpHM nocTOSHHOM CO-
NPOTHBJGHAH BO3AYXOHOCHBIX NyTed B TeYeHHE JBLIXATEJIbHOIrO
KA 5TH KPHBhie ObLIM Obl COBEPIIEHHO OAMHAKOBH. B cBoio
ouepelb KpHBasi BHyTPHIUIeBpasbHOro nasienns ABB crana Ool
TaxoH XKe, Kak KpuBaa o0bema, ecqd Obl PacTAXKHMOCTDL JIETKUX
BO BpeMsi /ABIXAHHA He M3MeHsIach.

OcHOBHbIE CTPYKTYPSL, OGYCA0BAUBAIOUUE CONPOTUBLERUE
B030YXOHOCHLLX nyTedl

Kak y»e roBopH/IOCh, 0 Mepe pasBeTsieHus GPOHXHANbHOrO
JepeBa BO3AYXOHOCHBIE NyTH CTAHOBATCA BCe Gojlee MHOIOYHC-
JeHHBIME H B TO Ke BpeMs Bce Gojee y3kuMmu (cM. puc. 1.3—1.5).
Vicxonss u3 ypasHenuss Ilyasefinid, B KOTOPOM CONPOTHBJEHHE
06paTHO MPONOPLUHOHAIBHO PAAHyCy B YETBEPTOH CTENeHH, 6b1710
G5l €CTECTBEHHBIM MPEANOJOXKHTL, YTO B C/iydae BO3LYXOHOCHBIX
1yTeil oHO 0BYCJOBJIEHO MPEHMYLIECTBEHHO CAMBIMHM YSKUMH BET-
pmy. Takaa Touka 3peHus JeHCTBHTENbHO FOCNOACTBOBAJIA B Te-
yenne MHOTHX /€T, OJHAKO HeAaBHO C MOMOILLLIO MPAMbIX H3Mepe-
IHi nepenajga AaBieHHa B OpOHXHA/IbHOM Jepese OLLIO TOKa-
3400, YTC OCHOBHOE CONPOTHB/JEHHE IIOTOKY BO31yXa IPHXOLHTCS
Ha GpoHXM CPElHero AMamerpa, TOPAa Kak BKJIaJ MEJIKHX 6poH-
XHoJl cpaBHMTEIbHO Heseauk. Hs pne. 7.14 BuaHo, 4TO AaBJienHe
B OCHOBHOM Jlajaer B GpoHXax [0 CeAbMOro HOPsiikKd, a Ha BO3-
JyXOIOCHBIE IYTH AHAMETPOM MeHee 2 MM He NMPUXOANTC 1 20 9
oGiiero najeHusi, DTo Ha TePBLIH B3IJsAL HapaioKcaabHoe sBJe-
dte  00VCJIOBJEHO KOJOCCAJbHBIM KOJIHYECTBOM TAKHX Y3KHX
nyreii.

Hefoabliofl BKAAK MeJIKHX AbBIXaTelbHBIX NMyTeil B obliee co-
NPOTHB/IEHNHE TOTOKY BO3AyXa CJaeiyeT y4YHTbIBaTb HpH pauHe#t
AHATHOCTHKE JerouHbix nopaxkeuuil. He uckiioueno, 4ro oGbu-
UBIMH METOAMH H3MEpEeHHsl a3POAHHaMHYeCKOTO CONPOTHBJEHUS
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Puc. 7.14. KpuBas usMeHeHU[l 23DOAHHAMHYECKOTO COUPOTHBJENHS [0 XOIY
6ponxuaabHoro jgepesa. BuaHo, 4TO HAHGOJbLIEE CONPOTHUBJCIHE MPHXOLHTCH
Ha OpoHXH cpejllero JAHAMETPAa U OUYeHb HEHOJBINOE — Ha MEJAKHE JbIXATellb=
uoie nyta (Pedley et al.: Respir. Physiol. 9: 387, 1970)

MOXHO BBHISIBUTb NaTOJIOTHIO 3THX YYacTKOB OPOHXHAJbLHOTO jie-
pesa Jimllb HA NO3AHUX cTaluAx. [Tonpobuee nanublil Bonpoc pac-
cmatpuBaercs B ra. 10,

Daxropel, onpedeasioujue conpoTusierue 8030YXOHOCHbIX nYyTed

Ha conporusJsienHe BO3AYXOHOCHBIX TyTeH CYUIECTBEHHO
BAHSIET 00Bem aeexux. BPOHXH, KaK U BHealIbBeOJsipHBIE KPoBe-
HocHble COCYABl (pHC. 4.2), pacTATHBAIOTCH OKPyHKalomled HX Je-
FOYHOH TKAHBIO, U NPH PACUIHPEHHM JErKHX HX TPOCBET yBeJH-
ynBaercd (cM. JJs cpaBHeHHA puc. 4.6). Y3 puc. 7.15 Buano, uro
npu yMmeHbuleHHH 00beMa JerkHx CONPOTHB/IEHHE BO3IYXOHOCHBIX
nyteif pesko Bospacraer. Ecan Mo ocu OpAHHAT OTJOXKHUThL He CO«
NPOTHBJEHHE BO3AYXOHOCHHIX INyTed, a OOPaTHYI0 €My BeJIHYHHY
(IpOBOAMMOCTB), TO 3aBHCHMOCTh OT 00beMa OKAaMKeTcd MOYTH
JIMHeHHOH.

Ecnn o6bem Jierkux oyeHb Masi, MeJKHe BO3LYXOHOCHBIE MyTH,
0cOGeHHO B 00J1aCTH OCHOBAHHMI, KOTODHE PaCHpaBisioTCs XykKe
(puc. 7.9), MOryT moJHOCTBIO 3akphIBaThCs. Bosabuble ¢ ysean-
YeHHbIM CONMPOTHBJIEHHEM BO3JAYXOHOCHBIX MyTeH YacTo AHLIAT Ha
(ore BHICOKOTO HCXOAHOIO JIETOYHOTO 00beMa, YTO CIOCOGCTBYeT
CHHYKEHHIO a3DOJHHAMHYECKOTO COMPOTHB/ICHHS.

Ilpn cokpamenun eradkux Mmoiiy GPOHX08 BO3AYXOHOCHEIE
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NYTH CYXKHBAIOTCS, M HX CONpPOTHBJEHHe Bo3pacraer. Takoe
COKpallleHHe MOXKeT ITPOUCXOAHUTH pedJeKTOPHO NpPH AeHCTBUHU HA
peLenTopLl TpaxeH H KPyNnHBIX GPOHXOB pasjpakuresedl, HaOpu-
Mep TtabauHoro ApiMa. JlBuratenbHasi HHHePBAIHs STOH TJaaako#
MYCKyJlaTyphl OCyIlecTBJsieTcs OJAYKAAIOUIUM HEPBOM, a TOHYC
peryaupyercsd BeretaTuBHOA HepBHOH cucrtemoll. Bo3byxnenue
CHMIATHYECKHX HEDBOB, a TakXKe JeHCTBHe H3ONPOTEpPEHOJd,

€Bn

N
TIRQBOANMOCTY, N1/C* CM BOA. CT.

ConpoTVBNEHIE BOSAYXOHOCHEIX MyTA, CM BOJ. CF. J1-c.
N
I

Q6BeM nerkux, i

Pnc. 7.15. 3aBHCUMOCTb a3POAHHAMHYESCKOIO COMNPOTHUBJEHHS OT o0beMa Jiers
xux, Ecau BMecTo 3T0ro CONPOTHBJEHHS HaHECTH HAa TPadHK NPOTHBONOJIOK-~
HYIO BeJHUHHY (IPOBOJAHMOCTL), OyaerT noayveHa npsimas JjuHHg (W, A. Bris-
coe, A. B. Dubois: J. Clin. Invest. 37 : 1279, 1958)

ajgpeHaJdHa H HOPaApPeHa/JHHA NPHBOAAT K PACHIHPeHHIO Gpon-
xoB. M Hamporus, B030yXJeHHe MapaCUMHATHYECKHX HEPBOB H
BJAHSHHE alleTHJAXOJHHA BL3bIBAlOT OpoHxocnas3M. Cuuxkenne Peo,
B AJIbBEOJISIDHOM BO3JlyXe NPHBOAHUT K YBEJHYEHUIO CONPOTHBJE-
HHA BO3AYXOHOCHBIX ITyTeH, 4TO, BO3MOXKHO, CBSI3aHQ C INPSIMEIM
JLeficTBHEM YTJIEKHCJIOFO raza Ha [VIaJKyl0 MYCKyJaaTypy 6pOHXOB.
Beesnenue rucTaMHHA B JIETOYHYIO apTEPHIO CONPOBOMKIAETCS CO-
KpallleHMeM TVIaJKuX MBI, aJbBeosasApHHIX xoxoB. CxonHas pe-
aKUMs HaOJ10[4aeTcs U IIPH MONAJaHHH HEKOTOPHIX THIOB MHKDO-
3M00/I0B B JIETOYHBIE COCY[H.

Ha aspoauHamuueckoe CONPOTHUBJEHHE BJIUSIOT NAOTHOCTbL H
8A3KOCT6 BABIXaeMOro rasa. lipu BOLOJA3HOM TOrpyXeHud Ha
6osblIyI0 IJIyOMHY OHO BO3pacTaer, Tak Kak IPH MOBBILEHHOM
JlaBJIEHHU YBeJHYHBAETCS MJIOTHOCTb rasa; B TO XKe BpeMs Abxa-
HHE CMEeCBIO TesIHsi C KHCJIOPOAOM NIPUBOJAHT K CHIXKEHHIO COMPO-
THBJIeHHSA. [lockONBKY cONPOTHB/EHHE BO3JYXOHOCHBIX nyTed



MEXAHHWKA JIBIXAHUS 115

6oJibllle 3aBUCHT OT IJIOTHOCTH, YeM OT BSI3KOCTH I'a30BOH CMecH,
MOXKHO MOJaraTh, 9T0 B 6POHXaX CPEAHEro JHaMeTpPa — OCHOBHEBIX
CTPYKTypax, 00yCJIOBJHBAIINX a3POANHAMHUYECKOE COMPOTHBIE-
Hue (puc. 7.14), — BO3AYLIHBIH IIOTOK HE COBCEM JaMHHapPEH.

HAunamuueckan xomnpeccus 8030yxoHocHolx nyret

Ilpeanosoxum, uro obcienyeMblii AenaeT MaKCHMaAbHO IMIy-
Goxuil BLOX, a 3aTeM Kak MOXHO GoJsiee rayGokuii BegoX. Ilpu
9TOM MOXKHO NOCTPOHTEL Kpusywo pacxod—obwvem (puc. 7.16,A4).

A

Pacxopn

OEN Q0

Obvem

Puc. 7.16. Kpusnie pacxon — ofvem. A. QopcupoBaHHLIA BBLOX IOCAE MaKs
cuMa/ibHoro BAoxa. L. Bnliox cHauala mejseHHBIH, a 3aTeM (HOPCHPOBAHHBIA,
B. Bupox co ckopocthio Bene cpextell, Bo Bcex Tpex ciyuasx HHCXOASILHE
Y4acTKH KPHBLIX COBIAAAIOT

Buaxo, uTo pacxol Bosjyxa cHayaJsa OueHb GHICTPO MOBHIIAETCS,
nocJie 4yero B TedeHHe GO/bINEH YacTH BbIAOXA IIOCTENEHHO CHH-
)KaeTcs. DTa KpuBad obnafaer yAUBHTENbHLIM CBOMCTBOM: BBIATH
34 NpeAebl OrPaHHYKHBaeMOR 00/1aCTH NPAKTHIECKH HEBO3MOIKHO.
Tak, MBI MOXeM BBIABIXaTb CHayasja MeJJIEHHO, 3aTeM OnicTpee
(xpuBas B) uan xe nenarb Meiee GOPCHPOBAHHBIA BHIOX (KpHU-
Bas B): HHcXoxamlas BeTBb rpaduxa He usMmenurca. TakuM 06-
pasoM, KaKoi-TO MOIIHEIH (paKTOp OrpaHHYHBAeT PacXoj BO3AyXa
Ha BBIAOXE, W B 0OJBIIOM JHanasoHe JErOUHLIX 0GBEMOB pacxoj
He 3aBUCHT OT YCHJ/IHSI JBIXaTeJbHBIX MBILIIL.

PasoGparbcs B 370#f cBOEOOpa3HOfi CHTyalUHH HAM IOMOTLYT
KpHuBble, NpHBeleHHBle Ha pHuc. 7.17. Ias rtoro urobe ux mo-
LTPOHTH, HEOOXOAMMO INONPOCHTb OOCJAEAYyeMOro cjielaTb He-
CKOJBKO MaKCHMAaJbHO IMIYyOOKHX BIOXOB M BLIJOXOB, a 3aTeM
NOBTOPUTb TaKHEe BAOXH HJH BHAOXH C PasJIHYHON CKOPOCTBIO.
Ecin ana kaxioro BIoxa u BbILOXa H3MEPHTb Pacxoj BO3Jyxa
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Pacxoa npn -8 Buicokui
:BRIAOXeE, N1/C /erouuuﬁ ofnem
/16
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Puc. 7.17. U3oBomomuueckue KpHUBblE AaBJeHHE — pacxoa AJs Tpex pasind-
nbIX YpOBKeHl o6bema Jerxux. Ilpm mocTpoenmn Kaxjaofl kpueoii olcnenyemble
nenadd HECKOJNbKO (DOPCHPOBAHHBIX BbIAOXOB H BAOXOB (moppofnee CM. B
TexeTe). Buano, uTo B caydae GONBIIOTO J€royHoro oGeema CKOPOCTb Bbl-
J0Xa YBEJIMUMBAETCS 3a CYET ICBBILEIHA BHYTPHIVIEBPANbHOTO JaBJeHud,
KOTOpoe B CBOIO Ouepeln OOYC/OBJEHO YCHICHHEM AesTeNbHOCTH SKCIHPATOD-
HeX Mumil. OAHAKO NpH CPEelHeM M MaJoM JerouHoM ofbeme pacxoi BO3-
AyXa, Hauuias ¢ HEKOTOPOH BeaWdMHBl BHYTPHILIEBDAJIBHOrO JaBielnsd, CTa-
lloBATCS HesaBHCHMbLIM oT yemaua (D. L. Fry, R. E. Hyatt: Am. J. Med.
29 : 672, 1960)

H BHYTpHIUIEBPAJibHOE [aBJEHHEe NPH OJHOM H TOM XKe o0beMe
JIeTKUX, MOXHO OyAeT NOJY4YHTh TAaK Ha3blBaAeMBIE U3080AIOMUYE-
ckue kpusole dasaenue—pacxod (puc. 7.17). U3 vux BuAHO, 4TO
npyu GOJIbLINX JIETOUHBIX OObeMax CKOPOCTh MOTOKA NpH BbIAOXE
BO3PACTAET C yBeJIHYEHHEM YCHJIHsS JABIXaTeJbHbIX MBbIIIIL. 3to
npeiCTaBAsETCs BIOJHE ecTecTBeHHbIM. OJHAKO NPH CPEAHUX WK
HU3KNX JIETOUHBIX 06beMaxX pPacxXoj CTAHOBHTCS TOCTOSIHHBIM (HA
KPHBOIl — NJIATO) M YK€ He MeHseTCs [pU TOBHIIEHHH BHYTPU-
neBpaabHOro nasjaenus. MHeMu cl0BaMy, B 9THX YCJIOBHAX paC-
XOA BO3JyXa He 3aBHCHT OT YCHJIHs JbIXaTeJbHbIX MBILILL

Dra HeoGbuHas cuTyanus o6yCJaOBJeHAa KOMIPECCHeH, T. e.
CJKATHEM BO3AyXOHOCHBIX NyTeH MOJ AeHCTBHEM BHYTPHIPYLHOTO
napaenusi. Ha puc. 7.18 cxemarnuno u3ofpakeHbl AeHCTBYIOUIHE
Ha HUX cuasl. JlaBJjenue, npUIOKeHHOe CHAPYXKH, 34eChb COOTBET-
CTBYeT BHYTPUILIEBPAJbHOMY (XOTs, Ge3yCJOBHO, NPaKTHYECKH
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A. Mepes saoxoM £. Bo BpémnA Baoxa

B. B roHue saoxa I Npu dhopcrposatnom
. BblfloXe

Puc. 7.18. Cxema, WUIOCTPHPYIOILAsl CAABJAHBAHHE JBIXATENbHBIX MyTell npu
¢dopcuposaHHOM BbiZOXe. BHIHO, 4TO BO BCeX caydasix, Kpome (OpCHpOBali-
HOro BBIAOXA, JaBJellHe, AeHCTBYWOINee Ha BO3AYXOHOCHBIE NYTH, NMOAMCDIKH-
BaeT MX B OTKPbITOM coctosuuu. [foapobuee cm. B Tekcre

Bce cjoxnee). Ilepen nauanom Broxa (A) naBieHue B BO3LYXO-
HOCHBIX NyTAX Be3Je PaBHO HyJI0 (BO3JYLWIHOrO IMOTOKA HeT), 2,
IIOCKOJIbKY BHYTPHIIEBPAJIbHOE JaBJEHHE COCTaB/jifger —H oM
BOA. CT., Ha 3TH NyTH IellcTByeT naBJieHHe 5 CM BOXA. CT., MOJ-
JepXKHBaioUlee HX B OTKPHTOM COCTOAHHH. B MoMeHT nauvaaa
Bloxa (5) BuyTpHUIJIeBPA/JbHOE H BHYTPHAJbBEOJSPHOE AaBJEHHUS
CHHMXKAKOTCA Ha 2 cM BOJA. CT. (MBI ZOMycKaeM, 4To 00beM JIerkux
ocrajicd NPexHUM, H NpeHebperaeM CONPOTHBJIEHHEM TKaHel) H
B ALIXaTeJ]bHBIX NyTAX CO34aercd BO3AYIIHBIA NOTOK. ITGCKOBKY
BHYTpeHHee AaBJeHUe 110 XOAY ABIXaTeNBbHBIX NMyTel magaer, oHo
Ha HalleM PUCYHKe PaBHO —1 cm BOA. CT., 4 AaBJ/eHHe, MOAAEP-
JKUBawounlee 3TH IYTH OTKDPHITBIMH, cocraBJsier 6 cM BOJ. CT.
K konny Baoxa (B) NoTok Bo3Ayxa mnpeKpallaercs M HA jbIXa-
TeJbHble YTH AefCTBYeT TPaHCMYpaJibHOE JaBJuaeHue 8 ¢M BOJ. CT.

B navasne ¢opcuposannoro Beiioxa (I') M BHYTpHIJIEBDPab-
HOe, H aJ/bBeOJsIPHOE JAaBJEHHA BO3pACTalOT Ha 38 ¢M BOJ. CT.
(Mbl cuurTaem, uTo 00beM JIErKHX IO CPABHEHHIO C NpeABAyiLel
craauei He uaMmenuics). Korja naunnaercst IBHXKeHHE BO3lyXa,
JaBJieHHE IO XOJy ABIXaTeJbHBIX NyTeld majaer, u AaBJgeHHe, co-
crapjsiionlee 11 MM BOA. CT., CTPEMHTCS IIEPEKPHIThL AbIXATEAbHBIE
nyTH. [IpOUCXOANT crnafeHHe BO3AYXOHOCHBIX MyTel, H OrpaHHuH-
BaTb MOTOK HAYWHAeT JaBJEHHE CHAPYXH JBIXaTeJNbHBIX TNyTef,
T. €. BHyTpuiieBpaJbHoe. Takum o6pasom, adheKTUBHOe ABHKY-
Iee JAAaBJEHUME A/ BO3AYILIHOTO NOTOKA CTAHOBHTCA PABHBIM
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BHYTPHAJbBEOJSIPHOMY 32 BbIY€TOM BHYTPHIIEBPAJBHOTO. Bos-
HUKAET Takas JKe CHTyalHsl, Kak H B MOJeJH ¢ CONPOTHBJICHHEM
CTapJuHra, WIIIOCTPHPYIOLLedl (akTOpbl, OrpaHHYHBAIOIIHAE KPO-
BOTOK B 30He 2 jerkux. [1ofo6HO TOMY Kak BeJHunHa nepdysuu
B 9TOH 30He He 3aBHCHUT OT BEHO3HOTO JlaBJEHHS, CKOPOCTb BO3-
AYLIHOTO [IOTOKa B HAIIeM cJydae He 3aBHCHT OT NaBJeEHHS B PO-
TOBOH mosocTH (cM. Ana cpasHenus puc. 4.9 u 4.10). Cuenyer
OTMETHTD, 4TO IIPH IOMBITKE NOBBICUTH PACXOJ BO3]yXa, YBeJUIHB
ycuJIHe JAbIX4TeJbHBIX MBI (T. €. 34 CYeT BO3pacTaHusl BHYTPH-
JIeBPAJNbHOTO AaBJeHHs), 3(hdeKTUBHOE «ABHXYIIee» NaBJEHHE
He maMeHuTcs. VHBIMH CJOBAaMH, PACXOJ BO3JAyXa B JaHHOH CH-
TyalUyH He 3aBHCHT OT YCHJHs. MaKCHUMalbHO BO3MOXHBIH pac-
XOJ IIPH YMEHBIIEHHH JIETOYHOro o0beMa CHHXKaeTcd (puc. 7.16),
TaK KaK yMeHbLUIAeTCsl PasHHLAa MeXK1y BHYTPHAJbBEOJISIPHBIM H
BUYTPUILIEBPAJbHBIM AaBJCHHEM, KPOMe TOro, BO3AyXOHOCHBIE
NyTH CTAHOBATCS yiKe. BHAHO TakzKe, 4TO PacXoj He 3aBUCHT OT
CONpPOTHBJIEHHs JBIXaTeJNbHBIX MYyTeHd, PacHoJOXKEeHHbIX IPOKCH-
MaJbHee 006JacTd clialeHus.

OrpaHuyeHHe pacxoja BO3Jyxa 3a CYET ITOr0 MexaHu3Ma elle
Gosee ycuaHBaeTCs MOA AeficTBHEM HECKOJLKUX hakTopos. OnnH
H3 HHX — NOBBILIEHHE CONPOTHBJEHHS NepubepHIecKUXx BO3AYXO-
HocHmx myrtefl. OHO yBesJMUHBaeT Nepenaj JAaB/eHHs B 3THX Iy~
TAX M, CJEJOBATeNbHO, CHHXKAeT BHYTPHOPOHXHMAJbHOE NaBJjieHHe
npu Beaoxe (na puc. 7.18,I'—19 cm Box. cr.). Eme oxun dax-
TOP — HU3KHI HCXOJAHBIH JIETOUHBLH 00beM, npH KOTOPOM yMeHb-
nraetcsl «ABHAKYIlas» PasHHIA MEXKIY BHYTPHAJILBEOJADHBIM H
BHYTDHIIEBPAJILHEIM JaBjieHneM. Kpome Toro, sta pasHuua
yMelbiaercst NpH YBEJIHYEHHH DPACTAMKHMOCTH JErKHX, HalpH-
Mep mpH 3MpuseMe. Y 3MOPOBBIX JIOAeH MeXaHH3MbI OrpaHHde-
HHSI pacxXojia BO3AyXa NeHCTBYIOT JULb IPH (POPCHPOBAHHOM BbI-
noxe, a y GOJBHBIX C TSKeNbIMH [OPaXKEeHHAMH JICTKHX — Jaxe
NpU COOKOHHOM JABIXaHHH,

Mpuynnbl HEPABHOMEPHON BEHTUJALMNH JIETKMX

Brime (cm. crp. 103) Mbl® yKe paccMarpHBaJu HEKOTOphIE
yuCcTO TOMOrpaduyecKne NPHYHHB PETHOHAPHBIX Pas/HYHil B BeH-
Tuasinagyn gerkux. OJHaKo BIOJHE BEPOATHO, YTO JAaXKe y 310pO-
BHIX JIOjeli (M HaBepHsKA NIPH JIErOUHbX 3a00/eBaHMAX) HA KaXK-
JOM BeDPTHKAJbHOM YPOBHE JIErKHX CYIIECTBYyeT HEKOTopas
HePABHOMEPHOCTb B BEHTHJSILIHH OTJENbHBIX HX Y4acTKoB, oGyc-
JIOBJIEHHAS] HHBIMH MeXaHH3MaMHU.

Onuy U3 5THX MeXaHH3MOB TOkKasaH Ha pHue. 7.19. Ecan pac-
CMaTPUBATh 3JEMEHTAapHYIO JIerouHylo sideilky (pHc. 2.1) xak
yIpyryio Kamepy, cooblammyocs yepes TpyOKy ¢ aTMmochepoi,
TO BeJHYKHA ee BEHTHJALWH OyJeT 3aBHCETb OT PaCTAKHMOCTH



MEXAHURA IIBIXAHUS 119

o

Baox

Buraox

PEm——— BpemA ——-»

Puc. 7.19. Bansnye CHHMKEHASI PacTSIKHMOCTH JerKuxX (B) M yBeJuueHus co-
IPOTUBJIEHHA BO3AYXOHOCHBIX Nyrell (B) Ha BeHTWISALHIO COOTBETCTBYIONLHX
yuacTkoB Jerkux (A — HopMa). B ofoux cayuasx 3amoJHEeHHE aJdbBeod
yMenbwiaerca (no J. B. West: Ventilation/Blood Flow and Gas Exchange,
ed. 3. Oxford, Blackwell, 1977, p. 49, ¢ usMmesennsayu)

KaMepbl i conporusJenus 1pyoku. B cayuae A (puc. 7.19) pacrs-
ZKHMOCTh M COIPOTHBJEHHE COOTBETCTBYIOT HOpMe. Bujiuo, uto
npu 3ToM 0o0beM KaMephl NPU BJOXe CYUIECTBEHHO H JOBOJILHO
OLICTPO H3MEHSIETCSl M HANOJIHEHHE ee 3aKOHUHTCS [0 TOTO, KaK
HauHeTCs] BHAOX (mepesoM JuHHH). B cayuae 5 pacTsXuMOCTb
KaMephl IOHMKEHAa M ee 00beM yBeJHUYHBAETCS OBICTPO, HO B
MeHblIel crenend. Hakonel, B caydyae B conporuBjenne BO3Ay-
XOHOCHBIX NyTeH BEJHKO, MOITOMY HAIOJHEHHEe KaMepbl IPOHCXO-
JUT MeNJNIEHHO M He 3aKaHYUBaeTcs A0 Hauataa Bblaoxa. YeM
KOpoue BJOX (HOpH YacTOM [BIXaHHH), TE€M MEHbLIe H3MeHSeTcH
o0bem. [lonoOHble yYacTKH JIETKHX XapaKTePH3YIOTCS OO0JbLIOL
NIOCTOAHHOIL 8peMeHt 3aN0JHEeHHus; 9TOT IOKA3aTe/lb PaBEeH INpo-
H3BENEHHIO DACTSKHUMOCTH Ha conporHBiehue. Takum obpasom,
OPOCTPAHCTBEHHAs] HEPABHOMEPHOCTb BEHTHJISIIIHH JIETKMX MOJXKeT
ObiTh CBf3aHA C MECTHBIMH PAa3JIHUUSIMH HX PACTIHKHMOCTH HJIH
CONPOTHBJ/IEHHS] BO3AYXOHOCHBIX NyTeH, a cTeneHb 3TOH HepaBHO-
MEPHOCTH 33BHCHT OT YaCTOTHl ABIXaHHS.

Euwe onna Bo3MoxKHasl NPHYMHA HEPABHOMEDPHOH BeHTHJISILHH
JIErKHX — 3TO HemoJiHasl Au(dysus rasoB B BO3LYXOHOCHHX IIy-
TAX AbIXaTeJNbHOU 30HBI (puc. 1.4). M3 r. 1 mbl yxe 3HaeM, uto
OCHOBHOW MEXaHH3M BEHTH/IANHH YYaCTKOB JIEFKHX, PacHONOXKEH-
HBIX JIHCTaJbHEe KOHEUHbIX GpoHxnoJ, — aupdysus. B nopme ona
NPOHCXOAUT TaK OBICTPO, YTO PA3JIHYMSI B KOHIEHTPALHH raszos
BHYTPH AHMHYCOB NPAKTHYECKH IIOJHOCTHIO BEIPABHHBAIOTCS 34
monu cekynisl. OQHAKO, €CJH BO3LyXOHOCHHe NMyTH B 06JacTH
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JBIXaTeJbHBIX OPOHXHOJ PacIlupeHBl (3TO ObIBA€T NPH HEKOTO-
phx 3aboJsieBaHuAX), AH(QOY3HOHHOE DPACCTOSIHHE MOXKET PE3KO
BoapacTaTh. Ilp# 9TOM BABIXaeMblH BO3AYyX HepaBHOMEpHO pac-
npejensierci B [bIXaTeJbHOH 30HE BC/IENCTBHE <NPOAOJBHBIX»
pas/iMunii B BEHTH/ISIMM B NpeieJaX OTAEJbHBIX (PyHKIHOHAIb-
HBIX JIETOUHBIX €JLHHHUIL. :

ConpoTusiieHue TKaHe#

[1pu ABUIKEHUSX JETKHX W I'PYAHON KJETKH HEOOGXOJLHMO IpH-
KJaJpBaTh HEKOTOPOe JaBJeHHe AJs NPeOJoJICHHst BSA3KHX CHJ,
AEHCTBYIOHIMX B TKAHAX NPH HX Aepopmauuu. FIMeHHO HalHuHEM
TAKHX CHJ YacTHYHO OObACHSETCs 3alITpuxoBaHHas o00JacTb
Kpupoil Ha puc. 7.13. OnHako y MOJOILIX 3A0POBBIX Jiofe co-
IPOTUBJEHHE TKAHEH COCTABJSET JHIIb OKOJO 20 9 oOGuiero (T. €.
CyMMBbl COMPOTHBJ/ICHHA TKaHEH H BO3LYXOHOCHBIX nyTteit), Xorsd

NpH HEKOTOPbIX 3a00/1EBAHHAX OHO
1'°Er MOXKET yBeJIMYUBATBCA. DTO CyM-

MapHoe BA3KOe COIIPOTHUBJCHHE
JblXaHH HHOrAa Ha3blBaKWT Ae-
20UHbIM  CONPOTUBAECHUEM, YTOOH

OTJIMUHTL €ro OT CONPOTUBJIEHHA
BO3AYXOHOCHBIX HYTeﬁ.

Pafora abIxaHug

0BveM Herrux caepx ®OE, 1

Jsa toro uToGH NpH ABIXAHHH
NPOUCXOAHIY JBHIKEHHS JIETKUX H
TPYAHOH KJeTKH, HEOGXOAMMO 3a-

0
BuyTpunnespancHoe Aasneue,

CM BOA. CT.

Puc. 7.20. Kpusast nasienue —
obbem past aerkux. Pa6ora, He-
o6xoanMas QAAf  [OPeOLOJeHHs
YOPYTHX CUJA NpH BLOXE COOT-
percTByer Tpaneunn OAJIBTO,
a paboTa N0 OPEONIOJEHHI0 BA3-
KHX CHJ — 33LITPHXOBAIHOMY

TpauuBath paboty. B nannom cay-

uae ee y1.106H€e BCEro H3MEPHUTD

AOpOH3BeAeHUEM
ob6beM.

JaBJICHHSA Ha

Pabora, zarpacusaemas Ha

yuactky ABBJIA 0suUMeHUn Ne2KUX

A1y paboTy MOXKHO OLEHHTb
N0 KpUBOH napjenue — o6peMm (puc. 7.20). Ilpu sroxe BHyTpH-
nJeBpaNbHOE AaBJCHHE H3MEHsieTCl B COOTBETCTBHH C KPHBOI
ABB u Ha [IBHXKeHHA JerKHx 3aTpauuBaercd paboTa, COOTBeT-
creyomas naomazn OABBTO. Tpaneuns OAIBI0 orpaxaer
paboTy, HEOOXOAHMYIO [/l MPEOAOJIEHHS YHNPYTHX CcuJj, a 3a-
mwTpuxoBaHublii  yuactok ABBJIA — paGoty Ha npeojoJsieHune
BASKOTO CONPOTHBJEHHS BO3LYXOHOCHHIX myTedl M TKaued (cM.
A cpapHeHus puc, 7.13), Uem Bbille CONPOTHBJIEHHE BO3AYXO-
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HOCHBIX NyTell MM PacXoj BO3AyXa IIPH Broxe, TeM GoJjee OTpH-
nateqpbHbiM OyaeT BHYTPHNJEBpajbHOE AaBjieHHe, TeM JAaJjblle
CMECTHTCS BTPaBO (B CTOPOHY OTPHLATENIbHbIX BENHUYHH) TOUKa
b 1o cpaseenuio ¢ Toukoil J u Tem Gosbuie OyAeT mnJowwaib
3aIUTPHXOBAHHOTO yuacTKa. :

Pa6ore, HeoGxoaHMOf AJs1 NPECAOJCHHA COUPOTHBACHHSA BO3-
AYXOHOCHBIX myTell (M TKaHefl) mpH BbIAOXe, COOTBETCTBYET yda-
ctok AJIBEA. B nHopMaJibHBIX YCIOBHSIX OH «BOHCAHY» B TPAIlELHIO
O0AJIBTO, T. e. pa6ota Ha npeojoseHue BA3KUX CHJI MOXKeT OHITH
coBepllieHa 3a CYeT HePruH, 3aNaceHHON B yNPyrHx CTPYKTypax
¥ BHICBOGOXalOlLefic NMPH NAaCCHBHOM Bblaoxe. Pasunua mexnay
naowansmMu AJABEA u OAIBIO coorpercTByer 3HepruH, pac-
ceuBaolleiicss B BUAE TenJa.

Uem BHIILE 9aCTOTA AbIXaHMs W PAacXOf BO3AyXa, Tem GoJblie
naomanb yuactka ABBIIA (r. e. pabora 1o npeojo/ieHHIO Bs3-
kux cua). C Apyroél cTOpoHHl, 4eMm GoJbllle AblXaTeabibli 06beM,
reM Gosblue naomanb Tpamennu 0AJIBTO (r. e. paGora no npe-
onosenuio ynpyrux cuja). Murepecto, uto GoJibHBIE CO CHHXKEH-
HOH pacTAKMUMOCTBIO JeTKHX AbIIIAT, KaK IPaBuio, valle, HO MO-
BEPXHOCTHeE, TOrAa Kak Jsi GOJbHBIX ¢ TaAXeaI0H 00CTpyKuHeH
AbIXaTeJbHBIX NyTeHl XapakTepHO MelseHHOe Anxanue. B obonx
CMyYasx 3TO cnOocOGCTBYET yMeHbLIEHHIO 3aTPadnBaeMOll palboTEL.

O6wasa pabora Gsixanus

O6uyio pa6oTy, 3aTpauHBaeMyi0 Ha ABHXKEHHE JIeTKHX B 'pyA-
HOM KJETKH, H3MEPHTb TPYLHO, XOTSi HEKOTODHIE €€ OLeHKH Oblan
NOJyueHBl [PH HCKYCCTBEHHOH BEHTHAALMH Napaju30BAHHBIX
6oJbHBIX (MM Y A0GPOBOJIBUEE ¢ MaKCHMaJbHO pacciabJ/eHHOA
IBIXaTeJbHOH MYCKYJAaTypoii) B PeCcOHPATOPE THHA «HCKYCCTBEH-
Hble Jerkue». Takyo paboTy MOXKHO pacCUHTaTh Tak¥e, H3MepPAs
satpate O Ha JHXaHHE H YUYHTHIBas KO3Q(UUHEHT M0JEe3HOrO
neHcTBUA: _

KITJL(%) = noseanasn pabora X 1009%.

ofue sueprosatpaTh (uam 3atpatol Oy)

[Toaaraior, uto 3T0T K03GQQHIHEHT COCTABJSET OKOJO 5—
10 %.

3aTpaThl KHCJOPOAA HA CHOKOHHOE HBIXAHHE HCKJIOUHTENBHO
MaJbl — MeHee 5 9 or oGutero morpe6aerus O, B nokoe. Ilpu
NPOH3BOJbHON THIEPBEHTH/ISAIHH OHH MOLYT YBEJHUHTbCA [0
30%. ¥V GoabHBIX ¢ OOGCTPYKTHBHBIMH 3a00JieBaHMAMH JIETKHX
foJsibllioe NOTVIOLIEHHE KHCJAOPOAA ABIXATEJNbHBIMU MBIIILAMH MO~
XeT OrpaHHuYuBaTbh Opejesn (U3MUeCKOH HArpyskH.
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Peryasuusa nbixaHus
Kak peeyaupyercs eazoobmern
Mmbt y2Ke 3HaeM, YTO IJaBHas (l)y'HKU,I/Iﬂ JEeCKUX COCTOHUT B 06-

metie Oy u CO, MeXAy BO3AYXOM H KPOBBIO, T. €. B NOAJEPKAHUU
HOpMaJbHHX yposHel Po, u Pco, B aprepuannuoli kposu. Te-

LenTpanbHsin perynatop

Baponves MOCT, NpoaoNrosarklii

Bxon MO3I 1 Apyrhe oTAensl roNnoBHOro Boixog
Mosra
Pelientopsl B e PSS OdbdrekTopbi
1
XemopeuenTtopsl, peuenTopbi JDpixatenbHble Mellubl

NerkKnx n apyrne peuentopsl

Puc. 8.1. OcHOBHEIE 3J8MEHTH CHCTeMBl peryasanun asixanus. Hudopmaius
OT PA3JHYHEX PEUENTOPOB NOCTyHaer B LEeHTPaJbHBIH DPeryiaTrop, a OT 1ero
NTOCLIIAIOTCS KOMAHAL ABXaTeJNbHbIM MbilIHaM. MsmeHeHHE AKTHBHOCTH 3THX
MBIIIY NPHBOAHT K H3MEHEHHIO BEHTUJALMH, a 2TO B CBOK OYEPeAb CHHIKAer
BO306YIKIAWINNE BO3ACACTBUA Ha pelenTopnl (oTpuuaTenpHas o6paTHas CBA3b)

meph e MBl yOelHMCH B TOM, 4YTO, HECMOTPSl Ha IIHPOKYIO H3-
Menuusoctb norvoienuss O, B OpraHu3Me W BBIIEJEHHS H3 HErO
COs, Po, u Pco, B apTepuanbHOil KPOBH B HOPME COXPaHSAIOTCH
JIOCTATOYHO IOCTOSHHBIMH. ODTa YAUBHTCJAbHAA - PeryJ/sllus ocy-
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lecTBJsieTCs GJjarofaps TOHKOMY YIPaBJEHHIO JIETOYHOH BeH-
THJSILUEH. :

CucreMa peryJsuui asixaHud (puc. 8.1) BKJKYAET TPH OCHOB-
HBIX 3J€MeHTa:

1) peyentopsl, BocnpHHHMAlOUNe HHPOPMAUHIO U Neperaro-
1ue ee B!

