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BeseneHue

[MpoBeaeHne annapaTHOM WMCKYCCTBEHHOW BEHTUNALMW NErkKUX B HACTOsLlee Bpems
cTano PYTUHHOM npoueaypon B NeyeHUn naumeHTOB OTAENEeHUA peaHumMauum wu
WHTEHCUBHOW Tepanuu, nepectaB BHylWaTb Tpenet npu MNPUHATAU peLlueHus O
Heo6Xo4MMOCTN OKasaHus NaumeHTy pecnupaTopHOW NoadepXku. BO3MOXHOCTU aTOro
MeToda WHTEHCUBHOM Tepanuu HEU3MEepUMO BO3POCNN C MOSIBIIEHWEM HOBbIX
MOKOSIEHMM pecnupaTopoB, MOMYYUBLUMX 3a MpPedoCcTaBnsieMble UMW BO3MOXHOCTU
Ha3BaHue "MHTenneKkTyanbHbIX".

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

"MHTennektyaneHbln" annapat VIBJ1 He B COCTOSAHMM y4eCTb BCEX HIOAHCOB NaTOMOrMm u
0COBEHHOCTEN KaXKAoro nauneHTa, oueHUTb 3PEKTUBHOCTL pecnMpaTopHOn Tepanum
n onpeaennTb HEO6XO0ANMOCTb N3MeHeHUs napameTpos VBJ1.

CeefeHns 0 MexaHM4Yeckux CBOMCTBAX NErkux, nofyyaembiX OT MOHUTOPOB MEXaHWUKU
AbIXaHWs, KOTOPbIMWM OCHAaLeHbl COBPEMEHHble pecnupaTtopbl, MpeaocTaBnsowmne
CTONb HeobxoauMmyto MHopmMaunto 06 aPPEeKTUBHOCTU N afeKBAaTHOCTU NPOBOLMMOWN
MBJ1, ctaHoBATCA ANA Bpaya MyTeBOLHOW HUTbLIO, yKasblBad, rae Mbl Haxogumcs, u

KyAa HY>XHO OBUTaTbCA.

PecnupaTtopHas MexaHuka — Heo6xoaMMbl MMHUMYM

Kakune napameTtpbl BAoxa 1 Bblgoxa namepsaet annapat VBJ17?
1. Bpewms (time),
2. 06BbEéM (volume),
3. notok (flow),
4

AaBneHue (pressure).

Bpewms (time)
Bpemsi — 3T0 Mepa AnuTenbLHOCTU U NOcrneaoBaTenbHOCTU SABMEHUA
Ha rpacdmkax gaBneHud, notoka n obbema BpeMsa BEXNUT N0 ropU3oHTaNbHOM OCK «X».
N3mepsieTcs B cekyHaax, MuHyTax, Yacax. C nosvuyur pecrnmpaTtopHON MEeXaHUKU Hac
WHTepecyeT ANUTENbHOCTb BAOXa W BblgoXa, MOCKOSbKY MpPOu3BedeHne MNOTOKOBOro
BpemeHu Baoxa (Inspiratory flow time) Ha noTok paBHO 06bEMY BAOXa, a nponsBeaeHne

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



BpeMeHHble uHTepBarbl AblXxaTenbHoro uukna (ux 4yetbipe)
UTto Takoe «BAOX — inspiration» n «BbIAoOX — expiration»?
Boox ato Bxog Bosadyxa B nerkve. OnuTtca 0o Havana Bblgoxa. Bblgox — 310 BbIXOA
Bo3gyxa u3 nerkux. nutca oo Hayana Bgoxa. VIHbiMn crnoBamu, BOOX CYMTaeTcs C
MOMEHTa Hayana nocTynneHus Bo3dyxa B AblXaTefbHble NyTW U ANUTCA OO0 Hadvana
Bbl4OXa, a BblAOX — C MOMEHTa Hayana MsrHaHus BOo3gyxa M3 AblXaTeflbHbIX NyTen u
ANNTCA OO Havana Baoxa.
OKcnepThbl 4eNAT BAOX HA ABe YacTu.
Inspiratory time = Inspiratory flow time + Inspiratory pause
Inspiratory flow time — BpemeHHOW WHTepBan, korga B nerkue nocrtynaet Bo3gyx. Yrto
Takoe «uHCNMpatopHaa naysa» (inspiratory pause wnu inspiratory hold)? 3to
BPEMEHHOW WMHTepBar, Korga KnanaH BOOXa YXXe 3akpbIT, a KnanaH Bblgoxa elle He
OTKPbIT. XOTs B 9TO BpemMs MNOCTYMMeHMs BO3gyxa B JIErkKMe He MNpoucxoamT,
WHCNMpaTOpHasl nays3a $SBMNSIETCS 4YacTbid BpPEMEHM BOOXa. Tak [AOroBOPUIMUCEH.
NHcnvpaTopHasa naysa BO3HMKaET, Koraa 3afaHHbli OObEM YyKe OOCTaBneH, a BpeMms
BAOXa ewWweé He ucTekno. [na CnOHTaAHHOro AblXaHus — 3TO 3aJep)kka AblXaHuA Ha
BblCOTE BOOXa. 3ajepxka [AblXaHUWA Ha BbICOTE BAOXa LWMPOKO MNPaAKTUKyeTCs
WHONACKAMU MOramu N OPpyrumu cneumanuctaMmm no AbixaTenbHOW rMMHacTuke. B
HekoTopbIX pexumax WBJT nHcnnpaTopHaa naysa otcytcrtByeT. [Ona annaparta MBI
PPV Bbigox expiratory time — 310 BpeMeHHOW MHTepBar OT MOMEHTa OTKPbITUA KnanaHa
Bbl4OXa 40 Havana cnegyrowero Booxa. JKCnepTbl AeNAT BblAOX HA ABE YacTu.
Expiratory time = Expiratory flow time + Expiratory pause
Expiratory flow time — BpemeHHOlM WHTepBan, korga BO34yX BbIXOAWUT M3 nerkux. Yto
Takoe «3dKcnmpaTopHasa naysa» (expiratory pause vunu expiratory hold)? 3to BpemeHHoM
WHTEepBar, Koraa NoToK Bo3gyxa U3 Nerkux yxxe He NocTynaeT, a BAOX eLLE He Hayarncs.
Ecnn mbl nmeem geno ¢ «ymHbiM» annapatom WBJ1, mbl 0683aHbl coobwmnts emy
CKOJTbKO BPEMEHW, MO HaLleMy MHEHWI0, MOXeT ONUTbCA 3KcnupaTtopHas naysa. Ecnu
BpeMSA 9KCNUPATOPHOM May3bl UCTEKMNO, a BAOX He Hayancs, «yMHblin» annapat VBJ1
obbsasnseT 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 — Bpemsi abixaTenbHOro UMKna CknagbiBaeTcs U3 BPEMEHW BAOXA U
BPEMEHW BblOOXa.

