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MarmriTHi IIicKu € HOBUM 00'€KTOM AOCAIAKEHB Y 3B'SI3KY 3 MOSKAMBICTIO X BUKOPUCTAHHS y
0araTbOX rany3six HAPOAHOTO TOCIIOAAPCTBA. AAS 3pas3KiB HicKy 3 HOpHOMOPCHKOIO PErioHy,
Pocii Ta €runTy 3pi1ICHEHO eKClepUMeHTaAbHI MarHiTHO-MIHEPAAOTIUHI AOCAIAJKEHHS, IIJ0 AAAO
3MOTY BU3HAQUUTU MiHEPAABHUM CKAQA, MAaTHITHY CIPUUHATAUBICTE ITOpPia, i30Tepmy Kropi Too.
AHanai3 MiHepaABHOTO CKAQAY Ta MarHITHUX ITapaMeTPiB IPUPOAHUX MarHiTHUX MiCKiB MOKa3aB
MO>KAUMBICTB IX 3aCTOCYBaHHS SIK HAIIOBHIOBaua (DIABTPIB AAS OUUIIIEHHS BOAU.

Magnetic sands are a new object of studies due to possibility of their utilization in many
branches of national economy. Experimental magneto-mineralogical studies have been per-
formed for the samples of sand from the Black Sea region, Russia and Egypt which made
possible to determine mineralogical composition, magnetic susceptibility of rocks, Curie iso-
therm etc. Analysis of composition of natural magnetic sands and their magnetic parameters has
shown a possibility of their utilization as filling material for filters of water purification.

K HacrosinmeMy BpeMeHHU MarHUTHBIE BellecT-
Ba HAIIIAU IITUPOKOE IpHUMeHeHe BO MHOTUX OT-
PacAsix HAPpOAHOXO03SIMCTBEHHOTO KOMIIAEKCa —
B MeAUIIUHE, Ha TPAHCIOPTe, IIPU PelIeHun Psi-
A@ DKOAOTMUYeCKHUX 3apady. OAHAKO IpakTuuec -
KM BO BCEX MArHUTHBIX M3AEAUSIX HCIOAB3YIOT-
€ MaTepUanbl UCKYCCTBEHHOTO ITPOUCXOKAEHUS.
ITOCKOABKY UX U3TOTOBAEHHE OOXOAUTCS HE Ae-
LIeBO, OCOOBIM MHTEPEC BBI3BIBAET IIPUPOAHBIN
MarHUTHBIY Tlecok. HecMOTps Ha TO, 4YTO CAOBO-
coyeTaHue " MAarHUTHBIN II€COK' M3BECTHO AAB-
HO, OHO AO CHUX IIOp SBASAOCH TEPMUHOM CBO -
OOAHOTO NMOAB30BaHUA 0€3 KaKOU-AMOO KOHKpPEeT-
HOM MOHATUWHOM Harpy3Ku, 0003Havasd AtoObIe
eCKM C MOBBINIEHHBIM copeprkaHueM (eppo -
MarHUTHBIX MUHepaAoB. Takag curyanusa odyc-
AOBAEHA TeM, UTO TOABKO B IOCAeAHee BpeMs
OHU CTaAu OOBEKTOM TPUKAAAHBIX MCCAEAOBA -
"yt [Kypaukos u ap., 2005; Opatok u ap., 2005].
B sTux paboTax BIEepBBIE OBIAM MCCAEAOBAHBI
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MarHUTHO-MHUHEPaAOTUIECKUEe XapaKTePUCTUKU
MarHuTHOTO MecKa U pa3dpaboTaHbl peKOMEHAA -
IIUU AAS €rO MCIIOAB30BaHUSI B MPaAKTUYECKUX
neadax. Takke cpOpMyAMPOBAHO OIIpEAEAEeHUE
3TOT'O T€OAOTHMYECKOro 00heKTa: MarHumHalil ne-
COK NPUPOgHBIU — pBIXAQA 0CAGOHHAS NOpoga
MmMeMHO-Ceporo ysema ¢ pa3MepoM mBepgblx udc-
muy 0,05—2 MM, B KOmOpPbIX COgepXUumcs He
meHee 2 % 3epeH mMarHemuma ¢ NOGUUHEHHbIM
KOAUYeCmBOM gpPYTuX MATHUMHBIX MUHEPAAOB .
B cBsI3u ¢ 3TMM CcTanO SICHBIM, O KaKOM IIeCKe
UAET pedb, a B POPMYAUPOBKE YUYTEHBI CIIeIU -
puueckre MpU3HAKU MarHUTHOTO ITeCKa U KOAU-
YeCcTBO MarHeTuTa, HeoOXOAMMOE AAST TOTO, YTO-
OBl POSIBUAMCH €T0 ITOAe3HbIe KauecTBa, a AO-
Oblua cTara peHTabeAabHOU. [Tocae BEIXOAQ yIIO-
MSHYTBIX IyOAUKAIUM, a TakKe paboTsl [ Kyp-
HUKOB U ApP., 2007] HaKOIMAOCH MHOTO HOBOT'O
MaTepurana, MCCAeAOBaHME KOTOPOTO IIPUBEAO K
BO3MO>KHOCTH OOOOIIIEHNSI MAarHUTHO -MHUHEPAAO -
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TUYEeCKUX XapaKTePUCTUK MAarHUTHBIX TIECKOB, a
TakK)Ke K X KAaCCUPUKAIIUN.

PacnpocTpaneHue u xapakKTepucTukKa poc-
ChIIler. MarHuTHEIe ITIeCKU U3BEeCTHHI YJKe AaB-
HO BO MHOI'MX paoHax mupa. ['lo cBepeHUaIM aH-
THUYHBEIX aBTOPOB Ha KMHOYPHCKOM IOAYOCTPO -
Be M Ha Oepery EropAsnIllKoro 3aAMBa 3areTarnd
coapepsKalue MarHeTUT TIeCKY, KOTOPHIE MCTIOAB-
30BAAUCH AAS BBITIAGBKU AYUIIIMX COPTOB JKeAe-
33", HeIIOABEP>KEeHHBIX KOppo3uu [AroyHos, 1987].
B cpeanue Beka Ha nmobepeskbe 0pAHOTO U3 Bana-
aMCKUX OCTPOBOB BpeMsS OT BPeMeHU ITOSIBASL -
AWCH YepHBIe TTIeCKU, KOTOPhIe TPEACTABASIAM CO-
0O¥ MarHUTHBIN >KeAe3HsIK. MoHaXu MCIIOAB30-
BaAM JTOT IIECOK AAS CYIIKU 4epHHA. B 1791 r.
QHTAUNCKUU MUHEpPaAOT-AtoOUuTeAb Y. ['perop nu-
Ccan O MarHUTHBIX MMecKaxX MecTedka MeHakaH B
AHTAUU, KOTAA COOOITaA 00 OTKPBITUU TUTAHA .
KamuaTckoe nmobepesxbe TUX0ro okeaHa n300u -
AyeT CKOIIA€HUSIMU YepHOoTo Ilecka | KypHuKoB u
Ap., 2005]. B roro-3amnapHoM yacTu TaMaHCKOTO
noayocrtposa B 1907 r. C. Il. [lonoBsIM 0OHapy-
SKeHbI CKOTIAEHMS I'paHaT-MarHeTUTOBBIX ITIECKOB
[Teonrorus ..., 1968]. HeboAabIast pocChIlb Mar-
HUTHOI'O IIeCKa YCTAHOBAEHO y ceAd A0OOUMO B-
Ka K ceBepy oT I. CeBacTonoas [IITHIOKOB, 3ub0-
poB, 2004].

B 6eperosoit 3oHe HepHoro Mopsi Hauboaee
3HAUUTEALHBIE, TI0 pa3MepaM M COAEP’KaHUIO
MarHeTHTa, 3aAeXXM IlecKa pa3BUTHI B ['py3un
[Abux, 1856; HupBuHCcKUM, YABAHOB, 1928] u Ha
tore boarapun [LIBeTkoBa-I'oaesa, 1975; Haage,
1968]. IToCKOABKY OHM AQIOT HArAsIAHOE IIPEeA -
CTaBAEHME O POCCHINSIX MarHUTHOTO IlecKka, Iie-
Aeco00pa3Ho XOTd OBl KPaTKO ONMCATh PE3YAD-
TaThl UX M3y4eHUd [0 MaTepuaraM IIPUBEAEH -
HBIX BEIIIEe pabOT, a TakXe pspa IMyOAMKaAlui
[Botiko u Ap., 1975; I1TaI0KOB U ApP., 1979 1 Ap.].

