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BeseneHue

[MpoBeaneHne annapaTHOM WMCKYCCTBEHHOW BEHTUNALMW NErkKUX B HACTOsLlee Bpems
cTano PYTUHHOM npoueaypon B NeyYeHUn naumeHTOB OTAENEeHUA peaHumMauum wu
WHTEHCUBHOW Tepanuu, nepecTaB BHylWaTb Tpenet npu MNPUHATAU peLlueHus O
HeobXo4MMOCTN OKasaHus NaumeHTy pecnupaTopHOW NoaaepXku. BO3MOXHOCTU aTOro
MeToda WHTEHCUBHOM Tepanuu HEW3MEepUMO BO3POCNN C MOSIBIIEHWEM HOBbIX
MOKOMEHMU pecnupaTopoB, MOMYYUBLUMX 3a MNpedocTaBnseMble UMW BO3MOXHOCTU
Ha3BaHue "MHTenneKkTyanbHbIX".

Tem He MeHee, npuxoguTcsa nMpu3HaTb, YTO [0 CUX TMOp [Jaxe cambln

"MHTennektyaneHbln" annapat VIBJ1 He B COCTOSAHMM y4eCTb BCEX HIOAHCOB NaTONOrMm un
0COBEHHOCTEN KaXKaoro nauueHTa, oueHUTb 3PEKTUBHOCTL pecnMpaTopHOn Tepanum
n onpeaenntb HE06XO0ANMOCTb N3MeHeHMs napameTpos VBJ.

CeefeHnst 0 MexaHM4Yeckux CBOMCTBAX NErkux, noslydaemblX OT MOHUTOPOB MeEXaHWUKU
AObIXaHWs, KOTOPbIMM OCHAaLleHbl COBPEMEHHble pecnuMpaTtopbl, MpeaocTaBnsowmne
CTONb HeobxoaMMmyo MHopmMaumo 06 3PPEeKTUBHOCTN U afeKkBaTHOCTU NPOBOAMMOWN
MBJ1, ctaHoBATCA ANA Bpaya MyTeBOLHOW HUTHLIO, yKasblBad, rae Mbl Haxogumcs, u

KyAa HY>XHO OBUTaTbCA.

PecnupaTtopHas MexaHuka — Heo6xoaMMbli MUHUMYM

Kakne napameTtpbl Booxa 1 Bbligoxa namepsaet annapat VBJ1?
1. Bpewms (time),
2. 06BbEéM (volume),
3. notok (flow),
4

AaBneHue (pressure).

Bpewms (time)
Bpemsi — aTo Mepa AnuTenbHOCTU U NMOCNeaoBaTelIbHOCTU SABNEeHWA
Ha rpacdmkax gaBneHud, notoka n obbema BpeMsa BEXUT N0 rOpU3oOHTaNbHOM OCK «X».
N3mepsieTcs B cekyHAax, MnHyTax, Yacax. C nosvuymi pecnupaTopHO MexaHWKuU Hac
WHTepecyeT ANUTErNbHOCTb BAOXa W BblAoXa, MOCKOSIbKY Mpou3BedeHne MOTOKOBOro
BpemeHu Baoxa (Inspiratory flow time) Ha noTok paBHO 06BHEMY BAOXa, a nponsBeaeHne

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



BpeMeHHble uHTepBarnbl AblXxaTenbHoro uukna (Mx Yyetbipe)
UTto Takoe «BAOX — inspiration» n «BbIAOX — expiration»?
Boox ato Bxog Bosdyxa B nerkue. Onutca 0o Havana Bblgoxa. Bblgox — 310 BbIXOA
Bo3dyxa u3 nerkux. nutca oo Hayana Bgoxa. VIHbiMi crnoBamu, BAOX CUMTaeTcs C
MOMEHTa Hayana nocTynneHus Bo3dyxa B AblxaTefbHble NyTW WU ANUTCA OO Hayana
Bbl4OXa, a BblAOX — C MOMEHTa Hayana M3rHaHus Bo3gyxa U3 AbiXxaTenbHblX NyTen u
ANNTCA OO Havana Baoxa.
OKcnepThbl 4eNAT BAOX HA ABe YacTu.
Inspiratory time = Inspiratory flow time + Inspiratory pause
Inspiratory flow time — BpemeHHOW WHTepBan, koraa B nerkue nocrtynaet Bo3gyx. YTto
Takoe «uHCMpatopHaa naysa» (inspiratory pause wnu inspiratory hold)? 3to
BPEMEHHOW WMHTepBar, Korga KnanaH BOoOXa Y)Xe 3akpbIT, a KfnanaH Bblgoxa elle He
OTKPbIT. XOTs B 9TO BpemMs MNOCTYMMeHMs BO3dyxa B JIErkKMe He MNpoucxoamT,
WHCNMpaTOpHas nays3a SBMNSIETCS 4YacTbid BpPEMEHW BOoOXa. Tak [A0roBOPWIUCSH.
NHcnmvpaTopHaa naysa BO3HMKaEeT, Koraa 3afaHHbli OObEM yXKe OOCTaBneH, a BpeMms
BAOXa ewWweé He ucTekno. [na CnOHTaAHHOro AblXaHus — 3TO 3adepkKa AblXaHWa Ha
BblCOTE BOOXa. 3ajepxkKa [AblXaHUA Ha BbICOTE BAOXa LWMPOKO MNPaAKTUKYyeTCs
WHONACKAMM MOramu N OPpYyrMmu cneumanmctaMmm no AbixaTenbHOW rMMHacTuke. B
HekoTopbIX pexumax WBJT nHcnvpaTopHaa naysa otcytcrtByeT. [Ona annaparta MBI
PPV Bbigox expiratory time — 310 BpemeHHOM nHTepBan OT MOMEHTa OTKPbITUA KnanaHa
Bbl4OXa 40 Havana cnegyowero Booxa. JKCnepTbl AeNAT BblAOX HA ABE YacTu.
Expiratory time = Expiratory flow time + Expiratory pause
Expiratory flow time — BpemeHHoOlM WHTepBan, korga BO34yX BbIXOAWUT M3 nerkux. Yto
Takoe «3dKcrnmpaTopHada naysa» (expiratory pause vunu expiratory hold)? 3to BpemeHHoM
WHTEepBar, Koraa nNoToK Bo3gyxa U3 Nerkux yxxe He NocTynaeT, a BAOX eLLé He Hayarncs.
Ecnn mbl umeem pgeno ¢ «ymHbiM» annapatom VIBJ1, mbl 0653aHbl cooOWuUTL emy
CKOJTbKO BPEMEHW, MO HALIEMYy MHEHWIO, MOXET ONMTbCA 3KCnmMpatopHas naysa. Ecnu
BpeMS SKCNMpaTOpHOM nays3bl UCTEKIO, a BAOX He Hayarncs, «yMHbli» annapat VBJI
obbsasnsaeT Tpesory (alarm) n HauMHaeT cnacaTb nayuMeHTa, MOCKOSIbKY CYMTAET, YTO
npousowno anHod (apnoe). Bknwouaetca onuua Apnoe ventilation. B HekoTopbix
pexumax NBJ1 akcnupaTopHas naysa oTCyTCTBYET.
Total cycle time — Bpems abIxaTenbHOro UMKna CknagabiBaeTcs U3 BPEMEHW BAOXA U
BPEMEH BblOOXa.

