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PEKOMEHOATENbHOE NMUCbMO

o0ecreueHiH YCTOHYHBOIO Pa3sBUTHA SKOHOMHKH HalleH CTpaHbl, €6 HAlMOHAIbHOM Oe3onac-

HOCTH, IIOCTYNATeILHOTO XapaKkTepa Hay4YHO-TeXHHYECKOro W TEXHOJIOrMYECKOTo mporpecca

MHHEPaIbHO-ChIPDLEBOM KOMIUIEKC BHOCHUT BECOMBII BKIaa. MHOrHMe BH/IbI TBEP/BIX MONE3HBIX
HCKOTIAEMEBIX TIO/IBEPraloTcs MHOTOCTANUANIBHOM nepepaboTke He CTONBKO /U1 Pas/ieNeHys Ha MOJNe3HYI0 H
HETMOE3HYH YaCcTH, CKOJIBKO VIS MOMTY4YeHNS KaueCTBEHHOH TOBAPHOH NPOMYKIMHA Pa3IHYHbIX NOTPedu-
TEJBCKUX CBOHCTB. M3BIeKaeMast LIeHHOCTh MHHEPAIBHOIO ChIPbS, ONpeaeIseMas TEXHOIOTHYECKHMH CBOH-
CTBaMH CIAralolinx pyLy MUHEPAIOB, BO3PACTAeT 3a CYET M3BJICUEHHUS MOIYTHAIX LIEHHBIX KOMIIOHEHTOB U
BHEJPEHHS MPOTrPECCUBHEIX, MPEKIE BCETO, pecypcocbeperatonix TEXHOIOTHI U1 MOJIYyYEHHs TPOAYK-
LIMH BbICOKHX I€PE/IETI0B.

B Hactosmee BpeMsa 1o0bIBaEMOe ChIPhE 3a4acTyr0 OT/IMYAETCs CIOXKHBIM BELIECTBEHHBIM COCTABOM,
OIPEENIAIUM €T0 TPYAHYI0 000raTuMOCTb U HEOOXOAMMOCTD IPHMEHEHHS HOBBIX TEXHOJOTHYECKHX
peleHuii 1 HHTeHCH(DUKATIIY TPOIECCOB 00T aAleHN U METaUTyprudecKoro nepeaend. B aTux ycnosu-
X IPUMEHSAEMBIE CXeMBbI ePBHYHON nepepaboTKU JOIKHBI MAKCHMAaJIbHO YYUTHIBATE OCOOEHHOCTH BEllle-
CTBEHHOI0 COCTaBa M TEXHONOIHYECKHE CBOHCTBA MHHEPATBEHBIX KOMIIEKCOB NepepadaThiBa€MOro Chlphbs:
PYAHOTO, POCCHITHOTO, TEXHOTEHHOIO.

Jns peanu3anmy KOHKPETHBIX 3a/1a4, TOCTABJIEHHBIX PYKOBOJICTBOM CTPaHb! (MOBBIILEHUS [71yOHHBI T1e-
pepaboTK¥ MUHEPAJIbHOTO ChIPbsi, HHTEHCHBHOTO Pa3BHTHs OMO- M HAHOTEXHOJIOTHH H Mp.), IPH COOmIo/Ie-
HHH TpeGoBaHuH 5P OEKTUBHOCTH HCMOIB30BAHMS HEP U OXPAHEI OKPY:KaIOLIel cpebl HEOOXONMMbI 3HA-
HHs O CBOMCTBAX MUHEPAIOB, HX MMOBEACHHH B PA3IHYHEIX TEXHOIOMHYECKHX MPOIECCax, BOZMOKHBIX CMO-
co0ax HampaBIEHHONO BO3AEHCTBHA Ha HHX C LIEIbIO H3MEHCHHsA MX CBOICTB M Gonee 3ddekTHBHOrO
pazziesieHus B MpoLeccax 00oramieHus.

Briepeeie 118 crienManicToB, paboTaoumx B 001aCTH H3YYEHHS M OCBOEHHS MHUHEPAJIbHBIX PECYPCOB,
n3nan CnpaBouHHUK, B KOTOPOM 0a3a JAaHHBIX 10 COCTaBy M CBOWCTBAM MHHEPAJIOB CTPYKTYpPHpPOBaHA C
y4ETOM HX BO3MOKHOCTH 00pa30BaHHsA TOBAPHBIX NPOIYKTOB. .

PeanuzosarHas B CripaBouHuKe rpaduveckas (hopMa NpeacTaBlIeHus JaHHBIX CBHIETEIbCTBYET O [0sIB-
JIeHUH TIepBoii B PoccHH KOTHUTHBHOM ba3bl TaHHBIX [0 TEXHOIOIMYECKHM CBOMCTBaM MHUHepanos. Bos-
MOKHOCTH MCIO0JIb30BaHKs [103HABATEEHOr0 00pa3a (KOTHHTHBA) ITO3BOJIAIOT MepeiTy or bas naHHBIX K
cuTyauHoHHBEIM Ba3am 3HaHui, KOTOpbIE, B CBOK O4Yepelb, MOCTYKaT HCTOUHHKOM FeHepaliuy HAeH 1 HHHO-
Bauui B cepe nepepaboOTKH MPHPOAHOIO M TEXHOTEHHOTO MUHEPAIBHOIO CHIPBSL.

DenepasibHOE areHTCTBO POCCHU 10 HEIPOKCIIONB30BaHHIO PEKOMEHAYET T€0I0raM, MUHEPATIOraM, TeX-
HOJIIOTaMm, CIIELIMaIHCTaM, 3aHITEIM B cepe H0ObIUH U epepabO0TKy TBEPABIX IOIE3HBIX HCKOTIAEMBIX, AaH-
He1i CrpaBOYHHK K LUMPOKOMY HCIIO/1b30BAHMIO B CBOEH MPOPECCHOHATLHOM JIEATENLHOCTH.

3amecTuTeNb pyKkoBoauTens PocHenpa B. H. basnos




NPEOUCINOBUE HAYYHOIO PEOAKTOPA

PeUTaraeMast TMTATeII0 KHHIA UMECT 4eTKO OPHEHTHPOBAHHYKO HANPABICHHOCThL — BBIyCKa

CHEHHAM3HPOBAHHOIO MUHEPATIOrHYECKOT0 CIIPABOYHHKA /IS TEXHOIOTOB, BIH3KHit 10 HA3HAa-

4eHHI0 cnpapo4HHK (28] Obu1 u3nan Gonee 20 et Hasam, M BIOJTHE ©CTECTBEHHA HEOOXOMH-
MOCTE B H3[JaHHH COBPEMEHHOH BCPCHH TAKOTO CNPABOYHUKA B PACIIMPEHHOM BAPHAHTE H C BKIFOYCHHEM
MOSBHBIIVXCS 33 NCTCKIIMH NEPHOI HOBBIX JJAHHBIX 110 CBOHCTBAM BAKHBIX [UISl TEXHONOTHM MHHEPAJIOB.

OrennBas B 11€J10M BHITOTHEHHYIO aBTOPAMH paboTy MO CO3JAHMEO HOBOIO CIpaBOYHHKA, HEOOXOOUMO
OTMETHTE €ro CIeAyIouIe 0CoOeHHOCTH. Bo-nepBhIX, HACTOANIMH CIIPABOYHHMK OTIHYACTCS OPUTHHATBHOI
nonaycH mMarepuaia, 6asupyromiercs Ha TEXHOIOTHYECKOI 1O CBOEIH CyTH Kinaccu(ukanuy cBOMCTB MHHe-
PajioB. 3a OCHOBY COOTBETCTBYIOLIETO Pa3IC/ICHHsS MHHEDATOR ABTOPAMH NPUHSATEL: PACIIPOCTPAHEHHOCTh
(3HaYUMOCTh) B TEXHONIOTHIECKHX NPOLIECCAX MUHEPANIOB; HX TPaBUTALMOHHBIE (TIOTHOCTE) H AIEKTPO-
MarHMTHbIE CBOHCTBA. M BO-BTOPBIX, B TAHHOM CIpaBOYHIKe aBTOPAMH COOPAHBI 0YEHb JETATbHbIE cBeje-
HUsl (Mareprasibl) 060 Beex BaskHEHIIMX (DU3UKO-XMMHYIECKHX CBOMCTBAX IS TIOPsIIKA THICAYH MUHEPAIIOB,
BIJIIOYAA HX HCKYCCTBCHHOE IOJIy4CHHE 1 TIOBEJICHHE B TEXHONOTMYECKHX nporieccax. [Ipu 3Tom oxapaxTe-
PH30BaHbI OTIMYHTEIBHEIC OCOOEHHOCTH M CBOMCTBA MUHEPAIOB M MX HCKYCCTBEHHBIX (cHHTETHYECKHX)
aHaloToB.

