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HENHBA3VBHBI KOHTPOJIb TEMIIEPATYPBI CEPJIIA ITPY TUIIO- U TUITEPTEPMUN
B YCJIOBHUAX NCKYCCTBEHHOTI'O KPOBOOBPAIIIEHUA

Background. The implementation of the method of non-invasive control of heart temperature based on the model of
heat exchange in the myocardium during extracorporeal circulation is considered.

Objective. The purpose of the research is the use of numerical simulation methods in the MSC Sinda system to esti-
mate the temperature gradient that is observed on the surface of the myocardium during hypo- and hyperthermia in
the conditions of artificial circulation.

Methods. To obtain the original data in the cardiopulmonary bypass loop temperature sensor system in arterial, ve-
nous, and cardioplegic lines is used. When assessing the temperature gradient applied of thermal diagnostics methods
and analysis of thermograp in the infrared spectrum that allow getting data for the simulation of heat transfer process
between the myocardium and coronary vessels in the MSC Sinda system.

Results. As a result of numerical modeling 2D-model of heat exchange in the myocardium was proposed and the
comparative analysis of thermal images of open heart with hypo- and hyperthermia with cardiopulmonary bypass was
carried out. Carrying out non-invasive temperature measurement and simulation results of heat transfer on the sur-
face of the myocardium allow more accurately adjust the speed of warming (hyperthermia) of venous blood in the
heat exchanger.

Conclusions. The simulation results allow supplementing the qualitative indications of system sensors for cardiopul-
monary bypass. Application of thermal diagnostics methods and imaging analysis of thermograms for the monitoring
of venous return temperature cardiopulmonary bypass circuit that allows you to adjust the flow of blood to the hollow

veins with using venous occlusion line change with the clamp or a special device.
Keywords: thermogram; myocardium; model; temperature distribution; MSC Sinda.

BBenenne

Tepmorpacdust Kak METOA HEMHBA3UBHOIO KOH-
TPOJISI TEMITepaTyphl TIO3BOJISIET BBISIBJISITH MIIIEMU-
3MpPOBaHHBIC W TTOTPAaHWYHBIE 30HBI MAOKapaa Xe-
JIYIOYKOB, JaeT BO3MOXHOCTb TOYHO OLIEHUTH
¢dyHKIIMOHAILHOE cocTossHMe Muokapnaa [1]. Pea-
JI3aLMsT METOAOB HEMHBA3WBHOW IMAarHOCTUKU Ha
OCHOBE aHajiu3a TepMorpapuuecKux U300pakeHu
TMO3BOJISIET HE TOJIbKO OMpPEAeJUTh Haludyue Ulle-
MUYECKNX TTOpaXXeHWM Ha TTOBEPXHOCTH MMOKAap-
Ja, HO U PacCuMUTaTb CKOPOCTb OXJIAXKIEHUS MUO-
Kapaa [2, 3]. Meton uHdpakpacHoi TepMorpaduu
MPUMEHUM JUIST BEISIBIICHUS WIIEMHUYECKOTO TI0-
BpEXIEHUS MUOKap/aa HEeMOCPEeACTBEHHO BO BpeMsi
orepalyu Ha OTKPBITOM CEpALIE.

Kpome TorO, coBpeMeHHBIE MPUOOPHI W WH-
(bhopMallOHHbIE TEXHOJOIUMU AT HOBBIE pelle-
HUS, KOTOPbIe MOTYT OBITH MOJIE3HBI BO BpeMsI MC-
KYCCTBEHHOT0o KpoBooOpaileHus. IIpoBeaeHHbIE
uccienoBaHus [1] mokasbiBaloT, YTO Ha TpaHUIIE
nepexoja OT UIIEMU3UPOBAHHOTO MUOKapaa K 3/10-
poBoMy (opMuUpyeTCsl morpaHWYHasi 30Ha, LIUPU-
Ha KOTOPOU NOCTUIaeT HECKOJIbKHUX CAHTUMETPOB,
a TemIepatypa Ha 1 °C Bblllle TeMIepaTyphl 310-
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poBoro Muokapaa. IIpu aTom Temmeparypa Muo-
KapJa U dBJEKTpUUECKME XapaKTepUCTUKM TKaHeu
MHOKapAa B MILNEMU3UPOBAHHON U IIOTpaHUYHOM
30HaX B3aMMOCBSI3aHBbI.

Ienblo uccienoBaHus SIBASIETCS MPUMEHEHNUE
METOJI0B UYMCJIEHHOIO MOIEIUPOBAHUS JJIsI OLIEH-
KA TpaaveHTa TeMIlepaTypbl, KOTOpbIiA Habstona-
€TCs Ha TMOBEPXHOCTM MMOKapaa B MpPoOLECcce Tu-
MO- W TUMNEPTEPMUM B YCIOBUSIX UCKYCCTBEHHOTO
KpoBooOpaleHus. [Ipu olieHKe rpagueHTa TeMIle-
patyp 3(hGEKTUBHBIMUA SIBJASIOTCS METOAbI TEIIO-
BU3MOHHOM NMAarHOoCTMKW M aHajiu3a TEpMOrpaMMm
B MH(pPAKPACHOM CIIEKTpPE, KOTOpPbIE MO3BOJISIOT
MOJIYYUTb UCXOAHbIE AAHHBIE IJI MOIEIUPOBAHUS
npoiiecca TerIo0OMeHa MeXIy MUOKapAOM U KO-
POHapHBIMU COCYJIaMMU.

