TEXHIYHI HAYKIW / TECHNICAL SCIENCES 123

VK 655.5:004.942:621.375.826

OYHNINEHHA CTOPIHOK PAPUTETHUX IPYKOBAHUX BUJIAHb
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Y cmammi pozenamymo innosayitinuii nioxio 00 O4UWEHHS PAPUMEMHUX OPYKO-
BAHUX 8UOAHb 8I0 Op2aAHIYHUX 3a0pYOHeHb 3a donomoeoro Nd:YAG nasepa. [lpoanani-
308AHO OCHOBHI HEOONIKU MPAOUYIUHUX MemOOi8 OUUUeHHS (MEeXAHIYHO20, XIMIUHO20
ma mepmiuHo20) ma 00IPYHMOBAHO OOYITbHICIb GUKOPUCTNAHHS IA3EPHUX MEXHON02IL.
Buxnadeno ocnosni npunyunu 0ii 1a3epHoco npomMens Ha OPeaHuyHi CROIYKU Ma MOlC-
JUBT HACTIOKU OJIsl CMPYKMYpU nanepy.

3anpononosarno memooonozito 00ciiodicents, wo nepeddoauac UsHAYEHHs ONmu-
manvHux napamempis pooomu Nd:YAG nazepa. [ocnioscennss nposedeHo Ha Cmopinkax
sudants 0amosarozo 0o 1918p. Excnepumenmu Kuouaroms ananiz o4uuyeHoi nosepx-
HI 32 O0NOMO2010 MIKPOCKONIT ma Konopumempii 0 OYiHKU eqheKmMUEHOCI OUUUeHHS.
ma 6NaAU8y Ha CMpyKmypy nanepy.

Toxkazano, wo suKopucmaHHs 1a3epa cnpusie 30epedNceHHIo KyabmypHoi cnaoujuHu,
3abesneuyouy besnedHutl Memoo SUOAiIeHHs 3a0pyOHeHb Ol NOOAIbULO2O CHIBOPEHHS
AKICHUX Yugposux Konii papumemnux eudaus. Lle sioxpusac HO8I moxicausocmi s
oyughpysanus ma apxiey8anus OOKYMeHmig.

Knrouoei cnosa: Nd:YAG nasep, nazepre ouunyerts, piOKiCHI KHU2U, O4YULeHHS Na-
nepy, op2aniune 3a0pyOHenHs, 30epedtcents KyIbmypHoi cnaouwuHu, pecmaspayis nane-
Py, MEXHON02IA pecmaspayii, oyu@pysants piOKiCHUX I0OUMKI6

AHaJi3 oCcTaHHIX JA0CTiI:KeHb Ta My0JaiKkamiii. 3aCTOCYBaHHSA JIA3€PHUX TEXHOJIO-
riil y cdepi 30epekeHHs KyJAbTYPHHUX Ta ICTOPUYHUX I1aM’SITOK BXKE HE € HOBUM, ajie
HE JOCTaTHBO MPOrPECyIOYNM HAayKOBO-TEXHIYHUM HANpsIMOM Yepe3 TOPOrOBHU3HY 00-
JajHaHHA. BaxxnuBuM HanpsAMOM BUKOPUCTAHHS JIA3EPHUX TEXHOJIOTIH y pecTaBpauii €
Jla3epHe OYMILEHHS, SIKE JO3BOJISIE BUAAJISTH NPUPOAHI HAIIADyBaHHS Ta aHTPOIIOTEHHI
3a0pyIHEeHHs 3 MOBepXHi maM’sToK [2]. Xoua ja3zepu Brepiue Oy 3aCTOCOBaHI y pe-
cTaBpauiiiHux pobotax me 60 pokiB TOMy, Lie 3aBAaHHs NOTpeOye DONATKOBOTO BHB-
YeHHS Ta NpoBeJeHHs ekciiepuMenTiB. 1llo crocyerscs nazepHoi 00poOKK 1HIIKMX Ma-
TepiaiiB, 30KpeMa OpraHiuHuX, TO el HaIIPsSM Bce Lie nepedyBae Ha CTa il JOCHTiHKEHb,
OCKUIBKM 1CHY€ PU3HUK IMOIIKOMKEHHS [TOBEPXHI Marepiaiy, 10 CYNepednTh OCHOBHUM
NPUHIMIIAM pecTaBparii.