Total cycle time (Ventilatory period) = Inspiratory time + Expiratory time
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NHcnvpaTopHasi u/vnu akcnmpaTopHasi nay3sbl MOryT OTCyTCTBOBaTb.

O6bem (volume)

Urto Takoe 06bem? HekoTopble Hawm KypcaHTbl oTBe4vaoT: « OGbEM — 3TO KONMYECTBO
BewecTBay. [Ina Hecxknmaembix (TBEPAbIX U XXUAKMX) BELWECTB 3TO BEPHO, a 4118 ra3oB
He Bcerga. Korga pabixaHve npoucxoguT noA4 [OaBNEeHMEM Bbille aTMOCHEpPHOro
(6bapokamepa, rnoboKoBOAHbIE aKBaNaHrMCTbl U T.4.), CKaTMEM rasoB npeHebperaTb
Henb3s, NOCKOMNbKY MEHAOTCA NX hn3n4eckme CBOMUCTBA, B HaCTHOCTU pacTBOPUMOCTb B
Boae. B pesynbTaTte — KMCNOpoAHOE OnbAHEHME N KECOHHAA 6onesHb. B BbICOKOrOpHbIX
YCNOBUSAX MPU HU3KOM aTMOCHEPHOM [aBNEHUN 340POBbIA CNOPTCMEH-aNbMNUHUCT C
HOpManbHbIM YPOBHEM remornobunHa B KpOBU UCMbITbIBAET MMMOKCUIO, HECMOTPS Ha TO,
4YTO AbIWKT rny6xe 1 vawe (gbIXxaTenbHbI U MUHYTHBLIN OOBLEMBI YBENNYEHDI).

Mpumep: Bam npuHecnu 6annoH ¢ KUCNOPOAOM, EMKOCTbIO (06 bEMOM) 31, — @ CKOJbKO
B HEM kucrnopoga? Hy KOHEYHO, HY>XKHO M3MepUTb AaBneHne, U Toraa, oueHMB CTeneHb
CKaTud rasa n oXXugaembli pacxod, MOXHO cka3aTb, HAAOMNro nu ero xeatut. MexaHuka

— HayKa TOYHad, N03TOMY npexae BCero,

O61bEM — 3TO Mepa NpoCTpaHCTBa.



N, Tem He MeHee, B YCrOBUAX CMOHTaHHOro pabixaHma u WBJ1 npn HopmanbHom
aTMOC(epHOM [aBNeHUN Mbl UCNONb3yeM eanHWLbl 06bema ANa OLEHKU KonmyecTsa
raza. Cxxatnem MOXHo npeHebpeyb. B pecnvpaTopHon MexaHuke 06 bEMbI U3MEPSIOT B
nUTpax Unu MUNNUNUTPax.

[ns onncaHns 06BEMOB NCNOMNb3YHTCHA TPU CroBa:

1. NpocTpaHcTBO (Space).

2. EmkocTb (capacity).

3. O61bEm (volume).

O6BbEMbI M NPOCTPaHCTBA B peCnMpaToOpHOM MEXaHUKe
AbixaTenbHblit 06béM (VT) no-aHrnuinckn Tidal volume - 37O BenuMyMHa O[HOrO
00bIYHOrO BAOXa MK BblOOXa.

MuHyTHbIN 06BEM (MV) — no-aHrnuiickm Minute volume — 3To cymma AbixaTernbHbIX
06bEMOB 3a MUHYTYy. Ecnn Bce apixatenbHble 0O6beMbl B TEYEHUE MWUHYTbI PaBHbI,
MOXHO MPOCTO YMHOXWUTb AblXaTeNbHbIN 0O BbEM Ha YaCTOTY AbIXaHWUNA.

MepTtBoe npoctpaHctBo (DS) no-aHrnuiickn Dead space — 370 cymMmapHbli O6bEM
BO34YXOHOCHbIX NyTeW (30Ha AblXaTernbHOW CUCTEMBI, FAe HET ra3oo06MeHa).

