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BBegeHue

lMpoBeneHne annapaTHOM WMCKYCCTBEHHOM BEHTUNAUMW NErKMX B HacToswee Bpems
CcTano pPYTUHHOW Mpouedypol B JEevYeHUM nauueHToB OTAeNneHurW peaHuMauum u
WHTEHCUBHOW Tepanuu, nepecTaB BHyWaTb Tpenetr npu MNPUHATAM peLlleHnss o
HeobXOAMMOCTM OKas3aHWUs NauneHTy pecnupaTopHoOn noaaepXkn. BoamoxxHOCTU 3Toro
MeToda WHTEHCUBHOW TepanuuM HeusmMepumo BO3POCHAM C MOSIBIEHWEM HOBbIX
MOKOMEHU pecrnmpaTopoB, MNOMNYYMBLUMX 3a MNpefocTaBnsemMble VUMW BO3MOXHOCTU
Ha3BaHue "MHTennekTyanbHbIX".

Tem He MeHee, npuxoguTcsa nNpu3Hatb, YTO OO CUX TMNOp [Jaxe caMbli

AL

"MHTennekTyanbHbIn" annapaT VIBJ1 He B COCTOSAHUKN y4eCTb BCEX HIOAHCOB NaTONOMun 1
OCODEHHOCTEN Kakgoro naumeHTa, oueHUTb 3hdEKTMBHOCTb pecnnpaTopHOn Tepanuu
n onpegennuTb He06Xo0AMMOCTb N3MEHEHUs1 NnapameTpos VBJI.

CBefeHnst 0 MEXaHUYECKMX CBOMCTBAX NErKMX, NosiydaemMblX OT MOHUTOPOB MEXaHUKU
AblXaHUs, KOTOPbIMM OCHALLEHbl COBPEMEHHbIE pecnupaTopbl, MNpeaocTaBnaloLmne
CTONb HeobxogmMmyo UHGopmMauunio 06 apPEeKTUBHOCTU N afeKBAaTHOCTU NMPOBOAMMOWN
MBI, ctaHoBATCA Ona Bpaya NyTeBOAHOW HUTbIO, yKasblBas, rae Mbl HaxoOUMCH, W

Kyda HY>XHO ABUIraTbCA.

PecnuparopHasi MexaHuka — Heo6XoaUMbI MMHUMYM

Kakune napameTpbl BOoxa v Bblgoxa namepset annapat VBJ1?
1. Bpewms (time),
2. 06BbEM (volume),
3. notok (flow),
4

AaBneHue (pressure).

Bpems (time)
Bpems — 3T0 Mepa AnuTenbHOCTU U NOCcnegoBaTeNbHOCTU SABMEeHUA
Ha rpacdvkax gaBneHusi, notoka n o6bEma BpeMs BEXUT NO ropu3oHTanNbHOM ocn «X».
N3mepsieTca B cekyHaax, MvHyTax, Yacax. C nosuyuii pecnmpaTtopHOn MEeXaHWKM Hac
WHTepecyeT ANUTENbHOCTb BOOXa W BblAOXa, MOCKOMbKY MpPOU3BEAEHWE MOTOKOBOMO
BpemeHn saoxa (Inspiratory flow time) Ha noTok paBHO 06BLEMY BAOXA, a Npon3BeaeHne

NOTOKOBOro BpemeHu Bbigoxa (Expiratory flow time) Ha noTok paBHO 06bEMY BbloOXaA.



BpemeHHble nHTepBanb! AbixaTenbHOro yukna (Mx yetbipe)
UTo Takoe «BOOX — inspiration» u «Bblaox — expiration»?
Boox ato Bxoag Bosagyxa B nerkuve. nutca Ao Havana Bblgoxa. Bblgox — 3To BbIXxoA
BO3dyxa M3 nerkux. Anutca [o Hayvana Bgoxa. VIHbIMi crnoBamu, BOOX CUYMTaeTcs C
MOMEHTa Hayana noCTynfieHnss Bo3gyxa B AblXaTenbHble NyTW M ANUTCA A0 Hadvana
BbldoOXa, a BblAOX — C MOMEHTa Hayana mMsrHaHus Bo3ayxa U3 AbiXxaTesfbHbIX NyTen u
ANnTCA 0O Havana Baoxa.
OKcnepTbl AENAT BOOX HA ABE YacTu.
Inspiratory time = Inspiratory flow time + Inspiratory pause
Inspiratory flow time — BpemeHHOIM MHTepBan, korga B nerkve nocrynaeT Bo3gyx. Yto
Takoe «wuHCnupaTopHas naysa» (inspiratory pause wnu inspiratory hold)? 3710
BPEMEHHOW WHTEpBar, KOraa KnanaH BOOXa YXXe 3aKpbIT, a KnanaH Bblgoxa elle He
OTKPbIT. XOTS B 9TO BpemMs MNOCTYMneHuMs BO3dyxa B JIErkKMe He MNpoucxoauT,
WHCNUpaTopHasa nay3a SBNSAETCA 4acTbio BPEMEHW BAoxa. Tak [OroBOPUIUCH.
WHcnupatopHasa nay3a BO3HMKaeT, KOrga 3adaHHbli 0OOBbEM YyXKe OOCTaBMEH, a BPeEMs
BAOXa eweé He uctekno. [nsa CNOHTaHHOro AbIXaHUs — 3TO 3ajepXKka AblXxaHus Ha
BbICOTE BAOXa. 3ajepxka [AblXaHUs Ha BbICOTE BAOXa LWWUPOKO MNPaKTUKYeTCH
WHOWUCKUMW Woramum M Opyrumu cneuymanuctamu no AgbixaTenbHon rumHactuke. B
HekoTopbIX pexumax WBJ1 nHcnupatopHas naysa otcytcteByeT. [Ana annapata WBJI
PPV Bblgox expiratory time — 3To BpeMeHHOW nHTepBarn OT MOMEHTa OTKPbITUA KnanaHa
BbloOXa 00 Havana cnefyoLero Bgoxa. JKCnepTbl 4enaT BblAOX Ha ABE YacTu.
Expiratory time = Expiratory flow time + Expiratory pause
Expiratory flow time — BpemeHHON WHTepBarn, Korga BO34yX BbIXOAUT M3 nerkux. Yto
Takoe «3KcnupaTtopHas naysa» (expiratory pause vunu expiratory hold)? 3T1o BpemeHHo
WHTepBan, Korga NnoTok BO3gyxa M3 Nerkux yxxe He nocTynaeT, a BOOX eLlé He Havancs.
Ecnn mMbl Mmeem geno ¢ «ymHbiM» annapatom WBJ1, mbl 06s3aHbl coobwmuTb emy
CKOIMbKO BPEMEHW, NO HalleMy MHEHWIO, MOXeT ONUTbCA 3KCnmupaTtopHas naysa. Ecnu
BPEMS SKCMUPATOPHOM Nay3bl UCTEKNO, a BAOX He Hadarncs, «ymHblny annapat VBJI
ob6baABngaeT Tpesory (alarm) u HauvMHaeT cnacaTb NauyuMeHTa, NOCKOSIbKY CYUTAET, YTO
npomsowno anHod (apnoe). Bkntouvaetcs onuua Apnoe ventilation. B HekoTopbix
pexnmax NBJT akcnnpaTopHasa naysa OTCyTCTBYeT.
Total cycle time — Bpema gbixaTenbHOro Uukna cknagblBaeTcs U3 BpeMeHu BOoxa U
BPEMEHMU BblgoXa.

