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Anomauia—B podoTi K0CHITAKYETHCS MOXKJIMBICTH BizyaJizauii mpouecy nepefadi KUCHIO TKAHUHAM OpPraHismMy uepes
MeXaHi3M Kanijaspis. 3aponoHOBaHO 3aCTOCYBATH NPUHIUI OKCUMeTPii Ha MikpockoniyHoMY piBHi. CkoHCTpYiioBaHO Ta
BHTOTOBJICHO eKCIIEPHMEHTAIbLHMI MPUCTPIiii Ha 0a3i BUMIPIOBAJILHOT0 MIKPOCKOIIA Ta BileoKaMepH 3 BUCOKOIO TPOCTOPO-
BOI0 PO3/IIJILHOIO 3/1aTHICTIO. 3aNPONOHOBAHO if CKOHCTPYHOBaHO cXxeMH ocBiT/IeHHs. OnHMcaHa CTPYKTypa npuiaany i ioro
CKJIAJOBHX YaCTHH, ONIMCAHA ifiess 00po0KH 300pakeHb, OTPMMAHMX JUIA Pi3HUX JUISHOK ceKTpy. B gociimkeHHAX BHKO-
PHCTOBYBAJIOCH BY3bKOCMYTOBE OCBIiT/ICHHSI B 00/1aCTi CIIEKTPaIbHUX JiHil 527 HM, 585 HM Ta 650 HM, 0 popMmyBanoch 3a
J0TOMOroI0 iHTepepeHUiHHUX QiIbTPIB 3 WMPUHOIO cMYTH nponyckaHHs 10-12 M.

Knrouoei cnosa — oxcumempis; Kaninapockonis; Kaniiapua OKCUMempisn; npocmoposo po3oiibHa OKCUMEmpIis.

I. BcTvin

ITocTayaHHs KUCHIO TKAHWHAM JIFOACHKOTO OPTaHi3My
€ JKUTTEBO BAXXJIMBUM IponiecoM. BumiproBanns Hacuue-
HOCTi KpOBi KHCHEM BHKOPHUCTOBYE BiJIMIHHOCTI TIapamMe-
TpPiB HOIIMPEHHS CBITJIA PI3HUX KOJILOPIB B OKCHI'€HI30-
BaHOMY Ta JIEOKCHUTEHI30BaHOMY reMorsio0iHi. [le sBume
no6pe Bigome 1me 3 40-x pokiB MuHyJI0ro cromitrs. [1pu-
JIA¥ ISl IETaNbHOTO JJab0paTOPHOTO aHaNi3y, BKIIOYHO
3 BU3HAUYEHHSM BMICTY OKHCITy BYTJIEIIIO, 3a3BUYail BUKO-
PHUCTOBYIOTH BHAMME CBITIO H oTpumanu Ha3By CO-
OKCHMETPIB, a IPHIIAIH OLTBII ITUPOKOTO BKUTKY, SIKi 710
CBOIX OCHOB NpHEAHATM IIe W PI3SHOBUAM BEHO3HOI Ta
apTepiagbHOI KPOBi, B PE3yIbTATI YOTO HOYESPTOBO 3Mi-
HIOETBCA 1i CKJIaZ B PUTMI CEPIEBOTO IIyJbCy, MAlOTh
Ha3By IIyJIbC-OKCUMETpiB. BoHU 31e0impmoro marTth
crpaBy 31 CBITJIOM 3 JIOBXHHOIO XBWII OUIBIIOI 32
600 aM. KomepriiiHi iMITyTECHI OKCHMETPH BUMIipIOIOTh
iHTerpajibHe 3HAa4YCHHS HACHYEHHS T'eMOTJIO0IHy KpOBi
KHCHEM, HE MalOYH MPOCTOPOBOTO PO3JIIICHHS, HEOOXia-
HOT'O JUIsl CIIOCTEPEKEHHS 32 PYXOM KPOBI.

II. TIPUHIAIN TA ICTOPUYHUIA ACIIEKT OKCUMETPIi

®doToMeTpHUYHI JOCTI/KEHHST BMICTY Ta3iB y KpOBI
JOTUHU OepyTh CBii Mo4yaTok 1ie B XIX CTOMTTI, KOJIU
npogecop TroOiHTeHChKOTO YHIBepcuTeTy von Vierordt,
aBTOP 3aKOHY MPO BiMIYTTS Hacy, B 1872 poii omyOImiky-
BaB poOOTy NMPO BUKOPHUCTAHHS CIIEKTPAIBHUX TPHIIaIiB
Ut poToMeTpii criekTpiB mormHaHHA [1]. B aBanusaTux-
TPUAIMITHX POKaX MHUHYJIOTO CTOJITTS CIEKTpajbHi
(oTOMETpHUYHI JOCIIUKEHHS NPenapariB KPoBi CYyTTEBO
PO3LIMPHWINCH, @ HA TOYaTKy COPOKOBHUX IPAKTUYHO
OJTHOYACHO 3’SBJISIFOTHCS NIBI ITyOJiKaIlil, B OJHIHN 3 SKUX
Horecker 3 Harionansrnoro incturyty 3mopoB’s CIIA
myOITiKye pe3yNIbTaTh CBOIX JOCIIIKEHb TeMOTTI00IHY Ta
HOoro MoXiZHWMX y BUAMMII Ta iH(payepBOHIH HiNsHKAX
cnexTpy [2], a Millikan 3 [leHcHIBBaHCEKOTO YHIBEpCH-
TETy OIUCY€E JIeKUIbKA BapiaHTIB MpWiIaay, SIKHA BiH

