A.P. KEJIAHHAS*, 1.A. BAJAEBA-TUXOMHWPOBA™**

Hayunsrit pykoBogutens — O.M. bamaeBa-Tuxomupona

*Pecrybnuka benapyce, Butebek, Jlnneit BI'Y nmenu [1.M. Mameposa
**Pecmybnuka bemapycs, Bureock, I'mmuazus Ne 3 mvenu A.C. [lymknna 1. Butebcka

OIIPEAEJIEHUE XUMHNYECKOI'O COCTABA
TEXHUYECKOI'O OBPA3IIA METAJLJIA

OrmpeneneHne XUMUIECKOTO COCTABa METAJIa, MPOIIEHTHOE COJEPKaHME DIIEMEHTOB B TEX-
HUYECKOM 00paslie, a TaK)Ke KaueCTBEHHOE M KOJUYECTBCHHOE OINpeAelieHuEe MpUMecei sBIseTCs
BaXHOW 3a/iadeil COBpEeMEHHOT0 OOIIECTBa, TaK KaK MPUMEHEHHE Ka4yeCTBEHHOI'0 MeTalia MO3BO-
nsieT 3Q(EeKTUBHO HCIOIB30BaTh IETaH, IPOU3BOIUMEIE U3 HETO W MOBBIMIAIOT CPOK UX HKCILTY a-
tanuu [1].

Omnpenenenne XUMHIECKOTO COCTaBa o0pasiia MeTajlla UMEET OOJIBIIOE MPAKTHIECKOE 3Ha-
YeHHe ¥ MPUMEHEHHE B MPOM3BOJCTBE JUIS: MOJOOPKH KAUECTBEHHBIX MaTepUajOB AJISl U3TOTOB-
JIeHUS JeTayell; BBIOOpa COOTBETCTBYIOIIUX ITANOB M TEXHOJOTHI MPOU3BOJCTBA U3ACIUS UCXOS
M3 COCTaBa MeTalljia; KOHTPOJS KauecTBa MPOU3BOJIMMON MPOIYKIIMH; pacueTa BPEMEHHU IKCILTY a-
TalW¥ U U3HOCOCTOWKOCTH JETANU UCXOMAS U3 COBEPIIEHHON pabOThl; MPOTHO3ZUPOBAHUS PA3BUTHUS
KOPPO3WUHU U CIIOCOOOB €€ yCTpaHeHWs u 3amemiieHus. Koppos3us B CBOW odepenpr MPUBOIUT K
YMEHBIICHHIO HAJIe)KHOCTH PaboThl 000pYyJOBaHMS: ammapaTtoB BBHICOKOTO [aBlIEHHUS, MapOBBIX
KOTJIOB, METaJUIMYECKUX KOHTEHHEpoB, AeTanel s MamuH. HecBoeBpeMeHHOE pa3pyllieHue Je-
Tanel SBIACTCS MPUINHON MPOCTOS MPOU3BOJCTBA, IPUBOAUT K HEOOXOIUMOCTH 3aMEHBI BBIIIE JI-
IIeT0 U3 CTPOs 00OPYIOBaHHs, K TMOTEPSIM CHIPhS M MPOAYKIWH. Bce mepedncieHHoe TPUBOJHT
€KEroJHO K MUJIJTHAPAHBIM YOBITKaM, U PELICHUE 3TOW MpOOIeMBI SIBJISIETCST BAXKHOH 3amaueii [2].

UccnenoBanne npoBoInUIoCh B paMKax BeITtoHeHUs 3aaanust 3.04 «O1eHKa COCTOSHUS BOJTHBIX
akocucteM benopycckoro [loo3epps B ycnoBHsIX U3MEHEHHUS KIMMaTa U TEXHOT'€HHOTO BO3AEHCTBUS
I'TTHU 10 «IIpupoansie pecypcebl u okpyxaromas cpega» (I'P 20210475 or 31.03.2021).

Ienp — yCTaHOBUTh XUMHYECKHAN COCTaB MaTepHala, UCIIOIh30BAHHBIN ISl U3TOTOBICHUS JKe-
JIE3HBIX JIETANeH, METOI0OM ONTHKO-IMHCCUOHHOHN CIIEKTPOCKOITHH.

