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MarsiTHi 11icku € HOBUM 00'€KTOM AOCAIAKEHB Y 3B'I3KY 3 MOJKAUBICTIO iX BUKOPUCTAHHS Y
0araTbOX rany3sx HAPOAHOTO TOCIIOAAPCTBA. AAs 3pasKiB HicKy 3 HOPHOMOPCHKOIO PerioHy,
Pocii Ta €runTy 3piMCHEHO eKClepUMeHTaAbHI MarHiTHO-MIHEePAAOTiuHI AOCAIAJKEHHS, IIJ0 AAAO
3MOTy BU3HAUUTU MiHEPAABHUM CKAQA, MATHITHY CIPUMHATAMBICTE NTOPip, i30Tepmy Kropi Too.
AHanai3 MiHepaABHOTO CKAQAY Ta MarHITHUX ITapaMeTPiB IPUPOAHUX MarHiTHUX MIiCKiB IOKa3aB
MO>KAUBICTB IX 3aCTOCYBaHHS SIK HAIIOBHIOBaua (DIABTPIB AASL OUMIIEHHS 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 HacrosimeMy BpeMeH! MarHUTHEBIE BellecT-
Ba HAIIIAU IIIUPOKOe TPpUMeHeHe BO MHOTUX OT-
PacAsix HAPOAHOXO03SIMCTBEHHOTO KOMIIAEKCa —
B MEAUIIUHE, Ha TPAHCIOPTe, IIPU pelleHun psi-
Ad DKOAOTMUYECKUX 3apau. OAHAKO IMpaKTHUIeC -
KM BO BCEX MArHUTHBIX M3AEAUSAX HCIOAB3YIOT-
€ MaTepUanbl UCKYCCTBEHHOTO ITPOUCXOKAECHUS.
ITOCKOABKY UX U3rOTOBA€HUE OOXOAUTCS He Ae-
LIeBO, OCOOBIM MHTEPEC BBI3BIBAET IIPUPOAHBIN
MarHUTHBIY TTecoK. HecMOTps Ha TO, 4YTO CAOBO-
coyeTaHMe " MAarHUTHBIM II€COK' M3BECTHO AAB-
HO, OHO AO CHUX IIOpP SIBASIAOCH TEPMUHOM CBO -
OOAHOTO NMOAB30BaHUA 0€3 KaKOU-AM0O KOHKpEeT-
HOM MOHATUWHOMN HAarpy3Ku, 0003Hauas AlOObIe
eCKM C TMOBBINIEHHBIM COAepskaHueM (eppo -
MarHUTHBIX MUHepaAoB. Takad curyanusa ooyc-
AOBAEHA TeM, UTO TOABKO B IIOCAeAHee BpeMs
OHU CTaAU OOBEKTOM HPUKAAAHBIX MCCAEAOBA -
"yt [Kypaukos u ap., 2005; Opatok u ap., 2005].
B sTux paboTax BIepBBIE OBIAM MCCAEAOBAHBI
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MarHUTHO-MHHEPAAOTHUEeCKUe XapaKTepPUCTUKH
Mar"HuTHOTO IleCKa U pa3paboTaHbl peKOMeHAA -
IIUM AAS €rO HCIIOAB30BaHUS B IIPAKTHUUECKUX
neadax. Takke c(pOPMyAMPOBAHO OIIpEAEAEHUE
3TOTO TeOAOTUUECKOT0 OOBEKTa: MArHUmHbLl ne-
COK NpuUpOgHBIll — pPBEIXAQA 0CAGOHHAS NOpoga
mMeMHO-Ceporo yBema ¢ pa3MepoM mBepghlx 4dc-
muy 0,05—2 MM, B KOmOpbIX COgep)Xumcs He
meHee 2 % 3epeH marHemuma ¢ NOGUUHEHHbIM
KOAUYEeCmBOM gPYTuX MATHUMHBIX MUHEPAAOB .
B cBf3M C 3TUM CTanO SICHBIM, O KaKOM IleCKe
UAET pedb, a B POPMYAUPOBKE YUTEHEI CIIeIH -
puueckre MpHU3HAKU MarHUTHOTO TIeCKa U KOAU-
YeCTBO MarHeTUTa, HEOOXOAUMOE AAL TOTO, UTO-
OBl IIPOSIBUAUCH €T0 IIOAe3HBble KaueCTBa, a AO-
Oblua cTara peHTabeAbHOU. [Tocae BBIXOAQ yIIO-
MSHYTBIX TyOAUKAIUM, a TakKe paboTsl [ Kyp-
HUKOB U ApP., 2007] HaKOIMAOCH MHOTO HOBOT'O
MaTepHand, UCCAeAOBaHNE KOTOPOTO IIPUBEAO K
BO3MO>KHOCTHU O0OOIIEHNSI MAarHUTHO -MHUHEPAAO -
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TUYECKUX XapaKTePUCTUK MarHUTHBIX TIECKOB, a
TakK)Ke K X KAaCCUPUKAIIUU.

PacnpocTpaneHue u xapaKTepucTuKka poc-
ChbIller. MarHuTHBIe [TIeCKU U3BECTHHI YJKe AaB-
HO BO MHOT'MX paioHax mupa. 1o cBepeHUIM aH-
THUYHBEIX aBTOPOB Ha KMHOYPHCKOM IIOAYOCTPO -
Be M Ha Oepery EropAbIlIKoro 3aAMBa 3areTaAnd
coapepsKaliue MarHeTUT TTIeCKY, KOTOPHIE MCTIOAD-
30BAAUCH AAS BBITIAGBKU AYUIIIMX COPTOB JKeAe-
33", HeIIOABEP>KEeHHBIX KOppo3uu [AroyHos, 1987].
B cpeanue Beka Ha mobepeskbe OpAHOTO U3 Bana-
aMCKUX OCTPOBOB BpeMs OT BPEMEeHU ITOSIBAS -
AWCH YepHBIe TTIeCKU, KOTOPhIE TPEACTABASIAY CO-
0O¥ MarHUTHBIN >KeAe3HsIK. MoHaxXu MCIIOAB30-
BaAM JTOT IIECOK AAS CYIIKA 4epHHA. B 1791 r.
QHTAUNCKUU MUHEpPaAOT-At0OUTeAD Y. ['perop nu-
can O MarHUTHBIX MMecKaxX MecTedka MeHakaH B
AnTAUU, KOTAA COOOIITaA 00 OTKPBITUU TUTAHA .
KamuaTckoe nmobepexxbe TUXoro okeaHa n3o0m -
AyeT CKOIIAEHHUSIMU YepHOTO IlecKa [KypHUKOB 1
Ap., 2005]. B roro-3anapHoM yacTu TaMaHCKOTO
noayocrtposa B 1907 r. C. Il. [TonoBsIM 0OHapy-
>KeHbI CKOTIAEHMS I'paHaT-MarHeTUTOBBIX ITIECKOB
[Teororusd ..., 1968 ]. HebGoAabIast poCChIIb Mar-
HUTHOTO IIeCKa YCTAHOBAEHO Yy ceAa Ar0OOMMO B-
Ka K ceBepy OT I. CeBacTonoas [IITHI0OKOB, 3u00-
poB, 2004].

B 6eperosoit 3oHe HepHoro Mopsi Hauboaee
3HAUUTEALHBIE , TI0 pa3MepaM M COAEpP KaHUIO
MarHeTHTa, 3aAeXXM IlecKa pa3BUTHI B ['py3un
[Abux, 1856; HupBuHCcKUul, YABAHOB, 1928] u Ha
tore boarapun [LIBeTkoBa-I'oaeBa, 1975; Haage,
1968]. IToCKOABKY OHM AQIOT HArAsiAHOE IIPEeA -
CTaBAEHME O POCCHINSIX MAarHUTHOTO Ilecka, Iie-
Aeco00pa3Ho XOTA OBI KPATKO ONHUCATh PE3YAB-
TaThl UX M3y4eHUd 10 MaTepuaraM IIPUBEAEH -
HBIX BBIIIIE pabOT, a TakXe pspd NyOAMKAlui
[Botiko u Ap., 1975; IITaI0KOB U ApP., 1979 1 Ap.].

MarneTtuToBsble ntecku I'py3un cpopMmupoBa-
AMCBH B OCHOBHOM pekamu Puonu, Cytica, Hara-
HeOu, Murypu, Kopop u b3wibs. Copepranue
MarHeTHTa B TMASIPKHBIX OTAOKEHUSIX AAMHON OKO-
A0 50 KM MesRAYy peKaMu Hopox u b3bpIi0b KoaeOd-
Aetcd B nipeperax 2—3 % . OpAHAKO OHO MOJXKeT
pocturaTh 70 % B AMH3aX U MMPOCAOMKAX MOIITHO-
CTBIO 4 CM B BepxHeM MeTpoBOM croe. Haubo-
Aee OoraThble POCCHIIU 3aAeratloT Me>KAy peKaMu
Cymca u Hatanebu, rae IeckKu COCpPeAOTOYEHBI
B MEAKOBOAHOU 30He mmpuHoi 1,0—1,5 kM u
TIASIKHOM TToAoce mupuHol oT 10 po 70 M. O6-
1as AAUHA pocchineit pocturaeT 10 K.

