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Co3l1aH  YKOMIUIEKTOBAaHHBIH 10 MOJYJIbHOMY HPHHIUIYY KOMIUIEKC NMPUOOPOB, MO3BOJISIOIINH
U3MEpSATh CIEKTpalbHble KOA(QQUIMEHTHl OTpaXCHUS] W WHIUKATPUCH KOXH, Kod(duImeHTs!
HAaIpaBJIeHHOT0 U TU(Qy3HOTO MPOIYCKAHUS CBETA TYMOPAILHBIMU CPEJIaMU.

Kniouesvie cnosa: cBer, paccesiHue, OHONOTHYEcKas TKaHb, I'yMOpajlbHas >KUIKOCTb, CIEKTD,
k03 unreHT TP Py3HOro OTpaskeHusl.

BBeaenune

CriekTpanbHble METOABI MPOYHO BOLLIM B MPAKTHKY ONpPEHENCHHs KOMIIOHEHTHOTO COCTaBa,
CTPYKTYPHBIX M ONTHYECKUX XapaKTePUCTHK Pa3IU4HbIX cpen. OJHaKo MPUMEHEHHE 3TUX METO/I0B
JJIsL HEWHBa3UBHON JUAarHOCTHUKU OMOJIOrMYECKUX TKAHEW HE CTOJIb IHPOKO. O)Z[Ha 13 IPUYHH 3TOr'0
CBSI3aHa C OTCYTCTBUEM IPOMBILUIEHHO BBIITYCKA€MBIX TEXHUYECKUX CPEACTB, NPEAHA3HAUYCHHbIX IS
M3MEPCHUSI XapaKTEPUCTUK CBETA, PACCESIHHOrO OMOTKaHSAMU B ycJoBHsX IN Vivo. Ilens nannHOU
paboThl — pa3paboTKa KOMITAKTHOW M JIETKO TPAHCIIOPTUPYEMOW CHCTEMBI, COUETAIOUIeH yI00CTBO
U3MEPEHUS] B YCIOBHUSX IN VIVO pa3iMYHBIX CMEKTPaJbHBIX XapaKTEPUCTHK PAaCCESHHOIO CBETa,
o0ecriedeHHEe BO3MOXKHOCTH KOMIUICKCHOTO H3YYEHHMS PEXHMOB OJHOKPATHO M MHOTOKPAaTHO
paccessHHOro W3Iy4eHHsi OWOTKaHEH W TYMOpAalbHBIX Cpell, TMONyYeHHE OJKCIEPUMEHTATbHBIX
pe3yiapTaToB B aOCONIOTHBIX E€AWHUIAX, [O3BOJIIONIMX BOCIOJIB30BAThCA AHATUTUYECKUMHU
METOAMKAMU peLIeHus OOpaTHOW 3aJaud IO BOCCTAHOBJIEHUIO CTPYKTYPHBIX M Onoduszndeckux
[apaMeTPOB CPEJbI.

CTpyKTypa U3MEpPUTETbHON CHCTEMBbI

[Tpubop yKOMIUICKTOBAH 10 MOIYJIBHOMY NPHHLUITY. DTO 00ecrednBaeT rHOKOCTh CHCTEMBI
B JKCIUTyaTallid, BO3MOXXHOCTb €€ MpPOCTOH cOOpkuM M pa30opku, Maible rabaputbl. B kauectse
0a30B0ii KOMITICKTAI[UH UCITOJIL30BAHbI OT/IENIbHBIE 0JI0KH, BhITyckaeMbie pupmoit Ocean Optics. s
KaXXI0r0 BapHaHTa pexuMa padoThl OOLIMMH MOIYJSIMH SIBIISIIOTCS MCTOYHHMK CBeTa Ha 0Oase
ragorendor namnel HL-2000-LL, cnexkrpomerp USB4000-VIS-NIR (npuemHHK u3MydeHHs) H
MEepCOHANBHBINA KOMITbIOTEp. KpoMe Toro, cucrtemMa BKIIFOUAET PsiJi OOIUX BCIIOMOTATENLHBIX OJIOKOB
MIPUCTIOCOOIIEHNH, cpenn KoTopbix — mporpammHoe obecrniedenne SPECTRASUITE, mpuemHoe u
nepeznaoliee BojokHa ontuueckoro tuma QP400-2-VIS-BX, kommumarop tuma 74-ACR, stanon
ontudeckuii tuma WS-1. Ilpm wu3MepeHHWH pa3IUuYHBIX XapaKTEPUCTHK pPACCESTHHOTO CBeTa
JOTIOJTHUTENNBHO ~ HCTIONIB3YIOTCS  B3aWMO3aMEHseMble MOJIyJIH, 4YacTh KOTOPBIX MpPOW3BEIEHA
OceanOptics, a ngpyras pazpadorana u usrorosnena B Mucturyre pusuku HAH benapycu.

