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AHHOTALUA

Ipenmer uccaenoBanus. [Ipyn qUarHocTHKE OHKOJIOTHYECKHX 3a00JI€BAaHUH KOXH OCTAeTCs aKTyalbHOU IpobieMa
HECBOEBPEMEHHOTO BBIIBICHHS MaToioruii. CoBpeMeHHBIE TUarHOCTHIECKHE METObI IMEIOT Psifi HEJOCTATKOB,
CBSI3aHHBIX C OTPaHMYEHHBIMU BO3MOYKHOCTSIMU YEJIOBEUECKOTO 3PEHMS, BRICOKMMH TPEOOBAaHHUAMH K HEMHBAa3HBHBIM
HCCIEAOBAHUAM U K IU(PPOBOMY MPEJCTABICHUIO ITOJIYYEHHBIX PE3YJNbTATOB IS MX Mepeladd Mo KaHallaM
cBsi3u. BakHeiinine 3agaun paHHed OMHAPHOI AMAarHOCTUKU KOXXHBIX HOBOOOpPA30BAHUN MOTYT OBITH PELICHBI C
HCIIONB30BAaHUEM MeToJ0B Onopaanodporonuxku. Meroa. B pabore paccMoTpeH aBTOPCKUN MHOTOCIHEKTPaIbHbIH
MeTo 00pabOTKH M300paXKeHHH yUacTKOB KOKM C UCIIOIb30BAHHEM HOBOTO CHEUATH3UPOBAHHOTO MOIMXPOMHOTO
HCTOYHHKA CBETA C MPOTPAMMHBIM YIIPABICHHEM IMHON BONHBI M3mydeHus. [IpoaHann3npoBaH NpUHIUIT JSHCTBHSA
TaKOTO MCTOYHUKA M 000CHOBAHO IIPUMEHEHNE HaOopa CBETOANOIOB CO CIICIUATBHBIM PACIOJIOKEHUEM, UTO TTO3BOJISIET
HaIpaBIIATh ITyJOK CBETa JII000H JUTMHBI BOIHEI B OTHOM HarpasieHuH. [TonTeepikieH BEIOOp HCIIONb3yeMBIX HANla30HOB
JUIMH BOJIH CBETOJIMOJIOB, ONTMUCAH MEPBBIH BApHAHT MaKeTa TAKOTO UCTOYHHKA CBETA, IPUBEAEHBI €ro ONTHYeCKas U
CTPYKTypHas cxeMbl. [Ioka3zaHo, 4YTO ONTHMaJIBLHBIM CIIOCOOOM HPOrPAMMHOTO YIPABICHHS JJIHHOW BOJHBI SIBIISIETCS
ee Tpy0ast HaCTpoiika MepeKIIOYeHNEM CBETOMO0B U TOHKAs HACTPOHKA YCTAHOBIEHHBIMU Ha BBIXO/IE€ HCTOYHHKA
aKyCTOONTHYECKMMH NepecTpanBaeMbIMU QHiIbTpaMu. OCHOBHBIE pe3yabTarhl. [IpUBeeH Psijl TECTOBBIX CHHUMKOB
MUTMEHTHOTO TSTHA Ha Koke pasmepoM 40 x 30 MM ¢ ATMHAMU BOJH B MpEAENax OT OMIKHETO YIbTPapHOIECTOBOTO
1o OmkHero HH(PaKpacHOTO JMAMa30HOB C MCIIOJIb30BaHNEM 4epHO-0enoit kamepsl. [Ipu nudposoit 06padboTke
TMIOTyYeHHBIX MOHOXPOMATHUECKHUX H300paskeHHUH ITPOBEICHBI THCTOTpaMMHAas! SKBAIM3aINs U MeIHaHHas (prIIbTparys
CHHMMKOB JIUISl paCIIMPEHHs TMHAMHYIECKOTO JUana3oHa YPOBHEH SIPKOCTH U MHHUMH3AIMU NCKa)XKEHHH, BBI3BAaHHBIX
HEepaBHOMEPHOCTBIO MCCIIEyEMOTr0 yJacTKa KoK M HalTndueM TeHeBoH 3acBeTkH. [lomyueHs! rpaduky pacnpeneneHns
AMIUTUTY/IHOI MHTEHCUBHOCTH B HCXOJHBIX U OT(UIBTPOBAHHBIX CHUMKAX JUIsl BBIOPAHHBIX JUIMH BOJH CBETOIMO/IOB.
IToka3aHo, YTO O HaJIMYMM KO)KHOTO HOBOOOPA30BaHHMS MOXHO CYIUTh IIO IIPOBaJiaM KPHUBOIl pacnpeeneHus
HMHTEHCUBHOCTH cBeTa. OO0CHOBAHO paMallbHOE PACHONIOKEHNE CBETOMOIOB Ha ILIaTe ATl MHHUMU3AIUU TEHEBOU
3aCBETKHU IIpU OocBemmeHnn Koxu. IlpakTHyeckasi 3HaAYMMOCTh. [IpoBeneHHbIE HCCIeJOBAaHNS MHOTOCHEKTPATbHON
00paboTKN N300paKEHHH ¢ MOMOIIBIO PEANTH30BAaHHOTO ITOJMXPOMHOTO NCTOYHUKA CBETAa BHOCAT BKJIAJ B Pa3BUTHE
HOBBIX METO/IOB PAaHHEH AMarHOCTUKH KOJKHBIX HOBOOOpa30BaHMIT HA OCHOBE (DOTOHHKU M ONTOICKTPOHUKH U MOTYT
HaWTH IPaKTHYECKOE IPUMEHEHNE B MEIUIINHCKIX TEXHOJIOTHSX.
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Abstract

