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AHHOTaNMA

Ipenmer ucciaenoBanusi. OKCHAHBIE TUIEHKH HA METAIMIECKOH MOBEPXHOCTU MOTYT OBITH IOIyYeHBI IIPH PaBHOMEPHOM
[0 IUTOIIAAM PAMallMOHHOM HarpeBe, a TaKXKe 3a CUeT JIOKAJbHOTO Bo3zeicTBHs. Takoe BO3NEHCTBHE MOXKET OBITh
obecriedeHO B IIpoIecce CKAHUPOBAHUS IOBEPXHOCTH IIOCIEIOBATEIBHOCTHIO HAHOCEKYHIHBIX JIa3€PHBIX HMITYJIHECOB. B
o0pasyromuxcsl IUIEHKaX BO3HHKAeT MHTep(epeHIys cBeTa, NPHBOJMIIAS K OKpAIIMBAaHUIO MecCT BozzeiicTBus. B paborte
NPUBEACHBI PEe3YJIbTaThl CHEKTPO(YOTOMETPHUUECKUX N3MEPEHHI 00pa3yIouXcs IICHOK IIPU BapHalUK yIJIOB I1aICHUS CBETa
(yrioB ocBeutenust) B auanazone 10-60°. Mertoa. ITnactunsl HepxaBetomieil cranu Mapku AlS| 304 Gbuti OKHCIICHBI IBYMsI
Mmerogamu: B MydenbHoi nmeun [IM-10 (7 =500-600 °C, t =5-7 MHH) U TPU MOCTPOYHOM CKAHMPOBAHHH ITOBEPXHOCTH
cepueii asepHbIX nMiryabcoB (A = 1,06 MxM, T = 100 B, © = 25 MkyM, ¢ = 2,91:10° Br/em?, N, = 30, N, = 1). Uccnenosanue
MMOBEPXHOCTH 0OPa3IOB B Mpe/eiax ONTHYECKOTrO pa3pelieHns mpoBoauioch Ha mukpockomne Carl Zeiss Axio Imager A1M.
CrekTphl OoTpakeHUst oOpas3ioB nomydensl Ha crekrpodoromerpe Lambda Perkin 1050 ¢ unaterpupyromueit chepoit mpu
pa3nMYHEIX (DUKCHPOBAHHBIX 3HAYEHHMSAX YIIOB majaeHust cBera. OcoOeHHOCTH penbeda HCCIeyeMbIX ITOBEPXHOCTEH
BBISIBJICHBI METOIOM CKaHHMpYIOLICH 30HIOBOH MHKpockonnu Ha mnpubope NanoEducator. OcHoOBHbIE pe3yJbTaThl.
[omyyeHsl KONMYECTBEHHBIE IIapaMeTphl penbeda NOBEPXHOCTH, C(HOPMUPOBAHHOIO IIOCIE pa3IMYHBIX 00pPabOTOK
noBepxHocTH 00pasuoB cranu mapku AlS| 304. IMoka3aHo, YTO IpW YBEIMYEHHM yIJIa OCBEIICHHS BHJA 3aBHCHMOCTH
ko3(GduuMeHTa OTpaKeHHS OT IJIMHBI BOJHBI HE MEHSETCS, HO HMMEET MECTO CMEIICHHE 3KCTPEMYMOB CIIEKTPOB B
yasTpaduoneToByto obnacts. Takoe u3MeHeHne Oosee 3aMETHO B CiIydae Ja3epHO 0O0pabOTKM HOBEPXHOCTHU MO CPABHEHUIO
¢ TepMmuueckoil oOpaborkoli. Habmromaemplit 3¢(dekT MOXeT OBITH BBI3BaH OCOOCHHOCTSMH ITOBEPXHOCTHOTO penbeda,
(opMHpYIOImErocs MpU JIOKATBHOM Ja3€PHOM HArpeBe, W HEOZHOPOJHOCTHIO TONIIWHBI ITOMy4aeMONH OKCHIHOW IUICHKH.
MpakTnyeckast 3HaunMocThb. [lomydyeHHble B paboTe pe3ynbTaThl MOTYT OBITH HCIONB30BAHBI U  peaH3allif
JIOTIOJTHUTETIBHOTO 3JIEMEHTA 3aIUTHI OT (habCU(HUKAINH IPH MapKUPOBKE IPOLYKIHH.
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Abstract