Total cycle time (Ventilatory period) = Inspiratory time + Expiratory time
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NHcnvpaTopHasi u/vnu akcnmpaTopHasi nay3bl MOryT OTCyTCTBOBaTb.

O6bem (volume)

Urto Takoe 06bem? HekoTopble Hawm KypcaHTbl oTBe4varoT: « OGbEM — 3TO KONMYECTBO
BewlecTBay. [Ina HecXknmaembix (TBEPAbIX U XKUAKMX) BELWECTB 3TO BEPHO, a 4118 ra3oB
He Bcerga. Korga pabixaHve npoucxoguT no4 [OaBneHUMEeM Bbllle aTMOCHEPHOro
(6apokamepa, rnoboKoBOAHbIE aKBaNaHrUCTbl U T.4.), CKaTMEM rasoB npeHebperaTb
Henb3s, NOCKOSbKY MEHSATCH UX (pn3nyeckme CBOMCTBA, B YaCTHOCTU pacTBOPUMOCTb B
Bode. B pesynbTate — KncnopogHoe onbsHeHWe 1 kecoHHas 6onesHb. B BbICOKOrOpHbIX
YyCNoBMAX MPU HU3KOM aTMOC(EpHOM AaBfeHUW 340POBbIN CMOPTCMEH-ANbMUHUCT C
HOpMarnbHbIM YPOBHEM remorniobnHa B KPOBWM UCMNbITbIBAET MMMOKCUIO, HECMOTPSA Ha TO,
4YTO AbIWKT rny6xe 1 Yawe (gbIXxaTenbHbI U MUHYTHBLIN OOBLEMBI YBENNYEHDI).

Mpumep: Bam npuHecnu 6annoH ¢ KUCNOPOL4OM, EMKOCTbIO (06 bEMOM) 31, — @ CKOJbKO
B HEM kucnopoga? Hy KOHEYHO, HY>XKHO U3MepUTb AaBfeHne, U Toraa, oueHMB CTeneHb
CKaTud rasa n oXxXugaembli pacxod, MOXHO cka3aTb, HAAONro v ero xeatut. MexaHuka

— HayKa TOYHad, N03TOMYy npexae Bcero,

O61bEem — 3TO Mepa NpocTpaHCTBa.



N, Tem He MeHee, B YCnOBUAX CMOHTaHHOro abixaHma u VBJ1 npn HopmanbHom
aTMOC(epHOM [aBNEeHUN Mbl UCNONb3yeM eanHWLbl obbema ONa OLEHKU KonmyecTsa
raza. CxxaTnem MOXHo npeHebpeyb. B pecnvpaTopHon MexaHuke 06 bEMbI U3MEPSIOT B
nUTpax Unn MUNNUNUTPax.

[ns onncaHns 06BEMOB NCNOMNb3YHTCA TPU CroBa:

1. MNpocTpaHcTBO (space).

2. EmkocTb (capacity).

3. O61bEm (volume).

O6bEMbI M NPOCTPaAHCTBA B peCNMpaTOpPHOM MEXaHUKe
AbixatenbHblit 06bEM (V1) no-aHrnuiickn Tidal volume - 31O BennumMHa opfHOro
00bIYHOrO BAOXA MIK BblOOXA.

MuHyTHbIN 06BEM (MV) — no-aHrnuiicku Minute volume — 3To cymma AbixaTernbHbIX
0O6bEMOB 3a MUHYTY. Ecnn Bce apixatenbHble 0O6beMbl B TEYEHME MUHYTbl PaBHbI,
MOXHO MPOCTO YMHOXWUTb AblXaTeNbHbIN 0OBbEM Ha YaCTOTY AbIXaHWUNA.

MepTtBoe npoctpaHctBo (DS) no-aHrnuiickn Dead space — 370 cymmapHbli O6bEM
BO34YXOHOCHbIX NyTeW (30Ha AblXaTenbHOW CUCTEMbI, FAe HET ra3o06MeHa).