HaszuBae okcumeTpoM [3]. Bix cyuacHux myibc-okcrume-
TpiB HOTO BiJpi3HAE TAKOXK CHEKTPAIBLHUH Mialma3oH —
YepBOHA JIHIS Y CYy4acHHX ITyJIbC-OKCUMETPaX BUKOPHUC-
TOBYEThCA B Tapi 3 iH(PadepBOHOIO, a HE 3 3EJCHOIO.
IcTopuyHMIT acCIEKT OYATKOBUX CTAIIB PO3BUTKY OKCH-
METpii AeTalbHO MUCAHO B POOOTI [4].

dopmynu 111 00UKCICHHS HACHYCHOCTI KPOBI KHUC-
HEM BISIBHJIMCH JJOCUTh CKIIJHUMHU i TAKUMH, 110 TTOTpe-
OyIOTh ypaxyBaHHS 3HAYHOI KUIBKOCTI MapaMeTpiB,
a caMi BIMipIOBaHHS MOTPEOYIOTh TPYIOMiCTKOTO Kajrio-
pyBanHs [5]. Ha nonomory nmpuxomuTh HEpioAWYHICTH
B 30araueHHi a0OpTATBFHOI KPOB1 KUCHEM 32 PaXyHOK ITyJIhb-
COBOI XBHJII, sIKa JOJa€ e onuH Bimmik. lle BiIKpUTTS
3pobuB OioimxkeHep Aoyagi B JOCIITHAIIBKOMY Bilmi-
JIeHH] SmoHCkKoi Kopropartiii Nihon Kohden, BuBuaroun
JUSUTBHICT ceplil. BOHO J03BOJIMIIO HOMY CKOHCTPYIO-
BaTH MPWIaJ, B IKOMY MOXHA YHUKHYTH TPYAOMICTKOTO
KaniOpyBaHHs. Tak KIaCHYHUI OKCUMETp, SIKMH 3arova-
TKyBaB Millikan, mepeTBopHBCS Ha MyIbC-OKCHMETP, IO
BUKOPHCTOBYE IUISHKY CHEKTPY BiJ YEPBOHOTO /10 OJH-
JKHBOTO iH(padepBoHOTO. BHauma *x IiISHKA, 10 Mic-
TUTH y €00l JIeKUIbKa eKCTPEMYMIB, SKi BiJIOBIIAIOThH
PI3HUM CIHOJlyKaM 3 TE€MOTJIOOIHOM, 3aHMIIAEThCS IS
71a00paTOPHUX NPWIAAIB, IO AHATI3YIOTh IIi CHOJYKH.
OCKiJBKH iHTEpEC /10 KapOOMOHOKCHTEMOTTIO0IHY IpeBa-
JIIOE B TaKMX CHOJyKax (31e01JIbIIOr0 3 MOTHBIB €KOJIO-
rif), 3a MU npwiagamu 36epiraereca Tepmin CO-okcH-

MeTp.

[epmmii 3pa3ok «BYIIHOTOY» ITyIbc-okcumeTpa OLV-
5100 3’sBuBCst Ha puHKY B 1975 poui [6]. Horo Buroro-
Buiia kommnanis Nihon Kohden, B sikiit npairoBaB Aoyagi.
KoHCTpyKTHBHO mpwiaj cKiIazaBcs 3 JBOX YacTHH —
JIaTYNKOBOTO OJIOKY, 1110 (DIKCyBaBCsl HAa MOYIIl Byxa, Ta
OCHOBHOT'O €JIEKTPOHHOTO 0JIOKY. 3 OYPXJIMBHM PO3BHUT-
KOM MIKpPOEJIEKTPOHIKM OOU/IBI 11i YaCTHHU Terep BMilla-
I0TbCS B MiHIATIOPHOMY KOPIIyCi, IPHYOMY CTPYKTypHa
cXeMa Mpuiany 3alHiniachk TAKOI K, 3 TIEK BiIMiHHI-
CTIO, 1[0 OOYMCIICHHSI TeTIEp BUKOHYIOThCS MiHIaTIOPHUM
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EnexTpoHHi cucTeMu Ta CUTHAIN

MIiKpOTIPOIIECOPOM, & CBITIIONIOAM Ta (POTOAETEKTOP OXO-
TUTFOFOTH KiHYHK MMAJTBIIS.

JloBruii yac KOMIAKTHI MyJbC-OKCUMETpU 0Oa3yBa-
JIUCh HA BUMIPIOBaHHI MPOXO/XKCHHS CBITJIa Yepe3 TKa-
HUHY (Tayienb, Mouka Byxa). Habararo mmupiie BUKOpHUC-
TaHHS Ma€ CXeMa, B K BUMIPIOIOTHCS CHTHAIIU 3BOPOT-
HBOTO PO3CISHHS CBiTJIa. XapaKTEPHUCTUKH 3BOPOTHHOTO
po3cistHHsA [7], sIKe 1HKOJIM YMOBHO HA3WBAIOTh BiJOWT-
TSIM, HaraayroTh I3E€PKabHE BIATBOPCHHS XapaKTEpHUC-
THK MOTJUHAHHSA. MakcuMaabHe BiIOUTTS JUIsl OKCHUTe-
MOTJIO0iHY Mae Miclie Ipy AOBXKHHI XBIJI 650 HM, B TOH
gac sK Ie30KCUTeMOTTIO0IH Ma€ JTOKaTbHAN MiHIMYM Bif-
ouTTs pu HoBkuHI xBwiIi 750 HM. 3a3Bu4ail el JoKa-
JMBHUHA EKCTPEMYM HE BHKOPHCTOBYETHCS IS BHMIipIO-
BaHHs. TOMYy TPaJMIliiHO BUKOPUCTOBYIOTH CBITJIOMIOAN
3 TOBXKHHOIO XBWJII BHITpOMiHIOBaHHA 940 HM.

