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Annomayusi. Ilpoyecc @AT MHo209manHbll uau MHO20¢ha308bll U 3agucum om 6HYmpeHHell HacblWeHHOCmU U
npomsizceHHocmu 80 epemeHu (om dosiell cekyHd do decAMKo8 Cymok) , a makxjce om/au4aemcsi no KUHemuke U npoyeccwl,
Hacvlwyarowue kaxcoolli sman DAT. B pabome paccmampusaemcss nogvluleHue 3s@ddexkmusHocmu memoda
¢domoduHamuyeckoli mepanuu Ha OCHO8e paspabomku Je4e6HO-duazHOCMu4eckoll yCmaHosku 05 O0nyxo/esoll
¢domoduHamuyeckoli mepanuu. IIpu smom enosHe 060CHOBAHHbIM 8UOUMCS MOHUMOPUH2 NApamempos8 KOMNOHEHMO8
@/T e npoyecce pomoduHamuyeckozo soszdelicmsus. Paspabamuieaemas ycmaHoeka co30aemcs HA OCHO8e CO4emaHust
npuHyuno8 onmu4eckozo gozdelicmeausi u onmuyeckoll duazHocmuku. YcmaHogka obecnevugaem: onmu4eckuli KOHmMpoJ1b
KUHemuKu, ypoeHsi HaKon/eHus u KoHmpacma HakonieHuss ®C e onyxosegoli 30He; onmuy4eckuli KOHMpoaAb cmeneHu
okcuzuHayuu mkaHell Ha ecex smanax D/T; eosdelicmeue Ha onyxo/ab OonmMu4eckum U3/ay4eHuem ¢ OAUHOU B0/IHbl,
coomeemcmeayiowell nuKy nozaoweHusi npumeHsemozo PC. Hmozoswlii kackad Yyumomokcu4eckux U 80CNAAUMeNbHbIX
peakyull, KaK U MeXaHUu3M 80CCMAHO8/eHUS N08PeNCOeHUll, SA8AAMCA Pe3yAbmamoM ONUCAHHBIX Npeduecmsyruux
amanos uau ¢as.

Kaiouesvie caosa: ¢domodunamuveckas mepanus, @domoceHcubuau3amop, 80/J0KOHHO-ONMuUYeCKUll KaHa,
onmuueckoe u3/y4eHue, NI0MHOCMb MOWHOCMU, OKCu2eHayus, g1yopecyeHyusl.
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MULTISPECTRAL MEDICAL AND DIAGNOSTIC DEVICE FOR PHOTODYNAMIC THERAPY OF TUMORS

Annotation. The growth of cancer in the modern world stimulates the search for new progressive approaches to
the solution of cancer problems. In modern oncology, methods of minimally invasive treatment that have a selective effect on
pathologically altered tissues are becoming increasingly prevalent. Such methods of treatment of malignant tumors include
the method of photodynamic therapy (PDT). The process of PDT is multi-stage or multi-phase and depends on internal
saturation and extent in time (from fractions of a second to tens of days), and also differs in kinetics and processes that
saturate each stage of PDT. In this work, the efficiency of the photodynamic therapy method is considered on the basis of the
development of a medical diagnostic facility for tumor photodynamic therapy. At the same time, it seems reasonable to
monitor the parameters of the PDT components in the process of photodynamic action. The system being developed is created
on the basis of a combination of the principles of optical action and optical diagnostics. The device provides: optical control of
the kinetics, level of accumulation and contrast of accumulation of PS in the tumor zone; optical control of the degree of
tissue oxygenation at all stages of PDT; the effect on the tumor by optical radiation with a wavelength corresponding to the
absorption peak of the applied FS. Optical radiation from laser emitters to the tumor zone is transmitted by means of optical
fibers (OB). In the same way, fluorescence radiation and inverse diffuse reflected radiation are also delivered to the
photodetectors. The hardware ends of all OBs are designed in the form of plugs for unified optical connectors, which provide
detachable connection to standard outlets of laser emitters and photodetectors. The length of optical fibers is superimposed
mainly on operational limitations. Typically - a few meters, sufficient to remove the block part of the installation from the
area of exposure to PDT. The resulting cascade of cytotoxic and inflammatory reactions, as well as the mechanism of damage
repair, are the result of the described previous stages or phases.

