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1. SHAYNMOCT HA U3CJIEABAHUNATA

MNpoyyBaHeTO Ha CbCTaBa Ha Pas/IM4YHM MaTepuann OT NPOMU3BEAEHWUA Ha M3KYyCTBOTO W
apxeonoruyecku aptedakti e 6e3cnopHo akTyaaHa Tema. [lpunaraHeTo Ha MHCTPYMEHTa IHM
MeTOAM NPV M3y4YaBaHETO M Bb3CTAHOBABAHETO Ha Pa3/IMYHU KYNTYPHWU LLEHHOCTU e
npeAcTaBeHO B peAuL,a Hackopo ny6MKyBaHW CTaTUM U KHUMU [1-5].

JlokaTo MaTepuanuTe OT HeopraHuyeH xapakTep ca 6uan obekT Ha O6LWMPHKN NpoyYBaHMS OT
nscnesosatenn B obnactta Ha M3KYCTBOTO M apxeosiorusita [1-5], m3cnejBaHMsATa Ha
OpraHuW4yHWTE MaTepuanan ca Mo-orpaHuyeH Opoi, BEpPOATHO 3al0TO Ca pasHoobpasHM u
MHOrobpoMHM, CbCTaBbT UM € NO-C/I0XKEH U Te NMPeTbpnABaT Pas/IMYHN XMMUYECKU peakLum
Ha pasnaraHe. OpraHuW4yHUTEe MaTepuasM B apPXeO/IOrMYecKM KOHTEKCT, B KJacuyecku
npeAmMeTV Ha M3KYCTBOTO M CbBPeMEHHW MPOM3BEAEHUS Ha M3KYCTBOTO moraTt ga bvaar
eHaKBM WAW Ja MNpUHajNexaT KbM eAWH K/aac, HO Cblo MoraT Ja ce pas/auyaBaT
3HaYMTe/IHO, KaTo YeCTO MMaAT M Pas3/IMYHKN MbTULLA Ha CTapeeHe [1].

MpoyyBaHeTO Ha CbeAMHeHUsATa C b1oaorMyeH Npomsxos B Npom3BeeHUATa Ha U3KYCTBOTO
e abconoTHo HeobxoaMMO 3a onpejensHe Ha OPWUrMHaAHWUTE MaTepuanu, 3a
pa3srpaHM4yaBaHe Ha TeXHUKUTe Ha pUCyBaHe, KOUTO ca buan nsnonssaHu npes BekoBeTe, 3a
AVArHOCTULMPaHe Ha W3MeHeHWATa, CnuMpaHe Ha MpouecuTe Ha pasrpaxjaHe U 3a
onpejensiHe Ha NpoLieAypaTa 3a Bb3CTaHOBABaHe B opurnHaneH suj. OcBeH TOBa, NOBeYeTO
APEeBHM CBbP3BallM BelecTBa Ca CbeMHEHUA OT AOMallHa ynotpeba, n3noi3BaHU B WMPOK
CMeKTBbP OT NpUAoXeHUs. N0 TO3M HaYMH aHa/IM3bT Ha CBbP3BaLLMTe BelecTBa U CBbp3aHUTe
C TAX MaTepuann e BaXeH He CamO 3a M3C/e/BaHe Ha NPOMW3BeJEeHWs Ha M3KYCTBOTO U
M3MON3BaHN TEXHMKM, HO M 3a 3ajbnboyaBaHe Ha NO3HaHWUATA 3a obuMyauTe Ha ApeBHUTE
LMBUAM3AL NN,

AHanM3bT U UAHTUPUKALMATA Ha OPraHWYHUTE MaTepuann e OT roNAMO 3HavyeHue U 3a
nsbopa Ha Han-noaxoAsliaTa MeTOAONOTMA 3a KOHCepBaLMATa WM pecTaBpauuATa Ha
KyATYypHUTE 06eKTu.

2. 10A4XoAU 3A AHAZIN3 HA OPTAHNYHUTE
MATEPUANTN

NpaeHTndunkaumaTa Ha OpPraHUYHUTE MaTepuasn B apXeosIorMYeckMTe HaxoAKU U
MpoM3BeAEeHUsi Ha M3KYCTBOTO OCTaBa MpeAu3BMKaTeICTBO NOPaAn obuyaiHO No-mMasnkuTe
KOJIMYeCTBa Ha OpraHWYyHUTE MaTepuasn B CPaBHEHWE C HEeOpraHWyHuTe (MUrMeHTU W
XOpOCaH), npouecnTe Ha pasnaraHe, KOUTO AOMbJAHUTE/IHO HamansBaT KOAMYecTBaTa UM,
MPUCHCTBMETO Ha CMeCeHa TeXHWKAa B MPOM3BeAEeHMATa, 3aMbpCABaHETO C MaTepuany,
M3NOA3BaHN NPW NPeAX0AHU Bb3CTaHOBUTE/IHU UHTepBeHL MK 1 Ap. Han-gobpaTa cTpaTerus
3a NpeoonsiBaHe Ha Te3n TPYAHOCTU e M3NOA3BaHeTO M KOMBUHMPaHeTo Ha nHopMaLms OT
HAKOJIKO BMAa U3C/1eBaHMS.

Cpeg pa3HoobpasneTo OT aHAZIMTUYHM TEXHUKM 33 nAeHTUdULMPaHe 1 XxapakTepu3npaHe Ha
Pa3/IMYHUTE KJ1lAaCOBE OPraHUYHW CbeauHeHus [7-23], No-AoAny e pasrnejame HAKOM
TEXHUKWM Ha aHanu3, KoMTo 6sixa TeCTBaHW M BaAUAMpPaHM MO Bpeme Ha NpoekTa, KakBa
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Aonb/siBallaTa ce MH(I)OpMaLI,VIFI MOXe Aa Ce NOoJYyYN 4Ype3 TAX U HAKOUN KOHKPETHU NPpUMEPU OT
HallaTa NPakKTUKa.

e [lpean n3bopa Ha AHANUTUUYHM TEXHUKM € BAXKHO A3d Ce HanpasBu npezBapuTesIHO
NMpoyyBaHe Ha MCTOpuyeckaTa OOCTAHOBKA, CbCTOAHWMETO Ha obekTuUTe M Ja ce
YTOUHAT MaTepuannTe, KOMTO Lie Ce aHa/iM3MpaT. Bb3 ocHOBa Ha ToBa le ce
dopmMynMpaT  MO-ACHO  U3C/eA0BaTesNckMTe  BbMPOCM, LWe Ce  CbCTaBwu
M3CNeA0BATENICKM MJIaH 3@ XMMUYEH aHa/M3 Ha MaTepuanuTe U e ce usbepar
MNOAXOAAWMTE TEXHUKM.

e BaxHO e fa Ce MNO3HaBa XMMMYecKaTa MNPUPOAA Ha Pa3/IMYHUTE OPraHUYHM
mMaTepnann. OpraHWYHWTE MaTepuannM OT ecCTeCTBEH MPOU3XOJ, W3MON3BaHU B
XYZO0XEeCTBEHUTE N apXeosornyeckn obekTn, mMoraT Aa ce paszenst Han-obwo Ha
CNeAHUTe KAacoBe:

- NpOTenHU (BCAKAKBWU XMBOTUHCKM JIEMWIA Ha OCHOBATa Ha KoJareH — T. Hap.
TYTKaNW, SNLLEe, Ka3eWH T.e. NPOTeNHa, U3B/IMYAH OT MAISIKOTO, KPbB U Ap.);

- BbIIEXMAPATU — r10KOo3a, PPYKTO3a, 3axap, MeA, T. Hap. PacTUTENHU TyMU —
M3B/IMYAHM OT COKA Ha Pa3/IMYHM AbPBETA KaTo akauma (ryma apabuka), yepewa,
BULIHA, NPACKOBA, C/IMBA U AP., TYMU TPAraHT, N'yMu ryTu, TaMsaH, Bbr/1exXnapaTHu
Nenuna, N3BaeYeHu OT XUTO, IEHEHO CEME U 4p.;

- JMNUAMN — PaCTUTEIHN MAC/1a KaTo JIEHEHO, OPEXOBO, MAaKOBO M AP., XUBOTUHCKM
Ma3HWHW, BKJOUYUTENIHO MAa3HUHWUTE, CbABPXALLM Ce B SNYEHMUSA XbATbK, NueseH
BOCbHK U 4.

