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Pe3ynbpratu nmocnipkeHb CTapOBMHHUX BHUPOOIB 13 30J10Ta, MPOBE-
neHux BimomuMu (axiBigiMu B il ramysi T. M. ApTtiox, H. JI. JIlpoHoBoto,
O. I. MimXyJIiHEM Ta 1H., CBIAYATh MPO TE, IO XIMIYHUN CKJIAJ]] € OJHHUM 13
HaOLIbII 00’ €KTUBHUX KPUTEPIiB iXHBOT aBTeHTUYHOCTI [1-5]. [IpoTsarom
OCTaHHIX AECATHIITh 3p00JIEHO 3HAYHHUI BHECOK y PO3BHTOK METOJIB Xi-
MIYHOTO aHaji3y IOBEIIPHOT0 aHTHKBapiaTy, BCTAHOBJICHO HU3KY 3aKOHO-
MIpHOCTEH y PO3MOJLII XIMIYHUX €JIEMEHTIB Y 30J0THUX CIUIaBaXx BUPOOIB
pI3HUX XPOHOJIOTIYHHX mepiofiB. OHAK HEAOCTATHHO BHBUCHUM 3aJH-
HIa€TbCS MUTAHHS MaTepiajlo3HaBYMX BiJIMIHHOCTEH IOBENIIPHUX BHUPOOIB
CKI()ChKOTO ¥ capMaTChKOTO TMEpioiB, OCKUIBKH 3HAa4HA iX KiJIbKICTh CTH-
JICTUYHO CXO0%Xa, 110 ¥ YCKIAIHIOE 1IeHTU(DIKAIliI0 Ta OIIHKY CIIPaBXHOCTI.
I3 ornany Ha 1€, €IMHUM HAWUOUIBII JTOCTOBIPHUM CIIOCOOOM IiATBEPI-
KEHHS aBTCHTUYHOCTI € MOPIBHUIBHUI aHAI3 XIMIYHOTO CKJIay.

Mera pocHiPKEHHS — TOPIBHAJIBHUN aHalli3 XIMIYHOTO CKJIaay
BUPOOIB CKICHKOTO ¥ CapMaTChKOro MEpiomiB Uil iX imeHTH]ikamii Ta
M1ITBEPHKEHHS aBTCHTUYHOCTI.

I3 BukopucTtanHsM peHTreHodayopecieHTHoro ananizy (PDA) B
TOHKHUX IIapax BCTAHOBJICHO, 1[0 BMICT 30J10Ta B CIUIaBaxX BUPOOiB CKipCch-
koro mepioay Bapiroe Bix 30 mo 70 %. Bucokuit BMICT 30710Ta B CIUIaBi
MOSICHIOETBHCSI TUM, 1110 BXXe B IV CT. 10 H. €. Ipelbki MaiicTpu Oynu 31aTHI
30araTUTH 30JI0TO JI0 JOCHUTh BHCOKOi YHMCTOTH 3a JOIIOMOTOIO IPOIIECIB
pO3NiJeHHS W amanbramyBaHHS. BpaxoByroun Te, 10 BUPOOUTH 30JI0THIMA
CIUJIaB HA TOW Yac JIETYBaHHSAM MIJIII0 Ta cpibsioM Oyno HabaraTo CKJaj-
Hillle, HI’K OTPUMATHU YHUCTE 30JI0TO, TOMY, KIMOBIPHO, BUKOPUCTOBYBAJH SIK
BHCOKOIIPOOHE 30araueHe 30J10TO, TaK 1 MpUpojHi crutaBu 3osota (1o 70 %),
10 MICTATH CPiOJIO Ta 1HII CHOPITHEH] KOMIOHEHTH.

PesynbTaTi mociimkeHHs CKiChKHX MPUKpPAc BKAa3ylOTh Ha BUKO-
PUCTaHHS MOAIOHMX 32 CKJIAQJIOM CIUIABIB, MOKIIMBO, 3 MPUPOTHOTO MiHE-
payly Ha OCHOBIi 30JI0Ta 200 YHCTOrO (camopojaHOTO0) 30i0Ta. [IpupoaHmIX
CIUIaBIB 30JI0Ta BCTAHOBJIEHO OJM3bKO YOTHPHOX JAECATKIB. BoHM MmatoTh
NeBHUN XiMiuHMMA ckian. | Toit dakT, mo camopoiHe B MPUPOJI Tpar-
JSETHCS HAI3BUYAWHO PIAKO, MIATBEPIKYE, MO WMOBIPHUH CKIIAJ JOpO-
TOI[IHHOTO CIUIaBy CKI)CHKUX BUPOOIB Ma€ TaKOXK MEBHI OOMEKEHHSI, SKIIIO
ey CKJIag He JISTOBAaHUU.

