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PazpaboTaHa METOOMKD KDONWHBSTREHHOND ONPEABNEHMA KOHLBHTRAUME Fe, Ni, As, Snwn Zn 8 mean
METDﬂDM RPEHTra8HOCNEKTRENEHDT D EHEETDOHHG-JUHRGEDI'Q MHKF‘]HEHBHHJE {pCMﬁL}, I'In FABHMCHNMDTTIH
npensna oSHapy*aHHR 0T YCNOBRWEA BOIDYROAEHWA 1 DErHCTDaUNW 3HANWTAYSCKOND CUrHana onpeaanene-
Hbl OATAMANBHBIE YENOBMA aHANKM3a: yekopmouwes Hanpaxedue 20 kB, Tok aoHaa 30 HA » BpemMa namepe-

MR 30 c.

B kauectee 0GpaIUOE CRABHENMA WCMONBIDEANK CTAHAADTHLIE GBPRAIUL NPEANDUATIR:

cnnas Fe-Ni-Co (ona Fe K, »w Ni K.}, Gaas (As L.} SnQ.(Sn L), 2n 1Zn K.). MeTponorwieckne xapakte-
PUETIKA PA3PABOTAHHOR METOAMEN OLUEHWBANM HA CTAHGARTHLIX 0Dpa3uax maiHex crnaese. Npose-
AeHa DUEeHEA OOHOPOAHOCTY DACTPEASNEHUE 3NeMSHTOR B CTAHAADTHEY 0BpaZLAaX MEAHLIY CANAROE
W HIYYHE2MbBl N3O NNAX CHETE‘METMHE‘GKEH I!'JLIJMﬁKH anpengnedHiia COCTaBa Ha3Havuma C[JEﬂHﬂKEaﬂ-
PaTWHECKOE OTKNOHEHWE ONA BCEX 3NEeMEHTOB CONOCTARAMD C ACNYCTHUMBIM. PeayneTats onpeaensa-
HUR KOHUBHTRAWMA COOTRETCTEYIOT || xaTercpuid aHanMaos

Nasnosa JIoaMANa AHATONLEBHA - KAHOH-
naT XMMHYECKWAX HEYK, CTapWMA HayuHslR
coTpyaHuk MHCTUTYTa reoxumui wm. A MN.Bu-
Horpanosa CO PAH.

l.'.'lﬁrnr.'rhm MHTERECOR: DEHTTEHOCHENT =
PaNbHLIA SNEKTPOHHO - 30HA0BLIR MUKDOBHANWI
NPUPOAHLIX 0BLEKTOR, BIAMMOAERCTEBNE ANEKTPO-

MO N pum‘rmrn HMANYHEHHE C BelecTsom,
SKONDIAR,

Andphnﬂﬂﬂmmmxmﬁur, BTOM
mzw

nalnnlcnpronﬂmﬁnn-ﬂ nlﬁopllrr- :
wccneaosatens MHetutyTa reoxmeani um. AN Bu-
worpanoea CO PAH.

B HacToAwee BpeMA HET COMHEHIA B TOM, YTO B
TaeamHoM [pubafiraise anoxa MeTaNIa HaYva 1ack
CO AHAKOMCTBA JECHBIX TLTEMeH © MeIbio I &€ Cij1a-
BAM. ﬁEJKULI.’TUI‘IﬁH‘.‘('HHE leﬁl}Th] NoCaeIJHMX JeCH-
TILTETHIT NO3BOTLTH B HERKOTOPOIT cTerleHi 3anoa-
HHTE Mpofenan B 3HAHUE GPOH30BLIX KYJILTYD 3TOTD
pervona [1]. DaHako, Kak ¥ Npesae, OCHOBHO Me-
TN 3TOro NepHolia MpeIcTasied cnyvHaliiio Haft-
AEHHBIMM BCLIAMM, HIVHEHHE Ha?ﬁ.ﬂﬂﬂ H3 KOTODBIX
NpeJCTABTACT HecoMHEHHBIT JIHTE].'JEC'..