O6bembl, uccnenyemble Npyu CNMpoMeTpum

AbixatenbHblii 06bEM (V1) no-aHrnuiickn Tidal volume - 3TO BenMuMHa O[HOro
00bIYHOrO BAOXA MIK BblOOXaA.

PesepBHbili 06b€M Baoxa — POBA (IRV) no-aHrnuiicku Inspired reserve volume — 310
00BbEM MaKCMManbHOro BLoOXa Nno 3aBepLueHnr 00bIYHOro BAOXA.

Emkocte Booxa - EB (IC) no-aHrnuiickm Inspiratory capacity — 910 06bém
MaKcUMarnbHOro Bgoxa nocne obbl4HOro BblaoXa.

IC=TLC -FRC nimn IC =VT1+ IRV

O6wasn émkoctb nérknux — OEJ1 (TLC) no-aHnrnuinckmn Total lung capacity — 310 06bEM
BO34yXa B NErknx no 3aBepLieHnn MakCumMarnbHOro Baoxa.

OcratouHblii 06éM — OO (RV) no-aHrnuiickn Residual volume — 310 061b€m BO3ayxa B
NErkMx No 3aBepLUEHMMN MaKCUMarbHOro Bbl4oXa.

XXusHeHHas émkoctb nérkux — XXEJ1 (VC) no-aHrnuinckn Volume capacity — 310 06bEm
BAOXa Nocre MakcumarnbHOro Bblgoxa.

VC=TLC-RV

dyHKLUMOHanbHasa octatoyHaa émkoctb — POE (FRC) no-aHrnuiickm Functional residual
capacity — ato 06bEM Bo3gyxa B NErknx no 3aBepLieHnn obbl4HOro Bblgoxa.
FRC=TLC-IC



Pe3epBHbili 06bEM Bbiaoxa — POBbIg (ERV) no-aHrnuiicku Expired reserve volume —
9T0 06BEM MaKCUManbHOro Bblgoxa Mo 3aBepLueHMn 0Obl4HOMO BblgoXa.
ERV = FRC - RV
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MoTok (flow)

Uto Takoe notok? «OOGBbEMHAs CKOPOCTb» — TOYHOE onpegeneHue, ygobHoe Ans
OLEHKM paboTbl HACOCOB U TPYOONPOBOAOB, HO AN PECNUPATOPHOK MEXaHUKN BonbLue
NOAXOANT:

MOTOK — 3TO CKOPOCTb U3MeHeHUss 06bLEMA

B pecnunpaTopHor mexaHuke notok (V °) namepsioT B NUTpax B MUHYTY. [1pumepsbl:

1. MNoTok(V ") = 60n/muH, OnutenbHoctb Baoxa(Ti) = 1cek(1/60muH), [ObixaTenbHbin
06bém (V1) =7

Pewenue: V' x Ti =Vt

OtBeT: 1n

2. NMotok(V ") = 60n/mMuH, ObixatenbHbin 06bEM(VT) = 1n, OnutenbHocTb Baoxa(Ti) = ?
Pewenwne: VIV =Ti

OTtBeT: 1cek(1/60MuH)

O6bém — 9TO npousBefeHME MOTOKA Ha BpeMda BOOXa WNU nnowagb noa KpyBOW

NOTOKa.



Vr=V'xTi

BOOX BblA0X
OABIEHUE
t
OBBEM
t
NOTOK
t

310 npeacrasrieHne O B3AaMMOOTHOLUEHMM MNOTOKa WU obbema ncnonb3yeTcd npu

OonnMcaHnm pexmmvoB BEHTUIALINN.

[aBneHue (pressure)
YT0 Takoe gasnenue?
HaBneHue (pressure) — 3TO cuna, NPUIOXXEeHHas K eauHuue nnowaau
[laBneHne B AblxaTemnbHbIX NYyTAX WU3MEPSOT B CaHTMMETpax BOOHOro cronba u B
munnunbapax. 1 munnubap = 1,019744289 cm BogHoro ctonba.

3HayeHnsa naBneHun B pa3HbIX 30Hax AblXaTenbHOW CUCTEMbI U rpagmneHTbl

(gradient) naBneHus
Mo onpepeneHnto gaBneHne — 310 cuna, Kotopas yxe Hawna cebe npumeHeHune, - oHa
(aTa cuna) gaBuT Ha Nnowanb U HUYEro HUKyaa He nepemelaet. [[pamMoTHbIV AOKTOP
3HaeT, 4YTO B34OX, BETep, M Jaxe yparaH, CO34aeTca pasHOCTbIO AaBfeHWUA wnm
rpagueHTom (gradient).
Hanpumep: B 6annoHe ra3 nog gasneHnem 100 atmocdep. Hy n 4to, ctout cebe

GannoH n Hukoro He TporaeT. a3 B GannoHe crnokonMHO cebe gaBuT Ha nnowagb
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BHYTPEHHEN NOBEPXHOCTU GannoHa M HU Ha YTO He oTBrekaeTcs. A ecnun OTKPbITb?

BosHukHeT rpaaveHT (gradient), KOTOpbIN U cO3aeT BeTep.

