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BBenenue

IIpoBeneHue annapaTHOW UCKYCCTBEHHOM BEHTUIIALIMU JIETKUX B HACTOSLLIEE
BpEMs CTAJI0 PYTUHHOW MPOLEAYPOH B JIEUYCHUU MMALIUEHTOB OTAECICHUMN
peaHuMaly ¥ UHTEHCUBHOM TE€pPAIUK, IIEPECTAB BHYIIATh TPENET IIPU IPUHATHU
pElIeHHs] 0 HEOOXOAUMOCTH OKa3aHUs MAIllUEHTY PECITUPATOPHON MOAIEPKKH.
Bo3M0kXHOCTH 3TOr0 METOZ/a UHTEHCUBHOM TEPAIIMU HEU3MEPUMO BO3POCIIH C
IIOSIBJICHUEM HOBBIX ITIOKOJICHUM PECIIUPATOPOB, IIOIYUYUBIINX 34
IPEAOCTABISIEMBIE UMHA BO3MOKHOCTH HAa3BAHUE "MHTEIUIEKTYaJIbHBIX .

Tem He MeHee, TPUXOAUTCS MPU3HATH, YTO 10 CUX NOP J1aKe CAMBIH
"uHTemnekTyanpHbli" annapat UBJI He B COCTOSIHUYM y4eCTh BCEX HIOAHCOB
NaTOJIOTUU U OCOOEHHOCTEH Ka)XA0ro MalueHTa, OueHUTh 3P(HEKTUBHOCTD
pPECIUPATOPHON TE€panuu U ONPeAeIuTh HEOOXOUMOCTh U3MEHEHHUS TapaMeTPOB
NBJI.

CBenieHnsl 0 MEXaHUYECKUX CBOMCTBAX JIETKUX, MOJYy4a€MbIX OT MOHUTOPOB
MEXaHMKH JBbIXaHUS, KOTOPBIMU OCHAIIEHbI COBPEMEHHbBIE PECTTUPATOPHI,
IPEIOCTABISIONIME CTOJIb HE0OX0AUMYIO HH(POpMaLIUIO 00 3P(HEKTUBHOCTH U
anexkBaTHOCTH npoBoauMon MBJI, cTtaHOBATCA 1St Bpada IMMyTEBOAHOW HUTHIO,
yKa3bIBasi, 1€ Mbl HAXOJUMCS, U Ky/1a HY>KHO JIBUTATHCS.

PecnimpaTopHasi MeXxaHUKA — HEO0XO0AMMBI MUHUMYM

Kakue nmapameTpsl Bgoxa u Bbiioxa usmepseT anmapar MBJI?

Bpems (time),

00BEM (Volume),
notok (flow),
nasieHue (pressure).

~wnh e

Bpems (time)

Bpemsi — 3T0 Mepa AUTENHHOCTH U TTOCIIEIOBATEIBHOCTH SIBIICHUN

Ha rpadwukax naBnenus, moToka u 00bEMa BpeMsi OSKHUT 110
rOpU3OHTANIBHOM ocu «X». U3mepsieTcs B cekyHaax, MUHyTax, yacax. C no3unui
pPECTTUPATOPHON MEXaHWKH HAC MHTEPECYET JJIUTEIHLHOCTh BIOXA M BBIIOXA,
MOCKOJIBKY MPOM3BEICHIE MOTOKOBOTO BpeMeHu Boxa (Inspiratory flow time) na
MOTOK paBHO 00BEMY BI0XA, a TPOU3BEACHIE ITOTOKOBOTO BPEMEHU BBIIOXA
(Expiratory flow time) Ha moTok paBHO 00BEMY BBIIOXA.

BpemeHHbIe MHTEPBAJIBI ABIXATEJBHOI0 HMKJIA (X YeThIpe)
YTo TaKkoe «BAOX — inspiration» u «BbIIOX — expiration»?



Bnox 3To BX0x Bo3nyxa B jierkue. JmmTes 10 Hadaia BbIioxa. Beiiox — ato
BBIXOJT BO31yXa U3 Jerkux. Jlnures 1o Hadana Bnoxa. MHeIMU ciioBamMu, BIOX
CUMTAETCS C MOMEHTA Hayvasa MOCTYIUIEHHUS BO3AYyXa B IbIXaTEIbHbIE IYTU U
JUIATCS 10 Havaja BbIJ0Xa, a BBIIOX — C MOMEHTA Hayajla U3THAHUS BO3JyXa U3
JBIXaTEJIbHBIX IYTEN U JUIMTCA IO Hadajia BJIOXa.

9KCHepTBI ACJIAT BAOX HAa ABC YaCTU.
Inspiratory time = Inspiratory flow time + Inspiratory pause

Inspiratory flow time — BpemeHHOI HHTEpBa, KOT/1a B JIETKHE MMOCTyIAeT
BO3ayx. UTO Takoe «uHCIUpaTOpHas may3ay (inspiratory pause wau inspiratory
hold)? Dto BpeMeHHOI HHTEPBaJI, KOT/a KJIalaH BAOXa YKe 3aKPbIT, a KjarnaH
BBIJIOXA €III€ HE OTKPBIT. XOTS B 3TO BPEMsl IIOCTYIUICHHS BO3/lyXa B JIETKHE HE
HPOMCXONT, MHCIIMPATOPHAS May3a sSBISETCSA YaCThi0 BpeMEHH Boxa. Tak
JOrOBOPHINCH. MIHCIIMpaTOpHast may3a BO3HUKAET, KOT/a 3aJaHHbIi 00BEM yiKe
JI0CTaBJICH, a BpeMsI BI0Xa €I He HCTEKIIO.

