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BBepeHue

NpoBeneHue annapaTHOWN UCKYCCTBEHHOW BEHTUNALNN NEFKMUX B HacTosLWee
BpeMsi CTasio PYTUHHOW Mnpouenypon B Jle4eHUN NauneHTOB OTAesieHUi
peaHnMaumMm N WHTEHCMBHOW Tepanuu, nepecTaB BHywaTb TpeneT npwu
APUHATUN peleHnsa 0 HeobXOANMOCTN OKa3aHWsA MauneHTy pecnmpaTopHON
noonepXkKn. BO3MOXHOCTM 3TOro MeToda WHTEHCUBHOW  Tepanuun
Hen3MepmmMo BO3POC/IN C MOSBJIEHNEM HOBbIX MOKOJZIEHUA pecnmpaTopos,
Nosy4YMBLUMX 3@ NpefocTaB/ifseMble UMW BO3MOXXHOCTW  Ha3BaHue
"MHTennekTyasbHbIX".

TeM He MeHee, MPUXOOUTCA MNPU3HaTb, 4TO OO CUX MNOP Jake CaMbin
"MHTennekTyasnbHbIN" annapaT VBJ1 He B COCTOAHUM y4eCTb BCeX HIOAHCOB
naToNOrMm N 0COBEHHOCTEN Ka)KAoro naumeHTa, oueHUTb 3PPEKTUBHOCTb
pecnupaTopHOM Tepanuu W onpenenanTbe HeobxoauMoCTb W3MEHEeHUs
napameTpos NBJI.

CeBefeHUss 0 MexaHU4eCcKux CBOMCTBAX JIEFKUX, NOJly4YaeMblX OT MOHUTOPOB
MexXaHUKN AbIXaHUA, KOTOPbIMW OCHalleHbl COBPEeMEeHHble pecnupaTopsl,
npenocTaBasalWmMe CTob Heobxoanmyto nHpopmaunto 06 3PPEKTUBHOCTH
N afekBaTHOCTU nposoaumon WBJ1, CTaHOBATCA AN Bpaya NyTeBOOHOMN
HUTbIO, YKa3blBagd, roe Mbl HAXO04ANMCH, N KyAa HY>XHO OBUraTbCA.

PecnupaTopHas MexaHuKa - Heo6XxoAUMbIH MUHUMYM

Kakue napameTpbl BOOXaA U BblOOXa n3MepsaeT annapat NBJ1?
1. BpemMmsa (time),
2. 0bbém (volume),
3. notok (flow),
4. paBneHue (pressure).

Bpemsa (time)
BpemMs - 3To Mepa ANUTENbLHOCTU U NOCJIefoBaTeJIbHOCTH
AABJIEHUN
Ha rpadukax paBneHus, nNoToka W o0b6béMa Bpemsa 6GexuT no
FOPU30OHTaNIbHOM OCKU «X». M3MepseTca B CeKyHOaX, MuUHyTax, 4dacax. C
NO3MUWA pecnmpaToOpHON MeXaHUKN Hac MHTepecyeT OMTEeNIbHOCTb BAOXa U
BblOXa, OCKOJIbKY  rpou3BefeHWe TMNOTOKOBOro  BpeMeHW  BAOXa
(Inspiratory flow time) Ha NoToK paBHO 0OBEMY BAOXa, @ NpoU3BEAEHME
NOTOKOBOro BpeMeHW Bbliaoxa (Expiratory flow time) Ha noTok pasBHO
06béMy Bbl4OXaA.
BpEMEHHbIe MHTEepPBaJibl AbiXaTeJZIbHOIro uukKia (MX ‘-IETI:Ipe)
Y10 Takoe «BBOX - inspiration» u «BbIgOX - expiration»?
Boox 3To BXo4 BO3Ayxa B fierkme. AanTca 0o Havana Bbigoxa. Belgox - 310
BbIXO[ BO34YyXa U3 Nerknx. nutca o Havana saoxa. IHbIMK csioBamMu, BOOX
CYMTAEeTCH C MOMEHTa HaYvana NOCTYrnJeHnsa Bo3A4yxa B AblXaTesibHble NyTU U
OINTCA OO0 Havana BblAoOXa, a BblAOX - C MOMEHTa Havyalla U3rHaHus Bo34yXa
N3 OblXaTeNbHbIX MyTEN U ANNTCA 00 Ha4Yasla BAOXA.
JKcnepTbl 4enAaT BAOX Ha ABE YacTu.
Inspiratory time = Inspiratory flow time + Inspiratory pause
Inspiratory flow time - BpemeHHOW MHTEpBaJ, Korga B Jierkme nocrtynaeTt
BO34yX. YTO Takoe «uHCnMpaTopHas mnay3a» (inspiratory pause wnnu
inspiratory hold)? 2To BpemMeHHOW MHTepBaJs, KOrga ksanaH BOOXa YyXe
3aKpbIT, @ KNarnaH Bbl4oXa ele He OTKPbIT. XOTS B 3TO BpeMsA MoCTynJeHuns
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BO34yXa B JIErkKne He NnponcxoanT, NHCNMpPaTOpHas naysa ABAAETCA 4acTblo
BpeMeHN BAOXa. TakK [O0roBopuincb. MHCNuMpaTopHasa nay3a BO3HUKaeT,
Korga 3afaHHbin 0ObEM y>XKe O0oCTaB/iIeH, a BpeMs BAOXa eLlé He UCTEeKNO.
ONns CNOHTaHHOro AblXaHWA - 3TO 3a4ep>XKa OblXaHWSA Ha BbiCOTe BOOXA.
3agep)xKa ObIXaHUA Ha BbICOTE BAOXA LUMPOKO MPaKTUKYeTCA UHAUNCKUMU
noramm un OpyrumMm cneuriannctamm Mo AbiXaTeslbHOM TMMHacTuUKe. B
HeKoTopbiXx pexumax WBJT wnHcnumpaTopHasa mnaysa oTcyTcTByeT. [ng
annapata VBJ1 PPV Bbioox expiratory time - 370 BpeMeHHOW MHTepBan oOT
MOMEHTa OTKpbITMSA KJanaHa BblgOXa A0 Hayana cjefjyowero BAaoxa.
JKCNepTbl OEeNAT BblAOX Ha ABE YacTu.