Khnra, kak yie oTMeqanoch, OpHEHTHPOBAHA HA CHELUATHCTOB IO TCXHONOTHYECKON (IPHUKIIAAHOIH)
MHUHEPATIOrHH, KOTOPBIX, B IIEPBYIO OYEPE/b, HHTEPECYET IMPOKHUH CMEKTP CAMBIX PA3IHYHBIX CBOMCTB
MHHCPAIOB € KOHKPCTHBIMH [aHHBIMH M0 3THM CBOHCTBAaM. BONPOCHI e KOHCTHTYLMH MUHEpanoB (¥x
B3aHMOCBSI3aHHBIX COCTaBa U CTPYKTYPBI), KOTOPBIE ONPEIENSIOT HX CBOICTBA, OCBEIIEHE! B CIIPABOYHUKE B
camMoM 001eM Bujie (C IaHHBIMH CHMMETPHH KPMCTATHYECKHX WHIHBUIOB, CHHIOHHH H T.11.). Onpasma-
HHE TaKO# CHTYALIHH CBA3aHO C TeM, 9TO KOHCTHTYIIUS MHHEPAJIOB H CBSI3aHHOE C Heil Hay1HOE 00BsCHEHHE
X CBOHCTB IIPE/ICTABIAET ClELHAIBHBIH Pa3/ien MHHEPanoriu (CMm., Hanpumep, B. B.3yes «KoHeTuTyms,
CBOHCTBA MHHEPAIOB ¥ cTpoeHue 3emin», CI16. Hayka, 2005), uanoxkeHue KOTOPOTrO B JIAHHOM CIIPABOYHH-
KE HE BXOIMJIO B 33]Ja4H aBTOPOB.

IIpuBnekaet coBpemMeHHOE 0YOPMIEHHE CTIPABOYHUKA, OKHBISEMOrO YIQIHBIMH KPYTOBBIMH THATPAM-
MamH CBOWCTB MHHEPAJIOB 1 P(EKTHBIME HILTIOCTPALMSAME PHCYHKOB KPHCTAILIOB (& TaKxKe XapaKTepHEIX
BBUIC/ICHHI H arperaToB) MHOTHX IIPOMBIIUIEHHO-BaKHBIX MHHEDAIIOB.

He umes aHANOroB Kak B OTCYECTBEHHOM, TakK U B 3aPyOEKHOM JMTEparype, JaHHOE M3JAHHE MOKET
PAacCMaTpUBATECH B KAQYECTBE aKTyallbHOH M BECHMA M0€3HOH WHMIMATHBEL ABTOPOB, KOTOPYIO JOJIKHA
NPHBETCTBOBATE HAyYHAas OOIIECTBEHHOCTh COOTBETCTBYIOLIUX 06IacTei 3HAHMIA.

B sakntouenue noauepkHeM, 9T0 BBITYCKAEMBIH CIIPABOYHHK HECOMHEHHO OyneT BocTpeGoBaH Kak cry-
ACHTAMH, TaK H NPENoaaBaTe/IiMH U HCCICI0BATEIAMH B 00IaCTH TOPHO-T€ONOTHYECKHX W CMEXHBIX ¢
HHMH HayK (MaTepHaJoBeJeHHs u Ip.).

JOKTOp reo1oro-MHHEPaTOrnIecKHX HayK,
Axazemuk PAEH ™ B. B. 3yes
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NMPEAUCITIOBUE

QKHEHIIeH COCTABISIOMIENH POCCHICKOH 3KOHOMMKH SIBISIETCS MHUHE-

pabHO-CHIPREBOH KOMILIEKC. Ha SKOHOMHKY, B repByro o4epeib, OKa-

3bIBAOT BJIMSHHE T€ MHHEpAaJbHbIE KOMIIOHEHTEI, KOTOpPBIE M3BJICKa-
10TCA TpH 000TALEHNH PYIHOTO CHIPbA M IOCTYNAOT B pasjinyHbIe Chepsl mo-
Tpebrnenus.

B npouecce oboramieHus HCXOAHOE MHHEPAILHOE ChIPhe pasjieNseTcs Ha Mo-
JIe3HYH (KOHUEHTPAT) ¥ He MOJE3HYH (XBOCTHI) HACTH € MOMOMIBIO0 METOMIOB, 0C-
HOBAHHBIX HA PasIH4YHH (U3NYECKHX, XHMHIECKHX, MEXaHO-QU3HYECKUX U APY-
T'HX TEXHOJOTHYECKHX CBOMCTB MHHepasioB. g oO0CHOBAaHMS palliOHATBEHOH
TEXHONOTHYECKOH CXeMbI OCHOBHOIO H JOBOIOYHOTO IIHKJIOB 0OOTAIEHH s BaKHO
3HATh CBOMCTBA pas3le/seMbIX MUHEPAJIOB, MUHEPAILHBIX (ha3 UM MUHEPATbHBIX
xomruiekcos. [l npasuibHOro BeiOOpa 000pydoBaHMS H PEKHMOB ITPOLECCOB
LHK/Ia PYIOMOATOTOBKH, 00€CIeunBalOIINX CENEKTHBHOE PACKPBITHE LIEHHBIX
MHHEDPAJIOB M TEM CAMBIM BIHAOIIMX Ha 2D(MEKTUBHOCTE UX BBIIEIECHHS TPH 000-
TalleHUH, Takke HeoOXOMMO yYHTHIBATH CBOWHCTBA MHHEPAIIOB, MPEXKIE BCETO
MexaHO-(pH3HUECKHE.

Munepane! HMEIOT MHOKECTBO CBOHCTB, KOTOPBIE YCIIOBHO ACNATCA Ha IHar-
HOCTHYECKHE U TexHonornueckue. C MOMOILIBIO MEPBBIX MOKHO HACHTHQHITHPO-
Barb U JMarHOCTHPOBATh MHHEpas (HampuMep, 10 1[BEeTY YepThl, Oecky, nokasa-
TeJISIM IPeJIOMIIEHHS H T.J1.), C TIOMOIIBI0 IPYTHX BBLIENHTE B IIpoLecee oborarie-
HUA MONE3HBIH MUHepal. Hanpumep, o LBETy pasfensiorcs MUHEpassl npu ¢o-
TOMETPHYECKOH CelaparyH, Mo MarHUTHOH BOCIPHUMYHBOCTH — B TPOIIECCE
MAarHMTHOM Cenapailiy, 1o 3JIeKTPOIPOBOJHOCTH — JIEKTPOCENapalHH, o CMa-
YHBAEMOCTHU IIOBEPXHOCTH IPH (PrIOTalHU U T.JI.

H3yyenneM TEXHONIOrMYECKUX CBOHCTB MHHEPAJIOB 3aHMMAeTCsl HOBas Hayka
B COCTaB€ IOPHBIX HAYK — TEXHOJIOTMYeCKas MHHEPaJorus. TexXHOJIOrndecKas
MHHEPAJIOTHa — HayKa, H3y4aromias CTpoeHue U (PU3HKO-XHMHYECKHE CBOICTBA
MHHEPANBHBIX arperatos ¢ Uenbio 3(heKTHBHOTO UCNONB30BaHUS MHHEPAJIOB H
COIEPXKAIINXCA B HUX IOJIE3HBIX KOMIIOHEHTOB [46]. TexHomoruueckas MiuHepa-
JIOTHSI, HCTIONB3YS METO/IBI KPHCTAIIIOXMMHUH, KpHCTauTorpaduH, neTporpadun,
(Gu3NKK ¥ XMMHH TBEPIOro Teja U APYTHX HAYK, U3 AHCLHIUTHHEL, HHOOPMHPYEO-
IeH TEeXHOIOroB-060raTUTENEH 0 MUHEPATBHOM H XMMHYECKOM COCTaBe Py,
NPEBPATUIIACE B HAYKY, CIIOCOOHYIO BMECTE C APYTHMH HayKaMH PELIaTh KPYITHLIE
3a[a4yM, OIpeeNnsrolie Pa3BUTHE MHHEPalbHO-CLIPEEBOTO H TOpHO-Tepepaba-
TBIBAFOIIETO KOMILIEKCOB.