~———Paw=Pawo
\—Ptr=Pawo-Pbs

-—PDbs

Ppl
e

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

—Pes

N
,77

[7]

[laBneHus:

Paw — naBneHue B abixaTenbHbIX MNYTAX

Pbs — naBneHne Ha NOBEPXHOCTU Tena

Ppl — nneBpanbHoOe gaBneHue

Palv — anbBeonsipHoe gaBneHue

Pes — nuweBogHoe aasneHne

MpagueHThbI:

Ptr — TpaHcpecnupaTtoHHoe aasneHne Ptr = Paw — Pbs

Ptt — TpaHcTOpakanbHoe gasneHune Ptt = Palv — Pbs

Pl — TpaHcnynbmoHaneHoe gasnenue Pl = Palv — Ppl

Pw- TpaHcmypanbHoe gasneHne Pw = Ppl — Pbs

Jlerko 3anoMHUTL: ecrv NCNosib3oBaHa NPUCTaBKa «TPAHC» - pedb naeT O rpagueHTe.
[(MaBHOW [OBWXYyLLEN CUMOW, MO3BONSALWEN caenatb BOOX, SBISETCA pPasHOCTb
AaBneHun Ha Bxoge B [AblxaTtenbHbole Nyt (Pawo- pressure airway opening) wu
AaBneHne B TOM MeCTe, rae AbixaTenbHble NyTU 3aKkaH4YMBalTCA — TO eCTb B anbBeosiax
(Palv). MNMpobrnema B TOM, YTO B anbBeofiax TEXHUYECKN CIOXHO MOMEPUTL AaBreHune.
[MoaTOoMy AnNsa OueHKM AObIXaTenbHOro YCUnus Ha CrOHTAHHOM [AbIXaHUW OLeHMBaloT
rpaguveHT Mexay nuweBofHbiM fasneHnem (Pes), npu cobnogeHun  ycnosuin
n3mepeHnsa oHo paBHO nnespanbHomy (Ppl), 1 gaBneHvem Ha Bxode B OblXaTerbHble

nyt (Pawo).
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Mpwn ynpaesneHun annapatom VIBJ1 Hanbonee fOCTYNHbIM U MHGOPMATUBHBIM SIBRISIETCA
rpagueHT Mexay nAaerneHvem B AbixaTtenbHblXx nyTtsax (Paw) wn pgaeBneHnem Ha
nosepxHoctn Tena (Pbs- pressure body surface). 3T1oT rpagmneHT (Ptr) HasbiBaeTcs
«TpaHcpecnupaTopHOe AaBneHney», U BOT Kak OH co3JaeTcs:

1. NMpu NPV Pawo cooTBeTCcTBYeT aTMoctepHOMYy, TO eCTb HoMb, a Pbs ctaHoBUTCS
oTpuuaTtenbHbiM B pesynbTate paboTbl annapata. Annapat MBJ1 NPV tuna «Kirassay.
2. MNpun PPV [aBneHne Ha noeepxHocTn Tena (Pbs) paBHO Hyno, TO ecTb
COOTBETCTByeT artmocdepHoMy, a Pawo Bbllwe artMocdepHoro, TO €eCTb

NONOXUTEIbHOE.

OTPULATENLHOE +
DABNEHVE

)

JRRNE

ATMOC®EPHOE
NONOXWUTENBLHOE

AABINEHUE

ATMOC®EPHOE
AABNEHUE

4 f\/_\

Kak Bnaute, HM oauH n3s metogos MBJ1 He COOTBETCTBYET MNOJIHOCTbKO CMOHTAHHOMY

AbIXaHUIO, HO €eCnn OueHuBaTb BO3AENCTBME Ha BEHO3HbIN BO3BpaT U JIMMPOOTTOK
annapatbl MBJ1 NPV Ttuna «Kirassa» kaxyTtca 6onee ¢usnonornyHsiMi. AnnapaTbl
MBJT NPV Ttuna «lron lung», cosgaBad oTpuuaTenbHoe [JaBfeHue Hag BCeW
MOBEPXHOCTbIO Tena, CHWXaltT BEHO3HbIM BO3BpaT M, COOTBETCTBEHHO, CepAeuYHbI
BblIOpOC.

Bes HbloToHa 30ecb He 06ONTUCS.

[aBneHve (pressure) — 39TO cwuna, C KOTOPOW TKaHW NErKMX W rPYAHOM KNEeTKM
NPOTMBOLAEWCTBYIOT BBOAMMOMY OOBEMY, UMM, WHBIMW CrioOBamMu, cuna, C KOTOpPOW
annapat UBJ1 npeogonesaeT CONPOTUBMEHNE AblXaTENbHbIX NYTEN, 3N1IaCTUYECKYIO TAry
NErknx W MbILWEYHO-CBA30YHbLIX CTPYKTYP rpPyOHOM KNeTkn (No TpeTbeMmy 3aKOHY
HbloTOHa 3TO OOHO UM TO Xe TMOCKOSMbKy «cuna OEenucTBud paBHa cune

NPOTUBOLENCTBUSAY).
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Equation of Motion ypaBHeHue cun, unu TpeTtui 3akoH HoloToHa ana