V wiii cTarTi NpeAcTaBiIeHo Pe3yabTaTy AOCHTIHKEHHS, CIIPSIMOBAaHUX HA BIIOCKOHA-
JICHHS1 TEXHOJIOT1] JIa3epHOTO OUYMILEHHS nanepy. Bunanenns 3a0pyniHeHb i3 nanepoBux
apKyIliB — 1e HeoOXiHMH, alle BOAHOYAC TyXKe TPYAOMICTKUHN eTarl pecTaBpalii KHUT
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Ta JOKyMEHTiB. Jl0 OCHOBHMX THIIIB 3a0pyIHEHbD, 110 M1 ISTraloTh BUAAJICHHIO, HAJIC)KATh
TUSIMH BiJI BOCKY, Caxi, Mty Ta OiooriyHi ypakeHHs. TpaauiliiiHi METOIU OYUIICH-
HSl HE 3aBXAu 3a0e31euyloTh OakaHuil pe3ynbTar. MexaHidyHe OuMIIeHHS (3a J0IOMO-
rOI0 TYMOK, Ta a0pa3uBiB ) NPU3BOAMTH A0 MOPYIICHHS LiIICHOCTI IOBEPXHI Nanepy Ta
3MEHILEHHS HOT0 TOBILMHH, 1110, Y CBOIO YEPry, HEraTUBHO MO3HAYA€THCS HA MEXaHIYHIN
MIIHOCTI apKyIIiB. AJBTEPHATUBOIO MEXaHIYHUM METO/IaM € OUHMILEHHS PO3YMHAMH Ha
BOJIHII OCHOBI 200 XiMiuHEe 0OpOOJICHHS OPraHiYHUMHU PO3UMHHUKAMH Y1 (pepPMEHTaMH.
OpHak Taki METOIU HE MiJXOAATH JUISl OYMIICHHS PYKOIIMCIB a00 KHHT 13 HECTIMKHUMHU
JIpyKOBaHUMH (apOaMu. 3Bakalour Ha LI OOMEKEHHS, aKTyaJIbHUM 3aBIaHHIM Cydac-
HOI pecTaBpalii € MOIIYK aJbTepPHATUBHUX METOIB OUMIICHHS Iarepy Ta KHIKKOBUX
apkyuiB. OJJHAM 13 MOXKITMBHX IiIXO/IIB € 3aCTOCYBAaHHSI JIA3E€PHOT TEXHOJIOT1] OUMIICHHS.
[leprui ekciepuMeHTH y LbOMY HalpsIMKY Oyiu npoBezeHi Hanpukinmi 1990-x pokis [3].

MerTo10 cTaTTi € po3poOKa iIHHOBALITHOTO METOY OUYMIIEHHS BiJl OpraHiyHUX 3a0-
PYIHEHBb Ha CTOpIHKAaX PapUTETHUX JIPYKOBAHUX BHIAHb 3a foroMoroio Nd:YAG naze-
pa Ta BU3HAUCHHS ONTUMAJILHUX HapaMeTpiB Horo poOdoTH [yt 30epekeHHsI LiJIICHOCTI
narepy.

Bukiiax ocHOBHOTo Marepiany nocaimkeHHsi. 30epeKeHHS PAPUTETHUX JIPYKO-
BaHMX BUJAHb € OJIHI€I0 3 HAWBAKJIMBIIIMX 3a7a4 Cy4yacHOI pecTaBpaliiinoi Hayku. Pa-
PUTETHI BUAAHHS CTAHOBJIATH 3HAYHY LIHHICTB JUIS ICTOPIi, KyIBTypH Ta HAyKH, OJHAK 3
9acOM BOHHM 3a3HAIOTh HETaTHBHOTO BIUIMBY 30BHIIIHIX (QakTopiB. OTHUM 13 OMIKUPEHUX
THUIIB [TOLIKO/KEHb € OpraHiyHi 3a0pyIHEHHs, AKi MOXKYTbh BUHUKATH, HAIIPUKIIA Yepe3
KOHTAKT 3 pyKaMH 4nTa4yiB a00 BUNIaIKOBUH po3JMB piguH. bpyn, 3Baxkaroun Ha Horo ¢i-
3MKO-XIMIYHY NPUPOAY, INUOOKO IPOHUKAE y BOJIOKHA TaIepy, 3MIHIOIOUH iX CTPYKTYpY
Ta KOJIbOPOBI XapaKTEPUCTHUKH, 1110 3HAYHO YCKJIaJHIOE OYUIICHHS CTOPIHOK BiJ IUISIM.

