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pelieHrs 0 He0OXOIMMOCTH OKa3aHUs MAIMEHTY PECIIUPATOPHON MOIEPHKKH.
B03MOXXHOCTH 3TOr0 METOJ]a UHTEHCUBHOW T€PANTUU HEU3MEPUMO BO3POCIH C
MOSIBJIEHUEM HOBBIX MMOKOJICHUW PECHUPATOPOB, MOTYUYHUBIINX 32
MPEIOCTABISIEMbIE UM BO3MOKHOCTH Ha3BaHUE "MHTEIIEKTYAJIbHBIX .

TeMm He MeHee, NPUXOIUTCA NMPU3HATH, YTO JI0 CUX TOP Jaxe CaMbli
"uHTeekTyanbpHbI" anmapar MBJI He B cOCTOSIHMM y4ecTh BCEX HIOAHCOB
MaTOJOTUUA U OCOOEHHOCTEN KaXKI0r0 MaIMeHTa, OIEHUTh 3P(HEKTUBHOCTD
pEeCIIUPATOPHON Tepanuu U ONPeIeIUTh HEOOXOAUMOCTh U3MEHEHHUSI TapaMeTPOB
NBJI.

CBelleHus1 0 MEXaHUYECKUX CBOMCTBAX JIETKUX, MTOIYyYa€MBIX OT MOHUTOPOB
MEXaHHWKH AbIXaHUS, KOTOPHIMU OCHAIIIEHBI COBPEMEHHBIE PECTTUPATOPHI,
MPEAOCTABISIONINE CTOJIb HEOOX0AUMYI0 HHPopMaIio 00 3 (HEeKTUBHOCTH U
aZeKBaTHOCTH npoBouMoit BJI, ctaHOBsITCS AJ1s1 Bpada MyTEBOAHON HUTHIO,
yKa3bIBasi, II€ Mbl HAXOJIUMCS, U KyJa Hy’KHO JBUTaThCA.

PecnupaTopHass MeXxaHUKA — HE0O0XO0AUMBI MUHUMYM
Kakue mapameTpsl B1oxa u Belioxa usMepsiet anmnapat UBJI?

BpeMs (time),

00BEM (volume),
notok (flow),
naBieHue (pressure).

B W N =

Bpems (time)

Bpemsi — 3T0 Mepa JIMTENBHOCTH U MTOCIEIOBATEILHOCTH SIBICHUN

Ha rpadukax naBinenus, moToka u 00bEMa BpeMsi OCKUT T10
rOpU30HTANBHOMN ocH «X». 3MepsieTcs B CeKyHIax, MUHYTax, yacax. C no3unui
pecnupaToOpHON MEXaHUKHU HAC HHTEPECYET JIIUTEIBHOCTh BJ0XA U BBIAOXA,
MOCKOJIbKY MPOU3BEIEHNUE MOTOKOBOTO BpeMenu Baoxa (Inspiratory flow time) Ha
MOTOK paBHO 00BEMY B0Xa, a TPOU3BEACHUE TOTOKOBOI'O BPEMEHU BbIJIOXA
(Expiratory flow time) Ha MOTOK paBHO 00BbEMY BbIOXA.

BpemeHHble MHTEPBAJIbI AbIXaTEJIbHOI0 HUKJIA (MX YeTbipe) UTo
TaKoe «BAOX — inspiration» U «BbLIOX — expiration»?



Bnox sTo BX0a Bo3ayxa B Jierkue. JuTes 10 Hadaia BbIioXa. BeIIOX — 3TO
BBIXOJI BO3AyXa U3 Jerkux. Jnurces 1o Hayana Buoxa. MiHeIMu ciioBaMu, BIOX
CYMTAETCS C MOMEHTA Hayaja IOCTYIUICHUs BO3AyXa B IbIXaTEIbHBIE IIYTH U
JUIATCSA 10 Ha4aja BhIA0Xa, a BBIOX — C MOMEHTA HAayaJla U3THAHUSA BO3/1yXa U3
JBIXaTEJbHBIX IIYTEN U JUIMTCS A0 Hadajia BIOXA.

DKCNEPTHI AEISAT BJIOX HA JIBE YaCTH.
Inspiratory time = Inspiratory flow time + Inspiratory pause

Inspiratory flow time — BpeMEHHOI UHTEpBaJ, KOT/Aa B JIETKUE MTOCTYIIAET
BO34yX. UTO Takoe «uHCIHUpaTOpHas nays3a» (inspiratory pause uinu inspiratory
hold)? DTo BpeMeHHOI MHTEPBAJ, KOrJa KJalaH BJoXa Y>Ke 3aKphIT, a KJIanaH
BBIJIOXA €IE HE OTKPBIT. XOTA B 3TO BpEMsI TOCTYILICHUS BO3AyXa B JIETKUE HE
MPOUCXOJUT, MHCIIUPATOPHAS Nay3a SBJISIETCA YaCThIO BpEMEHU BAOXA. Tak
noroBopuianck. MHcipatopHas may3a BOSHUKAET, KOT/Ia 3aIaHHBIN 00BEM yxKe
JIOCTAaBJIEH, @ BPEMS BJIOXA €IIIE HE UCTEKJIO.

JIJ1s1 CHOHTAHHOTO JBIXAHUS — 3TO 3aJ€PKKa JbIXaHHs HA BBICOTE BIOXA.
3azeprKKa JpIXaHMs Ha BBICOTE BJIOXA MIUPOKO MTPAKTUKYETCS MHANNCKUMU HOTaMHU
Y JPYTMMH CHEIUAINCTAMH 10 JbIXaTeIbHON TMMHACTUKE. B HEKOTOPBIX peKnMax
NBJI nucniuparopHas naysa orcyrcrsyer. /g annapara UBJI PPV Beinox
expiratory time — 3TO Bp€MEHHOW HHTEPBAJI OT MOMEHTA OTKPBITHUS KJlallaHa
BbIJIOXA J10 Hayaja CIECIYIOLIEro Baoxa.