MarneTtuToBble ntecku I'py3un chopmuposa-
AMCBH B OCHOBHOM pekaMu Puonu, Cytica, Hara-
HeOu, Murypu, Kopop u B3wios. Copepranue
MarHeTHTa B IMASIPKHBIX OTAOKEHUSIX AAMHOMN OKO-
A0 50 kM MesRAY peKaMu Hopox u b3bsI0b KoaeOd-
AeTcs B mpeperax 2—3 % . OpHAKO OHO MOJKET
pocturaTh 70 % B AMH3aX U MTPOCAOMKAaX MOIITHO-
CTBIO 4 CM B BepxHeM MeTpoBOM caoe. Haubo -
Aee OoraThble POCCHIIU 3aAeraloT MeXXKAY peKaMu
Cymca u Hatanebu, rae IecKu COCpPeAOTOYEHE]
B MEAKOBOAHOU 30He mupuHou 1,0—1,5 kM u
TIASIDKHOM TToAoce mupuHod oT 10 oo 70 m. O6-
1asi AAMHA pocchinei poocturaeT 10 K.

PocchIlin MarHUTHBIX ITECKOB CAAraroT TIOA -
BOAHBIE BaABI, TIASIKM, AFOHBI, YaCTUUYHO TIOTpe-
OeHHBIe. MarHeTUT AOKAAU3YyeTCs B TOAILE BEPX-
HeueTBEPTUYHBIX ITIECKOB, XOTS MaTepuai, U3 Ko-
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TOPOTO CAOKEHBI MAaTHUTHBIE TTIeCKU, 3HAUUTEAD-
Ho ApeBHee (40—260 MaH AeT). McTOUHUKOM Mar-
HUTHBIX II€CKOB MOTYT OBITH @HAE3UTHI U aHAE -
3UTO - 6a3arbThl ApKapo - UMepeTuHCKOro Xpeo -
Ta, cueHUTH p. HaTtaneOu. MarHuTHele IeCKU
COCTOSIT B OCHOBHOM U3 NMPOKCEHa, MarHeTuTa,
TUTQHOMATrHETUTa, KBaplla, MyCKOBUTa, OMOTUTA,
OMOTEeHHBIX KapOOHATOB U TUAPOKCUAOB JKEAE -
3a. B HeOOABIIIOM KOAWYECTBE YCTAHOBAEHEI 31IU-
AOT, poroBasi OOMaHKa, OAUBWH, UABMEHUT, CPEH,
PYTHA U OOAOMKH KPHUCTAAAMYECKUX IIOPOA U
CAQHIIEB.

[MepceKTUBHI TOMCKAa MarHUTHBIX TIECKOB Ha
TaMaHCKOM MOAYOCTPOBE CBSI3BIBAIOTCS C I'PAaHa-
TOBBIMM POCCHIIISIMYU, OOHAPY>KEHHBIMU y I0’KHO-
ro kpas o3epa CoaeHoe (raryHa UepHOTO MOpS),
B 4—5 KM BocTOuHee MbIca sKeaesdHbll Por u
BAOAB IOKHOTO Oepera AXTaHM30BCKOT'O AUMaHa.
JAaHHBIEe POCCHIIY IIPOCAEKUBAIOTCS Ha PacCTo-
aanu 1,56—2 kM, B mupuny pocturator 20—30 m
npu momtHoctu ot 0,1 po 0,4 M. Munepanroru-
YeCKUU aHaAU3 IPaHaTOBOM POCCHIMU MOKa3ana,
4TO OHA COCTOUT M3 3€epeH IrpaHaTa, MarHeTuTa,
AEeMKOKCEeHQ, PYTUAQ, TYPMaAWHa, [TUPKOHA, CTaB-
POAMTa, AMCTEeHa, MOHAITUTA, UABMEHUTA U 3TH-
AOTa, A0 5—7 % 3epeH kBapia u 1—3 % cocTas-
ASIOT OOAOMKM (hbayHBI. MarHutHasg Qpaxuus
rpaHaT-MarHeTUTOBBIX TeCKOB HepHOMOPCKOI'O
nobepexbsa TaMaHCKOI'O IIOAYOCTPOBA IPEACTAB-
AeHa MarHetuToM (oT 14 po 20 %). CopeprkaHue
9AEKTPOMarHuTHOM PpaKIuy B 3TUX ITeckax 70—
72 %, IpepCTaBAEHA IPAHATOM, reMaTUToOM, aMu-
OOAOM, XPOMUTOM U UABMeHUTOM [Boiiko u ap.,
1975]. Poccrinu reHeTHYeCKU OTHOCSATCS K abpa-
3UOHHO-TIASIKEBOMY [TeCUaHNCTOMY THUIY, a TA@B-
Hag NepCHeKTHBa B IAaHe TOPHOPYAHOTO ChIPhI
CBSI3LIBAETCS C I'paHaTOM.

MaruuTHble TTecKu Ha nmobepekbe Hecebp-
ckoro u bypracckoro 3aauBos B IO>xHOU Boara-
puu usBecTHBHI ¢ 1912 r. OHU OPOTIATUBAIOTCS
y3Kou moaocout or r. Hecebpa po r. Co30moab
mwupuHOoM A0 100 M, pamHOM A0 50 kM. VX Mo-
HOCTb B OCHOBHOM He IpeBbIlIaeT 0,4 M, U3peA-
ka 1,0 M. Ha OTAEABHBIX y4acTKax IIOABOAHOI'O
CKAOHA IIASIKA COAep>KaHHWe MarHeTHUTa AOCTU-
raeT 10 %, a Ha mweabde He npesnilaeT 3 %. B
Imeckax IIOMUMO MarHeTUTa yCTAHOBAEHBI UAB-
MEHUT, IIUPKOH, XPOMUT, TUTAHUT, MUPOKCEH,
reMaTuT, MOHAIIUT U 3HAaKU APYTUX MUHEPAAOB.

Poccrimu FOskHOM BoArapuu cpopMupoBarrich
B pe3yAbTaTe pa3MbIBa ITopoa CTpaHAKaHCKOTO
QHTUKAVMHOPUA U Bypracckoro CMHKAMHOPHUA pe-
Kamu Axeaoit u Opakuiickas. Pa3pylieHuio Ioa-
BepraAuCh ByAKaHOT€HHO-OCAAOUHbIe, MHTPY3UB-
HBIe KHCABIe 1 OCHOBHBIE TIOPOABI, BO3PACT KOTO-
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PBIX OXBAThIBAET MHTEPBAA BpEMEHU OT IIpOoTe -
PO30s A0 MeAa.

AabopaTopHbIe NCCA€AOBaHUSA. MarHuTHbIe
CBOMCTBA ITECKOB OMPEAEATIOTCS KOAMYECTBOM U
TUIIOM (peppOMarHeTuka. B Ipupoae CyuiecTBy -
eT MHOTO MUHEPAAOB, KOTOPHIE OTIPEAEASTIOT Mar-
HUTHBIE CBOMCTBA TOPHBIX TIOPOA U IeCcKa B 4acCT-
"HocTH (Taba. 1). EcTh ente opuH (peppomarse -
TUK, @ UMEeHHO, caMOpoAHoOe xene3o o.-Fe [[Te-
yepckuii, 2000], KoTopoe, OAHAKO, BPSIA AU MO -
>KeT IPUCYTCTBOBATh B MAarHUTHBIX IIeCKaX B CUAY
cBoel cnenuduuHocTu. [Ipeanioraraemoe npax-
TUYEeCKOe NCTIOAb30BaHNEe MarHUTHBIX ITECKOB TPe-
OyeT UCCAeAOBAHUS UX MUHEPAAOTUUYECKOTO CO-
CTaBq, I‘paHYAOMeTpI/II/I, IIOPUCTOCTU, MATHUTHBIX
CBOMCTB, PAAMOAKTUBHOCTU U T. A.

MaranTHO-MHHEPaAOTHYECKHI H rPaHyAO-
MeTpHYeCKHH aHaAH3. Pe3yAbTaTbl MAarHUTHO-MU-
HepaAOTUYEeCKOTO U FPAHYAOMETPUYECKOTO aHa-
AM3a CBeAeHEHI B TabA. 2—4. Hanboaee peTanb-
HO MCCA€AOBAHBI 00pa3nel necka u3s ['pysun. B
YaCTHOCTHU, KaK BUAHO M3 TaOA. 2, 13 BBISIBAECH-
HBIX B COCTaBe Iecka 14 MUHepaAOB TAaBHBIMU
SIBASIIOTCSI TUPOKCeH U MarHeTUT. CopeprKaHme
MarHeTHuTa B HeoOOTalleHHOM ITeCKe COCTaBAS -
eT okKoAo 11 %. 3amMeTuM , UTO KpoMe CBOOOAHBIX
AOCTATOYHO KpYHHI:IX 3€epeH MarHeTuTa 1 map -

TUTa, B 3epPHAX TEeMHOIIBETHBIX MUHEPAAOB CO -
AEepIKAaTCsI MHOTOUMCAEHHBIE TTBIAEBUAHBIE BKAIO-
4eHus MarHetuta pasmepom < 0,05 MM, 4TO OBHI-
11aeT obIIlee copepskaHue Marueturta Ha 0,5—1 %.