Subject of Research. Oxide films on the metal surfaces can be obtained both by surface-uniform infrared heating and local
laser treatment e.g. by sequence of nanosecond laser pulses. Due to interference in created films the coloration of treated area
is observed. The present work shows the results of spectrophotometric measurements for various light entrance angles in the
range of 10-60°. Method. AlSI 304 stainless steel plates were oxidized by two methods: in muffle furnace FM - 10 (T = 500-
600° C, t = 5-7 min.) and at line-by-line scanning by sequence of nanosecond laser pulses (A = 1.06 um, t =100 ns, r = 25
um, g=2.91-107 W/cm?, Nx = 30, Ny = 1). Surface research in optical resolution was realized by Carl Zeiss Axio Imager
A1M. Reflectance spectra were obtained with spectrophotometer Lambda Perkin 1050 with integrating sphere at different
fixed light incidence angles. Topographic features were detected by scanning probe microscopy investigation with
NanoEducator equipment. Main Results. The quantitative surface geometry characteristics of AlSI 304 stainless stedl
patterns treated by different methods are obtained. It was found that the increase of light entrance angle has no influence on
the form of reflection coefficient dependence from a wavelength, but a blue-shift occurs especially for the case of laser
treatment. This difference can be caused by surface topology formed by laser heating and variety of oxide film thickness.
This effect results in more significant change in observed sample color for laser treatment then for infrared heating.
Practical Relevance. The results obtained in the present work can be used to implement a new element of product protection
against forgery with the product marking.
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BBenenune

Kak n3BeCcTHO, [[BETHOEC H300paKECHHE HA METAUTMYECKUX H3MCIHUAX NPH UX MApKHPOBKE MOXKHO IMONY-
YaTh Pa3MYHBIMU CIIOCOOAMH, B YACTHOCTH, HAHECEHHEM MOPOIIKOBBIX Kpacok [1], amaneii [2], karutecTpyii-
HBIM METONIOM [3], OCaXKIeHHEM YaCTHIl MaTepHaa MOKPBITHS U3 Ta30Boi (a3sl [4], a TakKe ¢ MOMOIIBIO TEXHO-
JIOTUH LBETHOM J1a3epHOW MapkupoBku (LIJIM) [5-9]. B otanuune ot OosbIMHCTBA CrI0co00B, TexHomorus LIJIM
He TpeOyeT MCHONIb30BAHMUS PACXOMHBIX MaTepUanoB, o0ecnednBaeT OECKOHTAKTHOE BO3ACCTBIE HA 00pabaThl-
BacMYyIO IOBEPXHOCTb, a Pa3Mep MHUHHUMAJBHOIO JJIEMEHTa M300paXCHUH MOXKET ObITh OYEHb MAJIBIM 32 CUET
HEOOJIBIIOT0 AUaMeTpa ja3epHoro mydka (50 MKM 1 MeHbIe). DTO MO03BOJISIET HAHOCUTH CKPBITHIC IIBETHBIC 3HA-
KH{ Ha JIOTOTHIAX MPOIYKIHH.

Ipemnoxennas TexHonorus LIJIM ocHoBaHa Ha JIOKaJbHOM Ja3epPHOM OKHCICHHH METAIUIOB UMITYJIbCA-
MU HaHOCEKYHIHOH JUIMTENEHOCTH B Pe3yJsibTaTe IOCTPOYHOI0 CKAaHWPOBAHUS HOBEPXHOCTH JIA3EPHBIM ITyYKOM.
[pouece okucieHus ynpasisieTcs 3aJlaHAEM IIapaMeTPOB JIA3€PHOI0 M3JIyYeHUs, KOTOPbIe ONPENelsIOT BpeMs
Ja3epPHOTO BO3ACHCTBHS M TEMIIEpaTypy HarpeBa ydactka oOpadareiBaemoii moBepxuoctu [10]. Ilpu atom co-
[IACHO TEPMOJMHAMHYECKAM pacyeTaM, KOTOPhIE XOPOIIO COMIACYIOTCS C Pe3yabTaTaMH, MOTyYSHHBIMH dKCIIe-
pPUMEHTANBbHBIM ITyTeM [6—8], 06pa3yroTcsi, B 4aCTHOCTH, JIBYCIIOWHBIC OKCH/IHBIC TUICHKHU: BEPXHHUIA CIION — TOH-
Kasi Mpo3pavHasi OKHCHAs IUICHKA, HIDKHUIT — Hempo3paunblii okeun [11, 12]. B pesysbpraTe 1BET MOBEPXHOCTH
bopmupyetcs Onaronapst UHTEpPEPEHIUH CBETa B BEPXHEM CJI0€ M ONTUYCCKUM CBOWCTBAM HHXKHETO CIIOSI.