OxkpiM 30510Ta, OCHOBHUMH KOMIIOHEHTaMH CIUIaBY BCIX JOCITIIHHMX
BUPOOIB € cpibJI0 Ta Midb, SKIi pa3oM yTBOPIOIOTH MiJTHO-CPiOHO-30JI0TY
(Au—Ag—Cu) Bich — cTabiIbHY acolliaiiio (reoxiMigyHa Tpiajga €JIeMEHTIB),
ska Oepe ydacThb y BCiX IUKIIAX €HJOreHHOi Mirpaiii 3010ta. OHaK Mijhb 1
cpiby0 BiAPI3HSAIOTHCS BifJ 30JI0TA ACSIKUMU BIIACTUBOCTSIMHU, TOMY iXHS
MOBE/AIHKA B IPUPOJAHUX MpOLIEcax € 1HIIO [6].

Jlesiki CyIyTHI 30JI0TY €JI€MEHTH TEX YTBOPIOIOTH Y HbOMY JIOMIIII-
KM, ajie CKJIaJ 1 KOHIIGHTpallis iX MeHIl mocTiiHi. CTymiHb MOCTIMHOCTI
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€JIEMEHTIB-CYIyTHUKIB 30JI0Ta 3MEHINIY€eThCs B Hanpsimi: Ag — Cu — Fe —»
Te (Se) > Hg — Sb —» Bi —» Pb —» Zn — Pt — Mn [6]. Takuii psin nemio
171ea1i30BaHu, apke B KO)KHOMY 30JIOTOHOCHOMY PETiOHI cBOS crienudika
MpoIIeCiB Mirpailii i BUNagaHHs 30JI0Ta. Y Tid 4 1HIIN KUIBKOCTI cpibiio
MaiKe 3aBXIU CYIMPOBOKY€E 3070T0. Hampukinan, y manorinOuHHOMY
30/10Ti BMicT cpibna craHoButs 30—40, a B rmbOunHOMy — 5-15 %.
KoHnuenTpaiii xiMiuHUX eneMeHTiB, 30kpema Ni, Pd, Pt, moB’s3ani 3 mar-
MaMH OCHOBHOTO CKJIaJy MEPEeBaXKHO MAHTIMHOTO MOXOJKEHHS, 1 B CKJIaIl
MPUPOJTHOTO 30J10Ta 3yCTPIUAIOTHCS IOCUTH PIIKO.

OTxe, IPUCYTHICTh TOTO YU IHIIOTO XIMIYHOTO €JIeMEHTa B CKIIaJi
CILJIaBY 30JI0Ta TOB’sI3aHa 3 BUCOKOIO MMOBIPHICTIO MOTO 3aHECEHHS 1] Yac
TiaBieHHs (y MalluX 4yacTKax) a0o JeryBaHHA. Pe3ynbTaTH OCIHIKEHHS
BKa3YIOTb, 1110 MiJb Y OUIBIIOCTI 3pa3KiB HE € CUHTC€HETUYHOIO 3 CAaMOPOJI-
HUM 30JI0TOM, a 3aHECE€Ha B HBHOTO IiJl Yac BUJIYYCHHS 3 PYIH, A€ MOTJIA
OyTu MiHEpald OJoBa M MiIl. Y TPHUPOJI 3YCTPIYAETHCA MIAUCTE 30J0TO
(BmicT mimi 10 4.6 % 1 Ginbiue), B YkpaiHi — ue poscunuina Jlondacy i
kpuctaniuni nopoau [punninpos’s ta [loOyxoks [1]. OgHak 11st HBOTO
BJIACTHBA BHpa3Ha 0OepHEHA 3aJIe)KHICTh MK BMICTOM cpi0ia ¥ Mifi, 1o He
OyJI0 MiATBEPAKEHO AOCTiKeHHsIMU. HaToMicTh, pu aHami31 iX po3noaiTy
B CIUIaBaX CKI()CHKUX IUIACTHH-AIUTIKALIi T€OMETPHUYHOTO CTHJIIO BH3-
HA4YEHO Maihke MPSMY 3aJICKHICTh MK KOHIEHTPAIIEI0 IIMX €JIEMEHTIB Y
BHUpoOax 13 3050T1a mpood 400500 (puc. 1).

