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change of the electronic bandgap with temperature
and it is normally positive. These two factors compete
with each other giving positive or negative va
lues of dn/dT. Therefore, the positive dn/dT coeffi-
cients of the Er:GY SO crystal are due to the fact that
the contribution of the (dn/dT)y, term is dominant
over the (dn/dT ). one.

The anisotropy of the TOCs is characterized by
dny/dT> dng/dT > dn/dT. Thermal coefficients of the
natural birefringence are Ap = |dnn/d7T — dng/d7] = 1.5
for k//N, (Ny-cut crystal), An = |dn,/dT — dng/dT] = 2.0
for k//Nm (Nm-cut crystal), and Ag = |dnp/dT — dnn/dT1=
=3.5 (108 K™) for k/N, (Ng-cut crystal). The values
of A are relatively small, the maximum variation oc-
curs for the Ng-cut Er:GYSO. For comparison, the
monoclinic YSO, CasYO(BOs);, CasGdO(BOs);
KY(WO,); have similar values of Ap=1.03, 1.2, 1.1,
3.5An=2.32,1.3,0.1,2.2and A, =3.35,2.5,1.0,5.7
(1078 K™), respectively [34, 39, 40].

The TCOP values are positive for all directions of
the light propagation k // Ny, Nim, Ns. This means that
the sign of the thermal lens, which is directly related to
the TCOP value, will also be positive, and the positive

VIIK 621.373.826

thermal lens is then expected for N,- N, and N,-cut
Er:GYSO. The differences in the TCOP values for the
same crystal cutting and the orthogonal light polariza-
tions (1.9, 2.1, 3.2 for p-, m-, and g-cut crystals, respec-
tively) are close to the corresponding values of the ther-
mal coefficients of the natural birefringence A.
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PEXHUMOB JIASEPHOU OBPABOTKHN MATEPHUAJIOB
AuekceeB B.A.l, Ycoabsuesa A.B.!, Ycoannes B.IL.!, IOpan C.1.?
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AnHoTamms. /751 060CHOBaHHOTO BEIOOPa PEKIMOB JIa3epHOI 00pabOTKH MaTEpPHUAIOB MIPOBEICHEI HCCIICTOBAHUS
HapaMeTpoB NPOGHIIS IOBEPXHOCTH MaTepHalla B 3aBUCHMOCTH OT MOIITHOCTH JIa3epHOro m3ny4deHus. Mccnenosanns
MIOKa3aJIH, YTO 3a[JaHKE U YIIPABICHHUE PSKUMaMU JIa3ePHOI 00pabOTKH MaTepHalIoB HEOOXOIUMO IPOM3BOIUTE HA
OCHOBaHUH U3MEPEHHBIX B PEalbHOM MaclITade BpeMeHH (PM3MKO-MEXaHWYECKUX XapaKTePUCTHUK MaTepuajioB B
YCJIO0BUAX ﬂeﬁCTBHH MOMEX U HECOJJHO3HAYHOCTH CYHIECCTBYIOINX MOﬂeﬂeﬁ JUHAMHUKH MCXaHHYCCKHUX BOS}IeﬁCTBMﬁ.
[NockonbKy TeXHONOTHs J1a3epHOH 00pabOTKH MaTepHalloB HOCHT BEPOSTHOCTHO-BPEMEHHOW XapakTep, IIPH ee pa3-
paboTKe ClielyeT yYUTBhIBaTh KOPPEALHOHHBIE CBS3M MEXIY COCTOSHHEM MOBEPXHOCTH (IIEPOXOBATOCTH, TBEP-
JIOCTB U JIP.), ¥ YCIOBHAMH (PEKUMaM1) OPMHUPOBAHUS TOBEPXHOCTH (MOILIHOCTD JIA3€PHOT0 U3JTY4EHHUS], CKOPOCTh
TIePEMEILICHHS JIa3ePHOT0 JTy4a, YacTOTa UMITYJILCOB, IUAMETP CPOKYCHPOBAHHOTO JIA3ePHOTO JIyda H JIp.
KunroueBble cioBa: MUKpOHEPOBHOCTH, KOA(DGHIMEHT KOPPEISLIN, MOLIIHOCTB JIa3epa, COCTOSHHE OBEPXHOCTH.