2) yenTpassHold peeyaaTop, PACHOJNOMKEHHBH B TOJOBHOM
Moare. 3zech MHpopManusi o6pabaTeiBaeTcs | OTCIOLA ¥Ke MOCH-
JlaloTCsl KOMaHABl Ha:

3) appexTopss (ABIXaTeNbHBIE MBIIINE), HENOCPEACTBEHHO
OCYIIECTBJISIIONNE BEHTHALHKIO JIETKHX.

Mbul yBHAMM, 9TO OGBIYHO TOBBHIIEHHE AKTHBHOCTH 3((eKTO-
pOB B KOHIE KOHLOB IPHBOJHT K CHHMKEHHIO HMIyJbCallHH, IO-
crynamolleil B TOJOBHOH MO3T OT Pelentopos (HaumpuMep, 3a cuer
cunxkenns: Pco, B apTepuanbHoil KPOBH). DTO OJMH U3 NPUMEPOB
oTpHIlaTENbHOH 06paTHOH CBA3H.

HenTpaibublil peryasaTop

ABTOMaTH3M AbIXaHua 06GYCJOBJEH 3aPOXKIECHHEM HMIYJbCOB
B CTBOJIE roJioBHOro Mo3ra. Korjpa nblXanue peryjinpyercsl co3Ha«
TeJIbHO, KOPa FOJIOBHOIO MO3ra MOA4HHsIET ceGe 3TH HEeHTPhl aBTO-
MaTH3Ma. KpoMme TOro, npH HEKOTODHIX YCJOBHAX B HHX MOTYT
NoCTylaTh HMIYJbCH W OT APYTHX OTAEJIOB MO3Ta.

Creoa mo3sea

UepenoBaHie BHOXa H BBJA0Xa OGYCIOBJIEHO 2KTHBHOCTDHIO
HeliPOHOB, PaCIOJOXKEHHEIX B BaPOJHEBOM MOCTY H IPOJOJ/rOBa-
rom Mmoare. Cunraercs, 4TO MMEHHO 3]eCh HaxOAATCs ABXaTesb-
uble 1eHTpbl. OHU IpeAcTaBJAOT cO0OA He oTAesbHbIE fAapa, a
0BOJIbHO AHG(QY3HBIE CKOMJIEeHHsl HECKOJbKHX TPYII HEHPOHOB.

B cTBOJIE MO3ra Pa3/iNyaloT TPH OCHOBHBIE TPYHINbL ABIXATE/b-
HBIX HeHPOHOB.

1. B peruky/aspHOA (GOpPMalMH MPORO/rOBATOrO MO3ra Pacno-
Jaraercss medyaraprelt Ovixareavrouli yentp. OH COCTOMT U3
ABYX OT/e/bHBIX 30H. [lepBas M3 HMX BklOyaeT B ceba rpynmy
HelPOHOB, JIOKaJH30BAHHBIX B OPCAJ/bHBIX OTAEIaX HPOAOJIrOBa-
Toro Mosra (JopcasbHasi AbIXaTe/bHas TPyura) U akTHBH3HPYIO-
jupxcs raBHEIM o6pazoMm npH Broxe. Bropas 3sona pacnoJa-
raercsi B BEHTDPaJbHBIX OT/elax IIPONOJIrOBaTOr0 MO3ra (BeH-
TpaJbHasl AblxaTeJbHasf TPyNna) M CBs3aHa NPEHMYLIECTBEHHO
¢ BBIAOXOM. JLOBOJNIBHO PAacHpoCTpPaHEHO (XOTd M He oOLienpuHsi-
T0) MHEHHe O TOM, 4TO HelPOHH UHCAUPATOPHOL 30HbL coco0HBI
K CaMOINPOH3BOJNLHOMY Ie€pHOAHYECKOMY BO30YKIEHHUIO, H HMEHHO
OHU OTBEUAlOT 3a NePHOAHYHOCTb JHXanHd. [Ipu ycTpaHeHHnH BCeX
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BO3MOXHBIX a(d$epeHTHBIX CTHUMYJIOB 3TH HHCOHPATODHBIE Hel-
POHBI NMPOJOJIKAIOT B ONpeje]eHHOM. PUTMe reHepHPOBaTh 3aJIbl
NOTEHIHAJIOB. AeHCTBHS, KOTOphle HepefaloTcsi K zmacppame H
APYrHM HHCIHPATOPHBIM MBHIINAM,

Ouepennoe Bo30yxaeHne HEliPOHOB MHCHHPATOPHOH 30HBL Ha-
4HHAeTCs [OCJ/e JaTeHTHOro nepuoiga (T. e. MePHOAA OTCYTCTBHA
AKTHBHOCTH) AJHTEJbHOCTHIO B HECKOJIBKO CEKYHA. 3aTeM MOsB-
JISIOTCH NOTEHIHAJBl JeHCTBHSA, M YacTOTa HX B CJEAyIOLIUE ce-
KYH/JBl 2KCINIOHEHIHAJbHO yBeJHunBaercs. COOTBETCTBEHHO 3TOMY
HapacTaeT M aKTHBHOCTb HHCIUPATOPHBIX MbIHIL. 3aTeM reHepa-
UUf NOTEHIHAJOB JAefCTBHS B HHCIHDATOPHOH 30He Ipekpa-
HIaeTcs, U TOHYC 3THX MBILII CHHXKAeTCHd JO HCXOLHOTO YPOBHSA.

Hapacranne uMny/bcalHi OT HHCIMPATOPHEIX HEHPOHOB MO-
KeT OBITb IIPEPBAHO TOPMO3ANIUMH HMIYJbCAMH OT NHEEMOTAK-
cuueckoeo yenrpa (cM. Huxke). Ilpm stom BaOX Oyaer
YKODOUEH, U B pe3dyjbTaTe BO3pacTaeT uacrora Ablxauus. Kpome
TOTO, AKTHBHOCTb HHCIHDPATOPHBIX HEHPOHOB MOLYJHDPYETCS CHr-
HaJaMH, NOCTYNAKMIHMH [0 OJYXK/1allUleMy U S3bIKOTJOTOYHOMY
HepBaM. IDTH HePBB OKAaHUHBAMOTCH B OXMHOYHOM TPakKTe POA0JI-
roBaTOro MO3Ta, PACHOJOXKEHHOM PSAOM C HHCIHPATOPHOH 30HOM.

[Ipn cnoKOHHOM JHIXaHHH AKTHBHOCTb IKCAUPATOPHOL 30HbL
He [POABJSETCs: Mbl YKe 3HaeM (CM. V1. 7), YTO B 3THX YCJIOBUSIX
BeHTUAALUSL ofeclieunBaeTcsi aKTUBHBIM COKPallleHHeM HHCIHpa-
TOPHBIX MBILIL ([IpeHUMYILIeCTBEHHO AHaparmel), a sateM — [ac-
CUBHLIM BO3BPATOM TIPYAHOH KJETKH K HCXOAHOMY COCTOSHHIO.
Opauako npu GOPCHPOBAHHOM ABIXaHWM (HANpHMeD, NPU (H3H-
YeCcKOH Harpy3ke) BbILOX CTAaHOBHUTCS AKTHBHBIM B pe3yJbTaTe
AKTUBU3AIHU SKCOHPATOPHEIX He#poHOB. OOGUIENPHHSITOTO MHe-
HHUSI O TOM, KakuM o0pa3oM B MeAYJJSPHBIX HeHTpax obecredH-
Baercsd CcOOCTBEHHBIH ABIXaTeAbHbIH PHTM, NOKA He CJAOXKHUIOCH.

2.-B HHXKHHUX OT[eJlaX BapoJiHeBa MOCTa PAacCHOJIOXKeH anxer-
cruseckuli yentp., OH Ha3bIBaeTCsl TaK NOTOMY, UTO Lepepesanue
CTBOJIA MO3Tra HENOCPEJCTBEHHO BbiUle 3TOTO HEHTpa BHI3BIBAET
Yy HOJOTHITHOrO >KHBOTHOIO [JIHTeJbHble CYJOPOXKHEIE BIOXH
(amHeii3UCHl), NpepuiBaeMble KPAaTKOBPEMEHHBIMH BhigoxaMu. Io-
BUAUMOMY, HMIyJbcallHs aNHeHCTHYECKOro IleHTpa BO3OykKaaer
HHCTIUPATOPHYIO 30HY NPOAOJCOBATOIO MO3ra, YIAJHHAS TeM ca-
MBIM BpDEMsI I'eHepUpPOBaHUsl ee MNOTeHIIMaJoB Jeficteus. Heus-
BECTHO, UTPaeT JH 3TOT LEHTP KakKyio-JAu00 poJib B HOPMAaJbHOM
NBIXaHHH Y YeJIOBeKa; IOJAMEYEHO JHIIE, UTO B HEKOTOPHIX CJy-
yagx MpPH TSIKEJIBIX [TOPaXKeHHSX TOJOBHOrC MO3ra y O0JbHBLIX
MOXKET BO3HHKAaTb allHEHCTHYecKoe AblXxaHue.

3. B Bepxuux oTAesax Bapo/HeBa MOCTa PaCIOJIONKEH nHEEMO-
rakcudeckuil yenTp. Kaxk yxe roBOPHJIOCH, €0 HMITYJbCH CHO-
coOubl NOAaBAATh BAOX, Peryaupysl ray6UHY H, CJI€I0BATENLHO,
YACTOTY AbIXaHHs. JTO OGLLIO NOKA3aHO B ONBITAX HA JKUBOTHBIX
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¢ IpsAMOM AJEKTPOCTUMYALHed THeBMOTaKCHYeCKOro nentpa. He-
KOTOpHIE HCCJEeA0BaTe M [0J]AraioT, 4T0 OH CBA3aH JHIUIb ¢ «TOH-
"KO#l HACTPOMKOHA» NbIXaTEJLHOrO PHTMA, NMOCKOJNBKY HOPMaJbHbBIH
PUTM MOKET COXPAHATHCA H B OTCYTCTBHE AAHHOrO LEHTPA.

Kopa 20A0BH0O20 MO3ea

JbixaHue NPOUCXOAUT B 3HAUHTEJbHOH CTelleHH OCO3HAHO, H
B ONpelelNeHHHX NpeleNax KOpa TOJIOBHOTO MO3ra MOXeT NOJ-
yunHaATh cefe CTBOJIOBHIe LeHTpbl. IlyTeM runepBeHTHJSANUH He-
TPYAHO MOOUThCS CHUXKeHUSI Pco, B apTepHa/bHON KPOBU BIABOE,
XOTsl IPU 3TOM BO3HMKAET aJKaJjo3, HHOTAA CONPOBOXKAAUIUHACS
CYNOPOXXHEIMH COKpalleHUsIMH MBIHII KucTel W cTton. [Ipu Ttakom
cuuxkenuu Pco, pH aprepuanbHoll KpOBH NMOBLILIAETCH NPHUMEPHO
Ha 0,2 (puc. 6.8).

I1pou3Bo/ibHYI0  THNOBEHTWISILHMIO  JIEMKHX  OCYLIECTBHTH
cjoXHee, [IIUTENbHOCTb 3a€PKKH AbIXaHHs OrpaHHYeHa LeablM
psiaom GakTopos, B TOM uHcie ypoBHeM Pco, u Po, B aprepu-
anbHON KpoBH. Ee MOXKHO YBeAHUUTH NyTeM IpelBapUTENbHON
rUNepBeHTHAALNE, OCOOEHHO NPH AbIXaHUH YHCTBIM KHCJIOPOIOM.
OnHako Ha BpeMsi TaKOH 3aJleDXKKH BJHSIOT HE TOJIbKO XHMHue-
ckne daktophl. [lokasaHo, HanpuMep, 4TO, €CaH NOCae NPEAedbHO
JUIHTEJNbHON 3a7epKKH AbIXaHHS oO0cJjelyeMOMYy JaTh Tas3oBYIO
cMech, noBHINawmyw Pco, 1 nonuwxkaiomylo Po, B apTepuans-
HO{l KpOBH, OH MOXKeT 3ajepXaTb JblXaHHE elle Ha HeKOTopoe
BpeMA.

Lpyeue ordesvt mosea

Hpyrue oTaennl Moara, HanpuMep JuMOHYecKas CHCTeMa H
FTUNOTAJNAMYC, TaKXe MOLYT BJHUATb HAa XapakTep AblXaHHs, B
4aCTHOCTH NPpH  ah@EKTHBHBIX COCTOSIHHAX (SPOCTH, HCOyre
T A.).

DddexTopnl

K nnixaTeibHBIM MBIIILAM OTHOCATCA AHadparma, Mexpebep-
Hble MbILILB, MBILILL OpPIOWIHON CTEHKH M J0OaBOYHbIE MEIILILI,
HanpuMep TPYAMHO-KAIOUMUHO-cOCLUeBRAHBe. JlelicTBUe ux yixe
obcyxaanoch B Havade . 7. C TOUKH 3DEHHS] KOHTPOJISI BEHTH-
JSIIUY OYeHb BaKHa KOODAHHHpOBaHHasi pabora BceX 3THX Mbi-
lleyHBIX Tpynm, ofeclneyHBaeMas LEHTPAJbHBIM PEryJasiTOPOM.
HMwmetotes JaHHBIC O TOM, YTO Y HEKOTOPbIX HOBOPOXKJAEHHHIX je-
Tell (0COOEHHO Yy HEeJOHOUIEHHBIX) Takas KOOPAMHALHA Hapy-
laercst — 4yalle BCero Bo BpeMs cHa. Hanpumep, cokpainenns
IPYAHBIX MBILII MOTYT OBITb HANpPaBJ/eHH Ha BAOX, a GPIOIIHEIX —
Ha BHA0X. BO3MOXKHO, 3TO OJAHAa M3 NPHYHH TaK HAa3bIBaeMOH
«BHE3aMHOH CMEPTH HOBOPOKAEHHBIX>, ’
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Lenrparvuvie xemopeyentopol

XeMopeuenTopaMH Ha3blBAIOTCA PENENTOpPHl, pearupyroline Ha
H3MeHeHHe XHMHUYECKOTO COCTaBa OMBIBAWOLIEH HX KPOBH HJIH
HHOH XKUAKOCTH. BaHefillne H3 HHUX, Y4acCTBYIOIHE B MOCTOSH-
HOM KOHTPOJIE BEHTHJSLHH, PACIONOXKEHbl y BeHTPAJ/JIbHOH IO-
BEPXHOCTH HPOJOJrOBATOrO MO3ra OKOJO BHX0A0B IX m X ue-
pemHo-M03roBEIX HepoB. MecTtHas oOpabotka H+ mam pacrtso-
peaabnim CO, 310#l 06s1acTh 4epe3 HEeCKONbKO CEKyHJ BBI3HIBACT

Xemopelentop

Puc. 8.2. Cpena, okpyixawmas HeHTpalbHele XeMmopenenTophl. OHH OMBIBAIOT-
csi BHekserouHofl kujkoctbio (BJK) rosnopHoro moara, uepes kortopyio CO,

nerko auddyHAHpyer oT KpoBeHocHmx cocynos ¥k CMOK. HMows Ht u HCOZ
He MOTYT TaK JIerKO IIepeceKaTs reMaro-suuedasniuyecknii Gapsep

y JKHBOTHHIX ycHJeHue nbixaHust. Korfa-to cunranock, uro COq
QMEeHCTBYET HENOCPENCTBEHHO Ha MeldyJJspHBlE JAbLIXaTeslbHble
LEeHTPbl, OLHAKO cefiuac MPHHATO PacCMaTPHBATbh XeMOPeelToPH
KakK oTJejbHble o0pasoBanns. [Io HeKOTOPBIM RaHHBIM, OHH 3a-
Jgerator #a raybune 200—400 MKM OT BeHTpaJbHOH MOBEPXHOCTH
NPoJOJroBaTOro Moara (puc. 8.2).

IlenTpanbHble XeMOpPeUENTOPHl OMEBIBAIOTCS BHEKJIETOUHOM
JKHJIKOCTHIO I'OJIOBHOI'O MO3Ta H DEarHpyloT Ha M3MEHEHHs B Hell
KOHUEHTpaUuu HOoHOB Ht: yBenlnyeHHe KOHIEHTDALKWH IPHBOLUT
K VCHJEHHWI0 NBiXxanusg u Haobopor. CocTas KHAKOCTH, OMBIBAIO-
uiefi 9Td pelleTOPHl, 3aBUCHT OT COCTaBa CNHUHHOMO3LOBOH KHI-
koctn (CMDK), mecTHOro XposoToka H MecTHOro Merabo/insma.
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Hs Bcex aTHx (akTopoB HauGOJBIUYIO DOJb, NO-BHAMNMOMY,
urpaer cocras CMJK. Dta KHAKOCTbL OTAe/NEHa OT KPOBH IeMaTo-
sHLUe(paIUYeCKuM 6apbepoM, OTHOCHTENbHO HENPOHHIAEMbIM s
noroB H" n HCO3> HO BO6OHO MPOMYCKAIOIIMM MOJEKYJIsPHbI
CO,. Tlpu nosuimenun Pco, B kpoBr CO, puddyuupyer B CMIK
U3 KPOBEHOCHBIX COCYAOB T'OJIOBHOT'O MO3ra, B Pe3yJbTaTe Yero B
CM)K makaniupaiotcs HoHbl H*, crumynupyiomue Xemopemen-
TopHl. TakuMm o6pasom, ypoBenb CO, B KPOBH BJHSAET HA BEHTH-
JSUKIO ryiaBHBIM oOpasoM myteM uamenennss pH CMJK. Pasapa-
JKeHHe  XeMOpeleNTOPOB  NPHBOAHT K  THOEPBEHTHJISINH,
nonuxawued Pco, B KpoBH 1, ciegoBartensHo, 8 CMJPK. Tlpu
nosbiweHud Pco, B aprepuajbHOil KPOBH PacCIUIHPSIIOTCS COCYIbE
TOJIOBHOro Mo3ra, uto crnocodfcrsyet aupdysnn CO; B CMMK 1
BHEKJICTOUHYIO KUAKOCTh MO3I'a.

B nopme pH CMMXX =7,32. ITockoabky coxepkanue GelkoB
B 3TOH XKHIKOCTH HAMHOIO MeHble, 4eM B KPOBH, ee GydepHas
€MKOCTh TaKXKe cyllecTBeHHO HuXKe, Banarogapsa atomy pH CMHK
B OTBET Ha H3MeHeHHs Pco, caBuraercs ropasao Goabiue, uem pH
kposu. Ecan rakoii capur pH CMJK coxpansiercss MJaHTeNbHOE
BpeMs, TO OukapGoHATBI IEPeXOAAT 4Yepe3 reMaTosHUedasnye-
ckufl 6aprep, T. e. HPOUCXOJUT KOMIIEHCATOPHOE H3MEeHeHHEe KOH-
nentpauny HCO; B CMJK. B pesyabrare pH CMJK uepes 24—
48 u Bosppamaercsa K uopme. Takum oGpasom, usMeHnenus pH
CM)K ycrpandoTcsi ObicTpee, 4eM B apTepHasbHOH KPOBH, Iie
OHH KOMIIEHCHDYIOTCs IOuKaMu (puc. 6.8) B Teuenue AByX-Tpex
cyrok. Bosee Grictpoe Bosspaiente k Hopme pH CM)K no cpas-
nenuio ¢ pH kposn npusoaur x romy, uro umenno pH CM)K oka-
3BIBAET NPEUMYILIeCTBeHHOe BJANAHHE HA BEHTHUAALMIO H Pco, B
apTepUaJbHOH KPOBH.

B xauectse mpumepa MOXKHO HPHBECTH GOJBHBIX C XPOHHYe-
CKUMHU HOPAXKEHUSAMH JIETKHX H IIOCTOSIHHBIM HOBBIIIEHHEM Pcog
B KpoBu. ¥ Takux Jogeli pH CM)K Moxer GbiTh HOPMAaJbHBIM,
HO9TOMY YPOBEeHb BEHTHJAUUH Y HHX ropasio HUXKe, yeM CJelo-
BaJo Obl 0XuAATh, HCXOAA U3 Pco, B aprepuanbnoit xposu. Ta-
KYIO e KapTHHY MOXHO HaOJl0AaTh H V 3L0POBHIX JIOJeH, ec/H
34CTaBUTh HX B TeueHHe HECKOJBKHX CYTOK [HINATHL rasoBoi
cmechio ¢ 3 9 CO..

Ilepupepuuneckue xemopeyenropot

[Tepudepuueckne XeMOpPeUENTOPE HAXOMATCS B KapOTHIHLIR
TeNblaX, PacHoJOXKEeHHHX B o6sgacTH GHPypranvd OGHIHX COH-
HBIX apTepHuil, ¥ B a0PTaJbHLIX Te/IbIaX, 3aJeraloliux Ha BepXHei
H HHXHEeA NOBePXHOCTAX AYrd aopTHl. Y dYesoBeka HauGOJbUIYIO
poJib UrpaloT KapoTHJAHBle TejbUa. B HHUX cojepxkKarca ABe HJIH
HECKOJIBKO DasHOBHAHOCTEH rJOMepyJsPHBIX KJIETOK, HHTEHCHBHO
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$ITI0OpECHHPYIOUIHX NIPH CNeLHANbHOH o6pabotke Gaaromapsi co-
JepxaHHio JonaMuHa. Koraa-to CuMTaj0Ch, 4TO HMEHHO 3TH
KJIETKH CJIyXKaT XeMOPEUenTopaMu, OAHaKO, COrJIacHO: TIOC/IeHHM
JAHHBIM, OHHM SIBJAIOTCS TOPMO3HBIMH HHTepHeHpOHaMH, a HM-
NyJabchl FeHepHpyioTcs B adhepeHTHblX OKOHYAHHAX CHHOKAPO-
Tuaublx HepBoB (puc. 8.3,4). YiejabHBH KPOBOTOK B KapOTHA-
HBIX TeAbliaX UpPe3BbUaiiHO BHICOK (20 MJ/MHH-T), MOITOMY, HE-
CMOTpPSL Ha BHICOKYIO CKOPOCTb OOMEHHBIX NPOLECCOB, apTepuo-
peHosHas pasuuua no O, B uX cOCyAax OvyeHb Masa.

(HG = 75
/’ ]
2

°02 § 50|~
aco, () =
[ =4

pH ) : or
g
e
A E

= D l 1 ” ,S_l
0 59 100 500
PO; B apTepuantHoOW Kposw,
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5
Puc. 8.3. A. Kapornanoe Teiblie, BOCIPHHHMAIOWIEE HIMEHEHNHA Po, Peo, 1

pH aprepuasibhoit kposu. MIMIy/bChl OT STHX Tejel OCTYNalT B UEHTPalb-
#yio Hepsrywo cucremy (HHC) no nepsy Tepunra. 5. Kpupas 3aBUCHMOCTH
pMnyabcauny  xemopelenropos ot Pg, apTepuanpHoll KpoBu. BuAHO, H4TO

HAHGOABIAR UYBCTBHTC/ALHOCTL XEMODPEUeNnTopoB OPHUXOANTCA Ha Py, Hume
50 MM PT.CT.

[lepudeprueckie XeMOPELEeNnTopbl pPearupyiorT Ha CHHIMeHHe
Po, u pH u na ysenunuenue Pco, aprepuaJsbhoii kposu. [lo cpas-
HEHHMIO ¢ JAPYTHMH KJETKaMH OPraHusmMa OHH 00/1a1a10T yHHKAab-
1Ol CHOCOBHOCTLIO «4yBCTBOBATHY H3MeHeHus Po, B apTepHalb-
Ho#l KpOBH, HaunHas npumepno ¢ 500 MM pT. CT. Hs puc. 83,5
BHAHO, 4TO 34BHCHMOCTb MEXKAY 4aCTOTOH HMOYJ/bCAIMH OT XeMO-
peuentopos K Po, aprepuaibHOi KPOBH HesuHeliHa, YMenbllieHne
Po, 10 100 MM pT. CT. BHI3bIBAET OTHOCHTE/IbHO caabyio peakuuo,
Ho npu AasbHefileM cHHxennn Po, nMny/bcalus Pe3Ko BO3pa-
craeT. [TOoCKOIbKY apTepPHO-BEHO3HAast Pa3HHLA MO KHCJIOPOLY B
COCYAaX KapPOTHIHBIX TeJel HEeBEeINKAa, OHH BOCIPHHUMAIOT Po,
IIpEHMYIIeCTBEHHO apTepHalbHOH, a He BEHO3HOH KpoBH. Peax-
[Hs STHX XeMOpelenTopos ObiBaer upessblualino ObLICTPOR: 4a-
CTOTa HMNYJbCALUH OT HHX MOMKET H3MEHATbC Aaxe B XOLe
JBIXaTeNbHOrO HUKJAA B Pe3yabTaTe HeGOJbIINX Kose6aHuil KOH-
[eHTpalliil [BIXaTeNbHbIX [asoB B KPOBH. MMeHHO aKTHBHOCTBIO
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nepupepHIECKHX XeMOPEeLENTOPOB OOBACHAETCA YBENHUCHHE BEH-
THJSUHH, HACTyNalolllee y YeJOBeKa NPH apTepHabHON CHIOKCe-
mun. H nanportus, B uX OTCyTCTBHME NpH TsMXKeJSOH THIOKCEMHH
HPOHCXOANT yrHET€HHE [bIXaHUS, OUEBHIHO, BCJAEACTBHE HENO-
CPEACTBEHHOrO BJMSHUS Ha JBIXaTeJbHBblE UEHTPH. Y GOJBHEIX C
ABYCTOPOHHHM yJa/leHneM KaPOTHAHBIX TeJel IHIOKCHSI cOBep-
UIEHHO He BJIMSIET HA JbIXaHHe.

B kosnuecTBeHHOM OTHOWIEHHH ropasio GOJIBIIYIO POJIb HI-
paer peakuns Ha usMeHeHue Pco, apTepuajbHOH KPOBH HeH-
TPaMbHBIX, a He nepHdepUUecKHX XeMopelentopos. Tak, ecau
310POBbI Ye/OBEeK BABIXAET ra3oByl0 CMech, colepxamyio COs,
aKTHBA3AUHA TepPHPEPHUECKHX XeMOPEeLenTopoB 06YCJ/OB/IHBAET
usMenetne nbixanua menee yem na 20 %. Oxrako ckopocTh pea-
TMPOBAHHA HX BhILIC, U OHM, NO-BHAHMOMY, BAXKHBI A/ NPHCHO-
COOJIeHHMs BEHTH/ISLHA K BHE3ANHBIM H3MeHEHHAM Pco,.

¥ uenoseka Ha cumxkenne pH aprepuasbuoil KPOBH pearu-
PYIOT HMEHHO KapOTHJHBIE, a He aopTajbHble Tesabla. Takas
PeariHs He 3aBUCHT OT TOrO, B PE3Y/hTATE KAKHX — ABIXATEJb-
HbIX HJIH MeTabo/InuecKuX — npoueccos usmenuacs pH. Habuo-
AaeTcs B3aMMOICHCTBHE DPa3NHUHBIX pasApaKuTesnedl, CTHMYJIH-
PYIOIIUX xeMopenentophl. Tak, AKTHBH3aUUA UX B OTBET Ha CHH-
Keune Po, apTepuasbHOli KPOBH YCHIHBACTCS NPH MOBHILICHAN
Pco,, a B cayuae kaporuaubix Tesen — u npu noHMxKenun pH.

Peyenroper neexux

CyliecTByIOT TPH THIIA PeUEeNTOPOB JErKHX.
1. Jlerounbie penentopul pacrsKenus

Ilonaraior, uto aTi peuentopsl 3a/eraioT B rJaAKMX MBIIILAX
BO3AyXOHOCHBIX myTedl. OHH pearupyior Ha pacTAKeHHe JIEerKHX.
Ecsu nerkue paurenbho yaepkusawotes B pasayToM COCTOSIHHH,
TO AaKTHBHOCTb PELENTOPOB DACTAKEHHS H3MeHsieTCs MaJio, uTo
roBopuT 06 ux caaboft apanrupyeMocTd. MMNyJbcamsi OT 3THX
PELEeNTOpOB HAET MO KPYMHBIM MHENMHOBBIM BOJIOKHAM 6./1yK-
[awLUX HEPBOB.

OcHoBHOH oTBeT Ha BO36YKIEHHE JIErOYHBIX peuentopos pa-
CTAXKEHHS — YMeHbLIeHHEe YaCTOTHl ALIXaHHs B PE3y/1bTaTe yBeJH-
UCHHA BPEMEHH BbIA0XA. JTa peaklHs Ha3blBaeTcss HHGBARLUOH-
HBIM (T. €. BOBHHKAIOUIMM B OTBET Ha pasayBauue) pediiekcom
Fepunra — Bpefiepa. Ero MoKHO BBISIBHTH B KCMePHUMEHTAAbHBIX
YCJIOBHSIX, DETHCTPHPYS Y KPOJHKA aKTHBHOCTb Yy4acTKa [Ha-
dparMbl H He NPENATCTBYA NPH TOM A€ATENbLHOCTH Apyro# abi-
XaTe/JbHOH MYCKyJaTypel. B KjaaccHueckHX 3KCIEpHMEHTaX MoKa-
3aHO, 4YTO pa3fyBaHHe JIErKAX NPHBOAHT K 3aTOPMaXKHBAHHIO
AajibHeAIledl aKTHBHOCTH HHCIUDATOPHBIX MBILIIL. CymecTtayer u
o6paTHas peakuus, 1. €. YBelHYeHHE 5TOH AKTHBHOCTH B OTBET

5 3ak. 782
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Ha yMeHbllene o6bema Jerkux (nedasunonHHA pedaexc). ITH
pedJIeKCE MOTYT CJYKHTh MEXAHH3MOM CaMODEry/IsILHK N0 MpHH-
LHOY OTPHLATENbBOH 00paTHOH CBA3H.

Korpa-to cuntasnoch, uto pedaekcsl I'epunra — bBpefiepa ur-
PAIOT OCHOBHYIO POJib B PEryJslud BEHTHJALAH, T. €. HMEHHO OT
HHX 3aBHCHT IayOHHa M wyacToTa Ablxanusi. lIpuHnum Takoi pe-
TyJAmud MOr OBl 3aKJIOUATbCS B MOJAYJIHPOBAHHH paGoTbl «mpe-
pHBaTeJsl BAOXa» B NPONOJIFOBAaTOM MO3re HMIIyJAbcanued oT
pelenTopoB pacTskenus. JeHCTBHTENBHO, IPY ABYCTOPOHHEM T€-«
pepesaHuu GJyKAAOWHX HEPBOB Y OOMBUIMHCTBA XKHBOTHBIX yCTa-
napauBaercsi riiy6okoe peaxoe Abixanne. OAHAKO B NOCJHENHHX
paborax OBUIO NOKa3aHO, YTO Y B3POCJIOrO 4YeJ0BEKa pednexcl
I'epunra — Bpefiepa He AeACTBYIOT, OKa JBIXaTelbHblA 06beM He
npesocxofuT 1 A (Kak, HanpuMmep, NMpu ¢usnueckoil Harpyske).
KpaTkoBpeMeHHasl JABYCTOPOHHss O/0Kajaa GayKAalomuX Hep-
BOB IOCPEJCTBOM MECTHOH aHecTe3ud Y GOAPCTBYIOUIETO 4eN0BEeKa
He BJMSeT HM Ha 4aCTOTy, HH Ha raybuny Amxanus. Hexoropbe
JlaHHBlE YKa3bBBAIOT, 4TO 3TH pedJieKCHl MOTYT HMETb GoJblliee
3HavYeHHEe JJI HOBOPOXKIEHHBIX.

2. MppuraHTHBHE PEIENnTOPH

UppuTaHTHHE PENenTOPHl PearHpyioT Ha JAeHCTBHE €AKHX ra-
308, Ta6auHOro AbIMa, TMBLTH U XonoiHOro Boszayxa. IMonaraor,
YTO OHH PACIIOJATAKTCH MEXKAY 3MHTEIHAJbHBIMA KJIETKAMH JLbl-
XaTeabHHX NyTed. IMIYJAbCH OT 3THX PELENTOPOB MAYT IO MHE-
JIMHOBHIM BOJIOKHAM OJIyXKJAaIOUIUX HePBOB, a pethIeKTOPHBIH
OTBeT 3aKJI0UAeTCSl B CyXKeHuM OPOHXOB M THNepnHos. Hexoto-
phle (HU3HOJIOFH HA3HIBAIOT ITH PeleNnTophl «BBIcTpOAANTHPYIO-
IMMHCH», TaK KakK AJs HHX XapakTepHa Obicrpas ajanTauus H,
I0-BHAMMOMY, OHH HE TOJbKO PearHpyloT Ha BpedHble Jd CTEHOK
ABIXaTeJbHBIX TyTed areHTh, HO M UIPAIOT ONpeNeeHHYyIo POJb
B MexaHopeLenuud. Bo3aMOxKHO, BO30yK/JeHHe HPPUTAHTHHIX De-
HeNTOPOB FHCTAMHHOM, BBUIE/SIONIHMCA NPH MPHCTYIAX 6pOHXH-
A/IbHON aCTMBI, B KAKOH-TO CTEMeHH 06YC/OBJHBACT XapaKTePHblH
JUI 3TOF0 COCTOSIHHS OGPOHXOCMasM.

3. J-peuentophl

J-penentophl («IOKCTAKANHIIAPHEIE» penenTopr) Ha3BBAIOT-
¢s1 Tak NMOTOMY, UTO 3aJeraloT, Kak CYuTaercs, B aJbBEOJAPHLIX
CTEHKax OKOJo ! KanuasipoB. B MOJb3y TA4KOro pPacmosioXEHHA
TOBOPHT MX OUeHb GHICTpas PeaKilus HA BBeleHHe XMMHUECKHX Be-
IeCTB B JIETOUHBIE cocylbl. MIMOy/bchbl OT 3THX PeUenTopoB HAYT
110 MeJJIeHHHM HEeMHEJIHHH3HPOBAHHBIM BOJOKHAM O.1y2K1al0UHX
HepBOB, TPHBOAS K YCTAHOBJIEHHIO 4acTOro MOBEPXHOCTHOTO Jibl-
XaHHsl, XOTA TPH CHJAbHOM PasApaxKeHHH BO3MOXKHA NOJHAA €ro
ocTanoBka. ECTh JaHHBIE O TOM, 4TO J-pellelTopbl MOIyT peart-

1 Juxta — «Bosae, Gausz» (sat.). — Mpun. ped,
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poBaTh Ha IepeNoNHEHHe KPOBBIO JIEFOYHBIX KANHJJISIPOB H MOBHI-
lenye o0beMa HMHTEPCTHUHAJBHON MKHAKOCTH CTEHOK aJ/bBEOJI.
BosmoxKHO, OHH HrpalOT ONMpeNeseHHYI0 POJb B BO3HHKHOBEHHH
OAbIIKH (T. €. OULYHIeHHS 3aTPYAHEHHOTO AbIXaHH:A), HABII0AAI0-
IIeACs [PH J1eBOMKENYN0YKOBOH HEZOCTATOYHOCTH H HHTEPCTHIH-
aJbHOM OTeKe JIErKHX.

Ilpouue peyenropet

Kpome nepeunciieHHBIX BHILE ¢ ALIXaHHEM CBS3aHO elie He-
CKOJIBKO THIIOB DPellenTopoB.
1. Penentopsl HOCOBOJ NOJOCTH H BEPXHHX ABIXATEJbHBIX MyTeil.

