«Cyxas 6apbepHasi MarHuTHasi cenapaums pyTuwia u
WbMEeHUTa Ha NlabopaTopHOM cenapaTope Mar-anekrTpo»

JTabopaTopHbIMK MCCNefoBaHMSIMM MOKA3aHO, YTO TUTaAHOcoAepXKalimMe MnecKu
MOryT 3ddekTMBHO oborawaTtbCs METOIOM  HenpepbiBHOM  6apbepHou
MarHUTHOM cenapauuun, Npu KOTOPOW pasfefieHNe MarHUTHbIX U HEMarHUTHbIX
4acTulu N UX yaaneHue M3 30Hbl pa3feneHns npoucxoamt 6e3 Mcnonb3oBaHUS
BAJIKOB WM Kaknx nnbo ApyrMx [ABMXKYLUMXCS dYacTed. [Ons  yaanenus
MarHMTHbIX 4acTuL, MPUTSAHYTbIX K CTeHKaM [MacTMH, B 3a30pe Mexay
NNacTMHaAMM CO3AAI0T 3f1eKTpocTaTuyeckoe rnone. [pu oboraweHnn B [ABa
npueMa noJslydeHHble TeXHONIOrMYeckme rokasaTenu npeBoCXoAAT nokasaTenu
NPOMbILLIEHHOrO BasIKOBOro cernapartopa.

MarHutHoe  oborawieHve  MWHepasibHbIX  MEeCKOB  OCYLWeCTBASAT  Ha
3/1EKTPOMArHUTHbIX BAJIKOBbIX CernapaTtopax. OTOT METOZ BK/IOYAET MpUTSHKeHne
MarHUTHbIX 4acTul, K BaJiky, BbIHOC WX M3 MarHUTHOrO Mofs rfpu BpalleHUu
Ba/lka W MOCNEAYIOWY pasrpy3Ky MarHUTHbIX YacTuL B MarHWMTHbIA NPOAYKT
cenapaumu. Wcnonb3oBaHWe  BpallalOWMXCA  BasIkOB  MOpOXAaeT  psa
HeQOCTaTKOB 3TMX cernapaTtopoB. Tak, notpebnsemMasl MOLWHOCTb BasIKOBOMO
cenapaTtopa 22BC-36/100 coctaBnset 25 kBT. U3 Hux 15 kBT, TO ectb 60 %,
MOET Ha BpalleHue BasikoB M Tonbko 10 KBT TpaTnTCa Ha co3haHMe MarHUTHOro
nons. MNpuBoa M MOAWMMHUKMA BankoB TpebytoT MOCTOSHHOro 06Cy>XMBaHUS,
3HAYMTESNIbHO YCNOXHSIOT U YAOPOXKAKOT CenapaTop, CHMXAOT ero HaAeXHOCTb.

MN3BECTHbI pPa3fiMyHble KOHCTPYKUMM 6GapbepHbIX MarHUTHbIX CenapaTtopoB B
KOTOPbIX pa3deneHue MarHUTHbIX MU HEMArHUTHbIX YacTuL U UX YAaneHue w3
30Hbl pa3geneHust npovcxoauT 6e3 MCnonb30oBaHMS BankoB WM Kakux 1mbo
APYTUX ABUMXKYLLMXCS YacTeu. MNepBbi Takow cenapaTop 6bi1 3anaTeHTOBaH elle
B 1936 rogy (nateHT CLLUA N22056426). OH noayumnn WNMPOKY U3BECTHOCTb Kak
nabopaTopHbIN  M30AMHaMu4Yeckni  cenapatop @®paHua. OpgHako, u©3-3a
HAaKOMMEHNS MarHUTHbIX YacTUL Ha CTEHKaxX CenapauMOHHbIX KaHasoB,
MPOMBILLIEHHOMO NpUMeHeHUst 6apbepHble cenapaTopbl NMOKa He HaLuu.

Hamu pa3spaboTtaH npuHUMNNANbLHO HOBbIM 6apbepHbIA MarHUTHbIA cenapaTop
AN CyXMX 3EpHUCTbIX MaTepuasnoB, JIMILUEHHBbIA YKa3aHHOMO HeaoCTaTKa.
BbinonHeHbl nabopaTopHble MCCNeaoBaHMs MO Pa3feneHn0 Ha HEM CMecu
nnbMeHuMTa (MarHuTHas dpakuusa) u  pytmna  (HeMarHuMTHas  dpakums),
SABNSOLLENCS NpOBOAHNKOBOW dpakumm YepHOBOro KOHLEHTpaTa
BepxHeaHenpoBCKOro ropHo-MeTanyprmyeckoro KoMmbumHaTa.

