DenepanbHOe rOCYyAapCTBEHHOE 0I07KETHOE 00pa3oBaTe/IbHOe
yupe:xaeHue Bbicuiero oopasosanus "'KpacHosipckuii rocyapcTBeHHbII
MEJUIMHCKUH YHHBEepPCUTET HMeHH npogeccopa B.D.Boiino-
SAcenenkoro' MuHucrepcTsa 31paBooxpanenusi Poccuiickoit @enepanuu

Kadenpa anecresunonornu u peanumarosoruu UI1O
3aB. kad.: IMH, npodeccop I'punan AJiekcei
HNBanoBu4

PE®EPAT Ha temy
PecnupaTopHasn
MeXaHHKa

Boinmoanuia: opaunarop 2 roaa odyuyenusi Aoaynranumon Barud 3amanoBud



Kpacnosipck, 2018

Conep:xkanme
Brenenue, ctp. 3

PecriupaTopHast MexaHuKa — HEOOXOIMMBIE MUHUMYM, CTP.
3 Bpewms, ctp. 3
O6nem, c1p. 6

[Totok, cTp. 8
JlaBnenue, ctp. 9

['1aBHBIE pacueTHbIE TApaMETPhl PECIUPATOPHON MEXAHUKH, CTP.
13 ConpoTuBiieHHE AbIXaTEIbHBIX yTEH, CTP. 13
Yrpyrocts U NOJaTINBOCTD, CTP.

14 TlocTosiHHas BpemeHH, cTp. 16

3akitouenue, cTp. 19

Cnucok nmuTepaTypsl, CTp.
19

BsepgeHue

MpoBeneHMe annapaTHOM WCKYCCTBEHHOW BEHTUAALMU NErKMX B HacTosllee
BpemMs CTaJlio PYTUHHOMW nNpoueaypon B JIeYEeHUM MaLUMEHTOB OTAE/IeHUN
peaHMMauuMm U WHTEHCMBHOW Tepanuu, nepecTaB BHyWaTb TpeneT Mpw
NPUHATUM peleHns O HeobXoAMMOCTM OKa3aHWUA MNalMeHTYy pecrnupaTopHOu
noanepXKn. Bo3MOXHOCTM 3TOro MeTtoga UHTEHCMBHOW Tepanun Heu3Mepumo
BO3POC/IN C MOABMIEHWEM HOBbIX MOKOJIEHWA PecnMpaTopoB, MOJYYMBWIMX 34
NnpeAoCTaBAAEMbIE UMW BO3MOXHOCTM Ha3BAHMNE "MHTENNEKTYabHbIX".

Tem He MeHee, MNPUXOAUTCA MPU3HATb, YTO A0 CUX MOP JAaAXe CaMbIN
"MHTennekTyanbHbin" annapat WMBJ1 He B COCTOSHUW Yy4yecCTb BCEX HIOAHCOB
naTonorum M OCOBEHHOCTEN KaXAOro nauumeHTa, OueHUTb 3PdPeKTUBHOCTbL
pecnupaTtopHon Tepanuu U onpeaenuTb HeobXoAWMOCTb U3MEHeHUs

napameTtpos UBJI.



CBefeHNA O MexXaHUYeCKUX CBOWCTBAX JIEMKUX, MOSY4YaeMbiX OT MOHWUTOPOB
MeXaHWKN AObIXaHWUA, KOTOPbIMM OCHALWEeHbl COBPEMEeHHble pecrnupaTopsl,
npeAoCTaBAsAOULME CTONb Heobxoaumy MHGpopMauuo 06 3hdekTUBHOCTU ”
afeKkBaTHOCTU nposoaumoun MBJ1, cTaHOBATCA AN Bpaya NyTEBOAHOW HUTLIO,

YKa3biBad, rge Mbl HaXoAnMMCA, U KyAdad HY)XXHO OABUIaTbCA.

PecnupatopHaa mexaHUKa — Heo6Xo4UMbIA MUHUMYM

Kakne napameTpbl BAOXa M Bblgoxa nsMepsaeT annapat VBJI?

e Bpemsa (time),
«  o06bém (volume),
* notok (flow),

* pasneHue (pressure).

Bpemsa (time)

Bpemsa — 3T0 mepa AAUTENbHOCTU M NOCNE[0BaTE/IbHOCTU ABNEHWMIA

Ha rpadukax nasneHus, notoka u o6béMa Bpems 6eX1T No ropnu3oHTaIbLHON OCK
«X». M3MmepsaeTca B cekyHAax, MUHyTax, yacax. C mo3uuui pecnmpaTopHOm
MeXaHUKN Hac

UHTepecyeT QAJUTENbHOCTb BAOXA W BblAOXA, MNOCKOJbLKY MNpou3BeseHue
NMOTOKOBOro BpeMeHu BAoxa (Inspiratory flow time) Ha MOTOK paBHO 06BEMY

BAOXA, a NpoM3BeAeHMe NOTOKOBOIO BpeMeHU Bbigoxa (Expiratory flow time) Ha

NOTOK paBHO 06BbEMY BbI,OXA.

BpemeHHble UHTepPBasbl AbIXaTeNbHOro UuKkna (Mx yetbipe)



Yto TaKoe «BAOX - inspiration» U «BbIAOX - expiration»?

Boox 3To Bxopn BO34yxa B nerkue. Anutca 0o Hayana Bbigoxa. Belgox - 310
BbIXOJ, BO34YyXa M3 nerkmx. Anntca Ao Havana spoxa. MHbIMn cnoBamun, BLOX
CYMTAeTCa C MOMEHTA Hayajsa NOCTyn/eHuA BO34yXa B AblXaTesibHble MyTU U
ONNTCA A0 Hayasa BblA4oXa, a BblAOX — C MOMEHTA Hayana U3rHaHua Bo3gyxa us3
AbIXaTeNbHbIX NyTEN U ANNTCA A0 Havyasa BAOXaA.

3KCI'IeprI AeNnAaT BAOX HA ABe 4acCTu.

