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BBenenne

[IpoBenenune anmapaTHOW HCKYCCTBEHHOW BEHTWISIIMM JIETKMX B HACTOSILEE BpeMsS CTalo
PYTHHHOH mpoueaypoil B JIeYEeHUH MALMEHTOB OTAENCHUNH peaHuMalMd W WHTEHCHUBHOMN
TEpanuy, MepecTaB BHYIIATh TPENET NPU NPUHSATHH PEIIeHHs O HEOOXOIMMOCTH OKa3aHWUs
NalMEHTY PECHUPATOPHON MOAAepk KH. BO3MOKHOCTH 3TOro METOoAa MHTEHCHBHOM Tepanuu
HEU3MEPUMO BO3POCIU C TOSBJIEHUEM HOBBIX ITOKOJIEHUH pPECUPaTOpOB, IMOJYYMBIIUX 3a
NpeOCTaBIIIeMble UMM BO3MOKHOCTH Ha3BaHUE "MHTEIUIEKTYaJIbHbIX .

Tem He MeHee, MPUXOAUTCA NPU3HATH, YTO O CUX IOp JaXe CaMblil "MHTEIEKTyaJIbHbII"
anmnapat VIBJI He B COCTOSHMM y4ecThb BC€X HIOAHCOB IMATOJOTMHU U OCOOEHHOCTEH KakIoro
MaIMeHTa, ONECHUTh PPEKTHBHOCTh PECIIMPATOPHON TEpAlH M ONPENEITHTh HEOOXOIUMOCTh
n3MeHeHus napamerpos MIBJI.

CBeleHHs O MEXaHMYECKMX CBOMCTBAaX JIErKUX, MOIYYaeMbIX OT MOHHUTOPOB MEXaHUKH
IbIXaHUSl, KOTOPBIMU OCHAIIEHbl COBPEMEHHBIE PECIUPATOPBl, MNPEAOCTABISAIONIME CTOJb
HeoOxomumyro wuHpOpMammio 00 3ddekTuBHOCTH W amekBaTHOCTH mnpoogumon WBJI,
CTaHOBSATCSA JJI Bpaya IMYTEBOJHOW HHUTBIO, YKa3bIBas, IIe Mbl HaXOIUMCS, U KyJa HY>KHO
JIBUTATHCA.

PecnimpaTropHasi MexaHMKa — HEOOXOAMMbIIi MUHUMYM

Kakue nmapamerpsl B1oxa u Bbigoxa usmepsert annapat UBJI?
1. Bpems (time),
2. 00béM (volume),
3. mnotok (flow),
4. naBJiieHme (pressure).

Bpems (time)
Bpemsi — 310 Mepa IUIMTEJILHOCTH M MOCJIE0BATEIbHOCTH SIBJICHUH
Ha rpadukax naBieHusi, motoka M o0bEMa BpeMsi OSKHUT MO TOPU3OHTAIBHOM OCH «X».
W3mepsiercss B cexkyHaax, MuHyTax, d4acax. C NO3UIMI pecnupaTOpHOW MEXaHUKHU Hac
MHTEPECYET JUIMTEIbHOCTh BIIOXA M BBII0XA, IOCKOJIBKY MPOM3BEIEHHE IOTOKOBOI'O BPEMEHU
Broxa (Inspiratory flow time) Ha moTok paBHO 00BEMY BIOXa, a MPOU3BEACHHUE MOTOKOBOTO
BpemeHnu Bbizioxa (Expiratory flow time) Ha moTok paBHO 00BEMY BBIIOXA.

BpeMeHHLIe HHTEPBAJIBI AbIXAaTC/JIBHOI'0 MUKJIA (I/IX ‘lETblpe)
Yro Takoe «BAOX — inspiration» u «BbI10X — expiration»?
Brox 3t0o BXxox Bo3ayxa B yierkue. /nurcsa 1o Havaia BeloXa. BeIIOX — 3TO BBIXOA BO3JyXa U3
nerkux. [lnurcs no Hawanma Broxa. VHbIMHM clOBaMHM, BJIOX CUMTAaeTCsl C MOMEHTa Hauajia
MIOCTYIUIEHUS BO3/lyXa B JIbIXaTEJIbHBIE IITH U JUINTCS A0 Hadaja BbI0XA, a BBIAOX — C MOMEHTA
Hayajia U3rHaHUA BO3/lyXa U3 JAbIXaTeJIbHBIX MyTEH U JUIUTCA 0 Havaja BoXa.
OKcnepTsl AEAT BIOX HA BE YaCTH.
Inspiratory time = Inspiratory flow time + Inspiratory pause
Inspiratory flow time — BpeMeHHOI MHTEpBaj, KOTAa B JIETKUE MOCTyNaeT Bo3ayX. UTo Takoe
«MHCIIUpaTopHas nay3a» (inspiratory pause wiu inspiratory hold)? Oto BpemeHHOl nHTEpBal,
KOIZa KjanmaH BJOXa YXE 3aKphIT, a KJalaH BbIJOXA €II€ HE OTKPHIT. XOTA B 3TO BpeMs
MOCTYIUIEHUSI BO3AyXa B JIETKHE HE MPOUCXOIUT, MHCIHpATOpHAs May3a SBJSETCS YacTbio
BpeMeHH Baoxa. Tak joropopuinch. MHCOMpaTOpHas nays3a BO3HHKAET, KOIJa 3aJJaHHbIH 00bEM
y>Ke JIOCTaBJIeH, a BpeMsl BAOXa ellé He UCTEKIIO. J[Js CHOHTAHHOTO JbIXaHUS — 3TO 3aJepiKKa
IbIXaHWsl Ha BBICOTE BIOXA. 3aJepkKKa IbIXaHWs Ha BBICOTE BJIOXa IIUPOKO IMPAKTHUKYETCS
VHJIUNCKUMH MOraMy M JPYTMMH CHENUAIMCTAMM IO JIbIXaTEIbHOM T'MMHACTHKE. B HEKOTOPBIX
pexxumax MBJI uncniupatopnas naysa orcyrcrByet. [ annapara UBJI PPV Beinox expiratory
time — 5TO BpeMEHHOW HHTEpBaJl OT MOMEHTAa OTKPBITUS KJalaHa BbIJOXa JO Hayaia
CJIEQYIOIIErO BIOXA. DKCIEPTHI ACIAT BBLIOX HA JIBE YaCTH.