Key words: photodynamic therapy, photosensitizer, fiber-optic channel, optical radiation, power density,
oxygenation, fluorescence.

AKTYaJIbHOCTb.

Poct pakoBrIx 3a005ieBaHI B COBPEMEHHOM MHPE CTHMYJIMPYET ITOMCK HOBBIX NMPOTPECCHBHBIX MOIX0I0B
K PEIICHHI0O OHKOJOTMYEeCKHX MpolieM. B coBpeMeHHOW OHKONOTHH BCE OOJBIEE PAaCTIPOCTPAHEHHE ITONydaroT
METOABI MAaJOMHBA3UBHOTO JICYCHUS, KOTOPHIE HMEIOT CEIEKTUBHOE ACHCTBHE Ha MATOJOTMYECKH W3MEHEHHBIC
TkaHu. K TakuMm MeTomaM JICYCHHs 3JI0KAYSCTBEHHBIX OIyXOJCH MOXKHO OTHECTH METOH (POTOTUHAMUYCCKOM
tepanuu (OT). [Ipoueaypa ®JIT 3akmrodaeTcs B CIEAYIONIEM: ITOCIE BBEACHUS (POTOUYBCTBUTEIILHOW BEUIECTBA -
tdorocencudmnmzaropa (PC), kKoTOpsId W3OHpATETHHO HAKAILIMBACTCS B OITyXOJCBBIX TKAHSIX, MPOBOIUTCS UX
00Jy4eHUs ONTHYECKMM (Yalle BCEro Ja3epHbIM) H3IYyYCHHWEM C JUJIMHOW BOJHBI, COOTBETCTBYIOUICH MHUKY
noromerns ®C. OnHON U3 TIIaBHBIX 0COOCHHOCTEH METO/Ia SBISCTCS BO3MOYKHOCTh COBMCIICHHS JUATHOCTUKH W
JICUCHUsI OHKOJIOTMYECKIX 3a00JIeBaHUIl B TIpeiesiaX OJHOM MPOLEAYPHI.

Meton
B ocHoBe Qoroaunamudeckoirr Tepammm (DJIT) neKUT SBIEHWE YCWICHHS IUTOTOKCHIHOCTH
(hOTOUYBCTBUTENBHBIX BEIIECTB ((DOTOCEHCHOMIN3AaTOPOB) TIOJ BO3ACHCTBHEM M3ITyUYCHHUS ONTHYECKOTO JHAaIa3oHa
[1-3]. ®oTomuHamMmUUecKasi TEpANUs — 3TO KOMIUIEKCHBIIT MHOTOKOMIIOHEHTHBIA MeTo. Kaxapiii kommoneHT OJIT
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3aHMMaeT CBOE MECTO M BBINOJHIET cBOlO (QyHKIMIO. OTnenbHble mapamerpbl kKommoneHToB ®OJAT moryr
M3MEHSTHCS B HIMPOKOM JMHAMHUYECKOM Juana3oHe. B ciyuyae orcyrcrBust kakoro jamu6o kommonenra ®AT nubo
HEONTUMAJBHBIX [TapaMETPOB KOMITOHEHTA 0)KuAaeMblii 3 dekT GpoTonnHaMUuecKoil Tepanuu He TOCTHIaeTCsL.

IMpouecc ®JIT MHOrosTamHelii uiaM MHOTO(A30BBI M 3aBUCUT OT BHYTPEHHEH HACBHIIIEHHOCTH H
NPOTSHKEHHOCTH BO BPEMEHH (OT JIOJeH CeKyHJ JIO0 JECSATKOB CYTOK) , a TaKXKe OTJINYaeTcs 10 KUHETHUKE U
npouecchl, Haceimatomue Kaxapii stan OJIT. Ilpm sToM BHoiHEe O0OOCHOBAaHHBIM BHUIUTCS MOHHTOPHHT
napameTpoB komroHeHToB OJIT B mporiecce GOTOAMHAMUIECKOTO BO3ICHCTBHS.

