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Ha 780 HM. YCTaHOBJICHO, YTO MPU BO3/ICHCTBIM KBAHTAMHU CBETA C Pa3HON dHEeprueil Ha poToceHCHOMIM3aTop B KJIeTKax
HeLa n npy yciioBu# HOIIOLISHUSI UM OIMHAKOBOTO KOJIMYECTBa ()OTOHOB B €AMHUILY BPEMEHH JI0JIsl TOTHOIINX PAKOBBIX
KJIETOK JUIsl 0OOMX Clly4aeB OJIMHAKOBA. B akcrieprMeHTax Ha J1abOpaTOPHBIX KUBOTHBIX i1 VIVo Ul ITaMMa OITyXOJen
(capxoma M-1) mokaszaHo, 4TO NpH yBEIMYCHUH JUIMHBI BOJHBI (poToBo3neiicTBust ¢ 740 mo 780 HM M moxaepkaHuu
OJIMHAKOBOT'O YHMCJIA MTOIVIOIICHHBIX KBAaHTOB CBETA B €AMHMILy BPEMEHHU B €IMHHUIIC 00bEMa OIMyXosed IIyOMHa MX I10-
BpexIeHNs Bo3pacTaeT B 1,5 paza. Habmronaemblie M13MEHEHNS CBSA3aHbBI KaK C pa3IMdUeM B NIPOIYCKAHUH TKaHEH in vivo
MIPYU YBEIWYEHUH JUTMHBI BOJHBI HCIOJIH30BAHHOTO CBETOBOTO HM3IIyUEHHS, TaK U C POCTOM JIOKAJbHON KOHIICHTPAIUN
KUCIIOpOZA BCIIEACTBUE (hOTOAUCCOLMALIMN OKCUTEMOIIO0HHA.

Knrouesvie cnosa: HoToceHCHOMIN3ATOP; OIyXO0JIEBbIC TKAHH; (HOTOIMHAMUYECKAS TepaIis; HEKpO3; N3ITydeHHE Jla-
3epa; CBETONMO; JTMH30BBIH pacTp.

PHOTODYNAMIC THERAPY USING THE PHOTOSENSITIZER
BASED ON TRICARBOCYANINE DYE WITH POLYETHYLENE GLYCOL
ON A MODEL FOR TUMOR BEARING LABORATORY ANIMALS
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Comparative studies of the effectiveness of photodynamic therapy during the experiments in vitro and in vivo have
been performed when using radiation of a semiconductor laser with the wavelength 740 nm and of a light-emitting diode
with the wavelength 780 nm. It has been established that the percentage of dead cancer cells is the same when the photo-
sensitizer in HeLa cells is subjected to the photoeffect of light quanta with different energies and when absorption of the
identical numbers of photons per unit time by the photosensitizer is ensured. In the experiments with laboratory animals
in vivo for a strain of M-1 sarcoma tumors it has been established that, due to an increase in the photoexposure wavelength
from 740 to 780 nm and owing to the maintained the same numbers of absorbed light quanta per unit time per unit volume
of the tumors, a depth of their damage increased by a factor of 1.5. The observed changes are associated both with the
differences in the transmission of tissues in vivo as the wavelength of light radiation increases and with the growing local
oxygen concentration due to the photodissociation of oxyhemoglobin.

Key words: photosensitizer; tumor tissues; photodynamic therapy; necrosis.

BBenenue

D¢ dextuBHOCTh oToanHamuyeckor Tepanuu (DT) 3m0KadecTBEHHBIX OMyXOJeH B MEPBYIO OYepeidb
ornpenessieTcs NpuMeHseMbiM (OTOCCHCHOMIM3aTopoM [ 1—4], a TakKe 3aBUCUT OT YCJIIOBUH M XapaKTSPUCTHK
anmnapaTHbIX cpelcTB (oroBo3neiicTBus [5]. Kak mpaBuio, B kadecTBe HCTOUHUKA CBETA UCTIONB3YETCs JT1a3ep-
HOE M3JTy4YeHHUE C JUIMHON BOJHBI B 00JIaCTH MaKCUMyMa IOJIOCHI IomIoleHus poToceHcnounmzaropa. Bmecre
C TEM MOSIBUJIMCH CBETOIUO/BI, C IIOMOIIBIO KOTOPBIX B OITYXOJIEBBIX TKaHSIX MOXKHO 00€CIIeunBaTh CPABHUMYIO
C JIJa3epaMH IUIOTHOCTh MOIIHOCTH U3y4yeHUs. J{J1s MOBEPXHOCTHBIX JIOKAIU3ALUN OITyX0Ield TaKue HCTOUHH-
KH CBeTa 00J1aJat0T IPEUMYILECTBAMU 110 CPABHEHHIO C JIa3epaMy B CHITY 3HAYMTEIILHO MEHBIICH CTOUMOCTH.
B To e Bpemst mpu pa3paboTKe anmaparypbl 1 perjiaMeHTa €€ UCIONb30BaHus B KIMHUYECKOW MTPAaKTUKE He-
obxonumo conocrasnenue 3pdexruBHoctr nponecca GAT A paznuIHbIX TPUMEHAEMBIX HCTOYHUKOB.