B kadecTBe MCTOYHMKA HArpeBa MPH OKUCICHUH MOBEPXHOCTH METAJIIOB MOXKHO HCIIOJIb30BATh U APYTHE
METO/IbI, HAlPHUMEp, PAANAlMOHHBIN HAarpeB B BO3MYLIHOH armMocdepe Mmydenbroit meun [13]. B ciayuae masep-
HOTO BO3ICUCTBHS OBUTO 3aMedeHO [14], 9To HBET OKUCIEHHOTO Y4acTKa IOBEPXHOCTH, B YACTHOCTH, [UIACTHUHBI
U3 HEPIKABCIOIICH CTaJM, 3HAYUTEIBHO MEHSCTCS IIPY BapHaLUK yIia oTpakeHus (Habmromenus). [l IUICHOK,
MIOJTyYEeHHBIX PaAHalliOHHBIM HarpeBOM, 3TO M3MEHCHHUE SBISETCS MEHEe 3HAYMTEIbHBIM U BU3YaJbHO IPAKTH-
YecKH He3aMeTHBIM. D(GEKT H3MEHEHH 1IBETa UMEET MEePCIEKTHBY ONPEIEICHHOIO MPaKTHYECKOTO IPHIIOXKe-
HMS, TaK KaK CO3/1aHHE MEHSIONMMX [[BET HACHTU(DHUKAIMOHHBIX 3HAKOB Ha METAJUIMYECKOM H3IEIIHU MOXKET ObITh
HCIIONB30BAHO IS 3aIUThl OT (aibcudukanuii. [TogpoGHOMY paccMOTpeH IO 3TOro 3¢ deKra U KOIHUSCTBCH-
HOMY M3MEPEHHIO €ro MapaMeTpoB MOCBSIICHA HACTOSIIAs padoTa.

MaTepl/laﬂbl U METOAbI

B kadecTBe HccieqyeMoro OKMCISIEMOro MaTepualla MCIOJIb30BAINCH TUIACTHHBI HEPIKaBEIOIIEeH CcTaiu
mapku AlSl 304, moBepXHOCTH KOTOPBIX Nepe]] 00padOTKON OUMINAIMCH H30IIPOIIMIIOBBIM CIIUPTOM.

VcTOYHHK M3ITydeHHs] — UMITYJIbCHBIIA BOJIOKOHHBIN UTTepOueBsiii nasep (A = 1,06 MKM) ¢ [UTHTEIBHOCTHIO
ummyinbeoB T = 100 He u yactoToit cnenoBanus f = 20-99 k['u. Paguyc nazeproro myuka r = 25 MkM B Qokyce.
WHTepBan BO3MOXHBIX CKOPOCTEH MEpEeMEIICHHs IydKa MO MOBEPXHOCTH oOpasma cocrasiser 1-250 mm/c.
[II0THOCT MOIIHOCTH H3IydeHHs ( B 3aBHCHMOCTH OT pexmma o0paborknm wmemsmack or 0,85-10" 1o
2,91-10" Br/ewm”.

JlazepHoe okpalMBaHUE MeTaiia ObUIO HOJIyYEHO IMPU IIOCTPOYHOM CKAaHMPOBAHUH €r0 MOBEPXHOCTH
MOCJIEI0BATENLHOCTBIO JIa3€PHBIX MUMITYJIbCOB MPH 33JaHHBIX TapaMeTpax CKaHWPOBAHUS — INIOTHOCTH MOIIHO-
CTH M3JyYCHHs W YHUCIIa MEPEKPBITHIl IIyuKoB Ha 0OpabareiBaeMoil moBepxHOCTH: Ny M0 ocu x (B HApaBICHUH
nepeMerenus mydka) 1 Ny 1o ocu y (B HanpaBIeHUH, IIEPIICHANKYIIIPHOM HepeMelleH IO myyka) [14].
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NCCINEJOBAHNE 3PPEKTA BIIUAHUA YITIA OCBELLEHWA HA CIMNEKTPHI ...