III.  JAMHAMIKA PYXY KPOBI B CYJIUHAX

BuBuatu quHaMiky pyxy KpoBi B KaIliJiipax MOXHA 3a
JTOTIOMOTOI0 aHAI3Y IMOCIIIOBHOCTI KaJIpiB BiJCOMIKpOC-
KOIIa 3 TaKOIO MTPOCTOPOBOIO PO3IUTHHOIO 3IATHICTIO, 1110
JIO3BOJISIE Bi3yalli3yBaTH OAMHOKI 200 arperoBaHi 4epBOHi
KpoB’siHi TinbIsL. Byno 3amponoHoBano [8] 300paxeHHs
KalsIpiB 3alncyBaTd y BUTJSIL BiZ€OKaJpiB, a MOTIM
BHKOHYBATH iX IHTEpakTHBHY 00poOKy. BikHO po3mipom
1x100 mikceniB 3amucyBanock 3 yactoror 60 I'n (pos-
Mip nikceniB ctanoBuB 0,93 Mxm). 3a 10 cexyHn popmy-
BaJyioch BikHO po3mipoMm 100x300 mikcemiB. [IIBuaKiCT
o0uncoBanachk B MKM/C.

Le#t metom Oyno 3acTocoBaHO UIA BUMIpIOBaHHS
LIBUAKOCTI KPOBOTOKY B Kamijsipax HajgHirTs [9]. Buko-
puctoByBaBcs Kamissipockorn M320 (JMC Corporation,
Japan), By3onm Bi3yamizamii sikoro ckmazascs 3 [I13C
KaMepH, PiIMHHO-KPUCTATIYHOTO AWCILIES Ta YOTUPHOX
cBiTiomioniB. Bineo3anuc BukonyBaBcs y ¢popmati DV-
AVI npu 36inpmrenHi 380 x , MpoCcTOpOBOMY pO3AiIEHHI
1,42 mMxM, 3 kaapoBoro dactororo 30 I'm. CraTuyHa mik-
cenbHa MaTpuns Mana posMmip 720x480, a mone 30py

oymo 1x0.68 MM>. 3acTocoByBajach Bi3yallbHO-ONTH-
YHA OIHKA IIBUAKOCTI MOTOKY Ta KpOC-KOpEIsIliiHa,
MIPUYOMY Bi3yaJbHO-ONITUYHA OIliHKA BHUSBWIACH O1IBIIT
TOYHOI, HIXK Kpoc-Kopensmiitna. e MoxxHa MOSICHUTH
THM, IO MPHU MBUAKOCTI MOTOKY 0,5 MM/C 300paskeHHs
€ PO3MHTHM, & TOMY OYJIO pEKOMEHJJOBaHO 3011bLIyBaTH
MIBUIKOIIIO BiIEOKAMEPH.

V¥ 80-x Fercher i Briers [10] 3BepHynn yBary Ha Te,
110 KOHTPACT CHEKJIOBOI CTPYKTYPH JIA3EPHOTO BUIIPOMi-
HIOBaHHS, PO3CISIHOTO Ha pPyXOMil CTpyKTypi 300pa-
JKEHHSI KPOBOHOCHOI CYJIWHH, 3QJIEKHUTh BiJl IIBUIKOCTI
pyxy kpoBi. Ha npomy npuHIumi 0yio po3pobiaeHo aeKi-
JIbKa Bapialliid puiaaiB, sKi YMOBHO MOJKHA ITOIUTUTH Ha
JIBl TPyIM — Taki, 110 BUKOPUCTOBYIOTH OaraToKaJgpoBe
HAKOMMYEHHS, i TaKi, 110 BAKOPUCTOBYIOTh aHaJi3 Mpoc-
TOpPOBOi CTPYKTypu B ofgHOMY Kazpi. Ilpuxiagom mep-
LIOT0 THITy MOXKe OyTH mpuiaj, onucanuid Fujii et al.
[11]. B HbOMY BUKOPHUCTAHO OCBITJICHHS y BUIJISII JiHIT
1 BIAMOBIAHKH il MPUITOM CUTHAIB HA 0araToeIeMEHTHY
TMHIAKY z[eTeKTopiB OCBITIICHHSI TENii-HEOHOBOTO Ja-
3epa y (bole JiHii GopMyeThCS 3a JOMOMOT'OI0 IUTIHI-
pUYHOI JIIH3W, a IETCKTOpP SABIAE COOOI0 JIHIHKY 3 256
I13C merekTopiB, pO3TAIIOBAHUX TaK, MO0 MPUHOM CHUT-
HaJIiB 3iHCHIOBABCS Y3IOBX JiHIi ocBiTIeHHA. Llukmm

3YUTYBaHHS ITOBTOPIOIOTH COTHI Pa3iB, IHTEIPYIOYH CHT-
HaJIA UL KOXKHOTO eJIeMEHTa IIiHIHKHA JeTeKTOPiB.
B pesynbrari oTpUMyIOTH NpOQUIb MIBUAKOCTI KPOBO-
TOKY.

Bapiant 6e3 GaratokaapoBoi 00poOku iH(opMarrii
[12] Ga3yeTscs HA TOMYy, IO CIIEKIIH, CTBOPEHI PO3CIsH-
HSM Ha €JIEMEHTaxX KpOBi, 10 LIBUAKO PYXaroThCs, pPO3-
MHBAIOTECS IIBHALIE, a TOMY KOHTPACT B IIUX YaCTHHAX
300paxenHs Oyne HwkuuM. Lludpose 300paskeHHs
3 II3C matpumi po3mipom 512x512 mikcemniB aHami3y-
€TbCs BIKHOM 7 x 7 mikceniB. Uepes HeoOXiHICTh 004H-
CIIEHHS y TaKOMy LIMPOKOMY BiKHI IPOCTOpPOBa pO3-
NiTbHA 31aTHICTh HECKAHYIOYOTO MPHUCTPOIO € HUXKYOIO,
HDK IIpY BUKOPUCTaHHI HAKOITMYEHHS CUTHAIIB Y Yaci.

