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MOHUTOPUHI YacTOTHO-aMNIUTYAHbLIX NapaMeTpoB GPUOPUNNALUN XKenyaovKoB

npu UCKycCTBEHHOW nepdy3um cepaua

AHHOTAIMA

OnycaH METOJ MOHUTOPUHIA YaCTOTHO-aMIUIUTYAHBIX MapamerpoB ¢pubpmuisuuu xenynoukoB (PXK) npu mckyccrBeHHOH nepdy-
3UM cepaua. MeTroJ OCHOBAH Ha CIEKTPAbHOM aHalu3e KapauocurHana B 30 yacToTax MOJIyrepLOBON HIMPHHBI B AUANa30HE
0,5...15 T'u u onpeneaeHUH YacTOThl, AMIUIUTYAbl U YIEIBHOTO BECa OCUMIUISIINI NIepBOi, BTOPOI U TPEeTheil MO CIEeKTPATIbHON MOIIIHO-
ctu yactoT XK. MeTo1 MOXKHO UCIIONB30BATH JJI1 MOHUTOPHHTA YaCTOTHO-aMIUTUTYAHBIX apameTrpoB MK npu murenbHON HCKyCCT-

BEHHOH nepdy3uu cepaua.

BBeneHue

B xapanoxupypruyueckoil mpakTUKe Onepanny Ha CepALe po-
BOJIST B YCJIOBHSIX KapAUOIUIETUH (OCTAHOBKU CEp/lia) U UCKYCCT-
BEHHOTO KpoBooOpamenus [1], [2]. TIpu kapauorieruu onepupye-
Moe cep/le He nepdy3upyercsl 1 HAXOAUTCS B COCTOSIHUM TOTaJIb-
HOU WINEMHUH, YTO HeOmaronpusaTHo s cepana [3]. Hdns BoccTa-
HOBJICHUS CepJlla I0Cie Nepuoaa KapIUOIUIETMU U UIIEMUU
npoBoauTcs penepdysus, HO perniepdy3usi IpUBOAUT K perepdy-
3HOHHBIM OCJIOXKHEHMSIM, BKITIOUAsl IIOBPEXICHNE/HEKPO3 MUOKAP-
na u yraereHue cokparenuit [1]-[S]. [lpu npoBeneHuu omnepanuu
Ha Cep/lie B YCIOBMIX KapAMOIUIEIMU HelNb3s N30eXaTh UIIEeMH-
YECKUX M penepdy3uOHHBIX OCIOKHEHHIA.

ANbTEpHATHBON KapAUOIUIETHH SBISETCS IIPOBEIECHUE Olepa-
LMY Ha cepaue B yciaoBusax GuoOpmsaiuu xenynoukos (DPXK) u
MCKYCCTBEHHOH mepdy3uu cepliiia, 4To MO3BOJsSET U30eKaTh MO-
60uHBIX 3(HEKTOB KapAUOIUIEIHH, CBSI3AHHBIX C HIIEMHEH U pe-
nepdysueit muokapaa. B ycnosusix nepdy3un GpudprLupyommit
MHOKap/I He CTPaaeT OT MIIEMHUH, a pernepdy3ust Mocie onepaiun
Ha cepJile He Hy)XHa.

IIpu npoBenenun onepaiuu Ha cepaue B yeaousax PXK u amu-
TEIBbHON MCKYCCTBEHHOU mepdy3nu cepana HEOOXOAMMO IIPOBO-
JIUTh MOHUTOPUHT napaMeTpoB PIK, yTo MO3BOISAET OOBEKTUBHO
OLIEHNBATh (DYHKLIMOHATIBHOE COCTOSIHUE ONEPUPYEMOTO cepAla B
peXKHMMe PeabHOrO BpeMEHH. B TOCTYMHON HaM JUTepaType Mbl
HE HalUIM paboT, MOCBSIIEHHBIX MOHUTOPUHTY napamerpoB PXK
P UCKYCCTBEHHOH nepdy3un GprOpHIUIHPYIOIIETro cepALia BO Bpe-
MsI KapIMOXUPYPrHUYECKOil Oneparim.

