denepajibHOE TOCYIapCTBEHHOE OI0/IKeTHOE 00pa3oBaTe/ibHOe YUpe:KIeHue
BbICIIEro o0OpasoBanus ""KpacHosipckuii rocyapcTBeHHbI MeIUIMHCKUI
yHuBepcuretr umenu npogeccopa B.®.Boiino-Scenenkoro' MunucrepcTrsa
3apaBooxpaneHus Poccuiickou @eaepaunu
Kadenpa anecresuosiorun u peanumaronoruu UIO
3aB. ka¢.: IMH, npogeccop I'punan Asekceit UBanoBu4

PE®EPAT Ha Temy
PecniuparopHasi MeXaHMKa

Boinosinua: opaunarop 2 roaa odydenust bynaesa Canmar bagmaesna
Iposepui: IMH, nouent Bosomenko EBrenunii Bukroposu4

Kpacnosipck, 2018



Conep:xanue
Brenenue, ctp. 3
PecniupaTopHas MexaHuka — HEOOXOAUMBIA MUHUMYM, CTp. 3
Bpewms, ctp. 3
O6BeMm, cTp. 6
[Torok, cTp. 8
JlaBnenue, ctp. 9
['1aBHBIE pacyeTHBIE MAPAMETPHI PECIMPATOPHOU MEXAHUKH, CTP. 13
ConpoTuBieHHe AbIXaTeNbHBIX MyTeH, cTp. 13
Yupyrocts v OJIaTIUBOCTD, CTP. 14
[locTostHHas BpemeHw, ctp. 16
3akitoueHnue, cTp. 19
Cnucoxk autepatypsl, cTp. 19



BeBeaeHune

[NpoBeaeHMe annapaTHOW NCKYCCTBEHHOW BEHTUNALMM NETKMX B HAcTOsALLee Bpems CTano
PYTUHHOW NPOLEAYPOV B IEYEHUM MALMEHTOB OTAENEHWUA PeaHNMALIMM N MHTEHCUBHOW
Tepanuy, nepectaB BHyLWaATb TPeMeT npu MPUHATUM pelleHns O HeobXxoAMMOCTU
OKa3aHMa MauMeHTy pPecnmMpaTtopHOM MNOAAEPXKW. Bo3MOXHOCTM 3TOro  MeTtoza
MHTEHCMBHOW Tepanuu HeU3MepmmMo BO3POCIM C MOABNEHMEM HOBbIX MOKONEHUM
PeCnMpaTopoB, MONYUMBLUMX 3a MpefocTaBifseMble UMW  BO3MOXHOCTW Ha3BaHue
"MHTeNEeKTyabHbIX".

Tem He MeHee, NPUXOANTCA MPU3HATb, YTO A0 CUX MOP AaXe CaMbli "MHTeNNeKTyaNbHbIN"
annapat MBJ1 He B COCTOAHMM Yy4eCTb BCEX HIHOAHCOB MaTONOMMM M OCOBEHHOCTEN
KaXZoro naumeHTa, oueHUTb 3QdEeKTMBHOCTb PECMMPATOPHOWN Tepanuu U OnpeaenvTb
HeobXxoAMMOCTb M3MeHeHMA NapameTpoB VIBJ/1.

CBegeHVA O MexaHWMyeckmx CBOWCTBAxX NETKMX, MOJyYaeMblX OT MOHWUTOPOB MeXaHWKu
AbIXaHWA, KOTOPbIMX OCHALLLEHbl COBPEMEHHbIE PeCnMpPaTopbl, NPeAOCTaBAAOLME CTONb
HeobXoAMMYHO MHDOPMaLMO 06 3PdEeKTMBHOCTM U afekBaTHOCTM mposoaumon VIBJI,
CTQHOBATCA A4 Bpaya NyTeBOAHOW HUTLIO, YKa3blBas, rAe Mbl HAXOAMMCSH, U KyAa HY>XHO

ABUTaTbCA.

PecnunpatopHas MexaHuka — HEOBXOANMBIA MUHUMYM

Kakvne napametpbl BLOXa 1 BblLOXa n3MepdAeT annapart VIB/1?
1. Bpems (time),
2. 06BEM (volume),
3. norok (flow),
4

AaB/eHue (pressure).

Bpems (time)
BpemsA — 370 Mepa ANUTENbHOCTU 1 MOCNE40BaTENbHOCTU ABEHNI
Ha rpadvikax gasneHus, notoka 1 06bEMa BpemMsa OEXMT MO rOPU3OHTaNbHON OCKU «X».
N3mepsaeTca B cekyHAaX, MUHyTax, 4acax. C mo3uvumii pecnMpaTopHON MexaHWKM Hac
MHTEpPeCyeT AUTENbHOCTb BAOXa M BbIAOXA, MOCKO/bKY MPOW3BELEHME MOTOKOBOrO
BpemeHu Baoxa (Inspiratory flow time) Ha noTok paBHO 06BEMY BAOXa, @ MPOU3BEAEHNE

NOTOKOBOro BpemeHru Bblgoxa (Expiratory flow time) Ha noTtok paBHO 06BEMY BblAOXa.

BpeMeHHble UHTepBaibl AblXaTeNbHOMO LMKIa (UX YETbIPE)



YTo Takoe «BAOX — inspiration» n «BblAOX — expiration»?

Boox 310 BxOA BO3Ayxa B nerkue. [avTca A0 Hayana BblAoXa. BblAOX — 3TO BbIXOA
BO34yXa W3 nerkux. Aautca 40 Hayana BAOXA. VIHbIMM CNOBaMu, BAOX CUMTAETCA C
MOMEHTa Haudana MOCTyrNieHWsa BO34yxa B AblXaTesbHble MyTV W AAUTCA 4O Hayana
BblAOXa, @ BbIAOX — C MOMEHTa Hauyasa W3THaHWA BO3Zyxa W3 AblXaTesbHbIX MnyTen wu
AJINTCA IO HaYana BAOXa.

DKCNepTbl AeNAT BAOX Ha ABe YacTw.