When diagnosing oncological skin diseases, the problem of untimely detection of pathologies remains relevant. Modern
diagnostic methods have a number of disadvantages associated with the limited capabilities of human vision, high
requirements for non-invasive studies and digital representation of the results obtained for their transmission over
communication channels. The most important tasks of early binary diagnostics of skin neoplasms can be solved using
bioradiophotonics methods. The paper considers the author’s multispectral method for processing images of skin areas
using a new specialized polychrome light source with software control of the radiation wavelength. The principle of
operation of such a source is analyzed and the use of a set of LEDs with a special arrangement is justified which makes
it possible to direct a beam of light of any wavelength in one direction. The choice of the wavelength ranges used
for LEDs is confirmed, the first version of the layout of such a light source is described, and its optical and structural
diagrams are given. It is shown that the optimal way of the wavelength programmable control is its coarse tuning by
switching LEDs and fine tuning by acousto-optic tunable filters installed at the source output. A number of test images
of a pigment spot on the skin with a size of 40 x 30 mm with wavelengths ranging from near ultraviolet to near infrared
ranges using a black and white camera are presented. With digital processing, received monochromatic images, histogram
equalization and median filtering of images were carried out to expand the dynamic range of brightness levels and
minimize distortion caused by the unevenness of the skin area under study and the presence of shadow illumination.
Graphs of the amplitude intensity distribution in the original and filtered images are obtained for the selected wavelengths
of the LEDs. It is shown that the presence of a skin neoplasm can be judged by the dips in the light intensity distribution
curve. The radial arrangement of LEDs on the board is justified to minimize shadow illumination when illuminating the
skin. The conducted studies of multispectral image processing using a realized polychrome light source contribute to
the development of new methods for the early diagnosis of skin neoplasms based on photonics and optoelectronics and
can find practical application in medical technologies.
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BBenenue

Pa3paboTka MeTOnOB paHHEH OMHAPHOW AMATHOCTHKHU
HOBOOOpa30BaHUM KOXKH UPE3BBIYAITHO aKTyalbHast MPo-
6sema. B o01ieli cTpyKType OHKOJIOTHUYCSCKIX 3a00JICBaHU I
B Poccuiickoii @enepaniun pak KOXKH SBISETCS JUIUPYIO-
MM, YTO IOITBEPKITACTCS CYIMICCTBCHHBIM POCTOM YHC-
Jla TaKHUX MAlUEHTOB B MOCIEIHEE BPeMsi. ITO BBI3BAHO,
B YaCTHOCTH, HCCBOCBPEMCHHBIM BBISBICHHEM JaHHBIX
narosioruit [1, 2]. CymecTByromne METoAbl AUarHoCTH-
KU 3JI0Ka9eCTBEHHBIX HOBOOOPA30BAaHUH KOXKH 00JIaTat0T
PSAIOM CYIIECTBEHHBIX HEIOCTATKOB W 9acTO HE MOTYT
o0ecrneunTh HaIe)KHOE BBISIBICHHUE JTaHHBIX 3a0071€BaHUI
Ha PaHHUX CTAIUAX pasBUTH [3]. AKTUBHOE MPOJBUIKE-
HHC MCTOJIOB, OCHOBAaHHBIX Ha MPUHIUIIAX OHOpamxnodo-
TOHHKH, MPEIyCMATPUBACT ONTO- U PATUOIICKTPOHHYIO
00paboTKy OMOMEIUIIMHCKUX JaHHBIX. Penrenue nanHoi
3aJlayd BO3MOXKHO MPH UCKJIFOYCHUU HEONPENICICHHOCTH,
BO3HUKAOIICH B pPE3yJIbTaTe BU3YAITEHOTO OCMOTpPA HOBOO-
OpaszoBanus. [losBIeHNE HEOTPEIEIEHHOCTH 00YCIOBICHO
OrpaHUYCHHBIMH BO3MOXKHOCTSIMH YEJIOBEUCCKOTO 3PCHUS,
HE CIIOCOOHOTO OTJIMYATh YUCTHIC CIICKTPAIBHBIC I[BETA OT
cocTaBHBIX. Hanbomnee 9acTo MPUMEHSFOT METOIBI paMa-

HOBCKOI#1 [4, 5] 1 aBTOuIyOpeCIIEHTHO# CrieKTpoCKonuH [6].
O0a meTona 00ma1aroT psiioM HeocTaTkoB. OJIMH U3 HeJo-
CTaTKOB — MOTEPs YacTH MH(POPMAIINU M3-32 OTPaHUYEH-
HOTO YHciIa JUIMH BOJIH, B IIpeJiesiaX KOTOPBIX TPOBOMISTCS
n3MepeHus. PemenneM yka3aHHBIX IPOOJIEM MOXKET CTaTh
pa3paboTKa HOBOTO MeTO/1a HHU(PPOBOIl MHOTOCTIEKTPAITb-
HOW 00pabOTKH H300paskeHIH KOKHBIX HOBOOOpA30BaHUI
[7]. MeTox ocHOBaH Ha MpeoOpa30BaHUH MTOIUXPOMHO-
TO M300pakeHUs B MOCIIEI0BATEILHOCTh MOHOXPOMHBIX
M300paKEHUH, KaKI0€ U3 KOTOPBIX MPEICTaBIsSET COO0M
pacnpe/esieHie MHTEHCUBHOCTH CBETa Ha BHIOPAHHOM JJTH-
He BOJNHBI. PaboTy MeTona obecrneunBaeT NpUMEHEHHE
CHEHUAIBHOIO IIOJIMXPOMHOTO UCTOYHHMKA cBeta. Llenpb
paboThl — pa3paboTKa MPOrpaMMHO YIPABJISIEMOTO T10-
JIMXPOMHOTO HCTOYHHKA CBETA M IEMOHCTPAIINS BO3MOXKHO-
CTEH MCII0Ib30BaHMsI HCTOYHUKA /TSI PAaHHEH THarHOCTUKH
KO)KHBIX HOBOOOPa30BaHHH.