JI1s1 CHOHTaHHOTO JABIXaHUS — 3TO 3a/IEP>KKa JIbIXaHUsI HAa BBICOTE BJOXaA.
3agep:KKa AbIXaHHUS Ha BBICOTE BJIOXA MIMPOKO MPAKTUKYETCS MHIUUCKUMU Horamu
U APYTUMU CIIEHHAINCTAMU IO AbIXaTEJIbHONM T'MMHACTUKE. B HEKOTOPBIX pekuMax
NBJI uacniuparopHas naysa orcyrctByet. s anmapara UBJI PPV Beigox
expiratory time — 3To BpeMeHHOI HHTEpPBaJI OT MOMEHTA OTKPBITHS KJallaHa
BbIJI0XA 10 HaYyaJla CJIEIYIOLIEro BAoXa.

DKCIEPTHI ICISIT BhIJIOX HA JIBE YACTH:
Expiratory time = Expiratory flow time + Expiratory pause

Expiratory flow time — BpemeHHO#1 MHTEpBaJI, KOT/1a BO3yX BBIXOIUT U3
nerkux. YTo Takoe «IKCIUpaTopHas maysa» (expiratory pause wim expiratory
hold)? 3to BpeMeHHOI HHTEPBAJI, KOTJa IIOTOK BO3/IyXa U3 JIETKUX y)Ke HE
MOCTYTIACT, a BAOX emE He Havayics. ECITi MBI IMeeM JIeII0 ¢ «YMHBIMY alapaToM
NBJI, MbI 00s13aHBI COOOITUTH €My CKOJIBKO BPEMEHH, MO0 HAIIEeMy MHEHHUIO, MOXKET
JUTATBCS AKCIIpaTOpHas nay3a. Ecii BpemMst SKCITUpaToOpHO# 1may3bl HCTEKIIO, a
BJIOX HE HavaJIcs, «yMHbI» ammapat MBJI o0bsBiiser TpeBory (alarm) u
HAYMHACT CIAacaTh MAIUEHTA, TOCKOJIbKY CYMTACT, YTO IMPOU30IILIO atHoOd (apnoe).
Brirouaercs ommust Apnoe ventilation. B Hekotopsix pexumax UBJI
AKCITUPATOPHAS T1ay3a OTCYTCTBYET.

Total cycle time — Bpemst IpIXaTEILHOIO IIUKJIA CKIIAbIBACTCS U3 BPEMEHHU
BJI0Xa K BPEMEHHU BBIJOXa.



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

time
NN

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

P | AABNEHME
Expiratory
flow time| Expiratory
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Total cycle time(ventilatory period) '
Flow TOTOK
T
-
'
P
Insiratory Expiratory T -
flow time flow time
Inspiratory | Expiratory
time time
Total cycle time (ventilatory Beriod)
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Oobem (volume)

JI71s1 Hec)KUMaeMBbIX (TBEPABIX U KUJKHUX) BEIIECTB 3TO BEPHO, a JIJIsi Fa30B
He Bcerna. Korna qpixanue mpoucxXoAauT MO/ IaBJICHUEM BhIIIE aTMOC(HEPHOTO
(6apokamepa, r1I000KOBOIHBIC aKBAJIAHTUCTHI U T.J.), C)KaTUEM Tra30B
npeHedperaTh HeNb35, MOCKOJIBbKY MEHSAIOTCS X (PU3UYecKue CBOMCTBA, B
YaCTHOCTHU PacTBOPUMOCTH B BoJie. B pe3ynbrare — KUCIOPOIHOE ONbSHEHUE U
KECOHHasi 00Jie3Hb. B BBICOKOTOPHBIX YCIOBUSX MIPU HU3KOM aTMOC(HEpHOM
JABJIGHUU 37J0POBBIN CIIOPTCMEH-AJILIIMHUCT C HOPMAJIbHBIM YPOBHEM
reMOTJIOOMHA B KPOBH MCIBITHIBAET TUIIOKCHUIO, HECMOTPS Ha TO, YTO JBIIIUAT
Iy0e U Yarie (IbIXaTeJIbHbIM 1 MUHYTHBINH 00bEMBI YBEITUUEHBI).

O0BEéM — 3T0 Mepa MPOCTPAHCTBA.

U, Tem He MeHee, B YCIOBHIX crioHTaHHOTO Abixanus U MBJI npu
HOpPMaJIbHOM aTMOC()EepHOM JaBICHUH MbI UCIIOJIB3YEM €IMHUIIBI 00beMa JIJis
OLICHKH KonnuecTBa raza. C:katreM MOKHO npeHeOpeusb. B pecnimpaTopHoit
MeXaHHKe 00bEMBI U3MEPSIOT B TUTPAX WU MUJUIAITUTPAX.

I[J'I}I omnrcaHus 00HLEMOB HMCIIOJIB3YIOTCS TPpH CJIIOBA.

1. IIpocTtpancTBo (Space).
2. EmxocTs (capacity).
3. O0bém (volume).

O0BbEMBI 1 TPOCTPAHCTBA B PeCIIUPATOPHOII MEeXaHUKE:

Jpixateiabublii 00béM (VT) no-anrauiicku Tidal volume — sto Bennunna
OJTHOTO OOBIYHOTO B/IOXA WJIA BBIJOXA.

MunyTHblit 00béM (MV) — no-anrauiicku Minute volume — sto cymma
JBIXaTEeNIbHBIX 00BEMOB 32 MUHYTY. Eciu Bce ApixaTenbHble 00bEMBI B TEUCHHE
MUHYTBI PaBHBI, MOXXHO IMPOCTO YMHOXKHUTD JIbIXaTEIbHBIN 00BEM HA YaCTOTY
IBIXaHUM.

MepTtBoe npoctpancTso (DS) no-anrmiicku Dead space — 3to
CyMMapHbIil 00bEM BO3yXOHOCHBIX ITYTEW (30HA IBIXaTEIbHON CUCTEMBI, TJ€ HET
razooOMeHa).

O0Bembl, uccaeayeMbie NPU CIUPOMETPUH

JpixaTeabnsblii 00béM (VT) no-anrnuiicku Tidal volume — 3to Benmmunna
OJTHOTO OOBIYHOTO BJIOXA WJIM BBIOXA.

