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[IpuBenen aHanu3 pe3yabTaTOB UCCICAOBAHMS MarHUTHBIX XapaKTEPUCTHK (3aBUCUMOCTEH OTHO-
CUTENIbHON MarHUTHOW MPOHMIIAEMOCTH OT BEJIMYUHBI MHIYKIMH BHEIIHEr0 MarHUTHOI'O MONA U
TEMIIEpaTyphl OKpYXKalolleld cpesibl) MOPOUIKOOOPAa3HOIo LlaMa OYMCTKM BarpaHOYHBIX T'a30B,
KOTOPBIH MPEUIOKEHO UCIIONIB30BATh TSl (POPMUPOBAHUS SKPAHUPYIOMIMX KOHCTPYKIMH, CrIOco0-
CTBYIOIIUX 00ECIIEICHHUIO MICKTPOMarHUTHOH COBMECTUMOCTH PaIHOICKTPOHHBIX YCTPOMCTB.

Kniouegvie cnoea: MHAYKIMA HACBHIIEHHS, MAarHUTHAs WHAYKIOWS, OTHOCHTENbHAsi MarHUTHas
MIPOHUIIAEMOCTb, TEMIIEPATYPHBIH KO3((GHUINEHT MarHUTHOW NPOHUIIAEMOCTH, (hepprMarHeTuK,
(eppoMarHeTHK, nIaM OYMCTKH BarpaHOYHBIX Ta30B.

BBeaenue

MaruauTHble MaTepransl (Gpeppo- U GpeppruMarHETHKH) B HACTOSIICE BPEMsl HAXOISIT PUMEHE-
HUE B Pa3IMYHBIX 00NACTSAX PAJMOTEXHUKH U SJIEKTPOHUKH. 3HAUCHUSI OTHOCUTEIBHOW MarHUTHOW TPO-
HULAEMOCTH (|) AaHHBIX MAaTEpHaOB 3aBHCAT OT BEJIMYMHBI BHEIIHETO MAarHUTHOrO moisl. Y deppo-
MATHETHKOB dTH 3HAYCHIS H3MEHSIOTCs B mipenenax ot 10° o 10° y heppumarternkos — ot 1 1o 10°.

K ¢eppomarnernkam OTHOCSTCSI KeJe30, HUKENb, KOOAnbT, a TakkKe CIUIaBbl JaHHBIX
MeTauioB. OCHOBHBIMH HEOCTaTKaMH (DEPPOMArHeTHKOB SIBIISIIOTCS MTOJIBEPKEHHOCTh BO3JEHCTBUIO
KOPPO31H, BBICOKHE 3HAUCHMS WHAYKLHMM HACHILEHHA W HU3Kas TeMIepaTypHas cTaOMIbHOCTb Mar-
HUTHBIX CBOWCTB. JIaHHBIX HEJOCTATKOB JUIIICHBI ()epPPUMArHETHKH, K KOTOPBIM OTHOCSITCS OKCHITHBIE
COEAMHEHHs METAJUIOB, B 4YaCTHOCTH, Gepputhl. IlosTOMYy Ha cCeromHAIIHUNA AeHb (eppUMarHETHKH
MPUMEHSIOTCS Yalie (eppoOMarHeTUKOB IIPH KOHCTPYUPOBAHUHU YCTPOMCTB PaIUOTEXHUKH U 3JIEKTPO-
HuKkd. Tak kak mepedeHb TpeOOBaHWH K CBOWCTBAM IOCIEAHUX SBISIETCS Pa3HOOOPa3HBIM U
MOCTOSIHHO PacIIMPSIOIIMMCSI, TO HA0Op CYHIECTBYIONIUX (PEPPUMArHETHKOB CIIEyeT COBEPIICHCTBO-
BaTh, JIOTOJIHSS €r0 HOBBIMU 0Opa3maMu. ba3oBblii 3Tam noucka HOBBIX ()eppUMarHeTHKOB BKIIOYAET
B ce0s MpOIECChl BBISBICHHSI OCOOCHHOCTEH M MCCIIEIOBaHHUSI MAarHUTHBIX XapaKTEPHCTHK paHee He
WCCIIEIOBAHHBIX OKCHIHBIX COEAMHEHMH MeTayioB. K 4Mciy mocneqHuX OTHOCUTCS IIJIaM OYUCTKH
BarpanouHbIX Ta3oB (IIIOBI'), B coctaB koToporo Bxoasar 22,66 % 1o macc. okcuna kanbiwst, 11,37 %
IT0 Macc. OKCHJIa TPEXBAJIEHTHOTO kene3a, 3,57 % mo macc. okcuna Maraus, 3,38 % 1o macc. okcruaa
Hatpus, 3,25 % mo mMacc. okcuaa amroMuHus, 1,96 % mo macc. okcuaa kanws, a Takke 24,35 % 1o
Macc. okcuaa kpemHus, 2,68 % no macc. okcuga cepsl u Ap. LLIOBIT npeacrasnser co6oi mopomko-
o0pasHble 0TX0AbI, 00pa3yromuecs B pe3yibraTe puiabTpanui 1 00pabOTKM B OCEBOM LIMKIIOHE Ta30B,
0TOMpaeMBbIX Yepe3 TPyObl BarpaHOK B MPOIIECCEe TEPEIUIaBKH B HUX dyryHa. OTIHMYnTeNbHON 0cO0eH-
Hocthio LIIOBI" o cpaBHeHuio ¢ hepputaMu U UHBIMU OKCHIHBIMU COEAMHEHUSIMH METAJIOB SBIIS-
€TCsI €r0 HU3Kask CTOMMOCTb.

