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BBenenue

IIpoBenenue annapaTHOW UCKYCCTBEHHON BEHTUIALIMU JIETKUX B HACTOALIEE BpEMS
CTAJI0O PYTUHHOW IPOLEAYPOU B JICUEHUU IMANMEHTOB OTAECICHUN PEaHMMALUU U
MHTECHCUBHOM TEpallny, MEPEecTaB BHYWIATh TPENET NMPU NPHUHATUUA PELICHUS O
HEOOXOIMMOCTH OKa3aHUs MalUEeHTY PECHUPATOPHON MOIJEPKKH. Bo3MoxkHOCTH
ATOr0 METOJa UHTEHCUBHOM TEPANIMN HEU3MEPHUMO BO3POCIH C MOSBICHUEM HOBBIX
MTOKOJIEHUH PECIMPATOPOB, NOJYYUBIINX 33 IPEAOCTABISIEMbIE MU BO3MOXKHOCTH
Ha3BaHUE "MHTEIEKTYaJIbHbIX .

Tem He MeHee, NPUXOAUTCA MPU3HATH, YTO JO CHUX IOp JaXe CcaMblid
"mHTemnektyanpHblii" anmapar VMBJI He B COCTOSIHUM YYe€CTh BCEX HIOAHCOB
NaToJIOTUM M  OCOOCHHOCTEH KaXJA0ro MalUeHTa, OUEHUTh 3(PPEeKTUBHOCTDH
pPECIIUPATOPHON Teparuud U ONPEAEIUTh HEOOXOIMMOCTh U3MEHEHUS MMapaMeTPOB
NBJI.

CBeneHuss 0 MEXAHMYECKHX CBOMCTBAaX JIETKHMX, ITOJYYa€MbIX OT MOHHUTOPOB
MEXaHUKH [JbIXaHHUS, KOTOPbIMHU OCHAIIEHbl COBPEMEHHBIE PECIHUPATOPHI,
NPEIOCTABISIONIME CTOJIb HEOOXOoAMMYI0 HH(opMmaiuioo 00 3pGEKTUBHOCTH U
azekBaTHOCTH mpoBoaumon WMBJI, cTtaHOBATCA 171 Bpadya NMYyTEBOAHOW HUTHIO,
yKa3bIBasi, [I€ Mbl HAXOAUMCS, U Kya HYy’)KHO IBUTaThCS.

PecniupaTopHasi MexaHMKAa — HEOOXOAMMbIII MUHUMYM

Kakue mapameTpsl Booxa u Bbjoxa usmepseT anmnapat MBJI?
1. Bpems (time),
2. 00béMm (volume),
3. morok (flow),
4. nasjieHme (pressure).

Bpems (time)

Bpemst — 3T0 Mepa IVIMTEJHHOCTH U MOCJI€10BATEIbHOCTH SBJICHUI
Ha rpadukax naBneHwus, motoka u 00bémMa BpeMsi OCKUT 1O TOPU3OHTAILHONW OCH
«X». M3Mmepsercss B cekyHAaX, MHUHYyTaX, 4dacax. C mo3uuuidl pecrnupaTopHOi
MEXaHWKH HaC HHTEPECYeT [JIUTEIbHOCTh BJIOXa U BbIIOXA, IOCKOJIBbKY
MPOU3BEJICHUE MOTOKOBOTO BpemeHnu Bioxa (Inspiratory flow time) ma morok
paBHO 00BEMY BIIOXa, a MPOU3BEICHNE MIOTOKOBOTO BpeMeHH BhIoxa (EXpiratory
flow time) Ha moTok paBHO 00BEMY BBITOXA.

BpeMmeHHbIe HHTEPBAJIbI ABIXATEJIbHOI0 HUKJIA (MX YeThIpe)
Yro Takoe «BAOX — INSpiration» m «BBIIOX — expiration»?
Bnox 3to BXxox Bo3nyxa B serkue. JUMTcs 10 Hadasia BboXa. BeIIOX — 3TO BBIXOA
BO31yXa U3 jerkux. Jmres o Havyana Bgoxa. HbIMU clloBaMH, BJOX CUMTAETCS C
MOMEHTA Hayaja MOCTYIUICHHUS] BO3AYyXa B JIbIXaTeJIbHbIC MYTH U JIJIUTCA 10 Hadala
BBIJIOXA, @ BBIJIOX — C MOMEHTA Hayaja U3rHAHUS BO3/yXa U3 JbIXaTEJbHBIX MyTeH
U JUITUTCS 1O Havasia BAOXa.
OKCHEPTHI ICNAT BAOX Ha JBE YaCTH.
Inspiratory time = Inspiratory flow time + Inspiratory pause



Inspiratory flow time — BpemMeHHO! MHTEpBa, KOT/Ia B JICTKHE ITOCTYIACT BO3IYX.
Yro Takoe «uHCIHpaTopHas maysa» (inspiratory pause wmu inspiratory hold)?
DTO BpEMEHHOW MHTEpBAJ, KOrJa KJIalaH BAOXa YK€ 3aKpbIT, a KJalaH BbIJIOXa
eme He OTKPBhIT. XOTS B 3TO BpeMs MOCTYIUIEHHS BO3QyXa B JIETKHE HE
MPOUCXOAUT, HWHCIUPATOpPHAS TMay3a SBISIETCA 4YacTbl0 BpEMEHHM Braoxa. Tak
noroBopuwinck. MHCcupaTopHas may3a BO3HUKAET, KOTJa 3aJaHHbId O0OBEM YKe
JOCTaBJEH, & BpeMsl BIOXa €lI€ HE UCTEKIO. JUJIs CIIOHTAHHOTO JIBIXaHUS — 3TO
3a7iepKKa JIbIXaHWsS Ha BBICOTE BJOXa. 3aJ€pKKa JIbIXaHWS Ha BBICOTE BJIOXA
IIMPOKO NPAKTUKYETCS WHAMWCKUMHU HOTaMHU W JIPYTUMHU CIHEHHATUCTAMHU IO
JbIXaTeJIbHOM TMMHAcTUKe. B HekoTopwix pexunmax MBJI mHcnuparopHas maysa
orcyrctByeT. /st anmapara MBJI PPV Beinox expiratory time — 3to BpeMeHHOM
MHTEPBAJl OT MOMEHTA OTKPBITHA KJIallaHa BbIJIOXA 10 HAYajia CJIEAYIOLIErO BAOXA.
DKCIEPTHhI ICIIST BBIJIOX HA JIBE YACTH.