O0BbeKThI M METOAMKA IKCIIEPHMEHTA

HpOBC}ICHO CpaBHCHUC BIUSAHHA NAapaMETPOB JIA3€PHOTO U CBETOAMOAHOIO MCTOYHHNKOB CBETA Ha 3(1)(1)61(—
THUBHOCTbH q)OTOTCpaHI/II/I 3JIOKa4C€CTBCHHBIX OHYXOJ'ICI‘/'I Yy NOAOIBITHBIX KUBOTHBIX. Hcnonp3oBajncs nosynpo-
BOZ[HI/IKOBLIﬁ Jla3ep € ﬂHHHOﬁ BOJIHBI U3JTy4YCHUSA 740 HM B MaKCHUMaJlbHOU MOIITHOCTBIO 1 Bru CBETOAHON
(¢ lIJ'II/IHOI\/'I BOJIHBI B MAaKCUMYME IIOJIOCBI UCITYyCKaHUs 780 HM U CBETOBOI1 MOIIHOCTBIO A0 1 Bt. B kauectBe
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(hoToceHcrOMIM3aTOpa MPUMEHSIICS BOJIOPACTBOPUMBIH, 00JIa/Ial0NINK BHICOKOH OMOCOBMECTUMOCTHIO HHJIO-
TpUKapOOIIMaHUHOBBIN Kpacutens [6; 7]. B akcniepumenTax in vivo 3pGeKTHBHOCTD (OTOXUMHOTEPAIICBTH-
YECKOTo JICHCTBUS KPacUTENsl OI[CHWBANACH TI0 TIIyOWHE HEKPO3a COJHMIHBIX OIyXoJel Ja0opaTOpHBIX K-
BoTHBIX. [Ipn pacuere 3pekTUBHON MOTIIOIIEHHON CBETOBOH J103bl YUUTHIBAIOCH MOTTIONICHUE KPACUTEIISI
B MOJIETIBHBIX Cpefax, B YacTHOCTH B kieTkax Hela. s perucrpanmu pacnpeneneHuss HHTEHCHBHOCTH 110
CEUCHHIO MMyYKa U3ITydYeHUs MPUMEHsIach kKamepa komnanuu ORMINS (benapycs).

HccnenoBanus MpoBOIMIM HA MOHOCIIOE OITyX0JeBBIX KieToK Hela (TToCKOKIeTouHbIN pak ek Mat-
KM 4eJIOBeKa), KOTOPBIN BBIpallleH B muTaTenbHoi cpene 199 ¢ nobasnenuem 10 % CHIBOPOTKH KPOBH TEINAT
u 100 mr/mn kanamunuaa. [1o 3aBepiiennn horoodmyuenus (akoHbl BeiepkuBain 20 4 B TEPMOCTATE MPH
37 °C B TemHote. 3arem MoHOCT0M oO6padareBanu 0,02 % pactBopom BepceHna u mpoBoauH MOACYET KOJTHU-
YyecTBa KJIETOK C TTOMOIIBI0 KaMepsl [ opsiea. Jlommro KMBBIX KJIETOK B OIBITHBIX TPYTINAx OMPEIeIsiii 10 OT-
HOIIIEHHIO K KOHTPOI0. Ha KaXKayto TOUKY UCTIONB30BajH 10 3 ¢iakoHa C KJIETKaMHU.

