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ONTUYECKOE NPOCBETNEHUE CKJIEPBI ITA3A YEJIOBEKA
BOAHbIM 30%-HblM PACTBOPOM IJ1HOKO3bl

A. H. Bawkartog'2, 3. A. lenuna'-2, B. U. KouyGeii',
T. T. Kamencknx®, B. B. Tyuun'-2:4

1CapaToBCKMil FOGYLAPGTBEHHbI YHUBEPCUTET

2ToMCKMit rocyfiapCTBEHHbIN YHUBEPCHTET

3CapaToBCKMit roGYIapCTBEHHbI MEMLIMHCKMI YHUBEpCHTET
“UHCTUTYT NpoBRieM TOUHO MeXaHky 1 ynpasneHns PAH, Caparos
E-mail: a.n.bashkatov@mail.ru

B paGoTe uccnefoBaHo OMTUYECKOE MPOCBETNEHWE CKIepbl Masa
YenoBeka in vitro nop, fieiictBueM BofHOro 30% pacTBOpa rOKO3bI.
MokasaHo, 4To AMDAOY3MA MIIOKO3bI MPUBOAMT K CYLLIECTBEHHOMY
CHWKEHWIO CBETOPACCESHUS, YTO MPOSIBASETCA B CHUXEHUM OTpa-
XEHWs U YBENIMYEHUM NponyckaHms o6pasLoB 6uoTkaHu. Koaddpu-
LIMEHT TOIMOLLIEHUsI NpW 3TOM He W3MmehsieTcs. MamepeHus Gbinn
BbINONHEHBI Ha criekTpodotoMeTpe CARY-2415 B omanasoHe [MH
BOSH o1 400 no 800 HM no cTaHAapTHOM MeToauke. ing o6paboTku
JaHHbIX CMEKTPasIbHbIX M3MEPEHUd U BOCCTAHOBMEHUS OMTUYECKMX
XapaKTEPUCTUK UCMONb30BAJICH MHBEPCHLIA MeTof «A00aBNeHns —
yABoeHus», [TonyyeHHble pesynbTaThbl MOTYT GbiTh MCMOML30BaHbI MPK
pa3paboTKe HOBbIX W OMTUMU3ALIMK CYLLECTBYIOLLMX METOMIOB OMTH-
YeCKOW INarHOCTUKM W Tepanun rMasHbiX 3a60/1eBaHWiA.

KnioyeBble cnoBa: ckiepa ra3a YeoBeka, M110K03a, yrpas/eHne

OMTUYECKUMM MapaMeTpaMu GUOTKaHel, CeKTPOCKONMA C UCTIONb-
30BaHUEM MHTETPUPYIOLLMX Chep.

Optical Clearing of Human Eye Sclera
by Aqueous 30%-Glucose Solution

A. N. Bashkatov, E. A. Genina, V. |. Kochubey,
T. G. Kamenskikh, V. V. Tuchin

In this work, optical clearing of human eye sclera in vitro under
action of aqueous 30% glucose solution was studied. It was shown
that diffusion of glucose in tissue results in significant decrease of
light scattering, which manifests itself in both decreasing reflectance
and increasing transmittance of the samples. At that, absorption
coefficient does not change. Measurements were performed with
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spectrophotometer CARY-2415 in the spectral range from 400 to
800 nm by a standard method. Inverse Adding-Doubling Method
was used for processing of data of the spectral measurements and
reconstruction of optical parameters. Obtained results can be used in
the development of new methods and optimization of existing ones in
optical diagnostics and therapy of eye diseases.

Key words: human eye sclera, glucose, optical clearing, integrating
sphere spectroscopy.
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BBenenue