K BacrosmemMy BpeMeHU UCCAEAOBAHBI Mar-
HUTHBIe TTecku KpbiMa (MTOAHOXBe MeaBeAb -
rophl, MoceAaku AtobuMoBKa, HukoraeBka, PoI-
0aube, HoBritt Cet, Mbic @uonenT), KaMmuaTKy,
Erunra (cucrema pazaroma MepTBOTro Mopsi, patioH
r. Taba), Kapeaun (0-B Koneselr, Aapo>kKCKoe 03e-
pO), @ Tak’XKe UCKYCCTBEHHBIN MarHUTHBIM KOH -
LeHTparT (1mecok). B Taba. 3 npuBeAEHBI PE3YAb-
TaThl PAHYAOMETPUYECKOI0 aHaAU3a C yKasa-
HUEeM paclpeAeAeHUsT MUHEePaAOB AASL Pa3HBIX
KAACCOB, @ B TaOA. 4 — pe3yAbTaTEl COKPAIlEeH-
HOTO MUHEPaAOTUYEeCKOTI'0 aHaAM3a ITUX MeCKOB
Ha COAep KaHUe TOABKO MAarHUTHBIX MUHEPAAOB.
Kak BuapHO U3 TabA. 4, B lecke u3 KpacHoro mMo-
pst IipeobAaAaeT MarHeTUT, MOAUYMHEHHOe 3Have-
HUe UMeIOT MapTUT U TUTAaHOMAarHeTUT. B mmecke
noc. HukoaaeBKa Toske IpeobAapaeT MarHeTHUT,
HO IIPOIIEHTHOE COAepP>KaHNe TUTaHOMAarHeTUuTa
CyllecTBeHHO BhIlle. B necke ¢ Mpica OUOAEHT
OOHapy>keH TOABKO MarHeTUT. B IpOTUBOIIOAOXK-
HOCTb PaCCMOTPEHHBIM IIeCKaM I1eCoK ¢ 0-Ba Ko-
HeBell (AapA0KCKOe 03ep0) OTAUYAETCS TeM, YTO
B HeM IpeolOAapaeT Turanomaruetut. Miccaepo-

Taoarunna 1. MarHuTHble napaMeTpsl (JeppOMarHUTHBIX MHUHEPAAOB

[®Pu3nueckue ..., 1976]
x, -[Sv T
MarduTHasI HaMaHH- He, cr
TeMIre-
Munepan ®opmyara BOCIIPUUMYH- YEHOCTL | KOIPIIUTUB- ATvDa
BOCTbE, HaCLIIe- | Has CHAQ, O Ki TZIpo c
ep. CI'CM uug, I'c pH,
Maruetur Fe3zOy4 0,7—2,0 490 10—150 578
Turanomarterur |xFe3Oy4 (1 —x) TiFey Oy 10 °—107! 75—430 — 100—578
TpeBoAutr NiFey Oy 0,5 240 — 590
SArobcur Mn Fey Oy 20 320 — 510
Maruesuogeppur MgFe, Oy 0,8 140 — 310
MarremMuT yFe, O3 0,3—2,0 435 10—130 675
T'emaTuT o Fey O3 107 °—10"* 1,5—2,5 | 7000—8000 675
[uppoTHH Fe St 4x 10" %2-107? 17—70 15—110 | 300—325
Tetur aFe O OH (0,02—80) - 10~ 3 4,8 700 —
AenuAOKPOKUT yFeOOH (0,9—2,5) - 10~ 3 — — —
T'uAporeMaTuT oFey O3+ Hy O — 2,3 1073 — —
Cupepur FeCOj3 (20,0—60,0) - 107° — — 238

TI'eogpusuueckull xyprnaa Ne 1, T. 33, 2011

41



0. A. KYPHUKOB, M. H. OPAFOK

Taoaruinga 2. MuHeparoru4eCKHI COCTaB UCCAEAOBaHHBIX oOpa3nos u3 I'pysun
u Kpsima (moc. Ilapreunr), %
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Q ) S o 10} SN R B < — g & L
= S g2 9|+ m < < = X
g ) Xaldw o - [ = @)
9 Q < = = 4
T X Q=2 T o =
2, B S % [a¥ 5
E X 9|5 O
9 by
< 2 =
ITecok
1 MarHUTHBIN 11 3H 78 3H 8 3 3H 3H 3H — — — — —
(T'pyswus)
ITecoxk
MarHUTHBIN
2 . 40 3H 55 3H 2 3 3H 3H 3H 3H — — — —
oOoTalleHHBIN
(T'pyswus)
XBOCTEI
3 frocae 1 1 87 1 8 3 3H — — — 3H 3H 3H 3H
obOoralieHus
(T'pyswus)
ITecok
oOoTallleHHBIN
4 Ul 3 31 | 70 | 3H 17 3 3H | 3H | 3H | 38 | — | — | — | —
(KpbiMm,
noc. [Naprenur)

BaHMWe AHIIAUPOB IIPUPOAHOTO Necka u3 Kpac-
HOI'O MOP$ ¥ UCKYCCTBEHHOI'O MarHUTHOTO Iiec-
KOB IIOKa3aA, 4TO B 00OUX CAyYasX YCTAHOBAE -
HO HaAW4YVe 4YeThblpeX I'AaBHBIX MHHepaasa: Mar-
HETUT, TeEMAaTUT, MUPUT U KBAPIL, HO, €CTECTBEH-
HO, B pPa3HbIX TpomopIusax (puc. 1).
Pe3yabTaTel olpepereHUsI TpaHyAOMeTpHUYec-
KOT'O COCTaBa MarHUTHBIX IECKOB U COAEP KaHUA
MarHeTHUTa-MapTUTa II0 KAaccaM KPYITHOCTH IIpU-
BeAeHBI B TaOA. 3 1 4. AAd IPAKTUYECKOTO MC-
IIOAB30BaHMI MarHUTHBIX I1€CKOB Ba*XKHO, YTOOBI
dpaknuga MarHUTHBIX MUHEPAAOB ObIra Oonee
MeAKO3epHHUCTas 110 CPaBHEHUIO C CUAUKATHOM.
B 3TOM mAaHe OTMETHM, UTO MEAKO3EPHUCTHIE
¢ppakuum (<0,16—0,5 mm) npeobraparoT B 000-
ralfeHHBIX ITeckax, B Ipobax mecka Ne 2, Ne 3 u
Ne 4 Tak>Ke HaOAIOAQEeTCS CYILLeCTBEHHOE COAEP-
>KaHHe Mar"HeTHTa BO (PpaKUAX Iecka C pa3Me-
pamu 0,25—0,16 MM u < 0,16 MM (cM. TaOA. 4).
MarauTHO-MUHEPAAOTAYECKUN aHAAUS ITOKA-
3aA, 9YTO B KAMYATCKOM IIeCKe M3 CUABHOMAarHuT-
HBIX MUHEPAAOB IIPUCYTCTBYET TOABKO MarHeTHr,
HO B OUeHb orpaHnueHHOM KoamdecTse (0,13 %),
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a OOABIIIas YaCTh IIPEACTAaBAEHA CAAOOMArHuTHBIM
UABMEeHUTOM (96,94 %). MaruuTHast BOCIIpUUMYU-
BOCTB cocTaBasgeT 175102 ea. CU, T. e. 3TOT
IIeCOK He OTHOCHUTCSI K MarHUTHOMY IIeCKYy IIpu-
poaHOMY. B mecke ¢ okpecTHOCTHU MepBeab-TO-
pPBI MUHEpaA MarHeTUT OTCYTCTBYET, HO B OOAb-
1IIOM KOAMYECTBe uMeeTcss MapTuT (62 %) u co-
BpeMeHHBIe MexaHnueckue npumMecu (11,31 %), B
KOTOPBIX IIPUCYTCTBYeT OKUCAEHHAs MeTaAdec-
Kasl CTPy’>KKa. MapTHUT sIBASIETCSI CUABHOMAarHuT-
HBIM MUHEPAAOM, O UeM CBUAETEABCTBYET TOT (DaKT,
YTO MarHUTHAsI BOCIPUUMUYMBOCTb AQHHOTO IIeC-
Ka coctaBasgeT 7000 - 10 ~° ep. CU. VIAbMeHUT B
AAQHHOM IlecKe OTCyTcTByeT. [lecok moc. Atobu-
MOBKa COAEP KUT OUeHb HE3HAUNTEABHOE KOAU -
yecTBO MarHeturta (0,06 %), 3HaUUTEABHOE MapTU-
Ta (37,066 %) 1 Mmexannyeckux npumecei (28,83 %),
a TaK’Ke OKCHUAOB U TUAPOOKCUAOB JKeAe3a (CM.
TabA. 3). MarauTHast BOCIIPUUMUMNBOCTD ecKa &=
=4000-10"° ep. CU. CAeAOBATEABHO, KpPBIMCKUE
TIeCKU MOANAAQIOT TOA ONIpeAeAeHUe IIPUPOAHO-
IO MArHUTHOTO IleCKa, HO B MCCAEAYEeMOM peru-
OHe OH II0Ka OOHapy’>KeH TOABKO B pPSIA€ MeCT Ha
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Taoarunga 3. PeayapTarhl rPaHyAOMETPUYECKUX HCCAEAOBAaHUN 000rameHHOro
MarHuTHoro mecka u3 Kpsima (moc. Aro6uMoBKa)