B kauecTBe IKCHEpUMEHTAIBHBIX MOJIENBHBIX CUCTEM in ViVo WCIIOIB30BaHbI COJUIAHbIE TIepEeBHBaEMbIe
OITyXO0JIH OeJIbIX OecIopoIHbIX Kpbic — capkoma M-1 (Ca M-1). UccnenoBanus npoBoamiu ciycts 9—10 cyt
nociie nepeBuBku Ca M-1. B kax7i0if KOHTPOJIBHOM M ONBITHOM IpyTIe ObIJI0 He MeHee 5 KpbIc. J[ist oneHku
TyOMHBI HEKPO30B B OMyXoJisix yepe3 24 4 nocne ceanca O[T kpricam BHyTpruBeHHO BBOmmics 0,6 % pac-
TBOp cuHbkH DBaHca (1 mMa/100 T Maccel Tena )KUBOTHOTO). 3aTeM 4yepe3 2 4 )KUBOTHBIC OBUIM BBIBEJICHBI U3
IKCIIEPHMEHTA C HMCIOJIb30BAaHUEM OOIICIPUHITHIX METOMOB 3BTaHA3HU (XJIOPOPOPM), OMYXOIH MCCEUCHHBI,
¢ukcuposansl B 10 % pactBope Gopmanuna B TedyeHHne 2 4 U 3aMOpPOKEHBI. [lociie 3Toro clenanbl TUCTO-
Tornorpaduueckre cpesbl omyxoien (2 MM TONIIMHON 110 TUAMETPY OITyXOJIN) C TOCIeyoel prKcaiue nx
N300paXeHUH € TIOMOIIBI0 (POTOKAMEPHI.

MonHoCTh Ta/latolero Ha o0pasiisl CBETa OMpeAessiach ¢ moMoInbio n3Mepurens LM-2. Criektpsl mo-
IJIOLICHHS PErHCTPUPOBANIUCH criekTpodoromerpom PV 1251A dupmsr Solar (benapycs). Criektpsl diryo-
PEeCUEHINH KpacuTeNs in vivo PEeTUCTPUPOBAINCH C MPUMEHEHHUEM CIIEKTPOMETPUUYECKOr0 KOMIUIEKca, pas-
paboranHoro B MHcTuTyTe MpUKIaaHbIX Guszndeckux npodnem umenn A. H. Ceruenko BI'Y [8; 9]. Iloasox
BO30Yy K Maro1ero uanydenus (A = 683 um) Kk o6pasiy u c60p cBera (GIyopeceHIMH B CIIEKTPOMETPUIECKOM
KOMIUIEKCE OCYIIECTBIISUIMCH TOCPEICTBOM CBETOBO/IA.

Pe3y.]'[bTaTbI U UX 06cyme1me

CpaBaenue 3(pGeKTHBHOCTH (HOTOXMMHUOTEPATIMY MPU HCIIOJIB30BAHUU UCTOYHUKOB CBETA C Pa3IMYHBIM
CIEKTPaJILHBIM COCTaBOM CJIETyET MPOBOIUTE C YYETOM TOTO, YTO CTENEHb MOBPEKICHUS KIETOK B 3HAUNTEINb-
HOM Mepe 3aBHCHUT OT INIOTHOCTH MOITHOCTH Tagaroriero ceeta [10—13]. Cnenyer yuyuThIBaTh, 4TO B OCHOBE
O/IT nexar GOTOXUMHYECKHE PEAKIIUH, CKOPOCTh MPOTEKAHUSI KOTOPBIX 3aBUCHT KaK OT CBOMCTB ()OTOCEH-
cuOmIM3aTopa, mapaMeTpoB CBETOBOTO M3IYYEHUS, TaK M OT Haluuus B cpeae kuciopona [14]. [locnennee
00CTOSATEIILCTBO CBSI3aHO C MOTpeOIeHUeM Kuciaopoaa Bo Bpems ceanca DT, 4To NpUBOIUT K 3HAUYUTEIb-
HOMY YMEHBIIIEHUIO YPOBHS OKCHUTEHAIIMHU OITyXOJIEBBIX TKaHEH MpPU HMCIIONB30BaHUH JOCTATOYHO BBICOKOM
TUIOTHOCTH MOIITHOCTH CBETOBOTO MOTOKA M, COOTBETCTBEHHO, YMEHBIICHUIO d(PPEKTUBHOCTH HX TOBPEK-
nenus [14; 15]. TloaroMy (OTOMOBPEKICHUE OIMYyXOJIEBBIX KIETOK MPU CBETOBOM BO3ICUCTBHH H3ITyUYCHHEM
¢ yHoW BotHbL 740 1 780 HM HE0OXOAMMO POBOIUTH MPU BBIOJIHEHUH PsiJia YCIOBHH.