PesepBHblii 00béM Baoxa — POBa (IRV) no-anriuiicku Inspired reserve
volume — 310 00hEM MaKCUMAIILHOTO BJIOXA 10 3aBEPIICHUU OOBIYHOTO BJIOXA.

Emkocts B1oxa — EB (IC) no-aurmmiicku Inspiratory capacity — sto
00BbEM MaKCUMaJIbHOI'O BJ0Xa OCJIE€ OOBIYHOI'O BBIIOXA.

IC=TLC-FRC umu IC=VT + IRV



Oomas émkoctb Jérkux — OEJI (TLC) no-anrmuiicku Total lung
capacity — 3To 00bEM Bo3yxa B JIETKUX IO 3aBEPIICHUN MAKCUMAJILHOTO BJOXa.

Ocrarounblii 00éM — OO (RV) no-anrmiicku Residual volume — sto
00BEM BO3ITyXa B JIETKUX MO 3aBEPIICHUA MAaKCUMAJILHOTO BBIIOXA.

Kuznennasi émxoctb Jérkux — XKEJI (VC) no-anrnuiicku Volume
capacity — sto 00BEM BlIOXa MOCIIE MAKCUMAIILHOTO BBIZIOXA.

VC=TLC -RV

DyHkuuoHaabHas octaTouHas éMkocTh — @POE (FRC) no-anrnuiicku
Functional residual capacity — 3to 00bEM Bo3yxa B JIETKUX 0 3aBEPIICHUN
OOBIYHOTO BBIZOXA.

FRC=TLC-IC

PesepBHbIii 00bEM BbIOXa — POBBIA (ERYV) no-anrumiicku Expired
reserve volume — 310 00bEM MaKCHMAJIBHOTO BbIJIOXA 10 3aBEPIICHUH OOBIYHOTO
BBIJIOXA.

ERV = FRC - RV

N N N
PesepBHbIV
obvem EmMmkocTb
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€MKOCTb
=
E —
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OcTaTouHbIN
obbem
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IMotoxk (flow)

«O0BEMHAS CKOPOCTHY — TOYHOE OTPECIICHHIE, YI0OHOE JIJIsl OTICHKU
paboThI HACOCOB U TPYOOIIPOBOJIOB, HO JIJISI PECTIMPATOPHON MEXaHUKU OOJIbIIe
MOAXOJUT:

IToTOK — 3TO CKOPOCTH H3MEHEeHHSsI 00bEMA
B pecninparopHoit Mmexanuke noTok (V') u3MEpSIoT B INTPAaX B MUHYTY.
[Tpumepsr:



1. TTotok(V) = 60n/mun, JJnurensHocts Baoxa(Ti) = 1cex(1/60Mun),
JlpixatenbHbiidi 006EM (VT) = ?

Pemenne: Vx Ti =VT

Otser: 11

2. ITorok(V) = 60n/MuH, Jlpixatenbubiii 006¢M(VT) = 11, JNIUTENBHOCTD
sroxa(Ti) = ?

Pemenne: VT/V = Ti

Otset: 1cex(1/60mun)

O0BEM — 3TO MPOM3BEICHNE TTOTOKA HA BpEeMS BI0Xa WIH ILIOMIA b IO
KPHBOH IOTOKA.

VT =VxTi
BOOX BblOOX

DABINEHUE

t

OBBbEM

t
MOTOK

t

910 MMpcaACTaBJICHUC O B3aUMOOTHOIICHHUHU IIOTOKA U o0beMa HCIIOJIB3YCTCA
IIpHU OIIMCAHUU PCIKUMOB BCHTUILALIUU.

JdaBienue (pressure)

JdaBienue (pressure) — 3T0 CUJIA, MPWIOKEHHAS K eJMHUIIE TIOMIATA
JlaBneHue B AbIXaTEIbHBIX MYTAX U3MEPSAIOT B CAHTUMETPAX BOJHOTO CTOJI0a
u B Mmuwinbapax. 1 munmubap = 1,019744289 cm BogHoro cronbda.

3HauyeHUd TaBJIEHU B Pa3HbIX 30HAX AbIXaTEeJbHON CHCTEMBbI U
rpaaueHTsl (gradient) naBjaeHus



Ilo ompenenenunio 1aBlieHUE — 3TO CUIa, KOTOPasl y’Ke Haluia cebe
MIPUMEHEHHE, - OHA (3Ta CUJIa) JaBUT Ha IJIOIIAJb U HUYETO HUKYIA HE
nepeMeiaet. ['paMOTHBIN TOKTOP 3HAET, UTO B3/10X, BETEP, U JaXKe yparaH,
CO3/1a€TCs Pa3HOCTHIO JIaBJICHUH WM rpagueHToM (gradient).

Hamnpuwmep: B 6autone ra3 noa gasinenuem 100 armocdep. Hy u uto, ctour
cebe OaJTOH UM HUKOTO He TporaeT. ['a3 B 0ayioHe CoKoHO cebe TaBuT Ha
TUTONIA/(b BHYTPEHHEH MOBEPXHOCTH OAJJIOHA U HU HA YTO HE OTBJICKAeTCs. A eciu
OoTKpbITh? Bo3HukHeT rpaguenT (gradient), KOTOPBIN U CO3AAET BETEP.