MuHepaAOTHUeCKUM COCTaB (B YHUCAUTEAe — BecoBoe (), B 3HaMeHaTeAe MpoleHTHoe (%)
copepryKaHue Ha KAacc)
g i)
: 2%
: = S
5 & 2 &
- ) 3 2
N < K g © |@a 4
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YepHoMOpcKoM nobepeskbe B HEOOABIIINX CKOII-
AEHUSIX C He3HAUUTEABHBIM COAEeP>KaHUeM OKCHU-
AOB JKeaesa. [ToaToMy u3ydeHne AQHHBIX IIeCKOB
BHOCUT HEKOTOPBIN BKAAA B FeOAOTO-Teopu3ndec-
KyI0 0OAACTh UCCAEAOBAHUM, B IIA@HE OIIpeAeAe-
HUS MUHEPAABHOTO COCTaBa, IPUPOALI HAMarHu-
YEeHHOCTH, MeCTa PACIIOAOKEHUS MaTEePUHCKUX TI0-
POA, IIyTell CHOCa MaTepuanad U T. A ., HO UX IIPO-
MBIIIIAEHHOE UCIIOAB30BaHEe COMHUTEABHO.
MarauTtHass BOCIpUHMYHBOCTD IIECKOB. Vc-
CAeAOBaHHBIE TIECKU UMEIOT, KaK IIPaBUAO, BBICO-
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KMe 3HaueHUsI MaTHUTHOM BOCITPUUMYUBOCTHU. Ec-
TeCTBEHHO, YTO BeAMYNHA MarHUTHOU BOCITPUUM-
YUBOCTH 3aBUCHUT OT CTENeHUW oOoTralleHus UC -
XOAHOTO TIeCKa, T. €. OT KOHIIeHTPAaIlluu MarHuT-
HOTO MaTepuaaa. B yacTHOCTH, MAarHUTHBIE TTIECKU
u3 'py3uu XapaKTepu3yrOTCSA CACAYIOITUMU 3Ha-
YeHUSIMU MarHuTHOMN BOCIIPUUMYUBOCTH: HEO0O-
TalleHHLIN IIeCOK — 68,45 - 103 ep. CHU, obora-
menHbt — 221 - 1073 ea. CU, ocTaTKy mecka
mocae oborarmenus — 7,6 - 10 3 ea. CU. Kpbim -
CKUU MarHUTHBIU IIeCcOK U3 [TlapTeHnTa MMeeT Mar-
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IPARITHT  c—

BLATHETHAT

CURT

Puc. 1. Munepaaorudeckuit cocTaB ICKyCCTBEHHOTO aHaAOra IPUPOAHOTO MarHUTHOTO 1ecka (a, 6, B) U He-
oboraleHHOr0 MarHUTHOTO Ilecka ¢ Oepera KpacHoro mops (I, 4, €) Ha OCHOBaHUU aHaAM3a aHIIAUDOB.
O6pasnsl c HaAMYueM: @ — MarHeTUTa, reMaTUTa, KBaplla (yBeandeHue X 500); 6 — MarHeTUTa U KBaplia
(x 500); B — mar"eTuTa U nuputa (X 125); r — MarHeTuTa, reMaTuTa U Aameaed mabMenurta (x 300); g —
UABMEHHUTa U reMaTU3UPOBAHHOTO MarHetura (X 120); e — MarHeTHTa, reMaTU3UPOBAHHOTO MarHeTUTa u
3epHa nupwurta (x 120).
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HUTHYIO BOCIIPUUMYUBOCTE 0,98 - 1073 ep. CU, Por-
Gaunero — 28-10~3 ep. CU, HoBoro CBeta —
32-107 3 ep. CU, c mbica @uonent — 10-10 73
ep. CH. Bricoko¥M MariuTHOM BOCIIPUUMUUBO -
CTBIO ODAQAQIOT IECKU 3allapAHOTO MOoOepe’Kbs
KpsiMa, oToO6paHHBIe y toc. HukoaaeBka — (40—
50) - 10 -3 ep. CH, oueHb BLICOKOU — MECKU
KpacHoro mops (&= 227 - 10 ~3ea. CU). MaruuT-
HBIM TeCcoK c 0-Ba Koneserr (AapoKcKoe 03epo)
XapaKTepU3yeTcs HeOOABIITNME 3HAUYeHUSIMI Mar-
HUTHOM BocripunMuuBocTy (4-10 ~3ep. CU) uz-3a
HHU3KOM KOHIIeHTpanuu (peppomarsetTuka. Beico-
KUe 3HaYeHUs] MaTHUTHOMN BOCIIPUUMYMBOCTH, €C-
TECTBEHHO, Y UCKYCCTBEHHOTO MarHUTHOTO IIeC-
ka®=75-10"3ea. CU.

1.4 -
1,2 4

14
0,8 -
0,6 -
0.4 4
0,2 -
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FLLLE L]
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-

TepMoMarHUTHBIN aHaAH3. BBLITTOAHEHHBIH
MDA BCeX 00pa3IioB TePMOMATrHUTHBIN aHAAM3 103~
BOAMA OIIPEAEAUTH TeMIlepaTypy Kropu 1 tum pep-
pOMarHeTHKa, XapakKTepHOTO A Pa3HBIX IIECKOB,
KOTOPBIY B OOABIINHCTBE CAYYaeB IIOATBEPIKAA -
€T Pe3yAbTaThl MUHEPAAOTUYeCKOTO aHaAM3a. TeM-
nepaTypa Kiopu 580 °C mOAABASIOIIErO GOABITINH-
CTBa 0OPa3L0B MAarHUTHOI'O II€CKA CBUAETEABCT-
BYyeT, YTO OHU IIPEACTaBAEHBI IPAKTUYECKU YUC-
TBIM MAarHeTUTOM (pHuc. 2).

MarauTHble CBOMCTBa 00Pas3IloB Iecka, KO-
TOPBIE ABASIOTCSA AOCTATOYHOU COBOKYITHOU Mar-
HUTHOM XapaKTEPUCTUKOU €ro TUIla U KaueCTBa,
IIOKa3aHbI Ha IpuMepe necka u3 ['pysuu u KpsI-
Ma (Taba. 5). KpuBas 3aBUCMMOCTHA HaMarHu4eH-

o 1 200 300 400 500 GO0 FO0 X O

0 100 20 300 400 500 GO0

1.B
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1.2
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& L CLLL AL LT T
ganmna®

&
e !I"‘"ﬂ

100 200 300 400 500 60O Foo X, oC

[

Puc. 2. TepMOMarHuTHEIM aHaAU3 0Opa3lOB MAarHUTHOTO Iecka: a—B — ['py3us (a — HeoOoraljeH-
HBIN, 6 — OOOTrallleHHbIW, B — XBOCTHl IIOCAe oborauleHus); r—u — KpeM (r — Ilaprenur, g —
Pribaube, e — HoBrili CBeT, )k — HukKoaaeBKa, 2 KM I0O)KHee ITaHCHMOHaTa, 3 — HuKoaaeBKa, Hanpo-
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HOCTH HACHIIIEHUsI OT TeMIlepaTyphl MOAyYeHa
B HeIIpepPLIBHOM peXkuMe "“HarpeB — OXAaKAe-
HUe'" B IIOCTOSHHOM MAarHutTHOM moaAe 2000 3.
Kaxk BupHO, IepBBIe Tpu NPoOLL U3 I'py3uu ume-
IOT UACHTHUYHBIE 3aBUCUMOCTH (PHUC. 2, a—B), 9YTO
U CA€AOBAAO OJKUAAQTH, IOCKOABKY MUHEPAAOTH-
YeCKUM COCTaB y 3THX IIPOO OAWH U TOT Xe, pa3-
AWYHE TOABKO B KOAWUYECTBe (peppoMarHeTuka
(cm. Taba. 2). AAst 0Opa3iioB U3 MOCeAKOB [lapTe-
uuT, Pribaube, HoBrill CBeT, HukoAaeBKa (2 kM
OT NaHCHUOHAaTa ), TaObl U MCKYCCTBEHHOIO IIec-
Ka HaOAIOAQIOTCS TaK>Ke OAM3KUE 3aBUCUMOCTH
C IIOTepe’ HaMarHM4eHHOCTH B Ipeperax 520—
600 °C (puc. 2, r—a). HeMHOTO ApyTasi KapTHHA
HaOAIOp@eTC AAS 0Opasiia ¢ 0-Ba KoHeser, rae

YMeHbIIIeHe HaMarHUYeHHOCTU IIPOUCXOAUT IIPU
temmepaType 300 °C, 1 AAsT OAHOTO 13 06PA3IOB,
OTOOPAHHOI'O BO3Ae MAHCHUOHATA "HukonaeBKa', A
KOTOPOI'0 MaKCUMaAbHOe YMeHbIIIeHre HaMarHu -
YEHHOCTH ITPOMCXOAMT IIpH TemrepaType 120 °C
u 570 °C (puc. 2, u, x).