INVESTIGATION OF CORRELATIONS WHEN SETTING TECHNOLOGICAL MODES OF LASER
PROCESSING OF MATERIALS
Alekseev V.!, Usoltseva A.l, Usoltsev V.!, Yuran S.?
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Abstract. To make a reasonable choice of the modes of laser processing of materials, studies of the parameters of the
surface profile of the material depending on the power of laser radiation were carried out. Studies have shown that
the assignment and control of laser processing modes of materials must be carried out on the basis of the physical and
mechanical characteristics of materials measured in real time under conditions of interference and the ambiguity of
existing models of the dynamics of mechanical influences. Since the technology of laser processing of materials is of
a probabilistic-temporal nature, its development should take into account correlations between the state of the surface
(roughness, hardness, etc.), and the conditions (modes) of surface formation (laser radiation power, speed of move-
ment of the laser beam, pulse frequency, diameter of the focused laser beam, etc.
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Bo MHOrMx mnpoW3BOJCTBEHHBIX MpoLeccax Jia-
3€PbI ABJAIOTCA WKW CAWMHCTBECHHBIM, WJIN HaI/I60ﬂee
3G PEeKTUBHBIM HMHCTpyMEHTOM. [lo3TOMy nOHMMA-
HHUE OCHOBHBIX NPHHIIMIIOB BO3/ICHCTBUS JIa3€pHOTO
W3JTyYeHHs] Ha MaTepHaji U 3HaHHWE aJropuTMa 3aa-
HUSI TTapaMeTpOB J1a3epa Ul PEIICHHs ONpeIeNeH-
HBIX TIPOM3BOJICTBEHHBIX 3a7a4 SBIISIETCS HACYITHOH
MIOTPEOHOCTHIO MIPOU3BO/ICTBA.

OcHOBHOW TpoOIIEMOIl NpPUMEHEHHS Ja3epHOU
00pabOTKM B TPOMBIIUIEHHOCTH H JI€KOPAaTHBHO-
MPUKIaJHOM HCKYCCTBE SBJSIETCS  OTCYTCTBHE
HAY4YHO 00OCHOBaHHON MH(OPMAIIMH O PEKUMAX 00-
PabOTKH pa3mUuHBIX MaTtepuaioB. OCOOCHHO OCTPO
9Ta nMpobJeMa CTOUT Npu 00paboTke KOMOMHUPOBAH-
HBIX MaTepuaoB, KOTAa XyJ0KEeCTBEHHO-TIPOMBIII-
JICHHOE W3/EJINE COCTOUT M3 HECKOJIBKHX MaTepha-
JIOB, HalpuUMep, JepeBa, KOXKH, KOCTH, OPICTeKIIa
T. 1., a n3o0paxeHne HaHocurcs obmee. [Ipn nc-
TIOJIb30BAaHUH OJTMHAKOBBIX PEXMMOB /IS PA3INIHBIX
MaTepHaJIOB TPOUCXOANT IIEPEPACXO0]] FHEPTHH, Bpe-
MEHH U MOHIKEHNE Ka4eCTBA MPOYKIIUH.