ITpoBeneHMe HEMHBA3MBHOI'O MU3MEPEHUS TEM-
rnepaTypbl M pe3yJibTaTbl MOJEIUPOBAHUS TPOILIEC-
ca TeruiooOMeHa Ha MOBEPXHOCTM MMUOKapjaa Io-
3BOJIIIOT C OOJiblIEN TOYHOCTBIO pEryJnpoBaTh
CKOpPOCTb corpeBaHMsl (TUIEpPTEpMUM) BEHO3HOI
KpPOBU B TeruiooOMeHHUKe. [ KOHTpOJs TemIle-
paTtypbl BEHO3HOI'O BO3BpaTa B KOHTYpE MCKYCCT-
BEHHOT'O KpOBOOOpAIllEHUS 1IeJ1eCO00pa3HO ucche-
JIOBaTb TIPUMEHEHUE METOJ0B MH(ppaKpacHOW Iu-
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ArHOCTUKM M TEIUIOBOrO OOMEHA, YTO IO3BOJISIET
PEryJauMpoBaTh MPUTOK KPOBU K IOJIBIM BeHAM IpHU
HMCKYCCTBEHHOM KPOBOOOpPALLCHUH.

Peanmzanmsa MeToma HEMHBAa3WBHOTO KOHTPO-
JiS1 TeMIIepaTypbl Cepilia IpW TMIO- U TUIIepTep-
MMU TO3BOJIUT OOECIIEYUTh JOTOJHUTEIbHYIO BaX-
HYI0 MHGOPMALNIO OTHOCHUTENIEHO TeMIlepaTyphl 1
COCYIMCTOI OTHOPOTHOCTH BO BpPEMEHU TIPU OXJIa-
XIEHWM W Harpese Muokapga. B cBoio ouepenn
IMOCTPOECHME YKMCICHHOW MOOEIU IJis1 OIUCAHMS
MPOILIECCOB TepeHoca TeIia MeXIy KOPOHApHBIMHU
cocyIaMy M MUOKapIOM MO3BOJUT TaKXKe paccyu-
TaTh CKOPOCTh OXJIAXIEHUS MHUOKapia W OIlpele-
JIUTh HajJu4Khe MILNEMUYECKUX ITOBPEXICHUI Ha
TMTOBEPXHOCTU MUOKap/a.

ITocTanoBKka 3amaun

PazpaboTka 3¢h(HeKTUBHBIX METOAOB aHaIM3a
TEpMOIPaMM Cepilia IO3BOJIUT IOBLICUTH Oe30Iac-
HOCTb 3alllMThl MMOKApaa U aCCUCTUBHOCTb IIPHU
pearM3allii  MCKYCCTBEHHOTO KpPOBOOOPAIIICHMUS.
DTy 3amayy MOXKHO PEIIMTh C ITOMOIIbIO MOIEIN
TeIUI0OOMEHA B MUOKApIe, KOTOpasl MO3BOJIUT pea-
JIU30BaTh KOHTPOJb PACIPOCTPAHEHUS TEMIIEpaTyp
M TEeMIIEpaTypHbIX TPaIMEeHTOB Ha TIOBEPXHOCTHU
MMOKap/a.

Mogenp TemI000MeHa MeKIy MHOKApIoM M
KOPOHAPHBIMHU COCYAAMH

Jlst KOHTpOJIsI TeMmIlepaTyphl Tejla B armapa-
Tax WCKYCCTBEHHOro KpoBooOpaieHus (AWK)
MPUMEHSIETCS TEIJIOOOMEHHUK, C TTOMOIIbIO KOTO-
pOTO KpOBb TMaIlMeHTa OXJIaXIaeTcs M HarpeBaeT-
cs. 3a cueT M3MEHEHMsI TeMIlepaTypbl BOAbl OT 5
1o 42 °C, koTopasi LIMPKYJUPYET uyepe3 Terao00-
MEHHUK, KPOBb MOXKET COTPEBAThCS C TPaIUECHTOM
0,2—0,5°C unu oxymaxnaTbCsl ¢ OOJBIIMM Tpaau-
eaToM 0,5—17 °C. CoOoTBEeTCTBEHHO, IPU HM3MEHE-
HUM TeMrepaTypbl KpOBU B KOHTYpE UCKYCCTBEH-
HOTO KpOBOOOpAILEHUSI TaKxKe M3MEHSIETCSI TeMIle-
patypa Tena mnauueHTa. Ilpuuem TemmepaTypa
nepdys3ata (KpoBH B KOHTYpe WMCKYCCTBEHHOTO
KpOBOOOpallleHUs1) U TeMIiepaTypa Teja TaluMeHTa
He JOJIKHBI OTJIMYaThes 6osee yeM Ha 15 °C.

B ycrmoBHSIX MCKYCCTBEHHOTO KpOBOOOpaIlle-
HUS BO BpeMsI TUIIOTEPMUU TEeMITepaTypa KpOBHU B
KOHTYpe WCKYCCTBEHHOTO KpPOBOOOpPAIIEHUS CO-
crapnsier 28—32 °C. JIng 3aiuThl MUOKapaa B KO-
peHb aoptel BBoauTcs 1000 M pacTBopa, OXJiaxK-
JeHHoro no TeMmnepaTypbl 3 °C B TeueHUe 3 MUH.
3areM BBeleHME pacTBOpa IpeKpallaeTcs, U ore-

