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AHHoTanus. B coBpeMeHHOM KIMHUYECKOM TpaKkTHKE KpaWHE aKTyalbHbl OICHKA COCTOSHHS
MUKPOLUPKYJSIIMM KPOBU M JUArHOCTHKA MUKPOLMPKYJISTOPHBIX PAcCTPOMCTB MNpPHU CaMBIX pa3JIMUHBIX
3a00JIeBaHUAX: B KapIUOJIOTHH, JUAOETONIOTHH, IPU OHKOJIOTHH, B IEPMATOJIOTHH, CTOMAaTOJIOTHH, XHUPYPTHH H
peaHuMaronoruy. PaccTpoiicTBa MUKpOLMPKYJISIIMM BECbMa pa3HOOOpa3HbI Kak 10 CBOEMY NATOTeHe3y, TaK U
10 KJIMHUYECKUM NpOsBIeHUSIM. [103TOMY B KITMHUKE pa3IUYHBIX 3a00JIeBaHUI U S9KCTPEMANIbHBIX COCTOSIHUM, a
TaKoKe MPU KOPPEKIMH MHUKPOLMPKYIATOPHBIX HApyLIEHHH HEOOXOIMMBI METOABI KaK ONEPaTUBHOH OLICHKH
COCTOSIHUSI KDOBOTOKA Ha TKaHEBOM YPOBHE, TaK M JJIUTEIBHOTO €r0 MOHUTOpUHTra. MHTepec K HCCIIe0BaHuUIo
MHUKpPOCOCYJHCTOIO pycila CHUCTEMbl KPOBOOOpAILlEHHs OOYCJIOBICH 3HAYMTEIBHOW pOJBbIO KalWUISIPOB B
OCYIIECTBIICHUH OCHOBHBIX IIPOLIECCOB JKU3HEACATEIILHOCTH OpTaHu3Ma, B TPOPHUIECKOM 00eCIIedeHHH OpTaHOB
U HMX HENOCPEACTBEHHOM YYacTHH B TKAHEBOM M KJIETOYHOM JbIXaHMH. OT COIJacoBaHHOHM padoThI cepiua,
KPYIHBIX KpPOBEHOCHBIX Marucrpaieili M COCyZOB MHUKPOLMPKYIALUM B LEIOM 3aBUCAT 3I0POBbE U
MIPOJOJKUTENBHOCTD JKU3HU YeTIOBeKa. ABTOpaMHU H3y4€HBI COBPEMEHHBIE ONTHYECKUE METOJbI AUArHOCTUKU
MHUKpOIMpKyIAuyd. OOOocHOBaHA I1€1€CO00pa3HOCTh TNPHMEHEHHs METOIa CHEKI-BU3yalu3alld s
HEWHBA3UBHON OSKCIIPECC-OLEHKH COCTOSHHS MHKPOLHMPKYIATOPHOTO pycia IOBEPXHOCTHBIX OHOTKaHEeH
yenoBeka. s peanusanmuu MeTOAa CHEKI-BU3yalM3allid pPa3pabOTaHO METOAWYECKHE M IPOrpaMMHOE
obecreyeHne. DKCIIEPUMEHTAIFHO OOOCHOBAHBI IMapaMeTpsl OO0pabOTKH, HanOollee ONTHMATIbHBIE C TOYKH
3pEHUs] COOTHOUIEHUsI NMPOCTPAHCTBEHHO-BPEMEHHOTO Pa3pelleHUsI U BPEMEHM BBIYMCICHUH. Llenpio maHHON
paboTBl  SIBASETCSl OKCIIEPUMEHTANbHAS ampolaims pa3padOTaHHOTO METOAMYECKOTO W amllapaTHOro
obecrieueHnsl CIEKI-BU3YAIM3alMU JUIl JUATHOCTHKA MHUKPOLMPKYJSIMN MOBEPXHOCTHBIX OWOTKaHEeH
yenoBeka. [IpoBeneHsl MCCIeOBaHUA COCTOSHHUS MHUKPOLMPKY/SIIMK B MOBEPXHOCTHBIX COCYAAX KOXKH MU
NPOXOXKACHUH (HU3HOTEPANIEBTHYECKUX NPOLEAYp M IPH MMHTALUH IATOJOTHH. Pe3ynbTaThl MpOBENeHHBIX
HCCIIEJOBAaHMH JO0Ka3alH IIeJIeC000pa3HOCTh UCIIONB30BAHMA Pa3pabOTaHHOIO MPOrPaMMHOI0 00ECTICUSHUS IS
Ka4eCTBEHHOHN AMarHOCTUKH COCTOSHHUSI MHUKPOLMPKYIALMH TOBEPXHOCTHBIX OMOTKAaHEH 4YellOBEKa: BBIABIICHBI
MepBUYHBIE HW3MEHEHHWS B MHUKPOLMPKYSIIHH, OOECHedeHa BH3YyaldM3alus JalbHEHIINX H3MEHEHWH,
MIPONCXOIAIINX B MPOIECCE TPOXMKACHUS (PU3UOTEPATICBTUIECKIX MPOLIETYD.