Llenpio paccmMaTpuBaeMoit paboThl OBLIO apOOUpPOBAaHUE Me-
TO/1a MOHUTOPHUHI'A YACTOTHO-aMILIUTYIHBIX TapameTpoB DK npu
HCKYCCTBEHHOM nepdy3uu cepaia.

MOHUTOPUHT OCHOBaH Ha aHaiM3e KapauocurHana rpu XK B
yCIoBHsIX nepdy3uu MeToAaoM ObicTporo npeobpazoBanus Pypbe
(BI1®) B muamazosne 0,5...15 I'm. Meroa BIT® xoporo ampodupo-
BaH, JOCTYIIEH U II03BOJISIET OOBEKTHUBHO U B ABTOMATHYECKOM pe-
JKUME OIpeeNsiTh YACTOTHO-aMIUIUTYIHBIN cocTaB ociiusimii DK
[6]-[8]. HoBm3Ha B TOM, UTO aHaIu3 KapauocurHaia Metomom BITd

15 't mt ompenensiim 9acToTy, aMIUTMTYY M YACIbHBIA BEC TEPBOH,
BTOPOI U TpeTheil Mo creKkTpalibHOi MomHocTH yactoT DXK.

MeToauka

st mosryyeHust HeOOXOAMMBIX JUTsl TECTUPOBAHUS KapAMOCHT -
HaJIOB PETUCTPHPOBAIIM 3JIEKTPOTrPAMMY JKENlyT0YKOB cep/la B
YCIOBUSX UCKYCCTBEHHOH mepdy3uu cepaia codbaku mpu DOXK.
Briio nmpoBeseHo 4 omnblTa Ha M30JIMPOBAHHOM cepale cobakw,
nepdy3upyeMoM KPOBBIO BTOPOil — MOIEPKUBAIOILEH cOOaKH 110
cranmapTHoi MeTomuke [9] B cooTBeTcTBUM C [Ipnkazom MwuHuU-
CTEepCTBa BBICILIETO U CpeIHero crienuanbHoro odpazosanust CCCP
Ne 742 ot 13.11.1984 «O6 ytBepxaenuun [IpaBui nmpoBeneHus pa-
00T C NCTOIB30BAHNEM IKCIEPUMEHTAIBHBIX XUBOTHBIX» U EBpo-
IeHCKO KOHBEHLIMEH MO 3aIIuTe MO3BOHOYHBIX KUBOTHBIX, HC-
ITOJIB3YEMBIX JIJISl 9KCIIEPUMEHTAIIBHBIX M APYTHX HAYYHBIX LIEJICH,
npuHsaToi B CtpacOypre 18.03.1986 1.

ONeKTpOrpaMmy JKelyI0UKOB Cep/lid perHCTPUPOBAIIN OT 3JIeK-
TPOJIOB, BKOJIOTBIX B IIPABBII U JIEBBIN JKEIIY0UYKH, HA Kapuorpa-
tde «Kapamorexuuka-OKI-8» («Mukapt», CII6) npu yacrote
orrdpoBku 1000 . XK BBI3BIBATN IIEKTPUIECKON CTUMYJISLIN-
et cepaua crumysiamu yactotoit 10 ' u amrmumurymoit 10 MA. AHa-
3 kapauocurHana npu @K B yernoBusax nepdys3un cepamna mpo-
BOJMJIM B OJJHOCEKYH/IHBIX OTPE3KaX 3JIEKTPOrpaMMBblI KEIyI0UYKOB
metonoM BIT® B 30 yacToTax nmosyrepuoBOi IIMPUHBI B TUAMA30-
ne 0,5...15T'm: 0,5; 1; 1,5; ...; 15 T'm.

Onpezaensin 4acToTy (B replax) 1 aMILUIUTYLy (B MUJUIMBOJIb-
Tax) OCUWUISIIUN TIEPBOM, BTOPOH U TPeThell MO CeKTpaIbHON
mormHocTH yactoT DK, kak mokazano Ha puc. 1. Ha ciektporpam-
Me OJJTHOCEKYHTHOT'O OTPE3Ka EKTPOrPAMMBI JKEJTYT0YKOB OCIIHJI-
nsamun yactorou 9,5; 9 u 10 I'p crost Ha 1, 2 u 3-M MecTax 1o
CHEKTPAITPHON MOIIIHOCTH U JOMUHUPYIOT B CTPYKTYpPE YaCTOT OC-
LUAJUTSIUH.