- TeprneHoBM CMOJM — CMOJN, CbAbPXKAWM CMEC OT TEepPrneHOBU CbeAWHEHMS,
AOOMBAHN OT PacTUTENIHU M XMBOTUHCKM U3TOYHWULM KAaTO Hampumep Kos0¢hoH,
caHAapak, MacTUKC, AamMapa, Weanak u ap.

e HacToawarta mMeTozos0rMs He 06XBalia CbBPEMEHHUTE CUHTETUYHU MaTepuany,
KOMTO Ca MHOro pa3HoOobpasHW MO CbCTaB, YeCTO Ca CUHTETUYHW MOSUMEPU MU
M3NCKBAT OTAE/IHO BHUMAHME.

JlntepaTypa:

[1] R. Mazzeo (Ed.), Analytical Chemistry for Cultural Heritage, “Topics in Current Chemistry
Collections” Series, Springer International Publishing AG, 2017.
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4848-4876, 2015.
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[4] D. Bersani, P. P. Lottici, Raman spectroscopy of minerals and mineral pigments in
archaeometry, J. Raman Spectrosc., 47, 499, 2016.

[5] B. Witkowski et al., Identification of proteins, drying oils, waxes and resins in the works of
art micro-samples by chromatographic and mass spectrometric techniques, J. Sep. Sci., 41,
630, 2018.

[6] R. P. Evershed, Organic residues in archaeology: the archaeological biomarker revolution.
Archaeometry 5o: 895-924, 2008.

[7] Pecci A. Organic Residue Analysis in Archaeology. In: Smith C. (eds) Encyclopedia of
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Global Archaeology. Springer, New York, NY. 2014
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Paint Microsample Avoiding Interferences from Inorganic Media. Analytical Chemistry 82,
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[21]J. Pires, Cruz AJ, Techiques of thermal analysis applied to the study of cultural heritage.
Journal of Thermal Analysis and Calorimetry 87, 411, 2007.

[22] D. Fessas et al., Calorimetric, biochemical and morphological investigations to validate
a restoration method of fire injured ancient parchment. Thermochimica Acta 348, 129-137,
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ICP emission, Chemistry Central Journal, 8, 26, 2014.



BUBPALMOHHA (MHOPAYEPBEHA) CNEKTPOCKONUA

MY cnekTpockonusaTa e yHMBepCasiHa TeXHWKa, C KOATO MOraT Aa Ce u3c/aeABaT TBbpAMU
BelL,ecTBa, TEYHOCTU, ra3oBe, KakTo M KOMMOHEHTN B cMecu. [loBeyeTo OT MaTepuasmTe Ha
KYNTYPHOTO HacneAcTBO (bou, nakoBe, CBbP3BaTeNN, BAAKHA, TIMHWU, CUHTETUYHM lennaa U
Ap.) MoraT aa 6baaT aHanusupanu ¢ MY cnektpockonus. Ta AMPEKTHO OocMrypsiBa nosiesHa
MOJIeKy/IHa U CTPYKTYpHa MHPOpMaL 1S 33 OPraHUYHU U HEOPraHNYHU CbeMHEHWUS, KOUTO Ce
CbAbpXaT B npobata — uAeHTMOULMPAHETO CTaBa Bb3 OCHOBA HA XapaKTepUCTUYHUTE
abcopbumoHHM nBMLMK, HabaoaaBaHu B Y cnekTbpa Ha maTepunana. Tean UBULM ce AbAxXaT
Ha abcopbumaTa Ha MHPpaUepBEHO NbUEHME OT BeL,eCTBOTO B pe3ynTaT OT TPENTEHEeTO Ha
Pa3/IMYHUTE ATOMHU FPYNUPOBKM (GYHKLMOHANHWN FPYMnn) B CbCTaBa My M MO TAX MOXe Aa ce
CbAM 3@ HAZIMYMETO UM OTCHCTBMETO Ha Pa3/IMYHU OPraHUYHN N HEOPraHUYHU CbeANHEeHUA
B M3C/1eZBaHaTa npoba.

Moaxoasla HavyanHa CTbMKa B aHa/M3a Ha MaTepuanuTe e in situ HepecTpykTUBHUAT UY
aHa/n3 AMPEKTHO BbpXy obekTa (CTEHOMUCK, Ma3n/iKa, KepamMuka, KapTUHWU U Ap.) Ypes
OTpaxaTe/sHa TexHWKa — C T.Hap. oTcnabeHO NbAHO BbTpPeWwHo oTpaxeHue (ATR,
attenuated total reflectance). MNpwu Ta3n oTpaxaTenHa TexHnka Ha aHaam3 MY cnekTpuTe Ha
npobute ce nsmepsaTt 6e3 npeaBapuTenHa noarotoBka. Kato ATR kpuctan moxe aga ce
M3MON3Ba LMHKOB CeNeHWUA WU AMAMaHT, KaTo BTOPUAT e 0CcobeHO MoaxoAsll, TbM KaTo
npuTeXxaBa BUMCOKA TBBPAOCT, He Ce HajpackBa OT M3C/efBaHMNTe MaTepuaan U OCUrypsiea
WMPOK cnekTpaneH obxBaT Ha ulcnesaBaHe. CTputute npobu ce HaHvacaT Bbpxy ATR
KpWUCTasa u ce NpUTUCKAT KbM MOBBbPXHOCTTa My C MeTaneH Tun. TeyHuTe obpasum oT
OpraHuYyeH NPom3Xxoj KaTo pacTUTE/IHM Mac/1a Ce U3C/1eBaT KaTo TbHbK puam. EkcTpakTuTe
B OpraHWYeH pa3TBOpPMTEN Ce OT/1araT KaTo $puaM Ypes HakansaHe Bbpxy ATR kpuctana.

AvpekTHO uscneaBaHe Ha 0bekT ypes HaHacsiHe Ha TBbpAM Npobu Bbpxy ATR
oTpaxaTtenHa (ATR) TexHuka Ha aHanu3 npucraekarta

\ AV =

e [lpeanmcTBa Ha MeTOZa: Manko HeobxoaMMO KonmyecTBO Npoba 3a aHaAus (1-2 MM B
AMaMeTbp; 0.1-0.5 Mr); He Ce M3UCKBA HWKakBa npeABapuTesHa MOArOTOBKA Ha
npobuTte 3a aHanus; 6bp3MHa Ha aHaAM3a (3a Bpeme OT MOPSAbKA Ha 1-2 MUHYTH);



MoraT Aa ce u3cnesBaT pas/IyHM MOBBPXHOCTWU Ha npobaTa; cney nposexzAaHe Ha
N4 aHannsa npobuTte ca XMMM4eckn HeMpoOMeHeHN 1 Npu HeobxoAMMOCT MoraT Aa ce
M3MoA3BaT 3a APYrv aHaIn3w.

e HepocTaTbuu: No-ciaba MHTEH3MBHOCT Ha MBULLUTE, MEXAHWYHO Bb3eNCTBUE BbPXY
npobaTa npu npuTUCKaHe.

Mpy HanMyMe Ha AOCTaTbYHO MaTepuan (2-3 Mr) Apyra noAxoAsa TexHmka Ha Y aHanams e
abcopbunoHHaTa TexHUKa, Npu KOATO TBbPAUTE NMpobu ce cmecBaT C MHepPTeH MaTepua
(kannes 6pomu, Henorablaly, B cpegHata MY obnact) n npecosat B TabneTtku.
e [peanMcTBa Ha MeTOAA: CM/IHO UHTEH3UBHU MBULM B CNEKTBPA.
e HepgocTaTbyum: M3ciesBaHaTa Npoba He MoXe fa ce Bb3CTAaHOBM 3a ApYr aHa/au3, no
roNiMO He06X0AMMO KOIMYeCTBO, MO-Ab/ra NpobonoaroToBka.