MuHepanbHbIe PECYPChI Ha IYTH K HCIOIb30BAHHIO HX YEITOBEKOM MPOXOAAT
JIBE CTaJMH: CTaIUIO H3YUYEeHUs U CTaaui0 ocBoeHu. [Ipu reonoruieckom uayde-
HHUM JII000T0 MHHEPaIbHO-CHIPLEBOr0 00BEKTAa B IMKIE “MIPOTHO3 — TOMCKH —>
OLIEHKA —> pa3Bejika’ 3HAYMMOCTh 3HAHHH O CBONCTBAX MHHEPAIOB YCUINBAIOTCS
TIPH TIPOXOXKIEHUH OT CTAIMH K CTaIUH, PUYEM B FEOMETPHUECKOH IIPOTPECCHH.
Ha cTanuu ocBoeHHsA MECTOPOKAEHHH TO ’K€E CaMO€ MO)KHO OTMETHTh [T LMKJIA:
“noOpr4a — pyaonoAroToBka — oforaiieHue — MOBOAKA — XHMHKO-METALTyp-
TMYECKHl nepeen’.

_°



Ba)KHO Takke OTMETHTD BBICOKYIO BOCTPEOOBAHHOCTD ITHX 3HAHHI MPH MPO-
BEJICHHH MMHEPAIOro-TeXHOJ0IMYECKOr0 WM Te0NI0r0-TEXHONOIHYECKOro Kap-
THPOBAHHUS MECTOPOKIEHHH TBEPIBIX M0JE3HLIX HCKOMAEMbIX Ha CTAJIUU H3yde-
HHs, 4 TAKKEe MpH OCYHMIECTBIIEHHH CepTHElJHKaLIHPI MHHEPAJIBEHOIO CEIPBA 110 CBOH-
CTBaM.

CepruuKaLMst BEIIECTB MHHEPAILHOTO COCTABA M0 TEXHOIOTMYECKMM CBO-
CTBaM SIBJIIETCS MHCTPYMEHTOM KOHTPOJIS 32 PALHOHAIBHBIM M KOMIUIEKCHBIM
HCIIO/Ib30BaHUEM HEJIP, TAK KaK B ee TPOLeCcce ONPe/IeNsroTes H3BIeKaeMas LeH-
HOCTh KOHKPETHOIO MUHEPAIbHO-ChIpbeBOro oobexra (MCO) 1 Hen3bexKHbIe 110-
TEPH LEHHOIO KOMITOHEHTA, O0YCIOBIEHHBIE NPHCYIIMMH JIaHHOMY BEILECTBY H
YCTAHOBJIEHHBIMHU MPU CEPTUPHUKALIMY TEXHOJOTHYSCKUMH CBONCTBAMM.

3HaHUA O CBOMCTBAX MUHEPANBHBIX COCTABISIOUIMX BEIIECTBA MOBLICAT CTe-
MeHs 000CHOBAHHOCTH TEXHOTOTHYECKOH IKCIIEPTH3bI PA3THYHOTO HA3HAYCHUS U
TEXHOJIOTHYECKOTO ayuTa AEHCTBYIOIHX IOPHO-TIepepadarbBalOMInX NPOU3-
BOJCTB.

B Hacrosiiee BpeMs B CBSI3M C YXV/ILIEHHEM KauecTBa MUHEPATLHO-CHIPLEBOi
Oa3bl nepes yueHbLIMH CTOHT 3a/1a4a CO3IaHMs HOBBIX PECYPCOCOeperaroImx Tex-
HOJIOTHi MepepaboTku TPYIHOOOOTaTHMEIX M YIIOPHBIX PYI M TEXHOTEHHBIX Pe-
cypcos. Ilpensapsiomas co3naHHI0 HHHOBALMOHHBIX TEXHONOTHI CTA/Hs MUHE-
pasoro-TeXHOIOrM4ECKHX UCCIe0BaHMi MPO0O Py/Ibl KOHKPETHOTO MECTOPOXKJIE-
HUSL HAYMHACTCS C JIETAJBHOTO H3y4eHHS BEIIECTBEHHOTO COCTaBa U TEXHOJOIH-
YECKHX CBOWCTB, ONMpEAE/AIOHX ee 060oraTuMocTb. [IpencTaBnennas B cnpaBod-
HHKE CTPYKTYpHpOBaHHas 0a3a JaHHBIX 110 TEXHOJIOIHYECKHM CBOMCTBAM OCHOB-
HEIX MHHEpAJIOB CO3/1aBajJack aBTOpaMH B KadecTBe nHpopmammontoro odecre-
YEHMs BBILIENEPEINCIEHHBIX PaboT ¢ y4eTOM HX MHHEPAIOrHYECKOM i TEXHOJIO-
I'MYECKOH OOIHOCTH M CrelH(pHKH.




BBEOEHUE

J151 MMHEPAJIOTHYECKOTO CONPOBOKIEHNAA TEXHOIOTHIE CKOH OIIEHKH MH-

HEpaJNBHOTO CHIPES HA 000raTUMOCTE H TEXHOJIOTHYECKHX HCIIBITaHMH

pa3NUYHOro Macirada HeoOXOIMMBI CBEIEHHS O COCTABE U CBOMCTBAX
NPUPOIHBIX H TEXHOICHHBIX MHHEPATOB. MHOTHE TEXHOIOTHYIECKHE MPOLECCH
0azupyloTca Ha pasfeleHHH MaTepHana WM H30MpaTeNBEHOM BO3IEHCTBHH Ha
ceipbe. IT03TOMY B CrpaBOYHHMK BOLIIHM CBEJCHHMS O CBOMCTBAX MHHEPAJIOB, HX
0COOEHHOCTAX, € MOMOIIBIH KOTOPEIX MOKHO 000CHOBaTh 3((hEKTHBHBIC TTOIT0-
TOBUTE/IbHBIE M Pa3fleNuTelbHble NPOLECCH M BLIOpATh anmaparsl s epBud-
HO nepepabOTKH MHHEPAIEHOTO CHIPBSI.

B psy NpHpOAHBIX MHHEPAIOB M MX TEXHOTEHHBIX AHAJIOTOB NPHBEICHBI
CBEJEHHA O TEXHOTEHHBIX (opmax (daszax) aneMmeHToB. MHbopMmalusa gaHa 1o
TEXHOTEHHBIMH (DOpMam Hauboee aKTHBHO HCTIONB3YEMBIX YEPHBIX METANJIOB
(Fe, Mn), uBetnsix Metamnos (Cu, Pb, Zn, Al, Ti), 6nmaropoJssix MeTawios (Au,
Ag, Pt), cepsl, kKpeMHHA H yIIIepoaa.

CnpaBoYHHK COCTOMT M3 ABYX pa3nenoB. B mepBom pasmene npuseieHb CBOii-
CTBa MHHEPAJIOB, 00Pa3yIOMMX TOBAPHBIE MPOAYKTEI B TEXHOIOTHYECKOM IPO-
necce. BTopoii pa3aen COCTOMT M3 KPAaTKOTO OMUCAHHUS 0CHOBHBIX CBOHCTE Ma-
JIOPAaCnpOCTPAHEHHBIX MUHEPATIOB, KOTOPBIE PEKO 00pa3yloT MOHOKOHLIEHTpa-
ThbI, 1100 PEIKO BCTPEHAIOTCA B TPAKTHKE MepepaboTku pyaL.

B nepBoM paspene marepual u3ioxkeH B Haubosee ynobHoi mocaenosareb-
HOCTH JJIs H3Yy4YCHHS BELIECTBEHHOI0 COCTaBa CHIpbA. J{JIs KaueCTBEHHON U KO-
JIMYECTBEHHON OLIEHKH BEILIECTBEHHOI'O COCTABA CHIPbE M3ydYaercs MO MpPOLyK-
TaM, TIONYYEHHBIM B NpOIecce NOAroToBKH Mpods! (puc. 1). B coorBercTBnu ¢
OBEICHHEM B MPOLIECCE NMOArOTOBKH MHHEPAJbl H HX TEXHOT€HHEBIE AHAJIOIH
CTPYNIMPOBAHBL M0 MIOTHOCTH W MAarHWTHOM BOCTIPMHMYHBOCTH, YTO ONpejie-
JIWJIO CTPYKTYPY CIIPABOYHHKA.

B pasnene 1.1 1anbl CBEZIEHNS O TSKENBIX MHHEpanax ¢ IIOTHOCTBIO Oonee
4,2 Mr/m’, KOTOpbIe MMEIOT BBICOKYIO MATHHTHYIO BOCIPHHMYHBOCTD H HAKAII-
JHBarOTCA B MarHuTHOM (pakumu. Mx ynenbHas MarHuTHas BOCIPHEMYHBOCTb
% coctasnsier ot 16-:10™° 10 80 000-10™° cm’/r. B MarHuTHOI TsHKEIOi Bpakimu
HaXOJATCSH MHHEPAJIbl YEPHBIX METAII0B JH00 TeXHHYECKHI CKparl.

