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BeBepeHune

[poBeaeHVe annapaTHOW WCKYCCTBEHHOW BEHTUAALMM NETKMX B HACTOsLLEe BpeMS
CTano pPYTUHHOW NpoLeAypoOl B JIEYEHUW MNALMEHTOB OTAENEHUN peaHuMauun u
WHTEHCUMBHOW Tepanuu, nepecTaB BHyLlaTb TPeneT Mpu MNPUHATUM peLUeHUs O
HeobXoAMMOCTN OKa3zaHWA MauMeHTy pPecnMpaTopHON NoaAep>KKu. Bo3amoxxHOCTK aToro
MeTOZa WHTEHCUMBHOW TepanuM HeU3MepMMO BO3POCAM C MOABJEHUEM HOBbIX
MOKOJNIEHNW PEeCcnMpaTtopoB, MOJYYMBLUMX 3a@ MpPefOoCTaBASEMble UMW BO3MOXHOCTU
Ha3BaHWe "MHTeNNeKTyalbHbIX".

TeM He MeHee, nNPUXOANTCA TMpPU3HATb, YTO JAO CUX TMNOP Jaxe CaMbly
"MHTennekTyanbHbIn" annapat VIBJ1 He B COCTOSIHMM yuyecTb BCEX HKOAHCOB MaTONIOTUN U
0coHeHHOCTEN KaxkA0ro naumneHTa, oueHUTb 3PPEeKTUBHOCTb PECNMPATOPHOM Tepanuu 1
onpeAennTb HeOH6XOANMOCTb N3MeHeHUs napameTpos MBJI.

CBefeHNs 0 MexaHWUYEeCKMX CBOMCTBAX JIETKMX, MOJNyYaeMbIX OT MOHUTOPOB MeEXaHUKU
AbIXaHWs, KOTOPbIMW OCHALLEHbl COBPEMEHHbIE pecnupaTopsbl, NpesoCcTaBaAfAoLLne CTONb
Heobxoammyro MHGopMaumnto 06 3pPeKTUBHOCTU M afekBaTHOCTU nposoaumon VB,
CTAHOBATCA A/ Bpaya NyTeBOAHOMW HUTbHO, YKa3blBas, r4e Mbl HAXOAUMCS, U KyAa HY>KHO

ABUTaTbCA.

PecnnpaTtopHas MexaHuka — Heo6X0AUMBbIA MUHUMYM

Kakne napameTtpbl B4Oxa 1 Bblgoxa namepsaet annapat VIBJ1?
1. Bpewms (time),
2. 06BEM (volume),
3. notok (flow),
4

nasneHue (pressure).

Bpems (time)
Bpems — 370 Mepa A4AMTENBHOCTM M MOCAeA0BaTeIbHOCTU SIBAEHU
Ha rpadwukax gaBneHus, notoka n ob6bEMa Bpems B6eXMUT MO rOpU3OHTaNbHOM OCU «X».
N3mepsetca B cekyHAax, MMHyTax, yYacax. C mMo3numMiA pecnnpaToOpHOM MeXaHWKK Hac
WHTEpecyeT AUTENbHOCTb BAOXa W BblAOXa, MOCKO/bKY MNPOU3BEAEHME MOTOKOBOrO
BpemMeHu Baoxa (Inspiratory flow time) Ha noTok paBHO 06bEMy BAOXa, @ Npoun3BeseHME

NOTOKOBOro BpemeHw Bbigoxa (Expiratory flow time) Ha notok paBHo 06bEMyY BbifOXa.

BpeMeHHble vHTepBabl AblXaTebHOrO LMKAa (MX YeTbIpe)



UT0 Takoe «BAOX — inspiration» u «BblAOX — expiration»?

Boox ato BxO4 BO3ayxa B nerkve. [avtca fO Hayana Bblgoxa. Bbijox — 3TO BbIXOA
BO3Ayxa W3 serkux. [avtca fo Hadvana Bgoxa. VIHbIMM cnoBamu, BAOX CUMTaeTca C
MOMEHTa Hayana MOCTYMAeHVUA BO34yXa B AblXaTeNbHble NyTM W AANTCA A0 Hayana
Bbl4OXa, @ BblAOX — C MOMEHTAa Hayana W3rHaHWs BO3JyXa W3 AbIXaTesbHbIX NyTen W
AVTCA JO Hayana BAoXa.

JKcnepTbl AeNAT BAOX Ha fBe YacTu.

Inspiratory time = Inspiratory flow time + Inspiratory pause

Inspiratory flow time — BpemeHHOV WMHTepBan, KOrga B Jerkve NocTyrnaeT BO3gyx. Yto
Takoe «MHcnupaTopHas nay3a» (inspiratory pause vawv inspiratory hold)? 3to BpemeHHoW
WHTEpBas, KOrga KjianaH BAOXa y>e 3aKpbIT, @ KnanaH BblAoXa elle He OTKpbIT. XOTs B
3TO BpeMA MNOCTYMJeHUs BO34yXa B JerkMe He MpOWCXOAMT, MHCMUpaTopHas naysa
SBNAETCA 4acCTblO BpeMeHW BJoOXa. Tak goroBopwuaucb. WHcnupatopHas naysa
BO3HWKaeT, KOr4a 3afaHHbll O6bEM yXKe JOCTaB/ieH, a BpemMs BAOXa €LLE He MCTeKIO.
[ns CNOHTaHHOrO AbixaHWA — 3TO 3ajep>KKa [AbIXxaHVUA Ha BbICOTe BAOXa. 3aAepikka
AblXaHVA Ha BbICOTE BJOXa LMPOKO MPaKTUKYeTCa WMHAMACKMMU KNoramm u Apyrumu
cneynanuctaMm  NO  AbIXaTebHOW TMMHacTMke. B HekoTopbix  pexumax  VIBJ
WMHCNnpaTopHasa naysa otcytcrayeT. [Ina annapata VIBJ1 PPV Bbigox expiratory time — 3to
BPEMEHHOW MHTepBan OT MOMEHTa OTKPbITUA K/JanaHa BbljoXa JO Hayana cneayroLuero
BZAOXa. DKCNepPTbl AeNAT BbIAOX Ha ABE YacTu.