XapakTepuCTUYHUTE MBULM Ha OpraHWyYHWTe MaTepuanun ce HabawogasaT B cpegHaTa MY
obsact (4000-400 cm™), Taka Ye TO3M CrMeKTpaseH WHTEPBa/a OCUrypsiBa Mb/HATA
HeobxogunmaTa UHPopmaumsa 3a naeHtubuumpaHe M. B 103K cnekTpaneH uHTepBan ce
nosasasat U WY wmBMUMTE Ha MHOro OT HEOPraHWYHUTE MaTepuann KaTo Hanpumep
kapboHaTu, cuamkatu, cyndatm, docdaTtn, umaHuaM U Ap. HO yacT abcopbumnTe Ha
OpraHMyHUTE MaTepuann nonagat B 061acTm (3100-3000; 1800-1600 cm™), cneunpuyHM
CaMo 3a THX, KOeTO No3BO/SBa UAEHTUPULMPAHETO UM ,O0pPU B CMeC.

HAkon 4ecTo M3NON3BaHMTE YepBeHM, OPaHXEBU W XbATM MWHEPASHU HeOopraHU4yHu
MaTepuann CbAbPXAT OKCUAW, CYAPUAN UAN XUAPOKCUAM HA TEXKW MeTanu - Hanpumep
MuHnym (Pb;O,), xematuT (B CbCTaBa Ha 4epBeHaTa oxpa, Fe,03), rbOTUT N ANUMOHUT (B
CbCTaBa Ha 4YepBeHaTa M xbaTata oxpa, a-FeO(OH) n FeO(OH)-nH,0)), unHobbp (HgS),
peanrap (a-As,S,), aypunurmeHT (As,S;), onosHa raed (PbO) un ap. Mopaan XMMUYHUS CU
CbCTaB, TE3M MUHEPA/IN MOM/TbLLAT B CNEKTPasieH A4ManasoH noj 400 cm™ (B Taka HapedyeHaTa
AaneyHa UMY obnact). Te ycnewHo morat ga ce uaeHTUduumpaT ¢ nomouwTa Ha WY
CneKkTpocKonus B ganeyHata obaact n/mam PamaHoBa cnekTpockonus. NaeHTudnumnpaHeTo
Ha MUIMEeHTUTE 3HAUYNTE/IHO Ce YNECHSIBa NPU U3MOA3BAaHETO Ha PaMaHOB MUKPOCKOM, KOMTO
£,aBa Bb3MOXHOCT 3@ M3MepBaHe Ha CneKTbpa Ha BCEKW MWHEepas MOOTAEe/IHO B C/N0XHATa
cMec Ha 6oATa upes PpuHo dbokycMpaHe Ha fbYa BbPXY YacTULMTE My. B To3m cnekTpaneH
ANANa3oH OpraHMYHMUTE MaTepmaam HAMAT XapakTePUCTUYHN NOTAbLLAHMUA.

JlntepaTypa:

[1] . AHapeeB. MonekynHa cnektpockonus. YW, MNaosams, 1999.
http://web.uni-plovdiv.bg/andreev/andreev ms 2010.pdf

[2] CT. Cnacos, M. ApHayaos, [praoxeHne Ha CNeKTPOCKONMATa B OPraHMYHaTa XMMUS,
N3a. Hayka n uskyctso, Copus, 1978.

[3] M. R. Derrick, D. Stulik, J. M. Landry , Infrared Spectroscopy in Conservation Science, The
Getty Conservation Institute, Los Angeles, J. Paul Getty Trust Eds., 1999.

[4] B. H. Stuart, Infrared Spectroscopy: Fundamentals and Applications, Wiley, 2004.



TEPMOIrPABUMETPUNYEH AHAJZIN3 (TGA)

TepMOrpaBMMETPUYHMAT aHA/IU3 € BaXKHa M MOLLHA TEXHUKA 3a U3CNesBaHe Ha TONJIMHHUTE
CBOMCTBA Ha MaTepuanautTe U TAXHaATa TepMUuyHa cTabunHocT. To3nM MeToh HM AaBa
Bb3MOXHOCT A3a CNeAMM WM3MEHEeHWSTa Ha MacaTa Ha AageH obpasel C NOBULIABAHE Ha
TeMnepaTypaTa, KaTo HW AaBa MHPOPMALMS 33 Pa3UYHU GUINYHU U XMMUYHU MPOLLECH,
KOMTO MpOTUYAT C MPOMSIHA Ha HEroBoTO Terno (u3napeHue, cybammaums, abcopbuus,
aacopbuus unm gecopbuus, xemocopbums, gexmapaTaLns, pa3naraHe, KakTo 1 3a peakLum
Ha peayKuuMsa U okucaeHre). MeToabT MMa BMCOKA YYBCTBUTE/IHOCT M NO3BOASBA Aa 6baaT
M3CnesBaHU MUINIPAMOBUM KOZIMYECTBA OT obpasuuTe.

TGA e moxe Aa ce npunara v B c1yyauTe, KoraTo UMame Masiko KO/M4ecTBo oT npobara,
Tb KaTO MeTOABT MO3BOJISIBA yBe/MYaBaHe Ha TernoTo Ha npobata upe3 pobaBsHe Ha
WHepTeH MaTepuasn, Hanpumep CUAULMEB AWNOKCUJ, HENoKasBall, TEePMWUYHU Mpexoau B
n3caezBaHUsA TemMnepaTypeH MHTepBaJl.

e [lo TO3M HauMH MoraT Aa ce nageHTMduLMpaT peauLa OpraHMYHNU MaTepuanmn ot rope
ONUCaHUTe KJ1acoBe — Mac/1a, BOCbL W, CMOJIU, NPOTENHN U BbriexmuapaTn. Tosa cTaBa
Bb3 OCHOBA Ha TepPMOrpaBMMETPUYHUTE KPWMBM Ha 3arybaTa Ha Terno, Kakto u
TexHUTe MbpBu NpomnssoaHu (ATl KpMBUTE), KOUTO HM AaBaT TOYHa MHPOpPMaLUS 3a
TemnepaTypuTe Ha perncTpupannTe epekTu.

TGA aHanus Ha pacTUTeIHa cMos1a TGA aHanus Ha pacTuTesIHa cMosa
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[1] J. Pires, A. J. Cruz, Techiques of thermal analysis applied to the study of cultural heritage.
Journal of Thermal Analysis and Calorimetry 87, 411, 2007.

[2] D. Fessas et al., Calorimetric, biochemical and morphological investigations to validate a
restoration method of fire injured ancient parchment. Thermochimica Acta 348, 129-137,
2000.

[3] M. Tomassetti et al. Archaeometric classification of ancient human fossil bones, with
particular attention to their carbonate content, using chemometrics, thermogravimetry and
ICP emission, Chemistry Central Journal, 8, 26, 2014.



TbHKOC/IOMHA XPOMATOIPAGUSA (TLC)

TbHKOCNOMHATa xpoMaTorpadusa Cblo npejsiara Bb3MOXHOCT 3a WAeHTUOULMPaHe Ha
OpraHW4yHWTE MaTepuasn ypes JieceH 3a U3MbJHEHUE MeTOA M C Heckbna nabopaTopHa
anapaTypa — ¥B namna 3a pasunTaHe Ha TbHKOC/NOMHUTE N1akKn. 3a pa3yMTaHeTO MoraT Aa
ce npuaaraT U XMMUYeCku NposIBUTENIN — PAa3TBOPU OT XMMUYECKM peareHTn, KouTo BOAAT A0
oLBeTsIBaHe Ha MeTHaTa Ha Pas/IMYHNUTE KOMMOHEHTH, MOYYeHN NpU pasaensiHeTo.

C Ta3n TexHWKa MoraT fa ce UAeHTUPUUMPAT PasiUYHU pacTUTeNHW cMoan (Aamapa,
MacTUKC, KONOPOH, caHAapaK, pacTUTeNHW Macna M ap. TexHukaTa Ha aHaaus e
MNIOCTPUPaHa No-A0Jy C aHa/iM3a Ha pepepeHTHM pacTUTesIHn cMoan u npoba oT nak oT
KapTuHa. M3non3BaHa e enyunpalla cMec OT eTep U XenTaH B CbOTHOLLEHMeE 6:5 U NOCTeneHHa
AeTekLMs Ha neTHaTa, MoJyyYeHW Npu enympaHeTo, ¢ YB cBeTnnMHa npu 254 1 366 HM, n
peareHT, CbAbpXall, OT p-aHNCaNAeXn, NePXNOPHA KNCEMHA, aLeTOH U BOAA.

a) 6) B)

M 4 K N M 4 K N

NaeHTuduLmpaHe Ha pacTUTEIHM CMOAIM C eNlyupallia CMeC eTep/XenTaH B CbOTHOLIEHMe
6:5 M nocTeneHHa AeTeKkLMA Ha NeTHaTa, NoJly4eHu Npu enyupaHeTo: a) ¢ YB cBeTaunHa
npu 254 HM; 6) ¢ YB cBeT/IMHa Npu 366 HM; B) C peareHT, CbAbpiKally OT p-aHUCANAEXUA,

nepx/0pHa KUCe/NIMHA, aLeToH 1 Boga. Npobute ca o3HaueHun kato M (macTukc), 4
(aamapa), K (konodpoH) u J1 (nak ot kapTuHa).

