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Beenenue

IIpoBeneHue anmnaparHoO UCKYCCTBEHHOM BEHTUIIALIMU JIETKUX B HACTOSILEE
BpeMs CTQJIO0 PYTUHHOM TMPOLEAYPOM B JICUCHUU IIALMEHTOB OTAECICHUM
pe€aHUMallMi U UHTEHCUBHOW TEparviy, NEPEeCTaB BHYIIATh TPEMET NPU MPUHATUU
pelieHrus 0 HeO0OXOJAMMOCTH OKa3aHUsl TMAlMEHTY PECMUPATOPHOU MOIIEPIKKH.
Bo3MmokHOCTH 3TOro MeTroJa MHTEHCUBHOW TEpalu HEU3ZMEPUMO BO3POCIH C
MOSIBJICHUEM HOBBIX MOKOJICHU U pecnupaTopos, MOJTYYHUBIINX 3a
MPEIOCTABISIEMbIE UMU BO3MOKHOCTH Ha3BaHUE "MHTEIUICKTYaJIbHbIX '

TeM He MeHee, NPUXOAUTCS MPU3HATH, YTO 1O CHX MOpP HAXKE CAMBII
"nHTeeKkTyanbHbi" anmapat MBJI HE B COCTOSIHUM YYe€CThb BCEX HIOAHCOB
MaTOJIOTUU M OCOOEHHOCTEHM KaXJOro IMalueHTa, OUEHUTh 3(PGEeKTUBHOCTH
pEeCIUpPaTOPHON Tepanuu U OMPENEIUTh HEOOXOJUMOCTh U3MEHEHUS MapamMeTpoB
NBJIL

CBelieHNs 0 MEXAaHUYECKUX CBOMCTBAX JIETKUX, MTOJTYy4Ya€MbIX OT MOHUTOPOB
MEXaHWKH JIbIXaHUs, KOTOPBIMM OCHAIIEHbl COBPEMEHHBIE PECIUPATOPHI,
NPEIOCTABISIONIME CTOJIb HEOOXOoAMMYI0 HH(opMmaiuioo 00 3pGEKTUBHOCTH U
azekBaTHOCTH mnpoBoaumon WMBJI, cTtaHOBATCA 171 Bpadya NYTEBOJHOM HUTHIO,
yKa3bIBasi, 1€ Mbl HAXOJUMCS, U Ky/1a HY>KHO JIBUTAThCS.

PecniupaTopHasi MexaHMKa — HEOOXOAMMbIii MUHMMYM

Kakue nmapameTpsl Booxa u Bbijoxa usmepseT anmapar MBJI?
Bpems (time),

00BéMm (volume),

notok (flow),

aaBJieHHe (pressure).

el NS

Bpems (time)

Bpems — 3T0 Mepa IVIMTEJIbHOCTH M MOCJI€10BATEILHOCTH SBJICHUI

Ha rpadukax nmaBneHus, 1oTOKa W 00bEMa BpeMs OCKUT IO
TOPU3OHTAIBHON ocu «X». M3MepsieTcsi B ceKyHAax, MUHyTaX, yacax. C mo3umuit
pEeCUpaTOPHOM MEXaHWKH HAc HWHTEpPECyeT JJIMTENIbHOCTh BAOXa M BBIJIOXA,
MIOCKOJIBKY MPOU3BEJICHIE IIOTOKOBOTO BpeMeHU Bioxa (Inspiratory flow time) na
MOTOK paBHO O0BEMY BIIOXa, a MPOUM3BEICHHUE IMOTOKOBOTO BPEMEHH BBIIOXA
(Expiratory flow time) Ha moTok paBHO 00BEMY BBIIOXA.

BpeMmeHHbIe HHTEPBAJIbI ABIXATEJIbHOI0 HUKJIA (MX YeThIpe)

Yro Takoe «BAOX — INSpiration» m «BBIIOX — expiration»?

Bnox sto BX0oa Bo3ayxa B Jierkue. JUMTesa 10 Hadaia Beioxa. BeIiox — 310
BBIXOJl BO3/yXa M3 Jerkux. Jnurca no Havana Baoxa. MHbIMU ciioBamu, BIOX
CUMTAETCSl C MOMEHTA Hayaja IOCTYIUICHUS BO3[yXa B JbIXaTEJbHbIE MYyTH H
JUIUTCSl 10 Hayajla BbIJOXa, a BBIIOX — C MOMEHTAa Hauyajla MU3THAHUS BO3AyXa U3
JIbIXaTeIbHbIX MYTEH U JJIUTCS 10 Havalla BIoXa.

DKCHEPTHI ACNAT BAOX Ha JBE YaCTH.

Inspiratory time = Inspiratory flow time + Inspiratory pause



Inspiratory flow time — BpeMeHHOW WHTEpPBaJ, KOr/Ja B JETKHE IMOCTYIMACT
Bo31yX. UTo Takoe «uHCmHpaTopHas may3a» (inspiratory pause wim inspiratory
hold)? Dto BpeMeHHOI WHTEpBai, KOrJa KialaH BJIOXa YK€ 3aKpbIT, a KiamaH
BBIJIOXA €II€ HE OTKPBIT. XOTS B 3TO BPEMsI MOCTYIUICHUS BO3[yXa B JIETKUE HE
MPOUCXOAUT, WHCIUPATOpPHAS TMay3a SBISAETCS 4YacTbl0O BPEMEHM Biaoxa. Tak
noroBopuwinck. MHCcupaTopHas may3a BO3HUKAET, KOTJa 3aJaHHbId O0OBEM YKe
JIOCTaBJICH, & BpeMsl BAOXa €I HE MCTEKIJIO. J[JI1 CIIOHTAHHOTO HABIXaHUS — 3TO
3a7iepKKa JIbIXaHWsS Ha BBICOTE BJOXa. 3aJ€pKKa JIbIXaHWS Ha BBICOTE BJIOXA
HIMPOKO NPAKTUKYETCS WHIWWCKUMHU HOTaMHU W JIPYTUMHU CIEHHATUCTAMU MO
JbIXaTeJIbHOM TMMHAcTUKe. B HekoTopwix pexunmax MBJI mHcnuparopHas maysa
orcyrctByeT. /st anmapara MBJI PPV Beinox expiratory time — 3to BpeMeHHOM
WHTEpBaJ OT MOMEHTa OTKPBITHS KJallaHa BbIAOXA O Hayajia CJIEIYIOIIEro BIoXa.
DKCIEPTHhI ICIIST BBIJIOX HA JIBE YACTH.