Paw=Pawo
— Ptr=Pawo-Pbs

s—Pbs

Rk
= = Ptt=Palv-Pbs
AN
§> {—Pl=Palv-Ppl
oL Pw=Ppl-Pbs
—Pes

JlaBieHus:

Paw — maBreHue B IBIXaTEIBHBIX MY TSIX

Pbs — naBiienue Ha IOBEPXHOCTH TeJia

Ppl — mneBpansHOE naBicHHE

Palv — anpBeonsipHOE HaBiIeHNE

Pes — nuieBojHOE JaBIEHUE

['panueHThI:

Ptr — tparcpecniuparornHoe gaBiienue Ptr = Paw — Pbs
Ptt — TpancTopakansHOe naBieHue Ptt = Palv — Pbs

Pl — tpancnynemonansHoe nasienue Pl = Palv — Ppl
Pw-— tpancmypanbsHoe gaBienne Pw = Ppl — Pbs

Jlerko 3amOMHHTB: €CJIU UCIIOIb30BaHa MIPUCTABKA «TPAHC)» - peUb UJIET O
rpajleHTe.

['maBHOM IBMXKYIIEN CUIION, TO3BOJISAIONICH CEIaTh BIOX, SABISCTCA
Pa3HOCTh JaBJICHHMI Ha BXOJ€ B JbIXaTelbHbIe myTH (Pawo- pressure airway
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Opening) u AaBlIeHUE B TOM MECTE, TC IbIXaTeIbHbIC TyTH 3aKaHYUBAIOTCS — TO
ecTh B anbBeotax (Palv). [IpoGiema B ToM, YTO B aJIbBEOIaX TEXHUYCCKHU CIIOKHO
MOMEPHUTH JaBieHue. [l03TOMY IS OLIEHKHU JBIXaTeIbHOTO YCUIIHS HA CIIOHTAHHOM
JBIXaHUH OLICHUBAIOT TPAIUEHT MEKIY MUIIICBOIHBIM naBieHueM (Pes), npu
COOJIIOJIEHUH YCIOBUM U3MEpPEHUs OHO paBHO IieBpasibHOMY (Ppl), u naBiennem
Ha BXOJI¢ B JAbIxarenbHbie myTu (Pawo).

[Tpu ynpasnenuu anmaparom MBJI Hanbonee 10CTyHBIM U
UH(POPMATHBHBIM SABJISCTCSA TPaJUEHT MEX/IY JABICHUEM B IbIXaTEIbHBIX MyTAX
(Paw) u naBnenuem Ha nmoBepxHoctu Tena (Pbs- pressure body surface). Otor
rpaaueHT (Ptr) Ha3pIBaeTCs «TPAHCPECITUPATOPHOE JaBICHHE)», U BOT KaK OH
co3/1aeTcs:

1. IIpu NPV Pawo cooTBercTBYeT aTMOChEepHOMY, TO €CTh HOJIb, a Pbs
CTaHOBHTCS OTPUIIATEIBHBIM B pe3yjibTaTe padOThI armapara.
Anmnapat UBJI NPV Ttuna «Kirassay.

2. Tlpu PPV [laBnenue Ha moBepxHocTH Tena (Pbs) paBHO HYy:I0, TO €CTh
COOTBETCTBYET aTMocpepHOMY, a Pawo BbIlie aTMOChEpHOro, TO €CTh
MOJIOKUTEIBHOE.

OTPUUATENBLHOE
OABNEHUE

7—)

TI=

ATMOC®EPHOE
MONOXWUTENBLHOE
DABNEHUE

ATMOC®EPHOE
AABINEHUE

Kak Bugure, vy oaun n3 MmetogoB MIBJI He COOTBETCTBYET MOJHOCTHIO
CIIOHTAaHHOMY JIBIXaHHUIO, HO €CJIM OLIEHUBATh BO3/ICIICTBUE HA BEHO3HBII BO3BPAT U
mumpoorrok anmapatel MBJI NPV tuna «Kirassa» kaxyrcst 6omee
¢usnonornaabsiMu. Ammapatsel UBJI NPV tuma «lron lung», co3masast
OTPUILIATEILHOE IABJICHUE HAJl BCEM MOBEPXHOCTHIO TEa, CHUKAIOT BEHO3HBIN
BO3BpAT U, COOTBETCTBEHHO, CEPJICUHBIN BHIOPOC.

Jasiienue (pPressure) — 3To cuiia, ¢ KOTOPOW TKaHU JIETKUX U TPYIHON
KJIETKH TTPOTHBOICUCTBYIOT BBOAUMOMY 00BEMY, HIT, UHBIMH CIIOBAMU, CHJIA, C
koropou annapat MBJI nmpeononeBaeT CONpOTUBIIEHUE AbIXaTEIbHBIX ITYTEM,
AMACTUYECKYIO TATY JETKUX U MBIIIEYHO-CBA30UYHBIX CTPYKTYP IPYIHON KIETKU
(o TpeTbeMy 3akoHy HbIOTOHA 3TO OJTHO M TO K€ MOCKOJIbKY «CHJIa IEUCTBUS
paBHA CUJI€ POTUBOJCUCTBUS).

11



Equation of Motion ypaBHeHue cuJ1, WK TpeTuii 3akoH HeoTona nost
cucrembl «anmnapat UBJI — nanuen»

B Tom ciyuae, eciin anmapat MBJI ocymiecTBiasieT BAOX CUHXPOHHO C
JBIXaTeJIbHOW MOMBITKOM MAallMeHTa, JaBJIEHUE, co3naBaeMoe annapatom NBJI
(Pvent), cymmupyeTcsi ¢ MBIIICYHBIM yCHIIMeM Harrenta (Pmus) (JieBast yacThb
ypaBHEHU:) JIJIs1 IPEOJIOJICHUS YIIPYTrOCTH JISTKUX U TpyaHoi kietku (elastance) u
cornporuBicHus (resistance) motoky Bo3ayxa B AbIXaTeIbHBIX MYTAX (IIpaBas
4acTb YpaBHEHU).