Paszien 1.2 nocBAMeH TSHXEIBIM MUHEPATAM TIOTHOCTEIO 6onee 3,6 Mr/v’ ¢
TNOBBIIEHHON! MarHUTHOH BOCIPHUMYMBOCTBIO ) 0T 4-10° 10 375-10° em’/r; (B
HEKOTOPBIX CIIy4asx — 10 824-10°° em’/r). MuHepanel ¢ yka3aHHBIMU TapaMeT-
paMM HaKarIMBAKOTCA B NEKTPOMATHUTHOH (pakimu. B 2eKTpOMarHUTHYIO
TOKENYI0 (DpaKiMIO NepeXoisT MHHepasbl YepHBIX, LIBETHBIX H PEAKHX MeTal-
noB. Cnenyer 3aMeTHTh, YTO B MAarHUTHOM, MEKTPOMATHUTHOH W HEDJIEKTPO-
MarHUTHOH (ppaKuHAX BEJIMYHHBI YAEIbHOH MArHHTHOM BOCIPHHMYHBOCTH
MHHEPAJIOB MHOIIA «II€PEKPBIBAIOTCA», TAK KaK 3TOT MOKa3aTelb B Mpeaesiax
OHOT'O MHHEpana MOXKeT U3MEHATLCA B LIMPOKOM JHANA30HE.

B paszene 1.3 cobGpanbl JaHHBIE O TKENBIX MHHEPalaX C MIOTHOCTBIO 0o-
Jee 3,6 Mr/M’ 1 HE3KOI MarHUTHOM BOCIPHUMYHBOCTBI), KOTOPBIE COCPEHAOTa-
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Pue. 1. Cxema moarotos-
KH NpoOE! K HIYIEHHIO Be-

LIECTBEHHOTO COCTaBa
Hexonuas npoba
T Munepanornueckoe
¢ > H3VUeHHE
JTpoGnenue, H3Me/bICHHE HCXORHOH NpobL!
(xpome chilytdero MaTepHalia), 10 —1 MM
che;‘LHCHHc. KBApTOBAHHE TexnonoriyecKue
¢ T | » HeeleJOBaH! i
l—) 3amac
Knaccndurara
h A \ J
MarnuTHoe (QpakiHOHHPOBAHKE I'paBuTanuontoe
(CBIPbE HEPHBIX METAIIOB) (ppaKiHOHHPOBaHHE
Y h 4 Y A ) A ) A
Kiitan DiexTpo- Mesin it A Tamenas dr, HpOMCW{}'TOL{fH?H Jlerxas .
MarHuTHaA Goznee 4.0 Mr/'m 2.9-4.0 Mr/m MeHee 2.9 Mr/m
) 4

MaruuTHOE (PpaKUHOHMPOBAHHE

A / Y
DNeKTpo-
MarHHTHas

. Y 4 \ l l

AHATHTHICCKHE H MHHEPAJIOTHYECKHE HCCIeTOBaHI (hpaKimii

MaruuTHas Hemaruurhas

YHBAKOTCS B HEDJNEKTPOMArHuTHOH (pakuuu. VX ynenbHas MarHuTHas BOCIpH-
= 6 -5 .3
UMYMBOCTE ¥ Oonbiueii yacTeio usmensiercs ot —1-10" 10 40-10" cM/r u B uc-
6 ] 3 .

KmouuTenbHbiX ciydaax — g0 200-107 u 400-107 cm'/r. B HedJleKTpOMAaruuT-
HYIO TSDKENyH (Ppakudio BXOAAT MUHEpasbl YEPHBIX, LIBETHBIX, OJaropogHbIX,
peNKHX (B TOM YHCIIE pekOo3eMelbHbIX) METalI0B H PaJHOaKTHBHEIX JJIeMEH-
TOB.

Paznen 1.4 comepkuT cBejeHHs 0 MUHEpajax cpeaHed (QpaKkiHy MIOTHOCTH

3
2,9-3,6 Mr/m", KoTopble, KaK MPaBuiio, MMEIOT HU3KYH0 MArHUTHYIO BOCIPHHM-
—6 & 3

4yuBOCTh (0T —0,49-10" no 15-10" cM™/T U HAKAMIUBAIOTCA B HEMJIEKTPOMATHUT-
HOM (ppakumu. 3HaYeHHE MArHUTHOH BOCIPHHUMYMBOCTH HEKOTOPBIX MHHepa-
nos yeenuumBaercst 10 (30-56)-10° em’/r, nosTomMy OHM MOTyYT KOHLIEHTPHPO-
BaThCA B AJIEKTPOMArHWTHOH dpakuuu. B cpenHioro ¢pakmuio mioTHOCTH BXO-
JIAT MHUHEpaJIbl PA3HBIX 3/IEMEHTOB.

B paszgene 1.5 npuBozasrcs naHHbIe 0 JIETKMX MUHEPATAaX C TNIOTHOCTBIO Me-
Hee 2,9 Mr/m”. OHM HEDIEKTPOMATHUTHBI, HMEIOT HU3KYIO MATHUTHYIO BOCHPH-
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umunBocTs (o1 —0,5-107 10 6-107 em/r). OpgHako H3-3a NPUCYTCTBHA B HEKOTO-
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PbIX MHHEpanax jKejie3a MOXKeT YBETHYHBAThCA MX MI0THOCTS (10 3,35 Mr/m’)
H MAarHUTHAS BOCTIPMHMHYHBOCTE 10 (22-76)-107° cm’/r).

Ceeznenns 0 MuHEpaiax NPeACTABICHBI B TEKCTOBOM i rpadudeckoit Gopme.
CpoilicTBa MMHEPANOB B rpaguyeckoif (JopMe MPencTaBieHbl B BH/IE KOIbLEBOH
JAuarpaMmel, pa30UTOR Ha ceMb CeKTOpoB (pHc. 2).

ITomumo guarpaMm npezcTaBieHs! Hanbosee pacnpocTpaHeHHbie (GOPMBI KpH-
CTaJIOB (C yKa3aHHEM KpHCTAIOrpa(uuecKux M ONTHYECKHX OCEi), arperaros
uin 3eped. Liper Munepana Ha pucyHKax npuOIHKEH K IPUPOHOMY LIBETY.

Hapsy ¢ onicanuem cBOMCTB NPHPOIHLIX MHHEPAJIOB IPUBEIEHBI XapaKTe-
PHUCTHKH TEXHOTEHHBLIX MMHEPAJOB M MUHEPAJOB UCKYCCTBEHHOTO MPOUCXOK-
JCHHA.

Hns ynoOHOro nomcka KOHKPETHOr0 MHHEpajga B KOHIE CIPaBOYHHKA MPH-
BOJMTCS CITUCOK MHHEPAJIOB B an(aBHTHOM MOPsAKE C YKa3aHHEM Ha CTpPaHu-
1bl, IJIe HAXOAUTCS HHOOPMALIHS.

I1pu co3anuu CripaBoyHKKA HCIIOIb30BANOCH 56 HCTOYHUKOB CIPABOYHOMN H
Hay4HOH anTeparypbl. OCHOBHBIME ABIAANCL padoTel A: I Berextnna, A. H.
Bunuenna, I Buagenn, A. M. Jlamusoso#, [Ux. [, Ioua, V. A. JTupa, P. A. Xayu,
JUx. 3ycmana, E. B. Konuenosoii, b. ®. Kynukopa, B. H. Jlogounukoea, B. B.
3yesa, M. A. Baiinmenkepa, A. A. Kyxapetko, E. K. Jlasapenko, E. Jlapcena,
I. bepmana, I1. Pamnopa, H. A. CmonbaHIHOBA H Op.