DKCNEPTHI AEIIST BBIAOX HA JBE YACTH:
Expiratory time = Expiratory flow time + Expiratory pause

Expiratory flow time — BpeMEHHOU UHTEpBa, KOrAa BO3AYX BBIXOJINUT U3
Jerknx. YTo Takoe «IKcnupaTopHas naysa» (expiratory pause niu expiratory
hold)? D10 BpeMeHHOI MHTEpBaJI, KOTJa IIOTOK BO3AYyXa U3 JIETKUX YK€ HE
IIOCTYTAET, a BAOX €II€ HEe Hadalca. Ecim MBI IMEEM JIeI0 ¢ «YMHBIMY almnapaToM
NBJI, Mb1 00513aHBI COOOIIUTH EMY CKOJIBKO BPEMEHH, 110 HAIIEMY MHEHUIO, MOMXKET
JUIMTBCS DKCIIMpaTOpHas naysa. Ecim BpeMs 5KCMpaTopHOM Nay3bl UCTEKIIO, a
BJIOX HE Havaics, «yMHbli» annapatr UBJI o6bsaBaser Tpesory (alarm) u
HAa4yMHAET clacaTh MAMEHTa, IOCKOJIBKY CYUTAET, YTO IMPOU3OILIO0 altHOo) (apnoe).
Bxurouaercs onuust Apnoe ventilation. B Hekotopeix pexumax MBJI
DKCIUPATOPHAs May3a OTCYTCTBYET.



Total cycle time — BpeMsi AbIXaTENBHOTO [IUKJIA CKJIAIBIBAETCS U3 BPEMEHU

BA0OXa 1 BPCMCHHU BbIJ0Xa.

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

time win

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

P OABJIEHUE

Expiratory
flow time| Expiratory

pause

Insiratory |Inspiratory T =
flow time pause

Inspiratory time Expiratory time

: 2 : = {BPEMHA
Total cycle time(ventilatory period)
Flow TMNOTOK
T
-




VAN

Insiratory Expiratory T
flow time flow time
Inspiratory | Expiratory

time time

Total cycle time (ventilatory period)

Flow

O0bem (volume)

J7ist HecKMMaeMbIX (TBEPJBIX U KUJIKUX) BEIIECTB 3TO BEPHO, a JIJIs ra30B
He Bcerna. Korna apixanue npoucxoAauT MO JaBICHUEM BhIIIE aTMOC(EPHOTro
(6bapokamepa, TII000KOBOAHBIE aKBAJIAHTUCTHI U T.1.), C)KaTHEM Ta30B
npeHedperaTh HeMb3sl, MOCKOJIBKY MEHSIIOTCS UX (PU3nUecKue CBOMCTBA, B
YaCTHOCTHU PaCTBOPUMOCTH B Bojie. B pe3ynbTaTe — KUCTOPOIHOE OMbSIHEHUE U
KeCOHHasi 00Jie3Hb. B BEICOKOTOPHBIX YCIOBUSIX MPU HU3KOM aTMOC(HEPHOM
JABIICHUH 37J0OPOBBIN CIIOPTCMEH-AJBIIMHUCT C HOPMaJIbHBIM YPOBHEM
reMOTJIOOMHA B KPOBU UCIIBITHIBAET TUITOKCHUIO, HECMOTPS HA TO, YTO JBIIIUT
riy0xe U yaiie (IbIXxaTeIbHbII 1 MUHYTHBIA 00bEMBI YBEIIMUECHBI).

O0BéM — 3T0 Mepa IpocTpaHCTBA.

W, Tem He MeHee, B YCIIOBUAX CIIOHTAHHOIO Abixanusd u MBJI npu
HOPMaJIbBHOM aTMOC(EPHOM JaBJIEHUU MbI HCHIOJb3YEM €IUHULBI 00BbEMa IS
OLICHKM KoJn4decTBa raza. C:karueMm MOXHO npeHnedpeus. B pecriupaTopHoit
MEXaHUKE 00bEMBI U3MEPSIOT B JIMTPAX WA MUJUTMIIUTPAX.

Jl1st onucanus 00BbEMOB HUCOB3YIOTCSI TPU CIIOBA:

1. ITpocTpancTBO (space).
2. Emkocrts (capacity).



3. O6BEéM (volume).
O0BbEMBI U IPOCTPAHCTBA B PECIUPATOPHOI MEeXaHUKE:

JAbixareabHblilt 00béM (VT) no-anrnuiicku Tidal volume — 310 BennunHa
OJIHOTO OOBIYHOTO BJIOXA WJIM BBIIOXA.

MunyTtHbIi 00béM (MV) — no-anrnuiicku Minute volume — 310 cymma
JBIXaTeNbHBIX 00bEMOB 32 MUHYTY. Eciiu Bce ibixaTenbHble 00beMbl B TEUCHUE
MUHYTHI PaBHbI, MOKHO MPOCTO YMHOXKUThH JbIXaTEIbHbIH 00bEM Ha YaCTOTY
IBIXaHWUH.

MepTtBoe npocrpanctso (DS) no-anrnuiicku Dead space — 310
CyMMapHbIii 00bEM BO3TyXOHOCHBIX MyTeH (30HA AbIXaT€IbHOU CUCTEMBI, TJ€ HET
razooOMeHa).

O0Bembl, uccaeayemMblie NPU CIUPOMETPUH

JAbixareabHblit 00béM (VT) no-anrnuiicku Tidal volume — 310 BennunHa
OJIHOTO OOBIYHOTO BJIOXA WJIM BBIIOXA.

