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HEMHBA3UBHbBIN KOHTPOJIb TEMIIEPATYPBI CEPJILIA ITIPU T'AIIO- U TUIIEPTEPMUU
B YUIOBHUAX NCKYCCTBEHHOI'O KPOBOOBPAIIIEHUA

IIpoonemaTtuka. PaccMaTpuBaeTcsl peanusalysl MeToAa HEMHBA3WBHOTO KOHTPOJISI TeMIIepaTyphl cepilla Ha OCHOBE
MOJIEJIU TEIJI000MeHa B MMOKap/e MpU MCKYCCTBEHHOM KPOBOOODAILIEHUMU.

Henb uccnenoBanus. Llenabio vuccienoBaHusl sIBISETCS MPUMEHEHUE METOIOB YMCJIEHHOTO MOJIEJIUPOBAHUSI B CUCTEME
MSC Sinda ans olleHKM TpaJueHTa TeMmIlepaTypbl, KOTOPbIi HaOJt0JaeTcss Ha MOBEPXHOCTM MUOKapjaa B Ipoliecce
TUTIO- W TUTIEPTEPMUM B YCIOBUSIX MCKYCCTBEHHOTO KPOBOOOpPAIICHUSI.

Mertonuka peaimusanuu. [ MMOTyYeHMS] MCXOMHBIX NTAHHBIX B KOHTYpE MCKYCCTBEHHOTO KpPOBOOODAILEHMS TTPUME-
HSETCS CHCTEMa TeMIIepaTypHbIX TaTYMKOB B apTepUaIbHOM, BEHO3HOM M KapAMOTUIETMYecKOoi TuHUAX. [1py oreH-
K€ TpalueHTa TeMIepaTyp MPUMEHSIOTCS METONbl TEMJIOBU3MOHHON TMAarHOCTUKM U aHajau3a TepMOorpaMM B MHpa-
KPAacHOM CIIEKTPE, KOTOpbIE MO3BOJISIIOT IMOJIYYUTh MCXONHbBIE JaHHbIE IS MOIEJIMPOBAHUS IpoLEcca TEIIoOOMeHa
MEXIy MUOKapIoM U KOpoHapHbIMU cocynamu B cucteme MSC Sinda.

PesyabTaThl uccienoBanusi. B pesynbrare 4KMCIEHHOrO MOJAEIMPOBAHUs NpeioxeHa 2D-Monenp TemiooOMeHa B
MMOKAapJie M BBITTOJIHEH CPABHUTEIbHBIN aHAJIM3 TEPMOTPAaMM OTKPBITOTO Cep/lia MPU TUIO- U TUIIEPTEPMUU B YCIIO-
BUSIX MUCKYCCTBEHHOTO KpoBooOpainieHus. [IpoBeneHre HEMHBa3UBHOTO M3MEPEHUs TEMIIepaTypbl U Pe3yIbTaThl MO-
JeTMpOBaHMsl Tpollecca TEMJI0oOMeHa Ha MOBEPXHOCTHM MUOKap/a MO3BOJISIIOT C 0OJbllel TOYHOCTBIO PETYIMpPOBaTh
CKOPOCTb COTpeBaHusl (TMMepTEPMUN) BEHO3HON KPOBU B TEIJIOOOMEHHUKE.

BoiBoapl. Pe3ynbrathl MOAEIMpPOBaHMST TIO3BOJISIIOT KAYECTBEHHO JOMOJIHUTh MOKa3aHUsl CUCTeMbl JAaTYMKOB armapara uc-
KYCCTBEHHOTo KpoBooOpaliieHusl. [IpruMeHeHne METO0B TeMJIOBU3MOHHON JAUArHOCTUKU W aHaIM3a TepMOrpaMM JJIsl KOH-
TPOJIsI TEMIIEPATypbl BEHO3HOTO BO3BpaTa B KOHTYpE MCKYCCTBEHHOTO KPOBOOOPAILIEHWS MO3BOJISIET PETYIUPOBATH MPUTOK
KPOBH K TIOJIBIM BEHaM C TIOMOIIIBIO M3MEHEHHST OKKITIO3UM BEHO3HOM JIMHUY 3aKMMOM WM CTICIIMAIbHBIM YCTPOVICTBOM.

Kiouenbie ciioBa: TepMorpaMma; MUOKapI; MOJeib; pacnpeaeneHue TemmnepaTtypsl; MSC Sinda.

Brenenune

TepmMorpacdus Kak MeToI HEMHBa3MBHOIO KOH-
TPOJISI TeMITepaTyphl MO3BOJISIET BBISBIISTD MILIEMU-
3MpPOBaHHbIE U MOTPAaHUYHBIE 30HBI MHUOKapAa XKe-
JIYIOYKOB, JAaeT BO3MOXHOCTh TOYHO OLEHUThb
(byHKUMOHANIBHOE cocTosiHMe MuoKapaa [1]. Pea-
JIU3alMsl METOAOB HEMHBAa3WBHOM JMAarHOCTUKU Ha
OCHOBE aHaJIn3a TepMorparUecKuX U300paKeHU
MO3BOJISIET HE TOJbKO OINPEACIUTh HATUYME HIle-
MMUYECKUX TMOpPaXKeHUI Ha TMOBEPXHOCTH MMOKap-
Ja, HO U paccuuTaTb CKOPOCTh OXJaXKAEHUS MMO-
Kapaa [2, 3]. Meton uHdpakpacHoi TepMorpadpuu
MPUMEHUM [UIS1 BBISIBIEHUS HILEMUYECKOro IIO-
BpEXACHUS MUOKapAa HEMOCPEeICTBEHHO BO BpeMsl
orepaluu Ha OTKPBITOM Cepalle.

