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BBegeHue

[MpoBeneHne annapaTHOW UCKYCCTBEHHOW BEHTUIALNKM NETKMX B HAcTosiLLee
BpeMsa cTano PyTUHHOW npouenypon B JieHeHUM MNauMeHTOB OTAeNieHun
peaHMMaunMnm N MHTEHCUMBHOW Tepanuu, nepecrtaB BHYyLWaTb TpeneT npu
NPUHATUN peLLEeHnss O HeODXOAUMOCTN OKa3aHUsA NauneHTy pecnupaTtopHOn
nogaepxku. Bo3MOXHOCTM  9TOro  MeToda  MHTEHCUMBHOW — Tepanuu
HEeM3MepMmo BO3POCNU C MNOSABIEHNEM HOBbLIX NMOKOMEHUN pPecrnmpaTtopos,
NoslyyMBLUMX 3@ nNpefdocTaBfiieMble MMM BO3MOXHOCTM  HasBaHue
"MHTEenneKkTyanbHbIX".

Tem He MeHee, nMpuxoouTCA MPU3HATb, YTO OO CUX MOp Aaxe caMbln
"MHTennektyanbHbln" annapat WBJ1 He B COCTOAHUN y4eCTb BCEX HIOAHCOB
naTonormm n ocobeHHOCTEN KaXaoro nauneHTta, oueHUTb 3EKTUBHOCTb
pecnupaTopHOM Tepanun U onpenennuTb HeobXOAUMOCTb W3MEeHEeHUd
napametpos VBJI.

CBefieHnsa 0 MexaHNYeCKMX CBOMCTBAX JIErkMx, nosiydaembiX OT MOHUTOPOB
MEXaHNKN [OblXaHWUs, KOTOPbIMW OCHAaLLleHbl COBPEMEHHble pecnunpaTopsl,
npefocTaBnsoLwmne CTosb Heobxoammyro nHgopmaumo 06 adPeKTUBHOCTH
N agekBaTHoCTU nposogmmon WMBJ1, ctaHoBATCA AnNda Bpada MNyTeBOAHOM
HUTbIO, yKa3blBas, rae Mbl HAXOAUMCS, U Ky[a HY>XHO ABUraTbCs.

PecnupatopHasa MexaHuKa — He06XoAUMbIA MUHUMYM

Kakne napameTpbl BOoxa v Bblgoxa uamepsiet annapat UBJ1?
1. Bpems (time),

2. 00BbEM (volume),
3. notok (flow),
4

. AaBneHwue (pressure).

Bpewms (time)
Bpems - 3To Mepa ANUTENbLHOCTU U NOCriefoBaTeNIbHOCTU ABMIEHUN
Ha rpacmkax gaBneHus, notoka n oobéma BpemMsi 6EXMT No ropu3oHTanbHOM
ocu

«X». lamepsieTca B cekyHOax, MMHyTax, Yacax. C nosuumin pecnnpaTtopHomn
MEeXaHUKN Hac WHTepecyeT ANUTENbHOCTb BAOXa M BblOoXa, MOCKOIbKY
npouseegeHne NOTOKOBOro BpemMeHu Baoxa (Inspiratory flow time) Ha NOTOK
paBHO OOBLEMY BAOOXa, a NPOM3BEAEHME MOTOKOBONO BPEMEHM BblooXxa
(Expiratory flow time) Ha NOTOK paBHO O6BLEMY BbIOXA.

BpemeHHble MHTepBanbl AbIXaTesfibHOro uukna (ux
yeTtbipe) YTO TaKoe «BAOX — inspiration» U «BbIOX -—
expiration»?



Boox ato Bxoa Bo3ayxa B nerkve. Anutcs oo Hadana sblgoxa. Belgox — ato
BbIXO/ BO3ayxa M3 nerkux. [Anntca ao Hadana sgoxa. MiHeiMn crioBamu, BAOX
CYMTaeTCsa C MOMEHTa Havyana NnocTynreHns Bo3ayxa B AblXxaTeNnbHble NyTH U

ANUTCA 40 Havana



BblJOXa, a BblJOX — C MOMEHTa Havarna u3rHaHua Bo3ayxa 13 abixaterbHbIX
nyTen n onNuTca 4o Hadana Bgoxa.

QKcnepTbl AENAT BAOX Ha ABE YacTw.

Inspiratory time = Inspiratory flow time + Inspiratory pause

Inspiratory flow time — BpemMeHHOW WHTepBarn, Korga B Jierkue nocrtynaet
BO3AyxX. YTO Takoe «MHCNUpatopHas naysa» (inspiratory pause wnu
inspiratory hold)? 3TO BpemeHHOW WHTepBarn, Korga KnanaH BAoxa yxe
3aKpbIT, a KflanaH BbloXa eLle He OTKPbIT. XOTHA B 3TO BPEMS NOCTYMNSIEHUS
BO34yXa B ferkmue He npoucxXoauT, MHCNMpaTopHas naysa sABsSeTCs YacTblo
BpeMeHn Baoxa. Tak pgoroBopunucb. WHcnvpatopHasi naysa BO3HUKaeT,
Korga 3agaHHbI 0OBLEM YyXXe OOCTaBMEH, a BPEMS BAOXa €€ He UCTEKIO.
[lna CnoOHTaHHOro AblXxaHuUs — 3TO 3aJepKKa OblXaHWA Ha BbICOTe BAOXa.
3agepxKa OblXxaHUs Ha BbICOTE BAOXA LUMPOKO NPaKTUKYyeTCs UHANUWCKUMU
noramm ” Opyrumun crneumanuctamum no AbiXaTternbHOW rMMmHacTuke. B
HekoTopbix pexumax WBJ1 uHcnupatopHasa naysa otcytcTeyeT. [ns
annapata V/BJ1 PPV Bblgox expiratory time — 3TO BPEMEHHOW MHTEpBan oT
MOMEHTa OTKPbITUS KnanaHa Bblgoxa [0 Hayana cnegyrowiero saoxa.
OKCNepTbl AENAT BbIAOX HA ABE YacTu.