KnroueBble cjI0Ba: MUKPOIMPKYJISIMSA KPOBH, KpPOBOTOK, CHEKJI-BH3yaJM3alMs, CIIEKI-U300pa’keHHeE,
KOHTPACT, HEMHBA3WBHAs TMArHOCTHKA, Tep(y3Hs TKAHEH.

Kongukt uHTEpecoB. ABTOPHI 3asBISIOT 00 OTCYTCTBHU KOH(MDIMKTa HHTEPECOB.

“ CTaThsl peKOMEHI0BAHA JIsl ONMYOIMKOBAHKSI OPraHM3alIMOHHBLIM KoMuTeToM Benopyccko-Kuraiickoro
KOHKYpCa HAYYHO-TeXHHYECKOr0 TBOPYeCTBa CTyAeHTOB (T. MUHCK, 22 HOs10ps — 27 nexadps 2019 r.).
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Abstract. In modern clinical practice, the assessment of the state of blood microcirculation and the diagnosis
of microcirculatory disorders are extremely relevant in a variety of diseases: in cardiology, diabetology,
oncology, dermatology, dentistry, surgery and resuscitation. Microcirculatory disorders are very diverse both
in their pathogenesis and in clinical manifestations. Therefore, in the pattern of various diseases and extreme
conditions, as well as in the correction of microcirculatory disorders the methods are needed for both operative
assessment of the state of blood flow at tissue level and for its long-term monitoring. The interest in the study
of the microvascular bed of the circulatory system is sparked by the significant role of capillaries
in the implementation of the basic processes of the body’s vital activity, in the trophic support of organs
and their direct participation in tissue and cellular respiration. The health and life expectancy of a person depend
on the coordinated work of the heart, large blood lines, and microcirculation vessels. The authors have studied
modern optical methods for diagnosing microcirculation. The feasibility of using the speckle imaging method
for noninvasive rapid assessment of the state of the microvasculature of human surface biological tissues
has been substantiated. To implement the speckle-visualization method, methodological and software have been
developed. The processing parameters that are most optimal from the point of view of the ratio of spatio-
temporal resolution and computation time have been experimentally substantiated. The purpose of this work
is the experimental testing of the developed methodological and hardware speckle imaging for the diagnosis
of microcirculation of human surface biological tissues. The authors have carried out the studies of the state
of microcirculation in the superficial blood vessels of the skin during physiotherapeutic procedures
and in the imitation of pathology. The results of the studies have proved the feasibility of using the developed
software for a high-quality diagnosis of the state of microcirculation of human surface biological tissues:
primary changes in microcirculation are revealed, further changes to occur during physiotherapeutic procedures
are visualized.

Keywords: blood microcirculation, bloodstream, speckle visualization, speckle image, contrast, tissue
perfusion.
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BBenenne

Hdns peanuzanmu MeTola CHEKI-BU3yalM3allUd aBTOPaMU pa3padOTaHO METOANYECKOE
U anmnapaTHo-iporpaMmHoe obecriedenue (puc. 1) [1]. OxcriepuMeHTanbHO 000CHOBAHBI MAPaMETPh