Expiratory time = Expiratory flow time + Expiratory pause

Expiratory flow time — BpemeHHOI VHTepBas, Korga BO3AyX BbIXOAUT M3 nerkmx. Yto
Takoe «3KCnupaTtopHas naysa» (expiratory pause wau expiratory hold)? 3to BpemeHHoR
WHTepBa/, KOrja NOTOK BO3JyXa W3 JIETKUX YXKe He MOCTynaeT, a BAOX eLié He Hayancs.
Echm mMbl meem geno ¢ «ymHbiM» annapatom VIBJl, mbl 06£3aHbl coobwmTb emy
CKONbKO BPEMEHW, MO HalleMy MHEHWIO, MOXEeT AUTbCA dKCMMpaTopHaa naysa. Ecau
BPEMSA 3KCMMPATOPHOW May3bl UCTEKNO, @ BAOX He Hauyancs, «yMHbI» annapat VIBJI
obbasnseT TpeBory (alarm) u HauvHaeT cnacaTb MauweHTa, MOCKOJbKY CYMTaEeT, YTO
npousowsno anHo3 (apnoe). Bkatouaetcs onumsa Apnoe ventilation. B HekoTopbix
pexunmax VIBJ1 akcnupaTopHasa naysa OTCyTCTBYeT.

Total cycle time — Bpems AbixaTenbHOro LMK CKNAAbIBAETCA U3 BPEMEHM BAOXa U
BPEMEHW BblAOXa.

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

nnn



Total cycle time = Inspiratory flow time + Inspiratory pause + Expiratory flow time +

Expiratory pause

p | OABJNEHUE

Expiratory
flow time| Expiratory
pause

Insiratory |Inspiratory T >
flow time pause
Inspiratory time Expiratory time
>=[BPENS]
Total cycle time(ventilatory period)
Flow" HOTOK
T
>
’




Insiratory | Expiratory T -
flow time flow time
Inspiratory | Expiratory
time time
Total cycle time (ventilatory period)
Flow
-

NHcnvpaTopHas v/wam skcnvpatopHas nay3bl MOTYyT OTCYyTCTBOBATb.

O6bem (volume)

Yto Takoe 0bbem? HekoTopble HawKn KypcaHTbl oTBeYatoT: «OH6bEM — 3TO KONMYECTBO
BewecTBa». [1n1a HeCKMMaeMbix (TBEPAbIX U XXUAKNX) BELLEeCTB 3TO BEPHO, a ANS ra30oB He
Bcerga. Korga JAbixaHne nNpouCXOAWT NO4 JaBieHVMeM Bbiwe atMocdepHOoro
(bapokamepa, rn1ob6OKOBOAHbIE aKBaNaHIMCTbl U T.4.), CKaTMeM ras3oB npeHebperatb
He/b3sl, MOCKObKY MEHSATCA UX GM3nYeckme CBOMCTBA, B YAaCTHOCTM PacTBOPUMOCTb B
Boge. B pe3ysnbtate — KMCAOpPOAHOE OMbSHEHWE U KeCOHHasa 6one3Hb. B BbICOKOropHbIX
YCNIOBUAX MPU HU3KOM aTMOCHEPHOM JaBJeHUN 340POBbIA CMOPTCMEH-aNbMUHUCT C
HOPMa/bHbIM YPOBHEM reMOrn1obvHa B KPOBW MCMbITbIBAET MMMOKCUIO, HECMOTPA Ha TO,
YTO AbILNT rAyb>Ke 1 yalle (gbIxaTeNbHbIN U MUHYTHBI OObEMBI YBENYEHDI).

Mpumep: Bam npuHecan 6annoH ¢ KUCNOPOAOM, EMKOCTbIO (06BEMOM) 31, — a CKO/IbKO B
HEM kmncnopoga? Hy KOHEYHO, HY>XHO M3MepUTb AaBleHWe, U TOrga, OLEeHUB CTemneHb
OKaTuA rasa u OXujaemMbli pacxod, MOXHO cKa3aTb, HafONro A ero xeatut. MexaHuka

— HayKa TO4YHad, NO3TOMYy npe>ae BCero,

O6bEM — 3TO Mepa NPOCTPaHCTBa.



N, TeM He MeHee, B YyC/IOBMAX CMOHTAHHOro AbixaHua u VIBJI npu HopMmasbHOM
aTMOCPepHOM AaBNEHMM Mbl UCMONb3yeM efuHMLbl obbeMa AN OLeHKU KOM4ecTBa
rasa. Cxatnem MOXHO npeHebpeub. B pecnvpatopHon MexaHuke 06bEMbI N3MEPSAIOT B
ANTpax nam MUAANANUTPAX.

Ana onncaHnsa 06bEMOB MCNONBL3YHOTCA TPU CNOBaA:

1. MpocTtpaHcTBO (Space).

2. EmkocTb (capacity).

3. O6bém (volume).

O61BbEMbBI M NPOCTPAHCTBA B PECMMPATOPHON MEXaHWKE
[pbixatenbHblh 06bEM (V1) no-aHrauickm Tidal volume - 310 BeanumHa opHoro
06bIYHOTO BAOXa WM BblAOXa.

MWHYTHbIA 06BEM (MV) — no-aHrauiicku Minute volume — 370 cymMa AbixaTesibHbIX
06bEMOB 3a MUHYTY. ECiv Bce gbixaTeNbHble 06beMbl B TEUEHNE MUHYTbI PaBHbl, MOXHO
NPOCTO YMHOXMTb AblXaTebHbI 06BEM Ha YaCTOTY AblXaHWUN.

