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Pe3tome. O6ocHOBaHMe. J1asepHas Koarynauus 0CTaeTcst BaXHbIM
METOZOM TeYeHNs pafa 3a60neBaHnl CETYaTKIA, NpY 3TOM B 3aBUCUMOCTY OT
natonorum TpedyeTcs PasNN4HoE Mo NHTEHCUBHOCTY BO3AENCTBIE. Pa3paboTka
Na3epHbIX CUCTEM C aBTOMATMHECKUM KOHTPOMIEM (DOPMUPYEMbIX KOarynsTos
MOXET MOBbICUTb 3(EKTUBHOCTL NPOBOAMMOTO N1A3EPHOMO NEYEHNS.

Llenk. N3y4uth B yCnoBUAX in vitro BO3MOXHOCTL NPOBEAEHUS [103MPYEMOI
Na3epHON Koarynsauumu ¢ NOMOLLIbK) aBTOMATI3UPOBAHHON N1a3ePHOI CUCTEMBI,
paboTatoLLIel Mo NPUHLMNY 06PATHOMN CBA3K.

Marepuansl 1 MeTogbl. [1pOTOTMN aBTOMATU3MPOBAHHOI CUCTEMBI N1a3ep-
HOW Koarynsiyum CeTHarku, CocTosiuiA U3 auoaHoro nasepa 0,81 Mkm 1 6110ka
BU[1603aXBATa, UHTETPUPOBAHHBIX B ONTAYECKYHO CUCTEMY LLENEBOM Nammibl, a
TaKXe NPOrpaMMHOT0 0OECMEYEHNS, OCYLLECTBNISIOLLETO KOHTPONb N1a3epHOro
BO3/EACTBS N0 NPUHLMMY 06PATHON CBA3M. [1nst TECTUPOBAHNS in Vitro ucnonb-
30BaNV OPUrMHANBHYHO MOAENb TMa3Horo AHa. Mpu auametpe natHa 200 MKM 1
motlHoctn 100, 140, 180, 200 1 300 MBT nccneaosani Bpema opMUpoBaHus 1
OZHOPOZHOCTb MOMTy4aeMblX KOarynisiToB o SPKOCTY, COOTBETCTBIAE NaHUPYEMOA
11 PaKTU4ECKOI IPKOCTI Koarymsra.

Pesynbrathl. Ha mogenu rmasHoro Ha in vitro Bpems (opmM1poBaxus
koarynsra 6bino mMeHee 0,4 ¢ npu mowHocTi 180-300 MBT, @ npu MOLLHOCTY
100 MBT 1 3apanHoii spkoctu 6onee 50% focturano 1 ¢ u Gonee. Ha scex
CCTIENYEMbIX YPOBHSX MOLLHOCTM W B ana3oHe TECTUPYEMbIX YPOBHEN Ap-
kocTi 15-70% 0T 3Ha4eHUst (hoHa NONYYeHbl OAHOPOAHBIE MO SPKOCTU OXOrM
(koathduumeHT Bapuaumn MeHee 8%). MpeBbilere (HaKTUHECKOR SPKOCTM
Ha/l NnaHnpyemMoit BbISBNIEHO B nanasoHe 5-15% ypoBHA hOHA Npu 1CMONb-
30BaHMK motHocTi 200 1 300 MBT, HanbonbLLee COOTBETCTBIE (DAKTUHECKON
11 NNaHUPYEMON APKOCT OTMEYEHO Ans 3Ha4eHuir mowwHocTn 140 n 180 mBr,
npw 3TOM BpEMS (POPMUPOBAHUA KoarynsTa He npesbilwano 0,6 ¢ npu apkocTu
oxora 70% ot dhoHa.

3akntoyeHne. B ycnosusx in vitro HoBast aBTOMAaTu3MpOBaHHas NasepHas
CUCTEMa, PAGOTAKOLLAS HA NPUHLME 0GPATHON CBS3W, NO3BOMSET NONYHUTL OLHO-
POAHbIE BOCMPOU3BOAUMBIE JTA3EPHbIE KOAryNsTbl B aBBTOMATUHECKOM PEXUME,
npy 3T0M B HaOOMbLUEI CTEMEHM COOTBETCTBIE (DAKTUYECKOR 11 MNAHUPYEMON
APKOCTY KOArynsToB AOCTUIAETCS NPY BBIXOAHOR MOLLHOCTIA TA3EPHOIO0 U3My4eHmst
B AnanasoHe 140-180 mBT.