Total cycle time (Ventilatory period) = Inspiratory time + Expiratory time
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Total cycle time = Inspiratory flow time + Inspiratory pause + Expiratory flow time +
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WNHcnnpaTopHas u/unu akcnupaTopHasi nay3bl MOryT OTCyTCTBOBaTb.

O6bem (volume)

UTto Takoe 06bemM? HekoTopble Hawm KypcaHTbl oTBeYvatoT: « OGbEM — 3TO KONMYECTBO
BewecTBa». [Ana HeCxkxumaemblx (TBEPObIX M XKUAKUX) BELLECTB 3TO BEPHO, a Ans rasos
He Bcerga. Korga pbixaHne npoucxoauT noA [LaBNEHWEM Bbile aTMOCHEPHOro
(6bapokamepa, rnobokoBOAHbIE aKBanaHrMCTbl U T.4.), CKaTMEM rasoB npeHebperatb
Henb3s, MOCKONbKY MEHAOTCS UX (PU3NYECKMEe CBOMNCTBA, B YaCTHOCTU PacTBOPUMOCTb B
Boae. B pesynbTate — kMcnopogHoe onbsiHeHNE U KeCoHHas 6one3Hb. B BbICOKOropHbIX
YCNOBMAX MNP HU3KOM aTMOCCEepHOM AaBnEHUN 300POBLIA CMOPTCMEH-ANbMUHUCT C
HOpMarsbHbIM YPOBHEM reMornobuHa B KpOBU MUCMbITbIBAET MMMNOKCUIO, HECMOTPS Ha TO,
YTO AbIWKT rnyoxe n vaile (ablXaTenbHbI U MUHYTHBIN OOBEMbBI YBENUYEHDI).

Mpumep: Bam npuHecnu 6annoH ¢ KUCNOPOAOM, EMKOCTbIO (06BEMOM) 311, — a CKONbKO
B HEM kucropoga? Hy KOHEYHO, HYXXHO U3MEPUTb AAaBIEHNE, U TOraa, OLEHMB CTENEHb
CXXaTus rasa u oXXmaaemblii pacxon, MOXHO ckasaTb, Ha4omnro N ero xgaTnt. MexaHuka

— HayKa TO4YHad, N03TOMY npexae Bcero,

O61LEM — 3TO Mepa NpoCTpaHCTBa.



N, Tem He MeHee, B YCMNOBWUSX CMOHTaHHOro AbixaHua v WMBJ1 npn HopmanbHOM
aTMocdepHOM OaBMEeHUN Mbl UCMONb3yeM eauHuubl obbema AN OLEeHKU Konnyectea
rasa. Cxatuem MOXHO npeHebpeyb. B pecnunpaTopHol MexaHuke 06bEMbI U3MEPSIOT B
nuTpax unn MUNNUIUMTPax.

[nsa onucaHusa 06BEMOB MCNONL3YKTCA TPU CrioBa:

1. MpocTtpaHcTBO (space).

2. EmkocTb (capacity).

3. O6bEm (volume).

O61LEMbI U NpOCTpaHCTBA B pecnMpaTopHON MexaHuke
AdbixaTtenbHblii 06bEM (V1) no-aHrnuiickm Tidal volume - 310 BenuumMHa opfHoOro
06bI4YHOrO BAOXa UMK BblgoXa.

MWHYTHbLIR 06BEM (MV) — no-aHrnuiickn Minute volume — 310 cymma gbixaTenbHbIX
ob6bEMOB 3a MuHYTy. Ecnn Bce ApixaTenbHble 06beMbl B T€YEHUE MUHYTbl PaBHbI,
MO>HO MPOCTO YMHOXWUTb AbIXaTerNbHbli 00BbEM Ha YacTOTy AbIXaHWMA.