PocchIlii MarHWTHBIX ITECKOB CAAQraroOT TIOA -
BOAHBIE BaABI, TIASIKM, AFOHBI, YaCTUUHO TIOTpe-
OeHHBIe. MarHeTUT AOKAAU3YyeTCs B TOALLE BEPX-
HeueTBEPTUYHBIX ITIECKOB, XOTS MaTepuaA, U3 Ko-
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TOPOTO CAOKEHBI MAaTHUTHBIE TTIeCKU, 3HAUUTEAD-
HO ApeBHee (40—260 MaH AeT). McTOYHUKOM Mar-
HUTHBIX II€CKOB MOTYT OBITH @HAE3UTHI U aHAE -
3UTO - 6a3arbThl ApKapo - UMepeTuHCKOro Xpeo -
Ta, cueHUTH p. HaTaneOu. MarHuTHele IIeCKu
COCTOSIT B OCHOBHOM U3 NMPOKCEHa, MarHeTUTa,
THUTAHOMATrHEeTUTa, KBaplla, MyCKOBUTA, OMOTHUTQ,
OMOTeHHBIX KapOOHATOB U TUAPOKCUAOB JKEAE -
3a. B HeOOABIIIOM KOAUYECTBE YCTAHOBAEHEI 31IU-
AOT, pOoroBasi OOMaHKa, OAMBUH, UABMEHUT, C(heH,
PYTHA U OOAOMKHM KPHUCTAAAMYECKUX IIOPOA U
CAQHIIEB.

[MepceKTUBHI TOMCKa MarHUTHBIX TTECKOB Ha
TamMaHCKOM MOAYOCTPOBE CBSI3BIBAIOTCS C 'PaHa-
TOBBIMM POCCHITISIMY, OOHaPYy>KEHHBIMU Y I0’KHO-
ro kpas o3epa CoareHoe (raryHa HepHOTO MOpS),
B 4—5 KM BocTOuHee MbIca sKeaesdHbit Por n
BAOAB IOKHOTO Oepera AXTaHM30BCKOT'O AUMaHa.
JAaHHBIEe POCCHIIU IIPOCAEKUBAIOTCS Ha PacCcTo-
aanu 1,56—2 kM, B mupuny pocturaror 20—30 m
npu momtHoctu ot 0,1 po 0,4 M. MuHeparoru-
YeCKUU aHAAU3 I'PAQHATOBOU POCCHINU IIOKA3aA,
4YTO OHA COCTOUT M3 3epeH IrpaHaTa, MarHeTuTaq,
AEeMKOKCEeHa, PYTUAQ, TYPMaAMHA, IMPKOHA, CTaB-
POAUTa, AMCTEeHa, MOHAITUTa, UABMEHUTA U IIU-
AOTa, A0 5—7 % 3epeH kBapia u 1—3 % cocTas-
ASIOT OOAOMKM (hbayHBI. MarHutHasg Qpakuus
rpaHaT-MarHeTUTOBBIX TeCKOB HepHOMOPCKOIO
nobepexbsa TaMaHCKOI'O IIOAYOCTPOBA IPEACTAB-
AeHa MarHeTuToM (oT 14 po 20 %). CopeprkaHue
SAEKTPOMAarHuTHOM hpaKIuy B 3TUX Ieckax 70—
72 %, IpepCTaBAE€HA I'PAHATOM, reMaTUTOM, aMu-
OOAOM, XPOMUTOM U UABMeHUTOM [Boiiko u aAp.,
1975]. Poccrinu reHeTHYeCKU OTHOCSATCS K abpa-
3UOHHO-TIASIKEBOMY [TeCUaHUCTOMY THUIY, a TA@B-
Hag NepcHeKTHBa B IAaHe TOPHOPYAHOI'O ChIPhI
CBSI3LIBAETCS C TPaHaTOM.

MaruuTHble TTecKu Ha nmobepexkbe Hecebp-
ckoro u bypracckoro 3aanBoB B IO>xHOU Boara-
puu usBecTHH ¢ 1912 r. OHU TPOTATUBAIOTCS
y3Kou moaocout or r. Hecebpa po r. Co30moas
mwupuHOoM A0 100 M, pamHOM A0 50 ®KM. VX Mo1II-
HOCTb B OCHOBHOM He npeBbIlIaeT 0,4 M, U3pea-
ka 1,0 M. Ha OTAEABHBIX y4aCTKax IIOABOAHOI'O
CKAOHA IIASKa COAep KaHHWe MarHeTHUTa AOCTHU-
raeT 10 %, a Ha meabde He npenwilaeT 3 %. B
Imeckax IIOMUMO MarHeTHUTa YCTAHOBAEHBI WAB-
MEHUT, IIUPKOH, XPOMUT, TUTQHUT, NUPOKCEH,
reMaTuT, MOHAIIUT U 3HAaKU APYTMX MHUHEPAAOB.

Poccrimu FOskHOM BoArapuu cpopMupoBaruch
B pe3yAbTaTe pa3MbiBa Topoa CTpaHAKaHCKOTO
QHTUKAWHOPUA U Bypracckoro CMHKAMHODPHS pe-
Kamu Axenoit u Opakuiickas. Pa3pyIeHunIo Ioa-
BepraAuCh ByAKaHOT€HHO-OCAAOUHbIe, MHTPY3UB-
HBIEe KHCABIE 1 OCHOBHBIE IIOPOABI, BO3PACT KOTO-
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PBIX OXBATbIBAET MHTEPBAA BpEMEHU OT IIPOTe -
PO30s A0 MeAa.

AabopaTopHbIe NCCA€AOBaHUSA. MarHuTHbIe
CBOMCTBA MTECKOB OMPEAEATIOTCS KOAMYECTBOM U
TUIIOM (peppOMarHeTrka. B Ipupoae CyIuiecTBy -
eT MHOTO MUHEPAAOB, KOTOPHIE OTIPEAEASTIOT Mar-
HUTHbBIE CBOMCTBa TOPHBIX MTOPOA U TTeCKa B 4acCT-
HOCTHU (TabA. 1). EcTh ele opamH peppoMarHe -
THK, @ UMEeHHO, caMOpOAHOe Xeae3o o.-Fe [[Te-
yepckuii, 2000], KoTopoe, OAHAKO, BPSIA AU MO -
>KeT IPUCYTCTBOBATh B MAarHUTHBIX IIeCKaX B CUAY
cBoel cnenuduuHocTu. [Ipeanioraraemoe npax-
TUYEeCKOe MCIIOAB30BaHMEe MarHUTHBIX ITIECKOB TPe-
OyeT UCCAeAOBAaHUS UX MUHEPAAOTUIECKOTO CO-
CTaBq, FpaHYAOMeTpI/II/I, IIOPUCTOCTHU, MAaTrHUTHBIX
CBOMCTB, PAAMOAKTUBHOCTU U T. A.

MaranTHO-MHHEPAaAOTHYECKHI H rPaHyAO-
MeTpHYeCKHH aHaAH3. Pe3yAbTaTbl MAarHUTHO-MU-
HEepaAOTUYEeCKOTO U TPAHYAOMETPUYECKOTO aHa-
AM3a cBepeHHI B TabA. 2—4. Hauboaee peTanb-
HO MCCA€AOBAHBI 00pa3nsl necka u3 ['pysun. B
YaCTHOCTHU, KaK BUAHO M3 TaOA. 2, U3 BBIIBACH-
HBIX B COCTaBe Iecka 14 MUHEepPaAOB TAABHBIMU
SIBASIIOTCSI TUPOKCeH U MarHeTUT. CopeprKaHe
MarHeTUTa B HeOOOTallleHHOM TeCKe COCTaBAS -
eT oKoAO 11 %. 3amMeTuM , 4TO KpoMe CBOOOAHBIX
AOCTATOYHO KPYHHLIX 3€peH MarLeTuTa U Map -

TUTa, B 3epPHAX TEeMHOIIBETHBIX MUHEPAAOB CO -
AE€pIKaTCsI MHOTOUMCAEHHBIE TTHIAEBUAHBIE BKATO-
4eHus MarHetuta pasmepom < 0,05 MM, 4TO OBHI-
11aeT ooIIee copepskaHue Maruetuta Ha 0,5—1 %.