Jiist co3nanusi ONMHAKOBOM CKOPOCTH pacxoja KHCIOpoJia U KpacuTelst B mporecce (hOTOBO3ACHCTBHS IS
Ka)KJIOW M3 UCTIONIb30BaHHBIX JIJIMH BOJIH H3ITyYeHHsI 00€CTIeUNBAIOCh OIMHAKOBOE KOJIMUECTBO MOTIIOMICHHBIX
(hoToceHcOMIN3aTOpOM KBAaHTOB CBETA B €IMHHILY BPEMEHH B OMOJIOTMYECKHX CTPYKTYpax. ITO JOCTHTAIOCH
nmyTeM BBIOOpA TJIOTHOCTH MOIHOCTH MaJaloliero Ha oOpasel cBeTa s KaKAoi JUMHBI BOJIHBL. COOTHO-
IIEHNE ITUX BEJIMYMH ONPEAEIUIOCH MMyTEM aHajM3a CIEeKTpa MPOIycKaHus I MOJIMMETHHOBOTO KPacHTENs
B kierkax HelLa (puc. 1), Tak kak BenuuuHa (1 — 7') mponopiroHanbHa KOJIMYECTBY MOMIOIIEHHBIX (POTOCEH-
cubunusaropom (otonos. [loaromy st oOecredeHus yCIOBUsI MONIOIICHUST (POTOCCHCUOMIIN3aTOPOM OfIH-
HAKOBOTO KOJIMYECTBA KBAaHTOB CBETA B CIMHHUILY BPEMEHH IPU UCIOIB30BaHUU ISl (DOTOBO3/ICHCTBHS CBETA
Ppa3HBIX HCTOUYHUKOB (¢ JyIMHOHN BOMHBI 740 wn 780 HM) OTHOIIIEHHUE IIOTHOCTH MOIIIHOCTH OJHOTO UCTOYHH-
Ka CBETa K IUIOTHOCTH MOIITHOCTH JIPYTOro BEIONPAIOCh PaBHBIM 00paTHOW BEJTMYMHE COOTHOIIICHHS 3HAYCHUH
(1 = T) nnst AByX COOTBETCTBYIOIIUX JUIMH BOJIH. YCTAaHOBJIEHO, YTO [t 0OeCreueH s OTMHAKOBOTO YHCa MO-
IJIOIIEHHBIX (DOTOCEHCUOMIIN3aTOPOM KBaHTOB CBETA B €AMHUILY BPEMEHH ISl YKa3aHHBIX HCTOYHUKOB TUIOT-
HOCTb MOIIHOCTH M3JIyueHus: Ha 780 HM JI0JbKHA ObITH OOJbIIe B 2,3 pa3a M0 CPAaBHEHHUIO C M3JIyYCHUEM Ha
740 HM (C yueToM pa3nuuuii SHepruu GOTOHOB JIJIsl UCTIONB30BAHHBIX HCTOUHHKOB CBETA).