Kpome Toro, coBpeMeHHble MPUOOPHI U WH-
(bopMallMOHHBIE TEXHOJOTMU NAlOT HOBBIE pellle-
HUsI, KOTOPbIe MOTYT OBITh MOJIE3HBI BO BpeMsI UC-
KYCCTBEHHOro KpoBooOpaiieHus. [IpoBeneHHbIE
ucciaegoBaHus [1] MmokaspIBalOT, YTO Ha TpaHUILIE
nepexoaa OT UILIEMM3UPOBAHHOIO MMOKapia K 370-
poBoMy (hopMHUpYyeTCs MOrpaHUYHasl 30Ha, IIUPU-
Ha KOTOPOM JOCTUraeT HEeCKOJbKUX CAaHTUMETPOB,
a temneparypa Ha 1°C Bbllle TeMrepaTypbl 310-
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poBoro Mmokapma. [Ipm 3ToM TeMmeparypa MHO-
Kapma M SJIeKTPUYECKHE XapaKTepUCTUKM TKaHeu
MHOKapJa B WIIEeMU3WPOBAHHON W TOTPaHHYHON
30HAX B3aMMOCBSI3aHEI.

Llenpfo mccienoBaHus IBISIETCS TPpUMEHEHUE
METONOB YMCJICHHOTO MOAEIMPOBAHUS JUIS OLEH-
KW TpagdeHTa TeMIlepaTyphl, KOTOPBI HabIroma-
eTCS Ha TOBEpXHOCTHM MHWOKapaa B Tporecce TH-
[MO0- W TUTIEPTEPMHUU B YCIOBUSIX MCKYCCTBEHHOTO
KpoBooOpateHus. [1py olleHKe TpaagrieHTa TeMIIe-
patyp 3G GEKTUBHBIMU SIBISIOTCS METOABI TETUIO-
BU3MOHHOM MTWATHOCTMKM W aHaJIN3a TepMOTpaMM
B MH(}PPaAKpaCHOM CIEKTpe, KOTOpHBIE ITO3BOJISIIOT
MTOJIYYUTh VICXOMHBIC TaHHBIC IJIST MOAETUPOBAHUS
Ipoliecca TerTooOMeHa MeXIy MHOKapAOM W KO-
POHApHBIMU COCYIAMM.

[NpoBeneHne HEMHBA3MBHOTO M3MEPEHUS TeM-
MepaTypbl ¥ pe3ylbTaThl MOICTUPOBAHUS TTPOIIEC-
ca TeriooOMeHa Ha TIOBEPXHOCTM MHUOKapiaa IIo-
3BOJITIOT C OOJBIIE TOYHOCTBIO PETyIMpOBaTh
CKOPOCTh corpeBaHUsS (THIEPTepMHUN) BEHO3HOM
KpPOBU B TEIUIOOOMeHHUKe. [IJIT KOHTPOJIST TeMIIe-
paTypsl BEHO3HOTO BO3BpaTa B KOHTYpE WCKYCCT-
BEHHOTO KpPOBOOOpAILIEeHUs 1IeJIecO00pa3Ho MCCIIe-
JIOBaTh MMpUMEHEHWEe METOIOB MH(ppaKpacHON mu-
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ArHOCTUKM M TEIUIOBOrO OOMEHA, YTO ITO3BOJISIET
PEryauMpoBaTh MPUTOK KPOBU K IOJIBIM BeHaM IpHU
HMCKYCCTBEHHOM KPOBOOOpPAILEHUU.

Peaymzanmsa MeToma HEeMHBAa3WBHOTO KOHTPO-
JIsT TeMIIepaTyphbl cepiala MpU TUIO- U TUIIepTep-
MMU TO3BOJIUT OOECIIEYUTh JOTOTHUTEIbHYIO BaX-
HYI0 MHGOPMALMIO OTHOCHTENTEHO TeMITepaTyphl 1
COCYIUCTOI OTHOPOTHOCTH BO BPEMEHW TP OXJIa-
XIEHWM W Harpese Muokapga. B cBowo oudepenn
IMOCTPOECHKME YMCICHHON MOOEIU IJis1 OIMUCAHMS
MPOILIECCOB TMepeHoca TeIia MeXIy KOPOHAPHBIMU
cocylaMyd M MUOKapIOM MO3BOJUT TaKXKe paccyu-
TaTh CKOPOCTh OXJIaXACHMSI MUOKapaa U OIpene-
JIUTh HajJW4Khe MILNEMMYECKUX ITOBPEXICHUI Ha
MMOBEPXHOCTH MUOKap/a.

