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Pedepar

Leab ucciefoBaHns — ONMUCAHME BO3MOKHOCTEH MeToa BU3yaJH3aluH Ko1e0aHHI KOKHOT0 KPOBOTOKA KOHeY-
HOCTeii, 0CHOBAHHOI'0 HA CIIEKTPAIbHOI 00padoTKe AMHAMUYECKHX TEPMOTIPaMM.

Mamepuanst u memoovt ucciedosanus. Merol npeanoaaraer pa3jioKeHue TEMIIEPATYPHOT0 CHTHAJIA HA CIIEKTPAJIb-
HbI€ COCTABJIAIOIINE, MOTU(PHKALNIO CIEKTPAIBLHBIX COCTAB/ISIOINX M 00paTHOE NPeodpa3oBaHNe CIIEKTPAJIbLHBIX CO-
CTABJISAIOLIMX B CUTHAJL, pACCMATPHUBAEMbIi KaK K0J1e0aHusi KPOBOTOKA. Moandukanus cneKTpajabHbIX COCTABISIOIMX
BBINOJIHSIETCS € Y4eTOM TeIlJIOBBIX CBOMCTB KOKH M NpelHa3HaYeHa A5 KOMIEHCANMH 3aTyXaHUs M 3ana31bIBaHusA
CIEKTPAJBLHBIX COCTABJIAIOLINX TeMIEePaTypPbl OTHOCUTEIbHO COCTABJISIOIIMX KPOBOTOKA.

Pezynvmamur. IIponeMOHCTPHPOBAHBI KAPThI K0JIe0aHMil KPOBOTOKA B 00,1aCTH KHCTell, MOJIydeHHbIe B pe3yJibTaTe
00paldoTKHM TepMOrpaMM B Npouecce NPOBeieHNs] OKKJIIO3HOHHOI NMpo0bl. PaccuuTanHbie H3 TepMOrpaMM 3HA4YeHHUS
Ko0JIe0aHMi KPOBOTOKA NMOATBEP KACHbI H3MEPEeHHIMH KPOBOTOKA MeT0A0M (hoTromnerusmorpadun.

Bu1600bi. MeToauka no3BoJisieT BOCCTAHABIUBATH KoJle0aHUsI KPOBOTOKA B JIIO00# TOYKe TePpMOrpaMMBbl Hccleye-
Moro 0o0bekTa. K npenmymecTsaM BU3yaJu3aluu KoJie0aHU i KPOBOTOKA TeNJI0BH3HOHHBIM MeTOJ0M MOKHO OTHECTH:
He3aBHCHUMOCTb CHUTHAJIa KPOBOTOKA OT BHEIIHUX HCTOYHMKOB BUANMOIO M3J1y4YeHHs U YIVIa ChbeMKH, CHTHAJ MOKeET
PerucTpUpoBaThCs KaK Ha MOBEPXHOCTH BCEro Tea, TAK M Ha OTAeJbHBIX ero y4YacTkax. B nmepcnekTuse onucaHHas
TeXHOJIOTHsl TeIUIOBU3MOHHON BU3yaTN3alHH K0JIe0aHNi KPOBOTOKA MOXKeT NIPHMEHSIThCS 1151 MOHMTOPHHI A KOXKHOM
MHKPOLHPKYJIALMA KPOBH B KOHEYHOCTSIX IIPU NPOrPeCCUPOBAHNH U JICYEHUH TAKHMX NATOJIOTHii, KAK CHHIPOM JHA-
0eTH4yecKoii cronbl, cuHaApoM PeiiHo, a Tak:Ke B c/1y4yae 0:K0roB, 00MOpOKeHHUi, TPABM WJIM aTepocKJepo3a.

Knrwouegovie cnosa: mennogudenue, mepmozpadus, gomoniemuzmozpagpusa, usyaiuzayus, Koiedanus memnepamypul,

Konebanus Kposomoka, sellsIem-ananus.

BBenenue

Buzyanuzanusa reMoguHaMU4eCKUX U3MEHEHUM Ha
MOBEPXHOCTH TeJla YeJIOBEKAa MTPacT BAXKHYIO POJIb B
Mpoliecce TUArHOCTUKH U JICUCHUS TTaTOJIOTHA, CBS3aH-
HBIX C HAPYIICHUEM MaruCTPAIBHOTO apTEPUATLHOTO U
BEHO3HOTO KPOBOTOKA, PETYIISIINH KPOBEHAIIOTHEHUS
MHUKPOCOCYZIOB, a TaKXKe C HapylIeHHEeM LEIOCTHOCTH
KO)KHOTO TOKpPOBa BCIICJICTBUEC MEXaHUYCCKUX TPABM,
OKOTOB Wi 0OMopokerwmid [11].

