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BBenenue

[IpoBeneHue anmapaTHOM MCKYCCTBEHHOM BEHTWIISILIMM JIETKUX B HACTOSIIEE BpPEMs CTallO
PYTUHHOW TPOLIEAYpPOH B JICYEHWHU NALUUEHTOB OTICICHUW pEaHMMAllMd W WHTEHCUBHOU
TEpanuy, MepecTaB BHYIIATh TPENET NPU NPUHATHHU PEIIeHHs O HEOOXOIMMOCTH OKa3aHHUs
MAlMEHTy PECHUPATOPHOM MOAJIEPKKU. BO3MOKHOCTH ATOTO METOJla MHTEHCHMBHOW Tepamuu
HEU3MEPUMO BO3pOCIU C TOSBIEHUEM HOBBIX IIOKOJIEHUH pPECIHUPATOPOB, IOJYYMBIIUX 3a
MPEOCTaBIIEMbIE UMU BO3MOXXHOCTH Ha3BaHUE "MHTEIUIEKTYalbHbIX .

Tem He MeHee, MpUXOAMTCA NPU3HATH, YTO O CUX IOp JA)Xe CaMblil "MHTEIEKTyaJIbHbIN"
armapat MBJI He B cOCTOSSHUM y4ecTh BCEX HIOAQHCOB IATOJIOTHH W OCOOCHHOCTEH Ka)Ioro
MalMeHTa, OLEHUTh 3(PPEKTUBHOCTh PECIIMPATOPHON TEpalmMH U ONPENEIUTh HEO0OXOIUMOCTh
n3MeHeHus napametpos MBJI.

CBeneHuss O MEXAaHMYECKMX CBOMCTBAaX JIETKUX, MOJIY4YaeMbIX OT MOHHUTOPOB MEXAaHUKH
NbIXaHHS, KOTOPBIMH OCHAUIEHbl COBPEMEHHBIE PECHUPATOPBI, MPEIOCTABISAIOIINAE CTOJb
HeoOXxonumylo uHpopMmanuioo 00 3((GEeKTUBHOCTH U aJeKBAaTHOCTH mpoBoxumon MBI,
CTaHOBATCS JUIsl Bpada IyTE€BOAHOW HMTBIO, YKa3blBas, IJI€ Mbl HAXOAHMMCS, M KyJa HYXHO
JIBUTAThCSL.

PecniupaTropHasi MexaHMKa — HEOOXOAMMbII MUHUMYM

Kakue nmapametpsl B1oxa u Belioxa usmepsiet anmnapat UBJI?
1. Bpems (time),
2. 00BbéM (volume),
3. mortok (flow),
4. namienmue (pressure).

Bpems (time)
Bpemsi — 3T0 Mepa IIMTEIBLHOCTH U IMTOCJI€I0BATEIHLHOCTH SIBJICHUI
Ha rpadukax naBnenus, motoka U oOBEMa BpeMsi OEKHUT IO TOPU3OHTAIBHOM OCH «X)».
W3mepsiercss B cekyHAax, MuHyTax, 4acax. C NO3UIMI pecnupaTOpHOW MEXaHUKH Hac
MHTEpEeCcyeT JUIMTEIbHOCTh BJIOXa U BBII0XA, MOCKOJIBKY MPOM3BEIEHHE MOTOKOBOI'O BPEMEHU
Broxa (Inspiratory flow time) Ha moTox paBHO 00BEMY BIOXa, a MPOU3BEIEHHE MOTOKOBOTO
BpeMeHnu Boioxa (Expiratory flow time) Ha moTok paBHO 00BEMY BBIIOXA.

BpemeHHbIe MHTEPBAJIBI ABIXaTEJIbHOI0 HUKJIA (X YeThIpe)
Yro Takoe «BIOX — inspiration» u «BbII0X — expiration»?
Bnox sTo Bxox Bo3nyxa B jerkue. [[nurcs 1o Hayana BeIgoXa. BeIIOX — 3TO BBIXOJ BO31yXa U3
nerkux. Jlnurcs no Havana Bpoxa. VIHBIMM cllOBaMH, BJIOX CUMTAeTCsl C MOMEHTAa Hauajia
MOCTYIIEHUSI BO3AyXa B JIbIXAaTEJIbHbBIE ITyTH U JUIUTCA 10 Hayalla BbIJI0XA, a BBIJIOX — C MOMEHTA
Hayajia U3rHaHMS BO3/yXa U3 JIbIXaTeJbHBIX IyTeH U JJIUTCA 10 Havajia BJoXa.
DKcnepTsl AT BAOX Ha JIBE YaCTH.
Inspiratory time = Inspiratory flow time + Inspiratory pause
Inspiratory flow time — BpemMeHHOW MHTEpBaj, KOrjJa B JIETKME MOCTyHaeT Bo3ayXx. Uto Takoe
«MHCIIUpaTopHas nay3a» (inspiratory pause wiu inspiratory hold)? Oto BpemeHHOl nHTEpBal,
KOrJia KjamaH BJIOXa YK€ 3aKpbIT, a KJalaH BbIAOXa €IIe HE OTKPBIT. XOTA B 3TO BpeMs
IIOCTYIUIEHUSI BO3AyXa B JIETKUE HE IPOUCXOIUT, MHCIMPATOpHAs Iay3a SBISETCS 4YacTbiO
BpeMeHH Baoxa. Tak moroBopuinch. MHcupaTopHasi may3a BO3HUKAET, KOT/Ia 3aJaHHbINH 00BEM
y>K€ JIOCTaBJIEH, a BpeMsl BOXa €lé HE UCTEKJIO. [ COHTAHHOTO JIbIXaHUS — 3TO 3aJEpiKKa
NBIXaHWSA Ha BBICOTE BJOXA. 3aJ€pKKa JbIXaHWS Ha BBICOTE BJOXA LIMPOKO IPAKTUKYETCA
WHJIUMCKUMHU HOTaMU U JPYTHMH CHEUHUAIUCTAMU IO JbIXATEJIIbHOW TMMHACTUKE. B HEKOTOPBIX
pexxumax MBJI uncnimpaTopHas nmaysa orcytctByet. ns anmapara UBJI PPV Bbiox expiratory
time — 5TO BpEeMEHHOM HHTEpBaJl OT MOMEHTa OTKPBITHUA KjlamaHa BbIOXa 10 Hayaja
CJIEIYIOILErO B/10Xa. DKCIEPTHI IEIAT BBIOX HA JIBE YACTH.
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Expiratory time = Expiratory flow time + Expiratory pause