Expiratory time = Expiratory flow time + Expiratory pause

Expiratory flow time — BpemMeHHOI MHTEpBaJl, KOrZa BO31yX BBIXOOUT U3 JETKUX. YTo Takoe
«AKcnupaTopHas naysa» (expiratory pause niau expiratory hold)? Oto BpemeHHON HMHTEpBal,
KOI'Zla IOTOK BO3JyXa U3 JIETKUX YXK€ HE IOCTYIAeT, a BIOX ell€ He Hadajucs. Eciau Mbl umeem
neno ¢ «yMHbIM» annapatoMm VBJI, Mbl 00s3aHbI COOOLIUTH €My CKOJIBKO BPEMEHH, 110 HalleMy
MHEHHIO, MOXKET JUIMTHCS SKCIMpaTOpHas naysa. Eciim BpeMs 3KCIMpaTOpHOM Nay3bl UCTEKIIO, a
BJIOX HE Havaics, «yMHBbID» anmapaT VBJI oObsaBiser TpeBory (alarm) um HaumHaeT cracaTh
MAIUEHTA, TOCKOJIBKY CYMTAEeT, YTO INPOM3O0LUIO anmHo? (apnoe). Bxirouaercs onmus Apnoe
ventilation. B HexoTopbix pexxnmax MBJI skcrinparopHast nay3a oTCyTCTBYET.

Total cycle time — Bpems AbIXaTeIbHOIO LMKJIA CKJIAABIBAECTCA M3 BPEMEHM BIOXa U BPEMECHU
BbI10XA.

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

WIH

Total cycle time = Inspiratory flow time + Inspiratory pause + Expiratory flow time +
Expiratory pause
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I/IHCHI/IpaTOpHa}I W/ WA OKCIIUPpATOPHAA May3bl MOT'YT OTCYTCTBOBATh.

O0bem (volume)

Uro Ttakoe o0beM? Hekoropble Hamm KypcaHThl OTBe4aroT: «OO0bEM — O3TO KOJIMYECTBO
BemecTBay. J[is HecxKMMaeMbIX (TBEPIbIX M KUJKUX) BEIIECTB 3TO BEPHO, a JUIS ra3oB HE
Bcerna. Kornma papixaHue MPOUMCXOOUT MOJA JaBieHHEeM Bbille aTtMmocdepHoro (Oapokamepa,
r71000KOBO/IHBIE AKBAJAHTUCTBI M T.JA.), CXKaTHEM Ta30B IpeHeOperaTh Heb3s, IMOCKOJBKY
MEHSIOTCA MX (PU3NYECKHE CBOMCTBAa, B YAaCTHOCTU pPAcCTBOPUMOCTb B Boje. B pesynbrare —
KHCJIOPO/IHOE ONBSIHEHWE M KECOHHas 00Je3Hb. B BBHICOKOTOPHBIX YCIOBUSIX IpPH HU3KOM
aTMoc(epHOM  JIaBJICHUHM 370POBBIA  CHOPTCMEH-aJBIUHUCT C HOPMAJIbHBIM  YPOBHEM
reMOrJIOOMHa B KPOBU HCIIBITHIBAET TMIIOKCHIO, HECMOTPSI HA TO, YTO JABIIIMT TIyOXe W yarie
(mpIXaTeNbHBIA U MUHYTHBIA 00BEMBI YBEITUYCHBI ).

[Tpumep: Bam npunHecnu OaIioH ¢ KUCIOPOJIOM, eMKOCTBIO (00BEMOM) 311, — a CKOJIBKO B HEM
kuciopona? Hy KoHeYHO, HY’>KHO U3MEpPUTh JIaBJICHHE, U TOT/a, OLIEHUB CTENEHb CXKAaTHUs rasa u
OXKUJIa€MBII pacxojl, MOKHO CKa3aTh, HAJOJTO JM €ro XBaTUT. MexaHMKa — HayKa TOYHas,
MO3TOMY IPEXKIE BCETO,

O0béM — 3T0 Mepa MPOCTPaHCTBA.

U, Tem He MeHee, B YCIOBHSIX CrOHTaHHOTO Jbixanus u MBJI npu HopMansHOM aTtMochepHOM
JABJICHUH MBI HCIIOJIB3YEeM E€IMHHUIIBI 00beMa IS OIEHKH KojuuecTBa raza. CxaTueM MOKHO
npeHedpeus. B pecnimparopHoil MexaHuKe 00bEMBI U3MEPSIIOT B JIUTPAX MU MUJUTHIIATPAX.

Jlnia onrcanus 00EMOB HCTIONB3YIOTCS TPH CIIOBA:

1. IIpoctpancTtBo (Space).

2. EmMxocTs (capacity).

3. O0béM (volume).

O0bEMBI 1 IPOCTPAHCTBA B PECIMPATOPHOM MEeXaHNKe



JbixatenbHblii 006éM (V1) no-anrwmiicku Tidal volume — 310 BennunHa 0JTHOTO OOBIYHOTO
BJIOXA WJIM BBIIOXA.

MunyTHblii 00béM (MV) — no-anriumiicku Minute volume — 3T0 cyMMa JbIXaTeJIbHBIX
00BEMOB 3a MUHYTY. Eciiu Bee ApIxarenbHble 00beMbl B TEUEHHE MUHYTHI PaBHbBI, MOXKHO MTPOCTO
YMHOHUTH JIBIXaTeIbHBINA 00BEM Ha YaCTOTY JBIXaHHM.