paiusi TpOBOAWTBCS Ha “cyxom” cepaue. Ilo-
CKOJIBKY CepIlle BBIKITIOUECHO M3 KOHTYpa MCKYCCT-
BEHHOTO KpPOBOOOpAIIEHMS, €ro TeMmIlepaTypa He
COOTBETCTBYET TeMIIepaType Tejla, KoTopas M3Me-
pseTcs CIeluadbHBIMU TepMoMeTpamMu. CoOoTBeT-
CTBEHHO, pacIlpelieJicHre TeMIIepaTypbl Ha II0-
BEpXHOCTH Cepilla MOXET He COBMAIaTh C TeMIIe-
paTtypoit, KoTtopasi perucTpUpYeTCsI CUCTEMOU He-
WHBA3WBHBIX JAaTYINKOB. HeMHBa3WBHEINT KOHTPOJIH
TEMIIepPaTypbel MUOKapAa B YCIOBUSIX HMCKYCCTBEH-
HOTO KpoBooOpaiueHus [4, 5] TO3BOISIET OLIEHUTH
TpagveHT TeMIIepaTypbl MeXIy TKaHIMU Tejda |
cepana TalMeHTa, a TakKe KOHTPOJIMPOBATh TEM-
IepaTypy BBOIMMOTO pacTBopa (hapMaKOXJIaZoBOM
Kapauoruieruu (repgysara).

st OlLlEHKM TpagueHTa TeMIIepaTyphl B IIPO-
liecce TUMO- M TUNEpTepMuU peajiu3oBaHa 2D-
MOJIEJTb TeTUIOOOMEHa MeEXIy MHMOKapIoM U KOpOo-
HapHBIMU cocyaamu [6], yepe3 KOTOphI€ OCYILECTB-
JIgeTcs OpeHWpoBaHUE KPOBU B cepiile. Pemienue
3aJa9 TETUTONTPOBOAHOCTH 1T yYacTKa MHOKapaa
¢ ucnonb3zoBaHueM 2D-momenu B cucteme MSC
Sinda [7] ms mpoliecca oxJIaxkKAeHUS M COTPeBaHUS
cepIlia BBITTOJTHEHO TP YCIOBUM PaBHOMEPHOTO
pacripenesieHnss KOPOHAPHBIX COCYIOB B MHOKapIe
W HaJIMYUS B MHMOKapIe 30HBI MIIeMHH (0O¢THEH-
HOM KOpOHapHBIMM cocynamu). Pesynbratel 2D-
MOJIEIMPOBAHUS TSI pacTpeneIeHNsT TeMITepPaTyphl
Ha TTOBEPXHOCTH MMOKapAa B YCIOBUSX MCKYCCTBEH-
HOTO KPOBOOOpAIIEHUs TIPeACTaBIeHBI Ha puC. 1.

CpaBHUTETBHBIN aHAIA3 PACTIPOCTPAHEHUS TEM-
rmepatypbl B 2D-Momesix Ha TOBEPXHOCTU MHUO-
Kapma Ui TIPOLIECCOB TUIIO- W TUIIEPTEPMHU TI0-
Ka3bIBaeT, YTO B 30HAX WIIEMHWU HAOIIOmaeTCs Cy-
IIECTBEHHOE YBEIMYCHUE TpagdeHTa TeMIIepaTyp
MEXAY JIOKaJAbHBIMM 00JIacTSIMU C 0oJiee BBEICOKOI
TeMIlepaTypoil Npu OxJaxAeHUu cepaua u Oojee
HU3KOM TeMIiepaTypoi pH ero corpeBaHnu. Ham-
MEHBIININ TpagueHT TeMIlepaTyp Ha TTOBEPXHOCTH
MHOKapaa HaOogaeTcss B 00J1acTsIX, HACHIIIEHHBIX
KOPOHAPHBEIMU COCYyIaMU, Yepe3 KOTOPhIE OCYIIEeCT-
BJIIETCS IPESHUPOBAHNUE KPOBM.

Hnsa mpouecca oxdaxaeHUss (TUITOTEPMUMN)
MHOKapaa TPagueHT TeMIlepaTyp Ha TpaHMIE pas3-
Jiela MAOKapA-KOPOHAPHEBIE COCYIBI COCTABIISICT He
6osiee 0,5°C, npu 3TOM MaKCHUMAaJIbHbIA TPagUueHT
TeMreparyp Ha TOBEPXHOCTU cepAlla COCTaBUJI
1,5 °C mipu ycaoBUM paBHOMEPHOTO PACIIPEACICHMS
KOPOHapHBIX COCyIOB B MMOKapae (puc. 1, a) u 6o-
jee 9 °C npu yCcI0BUY HaJW4YUSI B MUOKApIE 30HbI
uieMuu (puc. 1, 8).

[ng mpouecca corpeBaHus (TMIIEpTEPMUN)
MHMOKapAa TpagueHT TeMIIepaTyp Ha TpaHUlIe pas3-
JieJla MUOKapI—KOPOHApPHbIE COCYAbl COCTABISIET
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Puc. 1. Peluenue 3agaum teruionpoBogHoctd B cucteme MSC Sinda: ¢ — st mpouecca oxylaxaeHust (TMIIOTEPMUN) cepaua Mpu
YCJIOBUHM PaBHOMEPHOTO pacrpele/ieHHsi KOPOHAPHBIX COCYIOB B MUOKape; 6 — JUIsl TIpollecca corpeBaHusl (TUTIePTEPMUN )
ceplla Mpy YCJIOBUM PaBHOMEPHOTO PAcCIIpesie/ieHNsT KOPOHAPHBIX COCYIOB B MUOKapie; 6 — I Tpoliecca OXJIakaeH!s!
(rumoTepMuu) cepila Mpu YCIOBMM HAIM4YKMsl B MUOKAapje 30HBI MIIEMUU; e — IUIsl TIpOLiecca COrpeBaHusl (TUIepTepMun)

cepaua mnpu yCJoBMU HaJIMYUA B MUOKapAa€ 30HbI MIHEMUHN

6onee 1°C, mpu 3TOM MaKCHMAaJIBHBIA TPagvueHT
TeMIeparyp Ha TMOBEPXHOCTU CepIlia TOCTUTAeT
3 °C mpu yCJIOBUM PAaBHOMEPHOIO pacIIpeaesicHUs
KOpPOHApPHBIX COCYIOB B Muokapae (puc. 1, ) u He
6onee 7°C mpu YCIOBMM HAIMYMS B MMOKapie
30HBI MLIEMUU (puc. 1, o).