Expiratory flow time — BpeMeHHOI HWHTEpBaJ, KOTr/la BO3IyX BBIXOJUT U3 JETrkuX. YTo Takoe
«@KcnHpaTopHas naysa» (expiratory pause niau expiratory hold)? Oto BpemeHHON HMHTEpBal,
KOrJla MOTOK BO3JyXa U3 JIETKUX YXK€ He MOCTYIaeT, a BIoX ené He Havajics. Ecau mMbl umeem
7eNo ¢ «yMHbIM» amnmnapatoM MBJI, Mbl 00513aHBI COOOIIUTH €My CKOJIBKO BPEMEHH, IO HAIIEMy
MHEHHIO, MOXKET JUIMThCS 3KCIHpaTOopHas naysa. Eciiu BpeMsi skcupaTopHO# May3bl UCTEKIIO, a
BJIOX HE Hayalcsi, «yMHbI» anmapat MBJI o0bsBasier TpeBory (alarm) u HaunmHaeT cnacaTth
MalMeHTa, MOCKOJIbKY CYUTAET, YTO MPOM30LUIO amHod (apnoe). Brmtouaercs onmust Apnoe
ventilation. B nHexoropsix pexxumax MBJI skcnimpatopHast may3a oTCyTCTBYET.

Total cycle time — Bpemsi qpIXaTeabHOTO IUKIJIA CKIAABIBACTCS W3 BPEMEHHU BJIOXAa U BPEMEHH
BBI10XA.

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

WIH

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

p | AABJNIEHUE

Expiratory
flow time| Expiratory
pause
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Insiratory (Inspiratory T
flow time pause
Inspiratory time Expiratory time
= {BPEMS
Total cycle time(ventilatory period)
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Flow

WucnuparopHas u/uin SKCUpaTopHast may3bl MOT'YT OTCYTCTBOBATb.

O0bem (volume)

Yro Takoe oOBem? HekoTopble HammM KypcaHThl OTBedaroT: «OO0BEM — 3TO KOJIUYECTBO
BemecTBay. il HeCKUMaeMbIX (TBEPABIX M JKHIKUX) BEIIECTB 3TO BEPHO, a Ui T'a30B HE
Bcerna. Kornma npixaHwe MPOMCXOAUT TOJ JIaBlieHWEM BbImie aTtMocdepHoro (6apokxamepa,
r71000KOBO/IHBIE AKBAJAHTUCTBI M T.JA.), CXKaTHEM TIa30B IpeHeOperaTh Heb3s, IMOCKOJBKY
MEHSIOTCA WX (PU3MYecKre CBOWCTBA, B YaCTHOCTH PAacCTBOPUMOCTH B BOje. B pesymprate —
KHCJIOPO/IHOE OIbSIHEHWE M KECOHHas O0oje3Hb. B BBICOKOTOPHBIX YCIOBUSX IpPHU HU3KOM
aTMOC()epHOM  JaBJICHHH 3JIOPOBBI  CIIOPTCMEH-AIBIIMHUCT C HOPMAaJbHBIM  YPOBHEM
reMOrJIOONMHa B KPOBH HMCIBITHIBACT TMIIOKCHIO, HECMOTPSI Ha TO, YTO JBIIUT TJIyOXKe M dalie
(IpIXaTenbHBIA U MUHYTHBIA OOBEMBI YBETUYEHBI).

[Tpumep: Bam mpunecnn 6auIoH ¢ KUCIOPOAOM, EMKOCTbIO (00bEMOM) 311, — @ CKOJIBKO B HEM
kucinopoaa? Hy KoHeUHO, Hy>)KHO U3MEPUThH JaBIICHHUE, U TOTJA, OICHUB CTEIIEHb C)KATHUs ra3a u
OXXHMJAeMBI PacXoj, MOXKHO CKa3aTh, HAJOJTO JIM €ro XBaTUT. MeXaHWKa — HayKa TOYHasl,
MIOATOMY IIPEXKJIE BCETO,

O0béM — 3TO Mepa NPOCTPaHCTBA.

U, Tem He MeHee, B YCIOBUSX CIIOHTAHHOTO JbixaHus U MBJI nmpu HOpManbHOM atMochepHOM
TaBIICHUH MBI UCTIOJBh3yeM €IUHHIIEI 00bheMa JUIsl OLEHKH KoimdecTBa raza. CkaTHeM MOXKHO
npeHeOpeyb. B pecriupaTopHoil MexaHUKe 00BEMBI U3MEPSIOT B JIUTPAX WM MUAJUTHIIUTPAX.

Jlist ontrcanust 00bEMOB MCTIONB3YIOTCS TPH CIIOBA!

1. IIpoctpancTBo (Space).

2. EmMxocTs (capacity).

3. O6BbéM (volume).

O0BbEMBI M IPOCTPAHCTBA B PECIIMPATOPHOM MEXaHHKe



JApbixaTejbHblil 00béM (VT) nmo-anrnuiicku Tidal volume — 3To BenMuuHa OJHOTO OOBIYHOTO
BJI0Xa WJIN BbII0OXA.

MunyTHbiii 00bémM (MV) — no-anrmiicku Minute volume — 3T0 cyMMa JbIXaTEJIbHBIX
00BbEMOB 3a MUHYTY. Eciin Bee apIxarenbHble 00beMbl B TEUEHHE MUHYTHI PABHbBI, MOXHO MTPOCTO
YMHOXHTh JIBIXaTEIbHBIN 00bEM Ha YaCTOTY JBIXaHUU.