Inspiratory time = Inspiratory flow time + Inspiratory pause

Inspiratory flow time — BpemeHHOW WHTepBan, Koraa B JerkuMe MocTyrnaeT BO3Ayx. YTo
Takoe «MHCnMpaTopHas naysa» (inspiratory pause vaw inspiratory hold)? 3t1o BpemeHHoM
MHTEepPBaA, KOrAa KnarnaH BAOXa Y>XXe 3aKpbIT, a KnarnaH BblL0Xa elle He OTKPbIT. XOTA B 3TO
BPeMA MOCTYMIEHNSA BO3AyXa B IeTKMe He MPOUCXOANT, MHCMIMPATOPHAaA nay3a ABAAETCA
YacTblO BPEMEHW BAOXa. Tak AOrOBOPUANCH. VIHCMMpaTOpHas nay3a BO3HMKaeT, Koraa
3alaHHbI OOBEM yXe AOCTaB/ieH, a BPeMA BAOXa elé He uctekno. [na CNOHTaHHOro
AbIXaHNA — 3TO 3aJepXKa AblXaHWA Ha BbICOTe BAOXa. 3afepXKa AblXaHWA Ha BblCOTe
BLOXa LUMPOKO MPaKTUKYeTCA WHAMUCKMMM horamMu 1 APYrMMmn  CreumanmncTaMmm no
AbIXaTeNbHOW TMMHacTMKke. B HekoTopbix pexumax WBJ1  nHcnvpatopHaa naysa
otcytcTyeT. Ana annapata VIBJ1 PPV Bbizox expiratory time — 370 BpeMeHHOW nHTepBan
OT MOMEHTa OTKPbITUA KNarnaHa BblAoXa A0 Havana CAeyrowero BAoxa. JKCNepTbl AeNaT
BbIZOX Ha ABE YacTw.

Expiratory time = Expiratory flow time + Expiratory pause

Expiratory flow time — BpemeHHON WHTepBan, Koraa BO34yX BbIXOAWUT M3 Aerkux. Yto
Takoe «3KCnmpaTopHasa nay3a» (expiratory pause wan expiratory hold)? 310 BpemeHHow
VHTEPBas, KOrAa MOTOK BO3AyXa W3 NIETKMX yXXe He MOCTyMnaeT, a BAOX elé He Hayvancs.
Ecam Mbl nMeem aeno ¢ «yMHbIM» annapatom VIBJI, Mbl 0643aHbl COOOLMTE My CKONbKO
BPEMEHW, MO HalleMy MHEHWIO, MOXET AUTbCA 3KCMMpaToOpHas naysa. Ecam spems
5KCMMPATOPHOM Nay3bl UCTEKNO, @ BAOX HE Hayancs, «yMHbliM» annapat B/l obbasnseT
TpeBory (alarm) v HaumHaeT cmacaTb MauMeHTa, MOCKOAbKY CUMTAET, YTO MPOM3OLLAO
anHo3 (apnoe). Bkntouaetca onuma Apnoe ventilation. B HekoTtopbix pexwumax VIBJ1
3KCMMPaToOpHan naysa OTCyTCTBYET.

Total cycle time — Bpemsa AbIxaTeNbHOrO LMKAA CKAAALIBAETCA M3 BPEMEHW BAOXA W
BPEMEHM BblAOXa.

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

nan



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

Expiratory pause
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MHCHMpaTOpHaﬂ n/mnm IKCMNPAaTopHad rnay3bl MOTYT OTCYTCTBOBATb.

O6beM (volume)

UTo Takoe obbeM? HekoTopble Halm KypcaHTbl oTBevatoT. «O6béM — 3TO KOMYECTBO
BelLlecTBax». [N HeCKMMaeMbIX (TBEPAbIX M XMAKMX) BELLECTB 3TO BEPHO, a A1 Fa30B He
Bcerga. Koraa ApixaHne npouCXOAMT NoJ AaBNeHNEM Bbille aTMOcdepHOoro (bapokamepa,
rNO6OKOBOAHbIE akBanaHMMCTbl U T.4.), OKaTMeM ra3oB npeHebperatb Heb3sa, MOCKOAbKY
MEHAOTCA UX PU3NYeCKme CBOMCTBA, B YaCTHOCTU PacTBOPUMOCTb B BOZe. B pesynbtate —
KWCNOPOAHOE OMbAHEHWE U KECOHHaA 60e3Hb. B BbICOKOTOPHbIX YCAOBMAX NPU HU3KOM
aTMOCHEPHOM  AABNEHMM 30POBbIV CMIOPTCMEH-ANBMUHUCT C HOPMaJbHbIM YPOBHEM
reMors10b1Ha B KPOBM WCMbITbIBAET IMMOKCUIO, HECMOTPA Ha TO, UTO AbIUT raybxe wu
Yalle (AbIxaTeNbHbIA Y MUHYTHbI OOBEMbI YBENNYEHDI).

Mpumep: Bam npuHecn 6annoH ¢ KUCIOPOAOM, EMKOCTBIO (OO6BbEMOM) 371, — a CKONIbKO B
HEM KMcioposa? Hy KOHEYHO, HYXHO W3MepwTb AaBNeHWe, U TOrAd, OLEHWB CTeneHb
CKaTuA rasa 1 OXnAaeMbIN Pacxos, MOXHO CKa3aTb, HAZOArO N ero xBatut. MexaHuka —

HayKa TO4YHadA, NO3TOMY npexXae BCero,

O61bEM — 3TO Mepa NPOCTpaHCTBa.



N, TeM He MeHee, B YCIOBUAX CMOHTAHHOrO JAblxaHua n WMBJ1 npyu HopmanbHOM
aTMOCHEPHOM JaBNeHUN Mbl MCMOAb3YEM eAMHULIbI ObbeMa AN OLEHKM KOIMYeCTBa
raza. CkaTveM MOXHO npeHebpeub. B pecnvpaTopHOn MexaHuke 06bEMbl M3MEPSIOT B
NNTPAX UAN MUNANANTPAX.