B pamkax HacTosIIel paOoThl OBITH MPOBEAEHBI M3MEPEHNUS TApAMETPOB MAarHUTHBIX Xapakx-
TEPUCTHUK (3aBHCHMOCTEH OTHOCHTEIHHOW MAarHUTHON NPOHHWIIAEMOCTH OT BEIMYMHBI WHAYKLIUU
BHEIIHETO MAarHUTHOTO TOJISi M TEMIIEPaTyphbl OKPYXaroleH cpeasl) oOpas3loB MOPOIIKOOOpa3HOrO
IIOBI', oTnuuaromuxcs Ipyr OT Apyra CTENEHbIO M3MenbueHus ¢pakuuil. Y odpasuoB Nel m Ne2
pasmep ¢pakiuii coctaBui 5 u 20 MKM COOTBETCTBEHHO (MEJIKOM3MEIbUeHHBIC (Ppakiinu), y oOpasia
Ne3 — 30 MkM (cpenHen3MenbUeHHbBIC QPAKIIUH).
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BKCHepHMeHTaJILHaH qacTb

M3mepeHus mapaMeTpoB MarHUTHBIX XapaktepucTuk LIIOBI™ mpoBOaHUIHCE C HCIIONB30BaAHU-
em BuOparmonHoro marautomeTpa Cryogenic 14T VIBRATING SAMPLE MAGNETOMETER. Oc-
HOBHBIMHU €TO Y3JIaMH SIBJIAIOTCSI TEHEPATOP MEXaHMYECKHX KOJeOaHMiA, JIEKTPOHHBIH M3MEPHUTENIb-
HBI OJIOK, COJIEHOH, N3MEPHUTENbHBIE KAaTYIIKH, JATIUK MO X0JIa, MITOK ¢ KBapIEBBIM JIepiKare-
meM oOpasna. B KOHCTpYyKIMIO TeHeparopa MeXaHWYeCKHX KoJieOaHWH BXOAWT €MKOCTHOW IAaT4HK,
CTaOMIM3UPYIOIIUHN aMIUTUTYAY KoJieOaHuii 00pa3ua. DIeKTPOHHBIH W3MEPUTEIbHBIN OJIOK UMEET MO-
IYJIBHYIO CTPYKTYpY. B ero coctaB BXOIAT UCTOYHMK NMUTAHUs, T€HEPATOP CUHYCOMAAIBHOTO CUTHAJIA
C YCHJTUTENIEM MOIIHOCTH JUIsl MUTaHUS TeHepaTopa MEXaHWIeCKUX KoJeOaHui, MOTyIb YIIPaBICHHS,
(haz0BBII JETEKTOP, YCHIIUTENh CHUTHANA, TOCTYMAIOMIETO C M3MEPUTENFHBIX KaTYIIeK, N3MEepUTEITb
noJisi X0Juta, perucTpUPYIOLIHA 3HaY€HUsI MATHUTHOM MHIIyKIIMU KCCIIeyeMoro oopasia.
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Puc. 1. CtpykTypHas cxema BUOPALMOHHOTO MarHUTOMETpa

