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BBeageHue

AsneHne metaxpomasum (MTX) nssectHo [2] Kak «...OKpaluMBaHWE CTPYKTYpbl B LBET, ONINYHbIN
OT uBeTa mucnonbdyemoro kpacutena». MTX npu okpacke TMA3MHOBLIMU KpacUTeNnaMu CBUOETENbCT-
BYeT O Hanuunm B cpes3e orpefeneHHbIX XMMUYECKUX COeOMHEHUN, HEeCYLUUX KUCMNOTHbIE rpynnbl,
Hanpumep —OS0O3%> n —COO", OT NMOTHOCTY PACMONOXEHNA KOTOPbIX 3aBUCUT LIBET, MHTEHCUBHOCTb
N yCTOMYNBOCTL peakumun [4]. B cyctaBHOM Xpsille nsameHeHust peakumm MTX xapakTepusytoT CABUMM ero
CTPYKTYPHOWM OpraHn3auumn B pasnmnyHbIX SKCNepuMeHTanbHbIX [18] unu natonormyeckmx ycrnosusx [19].
M3BeCTHbI NOMyKONMYeCTBEHHbIE MEeTOAbl BM3yanbHOW 3KCNEPTHOW OLEHKW KONuMyecTBa ocajka Kpa-
cutens B bannax [11]. bonbLlumMe BO3MOXHOCTM KONMMYECTBEHHLIX UccnenoBaHmi obecneymBaeT Tene-
natonorus [6, 16, 20], xoTs nHopmaLmm 0 NPUMEHEHUN TeNEMEOULMHCKUX TEXHONOMMN Ans aHanmsa
MeTaxpoMa3un Ham BCTPETUTb He yaanocb. ATO onpeaenuno uenb paboTel — paspaboTaTb M anpo-
GupoBaTb anropnT™M KOMMbIOTEPHOrO aHanM3a MeTaxpomasuv B TPaHCMOPTMPOBAHHbLIX MO TENeKoM-
MYHUKaLUWOHHBbIM KaHanaMm MOSfHOLBETHbIX LMAPOBbLIX M30OpaxKeHUsIX MCTOXMMUYECKUX NpenapaTos
CyCTaBHOro xpsLa.

1. MeToauka nccnegoBaHus

B kayecTBe ob6bekTa nccnegoBaHUA UCMOMNb30BaH CYCTaBHOM MAanUHOBLIN XPSLL HAPYXXHOIO Mbl-
Wwenka 6egpa cobak B npouecce yanuHeHua roneHun. MNMocne anbgerngHon dmkcaumm obpasupbl 3a-
Kntoyanu B apanguTt. [NepneHavKynsipHble CyCTaBHOW NOBEPXHOCTU nonyToHkue (1,0 MkMm) cpesbl ro-
ToBUNKN Ha ynbTpatoMe «Nova» (LKB, LUBeuus) n okpalumBanu MeTUNEHOBbIM CUHUM. Ha pasHbixX
yBenuyeHusix 6onbLoro nccrnegoBaTensckoro potommkpockona «Opton» (FepmaHus) ¢ annapaTHo-
nporpaMmmHbiM komnnekcom «DiaMorph» (Mockea) nonyyanu ABaguaTuyeTbipexOuTHble LUdpPOBLIE
n3obpaxeHusa B uBeToBbIX Mogenax RGB u Lab [15], TpaHcnopTMpoBanu Mx no NnokanbHOW CeTu B OT-
Aen TenemeauuuHbel U KOMMbIOTEPHOrO aHanu3a mHdopMauuMuM Ans MUccnegoBaHus B Mporpammax
«Adobe PhotoShop» n «DiaMorph» pa3sHbix Bepcuii. lamepeHus npoBoanin B MUKpPOMETpax nocrie
reoMeTpPUYECKON KanmMbpoBKM N300paXXeHnn No oundpoOBaHHOMY MPU TOM Xe YBENUYEHUN n3odpaxe-
HUIO WKanbl O6bekT—MukpomeTpa. [lpu AeHCMTOMETPUM NONb30BanMCb OBLLENPUHATON  LUKanown
n3 256 rpagaumm nHTeHcmesHocTu [5]. Lindpposon matepman aHanuanpoBanu B nporpamme «Microsoft
Excel» no kputepmnsim BapnaumMoHHOM 1 HenapameTpuieckon ctatuctuk [3, 10]. MNpu oueHke 06beMHbIX
OTHoLleHu [1, 8] B TpexmepHOM 06beKTe No pesynbTaTamMm TOYKOCHETHON NNAHUMETPUM €ro ABYMEPHbIX
9KBMBAnNeHToB (M306paXKeHNn rMCTONOMMYECKUX CPe3oB) ncxogunu 3 npuHuymna Delesse [14] — ocHo-
Bbl CTEPEOSIONUM.
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2. Pe3ynbTathbl