“The manuscript has been recommended for publication by the Organizing Committee of the Belarusian-Chinese
Competition of Scientific and Technical Creativity of Students (Minsk, November 22 - December 27, 2019).
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o0pabotku. Hambonee moka3aTelbHBIMU TapaMerpaMu OOpPaOOTKH SIBISIFOTCS: MPOCTPAHCTBEHHAs
00paboTka C pa3MepoM OKHa 5x5; BpeMeHHas 00pa0OTKa C KOJIMYECTBOM KaJpoOB, pPaBHBIM 21;
MPOCTPaHCTBEHHO-BpeMEeHHas 00paboTka B KyOe 5x5x7 [2]. B nenom mpoctpancTBeHHas o0paboTka
MMEeT CYIIECTBCHHBI HEJOCTaTOK — OHA YMEHBIIAeT IMPOCTPAHCTBEHHOE pa3pelICHHE CIEeKII-
n3o0pakenuii. Bpemennas o00paOoTka MOAXOMUT Ui WIACHTU(UKALMK JBWKYIIMXCSA YAaCTHII,
T. €. JUIS OLICHKH OOIIEro YpOBHS MHUKPOLMPKYJISIMU B HCCISIYEMOi 00IacTH, a MPOCTPAHCTBEHHO-
BpE€MCHHAas MEPCAACT TOIMOJIOTUI0 MOBCPXHOCTHLIX KPOBECHOCHBIX COCYIOB.

OcHoBHbBIE PE3YJIbTATHI HCCJIe}IOBaHHﬁ, HX HAYYHasl U IPaAKTHYIECKasd 3SHAYUMOCTDb

C nenbio BHISIBICHUS U3MEHEHHUI B COCTOSHUM MUKPOLUPKYIALMHA B HOPME U MPHU MATOJIOTHH
ObUTM TIPOBEIEHBI MCCIEJOBAaHMS KpPOBOTOKA Ha OCHOBE METOAa CHEKI-BU3yalM3alud IpH
MEXaHWYECKHX TMOBPEXKICHUSIX ITOBEPXHOCTHBIX TKaHed. VMuTanmeld MaTOJOTHH TOCTYKUIO
MEXaHWYEeCKOe BO3JEHCTBHE (HaHECEHHE ILapanuH) Ha BBIAETEHHBbIE ydacTok (pasmep 40x40 mm)
MTOBEPXHOCTHBIX TKaHEW HCHBITYeMbIX. B ncnblTaHusax npuHsu ydactue 10 denoBek: 4 >KEHIIUHBI,
6 myxunH. CpenHuii Bozpact 22 rofa. PermcrpupoBaiock HCXOMHOE COCTOSHHE MUKPOIMPKYJIISIIHN
HccienyeMbplx ydacTkoB koxku (0 muH), mocie 3aBepiieHusi ceanca (10 muu) u crmycts 20 MuH.
Habnronanuce Bu3yanbHble H3MEHEHUS! HAa UCCIEAYEMbIX y4acTKaxX MOC/Ie HaHECEHUS! MEXaHUYECKHX
noBpexkaeHuit. [lomydennasie creki-u3o0pakenusi (puc. 1) MOKa3BIBAIOT, YTO BEAYIIEH peaKIuel
MUKPOLHPKYISIPHOTO KPOBOTOKA B YCIOBHSIX AUCHYHKIINH KOXKH SIBUJIOCH CHIDKEHHE MHTEHCHBHOCTH
MUKPOLMPKYJISINH, CBSI3aHHOE C MPOIECCOM TeMOocTa3a (CBEpThIBAaHUE KPOBH).

I " I

e f g h

Puc. 1. Cnexi-n300pakeHUs] MEKPOLMPKYIISIIMN HCIIBITYeMOro B (y4acTOK KOXKH 3aIsICThe), ITOTyIeHHBIE
B pe3ynbTaTe MPOCTPaHCTBEHHO-BPEMEHHOI 00paboTKH, 10 HaHECEHHS MTOBPEKICHNUH (@), HETTOCPEICTBEHHO
ocyIe HaHeceHws TIoBpeskaeHuiA (D), yepe3 5 MuH ToCITe HaHEeCEeHHUs TOBPEXKIeHHH (C), uepe3 10 MuH mocie
HaHeceHus moBpekaeHuit (d), uepes 15 MUH mociie HaHECEHUS IOBPEXACHH (€), uepe3 20 MUH TOCTIe HAHECEHHSI
noBpexaennii (f), uepes 25 mun HaHeceHus moBpexaeHui (Q), depe3 30 MUH mocie HaHeceHus moBpex aeHii (h)
Fig. 1. Speckle images of microcirculation obtained as a result of spatio-temporal processing of test subject B
(wrist skin area) before damage (a), immediately after damage (b), 5 min after damage (c), 10 min after application
damage (d), 15 minutes after causing damage (e), 20 minutes after causing damage (f), after 25 minutes of causing
damage (g), after 30 minutes of causing damage (h)