KntoyeBbie cnoBa: ceTyatka, nasepHas Koarynsuus, asToMaTuau-
pOBaHHas nasepHas cucTema, o6paTHas CBs3b.

06ocHoBaHue
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AUTOMATED LASER COAGULATION OF THE RETINA:
IMPLEMENTATION OF THE FEEDBACK PRINCIPLE IN VITRO
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Abstract. Background. Laser photocoagulation is an important treatment method for
the various retinal diseases. The development of laser systems with automatic control of the
resulting coagulates will improve the effectiveness of laser treatment.

Aim. To study in vitro the possibility of conducting controlled laser photocoagulation
using an automated laser system based on the feedback principle

Materials and methods. A prototype of an automated system for laser photocoagulation
of the retina, consisting of a 0.81 um diode laser and a video capture module integrated into
the optical system of the slit lamp, as well as software that controls laser exposure using
the feedback principle. For in vitro testing, an original fundus model was used. With a spot
diameter of 200 um and power of 100, 140, 180, 200 and 300 mW, the formation time and
uniformity of the resulting coagulates in brightness, the correspondence of the planned and
actual brightness of the coagulate were studied.

Results. In an in vitro fundus model, the time of coagulate formation was less than
0.4 s at a power of 180-300 mW, and at a power of 100 mW and a given brightness of more
than 50% it reached 1 s or more. At all power levels tested and across the range of brightness
levels tested from 15-70% of background, laser burns of uniform brightness (less than 8%
coefficient of variation) were obtained. The excess of the actual brightness over the planned
one was found in the range of 5-15% of the background level when using a power of 200
and 300 mW, the greatest correspondence between the actual and planned brightness was
noted for power values of 140 and 180 mW, and the time of coagulate formation did not
exceed 0.6 s at burning brightness 70% background.

Conclusion. Under in vitro conditions, a new automated laser system based on the
feedback principle makes it possible to automatically obtain homogeneous, reproducible laser
coagulates, while the greatest degree of compliance with the actual and planned brightness
of coagulates is achieved using a laser output power is in the range of 140-180 mW.

Keywords: retina, laser photocoagulation, automated laser system, fee-
dback system.

CeTYaTKH, AUabeTHIeCKast U IIOCTOKK/IIO3MOHHASI PETUHOMA-
THSI, 9KCTpadoBeasbHas XOPHOUJAIbHAS HEOBACKY/ISIPHAsI
MeMOpaHa WM LeHTPaJIbHAsI CEPO3HAst XOPUOPETHHOMATHUS
¢ uneHTUUIMPOBAHHOI TOYKOIT TpocaduBanus [1;2]. [Tpu
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9TOM IapaMeTphl JTA3€PHOTO BO3IENCTBUS 3aBUCST OT KITU-
HITYECKOIT CUTYAIlX ¥ OCHOBBIBAIOTCS, [JTABHBIM 06pa3oM, Ha
DIyOrHe (XapaKTepHU3YIOIecs KaK CTelleHb) [IOTyIaeMOTro
O’KOT'a Ha IVIA3HOM [IHE U IUIOILIANU KaK eIMHUIHOTO OYKOTa,
TaK U IPYNIIBI O>KOTOB [3;4]. [Ipu TpaguinoHHOI T1a3epPHO
KOATY/ISILIUK [TapaMeTpPbl BO3MEHCTBHS, KaK IPABUIIO, B Pas-
HBIX YYaCTKAX CETYATKHU IIOCTOSTHHBL, YTO MOXKET IPUBOIHUTD
K ee HeOIMHAKOBOMY TepMHUUECKOMY TOBpexXaeHu 0. Crabas
MUTMEHTANMS [Ia3HOTO JHA U CHIDKEHUE IIPO3PaYHOCTH
ONITUYECKUX CpeJ] He TMO3BOJISIIOT TOYHO OIEHUTDH CTENEeHb
dbopmupyemoro koarynsrta. B pesyimsrare, upesmepHOe WIn
HEIOCTATOYHOE BO3MIENICTBUE MOYKET CHHXKATh 3 deKTUB-
HOCTB IIPOBOAMMOTO JIa3epHOro jedeHst. C Opyrosi CTOpOHHL,
HCITO/b3yeMast TPajialiyisl MHTEHCHBHOCTH JIa3epPHOTO BO3IEH-
crBus o EA. UEsperance [4] He yauTbIBaeT 0CO6€HHOCTH
HNUTMEHTAUHUH [JIA3HOTO JHA, SBISETCS CYyObeKTUBHON U
HEJOCTATOYHO TOYHA, HO BCe ellle OCTAEeTCS OOIIEPUHSATOM
ITPaKTHUKOM.