IcHyt0u1 MeTOIM OUYMILIEHHS NTAaTlepy BKIIIOYAI0Th MEXaHIYHE, XIMiUHE Ta TEPMiuHE O4YH-
meHHs. OTHaK KOXKEH 13 HUX MA€ CyTTEBI HEJIOMIKH, CEPE SIKUX MEXaHIYHE MMOLIKOKESHHS
BOJIOKOH Marepy, XiMiuHa Jierpa/iaiisi Harnepy Ta NoKOBTIHHS Yepe3 TepMidHuUi BIUTUB. Bif-
CYTHICTh €()eKTUBHHUX Ta O€3MEUYHHX METOJIB OUHMIIECHHS PAPUTETHUX JIOKYMEHTIB BH3HA-
Yae aKTyaJbHICTh Li€l mpoOaeMaTuky Ta noTpedy y po3poOLi iHHOBALIMHUX TEXHOJIOTIH.

I[IpakTyHe 3acTocyBaHHs Ja3epiB y wiii cdepi. Ha croroani me pano rooputu
PO TOBHOLIIHHE NMPAaKTUYHE 3aCTOCYBAaHHS JIA3EPHUX TEXHOJIOTIH I pecTaBpaliifHuX
poOit. s nporo HeoOXiAHO CTBOPUTH CIELiali30BaHi TEXHOJOrII Ta po3poduru ado
alanTyBaTH BiJIOBIAHI JIa3epHI CUCTEMH, SIKi OyIyTh PUCTOCOBAHI 10 POOOTH 3 CTApO-
npykamu. CaMe Ha 1€ 30pi€HTOBAaHO AOCHIHKEHHS SIKE BUKJIAJCHO Y CTATTI.

ExcnepuMenTajbHe 00J1alHAHHSA Ta 00’ €KTH A0CTiMKeHHs. BaxxneuM €, mmpa-
BUWJIbHUI BHOIp TUIy Ja3epa Ta HOro napamMeTpiB BUIPOMiHIOBaHHS, IIPH 3aCTOCYBaHHI
JIa3ePHOT TEXHOJIOTT IJIsl OYUIIICHHS KHHT Ta IOKyMeHTIiB. HeoOximHo mocsartu OanaHcy
MK e()eKTHBHICTIO BUAAICHHS 3a0pyAHEHb Ta 30epekeHHAM (Di3UKO-XIMIUHUX BIIACTH-
BOCTEH Marnepy, TaKuX sIK KOJip, KUCIOTHICTb, TOPUCTICTh Ta UIIICHICT CTPYKTYpH. 11a-
mip QyXe JIETKO MiAJaeThCsl MOIIKOMKEHHIO. BiH Mae CTpyKTypy, YTBOPEHY BOJIOKHAMHU
LIEJIFOIO03H, 1110 3’ €IHaHl MK cO00I0 BOJHEBUMH 3B’ I3KaMy. BIumiB Temia, MeXaHIYHUX
HaBaHTaXEHb 00 XIMIYHUX PEareHTiB MOXKE MIPU3BECTH JI0 MOIIKOKESHHS BOJIOKOH, 110
poOUTH 3aBIaHHs BUOOPY BiANOBIAHOIO THITY Ja3epa HaA3BHUUaiiHO BaxiuBuM [ 10].
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Binomi 3 HaykoBOi JliTepaTypu poOOTH IEMOHCTPYIOTh 3aCTOCYBAHHS Pi3HUX THUIIIB
Ja3epiB AJISl OUMIICHHS Mamnepy, cepell IKUX eKCUMEpHi Ja3epH (30kpema, XeCl-nazep 3
nosxuHo0 XBuii 308 HM Ta KrF-nmazep 3 A=248 um) i1 tBeppotinsauil Nd: YAG-nazep.
TBepHOTUILHUIL J1a3ep BUKOPUCTOBYETHCS K Ha OCHOBHIM JoBkuHI xBwii (1064 HM),
TakK 1 Ha JOBKUHAX XBHJIb JPYroi, TPeThOi Ta 4eTBepToi rapMoHik (532, 355 ta 266 HM
BiZnoBimHO) [3; 6-8].

OO6nagHanHs, Ha SIKOMY IPOBOIMIIOCH A0cCIipKeHHs — aniapatr MED-810, npodeciii-
Huit HeopumoBui nazep (Nd:YAG), npusHadeHn# U1 3aCTOCYBaHHsI B KOCMETOJIOTIT Ta
MEJIMIIMHI, KU Ma€ BCi BIAMOBIAHI cepTUdIKaTH SK MeIuYHe OONaTHAHHS. 3aBISKU
CBOIM TEXHIYHMM XapaKTEPUCTHKaM, BiH e(DEeKTUBHO MPALO€ 3 PI3HUMHU THIIAMH LIKipH
Ta KOJIbOPaMH HIrMEeHTY. AJle Ha LIbOMY arapaTti BIepIle MPOBEACHO A0 CTiHKEHHS BIUIU-
By HOT0 BUITPOMiHIOBAaHHSI Ha MANIEPOBI CTOPIHKM PApUTETHUX BUIAHb.

