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AJITOPUTMBI ONTPEAEJIEHUS IBETA OFBEKTOB
C OFBbEMHBIM IN®®Y3HbBIM PACCESIHUEM

PaccMoTpeHBI allTOpUTMBI HIICHTU(PUKALIUH [IBETa 00BEKTOB C 00beMHBIM TUDPY3-
HBIM paccesiHieM (B CTOMATOJIOTHH ), IIPEUMYIIECTBEHHO 3y0OB, B COOTBETCTBHH C
[IAPOKO TIPUMCHICMBIMH [[BETOBBIMU PACIBETKAMH (IIBETOBBIMH HIKATIAMH).

Jannas paGora MoCBsILEHAa aITOPUTMaM ONPEACICHUS LBETa 0OBEKTOB C
00beMHBIM T ((y3HBIM paccessHueM (MPEUMYIIECTBEHHO 3y00B) M CTOMATOJIOTH-
YECKMX MaTepuajoB, KOTOPbIE MO3BOJWIN C IOMOILBIO pa3padOTaHHOTO HaMH
nprbopa uIeHTU(HUIMPOBATH IIBET 3yOOB B COOTBETCTBHH C STAJIOHHBIMH 1IBETO-
BBIMHU PaclBETKaMH (ILKAJIaMH), IPUMEHSEMBIMHI B CTOMATOJIOTHH.

PaccmoTpum BHavase pazpabOTaHHBIA HAMH MPUHLUI PETUCTPALIMN UCXOJ-
HBIX ONITHYECKUX XapaKTEPUCTUK OOBEKTA, HA OCHOBAHUY KOTOPBIX ONPENeIIeTCs
ero 1gert [1, 2].

Ha nccnemyemsrii yaactok o0bekTa (3y0a, SIeMeHTa 1BETOBOM IIKAJIbI) TIep-
MEHIUKYIISPHO K €TO MOBEPXHOCTH yCTAHABINBACTCS IPUEMHBIN CBETOBOJ H3Me-
PUTENBHON TOJIOBKH NPHUOOpa M MOAETCS ONTUYECKOE N3ITydeHHe KOAKCHATbHO
OTHOCHUTEIIBLHO 3TOr0 CBeTOBOMA. V3mydueHue B M3MEpUTENBHON ronoBke Gopmu-
pyeTcs TakuM 00pa3oMm, YT0OBI YIJIbI ITaJICHUS CBETOBBIX ITYYKOB, IPOXO/ISIINX Ye-
Pe3 KpyT, JISXKALIMI B IUTOCKOCTH BXOAHOTO OKHA CBETOBOAA, C LICHTPOM, COBIIAAa-
IOLIMM C TEOMETPHUYECKUM IICHTPOM BXOAHOTO OKHA CBETOBOJA, HE TPEBBIIIAIH
yroi 25° (omnpeneseH SKCIePpUMEHTANIBHO) K IIOCKOCTH 3TOro Kpyra. Ontudeckas
cXeMa, peaJi30BaHHas B IpUOope, OKa3bIBaeTCsl MAKCUMAJIbHO MPUOIMKEHHOM K
OIITHYECKOH CXeMe PErMCTPALUH HCCIIEyEMOro 00BEKTa II1a30M YEJIOBEKa B €CTE-
CTBEHHBIX ycloBHAX. Kak Mokazajam SKCIIepUMEHTANIbHBIE HCCIICAOBAHUS, 3TO
o0ecreunBaeT IPAKTHUECKHU [IOJHOE COBIA/ICHHUE PE3YIbTAaTOB OIIPEACICHNUS 1[BE-
Ta, TIOJIy4aeMbIX ¢ TOMOLIbIO MPHOOpa M BU3YyaJIbHO C MPUBJICYEHUEM OIBITHBIX
CTOMATOJIOTOB.

HcTounnkaMn u3aydeHus B mpudope ciayKaT CyHepbipKHE CBETOAMOIBI,
(hopmupyromre HCXoHbIe 6a30BbIe I[BeTa (TOIy00id, 3€JIeHbIH, KPACHBIH), C MaK-
CUMyMaMH U3JIy4eHHUs Ha JUIMHaX BOIH: 475, 526 u 626 M. Ha BbIxo/1e mpHeMHO-
TO CBETOBOJIA PETHCTPUPYIOTCS M3ITyUSHHSI, IO aMIUIUTYHBIM 3HAYCHUSM KOTO-
PBIX ONpenesnsieTcs BT UCCIIeLyeMOro yJacTka 3yoa.

