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BBenenue

IIpoBeneHue anmapaTHOM MCKYCCTBEHHOM BEHTUIIILMU JIETKUX B HACTOSALIEE BpEMs CTaJIo
PYTHHHOW TMpPOLIEAYPOH B JICYEHWH NALUEHTOB OTIEJICHUW peaHWMAllMd W WHTEHCUBHOU
TEpanuy, MepecTaB BHYLIATh TPENET NPU NPUHATHUA PELICHHS O HEOOXOIUMOCTH OKa3aHUs
MAlUEHTy PECHUPATOPHON MOANEPKKH. BO3MOKHOCTH 3TOrO0 METOJa MHTEHCUBHOW Tepamuu
HEU3MEPUMO BO3pPOCIU C TOSABICHUEM HOBBIX ITOKOJIEHUH pECIUpaTopoB, IOJYyYHMBLIUX 3a
MPEOCTaBIIEMbIE UMU BO3MOYKHOCTH Ha3BaHUE "MHTEIUIEKTYaJIbHbIX "

Tem He MeHee, NMPUXOAMUTCA NPU3HATH, YTO OO CUX IOp JaXE CaMbli "MHTEJIEKTyaJIbHbIN"
armmapat MBJI He B COCTOSHUM y4eCTh BCEX HIOAHCOB IMATOJIOTHH W OCOOCHHOCTEH Ka)Ioro
MalMeHTa, OIEeHUTh 3(PPEeKTUBHOCTh pPeCIMPaTOPHON TEpalMH U OINpPENEIUTh HEeOOXOIUMOCTh
n3MeHeHus napametpon MBJIL.

CBeneHuss O MEXAaHMYECKMX CBOMCTBAaX JETKUX, IMOJIYy4aeMbIX OT MOHMTOPOB MEXAaHUKH
JbIXaHHs, KOTOPBIMH OCHAIIEHbl COBPEMEHHBIE PECHHUPATOPHI, MPEJOCTABISIONIME CTOJb
HeoOxomumyro wuHpopMmammio 00 dddekTuBHOCTH U ajgekBaTHOCTH mpoBoammoin MBI,
CTAaHOBATCA U1 Bpada IMyTEBOJHOW HUTBIO, yKa3blBas, IIE Mbl HAXOAUMCS, M KyJa HYXHO
JBUTAThCSI.

PecnimpaTopHasi MexaHUKa — HEOOXOAUMBbIH MUHUMYM

Kakue napamerpsl Boxa u Bbijoxa usmepset annapat UBJI?
1. Bpems (time),
2. 00bém (volume),
3. mnotok (flow),
4. nasJeHme (pressure).

Bpems (time)
Bpemsi — 3T0 Mepa IIMTEJILHOCTH M MOCJI€I0BATEIHLHOCTH SABJICHUMN
Ha rpadukax naBnenus, motoka U oObEMa BpeMsi OCKUT IO TOPU3OHTAIBHOW OCH «X)».
N3mepsieTrcss B cekyHaax, MUHyTax, bacax. C MO3UIMKA pECnUpaTOPHOM MEXAaHUKH Hac
MHTEpPECyeT JUIMTEIbHOCTh BIOXA M BBIJOXA, MOCKOJIbKY NMPOU3BEIACHHE MOTOKOBOTO BPEMEHU
Broxa (Inspiratory flow time) Ha moTox paBHO 00BEMY BIOXa, a MPOU3BEIIEHNE MTOTOKOBOTO
BpeMenu Boizioxa (Expiratory flow time) Ha moTok paBHO 00BEMY BBIIOXA.

BpemeHHbIe MHTEPBAJIbI IBIXaTEJIbHOI0 HUKJIA (MX YeThIpe)
Yro Takoe «BIOX — inspiration» u «BbII0X — expiration»?
Bnox 3to Bxox Bo3nyxa B yierkue. [nurcs 10 Hayania BeIgoXa. BeIOX — 3TO BBIXOJ BO3yXa U3
nerkux. Jlmurcs g0 Hayana Baoxa. MHeIMM clioBaMH, BIOX CUMTAETCS C MOMEHTA Hayvasia
MOCTYIUIEHUS BO3/1yXa B JAbIXaTEIbHBIC ITyTH U JUINTCA 0 Hayaja BbIJ0Xa, a BBIJIOX — C MOMEHTA
Hayaja U3THaHUs BO3/yXa U3 JbIXaTEJIbHBIX MYTE€W U JUIUTCS 10 Hayasla BoXa. DKCIEPThI IEIAT
BJIOX Ha JIBE YaCTH.
Inspiratory time = Inspiratory flow time + Inspiratory pause
Inspiratory flow time — BpeMeHHOI MHTEpBaJ, KOrJa B JIETKME MOCTYIMAEeT BO3AYyX. UTO Takoe
«MHCTIUpaTOpHas nay3a» (inspiratory pause wiu inspiratory hold)? 9to BpemeHHON HHTEPBA,
KOrJla KJamaH BJOXa YK€ 3aKphbIT, a KJalaH BbIIOXA €Ille HE OTKPBIT. XOTSA B 3TO BpEMs
MOCTYIUICHUS BO3/AyXa B JIETKME HE MPOUCXOAMUT, WHCIUPATOpPHAs Iay3a SBISIETCS YacTbiO
BpeMeHH Baoxa. Tak noroBopuinch. MIHcMpaTopHas may3a BO3HHUKAeT, KOTJa 3aJaHHbIA 00bEM
YK€ JOCTaBJIEH, a BPeMs BlIoXa €€ He MCTEKJIO. JlJI1 CIOHTaHHOIO JBIXaHWS — 3TO 3aJepiKKa
NBbIXaHWS Ha BBICOTE BJAOXA. 3aJepKKa JbIXaHHWsS Ha BBICOTE BJOXA MIMPOKO MPAKTHUKYETCS
WHJIAMCKUMU HOTaMU U JIPYTHUMU CIELUATUCTAMHU MO JIbIXaTEJIbHOW T'MMHACTUKE. B HEKOTOPBIX
pexxumax MBJI uncnimpaTopHas naysa orcyrerByeT. [ annmapata IBJI PPV Beinox expiratory
time — 5TO BPEMEHHON HHTEpPBaJI OT MOMEHTAa OTKpBITHS KJallaHa BbIIOXAa [0 Hayaua
CJIEIYIOILLEro B10Xa. DKCIEPThI AEIAT BbIAOX HA JBE YACTH.