L[EHHGC‘TI: APXEOTOIMHECKIX HAXOOO0K, HX HECOM-
HeHHAA YHHKATBHOCTE NMPeAbLARTAKDT ocolible Tpe-
GoBaHMA K COXPAHHOCTH HAe I NPH NPpOBeIeHNH
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- O6nacts MHTEPECOR — mmun TexHu-
K&, NPOrpaMMHPOBaHKE.. .
Astop 3 nyBmakawmin,

MNopionoaa Onera MBaH0BHS — KAHAWOAT WCTOPRK-
HECKMX HaYK, AOUEHT, BEAYLMA HAYUHBIN COTRYA-
HK UpryTcroi ApXBONOrMN W
naneoakonormm Hl-u::nrrm APXEONOTHN W

atHorpaguu CO PAH - WpryTekoro rmm
CTEEHHOrO YHUBEPCUTETA.

O6NacTh HAYYHLIX WHTEDECOR: apXeaMorM,
NanenaIkonons, ApeaHes NPOMIBOACTRC

AsTop Gonee mﬂnﬂrﬁamum::plﬁrr, B TOM
yucne S moHorpadiaid.

HecnedosaHda, MeTtoa
MEKTPOHHO-30HI0BOID MUKEPOAHLTNIA MO3IBOIA-
T HEAVHATE KHMHYeckHit cooTas 3 10 1 eelecTsa
Ged paspylUeHHA HaVHaeMoro o beKTa. 4To Honpeae-
AAET HEOOX0IMMOCTE 8T0 HCMOTB30BAHMA MPH HCCe-
JOBAHHI _"'."I-I!ITHIL'[I:»E-[]:]I Ll]..'l.'\'.l"lij.'l OI'MMYeCRIIN ﬂﬁpii.ilﬂ}ll.
Ha HawansHoM 3Tane HayvHeHUA H3ZeTHi vaa-
A0CE ‘_ﬂ'TE]IlHH-I'[Tb. Yo EL’J(."I'-’.IH.‘[HH]U.I.II“ Hx !‘LIHTEPITE‘IJI
conepiuT Cu i Masble KoandecTsa Zn. As. NI Fe u
Sn. 1A HayveHHA XMMHAHECKOTD COCTABA MaIe/nii
HeoOxoaumo GelUto paapaforate MeToauky PCMA
IR KOJIHYECTBEHHOT O OMpeleIeHMA KOHIEH T pALiHil
nepedicAeHHBIX 3MEMEHTOB B ME/H.

i}L‘HTF!"HﬂI{‘I'[F“'FCT[.'JF}.'I BHOTD
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PaapaboTaHHan METOIHMKR ITPOBEREHA Ha MEIHBIX
CIUIABAX, BRIIYILEHHBX B KAY9CCTEE CTAHIAPTHLIX 06-
pasuos coctasa (COC) Ana CHEKTPATLHON M XHMI-
yeckoro ananmaa [boyaaperseHHbIM HayYHO-HCCTe-
ADBATENLCEHM H OPOEKTHRIM HHCTHTYTOM CIUIABOB
00paboTHH UBETHBIX META/UTOB “THopouBeTMeTOGpA -
Borra” MHHUCTEPCTEA LBETHON MeTaLTypri (2.

HoaroToBKA MATEPHANA MeIHLIX CILTABOE H
apXeoIorH9ecKiX HITEIHH NPOBDIHIACE CAEIYIO-
M obpasosm. Matepuan 4004 aHAIH3a B BHIE Me-
TALTHMHeCKOH cTpymkH anametpon 0.1 Mm 1 nm-
HOM 10 1 MM BBICBEPIHBATH M0 MUEPOCKOIOM HA
yeraHoske, paapaboranHoil A.M.Xapuenko. [ns
[IOJTYHEHHA TUT0CKOH, XOpOoLLIO MOJIHpOBAHHON MoBepx-
HOCTH CTPYIKKY HAKITSHBAIM HA JTMITKYIO JIEHTY, 3a-
MIUBATH MIOKCHIHOH CMOUIOI W [0CAe 33 TBEPICBAHMA
nocAaesHe R DUTHGOBATH M MUTHPORATH HE AIMa3HbIX
MACTEX A0 MOTYHEHHA 3ePRATHHO-TOTHPOBAHMOI o-
BEPXHOCTH. IEKTROIPOBOAHOCTE MOBEPXHOCTH, He-
ofXOAMMARA UTA CTOKA MAJAI0IHY 3TeRTPpoHoB, obec-
NEUMBATACE BAKYYMHBIM HAITBUTEHHEM VITepoIHoH
mAeHKH. HayuaeMan MIoats Kasaoro oiberTta co-
CTABWIA OT JeCATBIN A0eH 10 HECKOIBKHX KBAAPAaT-
HBIX MIWLTMMeTpoR, Takoil ofpasel MoKHO CUMTATE
MpeACTaBUTENBHEIM COIacHo PriBogaM paboTs [1).
1€ MOKA3AHO, MTO PE3VTLTATHL TOKAILHOIO oTpeae-
AeHita coctasa GpoHa Ha 109 r pelIecTBa METOI0M
CIERTPANBHOIO GHAIHAA COOTBETCTBYIOT MOJVHEH-
HBIM TP AHATHAe MACCHUBHON HaBECKN,

