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BeBepeHue

MpoBeaeHMe annapaTHOM MCKYCCTBEHHOW BEHTUNAUMM NETKUX B HacToAllee
BpeMs CTaJio PYTMHHOW nNpoLeaypod B NeYEeHUM MNAUMEHTOB OTAENEHUI
peaHMMaLnn U MHTEHCUBHOM Tepanuu, NepectaB BHyLATb TPeneT nNpu NPUHATUN
pelweHna o HeobxoaAMMOCTM OKasaHWMA NaUUEHTY PecnUpaToOpHOM NOAAEPIKKW.
BO3MOKHOCTM 3TOro MeToAa MHTEHCMBHOW TepanuMu HEU3MEepPUMO BO3POCAU C
nosiBNEHMEM HOBbIX NOKO/IEHUN pecnunpaTopos, NOMlyYMBLIMX  3a
npeaocTaBaAsieMble UMW BO3MOXHOCTM Ha3BaHMeE "MHTeNNeKTyabHbIX".

Tem He MeHee, NPUXOAUTCA MNPU3HATb, YTO A0 CUX MNOP [Jake Cambli
"MHTennekTyanbHbln" annapat MBJ/1 He B COCTOAHWM Yy4yecTb BCEX HIOAHCOB
naTonorMm u ocobeHHOCTEM KaxKAoro naumeHTa, OoueHUTb 3OPeKTUBHOCTb
pecnupaTtopHon Tepanum W ONpeaennTb  HeobxoaMMOCTb  M3MEHEeHWUs
napametpos UBJI.

CBeZeHMA O MEeXaHMYECKUX CBOMCTBAX JIErKMX, MOSy4aemMbliX OT MOHMUTOPOB
MEXaHMKM [AbIXaHWA, KOTOPbIMM OCHalWEHbl COBPEMEHHbIEe pPecnupaTopbl,
npeaocTaBasoWme CToNb Heobxogmumyto MHbopmaunio 06 3PEKTUBHOCTM U
ageKkBaTHOCTM nposoaumoin WBJ1, cTaHOBATCA ANs Bpaya NyTEBOAHOW HUTbIO,
YKa3blBasn, ra4e Mbl HAXOAMMCA, U Ky[a HY*KHO ABUraTbCA.

PecnupatopHaa mexaHuKa — He06XoAMMbIN MUHUMYM

KaKkune napameTpbl BAOXA U BblA0OXa namepaeT annapat MB/?
1. spems (time),
2. 06bém (volume),
3. notok (flow),
4. pasneHue (pressure).

Bpems (time)

Bpems — 310 mepa ANIMTENbHOCTU U NOC/IeA0BaTE/IbHOCTU ABIEHWUIA
Ha rpadukax gaBneHus, NnotToka U 06bEMa Bpema 6eXXMT No ropn3oHTaIbHOM OCK
«X». U3mepsaetca B CeKyHAAX, MWHyTax, 4Yacax. C nos3nvuuin pecnupaTopHO
MEXaHUKM HaC WHTepecyeT ANUTENbHOCTb BAOXa W BblAOXa, MNOCKO/bKY
npousBeAeHMe NOTOKOBOro BpemeHu Baoxa (Inspiratory flow time) Ha noTok
paBHO 06bEMY BAOXA, @ NPOM3BEAEHME NOTOKOBOrO BpemeHu Bblgoxa (Expiratory
flow time) Ha NOTOK paBHO 06BEMY BblAOXa.

BpemeHHble MHTepBa/ibl AbIXaTeNbHOr0O UMK (MX YeTbipe)
Yto TaKoe «BAOX — inspiration» n «BbigoX — expiration»?
Boox aTo BXx0oA BO3A4yxa B ierkue. nnTca A0 Havana BblAoxa. Bblgox — 3To BbIXos,
BO34yXa U3 nerkmx. AanTca Ao Havana Baoxa. MIHbIMM cnoBamu, BAOX CYMTAETCA C
MOMEHTA Hayana NocTynaeHMa Bo3ayxa B AbiXaTe/ibHble NyTU U AANTCA A0 Havana



BblA0XA, @ BblAOX — C MOMEHTA Ha4yana U3rHaHmA BO34yXa U3 AbIXaTe/IbHbIX NyTeN
W ANANTCA 40 Hayana BAoxa.

JKCnepTbl 4eNAT BAOX Ha ABe YacTu.

Inspiratory time = Inspiratory flow time + Inspiratory pause

Inspiratory flow time — BpemeHHOM MHTepBan, KOraa B IerkMe NOCTynaeT BO3AyX.
Y10 TaKoe «MHCcnupaTopHana naysa» (inspiratory pause uau inspiratory hold)? 370
BPEMEHHOM MHTEpPBa/, KOr4a KnanaH BAOXa YXe 3aKpbIT, @ KnanaH BblAoXa eLle
He OTKPbIT. XOTA B 3TO BpPemA MOCTYMN/IEHMA BO3AyXa B NIETKME HE MPOUCXOAMT,
MHCNMPATOPHAA Nay3a ABAAETCA 4YacTblo BpeMeHW BAOXa. TakK [0roBOPUIUCH.
MHcnnpaTopHaa nay3a BO3HMKAET, KOorga 3afaHHbld 06bEM yXKe [0CTaBnEeH, a
BpemMsa BAOXA €WeEé He WUCTeKNo. [nA CNOHTAHHOro ApIXaHWA — 3TO 3a4eprKKa
AbIXaHUA Ha BbiCOTe BAOXA. 3a4eprKKa AblXxaHUA Ha BbICOTE BAOXA LWWMPOKO
NPaKTUKyeTCcA MHAUUCKMMW MOTaMKU U APYTMMU CNeLManncTtamm no AbixaTeibHOM
rMMHacTUKe. B HekoTopbIx pexnmax UBJ1 nHcnupaTopHaa naysa oTcyTtcreyeT. [Ana
annapata UB/1 PPV Bbiaox expiratory time — 37O BpemeHHOW WHTEpBan OT
MOMEHTA OTKPbITUA KNanaHa BblAOXa A0 Ha4vasa cnefyrowero BAoxXa. JKCnepTbl
OenAT BblAOX HAa ABe YacTu.