®oTOBO3/ICHCTBHE OCYIIECTRISIIOCH B TEUEHHE OMHAKOBOTO BPEMEHH IS KaXKJI0To MCTOYHHMKa cBeTa. Oc-
HOBaHHMEM JIJIsl KCTIOJIb30BaHMsI CIIEKTPa MOMIOIEeHHs KpacuTens B kietkax Hela npu onpenenennu ko3hdu-
UeHTa JUIs (POTOBO3/IEHCTBUSI B TKAHSX i VIvo SIBISIETCS TO, YTO CHEKTPBI uyopecieHu HoToceHcHOu-
JM3aTopa B KJIETOUHOH KynbType Hela u B TKaHAX in vivo COBNAAAIOT IO MOJOKEHHIO U hopme (cM. puc. 1).
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[Ipu 5TOM ClleyeT yYuThIBaTh, YTO B CHEKTPAIBHOM JHaIla30HE, COOTBETCTBYOIIEM T0JI0ce (IIyopeciieHIINT
WICCIIEIOBAHHOTO KPAaCcUTEs, KO3(D(UITEHT paccestHus OMOTKaHEeH IPUHIMaeT PaKTHYECKH TIOCTOSTHHOE 3HaYe-
Hue [16], ciaenoBarenbHO, HE MOKET OKa3bIBaTh CYIIECTBEHHOTO BIUSHUS HA TIOJIOKEHHE U (DOPMY €TO CIIEKTpa.
B 10 ke BpeMs 3HAYUUTENbHOE BIUSHUE HA CTIIEKTPATbHO-TIOMUHECIICHTHBIC XapAKTEPUCTUKU UCCIICIOBaH-
HOTO KJIacca COCIMHEHHI OKa3bIBaeT NOJSIPHOCTH cpefibl [11]. [ToaTomMy HabnrOmaeMOe COBIAJICHUE CIICKTPOB
(dutyopecueHnu (HoToceHCHOMIM3aTopa in vivo | in Vitro, 00yCIOBICHHOE OJIMHAKOBBIM MUKPOOKPYKEHUEM
MOJIEKYJI B 3TUX CUCTEMAX, 1a€T OCHOBAHME MPEANONI0KUTh UICHTUYHOCTh B HUX U CIIEKTPOB MOIVIOLEHUSI.

1-T)(1-T.)A A,

1,0
0,8
0,6
0,4
0,2

0,0

A, HM

Puc. 1. Crnexrp noromienus (/) u duyopecueniuu (2, 3) hotoceHcHOHIM3aTopa
B kietkax Hela (1, 3), in vivo ¢ ydeToM BIUSIHUS TTOTIIONIEHUs OHOTKaHU (2)

Fig. 1. Absorption (/) and fluorescence (2, 3) spectrum of the photosensitizer
in cells HeLa (1, 3), in vivo in view of impact absorption biological tissue (2)

B pesynbrare npoBeaeHUs SKCIEPUMEHTAIIBHBIX HCCIIEIOBAaHNUH i1 Vitro yCTaHOBJIEHO, YTO P YKa3aHHBIX
ycnoBusix (GoToBO3ACHCTBHS 10 morudmux kiaerok Hela ans o6omx MCHoOnb30BaHHBIX MCTOYHHUKOB CBE-
Ta NPaKTHYECKH ofMHAaKoBa. ONTHYeCKas MIIOTHOCTh cycrensun knetok HeLa, conepikaneii mopsaka 2 - 10°
K1etok B 1 cM’, He mpesbimaer D < 0,006 B criekrpanbHoM auanazone 600—900 HM, T. e. 6e3 (poToCeHCH-
OunM3aropa B KJIETKaX IPAKTHUUECKU OTCYTCTBYET IoIIOLIeHHE. IIpu 3ToM KieTodHas Ky/lbTypa OKas3ajach
cpeznoi, B KOTOPOH MPOIyCKaHUE B CIIEKTPAIBbHOM o0nacTn ucTodHukoB cBera (740 u 780 HM) mMeeT oxu-
HakoBoe 3HaueHue. CreoBaTenbHo, A1 IPO3pauHOl OMOIOTHYECKON cpelbl OTCYTCTBYIOT KaKkue-I10o pas-
JUYUS B aKTHBHOCTH (POTOCEHCHOMIN3aTOpa MpY BO3ACUCTBUH M3JIyUYECHHEM B IIpeAeiax OCHOBHOW MOJIOCHI
ero moronieHus. B ceancax horoxuMuoTepanuu Ha MepeBUBAEMBIX OITyXOJISIX SKCIEPUMEHTAIBLHBIX KUBOT-
HBIX HCIIOJIB30BAJIOCH TAKOE )K€ COOTHOILIEHHE BEJIMYMH IJIOTHOCTH MOIIHOCTHU MAJAIOLIET0 M3JIyuYeHHs IpU
MIPUMEHEHUH 3THX K€ HCTOYHUKOB CBETA. YCTAHOBJICHO, YTO CPEIHSIS [IyOrHA MOBPEXKICHHS IEPEBUBAEMBIX
omyxoiieii Ca M-1 KpbIC Ipy BO3ACHCTBUM CBETOM C AJMHOM BoHBI 780 HM B 1,5 paza OoJbliIe 110 CpaBHEHHIO
C BO3JCHCTBUEM M3ITydEHUEM C JUTMHOH BOJIHBI 740 HM, T. €. Ipu (POTOBO3ACHCTBUH B YKa3aHHOM CIIEKTPAILHOM
JMaria3oHe HaOMIOAAeTCsl POCT ITyOMHBI TOBPEXKICHUS OITYXOJIEBBIX TKaHEH C YBEMUSHUEM JUTUHBI BOJHBI HC-
MOJIF30BAHHOTO MCTOYHMKA M3mydeHus. KoaduimenTs! moromenus OnoTkany Ha juimHax BoiH 780 u 740 HM
MMEIOT AOCTaTOqHO Omp3Kue 3HadeHus [17—-19], BMecTe ¢ TeM HaOIIOIatoTCs CyIeCTBEHHbIE (JI0 MOIyTopa pas)
paznuuus B yOMHE HeKpo3a npH (POTOBO3ACHCTBUM UCTOYHMKAMH CBeTa ¢ JyInHaMu BoJH 780 u 740 HM.