MepTBoe npoctpaHcTBo (DS) no-aHrnuiickn Dead space — 310 cymmapHbii 06BHLEM
BO3QYXOHOCHbIX NyTeWn (30Ha AblXxaTerNbHOW CUCTEMBI, FAe HET ra3oobmeHa).

O6beMbl, uccnegyembie nNpyu CNIMPOMETPUM

AbixaTenbHbln 06bEM (VT1) no-aHrnunckn Tidal volume — 310 BennumMHa opHOro
06bI4YHOrO BAOXa UMK BblOOXA.

PesepBHbIi 06E€M Baoxa — POBp (IRV) no-aHrnuiicku Inspired reserve volume — ato
06BbEM MaKCMManbHOro Booxa rno 3aBepLueHnmn obbIYHOro BAOXA.

Emkocte Baoxa — EB (IC) no-aHrnuicku Inspiratory capacity — 210 06béMm
MaKcMmanbHOro Baoxa nocrie obbI4HOro Bblgoxa.

IC=TLC-FRC vnmn IC =V1+ IRV

O6was émkoctb nérkux — OEJ1 (TLC) no-aHrnuiickm Total lung capacity — a1o 06b€Mm
BO34yxa B NETKMX Mo 3aBEPLLUEHMN MAKCUMarbHOro BAOXa.

OctaTo4HbIt 06EM — OO (RV) no-aHrnuiickn Residual volume — 310 061€M BO3ayxa B
NErKnX No 3aBepLUEHNN MAKCMMarnbHOro BblgoXa.

XKusHeHHas émkocTb nérkux — XEJ1 (VC) no-aHrnuiicku Volume capacity — 310 06bém
BAOXa MOCNe MakCUMarnbHOro BblgoXa.

VC =TLC-RV

®dyHKyMOoHanbLHasa octatodHasa émkocTb — POE (FRC) no-aHrnurickm Functional residual
capacity — 970 06EéM Bo3ayxa B NErkMx no 3aBepLUeHMm 0ObIYHOrO BbIAOXA.
FRC=TLC-IC



PesepBHbiii 06béM Bbigoxa — POBbig (ERV) no-anrnuiickn Expired reserve volume —
3T0 06BEM MaKCMMarnbHOro Bblgoxa Mo 3aBEPLLUEHUN OObIYHOMO BblgoXa.
ERV =FRC - RV

PesepBHbI

obvem EmMKkocTb
Baoxa BaOXa
>HKusHeHHan

EMKOCTb

>
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MoTtok (flow)

Uto Takoe notok? «OGBbEMHAs CKOPOCTb» — TOYHOE onpegeneHwe, ygobHoe Aans
OLeHKM paboTbl HACOCOB U TPYBONPOBOAOB, HO AN PECNUPATOPHOK MEXaHUKN BorbLue
noaxoauT:

MoToK — 3TO CKOPOCTb N3MEHeHUs1 06 bLEMa

B pecnnpatopHon mexaHuke notok (V) namepstot B nntpax B MUHyTY. MNpumepsbi:

1. Motok(V) = 60n/muH, OnutenbHocTb Baoxa(Ti) = 1cek(1/60MuH), [ObixaTenbHbIN
06bém (V1) =7

Pewenwne: Vx Ti =VT

OtBeT: 1n

2. MoTtok(V) = 60n/MuH, ObixatenbHbli 06bEM(VT) = 1n, AnutensHocte Booxa(Ti) = ?
Pewenue: VI/V " =Ti

OTteeT: 1cek(1/60MuH)

O6béM — 9TO npousBedeHMe MNOoTOKa Ha BpeMs BAOXa MMM nnowagb nog KpyBoWn

NOTOKa.



Vr=VXTi

BOOX BblA0X
OABIEHUE
t
OBBEM
t
NOTOK
t

310 npeacrtaerieHne O B3aMMOOTHOLUEHUMN TMOTOKa U obbema ncnonblyeTcda npu

onncaHum pexmmoB BEHTUNALINN.

[asneHue (pressure)
YTo Takoe gasnexnmne?
[aBneHue (pressure) — 3TO cuna, NPUNoXXeHHas K eauHuLe nnowaau
}J,aBneHme B AbIXaTEJIbHbIX MYyTAX U3MEepAT B CaHTUMEeTpax BOAHOro cTtonba un B
Mmunnudapax. 1 munnubdap = 1,019744289 cm BogHoro cronba.

3HaueHns faBneHun B pasHbiX 30HaX AblXaTenbHOW CUCTEMBI U rPafUEHTbI

(gradient) naBneHus
Mo onpegeneHunto gaBneHne — 310 cuna, Kotopas y»ke Hawna cebe npumeHeHue, - oHa
(aTa cuna) gaBuT Ha nnowlagb M HMYEro HUKyga He nepemelyaeT. [pamMOTHbIA OOKTOP
3HaeT, YTO B3[OX, BeTep, M Aaxe yparaH, CO34aeTcs pas3HOCTbi AaBreHW Wnu
rpagmneHTom (gradient).
Hanpumep: B 6annoHe ra3 nog gaesneHvem 100 atmocdep. Hy u 4to, ctout cebe

GannoH n HuKoro He TporaeT. a3 B GannoHe cnokorHoO cebe AaBMT Ha nnowagib
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BHyTpeHHeVI NnOBEPXHOCTU GannoHa M HWM Ha 4YTO He oTBnekaeTcsa. A ecnu OTKprTb?

BosHukHeT rpagmeHT (gradient), KOTopbIv U co3daeT BeTep.