MeptBoe mnpocrpancTBo (DS) mno-anrnumiicku Dead space — 3T0 cyMMmapHbli 00BEM
BO3yXOHOCHBIX ITyTeH (30Ha JIbIXaTeIbHON CUCTEMBI, I/I€ HET ra3000MeHa).

O0Bembl, uccieayemMble MPU CIUPOMETPHUHA

JbixaTejbHblil 00béM (VT) mo-anrnuiicku Tidal volume — 5To BennuuHa OJHOTO OOBIYHOTO
BJI0Xa WJIN BbII0OXA.

Pe3epBHblii 006éM B1oxa — POBa (IRV) no-anrnuiicku Inspired reserve volume — 310 006EM
MaKCHMaJbHOIO BJI0Xa MO 3aBEPUICHUH OOBIYHOTO BJIOXA.

Emkocth B1oxa — EB (IC) mo-aurmmiicku Inspiratory capacity — 570 0658M MakcHMaaIbHOTO
BJI0Xa IOCJ€ OOBIYHOTO BBIIOXA.

IC =TLC - FRC wmu IC = Vr+ IRV

Ooman émkocts Jérkux — OEJI (TLC) no-anrmmiicku Total lung capacity — 310 00BEM
BO3/yXa B JIETKUX I10 3aBEPIICHNN MaKCUMaJIbHOI'O BJIOXA.

OctaTounbliii 00béM — OO (RV) mno-anrnuiicku Residual volume — 310 006€M BO3MyXa B
JETKUX 0 3aBEPLIEHUHM MAKCUMAJIBHOTO BBIIOXA.

Kuznennas émkoctb Jérkux — KEJI (VC) no-anrnuiicku Volume capacity — 310 00b&M
BJI0XA T0CJI€ MAKCUMAJILHOTO BBIJOXA.

VC=TLC - RV

dyuknuonaabHas ocratouHasi émkoctb — MOE (FRC) no-anrnuiicku Functional residual
capacity — 3T0 00bE€M BO3/1yXa B JIETKUX I10 3aBEPILIEHUU OOBIYHOTO BBIJOXA.

FRC=TLC-1IC

Pe3epBHblii 00béM Bbi1oxa — POBbII (ERV) mo-anrmiicku Expired reserve volume — 3710
00bEM MaKCUMAaJILHOTO BBIJIOXA IO 3aBEPIIEHUH OOBIYHOTO BHII0OXA.

ERV =FRC - RV
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IMotok (flow)
Yro takoe noTok? «OO0BEMHASL CKOPOCTh» — TOYHOE OTpeNieIeHne, YA00HOe sl OLEHKH paObOThI
HACOCOB U TPYOOIPOBOIOB, HO IS PECITUPATOPHON MEXAHUKH OOJIBIIE TTOAXOTHUT:
IToTOK — 3TO CKOPOCTH H3MeHeHNsI 00bEéMa
B pecnimparoproii Mexanuke 1moTok (V) H3MEpSIOT B IMTPax B MUHYTY. [IpuMephI:
1. ITorok(V) = 60n/mMun, dJnurensrocts Baoxa(Ti) = 1cex(1/60mun), JpixaTenbubii 006éM (VT)
= ‘7
Pemenue: Vx Ti =Vt
Otsert: 11
2. TTorok(V) = 60n/mun, [pixatenbHelii 006EM(VT) = 111, Jnurensaocts Baoxa(Ti) = ?
Pemenue: V1/V =Ti
Otsert: 1cex(1/60muH)

O6BEM — 5TO IPOM3BEICHHE IOTOKA Ha BPEeMs BJI0OXA MU ILIOIIAb [0 KPHBOU IOTOKA.
Vr=Vx Ti

BOOX BblAoOX
DABINEHUE
t
OBBEM
t
NOTOK
t

910 NpEaACTaBJICHUE O B3aMMOOTHOIICHHH IIOTOKAa H obbeMa HCIIOJIB3YCTCA IIpU OIIMCAaHHU
PCKUMOB BCHTUIALIUHA.

/laBJieHue (pressure)
Yro Takoe naBiieHuE?
JlaByeHue (pressure) —3TO CHJIA, MPUJIOKEHHAN K eIMHUILE TJIOIIATH
HaBJ’IeHI/Ie B IbIXATCJIBHBIX IIYTAX U3MCPAIOT B CAHTUMETPAX BOAHOI'O CTOJ'I6a UB MI/IJ'IJ'II/I6aan. 1
Munbap = 1,019744289 cm BoaHoro cronoa.
3HaYeHUs JaBJEHUH B Pa3HBIX 30HAX AbIXATeJIbHOH CUCTEMBI U IPATHEHTHI
(gradient) naByieHust
Ilo OIMPCACIICHUIO OJAaBJICHUC — 3TO CHUJId, KOTOPAsA YIKC HalllJla C€‘6C MMPUMCHCHUC, - OHA (3Ta CI/IJ'Ia)
JaBUT Ha 1iomagb W HUYECTO HI/IKYJIa HC nepeMemaeT. FpaMOTHBIﬁ }IOKTOp 3HACT, 4YTO B310X,
BETEp, U JJa’Ke yparaH, CO3/1aeTcs pa3sHOCThIO JIaBICHUH Wi rpagueHToM (gradient).
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Hampumep: B 6amnone ra3 non aasienueM 100 atmocdep. Hy u uto, crout cebe OGamioH u
HUKOTO He TporaeT. ['a3 B OaioHe CMOKOWHO ceOe JaBUT Ha TUIOMIAJbh BHYTpPEHHEH
MOBEPXHOCTH OajyioHa W HU HA YTO HE OTBJIEKAeTCs. A €clu OTKPHITh? BO3HUKHET rpaaueHT
(gradient), KOTOPBIN U CO37AET BETEP.