Bo3MOKHOCTE yIIpaBIICHHS OTITHICCKAMU XapaK-
TCPUCTUKAMU 6PIOTKaHeI>i BAKHA 711 MHOTHX HAIpaB-
JICHUH JTa3epHOM MeTULIMHEL. Harnprimvep, ymMeHbIeHYE
CBETOPACCCEHS B CKIICPE IV1A3a [MO3BOJIUAT 3HAYUTSITb-
HO TIOHM3WUTH MOILHOCTE M3IYYCHH, TIPUMCHICMOTO
[PY TPAHCCKIICPATBHOM OCBCILICHHH IT1a3a P Jua-
(haHOCKOTIMM WK TpaHCHLTFOMuHaLwu | 1-3], Tparc-
CKJICPAIPHOM KOATVILILIMK CCTHYATKU M LIMAPHOTO
TEJIa ITa3a MPH JICUCHHUH IIayKOMBI [4—8], yMCHBIIUTH
TPAHCCKICPAIBHOC BO3ACHCTBHUC JIA3CPHON JHEPTHH
TIPY JICYCHHMH MHOTIMU U ApyTHX 3abonesanwii [9]. B
TIOCIICAHES BPEMST B JOTIOJIHCHUC K U3BECTHBIM METO-
JaM THATHOCTHKH, KOTOPBIC UCTIONB3YIOT TPAHCCKIIC-
PaTbHOS OCBCIICHHUE, TOSBILIEOTCS HOBBIC MCTOMBI,
COYCTAIOIIKE B CE0C TPAHCCKIICPATBHOS OCBCILCHIC U
0o(TaTEMOCKOTIHEO, B YACTHOCTH O¢3pehIeKCHAs H-
poxoriosbHas opraaemockorws | 10]. Taxem o6pasom,
COBCPIICHHO OYCBUIHO, YTO PACIIUPCHHUC BO3MOXK-
HOCTCH TPAHCCKIICPATBHBIX MCTOAOB TUATHOCTUKY U
JICUCHWS ITTA3HBIX 3a00JICBaHII — OHA U3 AKTY A/IbHBIX
3a7a4 COBPEMEHHOH 0 TaTBEMOIOTHH.

Oxno¥t u3 npo6sIeM, BOSHUKAOIMUX TIPU Pe-
[ICHWM JAaHHOW 3aJa4H, SIBJISICTCS CHIDKCHHUE CBETO-
paccesitmst B ckiiepe miaza. OmHUM U3 BO3MOIKHBIX
PEIICHUM JaHHOM MPOOICMBI SIBISICTCS TPUMCHCHHC
TaK HA3bIBACMOM TCXHHKH «OITHICCKOTO IPOCBCT-
aeHus» [11-14], nmpu xoTopoii BHYyTpUTKaHEBAasA
JKHUIKOCTDh OMOTKAHM 3aMEIIACTCsT OMOCOBMECTUMBIM
THIICPOCMOTHICCKAM MMMEPCHOHHBIM arGHTOM C I10-
Ka3aTeIIeM TIPETOMIICHYST OOJIBIIMM, YEM MTOKA3aTeITh
TPCIOMIICHUS BHY TPUTKAHCBOM *KUAKOCTH. [ lockoms-
KY TIPOLIECC «OITHMCCKOTO TIPOCBETIICHIUSD) SIBIIICTCS
00paTHMBIM, TO JAHHASI MCTOAMKA MOYKCT HCIIONB30-
BaTbCS B KIMHUYESCKOH TIPAKTHUKEC 11 BPEMCHHOIO
CHIDKCHUS CBETOpPAaccesHus ckiepsl rrasza [15-18].
[loMumoO BBIDICTIPHUBEACHHBIX PabOT BIMSHUC THTIC-
POCMOTHYCCKIX ar¢HTOB HA OIITUMCCKUC XapaKTCPH-
CTHKH CKJICPBI paHee OBbLIO MCCIIEIOBAHO B paboTax
[19-29], u3 KOTOPBIX CIEAYET, YTO BOAHBIC PACTBOPHI
TITFOKO3bI MOTYT GBITB HUCITIOJIB30BAHBI B KAUYCCTBC
«OTITHMECKHUX TPOCBeTBIOIMX arcHToB» (OITA).

Lleasto HacTosAmieH pabOTHI ABIACTCA MCCIIC-
JOBAaHKC BO3MOKHOCTH CHIDKCHIS CBETOPACCCSHIUS
B CKJICPC IV1a3a YCI0BCKA IPHU BO3ACHCTBUM HA HCC
BOAHBIM 30%-HbIM PacTBOPOM [IFOKO3BL

Pr3nra

Marepuanol U MeToAbI

B xaucctBe 00beKTa MCCICIOBAHUS OBUTO WC-
monb3oBaHo 10 0OpasioB CKIEPHI m1a3a YCIOBEKA.
O06paswsl CKICPbI OBUTH MOIYICHBI METOIOM ay TOTI-
cuu He nosaHee 24 yacos mocnie cmeptu. C MoMeHTa
ayTONICHH M A0 TIPOBCACHUS U3MCPCHHUEN 00pa3iml
CKJICPHI T71a3a XPAHWINCH B (PU3UOJIOTHICCKOM
pactBope. HemocpeacTBeHHO mepea mpoBEICHHUEM
SKCIICPUMCHTOB y 00pa3LoB OHOTKAHU Pa3MepoM
1x1 cM ¢ MOMOIIBIO CTAHAAPTHOTO MUKPOMETPA U3-
MEPSUIaCh TONIMHA, KOTOPAask B CPSIHEM COCTABHIIA
0.5£0.1 mm. Bee axcriepuMeHTBI GBUTH BBITIOTHCHBI
[pY KOMHATHOM Temrieparype, nopsaka 20 °C.