Jlns cpaBHEHUS ¢ pe3ynbTaTaMi OKHCIICHHS TIPH JIa3epHOi 00paboTKe 4acTh 00pa3IoB ObLIa OKHCIICHA B
mpoliecce paJualiMOHHOTO HarpeBa B BO3AYyLIHOW armocdepe mydenbHoit neun [IM-10 npu temmeparypax
500600 °C na mpotskeHnn 5—7 mMunyT. B pesynbrare ObuIM mosydeHbl 0Opasiibl pa3HbIX LBETOB. B pabote
MIPUBOUTCS aHAIN3 00pasia KpaCHO-KOPMYHEBOTO 1IBETA B CBA3M C MCIIOIb30BAHHBIM IIPU TEOPETHYECKHUX OLICH-
Kax 3HauYCHHEM TOJIIMHBI OKCHIHOTO CJosi 0, UMEIONIel B 3TOM CIIydae JOCTATOYHO OOMBIIYIO BENHYHMHY, YTO
YMEHbLIIACT NOIPCUIHOCTH.

HccnenoBanne moBepxXHOCTH 00pas3loB B Mpejeiiax ONTHYECKOTO Pa3pelieHus MPOBOAMIOCH HA MUKPO-
crore Carl Zeiss Axio Imager A1IM.

CrekTpsl OTpaXXeHHUs: Bcex 00pa3LoB ObUTH moydeHsl Ha crekrpodoromerpe Lambda Perkin 1050 ¢ un-
Terpupytomei chepoil st U3MEPEHUsI 3aBUCUMOCTH KO QHIIMEHTa OTPaKEHUSI OT JJIMHBI BOJIHBI TPH yIiIax
ocsentenus (magenust ceera) or 10° no 60°. B kauecTBe MCTOYHMKA CBETA UCIMOIb30BAIACH TAJONCHHAS JIaMIia
BUJIUMOTO — OIKHEro MH(pakpacHOro auanasoHa. M3iydeHne JlaMIibl AEHOJSIPH30BaHO U (OKyCHpyeTcs Ha
MTOBEPXHOCTH 00pasma.

OcobeHHocTH penbeda MOBepXHOCTEH C(HOPMHUPOBAHHBIX OKCUIHBIX IUICHOK BBISBICHBI METOIOM CKaHH-
pyrotieit 30u10B0# Mukpockoru (C3M) Ha mpubope NanoEducator.

Pe3yabTaThl M HX 00CYKIeHHE

[TonyueHbl XapaKTEpPUCTUKHU CIIEKTPOB OTPaXKEHUsI IPH W3MEHEHHH YIa OCBellleH sl noBepxHocTH oT 10°
10 60° s 00pa3LoB: B HCXOMHOM HeoOpaboTaHHOM cocTossHuH (puc. 1, a); 00paboTaHHBIX MPH PAAUALUOHHOM
Harpese npu temmeparype 500 °C B Teuenue 6,5 MuH B Bo3myuiHON atMocdepe mydenbHol neun (puc. 1, 6);
1ocIIe a3epHoOro okucienus mpu q = 2,91-10” Br/em?, N, = 30, N, =1 (puc. 1, B).
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Puc. 1. CnekTpbl OTpaXXeHUs, CHATbIE NMPU Pa3nnYHbIX yriax OCBELLEHUS NOBEPXHOCTM 00pasL0oB CTanu Mapku
AISI 304: HeobGpaboTaHHas NOBEPXHOCTL (a); NOCIe BbIAEPXKKN HA NPOTSXKEHUMN 6,5 MUH B MydhenbHON nevn
npu Temnepatype 500 °C (6), nocne nasepHoro okucneHus: g = 2,91-10" Br/cm?, Ny = 30, Ny =1 (B).
MokasaHbl ANVHbBI BOMH HANBOMbLLNX 3KCTPEMYMOB