3aTeM ompenessuld 4acToTy (B replax), aMIIUTyay (MUILIH-
BOJIBTAaX) M yAETMBHBIN Bec (B TPOILIEHTAX) OCUMIUISLIAN IEPBO, BTO-
poit u TpeTheil o cnekTpanbHoi MoltHocTH YactoT DK nmpu nep-
(y3um cepaua B 10-cekyHaHbIX oTpe3kax (n = 40) U TpeXMUHYT-
HbIX oTpe3kax PIK (n = 720) y 4 cobak (yacToTa — MoAa; aMILTUTY-
na, yaenbHblld Bec — M £ m).
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Puc. 1. decatucekyHaHbI OTPE30K 3NEKTPOrpaMmbl Xenyao4koB (a) 1 cnekTporpaMmma rnepBoro OOHOCEKYHAHOrO OoTpeska
anekTporpammel (6) npy nepdysunn cepaua cobakm npu OX. Kanmbposka anektporpammel: 2 mB; 1 c.
Ha cnektporpammax: no ocu abcumcc - vactota, ['u; no ocu opgmHat — amnauTyaa, mB
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Meronuka CreKTpalIbHOTO aHann3a KapauocurHaia mpu X
SIBIISIETCSI OPUTMHAIBHOM M pa3paboTaHa HAMU HA OCHOBE MPEIbI-
nyamx pabot mo mzyuennro dXK [10], [11]. CraTtuctmueckyio 06-
pabotky mpoBoamin B cpene «R» [12] ¢ ucronb3oBaHuEM CpaBHE-
Hus 1o kpurepuio Welch [13].

Pe3ynbTaTthbl

PesynbTaTel paboThl HMpeacTaBieHbl HA puc. 2. AHAJIN3 B
10-cexynmubix nHTepBagax MXK mokaspiBaer, yto mojyoca 1...3-i
IO CHEKTPATbHON MOIIHOCTH YaCTOT SIBIISIETCS YCTOMUMBOIA: TIep-
Bas yactoTta umeer 3HaueHus 9...10 I', a BTopas u TpeThs yacto-
161 —Ha 0,5...1 I'1 GombITIe MITM MEHBIIIE TIEPBOM YaCTOTHI (puc. 2a).

CymMmapHas aMIUIATyAa oCHWyuIsaumii 1...3-i 4acToT cocras-
nset 18...19 MB, a HeGonpne pa3innuns aMIUIUTYAs! B 10-cekyHa-
HbIX uHTepBanax MXK He sBnsroTCS mocToBepHBIMHU (puc. 26). Oc-
ooty 1. .3-i gacror, 3aauMaroniye 1/10 nnamasona 0,5...15 ',
conepkat 35...36 % cnekTpaJlbHONM MOIIHOCTH U JOMHHHUPYIOT B
CTPYKTYpPE YacTOT OCUMUIAIUN (puc. 26). JJOMUHAHTHAs 4aCTOT-
HO-aMIUTMTYHAsl CTPYKTYpa SIBIISETCS MPAKTHUECKH CTAOMIBHOM
npu 30-munyTHOU NIepdy3uu cepana npu O, o yem cBupeTenb-
CTBYeT MOCTOSTHCTBO YacToTHI (9...10 I'm), ammmuryns! (18...19 MB)
u yaenpHoTO Beca (35...36 %) MOMUHUPYIOMUX OCIIHIIISIIAN
1...3-ii yactot (puc. 2e-e).