Inspiratory time = Inspiratory flow time + Inspiratory pause

Inspiratory flow time — BpeMeHHOW MHTepBaJ, KOr4a B 1erkme nocTynaet BO3AYX.
UTo Takoe «MHCNupaTopHas naysa» (inspiratory pause uam inspiratory hold)? 370

BpeMeHHOIZ MHTEepPBAJ1, KOraa KjianaH BA0Xad yXe 3aKpPbIT, a K/laladaH BblA0Xa €lle
He

OTKPbIT. XOTA B 3TO BpemMsA MNOCTYMN/JeHUA BO3AyXa B Jierkme He MPOUCXOAMUT,
MHCNMpATOpHaa nay3a ABAAETCA 4aCTblO BpeMeHU BAOXA. TaK A0roOBOPUJIUC.
MHcnupaTopHas nay3a BO3HMKAET, Korga 3afaHHbli 06bEM yxe [OCTaB/ieH, a
BpemMa BAOXA elé He UCTekNo. [Nna CNOHTAHHOro AbIXaHWA - 3TO 3a4epXKa
AbIXaHMA Ha BbICOTE BAOXA. 3aAepXkKa AbIXaHMA HA BbICOTE BAOXA LIMPOKO
NPakTUKyeTCA WHAWWCKMMM  WNOramym W ApyruMu  cneymanuctamum  no
AblXaTeNbHOW M’MMHACTMKe. B HekoTopbix pexumax MBJ1 nHcnmnpatopHas naysa
oTcyTcTByeT. [nga annapaTta VBJI

PPV BbiA,OX expiratory time - 3TO BpEMeHHON UHTEPBA/ OT MOMEHTA OTKPbITUS

KnarnaHa

BblAOXa 40 Ha4daJla cegyruwero saoxa. 3KCI’IeprI AeNAT BblAOX Ha AB€ YaCTHW.

Expiratory time = Expiratory flow time + Expiratory pause

Expiratory flow time — BpeMeHHOW UHTEpBan, KOrAa BO3AYX BbIXOAUT U3 NErkux.

UTo Takoe «3kcnupatopHas nay3a» (expiratory pause mnu expiratory hold)? 310



BPeEMEHHOW WMHTepBaJl, KOrAa NMOTOK BO34yXa M3 JIErKMX YXe He MocTynaeT, a
BOOX eLlé He Havascs.

Ecnn mbl nmeem feno ¢ «yMHbIM» annapaTtom WBJ1, Mbl 0653aHbl COOOWUTL eMy
CKOJIbKO BpeMeHU, MO HaleMy MHEeHWUI, MOXeT AJINTbCA SKCNMpaTopHas naysa.
Echn Bpemsa skcnnpaTopHOM nay3bl MCTEKNO, a BAOX HE HAyasica, «yMHbIN»
annapat WBJT obbapnser TpeBory (alarm) M HauymHaeT cnacaTb NALMWEHTA,

NOCKOJIbKY CYMTAET, YTO
npou3owno anHod (apnoe). BkntouyaeTtca onuma Apnoe ventilation. B

HEKOTOPbIX

pexnmax MBJ1 akcnupatopHasa nay3aoTCyTCTBYeT.

Total cycle time - BpeMAa AbiXaTeJ/iIbHOINo UuKna CKaiaagbiBaeTca n3 BpeMeH Baoxa

N BpeMeHW BbiA0XaA.
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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MNHcnupaTopHas n/unm 3KkCcnmMpaTopHas nay3sl MOTyT OTCYTCTBOBATb.

O6bem (volume)

Yto Takoe o0b6beM? HekoTopble Hawu KypcaHTbl oTBeyawT: «ObbEM - 3TO
KO/MMYECTBO Bew,ecTBar». [N HeCkMMaembiX (TBEPAbLIX U XUAKUX) BELLECTB 3TO
BEPHO, a A/18 ra3oB He Bcerga. Korga pgbixaHue nNpoucxoauT noja, AaB/ieHUEM
Bbille aTMocdepHoro (bapokamepa, r0OOKOBOAHbIE AKBANAHIUCTbI U T.4.),
CKaTMeM ra3oB npeHebperaTb HeNb3s, MOCKOJIbKY MEHSAITCA UX (hU3nyeckue
CBOWNCTBA, B YaCTHOCTU PacTBOPUMOCTbL B BoAe. B pesynbraTe - KucnopopgHoe
onbsHEHME U KeCOHHas 60se3Hb. B BbICOKOrOPHbLIX YCNOBUAX MNPU HU3KOM
aTMOC(hEPHOM [aBNE€HUU 340POBLIN CMOPTCMEH-aNLAUHUCT C HOPMasbHbIM
YPOBHEM reMorniobrMHa B KPOBU UCMbITbIBAET MMMNOKCUIO, HECMOTPA Ha TO, YTO

AbIWUT FNy6ske 1 yaule (AbiIXaTebHbI U MUHYTHbIN 06BbEMbBI YBENTMYEHDI).



Mpumep: Bam npuHecnn 6annoH ¢ KNCIOPOAOM, eMKOCTbIo (06bEMOM) 31, - A
CKONbKO

B HEM Kucnopoaa? Hy KOHEYHO, HY>KHO U3MepPUTb AABNeHMe, N TOraa, OLLEeHMB
CTeneHb CKAaTusA ra3a n 0Xunaaembli pacxos, MoOXXHO CKa3aTb, HAA0Ir0 1N ero
XBaTUT. MexaHuka

- HAayKa TO4YHadA, NO3TOMY npexae BCero,

O6bEMm — 3TO mepa NPOCTPAHCTBA.

N, TeM He MeHee, B YCNIOBUAX CMOHTAHHOro AbixaHua un UBJI npn HopManbHOM
aTMocepHOM pAaB/lieHUM Mbl UCMONb3yeM eauHULUb obbeMa AN OLEeHKU
konunyectea rasa. CkaTmeM MOXHO npeHebpeub. B pecnupaTopHoOi MexaHuke
06BbEMbBI U3MEPSAIOT B INTPAX AN MUAAUANTPAX.