Expiratory time = Expiratory flow time + Expiratory pause

Expiratory flow time — BpeMeHHOI MHTEpBaJ, KOrJa BO3yX BBIXOAUT M3 JIETKUX. UTO Takoe
«@KcIMpaTopHas naysa» (expiratory pause uinu expiratory hold)? Oto BpeMeHHOI MHTepBal,
KOrJia MOTOK BO3AyXa M3 JIETKUX YK€ HE MOCTYMNAaeT, a BAOX em€ He Hadaucsa. Ecinu Mbl nMeem
JeNo ¢ «yMHBIM» ammaparoM VUBJI, Mbl 0053aHbI COOOIIUTE €My CKOJIBKO BPEMEHH, 10 HAIIEMY
MHEHHIO, MOXKET JUINTHCS HKCIIUPATOpHAst nay3a. Eciu BpeMst S3KCIMpaTOpHOW May3bl UCTEKIIO,
BJIOX HE Hauaics, «yMHbIi» anmapat MBJI oObsBuser tpeBory (alarm) m HauMHaeT cracaTh
MalMeHTa, MOCKOJIbKY CUWTAET, YTO MPOM3OILIO amHO? (apnoe). Bxirodaercss ommus Apnoe
ventilation. B HexoTopeix pexumax MBJI sxcriupaTopHas naysa OTCyTCTBYET.

Total cycle time — Bpemsi IbpIXaTE€IbHOTO IMKJIA CKJIAABIBAETCA U3 BPEMEHHU BJOXa M BPEMEHU
BBII0XA.

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

W

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

WucnuparopHas u/viau SKcnupaTopHasi may3bl MOTYT OTCYTCTBOBATb.

O0bem (volume)

Yro Takoe o06veM? HekoTopwle Hamm KypcaHThl OTBe4alOT: «OO0BEM — 3TO KOJIUYECTBO
BeuiecTBay. s HecKMMaeMbIX (TBEPABIX M JKUIKHUX) BELIECTB 3TO BEPHO, a JUIsl ra30B HE
Bcerna. Korma npixanwe NpPOMCXOIUT TIO7 JAaBJICHHEM BhIIe atMmocdepHoro (OGapokamepa,
r71I000KOBO/IHBIE AKBAaJAHTUCTHI M T.[.), C)KaTHEM Tra30B INpeHeOperarb Helb3s, MOCKOJIBKY
MEHSIOTCA MX (PU3MUYECKHe CBOWCTBA, B YAaCTHOCTH pPacTBOPUMOCTb B Bojae. B pesymbrate —
KHCJIOPO/IHOE ONbSIHEHHE M KeCOHHast 0o0Jjie3Hb. B BBICOKOTOPHBIX YCIOBHSX MpPU HHU3KOM
aTMOC(EpPHOM  JJaBJIIEHUHM  3J0POBBIH  CHOPTCMEH-aJBIIMHUCT C HOPMAJbHBIM  YPOBHEM
reMOrjo0MHa B KPOBH HCIIBITHIBAET TMIIOKCHUIO, HECMOTpPSI Ha TO, YTO JBIIIUT TIy0)Ke M darie
(mpIXaTeNbHBI 1 MUHYTHBIA 0OBEMBI YBETTUUCHBI).

[Tpumep: Bam mpunecnn 6ajuioH ¢ KUCIOPOAOM, EMKOCTBIO (00BEMOM) 311, — a CKOJIBKO B HEM
kucaoposa? Hy KoHeUHO, HY’)KHO U3MEPUTH JIaBJIEHHUE, U TOTA, OLIEHUB CTENIEHb CKaTHUs rasza u
OKUJAEMBbIH pacxoi, MOKHO CKa3aTb, HaJOJIrO JHM €ro XBaTUT. MexaHMKa — Hayka TOYHasd,
[I03TOMY IIPEXKIE BCETO,

O0bEéM — 3T0 Mepa MpOCTPAHCTBA.

U, Tem He MeHee, B YCIOBUSAX COHTaHHOTO JbixaHus U MIBJI npu HOpManasHOM atMochepHOM
JABJICHUH MBI UCIIOJIb3YEM €IMHUIIBI 00beMa JUIs OLIEHKH KosindecTBa raza. C:xaTueM MOKHO
npeHeOpeus. B pecipaTopHoil MexaHuke 00bEMBI U3MEPSIIOT B JIUTPAX WM MUJUTWIMTpax. s
ornucanus 00bEMOB UCTIONB3YIOTCS TPH CIIOBA!

1. IlpocTpancTBo (Space).

2. EmMkocTs (capacity).

3. O6b6ém (volume).

O0bEéMBI M MPOCTPAHCTBA B PECIUPATOPHON MeXaHUKeE



JbixaTeabHblii 00béM (VT) mo-anriumiicku Tidal volume — 310 BenuymHa 0HOTO OOBIYHOTO
BJIOXA WJIM BbII0OXA.

MunyTHblii 00béM (MV) — no-anrmmiicku Minute volume — 3TO CyMMa JbIXaTEJbHBIX
00BEMOB 3a MUHYTY. Eciii Bce pixaTenbHble 00beMbI B TEUEHUE MUHYTHI paBHBI, MOKHO TIPOCTO
YMHOUTH JbIXaTeIbHBIA 00BEM Ha YaCTOTY JIBIXaHUH.

MeptBoe mnpocrpancTBo (DS) mno-anrnmiicku Dead space — 3To cymMmapHbId 00BEM
BO3JIYXOHOCHBIX ITyTeH (30Ha IbIXaTeIbHOW CUCTEMBI, TJIe HET ra3000MeHa).