IpuHUMND paGoThl NOTUXPOMHOI0 HCTOYHHKA CBETA

B ocHOBY aBTOpCKOT0 METOIa MHOTOCIEKTPAIbHO 00-
paboTKK N300paKEHUH KOXKHBIX HOBOOOpa3oBanuii [8—10]
3aJI0KEHO MPEOOPa30BAHUE MOTMXPOMHOTO H300paKEHUS
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[MONMMXPOMHBIN NCTOYHMK CBETA 4J151 peann3aunm MHOrocnekTpasbHOro MeToaa. ..

B ITOCJIE/IOBATEIEHOCTh MOHOXPOMHBIX CyON300pakeHHH,
Ka)KJJ0€ M3 KOTOPBIX NpeJICTaBIsIeT co00l pacnpeeeHue
WHTEHCHBHOCTH CBETa Ha BRIOPAHHOW JUIMHE BOJHEL. Yem
0O0JTbIIIE YHCIIO MCIIOIB3YEMBIX JUTMH BOJIH, TEM OOJBIINH
00BEeM CIIEeKTpaJIbHOM HH(OPMAIIMH MOXKHO HOIYYHUTh ITPH
HCCIIeJOBAaHNN HOBOOOPA30BaHMS B JIONIOJIHEHNE K MMEIO-
ieiicss mpoCTpaHCTBEHHOH MH(POpMAIHH. DTO peaans3yeT-
csl, B TIEPBYIO OYEpe/ib, 3a CUET MPUMEHEHHSI CIIEIHAIBHO
Pa3paboTaHHOTO MOJIMXPOMHOIO HCTOYHHUKA CBETA C YIIPAB-
JIACMBIMHU OJIMHAMUW BOJIH, BBI6paHHI)IMI/I JUIsL obecnieueHus
OMHApHOW AMArHOCTHKHU paka KoXu. [IpuHIun padboTs
MIPOTOTHIIA UCTOYHHUKA pacCMOTpeH B padorax [11-13] ans
MIPUMEHEHHS] B OMOXUMHUYECKNX aHaIn3aTopax.
[TonuXpOMHBIH HCTOYHKK CBETa JUIsl peasin3alii MHO-
TOCIIEKTPAJIBHOIO MeToa 00pabOTKH M300paskeHNH KOXK-
HBIX HOBOOOPA30BaHHH JOJDKEH IPOTPaMMHO NEPEKITIOYaTh
JUTHBI BOJIH CBETOBOT'O ITOTOKA C TIOMOIIBIO EPEKITIOUCHUST
cBeToanon0B. CBETOANOABI PACTIONOKEHBI paHalIbHO OT-
HOCHUTENBHO IeHTpa TupakinonHoi pemerku. Ha ¢o-
KyCHOM PacCTOSTHUH OT CBETOANOAOB HAXOSTCS] CETMEHTBI
JIMH3bI, KOTOpbIE (DOPMUPYIOT ITyYKH KOJNTUMHUPOBAHHOTO
cBeta. Bee myuku nomnagaroT B HEHTP IUGPAKIMOHHON

pELIeTKN MOJ] yIIaMH TaJIeHHs], BEIOpaHHBIMHA TakuM 00-
pa3om, 4ToObI IepBble qU(QPAKINOHHBIE TOPSIKK OT Kaxk-
JIOTO IIy4Ka pacHpOCTPaHSJIUCh B OJHOM HalpaBICHUU.
[lepexitoueHne JUIMHBL BOJTHBI OCYIIECTBISAETCS NOAa4Yen
TOKa Ha BBIOpaHHEIN cBeToauon. Ha puc. | mpuBeneHa
OTITHYECKAsl CXeMa MaKeTa HCTOYHHKA CBETA.

OCHOBHOH YIIPaBJISFONINI YJIEMEHT HCTOYHUKA CBETA —
MHKPOIIPOLIECCOP, K KOTOPOMY MOAKIIIOUEHBI KITIOUH, KOM-
MYTHPYIOILIHE CBETOAHObI. YIIPABICHHE HCTOYHUKOM CBeE-
Ta pou3BoAuTCs yepe3 moayiabs USB. Muxkpormpoieccop
YHOpaBIAET TAKKe HCTOYHUKAMHU TOKa CBETOIMOIOB U OCY-
HIECTBIISIET MOJydyeHHue AaHHbIX mo nmopty USB. Crpyk-
TypHasi cxeMa pa3paboTaHHOTO MCTOYHHMKA CBETA IMpell-
CTaBJIeHa Ha puc. 2.

Maket MOJTUXPOMHOT0 HCTOYHHUKA CBETA

B makeTe B xauecTBe MCTOYHMKA CBETa PacCMOTPECHBI
CB€TOAMOABI C NJIMHAMH BOJIH B IIpCaCiax OT 6HI/I)KHeFO
yabTpaduoIeTOBOTO 0 OIMKHEro HH(pakpacHOro Ju-
arna3oHOB. BBIOOP CBETOAMOMOB OCYIIECTBICH OLCHKOM
UX Ta0apUTHBIX M ONTHYECKHX XapaKTepUCTHK. MakeTt

Puc. 1. Onrnyeckas cxema TMOJIUXPOMHOT'O UCTOYHHKA CBETA.