Ans onvcaHns 06 bEMOB MCMONb3YHOTCA TPW COBa:

1. TpoctpaHcTBO (Space).

2. EMkocTb (capacity).

3. O6bém (volume).

O6bEMbI M MPOCTPAHCTBA B PECNMPATOPHON MeXaHuKe
[pbixatenbHbli 06bEM (V1) no-anrauiickm Tidal volume - 310 BeanumHa 0OAHOrO
OObIYHOTO BAOXa MW BblOXa.

MuWHYTHBIR 06BEM (MV) — no-aHramiickn Minute volume — 3T0 cymma AbiXaTesbHbIX
06BEMOB 3a MUHYTY. ECn BCe AbixaTenbHble O6beMbl B TeUeHWe MUHYTbI PaBHbI, MOXHO
NPOCTO YMHOXMUTb AbIXaTe/bHbl O6bEM Ha YaCTOTY AbIXaHWUNA.

MepTBoe npoctpaHcTBO (DS) no-aHramiickn Dead space — 370 CyMMapHbIi OOBEM
BO3/lyXOHOCHbIX MyTel (30Ha AbIXaTeNbHOM CUCTEMBI, FAe HET ra3006MeHa).

Ob6beMbl, Uccneayemblie Npu CNMPOMETPUM

[pbixatenbHbln 06BEM (V1) no-anrauiickm Tidal volume — 310 BeanumHa OAHOrO
OObIYHOTO BAOXa MW BblAOXa.

Pe3epBHbI 06BEM BgoXa — POBA (IRV) no-aHrauiickm Inspired reserve volume — 310
06BbEM MaKCVMMabHOIO BAOXa MO 3aBepLUeHNN 0ObIYHOTO BAOXA.

EMkocTb Baoxa — EB (IC) no-aHrmiickv Inspiratory capacity — 370 06béM MaKCMManbHOTO
BAOXa NOC/se OObIYHOIO BblgOXa.

IC = TLC-FRC van IC = V1 + IRV

Obwas émkoctb nérknx — OES1 (TLC) no-anraminckn Total lung capacity — 310 06béMm
BO3/4yxa B NIETKMX MO 3aBepLUeHNN MaKCMMaAbHOrO BAOXA.

OctatouHbIi 06BEM — OO (RV) no-aHrauniickmn Residual volume — 310 06bEM BO3ayXxa B
NErkMx no 3aBepLlleHnn MakcMMaabHOro BbIZOXa.

XusHeHHasa émkocTb nérkmx — XES (VC) no-anraninckn Volume capacity — 3710 06bém
BZOXa NMOC/Ae MakCMMaibHOro BblA0Xa.

VC =TLC-RV

OyHKUMOHanbHas octatouHas émkoctb — POE (FRC) no-anrauiickm Functional residual
capacity — 3710 06béM BO34yXa B ETKMX MO 3aBepLUEHNN OBbIYHOTO BbIOXA.
FRC=TLC-IC



Pe3epBHbI 06bEM Bblgoxa — POBbIg (ERV) no-aHraniickm Expired reserve volume — 310
06BEM MaKCHMMaNbHOrO BblZOXa MO 3aBepLUeHNK OBbIYHOTO BbIAOXA.
ERV = FRC — RV
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Motok (flow)

Uto Takoe notok? «O6bEMHAA CKOPOCTb» — TOYHOE onpeaeneHne, ya0bHoe ANs OLeHKM
paboTbl HacOCOB M TpPyDOMPOBOAOB, HO ANf PEeCnMpPaTOpPHOM MexaHuku Bonblue
NOAXOANT:

[MOTOK — 3TO CKOPOCTb U3MEHEHUA O6BEMA

B pecnvpatopHon mexaHuke notok (V) namMepstoT B iMTpax B MUHYTY. [pumeps:

1. NoTok(V) = 60n/mMuH, AantenbHocTb Baoxa(Ti) = Tcek(1/60MuH), AbixaTenbHblil 06bEM
(V1) =7

PeweHwne: VX Ti =VT1

OtBeT: n

2. Motok(V) = 60n/MuH, AbixatenbHblh 06veM(VT) = 1n, AantensHocts Baoxa(Ti) = ?
PeweHune: VT/V = Ti

OtBeT: Tcek(1/60muUR)

O6BEM — 3TO MPOM3BEAEHME MOTOKA Ha BPeMS BAOXa WM MAOWaAb NOA KPMBOM MOTOKA.
Vr=VxTi



BOOX BblA0X
DABJITEHUE
t
OBBEM
t
NOTOK
t

J70 npeacraBieHne O B3aMMOOTHOWIEHNKM TIOTOKa W obbema NCMONIb3YETCA Tpn

OonMcaHnm pexmMoB BEHTUAALMN.

[aBneHune (pressure)

YT0 Takoe aaBnexHue?

[aBneHue (pressure) — 310 cuna, NPUNOXEHHAA K eAuHuLe nioLaam
,ﬂ,aBJ'IeHMG B AbIXaT€/ibHbIX MYTAX WM3MEPAKOT B CaHTMMETPax BOAHOTO ctonba v B

Muannbapax. 1 muanmnbap = 1,019744289 cm BoaHoro ctonba.
3Ha4yeHus AaBﬂeHMVI B Pa3HbIX 30HaX p,b|xaTeanoi/'| CUCTEMDBI U TPaAUEHTDI

(gradient) paBneHus

Mo onpeaeneHuto AaBneHne — 3T0 CUMa, KOTOpas Yyxe Hawna cebe nprvMeHeHue, - OHa
(3Ta cuna) AaBUT Ha MAOWAAb U HUYEro HWKyAa He nepemeldaeT. [PaMOTHbIN AOKTOP
3HaeT, 4UTO B3JOX, BETep, W Jaxe YyparaH, CO3JaeTcsd PasHOCTbIO JaBAEHWUA WK
rpaaveHToMm (gradient).