ITocTanoBka 3amaun

Pazpabotka 3¢h{eKTUBHBIX METOHOB aHaIM3a
TEpMOIPaMM Cepilia IO3BOJIUT IOBLICUTH Oe30Iac-
HOCTb 3allMThl MMOKApaa U aCCUCTUBHOCTb IIPHU
peayM3allii  MCKYCCTBEHHOTO KpPOBOOOPAILIEHMS.
DTy 3amayy MOXHO PEIIMTh C ITOMOIIbIO MOIEIN
TEIUIOOOMEHA B MUOKApIE, KOTOpasl MO3BOJIUT pea-
JIU30BaTh KOHTPOJb PACIPOCTPAHEHUS TEMIIepaTyp
M TeMIIEpaTypHbIX TPaIMeHTOB Ha TIOBEPXHOCTHU
MMOKap/a.

Mogenb TemI000MeHa MeKAy MHOKApIoM H
KOPOHAPHBIMH COCYAAMH

Jlst KOHTpOJIsI TeMmIlepaTyphl Tejla B armapa-
Tax WCKYCCTBEHHOro KpoBooOpaiueHus (AWK)
MPUMEHSIETCS TEIJIOOOMEHHUK, C TTOMOIIbIO KOTO-
pOTO KpOBB TMaIlMEHTa OXJIaXXIaeTcs M HarpeBaeT-
cs. 3a cueT M3MEHEHMsI TeMIlepaTypbl BOAbl OT 5
1o 42 °C, koTopasi LIMPKYJUPYET uyepe3 Terao00-
MEHHUK, KPOBb MOXET COTPEBAThCS C TPAIUECHTOM
0,2—0,5°C unu oxymaxnaTbCsl ¢ OOJBIIMM Tpaau-
eaToM 0,5—17 °C. CooTBEeTCTBEHHO, IPU HM3MEHE-
HUM TeMrepaTypbl KPOBU B KOHTYpe UCKYCCTBEH-
HOTO KpOBOOOpAILeHUSI TakKxKe M3MEHSIETCSl TeMIle-
patypa Tena mnauueHTa. Ilpuuem TemmepaTypa
nepdy3ata (KpoBM B KOHTYpe WMCKYCCTBEHHOTO
KpOBOOOpallleH!s) U TeMmIiepaTypa Teja TaluMeHTa
He JOJDKHBI OTJIMYaThes Oosee yeM Ha 15 °C.

B ycrmoBHSIX MCKYCCTBEHHOTO KpPOBOOOpAIIe-
HUS BO BpeMsI TUIIOTEPMUU TeMITepaTypa KpOBH B
KOHTYpe WCKYCCTBEHHOTO KpPOBOOOPAIICHHUS CO-
crapnsier 28—32 °C. JInsg 3aiuThl MUOKapaa B KO-
peHb aoptel BBoauTcst 1000 M pacTBopa, OXJaxK-
JeHHoro no TeMmnepaTypbl 3 °C B TeueHUe 3 MUH.
3areM BBelIeHME pacTBOpa IpeKpallaeTcs, U ore-

paiusi TpoOBOAMTBCST Ha “cyxom” cepaue. Ilo-
CKOJIBKY CepIlle BBIKITIOUCHO M3 KOHTYpa MCKYCCT-
BEHHOTO KPOBOOOpAIICHMS, €ro TemIlepaTypa He
COOTBETCTBYET TeMIIepaType Tejla, KoTopas H3Me-
pseTcs cIeluadbHBIMU TepMoMeTpaMu. CooTBeT-
CTBEHHO, pacIipele/icHre TeMIIepaTypbl Ha II0-
BEpXHOCTH Cepilla MOXET He COBMAIaTh C TeMIIe-
paTypoit, KoTtopasi perucTpUpYyeTCsSI CUCTEMOU He-
WHBA3WBHBIX JAaTYNKOB. HeMHBa3WBHBIN KOHTPOIH
TEMIIepPaTypbl MUOKapAa B YCIOBUSIX MCKYCCTBEH-
HOTO KpoBooOpaiueHus [4, 5] TO3BOISIET OLIEHUTH
TpagieHT TeMIIepaTypbl MeXIy TKaHSIMU Telda |
cepama TalMeHTa, a TakKe KOHTPOJIHMPOBATh TEM-
IepaTypy BBOIMMOTO pacTBopa (hapMaKOXJIaIoOBOM
Kapauoruieruu (repgysara).

