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gm oryn «CNELUMAIHUT» — pa3paboTyuvk 1 Npou3BoauTENb
MOCTOSIHHBIX MarHUTOB M MarHWTHbLIX /1IEMEHTOB U CUCTEM A1 INEeKTPOo-
HWUKW, 3NEKTPOTEXHUKM U NpubopocTpoenns, co3gaHo B 1963 r. MMpea-
NpuaTUE BbINYCKAeT BCE COBpPeMEeHHble BMAbl MOCTOSHHbLIX MarHWTOB 3a
UCKITIOMeHneM (peppuToB, @ MMEHHO:

* MarHWTbl Ha OCHOBE Cr/JiaBOB  XKee30-a/IlOMUHUN-HUKENb-Mefb-
kobanbT — HOHAK (Alnico);

* MarHuTbl Ha OCHOBE CMaBOB Xene3o-XpoM-kobanbT — XK;

» MarHuTbl Ha OCHOBE CM/aBOB caMapwii-kobanbT KC37 u KC250L —
SmCos n Smy(Co,Me);;

» MarHWTbl Ha OCHOBE CMJIAaBOB HEOAUM-Xene30-6op — Nd-Fe-B.

Ha ocHoBe MarHMTOB COBCTBEHHOIO NMPOW3BOACTBA MpeanpusTUe BbiMyC-
KaeT MarHUTHble 3nemMeHTbl U cucteMbl (MIC) ansa pasnuuHbIX obnacTein
NpUMeHeHus:

= M3C ana oKyCMpOBKM U TpaHCMNOpTa 3/1EKTPOHHbIX MOTOKOB 3/1EKTPO-
BaKYYMHbIX Npnbopos;

* MarHUTHbIE CenapaTopbl M MeTannooTaenuTenn (KenesooTaennTenn)
NSt OYNCTKM OT (PEPPOMarHUTHBIX 3arpsi3HEHUA NPOAYKUMM MULLEBBIX,
KOPMOBBbIX, XMMWYECKNX, CTEKOSIbHbIX MPOU3BOACTB M NPOM3BOACTBA
CTPOMUTENbHLIX MaTepuasnos;

= M3C gnsi 06paboTky BoAbl U BOAHBIX PacTBOPOB B LENSX NpeaoTspa-
LeHns1 06pa3oBaHNs Y IMKBUAALMM YXKE OT/IOKMBLLENCS HAKUMK;

¥ MarHUTHbIE MydTbl U MAarHUTHbIE PUNBTPbI;

» M3C poTOpPOB 3NeKTPUYECKMX MaLLWH;

= M3C anarHoCcTMyeckux KOMM/IEKCOB HepaspyLlatoLWero KOHTPons;

= M3C rpy3onoabeMHbIX MEXaHM3MOB W Mp.

B vHTepecax u no TpebosaHuaM 3akazuvka ®ryn «CNELMACHUT»
OCYLLEeCTBNSET KOMMIEKCHbIE pelleHns — pacyeT, ONnTUMU3aunio, nNpoek-
TUpOBaHWe, NPOU3BOACTBO, NOCTABKY MAarHUTHLIX CUCTEM U 3IEMEHTOB.

C 1992 roga Ha npeanpusiTiM AeWCTBYET OCYAapCTBEHHLIA LEHTP MC-
MbITaHUN CPEACTB MarHWTHbLIX M3MepeHui «MarHeTecT» — eAMHCTBEH-
HbIf B CTpaHe CNeLManu3npoBaHHbIA LEHTP MarHUTHbLIX U3MEPEHWUI Mar-
HUTOTBEPAbIX MaTepuanoB WM MNOCTOSHHbIX MarHuToB. UM CU «MarHe-
TecT» akkpeauToBaH [occtaHgapToM PO B 1993 u 2003 rr. U BHecéH B
locpeectp CU (per. N2 30019-93/03).

MpeanpuaTue sBNISIETCS KOMMEPYECKOM Hay4HO-MpPOM3BOACTBEHHONM Op-
raHvu3auuert M HaxoauTCs B BEAOMCTBEHHOM MOAYMHEHUM YMpaBNeHUs
PaZIN03/IEKTPOHHOM MPOMBILLIIEHHOCTM U CUCTEM YyrnpaBneHus deaepasnb-
Horo AreHTcTBa no npomebiwneHHocTn (POCIPOMa).
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Mpynna AMT&C (AMT&C Group Ltd.)
A T www.amtc.ru Ha4ana paboty Ha poccuit-
CKOM pblHKe ¢ 1999 r. B HacTosLwMiA Mo-

MEHT B Hee BXOOMUT Crieayioume 9 KoM-
naHui: 000 «MonumarnuT> (Mockea), OO0 «MonumMarHuT> (Knes), 000
«Monumariut» (HoBocnbunpck), npeactasutenbctBo OO0 «[lonMmarHut>» B
CankT-TNetepbypre, OO0 «[MepCneKTUBHbIE MAarHWTHbIE TEXHOMOMMW U KOH-
cynbtaummn» (Tpouuk), 000 «MarHetut» (Boposck), 000 «TToBOSMKCKMIA Mar-
HUTHBIN LeHTp>» (CapaToB), 000 AMTC (MockBa) 1 OO0 «dpsi3uHCKne Mar-
HUTHbIE TeXHOMorMM» (OPS3NHO).
000 «MonumarumT>», MockBa UMeeT cepTucunkaT COOTBETCTBUS CUCTEMBI
MeHepkMeHTa KadectBa MCO 9001:200 n g9BNSeTCS OOHWMM U3 BeayLUMX Mo-
CTaBLUMKOB TaKMX BbICOKOKaYeCTBEHHbIX MarHWTHbLIX MaTepuasnos, Kak: rmb-
Kve NonMMEpHbIE MarHUTHbIE Matepuarnbl, MarHATONNACTbI, GeppuThbl, Mar-
HWUTHblE MaTepuwasnbl CAMOrO LUMPOKOIO MPOW3BOACTBEHHOrO Ha3HayeHUs Ha
ocHoBe crnaBoB NdFeB, AINiCo, SmCo. KomnaHusi siBNsieTcs aBTOpu30BaH-
HbIM AMCTPUOBLIOTOPOM Group Arnold (KpynHeMwmMM MUpOBLIM Npou3BoaUTE-
JIeM MarHWTHbIX MaTepuanoB) B POCCMM M 3KCKIO3MBHBIM AVCTPUBLIOTOPOM
rno Poccun, YkpanHe n benopyccum komnanum Tianjiao International Trading
Co. (3anmarou4eMca [06bluei U NepepaboTKol PeaKo3eMENbHbIX MaTepma-
JIOB 1 Brafetollein 77% MUPOBbLIX 3aracoB peaKo3eMESbHbIX METasios), U
MOCTABNSIET Pas/IMYHOE Cbipbe, UCMONb3YEMOE A/1si NPOMU3BOACTBA MarHUTOB W
MarHUTOMN/IacToB, @ TaK Xe B Hay4HbIX Liensx. B uncne nokynareneil MarHuT-
HbIX MaTepuanoB KpynHenLmMe Npon3BoaUTENM aBTOKOMIIEKTYIOWMX U Hed-
TepobblBatowero  obopyaosaHus,  NpUOOPOCTPOUTESNbHLIE,  HAay4HO-
MPOV3BOACTBEHHbIE NPEANPUATHS.
Mpynna koMmraHuin AMT&C SBNSieTCs MpU3HAHHBIM NMAEPOM Ha MOCTCOBET-
CKOM NPOCTpaHCTBE B Chepe HOBbIX MarHUTHLIX MaTepuanioB U TEXHOOMN,
creumanusvpyscb Ha paspaboTke ¥ U3rOTOB/IEHUW HAYKOEMKOro 060py.q05a-
HUS M U3AE€/TMIA MPOMBILLIIEHHOTO HAa3HAYeHWUs! HA OCHOBE MOCTOSIHHBIX MarHu-
TOB.
R&D aktvBHOCTL rpynnbl AMT&C 6asupyercs Ha 27-N€THEM HaydHO-
MPaKTUYECKOM OrbITe B 06/1aCTU MarHeT!3Ma M ero NpWIoXKeHU 1 cocpeno-
TOYeHa Ha TaKWMX COBPEMEHHbIX 06/acTaX MPUKIAAHOMO MarHeTU3Ma, Kak:
MarHWTHOe OXJTaXXAeHWe, HayuHoe NpMbopOoCTpOeHMe, MarHUTHas cenapaums,
NeyeHne paka M MPeumMsnoHHas Aecopbuvs NeKapCTBEHHbLIX Mpenapartos,
copbums 3arpsiBHEHNI, METOABI M3rOTOB/IEHWS] HAHOPA3MEPHBIX Y HAHOCTPYK-
TYPVPOBaHHbIX MaTepuasoB.
MoteHuman rpynnbl AMT&C peanu3oBaH, Takke, B pa3paboTKe U KOHCTPyK-
pOBaHWN LUIMPOKOrO CreKTpa WMCTOYHWMKOB MAarHWTHOrO Monst A7 Hayku w
MPOMbILNEHHOCTW. pynna Gonee 10 NeT NPOM3BOAMT MarHUTHbIE CenapaTo-
Pbl W XKENe300TASUTENN MOYTU BCEX CYLLECTBYIOLMX TUMOB M MOAENEN, a
TaKKe BbICOKOKa4YeCTBEHHbIE MarHUTOMIacTbl. Bce koMmnaHum [pynmbl AMTRC
OKa3bIBAOT KOHCANTTUHIOBbIE YCITYri MO NPUMEHEHWUIO MAarHUTOB M MarHUTHbIX
MaTepuasnioB B CBOEi chepe AeATeNbHOCTM. ABTOpCKME NpaBa U MPaBo Ha
KOMMEPYECKOE WCMO/b30BaHNE, CO3AaHHbIX MArHUTHBIX TEXHOMIOMMM 1 MaTe-
pyarnoB, TOBapHbIX 3HaKOB oq)opmneHu B BMAe 23 MaTeHToB, CepTUMKATOB
N paspelieHunii. B koMnaHusx rpynnbl AMT&C AeNCTBYIOT CaMble BbICOKME
MeXayHapoaHble CTaHAApTbl KayecTsa.
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Poccuiickmii poHA QyHIAMEHTANBHBIX HCCIICIOBAHHNA
(PO®OU) cozman ykazom I[Ipesmnenra Poccuiickoit
Oenepaunu Ne 426 ot 27 anpens 1992 roga no uHu-
[IMATUBE KPYIMTHEUITNX YICHBIX CTPAHbI.

Poccuiicknii porn GyHIaMEHTaTBHBIX HUCCICIOBAHUI — caMOYIpaBIsieMas ro-
CyJapCTBEHHAsi HEKOMMepUecKas opranusaius B Gopme (eaepaabHOTo yupeK-
JieHus, Haxojsmierocs: B BeaeHun [IpaBurenscTBa Poccuiickoit @enepanuu, oc-
HOBHOU LENBIO KOTOPOH SIBISETCS MOIAEpKKAa HAyYHO-HCCIEA0BATENbCKUX Pa-
00T 1O BceM HampaBJICHUSIM (yHIaMEHTAIBHOW HayKH Ha KOHKYPCHOW OCHOBE,
U KOTOpas MPH3BaHA IMOCTPOUTH HOBBIC OTHOIICHUS MEXIY YYCHBIMH U TOCY-
JTAPCTBOM.

Coznanne PO®U o3Hauano poxaeHue NpUHIUIHAIEHO HOBOU ISl POCCUHCKOI
HayKH OPTaHU3AIMOHHON (OPMBI — OTKPBIBIICH YUSHBIM OOJiee MUPOKHE BO3-
MOXKHOCTH TBOPYECKOTO CAMOBBIPAXKCHHUS, TO3BOJIMBIICH MM CaMOCTOSTECIBHO
OCYIIIECTBHUTH BHIOOp TEMATHKH WCCIICOBAaHUH, CO3/IaTh TBOPYECKUE KOJUICKTH-
BEI U CKOHIICHTPUPOBATh CPeICTBA HAa HANOOJIee IEPCIIEKTHBHEIX paboTax.

Bo rinase PO®U B pa3Hble rojibl CTOAIN KPYIHBIE POCCUICKUE YUEHBIE AUPEK-
Top-opranuzatop Ponma akagemuk A. A. 'onuap, akagemuk B. E. ®opros,
akanemuk M. B. Anpumos. C nexabps 2004 r. Poccuiickuit honn ¢pynnamen-
TaJIbHBIX UCCIIEAOBAHMM BO3TNIaBU wieH-kKoppecnonaeHT PAH B. 0. Xomuu.
3a nmepuog ¢ 1992 mo 2005 rr. PO®U nposen TpuHAALATH IIUKIOB KOHKYPCOB
10 BCEM pa3ziesiaM eCTECTBEHHBIX M T'yMaHUTapHEIX Hayk. C PODU B3anmoneii-
cTBOBaNM y4ueHble u3 Ooiee yem 4000 opranmsanmii Poccuu. [pu mopmepixke
POOU B 1993-2004 rr. mpoBeneno cBoimie 4500 HaydHBIX KOH(DEpEHIHIA U ce-
MuHapoB B Poccun. 3a cuer rpantoB PODU oxono 13000 yduensix Poccun BbI-
e3Kal I yJacTusl B KoHpepeHnusx 3a pyoexx. Ha cpexctsa PODU ¢ 1993 no
2004 rr. nogaepxxano okoso 3000 uzgaTenbCKuX MpoeKToB, u3aano 2100 kHur.
C 1998 mo 2005 rr. npu ygactuu PODU mposeneHo 15 ceMHHApOB Ha TeMy
“Pe3ynbpTaThl yHIaMEHTAIBHBIX HCCIICIOBAHNHN IS MHBECTUIIHN .

K 2005 r. o6mmee xoauuecTBO NpoBoAUMBIX POHAOM KOHKYpCcOB fnocturio 30, B
ToM unciae 11 ocHOBHBIX, 11 MexIyHapoIHBIX U 8 pernoHanbHbIX. [IpakTHye-
CKas peanu3alysi HOBBIX JJISl Halllel CTpaHbl MPUHIIMIIOB MTO3BOJIMJIA BBISIBUTH U
moJiepKaTh HamOoJee TANaHTIMBYIO M KH3HECHOCOOHYIO YacThb yUYCHBIX, BeE-
IYIIUX TEPBOKIACCHBIC (YHIaMCHTAIBHBIC UCCIICAOBAHUS B HAYYHBIX YUPEXK-
JIEHUSIX TOCYAApPCTBEHHBIX aKaJeMHU, B YHUBEPCHUTETAX, BY3aX WU MPHUKIAIHBIX
WHCTHUTYTaXx.
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YHuBepcabHBIV, 3KOHOMUYHBIV, BBICOKOYYBCTBUTETLHBIV,
HacTtobHBIN audpakTomeTp MiniFlex II Puraky

VHUBepCaTbHBII TOPOIIKOBBIH PEHTTEHOBCKHH AU(PaKTOMETp UL OI-
peneneHrsi MUHEPAIOTHIECKOr0 COCTaBa MOIMKPUCTATMYECKUX MaTe-
= pHayoB. YCIENIHO NPUMEHSETCS B IIEMEHTHOH, (hapMaleBTHIec-KOi,
b TOPHOJOOBIBAIOIIEH, METALTyPIrHYecKO MPOMBIIUICHHOCTH, B Jia-
. 0OpaTOpHsIX HAy9HO - HCCIIEIOBATENBCKIX HHCTHTYTOB, KPUMHHAIVIC-
THKe. MOXET NCHONB30BAThCS [T 00yUIeHHs MepCoHaa 3aBOACKIX Ja-

—~—— ©OpaTopHii U CTY/ICHTOB YYCOHBIX 3aBEACHUI.