Expiratory time = Expiratory flow time + Expiratory pause

Expiratory flow time — BpemeHHOM MHTEpPBan, KOraa Bo3Ayx BbIXOAWUT U3 NETKUX.
Y1o TaKkoe «aKkcnupaTopHasa naysa» (expiratory pause nnu expiratory hold)? 3to
BPEMEHHOM MHTEPBA/I, KOrga NOTOK BO3A4yXa U3 JIETKMX YXKe He NMOCTynaeT, a BAOX
ewe He HayvancAa. Ecam mbl Mmeem pgeno ¢ «ymHbim» annapatom WUBJ1, mbl
0643aHbl COOOLWMNTL EMY CKOJIbKO BPEMEHM, MO HALLEMY MHEHWIO, MOXKET A/INTbCA
3KCnNupaTopHaa naysa. Ecan Bpemsa 3KCMMPATOPHOWM MNay3bl UCTEK/IO, @ BAOX He
Hayanca, «yMHbI» annapat MBJ/1 o6basnseT Tpesory (alarm) 1 HaunMHaeT cnacatb
NnaumMeHTa, MOCKOJIbKY CYMTAET, 4TOo npou3owno anHo3s (apnoe). Brntouaetcs
onuua Apnoe ventilation. B HekoTopbix pexkumax MBJ1 akcnupaTopHaa naysa
OTCYTCTBYET.

Total cycle time — Bpemsa abixaTeNbHOro UWKAA CKNAAbIBAETCA M3 BPEMEHU BAOXA
n BpemMeHu Bblaoxa.

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

nnun

Total cycle time = Inspiratory flow time + Inspiratory pause + Expiratory flow
time + Expiratory pause
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MHcnnpaTopHas n/unm askcnupaTtopHan naysbl MOryT OTCYTCTBOBaTb.



O6bem (volume)
Yto Takoe o06bem? HeKoTopble HalM KypcaHTbl oTBeYawT: «O6bEM — 3TO
KONMYECTBO BellecTBa». [1a HEC)KMMAEMbIX (TBEPAbIX U KUAKUX) BELLECTB 3TO
BEpPHO, a A4NA ra3oB He Bcerga. Korga AplxaHuMe npoucxoauT Nod AaBAeHUEem
Bble aTtmocdepHoro (bapokamepa, rno0bOOKOBOAHbIE aKBaNaHMMUCTbl WU T.4.),
CXKaTvem ra3oB npeHebperaTtb HeNb3A, MOCKONAbKY MeEHSTCA MX U3NYecKue
CBOWMCTBA, B YaCTHOCTU PacTBOPMMOCTb B Boge. B pesynbtate — KucaopogHoe
onbAHEHME W KeCOoHHas 60ne3Hb. B BbICOKOrOPHbIX YCAOBMAX MNPU HU3KOM
aTMocpepHOM [AaBNEeHMU 340POBbIA  CNOPTCMEH-aNbMUHUCT C HOPMaJbHbIM
YPOBHEM remornobrMHa B KpPOBW WCMbITbIBAET FMMNOKCUIO, HECMOTPA Ha TO, YTO
AbIWKNT ry6xKe 1 Yawe (abIXaTeNbHbIM U MUHYTHbI 06 BEMbBI YBE/IUYEHDI).
Mpumep: Bam npuHecan 6annoH ¢ KMCNoOpogom, eMKocTbio (06bémom) 3n, — a
CKO/IbKO B HEM Kucnopoaa? Hy KOHEYHO, HYXHO U3MEepUTb AaB/ieHUe, U Toraa,
OLLEHMB CTEMEeHb CXKaTUA rasa U OXKMAAEMbIN PAacXod, MOXKHO CKa3aTb, HaA01ro n
ero xBaTut. MexaHMKa — HayKa TOYHas, NO3TOMY MNpeXae BCero,
O61BbEM — 3TO Mepa NPOCTpaHCTBa.
N, Tem He meHee, B YCNOBMAX CMNOHTAHHOrO AbixaHuAa n VMBJ1 npn HopmasibHOM
aTMocpepHOM [OaBAEHUM Mbl UCNONAb3yeM eaAUHULbl 0bbema ANA OUEHKU
KonndyectBa rasa. CKaTuem MOXHO npeHebpeyb. B pecnupaTopHOi MexaHuKe
06BEMbI U3MEPSAIOT B IUTPAX AN MUNANAUTPAX.
[ns onvcaHmMa 06BEMOB MCNONb3YIOTCA TPU CNOBA:
1. NMpocTpaHcTBO (space).
2. Emkoctb (capacity).
3. O6bém (volume).

O6BbEMbI M NPOCTPAHCTBA B peCNMPaTOPHOIA MeXaHUKe
ObixatenbHblii 06vém (VT) no-aHrnuiicku Tidal volume — 310 BeanynHa oaHoro
06bIYHOTO BAOXA MM BblA0Xa.

MuHyTHbIN 06BbEM (MV) — no-aHrauniicku Minute volume - 3710 cymma
AblXxaTeNbHbIX 06bEMOB 33 MUHYTY. Ecnm Bce gbixaTenbHble 06bemMbl B TeYeHUue
MWHYTbl PaBHbl, MOXHO MNPOCTO YMHOXWUTb AblXaTeNbHbl O0O6BbEM Ha 4YacToTy
AbIXaHWUN.

MepTtBoe npocTtpaHcTeo (DS) no-aHrauniickm Dead space — 370 cyMMapHbiii 06bEM
BO34YXOHOCHbIX NyTel (30Ha AbIXaTe/NbHOM CUCTEMDI, F4e HEeT ra3o0o0bmeHa).
O6bembl, uccnegyemble Npu CNUPOMETPUN

ObixatenbHblii 06véMm (VT) no-aHramickn Tidal volume — 310 BennMuMHa oaHoro
06bIYHOro BAOXA MW BblAOXa.