Pe3epBubliii 006¢éM B1oxa — POBa (IRV) no-anrnuiicku Inspired reserve
volume — 3T0 00BEM MaKCUMaIBLHOTO BJIOXa MO 3aBEPILICHUHN OOBIYHOTO BIOXA.

Emkocts Bgoxa — EB (IC) mo-anrimiicku Inspiratory capacity — 3to
00bEM MaKCUMAJIBHOTO BJI0OXA IMOCJIE OOBIYHOTO BBIJ0XA.

IC =TLC — FRC wu IC = VT + IRV

Oob6masn émkocts gérkux — OEJI (TLC) no-anrmmiicku Total lung
capacity — 370 00bEM BO3/1yXa B JIETKUX MO 3aBEPUICHUH MaKCUMaJIbHOTO B/IOXA.

Ocratounbiii 006éM — OO0 (RV) no-anrmmiicku Residual volume — 370
00BbEM BO3/yXa B JIETKUX MO 3aBEPUICHUM MaKCUMaJIbHOTO BbII0XA.

AKusnennasi émkoctb Jérkux — KEJI (VC) no-anrnuiicku Volume
capacity — 370 00bEM B0Xa MOCJIE MAKCUMAJILHOTO BBIIOXA.

VC=TLC - RV

DyHKkuuoHAJbHAsA ocTaTOYHAsA EMKOCTh — POE (FRC) no-anrnuiicku
Functional residual capacity — 3170 00b€M BO3/1yxa B JIETKUX MO 3aBEPIICHUU
0OBIYHOTO BBIJIOXA.

FRC=TLC-IC

PesepBHbiii 006éM BbIioxa — POBbIg (ERV) no-anrnuiicku Expired
reserve volume — 3170 00bEM MaKCUMaJIbHOTO BbIJI0OXA MO 3aBEPILICHUN OOBIYHOTO
BBIJIOXA.



ERYV = FRC - RV
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ITotok (flow)

«O0BbEMHAsE CKOPOCTHY — TOYHOE OMpeeieHue, yao0Hoe sl OLICHKU
paboThI HACOCOB U TPYOOMIPOBOJIOB, HO ISl PECIUPATOPHON MEXAHUKHU OOJIbIIIE
MOAXOIUT:

IToTOK — 3TO CKOPOCTH U3MEHEeHUsI 00bEéMa
B pecniuparoproit Mexanuke moTok (V) u3MepsIoT B INTPAaxX B MUHYTY.

[Tpumepsr:

1. [Totok(V) = 60a/mMun, AnutensHocth Broxa(Ti) = 1cex(1/60Mun),
JlbxatenbHbiii 006éM (VT) = ? Pemenne: Vx Ti =VT

Otser: 10

2. ITotok(V) = 60a/mMuH, Apixatensubiii 005éM(VT) = 11,

JnutensHocTh Broxa(Ti) = ?

Pemenune: VI/V = Ti Otser:

Icex(1/60mun)

O0BEM — 3TO POU3BEEHNE MOTOKA HA BPEMS BI0Xa WJIH TUIOIIA b O]
KPUBOU MOTOKA.



VT =V x Ti

BAOX BblAoX
OABIEHUE
t
OBBEM
t
NMNOTOK
t

210 npcacCTaBJICHUC O B3aMMOOTHOIICHHUH IIOTOKA U obonemMa HCIIOJIB3YCTCA
IIpHu OIIMCAaHUHU PCIKHMMOB BCHTUJIALINMH.

JdaBjenne (pressure)

JlaBJjieHue (pressure) — 3TO CUJIA, IPWIOKEHHAS K eIMHUIIE TLUI0IIAAN
JlaBneHue B AbIXaTEIbHBIX MYTSIX U3MEPSIOT B CAHTUMETPaX BOJHOIO CTOJNI0A
u B Mmuwnbapax. 1 munnubap = 1,019744289 cM BonHOrO cTomnba.

3Ha4yeHUs JABJIEHUH B PA3HbIX 30HAX JAbIXATEJbHOM CUCTEMbI 1
rpaaueHTsl (gradient) naBjaeHust

Ilo onpezneneHuio 1aBIeHUE — 3TO CUJla, KOTOpas y»Ke Haluia cebe
MIPUMEHEHUE, - OHa (3Ta CUJIa) JaBUT HAa IJIONIAb U HUYETO HUKY/1a HE
nepeMeinaer. [ paMoTHBIN TOKTOp 3HAET, UTO B370X, BETEP, U JaXKe yparaH,
CO3/1a€TCS Pa3HOCTHIO JIaBJICHUN WU TpagueHToM (gradient).

Hanpuwmep: B 6amione ra3 noa gasinenuem 100 atmocdep. Hy u uto, crout
cebe 0aJIoH M HUKOTO He TporaeT. ['a3 B OaIOHe CITIOKOMHO ceOe JaBUT Ha
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IJI0IA/Ib BHYTPEHHEN MOBEPXHOCTHU OAJJIOHA U HU HA YTO HE OTBJIEKAETCs. A eciu
OTKpBITH? Bo3HUKHET rpagueHT (gradient), KOTOPBII U CO37a€T BETEP.

°vPaw=Pawo

—Ptr=Pawo-Pbs
-—PDbs

Ppl
alv

= °
N
§ {—PI=Palv-Ppl
oL Pw=Ppl-Pbs
Pes

JlaBneHus:

PN

Paw — naBiienue B AbIXaTEIbHBIX My TIX

Pbs — naBneHue Ha TOBEPXHOCTH Teja

Ppl — nneBpansHOE AaBieHuE

Palv — anpBeonsipHoe naBiaeHue

Pes — nuieBogHOE naBiieHUE

['panuenTsr:

Ptr — TpancpecnupaTronnoe naBienue Ptr = Paw — Pbs
Ptt — TpancropakanbHoe nasnenue Ptt = Palv — Pbs

Pl — tpancniynsmonanbHOE AaBienue Pl = Palv — Ppl
Pw— tpancmypansHoe naBinenue Pw = Ppl — Pbs

Jlerko 3amoMHUTE: €CIIY UCTIOIB30BaHa MIPUCTABKA «TPAHC» - P€Ub UJIET O
rpajieHTE.