O0Bembl, HccieayeMble IPU CIMPOMETPUH

JbixaTeabHblii 00béM (VT) mo-anriuiicku Tidal volume — 310 BenuymHa 0HOTO OOBIYHOTO
BJIOXA WJIM BbII0OXA.

Pe3epBHblii 00béM Baoxa — POBa (IRV) no-anrnuiicku Inspired reserve volume — 310 00béM
MaKCHMaJIbHOTO BJIOXa IO 3aBEPIIEHUN OOBIYHOTO BJIOXA.

Emkocts Broxa — EB (IC) no-aurmuiicku Inspiratory capacity — 370 0658M MaKCHMAIbHOTO
BJIOXA TIOCJIe OOBIYHOTO BBIAOXA.

IC =TLC — FRC wu IC = V1 + IRV

Ob6mas émkocth Jérkux — OEJI (TLC) no-anrnmiicku Total lung capacity — 3to 00béMm
BO3/lyXa B JIETKHX IO 3aBEPIICHUU MAaKCUMAJIBHOT'O B/IOXa.

OctaTounblii 00éM — OO (RV) mo- anrnuiicku Residual volume — 310 00p€M BO31yXa B
NETKUX MO 3aBEPIICHUH MaKCUMAaJIbHOTO BBIJOXA.

Kuznennas émkoctsb Jérkux — JKEJI (VC) no-anrnuiicku Volume capacity — 310 0066M
BJI0XA MOCJIE€ MAaKCUMAJIbHOTO BBIJIOXA.

VC=TLC - RV

dyuknuonaabHas ocratouHas éMkocTh — POE (FRC) no-anrmumiicku Functional residual
capacity — 570 00bE€M BO3TyXa B JIETKUX 10 3aBEPIICHUN OOBIYHOTO BBIOXA.

FRC=TLC-IC

Pe3epBHblii 00béM Bbinoxa — POBbIA (ERV) no-anrnmiicku Expired reserve volume — 310
00BEM MaKCUMAIILHOTO BBIJIOXA IO 3aBEPIICHHH OOBIYHOTO BBIIOXA.

ERV =FRC - RV
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IHoTok (flow)
Yro takoe motok? «OO0BEMHAsI CKOPOCTH» — TOYHOE ONpeIeTICHHE, YA00HOE IS OIICHKH PaOOThI
HACOCOB U TPYOOIIPOBOIOB, HO JUISI PECTIUPATOPHON MEXaHUKH OOJIbIIIE TIOXOUT:
IToTOK — 3TO CKOPOCTH U3MEHEHUA 00bEMA
B pecriupaTopHoit MmexaHuke mMoTok (V)U3MepstoT B IUTpax B MUHYTY. [Ipumepsr:
1. TTorok(V)= 601/mun, JmutenpHocTh Broxa(Ti) = 1cex(1/60mun), JIpixaTenpHbiii 006EM (VT)
=9
Pemenune: VxTi =Vt
Otsert: 11
2. [Motoxk(V)= 601/Mun, [pixarensubiii 006EM(VT) = 11, Jlnurensnocts Baoxa(Ti) = ?
Pemenne: V1/V=Ti
Otser: 1cex(1/60Mun)
O0BEM — 3TO TPOU3BEICHNE TIOTOKA HA BPEMSI BJI0Xa WM TUIOMIA/Ib TIOJ] KPUBO MTOTOKA.
Vrt=VxTi

BOOX Bbloox
OABINEHUE
t
OBBLEM
t
NMOTOK
t

910 MMpEACTaBJICHUEC O B3aMMOOTHOIICHHWU IIOTOKA U o0Bema HCIIOJIB3YCTCA IMPpU ONHCAaHHUU
PCKUMOB BCHTUJIALUU.

JdaByienue (pressure)
Yro Takoe gasiieHue?
/laBienue (pressure) — 310 CHJIA, MPUJI0KEHHAS K eUHMIE II0IAU
JlaBrieHre B IBIXAaTEIBHBIX MyTAX H3MEPSIOT B CAHTUMETPAX BOJHOTO CTOJI0A U B MIIDTHOapax. 1
mubap = 1,019744289 cm Bognoro cronba.
3HauyeHMsl JABJIEHUI B Pa3HbIX 30HAX JAbIXaTeJbHON CHCTEMbI M TPAIMEHTHI
(gradient) naBjeHusn
[To ompeneneHuio MaBlieHUE — 3TO CHIIa, KOTOpas yxe Hamuia cebe MPUMEHEHHe, - OHa (3Ta
cujia) JaBHT HA TUIOIIAJh W HHYETO HUKYyJA HE IepeMemiaeT. | paMOTHBIH JOKTOp 3HAET, YTo
B3/I0X, BETEP, U JIAXKE yparaH, CO3/1aeTcs Pa3HOCTHIO TaBJICHUHN WK TpaaueHToM (gradient).
8



Hampumep: B 6amtone ra3z moa masieruem 100 atmocdep. Hy m uto, crout cebe OaioH u
HUKOrO He TporaeT. ['a3 B OaimoHe CHNOKOWHO ce0e JaBUT Ha IUIOMAIb BHYTPEHHEH
MOBEpXHOCTU OajioHa W HM Ha YTO HE OTBIIEKaeTcA. A eciau OTKpbITh? BO3HHMKHET rpagueHT
(gradient), KOTOPBIN U CO37IAET BETEP.