Hanpwumep: B 6annoHe ra3z nog aasneHnem 100 atmocdep. Hy m uto, ctout cebe bannoH
M HWKOrO He TporaeT. [a3 B HannoHe CNOKOMHO cebe AaBWT Ha MIOWaAb BHYTPEHHEN
MNOBEPXHOCTM DanaoHa M HW Ha 4YTO He OTBAeKkaeTca. A ecnm OTKPbITb? BO3HWMKHET

rpaamenT (gradient), KOTOPbIN 1 CO34aeT BeTEp.
10



~———Paw=Pawo
\—Ptlg=Pawo-Pbs

<
,:?{//\\\<? Ptt=Palv-Pbs
Y/ <
= PI=Palv-Ppl

-~ Lpw=Ppl-Pbs
—Pes

[7]

[aBnenus:

Paw — faBneHuve B AblXaTebHbIX MyTaAX

Pbs — naBneHne Ha NOBEPXHOCTY Tena

Ppl — nneBpanbHoOe aaBneHne

Palv — anbBeonspHoe faBneHme

Pes — nueBoaHOe AaBaeHMe

[pafVIeHTDI:

Ptr — TpaHcpecnmnpaToHHOe aaBneHne Ptr = Paw — Pbs

Ptt — TpaHcTOpakansHoe AaBnerume Ptt = Palv — Pbs

Pl — TpaHcnynbMoHanbHoe aasnerume Pl = Palv — Ppl

Pw— TpaHcmypanbHoe aasneHne Pw = Ppl — Pbs

Jlerko 3anoOMHUTbL: eCNn MCMOAb30BaHA MPUCTABKA «TPAHC» - Peyb UAET O rPajneHTe.
[NaBHOW ABMXYLLEWN CUIOW, MO3BONAIOLLEN CAENATb BAOX, ABNAETCA PA3HOCTb JaBNEHUM
Ha BXOZe B AblxaTtesnbHble nyTtu (Pawo- pressure airway opening) W AaBleHVWE B TOM
MecCTe, rie AblxaTesNbHble MyTW 3aKaHUMBaAOTCA — TO eCTb B anbBeonax (Palv). NMpobaema B
TOM, UTO B a/bBEO/IaX TEXHUYECKM CIOXKHO MOMEPUTb AaBreHue. [103ToMy ANnd OueHKM
AbIXaTENbHOTO  YCMAMA  Ha  CMOHTAHHOM  AbIXaHWW  OLEHWBAKOT TPajMEHT  Mexay
nuweBoAHbIM AaBneHnem (Pes), mpu COBMOAEHUMM YCNOBUIM M3MEPEHNS OHO PaBHO
nnaespanbHoMy (Ppl), v gaBneHveM Ha Bxoze B AblxaTenbHble nyTn (Pawo).

Mpwn ynpasneHun annapatoM WBJ1 Hanbonee AOCTYyMHbIM M MHPOPMATVBHBIM ABAAETCH

rPaAVIEHT MEXAY AaBNEHMEM B AbIxaTeNbHbIX NyTax (Paw) 1 AaBneHWeM Ha MOBEPXHOCTM

11



Tena  (Pbs-  pressure  body surface). 3tor rpaament  (Ptr)  Ha3biBaeTcA
«TPaHCPECNMPaTOPHOeE AaBaeHVe», U BOT Kak OH CO3JaeTCa:

1. Mpn NPV Pawo cooTBetctByeT aTtMOChepHOMY, TO eCTb HOAb, a Pbs craHoBWUTCA
oTpuuaTenbHbIM B pe3ysibTate paboTbl annapata. Annapat VIB/T NPV tuna «Kirassa».

2. Mpwn PPV [aBneHune Ha nosepxHOCT Tena (Pbs) paBHO HyaO, TO eCTb COOTBETCTBYET

aTMocdepHOMY, a Pawo BbilLe aTMOCHEPHOrO, TO eCTb MOJOXMNTENBHOE.

] OTPULATENLHOE +
= DABNEHKE
— / \
ATMOC®EPHOE % A
OABNEHUE - MNONOXUTENBLHOE
PABNEHUE

ATMOC®EPHOE
AABNEHUE

Kak Buaute, HM oanH K3 MeTozoB WBJI He COOTBETCTBYEeT MOJIHOCTbIO CMOHTaHHOMY
AbIXaHWKO, HO eC/IM OLEHMBATb BO3AEWCTBME Ha BEHO3HbIM BO3BPaAT W AMMGOOTTOK
annapatbl MB/T NPV tnna «Kirassa» kaxytca 6onee ¢usnonornyHbiMn. Annapatel VBT
NPV tmna «lron lung», co3gaBasa oTpuLaTeNbHOE AaBNeHVE HaZ BCEW MOBEPXHOCTbHO
Tena, CHMXarT BEHO3HbIM BO3BPAT M, COOTBETCTBEHHO, CEPAEYHbI BbIOPOC.

Be3 HbtoToHa 34€eChb HE 0OOONTUCS.

[laBneHvne (pressure) — 3TO CwWaa, C KOTOPOW TKaHW NETKUX W TPYAHOU KNETKM
NPOTUBOAENCTBYHOT BBOAMMOMY OOBEMY, WM, WHBIMW CAOBaMK, CWUNa, C KOTOPOW
annapat VBJ1 npeogoneBaeT CONPOTUBAEHME AbIXaTENbHbIX MyTEW, 3N1aCTUUECKYHO TATY
NETKMX U MbILLEYHO-CBA3OYHbIX CTPYKTYP FPYZAHOM KNETKM (MO TpeTbeMy 3aKOHYy HbroTOHa

5TO OZHO U TO Xe MOCKOJIbKY «CuNa AeVCTBMA PaBHa C1Ue NPOTUBOAENCTBUAY).
Equation of Motion ypaBHeHuWe cua, v TpeTuii 3akoH HbtoToHa A
cucrembl «annapat MBJT — naumneHT
B tom cnyuae, ecim annapat VIBJT ocyuwiectBaseT BAOX CUHXPOHHO C AbIXaTebHOM

MOMbITKOM MaumeHTa, AaBieHne, co3jaBaeMoe annapatom WBJ1 (Pvent), cymmmpyetca ¢

MbILLIEYHbIM yCuaneM naupneHta (Pmus) (neBas yacTb ypaBHeEHWA) ANA MPeofoNeHud
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yNpyroctn nerknx n rpyaHon knetkun (elastance) n conpotmenexuna (resistance) nmotoky
BO3Zyxa B AblXaTe/bHbIX MyTAX (NpaBad 4acTb YPaBHEHWSA).