K mHacrogmemy BpeMeHU UCCAEAOBAHBI Mar-
HUTHBIe TTecKu KpbiMa (MOAHOXbe MeaBeAb -
rophl, MoceAaku AtobuMoBKa, HukoraeBka, PoI-
0aube, HoBwitt Cet, Mbic ®uonenT), KamuaTKy,
Erunra (cucrema pazaoMa MepTBOro Mopsi, patiodn
r. Taba), Kapeaun (0-B KoHeselr, AaposkCKoe 03e-
pO), @ Tak’Ke UCKYCCTBEHHBIN MAarHUTHBIN KOH -
LeHTparT (mecok). B Taba. 3 npuBepAEHBI PE3YAb-
TaThl PAHYAOMETPUYECKOr0 aHaAu3a C yKasa-
HUEeM paclpeAeAeHUsT MUHEePaAOB AASL Pa3HBIX
KAAQCCOB, @ B TaOA. 4 — pe3yAbTATEl COKPAIleH-
HOTO MUHEPaAAOTUYEeCKOT'0 aHaAM3a ITUX EeCKOB
Ha Copep KaHUe TOABKO MarHUTHBIX MUHEPAAOB.
Kak BuaHO U3 TabA. 4, B iecke u3 KpacHoro mMo-
ps IipeobAaAaeT MarHeTUT, MOAUYMHEHHOe 3Have-
HUe UMeIOT MapTUT U TUTaHOMAarHeTUuT. B mmecke
noc. HukoaaeBKa Toske mipeobAapaeT MarHeTHUT,
HO IIPOII€HTHOE COAEpP KaHWe TUTaHOMAarHeTUuTa
CyllleCTBeHHO BhIlle. B necke ¢ Mpica OUOAEHT
OOHapy>KeH TOABKO MarHeTUT. B IpOTUBONOAOXK-
HOCTb PaCCMOTPEHHEIM IIeCKaM Iecok ¢ 0-Ba Ko-
HeBell (AapA0KCKOe 03ep0) OTAUYAETCS TeM, YTO
B HeM IpeolOAapaeT TuraHomarueTut. Miccaepo-

Taoarunnga 1. MarauTHble napaMeTpsl (peppOMarHuTHBIX MHUHEPAAOB
[®Pu3nueckue ..., 1976]

x, -[Sv T
MarHuTHast HaMaHU- He, cr
TeMIle-
Munepan dopmyaa BOCIIPAHMYH- YEeHOCTh | KODPIUTHUB-
BOCTb, HachbIlle- | Has cuAa, D Kia?;pg 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
TpeBoaut NiFey Oy 0,5 240 — 590
SArobcur Mn Fey Oy 20 320 — 510
Maruesuogeppur MgFe, Oy 0,8 140 — 310
MarreMur yFe, O3 0,3—2,0 435 10—130 675
T'emaTut oFeq O3 10_5—10_4 1,5—2,5 7000—38000 675
[uppoTHH Fe St 4x 10" %2-107? 17—70 15—110 | 300—325
Tetur oaFeOOH (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 FeCO;3 (20,0—60,0) - 10~ ° — — 238
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Taoaruinga 2. MuHeparOrH4eCKHIl COCTaB UCCAEAOBaHHBIX o0pa3nos u3 I'pysun
u Kpsima (moc. Ilapreuur), %
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2 s 2|z |6 |E5|FE| RSl a|%] 8|
3 > o Xaldw o) - [ = O
9 Q < = = 4
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2 =N 3] 5
= 5 o le) N4
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
obOoralieHust
(T'pyswus)
ITecok
oOoTallleHHBIN
4 Ul 3 31 | 70 | 3H 17 3 3H | 3H | 3H | 38 | — | — | — | —
(KpbiMm,
noc. [laprenwur)

BaHMWe AHIIAUPOB IIPUPOAHOTO Iecka u3 Kpac-
HOT'O MOP$ ¥ UCKYCCTBEHHOI'O MarHUTHOTO Iiec-
KOB IIOKa3aA, 4TO B 00OUX CAyYasiX YCTAHOBAE -
HO HaAW4Ve 4YeThblpeX AaBHBIX MMHepaAa: Mar-
HETUT, TeEMAaTUT, MUPUT U KBAPIL, HO, eCTeCTBEH-
HO, B pPa3HbIX TpomopIiusax (puc. 1).
Pe3yabTaTel olpepereHUs TpaHyAOMeTpHUYec-
KOT'O COCTaBa MarHUTHBIX TIECKOB U COAEP KaHUS
MarHeTHUTa-MapTUTa 110 KAaccaM KPYITHOCTH IIPU-
BepeHBI B TaOA. 3 U 4. AAd IPAKTUYECKOTO UC-
IIOAB30BaHMI MAarHUTHBIX I1I€CKOB Ba*KHO, YTOOBI
dpaknusg MarHUTHBIX MUHEPAAOB ObIAa OOAee
MeAKO3epHHUCTas 110 CPaBHEHUIO C CUAUKATHOM.
B 3TOM maaHe OTMETHM, UTO MEAKO3EPHUCTHIE
¢ppakuum (<0,16—0,5 mm) npeobraparoT B 060-
ralfeHHbIX ITeckax, B mpobax mecka Ne 2, Ne 3 u
Ne 4 Tak>Ke HaOAIOAQETCS CYILLeCTBEHHOE COAEP-
>KaHNe Mar"HeTHUTa BO (PpaKIUAX IecKa C pa3Me-
pamu 0,25—0,16 MM u < 0,16 MM (cM. TaOA. 4).
MarauTHO-MUHEPAAOTHYECKUM aHAAUS ITOKA-
3aA, 9TO B KAMYATCKOM IIeCKe M3 CUABHOMarHuT-
HBIX MUHEPAAOB IIPUCYTCTBYET TOABKO MarHeTur,
HO B OUeHb orpaHnuyeHHOM KoamuyecTse (0,13 %),
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a OOABIIIas 9YaCTh ITPeACTaBAeHAa CAAOOMArHUTHBIM
UABMeHUTOM (96,94 %). MaruuTHast BOCIIpUUMYU-
BOCTB cocTaBasgeT 175102 epa. CU, T. e. 3TOT
IIeCOK He OTHOCHUTCSI K MarHUTHOMY II€CKY IIpH-
poaHOMY. B mecke ¢ OKpeCTHOCTHU MeapBeab-TO-
PBI MUHEpaA MarHeTUT OTCYTCTBYET, HO B OOAb-
1IIOM KOAMYECTBe uMeeTcss MapTuT (62 %) u co-
BpeMeHHbIe MexaHnueckue npumMecu (11,31 %), B
KOTOPBIX IIPUCYTCTBYEeT OKUCAEHHAa MeTaAAdec-
Kasl CTPy’>KKa. MapTUT SIBASIETCSI CUABHOMArHUT-
HBIM MUHEPAAOM, O UeM CBUAETEABCTBYET TOT (DaKT,
YTO MarHUTHAsI BOCIPUUMUYMBOCTb AQHHOT'O IIeC-
Ka coctaBasgeT 7000 - 10 ~° ep. CU. VIAbMeHUT B
AAQHHOM IlecKe OTCyTCcTByeT. [lecok moc. Atobu-
MOBKa COAEPIKUT OUeHb HE3HAUUTEABHOE KOAU -
yecTBO MarHeturta (0,06 %), 3HaUUTEABHOE MapTU-
Ta (37,66 %) 1 MexaHUUeCKUX IpuMecei (28,83 %),
a TakK’>Ke OKCHUAOB U TUAPOOKCHUAOB JKeae3a (CM.
TabA. 3). MarauTHast BOCIIPUUMUMNBOCTD MecKa & =
=4000-10 "> ep. CU. CAeAOBATEABHO, KpBIMCKUE
IIeCKU MOATAAQIOT TOA OIIPpepAeAeHre IPUPOAHO-
IO MArHUTHOTO IleCKa, HO B HCCAEAYeMOM peru-
OHe OH II0Ka OOHapy’>KeH TOABKO B pPSIAE€ MeCT Ha
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Taoarunga 3. PeayapTaThl rpPaHyAOMETPUYECKUX HMCCAEAOBAaHUN 000rameHHOro
MarHuTHoro mecka u3 Kpeima (moc. Aro6GumMoBKa)