Expiratory time = Expiratory flow time + Expiratory pause

Expiratory flow time — BpeMeHHOI MHTEPBAJ, KOT/Ia BO3AYX BBIXOJHT U3 JICTKUX.
Yro Takoe «dkcnupaTopHas maysa» (expiratory pause wiau expiratory hold)? Oto
BPEMEHHOM MHTEpBaJ, KOrJla MOTOK BO3/AyXa U3 JIErKUX YK€ HE MOCTYMNaeT, a BAOX
emi€ He Hayasncs. Eciu Mbl nMeeM fieno ¢ «yMHbIM» anmnapatoM MBJI, Mmbl 00s13aHbI
COOOIIUTh €My CKOJIbKO BPEMEHM, IO HaIleMy MHEHHIO, MOXET JITUTHCS
SKCHUpPATOpHAas may3a. Eciu Bpems 3KCIHUPATOPHOM May3bl MCTEKIO, & BAOX HE
Havajcs, «ymHbl» ammapar WBJI oObsBiaser tpeBory (alarm) u naumnaer
cracaTh MAI[MEeHTa, MOCKOJBKY CUMTACT, YTO MPOM30ILIO amHod (apnoe).
Bxmrouaercss ommmst  Apnoe  ventilation. B Hekotopeix pexkmmax HBIJI
AKCIIMPATOpHAas N1ay3a OTCYTCTBYET.

Total cycle time — Bpemst AbIXaTEIBHOIO IHUKJIA CKJIAIBIBACTCS U3 BPEMEHH BIOXa
Y BPEMEHU BBIIOXA.

Total cycle time (Ventilatory period) = Inspiratory time + Expiratory time

WU

Total cycle time = Inspiratory flow time + Inspiratory pause + Expiratory
flow time + Expiratory pause
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WucniupaTopHas W/Wiay SKCIUpaTOpHas ay3bl MOTYT OTCYTCTBOBAT.

Oonem (volume)
Yro Ttakoe 00beM? Hekoropble HamM KypcaHTbl OTBevarT: «O0bEM — 3TO
KOJIMYECTBO BemiecTBa». JlJis HeCKMMaeMbIX (TBEpIBIX M JKUIKUX) BEHIECTB 3TO
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 PAacCTBOPUMOCTh B BOJe. B pe3ynpTaTe — KUCIOPOAHOE OMbSHEHHE U
KEeCOHHass 00Jie3Hb. B BBICOKOTOPHBIX YCIOBHUSIX MPH HU3KOM aTMOC(epHOM
JABICHUU  3JIOPOBBIA  CIIOPTCMEH-aNBIIMHUCT C  HOPMAJIbHBIM  YPOBHEM
reMoryioOnHa B KPOBHU HCIBITHIBAET THIIOKCHIO, HECMOTPS Ha TO, YTO JIBIIIUT
riyosxe 1 yaie (IbIXaTeJbHbIA U MUHYTHBIN O0OBEMBI YBEIUYEHBDI).
[Tpumep: Bam npuHecnu GamioH ¢ KHUCIOPOAOM, €MKOCTbIO (00BEMOM) 311, — a
CKOJIbKO B HEM kuciopona? Hy KoHE4YHO, Hy)KHO M3MEPHUTH JaBJICHWE, W TOT[a,
OLICHWB CTETICHb CIKATHUS Ta3a U OXKHIAEMBIH PacXo]l, MOXKHO CKa3aTh, HAJOJTO JIU
€ro XBaTUT. MexaHNKa — HayKa TOYHasl, [I03TOMY IMPEK/IE BCETO,
O0BEéM — 3T0 Mepa MPOCTPAHCTBA.
U, Tem HEe MeHee, B YCJIOBHUSX CIMOHTAHHOTO nbixaHus u WMBJI mpu HOpMambHOM
aTMoc(epHOM JaBICHWHM MBI HCIIONB3YEeM EIMHHIBI O00bheMa JJisi OILCHKH
KoimdecTBa raza. C)katueM MOXKHO mpeHeOpeub. B pecrnmpaTopHON MeXaHHKe
00BEMBI U3MEPSIOT B JINTPAX WIIM MUJLTHITATPAX.
Jlnist onricanust 00bEMOB HCTIONIB3YIOTCS TPH CIIOBA:
1. IIpocTpancTBo (Space).
2. Emxocts (capacity).
3. O0wém (volume).

O0BbEMBI 1 TPOCTPAHCTBA B PeCITUPATOPHOI MeXaHUKe
JpixaTeabHblii 00béM (VT) mo-anrmumiicku Tidal volume — 3to BennyrmHa 0QHOTO
OOBIYHOTO BJIOXA WJIH BBIIOXA.

MunyTtHblii 00éM (MV) — mno-anraumiicku Minute volume - »10 cymma
IbIXaTeIbHBIX 00bEMOB 3a MUHYTY. Eciu Bce abixarenbHble 00BEMBI B TEUEHHUE
MUHYTBHl PaBHBI, MOKHO MPOCTO yMHOXXUTH JBIXaTCNbHBIH OOBEM HA YACTOTY
IBIXaHUMH.