Hst OlLIEHKM TpaaueHTa TeMIIepaTyphl B IIPO-
liecce TUIMO- M TUNEepTepMuU peaiu3oBaHa 2D-
MOJIEJTb TeTUIOOOMEHa MEXIYy MHMOKapIoM U KOpO-
HapHBIMM cocyaamu [6], yepe3 KOTOpbI€ OCYILECTB-
JIgeTca OpeHNpOoBaHME KPOBU B cepiile. Pemenue
3ama9y TETUTONTPOBOTHOCTH 1T y9acTKa MMOKapaa
¢ ucnonb3oBaHueM 2D-momenu B cucteme MSC
Sinda [7] ms mpoliecca oxJIaxkAeHUS M COTpeBaHUS
cepIlia BBITOJTHEHO TP YCJIOBUM PaBHOMEPHOTO
pacripeneieHnss KOPOHApPHBIX COCYIOB B MHOKapIe
W HaJIMYWS B MHMOKapae 30HBI MIIeMHHN (0O¢THEH-
HOM KOpOHapHbIMM cocynamu). Pesynbratel 2D-
MOIIEIMPOBAHUS TSI pacTpeneaeHNsT TeMITePaTyphl
Ha TTOBEPXHOCTH MHMOKapAa B YCIOBUAX MCKYCCTBEH-
HOTO KPOBOOOpAIIeHUS TIPeACTaBIeHBI Ha puC. 1.

CpaBHUTETBHBIN aHAIA3 PACTIPOCTPAHEHUS TEM-
mepatypbl B 2D-Momesix Ha TIOBEPXHOCTH MHUO-
Kapma Ui TIPOLIECCOB THUIIO- W TUIIEPTEPMHU TI0-
Ka3bIBaeT, YTO B 30HAX WIIEMHU HaOIIOmaeTcs Cy-
IIECTBEHHOE YBEIMYECHUE TpagdeHTa TeMIIepaTyp
MEXAY JIOKaTbHBIMU 00JacTSIMHU ¢ 0oJiee BBICOKOI
TeMIlepaTypoil Mpu OxJaxAeHUU cepaua u Oojee
HU3KOM TeMIiepaTypoi pH ero corpeBaHnu. Ham-
MEHBIINI TpagueHT TeMIlepaTyp Ha ITOBEPXHOCTH
MHOKapaa HabogaeTcss B 00J1aCcTsIX, HACHIIIEHHBIX
KOPOHAPHBEIMU COCYyIaMU, Yepe3 KOTOPBIE OCYIIEeCT-
BJIAETCS IPSHNPOBAHNUE KPOBH.

Hnsa mpouecca oxdAaxaeHUs (TUITOTEPMUMN )
MHOKapaa TPagueHT TeMIlepaTyp Ha TpaHMIE pas-
Jlela MAOKapI-KOPOHAPHEBIE COCYABI COCTaBIISIET He
6osiee 0,5°C, npu 3TOM MaKCHUMAaJIbHBINA TpPagueHT
TeMIeparyp Ha TOBEPXHOCTU cepAlla COCTaBUJI
1,5 °C mipu ycaoBUM paBHOMEPHOIO PACIIPEACICHMS
KOPOHapHBIX cOCynoB B MHOKapae (puc. 1, a) u 6o-
Jee 9 °C npu yCJI0BUM HAJW4YUSI B MUOKApPIE 30HbI
uieMuu (puc. 1, 8).

Hng mpouecca corpeBaHus (TMIIEPTEPMUN)
MHUOKapaa TpagueHT TeMIIepaTyp Ha TpaHUlIe pas3-
JieJla MUOKapI—KOpPOHApHbIE COCYAbl COCTaBIISIET
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Puc. 1. Peluenue 3agaum teruionposogHoctd B cucteme MSC Sinda: a¢ — st npouecca oxylaxaeHus: (TMIIOTEPMUN) cepaua Mnpu
YCJIOBUM PaBHOMEPHOTO pacrpene/ieHHss KOPOHAPHBIX COCYIOB B MUOKapje; 6 — JUIsl TIpoliecca corpeBaHusl (TUTIePTEPMUN )
ceplla MpH YCJIOBUM PaBHOMEPHOTO PACIIpesieNieHNsI KOPOHAPHBIX COCYIOB B MUOKapie; 6 — IS Ipolecca OXJIakaeHMs!
(rumoTepMuM) cepila Mpu YCIOBMM HAJM4YMsi B MUOKapje 30HbI MIIEMUU; e — IUIsl TIPOLiecca COrpeBaHusl (TUIepTepMUn)

cepaua mnpu yCJIoBUMU HaJIMYUA B MUOKapAa€ 30HbI MIIEMUHN

6onee 1°C, mpyu 3TOM MaKCUMAaJbHBIM TPagUeHT
TeMIeparyp Ha TOBEPXHOCTH CepIlla TOCTUTaeT
3 °C mpu ycIOBUM PAaBHOMEPHOIO pacIpeaeicHUs
KOpPOHAPHBIX COCYyIOB B Muokapae (puc. 1, 8) u He
6onmee 7°C mpu YCIOBMM HAIWYMS B MMOKapie
30HBI MLIEMUU (puc. 1, o).

IIpumeHeHne MOIEN TEIIO00MEHA ISl aHAJN-
3a TepMOrpaMMm cepaua

MeTon CpaBHUTEJIBLHOIO aHaiu3a IS TEPMO-
rpaMM MHOKapJa IO3BOJSIET MOJYUYUTh TEIJIOBYIO
KapTUHY UIsI OTKPBITOTO cepilia B AuUara3oHe OT
+4 mo +37 °C B yCIOBUSIX MCKYCCTBEHHOTO KPOBO-
oOpaleHusl B Ouaria3oHe TeMIlepaTtyp OT +28 1o
+37 °C. HcxonHble JaHHbIe IJISI CPaBHUTEIBLHOTO
aHaJKM3a TepMOIrpaMM IOJYYEeHbI ¢ MCIIOJIb30BaHU-
eMm tepmorpacda FLIR i7 B criekrpaibHOM auana-

30He 8—14 MKM ¢ HeoxJaxkgaeMOW MaTpHUIei pa3-
MmepoMm 320x240 saeMEeHTOB M C TeMIlepaTypHOM
yyBcTBUTENbHOCTHIO 0,1 °C.