OboralleHne OCyLLECTBNIANINCL Ha N1abopaToOpHOM CernapaTope, CXeMa KOTOporo



nNpuBeAeHa Ha puUCyHKe . B MeXnoncHOM 3a30pe ero MarHWTHOM cuctembl 1
pa3MelleHa cernapaumoHHas MaTpuua coctosiwas n3s eppoMarHUTHbIX MIacTUH
2 YCT@HOB/IEHHbIX C 3a30pOM 3 OTHOCUTENbHO Apyr papyra. [110CKOCTb
CMMMETPUM 3a30pa pacnosioXXeHa BepTUKasbHO BAOSb MArHUTHOrO Mons.
HaknoHHble NpoAosibHble rpaHn 4 (eppoMarHUTHbLIX MIACTUH 3aKpyr/iieHbl B
nonepeyHoM ceyeHuu. K 3TUM rpaHaM NPUMbIKAKOT MAACTUHbI 5 BbIMOSTHEHHbIE
M3 HEMarHWTHOro TOKonpoBoAsdwero Metanna. dPeppomMarHUTHble 2 #
HEMArHUTHbIE 5 NMACTMHBI HAXOAATCA MeXAy COO60M B 3NEKTPUYECKOM KOHTAKTE.
CMexHble napbl (beppOMarHUTHbIX M HEMarHUTHbLIX MIACTUH U30MPOBaHbI Apyr
OT Apyra [AOWaneKTpudeckuMuM npokiagkamMm 6 UM NpUcoeauHeHbl K
pasHOMMEHHbIM KNeMMaM 7/ WCTOYHMKA BbICOKOro HanpsbkeHuda. CenapaTtop
CHab>xeH ycTponcTBOM 8 Anst nogaym oboralaemMoro Mmatepuvana.

TonwmMHa nnacTMH U WKMPUMHA 3a30pa Mexay HuMu paBHbl 10 MM. [nuHa
nnactuH - 200 MM. BbicoTa peppOMarHUTHbLIX MAACTUH - 25, HEMArHUTHbIX - 15
MM. Yo/l HaKNloHa MaTpuubl K ropu3oHTy paseH 300.

Y NpoAonbHbIX rpaHeN 4 AeNCTBYIOT MarHUTHbIE CUJIbl HANpPaB/IEHHbIE U3 3a30pa
Mexay (peppoMarHMTHbIMKU MAACTUHAMU. DTN CUMbl CO3AA0T MarHUTHbLIM H6apbep
NPEnATCTBYOWNIA OMYCKaHUIO MarHUTHbBIX 3epeH NoA AEUCTBMEM CUJIbl TSXKECTU
B 3a30p Mexay heppoMarHUTHbIMK nnacTuHamn. Kpome 6apbepHOn MarHUTHOM
CUbl, B 3TOM e MeCTe 3a30pa AEWCTBYHOT MarHUTHbIE CUJIbl HAmNpaB/iEHHbIE OT
MOCKOCTU CMMMETPUM 3a30pa K CTeHKaM nnactuH. [ogpobHo Teopus
(opMMPOBaHMA MarHUTHbIX CUT B OKPECTHOCTM HAXOASLWMXCS B MarHUTHOM
none eppoMarHUTHbLIX Tes OnucaHa B nuTepaType, Hanpumep [1].

MpuHUMN  [encTBMS  cenapaTtopa 3akao4aetca B cneayoweM.  Cyxou
oborawi@eMbli  MaTepuvan W3 nNUTATeNs HanpaBns/iCd B 3a30p  Mexay
HEMAarHUTHLIMK MNacCTUHaMW. HeMarHuTHble YacTuubl (6enble Kpy>XKu) noa
OEVUCTBMEM CUMbl  TSDKECTM OMYCKAlOTC BHM3 WM CKBO3b 3a30p Mexay
beppoMarHMTHBIMM  NAACTUHaAMKU  YAQNAOTCA B HEMArHWUTHBLIA  MPOAYKT.
MarHuTHble 4YacTuubl  (Y4EpHble  KPYXKW)  Noaaep)XuBaloTcs  6apbepHomn
MarHUTHOW CWIOW, HamnpaBfieHHOM W3 3a30pa Mexay dheppoMarHUTHLIMU
NI1aCTUHaMW, BbllLe CKPYrNEHHbIX KPOMOK 4 W, NoA AEUCTBUMEM CUIbl TSXKECTH,
CKaTbIBAIOTCA B MAarHUTHbLIM MPOAYKT Cenapaunw.