Expiratory time = Expiratory flow time + Expiratory pause

Expiratory flow time — BpeMeHHOW MHTEpBaJ, KOI/Ia BO3JyX BBIXOIUT M3
aerkux. UTo Takoe «dKcmUpaTopHas maysa» (expiratory pause wiaum expiratory
hold)? DT1o BpemeHHON WHTEpBasl, KOTJa IMOTOK BO3JyXa M3 JIETKHX YK€ HE
MOCTYIAeT, a BAOX €lI¢ He Havalcs. Eciau Mbl UMeeM J1eJ10 ¢ «YMHBIM» amiapaToM
NBJI, Mb1 00s13aHBI COOOIIUTH €My CKOJIBKO BPEMEHH, 10 HAIllEMy MHEHHIO, MOYKET
JUTUTBCSI DKCIIUPATOpHAsS may3a. Eciu BpeMsi SKCIUPATOPHOW May3bl UCTEKIO, a
BIOX HE Havaucs, «yMHbIi» ammapar VBJI oOwsBaser tpeory (alarm) u
HAYMHAET CIacaTh MAIMEHTA, MTOCKOJIbKY CUMUTAET, YTO MPOU3OIILIO arHod (apnoe).
Bxmrouaercss ommmst  Apnoe  ventilation. B Hekotopeix pexkmmax HBIJI
AKCIIMPATOpHAas N1ay3a OTCYTCTBYET.

Total cycle time — BpeMst IbIXaTEIBHOTO IMKJIA CKIIAJBIBACTCS M3 BPEMCHU
BJIOXAa U BPEMEHHU BbI0XA.

Total cycle time (Ventilatory period) = Inspiratory time + Expiratory
time
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Total cycle time = Inspiratory flow time + Inspiratory pause +
Expiratory flow time + Expiratory pause
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WNucniupaTopHas W/Wiay 3KCMpaTopHas ay3bl MOTYT OTCYTCTBOBAT.

Oonem (volume)

Yro takoe o0beM? HekoTopble Hamm KypcaHThl oTBevaloT: «OO0BEM — 3TO
KOJIMYECTBO BemecTBay. JIJIT HEC)KMMAEeMbIX (TBEPABIX W KHUIKUX) BEIIESCTB ATO
BEPHO, a JUIg ra30B He Bceraa. Korja npIxaHne MpOMCXOAMT MO JaBICHUEM BBIIIIE
atMocepHoro (O6apokamepa, rI1000KOBOJIHbIE AKBAJIAHTUCTBI U T.J.), CXKaTHEM
ra3oB MpeHeOperath HeNlb3s, MOCKOIBbKY MEHSIOTCS WX (pU3MYecKne CBOMCTBa, B
YaCTHOCTH PACTBOPUMOCTH B BOJie. B pe3ynpTaTe — KUCIOPOAHOE ONbSHEHHE H
KEeCOHHass 00Jie3Hb. B BBICOKOTOPHBIX YCIOBHUSIX MPH HU3KOM aTMOC(epHOM
JABJICHUM  3JIOPOBBI  CIIOPTCMEH-aJBIIMHUCT C  HOPMAajbHBIM  YPOBHEM
reMOrjo0MHa B KPOBH HCIBITHIBACT THIIOKCHIO, HECMOTPS Ha TO, YTO JBIIIUT
riyosxe U yaie (IpIXaTeJbHbId U MUHYTHBI 0OBEMBI YBEIHMYEHBDI).

[Tpumep: Bam npunecau 6aioH ¢ KUCIOPOAOM, EMKOCTbIO (00bEMOM) 311, —
a CKOJIbKO B HEM Kkuciopoaa? Hy KOHEYHO, HYy)KHO M3MEpPHUTH JaBlIeHUE, U TOT/A,
OLICHWB CTETICHb CIKATHUS Ta3a U OXKHIAEMBIH PacXo]l, MOXKHO CKa3aTh, HAJOJTO JIU
€ro XBaTUT. MexaHNKa — HayKa TOYHasl, IIOATOMY IMPEX]IE BCETO,

O0BEéM — 3T0 Mepa MPOCTPAHCTBA.

N, Ttem He MeEHee, B YCIOBHAX CIIOHTaHHOTO jbixanus u WBJI mpu
HOPMAJIBHOM aTMOC()EepHOM JJaBICHUU MBI HUCIOJB3yeM CIAMHHIBI o0beMa st
OLICHKM KoyinuecTBa raza. (CxaTueM MOXHO mpeHeOpeub. B pecnmpaTopHoit
MeXaHHKe 00BEMBI U3MEPSIOT B JINTPAX WU MUJUIAIIUTPAX.

Jnist ontucanus 00bEMOB UCTIONB3YIOTCS TPH CJIOBA

1. IIpocTpancTBo (Space).

2. EmxocTs (capacity).

3. O6bém (volume).

O0BEMBI M MPOCTPAHCTBA B PECIUPATOPHOI MeXaHHKe

Jpixateabublii 00béM (VT) mo-anrauiicku Tidal volume — ato BeanunHa
OJTHOTO OOBIYHOTO B/IOXA WJIM BBIFOXA.

MunyTHblil 00béM (MV) — mo-anrnuiicku Minute volume — sto cymma
JBIXaTEeNbHBIX 00BEMOB 32 MUHYTY. Eciin Bce nbIxareiabHbie 0OBEMBI B TEUCHHE
MUHYTBHl PaBHBI, MOKHO MPOCTO yMHOXUTH JBIXaTCNbHBIH OOBEM HA YACTOTY
IBIXaHUMH.