B okpalleHHbIX METUNEHOBbLIM CUHMM NpenapaTtax CycTaBHOro xpsiwa (puc. 1) obHapyxeHa pas-
HOW MHTEHCUMBHOCTU MeTaxpomasuns B Tornorpaduyeckn pasnmnyHbiX 30HaxX MEXKNETOYHOro MaTpuKea,
4YTO onpenenuno HanpaesneHus UccrnegoBaHUs:

1. Tonorpadusa 3oH MeTaxpomasum B 06bekTe uccnegoBaHus.

2. LiBeTOBblE XapaKTEPUCTUKN OPTO— U METaxpomMasum pasHon UHTEHCUBHOCTM.

3. PaamepHble xapakTepucTuKM 30H MeTaxpomasum B pasHbiX y4acTkax 0ObekTa nccrnegoBaHus.

4. O6beMHble OTHOLLEHNS] OPTO— U METaXpoOMaTUYECKN OKpaLLEHHbIX CTPYKTYP B oObekTe.

1. B NOBEPXHOCTHOWM 30HE MENIKOTOYEYHbIE Y4aCTKM METaxpomasun BbISBMSIOTCS Ha NOBEPXHOCTU
AEeMacKMpoBaHHbIX B YCIOBUAX 9KCMEPUMEHTa MyYKoB KOMareHOBbIX BOSTIOKOH. B romoreHHOM maTpuk-
ce MPOMEXYTOYHOW 30Hbl Hebonblime opTtoxpomaTnyecku (0) OKpalLeHHble y4acTKM COCEeACTBYHOT
Cc obwwupHbeiMM cnabo metaxpomaTuyHbiMKu (1) nonsmn. Mybokas 30Ha OTNMYAETCs BblpaXXEHHON
WHTEHCUBHOW MeTaxpoMasunen TeppuTopuanbHOro matpukca (3) u NpuUCyTCTBUEM B MEXTeppuTopu-
anbHOM MaTpUKCe Y4acTKOB C MeTaxpomaTMYeCKOW peakumen cnabor n cpegHer MHTEHCUBHOCTM (2).
Mo HanpaBnenusm 2, 3 1 4 nHdopmauus MoXeT ObITb MOJSly4eHa He TONbKO onucaTesibHbIM, HO U KO-
NMYeCcTBEHHbIMN MeTodamu. [pu peanu3aumm nocnegHux Havbonee MHTEPECHbIMU HaMm NpeacTaBu-
NMCb BO3MOXHOCTW CTEPEOSTONMMYECKOro aHannsa pesynbTaTtoB KOMNbOTEPHON MOPGO— 1 KONOPUMET-
pyUM TPAHCMOPTUPOBAHHBLIX MO CETU LNGPOBLIX N306paKeHMI MUKPONpenapaToB.

Puc. 1. LndpoBoe nonHoLBeTHOE N306paXkeHne MUKpornpenapaTa CyCTaBHOIo Xpsiila:

K — kocTb, 0 — 0pTO— M 1—3 —— MeTaxpoMaTUYECKN OKpaLLEHHbIE Y4aCTKN MEXKIETOYHOro MaTpuKca.
MonyToHKkuin cpes, MeTuneHoBbin cnHmin. O6. 6,3; ok. x12,5.