Bcranosneno, mo cpibio, a He Mijlb, Ha BIAMIHY BiJ CYyYacHHUX
CIUTaBiB, € TICJsI 30JI0TA JAPYTHM 3a MATOMOKO Baror KOMIOHEHTOM. Kpim
TOTO, BCI CKI()CBbKI 30J10T1 BUPOOW BUSBWIM (IYKTyarlii CKIagy CIUIaBy B
aHaJI30BaHUX TOYKaX, TOOTO JOCHIAHI FOBEIipHI BHPOOM HEOJMHOPITHI 3a
CKJIaJIOM.
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Puc. 1. Po3noain cpibmna i Mifi B 30JI0THX CKI)CHKHX TPUKpacax

VY neskux 3paskax (HE3aJSKHO BiJl METOAY iX BHUTOTOBJICHHS) 3MiHA KOH-
LEHTpaIlii 30J10Ta Ta cpibia B pi3HKUX TOUKax KomuBaeThes B 1 10 20 % (puc. 2).
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Puc. 2. HeogHOpimHICTh XIMIYHOTO CKJIaly cruiaBy miuacTuau "I pudon”
(Myseti icropuunux KomroBHocTel Ykpainu, A3C-1640) [7]
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VY cepenHboMy HalOUIbIIA HEOAHOPIIHICTH IO 30JI0TYy U Ccpi0iy, sSika
BU3HAUYCHA 32 MOKa3HUKAMHU CEPEIHbOKBAIPATUYHOTO BiIXUICHHS, PO3MaXy
Bapiailii Ta gucnepcii [8], xapakTepHa sl JOCHIIHUX CKI(PCHKUX TMJIACTHUH-
arurikariit 3sipuHoro ctuito mpod 330—400 1 500-600 (maobn. 1).

Tabauys 1
XiMivyHM CKJIaX TPO0 CIJIABIB 30J10TA Y CKi()CHKUX MPUKpPacax
OCHOBHI KOMITOHEHTH Cepenus Pozmax .
. o o Hucnepcis

Ta IOMIIIKY B CIUIaBaX | KOHIEHTpauis, % Bapiaii, %

[Tpoda 330400
3oJ10TO 35.18+3.79 9.23 16.013
Cpibmno 57.77+4.29 10.28 19.583
Minp 2.56+0.56 1.34 0.403
[Inatuna 2.05+0.31 0.48 0.157
Kanmiii 1.47+0.32 0.81 0.109

[Tpo6a 400-500
3011010 45.64+0.85 1.97 1.152
Cpibmno 48.17+0.69 1.58 0.851
Minp 3.43+0.34 0.75 0.248
[Inaruna 1.88+0.05 0.12 0.004
Kanmiii 0.47+0.06 0.14 0.008

[Tpo6a 500-600
301010 52.70+5.14 10.75 45.460
Cpibmno 42.87+5.23 11.36 46.865
Minb 2.43+0.05 0.10 0.003
IInaTuna 1.65+0.14 0.32 0.021
Kanmiii 0.19+0.03 0.06 0.001

ITpoba 600700
301010 65.59+0.86 1.71 0.731
Cpibno 32.18+1.01 2.02 1.020
Migb 0.40+0 0 0
IInaTuna 1.75+0.10 0.19 0.009
Kanmiii 0.02+0.01 0.01 0.00003
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Haii6inp1 xapakTepHUMU JOMIIIKAMHE JIJIS1 CTUIaBIB 30J10Ta Y CKi()Ch-
KUX TpUKpacax € IUIaTHHA Ta KaaMid: 1 YUM BUINA Mpoda, TUM BMICT ITUX
JTOMIIIOK 3HauyHO MeHmmwmi. Kaamiii, skuii 3actocoByBaBcs 3 1871 p., Mic-
THBCA B CIUIaBaX CaMOPOTHOTO 30JI0Ta, @ HE B YUCTOMY BHIJISIL, ¥ JIEIIO 3HU-
’)KyBaB TEMIIEPATYpPY IUIABJIEHHS OCTaHHBLOTO [1]. IInaTuHy BUKOpUCTOBYBa-
M sK 1oBenipHui metan e B CtapogaBHboMy €runti. ErUnTsSHU 3aBE3IH
CaMOpPOJIHE 30JI0TO 13 BKpAIUICHHSIMHU IUIATMHU 3 KoposiBcTBa HyOis B
XII ct. mo H. e. [2]. HaitimoBipHiIIie, 110 B TAKOMY 3K BUTJIsIII TUIATHHA TTOTpar-
JIsTa JI0 CKJIay 30JI0THX CIUIaBiB 1 B CKI(DCHKUX IOBETIPHHUX MPUKpACaAX.