MeptBoe mnpoctpancTBo (DS) mno-anrmmiicku Dead space — 3T0 cyMMapHbIi 00BEM
BO3JIyXOHOCHBIX ITyTeH (30Ha JbIXaTeIbHOW CUCTEMBI, TJIe HET Ta3000MeHa).

O0bembl, ucciieyeMble IPH CIMPOMETPUM

Jbixatenabublii 006éM (V1) no-anrmmiicku Tidal volume — 310 BennunHa 0JTHOTO OOBIYHOTO
BJIOXA WJIM BBIIOXA.

Pe3epBHbIii 006éM B10xa — POBa (IRV) no-anrnuiicku Inspired reserve volume — 310 006&M
MaKCHMaJbHOTO BJI0Xa MO 3aBEPUICHUH OOBIYHOTO BOXA.

Emkocrs B1oxa — EB (IC) no-aurmuiicku Inspiratory capacity — 370 006M MakCHMAJIbHOTO
BJI0Xa TOCJIe OOBIYHOTO BBIIOXA.

IC =TLC - FRC wu IC = V1+ IRV

Oomas émkoctb Jérkux — OEJI (TLC) no-anrnuiicku Total lung capacity — 310 00BEM
BO3JlyXa B JIETKUX MO 3aBEPIICHUU MAaKCUMAaJIbHOTO B/IOXa.

OctaTounbliii 00béM — OO (RV) mno-anrnuiicku Residual volume — 310 006€M BO3MyXa B
JErKUX TI0 3aBEPIICHUH MaKCUMAaJIbHOTO BBIJIOXA.

Kuznennas émkoctb Jérkux — JKEJI (VC) no-anrnuiicku Volume capacity — 310 00béM
BJIOXA MOCJIE MAaKCUMAaJIbHOTO BBIJIOXA.

VC =TLC - RV

dyuknuonaabHas ocratouHasi émkoctb — MOE (FRC) no-anrnuiicku Functional residual
capacity — 570 00bEM BO3/TyXa B JIETKUX T10 3aBEPIIEHUU OOBIYHOTO BBIJOXA.

FRC =TLC-IC

Pe3zepBHblii 00béM BbiToXa — POBBbIA (ERV) no-anrwmiicku Expired reserve volume — 510

00BbEM MaKCUMAaJIbHOTO BBIJIOXA IO 3aBEPIIEHUH OOBIYHOTO BHIIOXA.
ERV =FRC - RV
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ITorok (flow)
Uro Takoe noTok? «O0BEMHAs CKOPOCTH» — TOUYHOE ONpEIeIeHNe, yI00H0e I OLIEHKU padoThI
HACOCOB U TPyOOIPOBOIOB, HO AJIsl PECIUPATOPHON MEXAHUKH OOJIbIIIE MOAXO/IUT:
IToTok — 3TO CKOpPOCTH U3MEHEHUA 00bEMA
B pecnupaTopHoii Mexanuke noTok (V) u3MepsIoT B IUTpax B MUHYTY. [Ipumepsr:
1. ITotok(V) = 60n/mun, Anurensrocts Baoxa(Ti) = 1cex(1/60mun), pixatensHbiii 006éM (VT)
=9
Pemenwue: Vx Ti =Vt
Otsert: 1n
2. Motok(V) = 60n/mun, prxarensHbiii 006EM(VT) = 111, nutensnocts Bnoxa(Ti) = ?
Pemenue: V1/V =Ti
Otgert: 1cek(1/60muH)
O0BEM — 3TO MPOU3BEICHHUE MOTOKA HAa BpEMs BJIOXa WJIU TLJIOMIA b IO KPUBOM IMOTOKA.
Vr=Vx Ti

BOOX BblaoX
NABIEHUE
t
OBBEM
t
NOTOK
t

910 MNpEaACTaBJICHUEC O B3aMMOOTHOIICHHU IIOTOKAa H o0bema HCIIOJIB3YCTCA IIpU ONHMCAHHUU
PEKUMOB BEHTUIIALIUHA.

/laBJieHue (pressure)
Urto Takoe naBieHue?
JdaBjienue (pressure) — 310 CUJIA, NPUIOKEHHAS K eJUHUIIE TIOIATH
ﬂaBHGHI/Ie B JbIXATCJIbHBIX NIYTAX U3MCPAIOT B CAHTUMETPAX BOAHOI'O CTOJIGa nB MI/IJIJ'II/I6aan. 1
musutroap = 1,019744289 cm BomHOTO cTOJNOA.
3HayeHMs JaBJIEHUI B Pa3HbIX 30HAX JbIXaTeJbHOI CHCTEMbI H TPATAHEHTHI
(gradient) naBienust
[To onpenenenuio qaBaeHUE — 3TO CHIIA, KOTOpasl yXKe Haluia cede MpUMEHEHHE, - OHa (3Ta CUJjia)
JaBUT Ha IUIONIA[hb U HUYETO HHUKYAa HE mepemeniact. [ paMOTHBINA TOKTOp 3HAET, YTO B3JIOX,
BETEp, U JJa’Ke yparaH, CO3/1aeTcs Pa3sHOCTHIO JIaBICHUH Wil rpagueHToM (gradient).



Hampumep: B O6amnone ra3 non aasienueM 100 armocdep. Hy u uto, crout cebe OamioH u
HUKOro He Tporaer. [a3 B OaioHEe CHOKOWHO cebe MJaBUT Ha IUIONIAJh BHYTPCHHEH
MOBEPXHOCTH OayioHa W HU HA YTO HE OTBJICKACTCS. A €CIU OTKPHITh? BO3HUKHET rpaaueHT
(gradient), KOTOpBI U CO3AaET BETED.