['maBHOM ABMXKYIIEN CUIION, TIO3BOJISIIOIIEN CIENATh BAOX, SABIISETCS
Pa3HOCTh IaBJICHUN Ha BXOJIE B JibIXxaTenbHbie myTH (Pawo- pressure airway
opening) v JIaBJI€HUE B TOM MECTE, IJIe AbIXaTelbHbIC TyTH 3aKaHUYUBAIOTCS — TO
ecTh B anbBeonax (Palv). [Ipo6iemMa B ToM, 9TO B allbBeOIaX TEXHUUYECKH CIIOKHO
MOMEpUTH JaBiieHue. [103ToMy ist OLIEHKH JIbIXaTEIBHOTO YCUIUS HAa CIIOHTAHHOM
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JBIXaHUH OLICHUBAIOT IPAUEHT MEXIYy MUIIEBOAHBIM aaBieHueM (Pes), npu
cOOJII0ICHUU YCJIOBUHM U3MEPEHUSI OHO paBHO MuieBpaibHOMY (Ppl), n naBnenunem
Ha BXOJI€ B JpixarenbHbie myTu (Pawo).

[Tpu ynpaBnenuu annapatrom MBJI HanbGomnee 70CTYNHBIM U
MH()OPMATUBHBIM SIBJISIETCS TPAAUEHT MEXKIY JIaBICHUEM B JIbIXaTEIbHBIX MyTAX
(Paw) u naBnenunem Ha moBepxHocTH Tena (Pbs- pressure body surface). 9toT
rpaaueHT (Ptr) Ha3bIBaeTCs «TpaHCpecHUpaTOpHOE JaBICHUEY, U BOT KaK OH
CO3JaeTCA:

1. IIpu NPV Pawo cootBeTcTBYyeT aTMOCcpepHOMY, TO €CTh HOJIb, a Pbs
CTAHOBUTCS OTPUIIATENHHBIM B PE3yJIbTaTe padOTHI anmapara.
Anmnapar UBJI NPV Ttuna «Kirassay.

2. Ilpu PPV JlaBnenue Ha noBepxHoctu Tena (Pbs) paBHO HYIIO0, TO €CTh
COOTBETCTBYET arMoc(pepHomy, a Pawo BbIlie aTMochepHOro, TO €CTh
MOJIOKUTENIHHOE.

OTPUUATENILHOE
OABNEHUE

T

ATMOC®EPHOE

MONOXWUTENLHOE
DABNEHW

ATMOC®EPHOE
AABINEHUE

Kak Bunure, Hu ogun u3 meto10B MIBJI HE COOTBETCTBYET MOJIHOCTHIO
CIIOHTAHHOMY JBIXaHHIO, HO €CJIM OLICHUBATh BO3/ICHCTBUE HA BEHO3HBIN BO3BpAT U
muMdoorrok annapatel IBJI NPV tuna «Kirassa» kaxyrtcs 0osee
¢usunonornynbiMu. Annapatsl UBJI NPV tuna «Iron lung», coznaBas
OTPHUIIATENIHLHOE IaBJICHUE HAJl BCEM MOBEPXHOCTHIO TEJA, CHUXKAIOT BEHO3HBIM
BO3BpAaT U, COOTBETCTBEHHO, CEPJICUHBII BHIOPOC.

JlaBiieHue (pressure) — 3TO CHIIA, C KOTOPOM TKaHU JIETKUX U TPYIHOU
KJIETKU IPOTUBOACHCTBYIOT BBOJUMOMY 00BEMY, HIIM, UHBIMH CIIOBAMHU, CUJIA, C
kotopou annapat MBJI npeoioneBaeT COMpOTUBIEHUE IBIXaTEIbHBIX ITYTEMH,
AIACTHUYECKYIO TATY JETKUX U MBIIIEYHO-CBSI30YHBIX CTPYKTYP IPYyAHOMN KIIETKH
(o Tperbemy 3akoHy HbIOTOHA 3TO OJTHO U TO K€ MOCKOJIbKY «CHjia IeHUCTBUS
paBHa CUJIC MPOTUBOACHCTBUSI).
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Equation of Motion ypaBHeHue cuJ1, uiau TpeTuil 3akoH HeroToHa 1iist
cucrembl «annapat UBJI — nanueHT»

B TtoMm cnyuae, ecnn anmapat VMIBJI ocyiiecTBisier BIOX CHHXPOHHO C
JBIXaTeJIbHOW MOMBITKOW NallMeHTa, JaBJICHHE, co3aaBaeMoe annaparom NBJI
(Pvent), cyMMupyeTcsl ¢ MBIIIEUHBIM ycuaueM nanuenta (Pmus) (JieBast yacTtb
ypaBHEHHUS1) JI PEO0JICHUS] YIPYTOCTH JIETKUX U TpyAHOU KieTku (elastance) u
CONMPOTHUBJIEHUS (resistance) NOTOKY BO3/lyXa B IbIXaTEJbHBIX MyTAX (MpaBas
4acTh YPAaBHEHHUS).

Pmus + Pvent = Pelastic +

Presistive (1aBieHue u3MepsoT B

muimubapax) Pelastic= E x V

(mpou3BeieHHEe YIIPYTOCTH HA 00BEM)

Presistive =R x V

(mpou3BeieHNE COMPOTUBIICHUS HA MTOTOK)

COOTBETCTBEHHO

Pmus + Pvent=ExV+RxV Pmus(m0ap) + Pvent(m0ap) = E(m0ap/mun)
x V(mu) + R (m0ap/a/mun) x V(J1/MmuH)

3a01HO BCIOMHUM, pa3MepHOCcTh E — elastance (ynpyrocrts) nokaspiBacT Ha
CKOJIbKO MUJJTMOAp BO3PACTAET JABJIEHUE B PE3epByape Ha BBOJUMYIO €IUHULLY
o0BvéMa (MOap/mu1); R — resistance conpoTHBIEHUE NOTOKY BO3yXa
MPOXOASIIEMY Yepe3 AbIXAaTeNbHbIE yTH (MOAp/J1/MUH).