IV. TIPOCTOPOBO PO3/JIJIbBHA OKCHMETPIS

Bizyamizamisi HaCHYEHOCTI KamIsIpiB OYHOTO JHA
KHcHeM OyJia Bepule 3ailicHeHa i ommcana Delori [13].
Bin BuKopucTaB 1y boro QyHAyC-KaMepy, 3aMiHUBIITH
B HIll MIMpOKOCHEKTpajbHEe (0ije) OCBITIEHHS CITKIBKH
BHOKPEMIICHUMH KOJIbOPAaMH 3 JOBXHHOIO XBIIII 558 HM,
569 uM, Ta 586 HM. OCKUIBKH 32 OCHOBY OyJia B35Ta KOH-
LENIis MPOXO/KeHHS CBiTNA, Oy MoTpiOHI TpM OB-
KMHH XBWII JUIs1 KOMITeHcaii po3cistHast. Bubip pobounx
JTOBKMH XBWIb Ay)Ke BOXIUBHHA. Y pobori [14] 3 gotn-
PBOX TOBXHH XBHIIb — 542 HM, 558 HM, 586 HM 1 605 HM,
nepii ABi Oynu BIIKMHYTI 4epe3 MEHII HaJiiHiI pe3yib-
TaTy.

By3bke BiKHO y CBIT KaIliIApiB B JIIOJCHEKOMY TiMi - 1€
o0nacTh HAJHITTS, SIKA BUKOPUCTOBYETHCS MJIsl BHSB-
JICHHS TATOJIOTIYHUX 3MiH Ta OTPUMaHHI MOPQOIOTid-
HOTO OITKUCY KAMISAPIB, IO MICTHTH iH(OpPMAIIO MPO
CTaH MiKpomHpKyJAmii kposi [15]. Tadopmamis, orpu-
MaHa B KalllIIPOCKOII, BUKOPUCTOBYE aHalli3 CTPYKTYp-
HUX JeTanei 300paKeHHs KalsIpiB.

Po3pobiniennii HaMu TpuIaz 103BOJISIE PO3KPUTH By-
HKIIOHAJbHY aKTHUBHICTH KAaIJIApiB, MOOAYUTH HACKi-
JbKH €(QEeKTUBHO BOHHU IMOCTAYalOTh KHUCEHb JI0 TKAHHH
[16]. Mu po3pobmn nexinbka Bepciit mpumamny [17]. Toid,
o nokasanuit Ha Puc. 1, 3ano3uyye J3aliHepChKi iael
KaIisipocKona — 10 Ty6ycy Mikpockona "Mup-2" npue-
JTHAHO 00'eKTHB 31 30UbIIeHHAM 10X Ta nudpoBy Bixeo-
kamepy Hayear. CBiTinomioan TproX THIIB — OinnH, 3eme-
HUM 1 YepBOHUI (110 JBa KOKHOTO KOJBOPY) — PO3TAIIIO-
BaHi 3 OOKiB peq)neKTopa (PPIC 2). Mu Takox BUBYIH
MOXIJIMBICTh BHUCBITIIMTH HIITBOBY CKJIAJIKy 3CEpPEIMHU
(o6 TakUM YMHOM YHHKHYTH pedIieKciB Bim Kpamenb
oJtii Ha HIrThOBIN cKiajami). s mpOro CBITIOBI AioAH
OyJM BCTAHOBJICHI B OIYHHMX CTiHKaxX TpUMada MaJIbIliB

(Puc. 3).

VY mporotwumi, 300pakeHomy Ha Puc. 1, 00’exTuBHM
MOXYTbh OyTH 3MiHHUMH — 10x, 20x Ta 40x. Mu npa-
LIOBAJIM [IPYU 3arajibHOMY 301nbmeHHi 200 x .
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Bineokamepa Hayear

Puc. 1 3aranbHuil BUTIII MIKPOCKOMIIYHOT YaCTHHY IPHIALY

Puc. 2 BepxHe OCBIT/ICHHS CBITIONIOAaMH

Puc. 3 BokoBe OCBITIEHHS CBITIIOMi0AaMU

V. BY3bKOCMYTOBE OCBITJIEHHS

KoHcTpykTOpChKa MOJIETH NPOTOTHUITY 3 BY3bKOCMY-
TOBUMH  OCBIT/IIOBauaMH{, BHKOHaHa B  Iporpami
SolidWorks, npencrasnena Ha Puc. 4. [Toni6no 1o Bepcii
Puc. 1, OCHOBHI KOMIIOHEHTH 30CEPEHKEHO HAaBKOJIO
TyOyca Mikpockona Mup-2 3 nudposoro HD-Bineokame-
poro 3BepXy. 300pakeHHs ToJis BimoOpakaeThcst Ha 28-
moiimoBomy HD mownitopi. Y kamepu € ciot mist TF abo
SD kapr. [IpeameT (manemns) po3MimaemMo Ha JIiTrBi — TpH-
Madi manels Tak, mod BiH OyB y (OKyci MiKpOCKoTa.
B mporieci poxycyBaHHS U OCBITJCHHS BUKOPHCTOBY-
10ThCs 01l cBiTiomionw. [Ticns HaBeneHHs Ha (hoKyc Oire
CBITJIO CJiJi BAMKHYTH 1 BMUKaTH O 4ep3i BY3bKOCMY-
T'OBi OCBITJIIOBAYI.