Pmus + Pvent = Pelastic + Presistive

(naBneHme n3mepstoT B MuaIMbapax)

Pelastic= E x V

(NpousBeaeHVe ynpyroctn Ha O6BbEM)

Presistive = Rx V"~

(Npow3BeseHWe CONMPOTUBAEHNA Ha NMOTOK)

COOTBETCTBEHHO

Pmus + Pvent =ExV + Rx V"

Pmuséap) + Pvent6éap) = Em6ap/ma) X V(mn) + R (M6ap/n/mur) X V(n/Muk)

3304HO BCMOMHMM, pa3MepHocTb E — elastance (ynpyrocTb) mokasblBaeT Ha CKObKO
MUANMDAP BO3pacTaeT JaB/ieHVe B pe3epByape Ha BBOAMMYK eauHMLY Ob6bEma
(Mbap/mn1); R — resistance conpoTvBAeHME MOTOKY BO34yxa MPOXOAALLEMY 4yepes
AbixatenbHble nyTn (Mb6ap/n/MuH).

[MoHWMaHWe ypaBHEHMA CWMA MO3BOASAET Ham Jenatb Tpu Beww. Bo-nepsbix, nt060M
annapat VIB/1 PPV moxeT ynpaBaatb OAHOMOMEHTHO TOJIbKO OAHWM W3 U3MEHAEMbIX
MapaMeTpOB BXOZALLMX B 3TO YPaBHEHWE. DTN M3MeHAEMble MapameTpbl — AaBleHUe
006BbEM M MOTOK. [1O3TOMY CyLLEeCTBYIOT TpW Cnocoba ynpaBaeHWA BAOXOM: pressure
control, volume control, nan flow control. Peannzaums BapuaHTa BAOXa 3aBMCUT OT
KOHCTPyKumMM annapata WBJ1 n BbibpaHHOro pexuma WBJ/1. Bo-BTOpbIX, Ha OCHOBe
YpaBHEHMA CUA CO3AaHbl MHTENNEKTYaNbHble NporpaMMbl, baaroaaps KOTopbIM annapart

paccuMTbiBaeT MokasaTenn PeCnMpaTopHOM  MexaHukm  (Hanpumep.. compliance
(pacTaxXMMOCTb), resistance (conpoTmeneHne) 1 time constant (nocTosaHHasa BpemeHn KT

> ). B—TpeTbl/IX, 6e3 NoHMMaH1s YPaBHEHNA CUN HE MOHATb Takne peXnMbl BEHTUAALNN

n o

Kak “proportional assist”, “automatic tube compensation”, n “adaptive support”.

[NaBHble pacyeTHble NapaMeTPbl PECAMPATOPHOM MEXaHUKM

resistance, elastance, compliance
1. ConpoTtunBneHmne AbixaTeNbHbIX NyTen (airway resistance)
CokpalleHHoe obo3HaueHne — Raw.

PasmepHocTtb — cMH20//1/cek nnn mbap/mn/cek
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Hopma ana 3popoBoro yenoseka — 0,6-2,4 cmH20//1/cek. Y MHTyOUMpPOBaHHOrO nauuveHTa
Ha VIBJ1 — 3-10 cmMH20/J1/cek. dU3nYeckmnin CMbICA AaHHOTO MOKa3aTens roBOPUT, KakMM
LOKEH ObITb TPAAMEHT AaBNeHWU (HarHeTatowee AaBneHne) B AaHHOW c1cTeme, YTobbl
obecneunts notok 1 amtp B cekyHay. CoBpemeHHoMy annapaty VIBJT HecnoxHo
paccumTaTb pe3ncTaHc (airway resistance), y Hero ectb AaTuMkum AaB/ieHWMA U MOTOKa —
pa3jenvn fasjeHne Ha NOoTOK, U roToB pesyabTart. Jnd pacyera pe3uncraHc annapart VBJI
[LeNUT Pa3HOCTb (TPaAMeHT) MakcMManbHOTO AasneHua Baoxa (PIP) v paBneHua naato
Baoxa (Pplateau) Ha noTok (V).

Raw = (PIP-Pplateau)/V"

UT0 1 Yemy conpoTmeaseTca? PecnnpaTopHas MexaHnka paccMaTpyBaeT CONPOTUBAEHME
AbIXaTeNbHbIX MyTer BO34yLWHOMY NoToKy. ConpoTmBaeHne (airway resistance) 3asucut ot
AJVIHBL, AMaMeTpa M NMPOXOAMMOCTM AbIXaTesbHbIX MyTelr, 3HAOTPaxeanbHOW TPybkn u
AbIXaTe/lbHOrO  KOHTypa annapata WBJI. ConpoTvBieHWe MOTOKy BO3pacTaeT, B
YaCTHOCTWY, eC/IV MPOUCXOAUT HaKOMAeHVe 1 3a4epXKa MOKPOTbI B AblXaTeNbHbIX MyTAX,
Ha CTEHKax 3HAOTPaxeanbHOW TPyOKM, CKOMIEHWE KOHAEHCATa B LWAHrax AblXaTeNbHOro
KOHTypa nan gedbopmaums (nepernbd) ntobor 13 tpybok. ConpoTMBAEHME AblXaTeNbHbIX
nyTer PacTéT Mpu BCEX XPOHWYECKMX U OCTPbIX OOCTPYKTUBHBLIX 3a00NEBAHUAX NETKMX,
NPVBOAAWMX K YMEHbLUEHWIO AMaMeTpa BO3AyXOHOCHbIX MyTel. B cooTteBeTctBUMM C
3aKoHOM [areHa-llya3ena Npy yMeHblUeHUW AnameTpa Tpybku BABOe AnA obecnevyeHus
TOrO e MOTOKA FPAAMEHT AaBNEHWM, CO3AAaOLLIMI 3TOT MOTOK (HarHeTarolee AaBneHue),
A0KeH BbITb yBeNnYeH B 16 pas.