cuctembl «annapat UBJ1 — nauneHT»
B Tom cnyvae, ecnn annapat WMBJ1 ocywecTBnseT BOOX CUHXPOHHO C AblXxaTenbHOM
NoMbITKOW NauueHTa, AaBneHune, cosgasaemoe annapatom MBJT (Pvent), cymmupyetca
C MbILIEYHbIM ycunmem nayueHTa (Pmus) (neeas yacTb ypaBHEHMS) ANs NpeoaoneHns
yrpyroctu nerkux u rpyaHon knetku (elastance) n conpotneneHus (resistance) notoky
BO34yXa B AbIXaTenbHbIX NyTAX (MpaBas YacTb YpaBHEHUS).
Pmus + Pvent = Pelastic + Presistive
(naBneHne namepsT B Munnnbapax)
Pelastic= E x V
(MponsBegeHne ynpyroctn Ha 06bHLEM)
Presistive =R x V"~
(npounaBeaeHne cConpoTUBEHMS HA NOTOK)
COOTBETCTBEHHO
Pmus + Pvent=ExV +Rx V"~
Pmus(wm6ap) + Pvent(méap) = E(m6ap/mn) X V(mn) + R (MGap/n/mun) X V(n/mun)
3aogHo BCrnoMHUM, pasMmepHocTb E — elastance (ynpyroctb) nokasbiBaeT Ha CKOSMbKO
munnmbap BoO3pacTaeT [OaBfeHWe B pesepByape Ha BBOAMMYIO eanHuuly obbéma
(Mbap/mn); R - resistance conpoTuBneHne nOTOKYy BO3gyxa NPOXOAsLleMy 4epes
AbixatenbHble nyTn (M6ap/n/MuH).
MoHMMaHne ypaBHEHWA cuil NO3BONAET HaMm AenaTtb Tpu Bewwm. Bo-nepsbix, ntobon
annapat VBJ1 PPV moxeT ynpaensaTb OAHOMOMEHTHO TOSIbKO OHUM U3 U3MEHSIEMbIX
napameTpoB BXOOALIMX B 9TO ypaBHEHWE. DTN M3MeHsieMble NapaMeTpbl — AaBlneHune
06bEM n noTok. oaTomMy cyulecTBylOT Tpy cnocoba ynpasneHus BOOXOM: pressure
control, volume control, unu flow control. Peanusauna BapuaHta Booxa 3aBUCUT OT
KOHCTpyKumn annapata WBJ1 u BbiGpaHHoro pexuma VIBJ1. Bo-BTOpbiX, Ha OCHOBE
YpaBHEHUS CUN CO34aHbl WHTENMeEKTyasnbHble nporpaMmmbl, ©narogapsa KOTOpbIM
annapat paccuMTbiBaeT MoKasaTenu pecrnupaTopHOM  MexaHuku  (Hanpumep.:

compliance (pactsknmocTb), resistance (conpotuenenue) u time constant (noctosiHHas
BpemeHn << t 3> ). B-TpeTtbux, 6€3 NOHMMaHWA ypaBHEHUA CUM HE MOHATb Takue

pexumbl BeHTUNsAUMM Kak “proportional assist’, “automatic tube compensation”, wu

“adaptive support”.
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[(naBHble pacyeTHble NnapamMeTpbl pecnvlpaTopHofil MeXaHUKU

resistance, elastance, compliance

1. ConpoTuBneHune agbixaTenbHbIX NyTen (airway resistance)

CokpaweHHoe o6o3HaveHne — Raw.

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

Hopma ansa sgoposoro yenoseka — 0,6-2,4 cmH20/J1/cek. Y nHTYOrMpoBaHHOro naumeHTa
Ha NBJ1 — 3-10 cmH20/J1/cek. dnsmnyecknin CmMbIC 4aHHOMO nokasaTens roBopuT, Kaknm
AomKeH ObITb rpagueHT AaBfeHuin (HarHeTawwee AaBreHne) B AaHHOW cucteme,
4yTO6bLI 06ecneunTb NOTOK 1 NUTp B cekyHay. CoBpemeHHomy annapaty UBJ1 HecnoxHo
paccunTaTb pesucTtaHc (airway resistance), y Hero ectb JaTuMky AaBneHUsa 1 NoToka —
pasgenun gaefieHne Ha MOoTOoK, M roToB pesynbTart. [nsa pacyeTa pesucTaHc annapat
NBJ1 pennt pasHocTb (rpagueHT) MakcumanbHoro gasnexust sgoxa (PIP) n gaBneHusa
nnato Baoxa (Pplateau) Ha noTok (V °).

Raw = (PIP-Pplateau)/V -

Uto u uyemy conpotmeBnsetcsa? PecnupatopHas MexaHuka paccmaTtpuBaet
COMPOTUBNEHNE ObIXaTenbHbIX NyTen BO3gylHOMY noToky. ConpoTtuBneHue (airway
resistance) 3aBuMCUT OT AONUWHbI, OuameTpa M MNPOXOAUMOCTM AblXaTerbHbIX MNyTewn,
3HOOoTpaxeanbHoOn TPyOkM M AbixaTenbHOro KoHTypa annaparta VBJ1. ConpoTtuenexue
NOTOKY BO3pacTaeT, B YaCTHOCTWU, €CNN NPOMCXOAUT HaKOMNMeHne 1 3agepkka MOKpOThl
B AblXaTeNbHbIX MYTSX, HA CTEHKaxX dHOOTpaxearnbHOW TpyOKK, CKoNfeHne KoHaeHcaTa B
lWnaHrax AbixaTenbHOro KOHTypa wunun aedopmaums (nepernb) nwobort n3 TpyobOK.
ConpoTtuBrieHne AbixaTernbHbIX MNyTen pacTET MNpU BCEX XPOHUYECKMX W OCTPbIX
OOCTPYKTMBHbIX 3aboneBaHnsax NErknx, npuBOAAWMX K YMEHbLUEHUIO AnameTpa
BO3YXOHOCHbIX nyTen. B cooTBeTCTBUM C 3aKoHOM [areHa-llyasensa npu ymeHbLUEHUN
anaveTpa Tpybkn BOoBoe ans obecneveHust TOro e MOoToKa rpagveHT AaBreHui,
co3garoLmi 3TOT NOTOK (HarHeTawlee AaBneHne), JOMmKeH OblTb yBenuyeH B 16 pas.
BaxHO mmeTb B Buay, YTO COMNPOTMBIIEHME BCEW CUCTEMbI OMNpPeaensieTcs 30HOM
MaKCMManbHOro COMPOTUBNEHNA (CaMbiM  Y3KMM MeCTOM). YCTpaHeHue 3Toro
NpensaTcTBuA (Hanpumep, yaaneHne WHOPOAHOro Tena w3 [ObiXaTenbHbIX NyTewn,
yCTpaHeHWe CTeHO3a Tpaxeu unu MHTybauusa npu OCTPOM OTEKe ropTaHu) no3BonseT
HOpManu3oBaTb YCMOBUS  BEHTUMAAUMM  NEerknx. TepMnH pe3ucTaHC  LUMPOKO
MCNONb3yeTCs POCCUNCKUMU peaHnMaToloramMmmn Kak CyLecTBUTENbHOE MYXXCKOro poaa.