Expiratory time = Expiratory flow time + Expiratory pause
Expiratory flow time - BpemMeHHON MHTepBaa, Korga BO34YyX BbIXOOUT U3
nerkmx. YTto Takoe «3KCnupaTopHas nays3a» (expiratory pause wan
expiratory hold)? 3To BpeMeHHON WMHTepBaj, Korga MNOTOK BO34yXa W3
JNIerknx y>xe He nocTyrnaeT, a BAOX eLé He Ha4vancda. Ecnm mbl nmeem geno ¢
«YMHbIM» annapaTtoM WBJ1, Mbl 06583aHbl COOBLNTL €My CKOJIbKO BPEMEHMU,
NO HaweMy MHEeHWUI, MOXeT OJMTbCA 3KCnupaTopHas naysa. Ecnu Bpems
3KCNMPATOPHOW May3bl NCTEKJSI0, @ BAOX He Havancs, «yMHbIn» annapaTt UBJI
obbasndeT Tpesory (alarm) m HayMmHaeT cnacaTb NauWeHTa, MOCKOJIbKY
cynTaeT, 4TO npowusowsio anHo3 (apnoe). Bknw4vaetca onumsa Apnoe
ventilation. B HekoTopbix pexumax WBJ1 askcnupaTopHas naysa
OTCYTCTBYET.

Total cycle time - Bpems AbixaTeNbHOro UMKa CKJagblBaeTCs U3 BPpEMEHMU
BAOXa W BPEMEHU BblAoOXa.

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

nnn

Total cycle time = Inspiratory flow time + Inspiratory pause +
Expiratory flow time + Expiratory pause
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NHCcnvpaTopHasa u/unm asKkCcnupaTopHas nay3bl MOryT OTCYyTCTBOBATh.

O61bem (volume)

YTo Takoe 06bem? HekoTopble Hawun KypCaHTbl oTBeYalT: «O6bEM = 3TO
KOIMYeCTBO BelwecTBa». [ HECKMMaeMbIX (TBEPAbIX N XUOKNX) BELLECTB
3TO BEpHO, a OJ1a rasoB He Bcerga. Korga pAbixaHue NpoucxoauT nopg
NaBNeHneM Bbllle  aTMOCHepHOro (bapokamepa, rnobokKoBOAHbIE
aKBaJIaHMUCTbl N T.4.), CKATUEM ra3oB npeHebperaTb HeNb3s, MOCKOJIbKY
MEHSITCA UX Pn3nyYeckme CBOMCTBA, B YaCTHOCTM PaCcTBOPMMOCTb B Boae. B
pesynbTaTte - KUCJopoAHOEe OfnbsiHEHME U KecoHHasda 6one3Hb. B
BbICOKOrOPHbIX YCJIOBUAX MPU HU3KOM aTMOCHEPHOM AaBJIEHMN 340POBbLIN
CMOPTCMEH-aNIbMMHUCT C HOPMaJlbHbIM YpPOBHEM remorsobuHa B KpPOBWU
MCMbITbIBAET TFUMNOKCUKD, HECMOTPSA Ha TO, 4TO AblwnT raybxe m vawe
(AbIXaTeNbHbIN U MUHYTHLIN 0O BEMbBI YBESINYEHHI).

Mpumep: Bam npmnHecnn 6aaioH C KUCI0PoAoM, EMKOCTbIO (06bEMOM) 31, - a
CKOJIbKO B HEM Kucnopoga? Hy KOHEYHO, HY>XHO WU3MepuTb AaBJieHue, U
TOorga, OUEHMB CTeneHb CXaTua ra3a W OXWUAAEMbIA pacxod, MOXXHO
CKa3aTb, HaAAoOJIr0 NIM ero XBaTUT. MexaHMKa - HayKa TO4Has, MO3TOMY
npexxge Bcero,

OO1BLEM - 3TO Mepa NPOCTpPAHCTBA.

N, Tem He M™MeHee, B YCNOBUAX CMNOHTAHHOro pAbixaHnsa wu WBJ1 npw
HOPMaJIbHOM aTMOCHEPHOM AaB/IEHUN Mbl MCMOJIb3YEM eanHuULbl obbeMa
ONA  OUEeHKM Kojau4decTBa rasa. OCxaTmem MOXHO npeHebpeyb. B
pecnmpaTopHON MexaHuke 06BbLEMbI N3MEPSAIOT B INTPAX WU MUAINANTPAX.

Ona onncaHnsa o6bLEMOB MCNOJIb3YIOTCA TPU CJIOBa:

1. MpocTpaHcTBO (Space).

2. EMKocCTb (capacity).

3. O6bém (volume).

OOBLEMBI M NPOCTPAHCTBA B peCNUPaTOPHOU MexaHuKe
IDbixaTenbHbih 00bEM (V1) no-anrnumncku Tidal volume - 3To BennymHa
0OHOro obbIYHOro BAOXa UM BbiA0XaA.

MuUHYTHbIN 00BEM (MV) - no-aHrnmnckm Minute volume - 370 cymma
OblXxaTesibHbIX 06BbEMOB 3a MUHYTY. Ecnm Bce pbixaTenbHble 06bembl B
Te4YeHne MUHYTbI PaBHbl, MOXKHO NPOCTO YMHOXWUTb AbiXaTeNbHblh 06BbEM Ha
4aCTOTY AbIXaHWUN.

MepTtBOoe npoctpaHcTBo (DS) no-aHrnvnckm Dead space - 370
CYMMapHbIn 0OBbEM BO34QYXOHOCHbIX MNyTen (30Ha AbIXaTE€NbHOW CUCTEMbI,
rae HeT razoobmeHa).