Ob6mas >¢¢pextuBHOCTs deueHneM MmeronoMm DT mocturaer 90-95%, B ToM umcie momHas pe3opOums
omyxoneit 55-60%. IImoTHOCTP MOIITHOCTH, KOTOpPAas IIOMAfaeT B 30HY OITYXOJIM JOJDKHA COOTBETCTBOBATH OOIINM
TpeboBanmsaM dddexrusroro mposexerns ®AT (or 300 mMBr/em®). Onmako, B cIy4ae OOJy4eHHs OITyXoJei
6opIIOT0 pa3Mepa, BO3HUKAET HEOOXOIMMOCTh YBEIMUEHHUSI MOIITHOCTH Jla3zepa. C yBeIMYeHHEM MOIITHOCTH B CBOIO
odepellb pacTyT IHEPreTUYECKUE 3aTpaThl U CTOMMOCTB IprOOpa.

Lean padotel. [Tobienne sddexTuBHOCTH MeTO1a (POTOAMHAMUYECKON Teparny Ha OCHOBE pa3paboTKu
Je4eOHO-TMarHOCTHUECKOI YCTAaHOBKH ISl OITyX0JIeBOM (DOTOIMHAMHYECKOH Teparum.

Marepuanbl 1 NpaKTHYECKAs] peajn3anusi.
PazpabarsiBacMasi yCTaHOBKA CO3/[A€TCA HAa OCHOBE COUETAHHSI MPHHIUIOB ONTHYECKOTO BO3ACHCTBHS U
OINTHYECKON JUArHOCTHUKH. Y CTAaHOBKA 00ECIIEYNBAET:
® ONTHYECKUH KOHTPOJb KMHETHKH, YPOBHS HAaKOIUICHUS M KOHTpacTa HakomuieHnst @C B OmyxoJeBoil 30He,
® ONTHYECKUU KOHTPOJIb CTETICHH OKCUTMHAIIMU TKaHew Ha Bcex atarax OJIT,
e BO3JCHCTBHE Ha OIIyXOJb ONTHYECKUM W3IyUYCHHEM C JUIMHOM BOJIHBI, COOTBETCTBYIOUIEH MHKY
noryomeHus npuMensemoro OC.
OyHKIMOHANBHAs CXeMa pa3padaThlBaeMOW YCTaHOBKM TIpHBEJeHAa Ha puc.l B OCHOBE KOTOpOH
peanu30BaHbl HOBbIE KPUTEPHHU PEaIM3allMK O THYECKOTO, IPOLECCOPHOTO U BOJIOKOHHO-ONTHYECKOTO OJI0KOB.
Onrtuyeckuil OJIOK YCTAaHOBKM COCTOMT M3 4 nasepHbIx manydatened (JIM) m 4 doronpuemuukon (DII).
Wznyyarens JIM1 ¢ AnuHOM BOJMHBI M3Iy4eHHMS COOTBETCTBYIOIIEH MUKy HOIJIOLEHHUsS Hcnoiabzyemoro OC
CTEMYJIHpPYeT (poToamHAMHUYECKYIO peakiuio. M3mygatens JIN2 ¢ nnmmHON BONHBI M3IYYeHUS B IIpefesiaX MOJIOCH
Cope (405-410 um) mnpemnazHadeH mis Bo3Oyxknmenus Quyopecnennmun OC. Wznygarenm  JIM3 u JIN4
o0ecreunBaroT KOHTPOIb CTENEHN OKCUTHHAIINY TKaHEH B 30HE OITyXOJH.
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Pucl. ®ynknuoHaabHast cxeMa pa3padaTbiBaeMoii yCTAHOBKH

[Mpuemnanku ®I11 u OII2 perucTpupyrot usnydeHue (GpIyopecIieHIIMA OIyXOJIEBOTO0 U CMEKHOTO ¢ HUM
y4acTka OMOJOrHYecKor 30HBI cooTBeTCTBeHHO. [Ipuemuuku ®I13 u ®I14 peructpupyror obparnoe nuddysnoe
OTpa)XEHHOE OIYXO0JIEBOM TKAHBIO U3yueHue [ .