1 — cBeTOIMO/IBI; 2 — CErMEHTHI JIMH3bL;, 3 — MudpaKkInOHHAs peleTKa; 4 — 3epKao; 5 — JIMH3a

Fig. 1. Optical scheme of the polychrome light source.

1 — LEDs; 2 — segments of lenses; 3 — diffraction grating; 4 — mirror; 5 — lens

CerMeHTbl JudpakiponHas IOcruposounoe Brixonuoi
—{ CBeToIHO/IbI THH3 elTeTKA e JInnza —
p pxaio IIy4OK
cBeTa
Kittoun Mukpornpoueccop USB 5BM

HcTOYHNKY TOKA

ITanens ynpasnenus

Puc. 2. CtpykrypHas cxema IOJIMXPOMHOTO HCTOYHHKA CBETA.

OBM — DJICKTPOHHAs BBIYHUCIUTEIIbHASA MallliHa

Fig. 2. Structural diagram of the polychrome light source layout
OBM — Electronic Control Module
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Puc. 3. MakeT noimxpoMHOT0 UCTOUHUKA CBETA

Fig. 3. The polychrome light source layout

HCTOYHMKA CBETA, PEAIM30BAHHBIN MO CXEME pHC. 2, TIPpo-
M3BOAMT MIPOTPAMMHYIO TPyOyI0 HACTPOWKY JITHHBI BOJITHBI
cBeTa Ha § MojaMana3oHax. bonee TOHKyIO MporpaMMHYI0
HACTPOIKY JUIMHBI BOJIHBI BBIIOTHSIOT YCTAHOBICHHBIE Ha
BBIXOZIE MCTOYHHMKA CBETA aKyCTOONTHUYECKHE IIepecTpa-
uBaeMble GpuIBTPhI Ha stueiikax bparra [14, 15]. Tounsie
3HAYCHUS JUTMH BOJH B sf4eilkax 3aJaHbl MPOrpaMMHBIM
MyTeM C UCIIOJb30BaHUEM YacTOTHI YIPABISAIOLIETO CHUT-
HaJla, II0laBaeMOr0 Ha Ibe30NpeodpazoBareib A4eHKH
Bporra. B pesyibrare BO3MOXXHO 00€CIIEUNTh OCBEIICHNE
30HBI HOBOOOPA30BaHMsI CBETOM C TIOJIOCOH MPOIYCKaHUS
mopsinka 10 am. Ha puc. 3 npuBenena dotorpadus co-
OpanHoro mMakera. Perncrpanust n300pakeHHH Ha BBIXOJIC
OCYIIECTBIIEHA C TIOMOIIFI0 MOHOXPOMHOM KamepsI Basler
acA720-520um.

Pacuerni MOJIMXPOMHOTI0 UCTOYHHKA CBETA

KitroueBble mapaMeTpsl pu BeIOOpE AU(PAKINOHHOMN
pemeTku: qudpaknuoHHas 3pPEKTUBHOCTD, YO AU}-
pakmuM U yriopas aucrepcus. Jisi BBIOpaHHON peIleTKd
BBITIOJTHEH pacyeT YIJIOB TU(paKIHu:

d(sing — sing@’) = kA,

rae d — mnepuoj JUPPaKIHOHHON PEIIETKH; (¢ — yTOJ
TIaJICHUst CBETa; (' — yroi Audpaxuum; k — mopsiioK Jud-
PaKIHOHHOTO MaKCHMyMa; A — JJTHHA BOJHBI U3ITyYCHHUS.
JUi1s orMcaHust CBETOIMOIOB HCIIONB30BaHa MOJIENb chepH-
YeCKOTO JIaMOEePTOBCKOTO M3ITydaTelist, MOITHOCTH KOTOPOTO
B TEJICCHOM YIJIe TIOJy4eHa U3 BHIPayKCHHS:

P=4xnP,, sin%(q/2),

rae P — MOIIHOCTD B TEJIECHOM yIile U3aydarens; P, —
MOIIHOCTh U3JIyYCHUS] HCTOUHHKOB CBETA; ¢ — TEIEeCHBIN
yroJ, B KOTOPOM PACIPEEIAETCS MOIHOCTh U3JTyUCHHUSI.
s TenecHoro yria, papaoro 8°30', 3HAYEHHE MOIITHOCTH
puOIM3uTeNbHO 7 % OT 00mIIeii MOITHOCTH CBETOIHMO/A,
KOTOpasi UMEET B CPEAHEM BEIMUHHY TOPsIIKa HECKOIBKIX

JIECSITKOB MUJUTMBOJIBT. [IprMeHeHne aKyCTOONTHIECKUX
nepecTpanBaeMblX (HIIBTPOB yMEHBIIAET MOIIHOCTD
MIPOTIOPIIMOHAIBHO TIOJIOCE BBIIENIIEMOTO CIIEKTPAILHOTO
MHTEpPBaJa 110 OTHOIIEHHIO K HHTEPBAIly CBETOANOA.