OO6Gbembl, uccnepyembie Npu CNMPOMEeTpPUHU

ObixaTenbHbih 00BbEM (V1) no-anrnuninckm Tidal volume - 310 Benn4nHa
0OHOro obbIYHOro BAOXa WM BbiA0OXa.

Pe3epBHbin 00bEM Booxa - POBpA, (IRV) no-aHrnuncku Inspired reserve
volume - 3T0 06bEM MaKCMMasibHOro BAOXa MO 3aBeplleHnn O06bIYHOro
BLOXa.

EmkocTtb Baoxa - EB (IC) no-aHrnuncku Inspiratory capacity - 370
00bEM MaKCMMasibHOro BAoxa nocne 06bIYHOro BblAOXaA.

IC = TLC - FRC nam IC = V1 + IRV

O6bwan éMmkocTb nérkux - OEJ1 (TLC) no-aHrnuincku Total lung capacity
- 3T0 06bEM BO34yXa B NIErKMX NO 3aBEPLUEHNN MAaKCMMasibHOrO BAOXA.
OcTaTo4HbIn 00BEM - OO (RV) no-aHrnunckm Residual volume - 310
00BbEM BO3ayXa B NErKMX No 3aBepLUeHnN MaKCUMaibHOro Bbl4oOXa.
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XusHeHHas éMmkocTtb neéerkux - XEJN (VC) no-anrnmnckn Volume
capacity - 370 061éM BOOXa NoC/ie MaKCMMalbHOIO BblA0Xa.

VC = TLC - RV

DyHKLUMOHANIbHAA ocCcTaTo4yHaa eéMKocTb - POE (FRC) no-aHrnmnckm
Functional residual capacity - 370 06béM BO3gyxa B JNErkKMx no
3aBepLueHnm obbIYHOro BblAOXa.

FRC =TLC-IC

Pe3sepBHbin 00BbEM Bbigmoxa - POsBbig (ERV) no-anrnunckun Expired
reserve volume - 370 00bEM MaKCMMasbHOrO BbiAOXa MO 3aBEPLUEHUNU
06bIYHOr 0 BbIAOXa.

ERV = FRC - RV

PesepeHbI

obrem EmrocTbe
BOOXa BAOXAa
HuzHeHHan

EeMKOCTE

-
=
2
o 06
c | Auix. o6em was
= 3 EMKOCTh
% 4 nerknux
o %
o PesepBHbIA
obbem
Bblaooxa DyHKUWMO-
4 HansHasn
i ocTarto-
T 4yHasn
eMKOCTb

OcTaTouHbIW
obbem

l ,

MoTok (flow)
Y10 Takoe noTok? «O6bEMHAA CKOPOCTb» - TOYHOE onpenaeneHne, ynobHoe
ana oueHkn paboTbl HacocoB M TpybonmpoBOoAOB, HO A9 pPecrnUpaToOpPHOM
MeXaHUKK 6osibLue NoAXoanT:
MOTOK - 3TO CKOPOCTbL U3MEeHeHUuA obbéMa
B pecnupaTopHoOin MexaHuke noTok (V
) N3MepSAIT B INTPAX B MUHYTY. MNpumepsl:
1. MoTok(V
) = 60n/MmuH, OnntenbHocTb BAoxa(Ti) = lcek(1/60mMuH), ObiXxaTeNbHbIN
ob6bém (V1) =7
PeweHune: V
x Ti =VT
OTtBeT: 1n
2. MoTok(V
) = 60n/MuH, ObixaTenbHbln 06BEM(VT) = 11, AnnTtenbHocTb Booxa(Ti) = ?
PeweHne: V1/V



=Ti

OtBeT: 1cek(1/60MunH)

Ob6bEM - 3TO npomsBedeHMe MOTOKa Ha BPEMS BAOXa WAM MJowalb nopg
KPUBOW NOTOKA.

Vr=V
x Ti
BOOX BblAo0X
OABNEHUE
t
OBBLEM
t
NMOTOK
t

IT0 npegcrtassieHne 0 B3aMMOOTHOLUEHUI MOTOKa " obbema ncnoJib3yeTCcA
npn oNUCaHMM peXxxmMmoB BEHTUJIALNN.

OaBneHue (pressure)
YTo Takoe pnasneHue?
IlaBneHue (pressure) - 3To cuJsia, NPUIOKEHHaA K eAuHMUe
naowanu
[laBneHne B [AbIXaTeslbHbIX MyTSAX WM3MepSAOT B CaHTUMeTpax BOAHOIo
ctonba n B Mmunnmbapax. 1 munnmbap = 1,019744289 cm BogHoro ctonba.
3HayYeHMsa faBJIeHUMU B pa3HbIX 30HaX AbIXaTeJIbHOMU

cucTteMbl U rpapgueHTbl (gradient) nasnexHusn

Mo onpepeneHuto paBfeHMe - 3TO CWa, KOTopas YyxXe Hawna cebe
npuMeHeHne, - oHa (3Ta cuna) AaBUT Ha NJowadb W HUYEro HUKyda He
nepemMelaeT. [pPaMOTHLIA OOKTOP 3HAET, 4TO B340X, BETEp, U fa)Ke yparaH,
COo34aeTcs pa3HOCTbo AaBNeHUn nnu rpagneHTom (gradient).

Hanpumep: B 6annoHe ra3s noa gasneHmem 100 atmocdep. Hy n 4to, ctomnT
cebe 6anNOH N HUKOro He TporaeT. a3 B BbansioHe CNOKONHO cebe OaBUT Ha
naowanb BHYTPEHHEN MOBEPXHOCTN BansioHa U HM Ha 4YTO He OTBJIEKaeTCH.
A ecnn OTKpbITb? Bo3HMKHeT rpagueHT (gradient), KoTopblIn MU co3gaeT
BeTep.