Uccnenosanus COCTOSIHUS MUKPOLMPKYIISILIUN YyeJoBeKa npu MIPOBEICHUN
(m3HoTEpaneBTUYECKNX TpOoIenyp NpoBomuick Ha Oa3e wuH(ppakpacHoir (MK) kamepsr mis
HU3KOMHTEHCUBHOTO BO3ICHCTBHS HA TENO YelOBeKa. B MCIBITaHUSIX NMPUHAIK y4acTHe 15 yenoBek:
9 sxermuH, 6 MyxxunH. Cpenauii Bozpact 22 roma. OOBEKTOM HCCIIEIOBAHUS SBISUICS YYACTOK KOXKHU
Ha 3alsicThe M JIAJIOHH TpaBod pyku manueHTa B ¢dopme kBampara 40x40 mm. PaccrosHus ot
HCTOYHHUKA CBETa, a TAaKXKe OT 0OBEKTHBA KaMephbl 10 McciedyeMoro ydactka cocraBistin 400 M.
[IponomxurensHOCTh ceaHca cocraBwia 30 muH. Temmeparypa BHYTpU KaOMHBI BO BpeMs ceaHca
cocraBmsia 39 °C. PeructpupoBanoch HCXOJHOE COCTOSIHUE MHUKPOLMPKYJISIIAU HCCIENLyEeMbIX
y4yacTkoB kKoxH (0 MuH), ocie 3aBepiieHus ceanca (5, 10, 15 mun) u cinycra 20 munyTt. BusyansHbix
W3MEHEHUH Ha HCCIeAyeMbIX y4acTKax Mocie NpOBeJeHNS MPOoLeayphl He HaOI01a10Ch.
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IMonyueHubIe CIEKIT-M300paskeHHsI MOKAa3bIBAIOT, 91O BeyIICH peakmuei
MHUKPOIIMPKYSIPHOTO  KPOBOTOKA B YCIIOBHSAX THICPTEPMHH  SBUJIACH €r0  BBIPaKCHHAS
nHTeHcuukanus (puc. 3).
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Puc. 2. Criexn-n300paxeHuss MUKPOLIMPKYIISIIIMN HCTIBITYeMOTO A (Y4aCTOK KOXKH 3aIICThe), OITyYEeHHbIE
B pe3y/IbTaTe NPOCTPAHCTBEHHO-BPEMEHHOM 00paboTKy, 10 npoBeneHnn ceanca UK tepanuu (a),
HEIOCPEICTBEHHO mociie okoHyanus cearca MK teparnmu (D), uepes 5 muH mocie okonyanus cearca MK tepamnuu (C),
gepe3 10 mun nocre okonuanwus ceanca MK tepanuu (d), gepes 15 mun mocne okoxyanus cearca MK tepammu (€),
gepe3 20 muH niocie okoHuanus cearca UK repamuu (f), uepes 25 mun mocie okonuanus ceanca MK teparmmu (Q)
Fig. 2. Speckle images of microcirculation obtained as a result of spatio-temporal processing of test subject A

(wrist skin area) before the IR therapy session (a), immediately after the end of the IR therapy session (b),

5 minutes after the end of the IR therapy session (c), 10 minutes after the end of the IR therapy session (d),

15 minutes after the end of the IR therapy session (e), 20 minutes after the end of the IR therapy session (f),

25 minutes after the end of the IR therapy session (g)

B tabn. 1, 2 mpencraBieHb 3HAYCHUAS CPEAHETO KOHTPACTA UCIIHITYEeMBIX B, A.

Taoauna 1. 3HaueHne cpeHero KOHTPAcTa UCIBITyeMoro B (Ha ydacTke KOKH 3aIiiCTbe) IPH IMUTAIMH TTaTOJIOT N
Table 1. The value of the average contrast of test subject B (on the wrist) at simulating pathology