OT1xe, OUIBIIICTH AOCTIIHUX 3Pa3KiB € CIJIaBaMH, SIKI OTPUMAHO 1]l
yac TUIaBJIEHHS HU3BKOMPOOHOTO mpupoaHoro 3oiota (V-IV cT. 1o H.€.) 1
HE MICTATH JIETYIOUUX KOMIOHEHTIB. BiIMIHHICTb MOJISTAE TUIIE B IXHHOMY
CTHJIICTUYHOMY O(OpPMJIIEHHI.

BaxxnuBoro BiIMIHHICTIO BUPOOIB CapMaTChKOTO TMEPIOAy € 3Ha4Ha
OJIHOPIJIHICTh 30JI0THX ciiaBiB. CepenHid po3Max Bapiamii 010 MOKa3-
HUKa BMICTY 30JI0Ta B gochigHux npukpacax 800-900 mpob ckiaB suiie
5.12 %, mo BABIYI MeHIIE, HIK Yy CKIChKUX BUpOOax, a MakCHMajbHa
HEOJIHOPIJIHICTh CIUIaBy WHIOJ0 BMICTY cpiOia crtaHoBwia juiie 3.36 %.
[TpoGa 30mo0Ta capmarcekux mpukpac Bapitoe Bix 600 1o 950, To6TO HU3B-
KOIPOOHI FOBEIIIPHI BUPOOH y capMaTiB HE BUTOTOBIISUTHCS (mab.a. 2).
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Tabnuys 2
XimMiyHM# cKjIax P00 CIUIABiB 30J10Ta B CAPMAaTChbKUX MPUKPacax
OCHOBHI KOMIIOHEHTHU Cepenns Po3max .
. o P Hucniepcis
Ta JOMIIIKH Y CIIaBax KOHIIeHTpalis, % | Bapiamii, %
[Tpoba 600700
3051010 65.19+0.50 1.16 0.406
Cpibio 28.31+0.57 1.30 0.541
Migs 4.03+0.17 0.39 0.042
ITnatuna 2.30+0.06 0.14 0.005
3aiizo 0.13+0.06 0.18 0.004
[Tpo6a 700-800
3011010 72.25+1.21 3.07 3.351
CpibJio 19.62+0.91 2.34 1.787
Mins 1.97+0.39 0.97 0.513
IInatnHa 3.76+0.31 0.78 0.143
3amizo 0.26+0.17 0.39 0.051
[Tpoba 800-900
3051010 85.87+1.84 5.12 12.394
Cpibio 9.23+1.52 3.36 12.139
Migs 1.34+0.32 0.97 0.340
ITnatuna 3.66+0.49 1.26 0.386
3aiizo 0.33+0.52 1.78 1.364
[Tpo6a 900-950
3011010 92.25+1.15 2.77 1.894
CpibJio 4.07+0.59 1.42 0.796
Mins 1.954+0.56 1.36 0.458
IInatnHa 0.65+0.21 0.48 0.042
3amizo 0 — —
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EneMenTamu-omilikamu, KpiMm OCHOBHUX (TUIATUHU 1 3aI1i3a), TAKOX €, %o:
omoBo (0.1-0.2), nikenb (0.1), mapranern (0.7), cunens (0.2), mupkownii (0.1),
BMICT SIKUX CyTTEBO BIPIZHAETHCS HE JIMIIE BiJ HU3BKOMPOOHHMX 30J0THX
CIUIaBiB, a M BiJ cydacHUX MoaudikoBaHux. Lle Bkazye Ha MOXIMBICTbH
BUKOPHUCTAHHS iX K IHAWKATOPIB JJIS MIATBEPIXKCHHS YITKOTO XPOHOJIO-
TIYHOTO Mepiofy i aBTEHTUYHOCTI.

HasiBHiCTh 0O3HaK, IO XapakTEepU3YIOTh MOIIOHWNA BMICT CTapo-
JTABHBOTO 30JI0Ta B CIUIaBaX, BKa3ye: no-nepuie, Ha BUKOPUCTAHHSA €IUHOI
TEXHOJIOT1i OTPUMAaHHS METaJeBOTO CIUIABY B CApMATChKHUM Mepioa Ha
OJIHIA TEpUTOPIi; no-opyee, Ha OAHE JpKeperao abo Pi3HI JpKepena, siKi He
BIJIPI3HSIIOTHCSL OJIUH BiJ OJHOTO; HO-mpeme, Ha BIACYTHICTH JOMIIIOK
METaJIeBOTro JIOMY (KOJIbOPOBHUX METAIIB).