~~———Paw=Pawo
T~ pir-Pamo-Pbs

s—Pbs

SNk
= /%/( Ptt=Palv-Pbs
4 o—H—TPI=Palv-Ppl

j:LPw=PpLPbs
—Pes

[]

JaBneHus:

Paw — naBneHue B IbIXaTENBHBIX MyTIX

Pbs — naBieHue Ha MOBEPXHOCTH Tefa

Ppl — nneBpanbHOE naBieHue

Palv — anbBeonsipHOE naBiieHHe

Pes — nmumieBoiHOE TaBIeHUE

['papuenTsr:

Ptr — TpancpecniupaTonroe nasnenue Ptr = Paw — Pbs

Ptt — TpancTopakansHOe naBienue Ptt = Palv — Pbs Pl

— TpaHcyabMOHanbHOE naBinenue Pl = Palv — Ppl

Pw— tpancmypansHoe naBnenue Pw = Ppl — Pbs

Jlerko 3armoMHUTB: €CIU UCIIOIb30BaHa MPUCTABKA «TPAHC) - pedb UJIET O TPaJHeHTE.

['maBHOM NBHKYILEW CHIIOW, IO3BOJISIIOLLEH CHENIaTh BIOX, ABJSETCS PAa3HOCTh JABJICHUM Ha
BXO/Ie B nbIxatenbHble yTH (Pawo- pressure airway opening) W AaBJ€HHE B TOM MECTE, TJIe
JpIXaTeNbHBIC MMyTH 3aKaHYMBalOTCA — TO ecTh B anbBeonax (Palv). IIpoGnema B TOM, 4TO B
anbBeoJjax TEXHUYECKHU CIOKHO TOMEpHUTh AaBiieHue. [1oaTomy sl OLIEHKH AbIXaTeIbHOTO
YCUJIMSI Ha CTIOHTAHHOM JIbIXaHUH OLICHUBAIOT TPAJUEHT MEXKy MUIIEBOAHBIM JlaBiieHueM (Pes),
pHU COOJTIOIEHNN YCIIOBHM M3MEPEHUsI OHO paBHO TieBpanbHOMY (Ppl), u maBneHueM Ha Bxoje B
npixatenbHbie myTu (Pawo).

[Ipu ynpaenennn ammaparom WBJI Hambonee nocTymHBIM W WH()OPMATUBHBIM SIBIISICTCS
IpaIueHT MEXIy JaBJIECHUEM B JbIXaTeldbHBIX MyTsaX (Paw) u maBieHuemM Ha MOBEPXHOCTH Teja
(Pbs- pressure body surface). Ortor rpamuent (Ptr) Ha3pIBaeTcs «TpaHCPECHHUPATOPHOE
JaBJICHUE», U BOT KaK OH CO3/1a€TCS:

1. TIpu NPV Pawo cooTBeTcTBYeT atMOc(hepHOMY, TO €CTh HOJIb, @ Pbs cTaHOBUTCS
OTpHIIATEeNLHBIM B pe3ynbrate padothl ammnapata. Anmapatr UBJI NPV tuma «Kirassa.

2. Ilpu PPV JlaBnenue Ha nmoBepxHoctu Tena (Pbs) paBHO HYIIO, TO €CTh COOTBETCTBYET

atMocdepHomy, a Pawo BeIlie atMoc(epHOTO, TO €CTh MOJI0KUTEIBHOE.



OTPMLATENLHOE +
DABNEHAE

ATMOC®EPHOE
NONOXMTENBHOE

DABNEHWE

ATMOC®EPHOE

J/

Kaxk Bunute, H1 07uH 13 MeTo10B MIBJI HE COOTBETCTBYET MOTHOCTHIO CIIOHTAHHOMY JIBIXaHHIO,
HO €CJIM OIIEHWBATh BO3/ICHCTBHE HA BEHO3HBIN BO3BpAT U TuM(pooTTOK anmaparsl UBJI NPV
tuna «Kirassa» kaxyrcs 6osee ¢puznonornansiMu. Anmnaparsl UBJI NPV tuna «Iron lungy,
co3laBasi OTpUIATEILHOE IaBJICHNE HaJl BCEH MMOBEPXHOCTHIO TEJIa, CHUKAIOT BEHO3HBII BO3BpaT
1, COOTBETCTBEHHO, CEpACYHBII BHIOpOC.
be3 HreioToHa 371€Ch HE 00OUTHCE.
HaBneHue (pressure) — 53TO CHJIA, C KOTOPOM TKaHM JIETKUX M TPYAHOH KIETKU
MPOTHBOJICUCTBYIOT BBOAUMOMY 00BEMY, WJIM, HHBIMU CJIOBaMH, CHJIa, ¢ KOTopo# anmapat MBJI
MPEO0JI0JIEBACT COMIPOTUBIICHHUE JABIXATEIbHBIX ITyTEH, JIACTUYECKYIO TSATY
NETKAX U MBIIIIEYHO-CBSI30YHBIX CTPYKTYP TPYAHOM KIIETKH (IO TpeTheMy 3akoHy HbhroTOHA 3TO
OJIHO M TO )K€ MOCKOJIbKY «CHJIa ACHCTBHS paBHA CUIIC TPOTHBOICHCTBUS).