B HOCOBO# moJI0CTH, HOCOIVIOTKE, TOPTaHH, Tpaxee HAXOAATCH
pearupyomiue Ha MeXaHMYeCKHe ¥ XHMHYECKHE PasipaKUTe/H
PELENTOPEl, KOTOPhle MOMKHO OTHECTH K ONHMCAHHOMY BbILIE HPPH-
TaHTHOMY THNy. PasapakeHne ux pedieKTOPHO BHI3BIBAET UHXA-
HHe, Kalllelb ¥ CyXeHHe OpoHxoB. MexaHuueckoe pasaparkeHHe
ropranu (HanpuMep, NPH BBeJeHHH HHTYOANHOHHOH TPYGKH mpu
IJIOXO NPOBEJAEHHOH MECTHOH aHeCTEe3HH) MOKEeT NPHBECTH K Ja-
pHHrocmasmy.
2. Penentopsl cycTaBoB H MBILIL

Iosarator, 4T0 HMNYJIbCH OT ABHIKYIIHXCSA KOHEYHOCTEH, 0CO-
GeHHO Ha PAHHUX CTAAHAX (H3HYECKOH HATPY3KH, MOLYT y4acTBO-
BaTh B CTHUMYJSANUH HNBIXAHHS.
3. 'amma-cucrema

Bo mHOrHx MbINIIax, B TOM uuc/ie B peGepHbX H B quadpar-
Me, HMEIOTCA MBblllleyHble BepeTeHa . DTH CHEUHATH3HPOBAHHbIC
peuenTopel pearupyloT Ha pacTsikeHue MbNH. [Toctynarmomas
OT HHX HH(OPMaUHS yUacTBYeT B pe(JIeKTOPHOH PErysiHH CHIbL
' COKpallleHHsA. B03MoXHO, BO36ymxieHHe 3THX PeLenTopoB B Ka-
KOH-TO CTelleHH OGYCJOB/IHBACT OLLyIIEHHE OABILIKH, BO3HHKAI-
Iled B TOM ciyuae, korla AbXanHe TpeSyer GOJBIIHX YCHIMI
(nanpumep, npu OGCTPYKIHH ABIXATENbHBIX nyrel).
4. Aprepuasnphble 6apopenentophl

YBe/HUEHHE JIaB/eHHS KPOBH B aPTEPHAX MOMKeT HPHBOAHTH
K ped1eKTOPHOIl THTIOBEHTH/IALAN HIH AaXKe OCTAHOBKE AbIXAHHS,
00yC/I0B/IEHHOH pas/ipaxeHHeM GapOpenentopoB AyrH aopThl
KapoTHAHOro cHHyca. M HanpoTus, NMOHMKeHHe apTePHAIBLHOrO
AaBJIeHHs CNOCOGHO BHI3BATh THNEPBEHTH/IALMIO, JlyrH aTHX ped-
JIEKCOB H3YUY€HHl IIJIOXO.
5. BoJsieBble u TeMmmepaTypHbie pelenToph

VIaMeHeHHs BEHTHJISUHM MOTYT BO3HHKATb B OTBET Ha pasjipa-
JKeHHe CaMblX Das/IHYHbIX adpdepeHTHHIX HepBOB. Tak, B OTBET Ha

D AKTHBHOCTD 9TMX DPEUENTOPOB DETYAHPYETCS TAK HA3BIBACMBIMU IaAM-
Ma-2Q(PepeHTaMH; OTCIOa H HasBaHHe CHCTEMBI, — [Ipun, nepea

B
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60J1b yacTo Habmofaercs 3alepKKa IBIXaHHH, 32 KOTOPOH cJe-
AYeT FUNepPBEHTHAALUS. YCHIeHH€e BEHTHISIIHA MOXET BOSHHKATh
OpH HarpeBaHHH KOXH.

KomnijekcHble peaknun CHCTEMBbI peryJasiiiy AbIXaHuA

MB&l npoaHaJIH3HPOBA/JH OTAeJbHEIE 3/1€MEHThl CHCTEMBL pery-
asuun apixasus (puc. 8.1). Tenepb Obnio Gbl MOJIE3HBIM pac-
CMOTpeTb ee KOMILIeKCHHle peakuud Ha uaMenenus Pco,, Po, H
pH aprepuanbHOll KPOBH, a TakxkKe (PU3HUECKYIO HATPY3KY.

Peaxyuu na uzmenenue Pco,

B nopme raaBHBIM (AaKTOPOM peryqasiiud AbIXaHHs CJAYXKHT
Pco, apTepuanbHoii KpoBu. UyBCTBUTEJIbHOCTD PEryJsATOPHBIX CH-
cTeM K 3ITOMY IT0Ka3aTe/l0 MOUCTHHE YAMBHTE/NbHA: B AHEBHOE
BpeMsl CYTOK, KOrja NepHojbl aKTHBHOCTH YepelyloTcs € OTAbl-
x0M, KoJeOGanua Pco, aprepHa/tbHOH KDOBH, MO-BHAMMOMY, HE
npeswWaloT 3 MM pT. cT. Bo Bpema cna Pco, MOXeT HECKOJDbKO
BO3pacTarh.

Benrtunstopuyio peakuutro Ha CO, 0OBHIYHO OLEHHBAIOT, 3a-
cTaBJsis 06C/IeAyeMOro AblaTh rasosoil cmechio ¢ COy uan xe
BO31YXOM H3 3aMKHYTOrO MellKa (MeTOZ BO3BPATHOIO JAbiXaHus),
B KOTOpoM Pco, noctenenno yseanynsaetca. CoraacHo 0iHOH 3
METOMK, 9TOT MELIOK CHauajaa samnojHeH cmechio u3 7 % CO:n
93 % O,. IMockoabky obcienyemblit Boieaser CO,, copepkanne
VIJIEKHCJIOTO ra3a BO BJABIXaeMOM BO3JyXe IOCTENEHHO MOBHI-
luaercs, 1o konueHtpauusi Oy OCTAETCsT CPABHHTEJbHO BEHICOKOMH
Pco, B Melllke BO3pacTaer NIPUMepHO Ha 4 MM pPT. CT. 3a MH-
HYTY).

Ha puc. 8.4 npuseienbl pe3y/bTaTbl OMBITOB, IPH KOTOPHIX
cOCTaB BAbIXaeMoi cMecH obecneunsas nocrosinnoe Po, B aJb-
BeOJSIPHOM BO3JyXe (KOrla Takue ONBITHl NPOBOAATCA Ha 3A0PO-
BBIX J10A5X, moaaratoor, 4to Po, n Pco, B mocieiHnxX TOPUHAX
RHLIBIXAEMOTO BO3AYXa TAKHE e, KaK W B apTepHasbHOi KPOBH).
Buano, uto eciu Po, NOALepaHBAaETC HAa HOPMAaJbHOM YPOBHE,
To Kaxjoe nopbilienue Pco, Ha 1 MM PT. CT. cOnpOBOXKIAETCA
VBeJHUEHHEM BEHTHJALUM NpuMepHO Ha 2—3 a/mun. Chuxenne
Po,npuBOAHT K [1BOSKOMY 3(Q@ekTy: BO-NEpBbLIX, NPH JaHHOM
Pco, YBEJHUYHBAETCSl BEHTHJSLHUs; BO-BTOPBIX, HaKJOH KpUBOH
34BHCHMOCTH BEeHTHJSILHH OT Pco, cranosurcs kpyde. Caenyer
OTMETHTb, YTO 3Ta PeaKlHs UMeeT 3HAYMTEJbHBIC HHAHBHIYaJb-
ible pasyiudus.

Enle oann cmoco6 ouleHkH BO3OYKAeHHA ALIXaTeJbHOIO ILeH-
Tpa 3akJIOuaercs B H3MepeHuu NaBJIeHHs, PA3BHBAEMOro TNpH
BAOXe BO BPeMsl KDAaTKOBPEMEHHOrQ MepeKpPhiTHA JblXaTe/lbHbIX
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Puc. 84. Benrunsitopuas peakuuss una CO, Kpusuie saBHcHMocTH - o6mied
BEHTHAALHK JierkUX 0T Pgp, B a/bBeoNspHOM BO3AYXE MOCTPOEHBI AJ%

pasIuuNbIX 3HAYeuHi PO2 B ajbBeosiax. B gaHHOM HCC/AefOBaHHH OBIAO 00-
HAPYXKEeRo, 4To Mpu POZ, pasoom 110 m 169 MM pT.CT., 9TH KPHBHE COB«

MmajaloT, XOTA pPAA APYTHX aBTODOB JIOKA3aJH IHEKOTOPOG YMEHbUIEHHEe Ha-
KIOHa KpHBOil Mmpu BbICOKHX Pg, (M. Nielsen, H. Smith: Acta Physiol,
Scand. 24 :293, 1951)

nyreil. st aToro ofcaeayeMblit ABILINT Yepe3 MYHALITYK, CORAH-
HEHHBIH C CHCTEeMO# KJamaHOB, NpHYeM TPyOGKa, yepes KOTOPYIO
OCyHIeCTBJASETCS BAOX, cHaOXeHa 3araylko#d, Bo Bpems BbLioxa
9Ty 3ariyuiky 6e3 npelynpe:KAeHHs 3aKPHIBAIOT, H CJACAVIOULU
BJIOX HAaYHHAETCSA B YCJOBHAX NEPeKPHITOH mogaud posayxa. Ilo-
KasaTesjeM COCTOSIHHSL JABIXaTeJNbHOTO ILEHTPA CJAYXKHT AaBJicHHe,
paspuBaemoe B TedeHHe nepsbix 0,1 ¢ MONBITKH BAOXa (T4K HA3bI-
Baemoe Py;). Ha 3107 nokasartens Majio BJAMAIOT MexaHHYeCKHE
0COOEHHOCTH JBbIXQTEJNbHOH CHCTEMBI, XOTA OH MOXeT 3aBHCETb
OT Jlero4Horo o6beMa. ONHCAaHHBIA METOJ NDHUMEHSIOT AJs H3yde-
HHS YYBCTBHUTENHHOCTH CHCTEMBl peryasinuu Jbixanus kK CO,, ru-
TIOKCHH U ApyruMm ¢akropam.

[Tpu cHuxennu Pco, B apTepHabHOi KPOBH CTHMYJISILHA b~
XaTeJbHOro UEeHTPa pe3ko yMeubliaercs, [lonpobyiite, nanpumep,
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NPOBECTH NPOU3BOJLHYIO THIEPBEHTHIAINHNIO B TEUCHHE HECKOJDL-
KMX CeKyHA. Bbl ybemurtech, 4TO MOCJE 3TOTO HEKOTOpOE BpeMs
He xoueTcs ApluaTh. Koraa B ycsoBusix o0Llero Hapkosa ame-
CTE3HOJIOTH NPEeBHILIAIOT YPOBEHb BEHTUALHKH JETKUX, 60JIbHBIX
yacto HabJiojaerTcs NPUMePHO MHHYTHAs OCTaHOBKa JAblXaHHA.

Beuruastopuast peakuus na CO, ociabisercs ¢ BO3PAcTOM U
Bo BpeMsi cHa. OHa 3aBUCHT OT HACJeNCTBEHHOCTH, pacoBoil mpHu-
HAJJIeKHOCTH M HHAMBHAYasibHbIX 0COGEHHOCTEH. Y TPeHHPOBaH-
HBIX CIOPTCMEHOB W HBIPSJIBIIHKOB YyBCTBHUTEJDHOCTE K CO,
0GBIUHO MOHWKeHa. MHOrHe BellecTBa, B TOM uucjie Mopduil H
Gap6uTypartsl, YTHETAIOT [bIXaTENbHBIA HEHTP, H Y GOJIbHEIX C
nepefo3MPOBKOA TaKHX TpenaparoB 4acTo paspuaerca Bbipa-
JKeHHasl THIOBEHTHJAAIHUS. KpoMe TOro, 4yBCTBUTE/ILHOCTL CHCTE-
Mbl peryasuun Abixanna K COp cHHIKaercs NP yBENHYCHHH pa-
60THl, 3aTpAauHBaeMOll Ha JbiXaHHe, B 4eM MOXKHO yGenuTbca, 3a-
CTAaBHB 340POBBHIX Jiofell ALIIATL Yepes Y3Kyl TPYOky. IIpu
5TOM HMIyJbCalys, reHepupyeMas AbiXxaTeJbHbIM IEHTPOM, OCTa-
eTcsl NpeXkHed, 0lHAKO 3DEKTUBHOCTb ee ¢ TOUKH 3pEHHs yBe/it-
yeHMs] BEHTHJSLHMH cHHXKaeTcs. Peskoe ocjalbiieHne BEHTHIATOP-
Ho#i peakuun na CO, M rHOEPKANHHIO y HEKOTOPHIX 0O0JIBHBIX €
HOpAKEHUSAMH JIETKHX MOXKHO 4acTHYHO OOBACHHTL HMEHHO 3THM
MeXaHH3MOM. B TakKHX cJydasix yMeHbLIEHHE CONPOTHBJEHUs Ibl-
XaTeJbHHX NyTe#l ¢ MOMOLLBbIO GPOHXOAHIATATOPOB 4ACTO yCHJIH-
paer Bedrwjsinmio. HMeroTcs Taxkxe JaHHBIE O NOHHKEHHH Y
HOJOGHLX OGOJbHBIX YYBCTBHTEJNLHOCTH ABIXATENBHOIO LEHTPA.

Mrak, yBeJuueHHe BEHTHJSIHY NPH HOBHIIEHHH Pco, B apre-
pHaNbHON KPOBH OOYCJIOB/ICHO IIaBHEIM 006pasoM peaxiHel ILeH-
TPaNbHBIX XEMOPELENTOPOB Ha MOBBIIIEHHYIO KOHICHTPALHIO
sioHoB H+ BO BHEKJIETOUYHOH KHAKOCTH Mo3ra. Kpome roro, onpe-
JleJICHHYIO POJib HTPaeT HMIYJbCalHsl, nocTynaiomas ot nepude-
PHYECKHX XEeMOPELENTOPOB, pPearupyiolluX Kak Ha TOBBILICHHE
Pco,, Tak u Ha noHu:enue pH aprepuasibHOR KPOBH.

Peaxyus na usmenenue P o,

Bausinne ymenbulednst Po, B apTepHapHORH KPOBH Ha AbIXa-
HHE MOXHO OLIEHHTDb, 3aCTaBUB 0OC/IeAyeMOro ABIIATb Ta30BhIMH
CMeCSIMH C TIOHHMKEHHBIM cojep:kaHnueM kuciopona. Ilpn atoMm
napuuanabioe nasaenne Oy, u CO, B apTepuaIbHOH KPOBH CUH-
TAiOT PaBHBIM coOTBeTcTBeHHO Po, u Pco, B NOC/AEAHUX NMOPUHAX
BLIABIXaeMOro Bo3ayxa. M3 puc. 8.5 BuaHO, 4To eciu Pco, B ajb-
BeOJNSIPHOM BO3JyXe NOJLEePXKHBAeTCA HAa ypOBHE OKOJIO 36 MM
PT. CT. (AJsi TOrO NOCTOSIHHO PEryJHPYIOT COCTaB BJBIXaeMOH
cMecH), TO CYUIeCTBEHHBEIC H3MEHEHHsS BEHTHJALHMH HAYHHAIOTCH
JHIIb TPU cHMKeHHH Po, 10 50 MM pr. c¢T. YBe/luueHue Pco,
IPUBOAHT K YCHJEHHIO BEHTHIALMH npu Jaw0Gom Po, (cm. nna
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cpasuenusa puc. 8.4). Murepecno, uTo npH mnosbimentHoM Pco,
HEKOTOpasi CTHMYJISIUMS ABIXaHUS HAUMHAETCH yiKe C NafeHHeM
Po, nuxe 100 MM pT. CT., TOra Kak NPH HOPMAJbHOM Pco, 3Toro
He npoucxoxaut. Takum o6pasom, couyeTaHye 3TUX ABYX (GaKTOPOB
HeHCTBYeT CHJbHEE, YeM IpocTasi uX cyMMa. MHBIMH caosamuy,
HMEeT MeCTO B3auMOJeHCTBUe
Mexkay BbicokuM yposHem CO,
u HH3KHM ypoBHem O, Jra pe-
aKIHA TAKKe MMeeT 3HaUHTeJb-
Hble HHAMBHAYaJIbHEIE PA3JIHYHA.

[Tockosneky B HOpMe paxe
CuJbHOe moHuxkeHune Po, moxer
He BbI3BATb BEHTHJATOPHON CTH-
MyJSILUH, TOJAaramT, 4TO POJb
IUNOKCHH B PEryasiiuy AbIXaHHS
B OOBIYHBIX YCJOBHSIX HEBeJIHKA.
Onnako npu noabeme Ha GoJb-
IIKe BHICOTHI B OTBET Ha Hee
HNPOHCXOAHT pe3KOe MOBLILIeHHE
BEHTHJSLHH (cM. Ta. 9).
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XKEJBIMH MNOpPaXKeHHSAMH JIeTKHX
PoJib THIOKCHH B CTHMYJSIHH
IbIXaTeJbHOrO LEHTPa CTaHO-
BHTCS OYeHb BaxXKHOH. ¥ TaKHX
Jioe#l HabawomaeTcss XpOHHYe-
CKasl runepkanHus (3ajgep:kka
COy), npu xotopoit pH Bueke-
TOYHOH 2KMJAKOCTH MO3ra, He-
CMOTPst Ha NOBbIIeHHOe Pco,,
HOYTH  COOTBETCTBYET  HOpMe.

P02 B anbBeONAPHOM BO3ayxe,
MM pT, CT.

Puc. 8.5. Benruastopnas peaxuus
Ha ryIoKcHi0. BugHo, uto 1pu
Pco,, PaBHoM 36 mm pr.cT., ypo-

BEeHDb BEHTHJSIIHH {IOYTH He 33BHCUT

or Py, ecnmn ero senuuuna npe-
Bumaer 50 MM pT.cer. (mo
H. H. Loeschke, K. H. Gertz:

Arch. Ges. Physiol. 267 : 460, 1958,
C M3MEHEHHSAMH)

B pesysiprate poct xomuentpa-
uun CO; NMOYTH He CTUMYJHPYET BeHTHJAALMIO. Kpome Toro,
nepBHyHOe NoHHKeHHe pH KpoBH y HHX NpPaKTHYECKH MOJHOCTHIO
KOMIGHCHPYETCsl NOYKaMH, I03TOMY CTHMYJSUHS nepudepuye-
CKHX XeMmopeunentopos HoHamu H* cuibHO ocnaGaena (cM. HH-
Xe). B 9THX yCJOBHAX II@BHBIM CTHMYJISITOPOM AbIXAHHA CTa-
HOBUTCA apTepHasabHAasl THIOKCeMHUS. Eciu TakuM  GoJAbHBIM
4451 KODDeKIHH THICKCEMHH JalOT AblIIAaTh Ta30BEIMH  CMe-
CAMH ¢ BBICOKHM coiepxanueM Q,, HX JIErOYHAS BeHTHJA-
LU MOxKeT pes3go ynactb. (CocTosiHHe ABIXaTeJAbHOH CHeTe-
Mbl B 3THX CJayyasx Jyylue OUeHHBaTb no Pco, aprepuanbHoil
KPOBH.

Mbr yxe 3HaeM, 9TO ped/IeKTOPHOE YCHJCHHE BEHTHJSLUH B
OTBET HA TUNOKCEMHIO O0YCJOBJIEHO XeMODELEenTOpaMH KapOTH-
HBHX H a0pTajbHBIX Telel. [TonuKeHue colep:aHusi KHCAOPOAaA
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He BJMMACT HA LEHTPaJibHBE XeMOpeLenTopH; HANPOTHB, B OTCYT-
CTBHE flepudepHuIeCKUX XeMOPELENTOPOB OHO NPHUBOJHT K yrHerTe-
HHIC REIXaHHA. B To Xe BpeMs NPONOJIKHTE/NbHAH THIIOKCEMHA
MOMKCT BBI3HIBATH YMEPEHHBIA alHA03 MOSrOBOW TKaHH, CTHMYJIH-
pyIOLIME B CBOIO Odepelb BEHTHAALUIO,

Peaxyuu na usmenenue pH

Cuuxenue pH aprepuanbHofi KPOBH YCHJIMBAET BEHTHJALHIO.
Ha npaxrtuke uyacto OblBaeT TPYAHO OTIAEJNUTh BEHTHJSATOPHYIO
peakuMio Ha yMenblueHHe pH or peakuun#t na comyrcTByollee
nosbilllenne Pco,. ONHAKO B ONBITaX HA JKHBOTHHX, Koraa pH
CHHXA/JH OpH mocrosiHHoM Pco, O6BI0 yOeAHTeNbHO M0Ka3aHo,
YTO MOBHUIEHHE KOHUEHTPauuu noHos H* cTuMynupyer AbxaHue.
Beurtuasiuus ycusieHa y 60JbHBIX ¢ YaCTHYHO KOMIIEHCHPOBAHHBIM
MeTab0oJHIeCKUM aluao3oM (HanpHMep, NpH AEKOMIEHCHPOBAH-
HOM caxapHoM AuabeTe), Korna nonukens u pH, n Pco, (puc. 6.8
n 6.9). B stux ycaoBusx yMenbulen#ne Pco, BbHI3BaHO HMEHHO
HHTEHCHBHOH BeHTHJsALHeH.

Mhul yxe sHaem, 4To Ha cHuxkenne pH aprepnaspHOil KpoBH,
1I0-BUANMOMY, PearupyioT B OCHOBHOM nepHdepuueckHe xemope-
nentopbl. OXHAKO HE HCKJIOYEHO, YTO TNPH 3HAUHTENbHBIX CIBH-
rax pH Bo3fyxpalooTrca B LEHTPaJbHbie XEeMOPEUEeNTOPHE HJIH Ibl-
XaTeJbHHH HeHTP. B atux ycaosusax nons Ht uacruuno nponu-
KaloT gepe3 remaro-snlledannuecknii 6apwep.

Peaxyuu Ha ¢uauueckyro vHazpy3Ky

[1pu ¢usnueckoil Harpyske BEHTHJISLHS DPE3KO BO3PAacTaer d
npu HHTeHcHBHOH pafoTe MOXKET CTAaHOBHThCA O4YEHb CHNBHOH,
Y 310pOBHIX MOJIOAHIX JIIOZeHd MakcHMaJ/bHOe norpebienne Kuc-
Jopoja MHOTAa AOCTHraer 4 Ji/MuH, a JIerOYHasi BEHTR/IAUUS —
120 a1/mMuH, To ectb B 15 pas npeBhlIaeT yPOBeHb NOKOs. YCHIe-
HHE BEHTH/SLHN TECHO CBA3aHO ¢ yBenuueHuneM norpebaenns O
u Buzenenuss CO,. VlurepecHO, 4TO NPHUYHHEI TAKOTO YCHJEHHA
npn ¢usnueckoli Harpyske efie BO MHOMOM HeACHBIL.

Ipu narpyske Pco, B apTepHa/ibHOA KPOBH He yBEJIHUHBA-
eTcsl; HANPOTHUB, NPH TsKeNOH paboTe OHO OCBIYHO CJerka CHH-
xaerc. Po, Kak [PaBHJIO, HECKOJbKO BO3DacTaeT, XOoTa NpH
OYeHb HHTEHCHBHOH paGoTe MOXeT u yMeHbllaTbesl, [1pn ymepen-
noii narpyske pH aprepuanbHoil KPOBH OCTaeTcsi NOYTH MOCTOSH-
HLHIM, a OpH TSKeJIOH — CHUXAeTcsl B CBSI3M C BhIAEJEHHEM MO-
J09HOl KHCJIOTH B TIpollecce aHaspoGHOro ramkosusa. Slcwo,
rakuM 00pasoM, 4TO HH OAMH H3 NEPEYHCJICHHHX (PaKTOpOB He
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J0JIKEH BHISBIBATb PE3KOr0 YCHJIEHHA BeHTHJSLHH [pPH JIeTKOR
HJH yMePeHHOH (u3HuecKoil Harpyske,

1 o6bACHEHHS 3TOrO ObLIH NPeNJIOMKeHE MHEE THIOTE3LI.
Tak, y HBOTHEIX NOZ HAPKO3OM U y GOAPCTBYIOMIUX JIOCH BEH-
THAALNA YCHJIUBAETCl B OTBET HA NACCUBHbLE QBUINCEHUS KOHed-
HocTed. Ilo-supuMoMy, 3Ta pediieKTOpHAas peakius 06yc/I0BJIeH
BO30YKJACHHEM DeLeNnTOPOB, PACHOJOXEHHHX B CYCTaBaxX HJN
MBIINaX. Bo3sMOXKHO, HMEHHO ell 06DbACHAeTCA pe3KOe MOBBIIIle-
HH€ BEHTHJIILHH B NEPBble HECKOJLKO CeKyHJ Harpysku. Cyuiect-
BYyeT TakXe TOYKa 3PeHHsl, COTJIaCHO KOTOPOH mNepuepuyeckue
XE€MOpeUenTopel MOryT BO30YXKIaThCsi B OTBET Ha K0AeO6QHUS
Po, u Pco, 8 aprepuassnod kposu, Xota cpeiHu YPOBEHb ITHX
TNIOKa3aTeJslelt OCTaeTcA NOCTOSHHBLIM. TakHe kosebauus, oOVCIOR-
JICHHBIE NMEPHOAHYECKHM XapaKTepPOM ABIXaHUs, YBEJIMUMBAIOTCS,
Koraa AbixaTesbHBIH 00beM BO3pacTaer (a2 MMEHHO 9TO 4 Mpolc-
XOAWT npu ¢usnveckoll Harpyske). [lo mpyroii rumoTese, ueHT-
PajbHble xemopeuenTOPH AEHCTBYIOT HO NPHHLMIY CepPBOMEXa-
liH3Ma, NOLAEPKHUBAIOINETO NOCTOAHCTBO Pco, 6 aprepuaissnof
Rposu myTeMm MOBBLILIEHHs] BEHTHJAALMH (MOXOOHO TOMY Kax Tep-
MOpeJie pery/aupyer TemMnepatrypy, AONYyCKas JHIUb He3HAYHTEeN b
Hble ee oTKJoHenus). Ilagenuwe xe mapuuanbHOTrO KaBJACHHA YI-
JIEKUCJIOrO rasa, yacrto Habmogaemoe npH GU3KHYECKOR HArpyske,
OGBSACHAETCA TEM, YTO KaKUM-TO 06pa3oM [POHCXOAHT U3MEHeHHe
8a1aHHOTO ypoBHH Pco,. CTODOHHUKH 5TOH Teopuu yTBEepKAAIOT,
HTO BEHTHAATODHas peakuuss Ha Babixanne CO, MoxeT He OT-
PaXaTb H3MeHEHHH, NPOMCXOAAINMX NPH (HU3HYECKOH HArpysKe.

Ewe onna runoresa npeanosaraer sapucuMocTs YPOBHSL BeH-
THIAALHA OT Koauuectsa CO,, nocrynarwouiezo 8 aeekue co cMe-
IIaHHOH BEHO3HOH KPOBbIO. B ONMbITAX HAa KHUBOTHHIX Gblia BHISIB-
JICHa XOpollas KOpPeasilus MeXAy ABYMsl STHMH IapaMeTpaMH
(160 HachimaaKn BeHosHyio KpoBb COj, JHGO MOBHILANH BEHO3-
HEIH BO3BpaT). OfHAKO Takas TUNOTe3a UMeeT ci1aboe MecTo: 10
CHX NOp B JIErKHX He OOHapy:KeHO PeLenTopoB, CNOCOGHBIX BOC-
LIpHHAMAaTh KoJauuecTBo nocrynatiiero COs.

[Ipexnonaranoch Takxe, 4T0 yBeNHYCHHE BEHTHAALUN npu Ha-
rpysKe MOXKeT OBITh YAaCTHUHO OOYCJIOBJCHO ROBbLULEHUEM TeMNe-
pParypel Teaa n UMRYAbCAMU, ROCTYAQROUWUMU OT O8UeATEALHOL
kopol. OLHAKO HH OJHA H3 CYLLECTBYIOMIHX TEOPHH A0 CHX nop He
MOXKET CYHTATbCH MNOJHOCTBIO yAOBJAETBOPUTEbHOI 1,

D VpennueHue BeHTHAAMMM npn PHIHYECKOH Harpyske m B pajge APyrux
CHTYallHl YKJAALIBACTCA B KOHUENLHMIO, COMMACHO KOTOPOH CHCTeMa peryas-
UAH AbIXaHHA pearnpyer Kak Ha OTKJOHeHHA, TaK M Ha BO3MYIIEHHS H
cnocobha k camoobyuenmo (cm. Luk JI. JI. Peryasuus gwixanus u ee Ha-
pywenna. B kH.: PyKOBOACTBO MO KJAHHHYECKOI (GHSHONOMHH AbIXanus, — J1.:
Mepuuuna, 1980, ¢, 209—232). — Mpum. ped, E
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INaronoruueckue THIBI AbIXaHUS

YV GosIbHBIX ¢ TiXKeJoft THTIoKceMuell gacto Hab/10aaercs Co-
BepUICHHO OCOOHIH THII MEPHOAHYECKOTO AblXaHHs, Ha3BAHHBLA IbI-
xanueM Yeitn — Ctokca. JIis Hero xapakTepHB NePHOAL NOJHOH
ocraHoBXI sia 15—20 ¢, uepepytouruecst ¢ NpHOJU3HTENbHO Ta-
KUMH K2 110 JJIHT&JIBHOCTH MEePHOAAMH THIEPBEHTHIIALNH, B X01€
KOTOPEIX ABIXaTedbHbIi 00beM cHauasa NOCTENeHHO BO3PACTaer,
a 3aTeM MOCTeNeHHO yOniBaer. Takol THI AbIXaHHA 9acTO HAbJI0-
maercs nia GOJBIIMX BHICOTax, ocofeHHo BO Bpema cHa. Kpome
TOro, OH OTMedYeH y GOJIbHBIX € TAXKeJbIMH 3a00/€BaHHAMH CepA-
Ia HJH NOpa’keHHWsIMH TOJIOBHOIO MO3ra.

I rixanue Yeiin — CToOKCa MOKHO BHI3BATh Y 9KCIIEPHUMEHTAb-
HbIX KHBOTHHIX, HCKYCCTBEHHO YBEJHUUB DPaCCTOsIHHe, IpeojoJe-
BaeMOe KPOBbLIO HAa MyTH OT JIETKUX K rojloBHoMy mosry. Il1pnatom
IleHTPasibHEE XeMOopenentopel ¢ OOJbIIMM ONO3JaHAEM peart-
pyoT Ha cABHrH Pco, 0OyC/OB/IeHHBIC H3MEHEHHIMH BEHTHJIA-
uud. B pesysnpTaTe ABIXaTebHBIH LEHTDP KaK OBl IIOCTOSAHHO CTpe-
MHTCA HAfiTH COCTOSIHHE DaBHOBECHS, OJLHAKO NOCTOSIHHO <IIPO-
MaxHBaerca», NPHBOAA K OTKJOHEHHIO OT HOPMBHI TO B OAHY, TO
B Apyryio cropony. Cieayer OrOBOPHTbCHA, BIPOYEM, 4TO AbIXa-
nue Uenin — CTOKca He BCeraa OOBSCHHMO C TaKHX NO3HIHIL
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OcoOeHHOCTH AbIXaHMA
B HeOObIYHOH cpene

Kak npoucxodur eazoobmen npu Huskux
U 8bLCOKUX O0QBAEHUAX,
a Takme 80 BHYTPUYTPOOHOM nepuode
u npu poscoenuu

Jlerkue mpencraBasior co6oii BaXKHEHUIYIO CTPYKTYDPY, OCY-
IECTBAAIOMYIO (HU3HOJOTHUECKYIO CBSI3b OPraHH3Ma ¢ OKPYIKalo-
ulei cpepofi: ofmas MNJIOMAAL HX NOBEPXHOCTH IPHMEPHO B
30 pas Goxbure, yem y KoxH. CTpeMJelHe UYesoBeKa HOKOPATH
BC€ HOBbIE BLICOTBI M TNPOHHKATh BCe TyGXe B OKEaHb!, BH3HI-
BAeT CHJbLHBIA CTPecc AbIXaTeJbHOH CHCTEMBI, BIPOYEM He CpaB-
HHMbBIA C TPYAHOCTAMH, HCIBITHIBAEMBIMH efi TIPH POXKACHHH pe-
Genkal! 37ech MBl PaCCMOTPHM HEKOTOPhlE OCOGEHHOCTH IbiXaHHS
B HeOOBIYHOH cpelle, YTO NOMONKET Jy4lle NOHATb AESATENbHOCTD
JIETKHX B HOPMAaJBbHBEIX YCJIOBHSX.

Bnicora

[To mepe ynanenuss or seMHo#l moBepxHOCTH 6apomerpuye-
CKO€ J[aBJeHHEe CHHUXKAeTCst IPHOJIM3HTENbHO 3KCIOHEHIHAJABHO
(puc. 9.1). Ha ormerke 5500 M Hajx ypoBHEM MOpst OHO BABOE
MeHblle OGLYHOrO atMochepHoro (760 mu pr.ct.), mostomy Po,
B YBJ2XXHEHHOM BABIXa€MOM BO3Jyxe cocraBiser (380—47) X
X 0,2093 =70 MM pr. cT. (BHIUE yXe FOBOPHJIOCH, UTO napliu-
aJbHOE NaBJeHHe BOASIHEIX NMApOB IIPH TeMIIepaType Tea PaBHO
47 MM pT. ctr.). Ha Bepmnne dsepecra (8848 M man VPOBHEM
Mopst) Po, BOBABIXaeMOM BO3AyXe COCTABJISET JULb 43 MM pT.CT.,
Ha Bbicore 19200 M Hanm ypoBHem Mops GapoMeTpHuecKoe
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PO2 8O BALIXaEMOM BO3AYXE, MM pPT: CT.
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ArmocdiepHoe fasnenve

Puc. 9.1. 3aBucuMOcTb aTMoC(EpHOro AaBjeHdsi OT BHICOTHL BuaHo, uTO Ha
puicote 1520 m map yposnem mops (Ilensep) Pg, B ysaamueunoM Bibixae-

MOM BO3AyXe cocrapdsieT okodo 130 MM prT.CcT, a Ha BeplHue dpepecta —
JHWb 43 MM PT. CT.

flaBJeHne paBHO 47 MM pT. cT., T. e. Po, BO BABIXaeMOM BO3Ay-
Xe majgaer g0 HyJaAs.

XoTs Ha OGOoJblIOH BbicoTe HaOJIONaeTcd 3HauuTeAbHAs IH-
nokcusl, 6oJee 15 MJIH. YeJOBEK XKHBYT HA OTMeTKaXx BhILIE 3050 M
HaJ ypoBHEM Mopsi, a B AHJaX NOCTOSIHHBIE MOCEJEHHs H3BECTHDI
Ha BhicoTax, Gosee 4900 M naj yposHem mopst. [lpu moabeme Ha
TakHe BBICOTHl Y 4eJOBeKa NPOHCXOAHT 3aMeTHad aKKJIAMAaTH3a-
1usi. AJBOHHUCTH, HanpHMep, NPOBOAAT MO HECKOJbKY LHeH Ha
BHICOTE, THe 0e3 akk/JMMaTH3aLUuH d4epe3 HeCKOJbKO CEKyH] Ha-
crynuaa Gbl nOoTeps CO3HAHHSA.

T'unepsenrusrayus

Bakuelilleli KOMIeHcaTopHO# peakuuell Ha OosbLIOH BBICOTE
CAYHKUT THTEPBETHIALHS. s TOro 4T00bl NOHATH ee 3HAUEHHE,
MOJKHO C IIOMOLLBIO yPABHEHHs aJbBEOJNAPHOrO rasa (cM. C. 59)
paccuutaTh Po, y aJblIHHHCTA Ha BepUIHHE dpepecra. Ecan Obl
Pco, B ero aabBeo/ax cocraBasao 40 MM pr. €T, a JbIXaTeabHbIA
ko3pPuuuedr — 1, To Po, B aabBeONsIPHOM BO3AyXe Oblsi0 OB
pasHo 43 —(40/1)=3 mm pr. c1. D! OnHaKO ecan 3TOT ajbi-

b Eean R == 1, TO nONpaBouHblfi 4ieH, NPUBEAEHHLIt B YPaBHCHHA Ha
¢. 59, BBOAUTL HE HYHHO. . .
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HHCT yBEJIHYUT BEHTHJ/IALHIO B yeTbipe pasa (opu 3toM Pco, B
4/IbBCOJIIPHOM BO3JyXe CHU3UTCH A0 10 MM pr. ¢I.; cM. ¢. 57),
10 Po, B anbBeos1ax Bospacrer 10 43 — 10 = 33 MM pT. cT. Takoe
apunaspHOe NaBJ/eHHe KHCAopoda O6su3ko kK Pco, B apTepualb-
HOH KPOBH y JIHI, NOCTOSHHO NPOXKHBAIOUIHX HA BHICOTE NOPSIAKA
4600 m Han ypoBHeM Mops.