Pe3epBHblit 06bEM Baoxa — POBA (IRV) no-aHraniicku Inspired reserve volume —
3T0 06bEM MaKCMMaNbHOIO BAOXA NO 3aBepLUEHNN 0ObIYHOTO BAOXA.

Emkoctb Bpoxa — EB (IC) no-aHrauiickm Inspiratory capacity — 3T0 06bém
MaKCMMa/IbHOro BA0Xa nocne obbl4HOro BblAoXa.

IC=TLC-FRCnan IC=VT + IRV



O6wan émKoctb nérkux — OEJ1 (TLC) no-aHrnmitickn Total lung capacity — ato
06bEM BO3ayXa B NETKUX MO 3aBEPLLUEHMN MAKCMMAIbHOTO BAOXA.

OctatouHbih 06BEéMm — OO (RV) no-aHrnminckmn Residual volume — 310 06BbEM
BO3/yXa B JIEFKMX MO 3aBEPLUEHNM MAKCMMA/IbHOTO BblA0Xa.

YusHeHHaa émkoctb nérkux — XEJ (VC) no-aHrnuinckmn Volume capacity — ato
06bEM BAOXa NOCNE MAaKCMMaNbHOIO BblAOXa.

VC=TLC-RV

dyHKUMOHANbHAA ocTaTouyHaa émKoctb — POE (FRC) no-aHrauiicku Functional
residual capacity — 310 06bém BO3Ayxa B NIErKMX MO 3aBeplUeHMU O0ObIYHOrO
BblA0OXa.

FRC=TLC-IC

PesepBHbIN 06bEM Bbigoxa — POBbig (ERV) no-aHrnuiicku Expired reserve
volume — 370 06BEM MaKCMManbHOrO BblAOXa MO 3aBepLUeHUM 06bIYHOTO BblAOXa.
ERV = FRC-RV
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Motok (flow)
Yro Takoe noTok? «O6bEMHan CKOPOCTb» — TOYHOE onpeaeneHue, yaobHoe ana
oLeHKM paboTbl HacocoB U TpybonpoBoAoOB, HO ANA PECNUPATOPHON MEXAaHUKMK
6onblle noaxoauT:
MOTOK — 3TO CKOPOCTb U3MEHeHUA 06béMma
B pecnupatopHoi mexaHuKe NoToK (V) nsmepsatoT B AMTPax B MUHYTY. MNpumepbl:
1. NoTok(V) = 60n/muH, AnutenbHocTb BAoxa(Ti) = 1cek(1/60muH), AbixaTenbHbI
06bém (VT) =7
PeweHue: VX Ti =VT




OTseT: 1n

2. NoTok(V) = 60n/MmuH, ObixaTenbHblt 06bEM(VT) = 1n, AnuTtenbHoctb Baoxa(Ti) =
?

Pewenune: VT/V '=Ti

OtBeT: 1cek(1/60MuH)

O6bEém — 3TO Npom3BeAeHNe NOTOKA HA BPeEMSA BAOXa UKW Naowanb noj KpuBoW
NoTOoKa.

VT =VxTi
BAOX BblAOX

OABIEHUE

t
OBBLEM

t
MNOTOK

t

o710 npeagcraaeHmne o0 B3aMMOOTHOLWEHNN MOTOKaA U obbema MCNosib3yeTca npu
OMMNCaHUUN pEXNMOB BEHTUNALNN.

DaBneHue (pressure)
YTo TaKoe gasneHune?
DaBneHue (pressure) — 3To cMna, NPUNOKEHHAA K eAUHULE NaoWwaamn
[aBneHune B AbixaTeNbHbIX NYyTAX U3MePAOT B CaHTUMETpPaAx BOAHOro ctonba n B
munanbapax. 1 mmnnmbap = 1,019744289 cm BoaHoro ctonba.
3HauyeHuA faB/IeHMI B Pa3HbIX 30HaX AbIXaTe/IbHO CUCTEMbI U rPagUeHTbI
(gradient) pasneHuns
Mo onpeaeneHuto gaBneHne — 3TO CMUJ1a, KOTOPAA yKe Hawna cebe NpUMeHeHue, -
oHa (3Ta cuna) AaBUT Ha NAOWAAb M HUYEro HUKyAa He nepemMelLaeT. [paMoTHbIN
[OKTOP 3HAET, YTO B340X, BETEP, U AaXKe yparaH, Co34aeTca Pa3HOCTbIO AABNEHUM
nnu rpagueHTom (gradient).



Hanpumep: B 6annoHe ras noa gasneHnem 100 atmocdep. Hy 1 uto, ctout cebe
6annoH U HUKOro He TporaeT. [a3 B 6annoHe cnokonHo cebe AaBUT Ha NaowWwaab
BHYTPEHHEN NOBEPXHOCTM BANNIOHA M HU HA YTO He OTBAEKaeTCA. A eC/IN OTKPbITL?
Bo3HuMKHeT rpagmeHT (gradient), KoTopbI 1 co3aaeT BeTep.

~~———Paw=Pawo
\—Ptr=Pawo-Pbs

«—Pbs
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[asneHuna:

Paw — gaBneHue B AblXaTe/IbHbIX NyTAX

Pbs — naBneHne Ha NoBepPXHOCTK Tena

Ppl — nnespanbHOe gasneHne

Palv — anbBeonspHoe AaBneHue

Pes — nuweBogHoOe AaBneHue

pagneHTbl:

Ptr — TpaHcpecnupaToHHOe aaBneHue Ptr = Paw — Pbs

Ptt — TpaHcTOpakanbHoe gasneHue Ptt = Palv — Pbs

Pl — TpaHcnynbmoHanbHoe aasnerune Pl = Palv — Ppl

Pw— TpaHcmypanbHoe gasneHune Pw = Ppl — Pbs

Jlerko 3anomMHMUTb: €CAN UCNONb30BaHA MNPUCTABKA «TPAHC» - peyb MAaeT o
rpaguneHTe.