~———Paw=Pawo
\—Ptr=Pawo-Pbs

-—PDbs

Ppl
e

& Ptt=Palv-Pbs
§> +—PI=Palv-Ppl
-~ Lpw=Ppl-Pbs

—Pes

N
,77

[7]

[aBneHus:

Paw — paBneHue B AblxaTenbHbIX NyTAX

Pbs — naBneHune Ha noBepxHoCTH Tena

Ppl — nneBpanbHoe faBneHue

Palv — anbBeonspHoe faBneHue

Pes — nuwesoaHoe aasneHne

['pagneHTsI:

Ptr — TpaHcpecnupaTtoHHoe gasneHne Ptr = Paw — Pbs

Ptt — TpaHcTOpakanbHoe fasneHune Ptt = Palv — Pbs

Pl — TpaHcnynbemoHanbHoe faesnenue Pl = Palv — Ppl

Pw- TpaHcmypanbHoe gasneHne Pw = Ppl — Pbs

Jlerko 3anOMHUTB: ecnv UCNOonb3oBaHa NpUCTaBka «TPaHC» - peyb NaeT O rpagueHTe.
[maBHOW [OBWXYLLUEN CUNOW, NO3BONAKOLWEN caenatb BOOX, SBMAAETCH pPasHOCTb
AaBneHu Ha Bxoge B AbixaTenbHble nytn (Pawo- pressure airway opening) wu
AaBreHve B TOM MecCTe, rae AblxaTernbHble NYyTU 3aKkaHYMBaKTCA — TO €CTb B alnbBeonax
(Palv). Mpobnema B TOM, YTO B anbBeonax TEXHUYECKU CIOXHO MOMEPUTL AABMEHUE.
[MoaTomy ANA OUEHKM AObIXaTeNbHOro YCUMA Ha CMOHTAHHOM AbIXaHWW OLEHUBAKOT
rpagueHT Mexagy nuuweBodHbiM fasneHnem (Pes), npu cobniogeHun ycnosui
n3mMepeHus oHO paBHO nnespansHoMy (Ppl), n gaBneHnem Ha Bxode B AblXaTerbHble

nytn (Pawo).
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Mpu ynpaBneHnn annapatom UBJ1 Hanbonee fOCTYNHBIM U MHAPOPMATUBHBIM ABMSETCS
rpagveHT Mexay [fasBneHuMeM B AbiXxaTenbHblX nytsax (Paw) u  gaBneHuwem Ha
nosepxHoctn Tena (Pbs- pressure body surface). 3toT rpagueHT (Ptr) HasbiBaeTcs
«TpaHcpecnupaTopHOe AaBneHne», U BOT KaK OH CO34aeTcs:

1. MNpu NPV Pawo cooTBeTCTBYET aTMocepHOMYy, TO eCTb HOMb, a Pbs cTaHoBUTCS
oTpuuaTtenbHbIM B pesynbTaTe paboTtbl annapata. Annapat VIBJ1 NPV tuna «Kirassa».
2. lMNpu PPV [OaBneHne Ha nosepxHocTn Tena (Pbs) paBHO Hynw, TO ecTb
COOTBETCTBYET aTtmMocdepHoMmy, a Pawo Bbllle aTtmocepHoro, TO ecCTb

NONOXUTEITbHOE.

OTPHULATENLHOE +
DABNEHVE

G )

T

ATMOC®EPHOE
NONOXWUTENBHOE

AABINEHUE

ATMOC®EPHOE
AABNEHUE

. w?f—\/_\

Kak Bngute, HM ogmH n3 metonos WMBJ1 He cooTBETCTBYET MOSIHOCTLKD CMOHTAHHOMY

ObIXaHUID, HO €ecrnu oueHMBaTb BO3LOENCTBME Ha BEHO3HbIA BO3BpaT U JIMMAOOTTOK
annapatbl MIBJT NPV Tuna «Kirassa» kaxyrtcsa 6onee ¢usmonornyHoiMu. Annaparthbl
MBJT NPV Tuna «lIron lung», cosgaBaa oTpuuaTenbHOE [aBrieHne Hapg BCen
NOBEPXHOCTbIO Tena, CHWXAKT BEHO3HbIN BO3BPAT W, COOTBETCTBEHHO, CEPAEYUHbIN
BbIGpOC.

Be3 HbloTOHA 3aech He 06ONTUCH.

[aBneHne (pressure) — 3TO cuna, C KOTOPOM TKaHW NErKUX W TFPyoHON KNeTKu
NPOTUBOAENCTBYOT BBOAUMOMY OOBEMY, WNW, WUHLIMWA CrOBamMW, Cuna, C KOTOPOW
annapat VBJ1 npeogoneBaeTt conpoTuBneHne gbixaTenbHbIX MyTeW, 3MacTUYECKYIO TAry
NErkMx W MbILEYHO-CBA30YHbLIX CTPYKTYp TpYyAHOM KNeTkn (No TPeTbeEMY 3aKOHY
HbloTOHa 3TO OOHO M TO Xe TOCKOSMbKYy «Cuna [OeucTBUS paBHa cune