[ToHnMaHue ypaBHEHUS CUJI IO3BOJISIET HAM JAeNaTh TpU Bely. Bo-nepBoIx,
mo6oit anmapat UBJI PPV MoxeT ynpaBiasiTh OAHOMOMEHTHO TOJIBKO OJTHUM U3
M3MEHSIEMBIX [MAPAMETPOB BXOSIINX B 3TO YPaBHEHUE. DTU U3MEHSIEMbIE
napaMeTphl — JlaBjieHue 00bEM U MOTOK. [lo3TOMY CylIecTBYIOT Tpu criocoba
yIIpaBJIE€HUS BOOXOM: pressure control, volume control, unu flow control.
Peanuszanusa BapuanTa B1oxa 3aBUCUT OT KOHCTpYKIuuU anmnapara UBJI u
BbIOpanHOTO pexuma MBJI. Bo-BTOpBIX, Ha OCHOBE YpaBHEHUS CUJI CO3JaHbI
MHTEIJIEKTYalIbHbIE IPOTPaMMBbI, OJaro/iapsi KOTOPBIM armapaTr pacCUYUThIBAET
MOKa3aTeNu peCupaTOpHOM MexaHukH (Hanmpumep.: compliance (pacTsKuMocTsb),
resistance (conpotuBieHue) u time constant (mocTossHHast BpeMeHU <KT>> ).
Brpetbux, 03 moHMMaHUs YpaBHEHUS CUJI HE MOHATH TaKUE PEKUMbI BEHTUIISIIUU
Kak “proportional assist”, “automatic tube compensation”, u “adaptive
support”.
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I'1aBHbBIE pacyeTHbIE NAPAMETPbI PECIMPATOPHONM MEXAHUKH

resistance, elastance, compliance

1. ConporuB/ieHHe AbIXaTeNbHBIX NyTeH (airway resistance)

Coxkpamennoe o6o3HaueHue — Raw.

Paszmepuocts — cMH20/JI/cex unu mOap/mi/cex Hopma st
3p0poBoro yenoBeka — 0,6-2,4 cMH20/J1/cek. Y
nHTyOHpoBaHHoro nanuenta Ha UBJI — 3-10 cMH20/J1/cek.

@u3NYeCKUil CMBICI JAHHOTO MOKA3aTelsi TOBOPUT, KAKUM JIOJKEH ObITh
IpaJueHT aBJIeHUM (HarHeTarolee MaBjieHne) B JaHHOW CUCTeME, YTOOBI
oOecrnieunTh NOTOK 1 uTp B cekyHay. CoBpemenHomy anmnapaty UBJI Hecnoxuo
paccunTaTh pe3ucTaHc (airway resistance), y Hero €CTb JaTYMKU JaBICHUS U
MOTOKA — pa3Jeanil JaBJIICHUE HA OTOK, U TOTOB pe3yJibTaT. s pacuera
pe3ucrtanc annapat UBJI nenut pa3HocTh (TpaJueHT) MaKCUMAJIbHOTO IaBICHUS
sroxa (PIP) n napnenus miato Buoxa (Pplateau) Ha motok (V).

Raw = (PIP—Pplateau)/V

Uto u ueMy comnpoTusisieTcs? PecnupaTopHas MEXaHHKA pacCCMaTPUBAET
CONIPOTHUBIICHUE JIBIXATEIbHBIX IIyTEH BO3AYIIHOMY MOTOKY. COMPOTUBIICHUE
(airway resistance) 3aBUCUT OT JUIMHBI, AUAMETPA U MTPOXOAUMOCTH JIBIXaTEIbHBIX
myTeH, SHAOTpaxeadbHOU TPYOKHU U JbIXaTeIbHOTO KOHTYpa annapaTta UBJI.
ConpoTuBieHre NOTOKY BO3pPACTAET, B YACTHOCTH, €CIIA MPOUCXOIUT HAKOIIICHUE
Y 3aJi€pKKa MOKPOTHI B IBIXaTEJIbHBIX MYTAX, HA CTEHKAX HA0TPAXEATbHOU
TpyOKH, CKOIJIEHHE KOHJIEHCATa B IIJIAHTaX JBIXaTEeIbHOI0 KOHTYpa UIn
nedopmanus (neperud) a000# u3 Tpyook. CONnpoTUBICHHUE NbIXaTEIbHBIX My TEH
PAcCTET MPHU BCEX XPOHUUECKUX U OCTPHIX OOCTPYKTUBHBIX 3a00JI€BAHUSIX JIETKUX,
MPUBOASIIMX K YMEHBIICHUIO JUAMETPa BO3AYXOHOCHBIX ITyTel. B cooTBETCTBUU €
3akoHOM ["arena-Ilya3zens npu ymeHbllIeHHH AamMeTpa TpyOKH BIBOE IS

14



o0OecrieueHust TOTO ke MOTOKA IPaJAUECHT AaBJICHUM, CO3IAI0ITUN ATOT MOTOK
(Har"eTarollee 1aBJeHUE), TOKEH OBITh YBEJIHYEH B 16 pas.