Cpenn Hambosee paclpoCTpaHEHHBIX METOOB
BH3yaJN3allid KPOBOTOKA MOYKHO BBIJICIIUTH METOJ JIa-
3€pHOM JONIIEPOBCKOM BU3YyaInu3allii, METO/]I JJa3€pHOM
CIIEKJI-KOHTPACTHON BU3YyJIN3AIAN, METON (POTOTIICTH3-
MOTpadUIECKON BU3YyAIH3alMA M KAMIJLIIPOCKOIIHIO
HorteBoro noxa [3]. IlepeuncnenHsie METOIBI HC-
OJIB3YIOT (P GEKThI, CBSI3aHHBIE CO B3aMMOJICHCTBUEM
ONTHUYECKOTO M3IYyUYCHHS] BHAMNMOTO U ONIKHETO WH-
(hpakpacHOTO TUANa30HOB ¢ OMOJIOTHYECKONW TKAHBIO.
B TeTI0BM3MOHHBIX METOAaX JHATHOCTUKH B Ka4eCTBE
MH(OPMAIIIOHHOTO CUTHAJIA UCIIONB3YeTCs COOCTBEHHOE
TETUTOBOE M3ITydeHHE 00bEKTa, HAIPSAMYIO HE 3aBUCSIIEe
OT BHENTHHUX HUCTOYHWUKOB HM3JIYUCHUS, UYTO IOBBINIACT
HaJeXKHOCTbh U3MEPECHUM.

B nacTostiee Bpems B 00J1aCTH MaTeMaTHIECKO# 00-
pabOTKH TEILIOBU3MOHHBIX M300PaKEHUI CYIIECTBYET
JiBa HarrpaBieHus. [lepBoe cBsA3aHO C pereHneM 3a1aqu
BH3yaJIN3alliy CETH BEHO3HBIX WM apTepHANbHBIX CO-
cynoB 0e3 y4era KOJTHIeCTBEHHON CBSI3U C KPOBOTOKOM
B HUX. [Ipy 3TOM TEXHONOTHS BH3yalU3allHH MOXKET
MpeAnoiaraTh PerUCTPAINIo TETUIOBOW peakIuu Ha
OKKJIIO3MOHHOE BO3IeWcTBHE B obnacth 1wieda [13],
peakuu Ha MePHOANYECKYI0 MOAYIISIIUIO0 KPOBOTOKA C
MmoMoIIbIo medeBoi MamxkeTHl (lock-in thermography)
[5, 6, 17], peakuuro Ha BHewmHUM HarpeB [4, 10] unu
oxJaxjeHue [8].

Bropoe HanpasieHue paboT CBA3aHO C MTONBITKOM He
TOJIBKO BU3yalN3UPOBATh AaHATOMUIECKIE 0COOEHHOCTH
COCY/IOB, HO 1 YCTAaHOBHTH CBSI3b TEMIIEPATyPHBIX Tapa-
METPOB C IMoKa3areasiMu KpoBoToka [ 1, 2, 8, 14, 15, 16].

Henan ucciaenoBanusa — pa3paboTka METOAA BU3Y-
aJ3aIii MeUIeHHBIX KojeOaHUil KO)KHOTO KPOBOTOKA
KOHEYHOCTEW, OCHOBAaHHOTO Ha CIIEKTPaIbHON 00padoT-
K€ ITMHAMUYECKIX TePMOTPaMM.

B omnnume ot GONBIIMHCTBA APYTUX TETJIOBU3HOH-
HBIX METOJIOB OIIEHKH T€MOJTMHAMHYECKUX N3MEHEHUH,
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OTIHCHIBAEMBIN METO]T HE HCITOIh3yEeT BHEIITHIOIO HArpy3-
Ky B BHUJIE XOJIOJOBOM, TEIJIOBOM WJIM OKKJIFO3MOHHOM
mpo6. B xauecTBe «HArpy3KM» UCMOIB3YIOTCS Koieda-
HUS1 00bEMHOTO KPOBOTOKA, BEI3BAHHBIE MIPUCYTCTBUEM
€CTEeCTBEHHBIX PHUTMOB M3MEHEHHS TOHYCa COCYAOB B
YaCTOTHOHM 00JIaCTH, COOTBETCTBYIOMIEH SHAOTEIHAIb-
HOM, HEUPOTEHHOM U MUOTEHHON aKTUBHOCTH.
[Ipornecc n3meHeHus: 00LEMHOTO KPOBOTOKA BO Bpe-
MEHHU paccMaT-puBaeTcst Kak mpuurHa (HOpMUPOBAHUS
TETUTOBBIX BOJIH, PACIPOCTPAHSIONINXCS B TKAHU U pe-
TUCTPUPYEMBIX Ha TIOBEPXHOCTH KOXKH KaK M3MEHEHHE
Temneparypsl. PaHee HaMu yCTaHOBIIEHBI COOTHOIIIEHUS
MEXy CHEKTPATbHBIMH COCTABJISIONIMMH KOJIECOaHIH
00BEMHOTO KPOBOTOKA H KOJIEOAHMM TeMTIepaTyphl KOXKHI
[1, 15]. B HacTosmie#t paboTe yka3aHHBIE COOTHOIICHUS
WCTIONB3YIOTCSI KaK OCHOBA aJTOPUTMa BU3yaJH3aI[ul
KOYKHOTO KPOBOTOKA Ha TTIOBEPXHOCTH KOHEYHOCTEH.