~~———Paw=Pawo
\—I?Dttr;Pawo-Pbs

Ptt=Palv-Pbs
°
~—+—PI=Palv-Ppl
- L pw=Ppl-Pbs

—Pes

[]

JlaBmeHus:

Paw — naBieHue B JpIXaTEeNbHBIX MYTAX

Pbs — naBieHue Ha MOBEPXHOCTH Teja

Ppl — mneBpanbHOE MaBieHue

Palv — anbBeossipHOE AaBIeHUE

Pes — numeBoaHoe naBieHne

I'panuentsr:

Ptr — Tpancpecnuparonnoe nasnenue Ptr = Paw — Pbs

Ptt — TpancTopakanbHoe naBneHue Ptt = Palv — Pbs

Pl — TpancynemonansHoe naBienue Pl = Palv — Ppl

Pw— tpancmypanbHoe naBnenue Pw = Ppl — Pbs

JIerko 3armoMHUTB: €CIM UCIIOJIb30BaHa IPUCTABKA «TPAHC)» - P€UYb UIET O I'PaIUEHTE.

['maBHOM NBWXKYIIEH CHUIIOM, IMO3BOJISIOLIEH CHENAaTh BJOX, SABJIIETCA PA3HOCTb JABJIECHUW HA
BXOJ/I€ B JbIxarenbHble myTu (Pawo- pressure airway opening) U JaBJ€HHE B TOM MECTE, TJIe
JbIXaTeNbHbIE MyTH 3aKaHYMBAIOTCA — TO ecTh B ambBeonax (Palv). Ilpobrmema B Tom, uTO B
aNbBEOJIAX TEXHUYECKU CII0)KHO IMOMEpUTh naBiieHue. [loaToMy s OLEHKM ABIXaTEIBHOTO
YCHJIUSI HA CTIOHTAHHOM JIBIXaHUU OIEHUBAIOT IPAJUEeHT MEXy MUIIEBOAHBIM AaBieHueM (Pes),
IIpY COOJTIOJICHUN YCIIOBUM U3MEpPEHHS OHO paBHO TuieBpasibHoMy (Ppl), 1 naBienneM Ha BXoze B
nwixatensHble myTH (Pawo).

IIpu ynpasnenun anmapatom MBJI Hambonee nOCTYNHBIM M HH(OPMATUBHBIM SBISIETCA
IpajiueHT MEeX]y JaBlIEHHUEM B JbIXaTeldbHbIX NMyTAX (Paw) u naBieHHeM Ha MOBEPXHOCTHU Teja
(Pbs- pressure body surface). Drtor rpamuent (Ptr) HaswpiBaeTcs «TpaHCpPECTHPATOPHOE
JABJIEHUE», U BOT KaK OH CO3/1a€TCS:

1. Tlpu NPV Pawo cooTBeTcTByeT arMocpepHOMY, TO €CTh HOIb, a Pbs craHOBUTCS
OTpHIIATETFHBIM B pe3ynbTaTe padoTsl anmnapara. Annapat UBJI NPV tumna «Kirassay.

2. llpu PPV JlaBnenue Ha moBepxHoctu Tena (Pbs) paBHO Hymo, TO €CcThb COOTBETCTBYET
atMochepHoMy, a Pawo BbIlie aTMOC(HEPHOTO, TO €CTh MOJOKHUTETHHOE.
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Kak Bunure, Hu oaun u3 meronoB MIBJI HE COOTBETCTBYET MOJHOCTHIO CIIOHTAHHOMY JIbIXaHUIO,
HO €CJIM OLIEHUBaTh BO3/EHCTBHE Ha BEHO3HBIM Bo3BpaT W JumdoorTok ammapatsl UBJI NPV
tuna «Kirassa» kaxytcst Oonee ¢usuonornyabivu. Anmapatsl BJI NPV tuma «Iron lungy,
CO3/1aBasi OTPULIATENBHOE JaBICHHUE HAJl BCEH MOBEPXHOCTBIO T€Ja, CHUKAIOT BEHO3HBIM BO3BPAT
1, COOTBETCTBEHHO, CEP/ICUHBIN BBHIOPOC.

be3 Herorona 351ech HE 000ITUCE.

JlaBnenue (pressure) — O3TO CwiIa, C KOTOPOM TKaHM JETKUX W TPYAHOM KIETKH
MIPOTUBOACUCTBYIOT BBOJUMOMY 00BEMY, WM, HHBIMU CIIOBaMH, cujia, ¢ KoTopoi ammapat MBJI
IIPEOI0JIEBAET CONPOTUBIICHUE ABIXATEIBHBIX IIyTEH, JTACTUYECKYIO TATY

JETKUX U MBIILIEYHO-CBA30YHBIX CTPYKTYp IPYAHOH KIeTKH (IO TpeTbeMy 3akoHy HbroToHa 3TO
OJIHO U TO € MOCKOJIbKY «CHJIa AEHCTBUS paBHA CHJIE IPOTHUBOIECHCTBUS).