Ans 06pasIioB 6bIAA IIOAYYEHA OCTaTOYHas Ha-
MarHWYeHHOCTH HACHIIEHUsI U OIIPEAEAEHO Mar-
HUTHOe IIoAe ( H, ), KOTOpoe ee KOMIIEHCHpPYeT.
OTOT ITapaMeTp XapaKTepu3yeT MarHUTHYIO JKe-
CTKOCTE oOpaara. Ha puc. 3 npuBepeHEBL pe3yAb-
TaThI 9KCIIepUMEHTOB. KprBble HOPMaALHOTI'O (30~
TEPMHYECKOTO ) HaMarHW4YUBaHUS MPaKTUYECKU
COBTIAAQIOT AAS BCeX 0Opas3IoB, a KpUBHIE pa3-
MarHU4YMBaHUS AAS IIEPBBLIX TpeX 00pasloB Io-
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TUB NaHcuoHarta, u — Duonent); i — o-B Koneser, Aapoxckoe o3epo, Poccus; k — Taba, Eruner; 4 —

I/ICKYCCTBeHHLIfI AHAAOT IIeCKa. LIepHOI\/II )KI/IpHOfI AWHHEM IIOKa3aHO M3MeHeHNe HaMarHWYeHHOCTU 06p33-
IJOB B IIpOIleCCe HArpeBaHMs, a TOYKAMHU — B IIpOIleCCe OXAAXKAEHUs.
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TaoAaAmuiuma 5. MarHUTHbIe CBOMCTBA MCCAE€AOBAHHBIX 00pa3IjoB

i3 EY
Homep Marepraa mpoGH! CopeprKaHue MarHUTHOM 10-6 oa He, D T °c
TIPOOBL dpakuuu
CIrcMm
—_ (o)
1 TMecok MarHuUTHEA (Tpy3ms) marserur — 11 %, 4400 144 450, 540, 600
MapTUT — 3HaKU
o — 0,
9 TTecoxk MaI‘vHI/ITHBII/I MarHETUT 40 %, 17 600 158 450, 540, 600
oboraienHbn (I'py3us) MapTUT — 3HaKU
3 XBOCTHI OCAE OBOTaIeHus marHetuT + mapturT — 1 % 600 130 450, 540, 600
(Ipysus)
1 P (o)
4 INecok obGorateHHbIN (KpbiM, MAarHeTUT 3 %, 930 237 580
INapTenwur) MapTUT — 3HaAKU

AOOHHI (H, paBHa ~ 150 3). B MarHUTHOM OTHO-
IIIeHUU KPBIMCKUM 0Opa3sel] Ooaee KecTKUM (H .,
cocTaBasieT 230 2).

AHaAn3 IPUBEAEHHLIX BhIIIIe Pe3yAbTaTOB CBH-
AETEeABCTBYET O ITIOCTOSTHCTBE THIla (peppoMarHe-
THUKOB ¥ OCHOBHBIX MarHUTHBIX ITapaMeTPOB AAS
IIECKOB, OTOOPAHHLIX C AOBOABHO ITIPEACTaBUTEND-
HOTO apeaia. [AaBHBIM MarHUTHBIM MUHEPAAOM
sBAsieTCs MarHeTuT. Temneparypa Kiopu pasa Bcex

LI,

12T

f.-""""""""""

27

o

HUCCAEAOBAHHEBIX 00Pa3IoB COOTBETCTBYET TeMIIe-
parype Kiopu uncroro maruerura (578 °C). Apy-
ro¥l MeHee PacIpOCTPaHEHHBIM MarHUTHBIA MU-
Hepaa — THUTaHOMarHeTur. TeMueparypa Kiopu
TUTAHOMArHeTUTa u3MeHseTcs B mpeperax 100—
578 °C (B 0OpasIax, rae IPUCYTCTBYET TUTAHO-
MarHeTHT, TeMIlepaTypa Kiopu He BEIXOAUT 3a 9T
IIpEeAEAH! (CM. puc. 2)). VI3ydeHHasa AT HECKOABKUX
00pa3IoB KO3PIUTUBHAA cUAd ( H . ) Tak)Ke COOT-

1L l0an 1200 1400 16500 H. 2

Oip, 3

O6p. 4

Puc. 3. Pe3yabTaThl OIpepeAeHUsT KO3PUUTUBHOU CUABL ( H ) HCCA€AyeMBIX 00pa3IioB.
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BETCTBYeT €e KAACCUUECKUM 3HAaUEeHUSIM AAST Mar-
HeTHUTa M TUTAHOMArHeTUTa. VI3ydeHHbIe YepHEIe
TUTAHOBEIE IECKU, KOTOPhIE paHee acCOIUUPO-
BaAMCH C MAaTHUTHBIMU IeCKaMUu, He SIBASIIOTCS Ta-
KOBBEIMH, IIOCKOABKY He 00AaAQI0T HEOOXOAUMOU
BEAWUYMHOM MarHUTHOM BOCHPUMMYUBOCTH.

OOAaacTu npuMeHeHus. B nauanre XX B. uep-
HBIe TTIeCKU PaCCMaTPUBAANCH TOABKO B Ka4eCT-
Be METAANYPIUYeCKOTO CHIPhA [HUPBUHCKUY, YAB-
ssHOB, 1928]. K HacTosIIIeMy BpeMeHH aHaAu3 pas-
PO3HEHHBIX, HO MHOTOYMCAEHHBIX AMTEPATyPHBIX
VICTOYHUKOB TTO3BOAMA OIIPEAEAUTH MHOTO HOBBIX
obAacTel IPaKTUYECKOro IPUMEHEHUSI MAarHuT -
Horo necka. OH MO>KeT UCIIOAB30BaThCI KaK ca-
MOCTOSTEABHO, TaK W B KaUeCTBe dAeMeHTa pas-
AMYHBIX CMeceH.

INapameTpsl, KauecTBO U 3OPEKTUBHOCTE IIPU-
MeHEeHUs TePEeYNCAEHHBIX Pa3paboTOK 3aBUCST OT
CBOMCTB UCXOAHOTO MarHUTHOTO MaTepuraAa.

K HacrosiieMy BpeMeHU MarHUTHBIE ITOPOIII-
KJ U IeCKU UCIIOAB3YIOTCSI B MAarHUTHBIX CUCTe-
Max [KaawnkuH, 1975; [lasro u Ap., 1978]; Kom-
TIAEKCaX MOATOTOBKM IMMUTHEBOM BOABI AAST OUUCT-
KM, AOOUMCTKY CTOYHBIX U TEXHUYECKUX BOA, 00-
PaboTKU BOAHBIX CHCTEM Pa3AMYHOTO HazHaue -
HUs, KOTA@ B (PUABTPAX MCIOAB3YIOTCS 3€pHUC-
Thle MaTepuarbl [KoBarenko, abunckut, 1982;
Kyapckuit, Aymkus, 1988; Kyasckutt, CTpokad,
1981; Kypuukos u Ap., 1988; 1989; Cokoabckuy,
1990]; AAS M3TOTOBAEHMSI MAarHUTHOTO TIOPOIITKa,
IPUMEHSIEMOTO B KaUeCTBe HAlIOAHUTEAST ITPU pas-
PaboTKe TOCTOSTHHBIX TBEPABIX 1 THOKUX MarHu-
TOB [AnekceeB, KopHees, 1976; PaOkuH u Ap., 1968;
Kypuukos u Ap., 1978]; MarHuTHOM KUAKOCTH [Bu-
Ouk, By3ynos, 1979; KypHuKoB u Ap., 1975]; Kom-
TO3UIMOHHBIX MaTepUaroB [KypHUKOB U Ap., 1975;
1978]; MarHuTHO-a6pa3UBHBIX IOPONIKOB [BapoH,
1986].