Expiratory time = Expiratory flow time + Expiratory pause

Expiratory flow time — BpeMeHHOW MHTepBan, Korga BO34yX BbIXOOWUT U3
nerkmx. Yto Takoe «dKkcrnmpaTtopHas naysa» (expiratory pause Unn expiratory
hold)? OTO BpeMeHHOW MHTepBar, Korda noTOK BO3adyXa U3 JErknx yxe He
NnocTyrnaeT, a BOOX elé He Hadanca. Ecnn mbl nmeem geno ¢ «yMHbIM»
annapatom WBJI, Mbl 00s3aHbl COOBLWNTL €My CKOMNbKO BpPEMEHMU, Mo
HalleMy MHEHUIO, MOXET ASINTbCA 3KCnupatopHaa naysa. Ecnu Bpemda
9KCnMpaTopHOM nay3sbl UCTEKNNO, a BAOX HEe HaYarncs, «yMHbln» annapat UBJI
obbaBndaeT TpeBory (alarm) M HauMHaeT cnacaTb NauMeEHTa, MOCKOMbKY
cuMTaeT, 4YTO nNpom3owsio anHod (apnoe). Bkniovaetca onuusi Apnoe
ventilation. B HekoTopbIx pexxumax VBJ1 akcnnpatopHasi nay3a oTCyTCTBYET.
Total cycle time — BpeMsi ObIXaTenbHOro UMKIia CKnagblBaeTCs U3 BPEMEHMU
BOOXa U BpeEMEHU BblAoxa.

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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NHcnupaTopHas u/unu akcnupaTopHasi nay3bl MOryT OTCYTCTBOBATb.



O61bem (volume)

UTo Takoe obbem? HekoTopble HalK KypcaHTbl oTBeYaloT: «O6bEM — 3TO
KONN4eCTBO BellecTBa». [N HeCXKUMaeMbIX (TBEPAbIX U XUOKNX) BELLECTB
S9TO BepHO, a Anda rasoB He Bcerga. Korga AbixaHve npoucxoguTt noA
AaBneHneMm  Bbiwe  aTMocdepHoro  (bapokamepa, rnoboKoBOAHbIE
akBanaHrucTbl M T.4.), CXKaTuem rasoB npeHebperatb Hemnb3s, MOCKONbKY
MEHSATCH UX PU3N4ecKme CBOMCTBA, B HaCTHOCTM pacTBOPMMOCTL B BoAe. B
pesynsrate — KACMOPOOHOE OnNbAHEHWe W KeCOHHas ©OonesHb. B
BbICOKOTOPHbIX YCMOBUAX MPU HU3KOM aTMOC(EpPHOM AaBfeHun 300pOoBbIN
CMOPTCMEH-aNbMUHUCT C HOPMaribHbIM YPOBHEM remorriobnHa B KpoOBWU
NCMbITLIBAET TUMOKCUIO, HECMOTPS Ha TO, YTO AblwuT rmybxe M vawe
(ObIXaTernbHbIN U MUHYTHbLIA OObEMbI YBENUYEHDI).

[Mpumep: Bam npuHecnu 6anfioH ¢ KNCnopogoMm, eMKoCTbto (06 bEMOM) 311, —
a CKONbKO B HEM kucriopoga? Hy KOHEYHO, HY>XHO U3MepUTb OaBrieHune, U
TOrga, OUEHMB CTeNeHb CXaTud rasa u oXxmgaemMbli pacxod, MOXHO cKasaTb,
HaZonro nun ero xeatnt. MexaHuka — Hayka To4Had, N03TOMY NpeXae BCero,
O6G1BLEM - 3TO Mepa NPOCTpPaHCTBA.

N, TeM He MeHee, B ycrnoBusiXx CroHTaHHoro AbixaHna n WBJT npwu
HOpManbHOM aTMOCEpPHOM AaBfEHUN Mbl UCMOMb3YEM eanHULbI obbema
ANs oueHKn KonuyectBa rasa. Cxatmem MOXHO npeHebpeyb. B
pecnmupaTopHoOn MexaHnkKe 06bEMbI N3MEPSIOT B NINTPax Unn MUNInnuTpax.
[ns onucaHmst 06 LEMOB UCMOMb3YHTCA TPY CIOBa:

1. NpocTpaHCcTBO (space).

2. EMKocCTb (capacity).
3. O6bEM (volume).
OGBLEMBbI U NPOCTPAHCTBA B peCnUpaTopHON MexaHukKke

IObixaTtenbHbIn 00bLEM (VT) no-aHrnunckn Tidal volume — 3TO BenuynHa
o4HOro o6bIYHOro BOOXa UIK BblgoXa.

MUHYTHbIN OO6BLEM (MV) — no-aHrmMUUCKM Minute volume — 3TO cymma
AbixatenbHblX 0ObLEMOB 3a MUHYTY. Ecnu Bce AgbixaTenbHble 00beMbl B
Te4YeHNe MUHYTbI PaBHbl, MOXXHO MPOCTO YMHOXMUTb AblXaTeNnbHbI 00HEM Ha
4YacCTOTY AblXaHUN.

MepTtBOe npoctpaHcTBO (DS) no-aHrnMunckn Dead space — 3TO CyMMapHbIn
OOBbEM BO3OYXOHOCHbLIX MNyTEeN (30HA AblXaTernbHOW CUCTEMbI, FOe HeT
rasoobmeHa).