Pmus + Pvent = Pelastic + Presistive

(1aBJIeHUE U3MEPSIOT B MUJLTHOApax)

Pelastic= E x V

(mpou3BeieHUE YIPYTOoCTH HA 00BEM)

Presistive =R XV

(Mpow3BeICHUE CONPOTUBIICHUS Ha TIOTOK)

COOTBETCTBEHHO

Pmus + Pvent=EXV +RXV

Pmus(m0ap) + Pvent(m0ap) = E(m0ap/mu) X V(M) + R (m0ap/n/mun) X
V(a1/mMuH)

3a0/1HO BCITIOMHUM, pa3MepHocTh E — elastance (ynpyrocts) nmokaspiBaeT Ha
CKOJIbKO MIJLTHOAp BO3pACTaET AaBJICHHUE B Pe3epByape Ha BBOAUMYIO €IUHUILY
00béma (MOap/mu1); R — resistance conpoTuBieHre TIOTOKY BO3yXa
MPOXOJAIIEMY Yepe3 JIbIXaTeJbHbIC TYyTH (MOAap/1/MUH).

[TonnMmaHue ypaBHEHUS CUII O3BOJISIET HAM JI€JIaTh TPU Belu. Bo-nepBhIX,
mo6oit anmapat MBJI PPV Moxer ynpaBiasiTh 0OJHOMOMEHTHO TOJIBKO OJTHUM M3
U3MEHSEMBIX TapaMeTPOB BXOASUIUX B 3TO YpPaBHEHUE. DTH U3MEHIEMbIE
napameTpsl — JaBjieHue o0bEM U oToK. [loaTOMY CyIiecTByI0T TpH criocoba
yrpasieHus Broxom: pressure control, volume control, v flow control.
Peanuzanus BapuaHnTa Booxa 3aBUCHUT OT KOHCTpyKUuu anmnapara VIBJI u
BbIOpanHOTO peskuma MBJI. Bo-BTOpBIX, HA OCHOBE YpaBHEHUS CHJI CO3/IaHbI
MHTEJUIEKTYaJIbHbIE MPOTPAMMBI, OJ1aroiapsi KOTOPBIM armapaT PacCUUTHIBAET
MOKa3aTeJId PECIUPaTOPHON MEXaHUKH (HampumMep.: compliance (pacTsyKumMocTh),
resistance (conporusienue) u time constant (mocrosiHHas BpeMeHn <Kt ). B-
TPEThUX, O€3 MOHUMAHUS YPABHEHHUS CHJI HE MOHSTh TAKUE PEKUMbI BEHTUIISIIUN
KaKk “proportional assist”, “automatic tube compensation”, u “adaptive
support”.
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I'naBHbBIC PACUYECTHLIC MAPpAMETPbI pecnnpaTopHOﬁ MCXaHUKH
resistance, elastance, compliance

1. ConporuBJjieHne IbIXaTeJbHBIX yTel (airway resistance)

CokpaiienHoe o0o3HaueHue — Raw.

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

Hopwma s 3mopoBoro uenoseka — 0,6-2,4 cMH20/J1/cexk.

V¥ untybupoBanHoro namuenTa Ha MBJI — 3-10 cMH20/JI/cek.

OuU3nYeCKUil CMBICH TaHHOTO MOKAa3aTessi FTOBOPUT, KAKUM JI0JDKEH ObITh
IpavMeHT AaBJICHUM (HarHeTarouee JaBlIeHNe) B JaHHOM cucTeMe, YTOObI
oOecrieunth NOTOK 1 uTp B cekyHay. CoBpemenHomMy annapary UBJI necnoxno
paccuuTaTh pe3ucTaHc (airway resistance), y Hero eCTb JaTYMKU JAaBICHUS U
NOTOKA — pa3eNIiiI JaBJICHHE Ha TIOTOK, U TOTOB pe3ynbTaT. [[ns pacuera
pe3uctanc anmnapar UBJI nenut pazHocts (TpaiMeHT) MaKCUMaJIbHOTO JaBJICHUS
Baoxa (PIP) u naBiaenus miato Baoxa (Pplateau) Ha motok (V).

Raw = (PIP—Pplateau)/V

Uro u uemy conpotusisiercs? PecniparopHas MexaHuKa pacCcMaTpyUBaeT
CONPOTHUBIICHHUE JIBIXaTEIbHBIX MTyTEH BO3AYIIHOMY MOTOKY. CONpPOTUBIECHUE
(airway resistance) 3aBHCHT OT JUIMHBI, JUAMETPA U MPOXOIUMOCTH JbIXaTeIbHBIX
yTeH, SHA0TpaxeanbHON TPYOKH M JAbIXaTeILHOTO KOHTYpa amnmaparta NBJI.
ComnpoTuBieHrne MOTOKY BO3PacTaeT, B YACTHOCTH, €CJIM MPOUCXOAUT HAKOTIICHHE
U 3aJIep’KKa MOKPOTHI B IBIXaTENbHBIX MYTSAX, HA CTEHKAaX SHAOTpaxealbHON
TpyOKHU, CKOTIJICHHE KOH/ICHCATa B IIIJIAHTaX JIbIXaTeIbHOTO KOHTYpa WIN
nedopmanus (meperud) o060 u3 Tpyook. COnpoTHBICHUE IBIXaTSIBHBIX ITyTEH
PacTET MpHU BCEX XPOHUUECKUX U OCTPHIX OOCTPYKTHUBHBIX 3a00I€BaHUSAX JIETKHX,
MPUBOIAIINX K YMEHBIICHUIO JUAMETPa BO3AYXOHOCHBIX IyTeil. B cooTBeTCTBHM C
3akoHoM ["arena-Ilyasens mpu yMeHbIlIEHUH TUaMeTpa TPyOKH BIBOE /IS
oOecrieueHus TOTO JK€ MOTOKA TPAJUEHT JAaBJICHU, CO3JAI0ONUN ATOT MOTOK
(HarHerarolee JaBJiICHHE), TOJDKEH OBITh yBEIHUYEH B 16 pas.