~~——Paw=Pawo
\—Ptr=Pawo—Pbs

Ptt=Palv-Pbs
°
—H—PI=Palv-Ppl
" 1 pw=Ppl-Pbs

—Pes

[7]

JaBnenus:

Paw — naBieH#e B IpIXaTENbHBIX MyTAX

Pbs — naBieHue Ha MOBEPXHOCTH Teja

Ppl — mneBpanbHOE NaBieHne

Palv — anbBeonsipHOE naBneHne

Pes — numeBoaHoe naBieHue

['panuenTsr:

Ptr — Tpancpecniuparonnoe nasinenue Ptr = Paw — Pbs

Ptt — TpancropakansHoe gaBieHue Ptt = Palv — Pbs

Pl — tpancnynsmonanbsHoe nasienue Pl = Palv — Ppl

Pw— tpancmypanshoe maBnenne Pw = Ppl — Pbs

Jlerko 3aroMHUTB: €ClIM UCNOJIb30BaHa IPUCTABKA «TPAHC)» - pedb MJIET O IPaJUEHTE.

['maBHOM ABMKYIIEW CHUIIOM, MO3BOJISIIOIEH ClIeNaTh BAOX, SBIISIETCS PA3HOCTh JABJICHUM Ha
BXOZIe B jabIxaTenbHble myTH (Pawo- pressure airway opening) W AaBlI€HHE B TOM MeCTe, TJe
JbIXaTeIbHbIC MYTH 3aKaHUMBAIOTCA — TO ecTh B anbBeosiax (Palv). IlpoGmema B Tom, 4TO B
aJIbBEOJaX TEXHWYECKU CJIOXKHO IMOMEPUTH JaBieHHe. [loaToMy A OLIEHKM ABIXAaTeIbHOIO
YCWJIMS Ha CIIOHTAHHOM JbIXaHUH OLIEHUBAIOT IPAJUEHT MEXIy MUILIEBOAHBIM AaBieHueM (Pes),
IpY COOJIIOICHUN YCIIOBUM U3MEpPEHHs OHO paBHO IuieBpasibHoMy (Ppl), 1 naBiennem Ha BXoze B
neIxatenbHbie myTa (Pawo).

IIpu ymnpasnenun ammapatom HMBJI nauOonee nOCTynmHBIM W MH()OPMATHUBHBIM SBIISETCS
rpaleHT MEeX/y JaBJI€HHEeM B JbIXaTeNbHbIX MyTsAX (Paw) u naBieHneM Ha MOBEPXHOCTU Tela
(Pbs- pressure body surface). Otor rpamuent (Ptr) Ha3bIBaeTCs «TpaHCpPECIMPATOPHOE
JaBJICHHE», U BOT KaK OH CO3JaeTCs:

1. Ipu NPV Pawo cootBercTByeT aTmMochepHOMYy, TO €CTb HOJb, a Pbs craHoBuTCS
OTpHUIIATEIBHBIM B pe3ysibTare padoThl anmapara. Ammapat UBJI NPV tuna «Kirassay.

2. Tlpu PPV JlaBnenue Ha moBepxHOocTH Tena (Pbs) paBHO HyIO, TO €CTb COOTBETCTBYET
atMocdepHoMy, a Pawo BeIlie aTMOC(hepHOTO, TO €CTh MOJIOKHUTEIHHOE.



OTPULIATENLHOE *
DABNEHUE

LT

ATMOC®DEPHOE | - f A

MNONOXMUTENBEHOE
AABNEHHE

ATMOC®EPHOE
AABNEHHE

Kak Bugute, Hu oquH u3 MeronoB MIBJI He COOTBETCTBYET MOJHOCTHIO CIOHTAHHOMY JIBIXaHHUIO,
HO €CITM OILICHMBAaTh BO3JCHCTBHE Ha BEHO3HBIM BO3BpaT W JuM@ooTTok ammapatel MBJI NPV
tuna «Kirassa» kaxytcs Oonee ¢usnonornynbivMu. Anmapatsl MBJI NPV tuna «Iron lungy,
CO3/1aBasi OTPUIIATEIbHOE JaBJICHUE HaJl BCEH MOBEPXHOCTHIO Teja, CHUYKAIOT BEHO3HBIM BO3BpAT
1, COOTBETCTBEHHO, CEpACYHbII BHIOpOC.

be3 HeroroHa 351ech HE 000HTHUCE.

JaBneHue (pressure) — 3TO CWIa, C KOTOPOM TKaHU JETKUX M TPYAHOM KIETKH
MIPOTUBOJICUCTBYIOT BBOJUMOMY 00BEMY, WU, MHBIMU CJIOBaMH, CUJja, ¢ Kotopoi anmapat MBJI
IIPEO0JIEBAET COPOTUBIIEHUE JbIXaTEIbHBIX IIyTEH, 3JJaCTUUECKYIO TATY

JETKUX M MBIIIEYHO-CBA30YHBIX CTPYKTYp I'PyAHOH KiIeTKH (10 TpeTheMy 3akoHy HbroToHa 310
OJIHO U TO € MOCKOJIbKY «CHJIa ACHCTBUS paBHA CUJIE IPOTHUBOJIEHCTBUSN).