MarepuaJ 4 MeTOAbI HCCIe0BAHMS

Pecucmpayus cuenanos. JIns nposepku padboro-
CHOCOOHOCTH MpeaIaraeMoro crnocoda BU3yaau3aluu
KoJIe0aHNH KPOBOTOKA BBIIOJIHSUIUCH OTHOBPEMEHHBIE
n3MepeHHus KojaeOaHnii TeMIepaTypbl KOXXH pyK U ¢poTo-
ruietu3MorpaMmel (DI1I7) y 12 310poBEIX UCTIBITYEMBIX,
HaXOMALIMXCS B HOPMAJbHBIX YCIOBUSIX B TeUeHHE 25
MuUHYT. C 10-i1 o 12-10 MUHYTY SKCIEpUMEHTA ITPOBOIU-
J1ach OKKJIFO3MS C IOMOIIBIO MaHEThI, PACTIOIOKEHHON
B 001acTH miedya; TakuM 00pa3oM, 3alUCh BKJIIOYana
COCTOSTHUS ITOKOSI, OKKJTFO3UH M BOCCTaHOBJICHUS KPOBO-
TOKa IOCJIe OKKIII03uH. CHUrHaN POTOIIIETH3MOTPaMMBI
PETHCTPUPOBAIICS C IOMOIIBIO OTPAXKATEIILHOTO AATYHKA
KL-79102 u cuctemsl 115t ONOMETUIIMHCKIX H3MEPEHHI
KL-72001 (TaiiBans). Temneparypa onpeznensiiach Oec-
KOHTaKTHBIM METOJIOM C IIOMOILBIO OXJIaXK1aeMOH TEeILIO-
Br3roHHON Kamepsl ThermaCam SC 3000 Flir Systems
(IlIBemmst) ¢ TeMmiepaTypHO# dyBcTBUTEIHHOCTHIO 0,02
°C u pazmepoM marpuipsl 320+240 nukceneil.

I'pynny ucCOBITYyEMBIX COCTAaBUIU 7 MYXYHUH U 5
>KeHIIUH B Bo3pacte 20-35 net. I3MepeHust BbINOIHS-
JIMCh TIOCJIE aAaNTaluy HCIBITYEMbIX K JIA00PaTOPHBIM
ycnoBusiM B TeueHue 10—-15 mun. Ilepen usmepenusmu
UCIBITYEMbIE HE YNOTPEOISIM TOHU3UPYIOIINUX HITU
AJIKOTOJIbHBIX HAaIIUTKOB. Bce MCHBITYyeMble SBISUTUCDH
HEKYpSIIUMHU. M3MepeHnst NpoBOIMINCH B TOJIOKEHUH
UCHBITYEMBIX CHIS, PyKH PacIlojlarajich Ha CTOJE C
MOBEPXHOCTHIO M3 NeHomiacta. doromneTusmMorpam-

Ma PEerUCTpUpOBajach C MOBEPXHOCTH YKa3aTEIbHOTO
Majiplia, ¢ TOMOIIBI0 TEIUIOBU30pa PETUCTPHUPOBATIACh
TeMIeparypa MOBEPXHOCTH JEBOM U MpPaBOM KHUCTEH.
Yacrora ceemku Tepmorpamm — 2 ['1y, hororuieTismo-
rpamm — 50 I'm.

B kauecTBe mepeMeHHOU, XapakTepu3yrouen u3-
MEHEHHE KPOBEHAITOIHEHUS MalbIla, UCIIOIH30Bajlach
orubaromas, COeIUHSIMAas MAaKCUMYMBbI TTYJIbCOBBIX
BOJTH (hOTOTLIETH3MOTPAMMBI, K KOTOPOU ITPUMEHSIIOCH
MOCIIEAYIONIee CTIIAKHBAHNE U IIPOPEKUBAHUE C YACTO-
TOH nuckperusauuu 2 I' Ay qansHeHero conocTas-
JICHVsI C CUTHAJIOM TEMIIePaTyPHI.