OnTHMANLALIE YCNO0BHA BOA0YHUICHNA W Peri-
CTPALMH AHAIMTHYECKOTO CHIHATA NPHMECHBIX
KEOMITOHEHTOB BLIDHPAaIiCch. PH VHETE 3aBHCHMOC-
TH TIpeaena ofHa pYHe HITA OIMpPeIe/TAEMBIX 31eMEH -
TOB NMPUMECH OT VCKOPAIOUIETO HAMTPAAKE A ANEKT-
POHOB. TOKA 30H/1a H BpeMeHn HamepeHus. Tpeaen
ofHApYREHM paccUnThiBANCA Mo Gopayne |3

i =

varl® VI
rae F - pakTtop vueta MaTpHuHux acdexros: C -
HOHLEHTPALMA 3/18MEHTA, BhIPAMKeHHAA B Macco-
BRIX MpoedTax: t — koadubimmenT CrelogeHTa: p -
BEPOATHOCTE U _[—Yncac cTenene ceofosl; n - ync-
10 U3MEPEHWI; T - IRCNIDIUUAA; | -~ HHTEHCHBHOCTE
PEHTTEHOBCHOIO MATYHEHMA, HHACKCRL A, ) H oc co-
OTRETCTBYIOT JIMHHAK, (oY H 00pasly cpaBHEerHN,
HuTenensHoCTE (pOHA oNpeaenanack pacdeTHLIM
cnocoboM, MpeL1ojHEHHbLIM ABTOPAMH [TPOTPaMMb]
MARSHELL [4].

Mo npuBedeHHbLIM Ha pHC. | 3aBHCHMOCTAM Mpe-
Aena ofHAPY#HEeHUA 0T BpeMeH H3IMePEHHA BUIHO,
UTO VBEJTHUSHIME NoCIeIHero cobime 30 ¢ mpakTu-
QECKH NMPUBOIAT JHILE K HEAHAYHTENLHOMY YTy~
HIeHHIo mpeiena ofHapyReHUA.

(1)

0,25
}. . —ﬂ—zﬂ
1 — —
- ‘ -y
0.2 1 — =i
— ]
0.15
"
1]
i
|
oo
rE+-T
|
D |
a 10 20 3u a0 50 &0 m

LE

Puc.1. 3aaMcHMocTs Npaaens oOHAPYKEHWE ONDBE, LwHEE,
MbiLURAKE, HUKBNA W MAMEIE OT BDBMEHH WIMSDEHNA
[voropaowes sanprreHke 20 kB »w Tok 3oHpa 30 HA)

YeemuMeHHe TOKA 30H1a Beiie 30 1A (pue.2) Tak-
e cnabo CHaskIBaeTeR Ha YIVHLUCHHH npetena ob-
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Puc.2. 398ncUMOCTs Npagend o0HEPYMEHMA INEMEHTDE
NOMMB0H B MaOwW OT TOKE 30HOE MDY YCKORRKIWEM HAmpRKEHN
20 kB w mpemaHy naMepexue 30 ¢