IIpumeHeHne MOIEIH TEIIO00MEHA ISl aHAN-
3a TepMOrpaMMm cepaua

MeTon CpaBHUTENBHOIO aHaiu3a Al TEPMO-
rpaMM MHOKapja IO3BOJSIET MOJYUYUTh TEIJIOBYIO
KapTUHY Ui OTKPBITOTO cepilia B OUAIA30HE OT
+4 mo +37 °C B yCIOBUSIX MCKYCCTBEHHOTO KPOBO-
oOpaleHMsT B Ouaria3oHe TeMmIiepaTtyp OT +28 1o
+37 °C. HcxonHble JaHHbIE IJISI CPaBHUTEIBLHOTO
aHaJIM3a TepMOIrpaMM IOJY4YEeHbI ¢ MCIOJIb30BaHM-
eMm tepmorpacda FLIR i7 B crekrpaibHOM auana-

30He 8—14 MKM ¢ HeoxJaxkgaeMOU MaTpHUIei pas-
MmepoMm 320x240 saeMEeHTOB M C TeMIlepaTypHOM
yyBcTBUTENbHOCTHIO 0,1 °C.

TIpouecc corpeBaHus cepjlia B yCIOBUSIX UC-
KYCCTBEHHOI'O KPOBOOOPAILIEHUSI C MCIOJIb30BaHU-
eM AWK mpoucxoauT 3a cueT BO3BpaTa corpenae-
MO# B TeIOOOMEHHUKE BEHO3HOW KPOBM B KOH-
Typ HMCKYCCTBEHHOTO KpoBooOpailieHUus1. TepMo-
rpaMMBl i1 OXJaxaeHHoro 10 16 °C u corperoro
o 36 °C cepama mpeacTaBieHbl Ha puc. 2, a, 6 co-
OTBETCTBEHHO.

B mporrecce tumiepTepMHMM  TIPOBOIMIICS KOH-
TPOJb TEMIIEPATYPHI TejIa C MOMOILBIO JATYMKA TEM-
rnepatrypsl B MMILEBOIE M TeMIlepaTypbl BEHO3HOM
KPOBU, KOTOpasl TPOXOIUT 4Yepe3 TEeIUIOOOMEHHUK.
Hns obecnieyeHus1 rpagudeHTa TeMmIlepaTyp MeXIy
nepdy3atoM (KpoBbIO B KOHTYpE HCKYCCTBEHHOIO
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Puc. 2. TepmorpaMmbl [UIsl OXJIaKIEHHOTO M COTPETOTo ceprua:

runeprepmun 36 °C

KpOBOOOpAILIeHUsT) 1 TeJIOM MaiueHTa He 6oee 7 °C
BEHO3HasI KPOBh COTPEBalaCh ¢ MUHMMAJILHON CKO-
poctbio 0,2 °C/MUH, 9TO OOYCJIOBWJIO IJINTEIILHOCTh
mpoliecca TurIepTepMun 0ojiee 55 MUH.

HewHBa3uBHBIN KOHTPOJIb TEMIIEPaTyphl CEPI-
IIa B YCIIOBUSIX MCKYCCTBEHHOTO KPOBOOOpAIICHMS
¢ nomoltipblo TermaoBu3opoB Flir i7 u TermoCAM
E300 nmokazan kKoppessiluio 3HaueHU TeMmIiepaTyp
B HayaJle ¥ KOHIIe mpoliecca rumeprepmuu [8], a
TaKKe CYIIECTBEHHOE OTJIWYME ITOKA3aHW CUCTe-
Mbl JaTyrkoB AMK 1 TeraoBoro mosisi Ha MOBEpX-
HOCTM MUOKapaa, U3MEPEHHOI'0 TEIJIOBU30paMMU.

HM3mepeHust teMreparypbl B KOHTYpE MCKYC-
CTBEHHOI0 KpoBOOOpallleHUsl (IaTUMK TeMrepaTy-
pbl B TMIIEBOAE) U M3MEPEHUs] Ha IMOBEPXHOCTHU
MUOKapaa (perucTpupyeMoe TerUIOBU30POM Tell-
JIOBOE M3TyYeHWe B WHQpPaKpaCHOM CITEKTpe 7—
13 MKM) mpuBeaeHbl Ha puc. 3.

MaxkcuMaabHBIM TpagueHT TeMmIlepaTyp MeXK-
oy 3HAYeHUSIMU, KOTOpPBIE PETUCTPUPYIOTCS TeIl-
JIOBU30POM Ha MUOKapie, U AaTYMKOM B IUILEBO-
Ie TmareHTa coctaBuia 6 °C Ha 25-if MUHYTe TIpo-
1ecca CorpeBaHMS Cepalia.