MeptBoe mpoctpancTBo (DS) mo-anrnuiicku Dead space — 3to cymmapHbIid
00BEM BO3/1yXOHOCHBIX ITyTeH (30HA JBIXaTEIbHOM CUCTEMBI, Iie HET ra3000MeHa).
O0Bembl, uccaeayeMbie IPU CIUPOMETPHH

Jpixateabublii 00béM (VT) mo-anrmuiicku Tidal volume — sto BenmmumHaa 01HOTO
OOBIYHOTO BJIOXA WJIM BBIIOXA.

PesepBHbIii 00béM Baoxa — POBa (IRV) mo-anrimiicku Inspired reserve
volume — 310 00pEM MaKCUMAIILHOTO BAOXA 10 3aBEPIICHUH OOBIYHOTO BJIOXA.
Emkocts B1oxa — EB (IC) no-anrmmiicku Inspiratory capacity — 3to o6sém
MaKCHMAaJIbHOTO BJ0Xa MOCIEe OOBIYHOTO BBIAOXA.

IC=TLC-FRC umu IC=VT + IRV



Oomas émkocThb gérkux — OEJI (TLC) mo-anrnwmiicku Total lung capacity —
3TO 00BEM BO3/yXa B JIETKUX MO 3aBEPIIEHUU MAKCUMAJIBHOTO B/IOXA.
OcraTounsblii 006éM — OO (RV) nmo-anrnuiicku Residual volume — 310 00béM
BO3/lyXa B JIETKUX 110 3aBEPIICHUN MAKCUMAILHOTO BBIIOXA.

Kusnennas émkocthb Jérkux — JKEJI (VC) no-anrnuiicku Volume capacity —
9T0 00BEM BJIOXA MOCIIE MAKCUMAIBHOTO BBIIOXA.

VC=TLC-RV

dyHkuuoHadbHasg ocrarouHass émkocth — ©OOE (FRC) mno-anrnuiicku
Functional residual capacity — 310 00bEM BO3ayxa B JETKHUX 1O 3aBEPUICHUH
OOBIYHOTO BBIZOXA.

FRC=TLC-IC

PesepBHbIii 00béM Bbimoxa — POBbIn (ERV) no-anrnuiicku EXxpired reserve
volume — 310 06bEM MaKCUMAIBHOTO BBIJIOXA M0 3aBEPIICHHH OOBIYHOTO BBIIOXA.

ERV =FRC - RV
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ITotoxk (flow)
UYro takoe moToK? «OO0BEMHAST CKOPOCTH» — TOYHOE OMpPECICHHE, yI00HOe s
OIICHKU pabOThl HACOCOB W TPYOOMPOBOAOB, HO JUIsI PECTIHPATOPHON MEXaHUKH
OOJIBIIIE TTOIXOANT:
IIoToK — 3TO CKOPOCTH N3MEHEHUA 00bEMA
B pecnirparopHoii Mmexanuke noTok (V') u3mMepstor B IuTpax B MUHYTY. [IpumMepsr:
1. Torox(V) = 60n/mun, Jmuremsnocts Baoxa(Ti) = 1cex(1/60mun),
JlprxatenbHblid 006EM (VT) = ?
Pemenne: Vx Ti =VT
Otser: 11




2. Totox(V) = 60m/mun, [pixatensHsiii 066M(VT) = 1n, JIIMTeIbHOCTH
Broxa(Ti) = ?

Pemenne: VT/V = Ti

Otset: 1cex(1/60muH)

O0BEM — 3TO TPOU3BENICHHUE MOTOKAa HA BpPEeMs BIOXa WIM ILJIONMIAAb MOJ KPUBOH
MOTOKA.

VT = VX Ti
BAOX Bbl0X

DABJIEHUE

t
OBBEM

t
NOTOK

t

OT0 TpelcTaBlieHWe O B3aMMOOTHOIICHHH MOTOKA M 00bEMa HCIONB3yeTCs MpH
ONMCAaHUU PEKUMOB BEHTUIISALINH.

JdaBienue (pressure)
Urto Takoe naBieHue?
JlaBienne (Pressure) —3To CHJia, MPUWIOKEHHAasI K e JTHHUIIE TTOIIAIH
JlaBneHHe B JBIXaTEIbHBIX MYTAX W3MEPSIOT B CAHTUMETpax BOJHOTO CTO0A M B
musumbapax. 1 mummubap = 1,019744289 cm BogHOTO CTONOA.
3HaveHMs TaBJeHUI B Pa3HBIX 30HAX JAbIXaTeJIbLHONH CHCTEMBI M TPATHEHTHI
(gradient) naBienus
ITo ompeneneHuIo qaBiIeHUE — 3TO CHJIa, KOTOpas y)Ke Hamuia cebe MpuMeHeHHeE, -
OHa (dTa CWJIa) JaBUT Ha IUIOIIAJAb U HUYETO0 HUKY/a HE TepemMeniaet. [ paMOTHBIH
JIOKTOP 3HAET, 4TO B3JIOX, BETEP, U JaXKe yparaH, CO3JacTCs Pa3HOCTHIO JIaBIICHHI
uiu rpaaueHToMm (gradient).
Hanpumep: B 6amnone ra3 moxa gasienueM 100 atmocdep. Hy u 4dro, ctout cebe
0aJUIOH W HMKOTO He Tporaer. ['a3 B OajuioHe CIOKOMHO ce0e aBUT Ha ILIOIIab



BHYTPEHHEH MOBEPXHOCTM OauloHa M HHM Ha YTO HE OTBIEKaeTcs. A eciu
OTKpbITh? Bo3HuKHET rpagueHT (gradient), KOTOPBIN U CO3/1A€ET BETEP.