Jlo HacTosIIEer0 BpeMEHH PEeXUMBI 00pabOTKH He-
JOCTATOYHO OTPAOOTAHBI, IO3TOMY BCTPEUAIOTCS XY-
JOKECTBCHHO-ITPOMBIIIJICHHBIC U31CJINA, BBIITOJHCH-
HbIC IPU HENOAXOAAIICM U1 JaHHOI'O MaTepuralia pe-
)kuMax. OHU HMMEIOT HHM3KHE TEXHHYSCKHE MU
ICTETHYECKUE TOKa3aTesin. JKoHOMHYecKas 3 dex-
THUBHOCTB JIa3epHOIl 00pabOTKM 3HAYMTENHHO TTOBBI-
[I1aeTcs MpU anpHoOpHOM BBIOOpPE ONTHMAJIBHBIX pe-
KMMOB 3a CUET MOBBIIICHHS KadecTBa 0OpabaThiBae-
MOH  IIOBEPXHOCTH, MHHHMAJIBHOTO  pacxoja
SHEPruH, BPEMEHH U PACXOIHBIX MAaTEPHAJIOB.

B nponecce B3auMoaelicTBUS Ja3€pHOTO U3ITyUe-
HUSI C BEIIECTBOM IPOUCXOANT MPOLECC MIIaBICHUS,
nucrapeHus njin aGJ’IHHI/II/I, OOBIYHO JaHHbIC MPOLECCHI
COMPOBOXKAAIOTCSI PA3JIETOM YaCTHII U KarleJlb UCXO/I-
HOro BeuecTBa. [Ipyu HU3KON MOIIHOCTH M3JIy4EHHUS
BEIIECTBO HCIApSETCs WM CyOJIMMHUPYETCsl B BHIC
CBOOOIHBIX MOJICKYJI, aTOMOB M MOHOB, HaJ 00Iy4a-
€MOll NOBEpXHOCThIO OOpasyercst ciiabasi IuiasMma,
0OBIYHO, TEMHAsI, HE CBeTsMmasics. [Ipy NoBbIIEHNN
TUTOTHOCTH MOIIHOCTH TIPOMCXOANT MHKPOB3PHIB C
o0pa3oBaHNEM KpaTepa Ha IIOBEPXHOCTH oOpasma u
CBeTsIIeiicd IUIa3Mbl BMECTE C pa3lICTAIOIINMHUCS
TBEPIBIMH U KUJKUMH YAaCTUIIAMH.

‘YkazaHHbIE IPOLIECCHI HOCAT HENMHENWHBIN Xapak-
Tep, MO3TOMY, MPOBENs Jae HECKOJIbKO IKCIIEpH-
MEHTOB, TPYJHO IIPEICKA3aTh UTOTOBBII PE3yJIbTAT.

B nurepatype mo na3zepHbIM TEXHOJIOTHSIM HET
AQHAJTUTHYECKUX BBIPAXKCHUH, IIO3BOJISIFOLIMX PACCUH-
TaTh BEJIMYMHY MHUKPOHEPOBHOCTEH HMOBEPXHOCTH B
3aBUCHMOCTH OT PEXHMOB PabOTHI JIa3epHON ycTa-
HOBKH. lIpmBOoAMMBIE B 3KCIUTyaTallMOHHOHM JIOKY-
MCHTAIlMM Ha JIa3epHBIC YCTAHOBKH PEKOMEHIALNH
10 BBIOOPY TEXHOJIOTMYECKUX PEKUMOB HOCST PEKO-
MCHJATEeNbHBII XapakTep W HE IMOKa3bIBAIOT, Kakas
IIIEPOXOBATOCTHh MOXKET OBITH JOCTUTHYTA.

BoNBIIMHCTBO peKOMEHJauK 10 BBIOOPY pexXu-
MOB JIa3epHOHl 00pabOTKU MpeaHa3HAYCHBI IS

362

noabopa pexUMOB ONBITHBIM IyTeM. Haubonee pac-
MIPOCTPaHEH METO/1 MOJyYeHHs HEOOXOIMMOM ITPOU3-
BOJUTCJIBLHOCTH HpolecCa MU MHUHHUMHU3AIIUM PUCKA
TIOPYM M3/IeNUsl Ha HavyaJbHBIX JTarax cieayeT Jie-
JIaTh MpoOBI, KeTaTeJbHO B HE3aMETHBIX MECTax W3-
JIeJINS, WK Ha CXO0XeM TI0 cocTaBy marepuane [1].

