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ABSTRACT

The precise dating of wooden elements from historical sites is possible with dendrochronological methods.
Usually tree-ring cores are extracted with increment borers and then analyzed. A specific problem might be the
lack of possibility to obtain such cores. This is the case with highly valued objects, as for example icons, paint-
ings and musical instruments. We tested an approach with making high-resolution digital photographs of the
back sides of icons in the church “St. Troitsa” in Bansko, Bulgaria. We later combined the images in one single
image per icon board and measured the tree-ring widths with the software CooRecorder. The procedure was
successful and up to the moment we were able to measure and cross-date 24 series from 7 icons. We consider
that fifteen of them were from wood of Norway spruce (Picea abies) or Fir (Abies alba) and the other nine were
from Macedonian pine (Pinus peuce). The first years of the dated tree-ring series from icons were between 1658
and 1734, while the last between 1783 and 1816. The used boards were from trees that were cut 30 to 50 years be-
fore the icon painting. We found that the boards used in 4 icons were probably from one spruce tree. Our work
demonstrates that measurement and precise dating of the sequences of tree rings is possible with the approach
of making high-resolution digital images.
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BbBegeHwue

B sonmute c sicHO M3paseH HeOAaronpusATeH Ce30H 3a pa3BUTIe Ha pacTUTeAHOCTTa
ABbPBECHITe pacTeHUs oOpasyBaT I10 eAJH roANIIeH IPBhCTeH pe3 JaleHa KadeHJapHa Iro-
AVHa. AHaTOMUYHMAT CTPOEX Ha IIpbCTeHa OTpassBa A0 TOAsMa CTelleH HaAUJHUTe pe-
Cypcu Iipe3 BpeMeTo Ha oOpa3yBaHe Ha IIpPbCTeHa I HaTpyHaHUTe IIpe3 IIpeAX0AHU Iepu-
oau 3anacu (Frits 1976). Twi1 KaTO Te 3aBUCAT B TOAsIMA CTEIIeH OT KAMMaTUYHNATE YCAOBIS,
KOUTO BapupaT CUAHO MeXAy 'OAMHIUTE, TOAUIITHITe IIPBCTeHN ca CBoeoOpaseH ,, apXus”
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Oop. 1. Ipouec Ha sacHemare Ha 2bpda HA UKOHA NO 6peMe HA PeCAaspauuoHHu padomu no Hes (cHuMKA
M. Ilanaiionos)
Fig. 1. Taking pictures of the back of an icon during restoration works (photo by M. Panayotov)

KAUMaTIJeH 3a MUHaAu repuoan. Tosa ce 1311o43Ba N3KAIOUYUTEAHO MHOTO B pejuIia 13-
cAeABaHIs 3a KAUMaTa Ha OTMIHAAM IIepUOAY, ICTOPMSTA U Pa3BUTIETO Ha €KOCHCTeMIU
u Ap. (Schweingruber 1996; Hughes 2002). ChiieBpeMeHHO BapMpaHeTO Ha IIVPOYNHIUTE
Ha FOAMIITHITE IIPBCTeHN, KOeTO e cienu(UIHO 3a AajeH PEervoH, Ieproj 1 AbPBeceH BIA,
II03BO/sIBa Aa Ce AaTUpaT YCIeITHO eAeMeHTH n3paboTeHn oT AbpsecuHa. ToBa e B OCHOBa-
Ta Ha IIMPOKOTO M3I0A3BaHe Ha 4eHAPOXPOHOAOTMYHN MEeTOAY 3a IPeIn3HO JaTupaHe Ha
apXxeoA0TMYecK! HaX0AKHU, YacT! OT Crpagu U APyTU ODeKTH, BKAIOUMTEeAHO U MY3UKaAHU
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MHCTPYMEHTH, KOUTO ChbAbpKaT eaeMeHTH oT AbpBo (Kuniholm et al. 1996; Therrell 2000;
Topham et al. 2000; Towner 2002;). B rakuBa cayyau uamepeHute npodu oT AbpBecHUTe
oOpasIu ce cpaBHsABAT C HAAMYHM 32 AadeH PeIvoH U BiJ XPOHOAOIUM (T.Hap. pedepeHT-
HI XPOHOAOTUM) OT IIMPOYMHI Ha TOAUIITHYU P'bCTeHN U 110 TO3M HauMH Ce OCBIIecTBsBa
IporeAypaTa Ha KpbcTocaHo datupase (Stokes, Smiley 1968), mpu KosTO ce ycTaHOBsIBa
KaJleHJapHaTa rognHa Ha popMupaHe Ha BCeKM TOAUIIIeH MpbeTeH. B cayuanTe, koraTto He
ca HaAM4HM pedepeHTHU XPOHOAOIUH, JaTMPaHETO MOXKe Ja Ce M3BBPIIM CaMO MeXAY
1pobuTe OT AaleH OOEKT M TOraBa € M3BeCTHO BPeMeBOTO I10A0KeHMe Ha BCSIKa OT Te3!
1podu cripsamo gpyrute. Tosa e U3BeCTHO, KaTo ,114aBamio datupase”. CpaBHUTEAHO TOY-
HO AaTupaHe BbB BpeMeBaTa CKaJa Ha TaKlBa IpoOu e Bb3MOXKHO Upe3 pajlo-BbraepojeH
anaau3 Ha C14, KoeTo O3UITMOHMPa Beue AaTHpaHUTe IIOMeXAY CU IIPOOY B OTHOCUTEAHO
TeceH BpeMeBu ITposoperr (Baillie 1995).

Crrenmduuen mpob4eM, ¢ KOMTO MOHAKOra ce cOABCKBAT M3CAeJ0BaTeAnTe Ha JCTO-
pudeckn 0OeKTI e HeBb3MOXKHOCTTa Ja ce B3eMe oOpasel] OT AbpBeH eAeMeHT, 3a 4a He ce
HapyIIM HeToBaTa II5110CT U CbOTBETHO MCTOopIJecKa CTorHoCT. [Tpumep ca mkoHn, KapTu-
HU U APYTU IIpejMeTH, 3a KOUTO e HeJOIyCTIMO B3MMaHe Ha IIpoda CbC CTaHAAapTHUTE 3a
AEHAPOXPOHOAOTMYHNTE U3cAeABaHIsA cBpesean. ChIleBpeMeHHO Te Y4eCTO ca CpeJ Hail-
3araseHuTe MPOU3BEAEHN Ha U3KYCTBOTO M MCTOPMYECK) ITaMeTHUIN B JajeH palioH U
TOYHOTO UM JaTUpaHe U AeHAPOXPOHOAOTMYEH aHaAM3 MOraT Aa AOIIpMHecaT He caMo 3a
oOoraTsBaHe Ha UCTOPMIECKOTO ITO3HaHIE, HO U 3a 3HAUNTEAHO YAbA’KaBaHe Ha HaANIHI-
Te A€HAPOXPOHOAOINH, KOETO Ce sBABa B IIOMOII] Ha peANIia APYTU HayIHU AVICLIUTIAVHA
(Westphal et al. 2010). Br3mosken 11o4xo/ B Tak1Ba cAydan e IIpeHacsHeTo Ha IpeameTa 40
AabopaTopus, B KOATO MMa 0OOpyJBaHe 3a M3MepBaHe Ha rOAUIIHM HpbcTeHn. Tosa, 3a
CbXKaJleHue, He BUHAIM e KeAaTeAHO MAY OChIecTBUMO. EAHO OT Bb3MOXKHIUTE pellleHns],
KOeTo e c1abo U3M0A3BaHo, e Ipenus3Ho ¢oTorpadupane Ha BUAMMUTE TOAMIITHY IIPBC-
TeHM U II0CAeABalllo M3MepBaHe Ha TeXHMUTe IIMPOYMHU IO IOAYy4eHOTO M300pakeHue
(mamtp. Mubhr et al. 2007; Klein et al. 2014; Helama et al. 2016). Yecro 3aTrpyaHenueTo e B
TOBA, 4e IIPBCTeHNTe Ca MHOTO TeCHM 1 3a oOXBalllaHe Ha Iis4aTa IIopejuiia € HeOOXOAMMO
Aa ce HaIIpaBsAT MHOXECTBO CHUMKM. B TakmBa caydam pasamku B obOxsaTa 1 (POKYCHOTO
pascTosHMe Ha OTAeAHUTEe CHUMKM MOXe Ja Ch3jalaT HeChbpa3MepHOCT MeXAy mso0pa-
JKeHIsATa U ChbOTBETHO Aa IpeAu3BMKaT Ipelllka IIpY U3MepBaHeTo Ha IMPOYMHNUTEe Ha To-
AUIITHUTE ITPBCTEHMN.