Equation of Motion ypaBHeHnue cuJji, uiiu TpeTuii 3akoH Herorona s

cucrembl «annapatr UBJI — nanquen
B tom cnyuae, ecin anmapar MBJI ocymiecTBisieT BAIOX CUHXPOHHO C JbIXAaTEJIbHOMN IMONBITKOU
NAlUeHTa, AaBlieHUE, co3gaBaemoe annaparom MBJI (Pvent), cyMMupyercs C MBIIIEYHBIM
ycuireM nanventa (Pmus) (jieBast yacTb ypaBHEHUS) Ul IPEOJOJICHHS YIPYTOCTH JIETKUX U
rpynHor kinetku (elastance) m compoTuBiieHMs (resistance) MOTOKY BO3AyXa B AbIXaTeJbHBIX
NyT4X (MpaBas 4acTb ypaBHEHHUS).
Pmus + Pvent = Pelastic +
Presistive (maBneHue n3MepstoT B
munOapax) Pelastic=E x V
(mpou3BeicHUE YIIPYTOCTH HA O0BEM)
Presistive=Rx V
(mpousBeieHNE CONPOTUBIICHUS Ha
MMOTOK) COOTBETCTBEHHO
Pmus + Pvent=ExV+RxV
Pmusméap) + Pvent(méap) = Eméap/ma) X V(ma) + R (m6ap/a/mun) X V (1/mun)
3aonHo BcioMHUM, pazmepHocTh E — elastance (ynpyrocts) mokassiBaeT Ha CKOJIBKO MUJLTHOAP
BO3pAcCTaeT JaBJCHUE B pe3epByape Ha BBOAUMYIO enuHHIy 00bEMa (MOap/mur); R — resistance
CONPOTHUBJIEHUE MOTOKY BO3/lyXa MPOXOIAAIIEMY YEPE3 IbIXaTebHbIE TYTH (MOAP/J1/MHUH).
[ToHnmaHue ypaBHEHHs CHJ TO3BOJIIET HaM JeiaTh TPU Belld. Bo-mepBbix, M000H amnmapar
HNBJI PPV Moxer ynpaBisiTb OJHOMOMEHTHO TOJIBKO OJHHUM W3 HM3MEHSEMBIX MMapamMeTpPOB
BXOOAIHUX B 3TO YPAaBHCHHUC. OTH U3MEHSIEMbIE napamMeTpbl — OAaBJICHUC 00B6M U IIOTOK.
[ToaTomMy CyIIeCTBYIOT Tpu crocoba ympaBlIeHUs BIOXOM: pressure control, volume control,
unu flow control. Peanuzanus BapranTa B1oxa 3aBUCUT OT KOHCTpyKIuuU anmnapaTta UBJI u
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BbIOpaHHOTO pexkuma MBJI. Bo-BTOphIX, HA OCHOBE YpaBHEHUS CHJI CO3/IaHbl MHTEIUIEKTYalbHbIE
nporpaMMbl, Ojaromaps KOTOPBIM —ammaparT pacCYUTHIBACT TIOKa3aTed PECIHPATOPHOM
MexaHUKH (HarpuMmep.: compliance (pacTsKUMOCTh), resistance (ConpoTuBJeHUE) U time
constant (moctosiHAas Bpemern K T>> ). B-TpeTbrx, 63 MOHUMAHUs YPaBHEHHUS CHII HE TIOHSTh
TakMe pPEeXMMbl BEHTWIALMU Kak “proportional assist”, “automatic tube compensation”, u
“adaptive support”.

I'naBHbBIE pacueTHbIC MAPpaAMETPbI PECIMPATOPHONA MEXaHUKH

resistance, elastance, compliance

1. ConporuBiieHue abIXaTeJbHBIX MyTel (airway resistance)

CoxkpamerHoe 0003HadeHue — Raw.

Pasmepnocts — cMH20/JI/cex unu mOap/min/cexk

Hopma myis 3mopoBoro uenoseka — 0,6-2,4 cmH20/JI/cex. Y uHTYOMpOBaHHOTO TAIllMEHTa Ha
NBJI — 3-10 cMH20/JI/cex. @u3nyeckuii CMBICI JAaHHOTO TMOKAa3aTessi TOBOPHUT, KAaKUM JOJHKEH
OBITh TPAIWEHT NaBJICHWM (HArHETarollee JaBJieHWE) B JAHHOW cHCTeMe, YTOObl 00eCTIeUHTh
notok 1 sutp B cekyHay. CoBpeMeHHomy anmapary MBJI HeclioxkHO paccuuTarh pe3uMCcTaHC
(airway resistance), y HEro ecTh JaTYMKHU JIaBJICHUS U MOTOKA — pa3eiIviI IaBJI€HUE HA MMOTOK, U
roroB pesynbTaTr. [ pacuera pe3ucranc ammapatr MBJI gemutr pasHOCTh (TpagueHT)
MakcumaibHoro aasienus Baoxa (PIP) u naBnenus miaro Baoxa (Pplateau) Ha motok (V).

Raw = (PIP-Pplateau)/V

Uro u uyemy comnporusisercs? PecnupaTopHass MexaHMKa paccMaTpHUBAET COINPOTHUBIECHUE
JBIXaTeNBHBIX MyTeH BO3AYIIHOMY MOTOKY. ComnpoTuBiieHHe (airway resistance) 3aBHCUT OT
JUIMHBI, JIUaMeTpa H MPOXOJUMOCTH JbIXaTEeNbHBIX TyTeH, OSHIOTpaxeadbHOW TPYOKH W
JpIXaTebHOTO KOHTYpa anmnapaTta MBJI. ConpoTuBieHue nMoToKy Bo3pacTaeTr, B YaCTHOCTH, €CITU
MPOUCXOIUT HAKOIUICHHE U 3aJepKKa MOKPOTHl B JIBIXaTENbHBIX MYTSIX, HA CTEHKaX
SHIOTPaxealbHON TPYyOKH, CKOIUIEHHWE KOHJAEHCaTa B IUIAHraX JbIXaTEJbHOTO KOHTypa WU
nedopmarus (neperud) mo60i u3 Tpyook. CONMpOTHBIEHUE IBIXATEIbHBIX MyTEH pacTéT mpu
BCEX XPOHUYECKHMX M OCTPhIX OOCTPYKTHUBHBIX 3a00JIeBaHUSAX JETKUX, MPUBOAAIINX K
YMEHBIIEHUIO JUaMeTpa BO3LyXOHOCHBIX IyTed. B coorBercTBUU C 3akoHOM ['arena-llyasens
IpU YMEHBIICHUH JuameTpa TPYOKHM BIBO€ Il OOECHeueHHUs TOro >K€ MOTOKa TpaJueHT
JABJICHUH, CO3AAIOIINN ITOT MOTOK (HarHEeTAaoIIee JaBJICHUE), TOJDKEH ObITh yBelndeH B 16 pas.
BaxxHo umeTh B BHIY, UTO COMPOTHUBIICEHHUE BCEH CHCTEMBI ONpEIesieTCcsl 30HOM MaKCHMaIbHOTO
COTIPOTHUBIIEHUS (CAMBIM Y3KUM MECTOM). Y CTpaHEHHE ITOTO MPEMSATCTBUS (HAIIPUMEp, yIalIeHHe
MHOPOJIHOTO Tejla M3 AbIXaTeNbHBIX MyTed, YCTpaHEHHWE CTeHO3a Tpaxeu WIM HUHTyOalus mpu
OCTpOM OTEKE TOPTAaHU) IMO3BOJISIET HOPMAIM30BATh YCIOBHSI BEHTWISIMH JIETKUX. TepMuH
PE3UCTAHC IIUPOKO HCHOJIB3YETCS] POCCHUMCKUMH pPEaHUMATOJOraMu KaK CYIIECTBUTEILHOE
MY3KCKOro poja. CMbICI TEpMUHA COOTBETCTBYET MUPOBBIM CTaHIApTaM.