PaccmaTpuBast moBepXHOCTh MaTeprana Kak rpa-
HUIy MEXIy MaTepHaJIoOM M OKPY>KaroIleH cpenoi,
COCTOSIHAE TIOBEPXHOCTH TPEICTaBICHO MOAEIbIO
MIOBEPXHOCTH, COZEPIKAIEH MHOKECTBO TapaMETPOB
(IIepoxoBaToCcTh, BOJIHHUCTOCTH, MOPHCTOCTH, (ak-
Typa, penbed, TBEPJOCTb U T. [1.), CBSI3aHHBIX C MPH-
ponoii MaTepuaia 1 yCIOoBHIMH (pexXuMamMu) 00paso-
BaHMsI IOBEPXHOCTH, MMOJIYYEHHOI rocie 00padoTKH.

B kadecTBe mnapaMeTpoB HCCIIEIOBaHUS BbI-
OpaHsbl: Ra — cpenHee apudMeTHIeCKOoe 3HaUeHHE OT-
KJIOHEHUS TPoGmIs, Rz — BEICOTAa HEPOBHOCTEH ITpo-
¢, casras B 10 Toukax.

BapsupyeMbiM dakTopom, pru U3MEHEHNH KOTO-
pOro MEHSIOTCSA 3HAYCHHs IapaMeTpoB, BBIOpaHa
MOIIHOCTh Jla3epa. lVcmonmp3oBaHbl 00pa3mbl U3
Hanbosee paclpoCTPaHEHHBIX B JIEKOPATHBHO-TIPU-
KJIaTHOM HCKYCCTBE MaTepHAaIOB — IEPEBA, KOKH, KO-
CTH, OpTCTEKJIa U T. [I.

Jus mpuMmepa paccMOTpeHa cpelHee 3HaueHUE
MHKpPOHEPOBHOCTEH IpH 00paboTKe MPO3payHOro
0EecCIIBETHOTO OPraHUYECKOTO CTEKIIA, HATYPaIbHON 1
HCKYCCTBEHHOH KOXXH, KOCTH W JpeBecuHbl. Jlis
9TOr0 MO aHAJIOTHU C IOJYTOHOBBIM KJIIMHOM IO
TI'OCT 24.930-81 «KnnH nomyToHOBOH Amst (akcu-
MIJIBHOH anmaparyps» BOCIIPOM3BOAMIIACH JIMHEHKA
¢ 15 cryneHsMH HM3MEHEHHS MOIIHOCTH JIa3€pHOIO
m3ny4enus, ot 0,64 Bt no 9,6 Bt, ¢ apyrumu mocro-
SHHBIMH TTapaMeTpaMyu (CKOPOCTb JBIKEHUS Jla3ep-
HoOro Jyda 18 cm/cek, pasperiaronias CriocoOHOCTh
500 dpi, gyacrora ummynscos 1000 I'u, nuamerp cho-
KyCHUPOBaHHOTO JlazepHoro ngyda Ha Martepuaine 0,1
MM, OTKJIOHEHHE yIJIa TajeHus nazepHoro ayda 0°).
Ha momy4enHbIX 0o0pasnax Ha KaXJOH CTYIICHH U3-
MepeHa BeJIMYMHA MHUKPOHEPOBHOCTEH C HMCIHOJIB30-
BaHHEeM MUKpomHTepdepomerpa MUUN 4 u mo u3-
BECTHBIM (OPMYJIaM pPacCUUTaHBl KOIDOUITMCHTHI
KOPPEISIIUA MEXAY COCEOHUMH CTYICHSIMH, TPH
CTYIEHYAaTOM N3MECHEHHH MOIHOCTH.