[Ans onucaHns o6bLEMOB MCNOJB3YIOTCA TPU C/IOBA:

» [lpocTpaHcTBO (space).
- EMKoCTb (capacity).

+ O6bém (volume).

O6bEMbI M NPOCTPAHCTBA B PeCNUPATOPHON MeXaHUKe [bixaTeNbHbil
06bém (V;) no-aHrnuncku Tidal volume - 370 BeiMuMHA 0AHOro 06bIYHOrO BAOXA

NN BblAOXA.
MuHyTHbIN 06BEM (MV) - no-aHrAnmckn Minute volume - 310 cymma

AblXaTeNbHbIX

06bEMOB 3a MWHYTY. ECn BCe gbixaTesbHble 06BbeMbl B TeYeHue MWHYTbI PaBHblI,
MOXHO MPOCTO YMHOXWUTb AbIXaTesIbHbIN 06BbEM Ha 4acCToOTy AbIXaHUN.

MepTsoe npoctpaHctso (DS) no-aHrnuiickm Dead space - 3TO CyMMapHbIN 06bEM



BO3AYXOHOCHbIX MyTel (30Ha AbIXaTeNbHOW CUCTEMBI, FAe HeT razoobmeHa).

O6bembl, uccnegyemblie NPy CNIMPOMETPUU

ObixatenbHblit 06vém (V1) no-aHrnnnckm Tidal volume - 3T0 BenmMumMHa o4HOro

0bblYHOrO BAOXa UIN BblaoOXaA.

Pe3epBHblit 06bEMm Baoxa — POea (IRV) no-aHrnnncku Inspired reserve volume - 370

06BbEM MaKCMMaANbHOIO BA,0Xa MNno 3aBepLlieHnn 0bblYHOrO BAOXaA.

Emkoctb Bgoxa - EB (IC) no-aHrnunckulnspiratory capacity - 3To

06bEM MaKCMMasbHOrO BA,0Xa Nocsie 0ObIYHOIO BbIAOXA.
IC = TLC - FRC nnun IC = V; + IRV

O6wasn émkoctb nérkux — OEJ (TLC) no-aHrnuincku Total lung capacity - 310 06bEM

BO34YyXa B NIErKMX MO 3aBepLIeHNM MAKCMMAZIbHOIO BAOXA.
OcTaTouHblit 06vém — 00 (RV) no-aHrnuniicku Residual volume — 310 06b€M BO3ayxa B

NErKnx rno 3aseplieHnn MakCMMasbHOro BbiA4oXa.

usHeHHasa émKocTb nérkmx — XEN (VC) no-aHrnuickm Volume capacity - 370 06bEM

BAOXa NocC/jie MaKCMMa/IbHOIro BbiA,0Xa.
VC = TLC-RV

dyHKuMoHanbHana octatouHaa émkoctb — ®OE (FRC) no-aHrnmnmckum Functional residual
capacity—aTo 06BEM BO34AyXa B NErknx no 3aBepeHnn obblyHOrO BblAOXa.
FRC = TLC-1IC

Pe3epBHblit 06bEM Bbigoxa — POBblg (ERV) no-aHrnnnckn Expired reserve volume -

3T0 06BbEM MaKCMManbHOrO BbIAOXA MO 3aBepLieHNN 0BbIYHOrO BblAOXA.
ERV = FRC - RV
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NMotok (flow)

Yto Takoe noTok? «OH6BEMHANA CKOPOCTb» - TOYHOE onpeaeneHune, yaobHoe ans
OLLeHKK paboTbl HACOCOB N TPYOONPOBOAOB, HO AN PECNUPATOPHON MeXaHUKN

bonble NoaoxXo4AUT:
MoToK — 3TO CKOPOCTb U3MEHEHUA 06BbEMaA

B pecnupaTtopHo MexaHuke noTok (V) u3mMepaloT B INTPAX B MUHYTY.
Mpumepbsl:

- MNoTtok(V) = 60n/MuH, AnutenbHocTb BAoxXa(Ti) = 1cek(1 /60MuH),
JbixaTenbHbih 06bEM (V) =7

PeweHne: Vx Ti .V

OTBeT: 1n

« MoTok(V)y = 60n/MuH, AbixaTenbHbin 06bEM(V;) = 11, JNNTENbHOCTb

Booxa(Ti) = ? Pewenne: V;/V'=Ti



OtBeT: Tcek(1/60MuH)
Ob61bEM - 3TO Npou3sBeaeHMe NOTOKA HA BpeMs BAOXA WK NNoWaab Noa KpuBou

MNOTOKaA.

V; = VX Ti
BROX BblAoX

AABIEHUE

OBBEM

NOTOK

JTo npeancrtaBsieHne O B3aMMOOTHOLWEHUN NMOTOKA U obbema ncnonb3yeTca npu

OnMnCaHunn pexmmoB BeHTUNALNN.

UTto Takoe pasneHune?

[asneHue (pressure)



[aBneHue (pressure) — aTo cMna, NPUNOXKEHHAA K eguHULE NAoWaam

[laBneHune B gbixXxaTesbHbIX nyTax U3MeparT B CAHTUMEeTpPpaxX BOAHOIo ctonba n B

munnnbapax. 1 munnumbap = 1,019744289 cm BogHoro cronba.
3HauyeHnA AaBNeHUt B pa3HbIX 30HAX AbIXaTeNbHOMN CUCTEMDI U FTPAAUEHTDI

(gradient) paBnenus

Mo onpeneneHunto gaBneHune - 3To CUa, KOTOpas yke Hawna cebe npumeHeHue, -
OHa (3Ta cMna) AABMT HA NAOLWAAb M HNYETrO HUKYAA He nepeMew,aeT. F[paMOTHbIN
AOKTOp 3HaeT, YTO B340X, BeTep, W [axe yparaH, Co3paeTcs Pa3HOCTbIO
AABNeHUN unu rpagmeHTom (gradient).