MuHepaAOTHUeCKUM COCTaB (B YUCAUTEAe — BecoBoe (), B 3HaMeHaTeAe MPOoleHTHoe (%)
COAepyKaHMe Ha KAAcCC)
3 i 5
2 8 &
8 Q = 8
5 & 3 &
- ) 3 2
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YepHoMopcKoM nobepeskbe B HEOOABIIINX CKOTI-
AEHUSIX C He3HAUUTEABHBIM COAEeP>KaHUeM OKCHU-
MOB JKeaesa. [ToaToMy u3yueHne AQHHBIX IIeCKOB
BHOCUT HEKOTOPBIU BKAGA B F€OAOTrO-Teopusndec-
KyI0 OOAACTh UCCAEAOBAHUM, B IIA@HE OIIpeAeAe-
HHS MUHEPAABHOTO COCTaBa, IPUPOABI HAMarHu-
YEeHHOCTH, MeCTa PACIIOAOKEHUS MaTEePUHCKUX TI0-
POA, IIyTel CHOCA MaTepHana M T. A ., HO UX IIPO-
MBIIIIAEHHOE MCIIOAB30BaHUE COMHUTEABHO.
MaraunTtHasts BOCIpUHMYHBOCTbD IIECKOB. Vc-
CAeAOBaHHBIE IECKU UMEIOT, KaK IIPaBUAO, BHICO-
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KMe 3HaueHUs MaTHUTHOM BOCITPUUMYUBOCTHU. Ec-
TeCTBEHHO, YTO BeAMYNHA MarHUTHOYW BOCIPUUM-
YUBOCTH 3aBUCHUT OT CTEIeHW O0OOoTalleHUs UC -
XOAHOTO TIeCKa, T. €. OT KOHIIeHTPaIlluu MarHUT-
HOTO MaTepuaaa. B yacTHOCTH, MAarHUTHBIE TTIECKU
u3 'py3uu XapaKTepu3yrOTCs CACAYIOIIUMU 3Ha-
YeHUSIMU MarHUTHON BOCIIPUUMYUBOCTU: HEO0O-
TalleHHLIN IIeCOK — 68,45 - 10~3 ep. CHU, obora-
menHbt — 221 - 1073 ea. CU, ocTaTKu mecka
mocae oboramenus — 7,6 - 10 3 ea. CU. Kpbim -
CKUU MarHUTHBIU ITecOK U3 [lapTeHnTa mMeeT Mar-
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TEMATHT  —mmt

‘ l MarseTHT

KBapm,

MATHETHT =—

OHPHT

MArdeTHuT

Puc. 1. Muneparorudeckuii CocTaB UCKyCCTBEHHOTO aHaAOTa IPUPOAHOTO MarHUTHOTO Tecka (a, 0, B) U He-
o0oTaleHHOT0 MarHUTHOTO Iecka ¢ Oepera KpacHoro mops (I, 4, €) Ha OCHOBaHUU aHaAW3a aHIIAUDOB.
O6pasnsl ¢ HaAM4YueM: @ — MarHeTUTa, reMaTUTa, KBaplla (yBeaudeHue 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 — MarHeTuTa, reMaTU3UPOBAHHOTO MarHeTUTa 1
3epHa nupwurta (x 120).
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HUTHYIO BOCIIpUUMYUBOCTE 0,98 - 1073 ep. CUY, Por-
Gaunero — 28-10~3 ep. CU, HoBoro CBeta —
32-107 3 ep. CU, c mMbica Ouonent — 10-10 73
ep. CH. Bricoko¥ MariuTHOM BOCIIPUUMYHUBO -
CTBIO ODAQAQIOT MECKU 3allapAHOTO NMOoOepeXbs
KpsiMa, oToOpaHHEBIe y toc. HukoaraeBka — (40—
50) - 103 ep. CH, oueHb BBICOKOU — MECKU
KpacHoro mops (&= 227 - 10 ~3ea. CH). Maruaut-
HBIM TeCcoK ¢ 0-Ba Koneserr (Aap0sKcKoe 03epo)
XapaKTepU3yeTcss HEOOABIINMH 3HAUeHUSIMI Mar-
HUTHOM BocripurMuuBocTH (4-10 ~3ep. CU) uz-3a
HU3KOM KOHIIeHTpanuu (peppomMarseTuka. Berco-
Kye 3HaueHUs] MaTHUTHOMN BOCIIPUUMYMBOCTY, €C-
TECTBEHHO, Y UCKYCCTBEHHOTO MarHUTHOTO IIeC-
ka®=75-10"3ea. CU.

0,4 4
0,2 4

0 100

a

TepMoMarHUTHBIN aHaAH3. BBHITTOAHEHHBIH
MAS BCeX 00pa3IioB TePMOMAarHUTHBIM aHaAN3 103~
BOAMA OIIPEAEAUTH TeMIlepaTypy Kropu u tum pep-
pOMarHeTHKa, XapakKTepPHOTO AA Pa3HBIX IIECKOB,
KOTOPBIY B OOABIINHCTBE CAY4YaeB IOATBEPIKAA -
€T Pe3yAbTaThl MUHEPAAOTUUeCKOTO aHaAn3a. TeM-
nepaTypa Kiopu 580 °C TOAABASIIOIIETO GOABIINH-
CTBa 0OPa3L0B MAarHUTHOI'O II€CKA CBUAETEABCT-
BYeT, YTO OHU IIPEACTABAEHBI IPAKTUYECKHU YUC-
TBIM MarHeTUTOM (pHC. 2).

MarauTHble CBOMCTBa 00Pas3IloB Iecka, KO-
TOPBIE ABASIOTCSA AOCTATOYHOU COBOKYITHOU Mar-
HUTHOM XapaKTEPUCTUKOU ero TUIla U KaueCTBa,
IIOKa3aHbI Ha IpuMepe necka u3 ['pys3uu u KpsI-
Ma (Taba. 5). KpuBas 3aBUCMMOCTU HaMarHu4eH-

0 100 200 300 400 500 600 700 7; °C

0 100 200 300 400 500 600

B

0,4
0,2 LLLLL

..llll--I.-lllllllllll'l.......
D

T T T
100 200 300 400 500 600 700 800

A

0 100 200 300 400 500 600 700 T, °C

r

100 200 300 400 500 600 700 7, °C

e

Puc. 2. TepMOMarHuTHEIM aHaAU3 00Opa3l0B MAarHUTHOIO IeckKa: a—B — [py3us (a — HeoOoraljeH-
HBIYW, 6 — oOoTralleHHBIW, B — XBOCTHI IIOCAe oboraienusi); r—u — Kpvim (r — Ilaprenur, g —
Pribaube, e — HoBruili CBeT, )k — HukoaaeBKa, 2 KM I0)KHee ITaHCHMOHaTa, 3 — HuKoaaeBka, Hanpo-
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HOCTM HACHIIEeHUsI OT TeMIlepaTyphl MOAyYeHa
B HeIIlpepPHEIBHOM peXkuMe "HarpeB — OXAaKAe-
HUEe'" B IIOCTOSHHOM MAarHutHOM moae 2000 3.
Kaxk BupHO, IepBBIe Tpu NpoOHL U3 I'py3un ume-
0T UACHTHUYHBIE 3aBUCUMOCTH (PUC. 2, a—B), 4TO
U CA€AOBAAO OJKUAAQTH, IOCKOABKY MUHEPAAOTH-
YeCKUM COCTaB y 3TUX IIPOO OAWH U TOT JXe, pa3-
AWYME TOABKO B KOAWYECTBe (peppoMarHeTHKa
(cm. Taba. 2). At 0Opa3sIiioB U3 MOCeAKOoB [lapTe-
uuT, Pribaube, HoBwill CBeT, HukoAaeBKa (2 kM
OT NaHCHUOoHAaTa), Tabbl U MCKYCCTBEHHOIO IIec-
Ka HaOAIOAQIOTCS TaK>Ke OAM3KUE 3aBUCHUMOCTU
C IIOTepel HaMarHM4eHHOCTH B Ipeperax 520—
600 °C (pwuc. 2, r—a). HeMHOTO ApyTasi KapTHHA

HaOAIOpaETC AN 0Opasiia ¢ 0-Ba KoHeselr, rae

20 80 140 200 260 320 380 440 500 560 620

1,2,
1/

= 0,8
= 06
= 0,4/
0,2

e
20 100 180 260 340 420 500 570 620

b/
1,2

1 llllllllllIlllllllllll...

0,8
0,6
0,4

0,2

LLLLTTTPPN
19 100 180 260 340 420 500 580 620

K

yMeHblIIeHVe HaMarHn4eHHOCTH IIPONCXOAUT IIPHU
temmepaType 300 °C, 1 AAsT OAHOTO 13 00PA3IoB,
OTOOPAHHOI'O BO3Ae MAaHCUOHATA "HukonaeBKa', A
KOTOPOI'0 MaKCUMaAbHOE YMeHbIIIeHre HaMarHu -
YEHHOCTH ITPOUCXOAMT TIpH TemrepaType 120 °C
u 570 °C (puc. 2, u, x).