OcHoBHi xapakTepuctuxku MED-810:

— JloB:xkuna xBuJji: 1064 am ta 532 um. [opxuna xBuwm 1064 HM epekTUBHO BU-

JlaJisie TEMHI MIrMEHTH (YOpPHUN, TEMHO-CHHIM, TEMHO-3€JIeH i), TOAl K 532 HM

I IXOJUTH JUIS CBITIIIINX KOJIBOPIiB (YEPBOHMIA, OPAHIKEBUH, JKOBTHH).

— Emnepris imnyascy: 1o 1600 m/Ix.

— Yacrora immyabciB: 1-6 ['m.

— Pecypc mammu: 1o 1 000 000 imMmysnbciB.

— KommaekTamisi: Hacagku 3 JoBkuHaMu XBiIb 1064 uM, 532 am Ta 1320 HM 1u1a

PI3HHUX mpouexyp.

Puc.1 Anapar MED-810

JocJixkeHHs: MeTooM Ja3epHoro BiiuBy Nd:YAG na3epa BKJIIo4a€ BU3HAYCH-
HSl ONTUMAJILHUX 3HAYECHb IMOTYKHOCTI, Ta TPUBAJIOCTI iMIynbCciB. O0’ekTaMu Aocii-
JOKEHHSI CTaJld CTOPIHKM PapUTETHOrO IPYKOBAHOIO BHIAHHS BUaaHoOro 10 1918 poky
(TouHa ;ata HeBiOMa).

[Ipornec ounIeHHs CKJIAAaBCs 3 KUIBKOX €TalliB:

1. IlinroroBka 3pa3kiB — BUOIp CTOPIHOK BHJIAHHS 3 YiTKUMH 3a0pYIHCHHSIMH
OPraHi4HOrO TOXOIKCHHSI.

2. Iindip mapamerpis Jazepa — OcKiIbKH LeH Ja3ep po3poOsiBes Ui 3a1a4 KOC-
METOJIOTIYHOTO 1 MEAWYHOTO MPU3HAYEHHS TO PEIVIAMEHTIB 110 HOTro po0oTi i3 papUTETHUMHU
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JPYKOBaHUMH BHIAHHAMHU He icHye. {00 He AOMyCTHTH HEmonpaBHHUX MOIIKOKCHb
JUISL BUJIAHHS, HaJ SIKUM IPOBOIUTBCSA EKCIIEPUMEHT, OyJI0 MONepeJHbO BUOpaHui Jia-
Ma30H MOTYXXHOCTI Ha 3BUYaiiHOMY apkymi mamnepy 1o 1000 m/Dx 11t JOBKUHM XBUITL
532um Ta 1800 Mk s mokuau xBwti 1064uM. [Ipy BUITUX 3HAUYEHHSIX BUTIPOMIHFO-
BaHHJ JIa3epy Ha apKyIli rmanepy BKe BiIOyBaJHCh 3MiHM y CTPYKTYpi mamnepy.

3. JlazepHa 00po0ka — BHIAJCHHS UM ITiJ PI3HUMHM NapaMeTpamMu Ta (ikcaris
Pe3yJIbTaTiB 3a JONOMOIOI0 ONTHYHOT MIKPOCKOIIii Ta KOJIOPUMETPIi.

4. Ouinka epeKTUBHOCTI — IOPIBHSHHS 3pa3KiB A0 Ta Micis 0OpOOKH.

Amnapar MED-810 mparioe 3a mpuHIMIIOM Jia3epHOi adysiuii Ta celneKTUBHOro ¢o-
TOTEPMIUYHOTO PYHHYBAHHS, SIKUM IPYHTYETbCS Ha MOIIMHAHHI CBiTIa Xpomodopamu
(mirmeHTamMu a00 yacTKaMu 3a0pyIHEHb) Ta iX JIOKaJIbHOMY PyHHYBaHHi 03 HarpiBaHHS
HaBKOJIMIIHBOTO cepenoBuia. Jlazep reHepye BUCOKONOTYKHHUI IMITYIIBC i3 JOBKHUHOIO
xBwii 1064 HM a6o 532 HM 3anexHO Bif oOpaHoro pexumy. Josxuna xswii 1064 M
BUKOPHUCTOBYETHCS AJIS1 OUUIICHHS TOBEPXOHB BiJl TEMHUX IUISIM, TAKHX SIK YOPHHM Iir-
MeHT a0o opraHiuHi 3a0pynHeHHs. JloBkrHa XBHIIi 532 HM Kpaliie miIXOAUTh JIJIs BHIa-
JICHHS CBITJIMX KOJBOPIB (’KOBTOT'0, YEPBOHOTO), 1110 OCOOIMBO KOPHCHO MPH OYHUILEHHI
KOJIbOPOBHX MIrMEHTIB Ta IUISIM Ha ramnepi.