[IpoBeneHo nccnenoBanue BIUSHUS OAHOPOAHOCTH ITyYKa MaalolIero Ha o0pa3sel| cBeTa 1o CeYeHuIo myd-
Ka Ha cTereHb 1 A(Q(EeKTHBHOCTh OBPEXKICHUSI OITyXO0JIeBIX TKaHel B pesynbrare OJIT. [ljist 9Toro ¢ momMousio
kamepsl (ORMINS) perucTprpoBajoch pacnpeaeseHie HHTEHCUBHOCTH M3JIyYEHHUS M0 CEUEHHIO MydKa Ha
Pa3HbIX PacCTOAHUAX OT Ja3epa. OKa3ajloch, UTO paclpenesieHUe U3JIyuyeHHs 10 CEYEHUIO CBETOBOTO ITyuKa
HOJYIPOBOIHUKOBOTO Jazepa (A = 740 HM) sIBIsSCTCS B 3HAYMTEIBHON CTEMEHH HEOTHOPOIHBIM (pHC. 2, a),
B Pa3NMYHBIX TOYKaX CEYCHHUS] OCBELICHHOCTh pasinyaiach Ha 1-2 mopsaka. OTKIOHEHHE orudaromei ot
cpenueit mo 10 Toukam gocturaino 55 %, cpenHee KBaapaTudyHOE OTKIOHEHUE cocTaBisuio 18 %. Takas BbI-
COKast HEOTHOPOJHOCTH JIa3epHOTO ITyYKa MOYKET IMPUBECTH K HEPABHOMEPHOMY (POTOBO3ZIEHCTBHIO BO BpEMsI
ceanca O/IT u, xax crnencTeue, — K GparMeHTapHOMY TTOBPEKIACHUIO OITYXOJIH.
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Jl1s TOBBIIIIEHNST OJHOPOAHOCTH HA BBIXOZE M3 Jla3epa yCTaHABJIMBAJICSA pacceuBaresb u3inydenus. Hau-
Oonee d(PPEKTUBHBIM OKa3aJcs aneproIuIeCKUil IMH30BbIM pacTp. PacTpoBble KOMIIOHEHTHI, KaKk MPaBUIIO,
WCTIONIBL3YIOTCSL JUISL TIONTyYeHHsT TpeOyeMOro pacrpesieieHus] CBETa U PaBHOMEPHOTO OCBEICHUSI OOBEKTOB
B CHCTEMax Ja3epHOi 00pabOTKH, OCBETUTEIBHOM O00OpYIOBaHUH, MUKPOCKOIIAX, MEJATEXHUKE, B Ka4eCTBE
MIPOEKIIMOHHBIX 3KPAaHOB B YCTPOiicTBax Bu3yanbHOro Habmonenus [20; 21]. CHUMKH TOBEPXHOCTH paccenBa-
TeJIsl, CJICTIaHHBIC TIPH UCTIONb30BaHUH MUKPOOOBEKTUBOB C 10-KpaTHBIM yBEJIMYCHUEM, IPUBECHBI HA PUC. 3.
[ToBepXHOCTH TAKOTO pacceuBaTellsl MPECTAaBIsIET COO0M MacCHUB M3 TUIOCKO-BBIMYKJIBIX COOMPAOIIHX JIMH3
HenpaBUIBLHON (opmbl. Pasmep nuH3 Bappupyercs B mHTepBasie 20—160 MKM, 3a CHET Yero JIOCTUTACTCS BbI-
paBHUBAHME OCBEIICHHOCTH 10 CEYSHMIO ITydKa U Ha TIOBEPXHOCTH oOpasua. IIpu aTom cBeTopacmpeneneHue
B CHJTY BBICOKOW KOHTPACTHOCTH OCBEIIAIOIINX ITyYKOB UMEET BUJI, TOJOOHBII CBETOPACTIPE/ICIICHUIO B CIIEKTPE
Opaynrodepa muppaKIIMOHHON PEIIETKH, CIIIaXKSHHBIH 3a CYEeT KOHEUHBIX Pa3MepOB UCTOYHMKA cBeTa. Orubdaro-
I1as CBETOpacIpe/IeNIeHNs] B UeabHOM CITydae JTOJKHA MMETh BUJT TPAITeIUH.