Panee 6bUTH ONTHCAHBI S/ JTA3EPHBIX CUCTEM, PEaTH3YIO-
[UX IPUHIUI OOPATHON CBSA3H [T KOHTPO/ISI HHTEHCHBHO-
CTH KOAry/sILiHOHHOTO BO3MIEHCTBUS Ha CeTYaTKy. B ofHuX 13
HUX B OIITUYECKYIO CHCTEMY HHTeTrPUPOBaIH pedIeKTOMETp
IJIs1 KOHTPOJISL Ta3ePHOTO BO3IENCTBUSA, B IPYTUX BO3MEH-
CTBUE KOHTPOTHPOBAIOCH KOMITBIOTEPHO IIPOTPAMMOIA IT0-
CPEICTBOM BHICOKaMEPbL, HHTETPHPOBAHHOI B OLTUIECKYIO
CHCTEMy MHUIpHaTHYeCKO# pyHOyc-Kamepsl [5; 6]. Takxke
OTIMCaHa JIa3ePHast CUCTeMa C aBTOMAaTHYECKUM KOHTPOJIEM
KOATy/IALINH TKaHeil Ha OCHOBE ONITOAKYCTHYeCKoro adpdexra
(7; 8].

OmnucaHHble B TUTEPATypPe CUCTEMBI SIBISIOTCS IKC-
[epUMEHTAIbHBIMY, TIPU 9TOM HCIIO/b30BaHHbBIE TOIXO/BI
UMEIOT CBOU OorpaHudeHus. Tem He MeHee, pa3paboTka
JTa3epHBIX CUCTEM C aBTOMATUYECKUM KOHTPOIEM SPKOCTH
bopMHpYeMBIX KOATYIATOB MOXKET MOBBICUTH 3P HeKTHB-
HOCTB IIPOBOIMMOTO JIA3€PHOTO JIeYeHus], CIeNIaB ero 6ojee
6e301acHBIM, BOCIIPOU3BOIMMBIM M OBICTPBIM.

Llenb

VI3y4uTh B yCIOBUSIX iN1 Vitro BO3MOXKHOCTD IIPOBEIEHUS
TO3UPYEMOII JTa3€PHOI KOATy/ISIIIUU € IIOMOIIBIO aBTOMATH-
3MPOBAHHOI JTa3€PHOIT CHCTEMBI, pabOTAIOILIEH 10 IIPUHIHITY
00paTHOI CBSI3H.

Matepuanbl U METOADI

[TpoToTun pazpaboTaHHO CHCTEMBI ABTOMAaTH3UPOBAH-
HO yIIpaB/IsieMOH JIa3epHOM KOary/siliuy BK/IIOYaeT B cebs
nasepHbIi Monynb AJIOI-01 ¢ inMHOI BOTHBI TeHepUpyeMOo-
ro nasepuoro usnydenus (JIN) 0,81 mxm (Ankom Menuxa,
Poccust), nasepHyio MPUCTABKY U TPAaHCIYIMUIPHOM
koarymsauuu [1OK-2 (Ankom Menyka, Poccus) u Bumeoa-
namnrep ¢ Bugeokamepoit ToupcamMicro U3CMOS03100KPA
(Touptek, KHP), cMoHTHpOBaHHbIe Ha IifeteBoit namite Takagi
SM-2N (Takagi, SIrronus). JlasepHbIit MOLY/Ib U BULEOKaMe-
pa MOOK/IIOUEeHbI K ITepcoHanbHOMY KoMmbiotepy (1K), Ha
KOTOPOM C IOMOIIBIO IIPOIPaMMHOTO OOecCreyeHus MMpo-
HCXOZIUT yIIpaBJIeHHe IIPOLIECCOM JIa3€PHOTO BO3NIEHCTBHUSA.