Equation of Motion ypaBHeHue cuJ1, WK TpeTuii 3akoH HeloTOHA 1011

cuctembl «anmapatr UBJI — manuenT»
B tom cnyuae, ecniu anmapar MIBJI ocymiecTBiisieT BAOX CHHXPOHHO € JbIXaTENbHON MONBITKOM
MalyeHTa, JaBieHue, co3naBaemoe anmapatom WBJI (Pvent), cymMmupyercss ¢ MBIIIEYHBIM
ycunueM nanveHTa (Pmus) (JieBasi 4acTh ypaBHEHHS) JJISI MPEOJIONICHUS] YIPYTOCTH JIETKUX U
rpynHoit kietku (elastance) u comportuBieHus (resistance) MoToky Bo3AyXa B JBIXaTEIbHBIX
myTsx (MpaBas 4acTh ypaBHEHU).
Pmus + Pvent = Pelastic + Presistive
(maBneHME U3MEPSIOT B MUJUTHOAPAX )
Pelastic=Ex V
(mpou3BeicHHE YIPYTOCTH Ha 00BEM)
Presistive =R x V
(mpou3BeieHNE COMPOTUBICHUS HA TTOTOK)
COOTBETCTBEHHO
Pmus + Pvent=ExXxV+RxV
Pmus(wméap) + Pvent(méap) = Em6ap/ma) X V(ma) + R (m6ap/n/mun) X V (1/mun)
3a01HO BCcIOMHUM, pa3MepHOCTh E — elastance (ynpyrocTs) mokas3bpiBaeT Ha CKOJIBKO MUJLTHOAP
BO3pacTaeT JaBlieHHE B pe3epByape Ha BBOJAUMYIO eIuHUIYy 00béMa (MOap/mur); R — resistance
COMPOTHUBJICHUE MOTOKY BO3/yXa MPOXOJIAIEMY Yepe3 JIbIXaTelbHbIe TyTH (MOap/i1/MuH).
[Tonumanue ypaBHEHHsI CHJI TIO3BOJSIET HaM JejaTh TPH Bemu. Bo-mepBbix, m000# ammapar
NBJI PPV MoxeT ynpasisiTb OJHOMOMEHTHO TOJBKO OJHUM M3 H3MEHSAEMBIX MapaMeTpoB
BXO/SIIIUX B OTO ypaBHEHUE. OJTH HU3MEHsSEMBbIC IMapaMeTphl — JaBJIICHHE OOBEM M TOTOK.
[ToaToMy CyIIecTBYIOT TpHU crioco0a ympaBleHHs BIOXOM: pressure control, volume control,
nnu flow control. Peanuzanns BapmaHTa BIOXa 3aBUCUT OT KOHCTpykuuu ammapata MBI u
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BbIOpanHOTO peskuma MBJI. Bo-BTOpBIX, Ha OCHOBE ypaBHEHHMS CHJI CO3/IaHbl HHTEIUICKTyalIbHbIE
nporpaMMsbl, Ojarogaps KOTOpPBIM almapaT pPAacCUUTBIBAET IOKa3aTeId PECHUpPATOPHOMN
MexaHMKH (Hampumep.: compliance (pacTsKUMOCTB), resistance (conmpoTuBieHue) U time

constant (IOCTOSIHHAsE BpeMEHH <<T>> ). B-TpeTbux, 0€3 NOHMMaHHUS YpPaBHEHHUS CUJI HE
MOHSATh TAaKWE PEKUMBl BEHTWISAIUMU Kak “proportional assist”, ‘“automatic tube
compensation”, u “adaptive support”.

I'naBHBIE PaCY€THLIC MapaMETPbI pecnnpaTopHOﬁ MEXaHHUKH

resistance, elastance, compliance

1. ConporuBjeHHe AbIXaTeJbHbIX MyTell (airway resistance)

CoxkparmienHoe o0o3HaueHue — Raw.

Pazmepnocts — cMH20/J1/cex unu mGap/min/cex

Hopma ans 3p0poBoro uenoseka — 0,6-2,4 cMH20/JI/cex. Y MHTYOMpOBAaHHOTO TaIlMEHTa Ha
NBJI — 3-10 eMH20/J1/cex. ®dusnyeckuii CMBICT JAaHHOTO MOKA3aTelsi TOBOPUT, KAKUM JOJDKEH
ObITh T'PaJUEHT JaBJIEHUWH (HarHeTarollee NaBJiCHHE) B JAHHOM cUCTeMe, 4TOObI 00eCIeYHTh
notok 1 sutp B cekyHay. CoBpemeHHoMy anmapaTy MBJI HecnoxHO paccuuTaTh pe3MCTAHC
(airway resistance), y Hero ecTh JaTYMKHU JAABJICHUS U MOTOKA — Pa3/AeIWI JaBJICHUE HA TIOTOK, U
roroB pesynbTar. [ns pacuera pe3umcranc anmapar WBJI npenut pasHocTh (rpaaueHT)
MakcumanbHoro nasienus Baoxa (PIP) u naBnenus minato Baoxa (Pplateau) na motok (V).

Raw = (PIP-Pplateau)/V

Uro u uyemy comnpotusisercsa? PecnuparopHas MeXaHHMKa pacCMaTpUBAeT CONPOTHBIICHUE
JbIXaTeNbHBIX MyTeH BO3AyIIHOMY MOTOKY. CompoTuBiicHUE (airway resistance) 3aBUCHUT OT
JUTMHBI, JHaMeTpa M TPOXOAWMOCTH JBIXAaTeNbHBIX IIyTeH, SHAOTpaxealbHON TpyOKH U
IpIXaTenpHOro KoHTypa annapara MBJI. ConpoTuBnenue noToky Bo3pacTaeT, B YaCTHOCTH, €CIH
NPOMCXOJUT HAKOIUIGHWE W 3a/iep’KKa MOKPOTHI B JIBIXAaTENbHBIX MyTAX, Ha CTEHKax
SH/IOTpaxeallbHON TPyOKH, CKOIJICHHE KOHJEHCaTa B NUIAHTaX AbIXaTeIbHOTO KOHTYpa WIIU
nedopmarus (meperud) modol u3 TpyOook. CONpOTHBICHHUE IBIXATEIBHBIX MyTEH pacTéT mpu
BCEX XPOHMYECKMX M OCTPBIX OOCTPYKTHBHBIX 3a00JIeBaHUAX JETKUX, MPUBOMAIINX K
YMEHBIIECHUIO AMAaMeTpa BO3yXOHOCHBIX myTeil. B cooTBeTcTBUM ¢ 3akoHOM ['arena-Ilyazens
pU yMEHBIICHWH AuaMmeTpa TpyOKH BABOE Al OOeCredeHus TOro >Ke€ MOTOKa TpajHeHT
JABJICHUM, CO3AAIOIINI 3TOT MOTOK (HarHETaloIIee JaBJIeHUE), T0JKeH ObITh YBeJIMueH B 16 pas.
BaxxHo umeTh B BHIy, UTO CONPOTUBIICHHE BCEH CUCTEMBI OMpEesieTcss 30HOH MaKCUMAalbHOTO
COIIPOTHUBIIEHUS (CaMbIM Y3KHUM MECTOM). Y CTpaHEHHUE 3TOr0 NPENATCTBUS (HanpuMmep, yaaacHue
WHOPOJIHOTO Tella M3 JAbIXaTelbHBIX IMyTeH, yCTpaHEHHe CTEeHO3a Tpaxeu WM MHTyOalus mpu
OCTPOM OTEKE TOpTaHU) IO3BOJIIET HOPMAJIM30BaTh YCJIOBUS BEHTWJISLUU JIETKUX. [epMHH
PE3UCTAHC UIMPOKO HCIONB3YEeTCSd POCCUHCKUMU PEAaHHMMATOJIOTaMHU KaK CYIIECTBUTEIHHOE
MY>KCKOro poja. CMbICI TEpMUHA COOTBETCTBYET MUPOBBIM CTaHAApPTaAM.