Memoo npeobpaszosanus memnepamypHuix Koneba-
Hutl 8 Konebanusi kpogomoxa. OCHOBHAS Ujesl MeToIa
COCTOHUT B BOCCTAaHOBIICHHH KOJI€OAaHWUH KPOBOTOKA C
MTOMOIIIBI0 KOMIICHCAIINN 3aTyXaHHs W JUCIIEPCUU Te-
TUIOBOY BONHBL. [l mpeoOpa3oBaHus MOCIIEA0BaTEIb-
HOCTH TEIUIOBU3HOHHBIX M300PKEHUIA KUCTH B KAPThI
pacnpeneneHus KoieOaHHiH KPOBOTOKA UCIOIH30BAJICS
Cleayromui anroputM (puc. 1).

B xaxxnoii Touke TepMorpagpuuecKoro H300paskeHus
(Xm, Yn) pazmepoM m=n BEIYUCISIICS 4aCTOTHO-BpE-
MEHHOUW BEHBIIET-CIIEKTP KOJIeOaHMA TEMIIEpATypPhI ISt
criektpaisHoro auanazona 0,001-0,1 T'u, onpenensuics
Habop criekTpanbHbIX cocTaBisromux ST(f, t) (mwar 1 Ha
puc. 1), rne f — dacToTa crieKTpaIbHON COCTABIISFOIIEH;
t — MOMEHT BpEMEHHU M3MEPEHMsI CIEKTPAIBHOMN Co-
CTaBJIAIONIEH (OITMCaHNe YaCTOTHO-BPEMEHHOTO aHAIIN3a
ObLI0 maHo paHee [1]).

3arem (mrar 2 Ha puc. 1) aMIUIATyna KaXJOU CIIeK-
TpansHOH cocraBistomei ST(f, t) ymHOXanace Ha
xko3pdunuent C,, (f) (Bepaxenue (1)), mocne yero
CIIEKTpajibHAsI COCTABIISIIONIAS CABUTANACh HA BPEMS

3anasapiBanus Aty o (BBIpaKeHue (2)):

Camp(f,z)=¢exp| z- M

Atpyase (f,2) = )

rJe z — TOJIIUHA PacCMaTpUBaeMOro ciiosi OMOTKaHWU;
A — KodpULMEHT TerIonpoBogHOCTH KoxkH (A=0,33
Bt1/(mK); C — ynenbHas TeroemMkocTb koxu (C=3780
JUk/K'kr ); p — mutotHOCTB KoxkH (p=1057 kr/m?).

| I i
Brruncienne Moaudurcanus Cunres
CIIEKTPAJIBHBIX CMERTPATILHBIX MOAHGHIIPOBAHHLIX
Temnipmypuue COCTABIISTIOIIHX COCTABJSIIOLIX KoJ1e0aHmii CHEKTPATLHBIX
Kosedanns T(t) KoJIedanmii TEMIIEPATYPHI cocTapasmioninx Sgr(f,t)
B IOk | Temmeparypbl  [¥(mOTyteHme HOBBIX [
T O PEAEMELE St(f t)u CIIeKTPATBHBEIX  COCTABIISIOIIIX (oOpaTtHOe BeliBIeTHO®
KOOPEEHHE?&MH (npﬂa;oe Sgr(ft) IIOCPENCTBOM utu Oypee
X, Vo) IpeoOpPa30BaHIIe H3MEHEeHNA AMILTHTY 61 IpeodpasoBaHie,
Oypse IWIH IpAMoe (vpapeerne (1)) wu  dasml MOCTPOSHHE KPHBOIT
BeliBIeT- (vpaBpreHHe (2)) CIIeKTpaThHBIX KOJIeOaHHI KPOBOTOKa
npeoGpasoBatie) coctapagromux St(f, t) BF(t) B Touke (X, Yo)

Puc. 1. biaok-cxema npe06pa3OBaH1/I$1 TEMIICPATYPHBIX KOJIEOAHMI KOKH B KOJI€OAHUS KOKHOI'O KPOBOTOKa
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Buj 9acTOTHRIX 3aBHCAMOCTEH KO3 (HIHECHTA 3a-
TyxaHus (1) ¥ 3ana3apBaHus (2) IpUBEIEH Ha PHC. 2.