NPOTUBOAENCTBUSAY).
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Equation of Motion ypaBHeHune cun, unu Tpetuin 3akoH HbloTOHa AN

cucrembl «annapat UBJ1 - nauneHT»
B Tom cnyyae, ecnn annapaTt MBJT ocywecTBnseT BOOX CUMHXPOHHO C AblXaTenbHOM
nonbITKOW NauvMeHTa, AaBneHune, cosgaBsaemoe annapatom MBI (Pvent), cymmmnpyetcsa
C MblLWEYHbIM ycunuem naumeHTa (Pmus) (nesas 4acTb ypaBHEHUS) ANsA NpeogonieHuns
ynpyroctu nerkux v rpygHon knetku (elastance) n conpotmeneHuna (resistance) notoky
BO34yXa B AblXaTenbHbIX NyTAX (MpaBas YacTb YpaBHEHUS).
Pmus + Pvent = Pelastic + Presistive
(oaBneHue namepsaoT B Munnunbapax)
Pelastic= E xV
(NnponsBegeHne ynpyroctn Ha o0 bLEM)
Presistive =R x V-
(nponsBeneHne conpoTUBNEHMSI HA NOTOK)
COOTBETCTBEHHO
Pmus + Pvent=E xV + Rx V"~
Pmus(v6ap) + Pventméap) = Em6ap/mn) X V(mn) + R (M6ap/nmun) X V(n/muk)
3aogHo BCnoMHUM, pa3mepHocTb E — elastance (ynpyroctb) nokasbiBaeT Ha CKOMbKO
Munnubap Bo3pacTaeT AaBfeHWe B pe3epByape Ha BBOAUMYK efuHuly obbéma
(m6bap/mn); R - resistance conpoTvBneHve nOTOKy BO34yxa Mpoxogsuiemy 4epes
AblxatenbHble nyTn (M6ap/n/mMuH).
lMoHMMaHne ypaBHEHWSA cun NO3BOSISIET Ham AenaTb Tpu Bewwu. Bo-nepsbix, nobon
annapat VBJT PPV moxeT ynpaensiTb OQHOMOMEHTHO TOSbKO OAHUM N3 U3MEHSAEMbIX
napameTpoB BXOOALIMX B 9TO ypaBHeHWe. 3TN U3MeHseMble napamMeTpbl — JaBneHne
06BbEM M noTok. [MoaTomMy cyLlecTBYOT Tpu cnocoba ynpaBneHna BOOXOM: pressure
control, volume control, unu flow control. Peanusauna sapwaHta Bgoxa 3aBucuUT OT
KOHCTpyKuun annaparta VBJ1 u BbibpaHHoro pexuma WBJ1. Bo-BTOpbIX, Ha ocHOBe
YpaBHEHUS CUN CO3[4aHbl WHTENMeKTyanbHble MporpaMmmbl, ©Gnarogapsa  KoOTopbiM
annapat paccyuTbiBaeT MNokasaTenu pecnMpaTtopHOM  MexaHuku  (Hanpumep.:

compliance (pacTsXxmmocTb), resistance (conpotusneHue) u time constant (noctosiHHas
BpemeHn <K T 3> ). B-TpeTbux, 6€3 NOHMMaHWA ypaBHEHUS CUN HE MOHATb Takue

pexumbl BeHTMNAUMKM kak “proportional assist’, “automatic tube compensation”, u

“adaptive support”.
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TnaBHble pacyeTHble napamMmeTpbl pecrnMpaTopHOU MEXaHUKU

resistance, elastance, compliance

1. ConpoTuBneHue abixatesnbHblX nNyTeii (airway resistance)

CokpalleHHoe o6o3HavyeHne — Raw.

PaamepHocTb — cMH20/J1/cek unu mbap/mn/cek

Hopma ansa sgoposoro yenoseka — 0,6-2,4 cmH20/I1/cek. Y nHTyGMpoBaHHOro naumeHTa
Ha VBJ1 - 3-10 cmH20/J1/cek. dPnsnyecknin cMbIC AaHHOMO NoKasaTensd roBopuUT, Kakum
AOfKeH ObiTb rpagueHT AaBneHun (HarHeTawlwlee [aBreHWe) B OaHHOW cucTeme,
4TObbLI 06ecrneunTb NOToK 1 NUTP B cekyHay. CoBpemeHHoMy annapaty UBJ1 HecnoxHo
paccunTaTb pe3uctaHc (airway resistance), y Hero ectb gaTyunkm gaBneHus N NoToka —
pasgenun gaBneHne Ha MoTokK, M roToB pesynbrart. [Ana pacyeTa pesucTaHc annapart
MBJ1 penut pasHocTb (rpagueHT) MakcumanbHoro gasneHunda saoxa (PIP) n gaBneHus
nnato sgoxa (Pplateau) Ha noTok (V).

Raw = (PIP-Pplateau)/V "

Uto u 4yemy conpotmensetca? PecnupatopHas MexaHuka paccmaTpusaet
COMpOTUBNEHNE [bIXaTeslbHbIX NyTen BO3QyLHOMY noToky. ConpoTuBneHue (airway
resistance) 3aBuCcUT OT AONWHLI, AMamMeTpa M MPOXOAUMOCTU AblXaTenbHbIX NyTen,
3HOOTpaxeanbHoOW TPYOKM M AbixaTenbHOro KoHTypa annapata WBJ1. ConpoTtuenexue
NOTOKY BO3pacTaeT, B YaCTHOCTU, eCNn NPOUCXOOUT HaKoMneHne 1 3agepxka MOKpOThl
B AbIXaTeNbHbIX MYTSX, HA CTEHKax 3HO4OTpaxeanbHON TPYOKKU, CKONSeHNe KoHAeHcaTa B
LuNaHrax AbixaTenbHOro KOHTypa wnu aedopmauna (nepermd) nwobor n3s TpybdoK.
ConpoTuBrieHne AblxaTernbHbIX MNyTeln pacTET NpU BCEX XPOHUYECKMX U  OCTPbIX
OOCTPYKTMBHbIX 3aboneBaHnsax nErkvx, MpuMBOAAWMX K YMEHbLUEHUIO AuvameTpa
BO3YXOHOCHbIX NyTen. B cooTBeTCcTBUM C 3aKoHOM [areHa-lNyasena npu yMeHbLUEHUN
AnameTpa Tpybkum BaBoe Ana obecneveHus TOro e MoToka rpaguveHT [aBeHun,
cosfaroLmii 3TOT NOTOK (HarHeTatoLee AaBneHne), AomkeH bbiTb yBenun4yeH B 16 pas.
BaxHo wumeTb B BMAY, YTO COMPOTMBIIEHME BCEW CUCTEMbI ONpeaenisieTcs 30HOW
MaKCMMarnbHOro COMPOTMBMEHUA (CaMbiM  Y3KMM MECTOM). YCTpaHeHue 3TOro
nNpensaTcTBua (Hanpumep, yaaneHune WHOPOAHOro Tena U3 AbIXaTeNbHblX MyTewn,
yCTpaHeHne CTeHOo3a Tpaxeu uUnu MHTybauusa npu ocTpoOM OTEKe ropTaHu) no3sonseT
HOpManu3oBaTb YCMOBUS BEHTUNAUMM  NEerkux. TepMMH  pesUCTaHC  LUMPOKO
NCNonb3yeTcsl POCCUIACKMMN peaHUMaTOoNoraMmm Kak CyLeCcTBUTENbHOE MYXXCKOro poAa.

