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[Tpusenens! MeToamka v pe3ynbTaTsl NCCAELOBAHMI NPOLECCOB AeCOPOLNM ra30B U3 ANCIIEPCHBIX MATEDUAIIOB Ha OCHOBE XENE3a W
HUKeNA 1 CNOXHBIX okcugos MeTanios Co0.Al,05:Zn0:P,0s, CoO:NiO:MnO,:Ce0, Macc-cnekTpomeTpuyeckim MeTofomM. OnpeneneH
KOIMHECTBEHHbIA M KaYECTBEHHBIN COCTaB BLIZENMBLIMXCA Fa30B, OCHOBHLIE (OPMbI AACOPBUMM ra308 Ha NOBEPXHOCTY Yk TPAAMC-

MePCHbIX NOPOLLIKOB.

Beepenue

ITpyt ipon3BOACTBE YIBTPANUCIICPCHBIX IOPOILKOB
(YAIT) He ucKMoYeHo UX 3arpg3HeHue ra3zoo0pasyio-
IIUMH TEXHOJOTHIECKMMU NpuMecaMu. [IpH xpaHeHun
YJITT Bo3MOXHA a3COPOIIMA Ta308 BCIEACTBAE 6ONBILION
VICTBHOM NOBEPXHOCTH, a 3HAYMT 1 BHICOKOH NOBEPX-
HOCTHOM aKTUBHOCTH. MaTepHaiisl ¥ H3IENNs, U3ro-
TaBJIMBAEMEBIE U3 MOPOLIKOB, IIPH HArpeBe BhIAEISIOT
60JIbI0E KOMMYECTBO I'a33, KOTOPHIi CO3AET BHYTPEH-
Hee RaBIICHHE, MPUBOJMLICE K Pa3pyIIEeHUI0 H3IeINi
1 M3MEHEHHIO UX cBOMCTB. KpoMe Toro, ra3oo6pasHrie
IPHMECH, BCTyNas B XMMHYECKUE PEaKLMH ¢ MaTepHa-
JIaMH, TaxXKe CHOCOGCTBYIOT UX pa3pylEHUIO, COKpa-
IHast CPOK CIyXOBI M3NENHI. B CBA3M C BHILIEUITOXKEH-
HBIM BO3HHMKAET HEOOXOMUMOCTB II0JIyYaTh OPOLIKH U
M3JEe/IMA U3 HUX C MUHUMATBHBIM COAEpXaHHeM 1a30-
o0pa3ubix npuMecedt, MudopMaLyg o ra3oHachlnieH-
HOCTH NOPOLIKOB ¥ KNHETHKE BHIIEICHHS Ia30B IpH
Harpese 103BONACT AaBaTh MPAaKTHYECKUE PEKOMEH A~
MM I10 pEXUMaM MTONYYEHUS TIOPOLIKOB M YCIOBUAM
WX XpaHEeHHUH.

Jnst onpereneHns KayeCTBEHHOTO ¥ KOJIMYECTBEH-
HOro coaepXaHus rasoobpasubix npumeceit 8 YIII u
HCCIIENOBAHHS NpoLiecca ra30BBIIENCHHS U3 HUX HPH
UX Jiera3alyu Leaecoo6pa3Ho MpUMeHEHKE Mace-CIIeK-
TPOMETPHYECKOrO METOHA BCAEACTBHE eT0 GONBINON
MH(OPMATUBHOCTHU M BHICOKOM YyBCTBHTEIBHOCTH [1].

3Kcnepmeﬂranbuaﬂ 4acTb

HUccnenoBanne npoiieccos Aecopbuyy ra3os ¢ no-
BepxHocTH YJIIT Xene3a, HUKENA M CIOXHBIX OKCHAOB
metamios Co0:Aly04:Zn0:P,05, CoO:NiO:MnO,:
CeO, npoBOIMIOCH METOXOM TEMIIEPATyPHO-TIPOrPaM-
MHDOBAaHHO} JecopGuuK B BaKyyMe. B kauecTse peru-
CTPUPYIOILErO YCTPOHCTBA BHIACIMBIIMXCA 2308 HC-
TTOJIb30BA/ICH aBTOMATH3HPOBAHHBII THATHOCTHYECKUT
Macc-criekTpomMeTpuyeckuii kommieke (AJIMCK), co-
3MaHHBIA Ha 6a3e Macc-CreKTpOMeETpa Jid XMMHYEC-
Koro aHanuza MX-7203 [2].