Ha puc. | npeacraBieHa CTpyKTypHasi CXeMa CHCTEMBI B PEXHME U3MEPEHHUs CIIEKTPaIbHBIX
kodpdunmenro auddy3Horo orpaxenus. CBeT oT ucrouHuka Y mocTymaer B ONTOBOJOKOHHBIH
kabens OBK: u BBIXOOUT M3 HEro B BHJE PACXOMAIIECrOCs My4Ka C MOJHBIM YIJIOM PaCXOIUMOCTH
nopsiaka 25°. Kommumatop K opmupyer nmapasmnensHblii Mydok auameTpoM mnpumepHo 3 mm. llpu
HEOOXOJIMMOCTH ycTaHaBIuBaeTcss UHTepepeHInoHHbll  QuabTp WD, KoTOphId BBEIOMpaeT
TpeOyeMyl0 JUIMHY BOJHBI W3mydeHus. Jlamee cBeT mocTymaeT B wuHTerpupytomgyioo chepy HC
(dporomerpuueckuii map) tuma [SP-80-8-R, B uamepurenrHOM nopTe KOTOPOW BHAaYaIe MOMENIACTCS
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KaJIMOPOBOYHBIN ONTUYECCKUN ITAJIOH, a 3aTeM o0Opa3sel] OMOTKAaHU WU TyMOPAJILHOW KHJIKOCTH.
OnTudecKuii 3TaJOH BO BCEM CIIeKTpaimbHOM auana3zoHe 360—1000 HM mMeeT cepTHOHUIMPOBAHHBIMA
KoaduimerT orpaxkenus, Omm3kuit K 1. OTpakeHHOEe 00BEKTaMH H3ITydYeHHE 10 ONTOBOJIOKOHHOMY
kabenro OBK> moctynaer B dotonpuemunk ®DII, KOTOpBI U3MEpSAET CHEKTP ONTHYSCKOTO CUTHAA
(360—1000 um), u, ocie KanuOPOBKH, KoddduiueHT aAuddy3HOro oTpakeHUs CBeTa OT OMOTKAaHH,
repeaBacMblii B KoMIbIoTep. Tum perumctparopa crekrpomerpa — II3C-nuuetika. IIporpamMmmuoe
o0ecriedeHne CIy’)KHT Ui TIPENCTaBICHUS OKCIEPUMEHTAIBHBIX JaHHBIX B COBMECTHMOM C
KoMITbIoTepoM Bujie U popmare. Ot ®II usmepennsrii cnektp nogaercs B mopt USB nepconansHOrO
kommeiotepa 1K, rae mpousBoautcs ero okoHuUaTenbHas 00padoTka. CKOpPOCTh Mmepenadyn JaHHBIX —
kaxasie 5 mc gepe3 USB mopt (obGecreunBaeTcst mporpaMMHBIM ITyTeM). OmepalnoHHON CHCTEMOM
sissercss Windows 98/2000/XP.

jm————— MOIYJIb OCBEIICHU A

OBKi

H:l\[(

Puc. 1. CtpykrypHas cxema npudopa: Y — ucrounuk cseta; OBK1 — nepenaronmii onToBOIOKOHHBIH kKabens; K
— xommmmMatop; U® — urTepdepenmmonnsiii pumbtp; UC — uaTerpupyromas chepa; BT — oOpaszen bnoTkanu
iy rymopanbHoit xunkoctr; OBK:, — mpruemMHbIH oNTOBOIOKOHHEIH Kabens; @I — poToperucrpupytomee
ycTpoiictBo; K — mepcoHanbHblil KOMIIBIOTED

Cucrema MOXeT pabOTaTh B CIIEAYIONUX PEKUMaX U3MEPEHH.