Hcnonb3oBaHne JIMH30BOTO pacTpa MO3BOJIMIIO YMEHBIIUTH IEepenabl HHTEHCUBHOCTH COCEIHUX TOYECK
B CEUEHHH My4Ka Oojiee 4eM B 5 pas, T. €. CyIIeCTBEHHO CHH3HUTh Pa30pOoC HHTEHCUBHOCTH 110 cedeHuIo. Taxk,
OTHOIIICHWE WHTEHCHBHOCTH HanOoJee OCBEIICHHBIX 00IacTell K NHTCHCUBHOCTH HAUMEHEE OCBEIICHHBIX HE
MpeBbIIIano 1,6, OTKIIOHEHNE OTUOAOIIEH OT CpeHel He nmpeBocxonmino 27 %, a cpeaHee KBaJpaTudHOe OT-
KJIOHEHUE YMEHBIIUIOCH 10 8 %.

Puc. 3. TToBepXHOCTb anepHOANUECKOrO JIUH30BOIO pacTpa
mpu 10-KpaTHOM yBETHYCHUHN

Fig. 3. Image of the aperiodic lens raster
surface at tenfold magnification

[Ipu npUMEHEHUH TAKOTO pacCeuBareisl Pe3yJbTaTUBHOCTh CEAHCOB (DOTOXMMHUOTEPANIEBTHUECKOTO BO3-
JefCTBHSA 3aMeTHO yIydImuack. Tak, B ClTydae OJMHAKOBOH IKCIO3HITHOHHO# 10351 cBeTa 200 JIk/cM” 1 cpef-
Heif moTHOCTH MomHEOcTH 150 MBT/cM” mpu nposeaennu ceanca OJT ¢ HCMOTB30BAHUEM JIa3epa C yCTaHOB-
JICHHBIM pacCcerBaTeJIeM MOJTyUYeHbI HEKPO3bI ¢ TIIyOHHOW MOBPEKICHHMS 0 2 CM, a 0€3 paccenBaTelis — TOJIbKO
5 MM (puc. 2, 6).

Hcnonb3yeMmslii B paboTe CBETOMUOAHBIN UCTOYHHUK O€3 JOMOJHUTEIBHBIX ONTHYSCKUX YCTPOUCTB 00a-
JIaCT OTHOCHUTEIBHO OJHOPOJHBIM pacClpe/ICICHUEM HM3JIyUCHHUS M0 CCUCHHIO MydyKa. YCTaHOBKA arepuojIu-
YECKOT0 JIMH30BOTO pacTpa Ha BBIXOJIE CBETOIMOHOIO HCTOUHUKA CHU3UJIA OTKIIOHCHUE OT OTH0aroliei, npu
3TOM MPOQHIIL U3ITYUCHUS UMEET JOCTATOUYHO IMIAJIKYI0 KOJIOKOJI000pasHyo Gopmy (puc. 4).