[NaBHOM ABWMXKYLLEN CUNOM, NO3BONAIOLWEN CAenaTb BAOX, ABAAETCA PA3HOCTb
AABNEeHMN Ha BXoge B AbixaTenbHble nNyTn (Pawo- pressure airway opening) u
AaBNeHMe B TOM MecCTe, rae ApblxaTe/lbHble NyTWU 3aKaH4YMBalOTCA — TO €CTb B
anbBeonax (Palv). Mpobnema B TOM, YTO B a/NbBeONAX TEXHUYECKU C/IOXKHO
nomeputb AasneHue. [loaTomy ANnA  OLEHKM AbIXaTeNbHOrO YCUAWA  Ha
CNOHTAHHOM AbIXaHUM OLEHMBAIOT FPAANEHT MeXAy NULLEBOAHbIM AaBJeHUeM
(Pes), npu cobnogeHnn ycnoBmMn MU3SMepeHns OHO paBHO nneBpanbHomy (Ppl), u
AaBNEeHMEM Ha BXoJe B AblxaTesibHble nyTh (Pawo).

Mpu ynpasneHun annapatom WMBJ/1 Hambonee AOCTYNHbIM U MHPOPMATUBHbLIM
ABNAETCA rPAANEHT MEXAY AaBNEHMEM B AblXxaTeNbHbIX NyTax (Paw) u gaBneHnem



Ha nosepxHocT Tena (Pbs- pressure body surface). 3tor rpagueHTt (Ptr)
HA3bIBAETCA «TPAHCPECNMPATOPHOE AABAEHNEN, U BOT KaK OH CO34aeTcA:

1. Mpn NPV Pawo cooTBeTcTBYET aTMOChEpPHOMY, TO eCTb HOJb, @ Pbs cTaHOBUTCA
oTpuuaTenbHbiM B pe3ynbTate paboTbl annapata. Annapat MBJ/1 NPV Ttuna
«Kirassa».

2. Mpwn PPV [OdaBneHne Ha nosepxHoctu Tena (Pbs) paBHO Hyn, To ecTb
cooTBeTcTBYyeT atmocdepHomy, a Pawo Bbiwe atmochepHOro, TO €eCTb
NONOXKUTENBbHOE.

OTPUUATENBLHOE +
FABHEHHE

LU

ATMOC®EPHOE 2ol / 2 MNONOXUTENLHOE

AABINEHUE

ATMOC®EPHOE
AABNEHWE

d }—\/_\
Kak Bugmte, HM oguH un3 metopnos MWBJ1 He cooTeBeTCcTBYeT MNOJHOCTbIO
CMOHTAHHOMY [AbIXaHMIO, HO €C/IN OLUEHUBATb BO34ENCTBUE HA BEHO3HbIN BO3BpaT
n  nmmeooTtok annapatel MB/1 NPV  Ttuna «Kirassa» Kaxytca 6onee
¢éusmnonormyHbimm.  Annapatel  MB/1 NPV Ttuna «lron lung», co3aaBas
oTpuUaTeNbHOE AaBJIEHME Hafg, BCEW MOBEPXHOCTbIO Tena, CHUXKAOT BEHO3HbIN
BO3BpaT U, COOTBETCTBEHHO, CEPAEYHbIN BbIOpOC.
be3 HbtoTOHa 34€ecb He 06OUTUCD.
[aBneHune (pressure) — 3TO cMNa, C KOTOPOMN TKAHU NETKUX U TPYAHOU KNETKU
NPOTMBOAENCTBYIOT BBOAUMOMY 0O6BEMY, MU, UHBIMU CNOBAMM, CMAA, C KOTOPOM
annapat MBJ1 npeoaoneBaeT CONPOTUB/IEHME AbIXaTe/IbHbIX NMYTEN, 3/1aCTUHECKYIO
TAry
NETKUX U MbILLIEYHO-CBA3OYHbIX CTPYKTYP FPYAHOM KNEeTKU (Mo TpeTbemy 3aKOHY
HblOTOHQ 3TO OAHO M TO K€ TMOCKONbKY «CuNa AEencTBUA pPaBHA cuae
NPOTUBOAENCTBUAY).
Equation of Motion ypaBHeHue cun, uau Tpetuin 3akoH HbloTOHa AnA cuctembl
«annapat UBJ1 — naymeHT»
B Tom cnyyae, ecnm annapaT MBJ1 ocylecTBASET BAOX CUHXPOHHO C AbIXaTe/IbHOM
MOMbITKOW NauueHTa, [JaBneHue, co3aaBaemoe annapatom WBJ/T (Pvent),
CYMMUPYETCH C MblLIEYHbIM ycuanem naumeHTa (Pmus) (nesaa yactb ypaBHeEHUA)
ONA  NPeofoneHua ynpyroctu Nerkmx u rpygHoit Knetkn (elastance) w
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conpoTtusneHusa (resistance) NnoToky Bo3ayxa B AblXxaTeNbHbIX NyTAX (MpaBasa 4acTb
ypaBHeHMs).

Pmus + Pvent = Pelastic + Presistive

(naBneHue nsamepsatot B Munnmbapax)

Pelastic=ExV

(npounsBeaeHne ynpyroctu Ha 06bEM)

Presistive=Rx V"

(npounsBeaeHne conpoTUBAEHUA HA MNOTOK)

COOTBETCTBEHHO

Pmus + Pvent=EXxV+Rx V"’

Pmus(mb6ap) + Pvent(mbap) = E(m6ap/mn) x V(mn) + R (m6ap/n/munH) x
V(n/muH)

3a04HO BCNOMHMM, pa3mepHocTb E — elastance (ynpyrocTb) nokasbiBaeT Ha
CKOJIbKO MuUnnmbap Bo3pacTaeT AaBneHMe B pe3epByape Ha BBOAMMYIO egUHULLY
obbéma (mbap/mn); R - resistance conpoTMBaeHWE TNOTOKY BO3AyXa
npoxoaallemy yepes abixaTenbHble Nyt (mM6ap/n/mun).