Cwmbicn TEpMUHa COOTBETCTBYET MUPOBbLIM CTaHOapTaM.
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BaxHO MOMHUTBb, YTO:

1. Annapat VBJ1 MOXeT M3MepuTb Pe3nCcTaHC TOSIbKO B YCMOBUSIX MPUHYAUTENBHOWN
BEHTUNAUUM Y perlakCMpOBaHHOIo NauneHTa.

2. Korga mbl roBopuM O pesuctaHc (Raw nnu conpoTuBneHumn gbixatenbHblX nyTen) Mol
aHanuanpyem obCTpyKTMBHbIE NPOGNEMbI NPEUMYLLIECTBEHHO CBS3aHHbIE C COCTOSIHUEM
NPOXOOUMOCTU AbIXaTeNbHbIX NyTEN.

3. Yem Bornblue NOTOK, TEM BbllLe pe3nUCTaHC.

2. YnpyrocTb (elastance) n nogatnusoctb (compliance)

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

=1/compliance. Cwmeicn noHSTUS «ynpyrocTb» MogpasyMeBaeT CrOCOBHOCTb

dumamyeckoro Tena npuv gedopmMauumnm CoxXpaHsaTb npunaraemoe ycunue, a npu
BOCCTAHOBMNEHUN opMbl — BO3Bpawatb 370 ycunue. Haubonee HarnsgHo 3To
CBOMCTBO MPOSABNSETCA Yy CTanbHbIX MPYXWUH UM Pe3vHOBLIX nsgenui. Cneymannctsl
no WMBJT npm HacTporke M TeCcTUpoBaHUM annapatoB B KavyecTBe MOAENU Jerkumx
NCMNONb3YyT PEe3VHOBLIM MeLOoK. YNpYyrocTb AblxaTeNbHOW cuctembl obo3HayvaeTca
cumBonom E. PasmvepHocTb ynpyroctu mbap/mn, aTo 03Ha4aeT: Ha CKONbkKo Munnnbap
cnepyeTt NogHATb AaBreHne B cucteme, YTobbl 06bEM yBenuuuncs Ha 1 mn. [JaHHbIn
TEPMUH LUMPOKO MCMNOoNb3yeTca B paboTax no pmanonornm gbixaHna, a cneynanmcTbl No
MBJT nonb3ytoTcsa MNOHATUMEM OOpaTHbIM  «YyNPYroctu» - 3TO «PaACTSKUMOCTbY
(compliance) (uHorga roBOpPAT «NOAATNMBOCTL»). TepMuH KomnnaiHc (compliance)
NCMNONb3YeTCs Kak CYLECTBUTENbHOE MYXCKOro poga pOCCUNCKUMWU peaHuMaTonoramm
TaK e 4acTo, Kak 1 pe3ucTaHc (Bcerga korga MoHuTop annapata MBJ1 nokasbiBaeT aTu
napameTpbl). PasmepHoCTb kKomnnamHca - Mn/mM6ap nokasbiBaeT, Ha CKOJbKO
MUAAUAUTPOB YBENNYMBAETCA 0OBLEM NpY NOBbILEHUM AaBneHus Ha 1 munnubap.

B peanbHON KnNUHUYecKOW cuTyaumm y naumeHta Ha WIBJT unamepsoT KomMmnnanHe
pecnupaTtopHoOM CUCTEMbI — TO €CTb JIerkMx W TrpygHoOM KneTku BmecTe. [ns
0003HaYeHNs KOMNNanHC 1Cnonb3yoT cumBonbl: Crs (compliance respiratory system) —
KOMNnamHC apixatenbHon cuctembl M Cst  (compliance static) — komnnawHc
CTaTUYECKUIN, 3TO CUHOHUMbI. [nsa Toro, 4tobbl paccumtatb CTaTUYECKUA KOMMMAWUHC,
annapat VBJ1 penut gpixaTenbHbli O6bEM Ha faBreHne B MOMEHT WHCNUPaTOPHOM
nay3sbl (HET NOTOKa — HET PE3UCTaHC).

Cst = V1/(Pplateau —PEEP)

Hopma Cst (komnnaiiHca cratnyeckoro) — 60-100mn/mbap
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MpuBoOMMas Hwxke cxema MnokasblBaeT, Kak Ha OCHOBE [BYXKOMMOHEHTHOW Mozenu
paccunTbiBaeTcs conpoTueneHve notoky (Raw), crtatudeckuii komnnaiHc (Cst) u

ynpyrocTb (elastance) gbixatensHon cuctembl.