~———Paw=Pawo
\—Ptr=Pawo-Pbs

——Pbs

Nk
= = Ptt=Palv-Pbs
7 <
% —Pl=Palv-Ppl
oL Pw=Ppl-Pbs
—Pes

JlaBneHus:

Paw — naBieHue B IbIXaTEIbHBIX MyTAX

Pbs — naBiienue Ha TOBEPXHOCTH TeJia

Ppl — ruieBpanbHOE AaBieHUe

Palv — anbBeonsipHOE aBiIeHUE

Pes — nuieBojHOE AaBIEHUE

['panueHTshI:

Ptr — tparcpecnuparontoe aaBienue Ptr = Paw — Pbs

Ptt — TpancTopakaiapHOe AaBienue Ptt = Palv — Pbs

Pl — tpancnynsmonansHoe gasienue Pl = Palv — Ppl

Pw-— tpancmypanbHoe aaBienue Pw = Ppl — Pbs

Jlerko 3amOMHHTB: €CJIM MCIOJIB30BaHA MPHUCTaBKA «TPAHC» - pPE€Yb HIAET O
rpaJileHTE.

['maBHOM ABWOKYIIEW CHIJIOM, MO3BOJSIONIEH CIEJIaTh BIOX, SBISIETCS Pa3HOCTh
JaBJICHUH Ha BXOJC B JbIXaTeibHbIC myTH (Pawo- pressure airway opening) u
JABJICHUE B TOM MECT€, TJ€ JbIXaTelbHbIE MYTH 3aKAaHYMBAIOTCS — TO €CTh B
anmeBeosrax (Palv). IlpoGiema B TOM, YTO B aibBeoJaX TEXHUYECKH CIIOKHO
MIOMEPUTH JaBiieHue. [103ToMy 1Sl OLIEHKH BIXaTENbHOTO YCUIIUS HA CIIOHTAHHOM
JBIXaHWH OICHWBAIOT TPAJUCHT MEXIYy NUIICBOIHBIM naBicHueMm (Pes), npwu
COOJIOJICHNHN YCIIOBUI M3MEPEHHsS OHO paBHO rieBpanbHOMY (Ppl), n naBineHmnem
Ha BXOJIC B JIbIXaTeNbHBIC ITyTH (Pawo).

[Ipu ynpaBnenun ammapatom WBJI mambonee mocTynmHbIM ¥ MHGOPMATHBHBIM
SBJISIETCS TPAJIMEHT MEXAY JAaBJICHUEM B IbIXaTeIbHbIX NyTAX (Paw) U naBineHuem
Ha moBepxHocTH Tena (Pbs- pressure body surface). Dtor rpamuent (Ptr)
Ha3bIBAETCS «TPAHCPECITUPATOPHOE IABICHUEY», U BOT KaK OH CO3/]a€TCA:



. IIpu NPV Pawo cooTrBeTcTBYyeT aTrMoc(epHOMY, TO €CTh HOJb, a Pbs
CTaHOBMTCSI OTPULIATEIBHBIM B pe3yibTaTe padoThl annapara. Annapatr MBJI NPV
tumna «Kirassay.
2. Ilpu PPV JlaBnenue Ha mnoBepxHocTH Tena (Pbs) paBHO Hymo, TO €cCTh
COOTBETCTBYeT arMmochepHomy, a Pawo Bblmie arMmochepHOro, TO €CTb
MOJIOKUTENIbHOE.

OTPULATENLHOE +
PABNEHUE

LT

ATMOC®EPHOE
NONOXUTENBHOE

AABINEHUE

ATMOC®EPHOE
AABINEHUE

Kak Bugute, HM omuH wu3 wMeronoB VBJI He CcOOTBETCTBYET IMOJIHOCTHIO
CIIOHTAaHHOMY JIBIXaHHIO, HO €CJIM OLICHUBATh BO3JECHCTBUE HA BEHO3HBIN BO3BpaT U
muMmpoorrok ammaparel MBJI NPV tuma «Kirassa» kaxyrcs  Oosee
¢usnomornyabiMu.  Anmapatel  MBJI NPV Ttuma  «lron  lung», co3naBas
OTPULIATENIBHOE JAaBJICHUE HaJ BCEM NMOBEPXHOCTBHIO TEJA, CHUXXAIOT BEHO3HBIM
BO3BpAaT U, COOTBETCTBEHHO, CEPJICUHBIN BHIOPOC.
be3 HeroToHa 316Ch HE OOOUTHUCH.
JlaBienue (pPressure) — 3To cuiia, ¢ KOTOPOH TKAHU JIETKUX M TPYAHOW KIIETKH
MIPOTUBOJCHCTBYIOT BBOJUMOMY O0BEMY, WU, UHBIMU CIIOBaMH, CUJa, C KOTOPOU
anmapat MBJI npeomosieBaeT CONPOTUBIIEHUE IBIXAaTEIbHBIX MyTEH, SJTACTHYECKYIO
TATY
JNErKUX U MBIIIEYHO-CBA30YHBIX CTPYKTYP IPYJHON KIETKU (IO TPETHEMY 3aKOHY
HpioToHa 3TO OZHO W TO XK€ TOCKOJbKY «CHJIa [JEUCTBUSI pPaBHA CHIIE
MIPOTUBOAECHCTBHUSI»).