C pocToM yCROpAIOLLIET O HANMPARKEHNA Bullte 20 kB
{pyic. 3) ymyaienne npegena oSHapyseHua Sn. Zn, Fe
# Ni HecylECTBEHHO, 1A As e, HaobopoT, npenen
oflHApY#EHMA HAMHHAET Bo3pacTaTh. [loBsiUeHHe
VCHOPSIOLLETO HANIPAHE A COKPALIAeT BpeM# pado-
Thl HUTH HAKATHBAHWA KATO/JA, 4 YBETHYEHHE Bpe-
MEHH HAMEPEHHA TTPHBOIHT He TOMLKO K ofpasopa-
HHIO HATRpa Ha MoBe pxHocTH o0 padiy, MCKaKAIoLITE-
o pe3yTETATE HaMEPEHHA, HO H K CHIMHeHHIO TTPoia-
BOOMTEIBHOCTH AHATHTHYECKMK paboT. YUHTHIBAA
BEIIIECKa3aHHOE, OITTHMATEHEIMH YCAOBHAMK JUIA
AaHHOH anjaYuy cIeayeT CUMTATE: YVOROPAIOLIe: Ha-
npssenne 20 kB, ok 30 nA, Bpemsa namepennn 30 c.
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Puc.3. 3asicumocTs npeasna ofwapymenun Zn, Sn, As, Fe i M|
0T YEXDOMIOWSID HanpAxasva [Tor 30403 30 HA W apamE
namapaxwa 30 o)

OGpasiaMs CpaBHeHH CTYHIIM CTAHAaPTHRLE
ofipasnskl MPeANpHUATHIT: HCKYCCTBEHHLIV CIUIAB #e-
nesa ¢ Hurenem H koSansToM (s Fe K, i1 Ni K.
apecernn ranama (As L), kaccurepuT (Sn L) 1 me-
TALTHYeckde WHHE (Zn K, ) v svens (Cu K.

OaHOPOAHOCTh CTAHTAPTHLIX crtapoB. (e -
KA METPOTOIHYLECKHX XapakTepHeTHR paspalboTas-
HOR MeTOIMEN npoBoguaack Ha COC AMA criekT-
PAMBHOI0 H XHMHYECKOTO aHaTuaa |2, Beneactsene
BBICOKOI NOKAALHOI YVBCTRHTENBHOCTH PCMA 06-
pasaiibl, HEMOILIVEMbIE [TA OUEHKN paipafoTaHHLIX
METOIME METO/IA. JIONTHHE] VIOBTETBOPATE VEIORHIO
MAKPO- 1 MHEPooIHopoIHocTH. B aToll ceA3y Ha
pEHTI’EHﬂEHEKTPa.’IbHDM MHHPI’.‘IEHBJ‘IHEBTQPE‘
wuper-probe-733 omnopoaHocTs COC MeaHBX CIUTA-
BOB [TPOBEPAMIACE [TYTEM PEMHCTPALIME HHTEHCHBHO-
CTH AaHAUTHTHHSCKHX THHHMH onpensnAeMbix 3Te-
MEHTOB € HAroM ckaHuposadid 50 MiuxpoH.

TaGnuuya 1
XaparkTepucTHEN OQHOROAHOCTH CTaHAaRTHRIX CRNasos
Ne cnnasa | JnameHT Cun 5. 20, | q o, 7, A/B
Sn 1,620 7.8 165 | 003 0,71 0,71 0.71
42 Mi 0,098 6.9 15,1 0,08 1,84 1,94 | 2N
Fe 0.046 B39 154 Q.08 205 2,05 2,12
Zn 0,810 10,8 18,6 Heonp.| Heonp. | Heonp. | Heonp.
i 104 Sy 0218 97 17.3 He onp, He onp. He onp. He onp.
| Ni | 3,190 6.9 11,0 Heonp.| Heonp. Heonp. | Heonp.
| Fe 3,030 85 15,9 Heonp.| Heonp. | Heonp. | Heonp.
Zn 0,710 8.4 16,9 0,12 1.12 1.12 1.125
Sn 0,180 B3 | 171 0 | 155 1,55 1.563
L ® [T 0260 | 68 | 139 | 007 113 | 113 1,200
Fe 0300 | 58 126 | 006 116 | 116 1,200
Zn 1560 | 69 162 | 004 068 | 068 0.710
m Sn 0088 | 113 | 96 | Heonp.| Heonp. | Heonp.| Heonp.
Zn 0,259 7.4 11,5 0,13 1,28 1,29 1,202
74 Ni 1,468 8.7 124 Heonp.| Heonp. | Heonp. | Heonp
i Fe 1,970 99 154 0,02 061 0,61 0,830
Zn 1.000 12.7 205 Heonp.| Heonp. Heonp. | Heonp.
Sn 0.115 8.1 17.3 Heonp.| Heonp. | Heonp. | Heonp.
e Ni 0514 | 106 | 181 | Heonp.| Heonp. | Heonp. | Heonp.
Fe 3630 84 14.8 He onp, He onp. He cnp. He onp.
Zn 39,00 7.2 13.2 He onp. Heonp. He anp. He onp.
| Sn 0,10 85 159 He onp. He onp. He onp. He onp.
125 Ni 0495 | 111 | 197 | Heonp.| Heonp. | Heonp.| Heonp.
Fe 0.509 6.2 11.9 Heorp.| He onp. | Heonp. | Heonp.