O6bembl, uccnengyembie Npu CNMPOMeTpUn

ObixaTenbHbIn 006BLEM (VT) no-aHrnunckn Tidal volume — 3TO BenuunHa
OAHOro 0ObIYHOIO BOOXA UMK BblOOXa.
Pe3epBHbIN 00BLEM BOoxa — POBA (IRV) no-aHrnmunucku Inspired reserve



volume -
9T0 06BEM MaKkcMMarbHOro Baoxa rno 3aBepLueHnn obbIYHOro BAOXA.

EmkocTb Booxa — EB (IC) no-aHrnuicku Inspiratory capacity — 3T0 06b8Mm
MaKcMMarbHOro Bgoxa nocne odbI4HOro BblAoOXa.
IC=TLC-FRCuUNNIC=VT + IRV



O6wasn émkocTb nérkux — OEJ1 (TLC) no-aHrnuicku Total lung capacity — 31O
06BbEM BO3ayXxa B NErKMX Mo 3aBEpPLLUEHUN MaKCUMarbHOro Booxa.
OcTaTo4HbIN 06BEM — OO0 (RV) no-aHrnunckn Residual volume — 370 06bEM
BO37yxa B JTIErKNX NO 3aBepLUEHMM MaKCMasbHOMo BbloXa.

XXusHeHHasn eémkocTb nérkux — XEJ1 (VC) no-aHrnmncku Volume capacity —
9T0 06BLEM BAOXa NOcCne MakcMmMarbHOro Bblgoxa.

VC=TLC-RV

dPyHKUMOHaNbHaa ocTtato4yHasas €émMkocTtb — ®OE (FRC) MoO-aHrmMUUCKK
Functional residual capacity — 370 06bEM BO3gyxa B NIErKMX NO 3aBepLIEHUN
06bI4YHOrO BblgoOXA.

FRC=TLC-IC

PesepBHbIN 06BbEM Bbigoxa — POBbIA (ERV) no-aHrnnnckn Expired reserve
volume — 3T0 OOBLEM MaKCMMarbHOMO BblAOXa MO 3aBepPLUEHUN OObIYHOIO
Bblaoxa. ERV = FRC — RV
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Motok (flow)
UTto Takoe notok? «O6bEMHasi CKOPOCTb» — TOMHOE onpeneneHue, yaobHoe
Anst oueHkn paboTbl HAacocoB M TpybonpoBOoa4OB, HO ANt PECNMPATOPHOM
MeXxaHuKn 6onblue NnoaxoauT:
NMOTOK — 3TO CKOPOCTb UBMEHEeHUsA OO bLEMA

B pecnupatopHoit MexaHuke noTok (V) M3MepsoT B NUTPax B MUHYTY.

Mpumepsi:



1. MoTok(V) = 60n/muH, OnutenbHocTb BAoxa(Ti) = 1cek(1/60MuH),
[bixaTenbHbin 06bEM (VT) = ?
PeweHwue: Vx Ti =VT



OTBerT: 1n

2. MNoTok(V) = 60n/muH, dbixatenbHbii 00bEM(VT) = 11, AnMTenbHOCTb
Booxa(Ti) =

?

Pewenune: VT/V=Ti
OTBeT: 1cek(1/60MUH)

O61bEM — 3TO Npou3sBeaeHne NOTOKa Ha BpeMs BAoXa Unu nnowaab noja
KpUBOW MOTOKa.

VT = VkTi

BOOX Bbl0oX

OABJIEHUE

OBBEM

MOTOK

910 npeacraesieHne 0 B3aMMOOTHOLLEHWN NMOTOKa U obbema NCnosnb3yeTcA
npn ornncaHmm pexmMmoB BEHTUNALNN.

LdaBneHune (pressure)
UT0 Takoe
JaBneHue?
[aBneHue (pressure) — 3TO cUna, NpUNoXeHHas K eAUHULe NnoLwaan

[laBneHune B gbixaTerbHbIX NyTAX MU3MEPAIOT B CAaHTUMETpax BogHOro ctonba
n B munnmbapax. 1 munnubap = 1,019744289 cm BoAHOro ctonba.
3HayeHusa AaBrieHUN B pa3HbIX 30HAX AblXaTeNlbHOU CUCTEMbI U
rpagueHTsbl (gradient) AaBneHuA
Mo onpegeneHuto gaBneHMe — 39TO CuMa, KoTopas yxe Hawna cebe



NPUMEHeHNe, - OHa (3Ta cuna) AaBUT Ha Nnowadb M HUYEro HuUKyaa He
nepemeLllaeT. [pamMOTHbIA JOKTOP 3HAET, YTO B3A0X, BETEP, U AaXe yparaH,
co3aeTcsl pa3HOCTbIO AaBreHnU Unu rpagneHTom (gradient).



Hanpumep: B 6annoHe ra3 nog aasneHnem 100 atmocdep. Hy n yto, ctout
cebe 6annoH 1 HUKOro He TporaeT. a3 B bannoHe cNOKOMHO cebe oaBuT Ha
nnowanb BHYTPEHHEN NOBEPXHOCTU BannoHa 1 HXU Ha YTO He OTBIIEKAETCS.
A ecnn oTKpbITb? BO3HUKHET rpagueHT (gradient), KOTOPbLIN 1 CO30aET BETEP.

~~——————Paw=Pawo
\—Ptr=Pawo-Pbs

——Pbs

IRk
= = Ptt=Palv-Pbs
W/ <
% +—PI=Palv-Ppl
L Pw=Ppl-Pbs
—Pes

[aBnenus:

Paw — faBneHUe B AbiXaTeNbHbIX
nyTax Pbs — naBneHune Ha
noBepxHoCTn Tena Ppl —
nnespanbHoe faBrieHne

Palv —anbBeonapHoe gaBneHue

Pes — NnULLEBOAHOE OaBrieHne

pagneHThI:

Ptr — TpaHCpecnupaToHHOE gaBneHue Ptr = Paw —

Pbs Ptt — TpaHCcTOpakanbHoe AaBneHune Ptt = Palv —

Pbs

Pl — TpaHcnynbMoHanbHoe aasneHue Pl = Palv — Ppl

Pw— TpaHcMmyparnbHoe nasneHune Pw = Ppl — Pbs

Jlerko 3anoMHUTbL: ecrnu UCnosib3oBaHa NpucTaBka «TPaHC» - peYvb UAeT O
rpagueHTe.