Equation of Motion ypaBHeHue cui1, Win TpeTuii 3akon HeoTona aist

cuctembl «anmmapat UBJI — manueHT»

B Tom cnywae, ecnm anmapar WBJI ocymecTBisieT BAOX CHHXPOHHO C
NbIXaTeJIbHOW TOMNBITKOM NalMEHTa, JaBJICHHE, co3aaBaemoe ammapatom HWBJI
(Pvent), cymmupyetcss ¢ MBIIICUHBIM ycHiKeM marueHta (Pmus) (JieBast 4acThb
YpaBHEHUS) JUIS PEOJIOJICHUS YIIPYTOCTH JICTKUX M rpyaHoi kiretku (elastance) u
corpotuBicHus (resistance) MmoToky BO3JyXa B JbIXaTCIBHBIX MYTAX (TpaBas
YacTh YpaBHEHUS ).
Pmus + Pvent = Pelastic + Presistive
(naBieHue U3MEPSIOT B MUILIHOApax)



Pelastic= E x V

(mpou3BeneHnEe yIpyrocTu Ha 00bEM)

Presistive = R x V

(mpou3BeieHNHE COMPOTUBIIEHUS HA MMOTOK)

COOTBETCTBEHHO

Pmus + Pvent=E xV + Rx V

Pmus(m0ap) + Pvent(mbap) = E(mo6ap/mia) X V(ma) + R (mOap/ia/mun) X
V(a1/MuH)

3a01HO BCIOMHHUM, pa3MmepHocTh E — elastance (ympyrocts) mokasbiBaeT Ha
CKOJIbKO MWJIIMOap BO3pacTaeT AaBji€HUE B pe3epByape Ha BBOJUMYIO €IUHHUILY
o0béma (MOap/mur); R — resistance comnpoTuBICHHE TIOTOKY BO3JayXa
MPOXOJAIIEMY Yepe3 JIbIXaTeIbHbIC TYyTH (MOAap/y1/MUH).

[Tonnmanue ypaBHEHHs CUJI MIO3BOJISET HAM JieJlaTh TPH Bellu. Bo-nepBriX, 1r000i
annapar WBJI PPV wmoxer ynpaBiasiTb OAHOMOMEHTHO TOJBKO OJIHUM W3
U3MEHSIEMBIX MapaMeTpPOB BXOJSIIMX B OTO YypaBHEHUE. OTU H3MEHSIEMbIE
napaMmeTpbl — JaBieHHe 00BbEM W TMOTOK. [lodToMy cCymiecTBYIOT Tpu crocoba
ympasieHust Baoxom: pressure control, volume control, uwau flow control.
Peanuzanus BapuaHTa BJIOXa 3aBUCUT OT KOHCTpykuuu anmapata WBJI u
BbIOpanHoro pexuma HBJI. Bo-BTOpbhIX, Ha OCHOBE YpaBHEHHUS CHJI CO3JaHBI
MHTEJJICKTYalbHbIe MPOrpaMMbl, Oyiaronapsi KOTOPBIM alapaT pacCYUTHIBAET
MOKa3aTeNId PeCUPaTOPHON MeXaHUKH (HarmpuMmep.: compliance (pacTsykUMOCTh),
resistance (comportusienue) u time constant (moctosHHas BpeMeHH <Kt ). B-
TPETHhUX, 0€3 MOHUMAHUS YPABHEHUS CUJI HE TOHITH TaKWE PEXKUMBI BEHTHIIALUH
Kak “proportional assist”, “automatic tube compensation”, u “adaptive
support”.

I'naBHbIE pacyeTHbIE MAPAMETPHI PECIUPATOPHON MEXAHUKU

resistance, elastance, compliance

1. ConporuBJjieHHe AbIXaTeJbHBIX MyTeii (airway resistance)

CoxkpareHHoe o0o3HaueHue — Raw.

Pasmepnocts — cMH20/JI/cex nnu mOap/mi/cek

Hopma nnst 3popoBoro yenoBeka — 0,6-2,4 cMH20/JI/cek. Y uHTyOUpPOBAaHHOTO
mamuenTa Ha VUBJI — 3-10 cMH20O/J1/cex. ®usndeckuii CMBICI JAHHOTO ITOKAa3aTes
TOBOPHUT, KaKUM JIOJDKEH OBITh TPAJUEHT JaBJICHHUM (HarHeTaromiee JaBJCHUE) B
JAHHOW cucTeMe, 4TOObl o0ecreynTh MOTOK | muTp B cekyHay. COBpeMEHHOMY
anmnapaty WBJI HecioxHO paccuuTaTh pe3McTaHC (airway resistance), y Hero
€CTh JATYWKU JABJICHUS W TIOTOKA — DPa3feiuil JaBlieHWE Ha TIOTOK, W TOTOB
pesynbTat. g pacuera pesucranc annapat MBJI genut pa3HocTh (IpaJueHT)
MakcumanbHoro nasinenus Baoxa (PIP) m maBmenms mmato Bmoxa (Pplateau) na
notok (V).

Raw = (PIP-Pplateau)/V

Uro u uyemy conpotuBisieTcsa? PecnupaTtopHas MeXaHMKa paccMaTpPUBAET
COTIPOTHBIICHUE JhIXaTEeIbHBIX MYyTEeW BO3MYIIHOMY TMOTOKY. CoOmpoTHBICHHE
(airway resistance) 3aBUCHUT OT JJIMHBI, JHAMETPA ¥ IMPOXOAUMOCTH JIbIXaTeIbHbIX



MyTeH, 3HI0TpaxealbHOM TPYOKM M JAbIXaTelNbHOro KOHTypa anmapata WBIJL
ConpoTuBieHUE NOTOKY BO3PACTAET, B YACTHOCTH, €CIIM MPOUCXOJIUT HAKOILIICHUE
M 3aJep’KKa MOKPOTBHI B JBIXaTEIbHBIX MYTIX, HAa CTEHKAX JHAOTpaxealbHOU
TpyOKH, CKOIUJICHHE KOHJEHcaTa B IUJIAHTaX JAbIXaTEJIbHOTO KOHTypa WU
nedopmanus (neperud) 060 u3 Tpyook. COnpoTUBIICHUE JbIXaTEIbHBIX MyTeH
pacTéT MpU BCEX XPOHUYECKUX U OCTPHIX OOCTPYKTHBHBIX 3a00J€BaHUSIX JIETKUX,
MPUBOSIIIUX K YMEHBIICHUIO JUAMETPa BO3AYXOHOCHBIX IyTeil. B coOoTBETCTBUU C
3akoHOM ['arena-Ilyaszens mnpu yMeHBIIEHWHU JauaMeTpa TPYOKH BIBOE s
oOecrieyeHus1 TOro >K€ IMOTOKAa TPaueHT JaBJICHHUH, CO3MAIOIIMN STOT MOTOK
(HarHeTaromee JaBJeHNE ), T0JHKeH OBITh yBeln4YeH B 16 pas.