Hacrpoiiku BuieOKaMepsI U I11e/1eBOI TaMIIbI 00eCIIeYnBaIoT
BHI€03axBaT ¢ YacToToi 60 I, mpu aToM B Ka)KIOM Kazpe
yIIpaBJIAIoOLIas IporpamMma IoC/eloBaTe/IbHO aHAIU3UPYeT
CPenHUI ypOBEHb SPKOCTH ITHKCE/IEHN B yIacTKe H300paske-
HUS, COOTBETCTBYIOIIEM IISTHY IUIAHUPYEMOTO J1a3epHOTO
BO3JIEICTBUS, U CPABHUBACT MX C OKPY>KaIOILeH MATHO 06/1ac-
Th10. Bo Bpems Bosnerictust JIV npoucxonut popmMupoBanme
KOAry/IsiTa, OTINYAIOLIEroCs IO SIPKOCTH OT OKPYIKAIOILIETO
¢oHa, U KaK TOJBKO JOCTHUIAETCS 3alaHHBIN YPOBEHb sIp-
KOCTH, IIPOTPaMMa OTKJIIOYaeT Jlasep. B mporpamme npen-
YCMOTPEH BBIOOP AHaMeTpa IS THa, COOTBETCTBYIOLEIO 30He
CaMOT0 JIa3epHOT0 BO3[EHUCTBHSI, TMaMeTpa 30HBI, CITy KallleH
IUTL CpaBHEHUS, IIPU 9TOM IPOrpaMMa aBTOMAaTUYECKH OT-
C/IE&KUBAET MOJIOYKeHUe METKH MTUIOTHOTO adepa (0,65 MKM),
IepeMelias B HETo yKasaHHbIe 30HBL. Bo BpeMs j1la3epHOTO
BO3MIEHMCTBUS MIIOTHBIN Jla3ep OTK/II0YAeTCsl, UCKII0Yast
ero BIMSHME Ha aHAJIU3 BHUAEOIIOTOKA, GPUKCHPyeMble IIPU
BUfle0o3axBaTe OIUKU U 3acBeThl (apTedakThl) mporpamma
HMCK/IIOYAEeT U3 aHa/IM3a.

JlazepHblil MOfLy/Ib paboTaeT B pe>KUMe HellpepbIBHOI
reHepanuu JIV, mpu 3TOM IIUTEIbHOCTD BO3MEHCTBYS B BbI-
OpaHHOI TOYKe 3aBUCUT OT IIPENYCTAaHOBICHHOMN MOIITHOCTH
JIN n1 BBIGpaHHOTO ITOPOTa KOATY/IAIIUH, OIIPEe/IIeMOro KaK
COOTHOIIIEHHUE MOTyYaeMOil IIPU KOAry/suu 1 HGOHOBOI
sIpKoCTH (B % OT MMOPOTOBOTO 3HAYEHUS).

I1st 9KCIepUMEHTOB N Vitro MCIIOIb30BAIU OPUTH-
HAJIBHYIO MOJe/Tb IIA3HOTO IHA, IIPENCTABIIAIOIYI0 COO0I
3aK/TIOYEHHBII MEKIY IBYMs IIOKPOBHBIMH CTEK/IAMHU O/I0K U3
KOIIMPOBa/IbHOM 6ymary (axuentop JIV, IMUTHPYIOLIHIT TIUT-
MEHTHBII SMTUTETNIT CETYATKH ), IIOKPBITHII CI0OEM SIMIHOTO
ampOyMuHa (MOZIe/Ib HeMPOPETHHBI). Bo BpeMs BO3IeicTBH
JIV mor/iomaeTcst KOMUpPOBaabHON OyMaroii, Ipy 3TO Bblze-
JISIETCsI TEIUTo, obecrednBaroliiee KOATy/AHUI0 anbOyMUHa.
[ny6una KOaryasiuy U, COOTBETCTBEHHO, IPKOCTh OXKOra,
3aBUCAT OT MOIIIHOCTH M JUIMTEIbHOCTU Bo3saericTBus JIV B
BBIOPAHHO TOYKE.