MeptBoe mnpoctpanctBo (DS) mno-anrmmiicku Dead space - 310
CyMMapHbIil 00BEM BO31YXOHOCHBIX MyTEH (30HA ABIXATEIbHON CUCTEMBI, T/I€ HET
razooOMeHa).

O0Bembl, uccaeayeMbie NPU CIUPOMETPHUH

JpixaTeabublii 00béM (VT) no-anrmuiicku Tidal volume — sto BenmunHa
OJTHOTO OOBIYHOTO BJIOXA HJIM BBIOXA.

Pe3epBHblii 00béM Baoxa — POBa (IRV) no-anrmmiicku Inspired reserve
volume — 310 00hEM MaKCUMAIILHOTO BJIOXA 10 3aBEPIICHUU OOBIYHOTO BJIOXA.

Emkocts Broxa — EB (IC) mo-anrmmiicku Inspiratory capacity — sto
00BbEM MaKCUMaIbHOI'O BJ0Xa MOCJIE OOBIYHOI'O BBIIOXA.

IC=TLC-FRC umu IC=VT + IRV



Oomas émkocth Jérkmx — OEJI (TLC) mno-anrmumiicku Total lung
capacity — 3To 00bEM Bo3yxa B JIETKUX IO 3aBEPIICHUN MAKCUMAJILHOTO BJOXa.

Ocratounblii 00béM — OO (RV) no-anrmmiicku Residual volume — asto
00BEM BO3ITyXa B JETKUX 1O 3aBEPIICHUNA MaKCUMAIBHOTO BBIIOXA.

Kuznennass émikoctb Jgérkux — KEJI (VC) mno-anrmiicku Volume
capacity — sto 00BEM BlIOXa MOCIIE MAKCUMAIILHOTO BBIZIOXA.

VC=TLC -RV

dyukuuoHajdbHasg ocrarouHasi éMkocTh — ®OE (FRC) no-anrnuiicku
Functional residual capacity — 310 00bEM BO3ayxa B JETKHX MO 3aBEPIICHUU
OOBIYHOTO BBIZOXA.

FRC=TLC-IC

PesepBHblii 00béM BbITOXa — POBbIA (ERV) mno-anrmuiicku Expired
reserve volume — 310 00béM MaKCUMAJIBHOTO BBIZOXA IO 3aBEPIICHUH OOBIYHOTO
BBIJIOXA.

ERV =FRC - RV
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IMotoxk (flow)

Yro Takoe moTok? «O0BEMHAS CKOPOCTh» — TOYHOE OTMpENETICHUE, YA00HOe
JUTSL OLIEHKH pabOThl HACOCOB U TPYOOTIPOBOIOB, HO JJISI PECITUPATOPHOM MEXaHUKH

OOJIBIIIE TTIOAXOIUT:

IToToK — 3TO CKOpPOCTH N3MeHEeHHsI 00bEMA
B pecnuparopHoil mexanuke motok (V) HU3MEpsIOT B JIMUTPaX B MUHYTY.

[Tpumepsr:

1. Tlorox(V) = 60s/mun, HymrtenbHocth Bmoxa(Ti) = lcek(1/60mun),

JlprxatenbHblid 006EM (VT) = ?



Pemenue: Vx Ti =VT

Otser: 11

2. IMotok(V) = 60a/mun, dsixatenbHbiii 006éM(VT) = 1n, JJIUTENIbHOCTD
Broxa(Ti) = ?

Pemenue: VT/V =Ti

OtBet: 1cex(1/60muH)

O06BEM — 3TO MPOU3BEACHUE MOTOKA HAa BpeMs BIOXa WM IUIOMIAAb IO
KpUBOM IIOTOKA.

VT = VX Ti
BOOX BbloX

NABINEHUE

t
OBBLEM

t
NOTOK

t

910 NpcaACTaBJICHUC O B3aMMOOTHOIICHHWHN IIOTOKA H o0BbeMa HCIIOJIB3YCTCA
IIpHU OIIMCAHUU PCIKUMOB BCHTUILALIUU.

JdaBiaenue (pressure)

Yro Takoe naBicHUE?

JdaBienne (pressure) — 3T0 CHJIA, NPWIOKEHHAA K eIHHUIIE TIOMIATU

JlaBjieHUE B ABIXATEIbHBIX MyTAX U3MEPSIOT B CAHTUMETPAX BOJIHOTO CTOJI0a
u B Mmuwinbapax. 1 munmubap = 1,019744289 cm BogHoro cronoda.

3HavYeHUs TaBJEHUH B Pa3HBIX 30HAX JAbIXaTeJIbHOH CUCTEMBI U
rpaaueHTsl (gradient) naByeHus

[lo ompenenenuio nmaBAE€HHE — OTO CHJIA, KOTOpas YyXe Hama cebe
NMpUMEHEHHE, - OHa (dTa cuia) JaBUT Ha IUIOMIAJAh W HHUYEro HUKyAa HE
nepeMenaer. I'paMOTHBIM JOKTOpP 3HAET, YTO B3JI0X, BETEp, WM JaXe Yypara,
CO3/1a€TCsl Pa3HOCTHIO JIaBJICHUH WM rpajgueHToM (gradient).



Hamnpuwmep: B 6amnone ra3z noa nasienueM 100 armocdep. Hy u uto, crout
cebe 0a/lioH W HUKOro He TporaeT. ['a3 B OamioHe CIOKOWHO cebe JaBUT Ha
IJIOLIAAb BHYTPEHHEW MOBEPXHOCTH OaJUIOHA U HU HA YTO HE OTBJIEKAETCS. A eciu
OTKpbITh? Bo3HuKkHET rpagueHT (gradient), KOTOpPBIN U CO3/1Aa€T BETEP.