Puc. CxemMa nabopaTopHOro cenapartopa

MarHuMTHble 4YacTuubl MOA AEUCTBMEM MArHUTHBIX CWJ, HarnpaBfeHHbIX OT
MOCKOCTM CUMMETPUM 3a30pa, OTK/IOHSATCA K CTEHKaM nnactuH. [pu
MPUHSATOM PaCrONIOXXEHNUN MJIOCKOCTM CUMMETPUM 3a30pa Mexay nnacTMHaMu
BAOS/Ib MArHUTHOrO MO BE/IMYMHA 3TOM CUMbl MMHMManbHa ?2?, HO U OHa
MOXET ObITb [A0CTAaTO4YHOM, u4TOObl YacTuLbl C TOBbILUIEHHON MarHUTHOM
BOCMPUUMYMBOCTBIO NMPUTATMBANUCh K MAAaCTUHaM U HakanvMBanucCb B 3a30pe,
HapyLLas npouecc cenapauun. Ons yaaneHus 3TUx YacTuL, Ha NPOTMBOCTOSLLME
MNIACTUHbLI  MOJAETCS  BbICOKOE HamnpshkeHWE MPOTUBOMOJIOXXHOIMO  3HaKa.
MpUTAHYTbIE MAarHUTHbIE YacTULbl MPUOBPETAIOT TOT XKE INEKTPUYECKUA 3apsa,
YTO W nNNacTUHa, C KOTOPOM OHM HAXoASTCA B KOHTaKTe, W MOTOMY
OTTaNKUBAOTCA OT Hee. [IBUrasicb B 3/1EKTPUYECKOM MONe 3apsiXKEHHbIE YaCTULb
NPUTArMBAOTCA K MNPOTMBOCTOSILLEN  MNAaCTMHE  UMelowWwen  3apsia
NPOTUBOMOJIOXXHOIO 3Haka. Bonas C Hel B KOHTAKT 4acTulbl BHOBb MEHSIOT
3HaK, OTTa/IKMBAlOTCA M [ABUraloTCs K MPOTMBOCTOALLEN MnacTuHe. Bo Bpems
NepeMeLleHnst oT OAHOM MNACTUHbI K APYroM 3TW 4YacTuubl NMOAAEPXKMBAKOTCS



6apbepHOM  MarHUTHOM  CWIOM  HanpaBNEHHOM M3  3a30pa  Mexay
(beppoOMarHMTHBIMM MIACTUHAaMM U, KaK WU BCE APYrMe MarHWUTHbIE 4YacTuubl,
NepPeMELLaTCs B MarHUTHbIA NPOAYKT cenapauun. Jns ykasaHus Ha TO, 4To B
CyxoM 6apbepHOM MarHMTHOM cernapaTope CO34aeTCsl 3/1EKTPOCTaTUYECKoe
none, B AaNbHENLLIEM OH ByeT Ha3bIBaTbCA «Mar-3nekTpo».

Hanuuune anekTpuyeckoro rnonsi B 30HE cenapauuu, MOLWHO BAUSIOWErOo Ha
nepeMelleHne Yactuy, Mexay naacTMHaMKu, He MOXET He CKasaTbCs Ha
nokasatensx oboraweHusa. [na onpegeneHust CTerneHn 3Toro BiMSHUS 6bina
npoBedeHa  cemapauus  MNpPOBOAHMKOBOM  pakuum B NPUCYTCTBUM
aneKTpocTaTnyeckoro nons un 6e3 Hero (tabn. 1) npu MHAYKUMW MArHUTHOrO
nons 1.3 Tn. OborawaemMbiii MaTepuan NoaaBasncs B 3a30p MEXAy NiacTMHaMu
C NPOM3BOAUTENBHOCTLIO 11 r/C, YTO COOTBETCTBYET OXMAAEMOMW YAENbHOM
MNPOU3BOAMTENIBHOCTM MPOMbILWSIEHHOrO cenapaTtopa q = 2 T/4 Ha OAMH MeTp
(bpoHTa Nofaun nuTaHus.