Bricotnas runepsentuisuusa o6yciaosiena BO36yXKJeHHeM Ie-
pHdepHYECKNX XEMODPEUENnTOPOB B yC/JOBHAX THIOKCHH. [1pu yCH-
JICHHH BEHTH/IALMM CHHXKaercst Pco, B aprepuasbHOR KPOBH H
BO3HHKaeT ankano3. Ob6a aTHX haxkTopa CTPEMSATCS CHHU3HTL ypPO-
BeHb BeHTH LKA OAHAaKO NPHMEPHO Yepes CYyTKH HocJe npeGhi-
Banusl Ha BhicotTe pH cnuunomosrosoii xugkoctn (CMYK) wa-
CTHYHO BO3Bpallaercss K HopMe 6sarofapsi BLIXOAY M3 Hee GH-
KapO6oHaTOB, a cnycta ABoe-Tpoe cyTok pH aprepuasbuoil KPOBH
Takxe NPAKTHIECKH HOPMAJ/IU3yeTCsl 3a cyeT ylaseHHs Gukap6o-
HaTOB noukaMu. Takum o6pasoM, BiusiHHe 3THX (aKTOPOB Ha
BEHTHJIALHIO YMEHBIIAeTCs, 0 HUYTO OOoJbllie He MellaeT el BO3-
pacratb. Hutepecno, uto y Jionell, poRuBIIMXCA Ha GOAbIIOLN
BBICOTE, BEHTHJISITOPHASA PeaKUHsl Ha THIIOKCHIO ocaab/ieHa H Jullb
IIOCTENEHHO yCHHMBAETC NPU npebGHIBAHHH HA YpPOBHE MOpH.
W nanportus, y yenoBeka, poxHBLIETOCs Ha YPOBHe MOp$, YYBCTBH-
TEJbHOCTb K I'MIIOKCHH Ha Oosbluefl BHICOTE He MEHSIETCS B Teue-
HHE LJIHTEJNbHOro BpeMeHH. [To-BHANMOMY, BEHTHAATOPHAS peak-
LHs Ha TCHIOKCHIO 3aK/1aibiBaeTcd Ha OYeHb PAHHHX CTaAHAX
pasBUTHSA.

Hoauyuremus

I[1pn BLICOTHON akKJAMMATH3AUMH, BePOATHO, BaXKeH elle ONH
MEXaHU3M — TIOBHIILIEHHE COAEPXKaHNs IPHTPOLUTOB B KpoBH. [1pH
3TOM YBEJHYMBAETCH H KOHUEHTpAllMst reMorsiofuHa, a cjegoBa-
T@JBHO, U KHCJOPOJHAS €MKOCTb KPOBH. B artux ycaosusx, He-
CMOTps Ha cHUXKeHue Po, apTepuasbHON KPOBH H HACHILEHHS ee
KHCJIOPOJIOM, colepxaHne B Hed O, MoXKer GBITb HOPMAaJbHBIM
HJIH JlaXe NOBBIINEeHHBIM. Tak, y XKuTe/lell BEICOKOTOPHBIX CesleHni
nepyanckux Ana (4600 m nax yposnem mopst) Po, B apTepHalb-
HOH KPOBH COCTaBJsieT JIHWIb 45 MM PT. CT., T. €. OHA HachillleHa
KucjopoaoM Beero Ha 81 Y%. Y oGBIMHEIX JI04ell 3TO mpHBeJo GbI
K 3HaUHTENLHOMY CHHKECHHIO COAePIKAHHS B 3T0it KpoBH O, 0HA-
KO 6J1arojaps MOJHUHTEMHH KOHUEHTPALNS FeMOrao6uHa BO3pac-
Taer or 15 no 19,8 r/100 ma u conepxkanue O, 3lech A0CTUIaeT
22,4 06. %. D10 Gouiblile, 4eM Y HOPMAJIBHOIO Ye,I0BeKa Ha ypoBHe
Mops. [TosHunTeMus cnocoOCTByeT Takie NOAAePKAHHIO Py,
B CMEIIAHHOH BEHO3HOH KPOBH. Y aHAMHACKHX FOpLEB 3TOT MokKa-
3aTeJb JHMIUb HAa 7 MM PT. CT. HHXe HOPMBL (puc. 9.2). [yaBuBIM
CTUMY/IATOPOM NOBBIILEHHS! BHIPAGOTKH SPHTPOLHTOB CJAYXKHT TH-
NoKceMHud, NPUBOAAIAA K BbIOPOCY U3 NOYEK FEMONOITHHA — BE-
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I[ecTBA, AKTHBH3HPYIOUEr0 KPOBETBOPHYIO (QYHKIHIO KOCTHOTO
mo3ara. TloquuuTeMusi Ha6/IIONAeTCsl U Y MHOTHX GOJIbHBIX C XPO-
HHYECKOH UMOKCeMHel, 06yC/IOBJIEHHOA NAaTOJIOrHeH JIETKHX HJ/H
cepanua.

Abixae—~ Aaneg~ ApTtepn- CmewasHan
Mblid NADPHbIA @nLHaA  BeHO3HaR
BO3AYX BO3AYX KPOBb KPOBb
T i [ 1
150 YposeHs Mopa s
=
©
5 100}~ a
]
- 4500 M Haa yp. M.
o
o
*r %———o\o |
0

Puc. 9.2. Kpusrie mamenenus P, WO Mepe IepeHoca KHCIOPOAA OT aTMo-

cdepHOro BO3AyXa A0 CMEIIaHHOH BEHO3HOH KpOBH. BepxHAd JHMHUA— Ha
YpOBHe MOpH, HHXKHAS JHHUS — Ha Beicote 4600 M Haj ypOBHeM MOpI.
Bujano, 4o, xo18 P, BO BAHXacMOM BO31YyXe Ha 60JbLIOH BBHICOTE TOPa3ao

HHFE, B CMeMaHHOll BeHO3HOH KpOBM OHO MeHblle BCero Ha 7 MM PT.CT.
{A. Hurtado: In: Adaptation to the Environment. Washington, D.C., Ame-
rican Physiological Society, 1964)

[TosunuTeMust, BO3HUKAONAA Ha OOJBLIOH BEICOTE, NOBHIIIAA
KHC/JIODOJHYIO €MKOCTb KPOBH, OJHOBDEMEHHO YBEJHYHUBAET €€
BSI3KOCTb. JTO HEBHIFOAHO AJS OPraHH3Ma, H HEKOTOphle (U3HO-
JIOTH 10JaraloT Aa)xe, uTo 3HAUUTENbHAS MOJHUHTEMHS HE MOXKET
CYHTATESH HOPMAJIbHOM KOMIEHCATOPHOH peakilueil.

Jpyeue mexanHusmo. AKKAUMATUIAUUU

[pu akkJMMaTH3aUHK K OOJbUIOH BBICOTE CATYPAKUOHHAA
kpusas Q. c0s8ucaercs 8npaso, uTo NPUBOLHUT K YBE/IHUEHHIO BBI-
xona O, u3 Beno3Hoft kpoBH npu AanHoM Po,. Takoi casur
o0ycJiioB/IeH NOBbIILIEHHEM KOHIEHTPAUNH 2,3-nudocdorJiuniepara
B YCJIOBHSIX TMIOKCEMHH H ankajosa. B 1o xe Bpems CABHT atolt
KpHBOfl BIIPaBO 3aTPyAHsAET HACHILIEHHE KPOBH KHC/IOPOAOM B JIer-
KUX, U DS IPOBEJEHHBIX B [OCJENHHE TONBl HCCHeN0BAHUH NO-
Kas3blBaer, 4TO CABHT BJeBO Obli Obl Go/iee BBEIFOJEH. TTo-Buau-
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MOMy, NpH NpeGbIBAHHHM HA BEICOTE YBEJIHUYHBAETCH 2yCTOTA KO-
NUALAPHOUL ceTw B nepha(epuuecKuX TKaHSX, a B KJIETKAX NPOUC-
XOMSAT U3MEHEHHsI aKTHBHOCTH OKUCAUTENbHOLX (hepmenTos. Mak-
CUMAAbHAA BERTUAAYUS AC2KUX Ha BHICOTE BO3pPacTaeT B CBSA3H
C NOHMXKEHHEeM IIOTHOCTH BO3jayXxa (cM. c. 114), u nmpu ¢usnue-
CKOH HAarpyske ypoBeHb BEHTHJSLHA 3JeCb MOMKET JOCTHTATh
200 a/mun. Oxnako, HaunHas ¢ 4600 M Han YPOBHEM MOps, MakK-
cuMaJgbpHoe norpebienne O, 6ucTpo najgaer. D70 CHHXKEHHe
MOXKHO B 3H2YHTEJLHON CTENeHH, XOTs H He MOJHOCTBIO, KOMIeH-
CHPOBATb BABIXaHHEM YHCTOrO KHCJOPOJA.

Ha 6oabmux BbicoTax nabuaiofaercs emie oiHa BaKHAS peak-
LHsl — Cyoerue aee04noLy cocydos B OTBET Ha aJbBEOJIAPHYIO
runokcnto (cm. c. 49). Ilpun stom yBennuuBaercs [aBjeHHEe B
JIETOYHOH apTepHH, a cjenoBaTejbHO, paboTa MPaBOro cepiua,
ueMy cnocoGCTBYeT U MOBBILICHHE BA3KOCTH KPOBHM B Pe3yJabTaTe
NOHIUTeMHH. FunepTpodus npaBoro cepaiua COmpoBOMKIAeTCA
XapaKTePHLIMH H3MEHEHHSIMH  3JEKTPOKapaHorpammul. [lo-BH-
AUMOMY, 0COGOro (U3MOJIOTHYECKOTO CMBICJAA B AAHHOH peakmuu
HET; €INMHCTBEHHAsi BHIIOAA MOXKET 3aK/II0uaThCsi B 0OoJee
PaBHOMEDHOM  pacrnpelleJeHHd  JIEFOYHOTO  KPOBOTOKa  (cM.
c. 48). I'unepreHsust Jerkux HHOTAA CONPOBOMKIAETCH UX OTEKOM,
XOTs NaBJIEHHC B JIETOYHHIX BEHAX OCTAeTCs HOPMaJbHBIM. Mexa-
HH3MBI 5TOrO fBJIEHHS NOKA HESICHBI; HEKOTODbie HCCAeA0BaTeNH
OODBSACHAIOT €ro TeM, YTO CYKHBAIOTCA He BCe apTEPHOJb H KPOBb
N0/l BHICOKMM JaBJIEHHEM NPOXOAHT B HEKOTOPHle KAMHJJIAPHI, U3
KOTODBIX B PE3yJbTATe «BBIKHMAETCA» KUAKOCTh,

Y Joned, BEpBEE NONABLIMX Ha GOJBIIYI0 BHICOTY, HaCTO
Ha0JII0aI0TCs TOJIOBHBIE GOJIH, CA260CTh, TOJOBOKPYKEHHE, CHIb-
Hoe cepAueGueHHe, TOLIHOTA, IOTEPS AIINETHTA H GECCOHHLA. DTO
TaK HasbiBaeMast ocrpas 2opHas 004e3Hb; N0Jaraior, 4To OHa
00ycC/I0B/IeHa THIIOKCEMHER M aJKano3oM. [IpH JIHTENbHOM mpe-
OBIBAHMM Ha BHICOTE HHOTAA DAa3BHBAETCA JOBOJBHO PACIIBIBYA-
TBIH CHH/POM, COUETAIOMHH YTOMAAEMOCTb, IOHHKEHHYIO HePeHO-
CHMOCTh (H3HUECKOH HArPY3KH, PE3KYIO FHIIOKCEMHIO H BhIPAKeH-
Hyio monuuuTeMuto. OH  Ha3BIBAETCS  XPOHUHECKOU  20pHOIL
00.4e3H610, ONHAKO MOMKeT OBITh NPOSIBICHHEM CONYTCTBYIOLIETO
3a00JIeBaHUS JIETKHUX.

KucnoponHnoe otpasaenne

OG6BIYHO BO3HHMKAIOT TPYAHOCTH NPH oBecredeHHH Oprann3Ma
JOCTATOYHBIM KOJHYECTBOM KHCJODPOAA, OAHAKO HHOTAA ero Obl-
BAEeT CJHIIKOM MHOro. [IRIXaHHe B TedeHHe HECKOJBKHX YacoB
ra30BOH CMeChIO ¢ BBICOKO# KOHIUeHTpanueli O, MOXKeT NpHBecTH
K NMOBPEX/IEHHIO JIErKHX. ¥ MOPCKHX CBHHOK B KaMepe, KyjAa NpH
aTMOCQepPHOM AaBJEHUH MOAAETCS YHCTHIA KHCAOPOJA, uepes 48 u
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passuBaeTcsi OTeK Jerknx. IlepBble MaToOJIOTMYECKHE HIMEHEHHA
npu 5TOM OGHAPYKHBAIOTCA B 3HIOTEJIHAJIbHBIX K/ETKax Jerow-
HblX Kanuaasapos (cm. puc. 1.1). BoabHBIM TPYAHO BBOAHTL BBI-
cokue Konumenrtpauun Oy (MoxeT OHIThb, 3TO H K ayqumemy!); oa-
HAKO HMeIOTCSl JaHHBle O HapyuleHuu rasoofmena uepes 30 d
IIocJe AbIXaHHA UHCTHIM KucaopoaoM (puc. 9.3). ¥ 3/10pOBBHIX
106pOBOJBbLEE NpH AbIxaHuK 4ucTbiM Oy NOA aTMOChEPHBIM AaB-
JeHueM depe3s 24 4 BO3HHKAIOT HENpPHUSITHBIC OLLYUIEHHst 33 TPY-
AHHO#, ycyrybasiouiuecss npu riyGokom apixauuu. Kpome Toro,
JKU3HEHHAs eMKOCTb JErKHX y HHX cHumkaercss Ha 500—800 mir.
Bo3MOXKHO, 3T0 06yCJA0BAEHO TaK Ha3biBaeMblM a0COPOLHOHHBIM
aTeqeKTas’oM (CM. HHXKe).
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Puc. 9.3. 3asucumocts Mexay Pp, W BpeMeHeM, uepes KOTOPOE BO3HHKAET

xncaopoanoe orpasaenne (C. J. Lambertsen: In: J. R. Di Palma: Drill’s
Pharmacology in Medicine. New York, McGraw-Hill, 1971)

V HeAOHOLIEHHHIX HOBOPOXKAEHHLIX HabJjwjaercs elle OHO
Hapyluiende, CBA3aHHOE C JbIXaHHEM YHUCTBIM KHCJIOPOAOM. Onu
CEMHYT B peay/bTaTe PeTPOJeHTaabHON pubponmasuy, T. e. 00-
pasoBanus GbubposHoil TKaHu 3a xpycTasukom. [IpHuuHa 3TOr0 —
MEeCTHBIfI CIA3M CcOCYI0B, BbI3BaHHBIH BhicOKMM Po, B KyBe3e.
Takoro HapylleHHs MOXKHO M30exarTh, €CJH NOLAePKUBATb Po,
B apTepHa/bHON KpoBH HHXKe 140 MM PT. CT.

Ab6copbyuonnbll aTesekTas

CyuiecTByeT eille OJHO OCJIOXKHEHHE, CBA3AHHOE C JNbIXaHHEM
YECTHIM KHCJIOPOAOM. [lpeanosioxuM, 4To Kakas-10 GpoHxHO/A
zakynopeHna causbpio (puc. 9.4). Obiuiee naBaenue rasoBoH cMecH
B a/ibBEO0JIaX AHCTajbHee ee 6H3k0 K 760 MM PT. CT. (OHO MOXKeT
GbiTh ¥ Ha HECKOJbKO MHJJIMMETPOB PTYTHOro CcTOo/I02 HHXKe B
CBsi3H C AeficTBHEM YNpPYTHX CHJ B Jerodno#t Tkanu). Cymma xe
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HapUHadbHLIX AAaBJEHHH ra3oB B BEHO3HOH KPOBH 3HAUHTEJLHO
Huxe 760 MM pT. cT.: Po, 34€Ch OTHOCUTENBHO MaJo laxke NPH
JBIXaHHH YHCTBIM KHcaAopogoM. CiefyeT OTMETHTb, YTO KOHILEH-
tpauuss O, B apTepHaJbHON M BEHO3HO# KPOBH TPH BABIXAHUH
KHcJopona Oyner MNOBBILIATHCA B OLHHAKOBOH CTeneHH (ecsu
cepJeuHbI BLIGPOC HE H3MEHUTCS; CM. C. 45), 0lHAKO B CBA3H C
ocobeHHOCTAMH caTypauudoHHo# kpuBolt O, (puc. 6.1) Po, B Be-
HO3HOH KpOBH noBbicHTcs JHibs Ha 10—15 MM pr. cr. Takum
00pa3oM, cyMMa HapLHaJbHBIX JIaBJEHHH ra30oB B a/JbBeOJSPHOM
BO3Ayxe Oy1eT HAMHOILO BbllIe, 4eM B BEHO3HO# KPOBH, NO3TOMY

‘-lmquﬁ 0, Bo3zayx

0, (100
COy { 40)
Nz 573
H20 _47,
Beero 760

CO, 45
H,O 47

Bcero 760

0, 55 0; 40
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H,047 /?—\ R Nzoszg o
ndd HZ /‘——\
cero 147
B ! Bcero 705 5

A

Puc. 9.4. Mexanuampl BO3HHKHOBEHHS ATEJAEKTA3a aJbBEOJ, BO3AYXOHOCHLIE
HOYTH KOTOPHIX MNepeKkpulTbl: A — NPH ABIXaHHK UHCTBIM KHCJIOPOAOM; B — mpu
Iblxanuu sBOo3nyXoM. B ofoux caydasix cymMma mnapusajibHbiX JRaBJeHdil rasos
B CMewmaHHOH BeHO3HON KPOBH MeHblle, ueM B ajabBeosax. Ha npasom pu-
cyuxe (D) PO2 H PCO2 npuBefeHsl B CKOOKAax, Tak KaK OHHM H3MEHHATCH CO

BpPEeMeHeM; OZHAKO CYMMapHOE BHYTPHA/bBEOJSPHOE NABJAECHHE OCTARTCHA MPH
3TOM NpaOJU3HTEJNbHO paBHbiM 760 MM PT, CT., JiMIlib HEHAMHOIO OTK/IOHAACH
OT 5TOTO YPOBHS

ra3 Oyaer auddyHAHPOBATE B KPOBb WU aJbBEOJB OBICTPO Clid-
AyTes. Pacnpasasiioress Xe TakHe MeJKHe YYacTKH aTejeKTasa
C TPYAOM, TaK KakK B HUX AeHCTBYIOT 3HAUHTEJbHbIE CHJIBI NOBEPX-
HOCTHOTO HaTsi>KeHHs (cM. puc. 7.4).

ABcopOuHOHHBIA aTesleKTa3 MOXKET HAcTynaTb B 3aKYNOPeH-
HBIX YUacTKax Jerkux jJaxke NPH AbIXaHHH aTMOCPEPHBIM BO3Y-
XOM, XOTA B 3TOM cJyuae OH pa3BHBaeTcs MeasenHee. M3 puc. 9.4
BHJHO, 4TO B JaHHOH CHTyalHH CyMMa HapUHaJbHBIX JABJCHHI
rasos B BeHO3HOH KPOBH Takxke OyleT MeHblle 760 MM pPT. cT., mo-
CKOJIbKY nepenaj Po, Mexiy aprepuaJbHOA H BEHO3HOH KPOBbIO
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HaMHoro GoJnle, yeM ux pasnuna no Pco, (370 006ycioBieHo
TeM, uTo carypanuonnas kpusas CO, Kpyue, yeM caTypalHOHHasd
kpusas g, cM. puc. 6.7,A4). ITockonpky xe obllee aBiieHne
rasoB B aJbBEOJSIPHOM BO3JAyXe COCTaBJsieT NpUMepHO 760 MM
PT. €T., ux abcopb6uus HenzbexHa. MI3aMeHeHHA NapuuaJbHBEIX JaB-
JIeHH# ra30B B aJibBeoJaX NP 5TOM JNOBOJBHO CJOMKHEI, OLHAKO
MOXKHO IO0Ka34aTh, YTO CKOPOCTh CHAaJeHHA aJIbBe0oJ OTrpaHHueHa
6EICTPOTON Mepexoja B KPOBb a30Ta. I10CKOJBKY 3TOT ras IJ0Xo
PacTBOPHM, OH Mrpaer PoJb CBOeOOPA3HOH «PACHOPKH», NOAAEP-
JKUBAIOUIEH CTPYKTYPY aJbBeos] M 3aMeAJANINei HX CclaleHHE.
dror sdpPexr nabaiogaercs Aa¥Ke NPH OTHOCHTEJIBHO MaJbiX KOH-
neHrpanuax N, B aJbBeoJsipHOM Bo3ayxe. TeM He MeHee mocJie-
ONEepanMOHHBH aTeieKTas 4acTo BCTpeyaercss y OOJbHBIX, AblIlA-
IIMX FAa30BHIMH CMeCSIMHM ¢ BHICOKUM cogep:xKaHueM Oz Ocobenno
BBICOKAs BEPOATHOCTb CHANleHHs] B HHMKHHX OT/HEJaX JEerkHux, rie
napeHxuMa paclpasJjeHa B HauMeubilell cremeHd (puc. 7.8), a
NBIXaTeJbHble NYyTH (DAKTHYECKH 3aKPHITHL {pHc. 7.9). Cxoauble
MexaHH3MBl abcopObuunm 00YCJOBAMBAIOT H INOCTENEHHOE «pacca-
ChIBaHHE» NMHEBMOTOpaKca HJIH BO3AyXa, BBEJEHHOTO IIOJA KOXKY.

HeBecomocTb

OTcyTcTBHE TATOTEHHsI COMPOBOXKAAETCA LedBM pPALOM du-
3MOJIOFHYECKHX CIBHIOB, KOTOpPbIE NOKa ellie NJO0XO H3y4eHbl. BeH-
TUAANHA 1 Tepdy3uss NerkKHX NPH 3TOM CTaHOBATCA Gosiee PaBHO-
MEpPHBIMH, YTO HECKOJbKO yJydllaer razoobmen (cM. puc. 5.8 H
5.11). IlockosabKy KPOBb He 3aCTaNBAETCA B HUXKHHX KOHEUHOCTSIX,
€e IHPRYJANDPYOUNl o6beM BHAUaJe BO3PACTaeT, U B pe3yJbraTe
YBEJHUMBAETCST MoueoTiAe/eHHe. [IpH BO3BpalleHHH Ha 3eMJIo
Ha6mofaeTcss AHCHYHKIHSA cepI1e9HO-COCYAUCTON CHCTEMBI, IPOsB-
J0Iasicd OPTOCTAaTHYecKOH runoreHsuel, [1pu HeBecoMocTH MO-
KeT HabJogaThesi AekadbUudUKanus KocTell H aTpodus MbILIIL,
N0-BHAMMOMY, CBsi3aHHBIe ¢ HX GesgeificTHem. Macca spuTpoiu-
TOB CJIETKa YMEHBIIAETCH; NPHYHHBL 3TOTO HOKa HesdcHH. «Koc-
MHueckas 60Jae3Hb» (CHUHAPOM ajanTalHHd K KOCMHYECKOMY MO-
JIeTy) ocCTaercs cepbe3Hofl npobJjaeMoll NPUKJIaAHOH (PH3HOJNOTHH,

BricoKoe gaBaeHHe

Ilpy BOAOSA3HOM NOrPYXKEHHH [AaBJeHHE YBeIHUHBaeTCs Ha
1 arm ¢ kaxabIMu 10 M ray6uHbl. BHellHee faBJieHHe, ypaBHOBe-
NIEHHOE ¢ JaBJEHHSAMH BHYTPH OPraHH3Ma, caMo no cefe OTHO-
cutenpno Gesspenno . OnHako ecnu Kakas-JH60 BO3AYXOHOCHAS
n0JMI0CTh (HalpHMep, JeTKHe, CPeflHee YXO HJIH HOCOBBHIe Ma3yXH)

D Tlpn naBleHNM B HECKOJBKO COT aTMocep H3MEHAIOTCA XHMHYECKHE
peaxiuu, HanpHMep, TPOKCXOAHT CABHI caTypauuoHnofl KpuBoi Qe,
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He coofuiaeTcst ¢ BHELIHed cpefo#l, TO H3-3a PA3HHIL JaBJIEHHNA
IpH NOrpyXeHHH OHAa CAABJUBAETCH, & IPH NoLbeMe, HANPOTHB,
CTpeMHUTCA paclIupuTbes. TaK, HEIPSJIBIIHKH [epel BCIJIBITHEM
00653aTeNILHO AOJIKHBl CAeJaTh BBIAOX, TAK KaK B IPOTHBHOM
caydyae MOXKET HacTyNUTb 4Ype3MepHOe pacllHpeHHe H Pas3phiB
jgerkux. [Ipu norpyxenuu Ha rayOGuHy yBEeJIHUHBAETCS NJIOTHOCTD
rasos, YTO CONPOBOXKJAAeTCS! NOBHILIEHHeM paboTH, 3aTpayuBae-
MO#l Ha AblxaHHMe (cMm. c. 114). B pesyaprate MoXKer IPOHCXO-
ouTh 3ajepxka CO,; (oco6eHHO mpH QU3UUECKOI HATpy3Ke).

Hexomnpeccuonnas 60ae3rb

Bo BpeMs BONOJA3HOrO MOTPY:KEHHS NAPLHAJbHOE AaBJieHHe
N, Bospacraer, u B pesyjbTaTe 3TOT IJIOXO PACTBOPUMBI ras
HakamnuBaercs B TKaHsaX. OcobeHHO AKTHBHO a30T 3aXBAaTHIBA-
€TCsl XKHPOBOH TKAHBIO, B KOTOPOH OH PAacTBOpPSIETCS JYULIe, YeM
B Apyrux. OfHaKO, BO-NEPBHEX, KPOBOCHAOKEHHE ITOM TKAaHH He-
BE@/JIHKO, BO-BTOPBIX, KDOBb MOXKET IEPEHOCHTh JHUIL MaJjoe KOJiH-
YE€CTBO a30Ta, U B-TPeTbHX, OH AHGDDYHAUPYET MeMJIEHHO, TaK KakK
MaJjiopacTBOpUM. B pesysbrare 1751 YpAaBHOBELIMBAHHS KOHIIEH-
Tpanuit N, B TKaHAX H OKpyXKalouled cpele HeobGXoAuMO He-
CKOJIBKO YacOB.

Bo Bpemss moamema asor MelsieHHO yHassercs W3 TKaHed.
Ecan nekoMnpeccHss NMPOHCXOAHMT CJHIIKOM GBICTPO, oGpasyrorcs
€ro nys3bpbKH HOZOOHO TOMY, KAakK YIJVIEKHCJBIH ras BbOpachi-
Baercs H3 OTKPLITOM OYTHIJIKH HMIaMOAHCKOTO B BUAe nenbl. Korja
TAKUX NY3HIPLKOB MaJ0, OHH HE BBI3BIBAIOT OCJIOMKHEHHH, OXHAKO
GosbIIoe HX KOJHYECTBO CONMPOBOXKAAercss GOJAMH, 0COGEHHO B
o6J1acTH CycTaBOB («KeccOHHasi GoJsie3Hb»). B TsaKenabx caywasx
MOTYT BO3HHKATbh TaKHe HEBPOJIOTHUECKHE OCJIOKHEHHS, KaK IJy-
X0Ta, HapylleHHe 3peHHs 1 JaxXe HapaJHuH. DTC CBA3AHO C 3aKy-
MOPKOH Ny3BIPbKaMH KPOBEHOCHBIX COCYAOB HEHTPAJbHOH HEpR-
Hoit cucremn (LIHC).

Has  JedeHHsi JeKOMIpeccCHOHHOH 060J1e3HH TOCTPafaBIIero
HeoOXOAHMO CHOBAa IIOMECTHTb B CPEAY C BHICOKHM MaBJCHHEM,
ITpu s10oM 0GbeM Hy3HIPHKOB a30Ta YMEHbLIAETCS 34 CYeT pac-
TBOPEHHS] 3TOr0 rasa, 4YTo HHOTJa NPHBOAUT K PE3KOMY yJaydiiie-
HHIO COCTOSIHUSL uyesoBeka. llpodunakTuka kKeccoHHOH 6oae3un
CBOJAHTCA K TMOCTENEHHOMY HPOBEIEHHIO JEKOMIPECCHH B He-
CKOJIbKO 3TanoB. CyIIecTBYIOT cHelHaJbHBE NOJYTeOpeTHYecKHe
U NOJY3IMIIHPHUECKHE PEKOMeHZALHH II0 CKOPOCTH JEKOMIPECCHH
qisi BOJA0Jsa3oB. JlaXKe NpH OYeHb KOPOTKOM MNOTPYKEHWH Ha
Gosbliyio riyGHHY HOCTENeHHas IEeKOMIpeccHsi Mopoli Tpebyer
HECKOJIbKHX UacoB,

BeposTHOCTL pa3BHTHA JeKOMNPeCCHOHHOH GOJIe3HH NPH Tay-
GOKOM MOTpYyMEeHHH MOXKeT OBITh CHHXKEHA, €CJIH BO BPEMs HEro
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yeJlOBeK JHIIHHT KHCJOPOXHO-TeaneBol cMecnto. [lockoabky pac-
TBOPUMOCTL T€JjHsl NMPUMepHO BJABOE MeHblle, 4eM y a3oTa, OH
Xy¥Xe Hakamausaercsi 8 TkaHax: Kpome Toro, on Onictpee And-
¢GyHanpyer uepes HUX, TaK Kak €ro MoJekyJsipHas macca B CeMb
pas Menblue, yem y N, (puc. 3.1). Bce 210 cHniKaer BeposTHOCTb
Pa3BHTUN KeCCOHHON OGone3nH. KHCIOPOAHO-Te/NHeBYO CMeCh BHI-
TOAHO NPHUMEHATb NPH MOTPYXKEHHAX elle H MOTOMY, 4TO OHA
oBianaer HH3KOH NJOTHOCTBIO, HOTOMY paboTa, 3aTpaunBaeMas
Ha JAbIXaHue, yMeHbliaercs. UHCTBI KHCJIOPOA M oOOralieHHbie
KHCJIOPOAOM CMECH IPH HOrPy’XeHHAX HCNO/b30BaTh Hesb3A U3-3a
pUCK2 KHCJAOPOJHOrO OTpaBJeHHs (CM. HHXKe).

Taybunnsii napros

[Tpuuato cuurath, yTo Ny — 370 (PU3UOJOrHUECKH HHEPTHHIHA
ra3. OiHAaKO UPH BBICOKOM INapIHaJbHOM JAABJEHHH OH MOXET
BHI3BIBaTh paccrpoiictBa nearensroctn LIHC. Ha rayGune okoso
46 M BosHHKaer sH¢opHs, noxobHas onbsHeHHO. Bulin cayyaw,
KOrjla HBIPSVIbLIMKYH INpejajaraln pbi6aM MOABILATH M3 CBOErO
axBaJanura! Ilpu emie GosplIMX napuUuaJJbHBIX AaBJIEHHAX a30Ta
BO3MOXKHA yTpara KOODAUHAUUH JBHKEHMH W HHOTAA Jaxe MO-
Teps CO3HAHHA.

MexaHu3M Takoro BJIMSHHSI a30Tda NOKa HesiceH. BO3MOXKHO,
OH KaKHM-To0 06pa3oM cBsi3aH ¢ Jydlled PacTBOPAMOCTHIO a30Ta
B XKUpax, 4yeM B BOJe: 3Ta 0COOEeHHOCTb XapakTepHa [Js1 aHecre-
THKOR, [pyrue rasel, HalpHMep FeJuH U BOAOPOJ, MOTYT HCIOJDb-
30BaThCA AJAs AbIXaHHfA Ha ropasfo Goapliux rayOuHaXx, He BbI-
3bIBdsl MPH 2TOM HAPKOTHYECKHUX 3(P(QeKTOB.

Kucaopoduoe orpasaenue

Mul yxe sHaem (cM. c. 143), uro AblXaHHe YUCTHIM KHCJO-
pOIOM IpPH JaBjeHHH B 1 aTM MOXKeT NPUBOAHTH K NOBpexe-
nuaM Jerkux. Eciu xe Po, namuoro npesocxoaur 760 mM pT. CT.,
passuBaercs uHasi GopMa KHCJIOPOAHOTO OTpaBJieHus, CBA3aHHadA
¢ nepesosbyxaennem IJTHC u cynoporamu. MM moryr npeaide-
CTBOBATb TAKHe CHMIITOMBI, KaK TOLIHOTZ, 3BOH B yWlax M THK
JIMILEBBIX MBIIIIL.

BepoATHOCTb BO3HHKHOBEHHS! Cy10POr 3aBUcHT OT Po, BO BAbI-
XaeMoil CMeCH M JUIHTEeJNBHOCTH ee HCmosb3oBaHHs (puc. 9.3),
ycu/nBasch npu ¢usuveckoil Harpyske. Ilpu Po,, pasHom 4 atM,
CYyJOPOTH 4acTO BO3HUKAIOT yxke depes 30 muH. B rasosbix cme-
CIX, MCIOJb3YeMbIX [Js NOABOAHBIX paboT, KoHuentpauus O
TeM MeHblle, yeM 6oJiblile riy0uHa HNOrpyxeHus. JTo ycTpanser
PHCK KHCJOPOAHOTO oTpaBieHns. [1pu oco6o rayGoKux norpyxe-
HHSIX HOPMAaJbHOE MapuHaIbHOE JlaBJeHHe KHCJI0POAa BO BAbIXae-



OCOBEHHOCTH OBLIXAHUS B HEOBBLIUYHOM CPELR 149

MOM BO3AYyXe CO37aeTcsl NPH €ro KOHUeHTpauud, Mmenswied 1 %!
AgBasaHrucT-M06HTEIb BO H30€KaHHe CyL0pOr BO BPeMS HBIPA-
Hdsl HHKOTJA He JIOJIXKEH 3aM0JHATh aKBaJaHr YHCTBIM KHCJIOPO-
goM. OaHaKO BOeHHblEe MOABOAHHKH Ha HeBOJbUINX TyOUHAX
HHOrJa HCIOJB3YIOT YUCTBIl KUCJAOPOJ B 3aAMKHYTHIX PeCIHpaTo-
pax ¢ norsorureseM CO, D710 nenaercs AJAS TOro, 4toOH Ha
NOBEPXHOCTh BOJALI He BCILIBIBAJIH NPeAaTeNbCKHe My3uipu. Buo-
XUMHYECKHE MeXaHHU3Mbl I1aTOJIOTHYECKOro JeHCTBHSL BBICOKOIO
Po, na IIHC 1o xoHua HescHbl. BO3MOXHO, OHH CBSI3aHBl C HHAK-
THBaUKel HeKOTOPBIX (DEePMEHTOB, B YACTHOCTH JlerH/pOreHas, co-
JlepIKaliuX CyJab(prupuibHple I'pPyIIbL,

Jlewenue ¢ nomoubto eunepbapu4eckol oxcueeHayuu

B HeKOTOPBIX KAMHHYECKHX C/aAydasix ObIBAeT MOJIEe3HBIM IIOBHI-
cuth Po, B aprepHa/sbHOR KPOBH 0 OYEHb BBICOKOrO YPOBHSI.
OaHON M3 TakHX CHTyaUul MoxKerT OBITh TsXKe/jOe OTpPaB/eHHE
yrapaslM rasoMm, npd KOTOpPoM OoJiblllas 4acTh remMorjo06HHa Ha-
xoauTes B coeanHenuu ¢ CO H MOITOMY He MOXKeT MePeHOCUTh
kucjaopol. [loseienne Po, Bo BabIXaeMOM BO3AyXe 10 3 aT™
(310 nenaercd B crneuuasbHbIX GapokaMepax) NPHBOAHT K yBe-
JHYEHHIO KOHIEHTpalUuH ¢uaHueckn pactsopeHHoro O, B apre-
pHaJbHO#l KpoBH NpuMepHO 10 6 06. Y (puc. 6.1). Tem cambim
ofecneynBaloTess NOTPeGHOCTH TKaHEH B KHCJIODPOJAE, HECMOTPS Ha
yrHeTeHHe TpaHCHOPTHOH (yukuuu remorsobuHa. Yinorpa rumep-
6apHYECKYIO OKCHIEHAIHIO IPUMEHSIFOT MPH aHEMHYEeCKHX KPH3ax.
Kpome TOro, OHa HCNOJbL3YETCH JJs JedeHUs ra3oBOf raHTPEHD,
TAaK KaK BO3OYAHTENb 3TOr0 3a00JeBaHHA He MOXKET XHThb B Cpe/le
¢ BbicokuM Pg,. Dapokameph Heo06Xx0AuMbl TaKXkKe JJA Je4eHHS
[leKOMIIpeCCHOHHON 60Jie3HH.

ATMocdepa 4HCTOrO KUCJAOPOAA, 0CODEHHO NMPH IOBBILIEHHOM
JaBJEHHU, OTJIHYAETCH BBICOKOH M0XKapo- H B3PHIBOONACHOCTHIO.
B cBasu ¢ atum O, B 6apokaMepe NOJAE€TCHA yepe3 AbIXATEJNbHYIO
Macky, TOrJa Kak cama Kamepa HamnoJHeHa OOBIYHBIM BO3AYXOM.