ITeaTa Ha HaCTOAIIOTO IIPOYYBaHe € U3MepBaHe U JaTHpaHe Ha AbpBeclHa, U303~
BaHa 3a HaIllpaBa Ha MKOHM, Upe3 IIpuJaraHe Ha MeToja Ha ¢ororpadcko 3acHeMaHe Ha
M3ydaBaHUTe OOEKTH.

J1aHHW 1 MeToan

3a o0eKT Ha M3cAelBaHETO M3OpaxMe HAKOAKO MKOHM OT MKOHOCTaca Ha IIbpKBaTa
,Csera Tponuna” B rp. bancko, bbarapus, kouto 0s1Xxa AOCTBIIHU 3a 3aCHeMaHe II0 BpeMe
Ha pecTaBpallMOHHU AeltHOCTH (00p. 1). XpaMbT e mtocTpoeH 1ipe3 1835 1. 1 ocBeTeH mpe3
1837 r. (Bacuaes 1965). datute ca oTrOeAs13aHM BbPXy KaMeHHU HaAIIMCK Hal TPUTe BXOJa
Ha xpama. Crpagara npeacrabasBa TpuKopaOHa IceBA00a3MAMKa ¢ IpaBObIbAeH I11aH C
pasmepnu 22/44 m u BucounHa 15 m. [TpocTpaHcTBOTO Ha Haoca e pa3geaeHo OT ABa peja
koa0HM. VIHTepmopsT Ha Xpama e OoraTto ykpaceH. VIkoHOcTachT ce ChbCTOM OT HAKOAKO
pesa MKOHM (ILlapcKuy, 1leAyBaAH!U U allOCTOACKM) U BIleyaTAsiBallla AbpBope3OeHa yKpaca ¢
rosaarta Hag, Tax. Criopeg M3KycTBOBeANTe ILAaCTUIHIUTE U IIBeTHU JeKOpally Ha MKOHO-
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Oobp. 2. I1pouec na sacnematie Ha
2p0 HA UKOHA HA UKOHOCHIAC U
susyarusayus na pomozpaderama
uncemarauus (cHumka M. I[1anaiiomos)
Fig. 2. Photo-camera setup and taking
photos of an icon situated in the
iconostasis (photo by M. Panayotov)

craca ca uspaborenn ot Beasn Oruenos (I'eprosa 2018). V3spaboTsaneTro Ha MKOHOCTaca e
AeAa0 Ha caeaHute maricropu: AuMutsp Moaepos (MKOHUTE OT HapCKIs pea U HAKOU MKO-
HI OT ariocToackus pea), Cumeon Moaepos (1o-roasmara 4acT OT UKOHUTE B alTOCTOACKMS
pea), Toma Bumanos (msikon Maaxu npasanynan nkonn), 'eopru C. Moaepos (1ieayBaanu
MKOHI Ha MKOHOCTaca) 1 Ap. (Bacuaes 1965; I'eprosa 1997).

3a 3acHeMaHe IToAOpaxmMe MKOHM, YMUTO HeoOMaszaH! I'pbOHN YyacTu Os1Xa C sICHO BU-
AuMU ToANIIHN IIpbcTeHn. [lo Bpeme Ha pecTaBpaliusTa Ha MKOHOCTaca Osixa ¢poTorpa-
¢upann nxkonure ,Csetu Aumurop” (1841 r.); ,,Csetnt Teogop” (1839 1.); ,,Ceetu I'eopru”
(1839 1.); ,,Bpskpecenne Aasapeso” (1839 r.); ,,Csetn VMana” (HenspectHa roauHa); ,Ceetu
EBanreancr Mareit” (HeusBectHa roausa); ,,Csetu Amoctoa SIKoB” (Hemu3BecTHa TOAMHA);
,Csetu Credan” (seposiTHO 1894 1.). B s0mrbaHeHNE cHUMaxMe U 400pe BUAUMU y9acThIIN
OT TOAMIITHY IPbCTEHN B KOHCTPYKTUBHIU eAeMeHT! Ha UKOHocTaca. JaTnpoBKaTa Ha MKO-
HITe e Ha 0a3a Ha M3INCAHM BBPXY TSIX TOAVIHU U IO cbOpaHu AaHHM OT A. Bacuaes (1965).

3acHeMaHeTO Ha M3OpaHUTE ydacThIy Oellle M3BBpIIeHO ¢ Iudpos PoToanapar
Nikon D300 n obexrus Micro — NIKKOR 55mm 2.8. 3a ocBeraenue Oelre M3I1043BaHa
eaexTponHa cseTKaBuiia Nikon SB 800. Ot pesyararture roaydyeHu npu mpoOHUTe 3acHe-
MaHMsI ce yCTaHOBH, Ye Hali-100pu pe3yaTaTu ce IoAydasaT IIpM HaCTpOJKM Ha OaeHaaTa
f/8 n ckopoct Ha 3aTBOpa 1/320 sec., KOATO e CMHXPOHHa 3a MoJeaa ¢oToarapar. 3a y400-
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O6p. 3. ITpumep 3a usmepearie 6 copmyeper naxem CooRecorder na wupouuru Ha 200ULLHY NPLCMeHU
710 CHCMABHO U300paetie 0m cHuMmKY om pvoHa uacm na ukona (Serll, uxona ,Cs. I'eopeu™) u xpoc-
damupane cnpamo opyza usmepena cepus (Ser§, uxona ,Ce. Jumumop”). [oprama wacm na padbommus
nposopel; NoKA36a CbCMAsHOMO U300paxerie u OmMemKume Ha panuyume Ha 200ULLHUTIE NPLCHIEHY
c nopedert Homep. JoAnama uacm na padbomuus nposopey, noKa3ea peoutyume om usmeperit WupouuHu
Ha 200UWHY NpCmeny Ha coomeemtama npooa (veper yesm) u pedepernmmama npoda (vepser 16sm) u
Yy cAeHume CMoHOCU HA KOpeAauuoHHume Koedpuiuermu mexdy déeme pedutiu 1o yuacmouu
Fig. 3. Example for measurement of tree-ring widths on an image (series Ser11) of the back side of the icon
“St. George” with the software CooRecorder. The crossdating is against the series Ser8 from the icon “St.
Dimitar”. The upper part of the window shows the image and the rings borders. The lower part of the
window shows the series of measured tree-ring widths (black colour), the reference series and the correlation
coefficients between both series