IIpozpamma npeobpazoeanua konebanuii memnepa-
mypel € konebarus Kpoeomoxa. J17s ipeo6pa3oBaHus KO-
JIe6aHHH TEMIIEPATYPHI KOXKH B KOJIcOaHH KPOBOTOKA (H

Spr(f»9) = Camp (f52) S (f 1+ Atpyase (5 2) ),(3)06parHo) paspaGoTana nporpamma « TBFconverter.exe»

B pe3ynbrare MoAH(HKAIIHH CIIEKTPAIBHBIX COCTaB-
JSIOIEX TIONYYATUCh HOBBIE cocTapiuiomue S (f, t)
(BeIpaxkeHHE (3)), paccMaTpHBacMBIE KaK CIIEKTPAIbHBIE
COCTABILIIOINHE KOJIeOaHUH KPOBOTOKA. C HCIIONIB30Ba-
HHEM 00paTHOTO BEHBIIET-NIPE0OPa30BaHUS BHIIOTHSICS
CHHTE3 CIEKTPAIbHBIX cocTaBuomux S (f, t) (mar 3 na
pHc. 1), 9T0 B pe3ynsTare 03BOIUIO OTYIHTh CHTHATT
Kosne6anmui kpoBoToka BF(t).

KoneGanusa KpOBOTOKA, ONPEACICHHEIE B KaXKIOH
TOYKE TEPMOTPAMMBI, JAIOT BO3MOXKHOCTh IOCTPOHTH
KapTy pacupezencHus KoneOanuil KpoBoToka. IIpume-
HHMOCTB COOTHONIEHHE (1—3) K OIMHCaHMIO B3aHMOCBSI3H
KoJIe6aHHH TEMIIEPATYphl H KPOBOTOKA pacCMOTPEHA
pasnee B pa6ore [1].
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Puc. 2. YacToTHEIE 3aBHCHMOCTH K03 pHIIHEHTa 3aTyXaHHA
(a) = zamazneBaHEA () COEKTPAIBHBIX COCTABILIIONIHX KO-
neGaHHH TeMIIepaTypsl OTHOCHTEIBHO COCTABIIIIONIHX KOJIe-
OaHHI KPOBOTOKA

(puc. 3), ucronp3yronias OMACAHHBIN BHIIIE aITOPHTM
(puc. 1). I[Tporpamma « TBFconverter.exe» T0CTyIIHA A7
ckaunBaHus Ha caiite LiveTIR.com (http://livetir.com/
software-for-download.html).

JononuutensHo nporpaMma «TBFconverter.exe»
II03BOILIET OOHAPYKHBATh MAKCHMYMBI ITYIbCOBBIX BOJIH
(OTOIIETH3MOTPAMMEI, CTPOHTH OTHOAIONIYX0 MAKCH-
MyMOB (pOTOILIETH3MOIPAMMBI, COXPAHATH PE3YNBTATHI
00paGOoTKH B YHCIIOBOM HIIH rpaduueckoM Gopmare.

Pe3yabTaThl HCCJI€I0BAHHASA H HX 00CYXKIeHHE

O0paboTKa I10CIIE0BATENFHOCTH TEIUIOBH3HOHHBIX
H300paXCHHHM KHCTEH C IOMOINBIO BEIIEOIHCAHHOIO
METO/la IIO3BOIH/IA BH3YAIH3HPOBATh paclpeeIcHHue
HHTEHCHBHOCTH KolleOaHui KpoBoTOKa. Ha puc. 4 npu-
BEJICH IIPUMEP KapT pacIipeie/ICHHs KoleOaHui KOXKHOI0
KPOBOTOKA BO BPEMS COCTOSHHS IIOKOA (6€3 BHENIHETO
BO3JIHCTBHSA) (2-51, 4-1 U 8-51 MHHYTEI), BO BpPEMS OK-
KJIFO3HOHHOMH ITPOOKI Ha MpaBoii pyke (10-1, 11-1, 12-1
MHHYTEI), BO BpEMS IIOCTOKKITFO3HOHHOM runepeMud (13
MHHYTA) H BO BpeMs IOCIEAYIOIEH HOPMATH3AL[HH KPO-
BOTOKA (18-, 22-51 MuUHYTHI). [IpEMEPHI OCTPOEHHBIX
JHUHAMHYECKUX KapT KolIeOaHHH KPOBOTOKA Pa3MEMIEHEI
Ha ctpanune http://livetir.com/blood-flow-videos.html.

COOTBETCTBYIOIHE BPEMEHHBIE 3aBHCHMOCTH KOJIE-
GaHuil TeMIIepaTypsl U KPOBOTOKA, PETHCTPHPYEMEIE B
00I1aCTH yKa3aTeIbHOIO Ialbla IPaBOH pyKH, IIPHBE-
JIeHBI Ha PHC. 5. YCpeTHEHHBIE 10 IPYIIIIE HCOBITYEMBIX
K03()HIHEHTHI KOPPETIAIMH BHINIEYKA3aHHBIX KPHBBIX
JIO H IIOCJIE MareMaTH4eCcKol 00pa0bOoTKH IPEACTaBICHEI
B TaOIHIIE.