I[MpmyeM Ha 3aKITIOYNUTETLHOM CTamguM TIPO-
lecca TUMNEPTEPMUU B YCJIOBUSIX HMCKYCCTBEHHOIO
KPOBOOOpAILIEHUST TTPOUCXOAUT BhIPABHVBAHUE TEM-
mepatypbl Tela W cepAlla M, KakK CIeICTBUE,
YMEHBIIIEHWE TpagdeHTa TeMITepaTyphl OO0 3Hade-
Hus 0,5 °C, KOoTopoe COOTBETCTBYET TOYHOCTU He-
MHBAa3UBHOTO HM3MEPEHMST TeMIlepaTyphl C IOMO-
1ibto TertoBusopa Flir i7.

6

a — Tipu TeMmeparype runorepmun 16 °C; 6 — mpu Temrmeparype

T, °C]
351
30+
251

204

Puc. 3. U3MepeHust TemmniepaTypbl Ha MOBEPXHOCTU MUOKapaa U
B MHULIEBOJIC MALIMEHTa B YCJIOBHUSIX MCKYCCTBEHHOIO KpO-

BooOpauieHus: Ty — nokaszaHust Temmneparypel AUK B

NMulLeBoAe nauueHrta; T g — IOKa3aHUs TeMIepaTy-
pbl FLIR Ha moBepxHOCTH MHOKapaa

D¢PdeKTHBHOCTh TEIIOOOMEHHMKA [JIs1 amnma-
para HCKYCCTBEHHOTO KPOBOOOpAIEHHUs

Ecnu TerurooOMeHHUMK armmapaTa MCKYCCTBEH-
HOTOo KpPOBOOOpAIIEHUSI XOPOIIO W30JIMPOBaH Ta-
KUM 00pa3oM, 4TO ITOTEPU TEIIa B OKPYKAIOLIYIO
cpemy SIBISIOTCSI HE3HAYMTENBHBIM, TO Tiepemava
TeIIa OT TeTUIOM KMIKOCTH paBHA TEILIOOTHAYE K
corpeBaemMoit KpoBu (puc. 4).
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Puc. 4. ®parMeHT Ter100OMEHHUKA armapata MCKYyCCTBEHHOTO
KPOBOOOpaIleHUsI

I[lpn 3TOM W3MeHeHMSI B KWHETMYECKOW U
MOTEHIMATBEHON 3HEPTUU IS ITOTOKA KPOBU He-
3HauYUTEeAbHBI. C y4eTOM TOTO YTO TPagUEHT TeM-
nepatyp Mexay mepdysatoM (KpoBbl0 B KOHTYpE
HWCKYCCTBEHHOTO KPOBOOOpAICHNWS) W TEJIOM Tia-
MEHTa He OOJDKeH MpeBbiaTh 7 °C, KOJUYECTBO
OTIaBAeMOTO KPOBU B €IMHUILYy BpEMEHU Tellla B
TEIJIOOOMEHHUKE MOXeT OBITh OIpeneiacHO U3
BBIPAKEHMUST

Opeart = Miiq* Cig" AT}q = 1,06 XBr,

rne my, = 0,04 xr/c — Mmacca KpoBW, KOTOpast
MIPU COTPEBaHUM TPOXOIMUT Yepe3 TeruIo0OMeH-

HUK, ¢}, =3,64-3,77 Kbk
KT - °

eMKOCTb KpoBU, AT}, =7,0 °C — rpalueHT TeM-

— YyACJIbHasA TEILIO-

nepartyp sl KpOBM Ha BXOJAE M BBIXOAE M3 TEIUIO-
OOMEHHMKa.

I[TpyHuMass Bo BHMMaHME, YTO BCE 3TO TEIUIO
nepenaetcst oT Harpetoit 1o 40 °C Boabl, TeMmepa-
Typa BOIBI Ha BEIXOIE M3 TEINIOOOMEHHMKA ara-
paTa MCKYCCTBEHHOTO KPOBOOOpAIICHMS OIpele-
JIsIeTcs o (popMmyiie

T T Q heart

water,out — £ water,in —

=39,7 °C,
heart " € heart
TOE M., = 1,20 Kr/c — Macca BOABI, IPOXOISIIAs
K
— 4,18 KX
Kr-°C
yZeJIbHasA TEIUIOEMKOCTb HArpeToll BOmbl;, Ty ,ierin =

=40 °C — TemmepaTypa BOAbLI Ha BXOAE B TEILIO-

4yepe3 TEIUIOOOMEHHUK;  Cyper

OOMEHHUK IIPH COIPeBaHUM KPOBHU.

3Hasgs BXOOHYI0O M BBIXOIHYIO TeMIIepaTyphl
00erx XMIKOCTe, MOXHO oOIpeaeauTb 3¢hdex-
TUBHOCTb TEIIOOOMEHA & MEXIY BOIOW U KPOBBIO:

mliqcliqATliq

= = 0,304, wu 30,4 %,
(mc) min (A Twatcr—liq )

— — el . —
rne ATwater—liq — L water,in — Tliq,out - 2370 C’ Tliq,out -
=17,0 °C
BBIXOE U3 TCHJ‘[OO6M6HHI/IKa;

— HayajbHas TemIlepaTypa KpOBU Ha
(mc) Hau-

MEHbIIIee 3HAYCHUE U3 TIPOM3BENCHUH (M) Cji;) U

min

(m Cwater )

water

KoadpduumenT MomHoOCT! M1 JAHHOTO TeI-
JIOOOMEHHHUKa OymeT BapbUpOBATHCS B 3aBHCUMO-
CTU OT TeOMeTPpUU M KOHGUIypaluu ToToKa (ma-
paJlIeIbHbIA TIOTOK, TMPOTHMBOTOK, MEPEKPECTHBIN
MOTOK U T.A.) B TeruiooOMeHHuke. Ilpu ycinoBuu,
YTO TIOTOK XUAKOCTE OydeT HEeM3MEHHBbIM, 3Ha-
yeHue KoadduieHTa sIBIsieTCsl JOBOJbHO TOCTO-
STHHOUW BEJIWYMHOIM:

C - MyigCliq

. = 0,029.
m c

water~ water

3HaueHue 3(P(PEKTUBHOCTU & BCErga MeEHbIIE
nim ommsko <1. [Ins moboro 3HaueHus: C, Bcerna

MOXHO OIIPENENNTh MaKCUMAJIbHO [JOIyCTUMOE
3HaueHUe Qp..v P KOTOPOM MaKCHMAJIbHBIN

IpagvieHT TeMIlepaTtyp Mexny mepdysatoM (Kpo-
BbIO) U TeMITepaTypoil Ha MOBEPXHOCTH Cepilla He
oynet mpesbiliath 7 °C. Ilpu udMeHeHUU TemIie-
paTypbl KpOBM B KOHTYpE TEIUIOOOMEHHUKA COOT-
BETCTBEHHO M3MEHUTLCS TEMIIEpaTypa Ha IMOBEPX-
HOCTH cepala.

OTOT NPUHLMIT TOJIOKEH B OCHOBY METOJa
KOHTPOJISI  TeMIlepaTypbl HArpeToil  KUIKOCTU

Tyaterin Ha BXOJE TEIIIOOOMEHHHUKA, TPU KOTOPOM

TeMIIepaTypa KPOBU Ha BBIXOIE KOHTYpa MCKYCCT-
BEHHOTO KpoBooOpaiuenust Tl ., HM3MEpSETCs €

MOMOILBIO TEIUIOBU30pa, & TPAJMEHT TEMIIEPATyp
ATy, onpenensiercst U3 2D-moznenn TernioooMeHa

MEXITY MUOKapIOM U KOPOHApHBIMU COCYIaMMU.
DKCnepuMeHTANIBHASA anpodanusa MeToaa

[IpoBeneHre HEMHBA3WMBHOTO M3MEPEHUS TEM-
reparypsl Ha TTOBEPXHOCTH MHOKAapaa JaeT BO3MOX-
HOCTh HE TOJIBKO KOHTPOJHMPOBATH TPAIUEHT TeMIIe-
paTyp Mexny Tiepdy3aToM W TeJIOM TallueHTa, HO U
OIpeAeNTh TPATUEHT TEMITepaTyp HEITOCPEICTBEHHO
Mexay nepgy3aroM u mMuokapaom [9, 10], yro 1o-
3BOJISIET C OOJBIIEHT TOYHOCTBIO PETYIMPOBATh CKO-
pOCTb corpeBaHusl (TMNepTepMUM) KPOBU B TEILIO00-
meHHuke AMK. HomycTrmasi CKOpOCTb COTrpeBaHMSI
Tesa naiueHTa coctapisieT 1 °C/mMuH. TepMorpaMmsl,
MOJy4yeHHble C TIoMollblo TeruioBu3opa Flir i7 mst
BpEMEHHBIX OTCYETOB IIpoliecca rumorepMum S5, 15,
25, 35, 45, 55 MuH, nipecTaB/IeHbl Ha pUC. 5.
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Puc. 5. TepmorpaMMbl IS TOC/IEIOBATEIbHBIX BPDEMEHHBIX OTCYETOB IMpoLIecca MIOTEPMUN: a@ — Yepe3 5 MUH Tocje Havaua TUIo-
TepMuu; 6 — yepe3 15 MuH; 6 — yepe3 25 MuH; ¢ — depe3 35 MUH; d — yepe3 45 MUH; e — Yepe3 55 MUH

Ha npuBeneHHBIX TepMOrpaMMax B 00JIaCTH
yKaszaTessl IpULEIMBaHNS TEIUIOBU30pa (PUKCUPO-
BajlaCh MaKCMMaJjbHasl TeMITEpaTypa Ha IMOBEPXHO-
CTM MHUOKapJa B 3aJaHHble MOMEHTBHI BpPEMEHH,
KOTOpbIE COOTBETCTBYIOT ITOCTENEHHOMY COIpeBa-
HUIO Cepalla B YCIOBUSX MCKYCCTBEHHOTO KpPOBO-
obpaiieHus. PeructpupyeMoe TEIIOBU30POM Tell-
JIOBOE M3JIy4eHUE OT MOBEPXHOCTH CEpIlia B WH-
(pakpacHOM crniekTpe 7—13 MKM MO3BOJISIET HEUH-
Ba3MBHO M JOCTOBEPHO OIPENEIATh IPAIUEHT TEM-
MepaTryp HEMOCPEACTBEHHO MeXAy nepdy3aroM
MHOKAapJOM B JIF000Ii MOMEHT BpEMEHHU B YCJIOBU-
SIX WMCKYCCTBEHHOTO KpPOBOOOpPAIIEHWS C TOYHO-
cteio oT 0,1 mo 0,5 °C B 3aBUCMMOCTHU OT UyBCTBU-
TEJIbHOCTH M paspelleHus] CEHCOPHOI MaTpHIIbI
TEIJI0BM30pAa.

BoiBoab!