2. KomnbtoTepHas KonopumeTpus nsobpakeHuidi no3sonumna nonyvmTb KONMYECTBEHHbIE LBETO-
Bbl€ XapakTEPUCTUKM OPTO- N METaXpOMaTUYECKUX Y4ACTKOB (puc. 2, Tabnuua).

Bo Bcex cnyyasx npeobnagjan CUMHWM LBET, pasnuuus e onpefensnucb B3aMMOOTHOLLEHUAMU
ABYX OCTanbHbIX COCTaBNSAOWMX. B opTOXpomMaTnyeckmx ydactkax BTOPOW MO 3HAYEHWUIO — 3erieHbI
KOMMOHEHT OTAENEH OT CMHEro nHTepBarnom B 25 n 6onee ycnoBHbIX egnHuL (y. e.) B 256—cTyneH4yaTon
LLKane, HacTOMbKO Xe yCcTynaeT 3efleHOMY 3Ha4YeHMe TPEeTbEe — KPACHOW COCTaBNSAIOLLEN.

MeTaxpomaTmyeckoe OKpallMBaHWe COMNPOBOXAAETCS YMEHbLUEHWEM 3efeHO—KPaCHOro WHTep-
Bana go =10 y.e. npu cnabon n 0o 5 y.e. 1 HMWKe —— NpU CPeaHeEN CTENEHSIX BbIPaXXEHHOCTUN peakLmm.
B ouarax meTaxpomasuu BbICOKOW UHTEHCUBHOCTM 3HaYeHWe KpacHOW COCTaBNALLEN BbIBOAUT ee Ha
BTOPYIO MO3ULMIO, YTO XapakTepHO AN y—MeTaxpoMasuu.

3. PasmepHble xapakTepuUCTUKN MeTaxpoMaTUYeCKn OKpaLLEHHbIX Y4aCTKOB UCCMEAOBaHHbIX U30-
OpaxkeHUn onpegensanu, NpPUMEHad CTaHgapTHble MopdomMeTpuyeckne YHKUUM (OSIMHA OTpeska,
nnowaap, 60MbWON 1 Manbin AMamMeTpbl U T. M.) UCNOMNb30BaHHbLIX NporpaMM. 3HayeHUs napameTpoB
Bblpakanu B NMKcenax, a nocrie reoMeTpnyeckon kannmbpoBKM No 3TanoHy AMWHbI — B MUKPOMETpaXx.
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4. Ins aHanmM3a O6bEMHbIX OTHOLUEHWIA OPTO— M METaxpoMaTUYECKM OKpaLLEHHbIX CTPYKTYp
B MOSIHOLBETHBLIX LM(POBLIX M300paXkeHuin crneumanbHo paspabotaHa M anpobupoBaHa TecToBasi
pelleTka paBHOYyAANEHHbIX TOYEK C NMPO3paYHbIMK LeHTpaMm (puc. 3).
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Puc. 2. PesynbTaTthl KOMObIOTEPHOW KOropumeTpun no RGB—kaHanam:

A — no nuHun J11; B — OTHOLLEHUS LIBETOBLIX COCTaNSAOLMX
B 30HaX OPTO— M Pa3HOW MHTEHCUBHOCTN METAXPOMaTUYECKOro OKpaLUMBaHNS

PesynbTtatbl KOMNbOTEPHOW KONnopumeTpun (B mogensax RGB n Lab) yyacTkoB
pa3Homn cTteneHn BbipaxeHHocTun (0, 1, 2, 3) MeTaxpomMaTU4YECKON peakLmm

LiseToBas mogensb RGB Lab (HSB) Ss — o (%)
MapameTpbl KpacHbIn 36ﬂeHbIl7I‘ CUHUI UB. TOH ‘ HacbliL,. ‘ SIPKOCTb | B 06Len nnowaamn