OO0pa3iibl METAJUTIOB U CTIOXHBIX OKCHIOB METAUTOB,
TIOJIYYEHHBIE METOAOM MEKTPUYECKOTO B3PbIBA I1PO-
BOIHHKOB U IJIa3MOXUMHYECKHM METONOM, UMEIOT
YAE/bHYIO IOBEPXHOCTH OT 6 10 15 M2/r v cpemuuii pas-
mep yactui 0,05...0,15 mxm. OGpasup! XpaHUIMCE B Te-
YeHUH 6 MECSLEB B NMOTMATHICHOBOM YNIAKOBKE TIpU
temmneparype 20 °C u snaxuoctv 75 %.

DKCNepUMEHTATBHEIE HCCAEI0BAHMS IPOBOIIINCE
N0 CeAylouieil METOAMKE: aMITylIbl ¢ 00pa3stamMu Io-
POILIKOB 3arpyXaiuch B 3KCTPaKIMOHHBIN OiIok
AIMCK, npexpaputensHO NOATOTOBIEHHOIO K pabo-
T€, COIACHO MHCTPYKUMH 110 3KCIUTyaranuu [3], 3atem
MPOBOAMAACH OTKAYKa KAMEPHI SKCTPAKIUH O HaBJIe-
Husi 10-2 [1a u onpenensuiocs 3HayeHHe GOHA; C TOMO-
HIBIO PErYIMPYEMOTO ITPOTPaMMAaTOpa TeMIEPATYPhI
3ajlaBaicsl TEMIT TMHEHHOTO Harpesa o6pasLosB.

B peaynsrare HarpeBa MCCeAyeMbIX 00pa3LoB Ipo-
UCXOIMIA AecOopOLMS ra30B, KOTOPhIE PETMCTPHPOBaA-
JIUCH C TIOMOLIBIO MacC-CIIEKTPOMETPA.

O6paboTka MoJly4eHHBIX JAHHBIX MIPOBOAMIACH C
MOMOIIBIO CTIELHATBHO pa3paboTaHHOrO IPOTPaMMHO-
ro obecreyeHus ¢ HCNOAb30BAHUEM BHYHCIUTEIBHOM
TeXHUKH [4].

B TeyeHue aHann3a Ha 3KpaHe TUCIUIES ¥ Ha ITeYarh
BBIBOJWJIMCE PE3YAILTAaThl KAXIOro 3aMepa (pa3BepTKy
MacC-CIeKTpa) — CIUCOK aHAMHIUPYEMBIX Ia30B, $o-
HOBBIE 3HAYEHUSA, 3HAYCHUS HANPAKEHHS YCHIUTENS
nocrosHHoro Toka (VIIT), cooTBeTcTBYIOIIErO Macco-
BOTO YHUCIA M 3HAYEHHME TUIOWANM MOJ KMHETUIECKOIH
KPHUBOI IeCOPOIMM aHATH3UPYEMBIX Ta30B.

Pe3ynbTaThl M X 06cyxneHue

Pe3ynrraTel MCCIENOBaHUI NpPEACTABIEHE B BUAC
3aBHCHMOCTEH KOHLEHTPAUHMHU Fa30B OT TEMIIEPATYPHI
Harpesa obpasua YAIT (pucyHox) 1 B TaGAMYHOM BUAE
(tabn. 1, 2).

AHaJIM3 3KCTIEPUMEHTATLHBIX JAHHBIX TIOKA3bIBACT,
YTO MaKCUMANBHOE Ta30BbLICIEHHE M3 00pa3LIOB MpH-
XOXMTCS Ha AMana3oH temmepatyp 240...360 u
540...700 °C.

KauecTBenHsIit coctap rasos (1abn. 1), Beigensio-
BIMXcA npy Harpese B BakyyMe YJIIT, Hukens u xenesa
cnenyioumii: Hy, H)0, CO, N,, NO, O,, Ar, CO,, NO,,
MpPHYEM 3HAYUTENBHYIO YACTh BRIAETHMBUIMXCS [A30B
cocrapwii, CO (16 1 34 % o6beMa, COOTBETCTBEHHO),
CO, (32174 % o6wema) u H, (9...14 % obsema), a Tak-
xe NO y YIIT xene3a (17 % oObeMa).