Ans 06pasIoB O6bIAA IIOAYYEHA OCTaTOYHas Ha-
MarHW4YeHHOCTH HACHIIEHUsI ¥ OIIPEAEAeHO Mar-
HUTHOe TIoAe ( H. ), KOTOpoe ee KOMIIEHCUPYET.
OTOT IapaMeTp XapaKTepHU3yeT MarHUTHYIO JKe-
CTKOCTE oOpa3ra. Ha puc. 3 npuBepeHEB Pe3yAb-
TaThI 9KCIIepUMEHTOB. KpuBble HOPMaAbHOI'O (M30-
TEPMHUYECKOTO ) HaMarHU4YUBaHUS MPaKTUUYECKU
COBTIAAQIOT AASI BCEX 0Opas3IloB, a KpUBBIE pa3-
MarHUYMBaHUS AAS IIEPBBIX TpeX o0pas3loB IIo-

1,2

0,84..
0,6

80 140 200 260 320 380 440 500 560 620 7; °C
3

1,6

14

1,2

0,8
0,6
0,4
0,2

80 140 200 260 320 380 440 500 560 620 77 °C

b/

1,8,
1,6
1,4
1,2,
1+
0,8
0,6
0,4

0,2

20 120 220 320 420 520 620 720 7, °C

A

TUB NaHcuoHaTa, u — DuoneHt); i — o-B Koneser, Aapokckoe o3epo, Poccus; k — Taba, Eruner; 4 —

I/ICKYCCTBQHHLIIZ AHAAOT IIeCKa. erHoﬁ )KI/IpHOfI AWHHEM II0OKa3aHO M3MeHeHHe HaMarHuYeHHOCTU O6p63-
OB B IIpOIleCCe HArpeBaHMs, a TOYKAMU — B IIpoIecCce OXAAXKAEHUs.
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TaoAaAmuiuma 5. MarHUTHbIe CBOMCTBAa MCCAEAOBAHHBIX 00pa3IloB

i3 EY
Homep Marepran mpoGH! CopeprkaHre MarHUTHOU 10-6 oa He, D T °c
IIPOOKL dpakuuu
CIrcMm
—_ 0,
1 TMecok MarHuUTHENA (Tpysms) marserur — 11 %, 4400 144 450, 540, 600
MapTUT — 3HaKU
o — 0,
9 ITecoxk MarHATHBIH MarHeTUT 40 %, 17 600 158 450 540, 600
oboraienHbn (I'py3us) MapTUT — 3HaKU
3 XEBOCTBI MOCAE OBorameHu s MarHeTuT + mapTuTt — 1 % 600 130 450, 540, 600
(Tpys3us)
7 P 0,
4 INecok obGoraienHb (KpbiM, MaTrHeTUT 3 %, 930 237 580
INapTenwur) MapTUT — 3HaAKU

AOOHHI (H, paBHa ~ 150 3). B MarHUTHOM OTHO-
IIIeHUU KPBIMCKUM oOpa3sel] Ooaee kecTKuM (H .
cocTaBasieT 230 2).

AHaAn3 IPUBEAEHHLIX BhIIIIe Pe3yAbTAaTOB CBU-
AETEeABCTBYET O IIOCTOSTHCTBE THIIa (peppoMarte-
TUKOB M OCHOBHBIX MarHUTHBIX ITapaMeTPOB AAS
IIECKOB, OTOOPAHHBLIX C AOBOABHO ITIPEACTaBUTEND-
HOTO apeaia. [AaBHBIM MarHUTHBIM MUHEPAAOM
sBAseTcs MarHeTuT. Temneparypa Kiopu pasa Bcex

L

HUCCAEAOBAHHEBIX 00Pa3IioB COOTBETCTBYET TeMIle-
parype Kiopu unctoro maruerura (578 °C). Apy-
ro¥l MeHee PacIpOCTPAHEHHBIU MAarHUTHBIM MU-
Hepaa — THUTAaHOMarHeTur. TeMmueparypa Kropu
TUTAHOMArHeTUTa u3MeHseTcs B mpeperax 100—
578 °C (B 06pasIax, rae IPUCYTCTBYET TUTAHO-
MarHeTHT, TeMIlepaTypa Kiopu He BEIXOAUT 3a 9TU
IIPEAEAH! (CM. pucC. 2)). I3ydeHHas AAT HECKOABKUX
00pa3IoB KO3PIUTHUBHAA cUAa ( H ) TakKe cooT-

06p. 1

800 1000 1200 1400 1600 H,D

Puc. 3. Pe3yAbTaThl OIIpeAeA€HUsI KO3PUUTUBHOM CUABL (H.) MccaepyeMBIX 00pa3noB.
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BETCTBYeT €€ KAACCUUECKUM 3HAaUEeHUSIM AAST Mar-
HeTHUTa M TUTAHOMATHeTUTa. V13ydeHHbIe YepHbIe
TUTAHOBEIE IECKU, KOTOPhIE paHee acCOIMUPO-
BAAUCH C MAarHUTHBIMM ITeCKaMH, He IBASIIOTCS Ta-
KOBBIMH, IIOCKOABKY He 00AaAQI0T HEOOXOAUMOU
BEAMYMHOU MarHUTHOM BOCIIPUUMYHUBOCTH.

OOAacTu npuMeHeHus. B nauare XX B. uep-
HBIe TTIeCKU PaCcCMaTPUBAANCH TOABKO B KadecT-
Be METAANYPIUYeCKOTO CHIPhA [HUPBUHCKUY, YAB-
ssHOB, 1928]. K HacTosIeMy BpeMeHU aHaAu3 pa3-
PO3HEHHBIX, HO MHOTOYMCAEHHBIX AUTEePaTyPHBIX
VICTOYHUKOB TTO3BOAMA OIIPEAEAUTH MHOTO HOBBIX
obAacTey IPaKTUYECKOro IPUMEHEHUT MarHur -
Horo nnecka. OH MOJKeT UCIIOAB30BaThCS Kak ca-
MOCTOSTEABHO, TaK W B KaUeCTBe dIAeMeHTa pas-
AMYHBIX CMeceH.

INapameTpsl, KauecTBO U 3(PPEKTUBHOCTD IIPU-
MeHEeHUS ITePeUYUCAEHHBIX Pa3pabOTOK 3aBUCIT OT
CBOMCTB HUCXOAHOTO MarHUTHOTO MaTepuaAa.

K HacrosiieMy BpeMeHU MarHUTHBIE ITOPOIII-
KU U IECKU UCIIOAB3YIOTCS B MAarHUTHBIX CUCTe-
Max [KaauukuH, 1975; Llasro u Ap., 1978]; Kom-
MIAEKCaX ITOATOTOBKU IIUTHEBOU BOABL AAST OUUCT-
KM, AOOUMCTKYU CTOYHBIX ¥ TEXHUIECKUX BOA, 00-
PaboTKU BOAHBIX CHCTEM Pa3AMYHOTO Ha3Haue-
HUS, KOTAQ B (DUABTPAxX UCIOAB3YIOTCSI 3€pHUIC-
Thie MaTepuarbl [KoBarenko, abunckuir, 1982;
Kyapckuit, Aymkus, 1988; Kyasckutt, CTpoKkay,
1981; Kypuukos u Ap., 1988; 1989; CokoabCKuH,
1990]; AAS M3TOTOBAEHMS MAarHUTHOTO TIOPOIITKA,
TIPHUMEHSeMOro B Ka4eCTBe HAlIOAHUTEAS IIPU pas-
PaboTKe TOCTOSTHHBIX TBEPABIX U TMOKUX MarHU-
TOB [AneKkceeB, KopHees, 1976; PaOkuH u Ap., 1968;
Kypnuukos u Ap., 1978]; MarHuTHOM KUAKOCTH [Bu-
Ouk, By3ynos, 1979; KypHuKoB u Ap., 1975]; Kom-
TO3UIMOHHBIX MaTepUaroB [KypHUKOB U Ap., 1975;
1978]; MarHUTHO-a0pa3UBHBIX TOPOITKOB [BbapoH,
1986].