1. Koapunmentsr muddy3Horo orpakeHuss 0H000HEKTOB, HAIPUMED, KOXKH (pUC. 2, @) WIH
poObl TYMOPaNbHON KUAKOCTH ¢ ucnonb3oBanueM MC (puc. 2, 6). B nepBom ciyyae kK mprueMHOI
anepType MHTerpupyomeil cheprl npucTaBiseTcs ucciaenyeMblii o0pasel. Bo BTopoM — KioBeTHas
KaMepa ¢ TyMOPaJbHOW JKWAKOCTBIO. KioBeTy ¢ mpo0oii ycTaHaBIMBAaHOT B IMOCaJOYHBIE MECTa
KaMephbl.

2. Kosddunuents! nuddy3Horo npomyckanus NpoObl KUAKOCTH ¢ ucnoib3zoBanueM MC u
KIOBETHOM KaMephbl JJIsl U3MEPEHHUSI MHOTOKPATHO paccesiHHOro cBeta (puc. 2, 6).

3. Koo duimentsl HampaBIeHHOTO TNpoNyckaHus (ToKa3aTteau  ocialiieHus) poObl
KUJIKOCTH B KIOBETE TSl U3MEPEHHUSI HHTEHCHMBHOCTH MPSIMO TPOILE/IIEro cBeTa (puc. 2, 0)

4. lHinkaTpucsl OTPaXEHUsT CBeTa OHOOOBEKTAaMH C HCIOJIB30BaHMEM TOHHOMETpa
(puc. 2, 6). T'oHnomeTp CBOEH NPUEMHON arepTypod yCTaHAaBIMBAETCS Ha HMCCIEAYyeMbIH oOpaszel.
OcgeuieHne 00pa3la OCYILECTBISETCS IO HOPMAIM K IOBEPXHOCTH, a NPUEM H3IYYEHUS — TI0A
HEKOTOPBIM YTJIOM. DTOT YTOJI MOXET BapbHUpPOBATHCS B Mpeaeiax 15—75° oTHOCHTEN HO HOPMaJIU K
MTOBEPXHOCTH.

Nsmepenne koadduirienToB aud¢Gy3HOro MPONyCcKaHUs Npo0 T'yMOPalIbHOH IKUAKOCTH
OCYILECTBIISIETCS aHAIOTMYHO, HO KIOBETHYIO KaMepy ¢ mpobamu ycTaHaBiuBaioT Ha Bxozxe HC.
[Ty4ok Gesoro cBera OT UCTOYHHKA Yepe3 Mepejarolee BOJIOKHO U KOJUTMMATOP MOCTYIAET B KIOBETY
U pacCerBAETCs UCCIIEIyeMON KUIKOCThI0. Bosaukmmii auddy3Herii cBet noctynaeT B MIC, a oT Hee
Yyepe3 BTOPOH KOJUIMMATOp M NPHEMHOE BOJIOKHO — Ha HPUEMHHUK crekTpomerp. CrneKkTpomerp
PETUCTPUPYET CIIEKTP PACCESHHOTO M3JIyYeHHMs U, MOcie KaluOpoBKH, K03(hduumeHTs! anddy3Horo
MPOIYCKaHHs CBETa TYMOPaJIbHOW KHIKOCThIO. [IpH W3MepeHHH TpOIyCKaHWsl MPSIMOTO CBETa B
yCIIOBHSX IN VItro (Juist mpo0 ryMOpalibHBIX CPeJl WIIM TOHKHX CPE30B OMOTKAHM) Iy4OK Oelloro cBera
OT HCTOYHMKA 4Yepe3 IepeAaroliee BOJIOKHO M KOJIMMATOp IMOCTYNaeT B KIOBETHYIO KaMepy,
MIPOXOJIUT KIOBETY C MUCCIIEMYEMOM KUIKOCTHIO U Yepe3 BTOPOH KOJUIMMATOP MOCTYIAET B IPUEMHOE
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BOJIOKHO W Jajee Ha crekrpomeTp. llocmegHuil perucTpupyeT CHEKTPaTbHYI0 HHTCHCHUBHOCTD
0cNabJIeHHOTO JKAIKOCTHIO M3ITydeHHs] W, TOCie KaTMOPOBKH OTHOCHUTENHFHO STATIOHHON KIOBETHI,
nepenaeT 3HaueHusI Kod(pUIFeHTa IPOMyCKaHus Ha Pa3lIWYHBIX UIMHAX BOJIH B KOMITbloTep. JlBa
YKa3aHHBIX KOJUIMMATOpa CIy)KaT JJisg 3aJaHus TpeOyeMod pacXOoJMMOCTH OOJydarolmero M
PETHCTPUPYEMOTO CBETa, YTO TMO3BOJIACT IMOBBICUTH TOYHOCTh W3MepeHus Kol duunmeHTa
MIPOITy CKaHHSI.