MoHMMaHMe ypaBHEHMA CUA NO3BONAET HAaM JenaTb Tpu Belwu. Bo-nepsbix,
nobon annapat MBJT PPV moeT ynpaBnATb OAHOMOMEHTHO TO/bKO OAHUM U3
M3MEHAEMbIX MNapaMeTPoB BXOAAWMX B 3TO YypaBHEHME. ITU U3IMEHSEMbIE
napameTpbl — gasneHne ob6béEM M NOTOK. [Mo3aTomy cywecTBytoT Tpu cnocoba
ynpaBneHna BAoxom: pressure control, volume control, nan flow control.
Peannsauma BapuaHTa BAOXa 3aBUCUT OT KOHCTPyKuum annapata WUBJ/T un
BblbpaHHOro pexkuma WBJ1. Bo-BTOpbIX, Ha OCHOBE YpPaBHEHMA CUA CO3A4aHbI
WMHTEeNNIeKTyalbHble MNporpammbl, 6narogapa KOTOPbIM annapaT paccyMTbiBaeT
nokasaTtenu pecnnpaTtopHom MeXaHUKM (Hanpumep.: compliance
(pacTaxkumocTb), resistance (conpotusneHne) mu time constant (noctosiHHas
BpemeHn Kt ). B-TpeTbux, 6€3 NoOHMMaHUA ypaBHEHUA CUA He MOHATb TaKue
peXnmbl  BeHTMAAUMM  Kak  “proportional assist”, “automatic tube
compensation”, n “adaptive support”.

FNaBHble pacyeTHble NapameTpbl PeCNMPaTOPHON MeXaHUKU

resistance, elastance, compliance

1. ConpoTtuBneHue apixaTenbHbiX nyTen (airway resistance)

CokpalieHHoe ob6o3HayeHue — Raw.