TexHu4YeCKHe XapAKTePUCTHKH:

MomHoctb ucroynnka — 450Bt (puxcupoannas, U=30kB, [=15MA, TpyOka ¢ MeaHbIM
QHOJIOM B Ka4eCTBE CTAHAapTHOM), THIEI TpyOok — Toshiba A-20, 41.
MomHocTtb notpedienus — 1kBt, onHodasnoe miuranue 110B, S0I', crabunsaocts 0.05%
TIpH KOJIeOAHMSIX TOKA W HANPshKeHHs B ripezenax +10%.
I'onnomerp — BEPTHKAIILHOIO THIIA, Pajiyc 150Mm, cuerutennbie ocu 6/20, nuanason yrios
cxarmpoBarmst -3 ~ +145° (26), muarason yrios mamepermii +2° ~ +145° (26), MunmMans-
ub1it mrar ckarmposarmst 0.01°, ckopocts cxarmposarmst 0.01° ~ 100%/vm (26). TTpuenmmbic
IIEJM U [IEJIM Ha BBIXOJHOW ITy4OK (DMKCHPOBAHHBIE, NMEETCSl PEXKUM BapbUPYEMOH IIIEIIH
Ha BBIXOJHOH ITy4OK IpH yIJIax 26<20°, Pasperienue 0.01°, CKOPOCTb ITO3ULMOHUPOBAHNUS
500"/MHH, TOTHOCTBIO ABTOMATHYECKHH U PYYHOH PEXUM YIPABICHHS TOHHOMETPOM U
TIPHCTaBKaMH.
JleTekTOp — CUMHTWIUIAIMOHHBIA ManorabaputHbsiii, Nal (TI) na Bxome, amepTypa
23mm, muHeiHOCTH - 700 000 uMIT/cex (1Mo 3aKa3y: BBICOKOCKOPOCTHOM SHEPTOUCIIep-
CHOHHBIH IETEKTOP).
Onuyu: MOHOXPOMATOp Ha JM(ParupoOBaHHbIN MTyHYOK, YCTPOHCTBO BpallleHHs 00pasLia, aB-
TO3arpy3urK Ha 6 00pa3IoB, 3aMKHYTAas! CHCTEMA BOJSHOTO OXJIAXKICHHS C MOIIHOCTBIO T10-
Tpebienust 1Bt u oaHodazHev nuranuem 110B, 50
I'aGapursl, Bec - 560MmM (tupuHa)- 375MM (ryouna)- 656mMm (BbIcoTa), 76KT

KoHCcTpyKTHBHBIE 0COOEHHOCTH: I[IporpammHoe obecneueHue:
1. ABTOMaTHYeCKas FOCTHPOBKA 1. YHI/IBe%cam,Haa IporpamMmMa. yrpasJie-
JaudpakTomerpa Hust paboToit audpaxTomeTpa 1 coopa
2. BbiCOKasi HMHTCHCHBHOCTH JU(DPAKIIHOH- JIQHHBIX, MCTIONB3yeMast Ha APYTHX TH-
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MATHUTOCTATUYECKOE B3AUMO/IEMCTBUE 3EPEH
A-01-01 N MMPOIECCHBI HEPEMATHUYNBAHUWSA B Nd-Fe-B I10-
CTOAHHBIX MATHUTAX

I0.I'.ITactymenkoB, K.II.CkokoB, B.B.Cumonos, P.®.CmupnoB
TBepckoii rocyfapcTBeHHbIii yHuBepcureT, Poccus,
170100, TBepsb, ya. KeasidoBa, 33, rector@tversu.ru

Metonmom marauTOoOnTHYECKOTO 3 dekTa Keppa nccienoBana nepectpoii-
Ka MarHUTHOW JTOMEHHOH CTPYKTYpHl B MPOLECCE MEepeMarHUYMBAHUS MOPOIL-
KOBBIX TIOCTOSIHHBIX MarHUTOB THra Nd-Fe-B B MarHuTHOM mose, MpHIIOKEH-
HOM IO, pa3IUYHbIMU YIJIaMU K OCH T€KCTYpHI [ 1-4]. BrisiBneHO U3MeHeHue Xa-
pakTepa MpoIecCOB MEePeMarHMUUBaHUS M YTIIOBBIX 3aBUCUMOCTEH KOIPIIUTHB-
HOM CHJIBI IPY U3MEHEHUU YPOBHS KO3PLUTHUBHOCTH U CTEIIEHU MAarHUTOCTATHU-
YECKOT0 B3aUMOJIeicTBHs 3epeH [2,4]. [Toka3aHbl BO3MOKHBIE CXEMBI KOJIMIECT-
BEHHOI'0 aHAJIM3a MarHUTHOM OMEHHOH CTPYKTYphl B MOPOIIKOBBIX IOCTOSIH-
HbIX MarHuTax [3,5]. Ha ocHoBanuu uccnenoanuii JJC B MarHuTHOM IOJI€ TIO-
CTPOEHBI PEATUCTUYHbIE KPUBbIE HAMATHUYMBAHUS U NETIU MarHUTHOIO T'HCTe-
pesuca.

Pabora mognepxana rpanramMmu PODU Ne 09-02-01274 u JTAAJL.

[11  Yu.Pastushenkov, K-D.Durst, H.Kronmiiller. Phys.Stat.Sol (a) 104 (1987) 487

[2]  Yu.Pastushenkov, A.Forkl, H.Kronmiiller. JMMM 101 (1991) 363

[31 Yu.Pastushenkov, L.E.Afanasieva, R.M.Grechishkin. Phys.Stat.Sol (a)
142 (1994) K47

[4] Yu.Pastushenkov. IMMM 140-141 (1995) 1063

[51  Yu.Pastushenkov, K.Skokov. Journ. of iron and steel research. 13 (2006) 79
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MAGNETOSTATIC GRAIN INTERACTION IN Nd-Fe-B
A-01-01 PERMANENT MAGNETS AND MAGNETISATION RE-
VERSAL PROCESSES

Yu.G.Pastushenkov, K.P.Skokov, V.V.Simonov, R.F.Smirnov
Tver State University, Russia, 170100, Tver, Zheliabova Str., 33, yu-
past@tversu.ru

The magnetic domain structure transformation of Nd-Fe-B permanent mag-
nets was investigated under the fields applied at different angles to the texture
axis by means of magnetooptik Kerr effect [1-4]. The change of character of
magnetisation reversal processes and angular dependences of coercivity force
were revealed at the change of the level of coercivity and the degrees of magne-
tostatic grain interaction [2,4]. Possible schemes of the quantitative analysis of
magnetic domain structure in the sintered permanent magnets [3,5] were found
out. Realistic magnetization curves and hysteresis loops were constructed on the
basis of DS investigations .

The work is supported by grants of RFBR 09-02-01274 and DAAD.

[11  Yu.Pastushenkov, K-D.Durst, H Kronmiiller. Phys.Stat.Sol (a) 104 (1987) 487

[2]  Yu.Pastushenkov, A.Forkl, H. Kronmiiller. JMMM 101 (1991) 363

[31 Yu.Pastushenkov, L.E.Afanasieva, R.M.Grechishkin. Phys.Stat.Sol (a)
142 (1994) K47

[4] Yu.Pastushenkov. IMMM 140-141 (1995) 1063

[5S1  Yu.Pastushenkov, K.Skokov. Journ. of iron and steel research. 13 (2006) 79

37



XVII MexxpyHapoaHasi KOHepeHUUs No NOCTOAHHbIM MarHMTam

A-01-02 JOMEHbBI B3AUMO/JIEMCTBHUS B PEJIKO3EMEJIBHBIX
MOCTOSSHHBIX MATHUTAX Sm-Zr-Co-Cu-Fe
I0.I'.IlactyiienkoB, I1.A.3e310auna, M.B.JIsixoa, E.M.CemeHoBa
TBepckoii rocyaapcrBeHHblii ynuepcuret, Poccusi, 170100, Teepb,

ya. Keasoosa, 33, rector@tversu.ru

MeTogamy ONTUYECKOM U CKaHUPYIOLIEH 30HAOBOM MUKPOCKOIMM HCCIIe-
JIOBaH TIPOIIECC W3MEHEHUS MHKPOCTPYKTYPHI TCEBIOMOHOKPHUCTATUTMICCKUX
00pasioB crm1aBoB Smy ssZ1g,15(Cog 70CugoFeo21)., THe z = 6,1; 6,4; 6,7, B Ipo-
[ecce pPa3IMIHBIX TepMUUecKux 00paboTok. OOpa3bsl TOMOTCHU3HPOBATUCH
npu Temneparype 1170°C u moasBepraiuchk M30TEPMHUUECKOMY CTAPEHHUIO TPH
800°C B Teuenue 2, 5, 10 u 20 yacos ¢ mociemyomuMu 3axkankoi 10 20°C umu
oxnaxaenneM 10 400°C co cpemneit ckopoctbio 2°C/-MuH.

CruraBel pacCMaTpUBAEMOTO THIIA UMEIOT CJIOXKHYI0 MHKPOCTPYKTYpY, CO-
CTOSIIIYIO U3 ABYX OCHOBHBIX CTPYKTYPHBIX COCTABJISIOIINX, AMEIOIIUX COCTaB,
omuskuii Kk R(Co,M)s (coctapmnstomast 4) u Ry(Co,M);7 (coctaBmsromas B) [1].
Kaxmas w3 COCTaBIAIONINX XapaKTepU3yeTCs HAHOPa3MEPHOH «SITICHUCTOM»
CTPYKTYpOMi, TOIPOOHBIE HCCIeIOBaHMsI KOTOPOH MpelcTaBieHbl B paboTax [2-
3]. Pa3zmepsl «sueex» Bapbupyrotcs B uHTepBaie 50...100 am [2].

OrieHKa apaMeTpoB STYEUCTON CTPYKTYpPhl U MarHUTHOM TOMEHHOH CTpYK-
TYpBI IPOBEJIEHA MPH PA3IMYHbIX peskumax crapenus npu 800°C u crocoGoB
oxmaxxaeHus. /i Bcex ciydaeB BBINOJIHEHO comoctaBieHue mapamerpoB [C u
HaHOCTPYKTYPHI (Pa30BBIX COCTABIAIOMINX HCCIEIYyEMBIX MaTepHaloB. AHAIH3
MOJMYYCHHBIX M300pPaXKCHUH ITO3BOJISICT CAENATh BBIBOJ O TOM, YTO CpEIHSSA
mmpuHa JToMeHa B (aze 4 coorBercTByeT 15 suedikam. CpenmHss MDIMpHHA
IoMeHOB B (haze B cocraBiseT ~ (0,6 MKM, 9YTO COOTBETCTBYET HPHUOIH3UTEIEHO
6 sT9eifkaM CTPYKTYpBHI.

TakuM 00pa3oM, pa3Mep TOMEHOB CTPYKTYPHBIX COCTABIIIOIIUX CIUIaBa
(Smy g5Zr10,15)(C00.70Cug 09F €0 21); B HECKOTBKO pa3 MPEBBIIIAET pa3MEPHI «TUEEK»,
IIPH 3TOM JIOMCHHBIC CTEHKH MHOTOKPATHO IEPeceKaroT TpaHUIB! (a3. MoxKHO
MPEANONIOKHUTE, 4TO (popmupoBanue mnogodHol [IC cBs3aHO ¢ HAJIMYUEM HE
TOIBKO MAarHUTOCTAaTHYECKOTO M OOMEHHOTO B3aWMOJCHCTBHIA MEXIy KOTe-
PEHTHO CBSI3aHHBIMM HaHOSUCHKaMM, HO M CHEeLU(UUECKUM XapaKTepoM pac-
IIpeeTeHNs] KOIPLUUTHBHOCTH BHYTPH CTPYKTYPHBIX COCTABIISIOIINX.

Pa6ota nognepxana rpantomM PODU Ne 09-02-01274.

[1] H.II. Cymones, A.I'. IopMHIOHTOB, B.B. JleBannosckuii,
E.b. lllamopuxosa, E.M. Hekpacosa, DMM. Tseps, (1992) 78.

[2] M.B.JIsxoBa, E.M.CemenoBa, WN.B.Aumpees, N.A.KamrynoB. BectHnk
TeI'Y. Cepust: ®uzuka. 6 (2007) 22

[3]  Yu.G.Pastushenkov, K.P.Skokov, N.P.Suponev, M.B.Lyakhova,
E.M.Semenova, Abstr. 13" Int. Conf. on Rapidly Quenched and Metastable
Mat. (2008) 148
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A-01-02 INTERACTION DOMAINS IN Sm-Zr-Co-Cu-Fe PERMA -
NENT MAGNETS
Yu.G.Pastushenkov, P.A.Zeziulina, M.B.Lyakhova, E.M.Semenova
Tver State University, Russia, 170100, Tver, Zheliabova Str., 33, yu-
past@tversu.ru

The microstructure of as cast Smyg gsZrg 15(C0o70CugooF€o21), samples with
7=6,1; 6,4; 6,7 in the process of various kinds of thermal treatment was investi-
gated by optical and scanning probe microscopy methods.

The alloys were homogenized at 1170°C and underwent isothermal ageing
at 800°C during 2, 5, 10 and 20 hours with the following quenching up to 20°C
or cooling up to 400°C with the average velocity about 2°Cmin™". The optical
microscopy method shows two structural components in the as cast samples of
the investigated type: A with the composition close to R(Co,M)s and B with the
composition close to R,(Co,M);7 [1]. It was found out, that the fine cellular
nano-structure is formed in both 4 and B sample components during thermal
treatment [2-3]. The average sizes of the fine structure details are 50-100 nm [2].
The estimations of the average sizes of "cells" were carried out at various dura-
tion ageing at 800°C and cooling modes. The sizes of "cells" in the phase B are
5-10 nm larger, than in the phase 4.

The DS parameters and the parameters of nano-structure of the investigated
materials were compared for all cases. The analysis of the received DS- and mi-
crostructure images helps to make a conclusion that the average width of the
domains in the phase 4 corresponds to 15 cells. The average width of the do-
mains in the phase B is about 0,6 microns that corresponds approximately to 6
cells of the structure.

Thus, the size of the domains of the structural components of (SmggsZrq5)
(Cog70CugpoFeg21). in some cases exceeds the sizes of cells and the domain
walls repeatedly cross borders of phases. It is possible say, that the formation of
similar DS is connected with the presence of not only magnetostatic and ex-
change interactions between coherently connected nano-cells, but also with spe-
cific character of coercivity distribution inside the structural components.

The work is supported by RFBR grant Ne 09-02-01274.

[1] N.P.Suponev, A.G.Dormidontov, V.V.Levandovsky, etc. Physics of mag-
netic materials. Tver (1992) 78

[2] M.B.Lyakhova, E.M.Semenova, .V.Andreev, I.A.Kaplunov. Vestnik TSU.
Ser. Physics. 6 (2007) 22

[3] Yu.G.Pastushenkov, K.P.Skokov, N.P.Suponev, M.B.Lyakhova,
E.M.Semenova, Abstr. 13" Int. Conf. on Rapidly Quenched and Metastable
Mat. (2008) 148
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BJIMAHUE CJIJABOMATI'HUTHBIX, HEMATHUTHBIX U
HEBEPHOOPUEHTHUPOBAHHBIX BKJIIOYEHUI HA
MMPOLECCHI IEPEMAT'HUYUBAHUSA CIIJIABOB HA

OCHOBE Nd-Fe-B

A-01-03

O.A. Apunuuena, A.C. CrapukoBa, A.C. JIuieen
T'ocynapcTBeHHbI#i TeXHOJOTHYeCKHii YHUBepcUTeT «MOCKOBCKHA HHCTH-
TYT CTAJIM M CIUIaBOBY», Poccus, 119049, Mocksa, Jlenunckuii np., 1.4,
Olga_ Arinicheva@list.ru

B pamkax (heHOMEHOIOTHUECKOH MOAETH POBEICH aHATIN3 (POPMUPOBAHUS
JIOMEHHOH CTPYKTYpHl IIPU NEpEMarHUYMBaHUK OJTHOOCHBIX BBICOKOAHM3OTPOII-
HBIX MaTepUaJIOB, B KOTOPBIX CYIIECTBEHHOE BIIMSHUE OKAa3bIBAET MAarHUTOCTA-
THYECKOE B3aUMOJCHCTBHE MEXITy 00bEMaMH, TP HAJMYUH PAa3JIMIHBIX BKIIO-
YCHUH.

®dusnveckoll OCHOBOW JJIT MOJICITHPOBAHUS OBLIM SKCIICPHMEHTAIBHBIC
KpUBbIE, H3MepeHHbIE Ha crieyeHHOM ciiiaBe Nd;sFe;7Bg. st aToro marepuana
moa0WpaIu MOACTHHEIA aHcaMOJIb, IMUTHPYIOIINH MarHUTHBIC CBOMCTBA CIDIa-
Ba. MccrenoBanve BIMSHUS BKJIIOYEHWH MPOBOIWINM HA OCHOBE MOJAETHHBIX
9KCIIEPIMEHTOB C ITOJYICHHBIM aHCaMOJIeM.

Hcnonp3oBanu mporpamMmy, pa3pabOTaHHYIO AJisi OAHOOCHBIX BBICOKOAHU-
30TPOIHBIX (ePPOMArHETHKOB, B KOTOPOI 00pa3el nmpecTaBiIeH aHcaMOieM 13
1000 yacTull, UMEIOUINX MEPEXOIHYIO JOMEHHYIO CTPYKTYPY U CIEIYyIOIUe UH-
JUBUYyalbHBIE XapaKTEPUCTUKUA: MAKCUMAJIbHOE TI0JIe CKadKa BO3HUKHOBEHUS
JOMEHHOM CTPYKTYpsl Hy"™, 3aBUCHMOCTB TMOJIA CKauKa OT BEJIMYMHBI HAMATHH-
guBatomiero mnonst Ho(H,,), mome Haceimenns KOHKpeTHoW uacTumbl Hg, mome
aHM30TponHH MaTepuana H,, HaMarHW4eHHOCTb HACHIIIEHUS M, BOCTIpUUMYH-
BocTh Hy k BenmmumHe Hamaranumsatomiero mons A=dHy/dH,,, yrom mexmy ner-
KO OCBIO M HallpaBJICHHUEM MPUIIOKEHHOTO 1oJist Angle.

[Tocne monbopa Bcex mapaMeTpoB aHCamOJsl, UMHUTHPYIOLIErO STOT MaTe-
puYan, Uil UCCIeAOBaHMs BIMSHUS BKJIIOYEHHH Ha TPOIECCHI NepeMarHuYnuBa-
HUS, U3MEHUIN OCHOBHBIE TIapaMeTphl HEKOTOPBIX MUKPOOOBHeMOB. Jlasnee mpo-
BOJIVJTA MOJIENBHBIN SKCIIEPUMEHT: aHCaMOJIb TEPMUIECKH pa3MarHIIMBaIIH, 3a-
TeM HAMarHMYUBAJIM B MArHUTHBIX MOJIAX, COOTBETCTBYIOIIMX SKCIIEPUMEH-
TaJbHBIM JNaHHBIM. CHUMAJU TOJIe M 3aTeM pa3MarHUYWBAIH OTPHUIATEIHHBIM
IOJIEM.