BaxHO WMeTb B BWAy, 4UTO COMPOTMBAEHWE BCEW CUCTEMbI OMPEAENAeTCa 30HOW
MaKCMMaNbHOTO  COMPOTUBAEHMA  (CaMbIM  Y3KMM  MeCTOM).  YCTpaHeHue  3TOro
npenaTtctBuA  (Hanpumep, yAaneHue WHOPOAHOrO Tefa W3 AbIXaTelbHbIX  MyTEW,
yCTpaHeHWe CTeHO3a Tpaxeu WMAM WHTyGauma npu OCTPOM OTEKEe ropTaHu) MO3BONAET
HOPMaN30BaTb YCAOBUA BEHTUNALMM NErKUX. TEPMUH PE3UCTAHC LUMPOKO UCMONb3YyeTCA
POCCUNCKMMW  PeaHMMaTONOTaMM  Kak  CyLLEeCTBUTENIbHOE  MYXCKOro  poga. Cmbich
TEePMWHA COOTBETCTBYET MMPOBbIM CTaHAAPTaM.

Ba>XHO MOMHWTB, YTO:

1. Annapat WMBJ/1 MOXeT uM3MepuTb PE3UCTAHC TONBKO B YCIOBUAX MPUHYANTENBHOM
BEHTUNALMN Yy PENAKCMPOBAHHOTO NaLMeHTa.

2. Koraa mbl roBoprM O pesnctaHc (Raw mam conpoTMBAEHUN AbIXaTeAbHbIX MyTen) Mbl
aHaNM3Mpyem OBCTPYKTUBHbIE NPOBAEMbI MPEUMYLLECTBEHHO CBA3aHHbIE C COCTOAHMEM

MPOXOANMOCTU AblXaTe/IbHbIX I'IyTel\/’I.
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3. Yem 6onblue NOTOK, TEM BbilLEe Pe3UCTaHC.
2. Ynpyroctb (elastance) n nogatamsoctb (compliance)

Mpexae Bcero, cieayet 3HaTb, 3TO CTPOrO MPOTMBOMOAOXHbIE MoHaTMA 1 elastance

=1/compliance. Cwmbicn  MOHATMA  «yNpyrocTb»  NoApasyMeBaeT  CMOCOBHOCTb

du3myeckoro Tena npu  AedopmMaumm  COXpaHATb MNpwuiaraemMoe ycuauve, a npwu
BOCCTaHOBAeHWM GOpMbl — BO3BpPaLLaTh 310 ycuane. Hanbonee HarnaiHO 3TO CBOMCTBO
NPOABAAETCA Y CTaNbHbIX MPYXUH UAN PE3NHOBbLIX M3aennin. Cneumnannctbl no VIBJ/1 npu
HacTpoWke 1 TeCcTMPOBaHWW amnmnapatoB B KayeCTBe MOLENN NierkUX UCMOob3yroT
PE3NHOBbLIM MELLOK. YMPYrocTb AbIXaTeAbHOW CucTeMbl 0bO3Hayaetca cumsosoM E.
PasmepHoCTb ynpyroctv M6ap/MA, 3TO O3HauYaeT: Ha CKObKO MuAMbap cneayer
NOAHATb JaBNeHWe B cucTeMe, Ytobbl 0bBEM yBenmumaca Ha 1 ma. JaHHbii TepMUH
LMPOKO MCNOAb3yeTcA B paboTax Mo dusmonorum AbixaHus, a cneumanmctsl no VB
NONb3YOTCA MOHATMEM O0OpPaTHbIM «yMPYrocT» - 3TO «PaCTAXMMOCTb» (compliance)
(MHOrAa roBOPAT «MNOAATAMBOCTLY). TepMuH KOMMNIAMHC (compliance) ncnonb3yeTca Kak
CYLLECTBUTENIBHOE MY>XCKOTO POZa POCCUMMCKMMU PEaHMMATONOraMu Tak e 4acTo, Kak U
pe3ncTaHc (Bcerga Korga MOHWTOP annapata WIBJ/I nokasbiBaeT 3TM napamertpbl).
Pa3mepHOCTb KOMMaHCa — MA/MbGap MOKasbiBaeT, Ha CKOMbKO MWUAIMAUTPOB
YBE/IMUMBAETCA OOBEM MPY MOBBILWEHNN AABNAEHNA Ha 1 Muaanbap.

B peanbHOM KAMHWMYECKOW CuUTyaumu y naumeHta Ha VIBJ1 m3mepsaroT KOMMIarHC
PEeCnMpPaTOPHON CUCTEMBI — TO eCTb NIErKNX 1 TPYAHOM KneTku BMmecTe. [ns o6o3HaueHus
KOMMiaMHC mcnoab3ytoT cumBonbl: Crs (compliance respiratory system) — KomniaiHC
AbixatensHon cuctembl 1 Cst (compliance static) — KOMMAaMHC CTaTMYeckuii, 3TO
CMHOHMMBI. [Ana TOro, 4tobbl paccumTaTh CTaTUYeCKU KOMMAAWHC, annapat VIBJ1 aeant
AbIXaTeNbHbIN OOBbEM Ha AaBAEHWE B MOMEHT MHCMMPATOPHOW Nay3bl (HET MOTOKa — HET
pe3nCTaHC).