[Tpou3BOACTBO KOMIIO3UITUOHHBIX M3AEAUN
OCYIIEeCTBASETCS ITyTeM APOOAEHMSI MaTrHUTOB UAU
crieKaHueM . ITOCKOABKY IIEPBBIM CIIOCOO TPYAO -
€MKHUU U AOPOI'OH, OH UMeeT OrpaHuYeHHOEe IIPU-
MeHeHUe . VI3roToBAeHNEe HATOAHUTEAS U3 Mar -
HUTHOTO IIeCcKa CIeKaHueM 3KOHOMUYHee, TeX -
HOAOTHYHEee U II03BOASET IOAYUYUTH HOBEIE, BHI-
COKOBHepreTUYHbIe MarHUTHBIE MaTepUaAb] IIy-
TeM COeANMHEeHUS OKCHUAOB JKeAe3a C OKCHUAAMU
KoOaAbTa, HUKeASd , IIMHKa, CTPOHLIUA U APYTUX
MeTaAAOB pPeAKO3eMeAbHOU rpynisl [ PaOkuu u
Ap., 1968]. IToTpeOHOCTE B NINPOKOM MCIIOAB30-
BaHUU TaKOW TEXHOAOTMU Ha3peAa AaBHO, HO OT-
paHuYuBaracChk OTCYTCTBHEM AOCTYITHOTO IO IleHe
MCXOAHOTO MaTepuana, KOTOPBIM Ha AQHHOM 3Ta-
e MOJKeT OBIThb IIOKa ellle Maro BOCTpeOOBaH-
HBIM MarHUTHBIU ITECOK.
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PexkoMeHAyeMEBINM pa3Mep 4acTUI, MAarHUTHOT'O
HAIIOAHUTEASI KOMIIO3UIIMOHHBIX MaTepPUAAOB CO-
ctaBAasgeT 50—200 mrM. Tak Kak OH COBIIaAaeT C
pa3MepaMu 4aCTUIl MarHUTHOU (PpaKIIMK MarHuT-
HBIX IIECKOB, 3TO 3HAUUTEABHO pacIIupseT o6 -
AACTb UX IPUMEHEHNs, yIIPOIIaeT TEXHOAOTUH U3-
TOTOBAEHUS U pearn3aliud MarHUTHBIX MaTepu-
anoB [Kypuukos u Ap., 1980].

CAepoBaTeAbHO, KOMIIAEKCHOE HCIIOAB30BaHTE
IIeckKa M MarHUTHBIX CHCTEM AeAdeT AOCTYIHee
pa3paboTKy U Pearn3aluio HOBBIX TEXHOAOTUY
C YAYUIIIEHHBIMY 9KOHOMUYECKUMHU ITOKa3aTeAs-
MM ¥ 9KOAOTMYECKHUMU CBOMCTBAMU AASI CAEAYIO-
HIUX IIeAeH:

® IIeHTPAAM30BaHHAs IIOATOTOBKA ITNTHEBOU
BoAHI [ Kyabckuit, AymkuH, 1988; Kyabckuii,
Crpokay, 1981];

® OUMCTKA TEXHUYECKUX 1 CTOYHBIX BOA [Khac-
ceH, 1981; 1982; KoBareHkO, VMABUHCKUH,

1982];

® COOpY’KeHHUe U IKCIAyaTalus HepTera3o-
BBIX cKBaykuH [KypHukoB u aAp., 1988, Kyca-
KUH u Ap., 1990];

® MarHUTHO-abpa3uBHasA OOpPabOTKa B MAlllU-

"HocTpoeHuu [bapow, 1986, ILIasiro, Bubuk, 1978];

® TPQHCIIOPTUPOBKA TBEPABIX ITOAE3HBIX UC-

KornaeMbIx [Kypuukos, 1991; Illtokman, 1972];

® TIOBBIIIEHNUE IPOYHOCTHBIX XapaKTEPUCTHK

U3AEAMH U3 IIeMEeHTHBIX PacTBOPOB [KypHUKOB

u ap., 1989];

® cO3paHUe AeHTOYHBIX KOHBeMepoB Ha Mar-
HUTHOM nopyIke [KypHukos, 1991];

® CO3paHUE A€HTOUHBIX KOHBENEPOB AN CAOK-
HBIX Tpacc [KypHukos, 1991];

® CO3)A@HME KOHBENEPOB AN CAOSKHBIX TPacc
C MarHUTOAKTUBHBIMU AeHTaMu [ KypHUKOB,
1991];

® 03AOPOBHUTEABHO - AeUeOHbIe IIPOIeAYPHI

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

K HacrogieMy BpeMeHU OrpaHiYeHHOe ITpak-
TUYeCKOe IIpUMeHeHNe HalllA TOAbKO MarHUTHBIE
IIeCKU Ha I'PY3UHCKOM I100epexbe HepHOro Mo-
P, KOTOPBIE HCIOAB3YIOTCS B A€4eOHBIX I[eAsTX
Kak (pu3HnoTepaneBTUUeCKOe CPEACTBO Ha Kypop-
Te "Ypeku".

Ha YeproMopckoM nnoGepeskbe YKpauHbl U B
[Tpua3oBbe, rae 0OHAPY’>KEeHHI ITIOKa TOABKO He-
OOABIIINEe CKOIIA€HUSI MarHUTHOTO ITeCKa, Heo0X0-
AHMO TTPOBOAUTD IleAeHaTlIlpaBAeHHBIE TEOAOTOTEO-
(prsmueckye pabOTHI IO BEIIBACHUIO €TI0 KPYITHBIX
POCCHIIIE.

B cBg3u ¢ 3TUM cAepyeT 0OpaTUTE BHUMaHUe
Ha MarHUTHBIE BellleCcTBa TEXHOTEHHOTO IIPOKUC-
XOXKAEHUS, TTapaMeTphbl U KaueCTBO KOTOPHIX IIpe-
BBHILIIAET IPUPOAHBIE MarHUTHEIE ITIeCKU. B gacT-
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HOCTH, Ha TOPHO - 000TaTUTEABHBIX KOMOMHATaX
KpuBOpO’KCKOTO perrnoHa HaKOIIMANCE OTPOM Hble
3aIachkl OTXOAOB (00Aee 1 MADA TOHH), KOTOPBIE
IO CYIIECTBY IPEACTABASIIOT COOOM MarHUTHBIE
IIeCKU BBICOKOTO KaueCTBa. B HUX KOHIIEHTpalusa
MarHuTHOTO JKeAe3a AoCTUraeT 8%, KOTOpOe TIpeA-
CTaBAEHO IIPEUMYIIIECTBEHHO MarHeTuToM. Vcrons
30BaHKE XBOCTOB TOPHO-000TaTUTEABHBIX KOMOU-
HATOB B KaueCTBEe MCXOAHOTO CHIPbSl HE TOABKO
CHU3UT 3aTPaThl Ha AOOBIYY, HO U IIO3BOAUT CYIIle-
CTBEHHO YAYUYIIIUTH 3KOAOTUUECKYIO OOCTAaHOBKY
3arpsi3HEHHBIX PAOHOB. APYTrOM BO3MOJKHBIN ITyTh
IIOAYYEHUS MaTeprard — aHaAOra IIPUPOAHOIO
MarHUTHOTI'O IleCKa — HU3TOTOBA€HNE MarHeTUTO-
BOI'O KOHIIEHTpATaA.

C 11eABIO TOMCKA aAbTePHATUBEI IPUPOAHOMY
MarHuTHOMY IlecKy B otaere OAO HUUIIT "Me-
xa"HoOpuepmeT” . KpuBoit Por B HEOOABIIIOM KO-
AWYeCTBe OBIA U3TOTOBAEH UCKYCCTBEHHBIN Mar-
HUTHBIM IIECOK B BHAE I'PaHyA U3 MarHeTUTOBOI'O
KOHIIeHTpaTa KPymHOCTEIO 0,5—2 MM ¢ MacCcoBOM
AOAeH Keae3a 68—69 %.

B cAydae ycnelHbIX UCIIBITAHUY UCKYCCTBEH-
HOT'O MarHUTHOT'O IIeCKa ero IPOU3BOACTBO MO -
KeT UCUYUCASATHCSI COTHAMU TOHH B T'OA AAS HC-
TIOAB30BAHUS Ha CTAHIIUAX BOAOIIOATOTOBKH.

Hcxopsa n3 aHaan3a UCCAEAYEMBIX MUHEPAAOB,
TpedyeTcs yTAYOAEHHOe U3ydeHre MarHUTHBIX ITe-
CKOB PA3AWYHBIX PETMOHOB U UX KAACCU(PUKAIIUA
C IJeABIO BBIPAaOOTKHU HOPMATUBHBIX TPEOOBAHUN
MM IDUMEHEHUS B PA3AUYHBIX OOAACTSIX M YCAO-
BUSX UCIIOAB30BAHMUA.

OAHMM U3 IepCIIEeKTUBHBIX HAlIPaBACHUHN AQAB-
HEUINX UCCACAOBAHUM IBASETCS, BO-IIEPBLIX, U3y~
YyeHHe CUABHOMArHUTHBIX TUTAHOMAarHeTUTOBBIX
IIeCKOB, IIMPOKO PaclpOCTPaHeHHBIX Ha TePpHU-
TOPUM YKPAUHHI, @ BO BTOPHIX, UCTIOAB30BaHUE UC-
KYCCTBEHHOTO MarHUTHOTO IIecKa.