[Mepen kaxabIM M3MEPEHUEM OCYIIECTBISIETCSl KaauOpoBKa mpubdopa. Jlis
3TOTO IIPUEMHBII CBETOBOJ U3MEPUTEIIbHON I'OJIOBKH yCTAHABINBAETCS HA KO-
POBOYHBIH AJIEMEHT, B Ka4€CTBE KOTOPOTO MPUMEHSIETCS CTEKIISTHHAS IUIACTHHA, Ha
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0o0paTHy0 CTOPOHY KOTOPOH HaHeceH Oenblii TepMeTuk. Ha Bbixozme doromnpuem-
HUKA W3MEPHUTEIBHON TOJIOBKHU IS KXI0TO U3 0a30BbIX 1IBETOB (hOPMUPYHOTCS
CHT'HAJIBI B BHJIE HANTPSHKESHHN:

UOT:uFG()I'@F; U03:“3603q)3; UOKZHKGOK®K’ (1)

rne U, U,,, U, — cooTBeTCTBYyIOIME TPEM 0a30BBIM LIBETaM (T — royoomy, 3 —
3€JICHOMY, K — KPaCHOMY ) BBIXOIHbIE HAPsKEHUs! (POTONIPUEMHHUKA U3MEPUTEIIb-
HOH roJIOBKH ITpubopa; [, W ,, i, — KO3(QPHUIUEHTHI IPeoOpa3oBaHus «CBET—Ha-
npsoKeHne» (POTONPHEMHHUKA; G, G,, O, — ONTHYECKHE XAPAKTEPUCTUKH Ka-
nOpoBouHOro 31eMeHTa; @ ., @, @ —BeIMUMHBI CBETOBBIX IOTOKOB HA BBIXOJE
OCBETUTEIS] U3MEPUTEIILHOMN TOJIOBKH.

[Tocne kanuOpoBKH NPUOOPa OCYLIECTBIAETCS PETUCTPALUSI ONTUUECKHUX Xa-
PAKTEPHCTHK UCCIEAYEMOTO yJacTKa 3y0a MaIieHTa WK JIEMEHTOB 3TAJIOHHBIX
pacuserok. Hampskenus Ha Bbixope ¢oronpuemnuka (U, U,,U ) npu sToM
TaK)Ke OMUCHIBAIOTCS BhIpakeHUEM (1), HO TOIBKO BMECTO ONTHYECKUX XapaKTe-
PHUCTHK KaIHOPOBOYHOIO JIEMEHTA YUUTHIBAIOTCSI ONTHYECKUE XapaKTEPHUCTUKU
HCCIIeyeMOoro yuactka 3yba (G ., ¢, G ) WK 2IeMEHTa STaJOHHON paclBeTKH. B
pa3paboTaHHBIX HAMHU aJITOPUTMaX IO ONPEICICHHUIO LIBETa OOBEKTOB B COOTBET-
CTBHU C 3TAJIOHHBIMH IBETOBBIMU PACHBETKAMU HCIIOJB3YIOTCS TpUalbl UCXOMI-
HBIX [ITApaMETPOB B BUJIE

szUr/UOF; X3:U3/U03; XK:UK/UOK' (2’)

B ocHOBY paboTs! mprbopa ObLIO 3aJI0KEHO TPH THTIA 3TATOHHBIX PACLBETOK:
Vitapan Classical Shade Guide, Vitapan 3D-Master, Chromascope. Kpome Toro,
npruOOp MO3BOJISIET 3aMMCHIBATh U IPYTUE TUIIBI CTOMATOIOTHUECKUX PACIBETOK.
Paccmotpum paboTy co3maHHBIX aITOPUTMOB JIJIS TIEPBOTO THTIA paciBeTokK. Pac-
uBerka Vitapan Classical Shade Guide cocTouT 13 4eThIpex rpymnil OTTEHKOB:

Al; A2; A3; A3.,5; A4 — KpacHOBATO-KOPHUYHEBHIC;

B1; B2; B3; B4— KpacHOBaTO-XEJITHIE;

C1l; C2; C3; C4- cepsic;

D2; D3; D4— kpacHOBaTO-CcepbIE.

J71st 9TOM pacuBETKH TPUAIbl HCXOIHBIX TApAMETPOB, 3alTCAHHBIC B TAMSATH
KOMIIBIOTEPA, IIpeAcTaBuM B Buje (ais snementa A1) X, ., X, 1., X .