IIpoanamu3upyeM IHHAMHKY KOXHOT'O KPOBOTOKA,
BOCCTAHOBJIEHHYIO IIOCPEACTBOM CIIEKTPaIbHOH 00pa-
GOTKH IOCIEN0BATENBHOCTH TEINIOBH3HOHHBIX H300pa-
yeHrH (pHc. 4). JIo Harpy3Kd Ha IOBEPXHOCTH KHUCTEH
IIPOHCXOAAT H3MEHEHHA 00BEMHOIO KPOBEHAIIOTTHEHHUS
KoJIe0aTeNbHOTO XapakTepa (2-51, 4-4, 8- MUHYTHI).

[ToBhIIEHHE KPOBEHAIOMHEHHA NEPHPEPHIECKUX
COCY/IOB H OTKPBITHE KAIH/ULIPOB OOBIYHO IIPOHUCXOIUT
BCIIE/ICTBHE YMEHBIICHHS TOHYCA aPTEPHON H OTKPBITHS
apTEPHOIIO-BEHYIAPHEIX aHACTOMO30B. COIIPOBOXa-
IOIEE JAaHHBIA MPOLECC YBEINYECHHE apTEPHAIBHOIO
IIPUTOKA IIPHBOAMT K YBEIHYCHHIO TAKKE BEHO3HOIO
OTTOKA, 9TO CIIOCOOCTBYET IPOSBICHUIO BEH HA KapTe
KoJIeOaHHH KPOBOTOKA (4-1, 8-51 MUHYTHI).

Cpenune 3Ha9eHHs K03 QHIHEHTOR KOPPEIAIHH KoleGaHHH KPOBOTOKA H TEMIIEPATYP5I A0 peobpazoBaHHH
H II0CJIE BEIIIOTHEHHS IPOLEAYPhI TepMOrpadHIecKoH BH3yalH3alHH KoleOaHH i KPOBOTOKA

Tatauna

Ko pHIHEEHT KOPPEIAIHE CHTHAIOB BO BpEMEHHOH 00IacTH

HcxonHbIe CHTHAIIEI

Ilocre BEIIONHEHHS IPOLIETYPHI BH3yATH3aHH KolleOaHHH

KPOBOTOKa
0,18 0,69
(0,14; 0,23) (0,66; 0,75)

TIpuMedaHHe: yCpeIHEHHE BEIIOIHEHO II0 TPYIIIe H3 12 HCIBITYeMEIX, B CKOOKaX yKa3aHEI 3Ha9eHHA 1-T0 H 3-T0 KBapTHIEH

pacIpe/ielleHHs 3Ha9eHHH KOPPETIIIHH.
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| Blood Flow: Example 1
]

m 3

Puc. 3. Oxno nporpammer «TBFconverter.exe», npemqHasHadeHHON A7 TpeoOpa3oBaHusl KoJIeOaHMI TeMITepaTypsl KOXKHU B
KPOBOTOK M 0OpaTHO
YcnoBua nokos

MOCTOKKNH3MOHHAA rnepemMmmnA YCroB1A NoOKoA
= =

13 MUH ' 18 MMH ' 22 MWH

Puc. 4. [Ipumep Bu3yanu3anuu KojacOaHHA KOXKHOTO KPOBOTOKA MOCPEICTBOM CIIEKTPAIbHOW 00pabOTKU TepMorpamMm (H30-
OpaXeHUs] COOTBETCTBYIOT PACIPECIICHUIO KoJeOaHU KPOBOTOKA BO BPEMsI COCTOSIHUH IMOKOSI, TICUCBON OKKITFO3UHU U T10-

CTOKKJIIO3MOHHOHN THUIIEPEMHH)
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Puc. 5. Bug xonebanuii TemrepaTypsl H KpOBOTOKA 710 00pabOTKH (@) U MOciie BRIYHCIECHHUS KOJIeOaHU KPOBOTOKA U3 TEMIIE-
paTypHBIX JaHHBIX U HOpMaiu3anuu (6) (IIyHKTUpHAs KpUBasi — TEMIepaTypHbIE JaHHbIC; CIUIOIIHAS KPUBasi — KoJieOaHHs

KpPOBOTOKa)