O co3zpaHuM (PUABTPOB U YCTAHOBOK C HC-
IIOAB30BaHHMEM MarHMTHOIO meckKa. Maraur-
HBIN [TIECOK ITPEATIOAATaeTCS UCTIOAB30BAaTh B KOMII-
AEKCaX BOAOTIOATOTOBKHU , OUUCTKHU U AOOUUCTKU
IUTHEBOM BOABI, CTOUHBIX M TEXHNYECKUX BOAHBIX
cucteM, B PUABTPaAxX C 3epPHUCTHIMU MUHEparaMU
U HaIIOAHUTEASIMU.

MuHeparOrn4eCcKU COCTaB MAarHUTHOTO Iec-
Ka ¥ TpaHyAOMeTpUUYeCKUe NCCAEAOBAHUS ITOKa-
3BIBAIOT, YTO HAaUOOABIIIee COAePIKaHNe MarHeTH-
Ta (pukcupyeTcsa B 00paslax ¢ pasMepaMu 3epeH
0,05—1,8 MM 1Ipu yAeABHOM Bece 3,6 r/cm3 1 no-
puctoctu 33—34 % [Orliuk, Kurnikov, 2011].

KospuutuBHas cuaa pa3AMYHBIX IECKOB CO -
ctaBasteT 150—230 3. 3To co3paeT BO3MOKHOCTD
IIOAYYUTH BHICOKOTPaAMEHTHOE MarHUTHOE IIOA€,
AOIIOAHUTEABHO ODecIieunBaroliee, KpoMe OYnCT-
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KM, OMarHM4rMBaHue IPOTEKAOIIEe CPEABI U CBS-
3@HHOTO C 3THUM IOBHIIIIeHNe KauecTBa 06paboT-
KU BOAHBIX cucTeM [[TaT. Ne 44067 ..., 2009].

MarHuTHble ITapaMeTphl ITecKa, KauyeCcTBO U
padboTOCIIOCOOHOCTE MOJKET COXPAHATCA AOATHE
TOABI U HeOTPAHUUYEHHO NIPU IIPUMeHeHUN pere-
Hepanuu (pUABTPOB U YCTPOUCTB. OMarHu4uBa-
HUIO BOAHBIX CHUCTEM U HUCCACAOBAHUSAM BAUS -
HUS MarHUTHBIX ITOA€Y Ha CBOMCTBA BOABI IIO-
CBSIIIEHO MHOTO paboT u MoHorpaduit [ bepas: -
ureB U Ap., 2009; Kycakus u Ap., 1990; Cokoab-
cku¥, 1990]. AnnapaTsl 10 MarHUTHOM 06paboT-
Ke BOABI IIIMPOKO UCIOAB3YIOTCS B IIPOMBIIIAEH-
HOCTH U OBITY.

Mar"auTHBIN IECOK, COCTOSAIIUN U3 IPUTATH -
BAIOIUXCSA APYT K APYTY 4aCTHUI, MUHEPAAOB C
NIPUPOAHBIM HaMarHWYMBaHKEM, oOpasyeT IIpHu
ONIPeAEAEHHEBIX YCAOBUSIX BSI3KYIO MAcCy U CTa-
HOBUTCSI MarHUTHBIM HOCUTEAEM B BUAE IIECKO -
obpasHoro HamnorHuteArsgs. OH COXpaHSeT CBOU
CBOMCTBA AAUTEABHOE BpeMs (A0 HECKOABKUX Ae-
CATKOB A€T), POPMUPYS MAarHUTHOE IIOA€E OIpe -
AeAeHHOU KOH(UTrypanuu. MarHuTHoOe IOAe Ta-
KOI'O HAIIOAHUTEAS IIPA HEOOXOAUMOCTH MOJKET
U3MEeHSATHCSI BHEIITHUM MarHUTHBIM IIOAEM AI00O-
TO MPOUCXOKAEHUS B 3@BUCUMOCTH OT IIOCTaB-
AEHHBIX 38724 0OpabOTKU BOABL, B TOM UHUCAE U ee
OMarHM4YuBaHUS, 3HAUUTEABHO PacHInupaa PyHK-
UM MArHUTHOTO 1ecka. [lecok B 3TOM caydae
CTAQHOBUTCSI SA€MEHTOM MAarHUTHOU CUCTEMBL, 00e-
CIIeYUBAIONIUM, KpoMe (PUABTPAINY, MarHUTHYIO
00pabOTKy NPOTEKAIOIIEN CPEABI.

ITapaMeTpBl MAarHUTHOU CUCTEMBEI ((PUABTPYIO-
1Ile -OMarHUYMBAIOIIEeT0 YCTPOUCTBA ) 3aBUCAT OT
Ha3Ha4YeHUs, TEXHNYECKOMN XapaKTepUCTUKH yC-
TPOUCTBA U TPeOOBaHUU K KOHEUHOMY IIPOAYKTY.
Bonpocam oMarHuunBaHUA U (DUABTPALUU BOA-
HBIX CUCTEM IIOCBSAIEeHO MHOI'O AUTEPATYPHI U MC-
CAEAOBAHUM, IIO3TOMY B AQHHOU CTaThke He pac-
CMaTpUBaOTCsA. PekoMeHAAIIY, IPUBEAEHHEIE B
AWTepaType 10 OMarHMYMBAaHNIO BOAHBIX CUCTEM,
OyAyT IPUHATEL BO BHUMaHUE B AAABHEMIINX HC-
CAEeAOBaHUAX.

[Tpy oMarHUYUBAHUM M OUUCTKE BOABI OT KOA-
AOUWAHBIX YaCTUIL, 0OAQAQIOITUX AOBOABHO OOAB-
LIOM MAarHUTHOU BOCIIPUUMYMUBOCTBIO, YCTAHOB-
AeHBl YHUKAAbHBIE M3MeHeHUsI CBOMCTB BOABL I10-
CAe BO3AEUCTBUA Ha Hee MarHUTHBIM IIOAEM He-
BBICOKOW HAIIPSPKEHHOCTH, XapaKTEPHOM AASL Mar-
HUTHOTO Ilecka, B TedueHne 10—20 gacos [Bep-
ABITIIEB U Ap., 2009].

MarHuTHBIA IIeCOK CAMOCTOSITEABHO U B KOM-
OMHALIMU C ADYTMMU MUHEPAAaMU (LIYHTUT, 1I€0-
AWUT, CUAEKC, KBapIleBbIN IIECOK) MOXKeT obecIe-
YMBATh OUYMCTKY BOABI NAM BOAHOM CHUCTEMBEI OT
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>Keae3a, B TOM YMCAE U B HMOHHOM COCTOSTHUU (KOA-
AOHAHOE JKeAe30), a TaKyKe IPUAATE BOAE APYTHe
CBOMCTBQ, HAIIpUMeP AedeOHbBIE. DTO II03BOAUT pe-
IIUTH TPOOAEMY YHUBEPCAABHBIX (DUABTPOB OUU-
CTKM 1 OMarHUYMBAHUS BOAHBIX CUCTEM Pa3ANd-
HOTO Ha3HAUeHUs C OOABIINM PeCypCOM PabOTHI.

O0111e€e yCTPONCTBO OBITOBBEIX (DUABTPOB U yC-
TAHOBOK C MCIIOAB30BaHMEM MarHUTHOTO ITIeCKa B
KaueCTBe HANIOAHUTeAS (PUABTPYIOLINX HAaCaAOK
Ha IIepBOM 3Talle OCBOEHUS KOHCTPYKTUBHO He
OYAYT CyIIeCTBEHHO OTAUYATBCS OT UCIIOAB3YE -
MBIX B HacCTosIIlee BpeMs (C MUHEPAAbHBIMU Ha -
TIOAHUTEASIMU ), B TOM YMCAE U CEPUIHO BBIITYC -
KaeMBbIX.

[MpuHNUNINaABHOE OTAWYME 3aKAIOUAeTCsI B 3a-
MeHe HAIIOAHUTEeAd Ha MarHUTHBIM IIeCOK C u3Me-
HEeHHEeM I'MAPABANYECKOMN CXeMBI (DUABTPYIOLIE -
IO YCTPOUCTBA (C y4eTOM pereHepalium), odoecre-
YUBAIOIeN 00513aTeAbHYIO (DUABTPAIINIO U OMar-
HUYUBaHME BOABI BCEM 00beMOM HATIOAHUTEAS, 3a-
TIOAHSIIOIEero KOHTeMHep.