MakcMManHO TOYHO UMAeHTUOULMPaAHe Ha pPasANYHUTE CMOJIM  Ce MocTUra npu
KOMOMHMPaAHOTO NpuaaraHe Ha TpUTe MeTOAa 3a NPOsiIBABAaHe, HO 40PWU 1 CaMO NposiBsiBaHe C
XMMUYECKNS NPOSIBUTEN MO3BOJIABA ACHOTO MM pa3rpaHuyaBaHe. V3nonssaHaTa enympalya
CMecC e 3HaUYMTe/IHO MO-HEeTOKCUYHA OT cMecuTe beH3eH-MeTaHO 1 X10podOpPM-MeTaHO.

JlntepaTypa:

[1] M. F. Striegel, J. Hill, Thin-Layer Chromatography for Binding Media Analysis, Scientific
Tools for Conservation, The Getty Conservation Institute, Los Angeles, J. Paul Getty Trust
Eds., 1996.



MMYHOEH3WUMEH METO/], (ELISA AHAJIN3)

VIMyHOEH3UMEHMAT MeTOZ e CUNHO cneuynduyeH MeToa, No3BoisABaL, UAeHTUdULMPaHETO
Ha NPOTEeMHU (B XMBOTUHCKM TYTKa/IM, KOXA), MMNUAN (B PaCTUTE/THU MACAa U XUBOTUHCKM
Ma3sHVHMW), BbrAexuapatu (B Mea, pacTUTE/IHU TYMU, HULIECTeTa, XapTus), N KOMMAEKCHU
MaTepuann (KpbB, sKLe, pacTUTENIHU COKOBE) Ype3 U3MO0/3BaHe Ha MOAXOAALWM aHTUTeNa.
LLnpoko Npuaoxmm e 3a passiMyaBaHe Ha NPOTEMHOBM MaTepuann. [oaSMO NpesuMCTBO Ha
MeToZa e Bb3MOXHOCTTA Aa pa3/nMyaBa HeaBycMucaeHOo 6/13kM Mo poga cv MaTepuanu
Hanp. 3aewkn oT pubeH TyTkana M T.H. CnocobeH e Aa OTKPUBA U3KJIOUMTENIHO MasKu
KoanyecTBa BelecTBa (0.3-36 HaHorpama).

Mpn aHanunsa TpsabBa Aa ce MMaT npeaBuA HAKOM OCODEHOCTM — KaTo Hanpumep
HaMa/ZieHW FpaHULM Ha OTYMTaHe B pe3y/TaT OT NpeyeHeTo Ha HAKOW HeOopraHWYHU
mMaTepuann (onpeAeseHN MUIMEHTU Hanpumep), 3aTpPyAHEHO M3B/AMYaHe Ha
OpraHuMYyHMA MaTepuana oT npobute u Ap.

OcBeH BUCOKaTa cneunduryHOCT, 406pO AOMBAHUTENHO NPEAUMCTBO Ha METO/A €, Ye
aHa/NM3bT e JleCceH 3a M3MbJHEHWE MOCPeACTBOM MPOCTa M Heckbna sabopaTopHa
anapatypa — CNeKTpOMeTbp 33 pa3yuMTaHe Ha MUKPOTUTbPHUTE MJakuM OT
MMYHOEH3VMMHUS aHan3.

Cranpaptn-bentex

UI |||I

NaeHTudumumpaHe Ha sriueH 6enTbk B MogenHu obpasum Ha boum

JlntepaTypa:

[1] N. Khandekar, A. Phenix, J. Sharp., Pilot study into the effects of solvents on artificially
aged egg tempera paint films. The Conservator, 18, 62-72, 1994.

[2] J. Mazurek, M. Schilling, G. Chiari, Antibody assay to characterize binding media in paint.
Scientific research, ICOM Committee for Conservation, 849-856, 2008.



FA3OBA XPOMATOIPA®UNA B KOMBUHALINA CNMNPOJIU3A U
MACCMNEKTPOMETPUA

[a3oBaTa xpomaTtorpadums B KOMOMHALMA C NMPOAN3A U MACCNeKTPOMETPUS 1M MO3BOJIsIBA
MAeHTUPMLUUPAHETO Ha MHOro WUPOK Habop OT OpraHUYHM MaTepuanu, KakTo OT
ecTecTBeH NPOM3X0J, Taka U CUHTETUYHU NONMMEPHU MPOAYKTU.

AHanM3bT MOXe Ja Ce WM3BbPWKM C MUHUMANHU KoaumvecTBa (2-5 Mr) M 6e3 HukKakBa
npegBapuTesHa XMMUYecka TpaHchopMauua B NETAMBM KOMMOHeHTU. [Mupoamsata Ha
mMaTepuana BOAM A0 CWUAHO cneumnduueH Habop OT pasnagHU  MPOAYKTW, KOUTO
6rarosapeHve Ha CieBaLLOTO paszesisaHe No ras-xpomatorpadckm MbT U AeTeKTUpaHe Ha
6asaTa Ha MacaTa, JaBa Bb3MOXHOCT 3@ MHOMO HaAeXAHO wuaeHTUdMLMpaHe Ha
OpraHMYHUTE MaTepuasu.

[ oMbAHUTENHO MPEeAMMCTBO Ha METoAa e, Ye MO3BOJIABA Aa Ce MNoJyun uHbopmauums
eAHOBpEeMEeHHO KaKTo 3a ¢pakuum oT npobaTta, KOMTO MoraT Ja ce W3BAEKAT C
pasTBOpUTEN UAU XUAPOAU3UPAT, Taka U 3a HEPA3TBOPUMU MaKPOMOEKYIHU dpaKkLumn.

C TO3M aHa/NUTMYEH MEeTO/ YCMewWHo e U3caeBaH CbCTaBa Ha JlakoBe, BUTYMU M KaTpaHW,
MacCTuIa, PbKOMUCKU U APYTY MaTepuanu, U3noi3BaHu B NPOM3BeAeHNA Ha U3KYCTBOTO.

JlntepaTypa:

[1] J. Poulin, M. Kearney, M.-A. Veall, Direct Inlet Py-GC-MS analysis of cultural heritage
materials, Journal of Analytical and Applied Pyrolysis, 164, art. no 105506, 2022.

[2] D. Tamburini, Analytical pyrolysis applied to the characterisation and identification of
Asian lacquers in cultural heritage samples — A review, Journal of Analytical and Applied
Pyrolysis, 157, art. no 105202, 2021.

[3] F. Nardella, C. Duce, E. Ribechini, Analytical pyrolysis and thermal analysis to chemically
characterise bitumen from Italian geological deposits and Neolithic stone tools, Journal of
Analytical and Applied Pyrolysis, 158, art. no 105262, 2021.

[4] Z. Sebestyén, E. Badea, C. Carsote, Z. Czégény, T. Szabd, B. Babinszki, J. Bozi, E. Jakab,
Characterization of historical leather book bindings by various thermal methods (TG/MS, Py-
GC/MS, and micro-DSC) and FTIR-ATR spectroscopy, Journal of Analytical and Applied
Pyrolysis, 162, art. no 105428, 2022.

[5] J. La Nasa, P. Carnazza, S. Francone, M. P. Colombini, F. Modugno, Is this tar? Analytical
pyrolysis to study the chemical composition of Alberto Burri’s paint materials,

Journal of Analytical and Applied Pyrolysis, 163, art. no 105483, 2022.