Crenan BBIBOJI O TOM, YTO MEpeMarHUUMBaHUE OCYIIECTBISIETCS MO KaHa-
yaM, o0pa3yroIMUMCs 33 CYET HAIMPaBICHHOIO MAarHHUTOCTATHYCCKOTO B3aMMO-
newictBust. CliabOMarHuTHBIE, HEMAarHUTHBIE W HEBEPHOOPUEHTHPOBAHHBIE
BKJIFOUCHHS SBJISIFOTCS LIGHTPAMU TIepeMarHU4MBaHus, OJHAKO Tiepepacipeere-
HUE TOJiell MarHUTOCTATHYECKOTO B3aUMOJAEHUCTBUS MOXET MPHUBECTH JaxKe K
TOPMOYKCHHUIO TIepeMarHHIMBaHMs HEKOTOPBIX 00JIACTCH.

Pa6ota BeimonHeHa npu nogaepxkke ®AHU PO I'K Ne 02.513.11.3397.
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INFLUENCE OF WEAK-MAGNETIC, NON-MAGNETIC
A-01-03 AND INCORRECTLY-ORIENTED GRAINS ON
REMAGNETIZATION PROCESSES OF Nd-Fe-B ALLOYS

O.A. Arinicheva, A.S. Starikova, A.S. Lileev
State Technological University '""Moscow Institute of Steel and Alloys",
Russia, 119049, Moscow, Leninskiy pr. 4, Olga_Arinicheva@list.ru

In the framework of a phenomenological model the analyze of domain
structure formation during magnetization reversal of the uniaxial highanisot-
ropic materials, in which a significant influence exercises magnetostatic interac-
tion between volumes, in the presence of weak-magnetic, non-magnetic and in-
correctly-oriented grains is carried out.

The experimental curves measured on sintered alloy neodymium- iron - bo-
ron (Nd;sFe;;Bg) were a physical basis for modeling. The modeling ensemble
simulating magnetic properties of this alloy was selected For this material. Re-
search of influence of inclusions was conducted on the basis of model experi-
ments with the received ensemble.

It was used the program, devised for uniaxial highanisotropic ferromag-
nets, in which the sample is presented by ensemble from 1000 particles having
transitive domain structure and following individual characteristics: maximum
field of jump of occurrence of domain structure Ho"™, dependence of a field of
jump on size of magnetizing field Ho(Hwm), a saturation field of a particular par-
ticle Hs, anisotropy field of a material Ha, saturation magnetization Ms, suscep-
tibility Ho to value of a magnetizing field A=dHo/dHm, corner between an easy
axis of a particle and a direction of the applied field Angle.

After selection of all parameters of the ensemble simulating this material,
for researching the influence of inclusions on magnetic reversal processes, key
parameters of some microvolumes (Ms, Ho™, Hs, Angle) were changed. Model
experiment was conducted further: ensemble was thermally demagnetized, then
was magnetised in the magnetic fields, corresponding to experimental data.
Field was removed and then a sample was demagnetized in negative field.

It was concluded that magnetic reversal is carried out on the channels
formed at the expense of directed magnetostatic interaction. Weak-magnetic,
non-magnetic and incorrectly-oriented grains are the magnetic reversal centers,
i.e. they are the beginning of formation of the channel of magnetic reversal.
However the redistribution of magnetostatic interaction fields can even lead to
braking of magnetic reversal of some areas.

This work was supported by the Federal Agency for and Innovation RF
Government Contract Ne 02.513.11.3397
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T'PA®UKHU XEHKEJIS VI MATHATOTBEPJIBIX MA-
A-01-04 TEPUAJIOB, OBJIAJAIOIIUX PA3JIMYHBIMU MEXA-
HU3MAMMU IEPEMATHUYNBAHUA

A.C.JIuneeB, A.E.Ctenanos, U.B.ITannukuHa
TI'ocynapcrBeHHbIii TeXHOJOrHYecKnii yHuUBepcuTeT «MOCKOBCKHIA HHCTH-
TYT CTAJIM M CILIaBOBY», Poccus, 119049, MockBa, Jlenunckuii np., 1.4

B psine pabor, ommyOIMKOBaHHBIX B TIOCNEHIE TObI [ 1,2], 171 aHAMI3a HATTIus
U MHTCHCHBHOCTH MEX(a3HOro B3auMozeicTeus B ciuiaBax tuna Sm(Co,Fe,Cu,Zr),
ucnons3oBanuch rpadukn Kemwm. 'padukn Kemmn sBnsroTcs mpoM3BOAHBIME OT
rpadukoB XEHKENs W MOKA3BIBAIOT OTKIOHEHHsS 3aBucuMocTd l4(I;) oT Teopermde-
ckoii 3aBucuMoCcTH Bombdapra-Cronepa. OTKIOHEHHS OT JAHHOH 3aBHCHMOCTH
TPaKTYIOTCS B JIUTEPaType Kak CIICICTBHE OOMEHHOTO WM MarHUTOCTATHYECKOTO
B3anMoyieicTBrsl. OTHAKO, PacCCy X IICHHUsI, HAa KOTOPBIX 3Ta 3aBHCHMOCTh TTOCTPOEHA,
CIPaBEIUTBHI TOJIHKO TSI MaTePHAIIOB, THCTEPE3NC KOTOPBHIX OMPEACICTCS aHH30-
Tporwmel (HOPMBI OTHOOMEHHBIX YaCTHII, ¥ Pa3MarHAUCHHBIX TCPMHUYCCKU WM 3Ha-
KOTIEPEMEHHBIM TIOJIEM.

3agava JaHHON PaboTHI ITOKa3aTh, YTO BUJ rpaKoB XEHKeEIs CHIbHO 3a-
BHCHT OT CItoco0a IOTyYeHHsT Pa3MarHHIeHHOTO COCTOSHHS U JIMMUTHPYIOMIECTO
3BEHa MEXaHWU3Ma TepeMarHnYuBaHus MaTepuana. [[iast 3Toro ObUIM MOCTPOESHBI
rpadukn Xenkens s matepuanoB tuna Sm(Co,Fe,Cu,Zr),, SmCos, Nd-Fe-B u
Fe-Co-Cr. B xauecTBe HCXOAHBIX JaHHBIX MCIIONB30BAIH YaCTHBIC METIIN TUCTE-
pe3uca, TOCTPOSHHBIE U3 Pa3MarHWYCHHBIX COCTOSHUM, IMOJYYSHHBIX Pa3HBIMHU
cnocobamu, U KpUBBIC Bo3BpaTa. KpoMe Toro, /Ui BELSICHCHHS BIUSHUS MarHH-
TOCTaTUIECKOTO B3aUMOJICHCTBYSI B MaTepralie Ha X0 TPaQuKOB XEHKEIs, T0-
cienHue ObLUTH pacCUMTaHbl C MCIOJIB30BAaHUEM MOJCIHHOTO aHCaMOJIs YacTHII,
AMUTHPYIOIIETO TIOBEJICHHE MaTepuala, epeMarHiIuBaHie KOTOPOTO JTUMHUTH-
pyeTcst 3apoAbIIIe00pa3oBaHIEM.

CpaBHEHHE MOTYYCHHBIX PE3YJIBTATOB MOATBEPIMIIO, YTO BU TPa(HKOB XECHKEIS
3aBHCHT OT CIoco0a MONMydeHWs] Pa3MarHMYCHHOTO COCTOSIHHS M JIMMHTHPYIOIIECTO
3BeHa Mpoliecca repeMarHnamBaHusl. Bee rpaduky mokasainy OTKIIOHEHHS OT TeOPETH-
YECKOM 3aBUCUMOCTH. YUET B3aMMOJEHCTBUS MPUHIMIHAIBLHO HE W3MEHSET BUJI Tpa-
¢uxoB Xenkenst. Kpome Toro, [yisi MaTepyaioB, MepeMarHIYUBaHUE KOTOPBIX JIAMH-
TUPYETCS 3apOIbIIIIe00Pa30BAHIEM, 3HAK OTKJIOHEHHSI OT TEOPETUYECKOM TpsMON 3a-
BHCHUT OT BEJTMINHBI HAMATHUYHBAOIIETO TTOJIS.

[Mpu wncnonp3oBaHMM TpaduKOB XEHKENsI B KaueCTBE HHCTPYMEHTA JIS
aHalM3a B3aMMOJICHCTBUS B MaTepualic HeOOXOAWMO YUYHTHIBATH M Pa3/CiiTh
BKJIaJl BceX (paKTOPOB, BIUSIONIMX HA MX BHUJ. B MpOTUBHOM ciydae u3 rpadu-
KOB HEBO3MOXXHO BBIACITUTH WH(POPMAIMIO O COOCTBEHHO B3aUMOJICHCTBHH B
MaTepuanax.

Pa6ora BeimosHeHa npu moanepkke GITHTIT ®AHU 'K Ne02.513.3397
[11R-J Chen et al. J. Phys. D: Appl. Phys. 40 (2007) 4391-4395
[2] C-b Rong et al. Appl. Phys. Lett. 88, 042504 (2006)
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A-01-04 HENKEL PLOTS FOR HARD-MAGNETIC MATERIALS
WITH DIFFERENT MAGNETIZATION MECHANISM
A.S.Lileev, A.E.Stepanov, 1.V.Panichkina
State Technological University "Moscow Institute of Steel and Alloys",
Russia, 119049, Moscow, Leninskiy pr. 4, Lileev@misis.ru

In the recent years a number of works [1,2] has been published, where
Kelly plots were used for the intergrain exchange coupling (IGEC) analysis in
Sm(Co,Fe,Cu,Zr),. Kelly plots are the derived concept from Henkel plots and
demonstrate deviations of relation I4(I;) from theoretical Stoner-Wohlfarth rela-
tion. These deviations are treated as the result of magnetostatic or exchange in-
teraction. However, Stoner-Wohlfarth relation is based on the speculations,
which is true for the materials with coercitivity determined by the shape anisot-
ropy single-domain particles and for the demagnetized state, produced by ther-
mal or alternating field demagnetization.

This work was aimed to prove, that Henkel plots shape depends on way of
producing the demagnetized state and limiting factor of coercitivity mechanism
in the material. For this purpose Henkel pots were made for the following mate-
rials: Sm(Co,Fe,Cu,Zr),, SmCos, Nd-Fe-B and Fe-Co-Cr. Hysteresis loops plot-
ted from demagnetized state, produced by various demagnetization methods
(thermal demagnetization, demagnetization by constant and alternating field),
and recoil loops were used as a raw data. Furthermore, calculations using a
model assembly of particles imitating material which coercitivity is determined
by the nucleation of domain with reversed magnetization were made in order to
investigate how magnetostatic interaction in the material affects Henkel plots
shape.

Comparison of the results showed that Henkel plots shape depends on the
way of producing of the demagnetized state and the limiting factor of coercitiv-
ity in the material. All of the curves exhibited deviations from Stoner-Wohlfarth
relation. Calculations considering interaction didn’t lead to appreciable differ-
ence in Henkel plots shape. Furthermore, in case of the materials with the coer-
citivity determined by the nucleation even the sign of deviation depends on the
magnetizing field value.

Therefore, in order to use Henkel plots as the analysis tool for existence and
intensity of the interaction in the materials one should consider and divide con-
tribution of all the factors affecting Henkel plots shape. Otherwise, it is impossi-
ble to extract from Henkel plots information about the interaction itself.

This work was supported by FRTTP FASI Ne02.513.3397
[1TR-J Chen et al. J. Phys. D: Appl. Phys. 40 (2007) 43914395
[2] C-b Rong et al. Appl. Phys. Lett. 88, 042504 (2006)
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A-01-05 KPUCTAVIMYECKAS CTPYKTYPA CIIJIABOB HA OC-
HOBE COEJIUHEHHMS SmCos
B.II. Meﬂymemcosl, T.A. CBnpmmBa', E.B. ]_He.]IeXOB], JL.M. Beaosa’

! T'ocynapcTBeHHbIIT TeXHOTOrHYecKuii yHUBepcuTeT «VMOCKOBCKMIA MHCTH-
TYT CTAJIM M CIUIaBOBY», Poccus, 119049, MockBa, Jlenunckuii np., 1.4,
menushenkov(@gmail.com
2Koponencmn”a TexHoJornyeckuii uHcTuTyT, 10044, CToKroabm, llBenus,

belova@mse kth.se

MeTogamMu PEHTTEHOCTPYKTYPHOTO H METAIOrPa(UIecKOro aHaIH30B
H3yYeHa MHUKPOCTPYKTYpa M KPUCTAIMYECKas CTPYKTypa JIUTHIX CIUTABOB Ha
ocHOBe coemuHeHUsT SMCos TOCIe pa3InIHbIX TepMUUecKux obpaboTok. Crura-
Bbl SmyCo0,gp.y (y=13.2-21.1) ObuIM DPUrOTOBIEHBl MHIYKI[MOHHON IIABKOH B
aprose. CIIMTKM OTXKUTaju B BaKyyMe TIpu Temneparypax: 1220°C 3 u + 1000°C
59+ 900°C 10 9y + 700°C 10 4. PeHTreHOCTPYKTYPHBIN aHaIN3 IPOBOAUIHA Ha
mudpakromerpe [IPOH-3 B CuK-u3nydenun. {1 KonuuecTBeHHOTO (a3oBOro
aHaJTi3a UCIIONIF30BAJIH YIPOIICHHBIH MeTox PutBenbaa. OTKATH 3aCTEXHOMET-
puueckux crwiaBos (y=17.2-21.1) mpu 1220 - 900°C npuBOAAT K CHIXKEHHUIO Be-
maauHbl ¢/a Gazer SmCos 10 0.7932-0.7934, 4T0 3aMETHO HWKE BEIHYUHBI ¢/a
ISl TOCTeXHOMeTpudecknx cruiaBoB (13.2<y<16.8) mocne 3akiIOYUTEIHHOTO
omkura pu 900°C. HabmogaeMble n3MeHeHUs mapameTpos ¢asel SmCos B 3a-
CTEXMOMETPHYECKHX CIUIABaX CBUJETENBCTBYIOT 00 OOOTallleHnH 3TOH (a3bl
camapHeM, 9TO MOXET OBITh CBS3aHO C IpeBpamieHueM cTpyKTypsl SmCos B
SmCos.,. C YMEHBIIEHHEM Y B JIOCTEXHOMETPUYCCKUX CIUIABaX, OTOXIKCHHBIX
npu 1220°C, Benuuuna c/a dassr SmCos. yBenuuuBaercs 10 3Hauenus 0.809
Ui croiaBa Smys,Coge s, YeMy cooTBeTCTBYeT comepikanune Co B paze SmCos.y
~ 85.5 at.%. Omxuru npu 1000 1 900°C npuBOIAT K pacmaiy TBEPIOTO PACTBO-
pa SmCos,y myTem BeieneHus ¢aspl SmpyCoi; HEXKE TPaHUIBI 00IACTH TOMO-
reHHocTH. [Ipm 3TOM BenwuuHa c/a cHWkaercs no 3HadeHus 0.795, xak u B
CIUIaBE CTEXHOMETPUIECKOro coctaBa (SmyesCos;,). Tobko mocie oTkura mpu
700°C oTHOLIEHHE MEPUOAOB PEUIETKH ¢/@ CTAHOBHUTCS OJUHAKOBBIM JUIS [0- U
3aCTEXHOMETPUIECKHX CIUIaBoB (c¢/a =~ 0.7933). Bbuto moka3zaHo, YTO CIIOKHAsS
MHUKPOCTPYKTYpa JIUTHIX 3aCTEXUOMETPHUECKUX cIIaBoB (y=>17.2) popmupyercs
B HEPaBHOBECHBIX YCIIOBHSX MPH KPUCTAUIN3ALNWU W MOCIEAYIONIEM OXJIax/e-
HUU CIIUTKOB 10 KOMHATHOU TeMIIEpaTyphl.
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A-01-05 CRYSTALLINE STRUCTURE OF SmCos BASED ALLOYS

V.P. Menushenkovl, T.A. Sviridoval, E.V. Shelekhov', L.M. Belova’

! State Technological University ""Moscow Institute of Steel and Alloys",
Russia, 119049, Moscow, Leninskiy pr. 4, menushenkov(@gmail.com
2Royal Institute of Technology, Stockholm, 10044 Sweden,
belova@mse.kth.se