Vmpasnenue mnpoueccaMu AuarHocTUkU M BozaeiictBus npu DUAT B ycTaHOBKE OCYIIECTBISIETCS C
MOMOIIIBI0 MUKPOKOHTpoJuIepa. Mcmons3yercss MUKpOKOHTpoJuiep cemericTBa Mega ¢upmbr Microchip Technology
ATMEGA 8535. On wusroraBnuBaercs no maionotpetmstomeiit KMOII-TexHonorun, KoTopas B COYETaHHH C
YCOBEpLIEHCTBOBAHHOM RISC-apxurextypoii [103BOJISIET JI0CTUYb JIy4ILEero COOTHOILIEHUS
OwIcTpoeiicTBre/3HEprOonoTpedaeHue. [Ipomeccop MMeeT aHAIOTOBBIM MOPT A ¢ 8 HE3aBHCHMBIMH BXOJAaMH, Ha
KOTOpBIE MPHUXOAAT CHUTHAIBI OT (oronpueMHukoB PII. JlazepHble HM3IydaTenHw YNpaBIAIOTCS 00pabOTaHHBIMHU
MHUKPOKOHTPOJIJIEPOM CHTHaJIaMu depe3 rmopt D [1-4, 7].
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OnrTuyeckoe U3IyYeHHE OT JIa3EPHBIX M3JIydaTelieil K 30HE OIyXOJIM MepelacTcsl ¢ MOMOMLIbI0 ONTHYECKUX
BosiokoH (OB). Takum sxe criocoboM JrocTasisieTcs K (POTONPUEMHUKAM M M3JydeHue (QIIyopecleHIu: 1 00paTHoe
mddysHoe OTpaskeHHOE M3TydeHHe. AnmapaTHble KOHIB Bcex OB oopMiteHs! B Bujie BUIOK YHU(DHIIMPOBAHHBIX
ONTHYECKUX COEAMHHUTENCH, OOECIeUNBAIONINX pPa3beMHOE IIOJCOCANHEHUE K ILITATHBIM PO3ETKaM J1a3€PHBIX
nznydarened W QoTonmpueMHMKOB. Ha uMHY ONTHMYECKMX BOJIOKOH — HAKJIaJbIBAIOTCS B OCHOBHOM
9KCIUTyaTallMOHHbIE OrpaHW4YeHus. Kak IpaBmIo — 3TO HECKOJIBKO METPOB, NOCTATOYHBIX Ul yOaJeHUs] OJIOYHON
YacTH yCTaHOBKM OT 30HBI Bozzaeiictsust npu @IT. Ha ompenenenHom paccrosinuu ot JIM n @Il otnenbHble
BOJIOKHA OOBEAMHSIOTCS B YIIAKOBKY, “OJ€BAIOTCS B 3aIIMTHYIO 000JI0UKY, HHBIMHU CIIOBaMH O(QOPMIISIOTCS B BHIIE
MHOTOBOJIOKOHHOTO ONTHYECKOTro kabems. Ha BBIXOAHOM (OuCTalbHOM) KOHIIE BOJOKHA OPIaHW30BBIBAIOTCSA B
MIPOCTPAHCTBE B COOTBETCTBUE C pHC.2.

EI5+F400 11
Puc.2. Peasm3anusi BOJTOKOHHO-ONTHYECKOI0 0JI0KA

BpeMEHHLIe JAuarpaMMbl  OJHOTO M3  BO3MOXHBIX BapUaHTOB (l)yHKL[I/IOHI/IpOBaHI/IH YCTaHOBKH,

apantaposanHoi o @C xmopuHOBOTO psina «DPOTOIOHY, IPUBEACHH Ha pHC.3
P, uBr
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Metoaunka uccjie]0BaHus.

[Tpu 5TOM MpezaraeTcs CIeAyIOMUA NOPSI0K PabOTHI.