3arpsisnennas armochepal

K coxanenuio, ¢ BospactaHueMm uucia asromobuseir u npo-
MBILLIEHHBIX OPEANpHATHI 3arpsi3HeHHas aTMocdepa CTaHOBHTCA
IJIst Hac Bce GoJiee MPUBBIYHON cpefoil. K OCHOBHBIM 3arpsA3HHTe-
JAM BO3[yXa OTHOCATCS PasJyiduHble OKHCJAB a30Ta, cepbl (SO,
n SO;), 030H, yrapHeift ras, yraeBoJopoAsl H mblib. OKHCAb

b Moapo6uee sror sonpoc pacemotped B kuure J. B. West: Pulmonary
Pathophysiology — The Essentials, ed. 2, p. 133, Baltimore, Williams and
Wilkins, 1982, '
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asora, yraesofopoiarl ¥ CO B 3HAUHTENBHEIX KOJHUECTBAX COLep-
JKaTCSl B BHIXJIOMHBIX ra3ax, OKHCJBL cepil 00pasyloTcs IVIABHBIM
o0pa3oM B 3HeproGJIOKax TENJOJEeKTPOCTAHLM, 2 030H —B aT-
Mocdepe TpU HeACTBHU COJNHEYHBIX Jyded Ha OKHC/IBL a30Ta H
yraesojgopoanl. Colepxkanue 3arpsisHeHAdl B BO3JyXe 3HAUUTEJb-
HO yBeJHUHBAeTCs NPH TeMIepaTypHOH HMHBEPCHH, KOTJa Harpe-
THIH [IOBEPXHOCTHEI!l BO3L4YX He MOKeT MOJHHMATLCS B BePXHHE
cjon armocdepst,

OKHcJaIBl a30Ta BBI3BIBAIOT BOCNAJEHHE BEPXHHUX JIBIXaTeAbHLIX
nyreii u raas. MIMeHHO THMH BellleCTBAMH OOYCJOBJEH XKeJTo-
BaThHl#l 1Ber cMora. OKHCJLL Cephbl U O30H TaKKe MNPHBOAAT K
GPOHXMTAM, a B BHICOKHX KOHHEHTPalHsiX 030H MOXKeT BbI3hIBATh
OTeK JIETKHX. YTrapHbH ras, Kak Mbl yxke 3Haem (cM. c. 80), cBa-
3bIBaeT reMorjofuH, a HUKJIHYeCKHe YIVIeBOAOPOIAB — NOTEHILH-
aJbHBIE KaHIeporeHbl, JTH BelIeCTBA COJEpXkarcs H B TabayHOM
JAbIMe, TIpHYeM B ropaszfo 06oJbliefi KOHIEHTPALMH, YeM B caMOH
sarpsisHenHoit atmocdepe. IlokasaHo, 4T0 HEKCTOPhLIE 3arpsA3HH-
TeJH AeACTBYIOT CHHEPTHYHO, T. €. X COBMECTHHI 3 (eKT CH/Ib-
HeH, 4eM CyMMa BJIMSHHA KaXKIOrO B OTAETBHOCTH. DTOT BONPOC
TpebyeT naJibHEHNIEro HCCaAELOBaHus.

MHorde 3arpsi3HsmOIlNe BellecTBa HAXOAATCA B COCTOAHHH
a3po3oaeil — MeNpYaliIAX B3BEIIeHHHX B Bo3Ayxe uyacTul. Cyab-
6a BABIX2eMOro aspo30Jisi 3aBHCHUT OT pasdMepa ero uactuu. Kpyn-
uble 06e3BPEKMBAIOTCS B pe3yJbTate coydaperus cO CTeHKaMH
110COBOM IOJOCTH M TVIOTKH. [Ipu IBIXaHHH TakHe YacTHIH, obJaa-
Laiollve AOCTATOYHON HHepHHeH, He MOTYT «BIHCHIBATbCA» B I10-
BODOTHL ALIXaTe]bHBIX TyTefl BMecTe ¢ BO3AYLIHOH CTpyeH, no-
STOMY CTAJKHBAIOTCHA C BJIAXKHOH CJIH3HCTOH 060JMOYKOH M To-
riomatores e, Hacruipl cpefgHero pasMmepa OcelaioT IJIaBHBIM
06pasoM B MeJKHX JBIXaTeJbHBIX IyTAX MNOX JAeHCTBHEM C00-
crBenHoro Beca. Takoit cnocob 3afep:KKd 3arpsisHHTeNed Ha3bl-
paercss ocascOernuem (cenuMeHTauuell) u Hab/ofaercss OOBIYHO
B OT/JeJax JIerKHxX, TJe CKOPOCTb TOTOKa BO3AyXa PEe3KO CHH-
JKaeTcsl BCJEACTBHE KOJIOCCAJbHOTO BO3PACTAHHA CYMMapHOTO
IIONEPEUHOro ceueHnsl BO3LyXOHOCHBIX myTeft (puc. 1.5). Mmenno
NO3TOMY MHOTO YacTHI, OCaKAaeTcsd B KOHEYHBIX H PeCcHuparTop-
HBIX GPOHXHOJAX, H Y IIAXTePOB B 3THX OTAEJaXx JIETKHX OTMe-
yaercsi 3HauHTe/bHAs KOHIEHTpPauusa nbljiH. HakoHel, camule
MeJKHe wacTullbl (auaMerpoM MeHee 0,1 MKM) JOCTHrAIOT aJb-
Beos H, OupppyHdupys B rase, OTKJAAABIBAIOTCH Ha HX CTeHKaXx.
MHuOTHe MeJKHe YacTHIIE BOBCe He 3aJePXKHBANOTCS U yAaadi0TCst
HpU BHLJOXeE.

OceBiliHe B JIEMKHX YaCTHIIBl BBIBOAATCH C NOMOUIBIO Pasjny-
neix MexaHuamoB. Co creHOK ODOHXOB OHH yAaJAIOTCH BOCXOMs-
LIAM TOKOM CJIH3H, o0ecneudBaeMbIM JBUXKEHHEM DECHHUYEK, 4 3a-
TeM 3alylaThiBAlOTCs HJH BhIJeBabaloTcst. Hekoropweie pasapa-
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XKawuiue BellecTBa, cokeprkaldecs BO BJbIXaeMOM BO3JyXe,
MOIyT yrHeTaTh AKTHBHOCTb pecHHMUeK. HacTHLEBI Ke, ocelalomue
B aJbBeoJax, NPEedMYILeCTBEHHO IOrJOLLaloTca MaKpodaramy,
KOTOpBHI¢ B JajibHedlleM IIOKHAAIOT JieTKHe C TOKOM KDOBH MJIH
JIHMEL

IlblxaHHe KHUIKOCTAMH

Muekonuraiomye MOTYT BBIXKHMBATh B TeUCHHE HECKOJIbKHX
YacoB, AHUIA HE BO3AYXOM, & XUJAKOCTAMHU., DT0 OHLIO BIepBbIe
HOKa3aHO B ONBITAaX HAa MBLIIIAX, IOMEIIEHHHX B COJEBOH PacTBOp
C HOBBbILIEHHEIM cofepXanueMm Oy (LJs 2TOrO PacTBOP ypaBHOBe-
UIMBAJICSA C YHCTHIM KHCJ0POAOM IpH AaBjeHuu 8 atm). B nass-
He#llleM OBlJI0O 0OHAPYIKEHO, YTO MBIIIM, KPHICH M COOAKH MOLYT
HEKOTOpOe BpeMs AbNaTL BO (GTOPYrJIEepOAHOH cpele, YpPaBHO-
BeIleHHOH € YHCTHIM KHCJAOPOJOM NIpH jAaBjeHHH 1 aTMm., mocJie
UEro y HHX YCHENIHO BOCCTAHABJHBAETCH «BO3AYIIHOE» JbIXaHHe
I(dTOpYyraepons — XHAKOCTH, xopouro pacteopsiouine O, 1 COy),

ITockoabKy HJIOTHOCTB H BA3KOCTb KHIKOCTH HaMHOrO 60Jb-
Iie, 4yeM y BO3AyXa, NPU TAKOM ABIXAHHH PE3KO YBEJHUHBAIOTCH
aHeprosarparbl. OJHAKO, HECMOTPsA Ha 3TO, HOPH JOCTATOYHOM
COJlePXKAHHH KHCJOPOAa BO BAHIXAE€MOH cpeie MOXHO NOOGHTHCA
YAOBJETBOPHTE/ALHON OKCHIeHAlHH apTepHanbHOil kpoBH. MHuTe-
pecHo, 4TO cepbe3HON npobieMoll B TAKHX YCJOBUSIX SIBJASETCA
yaanenne CO,. Mb yxe 3HaeM (cM. crp. 13), yto ecnu B GpoH-
XHaJbHOM JiepeBe BIJIOTh A0 KOHEUHHIX MJIK JBIXaTeJbHEIX OpPOH-
XHoa1 TpeoOsanaer OOBeMHEEI HOTOK BO3AyXa, TO razooOMeH
Mex]y aJbBeoJaMH H OSTHMH OPOHXHOJIAMH OCYLIECTBJISETCH
npeumyulectsenno nyreMm gudoysun. I[Tockoabky ckopocTs nud-
¢ysun CO; n Oy B KHAKOCTSIX HA HECKOJBLKO MOPSIIKOB HUXKE, UEM
B rasax, IpH AbIXaHHH XHAKOCTHIO JOJKHA COXPAaHATHCA OOJb-
wast pasuuia B napupajpHoMm gasiennn COjp Mexay ajbBeosaMH
H KOHeYHHIMH OpoHxHoJaMH. [leHCTBUTENBHO, B 3THX YCAOBHAX Y
XKHBOTHBIX 4acTO pasBuBaercs 3ajepxkxa CO, u auupos. Baxno
NOJYEPKHYTh, YTO Hepenaj MNapIHaJbHOTO JAaBJeHHH Aas Jud-
¢GysuH KHCIOPOZA BCErAa MOXKHO IOBEICHThb, yBeJHuHB Po, BO
BABIXaeMOH cpele; YCHJHTh Xe BriAeneHue CO, TakuM OyteMm
HEBO3MOXHO.

Jlbixanue Bo BHYTPHYTPOOGHOM fepHoje

T'azoobmen 8 naayenre

Y nnoaa razoo6MeH OPOUCXOAHUT B IiauenTe. [1pu 5TOM KPoBb
MaTepu NOCTYHAeT 0 MATOYHEIM apTEPHAM U H3JUBAETCS B MEJI-
KHe [0JIOCTH — MEXBODCHHUATHIE INPOCTPAHCTBA, MWJHM JAKYHH.
Kposr ke mioza noABOZMTCH K IVIAllEHTE HO IYNOYHBIM apTe-



152 FNABA ¢

Puc. 9.5. Kposoobpawenne y naosa uesoseka, Huppn cooTerctsyioT Pg,

B kposun (MM pr. ct.). [loapoGree cm. B Tekcre (J. H. Comroe: Physiology
of Respiration, ed. 2, Chicago, Year Book, 1974)

PHSIM, KOTOPBIE B KOHEUHOM cuerTe 06pa3yioT KaNuAAspHbIE NeTH,
BJAIOLIHECS B MEXBOPCHHUATHIE npocTpancTBa. ToamuHa audoy-
3HOHHOTO Gapbepa MeXKAy KPOBbIO MAaTEpPH U MJ0OAA COCTABJSAET
OX0JI0 3,5 MKM.

[Mnaunenta npexacrasisier coboil ropasno Menee 3ddeKTHBHOE
razoofMeHHOe yCTPOHCTBO, UyeM Jierkoe. MaTeprHCKasa KpOBb, NO-
BHAHMOMY, HHPKYJHPYeT B MEKBOPCHHYATHIX NpocTpaHcTBax Gec-
NOPS/I0YHO, H MOXKHO [10/1araTh, YTO B HHX CYLIECTBYIOT 3HAUH-
TeJbHBIE MeCTHble pasauunsd Po,. B anbBeosax Xe, Hanporus,
NPOHCXOAHT NOCTOSIHHOE <«IlepeMelllHBaHHe» Ta30BOH CMecH 3a
cuer aAnpdy3uu. B cBsi3n ¢ HeI)(EKTHBHOCTbIO IJAlleHTaPHOrOo
raszoo6Mmena Po, B orrekatoulefi no nynoudoil sene ([1B) kposu
nJ04a cocrapJsger Jullb okoJjgo 30 MM p1. cT. (puc. 9.5).

IMymounas BeHa uepe3 BeHosHwelfi nporok (BI1) orkpuiBaercst
B nIKHIOK nonyo Bedy (HIIB). B HIIB nonanaer Takxe Kposb,
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Tekymas no sopotHoii Bene (BB), u B pesyavrate HachieHnue
KpPOBH KucJaopojom eule Gosbiue cHHXKaercs. [lasnee kpoBb ua-
CTHYHO nocrynaer B npasoe npeacepane (I11) n cmewuBaercs
81€Cb C LEe30KCHFEHHPOBAHHOH KPOBBIO W3 BepXHell MOJOH BEHH
(BIIB). Onunako 66abluas wacts kposn nonagaer u3 HIIB reno-
CpeAcTBeHHO B JeBoe npeacepaune (JII1) uepes oBasbHOE OTBEp-
CTHE, a 0TCloAa HanpaB/AsieTCs K FOJIOBHOMY Mo3ry # cepaiuy. He-
KOTOpOe KO/IHYeCTBO KPOBH H3 NPABOro cepiua NocTynaer B Jer-
KHEe, OJIHaKO B OCHOBHOM OHa 06-

XOIHT JIerKHe 10 apTepHalbLHOMY sor

nporoky (AIl), wuanpasasac, K OBsew, M
OCTaJibHbiM opraHaM. B pesyabra- 60~

T€ TaKOr0 AOBOJbHO CJIOKHOLO yC- -7

-—
e e ™ /

TPOACTBA KPOBEHOCHOH CHCTEMBI
HauGosee Goratas  KHCJAOPOAOM
KPOBb [OCTymaeT K TOJOBHOMY
MO3ry H CepALy, a Jierkue, He yua-
CTBYIOLHEe B raszcobMene, nojayua-
10T npumepuo 159 cepaeunoro
BbiGpoca. B Hucxomsuweir aoprte
nioaa Po, paBHO JIHMIL OKOJO

T T T T 1

¥
22 MM pr. cT. 40 20 0 -20 -40 -60 -80
BHyTpurinespansHoe jagfetue,
CM BOA. CT,

Ile i
psoil 690x Puc. 9.6. Tunmunwii xon u3Mes

HeHu#i BHYTpHIUIEBpa/JbHOrO AaB«
Poxaenne na CBET — 3TO, NO-  jepyg y HOBOPOXKJZEHHOTO pe-

Kanyl, caMblill CHABLHBIA CTPECC B  Gemka Bo Bpems Mepmuix Tpex
XHU3HH vesoBeka. Ha noBopoxkaen- sroxos (M. E. Avery: The Lung
HOTO BHE3aNHO HAaYHHAeT AeHCTBO- ﬁgfn Its El‘fsgtdefs E‘mfgﬁeﬁ%‘,
BATb OrPOMHOE KOMMYECTBO BHEWU- W B Saunders, 1968, p. 29)
HUX pasgpaxutenedl. Bo Bpems
poAOB Hapywaercs nJaueHTapHbl rasooGMeH, 4TO IPHBOAHT K
rHnoKceMUW 1 runepkansun. HaxoHelu, B MOMEHT pOXJeHHS,
NO-BHAUMOMY, DE3KO YBe/JHUMBAETCH UYYBCTBHUTEAbHOCTH XeMOpe-
LenTopoB (MeXaHH3M 3TOrO siBJEHHsS NOKa HeussecTeH). Bce 370
OPHBOJAHUT K TOMY, YTO HOBOPOMKAEHHBIH AesaeT NepBH BAOX.
Jlerkne nuona He HaxonsiTcs B cnasllieMcs COCTOSHHH: OHH
HanoJIHEHB KHUAKOCTbIO npuMepHo Ha 40 Y% cBoedl obuieli eMKO-
cru (OEJI). dra xuakocrs obaanaer uuskum pH u, no-puau-
MOMY, TIOCTOSIHHO CEKDeTHpyeTcsl aJibBeOJISIPHBIMH KJETKaMH
naoxa. Ilpuw npoxoxaenun peGeHKa N[O POLOBBIM NYTSAM OHA
YaCTHYHO BbIA4BJHBAETCs, OJHAKO HEKOTOPas ee uacTb OCTAeTCs
H HTpaeT BaXKHYIO POJb B NMOCJAEAYIOIIEM pPaclpaBJeHHH JErKHX.
IMoctynnenne B HuUX Bo3Ayxa TpebyeT NpPeONOJeHHS 3HAUHTEJb-
HBIX CHJl IOBEPXHOCTHOrO HaTAXKeHHA. [1OCKONBbKY 3TH CHJAH B
cepuueckom o6pasoBaHHK TeM MeHblle, 4eM GoJibllle €ro Pajuyc
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(puc. 7.4), mpenmapuTesbHOE HANOJHEHHE JIETKHX NPHUBOAHUT K
CHHKEHHMIC HeoOXOAUMOro [Js BaoxXa pasiaeHHd. M Bce xe
BHYTPHIJIEBPAJIbHOE JAaBJEHHE BO BPeMsl IIePBOTO BJOXa INepen
MOCTYIJIEHHEM BO3AyXa B JIerKHe MOXKeT mazarth A0 —40 cm
BOA. cT. (puc. 9.6). MaBecTHm cayuaH, KOTAa HPH IEPBHIX He-
CKOJIBKHX BJOXax »To JasJjenne nocruraito —100 cm BoA. cr.
Tague ycu/aus 4acTHYHO CBA3AHBI ¢ HaMHOrc OoJbliled, yeM Y
BO3IyXa BSIBKOCTBIO 3aMOJHSIIONIeH Jerkde KuakocTH. Emle 3a-
JOJI0 N0 POXKAEHUA IJIOL B MaTKe cOBepilaeT O4YeHb MOBEPX-
HOCTHBIE B OBICTpble JBIXATEJbHLIE ABHKEHHS.

B nepsoe BpeMs pacnpaBJsieHHe JIEFKHX Y HOBOPOXIEHHOIO
ouenb HepaBHoMepHo. OnHako cypdakTaHT, 06pasyoUuics B HUX
Ha TO3AHHMX CTaJUsX BHYTPHYTPOOHOTrO pa3BHTHH, CHOCOGCTBYer
crabunusanni PacKpBIBIIMXCS a/JbBeoJ, a MXHAKOCTh yHaJjsercd
no JguMbaTHYECKUM COCYAaM H KanuiisipaM. QyHkKiIHoHAJbHAA
0CTaTOYHAsl €MKOCTh M BeJHYHHA Ta3000MeHHOH NOBEPXHOCTU
[OCJIe POXKIAEHUs] O4eHb GBICTPO JOCTHTAIOT HOPMAaJbHOIO YPOBHS,
O/IHAKO BEHTHJIALHS JIETKHX CTAHOBUTCA PaBHOMEDHOH JIMIIb ue-
pe3 HEeCKOJIbKO CYTOK.

Hamenenus sposoobpaujenus y HOB0POXOEHHO20

Ilepsble BROXH pebeHKa NPHBOAAT K PE3KOMY NaJEHUIO COMPO-
THUBJIEHHS JIETOYHBIX COCYAOB. Y IJIOAa Ha JIErOYHbIE apTepuHu
JiedCTByeT uepe3 apTepuaJbHBI NPOTOK CHCTEMHOe JaBJeHHe,
HO3TOMY MBILIEUHBIH CJ0OH HX CTEHOK CHJIbHO DA3BHT U HA CONPO-
THBJIEHHE B MaJOM KPyre KpoBOOOpalieHHs 3HAYHTENbHO BJHAOT
cocyaocyKuBaloliHe (HanpuMep, THIOKCEMHS, alUji03, CepoTo-
HHH) M cocyAopaciuupsioniie (HanpuMmep, alleTHAXONHH) (AKTO-
pbl. Peskoe najesue sTOro CONPOTHBJIEHHS B MOMEHT DOXKJAEHHS
00ycJ0B/AeHO HECKOJBKHMH NPHYUHAMH, B TOM YHCJIE BHE3AMHBIM
nosbiliienneM Po, B aJibBeoJax, 4T0 IPHBOIUT K YCTDAHCHHIO TH-
HOKCHYECKO BA3OKOHCTPHKIIMY, U yBeJHueHHeM o0beMma JIETrKHX,
IpH KOTOPOM PacIlupsIOTCs BHeaJbBeoJsPHBIE cOCynl (pHC. 4.2).

[Tagenve conpoTHBJIEHHS B MaJjOM Kpyre yBeJHYHBAeT Jierod-
HLIHl KPOBOTOK, B pe3yJbTaTe AABJeHHE B JIEBOM NpeJCepIHH MOo-
BHIIIAETCSsI, M CIIENHAaJbHBIH KJanaH OBICTPO NMPHKPHIBAET OBaJib-
HOe oTBepcTHe. DToMy crnocoOCTBYeT H CHHXKEHHE JaBJeHHs B
npasoM mpefcepAud, o0ycJOBJeHHOe NpexkpalleHneM KPOBOTOKa
0o MylOoYHbIM BeHaM. UYepes HECKOJBKO MHHYT CIagMHPyercs
apTepHaJbHBIA IIPOTOK B pe3yJbTaTe NPAMOro AeACTBHI BO3DOC-
iero Po, Ha ero raagkue MBIIIL. BeposTHO, 34ecChk HIPAIOT PoOJb
¥ M3MEHEHMsl coAepKaHus NPOCTarjaHiHHOB B CTEHKe 3TOro mpo-
TOKa H B UApKyJaupylomedl KposH. Ilo mepe TOro Kak CONDOTHB-
JicHHEe B JIETOYHBHIX COCyJax MNajaer, Halpab/jeHHe KPOBOTOKA B
HeM OBICTPO MeHsSeTCA Ha NPOTHBONOJONKHOE,
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Metoab uccaenoBaHus PyHKUMH JErKHUX

Kax npedcrasaenus o ¢usuosozuu Ovixanus
UCNOAbL3YITCA 07 OYEHKU OeATeAbHOCTU aecKuxV

Baxnoe npakTHueckoe npuMeHeHne (HH3HOJOTHH AbIXAHHS —
paspaborka MeTOIOB H TECTOB AJIA OUEHKH (YHKIHH JIETKUX. DTH
MEeTOAbl HCNOJIL3YIOTCA Ype3BhiYaiino WHPoKo. OHH NPHMEHSIOTCH
B CIEHHAJH3HPOBAHHBIX NYJAbMOHOJOTHYECKUX (PYHKIHOHAJBHBIX
nabopaTopusix OOJbHHL, C HAMH HMEIOT [0 (XOTS M B MeHb-
ulem ofbemMe) BpauyH-TepamneBTH NPH NOCTAHOBKE JHArHo3a M Ha-
3HAYEHHH JICUEHHs NTaUHeHTaM C NMOPaKeHHSMH JIETKUX HJIH CepA-
a. OHH MOryT WrpaTh BaXKHYIO POJib B pelEHHH BOIPOCA O I0-
TOBHOCTH 00JibHOTO K omnepanuy. Kpome Toro, omeHka QyHKIHH
JIerTKuX OblBaeT HeoOXOAHMA NPH ONpeleseHuH CTENeHH WHBAJUL-
HOCTH JJI BBIIIATE KOMIIEHCALHH HJH CTPaxoBKH, Hekotopwe
HECJIOKHBIE TeCThl NPHUMEHSIoTCS CAyXKO6aMH 3nHAeMHOJIOTHYe-
CKOro Haj3opa JJs H3yYeHHS ONAaCHOCTH AJS1 3AOPOBbS PasJHd-
HBIX BHJIOB NpoQeCcCHOHAIbHOH AEATEeNBHOCTH, a Takxke 3aboJe-
BaeMOCTH HacCeJeHHsI.

Heo6xonumo uerko mnpencrasistbh cebe poJb MeETOAOB, He-
MONb3yeMbIX JJsi OUEHKH (DYHKUWH Jerkux, B gHarHocruke. Ilo-
Jyyaemble ¢ X INOMOLIBIO JAHHEIE B PEAKHX CJAyuasix HMEKT pe-
maroliee 3HaueHne A/ MOCTAHOBKH OKOHYATEJNBHOIO JHarHosa y
JIETOYHBIX GOJIBbHBIX, NMOCKOJBKY OJHH H Te }Ke (QYHKUHOHAJbHEE

D 3necs NpHBOAMTCA JHIIL KPaTKHA 0030p MeTonos. Bosee moapo6ze
onn onucanst B kuure J. B. West: Pulmonary Pathophysiology — The Es-
sentials, ed, 2, Baltimore, Williams and Wilkins, 1982,
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HapylUleHHsT MOI'YT BCTPeYaThbcsl MPH PA3JHUYHBIX 3a060JeBaHHAK.
OnHako 3TH MeTOAB YacTo OBIBAIOT MOJIE3HHl AJsl OLEHKH JHHA-
MHKH COCTOSTHHA H 3 (PeKTHBHOCTH JeueHHs! y OOJbHBIX C XPOHHU-
YeCKMMH MopaxKeHHsAMH Jerkux. [Ipu aToM A/ CTyleHTa-Me/nKa
(a rakKe 4Jsi Bpaya) TakHe MeTOABl BaXHHEl He TOJIbKO KakK
AHArHOCTHYECKHH HHCTPYMEHT, HO [VIaBHBIM 00Pa3oM Kak KJi0dY
K NOHHMAHHI MPHHIUIOB (PU3HOJOTHH JABIXaHHS, U3/JOXKEHHBIX B
HNpeAHAYIIHX [JIaBaXx.

BeHTuaauus

Dopcuposannelii 86100x

OueHb BaXKHBIM H B TO YK€ BPeMsl IIPOCTHIM MeETOJOM OLEHKH
(YHKIHY JIErKUX CJAYHKUT H3YUYeHHEe OJHHOYHOrO (HPOPCHPOBAHHOTO
Bboxa. Ha puc. 10.1 npuBeneHs cnuporpaMmel, noJydyeHHble npu
npeAeabHO OBICTPOM M IIOJHOM BbIJOXe [OCJEe MaKCHMAaJbHOTO

A. Hopma 5. O6eTpyKumMA B. Pecvpuxuuns
J i)
o8
(8133
" o8 OXEST
5 OXKES
OXENM
el ltcl
. l1c] o
0B =4,0 0B =13 0B =28
PXEJT=5,0 ©XESN = 3,1 GXKEM =3,1
% = 80 % =42 % = 90

Puc. 10.1. Uamepenne obbvema dopcuposannoro Boigoxa (OPB,,e) n ¢open-
POBaHHOH KusHeniofl emxkoctn Jerkux (P)KEJI)

Broxa. O6beM BO3AyXa, BRABXAEMBI 32 NEePBYIO CEKyHAY, Ha3bl-
Baercsl o6beMoM (HopcHpPOBaHHOrO BBIAOXA, HAH ODB (. [ToaHbIH
00beM TAKOro BbIJOXa HasbiBaeTcss (OPCHPOBAHHOH KH3HEHHOH
eMKkocTbio Jerkux, uwian ®)KEJI, koropass yacTo OblBaeT HECKOJb-
KO MeHblle MKH3HEHHOH €MKOCTH, H3MEeDEeHHOH NpPH MeAJeHHOM
Boiioxe (puc. 2.2). O6biuno OPB, o cocrasaser okono 80 % ot
DXKEJIL.

CyulecTByIOT JBA OCHOBHBIX THIA M3MCHEHHS ITHX MOKaszaTe-
Jgeil upu 3aboseBaHuax Jerkux. llpu pecrpuxrusuolx nopaxe-
nusix (Hanpumep, Gpudpose yserkux) cHmxkarores kak OPB, o, Tak
n ®)KEJI, Ho otHomenne O®B,,/P)KEJlI (%) ocraercsa Hop-
MaJ/bHBIM WJd moBblliaercd, [1pu o6cTpyxTusnolx 3abo/eBaHUAX
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Thna 6pouxuanpuolt actMbel O®B;, yMeHblIaercst ropasno 60Jb-
we, yeM O)XEJI, nosromy orHomenne ODPB; o/OKEJ (%) na-
naer. Yacro Habai04al0TCs CMelIAHHBIE DPECTPUKTHUBHO-OGCTPYK=
THBHbIE MOPaXKEHHUs.

Cxoanyto nHpOpPMAaLKIO AaeT TaKOl NOKa3aTesb, KAK CKOPOCTb
dopcuposannozo goidoxa, uan COBy_75 4. Ilas ero onpenesenns
H3MEePSAIOT Pacxojd BO3LYyXa B TeueHHe NOJOBHHBI BLIAOXA OT KOH-
lla MepBoH A0 HavaJja 4yeTBepTOH ero uerBepTH (T. e. OT 25 10
75 % BBIABIXaeMoro o6bema). O6nuno CDBgs_754 TECHO Koppe-
aupyer ¢ OPB| 4, x0T HHOTAA OHA MOMKET CHHXKATHCH NMPH HEH3-
MeHHOM O®B;,. Ilo kpHBO# (OPCHPOBAHHOrO BBHILOXA HHOIAA
ONIPENesNsOT H APYrHe NOKa3aTesiH.

CnageHue.
o BO3NYXOHOCHBIX NyTeit
8- N\ 8
U Hopma
L 6 P
= . Y4acTok, He 3aBncAwmi
o
§ . OT yennuAa OGCTPYK’I{MH4 \PechMKuMR
o 2 // \,g TANY
1
L1 L1 N g SN 11t
6 5 4 3 2 1 0 9 87 65 4 3 2 10
O6xem nerkux, n O6vem nerkux, n
A 5

Puc. 10.2. KpuBaa 3aBHCHMOCTH PacX0la BO3AyXa OT JErO4YHOro o6beMa, no-
CTpoeHHas TPU (GOPCHPOBANHOM BhIAOXE HOCAE MAKCHMAJbHOTO BaOXa. B nud-
pax npHBeAeHbl a0CONOTHEIE 3HAaYeHHss ofbeMma JErKHX, XOTA HX H HeJb3d
H3MEPHTb MO NOKa3aTeasaM OAMHOYHOIO BHIAOXA

Ilpn nsyueHHH (OPCHPOBAHHOrO BHIAOXA MNOJE3HBIMH CKAa3bl-
BaloTca 3Hakomble HaMm (cM. c¢. 115) kpuesie pacxod — obvem
(puc. 10.2). Mp 3HaeMm, uTO mocJe BHIABLIXAHHS OTHOCHTEJNLHO
HeGOJIbIIOr0 KOJNMYecTBa BO3JAyXa oObeMHAs CKOPOCTh BO3AYLI-
HOrO IOTOK4 OrPaHHYMBAETCA B pe3y/bTaTe CAABJIUBAHHS BO3AY-
XOHOCHBIX IyTeH W onpejensercs 3JacTHUECKON TAroH Jerkux M
CONPOTHBJICHHEM JABIXATEJNbHBIX MYTeH BHILIE YUACTKOB CllaJeHHI.
Ilpu pecrpuxtusnoix 3a6o/eBaHUAX yMeHbIIaeTCs KAaK MaKCH-
MaJ/IbHBIH Pacxol, Tak M oblLiee KOJHYECTBO BHIAKIXAEMOI'O BO3-
ayxa. OHaKo, ec/aH NOCTPOUTh rpad)uK 3aBUCHMOCTH PacXoia OT
abcoaoTHOro o6beMa Jerkux (BKJKUAS OCTATOUHBIE 06beM, KO-
TOPbIA HeJib3 H3MEPHTh IPH OAMHOYHOM BBLAOXE), OKaXKeTcsd,
4YTO B NMOCJEAHIOK (pa3y BbIAOXA PACXOJ] YACTO MOBHILIEH 32 CUET
YBEJHUYEHHsST 3JaCTHUeCKO#H TArH Jerkux (puc. 10.2,5). Hanpo-
THB, IPH OOCTPYKTUBHLIX MOPANKEHHAX PACXOA BO3AyXa NPH AaH-
HOM 00beMe pe3KO NOHHKEH, W IOcJe NHKA Fpad)uK 4acTo HMeer
(opMy BOrHYTOH AYTH.

KakoBo e 3HaueHne BCeX 3THX I0KazaTesell (opcHpoBaH-
Horo Bpioxa? [IpH 0aTO/MOrHH :KM3HEHHAd €MKOCTb JIETKHX
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MOMKET yMeHbUIATHCA KaK CBepxy, Tak i cuusy (puc. 10.2).TIpn
PECTPUKTUBHOLLX NTOPAKEHHAX 00beM BJOXa OTPAHHYABAETCH H3-3a
CHHXKSHMS PACTSIKMUMOCTH JIETKHX HJH TPYAHOH K/IETKH HJIH 34
cueT ¢a1aboCTH AbIxaTeNbeoll MycKyJaaTyphl. IIpu obcTpyKkiusHbix
sabosieBanusix 06w@as eMKOCTh JIETKHX IO CPAaBHEHHIO C HOPMOi
OGBIYHO NOBLILIEHA, OJHAKO BBIAOX He OBIBAaeT MOJHBIM. JTO MO-
et OblTh 006yCa0BAEHO Ju00 OBICTPEIM 3aKPLITHEM BO3IYXOHOC-
HEIX VTeH B pesysaprate cla3Ma HX [VIAAKHX MBI (IpH acTMe),
JHOO CHUKEHHEeM palUa/bHOH PaCTArHBAIOMIeH CHJIBI, AeHCTBYIC-
el HAa JABIXaTeJbHBIE OYTH CO CTODPOHBl JIGTOYHOH IapeHXHMBbI
(npn smbuseme). O6CTPYKTHBHBIE NOPaXKEeHHA BO3HHKAKT TAKIKE
IpH OTeKe CTeHOK OPOHXOB HJM BbIJEJEHHH CEKPETOB B BO3AYXO-
HOCHBIE NYTH.

O0B g (nnu CPBys.z59,) cHHXaeTcss B pesyJbTare NOBBIHIE-
HHSI CONPOTHBJIEHNS BO3JYXOHOCHBIX MyTell HJIH YMeHbIIEHHS 3Ja-
CTHYECKOH Tyru Jerkux., BaKHO, 4TO 9TH NOKa3aTeNH He 3aBHCAT
OT YCRJIHs! HKCIHPATOPHBIX MBILI, YTO OOYCJOBJIEHO AHHAMHYE-
CKHM claBjieHHeM BO3JYXOHOCHBIX myTe#l (cm. puc. 7.18 m coor-
BETCTBYIOLIHH pasfes Iv. 7). FIMeHHO mo3TOMy pacxol BO3AyXa He
33aBHCHT OT BHYTDHIJIEBPAJbHOIO NaBJIeHHA, Pa3BHBAEMOrO IpPH
MaKCHMAJBHOM YCHJIHH JIBIXaTE€NbHBIX MEBIUIN, H OT CONPOTHBJIE-
HUSl BO3JAYXOHOCHBIX IyTeH, pacnoJioKeHHEIX HHXKe obJacTu cra-
IeHHs!, 4 OnpelesseTcs 3JACTHIECKOH TATOH JIETKHX H CONPOTHB-
JIeHHeM AbIXaTeJbHBEIX nyTell Boille objacTH cnafeHust. OOBIYHO
(o kpaiiHe#l Mepe, Ha NEPBBIX CTAAMAX) CHAJAIOTCS KPYIHEE
BO3AyXxoHOCHBble nyTdH. Takum o6pasom, B ymeHblleHHH O®Bi,
(Hampumep, npu aMdu3eMe JerKHX) MOTYT HIpaTh BAXKHYIO POJib
KaK IOBHIIEHHE CONPOTHBJEHHS BO3LYXOHOCHBHIX NyTeH, Tak H
CHHXEHHE 3JaCTHUECKOH TAIH JErKHX.

Jlezournovie 00vemol

Onpenenenne JerouHslx 0o0beMOB METOAOM CHOHDOMETPHH H
H3Mepenre (GyHKUHOHAAbHOH ocrtatouno#l emxoctu (POE) c no-
MOIIBIO pasBeleHns rejanst uiu obuiefi niaernsmorpadun yxe pac-
cMaTpuBajuch B ra. 2 (puc. 2.2—2.4). ®OE MOXKHO H3MepHTH
TakXe, 3acTaBHB 06CJeAYEMOro B TeueHHe HEeCKOJbKHX MHHYT
IBILATH YUCTHIM KHCJIOPOJOM, YTOOHI NOJHOCTDIO YAAJHTh H3 Jer-
KHX a30T.

[peanonoxum, 4t0 00beM JIETKUX DaBeH Vi, a uYTO OOLLMi
06beM rasa, BoALIXaeMoro 3a 7 MuH, — V. O603HaYUM KOHIEH-
tpanuio Ny B aToM rase Co. Mbl 3HaeM, 4TO KOHILEHTPaLHs a30Ta
B JIETKHX JO ero BeIMuBanus cocrasiser 80 U, m MoxeM Hu3Me-
DHUThb €r0 OCTATOYHYIO KOHIEHTpauuio B Jerkux. [aa srtoro cie-
JYyeT aHaJH3MPOBATH MOCJELHIO MOPHHIO BHAbIXaeMOro BO3AyXa
C IOMOIIbI0 HHTPOMETPA, NPHCOCAHHEHHOTO K MYHAUITYKY, KOTO=
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puiii ofcienyeMulii JepHT Bo pTy. IlycThb 3Ta ocratouHasi KOH-
uentpauuss paBHa Ci;. HMcxoass w3 Ttoro, uro oOmiee KoJuues
crBo N, He MeHsieTcs, MOXHO 3anucath: Vi X 80 = (Vi X C;)+-
(V2 X Cg). O1criona moxuo paccuurats V. Hemocratox srtoro
MeTOoJa 3aKJI0UaeTcsl B TOM, YTO COJeprKaHHe a30Ta B BHJbIXae-
MOM BO3JyXe O4eHb HU3KO U HeGoJjbliast omubKa B ero onpeie-
JIEHHH MOJKeT CHJIBHO OTPAa3UThCSA HA pe3ynabTare pacueroB. Kpo-
Me TOTO, HeOOXOUMO YUYHTBIBATDb, YTO YAAJsieMBI a30T YaCTHYHO
IOCTyNaeT B JerkHe u3 Tkaned. C NOMOIIbIO 3TOTO METOJa, KaK
H clocob0M pasBeAeHUs TeJusl, U3Mepsercs JHUIIb BeHTHJAHpPYe-
MBIH 00BbeM Jerkux, Torja Kak npH obuiedi maetrusMmorpaduu
MOXKHO OLL€HHTBb U KOJHMYECTBO I'a3a, U30JUPOBAHHOTO B 3aKPHITHIX
BO3IYXOHOCHBIX IIyTAX (cM. c. 20}.