BoasiummucTeo criasos (Tabi. 1) He oTBedaeT yi-

POLIEHHOMY KPHTERHIO 0IHOpogHOCTH [ 5]

3g2

S./2a.=1.
3nech S, OTHOCHTEILHOE CTAHIADTHOE OTKIOHEHHE !

(2)

f ™y

S.=/3(N-Rf/(n-1) - (3)
rie N, - CKOPOCTS CHeTa A1 Kamaoro | - ro uamepe-
HHA, 11 - YHCI0 HasmepeHuil; N - cpegHes anageHe
HHCIA HMITYILCOB:




AE N TIRA W -] 4

=N /n) i (4)

J,. - CTAHIAPTHOE OTHIOHEHHE | Dﬁ}mnﬂﬂt’lﬂ".’ﬂf CTa-
THCTHROIL cueTa:

o, =VN . (5)

[Mpueegennsie B Taln.l pesyILTATH OLEHKH 01-
HOPOIHOCTH CIIABOBE MOKAILIBAIOT, 4TO VOPOLOEHHO-
MY KPHTEPHI0 0JHOPOIHOCTH COOTBETCTEYIOT CIL1A-
Bb! 42 (mna Sn, NI 1 Fe), 65 (A Zn. Sn, Niu Fe), 71
[Ana Znw Sn) ¥ 74 (1aa Zn, Niu Fe), a He cooTeT-
CTEVIOT VCIOBHIO (2) HH 0MH M3 JIeMeHTOB, COCTAR-
JAOUIMX cruaesl 76, 125, 104.

OnHOpOIHBIE COMACHO YTIPOLLEHHOMY KPHTEPHIO
CcTaHAaApTHLIE crnasst 42, 65, 71 1 74 oueHHBATH
JOMOIHHTEIEHO B COOTBETCTEBHI € PEKOMEH TALIMA-
s MH 1709-87 |5]. ofpaBaTsiBas aKCIePHMEHTATE-
HBIE JAHHLIE [UTA KAHJIOTO HHTEPeCYIOMIeTo HAC 31e-
MEHTE [0 CXEME JHCTIERCHOHHOND AHATHI3A [TPH TPeX-
cTyneH4HaToll rpynnHposke Matepraia. Cornacho
PeKoMeHIAIMAM [5] MaTepian cYHTASTCH 0QHopOI -
HEIM, ECIH CpelHet CpelHERBAIPaTHYECKOE OTHI0-
uenne (o), xapasTepuayomee oSy norpenHocTs
38 CUET HEOMHOPOIHOCTH, COOTBETCTBYET BLIDAMKEHHID