Uepes HEKOTOpOE BpeMs mociie Hayana BHyTpuBeHHOro BBeAcHUs @C (10-30 MuH. B 3aBUCUMOCTH OT THUIIA,
pasMepoB ¥ JIOKJIM3AIMU OIYXOJMM W T.N.) COBMEINAIOT JMCTAJbHBIH KOHEI| BOJIOKOHHO-ONTHYECKOTO OJIoKa
(ontnueckoro kabens) ¢ marosorndyeckor 3oHod. JIM2 m JIM1 BkmodaroT B HENPEPHIBHOM CIa0OMHTEHCHBHOM
pexxuMe NWIOTHpOBaHWA. IlyTeM mepeMemeHuss TUCTaJbHOTO KOHIIA ONTHYECKOro Kalens M OTHeNbHBIX
ontryeckux BoiokoH OoT JIM1 u JIN2 OTHOCHTENEHO OMYyXOJIEBOM 30HBI, 00ECIEUMBAIOT BIMCHIBAHKE TIOCTIETHEH B
cBeroBoe nATHO JIM1 ¢ MUHUMaNBHBIM 3armacoM 1o AuameTpy. BruceiBaHue omyXo0seBOi 30HBI B CBETOBOE ISITHO
nazepHoro u3nydartens JIM2 BeIMonHAETCS ¢ OONBIINM JHAMETPOM, JOCTATOYHBIM JJIS TOMAJaHHS OINTHYECKOTO
BoJiokHa K DPI12 Ha CMEXHBIH C OMyXOJIBbI0 YIaCTOK 37I0POBOM TKAHH.

[Tocrne 3aBepieHus poLecca COBMELIEHHs JUCTAILHOTO KOHIIA ONTHYECKOro Kabes ¢ OIyX0JIeBOM 30HON
Ha MUKPOKOHTpOJUIEp IOCTyNaeT KOMaHAa O Haudane ympaBisgeMoro omnrudeckoro posaeicteus. Or  JIM2 Ha
OITyXOJIb 4Yepe3 INpeJBapUTEIbHO COPUEHTUPOBAHHOE ONTHYECKOE BOJIOKHO IONAgaeT M3JIydeHHE BO30YXKICHUS
¢yopecuennmu (mumHa BosHb! 405 HM, piaurensHocTs 10-20 Mc, nepuon nosropenus 30-60 c). Uepes ontuyeckne
BOJIOKHA M3JTy4eHHE (IIyOpECIeHIIMN OITyXOJIEBOM 30HBI M CMEXKHOTO yJ4acTKa 3I0POBOW TKaHU IPUXOJST Ha BXOIbI
@II1 u ®I12, a moce ONTOIIEKTPOHHOTO MTPE0OPA30BaHMS U ITPEABAPUTEIILHOTO YCHIICHUS — HA aHAJIOTOBBIH BXO[
MHKPOKOHTPOJIIEPA.

C HeOONBIIMM WHTEPBAJIOM ITOCIIE 3aBepIIeHus Bo3aeicTBusA JIN2 ¢ TOM ke JINTENhHOCTHIO U TIEPHOIOM
MTOBTOPEHHS BKIIOYAIOTCS (OJHOBPEMEHHO MO0 ¢ HeOOdbIMM caBuroM mo Bpemenu) JIM3 wu JIM4. JlazepHbrit
n3nmydatenb JIM1, 3amyckarommii (OTOAWHAMUYECKYIO PEAKIUIO, BKIIOYAETCS  IPOIECCOPOM IIPH  YCIOBUHU
npekpamieHus pocta curHana ot ®I11 u makcumanbHOrO cooTHomeHus curaano @I11 u OI12. JIN1 Bo3aeicTByeT
Ha OITyXOJIEBYIO 30HY C COOTBETCTBYIOIIEH 3P (PeKTHBHON (HOTOAMHAMIYECKONW PEAKINH IUTOTHOCTHIO MOIIHOCTH.
Bpewms usnyuenus — 3-5 c. ITocne Boikmouenus JIM1 npoueccop nocnenosatensHo BKarouaeT JIN2, JIN3 u JIN4.

BriBoapbl.