BaxHo MMeTh B BUJlY, YTO CONPOTHUBICHUE BCEW CUCTEMBI ONPEIEISIETCS 30HOU
MaKCUMaJIbHOTO COMPOTUBIICHHUS (CaMbIM Yy3KHM MECTOM). YCTpaHEHHE 3TOro
NPEnsTCTBUS (HApUMeEp, yAJICHUE HHOPOJIHOTO Tejia M3 JAbIXaTeIbHBIX IMyTEH,
yCTpaHEHUE CTeHO3a Tpaxeu WM HHTYOaluss Mmpu OCTPOM OTEKE TOpPTaHM)
MO3BOJISIET HOPMAJIM30BaTh YCJIOBHUS BEHTWISLIMU JIETKUX. TEepMUH Pe3uCTaAHC
HIUPOKO HCHOJIB3YETCSI POCCUMCKUMHU PEAaHUMATOJIOraMHU KaK CYIIECTBUTEIBHOE
MYKCKOTO poaa. CMBICT TEpMUHA COOTBETCTBYET MUPOBBIM CTaHAapTaM.

BaxHo MOMHUTB, YTO:

. Anmapar HBJI MoXeT WuU3MEPUTh Pe3UCTAHC TOJBKO B  YCIOBHUAX
NPUHYIUTEIbHON BEHTUIISILIMKU Y PEIAKCUPOBAHHOTO MAIMEHTA.

2. Korma Mbl roBOopuM 0 pe3uctaHc (Raw uiam CONpPOTHMBIEHHM [IBIXATENbHBIX
nyTei) Mbl aHAJIM3UpyeM OOCTPYKTHUBHBIE TPOOJIEMBbl PEUMYIIECTBEHHO
CBSA3aHHBIE C COCTOSIHUEM MPOXOJIUMOCTH JIBIXaTEIbHBIX ITYTEH.

3. Yem Oouibliie MOTOK, TEM BBIIIIE PE3UCTAHC.

2. Ynpyrocts (elastance) u nogaTiiuBocTh (compliance)

[Ipexne Bcero, clenyeT 3HaTh, 3TO CTPOro0 MPOTUBOMOJIOKHBIE MOHATHUS U
elastance =1/compliance. CMbICT TOHATUS «yOPYrOoCTh» MOJAPA3yMEBAET
CIIOCOOHOCTh (hU3WYECKOro Teja mnpu AchopMalldd COXPaAHATH IPUIIAracMoe
ycuiiie, a TpU BOCCTAHOBIEHUU (POpMBI — BO3Bpamiarh 3To ycuiue. Hambomee
HaIJISIAHO 3TO CBOMCTBO MPOSIBIAETCS Y CTaJbHBIX MPYKUH WA PE3UHOBBIX
m3nenuit. Crennanuctsel o MBJI npu HacTpolike M TECTUPOBAHUU aIapaToB B
Ka4eCTBE MOJEJIM JIETKUX MCIIOJB3YIOT PE3MHOBBIM MENIOK. YIPYrocTh
JbIXaTeIbHOW CHUCTEMBl OOo3Hauaercss cuMBoiioM E. PasmepHocTs ympyroctu
MOap/MJ1, 5TO O3HAYaeT: Ha CKOJIbKO MWJIMOAp CIeAyeT MOJHSATH JaBICHUE B
cucteme, 4Yrobpl 00BEM yBemmuuiacs Ha | wmi. J[aHHBIA TEPMHH IMIUPOKO
HCIIOIB3yeTcsl B paboTax 1o (M3UOJIOTHU JbIXaHUsA, a crenuanucTel mo MBJI
MOJIB3YIOTCSI TOHSITUEM OOpPAaTHBIM  «YHPYTrOCTU» - 3TO  «PaCTKUMOCTbY
(compliance) (uwHOTZAa TOBOPAT  «IMOJATIMBOCTH»). TEPMHH KOMIJIAWHC
(compliance) ucnonp3yeTcst Kak CyIIECTBUTEIIEHOE MY>KCKOTO POJIa POCCUHCKUMH
peaHUMaToJIOTAMU TaK JK€ YacTo, Kak M pe3ucTaHc (Bcerja Korjga MOHHUTOP
anmapata MBJI moka3biBaeT 3Tu mapameTpsl). Pa3MepHOCTh KoOMILUIaiiHca —
MJI/M0ap TOKa3bIBaeT, Ha CKOJbKO MUJUIMIMTPOB YBEJIMYMUBACTCA OO0BEM IMpHU
MOBBIIIEHUH JaBjieHus Ha 1 musunbap.



B peanbHON KNMHUYECKOW cuTyaunu y nanueHTa Ha MBJI uzMepsoT koMmianHe
pECIIMPATOPHON CHUCTEMBI — TO €CTh JIETKMX W TPYAHOU KJIETKH BMecTe. Jlnd
0003HAYCHUs KOMILIAHC HCIONB3yIOT cuMBoibl: Crs (compliance respiratory
system) — komiuiaiiHc AepixaTenbHOM cuctembl W Cst (compliance static)
KOMILIAHHC CTaTUYECKUM, 53TO CHHOHUMBI. [[Is TOoro, 4rtoObl paccyuTaTh
CTaTUYeCKuil KomIuaiine, anmapat WBJI penut npixatenpHblii 00bEM  Ha
JaBJeHUE B MOMEHT MHCIIMPATOPHOM Nay3bl (HET MOTOKA — HET Pe3UCTAHC).