U3 cnektpa oTpaxkeHHs] HeOOpaOOTaHHOI MOBEpXHOCTH 00pasioB (puc. 1, a) BUAHO, YTO MPU BapHALIUH
ymia ocBeeHus nosepxuoctu ot 10° no 60° criekTp oTpakeHHs NPaKTHUECKH HEe MEHsIeTCsl. DTO 00yCIIOBICHO
0COOCHHOCTSIMH M3MEPCHUIA: BBITOIHAINCH N3MEpeHUsT U Y3HOro OTpakeHus cBeTa (C MOMOIIBI HHTEIPH-
pyrolueii chepbr) ISt ASTOISIPH30BAHHOTO U C(POKYCHPOBAHHOTO MMyYKa CBETA.

st 06pa3sioB, OKUCICHHBIX B My(EIbHOMN IEYH, CIIEKTPHl HMEIOT OJMH BBIPAKCHHBIN IKCTPEMyM (Mu-
HUMyM) B BHAUMOM oOnactu. Ilpu pocre yria OCBELICHHS CBETa XapaKTEPHBIH BH CIIEKTPOB HE MCHSETCS, U
HabIroaeTcs 3aKOHOMEpHOE MHTErpajibHOE yBeInueHne koddduunenta orpaxenus B npenenax 0,1 otH. ex.
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OKCIIepHMEHTAIbHO — TMOJYYEHHOe MAaKCHMallbHOE CMEIICHHE IOJIOKEHUs MHHHUMYyMa CIEKTPOB
AN = 20£5 HM OBLIO CONOCTABICHO CO 3HAYEHHEM, PACCYMTAHHBIM 0 M3BECTHOMY M3 TEOPHH COOTHOLICHHIO. B
OIHOCIIOWHBIX TOHKHUX IUICHKAX, KaK U3BECTHO, HHTEP(EPUPYIOT JTy4yH, OTPAKEHHBIE OT IOBEPXHOCTH OKCHUIHOM
TUICHKU ¥ OT TPAHMIIBI IUICHKA—IOT0KKA. MaKCUMaIbHOE YBEIHMICHHE aMILTHTY/IbI BOJHBI OTPAKEHHOTO JIyva B
pe3ynbTare HHTep(EPeHINH OTyYaeTCs IPU COOMIOACHNH CIEAYIOIIETO YCIOBHUSI:

m\ = 2dVn? — sina, Q
rae M — nopsiaok uHTepdepenimy; d — TOMIMHA OKCUAHON TUICHKH; N — KO3()(MHIUEHT MPETOMICHHS MICHKH;
0L — yToJI aJICHHS CBETA.

Ipu pacyere ObLIM UCMOTB30BAHbI CIACAYIONINE YUCICHHBIC 3HAYCHHS: M = 1; TOJIIMHA MJICHKH KPacHO-
koprureBoro usera d ~ 75 um [15]; n =255 [16]; a; = 10°, a, = 60°. Paccunura mo dopmyne (1) 3HaueHus
JUTMH BOJIH A TIPH O U 0, Tody4aeM AA = 22 HM, 4TO JOCTAaTOYHO XOPOIIO COTIIACYETCS C HKCIIEPHMEHTAIBHO
MIOJTyYEeHHBIMH JaHHBIMH.

CriekTpsl OTpaskeHHsI 00Pa3IoB MOCIIE Ja3epHOr0 OOIy4YEeHUS UMEIOT JIBa SKCTPEMyMa M TAK)KEe COXpaHs-
10T CBOW XapaKTepHBI BHJ NPH M3MEHEHUH yIvIa ocBelleHus. KoadduiueHT orpakeHus MeHIeTCs B Ipefenax
0,05 otH. en. C yBenmuueHHEM yIiia OCBELICHHS HAONIOAACTCS PE3KOe CMEIICHHE IHKOB B yNbTpadHOIeTOBYIO
obnacte. Benmmunna toro cMmerienns AL B cpenteM coctasisieT 40 HM, YTO BBI3BIBACT BU3YaJIbHO 3aMETHOE H3-
MEHEHHE [[BETOBOTO TOHA MOBEPXHOCTH.

Ha mukpodoTorpadguu paBHOMEPHO OKHUCICHHOW MOBEPXHOCTH (pHUC. 2, a) BUHO, YTO €€ LIBET U3MCHSICT-
Csl BECbMa XaOTHYHO U B Tpejeax ManbiXx ydacTkoB. C3M-u3zobpakenue (puc. 3, a) B JaHHOM CJIydYae IMOKa3bl-
BAacT JIOCTaTOYHO POBHYIO IIOBEPXHOCTh. DTO MPUBOIHUT K (JOPMUPOBAHUIO OHOPOAHOTO BH3yaJIbHO HalOionae-
Moro 1BeTa rioBepxHocTH (poTto Ha puc. 2, a).