Jns  dopMmyBaHHA BY3bKOCMYTOBOI'O OCBITJICHHS
HaMH BUKOPHUCTaHI iHTepdepeHIiiiHi GiTbTpu Ha IOB-
KHUHY XBWII 527 HM Ta 585 HM, 10 JOpEYHO 3HAWILIHCS
B IHCTI/ITyTl 0lOMEITEeXHIKM BiJl CTApUX CIEKTPAIbHUX
npunais. Ix BUKOpHCTaHHS 6yn0 OCYYaCHEHO 3acTOCy-
BaHHSIM TOYKOBOTO JDKEpPENa CBITJIA y BUIISAII CBITIOMI-
ona LED 1 (Puc. 5), po3mimieHoro B nepeiHroMy (pokyci
kouimauiitnoi nin3u. [leprumnii intepdepenuiituuii pinbTp
HAa JIOBXXHWHY XBWIi 527 HM BCTaHOBJICHO B MTapajieIbHOMY
XOJIi MPOMEHIB, [0 BAXKIIUBO 3 TOYKHU 30py IIUPUHHU CIIC-
KTpaJIbHOI CMYTH, SKy Mae mpomyckata ¢ineTp. Ilicms
iHTepq)epeHuiﬁHoro q)im,Tpa BCTAHOBJICHO JIiH3Y, IO
¢dokycye cBITIOBHI TOTIK HAa HATHITTS. AHAJIOTIYHOO
€ CTPyKTypa 1 IPYroro KaHajly AJIsl OCBITJIICHHS JOBXKH-
HOrO XxBWIi 585 HM. B omHOMY 3 BapiaHTIB OCBiTIIIOBadi
CHPSIMOBYBAJIUCh Ha MPEAMET 3 IBOX HAIPSIMIB, SIK ITOKa-
3aHo Ha Puc. 5 [18]. OckiIbKHM HANPSMU OCBITJICHHS Pi3-
HUMHU JIOB)KHHaMH XBWJIb CTBOPIOBAIM CTEpeOedeKT,
HebaxaHW# I ToIaIbIIoi 00poOKH, HaMH OyII0 3a1po-
MIOHOBAaHO CXeMy 3 00 ’€JHAaHHSIM OCBITJIIEHHS 000X
KOJIbOPiB Tak, o0 00HBa KOIHOPH OCBITIIOBAIN TIPEI-
MET ITiJ] OJHUM 1 THM ke KyToM naainas [19]. Orpuman-
HSIM 300paKeHb MOCIIZIOBHO B Yaci yNpaBisi€ Momnepe-
HBO 3arporpaMoOBaHUN MIKPOKOHTpOJIEp dYepe3 IyJbT
JIMCTAHIIITHOTO KepyBaHH:I.

Lindposa Bigeokamepa Hayear

[xxepeno ceitna

Puc. 4 Mozens npuiazy 3 By3bKOCMYTOBHM OCBITJICHHAM
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EnexTpoHHi cucTeMu Ta CUTHAIN

Filter 527 nm,
bandwidth 10

Filter 585 nm,
band\/@‘lo

Puc. 5 ®opMyBaHHS By3bKOCMYTOBOTO OCBITJICHHS

JxepenoM cBiTna € OLIHIA CBITIIONION MOTYXHICTIO
3 Br. Ilponyckna 3naTHicTh ¢inbTpiBa cTaHOBUTH 30%,
mUprUHa CMyTH Tpomyckanas — 10 aM ta 12 M. 1106
3pOOHTH OCBITIIIOBaUi OibII KOMITAKTHUMH, MH BUKOPH-
CTOBYBaJIN JIiH3H 3 KOpoTkuMH (40 Mm i 50 Mm) dokyc-
HUMH BiJCTaHAMHU. MU BHUSBWIH, IO acEpUYHI JIH3H
JIal0Th OCBITJICHHS MPEMETHOTO TOJIsI OLTBIIT OAHOPIIHE,
HDK cdepuuHi Jin3u. iamerp QiabTpiB Ta JIiH3 CTaHO-
BUTH 40 MM.

VI.  ®VHKUIOHYBAHHS ITPUIIAY

Jlyist IPOHMKHEHHS CBIiTJIa Yepe3 MIKipy Ha HIrThbOBY
CKJIAJIKy HAHOCATH KPAaIUTIO OJii, 0 Ha Xalb CTBOPIOE
HeOaxaHi cBiTiIOBI peduiekcu. 1106 moz6aBuTHCS 1UX
pebnexcis, abo, MpuHAKMHI, X 3MEHIIIUTH, TICIISI iHTEP-
(epeHuiitHoro ¢inbTpa BCTAHOBICHO IUIIBKOBHH ITOJIS-
pHU3aTOpP 3 TOPU3OHTAIBHOIO MOJIPHU3ALIEI0 (Ha PUCYHKY
He 1oka3aHo). OpTOroHaqbHO OPiEHTOBAHHMH MOJISAPHU3A-
TOP CTaBHUThCS Ha 00'€KTUB MIKPOCKOIIA.