Bomonnennas B cucteme MSC Sinda 2D-
MOJIENb TEeTUIOOOMeHa B MMOKapAe W TIpelacTaB-
JIEHHBIE Pe3yNbTaThl TPOBEACHHBIX W3MEPEHMI
TeMIiepaTypsl Ha OTKPBITOM CepIlie ITOKa3bIBaloT,

YTO HEMHBA3WBHBIM KOHTPOJIb TeMIIEpaTyphl Cepi-
11a C TIOMOIIIBIO TEIUIOBM30pa B YCIOBMSIX UCKYCCT-
BEHHOTO KPOBOOOPAILIEHUS TTO3BOJISIET TOCTOBEPHO
U3MEPITh TEMIIEpaTypy MHOKapia B IPOIIECCE T'M-
MO- W TUMEPTEPMUU W KAaueCTBEHHO IOIOJTHUTH
IOKa3aHUSI CUCTEMBI TaTIMKOB aIrapara MCKYCCT-
BEHHOTO KPOBOOOpAIICHHSI.

I[IpuMeHeHne METOmOB TepMOTpachUIECKOro
U3MEPEHUsT TeMIIepaTyphl Ha TIOBEPXHOCTU MUO-
Kapa B YCIIOBHUSIX MCKYCCTBEHHOTO KpOBOOOpa-
IIEHNUS TIO3BOJISIET KOHTPOJIMPOBATh I'PAIUEHT TeM-
repaTypbl MEXIy TKaHSIMU Tejla U cepiia B Ipe-
nenax 7°C, a TakXke YMEHBIIUTb BEPOSITHOCTb
WIIEMUYECKUX OCJOXHEHUI II0Ce Oollepallid Ha
OTKPBITOM cepalle. BHenpeHue MeTOAOB TETUIOBH-
3MOHHOM TWMArHOCTUKW M aHaJIu3a TepMOrpaMM B
KapIUOXUPYPIUIO ITO3BOJIUT B TIEPCHEKTUBE 3-
(beKTUBHO pETyIMpPOBaTh MPUTOK KPOBU K IIOJIBIM
BEHaM 3a CUET KOHTPOJISI TeMIIepaTyphl BEHO3HOTO
BO3BpaTa B KOHTYPE MCKYCCTBEHHOTO KpPOBOOOpa-
IIEHMS.

IlepcriekTrBOI TIPOBENEHUS MABHEUIINX Tep-
MorpaduJecKux WCCACIOBaHUI B KapaMOJIOTHU
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SIBJISIETCS  pa3paboTKa HEWHBAa3WMBHOW METOAWKM  Ba3WBHOTO KOHTPOJIS paclpoOCTpaHEHUS TemIlepa-
KOHTPOJISI TeMmIlepaTypbl cepAlla U MO3ra B yCJIO- Typ U TeMIlepaTypHbIX IPaIMEHTOB Ha BHYTpEHHEN
BUSIX MCKYCCTBEHHOIO KPOBOOOpAlIEHUS, KOTOpasi CTEHKe cepiaua (3HOoKapAe) W TepeaHeil BUCOY-
TMO3BOJIUT TOBBICUTH 3(PEMEKTUBHOCTb M Oe3omac-  HOM apTepusix.

HOCTb 3alllUThl MUOKapJa XU MO3ra 3a CueT HEWH-
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B./. KotoBcbkwit, B.B. LLinukos, B.A. [aHinosa

HEIHBA3VBHWWM KOHTPOJb TEMIMEPATYPW CEPLIA MPU FNO- | MINEPTEPMII B YMOBAX LUTYYHOIO KPOBOOBIIY

Mpo6nematuka. Po3rnsgaeTbca peanisauis MeToay HeiHBa3MBHOIO KOHTPOMIO TeMMepaTypu Cepus Ha OCHOBI Moeni Tenso-
06MiHy B MioKkapAi npu WTYy4HOMY KpOBOOGiry.

MeTa gocnigxeHHsA. MeTo AoCnigXeHHs € 3aCTOCyBaHHSA METOAIB YMCIOBOro MoaentoBaHHs B cuctemi MSC Sinda ans ouiHkm
rpagieHTa TemnepaTtypu, SK1in CnocTepiraeTbCst Ha MOBEPXHi MiokapAa B NMPOLIECi rino- Ta rinepTepmii B yMoBaXx LUTYYHOrO KPOBOODIry.
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MeToauka peanisauii. [1na oTpyMaHHS BUXIOHUX AAHUX Y KOHTYpPI LITY4HOro KPOBOOBGIry 3aCTOCOBYETLCHA CUCTEMA Temnepartyp-
HUX [OaTyvkiB B apTepianbHii, BEHO3HINW i KapgionneriyHii niHiax. lMpwu ouiHui rpagieHTa TemnepaTyp 3acTOCOBYOTbCS MeToau
TennoBi3iNHOT AiarHOCTUKN 1 aHanidy Tepmorpam B iHpadYepBOHOMY CMEKTPI, SKi Aal0Tb 3MOry ogepxaTv BUXIgHI AaHi ANs MogentoBaH-
HS MpoLecy TennoobMmiHy Mixx MiokapAoM i KopoHapHuMK cyanHamu B cuctemi MSC Sinda.

Pe3ynbTatn pocnimkeHHs. B pesynbTaTi UucnoBoro MoaentoBaHHsi 3anponoHoBaHo 2D-Mogenb TennoobMmiHy B MiokapAi i Bu-
KOHaHO MOPIBHANBHUIA aHani3 TepMorpamM BiAKPUTOrO cepus Mpu rino- Ta rinepTepmii B yMOBaXx LUTY4YHOro KpoBoobiry. NpoBeaeHHs
HeiHBa3VWBHOrO BWMIPIOBaHHA TemnepaTypu i pesynbTaTu MOAENoBaHHA mMpouecy TennooOMiHy Ha MOBepXHi MiokapAaa [AaloTb
MOXMNUBICTb BiNnbLL TOYHO perynoBaTh WBUAKICTb 3irpiBaHHS (rinepTepMii) BEHO3HOT KPOBi B TEMNOOOMIHHUKY.