[6] E. Perruchini, G.-J. Pinault, M. Sablier, Exploring the potential of pyrolysis-comprehensive
two-dimensional gas chromatography/mass spectrometry in the characterization of Chinese
inks of ancient manuscripts, Journal of Analytical and Applied Pyrolysis, 164, 105503, art. no
2022.
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3. METOAOJ/10IMNA 3A AHAJZIU3 HA OPTAHUYHA
MATEPUAIN

CNnoXHUAT XeTeporeHeH XapakTep, TUMUYeH 3a npobute OT XyAOXeCTBEHU U
apxeosnoruyecku obekTn, Hanara napasesnHo B X04a Ha aHaaun3a Aa 6bAaT HagexXAHo
NAeHTUOUUMPAHN U HEeOpraHWYHWTE  MaTepuann, KouTo ca  obuyanHo
npeobnagaBaliM No KO/MYeCTBO B CMecTa (BMX CxemaTa Mo-A0Jy). ToBa MoOxe
yCMewHOo Aa ce NOCTUrHe Yypes3 npuaaraHe Ha nopeauua oT MHCTPYMEHTA/IHU MeTOAM
—  CKaHupala eneKTPOHHAa  MWKPOCKONWUS,  KOMOMHMpaHa C  eHeprumHo
AvcnepcmMoHHaTa cnektpockonus (SEM-EDX) nan peHtreHosa payopecueHuus (XRF)
3a onpejesisiHe Ha efleMeHTHMA CbCTaB KaTo NbpBa CTbnka; MY aHanus B ganeyHaTa
cnekTpanHa obnact (400-80 cm™) u/mam mMukpo-PamaHoBa cnekTpockonusa 3a
yTOYHABaHE Ha OTAE/IHUTE MUTMEHT U MbAHUTENN. [1pU Bb3MOXHOCT — Hanpumep npu
npaxoobpasHu Npobu oT cTeHoNUCK UM ManKn GparMeHTH CbC CPAaBHUTETHO NMAOCKA
MOBBbPXHOCT € MPenopbyYMTESIHO MPOBEXAAHETO Ha MNPaxoB PEHTreHOCTPYKTYpeH
aHanM3 3a yTOYHsIBaHe Ha MuHepanHuTe ¢asn. Mukpo-PamaHoBa cnekTpockonus
npeasara 0CobeHO LMPOKM BbB3MOXHOCTM 3a UAEHTUPUUMPaAHE Ha OTAeNHUTe
MaTepuann, KakTo B CbCTaBa Ha npaxoobpasHu npobu, Taka W npu dparmMeHTy,
MUKpONpobu un aHwandose. MeToabT ce XapakTepusmpa C MHOMO BMCOKA
MpoCTpaHCTBeHa pesosiouns brarogapeHvne M3NoN3BaHETO Ha Jla3epeH U3TOYHUK —
TUMNWYHO MOraT Ja Ce M3C/ieABaT 4YacTUUM C pa3Mep 1-2 MUKPOHA. 3aTpyAHeHue
npeacTaBnaBa nposiBaTa Ha ¢ayopecueHLuMs OT HAKOM MaTepuaau. B ToBa
OoTHowWweHne, NY cnekTpockonusaTa HAMa OrpaHMyeHWe, HO MeTOoAbT He MOXe Ja
npeA/ioXun Taka BMCOKA NPOCTPAHCTBEHA Pe30toLmS.

Mpy naeHTUdMLMpaHe Ha MBULM 3a OpraHuyeH maTtepuan buxa mMoram pa ce
npeAnpuemar ABa NOAX0Aa 3a NO-HaTaTbLUEH aHa/IN3 CNOopes, HaJIMYHOTO KOJINYEeCTBO
npoba. [TbpBMAT OT TAX — KOraTo KOJIMYECTBOTO € TBbPAE OrpaHUYeHo
(MUKPOCKOMNYHU KOAMYecTBa), e Heobxoammo pa ce kombuHupat NY mn mukpo-
PamaHoBM namepBaHua ¢ TepmunyeH aHaams (TGA, DSC), a npm Bb3MOXHOCT — U C
NpoBeXAaHe Ha MUKPOEeKCTPaKLMA N UMYHOEH3UMEH aHa/n3.

3a npoBexJjaHe Ha TEPMUYHWUS aHaNU3 NMPW MHOFO Majaku npobu (noa 2 Mr) eauH
A06bp NpakTMYeCcKn NOAX0Z e yBennmyaBaHe Ha Tern0To Ha npobaTta upes gobaBsHe
Ha MHepTeH MaTepuan.

Mpy Hannume Ha 2-5 Mr npoba, 3a No-HaAeXAHO MAeHTUPULMpPAHe Ha OpraHMYyHUA
mMaTepuan Moxe Jia ce npegnpueme MMKpPOeKCTpakLMa C MOAXOASAL, pa3TBOpPUTEN NN
nopeauua oT pa3TBOPUTENIN.
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O6061weHa cxeMa 3a aHa/I3 Ha OPraHUYHU (M CbNBTCTBALLMUTE HEOPraHUYHM)

mMaTepuanu

IR: 3600-3400;
1800-1600;
1400-700 cm™

V

IR: 3100-2800;
1200-1600; 1100-
S00 cm*

V

Heoprannyn
marepuani

Enemexted ChCTaR
(SEM-EDX, XRF)

y

Y cniexapockonia 8 PEHTIeHOCTRVK H e T P}
Aaneudara cbnact aHanwa %;WDJPQ m‘“‘”ﬂ“ﬁm 8
(far-R) cpeaneTa (ATRJ?!S)MT =
v
Mukpo-Pamanosa W4 aHanua
CNexTpocKonua = Y, X
(micro-Raman) Tepwien ananus X =
(Boukm engose ananus (ELISA) (TLC)
maTepuanu) r (MpoTenHu) i
M Mupanuasa rasosa
(Bevuky Buncee ~ (oy-GCMS)

marepuanu) (Macna, Bachum

pacruTeniv
cwonm)

feuna xmuamrmm
(HPLC)

(Burnexvapam,
0praHnyHK 6arpuna)

Hal-4yecTo HeOpraHMYHUTE MaTEpPUAIM NOMTbLLAT CUHO B UHPpavepBeHaTa 061acT 1
TEXHUTE WBULM MNPUMNOKPMBAT 3HAUMTE/NIHA 4YacT OT MBULUTE HA OpraHUYyHUTE
MaTepuaav, 3aTOBa M3B/MYAHETO CaMO Ha OpraHMYHMA MaTepuan B npobata fasa
Bb3MOXHOCT 3a cnegBaw, MY cnekTpaneH aHanus, npu KonMTo MHPopmauuata e
3HauuTeNHO no-boraTa.

AHaNM3bT Ha OPraHNYHNTE MaTEPUA/IM MOXeE [a Ce NpoBee CTblKa No CTblMKa Nno
cnegHnAa HaunH:

CTbnka 1. YcTaHOBSAIBaHEe Ha Ha/IM4YMeTo Ha OpraHW4yHoO BeWw,ecTeso C NOMOLTa Ha ny
cnekTpockonusa

MY cnekTpockonusaTa e MHOro MNOAXOASAW, METOJ 3a 3anoyBaHe Ha aHaAu3a.
BnarogapeHne Ha cneunduyHmuTe o06MaCTM Ha MNOrAbLAHE HA OPraHUYHUTE
MaTepuaau, KOUTO He ce NPUMNOKPMBAT C Te3N Ha HEOPraHUYHUTE MaTepuaam - KaTto
obnactra mexay 3100 u 2800 cm™, MY cnekTbpbT € B CbCTOSHME Aa MOKaxe
HA/IMYNETO HA OPraHNYHO CbeAMHEHUE, AOPU U B 3HAUYUTENHO MO-MaJIKO KOJIMYECTBO
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OT HEOPraHWYHUTE KOMMOHEHTU. AKO UBULUTE Ca MHOMO €/1ab0 MHTEH3UBHU MBULLM
(konnyecTBOTO OpraHM4yeH MaTepuan e He3HAUYMTEeNHO), 33 MO-HAAEXAHO
naeHTMdMLMpPaHe Ha OpraHWYyHMA MaTepuan MoOxe Ja Cce npeanpuemMe
MUKPOEKCTPAKLUUA C MOAXOASfL, PasTBOPUTEN WAW Mopeauuad OT pPasTBOPUTENMN.
MNocnepoBaTenHaTa eKCTPakuMsi HA OPraHWYHUTE CbCTAaBKUM C Pa3TBOPUTENN C
HapacTBaLia MOAAPHOCT (HanpuMmep xekCaH — auLeToH — TonJa Boga — CTyJeHa
BOZAA) OCUTYpPsiBA HAW-Mb/IHA MHPOPMALMS, TbW KaTO Pa3/IMYHUTE MO CBOSITA NPUpPoAa
pacTUTE/IHU CMOJIM, PACTUTENIHW Mac/a, BOCbLW, BbBIMAEXUAPATM W NPOTEUHU
npuTeXaBaT W pas3/IM4YHA Pa3TBOPUMOCT. M3BAMYAHETO CaMO Ha OpraHWM4YyHUA
MaTepuan B npobaTta AaBa Bb3MOXHOCT 3a c/iezBaly, MY cnekTpaneH aHaaus, npu
KOMTO MHPopMaLMaTa e 3HauMTeHO no-6oraTa.