O6bembl, uccnenyemble Npyu CNMpoMeTpum

AbixatenbHbli 06bEM (V1) no-aHrnuiickn Tidal volume - 31O BenuMumMHa ofHOro
00bIYHOrO BAOXa MK BblOOXa.

PesepBHbiii 06éM Baoxa — POBA (IRV) no-aHrnuiicku Inspired reserve volume — 310
006BbEM MaKCMManbHOro BOoXa no 3aBepLueHnr 00bIYHOro BAOXA.

Emkoctb Baoxa - EB (IC) no-aHrnuiickm Inspiratory capacity — 910 06bém
MaKCcMMarnbHOro Bgoxa nocrne obbl4HOro Bblgoxa.

IC=TLC-FRC nimn IC =VT1+ IRV

O6wasn émkoctb nérknux — OEJ1 (TLC) no-aHrnuinckmn Total lung capacity — 310 06bEM
BO34yxa B NErKMX Mo 3aBepLUEHMN MaKCUMaribHOro BAOXA.

OcraTto4Hblii 06EM — OO (RV) no-aHrnuiickn Residual volume — 310 061b€M Bo3ayxa B
NErKnx no 3aBepLUEHNM MaKCUManbHOro Bbl4OXaA.

XXusHeHHas émkocTb nérkux — XXKEJ1 (VC) no-aHrnuinckn Volume capacity — 310 06bEM
BAOXa Nocrne MakcumarnbHOro Bblgoxa.

VC=TLC-RV

dyHKLUMOHanbHasa octatoyHaa émkoctb — POE (FRC) no-aHrnuiickm Functional residual
capacity — ato 06bEM Bo3gyxa B NErkMx nNo 3aBepLleHnn 0Obl4HOro BblgOXa.
FRC=TLC-IC



Pe3epBHblii 06bEM Bbiaoxa — POBbIg (ERV) no-aHrnuiicku Expired reserve volume —
970 06BEM MaKCUMarnbHOro Bblgoxa Mno 3aBepLlueHMr 0Obl4HOro Bblgoxa.
ERV = FRC - RV
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MoTok (flow)

Uto Takoe notok? «OOGBbEMHAA CKOPOCTb» — TOYHOE onpegerneHue, ygobHoe ans
OLEHKM paboTbl HACOCOB U TPyBONPOBOAOB, HO AN PECNUPATOPHOK MEXaHUKN BonbLue
NOAXOANT:

MOTOK — 3TO CKOPOCTb U3MeHeHUss 06bLEMa

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

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

Pewenve: V' x Ti =Vt

OtBeT: 1n

2. Motok(V ") = 60n/MuH, ObixateneHbii 06beM(VT) = 1n, OnutensHocTb Baoxa(Ti) = ?
Pewenwne: VIV =Ti

OTtBeT: 1cek(1/60MuH)

O6bém — 9TO npousBefeHME MOTOKa Ha BpeMs BOOXa WU Nfowagb Mo4 KpuBOW

NOTOKa.



Vr=V'xTi

BOOX BblA0X
OABIEHUE
t
OBBEM
t
NOTOK
t

310 npeacrasrieHne O B3AaMMOOTHOLUEHMM NOTOKa WU obbema ncnonb3yeTcda npu

onncaHnm pexmmvoB BEHTUNALINN.

[aBneHue (pressure)
YT0 Takoe gasnenme?
HaBneHue (pressure) — 3TO cuna, NPUIOXXeHHas K eauHULe nnoLwyaau
[laBneHne B AblXxaTemnbHbIX NYyTAX W3MEPSOT B CaHTMMETpax BOAHOro cronba u B
munnunbapax. 1 munnubap = 1,019744289 cm BogHoro ctonba.

3Ha4yeHus njaBneHun B pa3HbIX 30HaX AblXaTenbHOW CUCTEMBI U rpagueHTbl

(gradient) paBneHusn
Mo onpegeneHunio gaBneHne — aTo cuna, KotTopas yxxe Hawrna cebe NnpUMeHeHNe, - oHa
(aTa cuna) gaBuT Ha Nnowanb U HUYEro HUKyaa He nepemeltaeT. [pamMoTHbIV AOKTOP
3HaeT, 4YTO B3AOX, BETep, M Jaxe yparaH, CO30aeTCs pPas3HOCTbI0 OABNEHUA UNu
rpagueHTom (gradient).
Hanpumep: B 6annoHe ra3 nog gasneHnem 100 atmocdep. Hy m 4yto, ctouT cebe

©annoH N HUKOro He TporaeT. a3 B GannoHe crnokomHo cebe OaBuT Ha nnowagb
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BHYTPEHHEN NOBEPXHOCTU GannoHa M HM Ha 4YTO He oTBnekaeTcs. A ecnv OTKPbITb?

BosHukHeT rpaaveHT (gradient), KOTOpbIWM U cO3aaeT BeTep.