BaxHO nMeTh B BUJly, YTO CONIPOTUBIICHUE BCEN CUCTEMBI ONTPEAEIIACTCS
30HOU MaKCUMAaJIbHOTO COMPOTUBJICHUS (CAMBIM Y3KUM MECTOM). Y CTpaHEHUE
ATOTO MPENATCTBUSA (HApUMeEp, yAaJIeHUE HHOPOIHOTO TeJla U3 AbIXaTeIbHbBIX
myTeHl, yCTpaHEHUE CTEHO3a TPaxeu WK UHTYOalUs IPU OCTPOM OTEKE TOPTAHM)
MO3BOJISIET HOPMAJIU30BaTh YCIOBUSI BEHTWISIIMU JIETKUX. TEpMUH pe3ucTaHc
HIMPOKO UCTOJIB3YETCS POCCUMCKUMU PEAHUMATOJIOraMH KaK CyIIECTBUTEIIBHOE
MY?KCKOT0 poja. CMBICIT TEpMHHA COOTBETCTBYET MUPOBBIM CTaHIapTaM.

BaxHo mOMHUTB, 4TO:

1. Anmapat UBJI MOXeT U3MEPUTH PE3UCTAHC TOIBKO B YCIOBHUSIX
MPUHYAUTEILHON BEHTWISIIIUN Y PEIaKCUPOBAHHOIO MAI[UEHTA.

2. Korzaa mbl roBopuM 0 pe3uctanc (Raw unu conpotuBieHuun
JBIXaTENIbHBIX MyTEH) Mbl aHATU3UPYEM OOCTPYKTUBHBIEC MPOOIEMBI
MPEUMYIIECTBEHHO CBA3aHHBIE C COCTOSIHUEM MPOXOIUMOCTH
JIIXaTENIbHBIX MyTEH.

3. YewM Oosibllie MOTOK, TEM BBIIIE PE3UCTAHC.

2. Yupyrocrts (elastance) u mogatimsocts (compliance)

IIpexne Bcero, cienyer 3HaTh, 3TO CTPOTO MPOTUBOIIOIOKHBIC IIOHATUS U
elastance =1/compliance. CMbICII TIOHATHUS «YTIPYTOCTH» IMOAPA3yMEBAET
CIOCOOHOCTh (PU3UYECKOI0 TeJa NpH AehopMaui COXpaHsITh IPUJIaraeMoe
yCHUJIME, a TPU BOCCTAHOBJIEHNHU (hOpMBI — BO3BpaliaTh 3T0 ycriine. Hanboinee
HarJIsIJHO 3TO CBOMCTBO MPOSBIISIETCS Y CTAIBHBIX NPYKUH WX PE3UHOBBIX
m3aenui. Crnenuanuctsl 1o UBJI npu HaCTpoiKe U TECTUPOBAHHUM AIIAPATOB B
Ka4eCTBE MOJENH JIETKUX UCIIOJIb3YIOT PE3UHOBBIN MEIIOK.

Ypyrocts AbIxaTeabHON CUCTEMBI 0003HaYaeTcsi CUMBOJIOM E.
Pa3mepHoCTh ynpyroctu Moéap/mii, 3T0 03Ha4aeT: Ha CKOJIBKO MUJUTMOAp ClIeyeT
MOJHSTH J1aBJICHUE B CUCTEME, YTOOBI 00BbEM yBenmnuumics Ha 1 mi. JlaHHbII
TEPMUH IIHPOKO UCIOJIB3YETCs B paboTax Mo (PU3UOIOTUH AbIXaHUs, a
cnenuanucTsl o MIBJI moab3yroTcs HOHATHEM OOPAaTHBIM «YIPYTOCTU» - 3TO
«pacTsHKUMOCThY» (compliance) (MHOT1a TOBOPSIT «IOJATAUBOCTHY). TepMuH

KoMILIaiiHe (compliance) nCnoNIb3yeTCs KaK CYIIECTBUTENBHOE MYKCKOTO poJia
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POCCUHCKUMU pPEaHUMAaTOJIOraMH TaK K€ 4acTo, KaK U pe3ucTaHc (Bcerja Korja
MoHutop annaparta UBJI mokassiBaeT 31 napameTpsl). PazmepHocTh
KOMILJIaiiHCa — MJI/MOAp MOKa3bIBAET, HA CKOJIBKO MUJUIHJINTPOB YBEIIMUYUBAETCS
00BbEM MpH MOBBIIICHUH JAaBiIeHUA Ha 1 MuUsuoap.

B peanbHOM KnMHMYECKON cuTyanuu y nanuenta Ha UBJI uzmepsttor
KOMILJIAMHC PECTTUPATOPHON CUCTEMBI — TO €CTh JIETKUX U TPYJHON KIETKH
BMecTe. JJ1g 06003HaueHNs] KOMILIalHE UCTIONB3YIOT cuMBoOJibl: Crs (compliance
respiratory system) — KOMILIaiiHC bIxatenbHol cuctemsl U Cst (compliance
static) — KOMIJIAlfHC CTaTHYECKUI, ’TO CHHOHUMEI. JIJ1s1 TOTO, 4TOOBI pacCUnUTaTh
CTaTUYECKUI KoMILIalHc, annapat UBJI nenut neixatenbHbiil 00bEM HA
JaBJIEHUE B MOMEHT MHCIIUPATOPHOH May3bl (HET MOTOKA — HET Pe3UCTAHC).

Cst = VT/(Pplateau —PEEP)

Hopwma Cst (kommuiaiinca cratudeckoro) — 60-100mi/moap

[TpuBoaMas HUXKE cXeMa MOKa3bIBAET, KAK HA OCHOBE JBYXKOMIIOHEHTHOM
MOJIENIA PACCUUTHIBAECTCS CONMPOTUBJIEHNE NOTOKY (Raw), cTaTHYECKU KOMILUIAMHC
(Cst) u ynpyrocTs (elastance) qpixaTeIbHOW CUCTEMBI.