MeptBoe npoctpaHcTBo (DS) no-anrauviickm Dead space — 310 cymMapHbii 06BbEM
BO34YXOHOCHbIX NyTel (30Ha AblXaTe/IbHOW CUCTEMDbI, F4e HEeT ra3oobmeHa).

Ob6beMbl, nccneayemble Npy CMPOMETPUN

AbixatenbHblt 06bEM (VT) no-aHrauiickn Tidal volume - 3To BeanumHa ogHoOro
0BbIYHOrO BAOXa UM BblaoXa.

Pe3epBHbI 06BbEM BaOXa — POBA (IRV) no-anrauickm Inspired reserve volume — 310
06BEM MaKCMMaNbHOro BAOXa MO 3aBepLueHMn 0BbIYHOrO BAOXA.

EMkocTb Baoxa — EB (IC) no-aHrawiicku Inspiratory capacity — 370 06béM MakcMaibHOro
BAOXa NOC/je 06bIUHOIO BbIAOXA.

IC = TLC = FRC nam IC = V1 + IRV

Obuwan émkoctb nérkmx — OEJ1 (TLC) no-aHrauninckn Total lung capacity — 310 06bém
BO34yXa B NErkMX Mo 3aBepPLIEHNN MaKCMMabHOTO BAOXa.

OctatouHbli 06véM — OO (RV) no-anraniickn Residual volume — 310 06béM BO3ayxa B
NErKMX No 3aBepLUEHNM MAKCMMa/IbHOTO Bbl0Xa.

XusHeHHas émkocTtb nérkmx — XEJT (VC) no-aHramiickn Volume capacity — 310 06bém
BAOXa Nocjae MakCMMaibHOTO BblA0Xa.

VC =TLC-RV

®yHKUMOHaNbHaA octaTouHasa émkoctb — @OE (FRC) nmo-aHramiickm Functional residual
capacity — 3to 06bEM BO3ayxa B IETKMX MO 3aBepLUEHNN OObIYHOTO BblAOXa.
FRC=TLC-1IC



Pe3epBHbIi 06bEM Bblgoxa — POBbIg (ERV) no-aHrauiicku Expired reserve volume — 31o
O6'béM MaKCMMaJibHOTIo Bblgoxa Nno 3aBepUJeHI/II/I O6b|‘-IHOFO BblA0OXa.
ERV = FRC - RV
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MoTok (flow)

Yro Takoe notok? «OH6bEMHAA CKOPOCTb» — TOYHOE onpeseneHune, yaobHoe Ana OLEeHKN
paboTbl HAacocoB M TPybHOMPOBOAOB, HO A/ PECnUMPaTOPHON MexaHuku 6osblue
NOAXOANT:

[1OTOK — 3TO CKOPOCTb M3MeHEHMA 06BbEMA

B pecnupatopHon mexaHuke notok (V) uamMepsoT B IMTpax B MUHYTY. [MpumMepsbl:

1. Motok(V) = 60a/MuH, AnntenbHocTtb Baoxa(Ti) = 1cek(1/60MuH), bixaTenbHbll 06bEM
(V1) =7

PeweHune: Vx Ti =Vt

OtBeT: 1n

2. Motok(V) = 60n/MuH, AbixaTenbHbii 06beM(VT) = 1a, AantenbHoctb Baoxa(Ti) = ?
Pewenwne: VT/V=Ti

OrtBeT: 1cek(1/60mMunH)

O61BEM — 3TO Npomn3BeAEeHNE NOTOKA Ha BPEMA BAOXa WA NJIOLWaAb NOA KPUBOW NMOTOKA.
Vr=VWxTi



BOOX BblA0X
DABJITEHUE
t
OBBEM
t
NOTOK
t

JT0 npeacrasieHne O B3aMMOOTHOLWIEHNM TNOTOKa W obbema Mcnonb3yeTca npwn

OMUCaHN PEXMOB BEHTUNALINN.

[asneHune (pressure)

YT0 Takoe gaBneHue?

[aBneHue (pressure) — 3T0 cua, NPUNOXEHHaA K e4uHULLE NaoLlaam
,ﬂ,aBneHme B AbIXaTe€JibHbIX NYyTAX WU3MEPAOT B CaHTMMETpax BOAHOIO ctonba m B

muaamnbapax. 1 munnmbap = 1,019744289 cm BogHoro ctonba.
3HaueHus ﬂ,aBJ'IeHI/IVI B Pa3HbIX 30HaX ﬂ,blxaTefIbHOVI CUCTEMDBI U TPaAUEHTDI

(gradient) gaBneHus

Mo onpeaeneHnto faBneHne — 3TO CUAa, KOTOpas yxke Hawa cebe npuMeHeHue, - OHa
(3Ta cuna) AaBUT Ha MAOWAAb W HUYEro HUKyAa He nepemeltaeT. [pPaMOTHbIM AOKTOP
3HaeT, 4YTO B3J4OX, BeTep, M Jaxe yparaH, CO34aeTca Pa3HOCTbKO JaBAEHUU WM
rpagueHTom (gradient).