OcHoBHas1 yacTh. VccinenoBaHue XUMUYECKOTO COCTaBa TEXHUYECKUX 00pa3l0B METAJIOB
MPOBOAMIKCH HAa 0a3e HAYYHO-HCCIeA0BaTeIbCKOM mabopaTopun «CTPYKTYpHO-(DYHKIIMOHATHHBIX
UCClIeIoBaHUN» (aKyJIbTeTa XHUMHKO-OMONOTHYecKNX M reorpaduuecknx Hayk BI'Y wumeHn
I[1.M. MamepoBa. B skcnepumente ydyacTBoBajio 4 Buaa AeTajled ABYX pPa3HbIX MPOU3BOAUTEICH
(Tabnuma). DKcriepuMeHT BKJIOYan TpH dtana: 1. OnpeaeneHne XUMHYECKOTO COCTaBa JKEIE3HBIX
JeTajieil METOA0M ONTUKO-IMUCCHOHHON CHEKTPOCKONMHH. 2. Y CTaHOBJIEHHUE OTIUYUUA B COCTaBE
MIPOU3BOJICTBEHHBIX JI€Talleld, MPEeACTaBICHHBIX IS aHalu3a Pa3JIMYHBIMU IMPOU3BOAUTEIISIMHU.
3. AHaH3 Ka4yecTBa U TEXHUIECKUX XapaKTePUCTUK MaTepuaia JeTaaei.

AHau3 XUMHUYECKOTO COCTaBa TEXHUYECKUX 00pa3I0B METAJUIOB MPOBOIAWIN HA HCKPOBOM
onTuKo-3MuccuoHHoM cunekrpomerpe GNR ML300 (MiniLab 300).

Jns vcciietoBaHUs UCIIONIB30BAIMCH 00pasilbl pa3MepoM He MeHee 25 Ha 25 MM, TOJIIIMHON
He menee 10 MMm. OCHOBOM 00pa3IOB ABISUINCH CTalX (HU3KOJIETUPOBAHHBIC, HEPKABEIOIINE, MaP-
TaHIIOBUCTBIE, Ip.) WIM MeJHbIE U alIOMHUHHUEBbIE CIUIaBbl. [IpHHIMIIOM MeETOAAa ONTHKO-
OMUCCHOHHBIX U3MEPEHHI SBISETCS YCTAHOBIEHHE MPOIEHTHOTO COJNEpXKAHUS XUMHUYECKUX dJIe-
MEHTOB B CTJISIX ¥ CIIaBaX BBIMOIHSIIOT METOJOM BO30YXKIECHHS aTOMOB 3JIEMEHTOB MaTepHaia
MPOOBI ANEKTPUUECKUM Pa3PSAOM, PA3IOKEHNUN U3IYUEHUS aTOMOB 3JIEMEHTOB Ha CHEKTp, U3Me-
peHUsS aHANUTHYECKUX CUTHAJIOB, MPOMOPIHOHAIBHBIX MHTEHCHBHOCTH WM JoTapudmy HHTEH-
CHBHOCTH CIIEKTPAJIBbHBIX JINHUH, U TOCIEIYIOIIEM OIMpPEACICHNN MAacCOBBIX JIOJI€i 3JIEMEHTOB C
MOMOUIBIO TPAAyHPOBAHHBIX XapaKTEPHUCTHUK.
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Tabmuna 1 — XapakrepucTika HCCleAyeMbIX 00pa3oB

Ha3sBanmue geraam Buna neranan Ipeanpusitue
Herans Nel KpenexHas Heranu  npenocraBieHb
IeTanb 3IEKTPOHHOTO OAO «Bwurebcknii 3aBoz
CIIIOMETpa AIIEKTPO-U3MEPUTEIIHHBII

pubOpoOB» M HUCIOJB3Y-
FOTCs sl prOOPOB Crie-
[HANTPHOTO HA3HAYCHUS H
ABTOTPAKTOPHBIX ~ TPHOO-
poB

Herams Ne 2 Kpemexnoe
KOJIBLIO BOJITMETpPa

Jetane No 3 DneMeHT co-
CTaBHOM 4YacTH JeTajieil
CTaHKOB ¥ 000pyIOBaHUS

Jeranu  mpenocTtaBieHbI
YacTHBIM HPOU3BOACTBEH-
HBIM YHHTapHBIM TIpel-
npusitueM  «I[IpoMexanu-
Kay