cTBO (poTOarapaTsT Oellle MOHTHpPAH Ha CTaTuB ¢ mmHa oT Makpo mex Nikon PB6. Iearta
Ha TO3M MOHTaX Oellle Ja ce OCUTYpU MaKCHMaAHO TOYHOTO IIpeMecTBaHe Ha pOKaaHaTa
paBHMHA CIIPsIMO 3acHeMaHuTe ydacTeiy (00p. 2). Tosu Meros 11o3BoAsBa 3acHeMaHe Ha
ropeauiia OT Kagpu, KOUTO BCAeACTBIe ce CheAMHsBAT ¢ roaxoadi copryep. [Tloaydenure
cae/ cheAVHABaHeTO Kaapu ca oT ntopsaabka Ha 12000 20 15000 ninkceaa 1o Abarara cTpaHa,
KOUTO JaBaT 4OCTaThUHO MH(POpMaLMs 3a U3II0A3BAaHETO UM IIPU CAejBaliute oOpadoT-
k. ITpean 3acHeMaHe BBPXYy ABCKUTe Oellle MpUKpeIlsTHA MepuTeAHa AMHISL C TOYHOCT 1
mm, KOSITO BIIOCA€ACTBIe CAy>Kellle 3a ITIoAIIOMaraHe IIpH CrA100s1BaHe Ha M300paskeHsITa
B €/HO ODIIIO 1 3a IIpoBepKa 3a e4HaKBOCT B MallladuTe Ha OTAeAHUTE CHUMKIA.
IToaydyenute mzo0OpakeHns Osxa CbeAMHEHU C TIOMOIITa Ha COPTyepHNUs IPOAYKT
Photoshop CS 6 (Adobe Inc.) 3a moay4yaBaHe Ha 00110 M300pa’keHNe Ha IIOCAeAO0BaTeA-
HOCTTa OT TOAUIIHYU IpbcTeHn. V3roassaHa e QyHKITNA 3a aBTOMaTUIHO CrA00sBaHe, IIpK
KOSITO OTAe/AHNTe ChCTaBHM M300pakeHus He ce ge¢popmupar (Reposition). Caea Tosa ms-
obpaxkeHUsATa Os51xa TpaHcpopMmupanu 40 pezoatonust ot 2400 dpi mpu criazsaHe Ha Marra-
6a. ITo Te3u m3obpaskeHus:, apes crernmaansupanara nporpama CooRecorder 7.6 (Cybis
Elektronik & Data AB) 6s1xa n3MepeHM IIMPOYMHUTE Ha TOAUIITHUTE IPBCTEHN C TOYHOCT
40 0.001 cm (0Op. 3). Iloaydyennte cepum OT IIMPOYMHU Ha TOAUIIHNATE IPBHCTeHN Osixa
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Wme Ha | WKkoHa/EnemeHT Obcka/ MNMocoka Ha BeposaTteH
cepua/ Icon/Wooden element Board 3acHemaHe AbpBeceH Bug
Series /Direction of |/Probable
images species
Ser1 [IAKoHCKa nopTa, AONHO NfIaTHO nABa LR PIPE
Ser2 [lAKOHCKa nopTa, AOTHO NNaTHO naBa RL PIPE
Ser3 JlAKOHCKa nopTa, AibCKa MeX[y ropHO 1 B PIPE
LOJNHO KpWo
Ser4 CB. CredaH AACHa LR PIPE
Ser5 tOXHO OT AAKOHCKa NopTa, MbPBO AONHO nAga RL PIPE
naaTHo
Ser6 tOXHO OT BAKOHCKa NopTa, NbPBO [OMHO nABa LR PIPE
nnaTHo
Ser7 tOXHO OT fAKOHCKa NopTa, MbPBO [OMHO nAga LR PIPE
nnaTHoO
Ser8 Ce. Jumntbp nABa LR PCAB/ABAL
Ser9 Ce. Anmuntbp JAACHa LR PCAB/ABAL
Ser10 Cs. Teopop naBa LR PCAB/ABAL
Ser11 Cg.eopru nABa LR PCAB/ABAL
Ser12 CB.eopru AAcCHa LR PCAB/ABAL
Ser13 Cs. boropoguua nqaBa RL PCAB/ABAL
Ser14 HonHo nnatHo nog nkoHa ,CB. boropoaunua” | naea RL
Ser15 CB. Bb3kpeceHune Xpucroso nABa LR PIPE
Ser16 CB. Bb3kpeceHune Xpucroso nABa RL PIPE
Ser17 CB. Bb3KkpeceHne XpurucTtoBo JACHa LR PCAB/ABAL
Ser18 Cs. Uinns OACHa LR PIPE
Ser19 CB. Nnua nABa LR PCAB/ABAL
Ser20 CB. inua nABa RL PCAB/ABAL
Ser21 Ca. EBaHrenuct Maren nABa LR PIPE
Ser22 Ca. EBaHrenucr Maren nABa RL PIPE
Ser23 Cg. EBaHrenuct Matenm JAACHa RL PCAB/ABAL
Ser24 Cs. Anocton flkos nABa LR PCAB/ABAL
Ser25 CB. Anocton AkoB naBa RL PCAB/ABAL
Ser26 Cs. Anocton flkoB JACHa LR PCAB/ABAL

Tabauya 1. 3actemu cepuu om CHUMKU.

3abeaexka — nocokama na exedarie e om pvonama cmpanad. Vsnoassanu coxpamerus: LR —nocoxa na

sacremare om As60 Hadsicho; RL — nocoxa na sacemarie om dsicho Harsi6o; TB — nocoxa na sacnematre om
2ope nadory; PIPE — 6aaa mypa (Pinus peuce Griseb.); PCAB/ABAL — oouxtoser cmopy (Picea abies Karst)
uAu obuxrosena era (Abies alba Mill)
Table 1. Series of images

Note: The direction of looking and taking the photos is from the back side of the icons; Used abbreviations:
LR — image direction from left to right; RL — image direction from right to left; TB — image direction from
bottom to top; PIPE — Macedonian pine (Pinus peuce Griseb.); PCAB/ABAL — Norway spruce (Picea abies

Karst) or Fir (Abies alba Mill)

KpOC-JaTUpaHU TTIOMEeXAY CU U CIPAMO pedepeHTHNU XPOHOAOTUM OT OOMKHOBEH CMBPY
(Picea abies Karst) ot pesepsat [lapanraaumna (Panayotov et al. 2011) u 6s12a mypa (Pinus
peuce Griseb.) ot bprAepumkara goaHa (Panayotov et al. 2010) upe3 momorra Ha coPpTy-
epHusa npoaykt CDendro 7.6. (Cybis Elektronik & Data AB). Boaemiu kpurepun 3a aatu-
paHeTo Os1xa OTHOCUTEAHUAT MepuoJ Ha usorpadrickaHe Ha MKOHUTE ¥ CTaTUCTIIECKOTO
CXOACTBO MeXAy ChbOTBETHUTE U3MEPEeHN PeAUIN OT IIMPOYNHI Ha TOANIIIHY IPBCTEHN U
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pedepeHTHNTE XpOHOAOTUM. 3a M3CAeABaHe Ha CTaTUCTUUECKOTO CXOACTBO Os1Xa M3I10A3-
BaHI HAKOAKO pa3ANdHM TecTa. Bogeru Gsixa kopeaalnnoHeH KoedpuuyeHT Ha IInbpcbH
(CorrC) n cneumuunms 3a nporpamara TTest koepuiineHT nsumcaen no gpopmyaara:

TTest = c*sqr((n-2)/(1 - c?)),

KbJETO:

¢ e KopeaanuoHeH KoepuuHeT 110 [InbpcbH,

n e OpoJi NPUIIOKPUBAIIU Ce TOAVHI OT ABeTe CpaBHsBAaHU CePuU,

sqr e chbKpallleHle 3a KBagpaTeH KOpPeH,

Kato aombaHnuteseH xoepuIiMeHT e m3dyucaeH T.Hap. nokasatea Gleichldufigkeit,
KOJTO M3paszsBa CXOACTBO MeXAy TeMIIOBeTe Ha HapacTBaHe U CIlaJaHe Ha IIMPOYMHUTE
Ha TOAMIITHUTE IP'bCTEHN B OTAEeAHU IepuoAu Ha Ase cepun (Schweingruber 1988). Bena-
K U34MCAeHNs ca HarpaBeH! B codpryepHust makeT CDendro, kato rnoseue mogpoObHOCTI
3a MeToAUTe Ha M3UNCAsABAHE Ha IOCOYeHNUTe KoepUIIVEHTN MOXKe Aa ce HaMepsT B Ch-
I’bTCTBAlllaTa IIporpamara goKyMeHTarus. OcBeH OOIIIOTO MeXXAy LieAuTe ABAXKVHU Ha
cepuuTe € M34NCAeH KOopeaallyiIOHeH KOoe(pUIIVIEHT I 3a CXOACTBO Ha 00KOBe OT cepuuTe C
AbAXxyHa 1o 50 roanHn.

Pesyntatn

3acHeMaHe Ha MKOHUTE I M3MepBaHe Ha I1I0Ay4YeHNUTe cepun

Hamnpasennu ca 06110 176 nsoopaxkenus. OT Tax ca crao0eHn 25 msoOpa’keHUs Ha
ABCKI, Ha KOUTO BIIOCAeACTBIE Ca M3MePeH! IMPOYMHNTE Ha TOAUIITHITE IPBCTeHN (TabA.
1). Hacr ot nsoOpaskeHmsATa ca OT pa3ANMYHI IIOCOK!U Ha e4Ha U ChIlja AbCKa, II0paAll KOeTo
Ipu caeABally 0OpabOTKM e U3I10A3BaHa caMO e4Ha OT II0A00HN ceput.

[latvipaHe Ha 13mepeHu cepunm

KbM MOMeHTa Ha ITOArOTOBKa Ha AOKJaja ca gaTupaHm 24 cepmy, Kato 15 oT Tax
BePOSATHO ca OT AbpBecrHa OT OOMKHOBeH cMbpY (Picea abies) man oouxHoBeHa eaa (Abies
alba), a apyrute 9 ot 6514a mypa (Pinus peuce). Te ca or 7 pasanmunyu ukonu. OT Te3u cepun
10 ca ayGampamiu ce 1o ABoyiku ot 5 abcku — Serl u Ser2, Serl5 mu Serl6, Ser19 u Ser20,
Ser21 n Ser22, Ser 24 u Ser25, xato Serl u Ser2 He ca ot ukonu (tada4. 1). I'lo Tasu npuunna
6 OT IPUITOKPUBAIIIUTE Ce CepUM He ca pasraejaHy B cAeaBalius TekcT. EauMmuHmpana e
u cepus Serl7 nmopaau gbaxuna ot 40 TOAUMHN U peaaHO ChIECTBYBaIl] PUCK OT IPEIIHO
AaTtupate. [Ipodure oT cMBbpu/eaa ce xapakrepusupaxa C IO-IIMPOKN U SICHO BUAVIMIU TO-
AUIIIHY IPBCTEHN, XapaKTepHH 3a BTOpMYHaTa AbpBeciHa Ha Te3u Buaose. I1pu Tsx aurca
Ha IIPBCTEHM B M3MepeHNTe Cepui ce yCTaHOBU caMo 2 mbTu. ITpobute ot 65142 Mypa ce
XapakTepusupaxa C HaAM4MeTo Ha U3KAIOYNTeAHO TeCHI IIPbCTeHN U IIPU TAX AaTUpaHeTO
Oe Mo-TpyAHO 1 HEHaAeKAHO.

JaTupaHuTe cepun OT OOMKHOBEH CMBbPY ca C Ha9aAHU TOAVMHN MeXAy 1667 1. u 1734
I. 11 KpaiiHy roanan MexAay 1783 r. m 1810 r. (taba. 2, 06p. 4). IToseuero ot cepuure (9 ot 13)
IIOKa3BaT U3KAIOUUTEAHO BMCOKO CXOACTBO, KOETO € HeoOMJallHO 3a cepuu OT OOMKHOBEH
CMBPY 1AM OOMKHOBeHa eaa (KopeaarinonHy koepuuyenTn CorrC > 0.7, TTest >9, taba. 2)
U TI0 Ta3y IpUYMHA CIUTaMe, 4e Te ca OT AbCKM, U3paboTeHN OT e4HO U ChIo AbpBO. ToBa
ca cepun c Homepa 8, 9,10, 11, 12, 13, 14, 19 u 20 ot ukonure ,,Cs. Aumursp”, , Cs. Teogop”,
,CB.T'eoprn”, ,,Cs. boropoaumna”, u ,,Cs. Vansa”, xouto ca nsorpadpucanu Mmexay 1839 r. u
1849 r. (Taba. 3).
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KopenaumnoHeH koedunumeHT CorrC no 61oKkoBe GLK
? " CnpAmMo ocTaHanuTe cepun/

= s . Correlation of tree-ring series segments against

s o s other series

s © =%
< s |28 (0%
a = % v |89 95 |5 R 1660- | 1680- | 1700- | 1720- |1740- | 1760- | 1780-
oK |lEC |ES |[B=2 |U ~ 1669 |1719 (1739 (1759 |1779 [1799 (1819
Ser8 |1685 (1807 (123 |0.85 [17.4 0.88 (092 |0.89 (0.78 |068 [0.63 (0.8
Ser9 |1691 [1801 [111 0.87 |18.1 0.91 (092 |064 (062 |0.76 |[0.75 |0.86
Ser10 | 1703 |[1788 (86 0.73 |9.8 0.64 |0.75 |0.7 0.77 0.8
Ser11 |1684 (1783 (100 |0.81 [13.8 0.9 0.88 |0.85 |0.79 |[0.77 0.76
Ser12 | 1727 1810 (84 0.73 |9.7 0.69 (084 |0.79 (0.72 |0.83
Ser13 11692 (1807 [116 |0.83 |[15.5 0.86 |0.87 |0.82 |[0.77 |0.65 |0.61 |[0.75
Ser14 (1698 (1801 (104 |0.85 |[16.3 0.77 |0.77 |0.83 [0.84 |(0.77 |0.77 [0.81
Ser19 |1667 1793 (127 |0.78 [134 |(0.74 |0.86 |0.8 0.86 |09 0.81 0.79
Ser20 | 1674 1795 (122 |0.75 |[124 |0.77 |09 0.91 |0.74 |0.73 [0.87 0.83
Ser23 | 1734 |[1801 |68 046 |4 0.27 |0.23 |038 [0.35 |0.66
Ser24 (1712 |1795 |84 0.41 4 032 (043 |042 |045 0.6
Ser25 | 1717 [1799 |83 036 |34 043 |042 |04 0.27 0.65
Ser26 | 1717 [1797 |81 0.55 |59 043 |053 |037 (041 0.68