IIapameTpun ekcriepHMEHTY.

Jliist OuMILeHHS TAaepOBUX 3Pa3KiB BUKOPUCTOBYBAIHU ABA PEKUMH JIA3EPHOTO BHU-
MIPOMiHIOBAHHSL:

1. Pexnm 1064 um (iHpadepBOHMII CTIEKTP)

— Emnepris immynecy: 800-1200 m/Ix

— Yactota immynbciB: 2-4 '

— Tpusainicts iMmynecy: 10-20 mc

— CyOcTpat: LeNono3HuiA narip i3 OpraHiYHUME 3a0pyIHEHHIMHI

— Pesynbrar: eekTuBHE BUATICHHS YOPHUX 1 TEMHUX IUISIM 13 TTaniepy, He3HayHe 3He-
OapsiieHHs 1enono3u (Menuie 1 AE 3a KonopuMeTpUYHIMHI BUMIPIOBAHHSIMH).
2. Pexxum 532 M (BuauMe 3eJieHe CBIiTJI0)

— Emnepris imnynecy: 400-800 mIx

— Yactota immynbciB: 3-6 '

— TpusasnicTs iMmynbcy: 5-10 mc

— Cy0cTpat: 1eroa03H1H narip i3 CHHTETHYHUMU KOJIbOPOBUMU IUIIMaMH (IIIrMEHTH

Ta (apon)

— Pesynbrar: MOXIMBICTS BUJAJICHHS )KOBTHX, YSPBOHUX Ta 3€JICHUX IUISIM O€3 BUIH-

MUX 3MiH CTPYKTYpH IHarepy.

Metonu oniHKH epeKTHBHOCTI OYHIIICHHSI.

Konopumerpuunuii anasi3z € METOIOM OLIHKH 3MiH KOJIbOPY Mamepy Micis IpoBe-
JICHHS Jla3epHOro ouniieHHs. Llelt MeTon 103Bosisie BU3HAYUTH CTYMiHb 3MiHH KOJIBOPY
LUISIXOM po3paxyHKy napamerpa AE, sikuif € 3araqbHOBU3HAHUM ITOKa3HUKOM Y KOJIOPH-
MeTpii. 3HayenHs1 AE Bu3HauaeThCs SIK BiACTaHb MK JBOMa TOUYKAMH Y TPUBUMIPHOMY
konipHomy nipocropi (Hanpukiaz, CIE Lab), ne koxHa To4ka BiIIOBiIa€ KOIBOPY Tarie-
Py o Ta miciast 00poOKH.
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AE =\((Ly = 1) + (@ =)’ + (by = 1)),
ne L, L, — onTuyHa SACKPaBiCTh mamnepy 10 Ta Imicis o0poOku; a,, a, — KOOpauHaTa
KOJILOPY Y 3€JIEHOr0O-4€PBOHOMY JlianasoHi; b, b, — KOOpIMHaTa KOJIbOPY y CHHbO-JKOB-
TOMY Jiarna3oHi.

: vl,u,uu.u. AL AN MUY
R0, HH - Hogng)xeﬂqz 17
XPHCTIiAHb ciﬁo ye.
_'.epebo,qﬂrb Horo no 6
0GOBATHUCEH O 0
yt'mm'gz. THX, IO
Yﬂ'py ﬁﬁ’oif..ﬁ‘ IIPACs