Cst = V1/(Pplateau —PEEP)

Hopwma Cst (komnnaiiHca ctatnueckoro) — 60-100mn/mbap

MpuBOAMMAA HUXE CxeMa MOKa3blBaeT, Kak Ha OCHOBE ABYXKOMMOHEHTHOM MOAenu
paccuMTbIBaeTCA COMpoOTMBAEHMe noToky (Raw), cratnueckmn komnnanHc (Cst) w

ynpyrocTb (elastance) apixatenbHON cUCTEMBI.
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OABNEHUE
B KOHTYPE
AMNAPATA

0 'MOTOKOBOE 3afep>KKa :
. Bpemsi  : BAOXa: :
: BOOXAa -—-:
| @~ BBIGOX]>i

BPEMS ,

BaXHO MMeTb B BUAY, YTO M3MEPEHMA BbINOAHAFOTCA Y PENaKCMPOBAHHOMO MNaLMeHTa B
ycnosuax VIBJ1, ynpasaseMor no 06bEMY C MepPeKNrOYEHVEM Ha BbIZOX MO BPEMEHU. ITO
3HAUWT, YTO MOC/NEe TOro, Kak OOBEM AOCTaB/EH, Ha BbICOTE BAOXa KjianmaHbl BAOXa W
BblZAOXa 3aKpPbITbl. B 3TOT MOMEHT n3mepaeTca AaseHne naato. BaxHo NOMHUTL, uTo: 1.
Annapat MBJ/1 moxeT u3meputb Cst (KOMMNAMHC CTaTMUYECKMiA) TONbKO B YCNOBMUAX
NPUHYAUTENBHOW — BEHTUAALUMM Yy PEeNnakCMpOBaHHOTO — MaumMeHTa BO  Bpemsa
MHCAMPATOPHOM Nay3bl. 2. Korga Mbl roBopmM O cTatnyeckom koMrnarHce (Cst, Crs nan
PaCTAXMMOCTM PeCnMPaTOPHON CUCTEMBI), Mbl aHAIM3NPYEM PECTPUKTMBHbIE NpOobaeMbl
NPeNMyLLECTBEHHO CBA3aHHbIE C COCTOAHMEM JIETOYHOW MapPEeHXMUMBI.
dunocodckoe pestoMe MOXHO BbIPa3nUTb ABYCMbICNEHHBIM YTBEPXAEHMEM:
[MoTOK cO3A4a€éT AaBAeHUNE
Obe TpakTOBKM COOTBETCTBYHOT AEMCTBUTENBHOCTY, TO €CTb: BO-MEPBbIX, MOTOK CO34aETCA
rPaAVEHTOM [JaBNEHWMIA, @ BO-BTOPbIX, KOrAa MOTOK HATaJKMBAETCA Ha NpenatcTBue
(conpotmBneHue AbixaTenbHblX MyTen), AaBneHve yBeanumBaeTca. Kaxyluaaca peveBas
HEOPEXHOCTb, KOrAa BMECTO «TPajMeHT AaBAEHU» Mbl TOBOPUM  «JaBNEHUEY,
POXAAEeTCA M3 KAMHUYECKOW PeanbHOCTU: BCE AATUMKM AABNEHWA PaCnONIOXEHbl CO
CTOPOHbI AbIXaTeNbHOro KOHTypa annapata VBJ1. Ana Toro, utobel 3mMepuTb AaBaeHWe B
Tpaxee W paccuuTatb TrPaAAMEHT, HeObXOAMMO OCTaHOBUTb MOTOK W AOXAATbCA
BbIPaBHMBAHNA JaBaeHns C 0bOOMX KOHLOB 3HAOTpaxeanbHon Tpybku. [lo3tomy B
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NpakTMke OBbIYHO Mbl MOAb3YEMCA MOKAa3aTeNAMW AABNEHWA B AbIXaTebHOM KOHType
annapata WIBJ1. Mo 3Ty CTOpOHy 3HAOTpaxeanbHOW TPybkn Ana obecneuyeHwsa BAOXa
obbemMoM Y M 3a Bpema X CeK Mbl MOXEM MOBblWaTh JasieHne BAoxa (U
COOTBETCTBEHHO IPajMEHT) Ha CKOJIbKO Y HacC XBaTUT 34PaBOro CMbIC/Aa U KIMHUYECKOTrO
OnbITa, MOCKOJIbKY BO3MOXHOCTW annapata VIBJ/T orpoMHbl.
Mo Ty CTOPOHY 3HAOTPaxeaNbHOW TPYOKM y HaC HaXOAMTCA MaUMEeHT, M Yy Hero Ana
obecneyeHmsa Bblgoxa 0O6bEMOM Y MA 3a Bpema X Cek eCTb TONbKO CUAa ynpyroctu
NerkMx W TPyAHOM KNeTkM W CUia €ero ApIXaTelbHOW MyCKynaTtypbl (eCiM OH He
penakcupoBaH). BO3MOXHOCTM nauyeHTa co3aBaTb MOTOK BblAOXa OrpaHnyeHbl. Kak Mbl
yXe npesynpexaany, «mnoToKk — 3T0 CKOPOCTb W3MeHeHWA obbema», MO3TOMy ANA
obecneyermsa 3GHEKTMBHOMO BblAOXa HYXXHO MPEAOCTaBUTL MaLMEHTY Bpems.
[NocTtoAHHasa BpeMeHu (T)
Tak B OTeYeCTBEHHbIX PYKOBOACTBAX MO QU3MONOTUM  AbIXaHWA HasbiBaetca Time
constant. 370 Npow3BejeHVe KOMMNIAMHC Ha Pe3nCTaHC.
T = Cst x Raw
Pa3MepHOCTb MOCTOAHHOW BPEMEHM, eCTECTBEHHO CeKyHAbl. [eNCTBUTEeNbHO, BeAb Mbl
YMHOXaem Ma/Mbap Ha mbap/mMa/cek. NOCTOAHHAA BPEMEHW OTpaxaeT OAHOBPEMEHHO
3M1aCTUYeCcKMe CBOWCTBA AbIXaTeNbHON CUCTEMbBI U COMPOTUBIEHNE AbIXaTeNbHbIX NyTen. Y
pasHbix toger T pa3Has. [oHATb GU3NUYECKMI CMbICT AaHHOW KOHCTaHTbI Ierye, HayaB C
BblioXa. [lpeactaBum cebe, 3aBepléH BAOX, — HayaT BblAOX. [log AencTBuem
SN1aCTUYECKMX  CUA AbIXaTENIbHOW  CUCTEMbI  BO34yX BbITAa/KVMBAETCA U3 NETKKX,
NpeosoneBas CONPOTUBAEHNE AbIXaTeNbHbIX NMyTEMN.
CKONBbKO BPEMEHW 3aMMET NacCMBHbIN BbIZOX? [TOCTOAHHYHO BPEMEHWN YMHOXUTb Ha NATb
(T X 5). Tak yctpoeHbl nerkve udenoseka. Ecam annapat MBJ1 obecneuvBaeT BAOX,
CO34aBad MOCTOAHHOE JaB/ieHVe B [AbIXaTeNbHbIX MyTAX, TO Y PenakcMpoBaHHOIO