BaxxHo moMHHTB, YTO:

1. Ammapar MBJI MoxeT wu3MEpUTh Pe3UCTAHC TOJBKO B YCIOBUSAX INPUHYJIUTEIBHON
BEHTWISILIUM Y PEIaKCUPOBAHHOTO MAlMEHTA.

2. Korma bl roBopuM 0 pe3uctanc (Raw WM CONpOTUBIEHMM JIbIXaTEJbHBIX ITyTE€H) MBI
aHAIM3UpyeM OOCTPYKTHBHBIE TPOOJIEMBbl MPEUMYIIECTBEHHO CBSI3aHHBIE C COCTOSITHHEM
MIPOXOIUMOCTH JIbIXaTEIbHBIX MyTeH.

3. YeM 6osbIlie TOTOK, TEM BBIIIE Pe3UCTAHC.

2. Yupyrocts (elastance) u nogatamBoctb (compliance)

[pexxae Bcero, Cleayer 3HATh, 3TO CTPOro TMpOTUBOMONOKHBIE ToHsTus u elastance

=1/compliance. Cmbici MOHATHS KYHPYrocTh» MOAPasyMeBaeT CHOCOOHOCTh (DU3HUECKOTO
Tena Tmpu JedopMalMy COXpaHATh NpUIaraeMoe YCHIWE, a MPH BOCCTAHOBICHHHM (OPMBI —
BO3BpalIaTh 3T0 ycuiue. Hanbonee HarmsaHO 3TO CBOWCTBO MPOSIBIISIETCS Y CTANBHBIX MPYKUH
WM pe3uHOBbIX u3aenuil. Crneunanuctel o MBJI npu HacTpolike U TECTUPOBAHUM allapaToB B
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KayecTBE MOJIEH JIETKUX HCIOJIb3YIOT PE3MHOBBIN MEIIOK. YIIPYroCTh AbIXaTeIbHOM CHCTEMBI
obo3Hauaercsi cumBosiioM E. PasmepHocTh ympyroct moap/mui, 3TO 03HA4aeT: Ha CKOJBKO
MUJUTHOAp ClIeyeT MOAHSATh J1aBJICHUE B CUCTEME, UTOObI 00BEM yBenuumics Ha 1 mi. JlaHHbII
TEPMHH IIMPOKO HCIONB3YyeTcs B paboTax 1o (U3MONOTHM JbIXaHus, a cneruanuctsl no MBJI
MIOJIB3YIOTCS TTOHATHEM OOPATHBIM «YNPYTOCTH» - 3TO «PacTsDKUMOCTHY (compliance) (nHOTIA
TOBOPAT  «IMOJATIMBOCTH»). TepMuH KoMILIaiiHC (compliance) wucmomp3yeTcss  Kak
CYILLECTBUTEIBHOE MY>KCKOI'O pOJa POCCHUHCKMMM PEAaHMMATOJIOTAaMHU TaK JK€ 4YacTo, KaK H
pe3ucTaHc (Bcerga koraa MoHutop anmnaparta MBJI moka3eiBaeT 3TH napamerpsl). PazmepHOCTb
KOMILUIaliHCca — MJI/MOap TOKa3bIBaeT, Ha CKOJIbKO MUJUIMJIUTPOB YBEIMUYMBAETCS O00BEM MpHU
MOBBILICHUH JIaBJIeHUs Ha | Mummbap.

B peanbHOM KinumHMYecKOM curyaunu Yy nanueHta Ha HMBJI  u3mepsror  koMIuIaMHC
pECIIPATOPHONM CHUCTEMBI — TO €CTh JIETKUX WM TPYyAHOW KJIeTku BMmecTe. [[ns o6o3HaueHUs
KOMILIaliHC ucnonb3yloT cuMBoibl: Crs (compliance respiratory system) — KOMILIaAHHC
neIxarenbHo cuctembl 1 Cst (compliance static) — KOMIUIAMHC CTaTUYECKUMA, STO CHHOHHUMBI.
Jlnst Toro, yToOBI paccuMTaTh CTAaTUYECKUM KOMILIaiHC, anmapat WBJI nenut nprxatenbHbIN
00BEM Ha JaBJIeHHE B MOMEHT WHCITUPATOPHOI May3bl (HET MOTOKA — HET Pe3UCTAHC).

Cst = Vr1/(Pplateau —PEEP)

Hopwma Cst (komniiaiinca cratuueckoro) — 60-100ma/mo6ap

[IpuBogumas HuUXKE CXeMa II0Ka3blBaeT, KaK Ha OCHOBE JBYXKOMIIOHEHTHOM MOJENH
paccuyuThIBacTCS conpoTuBieHUe MoToky (Raw), cratmueckuii komriaitae (Cst) u ynpyroctsb

(elastance) nbIxaTeIbHON CHCTEMBI.