[maBHOM [OBWXYyLLEeW curou, no3BONsAKLWEeN caenatb BOOX, SABMAeTCH
pa3HOCTb JaBNeHUN Ha BXo4e B AblxaTernbHble NyTU (Pawo- pressure airway
opening) N OaBreHne B TOM MeCTe, rae AblXxaTesibHble NyTU 3aKkaH4YnBakTCA —
TO ecTb B anbBeonax (Palv). [Npobrnema B TOM, 4TO B anbBeONax TEXHUYECKU
CJTOKHO NoMepuTb AasrieHne. [1o3aToMy Ona OUeHKU ObiXaTernbHOro yCunus
Ha CMNOHTAHHOM [blXaHUW OLEHMBAKT TrpPagvueHT Mexay MNULEBOLHbLIM
aaeneHnem (Pes), npu cobnogeHun YCrnoBuUM WU3MEPEHUA OHO pPaBHO
nnespansHoMmy (Ppl), n faBneHnem Ha BxoAe B AblXaTenbHble nyTu (Pawo).
Mpn  ynpaeBneHun annapatom WBJ1  Haubonee  AOOCTYyrMHbIM U



NHOPMATUBHBIM SIBNSETCA FPagueHT Mexay AaBfieHMEM B AblXaTernbHbIX
nyTtax (Paw) n gasneHnem



Ha noBepxHOCTU Tena (Pbs- pressure body surface). JTOT rpagueHT

(Ptr) Ha3bIBaeTcqa «TpaHcpecnupaTopHoe AaBneHne», N BOT Kak OH
co3gaercs:

1. [Mpn NPV Pawo COOTBETCTBYET aTMOCHEepPHOMY, TO €CTb HOJfb, a Pbs
CTaHOBUTCA OTpuULUaTeNbHbIM B pedynbtaTte paboTbl annapata. Annapart VBJ1
NPV TMNa

«Kirassa».

2. [Mpn PPV [JaBneHne Ha NoBepxHOCTU Tena (Pbs) paBHO HysO, TO eCTb
COOTBETCTBYeT aTMoc(epHOMy, a Pawo Bbllle aTMOCHEpPHOro, To eCTb
NONOXUTENbLHOE.

[=

OTPHUATENBLHOE +
OABNEHUE

LITTEE

ATMOC®EPHOE

MONOMUTENBLHOE
[ABNEHUE

ATMOCSEPHOE
AABNEHWE

Kak Buamnte, HM ogunH mn3 metogoB VBJ1 He cOOTBETCTBYET MOMHOCTLIO
CMOHTaHHOMY [AbIXaHWI0, HO €CIin OLEeHMBaTb BO3OENCTBME HA BEHO3HbLIN
BO3BpaT 1 numMmdooTToK annapatbl MBJT NPV Tuna «Kirassa» KaxyTcs 6onee
dusmonornyHbimu.  Annapatel VIBJ1 NPV Tmna «lron lung», co3naBas
oTpuuaTenbHOEe [OaBfiEHME Hag BCEN MNOBEPXHOCTbIO Tena, CHWXalT
BEHO3HbIN BO3BPAT U, COOTBETCTBEHHO, CEpAEYHbIN BbIOPOC.

Be3 HbloTOHa 3aeck He obonTUCh.

[laBneHune (pressure) — 3TO cuna, C KOTOPOW TKaHM NErKNX U rpyaHON KNETKK
NPOTUBOAENCTBYIOT BBOAUMOMY OOBLEMY, UMK, MHbIMKM CrOBaMW, cuna, C
kKoTopown annapat VBJ1 npeogoneBaeT conpoTUBEHME AblXaTeNnbHbIX NyTEN,
3NaCTUYECKYHO TAry

NETrKMX U MbILWEYHO-CBA30YHbIX CTPYKTYP FPYAHOM KIETKM (MO TPETbeMY
3aKOHY HblOTOHa 3TO OHO M TO Xe MOCKOSbKY «Cuna encTBUSA paBHa cune
NPOTUBOAENCTBUSI»).

Equation of Motion ypaBHeHue cun, unu Tpetumn sakoH HoroTOHa ANs

CUCTEeMbI
«annapat UBJ1 — naumeHT»

B Ttom cnyvae, ecnu annapat WBJ1 ocywecTtBnser BOOX CUHXPOHHO C



AblXaTenbHOM MOMbITKOM NauuMeHTa, OaBrieHue, co3daBaemMoe annapatom
NBJ1 (Pvent), cymmnpyeTca C MblLLeYHbIM yCcunuem nauneHTa (Pmus) (nesad

4YacCTb ypaBHEHMA) Na NpeofoneHna ynpyroctn fierkux U rpygHon KneTku
(elastance) u



conpoTmBrieHuns (resistance) NOTOKY BO3[yxXa B AblXaTeSIbHbIX MyTAX (NpaBas
YacTb ypaBHeEHUS).