NauMeHTa MakcUMabHbI ANS AaHHOTO AaBAeHUA AblxaTebHbli 0OBbEM OyAeT AoCTaBneH

3a 1O Xe BpeMsa (T X 5).

17



NOCTOAHHAA BPEMEHWU BOOXA U BbIAOXA
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Time Constants

[aHHbIA rpadmK MOKa3biBaeT 3aBMCMMOCTb MPOLLEHTHOM BEAMUMHBI  AbIXaTeNbHOrO

06bEMa OT BpeMeHW Npu MOCTOAHHOM AaBNEHWUM BAOXA MAN MAaCCMBHOM BblZOXE.
[Npy BbIZOXE MO UCTeYeHUM BpemMeHu T NauMeHT YycrneBaeT BbIAOXHYTb 63%
AblxaTenbHoro obbéma, 3a Bpema 2T — 87%, a 3a Bpema 3T — 95% AbixaTenbHOro

obbEMa. ﬂpl/l BAOXe C MOCTOAHHbIM AaBAEHNEM aHaNOTNYHaA KapThHa.

MpakTMyeckoe 3HaueHue MOCTOAHHOW BpeMeHW. Ecav Bpems, npesocCTaBaAseEMOe
naumeHTy And Bblgoxa <5T, TO Mocne KaxXAoro BAOXa YacCTb AblxaTeNbHOro obbéma byaet
3a/lepPXMBATbCS B JIETKMX MaumeHTa. MakcMmanbHbI AbixaTebHbl OObEM NMpPKU BAOXE C
NOCTOSIHHLIM  AaBAEeHWEM MoCTynuT 3a Bpema 5T. [py MaTemaTtMyeckom aHanmse

rpaduka KprBoW OOBEMA BblAOXa PACYET MOCTOAHHOW BPEMEHW MO3BOAAET CYyAUTb O

KOMMJIaMHC 1 pe3nCTaHC.
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‘ rPA®UK USMEHEHUA OBBEEMA

NOCTOAHHAA BPEMEHU

[aHHbl  rpaduK MOKasblBaeT, Kak CcoBpemMeHHbI annapat WBJ1  paccunTbiBaeT
MNOCTOAHHYIO BpeMeHW. bbiBaeT, Uto cTaTmyecknini KOMMAAMHC paccumTaTb HEBO3MOXHO,
T. K. AN8 3TOr0 [OJKHA OTCYyTCTBOBATb CMOHTaHHAA /AblxaTeNbHaa akTMBHOCTb M
HEOOXOAMMO W3MepPWUTb AaBieHWe nnato. Ecav pa3genntb AbixaTenbHbll OObEM Ha
MaKCMMaNbHOE AaB/leHWe, MONYUYMM ELle OAMH PACHETHbLIAN MOKa3aTesnb, OTpakatoluii
KOMMJIalMHC 1 pe3nCTaHC. Pa3Hble aBTOPbI NCMOb3YHOT Pa3Hble MMEHA, HO Mbl AOMKHbI
3HaTb, YTO 3TO CUHOHMMBI:

Cpo = Dynamic Characteristic = Dynamic effective compliance = Dynamic
compliance.

Cp = V1/(PIP — PEEP)

Bonblue Bcero cOmBaeT C TOMKY Ha3BaHWE «AMHAMUYECKMI KOMMAAMHC», MOCKONbKY
M3MepPeHNe MPOUCXOAUT MPW HEOCTaHOBNEHHOM MOTOKE W, CNef0BaTeNbHO, AaHHbIN
nokasaTenb BKIKOYAeT M KOMIMJIAMHC, W pe3ncraHc. Ham bonblue HpaBMTCA HasBaHWe
«AMHaMMyeckas xapakTepuctvka». Korga 3TOT mokasaTesb CHMXAETCA, 3TO 3HAUUT, YTO
AMBO MNOHW3MACA KOMMAAMHC, NMBO BO3POC pe3ncTaHc, ambo u 10 1 apyroe. (Vam
HapyLIaeTca MPOXOAMMOCTb AbIXaTeNbHbIX NMyTer, MW CHUXAEeTCA NOAATAMBOCTb NErKMX.)
OfHako ecnn OLHOBPEMEHHO C AMHAMMYECKOWN XapaKTepUCTUKOW Mbl OLEHWMBAEM MO
KPMBOW BblOXa MOCTOAHHYHO BPEMEHW, Mbl 3Haem OTBeT. EC/M NOCTOAHHaA BpemeHu
PaCTéT, 3TO OBCTPYKTUBHBIA NPOLIECC, @ ECIM YMEHbBLLIAETCA, 3HAUUT NErkMe CTaan MeHee

noaaTinBbl.
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3akoyeHue

Taknm 0bpa3oM, 3HaHWe PeCnUMPATOPHOM MeXaHWKK MO3BOAAET He MPOCTO CTaHAAPTHO
yCTaHaB/AMBaTb Hekue "cpegHue’ nmapameTpbl BEHTUAALMK, HO MOHVMATb BbI3bIBAEMbIE
CMEHOW MNapameTpoB M3MEHeHUA B QU3MONOTUM AbIXaTebHOW CUCTEMbI MauMEHTa U

yMeTb MakCMManbHO 3POEKTUBHO MPUMEHATb CBOW 3HAHMA.
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