3aknoyeHue

B cratbe onucan mMeron MOHUTOpHUHTa napameTpoB DK mpu
HCKYCCTBeHHOI mepdy3nn cepaua. MeTox OCHOBAaH Ha aHAIN3e
OTPE3KOB 3JIEKTPOIPAMMBI JKEITyJOYKOB Cepilia coOaKu METOAOM
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BII® B muamazone yacrot 0,5...15 I'. HoBu3Ha MeToma B TOM,
YTO CIIEKTpajbHbIN aHanu3 auanaszona 0,5...15 T'u nmpoBoauTcs B
30 gacTtoTax MOJYTepPLOBON IIMPHUHBI U OMPEACIISIIOTCS 9acToTa,
AMIUIMTYAA U YACJIbHBINA BeC OCUMJUISALIMI MEPBOM, BTOPOM U Tpe-
Thel Mo creKTpaabHOoi MorHocTH YacToT DIK. AHanu3 kapauo-
curHana mpu DX 1o 1...3-i Mo cneKTparTbHOW MOIITHOCTU YacTO-
TaM BBISIBUJI JOMHHAHTHYIO YaCTOTHO-aMIUIUTYIHYIO CTPYKTYPY
@K, mpu 3TOM 4YacTOTa, aMIUIUTYA U YAENbHBIN BEC JOMUHUDPY-
ommx ocrmutsnui 1...3-i gactor XK ObUTM MpaKTUYECKU CTa-
OUIIBHBIMH B YCIIOBHSIX HCKYCCTBEHHOH niepdy3uu cepaua npu OXK.
Merton onpeneneHus 4aCTOTHO-aMIUTUTYAHBIX TapaMeTPOB Mep-
BOIA, BTOPOIl M TPEThEH MO CHEKTPaIbHOW MOITHOCTH YacToT DK
MOXHO HCIIOJIB30BaTh ISl aBTOMaTH4Yeckoro Monutopunra DK
WJIM 37IEKTPOT paMMBl kKely1oukoB cepaua npu OXK B ycrnoBusIx 1im-
TEJTbHOM UCKYCCTBEHHOM nepdy3ur cepAlia BO BpeMsl KapIHOXUPYP-
rudeckoil oneparyu. B ycinosusx nepdysum ¢hyHKIMOHAIBHOE CO-
CTOsIHME GUOPUIUTUPYIOLIEr0 MHOKAPpAA SBISETCS CTAOMIBHBIM, O
YeM CBUIETEIIECTBYET CTAOMIBHOCTD YACTOTHI, aMIUTUTYABI U YAEb-
HOTO Beca JOMUHHPYOUWX ocunisiuidt 1...3-i gactor XK. Yac-
tota @)K cepaua cobaku Onuska yacrore @K cepana yemoBeka
[14], [15], a cnexTpampHbIit coctaB KT mpn dIK 6130k K CriekT-
paTbHOMY COCTaBY 2JIeKTporpammsl xkeaymnoukos npu DK [8].
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BnusaHune KOHCTPYKUMUN POTOPHOINo Hacoca KpoBu Ha ypoBéHb remocoBMeCTUMOCTU

AHHOTAIHA

[IpuBoasTCS pe3yabTATHl UCCIEIOBAHMS BIMSHIS N3MEHEHHSI T€OMETPUN MTPOTOYHON YacTH poTtopHoro Hacoca kposu (PHK) na
YPOBEHb TEMOCOBMECTUMOCTH JJISI TIOJIEP)KKH MMAIIMEHTOB ¢ TEPMUHAIBHON CTaauel cepAedHON HeJOCTAaTOYHOCTH. B pesymbrare mpo-
BEZCHHOTO MOJEINPOBAHNS ObUIM IOJYYEHBI CEMENWCTBAa PACXOIHO-HAMIOPHBIX XapaKTEPUCTHUK IS IIECTH T€OMETPUUYECKUX MOemeit
PHK, otnuuaromiuecs reoMeTpueil 10maTok uMIeiepa U pacCTosiHueM oT uminerepa a0 auddysopa. st paboueii Touku 4,5 1/MUH 1
80 MM pT. cT. OBUTIO OLIEHEHO BIMSIHME M3MEHEHHI TeOMETPHH Ha BETMYMHY 00BeMa, TIe Pealln3yIoTCs MOBBIIICHHBIE KacaTeJIbHbIe Ha-
MPSDKEHNS, U MOJIyYeHBl 3HAYEHNS MUHUMAIBHOTO, MAKCUMAIBFHOTO U OCPETHEHHOTO BPEMEH NPeOBIBAHUS YACTHUI[ KPOBH B IOJIIOCTH
Hacoca. YnciIeHHOe MOAETMPOBAHNE TEUCHHUS KUIKOCTH MTPOBOIMIOCH B MMPOTPAMMHOM KOMIUIEKCE BBIUMCIUTEILHON THIPOINHAMUKI

«Fluent ANSYS 19.0».