B Tabnuue npuHATbI cneayrowme YCnoBHble 0603HayeHus: M - MarHWTHbIN
NpoAYyKT cenapaumun; H - HEMarHUTHbIA NPOAYKT Ccenapaumu; ? - BECOBON BbIXOA
MarHUTHOro npoaykta; Py n Un - cogep)xaHne B NpoayKTax cenapaumm pytuna
N UbMEHNTa COOTBETCTBEHHO; ?Py 1 ?Wn - U3BneyeHne pytuna n nibMeHuTa B
NpOAYKTbl cenapauuu; ? - 3hdeKTMBHOCTb oboraweHus no T. . domeHkKo,
onpegensieMass Kak Mpou3BeAEHNE U3B/IEYEHUS WIbMEHUTA B MarHUTHBIN
NPOAYKT Ha U3BJIEYEHNE PyTUIA B HEMArHUTHbIA MPOAYKT Cenapauuu.

Tabsmuya 1. Pe3ysibTaTtbl UCC/IELAOBAHNS B/INSIHUS S/1EKTPOCTaTUYECKOIO MO/ISIHA
[10Ka3atesim MarHUTHOM cenapaunm pytusia n niibMEHNTA.

a, MpogweT MokazaTeny oboraweHma, Y
CenapaTop T/UKM CEMapaLkm
Py 141N Py Mn
NatopaTtopH il 62,6 2,05 oz2,8 o7.B
BapkepHEIR 2 H 37,4 70,9 3,5 99,3
1 i00,0 26,7 59,4 97,1
NabapartopH 93,8
SapkepHEIA 2 [ G4, 7 6,5 22,0 95,9
CoaneKTaKd, H 39,3 74,0 0,9 a7.8
noneH




N3 npuBeAeHHbIX AaHHbIX BWAHO, YTO W3B/IEYEHME PYTWIA B HEMArHWUTHbLIN
NPOAYKT, @ WIbMEHMTa B MarHWTHbIN MPOAYKT MEHbLIE NpW cenapaumn ¢
3NEeKTPoCTaTn4eckMM noneM, 4dem 6e3 Hero. COOTBETCTBEHHO MeHbLUE W
apdeKkTMBHOCTL oboralleHns. Bu3yanbHO YCTaHOBMIEHO, YTO KOSIMYECTBO
MarHMTHOrO MaTepuana, MpUTSHYBLIErocsl K CTEeHKaM MnacTuH B npouecce
cenapaummn 6e3 31eKTpOCTaTUYECKOro MOSS, HE3HAYMTENbHO U OH He MOXeT
BNUATb HA MoOKasaTenu pasgeneHns. BklouyeHune 3n1eKTpocTaTuyeckoro nons
MNO3BOMISIET B MEHee, YeM 3a 5 CeKyHA MOMHOCTbIO yAanuTb 3TOT MaTepuan ¢
nNnacTuH. Mpy NPOMBbIWNIEHHOM 3KCMUlyaTauun, Korga 4yepe3 KaXKAbl KaHar
6yayT nponyckaTbCs TOHHbI oborawaeMoro MaTtepuana B CyTKM, Heobxoanmmo
MMETb BO3MOXHOCTb MX NMEPMOANYECKON OYUCTKM. TakmM obpa3om, oborauleHune
HeobxoaAMMO  OCYWEeCTBNSATb METoAOM  06bl4HOM  6apbepHOM  MarHWTHOM
cenapaumm ¢ NepuoanyecknM BKIKOYEHNEM 3/IEKTPOCTAaTUYECKOro Nonsl.

Mpy NpUHATBIX YCIoBMAX cenapaumn (q = 2 T/4?M, MHOYKUMS MarHUTHOrO nons
B = 1,3 Tn) noTepn AOpPOrocroswiero pytuia B WIbMEHUTOBOM KOHLEHTpaTe
MEHblle, 4YeM npu paboTe MNPOMBIWMAEHHOrO BasIkOBOrO  cernapaTtopa
29BC-36/100 (tabn. 2), HO OYEBMAHO HM3KOW SBNSETCA  yAESbHas
MNpOM3BOAMTENBHOCTE  flabopaTopHOro cenapatopa «Mar-anekTpo». [ns
MOBLILEHNS yAENbHOW MNPOM3BOAUTENLHOCTM 6€3  yBEeNMYEeHUs B3aMMHOIo
3aCOpeHnsi NPOAYKTOB pasgeneHns MHAYKUus 6bina cHwkeHa o 1,1 Tn, a
oborauieHne OCywecTBnsIoOCb B ABa NpueMa cenapauuu. Pe3ynbTathl
oborawieHms npueedeHbl B Tabnuue 2. B Tabnuue npuHATHL cneayrowme
yCnoBHble 0603HaveHnsa: M1 n M2 - MarHUTHble NPOAYKTbl NEPBOro U BTOPOro
npuema cenapaumm; H - HEMarHUTHBIM NPOAYKT cenapaumm.