PasmepHocTb — cMH20//1/cek unn mbap/mn/cek

Hopma ana 3poposoro yenoseka — 0,6-2,4 cmH20//1/cek. Y UHTYBUPOBAHHOTIO
naumneHTa Ha UB/1 — 3-10 cMH20//1/cek. dU3nMyeckunii cmbiCh AaHHOTO NoKa3aTens
rOBOPUT, KaKUM A0KeH ObiTb rpaaveHT AaBneHui (HarHeTarowee AaBneHue) B
AAHHOM cucTeme, 4TO6blI 06ecneunTb NOTOK 1 AnTp B cekyHAy. CoBpemeHHOMY
annapaTy MBJ/1 HecnoXHo paccunTaTh pesuctaHc (airway resistance), y Hero ectb
AATYUKM OaBNEHUA U NOTOKA — pa3aennn gaB/ieHne Ha NoTOK, M FOTOB pe3y/bTar.
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Ona pacyeta pesuctaHc annapat WB/1  pennt pasHocTb  (rpaauneHT)
MaKCcMMasibHoro gasnenua saoxa (PIP) v pasneHus nnato Baoxa (Pplateau) Ha
notok (V).
Raw = (PIP-Pplateau)/V"
Yto u uyemy conpotmsnseTtca? PecnupaTopHaAa MeXaHMKa paccmaTpuBaeT
CONPOTUBAEHME AbIXaTeNbHbIX MNyTeM BO3AYyWHOMY MOTOKy. ConpoTuBaeHue
(airway resistance) 3aBucuT OT ANHbI, ANAMETPaA U NPOXOANUMOCTU AblXaTeNbHbIX
nyTen, sHAOTpaxeanbHOM TPYOKM M AbixaTeNbHOro KOHTypa annapata WBJI.
ConpoTuBneHMe NOTOKY BO3PAcTaeT, B YaCTHOCTM, €CNM NPOUCXOAUT HAaKONAeHUe
N 33a4€eprKKa MOKPOTbl B AbIXaTe/NbHbIX MNYTAX, HAa CTEHKAX 3HAO0TPaxeasibHOM
TPYyOKM, CKOM/NEeHMEe KOHAEeHCAaTa B LWAAHIMAX AbIXaTeNbHOrO KOHTypa WK
nedopmauma (nepernbd) ntoboit ns Tpybok. ConpoTUBAEHUE AbIXaTe/bHbIX NyTEN
PacTET NPU BCEX XPOHUYECKUX N OCTPbIX OBCTPYKTMBHBLIX 3a00/1€BAHUAX NETKUX,
NPUBOAALLNX K YMEHbLUEHUIO ANaMeTpa BO34YXOHOCHbIX NyTel. B coOOTBETCTBUM C
3aKOHOM [areHa-llyasena npuM ymeHblWeHUU p[uameTpa Tpybkn BABOe ANA
obecneyeHmnsa TOro ke MOTOKA rPagMeHT AOaB/IEHUM, CO3[QKOWMM STOT MOTOK
(HarHeTatowee AaBneHMe), 4OMKEH ObITb yBeNMYeH B 16 pas.
Ba)HO MmeTb B BMAY, YTO CONPOTMB/IEHNE BCEN CUCTEMbI ONpeaenaeTca 30HOM
MAKCMMa/IbHOTO COMPOTUBAEHUA (CamMbiM Y3KMM MeCTOM). YCTpaHeHne 3Toro
npenaTcTBuA (Hanpumep, yaaneHne MHOPOAHOrO Tena M3 AblXaTeNbHbIX MyTeln,
yCTpaHeHMe CTeHo3a Tpaxen uanm MHTY6auma npu OCTPOM OTEKe TrOopTaHM)
No3BONAET HOPMA/NIN30BaTb YCNOBUA BEHTUAAUMU NErkux. TepMUH pes3ucTaHc
LUMPOKO MCMNOJIb3YEeTCA POCCUNCKMMU PEaHMMATONOraMM KaK CyLLecTBUTE/IbHOE
MY*KCKOro poga. CMbICn TEPMMUHA COOTBETCTBYET MUPOBbLIM CTaHAaPTaM.
Ba*KHO NOMHWUTb, YTO:
1. Annapatr WBJ/1 moXeT u3MepuUTb pPe3UCTaHC TONbKO B  YCNOBMAX
NPUHYANUTENBHOW BEHTUNALMN Y PENAKCUPOBAHHOIO NaLMeEHTa.
2. Korga mbl roBopum o pe3uctaHc (Raw mnam conpoTMBAEHUMWU AObIXaTeNbHbIX
nyTen) Mbl aHanuMsnpyem OOCTPYKTUBHble npobaembl NpenmyL,ecTBeHHO
CBAI3aHHbIE C COCTOSAHMEM NMPOXOANUMOCTM AbIXaTENbHbIX NYyTEN.
3. Yem 60onbLUE NOTOK, TEM BblLUE PE3UCTAHC.
2. Ynpyroctb (elastance) n nogatausoctb (compliance)
Mpexae Bcero, cneayeTr 3HATb, 3TO CTPOro MNPOTUBOMONOXHbLIE MOHATUA W
elastance =1/compliance. CmbiCn MNOHATMA «YyNpPYyroctb» noApasymesaeT
cnocobHocTb ¢u3nyeckoro Tena npu pedopmaumm COXpaHATb Npuaaraemoe
ycunuve, a nNpu BOCCTaHOBAeHUM POopmMbl — BO3BpaLWATbh 3TO ycunme. Hambonee
HarNAgHO 3TO CBOMCTBO MPOABAAETCA Y CTaJibHbIX MPYXUH WU PE3UHOBBIX
nsgennn. Cneuymannctol no UBJ1 npn HacTporke M TECTUPOBAHMWM anNnNapaToB B
KayecTBe MOAENN  NIETKUX  WUCMOMb3YIOT PE3MHOBbIM  MELWOoK. YNpyroctb
AblXxaTeNbHON cuctembl ob6o3HayaeTcA cumBosiom E. PasmepHoCTb ynpyroctu
m6ap/mn, 3TO 03HaYyaeT: Ha CKOJIbKO MUAANBap cneayeT NOAHATb OABNEHME B
cucteme, 4tobbl 06BEM yBenmumnca Ha 1 mna. [aHHbIM TEPMUH  LUMPOKO
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ncnonb3yetca B pabotax no ¢émsmonormm ApixaHusa, a cneunanuctoel no WBJI
MO/Ib3YIOTCA MOHATMEM OBpPaTHbIM  «YMPYrocTU» - 3TO  «PACTAXKMMOCTbY»
(compliance) (MHOrga roBopAT «nNOAATAMBOCTbY»). TepMMH  KOMNAAMHC
(compliance) ncnonb3yeTca Kak Cyw,ecTBUTENIbHOE MYXKCKOFO poAa POCCUMCKUMMMU
peaHMMaTo/IoraMM TaK Ke 4aCTo, Kak W pe3ucTaHc (Bcerga Koraa MOHMTOP
annapata WBJ1 noka3sbiBaeT 3TM nNapameTpbl). PasmepHOCTb KomnnaWHca —
mn/mb6ap noKasbiBaeT, Ha CKONbKO MUINUAUTPOB YyBeNn4YMBaeTca O06bEm npu
NOBbIWEHUM AaBNeHnsA Ha 1 munnmbap.

B peanbHOM KAMHMYECKOW CUTYyauMK y naumeHTa Ha MBJ1 nameparoT KomnaamHc
pPecnnpaTtopHoOn cucTeMbl — TO €CTb JIEFKMX W TPYyAHON KneTkn BmecTe. [ns
0603HavyeHNA KomnnaMHC ucnonab3ytT cumeonbl: Crs (compliance respiratory
system) — KomnnaMHc AapbixaTenbHoW cuctembl M Cst (compliance static) —
KOMMJAMAHC CTaTUYECKUM, 3TO CUMHOHMMbI. [OnAa TOoro, 4tobbl paccuMTaTthb
CTaTUYeCKM KOMNAMHC, annapaTt MBJ/1 genut apixatenbHbli 06bEM Ha gaBieHne
B MOMEHT MHCMMPATOPHOM Nay3bl (HET NOTOKA — HET PEe3UCTAHC).

Cst = VT/(Pplateau —PEEP)

Hopma Cst (komnnaiHca cTatuyeckoro) — 60-100mn/m6ap

MpuBoAMMan HWMKe cxema MOKa3blBaeT, Kak Ha OCHOBE [ABYXKOMMOHEHTHOM
MOZE/IN PacCcynTbiBaeTCA CONPOTMBAEHME NOTOKY (Raw), cTaTUUeCcKnit KomnnamHc

(Cst) u ynpyroctb (elastance) abixaTenbHoM cucTemMbl.