Tabauya 2. Obugu dannu 3a ObAKUHAMA HA USMEPeHUme cepuu om 00UKHO6eH CMbPY U KOPeAAlUoHHU e
koepuyuenmu mexoy max. Coxpaujerus: CorrC — Kopeaavyuoten xoedpuvuerm na ITuvpcon cnpamo
ocmanaiume cepuu; TTest — TTest koepuvuerm cnpsamo ocmanarume cepuu; GLK — Gleichliufigkeit
Koeguiuerm
Table 2. Data for measured series from Picea abies and the correlation coefficients between the series.
Abbreviations: CorrC — Correlation against other series; T'lest — T'lest against other series; GLK —
Gleichliufigkeit coefficient

Taxa gaTmpaHnTe MOMeXXAy CU CepUM Ca CpaBHEH! C perroHaAHa XPOHOAOIUS OT
MHO>K€eCTBO XIBI AbpBeTa OT OOMKHOBeH cMbp4 OT pesepsart [lapanraaniia Hag rp. baaro-
eBrpa/ (Bb3AyIIHO OTCTOSIHIE OT CMBbPUOBUTe ropu Hag rp. bancko okoao 32 km) u ¢ xpo-
HoAOTMsA OT Os14a Mypa oT bbHaepuikaTa 404AMHa Hag baHCKO 1 IO TO3M Ha4MH € U3BBP-
I1IeHO aDCOAIOTHOTO JaTHpaHe, IIOCOUYeHO Upe3 HadaAHUTe U KpallHU KadeHAapHU TOAVHA
B TabA. 2 1 TabA. 3. AGCOAIOTHOTO JaTHpaHe ce Da3ypa Ha I'bPBOHAYaAHO AaTUpaHe MeXAY
IIpoOuTe KaTo ITbpBa CTBIIKA, a CAe4 TOBAa Ha JaTypaHe Ha CepuM C BUCOKa KopeaAamus ¢
OcTaHaAUTe IIPOOU CIIPSIMO perroHaAHa XpPOHOAOT s KaTo BTOpa cThIIka. KopeaarnmonHu-
Te KoePUILMEHT MeXAYy U3MepeHIUTe Cepu U peroHalHaTa XpOHOAOIVSI OT OOMKHOBEH
cMbpY ca Hali-Bucoku 3a cepun 8 (0.39), 9 (0.42), 12 (0.39), 13 (0.55), 19 (0.39), xouto ot cBos
CTpaHa ce gaTupaT MHOTO 400pe ¢ ocra"aanuTe mpodu (tada. 2). Kopeaaunonaure koedpu-
LIMeHTU CIIPsAMO XPOHOAOTHATa OT Os14a Mypa ca Haii-Bucoku 3a cepun 1(0.37), 22 (0.32), 7
(0.26), 21 (0.24), xaTO OT TsX OT UKOHU ca cepuu 21 n 22.

AatupaHnute cepun ot 0s11a Mypa ca ot ukonure ,Cs. VMansa” (Serl8, aarupana Ha
oOxBamaia nepuog 1702-1838 r.), ,,Cs. Epanreancr Mateitr” (Ser22, oOxsalaia mepuoz
1658-1792 r. m ayOaupainia s cepus OT cblllaTa Abcka Ser21 (1658-1815).

JaTupaHuTe KOHCTPYKTUBHM eldeMeHTu oT Os14a mypa (Serl, Ser2, Ser3, Ser5, Ser7)
ITOKa3BaT KopeaAannoHHN KoepunueHTN Bapupaiu Mex Ay 0.22 1 0.37 ¢ xpoHOAOTHATa OT
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Ser25

Ser26

Ser19

Seri12

Ser11

Ser10

Mupeckecuparu cepum / Indexed series

EnHo abpeo / One tree

Ser9

Ser8

Ref

1680 1700 1720 1740 1760 1780 1800 1820
logunHal/ Year

Oop. 4. Vsmepetiu cepuu om 00uxHoseH cmvpy om dveku om ukonu 6 yoprea Ce. Tpouna. C
NPAasovbZLAHUK Ca 02padeH cepuil, KOUmo 6eposmmo ca om dveku om eoHo 0vpeo. Msnoassanu
cokpamerus: Ref — Pedeperimma xpororozus om oburrosen cmvpy (Picea abies Karst) om Ilaparzaruua
Fig. 4. Measured series of tree-ring widths from Norway spruce (Picea abies Karst) from icons in the church
St. Troitsa in Bansko. The rectangle unites series which are probably from boards of the same tree. Used
abbreviations: Ref — Reference chronology from Picea abies from Parangalitsa reserve
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Homep Ha
loavHa Ha cepna ot fonuHa Ha logvHa Ha 06w 6pon
3aCHeTn 1 MbPBU roauLLEH
MkoHa/ nsorpadurceaHe nocnepeH rOAMLLIHN
n3mepeHn npbcTeH/
Icon Ha MKoHaTa/ : roguLleH npbcTeHn/
. roAuvLWHN First year
Year of writing h npbCcTeH/ Total number of
. npbcTeHn/ of tree-ring .
of the icon T . . Last year tree rings
ree-ring series sequence
number
Co. Mo 1841 Ser8 1685 1807 122
' P Ser9 1691 1801 110
Cs. Teopop 1839 Ser10 1703 1788 85
Ser11 1684 1783 99
Ce.Tleopru 1839
Ser12 1727 1810 83
Ser13 1691 1807 116
Cs.boropoguua | He3zanucaHa
Ser14 1697 1801 104
Bb3kpeceHue 1849 Ser15 1668 1815 147
JlazapoBo Ser16 1665 1816 151
Ser19 1667 1793 126
Ce. Unna 1838
Ser20 1674 1795 121
Ser21 1658 1815 157
Ce.Esanrennct | anmcana Ser22 1658 1792 134
Maren
Ser23 1734 1801 67
Ser24 1712 1795 83
Ce. gzg;m” He3arnucaHa Ser25 1717 1799 82
Ser26 1717 1797 80

Tabauya 3. AvAxuna Ha cepuume om 200UULHU NPOCHIEHY 011 CoOMEEMHU UKOHU U HAYAAHU U KPATiHU
200UHU 10 MeKyuLo abcorromio damuparie
Table 3. Length of the measured tree-ring series from the icons and the first and last years, according to the
current absolute dating

6s12a mypa. I1pu Tsx MHOTO 400pe ce gaTupar MO-paHHUTE TOAVHN, KOUTO ca IO-IINIPOKI,
110-200pe BUAVIMI U C ITI0-MaAKa BepOsTHOCT 3a He 40CTaTbYHO 400po n3MepsaHe. I1pu cer-
MEHTHU B Te3M IO-paHHU TOAVMHI KopeAalunTe ¢ pepepeHTHaTa XPOHOAOTIs OT Os14a Mypa
aocturat 4o 0.50. Haii-ctapu roguiinam npbcreHn ca Haamdnu npu Ser3 (1582 1.), xosito e
OT KOHCTPYKTMBHA AbCKa B AsJKOHCKaTa IopTa.