[Tpon3BOACTBO KOMIIO3ULIUOHHBIX W3AEAUN
OCYIIeCTBASETCS ITyTeM APOOAEHNSI MaTrHUTOB UAU
crnekaHueM. [ToCKOABKY IepBEIN CIIOCOO TPYAO -
€MKHUU U AOPOI'OH, OH UMeeT OrpaHudYeHHOe IIPU-
MeHeHUe . I3roToBAeHME HAaIOAHUTEASI U3 Mar -
HHUTHOTO IIecKa ceKaHueM 3KOHOMHYHee, TeX -
HOAOTHYHEee U IIO03BOASET MOAYUYUTH HOBEIE, BHI-
COKOBHEepPTreTUYHbIe MarHUTHbIE MaTepUaAbI ITy -
TeM COeAMHEHUS OKCUAOB JKeAe3a C OKCUAAMU
KoOaAbTa, HUKEAS, IIMHKA, CTPOHIIMA U APYTUX
MeTaAAOB PeAKO3eMeAbHOU rpynnsl [ PaOKuH u
Ap., 1968]. IToTpeOGHOCTE B NINPOKOM MCIIOAB30-
BaHUU TaKOM TEXHOAOTHU Ha3peAa AABHO, HO OT-
paHuYuBaraCh OTCYTCTBHEM AOCTYITHOTO IO IleHe
MCXOAHOTO MaTepurana, KOTOPBIM Ha AQHHOM 3Ta-
e MOJKeT OBIThb IIOKa ellle Maro BOCTpeOOBaH-
HBIM MAarHUTHBIA ITECOK.

TI'eogpusuueckull xyprnaa Ne 1, T. 33, 2011

PexkoMeHAyeMBINM pa3Mep YacTHI MarHUTHOT'O
HAIIOAHUTEASI KOMIIO3UIIMOHHBIX MaTEPUAAOB CO-
craBasgeT 50—200 mkM. Tak KaK OH COBIIapAa€eT C
pa3MepaMu YaCTUIl MaTHUTHOU (PpaKI[UK MaTHUT-
HBIX IIECKOB, 3TO 3HAUUTEABHO paciiupseT oo -
AACTb MIX IPUMEHEHUs, yIIPOIaeT TEXHOAOTUY 13-
TOTOBAEHMS U pearn3aliuy MarHUTHBIX MaTepu-
anoB [Kypuukos u Ap., 1980].

CAepoBaTeABHO, KOMIIAEKCHOE HCIIOAB30BaHNEe
Iecka M MarHUTHBIX CHCTEM AeAdeT AOCTYIIHee
pa3paboTKy U Pearn3aluio HOBBIX TEXHOAOTUU
C YAYUIIIEHHBIMHM 9KOHOMUYECKUMU ITOKa3aTeAs-
MM ¥ 9KOAOTMYECKHUMU CBOMCTBAMHU AAST CAEAYIO-
IUX ITeAeH:

¢ IJeHTPAaAM30BaHHAs IIOATOTOBKA ITNTHEBON
BoAHI [ Kyabckuit, AymkuH, 1988; Kyabckuii,
Crpokay, 1981];

® OUMCTKA TEXHUYECKUX 1 CTOYHBIX BOA [Khac-
cex, 1981; 1982; KoBareHko, VMALUHCKUH,

1982];

® COOpY’KeHHUe U IKCIIAyaTalnus HeTera3o-
BBIX cKBaykuH [KypHukos u aAp., 1988, Kyca-
KHUH #u Ap., 1990];

® MarHUTHO-aOpa3uBHasA OOpPabOTKa B Malllu-
HocTpoeHuu [bapow, 1986, ILIrsro, Bubuk, 1978];

® TPQHCIIOPTUPOBKA TBEPABIX ITIOAE3HBIX C-

konaeMbix [Kyprukos, 1991; Illtokman, 1972];

® [IOBHBIIIEHNUE IIPOYHOCTHBIX XapaKTEePHUCTUK

U3AEAMH U3 IIEMEeHTHBIX PacTBOPOB [KypHUKOB

u ap., 1989];

® cO3)aHUe AeHTOYHBIX KOHBeMepoB Ha Mar-
HUTHOM nopyike [KypHukos, 1991];

® CO3paHNE A€HTOUHBIX KOHBENEPOB AN CAOK-
HBIX Tpacc [KypHuxkos, 1991];

® CO3)AaHME KOHBENEePOB AN CAOKHBIX TPace
C MarHUTOAKTUBHBIMU AeHTaMu [ KypHUKOB,
1991];

® 03A\OPOBUTEABHO - AeUeOHbIe IIPOIeAYPHI

[Bupaa, Xamaus, 2002; Opatok u Ap., 2005].

K HacrogiieMy BpeMeHU OrpaHiYeHHOe IIpaK-
TUYeCKOe IIpUMeHeHNe HalllA TOAbKO MarHUTHbIE
IIeCKU Ha I'PY3MHCKOM I0bepexbe HepHOro Mo-
P, KOTOPBIE UCIOAB3YIOTCSI B A€4eOHBIX I[eAIX
Kak (hu3noTepalneBTUIeCcKoe CPEACTBO Ha Kypop-
Te "Ypeku".

Ha YeproMopckoM nnobepekbe YKpauHbl U B
[Tpua3oBbe, rae OOHAPY’KEHHI ITIOKAa TOABKO He-
OOABIIINEe CKOIIA€HUSI MarHUTHOTO ITeCKa, Heo0X0-
AHMO TTPOBOAUTD IleA€HaTIpaBAEHHbBIE T€OAOTOTEO-
pursmueckye pabOThHI IO BEIIBAEHUIO €TI0 KPYITHBIX
POCCHIIIE.

B cBg3u ¢ 3TUM cAepyeT 0OpaTUThH BHUMAaHUe
Ha MarHUTHBIE BellleCcTBa TEXHOTEHHOTO IIPOUC-
XOXKAEHUS, TTapaMeTphl ¥ KaueCTBO KOTOPHIX IIpe-
BBHIIIIAET IPUPOAHBIE MarHUTHEIE ITIeCKU. B gacT-
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HOCTH, Ha TOPHO - 000TaTUTEABHBIX KOMOMHATaX
KpuBOpO>KCKOro perrnoHa HaKOIMUAUCE OTPOM HbIE
3aIackl OTXOAOB (00Aee 1 MADA TOHH), KOTOPBIE
IO CYILIECTBY NMPEACTAaBASIIOT COOOM MarHUTHBIE
IIeCKHU BBICOKOTO KaueCTBa. B HUX KOHIIeHTpalusa
MarHUTHOTO JKeAe3a AOCTUraeT 8%, KOTOpOe TIpeA-
CTaBAEHO IIPEUMYIIIECTBEHHO MarHeTUTOM. VCIoAs-
30BaHHE XBOCTOB FTOPHO-000TaTUTEABHBIX KOMOU-
HATOB B KaueCTBe MCXOAHOTO CHIPbSl He TOABKO
CHU3UT 3aTPaThl Ha AOOBIYY, HO U IIO3BOAUT CYIIle-
CTBEHHO YAYUYIIUTH 3KOAOTUUECKYIO OOCTAaHOBKY
3arpsi3HEHHBIX PAOHOB. APYTroi BO3MOSKHBIN ITyTh
IIOAYYEHUS MaTepruanra — aHaAOra MPUPOAHOIO
MarHUTHOTI'O IleCKa — HU3TOTOBA€HME MarHeTUTO-
BOI'O KOHIIEHTpATA.

C 11eABIO TOMCKA aAbTePHATUBEI IPUPOAHOMY
MarHuTHOMY IecKy B otaere OAO HUUIT "Me-
xa"HoOpuepMmeT" . KpuBoit Por B HEGOABIIIOM KO-
AWYeCTBe OBIA U3TOTOBAEH UCKYCCTBEHHBIN Mar-
HUTHBIM IIECOK B BHAE I'PaHyA U3 MarHeTUTOBOI'O
KOHIIeHTpaTa KPyImHOCTEIO 0,5—2 MM ¢ MaccoBOM
AOAeH Keae3a 68—69 %.

B cAydae ycHelHbIX UCIIBITAHUY UCKYCCTBEH-
HOT'O MarHUTHOI'O IIeCKa ero IPOU3BOACTBO MO -
KeT UCYUCASATHCS COTHSAMU TOHH B T'OA AAS HC-
TIOAB30BaHUS Ha CTAHITUAX BOAOIIOATOTOBKH.

Hcxopsa n3 aHaan3a UCCAEAYEMBIX MUHEPAAOB,
TpedyeTcs yTAYOAEHHOE U3y4eHNe MarHUTHBIX ITe-
CKOB PA3AWYHBIX PETMOHOB U UX KAACCU(PUKALIUA
C IJeABIO BEIPAOOTKHA HOPMATUBHBIX TPEOOBAaHUU
AASI IPUMEHEHUS B Pa3AMYHBIX 00AACTSAX U YCAO-
BUSX UCIIOAB30BAHMUA.

OAHMM U3 IepCIEKTUBHBIX HAlIPAaBACHUHN AQAB
HEUINX UCCAEAOBAHUN ABASIETCS, BO-IIEPBBIX, U3Y-
YyeHNe CUABHOMArHUTHBIX TUTAHOMAarHeTUTOBBIX
IIeCKOB, IIMPOKO pPaclIpoCTPaHEeHHBIX Ha Teppu-
TOPUM YKPAWHHEL, @ BO BTOPHIX, UCTIOAB30BaHIe UC-
KYCCTBEHHOTO MarHUTHOTO I1ecKa.