BUK/IIOHHO 38MChKUMM |

Puc. 2 PesynsraTu na3zepHoi 00poOKH

VY mpoBeneHUX 0Ciizax CTOPIHKY CTapoApyKy Oyi0 TOYKOBO OMPOMIHEHO IO iM-
MyJbCHO 3 pi3HOIO iHTeHCUBHICTIO Bix 200 10 800 Mi/lx. OcKiabku crieKTpohoToMeT-
POM 3pOOUTH 3aMipH HEMOXJIMBO Yepe3 HaATO Mali IUISIMUA ONPOMiHEHHS, 300pakeHHS
oun¢posano Ha ckanepi Agfa DuoScan, 3anucano B ¢popmari TIFF 3 Bianosinnumu na-
pamerpamu [CC-nipodisnio, B mporpami Adobe Photoshop nepeseneno B kosipHy cucte-
My LAB ta BUMipsiHO ycepeqHeH1 3HaueHHS TapaMeTpiB sl KOXKHOT IJISIMH OIIPOMiHEH-
Hs1. Bubpano 2 etanoHHi 3HaU€HHsL, IIEPLICE 3 IKUX € B MICLI Jie apKy1ll He 3a0pyJHEeHUH, a
Jipyre — 3po0JIeHO TIepe] OTPOMIHEHHSIM IMITYJIBCOM JIa3epy B Till camiii mo3uiiii. O0paHi
JUISL PO3PaxyHKIB yCepeIHEeH] 3HaYeHHs BUMIpIOBaHb. [l KOKHOT IUISIMU ONTPOMiHEHHS
pospaxoBano 3HaueHHs AE. nani 3BezeHo B Tabnuio.

Tabmms 1
Jani oTpuMaHi B pe3yJbTaTi eKClIepUMeHTY
IoTy:xHicTH Koaipua monesn
:;rllzl::\:[lﬂ L A B AE (ETAn0M) (10 OﬁI}IECTKI/I)

(Mimigaxoy.i)
200 76 3 57 12,08 18,76
300 85 0 53 8,94 28,46
400 79 1 58 8,37 21,68
500 85 1 58 5,83 26,19
600 83 0 54 8,31 26,59
700 79 3 55 11,00 21,66
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Sk BugHO 3 nanux tabnuni AE € 1ocuTh iHpOPMAaTHUBHUM TIOKa3HUKOM 1 3aCBiIuye
XOpOLi pe3ynbTaTd poOOTH OuMILeHHs JaszepoM. Lleit MeTon nae xopowr pe3ynbTary,
aJjie SKLIO NOPiBHIOBATH 3 €TAJIOHHUMH 3HAYEHHSIMHM TO HE JIO3BOJISIE€ KOPEKTHO OLIHUTH
BIUIMB OIPOMIHEHHSI HA CTPYKTYpY Harepy.

3 oy Ha L€ BUKOPUCTAHO 1HIIMKA METOJ ONTHYHOTO JOCIIIKEHHS TOBEPXHEBOI
CTPYKTYPH Harepy A0 Ta MicJis IPOBEICHHS JIA3EPHOTO OUUILEHHS — ONTUYHA MIKPOCKO-
misi, Ky BuKoHyBaiu 1udposum mikpockonom SIGETA Expert. OcHoBHa MeTa LbOro
METOIy TOJIATa€ Y BUABJICHHI MOMKIMBUX 3MiH y MOp(QOIIOTii BOJIOKOH mamepy. AHaii3
MIPOBOANTHCS y [1Ba €Tallu:

1. JocaimxenHs 1o 00poOku — npoBoauThes (oTodikcalis namnepy Ta aHati3yeThb-
Cs1 U1l OTPUMAaHHS KOHTPOJIBHUX 300pakeHb. Lle 103Bosisie BU3HAYUTH [TOYaTKOBUI CTaH
BOJIOKOH, HAsIBHICTh IIOYATKOBHX JIE(EKTIB.

2. JlocmipxeHHs micist 0OpoOKH — MICIIsl OYHMILEHHS Marepy Ja3epoM 3HOBY IIPOBO-
JUTHCS MIKPOCKOIIYHE AOCHTIHKEHHsL. YBara NpUAIS€ThCSl MOXKIIMBUM 3MiHaM y CTPYK-
Typi BOJIOKOH. 30KpeMa, aHaNi3yIOThCsl TPILIMHY, PO3IIAPyBaHHS, [10SBa HOBHUX 110D, a
TaKOX MOXKJIMBI 3MiHU TEKCTypH a00 MEXaHi4HI NOLIKOPKEHHS TOBEPXHI.