Hanpumep: B 6annoHe ras noa aasneHnem 100 atmocdep. Hy n uto, ctont

cebe 6aNNOH N HUKOrO He TporaeT. a3 B bannoHe COKOWHO cebe AaBUT HA

naouw,agb

"VPaw=Pawo

— Ptr=Pawo-Pbs
——PDbs

—TPI=Palv-Ppl

" 1 pw=Ppl-Pbs
—Pes

BHYTPEHHEeN MOBEPXHOCTHU
6an/IoHa U HM Ha YTO He OTBNEKAeTCA. A eC/iv OTKPbITb? BO3HUKHET rpaaneHT

(gradient), KOTOpbIV 1 CO30,a€eT BeTep.



JasneHuns:

Paw - fLaBneHune B AbIXaTesIbHbIX

nytax Pbs-paaBneHue Ha

noeepxHoctuTena Ppl -

nneBpasibHOE AaB/eHNe

Palv-anbBeonspHoe

nasneHune Pes -

NnuLLeBOAHOE AaB/eHNE

pagveHThI:

Ptr-TpaHcpecnupaToHHOe gaBneHune Ptr=Paw -

Pbs Ptt - TpaHCcTOpakanbHOe aaBneHune Ptt = Palv

- Pbs

Pl -TpaHcnynbMoOHanbHoe gasneHune Pl = Palv -

Ppl Pw- TpaHcMypanbHoe aaBneHue Pw = Ppl -

Pbs

Jlerko 3aNOMHUTb: €C/IN UCNOJIb30BaHA NMPUCTABKA «TPAHC» — peyb UAEeT O

rpagueHTe. [NaBHOW ABUXYLLEW CUNOMN, no3BonslolLEen caenatb  BAOX,
ABNAETCA PA3HOCTb AAB/IEHUM HA BXOAe B AbIXaTe/lbHble MyTU

(Pawo- pressure airway opening) u AaBieHWe BTOMMeCTe, rae AbixaTesibHble

NyTW 3aKaHYMBAKOTCA -TO eCcTb BasibBeonax (Palv). Mpobnema B TOM, YTO B

ajibBeoJslaX TEXHNYECKUN C/TOXKHO NMOMEepPUTL A aB1EHUNE. |_|03TOMy ANna OUEeHKN



AbIXaTe/IbHOro YCU/INA HA CMOHTAHHOM AbIXaHUN OLLEeHMBAIOT FPAANEHT
MeXay nuuLeBoAHbIM AasneHuem (Pes), npu cobnogeHun
YC/IOBUM U3MEpPEHMA OHO paBHO nnieBpanbHomy (Ppl), n paBneHnem Ha

BXOZe B AblXxaTenbHble nyTn (Pawo).

Mpun ynpaeneHun annapatom MBJT Hanbonee poCTynHbIM M MH(POPMATUBHbLIM
ABNAETCA TrpaAVNeHT Mexay [AaBJIeHMeM B AbixaTesbHbiXx nyTax (Paw) wu
AaBneHnem Ha noeepxHoctn Tena (Pbs- pressure body surface). 3ToT
rpagueHT (Ptr) Ha3blBaeTCs

«TpaHcpecnupaTopHOe AaBNeHNe», U BOT KaK OH CO34aeTcs:

- Mpun NPV Pawo cooTBeTcTByeT aTtMocdepHOMYy, TO €eCTb HOJb, a Pbs
CTAaHOBUTCA OTpuLATeNbHbIM B pe3ybTaTe paboTsl annapata. Annapat UBJT NPV

Tuna «Kirassa».

MNONOXUTENLHOE
OABNEHWE

ATMOC®EPHOE
AABNEHHE

~-Mpn PPV [aBneHune Ha MNOBEPXHOCTU
Tena (Pbs) paBHO Hynto, TO €CTb COOTBETCTBYET aTMoChepHOMyY, a Pawo Bbile

aTMOChepHOro, TO eCTb MOJIOXUTEesNIbHOe.



OTPUUATENBHOE
OABINEHUE

LT

ATMOC®EPHOE | = / 2

N LT

J/

Kak Bumgute, HM oauH un3 mMmetogoB WBJI He coOOTBEeTCTBYeT MOJIHOCTbIO
CMNOHTAHHOMY [blXaHWK, HO €CAM OLEHMBATb BO34EWCTBME HA BEHO3HbIN
BO3BpaT M numdooTToK annapatbl MBJT NPV Tuna «Kirassa» kaxytcs 6onee
unsmonornynubiMu. Annapatel MBJT NPV Tuna «lron lung», co3paBas
oTpuuaTenbHOe AaBJieHUEe HAZ BCeW MOBEPXHOCTbIO Tesad, CHUXAKT BEHO3HbIN
BO3BpaT M, COOTBETCTBEHHO, CEPAEYHbIN BbIOPOC.

Be3 HbloTOHA 34eCh HE 0BONTUCH.

[aBneHne (pressure) - 3TO CUMA, C KOTOPOW TKAHW NEFKUX U TPYLHOWN KJIETKM

NPOTUBOAENCTBYIOT BBOAMMOMY OOBEMY, WAW, WHbLIMKW CNOBamu, cuna, C
koTopou annapat WMBJI npeononeBaeT COMPOTUBNEHWE AbiXaTeNbHbIX NyTew,
3N1aCTMYECKYI0 TATY NIEFKUX U MbILEYHO-CBA30YHbIX CTPYKTYP FPYAHOW KNETKU
(no TpeTbeMy 3aKOHY HblOTOHA 3TO OAHO U TO e MOCKOJIbKY «CuJla AEeUCTBUSA

paBHa CuJie NPOTUBOAENCTBUA»).