He auBis4mchk Ha JOCHTH MPOCTY CXEMY OJEp KaHHS
BY3bKOCMYTOBOTO (HE MOHOXPOMAaTHYHOTO) OCBITJICHHS,
OTHCaHy BHIIE, HAC TPUBAOIIIOBAIA MOYKIHBICTD BUKOPH-
CTaHHS MOHOXPOMATHYHOT'O OCBITJICHHS 32 JIOTIOMOT'OIO
JIa3epiB 3 y)KE HASIBHOIO BY3bKOIO JIA3ePHOIO JiHi€r0. J[iist
SKCIIEPHMEHTIB MU 00pay JBa Jla3epy LIMPOKOTO BXKH-
TKy (Na3epHi BKa3iBHUKH) — 3€JICHOTO W YEpPBOHOTO
KOJNBOpiB. MU 3MakeTyBaJH cxeMy, IoKa3aHy Ha Puc. 6.
B wiit cxemi MH He TIPOCTO 3aBeJu JIBa JIa3epHi MPOMEeHi
B OJIHY TOYKY HaIHIrTsA. MU 3aBenu iX yepes A3epKalo,
criybHe i 000X Ja3epHUX My4KiB. [Ipu3HaueHHs HOTO
J3epKajia — pO3OUTH CIIEKII-CTPYKTYPY 3aBISKH ILBHIKIH
3MiHi ()a30BHX CIIBBITHOIICHD Y Ja3¢pPHOMY IyUKY.

Xou 3riIaKyBadi CIEKIOBOi CTPYKTYypH 1 BUITyCKa-
10ThCs1 cepiiiHo [20], Oinbln NpUBaOIMBOIO HAM BUAANACH
MOXJIMBICTh BUKOPUCTAHHS B MalOyTHHOMY A3€pKajblis,
3aKpIIUICHOT0 Ha TU(y30pi HABYIIHUKA. J[J1s1 excriepume-
HTY MU CKOpHCTAJNCS €JIEKTPOMAarHiTHUMHU CKaHEepaMu
SC-5 ta SC-30 [21, 22]. Ha Puc. 7 3006paxxeHo ckaHep Ta
wiaty apaiieepa. YacTOTy MIKPOCKOIYHOTO KOJMBAHHS
JI3epkana BctaHoBmoBanu 1,5 kI'm ta 16 xI'n. Ilpu Bu-
KIIIOUCHOMY ApaiiBepi 300paskeHHsI CKJIaAaIoch 3i 3011b-
IIEHUX MIKPOCKOIIOM CIIEKJIB, Ha SKOMY HEMOXIIHBO

pospizauT Kaniaspu. [Ipun 3HauHMX ke (10 Tpanyca)
KOJIMBAaHHSX J13epKaia 300paXeHHS pO3MHUBAIIOCH i OyII0
cxoxxke Ha HecdokycoBaHe. ONTHMYMOM BUSIBHJIHCH
KOJNIMBaHHS 3 KyTOBOI amrniitymoio Oims 0,1 rpamyca,
NPUYOMY JJIsI PI3HUX 3BYKOBHX YacTOT LEH ONTHMYM
BHUSIBUBCS Pi3HUM.

Speckle breaking mirror

Laser A,

Projection
lens

Laser Ay

@ Object field (nailfold)

Puc. 6 3rnamkyBaHHs CIIEKJIOBOT CTPYKTYpH

Puc. 7 Cxanep SC-30 3 npaiiBepom

Puc. 8 300pakeHHs KaIiIAPiB IPU YSPBOHOMY I 3€JICHOMY OCBITICHHI
Ta pe3yJbTaT 00poOKH
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BUCHOBKHU 1 ITEPCIIEKTUBU

Inest mpocTopoBO pO3pi3HIOBAHOT OKCUMETPIT B MIKpO-
CKOIIIYHOMY MacmTabi 3’sBHJIACh Y HAC SK peakilis Ha
HACTOPOJKJIMBI HACTIIKH 3aXBOPIOBaHHS Ha KOBiA-19. Mu
BHPIIIMIN CIPOOYBATH MOXUIMBICTD 3aryISHYTH Y CBIT
KaIiJIsipiB 4epe3 BY3bKE BIKOHIC B 30HI HAIHITTS, BiJIK-
puTe IS JOCHTIKEHHS 3 MOXJIMBICTIO OTpUMATH JIaHi
JUTS TIaTHOCTUKH Ta HABITh JUIS IPOTHO3Y 3aXBOPIOBAHHS.

HoBuM y Hamomy mifgxo/ii € BAKOPUCTaHHS CIIEKTpPa-
JBHO OOMEKEHOTI'0 OCBITJICHHS HA BiIMIHY BiJ BiIOMHX
TiAX OB, 0 6a3YIOTHCS Ha CEIEKIii CIeKTPaTbHIX KOM-
MIOHEHT Y NPUHHATOMY 300pakeHHi, OTPUMAHOMY IIpH
IIMPOKOCTIEKTPAIEHOMY OCBiTJIeHHI. OCHOBHOIO TIepeBa-
TOI0 IIHOTO MiJIXO/ly € BUKOPUCTaHHS JIMIE OJHI€T Bifeo-
KaMepH 1 BiJCYTHICTb IpPOOJIEM 3 Y3TO/DKEHHSM IOJIB
30py IPU BUKOPHUCTAaHHI AEKIIEKOX BiJcOKaMep.

Mu yneBHHUIIHCH, 1110 1€ BIKOHIIE Y CBIT KaliJspiB Bij-
YHHEHE [T (BI3UIHUX JOCITIHKEHB, 1| MAEMO CIIO/IBAHHS,
110 3a JIOTIOMIOI0 HAIIIOTO NPUIIAJy HUM CKOPUCTAIOTHCS
KJIHILUCTH.