Equation of Motion ypaBHeHue cWl, WK TpeTuii 3akoH HproTOHA 17141

cuctembl «anmmapar UBJI — nanuen»
B tom cnyuae, ecnu anmapar UBJI ocymecTBisieT BAOX CUHXPOHHO C JbIXaTeIbHOW MOTBITKOM
NalyeHTa, JaBieHue, cosnaBaemoe amnmapatoM VBJI (Pvent), cymMupyercss ¢ MBIIIEYHBIM
ycwiveM nanuenta (Pmus) (JieBas yacTh ypaBHEHHS) Ui MPEOJOJICHUS YNPYTOCTU JIETKUX U
rpyaHoil kinetku (elastance) u conpoTuBieHus (resistance) MOTOKY BO3AyXa B JbIXaTEJIbHBIX
nyTsax (MpaBasi 4aCTh ypaBHEHUS ).
Pmus + Pvent = Pelastic + Presistive
(maByIeHHE U3MEPSIOT B MIJITHOApax)
Pelastic=Ex V
(mpou3BecHUE YIIPYTOCTH HA 00BEM)
Presistive =R x V
(mpou3BeieHHE CONMPOTHUBIICHHUS HA TIOTOK)
COOTBETCTBEHHO
Pmus + Pvent=ExV+RxV
Pmusméap) + Pvent(méap) = Emo6ap/ma) X V(ma) + R (méap/a/mun) X 'V (a/mun)
3a0HO BCIOMHUM, pa3MepHOcTh E — elastance (ynpyrocTs) mokas3plBaeT Ha CKOJIbKO MUJLTHOAP
BO3pacTaeT JIaBJIEHUE B pe3epByape Ha BBOAUMYIO eIuHUIYy o0béMa (MOap/mur); R — resistance
COTPOTHBIIEHUE MOTOKY BO3yXa MPOXOAIIEMY uepe3 AbIXaTelabHble MyTH (MOap/1/MuH).
[lonuMmaHue ypaBHEHMs CHJI MO3BOJIAET HaM JenaTh TpU Bemu. Bo-nepBbix, M1000H ammapar
HNBJI PPV moxeT ynpaBisiTb OJHOMOMEHTHO TOJBKO OJIHUM M3 W3MEHSIEMBIX IMapaMeTpoOB
BXOJSIIIMX B 3TO YpaBHEHHME. OJTH M3MEHSEMblE NapaMeTpbl — JaBleHUE O0BbEM U TOTOK.
[ToaTOMYy CyIIECTBYIOT TpU CriocoOa yIpaBJICHHS BJIOXOM: pressure control, volume control,
i flow control. Peanusamnus BapuaHTa B/OXa 3aBUCUT OT KOHCTpykuuu ammapara VBJI u
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BbIOpaHHOrO peskuma MBJI. Bo-BTOpBIX, HA OCHOBE ypaBHEHMS CHJI CO3/1aHbl HHTEIUIEKTyalIbHbIE
porpaMMmbl, Onarofaps KOTOpPBIM ammapaT pacCUMTBhIBA€T IIOKa3aTelld PeCHUpaTOPHOI
MeXaHuKu (Hampumep.: compliance (pacTsKUMOCTh), resistance (compoTuBieHHE) U time

constant (moctossHHas BpeMeHH <<KT>> ). B-Tperbux, 0e3 NMOHMMAaHUS YpaBHEHUS CUJ HE
IOHATh TAaKUE PEKUMBl BEHTWIILNMM Kak “proportional assist”, “automatic tube
compensation”, u “adaptive support”.

I'naBHbIe pacyeTHbIE IAPAMETPbI PECIUPATOPHON MEXaHUKHU

resistance, elastance, compliance

1. ConporuBieHHe AbIXaTeJbHbIX MMyTel (airway resistance)

CoxkpaiieHHOe 0003HaueHne — Raw.

Pazmeprocts — cMH20/J1/cex unu m6ap/mi/cex

Hopma mnst 3mopoBoro genmoBeka — 0,6-2,4 cmH20/J/cexk. Y MHTYOMpOBAaHHOTO MalMEHTa Ha
NBJI — 3-10 cmH20/JI/cex. @u3ndeckuii CMbICH TaHHOTO MOKAa3aTelsi TOBOPUT, KAKUM JTOJIKEH
OBITh TPATUCHT JaBJICHUH (HArHETaIollee NTaBJICHHWE) B JAHHOW CHUCTEMeE, YTOOBI 00ECIeYHTh
notok 1 nutp B cexyHay. CoBpemeHHomy anmapaty MBJI HecnoxHO paccuuTaTh pe3HCTaHC
(airway resistance), y Hero ecTb JaTYMKHU JAABJICHUS U MOTOKA — Pa3/AeIul JaBJI€HUE Ha MIOTOK, U
rotoB pesynbrar. s pacuyera pesucranc anmapatr MBJI nenut pasHocTh (rpaaueHt)
MakcuMaibHoro fasjienus saoxa (PIP) u nasnenus miaro Baoxa (Pplateau) ma morok (V).

Raw = (PIP-Pplateau)/V

Uro u uyemy comnportusisierca? PecruparopHas MeXaHHMKa pacCMAaTpPUBAET CONPOTHBIICHUE
JbIXaTEeNbHBIX MyTeH BO3AyIIHOMY MOTOKy. ComnporuBieHue (airway resistance) 3aBUCHT OT
JUIMHBI, JMaMeTpa M MPOXOJAUMOCTH JbIXaTElIbHBIX IyTeH, S3HIOTpaxealbHON TpyOKH U
npIxaTenpHOro KoHtypa annapara MBJI. ConpotuBnenue noToky Bo3pacTaeT, B YaCTHOCTH, €CIH
IIPOUCXOAUT HAKOIUIEHHE M 3alJepKKa MOKPOTbl B JbIXaTEIbHBIX IyTAX, Ha CTEHKax
SH/IOTpaxeallbHOM TpyOKH, CKOIUJICHHE KOHJIEHCaTa B IUIAHTaX JAbIXaTeJIbHOTO KOHTYpa WIIU
nedopmanus (neperud) ar060it u3 Tpyook. ConpoTHUBICHHUE ABIXATENbHBIX MyTEH pacTéT mpu
BCEX XPOHMYECKMX M OCTPBIX OOCTPYKTHBHBIX 3a00JIEBaHUAX JIETKUX, HPUBOMSIIUX K
YMEHBILIEHUIO HaMeTpa BO3JYXOHOCHBIX IyTel. B coorBercTBMM ¢ 3akoHOM [arena-Ilyasens
IpU yYMEHBIIEHUU JuaMmeTpa TpyOKH BiBO€ Al OOECHedeHHs TOro K€ IMOTOKa TIpaUeHT
JaBJICHU, CO3/IAI0IIMI 3TOT MOTOK (HAarHeTaroIlee JaBjieHue), J0KeH ObITh yBeIrueH B 16 pas.
BaxxHo umeTh B BHJy, UTO CONPOTUBIICHUE BCEH CUCTEMBI ONPEEsIeTCs 30HOH MaKCUMAaJIbHOTO
COIIPOTHBIICHHS (CaMbIM Y3KUM MECTOM). Y CTpaHEHHUE 3TOr0 MPEnsITCTBUS (HalpuMep, y1aleHue
MHOPOJIHOTO Tejla M3 JbIXaTeNbHBIX IyTeH, yCTpaHEHHE CTE€HO3a TpaxeWu WM MHTyOauus npu
OCTpPOM OTEKE TOPTAaHM) IO3BOJISIET HOPMAJIN30BaTh YCJIOBUS BEHTWISALMM JIETKHX. TepMHUH
PE3UCTAHC LIMPOKO MCIONb3YEeTCSd POCCUNCKUMU PEaHHMMATOJIONaMU KaK CYIIECTBUTEIbHOE
MY>KCKOro poja. CMbICI TEpMUHA COOTBETCTBYET MUPOBBIM CTaHAPTAM.