Cwmbicn TEPMUHaA COOTBETCTBYET MUPOBbLIM CTaHOapTaM.
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Ba)xHO NOMHUTB, YTO:

1. Annapat VBJ1 moxeT nameputb pPesmMCTaHC TOMbKO B YCMOBUSX MPUHYAUTENbHOMU
BEHTUNALMM Yy penakCMpoBaHHOro nayueHTa.

2. Korga mbl roBopym 0 pe3uctaHc (Raw nnm conpoTUBREHUN AblXxaTesbHbIX MyTen) Mbl
aHanunanpyem obCTPYKTUBHbIE NPOBeMbl NPEUMYLLECTBEHHO CBA3aHHbIE C COCTOSIHUEM
NPOXOANUMOCTU AblXaTeNbHbIX NyTEN.

3. Uem BonbLue NOTOK, TEM Bbille pe3nCTaHC.

2. YnpyrocTb (elastance) n nogatnusoctb (compliance)

Mpexpae Bcero, crieqyeT 3HaTb, 3TO CTPOro MPOTMBOMONOXHbLIE noHaTus u elastance

=1/compliance. CMmbicn MOHSTUS  «ynpyrocTb» noapasyMeBaeT CMOCOGHOCTb
dusndeckoro Tena npu pgedopmMauMM COXpaHATb npunaraemoe ycunue, a npu
BOCCTaHOBNeHun ¢opmbl — BO3BpawaTb 3TO0 ycunue. Hambonee HarnsgHo 310
CBOWCTBO MPOSIBNSETCA Yy CTalnbHbIX MPYXWH UM Pe3nHOBLIX m3genui. Cneumannctbl
no WBJ1 npu HacTporke W TeCcTMpOBaHMM annapaTtoB B KayecTBe MOLENU Nerkmx
NCNONb3yIT PE3NHOBBLIA MELLOK. YNPYrocTb AblXxaTeNbHOW cucTembl 0B03HavaeTcs
cumBonom E. PasmepHocTb ynpyroctu m6ap/mn, aTo o3HayaeT: Ha CKONbKo munnunbap
cnefyeT NOAHATb AaBneHue B cucteme, Ytobbl 06bEM yBenuuunca Ha 1 mn. [aHHbIn
TEPMUH LLUMPOKO UCNonb3yeTcsa B paboTax no omMsmonornm apixaHud, a cneymanuctbl no
MBJT nonb3yloTcss MNOHATUMEM OOpaTHbIM  «YMNPYroctu» - 3TO «PaCTSKUMOCTb»
(compliance) (uHorga roBOpAT «NoOAATNMBOCTbY»). TepMuH KomnauHc (compliance)
NCNONb3yeTCs Kak CyLLeCTBUTENBHOE MYXXCKOro poda POCCUNCKMMU peaHumaTonoramu
TakK Xe 4acTo, Kak U pe3aucTaHc (Bcerga korga moHuTop annapata MBJ1 nokasbiBaeT aTn
napameTpbl). PasmepHocTb KomnnaWHca — Mn/mbap nokasbiBaeT, Ha CKOMbKO
MUMANANTPOB yBeNuMuYuBaeTca 06 bEM Npu NOBbIWEHUN JaBneHnsa Ha 1 munnubap.

B peanbHOW KNUHUYeCKOW cuTyaumum y nauyveHTa Ha VIBJ1 m3mepsoT KomnnanHc
pecnupaTtopHOM CUCTEMbI — TO €CTb JNEerkMx W rpygHoM KneTtku BmecTe. [ns
0603Ha4YeHNsa KoMMnanHe ncnonb3yT cumeonbl: Crs (compliance respiratory system) —
KOMnnauHc AbixatenbHor cuctembl u Cst  (compliance static) — komnnaiHc
CTaTUYECKUI, 3TO CUHOHUMbI. [na Toro, 4tobbl paccunTaTb CTaTUYECKMIA KOMMNAWHC,
annapat VBJT genut gbixatenbHbli 0O0bEM Ha AaBnNeHMEe B MOMEHT MHCIMPATOPHOM
nay3sbl (HET NOTOKa — HET PE3UCTaHC).

Cst = V1/(Pplateau —PEEP)

Hopma Cst (komnnaiiHca ctatnyeckoro) — 60-100mn/m6ap
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MpuBooumasi HMKe cxema NokasblBaeT, Kak Ha OCHOBE [OBYXKOMMOHEHTHOW Mopenw
paccumTbiBaeTcs conpotuerieHne noTtoky (Raw), crtatudeckuii komnnaiHc (Cst) u

ynpyrocTb (elastance) gbixatenbHom cuctemsl.