Equation of Motion ypaBHeHWe CUn, UIN TPeTUM 3aKoH HbloTOHa AnA
cucteMsbl «<annapat MBJ1 - nauuneHT»

B TOoM cnyyae, ecnu annapat WBJ1 ocywecTtBnser BAOX CUHXPOHHO C
AblXaTe/IbHOW MONbLITKOW NalMeHTa, AaBneHune, co3paBaemoe annapatom WBJI
(Pvent), cymmupyeTca C MbilleYHbIM ycunmemMm naumeHta (Pmus) (neBas 4yacTb

ypaBHeHWs) ANS NpeofosieHNs YNpyroCcTu Ierkux U rpyaHon knetku (elastance)



M conpoTMBNEHMA (resistance) NOTOKY BO34yxXa B AbIXaTesbHbIX NyTAX (Mpasas

4acTb YPABHEHMS).
Pmus + Pvent = Pelastic + Presistive

(naBneHne n3mepsaoT B MuAInbapax)
Pelastic=E x V

(Npou3sBeaeHne ynpyroctu Ha 06BLEM)

Presistive = Rx V-

(Nnpou3sBeneHmne CONPOTMBAEHUSA HA
NMOTOK) COOTBETCTBEHHO

Pmus + Pvent=EXV +Rx V"

Pmusmbap) + Pventm6ap) = E(M6ap/mn) X V(mn) + R (M6ap/n/mun) X V(n/mun)

3a04HO BCMNOMHWUM, pa3mepHOCTb E — elastance (ynpyrocTtb) noka3biBaeT Ha

CKONbKO Munnnbap Bo3pacTaeT paB/ieHMe B pe3epByape Ha BBOAUMYIO
eauHuLy obbéma (Mbap/mn); R — resistance conpoTuBAeHME MOTOKY BO3AyXa

npoxoasuiemy yepes abixatesibHble nyTu (M6ap/n/MuH).
[MoOHMMaHWe ypaBHeEHMA CUA MO3BOJMIAET HaM JenaTtb Tpu Bewu. Bo-nepsbiX,

nwobor annapat MBJ1 PPV MoxeT ynpasaisTb OAHOMOMEHTHO TOJIbKO OAHUM U3

M3MEeHAeMbIX MnapamMeTpPoB BXOAAWMX B ITO YypaBHeHMe. IJTU WU3MeHsAeMble
napameTpbl - AaeneHne 06bEM M MOTOK. [M03TOMY CylLecTBYIOT Tpu cnocoba
ynpasneHua BAOXOM: pressure control, volume control, nam flow control.
Peanuzauns BapmaHTa BAOXA 3aBUCUT OT KOHCTpyKuum annapata WBJ1 nu
BblbpaHHOro pexuma WBJI. Bo-BTOpbIX, Ha OCHOBE YpaBHEHWUA CUA CO34aHbl
WHTeNNeKTyasibHble NporpamMmsbl, bnarogapsa KOTOpPbIM annapaT pPaccyuTbiBaeT

nokasarTenu pecnupaTopHoOu MeXaHUKK (Hanpumep.: compliance

(pacTaXXmMmMocTb), resistance (conpoTuBnenne) n time constant (NoCcTosaHHas

BpeMeHn KT ). B-TpeTbux, 6e3 NoHMMaHWA YpaBHEHUA CUN He MOHATb

Takue



peXuMbl BEHTUNALUM KaK “proportional assist”, “automatic tube compensation”,

“adaptive support”.

FnaBHble pacyeTHble NnapameTpbl PecnUPaTOPHO MeXaHUKHK

resistance, elastance, compliance

1. ConpoTuBneHue gbixaTenbHbix nyTtei (airwayresistance)

CokpalieHHoe obo3HayeHne - Raw.

PasmepHocTb - cMH0/J1/cek nnmn

Mbap/Mn/cek

Hopma pgns 3popoBoro yenoseka - 0,6-2,4 cmH20/J1/cek. Y nHTybupoBaHHOro
naumeHta Ha WBJ1 - 3-10 cMH20/J1/cek. ®usnyeckum CMbICT AaHHOIO
nokasaTens roBOPUT, KaKUM A0/KEH ObITb rpaAueHT AaBNeHUn (HarHetakwllee
haBfieHne) B JAaHHON cuUcTeme,

yTobbl 0becneynTh NoTok 1 nNuTp B cekyHay. CoBpemeHHoMy annapaty WBJI
HeC/IOXKHO paccuyuTaTb pPe3UCTaHC (airway resistance), y Hero ecTb AaTyYMKWu

AABNEeHUA U NOTOKA - pa3gennn fas/ieHMe Ha NMOTOK, U FOTOB pe3ynbTaTt. [And
pacyeTta pe3ucTtaHc annapat VMBJ1 penut pa3HoCTb (rpagneHT) MAaKCMMANbHOMO
naeneHus spoxa (PIP) u papneHus nnato Baoxa (Pplateau)Ha notok (V).

Raw = (PIP-Pplateau)/V"

Uto un uemy conpoTusnsetca? PecnupatopHas MexaHuMKa paccmaTpuBaeT
CONPOTUBIEHNE AblIXaTeNbHbIX MyTel BO3AYWHOMY MNOTOKY. ConpoTuBineHue
(airway resistance) 3aBUCUT OT AJIUHbLI, AMAMeTpa U  MPOXOAMMOCTU
AbIXaTeNbHbIX MNyTeW, 3HAO0TPaxeanbHOM TPYOKM UM AbIXaTe/bHOrO KOHTypa
annapata WBJI. ConpoTuBneHWe NOTOKY BO3pacTaeT, B YaCTHOCTU, €C/u
NPOUCXOAUT HAKOM/IEHNE U 3a[lePXKKa MOKPOTbI

B AbIXaTeNbHbIX MYTAX, Ha CTEHKAaX >3HAOTpaxeasbHOW TpPybKu, CKoniaeHue

KOHAEHCATa B W/aHrax AblXaTe/IbHOro KOHTypa WUIun ,u,ecpopMau,ml (nepeer6)



mobon u3 Tpybok. ConpoTuBAeHME AbIXaTeNbHbIX MyTel PacCTET MpuU BCex
XPOHMYECKMX U OCTPbIX OOCTPYKTUBHbBIX 3a00N1€BAHUAX NEFKUX, MPUBOAALWMNX K
YMEHbLIEHUIO AMaMeTpa BO3AYXOHOCHbIX MyTeW. B COOTBETCTBUMM C 3aKOHOM
FareHa-llya3ens npu yMeHblleHUW AnaMeTpa Tpybku BABOe A/1a obecneyeHus
TOr0 Xe MOTOKAa rpaAueHT AaB/eHWW, CO34AKWMUN 3TOT NOTOK (HarHeTawLwee
AaBneHune), 0,oxkeHbbITbyBenueHB 16 pas.