Hanpumep: B 6annoHe ra3 nog gasneHvem 100 atmocdep. Hy n uto, ctont cebe H6annoH
M HUKOTO He TporaeT. a3 B 6annoHe CNokoMHO cebe JaBWT Ha NIOWaAb BHYTPEHHEW
NMOBEPXHOCTM BanloHa M HWU Ha 4YTO He oTBaekaeTcA. A ecanm OTKpbITb? BO3HUKHET

rpagveHT (gradient), KOTOpbIA 1 CO3aaeT BeTep.
10



~———Paw=Pawo
\—Ptlg=Pawo-Pbs

<
,:?{//\\\<? Ptt=Palv-Pbs
Y/ <
= PI=Palv-Ppl

-~ Lpw=Ppl-Pbs
—Pes

[7]

[aBneHuns:

Paw — naBsieHVe B AbIxaTeNbHbIX NyTAX

Pbs — gaBneHne Ha NOBEPXHOCTM Tena

Ppl — nneBpanbHoe faBneHue

Palv — anbBeonsipHoe faBneHne

Pes — nuweBoaHOEe AaBneHme

[pasmeHThbI:

Ptr — TpaHcpecnupaToHHoe aaBneHue Ptr = Paw — Pbs

Ptt — TpaHcTOpakanbHoe gaBneHne Ptt = Palv — Pbs

Pl — TpaHcnynbMoHanbHoe pasneHue Pl = Palv — Ppl

Pw— TpaHcmypanbHoe agaBneHne Pw = Ppl — Pbs

J1erko 3anoOMHUTB: €M NCNOo/b30BaHa NPUCTaBKa «TPAHC» - Ppeub UAET O rpajueHTe.
[naBHOW ABUXYLLEA CUIOKW, NO3BONAIOLLEN CAeNaTb BAOX, ABNSETCA Pa3HOCTb AaBAEHUM
Ha BXoZe B AblxaTesnbHble nyTn (Pawo- pressure airway opening) v JaBaeHVWe B TOM
MecTe, rae AbixaTesbHble NyTW 3aKaH4YMBaKOTCA — TO eCTb B anbBeosax (Palv). Npobaema
B TOM, UTO B a/IbBEOJIaX TEXHNYECKM CNOXHO NMOMepuUTb AasaeHune. Mo3ToMy Ana OLeHKN
AbIXaTeNbHOro YCUAMA Ha CMNOHTAHHOM [JbIXaHWUW OLUEHWBAOT TPAjUEHT  MeXAay
nuweBoaHbIM AaBneHvem (Pes), npu cobatogeHnn yCnOBUA U3MEPEHUA OHO PaBHO
naespanbHomy (Ppl), n saBneHnem Ha Bxoge B AbixaTesbHble NyTu (Pawo).

Mpwn ynpaBneHun annapatom VIBJT Hanbonee AOCTYNHbIM 1 MHPOPMATMBHbBIM ABAAETCS

rpagveHT MexXJay AaBAeHWEM B AbixaTeNbHbix NyTax (Paw) n gaBaeHMeM Ha MOBEPXHOCTU
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Tena  (Pbs- pressure body surface). 3tor rpaaveHt  (Ptr)  Ha3biBaeTcH
«TpaHcpecnMpaTtopHoe JaBfeHne», U BOT KakK OH CO34aeTcs:

1. Mpn NPV Pawo cootBetcTByeT aTmMochepHOMY, TO ecCTb Hosb, a Pbs craHoButcA
oTpuvLaTenbHbIM B pe3ysnbTate pabotbl annapata. Annapat VIB/T NPV tnna «Kirassa».

2. Mpwn PPV [aBneHne Ha noBepxHOCTU Tena (Pbs) paBHO Hyst0, TO eCTb COOTBETCTBYET

aTMocdepHoMy, a Pawo Bblilwe aTMOCHEPHOro, TO €CTb NMONOXKUTEBHOE.

OTPULATENLHOE +
DABNEHVE

\

LT

/
ATMOC®EPHOE % AN
RABNEHUE -

MONOXWUTENBHOE
AABINEHUE

ATMOC®EPHOE
AABNEHUE

Kak Bunaunte, HW oamH mn3 metogoB WBJT He cOOTBETCTBYET MOJHOCTBHO CMOHTAHHOMY
AbIXaHUIO, HO eC/I OLleHMBaTb BO3JENCTBME Ha BEHO3HbLINM BO3BpPaT U JMMGOOTTOK
annapatbl VIBJ1 NPV tuna «Kirassa» kaxxytca 6onee dpusnonornynoimn. Annapatbl VBJI
NPV tmna «lron lung», co3zaBas oTpuuatenbHoe AaBAeHWe Haj BCEW MOBEPXHOCTbHO
Tesna, CHMXXAtOT BEHO3HbIV BO3BPAT M, COOTBETCTBEHHO, CEPAEUHbIN BbIOpOC.

be3 HbtoTOHa 34eCh He 060UTUCH.

[aBneHne (pressure) — 3TO cuAa, C KOTOPOW TKAHW NETKUX W TPYAHOW KNETKM
NPOTUBOAENCTBYHOT BBOAMMOMY OOBEMY, WM, WHBIMW C/lOBaMK, CUAa, C KOTOPOW
annapat VIBJ1 npeosoneBaeT cONpoTUBAEHNE AblXaTeNbHbIX MyTeW, 31aCTUYECKYO TArY
NErKMX W  MblLLIEYHO-CBA3OUHBIX CTPYKTYp TPYAHON KNeTKM (No TpeTbemy 3akOHY
HbtoToHa 3TO OAHO W TO XXe TMOCKONAbKY «CWAa [AeWUCTBMA paBHa cune

NPOTUBOAENCTBUSA»).
Equation of Motion ypaBHeHuWe cun, nam TpeTuii 3akoH HetoToHa Ans
cucteMsl «annapat VIBJ1 — nauyeHT»
B tom cnyvae, ecam annapat VIBJ1 ocywectBaseT BAOX CMHXPOHHO C AblXaTebHOM

MONbITKOW NauueHTa, AaBieHne, co3gaBaemoe annapaTtom VIBJ1 (Pvent), cymmupyetcs ¢

MbILEYHbIM ycuaveM nauuneHTta (Pmus) (neBas 4acTb ypaBHeHWA) ANA NMPEOAONEeHUA
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yrnpyroctu nerkux u rpyaHon knetku (elastance) n conpotmeneHus (resistance) notoky
BO3JyXa B AbIXaTeNbHbIX NyTAX (MpaBas YacTb ypaBHEHMSA).