TakuM 4yuMHOM, BUPOOM CapMaTChbKOro NEpioAy, Ha BIIMIHY BiJ
CKI()CHKUX, BUTOTOBJIEHO 3 O1IbIII BUCOKOMPOOHOTO ¥ OYMIIEHOTO 30JI0Ta.
[lepmni xapakTepu3yrOTbCsl MEHIIMM CTYIEHEM HEOIHOPIAHOCTI OCHOBHUX
€JIEeMEHTIB 1 JOMIIOK y cryiaBi. CnuibHUM 71 BUPOOIB 000X MEpiojiiB €
3QJIEKHICTh XIMIYHOTO CKJaAy BiJ cTymneHs adiHaxy CUpPOBHHH. BMmict
cpibyia Ta Mizi 0OYMOBIICHHN TPUPOTHUM MOXOKEHHIM y CKIChKUX BHU-
pobax, a TakoX IMOB’S3aHHI 3 YaCTKOBHMM JIETYBaHHSM Yy BUpoOax cap-
MaTChKOTO Tiepioay. JocmiyKeHHIMH JOBEACHO, 1[0 caMe XIMIYHUHN CKIIaJ
CIUIaBiB 30JI0Ta CTAPOBUHHMX KOIITOBHOCTEH € HAIITHUM KpUTEPIEM iXHBOT
ABTEHTUYHOCTI.
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bynax I0. Cocmaeé cnnasogé OpazoyeHHocmell CKUPCKO20 U capmamcKozo
nepuo0os. Paccmompenvl 0COOEHHOCMU XUMUYECKO20 COCMABA CNIABO8 3010MA 6 106¢-
JIUPHBIX UB0ENUSX CKUPDCKO2O U CAPpMAmcKo2o nepuodos. Illpoeeden cpasHumenvHbill
AHATU3Z XUMUYECKO20 COCMABA C Yenbio OnpedeneHuss 0OWux 1 OmiudumenbHulx mame-
PUanosedyecKux NPUHAKO8 u30eautl Kaxk Kpumepues noOaIUHHOCHU.

Kntouesvie cnosa: nparolleHHOCTH, XUMUYECKHI COCTaB, HEOTHOPOIHOCTh, KPUTE-
pHii ayTEHTUYHOCTH, METHO-CEPEOPSIHO-30J10TAas OCh.

Bulakh Y. Composition of the alloys in jewelry of the Scythian and Sarmatian
periods. Nowadays the question of material-science differences between antique jewelry
of Scythian and Sarmatian period remains understudied, as a large number of them are
stylistically similar, complicating their identification and assessment of authenticity. Thus
the most reliable way to confirm the authenticity is a comparative analysis of chemical
composition.

Results of researching jewelry of the Scythian and Sarmatian periods jewelry
indicate usage of alloys similar in composition, possibly natural mineral-based or gold-
nuggets ones. About four dozen natural alloys of gold have been found. They have a
definite chemical composition, and the fact that pure gold (native) in nature is extremely
rare, confirms that the likely composition of the precious Scythian alloys has certain
limitations, if composition is not doped.

There are base components of the alloy in researched goods. Except gold, they are
silver and copper, which together form a copper-gold-silver-gold (Au-Ag-Cu) axis — a
stable association (geochemical triad elements), which is involved in all cycles of
endogenous gold migration. However, copper and silver differ from some of gold
properties because of another behavior of natural processes.

Using X-ray fluorescence analysis in thin bowls we have found that content of gold
in alloys of Scythian period goods varies from 30 to 70 %, goods of Sarmatian period —
from 60 to 95 %. An important distinction between Sarmatian period goods is
considerable homogeneity of alloys. We have found that silver, not copper, as opposed to
modern alloys, is the second largest component after gold. The most typical impurities to
gold alloys in Scythian jewelry are platinum and cadmium, and in Sarmatian jewelry —
platinum and iron. With the increase of purity contents of these impurities is reduced.

Signs that characterize similar content of antique gold points: first, the use of a
single technology of metal alloys in the same area in the Sarmatian period, secondly, one
source or sources that do not differ from each other, thirdly, the absence of impurities
scrap (ferrous metals).

Thus, the Sarmatian period goods, in contrast to the Scythian, are made of high-
grade and more refined gold. The first are less heterogeneous in basic elements and
impurities in the alloy. Dependence of the chemical composition on raw materials
depuration is common to both periods goods. Content of silver and copper is due to the
natural occurrence in Scythian goods, and due to the partial doping goods of the
Sarmatian period. Research has shown that chemical composition of antique jewelry gold
alloys is a reliable measure of its authenticity.

Key words: jewelry, chemical compound, heterogeneity, criterion of authenticity,
copper-silver-gold axis.
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