Pmus + Pvent = Pelastic + Presistive

(DaBneHune namepsaT B Munnnbapax)

Pelastic=ExV
(Nnpon3BedeHne ynpyroctn Ha 06 LEMm)
Presistive =R x V

(NnponseseneHmne conpoTUBNEHNA Ha MOTOK)
COOTBETCTBEHHO
Pmus + Pvent=ExV+RxV

Pmus(mbap) + Pvent(mbap) = E(M6ap/mn) x V(mn) + R (M6ap/n/mMuH) x
V(n/mMuH)

3a04HO BCMOMHWUM, pa3MepHOCTb E — elastance (yrnpyrocTb) nokasblBaeT Ha
CKOMbko MunnmMbap Bo3pacTaeT gaBfeHMe B pes3epByape Ha BBOOMMYHO
eauHuly obbéma (Mb6ap/mn); R — resistance CONpOTMBIIEHME NOTOKY BO3ayXa
npoxogsawemMy yepes gbixaresibHble nytn (M6ap/n/mMuH).

[MoHMMaHWe ypaBHeHUs cuil NO3BOSISET HaM AenaTtb Tpu Belwn. Bo-nepseblx,
nobon annapat VBJ1 PPV MOXeT ynpaBnsaTb O4HOMOMEHTHO TOMbKO OAHUM
N3 UN3MEHSIEMbIX MNapaMeTpoB BXOAAWMX B 3TO ypaBHeHue. JTu
n3MeHsieMble napameTpbl — AaBneHne O6beEM U noTtok. [loaTomy
CyLLeCTBYOT Tpu crnocoba ynpaBrieHns BOOXOM: pressure control, volume
control, nnn flow control. Peanusauusa BapuaHTa BOOXa 3aBUCUT OT
KOHCTpyKumn annapata WBJ1 un BbibpaHHoro pexuma VBJ1. Bo-BTOpbIX, Ha
OCHOBE YypaBHEHWA CUN CcO3daHbl WHTennekTyarnbHble MporpamMmmbl,
bnarogapsa KOTOpPbIM annapaTt paccyuMTbiBaeT MokasaTenn pecnupaTtopHOn
MeXaHWUKu (Hanpumep.: compliance (pacTaXumocTb), resistance
(conpoTuBneHne) n time constant (noctosiHHas BpeMmeHn L1 ). B-Tpetbux,
6e3 NoHNMMaHus ypaBHEHUS CU HE NOHATb Takne pPeXuMbl BEHTUNALUM KaK
“proportional assist”, “automatic tube compensation”, 1 “adaptive support”.

maBHble pacyeTHble NapamMeTpbl pecnMpaTopHOMN MeXaHUKN

resistance, elastance, compliance
1. ConpoTuBneHue abixaTesibHbIX NyTeu (airway resistance)

CokpallueHHoe 0003Ha4YeHne — Raw.
PasmepHocTb — cMH20/J1/cek unn mb6ap/mn/cek

Hopma agna 3gopoBoro 4enoBeka — 0,6-2,4 cmH20/I/cek. Y
MHTYBMpoBaHHoOro nauueHta Ha MBJT — 3-10 cmH20/J1/cek. dPusmndeckum
CMbICIT OaHHOro nokasaTensi roBOPUT, KakMM AOSMKEH ObiTb rpagueHT



AaBneHun (HarHeTatoLlee AaBneHne) B 4aHHON cucteme, 4Tobbl obecneunTb
notok 1 nutp B cekyHay. CoBpemMeHHoMy annapaty WBJ1 HecnoxHo
paccuMTaTb pe3ncTaHc (airway resistance), y Hero eCTb AaTtymku JaBeHus n
NOTOKa — pasgenun gasreHne Ha NoTokK, M roToB pesyrbTarT.



[na pacdyeta pe3uctaHc annapat WBJ1 genut pasHOCTb (rpagueHT)
MakcMmanbHoOro gasneHuna sgoxa (PIP) n oaBneHuns nnato Booxa (Pplateau)
Ha noToK (V).

Raw = (PIP-Pplateau)/V

Uto n yemy conpotumensaetrca? PecnupatopHad mMexaHuka paccMmaTpuBaet
COMPOTUBIIEHNE AblXaTeSbHbIX MyTEN BO34YLWHOMY NOTOKY. ConpoTmBneHmne
(airway resistance) 3aBUCUT OT [OJIMHbI, OWaMeTpa M NPOXOAUMOCTHU
AblXxatenbHblX NyTEW, aHAOTpaxeanbHON TPYOKN N OblXaTenNbHOro KOHTypa
annapata WBJl. ConpotnBneHne noToKy Bo3pacTaeT, B 4aCTHOCTU, €Ciu
NPOUCXOOMUT HaKOMSIEHME N 3adepXKa MOKPOTbl B AblXaTemnbHbIX NyTAX, HA
CTEHKax aHOoTpaxeanbHoOW TPyOKW, CKOMMeHuMe KOHAEeHcaTa B LufaHrax
AblXaTenbHOro KOHTypa unu gedopmaumns (nepermb) niodon ns TpyoOoOK.
ConpoTuBneHne abixaternbHbIX NyTen pPacTeT MpU BCEX XPOHUYECKUX W
OCTPbIX  OBCTPYKTMBHbIX  3aboneBaHusaxX  NErkux, npuBoasaWMX K
YMEHbLUEHNIO AnaMeTpa BO34yXOHOCHbIX NyTen. B cOOTBETCTBMN C 3aKOHOM
[areHa-lNyasens npu ymeHblleHUWM guameTpa Tpybku BOBOe And
obecneyvyeHust TOro e NOTOKa rpagueHT AaBneHnn, co3aatowmm 3ToT NOTOK
(HarHeTarLlee aaBrneHne), 4OrmKeH ObITb yBENMYEH B 16 pas.