~———Paw=Pawo
\—Ptr=Pawo-Pbs

-—PDbs

N

j <o Ptt=Palv-Pbs
§ +—PI=Palv-Ppl
- L pw=Ppl-Pbs

—Pes

[]

HaBneHuns:

Paw - naBneHne B AbiXaTesbHbIX MNYTAX

Pbs - naBneHne Ha NOBepxHOCTN Tena

Ppl - nneBpanbHOE faBneHue

Palv - anbBeonsipHoe naBneHmne

Pes - nuweBoanHoe naBneHue

MpagneHTbl:

Ptr - TpaHcpecnupaToHHOe faBneHune Ptr = Paw - Pbs

Ptt - TpaHcTOpakanbHoe gasneHne Ptt = Palv - Pbs

Pl - TpaHcnynbMoOHanbHOe aasneHune Pl = Palv - Ppl

Pw- TpaHCcMypanbHoe fnasneHne Pw = Ppl - Pbs

Jlerko 3anoMHUTb: €CQn UCMOoJIb30BaHa MPUCTaBKa «TPaHC» - peyb MAeT o
rpagueHTe.

(naBHOW [OBMXXYLLEN CWOW, NO3BOSIAKOWEN caenaTb BAOX, SBASETCSH
pa3HOCTb OaB/IeHUW Ha BXo4e B AblxaTesibHble NyTu (Pawo- pressure airway
opening) n gassieHne B TOM MecCTe, rge AblxaTeslbHble NYyTN 3aKaH4YMBaOTCH
- TOo ecTb B anbBeonax (Palv). Mpobnema B TOM, 4TO B asbBeosax
TEXHUYECKN CJIOKHO rnomMepuTb AasneHue. [lodToMy AON19  OUEHKKU
OblXaTe/IbHOr0 YCUINUA Ha CMOHTAHHOM [AbIXaHUW OLEeHUBAT rpagueHT
MeXxnay nuuweBoaHbiM pgaBneHuneMm (Pes), npu cobniogeHun yCcnoBun
n3MepeHnss OHO paBHO nnesBpanbHOMYy (Ppl), n paBneHnem Ha BXxone B
AblxaTenbHble NyTn (Pawo).

Mpwn ynpasneHnn annapaTtom UBJ1 Hanbonee ooCTynHbIM U MHPOPMATUBHbBIM
ABNSAETCA rpagueHT MexXAy QOaB/ieHMeM B AblxaTeNbHbiX NyTax (Paw) u
naBneHneMm Ha noBepxHocTn Tena (Pbs- pressure body surface). 2ToT
rpagneHT (Ptr) HasblBaeTCs «TpaHCpecnMpaToOpHOe AaBJieHMe», N BOT Kak
OH co3paeTcs:

1. Mpn NPV Pawo cooTBeTCTBYyeT aTMOC(hepHOMY, TO eCTb HoJb, a Pbs
CTaHOBUTCSH OTpuULaTeNbHbIM B pe3ysbTaTe paboTbl annapaTta. AnnapaTt UBJI
NPV Tuna «Kirassa».

2. Mpwn PPV [daBneHue Ha noBepxHoCTW Tena (Pbs) paBHO Hyn, TO eCTb
COOTBEeTCTBYyeT aTMocpepHoMy, a Pawo Bbile aTMOC(epHOoro, To eCTb
MosIOXKNTEsNbHOE.



OTPULATENLHOE +
NABNEHUE

L

ATMOC®EPHOE |es
§ MNONOXWUTENELHOE

OABINEHWE

ATMOC®EPHOE
AABNEHHE

Kak Bungute, HM oaunH u3 metomoB WBJ1 He cooTBeTCTBYEeT MOJIHOCTbLIO
CMOHTAHHOMY [bIXaHWIO, HO €C/INn OueHMBaTb BO3LEeNCTBME Ha BEHO3HbIN
BO3BpaT M nuM@ooTTOoK annapaTtbl VBJT NPV Tnna «Kirassa» KaxxyTtcsa bonee
dusmnonornyHeiMn. Annapatel VBJT NPV Tuna «lron lung», co3pasas
oTpuuaTesibHOe JaBJsieHMe Hafh BCeW T[OBEPXHOCTbI Tesla, CHMXaKT
BEHO3HbIN BO3BPAT U, COOTBETCTBEHHO, CeEpAEYHbIN BbIOpOC.
Be3 HblOTOHaA 34ecb He 06oNTUCH.
HasneHune (pressure) - 3TO cuia, C KOTOPOWM TKAHU NErkux un rpyanHom
KJIeTKU MPOTUBOLAENCTBYIOT BBOAUMOMY O6BLEMY, WX, WHBIMU CJI0OBaMWU,
cuna, ¢ KoTopow annapat WBJI npeoponeBaeT COMpOTUBIIEHME
AblXaTesIbHbIX NyTen, 31aCTUYECKYIO TAry
NErKNX U MbIWEYHO-CBA30YHbIX CTPYKTYP FPyAHOM KNeTKu (Mo TpeTbemy
3aKOHY HbIOTOHa 3TO OOHO N TO XKe MNOCKOJIbKY «ChJla AeNCTBUA paBHa cune
NPOTUBOOENCTBUA»).

Equation of Motion ypaBHeHue cusn, uam TpeTumn 3aKOoH

HbloTOHa ana cuctemsbl «annapat UBJ1 - naumeHT»
B TOomM cnyvae, ecnu annapat WBJ1 ocywecTBafeT BAOX CUHXPOHHO C
OblXaTesibHOW MOMbITKOM MNauuneHTa, OaBleHune, co3faBaemMoe arnnapaToMm
NBN (Pvent), cymmumpyeTcs C MbllLleYHbIM ycunmem naumeHTa (Pmus)
(neBas 4YacCTb ypaBHeHUSA) AN NPeonosieHUs YNpyrocTu JIerkKnx u rpyaHon
knetkn (elastance) n conpotmBneHuns (resistance) nNoToky BO3OyXa B
AblXaTesIbHbIX NYTAX (MpaBas YacTb YpaBHEHUSA).
Pmus + Pvent = Pelastic + Presistive
(naBneHne n3mepsaoT B Muanmbapax)
Pelastic= E xV
(npon3BeneHne ynpyroctn Ha o6bLEM)
Presistive = R xV