~———Paw=Pawo
\—Ptr=Pawo-Pbs

—Pbs

Ppl
I
&

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

—Pes

e
,77

[7]

[laBneHus:

Paw — naBneHune B abixaTerbHbIX MNYTAX

Pbs — naBneHne Ha NoOBEPXHOCTU Tena

Ppl — nneBpanbHoOe gaBneHue

Palv — anbBeonsipHoe gaBneHue

Pes — nuweBogHoe aasneHne

"pagueHThbI:

Ptr — TpaHcpecnupaTtoHHoe aasneHne Ptr = Paw — Pbs

Ptt — TpaHcTOpakanbHoe gasneHune Ptt = Palv — Pbs

Pl — TpaHcnynbemoHaneHoe gasnenue Pl = Palv — Ppl

Pw- TpaHcmypanbHoe gasneHne Pw = Ppl — Pbs

Jlerko 3anoOMHUTL: eCnn NCNOSb30BaHa NPUCTaBKa «TPAHC» - peyb MOET O rpagueHTe.
[(naBHOM [OBMXYLLEN CUNOK, MO3BONSAKOLWEN caenatb BAOX, SBAAETCH pPasHOCTb
AaBrneHun Ha Bxode B [AblxaTenbHole nytn (Pawo- pressure airway opening) u
AaBneHne B TOM MecCTe, rae AblxaTernbHble NyTU 3aKaH4YMBalTCA — TO eCTb B anbBeosiax
(Palv). MNMpobrnema B TOM, YTO B anbBeoflax TEXHUYECKN CIIOXKHO MOMEPUTL AaBrieHue.
[MoaToMy AnNsa OueHKM AOblXaTenbHOro YCUnus Ha CrOHTaHHOM [AbIXaHUW OLeHMBaloT
rpaguveHT Mexay nuweBogHbiM fasneHnem (Pes), npu cobnogeHun  ycnosuin
n3mepeHnsa oHo paBHO nnespanbHomy (Ppl), 1 aaBneHvem Ha BxoAe B AblXaTenbHble

nyt (Pawo).
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Mpwn ynpaesneHun annapatom VIBJT Hanbonee fOCTYyNHbIM 1 MHGOPMATUBHBIM SIBRISIETCA
rpagvueHT Mexagy nfaeneHvem B AbixatenbHbix nytax (Paw) wn pgaBneHuem Ha
nosepxHoctn Tena (Pbs- pressure body surface). 3T1oT rpagmneHT (Ptr) HasbiBaeTcs
«TpaHcpecnupaTopHOe AaBneHue», U BOT Kak OH co3aeTcs:

1. NMpu NPV Pawo cooTBeTCTBYeT aTMoc(epHOMYy, TO eCTb HoMb, a Pbs ctaHoBuUTCS
oTpuuaTenbHbiM B pedynbTaTte paboTbl annapata. Annapat MBJ1 NPV tuna «Kirassay.
2. MNpun PPV [HaBnenne Ha nosepxHocTn Tena (Pbs) paBHO Hyno, TO ecTb
cooTBeTCTByeT artmocdepHomy, a Pawo Bbllwe artMocdepHoro, TO €eCTb

NONOXUTEIbHOE.

OTPULATENLHOE +
RABNEHVE

)

T

ATMOC®EPHOE
NONOXWUTENBLHOE

AABNEHUE

ATMOC®EPHOE
AABNEHUE

. w?f—\/_(\

Kak Bnaute, HM oauH ns metogos MBJ1 He COOTBETCTBYET NOJIHOCTbKO CMOHTAHHOMY

AbIXaHWIO, HO €Cnu oueHMBaTb BO3OENCTBME HA BEHO3HbIA BO3BpaT M NIMMAOOTTOK
annapatbl MBJ1 NPV Ttuna «Kirassa» kaxytca 6onee ¢usnonormyHsiMu. Annapatbl
MBJT NPV Ttuna «lron lung», cosgaBad oTpuuaTenbHoe [faBfeHue Hag BCew
NMOBEPXHOCTbIO TEena, CHWXAKT BEHO3HbIN BO3BpaT W, COOTBETCTBEHHO, CEPAEYHbIN
BbIGpOC.

Be3 HbloTOHA 30ech He 06oNTUCDH.

[aBneHve (pressure) — 9TO cwuna, C KOTOPOW TKaHW NErkMX W rPYAHOW KNEeTKM
NPOTUBOAENCTBYHOT BBOAMMOMY OOBEMY, UMW, WHLIMWA CrOBaMW, cCuna, C KOTOPOW
annapat UBJ1 npeogonesaeT CONPOTUBMEHNE AblXaTENbHbIX NYTEN, 3N1aCTUYECKYIO TAry
NErknx W MbILWEYHO-CBA30YHbLIX CTPYKTYP rpyaHOM KneTkn (No TpeTbeMmy 3aKoHY
HbloTOHa 3TO OOHO M TO Xe TMOCKOSMbKy «Ccuna OEenucTBud paBHa cune