Tabnmya 2 Pe3ynbTatel 6apbEPHOM MarHUTHOM CcenapawummnpoBOAHNKOBOM
¢pakuymm rpaBUTaLIMOHHOIrO KOHLIEHTPATA.

d, MpogayeT Mokazateny oborawedna, Y%
Cenapartop /UM cenapay kM
Py n Py Mn
My 50,8 0,75 94,0
NatopatopH 3 Mo 11,2 0,62 Q3,2
GapbepHBIFA Myt Mz 52,0 0,73 94,0 05,1
H 38,0 69,1 2,9 as,2
1 100,0 26,7 39,4 06,3
23BC-36/100 1 55,8 391 01,3 7,3
4 H 34,2 76,6 4,91 01,6 88,1
1 100,0 28,8 61,7

N3 cpaBHeHWs nokaslaTenein paboTbl nabopaTopHOro H6apbepHOro cenapaTtopa
«Mar-anekTpo» C nokasatensaMm paboTbl  MPOMBILNIEHHOMO  BasIkOBOrO
cenapatopa 23BC-36/100 BMAHO, YTO W3BNEYEHUE WIbMEHUTA B MarHWUTHbIN
NpoAYKT B 060MX cnyyasix NpUMeEpHO oOaMHakoBo. [lpyM 3TOM copepkaHue
WNbMEHUTA B MarHUTHOM NpoaykTe 6apbepHOro cenapartopa, KOTOPbIN SBNSETCS
FOTOBbIM  KOHLUEHTpaToM, Bbllwe Ha 2,7%, 4TO MOBbIWAET  €ro
KOHKYPEHTOCMOCOOHOCTb. B CBSI3M C Nydwlen OYMCTKOM MarHWTHOW pakumm
cogepXXaHve pyTuaa B HEMArHUTHOM npoaykTe «Mar-anekTpo» yMeHbLUNIO0Ch
M3-32 BO3POCLLErO NOCTYMNIEHNS B HEFO UMPKOHA U AUCTEHA, KOTOpbIE SBMSKOTCS
npoBoAHMKaMn. OHM noanexaTr YAANEHUIO W3 PYTWIOBOrO KOHLIEHTpaTa
nocneayoLwen anekTpocenapaumen.

[NaBHbIM [AOCTOMHCTBOM 6GapbepHOM cenapauun ABMASETCA  MOBbILIEHUE
N3BNEYEHNST AOPOroCTOSILLErO PYyTUA@ B HEMArHUTHbLIA NPOAYKT Ha 6,6 %. 31O
CTONb 60NbLIOM NPUPOCT U3BNEYEHUSI, YTO NMPUOOPETEHNE N YCTAHOBKA ABYX
HOBbIX CenapaTopoB «Mar-anekTpo», paboTalolwmx nocneaoBaTesibHO, OKYMNUTCS
MeHee, YeM 3a [Ba Mecsua.

BbiBOAbI.

MpuMeHeHne 6apbepHoro cenapaTtopa «Mar-3n1ekTpo», He UMEIOLLEro BaskoB U
Npy“BoAa, NO3BOJIUT:

e YMeHbLKUTb Ha 60 % 3aTpaTtbl 3N1EKTPO3HEPIUN;



e YNPOCTUTb 06CNYXXMBAHME CenapaTopa;
e YMEHbLUUTb NPOCTON HA PEMOHT.

Ba)kHbIM IOCTOMHCTBOM H6apbepHON cenapaummn SIBNSIETCA BO3MOXKHOCTb
MOBBILLEHNS U3B/IEYEHNS JOPOrOCTOSILLIErO PyTUAA B PYTUNOBbLIA KOHLEHTpAT
6onee, 4yem Ha 6 %.
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