OABINEHUE
B KOHTYPE
AMNAPATA

, _
;MOTOKOBOE 3afiep>KKa
. Bpems | BIOXa:
! BOOXA _a—

«—{E0X—p>«—{EEIHOX >

{[BPEMA—P>

BaxxHO nmeTb B BMAY, YTO U3MEPEHUS BbINOSHSAKTCS Y penakCMpoBaHHOro naumMeHTa B
ycnosusix VBJ1, ynpaBnsemon no o6bEMY C NepeknoyYeHneM Ha BblAOX MO BPEMEHMW.
OTO 3HA4WT, YTO Nocne Toro, kak 06 bEM OOCTaBMNeH, Ha BbICOTE BAOXA KrnanaHbl BAOXa
N BblAOXa 3aKpbiTbl. B 3TOT MOMEHT M3mMepsieTcs AasreHue nnaTto. BaXHO NOMHUTB,
yto: 1. Annapat WBJ1 moxeT usameputb Cst (KOMNMamWHC cCTaTtuyeckuii) TONbKO B
YCNOBUAX MPUHYAUTENBHOW BEHTUMALMM Y PENakCMpOBaHHOIO NauuMeHTa BO BpeMS
MHCNUpaTopHoW naysbl. 2. Koraa mbl roBopum o ctatuyeckom KomnnaiHce (Cst, Crs
NN PacTSKMUMOCTU  PECNUPATOPHOM CUCTEMbI), Mbl aHanu3npyem pecTPUKTUBHbIE
npobnembl NPeNMyLLECTBEHHO CBSI3aHHbIE C COCTOSIHUEM NErOYHOM NapeHXUMbI.
dunocodckoe pestoMe MOXHO Bblpa3uTb ABYCMbICIIEHHbIM YTBEPXKAEHNEM:

MNMoTtok cospaéT naenexHve

O6e TpakTOBKM COOTBETCTBYIOT [OENUCTBUTENBHOCTW, TO €CTb: BO-NEPBbIX, MOTOK
CcO30aéTca rpagueHToM [AaBfeHui, a BO-BTOPbIX, KOr4a MOTOK HaTankuBaeTCca Ha
npensaTcTBue (COMPOTMBIEHUE [AbIXaTenbHbIX MyTen), AaBreHuMe YBEenMyYnBaeTCH.
Kaxywiasnca peveBas HeOPEXHOCTb, KOrga BMECTO «rpagueHT AaBfeHuin» Mbl FOBOPUM

«aaBneHue», poXxgaetcd U3 KITMHUYECKON peanbHOCTN: BCE AdaTyuKmn OaBleHund
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pacrnosfoXeHbl CO CTOPOHbI AblXaTenbHOro kKoHTypa annapata VBJ1. [na Ttoro, 4tobbl
N3MepuTb JaBneHNE B Tpaxee u paccyntatb rpagmeHT, Heo6XxoaMMO OCTaHOBUTL NOTOK
N OOXOAaTbCA BblpaBHMBAHUA AaBneHUst ¢ 000MX KOHUOB 3HOOTpaxeanbHOW TpyOKu.
Moatomy B npakTMke OOblMHO Mbl MOMAb3yeEMCA MokKasaTensaMm AaBfeHus B
AblxatenbHoM KOHType annapaTta WBJ1. Mo aTy cTopoHy aHAoTpaxeanbHon Tpybku ons
obecneyeHus Bgoxa ob6bemomM Y mMn 3a Bpems X CEK Mbl MOXEM MOBbILWATbL AaBMeHne
BAOXa (M COOTBETCTBEHHO IPagMEHT) Ha CKOSMbKO Y HAc XBaTUT 34paBoOro cCmbicra u
KIMHUYECKOrO OnbITa, MOCKOSbKY BO3MOXHOCTKU annapaTta VBJ1 orpomHbl.
Mo Ty CTOpOHY 3HAOTpaxeanbHOW TPYOKM Yy HAC HaxoguTCs MauMeHT, U Yy Hero Ans
obecneyeHus Bblgoxa o6bEMOM Y Mn 3a Bpemsa X CEK eCTb TOSMbKO cuna ynpyroctu
NerkMx u rpygHon KNeTknm u cuna ero ApixaTenbHOW MycKynaTypbl (€CriM OH He
penakcupoBaH). Bo3amMoXXHOCTM nauyueHTa cos3gaBaTb NOTOK Bblgoxa orpaHuyeHbl. Kak
Mbl yXXe npegynpexaann, «noTOK — 9TO CKOPOCTb U3MeHeHNa obbemay, No3ToMy Ans
obecneyeHns 3HEKTUBHOMO BblAoXa HY>KHO NPeaOCTaBUTb NAUUEHTY BpeMS.
MocTosiHHast BpeMeHu (T)
Tak B OTeYEeCTBEHHbIX PYKOBOACTBaX MO U3NONOrNK OblXaHUA HasbiBaetTca Time
constant. 310 nponsBeaeHne KOMMMANHC Ha pe3nCTaHC.
T = Cst x Raw
PaamepHOCTb NOCTOSIHHOW BPEMEHW, €CTECTBEHHO CEKyHAbl. [JeACTBUTENbHO, BeAb Mbl
yMHOXaem Mmn/mbap Ha mb6ap/mn/cek. MNMocTosiHHaa BpeMeHn oTpaxaeT O4HOBPEMEHHO
anacTuyeckne CBOWCTBA [AblXaTeNbHOW CUCTEMbI M COMPOTMBIIEHNE [blXaTelbHbIX
nyten. Y pasHbix nwogen T pasHas. [MOoHATb (PU3NYECKUI CMbICTT OAHHOW KOHCTaHTbI
nerye, Ha4aB C Bblgoxa. [lpeacrtaBum cebe, 3aBepléH BAOX, — HayaTt Bblgox. loa
AENCTBUEM 3NACTUYECKMX CUN OblXaTeNbHOW CUCTEMbI BO34yX BbITankmBaeTcs M3
NErknx, NpeoaosneBast CONpPoTUBINEHNE AbIXaTeNbHbIX MNYTEN.
CKONbKO BpeMeHM 3aiMET NacCUBHbIN BblAOX? [MOCTOAHHYIO BPEMEHM YMHOXWUTb Ha
natb (T X ). Tak ycTpoeHbl nerkne yenoseka. Ecnu annapat VIBJT o6ecneunsaeT BOOX,
co3gaBasi MOCTOSIHHOE AaBfeHMe B AblXaTenbHbiX MNyTAX, TO Yy periakCMpoBaHHOrO