10 mm % A y
B ,_“thq"‘rr(cf:‘ {
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F e
v

Puc. 2. dotorpadmsa n mukpodotorpadgmsa obpasua, BelgepKaHHOro B MydernbHOM nevm Ha NpoTskeHun 6,5 MyH
npu Temnepatype 500 °C (a); dhoTorpadum obpasua nocrie nasepHOro BO34eNCTBUSA MOCTPOYHbLIM
CKaHMpoBaHWEM MNyyKa Npu MOCTOSAHHbIX 3HAYEeHUAX ( = 2,91-10" Br/cm?, Ny = 1 n 3Ha4eHusax Ny, paBHbix 30, 40,
50 u 60, cHATble Npu yrnax HabntogeHns nosepxHoctn 10° n 45°, n MmukpodoTorpadus, otobpaxarowas Bug,
yyacTka kaHasku npu Ny = 30 (6)
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Puc. 3. N3o6paxeHns penbeda noBepXHOCTH, NOMyYEHHbIE METOAOM CKaHMPYOLLENA 30HOOBOW MUKPOCKOMUK:
Ans obpasua, OKUCINEHHOTO B Meyu (a); BUA y4acTka kaHaBku, 06pa3oBaHHON Na3epHbIM BO34ENCTBUEM
npu q = 2,91-10" Br/em?, Ny = 1, N, = 30 (6)

Ha wmumkpodororpadun xapakTepHOTO ydacTKa MOBEPXHOCTH IIOCIE Jla3epHOTO OKHUcieHus (pwc. 2, 6)
BHUJIHO, YTO €€ IIBET M3MEHIETCS He XaOTUYHO, a IPEHMYILECTBEHHO B HAaIPaBJIeHHUH, IEPISHIUKYISPHOM II0JI0-
ce, 00pa3oBaHHOW B pe3ysbTaTe MPOXOXKIEHHS JIa3epHOTO Iyyka. JTO CBA3aHO C OIpEIeNICHHBIM H3MEHEHHEM
penbeda MOBEPXHOCTH, BRI3BAHHOTO JIa3epHBIM Bo3aeicTBieM. Kak Obuto mokasano panee [17], moKasbHBIH fa-
3€pHBI HarpeB CKaHHPYIOIIMM IYYKOM MPUBOAUT K IUIABJICHUIO MOBEPXHOCTH 00pabaTbiBaeMOro MeTrajuia, u
IPH 3aTBEPJIEBAHUH paciiiaBa oopasyercs mojoras kanaBka (C3M-uzobpaxenue puc. 3, 6), MOKpHITast IEPEMEH-
HOM TI0 TOJIIIMHE OKCUIHOH TuieHKor. OOpa3yeMblii pesbed, a Takke nepeMeHHas TOJIINHA [UICHKH IPUBOJAT K
M3MEHEHHIO YCIOBHH MHTEP(QEPEHINHN TTaJaloNIMX Jy4eil 1 COOTBETCTBYIONIEMY U3MEHEHHIO [IBETa IOBEPXHOCTH
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NCCINEJOBAHNE 3PPEKTA BIIUAHUA YITIA OCBELLEHWA HA CIMNEKTPHI ...

10 BCell JUIMHE KaHaBKH. DTO 00YCIIOBJIEHO TEM, YTO JIy4YH CBETa, aJalollie Ha Pa3iIMYHbIe YUYaCTKH [TOBEPXHO-
CTHU B IIOIIEPEYHOM KaHaBKe HAIIPABJICHUHM, NIOCIIE TPOXOXKICHHUS Yepe3 OKCHIHYIO IUIEHKY OyIyT MMeTh He CIIy-
YaiiHbIe, a OBTOPSIOIINECS U3MEHEHHs YCI0BUH HHTepdepeHuny. [Ipn NoCTpOUYHOM CKaHMPOBAaHUM JIa3EPHBIM
ITy9KOoM (OPMHPYETCS PEryISIPHBIN peibed, 3HAUNTENFHO YBEIUYNBAIOMINN BU3yalIbHO HaOmomaeMblil 2 Qext
W3MEHEHHUS [IBETa IPU M3MEHEHUH yria HabmoaeHus ($hoTo Ha puc. 2, 6).