YcTaHOBNEHO, YTO OCHOBHOM (opMoil agcopOuuu
ra30B Ha MCCIENyeMbIX [IOPOLIKAX SBIIAETCH XEMOCOD-
Ouust [5]. BouieneHue BIltienIepeYHCICHHBIX Ta30B HO-
CHT CTalHHHBIN Xapaktep (puc.).

Tazosrinenenue CO NMPOUCXONNT B IBE CTAOMH Y
YIIT vukens ¢ pa3pbiBOM JMHEHHOTO (MAKCHMYM HPH
240 °C) 1 moctukoBoro (360 °C) TUIIOB CBA3M MEXIY
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Tabnuua 1. Cogepxarue rasos B YAl metannos Tabnuua 2. CopepxaHue razos 8 Yl cnoxXHbIX OKCHA0B Me-
Tannos
Ni Fe -
Caz Fas C00:A1,0,:Zn0:P,04 Co0:NiO:MnO,:Ce0,
eM/100T | % obnema | eM/100 F | % ofnema eM /1001 | % o6nema | er’/100T % o6bema
H, 40,83 8,63 41,69 13,90 H, 31,43 0,49 6,09 0,42
CO 73,73 15,58 102,09 34,02 CcO 290,14 4,54 71,88 499
N, 6,05 1,28 3,11 1,04 N, 139,52 2,18 8,93 0,62
NO 0,86 0,18 49,52 16,51 NO 5,52 0,09 1,63 0,11
O, 2,38 0,50 8,78 292 0, 5401,73 84,55 1207,86 83,87
Ar 0,03 0,01 0,03 0,01 Ar 1,36 0,02 0,19 0,01
Co, 349,32 73,82 94,82 31,60 Co, 518,97 8,12 143,62 9,97
> 473,20 100,00 300,04 100,00 ¥ 6388,66 100,00 1440,19 100,00

CO u Monekynoit Meramna (pUC. @) U B OMHY CTAHUIO ¥
YIII xene3a (560 °C) (puc. b). Hammuue sbicoxoteM-
neparypHoro nuka CO y xene3a 00ycnoBieHo Mpoy-
HO# (opMoii xeMocopOLIH, 00pPa30BaHHOM JUCCOLM -
aTvBHOM ancopouuei monekyns CO npyu 7>25 °C. Ia-
sonblieeHue CO, IPOUCXOIMT B OJHY CTAAUIO ¥ BCEX
HccaenyeMbIx mopomkos Metamios (300 °C y YIIT nu-
kens 1 360 °C y xenesa). Belgenenue sogopona us o6-
paszua YAII Ni npoucxo Ut Takxe B OIHY CTaaHIO C
Pa3pPLIBOM MOJICKYAAPHON (H; ) 3apskeHHO GOpMH
xeMocopOimu (MakcuMyM npu 120 °C). B ciyyae YAII
Fe rasoBiienieHre BOIOPOA PE3KO BO3pACTAET HAYM-
Has ¢ 400...500 °C, 410 06BACHACTCS Pa3pLIBOM 11POY-
HO aCOPOMPOBAHHON aTOMApHOH CBS3W, BOZHHMKILEH
MEXJly aTOMOM BOJIOPOJa ¥ aTOMOM MeTaina. [lpucyr-
CTBYE BhICOKOTEMMeparypHoro nuka NO (560 °C) B
ofpasue xene3a 06ycnoBleHO 00pa3oBaHUeEM TIPOYHO
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aacopbupoBaHHoi GOpMEI, BO3HHKIICH B pe3ynibra-
Te auccouratvBHoi ancopbumu NO Ha OKHCIeHHOMH
MOBEPXHOCTH XeJe3a.

CyMMapHas KOHUEHTpaluMs BHIECTUBIIMXCSH Ta-
30B OJIHOTO MOP#ZiKa 11 Bcex uccnenoBaHHbIX YT
METaJLIOB.

B otnuMe oT NOpOIIKOB METALIOB, FlIe GOMBIIYIO
YacThb BBLIENMBIINXCA TasoB cocTaigior CO u CO,,
B YJIIT CIOXHBIX OKCHAOB METAUIOB Npeodiajaer
MOJIEKYNAPHBIN KACTOPOA, COCTABISIOUIHI TPUOTH-
3uTenbHO 85 % obbeMa Beex BLLICAMBIIMXCA Ta30B
(tab. 2). [IpuyeM MHTEHCUBHOE BbIACICHHE KUCIIO-
pola HAYMHAETCS C TEMIIepaTyp, NPEBHILIAKNINX
600 °C.