PesyabTarhl 1udpoBoii 06padoTKu
TeCTOBBIX H300paskeHU i

Kasxoe TecToBoe n300paXkeHHe MPECTABICHO B BUJIE
MaTpPUIbl 13 BOCBMUOWUTHBIX IIEJIBIX YHCEI, KOTOPbIC HH-
JEKCHPOBaHbI HOMEPOM ITHKCENa H300paKeHUS K COOTBET-
CTBYIOT KOZy IIBeTa B rpagarmu ot gyepHoro (0) k Oemomy
(255). B pesyabrare moiny4eHbl TpadUKH pacipeaeIieHUs
UHTCHCHUBHOCTH [JI1 KaXXI0I'0 CHUMKA. 21.]'[5[ paclinpeHUuA
JIMHAMHYECKOTO JIMana3oHa YpOBHEH SIPKOCTH U MUHUMH-
3allMU MCKa)XeHUH, BEI3BAHHBIX HEPaBHOMEPHOCTBIO HC-
CJICJlyeMOro y4acTKa KOXKH ¥ HAJIMYUEM TEHEBOM 3aCBETKH
MPEIBAPUTENHEHO BITIOIHEHA TUCTOr PAMMHast SKBAJTU3ALIHS
1 MeauaHHast GUIBTpalust CHUMKOB. Ha puic. 4 moka3aHsl
n300pakeHus1: ucxonHoe / U 0OpadoTaHHbIC: SKBAINU3HU-
poBanHOE 2 U OTHWIBTPOBaHHOE 3 [UIsi CHUMKOB, MOJY-
YEHHBIX IPH OCBELICHHSX: OPAHKEBOM, 3€JICHOM, CHHEM,
TIyOOKOM CHHEM M OJIDKHEM YAbTpaduoeTe.

Pacnpeneﬂennﬂ HHTCHCUBHOCTH CBE€TaA

Jlis mocTpoeHus rpauKoOB pacrpepieaeHus] HHTEH-
CHBHOCTH HCIOJIB3yeM BBIOOPKY CTPOKH ITHKCEIIOB C SIBHO
BBIPOKCHHBIMHU y4yacTKamMu normomienus. Ha puc. 5 npu-
BEJICHBI Tpa)UKHU pacipeneaeHUs] HHTCHCUBHOCTH IS
M300paKeHUH: UCXOAHOTO / W 00pabOTaHHBIX: IKBAIU3U-
posanHoro 2 u orduisrpoBanHoro 3. Ha mecre ywactka
KOXKH C SIPKO BBIPQXKEHHBIM 00pa3oBaHUEM HaOIIOmaeTCs
IIPOBAJI UHTCHCUBHOCTH SAPKOCTH.

[Tomy4eHo NpoIeHTHOE OTHOIICHUE ITPOBAJIA HHTEHCHB-
HOCTH K €ro MaKCUMYyMY JUTsl U300payKeHUH MPY 3aCBETKAX:
opanxeBbiM — 45,7 %; 3enenbiMm — 52,5 %; cuHeM —
53,02 %; riy6okoM cuHeM — 66,67 % ¥ OnmKHEeM yabTpa-
¢uonerom — 66,67 %.
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Puc. 4. VI300paxxeHns, TOIy4YEHHBIE ITPU 3aCBETKE: OPAHKEBBIM («); 3e1eHbIM (b); cuHIUM (c); ITyOOKUM CHHUM (d)
u OmKHUM yisTpaduonetoM (e). Pasmep nzobpakenwuii 2,5 X 10,97 cm.

1 — ucxonHOE; 2 — 3KBAIM3UPOBAHHOE H 3 — OTHHIBTPOBAHHOE

Fig. 4. Images taken when illuminated with orange (a); green (b); blue (¢); deep blue (d); near-ultraviolet (e).
Image size 2,5 x 10,97 cm

1 — initial; 2 — equalize; and 3 — filtered
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Puc. 5. PacnipenienieHist ”HTEHCUBHOCTH, TIOTyYEHHBIC TIPU 3aCBETKE: OPAHKEBBIM (a); 3€1eHbIM (b); cHHUM (c¢); TITyOOKUM CHHUM (d)
U OMMKHUM YAbTpaduoneToM (e).

1 — vcxonHOE; 2 — HKBAIM3UPOBAHHOE M 3 — OT(UIBTPOBAHHOE

Fig. 5. Intensity distribution when illuminated with orange (a); green (b); blue (c); deep blue (d); near-ultraviolet (e).
1| — initial; 2 — equalize; and 3 — filtered

3akiarouenne

Pa3paboTaHHBIi NOTMXPOMHBIH HCTOYHUK CBETA I10-
3BOJIMII CPOPMHUPOBATH CYOM300paskeHNsI Ha HECKOJIBKHUX
JECSITKAaX [UTMH BOJIH W MOJIYYUTh 3HAYUTEIBHO GONBIINIL
00BEM CIIEKTpATbHON HH(OPMAIINH, YeM 3TO 00ecTiecurBa-
10T JpYyTHE CIIEKTPOMETPHUYECKHE METObl. B pesymbrare
MOJTy4eHHAs! MAaKCUMaJIbHO BO3MOXKHAsI CHEKTPAJIbHAS MH-
(hopmanysi, COBMECTHO C UMEIOIIEHCS MPOCTPAHCTBEHHOM
uHpopManuei, MO3BOJSLIOT 00Iee TOYHO ONMPEACIUTh Xa-
paxTep HOBOOOPa30BaHUs M ero KOH(OUTYpaIHIO Ha KOXKE
yenoBeka. [TocTpoens! rpaduky pacnpe/ieieHNs] THTEHCHB-
HOCTHU B 3aBUCUMOCTH OT JIMHBI BOJIHBI, KOTOPBLIC ITO3BOJIA-
10T ONPENENIUTh HAJIMYMEe HOBOOOPA30BaHMUs 110 IPOBAJIaM
KpHBOH. B nasnbHelIem miaHupyeTcst yCOBEpIICHCTBOBATh