UTtoOBI ONpeaenuTh AIEMEHT PacBETKH, Hanbonee ONMM3KHIA MO IBETY K MC-
CJIEAYEeMOMY Y4acTKy 3y0a, BBIYHUCIIAIOTCS 3HaUeHUs PyHKLIUH F (KOTOpas HoIy-
YeHAa C UCTIOJIb30BaHUEM METO/Ia HAMMEHBIINX KBaPATOB ) AJIS KaXKI0T0 JIEMEHTa
IIBETOBOI pacKkpackH (B paccMaTpuBaeMoM ciydae 16 3HaueHnit pyHkuuit). s
aneMmenTa A1 umeem
. )

FAlzkr (XK/XA1K)2_1

(XF/XAlr)2 - 1‘ +‘(X3/XA13)2 - 1‘ +h

raek ., k  —xo3hUnneHTsl, onpeaeaeHHbIe ¢ y9eTOM YCPEAHSHHON KPUBOI BUA-
Hoctu mia3a [3]: k.= 0,14,k _=0,4.

3a Mepy LBEeTa IPUHUMAETCS TAKOM SIIEMEHT PaCIBETKH, ISl KOTOPOTO 3HAYe-
HUe QYHKIUHN F OKa3bIBaCTCSI MUHHMAJIbHBIM.

MHoroumcIeHHbIe SKCIIEPUMEHTAIBHBIC HCCIIeJOBaHUS TPHOOpa, B TOM YHC-
Jie KIIMHUYECKUE UCTIBITAHUS, IPOBEJICHHBIC B LIeHTpaIbHOM HayYHO-HCCIIEI0Ba-
TEITLCKOM MHCTHUTYTE CTOMATOJIOTHH, B CTOMATOJIOTHYECKOM KoMITIeKce MOCKOB-
CKOT'0 TOCYIapPCTBEHHOTO MEIMKO-CTOMATOJIOTMYECKOTO YHUBEPCUTETA U B CTOMA-
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Tonorudeckoit nonukimanke M3 PO, BeIssBIIN Oe301m1O09HY0 paboTy mprdopa
KaK C HICKyCCTBEHHBIMH, TaK U C €CTECTBEHHBIMHU 3y0aMU B TPEX 30HaX HUCCIIE0BA-
HUs 3y00B (Ieiika, IeHTpaIbHAsI YacTh, PeKYIIHA kpaif). [Ipudop npakTuaecku
3aMEHHJI HECKOJIBKO THIIOB OCHOBHBIX IIBETOBBIX PAcLBETOK, ITMPOKO IPUMEHsIC-
MBIX B CTOMATOJIOTUH, U CJIeJIaJ1 IIPU ATOM IPOLIECC OIIPEAEIICHNUS [IBETA aBTOMATH-
geckuM. OJTHAKO, KaK 0Ka3aI0Ch, 3TO YAOBJIECTBOPHIIO 1AJIEKO HE BCEX IPAKTHKYIO-
mux croMarosnoroB. CrieruannucTam, 3aHUMAIOIINMCS BBICOKOXY0KECTBEHHOM
pecraBpauyeil 3y00B, HEAOCTAaTOYHO HJIEMEHTOB B LIBETOBBIX PAaCKpackKax, I0-
CKOJIbKY MAJINTPa PeajbHbIX I[BETOBBIX OTTCHKOB 3HAYNTEIHLHO OOTaue nmpruMeHsie-
MBIX CTOMAaTOJIOTMYECKUX paclBETOK. J{J1s pereHust 3Toi mpoOiieMbl aBTOPHI pa3-
paboranu elie [Ba anropuTMa, KOTOPbIE O3BOJIMIIN YBEITUYHTh KOJIMYECTBO «OIIe-
HOK» I1BeTa (3JIEMEHTOB Pa3JI0KEHHS 10 L[BETY).

ITo pexoMeHJaI1K OTIBITHBIX CTOMATOJIOTOB CTaJIM Pa3/IesIbHO ONPENEATh Te
3JIEMEHTHI LIBETOBBIX PACLBETOK, KOTOpble Hanbosiee OIM3KH K HUCCIIEAyEeMOMY
y4acTKy 3y0a MO CBETJIOTE, a TaKXKe AIIEMEHTBI, KOTOpble Hanbosee OIM3KH 110
00001IEHHOMY TI0Ka3aTeII0, CBI3aHHOMY C LIBETOBBIM TOHOM U HACBIILIEHHOCTBIO.
[To cBetnore anemenTs! rpynn 4, B, C, D He coBnaaamu Apyr ¢ Apyrom. Takum
obpazom, Bce ameMeHTHl pacuBeTkH Vitapan Classical Shade Guide o6pasytrot mmo
CBETJIOTEC HEPABHOMEPHYIO LKAy U3 16 371eMEeHTOB.