BaxHO MMmeTb B Buay, YTO COMPOTUBIIEHME BCEN CUCTEMbI OonpeaensieTcs
30HOW MaKCMManbHOro COMPOTUBIIEHUS  (CaMbiM  Y3KUM  MECTOM).
YcTpaHeHne 3Toro nNpendaTcTBmA (Hanpumep, yaaneHue MHOPO4HOoro Tena mns
AbiXxatenbHbliX MyTEW, YCTPaHEeHWe CTEeHOo3a Tpaxen unu uHTybauus npu
OCTPOM OTEKEe ropTaHu) NO3BONAET HOPManuM3oBaTb YCIOBUS BEHTUNALMN
nerkmx. TepMWH pPe3nUCTaHC LWUPOKO WUCMOSMb3YeTCad  POCCUNCKUMMU
peaHMmaTonoraMmm Kak cyLecTBuTesribHoe Myxckoro poga. Cmbicn TepMuHa
COOTBETCTBYET MMPOBbLIM CTaHZapTaM.

Ba)kHO NOMHUTB, YTO:

1. Annapat WBJ1 MoOXeT u3MepuTb pPe3nCTaHC TOSIbKO B YCINOBUSAX
NPUHYOUTENbHON BEHTUNALMM Y peNnakCMpoOBaHHOIO NaLmeHTa.

2. Korga ™Mbl roBopyM O pe3ucTaHc (Raw wunuM  CcOnpoTUBEHUN
AblXaTenbHbIX MNyTen) Mbl aHanuMsanpyem OOCTPYKTUBHbIE NPOBneMbl
NpeuMyLLLECTBEHHO CBA3aHHbIE C COCTOSHUEM NPOXOAUMOCTU AbIXaTeSlbHbIX
nyTen.

3. Uewm BorbLuUe NOTOK, TeM BbilLiE pe3UCTaHC.

2. YnpyrocTb (elastance) M nogaTnMBoCTb (compliance)

[Mpexae Bcero, cnefyet 3HaTb, 3TO CTPOro MPOTUBOMOSIOXKHbIE MOHATUA U
elastance =1/compliance. CMbICNT NOHATUA «yNPYrocTb» nogpasymesaet
CcnocobHOCTbL  (pm3mdeckoro Tena npu  gedopmMauunm  COXpPaHATb
npunaraemoe ycunue, a npy BOCCTAHOBIIEHUU (POPMbl — BO3BpaLLaTb 3TO
ycunve. Haubonee HarnsggHO 3TO CBOWCTBO MNPOSBNSETCA Y CTarbHbIX
NPYXXUH Unn pesnHosbix nsgenuin. Cneunannctel no VIBJT npu HacTponke n
TeCTUpOBaHUX annapaTtoB B KayecTBe MOLENW nerknux WUcnonb3yoT



PE3NHOBLIA MeELIOoK. YNPYrocTb AblXxaTenbHOMW cucTteMbl 06O3Ha4YaeTcHd
cumBoniom E. PaamepHOCTb ynpyroctn méap/mn, 3T0 03Ha4YaeT: Ha CKOMNbKO
Munnnbap cnegyet nogHATb [OaBreHue B cucteme, 4Tobbl  OOBLEM
yBenuuunca Ha 1 mn. JaHHbIA TEPMUH LLUMPOKO



ncnonb3dyetcs B pabotax no onsmonornmn apixaHus, a cneumnanuctol no VBJ1
NONb3YKTCA MNOHATUEM OOpaTHLIM «YMPYroCTU» - 3TO «PaCTAXKUMOCTb»
(compliance) (MHOrOa roBOPSAT «MNOAATNIMBOCTb»). TepMUH KOMMAWHC
(compliance) wucnonb3yeTcd Kak CyWeCTBUTENbHOE MYXCKOro poga
POCCUNCKUMW peaHumMaTonoraMu Tak Xe 4acTo, Kak 1 pe3ucTaHc (Bcerga
korga moHuTop annapata /BJ1 nokasbiBaeT aTn napameTpsl). PasamepHoOCTb
KOMnnamHca -— wMi/mMbap mMokasblBaeT, Ha CKOMbKO MUIMNUTPOB
yBenuyneaeTcst 00bLEM Mpu NoBbILLEHNN AaBneHnd Ha 1 munnuodap.

B peanbHOM KnuHM4eckonm cutTyaumm y naumeHta Ha WBJ1 umsmepsior
KOMMJIaUHC pecrnmpaTopHOM CUCTEMbI — TO €CTb NErkux u rpyaHom KIeTku
BmecTte. [na o603HayeHMss KOMMJSIAMHC WCMNOMb3YyT CUMBOSbI:  Crs
(compliance respiratory system) — KOMNMaWHC ObIXaTenNbHON cUcTeMbl N Cst
(compliance static) — KOMRJTAWHC CTaTUYECKUI, 3TO CUHOHMMbI. [ns Toro,
4yTobbl paccunMTaTb CTaTU4eckuin kKomnnawmHc, annapat WBJ1 pgenur
AbixatenbHblh 0OBLEM Ha OaBfeHNne B MOMEHT UHCNUPATOPHOW nay3bl (HET
NOTOKa — HET Pe3nUCTaHC).

Cst = VT/(Pplateau —PEEP)

Hopma Cst (komnnanHca cratuyeckoro) — 60-100mn/mbap

[MprBOOMMAS HMXKE CXeMa MOKa3blBAET, KAk HA OCHOBE ABYXKOMMOHEHTHOWN
MOOENM paccyYNTbIBAETCA COMPOTMBIIEHME MOoTOKY (Raw), CTaTU4YeCKMi

KomMnsianHc (Cst) n ynpyroctb (elastance) AblXaTenbHOW CUCTEMBI.