(NponsBeneHmne ConpoTMBAEHNS Ha MOTOK)
COOTBETCTBEHHO
Pmus + Pvent = E XV + RxV

Pmus(m6ap) + Pvent(m6ap) = E(m6ap/mn) X V(mn) + R (m6ap/n/mun) X V(n/mun)
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3aonHO BCMOMHUM, pa3MepHocTb E - elastance (ynpyrocTtb) nokasbiBaeT
Ha CKOJIbKO Munaumbap Bo3pacTaeT faBJieHME B pe3epByape Ha BBOAUMYIO
eonHuuy obbvéma (MGap/mn); R - resistance conpoTmBneHne MNOTOKY
BO34yXa NpoxoasleMy Yyepes AbixaTenbHble NyTn (MOap/n/MuH).
NMoHMMaHWe ypaBHEHUSA CUJ NO3BOJIAET HaM AenaTb Tpu Bewun. Bo-nepsbix,
nobon annapat NBJ1 PPV MoOXeT ynpaBnasaTb OAHOMOMEHTHO TOJIbKO O4HUM
N3 U3MEHSAEMbIX NapaMeTpPoB BXOOALWMX B 3TO YpaBHEHMNE. DTN U3MEHSAeMble
NapaMeTpbl - fasneHmne 06bLEM 1 NoToK. NMO03TOMY CyLLEeCcTBYIOT Tpu crocoba
yrnpasaeHnsa BOOXOM: pressure control, volume control, vin flow
control. Peannsaumna BapmnaHTa BOOXa 3aBUCUT OT KOHCTPYKLMK annapaTa
NBJ1 n BbibpaHHOro pexmma WBJI. Bo-BTOpbIX, HA OCHOBE YypaBHEHUA Cun
co3faHbl NHTeNNeKTyallbHble nporpamMmbl, 6narofapsa KoOTopbiIM annapaT
paccynTbiBaeT roKa3aTenm pecrnupaTopHOM  MexaHuku  (Hanpumep.:
compliance (pacTsxumocTb), resistance (conpotmsneHne) un time
constant (noctosaHHasa BpemMeHn <KLT>> ). B-TpeTbux, 6e3 nNOHMMaHMA
YPaBHEHUSA CU HE MOHATb TakMe peXxuMbl BEHTUNALUN KaK “proportional
assist”, “automatic tube compensation”, n “adaptive support”.

FnaBHble pacyeTHble NapaMeTpbl pecnupaTOPHOMU
MeXaHUKM

resistance, elastance, compliance

1. ConpoTuBsieHMe AbiXxaTesibHbIX NyTen (airway resistance)
CokpalyeHHoe o6o3Ha4eHue - Raw.

Pa3zmepHocTb - cMH20/J1/cek nnn mbap/mn/cek

Hopma gng 3pgopoBoro 4yenoseka - 0,6-2,4 cMH20/J1/cek. Y nHTybupoBaHHOIo
naumeHTa Ha WBJ1 - 3-10 cmH20/J1/cek. DPU3NYECKUN CMbICN [aHHOro
nokKa3aTensa TrOBOPUT, KakKuUM Oo/KeH ObiTb rpagneHT  OaBlieHuin
(HarHeTawwee fassieHME) B AaHHOW cucTteme, 4Tobbl obecneynTb NOTOK 1
amTp B cekyHay. CoBpemMeHHOMY annapaTty WMBJI HeCc/oXHO paccymTaTb
pe3uctaHc (airway resistance), y Hero ecTb faT4uKM OaBJsIeHUSA N NOTOKA
- pasgenunn pgasBJsieHWe Ha MNOTOK, W roToB pe3ynbTaT. [Onsa pacyeTa
pe3uctaHc annapat WBJ1 gennT pa3HOCTb (rpagmMeHT) MakKCUMasibHOro
nasneHusa sooxa (PIP) u paBneHusa nnato saoxa (Pplateau) Ha noTtok (V

).

Raw = (PIP-Pplateau)/V

YTo n 4emy conpotumsnseTca? PecnupaTopHasd MexaHWKa paccMmaTpuBaeT
CONpPOTMBJIEHNE AblIXaTeNbHbIX NyTen BO34YLIHOMY NMOTOKYy. ConpoTmueaeHmne
(airway resistance) 3aBucnT OT [OJIMHbLI, AnaMeTpa WU MNPOXOOUMOCTWU
AblXaTesibHbIX MyTen, 3HAOTpaxeasbHON TPYOKM M ObiXaTeNbHOro KOHTYypa
annapata WBJ1. ConpoTuBrieHne MOTOKY BO3pacTaeT, B HaCTHOCTU, eCsn
NPONCXOAUT HAKOMJEeHNEe U 3afep>XKa MOKPOTbl B AblXaTesbHbIX MNYyTHX, Ha
CTeHKax 3HAoTpaxeasibHOW TPybKn, CKonseHue KOHAeHCaTa B LWJaHrax
OblXaTeNbHOro KOHTypa wunn gegopmaumsa (nepernb) nwbonm mnis Tpybok.
ConpoTuBsieHNEe pObiXaTesibHbIX MNyTen PacTET MNpu BCEX XPOHUYECKUX WU
OCTpPbIX  OBCTPYKTUBHbIX  3aboneBaHMAax  NErkux, nNpmMBOAAWUX K
YMEeHbLUEeHU0 AnamMeTpa BO34YXOHOCHbIX NyTen. B COOTBETCTBUM C 3aKOHOM
MareHa-lMNya3ena nNpu yMeHbWeHUW AnameTpa TpPpyOkm BABOe ON4
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obecnevyeHns TOro ke NoTokKa rpaaveHT AaBfieHnn, co3aatowmnnm 3TOT NOTOK
(HarHeTaloLwee gaBneHne), ooJKeH bbITb yBennyeH B 16 pas.