OTtpuMaHi 300pa)XeHHS TIOPIBHIOIOTHCS JUIA OLIHKH 3MiH y CTPYKTypi namepy. Oc-
HOBHI ITOKa3HHUKH, SIKi BPaxOBYIOTbCS ITiJ] Yac aHali3y — I0SBa MIKPOTPILMH, PO3LIa-
PYBaHHS BOJIOKOH. 3MiHH Y CTPYKTYpi anepy MOKYTh CBIJUUTH PO HETAaTUBHUHN BILJIMB
na3epa, 110 BKa3ye Ha HeOOXiAHICTh KOPUTYBaHHS MapaMeTpiB 00poOKHU (IOBKUHHU XBHU-
JIi, TPUBAJIOCTI IMIyJbCiB a00 IHTEHCUBHOCTI BUIPOMiHIOBaHHS). SIK BUAHO Ha puc.3
3MiH B CTPYKTYpi nanepy rnpu o0poOLi Jia3epoM He BUSBICHO.

BucHoBku. [IpoBeneHi eKCIEpUMEHTH MiATBEPAWIN €PEKTUBHICTD BUKOPHCTAH-
Hs1 Nd:YAG nazepa aisi OUMIICHHS! OpraHiuHuX 3a0pyAHEHb 31 CTOPIHOK papUTETHUX
JIpYyKOBaHUX BUJaHb. BcTaHoBieHo, 110 1azepHa 00poOKa 103BosIsie€ e(heKTUBHO BHUA-
JISITH KUPOBI IUISIMU Ta iHII OpraHiuHi 3a0pyAHEHHs 0e3 CyTTEBOTO BIUIMBY Ha CTPYK-
Typy nanepy. 3aBIsSKH MOXJIMBOCTI PEryJl0OBaHHS apaMeTpiB Jlazepa BAANIOCS AOCAT-
TH BHCOKOTO PiBHS OYMILEHHS NMPH MiHIMAJIbHOMY PHU3HMKY IOIIKOPKEHHS MOBEPXHI
narnepy.

AmHasiiz pe3ynabraTiB eKCIEPUMEHTY J03BOJMB BU3HAUYUTH ONTUMAaJIbHI MapaMeTpu
pobotu nazepa. ocniakeHHs oKa3ano, Mo /15 BUAAJICHHS TEMHUX IUISIM €()eKTHBHOIO
€ noBxkuHa xBuIi 1064 HM, TOII SIK JUIs OYMILICHHS CBITIIIINX KOJIBOPOBHUX 3a0pyIHEHb
Kpalle BUKOPUCTOBYBAaTH JOBXUHY XBUII 532 HM. OnTuMaibHi HapaMeTpy BUIIPOMiHIO-
BaHHS BKIIOYAIOTh eHeprito iMimyibey Big 800 mo 1200 m/lx mns xsuii 1064 HM Ta Bij
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400 no 800 m/Ix anst xBumi 532 um Lli mapamerpu 3abe3neuyroTs HEOOXiqHY MOTYX-
HICTb BIUIMBY Ha 3a0pyIHEHHs 0€3 PU3MKY MOLIKOKCHHS Marepy.

Oco06nuBy yBary Oysio MPHUIIJICHO aHali3y 3MiH y CTPYKTYpi Hamepy Iicisl ouu-
meHHs. OnTuyHa MiKPOCKOMIsl Ta KOJIOPUMETPUYHHUM aHali3 BUSBHWIIM, L0 MijA 4Yac
OYMILECHHS Tarepy JIa3epoM 13 3aCTOCYBAaHHIM 3a3HAYCHUX MapaMeTpPiB KOIHUX KPH-
TUYHHUX 3MiH y BOJOKHHCTIH CTPYKTYypi Marepiaiy He BinOyBaeThcs. AHaji3 MiKpo-
CKOITIYHUX 300paXCHb HE BUSIBUB YTBOPEHHS MIKPOTPILIMH, PO3LIAPYBaHb BOJIOKOH
a00 3MiHM TEKCTYpH MOBEpPXHI namepy. TakuM YMHOM, pe3yJabTaTH A0CTiIKEHHS Mij-
TBEPIKYIOTh 101UIbHICTh BUKOpucTaHHs Nd: YAG nazepa A O4MIIeHHS OpraHiyHuX
3a0pyJHEHDb 13 TOBEPXHI CTOPIHOK PapUTETHUX APYKOBAaHUX BUAAHb. 3aCTOCYBAaHHS
Ja3epa A03BOJISIE AOCATTH BUCOKOT e(pEeKTHBHOCTI BHAAJICHHS IUISIM, 30€pirarouu mpu
BOMY LTICHICTB Ta CTPYKTYpY namnepy. OTpuMani pe3yJabTaTi MaloTh NPUKJIaJHE 3Ha-
YEeHHS JJIS1 PO3BUTKY Cy4aCHUX TEXHOJIOT1H pecTaBpalii IpyKOBaHUX BUAAHD 1 MOKYTh
OyTH BUKOPHMCTaHI y MpakTHLl pecTaBpaliiHUX poOiT it 30epeKeHHs KyJIbTYpHOI
CHA/ILINHH.
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This paper presents an innovative approach to cleaning rare printed editions from
organic contaminants using an Nd:YAG laser. The key drawbacks of traditional cleaning
methods (mechanical, chemical, and thermal) are analyzed, and the feasibility of using
laser technologies is justified. The core principles of laser beam interaction with organic
compounds and the potential effects on paper structure are outlined.