TIpouecc corpeBaHusi cep/lia B yCIOBUSIX MC-
KYCCTBEHHOI'O KPOBOOOpAILlEHUs ¢ MCIOJIb30BaHU-
eM AWK mpoucxoauT 3a cueT BO3BpaTa corpepae-
MOI B TeI0OOOMEHHUKE BEHO3HOK KPOBM B KOH-
Typ HMCKYCCTBEHHOTO KpoBooOpailieHus1. TepMo-
rpaMMBl i1 OXJIaxaeHHoro 10 16 °C u corperoro
o 36 °C cepama mpeacTaBieHbl Ha puc. 2, a, 6 co-
OTBETCTBEHHO.

B mporrecce tumiepTepMHMM  TIPOBOIWIICS KOH-
TPOJIb TEMIIEPATYPHI TejIa C MOMOILBIO JATYMKA TeM-
rnepatypsl B MMILEBOIE M TeMIlepaTypbl BeHO3HOM
KPOBU, KOTOpasl TPOXOIUT 4Yepe3 TEeTUIOOOMEHHUK.
Hns obecnieueHus1 rpagudeHTa TeMmIlepaTyp MeXay
nepdy3atoM (KpoBbIO B KOHTYpE HCKYCCTBEHHOIO
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Puc. 2. TepmorpamMmbl [UIsl OXJIaKIEHHOTO M COIPETOTo ceplua:

runeprepmun 36 °C

KpOBOOOpAILIeHNsT) 1 TeJIOM MaiueHTa He 6osee 7 °C
BEHO3HasI KPOBh COTPeBalaCh ¢ MUHMMAJILHON CKO-
pocteio 0,2 °C/MUH, 9TO OOYCIOBUJIO IJINTEIILHOCTh
mpoliecca TurIepTepMun 0ojiee 55 MUH.

HewHBa3uBHBIN KOHTPOJIb TEMIIEPATyphl CEP-
IIa B YCIIOBUSIX MCKYCCTBEHHOTO KPOBOOOpAIICHUS
¢ nomolipblo TermaoBu3opoB Flir i7 u TermoCAM
E300 nokazan kKoppessiluio 3HaueHU TeMmIiepaTyp
B HayaJle ¥ KOHIIE mpoliecca rumeprepmuu [8], a
TaKKe CYIIECTBEHHOE OTIWYME ITOKA3aHMi CUCTE-
Mbl JaTyukoB AMK 1 TerioBoro mosyisi Ha MOBepX-
HOCTM MUOKapiaa, U3MEPEHHOI0 TEIJIOBU30PAMMU.

HM3mepenust teMreparypbl B KOHTYpPE MCKYC-
CTBEHHOIO KpoBooOpallleHUs1 (IaTUMK TeMrepaTy-
pbl B TNMIIEBOAE) U M3MEPEHUs] Ha IMOBEPXHOCTHU
MUOKapaa (perucTpupyeMoe TerIOBU30POM Tell-
JIOBOE M3IydeHWe B WHQppPaKpaCHOM CITEKTpe 7—
13 MKM) mpuBeaeHbl Ha puc. 3.

MaxkcuMaabHBI TpagueHT TeMIlepaTyp MeXK-
oy 3HAYeHUSIMU, KOTOPBIE PETUCTPUPYIOTCS TeIl-
JIOBU30POM Ha MUOKapie, U AaTYMKOM B IUILEBO-
Iie TmareHTa coctaBuia 6 °C Ha 25-1f MUHYTe TIpo-
1ecca CorpeBaHMs Cepalia.

IMpmyeM Ha 3aKITIOYNUTETBLHOM CTamIWM TIPO-
lecca TUMNEPTEPMUU B YCJIOBUSIX HMCKYCCTBEHHOTO
KPOBOOOpAIlleHUSI TIPOUCXOAMNT BbIPaBHMBAHUE TEM-
mepaTtypbl Tejla W cepAlla M, KaK CIeICTBUE,
YMEHBIIIEHE TpagdeHTa TeMITepaTyphl OO0 3HaYe-
Hus 0,5 °C, KoTopoe COOTBETCTBYET TOYHOCTU He-
MHBa3UBHOTO HM3MEPEHMST TeMIlepaTyphl C IOMO-
1ibto TertoBusopa Flir i7.