Pmus + Pvent = Pelastic + Presistive

(zaBneHve N3mMepsatoT B Muaanbapax)

Pelastic= E xV

(Nnpoun3BeseHMe yNpyroctn Ha o6bEM)

Presistive = R x V"~

(Nnpoun3BeseHMe CONPOTUBAEHMA Ha NMOTOK)

COOTBETCTBEHHO

Pmus + Pvent=ExV + Rx V"

Pmus(um6ap) + Pvent(méap) = Em6ap/mn) X V(mn) + R (M6ap/n/muk) X V(n/mun)

3aogHo BCNOMHUM, pa3mMepHocTb E — elastance (ynpyroctb) nokasblBaeT Ha CKOJbKO
MUANMbap BO3pacTaeT JaB/eHWe B pe3epByape Ha BBOAVMMYK eAMHULY ObbEMa
(MBap/Mn); R — resistance conpoTvBAEHME MNOTOKY BO3AyXa MPOXOAsLLEMY uepes
AbixatesnbHble Nyt (Mbap/n/MuH).

[MoHMMaHVe ypaBHEHWA CUA MO3BONAET Ham JenaTb Tpu Belwwn. Bo-nepsbix, nto6ou
annapat WBJ1 PPV moxeT ynpaBaaTb O4HOMOMEHTHO TO/JIbKO OAHWUM M3 U3MEHAEMbIX
napamMeTpoB BXOAALMX B 3TO ypaBHEHMWe. ITU M3MeHsAeMble napameTpbl — JaBieHune
06BbEM M noTok. [Mo3atoMy cyliecTBytoT Tpu crnocoba ynpaBaeHua BAOXOM: pressure
control, volume control, nan flow control. Peanvsauna BapmaHTa BAOxa 3aBUCUT OT
KOHCTpyKunm annapata WMBJT un BbibpaHHOro pexuma VIBJl. Bo-BTOpbIX, Ha OCHOBe
YPaBHEHWNA CUA CO34aHbl MHTEIeKTYalbHble MporpamMmel, 6a1arogapa KOTOpbIM annapar

paccuMTbiBaeT MOKasaTeNn pPecnupaTtopHON MexaHuku (Hampumep.. compliance
(pacTsxxmmocTsb), resistance (conpotmeneHme) n time constant (noctosaHHaa BpemMeHn <K
T> ). B-Tpetbux, 6€3 MNOHMMaHWA YypaBHEHUA CWUA He MOHATb Takue PeXuMbl

BEHTMAAUMM Kak “proportional assist”, “automatic tube compensation”, n “adaptive

support”.

[NaBHble pacyYeTHble NapaMeTpbl PECNUPATOPHOM MEXaHWKM

resistance, elastance, compliance

1. ConpoTtnBaeHune AbixaTenbHblX NyTen (airway resistance)
CokpalieHHoe ob603HaveHme — Raw.

PazmepHocTtb — cMH20/J1/cek nav mbap/mn/cek
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Hopma pansa 3goposoro venoseka — 0,6-2,4 cmH20//1/cek. Y MHTYbMpOBaHHOro nauneHTa
Ha VIBJT — 3-10 cmH20/J1/cek. dnsmyecknin CMbICA AaHHOrO MoKasaTesis roBOPUT, KakmMm
AOMKEH ObiTb rpagveHT AaBNeHNI (HarHeTaroLwee AaBaeHMe) B JaHHOW CUCTEME, UTOObI
obecneuntb notok 1 amtp B cekyHay. CoBpemeHHOMy annapaty WBJ1 HecnoxHo
paccumTatb pe3ncTaHC (airway resistance), y Hero ectb AaTuMkun JaBleHUA W NMOTOKa —
pasfenvn gaBaeHne Ha NoTokK, 1 roToB pesyabTar. [na pacyeta pe3ncraHc annapat VBJ
AEeNNT Pa3HOCTb (rpagueHT) MakcumanbHoro aasneHusa Bgoxa (PIP) v paBneHua naato
Baoxa (Pplateau) Ha noTok (V).

Raw = (PIP-Pplateau)/V"

Yo wn uemy conpotmBnserca? PecnupaTtopHasa  MexaHuka paccMmaTtpuBaet
COMPOTMBAEHME JAbIXaTeNbHbIX MyTeln BO3AyWwWHOMY noToky. ConpoTuBieHue (airway
resistance) 3aBMCMT OT AAMHbI, AMAMETPa WU MPOXOAMMOCTU AbIXaTeNbHbIX MYyTEW,
3HAOTpaxeanbHOU TPYyOKM W AbixaTeNbHOro KoHTypa annapata VIBJ1. ConpoTtuBneHue
MOTOKY BO3pacTaeT, B YaCTHOCTM, €C/I MPOUCXOAUT HAaKOMAEHNE N 3ajep>KKa MOKPOTbI B
AbIXaTeNbHbIX MYTAX, HAa CTEHKaX 3HAOTpPaxeanbHOW TPyOKW, CKOMNEHWe KOHAeHcaTa B
WaHrax AblXxaTeNbHOro KoHTypa uan gedopmauma (nepermb) nwobonm wm3 TpybOK.
ConpoTtuBneHne JAbixaTeNbHbIX MNyTeA PacTET MNPW BCEX XPOHUYECKMX W  OCTPbIX
OBCTPYKTMBHbIX 3aboseBaHUAX NErKUX, MPUBOAALLMX K YMEHbLUEHUIO AnaMeTpa
BO3JyXOHOCHbIX MyTen. B cooTBeTcTBMM C 3akoHOM [areHa-llya3ens npu yMeHbLUEHUN
AnameTtpa Tpybku BABOe aAns obecneuyeHUs TOro e MNOToKa rpajveHT JaBleHWun,
CO34aloLWMI 3TOT NOTOK (HarHeTatoLlee AaBAeHMeE), OKEH BbITb yBennyeH B 16 pas.
BaxxHO MMeTb B BWAy, 4YTO COMPOTMB/EHWE BCEW CUCTEMbl OMNPeAEeNsieTca 30HOW
MaKCMManbHOrO  COMPOTUBJEHUA (CaMbiM  Y3KMM  MECTOM). YcTpaHeHue 3TOro
NpensaTcTBUS (Hanpumep, yAaneHWe WHOPOAHOrO Tesfa W3  AbIXaTeNbHbIX MNyTEW,
yCTpaHeHWe CTeHO3a Tpaxen uan uHTybauuma npu OCTPOM OTEKe ropTaHW) MO3BOJAeT
HOpMann3oBaTb YCNOBUA  BEHTUAALUMW  Nerkux. TepMWH  pPe3nUcCTaHC  LIMPOKO
NCMNONb3yeTCs POCCUNCKMMUN peaHMMaTONoraMm Kak CyLLeCTBUTEIbHOE MY>CKOro poja.
CMbIC/ TEpMUHA COOTBETCTBYET MUPOBbLIM CTaHAapTaM.