Hamepenne criekTpos audhy3HOTO OTpaskeHUsA
(R ;) mnosHoro (1) n xonmumupoBanHOTO (1), ) mpo-
Iy CKaHIA OBIITO BBIMIOJIHEHO Ha CIICKTPOPOTOMETPE
CARY-2415 B auanaszone mmux BonH ot 400 mo
800 1M mo cranmapTHOM MeToauKe. OOpasLbl CKICPBI
(DPMKCHPOBATKCH HA CIICLIMATIBHOM IUIACTMACCOBOM
JCPIKATeIIC Y MOMCINAIKCE B KEOBSTY C MIMMEPCHOH-
HOM KUIKOCTBIO. CIICKTPBI OTPAKSHUS U TIPOITY CKa-
HII IO CIIC IOBATCIIBHO PETHUCTPUPOBAIUCH B TCUCHHC
15 mun. CrOPOCTH CKAHUPOBAHUS S HM/C.

Pacuer crmexrpanpHOM 3aBHCHUMOCTH KO3(-
¢uimenTa normomenus (4,) ¥ TPAHCIOPTHOTO
xoa(duimenTa paccestma (1) = p, +p, (1-g)) 6p11
BBITIOJIHCH C HUCTIONIB30BAHHUCM MHBEPCHOTO METOAA
«nobasnenus — yasocuws» (MAY) [30]. 3mecs 4,
— koa(ppurueHT paccesHus U g — (pakTOp aHU3OTPO-
v paccesHus. PacueT koaddranerra ocnabnerus
(4, = p, + 1,) TPOMBBOAMIICA HA OCHOBE 3aKoHa By-
repa — Jlambepra: 7, ~exp(—x,/), rae / — Tonmuna
obpasua 6uotkanu. Takum 00pa3oM, 3HAHHE TPEX
U3MEPACMBIX mapamMeTpoB R, 7, u T, mos3somseT
BOCCTAHOBUTH BCC ONTHICCKUC XaAPAKTCPUCTHUKHU
OMOTKaHU: £, 1, u U g.

B kagecTBEe IMMEPCHOHHOM )KUIKOCTH UCTIONE-
30BaJICS BOXHBIN PACTBOP IIIFOKO3BI C KOHLICHTPALH-
e 0.3 r/mu. PacTBOp GBUT IPUTOTOBIICH C UCTIONB30-
BAHHCM MMOPOLIKOOOPAZHOTO MOHOTHAPATA [ITFOKO3BI
(«XumMeny», Poccus). [okasarens npenomMicHus
pactBopa — 1.378. Mamepenune ObLTO BBIMOTHEHO
Ha pedpakTomeTpe AOOe Ha ITHHE BOTHBL 589 HM.

Pesynbratbl M ux o6CyXaeHue

Ha puc. 1, a—e npencTaBicHBl TUIIHYIHBIC
CIICKTPBI M KUHCTHUKA U3MCHCHUS Au(Py3HOTO
OTPAKCHUS U TIOJTHOTO U KOJUTMMHPOBAHHOTO TIPO-
IyCKaHus 00pa3LOB CKICPHI I1a3a YCIOBCKA IOX
aerictBueM BoaHOTO 3(0%-HbIM PacTBOPa MITFOKO3BI.
W3 puc. 1 Buaro 3nauurensHoe (mpumepro Ha 15% B
KpacHO¥ 001acTH CIieKTpa) CHIbKeHHE TU((y3HOTO
OTpakeHUA M poCT (puMepHo Ha 25% 115 TIOTHOTO
Y IPUMEPHO B 3 pasa Ayist KOJUTMMHPOBAHHOTO ) TIPO-
MyCKaHus1 00pasi@a CKICPHI [0 ACHCTBUEM PacTBOPa
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DIF0K0361. CHIDKCHUE OTP YKCHUSI H POCT MPOITYCKa-
HUAA HAOTIOMArOTCSA B TCUCHUE MPUMEPHO TEPBBIX
8 MuH, Tocre vero nporece auddysuu npekparia-
€TCA, M MI3MCHCHHH OTPaKCHUA M TIPOTIYCKAHMS HE
npoucxoaut. HabmonacMoe U3MEHEHHE OTP XKCHIS
M TPOTYCKaHUsA OHMOTKaHM CBsA3aHO ¢ auddysuei
TIIOKO3bl B OMOTKAHb, YaCTHYHBIM 3aMCIICHHUCM
BHYTPUTKAHCBOM KUIAKOCTH, POCTOM €€ MOKAa3aTeIIst