BaxxHo MOMHUTB, 4TO:

1. Annapar BJI MmoxeT u3MEpUTh Pe3MCTAHC TOJIBKO B YCIOBUIX NPUHYAUTEIBHOU
BEHTWISILINM Y PEIaKCUPOBAHHOTO MALMEHTA.

2. Korma ™Mbl roBopuM o pesucraHc (Raw miM CONpOTHBIEHMH IbIXATENIBHBIX IyTEH) MBI
aHAJIM3UpyeM OOCTPYKTHBHBIE TMPOOJEMbl MNPEUMYIIECTBEHHO CBSI3aHHBIE C COCTOSIHUEM
MPOXOUMOCTH ABIXaTeIbHBIX ITYTEH.

3. Uem Gosbliie MOTOK, TEM BHIIIE Pe3MCTAHC.

2. Yupyrocts (elastance) u nogatausBocts (compliance)

IIpexne Bcero, cuemyer 3HATh, 3TO CTPOrO IPOTUBOIOJOKHBIC IIOHATHS U elastance

=1/c0mpliance. CMBICT MOHATHSA «YNPYTOCTh» IMOJPAa3yMEBACT CIIOCOOHOCTH (PU3MUECKOTO
Tena mpu aedopMali COXpPaHATh MpHUIaraeMoe YCWIIME, a TIpPU BOCCTAHOBJICHUU (POPMBI —
BO3BpalIaTh 3T0 ycuiue. Hanbomnee HAariIsaIHO 3TO CBOMCTBO MPOSIBIISICTCS Y CTANBHBIX MPYKUH

WM pe3nHOBBIX u3aenuil. Cnenuanuctsel o MIBJI npu HacTpolike ¥ TECTUPOBAHUM aIlapaToB B
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KAaueCcTBE MOJEIH JIETKUX HCIOIb3YIOT PE3UHOBBIM MENIOK. YIPYroCTh JAbIXaTEIbHON CUCTEMBI
obo3Hauaercss cumBojiom E . PasMmepHOCTh ympyroctd mMOap/mJi, 5TO O3HAYaeT: HA CKOJIBKO
MUJITMOAp ClIeyeT MOIHAThH JaBICHHE B CHCTeMe, 4TOObI 00hEM yBenmuuics Ha 1 mur. JlaHHBIA
TEPMHH IIHPOKO HCIOJIb3yeTCsl B paboTax Mo (pU3MOJIOTUU AbIXaHUs, a crenuaiuctsl no MBJI
MOJIB3YIOTCSI TIOHATHEM OOpaTHBIM «YIPYTOCTH» - 3TO «PACTSHKUMOCTHY (compliance) (mHOTHA
TOBOPST  «IOJATIMBOCTB»). TepMMH kKoMiuiaiiHe (compliance) wucnonp3yeTcss  Kak
CYILIECTBUTEIIBHOE MY>KCKOTO pPOJIa POCCHUUCKUMHU PEaHMMATOJIOTaMH TaK K€ YacTo, KakK U
pe3uctaHnc (Bceraa korga monutop ammapara MBJI mokassiBaeT 3T mapametpsl). PazmepHocTh
KOMILIaiiHca — MJI/MOap TMOKa3bIBAaeT, Ha CKOJIBKO MUJUIMIUTPOB YBETUYHMBACTCS OO0BEM mpu
MOBBIIIICHUH JIaBJIeHUs Ha | Muymubap.

B peanbHOl KiIMHWYECKOW cuTyanuu y mamueHta Ha WBJI  usmepsior komiuiaiiHc
pECTIPATOPHON CHCTEMBI — TO €CTh JIETKMX W TPyAHOW KieTku BMmecte. Jjiss 0003HaYeHUS
KoOMILIaiiHe ucnons3yloT cuMBoibl: Crs (compliance respiratory system) — KoMIIaiiHC
neixarenbHoi cuctembl 1 Cst (compliance static) — KOMIUIAHC CTaTHYECKUH, 9TO CHHOHWUMBEI.
i Toro, 4TOOBI pacCUYMTATh CTATHUECKUN KOMILIAaWHC, armmapar UBJI nenut npixaTenbHBIM
00BEM HA aBJICHHE B MOMEHT MHCITUPATOPHOM May3bl (HET IOTOKA — HET Pe3UCTAHC).

Cst = V1/(Pplateau —PEEP)

Hopwma Cst (komniaiinca cratuueckoro) — 60-100ma/moéap

[IpuBogumass HW)KE CXeMa II0Ka3blBAa€T, KaK Ha OCHOBE JIByXKOMIIOHEHTHON MOJEIHN
paccuuThIBaeTCs compoTuBieHue nMoToky (Raw), cratmyeckuii komruiaiiae (Cst) U ynmpyroctsb
(elastance) npIxaTeIbHON CHCTEMBI.