~———Paw=Pawo
\—Ptr=Pawo-Pbs

-—PDbs

Ppl
I
Sz

alv
(& Ptt=Palv-Pbs
§: +—PI=Palv-Ppl
-~ Lpw=Ppl-Pbs

—Pes

!
,77

[]

JlaBneHus:

Paw — naBneHue B AbIXaTENbHBIX IMYTAX

Pbs — naBiienue Ha TOBEPXHOCTH TeJia

Ppl — uteBpanbHOE AaBieHMe

Palv — anbBeonsipHOE aBIICHUE

Pes — murieBo1HOE 1aBIeHUE

['panueHThI:

Ptr — tparcpectnuparontoe aaBienue Ptr = Paw — Pbs

Ptt — TpancTopakaiasHOe fAaBienue Ptt = Palv — Pbs

Pl — tpancnynsmonansHoe gasienue Pl = Palv — Ppl

Pw-— tpancmypaibHoe aaBienne Pw = Ppl — Pbs

Jlerko 3allOMHUTB: €CJIM WCIIOJIb30BaHA MPUCTaBKa «TPAHC» - peuyb UAET O
rpaJleHTe.

['maBHOM JBWXKYIIEHM CHJION, TIO3BOJISIFOIIEH CHENaTh BHIOX, SBISIETCS
pa3HOCTh JIaBJICHWH Ha BXOje B JbixarelbHble Tyt (Pawo- pressure airway
opening) ¥ naBJCHWE B TOM MECTE, T JAbIXaTeIbHBIC MyTH 3aKaHYHBAIOTCS — TO
ecth B asibBeouiax (Palv). [IpoGiiemMa B TOM, 9TO B allbBEOJIAX TEXHHUYECKU CIIOKHO
MOMEpUTH JaBiieHue. [103ToMy J1s1 OLICHKH ABIXaTeNIbHOTO YCUIIUS HA CIIOHTAHHOM
JBIXaHWH OICHWBAIOT TPAJUCHT MEXIYy NUIICBOIHBIM naBieHueMm (Pes), npwu
COOJIOJICHNHN YCIIOBUI M3MEPEHHsSI OHO paBHO rieBpanbHOMY (Ppl), n naBieHmnem
Ha BXOJIC B JIbIXaTeNbHBIC ITyTH (Pawo).

I[Ipu  ynpaBnenuu  anmapatom HWBJI  nHaumbosee  mocTynmHbIM U
WHOOPMATUBHBIM SIBIISICTCS TPAJUEHT MEXIY JAaBICHUEM B JIBIXaTEIBHBIX IMYTAX
(Paw) u nmaBnenmem Ha moBepxHoctu Tena (Pbs- pressure body surface). Dror
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rpaaueHT (Ptr) Ha3biBaeTCsl «TpaHCpecnUpaTOpHOE IaBJICHHE», U BOT KakK OH
co3aaeTcs:

1. IIpu NPV Pawo cooTBeTcTByeT arMocpepHOMy, TO €CTh HOJIb, a Pbs
CTAaHOBMTCSI OTPULIATEIBHBIM B pe3yjbTaTe padoThl annapara. Annapat MBJI NPV
tumna «Kirassay.

2. Tlpu PPV JlaBnenue Ha noepxHocTtu Tena (Pbs) paBHO HYIIO, TO €CTh
COOTBETCTBYeT arMmochepHomy, a Pawo Bblie arMmochepHOro, TO €CTb
MOJIOKUTENIbHOE.

OTPUUATENBHOE
PABJEHUE

\

U EEE

/
ATMOC®EPHOE ) / )
AABIEHUE =

MONOXWUTENBHOE
AABINEHUE

ATMOC®EPHOE
AABNEHUE

Kak Bungwute, Hu oamH u3 meronoB MBJI HE COOTBETCTBYET MOJHOCTHIO
CIIOHTAHHOMY JIBIXaHHIO, HO €CJIM OLICHUBATh BO3/ICHCTBUE HA BEHO3HbIN BO3BpAT U
mumdpoorrok ammaparel  WMBJI NPV Ttuna «Kirassa» kaxyrtcs Oornee
¢usnonornyabiMu.  Anmapatet MMBJI NPV Ttmma  «lron  lung», co3maBas
OTpULIATENIbHOE JAaBJICHUE HaJ BCEM MOBEPXHOCTHIO TeJa, CHIXXKAIOT BEHO3HBIM
BO3BpAaT U, COOTBETCTBEHHO, CEPACUYHBIN BHIOPOC.

be3 HetoToHa 351€CH HE OOOUTHUCH.

Japiienue (pressure) — sTo cuia, ¢ KOTOPOW TKaHW JIETKUX M TPYIHOH
KJIETKM TPOTUBOJCUCTBYIOT BBOJAMUMOMY OOBEMY, WIM, UHBIMU CIIOBAaMH, CUJaA, C
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kotopon anmapar MBJI mpeomosieBaeT CONPOTUBIIEHUE AbIXATEIbHBIX ITYTEH,
ANACTUYECKYIO TATY

JAETKUX U MBIIIEYHO-CBSI30YHBIX CTPYKTYp TPYIHOU KIETKHU (IO TPEThEMY
3aKkoHy HBIOTOHA 3TO OOHO M TO K€ IOCKOJIBKY «CHja JEHCTBHUS PaBHA CHIIE
MPOTUBOJEHCTBUSA).

Equation of Motion ypaBHeHue cu, Win TpeTuii 3akoH HbloToHa 1151
cucremsl «annapat UBJI — nanuenn

B tom cayuae, ecin ammapar MBJI ocymiecTBisier BAOX CHUHXPOHHO C
JBIXaTeJIbHOW TIONBITKOW TNAIlMEHTa, JIaBJEHHE, co3naBaeMoe amnmapatrom HWBJI
(Pvent), cymmupyercsi ¢ MBIIICYHBIM ycuineM mnaruenta (Pmus) (ieBast dacThb
ypaBHEHUs1) JJIsl IPEOIOJICHUsI YIIPYTOCTH JISTKMX U TPYAHON KieTku (elastance) u
conpotuBiieHus (resistance) moroky BoO3jayXa B JBIXaTENbHBIX MyTAX (TpaBas
4acTh ypaBHEHUS ).