The proposed research methodology involves determining the optimal operating
parameters of the Nd:YAG laser, including pulse frequency, pulse duration, and laser
power. The study was conducted on pages of printed editions dated before 1918. The
experiments included surface analysis using microscopy and colorimetry to assess the
cleaning efficiency and its impact on the paper s structure. The use of modern equipment,
such as the MED-810 professional Nd:YAG laser, enabled the application of precise and
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controlled cleaning processes. This device, originally designed for medical and cosmetic
applications, was adapted for use in the restoration of rare printed materials.

The traditional cleaning methods used in restoration — mechanical, chemical, and
thermal — have significant limitations. Mechanical cleaning can cause scratches, tears,
and deformation of paper fibers. Chemical methods often involve solvents that may alter
the paper’s color or damage its structure. Thermal methods, on the other hand, can lead
to yellowing and deformation of the sheets due to heat exposure. Given these limitations,
the introduction of laser technology is seen as a safer and more effective alternative.

Laser cleaning relies on selective interaction between the laser beam and organic
contaminants. The laser beam targets and destroys contaminants without causing
mechanical damage to the paper surface. The key mechanism involves the ablation and
destruction of unwanted particles. The experiments demonstrated that the Nd:YAG laser,
with wavelengths of 1064 nm and 532 nm, is effective for the removal of a wide range of
contaminants, from dark spots to light-colored stains. For this purpose, laser parameters
were carefully adjusted to avoid damage to the paper fibers.

The cleaning process consisted of several stages. First, test samples were prepared by
selecting paper pages with visible organic stains. The second stage involved determining
the optimal operating parameters of the laser, such as energy (400—1800 mJ), pulse
frequency (1-6 Hz), and pulse duration (5—20 ms). Experimental cleaning was conducted
under various laser settings, and the results were recorded using optical microscopy and
colorimetric analysis. The comparison of paper conditions before and after cleaning
showed a significant reduction in contamination while maintaining the integrity of the
paper's structure.

One of the primary evaluation methods for cleaning efficiency was colorimetric
analysis, where the color difference (AE) before and after cleaning was measured. AE
indicates the distance between two color points in the CIE Lab color space. For this
purpose, pages were scanned and converted into the Lab color space using Adobe
Photoshop, and average values of L, A, and B were obtained for each contaminated area.
Measurements were taken both before and after laser treatment, and the AE values were
calculated for each power level. The results confirmed that optimal cleaning efficiency
was achieved at power levels of 800—1200 mJ for a wavelength of 1064 nm and 400—
800 mJ for a wavelength of 532 nm.

The impact of laser cleaning on the structural integrity of the paper was studied using
optical microscopy with the SIGETA Expert digital microscope. The analysis revealed no
significant changes in the morphology of the paper fibers. No cracks, fiber separation, or
other defects were observed after treatment with the laser, which confirmed the safety of
the selected cleaning parameters. This is a crucial result, as preservation of the original
structure of historical documents is essential for restoration.

The research findings highlight the potential of Nd:YAG laser technology in the
conservation of cultural heritage. Laser cleaning offers several key advantages over
traditional methods:

1. Non-contact cleaning — The process avoids mechanical friction and physical
contact with the surface, thereby reducing the risk of surface damage.
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2. Controlled selective action — The laser can be adjusted to target specific types
of stains while preserving uncontaminated areas of the paper.

3. Chemical-free approach — Unlike chemical cleaning methods, laser treatment
does not introduce foreign substances or solvents that could alter the chemical structure
of the paper.

As a result, the use of laser cleaning enhances the ability to create high-quality
digital copies of rare prints. This is especially important for the digitalization and
preservation of library, archive, and museum collections. Through the use of the Nd:YAG
laser, archivists and restorers can significantly improve the preservation of printed
heritage while ensuring minimal impact on the authenticity and original structure of the
documents.

Keywords: Nd:YAG laser, laser cleaning, rare books, paper cleaning, organic
contamination, cultural heritage preservation, paper restoration, restoration technology,
digitalization of rare prints.
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