Mu He craBmIIM cO0i 32 METy PO3POOHTH CKIAIHY
HABKOJIO-KOMIT'IOTEpHY cuctemy. lle He Oyme mpobie-
MO0, SKIOIO KITiHIOUCTH CHPHUHAMYTH Ta OHOOPATH camy
ineto. Mu Moxxemo copMy roBaTH AesKi NpoOIeMH, SIKi
moTpiOHO momonaTH, mod MpoAoBXKyBaTH podoTy. Ilepmr
3a Bce, CIiJ] cTabimi3yBaTh JAOCHTh PYXJIMBHU XapakTep
300pakeHHs, HEOOXiTHO 3HAWTH 30aJaHCOBAaHE CIiBBiA-
HOIIEHHS MDXK €KCHO3HUI[ISIMU Ta IHTepBaJaMu MK HUMH
1 ITyKaTH JIeIIeBi By3bKOCMYTOBI [Keperia CBiTIIa, Ipuaa-
THI 111 OTPUMaHHSI MaKCUMYyMY iH(pOpMaLii Ipo OKCHUre-
HOBaHI Ta JCOKCUTEHOBaHI (pOpMH 3armOBHEHHS Kallijs-

piB.

[Ipu mo3uTHBHIN peakmii KIIHIIUCTIB MA TyMaeMo
PO JTOLUIBHICTh 00’ €IHAHHS B €IMHOMY TIpHJIaji IPHH-
IIUTIB OKCUMETPII Ta JOIUIEPiBCHKOI BEIIOCHMETPIi.

TToaska

Brsuna kepiBHUIITBY AKaneMii TEXHOJIOTIYHUX HAyK
VkpaiHu 3a HajgaHy MOJKIJIMBICTh BHUKOHAHHS pOOIT
B IHCTHTYTI OiOMEIMYHOT TEXHIKM Ta TEXHOJOTIH.
Oxpema asKa MOEMY HayKOBOMY KEpIBHHKOBI Ipode-
copy B. B. Mone6HOMY 3a ifIel0 IIOTO JOCHIIKESHHS
I TOCTiliHY yBary 10 Horo BUKOHaHHs. Sl BIsiuHa MOiH
Buntenbli ¢izuku O. A. ['peOeHINKOBIH, a TAKOX yUH-
TensaM TimMHa3ii Ne 315 3a momomory mpu miaroToBIi 10
yd4acTi B KOHKypcax YUHIBCHKHX HayKOBHX POOIT.

TIEPEJIIK [TIOCUJIAHD

[1] K. von Vierordt, “Die Anwendung des Spectralapparates zur
Photometrie der Absorptionsspektren und zur quantitativen
chemischen Analyse.” Tiibingen: Laupp, 1872, URL:
https://vlp.mpiwg-berlin.mpg.de/people/data?id=per1 66.

[2] B. L. Horecker, “The absorption spectra of hemoglobin and its
derivatives in the visible and near infra-red regions,” J Biol Chem,
vol. 148, no. 1, pp. 173-183, 1943, DOI: 10.1016/S0021-
9258(18)72329-6.

[3] G. A. Millikan, “The Oximeter, an Instrument for Measuring
Continuously the Oxygen Saturation of Arterial Blood in Man,”

Hapiiimna no penakuii 05 6epe3ns 2021 p.

[10]

[11]

[12]

[16]

[17]

(18]

[19]
[20]
[21]

[22]

Rev. Sci. Instrum., vol. 13, no. 10, pp. 434-444, Oct. 1942, DOI:
10.1063/1.1769941.

M. W. Wukitsch, M. T. Petterson, D. R. Tobler, and J. A. Pologe,
“Pulse oximetry: Analysis of theory, technology, and practice,” J.
Clin. Monit., vol. 4, no. 4, pp. 290-301, Oct. 1988, DOI:
10.1007/BF01617328.

H.-W. M. Breuer, H. Groeben, J. Breuer, and H. Worth, “Oxygen
saturation calculation procedures: A critical analysis of six
equations for the determination of oxygen saturation,” Intensive
Care Med., vol. 15, no. 6, Sep. 1989, DOI: 10.1007/BF00261498.

J. W. Severinghaus and Y. Honda, “History of blood gas analysis.
VIIL. Pulse oximetry,” J. Clin. Monit., vol. 3, no. 2, pp. 135-138,
Apr. 1987, DOI: 10.1007/BF00858362.

M. L. J. Landsman, N. Knop, G. Kwant, G. A. Mook, and W. G.
Zijlstra, “A fiberoptic reflection oximeter,” Pfliigers Arch. Eur. J.
Physiol., vol. 373, no. 3, pp. 273-282, Mar. 1978, DOI:
10.1007/BF00580835.

C. G. Ellis, M. L. Ellsworth, R. N. Pittman, and W. L. Burgess,
“Application of image analysis for evaluation of red blood cell
dynamics in capillaries,” Microvasc. Res., vol. 44, no. 2, pp. 214—
225, Sep. 1992, DOI: 10.1016/0026-2862(92)90081-Y.

C.-C. Wu et al, “Accuracy evaluation of RBC velocity
measurement in nail-fold capillaries,” Microvasc. Res., vol. 81,
no. 3, pp. 252-260, May 2011, DOI: 10.1016/;.mvr.2011.01.003.

A. F. Fercher and J. D. Briers, “Flow visualization by means of
single-exposure speckle photography,” Opt. Commun., vol. 37, no.
S, pp. 326330, Jun. 1981, DOI: 10.1016/0030-4018(81)90428-4.

H. Fujii, K. Nohira, Y. Yamamoto, H. Ikawa, and T. Ohura,
“Evaluation of blood flow by laser speckle image sensing Part 1,”
Appl. Opt., vol. 26, no. 24, p. 5321, Dec. 1987, DOI:
10.1364/A0.26.005321.

J. D. Briers, “Laser speckle contrast analysis (LASCA): a
nonscanning, full-field technique for monitoring capillary blood
flow,” J. Biomed. Opt., vol. 1, no. 2, p. 174, 1996, DOI:
10.1117/12.231359.

F. C. Delori, “Noninvasive technique for oximetry of blood in
retinal vessels,” Appl. Opt., vol. 27, no. 6, p. 1113, Mar. 1988,
DOI: 10.1364/A0.27.001113.