OABJEHUE
B KOHTYPE
ANMAPATA

___________________________

,foTokoBoe 3a;:|.ep>f<|<a
Bpemsi i BJoxa:
BOOXaA 4—!—
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BaxHO MMmeTb B BMAY, YTO M3MEPEHMUS BbINOMHAIOTCS Y pernakcMpoBaHHOIo
nauuneHTa B ycnosusx VIBJ1, ynpaensemon no o6bEmy € nepekniovyeHnem Ha




BblOOX MO BPEMEHWU. JTO 3HAYMIT, YTO MOCIIE TOro, Kak 06 bEM OOCTaBNEH, Ha



BbICOTE BAOXa KranaHbl BAOXa M BblAoXa 3akpbiTbl. B 3TOT MOMEHT
namepsaeTcsa gasneHve nnarto. BaxxHo noMHUTL, 4To: 1. Annapat VBJ1 moxet
namMeputb Cst  (KOMMMIAMHC  CTaTU4ecKnMin) TONMbKO B YCIIOBUSIX
NPUHYOANTENbHON BEHTUNAUUM Yy penakCcMpoBaHHOIMO MnauueHta BO Bpemd
MHCAMpaTopHOM nay3abl. 2. Korga mMbl roBOpUM O CTaTUYECKOM KOMIMSTauHce
(Cst, Crs U pacTAXKUMOCTU PEeCnUpPaTOpPHON CUCTEMBI), Mbl aHaNM3npyem
PECTPUKTMBHbIE NPOBNemMbl NPEUMYLLECTBEHHO CBA3AHHbIE C COCTOSIHUEM
nero4YHoun napeHxmmbl.

dunocogckoe pestome MOXHO BbIpasnTb ABYCMbICIIEHHbIM YTBEPXOEHNEM:
lNoTok cozpaéT naBneHue

O6e TpakTOBKM COOTBETCTBYHOT AENCTBUTENBHOCTU, TO €CTb: BO-MEPBbIX,
NOTOK CO34A€TCA rpadMeHTOM [aBfeHun, a BO-BTOPbIX, Korga MnoTOK
HaTanknBaeTCca Ha NpenaTcTBME (COMPOTUBMEHWE AbIXaTenbHbIX MyTen),
AaeneHne yeenuuuBaetcs. Kaxyuwlasicsa pedeBass HebBpexHoCTb, Korga
BMECTO «lPaAMEHT OaBMEHUMA» Mbl TOBOPUM «AaBMeHWe», poXaoaeTcs u3
KINMHUYECKOM peanbHOCTU: BCe OdaTyvMKM [OaBrfiEHUS1 pPacnosiokeHbl CO
CTOPOHbI AblXaTenbHOro KOHTypa annaparta MBJ1. [ins Toro, 4tobbl nameputb
AaBneHne B Tpaxee W paccuyuTaTb rpagueHT, HeobxoaumMo OCTaHOBWUTb
NOTOK M O0XOaTbCA BblpaBHUBAHUS AaBneHma ¢ 060oMX KOHLOB
9HOoTpaxeanbHon TPyoku. [1oaToMy B npakTMke OBbLIYHO Mbl NOSIb3YyEMCS
nokasaTtensiMmu gaerieHus B AblxaTenbHOM KOHType annapata UBIJI. Mo aty
CTOPOHY 3HOOTpaxeanbHon Tpybkn ons obecneveHnsa saoxa o6 bLeMom Y M
3a BpeMs X CceK Mbl MOXXEM MOBbILLATL AaBNeHne Booxa (M COOTBETCTBEHHO
rPagmMeHT) Ha CKOMbKO Y Hac XBaTUT 34paBOr0 CMbICHA U KITMHUYECKOro
OnblTa, NOCKOSbKY BO3MOXHOCTM annapata MBJ1 orpoMHbI.

Mo Ty CTOpOHY 3HAOTpaxeanbHOW TPYOKM y HAc HaxoauTCs NaUMEHT, Uy
Hero ans obecnevyeHunst Bblgoxa 06bEMOM Y MI1 3a BpeMS X CEK €CTb TOSbKO
cuna ynpyroctu nerkux u rpygHom KNeTkn W cuna ero AbixaTenbHOW
MyCKynaTypbl (ecnm OH He penakcupoBaH). BoaMOXHOCTM naumeHTa
co3gaBaTb MOTOK Bblgoxa orpaHuvyeHbl. Kak Mbl yxe npegynpexgany,
«MOTOK — 3TO CKOPOCTb M3MEHEHUs obbemar», NoaToMy Ans obecneyeHus
9P EKTMBHOIO BblAOXa HYXKHO NPefOoCTaBUTb NALMEHTY BPEMSL.

MocTtossHHaA BpeMeHu (T1)

Tak B OTEYECTBEHHbIX PYKOBOLCTBaX MO oM3MONOrMn fblXxaHusl Ha3blBaeTCs
Time constant. OTO Npon3BeaeHNE KOMMSTaNHC Ha pe3nUCTaHC.

T = Cst X Raw

PasmepHoOCTb NOCTOAHHON BPEMEHMN, €CTECTBEHHO CEKyHAbI.
[enctButenbHo, Beab Mbl YMHOXaem Mn/mbap Ha w™bGap/mn/cek.
[MocTosiHHaA BpeEMEHU OTpa)kaeT OAHOBPEMEHHO 3nacTUYecKkue CBOMCTBA
AblXaTenbHON CUCTEMbI U CONPOTMBIIEHUE AblXaTemnbHbIX NyTEN. Y pasHbiX
nogen T pasHas. [NoHATb PU3NYeCcKMn CMbICIT AaHHOW KOHCTaHTbI Jlerye,
Ha4aB c Bblgoxa. [peactaBum cebe, 3aBepLUEH BOOX, — Ha4aT BblAoX. [loa
AEeUCTBMEM  3racTUYeCKUX  CUn  OblXaTerlbHOW  CUCTEMbl  BO34YyX



BbITaNKMBAETCA M3 NErkux, npeogosieBasl CONpoTUBIIEHWE AblXaTeSlbHbIX
nyTemw.