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

cuctembl «annapat UBJ1 — nauneHT»
B Tom cnyvae, ecnn annapat WMBJ1 ocywecTBnseT BOOX CUHXPOHHO C AblXxaTeNbHOM
NoMbITKOW NauueHTa, AaBneHune, cosgasaemoe annapatom MBJT (Pvent), cymmupyetca
C MbILEYHbIM ycunmem nayueHTa (Pmus) (neeas yacTb ypaBHEHMS) ANs NpeoaoneHns
yrnpyroctu nerkux u rpyaHon knetku (elastance) n conpotneneHus (resistance) notoky
BO34yXa B AbIXaTeNbHbIX NyTAX (MpaBasd YacTb YpaBHEHUS).
Pmus + Pvent = Pelastic + Presistive
(oaBneHune namepsT B Munnnbapax)
Pelastic= E x V
(MponsBeaeHne ynpyroctn Ha o6bHLEM)
Presistive =R x V"~
(nponsBeaeHne 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 CKOSbKO
munnmbap BoO3pacTaeT [OaBfieHWe B pesepByape Ha BBOAMMYKO eanHuly obbéMa
(Mbap/mn); R - resistance conpoTuBneHne nOTOKYy BO3gyxa NPOXOAsLleMYy 4epes
AbixatenbHble nyTn (M6ap/n/MuH).
MoHMMaHne ypaBHEHUS cuil NO3BONAET HaM AenaTtb Tpu Bewm. Bo-nepsbix, ntobon
annapat VBJ1 PPV moxeT ynpaBnsaTb OAHOMOMEHTHO TOSIbKO O4HUM U3 U3MEHSIEMbIX
napameTpoB BXOOALIMX B 9TO ypaBHeEHWE. DTN M3MEHsieMble NapaMeTpbl — AaBneHune
06bEM n noTok. oaTtomMy cyulecTByOT Tpu cnocoba ynpaBneHus BOOXOM: pressure
control, volume control, unu flow control. Peanusauna BapuaHTa Booxa 3aBUMCUT OT
KOHCTpykumn annapata VIBJ1 u BbibpaHHoro pexuma WIBJ1. Bo-BTOpbIX, Ha OCHOBE
YpaBHEHUS CUN CO34aHbl WHTENMeKTyasnbHble MporpaMmmbl, 6narogapsa KOTOpbIM
annapat paccuMTbiBaeT MoKasaTenu pecrnupaTopHOM  MexaHuku  (Hanpumep.:

compliance (pactsknmocTb), resistance (conpotuenenue) u time constant (noctosiHHas
BpemeHn << t 3> ). B-TpeTtbux, 6€3 NOHMMaHWA ypaBHEHUSA CUM HEe 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 abixaTenbHbIX NyTen (airway resistance)

CokpaweHHoe o6o3HavyeHne — Raw.

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

Hopma ansa sgoposoro yenoseka — 0,6-2,4 cmH20/J1/cek. Y nHTYOGMpoBaHHOro naumeHTa
Ha NBJ1 — 3-10 cmH20/J1/cek. Pnsmnyecknin CmMbIC 4aHHOMO nokasaTens roBopuT, Kaknm
AOMmKeH ObITb rpagueHT AaBfeHuin (HarHeTawwee AaBfeHue) B AaHHOW cucteme,
4yTO6bLI 06ecneunTb NOTOK 1 NUTp B cekyHAy. CoBpemeHHoMy annapaty UBJ1 HecnoxHo
paccunTaTb pesucTtaHc (airway resistance), y Hero ectb JaTyuMky AaBneHus 1 NoToka —
pasgenun gaefieHne Ha MOTOoK, M roToB pesynbTart. [nsa pacyeTa pesucTaHc annapat
NBJ1 pennt pasHocTb (rpagneHT) MakcumanbHoro gasnexust saoxa (PIP) n gaBneHunsa
nnato Baoxa (Pplateau) Ha noTok (V °).

Raw = (PIP-Pplateau)/V -

Uto u uyemy conpotmBnsetca? PecnupatopHas MexaHuka paccmaTtpuBaet
COMPOTUBNEHNE ObIXaTenbHbIX NyTen Bo3gylHOMY noToky. ConpoTuBneHue (airway
resistance) 3aBuMCUT OT AONUWHbI, guameTpa M MNPOXOAUMOCTM AblXaTernbHbIX MNyTEWn,
3HOOoTpaxeanbHON TpPyOkM M AbixaTenbHOro KoHTypa annapata VBJ1. ConpoTtueneHue
NOTOKY BO3pacTaeT, B YaCTHOCTWN, €CNN NPOMCXOAUT HaKOMNMeHne 1 3agepkka MOKpOThbl
B AblXaTeNbHbIX MYTSX, HA CTEHKax dHOOTpaxearnbHOW TpyOKKn, CKoMNseHne KoHgeHcaTa B
lWNaHrax AbiXxaTenbHOro KOHTypa wunu gedopmaumsa (nepermb) nwobor una TpyodoK.
ConpoTtuBrieHne AbixaTernbHbIX MyTen pacTET MNpu BCEX XPOHUYECKMX W  OCTPbIX
OOCTPYKTMBHbIX 3aboneBaHnsax NErknx, npuBOAALWMX K YMEHbLUEHUIO AnameTpa
BO3YXOHOCHbIX nyTen. B cooTBeTCTBUM C 3aKkoHOM [areHa-llyasensa npu ymeHbLUEeHUN
anaveTpa Tpybkn BOoBoe ans obecneveHus TOro ke MoToka rpaguveHT AaBrieHun,
co3faroLmim 3TOT NOTOK (HarHeTarwlee AaBneHue), JOmKeH OblTb yBenuyeH B 16 pas.
BaxHO mmeTb B Buay, YTO COMPOTMBIIEHME BCEW CUCTEMbI OMNpPeaensietcs 30HOW
MaKCUManbHOro COMpPOTUBMNEHNA (CaMbiM  y3KMM MeCTOM). YcCTpaHeHue 3TOro
NpensaTcTBuA (Hanpumep, yaaneHne WHOPOAHOro Tena w3 [AbiXaTenbHbIX MyTewn,
yCTpaHeHWe CTeHO3a Tpaxeu unu MHTybauusa npyu OCTPOM OTEKe ropTaHu) no3sonseT
HOpManu3oBaTb YCMOBUS  BEHTUMAAUMM  NEerknx. TepMnH pe3ucCTaHC  LUMPOKO
MCNONb3yeTCs POCCUNCKUMM peaHnMaTonoraMmmn Kak CyLecTBUTENbHOE MYXCKOro poaa.