Microstructure and crystalline structure of as cast SmCos based alloys after
various heat treatments were studied using X-ray diffraction and metallographic
methods. The ingots of SmyCo,g.y alloys (y=13.2-21.1) were prepared by induc-
tion melting in Ar. The ingots were aged in a vacuum furnace in series at
1220°C for 3 h + 1000°C for 5 h + 900°C for 10 h + 700°C for 10 h. The phase
identification was carried out by X-ray diffraction (XRD) using Cu-Ka radia-
tion. Rietveld refinement was used for quantitative phase analysis. Aging of hy-
perstoichiometric alloys (y=17.2-21.1) at 1220 - 900°C decreases c/a value up to
0.7932-0.7934, which is notably lower to those for hypostoichiometric alloys
(13.2<y<16.8) after final aging at 900°C. XRD study of the lattice parameters of
SmCos phase in hyperstoichiometric alloys shows evidence of the Sm enrich-
ment of the SmCos phase, which can be related to the phase transformation of
SmCos into SmCos., phases. In hypostoichiometric alloys aged at 1220°C with
decreasing y the c/a value of SmCos:, phase increases up to 0.809 for
Sm;y;,Cog6s, Which correspond to = 85.5 at.% Co in SmCos., phase. Aging at
1000 and 900°C results in the decomposition of SmCos. solid solution by pre-
cipitation of Sm,Co,; phase below the homogeneity limit. At that the c/a value
decrease up to 0.795, which is similar to those of stoichiometric alloy
(Sm65Cog3,). Only after aging at 700°C c/a ratio is equal in both hyper- and
hypostoichiometric alloys (c/a = 0.7933). It was established that complicated
microstructure of as-cast hyperstoichiometric alloys (y>17.2) forms in nonequi-
librium conditions during crystallization of the ingots and the subsequent cool-
ing to room temperature.
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CTPYKTYPA HAHOKPUCTAJ/VIMYECKHUX MATEPHA-
A-01-06 JIOB 1 OCOBEHHOCTHU UX HAMATHUYNBAHUSA B
CBEPXBBICOKHUX MOJIAX

Jlwouna IO.B.', CroJasipoB B..JI.Z, Ilernnnn U.B.2, SIronkun IO.):[.2
'IFW Dresden, Institute for Metallic Materials, Helmholtzstr. 20,
01069, Dresden, Germany
2 T'ocynapcTBeHHBIl TeXHOJIOrH4YeCKHii yHUBepcuTeT «MoCKOBCKHT
HHCTUTYT CTAJIM M CIJIaBOB», Poccus, 119049, MockBa, Jlenmuckmii np., 1.4

MetomamMu pEHTTEHOCTPYKTYPHOTO aHAJIM3a M MIEKTPOHHOW MHUKPOCKOIIHU
MpOBelIcHa CTPYKTYPHAs aTTECTallsl MOPOIIKOB HAHOKPHCTAIUIMYCCKHUX CILIa-
BoB Nd-Fe-Co-B, Sr-Fe-O u Fe-O, nmony4eHHBIX METOIaMH 3aKaJIKH U3 paciuia-
Ba W BBICOKODHEPTETHIECKOTO M3MEIBUCHHUS C TIOCIEAYIOMNMI KPUCTAITH3AIH-
OHHBIM OT)KHTOM. MarHuTHBIE CBOHCTBA IMOPOIIKOB W3MEPSUIM Ha BHOpOMarHe-
tometpe “LDJ — 9600” mpu koMHaTHOM TemnepaType B nossix 1o 20 k3. Kpome
TOT0, U3MEPSUTH KPUBbIC HAMATHUYMBAHUS U Pa3MarHUYMBaHUS B CBEPXBBICOKUX
MOJISIX Ha UMITYNbCHOH ycraHoBke [FW Dresden (B momsax mo 480 k2) u SQIUD-
Maraeromerpe (B moisix 1o 67 k9) mpu temmepatypax 10-300 K.

IMopomok crutaBa Nd-Fe-Co-B comepxan ¢as3sr Nd,Fe;4B u a-Fe ¢ pas-
MEpOM KPUCTAIIUTOB 0K0JI0 30 1 15 HM, COOTBETCTBEHHO, a TAKXKEe HEKOTOPOE
konmaecTBo okcunoB Nd (oxono 10 06. %). KobanbT ObUT pacTBOpeH B 06enx
¢azax. [Ipn KoMHaTHON TeMmImepaType MOPOLIOK MMeN CIeIyIOIUe CBOMCTBa:
HoHi = 0,81 T, B, = 0,85 T, (BH)pmaxx 90 M/J[x/n’. TlokasaHo, 4TO MarHuT-
HOE HACBIIIEHHE CIIJIAaBOB MIPU KOMHATHON TeMIlepaType He HacTyIajo Jaxe B
monie 480 kO, mpemwbimatonem none aamzorponuu (H,) Nd,Fes,B B 7 pas.
[pugem, npu 10 K gansbiil 3¢¢exT ObLT BEIpakeH B OOJNBIICH CTEIECHH, UTO,
BEPOSTHO, CBS3aHO CO CIIMH-OPUEHTAIIMOHHBIM mepexoaoM ¢a3sl Nd,Fe 4B.

[opommok Sr-Fe-O 6pU1 mpakTHUecku OMHO(MA3HBIM H COAEpKal (aszy
SrFe,019 co cpeaauM pazMepoM KpucTaUTOB <D> = 150-200 M. JlaHHBIH
MOPOILIOK UMEN BBICOKYIO KO3pUUTHBHYIO cuiy (UoHg = 0,42 Ti) u xopouryto
OCTaTOYHYI0 HaMarHW4eHHOCTh (Lol = 0,24 Ti). s cpaBHEHUS UCCIIETOBAIICS
KPYITHOKPHCTAIUIMIESCKAN 00paser; ¢ pasMepamu 3epeH mopsaka 1 — 10 Mrm.
JleTanbHble W3MEPEHWS KPHUBBIX HaMarHW4uWBaHus mopomkoB Sr-Fe-O Ha
SQIUD-MarneTomMeTpe moOKa3aiH, YTO HachllleHue B moisix o 67 kO (H = 3,5
Ha) He nocturaercst B 000MX Ciydasx, MpUYeM JIaHHBIH (G QeKT 3aBHCEN OT
TEMIepaTypsl ¥ OBUT Pa3IHUYCH I HAHOKPUCTAILUIMYECKOTO U KPYITHOKPUCTAN-
JIMYECKOTO COCTOSTHHUS.

B pabote 00cyxmaroTcsi BO3MOXHBIC MPUYMUHBI OTCYTCTBHS MarHHUTHOTO
HACBILICHHS CTUIABOB B CBEPXBBICOKUX IMOJISX.

46



XVIi-th International conference on permanent magnets

THE STRUCTURE OF NANOCRYSTALLINE MATERIALS
A-01-06 AND PECULIARITIES OF THEIR MAGNETISATION BE-
HAVIOUR IN HIGH MAGNETIC FIELDS

J. Lyubina', V.L. Stolyarov’, LV. Shetinin’, Yu.D. Yagodkin®
'IFW Dresden, Institute for Metallic Materials, Helmholtzstr. 20,
01069, Dresden, Germany
2State Technological University ""Moscow Institute of Steel and Al-
loys", Russia, 119049, Moscow, Leninskiy pr. 4

The structure of nanocrystalline Nd-Fe-Co-B, Sr-Fe-O and Fe-O alloys was
studied by x-ray diffraction and electron microscopy. The Nd-Fe-Co-B alloys
have been obtained by rapid quenching and subsequent annealing, while high
energy ball milling followed by heat treatment was used for the preparation of
Sr-Fe-O and Fe-O. The magnetic properties were measured using a vibrating
sample magnetometer “LDJ — 9600 at room temperature in fields up to 20 kOe.
Moreover, magnetisation and demagnetisation curves were measured using a
SQUID magnetometer in the temperature range of 10-300 K and fields up to
67 kOe and in ultra-high magnetic fields using the pulsed field device of the
IFW Dresden (up to 480 kOe).

Nd-Fe-Co-B powder contained the Nd,(Fe,Co)4B and a-Fe(Co) phases
with crystallite size of about 30 and 15 nm, respectively, as well as about
10 vol. % of Nd oxides. At room temperature, the Nd-Fe-Co-B powder had the
following  magnetic  properties:  pH.=0.81 T, B,=085T and
(BH)max ~ 90 MJ/m’. At 300 K, the magnetic saturation was not reached even
in a field of 480 kOe, which exceeds the anisotropy field (Hs) of Nd,Fe 4B in 7
times. At 10 K, the non-saturation behaviour was more pronounced, apparently
due to the spin-reorientation transition in Nd,Fe4B.

Sr-Fe-O powder was almost single-phase and contained the SrFe»Oj
phase with the average crystallite size <D> = 150-200 nm. The SrFe;,0,9 pow-
der had a high coercivity poH. of 0.42 T. For comparison, a coarse-grained
SrFe;,0,9 alloy with the grain size of ~ 1 -10 um was studied. In both nanocrys-
talline and coarse-grained powders, no saturation can be achieved in fields up to
67 kOe (H = 3.5 Hu). However, this effect varied in dependence on temperature
and the crystallite size.

The possible reasons for the absence of the magnetic saturation in high
magnetic fields are discussed.
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A-01-07 JAOMEHHBIE T'PAHUIIBI B ITOJISIX N30TPOITHBIX
BHEIIHHUX BO3JIEUCTBUHU
B.I'. MeabnukoB, H.M. Urnarenko, A.A. Ponuonon
Kypcknii rocynapcTBeHHblii TexHnyecknii yuusepcuret, Pocensi, 305040,
Kypck, yi. 50 aer Oxrsi6ps, 94, inmkstu@bk.ru; raa41@inbox.ru

Panee Hamu ObITO MOKA3aHO, YTO MPU MOMELICHUU TOJIUAOMEHHON CHCTe-
MBI ((eppOMArHETHK, CETHETORIEKTPHK, CETHETOMArHETHK M IIp.) B IIOJIE H30-
TPOIIHBIX BHELIHUX BO3AEHCTBHUI (OMMCHIBAEMBIX TEH30POM HANpsHKEHUH y KO-
TOPOTO OTCYTCTBYIOT CIBUTOBBIE KOMIOHEHTHI), (eppPOMArHETHKH W CETHETO-
JNEKTPUKU U3MEHAIOT CBOU IapaMeTphl, XapaKTepHU3yIOIue MpoLecc AUCCUIIa-
UM SHepruu. Taxkue Bo3meHCTBUSA M3MEHSAIOT U MarHUTHYIO BOCIIPHUMYHUBOCTH
B OJJHOOCHBIX MarHeTHKaXx, CBA3aHHYIO KaK C IPOLECCAMU CMELICHUI JOMEHHBIX
rpaann (JI7), Tak u BpameHWid BEKTOPOB CIIOHTAaHHOM HaMarHWYeHHOCTH. M3
paHee MPOBEACHHBIX HCCIENOBAaHUN CIETYET: B MONAX BCECTOPOHHHUX IEPEMEH-
HBIX BHEIIHUX BO3JCHCTBUH U CMEIIEHHs U MPOIECCH BPAIIEHUS Pa3BUBAIOTCS
MeHee HHTEHCHBHO.

B HacrosiieM JoKI1afe paccMOTPEHbI 0COOEHHOCTH MPOTEKAHMS! 3THUX MPOLIECCOB
B TMIOCTOSTHHBIX THAPOCTATHYECKUX MOJAX, MPUBOIMINX K BOSHUKHOBEHHUIO B PacCMar-
pUBaEMBIX CpElaX MArHUTOYIPYIUX U YIPYTOSIEKTPHUECKUX BOJH, PACIIPOCTPAHSIIO-
IIUXCA B HUX M MPEKpPAIlAONMX CBOE CYIIECTBOBAHUE, KOT/Ja BCS TIOABOUMAs K CHC-
TeMe SHeprusl NepexoauT B Temno. KomuecTBeHHOE OMMcaHue TOro mpolecca IpoBo-
JIATCS] HAa TIPUMEPE TPEXOCHBIX (DeppOMArHETHKOB, COACPKAIX TPU MAarHUTHEIE (ha-
3bl. Ha ocHOBe cocTapiieHus! U pelleHus ypaBHeHuit aprokenus I u ypaBHeHuid Bpa-
IIATENIBHBIX MOMEHTOB C HMCTIONIb30BaHHEM BOJIHOBOTO YPABHEHMSI TIOyYEHBI COOTHO-
LIEHNs, ONUCBIBAIOLINE MPOLIECC PACTIPOCTPAHEHUS] MATHUTOYIIPYTOrO MOCTOSIHHOTO BO
BpeMeHH BO3OY)KIEHIs, TPIVIOKEHHOTO B HAYalbHBII MOMEHT BpEMEHH (Iporecc
TIPAJIOXKEHHS TAKOTO TN MyCTh MPOMCXOANT 3a Bpems At—(). Perenne BonmHOBOTO
ypaBHeHus npoBoawiock MerofoM dDypee. Ilokazano, 4TO B OTIIMYME OT HAIpPAaBIICH-
HBIX BHEIIHMX BO3JCHCTBHUI B I'MAPOCTATUYECKUX MOJIX AUCCUIIATHBHBIE MPOLIECCHI
Pa3BUBAIOTCS 3HAUUTENIEHO MEHEe MHTEHCHBHO, UTO 00YCIIOBIIEHO, TEM, YTO NPH 3TOM
OTCYTCTBYIOT CIBUTOBBIE BO3IEHCTBHSI, BECbMa AKTUBUPYIOLINE AUCCUIIATHBHBIA MPO-
I[ECC U3-3a TOTO, YTO OHU KapAUHATIBHO HAPYIIAIOT CHMMETPHUIO KPHUCTAILIOB.

ITomoOHast 3amava paccMaTpuUBallaCh W A MEPOBCKUTOBBIX CETHETOKPH-
CTaJUIOB €O CIa0OM CTENEHBI0 TEeTParoHaJbHOCTH KyOmueckoit pemeTku. Ilpu
3TOM 00IIas cXeMa pelIeHHs JaHHOHN 3a/add 10 OMHCAHUIO YIPYTOIJIEKTpHUIe-
CKOTO BO30Y)KIEHHS OCTaeTCs IPEKHEH: Bce MCXOIHBIC yPaBHEHHUS JUIS CEeTHe-
TO3JIEKTPHKOB COCTABIIIOTCS C MCIIOJIB30BAHMEM MX TEPMOAMHAMHYECKOTO II0-
TeHIMana. HekoTopsle ycnoXKHEHHsI IPU 3TOM BO3HMKAIOT Ul CErHETOMAarHe-
THUKOB, B KOTOPBIX UMEET MECTO B3aHUMOJeiiCTBUE, B YACTHOCTH, MEX/y MarHuT-
HOM M 3JIEKTPUYECKOH MOJACHCTEMaMH, MPUBOAAIIEE K HEKOTOPHIM OCOOEHHO-
CTSIM IIPOTEKAHUS B HUX pacCMaTPUBAEMBbIX IPOLECCOB.
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A-01-07 DOMAIN BOUNDARIES IN FIELDS OF THE ISOTROPIC
EXTERIOR ACTIONS
V.G. Melnikov, N.M. Ignatenko, A.A. Rodionov
Kursk state technical university, Russia, 305040, Kursk,
street of 50 years of October, 94, inmkstu@bk.ru; raa41@inbox.ru

Earlier by us it has been shown, that at a premise of polydomain system (a
ferromagnetic, a ferroelectric, a ferroelectromagnetic and so forth) in a field of
the isotropic exterior actions (featured by a stress tensor which has shift build-
ers), ferromagnetics and ferroelectrics change the parameters describing process
of a dissipation of energy. Such actions change also a magnetizability in the uni-
axial magnetics, related as with processes of biases of domain borders, and gyra-
tions of vectors of spontancous magnetization. From earlier lead examinations
follows: in fields of all-round variable exterior actions and biases and processes
of gyration develop less intensively.

In the present report features of course of these processes in the constant
hydropermanent fields leading occurrence in viewed mediums magnetoelastic
and Elasticelectrical of waves, spread in them and stopping the existence, when
all energy brought to system will transfer in heat.

The quantitative description of this process is spent on an example Triaxial
the ferromagnetics containing three magnetic phases. On the basis of drawing up
and solutions of equations of motion /II" and the equations of the circumrotatory
moments with use of a wave equation are gained the relations featuring process
of distribution of magnetoelastic constant excitation in time, time enclosed at the
initial moment (Process of the appendix of such field let occurs in time At—0).
The solution of a wave equation was spent by method Fourier. It is shown, that
unlike the directional exterior actions in hydropermanent fields the dissipative
processes develop much less intensively, that is caused, that thus there are the
shift actions rather labilizing the dissipative process of that they cardinally break
symmetry of crystals.

The similar problem was considered and for Perovscite ferroelectric Crystal
with a feeble degree Tetragonal a cubic lattice. Thus the blanket plan of the so-
lution of the given problem under the description Elasticelectrical excitation re-
mains former: all input equations for ferroelectrics are made with use of their
thermodynamic potential. Some complications thus arise for ferroelectromagnet-
ics in which interaction takes place, in particular, between the magnetic and
electrical subsystems, leading some features of course in them of viewed proc-
esses.
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BJAUSTHUE MATHUTOCTATHYECKOI'O B3AUMO/IEMN-
CTBHUSI HA ®OPMUPOBAHUE JTOMEHHOM CTPYKTY-
PbI BBICOKOAHHU3OTPOIIHBIX OAHOOCHBIX
OEPPOMATHETUKOB CUCTEMBI ND-FE-B

A-01-08

A.C. CtapukoBa, A.C. JIujeen
T'ocynapcTBeHHbI#i TeXHOJOTHYeCKHii YHUBepcUTET «MOCKOBCKHA HHCTH-
TYT CTAJIM U CIJIaBOB», Poccus, 119049, MockBa, JlenuHckuii np., 1.4;

ast@misis.ru

PeaybHBIC MarHUTHBIC MATEpPHANIbl, B YACTHOCTH MaTE€PHANBI I TOCTOSHHBIX
MAarHUTOB, MOKHO MPEIICTABUTH KaK aHCAMOJIN MHUKPOOOBEMOB, TIPU 3TOM KaXKIIBIH 13
MHKPOOOBEMOB MMEET CBOM MHIMBHIYaJIbHBIC THCTEPE3UCHBIC XapaKTEPUCTHUKH. DTH
MHKPOOOBEMBI B CHIIy HAJIWYHs CIHOHTaHHOM HAMArHWYCHHOCTH, MarHUTOCTATHYC-
CKHM 00pa3oM B3anMOJEHCTBYIOT APYT C APYTOM, BIIFSS Ha POLIECCHI IIepeMarHIIH-
BaHus. EcTb psin siBieHUM, MPUUMHON KOTOPBIX SIBIISIETCS MarHUTOCTaTHYECKOE B3aK-
MOJICHCTBHE.