Baxxno moMHHUTE, 4TO:

1. Amnmapar MBJI MoeT H3MEpUTh PEe3HCTAHC TOJBKO B YCIOBUAX IPUHYIUTEIBHON
BEHTWISILIMU Y PEIaKCUPOBAHHOTO MMALMEHTA.

2. Korga Mbl roopuM o pe3uctraHc (Raw uiam conpoTHBIEHHMU AbIXaTENbHBIX IyTEH) MbI
aHAJIM3UPYEeM OOCTPYKTHBHbIE NPOOJEMBbl MPEUMYIIECTBEHHO CBSI3aHHBIE C COCTOSIHUEM
IIPOXOJUMOCTH AbIXATEIbHBIX ITyTEH.

3. YeM 060s1bIlIe IOTOK, TEM BBIIIE PE3UCTAHC.

2. Yupyrocts (elastance) n nogaranBocts (compliance)

[pexme Bcero, cieayer 3HATh, 3TO CTPOro MNPOTHUBOMONOXHBIE moHsTHs u elastance

=1/c0mpliance. CMBICIT TIOHSTHS «YHPYTOCThY» MOJpPa3yMeBaeT CIOCOOHOCTh (PU3MUECKOTO
Tena mpu JnedopMaldid COXPaHATh MpPHUIAraeMoe YCWIHE, a TP BOCCTAHOBICHUU (OPMBI —
BO3BpaliaTh 310 ycunue. Hanbomnee HArmsIHO 3TO CBONCTBO MPOSBIIAETCS Y CTAIBHBIX MPYXKHUH
WM pe3uHoBbIX u3nenuil. Cnenuanuctsl o MBJI npu HacTpoiike U TeCTUpOBaHUU alniapaToB B
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KaueCcTBE MOJIENU JIETKUX UCIOJIb3YIOT PE3UHOBBIA MEIIOK. YTPYrOCTh JAbIXaTEIbHOW CHUCTEMBI
ob6o3Hauaercs cumBosioM E. PasmepHocTs ympyroctu moap/mJi, 3TO O3HAYaeT: Ha CKOJIBKO
MUJITHOAp CleAyeT MOAHSITH JaBJICHUE B CUCTEME, YTOOBI 00bEM yBenuumics Ha | mut. J[aHHBIHI
TEPMHH IIMPOKO HCIOJIb3YyeTCs B paboTax 1o (U3MONOrHM JbIXaHus, a cneruanuctsl no MBJI
MOJIB3YIOTCS TIOHSITHEM OOpPaTHBIM «YMPYTOCTH» - 3TO «PACTSHKUMOCTH» (compliance) (MHOTIA
TOBOPAT  «IMOJATIWBOCTH»). TepMuH KoOMIUIaiiHC (compliance) wucmomb3yeTcss  Kak
CYILIECTBUTEIILHOE MY>KCKOTO pojJia POCCHUHUCKMMH pPEaHHMATOJOraMU TakK € 4YacTo, Kak U
pe3ucTaHc (Bcerjga koraa MoHutop anmnaparta MBJI noka3eiBaeT 3TH napamerpsl). PasmepHocTb
KOMILIaiiHCca — MJI/MOap TOKa3bIBAeT, HA CKOJIBKO MIIIMWIUTPOB YBEIMYUBAETCS O0BEM MpH
MOBBILICHUH JIaBJIeHUs Ha | Muymbap.

B peanbHOM KinuHMYeCKOM curyauuu Yy nanueHta Ha HMBJI usmepsror  koMIuIaMHC
peCcrupaToOpHOl CHUCTEMBI — TO €CTh JIETKUX W TPYIHOW KieTku BMecte. st o0o3HaueHUs
KOMILIaliHC ucnonb3yloT cuMmBoibl: Crs (compliance respiratory system) — KoMIIaiiHC
neixatenpHou cuctembl 1 Cst (compliance static) — KOMIUIAMHC CTaTUYECKUA, STO CHHOHUMBI.
Jliis Toro, 4ToOBI paccuuTaTh CTaTUYECKUN KoMIJIaiiHc, anmapatr VUBJI genuT aprxarenbHbBIN
00BEM Ha JJaBJI€HHE B MOMEHT MHCIUPATOPHOM May3bl (HET MOTOKA — HET Pe3UCTAHC).

Cst = V1/(Pplateau -PEEP)

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

[IpuBogumasi HiKe cXxema I[IOKa3blBaeT, KaK Ha OCHOBE JABYXKOMIIOHEHTHOM MOJIEIN
paccuuThIBaeTCs conpoTuBieHue moToky (Raw), cratmueckuii komraitae (Cst) u ynpyroctsb

(elastance) nbIxaTeIbHON CHCTEMBI.