AABIEHUE
B KOHTYPE
AMNMAPATA

,MOTOKOBOE 3aJJ.ep>K|<a
. Bpema i Bhoxa:
BOOXA |

<0 4B
BAOX—b & EPEVE—P

Ba)HO umeTb B BMAY, YTO M3MEPEHUA BbLINOJHAIOTCA Y PeNnakCUMPOBAHHOrO
nauueHTa B ycnosusax UBJ/1, ynpaBnaemoi no ob6bEMY C NEpPeKAoYeHMEM Ha
BblZAOX MO BpPeMeHW. ITO 3HaYWUT, YTO NOCNAe TOro, Kak 06béM [0CTaB/AeH, Ha
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BbICOTE BAOXA KAanaHbl BAOXA M BblA0Xa 3aKPbITbl. B 3TOT MOMEHT nsmepsaerca
AaBneHue nnato. BaxXHo nomHuTb, uTto: 1. Annapat UBJ1 moxeT nameputb Cst
(KomnnalHC CcTaTMYECKUIA) TONBKO B YC/IOBMAX MPUHYANTENbHOM BEHTUAALUKN Y
PeNakCMpPOBAHHOIO MauUMeHTa BO BPEMS MHCNMPATOPHOM naysbl. 2. Korga Mol
roBOpUM O CcTaTuyeckom KomnnamHce (Cst, Crs umaM  pacTAXKMMOCTM
PecnMpaTopHOM CUCTEMbI), Mbl aHaAU3MPYEM PECTPUKTUBHbIE NpobHaeMbl
NPEeUMYyLLLECTBEHHO CBA3AHHbIE C COCTOAHMEM JIEFOYHOM NAPEHXUMbI.
dunocodckoe pestome MOXKHO BbIPa3UTb ABYCMbICIEHHbIM YTBEPKAEHNEM:
NoToK co3paér pasneHue
Ob6e TPaKTOBKU COOTBETCTBYHOT AEMNCTBUTENbHOCTU, TO €CTb: BO-NEPBbIX, NMOTOK
CO03AaéTCA rpagMeHToM AaBNeHUI, a BO-BTOPbIX, KOrAa NOTOK HaTa/IKMBAETCA Ha
npenATcTBue (CONpOTMBNIEHUE AbIXaTeNbHbIX MyTEN), AaBNEHUE YBEAMYMBAETCA.
Kaxkywasnca peyeBad HebOperKHOCTb, KOrga BMECTO «rpPagMeHT OaBAEHUN» Mbl
rOBOPMM «OABJIEHUE», POXKOAETCA U3 KAMHUYECKOW pPeasbHOCTU: BCE AATYUKM
[AB/IEHNA PACNONOMKEHbI CO CTOPOHbI AblXaTe/IbHOro KOHTypa annaparta MBJ/1. Ana
TOro, 4To6bl U3MEPUTL AaB/EHME B TPAXee M paccynTaTb rpagmeHT, Heobxoanmo
OCTAaHOBMTb MOTOK W A0XAATbCA BblPaBHMBAHWA [OaBNEHMA C 0OOMX KOHLOB
sHAOTpaxeanbHon TPybkM. [MosTomy B nNpaKTMKe 06blMHO Mbl MO/b3yeMcs
noKasatenAmum pAaBneHunA B AbIXaTe/bHOM KOHType annapata WBJl. o 31y
CTOPOHY 3HAO0TpPaxeasbHOM TPyBKU ana obecneyeHma Baoxa obvemom Y mn 3a
Bpema X CeK Mbl MOXem MOBbIWATb AaB/ieHWe BAOXa (M COOTBETCTBEHHO
rPaAnEeHT) Ha CKOJIbKO Yy HacC XBAaTWUT 34paBOr0 CMbIC/IA U KAMHMYECKOrO OMbITa,
NOCKO/IbKY BO3MOXHOCTHM annapaTa VBJ1 orpomHbl.
Mo Ty CTOPOHY 3HA0TPaxeaNnbHOM TPYOKM Yy HAaC HAXOAUTCA NALMEHT, N Y HEro ana
obecneyeHuns Bblaoxa 06bEMOM Y mn 3a BpemaA X CeK eCTb TOIbKO CU/1a YNPYrocTu
NErKNX N TPYAHOM KNETKM U CUNA ero AbiXaTe/ibHOM MYCKynaTypbl (€eC/in OH He
pefiakcmpoBaH). Bo3amMoXHOCTM naumeHTa co3aaBaTb NOTOK Bbl0Xa OrPaHUYEHbI.
Kak Mbl y)Ke npeaynpexaanun, «noTok — 3TO CKOPOCTb M3MeHeHUs obbema»,
nostomy pana obecnevyeHna 3¢PeKTUBHOrO BblgOXa HYXHO NPenoCTaBUTb
NauneHTy Bpems.

MNocTtosHHaa BpemeHH (T)
Tak B OTeYeCTBEHHbIX PYKOBOACTBAX NO GpU3IMONOrMKN AbIXaHUA Ha3biBaeTcAa Time
constant. 3To nponsBegeHME KOMMIAUHC Ha Pe3UCTaHC.
T = Cst x Raw
PasmepHOCTb NOCTOAHHOM BPEMEHM, ECTEeCTBEHHO CeKyHAbl. [enCcTBUTENbHO,
BeAb Mbl yMHOXaem ma/mb6ap Ha mb6ap/mn/ceK. MocToAHHaA BpeMeHM oTparkaeT
OAHOBPEMEHHO  31aCTUYECKME  CBOMCTBA  AObIXaTe/IbHOM  CUCTEMbI U
COMPOTUBAEHME AbIXaTeNbHbIX NyTel. Y pasHbiXx Awoger T pasHasa. [oHATb
OU3NYECKMN CMbICA AAaHHOW KOHCTaHTbl fierye, HavyaB C Bblaoxa. lpeactaBum
cebe, 3aBepwéEH BAOX, — HaAyaT Bblgox. loa AeNCcTBMEM 31ACTUHECKMX CUN
OblXaTe/IbHOW CUCTEMbI BO3A4yX BbITAIKMBAETCA M3  JNIErKMX, NpeosoaeBas
COMPOTUBEHME AbIXaTe/NbHbIX NyTEN.

14



CKONbKO BpeMeHM 3aMMET NaCCUBHDbIN BbloX? [TOCTOAHHYIO BPEMEHUN YMHOXUTb
Ha nAaTb (T x 5). TaK ycTpoeHbl nerkue yenoseka. Ecnv annapat MBJ1 obecneunBaet
BAOX, CO34aBasA MNOCTOAHHOe JaB/ieHMe B  AbIXaTes/ibHbIX NyTAX, TO Yy
PENaKCMPOBAHHOIO MauMeHTA  MAKCMMaNbHbIM  ANA  AAHHOrO  AaB/eHUA
AblXaTeNbHbI 06BbEM ByAeT A0CTaBAEH 3a TO *Ke Bpems (T x 5).