Kaptbl xone0aHuil KPOBOTOKA, COOTBETCTBYIOIINE
2-4, 4-s1, 8-1 MUHYTaM Ha PUCYHKE 4, JEMOHCTPUPYIOT
CUMMETPUYHOE pacipesaeieHue konedaHuii Ha moBepx-
HOCTHU JIEBOM M IpaBOM KHCTH. B MOMEHT co3maHus
OKKJIIO3MH B 00JIaCTH MJIEYEBOM apTepUu NPaBOH PYKH C
MTOMOIIIBIO ITHEBMATHYECKON MaHeThI (puc. 4, 10-s1 mMu-
HyTa) HaOJIoAaeTcs KPaTKOBPEMEHHOE MOBBILIIEHUE KPO-
BOTOKA B IAJIbIIAX, YTO MOXKET OBITh CBSI3aHO C pEaKLIUeH
COCYIIMCTOM CTEHKH Ha OKKJIIO3MOHHOE BO3JCHCTBHE.
CoznaHue OKKIIO3UHU IJIEYEBOW apTEpUU MPOUCXOTUT
HE MTHOBEHHO, MPOCBET MJIEUYEBONW apTEpPUH CY’KAETCs
MOCTETEHHO NMPH NOBHIIICHUH AAaBICHUS B MaHXETe.
B pesynbprare cKOpoCTh KPOBOTOKA B MECTE CYKEHHS
MOBBIIIAETCSA, YTO MOXKET MPUBOJUTH K COCYAUCTOM
peakuuy NanbleB, CONPOBOXKIAIOLIEICS MOBBIILIEHUEM
nX 00bEMHOTO KpoBeHaroaHeHus. JlaHHblii g dekT kpa-
TKOBPEMEHHOT'O TIOBBIIIIEHUS KPOBOTOKA IPU CO3IaHUHU
OKKITIO3MH HanboJiee BHIpaKEH Ha MajbliaX KHUCTH, KaK
nokasbiBaeT puc. 4, 10-s munyTa. [IposBnenne apdexra
Y Ka)KJIOTO UCTIBITYEMOTI'O 3aBUCHUT OT CKOPOCTH HarHeTa-
HUS BO3/IyXa B THEBMATUYECKYIO MAHKETY.

Bo Bpemst OKKITI03UH HAOII0AAETCsl pe3Koe MaeHre
aMIUTATY]IBI KONleOaHni 00beMHOTO KPOBOTOKA, 0COOCH-
HO B oOnactu nansues (puc. 4, 11-s1, 12-9 MunyTHI). B
OONBIIMHCTBE CIy4aeB OKKIIIO3HUs Ha IPaBOU pyKe Mpu-
BOJIMJIA K U3MEHEHUIO XapakTepa KoyieOaHuil KpOBOTOKa
1 Ha JIeBOM pyke. Bo Bpemsl MOCTOKKIIFO3MOHHOM THUIepe-
MHUH HaOIIOAACs Pe3KUH POCT aMIUIUTYIbl KOneOaHui
KPOBOTOKa C MAKCHMYMOM B 00J1IaCTH KOHYMKOB NAJBLEB
(puc. 4, 13- munyta). Ha kapte koneGaHnii KpOBOTOKa
3aMeTHa aCUMMETpHUs paclpesiesieHns] KpOBOTOKa Ha
JIeBOHM U NPaBO KUCTU. Uepe3 HEKOTOpoe BpeMs BOC-
CTaHaBJIMBAJIOCh COCTOSIHUE TIOKOSA, B KOTOPOM B HOpME
OoTMEYaeTcs CUMMETPHS paclpeneieHnsi KpOBOTOKA B
JIeBoW U npaBoi kuctu (puc. 4, 18-1, 22-1 MUHYTHI).

Kaxk cnenyer u3 ananu3a JaHHBIX Ha pHC. 5, a, HavYa-
JI0 crajia TeMIIEPaTyphbl BO BpeMs OKKJIIO3UHM M HAa4ajIo
noAbeMa TeMIIEPaTyphbl TOCJe CHATUS OKKIIO3UH I10-
ABJISIFOTCS C 3ama3/biBaHieM. [IpruMeHeHre npouenypst
BHU3yallu3allii KoJlieOaHUH KPOBOTOKA B pe3yibTaTe
00paboTKN JUHAMHUYECKUX TEPMOTPaMM M TOCIEAYIO-
11ee MOCTPOCHNE KPUBOM KPOBOTOKA C 00JIaCTH Masbla
MO3BOJISIET HE TOJIBKO BOCCTAHOBUTH (YOPMY N3MEHEHUS
MHTEHCUBHOCTH KPOBOTOKA, HO M YCTPAHUTh BPEMEHHbBIE
3aJIep>KKH, TPUCYTCTBYIOLINE W3HAYaIBHO B TeMIlepa-
TypHOM curHaine (puc. 5, 0). B 6onpmmHcTBE Uccneno-
BaHUI1, HOCBSIICHHBIX aHAIU3Y TEMIIEPATyPHOU PeaKuu
Ha OKKITIO3MOHHYIO Po0y, HanpumMep, B padorax [9, 12]
HE YYUTBIBACTCS HATMYHE 3aa3/IbIBaHusI CT1aAa U OAb-
eMa TeMIepaTypbl OTHOCUTEIHHO MOMEHTOB BPEMEHH
Hayajla 1 OKOHYaHHS CAABIIMBAIOIIETO BO3ACHCTBUS
MmamkeThl. [locneqHee MoxXeT IPUBOANUTL K HEBEPHOI
OLIGHKE BPEMEHHBIX U aMILTUTYIHBIX TAPaMEeTPOB Ha 3a-
BHUCHMOCTH TEMIIEPATYpPhI OT BPEMEHH U, KaK CIIE/ICTBHE,
K HEKOPPEKTHBIM Pe3yJIbTaTaM IMarHoCTHKH, HAIPUMED,
SHIIOTENNATLHON (YHKIIHH.