nayneHTa MakCUMarnbHbI Ons OaHHOrO [OaBfeHusi AOblXaTeflbHbli O00BbEM 6y,qu

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

,D,aHHbIIZ Fpad)MK NnokKa3biBaeT 3aBUCUMMOCTb I'IpOLI,GHTHOIZ BeJIMYNHbI AOblXaTelibHOro

o0bEMa OT BpeMeHn Npu NOCTOSIHHOM AaBIieHMM BAOXa UM NAaCCUBHOM BblOXE.
Mpn BbIAOXE NO WUCTEYeHUM BpemMeHu T naumeHT ycneBaeT BblAOXHYTb 63%
AbixatenbHoro ob6béma, 3a Bpemsa 2T — 87%, a 3a Bpems 3T — 95% pAbIxaTenbHOro

o6béma. Npn BOOXe ¢ NOCTOSAHHLIM AAaBNEHMEM aHanorMyHas kapTuHa.

[MpakTnyeckoe 3Ha4yeHMe MNOCTOSAHHOM BpemMeHu. Ecnn Bpems, npenocraBngemMoe
nauneHTy Ans Bblgoxa <5T, TO MOCMe Kaxgoro BAoOXa YacTb AblXxaTenbHoro obbeéma
OyneT 3agepxmBaTbCs B flerknux naumeHta. MakcumanbHbI AblXxaTenbHbIn O6BbEM Npu
BOOXE C MOCTOSIHHbIM AaBfeHMEM nocTynuT 3a Bpemsa 5T. lNpu matematnyeckom
aHanuse rpaduka KpMBon oObEma BblgoXa pacyeT MOCTOSAHHOW BPEMEHU MO3BONSET

CyOuTb O KOMMNaMHC 1 pe3nCcTaHc.
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A rPA®UK USMEHEHUA OBBEEMA

NOCTOAHHAA BPEMEHU

[aHHbIn rpaduK noKasblBaeT, Kak COBpeMeHHbI annapaT WBJ1 paccuuTbiBaet
NOCTOSAHHYIO BpeEMeHU. bbiBaeT, YTO cTaTU4eckMin KOMnnanHC paccymTaTb HEBO3MOXHO,
T. K. ANA 9TOro JOSfhKHa OTCYTCTBOBaTb CMNOHTAHHAA [AblXxaTenbHash akTUBHOCTb W
HeobXxoauMO M3MepuTb faBreHune nnato. Ecnu pasgenutb gbixatenbHbld 06bEM Ha
MakcMManbHoe AaBrfeHue, NonyYMM elle OAMH PacyETHbIM MoKasaTeNb, OTpaXkatoLmii
KOMMJIaHC 1 pe3ncTaHc. PasHble aBTOPbl UCNOMb3YIOT pasHble MMEeHa, HO Mbl LOMXKHbI

3HaTb, YTO 3TO CUHOHUMDbI:

Co = Dynamic Characteristic = Dynamic effective compliance = Dynamic
compliance.

Cop = V1/(PIP - PEEP)

Bonblie Bcero cOvmBaeT C TOMKYy Ha3BaHME «OWUHAMMUYECKUIA KOMIMIAMHC», MOCKONbKY
n3MepeHne NpoucxoauT NpM HEOCTAHOBMEHHOM MOTOKE W, cneaoBaTeribHO, AaHHbIN
nokasaTenb BK/OYaeT U KOMMMaiHC, 1 pesuctaHc. Ham Gonblue HpaBUTCA Ha3BaHue
«OUHamMmnyeckasa xapaktepucTtukar». Korga aToT nokasaTterb CHUKaeTCs, 3TO 3HaUYUT, 4YTO
nmbo NOHM3WACA KOMMMaWHC, NMBO BO3POC pesnucTaHc, nmdo m 10 u apyroe. (Anwn
HapywaeTca NPOXOAMMOCTb [AblXaTenbHbIX MNyTeW, WAW CHWXaeTcss noaaTNIMBOCTb
nerkmx.) OpgHako ecnn OAHOBPEMEHHO C AWUHAMUYECKOW XapaKTepUCTUKOM Mbl
OLEeHMBaeM MO KPUBOW BblAOXa MOCTOSIHHYIO BPEeMEeHW, Mbl 3HaeM oTBeT. Ecnu
NOCTOSAAHHAasi BPEMEHW PacTET, 3TO OOCTPYKTMBHbLIA MPOLIECC, a €CnN yMEeHbLUaeTcs,

3HA4nUT NErkne crtanum meHee nogaTmBbI.
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3akroyeHue

Takum obpasom, 3HaHMe pecnupaTopHOM MEXaHWKM MO3BONAET HEe NPOCTO CTaHO4AaPTHO
yCTaHaBnMBaTb Hekne "cpeaHue" napamMmeTpbl BEHTUNSAUUK, HO MOHUMAaTb Bbl3blBaeMble
CMEHOW MapamMeTpoB M3MEHeHUS B (PU3NOMOrMN AblXaTeNbHON CUCTEMbI NauneHTa u

yMeTb MakcumarnbHO 3h(PEKTUBHO NPUMEHSITb CBOM 3HAHUSI.
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