Jetanp Ne 3

DJIEMEHT COCTaBHOM 4YacTH
JIeTajeil CTaHKOB U 000py-
JIOBaHUS

Pabota Ha MCKPOBOM ONTHKO-3MHUCCHOHHOM CIIEKTPOMETPE M €ro MPOTpaMMHOE OOecTieueHHUe
IMMO3BOJIAIOT YCTaHABJIMBATH XUMHUYECKHH COCTaB (OHpelIeJ'ICHI/Ie MacCOBOM JOJIN XUMHWYECKHUX JJIEMCH-
TOB B CTNsIX M CIUIaBax); OMpPEIelsTh MPOIEHTHOE COAEpKaHKe NMPUMeceil B MIMPOKOM JHana3zoHe
(yrnepogn, cepa, dpochop, kKpeMHUI, MapraHel, XpoM, HUKEIb, KOOAIbT, Me/lb, ATFOMUHUN (aTFOMUHUHA
KHCIIOTOPACTBOPUMBIN), MBIIBSIK, MOJTUO/IEH, BOoNb(paM, BaHAIWH, TUTaH, HEOOWH, ITUPKOHUH, CBU-
HEIl, 0JIOBO, IIMHK, CypbMa, 00Op, BUCMYT, KalbIIUi, a30T, MarHui, niepuii). B pe3ynbraTe craructuye-
ckr 00pabOTKH TMOydeHHBIE PE3YyIbTaThl U (POPMUPOBATH HTOTOBOE 3aKIFOUEHHE O XUMHUYECKOM CO-
cTaBe 00pasiia MeTajlla WK CIUIaBa.

Bechb mudposoii maTepuan oopabarsiaics B nporpamMax Microsoft Excel u Statistica.

Ananuz HCCIICAYEMBIX 06pa3u013 ,ZIeTa.]'Ieﬁ BBIABHJI, YTO OCHOBHBIM 3JICMCHTOM ABJIACTCA XKCJIC30
(pucyHok 1). IlpoueHTHOE comepkaHMe *kele3a B oOpas3uax pasanyHoe u cocrasisieT oT 98,785 % no
70,160 %. [deranu 1 u 2, xapakTepu3yeTcsi BHICOKUM COZEp)KaHUEM JKeJie3a 110 CPAaBHEHUIO C J1eTals-
mu 3 1 4 Ha 28,625 %.

Conep:xxanne Fe, %

11

O6pasern 1 O6pazen 2 O6pasen 3 O6pazen 4

Pucynok 1 — Codepoicanue xnceneza 6 ucciedyemuvix oopasuax oemaeil
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CopeprxkaHre pUMeEcei IPYruxX XUMUYECKHUX DJIEMEHTOB B JCTAJSAX PAa3IMYHBIX IMPOU3BOIUTE-
neit otnmyanack (pucyHok 2-5). B meramsax 1 u 2 B kauecTBe mpuMeceit ObLTH 00HApYKEHBI YTIIEPOI,
KpeMHHA, MapraHer], ¢ochop, XpoM, MOJTUOICH, HUKEIb, ATFOMUHUN, Meb, BOJIb()paM, HIOOHH, 0J10-
BO, BUCMYT, JIAaHTaH ¥ KaJbIUH (PUCYHOK 1, 2).

Hawnbonsiree conepxanne B 00pa3lax TEXHHYECKUX METAJIOB M3 YCTAHOBJIEHHBIX JJIEMEHTOB
umerot maprasen (0,227-0,327 %), menp (0,204-0,208 %), xpom (0,083-0,093 %), amomunuii (0,052-
0,049 %). OcTanbHBIX 3JIEMEHTOB MPOIIEHTHOE COJICPIKAHKNE HE3HAYUTEIHHOE.
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Pucynok 2 — Xumuueckuii cocmae Pucynok 3 — Xumuueckuii cocmae
npumeceit demanu Nol npumeceii oemanu No2

B meransx 3 u 4 OpUTO YCTAHOBIIGHO COZIEpKaHUE KPEMHUS, Maprania, Gocdopa, cepsl, Xpoma,
MOJIMO/ICHA, HUKENS, allOMUHUS, MEIM, KoOajbTa, TUTaHa, BaHAIWsA, BOIb(pama, HUOOHUH, OJIOBO,
MBIIIbSAKA, BACMYT, CYPbMBI, INHKA U IIUPKOHUSI (PUCYHOK 4, 5).

Haubomnbiiee comepkanne B 00pasiax TEXHUYECKHX METAIUIOB M3 YCTAHOBICHHBIX 3JICMEHTOB
umerot xpom (17,7-17,6 %), mapranen (1,047-1,042 %), uukens (0,936-0,953 %), mens (0,210-
0,209 %), turan (0,364-0,353 %), xpemuutii (0,432-0,427 %), momudaen (0,174-0,173 %), amoMunuit
(0,127 %) xob6ainbt (0,135-0,133 %). OcTaibHBIX 3JEMEHTOB IMPOICHTHOE COACPKAHNUE HE3HAYUTEIb-
HOe (PUCYHOK 4, 5).
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Pucynok 4 — Xumuueckuii cocmag Pucynok 5 — Xumuueckuii cocmae
npumeceil oemanu No3 npumeceit oemanu Nod