Puc, 2, Jlnarpamma cBoiicTE MHHepana:

I — TBepaocTh no wkane Mooca; MUHEpas KOBKHIT, XPYIIKHIL HIIH MIACTHYHBIN; Pa3naBIHRa-
I0TCA JITKO, CPeAHE WIH TPYAHO; 2 — LIBET; CBOHCTBA MHHEPANA M0 MHKPOCKOIIOM B IPOX0-
TSIIEM WITH OTPasKEHHOM CBETE; CMEKTP M 3HAYeHHs OTPAKEHHA, TPETOMIACHHS, JABYIPEIOM-
nenus; 3 — cnaliHocTh MuHepana (OTCYTCTBYET, HEACHAS, ACHAA WIM COBEPILEHHAS), TII0C-
KOCTE CHIANHOCTH, HANMYUE OTAenbHOCTH; 4 — Oreck MuHepana (MeTanmmdeckmii, noayme-
TAJLTHYECKHI, aIMA3HBIH, CMONHCTBIH, CTERIAHHBIA, MATOBBIN); 5 — LBeT 4epThl MUHEpana
Ha TIOBEPXHOCTH Genoil Kepamuki; 6 — LBET HeW3MEHeHHOH H H3MEeHEHHOH MOBEPXHOCTH
3epeH MHHepana; 7 — IUIOTHOCTh MHHEPATA, U3MEPEHHas WM pacueTHas, Mr/ym’
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B noaroroske y4eOHOr0 MocoOHs NMPHHHMAH y4acTHe CrelHaIucThl J1abo-
pPaTOpHH TEXHOJIOTHYECKOH YKCIIEPTH3bl H CO3/1aHUA HaYIHO-METOANYECKHX OC-
HOB CepTH(HKALNN MHUHEPANbHOIO CHIpbs MOCKOBCKOrO HHCTHTYTA CTAlH H
CIIJIaBOB.

ABTOpEI 61aroAapsT JO0KT. Te0sl.-MHH. Hayk Basnepus BiagumupoBuua 3yesa
34 BBICOKOTIPO(ECCHOHANBEHOIBHOE HAyuHOE peaakTupoBanue CHpaBOYHHKA,
AOKT. reos.-MuH. Hayk Murpuna Hukonaesuda Kuras, kaHa. reos.-MHH. HayK
Brnagumupa MsBanoBuya Ky3pMuHa, KaHd. reos.-muH. Hayk Jlionmuny Crena-
HOBHY KanuHuueHko, kaHa. reon.-MuH. Hayk Bopuca Jleontsesnua Eroposa,
KaH/. reos.-MuH, Hayk Haranero Mneranuny YuCTAKOBY 32 IIOMOLb W LICHHBIE
COBETBHI.




YCNOBHbIE OBO3HAYEHUA

X — YAe/IbHas MarHuTHas BOCIPHEMYMBOCTE, 7107 em’/r;

p — ymenbHO€ conpoTHBieHue, OMM;

€ — 2eKTpHYecKas POBOIUMOCTD, eAMHUIEL, (OMM) ;

H — HanpsyKeHHOCTh MArHUTHOTO Mojis, A/M;

A — JUTHHA BOJIHBI, HM;

Ng, Nm, Np — raBHble HanpaBleHHs KoleOaHuil cBeTa B KpUCTAILIE;

n, n,, n,— TOKa3aTen NPETOMIICHHS 110 TIaBHBIM HATPABIEHUAM, &IHHULIB;
1 — TOKa3aTesh MPEeToMIICHUS;

n’ — 3amepsieMblil OKa3aTenb NPEeOMICHHS B HMMEPCHH;

F?g— np — ABYHNPCJIOM/ICHHE, pa3HHLa MEAY IM0Ka3aTciaaMH npenomneHHH 1o riase-
HBIM HarpaBieHusM koiiebanuii ceera Ng u Np, enuHuIIbI;

a, b, c — xpucramnorpapuIecKue OcH;

¢ Ng — yron MexJy KpucTamiorpaguyeckol 0Chi0 ¢ M TIAaBHLIM HalpaBIeHHEM
xonebauuii ceeta Ng, rpa;

R(Ng) — nneoxpousm 1o HanpapiaeHHIO Ng [P ABYOTpayKeHHH;

R(Np) — nneoxpousm 1o HarpaBieHHI0 Np OpH ABYOTPaKEHHH;

2V — yron Mexay ONTHYECKHMH OCAMH B JIBYOCHBIX MHHEpAJIaX, TPa;

t  — Temmeparypa niasnenus, °C;

t_ . — Temmeparypa kunenus, °C;

t . — Temreparypa auccoumanuu, °C;

H  — mukporsepaocts (a3, MITa o TOCT 986761 «Eannuis Mexaynapos-
HOH cucteMsl (CH)» (TBEPIOCTh IO MUKPOBJIABJIMBAHUIO B TEYEHHE OJIHOI ce-
KyHjBL, Kr-c/MM [13,41], 1 kr-c/mm” cootBerctByet 9,80665-10° [Ta wn 9,8 MTTa):
a.e.M. — arToMHa#s Macca;

I.H.Il. — JaHHble He [PHBOIATCH.




Pasgen |.
MUHEPAIbI, UTPAROLUME CYLLECTBEHHYIO POJ1b
B TEXHONOM4YECKOM NMPOLECCE

MHEPAI0rHYeCKHE HCCIIeIOBaHHS COTIPOBOJKIAIOT MHOTHE BHIBI [€0-

JTOTHHYECKHMX M TeXHOJIO0rMueckux pabot. bnok-cxema (puc. 3), ui-

JIOCTPHUPYIOIIAS aKTyaJlbHOCTh MHHEPAJIOrHYECKOro olecrneueHHs
TeXHOIOTHYECKHX HCCIEeI0BaHMH, JaeT Npe/ICTaBleHHe 0 pelraeMEIX 3ajadax |
IPaKTHYECKUX PE3YNbTaTax ero peannsaiuu. TexHOIorHyeckas OLeHKa MPOIyK-
TOB O0oramieHus AeHCTBYIOIIMX MPOU3BOACTB MO3BOIAST PEIIaTh KOHKPETHBIC
337124yl 110 MOBBIIICHHIO KAa4eCTBA MONYYAEMEIX KOHIICHTPATOB, CHHIKEHHIO I10-
Teph LEHHBIX KOMIIOHEHTOB B XBOCTAX, H3BJICYEHHIO MOIMYTHHIX LEHHBIX KOMIIO-
HEHTOB, COKPALIEHUIO SKCIUTYaTALIMOHHEBIX 3aTPaT, ONTHMH3AIHH TeXHOJIOTHYCC-
KOro mpouecca. MHHepanornyeckoe CONpoBOKACHHE B JAHHOM cilydae obecre-
YUBAET MPOBEICHHE TEXHOJIOTHYECKOr0 ayJuTa rOpHoIepepadaTbIBaloLIero Mpe-
npuATHA U HeceT QyHImo coaeiicteus Henpononssogarento.

Ha puc. 4 nokazaH cocrae pabor 1o H3yUeHH0 TeXHOMOTHYECKUX CBOHCTB M
060raTuMOCTH MPUPOAHOTO H TEXHOTEHHOTO MHHEPAIBHOrO CBIPhs MPH HPOrHO3-
HOM TEXHOJIOTHYECKOH OIEHKE B YCIOBHAX aHAMHTHYECKOTO M HH(POPMALIHOHHO-
ro obecnedeHus I PeLICHHs Pa3THYHBIX 3a7ad. B mpoiecce MporHo3Hoit Tex-
HOJIOTHYECKOH OLIEHKM MHHEPAIOrH4ecKoe CONPOBOJXKIEHHE obecrneunBaeT aoc-
TOBEPHOE OOOCHOBAHHE MAKCHMATHHO JOCTHKMMOTO U3BIEYCHHS IEHHBIX KOM-
IOHEHTOB B KOHLIEHTPATHI M MX Ka4eCTBO, a TAKKe YPOBEHb HEH30EKHBIX TEXHO-
JOTHYECKHX MOTEPh, 00YCIOBICHHbLIX OCOOCHHOCTAMH BELIECTBEHHOIO COCTaBa.
31€echk peaqu3yercs KOHTPOJHpYromias GyHKIHS — (QYHIUsS KOHTPOJISA 3a HCIIO b=
30BaHUEM Hep.

B pasniene ripHBeieHbl OCHOBHBIEC CBOICTBA MHHEPAJIOB, KOTOPHIE B TEXHOTO-
THYECKOM Ipoliecce 00pa3yroT TOBapHBIE NPOAYKTEL KpuTepuu crpykrypHpopa-
Hus 0asbl JAHHBIX 110 TEXHOJIOTMYECKHM CBOHCTBAM MHHEPAJIOB U €€ MPEICTaB-
JICHHA B JAaHHOM CIIPABOYHHKE MOKa3aHB! B Ta0m. 1.