JlasepHOe BO3[eiCTBHE IIPOU3BOIIIN Yepe3 Tpex-3ep-
Ka/IbHyo 1iH3Y [o1bIMaHa ¢ KOHTaKTHBIM reteM (Busutun),
IIPY 3TOM uaMeTp rsTHa /I Ha TOBepXHOCTH MO/ COCTa-
Bt 200 MxM. B pabore nccrenoBanu Bpemst GOpMUPOBaHUS
1 OZIHOPOZTHOCTB ITOJTy4aEMBIX KOATYJISITOB I10 SIPKOCTH, COOT-
BeTCTBHE IVTAHUPYeMOI1 U (PaKTHIECKOM SIPKOCTH KOATY/IsITa
npu mottHocTu JIN 100, 140, 180, 200 u 300 MBT u sipkocTy,
IIpeBBIIAIOIIEN 3HaYeHNe IOPOTOBOM APKOCTH Ha 5, 10, 15,
20, 25, 30, 35, 40, 50 u 70%.

Craructideckas 06paboTKa pesy/IbTaToB HCCIETOBaHNS
MPOBOIIIACH METONaMH ITapaMeTPUIECKOTO U HellapaMeTpu-
YeCKOTO aHa/Iu3a C UCIOIb30BaHUEM IIPOrpaMMBbl Statistica
12.0 (StatSoft Inc., CIIIA). CTaTucTUYeCKH 3HAYUMBIMU CUU-
Ta/I pe3y/IbTaThl ¢ ypoBHEM 3HaYMMOCTH p<0,05.

PesynbTatbl

Ha Puc.1 mpencrasiieH npuMep NIpOBeieHUsA TO3UPY-
eMOoMn )'[aSepHOfI Koaryiasanuu € IOMOIIbIO aBTOMATU3NPO-
BaHHOM JIa3epHOM CHUCTEMBI, pa60Ta10U_LeI7I 0 IPUHIUITY
06paTHOI7[ CBs3H, B YCJIOBUAX MOJE/IN TTTA3HOT'O JHA.
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Mpumep nposefeHUs LO3MPYEMON Na3epHON KOArynsaLmm ¢ NOMOLLbI0 aBTOMATU3MPOBAHHOI N1a3ePHON CUCTEMbI, PaBOTaOLLEA MO NPUHLMMIY 06paTHON

CBA3K, B yCNOBMAX MOAeNN ra3Horo aHa n aHanus CbOpMI/IpyeMbIX Na3epHbIX KOArynaToB no BpemMeHn CbOpMI/IpOBaHI/Iﬂ, 0IHOPOAHOCTW 1 COOTBETCTBUIO

nosly4aembixX naHNUpyemMbIM Koarynaram (noacneva B TeKCTe).

Bpems popmupoBaHUs KOAry/IsTOB 3aBHCEIO OT BbI-
O6panHbIX ypoBHs MouHOCTH JI U Tpebyemoit sspkocTH
koarymsata. [Ipu momnocty 200 1 300 MBT Bpems popmu-
pOBaHuUsA Koary/saTa He Ipespiiano 200 MC He3aBUCHMO OT
TpeOyeMoit IPKOCTH, B TO BpeMsI, Kak IIpy MoLtHoCTH 100 MBT
Y IUTAHHUPYeMOIT IPKOCTH KoarynsaTta 15% u 60s1ee OT ypOBHS
¢bona HeobxonuMoe 11 GOPMHUPOBAHUS KOATY/IATa BpeMs
coctaBwio 6osee 500 mc (Puc. 1). Hanbonee onruManbHbII
yposenb momHoctu JIM 180 MBT, npu xoTtopoM make Ha
ypoBHe ApKocTu 50-70%, cOOTBETCTBYIOIEM 3 CTENEHU
oxorano EA. UEsperance, Bpemsi GOpMHPOBaHUs KOATY/IATA
He mpeBbIiano 400 Mc, YTO COMTOCTABUMO C [UTUTEIBHOCTHIO
HMITy/IbCa IIPU TPAAAUIIMOHHOM KOAry/IsIIUU CEeTYaTKHU.

OnHOpPOIZHOCTH IOYYaeMbIX KOAry/siTOB IO SIPKOCTH
TaK>Ke OT/IMYajaach B 3aBUCMMOCTH OT MOIIHOCTH JIW u
TpebyeMoil SIPKOCTH KOATy/IATA.