Crbnka 2. Pa3rpa|-u4ana|-|e Ha BUJa Ha OpraHU4YHud Mmatepuan

CneppBaliaTa CTbMKa NpU aHaaM3a TpabBa Aa e HacoueHa KbM no-obuo onpejensHe
Ha XMMMWYECKMA KAac, KbM KOUTO MPUHaANEXN OpraHnyHua mMatepuan. Kakto bewe
pasrsieaHo rno-rope OCHOBHUTE K/1IaCOBE 3a eCTeCTBEHUTE MO MPOM3XO0J OPraHUYHK
MaTepunanum ca NpoTeNHU, BbriexmapaTu, IMnuan, TepneHosm cMoin. OpraHnyHm ca
M YacT OT M3MO/3BaHUTE MUIMEHTM Ha PaCTUTE/IHA OCHOBA — T.HApP. OPraHUYHK
6arpuna KaTo MHAMIO, Kpanaak u Ap.

Ha 6a3aTa Ha XapaKTepuUCTUYHWTE MBULM BbB BMOPALMOHHWTE CMEKTPU, B HSAKOU
C/lydanm MOXe XMMUYECKUST KAac Ha OpraHUYHUS MaTepuan ja ce naeHTnduumpa
[AOCTOBEPHO CaMO Bb3 0CcHoBa Ha Y cnekTbp.

Hanpumep npu npotenHoBuTe MaTepuann ce HabnogaBaT fACHO pasinum
XapakTepucTnyHmn 'Y nsnum B cnegHnTe MHTEpPBAsIN:

® 3400-3200 CM-1—BaneHTHU N-H TpenTeHuna (Amng A)
e 1660-1600 cm-1—BasneHTHU C=0 TpenTeHusa (Amug, I)
e 1565-1500 cm-1— gebopmMauymoHHu N-H TpenteHuns (Amug, 1)

3a pa3/inka OT TOBa, NPpU PacTUTEJIHNTE MaCJla, KOUTO nonaAaT B K/1aCa Ha IMNMNAUTE,
XapaKTeEPUCTUYHA N4y MBMLUW Ca B MNO-Pa3/IM4YHN NHTEPBAJIN:

e 3000-2800 cm-1—BaneHTHM C-H TpenTeHus

e 1750-1720 cM-1—BasieHTHN C=0 TpenTeHun

e 1480-1300 cM-1— gedopmMaLMoHHN C-H TpenTeHus

e 1300-900 CM-1—BaneHTHU C-O TpenTeHusn

® 750-700 CM-1— MBBHPABHUHHM AedopMaLMOHHM (TOp3nOHHM) C-H TpenTeHus

Mpy aHanM3a Ha HAKOW OpraHWyHM MaTepuann Moxe Ja ce Habawgasat
XapakTepucTuyHn NY MBMLM 33 OpraHNYHM CbeMHEHUS OT NoBeYe OT eAUH Kac —
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TbW KaTo Te npeactaBndaBat CaMu no cebe cM ecTecTBeHa CMeC KakKTo HanpunMmep
Fll‘/’lLl,eTO € CMeC OT NMPOTENHUN U MA3HUHUN (!'IMI'IMAM) WU TbM KaTo npu I/l3pa6OTKaTa Ca
61N CMeCceHM HAKOIKO pasnn4YHn opraHM4YHM MaTepmnasia.

OpraHnYyHUTEe MaTepmMaaM YeCTo Ca NPeTbpPNesn U NPOLECH Ha CTapeeHe U XMMmuyecka
TpaHcpopmauus. B Tesn cayyam n npoaykTUTe Ha TpaHcPopmaLmsaTa NPUCHCTBAT B
cMecTa. Hanpumep npoTenHOBMAT CBbp3BaTen 6M Morbn ga obpasyBa Kasjuues
oKcasaT B C/e4CTBME Ha MWUKPOOMONOrMYHa aTaka; pacTUTeNHM Macaa, KOWUTO
MbpPBOHAYa/IHO Ca NpeTbpreaun NoMMepu3aLns NpU CbXHEHETO, BMNOC/NEACTBME MOXE
Aa XMAPOAN3NpaT UK Aa ce npeobpasyBaT YaCTUYHO B MeTasHWM Kapbokcunatu npu
B3aMMOAEeNCTBUE C MUHEPA/IHUTE MUTMEHTU U T.H.

Crbnka 3. [o-To4yHOo onpegensiHe Ha BUAa Ha OpraHUYHUA MaTepuan

NY cnekTpanHWAT aHa/M3 He BUHArM e A0CTaTbYeH 33 TOYHOTO naeHTudULMpaHe Ha
OpraHVYHUTE MaTepuaau — Hanpumep nNpy 6AN3KNTE NO XMMUYEH CbCTaB PacTUTE/HU
CMOJIM CMEKTPANHUAT aHann3 b Morosa Aa nokaxe Aasv cMosiata e OT AUTeprneHoB
AN TPUTEPMNEHOB BUJ, HO HE U Aa Pas/IMyin PasINYHUTE TPUTEPNEHOBM CMON KaTo
MaCcTUKC U Aamapa; AndepeHLMpaHeTo Ha pas3IMyHMTe NPOTENMHOBM MaTePUAIN CbLLLO
He e Bb3MOXHO MO CNeKTpasieH MbT.

Mpu naeHTnduumpare Ha MY nBmumM 3a NnpoTeMHOB MaTepuas MoOXe Ja ce nposeje
AOMBAHUTENIHO U UMYHOEH3UMEH aHan3, KOMTO e CUIHO cneunduyeH 1 gaBa TOYHA
nHopmaLma 3a BMAA Ha NpOTeMHa — ANYeH OBanbyMWH, MJIeYeH KaseuH,
XMBOTUMHCKM KONAreH 1 T.H.

Mpn naeHtTudunumpaHe Ha MY nBmMuKM 3a Bbraexmapatn, pacTUTENHU Macaa, CMOAU
WAM BOCBHLM, MOXe Aa ce npeAnpuemMe mlcaesBaHe C TbHKOC/NOMHA XpoMaTorpadums
(TLC), koaTO e cblwo 6BP3 M NPOCT METOZA C M3UCKBAHE 338 MUHMMANHO KOJIMYEeCTBO
npoba M B CbWOTO BPEME € LUMPOKO MPUIOXMM BbPXY BCSKAKBB BUA OPraHUYHU
mMaTepuanu.

[106pn Bb3MOXHOCTM 3@ YTOYHSIBaHE Ha BUAA Ha PacTUTE/IHUTE CMOJIN, MPOTEUHUTE U
Bbraexugpatute npesocTaBs U TEPMUYHUAT aHANU3.