BaXHO NOMHUTB, YTO:

1. Annapat WMBJ1 mMoOXxeT n3MepuTb PE3NCTaHC TONbKO B YCNOBUAX MPUHYAUTENBHOW
BEHTUALMMU Y PENaKCUPOBAHHOIO NaLneHTa.

2. Korga mMbl roBopuM O pe3ncTaHC (Raw nam conpoTUBAEHUN AbIXaTeNbHbIX NyTEN) Mbl
aHanm3npyem o6CTPYKTMBHbIe NPO6aEMbl NPENMYLLECTBEHHO CBfi3aHHblE C COCTOSHMEM

NpPpoxXo4AnMMOCTU AbiXaTe/IbHbIX ﬂyTel\/’I.
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3. Yem 6osibLUe MOTOK, TEM BbIlLE PE3UCTAHC.

2. Ynpyroctb (elastance) n nogatamsoctb (compliance)

Mpexae Bcero, cneayet 3HaTb, 3TO CTPOrO MPOTMBOMO/OXHbIe MoHATMA u elastance

=1/compliance. Cwmbicn noHATMA  «ynpyrocTe» noApasymeBaeT  CrMOCOGHOCTb
dm3nyeckoro Tena npu gedopmaumm  COXpPaHATb npuaaraemMoe ycuame, a npwu
BOCCTaHOBAEHUN GOpMbl — BO3BpaLLaTb 3TO ycuave. Hanbonee HarnsagHO 3TO CBOMCTBO
NPOSBAAETCA Y CTa/bHbIX MPY>XUH UAN Pe3nHOBbIX n3gennii. Cneunannctel no VIBJ npu
HacTpoMKe W TeCcTMPOBaHMM annapaTtoB B KayecTBe MOAENMN NErkKnx WCNoab3yroT
PE3NHOBbLIM MELLOK. YNPYrocTb AbIXaTe/lbHOW CUCTeMbl 0b603HaudaeTcs cumsosioMm E.
Pa3mepHoCTb ynpyroct Mbap/MJAi, 3TO O3Ha4yaeT: Ha CKONbKO Muaanbap cneayet
NOAHATb JaBJeHME B CUCTEME, YTOObI 06BEM yBennumnca Ha 1 ma. [JaHHbIN TepMUH
LWINMPOKO MCnosib3yeTca B paboTax no ¢u3nonorum ApixaHus, a cneuyannctel no MBJI
MONb3YHOTCA MOHATMEM OOpPaTHLIM «YyMPYrocTn» - 3TO «pacTsxXumocTb» (compliance)
(MHOrAa roBOPAT «MNOAATANBOCTL»). TEPMUH KOMMIANHC (compliance) ncnosnb3lyetcs kak
CYLLLECTBUTE/IbHOE MY>KCKOFO POAa POCCUUCKMMM pPeaHMaToIoramMm Tak Xe 4acTo, Kak U
pe3nctaHc (Bcerga korga MoHuTOop annapata VIBJ1 nokasbiBaeT 3TM napameTpsl).
Pa3mepHoOCTb KOMMNaiHCa — MA/Mbap nokasbiBaeT, Ha CKOJMbKO MWIWMAUTPOB
yBesmumBaeTca 06bEM Mpu NOBbILWEHWW AaBieHNa Ha 1 muaanbap.

B peanbHOM KAMHWYECKOW cuUTyauumn y naumeHta Ha WBJ1 mn3mepstoT KOMMAAWHC
pecnmpaTopHOM CUCTEMbI — TO €CTb IETKMX U TPYAHOM KneTkn BmecTe. [1na o6o3HaveHus
KOMMarHC mcnonb3ytoT cumBonbl: Crs (compliance respiratory system) — KOMMnamHC
AbixatenbHo cuctembl M Cst (compliance static) — KOMMNAaHC cTaTUyeckuii, 3TO
CUHOHWUMBbI. [ns Toro, YyTobbl paccunTaTb CTaTMYecknii KOMMNAANHC, annapat MBJ1 geaunt
AblXaTeNbHbIA O6BEM Ha AaBAeHMe B MOMEHT MHCMMPATOPHOW nay3bl (HET NOTOKa — HeT
pe3ncTaHC).