Puc. 2. Kommurekc 115 ©3MEpEeHHUS CIIEKTPATBHBIX XapaKTEPHUCTHK PACCETHHOTO CBETa OT KOKU USIIOBEKA FITH
TYMOPAJEHON JKUKOCTH: d — U3MepeHue KodppuureHTa TudPy3HOTro OTpaskeHHsI OT KOXKH: | — HCTOYHHUK
cBeta. 2 — OBKy, 3—-UC, 4 — OBK3, 5 — @I, 6 — I1K; 6 — KOMIDIEKT MIPUCTABOK: | — KIOBETHAsI KaMepa st
n3MepeHus K03 UIMEeHTa HAIPABICHHOTO TIPOITYCKaHHS CBETa TYMOPAIBHOM JKUAKOCTBIO, 2 — KIOBETHAs

KaMepa s m3MepeHus Ko3(ppuneHToB mudGy3HOTO OTPAKEHUS U MPOITYCKAHHS TYMOPAIBHON JKUAKOCTH,

3 —UC, 4 — 6510k U3MEPEHUsI HHIUKATPUCHI OTpakeHHst Onoo0beKTa

[lpn m3MepeHUsIX WHIUKATPUC OTPaKEHUS OMOOOBEKTOB HCIHOJIB3YyeTcs YKa3aHHAs paHee
KOMIUIEKTYIoIIass TexHuka (0e3 WHTerpupymomei cdepsl U KIOBETHBIX Kamep) s monmydeHus
9KCTIEPUMEHTAIBHBIX JaHHBIX B A0COTIOTHBIX CIMHULIAX TPUMEHSIECTCS ONTHYECKUI ITAIOH.

Ouenka norpemrHocTeil u3MepuTeas Ko3¢GPpUIUEeHTOB 0TpaKeHHs

HccnenoBanbl  pasHble  NPUYUHBI, TNPHUBOAAINIMNE K  IOTPEHIHOCTSAM  H3MEPSEMOTO
K03 UIIIeHTa OTPaKESHHUSI.

LHlymur  cucmemvl  pecucmpayuu. BplOpaHbl ONTHMalbHbIE YCIOBHUS: yCPEIHEHHBIN
CHeKTpaJbHBINA HHTEpBaN 10 HM, YTO COOTBETCTBYET ycpeaHeHuio mo 25 mukcenam [13C-nuneiiku;
W3MEpPEHUsl IPY BPEMEHH HAKOIUICHHs He Ooiiee 4 ¢ u yeThlpex peanusanusax. [Ipu atom B uHTEpBaje
0.4—1 MM morpeurHocTy, onpeaessieMsle myMamu, He 6onee 1 %.

BrnusiHue MIOMUHECIICHITUY U pacCesTHUS CBETa B CIIEKTPOMETpE OTcyTcTBYeT. [lepenan mexmy
MOBEPXHOCTHIO MHTETpUpPYIOIIeH chepbl 1 OM00OBEKTOM MOXKET YMEHBIIUTh OTpaxkeHue Ha 1-3 %.

Yuem ¢honosoeo ceemosozo nomoxa, nonadarowezo Ha cmeHKY GOMoOMempuiecKozo wapa.
Ero mons mo cuektpy uzmensiercst ot ot 0,017 mo 0,03.

Bnusinue pasmvimus oceemumenvHo20 namua 6 obveme buomxanu. BeneacTBue pasMbITHA
cBeTa B_OOKOBBIX Ha-TIPaBJICHUSX 3a MPEIeNbl MPUEMHON anepTypbl HE0OOXOAUMO NpPHU UIMHAX BOJH
600, 700, 800 HM u3MepsieMblii KoahdUIMEHT oTpakeHus: ymHoxkaTh Ha 1,01, 1,07, 1,1.