S. H. Hardarson, “Retinal Oximetry,” Univ Iceland, 2012.

C. Criveanu et al., “Capillaroscopy — a valuable tool for the
assessment of vascular impairment in systemic sclerosis,” Rom. J
Rheumatol, vol. 25, no. 3, pp. 112-116, 2016. URL:
https:/rjr.com.ro/articles/2016.3/RJR _2016_3 Art-02.pdf

M. S. Molebna, “Doslidzhennia spektralnoi mikroskopichnoi
oksymetrii krovi”. Zvit pro naukovo-doslidnytsku robotu MAN.
Viddilennia tekhnichnykh nauk. [‘Studies of spectral microscopic
blood oxymetry’. Report on R&D at Small Academy of
Sciences],” Kyiv (manuscript, in Ukrainian), 2021.

V. Molebny and M. Molebna, “Capillary oxymeter,” in European
Conferences on Biomedical Optics (ECBO 2021),2021.

V. Molebny and M. Molebna, “Instrument for visualization of
oxygen transport in nailfold capillaries as an aid in diagnosing
oxygen-deficiency diseases,” in Euro Asia Sth International
Congress on Applied Sciences, 2021.

V. Molebny and M. Molebna, “Illumination for Capillary
Oxymeter,” in OSA Imaging and Applied Optics Congress, 2021.
“LSR-3005 — Optotune.” URL: https://www.optotune.comy/Isr-
3005.

“SC-5-HF High frequency resonant optical scanner.” URL:
http://www.eopc.com/sc5.html.

V. Molebny and M. Molebna, “Spectral narrow-band illumination
of the object field in capillary oximetry,” in The Fifth International
Conference on Biological Information and Biomedical
Engineering (BIBE 2021),2021.

®
@J Copyright (c¢) 2021 Monebna M. C.

GSTBTL B C960-L197/5ES0T 0T 10A


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.20535/2617-0965.eae.228255
https://vlp.mpiwg-berlin.mpg.de/people/data?id=per166
https://doi.org/10.1016/S0021-9258(18)72329-6
https://doi.org/10.1016/S0021-9258(18)72329-6
https://doi.org/10.1063/1.1769941
https://doi.org/10.1007/BF01617328
https://doi.org/10.1007/BF00261498
https://doi.org/10.1007/BF00858362
https://doi.org/10.1007/BF00580835
https://doi.org/10.1016/0026-2862(92)90081-Y
https://doi.org/10.1016/j.mvr.2011.01.003
https://doi.org/10.1016/0030-4018(81)90428-4
https://doi.org/10.1364/AO.26.005321
https://doi.org/10.1117/12.231359
https://doi.org/10.1364/AO.27.001113
https://rjr.com.ro/articles/2016.3/RJR_2016_3_Art-02.pdf
https://www.optotune.com/lsr-3005
https://www.optotune.com/lsr-3005
http://www.eopc.com/sc5.html

DOI: 10.20535/2617-0965.eae.228255

228255-6 EnexTpoHHi cHCTEMH Ta CUTHAIN

UDC 53.086, 53.082.8, 53.082.534, 612.135, 628.041.9

Instrument for Studying the Oxygen Transport
in Capillaries

M. S. Molebna

Gymnasium no. 315
Kyiv, Ukraine

Abstract—A possibility has been studied of the process of oxygen transfer to the tissues through the capillaries. The idea
of spatially resolved oxymetry to be applied at the microscopic scale was induced due to appalling results of oxygen defi-
ciency problems aroused as a result of the last pandemic of covid-19. A narrow window into the world of capillaries in
the human body is the nailfold region which is used for the so-called nailfold capillaroscopy, a practical method for identi-
fying and obtaining morphological description of capillaries, unveiling a bit of information on the health of microcirculation
and potential pathological changes. The information assessed in capillaroscopy is based on the analysis of structural details
of the capillary images. We decided to check this very narrow window of nailfold for in-vivo studies of a feasibility to get
the argumentation for diagnosis and even for the prognosis of the disease.

The instrument, we designed, allows the unveiling of the functional activity of capillaries, the observation of how effi-
ciently they upload the oxygen to the tissues. We developed several versions of the prototype. The basic part of the instrument
is the measuring microscope of the Mir-2 type with the 10 x objective. The Hayear digital video camera is mounted on
the top of the barrel instead of the eyepiece. In one of the versions, to avoid the reflexes from the oil drops on the nailfold,
the tip of the finger is illuminated by light emitting diodes from the bottom of the finger bed. We tested also the light emitting
diodes installed in the side walls of the finger holder.

The image of the capillaries is displayed on the 28-inch monitor. The image is registered with the HD resolution on
the SD card installed in the video camera. The procedure is controlled by the program upon pushing the “Register” button.
Not to touch the camera and not to shift the image accidentally during this procedure, that takes 200 ms, a remote control
is used being included in the program loop. Registered images are then transferred to the computer for further processing.
In this version of the instrument, we “decolorize” the images and pixel-by-pixel compare their intensities.

A prototype of the device has been designed and manufactured. Proposed and designed is the illumination schematic.
The instrument structure is described including its parts, as well as the idea of image processing, the latter being acquired
in different sections of the spectrum. In the studies, the narrow-band illumination was used in the regions of spectral lines
527 nm, 585 nm, and 650 nm, that were selected by the interference filters with transmission bandwidths 10-12 nm. As
a conclusion, we found the narrow nailfold window into the world of capillaries still open, and hope our findings to be useful
to further studies and tests with clinicians.

Keywords — oximetry; capillaroscopy; capillary oximetry; spatially resolved oximetry.
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