O co3paHNM (PUABTPOB U YCTAHOBOK C HC-
IOAB30BaHNEM MarHMTHOIO meckKa. Maraur-
HBIN [TIeCOK IIPEAIIONATaeTCs UCTIOAB30BaTh B KOMII-
AEKCaX BOAOTIOATOTOBKHU , OUUCTKHU U AOOUUCTKHU
IUTHEBOM BOABI, CTOUHBIX M TEXHNYECKUX BOAHBIX
cucTeM, B PUABTPAX C 3epPHUCTHIMI MUHEparaMUu
U HaIIOAHUTEASIMU.

MuHeparOrn4eCcKU COCTaB MarHUTHOTO IeC-
Ka ¥ rpaHyAOMeTpUYeCKUe NCCAEAOBAHUS ITOKa-
3BIBAIOT, YTO HaUOOABIIIee COAepIKaHNe MarHeTH-
Ta (pukcupyeTcsa B 0Opasnax ¢ pa3MepaMu 3epeH
0,05—1,8 MM 1Ipu yAeABHOM Bece 3,6 r/cm3 1 no-
puctoctu 33—34 % [Orliuk, Kurnikov, 2011].

KospuutuBHas cuaa pa3AnYHBIX IECKOB CO -
ctaBasieT 150—230 3. 3To co3paeT BO3MOKHOCTD
IIOAYYUTH BHICOKOTPAAMEHTHOE MarHUTHOE IIOA€,
AOIIOAHUTEABHO 0OecIieunBaroliee, KpoMe OYUCT-
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KM, OMarHuuMBaHue IIPOTEKAIOIIEN CPeAbL U CBS-
3@HHOTO C 3THUM IOBHIIIIeHNe KauecTBa 06paboT-
KU BOAHBIX cucTeM [[TaT. Ne 44067 ..., 2009].

MarHuTHble ITapaMeTphl ITecKa, KauyeCcTBO U
padboTOCIIOCOOHOCTE MOJKET COXPAHATCI AOATHE
TOABI U HEOTPAHUUEHHO NIPU IPUMeHEeHUN pere-
Hepanuu (pUABTPOB U YCTPOUCTB. OMarHu4yuBa-
HUIO BOAHBIX CUCTEM M UCCAEAOBAHUSAM BAUM -
HUS MarHUTHBIX ITOA€M Ha CBOMCTBA BOABI IIO-
CBSIIIEHO MHOTO paboT u MoHorpaduit [ bepas: -
mreB 1 Ap., 2009; Kycakus u Ap., 1990; Cokoab-
cku¥, 1990]. AnnapaTs! 10 MarHUTHOM 06paboT-
Ke BOABI IIIMPOKO UCIOAB3YIOTCS B IIPOMBIIIAEH-
HOCTH U OBITY.

Mar"auTHBIN IECOK, COCTOSAIIUN U3 IPUTATH -
BAIOIIUXCSA APYT K APYTY 4aCTHUI, MUHEPAAOB C
NIPUPOAHBIM HaMarHWYUBaHUEM, oOpa3yeT NpHU
ONIPeAEAEHHBIX YCAOBUSX BSI3KYIO MAcCy U CTa-
HOBUTCSI MarHUTHBIM HOCUTEAEM B BUAE IIE€CKO -
obpasHoro HanorHureas. OH COXpaHSeT CBOU
CBOMCTBA AMAUTEABHOE BpeMsd (A0 HECKOABKUX Ae-
CATKOB A€T), POPMUPYS MAarHUTHOE IIOA€ OIIpe -
AeAeHHOU KOH(pUTrypanuu. MarHuTHOe IOAe Ta-
KOT'O HAIIOAHUTEAS] IIPU HEOOXOAUMOCTH MOJKET
U3MEHSTLCS BHEIITHUM MarHUTHBIM ITOAEM AT060-
TO MPOUCXOKAEHUS B 3aBUCUMOCTH OT IIOCTaB-
AEHHBIX 33Aa4 00pabOTKM BOABL, B TOM UHCAE U ee
OMAarHWYMWBAHUSA, 3HAUYUTEABHO PACIINpPssa PyHK-
UM MArHUTHOTO IIeckKa. [Tecok B 3TOM Ccaydae
CTAHOBUTCSI SAEMEHTOM MarHUTHOM CUCTEMBI, 00e-
CIIeYMBAIOIINUM, KpOMe (PUABTPAIIUY, MAarHUTHYIO
00pabOTKy IIPOTEKAIOIIEN CPEABI.

[TapaMeTpBl MAaTHUTHOU CUCTEMB! ((PUABTPYTO-
1Ile -OMarHUYMBaKOILEeT0 YCTPOUCTBA ) 3aBUCAT OT
Ha3HAYeHUs, TEXHNYEeCKON XapaKTePUCTUKU yC-
TPOMCTBA U TPeOOBAHUM K KOHEUHOMY IIPOAYKTY.
Bonpocam oMarHuYnBaHUA U (DUABTPALIAN BOA-
HBIX CUCTEM IIOCBSIEeHO MHOI'O AUTEPATYPHI U UC-
CAEAOBAHUM, IIOITOMY B AQHHOU CTaThe He pac-
CMaTpUBaOTCsA. PekoMeHAAIIY, TPUBEAEHHEIE B
AWTepaType 10 OMarHNYMBaHNIO BOAHBIX CUCTEM,
OyAyT IPUHATEL BO BHUMaHNE B AQABHEMIINX UC-
CAEAOBAHUSX.

[MTpu oMarHMYMBAHUYM U OUYKUCTKE BOABI OT KOA-
AOUWAHBIX YaCTUI], 0OAQAQIOITUX AOBOABHO OOAB-
LIOM MArHUTHOU BOCIIPUUMUYMUBOCTBIO, YCTAHOB-
AeHBl YHUKAAbHBIE M3MeHeHUsT CBOMCTB BOABI I10-
CAe BO3AEUCTBUA HAa Hee MarHUTHBIM IIOAEM He-
BBICOKOM HAIIPSPKEHHOCTH, XapaKTEePHOU AAS Mar-
HUTHOTO Ilecka, B TedeHue 10—20 gacos [Bbep-
ABIIIEB U Ap., 2009].

MarHuTHBIY IIeCOK CAMOCTOSITEABHO U B KOM-
OMHALMU C ADYTMMU MUHEPAAaMHU (LIyHTHUT, 11€0-
AWT, CUAEKC, KBApIleBbIM IIECOK) MOKeT obecIie-
YMBATh OUYMCTKY BOABI UAM BOAHOM CHUCTEMEI OT
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>KeAe3q, B TOM YUCAEe U B MOHHOM COCTOSIHUM (KOA-
AOHAHOE JKeAe30), a TaK)Ke IPUAATE BOAE APYTHe
CBOMCTBa, HAIpUMep AedeOHbIe. DTO II03BOAUT pe-
IIUTH TPOOAEMY YHUBEPCAABHBIX (DUABTPOB OUU-
CTKU ¥ OMaTHUYWBAHUS BOAHBIX CHCTEM Pa3AUY-
HOTO Ha3HAueHUs C OOABIINM PeCypCOM PabOTHI.

O0111€ee yCTPONCTBO OBITOBBEIX (DUABTPOB U yC-
TAHOBOK C UCIIOAB30BaHMEM MarHUTHOT'O ITIeCKa B
KaueCcTBe HANIOAHUTeAS (PUABTPYIOUINX HaCaAOK
Ha IIepBOM 3Talle OCBOEHUS KOHCTPYKTUBHO HE
OYAYT CyIIeCTBEHHO OTAUYATBCS OT UCIIOAB3YE -
MBIX B HaCTOsIIee BpeMs (C MUHEPAAbLHBIMA Ha -
TIOAHUTEASIMU ), B TOM YMCAE U CEPUIHO BBIITYC -
KaeMBbIX.

[MpuHIIMIIHAABHOE OTAMYKE 3aKAIOUYAETCS B 3a-
MeHe HAIlOAHUTEeAS Ha MarHUTHBIM IIeCOK C U3Me-
HEeHHEeM I'MAPaBAUYECKOM CXeMBI (DUABTPYIOLIE -
IO YCTPOUCTBA (C y4eTOM pereHepalnun), odecre-
YUBAIOIel 00513aTeAbHYIO (DUABTPAIIUIO U OMar-
HUYMBaHUE BOABI BCeM 00 HEMOM HATIOAHUTEAS, 3a-
TIOAHSIIOIEero KOHTeMHeP.