[IpousBeneHa oleHKa CBA3M MEXIY COCETHUMHU
CTYHEHSMH IIyT€M BbIYHCICHUS KO3((HUINEHTOB
Koppensuuy. PacueTsl mokaszainu, 4To KOPpesuoH-
Hasg CBA3b MEXKIAY COCCIHUMU sTyeriKaMu IpaKTu4e-
CKH OTCYTCTBYET, IaX€ IIPpHU HC3HAYUTCIbHOM H3ME-
HEHMH MOIIHOCTH M CMEULICHHS JIAa3€PHOTO H3IIyde-
Hust. [lo3TOMY CJOKHO —TIPEIIIONIONKHUTh, Kakas
BEIMYMHA MUKPOHEPOBHOCTEH Oy/IeT MOTydeHa.

Takum 00pa3om, Hccae0BaHMs OKa3alH, YTO 3a-
JIaHWE U yIIPaBJICHUE PEXIMaMH JIa3epHOH 00pabOTKH
MaTepHaIoB HEOOXOIMMO ITPOU3BOANTH HA OCHOBAHUH
M3MEPEHHBIX B peajbHOM MacmiTabe BpeMeHH (u-
3MKO-MEXaHNYECKUX XapaKTEepUCTHK MaTepHUalioB B
YCJIOBHUAX JEHCTBUS TOMEX U HEOJAHO3HAYHOCTH CYIlIe-
CTBYIOIIUX MOﬂeHeﬁ JUHAMHKH MEXAaHUYECCKUX
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Bo3xeiicTBHii [2, 3]. Ist 000CHOBaHHOTO 3aJaHHUS TEX-
HOJIOTHYECKHX PEXHUMOB JIa3epHON 00pabOTKH Mare-
pHAJIOB HEOOXOAMMO C TMOMOLIBIO pa3pabOTaHHBIX
TEOPETUUECKUX W METOJUYECKHX OCHOB YYHTHIBATDH
Take (DOHOBBIC 3HAUCHMS, CBSI3AHHBIE C MPHUPOIOH
Marepuana (MHUKPOCTPYKTypa, XUMHUYECKUI COCTaB,
(M3UKO-MEXaHUIECKHUE XapaKTEPHCTUKH).

Crenyer ckazarh, 9TO TEXHOJIOTHS JIa3epHON 00pa-
OOTKH MaTepHaloB HOCHT BEPOSTHOCTHO-BPEMEHHOM
XapakTep, MO3TOMYy IIpH ee pa3paboTke HeoOXOmuMO
YUHUTBIBAaTh KOPPEISIIHOHHBIE CBA3M MEXIY COCTOS-
HHMEM MOBEPXHOCTH (ILIEPOXOBATOCTh, BOJIHUCTOCTB, 10~
pHCTOCTB, (hakTypa, penbed, TBEpAOCTb U T. 11.), U YCIIO-
BUSIMH (pexknMamu) (JOpMUPOBaHHS TIOBEPXHOCTH, I10-
Jy4eHHOW mocie o0paboTKM (MOIIHOCTH JIa3epHOTO
M3ITy4eHUs, CKOPOCTh MEPEeMEIICHHS JIa3epHOTO JIyya,
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pasperaroiias CrrocoOHOCTbh, 4aCTOTa UMITYJILCOB, AUa-
MeTp Cc(HOKYCHPOBAHHOTO JIA3epPHOTO JIyda, HarpasJie-
HHeE JIyda Ha MaTepual), TPEeH] UX U3MEHEHUSL.
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METOJ MVYJbTHCHEKTPAJIbHOW CBEMKH IIYTEM IPOCTPAHCTBEHHOI'O
PA3JAEJIEHUA M30BPAKEHHUM 1O CIIEKTPAJIBHOMY COCTABY
Anronos E.A.!, Kynpusinoe A.A.%, Kaayrun A.W.!, 3apunos M.P.!