B mponecce u3mepeHuil nccieayeMblii 00pas3er; moMelancsl B IUIaCTUKOBYIO TPYOKy W 3a-
KPETUISUICS MeXAy QuKcaTopamMy MToKa. ICTOYHNKOM MarHUTHOTO IOJISL CITy>Ku coieHoua. Hampas-
NeHne KoyiebaHuil oOpas3la — BEpTUKAILHOE, a MarHUTHBIH MOMEHT 00pasna, WHIYIUPOBAHHBIH
BHEIIIHUM MAarHUTHBIM I0JIEM, ObUI OPUEHTHPOBAH TOPU30HTaNbHO. CHUTHAN OT M3MEPHUTEIbHBIX Ka-
TylIeK nocie (a3oBOro AETEKTUPOBAHUS M yCWIJICHHS MOCTYHal Ha BXOJ M3MEPUTENs Mol XoJua.
I'enepaTopoM MexaHWYecKMX KoJIOaHUI BBICTyMaNl AJIEKTPOANHAMHYECKHN TPOMKOTOBOPHUTEID,
IBIDKEHHE 00pasily mepegaBajioch OT HEero MOCPEJICTBOM INTOKAa. AMIUIMTYJAa KojeOaHui oOpasia
ObLIa TOCTOAHHOM U coctasisiia 0,0344 wm.

W3mepenust 3HaueHUi MaranTHOH nHAyKuK o0pasuos [ILIOBI" npoBoamimcs npu KOMHAaTHOR
TeMIiepaType M 3HAYCHHSAX WHIYKIUH BHEIIHEr0 MarHUTHOrO mnoss (B), M3MeHsIomuxcs ¢ marom
0,02 Tn B npenenax nuanazona —3 Tiu...3 Tn. Kpome Toro, Obuin nmpoBeneHbl U3MEPEHUST 3HAUCHUH
MarHuTHOM MHAYKIuKN 00pa3uos LLIOBI' B auana3zone oT KOMHaTHOW TeMIIEpaTypsl O TeTUEBOM IpU
nmocTossHHOM 3HaueHuu B, pasaom 0,5 Ta. IIpu 3ToM u3mMepuTenbHbIe KaTYIIKH TOMEIIATUCh B pe3ep-
Byap C JKUJKUM TEIHEM.

OTHOCHTENIbHAs TOTPEIIHOCTh MPOBEACHHBIX n3MepeHuid paBHa +1 %. Mcrounnkom norper-
HOCTH SIBJISIETCS] HECTAOMIBHOCTh YacTOTHI KoJeOaHmii o6pasia, cocrapistomas 1072 'y, BosHHKHO-
BEHHE JAHHOW HECTAaOMIBHOCTH MOXKET OBITh CBS3aHO C IPe(OM AIIEKTPUIECKUX MapaMeTPOB CXEMBI,
MUTAIOMIEH TeHepaTop MeXaHNUeCKUX Koyebanumit [1].