METOJMKY MHOTOCIIEKTPaIbHOM 00pabOTKH AJIS BBISIBIIC-
HUs OMHAPHOW JUArHOCTHUKY IOPayKeHHI KOKU Ha PaHHHX
cTamusix ux pazButus. [Ipu cHATHM cepun n300paKeHuUi
BO3HUK psJ pr[[HOCTeﬁ, CBsA3aHHBIX C ITOABJICHHUCM TCHU
Ha 00bEKTe, HCKaXKatollel rpaguKu HHTEHCUBHOCTH. B Ha-
CTOsIIIIee BpeMs BEJIETCS IPOEKTUPOBAHKE YCOBEPIIIEHCTBO-
BaHHOM CHCTEMBI CBETOJUOJHBIX IUIAT AJI1 YCTPAHCHUS
9TOH NMpOOIIEeMBI, a TaKKe ISt 00eCIedeH s BO3MOKHOCTH
MOJCBEUYMBATh KOXKY M3HYTpU. Kpome Toro, mpoBoguTcs
SKCIEPUMEHTAIIbHOE OKPAIIMBAaHHE CHUMKOB B PA3JINYHbIE
[BETA C MOCIAEAYIONIMM HAJOXKEHHEM UX APYT Ha JIpyra
BO BpeMs 00pabOTKH M300paKeHHH ¢ IeNb0 OMHApHOM
JUArHOCTHKN HOBOOOPA30BaHMA, HEAOCTYITHOH YeioBede-
CKOMY 3pEHHIO.

Hay4HO-TeXHNYECKNI BECTHUK MHDOPMALMOHHbBIX TEXHOOMUIA, MEXaHUKM 1 oNTukn, 2022, Tom 22, N2 5
Scientific and Technical Journal of Information Technologies, Mechanics and Optics, 2022, vol. 22, no 5

851



[MONMMXPOMHBIN NCTOYHMK CBETA 4J151 peann3aunm MHOrocnekTpasbHOro MeToaa. ..

12.

13.

14.

15.

Jluteparypa

Sung H., Ferlay J., Siegel R.L., Laversanne M., Soerjomataram I.,
Jemal A., Bray F. Global cancer statistics 2020: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers in 185
countries / CA: A Cancer Journal for Clinicians. 2021. V. 71. N 3.
P. 209-249. https://doi.org/10.3322/caac.21660

3noxadecTBeHHbIe HOBooOpa3oBanust B Poccuu B 2020 roxy (3aboite-
BaeMOCTb M cMepTHOCTb) / o pea. A.Jl. Kanpuna, B.B. Crapun-
ckoro, A.O. IlTax3anosoit. M.: MHUOU um. I1.A. Tepuena — ¢pumu-
an ®I'bY «HMUL paguonorun» Munsnapasa Poccun, 2021. C. 4-8.
Cononsakuna T.H., Ananacesuu B.M., I'ypuna JI.H. Jlepmarockonust
KaK METOJI JMarHOCTHKU MeJIaHOMbI Koxku // CHOUPCKHIA OHKOJIOTH-
yeckuit xypHai. 2009. Ne 5. C. 63-66.

Zhao J., Lui H., Kalia S., Zeng H. Real-time Raman spectroscopy for
automatic in vivo skin cancer detection: an independent validation //
Analytical and Bioanalytical Chemistry. 2015. V. 407. N 27. P. 8373—
8379. https://doi.org/10.1007/s00216-015-8914-9

Bratchenko I., Artemyev D., Myakinin O., Khristoforova Y.A.,
Moryatov A.A., Kozlov S.V., Zakharov V.P. Combined Raman and
autofluorescence ex vivo diagnostics of skin cancer in near infrared
and visible regions // Journal of Biomedical Optics. 2017. V. 22. N 2.
P. 027005. https://doi.org/10.1117/1.JB0O.22.2.027005

Borisova E., Ivanov D., Kolev B., Genova T., Mircheva V., Ilyov S.,
Zaharieva L., Lihachova I., Lihachovs A., Spigulis J., Troyanova P.
Autofluorescence spectroscopy of cutaneous neoplasia under
ultraviolet, visible and near infrared excitation // Proceedings of SPIE.
2020. V. 11363. P. 113630Z-1. https://doi.org/10.1117/12.2555982
3aituenxo K.B., I'ypesnu b.C., Kucenesa K.P. DkcniepiMenTansHoe
000CHOBaHKE CIIEKTPO(YOTOMETPHIECKOTO METO/Ia aHAJIM3a XapaKTe-
pa KOXHBIX HOBOOOpa3zoBauwuii // Tpynbl MexayHapoaHOi#l Hay4-
HO-IIPaKTHYECKOM KOH(PEPEHINN «AKTyalbHbIe TTPOOIEMbI 1 HHHO-
BAIlMOHHBIE TEXHOJIOTMH B 00JACTH €CTECTBEHHBIX Hayk». T. 2.
Tamkent, 2020. C. 520-524.