Cst = V1/(Pplateau —PEEP)

Hopma Cst (koMnnaiHca ctatnueckoro) — 60-100ma/mbap

MprBOAMMan HWMXe cCxeMa MoKa3biBaeT, Kak Ha OCHOBE [JBYXKOMMOHEHTHOW MOAenu
paccunTbiBaeTca conpoTtuBaeHne notoky (Raw), cratnueckmn komnaamHc (Cst) w

ynpyroctb (elastance) gpixatenbHow cncremsl.
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OABNEHUE
B KOHTYPE
AMNAPATA

,MOTOKOBOE 3aAep>kKa
. Bpems | BhOXa:
| o BOOXA

«—{EA0X— >« {EBIGOX| >

BPEMS ,

BaxXHO MmeTb B BUAY, YTO M3MEPEHUA BbINOJNHAKTCA Y pPenakCMpPOBaHHOIO MnauneHTa B
ycnosusx VIBJ1, ynpaBasemon no ob6béMy C nepekstoyeHMeM Ha BblAOX MO BPEMEHW.
3TO 3HaAUWT, YTO NOC/E TOro, Kak O6bEM AOCTaBNEH, Ha BbICOTE BAOXa K/anaHbl BAOXa W
BblZlOXa 3aKpbITbl. B 3TOT MOMEHT M3MepsaeTca AaBsieHne naato. BaxxHO NOMHUTB, yTto: 1.
Annapat VIB/T moxet um3meputb Cst (KOMMAalHC craTMyeckuin) TONbKO B YCNOBMAX
NPUHYAUTENBHOW  BEHTUAALMM Y  penakCMpOBaHHOIO  MauveHTa BO  Bpems
MHCNMpaTopHOW nay3bl. 2. Koraa Mbl roBopuM o ctatnyeckom KoMmrnanHce (Cst, Crs nam
PaCTAXXMMOCTN PEeCIMPATOPHON CUCTEMBI), Mbl @aHaAN3MPYEM PECTPUKTMBHbIE MPObaeMbl
NPenMyLLeCTBEHHO CBA3aHHble C COCTOAHMEM IEFOYHOW MapeHXUMbl.

CDVIIIOCOCI)CKOE pe3roMe MOXHO BbIPa3nTb ABYCMbICNIEHHBIM YTBEPXAEHUNEM!

[MoTOK cO3AaéT AaBaeHune
Ob6e TpaKTOBKM COOTBETCTBYHOT [JEWCTBUTENbHOCTM, TO €CTb: BO-MeEpPBbIX, MOTOK
CO34aéTCA TPasMeHTOM JaBJeHWA, a BO-BTOPbIX, KOrAa MOTOK HaTaJKMBAeTCA Ha
npenATcTBue (COMPOTMBAEHWE  AbIXaTe/lbHbIX MyTeu), JaBJAeHVe YBeINYUBaeTCH.
Kaxxywasacs peyeBas HeOpeXXHOCTb, KOrAa BMECTO «rPajVUeHT AaBaeHU» Mbl TOBOPUM
«faBNEHNE», POXAAETCA M3 KIAMHUYECKOM peanbHOCTU: BCE JaTUMKW  AaBAEeHMUA
PacnosoXeHbl CO CTOPOHbI AblXxaTe/bHOrO KOHTypa annapata WBJ1. Jna Toro, 4tobbl
N3MEePUTb AaB/eHME B TPaxee N paccumTaTtb rpajMeHT, He06X0AMMO OCTaHOBUTb MOTOK W
AOXAATbCA BblPaBHUBaAHWA JaBieHMA C OBOMX KOHLOB 3HAOTpaxeasbHOW TpyobKu.
16



[Mo3ToMy B npakTvke OBbIYHO Mbl MOAb3yEMCS MOKa3aTeNAMMN JaBJEHUA B AbIXaT€bHOM
KOHType annapata WMBJ1. 1o 3Ty CTOpoOHy 3HAOTpaxeanbHOW Tpybkn ana obecneueHus
BAoxa obbemMom Y Ma 3a Bpema X CeK Mbl MOXEM MOBbiWaTb JAaBiaeHMe BAoxa (M
COOTBETCTBEHHO rPaANeHT) Ha CKOJIbKO Y HaC XBaTUT 34paBoOro CMbICNa U KJIMHNYECKOro
onbITa, NOCKONIbKY BO3MOXHOCTW annapata VIBJT orpomMHsl.
Mo Ty CTOPOHY 3HAOTpPaxeanbHOW TPYOKM Yy HAC HaXOAMTCA MaLMEHT, U y Hero Ans
obecneueHns Bbigoxa 06BEMOM Y MA 3a BpeMsi X CeK eCTb TOJIbKO Cuaa ynpyroctu
NErkKnx W TPyAHOW KNETKM W CUla €ro AbIXaTeNbHOW MyCKynaTypbl (€CAIM OH He
penakcMpoBaH). Bo3MOXHOCTM MaumeHTa co3zaBaTb MOTOK BblAOXa OrpaHuyeHbl. Kak
Mbl yXe npeaynpexaany, «noToK — 3TO CKOPOCTb M3MEHEHUSi 0H6bemMa», MO3TOMY ANS
obecneueHns 3pHEKTMBHOTO BblJOXa HY>KHO NPeAOCTaBUTb NaLMEHTY BPEMS.
[NocTofAHHaa BpeMeHu (1)
Tak B OTeUeCTBEHHbIX PYKOBOACTBAX MO QU3NONOTUN AblXaHWUA Ha3biBaeTcs Time
constant. 31o npon3BeseHne KOMMAANHC Ha PE3UCTaHC.
T = Cst x Raw
Pa3MepHOCTb MOCTOSAHHOW BPEMEHM, eCTECTBEHHO CeKyHAbl. [JeNcTBUTENbHO, BeAb Mbl
yMHOXaem MJsi/Mbap Ha Mbap/Mn/cek. MocTosiHHas BpeMeHW OTpaXKaeT OfHOBPEMEHHO
3NacTMYeckmne CBOWCTBA AbIXaT€NbHOW CUCTEMbl N COMPOTUBAEHME AbIXaTeNbHbIX MyTEW.
Y pasHbix ntogen T pasHas. [MoHATb GM3NYeckuMr CMbICA JaHHOW KOHCTaHTbl Jierye,
HauaB C Bblgoxa. NpeactaBum cebe, 3aBeplUéH BAOX, — HayaT Bblgox. og aencrenem
NaCTUYECKUX CUN  AbIXaTeNbHOW CUCTEMbl BO3AYX BbITAJIKMBAETCA U3 NETKKX,
npeoAoieBas CONPOTUBAEHNE AblXaTeNbHbIX MYyTEMN.
CKoNbkO BpemMeHM 3alMET MacCMBHbIN BblJOX? [TOCTOAHHYHO BPEMEHM YMHOXWUTb Ha
natb (T X 5). Tak ycTtpoeHbl nerkme yenoseka. Ecam annapat MBJ1 obecneunBaeT BAOX,
co3jaBas MOCTOSHHOE JaBNeHWe B AbIXaTebHbIX NyTAX, TO Y pPenakCMpoBaHHOIO