BaxHo uMeTh B BUly, YTO CONPOTHUBIICHUE BCEN CUCTEMBI ONIPEAEIACTCS
30HON MAaKCHMAJIbHOT'O COMPOTHUBIICHUS (CAMBIM Y3KUM MECTOM). Y CTpaHEHHE
ATOTO MPENSATCTBUS (HANpUMeEp, yAAJIEHUE HHOPOJIHOTO TeJla U3 AbIXaTeIbHbIX
MyTeH, YCTPaHEHUE CTEHO3a TPAXEH WM UHTYOAIHs PU OCTPOM OTEKE TOPTAHH)
MO3BOJISIET HOPMAJIU30BaTh YCIOBHS BEHTUJIALIMY JIETKUX. TEpPMUH pe3ucTaHc
HIAPOKO UCTIOJIB3YETCSI POCCUUCKUMU PEAHUMATOJIOTAMHU KaK CYIIECTBUTEIBHOE
MYXCKOTO poaa. CMBICII TEpPMUHA COOTBETCTBYET MUPOBBIM CTaHIAAPTaM.
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BaxHO TOMHUTB, 4TO:

1. Anmnapat IBJI MmoxeT u3MepuTh pe3uCTAHC TOIBKO B YCIOBUAX
OPUHYIUTEIbHOW BEHTWISILIUK Y PETAKCUPOBAHHOTO NA[UEHTA.

2. Korga mbl roBopum o pesucranc (Raw uinu conpoTuBieHuun
JBIXaTEJIbHBIX MYTEW) Mbl aHAIU3UPYEM OOCTPYKTUBHBIE TPOOIEMBI
IPEUMYIIECTBEHHO CBSA3aHHbIE C COCTOSHUEM MPOXOAUMOCTH
JBIXaTEeJIbHBIX MYTEH.

3. Uewm OoJbliie MOTOK, TEM BBILLIE Pe3UCTAHC.

2. Ynpyrocts (elastance) u nmogaTiiuBocTh (compliance)

IIpex e Bcero, ciaeayeT 3HaTh, 3TO CTPOTO MPOTUBOIIOI0KHBIE ITOHATUS U
elastance =1/compliance. CMBbICII IOHATHS «YIIPYTOCTH» MOAPA3YMEBAET
CHOCOOHOCTH (PU3MUECKOI0 Tesa MpH AedopMallii COXPaHATh IPUIAraeMoe
yCUJIUE, a IPU BOCCTAaHOBIECHUH (OPMBI — BO3BpalaTh 370 ycunue. Hanbonee
HaIJIsTHO 3TO CBOMCTBO IPOSBIISIETCS Yy CTAJIBHBIX IIPYKUH WA PE3UHOBBIX
uznenuid. Cnennanuctel o MIBJI npu HacTpolike M TECTUPOBAHUU aIapaToB B
KaueCTBE MOJEIIN JIETKUX HUCIIOIB3YKT PE3UHOBBIN MEIIOK.

Yrupyrocts bIxaTeabHOM cucTeMbl 0003Ha4aeTcss cuMBoJioM E.
PasmepHocTh ynpyroctu Méap/mJi, 3T0 03Ha4aeT: Ha CKOJIbKO MUJLIUOAp ClIeyeT
MOJIHATDH JJABJICHUE B CUCTEME, UTOOBI 00bEM yBenuumiics Ha 1 mut. JlaHHbIi
TEPMHH IHUPOKO UCTIOIB3YETCS B paboTax Mo (PU3MOJIOTHH JIbIXaHUS, a
crienranuctol o VIBJI mons3yroTcst MoHATHEM 00OpaTHBIM «YIPYTOCTH» - 3TO
«pacTsokuMocThy (compliance) (MHOrma roBOpAT «IOAATIUBOCTEY). TepMuH
KoMILIaiiHe (compliance) UCMoIb3yeTCs KaK CYIIECTBUTEIBHOE MYKCKOTO poja
POCCUHCKMMU PEAHMMATOJIOTAMU TaK K€ 4acTo, Kak U pe3ucTaHc (Bcerga Koraa
Mouutop annapata UBJI nokassiBaet 31 mapaMeTpbl). PazmepHOCTh
KOMILIaliHCa — MJI/MOAp MMOKa3bIBAET, HA CKOJIbKO MUJLTUJIUTPOB YBEINUUBACTCS
00BEM TIpH MOBBIIIICHUH JaBieHus Ha 1 Mummbap.

B peanbHol KnuHMUYeckor cutyanuu y nanuenra Ha UBJI nsmepstor
KOMILJIAMHC PECITUPATOPHOU CUCTEMBI — TO €CTh JIETKUX U TPYAHOMN KJIETKH
BMecTte. J[i1st 0003HaueHusT KOMILIaitHCe UCTIONB3YIOT ciuMBoJiel: Crs (compliance
respiratory system) — kommaaiine neixatenbHou cuctemsl 1 Cst (compliance
static) — koMmIaiiHC CTAaTHYECKHIA, ’TO CAHOHUMBI. )1 TOTO, 9TOOBI paccuuTaTh
CTaTUYECKUM KoMIIaiiHe, anmapaTt UBJI geaut apixateabHblid 00BEM Ha
JABJICHUE B MOMEHT MHCIIUPATOPHOU May3bl (HET MOTOKA — HET Pe3UCTAHC).

Cst = VT/(Pplateau —PEEP)

Hopwma Cst (komminaiinca ctatudaeckoro) — 60-100mi/m6ap
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[TpuBoAMMAsT HIKE CXEMa IMOKa3bIBaeT, KAK Ha OCHOBE JIByXKOMITOHCHTHOM
MO/ICJIA PACCUUTBHIBAETCS COMPOTUBIICHKE TOTOKY (RaW), cTaTHUeCKUiT KOMILTAHHC
(Cst) u ynpyrocts (elastance) apixaTeabHOM CHCTEMBI.