3oHa 0 — opTOXpoMaTryecKoe okpallumBaHme
CpeaHee 130,74 161,1 | 187,44 | 208,07 | 76,41 % | 62,25 % 50,05
CraHpgapTHas olumbka +0,31 +0,03 +0,71 +0,45 +0,71 +0,11
3oHa 1 — cnabas meTaxpomasuns
CpegHee 127,76 138,79 | 178,99 | 227,43 | 72,59 % | 57,87 % 25,61
CraHpgapTHas olumbka +0,1 +0,06 +0,51 +0,21 +0,59 +0,066
30Ha 2 — MeTaxpomasns cpefHein UHTEHCUBHOCTHU
CpegHee 111,18 115,31 | 173,00 | 236,29 | 89,83 % | 51,86 % 10,91
CrangapTHas ownbka| +0,08 +0,07 +0,87 +0,13 +0,87 +0,12
3oHa 3 — MeTaxpomasusi BbICOKOW MHTEHCMBHOCTH
CpegnHee 127,41 115,65 | 182,31 | 249,98 | 92,61% | 55,26 % 12,66
CraHpapTHas owmbka| +0,05 +0,04 +0,14 +0,05 0,13 +0,02
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Puc. 3. N3o6pakeHne TeCTOBOW peLLETKN paBHOYOANEHHbIX TOYEK
C Npo3payHbiMuK LieHTpaMu (cresa) u ee oparMeHT npu 6onbLIEM YBENUYEHUN

MNMocne cny4YanHOro COBMeELLEHUS peLLeTkM C nccnegyemMbiM n3obpaxeHnem KonopumeTpupoBanm
nonasLUME B LIEHTPbI ee y3MnoB nukcenbl. ConoctaBnss pe3ynbTaTbl C NpegBapuTenbHO NOMYyYeHHbIMM
KONOPUMETPUYECKMMUN XapaKTEPUCTMKAMWN Pa3NMYHO OKpaLUEHHbIX 30H, OMPeAensny KonM4yecTBo OT-
HECEHHbIX K KaXX40W U3 HUX Y3MOB peLleTKM U pacymTbiBanu nx gonv B obLien nnowaamn n3odpaxeHus
(cm. Tabnuuy).

PesynbTaTbl TOMEYHO—CHETHON NNAHNUMETPUM B CBOKO OYepeb CIyXWnuM OCHOBaHMEM ANSA pacye-
Ta 06GBEMHbIX OTHOLLIEHWUI B TPEXMEPHOM OObEeKTe MO penpe3eHTaTUBHOM Cepun ero ABYMEpPHbIX 3K-
BMBarneHToOB (CpPe30B).

3. O6cyxpeHue

ABTOpbI NOMarakoT, YTO ABa BOMpPOCa 3acnyXMBaloT 06CyXOeHNs1 B CBETE MOMYYEHHbIX aHHbIX:

1. BO3MOXHOCTW NpaKkTU4eCKOro MCnosib30BaHNA NpeanoXXeHHON TEXHOMNOMN.

2. NepcnekTmBbl pa3BUTUA KONMYECTBEHHOW TenenaTonornm B permoHax Poccun.

Mo Bonpocy 1 OTMETUM, YTO MO pesynbTaTaM KOMMbIOTEPHOW KOMOPUMETPUM MOMyYeHbl YeTKue
KONMMYeCTBEHHbIE KpUTEpMM, MO3BONsOWME OOHapyXMBaTb MeTaxpomasuio, onpeaensTb ee Tun
(B vnn ) N UHTEHcMBHOCTL. [Npy 3aTOM NonyyYyaemble TabnuyHble AaHHbIE Cry)XaT OCHOBaHWeM AJis
CTepeoriorMyeckoro aHanmsa ¢ BO3MOXHOCTbIO PerMcTpupoBaTth C BbICOKOW TOYHOCTLIO (40 1 pix) us-
MEHEHWNH Takoro napameTpa kak 06 beMHbIE NITOTHOCTN OPTOXPOMATUYECKON M PA3HOW NHTEHCUBHOCTU
MeTaxpoMaTnyeckmnx 30H. MNprmeHeHne NONYTOHKMX (1 MKM) Cpe30oB MO3BONUIO npeHebpedb addek-
ToM Xonmca [12] npyn cTepeonormyeckoM aHanmse Ha CBeTOONTUYECKOM YPOBHe uccnenosaHus. Mol
pacnonaraem npegBapuTeNbHbIMU HaOMIOOEHUAMKY, MO3BOMSKOWUMK MPELNONOXNUTL YHUBEPCAlb-
HOCTb YKa3aHHbIX KpUTEpPMEB KONMYECTBEHHOW OLEHKN MeTaxpoMasun Ans pasnuyHbiX 06 bEKTOB. JTO
OTKpbIBaEeT MepcrneKkTnBbl NPUMEHEHUST ONUCAHHOW TEXHOMOMMN BO BCEX CNy4vasx, Koraa peakuunsa me-
TaxpomMasmm MCNonb3yeTcs Kak guarHoctudeckun tect [13], a AMHaMMKa M3MEHEHUN ee XapaKTepu-
CTUK NpeacTaBnseT Hay4HbI MHTEpPeC UM UMeeT NporHoctTuyeckoe 3HaveHue [7, 17]. B Hawewm cny-
Yyae BO3MOXHOCTb KOMWYECTBEHHO OUeHMBaTb MHTeHcuBHOCTb MTX nossondet B Tomnorpadu4ecku
pasnuyHbIX yyacTkax Xpsla onpeaensatb NpUpoay XMMUYEeCKUX COBWUIOB, Tak kKak ussectHa [9] 3aBu-
CMMOCTb YCTOMYMBOCTU U CTEMEHU BbIPAXXEHHOCTU peakumu OT NMOTHOCTU pacnonioXXeHus cBOBOAHbIX
aHWOHHBIX rpynn B Mornekynax cybcrtpata. MTX B pa3BOMNOKHEHHOW MOBEPXHOCTHOW 30HE Bbl3BaHa
BbicBOOOXAeHMeM peakTuBHbIX rpynn COOH, SO3H gemackmpoBaHHbIX NPOTEOrNMKaAHOB W rNMKo3a-
MMWHOINIMKAHOB (B OCHOBHOM CynbdaTHbIX rPYnn KUCMbIX MyKononucaxapuaos). Yem cunbHee Bbipa-
XEHO pa3BONOKHEHWE MEXKNEeTOYHOro BellectsBa, TeM uHTeHcnBHee MTX. MTX TeppuTtopuansHoro
N MeXTeppuTOpuanbHOro MaTpukca B cpeaHen 1 rnybokon 30Hax xpsiwa obycrnoBreHa yCureHHON
npoaykumen xoHgpoumtamm cynbdaTUpPOBaHHbIX MMKO3aMUHOMIMKAHOB, KOHLIEHTpauus KOTOPbIX
CHWXaeTCcs N0 Mepe yaarneHus OT KINeTok.
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Mo Bonpocy 2: paspaboTaHHas TEXHONOMMSA aHanv3a NofHOLBETHbIX N300paXXeHUn No pesynbTa-
TaM KOMMbIOTEPHON KONOPUMETPUM MPUMEHMMA BO BCEX CIyYasdx MOMMXPOMHOIO OKpallMBaHUS MUK-
ponpenapaToB, KOrda He TONbKO KOHTPACTHble (OCHOBHbIE, YMCThIE) LIBETA, HO U OTTEHKU UX HECyT
CMbICINOBYIO MHOpMaUuIo. ITO OTKPbIBAeT MEPCNEKTMBY €e MCMOMb30BaHUS B KONMYECTBEHHOW Te-
nenatonoruu. MNpuHUMABI OpraHn3aunmn 3Toro HanpaeneHnst TenemeguumnHbl nanoxeHsl C.IN. MupoHo-
BbIM C coaBTopamu [6]:

«LndpoBble MUKpockonmyeckne m3obpaxeHnss MOryT nepefaBaTbCs B HayYyHo—uccrnedosamerib
cKkull yeHmp (paspsigka Hawa — M.LUL.), 3aHMMaloLWunca KonMYecTBEHHbIM aHanmM3om. B Takmux npo-
rpaMmax yvacteyeT 60mMblUOe YUCO NaToNoroaHaTOMUYECKUX OTAeNneHun nnu 6po, HO Kaxgoe u3
HWX nepedaeT B LEHTP OTHOCUTENbHO Hebonblioe 4Yncno usobpakeHuin. Hanbonblume CnoXxXHOCTU
30ecb NPeACcTaBnsaT agekBaTHas NoAroToBKa npenapaToB M NpaBUibHbBIN OTOOP CHUMKOBY». OT cebs
AobaBuM, 4TO, OMYEBMAHO, B NEPBYIO o4epenb HyXXEH Cneuvanu3vpoBaHHbIA LEHTP KONMMYECTBEHHON
TenenaTonorMm ¢ COOTBETCTBYIOLLUMM KaApOBbIM, TEXHUYECKMM, NPOrpamMMHbIM U, FNaBHOE, PMHAHCO-
BbIM obecneveHnem.

3akntoyeHue

B okpalleHHbIX MeTUMEHOBLIM CMHUM MpenapaTtax CyCTaBHOMO Xpsia B npouecce YANUHEHUS ro-
neHn cobak no WMnusapoBy oGHapyXeHa pa3HOW WHTEHCMBHOCTU MeTaxpomaswus B Tornorpaduyecku
PasnMYHbIX 30HAX MEXKNETOYHOro matpukca. LincdpoBble nsobpaxeHns rucToXMMUYECKUX MUKponpe-
napaToB TPAHCMOPTMPOBaNM MO TENEKOMMYHMKALNOHHBIM KaHanam 1M aHanuaupoBanu B nporpammax
Adobe PhotoShop n DiaMorph pasHbix Bepcuin. KomnbloTepHasi KONnopumeTpusi NO3BOMMIMA Nony4nTb
KONMYECTBEHHbIE XapaKTEPUCTUKM LIBETOBbIX MapaMeTpoB OpTO— M MEeTaxpoMaTU4EeCKMX 30H U Mpu
TOYEYHO—CUYETHOW MIaHUMETPUMN OTHOCUTL Y3ITbl TECTOBOW PELLETKM K OQHOW U3 HUX A11S OLEHKN 0bbem-
HbIX OTHOLUEHU B TpexMepHOM obbekTe. [NprMeHeHne NOMyTOHKMX 3MOKCUAHBIX CPe30B Aano BO3-
MOXHOCTb npeHebpeyb adhpekToM Xonmca Mpu CTEPEOSsIOrMYECKOM aHanmu3e Ha CBEeTOOMTUYECKOM
ypoBHe. BO3MOXHOCTb KONMYECTBEHHO OLEHMBATb MHTEHCMBHOCTbL METaxpomasmun rno3sBonseT B TOMo-
rpadmyecky pasnuyHbIX yyacTkax Xpslia onpeaensite Npupoay XMMUYECKUX COBUIOB, Tak Kak U3BecT-
Ha 3aBUMCUMOCTb YCTOMYMBOCTM WM CTEMEHU BbIPAXEHHOCTU peakumm OT MIIOTHOCTU PaCMoOfioXEeHUS
CBOOOAHbIX aHNOHHbBIX rPYNn B Monekynax cybctpara. TeXHONOrma cTepeosiormyeckoro aHanusa non-
HOLBETHbIX LMGPOBLIX M300pakeHUn Mo pesynbTaTtamM KOMMbOTEPHOM KOMOPUMETPUU MpUMEHUMa
B KONIMYECTBEHHOW TENenaTosiormm BO BCEX CryYaeB MOMMXPOMHOMO OKpalUMBaHUS MUKPO— U MaKpo-
npenapaTos.
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