[vickycura

1. 3acHeMaHe Ha UKOHMITe, CIA00s1BaHe Ha cepuUmTe OT CHUMKIU I AaTHpaHe Ha U3Me-
peHuTe peAnIu

TecTBaHMAT OT HAaC MeTOZ 3a 3aCHeMaHe Ha OTKPUTY TPBOHM YacTy Ha MKOHU U KOH-
CTPYKTUBHIU €1€MEeHTH € yCIIeITHO pnAoXuM. I1pu criasBaHe Ha ycA0BHUATa 3a 3aCHEMaHe
C egHaKBO (POKYCHO pa3CTOsIHIE MeXXAY OTAeAHNTe CHUMKM OT JaJeHa cepusl U HaAndie Ha
pedepeHTHa MepHa AMHIL, IT0CAeABAIIIOTO ChOMpaHe Ha CHUMKITe B 001110 M300paskeHne
€ CpaBHUTeAHO JecHa orepans. V3roassaHeTo Ha crieniuaausyupas copryep 3a CheAVHsI-
BaHe Ha CHIMKI, KOWTO AaBa Bb3MOXKHOCT Ja ce gepUMHMpPAT KAIOUYOBM TOUKU 3a ITpolieca
Ha chOMpaHe Ha ChbCeAHM CHMMKI 0e3yCA0BHO OM yAeCHIA Ta3y Orlepaliisl U B TO3U CMIChA
e npenopbunTeaHo. buxme nckaan ga oObpHeM BHUMaHNe, Ye IIPelM3HOTO Che AMHsBaHe
Ha CHMMKHTE e OT KAIOYOBO 3HaueHle 3a YCIIeIIHO I10CAeABalllo JaTupaHe Ha IIpoOuTe.
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I'pemiku B Tasu paza MoKe ga IIpeAU3BUKaT 3arydaTa Ha TOAUIIHN IIPBCTEHN OT U300pa-
JKeHIEeTO AU ITOBTOpeHNe Ha TaKuba. AKO TOBa ce CAy4M C eAUH 40 ABa IIPbCTeHa B JajeH
y4acTbK, I10CAeABal[OTO OTKpUBaHe Ha IpelllkaTa e CpaBHUTEeAHO AeCHO IIpU IpoliedypaTa
Ha Kpoc-gaTupHe. AKO oOade ITOAOOHM TPeIIKN ca HaAMYHI Ha HAKOJAKO MecCTa B cepusiTa,
AaTUpaHeTo Ha M3MepeHaTa peAulia OT IIMPOYNHM Ha TOAUIIIHN IPBCTEHN MOXKe Ja e He-
Bb3MOXKHO 1A HeIIpaBUAHO.

JaTupaHeTo Ha U3MepeHUTe cepul OT CHUMKM Oellle CpaBHUTEAHO Oe3po0.1eMHO
IIpY CepUMUTe OT CHUMKU OT ABCKU OT OOMKHOBEH CMbpY 1AM OOMKHOBeHa ea. Te ce xapak-
TepusupaT CbC CPaBHUTEAHO ITMPOKU I'OANIIHY IIPBCTEHN, KOETO yAeCHsABa U3MepBaHeTo
Ha ITP'bCTEHUTE I10 ChCTaBeHOTO n3o0pakeHne. OOpaTHO, U3KAIOUUTEAHO TeCHIUTE PbCTe-
HIU 1Ipu Os14aTa Mypa 4ecTo Os1Xa TPyAHO pa3AnduMy Ha nsoOpakenus:Ta. [To tasyu npran-
Ha IIPU M3MepPBaHeTO M € Bb3MOXKHO 4a ce IIPOITyCHe eAVH WAV HAKOAKO IIPbCTeHa, KOeTO
3aTpy4HsBa I10CAeABalllOTO JaTUpaHe Ha M3MepeHUTe peAUIU OT IV POYMHI Ha TOAUIITHA
IIPBCTEHI.

B cayuas c usmepenure cepun nmpolieAypara Ha gaTupaHe Oellle Hali-AeCHa IIpU ITbp-
BOHa4aAHO 130upaHe Ha 400pe n3MepeHa U A0CTaThbuHO AbATa Cepus 3a OCHOBHA TaKaba,
C KOSITO Ca CpaBHsIBaHU OCTaHaaAuTe uaMepenu peaunu. Caes KaTo HaAUMYHUTe cepum Osxa
JAAaTHpaHU TIOMeXAY CH, Te Os1Xa AaTUpaHU M CIPAMO obIrara pedpepeHTHa XPOHOAOT.
ITo To31 HauMH Ype3 abCOAIOTHOTO 4aTUpPaHe Ha e4Ha UAN HAKOAKO cepum 0s1xa HageXXAHO
AaTUpPaHU U OCTaHAAUTe.

IIpoGaemu ipu gaTMpaHeTO MOXKe Aa Bb3HUKHAT B HAKOAKO caydas. [IbpBuaT Bb3-
MOXKeH Ipo0aeM e npu npekaaeHo Kbcu cepun (40 30—40 roaunn). [Ipu cpaBHsBane Ha
TaK/Ba CepUM C OCHOBHATa cepusl nAu ¢ pepepeHTHaTa XPOHOAOIUS MOXKe Ja ce IoAydaT
A00pu gaTupaHNs Ha HAKOAKO MecTa. 1o Tasu npuunna 3a abcoa10THO gaTupaHe Ha IIPO-
Oara e HEOOXOAMMO Ja e HaAuYHa U AOI'bAHNUTeAHa MH(pOpPMalNs, HallpuMep OT BbIe-
POAHO gaTupaHe Ha cerMeHT OT Hes. ITpeaBua BrucokaTa 1ieHa Ha BLIA€POAHOTO gaTUpaHe
U BepOSITHOCTTA OT HAKOAKO AATUMPOBKM M IIPU HEro, 1oj00eH I0AX04 e OllpaBdaH caMo
IIpY MHOTO I]eHHM ODeKTH, 3a KOUTO HsIMa BBb3MOXKHOCT Ja Ce MOAy4Yl Apyra AaTHMpOBKa.
B Takmsa caydam mak TpsiOBa ga ce M3II0A3Ba Taka HapedeHMs I10Axo4 wiggle matching
(Galimberti et al. 2004).

Bropu Bb3MosKeH ITpoOaeM IIpu AaTUpPaHeTo e OT HaAu4dye Ha A0KaAHO AUIICBAIlN B
cepumTe OT CHUMKM ITp'bcTenn. Kakro Beye e KOMeHTIpaHO, ako Te ca ce I10Ay4IAN Iopa-
AV TpelllKa IIpY CTrA005BaHeTO Ha CHUMKMITE B OOIT0 N300paskeHne, OTKpMBaHeTO MOXe Aa
e Tpy4Ho. Brripekn ToBa Ipu rporieaypaTa Ha Kpoc-JaTupaHe TaK/Ba IIPBCTEHN ce OTKpU-
BaT O4arogapeHne Ha pasMMHaBaHe Ha 400pe gaTupaniy ce CerMeHTH C eAHa MAN IToBeJe
TOAVHM ChOTBETCTBAIIM Ha OpOs AMIICBAIIN ITPhCTEHI.