B pesynpraTte crnekTpanbHOR 00pabOTKH TUHAMH-
YECKUX TEpPMOTpPaMM B COOTBETCTBHUU CO CXEMOH Ha
puc. 1 Koppemsiuys Moy4YeHHBIX CUTHAJIOB C CUTHAJIOM
KPOBOTOKa, MOJYYCHHBIM METOAOM (OTOIIETH3MO-
rpadun, yBeIuyuiachk B cpeqHeM o rpymmne ot 0,2 1o
0,7 (Tabmuna), 9YTO CBUJICTEIILCTBYET O 3HAYUTEIHBHOM
NpUOIMKCHUH BUJIa 00pabOTaHHOTO TEMIIEPATyPHOTO
CHUTHAJIa K CUTHAJIY KPOBOTOKA.

BoiBoabI

OnucaHHBII METO]] TETNIOBU3MOHHOM BU3yalIu3aluu
KoJIe0aHNH KO)KHOTO KPOBOTOKA, OCHOBAaHHBIH HA MOJIU-
(UKaKMKU CIEKTPAIbHBIX COCTABJISIONIMX KOJIeOaHUM
TEMIIEPATYPBI, MOXKET KOHKYPUPOBATh C CYLIECTBYIO-
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[IMMHA METOJaMH BH3YyaJIH3allMd KPOBOTOKA IO TaKUM
rmapaMeTpaM, Kak MPOCTPAHCTBEHHOE W BPEMEHHOE
paspemienue. [lomydaemsrii B pe3ymnbprate 00pabOTKH
TEMIIEPaTypPHBIX AAHHBIX CHTHAJI KPOBOTOKA HE 3aBH-
CHUT OT BHEIIHUX UCTOYHHUKOB BUAMMOTO U3ITyUESHUSI, HE
KPUTHYEH K YIIIy CheMKHA M MOXKET PETUCTPHUPOBATHCS
KaK Ha MMOBEPXHOCTH BCETO Teja, TaK U Ha OTAEIBHBIX
€ro y4acTKax.

[IponeMoHCTpHUPOBaHHBIE KapPTHI KOJIEOAHUH KPOBO-
ToKa (puc. 4) comepkar HOBYIO HH(OPMAITUIO O MTHO-
BEHHOM pacIpe/le]IeHN WHTEHCUBHOCTH KPOBOTOKA B
Pa3IMYHBIX aHATOMHYECKUX O0IACTSIX ¥ €T0 AMHAMUKE.
C noMouIbio ONUCAHHOM TEXHOIOIMH BO3MOXKHO OIpeie-
JIEHWE CUMMETPHUH-aCUMMETPHH PacIIpeIeIIeHIs KPOBO-
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Thermal imaging of the skin blood flow oscillations in extremities:
modification of the spectral components
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Abstract

Objective. The aim of the study was description of the method of skin blood flow imaging via spectral processing of
the dynamic thermograms of extremities.

Materials and methods. The method realized by decomposition of the temperature signal into spectral components,
modification of the spectral components and inverse transform of the spectral components into a new signal, which is
considered as blood flow. Modification of spectral components was accomplished taking into account skin properties,
and intended for the compensation of attenuation and time lag of temperature spectral components relative to blood
flow components.

Results. Blood flow maps of hands during arm cuff test have been demonstrated. Blood flow values calculated from
the dynamic thermogram have been validated by photoplethysmography. The technique allows restoring of the blood
flow oscillations at any point of the thermogram of the object. Benefits of thermal imaging of blood flow are the following:
results are not depended from the ambient light, the method not critical to the camera angle, and blood flow maps can
be registered both from the whole body and small areas. The method of blood flow imaging, in a long view, applicable
for the monitoring of the skin microcirculation in progression and treatment of diabetic foot syndrome, Raynaud’s

syndrome, as well as burn, frostbite, mechanical injury, and atherosclerosis.
Keywords: thermal imaging, thermography, photoplethysmography, imaging, temperature oscillations, blood flow

oscillations, wavelet analysis.
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