nauneHTa MakCMManbHbIA ANA  AaHHOTO AaBAEHUA  AbixaTelbHbll  06BEM  byaet

AOCTaB/eH 3a TO e Bpems (T X 5).
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NOCTOAHHAA BPEMEHWU BOOXA U BbIAOXA
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I,£|,aHHbIl\/'I Fpaq)VIK NMOKa3bIBa€T 3aBUCMMOCTb I'IpOLI,eHTHOI;l BEJ/IMYNHbI AbIXaT€NbHOIo

0b6BbEMa OT BpeMeHW Npu MOCTOSHHOM JaBAEHWUWN BAOXa MAN NAaCCMBHOM BbljOXe.
Mpn BbIZOXE NO UCTEYEHUW BpemMeHn T nauMeHT ycrneBaeT BbIJOXHYTb 63%
AbixaTenbHoro obvéma, 3a Bpemsa 2T — 87%, a 3a Bpema 3T — 95% abIxaTenbHOrO

o6béma. Mpn BAOXE C NOCTOAHHBIM AaBAEHNEM aHaNOTMYHaA KapTuHa.

MpakTnyeckoe 3HaueHMe TMOCTOSHHOM BpeMeHW. Ecan Bpems, npepocTaBasiemoe
nauMeHTy Ansa Bblgoxa <5T, TO mocne KaXaoro BAOXa 4acTb AblxaTesbHOro obbEMa
byseT 3asep>XMBaTbCA B JNErKMX MaumeHTa. MakcMManbHbIN AbixaTeNbHbli O6BEM Npu
BAOXe C MOCTOAHHbIM JaBieHWeM nocTynuT 3a Bpemsa 5T. lMpu maTemaTnyeckom
aHanmse rpaduka KpvBoM Ob6bEMA BbIZOXa pacyeT MOCTOSHHOW BPEMEHW MO3BO/SET

CYyAUTb O KOMMANHC 1 pe3ncTaHc.
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A rPA®UK USMEHEHUA OBBEEMA

-

T

NOCTOAHHAA BPEMEHU

[aHHbIn  rpadumK MoOKasbiBaeT, Kak coBpeMeHHbl annapat VIBJ/T paccumtbiBaet
MOCTOAAHHYIO BpeMeHW. bbiBaeT, UTo cTaTMyeckmii KOMMAanNHC paccymTaTb HEBO3MOXHO,
T. K. A4 3TOr0 AOJXKHA OTCYTCTBOBaTb CMOHTaHHaA [bIxaTeNbHas aKTMBHOCTb U
HeobXxoAMMO W3MepUTb JAaBieHve nnato. Ecav pasgenvTb AbixaTeNbHblA O6BEM Ha
MaKCMManbHoe JAaBleHue, MONyUMM elle OAWMH PaCYETHbIN MoKasaTesb, OTpaXKatoLWwmnin
KOMMAANHC 1 pe3nNCTaHC. Pa3Hble aBTOPbI MCMONb3YOT pa3Hble MMeHa, HO Mbl JOKHbI
3HaTb, YTO 3TO CMHOHUMBbL:

Cp = Dynamic Characteristic = Dynamic effective compliance = Dynamic
compliance.

Cp = V1/(PIP — PEEP)

bonblwe Bcero cbmBaeT C TOAKYy Ha3BaHWE «AMHAMUYECKMA KOMMAANHC», MOCKObKY
M3MepeHne MPOUCXOAMT MPU HEOCTaHOBJEHHOM MOTOKe W, CNeAoBaTeNbHO, AaHHbIN
nokasaTeNb BKAKOYAeT M KOMMJIAMHC, U pe3uctaHCc. Ham 6onblue HpaBWUTCA Ha3BaHWe
«ANHaMMYyeckas xapakrepuctuka». Korga 3TOT nokasaTenb CHUXKAETCA, 3TO 3HauuT, YTo
NMMBO MOHM3MACA KOMMMAWHC, mMbo BO3POC pe3ncTaHC, nmbo u 10 U apyroe. (Nan
HapyLlaeTcs NPOXOANMOCTb AblXaTebHbIX MYTEeRN, NN CHUXKAeTCAa NOAATANBOCTb JerKu1X.)
OgfHako ecnn OfHOBPEMEHHO C AMHAMMUYECKOW XapakKTepUCTUKOA Mbl OLIEHVMBAEM Mo
KPMBOW BblAOXa MOCTOAHHYIO BPEMEHM, Mbl 3HaeM OTBeT. ECM mocTosaHHas BpemMeHwu
PacTéT, 3T0 O6CTPYKTMBHbBIN NPOLLECC, @ €CNN YMEHbLUAETCs, 3HaUnT NErkne cTaan MeHee

noaatinBbl.
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3akro4yeHue

Taknm 0bpas3om, 3HaHWe PecnMpaToOpHOM MexaHVKK MO3BOASET He MPOCTO CTaHAAPTHO
yCTaHaBAMBATb Hekue "cpeaHue" napameTpbl BEHTUAALUW, HO MOHWMAaTb Bbi3blBaeMble
CMEHOWN MapaMeTpPoB WM3MEHEHUs B GU3NONOTUW AbIXaTeNbHOM CMCTEMbI MaLMeHTa U

YMETb MaKCMMaJibHO 3C|)C|)eKTI/IBHO NPUMEHATb CBOUN 3HAHWA.
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