AOABJ1IEHUE

B KOHTYPE

AMNMAPATA
nBJsi

,MOTOKOBOE aaﬂepra
. Bpems | BOoxa:
BAOXA |

|<—m—>|<—m—>

BPEMSA ‘
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BaxHO MMETH B BUAY, YTO U3MEPEHMS BBIITOIHAIOTCS y PEITAKCUPOBAHHOTO
nanuenTa B ycinoBusx UBJI, ynpasisgemoii o o0bEMyY ¢ EPEKITIIOUEHUEM Ha
BBIJIOX 10 BpEMEHU. DTO 3HAYUT, YTO MOCJE TOTO, Kak 00bEM JOCTaBIICH, Ha
BBICOTE BJI0OXA KJIAIIAHbI BI0XA U BBI0XA 3aKPBITHL. B 3TOT MOMEHT U3MepsIeTCs
JaBJICHUE IIJIATO.

BaxHO mOMHUTB, 4TO:

1. Anmapat UBJI moxet uzmeputh Cst (KOMILIAliHC CTATUYECKUI)
TOJIbKO B YCJIOBUSX MPUHYAUTEIHLHON BEHTHIISIIIUU Y
peIaKCUpPOBAHHOTO MalMeHTa BO BpEMsI HHCIIUPATOPHOMU May3bl.

2. Korzaa mbl roBopuM 0 ctaTiyeckoMm koMmiuaiince (Cst, Crs win
PACTSKUMOCTH PECHUPATOPHON CUCTEMBI), MBI aHATTU3UPYEM
PECTPUKTUBHBIE TPOOJIEMbI TPEUMYIIIECTBEHHO CBSA3aHHBIE C
COCTOSIHUEM JIETOUYHOU MAPEHXUMBI.

IToToK cO31a€T 1aBJIeHUE

O0e TpaKTOBKU COOTBETCTBYIOT JEHCTBUTEIHLHOCTH, TO €CTh: BO-TIEPBHIX,
MOTOK CO3Ja€TCA IPAJAMEHTOM JIaBJICHUH, a BO-BTOPBIX, KOTJa MOTOK
HaTaJIKUBAETCs Ha MPEMNSATCTBUE (COMPOTUBIICHUE AbIXATEIbHBIX MyTEH), IaBICHUE
yBenuuuBaetcs. Kaxyinascs pedeBas HEOpEKHOCTh, KOTJa BMECTO «TPAIUCHT
JaBJICHUI» MBI TOBOPUM <«JIaBJICHUEY», POKAAETCS U3 KIMHUYECKON PEaTbHOCTH:
BCE JATYMKU JABIICHUS PACIOJIOKEHBI CO CTOPOHBI JbIXaTEIbHOTO KOHTYpa
arnmapata UBJI. Jlis Toro, 4TOOBI M3MEPHUTH TaBJICHHUE B TPaxee U pacCUUTATh
rpagueHT, HE0OXOIUMO OCTAaHOBUTH ITOTOK M JIOK/IaThCS BEIPABHUBAHUS JTaBICHUS
¢ 000MX KOHIIOB 3H/I0TpaxeaabHON TPYOKH.

[TosTomMy B mpakTHKe OOBIYHO MBI TIOJIB3YEMCSI TOKA3aTENSIMU JABJICHUS B
neixatenbHoM KOHTYype annapata MUBJI. [1o 3Ty cTopony sHA0TpaxeaibHON TPyOKU
U151 oOecriedeHus Baoxa oobemMoM Y mil 32 BpeMs X CeK Mbl MOKE€M TOBHIIIATh
JaBJieHHE BAOXa (M COOTBETCTBEHHO I'PAJIMEHT) Ha CKOJIBKO Yy HAC XBaTUT 3/IPABOTO
CMBICJIA U KJIMHUYECKOT'0 OIBITA, TOCKOJIBKY BO3MOKHOCTH anmnaparta VBJI
OTPOMHBI.

ITo Ty cTopony 3HAOTpaxeadbHON TPYOKH y HAC HAXOJUTCS MAllUEHT, U Y
Hero i odecrieueHust Beioxa 00béMoM Y mit 3a BpeMsi X CeK €CTh TOJIBKO cujia
YIIPYTOCTH JIETKUX U TPYAHOU KIIETKU U CUJIA €r0 AbIXaTeJIbHOU MYCKYJIaTyphl
(ecnu OH He penakcupoBaH). Bo3aMOXXHOCTH MalMeHTa co3/1aBaTh MOTOK BbIIOXA
orpanudeHbl. Kak Mbl yxe npeaynpexaanu, «IIOTOK — 3TO CKOPOCTh U3MEHEHUS
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o0bemay, mosTomy g obecrieueHus 3p(HEKTUBHOTO BbIJI0XA HYKHO
MPEJOCTaBUTh MAI[UEHTY BPEMSI.

ITocTrositnHast BpeMeHH (T)
Tak B 0T€UE€CTBEHHBIX PYKOBOJICTBAX MO (PU3MOIOTUM IBIXAHUS HA3BIBACTCS
Time constant. 10 npon3BeaeHNE KOMILIAMHC HA Pe3UCTAHC.

T = Cst x Raw

Pa3zmepHOCTh MOCTOSIHHOW BPEMEHU, ECTECTBEHHO CEKYHJIBI.
JIeCTBUTENBHO, BEIb Mbl YMHOXaeM MJI/Mm0ap Ha MOap/mJr/cek. [locTossHHas
BPEMEHHU OTPAXKAET OJJTHOBPEMEHHO AJIaCTUYECKHUE CBOMCTBA JIBIXATEIbHOM
CHUCTEMBI U COIPOTUBIIEHUE JIBIXATEIbHBIX MYTEH. Y Pa3HBIX JIOAEH T pa3Hasl.
[TonsTh PpuzmUecKkuii CMBICT TaHHONW KOHCTAHTHI JIeTYe, HauaB C BBIJIOXA.
[IpencraBum cebe, 3aBepiI€H BIOX, — HAYaT BBIIOX. [10o/1 AeHiCcTBHEM 2IaCTHYECKUX
CHUJI JbIXaTEIbHOW CUCTEMBI BO3/IyX BBITAIIKUBAETCS U3 JIETKUX, TPEOJOJIEBAS
CONIPOTHUBIICHUE JIBIXATEIbHBIX ITYTEMH.