6

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

T, °C]
351
30+
251

204

Puc. 3. U3mepeHust TemniepaTypbl Ha MOBEPXHOCTU MUOKapaa U
B MHULIEBOJIE MALIMEHTa B YCJIOBUSIX MCKYCCTBEHHOTO KpO-

BooOpateHus: Ty — nokaszaHust Temmneparypelt AUK B

MulLeBoAe MauueHrta; T g — IOKa3aHUs TeMIepaTy-
pel FLIR Ha moBepxHOCTH MMOKapaa

D¢ (heKTHBHOCTh TEIIOOOMEHHHKA LIS amma-
para HCKYCCTBEHHOTO KpOBOOOpaIIeHHs

Ecnu TerurooOMeHHUMK armapaTa MCKYCCTBEH-
HOTo KpPOBOOOpAIIIEHWS XOPOIIO W30JIMPOBaH Ta-
KMM 00pa3oM, 4TO ITOTEPU TEIIa B OKPYKAIOLIYIO
cpemy SIBISIOTCSI HE3HAYMTENbHBIM, TO Tiepemaya
TeIIa OT TeTUIOM KMAKOCTH paBHa TEILIOOTHAYe K
corpeBaemMoit KpoBu (puc. 4).
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Puc. 4. ®parMeHT Teri00OMEHHUKA armapata MCKYyCCTBEHHOTO
KpOBOOOpalleHus

I[lpn 3TOM W3MeHeHMSI B KWHETHUYECKOW U
MOTEHIMATBLHON SHEPTUM IS ITOTOKA KPOBU He-
3HauUuTeAbHBI. C y4eTOM TOTO YTO TPaguEHT TeM-
nepatyp Mexay mepdysatoM (KpoBbl0 B KOHTYpE
HWCKYCCTBEHHOTO KPOBOOOpAIeHUs) W TeJIOM Tia-
MEHTa He OOJDKeH MpeBhIaTh 7 °C, KOJWYECTBO
OTIaBAEMOTO KPOBM B €IMHUILYy BpEMEHU TeIlla B
TEIJIOOOMEHHUKE MOXeT OBITh OIpeneacHO U3
BBIpAKCHMUST

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

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

HUK, ¢}, =3,64-3,77 KK
KT - °

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

— YyACJIbHasA TEILIO-

nepartyp IJIsi KPOBM Ha BXOJAE M BBIXOAE U3 TEIUIO-
OOMEHHMKa.

I[TpyHuMas Bo BHMMaHME, YTO BCE 3TO TEIUIO
nepenaetcst ot Harpetoit 1o 40 °C Boawl, TeMmepa-
Typa BOIBI Ha BEIXOIE M3 TEINIOOOMEHHMKA arla-
paTa MCKYCCTBEHHOTO KPOBOOOpAIICHMS OIIpele-
JIsIeTcs o (popmyiie

_ Qhean _ o
Twater,out - Twater,in - = 3977 C;
heart " € heart
TOE M., = 1,20 Kr/c — Macca BOABI, MPOXOASIIAs
KX
4yepe3 TEIUIOOOMEHHUK; C e = 4,18 ——
KT -°C

VaEbHasI TEMIOEMKOCTb HArPeTOl BOMb; T'yyierin =

=40 °C — TemmepaTypa BOAbLI Ha BXOAE B TEILIO-
OOMEHHUK TIPU COTPEBAHUN KPOBH.

3Hasg BXOOHYIO W BBIXOAHYIO TeMITepaTyphbl
00enx XHMIKOCTEH, MOXHO ONpeneanTb 3PdeK-
TUBHOCTb TEIUIOOOMEHA & MEXAY BOJOI M KPOBBIO:

mliqcliqATliq

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

— — o] . —
rne ATwater—liq — L water,in — Tliq,out - 2370 C’ Tliq,out -
=17,0 °C — HavajbHas TemIlepaTypa KpOBM Ha
BBIXOAE€ M3 TEIUIOOOMEHHMKA; (MC) nin Hau-

MEHbILIEe 3HAYCHUE U3 TIPOM3BENCHUN (M Cjic) U

(m Cwater )

water

KoapduumenT MomHoOCT! 111 JAHHOTO TeI-
JIOOOMEHHHUKA OymeT BapbUpOBATLCSI B 3aBUCUMO-
CTU OT TeOMeTpUU M KOHGUTypalMu TOoToKa (ma-
paJlIeIbHbINA TIOTOK, TMPOTHMBOTOK, MEPEKPECTHBIN
MOTOK U T.A.) B TeruioooMeHHuke. Ilpu ycinoBuu,
YTO TIOTOK XXUAKOCTEH OydeT HEeM3MEHHbIM, 3Ha-
yeHue KoadduimeHTa SBIsSIETCS] JOBOJBHO IOCTO-
STHHOUW BEJIUYMHOI:

C - MyigCliq

. = 0,029.
m c

water~ water

3HaueHue 3(PEPEKTUBHOCTU & BCErJa MEHbIIE
nim ommsko <1. [Ins moboro 3Hauenus: C, Bcerna

MOXHO OIIPENEJINTh MaKCUMAJIbHO [JOIyCTUMOE
3HaueHUe Qp.,v IPU KOTOPOM MaKCHMAJIbHBINA

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

OTOT NPUHLMIT TOJIOKEH B OCHOBY MeETOJa
KOHTPOJISI  TeMIlepaTypbl HArpeToil  KUIKOCTU