e ¢, U 0, - CPedHEKBA/IPATHYECKHE OTRAOHEHHH
caydaifHbiX COCTABRIAIONIMX NOrPENIHOCTH U8 OT-
nenbHBIX vyacTed COC (MAKPOHEOIHOPOAHOCTE) U
AHATHTHHeCKHMN 00 BeMOB [MHEPOHEOIHOPOAHOCTE).
A - nmpeftenbHO KOMyCTHMOe pacxomaenue (8], per-
AAMEHTHPYIOLIEE TOUHOCTE METOAA AHATHIA, MC-
noneaveMoro and arrectamwn COC, [lpreegeHHBIE
B Tafil. | JaHHbIE MOKAILIBAKT, 9T0 NOTPLIIHOCTE,
CBA3JAHHAA C TOCTORHON H MaKpoOHSOIHOPOIHOC-
TEH), TAK e KaK W MOrpellHoCTE, 00VCI0BIeHHAR
MHEPOHEOIHOPOAHOCTEIO, HEOIHHAKORE A8 pas-
HbIX aneMeHToR. Tak, oHM Heanadnvbl 118 N u 5n
Beomsasax 42 w65, wia Fe e ennapax 74 n 65, ona Zn
B ciaBax 65 u 71. Hamugue MHEPOOIHOPOIHBIX
CTAHIAPTHBIN 06PAILIOB CTUIABOB TPYIHO MepeoLe-
HHUTE [IPH OLEHKE [TPaBHABHOCTH MeToaHk PCMA.
OueHKa METPONOTHYECKHX XAPAKTEPHCTHE
npefnaraeMoil MeToAHKHE NPoBOJWTach Ha CTaH-
dapTHeix 00pajuax cniasos, 0 HOPOSHOCTE HOTO-
pPhix [L1A HEOOXOAMMBIX KOHUEeHTpauni OsLta JoKa-
3aHa. CHCTEMATHYECKAA MOTPEUIHOCTE METOOMKH
DLEHHBAIACE CPABHEHHEM PACCYMTAHHOIO M TAb-
nHHHOTo aHaveHl koadpuunenTa CTeioaeHTa.
St Fe, NL Sn 1 Zn cHeTeMaTHYeckand NorpellHoCT

o= t"i_li"'_rif < AIS. [-E-I HeIHAYTIMEA. Mﬂ'pumnmmmexapamtpmmmnnp&
’ MEAEHNUA FTHX AIEMEHTOR NPHBEAeHS! B Talir. 2.
Tabnuua 2
METIJOHI:FFHH-EMH XAPAKTEDHCTHNM METOOWKK
[Snement | MeTtpanorwyeckan KMiHTepean koHUeHTpauwn, % mac. [+ JE
: xapakrepuctaka | 0,02-0,049 | 0,05-0,099 | 0,1-0.199 0,2-0,499 | 0,50.99 | 1-1.99 |% mac.

Ciy 0,046 0,300 1,870
G 0,057 0,319 1,958

Fe o [6] ana FeQ; Fe,0, | 14,5, 30,8 43,200 2,1.93 1 003
al7] 379 2,397 1,808
S, 3451 2,382 1,801
AC 0,018 0,029 0,039
Co 0,098 g 0,260 1.468
C 0,085 | 0,251 1,455

i o (6] f 16,8 | 9.6 150 0,04
o] | 2837 2448 | 11,888
s, ' 2,841 2449 | 1,804
AC a 0.022 0,031 | 0,038
s . 0,259 | 0,710 | 1,560
Cop 0,256 0.758 1.541

Zn o [g] 15 g0 6,8 0,08
o[7] 2,451 2,106 1,871
s, 2453 2,207 1,863
—AC | 10,026 0,041 |0,052
Cun ! 0.19 1,620
Ca 0.188 1,632

Sn o [6] 12,5 57 0.08
al7] 2,568 1,860
s, 2,562 1,848
AC i 0,021 0,043

Mpsumesania: C — STTECTOBIHHOS IHAYEHWES KOHUBHTDALMY, T — CPEOHEE JHANEHWE KOHUEBHTDaUMM, O - JONYOTHMOS COEOHENBA[NE-
THHECKOE OTKNOHEHWE. 0 — CPAIHEXBANDATWIBCKDS OTHNOMENWE, AC - OOBBpUTENbHHM wiTepsan: C_ - npegan ofHapymewn.
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Honycrumoe cperessagpaTHYeCcKoe OTKIOHE -
HHE DrpeaeafdeTes no opayne [7)

o =0,02 Ches (7)