Cwmbicn TEPMUHA COOTBETCTBYET MUPOBLIM CTaHOapTaM.
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BaXHO NOMHUTB, YTO:

1. Annapat VBJ1 MoXeT M3MepuTb Pe3nCTaHC TOSMbKO B YCMOBUSX MPUHYAUTENBHOWN
BEHTUNAUUM Y periakCMpoOBaHHOIo nayueHTa.

2. Korga mbl roBopuM O pesuctaHc (Raw nnu conpoTuBneHumn gpixaTenbHbIX NyTemn) Mol
aHanuanpyem obCTpyKTMBHbIE NPOGNEMbl NPENMYLLIECTBEHHO CBS3aHHbIE C COCTOSTHUEM
NPOXOOUMOCTU AblXaTeNbHbIX NyTEN.

3. Yem Bornblue NOTOK, TEM BbllLe pe3nUCTaHC.

2. YnpyrocTb (elastance) n nogatnusoctb (compliance)

Mpexnae Bcero, crieqyeT 3HaTb, 3TO CTPOro MPOTVMBOMONOXHbIE noHaTus u elastance

=1/compliance. Cwmbicn nowsiTUs  «ynpyrocTb» noApasymMeBaeT  CNOCOBHOCTb

dusndeckoro Tena npu pedopmMaumm COXpaHATb npunaraeMoe ycunue, a npu
BOCCTaHOBNEHUn ¢opmMbl — BO3BpawaTb 3T0 ycunue. Hambonee HarnsgHo 310
CBOWCTBO MpPOSIBNSETCA Y CTalNbHbIX NPYXWH UMM Pe3NHOBLIX mM3genui. CneumanncTbl
no WBJ1 npun HacTporike W TECTUpPOBaHMM annapaTtoB B KayecTBe MOOENU Nerkux
MCNONb3YIOT PE3NHOBLIM MELLOK. YMNPYrocTb AblXaTenbHOW cUCTEMbl 0BO3HavaeTcs
cumBonom E. PasmvepHocTb ynpyroctu mbap/mn, aTO 03Ha4aeT: Ha CKONbKo Munnnbap
crnegyeTt NogHATb AaBreHne B cucteme, YTobbl 06bEM yBenuuuncsa Ha 1 mn. [JaHHbIn
TEPMUH LUMPOKO UCnonb3yeTcsa B paboTax no pmsmonornm apixaHus, a cneymanuctbl No
MBJT nonb3ylTcsa MNOHATMEM OOpaTHbIM  «YyNPYroctu» - 3TO «PaACTSKUMOCTbY
(compliance) (uHorga roBOpPAT «NOAATNMBOCTBL»). TepMunH KoMmmnaiHc (compliance)
NCNONb3yeTCsa Kak CYLLECTBUTENbHOE MYXXCKOro pofa POCCUACKUMU peaHuMaTorioramm
TaK e 4acTo, Kak 1 pe3ucTaHc (Bcerga korga MoHuTop annapata MBJ1 nokasbiBaeT atu
napameTpbl). PasmepHoCTb KoMnnianHca - Mn/mM6ap nokasbiBaeT, Ha CKOSbKO
MUINIMIUTPOB yBeNuuMBaeTcs 00 bEM Npu NOBbILLEHUN AaBneHnst Ha 1 munnnbap.

B peanbHON KnNUHM4YecKkoW cuTyaumn y naumeHta Ha WIBJT unamepsoT kommnnamHC
pecnmMpaTtopHOM CUCTEMbI — TO €CTb JlerkMx W TrpygHoOW KneTku BmecTe. [ns
0003HavYeHNs KOMNNanHC 1cnonb3yT cumBonbl: Crs (compliance respiratory system) —
KOMnnanHC AbixatenbHon cuctembl u  Cst  (compliance static) - komnnaiHc
CTaTUYECKUIN, 3TO CUHOHUMbIL. [nsa Toro, 4tobbl paccumtatb CTaTUYECKUA KOMMMAWHC,
annapat VBJ1 penut gpixatenbHbli O6bEM Ha gaBreHne B MOMEHT WHCNUPaTOpPHOM
nay3sbl (HET NOTOKa — HET PE3UCTaHC).