Ba)kHO mMeTb B BuAy, 4TO COMPOTUB/IEHME BCEN CUCTEMbl onpenensercs
30HON MaKCMMaJIbHOro CONPOTUBEHNSA (CaMbIM Y3KUM MeCTOM). YCTpaHeHune
3TOro npenaTcTBUa (HanpuMmep, YyaaJeHue WHOPOOHOro Tena us
OblXaTesbHbIX MyTen, ycTpaHeHue CTeHo3a Tpaxeu unm uHTybauma npwu
OCTPOM OTEKEe ropTaHW) MNO3BOJISET HOPMAaJZIM30BaTb YCJ/IOBUA BEHTUIALNN
nerkmx. TepMnH pe3UuCTaHC LWNPOKO WUCMOJIb3yeTCa  POCCUNCKUMKN
peaHnMaTosIoraMn Kak CywlecTBUTe/IbHOe MYXXCKOro poga. CMbIC/ TepMUHa
COOTBETCTBYET MUPOBbLIM CTaHZapTaM.

Ba>XHO MOMHUTb, 4YTO:

1. Annapat WBJI MOXeT W3MepuTb pPe3UCTaHC TOJIbKO B YCNOBUAX
NPUHYONTENIbHOW BEHTUNAUUKN Y peNakCUPOBAHHOIO NaymneHTa.

2. Korpa ™Mbl roBopyuMm o pe3suctaHc (Raw wam conpoTuBieHUU
OblXaTesibHbIX MNyTen) Mbl aHanusupyem oOCTPYKTMBHble MNpobnemsbl
NPenMyLLecTBEHHO CBSiI3aHHble C COCTOAHMEM MPOXOOUMOCTU OblXaTesIbHbIX
nyTen.

3. YeMm 6osiblle MOTOK, TEM Bbllle pe3ucTaHC.

2. Ynpyroctb (elastance) u nopgaTtnuBoctb (compliance)

MNpexne Bcero, csenyeT 3HaTb, 3TO CTPOro NMPOTUBOMOJIOXKHbIE MOHATUA U

elastance =1/compliance. CMbIC/T  MOHATUA  «YMPYrocTb»
nogpa3symMeBaeT CrnocobHOCTb um3m4eckoro Tena npu gedopmaymu
COXpaHATb rMpwuiaraeMoe ycwime, a rnpun BOCCTaHOBJeHUN OpPMbl -
BO3BpallaTb 3TO ycunune. Hanbonee HarnsagHoO 3TO CBOMCTBO MNPOSABAAETCA Y
CTaJIbHbIX MPYXWH UM pe3uHOBbIX migenun. Cneuymanuctel no WBJ1 npwu
HacTpoMKe W TeCTUPOBaHMM annapaToB B KadecTBe MOAENN Nerkux
NCMNONIb3YIOT PEe3MHOBbIM  MeLoK. YMNpyrocTb AblXaTe/lbHOW CUCTEeMbI
obo3HavaeTca cumBosiom E. Pa3mepHOCTb ynpyroctu w™bap/mn, 370
O3Ha4aeT: Ha CKoNbKo Munnubap cnepyet NOOHATbL OaB/ieHME B CUCTEME,
4TOObl 06BEM yBenMYMACa Ha 1 Ma. JaHHbIN TEPMUH LLMPOKO UCMOJb3yeTCs
B paboTax no pusmonornm AbixaHusa, a cneuymanuctol No UBJ1 nonb3ytoTcs
MNOHATNEM O0OpPaTHbLIM «YMPYrocTu» - 3TO «pacTsXXMMocTb» (compliance)
(MHorga roBOpPAT «MOAAT/IMBOCTL»). TepMuH KoMmnnauHc (compliance)
NCMOJIb3YyeTCs KakK CyLleCTBUTEeNIbHOE MYXCKOro poja pPOCCUNCKUMUN
peaHnMaTo/IoraMm Tak XKe 4acTo, Kak 1 pe3ucTaHc (Bcerga Korga MoHUTOP
annapata WBJ1 nokasbiBaeT 3TK napameTpbl). Pa3aMepHOCTb KOMMJIaUHCA -
Mn/Mbap nNokKa3blBaeT, Ha CKOJIbKO MWUIWANTPOB YBENNYMBAETCSH OOBLEM
Npwv NoBbILLEHUN AaBneHusa Ha 1 munnumbap.

B peanbHOM KAWMHMYECKOW cuUTyauunm y naumeHTa Ha WBJ1 wnimepsioT
KOMMJIAWHC PecnmpaTopHON CUCTEMbI - TO €CTb JIErKUX N FPYAHON KJETKN
BmecTe. [na o0603HayYeHMA KOMMAAWHC WNCNOJb3YT CcuMBOAbLI: Crs
(compliance respiratory system) - KoMnslanHC AbixaTeNbHOW cuctemMsbl n Cst
(compliance static) - kKOMRJIAWMHC CTaTUYECKNI, 3TO CUMHOHUMbI. NS Toro,
4yTOOblI paccynTaTb CTaTUYeCKUN KOMMNAaWMHC, annapaTt WBJ1 penut
OblXaTesNbHbin 06BbEM Ha OaBNeHMEe B MOMEHT MHCNUPATOPHON MNay3bl (HeT
NOTOKa - HET pe3UCTaHC).