Pe3ynabTaThl M BX 00cy:KaeHHE

Ha ocHoBaHMM M3MEPEHHBIX 3HAYCHHU MArHUTHOW MHIYKIMH 00pa3ioB [IIOBI' BeimonHEeHbI
pacdeTsl UX OTHOCUTEIILHOW MarHUTHOHW MpOHUIaeMocTH. [1o TaHHBIM pacdera MOCTPOEHBI Tpaduye-
CKHE 3aBHUCHUMOCTH OTHOCUTEIbHOM MarHuTHoM mnponunaemoctd IOBI' ot BenuuyuHB MHAYKIIUU
BHEIITHEr0 MArHUTHOTO MOJIS (PHC. 2) ¥ TeMIIepaTypbl OKpyKaroiien cpepl (puc. 3).
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Puc. 2. 3aBUCUMOCTb OTHOCHTENIHHOM MarHUTHOM MPOHUIIAEMOCTH OT BEIUYHUHbBI
HHIYKIMK BHENTHErO MATHUTHOTO 10Jis1 Jist oOpasua Nel (a), obpasiia Ne2 (6), obpasiia Ne3 ()
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OT BEJIMYMHBI TEMIIEPATYpPhl OKPYXKaroLIel cpenbl
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YCTaHOBJICHO, YTO OTHOCHTENbHAs MarHuUTHas npoHunaemocts ILIIOBI yBenmnuuBaercs mo
Mepe YBEINWYEHHS HWHIYKINH BHEIIHETO0 MATHUTHOTO IOJIA. 3HAa4YeHHWE Ha4dallbHOW OTHOCHUTENHHOM
MarHuTHOM nponuiaemoctu (mpu B=0) mis obpasia Nel cocrasmser 0,28, mis odpasma Ne2 — 0,53,
it oopasna Ne3 — 1,1; 3HaueHUS MaKCUMAJIbHOW OTHOCUTEIILHOW MarHUTHOM MPOHUIIAEMOCTH PABHBI
4,04; 7,18; 41,1 coorBercTBeHHO. Kpome Toro, mist obpasmoB IIIOBI™ xapakTepHbI SBICHUS OCTaTOY-
HOM HaMarHUYE€HHOCTH.

st onvicaHus XapakTepa W3MEHEHHUS MarHUTHBIX CBOMCTB MaTepuaja Mpu U3MCHCHUU TEM-
MepaTyphbl OKPYKAIOIICH CPebl UCIOIB3YeTCS TeMIePaTyPHbIH KO3(D(HUIIMEHT MATHUTHON MPOHMIIA-
emoctu (7K,) [2]:
TK “’2 B “’l 1

g b LT ,

TIe |1 U M, — 3HAYCHUS] OTHOCUTEIFHON MarHUTHOM MPOHUIIAEMOCTH MaTepHasa IpH TeMIIepaTypax
T, u T COOTBETCTBEHHO.

BrisBiieHo, 4TO OTHOCHTENBHAsE MarHUTHAsA poHunaemMocts LIHOBI n3MeHsiercsi ¢ u3MEeHEHH-
eM TeMIIepaTypbl OKpy’Karolei cpenpl. B nuanasone orpunarenbHbix Temmepatyp (169 K...6 K)
cpeJHee 3Hau€HUE TeMIepaTypHoro koddduimenta MaruutHoi nponuuaemoct (TK,) IHOBI co-
cramsier 0,055 K. B obnactu remuessix temmepatyp (27 K...6 K) 3HaueHne oTHOCHTENBHOI Mar-
HuTHOU nponunaemoctd LIOBI' HaunHaer pe3ko Bospactate M 1K, mpu 3TtoM cocrasiser 0,2 K™
[TogoOHOE mOBeIeHHE MPUCYILE TEMIIEPATypPHBIM 3aBHCUMOCTSIM OTHOCHTEIIbHOW MarHUTHOW MPOHU-
IaeMOCTH (eppUMAarHeTUKOB (B 4aCTHOCTH, Gpepputos) [3].

3akiIoueHne

ITopomxkoo6pasuslii IHHOBI' MOKHO OTHECTH K HOBBIM 00pasuaM ¢epprMarHeTUKOB: BEINYH-
HBI €0 OTHOCHTENBHOI MArHHTHOMN IPOHHIAEMOCTH HIKe 10%, HO IIPH 3TOM OHH 3aBHCST OT BETHUH-
HbI BHEIIHETO MarHUTHOTO TOJIsl, XapaKTepU3YIOTCS MalbIMU 3HAaYEHUSAMU WHIYKIMY HACBIIEHUs, He
npebimaromuMu 3 T, ¥ 0CTaTOYHO BBICOKOW TeMIIEpaTypHOM cTaOmibHOCTBIO. Pasmep ¢pakunit
HIOBI" oka3biBaeT BIMSHHUE HAa MAarHUTHBIC XapakTEPUCTUKU JaHHBIX MOPOIIKOOOpPA3HBIX MaTepHa-
JIOB, B YAaCTHOCTH, yBeimueHue pazMmepa ¢paknuii LIOBI' npuBOAMT K yBEIMYEHHIO 3HAYCHHH €TrO
OTHOCUTEJIbHON MAarHUTHOM MPOHULIAEMOCTH.