!Yomypmeruii hedepanviniii uccredoeamenscruti yenmp YpO PAH
2Uoiceeckuii 2ocyoapcmeennniti mexnuueckuti ynusepcumem umenu M.T. Karawnukoea
Hcesck, Poccuiickaa @edepayus

AnHoTtanusi. B nanHoit paboTte ObuU1 MpoBeeH 0030p OCHOBHBIX METOJIOB IMOJYYEHUsSI MYJIbTHCIEKTPAIbHBIX
n300pakeHUH U OBUTH BBISIBJIEHBI OCHOBHBIE HEIOCTATKU ATUX METOJIOB. BbUI Ipe I0KeH ajbTepHATUBHBIA METO
MYJBTHCIEKTPAIbHON ChEMKH, PACCMOTPEHBI €r0 MNPEUMYILECTBA Mepe]] CYIECTBYIOIIMMU METOAAMU, a TAKXKe

€ro HEAOCTATKU.

KiioueBble ciioBa: MYJBTUCIICKTpAaJIbHAasA CbEMKaA, MYJIbTUCIICKTPAJIbHAsA KaMepa.

METHOD OF MULTISPECTRAL IMAGING BY SPATIAL SEPARATION OF IMAGES
DEPENDING ON THEIR SPECTRAL COMPOSITION
Antonov E.!, Kupriyanov A.2, Kalugin A.!, Zaripov M.!

'Udmurt Federal Research Center of the Ural Branch of the Russian Academy of Sciences
’Kalashnikov Izhevsk State Technical University
Izhevsk, Russian Federation

Abstract. The review of common methods of multispectral imaging is performed. Disadvantages of these methods
are revealed. Alternative method of multispectral imaging is proposed and its advantages and disadvantages are

considered.

Keywords: multispectral imaging, multispectral camera.
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Bce Oonbmiylo akTyaJbHOCTH B IOCIEIHEE
BpeMsl HaOWPAIOT MYJIBTHUCIEKTPAJIbHBIE CIOCOOBI
CbEMKH 00BEKTOB, MO3BOJIAIOIINE ONPEEATh pas-
JIMYUS B CIIEKTPAJIbHBIX KOd(uImeHTax spKocTu u
OoTpaxkeHHsI 00BEKTOB U cpel. biaromaps stomy,
BO3MOXXHO JINCTaHIIMOHHO OTIPE/EINTh, HaIPpHUMED,
pa3auuusl cocTaBa OOBEKTOB, HEPA3IUYHUMBIX TPHU
HaOJIONIEHUH YeJOBeYecKuM Tja3oM. Bwmecte ¢
9THM, OCTPO BCTaeT 3agada pa3pabdOTKH HOBBIX
YCTPOMCTB, CIIOCOOHBIX, OYAYYH KOMIIAKTHBIMH, pe-
aJIM30BaTh TAHHBIA NMPOLECC C JOCTATOYHBIM IIPO-

CTPaHCTBEHHBIM, BDEMEHHBIM U CIIEKTPAIBHBIM Pa3-
pemienueM. K TakuM ycTpoiicTBaM OTHOCATCS MYJ1b-
TUCTIEKTpaJIbHbIE KaMepbl, HaXOAsINe Bce OOJbIIe
NPUMEHECHUH B Pa3InYHbIX cepax )KU3HHU, OT adpo-
(hOTOCHEMKHM M CIIEKTPOMETPHPOBAHUS JaHAmAadTa
JI0 AMCTAaHIMOHHOTO OIPEJENECHUS COPHIKOB H
OOJIBHBIX pacTEHUI Ha TOJIAX.

Ha ceropusamuuil 1eHb NPUMEHSAIOTCS CIEYIO-
IIIFe METOBI MYJIbTUCTIEKTPAIEHON CheMKH [1]:

— IPUMEHEHHUE ABYX M OoJiee HE3aBHCHMBIX Ka-
Mep, 3aXBaTbIBAIOIINX CBOW CIIEKTPANbHBIN IHarna-
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