AABIEHUE

B KOHTYPE

AMNMAPATA
nBn

_________ PR -~ ;
,MOTOKOBOE 3afepKK
. Bpemfa | BAoxa:

! BOOXA _ a—

<«—{BH0X— > 4—EBHOX b
| o

BaxxHo uMeTh B BHY, YTO H3MEPEHHUS BBINOJHAIOTCA Yy PEIAKCUPOBAHHOIO IALIMEHTA B
ycnosusix VMIBJI, ympaBnsiemoit mo 00bEMY ¢ NEpeKIIOYeHHEM Ha BBIZJOX IO BPEMEHH. ITO
3HAYUT, YTO IOCJE TOro, Kak 0OBEM JOCTaBJIEH, HA BHICOTE BJOXa KJalaHbl BAOXa M BbIIOXA
3aKpbITHL. B 3TOT MOMEHT u3MepsieTcs nasineHue wiato. BaxxHo noMmHuts, yro: 1. Anmapat MBJI
MokeT u3Meputh Cst (KOMIUIAHHC CTaTUYECKHH) TONBKO B YCIOBUSX HPUHYIUTEIbHON
BEHTWISILIMM Yy PEJAaKCUPOBAHHOIO MAllMEHTa BO BPEMsI MHCIIUMpATOpHOM nayssl. 2. Korzma Mel
TOBOpPUM O cTatudyeckoM kommaiince (Cst, Crs wiu pacTsDKUMOCTH PECIIMPATOPHOM CUCTEMBI),
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Mbl aHAJU3UPYEM PECTPUKTHUBHBIE NMPOOJIEMBI NMPEUMYIIECTBEHHO CBSI3aHHBIE C COCTOSIHUEM
JIETOYHOM MapeHXUMBI.
dunocodckoe pe3roMe MOKHO BBIPA3UTh JIBYCMBICJICHHBIM yYTBEP)KICHHEM:
IHoTok co3paér naBJjienue
O0e TpakTOBKM COOTBETCTBYIOT AEMCTBUTEIBHOCTH, TO €CTh: BO-IIEPBBIX, MOTOK co37aéTcs
IPaJIMEHTOM JaBJICHWI, a BO-BTOPHIX, KOrJa TOTOK HATaJKUBAeTCs Ha MNPENITCTBUE
(compoTuBI€HHE JAbIXAaTEIbHBIX IyTEW), JaBieHHE YyBenuuuBaercd. Kaxymiascs pedeBas
HEOPEeKHOCTh, KOTJa BMECTO «TPAJUCHT JaBICHUI» MBI TOBOPUM «JIaBICHHE)», POXKIACTCS W3
KIIMHUYECKON PEabHOCTU: BCE JATYMKU JABJICHUS PACHOJIOXKEHBI CO CTOPOHBI JbIXaTEIbHOTO
koHTypa ammapata MBJI. [Ins Toro, 4roObl M3MEpuUTh [aBJICHHE B Tpaxee U pacCUUTATh
IpaueHT, HEOOXOAMMO OCTAHOBHUTh IOTOK W JOXKAAThCsS BBIPABHHUBAHHUS JAaBIECHUS C O0OMX
KOHIIOB DJHJOTpaxeanbHO TpyOku. IloaToMy B mpakTHKe OOBIYHO MBI TOJB3yEeMCS
MOKa3aTeJsIMM  JaBJIEHHWs B JIpIXaTelbHOM KoHType ammapata WBJI. Ilo a1y cropony
SHIOTpaxealbHON TpyOKU A o0ecriedyeHus: Boxa o0beMoM Y Ml 3a BpeMst X CEK Mbl MOKEM
MOBBILIATH JIaBJIEHUE BAOXa (M COOTBETCTBEHHO I'PAJIMEHT) HAa CKOJBKO Y HAC XBAaTHUT 3/IpaBOrO
CMBICJIa U KIIMHAYECKOTO OIbITa, IOCKOJIbKY BO3MOKHOCTH anmnapara MIBJI orpoMHBL.
I[To Ty cTOpoHY SHAOTpaxeanbHON TPYOKH Yy HAC HAXOAMUTCS MAlMEHT, Uy HETO JIIsl 0OecreueHust
BbI10Xa 00b€MOM Y MII 32 BpeMsi X CeK €CTh TOJIKO CHJjla YIIPYTOCTH JIETKUX U TPYAHOMN KIETKU
U CWJIa €ro JpIXaTeJIbHOM MYCKyJnaTyphl (€ciiu OH He pellakcupoBaH). Bo3MoxHOCTH narueHra
CO37aBaTh MOTOK BbIOXA OrpaHUyeHbl. Kak MBI yke NMpeaynpexaain, «IOTOK — 3TO CKOPOCTb
U3MEHEeHUs1 00beMay, IOATOMY it oOecriedeHust 3(pPEeKTUBHOTO BBII0XA HYKHO MPETOCTABUTH
MAalMEHTY BpeMSI.

IHocTrosinHasi BpeMeHH (T)
Tax B 0TeueCTBEHHBIX PyKOBOJICTBAX MO (PM3HOJIOTMHU JIbIXaHUs Ha3biBaeTcs Time constant. Oto
MIPOU3BEJICHNE KOMILIANHC HA Pe3UCTAHC.
7= Cst x Raw
PazmepHOCTh TOCTOSIHHOM BpEMEHH, €CTECTBEHHO CEKYHIbl. JIeWCTBUTENBHO, BEIb MBI
yMHOXkaeM MJ/mM0ap Ha wmOap/miu/cek. IlocTosHHas BpeMEHM OTpa)kaeT OJHOBPEMEHHO
AJACTUYECKUE CBOMCTBA JbIXATEIbHOM CHCTEMBI U CONPOTHUBJICHUE ABIXaTEIbHBIX IMyTEH. Y
pasHbIX JroAeld T pasHasd. [loHsTh Qu3MUeckuii cMBICI JaHHOW KOHCTAHTHI Jierue, HauaB C
BbIioXa. [IpencraBum cebe, 3aBepiéH BIOX, — HaYaT BbIIOX. [0 MEHCTBHEM 2ITaCTHYECKHUX CHIT
JBIXaTeIbHOM CHUCTEMBI BO3JyX BBITAIKUBAECTCAd W3 JETKUX, MPEOAOseBas COMNPOTUBIICHHE
JbIXaTEIbHBIX MyTEH.
CKonbKO BpeMeHH 3aiiMET maccuBHBIN BhIIOX? [10CTOSTHHYIO BpeMEHH YMHOXXUTH Ha TATh (T X
5). Tak ycrpoensl yerkue uenmoBeka. Ecnu ammapar MBJI oOecrieumBaer BHOX, co3aaBas
MOCTOSIHHOE  JIaBJIEHWE B JbIXaTEJbHBIX MYTAX, TO Yy PEIaKCHUPOBAHHOTO TMaIlMeHTa
MaKCHUMaJbHBIN 711 TAaHHOTO JaBJICHUS JbIXaTelIbHbIH 00bEM OyIET AOCTaBJIEH 3a TO K€ BpeMs