HM3Mepenne aHaTOMHYECKOTO MePTBOIO MNPOCTPAHCTBA MeTO-
Jom Daysepa 610 ONHCAHO B M. 2 (puc. 2.6).

Auddysus

Ipunuunsl uaMepenust AuGGY3HOHHOH CNOCOGHOCTH JIEKHX
ansg CO cnoco6oM OAMHOYHOTO BHIAOXA MM PABHOBECHBIM METO-
AOM paccMaTpuBaJauch Bhumie (cM. c. 33). Mamepurs aty cnocob-
Hocth A Oy OYeHb TPYAHO H BO3MOMKHO TOJBKO B CHENHAIbHO
IIOCTABJEHHOM 3KCIIepHMEHTE,

Kposortox

OG6 uamepeHHH CyMMapHOrO JIErOYHOTO KPOBOTOKA IO METO.Y
dura W pasBeACHHS] MHAMKATOPOB yXKe lLI1a peub B I 4
(c. 44—45).

Tam xe Ob1 omucan mierusMmorpaduueckuii croco6 onpese-
JieHHs] ~MCHOBEHHOTO  JIETOUHOIO  KANWJJSPHOIO KPOBOTOKA
(puc. 4.7).

BeHTUNALNOHHO-IEPDY3UOHHBIE OTHOIIEHUSA

Tonoepaguuecroe pacnpedesenue seHTUAAYUU
u neppysuu seexkux

PernonapHele pasjuuus W B BEHTHIAIHU H MepPy3HH JIETKHX
MOXHO HM3MEDHTb C IIOMONIBI0 MEUEHOIO KCEHOHA; 3TH METOJBI
KPAaTKO ONHCaHBl B NPelbAyuxX raasax (puc. 2.7 u 4.8).

Hepasrnomeprocto senTussyuu

HepaBHOMepHOCTh BEHTHJISIIHH MOXKHO OHEHHTb MeTodamu
00uRO4HO20 H MHONMECTBeRHbLX 86100x08. T1epBEIfl H3 HUX BO MHO-
rOM CXOJieH C OLLEHKOH aHATOMHUYECKOTO MePTBOTO NPOCTPAHCTBA
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o cnocoby ®daysepa (puc. 2.6), Korna usmepsieTcsi CoepxKaHue
430Ta HA BHIXOJE H3 POTOBOH IOJIOCTH NOCJE OLHHOUHOIO BJABIXA-
nust kucjopoaa. Ilpu srom coaepxanne Ny B BHIJBHIXaeMOM aJb-
BEOJAPHOM BO3JAyXe MOYTH He H3MeHSEeTCs, 4TO COOTBETCTBYET
rOPH3OUTAJILHOMY YUYaCTKy KPHBOH — «aJbBEOJSIPHOMY MJIATO>.
Takast Kapruua oTpaxaeT paBHOMEPHOe pa3BeleHHe aJlbBeOoJsp-
HOrO rasa BABIXaeMbIM KHCJAOPOJOM. ¥ OOJBHBIX XK€ ¢ NopaxKe-
HHUSMH JIETKHX KOHIEHTPAlUs a30Ta BO BPeMd BBIAOXA IIOCTOSIHHO
Bo3pacTaeT. ATO rOBOPUT O HePABHOMEDHOM ero pasfbaBJieHHH B
anbBeosiax nocrynaromuM Os.

100% O:
—
Hopma Maronoruna
80~ 0 -
W ] Hm‘poMeTp8 80 Pe
< ’3 ®s, _ ""BbicTpoe
= X5 oy \*e »_NPOCTPAHCTBO'
o § id ."',. "
= 538 - B~
g 90 z8 g \ \!ﬁ.-
e €= ", \ \
§ g— L) \{’MenneHHoe o
= S 038 ’\\ 0,81 \ipocTpaHcTBo’’
b4 RSN NI g 1 1 1 ] AN L 1
0 12 3 405 0 10 20 30 40 O 10 20 30 40
Homep Bblaoxa Homep Bblaoxa Homep Bbtaoxa

Puc. 10.3. Kpusbie poimbiBanusi Ng y oO6CiHeAyeMOro, ABINALErO YHCTLIM KHCe
nopoaom. Ecau rpadux nocrpoex B nosyiaorapudmudeckoM macwrale, TO
y Jofedl €O 3/0POBLIMU JIETKHMH KOHUEHTpauud N NPaKTHUECKH JHHEAHO
y6biaeT ¢ Kax<ablM BbIAOXOM. [lpu HepaBuomeplofl BeUTHASUMH JIETKHX Ta-
Koil JiHellliocTH He HabJlaaeTCs,

[MoBbllleHHe KOHUEHTPALMKM a30Ta B BBHJABIXaeMOM BO3JyXe
06ycJIoB/IEHO TeM, 4TO IJOXO BEHTHJHPyeMble aJjbBeoJsbl (rie
N, pasGasJisieTca Xy»Ke BCero) BCerga ONYCTOLIAOTCA B IOCJeN-
HI0I0 ouepedb. [T0-BHAMMOMY, 3TO CBSI3aHO € XapakKTEepHOH MJd
HHX O0OJbIUIOH MOCTOSIHHOH BpeMedu 3anoJHeHus (puc. 7.19 n
10.5). Ha npakryuke HepaBHOMEPHOCTb BEHTHJISIIIUK 4aCTO OLEHH-
BAIOT 110 H3MeHeHHI0 KoHleHTpauuu N, (B mpoueHTax) NpH Bbl-
noxe or 750 go 1250 mu Bo3ayxa. DTOT MeTOAL HPOCT, 3aHUMaeT
MaJI0 BPEMEHH U J0BOJLHO HHPOPMATHBEH.

Merod mromcecrsennblx 86100X06 OCHOBAH Ha H3MeDeHHH CKO-
poctu BeiMbiBaHus N, (cM. puc. 10.3). OGcnenyeMblit ABILIHT U3
eMKOCTH ¢ YHCTbIM KHCJOPOAOM, H €ro POTOBAf NOJOCTb COEIH-
peda ¢ TpyOko#i GeicrpoieilicTBytomlero HuTpoMmerpa. Koraa seu-
THJSILHS JIEFKHX PaBHOMEpHA, NMPH KaXKAOM BbIAOXEe KOHIeHTpa-
HUST a30Ta CHUXKaeTcsd 8 odunakosol crenequ. Tak, ecau Obl 1bl-
xaTteJbHH 06beM (32 BelYeTOM 00beMa MepTBOIO NPOCTPAHCTBA)
6ui1 pasen ®OE, 210 cHHKeHHe cocTaBaaso Obl 50 %. B obuem
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caydae KOHLeHTpaluss Ny OT OJHOrO BbJ0Xa K APYrOMY YMeHb-
mwaercst 8 POE/[POE 4 (Vr — Vp)] pas (Vr u Vp — AbXaTeds-
HbIl 06beM M aHAaTOMHUECKOE MeDPTBOE IPOCTPAHCTBO COOTBET-
cTeenHo). [Ipu 3toM rpadmuk saBucuMocTH JorapudMa KOHIEH-
Tpallyd a30Ta OT NOPSIAKOBOTO HOMepa BBAOXA JOJKeH
IpeACTaBJasAThp cO60H npaMyio auHuw (puc. 10.3). 1o ropopur o
TOM, 4TO Jierkoe BegeT cebs 10406HO eIHHOH PaBHOMEPHO BEHTH-
aupyemMoil kamepe. TakK NIPaKTHUECKH U OBIBAET ¥ 3M0POBLIX JI0AeH.

Y 7M1 ¢ JIeTOYHBIMH 3a00JIeBAHUSMH BEHTHJASIHS JEKHX He-
pPaBHOMEpHAa, CKOPOCTh pa3BeleHusi Ny B Da3HBIX HX ydYacTKax
pasjauyHa, ¥ MOTOMY rpauk 3aBUCHUMOCTH COREpIKAHHS a30Ta
OT HOMepa BHIAOXA He NpsMas JHHHS, a Borayrast kpusas. CHa-
qaJjia MPOUCXOAHUT Pa3BejleHHe B XOPOIIO BEHTHAHPYEMEIX a/1bBeo-
Jax, H cojep:kaHue N, OGBICTPO NajdeT; 3aTeM a30T HAYHHAET
MeNJIeHHO BBIMBIBATBHCS U3 IJIOXO BEHTHJIHPYEMHX OTHEJIOB, H
HakJOH rpaduka cuuxaerca (puc. 10.3).

CylecTBYIOT Da3/IMYHBIE MYTH OUEHKH HEPABHOMEPHOCTH BEH-
THJISIHA N0 KPHBEIM BLIMBIBAHHA a3oTa. MOXKHO, HampuMep, CYH-~
TaTb, YTO 5TH KPHBBIE OTPaXKaT CHTYAUMIO B ABYX HJH Tpex
y4acTkax, AJsl KaxKJO0TO H3 KOTOPBIX XaPaKTePHA CBOSI CKOPOCTb
BeHTHANNH. Takoe NONyHleHHe BOBCE HE O3HAUAET PEaJbHOTO
HaJH4YHA B JETKUX HECKOJBKHX BHYTPEeHHE ONHOPOAHLIX YUaCTKOB,
OJHAKO NPAKTHYECKH OHO JOCTATOUYHO TOYHO OMHCHIBAET HePaBHO-
MEPHOCTb BEHTHJISIIIAH,

HepasromepnocTe 6eHTUAAYUOHHO-NePPYIUOHHLY — OTHOUWECHUL

Xopowuit cnoco6 OLEHKH HEeCOOTBETCTBHS BEHTH/SIHH Tep-
¢y3uu npu 3abojieBaHUAX Jerkux Obll npepyoxen Puau. TIpun-
IIUH 3TOro cnoco6a, ocHoBanHOro Ha HaMepeHHH Po, u Pco, B ap-
TepUaJbHONH KPOBH H BBIIBIX2€MOM BO3JyXxe, GLIJ KPATKO ONACAH
B KOHIe V. 5. ¥ 60JBHBIX OJHOBPEMEHHO 6epyT HPOGH BHIALIXAe-
MOro BO3JyXa H apTepHaJbHOH KPOBH H DACCUHTHIBAIOT Pa3Jjud-
Hble MapamMeTpsl BEHTHJISAIHOHHO-Nep(hy3HOHHOH HepaBHOMep-
HOCTH.

Ya106HEIM NOKa3aTeneM NMPH 3TOM CJAYKHT AAb8e0AAPHO-QPTe-
puassran pasnuya no Po,. Mbl yxe 3naeM (puc. 5.11), kakum
00pa3oM TaKasd PAa3HHLA BO3HHKAeT B HOPMAJbHBIX JErKHX B pe-
3yJbTaTe PETHOHAPHHIX pasnnuuil. ['paduk Po, — Pco,, npusegen-
HEIT Ha puc. 10.4, nmospoaut mnoapobHee pa3olpaThcs B STOM
ponpoce. Ilpeanonoxum cHagasa, 4To B JIETKUX HET BEHTHJSAINOH-
HO-Tlepy3UOHHOH HEPABHOMEDHOCTH W BCEM HX ydYacTKaM cOOT-
BEeTCTBYeT HeKas «HAeaJbHas» TOUKa i Ha 3TOH Kpusol. Ecun
PaBHOMEPHOCTL BEHTHJSIHOHHO-NeP()Y3UOHHOTO OTHOIUIEHUS Ha-
pyllaercs, IPOUCXOAHT CABHUT IOKazaTtejell CMellaHHOH KamH.-
JSIPHOH KPOBH (a) M CMELIAHHOrO aJbBeoJsApHOro Bozayxa (A)

1,6 3ax. 782
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OT TOUKH i K TOUKe Vv (M1 y4acTKOB ¢ HH3KHM BEHTHJALHOHHO-
nepQy3HOHHBIM OTHOLIEHHEM) W K Touke I (/18 yd4acTKOB ¢ Bhl-
COKHM OTHOIIeHHeM) (CM. /sl cpaBHEeHHs puc. 5.7). DTOT CHOBHT

NPOMCXOAUT BAOJb NPSIMBIX, i —V # i— I, COOTBETCTBYIOIIHX NO-
CTOSIHHOMY AbIXaTeapHOMY K03 duruenTy (OTHOIIEHHIO BbIAEJCH-
woro CO, x noraoumensoMy Oj), TOCKOJbKY OH, KaK H3BECTHO,
3aBHCHT OT OGMEHHBIX NPOIECCOB B opranuzme b,

60

- Husicoe v )¢
v - A/ Q

5 a0k T

= Msonununa R

=3

= KPOBN

2

g 20

.

0 ! ! ; I 1

40 60 80 100 120 140

POA' MM PT. €T,

Puc. 10.4. Kpupas 0—CO,. Touka «i» COOTBETCTBYeT TIHIOTETHIECKOMY
«HeaJbHOMY» COCTABY alibBEOJISIPHOrO BO3AYXa H KPOBH KOHEYHBIX OTpes-
KOB KalNASPOB TNPH HOJIOH PaBHOMEDHOCTH BENTU/AUHOHHO-TIEPdY3HOHHOIO
oruomenns. Ecan 3Ta paBHOMEPIOCTb HAPyu1aeTcs, NPOHCXOAMT CABHF K TOY-
KaM a (aprTepnajbHas KpoBb) # A (a/JbBEOJADHBIH BO3AYX) BAOIbL NPSIMBIX,
COOTRETCTEYIOMNX — AbxaTenbHoMy koaddunuenty (R). AusbseodsipHo-apre-
puanbuas pashuna Mo P, ONpejensieTcs PacCTOSHMEM MEXAY TOYKaMH a

u A o TOPH3OHTANAH

Paccrosinue Mexay TOUYKAMH A 1 a I10 TOPH3OHTAJIH NPeACTaB-
JsieT coboli CYMMapHYIO a/bBeOJAPHO-aPTEPHAJIBHYIO PA3HHUIY
no O,. IlpakTHYecKd ero Jerko H3MepHTb JHIIb B TOM cJydae,
KOrja Jerkue BeHTHJHPYIOTCS B OCHOBHOM PaBHOMepHO, a pac-
npeleleHde KDPOBOTOKA HAPYIIEHO: TOJbBKO B 3THX YCJIOBHAX
MOXKHO 0TOOpAaTh pelipe3eHTaTHBHbIe NPOOH CMEIAaHHOTO aJbReoc-
JApHOro Bo3ayxa. Takas cUTyauus HHOTLA BO3HHKAET NMPH 3MGo-
JUY JIeTOYHHIX apTepuil, Yalle onpeleJaOT PasHULY MexXAy
Po, B «uieaJbHOM» a/bBEOJAPHOM BO3AyXe H apTepHaJbHOR
KPOBH — «UOCAALHYIO» AAbBEOAAPHO-APTEPUANLRYIO PABHUYY nO
0,. <Uneanbuoe» ajbBeossipHoe Po, MOXHO paccuuTaTh 0O ypaB-
HeHHIO aJbBeoJAPHOrO BO3AYyXa, cBsi3bBalomeMmy Po, B KakoM-

1) Takoe OODBACHEHHE CIIEIMAIRHO YNPOHIEHO H HEKOTOpbie AeTalH omny-
ckatotcsi. Hanpumep, NpH M3MEHEHHH BEHTHJANMOHHO-NEPPYSHOHHOTO OTHO-
WeHHS] MEHdeTcs ¥ COCTaB CMellaHHOH BeHO3HOH KPOBU.
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Ju00 y4yacTKe JIETKHX ¢ COCTABOM BJBIXae€MOro BO3AYyXa, AbIXa-
TeJbHEIM KO3bdunueHToM H Pco, B 3TOM yuactke (cM. c. H9).
CuyHTaloT, YTO B <HAeaJbHBIX» aJbBeosaax Pco, Takoe XKe, KaK H
B apTepHaJ/ibHON KPOBM, NIOCKOJbKY NpsiMasi, BAOJb KOTOPO# Npo-
HCXOAMT CIABHI OT TOUKH i, IOYTH rOpH30HTaJbHA. MOMKHO BUETD,
YTO aJ/bBeoJisipHO-apTepHaJbHass pasuuua no Po, obyciosiaena
Y9aCTKAMH JIETKUX, ONHCBIBAeMbIMU OTPE3KOM Ha rpaduke Mexay
Toukamu i U ¥, T. e. TeMH, T/l€ BEHTHJISLHOHHO-HePDY3UOHHBIE
OTHOULIEHHS HHU3KHE.

[ia ouneHKH HepaBHOMEDPHOCTH 3THX OTHOLIEHHH 4acTo He-
HOJIB3YIOT ellle ABa mokasaTens. IlepBuiil U3 HUX — (usuosoeuue-
CKOe wyHTUposanue (€ro 4acTo Ha3bBAIOT TAKXKe I0Ka3aTeseM
APpUMeULUBANUA 8eHO3HO KPOBU Wl X0A0CTO20 KpoB80oToKa). Jlo-
NyCTHM, 4YTO CHABUI TOYKM, XapakKTepH3YIOLleil apTepuHalbHyo
KPOBb (a), BAEBO OT «HAeadbHoil> (i) (T. e. B CTOPOHY THHOKCe-
MHH) 0O6yc/aOBJeH NPUMEIIHBAHHEM K <«HAeaJbHOW» kposu (i)
BEeHO3HOH (V). DTO HONYyLIEHHE He TAKOE MCKYCCTBEHHOE, Kak Ka-
JKeTCsl Ha NePBBbIH B3I/, NOCKOJBKY OT YY4acTKOB C OYCHb HHU3-
KHM BEHTWISIUHOHHO-TIep(y3HOHHBIM OTHOLIEHHEM OTTEKAaeT KPOBh
C TIOYTH TAaKHUM K€ COCTaBOM, KaK y CMeLIAHHOH BEHO3HOH KpoBH
(puc. 5.6 u 5.7). IlpakTuueckH NpUMeHsIeTCs ypaBHeHHe IIYHTA
\(puc. 5.3) B caenywoliem Buje:

QPS Cio2 — C802

QT Cio2 - Cvoz

rie Qps/Qr — OTHOUIEHHE KPOBOTOKA MO (PH3HOJOTHYCCKHM HIVH--
TaM k ofuiemy kpoBoToky. Konnenrpanus O, B «HieanbHol Kpo-
BH» DACCUHTBIBAETCS, MCXOAS H3 <«HZAealbHOro» Po, u cartypa-
nHOHHOH KpuBOH O,

BropriM mokasareneM CaAYKHT 00beM aA68C048pHOO MePT-
6020 npocrpancrea. IIpu ero pacuere Mbl JONYCKAeM, UTO €ABHUT
TOUKH aJIbBeO/sIPHOro Bo3ayxa (A) oT «upeanbHOf» (i) o6ycaos-
JieH NpUMeIlUBaHHeM K «HAeaJbHOMY>» BAbIXaeMoro Bosnyxa (I).
Takoe gonyuleHye TaKXKe BIIOJIHE JOTHYHO, TAK KAK NOKA3aTENH
YYACTKOB C OY€Hb BHICOKMM BeHTHJALHOHHO-NEP(PY3HOHHBIM OTHO-
uenueM npubanxawres K Touke I, Ecau 6B 3T0 oTHOWeHYE 6BIIO
GeckoHeUHO GOJIbIIMM, TO I'a3 B COOTBETCTBYIOULEM YYaCTKe HMel
Gl TAaKOH Ke COCTaB, UTO M BABIXaeMbIH Bo3ayx (puc. 5.6 u 5.7).
Ilpu pacuere ucrnosb3yercsas ypapnenne Bopa ans mepToro mpo-
cTpancrBa (cM. ¢. 25) B caenywomelt gopme:

Vb, L picoz - p1’\c02

Vi

Pl'coz
rge A o6o3Hayaer BHIABIXaeMBIH aNbBeOJAAPHBIN BO3AYX. YpaBHe-
HHE M03BOJISET ONPENEIUTL AAb8LOAAPHOE MEPTBOE NPOCTPARCTEO

1/,6%
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(Vb,), KOTOpOE He ClelyeT CMELIHBATh C QHATOMUYECKUM MepT-
8bIM NPOCTPAHCTBOM, T. €. ¢ 06beMOM BO3LYXOHOCHBIX nyrei. [To-
CKOJIbKY cOOpaTh YHCTHIA aJibBEOJSIPHBIH ras (Oe3 mpuMecH BO3-
JAyXa U3 aHATOMHYECKOrO MepTBOLO MPOCTPAHCTBA) uacTo ObBaeT
TPY/JAHO, HEPEAKO H3MepsAI0T mapuHasibHoe naBiaenne CO, B cMe-
IIaHHOM BBHIABIXaeMOM Bo3Ayxe. [Ipu sTOM moaywaror o6beM Tax
HA3BIBAEMOTO (QYHKYUOHAALHOZ0 MEPTE020 APOCTPAHCTEA, BKJIO-
qaIoIHH 00BbeMBEl KakK aJbBeOJsPHOrO, TaK M aHATOMHYECKOro
MepTBOro npocrpanctsa. [lockosibKy «upeanbroes Pco, moytu Ta-
KOe Xe, Kak B aprepHaJbHOH KpoBu (puc. 10.4), ypaBHeHHe AJst
pacuera (YHKIHOHAABHOO MEPTBOTO NPOCTPAHCTBA BBILVIALHT
cJefyonUM 00pasoM:

P

— P
VDdaynx T 2coy Eco,

Vi

P3C02

I'asbt kpoBu 1 pH

Po,, Pco, 1 pH kpoBH JierK0 MOXKHO H3MEPHTHb C [OMOMIBLIO
crenHaJbHEX 374eKTpofoB. Juas usmepenuss pH uennHOl KpoBH
HCIOJB3YIOT CTEKJISHHBIH 3JeKTPOA. DAEKTPOA /sl ONpe/eaeHHs
Pco, dhaxruyecku mpeiacraBiasier coboill MaJsenbkuii pH-merp, B
KOTODOM pactBop OukapOoHaTHoro Gydepa OTAelNeH OT KPOBH
TOHKOH MeMOpanoi. Korga yriekuc/awolfi ras aupdynaupyer ue-
pes sty MemOpany u3 kposu, pH OydepHoro pacrsopa naMmeHs-
eTcsl B COOTBETCTBHH ¢ ypaBHeHueM [enpepcorna — 'accenbGanb-
xa. 3wuayeHuss Pco, OpU 5TOM PETUCTPUPYIOTCA Ha IIKaJe
pH-merpa. Jdas onpenesenus Po, HCIOIB3YIOT noJasiporpaduye-
CKHH 37eKTpoA. Eciau K HEMY NPHJIOXKHTE ONpefesNeHHOe Hanpsi-
JKeHHe, TO BO3HHKHET TOK, MNPONOPUHOHAJBHBI KOJAUYECTBY
pacreopennoro O, Ha npakTuke Bce 3TH TPH 3JEKTPoAa I[OA-
KJII0UeHBl K OJHOMY W3MEpHTEILHOMY yCTPOHCTBY C MeperJadan-
mEMHCS 1IKajaMu, Ogarogaps yemMy HOJHBIH aHauH3 Po, Pco,
u pH XpoBH MOXKHO NPOH3BECTH 32 HECKOJBKO MHHYT.

W3 ra. 5 ™Mbl y3HaJH, 9YTO CYIIECTBYIOT UeTHIpe NPUYHUHBL TI0-
Huxenns Po, B apTepuanibHoil KpoBu (runokcemuu): 1) runosen-
THaAnEs; 2) Hapylenue nuddysuy; 3) Hasuyue IIYHTOB; 4) He-
PAaBHOMEDPHOCTb BEHTHJSIIHOHHO-TeP(PY3NOHHEIX OTHOLIEHHH.

Jas toro 4yroObl pa3nuyaTh 3TH HeThipe NPHYUHBI, HEOOXO-
JIUMO MOMHHTb, UTO FHTIOBEHTUJISAINS 8Ce2da MPUBOAUT K MOBHIIIe-
Hu1o Pco, B aprepuanbHOil KpoBH H uTO Po, B 3TOH KPOBH IpH
JIBIXaHHH YHCTBLIM KHCJIOPOJOM He BO3pacTaeT A0 JOJXKKHOH BesH-
YUHBl JHIIb B TOM CJydae, Korja umeercs WyHT. [Ipu 3a6oaesa-
HHUSX JerKHX HapylleHHd paud@y3usx Bcerfa COMNPOBOXKIAIOTCS
BEHTHJSLMOHHO-Iep(Py3HOHHOH HepaBHOMEDPHOCTBbIO, H. MO3TOMY
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OOBIYHO HEBO3MOMKHO OLEHHTb, B KAKOH CTemeHH CHIIOKCEMHS
00ycJ/I0B/IeHa HMeHHO AHDPY3SHOHHON HEAOCTATOYHOCTHIO.

Hro ke kacaercs noBbllenus Pco, B aprepuasnbuoii kposu
(runepxanHuK), TO OHO MOXKeT GHITH 06yC/IOB/IeHO AByMA NPHYH-
Hamu: 1) runoseHTHASIHEH; 2) HEPaBHOMEPHOCTBIO BEHTHJISALUOH-
HO-nepy3SHOHHBIX OTHOIUIeHHH. B mocsennem clIydae He scezdq
upoucxonur sazepxka CO, Tak Kak J060e NOBBIIEHHE Pco,
B apTepHa/IbHON KPOBH MPUBOAHT K MOBBILICHHIO TOTOKA HMIYJIb-
Callni OT HEHTPAJBHBIX XEMOPEIENTOPOB K bIXATEJbHBIM [IeH-
TpaM; MpH 3TOM BEHTHJ/ISILHUS JIETKHX YBEJHUUBACTCHS H B pe3yJb-
Tare Pco, ynepxuBaercs ma mpexuem yposHe. Ecan ke Takoro
YBETHUCHHUS BEHTHJISALUN HET, TO Pco, IPH HEPABHOMEPHOCTH BeH-
TUAALNOHHO-1IeP(YSHOHHEIX OTHOLIEHHH AOJIKHO BO3PacTaTh.

Ouenka KHCIOTHO-IIENOYHOTO COCTOSHHS KDOBH paccMaTpH-
BaJjach Ha c. 84—90.

MexaHuka ApIXaHus

Pactawumocts sezxux

[To ompemenenuio pacTaKHMOCTb Jerkux paBHa H3MeHeHHIo
HX 00'beMa Ha eMHHIlY H3MeHeHHs AaBaenus. [Las ee OLIEHKH He-
00XO0AHMO U3MEDPHTh BHYTPHIIEBPaIbHOE naBieHue. Ha NPaKTHKe
1IpH STOM DErHCTPHPYIOT JaBJleHHEe B NMILEBOAE: OOCelyembiii
SarJaThlBaeT KATeTep ¢ MAJIEHbKAM 0aJJIOHYHKOM Ha KOHIe. [1u-
IeBOAHOE NABJEHHE He PABHO B TOUHOCTH BHYTDPHUIVIEBPAJIbHOMY,
OLHAKO XOPOWIO OTPa)KaeT AMHAMUKY ero uaMeHeHufi. Feau 06-
CTEAYeMblH JIEXKAT Ha CITHHE, TO 3TOT METOX He AacT TOUHLIX
AQHHLIX, TAK KAK Ha Pe3yabTaThl GYAET BJIHSATH TSIKECTh OPraHOB
CpeJOCTeHHUs.

PacTsXXuMOCTh Jerkux MoXHO H3MEPUTb OYeHb IPOCTO: 06-
CJIEAYyEMOro npocsT CAeNaTbh MaKCHMAJbHO DIy6OKHH BIOX, a 3a-
TEM BBIABIXATH BO3AYX B CHHPOMETD MOPUHUSIMH, CKayKeM Mo
500 mu. ITpu sToM onpenensiior nasienne B nuutesoze. [Tocae BH-
floXa KaxXKAOd NOpUHH OGCJeNyeMEIl NOJIKeH PacCKPBITL T0OJI0CO-
BYIO Ie/Ib M BBIZKAATh HECKOJBKO CEKYHM, MOKa IBIXaTeqbHAs CH-
CTeMa IIPHACT B CTallHOHAPHOE cocTodHHe. Tak CTpPosAT rpacuk
LaBleHne—06beM, CXOAHBIA ¢ BepXHel KPUBOi Ha puc. 7.3. 3tor
METOJl TIO3BOJISIET MOJNYYHTh HAHOOLIIYIO HHDOPMALHIO 06 yIIpy-
TOCTH JIerKHX. Ba)KHO oTMeTHTb, wuTo PacCTAKHMOCTD, COOTBET-
CTBYIOIlasl KPyTH3HE HAK/IOHA KPHBOM, 3aBHCHT OT HCXOJHOTO Jle-
roynoro o6wvema. OGLIUHO 3TOT HAKJIOH ONpejessiioT BO BpeMs
BBILOXA, HauHHas ¢ o6beMa, npesnwannero ®OF na ] a. Ox-
HakO Haxe B 3THX YCJOBHAX BOCHPOH3BOLUMOCTD pe3yabTaToB
OCTaBJIAET XKeJaTh Jy4Ilero.
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Puc. 10.5. Bausgupe MecTHHX pas/juynil B HOCTOSIHHBIX BPEMEHH 3aUOTHCHH?
Ha BEHTHJAUHMIO. D3O31yXOHOCHBE NYTH yuacTka 2 JErKHX YacTduHO 3aKymo-
PeHHI, TO3TOMY IOCTOAHNAs BPEMEHH €ro 3anojHeHHsd Gosbuie  (CM. AA%
cpaBienust puc. 7.19). Bo Bpema Bpoxa (A) BoO3aYX MejJenHee OOCTymaer
B 5TOT YU4CTOK, U I[O3TOMY ON NPOIOJIKAET 3aNOJHATLCA Aame HOCe A0-
cTH:KeHHST papuopecuss (B) oCTanbHBIMH OTJAENaMH JETKHX (1). Boaee Ttoro,
SATONHEHHE AHOMAABLHOTO YYACTEa MOJKET HATH jlake mMocde Hauada oluiero
prgoxa (B). Tlpy ysenuueHuu 4HactoTLI ALIXaHHS OODBEM BEHTHASUHH 3TOCC
y4acTKa CTAHOBUTCS BCE MeHblIIe.

PAacTSKHMOCTD JIETKHX MOMKHO TAKXK€e H3MEPHTh MPH CIOKO-
HOM AblXxaHMH {(cM. puc. 7.13). dror cnocob OCHOBAH Ha TOM, UTO
B OTCYTCTBHE I10TOKa BO3jyXa (B KOHIe BLOXa H BBLAOXA) BHYT-
pUIIeBPAJIbHOE JaBJeHHEe OTPaXKaeT TOJLKO 3/1aCTHYECKYIO TSy
JIerKUX UM He 3aBUCHT OT CHJI, BO3HHKAIOUIHX HPH JBHXKEHUH BO3-
aywinoit crpyn. Taxum oOpasoM, pacTAXKHMOCTD Oyger paBHa
OTHOILEHHIO Pa3HOCTH JIero4HbIX 06EMOB B KOHLE BAOXa H BbI-
J0Xa K PAasHOCTH BHYTPHIJIEBDAJbHBIX AaBJIEHHI B 3TH JKe MO-
MEHTHI.

Takoli MeTOL HeJab3ss OPHMEHSATb B cayuae OOJbHBIX ¢ Mopa-
JKeHHsIMH BO3JAYXOHOCHBIX MyTeH, Tak KakK y HHX pPasJH4HbI
MOCTOSIHHBIE BPEMEHH 3alOJHEHHs Pa3HbiX yYaCTKOB JETKHX H
IOTOK BO3AyXa B HHX COXpaHsercs JAaxKe HPH OTCYTCTBHH €ro B
eHTPaJbHBIX AbIXaTeqbHbIX nyTax. Ms puc. 10.5 BHAHO, 4TO npH
YACTHYHOM TEPeKPHLITHH BO3JLYXOHOCHBIX MyTel 3amo/iHeHnHe cOOoT-
BETCTBYIOIIEr0 WM yd4acTKa JerkuX Bceria OyneT IPOHCXONHTH
MelJIeHHee, UeM 3aMOJHeHHe OCTaJbHBIX YUaCTKOB (CM. 1JIsl cpaB-
neunst puc. 7.19). Bojee Toro, oH MoXKeT NPOAOJIKATH 3aN0J-
HATHCS AaXe TOrAa, KOTAA H3 OCTaNbHBIX OTJAE/OB JIETKHX BO3AYX
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y&e BHXOAUT. B pesyanbrate Bosmyx nepememaercs s HNOpaxeH-
HBIA y4aCTOK H3 COCeLHHX (Tak HasbiBaeMblil s derT «BO3AYLI-
HOro mMasiTHuka»). C yBeJHUYeHHEM YaCTOTH ALIXAHUS 06beM BO3-
Ayxa, NOCTYNAlOUIero B TaKOH YY4acTOK, CTAHOBHTCH BCe Mellblie
W Menblle. MHBIMEA ca0BaMu, AbIXaTedbHLI 06bem npy 3TOM pac-
NPEACIACTCA 0 BCe MeHbLIEH Macce JIErOUHON TKAHH U CO3146TCs
BHEYAT/CHHE, YTO PACTSKHMOCTh JEFKHX HOHHUIKAETCS.

Conporusaenue 8030yxonocrbLx nyre

Conporusiiente BO3AYXOHOCHBIX NyTe#d paBHO OTHOLICHUIO
PA3HOCTH NABACHMH MeXk1y a/JbBEOTaMH M POTOBOH IOIOCTBIO K
pacxony Bosayxa (puc. 7.12). Ero moxuo H3MEPHTL METOA0M
obueil nieTusmorpadun (puc. 10.6). Tlepex Tem kak o0crenye-

Ho Baoxa Bo Bpems Baoxa Bo 8pemA Buinoxa

! | i

/

!

\
\\‘,{//

N

A b B

Puc. 10.6. Hsmeperue conporusienus BO3AYXOHOCHEIX OYTEA € ROMOUbBIO OG-
el wietusMorpadun. Bo ppems paoxa AIbLBCOJPUBIE BO3AYX paculupscrcs,
H Japjedde B kamepe ysenuunsaercs. ITo sToMy ypeamuenwio oo pac-
CINTATbh BHYTPUAJBBEO/IAPHOE aaBJjcuue. Pazneaus PASHHILY MEXKAV ZaBienpeyr
B aJbBe0JaX W NOJOCTH PTa Ha DACXOA BO3AYXA, MOIKIO NOJYUHTL  conpo-
TUBJIClHE BO3AYXOHOCHBIX nyTedd. [logpo6Hee cM. B Tekere (mo J. Comroe:
The Lung: Clinical Physiology and Pulmonary Function Tests, ed. 2.
Chicago, Year Book, 1965, p. 179, ¢ H3MEHEHHSIMH )

MBI pesaer Baox (A), aasnenue B NJIETU3MOTpAPHUECKOl Ka-
Mepe pasHo atMocdepHomy. Bo Bpems BIoxa zasienne B anppeo-
J1aX CHHXKaeTcd, a 00'beM aJbBeOSPHOTO BO3AYXa YBEAMUMBAETCS
na peauuuny AV. Ilpu stom Bo3nyx B KaMepe CKHUMaeTcs, H no
MSMEHEHNIO €r0 NMaB/JEHHS MOKHO paccuurarh AV (cum. puc. 2.4).
Ecan o6bem Jierkux usBecTeH, MoumHO nepeitn ot AV K BHYTpH-
dJIbBEOJNADHOMY IABJIEHHIO, HCNONB3Ys 3aKOH Boiing — Mapuor-
1a. OLHOBPEMEHHO H3MepsieTes pacxof BO31yXa, 4TO Jaer BoO3-
MOKHOCTL paCCUHTATb CONPOTHBJ/ICHNE BO3AYXOHOCHBIX myTeil, Ta-
KHE 2Ke H3MEepeHHs NPOBOAATCA NpH BHgoxe. Croco6 ompegese-
HUusl 06'beMa JIeTKHX NPHBELEH Ha puc. 2.4.
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ConpoTHBJ/eHHE BO3JyXOHOCHBIX MyTe# MOXKHO paccyuTarth H
TIPH CNOKOMHOM [bIXaHHH, H3MePHB BHYTPHIJIEBPAJBHOE JHaBJie-
HHE ¢ NOMOLIbIO BBEAEHHOro B MNHILeBoj karterepa (puc. 7.13).
OnHako NpH 3TOM pe3y/JbTaThl OYAYT BKJIIOYATh TakxKe BA3KOE
comporuBJenve TKaHeli (cM. c. 120). BuyrpumiespajipHoe AaBb-
JIeHHE olpejessercsi, ¢ OJAHOA CTOPOHHI, CHJIAMH, NPOTUBOAEHCT-
BYIOLUMH 3J1aCTHYECKOH Tsire JIerkHx, a ¢ Npyroil — CHJIaMu mpe-
0JI0JIeBAIOLHMH COIPOTHBJICHHE BO3LYXOHOCHBIX MyTell M TKaHed.
MOXHO BHYECTb H3 BHYTPHILIEBDPAJBHOIO AaBjenue, 00yCJIOB/IeH-
HOe 3JIACTHYECKOH TSrOfl JIerKHX, TaK KaK NPH CIOKOHHOM JbIXa-
HUM (IpH MOCTOSIHHON PACTSKHMOCTH JIETKHX) OHO NPOTOPLHO-
HaJbHO Jerounomy o0beMy. Takoe BBYUTAHHE OCYLLECTBJACTCS
¢ TIOMOILBIO Clen#anbHON 2JeKTPOHHOH cXeMbl. B pesysbrare
uaMepsiercss OTHOILIeHHe NaBJieHHs K pacxoiay, paBHOe cymMmap-
HOMY BSI3KOMY CONPOTHBJICHHIO BO3JYXOHOCHBIX MyTel H TKaHed.
[Ipu TAXeEJBIX NMOPAXKeHHSX ITHX MyTed AaHHBIA MeTOA HeHaje-
JKEH, TAK KaK MOCTOSIHHble BPEMEeHH 3aMOJIHEHH B PA3HBIX y1acT-
Kax JerKHX Pa3/JuyHbBl H 00bEM 3THX YUaCTKOB H3MEHSIETCS HEOM-
HoBpemeHnHo (puc. 10.5).