TPCIOMIICHUA U, KaK CICACTBUC, CHIDKCHHUCM CBC-
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Topaccesttus. [1oy4eHHBIC PE3YIBTATEl XOPOLIO
KOPPEIMPYIOT C AaHHBIMH paboTsl [20], B KoTOpO#
mMepsacst ko3 PuumeHt 1uy3uu TIFOKO3bL B
CKJIepe TiIa3a u OBUIO MOKa3aHo, 4To AU(P(Py3us
[IFOKO3bI B CKIICPY MTPOUCXOAUT B TCUCHUC 8—9 MuH,
[IOCJIC YCTO UMMCEPCHUPOBAHUE OHOTKAHU NPEKpaLia-
©TCSI, T.€. HACTYaCT MAKCUMAIBHO BO3MOMKHOC I
JAHHOW KOHLCHTPALMM MMMCPCHOHHOTO arcHra —
«OTTHYECKOE TIPOCBCTICHUCY .
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Puc. 1. Tunuuneie ciekTpbl AUPPY3HOTO OTparkeHUs (a), TIONHOTO (¢) U KOIMITUMHUPOBAHHOTO MPOMYyCcKaHus (J) CKIepHI Tasa,

H3MepeHHbIE B pa3IMiHble MOMEHTHI BpeMEHH, M KHHETHKA W3MeHeHUS U dy3HOTO oTpaskeHus (6), MOTHOTO (2) U KONINMHU-

POBaHHOTO NpONyCKaHuUs (¢) CKIEPHI IMa3a, H3MepeHHasl Ha HECKOIBKHX JUIMHAX BOJH, IIPH BO3ACHCTBIM Ha 00pasel] BOIHBIM
30%-HBIM pacTBOPOM INIOK03bI. CHMBOIIBI COOTBETCTBYIOT SKCIEPUMEHTAIBHBIM JIJAHHBIM

20

HayyHeiri otaen



A. H. bawkartos nAap. OnTtryeckoe npocBemeHne CKAepb! fnasa 4€1o08eKa

e

Ha puc. 2 npuseacHbI CIICKTPHI MOTIOMICHUS,
paccumuTanabie Metoaom MY, ansa paszaudsbix
WHTCPBAIOB BPECMCHH BO3ACHCTBHUA Ha oOpaserr
CKJICPBI BOJHBIM PacTBOPOM LIFOKO3bL. M3 prcyHKka
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BHUIHO, 4TO KO3()(DHULIMCHT MOTIOMICHHMS B IIPOLICCCE
MPOCBCTIICHUS HE U3MCHSICTCS, YTO CBA3AHO C TCM,
YTO ITTOKO3a HC MMCECT SABHO BBIPAKCHHBIX ITOJIOC
MOTIIONICHUS B BUAMMOM 00IaCTH CIICKTpa.
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Puc. 2. Criextpsl koa¢dduneHTa MOMOMEHNS CKIEPHI IT1a3a, H3MEPeHHBIE B pas-
JUYHBIE MOMEHTHI BpeMeHH, IPH Bo3/leicTBUN Ha 06pasel BoZHLIM 30%-HbIM
PacTBOPOM INTIOKO3bI. CUMBOIIBI COOTBETCTRYIOT HKCIIE PUMEHTAIBHBIM JJAHHBIM