Cst = V1/(Pplateau —PEEP)

Hopma Cst (komnnaiiHca cratnyeckoro) — 60-100mn/m6ap
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MNpuBoaMMas HWXe Cxema MokasbliBaeT, KaKk Ha OCHOBE [OBYXKOMMOHEHTHOW mogenu
paccunTbiBaeTcsa conpoTtusneHne notoky (Raw), crtatmyeckun komnnavHc (Cst) un

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 BbINOSMHSAKTCS Y penakCcMpoBaHHOro naumMeHTa B
ycnosusix VBJ1, ynpaBnsemon no o6bEMY C NepekntoyYeHneM Ha BblAOX MO BPEMEHMW.
OTO 3Ha4WT, YTO Nocne Toro, kak 06 bEM OOCTaBMNeH, Ha BbICOTE BAOXA KnanaHbl BAOXa
N BblAOXa 3aKpbiTbl. B 3TOT MOMEHT M3mMepsieTcs AasreHue nnaTto. BaxHO NOMHUTB,
yto: 1. Annapat WBJ1 moxeT usmeputb Cst (KOMNMaWHC cCTaTtuyeckuii) TONbKO B
YCNOBUAX MPUHYAUTENBHON BEHTUAALMM Yy PENakCUpPOBaHHOIO MauveHTa BO BpeMS
MHCNUpaTopHOW naysbl. 2. Koraa mbl roBopum o ctatmyeckom KomriaiHce (Cst, Crs
NN PacCTSKMMOCTU  PECNUPATOPHOM CUCTEMbI), Mbl aHanNU3npyem peCcTPUKTUBHbIE
npobnembl NPENMyLLECTBEHHO CBSI3aHHbIE C COCTOSIHUEM NIErOYHOM NapeHXUMbI.
dunocodckoe pestoMe MOXHO Bblpa3nTb ABYCMbICIIEHHbIM YTBEPXAEHNEM:

MNMoTtok cospaéT naenexHve

Ob6e TpakTOBKM COOTBETCTBYIOT [OENCTBUTENBHOCTU, TO €CTb: BO-NEPBbIX, MOTOK
CcO34aéTca rpagueHToM [AaBfeHui, a BO-BTOPbIX, KOrda MOTOK HaTankuBaeTCcs Ha
npensaTcTBue (COMPOTMBIEHUE [AbIXaTenbHbIX MyTen), AaBneHue YBEenMyYnBaeTCs.
Kaxywiasca peveBas HeOPEXHOCTb, KOrga BMECTO «rpagueHT AaBfeHnin» Mbl FOBOPUM

«fasrneHune», poxpgaeTtcAa Wu3 KITMHUYECKON peanbHOCTN. BCe AaTyukn [OaBleHns
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pacrnosfoXeHbl CO CTOPOHbI AblXaTenbHOro KoHTypa annapata VBJ1. nsa Ttoro, 4tobbl
N3mMepuTb JaBNeHNE B Tpaxee u paccyntatb rpagmeHT, Heo6xoaMMo OCTaHOBUTb NOTOK
N OOXOAaTbCA BblpaBHMBAHUA AaBNeHUMst ¢ 00OMX KOHLUOB 3HAOTpaxeanbHOW TpyOKu.
Moatomy B npakTMke OOblMHO Mbl MOMAb3yeMCs MokKasaTensaMm AaBfeHus B
AblxaTtenbHoM KOHType annapaTta MBJ1. o aTy cTopoHy aHAoTpaxeanbHoOW TpybOku ons
obecneyeHus Baoxa ob6bemomM Y mMn 3a Bpems X CEK Mbl MOXEM MOBbIWATbL AaBreHne
BAOXa (M COOTBETCTBEHHO IPagMEHT) Ha CKOSMbKO Y HAc XBaTUT 34paBoro cCmbicra u
KIMHMYECKOrO OnbITa, MOCKOSbKY BO3MOXHOCTU annapaTta VBJ1 orpomHbl.
Mo Ty CTOpOHY 3HAOTpaxeanbHOW TPYOKM Yy HAc HaxoguTCs MauMeHT, U Yy Hero Ans
obecneyeHuns Bblgoxa ob6bEMOM Y Mn 3a Bpemsa X CEK eCTb TOSMbKO cuna ynpyroctu
NerkMx u rpygHoOM KNeTkMm u cuna ero ApixaTenbHOW MycKynaTypbl (€CrniM OH He
penakcmpoBaH). BO3MOXHOCTU nauyueHTa cosgaBaTb MOTOK Bblgoxa orpaHuyveHbl. Kak
Mbl yXXe npegynpexaann, «noTOK — 9TO CKOPOCTb U3MeHeHna obbemay, no3ToMy Ans
obecneyeHuns appeKTMBHOroO BblgoXa HYXXHO NPefoCTaBUTb NaUNEHTY BPEMA.
MocTosiHHast BpeMeHu (T)
Tak B OTeYeCTBEHHbIX PYKOBOACTBaxX MO uanonornm OblxaHns HasbiBaetcs Time
constant. 3To nponsBegeHne KOMMANHC Ha pe3ncTaHcC.
T = Cst x Raw
Pa3mepHOCTb NOCTOSIHHOW BpeMEHW, eCTeCTBEHHO CekyHAabl. [lencTBUTENbHO, BeAb Mbl
yMHOXaem Mmn/mbap Ha mbap/mn/cek. MMocTositHHaa BpeMeHn oTpaxaeT O4HOBPEMEHHO
anacTuyeckne CBOWCTBA [AblXaTeNbHOW CUCTEMbI M COMPOTMBIIEHNE [blXaTellbHbIX
nyten. Y pasHbix nwogen T pasHas. [MOoHATb (PU3NYECKUIA CMbICTT OAHHOW KOHCTaHTbI
nerye, Ha4aB C Bblgoxa. [MpeacrtaBum cebe, 3aBeplEH BAOX, — HayaTt Bblgox. loa
AENCTBUEM 3NACTMYECKMX CUN OblXaTeNbHOW CUCTEMbI BO34yX BbITankMBaeTcs M3
NErkux, NpeoaosneBas CONpoTUBNEHNE AbIXaTeNbHbIX MyTEN.
CKONbKO BpeMeHn 3aMMET MNacCUBHbBIA BbIOOX? [MOCTOSAHHYO BpPEMEHW YMHOXWUTb Ha
natb (T X 5). Tak ycTpoeHsbl nerkne yenoseka. Ecnu annapat VIBJT o6ecneunBaeT BOOX,
cos3gaBas MNOCTOSIHHOE [faBfieHMe B AblXaTellbHbIX MyTAX, TO Yy PenakCMpoOBaHHOIO