Junamuneckas PAcTAMUMOCTL NeSKUX

Boime (cMm. ¢. 166) mbl yb6eAuanch B TOM, UTO OHEHKa pacTi-
JKMMOCTH JIEFKHX 1O BHYTPHIJIEBPA/JbHOMY JaBJEHHIO B KOHIE
BJOXa WJH BBAOXA TPH CIOKOHHOM JAbIXaHHH He JaeT HaleXHbIX
pe3ybTaToB Y GOJBHBIX C MOPaXKEeHHAMH JBIXATeNbHBIX nyrtel
@3-3a PasJuuMil B IOCTOSHHOH BPEMEHH 3aloJ/HeHHs pPasHbIX
yuacTkoB Jerkux (puc. 10.5). Takas xaxyuiascs ui# «IHHaMH-
yeckast» PACTAKHMOCTb JIETKHX YMEHbUIAETC NPH YBeJIH4eHHH
4acTOTH IBIXAHHMSI: KOTJa BpeMs, 3aTpaddBaeMoe Ha BIOX, CO-
kpalaercsi, o0beM BO31yXa, NMOCTYNAIOWHi B MeIJEHHO 3aM0J-
HAIOU[MECS] yYacCTKH, CTAHOBHTCA € KaXKIbIM Da3soM MeHbIUe.
VHBIMY CJAOBAMHU, BCE MeHbUIHHA 00beM JerkHx yuyacTByeT B KaxK-
IOM BJOXE.

Takoe KaKyilleecsi CHIKEHHE PaCTSKHUMOCTH H 3aBHCHMOCTb
JAMHAMHYECKOH PacTsKMMOCTH OT 4acTOTHl ABIXaHHA MOXKHO HC-
OJIb30BATh B KAUECTBE UYBCTBHTEJNHHOTO MOKa3aTe/f MOBHILIEH-
HOTO CONPOTUBJIEHNS BO3AYXOHOCHBIX myTeH. Mbl yXXe sHaem (cwm.
puc. 7.14), 4To B HOpME Ha MEJKHe JbiXaTeJbHBIE NYTH MNPHXO-
quTes owueHb HeboJbliast gacth o0ulero aspoAHHaMHUYECKOro COo-
nporusienns. Takum o6pasoM, ¢ JAHATHOCTHYECKOH TOYKH 3PeHH:
5TH OYTH TPEACTABJAIT cOBOH «30HY MOJYAHUA»: Na¥XKe 3HAUH-
TesbHble UX NOPAKeHHs MPAKTHYECKH HE OTPaXKaloTcs Ha ofliem
aspopHaMuueckoM comporupiennd. OIHAKO NPH N3MEHEHHH CO-
IIPOTHBJIEHHUS] TepH(epHIecKHX AbIXaTeNbHbIX nyTell NOCTOAHHLIE
BPeMeHH 3aNO/HEHHs] Pa3HbIX yYaCcTKOB CTAHOBATCS PASJIHTHBIMH,
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9TO [PUBOANT K H3MEHEHHUIO JHHAMHUUYECKOH pacTsKUMOCTU Jjer-
KHX B 34BUCHMOCTH OT 4acTOTH AblxaHusi. Ha npakTtuke aty
JHHAMHYECKYIO PacTSAKHMOCTh H3MepswT NpH Yactote 10—
120 uukI0OB ABIXaHHSI B MHHYTY.

O6bem 3akpbitus

Eme onun cnoco6 paHHel AHATHOCTHKH MOPaKeHHH MeJKHX
IBIXaTeIbHHX NyTeH 3aK/JI04aeTcss B H3MePeHHH BBIMBIBAHUSI N,
U3 JIETKHX NPH OAMHOYHOM BbIAOXe (cM. ¢. 23 u 158). On ocHo-
BaH Ha pPErHOHAPHBIX pa3JHUYUAX B BEHTUAAUMH (cM. c. 103},
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Puc. 10.7. Msmepeuue obbema 3akpeiTHs Bo3ayxoHocusix nyted. OGcnenye-
MbIfl J1€JaeT MaKCUMaJbHblil BbIAOX, 3aT€M — MAKCHMAJbHBIA BAOX H3 eMKOCTH
€ YHCTHM KHC/OPOJOM, MOCJE Yero ONsTh MaxkCHMa/bliblii BbIOX. Bo Bpemst
BTOPOro BBIIOXAZ KOHLEHTPALHA a30Ta B TPYGKe, KOTOPYIO OOGCAeAyeMblil aep-
JKAT BO PTY, U3MEHseTCsA, NIPOXOJA 4eThipe XapaKTepHble cTajun (moapobuee
cm. B Tekcte). Ilocaesnsis u3 3THX craguit ofyc/ioBleHA TeM, 4TO BO3AYXO-
HOCHble MyTH B HMIXKHHX OT/[enaX Jerkux 3aKkpblBalOTCH, H BO3AYX NOPEUMY-
LWECTBEHHO BBIXOJIHT M3 BEPXYILIEK

puc. 7.8 1 7.9). llpeanonoxkuM, obciaenyembll fejgaeT MaKCHMaJlb-
HBIfl BJOX H3 €MKOCTH C YHCTBHIM KHCJIODPOAOM, H NPH IOC/EAyIO-
LeM BbIIOXE H3MepsieTcs cojepKaHHe a30Ta Ha BHIXOJE H30 pTa
(puc. 10.7). I1pu 370M MOXKHO BLLAEIHUTEL YeThIPe (asbl H3MEHEHHN
KoHuenrpanud No.

B nepsyto ouepedb BBIABIXA€TCS TOJBKO BO3AYX H3 MePTBOrO
npoctpancTBa (1), 3aTeM HauHHAeT BBIXOAHTH €r0 CMECh C aJb-
_BEONIAPHBIM rasoM (2), a mnocje TOro — YHCTBIA aJbBEOJISAPHBIHA
ra3 (3) (cMm. pas cpaBHeHus puc. 2.6). B camom XKe koHUe Bbl-
floxa colepxanne Ny BHesanHO Bo3pacraer (4), 4TO CBA3AHO ¢

7 3ax, 782
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3aKPHITHEM BO3AYXOHOCHBIX NyTefl B 00JACTH OCHOBAHHE JIEFKHX
(puc. 7.9) u npeHMyLIECTBEHHBIM OMYCTOLIEHHEM BepXyIIeUHBIX
yuyacrkoB. KoHlieHTpauusa asora B 3THX y4acTKax BHIUIE, TaK Kak
IPH MaKCHMaJbHOM BJOXe OHH DacmpaBJAIOTCA B MeHbLIEH cTe-
neuu (puc. 7.9) u coaepxauiuiicss B HHX Ny B MeHbIUed CTeNeHH
PAa3BOAUTCA YHCTBIM KHCa0POAoM. TakuM o6pasom Ha MOJSyIeHHOH
KpUBOH BujeH 00beM JIErKHX, IPH KOTOPOM HAYHMHAIOT 3aKpbl-
BAThCH BO3AYXOHOCHBlE MyTH HHXKHHX YYaCTKOB.

Y MoJoabiX 3J0POBBIX JOAeH 00beM 3aKPhITHSI COCTaBJACT
cxoso 10 9% xxusuennoii emkoctyu Jerkunx (PKEJI). C Bospacrom
OH HOCTeNeHHO YBEJHYUBAETCS H NPHOJH3UTeNbHO K 65 ropam
cTaHOBHTCS paBHbIM okouo 40 % JKEJI, T. e. dyHkunOHAIBHOH
ocTaTouHO!l eMKOcTH. JlaKe He6oJblINe NMOPaXKEHHA MEJKUX Jbl-
X4TeJbHBIX nyTeil, MO-BHAMMOMY, NPUBOASAT K BO3PACTaHHIO 00b-
eMa 3aKPBITHs; MEXAHU3Mbl 3TOTO SIBJEHHUS JO KOHHA HeACHBI.

Peryasiuusi apixaHusd

YyBCTBUTEIBHOCTh XEMOPEIENTOPOB H ABIXATEJNbHOIO LEHTpa
k CO, MOXHO H3MepHTb, 3acTaBUB OOC/IelyeMOoro HbIIAaTbh B
3aMKHYTHl Pe3HMHOBEIA MewmoK (cM. c. 132). Mul 3HaeM, uto Ha
BEHTHJISIIIHIO BJHsAeT Takxke Po, B ajqbBeosax, no3TOMy, €CJIH He-
06X01UMO OTAENbHO H3YYHTb BEHTHJATOPHYIO peakuuio Ha CO,
Po, BO BABIXaeMOM BO3JyXe MNOMIEePXKHBAIOT HA YPOBHe Bhillie
200 MM pT. CT., TeM caMbIM H30eras BJIMsIHHS THIIOKCHH Ha AbIXa-
TesbHble LEeHTPbl. UyBCTBHTEIbHOCTh CHCTEMBI PEry/sAlud AblXa-
HHUSL K THIOKCHM H3MepsiloT CXOAHBIM 06pasoMm: obcjelyeMBli
NOBTOPHO ALIIIUT B MeLIOK ¢ HUu3kHM Po, M mnocrosHubM Pco,.

dusznueckasa Harpyska

Vsmepenuss mapaMeTpoB AbIXaHHS NPH HArpyske 4acTo OaioT
AONOJIHATENbHYI0 HHpopManuio o GYHKHHH Jerkux. B nokoe
Y peCnHpaTOPHON CHCTEMBl MMEKTCSt OTPOMHBLIE Pe3epBLI; BEHTH-
JISIKST ¥ JIEFOUHEBIA KPOBOTOK, nepesoc Oy 1 CO, v auddysnonHas
c0coBHOCTh NP HarpPy3Ke MOFYT BO3PacTaTh B HECKOJIBKO pas.
YacTo Ha pPaHHHX CTaJHAX NOPaXKeHWsl JErkux NapaMerphbl Abl-
XaHusl y GOJbHBIX B IOKO€ He OTJIHYAIOTCst OT HOPMBI, OJIHAKO HpPH
HarpysKe BBISIBJSIOTCS NATOJOrHYECKHE H3MEHeHHd.

Jlas peryJjiupyeMoil HarpyskH HCIOJIB3YIOTCSA TPEAMH/L I Be-
nospromerp. Uailie Bcero DpH Harpyske H3Mepsiior oO6uIylo BeH-
THJSAIUIO JIETKHX, 4aCTOTY CePAEYHBIX COKPaLleHHH, TOrJoLleHHe
0,, sugenenne COp, ABIXaTeIpHBIA K03(hQuuUKEHT, Ta30BbI cO-
cTaB apTepuaabHOil KPOBH H AH(GDYSHOHHYIO CIOCOOHOCTD JICTKHX
nas CO.
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OO0uwas oneHKa MeTOL0B, HCHOJAb3yEMbIX
OJsl MCCJeA0BAHUS (YHKIMH JErKHX

B 310il rmape MB paccMOTpesun HEKOTOPHE H3 METOJOB, HPH-
MeHseMBEIX B HACTOsIliee BPeMs I/ HCCeA0BaHuUS (YHKIUH Jier-
KHX. B 3ak/iouenne xouercst NOAYEPKHYTh, YTO JaXKe B CIELUATH-
3HPOBAHHBIX NYJbMOHOJOIHYECKHX Ja60paTopHsix (PYHKILHOHAJb-
HOH JHArHOCTHKH npu 6OJbHHIAX OOBIYHO HCIIOJB3YIOTCS HE BCe
ond. Eme Menplle TeCTOB TaKOro Poja BOLILIO B NOBCELHEBHYIO
NPAKTHKY TePaNeBTOB M 3MH/IEMHOJIOIOB.

HauGosee pacnpocTpaneHHEIH U IPOCTOH METO/, TPHMEHHMBbIH
B KJIMHHYECKOH [HArHOCTHKE, — H3yYeHHE (OPCUPOBAHHOZ0 8bi-
Ooxa. IIpu 5TOM MOKHO HCIOJIB30BaTh CAMble PA3JMUHBIE NApa-
MeTpel, OHaKO uaile Bcero uaMepsawr OOB,, u ®JKEJI. Ouens
LEHHBIM TIOKaszaTejeM, OCO0EHHO y GOJBbHEIX ¢ ABIXATEIbHOH Hes
JIOCTATOYHOCTBIO, CIYKHT 2a308bill COCTAS APTEPUANLHOL KPOSIL.
OcrasipHble METOAEI HCHOJB3YIOTCSl CHELHAJHCTAMH B Das/IHYHONA
CTeleHH, OLHAKO B XOPOUIo 060PYAOBAHHON MyJAbMOHOJOIHIECKOH
71a6opaToOpPUN (PYHKUHOHA/ILHON AHATHOCTHKY LO/IKHA GHIThH amma-
paTypa AJd H3MepeHHs JIerOYHHX 0O0BEMOB, HEPABHOMEDHOCTH
BEHTHJIALNYH, aJbBeOJAPHO-apTepUatbHoll pasuunn no P O2
(yHKLUHOHAJIBHOTO MEPTBOTO IPOCTPAHCTBA H LIYHTOBOTO KPOBO-
TOKa, fupdysnonHoi cnocobnocta ans CO, cONPOTHBIECHUS MBI
XaTeJqbHbIX NyTeH, PACTSXKHMOCTH JIETKHX, BEHTHJATOPHON peax-
i Ha CO, H rHNOKCHIO, a TakXe AJs JIO3HPOBAHHOH (H3Hue-
CKOH Harpyskd. B Kpynubix J1aGopaTopHAX MOKHO OCYIIECTBJISTH
u GoJiee crelHa/bHble H3MEPEHHS, HAIPHMED TONOrpadudecKoro,
pacnpeAenenus BEHTHJSIIMH U KPOBOTOKA B JIETKHX,



[punokenue

O06o3HaueHud

OcHoBHble nokasareau

C — KOHuEHTpalus ra3oB B KPOBH

F — (pakuuoHHas KOHUEHTPAUHs Ia30B B CyXOd ras3oBofl CMeCH
P — naBseHne, mapuuajbHOe JaBJeHHE

Q — o6bem KPOBH

Q — o6bemHas cKOPOCTh (pacxol) KPOBOTOKA

R — nbixaTeNbHBlH KO3 hULMEHT

S — pachilleHne reMorao6HHa KHCJIOPOAOM

V —- o6beM rasa

V — 0o6beMHas CKOpOCTh (pacxox) rasa

Hnoekcor 0aa ea308

A — aneBeoJApHBIH

B — GapoMerpruecKHH

D -— MepTBOE NPOCTPAHCTBO
E — sKcnupaTopHBIH

I — unCnMpaTOPHLIA

L — nerounsii

T — aBIxaTeJabHbIH
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HHiexcer das Kkposu

a — aprepuanbuas

¢ — KanuJispHas

¢/— IHCTaJbHO-KANMUANAPHAS (B KOHIE KAaTHJ/IAPOB)
i — uneanbHas

V — BeHOo3Has

V — CMelaHHasl BEHO3HAs

S — myHTHPOBaHHAS

Hpumepot

Cap, —koHUenTpauns O, B apTepnaspHOii KPOBH
Fey, —®pakuuonnas koHueHTpauus Ny B BbIABIXaeMOM BO3jJyXe

P;O —napuuansHoe gasjenue O, B cMellaHHOR BeHO3HO# KposH
2

EAMHUIbE

B 5T0#l KHHre MBI HCIIOJIL30BAJIH TPAAHIIHOHHBIE METPHYECKHE
eAnHHNbl. JlaBjaesHs H3MepA/NChL B MHJJIHMETPax PTYTHOTO HJIK
BoAHOro crosnba (MM DPT. CT.; MM BOJ. CT.).

B Espone Bce LIHpe HCHOJB3YIOTCS eIHHHLIB cHcTeMbl CH.
DoJIbIIHHCTBO U3 HHX XOPOIIO M3BECTHBI H NPHBBIYHBL, HEKOTOPHIE
TPYAHOCTH MOTYT BO3HHKHYTb JIHIIb ¢ €IHHHUEH JaBJjieHHss — KHU-
agonackanem (klla). | kIla =~ 7,5 MM pT. cT.

¥YpaBHenusn

I'azossie 3axoust

Ypasnernue cocTosnus u0eaabHO20 2030 BHIVITAHT CJEAYIO-
muM oGpasom V:
PV =RT,

rae T — remnepartypa, R —rasosas nocrosinnasi. D10 ypasueHHe
HCHOJB3YIOT VIS pacyera o0beMOB razoB IPH H3MEHEHHsX map-
LIHaAbLHOTO JaBJEHHA BOISHBIX 11apOB H TeMmneparyphl. Tak, sen-
THJAALHOHHbIE 06beMbl O6LIYHO ONPEAeAIOT A TAKUX XKe, KaK B
opranuaMme, temnepatypnl (37°C) W fmaBJieHHs H HACHIIEHHOrO
BOJASIHBIMH MapaMi BO3Ayxa. DTH ycaoBus obosnauares BTPS 2,
O61beMHEl ra3oB KPOBH PaCCUHTHIBAIOTCA AJs CTAHNAPTHHIX TEMIe-
parypnl (0°C unn 273 K) u nasneunst (760 MM pT. CT.) B cyxoro

D Iaa 1 monw rasa. — Mpum. ped.
D (B)ody (T)emperature, ambient (P)tessure, (S)aturated with water
vapor. — [lpun. ped.
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Bo3ayxa (STPD D). Uro6u nepefitn or ycaosu#i BTPS k ycio-
BuaM STPD, Heo6xoanMo yMHOXUThH 00beM rasa Ha BeJHUYHHY:
273 Pp—47

310 760 °

rae 47 MM pT. CT. — JaBjeHHe BOASHBIX mapos mnpu 37 °C.
HacTHHIMH CJyuasiMH YPABHEHHSI COCTOSIHUS rasa SBJSIOTCS
saxon boiias — Mapuorra:

Plvl =PyV,

AJsl TIOCTOSIHHOH TeMIEpaTyphI

u saxon lapaa:
Vi . T
V: T T:

AJist IOCTOSIHHOT'O JaBJEHHS.

CoryiacHo 3axony Asoeadpo, npu OLHHAKOBBIX TeMIepartype
W RaBJIEHHH OJHHAKOBBIE 00BLEMEI JIIOOBIX ra30B COJAEPKAT PaBHOE
KOJIMY4ECTBO MOJEKYJ, TNPHYEeM OJHA TrpaMM-MOJeKyJla KaKoro-
Ju6o rasa (Hanpumep, 32 r Op) npu STPD sanumaer oGbem
22,4 1.

HUs sarkona HassTona caedyer, uro napuuasnbHOe KapJieHHe
ra3a (x) B ras3oBoil cMecH PaBHO NaBJIEHHIO, KOTOpPOe OH €O03]a~
BaJ Onl, -ecau GH OAMH 3aHHMaJ Becb 00beM CMeECH, T. €.

PX=P°FX,

rie P — o6uiee napjenne cyxoit rasoso#t cmecu. Ecan B ¢mecn
OPHCYTCTBYIOT BOASIHBle Napel ¢ AaBjeHHeMm 47 MM PT. CT., TO
napuraJdbHOe JaBJeHHe rasa pacCYUTHIBAETCs 1O JAPYroMy ypas-

HEHHIO
x==(Pgp —47) - Fx.

Jlns anpBeOJpPHOA Tra3oBOd cMeCH CIPAaBeJINBO PaBeHCTBO
Po, 4 Pco, 4+ Pn; + Pujo = Pa.

Iapyuarvroe Jasrenue easza 8 HUOKOCTU PABHO €ro NMapHH-
aJbHOMY JlaBJEHHIO B ra30BOH cMecH, YPaBHOBEILICHHOH ¢ NaHHOH
JKUJKOCTBIO.

CoranacHo 3axony Ienpu, KOHUEHTpanHsi (HU3HUECKH PAacTBO-
PEHHOro ra3za B XHAKOCTH IPONOPLHOHAJIbHA €0 IIapLHalbHOMY
JlaBJIEHHIO:

Ci=K-P.

L (S)tandart (T)emperature and {P)ressure, (D)ry.— Ilpun. ped.
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Bernrunayus
Vi=Vp+ Vy,
rae Va—o0beM aJbBeONSIPHOrO rasa B ABIXaTEJIbHOM o0beme,
VA = VE - VD’
Veo,=Va - Faco,

(V B oGoux ciayyasx usmepen npu BTPS).
YpaBHEHHE 2JIbBEOJSIPHON BeHTHJSIHY:

.

\%
VA=-PTC@—><K.

ACOz

Ecau Va usmepen npu BTPS, a Vcoz——npn STPD, 1o
K=10,863. ¥V 310poBHX JHI] PACOg =z Pacoz-
Ypasnenue Lopa:

Vb . Paco, ™ PEco,
[ P ’
Vi Aco,

HJIM, €CJd MOACTaBuTh Pco, B aprepuanbHOi KpoBu:

7
Vb Puco,—Prgg,

—
Vr Paco2

C NOMOLIBIO 3TOrO BHPAYKEHHS DACCYHTHIBAIOT 006beM (ylk-
LIHOHAJbHOTO MEPTBOIQ [DOCTPARCTBA.

Hupdysus

CoruacHo sakony I'psxema, 6 2a3060il cpede ckopocTh AH-
¢ysun rasa oO6paTHO TNPONOPUHOHANBHA €r0 MOJEKYASPHOH
Macee.

[lo saxony Puxa obvem rasa, udPyuaapyIOLH 32 eAHHHLY
BpeMEHH Yepes CA0lL TKaru UAH sKUJKOCTY, PABEH

V==.D(,—Py ",

rie S ul—mjomwans ¥ TOMWHHA CJI0S COOTBETCTBEHHO, Py it Py —
napuuajgbHple pasjenus 10 obe CTOPOHEI ¢Jos, D — xo"cranTa
Audysun, KOTOPYIO HHOIAA HA3HIBAOT AU(DYSMOHHOA NPOHH-
DaeMoOCThiO TKaHU JUIA AAaHHOTG rasa.

D) B nepsonauansHOM pHAE B ypaslichue PuHKA BXOTUIH KOHUEHTP Al
ragos, 0/11dK0 HaM yAoOHeS HCIOJAB30BATL MX IAPUHAJbHBEE JABACHMS,
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Konctanra dugdysuu cessana ¢ pacTBOPHMOCThIO (a) B MO-
NeKyasapHO# Maccoii (M) rasa ypasueruem !
D~ —=.
VM

Ipu wuamepenunn audpdysHoHHOH CcNOCOOGHOCTH JETKHX (Do)
aa CO Pco B kanuaaspax cuuTaercs paBHbiM Hynio. Toraa

\%
D = 5.
Aco
D, ckaaasiBaercs u3 ABYX KOMNOHeHTOB. [lepsblfi H3 HUX —
In¢dysHonHas CNOCOGHOCTb afbBEOJsIPHOR MeMOpaHsl (Dm), a
BTOPOA 3aBUCHT OT 06beMa KanMMIAPHOA KpoBR (Vc) B CKOpPOCTH
peakuuu CO ¢ remornobunom (8): -
1 1 1
T = D T OV,

Kposorok
HNpunyun $ura: )
V()o
Q=c—c

—C—
30, VO,

YpaBHeHHe o1 pacuera CONPOTUBACHUA NAEEOUHBLX COC!/dOBI
C.HC= papTgpneH ,

rie Papr ¥ Peew — LaBJleHHE B JIETOYHHIX apTepHsx H BEHAX CO-
OTBETCTBEHHO.

3axon Crapaunea IAa TPAHCKANW/IAPHOrO NepeHoca Xul-
KOCTH!:

CyMMapHBI NOTOK JKHAKOCTH == K[(P.— P)) — o (e — 7)),
e HHAEKC i OTHOCHTCS K HHTePCTHIHAJIbHOH JKHAKOCTH, OKpYy-
sapoliell Kanuaasphl, 5 — OHKOTHUecKoe aasjenne, K—koap-

UUMEHT KanuaspHO# QuabTpaun, o — OCMOTHYECKHuH K03 ¢u-
LUEHT OTPaXKEHHs.

N B oreyecTBeHHOR M 3apyGexHON JaurepaType 3akon Puka dalle 3a-
OHCLIBAIOT B BHIE! V——=—--—1-D‘a (P, — Py), rae D*— rosdduunedr zud-

1
dysun B cpene. [Has mubdysun B rase D*~ '\/M; B XHJIKOCTAX H TKaHAX

5TO COOTHOWIEHHE B ObWleM cayuae He Bunoanserca. Koncrauta muddysusn
TIPONIOPIHOHANLHA KO3 GUIHEHTY AuGdy3nn # PacTBOPHUMOCTH rasa: D=
= D*a,— ITpum. ped,
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Benruarayuonno-nepgysuonnsie ornouienus
Ypasnenue arvseorsprozo easa:

P, 1—R
CO
pAO2 = p102 - R 2 "l_ [pACO2 ¢ Flog * R ] .

ST0 ypaBHeHHE CIPABEAIMBO JHIIb B TOM cayuae, ecan CO,
BO BJbIXaeMOM BO3ayXxe HeT. Ecau uesoBek ABIIUT aTMOChepHLIM
BO3AYXOM, TO BLIpaXK€HHE, CTOslllee B KBaAPaTHHIX CKOOKax, CO-
OTBETCTBYeT OueHb HeGOJbIIOMY TIONPABOYHOMY wieHy (mpH
Pa co, = 40, F|02=O,21,R= 0,8 on paBen 2 MM pr. c1.). B cpasu
C 9THM MOXHO HCNOJIb30BaTL cJelyioliee NpubJmKeunoe ypas-
HeHHe:
pAco
— — 22
PAOz_-plOZ R -+ [Fl.

Howxaresvnouli Kosagpuyuent
Ecin CO, Bo BABItaeMOM BO3AyXe HeT, TO

R=_VC_OE_= PECOz(l—‘F'Oz) .
Vo, Pio, = Peo, ™ (Peco, Fio,)
ypaBHeHHe BEHO3HO-APTepuUaNbHOcO WYHTA:
_Q~ . Ccloz ~ Caoz
o s
Q CC'Oz — CT’O,

rie ¢’ — IHCTANbHO-KANHANZPHAS KPOBb.
Benruasyuonno-nepgpysuonnoe ornowenue:
Y 863R(C, —C-
Va R( 40, VOQ)

D
Q Paco,
rle KOHUEHTPAUHH ra3oB BHpPaXKeHH B MHIMAHTPAX Ha 100 M
kpoBu (06. %).
Ypasuenue usuosoeusecxozo wynra:

QPS - Cio2 - C302
: . —o
Qr 10, 0,
YpaBHeHHe anbBeoAAPHO2O MepT8020 NPOCTPAHCTRA:
M - Pico, ™ Paco,
Vo P‘coz

Ypasnenne ¢ynxyuonarvroeo mepreoso APOCTPAHCTEA NPH-
BelleHO Ha cTp. 175,
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T'azet kposu u pH

Koumnenrpanus ¢usnueckn pactsopertoro Op B KpoBH:
C02=Qp02,

rie o — KOh(UIHEHT pACTBOPHMOCTH, paBHHI 0,003 Ma
0,/100 MJ KpOBH~MM PT. CT.
Ypasuenue I'endepcona — acceavbaroxa:

[HCos ]
pH =pKa +1g “cor -

B mepme pKi = 6,1l ECJIH[HCOQ] u [CO;] BrpaxeHo B
Mmuiinmoaax Ha Jaurp, 1o [CO,] MoxHO saMenuTb Ha Pco
(MM pt. c1.) X 0,030.

Mexanura Ovixanusg

Pacrsocumocts = AV /AP.

Yoenvnan pactascunocto = AV/{V-AP).

Ypasnenue Jlanaaca pAs NaBjeHHs CHJI MOBEPXHOCTHOIO Ha-
TAKEeHHA B caydae cepsl:

P =2¢g/r,

Tle I — paauyc, 6 — K03Q(QUUHEHT NOBePXHOCTHOTO HATAKEHHS.

Jii MBIBHOTO My3bippka P = 40/r, MOCKOJIbKY y HETO CHJBI [O-

BEPXHOCTHOTO HaTsXKeHHs 1eACTBYIOT Ha ABYX MOBEPXHOCTAX.
3axon Ilyaseiirg pya JaMHHAPHOrO NOTOKA!

V = (Pair?)/8yl,

rie 1 — BA3KOCTb, P — pasHuua napjeHui, AefcTBylOllas HA OT-
peske L.
Yucao Peiinoavoca
Re = 2ruvp/m,

rie v— CpefHAs JuHeHHAA CKOPOCTL rasa, p —— €ro MJIOTHOCTL,
1} — €ro BA3KOCTb. , ‘

Mepenad dasaenus (P) AjaA NaMHHEAPHOTO MOTOKa NPONOP-
puoHasen V, a jjs TypOyJeHTHOro (opueHTHPOBOUHO) — V2,
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R____ Panm —ppm'
\Y

rne Paswn B Ppor -— JaBjeHuE B ajapBeosax H pOTOBOH MOJIOCTl
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Bonpochi

Orseror cm. na crp. 187. Ecau mpHBOAWTCA HECKOJBKO BO3-
MOXKHBIX OTBETOB, TO NPABHJBHEIM He 06A3aTeJbHO JOMKEeH OHITh
TOJILKO OJMH.

Faama 1

1. Yemy npuMepHO paBHBLI MJIOWIALb MOBEPXHOCTH H TOJIIHHA
4JIbBEOJISIPHO-KANUIAPHOro Gapbepa H B ueM (HDH3HOJOTHYECKHE
npeuMyulecTBa ero Mop¢oJoruueckux ocobeHnocrei?

2. Yemy paBen Po, B yBraXHeHHOM BIBIXaeMOM BO3AyXe Y
aJbIIHHACTE, HAXONAILIErocsl Ha BepIUHHe JBepecta (NPH aTMO-
chepHoM gaBaeruu 247 MM pT. CT.)?

3. Uepe3s Kakue ofpas3oBaHHs JOJKEH IPOATH KHCJIOPOL OT
aJbBEOJIIPHOTO rasa 0 BHYTPeHHeH cpeJbl PHTPOLHUTA Jeroy-
HEIX KalHJIJIAPOB?

4. Uem orsnvyaercss JAbixareibHas OPOHXHOJA OT KOHEYHOH
6pOHXUOJILI?

5. CKOJIbKO NOPAAKOB BETBJEHHH 00pasyiorT BO3AYXOHOCHBIE
nyTH, corjacHo cxeMme BefiGenst, 1 10 Kakoro nopsijka BKJIOYH-
TEJNbHO IIPOJNOJ/IKAETCH HPOBOAALLAA 30HA JIErKHX?

6. KakoB rnasnbii MexaHH3M NepeMelleHHs BO3JyXa B JbIXa-
TEeJIbHOH 30He JIETKHX?

7. CroabKo BpeMeHH (NPHOJIHU3HTENbHO) 3PUTPOLHUT NPOBG-
JAHT B JITOYHBIX KalW/IAPax U yepe3 Kakoe KOJHYECTBO aJbBEOJ
OH 32 9TO BpeMs NPOXOIHT?

8. Kakum o06pa3oM 4YacTHUBl DBLIH, OCEBIIHE Ha CTEHKaX
KPYMHLIX BO3AYXOHOCHHX NyTe€H, YAAMSIIOTCA H3 JIELKUX?

Faasa 2

1. Kakue U3 nepeyHCIeHHBIX JIETOYHBLIX OGHEMOB HeJb3si H3-
MEPHTb C I[IOMOLIBIO NPOCTOTO CHHPOMETPA: a) KH3HEHHYIO
€MKOCTb JIeTKHX; 06) GyHKIHOHAJBHYI0 OCTATOYHYIO €MKOCTh;
B) AbIXaTeJbHHH 00beM; I') ocTaTOUHBIH 00beM?

2. Kakast gactp (npuO6aH3HTENIbHO) 00beMa JIETKHX B COCTOSI-
guu nokost (1. e. ®OE) mpuxoxutcs Ha JMOJIO aHATOMHYECKOTrO
MepTBOro mnpoctpadctBa? Uro MPOHCXOAHT INPH YBEJHYEHHH
o0beMa Jerkux 10 Hx obmefl eMKOCTH: a) ¢ abCOMIOTHHM 00b-
€MOM MEPTBOTO NIPOCTPaHCTBA; 0) C OTHOLIEHHEM €ro K 00BneMy
JIETKHX?

3. Ilpu uamepenun Q®OE ¢ moMoLIbI0O METOLA Pa3BeleHHs re-
Jus OblJI NOJYy4eHDLl CJAeAYIOUIHe JaHHble: NePBOHAYANLHOE U KO-
HeuHOe cojepkanue reausi— 10 9% u 6 %, o6beM cnupoMerps —
5 a. Kakosa ®OE?

4. O6cnenyeMBlll cCHIUT B KaMepe ofmiero miaerusmorpada u
JlejiaeT NONBLITKY BHIJOXHYTh NPH 3aMKHYTOH TOJOCOBOH ILeJH.
Uro npH 5TOM TPOH3OHAET C AaBJeHHEM B KaMepe?
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5. Uro npousoiifieT ¢ Pco, B apTepPHabHOH KPOBH, €C/H afbe
peossipHas BEHTHJALHsl BO3PAcTeT BABOe, a 0OpasopaHue CO;
B OpraHh3Me OCTAHETCs NOCTOSHHBIM?

6. Uemy paBeH 06beM QYHKIHOHAIBLHOTO MEPTBOro NpoCTpaH-
cTBa (B COOTBETCTBUMU C ypaBHenueM Bopa), eciu Pco, B albseo-
AspHOM BO3fyxe cocraBiser 40 MM pT. CT., 2 B CMEUIaHHOM Bbl-
AbixaemoMm Bosayxe — 30 MM pT. CT.?

7. [Ipeanonoxum, 4to B 6aJjJoHE CONEPKHUTCA CyXas rasonas
cmech ¢ 80 9% O, mox nasiendem 3000 mm pr. cr. Hemy pasto
napuHajbHoe AaB/jeHHe H QPAKUHOHHAA KOHUEHTPALH: 0O;?

8. [lpeanosoxuM, 970 00LWaA BEHTHJIALHS JErKHX H obpaso-
panue CO, B opranu3Me He MeHalOTCA. Kakue U3 nepednc/IeHHbIX
(baKTOpOB [PHUBELYT NPH 3TOM K CHHKEHHIO Pco, B apTepHanbHoOi
KPOBH: a) yBeJHUeHHE 4acCTOTBHl JAbIXaHHs; 6) yseauuenne ®OL;
B) yBeJHueHHE ABIXaTeNbHOro 06beMa; r) yBe/jHYeHHE KOHLEH-
rpanun Oz BO BABHXaeMOM BO3LyXe?

9. Kakne yyacTKH JierKHX Tojydatr Go.blie CMECH, Coaepka-
liefl paJHOAKTHBHbIA KCEHOH: a) BePXHHUE; 6) nukKHHE?

Tnasa 3

1. Hanumure 3akon @®uka aas anddysuu rasa uepes cJa0#
TKAaHH.

2. TIpeanoJsioKuM, YTO MJIOTHOCTb W PACTBOPHMOCTD rasa X
ABa pasa Bbille, ueM rasa Y. Kakoi u3 HHX Gyner OeicTpee Aud-
(yHIUpOBATbL B pacTBOpe?

3. IlpeanosoxuM, 4T0 O6CaAelyeMbld 1e1aeT HECKOJbKO BAO-
XOB ra30BOfi cMeCH ¢ HH3KMMH KOHUEHTPAlHAMH YrapHoro rasa
W 3akucH asora. JLJAs Kakoro M3 3THX rasoB napuua/bHOe NdB-
JeHue B apTepHaNbHON KPOBH CTaHET NMPAKTHUECKH TAKHM K€,
KaK B aJbBeOJIIPHOM BO3AyXe?

4, Tlpu Kakux U3 NEePEUHCJAEHHBIX ycaosuit 6oniee BEpOATHO
cuuxenne moraomenns QOp, CBA3aHHOE ¢ HEAOCTATOUHOCTHIO
anddysun: a) Gusnueckas HarpysKa, 6) ABIXaHHe CMeChlO C Bbl-
COKOIl KOHIEHTpalueil KUCJIOPOAA; B) NaTOJOrHYECKOe yTOJILEe-
HHe aJbBeOJAPHON CTEHKH?