B pesynbrare nposesieHus ceanca pOTOXUMHOTEPAIIUH ¢ TAKOU e, Kak s asepa (A = 780 um), spdek-
THUBHOM DKCIIO3UIIMOHHOI 10301 cBera 200 }1>1</CM2 U CpeIHE! TUIOTHOCTHIO MOIIHOCTH 150 MBT/cM® 110 Beeid
rmiomaan 3aCBETKH OITYXOJICBBIX Y3JIOB HEKPO3bI TKaHeH 6I>IJ'II/I CIUIOIIHBIMHU, ILIOIIAZAb HEKPO3a OHYXOJIeﬁ
coctaBmiia 76—89 % (cM. puc. 4).

HawnGonee 3HaunTeNbHBIM (haKTOPOM MOBBIMICHUS 3H(HEKTUBHOCTH MOBPEXKICHHUS OITyXOJIEBBIX TKaHEl ¢ yBe-
JIMYCHUECM JJINHBI BOJTHBI q)OTOBO3I[eI7[CTBPI51 MPEACTABIACTCA YBCIINYCHNE BbIX0Id B TKAHU CBO6OIIHOFO KHCJIOpO-
Jla BCIIEACTBHE (POTOMCCOLMAIIMY MOJICKYJT OKCUTeMoriioOrnHa KpoBw [22]. [Tpu BBIMOIHEHNUH YCIOBUS TIOTIONIC-
HUs HOTOCCHCUOMITM3aTOPOM B €IMHUYHOM 00BEME OITyXOJIM OJIMHAKOBOTO YHCIIa (JOTOHOB B €AMHUILY BPEMEHU
JUTSI KICTOUHHUKA CBETA C JJTMHOM BOJIHBI 780 HM pealibHO Ia1arolias 103a cBeTa Obuia Beiiie, yeM Juis 740 M. D1o
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Puc. 4. Pactipenenenne MHTEHCUBHOCTH HA SKPAHE U3ITyUEHUs
TOJTYIIPOBOHUKOBOT'O CBETOMO/IA C JUTMHOM BOJIHBI 780 HM
1 COOTBETCTBYIOIINE HEKPO3BI OIyXOJeH in vivo

Fig. 4. The intensity distribution on the screen of the semiconductor
LED radiation with a wavelength of 780 nm and the corresponding tumor necrosis in vivo

BBI3BIBACT HAIPEB TKAHEH U MTPUBOJIUT K YBEIIMYCHUIO CKOPOCTH KPOBOTOKA, YTO CIIOCOOCTBYET O0jiee ObICTpOMY
MOJIXO/Ty HOBBIX MOPIMI CEHCHOMIM3aTOpa K 00JIy4aeMOMy YYACTKY OITyXOJTH M MOXKET TIOBJIUSITH HA BETUUUHY
roBpexacHN. TakuM 00pa3oM, Bce yKazaHHbBIE (PakTOphl MOBBIIIAIOT 3 dekTnBHOCTh D/IT.

3akaoueHmne

Ha ocHOBaHWY IPOBEZICHHBIX CPABHUTENBHBIX HccinenoBanni d3pdexrnBHocTH O/ T npu ucronp3oBaHuA IS
0OTy9IeHNS TIOTYTIIPOBOAHUKOBOTO JIa3epa ¢ JUTMHOHW BOITHBI 740 HM M CBETOAMO/A C JUTHHOW BOJTHBI B MAKCUIMyME
u3iydeHus: 780 HM yCTaHOBJIEHO, YTO, HECMOTPsI Ha OJIM3KKE N0 BeNTMUYMHE KO3(D(HUIMEHTHI TIPOITyCKaHus OHo-
TKaHU Ha YKa3aHHBIX JUTHHAX BOJH, ITyOMHA HEKPO3a IJIsl CBETOIUOTHOTO HCTOYHMKA PUMEPHO B 1,5 pa3a 0oi1b-
mre. [Ipeamonaraercs, 4to pazinuyusi B IyOWHE TIOBPEXKICHHSI OITyXOoJiei pu (HOTOBO3/IEHCTBUN NCTOUHHKAMHU
C Pa3HOU JITTMHOM BOJIHBI CBETA OMPEJIEISIFOTCS HE TOJIBKO OTIMYMSIMH B IIPOITYCKAHUU TKaHEH, HO U BOBMOXKHOM
HEOJIMHAKOBOH 3 (PEeKTHBHOCTHIO (POTOMUCCOIMAIIIH MOJIEKYJI TeMOTIIOOMHA B KPOBEHOCHBIX COCY/IaX.
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