Ha puc. 3, g—e mpuBegeHa criekTpanbHas
38BHUCUMOCTDH PAaCCCUBAIOIMIUX XaPaKTCPUCTHK
CKJICPHI I71a3a, U3MEPCHHAS B PAa3TIMIHBIC MOMCHTBI
BPCMCHH, M KHHCTHKA MX U3MCHCHUS1, H3MCPCHHAs
Ha HCCKOJIBKUX JTMHAX BOJIH. XOPOIIO BUAHO, 4TO
10 MEPE MIPOHUKHOBECHMS TIIFOKO3bI B OMOTKAHb Ha-
Omromaercs ymeHbmeHue (rpumepro Ha 20-22%
B KpacHOM 007acTH CIieKTpa) Kak koa(durmenTa
paccesiHus, Tak U TPAHCTIOPTHOTO KO3 durmenTa
pacCesiHUs CKIICPBL, 0 YEM HAMLSIAHO CBHACTCIIb-
CTBYCT KMHCTHKA MX MU3MCHCHUS, TIPCACTABICHHAS
Ha puc. 3, 6, 2). B To ke Bpemsa u3 puc. 3, e BUIACH
HEC3HAYUTCIBHBIA pPOCT (PakTopa aHHU30TPOIHUU
PAacCesTHUS, YTO XOPOIIO COIACYSTCS C OLICHKAMM,
BBITIOJTHCHHBIMM paHee B pabdote [31], B koTopoii Ha
OCHOBAHHUM CKALIPHOU Teopun Audpakiwmu ObUI0
[OKA3aHO, YTO MPH 3aMCIICHUH BHYTPUTKAHCBOM
JKUIKOCTH CKJICPHI I71a3a BOAHBIM PacTBOPOM
CIIOKO3BI J0JKCH HAOMoaaThCs pocT (akTopa
AHU3OTPOITHH PACCCIHUS, TIPUICM MAKCUMATbHAS
CTCIICHB «IIPOCBETICHUS» AOJDKHA HAOIFOAaThCS B
TeucHue 8—10 muH.

Taxum oOpaszom, BosaekcTBre BOAHOTO 30%-
HOTO PAacTBOPa MIIOKO3BI HAa CKIISPY INa3a YeI0BeKa
CBOIUTCS K YaCTUMHOMY 3aMCLICHUIO BHY TPUCKIIC-
pajIbHOM KUIKOCTH PacTBOPOM IIIOKO3HL. [lpm
STOM TPOUCXOAUT YMCHBIUCHUC OTHOCHUTCIBHOTO

Pr3nra

MOKA3aTeNs MPEIOMIICHUS PacCEUBATeICH CKICPHI
M, KaK CICACTBUC, MMMCPCHOHHOEC MPOCBCTICHHUC
OHOTKAHH.

CrerneHb ONTUYECKOTO MPOCBCTIICHUS SIBIISICTCS
OJHHUM M3 BOKHCUIUMX [MAPaMETPOB, XapaKTCPU3Y-
IOIIUX CPABHUTCIBHYIO 3()PCKTUBHOCTh U MPAK-
THYECKYI0 LICHHOCTh Pa3IUYHBIX IPOCBETIAIONINX
arcuroB. Crenienb (39()(pekTUBHOCTD) OIITHUECKOTO
MPOCBETICHUA CKJICPHI OLICHUBAIACH B TPEX CIICK-
TPaJbHBIX JUANA30HAX C MOMOILBIO BBIPAKCHHSI
[32]:

oC = Mo~ h (time)
ef
Hso
LAC W, — Ko3(hDHIMCHT paccesHUs B HAYAIbHBIN MO-
MCHT BPEMCHH, L (time) — 3HadcHHE Ko3(duLpeHTa
paccesiHUs B MOMCHT BPSMCHHM tIME ONTHMCSCKOTO
npocBeTIcHs OuoTkanu. [lomyueHHbIC pesymbTaTs
MPEACTaBICHBI Ha puc. 4.

N3 pucyHka X0poIiio BUAHO, 4YTO 3PCKTHUB-
HOCTh ONTHYSCKOTO IMPOCBETICHUA PACTET KakK
CO BPEMCHCM BO3JACHUCTBUA PACTBOPA TITFOKO3BI
Ha CKJICPY I71a3a, TaK U C YBEIMYCHHUCM [JIHUHBI
BOJIHBI, YBEIMYHBAsCh, Hanpumep, ¢ 0.053+0.005
(B obmactu 420 um) xo 0.233+£0.012 (B obmactu
700 M) uepes 5 MUH OCTIC Havaj1a BO3ACUCTBYS WITH
¢ 0.173%0.009 (B obmacTu 580 um) g0 0.247+0.012
(8 obmacti 700 mm) yepes 10 mMuH mocie Hadana
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BosacucTBYA. JlaHHOE TIOBEACHUE OOBICHICTCA TEM,  KOJUTATCHOBBIX BOJIOKOH — OCHOBHBIX pPaCCEMBATEICH
YTO ¢ POCTOM JJIMHBI BOJHBI YMCHBIIACTCSA Pa3iud-  CKICPHI — M 3HAYCHUSIMU MIOKA3aTCIIS TIPSIIOMIICHUS
YHMC MEKTY 3HAYCHUSIMU [MOKA3aTeIIsl MPSIOMIICHUSI  BHY TPUTKAHCBOM JKUIKOCTH.
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Puc. 3. CriekTphl TpaHCTIOPTHOTO KoadduUItieHTa paccesHus (a), korpPuiiuerTa paccestus (¢) u GakTopa aHU30TPOTIHA pac-