Pmus + Pvent = Pelastic + Presistive

(1aBJIeHUE U3MEPSIOT B MUJUTHOApax)

Pelastic= E x V

(mpou3BeieHUE YIPYTOCTH HA 00BEM)

Presistive =R XV

(mpou3Be/leHHEe CONPOTUBIIECHUS HA MTOTOK)

COOTBETCTBEHHO

Pmus + Pvent=EXV +RXV

Pmus(m06ap) + Pvent(M6ap) = E(m6ap/mua) X V(mia) + R (MOoap/a/mMun) X
V(s1/Mmun)

3a0/1HO BCIIOMHHUM, pa3MepHOCcTh E — elastance (ympyrocts) mokaspiBaeT Ha
CKOJIbKO MIJITHOap BO3pacTaeT JaBjieHHE B pe3epByape Ha BBOJIUMYIO €IUHUILY
o0béma (MOap/mur); R — resistance compoTuBICHHE TIOTOKY BO3JayXa
IPOXOASIIEMY Uepe3 AbIXaTeabHbIE TyTH (MOAp/a/MHUH).

[lonnManue ypaBHEHUsI CHJI MO3BOJIAET HAM JAENaTh TPU BellW. Bo-nepBbIX,
moboi anmmapatr UBJI PPV moxer ynpaBisiTe OJJTHOMOMEHTHO TOJIBKO OJHHUM M3
U3MEHSEMBIX I[apaMETPOB BXOMISIIMX B 3TO YypaBHEHUE. ODTU U3MEHSEMbIC
napaMeTpsl — jAaBiieHue o0bEM M moTok. [loaToMy cymecTByroT Tpu crmocoOa
yrpasieHust BIoxoMm: pressure control, volume control, wmm flow control.
Peanuzamus BapmaHTa BIOXa 3aBUCUT OT KOHCTpykKuumu anmapara WBJI u
BbIOpanHOTO pekuma WBJL. Bo-BTOpbIX, Ha OCHOBE YypaBHEHHUS CHJ CO3IaHbI
WHTEJUIEKTYaJbHbIE TMPOTpaMMBbl, OJarogaps KOTOPBIM ammapaT pacCUYUTHIBACT
MOKa3aTeJI PECIUPATOPHON MeXaHUKH (Harmpumep.: compliance (pacTsskuMocTb),
resistance (compoturiienne) u time constant (mocrosiHHas BpeMenu K1 ). B-
TPEThUX, O€3 MOHUMAaHUsl YPAaBHEHUS CUJI HE MOHSTH TAaKHE PEKUMBbI BEHTUJISALINU
kak “proportional assist”, “automatic tube compensation”, u ‘“adaptive
support”.

I'1aBHbIE pacuyeTHbIE MapaMeTPbl PeCIMPATOPHOM MeXaHUKHU

resistance, elastance, compliance
1. ConporunBJjieHne IbIXaTeJbHBIX MyTell (airway resistance)
12



CokpaiienHoe o0o3HaueHne — Raw.

Pasmepnocts — cMH20O/JI/cex nnu mOap/mi/cek

Hopma nns  3mopoBoro  uwemoBeka — 0,6-2,4  cmH20/Jl/cek. VY
uHTyOupoBanHoro nauuenta Ha MBJI — 3-10 cMH20/Jl/cex. @u3nueckuili cMbICI
JTAHHOTO TIOKa3aTelii TOBOPUT, KaKWM JIOJKEH OBbITh TPAJUCHT JaBJICHUU
(HarHeTaromiee JaBjeHUE) B JAHHOW CHUCTEME, YTOOBI 00ECIeunuTh MOTOK 1 JUTp B
cekyHay. CoBpemenHomy ammapary WBJI HecinoxkHO paccuuTaTh Pe3HUCTaHC
(airway resistance), y Hero ecThb JaTYMKH JABJACHHS W IOTOKA — pa3zciiui
JaBJICHUE Ha IIOTOK, W IOTOB pe3yibraT. s pacyera pesucrance annapar VMBJI
JIEUT Pa3HOCTh (TpaaueHT) MakcuMalibHOTO AaBieHus Baoxa (PIP) m naBnenus
wiato Broxa (Pplateau) Ha motok (V).

Raw = (PIP-Pplateau)/V

Uto u uyeMy conpotuBnseTcsi? PecnupaTopHas mMexaHWKa paccMaTpUBaeT
COTNPOTHUBIICHUE JbIXaTEIbHBIX IMyTeH BO3AYHIHOMY MOTOKY. CONpOTUBIICHHE
(airway resistance) 3aBUCHUT OT JJIMHBI, THAMETPA U MPOXOJAUMOCTH JIbIXaTSIbHBIX
nyTeH, SHIO0TpaxealbHOW TPYOKM U JAbIXaTelbHOrO KOHTypa ammapata HBJIL.
CormnpoTuBieHHE TTOTOKY BO3pacTaeT, B YaCTHOCTH, €CJIU MPOUCXOIUT HAKOILICHHUE
U 3aJIep’KKa MOKPOTBHI B JBIXaTEIbHBIX MYyTSIX, Ha CTEHKAX SHJOTpaxeabHOU
TpyOKH, CKOIJIEHHE KOHJEHCaTa B IIJAaHraX JbIXaTeIbHOTO0 KOHTypa WU
nedopmanus (neperud) 060t u3 Tpyook. COnmpoTUBICHUE JBIXaTCIbHBIX MyTEH
pacTET MpU BCEX XPOHUUYECKUX U OCTPHIX OOCTPYKTHBHBIX 3a00J7€BaHUSAX JIETKUX,
OPUBOASIINX K YMEHBIICHHUIO TUaMETPa BO3yXOHOCHBIX IMyTel. B COOTBETCTBHM C
3akoHOM [arena-Ilyaszens mnpu yMmeHbIIEHUH [AWaMeTpa TPYOKH BABOE IS
oOecrieyeHusi TOTO € MOTOKa TPaJUEHT AaBICHHUM, CO3JAIOMIMI 3TOT MOTOK
(Haruerarolee JaBieHHE), TOJDKEH OBbITh yBEJIHUYEH B 16 pas.