SpxocTs L onpenensm Kak [4]

L=k X . +X,+k X, “4)

IIpu sToM BeIpakenue (3) mpeodpasyercs K Buy (s anemenTta A1)
Fy=|2/L,,)* -1 (5)

IIBeToBoit ToH H 1 HACHITIICHHOCTh C OMPENEISUTH C MCIIOIh30BAHUEM IIBE-
toBoro npocrparcta CIELab [4] u mapamMeTpoB CBETOAUOIOB (JIJTH BOJIH, COOT-
BETCTBYIOIIUX MaKCUMyMaM WX H3JTyUCHUS):

H =aretg {(X, - X,)/[L4X, + X, - X, ]}, (©6)

C=[(X,)" + (X )+ (X)) + 14X, (X, - X,)-2X, X,]" (7

C yuerom H u C Bripaxenue (3) npeoOpasyeTcs K Buay (ais anementa A1)
Fo=|(H/H )= 1]+[c/c,) -1| (8)

IIpuMeHeHre IBYX IMOCICAHUX aJTOPUTMOB, OCHOBAHHBIX HA BBIPAKCHHIX
(4)—(8), mO3BOJISIET CTOMATOJIOTY 00JIEe KTOHKO» OIPECIISATh I[BETOBBIC OTTCHKU
IIPU XyIOKECTBEHHOH pecTaBpanuu 3y00oB. OMHAKO TOYHO OIIEHUTH BO3MOXKHOE
KOJIMYECTBO PETHCTPUPYEMBIX COYETaHUH «CBETIOTa—IIBETOBOW TOH—HACKIIICH-
HOCTb IIBET@» CJIOKHO, TaK KaK HE BCE COUCTAHHUS OKa3bIBAIOTCS Peasii3yeMbIMH
Ha npakTuke. Tak, npu cBewiore 3y0a, COOTBETCTBYIOMIEH AneMeHTy Al (camblii
SIPKUAM 3JIEMEHT IIKaJIbI ), €0 HACBIIICHHOCTh HE MOYKET COOTBETCTBOBATh, HAIIPHU-
Mep, dIeMeHTy B 4 (camoMy TeMHOMY JIEMEHTY IIIKaJibl). B mpupose Takux 3y6oB
He cymecTByeT. Ho TeM He MeHee MOXKHO clIeTIaTh IpyOyIo OIIEHKY KOJTHYeCTBa pe-
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TUCTPUPYEMBIX OTTeHKOB. J{11s cBeTbIX amemenToB (A1, A2; Bl; B2;,C1; C2; D2)
BO3MOXHO 49 codyeTaHuit U3 3TON rpynmbl 37eMEHTOB. J[JI1 TEMHBIX 3JIEMEHTOB
(A3; A3,5; A4; B3; B4; C3; C4; D3; D4) takux codeTaHWid oka3biBaeTcs 81.
Takum o0Opazom, obriee Kom4ecTBo coueTanuii moydaercs 130. Cnemnyer erie
pa3 OTMETHTD, YTO HE BCE COUETAHH MOTYT CyIIECTBOBAThH Ha MPAKTHKE, OJHAKO
uX Topasno OosblIe I0 cpaBHEHHIO ¢ 16 orTenkamu st Vitapan Classical Shade
Guide, 20 — s Chromascope u 26 — st Vitapan 3D-Master.

Pesynbrats! ncciieoBaHuil ObLTN UCTIONB30BaHKI P pa3pabOTKe aHATN3ATO-
pa 1BeTa 3y00B «CIIEKTPOICHTY.

BbIBO/IbI

1. IlpumeHeHne anropuTMa, OCHOBAHHOTO Ha BBIpaKeHUU (3), B Iporpam-
MHOM 00ecIieueHu N MPUOopa JUIs OTpeAeIICHHs IIBeTa 3yO0B TTO3BOIHMIIO CTOMATO-
sioram ObICTPO (0K0JI0 1 ¢) M MpakTHUeCKH 0€30IMO0YHO OIPEACIISATH I[BET 3y0O0B
Y TIPE/ICTABIIATh PE3YNIBTAT UCCIIEOBAHIS B BU/IE CCHUTKM HA OJIMH U3 DIIEMEHTOB
CTOMATOJIOTHYECKUX [[BETOBBIX paciBeTok: Vitapan Classical Shade Guide, Vita-
pan 3D-Master, Chromascope.

2. [IpumeHeHue anropuTMOB, OCHOBAHHBIX Ha BhIpakeHHsX (4)—(8), mo3Bo-
JWJIO TIOYTH HA MOPSAJOK YBEIHYUTH KOJMYECTBO «OIEHOK» I[BeTa (2JIEMEHTOB
Pa3IoKeHHUs IO BETY ), YTO 0COOCHHO BaKHO MTPHU XYI0KECTBEHHOH pecTaBpalyuu
3y0OB.
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