Benencrsue orcyteraua COC ana As He yaanoch
OUEHHTh CHCTEMATHHYECKYIO NOTPELUIHOCTh ONpe/ie-
JIEHWH 3TOro aneMeHTa. Bo Beex HayHaeMbIX Hage-
JHAX, KEpoMe oaHoro (¢ KoHIeHTpaureil As 1.5 %
Macc), pacopejeneHue As MUEPOHeOIHOpoaHo, B
ATOH CBAAN CpelHEKBAIPATHYECKOe OTENOHEHHE S
VAANOCE OLEHHTH TOJIRKO JUIA CILTABA ¢ ROHUSHTpa-
et As 1.5 % mac. CpegHersapaTHdeckoe 0TRIO-
HEHME OT CPeHEero 1 10BepHTeNLHEIT HHTEPBA B
ITOM CJIYYae COCTABMAN COOTBEeTCTREHHO 1.869 i

0,16, JonyeTiMoe cpeaHeKBaApaTHHECKOE OTHIO-
Henme LA 1.5 % Mac., paccuyuTanHoe o dhopsyne
(7). cocrasnaeT 1.887. 4To NpepsIIasT MOTVHeHHO®
ATA As. YYHTBIBAA 3T0 W AaHHBle Taln. 2, cnegyer
OTMETHUTE, 4TO CPETHERBAPATHYECKOS OTHIOHEHHE
JUIF BCEX S/1eMEHTOR COMOCTABHMO C JOITYCTHMBIM OT-
KnoHeHHeM, [Mocne Hes No3poTaeT yTBePHIATE, 94T
DNpefenAeMble 0 pazpaboTadHol MeToIMKe KOH-
LEHTPALIMH COOTBETCTBYIOT BTOPOii KATEropHH Ko-
AHYecTBEHHLIX onpeneteHu [6].

Onpenenenne XHMIYecKoro cocrasa 20 we-
TAVITHYECKHUX Haae i, HAIeHHBIX TPH apXeoto-
FHYECKHX PacKONKax B PA3MMYHLIX NOrpefeHHAx,
BRIMOTHEHO IO 0MACcaHol MeToguke (Tabn, 3).
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Tatnuua 3
Cocras apxeonori=eckx obpasuoa
Mg | Buowagenwa | Ouanazod Zn i Cu Sn As Ni Fe
nin | KoHUeHTPaLMA |
1 2 3 4 ' 5 6 7 8 9
£ L ric MuHEMyM <0,06 852 4,76 <0,1 <0.04 0,18
Makcunym 932 B.48 0,26 | <0,03
2 OGnomok M-y <0,06 85 <0.08 0,29 <004 | <0.03
| W3nenua Makcumym 98.6 4.36 012 |
MiaHna M 72,7 8,99 =01
3 K <0,06 : : { =004 =003
-y Makcumym B7.8 144 026 |
! !
4 K | Wiy <0.06 785 8,87 1.35 . 015 <0.03
| Maxcumym 87 1 1,5 I
| MuHmmym 78.7 383 | <004
5 Konsuo et <0,06 ——m—_.i =008 ' : =003
| Makcrmym | 945 , 15,7 0,67
M-y 877 | <008 3,52 <0,04
6 | Konsuo | AR <008 : : <0,03
Makcimyn 86,3 | 105 4,15 0,38
x |l | Murwym [ e 84,9 1,08 0,39 <004 | <003
Marxcumym 864 576 0.82
8 | OBnomoKHoXa [—MMM | o 0 ot s 039 | <004 | <003
Markcumym 96,4 576 0,82
| g OBnomok Mirianym <0,06 84,9 9.9 <0,1 <(,04 =<0,03
nagenis Maxcumym ' 90 14 0,65 0,07 03
10 PuifanosHsi Mnuumw_ <0.06 8a.1 <0,08 | 0,22 <0.04 <003
KPHIHOK Makcumym 98,7 699 | 1
1 | Bnawka MunHanmym <006 | 731 =0,08 <0,1 <0.04 <0,03
Maxcumym | | 925 12,3 0,53 0,48
Potiaruanaym 90.4 245 022 =0,04
12 | Koneuo =0,06 <(,03
Marcumym a7.2 | 35 0,72 D42
M-ty m 96,1 <0,1
13 | OBnomok Howa <0,06 <008 | | =004 <003
Marcumym 100 025 |
14 | Noamecra MirHumyma 0,29 87.3 4,36 <0,1 ; 0,08 <(,03
Marcumym 0.7 956 4,99 0,26 0,08 0.06
15 | BycuHka MisHmMym 0,47 75,7 <0,08 <0, 1 <004 0,23
M. 047 839 0,36 263