CKOSMbKO BpeMeHU 3auMMET naccuBHbIN BblOOX? [MOCTOSAHHYIO BpeMeHwu
YMHOXUTb Ha NATb (T X 5). Tak ycTpoeHbl nerkue vyenoseka. Ecnu annapat
NBJ1 obecneunBaeT BOOX, co3faBasi NOCTOAHHOE JaBrieHue B AblXaTernbHbIX
nyTaX, TO Yy penakCcMpoOBaHHONO naumeHTa MakCuMarsbHbIA A5 OaHHOro
AaBneHus apixaTenbHbli 00bLEM ByOeT 4OCTaBIEH 3a TO Xe BpeMs (T X 5).

NOCTOAHHAA BPEMEHW BOOXA U BEIAOXA
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Time Constants

[laHHbIN rpaduk NnokasbiBaeT 3aBUCUMOCTb NPOLIEHTHOW BEMNYUHBI
AbixatenbHoro o6bLEma OT BpeMEHU Npu NOCTOSAHHOM AaBfEHUW BAOXa U
naccvBHOM Bblgoxe. [pu Bblgoxe N0 UCTEYEHUN BPEMEHU T NALMEHT
ycrneBaeT BblOOXHYTb 63% AblxaTenbHOoro o6bEma, 3a Bpems 2T — 87%, a 3a
BpeMsi 3T — 95% AbixaTtenbHoro oobema. Npn Baoxe ¢ NOCTOAHHbLIM
AaBreHMeM aHarnormyHasa kKapTuHa.

[MpakTnyeckoe  3HayeHWe  NOCTOsSSHHOM  BpeMeHW. Ecnu  Bpewms,
npenocTaBnsiemMoe naumMeHTy AONs Bblgoxa <5T, TO MOCMe KaXaoro BOoxa
YacTb OblxaTenbHoro obbeémMa byaeT 3agepXmBaTbCa B JIErkMX NaumeHTa.
MakcumanbHbid  OblXaTenbHbIM  O0OBLEM nNpu  BOOXE C MNOCTOAHHBLIM
AaBrnieHMeM nocTtynut 3a Bpems 5T. [lpy marematndeckom aHanuse
rpacduka KpmBon o6bEMA BblgoXa pacyeT NOCTOSAHHOW BPEMEHM MNO3BOSISAET
CyOMTb O KOMMNJSTauHC U pe3ncTaHc.



‘ rPA®UK UISMEHEHUA OB BEMA

NMNOCTOAHHAA BPEMEHMU

HaHHbin  rpadoMk  nokasbiBaeT, Kak coBpeMeHHbin annapat KBJI
paccyYnTbIBaeT NOCTOAHHYIO BpeMeHW. bbiBaeT, YTO cTaTU4eCcKuin KOMMNsiamHe
paccynuTaTb HEBO3MOXHO,

T. K. And 93TOro [JorbkHa OTCYTCTBOBATb CMOHTaHHas [AblxaTeribHas
aKTMBHOCTb M HeobxoaMMo M3MepuUTb AasneHue nnato. Ecnu pasgenutb
AblXxaTenbHbln O6bEM Ha MakcMmanbHOe OaBrieHuMe, NofyyYuM eule OAWH
pacy€THbIN NnokKasaTenb, OTpaXkaloLunii KOMMManHC U pe3ncTaHc. PasHble
aBTOPbI CMONb3YIOT pa3Hble MMeHa, HO Mbl JOMKHbI

3HaTb, YTO 3TO CUHOHUMBI:

CD = Dynamic Characteristic = Dynamic effective compliance = Dynamic
compliance.

CD = VT/(PIP — PEEP)

Bonbwe Bcero cbMBaeT ¢ TOMKy HasBaHWE «AUHAMWYECKUA KOMMMNAMHC»,
NMOCKONbKY W3MEPEHME MNPOUCXOAUT MNPU HEOCTaHOBIEHHOM MOTOKE W,
cnegoBaTernibHO, [OaHHbIM  MNOKas3aTelnb BKMAKYaeT WM KOMMMAWHC, U
pe3ncraHc. Ham 6onbwe HpaBUTCA HasBaHWe «AuMHaAMU4YecKas
xapaktepucTtuka». Korga aToT nokasaTternb CHUXaETCH, 3TO 3HA4YUT, 4YTo Nnbo
NOHU3WICA KOMMauHe, NMbo BO3poC pe3nctaHc, nnbo u 1o u gpyroe. (Unu
HapyllaeTcsa MpoOXoAMMOCTb  AbIXaTeNbHbIX MyTen, WM  CHWXaeTcH
nogaTnMBoCTb nerkux.) OgHako ecnu OAHOBPEMEHHO C AUHAMUYECKOMU
XapaKTepUCTUKOM Mbl OLEHMBAEM MO KPUBOM BblgOXa MOCTOAHHYIO
BpeMeHn, Mbl 3HaemMm OTBeT. Ecnu nocrtosiHHasi BpeMeHu pacTeTr, 3T0
OOCTPYKTMBHbIN NPOLIECC, @ €CnM YMEHbLUAETCs, 3HaYUT NErkne cranu
MeHee noaaTnuBbl.

3akrnroueHue



Takum obpas3om, 3HaHME PeCcnUPaToOpHOM MEeXaHMKM MO3BOSISIET HE MPOCTO
CTaHOapTHO ycTaHaBnuMBaTb HeEKWe "cpeaHue" napamMmeTpbl BEHTUNAUUN, HO
NOHMMaTb Bbl3blBAEMble CMEHOM napameTpoB U3MEHeHUs B pu3nonorum
AblXaTernbHOW CUCTEeMbl MauueHTa U yMeTb MakCcuManbHO 3(PdeKTUBHO
NPUMEHATbL CBOU 3HaAHUSA.
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