IIpu cpaBHenun peraneit nByx mnpomsBogureneld, OAO «ButeOckuil 3aBoj BIEKTpO-
n3MeputensHbil mpudopoB» u UVYII «IIpoMexanuka», BBISBICHO pa3HOE COAEp)KaHHE OCHOBHOTO
3JIEMEHTA JKeJe3a U KaK CICACTBHE OTIMYHE KaYeCTBEHHOTO M KOJIMYECTBEHHOI'O COCTABOB IPUMECEH.
B ob6pasmnax Metama geraneit 1 m 2 oTMedaeTcss MEHbIIee KOJTUIECTBO IPUMECEH, a TakKe, B OTIHY-
Hee oT JeTaniei 2 u 4 — cojiepiKaTcs yriiepo/l, JIAaHTaH U Kanbluid. B Meramie u3 odpasior 3u 4 060J1b-
moe cogepkanue npumeceit (oxoso 30 %), B ommune ot getanei 1 u 2 comepkarcs 3JI€MEHTHI — ce-
pa, KobaJIbT, TUTaH, BOJIb(pam, MBIIIbSIK, CypbMa, [IMHK.

3aksmoyenue. MeTo0M ONTHKO-3MHUCCHOHHOM CIIEKTPOCKOIMHU ObLIT YCTaHOBJIEH XUMUYECKUH CO-
CTaB MaT€pualioB, MCIOJB30BAHHBIX JId IMPOU3BOJACTBA JKCIIC3HBIX ﬂeTaﬂeﬁ. OCHOBHBIM 3JIEMEHTOB BO
BCEX HCCIEAyeMbIXx oOpasiax SBISCTCA KeJIe30, CoAepKaHhe KoToporo konebiercs ot 98,785 %
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1o 70,160 %. B xauecTBe mpuMecei, UMEIOINX OONBIINI TPOLEHT COoAepKaHHs, O OOHAPYXKEHBI yT-
JIepoa, KpeMHuU#, Mapranell, ¢pochop, XpoM, MOJIUOCH, HUKE/Ib, aTFOMUHHMA, MEb, KOOAILT, BOJIb(paM,
Marauii 1 HuoOui. [IpolieHTHOE cozepkaHKe MpUMecei N3MEHHMIIACH B 3aBHCUMOCTH OT HCCIIEIyeMOro
o0pasLa 1 NPOU3BOAUTEIIS, YTO OKA3bIBACT BIMSHUE Ha KAYeCTBO MPOLYKLIMU U CPOK €€ 3KCIUTyaTalluH.

BerusiBiieHB! OTIIMYKS B IPOM3BOACTBEHHBIX AETAJISX, IPEACTABICHHBIX IJI aHAIN3a Pa3IUIHbI-
MU IpousBoauTesiMu. Haubonbiiee comepxanue xeneza otMedeHo B oOpaszuax Ne 1 u Ne 2, mpeno-
craBineHHbIX OAO «ButeOckuii 3aBOJI ANEKTPO-U3MEPUTENHHBINA TPHOOPOB» (99 %), HaumeHbIee — B
obpaszuax Ne 3 u Ne 4 mpomssoautens UVII «[IpoMexanuka». COOTBETCTBEHHO HamOOIbIICE MPO-
LEHTHOE COJCpKaHWe MpHMEcel BBISBICHO B 00pa3lax ¢ MEHBIIMM COAEp)KaHHeM Kenesa. B mpo-
LICHTHOM COOTHOLICHHWH K HauOONIbLIEMy KOJMYECTBO 3JIEMEHTOB IIpUMece B 00pas3lax OTHOCATCS
xpom (17,7 %), mapranen (1,05 %), auxens (0,95 %). YBenndenue KonudyecTBa MpuMeceid MPUBOIUT
K CHIDKCHHIO Ka4eCTBa MaTepHaja U MOBBIIIAET PUCK OBICTPOTO pa3pyIICHUs JeTaneH.