HoctaroyHo 60Mb1IOe KOMHYECTBO AecopOupye-
MOTO KMCIOPOAA, 3HAYUTESIbHO TIPEBRIIIAIONIETO Be-
JIMYHHY OJHOTO MOHOCIOS, CBUAETENLCTBYET O €r0
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PrcyHOK.  3aBUCUMOCTb KOHLEHTPaLiv fecopbupoBanhsix rasos u3s Y/ or temnepatypsl: a) Ni; b) Fe; ¢) Co0:Al,05:Zn0:P,05;

d) CoO:NiO:MnO,:Ce0,. Temn Harpesa 10 rpag/muH
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BBIXO/I€ H3 NPUIIOBEPXHOCTHRIX C/10€B 00Pa3110B CHOX-
HEBIX OKCHIIOB META/UIOR. JIDYTHMH CJIOBAMH MOXHO CKa-
3aTh, YTO AaHHBIC 06pasisl 001analoT 60bII0H Tra30-
HACBHILIEHHOCTBIO KMCIOPONOM (DPHC. ¢, d).

Tacxe B YT CIOXHBIX OKCHIOB METALIOB OTMe-
YEHO MOYBJICHHE ABYX HOBRIX dopM aacopbduuu CO ¢
XapaKTepHbIMH MAaKCHMyMaMH KOHIEHTpalUUH
T=650°C u 450 °C (puc. ¢, v puc. d, COOTBETCTBEHHO),
u CO, — ¢ Makcumymamu 7=600 °C (puc. c), KoTopbie
OTCYTCTBYIOT y IIOPOIIKOB MeTamnoB. [logsnenue Ho-
BBIX opM axcopbiuu cBg3aHO ¢ Hamuuuem B YAIT
CJIOXHBIX OKCHIOB METAJUIOB BYX THHOB a/COPOIMOH-
HBIX LIEHTPOB, TO €CTH MONIEKYJIbl ancopbara MOIyT ajl-
COpOMPOBATHCA KaK Ha HEHTPAX, COCTOAIUMX U3 aTOMOB
METAJUIOB, TaK M HA aTOMaxX KUCIOPOJA.

3aknioveHune

TaxuM 06pazoM, pe3ynbTaThl HCCIEI0BAHMI MOKA-
3414, YTO pa3paboTaHHas METOZNKA M MPOrpaMMHOE

obecneyeHHe TO3BOILIOT IPOBOAUTS C BHICOKOM TOY-
HOCTBIO aBTOMATU3WPOBAHHEIM KOJTWYECTBEHHKIH aHa-
JIM3 Ta30BOTO COMCPXaHUA B MOPOIIKAX HEOpraHHYeC-
KUX MaTepyaoB. Pe3yabTaThl TPOBEIEHHBIX HCCIENO0-
BaHMH npoleccoB rasosbiaeneHus u3 YJII1 merannos
IIPY TEPMOZIECOPOIIHMM B BAKYYME FIOKA3AJIH, YTO UCCIIE~
JoBaHHble YITT 06namaloT pa3snuyHoi KOHIEHTpaL-
€l ra30BhIX MPUMECEH, a CaM MPOLIECC Ta30BLIACACHHS
HOCHT CIOXHBIN cTagMitHeiil XapakTep. OCHOBHOA
(hopmoit amcopOIH ra30B HA UCCAEAOBAHHBIX ITOPOIL-
Kax spisgercd xemocopbuns. Guznyeckas ancopoums
NPEACTABNICHA B HE3HAYMTEILHOM CTENEHH, M €8 CyM-
MapHbIit BKJIaJ cocTapisieT MeHee | %. Cneayer orMe-
THTb, YTO € YBEJIMYEHUEM CKOPOCTH HarpeBa MakCHMY-
MbI Ha KOHIEHTPAILIMOHHBIX 3aBHCUMOCTAIX Y BCEX HC-
cnegoBannbix YA, Kak mpaBwio, CMEHMIAOTCS B CTO-
poHy 6oJiee BHICOKMX TeMIepaTyp IpH COXpaHEHUH
o01ero 06b5eMa BbIIETHBILUXCS Ta30B.
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