Ha ocnoge nopomkoo6pazHoro LIHOBI™ MoxxHO opMUpOBaTh 3KpaHUPYIOIINE KOHCTPYKIIUH,
KOTOpbIe OynyT oOecrneunBaTh 3PPEKTUBHOE OCIIA0JICHUE SHEPTHH 3JICKTPOMArHUTHOTO M3JIyYEHUS,
00yCIIOBJIIEHHOE €€ MOTEepsSMH Ha MarHUTHYIO NpoHHLIaeMocTs [4]. OnHa u3 pasHOBUAHOCTEH TaKHX
KOHCTPYKLHUI MOXKeT OBITh peann3oBaHa myTeM 3acbinmanus nopomka HIOBI co cpennensmensyeH-
HbIMH (PaKIMSIMH B KaHaIbl JIUCTA COTOBOTO MoJjimkapOoHara. B muamazone wactor 0,7...16 [T
3Ha4YeHUs K03()(HUIUEHTOB OTPAKEHHS dTHX KOHCTPYKIMI M3MEHSIOTCA B mpejienax oT —8 no —16 nb,
a k03¢ dureHToB nepenayn — ot —5 10 —16 n1b. Kpome toro, Ha ocHoBe nmoporkoo6pasnoro LLIOBIT
BO3MOXHO PEAJIN30BaTh MHOTOCIIOMHBIE SKPAHUPYIOLINE KOHCTPYKUMH IPAJUEHTHOTO THIA, B KOTO-
PBIX OTHOCHTEINIbHAsI MATHUTHASI TIPOHUIIAEMOCTE OyJIeT YBEJTMUUBATHCS 110 Mepe Mepexoa dIEKTPo-
MarHUTHOM BOJIHBI OT OJIHOTO cJIosl K Apyromy. IIpu 3TOM B KauecTBe MEPBOro CJIOS JOIKEH BBICTY-
nath JIMCT COTOBOTO MOJHKapOoHaTa, 3anoiaHeHHbIH nopommkoM [HOBI', obnanatomyum HauMEHBIINM
3HAaYeHHEM OTHOCHTENBbHOW MAarHUTHOM MPOHUIIAEMOCTH (T. €. ¢ pa3MepoM (Gpakiuii 5 MKM), BTOPOTO
u Tpetbero — nopomkom LIHOBI ¢ pazmepom ¢dpakmuii 20 u 30 MKkM cOOTBETCTBEHHO. TakuM oOpazoM
OyZeT yJIydlIeHO COIJlacOBaHWE BOJHOBBIX CONPOTHBICHUH HavaJbHOM Cpelbl paclpoCTpaHEHHs
3NIEKTPOMArHUTHBIX BOJH (T. €. BO3[IyXa) W MaTepuaja Mo 00HON SKpaHUPYIOMIEH KOHCTPYKIUH, YTO
MPUBEET K YMEHBIIIEHHIO ¢ KOA(PPUIIMEHTA OTPAKEHHUS M PACITUPEHHIO PaboYero Juarna3oHa 4acToT
OTHOCHUTEIBHO COOTBETCTBYIOIIMX MAPaMETPOB OJAHOCIONHBIX KOHCTPYKIIHI.

[IpenokeHHbIE 3KpaHUPYIOLIHME KOHCTPYKIHMH MOTYT HCHOJIB30BaThCs Al OoOecreyeHus
3NIEKTPOMAarHUTHON COBMECTUMOCTH PaJHOAIEKTPOHHBIX ycTporcTB (POY) (HampumMep, mpUMeHAThCS
IpU OTHENIKEe BHYTPEHHHUX CTE€H IOMEIEHHH, B KOTOPBIX pacmoinaratorcsi POY, cnocoOHble BHOCHTH
MOMEXH B paboTy IpyTruX yCTPOICTB, a TaKKe MMOABEPraThCs BO3IEHCTBUIO U3ITyUYSCHUH TOCIIEAHNX).
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SLUDGE TREATMENT CUPOLA GASES MAGNETIC PROPERTIES

M.R. NEAMAH, V.B. SOKOLOV

Abstract

The analysis of the powdered sludge treatment cupola gases magnetic properties (relative
permeability dependence on the value of external magnetic field and ambient temperature) study re-
sults is presented. It is proposed to use this material for the shielding constructions formation, promot-
ing radioelectronic devices electromagnetic compatibility.
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