3akiaouyenue

Co3/1aHHBII KOMIUIEKC MO3BOJIIET OCYIIECTBIIATE HEHHBA3UBHYIO (HEpa3pyLIAIONIYI0) AMATHOCTUKY
KOHLEHTpAlUN KalWUISIPOB M CTENEHH OKCHUT€HAallMM KPOBU B JiEpMe, KOHIIEHTPALlMKU MEJIaHWHA H
TOJIIIMHBI JMUIEPMHCA, a TAKXKe OINpEJelICHHe CTENeHW OKCHUTEHAIMH, TeMOTJIOOMHHOTO COCTaBa,
pa3MepoB M CTENEHHM arperamiyl SPUTPOIUTOB B Mpobax KpoBu [l]; BBISIBIATH psAA MaTOIOTHI
MPUIIOBEPXHOCTHBIX YYaCTKOB KOXXKM M MPOO KPOBU IO OTKIOHEHWIO M3MEPEHHBIX CTPYKTYPHBIX U
Onou3MUECKUX MapaMeTpOB TKAHW M KPOBH OT HOPMAaJIbHBIX 3HAUEHWH [2]; OLeHHMBATh TITyOWHBI
MIPOHUKHOBEHHSI CBETA B TKaHb MIPH CBETOTEPAIINH, BKIIIOYAS JIA3ePHYIO; OIIEHUBATH TEMITEPaTyPHBII
pexuM. OMOTKAaHHU IPH JIA3€PHOW TMHEPTEPMHUM WM KPHOTEpMHHU MoBepxHOcTH Koxu [3]. Ilpubop
YKOMIUIEKTOBaH MO MOJYJIBHOMY NPHHLUILY; €ro Bec 7—8 Kr (B 3aBUCHMOCTH OT KOMIUIGKTAllUN);
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MMEET TPOTrpaMMHOE oOecreueHue M CBsizb ¢ moproM USB mepcoHANBHOrO KOMIBIOTEpA IS
repeaadn oI POBAHHBIX TAHHBIX U HX 00pabOTKH.

SPECTROPHOTOMETRIC EQUIPMENT COMPLEX FOR MEASURING LIGHT
CHARACTERISTICS SCATTERED BY BIOLOGICAL TISSUES AND HUMORAL MEDIA

A.P. IVANOV, V.V. BARUN, V.P. DICK

Abstract

An equipment complex having a modular construction is designed to measure spectral reflectances
and angular patterns of scattered light from skin, spectral direct and diffusetransmittance
coefficients of humoral media.

Keywords: light, scattering, biological tissue, humoral liquid, spectrum, diffuse reflectance coefficient.
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IIpuBeneHs! pe3ynbTaThl UCCIIENO0BAaHUS MUKPOLUPKYJISIIUU B MOBEPXHOCTHBIX COCYNaX KOXH B
oOJlacTy MpaBoii 3a/IHEH KOHEYHOCTH JIa0OPATOPHBIX KPBIC J0 U IIOCIIE MOJIEIUPOBAHHS apTpUTa
Ha OCHOBE METO/a JAMHAMHYECKOTO H3MEepeHHs OwocriexsnoB. lcciaenoBaHMs BBINIOJIHEHBI C
UCIIONIb30BAaHNEM pPa3pabOTaHHOTO aBTOPaMH aNMapaTHOTO M IPOrpaMMHOTO oOecHedeHus
JMHAMUYECKOTO U3MEPEHUsI OMOCIIEKIIOB. Y CTAHOBJIEHO, YTO METOJI ANHAMHUYECKOTO U3MEPEHHS 1
uudpoBoil  00pabOTKM OHMOCHEKIIOB KOXH II03BOJISIET BBISIBUTH IEPBUYHBIE HW3MEHEHHS B
MHUKPOLMPKYJISIIIAY, TPOUCXOMASAIINE HAa HAYalbHOM CTaguM pPasBUTHSA apTpUTa, a TaKke
OTCIIC)KMBATh JAalbHEHIINE HM3MEHEHUs, MPOUCXOJIINE B TPOLEcCe pasBUTHS 3a00JIeBaHM.
PesynpraThl aHanM3a CHEKI-W300pa’kKeHHH COTJIACYIOTCS C OOmed KIMHWYECKOH KapTHHON
Te4eHus 3a00sIeBaHMs.

Kniouesvle cnoga: OMOCTIEKIIBI, CIEKII-ICIIEIOBAHMS, CIIEKIT-N300paKeHNE, MUKPOLUPKYJIALNS, apTPHT.
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