NOCTOAHHAA BPEMEHWU BAOXA W BBIOOXA

=
=100 — 99.8%
99.3% 8%

g So 98.2%
E /35 oy

80 sl
o —~——_OBBEM
< BAOXA
= 63.2%
= 60 C
(e]
@
=
g 40 36.8%
o OBBEM
s «——T BbIJOXA
T 20
ﬁ N 12.5%
= 0,
< 5% 0

1.8% 0
E 0 L2 10.7% 0.2%
1 2 3 4 5 6
Time Constants

[aHHbIM rpadmK NOKa3bIiBaeT 3aBUCUMOCTb NMPOLLEHTHOWN BEIMYMHDI AbIXaTE/IbHOTO
06bEMma OT BpeMeHM Npu NoCTOAHHOM AaBAeHUM BAOXa UM NACCUBHOM BblAOXeE.
Mpn BbIAOXE NO WUCTEYEHMM BPEMEHM T MAUMEHT yCrneBaeT BblAOXHYTb 63%
AblXxaTenbHOro o6veEma, 3a Bpema 2t — 87%, a 3a spema 3t — 95% AbIxaTenbHOro
o6béma. Mpun BAOXE C NOCTOAHHbIM AaBAEHUEM aHA/IOTUYHAA KapTUHA.
MpaKTnyeckoe 3HauYeHMe NOCTOAHHOW BpemeHu. Ecam Bpemsa, npeaocrtaBasemoe
NauMeHTy Ansa Bblaoxa <5T, TO NOCNe KaxkAoro BAOXAa 4YacTb AblXaTe/IbHOro
obbéma Oypetr 3adeprKuBaTbCA B IETKUX  NauMeHTa. MaKcuMmaibHbIN
AblXaTeNbHbIM 06bEM NPU BAOXE C NOCTOSAHHbIM AaBAEHUEM MOCTYNUT 33 BpemMs
5t. Mpun matemaTnyeckom aHanmse rpadmka KpuBoh ob6bEMA BblaOXa pacyeT
NOCTOSAHHOW BPEMEHW NMO3BONAET CyAUTb O KOMM/IAUHC M PE3UCTAHC.
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A rPA®PUK ISMEHEHUA OBBEMA

]
|
|

.
— B - -
NMNOCTOAHHAA BPEMEHMU
[aHHbIN rpadMK MNOKasblBaeT, KaK COoBpeMeHHbId annapat MBJ/1 paccuuTbiBaeT
NOCTOAHHYIO BpPeMeHW. bBblBaeT, 4YTO CTAaTUYECKM KOMMAAMHC paccynTaTb
HEBO3MOXHO,
T. K. ANA 3TOro [0/XHa OTCYTCTBOBATb CMOHTAHHAA AblXaTe/lbHaA aKTUBHOCTb M
HeobxoANMMO M3MepUTb AaBreHue nnato. Ecam pasaenntb AbixaTenbHbl 06BEM
Ha MaKCMManbHOEe JaBfeHWe, MNOAYYMM elle OAMH PaCYETHbIN MNOoKasaTesb,
OTparkaloWwMin KOMNNAMHC M pe3ncTaHC. PasHble aBTOPblI MCMOAb3YIOT pasHble
MMEHa, HO Mbl AOJIKHbI
3HATb, YTO 3TO CUHOHUMDbI:
CD = Dynamic Characteristic = Dynamic effective compliance = Dynamic
compliance.
CD = VT/(PIP — PEEP)
Bonbwe Bcero cHbuBaeT C TONKY HaA3BaHME «AMHAMMYECKMIA KOMMIAMHCY,
NMOCKO/IbKY W3MepeHue MpPoOUCXoaAnT NpPU  HEOCTAaHOBNEHHOM MNOTOKe M,
cnepoBaTeibHO, AaHHbIMA NOKa3aTelb BK/AOYAET M KOMMIAUHC, 1 pe3nucTaHc. Ham
6onblue HPABUTCA Ha3BaHWE «AMHAMWUYECKas XapakTepuctuka». Koraa sToT
NMOKa3aTeNb CHWUXKAETCA, 3TO 3HAYMT, YTO /MO0 MOHM3MACA KOMNNAUHC, nnbo
BO3pPOC pe3uctaHc, nmbo m 10 M gpyroe. (Mam HapywaetcA nNpoxogMmOCTb
AbIXaTeNbHbIX NyTEN, WAM CHUXKAETCA NOoAATAMBOCTb JNerkux.) OaHako ecau
OAHOBPEMEHHO C AMHAMMYECKOI XapaKTepPUCTUKOU Mbl OLLEHMBAEM MO KPUBOWM
BblOXa NOCTOAHHYK BpPEeMEeHM, Mbl 3HaeM OTBeT. EcanM noctosHHaa BpemeHMu
PacTET, 3TO O6CTPYKTUBHDBIN NPOLLECC, @ €C/IN YMEHbLUAETCA, 3HAYUT NETKME CTanu
MeHee NoAaT/UBbI.

3aKknoueHue
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Takum o6pa3om, 3HaHME pPecnMpPaTopHOM MeXaHMKM MO3BONAET He MNpPOoCTo
CTaHOAPTHO YCTaHaB/AMBaATb Hekue 'cpedHue" napameTpbl BEHTUNAUMU, HO
MOHMMATb BbI3blBAEMble CMEHOM MNapaMeTpPoB M3MeHeHMas B ¢U3M0A0rMm
AbIXaTeNbHOM CUCTEMbI MALMEHTA U YMETb MAKCMMaANbHO 3PPEKTUBHO NPUMEHATb
CBOW 3HaHMUA.
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