BaxxHo uMeTh B BHJlY, UTO COINPOTHBIECHHUE BCEW CHUCTEMBI OMNPENEIACTCS
30HOM MAaKCHMAQJIBHOTO COMNPOTHUBICHUS (CaMbIM Y3KUM MECTOM). Y CTpaHEHHUE
ATOr0 MpPENnATCTBUA (HAmpuMep, yAaleHUue HHOPOAHOTO Tejla M3 JbIXaTEIbHBIX
NyTel, YCTpaHEHHE CTEHO3a Tpaxew WJIM MHTYOAIusl Mpu OCTPOM OTEKE TOpPTaHU)
MO3BOJISIET HOPMAJW30BaTh YCJIOBUS BEHTWISIUU JIETKUX. TE€PMUH pe3ncTaHC
IIMPOKO MCIOJIB3YETCS POCCUUCKUMHU PEaHMMATOJIOraMU KakK CYIIECTBUTEIbHOE
MY>KCKOro poga. CMbICII TEPMHUHA COOTBETCTBYET MUPOBBIM CTaHAAPTaM.

Ba)xHO TOMHUTB, 4TO:

I. Anmmapar WBJI MoXeT H3MEpUTh Pe3UCTAHC TOJIBKO B YCIOBHUSX
MPUHYAUTENHHON BEHTWIALIMH Y PEJAKCUPOBAHHOTO MALUEHTA.

2. Korma wmbl roBopuM o pe3uctanc (Raw wunu compotuBieHUn
IBIXaTeNBHBIX ~ MyTE€H) MBI ~ aHATU3UPYeM  OOCTPYKTHBHBIC  MPOOJIEMBI
MPEUMYIIECTBEHHO CBSI3aHHBIE C COCTOSIHUEM MPOXOJUMOCTH AbIXaTEIbHBIX
My TEH.

3. Uem OoJiblie MOTOK, TEM BBIILIE PE3UCTAHC.

2. Yupyrocts (elastance) u mogatauBocTh (compliance)

[Ipexne Bcero, cieayer 3HaTh, 3TO CTPOrO MPOTHUBOIOJIOKHBIE TOHATUSA U
elastance =1/compliance. CMbICT TOHATHS «YOPYTrOCTHY» MOAPA3YMEBAECT
CcroCOOHOCTh (hU3MYecKoro Tena npu AedopMalldd COXPaAHATH MpUIaraemMoe
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yCWIHEe, a MpU BOCCTAHOBJIEHUMU (OPMBI — BO3BpaliaTh 3T0 ycuiaue. Hauboinee
HarJIsiJHO 9TO CBOMCTBO MPOSIBIIETCA Yy CTAIbHBIX IPYKUH WIH PE3HMHOBBIX
m3nemmi. Criennanucetsl o MBJI mpu HacTpolike M TECTUPOBAHWHU aIlapaToB B
Ka4eCTBE MOJENIN JIETKUX HCIOJB3YIOT PE3WHOBBIM MENIOK. YTIPYrocTh
JbIXaTebHOW cucTeMbl o0o3Hauaercst cumBoiioM E. PasmepHocTs ympyroctu
MOap/MJ1, 3TO O3HAa4yaeT: HAa CKOJIbKO MWJUIMOAp cleAyeT MOJAHATH JaBJICHUE B
cuctemMe, 4roObl 00BEM yBenmuuuiacs Ha | wmi. J[aHHBIA TEPMHH MIUPOKO
UCIIOb3yeTcsl B paboTax mo (U3MOJIOTUU JbIxaHus, a crnenuanuctel mo MBIJI
MOJIB3YIOTCSl MOHATHEM OOpaTHBIM  «yOPYTOCTU» - 3TO  «PACTIKUMOCTH
(compliance) (uHOrga TOBOPAT  «IMOJATIAMBOCTH»). TEPMHH KOMILJIAWHC
(compliance) ucnonb3yeTcst Kak CyIIECTBUTEILHOE MYKCKOTO POJia POCCUHCKUMHU
peaHuMaToJIOTaMH TaK JK€ YacTo, KaK M pe3ucTaHc (Bceraa Korja MOHHUTOP
annapara MBJI noxa3siBaer 3T mnapametpsl). PazmepHocTh KoMILIaliHca —
MJI/MOAp TOKa3bIBaeT, HAa CKOJIBKO MUJUIMJIMTPOB YBEIWYUBAETCS OOBEM MpH
NOBBILICHUY JaBieHus Ha | Mumuoap.

B peanbHOM KinmHMYeckoW curyauuu y nanveHta Ha HWBJI usmepsror
KOMIUIAWHC PECUPATOPHOM CHUCTEMBI — TO €CTh JIETKUX W TPYJHOH KIETKH
BMecte. [y 0003HaUYEHUST KOMILIAWHC UCTONb3yroT cumBoibl: Crs (compliance
respiratory system) — kommiaitHe apixatenbHOM cuctembl u Cst (compliance
static) — koMIUIaliHC CTAaTHYECKHIA, 9TO CHHOHUMBIL. JIJIs TOr0, YTOOBI pacCYMTATh
CTaTHYECKHN KoMmmJIaiiHe, ammapar WBJI ngenut npixaTenbHBIE 00BEM Ha
JaBJeHUE B MOMEHT HHCIIUPATOPHOM Tay3bl (HET MOTOKA — HET Pe3UCTAHC).

Cst = VT/(Pplateau —PEEP)

Hopwma Cst (kommiiaiinca cratuueckoro) — 60-100mi1/moap

[IpuBoauMas HUXKE cxema IOKa3bIBaeT, KAK Ha OCHOBE JBYXKOMIIOHEHTHOU
MOJICITH PACCUNTHIBACTCS COMPOTUBIICHHUE TOTOKY (RAW), cTaTHYeCKUil KOMILIAHC
(Cst) u ynpyrocts (elastance) gsixaTenbHO#M CHCTEMBI.
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OABNEHUE
B KOHTYPE
AMNMAPATA