YHuBepCcarbHOE YCTPOUCTBO, COBMeIIAloIee
(yHKINU (ODUABTPALIUA X OMAarHUYUBAHUSA BOAO -
IIPOBOAHOM, PEYHOU UAM IIOA3EMHOM BOABL, @ TaK-
>Ke TIOAYYEeHUsI BOABI IIOBBIIIIEHHOTI'O KaueCcTBa, Co-
AEPJKUT B CBOEM KOHCTPYKIIMU KOPITYC U3 9KOAO-
TUYEeCKU YMCTOTO MaTepuand, BhIAEP;KUBAIOIIEro
HeobOxoamMoOe pabodee paBaeHUe [ITaT. Ne 44067
..., 2009].

B cepeauHe 0CHOBHOI'O KOpITyca pa3MelleHbl
(PUABTPYIOIIHUE SAEMEHTHI B COCTaBe CeTUYaToro
KOHTeHNHepa, pa3Mel]eHHOTO BePTUKAABHO U 3a-
TPY’KeHHOI'0 (DUABTPYIOIIUM MaTepPUaroM, B AQH-
HOM CAy4Yae MarHUTHBIM IlecKoM. [Tpu HeoOxopn-
MOCTH B OAMH CEeTYaThIM KOHTeNMHep C MarHur-
HBIM IIeCKOM MO>KHO 3arpy’KaTh UIYHIUT, IIEOAUT,
CUAEKC (CUAEBUT) UAU KPEMHUEBBIN [IECOK.

[Tpu nmpepBapUTEABHBIX WCIBITAHUAX OIBIT-
HOro o0paslla, U3rOTOBAEHHOTI'O B AA0OPATOPHBIX
ycaoBusax Muctutyra reocpusuku um. C. 1. Cy6-
6otuHa HAH YKpauHbl, OTMeUeHbI TO3UTUBHEIE
pe3yAbTaTHl OUMCTKHU BOABI. IccAepOBaHUS 110 -
Ka3aAu CHIDKEHMEe JKeCTKOCTU BOABI U YMeEHb-
meHue B 3 pa3a KOAMUYeCTBa PacTBOPEHHOTO B
BOAE JKeAe3a, a TaKyKe YAyYIlIeHHe APYTUX BaskK-
HBIX [IOKa3aTeAel 3arpsA3HeHHOCTH BOABL Oe3 IIpu-
MeHeHUd peareHTa B TEXHOAOTHMYECKOM IIpoliec-
ce ee ouulleHud. VMicnoab3oBaHUe IPpU OUUCTKE
BOABI YCOBEPIIIEHCTBOBAHHOTO (PUABTPA, C pac-
TIOAOKeHHeM IIPUPOAHOTIO MarHUTHOTO IIeCKa BO
BHEIITHEY MarHUTHOU CUCTEME, IIPDUBEAO K YMEHb-
LIEHUIO COAEP KaHUA OOIIero >Keae3a B BOAE, B
TOM YHCA€ U KOAAOUAHOTO, AO YPOBHS AOIIYCTH-
MO KOHIIeHTPAIIUU AN IUTHeBOM BOABL (0,28—
0,57 Mr/aM3 IIpM ICXOAHOM KOHIleHTparyuu 13,64—
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13,76 mr/am3). Kpome >xenesa, M3MEHSIIOTCS T10-
Ka3aTeAUu BOABI 11O PSIAY APYTUX SA€MeHTOB U Ia-
paMmeTpoB. B wactHOCTH, n3MeHseTcs pH (c 6,9 po
7,6), oKHCAsIEMOCTS (C 8,96 A0 5,12), yMeHbIIaeT-
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 Mmr/am3) u T. A. DTH 1O -
Kas3aTeAu MPEeB30IIAYN HAIlTh O’KUAQAHUS , TTPOAE -
MOHCTPUPOBAB He TOABKO OYUCTKY BOABI OT JKe-
Ae3a, HO U ee OMarHWYWBaHUe.

AHaNOTHMYHEBIE HCCAEAOBAHUSA B TEX K€ YCAO-
BUSIX C MCIIOAB30BaHUEM HAIIOAHUTEAST U3 UCKYC-
CTBEHHOTO MAarHUTHOTO TIeCcKa IMoKa3aAu 6onee
HU3KUE Pe3yABTATH U 3P(PEeKTUBHOCTHL PAOOTEI
dunbTpa.

®usnueckure mporecchkl 00paboOTKM BOAHBIX
CHCTEM B YCTPOMCTBAX C IIPUPOAHBIM M UCKYCCT-
BeHHBIM MarHUTHBIM IIECKOM TpeOyeT AaAbHeMN-
LINX UCCAeAOBaHUM. BMecTe ¢ TeM IpoOHEIE UC-
MTBEITAHUS U DKCIIepUMeHTaAbHBIe UCCAEAOBaHUS
TIO3BOASIIOT C OIITUMKU3MOM PacCYUTHIBATh Ha IIep-
CIIEKTUBHOCThL TPUMEHEeHUsI MaTrHUTHOTO ITecKa
npu (pUABTPAITUU.

IMpu UCrOAB30BaHUM MArHUTHOTO IecKa Ha
CTaHITUSX BOAOTIOATOTOBKY ITUTHEBOU BOAKI BO3-
HUKaeT IpobAeMa O ero KOAUYeCTBe, KaueCTBe
¥ oOoraIieHu, 0COOEHHO MASIKHBIX IIECKOB, UYTO
CBSI3@HO C 3KOAOTHUEM NAsIKel U TpeOyeT Ipo -
BEeAEHUsS CIIeIUaAbHBIX MCCAEAOBAHUM B OTHO -
LIEHUU [IOUCKa 3aAeXKel mecka B OOABLIINX 00b-
eMax.

BoiBoABI. 1. Buepsrie 060611ieHa MHOTOYMC-
AeHHas MHPOPMAIg O IPUPOAHBIX YEPHBIX (Mar-
HUTHBIX ) TIeCKaX U HEIIOCPEACTBEHHO UCCAEAQ -
BaHBI IECKU 13 MHOTUX PETUOHOB Mupa: YepHo-
Mopckoro nobepexba KaBkasa u Kprima, Kam-
4aTKy, Aap0KCKOTO 03epa, KpacHoro Mmops.

2. MarHuTHO-MUHepaAOTUYeCKUY aHaAU3 T10-
Ka3an, YTO OCHOBHBIM MarHUTHBIM MMHEPAAOM Mar-
HUTHBIX II€CKOB SIBASIETCS MarHEeTHT, @ BTOPOCTe-
TIeHHBIM — TUTaHOMAarHeTuT. [lecok coxpaHseT
CBOU MarHUTHBIE KadecTBa AAUTEABHOe BpeMs
npu Temmneparype ao 580 °C.

3. B cBA3U C TPYAHOCTSIMH IIOUCKA U AOOBIUM
B DOABIIINX KOAMYECTBAX MPUPOAHOTO MAarHUTHO-
ro IecKa CO3AaH ero MCKYCCTBEHHBIN aHaAOT.

4. Peaan3oBaHa HAesl UCIIOAB30BAHUS IPUPOA-
HOT'O MarHUTHOTIO IIeCKa B Ka4eCTBe HAIIOAHUTe-
ASl PA3AUYHBIX TEXHUYECKUX YCTPOUCTB U (DUABT-
PYIOIIUX CUCTEM AAS OYHUCTKY BOABL M BOAOTIOA -
TOTOBKW.

5. cnoAb30BaHNe BHEITHUX MAarHUTHHIX I10-
AeM IO3BOASIET IPUMEHSITh CUCTEMBI C MATHUTHBIM
IIeCKOM B KaueCTBe OMarHUUMBAIOIIUX U (DUABT-

PYIOIIUX YCTPOUCTB.
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6. Pe3yAbTaThl HCCAEAOBAHUS Ha SKCIIePUMEH-
TAABHBIX M OIBITHBIX YCTPOMCTBAX ITIOKAa3a AU BbI-
COKY10 3(p(HeKTUBHOCTb OMarHMYMBAHUS U (DUABT-
paIuy BOAHIL.

baaroapapHocTH. ABTOPHI OAAropapHBI HAUaAL-
HUKY MUHeparoruueckou raboparopuu B.B Ce-
peAe 3a BEIIOAHeHNEe MUHEePaAOTMYeCKUX U I'pa-
HYAOMETPUYECKUX HCCAEAOBAHUU, HAUYAABHUKY
XUMHUKO-aHaAUTHUUeCKoU Aabopatopuu 3. B. Op-
AIOK 3@ XUMUYECKHU aHaAU3 00pasloB IecKa 1
BoAHI (enTpanbuasa aabopatopust [TAPITI “ITiB-
Hiureoaorisa"), H. K. BopobseBy, pupekropy HUNIT
“"MexanobpuepMmet", r. Kpusol Por 3a yuactue
B pa3paboTKe aHaAOTa IPUPOAHOIO MarHUTHOTO
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