Ba)kHO uMeTb B BUAY, YTO COMPOTUB/IEHME BCEN CUCTEMbI ONpPeaensaeTcs 30HOM
MaKCUManbHOIFO COMPOTUBAEHMUSA (CaMbiM Y3KMM MeCTOM). YCTpaHeHue 3TOro
npenaTCcTBUA (HanpuMep, yaaneHne MHOPOAHOIrO Tena U3 AbixaTeNbHbIX NyTewn,
yCTpaHeHMe CTeHOo3a Tpaxeum WaMm MHTybaums npu OCTPOM OTEKE rOpTaHM)
no3BonseT

HOPMaJZIN30BaThb yCcnoBsuA BEHTUNALNUN Nnerkunx. TepMI/IH pe3ncTaHc

LWMPOKO

NCMOJIb3YyeTCA POCCUNCKUMU PEAHMMATONIOramMu KakK CyLLEeCTBUTE/IbHOE MY>XCKOTO

poaa. CMbICn TEpMMHA COOTBETCTBYET MUPOBbLIM CTaHAAPTaM.

Ba)XHO MOMHUTDb, YTO:

- Annapat WBJ1 MoXeT u3MepuTb pPe3UCTaHC TOJIbKO B  YC/IOBUAX
NPUHYANTENbHOWN BEHTUNALUN Y PeNakCMPOBAHHOMO NauneHTa.

- KorpaMbl roBopuM 0 pe3ncTaHc (Raw nnv conpoTUBIEHUM AbIXaTeNbHbIX NYTEN)

Mbl

adHaJ/In3npyem O6CTpYKTI/IBHbIe r|p06neM|>| npenmyuLeCtBeHHO CBA3aHHbIE C
COCTOAHNEM NMPOXOANMOCTHU AblXaTEJIbHbIX I'IyTEVI.

- Yewm b6onblue NOTOK, TeéM Bbllle Pe3ncCTaHC.

2. Ynpyroctb (elastance) n nogatansoctb (compliance)



Mpexnae Bcero, cnenyeT 3HaTb, 3TO CTPOro NPOTUBOMOIOXKHbBIE MOHATUSA U

elastance

=1/compliance. Cmbicn NMOHATNSA «YNpPYrocTb» noApasymeBaeT

CnocobHOCTb (hm3mnyeckoro Tena npu pecdopmaunm COXpPaHATb Npunaraemoe
ycunve, a nNpu BOCCTaHOBNeHUM (GopMbl - BO3BpawaTh 3To ycunue. Hanbonee
HArnagHO 3TO CBOWCTBO MNPOABNAETCA Y CTaJibHbIX MPYXUH WUAM PE3UHOBbIX
n3gennn. Cneumanuctel no UBJ1 npn HacTporike n TeCTMpPOBAHMM annapaToB B
KayecTBe MOAENN Nerkunx

MCNONb3YIT  PEe3NHOBbLIM  MELWOK. YNPYrocTb  AbIXaTe/IbHOW  CUCTEMbI
obo3HauaeTcs cumBosiom E. PazamepHoOCTb ynpyroct Mbap/mn, 3To o3HayaeT: Ha
CKONIbKO Munnnbap cnepyer MNOAHATb OaBNieHWE B cCUCTeMe, 4YTObbl 0OBEM
yBenuumncs Ha 1 mMn. [JaHHbIA TEPMUH LWKMPOKO MCronb3yeTcs B paboTtax no
dusnonorum goixaHusa, a CNeunanmnucTsl No

MBJT nonb3yloTcs MOHATUEM OOpPaTHBIM «YMPYroCTuU» — 3TO «PaACTAXUMOCTb»
(compliance) (MHOrga TrOBOPAT  «MOAATAMBOCTb»). TepMUH  KOMMMANHC
(compliance) ncnonb3yeTcs Kak CyLLeCTBUTENIbHOE MYXCKOIro poAd POCCUNCKUMMU
peaHMMaToNoraMmm TaK >Ke 4acTo, Kak M pe3ucTaHc (Bcerpga Korga MOHUTOP

annapata WBJ1 noka3biBaeT 3TM napamMeTpbl). Pa3MepHOCTb KOMMJIAWHCA -
Mn/Mbap nokasbiBaeT, Ha CKOJIbKO MWITWIUTPOB YyBenMuYnMBaeTcs 06bEM npwu

MOBbILWEHWW AaBNeHus Ha 1 munnnbap.

B peanbHOM KNMHMYECKOW cuTyauumn y naumeHta Ha MBJT namepatoT KOMMIanHC
pecnmMpaTopHOM CUCTEMbl - TO €CTb JIEFKUX U FPYLHOW KNeTku BMecTe. [ns
0b603HaueHNa KOMMMAMHC MCNoNb3ylT cumBosbl: Crs (compliance respiratory

system) - KOMMJAWHC AbixaTenbHoW cucteMbl M Cst (compliance static) -

KOMMJIAaWHC CTaTUYeCKUN, 3TO CUHOHUMbI. [ns Toro, u4Tobbl paccumTaThb
CTaTUYeCKUI KOMMAamHC, annapat WBJ1 penut pbixaTenbHbli 06bEM Ha

[aB/IeHNe B MOMEHT MHCMUPATOPHOM Nay3bl (HET MOTOKA - HETPE3UCTAHC).
Cst = V;/(Pplateau —PEEP)



Hopma Cst (komnianHca ctatuyeckoro) - 60-100mn/mbap

OABMNEHUE —
B KOHTYPE [Raw + R&"
AMMNAPATA

,MOTOKOBOE 3afep>KK
. Bpemsa | BAOxa:
. BOOXa | a——p

¢—{EOOX—>

BBIZIOX P>

(BPEMA—  [pusonumas

HMXXE€ CXemMa MOoKa3blBaeT, KaKk Ha OCHOBe JABYXKOMMOHEHTHOW MOoAenu
paccynTbiBAeTCA conpoTmBaeHne notoky (Raw), ctatnyeckmmnm komnnanHc (Cst) u

ynpyrocTb (elastance) AbIxaTeNIbHON CUCTEMBI.