BBeneHue

ExerosHo B MUpe AMarHOCTUPYETCS OKOJIO | MJIH HOBBIX CIIy-
YaeB CeplleyHON HeqoCcTaTOYHOCTH [1]. 30J0ThIM CTaAHIAPTOM Jie-
YEHUs CePACYHON HEAOCTATOYHOCTH SIBIISIETCS TPAHCIUIAHTAIIUS
cepaua, 4To CBA3aHO ¢ Hea(h(HPEeKTUBHOCTHIO MEIUKAMEHTO3HOIO
neuenus [2]. B CIIA exeronno menaercs g0 2000 TpaHcruiaHTa-
uuit cepana, s Poccmiickoit deneparum 3Ta mudpa cocTaBiseT
okoJo 100 TpaHcmianTanuii exeronto [3]. Cieayer OTMETUTD, YTO
KOJIMYECTBO MALMEHTOB, OXXUIAIOLIMX JOHOPCKOE CepAlle, 3HAUH-
TETHHO BBIIIE, YeM KOJIHYECTBO JOCTYITHBIX JOHOPCKUX OPTaHOB.
Pa3BuTHe COBPEMEHHBIX CUCTEM HCKYCCTBEHHOI'O KPOBOOODpalle-
HUS TIO3BOJISICT 3HAYUTENIBHO IOBBICUTH HE TOJBKO YPOBEHb BbI-
KIBAEMOCTH MMAIIMEHTOB C PAa3IMYHBIMUA GOPMaMH CEpACIHON He-
JIOCTATOYHOCTH, HO U YPOBEHb UX XHM3HHU B 1IEJIOM, TaK KaK TaKue
CUCTEMBbI 00J1aa10T HEOOJIBIIIMMU Pa3MEPaMH, SIBIISIOTCSI HOCUMBbI-

MH U MPAKTUYECKH HE OIpaHUYMBasT PU3MYECKYIO AKTHBHOCTD Ue-
JIOBEKa.

B kauecTBe npumepa TaKoW CUCTEMbl MOXKHO ITPHBECTH aIia-
pat BcomoratenbHOro kpoBooOpamenust ABK «Crytank» [4],
MPEICTABIIONINI COOOH CITOKHOE MEIUIINHCKOE YCTPOWCTBO, OC-
HOBHBIM MOJyJIeM KOTOPOTO SIBJISIETCS POTOPHBII HACOC KPOBU
(PHK). BepkmBaeMoCTh MaIMeHTOB C MCIIOJIB30BAHUEM TaKOTO
THIIA yCTPOUCTB IpeBbimaeT 70 % B TeUeHNe IePBBIX IBYX JIET IIOCIIE
nMmrimiantanuu [4]. Hecmotpst Ha To yto ABK umeer HeOombinme
pasMepbl, MUHUATIOPU3ALIUS SBISIETCSl aKTyaJIbHOW 3a1adeii, Tak
KaK OHa IMO3BOJISIET CHU3UTh MHBA3MBHOCTDH MPOLETYPhl UMILIAH-
TAallMy U pacumMpsieT Bo3MokHOCTH npuMeHeHust ABK s manu-
€HTOB ¢ 00Imel romankio Tena menee 1,5 m2 [1], [5], [6]. 3amaueit
paccMaTpUBaeMOTO WCCIIETOBAHMSI SIBIISIETCS] OLIEHKA BIIUSHUS W3-
MeHeHus1 reoMeTpuu nmpotounoit yactu PHK na ypoBeHbs reMmocoB-
MeCTUMOCTH [7].
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