Henpio HacTosme pabOTHl SBISUIOCH YCTAaHOBUTH POJIb MarHUTOCTATHYE-
CKOT'0 B3aHMOJEICTBUS Ha MpPOLIECC NepeMarHWYMBaHUS U (OPMHUPOBAHUE J0-
MEHHOH CTPYKTYpHI BBICOKOAHU3OTPOITHBIX OJHOOCHBIX (hPeppPOMArHETHKOB CHC-
tembl Nd-Fe-B.

C nomompio niporpammbl FMRM, paspaboranroii Ha xadenpe (Gpu3mgeckoro
MarepuaioBeIcHHs, ObUTH TOJ00paHbl aHCAMOITH, UMUTHPYIOIINE CICAYIOIIHE pe-
albHBIE ~ O0pasMpbl:  CIICYCHHBIE  TEKCTypoBaHHBIE  MarHUTHI  Nd;sFe;;Bg
Fez53Nd;5,B6.1Gag4 1 ropstaeaedopmupoBanHblii criedeHHbI MarHuT MQU-F .

IToxazaHo, 9YTO MarHUTOCTATHYECKOE B3aMMOAEHCTBHE 00yCIaBIMBaeT 00-
pa3oBaHHE KaHAJOB (I[ETIOYEK) M3 MUKPOOOBEMOB, HAMATHIICHHBIX 10 OJHOJIO-
MEHHOTO COCTOSIHHSI TP HAMarHMYMBaHWU M TI€pEMarHAYMBaHUH TEKCTYpO-
BaHHBIX CIICUYCHHBIX MarHuToB cucteMbl Nd-Fe-B. YcranoBneHo, dro mpu Ha-
JIMYUN KPUCTAUTMYECKON TEKCTYPHI B ropsiueie()OpMUPOBAHHBIX MarHuTax Nd-
Fe-B B pe3ynpraTe MarHUTOCTaTHYECKOIO B3aUMOJEMCTBHSA BO3HHKAIOT KOM-
IUIEKCHl U3 OJHOJOMEHHBIX YacTHIl, UMEIOINX OJIM3K0oe HaIllpaBIEHHE BEKTOpa
HaMarHWYeHHOCTH. Pa3Mephl KOMIIJIEKCOB YBEIMYHMBAIOTCS C POCTOM CTCIIEHH
TEKCTYpPbI M MOTYT HOCUTH Kak IUTOCKUH, Tak 1 00BEMHBIN Xxapakrtep. ITokasaHo,
YTO SBJICHHE TEPMHUYECKOTO HAMATHWYMBAHUS BBI3BAHO MATrHUTOCTATHYECKUM
B3aUMOJICHCTBHEM MEXIy MHKPOOOBEMAMHU U MOXKET MPUBOJHUTH KaK K pa3Mar-
HUYMBAHUIO MUKPOOOBEMOB (IIEpeXoy MX B MHOTOZOMEHHOE COCTOSIHUE) TaK U
K UX MOJIHOMY NlepeMarHiYuBaHHUIO.

Pabora BbImONHEHa B pamkax npoekrta 2.1.2/4326 «MccnenoBanue u Mojie-
JIMPOBAaHUE MPOLECCOB NEPEMArHUUMBAHUS BBICOKOKOIPLUTUBHBIX CIUIABOB JJIS
nocTossHHBIX MarHuToB» ABIIII «Pa3BuTHe HayyHOro NOTEHIMaja BBICIICH
mkoJTel (2009-2010 rosr).
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INFLUENCE OF MAGNITOSTATIC INTERACTION ON
A-01-08 FORMATION OF DOMAIN STRUCTURE HIGH ANISOT-
ROPIC SINGLE-AXIS ND-FE-B FERROMAGNETICS

A.S. Starikova, A.S. Lileev
State Technological University '"Moscow Institute of Steel and Alloys",
Russia, 119049, Moscow, Leninskiy pr. 4, ast@misis.ru

It is possible to present real magnetic materials, in particular materials for
permanent magnets, as ensembles of the microvolumes. Each of these micro-
volumes has individual hysteretic characteristics. These microvolumes because
of presence of spontaneous magnetization, magnetostatically interact with each
other, influencing magnetic reversal processes. There are some phenomena
which reason is magnetostatic interaction.

The purpose of the present work was to establish a role of magnetostatic in-
teractions on process of magnetic reversal and formation of domain structure
high anisotropic single-axis ferromagnetics by systems Nd-Fe-B.

With use of program FMRM the ensembles simulating following real sam-
ples have been picked up: sintered textured magnets Nd;sFe;;Bs,
Fez53Nd;5,B6.1Gag 4 and hot-deformed sintered magnet MQU-F.

It is shown that magnetostatic interaction causes formation of channels
(chains) of microvolumes, magnetized to an one-domain condition at magnetiza-
tion and remagnetzation textured sintered magnets by system Nd-Fe-B. It is es-
tablished that in the presence of a crystal structure in hot-deformed magnets
based on Nd-Fe-B as a result of magnetostatic interactions arise complexes from
the one-domain particles having a close direction of a vector of magnetization.
The sizes of complexes increase with growth of degree of a structure and can
carry both flat, and volume character. It is shown that the phenomenon of ther-
mal magnetization is caused by magnetostatic interaction between micro-
volumes and can result as to demagnetization microvolumes (to their transition
in a multidomain condition) and in their full magnetic reversal.

Work is executed within the limits of the project 2.1.2/4326 "Research and
modelling of processes of magnetic reversal high-coercive alloys for constant
magnets" ATDP "Development of scientific potential of the higher school
(2009-2010)».

51



XVII MexxpyHapoaHasi KOHepeHUUs No NOCTOAHHbIM MarHMTam

UCCJIENOBAHUE SAIEPHON CIIMH-PEIIETOYHOM
A-01-09C PEJJAKCAIIMU XKUJKOI'O I'AJIJINA B UCKYCCTBEH-
HOM OIIAJIE

JLA. Sicbkos', E.B. Uapuas®, D. Michel’, ¥O. A. Kym3epos*
' 0AO “3aBox Maruneron”, Poccusi, Cankr-IlerepOypr, 194223,
ya. Kypuaroga, 9, iaskov@yahoo.co.uk
zHaquO-HCCHeHOBaTeﬂbCKI/li/i MHCTUTYT (pusuku Cankr-IlerepOyprekoro
rocyJapcTBeHHOro yHuBepcurera, Pocens, 198504, Cankr-IlerepOypr, Ile-
Tepro¢, YabsiHOBcKas yJ1., 1, charnaya@mail.ru
3Leipzig University, Germany, D-04103, Linnestr., 5
‘®usnKo-rexHuyecKuii HHCTUTYT UM. A.D. Hodde, Poccus,
Cankr-IlerepOypr, 194021, Ilonnrexnuyeckas yai., 26

Mertonom siiepHOro MarHuTHOTO pe3onanca (SIMP) wmccenoBasics KUIKANA rai-
JIMiA, BBEZICHHBIN B 00pasel] HCKYCCTBEHHOTO OI1ajla, COCTOSINETO U3 IUIOTHOYITaKOBaH-
HBIX CWIMKATHBIX IIapoB auameTpoM 220 HM. [l u3MepeHHs CKOpOCTH CIIHH-
penerounol penakcarmu (CPP) ucnonp3oBaiicss METOT BOCCTAHOBJICHUS SIICPHOM Ha-
MarHM4YeHHOCTH Tociie HBepTupyromero 180° mmmynbca. Tarke u3Mepsiiach JTMHUS
SIMP 1o curnaiy npeueccuu nocie 90° ummysbsca. M3mMepenns mpoBoAWIKCH B IOCTO-
SHHBIX MArHUTHBIX orsix 7 1 11 T wist wsoronos rawmst “Ga u 71Ga, HAMEIOIIINX OIU-
HakKOBBIA criH [=3/2 M pa3imMyHbBle THPOMArHUTHBIC OTHOIICHWS M KBAIPYIIONBHBIC
MOMEHTHL. V3MepeHns TIoKa3a 3HauHuTelnbHOe yekoperue sinepHoit CPP B obOpasue
olfaya TI0 CPaBHEHUIO ¢ OOBEMHBIM TAJITHEM, YTO COOTBETCTBYET pe3yJbTaTaM, MOIy-
4yeHHBM B [1]. B ommmdrie oT 00beMHOT0 TayiIist, BOCCTAHOBIICHUE SICPHON CITMHOBOM
HaMarHUYEHHOCTH B 00pasIie orajia Ipy OTHOM M TOM JKe TI0JIe IIPOMCXOANT OBIcTpee
1t m30tona Ga ¢ GOMBIITM KBaZpyTOMBHEIM MOMEHTOM. KpoMe Toro, 7u1s ramms B
orasie Habmro1aeTcst 3aBUCUMOCTE ckopocT CPP OT BETMUHMHBI TOCTOSTHHOTO MarHHT-
HOTO TIOJIS. DTH Pe3yJBTaThl YKa3bIBAIOT HA TO, UTO IS TAJUIHA B OIaje AJIEKTpHde-
CKHIT KBaipynonbHbIi Mexann3M CPP npeBammpyeT Haxg MarHUTHBIM. OT/IMYHe CIIBUTa
Hatita pe3oHaHCHO# JIMHIN Ta/UTHS B 00pasLie Ormajia OT 3Ha4eHs 1 0OBEMHOTO Tall-
ymst cocTaBysieT okoio 1%. Takum o6pa3om, BpeMsi MarHUTHON peJlakcallii B OIajie,
CBsI3aHHOE cooTHoleHneM Koppunru co casurom Haiita, pakTnyecku He MeHseTCs
0 CPABHEHHIO CO CITy4aeM OOBEMHOTO Tauivsl. AHAIU3 BBIPAKEHHS [T BOCCTAHOB-
JIHUS SIIEPHOM HAMarHMYEHHOCTH TpH KBanpymoisHoi CPP simep co crmHom [=3/2
TO3BOJISICT CHIEJIATh BBIBOJ O 3aMETICHUH CKOPOCTH aTOMHOW Ti()y3uH TS TallTHs B
rckyccTBeHHOM omatie [2]. CorocTapieHre TOMydeHHBIX Pe3yJIbTaToB C pe3yiibTaTaMu
AHAJIOTMYHBIX M3MEPCHUM Talis B IPYTHX TOPUCTHIX MATPHIAX AT OLCHKY JUIS
BPEMEHH KOPPEIILIH aTOMHOTO ABMkerHs te= 1,6-10% us.

[1]1 E.V.Charnaya, T. Loeser, D. Michel, C. Tien, D. Yaskov, Yu A Kumzerov
Phys. Rev. Letters, vol.88, (1999), 097602

[2] E.V.Charnaya, C. Tien, W. Wang, M. K. Lee, D. Michel, D. Yaskov, S. Y.
Sun, Yu A Kumzerov, Phys. Rev. B, vol.72, (2005), 035406
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A-01-09C NUCLEAR SPIN-LATTICE RELAXATION STUDY OF
LIQUID GALLIUM IN THE ARTIFICIAL OPAL
D.A. Yaskov', E.V. Charnaya’, D. Michel’, Yu. A. Kumzerov*
1Jsc Magneton, ul. Kurchatova 9, 194223, Saint-Petersburg, Russia,
iaskov(@yahoo.co.uk
’Fock Institute of Physics, St. Petersburg State University,
Ul’yanovskaya ul. 1, Peterhof, Saint-Petersburg, 198504, Russia,
charnaya@mail.ru
*Leipzig University, Linnestr. 5, Leipzig, D-04103, Germany
*loffe Physicotechnical Institute, Politekhnicheskaya ul. 26, Saint-
Petersburg, 194021, Russia

In the present work we report the results of nuclear magnetic resonance
(NMR) studies of liquid gallium, embedded into artificial opal consisting of
closely packed silica spheres with a diameter of 220 nm. The spin-lattice relaxa-
tion (SLR) rate was measured using an inversion recovery procedure. We also
measured the NMR line by using the precession signal following 90° pulse. Gal-
lium has two isotopes, “Ga and "'Ga, with spin equal to 3/2 and distinct gyro-
magnetic ratios and quadrupole moments. Measurement of both isotopes, “Ga
and "'Ga, were carried out in two magnetic fields of 7 and 11 T. Nuclear spin
relaxation for liquid gallium embedded into opal was found to accelerate re-
markably compared to the bulk melt. Similar results were obtained for gallium
embedded into various porous matrices [1]. In contrast with bulk gallium, re-
laxation in the same field is noticeably faster for the “Ga isotope with the
greater quadrupole moment. Moreover, SLR rate visibly depends on the mag-
netic field for gallium in the opal sample. Obtained results show that the quad-
rupolar contribution dominates in the SLR in the opal. The difference between
the Knight shift value in the opal sample and for bulk gallium is within the order
of 1%. Therefore, magnetic relaxation time, which is related to the Knight shift
by the Korringa relation, for confined gallium can be assumed for estimates to
keep its bulk value. Analysis of the expression for the recovery of the nuclear
magnetization signal in the case of quadrupole SLR of nuclei of spin 3/2 allows
to make a conclusion that atomic diffusion rate decreases for gallium in the arti-
ficial opal [2]. The referencing of the results obtained with the results of similar
measurements of gallium in various porous matrices [2] allows to estimate
atomic motion correlation time tc= 1,6~10’4 us.

[1] E.V.Charnaya, T. Loeser, D. Michel, C. Tien, D. Yaskov, Yu A Kumzerov
Phys. Rev. Letters, vol.88, (1999), 097602

[2] E.V.Charnaya, C. Tien, W. Wang, M. K. Lee, D. Michel, D. Yaskov, S. Y.
Sun, Yu A Kumzerov, Phys. Rev. B, vol.72, (2005), 035406
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A-01-10C CTPYKTYPHBIE OCOBEHHOCTH U MATHUTHOE I10-
CJEJEUCTBHE B R(Co,Cu)s
I1.C. Caues, 10.B. Ky3nenosa, O.b. Jlerresa, H.II.Cynones
TBepckoii rocynrapcTeeHHbIil yHHBepenTeT, Poccusi, Teepns, 170000,
yi. Keasioosa, 33

[TpoBeseHO KOMIUIEKCHOE MCCIIE0BAHNE MAarHUTHBIX CBOMCTB, MArHUTHOW
BA3KOCTH W MHUKpPOCTPYKTYpHl mMHTepMeTammuaoB tuma R(Co,Cu)s. IloxydeHst
M300paKCHUS JTUKBAIIMOHHBIX HEOJTHOPOJHOCTEH HA 0a3MCHBIX IUIOCKOCTAX MO-
HokpuctaioB  Gd(Co;.,Cuy)s. [TomyueHsl KpuBbIe pacmpeeieHus] UX M0 pas3-
MepaM, yCTaHOBJIGHA KOPPEISIHS MEKAY pasMepamMH CTPYKTYPHBIX HEOIHO-
POIHOCTEH ¥ 3HAYCHUSIMHU () (DEKTUBHOMN MTUPHUHBI TOMEHHBIX TPAHUII.

TeopeTnueckuii aHaim3 3PQeKTa MarHUTHOTO TOCICICHCTBUS B JTaHHOM
paboTe OBLT OCHOBaH Ha TOM, YTO PEANbHBIN MATHUTHBIA KPHCTAJUT CONCPKHUT
ompenenéHHOe KOJMMYECTBO Je(eKTOB, B pe3yibTaTe 4Yero HaONIOMaroTcs Jo-
KaJIbHbIE OTKJIOHEHHs OT CPEeIHHMX 3HaueHHH OOMeHHOro mapamerpa A M KOH-
CTaHTHl aHU3OTPONNH k BHYTPH KpHCTaDIa. JJaHHBIA TpOIecC COOTBETCTBYET
MOABJIEHUIO TIOTeHIMana @ BHYTPH KpUCTajlla, KOTOPHIA BIUSET Ha X0 MPO-
mecca nepeMarHnIuBaHus. KaxIeiii aToM KpUCTaIYECKOH PeIETKH MMOIBep-
JKCH TEIUIOBBIM (piykTyarusm. B obmactu nedekTa MOSIBIAETCS MOJE YIPYTHX
HaTpsDKEHUH W B pe3ysbTare o0pasyercss HEeKOTOpas OCh, BIONb KOTOPOH Ipe-
HUMYIIECTBCHHO KOJCOMFOTCs aToMBI. ClieIOBaTEIbHO, BOZMOXKHA CHTYAITHsI, KO-
ria OOJBIIMHCTBO aTOMOB KOJNEOIIOTCS COTJIACOBAaHHO, YTO MPUBOINT K MEPHO-
JUYECKOMY M3MEHCHHIO OOMEHHOTO HapameTpa 4 W KOHCTaHTHl aHU30TPOIHH
k 1, coOTBETCTBEHHO, Buaa notennrana @ . [ToreHunansHbli 6apbep, OrpaHu-
YUBAIOUINI IBIDKCHHE JOMEHHON TPAaHUIBI, MOKET MCYC3HYTh B CIEYIOIIHI
MOMEHT BPEMEHH IMIPH O4epeHON (PIyKTyanuu.