BaXXHO uMMeTb B BMAY, YTO M3MeEpPEeHWUA BbLINOJHAKTCA Y peslakCMPOBAHHOIMO
nauveHTa B ycnosuax WBJ1, ynpaBnseMon no ob6bEMY C nepeksoyeHneM Ha
BbIA,OX MO BPEMEHW. ITO 3HAUYUT, YTO NOCNe TOro, Kak 06EM A0CTaB/EH, HA BbICOTE
BA,0XA K/lanaHbl B4OXA WM BblAOXA 3aKPbITbl. B 3TOT MOMEHT n3MepaeTca AaBjieHne
naaTto. BaXXHO MOMHUTD,

yto: 1. Annapat UBJ1 moxeT nameputb Cst (KOMNNAWHC CTaTUYECKUIKA) TOJNbKO



YCOBUAX NPUHYAUTENbHOW BEHTUNALUUN Y PenakCMPOBAHHOrO MauMeHTa BO
BpeEMS MHCNMpPATOpPHOM nay3bl. 2. Koraa Mbl FOBOPMM O CTATMYECKOM
KoMnaanHce (Cst, Crs wmnmM pacTAXUMOCTU pPeCcrnMpaTopHOM CUCTEMbI), Mbl
aHaNN3UPYEM PeCTPUKTUBHbIE MNPObseMbl MPENMYLLECTBEHHO CBA3aHHbIe C
COCTOAAHMEM IEFOYHOM MAPEHXUMDI.

dnnocodckoe pe3roMe MOXHO Bblpa3nTb ABYCMbIC/IEHHbIM YTBEPXKAEHNEM:

NMoToK co3paéTt pasneHune

Ob6e TPaKTOBKWN COOTBETCTBYIOT AEWCTBUTENLHOCTU, TO €CTb. BO—MEPBbIX, MOTOK
CO30,a6TCA rpagneHTOM AaBleHUN, A BO-BTOPbIX, KOrAA NMOTOK HAaTa/IKNBAETCH
Ha  npenaTcTBMe  (CONpPOTWUBAEHME  AbiXaTeNbHbIX  NyTeu), AaBJieHue
yBennumneaetca. Kaxyuwascs pedyeBas HebpeHOCTb, KOrga BMeCTO «rpaguneHT
AaBNeHUN» Mbl TOBOPUM

«aaBsieHNne», poxaaeTca n3 KIMHUYECKOU pPeanbHOCTW: BCe AaTYNKN
AaBNeHnA

pPacnosioXKeHbl CO CTOPOHbI AbIXAaTeNbHOr0 KOHTypa annapata UBJ1. [na Toro,
yTObbl M3MepuUTb AaBNEHWE B Tpaxee W paccynMTaTbh rpaaueHT, Heobxopumo
OCTAaHOBUTb MOTOK W [O0XAATbCA BblpaBHMBAHWA hOaB/ieHUs C 0OOUX KOHLLOB
3HAOTpaxeanbHoOW Tpybku. MO3TOMYy B npakTUKe OOLIYMHO Mbl MOJb3yeMcs
nokasaTtensaMmu fAaBjeHMa B JAbixaTeslbHOM KOHType annapata WBJl. Mo 31y
CTOPOHY 3HAOTPaxeanbHON TPpyOKN Ans

obecrneyeHns Baoxa obbeMom Y MA 3a Bpems X CeK Mbl MOXE€M MOBbIWATh

AaB/eHune

BAOXA (M COOTBETCTBEHHO rPaAMNEeHT) Ha CKOJIbKO Y HaC XBaTUT 34,paBOro cMbicia
N KIMHWYECKOTO OMbITa, MOCKO/IbKY BO3MOXHOCTM annapata BJ1 orpoMHbI.
Mo Ty CTOpPOHY 3HAO0TpaxeaNbHOM TPYOKN Y HAC HAXOAUTCA MALLMEHT, U Y Hero

Aana obecnevyeHus BblJOXa obbéMOM Y Mn 3a BpeMsa X CeK eCTb TOJIbKO cuna

YNpPYrocTu Nerkux u rpyaHOM KNeTKU U CUMNa ero AbiXaTeNbHOW MYCKynaTypbl



(ecnn oH He penakcuMpoBaH). BO3MOXHOCTK naymneHTa Co34aBaTh NOTOK BblAOXA
orpaHuyeHbl. Kak

Mbl Y)Xe npeaynpexaann, «NoTOK — 3TO CKOPOCTb U3MeHeHUs obbema», NO3ITOMY
ans obecneyeHus 3¢phEKTUBHOIO BblAOXA HYXHO MPeAoCTaBUTb MNALLUEHTY

BpeMs.

MNocTtosaHHaA BpemeHu (1)

Tak B OTeYyeCTBEHHbIX PYKOBOACTBAX MO (PU3MONOrMMU AbIXaHWUA Ha3blBAETCA
Time constant. 3To npou3seaeHe KOMMIAKHC Ha pe3nUCTaHC.

T = Cst x Raw

Pa3sMepHOCTb MOCTOAHHOW BpPEMEHM, eCTeCTBEHHO CeKyHZAbl. [eNCTBUTENbHO,
BeAb Mbl YMHOXaeM MJi/Mbap Ha Mbap/Mn/cek. MoCcTosHHAA BpeMeHU OTpaxkaeT

OLHOBPEMEHHO 3/lacTuyeckme CBOWCTBA AbiXaTesIbHOWN CUCTEMBI 7

COMPOTUBNEHMNE AbIXATeNbHbIX MNyTeW. Y pa3Hbix nwoaen T pa3Had. [MoHATb
(bn3myeckmn cmbiCn JaHHOW KOHCTAHTbI Jierye, HayaB C Bbigoxa. [peacrtasum
cebe, 3aBepwéH BAOX, — HaAyaT BbIAOX. [loa AeNCTBMEM 3/1aCTUYECKUX CU
AbIXaTe/IbHOW CUCTEMbl BO34YX BbITAJIKMBAETCA U3 NErkuMx, npeopnoneBas
COMPOTUBNEHNE AblIXATENbHbIX NYTEN.