Bonbiiee cMelieHne MoJI0KeHUsT SKCTPEMYMOB CIIEKTPOB OTPAXKEHHUS! OKHCICHHBIX JIa3epHBIM H3JTy4CHU-
eM 00pasIoB B HAMPABICHUH YMEHBIIICHHUS UTHHBI BOJHBI (pHc. 1, 6), O cpaBHEHHUIO ¢ 00pa3amMu, OKHUCICHHBI-
MH B II€4H, CBSI3aHO, MO-BUAMMOMY, C TEM, YTO Ha W3MEHEHHE IIBETa IMOBEPXHOCTH NPH Pa3IMYHBIX yIax Ha-
OJrofieHNs OKa3bIBaeT BIMSHHE penbed, cHOPMUPOBAHHBIA NP JIa3epHOM BO3JIEHCTBHHM, a TAaKKe pasliduHas
TOJIIMHA TUICHKH MO IIUPUHE KaHABKU. JTOMY CHOCOOCTBYET HEPaBHOMEPHOCTh HAarpeBa BCIICICTBHE rayccoBa
pacnpe/ieseHHs] HHTSCHCUBHOCTH M3JIy4YCHHUS [0 CEUCHHUIO JIa3EPHOTO ITy4Ka.

3akauenne

ITpoBeneHHOE CpaBHEHHE XapPaKTEPUCTUK CIIEKTPOB OTPAXKEHHS IJIs 00pa3IioB HEprKaBeIOIeH CTalll Map-
ku AlS| 304 ipu nazepHOM M paJMaliOHHOM HarpeBe MoKa3alio, YTO y MOBEpXHOCTEl 00pa3ioB, 00paboTaHHBIX
JIa3€PHBIM IIYYKOM, CYIIECCTBCHHO M3MCHACTCA CIICKTD OTPAXXCHUSA NPHU BaprualuK yrjla OCBCUICHUA. B yactHO-
ctH, pH yriax ocserieHus 10° no 60° nmonoxeHus CEKTPaIbHBIX TUKOB OTCTOST APYT OT Apyra Ha AL = 40 Hm,
B TO BpEMA KaK IJid 06pa3u03, OKHMCJICHHBIX B YCJIOBHAX PABHOMEPHOI'O IO MOBEPXHOCTU paJUAallTMOHHOTO HArpe-
Ba, TObKo Ha AA =~ 20 uMm. Kak cieacTBue 3TOro, mociie JIa3epHOro HarpeBa 00eCIeunBaeTCsl BU3yalbHO 3HAYHU-
TENbHO 0OJiee 3aMETHOE U3MCHEHHE 1IBETA PH M3MEHEHHUH YIia OCBELICHHS IOBEPXHOCTH U BapHAIUK YCIOBHI
HabmroaeHus. DTOT 3P(HEKT MOKHO pacCMaTpPUBATh KaK Pe3yJbTaT U3MCHEHHUS YCIOBUIl HHTepdEpeHIU CBETO-
BBIX BOJIH TIPH HMX IIPOXOXICHHH 4Yepe3 OKCHAHBIC IUICHKH IEepeMEHHOH TONIIMHBI, c(OPMHPOBAHHEIC Ha Ha-
KJIOHHBIX ITOBEPXHOCTAX KaHABOK PETYJISAPHOTO penbeda, 00pa3oBaHHOTO JIa3ePHBIM ITYYKOM.

PerucTpanust CiekKTpoB OTpa)keHHs CBETa OT IOBEPXHOCTH 00pasia, NOIBEPTrHYTOrO JIA3ePHOMY OKHCIIe-
HHIO, a TaKKe BU3yaJbHO HaONIONaeMoe M3MEHEHHE IIBETa IIPU BapHalWM YCJIOBHH HAaOIIONSHUS MOTYT OBITH
HCIIONB30BAHBI IS COBEPLICHCTBOBAHMS TEXHOJIOTHH [IBETHOU JIa3epHOM MapKUPOBKH B LESAX MICHTH(PHUKALINI
KOHKPETHOTO N300paKeHNSI.
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