Cst = V1/(Pplateau -PEEP)

Hopma Cst (koMnnanHca ctaTmnyeckoro) - 60-100mn/mbap

NMpuBoaAMMasa HMXKe CxemMa NoKa3blBaeT, KaK Ha OCHOBe [ABYXKOMMOHEHTHOM
MOOENn paccynTbiBaeTcsa conpoTuBieHne noToky (Raw), cTaTuyeckun
koMmnnanHc (Cst) n ynpyroctb (elastance) abixaTe/lbHOW CUCTEMBI.
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OABJIEHUE
B KOHTYPE
AMNMAPATA
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BPEMS _

Ba>xHO nMeTb B BUAy, YTO U3MEPEHUS BbINOJIHAIOTCA Y PelaKCUPOBAHHOIO
naymeHTa B ycnosuax WUBJ1, ynpasnsemMmon no o6bEMY C nepektoyeHneM Ha
BbIAOX MO BPpeMEHN. ITO 3HAYMUT, 4TO NOC/Ne TOro, Kak 06béM OOCTaBJIEH, Ha
BbICOTE BAOXa KJjanaHbl BOOXa W BblAOXa 3aKpbiTbl. B 3TOT MOMeHT
n3mepsaeTca gassieHve naaTto. BaXXHoO NnoMHUTL, 4TO: 1. AnnapaTt UBJ1 moxeT
n3Mepute Cst (KOMNAAMHC CTaTUYeCKUW) TOJIBKO B YCJNOBUSAX
NPUHYAUTENbHOW BEHTUAALUU Y PelakCUPOBAHHOINO MauveHTa BO BpeMms
WHCMMpaToOpHOU nay3bl. 2. Korga Mbl roBOpUM O CTaTUYECKOM KOMMJ1auHCe
(Cst, Crs vnanm pacTsHKUMOCTUN pecnupaToOpHON CUCTEMBbI), Mbl aHaIU3UPYyeEM
PeCTPUKTUBHbIE NpobsieMbl NpenMyLLeCTBEHHO CBSi3aHHble C COCTOSAHUEM
Nlero4yHon napeHXxuMmbl.

dunnocodcKkoe pe3toMe MOXKHO BbIPasnTb OBYCMbIC/IEHHbIM YTBEPXKOEHNEM:
MoToK co3paéTt paaBseHue

Obe TpaKTOBKM COOTBETCTBYKT LAENCTBUTE/IbHOCTU, TO €CTb: BO-MNEpPBbIX,
MOTOK CO3[aéTCA rpaAveHTOM [faBJieHUN, a BO-BTOPbIX, Korga mMoToK
HaTaJIKMBaeTCA Ha npenaTcTBMe (COMpoTUBNIEHUE [AbIXaTesbHbIX MyTen),
naBneHne yBenunymeaeTcsa. Kaxyllasacsa pedveBasd HeOpexHOCTb, Korpaa
BMECTO «rpaguneHT AaBJIeHUN» Mbl FOBOPUM «OaBNeHUE», pOoXAaeTcsa U3
KJIMHUYECKON peasibHOCTU: BCe [aT4YMKXM [OaBJ/IeHUs pacrnoslioXeHbl COo
CTOPOHbI AbIXaTeNbHOro KOHTypa annapata WBJl. Onsa Toro, 4TOObI
U3MepuUTb [aBJieHNe B Tpaxee W paccyuTaTb rpaaneHT, Heobxoammo
OCTaHOBUTb MOTOK N A0XAATbCHA BblpaBHMBAHUA AaB/ieHNS C 000MX KOHLOB
3HOOTpaxeanbHON Tpybku. MNo3TOMy B NpakTuke 0ObIYHO Mbl MOJIb3yeMCH
rnokasaTensaMu fOaBJiIeHUA B OblXaTesIbHOM KOHType annapaTta WBJL. Mo a1y
CTOPOHY 3HAOTpaxeanbHon Tpybkn ansa obecnevyeHusa saoxa obvemom Y mn
3a BpeMsA X CeK Mbl MOXKEM MNOBbIWATh AaBJsieHne BAoXa (M COOTBETCTBEHHO
rpaguveHT) Ha CKOJIbKO Yy HaC XBAaTUT 34pPaBOro CMbIC/a U KJINHUYECKOro
OoMnbITa, MOCKOJIbKY BO3MOXXHOCTW annapaTa VIBJ1 orpoMHbl.
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Mo Ty CTOPOHY 3HAOTpPaxeasibHOM TPybKM y HAC HaXxoOMUTCH MauuneHT, n y
Hero ans obecnevyeHus Boigoxa 06bLEMOM Y M 3a BpeMs X CeK eCTb TOJIbKO
Cuna ynpyroctm nerknx v rpyoHoOn KJIeTKu W cuia ero AbixaTeslbHOWu
MyCKynaTypbl (ecnm OH He penakcmposaH). Bo3mMoxHOCTM naumeHTa
co3faBaTb MNOTOK BblAOXa OrpaHu4YeHbl. Kak Mbl y>XXe npegynpexxnasnu,
«MOTOK - 3TO CKOPOCTb M3MeHeHus obbema», nosToMmy gna obecrnevyeHus
3P PEKTUBHOI0O BblAOXa HYXXHO NMpenocTaBuUTb NauneHTy BpeMms.
MocTosHHaa BpeMeHu (T)
Tak B OTe4YeCTBEHHbIX PYKOBOACTBAX MO (PU3MONOrMN ObIXaHNA Ha3blBaeTCsH
Time constant. 3To npon3seaeHne KOMNJIAUHC Ha pe3UCTaHC.
T = Cst x Raw
Pa3zmepHoOCTb MOCTOAHHOW BpeMeHwN, eCTeCTBEeHHO CeKyHAbl.
HencteBntenbHo, BeAb Mbl YMHOXaeM ™Ma/mMbap Ha ™Mbap/mn/cek.
MNocTOAHHaA BpeMeHu oTpakaeT OLHOBPEMEHHO 3JlacTUYecKme CBOWCTBA
AblXaTe/IbHOW CUCTEMbl N COMPOTUBJIEHNE [ObIXaTesbHbIX NyTen. Y pa3HbiX
nogen T pa3Hada. MNoHATb PU3NYECKNA CMbICST OAHHOM KOHCTaHTbl Jierye,
Ha4aB C Bblgoxa. MNpenctasum cebe, 3aBepwéH BAOX, - HAYaT Bbigox. lMoa
OeNCTBMEeM  3J1laCTUYeCKUX  CUa AbIXaTeslbHOW  CUCTEeMbl BO34YX
BblTa/IKMBaeTCA W3 JIErKUX, MpeofosieBass COMNPOTUBJ/IEHNE [bIXaTesIbHbIX
nyTen.
CKONbKO BpeMeHM 3aMMET MnacCMBHbIM BblIAOX? [lOCTOAHHYIO BpeMeHwU
YMHOXUTb Ha NATb (T X 5). Tak yCcTpoeHbl nerkne yenoseka. Ecnn annapat
NBJ1 obecne4ymBaeT BOOX, CO34aBas NOCTOSIHHOE OaBfleHMEe B AblXaTesIbHbIX
nyTaAX, TO Y peslakCMPOBaHHOroO MNauMeHTa MaKCUMallbHbIA 018 OaHHOro
NaBsieHns AblXxaTeNbHbIN 00bEM byaeT AoCTaBsieH 3a TO Xe BpeMs (T X 5).