CKONbKO BpeMeHU 3aUMET NaCCUBHbIN BbIA0X? [TOCTOAHHYIO BPEMEHUN YMHOXUTb
Ha NaTb (T X 5). Tak ycTpoeHbl ierkne yenoseka. Ecnm annapat BJ1obecneunBsaeTr

BAOX, CO34aBas [MOCTOAHHOE JAaBfieHne B AbIXaTeNbHbIX MyTAX, TO Y
pPeNakCMpPOBAHHOIrO MauMeHTa MaKCUMasbHbIM ANs  [AAHHOrO  AaBJieHus
AbIXaTeNnbHbll 06BEM ByaeT gocTaB/eH 3a To e Bpems (T X 5).



NOCTOAHHASA BPEMEHW BAOXA U BbIOOXA
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Time Constants

[aHHbIn  rpadMK  NOKasbiBAae€T  3aBUCMMOCTb  MPOLLEHTHOM  BEMYUHBI
AblXaTeNbHOro o6bEMa OT BPEMEHU MPU MOCTOAHHOM AABJIEHUM BAOXA WU

NnacCMBHOM BbigOXe.

Mpn BbILOXE NO UCTeYeHUUM BpeMeHU T nauMneHT ycrneBaeT BbIAOXHYTb

63%

AblxaTenbHoro obbéma, 3a Bpema 2T - 87%, a 3a Bpema 3T - 95%
AblxaTenibHoro obbéma. MNpu BAOXE C MOCTOAHHBLIM JAaBleHWEM aHaIornyHas
KapTuHa.

MpakTnyeckoe 3HaYyeHMe NOCTOAHHOW BpeMeHu. Ecnmn BpemMsa, npeaoctaBnsemMoe
nayneHTy Ans BbiAoxa <5T, TO nocne KaXxporo BAOXA 4YaCTb AblIXaTesIbHOro
obbéma OyaeT 3a4epxuBaThCd B JIerKMX naumeHta. MakcuManbHbIN
AbIXaTe/bHbIi 06BEM NPU BAOXE C MOCTOAHHBLIM [,ABJIEHMEM MOCTYMUT 3a BpeMsA

5T. MNpun MaTeMaTM4yeCcKoM aHanuse rpaduka KpuBom obbEMa BblOXa pacyeT

NOCTOSAHHOWN BpeMeHU No3BONAET CYANTb O KOMMNAWHC U pe3ncTtaHcC.



A rPAPUK ISMEHEHUA OB BEMA

MOCTOAHHAA BPEMEHMU

JaHHbIN rpaduk nokasbiBaeT, KAk COBpeMeHHbIn annapaTt WMBJ1 paccuuTbiBaeT
NMOCTOAHHYKO BpeMeHWU. bbiBaeT, 4YTO CTATUYECKUM KOMMIAUHC pPaccynmTaThb
HEBO3MOXHO, T. K. A4J11 3TOr0 A0/IKHA OTCYTCTBOBATb CMOHTAHHAA AblXaTesibHaA
aKTMBHOCTb W Heobxoaumo wu3MepuTb pAaBneHue nnato. Ecnm pasgennTb
AblXaTeNbHbIn 06BbEM Ha MakCMManbHOEe AaBfieHWe, MOJlyYuM elle OAMH
PACYETHbIM NOKa3aTeNb, OTpa)kalownmn

KoMnAiaiHc U Pe3UCTaHC. Pa3Hble aBTOPbI MCMOJIb3YIOT pa3Hble UMEeHa, HO Mbl

AOJIXKHbI

3HATb, YTO 3TO CUHOHWUMBbI:

Co = Dynamic Characteristic = Dynamic effective compliance = Dynamic

compliance.
Cp = V/(PIP — PEEP)

Bonbwe Bcero cbupaetr c TOJIKY Ha3BaHWe «AVHAMUNYeCKnin KOMI‘II'I&VIHC»,
MOCKOJIbKY U3MepeHne npouncxogamnTt npn HeEOCTaHOB/EHHOM TOTOKeE N,
caenosartesibHo, OaHHbIW NoKa3aTesib BKOYAET M KOMMJIAUHC, U pe3ncTaHcC. Ham

b6onblie HPaBUTCA Ha3BaHUE



«AMHaAMUYeckas XapakTepucTuka». Korpa 3TOT nokasaTesib CHUXAeTCAs, 3TO
3HAYUT, YTO NMBO NOHU3MUNICA KOMMAAKHC, NIMBO BO3POC pe3nuCTaHc, 1Mbo 1 To u

apyroe. (Mnu HapywaeTcs NPOXOAMMOCTb AbIXaTeNbHbIX NYTEN, NN CHUXKAETCS
noAaTAMBOCTb JNerkmx.) OAHakKo ecnn OAHOBPEMEHHO C AUHAMUYECKOW
XapaKTePUCTUKOW Mbl OLLEHMBAEM MO KPMBOW BbIAOXA MOCTOAHHYIO BpPEMEHM,

Mbl 3HaeM oTBeT. Ecnum
NMOCTOAHHAA BpPeMeHW pacTéT, 3TO OOCTPYKTUBHbLIN MNpoLecc, a ecau

YMeHbLlaeTCa, 3HAYUT NErkne cTann MeHeenonaT/IUBbI.

3aKkntouyeHue

Takum o06pa3om, 3HaHMEe pecnMpPaToOpHON MeXaHUKU MO3BONAET He MPOCTO
CTAaHAAPTHO YCTAaHABAMBATb Hekume "cpepHue" napameTpbl BEHTUAALUMU, HO
MOHMMATb BbI3bIBAEMble CMEHOW MapaMeTpoB MW3MeHeHus B U3MONOrnm
AbIXaTe/IbHOW CUCTEMbl MNALMEHTA W  YMETb MAKCUMaNbHO 3(PEPEKTUBHO

NPUMEHATb CBOW 3HAHUA.
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