OABINEHUE

B KOHTYPE

AMMNAPATA
nBn

......... A .. :
,MOTOKOBOE BaAEP>XK
. BpemMsi : BAoOxa:

! BAOXA et

<«—{BA0X—pi<EBIOX P
| | EPENE—

BaxxHo umeTrp B BHJY, YTO H3MEpPEHUS BBINOJHSIOTCA Y PEIaKCUPOBAHHOIO IAllME€HTa B
ycnoBusax MBJI, ynpaBiasemoil mo o0béMy C mMepekitoueHHMEeM Ha BbLIOX IO BpPEMEHH. OTO
3HAYUT, YTO IOCJIE TOro, Kak oOBEM JIOCTaBJIEH, HAa BBICOTE BJI0OXa KJAlaHbl BJI0Xa M BbLAOXA
3aKpbITHL. B 3TOT MOMEHT u3MepsieTcs nasieHue wiato. BaxxHo noMHuts, yro: 1. Anmapar MUBJI
MokeT u3MepuTh Cst (KOMIUIAWHC CTaTUYECKUIl) TOJBKO B YCJIOBUSIX IMPUHYJIUTEIBHOMN
BEHTWIILIMM y PEJAKCUPOBAHHOI'O MAllMEHTa BO BPEMsI MHCIIMPATOpHOM nayssl. 2. Korzma Mel
rOBOpHUM O cTatnuyeckoMm komiuiaiiHee (Cst, Crs win pacTsyKUMOCTH PECITUPATOPHON CUCTEMBI),
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MBI aHAIM3UPYEM PECTPUKTHUBHBIC MPOOIEMBI MPEUMYIIECTBEHHO CBSI3aHHBIE C COCTOSHHEM
JIETOYHOM MapEeHXUMBI.
dunocodckoe pe3roMe MOKHO BBIPA3UTh JIBYCMBICTICHHBIM YTBEPKICHUEM:
IHoTok co3naér naBJjieHue
O06e TpaKkTOBKH COOTBETCTBYIOT ACHCTBUTEIHHOCTH, TO €CTh: BO-TIEPBBIX, MOTOK cO3HaéTCs
rpaJMEHTOM JABJICHWI, a BO-BTOPBIX, KOrJa IMOTOK HAaTaJKUBAETCd Ha NPENSTCTBUE
(compoTHBIEHHE JbIXaTEeNbHBIX IMyTeH), naBieHuEe YyBenuuuBaercs. Kaxymasics peudeBas
HEOpPEKHOCTh, KOTJa BMECTO «TPAJUCHT JABJICHUI» Mbl TOBOPUM «JIaBJICHHE», POXKIAETCS W3
KIIMHUYECKOW PEAJIbHOCTHU: BCE JATUYMKU JABJIEHUS PACIOJIOKEHBI CO CTOPOHBI JbIXATEIBHOTO
koHTypa ammapara WMBJI. Jlns Toro, 4toObl W3MEpUTh NaBIICHHE B Tpaxee MU paccUUTaTh
TpajueHT, HEOOXOAMMO OCTAHOBHUTH MOTOK U JOXKAAThCsS BHIPABHUBAHUS HABJICHUS C O0OUX
KOHIIOB DJHJOTpaxeanpbHOW TpyOku. I[lodToMy B TpakTUKe OOBIYHO MBI TIOJIB3yEMCS
MOKa3aTellsIMU  JIaBJICHUs B JbIXaTeabHOM KoHType anmapara HWBJL. Ilo a3ty cropony
SHJOTpaXeaTbHON TPYOKH sl oOecnieueHus Boxa o0beMoM Y MII 3a BpeMsi X CEK Mbl MOXEM
MOBBIIIATH JIaBlIeHUE BAOXa (M COOTBETCTBEHHO T'PaJMEHT) HAa CKOJBKO Y HAC XBATHUT 3/IPaBOTO
CMBICJIA U KIIMHUYECKOTO OMbITA, MOCKOJIBKY BO3MOKHOCTH arnmapara MBJI orpoMHBbI.
[To Ty cTOopoHy 2HI0TpaxeaabHOU TPYOKH y HAC HAXOJUTCS MAIUEHT, U Y HETO AJis 00ecreueHUs
BbI10Xa 00b€MOM Y MII 32 BpeMsi X CeK €CTh TOJIbKO ChJjla YIIPYTOCTH JIETKUX U IPYAHOMN KIETKU
M CWJIa €r0 JBIXaTeNIbHOM MYCKYJNaTyphl (€Cii OH HE pellakcupoBaH). Bo3MOXKHOCTH MaIrrieHTa
CO3/1aBaTh MOTOK BBIJOXa OrpaHWyYeHbl. Kak Mbl yXe mpeaynpekaaiu, «IOTOK — 3TO CKOPOCTh
U3MEHEeHUs1 00beMay, OATOMY AJisi o0ecrieueHus: A3PPEKTUBHOTO BBII0OXa HYXKHO MPEIOCTABUTH
MAIUEHTy BpeMs.

ITocrosinHasi BpeMeHu (T)
Tak B 0Te4eCTBEHHBIX PYKOBOJICTBAX MO (PM3HOJIOTHH JIbIXaHUs Ha3biBaeTcs Time constant. Oto
MIPOU3BEJICHNE KOMILIAMHC HA Pe3UCTAHC.
7= Cst x Raw
PazmepHOCTh NOCTOSIHHOM BpEMEHHM, €CTECTBEHHO CEKYHIbl. [IeHCTBUTENBHO, BEIb MBI
YMHOXKaeM MJI/m0ap Ha MOap/mu/cek. IloctosHHas BpeMEHH OTpa)kaeT OJIHOBPEMEHHO
3JACTUYECKUE CBOMCTBA JbIXATEIBHOM CHCTEMBI U CONPOTHUBJIEHUE JBIXaTEIbHBIX IyTEH. Y
pasHbIX Jroaed T pasHasd. [loHATH Gu3MUECKHl CMBICT JaHHOW KOHCTAHTHI Jierde, HayaB C
BbIioxa. [IpencraBum cebe, 3aBepiéH BIOX, — HaYaT BbIIOX. [loa MeHCTBHEM 3/1aCTHUECKHUX CHIT
JbIXaTeNIbHOM CHUCTEMBI BO3YyX BBITAIIKUBAECTCS W3 JIETKHUX, IPEOJOJIEBAs COMNPOTHUBIICHUE
JbIXaTEIbHBIX MyTEH.
CKoibpKO BpeMeHU 3aiMET naccuBHbIN BbIOX? [10CTOSHHYIO BpEMEHH YMHOXHUTH Ha IATH (T X
5). Tak ycrpoensl serkue uenoBeka. Ecmu ammapar MBJI oOecrieunBaer BHOX, co31aBas
MOCTOSIHHOE  JIaBJIEHWE B JbIXaTENbHBIX MYTAX, TO Yy PEIaKCUPOBAHHOTO MalMeHTa
MaKCHMaJIBHBIN JIJIsl TAHHOTO JABJICHUS JBIXaTeIbHBIA 00bEM OYIET JOCTABJICH 3a TO K€ BpeMs
(TX5).
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Time Constants

JlaHHBIN TpauK MOKA3BIBAET 3aBUCUMOCTH MPOIEHTHOW BEIWYHMHBI JBIXAaTENLHOTO 00BbEMA OT

BPEMCHH IIPpHU NOCTOSIHHOM JaBJICHHUU BA0OXA WM TACCUBHOM BBIJOXCE.