AABJEHUE
B KOHTYPE
ANMNAPATA

: : :
,MOTOKOBOE 3aAeP>KK
. Bpems [ BOoxa:

! BOOXA e

"
I
'

|—{BHOX—p>-4—{BEIHOX >

BPEMS ,

BaxxHo uMeTh B BUAY, YTO U3MEPEHHUSI BBIIOJIHSIOTCS y PEIAKCUPOBAHHOTO
nanueHTa B ycsosusax MBJI, ynpasnseMoii mo 00bEMy ¢ epekroueHIeM Ha
BBIJIOX 110 BPEMEHU. JTO 3HAYUT, YTO MOCJE TOro, Kak 00bEM 10CTaBJIEH, HA
BBICOTE B0Xa KJIalaHbl BJ0XA U BbIJI0OXA 3aKPBITHl. B 3TOT MOMEHT U3Mepsiercs
JABJICHUE ILIATO.

Ba)xHO TIOMHUTB, 4TO:

1. Ammapat UBJI moxet uzmeputh CSt (koMIJIalHC CTaTUICSCKHIIA)
TOJIKO B YCJIOBUSIX MPUHYAUTEILHON BEHTUIISIIUN Y
PETAKCUPOBAHHOTO MAIMEHTA BO BPEMSI MHCIIMPATOPHOU Tay3bl.

2. Korga mbl roBopuM o cratndeckoM Komiutaitnee (Cst, Crs wiun
PACTSHKUMOCTH PECITUPATOPHON CHCTEMBI), MBI aHAJTU3UPYEM
PECTPUKTUBHEIE TPOOJIEMBI TPEUMYIIIECTBEHHO CBA3aHHBIC C
COCTOSTHUEM JIETOYHON MapEeHXUMBI.

ITorox CO3IlaéT JaBJICHHUE
O6e TPAKTOBKH COOTBCTCTBYIOT HeﬁCTBHTeHLHOCTH, TO €CTh:. BO-IICPBLIX,
MOTOK CO3aETCs rpaauCHTOM I[aBJIeHI/Iﬁ, d BO-BTOPLIX, KOraa I1OTOK
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HATaJIKUBAETCA HA MPENSATCTBUE (COMPOTUBIICHUE AbIXaTEIbHBIX yTEH), JaBICHUE
yBennuuBaeTcs. Kaxyiasics pedeBasi HEOpEKHOCTh, KOT/1a BMECTO «TPAJUEHT
JABJICHUID» MBI TOBOPUM «IABJICHUEY, POXKIACTCS U3 KIIMHUYECKOU PEaJIbHOCTH
BCE JATYMKU JABICHUS PACIIOI0KEHBI CO CTOPOHBI ABIXaTEIILHOIO KOHTYpa
annapara UBJI. [{ns Toro, 4ToObl U3MEPUTH J1aBJICHUE B TPaxee U PacCUUTaTh
I'paJueHT, HEOOXOJUMO OCTAHOBUTD MOTOK U JOXKIAThCSl BEIpPABHUBAHUS JaBICHUS
C 00OMX KOHLIOB 3HJIOTPaXeaJbHOU TPYOKH.

[ToaTomMy B pakTUKEe OOBIYHO MBI TIOJIb3yeMCS IMOKA3aTeNIIMU JaBJICHUS B
npIxareabHOM KoHType amnmapata MBJL. [1o 3Ty cropoHy sHI0TpaxeanbHOU TPYOKH
1U1st obecrnieyeHus Boxa o0beMoM Y MJI 32 BpeMsl X CeK Mbl MOKEM TOBBIIIATh
JaBlieHue BA0Xa (M COOTBETCTBEHHO IPAJMEHT) HA CKOJILKO Y HAC XBATHUT 3/IPaBOTO
CMBICJIA U KJIMHUYECKOTO ONbITA, IOCKOJIBKY BO3MOXHOCTH anmapara VBJI
OTPOMHBI.

[To Ty cTopoHy SHIOTpaxeabHON TPYOKH Y HAC HAXOAUTCS TAIlUCHT, U Y
HeTro /7151 o0ecniedeHus Bbiioxa o0bEMoM Y MIT 3a BpeMst X CeK €CTh TOJIBKO CHITa
YIIPYTOCTH JICTKKX W TPYAHON KJICTKH M CHJIA €r0 JIbIXaTeIbHOW MYCKYJIaTyphl
(ecu oH He penakcupoBaH). Bo3aMOXHOCTH MalMeHTa co3/1aBaTh IOTOK BBIIOXA
orpaHu4eHbl. Kak MbI y)ke npeaynpexaalin, «I0TOK — 3TO CKOPOCTh U3MEHEHUS
o0beMay, modTomy JiJist ooecrieueHus 3G (HEKTUBHOTO BbIIOXA HYKHO
NPEIOCTaBUTh TAIIMEHTY BPEMHI.

IocTossnHasi BpeMeHH (T)
Tak B 0TeueCTBEHHBIX PYKOBOJCTBAX MO (DU3UOJIOTUM JIbIXaHUS HA3bIBACTCS
Time constant. Oto npou3BecHNE KOMILIAWHC Ha Pe3UCTAHC.

T = Cst x Raw

Pa3mepHOCTh MOCTOSSHHOM BPEMEHHU, €CTECTBEHHO CEKYH/IBI.
JleficTBUTENIBHO, BEIb Mbl YMHOKaeM MJI/M0ap Ha MOap/mJ/cek. [locTosiHHas
BPEMEHHU OTPAXKAET OJHOBPEMEHHO JIACTUYECKHUE CBOMCTBA JbIXaTEIbHOU
CHUCTEMBI U COITPOTUBIICHUE JIBIXaTEIbHBIX ITyTE€H. Y pa3HbIX JIOAECH T pa3Hasl.
[ToHsTh DM3HYECKUI CMBICT JAaHHOW KOHCTAHTHI JIETYe, HA4aB C BBIJOXA.
IIpencraBum cebe, 3aBepiI€H BIOX, — HAYaT BbIIOX. [1o 1eCcTBHEM A1aCTHYECKUX
CHUJI JbIXaTEJIbHOM CUCTEMBI BO3/1YX BBITAJIKUBAETCS U3 JIETKUX, IPEO0JICBAs
COIIPOTUBIICHUE JbIXaTEIbHBIX ITYTEH.