5. [IpeanosioxuM, YTO YeJNO0BEeK BHIMOJNHSET (pH3UYECKYIO Ha-
rpy3Ky H JBIIUIHT CMECBIO € uuskoil konuentpauneii CO (B cra-
pnonapHom pexume). Pco B anbBeosax COCTaBIAET 0,5 m™m pT. CT.,
a ckopocTb moryouerua CO — 30 ma/muu. Uemy pasua nudoy-
suonnas crnoco6uocTs Jerkux Aas CO u B KakHX elUHHIAX OHA
Boipaxaerca?

6. Kak cBsizaHel Mexay cobofi anddysuoHnas cnocoOHOCTD
nerkux (D), anddysnonnas crnocobGHOCTb aJbBeoJspHOA MeMOpa-
#nl (Dm), 06beM KpoBi B KalHAJIApAX (Vc) # cKOpOCTb peakuuu
CO ¢ remorsobutom (0)?

7. Kak orsocatca Mexay coGo#t An¢pdysnoHHOE COMPOTHUBIIE-
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nne nepenocy O; yepes a/ibBeONAPHO-KANMIAPHLI Gapbep H Co-
IPOTHBJIEHHE, CBSI3AHHOE C OrPaHHYEHHOH CKOPOCTbIO peakuuu O,
C remMorioGHHOM: a) mepsoe HaMHOro GoJblue; 6) nepBoe HAMHO-
IO MeHblIE; B) OHM NPUMEPHO OJHHAKOBLI?

8. Kak ornocsites mexiy co6oil nepHoAbl BpeMeHH, Heo6Xo-
AUMblE JJA  yCTAHOBJICHMS DaBHOBECHA MEXKAY [1apIHa/bHBIM
AapienneM Oy u CO; B JIErouHbIX KaNWAAAPax H NapLUATbHbIM
AaBJCHHEM 3THX ra3oB B 4/IbBEOJAPHOM Bo3ayxe: a) aas CO,
9TO BpeMsi HaMHoro Meubule; 6) aag CO, 370 BpeMs HaMHOIO
CoJibllte; B) B 060X Cayuasx Bpems HPHMEPHO OJUHAKOBO?

Tnasa 4

. Bo ckonbko pas cpeamee jaBieiue B JerouHoil apTepun
MeHslle, 4yeM B aopre?

2. Kakoe naBJjicHHe fefiCTBYeT CHAPYKH Ha JIEFOUHbIE KA

7apbl? CpaBHHTE €ro ¢ [LeHCTBYIOUIMM Ha OoJee KpyliHHE CO-
CyABl (Hanpumep, Ha apTepun jauamerpom | MM): a) BTOpoe
AaB/IeHHe MeHblue; 6) BTOpoe jaBjeHHe Godablue; B) B 06OUX
CJayuasx JgaBJjeHHe IPHMEPHO OJHHAKOBO?
. 3. HeMy paBHO CONPOTHBRJIEHHE JIErOUHBIX COCYZOB, eCJH cpef-
Hee laBJecHHE B JIEro4HOH apTepun cocraeaser 20 MM pr. cr.,
B JIEBOM NpPeJCePAHH — 8 MM PT. CT., 4 OO Jeroynpli KPOBO-
TOK — 5 J/MUH? B Kakux ejuHuuax u3Mepsercs 570 COTIPOTHB-
JeHHe? '

4. Kakne MexaHH3MBI OGYCJIOB/IHBAIOT CHHMKEHHE CONPOTHUR-
JCHHA JErOYHbIX COCYAOB NPU (PH3HUECKOH Harpyske?

5. TloueMy cOMPOTHBJ/IEHHE JIETOUHBIX COCYOB BO3pacTaer
npU a) CHHKEHHH 06beMa JIerkux; 6) yBe/HUYeHUH oGbema Jer-
KHX (NPEANOoJIaraercsi, 4To ajbBeoApHOe AaBJeiie He Meisercs
10 OTHOLIEHHIO K BHYTPHCOCYAHCTOMY AaBJIEHHIO)?

6. Kakne u3 nepeynciieHHbIX BEUIECTB IPH BBEACHHH B J1ErOu-
HBIH KPOBOTOK OOBIYUHO BBI3LIBAIOT YBeJHYEHHE JIErOYHOIO COCYAH-
CTOTO COMPOTHBJIEHHS: d) CEPOTOHMH; 6) AlEeTHIXOJIHH; B) HOD-
aaApeHasHH?

7. Hemy paBen o6GuiMii Jerounslii KPOBOTOK, ec.iy KOHIeH-
Tpaunn O, B cMellaHHOH BEHO3HOH H apTepHaJIbHOH KPOBH CO-
CTABJISIOT COOTBeTCTBEHHO 16 M 20 06. %, a norpebaenue O; —
300 ma/mun?

8. Kakast pasmocrs jaaBrenust cayxur JBHXKYIIEH CHJION
KPOBOTOKA B TOH 30HE JIErKHX, A€ aJbBeOJSPHOE AaBJAeHHe
BLiLIe BEHO3HOro?

9. 'unokcuueckast Ba30KOHCTPHKIHSA J1ErOUHEIX KPOBEHOCHBIX
COCYZI0B — 3TO: a) peaxuus Ha cHHkeHHe Po, B KPOBH JIerOYHBIX
apTepuii; 6) peakuHs Ha CHUXKeHHe Po, B aJbBeOJISIPHOM BO3-
AyXe; B) peduiexc, 1yra KOTOPOro NPOXOLUT Yepe3 CIIHHHON MO3I?

10. T'zne B mepBylo ovepenb HAKANIUBAETCS JKUAKOCTD Ha paH-
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HUX CTAJHfX OTeKa JIETKHX: a) B HHTEPCTHLHAJbHOM OPOCTpaH-
CTBE CTEHOK aJbBeoJ; 6) B OKOJOCOCYAHUCTHIX IPOCTPAHCTBAX;
B) B aJbBeoJax?

11. K meraGonudeckuM (yHKIHAM JEFKHX OTHOCHTCS: a) mpe-
BpaljeHue aHrHOTeH3HHA | B aHrHOTEH3UH I1; 6) muakTHBaALHUA
OpalAuKUHIHA; B) BBHICBOOOXKAEHHE reMONOITHHA?

T'naBa 5

1. TIpeAnosoxuM, 4TO HeJOBEK CO 3J0POBBIMH JIETKHMH H C
HOpMaJbHEIM Pco, B apTepHalbHOi KPOBHU (40 MM prT. CT.) TpH-
HEMaeT Ype3MepHO GOJbHIYIO 03y GapOHTYpPaTOB M €ro ajbBeo-
JdsipHas BEHTHJALMSA CHHXKAETCs BABOE (npu 3TOM BBIEJEHHE
tkansimu CO, He namensiercsi). Yemy Oyner pasHo Pco, B apTe-
puajbHoil kposu? HackoabkO (npumepuo) cuusutcs Po: B apTe-
puasbHONl KPOBH (AbIXaTeJbHBIH kos>(ounuent pasen 0,8). Ha
CKOJIbKO TPOILEHTOB HAaJ0 yBEIHYHTb KOHIEHTPALHIO O; BO BAHI-
XaeMOM BO3AyXe, 4TOObl JIHKBUIUDPOBATDH THIOOKCEMHIO?

2. Tlpu kareTepHsanuu y GOJHHOTO €O c6pocoM KPOBH CIIpaBa
HAJIEeBO H CO 3/J0POBHIMH JIETKHMH OblJIO OOHApyXKeHo, 4To KOH-
wentpauus O, B apTepHaIbHOM M CMeII2HHOM BEHO3HOH KPOBH
cocrapiaser 18 u 14 06. % cooTBercTBeHHO. PaccunTaHo, 4TO KOH-
yenrpanuss O, B KPOBH, OTTeKalolleil OT JIErOYHLIX KaNHJI1pOs,
pasna 20 06. %. Uemy pasen uryHTOBBIH KpoBOTOK? IloAHUMeTCA
JIM Y KaHHOro 60/1bHOT0 PoyB apTepHa/bHOA KPOBY NPH ABIXAHUH
YHCTHIM KUCJIOPOAOM?

3. Uto NpOHUCXOAHT NPH yBeJIHYEHHH BeHTHJAIHOHHO-Iepdy-
3HOHHOrO OTHOIIEHHS B KAKOM-JTHOO Y4acTKe JIErKoro: a) IOBbI-
waercsi Po, B aNbBEO/IIPHOM BO3AyXxe; 0) cHHXKaeTcs Pco, B ajb-
BeoJIAPHOM BO3lyXxe; B) Pn, B ajbBeosspHOM BO3MyXe HE Me-
HsleTcs?

4. Y MHOrHMX GOJBHBIX C HEPABHOMEPHOCTHIO BEHTHJISLHOHHO-
nepdy3MOHHBIX OTHOUIeHH{l Ha0/II01aeTCs THIOKCeMHs, HO HAKOM-
nenns CO, Her. Dro cBsAzano ¢ TeM, uto: a) CO; audbyHupyer
Geicrpee, ueM Oy; 6) caTypalHOHHBIE KpHBbHIC 0, u CO, umeloT
passuuHy0 KOH(HUrypaluio; B) PacTBOPUMOCTL B KPOBH CO; na-
muoro Boilie, yeM y Og?

5. B Bepxyllkax JIETKHX YeJg0BeKa B BEPTHKAJDHOM ToJIo XK e-
UuH MO CPAaBHEHHIO ¢ MX OCHOBAHHAMHU: a) sbuue Po; 0) Beilre
ypoBeib BEHTH/SAUHH; B) BbIie pH B KpOBH KOIEUHLIX OTPE3KOB
KAmHAJIAPOB?

6. Kaxue u3MeHeHusl cpasy NPOU3OUIAYT B JIETKHX 4YC/IOBCKA,
eC/IM BEHTHJISALHS ¥ KPOBOTOK cHaua/a OblIH PaBHOMEDHEIMH, a
3aTeM BHE34NHO BO3HHKAeT HEPABHOMEPHOCTH BEHTH/IALHOHIO-
nepdy3NOHHBIX OTHOILEHHIT: a) cuusurcs Po, B aprepuanbHoil
KpoBIl; §) CHH3UTCA MOTJIOUIEHHE O,; B) nogHumercstPco, B apre-
puaJsbpuoi KPOBH; r) yMEeHBUIHTCSI BBIJeJd€eHHe COy?
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7. Y GosbHOrO HabIOf4€eTCs BhHIpAXKEHHAs HepaBHOMEPHOCTh
BEHTH/ISIIHOHHO-NIeP(Y3HOHHBIX OTHOIIEHHH, HO HeT wyHToB. [Ipu
ABIXaHHH BO3AYXOM Po, n Pco, B aprepuanbuoit kpoBH y Hero
paBubl 40 MM pr. cr. [Ipu ABIXaHHH YHCTHIM KHCJIOPOAOM (Yypo-
BeHb BCHTH/ISILMM He u3Mensiercss) Po, B aprepHasibHONl KpOBH
AOJUKHO cOCTaBHTh: a) Gosee 500 MM pr. cr.; 6) or 200 a0
500 MM pT. cT.; B) menee 200 MM pr. cT.?

8. Kakue npuunnsl MoryT npHBOauTbH K YBeJHYeHHIO o6beMa
(bYHKIHOHAIBHOrO MEPTBOTO NPOCTPAHCTBA: a) Ha/JuYHe yyacT-
KOB JIETKHX € BLICOKHM BeHTHJSLHOHHO-Nep(hY3HOHHBIM OTHOLIe-
HHeM; §) HajHuMe HEBEHTHJHDYEMBIX yYaCTKOB JIETKHX; B) yBe-
JudeHne o6beMa aHATOMHYECKOIO MEePTBOTO IIPOCTPAHCTBA?

Tnasa 6

1. IlpennonoxuM, uto BO BpeMs ceanca runepbapuyeckod
OKcHreHauny Py, B apTepHasbHO# KPOBH Y GOJBHOTO cOCTABASCT
2000 mm pT. cT., a apTepHO-BeHO3Hast pasHHNA o Oy — 5 06. %.
Byzer nu B 3TOM Ciyyae reMornoGHH CMelIaHHOH BEHO3HOIX Kpo-
BH TOJIHOCTBIO HACHIILEH KHCIOPOLOM?P

2. B pesyabraTe HecuacTHOro cayyasi uyeJoBeK OTpaBHJICSA
yrapHbsiM TasoM, KOTODHIH COeAMHWJICA C MOJOBHHON BCEro reMo-
rno6uHa apTepuanbHOil KpoBH. OcTaHeTcss NP 5TOM B HOpMe,
TOBLICHTCA  H/IH  TIOHH3HTCSA: a) Po, B aprepuanbmoit xposwu;
6) kouuentpanns O, B apTepHagbHON KPOBH: B) Po, B cMmelnan-
HOH BEHO3HOH KPOBH?

3. Kakne u3 nepeuncienHnx (GaxKTOPOB NPHUBOAAT K CABHUTY
caTypaloOHHOH Kpusoil O, BJEBO: a) CHHUXKEHHe TEMIEePaTypHI;
6) cauxkenne pH; B) cuuxkenue Pco,; 1) cumxenue COJepKaHUA
2,3-nudocdoraunepara B 3pUTPOLHTAX?

4. B KaKOM BuJie TNPECHMYILECTBEHHO IePEHOCHTCH CO, B:
a) apTepHa/ibHOH KPOBH; 6) BeHO3HOM KPOBH?

5. Kap6oanruapasa copepxurcs: a) TOMBKO B ILIa3Me;
6) TOJBKO B 3PHTPOHHTAX; B) KaK B NJa3Me, Tak U B 3PHTPO-
nuTax?

6. Korna CO; Bhimensiercst B JIeTKHX U3 KPOBH: a) B apuTpo-
LUHTbl APOHHKAIOT HOHBI XJIOpa; 6) YBEJHUHBAETCS CHOCOBHOCTL
SPHTPOLUTOB Noraomath Oy; B) 3PHTPOLHTHL cJerka yMeHblia-
10TCst B 06beme?

7. Byier nu H3MeHsTbCH KOHUEHTpaLHs Oukapbonatos B
nJiasMe apTepHasbHOd KPOBH 3H0POBOr0 YeJOBEKAa C pecnupa-
TOPHLIM aJIKa/J030M, BOSHHKIIHM B Pe3y/abTaTe MHHYTHON rHiep-
BeHTUJIALMH; Pco, B aprepnaibHOf KpPoBH y GOabHOrO C caxap-
HBIM 1Ha0eTOM IIPH MeTabOo/HYecKOM almuzo3e Ge3 JBXATenbHOM
KOMIIeHCAluu?

8. Ilpu obcnenoBanuu GOILHONO ¢ XPOHHUECKHM HopaxkKeHHeMm
Jerkux Obl1o o6HApyxeHo, 4T0 Pco, B apTepHaJIbHOH KPOBH CO-
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crasasier 60 mm pr. cr., a pH—7,35. Kak HasbiBaeTrcsl TakKoe
HapyllleHHe KHCJOTHO-IIEJOYHOro COCTOSIHHUS? INocae Tpexnues-
HOrO Kypca BCIIOMOraTe/bHO¥ BEHTHJIALHH serkux P co, B apre-
puanbHOH KpoBu OOJIBHOIO CTAJIO PABHBIM 40 mm prt. cT., a pH—
7,32. Kak Ha3BaTb KHCJOTHO-ILEJIOYHOE COCTOSIHHE B 3TOM CJy-
yae?

9. Yto mpoUCXOAUT HPH OCTPOM OTPABJIEHHH yrapHblM rasoM
c: Py, 0) kounenTpanuei Op B CMellaHHOH BEHO3HOH KpoBU?
Oty nOKasaTeJd OCTAIOTCA HOPMAaJbHBIMH, MOHHXAITCH HAH HO-
peaoTesa? Kak OHH H3MEHSOTCA IIPH OCTPOM OTPaBJieHHH IHa-
HHAOM?

FnaBa 7

I. [lpu cokpalieHnd AnadparMbl pacCTOsHHE MEKAY HHXK-
nuMu kpasimu pebep (B GOKOBOM HanpaBJ/ieHHH): a) YBeJIHYH-
paeTcsi; 6) yMeHblaeTcs; B) He H3MEHSETCs?

9 PacTaXKHMOCTb JeKMX YMEHbIUAeTCA: a) B [OXKHJIOM BO3-
pacte; 6) IpH aNbBEOJNSPHOM OTEKE JIETKHX; B) 0pPH HAMOJHEHHH
JIETKHX COJIEBBIM PacTBOPOM?

3. IIpeacraBum cebe, 4TO NMOBEPXHOCTHOE HATSKEHHE B IIy-
sbippke X TAKOE XK€, KaK B Ny3bIpbKe Y, oaHaKo Avamerp ny-
3eippKa X B TpH pasa Gosblue. Kakoe oTHOLIEHHE JaBJIECHHI BHY-
TPH 3THX ABYX NY3bIPHKOB?

4. Cyptaxrant BhIpaGaTHBAIOT: a) ajbBeOJApHbIE MaKpO-
¢aru; 6) 6oKaJOBHIHBIE K/IETKH; B) aJsibBeoJsipHble KaeTkH 1 TH-
na; r) anbBeoasipuble kaeTku Il Tuna?

5. «B3auMO3aBHCHMOCTbIO» HA3bLIBAIOT: a) BJIMsHHE CHJ MO-
BepXHOCTHOrO HATs)KeHAA Ha JaBjleHue B KalH/L1fpax; 6) cra-
Guan3upylollee BJHSHHE PaCIUHPEHHBIX a/bBe0/ Ha COCelHHe
YUacTKH JIeTKHX; B) BJIHSAHHE H3MeHeHUE BHYTPUCOCYAHCTOrO AaB-
Tlenns Ha TPAHCIyJbMOHAJbHOE AaBJeHHe?

6. [Ipn mHeBMOTOpaKCe TpyAHas KJeTKa: a) chnanaercs;
6) pacuupsiercsi; B) He y3MeHsiercs? :

7. Bo CKOJIbKO pa3 yBeJHYHBAETCs B COOTBETCTBHE C 33KO-
wom [lyaseitns compoTusjienue TPyOKH NpH CHHXKCHHH ee pa-
aMyca B TPH pasa?

8. VBeJHuHBAETCA HJAH yMeHblIaeTcs BePOATHOCTL BOZHUKHO-
pernst TypOYJeHTHOrO TMOTOKA B KPYMHBIX BO3AYXOHOCHBIX IYTAX,
KOr1a MOABOAHHK MOTpyXKaercsi Ha 60JbUIyIO [JAyOHHY H TIIOT-
HOCTb BO3AyXa yBejqHUHBAaETCs?

9. Kakoe fapsenue Bulle (T. e. MeHee OTPULATENbHO) MpPH
BH0XE — BHYTPHA/bBEOJSIPHOE HIIH BHYTpHIUIeBpasbHOE? A 1npu
paoxe? :

10. Haubosnblilee a3poJHHAMHYECKOE CONPOTUBJACHKE NIPH CHO-
KONHOM AblXaHHM HaOjlogaercsi: a) B Tpaxee; 6) B BO3LYXOHOC-
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‘HBIX OYTSIX CPelNHero AnaMmeTpa; B) B BO3AYXOHOCHHEIX NMyTHX JHa-
METPOM MeHee 2 MM?

11. Tlouyemy npu BBICOKOM JIeroYHOM 06beMe CHHKAETCS CO-
NPOTHBJ/JIEHHE BO3LYXOHOCHBIX NyTeH?

12. Bo Bpems Gosblielt yacTd GopcHPOBAHHOTO BHILOXA Orpa-
HHYHBAETCS PACXOJ BO3LYXa: a) BO3MOXKHOCTAMHU IKCIHPATOPHBIX
Mblui; 6) uHepuHell IPYXHON KJETKH; B) CLABJIHBAHHEM BO3IYy-
‘XOHOCHBIX TyTel?

13. IlpennosioKuM, 4TO CONPOTHBJEHHS BO3LYXOHOCHBIX My-
Teil ABYX JHoJed nerkux — X u Y — OJAMHAKOBbL, OJHAKO pacTs-
®KuMocTb nosu X Brpoe Bhille. Kakas u3 stux goneit Oyaer
J0JIbliIe ONyCTOUIATbCA BO BPEMs NMACCHBHOrO BhIAOXa?

14. Kak nosxen ablmaTh 60JbHOH ¢ HOPMAJbHEIM CONPOTHB-
JIEHHEM BO3J1YXOHOCHBIX NYTeH, HO OYeHb MaJIOH PacTAKHMMOCTBIO
JIerkux, 4ToOul pafora AbIXxaHHs Oblia MHHHMAJbHOMH?

I'nasa 8

1. Kako#t THO QblXaHHs BO3HHKHET Y KOUIKH MOCJE Iepepesku
CTBOJIA MO3ra HENOCPEeACTBEHHO Hald aNHeACTHYECKHM IEeHTPOM
BapoJHeBa MoOcCTa?

2. Kako#l 13 nepeuucyeHHbIX OKa3aTesell apTepUasbHON KPo-
BH B HaubosbLIeH CTeNeHH BJIHAET HA PEryJsiiHio bLIXaHUs B
HOPMaJIbHBIX YCJIOBHAX: a) Poy; 6) Pco,, B) pH?

. 3. Kakue u3 nepeunc/eHHbX (AKTOPOB YMEHbILAIOT BEHTHJIS-
TOpHYIO peakuuio Ha Babixanue CO,: a) o6CTPyKHHST BO3AYXO-
HOCHBIX NyTedl; 6) ajbBeoJsApHas TUNOKCHS; B) BBeleHHE MOp-
¢puna?

4. Ha Po, aprepua/bHOfi MM CMeIIaHHOH BEHO3HOH KDPOBM
pearupyioT B OCHOBHOM NepHdepHyeckHe xemopeuentope? [Ipu-
BOAUT JIH JierKOe OTPABJIEHHE YTapHBIM [a30M K YBEJHUYEHHIO
BEHTUJALUU?

5. [louemy y GOJIbHOTO C PHIOKCEMHEH W XPOHHYECKOH rHmep-
KalHHed NPH ABIXaHHH YHCTBIM KHCJIOPOAOM Pco, B apTepuaib-
HOH KPOBH MOZKET CHJIBHO BO3PAaCTaTh?

6. Kakune u3 cnelyonnx mogoxeHuil cnpaselinBhl B OTHOIIe-
Huu HHOJsALHOHHOrO peduiekca [epunra — Bpeitepa: a) ou npu-
BOAHT K [a/bHEALUMM NOTBITKAM CAeaTh BAOX IPH y¥Ke pasiy-
THIX JIETKHX; 6) y B3POC/bIX JIOAefi OH HaGMI0A3eTCs TONbKO NpH
GosibLIOM ABIXaTelbHOM OGbeMe; B) OH MOXKeT CHOCOGCTBOBATH
HAIIOJMIHEHHIO JIEFKHX Y HOBOPOMKIEHHBIX.

7. BOo3MOXHO, YTO MBIlLIEYHbIE BEPETeHa, PACHOJOKEHHbIE B
MexXpeOepHbiX MBIIILAX: a) YaCTHYHO OTBEYAioT 3a BO3HHKHO-
BeHHe ONbIUIKH; 6) cnocoOCTBYIOT NOAAEPKAHHIO BEHTH/ISLHA TP
BHE3AMHOM yMEHbUIEHHH DAacTSXKHUMOCTH JIEFKHX; B) II03BOJAIOT
pe6paM BpaLIATLCSA OTHOCHTENBHO IO3BOHKOB?
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8. Kakue U3 nmepeyHCeHHBIX (HAKTOPOB CHOCOOCTBYIOT YBeJH-
YEHHIO BEHTHJASHUH TIPH YMepeHHOH (u3HYecKOH Harpyske:
a) pedJiekch OT ABIXKYLIHXCS KOHeYHOCTeH; 0) yBenHueHHe TeM-
mepaTypel Teqa; B) cHHKeHHe Po, B apTepHaabHOUd KPOBH; I') MO~
BhlllleHne Pco, B apTepHaJbHONR KPOBH?

Faasa 9

1. Uemy pasen pH cnunnomo3sroso#l xuaxkoctu B HopMme? Kak
HOC/JAEI0BATENBHO H3MeHsleTCd 3TOT I[oKaszaTesb, KOr'Aa paBHUH-
HHIf KHTEJMb Ha HECKOJBKO HHEeH MOAHHMAETcs B TOPHI?

2. HaszoBute TpH BHIOZHBIX ¢ (DU3HOJOTHUECKOH TOYKH 3pe-
HHUS MEXAHH3Ma BBICOTHO! aKKJIHMAaTH3aUHH.

3. IloueMy BO3LyxX, NOMaBIUIH{ B IJIEBPAJbHYI MLIeJb NPH
HHEeBMOTOPAKCE, NIOCTENEHHO BCAaCHBA€TCA?

4. Kakne npedMyHiecTBa IAeT HCIOJNb30BaHHe NPH I1y0OKHX
HOI'PYKEHHSIX KUCJOPOIHO-TeIHEBOH AHXaTeNbHOH CMECH IO CPaB-
HEHHIO C BO3LYXOM?

5. TloueMy aKBaJaHTACTEI-IIO0UTENH HE LOJKHBI 3aIMOJHATH
6aJiIOHEL YHCTEIM KHCJOPOJAOM?

6. KakoBbl TPH MeXaHH3Ma OCaXKAeHHA a3po30Je, MOmaBUIMX
B JieTKHe C BIbiXdeMbIM BO3AYXOM, H KakK 3TH MeXaHH3MHl CBf-
3auBl ¢ pasMepamH gacTHU? Kak yAansioTcs NbLIEBble YacTHIH,
OCeBIIHE B aJbBeojax?

7. TloueMy npH ABIXaHHH XKUIKOCTSMH TPYAHO 60pOThcA ¢ Ha-
komieHneM COgy?

8. Kakue (pakTtopsl cnoco6CTBYIOT 3aKPHITHIO OBaJbHOIO OT-
BEPCTHS NPH POXKAECHUH?

I'aaBa 10

1. Uro Ttaxoe: a) oObeM ¢opcHpOBAHHOTO BHAOXa 3a 1 ¢
(O®B,); 6) cxkopoctsb dopcnposannoro Beaoxa (COBs-75 )?

2. Kakude ¢parTopsl npuBOAAT K cHHUXKeHnlo OB®, , npu smdu-
3eMe JerKux?

3. ITouemy 1npH oleHKE PABHOMEDPHOCTH BEHTHJISILHH METOLOM
ONMHOYHOrO BHIAOXa KOHUeHTpauust N, B ajbBeOJsIPHOM BO3JyXe
noBbIlIaeTcsd GHICTPee, e/ BEHTHJASIHST HepaBHOMepHa?

4. Kak BLIUHCJSIOT «HjeatbHoe» Po, B albBeOJsipHOM BO3-
Ayxe y GOJbHBIX C MOPaXKEHHSIMH JIETKUX?

5. Tlepeuncaute uerbipe HPHYMHBI THNOKCeMHH. JBe M3 HHX
MoryT npuBoauth K HakomiaeHuio CO,. Kakue nMeHHo?

6. [ToueMy y GOJIBHBIX C JIEFOYHLIMH TOPaXKE€HUSIMH yBeJuYe-
HHe 4acTOTHl ABXaHHS NPHBOJUT K CHHKEHHIO JHHAMHYECKOH pa-
CTSXKHMOCTH JIETKHX?

7. O6DbAcCHHTE, KaK MOXKHO H3MEPHTDb «06'beM 3aKPHITHA», eCln
ofcaenyeMblil IOC/Ie MaKCHMAaJBHOTO BBI0XA [elaeT MaKCuMasb-
HEIJ BJOX H3 €MKOCTH C KHCJIODOJAOM, a 3aTe€M BBbI/ILIXAeT.



OTBeThl

Inasa 1

1. 50—100 m2; menee 0,5 MKM; GoJbHIas IJIOMAJb K MaJas
TOJLHHA 00ecneynBaloT HOJHOUEHHYIO JUDY3HIO ra3os.

2. Okoy0 42 MM p7T. CT.

3. Cuofi cypdakranta, aJbBeOJSIPHBIN 3SMHTENHH, HHTEPCTH-
IHH, KalWIIAPHBIHA 5HAOTeNUH, naasMa, IPUTPOILHT.

4. B cTeHKe ABIXATeJNbHBIX OPOHXUOJ KMEIOTCS aJbBEOJIHL

5. 23; no 16-ro.

6. Iucddysus B rasoBoil cpefe.

7. 0,5—1 c; ABe-TPH aJbBeOJBl (MO-BUAUMOMY),

8. BmecTe ¢ TOKOM CJH3u 3a cueT JBHIKEHHs PECHHYEK I0[-
HUMAIOTCA K HaATOPTAaHHHUKY, IOCJE Yero 3arJaThBaloOTCA.

I'nasa 2
1. 6, 1.
2. Oxouno 5 %; a)— yBenununsaercs; 6)— yMeHbIIaeTC.
3. 3,3 1.
4. Cuusnrcs.
5. ¥YMeHbIIUTCHA BIBOE.
6. 0,25 or aHxarenbHOTO 00DbEMA.
7. 2400 mmM pr. ct1.; 0,8,
8. B.
9. 6.
T'naBa 3
s S
1. Vra3=TD(pl - P2) b,
2. X.
3. Hasa sakucn asora.
4. a, B.

b Cum. mpum. c¢. 175.
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MJI/MHH-MM PT. CT.
1 1
=5, T 0-v,

5
6.
7
8

o w (=]
..tpl_o

Inasa 4

. IlpuMepHO B HIecTb pas.
[IpuMepHO paBHOE aJbBEOJSPHOMY; &
. 2,4 MM DPT. CT./71- MHH.
. BoBsieuenue u pacninpenue JieroyHBIX COCYHOB.
a) CyxXaloTcs BHea bBeOJsPHbIE cocyabl; 6) BeposTHO,
CYZKaIOTCSAl JIeroulible KalHJIsSPHL.
6. a, B.
7. 7,5 a/Mun.
8. Pasnocts Mexjay JAaBJeHUeM B Jero4Hod apTepHH M aJb-
BEOJISIPHEIM JlaBJEeHHEM.
9. 6 (rmaBHBIM 06pasoM).

S ol oo

10. a, 6.
11. a, 6.
FaaBa 5
1. 80 mm pr. c1.; npuMmepHo Ha 50 MM PT. CT.; HpPUMEPHO
na 7 %.
2. 1/3 or obuiero KpoBOTOKA; Ja.
3. a)—-ja; 6)— na; B) — HET.
4. 6.
5. a, B.
6. a, 6, B, T.
7. a.
8. a, B.
FaaBa 6
1. Ha.
2. a)— HOpPMAaJIbHBIM; 0)— NOHHKEHHBIM; B)-— IIOHKHKEHHBIM.
3. a, B, T.
4, a)— B BuAe OukapboHaros; 0)— B BHIe OukapGoOHAaTOB.
5. 6.
6. 06, B.
7. Ha; Her.
8. YacTHuHO KOMMEHCHPOBAHNBIH JBIXaTEJbHHIH aluuno3; Me-

Tab0JUUeCKHI allua03.

9. Ilpu orpasiennn CO: a)— noHukKaercs; 6) — nouuxaercs.
Ilpu oTpaB/eHHH UHAaHHLOM: a)— HOBbUIaercsi; 0)— 1OBbL-
maercs.
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Inasa 7

a.
6.
. JlaBaesue B mysnipbke Y Oyner BTpoe Gouablie.
T.
6.
6.
B 81 pas.
. YBequuuBaercs.
B o6oux cayuasix ajgbBeoJispHOE.
6.
11. Tloromy yto 6pOHXU pPacTATHBAIOTCH OKPYKalOEeH UX Ha-
PEHXHMOH U HX NMPOCBET YBEJIHUHBAETCH.
12. B.
13. X.
14. HacTo u nmoBepxXHOCTHO,

_
S©RNS R oo

laaea 8

Angeiisuch (AJMHHBE CYAOPOIKHBIE BAOXHU).
0.
a, B.
AprepuaJsbHOMH; HeT.
[1aBHHIA CTHMYASTOD ABIXAHHA Y TAKHX GOJBHBIX ~— [H«
nokcemusi, Tak Kak pH cnuHHOMosroso#i xuikoctu (CM)K) y
HHX Bo3Bpallaercs K Hopme, a pH aprepuanbHOil KpoBH TakiKe
noytH HopMmasusyercs. [103ToMy AbIXaHHE YHCTHIM KHCJIOPOJOM
NPHBOAUT K YTHETEHHIO BEHTHJSINH.

6

T 000

.

7. a, 0.
8. a, 0.

I'aasa 9

1. 7,32; cuauana pH CMJK Bospacraer, Tak Kak Pco, B Heil
cuuxkaercs; sareM B CM)K ymeHblnaercss KoHIeHTpanus Gukap-
G6onartos H ee pH Bo3BpaliaeTcs K HOPMaJbHOMY YPOBHIO,

2. l'unepBentunanus, (BO3MOXKHO) TNOJHIIUTEMUS, yBeJdHUYe-
HHEe YHCJIa KalH/JIspOB B TKaHAX, H3MeHeHHe aKTHBHOCTH BHY-
TPHKJIETOUHBIX OKHCJHTENbHEIX (hepMEHTOB.

3. [TotoMy uTO cyMMa mapiHaJbHBIX LaBJeHHH IBIXaTeNbHBIX
rasoB B BEHO3HOH KPOBH MeHbllle, 4eM y MONABIUETO B ILJeBPalib-
HYIO Iie/b BO3LyXa.

4. YMeHbIIaeTcs OMACHOCTb JEKOMIIPECCHOHHOH O60Je3HH H
rTyOHHHOrO HapKO3a, KpOMe TOTO, H3-3a HHU3KOH MJIOTHOCTH raso-
BOH cMecH cHHKaercsl pafoTa JAblXaHHA.
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5. [lotomy YTO MOIyT BO3HHKHYTb CYAOPOrH, CBA3aHHbIE C
rokcHunblM meficteuem Op na [HHC.

6. s KPYNHBIX YacTHH — coyllapeHHue; IJs CPeAHHX da-
CTHIl — OCefaHne; s MeJKHX — Aug@ysusi; NOrJ0manTcs Ma-
KxpodaraMn u Aajee ylajdloTCa depes JUM(ATHUeCKUe H KPOBEe-
HOCHBIE COCYABI. ‘

7. Motomy urto ckopocts auddysun CO, B BO3LAYXOHOCHBIX
NYyTAX JAblXaTeJbHOH 30HB MaJa.

8. TloBbiLleHHe JaBJjeHus B JIeBOM NPEACEPAHH B CBA3H C yBe-
JUUEHHeM JerouHoro KpOBOTOKa; CHH2KeHHe [aBJECHHA B MPaBOM
npeicepAHd B CBsI3H C NMpPeKpalleHHeM KPOBOTOKA IO NMyHOYHBIM
BeHAM. .

Faasa 10

1. a)—O6beM BO3AyXa, yAajseMBI H3 JIerKHX 3a 1 ¢ npu
(GopcHpOBaHHOM  BBIZOXE  NOC/J€  MaKCHMajJbHOro — BIOX4;
6)— ycpelHeHHBIH pacxol BO3AyXa, H3MEepeHHHH 3a «CPE/HIOn»
noJoBuHy (GopcHpOBaHHOro BhiAoXa (T. €. OT 25 no 759 BH
[EIX2eMOro 00beMa).

9. YBejHueHHe CONPOTHBJIEHHS JIBIXaTeNbHHX MyTed K CHH-
JKEHHE 5JaCTHYECKOH TATH JIETKHX.

3. B mI0X0 BeHTHJHPYeMHIX ajbBeosiax cofaepxanue Ny cpas-
EHTEJbHO BEJIHKO, a NMOCKOJbKY Y HHX OoJiblllasi MOCTOAHHAs Bpe-
MEHM 3aTOoJHEeHHs, TO OHM H A0JblIe ONyCTOIIAKTCA.

4. C nomoulbi0 ypaBHEHHs a/JbBeOJIIPHOro rasa, B KOTOPOe
BBEJEHO 3HaueHHe Pco, B apTepuasbHO# KPOBH:

a

P
Po,=Pio, — I§°= + [F).

5. THnoBeHTHAALMS, HEPaBHOMEPHOCTb BEHTHJANHOHHO-NEP~
(y3HOHHBIX OTHOIIEHHH, HapyleHue aubdysun, MYHTH; NepBbe
IBe.

6. [TockoabKy HpPH 3TOM YMEHBIUAETCH KOJNHYECTBO BO31yXa,
nocrynaioiiee B y4acTKH C 60JbIIOK IOCTOSHHOH BpeMeHd 3a-
NOJIHEHHs.

7. T1ocKOIbKY B BEePXHHE OTAe/bl JErKHX NOCTynaer MeHbLIe
KHCJIOpPO/a, KOHIeHTpamuss Ny B HHX BBILIE. [loaroMy K KOHIY
BBIOXA, KOLAA 3aKPHIBAIOTCA BO3AYXOHOCHBIE MyTH HHKHHX OT-
nenos, KoHueHtpauus Ny B BBABIXa€MOM BO3/lyXe DPE3KO BO3pd-
craer.
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