Cst = VT/(Pplateau —PEEP)

Hopwma Cst (komnuiaiinca cratuueckoro) — 60-100mi/moap

[IprBonuMass HMKE CXeMa IIOKa3bIBACT, KaK Ha OCHOBE JBYXKOMIIOHEHTHOM
MOJICIIN PACCUUTHIBAETCS COMPOTUBIICHHE MOTOKY (RAW), cTaTHYeCKni KOMILIAHC

(Cst) u ynpyrocts (elastance) gsixaTenbHOM CHCTEMBI.

OABINEHUE
B KOHTYPE
ANMMNAPATA
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BaxHo uMeTp B BHAY, YTO H3MEPEHUS BBINOJHAIOTCA Y PEIAKCUPOBAHHOIO
narmenta B ycnoBusix WBIJI, ympaisiemoil mo 00béMy ¢ mepekioueHueM Ha
BBIJJOX IO BPEMEHU. DTO 3HAYMUT, YTO MOCIE TOTO, Kak OOBEM JIOCTaBIIEH, HA
BBICOTE BJOXA KJAIlaHbl BJOXa M BBLIOXA 3aKPBITBL. B 3TOT MOMEHT H3MepsieTcs
naBieHue miaTo. BaxkHo momHuTh, uTo: 1. Ammapatr MBJI moxer usmeputs Cst
(koMIJIaliHC CTATHYECKUN) TOJLKO B YCIOBHSIX NMPUHYIUTSIBHONW BEHTUIISAIUN Y
PETaKCUPOBAHHOTO NALMEHTa BO BPEMsI MHCOUpaTOpHOM mnay3bl. 2. Korma msl
ropopuM o cratudeckomM kommiaaiince (Cst, Crs wim  pacTsHKUMOCTH
pECIUPATOPHOM CUCTEMBI), Mbl AHAIU3UPYEM PECTPUKTUBHBIE MPOOJIEMBI
MPEUMYIIECTBEHHO CBSI3aHHBIE C COCTOSTHUEM JIETOYHOW MapEHXUMBI.
dunocodckoe pe3roMe MOKHO BbIPA3UTh JIBYCMBICIICHHBIM YTBEPKICHUEM
IToTok co3xaéT naBJieHUE




O06e TpakTOBKM COOTBETCTBYIOT JNEUCTBUTEIBHOCTH, TO €CTh: BO-MEPBBIX, MOTOK
CO3/1a€TCs TPaJUEHTOM NABJIEHUM, a BO-BTOPBIX, KOrJa MOTOK HATAJIKUBAETCS Ha
MPENATCTBUE (CONMPOTUBIICHUE JIBIXATEIIBHBIX MYyTEH), NaBJICHUE YBEIMYUBACTCS.
Kaxymascst peueBasi HEOpPEKHOCTh, KOTJa BMECTO «TPAIUEHT JABICHUI» Mbl
TOBOPUM <JIABIICHUE», POXKIACTCS U3 KIMHUYECKON pPEaTbHOCTHU: BCE JATYUKHU
JABJICHUS PACIIOJIOKEHBI CO CTOPOHBI ABIXaTEIBbHOI0 KOHTYypa anmnapara UBJI. s
TOTO, YTOOBI MU3MEPUTH JIaBJICHUE B Tpaxee M PacCUUTATh T'PATUCHT, HEOOXOAUMO
OCTAaHOBUTb TOTOK M JOXKJAThCS BBIPABHUBAHUS JaBJICHUS C OOOMX KOHIIOB
sHJOTpaxeanbHoM TpyOku. [losToMy B mpakTHKe OOBIYHO MBI MOJIB3YEMCS
NOKa3aTeJisIMA JIaBJICHHUS B JbIXareJibHOM KoHType ammapara KMBJL Ilo sty
CTOPOHY SHJOTpaxealbHOW TPyOKH uisi oOecriedeHus: Boxa oobemMoMm Y MiI 3a
BpeMss X CEK Mbl MOXEM TIOBBINIATH JABJIEHHE BAOXa (M COOTBETCTBEHHO
IPaJIMCHT) Ha CKOJBKO Yy HAC XBATHUT 3JpPaBOTO CMbICIA U KIMHUYECKOTO OIIbITA,
IIOCKOJIBKY BO3MOKHOCTH arnapara MIBJI orpomHsl.
ITo Ty cTopoHy PHAO0TpaxealbHOU TPYOKH Y HAC HAXOJUTCS MAIMEHT, U Y HETO JJIs
obecrieueHusi BbIioxa oObEMOM Y M 3a BpemMss X CEK €CTh TOJBKO CHJa
YOPYTOCTH JIETKUX U TPYJAHOM KJIETKHM M CHJa €r0 JbIXaTeJIbHONW MYCKYJIAaTypbl
(ecnii OH HE penakcupoBaH). Bo3MOKHOCTH MalMeHTa CO3/1aBaTh MOTOK BbIIOXA
orpaHn4eHbl. Kak Mbl yXe Npeaynpexaaiv, «IOTOK — 3TO CKOPOCTh U3MEHEHUS
o0beMa», TmodTOMYy Ui oOecriedeHUs 3(PEGEKTUBHOTO  BBIOXAa  HYXKHO
IPEAOCTABUTH MALIUEHTY BPEMSI.