Tpertu Bb3MoOXeH TpoOaeM e Ja ce pa3unMTa caMO Ha Hali-BMCOKOTO CTaTUCTUIECKO
CXOACTBO, YCTaHOBEHO OT COPTYepHIs IPOAYKT. EcTecTBOoTO Ha M3uncasBaHe Ha KOpeaa-
IIMIOHHM KOe(PUIIMEeHTH e TaKOBa, e € Bh3MOXKHO BIUCOK KOpeJalloHeH Koe(pUIIMeHT 4a He
OTpas3sBa Hall-IIPaBUAHO gaTUpPaHe, a 4a e pe3yATaT Ha CAy4daiiHO cxoAcTso. ITo tasu npu-
41Ha BoJela TpsiOBa Aa e obmaTa mHpOpMas 3a IpUOAN3NTEAEH IEPUO Ha IIPOU3X0J,
Ha MaTepuada U BU3yaAHOTO CXOACTBO B TeMIIa Ha PacTeXX Ha OTAeAHUTEe AbpBeTa, KOeTo e
B OCHOBaTa Ha KAaCM4YecKIsl MeTo4 Ha Kpoc-gatupane (Stokes, Smiley 1968) u saeaHo ¢ Tsx
U3I10A3BaHeTO Ha CTaTUCTUYECKUTEe ITI0Ka3aTeA.

2. ADCOAIOTHO gaTupaHe Ha M3I10A3BaHUTe 3a HallpaBaTa Ha MKOHUTE AbCKI

JaTupanute 40 MOMeHTa IIpoOM MOKa3BaT, ye I0CAe HIUTe HaAUMIHY TOAVHU Ha I10-
BeYeTo AbCKM Ce gaTupat Ha 0K040 29 40 56 roauHu 1ipeau n3paboTsaHe Ha UKOHUTe. Pa3-
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AVIKaTa B TOAMHITE BePOSATHO ce AbAXKM Ha HAKOAKO mpuunHu. Ha mbpBo MACTO AbcKuTe
ca 00paboTBaHM ITPU KOETO Ha HAKOM OT TsX Ca OTHETH JacT OT TOAMIITHUTe ITpbcTeHn. ToBa
MOKe Ja TpeAN3BIKa pa3AnKa MeXXAy pealHNTe HaAMYHY IT0CAeAHY TOAVHIITHY TP bCTeHN
Ha JaJeHa AbCKa CIIpsIMO TOAMHATa Ha OTCMYaHe Ha AbPBOTO OT OllpejeleH Opoil TOAVHI,
3aBlICeIN OT TOBAa KOAKO Marepuaa e oTHeT. Takasa cuTyamus e BUAHA BKAIOUUTEAHO OT
cepuu OT U3MepBaHIs OT e4Ha U ChbIlla AbCKa, HO OT pa3AMIHUTe 11 cTpaHn. B Takusa cay-
Jau LIeHThPBT ChBI1aja, HO B KpallHNUTe TOAVHI MOXKe Aa MIMa pa3ArKa MeXAy HaAd1eTo
Ha nnpbcreHn. [Tpumep 3a ToBa ca cepunu 21 1 22, KOUTO ca OT eaHa AbCKa, HO ABe pa3And-
HI TIOCOKM Ha 3aCHeMaHe U M3MepBaHe I Ma pasAnKa 17 roauHu B KpallHUTe HPBbCTEeHN.
MuTepecHo e, ye BepoATHO 3a 5 ot ukonure (,Cs. Aumursp”, ,,Cs. Teogop”, ,,Cs. I'eoprn”,
,CB. boropoanua” u ,Cs. Mlana”) ca nsnoassanu AbCKU OT e4HO U CbIO AbpBO. ToBa e
OOSICHMMO KaTo ce uMa IpeABiud, de 30rpadspT (BeposATHO AuMNUThp M0AepoB) e IposBIA
BHIMaHIe KbM KadecTBOTO Ha MaTepuasa. [1o Tasu npmumnHa, ako AbCKIUTE OT 4a4€HO ABP-
BO ca O1AM ¢ 2000 KauecTBO e OOsACHMMO Te Aa ca U3II0A3BaHU 3a HAKOAKO pa3ANIHN VKO-
Hu. O111e moBeve, ye B cAydas e MMalo HeOOXOAMMOCT OT mu3orpaducbaHe Ha roAsm Opoir
MKOHM 3a KpaThK IIepuro/ OT BpeMe, 3a 4a Obae 3aBbpllleHa yKpacaTa Ha MKOHOCTaca M 13-
BBpPIIEHO AbATOOYaKBaHOTO OT HaceAeHMeTo Ha Ip. baHcko ocsemasane Ha xpaMma. Chille-
BpeMeHHO TpsI0Ba Ja ce oTyeTe 1 (pakTa, 4e Py HaAM4uMe Ha II0AXOASAIIN IIO-CTapy ABCKI,
MaliCTOpuTe ca M311043BaAn U TaX. ToBa e 00sACHMMa ITpaKTMKa KaTo ce MMa IIpeaBug, Je
A00Ope n3CyIIeHNns AbpBeH MaTepua e ¢ II0-MaJAKa BepOsITHOCT 3a AepopManiuy Ipu odopa-
OoTka 1 ynnorpeda 1 BKAIOUMTEAHO U B AHEIITHO BpeMe MHOTO MaliCTOPU 'O IIpeAIiodnTaT
IpeJ M3CyIIeHNs B CYIINAHN MHCTalallui IpeceH MaTepuad.

ITbpBUTe TOAMHM Ha JaTMpaHUTe ABCKM ITOKa3BaT BeposiTHa Bb3pacT Ha AbpBeTaTa
oT KouTo ca 4006utn ot Hag 100 roamnn (cpeano 109 roamuiHy mpbcreHa, MUHUMYM 67
IpbcTeHa, MakcuMyM 157 mipberena). Tosa e odyaksaHO, IIpeABi OOMYaIHUTE pasMepu
Ha AbpBeTa OT CLOTBETHUTE BUJOBe. 3a AOCTUTaHe Ha AOCTaTBhYHIU pasMepy 3a Halpasa
Ha KauyeCTBeH! ABCKU UTA0AVICTHUTE BIAOBE B €CTeCTBeHU TOpU ce Hy>KaaAT oT Hag 80-100
roauHn pactex. Tpsabsa ga ce nma npeasnd, 4e Thil KaTo € pabOTeHO C ABCKM, TP KOUTO
MOXKe Ja AUIICBAT KaKTO BBHIIIHU y4acTbIM OT TOAUIITHUTE IIP'bCTEHN Ha ABPBOTO, TaKa I
BBTPEIHN y4acThIU, peaJAHNsAT Opoil TOAUIITHY IIP'bCTEHN B ABCKUTE € ITI0-MaAbK OT pea-
HaTa Bb3pacT Ha AbPBOTO, OT KOeTO ca A00UTIH.