AHBAATERD B KOHT

okoHYyaHue Tatn.l

pons. 2002. T.6 Ne 4

1 2 3 4 5 6 rd 8 8

16 | Myrommua MiHMyM <0,06 936 0,33 0.3 0.06 <0,03
Makcumym 1.41 98,9 3,09 3,02 0,44 0,25

17 | Cepura MutHMy ™M 112 856 3.41 0,23 0,06 =0,03
Marcubaym 1,21 96 3,99 0,32 0,12 0,08

18 | Cepsra MuHRMy M 1,27 83.8 3.06 <0,1 0,09 =0,03
Makcimym 1,23 98,1 441 0,34 0,1 0,07

15 | otcaictiie MuHAMY M <0.06 977 0,22 0,33 0,27 <0.03
Mawcumym 100 1,43 1.1 0,36

20 | Tecno MitHKMy M =0,06 B38 <0,08 0,67 <0,04 <0,03

OfnoMEH HOHEN HIBATH K3 MOTHABHHEDB Kyp-
EyT VI 1 CapMMHCKHHA Mblc. Hom, MeThIpe Kobla,
of/JI0MOK IAacTHHYATOrD HOMA ¥ gABa ob/I0MKEa Heo-
MpeaeaeHHBIX H31emi Haliaers! B Xymup-Hyra XTIV,
PuiGonoBHbI KPIOHOE M GIIAILIKA NTPeICTABIAIT MO-
reHUEK B ¥YiapOe. [Nogpecka, MyToBHLA, JIBE CEPLIH
1 BycHHEY - Haxoaka MoriunbsHuEA Exra V1L B [u-
parwype [l obHapyaieHo KOALIO, & B 3aX0poHeHMH
Hatyub I - Tecno. OCHOBHBIM KOMIIOHEHTOM BCEX
Hageniit apaaeTeA Cu. B coctas peex Hagenui axa-

AUT As, TTpAKTHYECKH BCEe H3IETHA HEOAHOPOHBI
[0 cogepRaHMio KAk OCHOBHOM MTEMEHTA, TaK M
[puMecHbIx. HoHmeHTpaiuny konefIoTed B po-
KOM JHATA30HE, YTO COBCEM He YIAHBHTEIbHO, Y-
ThIBAA BPEMA HAroTORMTEHHA HTHUX Haae i, Mayae-
HHe ofHopoaHoCTH Megasix COC, peinonHeHHOE B
AaHHOi paloTe, MOATBEPHUIAST, T MOIYHEHHE 01
HOPOIHOIO HA MHKPOYPOBHE CIUIABA - JIAJIERO HE [TPo-
CTOe Je/io Jaie [IPH COBPEMEHHOM PA3BHTHM [1P0-
H3BO/CTEA.
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ELECTRON PROBE MICROANALYSIS OF THE METALLIC WARE OF THE BRONZE AGE

Ludmila A. Paviova, Sergey M. Paviov, Oiga |. Gorjunova

The x-ray efectron probe microanalysis (EPMA) technique is elaborated for the finding Fe, Ni, As, Sn
and Zn in the copper ware, The change of the defection limits in accordance with the accelerating
voltage, probe current and counting time was chosen as the criterion to select optimum conditions for
analysis of the alements: accelerating voltage of 20 kV, probe current of 30 nd and counting time of 30 s.
The set of laboratory reference samples Fe-Ni-Co (for Fe Kaand Ni Ka), GaAs (As La), SnO, (Sn La), Zn
{Zn Ka) ware used, The mefrological testing the elaborated technique was carried oul using copper
standard samples. The homogeneity of copper standard samples and metallic ware were checked at the
10 to 100 mm scale and at the probe diameter scale. The constant bias is insignificant. The standard
deviation for all elements (s similar to aflowable variatfon. The quality of available results corresponds to

2 category of analyses,