['pathuueckas uHTEpIpETALHS JAHHBIX, B HAllleM ClIydae, OCHOBHBIX JHAarHoc-
THYECKHX M TEXHOJOTHMYECKHMX CBOHCTB MHUHEpana, peaii30BaHa B CIPABOYHHIKE
CpefcTBaMH KOTHHTHBHOH (TTO3HABATEIBHOH ) rpadiku. DTH CBOHCTBA MPEICTaB-
JIEHBI B BHJIE CEMHCEKTOPHOTO Kpyra, OTOOpaKarouiero KOppesiHOHHbIC CBA3H
MEJKLy NepeMEeHHbIMH NapaMeTpPaMu.

CornocTaBUTENBHBIN aHANH3 CBOHCTB MHHEPAIOB HCCIELYEMON KOHKPETHOH
pyae! 100 UX CpaBHEHHE ¢ BHIOPAHHBIM aHAJIOTOM OCYIIECTBIACTCA C TIOMOLLBIO
nporpamMMHoi cuctemsl “KOI'PA” (“COGRA™).
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1.1. TAXENAA ®PAKLUA (nnoTtHocTb Gonee 4,2 Mr/m®).
MArHUTHAA ®PAKUUA

1.1.1. MUHEPAIbI YEPHbIX METANNOB

Keseso camoponnoe (dpeppur) Fe. ITnoraocts 7,0-7,.8 Mr/v'. Dopwma: pej-
KH KpHCTaJllbl KyOH4eCKOH, OKTasnpuyecKoii (hopMbl, 0ObIYHO MenpHaiillue 3ep-
Ha HenpaBuwibHOM (Qopmel. LlBeT 3epen cepo-Oensnit mo ceporo. CnalHOCTL cO-
Bepmennad mo (100). Koekuii. [laButcs tpyano. Teepmocts mo mxkane Mooca
cocrasasger 4,0-5,0. Muxpotsepaocts 1166—1431 MIla unn TBepaoCcTs M0 MHK-
POBIABIMBAHHUIO B TEYEHHE OJHOHW cekyHupl 119-146 KIC/MM’ [13, 40]. Bneck
meTaMdeckuid. Yepra cranbHo-cepas, Oenecas, Gaectamas. M310M KproukoBa-
ToIi. Herpospadnsiil. MoryT 6s1Th nBoitanku 1o (111). B oTpakeHHOM CBETE UMEET
Genplii 1BeT. ITpuCYTCTBYIOT XapaKTepHbIe TPeyroibHbie (hUrypsl (BHAMAHIITETT).
OrpakarenbHas ciocOOHOCTE B OPaHKEBOM CrieKTpe cocTasisier 59-63 %, Usor-
ponHoe. B nonuposaHHOl NOBEPXHOCTH penbed Kene3a caMOPOIHOro M0 OTHO-
IICHUFO K IPYTHM MHHEpanaM BbICOKHH M OTHOCHTCS K V IPYIIEe OTHOCHTEIBHO-
ro penseda no cemubanbHol cucreme [13]. CunbHelil Geppomarueruk. Jlerko
OKHCJISETCs Ha BO3ayXe. PactBopsiercs B a30THOH, consHON kucnorax. Berpeua-
€TCsl KpalHe PeJIKo B M3BEPKEHHBIX YIbTPAOCHOBHBIX ropoax. Kiapk xenesa B
3emHO# Kope 5,1 % (mac.). [IpupoaHoe kene3o COCTOMT U3 YETHIPEX CTAOMIBHBIX
H30TOMOB C MaccoBhIMU 4ucnamu 54 (5,84 %); 56 (91,68 %); 57 (2,17 %); 58
(0,31 %). lnst MpOMBILILIEHHOTO MPOU3BO/ICTRA BAXKHEHIIMMH PYAHBIMH MUHEpa-
JIAMH SBJISIOTCS MATHETHT Fez+Fe23+O4, remarut Fe,O,, mamonnr HFeO,nH,0,
cugeput FeCO, n apyrue. B Bule ruIpoOKCHIOB XKeNe30 HaKaluIuBaeTCs B MOpC-
KMX W KOHTHHEHTaJbHBIX Ocajkax, obpasys ocanodnsie pynsl. Cojepkanue xe-
Je3a B IPOMBIIIICHHBIX py/ax coctasisiet 16-70 % (mac.). M3 nux: Goratele pyibl
(Gonbe wiwm pauo 50), panoBeie (50-25), GeaHble (MEHBIIE WIH paBHO 25). Py,
copepskanue MeHee niau pasaoe 50 % Fe , oboramaror go 60 % Fe u Gonee. s
oboralienus MPHMEHSIOT [NIaBHBIM 00Pa30M METO/bI MATHHTHON CenapaLyy Hiu
rpaBUTALUOHHBIE. PhiXibie GoraThie pyIsl H KOHIEHTPAThl 000raleH s MoaBep-
raloT arnoMepalyy (M3 KOHIEHTPATOB TOTOBAT Takke okareiium). [IpenensHo mo-
IyCTHMBIE CONEPIKaHUS IPUMECEH B KeIe3HOMH py/ie /U BEITUIABKY YyryHa U CTa-

59-63%
H30TPOIHBIA

Cepo-Genniif
710 ceporo

CorepieHHas
L no (100)

Puc. 5. XKeneso camopoaHoe
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MuHepanb! YepHbIX MeTannos

* Beurenennsie ungpst — gy cocrasnsior % (mac.): S, P, Cu— 0,1-0,3; As, Zn, Pb, Sn — 0,05-0,09. Ipu-
JHTEPATYpa 1O JARHOMY  vrecy Mn, Cr, Ni, V, Co, B OCHOBHOM, AB/SIOTCS TOJE3HBIMH.
mopunncth o JTumepamypa:7,10,13, 18,22,25,32, 45%.