MaremaTtrdeckoe ONHCaHWE NAHHOTO MPOIecca MPUBOIUT K BHIPAKCHHIO
TS BpeMEHH TIepeMarHUIMBaHUS:

L n,

t= ZTi 2 13 n
o p,+p.+p e tp,
rae 7, - cpeanuit mepuon GayKTyauuid i-ii rpynmsl MakcumymoB @, p, -

BEPOSITHOCTH PEOJIOJICHHUS TOMEHHOI rpaHniel MakcumyMa D, n, - KonHde-
cTBO MakcuMyMoB D B paccMaTprBaeMOH IpyIIIie.

B pamxax maHHOW Mopmenu NpoBedeHBI pacueTsl 3((deKTa s MOHOKpPH-
craimoB R(Co,Cu)s. B pe3ynbrare BHISBIEHO XOPOILIEE COBMAACHUE PACYECTHBIX
1 3KCIIEPUMEHTAIBHBIX JAHHBIX.
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A-01-10C STRUCTURAL PECULIARITIES AND MAGNETIC AF-
TEREFFECT IN R(Co,Cu)s
P.S. Salyov, U.V. Kuznecova, O.B. Dyogteva, N.P. Suponev
Tver State University, Russia, Tver, 170000, Zhelyabova st., 33

The combined investigations of microstructure, magnetic properties and
magnetic viscosity were carried for R(Co,Cu)s single crystals. Vibrating sample
magnetometer method and atomic force microscopy were used. High-quality
microinhomogeneity pictures were received on Gd(Co,.,,Cuy)s single crystal ba-
sic planes. Inhomogeneity size distributions were constructed and correlation be-
tween them and domain wall width was established.

The theoretical model of magnetic aftereffect based on real interior inho-
mogeneity distributions was proposed. The variations of exchange parameter A4
and magnetic anisotropy constant £ have place into this inhomogeneities. As a
result the potential @ inside a sample varies and it influences on the magnetiza-
tion processes. Because the elastic stress field appearing around the inhomoge-
neities the preferred axes of atomic thermal fluctuations were occurred. The ex-
change interactions between neighboring atoms led to coordinated oscillations
mainly along this axis. Hence, the 4 and k values change periodically in com-
pliance with the periodical potential @. In that way, the potential barrier for
domain wall moving can disappear if it’s energy becomes smaller that energy of
thermal fluctuation.

The mathematical description for magnetization relaxation time follows by

expression:
k
1= Zri 2 3 n,
i=1 pi+pi +pi +"‘+pi
where 7, is the average period of potential maximum fluctuations for in-

n.

i

homogeneity group with number i, p, is the domain wall probability to overpass
the maximum, #, is the number of potential maximum in 7 group.

The experimental data of magnetic viscosity are in good agreement with the
theoretical calculations in frames of proposed model.
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PACYET TEMIIEPATYPHOI'O KOO®PUIIMEHTA UH-
A-01-11C JYKIHUU MATHUTOB PR-DY-GD-FE-CO-B METOJOM
MOJIEKYJIAPHOTI'O ITIOJIA

B.IL. Iluckopckumii, P.A. Basees, E.A. /laBbinoBa, M.B. Penuna
Bcepoccniicknii HHCTUTYT aBUALIMOHHBIX MaTepuanos, Poccusi, 105005,
Mocksa, ya. Paamo, 17, vppvpp@rambler.ru

B pabore 6pun nccnenoBansl MarauThl Pr-Dy-Gd-Fe-Co-B ¢ Hu3kuM Tem-
nepaTypHbiM kodduiuerntom uuaykiwu (o). Crnassl (Pry 1Dy Gdy)i5.14(Fey.
yCoy)ba Bs.7 (x=0,18-0,58;h=0,05-0,33;y=0,2-0,36) BeIMIaBIAId B UHAYKIHOH-
HOW me4yn B atMoc(epe aproHa, a MarHUTBHI OBUTH HU3TOTOBJICHBI 1O OOBIYHON
MTOPOIIKOBOM TEXHOJOTWH. Benmuuay o 00pa3moB M3MEpsUTd B OTKPBITOH Mar-
HUTHOW menw B obnactu temneparyp 20-100°C. TouHOCTh M3MEpEHUS COCTaB-
msuta £0,005%/°C. CocraB ocnoBHo#t MarautHOU (asel (Pr,Dy,Gd),(Fe,Co);4sB
(daza A) ObLT ompeneneH METOIOM MUKPOPEHTICHOCIIEKTPAIBHOTO aHaJ3a Ha
ycranoBke SUPERPROB-733. Pacuer Benu4uHBI O MaTepHaIOB HPOBOAMIH
11t cocTaBOB (Prix-hDyxGdhn)2(Fe1-yCoy)14B, ucmmonssys Mozens MOIEKyIIPHO-
IO IOJII B MPUOIMIKEHUH IISTH MaTHUTHBIX IO peIeToK. AHAJTOTUYHBIH CIIo-
€06 pacuera paHee ucrnonb3oBaH s coepunenuii (Nd,Dy),(Fe,Co);4B (uersi-
pe nonpenterku) [1]. IIpu pacuerax, mozgpemerku Fe u Co paccmaTpuBaiu Kak
enunyio F-nogpemrerky. TemnepaTypHas 3aBUCHMOCTb MarHUTHBIX MOMEHTOB
HMOHOB IIOJpelIeTOK ONMUCHIBaeTCA GyHKuuaMu bpumosHa By(x):

ue(T)=pe(0) By, [r(0)pus H, (TVKT]; pp(T)=1p(0) B, [1p(0)s H, (TY/KT];

in(T)=1p(0) B, [1n(0)ps H,, (TYKTT; 6(T)=116(0) By, [1(0)ps H (TYAT.

pue(T) and pp(T),pup(T),ug(T)-MarauTHEIE MOMEHTHI HOHOB 3d-MeTaiia u
Pr’* Dy*",Gd*, coorsercraenno. pp(0),1p(0),1p(0),1G(0)—MarHUTHBIE MOMEHTHI
nonoB mpu T=0K. H;(T)-monexynspusre nonst (i=F,P,D,G). KoaddummenTst
MosekyisipHoro noins ngr (R=D,P,G) naxomumu no dopmyne (1). Temneparypy
Kiopn (T¢) 1 koahdumuenTs! o,f,npr ONMpPEAENsI Ha OCHOBE JHMTEPATyPHBIX

JAaHHBIX Kak B pabore [1].

Tca(Tcﬁ-nFF)—anon (1)
CpenHsis BeTHMYNHA OTKIOHSHUS MEXTy BEIYUCICHHBIM 3HAUE€HHEM 0 U €T0 IKC-
nepuMeHTabHbIM 3HaueHneM MeHee |0,006%/°C|. JlocTtaTouHo Xopoliee cooT-
BETCTBHE MEXIy PACICTHBIMH U SKCIIEPUMEHTAIEHBIMHI 3HAYCHUSIMH BETMIHH O
MTOKA3bIBACT, YTO MPEACTABICHHAS MOJIEIb O3BOJISIET OMMCHIBATH MATHUTHI Pr-
Dy-Gd-Fe-Co-B.
Pabora BemosHeHa npu noanepxkke rpanta POOU Ne 09-03-12103
[1]E.H. Kabnos, A.®. Ilerpakos, B.II. [Tuckopckuii u mp. MuTOM. 4 (2007) 3
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CALCULATION OF THE TEMPERATURE COEFFICIENT
A-01-11C OF INDUCTION Pr-Dy-Gd-Fe-Co-B MAGNETS BY MO-
LECULAR FIELD THEORY

V.P. Piskorskii, R.A. Valeev, E.A. Davidova, M.V. Repina
All-Russian Institute of Aviation Materials, Russia, 105005, Moscow, Ra-
dio, 17, vppvpp@rambler.ru

Pr-Dy-Gd-Fe-Co-B permanent magnets with low temperature coefficients
(o)) have been studied. The alloys (Pri«sDyxGdp)i3.14(FeiyCoy)pa Bes (x=0,18-
0,58; h=0,05-0,33; y=0,2-0,36) were arc-melted in argon and magnets were pre-
pared by standard powder metallurgy techniques. The temperature coefficients
of the samples were measured in open magnet circuit at temperature range 20-
100°C. The observation accuracy was +0,005%/°C. The composition of main
tetragonal compounds (Pr,Dy,Gd),(Fe,Co)4sB (phase A) was determined versus
composition of the magnets by scanning electron microscope SUPERPROB-733
with energy dispersive x-ray analyzer (EDS) system. We have begun to calcu-
late o of phase (PrixhDyxGdn)2(Fei1-yCoy)14B using a five-sublattice molecular
field model, which was successfully applied previously to the
(Nd,Dy)»(Fe,Co)14B (for four-sublattices) [1]. Sublattices of Fe and Co assign
as a single F-sublattice. The temperature variation of each moment is speci-
fied by a Brillouin function Bj(x):
He(T)=pr(0) Byl nr(0)usHr)/KT]; we(T)=pp(0)By, [1e(0)ps)Hp/KTT;
to(T)=pp(0)Bja [1p(0)psHp/kT]; pa(T)=p6(0)Byg [1a(0)usHp/kT].

up(T) and pp(T), pp(T), pe(T) - 3d-metal and Pr’*, Dy*",Gd>" magnetic moments,
respectively. pp(0), up(0), up(0), p(0) are the zero temperature moments. H;
(T)-molecular fields (i=F,P,D,G). Molecular field coefficients ngr (R=D,P,G)
are determined from (1).The Curie temperature (T¢) and o,f,npr -coefficients
can be defined from literary data analogous [1].
TCa(TCB'nFF)_anFZO (D

The average disparity between the calculated values of temperature coet-
ficients and experiment is smaller than |0,006%/°C|. The good agreement be-
tween the calculated and experimental values of o shows that the five-
sublattice molecular field model is successful in describing magnets Pr-Dy-
Gd-Fe-Co-B.

Pabora BeImosnHeHa npu nopaepxkke rpanta POOU Ne 09-03-12103
[1] E.N. Kablov, A.F. Petrakov, V.P. Piskorskii and other, Metallovedenie i ter-
micheskaya obrabotka metallov. 4 (2007) 3
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A-02-01 BJUSIHUE JU®P®Y3UOHHOI'O OTXKUTA HA CBOMCT-
BA CIIEYEHHBIX MATHUTOB Nd-Fe-B
AT. HOHOB', JLIO. Bacusienko’, T.3. l'[y3aHOBal, M.B. I[]:SI‘{KOBZ,
A.B. Bﬂacmraz, B.I1. Bsitkun®
]I/IHCTI/lTyT ¢puzuxu merasos YpO PAH, 620041, Exatepunoypr
2OI'YII «Ypanbckuii 3IeKTpoMexannuecKuii 3aBo1», 620137, ExaTepun-

oypr

TpaguuMOHHEIM CIOCOOOM MOBBIIIEHHST KOIPUUTUBHOM CHIIBI H,. MarHUTOB
n3 cruaBoB cucteMbl Nd-Fe-B sBnsercs 3amenienre Nd Ha TspKenble penkose-
MmenbHble s5eMenTs (TP3), Takue xak Dy u Tb, 4ro 00yciioBieHO MOBBIIIEHHEM
3HaueHu moist aHwm3otponuu H, coemmnenuit (Nd,TP3),Fe;sB. Omnako 3to
MPHUBOJIUT K CYIIECTBEHHOMY CHI)KEHHUIO 3HAUYEHHH OCTATOYHOW MHAYKIMH Mar-
HUTOB B,. BMecTe ¢ TeM, ecnu 3HaueHUs H, TOBBIIIATH TOJIBKO BOJHM3H TPaHUI]
3epeH, TO yIanoch Obl yBeTHINUTH [, 6€3 3aMETHOr0 yMEHBIICHHS 3HAUCHUH B,.
Takue pe3ynbraThl ObUIM JTOCTHTHYTHI MyTeM AM(G(GY3UOHHOTO OTXKHMIA MarHu-
ToB Nd-Fe-B, Ha moBepXHOCTH KOTOPBIX OBbUTH HaHeceHHI cion Dy [1], okcumos
(TP3),0;3 wiu ¢propunos (TP3)F; [2], rme TP3 — Dy unu Tb.

B Hacrosmieit paboTe ObUTH MPOBEAEHBI AKCIICPHMEHTSI 10 JISTUPOBAHHIO
JIICIPO3KEM TPaHHMIl 3epeH crieueHHbIX MaranToB Nd-Fe-B meronom muddysu-
OHHOTO OTXWTIa, UCTIONIB3YSI B KAYECTBE MCTOYHHUKOB TU(PQY3UN IPECCOBAHHBIE
nopomku aucnposus u cmnasa Dy;Co. IlnacTuHKM MarHUTOB TONIIMHON OT 1
10 7 MM 3arpeccOBHIBAIIM B IMTOPOIIKH U 3aTeM OTKHUTAIH B Bakyyme mpu 600 —
900°C B Teuenue 5 — 20 gacos. [Tocne U Y3HOHHOTO OTIKUIa MUKPOCTPYKTY-
Py MarHWTOB ¥ 3JIEMEHTHBIH COCTaB BHYTPH 3€PEH M HA TPAHUIAX U3ydald Me-
TOJOM PacCTPOBOH 3IEKTPOHHON MHUKPOCKOMHMH. Y CTAaHOBJIEHO, YTO IPH KOHTAK-
T€ MOBEPXHOCTH MAarHWTA C 3JIEMEHTHBIM AWCIPO3MEM ero atomsl auddysmu-
PYIOT IPEUMYILECTBEHHO MO TPAaHULIAM 3€PEH, U B 3aBUCHMOCTH OT TOJILIMHBI
MarHuTa 3HadeHust H, nossimatorcs Ha 4 — 6 kO. Anddy3uoHHBINA OTHKHUT KOH-
takTHOH mapsl MarHUT Nd-Fe-B/mopomox Dy;Co mpuBoauT k mossieHnio Dy
KaK Ha TPaHUIIAX, TaK ¥ BHyTpHU 3epeH. Kpome Toro, B 3epHax oOHapy>KeHO MO-
sBieHne kobanbra. [Ipupoct H, B 3TOM ciydae CONPOBOXKIAETCS CHIDKEHHEM
B,.

Paboma ewinonnena npu noddepoicke 2ocydapcmeennozo Koumpakma Ne
02.513.11.3397 ¢ @edepanvHbim a2eHmMCmMEOM NO HAYKe U UHHOBAYUAM U NPO-
epammul PAH No27.

[1] K.T. Park, K. Hiraga, M Sagawa, Proc. of 16™ Int. Workshop on REPM and
their Applications (Sendai, Japan, 2000), p.257.

[2] K. Hirota, H. Nakamura, T. Minowa, M. Honshima, IEEE Trans. Magn., 42
(2006) 4909.
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A-02-01 DIFFUSION ANNEALING INFLUENCE ON PROPERTIES
OF THE Nd-Fe-B SINTERED MAGNETS
A.G. Popov', D.Yu. Vasilenko?, T.Z. Puzanova', M.V. Dyachkov?’,
A.V. Vlasuga’, V.P. Vyatkin®
"The Institute of Metal Physics, Ural Branch of RAS, 620041, Yekaterin-
burg
NPP «Neomag», 620137, Yekaterinburg

Traditional way to increase the coercivity H, of magnets made from the
Nd-Fe-B alloys is the Nd substitution for heavy rare-earth elements (R) such as
Dy and Tb which results in an anisotropy field H, increase of the (Nd,R),Fe 4B
compounds. However, it leads to a considerable reduction of the remanence B,
values of the magnets. At the same time, if the H, values were enhanced only
near the grain boundaries, it would be possible to increase H, without the dra-
matic decrease of the B, values. Such results have been achieved by diffusion
annealing of the Nd-Fe-B magnets whose surface was covered in layers of Dy
[1], R,O; oxides or RF; fluorides [2], where R — Dy or Tb.

In the present work experiments have been carried out aimed at doping of
the grain boundaries by Dy in the Nd-Fe-B magnets by the diffusion annealing
method. Pressed powders of Dy and Dy;Co alloy were used as sources of diffu-
sion. Magnets with 1 to 7 mm thickness were pressed into powders and then an-
nealed in vacuum at 600 — 900°C for 5 — 20 h. After the diffusion annealing the
microstructure of the magnets and element composition inside grains and on
their boundaries were studied by the scanning electronic microscopy.

It has been found that if there is a contact with the elemental Dy its atoms
preferably diffuse through the grain boundaries and the H, values increase by 4
— 6 kOe depending on thickness of the magnet. The diffusion annealing of the
contact pair Nd-Fe-B magnet/Dy;Co powder leads to the appearance of Dy both
in the grains and their boundaries. Furthermore, the cobalt appearance has been
detected in grains. In this case the H, increase is accompanied by the B, de-
crease.