Tyaterin Ha BXOJE TEIIIOOOMEHHHUKA, TPU KOTOPOM

TeMIIepaTypa KPOBU Ha BBIXOIE KOHTYpa MCKYCCT-
BEHHOTO KpoBooOpaueHust Tl ., HM3MEPSETCS €

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

MEXITYy MUOKapIOM U KOPOHApHBIMU COCYIaMU.
DKcnepuMeHTAbHAS anpodamus MeToAa

[IpoBeneHe HEMHBA3WUBHOTO M3MEPEHUS TEM-
IepaTypsl Ha TTOBEPXHOCTH MHUOKAapaa JAaeT BO3MOX-
HOCTh HE TOJIBKO KOHTPOJIMPOBATH TPAIUEHT TeMIIe-
paTyp Mexny Tiepdy3aToM M TeJIOM TallueHTa, HO 1
ONpeAeNTh TPAIUECHT TEMITepaTyp HEITOCPEICTBEHHO
Mexay nepgy3aroMm u mMuokapaom [9, 10], yro 1o-
3BOJISIET C OOJBIIEHT TOYHOCTBIO PETYIMPOBATH CKO-
pOCTb corpeBaHusl (TMMepTepMUK) KPOBU B TEILIO00-
meHHuke AMK. JlomycTvMasi CKOpOCTb COrpeBaHMS
Tesa naiueHTa cocrapiseT 1 °C/MuH. TepMorpaMmsl,
MoJy4yeHHbIe C TIOMOILbI0 TeruioBu3opa Flir i7 mist
BpEMEHHBIX OTCYETOB Ipoliecca rumorepMum 5, 15,
25, 35, 45, 55 MuH, nipecTaB/IeHbl Ha pUC. 5.
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$FLIR

19.6°

2

e

Puc. 5. TepmorpaMMbl [UIsl TOC/IEIOBATEIbHBIX BDEMEHHBIX OTCYETOB IMPOLIecca MIIOTEPMUN: 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 IpULEIMBaHUs TEIUIOBU30pa (PUKCUPO-
BajlaCh MaKCHMMaJjbHasl TeMITepaTypa Ha IMOBEPXHO-
CTM MHUOKapAa B 3aJaHHble MOMEHThI BpPEMEHH,
KOTOpbIE COOTBETCTBYIOT ITOCTENEHHOMY COIpeBa-
HUIO Cepalla B YCIOBUSAX MCKYCCTBEHHOTO KpPOBO-
obpaieHust. PeructpupyeMoe TEIIOBU30POM Tell-
JIOBOE M3JIydeHUE OT MMOBEPXHOCTH CEpIlia B WH-
(pakpacHOM criekTpe 7—13 MKM MO3BOJISIET HEUH-
Ba3MBHO M JOCTOBEPHO OIPENEIATh IPAIUEHT TEM-
Meparyp HEMOCPEACTBEHHO MeXAy mnepdy3aroM
MHOKApJOM B JIF000ii MOMEHT BpEMEHHM B YCJIOBU-
SIX WMCKYCCTBEHHOTO KpPOBOOOPAIEHUS C TOYHO-
ctbio oT 0,1 mo 0,5 °C B 3aBUCMMOCTHU OT UyBCTBU-
TEJIbHOCTH M paspelleHus] CEHCOPHOI MaTpUIIbI
TEIJI0BM30pAa.

BoiBoab!

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

YTO HEMHBA3WBHBIM KOHTPOJb TeMIIEpaTyphl Cepi-
11a C TIOMOIIIBIO TEIUIOBM30pa B YCIOBMSIX UCKYCCT-
BEHHOTO KPOBOOOPAILIEHMS TTO3BOJISIET TOCTOBEPHO
U3MEPITh TEMIIEPaTypy MHOKapla B IPOIECCE T'M-
M0- W TUMEPTEPMUU W KaueCTBEHHO IOIIOJTHUTH
ITOKa3aHUSI CUCTEMBI TaTYMKOB aIrapaTta MCKYCCT-
BEHHOTO KPOBOOOpAIICHNS.

I[IpuMeHeHre MeTOmOB TepMOrpachUIecKOro
U3MEPEHUsST TeMIIepaTyphl Ha TIOBEPXHOCTU MUO-
Kapa B YCIIOBUSX MCKYCCTBEHHOTO KpOBOOOpa-
IIEHUS TIO3BOJISICT KOHTPOJMPOBATh I'PAIUEHT TeM-
repaTypbl MEXIy TKaHSIMU Tejla U cepilla B IIpe-
nenax 7°C, a Takke YMEHbBIIUTb BEPOSITHOCTb
WIIEMUYECKUX OCJIOXHEHUI II0CIe Oollepallid Ha
OTKPBITOM cepalle. BHenpeHue MeTOAOB TETUIOBH-
3MOHHOM TWMArHOCTUKW M aHaJIM3a TepMOrpaMM B
KapIUOXUPYPIUIO ITO3BOJIUT B TIEPCHEKTUBE 3-
(beKTUBHO peryIMpoBaTh MPUTOK KPOBU K ITOJIBIM
BEHaM 3a CUET KOHTPOJIA TeMIIepaTyphl BEHO3HOTO
BO3BpaTa B KOHTYPE MCKYyCCTBEHHOTO KpPOBOOOpa-
IIEHMS.