(T x5).
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NOCTOAHHAA BPEMEHU BAOXA U BbIJQOXA
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Time Constants

JlaHHbIN rpaduK MOKa3bIBa€T 3aBUCUMOCTb MPOLEHTHON BEIMYUHBI JBIXaTEIbHOIO 00BbEMa OT
BPEMEHH IIPU IIOCTOSHHOM JaBJICHUU BJI0XA UJIU ITACCUBHOM BBIJIOXE.

[Ipu BbIIOXE MO WCTEUYEHHWH BPEMEHU T MAIMEHT YyCMEBAaeT BbIIOXHYTh 63% JbIXaTeNbHOTO
o0BbEéMma, 3a BpeMs 2T — 87%, a 3a Bpems 3T — 95% npixarenpHoro oobéma. Ilpu Bmoxe c
MTOCTOSIHHBIM JIaBJICHUEM aHAJIOTUYHAasl KapTHHA.

[IpakTHueckoe 3Ha4YeHHE MOCTOSHHOM BpeMeHH. Eciau Bpems, MpeaoCcTaBiIsseMOe MAlUEeHTy IS
BbI10Xa <5T, TO MOCJE Ka)XJO0ro BAOXa YacTh JbIXaTENIbHOro 00bEMa OyAeT 3aJepKUBAThCS B
JIETKUX TMalueHTa. MakCUManbHBIA AbIXaTeIbHBIH 00BEM MPH BOXE C MOCTOSHHBIM J1aBICHUEM
mocTynuT 3a Bpemst 5T. [Ipu maTremarndeckom aHanu3se rpaduka KpuBoi 00bEMa BBIIOXA pacyeT
ITOCTOSIHHOW BPEMEHH I103BOJIAECT CYAUTh O KOMILIAMHC U Pe3UCTAHC.

A FPA®UK U3MEHEHUS OB LEMA
V| 100%

r

]
|
|

— o T >
NMNOCTOAHHAA BPEMEHHW
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Jauuelii rpaduk MOKa3bIBaeT, Kak coBpeMeHHbIN ammapaT VIBJI paccuuThiBaeT MOCTOSHHYIO
BpeMeHU. bbIBaeT, 4To craTHUeCKUil KOMIUIAHC pacCYMTaTh HEBO3MOKHO,

T. K. I 3TOro AOJIDKHA OTCYTCTBOBATH CIIOHTAHHAA JbIXATCJIbHASA aAKTUBHOCTH U H€06XOZ[I/IMO
U3MEpUTH JaBiieHue iaTo. Eciu pa3nenuts apixarenbHblil 00bEM Ha MaKCUMAaJIbHOE JIaBJICHUE,
MOJYyYHUM €lIE OJWH PAaCUETHBIA MOKA3aTeNb, OTPAKAIOIINI KOMILIAMHC U pe3ucTanc. Pa3Hbie
aBTOPBI UCIIOJIB3YIOT pa3Hble MMEHA, HO Mbl JIOJKHBI

3HaTh, YTO 3TO CMHOHHMBI:

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

Cop= VT1/(PIP — PEEP)

Bosbie Bcero cOMBaeT ¢ TOJIKY Ha3BaHUE «JMHAMUYECKUN KOMIUIAHHCY», MOCKOJIbKY U3MEpPEHHE
MPOUCXOAUT MMPHU HCOCTAHOBJIICHHOM IIOTOKE H, CJICAO0BATCIIbHO, I[aHHI)II>'I IIOKa3aTeilb BKJIIOYACT U
KOMILIAaliHC, 1 pe3ncTadc. Ham Ooubliie HpaBUTCS Ha3BaHUE «IMHAMUYECKAs XapaKTEePUCTUKAY.
Korga 3ToT nokasarenb CHUXKAeTCsl, TO 3HAYUT, YTO JIMOO MOHU3MWICS KOMILIAMHC, 1100 BO3poC
pe3ucTanc, 1160 u 1o u apyroe. (Mnu Hapymiaercs NpoxoauMOCTb IbIXaTEIbHBIX IyTeH, HIIH
CHWXKAeTC MOJATIMBOCTh Jerkux.) OpHako ecilii OJHOBPEMEHHO C JAMHAMHYECKOM
XaPAKTEPUCTUKON Mbl OLEHMBAEM IO KPUBOW BBIIOXa MOCTOSIHHYH) BPEMEHHM, Mbl 3HAaeM
oTBeT. Ecnu nocTosiHHAas BpeMEHU PACTET, 3TO OOCTPYKTHUBHBIN MPOLIECC, a €CIM YMEHbIIAETCS,
3HAYUT JIETKUE CTaJId MEHEee MOAATIMBI.

3akJa04YeHue

Takum oOpa3om, 3HaHME pPECHUPATOPHON MEXaHUKU II03BOJIAET HE IPOCTO CTaHAAPTHO
YCTaHABJIMBATh HEKHE "cpeaHue’ mapaMeTpbl BEHTWISILIMM, HO MIOHUMATh BbI3BIBAEMbIE CMEHOMN
apaMeTpoB U3MEHEHUsI B (PU3MOJIOTUY AbIXaTEIbHON CHCTEMBI ALIMEHTa U YMETh MaKCUMaJIbHO
3¢ (HEeKTUBHO IPUMEHSATH CBOU 3HAHMSI.
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