[Tpoananu3upoBaB XMMUYECKUH COCTaB 0Opa3IOB, MOKHO CHIENaTh BBIBOJ, YTO Hanboee Kaue-
CTBEHHBIN MaTepHan UCTIONb3YeTCsl IPU U3roToBNIeHUK aeTaneit Ne 1, 2 u Huskoro kadectBa — Ne 3, 4,
YTO OTPAXKACTCS] Ha TEXHWYECKUX XapaKTEePUCTUKAX HCCIECAYEMBIX COCTaBHBIX JeTaleld CTaHKOB U
000pyI0BaHMsI, UCTIONB3YEMBIX B IPOU3BOJICTBE U CTETIEHU MX U3HOCA CO BpeMeHeM. Takum oOpas3om,
JUIS M3TOTOBJIEHUS! 00pa3LoB HEOOXOAUMO HCIIOIb30BaTh METANJ, KOTOPBIM COOTBETCTBYET TpeOOoBa-
HusM 'OCTa (mpoueHT coaepkaHus kene3a He Huke 98%) U XUMHUYeCKOMY CO/IEp KaHUIO JJIEMEHTOB
B cocTaBe o0pasiia, T.K. JaHHbIC XapaKTEPUCTHKH BIUSIIOT Ha Ka4eCTBO MPOW3BOIUMON MPOIYKIIHH,
COXPAHEHHUs U yCTOWYMBOCTHU AETali K KOPPO3UH.
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NPUCBOEHMUME YUPEXJIEHNUIO OBPA3OBAHUA UMEHU I'EPOS
KAK PECYPC HATPUOTHYECKOI'O BOCITUTAHUS MOJIOAEXHU

IIpucBoeHHE UMEHU YUPEXKICHHUIO — 3TO 3HAYMMBIM IIAr, KOTOPBIA MOAYEPKHUBAECT BAXKHOCTH
JUYHOCTH, CBA3aHHOW C 3THM Ha3BaHUWEM. Yalle BCEro TaKO€ PEUICHUE NPUHHUMAETCAd B YECTh
BBIJIAIONIUXCS JAeSITeNIed HayKH, KyJbTYpPbl, MOJHTHKH WU TePOEB, YbH JIOCTIDKCHHMS U BKJIAJ B
OOIIIECTBO 3aCITy’)KMBAIOT 0COOOr0 MPHU3HAHUSA. OTO HE TOJBKO YBEKOBEUHBACT I1aMATh, HO M
(hopMUpPYET TEHHOCTH y MOJIOJIOTO IIOKOJIEHUS, MOMYEPKHBAas BAXHOCTh 00pa3oBaHHSA, HAYKH H
TPaXJAHCKON OTBETCTBEHHOCTH. B Hamie BpeMs MHOTHE YYPEXKIACHHUS HOCAT HWMEHA H3BECTHBIX
JMOJe, TOATOMY MBI pEIMiId OOpaTUTh BHHMaHWE HAa KOHKPETHBIM TpUMEp U MPOBECTH
UCCJIe/IOBAHUE, YTOOBI y3HATH MPAKTUUECKYIO IICHHOCTD [TOI00HOTO IIara.

AKTyaTbHOCTh HCCJICIOBAHUS TOATBEPXKIACTCS TEM, YTO B HACTOSIIEE BpPEeMsS HMHTEpPEC K
coObiTusiM Benmkolt OTedecTBEHHOW BOWHBI, K €€ HENOCPEJCTBEHHBIM YYacCTHHKAaM BO3POC Kak
Hukoraa. [TpucBauBarh yupexaeHuio oopazoBanus uMs ['eposi COBETCKOro coro3a — 0OJIbINOH Iar B
3TOM JIeJie: Mbl OTAAE€M JaHb MaMATH YEJOBEKY M €ro MOJBUTraM, BEAb IEPOU KUBYT, IMMOKA O HUX
noMHAT. Hepapom denoBedeckas MyIpocTh I1acut: « TOJNBKO Ta CTpaHa, B KOTOPOU JIOAM MOMHST O
CBOEM ITPOIIIOM, JOCTOWHA Oy IyIIIETOM.

Ilenp wuccnenoBaHMs: HAa OCHOBE aHalW3a JIOKYMEHTAJIbHBIX HCTOYHUKOB, ITOMCKOBBIX
MaTepHaIOB y3HATh, MMOYeMy yupexaeHue oOpazoBanms «l umuazus Ne 4 1. BureOcka» HOCHUT mMS
M.H. [leHUCEHKO ¥ J0Ka3aTh Ba)XXKHOCTh MPUCBOCHUS YUYPEKICHHSIM O0pa3oBaHUS WUMEHH | epoer
Cogerckoro Coro3sa.

3anmaun:

1. CoOpath cBeneHus 0 )XHU3HH W ToBUTe Muxawnina ViBanosuua JleHuceHKO.

2. Ha ocHoBe ompoca BbISBHUTH OTHOIICHHE YYAIIMXCS K MPUCBOCHHUIO YUPEKICHUIO
oOpasoBanus umenu ['epos Coserckoro Coroza
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