- PR — ...
,MMOTOKOBOE 3afep>kka
. Bpemsi | Bjoxa:

| ¢—{BAOX—>-4—BbIAOX]P>
- ' BPEMS ,

BaxxHo umeTh B BHUIly, YTO U3MEPEHHUS BBITIOJIHAIOTCS Y PEIAKCUPOBAHHOTO
nanuenTa B ychnoBusx HMBIJI, ympapmsiemoit mo o0béMy C TEpeKIIOYeHHEM Ha
BBIJIOX MO BpPEMEHU. DTO 3HAYUT, YTO IOC]IE TOTO, KaKk OOBEM JOCTABJICH, Ha
BBICOTE BJOXa KJIAllaHbl BJIOXa M BBIIOXA 3aKPBITBl. B 3TOT MOMEHT H3MepseTCs
naBiieHue 1aTo. BaxkHo momuuTh, yTo: 1. Ammapat MBJI moxer usmeputs Cst
(koMIJIaliHC CTATHMYECKHI) TOJBKO B YCAOBHMSX MPUHYIUTCIHHON BEHTHIISIHH Y
pEeIaKkCUpOBAHHOIO MallMeHTa BO BpeMs MHcnupaTtopHo maysbl. 2. Korma bl
ropopuM o cratudeckomM kKomiuiaiince (Cst, CrsS wam  pacTsKHUMOCTH
PECITUPATOPHONM  CHUCTEMBI), Mbl AHAIU3UPYEM PECTPUKTUBHBIE MPOOIEMBI
IPEUMYIIECTBEHHO CBSI3AHHBIE C COCTOSIHUEM JIETOYHOI apEeHXUMBI.

dunocodckoe pe3roMe MOKHO BBIPA3UTH JIBYCMBICICHHBIM YTBEPIKICHUEM

IIoTok co3naér naBiaeHue

O0e TpPakTOBKH COOTBETCTBYIOT ACHCTBUTEIBLHOCTH, TO €CTh: BO-TIEPBBIX,
IIOTOK CO3Ma€TCs TpaJWeHTOM [JaBJICHUM, a BO-BTOPbIX, KOrJa MOTOK
HATaJKUBAETCS Ha MPENSTCTBUE (COMPOTUBICHUE IAbIXaTEIbHbBIX MYyTEHl), JaBICHUE
yBenmuuBaeTcs. Kaxkymascs pedeBass HEOPEKHOCTh, KOT/Ia BMECTO «TPAJUCHT
JABJICHUID» Mbl TOBOPHUM <JIABJIECHHUE», POXKIACTCA M3 KIMHUYECKOM PEATBHOCTH:
BCE JIATUMKHA JABJICHUS PACIOJIO0XKEHBI CO CTOPOHBI JIBIXaTEJIbHOTO KOHTYpa
armmapara WMBJI. [{ns Ttoro, 4yTtoOBl M3MEpUThH NaBlieHWE B Tpaxee M pPacCUuTaTh
IpaiieHT, HEOOXOAUMO OCTAHOBUTH MOTOK U JOK/IAThCSl BBIPABHUBAHUS JaBICHUS
c 000oMX KOHIIOB 3HJOTpaxealbHOW TpyOku. I[loaToMy B MpakTUKE OOBIYHO MBI
MOJIb3yeMCs MOKA3aTeIIMU JIaBJICHUs B AbIXaTEeIbHOM KOHTYpe annapata MBJI. 1o
3Ty CTOPOHY DHJOTpaxeaabHOU TPYOKHU il oOecredeHus Baoxa o0beMoM Y MII 3a
BpeMsi X CE€K Mbl MOMKEM IOBBIIIATh JIaBJI€HUE BAOXa (M COOTBETCTBEHHO
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IPaJMEHT) Ha CKOJBbKO Y HAcC XBaTUT 3[paBOr0 CMbICIA M KIMHUYECKOI'O OIbITA,
IIOCKOJIBKY BO3MOKHOCTH anmnapara MIBJI orpomHsl.

[lo Ty cTOopoHy 3HOOTpaxeanbHOW TPYOKH y HAC HAXOAUTCSA MALUEHT, U y
Hero i o0ecreyeHus Bbl1oxa 00bEMOM Y Ml 32 BpeMsi X CEK €CTh TOJBKO CHJia
YIPYrOCTU JIETKUX U TPYIHOM KJIETKHM U CUJIa €ro JbIXaTeJIbHON MYCKYJIaTyphl
(eci OH HE penakcUpoBaH). BO3MOXHOCTH MalMEeHTa CO3JaBaTh MOTOK BBIIOXA
orpanuueHbsl. Kak Mbl yxe mpeaynpexiaiu, «IO0TOK — 3TO CKOPOCTb U3MEHEHHUs
o0beMa», modTOMy Uil oOecriedeHUs IP(EKTUBHOTO  BBIIOXAa  HYXKHO
MPEIOCTAaBUTh MALUEHTY BPEMSI.

IlocTosiHHAsi BpeMeHH (T)

Tak B 0T€4eCTBEHHBIX PYKOBOJCTBAX MO (U3HOJOTUU JbIXaHUS HA3bIBACTCS
Time constant. Dto npousBeacHEe KOMILIAHHC Ha pe3UCTAHC.

T = Cst x Raw

PasmepHoCTh ITOCTOSIHHOM BPEMEHH, €CTECTBEHHO CEKYH/BbI.
JIelicTBUTENIBHO, BEAb Mbl YMHOKaeM MJI/MOap Ha mOap/mJi/cek. llocTosiHHas
BPEMEHH OTpPa)KaeT OJHOBPEMEHHO JJACTUYECKHE CBOWCTBA JIBIXAaTEJIbHOM
CUCTEMBl U CONPOTHUBIICHHE NBIXATEIBHBIX IMyTEW. Y pPa3HbIX JIIOAEH T pa3Has.
[lousaTe ¢u3nUeckuii CMBICT JaHHOM KOHCTAHTHI JIeT4Ye, HayaB C BbIJOXA.
[IpencraBum cebe, 3aBepiI€H BIOX, — HaYaT BbIAoX. [0 AeficTBHEM 2I1acTHYECKUX
CUJ JABIXaTEJIbHOM CHCTEMBI BO3JyX BBITAJIKHUBAETCA W3 JETKUX, MPEOIOJIEBAs
CONPOTHUBIICHUE JBIXATEIbHBIX TyTEH.