Haln-Bucoka cTeneH Ha TOYHOCT npegsiaraT MHCTPYMEHTasHUTe XpomaTorpadcku
MeTOAM — Hanpumep rasoBaTa Xxpomatorpapua B KoMOMHaUMA C NMpoaM3a U
maccnekTpomeTtpua (py-GC-MS) unm BucokoedekTMBHA TeyHa XpomaTorpadusa
(HPLC), 3aToBa onTMManHuAT noaxoa 6u 6un nposexzaaHe 1 Ha e4WH OT Te3u BUA0BE
aHanms.
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4. AHAIN3 HA OPFAHUYHN MATEPUA/IN B
XYAOXECTBEHU N APXEOJZTOTMYECKU OBEKTU

MAEHTUOULIMPAHE HA SINYEH CBBbP3BATEJ/1 MPU CTEHOMUCUTE B
’POBNLWHATA UbPKBA C KOCTHULUA ,BbBEAEHME BOTOPOAN4YHO",
PUNCKWN MAHACTWUP

3a yTOYHsIBaHe Ha CTEHOMWCHaTa TeXHWKa, M3Mnon3BaHa B [pobuliHaTa LbpKBa C
KocTHUUa ,BbBeseHne boropoanyHo™ Ha Puackmnsa maHactmp, nsanmcaHa npes 1795 r.,
cepusi MUKpoONpobu OT pas/iMyHM LBeTOBe Ha CTeHonmucuTe b6sixa uM3cnesBaHu
nbpBoHayanHo ¢ MY cnekTtpockonua. Ha ¢urypaTta no-gony ca npeactaBeHn ATR
CNeKkTpuTe Ha cepuaTa MUKponpobu, cbbpaHu OT CTeHoNUCHUTE n306paseHns Ha CB.
Hukndop m cB. OpecrT:

NIKH®OFZ  TTLIN /
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ATR cnekTpu Ha XxbsTaTa 60 OT ApexaTa, 3eeHaTa OT ApexaTa, 3e/leHaTa oT
¢$oHa, opaHXeBaTa OT pamKaTa, YepBeHaTa OT Apexa U Ha pedepeHTHO slile
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B cnekTpuTe Ha nscnesBaHnTe Npobu, 3ae4HO C MBULMUTE HA MUHEPAJTHATE MUTMEHTH
NPUCBHCTBAT U XapaKTEPUCTUYHWN MBUL M 33 OPraHUYHN MaTepmanun — abcopbumoHHuTe
MBULM 3a NPOTEUHM 0KOJI0 3300 cm ™ (N-H BMBpaLMOHHO TpenTeHue), 1640 cm™
(Amug |, C=0 BubpaymoHHo TpenTeHune) n 1550 cm™* (Amua I, CNH gedopmanmoHHo
TPenTeHWe); 38 MasHWHK Npu 0Ko10 1730 cm (C=0 BUOPALMOHHO TPENTEHME), KAaKTO
n C-H BrnbpaumoHHK TpenTeHns B 061acTTa Ha 2960—2850 cm ™" (MPOTEMH /Ma3HUHA).
EAHOBpEeMEHHOTO NPUCHCTBME HA XapaKTEPUCTUYHWU MBULM 3@ MPOTENHU U MA3HUHMU
MoXe fa 6bAe CBbp3aHO C Ha/JMYMETO Ha CBbp3BaTesN AWuUa (BKAKOYBALWO ANYEH
6eNTbK N XbATHK).

3a aa 6bae NOTBLPAEHO M3MO3BAHETO HA fANMLLEe KAaTO CBbp3BaTen belwe nposeseH
AOMbAHUTENEH UMYHOEH3UMeH aHanus. Mpobute Baxa TeCcTBaHM € aHTUTeNa 33 INYeH
6enTbk M KaseuH. Pe3ynTaTuTe ACHO NoOKasaxa Ha/MYMETO Ha sityeH 6enTbk B
npobute, Tb KaTO MpPU BCUYKM MPOBM CTOMHOCTTA 3a CUrHazia e Haj rpaHMyHaTa
CTOMHOCT Ha aHan3a (A0/1Ha rpaHMLLa Ha OTKpMUBaHe).

MonyyeHuTe pe3ynTaTu 3a M3C/ieABaHUTE MWUKPOMPObWU ca npepcTaBeHU MO-A0AY,
KbAEeTO NYHKTMPaHaTa MHMA 0b03HavaBa rpaHMYHaTa CTOMHOCT Ha aHaau3a (4o/Ha
rpaHuLa Ha OTKpMBaHe):

16



2 3 4 5 6 7 Blank

ELISA onTuyHa NABLTHOCT NpU 405 Nm 3a Npobute, TpeTUpaHU NPU ONTUMU3UPAHO
pa3spexgaHe Ha 3aeLlKu aHTU-NUAELWKN 0BanbyMUH (MbPBUYHO aHTUTANO, 1:10
000) U KO3U aHTU-3aewkn IgG AP (BTOPUUYHO aHTUTANO, 1:2000).

MAEHTUOULUNPAHE HA BbIM TEXUAPATEH CBbP3BATEJ NMPU
CTEHOIMUCUTE HATJTABHATA LU bPKBA ,,POXAECTBO BOroPO4AN4YHO" B
PUNICKNA MAHACTUP

Mpu n3cnesBaHe Ha CTeHONUCUTE Ha r/aaBHaTa ubpkea ,Poxgectso boropogunyHo™
Ha Punckns maHactup, bewe naeHTMPULMpPaH yCNeLHOo 1 CBbP3BaTENsAT Ha CUHSA 6o
oT $poHa Ha cTeHonucuTe B onTapa. OCBeH MBULUTE HA MUFMEHTa cManT (kobanToBo
CUHBO CTbK/0) B ATP cnekTbpa Ha CMHATA Mukponpoba 6ax yctaHoBeHn VY mBuuy,
KOMTO Ca CBBbP3aHWM C HA/ZIMYMETO Ha OPraHWYeH MaTepuas, pas/iMyeH oT sauue (BMX
durypata no-gony).

HabnaogaBanmnte NY mBMumM MoraT ga 6baaT OTHeceHM kbM BasieHTHO O-H (3310
cm™), BaneHTHW C—H TpenTeHus (2961, 2878 cm ™), aedopmaunoHHo O-H TpenTteHue
(2639 cm™), aedopmaumnonHmn C—H (MyaTunaeTt okoso 1360 cm™) u BaseHTHu C-0O
TpenTeHus (1150, 1090, 1003 cM*). Ha 6a3aTa Ha TO3M aHa/IM3 Maxe Aa Ce Hampasu
NpeAno/sIoXeHNe, Ye Han-BePOSiITHO CUHUAT MUIMEHT € CMEeCBaH C Bbr/eXUApaTHO
Jlenn/10 Ha OCHOBATA Ha HULWECTEeTO (Kancrep).
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ATR cnekTbp Ha cMHATa MuKponpoba ot poHa
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B TO3M cayyal M3nNoN3BaHETO Ha BbraexuAapaTHWs cBbp3BaTen, ocseH ¢ WY
cnekTpockonus, 6elle NOTBbPAEHO M C TEPMOrpaBUMETPUYEH aHAIN3:

TGA aHanu3 Ha cuHATa MuKponpoba oT poHa B CpaBHEHUE C NWEHNYHO HULIECTE:
TG 3ary6a Ha Terno B % — nyHkTupaHa amHus, DTG kpuBa (3aryba Ha Tersnio % B
MMWH) — NAbTHa IMHUA

0- wheat glue bro
201 blue paint (x10)
S 2 c
) -40 jg
7)) (@)]
ke L, E
-60 -
© O
|_
-80 Q
L -6
-100 U

260 I 360 I 460 I 500
Temperature, °C

KakTto moxe aa ce BuA mukponpobata cbC cMHATa 6osi rybu Terno B pamkuTe Ha
WMPOK TemnepaTypeH uHTepBana (170-500 °C) M ce xapakTepusupa C ABa LIMPOKMK
TG/DTG edexTa, KOUTO KOopenmpat gobpe ¢ Te3n, HabaogaBaHW Npu pedepeHTHaTa
npoba oT nweHnyHo HuwecTe. Mpu MukponpobaTa ce perncTpupa n AOMbAHUTENHA
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3aryba Ha Terno npu HUCKKM TemnepaTypu (170-260 °C). Ta3m 3aryba Ha Terno moxe
Aa ce Ab/KN Ha Ha/IMYMEeTO Ha runc.