BucHoBku. Pe3ynbTaTv mopenioBaHHs [atloTb 3MOry $IKICHO [OMOBHWUTWU MOKa3aHHs cUCTeMW AaTuyukiB anapaTa LUTYy4HOro
KpoBOOGiry. 3acTocyBaHHA METOAIB TEMMOBI3iNHOI AiarHOCTMKM i aHanidy TepMorpam Anst KOHTPOJo TeMnepaTypy BEHO3HOro MoBep-
HEHHS1 B KOHTYpIi LUTYYHOro KpoBOOGiry 4ae MOXIMBICTb perynoBaTy NPUMNMB KPOBi 4O MOPOXHUCTUX BEH 3@ JOMNOMOrOK 3MiHU OKIHO3il
BEHO3HOI MiHii 3aTuckayem abo cneuianbHUM NPUCTPOEM.

KnroyoBi cnoBa: TepMmorpama; Miokapa; Moaenb; posnoain temnepatypu; MSC Sinda.

B.. Kotosckuia, B.B. LUnbikos, B.A. [JaHunosa

HEWHBA3MBHBI KOHTPOMb TEMMEPATYPbI CEPALA MPWU TUMO- W TUNEPTEPMWW B YCNOBUAX WUCKYCCT-
BEHHOIO KPOBOOBPALLEH/A

MNpo6nemaTtuka. PaccmaTpuBaeTcsi peanusauusi METOAA HEMHBA3WMBHOIO KOHTPOMS TemnepaTtypbl cepAua Ha ocHoBe Moaenu
TennoobmeHa B MMoKapae npu CKYCCTBEHHOM KpoBoobpalleHuu.

Llenb nccnepoBaHus. Llenbio nccnefoBaHvs ABNsieTCs NpYMeEHeHWe MeTOA0B YMCIEHHOro MoAenvpoBaHus B cucteme MSC
Sinda ans oueHkM rpagueHTa TemnepaTtypbl, KOTOPbIN HabngaeTcsa Ha NOBEPXHOCTM MMOKapAa B npouecce rvno- u runeprepMmun B
YCMNOBUSX UCKYCCTBEHHOIO KPOBOOOpPaLLEHUS.

MeToauka peanusaumu. [ins nonyyYeHnss MCXOOHbIX AaHHBIX B KOHTYPE UCKYCCTBEHHOrO KPOBOODpAaLLEHUsI NPUMEHSETCA cuUCTe-
Ma TemnepaTypHbIX AaTYMKOB B apTepuarnibHOW, BEHO3HOW U KapAuonnernyeckon nuHusix. MNpw oueHke rpagueHTa Temnepartyp npume-
HSIOTCA MEeTOAbl TENMOBU3NOHHON ANarHOCTUKM U aHanu3a TepMorpaMM B MHpaKpacHOM CNeKTpe, KOTopble NMO3BOMSAT MOMy4uTb UC-
XOfHble AaHHble ANs MOAeNMpPOoBaHWsA npouecca TennoobMeHa mexay MUoKapAoM M KopoHapHbIMK cocynamm B cucteme MSC Sinda.

Pe3ynbTaTbl uccnegoBaHus. B pesynbTate YiCcneHHOro MoaenupoBaHus npeanoxeHa 2D-mogens TennoobmeHa B Muokapae
1 BbINOMHEH CPaBHUTENbHbIA aHann3 TepmMorpamMmm OTKPbITOro cepaua npu rurno- U rmnepTepmMmnmn B yCNOBUSX UCKYCCTBEHHOTO KPOBOOO-
paLyeHus. MpoBedeHe HEMHBA3MBHOMO U3MePEHUs TemMnepaTypbl U pesynbTaTbl MOAENMPOBaHMS npolecca TennoobmMeHa Ha noBepx-
HOCTM MMOKapAa Mo3BONST ¢ HonblUen TOYHOCTbI0 PerynMpoBaTb CKOPOCTb COrpeBaHus (rmnepTepmmnn) BEHO3HOW KPOBW B TEMN006-
MEHHWKe.

BbiBoAbl. Pe3ynbTaThl MOAeNMpoBaHWs NO3BOMSAIOT KAYECTBEHHO AOMOMHWUTL MOKa3aHWsA CUCTEMbI JaT4YMKOB annapaTa UCKycCT-
BEHHOro kpoBoobpalueHusi. MNprMeHeHre MeTOL0B TENNIOBU3NOHHON ANArHOCTVKW 1 aHanusa TepMorpamm Afsi KOHTPons TemnepaTypbl
BEHO3HOr0 BO3BpaTa B KOHTYPE UCKYCCTBEHHOIO KpOBOODOpaLLeHNs MO3BONSET perynmpoBaTb NPUTOK KPOBU K MOSbIM BEHAaM C MOMOLLI0
N3MEHEHUS OKKI03MW BEHO3HOW JIMHUM 3a)KMMOM WK cneunarnbHbiM YCTPONCTBOM.

KnioueBble cnoBa: Tepmorpamma; MMokapa; Mogenb; pacnpeneneHue temnepartypbl; MSC Sinda.

PexomennoBana Pamoro Hanpiiinia no pemaxitii
dakynbTeTy 0ioMeIMYHOI iHXeHepil 17 motoro 2017 poky
KIII im. Iropst Cikopcbkoro