OABINEHUE
B KOHTYPE
AMNAPATA

, -
;MOTOKOBOE 3afiep>KKa
. Bpems | BhOXa:
! BOOXA _a—

«—{E0X—p>«—{EEIHOX >

{[BPEMA—P>

BaxHo nmeTb B BMAY, YTO U3MEPEHNS BbINOMHSAKTCH Y penakcupoBaHHOro naumveHTa B
ycnoBusax VBJ1, ynpaBnsemor no o6bEMY C NEPEKNIOYEHNEM Ha BblAOX MO BPEMEHM.
OTO 3HaYUT, YTO Nocne Toro, kKak 06 bEM JOCTaBIEH, HA BbICOTE BOOXa KranaHbl BAOXa
N BblAoXa 3aKpblTbl. B 3TOT MOMeEHT u3mepsieTcs gasrneHve nnaTto. BaxHO NOMHUTB,
yto: 1. Annapat WBJ1 moxeT usmeputb Cst (KOMNnanMHC cTaTU4eckuid) TONbKO B
YCNOBUAX MNPUHYOUTENBHOW BEHTUMALMM Y penakCMpoBaHHOrO nauMeHTa BO BpeMms
NMHCNupaTopHOW naysbl. 2. Koraa Mbl roBopuM O ctatuyeckoMm KomnnamHce (Cst, Crs
UNN  PacTSHKMMOCTU PEecrnMpaToOpHOM CUCTEMbI), Mbl aHanUM3nMpyem pecTpUKTUBHbIE
npo6nemMbl NPeENMyLLECTBEHHO CBA3AHHbIE C COCTOSTHUEM fIEFOYHOM NapeHXUMbI.
dunocockoe pestoMe MOXHO Bblpa3uTb ABYCMbICIIEHHbIM YTBEPXKAEHUEM:

lMoTok co3naéT aaBneHue

O6e TpakTOBKM COOTBETCTBYIOT [OENCTBUTENBbHOCTU, TO €CTb: BO-NEPBbIX, MOTOK
CcO34aéTca rpagveHToM [aBfeHWin, a BO-BTOPbIX, KOr4a MNOTOK HaTankuBaeTCcd Ha
npensaTcTeme (CONPOTMBIIEHME [AblXaTenbHbIX MNyTen), OaBneHue YBEnu4YMBaeTCs.
Kaxywanca peveass HeOpPEXHOCTb, KOraAa BMECTO «rpagueHT AaBfeHuii» Mbl FOBOPUM

«OaBreHne», poXaoaeTcs U3 KINUHMYECKOW peanbHOCTU: BcCe [OaTyuMku OaBreHus
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pacnonoXeHbl CO CTOPOHbI AblXaTenbHOro KoHTypa annaparta MBJ1. [ns Toro, 4tobbl
n3mMepuTb AaBNEHNE B Tpaxee 1 paccuntatb rpagmeHT, Heo6XxoauMOo OCTaHOBUTbL MOTOK
N OOXOATbCA BblpaBHMBaHMA OaBMEHWA C 00OMX KOHUOB 3HOOTpaxeanbHOW TPyOKu.
Moatomy B npakTuke OObIMHO Mbl MONMb3yeMcs nokasaTenaMn aAaBfeHus B
AblxaTtenbHOM KoHType annapata VBJ1. o 3Ty CTOpoHy aHOoTpaxeansHon Tpyoku ons
obecneyeHuns Bgoxa o6bemomM Y mMn 3a BpeMs X cek Mbl MOXEM MOBbIWaTb AaBneHne
BOOXa (M COOTBETCTBEHHO rpagueHT) Ha CKOMbKO Yy Hac XBaTWT 34paBoOro cmbicna u
KITMHMYECKOro onbiTa, NOCKOSbKY BO3MOXHOCTU annapaTa VBJT orpomMHbI.
Mo Ty CTOpPOHY SHAoOTpaxeanbHOW TPYOKM y HaAc HaxoOUTCH NauWeHT, U Yy Hero Ans
obecneyeHuns Bblgoxa o6bEmMoM Y Mn 3a BpeMs X CeKk eCTb TOMbKO cufa ynpyroctu
NerkMx u rpygHoOM KNeTkKM U cuna ero gpiXxaTenbHOW MycKynaTypbl (ECnuM OH He
penakcupoBaH). Bo3aMOXHOCTM nauueHTa co3gaBaTb NOTOK Bblgoxa orpaHudeHbl. Kak
Mbl YyXXe npeaynpexganu, «noToK — 3TO CKOPOCTb M3MEHEHUs1 obbemay, NoaTomy Ans
obecneyeHuns apPeKTMBHOIO BbloXa HYXXHO NPeaoCTaBUTb NALUEHTY BPEMSI.
[MocTosiHHas BpeMeHu (T)
Tak B OTeYeCTBEHHbIX PYKOBOACTBax MO U3NONOMMKU AblXaHUS HasbiBaeTcsa Time
constant. 3To npon3BeaeHe KOMMIAaMHC Ha pe3ncTaHc.
T = Cst x Raw
Pa3mepHOCTb NOCTOAHHOM BPEMEHW, eCTECTBEHHO CekyHAbl. [lencTBUTENLHO, Beb Mbl
yMHOXaem Mn/mbap Ha Mb6ap/mn/cek. MNMocTosiHHas BpemMeHn oTpakaeT O4HOBPEMEHHO
anacTuyeckme CBOWCTBA [bIXaTeNbHOW CUCTEMbI U COMPOTMBIIEHWE [bIXaTeNbHbIX
nyten. Y pasHbix nwogen T pasHad. [MoHATb PU3NYECKUA CMbICIT OJAaHHOWM KOHCTaHThI
nerye, HayaB c Bblgoxa. [lpeactaBum cebe, 3aBepléH BOOX, — Ha4vaT Bblgox. loa
AENCTBMEM 3NACTUYECKUX CUM OblXaTeNbHOW CUCTEMbl BO34yX BbITankuBaeTcs U3
NErkux, Npeogonesas CoNpoTUBIEHNE AblXaTeNbHbIX NyTEMN.
CKONbKO BpeMeHW 3aiMET NacCUBHbIA BbIOOX? [MOCTOAHHYIO BPEMEHW YMHOXWUTb Ha
natb (T X ). Tak ycTpoeHbl nerkue Yenoseka. Ecnu annapat UBJ1 o6ecneyvnsaeT BOOX,
co3gaBasi NOCTOSIHHOE [AaBfeHuve B [AblXaTellbHbIX NyTAX, TO Y PerakCMpOBaHHOIMoO
naumeHTa MakcumanbHbli ANd OaHHOro AaBneHus OblXxaTenbHbli 00bEM Oyaet