CKOJBKO BpEMEHU 3aMMET NAaCCUBHBIN BbIIOX? I10CTOSAHHYIO BpeMEeH!
YMHOXUTb Ha 1SITh (T X 5). Tak ycTpoens jerkue uyenoseka. Ecinu annapat UBJI
o0OecrnieunBaeT BIOX, CO3/[aBasi MIOCTOSIHHOE JIaBJICHUE B JIbIXaTENbHBIX MYTAX, TO Y
PETAKCUPOBAHHOTO MAlMEHTAa MAKCUMAJIbHBIN JIJISI JAHHOTO JTABJICHHS
JbIXaTeNbHBI 00BEM OyIEeT TIOCTABIICH 3a TO K€ Bpems (T X 5).
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NMNOCTOAHHAA BPEMEHU BOOXA U BbIAOXA
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JlaHHBIN TpaduK MOKA3bIBAET 3aBUCUMOCTh IMPOIICHTHOW BETUYUHBI
IBIXaTEILHOTO 00bEMa OT BpEMEHH MPHU MTOCTOSHHOM JIaBJICHUU BAOXA WITH
ITACCUBHOM BBIJIOXE.

[Ipu BbIAOXE MO UCTEYEHUU BPEMEHHU T NALUEHT yCIIEBAET BBIIOXHYTh 63%
IBIXaTeIbHOTO 00bEMa, 3a Bpems 2T — 87%, a 3a Bpems 3T — 95% npIXaTeIbHOTO
o0béma. [Ipu BIoxe ¢ MOCTOSIHHBIM JIaBJICHUEM aHAJIOTHYHAs KapTHUHA.

[IpakTHueckoe 3HaYeHUE MTOCTOAHHOM BpemMeHu. Eciu Bpems,
MIPEIOCTABIAEMOE TALMEHTY U1 BBIIOXA <57, TO MOCJIE KAXKI0I'0 BIOXA YacCTh

JBIXaTeIbHOTO 00BEMA OyJIET 3a/IepKUBATHCA B JIETKUX MaliueHTa. MakcuMallbHbIN

JIBIXaTENbHBIA 00BEM MPHU BJIOXE C TOCTOSIHHBIM JaBICHUEM MOCTYIIHT 32 BpEMsI
57. Ilpu maTemMaTuueckoM aHaiause rpaduka KpuBoil 00bE€Ma BbIIOXA pacyeT
MMOCTOSHHOM BPEMEHH MO3BOJISIET CYAUTh O KOMIUIAWHC U PEe3UCTAHC.
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A rPA®UK UISMEHEHUA OB BEMA

NOCTOAHHAA BPEMEHU

JlanHbIl rpaduk MoKa3bIBaeT, Kak cOBpeMeHHbIH anmnapat UBJI
PacCUUTHIBAET MOCTOSTHHYIO BPEMEHH. BBIBAET, UTO CTATUYECKUIN KOMILIANHC
paccuuTaTh HEBO3MOXKHO,

T. K. I 3TOr0 JOJKHA OTCYTCTBOBATh CIOHTAHHAS JIbIXaTeNIbHAs
aKTUBHOCTbH U HEOOXOJIUMO U3MEPUTH JlaBlieHue 1iato. Ecnu paznenutsb
JIBIXaTeNbHBI 00BEM Ha MAKCUMAJIBHOE JIaBJIICHUE, TTOJIyYUM €I1e OJANH
PaCcUETHBIN MOKA3aTENb, OTPAXKAIOIINN KOMILIANHC U pe3ucTaHc. Pa3Hble aBTOPHI
HCMOJIB3YIOT Pa3Hble UMEHA, HO MbI JOJDKHBI 3HATh, YTO 3TO CUHOHUMBI:

CD = Dynamic Characteristic = Dynamic effective compliance
= Dynamic compliance. CD = VT/(PIP — PEEP)

bonbiie Bcero cOMBaeT ¢ TOJIKY Ha3BaHUE «IMHAMUYECKHIM KOMIUIAWHCY,
ITOCKOJIBKY U3MEPEHHE MPOUCXOAUT IIPU HEOCTAHOBIEHHOM ITOTOKE U,
CJIEI0BATENBHO, TAHHBINM IMOKA3aTeNb BKIIOYAET U KOMILIAMHC, U pe3ucranc. Ham
00JIbIIIE HPABUTCS HA3BAHHE «IMHAMUYECKas xapakTepucThkay. Korga stor
MOKa3aTeslb CHUKAETCS, 3TO 3HAYUT, YTO JIMO0 MOHU3UJIICS KOMILIAMHC, 1100
BO3pPOC Pe3MCTAHC, 1100 1 TO U Apyroe. (Mnu HapymaeTcss npoXoIuMOCTh
JbIXaTENbHBIX MYTEH, UIN CHIXKAETCS MOJATIMBOCTb JIETKuX.) OJIHaKo eciu
OTHOBPEMEHHO C JMHAMMYECKOM XaPAKTePUCTHKOM MBI OLICHUBAEM 10 KPUBOUN
BBIJIOXA NOCTOSIHHYI0 BPEeMEHH, Mbl 3Ha€M OTBET. Ecin MOCTOSIHHASI BpEMEHH
pacTeT, 3T0 OOCTPYKTUBHBIN MPOLECC, a €CIIM YMEHBIIAETCS, 3HAUUT JIETKUE CTaIH
MEHEE MOIaTIIVBBI.
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