This work was supported by the Government Contract Ne 02.513.11.3397 with
the Federal Agency for Science and Innovations and the RAS Program Ne 27.

[1] K.T. Park, K. Hiraga, M Sagawa, Proc. of 16" Int. Workshop on REPM and
their Applications (Sendai, Japan, 2000), p.257.

[2] K. Hirota, H. Nakamura, T. Minowa, M. Honshima, IEEE Trans. Magn., 42
(2006) 4909.
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A-02-02 KOHTPOJIb COAEP)KAHUSA KUCJIOPOJA B CIIEYEH-
HBIX PEAKO3EMEJIbBHBIX MATHUTAX
AT, Hononl, H.B. KyI[pEBaTleZ, B.IIL. BﬂTKl/ll-[3, J1L.IO. Bacnneﬂxo3,
J.1O. BpaTymeB3, K.1O. IJ_IyHﬂeB", T.JI. MuxaiizoBa*
! HNucruryT pusuxu meraiioB YpO PAH, 620041, Exatepun0ypr
? Vpaabcknii rocyIapcTBeHHbIIi yHHBepcHTeT, 620083, ExaTepunéypr
3 HIIIT «Heomar, 620137, ExatepuuGypr
* HucruryT MeTamwtyprun YpO PAH, 620016, ExaTepunéypr

Xummdeckas aKTUBHOCTD PEIKO3EMENBHBIX 31eMeHToB (R) mpuBoauT k
TOMY, YTO IUCIIEPCHBIC TOPOIIKU CILIABOB JJISI MMOCTOSHHBIX MarHuToB (I1M)
agcopoupyioT Oombiroe KoimdecTBO kuciopona (O), KOTOPHIH NMPH CHEKaHWH
MOPOUIKOB CBA3bIBacT R B ycToiunBele okucasl R,0s. Ilpucyrcreue 1 Bec% ku-
cnopona B Mmarautax Nd-Fe-B u Sm-Co-Fe-Cu-Zr camxaer xonmaecTBo 3¢ dex-
TuBHO AerictByromux Nd u Sm Ha 6,01 u 6,27 Bec% cootBercTBeHHO. Hemocra-
Tok Nd 1 Sm yxyaAmaeTr crnekaeMocTh M MPEensTCTBYeT (JOPMUPOBAHHIO ONTH-
MaJbHOH MUKPOCTPYKTYpHI IIM, moHM»kas UX KO3PLUUTUBHYIO CHITy H..

O comep:kaHUU KUCIOpOAA B peaKo3eMenbHbIX [IM, mpou3BOIUMBIX IO
OTEYECTBEHHBIM TEXHOJIOTHSAM, IMEETCSl OUYeHb MaJlo NaHHBIX. C IIeThI0 BOCTION-
HEHMs 3ToW MH(pOpMaLUU MPOBOIMIN aHAIH3 cofepxaHus O Ha Bcex JTamax
TEXHOJIOTHYECKOTO IUKJIA - OT MPUTOTOBJICHUS IMOPOIIKA O MONTYyYEHHs CIie-
4yeHHBIX [IM. AHaTU3UpPOBaIM MArHHUTHI, IPUTOTOBJICHHBIC MO PA3IMYHBIM Ba-
puaHTaMm TexHOnoruu: (1) MCTONMB3yst AN MPUTOTOBJIEHHUS MOPOIIKOB JIMTHIC
CIUIaBBI U OXPYITYCHHBIC BOJOPOAOM, (2) H3MenbYast MOPOLIKH B BHOPAIIMOHHBIX
MEJBHHIIAX B CPEJIe TONyoJa U B CTPYWHBIX MEJBHHIIAX B aTMocdepe a3ora, (3)
MPUMEHS TIPECCOBAaHHME IMOPOIIKOB HAa BO3AYXEC W B 3AlIWIICHHBIX OT HETO
npecc-popmax. Cozaepxanne O onpeeNsuln ¢ HCIOJF30BaHUEM aHATN3aTOPOB
ra3zoB B Metaiiax METABAK-AK u LECO B MHcTUTYyTaX XUMHUM TBEPAOIO Te-
na u metautypru YpO PAH u B UactutyTe Metanios r. EkarepunOypra.

Konnentpamus O B ucxoansix craBax Nd-Fe-B n Sm-Co-Fe-Cu-Zr co-
craBisier okoio 0,02 Bec%. B nmopomike Nd-Fe-B mocne BogopoaHoii 06pabot-
KH €r0 COJepXKaHNE yBETMIMBACTCS MOYTH Ha MOPSIOK U 3aTeM IMPUMEPHO eIlle
B JIBa pa3a B TOHKHX ITOPOIIKAaX U MPecc-3aroToBKax U3 HUX. [Ipu u3MenbueHnn
MTOPOIIIKa B TOIYOJI€ C TOCIEAYIOmEel CYIIKON 1 MPEeCCOBaHMEM €ro Ha BO3AyXe
3arpsi3HeHHe criedeHHbIX MarHuToB Nd-Fe-B xucnmopomom cocraBmser 0,45 —
0,6 Bec%. Konnentpanus kucmopona B IIM nonmkaercss B 2 — 3 pasa mpu Hc-
MOJIb30BaHUH CTPYHHOTO U3MENBYCHHS TTOPOIIKA U JATbHEHUIIeH 3alIuTe ero oT
KOHTaKTa C BO3/yXOM IIPU NPECCOBAHUH.

Paboma evinonnena npu noooepoicke 2ocyoapcmeenno2o Koumpakma Ne
02.513.11.3397 ¢ @edepanvHbim a2eHmcmeom HO HAyKe U UHHOBAYUAM U NpO-
epammvl PAH Ne27.
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A-02-02 CONTROL OF OXYGEN CONTENT IN SINTERED
RARE-EARTH MAGNETS
A.G. Popov', N.V. Kudrevatykh?, V.P. Vyatkin®, D.Yu. Vasilenko’,
D.Yu. Bratushev®, K.Yu. Shunyaev*, T.L. Mikhailova*
'The Institute of Metal Physics, Ural Branch of RAS, 620041, Yekaterin-
burg
’The Ural State University, 620083, Yekaterinburg
*NPP «Neomag», 620137, Yekaterinburg
* The Institute of Metallurgy, Ural Branch of the RAS, 620016, Yekaterin-
burg

Chemical activity of rare-earth elements (R) causes fine powders to ad-
sorb large amounts of oxygen which converts R into the stable R,0; oxides dur-
ing sintering. The presence of 1 wt% oxygen in the Nd-Fe-B or Sm-Co-Fe-Cu-
Zr magnets reduces the amount of effective Nd and Sm by 6.01 and 6.27 wt%,
respectively. A lack of R deteriorates the sintering and impedes the formation of
the optimum magnet microstructure reducing their coercivity H..

There are very few data on the oxygen content in rare-earth magnets pro-
duced by domestic technologies. In order to obtain this information an analysis
has been carried out to identify the oxygen content at all stages of the techno-
logical processing of the alloys — from powder preparation to sintered magnets.
Magnets prepared by different technological routes have been analyzed. They
included: (1) using of the as-cast and hydrogen decrepitated alloys for the prepa-
ration of the powders, (2) ball milling of the powders in toluene and jet-milling
of them in a nitrogen atmosphere, (3) pressing of the powders in air and in rub-
ber moulds protected from air. The oxygen analyses have been made using ME-
TABAK- and LECO-analysers in the Institute of Solid State Chemistry, and the
Institute of Metallurgy of the Ural Branch of the RAS and in the Institute of
Metals, Yekaterinburg.

The oxygen concentration in the starting Nd-Fe-B and Sm-Co-Fe-Cu-Zr
alloys is about 0.02 wt%. In the Nd-Fe-B powder after the hydrogen decrepita-
tion its content increases by almost one order of magnitude and then becomes
two more times as high in fine powders and green-compacts made from them. If
the powder milled in toluene is dried and pressed in air, the oxygen contamina-
tion of the sintered Nd-Fe-B magnets constitutes 0.45 — 0.6 wt%. Oxygen con-
centration is decreased by 2 — 3 times when the powders are produced by jet-
mill processes followed by its protection from the contact with air during press-
ing.

The work was supported by the Government Contract Ne 02.513.11.3397 with
the Federal Agency for Science and Innovations and the RAS Program #27.
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OOPMUPOBAHUE TEKCTYPBI U OIIPEJEJIEHUE EE
A-02-03 CTEIIEHU B MATHUTAX Nd-Fe-B C IPUMEHEHHUEM
UMITYJIbCHBIX MATHUTHBIX MOJIENA

A.I. ITonos', H.B. Ky)lpeBaTbIXz, JIYO. Bacunenko’, J.1O. BpaTymeB3,
B.IL. Bstkun’, E.T'. Fepacnmoal, ILB. Tepentben'
! Mucrutyt dpusnku merawios YpO PAH, 620041, Exatepunéypr
2 Ypaabckuii rocyrapcTBeHHbl yHuBepceuTeT, 620083, Exarepun0ypr
 HITIT «Heomar», 620137, ExaTepunéypr

DopMupOBaHHE TEKCTYPHI MPECC-TIOPONIKOB B MMITYJTECHOM MarHUTHOM
TI0JIe M TOCIeAyIOoIee UX MPECCOBAHUE B THAPOCTATE SBISACTCS OJHUM M3 Hau-
6osree 3((EKTUBHBIX ITyTeH JOCTI)KEHHUS BBHICOKOW CTENCHHM TEKCTYpHI B CIIe-
yeHHBIX MarHuTax Nd-Fe-B. B HacTosmeli paboTe nccieoBaHo BIUSHAE YHCITA
uMIynbcoB N ¢ ammmutynoi 40 kD Ha CTeleHb HaBOAMUMOM TEKCTYPHI Olr B THC-
TEpe3UCHBIE CBOWCTBA IOJydyaeMbIX creueHHbIX MarHutoB (CM). Ilopomku
crutaa 31,2Nd-67,7Fe-1,1B (Bec%) nzMenpuanu B BHOPOMENBHUIIE B CPEJIE TO-
JIyona O cpexHero pasMepa 4acTuil 4,1 MKM. BrICylieHHBIE Ha BO3AyXe IO-
POIIKH NTOMEIIATH B HIaCTUYHbIE MAaTPHUIIBI U TeKCTypoBamu mpu N=0, 1,3, 5 u
7, a 3aTeM MPECCOBAIN M CTICKAIIH.

Crenens TekcTypsl B CM onpenensiny MyTeM H3MepeHHs IeTelb rucTepe-
31ca BJIOJb M IONEPEK TEKCTYPHI HA YCTAHOBKE MMITYJIbCHBIX MarHUTHBIX MO-
neit. C aroii nensio u3 CM Beipe3anu cepuyeckre 00pasibl THaMETPOM OKOJIO
3 mm. KonngecTBeHHYIO OIICHKY Olr BRIIONHSUIIN ABYMS criocobamu. Bo-mepBaIx,
CpeIHHUI YroN OTKIOHEeHHUs oceil nerkoro HamarauauBanus (OJIH) 3epen ot ocu
TEKCTYPHI (p ONPEACIIUTH U3 BRIPAKCHHUS:

¢ = arctg (2B,,/B,) (D),
rae B, u B,, — 3Hau€HUsI OCTaTOYHOM HaMarHMYEHHOCTHU HA METISAX TUCTEpe3uca,
U3MEPEHHBIX BAOJIb U MOMEPEK OCU TEKCTYPHI COOTBETCTBEHHO, IPU 3TOM

O = Cos @ (2).
Bo-BTOpBIX, HCTIONB30BATH TPAIUIIMOHHOE BRIPAKECHUE:
OT = Bl/Bs (3):

B KOTOPOM B KayecTBE 3HAUYCHUN B, MPUMEHSIN 3HaYeHHsS HaMarHU4EeHHOCTH,
HM3MEPEHHBIE B UMITYJIbCHOM I10JI€ HANpPSDKEHHOCThIO 150 KO - By 5.

Ot uzoTponHOTO coctosiHust pu N = 0 crenens TekcTypel B CM pe3ko
Bospacrtaet 1o 0,95 mpu N = 1. C yBenuuenrneM N 10 TpeX Ol IOTOJHUTEIHHO
noBsimaercs 1o 0,97 u nanee Bmioth 1o N = 7 He Bo3pacTaeT. 3HaueHUs B,, u3-
MEpEHHbIE MIPU KOMHATHOM Temmeparype, pocruratoT 13,4 xI'c npu N =7, a
3HaueHust H, ymenpwatorcs ot 10,4 1o 4,7 kO ¢ ysenuuenuem N ot 0 10 7.

Paboma evinonanena npu noooepoicke 20cyo0apCcmeeHno20 Koumpakma Ne
02.513.11.3397 ¢ @edepanvubim aceHmcmeom no Hayke u UHHOBAYUSIM.
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FORMATION OF TEXTURE AND DETERMINAION OF
A-02-03 ITS DEGREE IN THE Nd-Fe-B MAGNETS USING PULSE
MAGNETIC FIELDS

A.G. Popovl, N.V. Kudrevatykhz, D.Yu. Vasilenko® ,D.Yu. Bratushev3,
V.P. Vyatkin3, E.G. Gerasimovl, P.B. Terent’ev'
'The Institute of Metal Physics, Ural branch of RAS, 620041, Yekaterinburg
’The Ural State University, 620083, Yekaterinburg
INPP «Neomagy, 620137, Yekaterinburg

The pulse-field alignment of press-powders put into elastic moulds fol-
lowed by pressing them in hydrostats is one of the most effective ways to achieve
high degree of texture in the Nd-Fe-B sintered magnets (SM). In the present
work the influence of the number of pulses N with the amplitude of 40 kOe on
the degree of alignment ot and hysteresis properties of obtained SM has been
studied. The 31.2Nd-67.7Fe-1.1B (wt %) alloy powders were ground in a vibrat-
ing mill in toluene down to the average grain size of 4.1 um. The powders were
dried in air and put into elastic moulds, aligned at N=0, 1, 3, 5 and 7 and then
pressed and sintered.

The degree of alignment in the SM was determined by measuring hystere-
sis loops along and perpendicular to the alignment direction using a pulse mag-
netic field device (PMFD) with fields applied up to 160 kOe at 200 and 293 K. In
order to do this, spherical specimens about 3 mm in diameter were cut from the
sintered magnets. The quantitative analysis of ot was carried out in two ways. At
first, average angle of the deviation of the easy magnetization directions of grains
(EMD) from the alignment axis ¢ was determined as

¢ = arctg (2B,,/B,) (1),
where B, and B,, — the remanence values determined from the hysteresis loops
measured along and perpendicular to the alignment axis, respectively, with

Ot = COS @ (2).
Secondly, the conventional expression was used:
ot = B,./BS (3)9

in which magnetization values measured in an impulse 150 kOe field B;s5) were
used as the B, values.

The degree of alignment in the SM grows substantially from the isotropic
state to 0.95 for N = 0 and 1, respectively. As the number of pulses increases up
to three air additionally increases up to 0.97 and then is not enhanced any further
when N = 7. The B, values at room temperature reach 13.4 kG for N = 7 while
the coercivity values decrease from 10.4 to 4.7 kOe when N changes from 0 to 7.

This work was supported by the Government Contract Ne 02.513.11.3397 with
the Federal Agency for Science and Innovations and the RAS Program Ne 27.
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A-02-04 MATHUTHBIE CBOMCTBA BBICTPO3AKAJIEHHBIX
CII'TABOB SmFen_xGaxCLzs (2 <x< 5)
A.I'. llonos, I.U. I'op6yHoB, B.C. I'aBuko, JI.A. CTamxkoBa
HNuctutyT dpusnku merannos YpO PAH, 620041, Exatepunoypr,
apopov(@imp.uran.ru

HenaBHo 0OHapyXeHO, UTO 3aMEIICHHE Jejle3a Ha rajuldii B CIUIaBax
RFe;;,Ga,C (R — Pr, Sm) mno3Boiser CcTaOMIU3UPOBATH COCAMHCHUE
R(Fe,Ga);C ¢ terparonansHO# cTpykTypoil Thna BaCd;; (mpocrpancTBeHHas
rpynmna [4,/amd). TloBbimeHne comep)kaHUs TAUIHA CONPOBOXKAACTCS POCTOM
mapaMeTpPoOB PEICTKH, HO CHIKEHHEM TemriepaTypbl Kiopu T¢ u HaMarHW4eH-
Hoctu HackimeHus coenuHenus R(Fe,Ga);C (1:11). Coenunenune PrFegGa;C
¥MeeT aHM30TPOIHIO THIIA «Ierkas IIOCKOCTbY. I1ockombKy HOHBI Pr'” m Sm®
HNMEIOT TPOTHBOIIOJIOKHBIE 3HAKKM Mapamerpa CTHBEHCA, TO MOXKHO OXHIATh,
gro B coenuneHnn Sm(Fe,Ga);;C ocp nerkoro HamaranunBanus (OJIH) Oyzer
OpUEHTHPOBAThCS BIOJIb OCH ¢ TETparoHalbHOU pemietku. HeGonbioe komuye-
cTBO (¢assl 1:11 o6Hapyx)eHo Tonbpko B uToM cimiaBe SmFegGa;C. Ero Obictpas
3aKaJIka MIPUBOAMT K YBEIMYECHUIO 00BbeMHON o 3Toi dasel 6onee 80%. Ha-
cTosmas paboTa MOCBAIIEHA ONMPEACTICHNI0 KOHIIEHTPAIIMOHHOW 00J1acTH CyIie-
crBoBanus (asel 1:11 B cucreme ObicTpo3akaieHHbix criaBoB (B3C) SmFe .
+Ga,C 55 ¥ U3YYCHUIO UX MATHUTHBIX THCTEPE3UCHBIX CBOWCTB.