Hau6onbiive suavenus koaduiinenTa Bapuaruu sip-
KOCTH K0arysaros (26,7 u 15%, Puc. 1) 6p111 OTMedeHB! Ipu
MoOIITHOCTH Bo3zericTsytoero JIM 200 u 300 MBT c mmanupy-
€MOI1 IPKOCTHIO KOAry/siTOB, 6JIM3KOI K TOPOTOBOI — 5% OT
ypoBHs HpoHa, 4TO 65110 06YCIOBIEHO HETOCTATOYHOI CKO-
POCTBIO BU/Ie03aXBaTa /15 IOC/IEAYIOIIETO CBOEBPEMEHHOTO
OTKJIIOYEHMS JIa3epa B yCIOBUSX 00J1ee BBICOKOIM MOIITHOCTH

JIN. OpHOBpeMeHHO, ITPH SIPKOCTH Koarysita 6oree 15% ot
¢dona HezaBucumo ot monrHoctH JIN koaddbutinent Bapua-
IIUU He IIpeBbIIa 7%, 4TO II03BO/ISIET TOBOPUTH O BBICOKOM
OIHOPOITHOCTH KOAry/IATOB, I0JTy4aeMbIX B aBTOMATHYECKOM
pexuMme.

[Tranupyemas u paxTHIecKas IPKOCTb GOPMHUPYEMOTO
KOATy/IsITa B HANOOJIbILIEH CTEIIeHN COBIIAfa/IH IIPU UCITONb-
3oBaHuu MorHocTu JIM B nuamasone 100-180 MmBT m1st Bcex
3HAYEHUI IPKOCTH OT 5 10 70% (Puc. 1).ITpu ncronpsoBaHuu
mortrocTr JIN 200 u 300 MBT hakTrdeckas sipkocThb mpe-
BBIIIIa/Ia IVIAHUPYEMYIO B IMaNIa30He IPKOCTU MeHee 15% ot
¢oHa, To ecTh IpU GOPMHUPYEMBIX KOAry/IaTax 1 CTeleHH o
EA. UEsperance.

ITpoBeneHHOE NCCIENIOBAHYE iN Vilro TIOKa3aJI0 BO3MOX-
HOCTB IIPOBEIICHNS B aBTOMATUIECKOM PE&KHUMe JO3UPYEMO
JIa3epHOI KOATY/IAIUY, IIPY 9TOM IOTydaeMble KOATy/IsThI
00/1a1aI0T BBICOKOTI CTEIIEHBI0 OFHOPORHOCTH 10 SIPKOCTH,
1 uX (pakTHIeCcKas APKOCTb COOTBETCTBYET 3aI/TaHMPOBAH-
HO ITPaKTUYECKH BO BCEM IPOTECTHPOBAHHOM IHAIIa30He
SIPKOCTH ¥ MOIITHOCTH. [ ToryyeHHBIe pe3y/braThl CBU/IETE/Tb-
CTBYIOT, YTO ITapaMeTpbl JTa3€PHOI CUCTEMbI OTPAaHUYUBAIOT
ee paboTy Mpy HEOOXOTUMOCTH TIOMYIeHUS OIM3KHUX K IIO-
POTOBBIM 3HAUYEHHAM KOAry/siTOB.
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3akntouenne

B ycnoBusdAx in vitro HoBasg aBTOMaTU3WPOBaHHAasA
Jla3epHasg CHCTeMa, paboTarolnas Ha IPUHIUIE 0OPAaTHOM
CBSI3M, IO3BOJISIET MIOIYYUTh ONHOPOTHBIE BOCIPOU3BOAN-
MBl€ JIa3epHBIE KOAry/IsAThl B aBTOMAaTHYECKOM PEXKHME, IIPU
9TOM B HaHOOJBIIIEN CTEIICHU COOTBETCTBHE (PaKTUIeCKOM
U IUTAHUPYeMOH APKOCTH KOAaryasATOB JOCTUTAETCA IPHU
BBIXO[THOM MOIIHOCTH JIA3€PHOTO M3/TydeHUs B THAMIA30HE
140-180 MBr.

HctoyHuk (pUHAHCHUPOBAHUSA: HCCAeNOBATEIbCKAS
pabora IpoBefieHa Ha JIMYHBIE CPeICTBA aBTOPCKOTO KOJI-
JIEKTHBA.

ABTOPBI 3a5B/IAIOT 00 OTCYTCTBHM KOH(IMKTa HHTepe-
coB (The authors declare no conflict of interest).
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