CkoJbKO BpeMeHH 3aMET MacCUBHbBIN BbI0X? [10CTOSIHHYIO BpeMeHU
YMHOXUTb Ha MTh (T X D). Tak ycTpoeHsl Jierkue uenoseka. Ecinu annapat NBJI
o0ecrnieunBaeT BJI0X, CO37aBas MOCTOSHHOE JIaBJICHUE B JbIXaTEIbHBIX MyTIX, TO Y
peIaKCUpPOBAHHOTO MAllMEHTa MAaKCUMAaIbHBIN JJIsl JAHHOTO JaBJICHUS
JbIXaTeNIbHBIA 00BbEM OyIeT JOCTABIICH 3a TO XKe BpeMs (T X 5).
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NOCTOAHHAA BPEMEHUWU BOOXA U BEIQOXA

b=
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E 80 yd
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= +——T BbIJOXA
r 20
ﬁ NJ13.5%
= )
= 5% 0
E 0 -—E_’i.___, 1% 0.2%
= 1 2 3 4 5 6

Time Constants

I[aHHBIﬁ rpa<1)1/11< ITOKa3bIBACT 3aBUCUMOCTD HpOHGHTHOﬁ BCJIIMYHNHBI
ABIXaTCIIbHOT'O 00BEMa OT BPCMCHHU IIPU IMOCTOAHHOM OABJICHHUH BA0Xa UJIH
ITaCCUBHOM BBIAOXC.

[Ipu BBIIOXE MO UCTEUEHUH BPEMEHHU T MALMEHT YCIIEBAET BBIAOXHYTh 63%
JBIXaTeIbHOro 00BhEMa, 3a BpeMs 2T — 87%, a 3a Bpems 3T — 95% npIxatenpbHOTro
o0BvéMa. [Ipu BIOXE ¢ MOCTOSITHHBIM JIaBICHUEM aHAJIOTUYHAsI KapTUHA.

[IpakTrueckoe 3Ha4eHUE TOCTOSHHOW BpeMeHU. Eciu Bpewms,
MIPEIOCTABISIEMOE NALUEHTY I BbLA0XA <57, TO MOCJIE KAXKI0r0 B0XA 4acTh
JBIXaTEIBHOTO 00bEMa OyIeT 3aJep>KUBAThCS B JIETKUX NaIrueHTa. MakcuMallbHbBIN
JBIXaTEeNIbHBIA 00BbEM MPHU BJIOXE C TIOCTOSIHHBIM JIABJICHUEM TTOCTYITUT 32 BPEeMsI
51. IIpu maTemaTudyeckom aHanmu3e rpaduka KpuBoil 00bEMa BbIIOXA pacyeT
MIOCTOSIHHOM BPEMEHH MO3BOJIAET CYAUTh O KOMILIAMHC U PE3UCTAHC.
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A rPAPUK KSMEHEHUA OB BEMA

MNOCTOAHHAA BPEMEHHU

JlaHnHblii rpaduk Mokas3bIBaeT, Kak coBpeMeHHbIH arnmapaTt MBJI
PacCUMTBIBACT IIOCTOSIHHYIO BPEMEHU. bbIBAET, YTO CTATUYECKUN KOMILJIAWHC
paccuuTaTh HEBO3MOXKHO,

T. K. JIJIs1 TOTO AOJIKHA OTCYTCTBOBATh CIIOHTAHHAS JbIXaTeJIbHAS
aKTUBHOCTb U HEOOXOJIMMO U3MEPUTH JaBjeHue miaro. Eciu pa3nenuts
JBIXaTeNIbHBIA 00bEM Ha MAKCUMAJILHOE JIaBJICHUE, MTOTYUYUM €IIe OJIUH
PacUYETHBIN MOKAa3aTelb, OTPAKAOIINN KOMILJIAMHC U pe3ucTaHc. PasHbie aBTOPHI
HCIIOJIb3YIOT pa3HbIE UMEHA, HO MbI JOJKHBI 3HATh, YTO 3TO CHHOHUMBI:

CD = Dynamic Characteristic = Dynamic effective compliance =
Dynamic compliance.
CD = VT/(PIP - PEEP)

Bonbiie Bcero cOMBaeT ¢ TONKY Ha3BaHUE «IMHAMUYECKHUI KOMILJIAMHCY,
MIOCKOJIBKY U3MEPEHUE NMPOUCXOAUT IPU HEOCTAHOBJIEHHOM IMOTOKE H,
CJIE0BATENIbHO, JAHHBIN I10KA3aTEb BKIOYAET U KOMILIAMHC, U pe3ucTaHc. Ham
OoJbIlIe HPAaBUTCA Ha3BaHUE «IMHAMHYECKas XapakTepuctukay. Korga stor
MOKa3aTeNlb CHUKAETCS, ITO 3HAUUT, YTO JIMOO TOHU3WICS KOMILIAHHC, 1100
BO3pOC pPe3UCTAaHC, 100 U To 1 npyroe. (Mnu HapymaeTcst mpoXoauMoCTh
JbIXaTeIbHbIX MyTEH, WK CHUKAETCS MOAATIMBOCTD JerkuX.) OTHaKo eciiu
OJTHOBPEMEHHO C AUHAMHUYECKON XapaKTePUCTUKOM Mbl OLICHUBAEM IO KPUBOM
BBIJIOXA MOCTOSIHHYI0 BPeMeHH, Mbl 3HaeM OTBET. Eciii MOCTOSIHHAs: BpEMEHU
pacTéT, 3T0 OOCTPYKTUBHBIN MPOLECC, a €CIIM YMEHbIIIAETCS, 3HAUUT JIETKUE CTaJH
MEHEE MOIaTIINBBI.
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