JABIEHUE —
8 koHTYPE |Faw = Frest Rl

ANMNAPATA
nBs

_________ . ;
,MOTOKOBOE Bafep>kKa
. Bpewmsi i BAoxa:

! BOOXA _w—

|4—{BBOX—>-4—{EEIGOX P>
<«—[EBIEOX > et

BaxxHo umeTp B BHAY, UTO H3MEPEHMS BBINOJHAIOTCS Y PEIAKCHPOBAHHOIO MAalMEHTa B
ycnosusax MBJL, ympaBnsiemMoll o 00bEMY € MEPEKITIOYEHHEM Ha BBIIOX IO BPEMEHH. JTO
3HAYUT, YTO TOCJE TOro, Kak 0ObEM JOCTaBJIEH, Ha BHICOTE BJOXa KJIallaHbl BOXa M BbIAOXA
3aKpBITHL. B 3TOT MOMEHT u3MepsieTcs AaBieHue miato. BaxkHo moMHuUTh, uto: 1. Anmapat UBJI
MOKeT u3MepuTh Cst (KOMIUIAHHC CTaTUYECKUH) TOJIBKO B YCJIOBMSX HPUHYAMTEIbLHOU
BEHTWILIMM Y PEIaKCHPOBAHHOTO IMALMEHTa BO BPEMs MHCIHpATOpHOM may3bl. 2. Korga Mbl
TOBOPUM O cTaTrueckoM kommJiaiHce (Cst, Crs Wim pacTsHKUMOCTH PECTTUPATOPHON CHCTEMBI),
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Mbl aHAJM3UPYEM PECTPUKTHBHBIE MPOOJIEMBbl MPEUMYIIECTBEHHO CBSI3aHHBIE C COCTOSTHHEM
JIETOYHOM MapEeHXUMBI.
dunocodcekoe pe3roMe MOKHO BBIPA3UTh ABYCMBICIIEHHBIM YTBEPKICHUEM:
IHoTok co3naér naBJjienune
O6e TpaKTOBKM COOTBETCTBYIOT JEHCTBUTENBHOCTHU, TO €CTh: BO-NEPBBIX, MOTOK CO3AaéTCs
IpaJlMeHTOM JaBJ€HUN, a BO-BTOPBIX, KOIJla T[IOTOK HATAJIKWUBAETCS Ha MPENITCTBUE
(compoTuBJIeHHE JbIXaTENbHBIX IyTeil), AaBieHue yBenuuuBaercs. Kaxymascs peueBas
HEOPEKHOCTh, KOTJ]a BMECTO «TPATUCHT NABICHHI» Mbl TOBOPHM «IaBIICHUEY», POXKIACTCA U3
KJIIMHUYECKOW PEeaIbHOCTH: BCE NATUYMKU JABJICHUS PACIHOJIOKEHBI CO CTOPOHBI JBIXaTEIBHOIO
KoHTypa anmapara MBJIL. [lns Toro, 4rtoObl WM3MEpHUTh HaBlIEHHME B Tpaxee W pPacCUUTATh
rpagueHT, HeoOXOJUMO OCTAHOBUThH MOTOK M JOXKIAThCS BbIPABHUBAHUS NaBJIEHHUS ¢ 000MX
KOHIIOB DJHJAOTpaxeanbHOW TpyOku. IlosToMy B mpakThke OOBIYHO MBI IOJTB3yeMCS
MoKa3aTelisIMU  JaBJICHUS B JbIXaTeJbHOM KOHType amnmapara KMBJL. Ilo 3Ty cTopony
SHIOTpaxeabHON TpyOKH i obecriedeHus Broxa oobeMoM Y Ml 3a Bpemsi X CE€K Mbl MOXKEM
MOBBILIATH JIaBJIEHUE BOXa (M COOTBETCTBEHHO T'PAJMEHT) Ha CKOJILKO y HAC XBaTUT 3[PaBOro
CMBICJIa U KIIMHUYECKOTO OMBITA, IIOCKOJIBKY BO3MOXKHOCTH armapara MBJI orpoMHBbI.
[To Ty cTOpoHYy 3HIIOTpaxeanbHOM TPYOKH Y HAC HAXOAUTCS MAIUEHT, U Y HETo JJIsl 00ecreyeHus
BbIJI0Xa 00bEMOM Y MJI 32 BpeMsi X CeK €CTh TOJBKO CHJIa YIIPYTOCTH JIETKUX U TPYJHON KIETKU
U CHJIa €ro JbIXaTebHOM MYCKYJNaTyphl (€CU OH He pellakcupoBaH). Bo3MOXXHOCTH malyeHTta
CO37aBaTh MOTOK BBIOXA OrpaHWyeHbl. Kak Mbl yXxe Npeaynpexaain, «I0TOK — 3TO CKOPOCTb
U3MeHeHUs1 00beMay, o3ITOMY JJisi oOecrieueHrs d(HPEKTUBHOTO BBIIOXA HY)KHO TPEAOCTABUTH
MalAEHTY BpEMSI.

IMocTosinHast BpemeHu (T)
Tak B 0TeUeCTBEHHBIX PYKOBOJCTBAX MO (DU3MOJOTUY JbIXaHUs Ha3biBaeTcss Time constant. D10
MPOU3BE/ICHNE KOMILIANHC Ha Pe3UCTAHC.
7 =Cst x Raw
PazmepHOCTh TOCTOSIHHOM BpEMEHH, €CTECTBEHHO CEKYHIbl. JIeMCTBUTEIbHO, BEAb MBI
YMHOXKaeM MJ/m0ap Ha MoOap/mJi/cek. IlocTosiHHas BpeMEHM OTPaKaeT OJHOBPEMEHHO
3JIaCTUYECKUE CBOMCTBA JbIXaTEIbHOM CUCTEMBI H CONPOTUBIICHUE JbIXATENbHBIX IIYyTEH. Y
pasHbIX Jroaei T pasHas. [loHATH (pU3MYECKHd CMBICI JaHHOW KOHCTAHTHI JIeT4e, HadyaB C
BbIIoXa. [IpencraBum cebe, 3aBepII€H BIOX, — HAa4aT BeIIOX. 1oz neficTBUEeM AIIaCTHYECKUX CHIT
JBIXaTEIbHOM CHUCTEMBI BO3AyX BBITAJKUBACTCS W3 JIETKHX, MPEOJOJEBas CONPOTHUBIICHHE
JbIXaTEIbHBIX MyTeH.
CKOJIBKO BpeMEHH 3aiMET macCUBHBINA BBIZIOX? [TOCTOSHHYIO BpeMEHU YMHOXKHUTH Ha TATH (T X
5). Tak yctpoenwsl nerkue denoBeka. Ecnmm ammapar MBJI oGecneuwmBaeT BmOX, co3maBas
IIOCTOSIHHOE JaBJIE€HHWE B JbIXaTEIbHBIX IMYyTSIX, TO Y PEJIAKCUPOBAHHOTO IAIMEHTA
MaKCUMAJbHBIN /ISl TaHHOTO JABJICHUS JbIXaTeIbHBI 00BEM OyIET TOCTABIIEH 32 TO KE BpeMs