N3CNIEABAHE HA CbCTABA HA MUKCUOH 3A 3ANIENBAHE HA TTO3/1ATA MNMPU
CTEHOMMUCUTE HA TNMABHATA U4bPKBA B PUZICKNA MAHACTUP

KaTto yact oT o6WMPHO TEXHONOMMYHO M3CaesBaHe Ha CTEHOMWUCUTE Ha raBHAaTa
ubpkBa ,PoxaectBo BoropoaunyHo™ Ha Punckms maHactup, belle npoyyeH CbCTaBbT
Ha MMKCWOH, U3NOA3BaH 3a 3aJsienBaHe Ha 3naTHuUTe ancta “Bapak”. CbrnacHo CEM-
EAC aHanusa nenunoto ce cbectom ot C, O, S, Na, Ca, K, Mg, Zn wn Pb.
KapTtorpadupaHeto no enemeHtTn nokasa, ye C, O u Na (M Zn) ca ¢ MHOro cxo4HO
pasnpegenenne. ViMa oTAenHW yyacTbLM, CbABPXKALWM MO-roasMo Koamyectso Pb
nnn S. B ATR cnekTbpa Ha npobaTa oT MUKCMOHa Bsxa yCTaHOBEHM CUAHW MBULM 3a C-
H TpenteHus B o6sacTTa 2950-2830 cm™’, KOETO € ykasaHue Ha npeobiajaBalyo
CbAbp>XKaHMe Ha OpraHUYyHM BelLecTBa:

ATR cnekTbp Ha MMKCUOHa 3a 3a/1enBaHe Ha nosaaTta
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4000 3500 3000 1600 1200 800
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Haba04aBaT ce Cblio Taka APYrn ABe MHOMO CUAHM MBULM NpU 1560 M 1410 cm ™.
Tasu npum 1410 €M™ ce AbXMN Ha NPUCHCTBUETO Ha KasiumeB kKapboHaT, BEPOATHO OT
MasusikaTa OTA0JY. VBMuaTa nNpu 1560 CM™, KOATO € Hal-CUAHATA B Le/IMs CNeKTbp,
npeAnosiara Ha/IMYMETO Ha rONIIMO KOJIMYECTBO KApHOKCMAATM — COMM HA MACTHU
KMCENUHM (OCanyHeHW MACTHU KUCeNMHM). Ype3 nupoamsa v rasxpomaTorpadcku
aHasM3, KOMOWHMpaH C Mac-cnekTpomeTpusi, 6ele MoKas3aHo, Y€ MUKCUOHBT
CbAbPXKa M pacTUTENIHA CMO/1a Jamapa:

19



Abundance
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GC xpomaTorpamm Ha k0o10¢$pOH, MacTUKC, Aamapa, MMKCMOHa 3a no3snartaTta (P5) u
ecTecTBEHO OCTapsA/Io CbxHewo Macso (Pg)

Mpn xpomaTorpadpckusi aHaAM3 Ha NenuaoTO 3a nossiatata bAxa oTYeTeHW HAKOU
bparmeHTH, OTroBapsALM Ha aZaMaHTaHOBa CTPYKTypa — NpU 12.7—-13 MUH. ¢ M/z 206,
KouTO ca cneunduyHM 3a pedepeHTHaTa CMo1a Jamapa U ca buan HabatogaBaHu v B
NpeAXoAHU U3C/eABaHUSA Ha PacTUTENHW CMOAM OT Apyru aBTopu. OboblaBankm
cbbpaHMTe aHaNUTUYHKU AaHHKM, Delle 3ak/OYEHO, Ye MUKCUOHDBT € MPUrOTBEH OT
6e3np, cmosia M 0N10BEH MUHUYM.

MAEHTNOULUPAHE HA NYEJIEH BOCbK B CTEHONMMNCHATA YKPACA HA
20



TPAKMNCKN MOHYMEHTH

B xoaa Ha n3cneaBaHeTo Ha CTeHOMNMMCHATA yKpaca B rpobHMLaTa B AnekcaHApoBO Ha
6asaTa Ha npoBegeHus MY aHann3 Ha NUrMeHTUTE U AeTannHO cpaBHaBaHe ¢ MY
CNeKTPW Ha Beye MU3CaeABaHU B PaMKMTE Ha NpoekTa pedepeHTHU MaTepuanm (BUX
durypata no-gony) OGewe ycTaHOBeHO, 4Ye u3c/edBaHaTa npoba uepBeHaTa
CTeHonucHa ykpaca e cmec oT Kanuut (CaCO3) u yepBeHa oxpa. EnemeHTHUAT
CbCTaB Ha npobaTa, yTOYHEH C MOMOLYTa Ha CKaHWpalLa eNeKTPOHHA MUKPOCKOMUS,
KOMOMHMpaHa C EeHeprumHO AucnepcrMoHHaTa cnekTpockonus (SEM-EDX), cbwo
NoAKpens Te3un 3aK/oYeHuns.

A6cop6bumnoHHu NY cnekTpu (B Tabnetka KBr) Ha uepBeHaTa npoba (B uepHo);
pedepenTeH CaCO; (B cMHLO) U pedepeHTHa YepBeHa oxpa (B YepBeHO)

1.0 H
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0.6 +

Absorbance

0.4

0.2

0.0 4 :
4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers, cm’™”

ObekT Ha nscneaBaHe belle M NPUCHCTBMETO HA AOMBIHUTE/IHN OPraHUYHM BelecTBa
(BOCbLUM/CMONM) B CbCTaBa Ha >XMBOMWCHWSA Cnou. [MopaguM MHOro MankoTo UM
CbAbpXaHWe, N3C/eBaHETO Ha OPraHUYHUSA MaTepman 6e 3HaUMTEeNHO 3aTpyAHEHO.
3a uenta belwe npuaoxeHa npoLleaypa 3a U3B/AMYaHE (€KCTPakLmsa) ¢ X10podopm.
Cnes cpaBHsiIBaHe Ha CNeKTbpa Ha eKCTpaKTa C pas3anyHun pedepeHTHM VY cnekTpwy,
bewe ycTaHoBEHO J06PO CXOACTBO CbC CMeKTbpa Ha nN4YyesieH BOCbHK (CUAHO
MHTeH3UBHM BaneHTHN C-H nBuum B obnactta 3000-2800 cm™, C=0 mBMLa npu 1738
1736 cm™, gedopmaumorHn C-H msuum npu 1472-1463 cm™, C-O vBMUa Npu 1219
1273 cm™ u  C-H TOp3MOHHM MBMUM npu 729-719 cm ). Mo TO3M HaumH belwe
YCTAQaHOBEHO Ha/IMYMETO Ha n4yeneH BOCbK KaTo fobaBka B YepBEHWUS CAOM Ha
CTeHOMMCHaTa yKpaca.

Pe3ynTaTbT belwe NnoTBbpAeH ¢ AndepeHLManHo-ckaHmpalla kanopumetpus (4 CK):
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ATR cnekTbp Ha eKcTpakTa OoT DSC aHanus Ha NYeHUA BOCHK B
yepBeHaTa npoba (B UepBeHO) U yepBeHaTa npoba
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M3BecTHO e, Ye nMyenHMAT BOCBK (NOAZOOHO Ha ApyruTe BOCBLM) € XUMUYECKU
ctabuneH n ce Tonu necHo (npu npubamnsmntenHo 64°C), KaTo Ta3n TOUKa Ha TOMeHe
OCTaBa CpPaBHUTE/NHO MOCTOSiHHA C OCTapsBaHeTo. HerosBuTe TepMUYHM
XapakTepucTukM MoraT 0bekTMBHO Aa 6baaT oueHeHwn ¢ nomowTa Ha ACK. To3wn
HaZeXAeH MeToZ 3a uaeHTudurKauma Ha BoCbk Helle 1M3Moi3BaH 3a U3CieaBaHe Ha
npobu 1 OT ApYyrv TPAKMNCKN 06eKTY:
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KakTo ce BUXAa, Npexoamn c MHOro 6/113ka Havya/iHa TeMnepaTypa Ha ToMneHe ce
HabtoAaBaT 3a BCMUkM npobu. Havanoto Ha ToneHe ce Habawogasa npu 31-48 °C.
PaswWwmpeHn KpMBU HA Pa3IMYHUTE FPOBHULLM UNOCTPUPAT CPABHMMO MOBEZAEHMWE NPU
npecTon Ha ToneHe ¢ npeobazaBally NMKOBE Ha TOMeHe B MHTepBaa 49-59 °C.
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