Zaichenko K.V., Gurevich B.S. Spectral selection using acousto-optic
tunable filters for the skin lesions diagnostics / Proceedings of SPIE.
2021. V. 11922. P. 119221C. https://doi.org/10.1117/12.2615808
Zaichenko K.V., Gurevich B.S. Application of acousto-optic tunable
filters in the devices of skin cancer diagnostics // Proceedings of SPIE.
2020. V. 11585. P. 115850K. https://doi.org/10.1117/12.2581750

. Zaichenko K. V., Gurevich B.S. Development of images multispectral

processing for the skin cancer early diagnostics // Proceedings of
SPIE. 2022. V. 12144. P. 121440E. https://doi.org/10.1117/12.2624329

. IHanosanos B.B., I'ypesuu b.C., Konecos N.A., Anapees C.B.,

Benser A.A. VicTouHMK CBETa C IPOU3BOIILHO PErYIUPYEMbBIM CIIEK-
TpPaIbHBIM COCTABOM [UIsi OMOMEAMIIMHCKUX CIIEKTPAIbHBIX aHAIN3a-
TopoB // buomennunnckas anexkrponnka. 2009. Ne 11. C. 16-20.
Annpees C.B., bensies A.B., I'ypesuu b.C., Konecos U.A., Ue-
nak B.H., [llanoBasioB B.B. McTOYHNK MOTMXPOMHOTO U3ITy4IEHUS C
ynpasisgembIM criekTpoM. ITarent RU 2478871. bron. 2013. Ne 10.
Baiiuenko K.B., I'ypesuu b.C. MHorocnekrpanbHas 00padoTka n3o-
OpakeHHIT GHOTOTNYECKUX 0OBEKTOB C ITOMOIIBIO aKyCTOONTHICCKHX
ycTpoiicT // buoMmennnuHckas paguosiaekTponnka. 2013. Ne 9.
C. 70-76.

Zaichenko K.V., Gurevich B.S. Information productivity of the
systems intended for biological objects images multispectral
processing using acousto-optic tunable filters // AIP Conference
Proceedings. 2019. V. 2140. P. 0200081. https://doi.
org/10.1063/1.5122006

Zaichenko K.V., Gurevich B.S. Efficiency increasing of medical
diagnostic systems which use multispectral processing method //
Proceedings of SPIE. 2022. V. 12146. P. 121460E. https://doi.
org/10.1117/12.2624445

ABTOpBI

3aiivyenko Kupuii BaaumoBud — JIOKTOp TEXHUUECKHUX HayK, podec-
cop, 3aBeayromuit taboparopued, MTHCTUTYT aHAJIMTUYECKOTO IpUOO-
pocrpoenust PAH, Canxkr-IlerepOypr, 198095, Poccuiickas ®eneparmsi,
55927706300, https://orcid.org/0000-0002-2881-4386, kvz235@mail.ru
TI'ypeBny Bopuc CUMXOBHY — JIOKTOP TEXHUYECKHUX HAyK, IIaBHbIH
Hay4HbIH COTPYIHUK, VIHCTUTYT aHanuTHyeckoro npubopocrpoenus PAH,
Cankr-IletepOypr, 198095, Poccuiickas ®enepanus, §g 35756024100,
https://orcid.org/0000-0002-7520-7087, bgurevich48@gmail.com

References

Sung H., Ferlay J., Siegel R.L., Laversanne M., Soerjomataram I.,
Jemal A., Bray F. Global cancer statistics 2020: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers in 185
countries. CA: A Cancer Journal for Clinicians, 2021, vol. 71, no. 3,
pp- 209-249. https://doi.org/10.3322/caac.21660

Malignant Neoplasms in Russia in 2020 (Morbidity and Mortality).
Ed. by A.D. Kaprin, V.V. Starinskii A.O. Shakhzadova. Moscow,
National Medical Research Radiological Centre of the Ministry of
Health of the Russian Federation Publ., 2021, pp. 4-8. (in Russian)
Solodyankina T.N., Apanasevich V.I., Gurina L.I. Dermatoscopy as a
method of skin melanoma diagnosis. Siberian Journal of Oncology,
2009, no. 5, pp. 63—66. (in Russian)

Zhao J., Lui H., Kalia S., Zeng H. Real-time Raman spectroscopy for
automatic in vivo skin cancer detection: an independent validation.
Analytical and Bioanalytical Chemistry, 2015, vol. 407, no. 27,
pp. 8373-8379. https://doi.org/10.1007/s00216-015-8914-9
Bratchenko 1., Artemyev D., Myakinin O., Khristoforova Y.A.,
Moryatov A.A., Kozlov S.V., Zakharov V.P. Combined Raman and
autofluorescence ex vivo diagnostics of skin cancer in near infrared
and visible regions. Journal of Biomedical Optics, 2017, vol. 22,
no. 2, pp. 027005. https://doi.org/10.1117/1.JB0O.22.2.027005
Borisova E., Ivanov D., Kolev B., Genova T., Mircheva V., Ilyov S.,
Zaharieva L., Lihachova 1., Lihachovs A., Spigulis J., Troyanova P.
Autofluorescence spectroscopy of cutaneous neoplasia under
ultraviolet, visible and near infrared excitation. Proceedings of SPIE,
2020, vol. 11363, pp. 113630Z-1. https://doi.org/10.1117/12.2555982
Zaichenko K.V., Gurevich B.S., Kiseleva K.R. Experimental
substantiation of the spectrophotometric method for analyzing the
nature of skin neoplasms. Proc. of the International scientific &
practical conference “Current topics and innovative technologies in
the field of natural sciences”. V. 2. Tashkent, 2020, pp. 520-524. (in
Russian)

Zaichenko K.V., Gurevich B.S. Spectral selection using acousto-optic
tunable filters for the skin lesions diagnostics. Proceedings of SPIE,
2021, vol. 11922, pp. 119221C. https://doi.org/10.1117/12.2615808
Zaichenko K. V., Gurevich B.S. Application of acousto-optic tunable
filters in the devices of skin cancer diagnostics. Proceedings of SPIE,
2020, vol. 11585, pp. 115850K. https://doi.org/10.1117/12.2581750