(TXx9).
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NoCTOAHHAA BPEMEHWM BAOXA U BEIAOXA
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Time Constants

JlaHHbIH rpaduK MOoKa3bIBAET 3aBUCUMOCTD MPOLIEHTHON BEJTMYMHBI IBIXaTEIBHOTO 00BhEMA OT
BpPEMEHH NPHU MOCTOSIHHOM JABJIEHUHU BI0XA WM ACCUBHOM BBIIOXE.

[Ipu BBIIOXE TTO UCTEUEHUH BPEMEHH T MAIMEHT YCIEBAET BBIIOXHYTH 63% IbIXaTeIbHOTO

00BEMa, 3a Bpems 2T — 87%, a 3a Bpems 3T — 95% apixarenpHoro oobéMa. Ilpu Boxe ¢
IOCTOSIHHBIM JIABJIEHUEM aHAJOTMYHAs KapTHHA.

IIpakTHueckoe 3HaueHNE MOCTOSTHHON BpeMeHU. Eciii BpeMst, IpeoCcTaBiIsieMoe MALUEHTY JUIs
BBIIOXa <57, TO MOCTIE KaXKIOTO BAOXA YaCTh JILIXaTEIBHOTO 00BEMa OyIeT 3aep:KUBaThCS B
JIETKUX ManueHTa. MakcuMaabHbBIN AbIXaTeIbHBIA 00BEM MPHU BJOXE C MMOCTOSHHBIM JIaBJICHHEM
MOCTYIUT 3a BpeMs 5T. [Ipu MmaTemaTrueckoM aHaim3e rpaduka KpuBoid 00bEMa BBIIOXA PACUET

MOCTOSTHHOM BpEMEHU MO3BOJISIET CYAUTHh O KOMILIAMHC U Pe3UCTaHC.

A rPA®UK M3MEHEHUA OB EMA
vl 100%

T
|
|

s = h.
NOoCTOAHHAA BPEMEHU
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JlanHbIii rpad vk MoKa3bIBaeT, Kak CoBpeMeHHbIH ammapat IBJI paccuuThiBaeT MOCTOSTHHYIO
BpEMEHHU. bbIBAaeT, YTO CTATUUECKUI KOMILIAMHC pacCYUTaTh HEBO3MOKHO,

T. K. JJI 9TOTO JOJKHA OTCYTCTBOBATh CIIOHTAHHAS JIbIXaTeJIbHAs aKTUBHOCTh M HEOOXOIUMO
M3MEPUTH JIaBJieHue T1aTo. Ecim pa3nenuts apxaTenbHblii 00bEM Ha MAaKCUMAJIbHOE JaBIICHHE,
MOJIYyYHM €I OJIMH PACUETHBIN MOKa3aTEeb, OTPAKAIOIIMNA KOMILIAMHC U pe3ucTanc. PasHbie
aBTOPBI UCIIOJIb3YIOT Pa3Hble UMEHA, HO Mbl JOJDKHBI 3HaTh, YTO ATO CUHOHHUMBI:

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

Cp = V1/(PIP — PEEP)

Bounblie Bcero cOMBaeT ¢ TOJIKY Ha3BaHUE «IMHAMHYECKUI KOMILJIAMHCY, TIOCKOJIBKY U3MEpeHHe
IIPOUCXOIUT NPU HEOCTAHOBJIICHHOM IIOTOKE U, CJIEJOBATEIBHO, JaHHBIN [TOKA3aTelb BKIOYACT U
KOMILIalHC, U pe3ucTanc. Ham Gosnbliie HpaBUTCS Ha3BaHUE «IMHAMHYECKAs! XapaKTEPUCTUKAY.
Korga aToT nokasarenb CHUXKAETCS, 3TO 3HAYUT, YTO JIMOO MOHU3HUICS KOMILIAHC, JTNO0 BO3pOC
pe3ucranc, 1100 u To u Apyroe. (Vnu Hapymaercss mpoXoAUMOCTh ABIXAaTENbHBIX MyTEeH, WM
CHWXKAeTCs IOJATIMBOCTh JIeTKMX.) OJHAKO €eClIM OJHOBPEMEHHO C JAMHAMHYECKOW
XapAKTEePUCTUKOM Mbl OLICHMBAEM II0 KPUBOM BBIJOXA INMOCTOSIHHYI0 BPEMEHH, Mbl 3HAEM
otBeT. Eciin mocTrostHHas BpeMeHHU pacTéT, 3TO 0OCTPYKTUBHBIN MPOLIECC, a €CIIM YMEHBILAETCH,
3HAYUT JIETKUE CTAJIU MEHEE M10IaTIHBBI.

3akirouenue

Takum o00pazoMm, 3HaHHE pPECHUPATOPHON MEXaHUKM IO3BOJSET HE MPOCTO CTaHIAPTHO
YCTaHABJIMBATh HEKHE "cpeqHue" mapaMeTpbl BEHTWISILIMM, HO MIOHUMAaTh BbI3bIBAEMbIE CMEHOMN
napaMeTpoB U3MEHEHH B (PU3HOJIOTUH IBIXATEIbHON CUCTEMBI MTAlIMEHTa U YMETh MaKCUMAJIbHO
3¢ PEeKTUBHO TPUMEHATH CBOU 3HAHUSI.
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