Uepes Uepes
5 My 10 My
o UYepes 15 mun | Yepes 20 mun | Yepes 25 muH | Uepes 30 Mun
Hemocpencrento| mocmne rocJjie
HaHeCeHUs rocJie rocJie ocJIe 1ocJIe
TocJIe HaHECEHHs |HaHeCEHUsI|HaHECEHMS
MeXaHuJe- HaHECEHUs HaHECEHUs HaHECEHUs HaHECEHUs
MEXaHMYECKHX |MeXaHn4e-|MeXaHnu4e-
CKHX o MeXaHHYEeCKHX|[MEXaHMYECKHX [MEXaHHYECKIX |MEXaHMIECKHUX|
TMOBPEXKICHUI TIOBP &R ICHHH CHIX CHIX MOBPEXIECHNH | IOBPEXKICHUH | TOBPEKIECHUI | TOBPEKICHUH
P OB EKIE-{IOBPEXKIe- P P P P
HHUM 305074
0,198 0,2 0,223 0,176 0,173 0,172 0,193 0,179

Tabmma 2. 3HavueHne CpeJHEero KOHTPACcTa UCIIBITYeMOro A (Ha yJdacTKe KOXKH 3aIiICThE)
TP TIPOBEICHNH MH(PAKPACHOH Teparvi
Table 2. The value of the average contrast of the test subject A (on the wrist) at infrared therapy

Ho nposenenwsi| Henocpencreenno | Yepes 5 mun | Yepes 10 mun | Yepes 15 mun | Uepes 20 muH | Uepes 25 muH
UK tepanmu | mocie OKOHYAHUS rocie rocie nocne rocne ocie

cearca MK Tepammy | OKOHYaHWSI | OKOHYAHMS | OKOHYAHMS | OKOHYAHHS | OKOHYAHHMS

ceanca K ceanca K ceanca K ceanca K ceanca K

Tepanu Teparvu Teparu Teparu Teparu
0,186 0,263 0,284 0,303 0,286 0,299 0,276
3akaoueHnne

Pa3paOoranHoe aBTOpamMM METOAMYECKOE M allapaTHO-IPOrpaMMHOE OOECIeYeHHEe CIeKII-
BH3yallM3allid anpoOMpPOBAHO B JBYX CEPUSAX OSKCIEPUMEHTOB IO OLIEHKE COCTOSHHS KpPOBOTOKA
ITOBEPXHOCTHBIX TKaHEH YEIOBEKa: UCCIIEJOBAHNE KPOBOTOKA HA OCHOBE METO/Ia CIIEKII-BU3YyaIN3al[uN
IPpH  MEXAaHWYECKMX MOBPEXKJIEHUSAX IOBEPXHOCTHBIX TKAaHEH; HCCIENOBAaHUE KpPOBOTOKA
npu UHQpakpacHol Tepanmuu. B pe3ynbpraTe HcCleIOBaHMA KPOBOTOKA INPH  MEXaHMYECKUX
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MOBPEXKICHUSX TMOBEPXHOCTHBIX TKAHEH YCTaHOBIJIEHO, UYTO BEIyIIEeH peakiuell MUKPOLHUPKYISIPHOIO
pycia B YCIOBHUSX TUCPYHKIHHA KOXKHU SIBHJIOCh CHUXCHUE WHTECHCUBHOCTH MHUKPOIUPKYIISIIHH,
YTO COTNIacyeTcss ¢ MPOTEKAIOIIMMH MpoleccaMyd TreMocTa3a (CBepThIBaHHE KpoBH). B pesymbraTe
WCCIICJIOBAHUI KPOBOTOKAa TIpH HWH(PAKaCHON Tepamuu YCTAaHOBJICHO, 4YTO BEAyIIeH peakimuei
MUKPOLUPKYJSPHOTO PycClia SIBUJIACH €r0 BhIpAYKCHHAs WHTCHCU(UKAIMS, YTO OTBEYACT YCIOBHSIM
TUTIEPTEPMHUH.

Ha ocHOBaHWMM TpOBENEHHBIX HCCICAOBAaHUN JIOKa3aHa I1e1eco00pa3HOCTh MPUMEHEHUS
pa3paboOTaHHOTO YCTPOWCTBA CIHEKJI-BU3yalIM3allMK i OBICTPOM HEMHBA3WBHOM JUATHOCTUKH
MUKPOLUPKYJISIUM TTOBEPXHOCTHBIX TKAaHEH, BKIIIOYAsl IOJYYCHUE OINTHUYCCKUX H300paskeHUM
WHTCHCUBHOCTH TIOBEPXHOCTHOTO KPOBOTOKA W KOJMYECTBEHHYIO €ro OIEHKY Ha OCHOBE
ABTOMATHUYECKOI0 paciyera KOHTPAacTa CHeKI-KapTHH.
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