CkonbkO BpeMeHM 3alMET mnaccuBHBIM BbIAOX? IlocTOsIHHYIO BpemMeHU
YMHOXUTH Ha 18ITh (T X 5). Tak ycTpoeHsl jerkue yenoBeka. Ecnu anmapat UBJI
oOecreynBaeT BAOX, CO3/1aBasi MOCTOSHHOE JIaBJIICHUE B JIBIXaTE€IbHBIX MyTIX, TO Yy
pPETaKCUPOBAHHOIO  MalMeHTa  MAKCUMaJlbHBIA  JJISI  JAHHOTO  JIaBJIEHUS
IBIXaTeIbHBIA 00BEM OyIET JOCTABJICH 3a TO JKe BpeMs (T X 5).
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NOCTOAHHAA BPEMEHWU BAOXA U BbIAOXA
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Time Constants

JlanHbiii  Tpaduk TOKa3bIBa€T 3aBUCHUMOCTh IPOIEHTHOW BEJIWYHHBI
JBIXaTeIbHOTO 00BhEMa OT BpPEMEHH NIPU TOCTOSHHOM JABJICHHHM BJIOXa WU
ITAaCCUBHOM BBIJIOXE.

[Ipu BBIIOXE 11O MCTEUEHUU BPEMEHM T MAIMEHT YCIEBAET BBIJOXHYTH 63%
JBIXaTeabHOro 00BhEMa, 3a BpeMs 2T — 87%, a 3a Bpems 3T — 95% apIXaTeabHOTO
o0béma. Ilpu BIOXe ¢ TOCTOSIHHBIM JaBJICHHEM aHAJIOTMYHAs KapTHHA.

[IpakTnueckoe  3HadYeHWE  MOCTOSSHHOM  BpeMeHu. Ecim  Bpews,
MPEIOCTABISIEMOE TMAIMEHTY ISl BhIOXa <5T, TO IMOCIE KaXKIOro BIOXa YacTb
JIBIXaTeIbHOT0 00BhEMa Oy/IeT 3a1ep)KUBAThCS B JIETKUX NallMeHTa. MaKkcuMabHBIN
JIbIXaTebHBIA 00BbEM MPH BJIOXE C MOCTOSHHBIM JIABJICHHUEM IOCTYIHUT 3a BpeMs
5t. Ilpm maTematnueckoM aHanmm3e rpaduka KpuUBOH 00BEMa BBIIOXa pacyeT
IIOCTOSIHHOM BPEMEHH MO3BOJIAET CYAUTh O KOMILIAMHC U PE3UCTAHC.
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A rPA®UK KSMEHEHUA OB BEMA

MOCTOAHHAA BPEMEHMU

Jauuelii rpaguk MOKa3bIBaeT, Kak coBpeMeHHbI ammapat HBJI
pacCUMTHIBAET TOCTOSIHHYIO BpPEMEHHU. bBbIBaeT, 4TO CTaTUYECKUN KOMILJIAKWHC
paccuMTaTh HEBO3MOXKHO,

T. K. JUISI 3TOro JIOJPKHA OTCYTCTBOBAaTh CIOHTAaHHAs JbIXaTelibHas
aKTUBHOCTh M HEOOXOJMMO U3MEPHUTh JaBlieHHe Iutato. Ecnu pa3aenurtsb
IbIXaTeNIbHBIA  O0BEM HA MAaKCUMaJbHOE JaBJiCHHE, TMOJYYUM €Ile OJUH
pPacUETHBIN MMOKA3aTeNb, OTPAKAOINN KOMILIAMHC U pe3ucTaHc. Pa3Hbie aBTOpBI
UCIIOJIb3YIOT pa3Hble UMEHA, HO MbI JOJIKHBI

3HaTh, YTO ATO CHUHOHUMBI:

CD = Dynamic Characteristic = Dynamic effective compliance =
Dynamic compliance.

CD =VT/(PIP — PEEP)

Boneime Bcero cOMBaeT ¢ TOJNKY Ha3BaHUE «IMHAMHUYECKUH KOMILIAMHCY,
[IOCKOJIKY ~M3MEPEHHUE IPOUCXOAUT TPU HEOCTAHOBICHHOM IIOTOKE W,
CJICJIOBATEIJIbHO, TAHHBIM MMOKA3aTE)Ib BKJIOYAET U KOMILUIAWHC, U pe3uctanc. Ham
OombIlle HPABUTCS Ha3BaHUE «JIUHAMUYECKas XapakTepuctukay. Korma »sToT
MOKa3aTellb CHIDKAETCA, 3TO 3HAYMT, YTO JHOO TMOHU3WICA KOMILIAWHC, TU0O0
BO3pOC pe3ucTanc, jaubo m 1o u apyroe. (Mnmm HapymaeTcss MpOXOIUMOCTh
JbIXaTeIbHbIX MYyTEH, WM CHIXKAETCS MOAATIMBOCTh Jierkux.) OpHako eciu
OJTHOBPEMEHHO C IMHAMHUYECKOM XapPaKTePUCTUKOM Mbl OLIEHUBAEM II0 KPUBOU
BBIJIOXa IOCTOSSHHYI0 BpPEMEHM, Mbl 3HAa€M OTBET. ECIM NOCTOSIHHAs BpEMEHHU
pacTéT, 3TO OOCTPYKTUBHBIN MPOIIECC, a €CIU YMEHbBIIIAETCS, 3HAUUT JIETKUE CTaJH
MEHEE MOIATIINUBBI.

3akiaroyenune

Takum oOpa3oM, 3HAHHWE PECMUPATOPHON MEXAHUKHU MO3BOJSIET HE MPOCTO
CTaHIAPTHO YCTAHABIMWBATh HEKHWE 'CpenHwe" mapamMeTpbl BEHTWISILIUH, HO
MMOHUMATh BBI3BIBAEMBIE CMEHOM MMapaMeTpoB HM3MEHEHUsT B (PU3HOJIOTHU
JIXaTebHOW CUCTEMbI MAlMEHTa U YMETh MaKCUMAJIbHO 3(P(HEKTUBHO MPUMEHSTH
CBOHU 3HAHMSL.
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