Keneso Texnorennoe Fe. ITnotHocts 7,872 Mr/M™ (peHTTeHOBCKOE Onpesie-
nenue) u 7,86 Mr/m® (MUKHOMETPHYECKOE OpeeeHue), H3MEHEHHE TI/IOTHOCTH
npu ruiasiieHun xenesa 4,4 %. Teepnocts 4. Mukporsepnocts (H Fl) MEKTPOIH-
THYECKOro eje3a (nocie odxkura) mpu temneparype 20 °C cocrasusier 589—
687 MIla. Korkoe. IlgeT cTansHO-CepEIii 10 XKeje30-uepHoro. bieck merasu-
ueckuid, Yepra cepasi. CnaiHocTs scnag 1o (100). Cunronuns xkyoudeckas. I1oka-
3arens npenomienus n = 1,73 i 2,36. OtpaxartensHas cnocodHocts 57 % npu
minne Bonue! 0,6 um 1 59 % npu nnune Bonwsl 0,7 um. [Tnasures npu 1535—
1538 °C. YaenbHas TennoeMKocTs keinesa 456 JHx/(krK). Jlerko o6pasyer Teep-
Zble pacTBOphbl ¢ HUKENEM (10 30 %). ATOMHEIE XapaKTePHCTHKH JKejIe3a; aToM-
HBIi1 HOMep 26; aroMHas Macca 55,847 a.e.M.; aToMHbIi 06beM 7,09-107° m’/mons;
atomubli paguyc 0,126 HM; HOHHEIH paguyc Fe* 0,080 um u Fe* 0,067 am; mo-
TeHLMa/Ibl MOHM3ALMK aTOMOB kene3a (3B) — 7,90; 16,18; 30,64; anextpoorpu-
HaTenbHOCTh 1,8; CTpOeHHEe BHENIHKUX IEKTPOHHBIX 060/I04EK aTOMOB Kejie3a —
3d'4s. Keneso oOpasyer -, B-, (00 HEeMarHUTHYI0)-, Y-, 8- 1 E-KpHCTALIHYEC-
KHe Moaupukauun. JXenezo o-KpucTanIudeckoil MogudUKauK UMeeT MIoT-
HocTh 7,86 Mr/v’, atommusiit muamerp 0,2478 HM 1 sBasercs (beppoMarHeTHKOM.
V xenesa o adm(B)—KpPICTa.{UIH'-IECKOB MO (bHKALUH LIOTHOCTS 7,642 Mr/M’, aToM-
Heiit namerp 0,2508 um MarauToynopsinoueH (antudeppomarseTrk). JKemneso -
KPUCTAIUTHYECKOH MOIMGHUKALMH UMeeT MIoTHOCTS 7,109 Mr/M’, atomHsIi 1ua-
merp 0,2572 BM u sBnsercs mapamarHetikom. JKeneso S-kpucraumdeckoil Mo-
nuukanum uMeer mwiotHoeth 7,010 Mr/v’, atomubIi ouameTp 0,2532 HM ¥ aB-
Jsietcs mapamarnerTukoM. JKenes3o xuakoe uMeeT rioTHocTs 7,400 Mr/M® U siB-
JIETCA apaMarHeTHKOM. YKa3aHHBIE CBOIICTBA J1aHbI MPH COOTBETCTBEHHBIX TEM-
neparypax (pasoBbIx npespaiienuii. Pa3oBble NPEeBPAILEHHs Kee3a TPOHCXOISAT
npH Temnepatypax: o, — 0., (B) npu 769 °C; ¢, B) =7 »a (B TpH
910 °C; y— 6 — ympu 1392 °C; ot — € — 0. ipu 27 °C u masaennu 15 000 MIla
[24]. Dueprusa kpucra4eckoit pemetky xeesa (£) 405,5 mxJbx/kmois. Yiels-
HO€ 3JIEKTPHYECKOE CONPOTHBIEHHE P 3aBHCHT OT YHCTOTHI U TEMIIEPATYPhl *Ke-
ne3a ¥ usMensiercss ot 0,01 no 1,35 MmxkOM'M IpH COOTBETCTBEHHBIX TEMITEPATY-
pax ot 73 o 1623 °C. YucToe XKene30 MolydatoT 3IeKTPOI30M BOIHBIX PacTBO-
POB €ro coJiel, BOCCTaHOBIEHHEM BOIOPOIOM OKCHJIOB JKeJe3a, BOCCTAHOBIECHHEM
PYAHBIX KOHLICHTPATOB BOAOPOIOM, MPUPOIHEIM Ia30M U YITIEM IIPH CPaBHUTEIILHO
HU3KUX Temieparypax. Yucroe sxene30 (00bIMHO B BUAE HUTEBHIHBIX KPHCTAILIOB)
MMOJIY4YAT BOCCTAHOBJIEHUMEM €r0 TaJIoTeHHI0B. HOJIY‘-[GHHG JKelle3a BBICOKOH CTe-
[EHU YUCTOTHI METOIOM BaKyyMHOH JHCTH/ULALIMHA OCHOBAHO Ha Pa3iniyMi yIPyro-
CTH NapOB OCHOBHOTO METajlIa H npuMeceil. Ha 3tom ke ocHoraHa miybokas ouu-
CTKa JKeJie3a METOIOM 30HHOI'O TUIABJIEHNUS, 30HHAs O4HCTKA B TBEPOM COCTOSHUM.
Ounctky ot npumeceii (C, N, O, S), Haubonee CUILHO BIMSIONIAX HA CBONHCTBA
XKere3a, NPOBOAAT B atMoc(epe Bonopoaa. JKesre30 HCIonb3yercs B BHJIE CILIABOB:
CTajiell ¥ 9yTyHOB, KOTOPBIE COCTABILIIOT OKOJIO 95 % Beel MeTaLTyprde cKoi 1po-
OYKIHH. npOMb[].[L‘IEHHbIE MApKH JKele3a pErlaMeHTHPOBAHEI CONEPKaHHEM l'[]:)}‘l-
meceii C, S, P, N, O, Mn, 8i, Cr, Ni ,Cu, Al, Ti, Ca, Mg, Co, Pb, Zn, kotopsie B
cymme cocrasisiot 0,05-0,5 % (mac.). YUncToe xene3o MIMPOKO npumeHsieTcs oma-
rofapsi BEICOKOH IJIJACTHYHOCTH M YHHKAJIBHBIM MArHHTHBIM CBOMCTBAM.

Jumepamypa: 9, 11, 24.
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Tsbkenas chpakuus (nNoTHocTL bonee 4,2 Mr/m”). Martuthas dpakuus

Wabmenut Fe''TiO,. Conepixanme, %: 36,7 Fe; 31,6 Ti (47.3 FeO: 52,7 TiO,).
[Ipumecn: muoro Mg; Fe™; Mn; Cr. [Tnoruocts 4,4-4.8 Mr/v'. Dopma: KpucTa-
JIBL B BUJIC pOMOO3/IPOB, TONCTOTAB/IUTYATHIE, H3oMeTpu4neie. MoryT ObITE ABOiH-
HUKH. L[BET 3epeH KOPHYHEBO-UEPHBII, B TOHKHX CKOIaX Oypo-uepHbiit. Cnaii-
HOCTE oTCcyTCTBYeT. Xpynkuii. Teepmocts 5,0-6,0. MuxpotBepaocts 5292—
8399 MIla umm TBEPAOCTH MO MHKPOBJABAMBAHHMIO B TEYeHHe OJIHOH CEeKyHIBI
540-857 kr-c/mm’ [13, 39]. Baeck METaJLTMYECKHH, CMonmcThIH. Yepra Gypo-uep-
Hasl, Kopu4HeBas. M3/10M HEPOBHBI, MENTKOSMYATHIH 10 PAKOBHCTOr0. CHHIOHHS
TpHTOHANbHAs. OHOOCHBIH, OTpHIATENbHEI. B OTpakeHHOM CBeTe HMEeT CBeT-
Il cepo-Oypaiit user. OrpaxarensHas criocobHocTs 17-21 %, AHHM30TpOIIHSA B
CKPEIICHHBIX HHKOAX. Pedutekcrr cnabo-kopuurestie. B nomuposanmoit noBep-
XHOCTH perbe() WILMEHHTA [0 OTHOMIEHHIO K APYTHM MHHEpanaM BBICOKHH U
oTHOCuTCA K VI rpynme oTHocHTebHOTO pebeda 1o cemubaibHOi cHeTEMe [13].
CuibHblif napamarsetnk, 3 = (16-960)-107° cv’/r. MnbMeHHT YHCTbIi KOHIIEHT-
PHPYETCsl B SNIEKTPOMATHUTHBIX (hpakiusx. MarHuTHbIC CBOWCTBA 3aBHCST OT
COCTaBa MHHEpana W HANPSKEHHOCTH MAarHUTHOTO mons. Ilpu Harpesanny Ha
Bo3ayxe 10 800 °C MarHMTHOCTH YBeIHYHBAETCH. YIembHoe COMPOTHBJIEHHE P
Hamensercd ot 0,001 no 4 Om-Mm. OneKTpudeckas MpOBOIAMMOCTh OT 33,7 no
81 (Om'Mm)™' u Gonbime 81 (Omm) ™. ITpu Harpesanuu ormevaetcs IK30TEPMUYIEC-
Kkuit oddexr oxucnenns Fe’' ¢ oOpasoBaHiem Flf:;"O3 B uHTEpBane 550-900 °C.
[Lnagurcs npu remneparype 1365 °C. Henpospauen. MosxeT 6b1Th nipocerienne
B TOHKHX ckonax. [Tokasarens 7, IPHMEPHO paBeH 7, HO ropasno Gombme 2,5.
JIByoTpakenue odeHs GobIIOe. B KHCIOTAX, B TOM YHCTe HCI, ne pactsopsiercs
B OTIH4Ke oT MarneTHTa. IIpn npokanusariu 10 950 °C B TeueHHe 2 4 WIBMEHHT
TIOKPBIBAETCA IOyOOBATO-CEPhIM HAJIETOM (B OTIIHYHE OT BOJIb(PAMHTA H KOTyM-
Outa). 3epHa WIbMEeHUTA MO KPasM YacTO 3aMeIIAroTes neiikokceHoM, KaiiMa Ko-
TOporo xopomo Habmonaercs B uumpax. PasHoBuaHOCTH: NUKPOHIBMEHHT
(Fe, Mg)TiO, c 9 % MgO u 6onee (tunuden mis MECTOPOXIEHHH XPOMHTOB),
MAHraHOMTBLMEHHT ¢ 13 % MnO u Gonee. WnbmeruT mupoko PAacIpoCTpaHeH,
HM3BECTCH KaK MPOYKT pacnajia TBEP/bIX PACTBOPOB B THTAHCONEPHKAIIHX MHHE-
Pajiax, HakamIMBaeTCs B POCCHINIX, 00pasyeTcs B CKAPHAX, MATMATHYECKHX, Me-
TaMOP(UUECKHX, 0C/IOUHBIX, JKHIBHBIX MOPOJAX B ACCOMHALUH C cynbdumamu
Kenesa, KapOOHaTaMH, aOMOCHIMKaTaMi. MeTobl NpeaBapHUTENLHOrO (Kpyri-
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Mwuepanm YEepHbLIX MeTannoB

HOKYCKOBOI0) oGorailienus: Taxen0cpenHas cenapauus [4]. OcHoBHOE 06orarie-
HHUE — MarHuTHas cenapauys, piorauus [44], snekrpuyeckas cenaparws.