IlocTosiHHAsi BpeMeHH (T)
Tak B OTEUECTBEHHBIX PYKOBOJCTBAX MO (DU3UOJOTUH JBIXaHUS Ha3bIBacTCs TIMe
constant. to npousBecHNE KOMILIAMHC HA PE3NCTAHC.
T = Cst x Raw
PazmepHOCTh OCTOSIHHOM BPEMEHU, ECTECTBEHHO CEKYHIBI. JIeHCTBUTEIBHO, BEIb
Mbl YMHOXaem wJi/mMO0ap Ha wmOap/mJui/cek. IlocTosiHHast BpeMEHHM OTpa)aer
OJTHOBPEMEHHO 3JaCTUYECKUE CBOICTBA AbIXaTEJIbHOW CUCTEMBI U CONPOTUBIICHUE
JBIXaTeIbHBIX IMyTeH. Y pa3HbIX Jojed T pasHas. [loHATh Qusnueckuil cMBbICI
JAHHOM KOHCTaHTHI Jierue, HauaB ¢ Bbloxa. [IpeactaBum cebe, 3aBepuiéH BIOX, —
Haudat BbLAOX. lloa pelicTBUEM 3nMacTUYECKHUX CHII IBIXATEJIbHOM CUCTEMBI BO3YX
BBITAJIKUBAETCS U3 JIETKUX, IPEOA0JIEBAsE CONPOTUBJICHUE JbIXaTEIIbHBIX Iy TEH.
CKoJIbKO BpeMEHM 3aiMET maccuBHBIN BbIIOX? [I0CTOSIHHYIO BpEMEHU YMHOXKUTH
Ha 1Atk (T x D). Tak ycrpoensl nerkue uenoBeka. Eciaum ammapatr MBJI
oOecreunBaeT BAOX, CO3/1aBasi MOCTOSHHOE JIABJIICHUE B JIBIXaTEIbHBIX MyTIX, TO Yy
PEITaKCUPOBAHHOTO  TMAIMEHTa  MAaKCHMAaJbHbIA Uil  JAHHOIO  JIaBJICHUSA
IBIXaTeIbHBIA 00BEM OyIeT JOCTaBJICH 3a TO ke BpeMs (T X 5).



NOCTOAHHAA BPEMEHWU BOOXA U BbIAOXA
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Time Constants

JlanHbI rpadUK MOKa3bIBA€T 3aBUCUMOCTD IIPOLICHTHOM BEJTMYUHBI JIbIXaTEIbHOTO
00bEMa OT BpeMEHH TIPU TTOCTOSTHHOM JaBJI€HUU BI0Xa UJIM MTAaCCHBHOM BBIZIOXE.
IIpy BBIZOXE O HMCTEUEHUH BPEMEHM T TNALMEHT YCIEBaeT BBIAOXHYTH 63%
JbIXaTeabHOro 00BhEMa, 3a BpeMs 2T — 87%, a 3a Bpems 3T — 95% apIXaTeabHOTO
o6béma. [Ipu BIOXe ¢ TOCTOSIHHBIM JIaBJICHHEM aHAJIOTMYHAs KapTHHA.
[IpakTueckoe 3HaYCHWE NOCTOAHHOW BpeMeHHU. Eciin BpeMsi, mpeaocTaBisieMoe
MAKUEHTY IS BBIJ0Xa <5T, TO MOCIE KaXA0ro B0Xa YaCTh JIBIXaTEIbHOTO 00bEMa
OyIeT 3a/Jep>KUBAThCS B JITKUX TaIlMeHTa. MaKCUMaJIbHBIN JbIXaTeIbHBI 00BhEM
MpyY BJIOXE C TIOCTOSIHHBIM JaBJICHHEM TIOCTynuT 3a BpeMs 51. Ilpu
MaTeMaTH4YeCKOM aHaiIu3e rpaduka KpuBOH 00BEMA BBIJOXA pacueT MOCTOSHHOU
BPEMEHU MO3BOJIAECT CYIUTh O KOMILUIANHC U Pe3UCTAHC.



A rPA®UK USMEHEHUA OBBEEMA

NOCTOAHHAA BPEMEHU

Janubiii rpadguk mokasblBaeT, Kak coBpeMmeHHbId amnmapar MBJI paccuuthiBaer
MOCTOSIHHYIO BpEMEHHM. bbIBaeT, 4YTO CTaTMYECKUN KOMIUIAMHC paccuuTaTh
HEBO3MOJKHO,

T. K. JJIsl 3TOTO JOJKHA OTCYTCTBOBAaTh CIIOHTAHHAS JbIXaTelibHAs aKTUBHOCTH U
HEO0OXOAMMO U3MEPHUTH JIaBJICHHE TIaTO. ECiu pa3nenuTs abIXaTelbHbIN 00bEM Ha
MaKCHUMaJbHOE JaBJICHHUE, IIOJy4YUM €LI€ OJWH pPACYETHBIM II0KA3aTellb,
OTpAXKAIOIIUN KOMILIAMHC U pe3ucTaHc. Pa3sHble aBTOpPBI UCIIOJB3YIOT pas3HbIe
MMEHA, HO MBI JOJIKHBI

3HaTh, YTO ITO CUHOHUMBI:

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

CD =VTI/(PIP — PEEP)

Bonpme Bcero cOwBaeT ¢ TOJNKY Ha3BaHHE <JIMHAMUYECKHH 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 OLIEHHBAEM II0 KPUBOU
BBIJIOXa IOCTOSSHHYI0 BpPEMEHM, Mbl 3HAa€M OTBET. ECIM NOCTOSIHHAs BpEMEHHU
pacTéT, 3TO OOCTPYKTUBHBIN MPOIIECC, a €CIU YMEHbBIIIAETCS, 3HAUUT JIETKUE CTaJH
MEHEE MOIATIINUBBI.



JakjIrouyeHue

Takum 00pa3oM, 3HAHHE PpECHUPATOPHOM MEXAaHUKHU II03BOJISIET HE MPOCTO
CTAaHJApPTHO YyCTaHABIMBATh HEKHE ''cpeaHue" mapaMeTpbl BEHTWISALUH, HO
MOHUMAaTh BbI3bIBAEMbIE CMEHOM MapaMeTpoB M3MEHEHUs B (U3HOJIOTUH
JBIXaTEeJIbHOW CUCTEMBbI NAllMEHTa U YMETh MaKCUMaJIbHO 3()(PEKTUBHO MPUMEHATH
CBOM 3HAHUSI.
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