NOCTOAHHAA BPEMEHW BAOXA U BbIOQOXA
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HdaHHbIN  rpauk nokasbiBaeT 3aBUCMMOCTb MPOLEHTHOW  BeJINYUHbI
OblXxaTesibHOro o6bEMa OT BpeMeHU Mpu NOCTOSAHHOM [aBJIEHUX BAOXA WU
rMnaccMBHOM BblOOXe.

Mpwn BbIAOXE NO UCTeYeHUn BpeMeHn T MNauMneHT ycneBaeT BblAOXHYTb 63%
AblxaTenbHoro obvéma, 3a Bpemsa 2T - 87%, a 3a BpeMa 3T - 95%
OblXxaTesnbHOro obvéma. Npn BAOXE C MOCTOSAHHBLIM AaBfieHMEM aHaNornyHas
KapTUHa.

MNpakTnyeckoe 3Ha4YeHune MNOCTOAHHOWN BpeMeHN. Ecnn Bpems,
npepocTassiseMoe nauumeHTy AN Bblooxa <5T, TO nocjsie Kakaoro BAoXa
4YacTb AblXaTesibHOro obbéma byneT 3agep)XMBaTbCHA B NIerkux nauneHTa.
MakcManbHbIN AblxaTeNbHbll 06bEM Npu BAOXE C MOCTOSAHHLIM AaBJlIeHUEM
nocTynnT 3a Bpemsa 5T. lpn MaTeMaTn4eCcKOM aHanm3e rpaduka Kpusow
obbéMa BblJOXa pacyeT TMNOCTOAHHOW BpeMeHU Mo3BosfAeT CyaAuTb O
KOMIMJIaWHC V1 pe3ucTaHC.

‘ rPA®PUK KSMEHEHUA OBBEMA

V.

>

T

NMOCTOAHHAA BPEMEHM

HdaHHbIN  rpaduK rMoKasblBaeT, KaK COBpPeMeHHbIn annapaTt WBJI
paccYNTbIBAET MOCTOSAHHYIO BpeMeHU. bbiBaeT, 4TO CTaTUYeCKUn KOMMIanHC
paccynTaTb HEBO3MOXHO,

T. K. pNa 3TOro [Ao0JKHa OTCYTCTBOBaTb CMOHTaHHAasa pAbiXxaTesibHas
AaKTUBHOCTb N HeobxoAMMO u3MepuUTb AaBfieHue nnato. Ecnn paspennTsb
OblXaTesibHbI 00bEM Ha MakCMMasibHoe [faBieHue, NoJsiydymMm eule OoAuvH
PacYETHbLIA MOKa3aTeslb, OTPaXkaloLWnMn KOMNJIAUHC 1 pe3MuCTaHC. Pa3Hble
aBTOPbI UCMOJIb3YIOT Pa3Hble UMEHA, HO Mbl LOJIKHbI

3HATb, 4TO 3TO CUHOHUMBI:

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

Cp = V1/(PIP - PEEP)

Bonbwe Bcero cbuBaeT C TOJNIKY Ha3BaHUE «ANHAMUYECKUN KOMMJIAWHC»,
MOCKOJIbKY W3MepeHue MpouCXoAUT rMpu HEOCTaHOBJIEHHOM T[OTOKe W,
cnefoBaTesibHO, [aHHbI  MOKa3aTesb BKJKYaeT N KOMMJIAWHC, WU
pe3ucrtaHc. Ham Oonbwe  HPaBUTCA  Ha3BaHWe  «AWHAMUYeCcKas
XapakTepuctuka». Korga 3TOT nokasaTeslb CHUXXaeTCs, 3TO 3Ha4YuT, 4TO
nmMbo NOHM3MACA KoMnaaWuHC, mbo BO3poC pesuctaHc, ambo m T0 n
apyroe. (Mnu HapywaeTcs nMpoxXoAMMOCTb [AblXaTeslbHbIX MyTen, Wau
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CHMXXaeTca nodaT/MBOCTL Jierknx.) OpOHako ecnam OAHOBPEeMEeHHO C
AUHAMUYECKOU XapaKTEepPUCTUKOM Mbl OLeHMBAeM MO KPUBOW BblgOXa
NOCTOSAHHYIO BpPEeMeHM, Mbl 3HaeM OoTBeT. Ec/iMm NoCTofAHHass BpemMeHu
PAcTET, 3TO OBCTPYKTUBHLIN NPOLECC, @ eC/IN YMEeHbLUAeTCSH, 3HAUYNT NEérkne
CTasin MeHee NoAaT/IUBbI.

3akKJiloueHue

Taknm obpa3oM, 3HaHME pPecrnupaTopHON MeXaHWKW MO3BOJISET He MPOCTO
CTaHOAPTHO yCTaHaB/MBaTb Hekue "cpefHue" napaMeTpbl BEHTUASALUN, HO
MOHMMAaTb BbI3blBAEMblE CMEHOW MNapaMeTpPOB U3MEHEHUs B (U3N0I0rnn
OblXaTesbHOW CUCTEMbl MNaUMeHTa N YMeTb MakKCUMasibHO 3((EKTMBHO
NPUMEHSATb CBOM 3HaHWUA.
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