3aKyeHne

Ha 0Oasa Ha nmoaydyeHuTe pe3yATaTty cauTaMe, ye JaTpaHeTO Ha AbPBEeHU eA1eMeHTH
OT MICTOpMYECKM OOeKTU e Bb3MOKHO Upe3 AeHAPOXPOHOAOTMYEH aHaAM3 Ha U3MepPeH! I10
1300paskeHNs C BICOKA Pe30AI0LN TOAUIITHY HpbcTeHn. ODeKT Ha HaCTOSIIIOTO M3CAeA-
BaHe ca IpbOHITE YacTy Ha MKOHU OT ITbpKBaTa ,,Cs. Tponna” B rp. bancko, kouto Os1xa 3a-
cHetHu ¢ 11 poB PoToanapat IpH BICOKA Pe30AI0LNsA C PUKCUPAHO POKYCHO pa3CTOsHIE.
3a m3MepBaHe Ha TOAMIITHUTE IPBCTEHU I10 M300pakeHNsTa U3I0A3BaxMe Crelalnsn-
panusa codpryep CDendro 7.6. [IponieaypaTa Oeltre ycrieriiHa 1 KbM MOMEHTa ca M3MepeH!
U gaTupanu 24 cepum oT 7 MKOHM, KaTo 15 OT TsX BepOsATHO ca OT OOMKHOBeH cMbpu (Picea
abies) mau oOukHOBeHa eaa (Abies alba), a Apyrute 9 ot 6s1aa mypa (Pinus peuce). datupanu-
Te cepuu IIOKa3Bart, ye 3a M3pabOTBaHe Ha MKOHUTE ca M3I10A3BaHM ABCKM, KOUTO ca OT AbP-
BeTa Aooutn Mexay 30-50 roaunm npean n3padborBaHe Ha MKoHuUTe. Ilpy ner pasanynn
MKOHM YCTaHOBMXMe, 4e BePOsITHO ABCKIUTe ca u3paboTeHn oT e AHO AbpBo. ToBa rpoyusaHe
II0Ka3Ba, Yye 4eHAPOXPOHOAOIMYHUAT METO/ € YCIIeIIHO NPUAOXKUM P HaAu4due Ha OT-
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KPUTU AbPBEHM 4acTy C SICHO BUAUMY TOAMIITHY IPbCTEHM, KOUTO MOTraT Aa ObaaT 3acHeT!
U AMPEKTHO BbPXY IPOy4YBaHMs 00eKT, 0e3 HeoOXOAMMOCT OT HETOBOTO IIpeMecTBaHe.

brnarogapHocTy

buxme nckaan ga nskaxxem 06aarogapHoctu Ha pecraspatopure Jooen Koaes, Hu-
koaai1 Yoaakos u Maptun Jobpes, KOUTO HM ChAeliCTBaxa 3a OCUTypsiBaHe Ha AOCTBII
1 3acHeMaHe Ha MKoHute. PaboTaTa e moArioMorHaTta oT ObArapo-IBeiapcKy IIPOeKT
IZEBZO_143109 u npoexr INFRAMAT (IIMC 354/29.06.2017 u aorosop ¢ MOH A01-
155/28.08.2018).
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Dating icons by analysis of images of wooden parts
obtained with high-resolution digital camera

Momchil Panayotoy, Velislava Shishkova, Alexander Vatov
(summary)

The precise dating of wooden elements from historical sites is possible with dendro-
chronological methods. Usually tree-ring cores are extracted with increment borers and
then analyzed. However, sometimes it is not possible to obtain such cores. Usually these are
highly valuable objects, as for example icons, paintings and musical instruments. We tested
an approach of making high-resolution digital photographs of the back sides of icons in the
church “St. Troitsa” in Bansko, Bulgaria. It was built in 1835 and consecrated in 1837. The
interior was richly painted. The Iconostasis and its large icons are very impressive. They
were painted by the famous masters Toma Vashinov, Dimitar Molerov, Simeon Molerov
and Georgi Molerov.

We took images from the back sides of the icons and other wooden elements from the
Iconostasis. We used digital camera Nikon D300 fitted with Micro — NIKKOR 55mm £2.8
Lens (fig. 1). The proper light conditions were insured by using Nikon SB 800 speedlight.
The camera was attached to the rail of Nikon PB6 bellows that insured constant focus. The
obtained high-resolution images were then stitched with Photoshop CS 6 (Adobe Inc.) us-
ing the Reposition function. The whole images of the tree-ring series were then resized to
have resolution of 2400 dpi and then the tree-ring width series were measured and dated
with the softwares CooRecorder 7.6 and CDendro (Cybis Elektronik & Data AB) (fig. 3). The
relative dating between the series was done based on statistical parameters (Pearson cor-
relation test (CorrC), TTest and Gleichldufigkeit) calculated by CDendro and also by visual
comparison of the patterns of narrow and wide tree rings. Finally, an attempt was made for
absolute dating of the series against reference tree-ring width chronologies from Norway
spruce (Picea abies Karst) from Parangalitsa reserve (Panayotov et al. 2011) and Macedonian
pine (Pinus peuce Griseb.) from Bunderitsa valley above Bansko (Panayotov et al. 2010).
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Using this approach we made a total of 176 photographs from which we composed
25 images of tree-ring series from icons and construction elements. So far we have dated 24
series, of which 15 are most probably from Norway spruce or Fir and 9 from Macedonian
pine. They are from 7 different icons. Out of these series 10 are in pairs from 5 icons, but
using different sides and directions of the tree rings. These are series Ser15 and Ser16; Ser19
and Ser20; Ser21 and Ser22; Ser 24 and Ser25 (Table 1). We have eliminated from the dating
procedure the tree-ring series Serl7 since it contained 40 tree rings, and thus, the risk to
obtain false dating was higher. The tree rings of Spruce/Fir were quite clearly visible and
there was lower risk of not being able to measure some tree ring. During the cross-dating
procedure we found only two missing rings in these series. The Macedonian pine tree rings
were very narrow and the measurement proved to be difficult. However, we could success-
fully date the measured series except one.

The dated spruce/fir series had starting years between 1667 and 1734 and end years
between 1783 and 1810 (table 4, fig. 4). Six out of nine series had very high correlations
between them (CorrC > 0.7, TTest > 9), which is most probably due to using planks from
the same tree. These are series Ser8, Ser9, Ser10, Ser11, Ser12, Ser13, Ser14, Ser19 and Ser20
from the icons “St. Dimitar”, “St. Theodor”, “St. George”, “St. Mary” and “St. Iliya” painted
between 1839 and 1849 (Table 3). These series dated very well against the reference chro-
nology from live Norway spruce trees from Parangalitsa reserve. The highest correlation
coefficients between the series and the chronology were for series Ser8 (0.39), Ser9 (0.42),
Ser12 (0.39), Ser13 (0.55), Ser19 (0.39) which also date very well against the rest of the spruce
series. The correlation coefficients against measured series and the local Macedonian pine
chronology were highest for series Ser1(0.37), Ser22 (0.32), Ser7 (0.26) and Ser21 (0.24), of
which Ser21 and Ser22 are from the icon “St. Evangelist Mathew”.

The dated tree-ring series from construction elements (Serl, Ser2, Ser3, Ser5, Ser7)
had correlation coefficients between them ranging from 0.22 to 0.37 and were from Mac-
edonian pine. In these series we could measure very well the inner parts with wider rings,
while the external parts were with very narrow and less clearly visible rings. The dating
was possible in the cases when the internal parts had enough well-measured tree rings. In
such cases we received correlation coefficients up to 0.5 of the inner part segments. The old-
est of these series was Ser3 starting in 1582.

Our dating shows that most of the used planks had last rings dated about 30 to 50
years before the painting of the icons or the construction of the Iconostasis. This makes
sense since the masters usually used very well dried boards and removed parts of the sap-
wood. It is interesting that the planks of four icons probably came from the same tree. This
is probably due to the high quality of the planks and the fact that the icons had to be painted
in relatively short period. The masters used coniferous material, which is highly abundant
in the Pirin Mountains above Bansko.

Our work shows that by making high-resolution images with proper camera equip-
ment it is possible to obtain and measure tree-ring series of icons and other valuable objects,
for which the usual approach of taking cores is not acceptable or moving the objects to labo-
ratories for measurement on measuring tables is not allowed.
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