cestHUs (0) CKIIEPHI IMa3a, U3MEepeHHbIe B pa3lMYHbIe MOMEHTHI BPEMEHH, M KUHETHKA U3MEHEHHs TPaHCIOPTHOTO Ko3hdu-

[[UeHTa paccesHus (6), kondduimeHTa paccesHus (2) U $pakTopa aHU30TPOIHHU paccesHus (e) CKIIepHl IM1a3a, U3MepeHHas Ha

HECKONLKUX AJMHAX BOJH, IIPH Bo3AcHCTBUM Ha o6pasel; BOAHBIM 30%-HBIM pacTBOPOM INIIOKO3bl. CHMBOJILI COOTBETCTBYIOT
OKCHEPUMEHTATLHBIM JJAHHBIM
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Puc. 4. CteneHb ONTHYESCKOTO TMIPOCBCTIICHU CKIICPEI IT1a3a, U3MEPCHHAas Ha

HECKONMBKUX JUTMHAX BOJH, TIPH BO3JCHCTBHH Ha 00pasel BOXHBIM 30%-HbIM
PacTBOPOM TIFOKO3bI. CHMBOIIBI COOTBETCTRYIOT SKCTICPUMEH TATTBHBIM JIAHHBIM

Kawunyesa JI. T., bacupoe H. A. llpuMmeHenne HU3-
KX HEPruil JIa3epHOTO M3JYUCHHS IPH JTaTCHTHOH
raykome // OdranbMonoruueckuii sxxypH. 1995. T. 3.

3aknioyeHune 6.

B pabore nccne1oBaHO ONTHISCKOE MPOCBETIIC-
HHE CKJICPBI [Ia3a YEJI0BEKA i1 VilFro TIOJ JCHCTBUEM C. 138-141
BoaHOTO 3(0%-HOTO pacTBOpa NMOKO3bL. [lokasano, -

410 BOAHBIN 30%-HBIH PacTBOP TIFOKO3HI ABIACTCA
J0CTaTovHO 3((PEKTUBHBIM TPOCBETISIFOIIMM arcH-
TOM, TIPUBOISAINMM K CyInecTBeHHOMY (6omee 20%
B KpacHOM 00macTy CIeKTPa) CHIKCHHUIO KO3 (h(u-
LIMCHTA PACCESHUS, YTO TIPOSIBIICTCS B CHIDKCHHUU
OTPAKCHUS M YBEITUUCHUH MPOITY CKAHKST 00Pas3LoB
6uotkanu. Koaddurmenr nomomenns mpu 5ToM
HE m3MeHseTCs. [lomydaeHHBIC Pe3yaIBTaThl MOTYT
OBITH HCIIOIB30BAHBI IIPH Pa3paboTKE HOBBIX U OII-
THUMU3ALUHN CYIICCTBYOIINUX METOIOB OIITUICCKOM
JUATHOCTHMKH U TSPaIrvy DIa3HBIX 3200 ICBAHUH.
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Ha oCHoBe aHa/in3a LIBETOBbIX XapakTepUCTUK pasnmnuHbix XK ycT-
PONCTB OTOGPaxXeHUs MHGOPMALMK BBEIEH KPUTEPUiA NS OLIEHKU
AXpOMaTUYHOCTM YepHo-Oenoro usoGpaxeHus. [Ng ajeKBaTHOro
ONMUCaHMA ONTUYeckMX cBoicTB XK MopynsiTopa npefnoxeH Heob-
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XOUMBIiA HaBOp TPEX XapakTepUCTUK: CPEIHUIA MO CMIeKTPY KOHTpacT
MOJIyNATOpa; CPefiHee MO CTIeKTPY MponyckaHue Momyndropa ans
COCTOAHUS! «OTKPBITO», aXPOMATUYHOCTb MOZYNIATOPA J1/1St COCTOSIHUS
«OTKPBITO». BHINONHEHO KOMMbIOTEPHOE MOJGNNPOBaHME ONTUYECKUX