AoCTaBneH 3a To xe Bpems (T X 5).
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NOCTOAHHAA BPEMEHWU BOOXA U BbIAOXA
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Time Constants

[aHHbIn rpaduk nokasbiBaeT 3aBUCUMOCTb MNPOLEHTHOW BENUYUHbI AbIXaTeNbHOro

o6bEMa OT BpEMEHU NpY NOCTOAHHOM AaBfEHUN BOOXA UM NACCUBHOM BblOOXE.
Mpy BbIQOXE NO WUCTEYEeHUM BpemMeHn T naumeHT ycneBaeT BbIOOXHYTb 63%
abixatenbHoro obbéma, 3a Bpemsa 2T — 87%, a 3a Bpemsa 3T — 95% pAbiIxaTenbHOro

o6béma. Npn BOoXe ¢ NOCTOSHHbLIM AaBNEHNEM aHanormyHasi kKapTuHa.

[MpakTnyeckoe 3HavyeHWe MNOCTOSAHHOW BpemeHW. Ecnn Bpewms, npenocTaBngemMoe
naumeHTy Ans Bblgoxa <5ST, TO Mocne Kaxaoro BAOXa 4acTb AblxaTeNnbHoro obbeéma
OyneT 3agepxmBaTtbCs B Nerkux nayneHta. MakcumanbHbii gbixaTenbHblli 06bEM npu

BOOXE C MOCTOAHHbIM [aBfneHnem nocTynuT 3a Bpems ST. [lpu matemaTndeckom
aHanmse rpaduka KpmBon O6bEMa BblgoOXa pacyeT MOCTOSIHHOW BPEMEHM MO3BONSET

CyounTb O KOMIManHC 1 pe3ncTaHc.
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A rPA®UK USMEHEHUA OBBEEMA

-

T

NOCTOAHHAA BPEMEHU

HaHHbIn  rpadmk nokasbiBaeT, Kak CcoBpeMeHHbIM annapaT WBJ1 paccuutbiBaet
NOCTOSAAHHYIO BpeMeHW. BbiBaeT, YTO cTaTnYeckuin KOMnaanHe paccumtaTb HEBO3MOXHO,
T. K. ANA 9TOro Ao/hKHa OTCYTCTBOBaTb CMNOHTaHHas [AblxaTenbHas aKTUBHOCTb U
HeobxoanmMo M3MepuTb AasreHue nnato. Ecnu pasgenntb AbixaTernbHblini 00bEM Ha
MakcuMarnbHOe AaBreHue, NonyyYMM elwe OAMH PacyETHbIM MoKasaTenb, oTpaXKatoLni
KOMMManHC 1 peanctaHc. PasHble aBTOpbl UCMONb3YIOT pasHble UMeHa, HO Mbl JOSXHbI

3HaTb, YTO 3TO CUHOHUMBI:

Cpo = Dynamic Characteristic = Dynamic effective compliance = Dynamic
compliance.

Co = VT1/(PIP - PEEP)

Bonblwe Bcero cbmBaeT C TONKYy Ha3BaHWE «OUHAMWYECKUIA KOMMIIAMHCY, MOCKOSbKY
n3mepeHue npoucxoauT Npu HEOCTaAHOBMIEHHOM MOTOKE W, CrnefoBaTeribHO, AaHHbIV
nokasarenb BKOYaeT U KOMNMamHC, 1 pesuctaHc. Ham Gornblue HpaBUTCA Ha3BaHue
«ONHamMmnyeckasa xapaktepuctukar». Korga aToT nokasaTterib CHUKaETCs, 3TO 3HAUYUT, YTO
nmbo MNOHM3UICA KOMMMamHC, nNMbo BO3poC peanucTtaHc, nmbo n 10 u gpyroe. (Mnu
HapyLlaeTcsa NPOXOAMMOCTb [blXaTelbHbIX MNyTEeW, WM CHWXaeTca noaaTnMBOCTb
nerkmx.) OgHako ecnu OOHOBPEMEHHO C OUHAMUYECKOW XapaKTepUCTUKOW Mbl
OUEHMBAeM MO KPUBOW BblAOXa MOCTOSIHHYO BpPEeMeHW, Mbl 3Haem oTBeT. Ecnu
NOCTOSAHHAA BpPEeMEHW PacTET, 3TO OOCTPYKTMBHLIN MPOLECC, a eCnn yMeHbluaeTcs,

3Ha4UT NErkne crtanum MeHee nogaTnuBesbl.
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