Takum 00pa3oM, Ha OCHOBE JTaHHBIX PEKOMEHIANUN MOKHO CHPOTHO3HPOBATH PCHICHHE TEXHHUYCCKUX
3a/a4 peanu3anuu GOTOMPUEMHUKOB (IIPEXk/Ie BCETO Il KOHTPOJISI CTCIICHN OKCUTHHAIMY TKaHEH) B Ipe/iiaracMoi
ycTaHOBKe. BMmecTe ¢ TeM, HOCTaToYHOE OBICTPONCHCTBHE, KOHCTPYKTUBHAS U CHUCTEMHAs TPaHCPOPMHPYEMOCTh
(ycedeHne WM pacIIpeHre), BO3MOXXHOCTh M TIOKACKaJAHOW, W KOMIUIEKCHOH ONTHMH3AIUH, JEIaroT
MYJIBTHCIIEKTPATbHYIO JI€4eOHO-ANAaTHOCTHYECKYI0 YCTAaHOBKY Ui (DOTOAMHAMHUYECKOW TEepamuy OITyXOJeH
WHBECTUITMOHHO, TEXHUYECKH, ()YHKITMOHATLHO U HHBECTUITMOHHO MPUBJICKATEIILHOM.

JlutepaTtypa

1. Ispolzovanie spertroskopii obratnogo diffuznogo otrazenia sveta dlya monitoring sostoyania tkaney pro
photodynamicheskoi terapii / [A.A. Stratonnikov, G.A. Meerovich, A.V. Ryabova.]. / Kvantovaya
electronica. — 2006. — Ne36 (12). — 1103 p.

2. Doslidzhennya ta rozrobka novikh metodiv soderzhaniya fotodinamichnoy terapii z vikoristannyam laser
viprominyuvannya / S.V. Pavlov, S.€. Tuzhansky, V.V. Holin, O.M. Chepurna, V.S. Wojciechowicz,
0.S. Kawmincekuit, A.M. Sakhno, V.D. Popov, S.O. Magdebourg, 1.O. Shtone, M.F. Gamaliya //
Photobiological. Photomed. - 2014. - Nel-2. - P. 101-104. - ISSN 2076-0612.

3. Photodynamicheskaya terapia / pod red. M.P. Goldmana; red. Serii Dz. S. Douver pri uchastii M. Alama;
per. S angl..pod obshei red. Vassarionova. — M.: OOO «Rid Elsiver», 2010. - 196 c.

4, Photodynamicheskaya terapia. Photolonmiopicheskoy makulopatii/ [A. A. Dalidovich, L.N. Marchenko,
A.S. Fedulov I dr.]. — Minsk: Paradoks, 2012. — 224 s.

5. Photon - a new means for photodynamic therapy / T. V. Truhacheva, S. V. Shlyakhtin, G. A. Isakov, Yu.
P. Istomin. - Minsk: RUE "Belmedpreparaty", 2009. - 64 p.

6. Eksperimentalnie I klinicheskie aspecti photodynamicheskoy terapii: materiali nauchno-practicheskogo
seminara. — Cherkasy, vertikal, 2013.-128 s.

7. Vladimir V. Kholin, Oksana M. Chepurna, Sergii Pavlov et al. Methods and fiber optics spectrometry
system for control of photosensitizer in tissue during photodynamic therapy, Proc. SPIE 10031, Photonics
Applications in Astronomy, Communications, Industry, and High-Energy Physics Experiments 2016,
1003138 (September 28, 2016).

8. Ronald Rovira; Marcia M. Bayas; Sergey V. Pavlov; Tatiana 1. Kozlovskaya; Piotr Kisata, et al.
Application of a modified evolutionary algorithm for the optimization of data acquisition to improve the
accuracy of a video-polarimetric system, Proc. SPIE 9816, Optical Fibers and Their Applications 2015,
981619 (December 18, 2015)

9. Oksana Chepurna; Irina Shton; Vladimir Kholin; Valerii Voytsehovich; Viacheslav Popov, et al.
Photodynamic therapy with laser scanning mode of tumor irradiation, Proc. SPIE 9816, Optical Fibers
and Their Applications 2015, 98161F (December 18, 2015); doi:10.1117/12.2229030

10.  Methods of Processing Video Polarimetry Information Based on Least-Squares and Fourier Analysis //
RH Rovira, SV Pavlov, OS Kaminski, MM Bayas - Middle-East Journal of Scientific Research, T. 16 (9),
1201-1204 2013. — P.1201-1204.

138 8 — 13 uepena 2018 p. Bumiprosansha ma o6uucniogansna mexuika ¢ mexnonoziunux npoyecax — 2018