. Zaichenko K. V., Gurevich B.S. Development of images multispectral

processing for the skin cancer early diagnostics. Proceedings of SPIE,
2022, vol. 12144, pp. 121440E. https://doi.org/10.1117/12.2624329

. Shapovalov V.V., Gurevich B.S, Kolesov I.A., Andreev S.V.,

Beliaev A.A. Light source with an arbitrarily adjustable spectral
content for biomedical spectrum analyzers. Journal Biomedical
Radioelectronics, 2009, no. 11, pp. 16-20. (in Russian)

. Andreev S.V., Beljaev A.V., Gurevich B.S., Kolesov 1.A.,

Chelak V.N., Shapovalov V.V. Controlled spectrum polychromatic
radiation source. Patent RU 2478871.2013. (in Russian)

. Zaichenko K.V., Gurevich B.S. Multispectral processing of the

biological objects imaging by means of acousto-optic devices.
Journal Biomedical Radioelectronics, 2013, no. 9, pp. 70-76. (in
Russian)

. Zaichenko K.V., Gurevich B.S. Information productivity of the

systems intended for biological objects images multispectral
processing using acousto-optic tunable filters. AIP Conference
Proceedings, 2019, vol. 2140, pp. 0200081. https://doi.
org/10.1063/1.5122006

. Zaichenko K.V., Gurevich B.S. Efficiency increasing of medical

diagnostic systems which use multispectral processing method.
Proceedings of SPIE, 2022, vol. 12146, pp. 121460E. https://doi.
org/10.1117/12.2624445

Authors

Kirill V. Zaichenko — D. Sc. (Technology), Professor, Head of
Laboratory, Institute for Analytical Instrumentation of the Russian
Academy of Sciences, Saint Petersburg, 198095, Russian Federation,
55927706300, https://orcid.org/0000-0002-2881-4386, kvz235@mail.ru
Boris S. Gurevich — D. Sc. (Technology), Chief Researcher, (Institute
for Analytical Instrumentation of the Russian Academy of Sciences, Saint
Petersburg, 198095, Russian Federation, f§ 35756024100, https://orcid.
org/0000-0002-7520-7087, bgurevich48@gmail.com

852

Hay4HO-TexHn4eckuii BECTHUK MHDOPMALMOHHBLIX TEXHONOMMIA, MEXaHUKN 1 onTukn, 2022, Tom 22, N2 5
Scientific and Technical Journal of Information Technologies, Mechanics and Optics, 2022, vol. 22, no 5


https://doi.org/10.3322/caac.21660
https://doi.org/10.1007/s00216-015-8914-9
https://doi.org/10.1117/1.JBO.22.2.027005
https://doi.org/10.1117/12.2555982
https://doi.org/10.1117/12.2615808
https://doi.org/10.1117/12.2581750
https://doi.org/10.1117/12.2624329
https://doi.org/10.1063/1.5122006
https://doi.org/10.1063/1.5122006
https://doi.org/10.1117/12.2624445
https://doi.org/10.1117/12.2624445
https://orcid.org/0000-0002-2881-4386
mailto:kvz235@mail.ru
https://orcid.org/0000-0002-7520-7087
mailto:bgurevich48@gmail.com
https://doi.org/10.3322/caac.21660
https://doi.org/10.1007/s00216-015-8914-9
https://doi.org/10.1117/1.JBO.22.2.027005
https://doi.org/10.1117/12.2555982
https://doi.org/10.1117/12.2615808
https://doi.org/10.1117/12.2581750
https://doi.org/10.1117/12.2624329
https://doi.org/10.1063/1.5122006
https://doi.org/10.1063/1.5122006
https://doi.org/10.1117/12.2624445
https://doi.org/10.1117/12.2624445
https://orcid.org/0000-0002-2881-4386
mailto:kvz235@mail.ru
https://orcid.org/0000-0002-7520-7087
https://orcid.org/0000-0002-7520-7087
mailto:bgurevich48@gmail.com

K.B. 3anueHko, b.C. 'ypesuy, B.U. CeaTtkuHa

CaarknHa Butaaus UropeBHa — CTY/IGHT, TEXHUK, IHCTUTYT aHAIUTH-
yeckoro npudopocrpoenust PAH, Cankr-IlerepOypr, 198095, Poccuiickas
Denepanst, §§ 57303379400, https://orcid.org/0000-0002-6456-8776,
svyatkina.vi@edu.spbstu.ru

Cmamuws nocmynuna 6 pedakyuto 12.07.2022
Ooobpena nocne peyenzuposanus 22.08.2022
Ipunama x neuamu 28.09.2022

[oNolel

Vitaliya I. Svyatkina — Student, Technologist, Institute for Analytical
Instrumentation of the Russian Academy of Sciences, Saint Petersburg,
198095, Russian Federation, g 57303379400, https://orcid.org/0000-
0002-6456-8776, svyatkina.vi@edu.spbstu.ru

Received 12.07.2022
Approved after reviewing 22.08.2022
Accepted 28.09.2022

PaboTa foCcTynHa No NMueH3nn
Creative Commons
«Attribution-NonCommercial»

Hay4HO-TexXHU4eCcKuit BECTHUK MHDOPMALIMOHHbLIX TEXHONOM A, MEXaHUKK 1 onTukun, 2022, Tom 22, N2 5
Scientific and Technical Journal of Information Technologies, Mechanics and Optics, 2022, vol. 22, no 5

853


https://orcid.org/0000-0002-6456-8776
mailto:svyatkina.vi@edu.spbstu.ru
https://orcid.org/0000-0002-6456-8776
https://orcid.org/0000-0002-6456-8776
mailto:svyatkina.vi@edu.spbstu.ru