Jlumepamypa: 4,7, 8, 10, 12, 18, 31-37, 42, 44, 45, 46, 52, 54.

HWnbeMeHHT TeXHOreHHBIIH Fe”TiOs. [InotHOCTS 4,72 Mr/M’, BeposTHo, 00-
PasyeT HeMpephIBHEIC TBEPAbIE pacTBOpsl ¢ METiO, 1 MnTiO,. ®opwma: kpucran-
Jibl B BUAE OasanbHbIX Tabnuuek. TBepuocts 5,0-6,0. Ier JKene30-4epHbIi, yep-
Ta uepHas. HenpospauHblii, 32 MCKTIOUEHHEM OYEHb TOHKHX OCKONIKOB, KOTOpBIE
NPOCBEYMBAIOT KpacHBIM 1BeTOM, OrtpakarensHas crnocobrocts 18 %. Cuuro-
HHs rexcaronanbhas. OQHOOCHSIH, oTpunarebHENl. Bricokue nokasaremn mpe-
JIOMJICHHS H OY€Hb CHJIBHOE JIBYNPEIOMIIEHHE.

JTumepamypa: 11.

Maruerut Fe''F efO .- Conepixanme, %: 72,3 Fe; B ToM uncie — 24,1 Fe* u
48,2 Fe'™' (31,0 FeO; 69,0 FcEOS). [Tpumecu: Mg, Mn, Ca, Ti, V, Al, Cr. ITior-
HocTb 4,8-5,2 Mr/m’, @opwma: KPUCTaJLIBI B BUIE OKTA3APOB, 3ePHUCTHIE arpera-
Tbl, ACHAPHUTEL. LIBET 3epeH YepHbIil HIIH B TOHKMX CKOIaX Oypo-uepHslit. Criaii-
HOCTb OTCYTCTBYeT. Xpynkuid. [laBurcs cpeane. Tsepnocts Gomee 5,0. Mukpo-
TBEPAOCTh 3567-5733 MIla miny TBEPAOCTH MO MHKDOB/IAB/IMBAHHIO B TEUCHHE
onHO# cexymmpl 364585 kr-c/mm” [13, 40]. Breck MaToBBIi. Hepra yepHas, uep-
HO-Oypas. M3;10M HepoBHEIH 10 CTYTIEHYaTOro. [ItpuxoBka no (011). JBoitnuku
o (111). OTHOCHTCS K TpynIe MarHeTHT — xpomuTa. CHHIOHHA KyOuueckas,
Henpospaunsiii. B orpaxennom cBete umeer KOpHYHEBO-CephIi 1BeT. M3orporn-
HbIi. OTpaxarenbhas cocobHocTh Huzkas — 21 %. B NOJIHPOBAHHON MOBEPX-
HOCTH pejbed) MarHeTUTa 10 OTHOLICHHIO K APYTHM MHHEpPAIaM BHICOKHI M OT-
Hocures K VI rpynne oTHOCHTENBHOrO penbeda no ceMuGaNbHOM cHCTeMe [13].
CunbHeiii peppomarnerux y = (20 000-93 000)-10°° em’/r. ITonynporoauuk.,
VielnbHO€ 3JIeKTpHUYeCKoe CompoTuBienue p mmensercs or 107 1o 10~ Omwm
DnexTpHYeckas IpoBOAMMOCTS (€) cocTasaser 107 —1 win ]0—[04(01\1']\4)_][4]. v
MAarHe3uajibHbIX MarHETHTOB THIIWYHbIE MArHUTHBIE XapakrepucTuku. Hayasin-
HaA MariuTHAs BOCTIPHHMYHBOCTD ), = (0,1-1)-10 em’/r, ITpu Harpesanuu ot-
MEHAIOTCs SK30TEPMUIECKHE I(D(PEKTE OKHCIIEHHS 10 MATTEMHTA B MHTEpBaJle
250-375 °C u remaruTa npu temneparype 580—1000 °C. Temneparypa nnasne-
Hust 0T 1591 10 1597 °C. Pacteopsercs B HCI B omimgme 0T miisMeHHTA 1 XpOMHu-
1a. Obpasyer durypsr tpanenus. Munepa PaclpoCTPaHEHHBIH, TIABHEINH MHU-
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Pue. 7. Marnetur




Tsikenan thpakums (nnoTHocTs bonee 4,2 Mr/m’). MarHutHas chpakuus

HEpaJl OOMTBIINHCTBA KeNe30PYAHBIX MECTOPOKICHHIL. Berpeuaercs B ckaphax,
MarMaTH4eCKuX, MeTaMopQUIeCKHX, 0CalOYHBIX, KHITBHBIX TOPOAAX B ACCOLHA-
uuH ¢ Cyb(uaamu xenesa, kKapOoHaTaMH, ATFOMOCHINKATAMH. MeToms! npensa-
PHTEIBHOTO (KPYITHOKYCKOBOI0) 000ranieH s panuoMerpuyeckue (ramma-abeop-
OLMOHHAs creKTpomeTpruecKas cenapauus) [37] u TSDKEIOCpe/iHas cernapanus
[4]. OcroBHOe oGoramenye — marnuTHas cenapauus HHOTIA C NIPEBAPUTEb-
HBIM 00sxurom, duiorauns [44], rpaBuTarms.

JMumepamypa: 4, 7, 8, 9, 10, 13, 15, 18, 23 [r. 5], 25, 32, 33, 35, 36, 37, 40,
42, 44, 46.

MarsHeTur TexHOTeHHbI Fe“FefO o TloTHOCTS 5,18 Mr/™’. CHitbHo mar-
HHUTHBIH (OTIHYHTENbHBIH pu3Hax). [lo-suaHMoMmy, ofpasyer HerpephIBHBIE TRE-
Avie pactBopel ¢ MgFe,0,, ZnFe,0,, NiFe,O, u MnFe,0,. ®opma: kpucramisl
OKTa3pHeCKUE WIH HofieKadipidecKkue. Xopomas OKTasApHyecKas OTIe bHOCTb.
Tsepmocts 5,5-6,5. IBer uepHsiii. Yepra yepHas. Henpospaunsrii, nosynpospay-
HBIi B TOHKHX cKojlaX. CHHIOHMS KyGuueckas. Msorponnsiif. n = 2,42. Temnepa-
Typa nnasnenus 1590 °C. HMckyccTBeHHBIM MyTem FeFe,O, moxHO npespatutsh
LEJIHKOM MM 9aCTHYHO B Fe,O, — mMarreMuT wiu okcHMarHeTur.

Jumepamypa: 11.

Maruesunopeppur (Marnopeppur) MgF e,0,. Kpaiinnii unen usomopdroro
psiia MarHeTHT-Marnesnogpeppur. O6srano cogeput Fe*', rpannua ¢ maruo-
maruerutom ycnoesas. Cocras, %: 12,0 Mg, 56,0 Fe (20,1 MgO, 79,9 Fe,0,);
no A. I Berextuny MgO 3nauuTensHo npeoGnanaer nan FeO [6]. TIpumecn
Fe™', Al, Ti. Marnomarsesur (Mg,Fe™)Fe™,0, 1o A. T. Berextuty [6]. [Lior-
HOCTB 4,5-4,7 Mr/s’. OtHocuTtes K rpynmne ¢eppumnunenunos [45]. ®opwma:
KPHUCTAJLILI B BUIE OKTA3APOB, 3ePHUCTEIE arperarsl. L[BeT 3epeH YepHBIi i B
TOHKHX CKoJiax Oypo-uepHblii. CniaiHOCTH OTCYTCTRYET. Xpynkuii. Jlasurces Tpya-
Ho. Tepaocts 6,0-6,5. Mukporeepnocts 8810-8918 mu 6145-6929 MIla, TBep-
AOCTb 10 MHUKPOBIABIMBAHHIO B TEUYEHHE ONHON CekyHabl 899-910 mmm 627—
707 xr-c/mMm’ o Y. C. Bonemckomy [13]. [lo C. 1. JleGeaenoit MHKPOTBEPIOCTE
9721-11495 MITa, TBepaOCTL 1O MHKPOBAABNMBaHHIO 992—1173 Krc/MM’, cpeit-
Hee 3HaueHue 1075 kr-c/mm’ [40]. Baeck maroseiii. IMopommok TEMHO-KPACHBIH,
YepHBIH. YepTa cepo-uepHasi, TeMHO-KpacHas, 4epHO-Oypast. Cunronus ky6Guuec-
kast. Henpospaunsiif. B orpasxeHnHOM cBete umeer KOPHYHEBO-CephIit 1BeT. M30T-
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