YHuBepcarbHOE YCTPOUCTBO, COBMeIIAlolee
(pyHKINU (OUABTPAIIUA X OMAaTrHUYUBAHUSA BOAO -
IIPOBOAHOU, PEYHOU UAM IIOA3EMHOM BOABI, @ TaK-
>Ke TIOAYYEeHUsI BOABI IOBBIIIEHHOI'O KauyeCTBa, CO-
AEPJKUT B CBOEM KOHCTPYKIIMU KOPITYC U3 3KOAO-
TUYEeCKU YUCTOTO MaTeprana, BHIAEPIKUBAIOIIETO
HeobOxoamMoOe pabodee paBaeHUe [[TaT. Ne 44067
...; 2009].

B cepeauHe 0CHOBHOI'O KOpITyca pa3MelreHbl
(PUABTPYIOIIYE SIAEMEHTHI B COCTABE CETYATOI'O
KOHTeMHepa, pa3MeIleHHOr0 BePTUKAABHO U 3a-
TPY’KeHHOT'O (DUABTPYIOIIUM MaTepHUarOM, B AQH-
HOM CAy4ae MarHUTHBIM IlecKoM. [Tpu HeoOxopu-
MOCTHU B OAMH CeTUaThINl KOHTeNHHep C MarHur-
HBIM IIeCKOM MOJKHO 3arpy>KaTh ITYHTUT, IIEOAUT,
CUAEKC (CUAEBUT) UAM KPEMHUEBEIN IIECOK.

[Tpu nmpepABapUTEABHBIX WCIBITAHUSAX OIBIT-
HOro o0pasla, U3rOTOBAEHHOT'O B AA0OPATOPHBIX
ycaoBusax Muctutyra reocpusuku um. C. 1. Cy6-
o6otuna HAH YKpauHbI, OTMeUYeHbI TO3UTHUBHEIE
pe3yAbTaTHl OUMCTKHU BOABI. VccaepOBaHUS 110 -
Ka3aAu CHU)KEHHe JKeCTKOCTU BOABI U YMeEHb-
meHue B 3 pa3a KOAMUeCTBa PaCTBOPEHHOTO B
BOAE JKeAe3q, a TaKyKe YAyYIlleHHe APYTUX Bask-
HBIX [IOKa3aTeAel 3arpA3HeHHOCTH BOABL Oe3 IIpu-
MeHeHUd peareHTa B TEXHOAOTHMYECKOM IIpoliec-
ce ee ouuleHud. Micnoab3oBaHUe IPpU OUYUCTKE
BOABI YCOBEPIIIEHCTBOBAHHOTO (PUABTPA, C pac-
TIOAOYKeHHeM IIPUPOAHOTIO MarHUTHOTO IIeCKa BO
BHEIITHEY MarHUTHOU CUCTEME, IIDUBEAO K YMEHb-
LIEHUIO COAEP KaHUA OOIIero >Keae3a B BOAE, B
TOM YHCAE U KOAAOUAHOTO, AO YPOBHS AOIIYCTH-
MO KOHIIEHTPAITUU AN IUTHeBOM BOABL (0,28—
0,57 Mr/aM3 IIpM LCXOAHOM KOHIleHTparyu 13,64—
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13,76 MF/AM3). Kpowme >xenes3a, U3MEHSIOTCS 1O~
Ka3aTeAUr BOABI 110 PSIAY APYTUX SA€MeHTOB U Ia-
paMmeTpoB. B wactHOCTH, n3MeHseTcs pH (c 6,9 po
7,6), OKHCASIEMOCTS (C 8,96 A0 5,12), yMeHblIIaeT-
cs KOAMYecTBO xAopa (¢ 21,14 po 7,95 mr/am3),
docdatos (c 0,37 po 0,08 Mr/am3), aMMOHHUIHO -
ro azora (c 1,00 po 0,2 Mr/am3) u T. A. DT 1O -
Kas3aTeAr MIPEeB30IIAY HAIlTh OJKUAQHUS , TTPOAE -
MOHCTPUPOBAB He TOABKO OYMCTKY BOABL OT JKe-
Ae3a, HO M ee OMarHUYUBaHUE.

AHaNOTHMYHEIE HCCAEAOBAHUSA B TEX K€ YCAO-
BHUSX C MCIIOAB30BaHUEM HAIIOAHUTEAST U3 UCKYC-
CTBEHHOTO MAarHUTHOTO TecKa IMoKa3aAu 6onee
HU3KUE Pe3yAbTATHl U 3(PPEeKTUBHOCTE PAOOTHI
dunbTpa.

®usnueckyre MpoIrecchkl 06paboTKM BOAHBIX
CHCTEM B YCTPOUCTBAX C IIPUPOAHBIM M UCKYCCT-
BeHHBIM MarHUTHBIM IIECKOM TpeOyeT AaABHEN-
LINX UCCAeAOBaHUM. BMecTe ¢ TeM IpoOHEIE UC-
MTBEITAHUS U DKCIIepUMeHTaAbHBIe UCCAEAOBAHUS
TIO3BOASIIOT C OIITUMK3MOM PacCYUTHIBATE Ha IIep-
CIIEKTUBHOCTH TPUMEHEeHUsI MarHUTHOTO ITecKa
npu pUABTPAITUU.

IMTpu UCHIOAB30BaHUM MATHUTHOTO ITecKa Ha
CTAHITUSIX BOAOTIOATOTOBKU TUTHEBOU BOAKI BO3-
HUKaeT IpobAeMa O ero KOAUYeCTBe, KaueCTBe
¥ oOoralieHuy, 0COOeHHO IASIKHBIX II€CKOB, UTO
CBSI3@HO C 3KOAOTHUEM NAsKeN U TpeOyeT Ipo -
BEeAEHUS CIIeIUaAbHBIX MCCAEAOBAHUM B OTHO -
LIEHUU [IOUCKA 3aAe’Kel mecka B OOABIINX 00b-
eMax.

BoiBoABI. 1. Bnepsrie 060611ieHa MHOTOYHC-
AeHHas MHPOPMAaIg O IPUPOAHBIX YEPHBIX (Mar-
HUTHBIX ) TIeCKaX U HEIIOCPEACTBEHHO UCCAEAQ -
BaHBI IECKU 13 MHOTUX PETUOHOB MUpa: YepHo-
Mopckoro nobepexxba KaBkaza u Kprima, Kam-
4aTKy, Aap0KCKOTO 03epa, KpacHoro Mmops.

2. MarHuTHO-MUHepaAOTUYeCKUY aHaAU3 T10-
Ka3zana, YTO OCHOBHBIM MarHUTHBIM MUHEPAAOM Mar-
HUTHBIX IIECKOB SIBASIETCS MarHeTHUT, a BTOPOCTe-
TIeHHBIM — TUTaHOMarHeTuT. [lecok coxpaHsaeT
CBOU MarHUTHBIE KadecTBa AAUTEABHOE BpeMs
npu Temmneparype ao 580 °C.

3. B cBA3U C TPYAHOCTSIMHU IIOMCKa U AOOBIUM
B DOABIIINX KOAMYECTBaX MPUPOAHOTO MarHUTHO-
ro IecKa CO3AaH eTr0 UCKYCCTBEHHBIM aHaAOT.

4. Pearn3oBaHa HAesl UCIIOAB30BAHUS IPUPOA-
HOT'O MarHUTHOTIO IIeCKa B Ka4eCTBe HAIlOAHUTe-
ASl PA3AUYHBIX TEXHUYECKUX YCTPOUCTB U (DUABT-
PYIOIINX CUCTEM AASI OYHUCTKU BOABL U BOAOIIOA -
TOTOBKW.

5. icnoAab30BaHNe BHEITHUX MAarHUTHBIX 110-
AeM IO3BOASIET IPUMEHSTh CUCTEMBI C MAaTHUTHBIM
IIeCKOM B KaueCTBe OMarHUUYMBAIONIUX U (DUABT-

PYIOIIUX YCTPOUCTB.
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6. Pe3yAbTaThI HCCAEAOBAHUS Ha SKCIIepPUMEH-
TAABHBIX M ONBITHBIX YCTPOMCTBAX ITOKA3a AU BEI-
COKY10 3(p(HeKTUBHOCTb OMarHMYMBAHUA U (DUABT-
paruy BOAHIL.

baaroapapHocTH. ABTOPHI OAAropAapPHBI HAUaAB-
HUKY MUHeparoruueckou raboparopuu B.B Ce-
peAe 3a BEIIOAHEeHNEe MUHEePaAOTMYeCKUX U Ipa-
HYAOMETPUYECKUX HCCAEAOBAHUU, HAUYAABHUKY
XUMHUKO-aHaAUTHUeCKoU Aabopatopuu 3. B. Op-
AIOK 3@ XUMUYECKHU aHaAU3 00pa3IoB IIecKa U
BoAHI (enTpanrbuasa aabopartopust ITAPITI “IiB-
Hiureoaorisa"), H. K. BopooseBy, pupekropy HNNI T
“"Mexanobpuepmet"”, r. Kpusol Por 3a yuactue
B pa3paboTKe aHaAOTa IPUPOAHOIO MarHUTHOT'O
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