IlepcniekTrBOI TIpOBENEHUS MABHEUIIINX Tep-
MorpaduuecKux WCCACIOBaHWM B KapaMOJIOTHU
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SIBJISIETCS  pa3paboTKa HEMHBA3WMBHOM METOOMKM  Ba3MBHOTO KOHTPOJISI PACIpPOCTPAaHEHMSI TeMIIepa-
KOHTpOJIS TEMIIEpaTyphl CepAla WM MO3ra B yCJIO- Typ M TEMIIEpATYPHbBIX IPAaAMEHTOB HA BHYTPEHHEH
BUSIX MCKYCCTBEHHOTO KPOBOOOpAIlleHWsI, KOTOpasi  CTeHKe cepiaua (3HmoKapiae) W TepemHell BHCOY-
MO3BOJIUT MOBBICUTH 3(P@MEKTUBHOCTL M 0Oe30mac-  HOM apTepusIX.
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B./. KoToBcbkwit, B.B. LLinukos, B.A. JaHinosa

HEIHBA3VBHWW KOHTPOJb TEMIMEPATYPU CEPLIA MPU FNO- | MINEPTEPMII B YMOBAX LUTYYHOIO KPOBOOEBIIY

Mpo6nematuka. Po3rnsgaeTbca peanisauis MeToay HeiHBa3MBHOIO KOHTPOMIO TeMMepaTypu Cepus Ha OCHOBi Mozeni Tenso-
06MiHY B MioKapAi npu WTYy4HOMY KpOBOOGiry.

MeTa gocnigxeHHA. MeTol AoCniaXeHHs € 3aCTOCyBaHHSA METOAIB YMCIOBOro MoaentoBaHHs B cuctemi MSC Sinda ans ouiHkm
rpagieHTa TemnepaTtypu, SK1in CrocTepiraeTbCst Ha MOBEPXHi MiokapAa B NMPOLIECi rino- Ta rinepTepmii B yMoBaXx LUTYYHOrO KPOBOODIry.
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MeToauka peanisauii. [1na oTpyMaHHS BUXIOHUX AAHUX Y KOHTYpPI LITYYHOrO KPOBOOBGIry 3aCTOCOBYETLCH CUCTEMA Temnepartyp-
HUX [OaTyvkiB B apTepianbHii, BEHO3HIN i KapgionneriyHii niHiax. lMpwu ouiHui rpagieHTa TemnepaTyp 3acTOCOBYOTbLCS MeTOoAu
TennoBi3iNHOT AiarHOCTUKKN 1 aHanidy Tepmorpam B iHpadYepBOHOMY CMEKTPI, SKi Aat0Tb 3MOry ogepxaTv BUXIgHI AaHi Ans MogentoBaH-
HS MpoLecy TennoobMmiHy Mix MiokapAoM i KopoHapHuMK cyanHamm B cuctemi MSC Sinda.

Pe3ynbTatn pocnigxeHHs. 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 Mpouecy TennoobMiHy Ha MOBepxHi MiokapAaa AaloTb
MOXMUBICTb BiNnbLL TOYHO perynoBaTh WBUAKICTb 3irpiBaHHS (rinepTepMii) BEHO3HOT KPOBi B TEMNOOOMIHHUKY.

BucHoBku. PesynbTatv mopgenioBaHHs [[aloTb 3MOry $IKICHO [OMOBHWUTW MOKa3aHHs cUCTeMW AaTuyukiB anapaTa LUTY4HOro
KpoB0OGiry. 3acTocyBaHHA METOAIB TEMMOBI3iNHOI AiarHOCTMKM i aHanidy TepMorpam Anst KOHTPOJo TeMnepaTypy BEHO3HOro MoBep-
HEHHS1 B KOHTYpI LUTYYHOro KpOBOOGiry 4ae MOXNMBICTb perynoBaTyi NPUMNMB KPOBi 4O MOPOXHUCTUX BEH 3a JOMNOMOro 3MiHU OKIHO3il
BEHO3HOI MiHii 3aTnckayem abo cneuianbHUM NPUCTPOEM.

KnroyoBi cnoBa: TepMmorpama; MiokapA; MoAenb; posnoain temnepatypu; MSC Sinda.

V.J. Kotovskyi, V.V. Shlykov,V.A. Danilova

NON-INVASIVE MONITORING OF TEMPERATURE IN THE HEART HYPO- AND HYPERTHERMIA WITH CARDIOPUL-
MONARY BYPASS

Background. The implementation of the method of non-invasive control of heart temperature based on the model of heat ex-
change 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 estimate the
temperature gradient that is observed on the surface of the myocardium during hypo- and hyperthermia in the conditions of artificial cir-
culation.

Methods. To obtain the original data in the cardiopulmonary bypass loop temperature sensor system in arterial, venous, and car-
dioplegic 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 surface of the myocardium allow more accurately ad-
just 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 cardiopulmonary by-
pass. 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.