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

o0bEMa OT BpeMeHn Npu NOCTOSIHHOM AaBIieHMM BAOXa UMW NAaCCUBHOM BblOXe.
Mpn BbIAOXE NO WUCTEYeHUM BpemMeHu T naumeHT ycneBaeT BblAOXHYTb 63%
AblxaTenbHoro obbéma, 3a Bpemsa 2T — 87%, a 3a Bpems 3T — 95% p[biIxaTenbHOro

o6béma. Npu BOOXe € NOCTOSAHHLIM AAaBNEHMEM aHanorMyHas kapTuHa.

[MpakTnyeckoe 3HayeHMe MNOCTOSAHHOM BpemMeHn. Ecnn Bpems, npenocraBngemMoe
nauneHTy Ans Bblgoxa <5T, TO MOCne Kaxgoro BAoXa YacTb AblxaTenbHoro obbeéma
OyneT 3agepxmBaTbCs B flerknux naumeHta. MakcumanbHbI AblXxaTenbHbIn O6BEM Npu
BOOXE C MOCTOSIHHbIM AaBfeHMEM nocTynuT 3a Bpemsa 5T. lNpu matematnyeckom
aHanuse rpaduka KpMBon oObEMa BblgoXa pacyeT MOCTOSHHOW BPEMEHU MO3BONSET

CyOUTb O KOMMNMaNHC 1 Pe3UCTaHC.
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A rPA®UK USMEHEHUA OBBEEMA

NOCTOAHHAA BPEMEHU

[aHHbIn rpaduK noKasblBaeT, Kak COBpPeMeHHbI annapaT WBJ1 paccuuTbiBaeT
NOCTOSAHHYIO BpEMeEHU. bbiBaeT, YTO cTaTU4ecKkMin KOMMNanHC paccymTaTb HEBO3MOXHO,
T. K. ANA 9TOro JOSPKHa OTCYTCTBOBaTb CMNOHTAHHAA [AblXxaTenbHash akKTUBHOCTb W
HeobXxoauMO M3MepuTb AaBneHune nnato. Ecnu pasgenutb AbixaTenbHbli 06bEM Ha
MakcuManbHOe AaBrfeHue, NonyYMM ele OAMH PacyETHbIM MoKasaTeNb, OTpaXkatoLmi
KOMMManHC 1 pe3ncTtaHc. Pa3Hble aBTOPbI UCMOMb3YOT pPa3Hble UMEeHa, HO Mbl JOIKHbI

3HaTb, YTO 3TO CUHOHUMbI:

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

Cop = V1/(PIP - PEEP)

Bonblie Bcero cOvmBaeT C TOMKYy Ha3BaHME «OUHAMUYECKUI KOMIMIAMHC», MOCKONbKY
n3MepeHne NpoucxoauT NpM HEOCTAHOBIEHHOM MOTOKE W, cneaoBaTeribHO, AaHHbIN
nokasaTenb BK/OYaeT U KOMMMaiHC, 1 pesuctaHc. Ham Gornblue HpaBuUTCA Ha3BaHue
«OUHamMmnyeckasa xapaktepucTtukar». Korga aToT nokasaTterb CHUKaeTCs, 3TO 3HaUYUT, YTO
nmbo MNOHM3UMCHA KOMMMamHC, NMbo BO3pOC pesuctaHc, nnbo n 10 n gpyroe. (Mnu
HapywaeTca NPOXOAMMOCTb [AblXaTenbHbIX MNyTeW, WAW CHWXaeTcs noaaTnMBOCTb
nerkux.) OpgHako ecnn OAHOBPEMEHHO C AUHAMUYECKON XapaKTepPUCTUKOW Mbl
OLEeHMBaeM MO KPUBOW BblAOXa MOCTOSIHHYIO BPEMEHW, Mbl 3HaeM oTBeT. Ecnu
MOCTOSIHHAsi BpPEMEHM pacTET, 3TO OOCTPYKTUMBHbLIA NPOLLECC, a €CNN yMeHbLUaeTcs,

3Ha4nUT Nerkne crtanum meHee nogaTiMBbI.
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3akroyeHue

Takum obpasom, 3HaHMe pecnupaTopHOM MEXaHWKM MO3BONAET HEe NPOCTO CTaHO4APTHO
yCTaHaBnmBaTb Hekne "cpegHue" napamMmeTpbl BEHTUNSALUK, HO MOHUMATb Bbl3blBaeMble
CMEHOW MapamMeTpoB M3MEHEeHMS B (PU3NONOrMU AblXaTeNbHON CUCTEMbI NauneHTa u

yMeTb MakcumarnbHO 3h(PEKTMBHO NPUMEHSITb CBOM 3HAHUSI.
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Desiepanbioe rocyapeTBEHHOE GI0/KETHOE 0GpasoBaTeNbHOE YUpEskKIeHIe
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KAOEJIPA
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