IIpu BbLIOXE MO MCTEUYEHUU BPEMEHU T MALMEHT yCIEBAaeT BbIIOXHYTh 63% JbIXaTEIbHOTO

o0BéMa, 3a BpeMms 2T — 87%, a 3a Bpems 3T — 95% npixarenpHoro oO0béma. [lpu BHOXE C

IMMOCTOAHHBIM JAaBJICHUEM aHAJIOTHUYHAA KapTUHA.

[IpakTHueckoe 3HaUeHHE MOCTOSSHHOM BpeMeHu. Eciu Bpemsi, MpeAocTaBiseMoe MalueHTy it
BbIZIOXa <5T, TO TMOCJE KKIOTO BAOXA YaCTh JBIXATEIIBHOIO 00bEMa OyleT 3aJep>KUBaThCs B
JIETKUX TanueHTa. MaKCUMaIbHBIA JbIXaTEIbHBIM 00BbEM MPHU BAOXE C MOCTOSTHHBIM JaBJICHUEM

MOCTYNUT 3a BpeMs 5T. [Ipu MaTematnueckoMm aHanuse rpaduka KpuBoi o0bEMa BbIJI0Xa pacueT
[IOCTOSIHHOW BpEMEHU MO3BOJISIET CYAUTH O KOMILIAMHC U Pe3UCTaHC.

rPA®UK USMEHEHUS OB BEMA
' ... ... . B

T

—
|
I

E

NOCTOAHHAA BPEMEHU

W
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Januplii rpaduk MOKa3bIBaeT, Kak coBpeMeHHbIN ammapaT VMIBJI paccuuThIBaeT MOCTOSHHYIO
BpeMeHU. bbIBaeT, 4To CTAaTHYECKH KOMIUIAMHC pacCYUTaTh HEBO3MOXKHO,

T. K. JUI1 3TOrO JIOJKHAa OTCYTCTBOBATh CIOHTAHHAs JbIXaTelbHas aKTUBHOCTh M HEOOXOJIMMO
U3MEpUTH JaBiieHue miaTo. Eciau pa3aenuTs qpixaTenbHbl 00bEM HA MaKCUMaJIbHOE J1aBlICHUE,
MIOJIyYUM €lIe OJMH PaCyYETHBIM IOKa3aTellb, OTPAKAIOIINN KOMIUIAHMHC U pe3ucTaHc. PasHble
aBTOPBI UCIIOJIB3YIOT Pa3HbIE MIMEHA, HO MBI JIOJKHBI

3HaTh, YTO 3TO CHHOHUMBI:

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

Cop= VT1/(PIP — PEEP)

bosblie Bcero cOMBaeT ¢ TOJIKY Ha3BaHUE «JMHAMUYECKUN KOMIUIAHHCY», TOCKOJIbKY U3MEpPEHHE
MIPOUCXOAUT IPU HEOCTAHOBJIECHHOM IIOTOKE U, CJIE0BATEIbHO, JaHHBIN IT0KA3aTelb BKIIOYAET U
KOMILIAiHC, 1 pe3ncTanc. Ham Oosbliie HpaBUTCS Ha3BaHUE «IMHAMUYECKAs XapaKTEePUCTHKAY.
Korna sToT nokasarenb CHH)KaeTCsl, TO 3HAYUT, YTO JIMOO MOHU3WICS KOMILJIAiHE, THO0 BO3poc
pe3ucTanc, 1160 u 1o u apyroe. (Mnm Hapymiaercs NpoxoauMOCTb IbIXaTEIbHBIX ITyTEH, HIIH
CHIDKAeTCS MOAATIAMBOCTb JIerkuX.) OJIHAaKO €eciM OJHOBPEMEHHO C JHHAMHYECKO
XapAKTEePUCTHKOM MBI OLICHMBAEM II0 KPUBOW BBIOXA MOCTOSIHHYI0O BPEMEHH, Mbl 3HAaeM
otBeT. Ecnu mocTostHHAs BpeMeHH pacTET, 3T0 OOCTPYKTHBHBIN MPOIIECC, a €CIM YMEHBIIIAaeTCs,
3HAYUT JIETKUE CTAJIU MEHEE MTOATIHUBBI.

3akiouenue

Takum o0O0pa3om, 3HaHWE pPECHUPATOPHON MEXaHUKU TIIO3BOJIIET HE MPOCTO CTAaHAAPTHO
yCTaHaBJIMBaTh HEKHE '"cpeHue" mapamMeTpbl BEHTHISLMM, HO IOHUMATh BBI3bIBAEMbIE CMEHOMN
napaMeTpOB U3MEHEHHsSI B (PH3HOIOTUH JIBIXaTebHON CHCTEMBI MAIIMEHTa U YMETh MaKCHMaJIbHO
3pPEKTUBHO MPUMEHATH CBOU 3HAHMS.

Cnucok qureparypbl

1. AC. I'opsiues, . A. CaBun. OcHoBsl UBJI. PykoBoacTBo anis Bpaueit. M3nanue mecroe.
Mocksa, 2016

2. M.B. Konuroposu4, b.J].3ucians. MOHUTOPUHT NapaMeTPOB MEXAHUKHU JbIXaHUS PH
HUCKYCCTBEHHOM BeHTWIsIIMK JerkuXx. JKypHan "MutencuBHas tepanusa’ N2 - 2008

15