Jlentst B3C SmFe;;,Ga,C 55 (2 <x < 5) OBUTH PUTOTOBIICHEI IyTEM pa3-
JUBKU pacIulaBa HMCXOIHBIX CIIABOB HAa Bpallaromieecs CTaTbHOE KOJECO CO
ckopocThio 20 M/c. DparMeHTHI JICHT OTXKHUTalHl B atMocepe aprona mpu 700 —
850°C B Teuenue 10 MuH.

Ioxazano, uro ¢aza 1:11 dpopmupyercs B b3C mpu 2 < x < 5, ipu 3TOM
oHa cocymecTByeT ¢ (azoit Smy(Fe,Ga);C. Hanbonpmee kommuecTBO (a3bl
1:11 obnapyxkeno B B3C ¢ x = 3. C yBenndeHnEeM COACpKaHUS TaJUIHs 10 X = 5
ee oObeMHas 10 yMeHblanach 10 24%. Ilpu HU3KOH KOHIEHTpaIluK rajuins
(x = 2) dopmupoBamuck Tobko Sm,(Fe,Ga);;C u a-Fe. Pasmep 3epen pasznmu-
HBIX (ha3 u3meHssca B auanasoHe 20 — 50 MKM.

B B3C ¢ x = 3 3HaueHNe KOIPUUTHBHONW CHIIBI [, TIpH KOMHATHOW TeMIIe-
parype coctaBisuio 52 kA/M u Bozpactaio B 6 pa3 npu 80 K. Makcumym H, Ha-
omopancs nocie orkura B3C SmFegGa;C 55 mpu 800°C u cocTassit 386 KA/M.
DTO CBUAETENLCTBYET O TOM, 4TO H, 00YyCIIOBIICHA BBHICOKOW SHEprHeH MarHu-
TOKPUCTAJUTHIECKON AHU30TPOIINH MarHUTOOTHOOCHOTO COCANHEHHS
Sm(Fe,Ga),;C. 3nauenust H, B B3C ¢ x = 4 u 5 CHIWKaIUCh B COOTBETCTBUU C
yMeHblIeHHeM 00beMHOM 1oau ¢a3bl 1:11 B HUX.

Pabora nognepxana PO®U (rpant Ne 07-02-00219) u nporpammoii PAH Ne27.
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A-02-04 MAGNETIC PROPERTIES OF MELT-SPUN
SmFen_xGaxCI.zs (2 <x=< 5) ALLOYS
A.G. Popov, D.I. Gorbunov, V.S. Gaviko, L.A. Stashkova
The Institute of Metal Physics, Ural branch of RAS, 620041, Yekaterin-
burg, apopov(@imp.uran.ru

It has recently been found that the substitution of gallium for iron in
RFe;;..Ga,C (R — Pr, Sm) alloys stabilizes the R(Fe,Ga);;C compound with the
tetragonal BaCd,;-type structure (space group /4,/amd). The gallium content in-
crease is accompanied by the growth of lattice parameters and decrease of the
Curie temperature 7c and saturation magnetization of the R(Fe,Ga);;C (1:11)
compound. The PrFegGa;C compound exhibits easy-plane anisotropy. Since Pr*”
and Sm’" ions have different signs of the Steven’s parameter, it is expected that
the easy magnetization direction (EMD) of the Sm(Fe,Ga);;C compound will be
oriented along the c axis of the tetragonal lattice.

A small amount of the 1:11 phase was found only in the as-cast
SmFegGa;C alloy. Its volume fraction increases up to more than 80% in the as-
spun alloy. In the present work the concentration region of the 1:11 phase exis-
tence is identified in the system of the melt-spun SmFe;;,Ga,C,,s alloys and
their magnetic properties are investigated.

The rapidly-quenched SmFe,;,Ga,C,,s (2 < x < 5) ribbons were obtained
by melt-spinning on steel wheel rotating with the speed of 20 m/s. Fragments of
the ribbons were annealed in an Ar atmosphere at 700 — 850°C for 10 min.

It has been shown that the 1:11 phase is formed in melt-spun alloys in the
range 2 < x < 5 and that it coexists with the Sm,(Fe,Ga),;C phase. Maximum
1:11 phase content is found in the melt-spun alloy with x = 3. Its volume fraction
decreases up to 24% when the gallium content reaches x = 5. At low gallium
concentration (x = 2) only Smy(Fe,Ga);7C and a-Fe are formed. The grain size of
different phases is changed in the range of 20 — 80 nm.

In the melt-spun alloy with x = 3 the coercivity H, is 52 kA/m at room
temperature and becomes 6 times as high at 80 K. The H, reaches its maximum
value after the 800°C annealing and equals to 386 kA/m. It means that H, is
caused by the high magnetocrystalline anisotropy of the easy-axis Sm(Fe,Ga);;C
compound. The H, values decrease in the melt-spun alloys with x =4 and 5 in
accordance with the 1:11 phase content reduction in them.

This work was supported by the RFBR (grant Ne 07-02-00219) and the RAS
Program Ne27
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A-02-05 HUCCJIEJOBAHUE MATHUTOTBEPIbIX 1 MATHUTO-
MSAT'KUX KOMITIO3UTOB Nd-Fe-B/Fe
E.H.TapacoB, A.B.3unun, 51.B.Ilanosa, M.K.lllapun
Hay4Ho-ucciiefoBaTebCKAH HHCTUTYT QU3MKA ¥ MPUKJIATHON MaTeMaTH-
KM Ypaabckoro 'ocynapcreenHoro ynusepcurera um. A.M.I'opskoro,
Poccus, 620083, Exatepunoypr, Jlenuna, 51, Evgeniy.Tarasov@usu.ru

OOMEHHO-CBS3aHHBIE MATHUTHBIE CHCTEMBI SIBISIFOTCS UPE3BBIYAIHO IEpCIIeK-
TUBHBIMH JJISl CO3JaHMS BBICOKO’HEPIe€TUYECKUX IOCTOSHHBIX MArHUTOB JUIs
CaMBIX Pa3HOOOpa3HBIX MPUIOKEeHHH. [IpuMepaMy TOZOOHBIX CHCTEM SBIISIOTCS
AaKTUBHO M3Y4YalOIIMECs B HACTOSIIEE BPEMs COCTaBbl HA OCHOBE KOMIIO3UTOB
SmCo/Fe, Nd-Fe-B/Fe. Ha ocHOBe mocieqHWX, TNPEnnojaraeTcsi MOIydeHHe
MIOCTOSIHHBIX MarHUTOB CIIEAYIOIIETO MOKOJICHNUS, 00IaIatoiX OOIbIIMH 3Ha-
YEHUSMH MAarHUTHBIX [TapaMeTPOB, a TAKXKE YIYYIICHHBIMH TEeMIIEPAaTYPHBIMU U
H3HOCOCTOMKHMU XapaKTEPUCTUKAMH.

B pycne 3TuX IMOMCKOB HaxoJATcd U 3ajadyd, pellaeMble B AaHHON pabote, a
HMEHHO; UCCIEJOBaHHE MATHUTHBIX CBOMCTB KOMITO3HTOB, Pa3HOIO COCTaBa U
IUIOTHOCTH, U3 MarHUTOTBepAbIX nopouikoB Nd-Fe-B, nmony4eHHsix meroauka-
mu, HDDR-nporiecca n ObICTpO# 3aKaliko# cIiiaBa, ¢ MAarHUTOMSATKUME (HaHO-
Fe u kapOOHUIIBHOE )k€J1e30) NOPOIIKAMH.
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A-02-05 RESEARCH OF HARD MAGNETIC AND SOFT MAG-
NETIC OF COMPOS Nd-Fe-B/Fe
E.N.Tarasov, A.V.Zinin, Ya.V.Panova, M.K.Sharin
Scientific research institute of physics and applied mathematics of the Ural
State University the name of Gorki, Russia, 620083, Yekaterinburg, st. Len-
ina, 51, Evgeniy.Tarasov@usu.ru

The exchange-coupled interaction magnetic systems are extremely perspective
for creation of high-energy constant magnets for the diversified appendices.

The examples of the similar systems is an active study of compositions on the
basis of compos SmCo/Fe, Nd-Fe-B/Fe.

On the basis of the last, the receipt of permanent magnets of next generation,
possessing the large values of magnetic parameters, and also improved tempera-
ture and wearproof descriptions is assumed.

In the tideway of these searches there are the problems solved in this work,
namely; research of magnetic properties of composites, various structure and
density, of the hart magnetic powders Nd-Fe-B received by techniques, HDDR-
process and rapid tempering of alloy, with soft magnetic (nano-fe and kar-
bonil'noe iron) powders.
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A-02-06 OCOBEHHOCTU NEPEMATHUYUBAHUSA U CTA-
BUJIBHOCTb MATHUTOB THUIIA (Nd,R),(Fe,M)4(B,C)
AA.JL Km{', AT. I[opMmmHTOBZ, C.b. Myxol, I1.C. Hepenommcosl,
K.JL. Ceprees', C.B. Ceprees'
' 000 «HITK MMC»
Zoryu «Cneumaruut», Poccusi, Mocksa, 127283, /ImutpoB-

cKoe 1L, 58, npkmms@mail.ru

HecMmoTpss Ha 3HAuYMTENBHBIC YCIIEXH B JIOCTIDKCHHH BBICOKMX MATHHUTHBIX
CBOICTB Ha mocTosHHBIX MarHuTax ([IM) tuma Nd-Fe-B, mMHOTHE Bomipock! 1o oco-
OCHHOCTSIM UX MepeMarHIYMBaHUsI OCTAIOTCS 0 KOHIA He sicHbiMU [ 1-3]. Mccnemo-
BAJIOCh  BIMSHME  WCXOAHOTO  MarHWTHOro  cocrosams  [IM  Tmma
(Nd,R),(Fe,M);4(B,C) Ha BenmmurHy HAMarHUYHUBAOIIETO TIOJISL,  TAKXKE pa3MarHu-
YMBAIOIIME YacTH TeTeNb THCTEpe3uca. AHAIM3MPOBAIOCH BIMSHUE XHMCOCTaBa
IIM © TEeXHOJOTHH MX M3TOTOBJICHHS Ha SKCILTyaTallMOHHYIO, B YACTHOCTH, TEPMO-
BpEeMEeHHY!0, cToHKocTs [IM B paboueM uHTepBase Temmeparyp. Ilokazano, uro s
IIM gacTHYHO WITH TOIHOCTHIO Pa3MarHNYCHHBIX MarHATHBIM IIOJIEM HEOOXOIIMO
HaMarHU4YMBarolee 1oje MpUOIM3UTENBHO B IBa pa3a OoJbliiee, 4eM I0cCie TepMU-
YeCKOro pa3MarHnduBaHus. KOHKpeTHBIC 3HaYCHHsI HaMarHMIMBAIOMINX TTOJeH 3a-
BUCAT OT XHMHYECKOT'O COCTaBa, (JOPMBI, TEKCTYyphl M Apyrux mapamerpoB [IM.
Pa3maranamBaronie 4acTy meTeib THCTePe3rca NMEIOT CYIIECTBEHHBIE OCOOCHHO-
CTH, CBSI3aHHBIC CO CITOCOOOM YacTUYHOrO pasMarHuumBanus [IM. B wactHOCTH,
npu pasMaramuuBanuy [IM HarpeBoM B OTCYTCTBHHM BHEITHETO MAarHUTHOTO ITOJIA
HAOITFOIAIOTCSL XapaKTepHbIe MepernObl (Pe3Kuidi POCT HAMATHUYCHOCTH) B MAJIBIX
(100-200 xKA/M) MarHATHBIX TOJISIX, YTO MOYKET MpuBecTH mpu coopke [TM B cucre-
MY K OTKJIOHCHHIO OT 3aJIaHHBIX MapameTpoB. Pazpaboransl [IM ¢ BBICOKOI KBaj-
PaTHOCTBIO IIETIIM THUCTEpPe3nca 3a WCKIFOYEHWEM YYacTKa BOJNM3HM KO3PIUTHBHOI
CHIJIBI TI0 HamarHmdeHHOCTH (;H). D10 mo3BomsieT Ooee TOYHO MPOW3BOMUTH Yac-
TUYHOE Pa3MArHUYMBAHUE JUI BBIPABHUBAHUS YPOBHS MArHUTHOIO Iapamerpa
rpymsl [IM 1o 3amanHOTO 3HaYeHHs. MccaemoBanoch BIUSHAE PA3INIHBIX (aKTo-
POB (XMMCOCTaB, MapaMeTpbl TeXIpollecca, IUIOTHOCTh) HAa 3KCIUTYaTal[UOHHYIO
croiikocts [IM. Iloka3ana BakHas poiib TeMIepaTypHOro BoszaeiicTus {Ha (10-
60)K Bbime Temneparypsl Kiopu} Ha [IM, cBsizaHHas ¢ MHBapHBIM d¢dekTom, Ha
(opMHpOBaHHE W COXPaHEHHE BBICOKOKOAPLIUTHBHOTO cocTosHMs. IIpemmoxkena
METOJIMKA OIEHKH SKCIUTYyaTallMoOHHOM croiikoctr [IM Ha OCHOBE HaHHBIX IO XHM-
COCTaBy, TIETJIe TUCTepe3nca M 3aBUCHMOCTH H. 0T HU3KOTeMmeparypHoi (450-
700K) oOpaboTKu.

1. A. C. Jlunees. 13B. PAH. Cep. ®uznueckas. 71 (2007) 1560.

2. R. Kobayashi et. al. 20 Int. Workshop on RE Magnets and their Appl. Knossos
— Crete. September 8-10 (2008) P. 138.

3. B. A. I'nebos, A. A. JIykua. HaHokprCcTaIITM4ecKue peaKko3eMeIbHbIC MarHu-
ToTBepble MaTepuansl. M. M3n. BHUMHM. (2007) C. 179.
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A-02-06 PECULIARITIES OF REMAGNETIZATION AND STABIL-
ITY OF (Nd,R),(Fe,M)4(B,C) MAGNETS
A.A. Lukin', A.G. Dormidontov?, S.B. Mukho', P.S. Perevoschikov',
K.L. Sergeev’, S.V. Sergeev'
' Ltd. «NPK «Magnets and magnetic systems»
2FGUP “S-magnet”, Russia, 127283, Moscow, Dmitrovskoye sh. 58,

npkmms@mail.ru

In spite of significant success in high properties achievement on Nd-Fe-B
permanent magnets (PM) many issues concerning peculiarities of their remag-
netization are not completely clear today [1-3]. In this paper influence of initial
condition of (Nd,R),(Fe,M),4(B,C) PM on magnetization field as well as on de-
magnetization parts of hysteresis loops was investigated. Influence of PM
chemical composition and technology of their manufacturing on thermal stabil-
ity in time in exploitation temperature interval was also studied. It is shown that
magnetizing field for permanent magnets partly or completely demagnetized by
magnetic field should be approximately two times as much in comparison with
magnets after thermal demagnetization. Specific values of magnetizing fields
depend on chemical composition, shape, texture and other PM parameters. De-
magnetization parts of hysteresis loops have significant peculiarities depending
on method of PM partial demagnetization. For example, demagnetization pf PM
by heating without external magnetic field leads to characteristic curve inflec-
tions (sharp magnetization increasing) in low (100-200 kA/m) magnetic fields
that may result in deflection from required parameters at magnetic system as-
sembling. PM having high squareness of hysteresis loop excluding its part near
coercive force (;H.) were developed. It allows to implement more precise partial
demagnetization for leveling of PM magnetic parameter up to necessary value.
Influence of various factors (chemical composition, technology parameters, den-
sity) on PM thermal stability in exploitation was studied. Important role of tem-
perature influence {in the interval higher than Curie temperature on (10-60)K}
on PM caused by invar effect as well as on formation and preservation of high-
coercive condition was demonstrated. Procedure of PM exploitation resistance
evaluation on the basis of chemical composition, hysteresis loop, and depend-
ence on low-temperature (450-700K) treatment was proposed.

1. A. S. Lileev. Proceedings of the Academy of Sciences. Series Physical. 71
(2007) 1560.

2. R. Kobayashi et. al. 20 Int. Workshop on RE Magnets and their Appl. Knossos
— Crete. September 8-10 (2008). P. 138.

3. V.A. Glebov, A. A. Lukin. Nanocrystal rare-earth hard magnetic materials.
Moscow. Publ. VNIINM (2007) P. 179.
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TEMIIEPATYPHBIE 3ABUCUMOCTHU MAT'HUTHBIX
CBOMCTB HAHOKPUCTAJIJIMYECKUX MATHUTOT-
BEPAbBIX PEJKO3EMEJIBHBIX CIIVTABOB MAPOK
B3MII 1 MQP-B

A-02-07

H.B.Kyz[peBaTblxl, A.C.Boneron‘, A.B.Fneﬁonz, C.B.A}mpeesl,
B.I.Iyumn’, [LE.Mapxun'”, JI.C.He3naxun'
"HUU o1IM YpI'Y, Poccus, 620083, ExarepunOypr, np. Jlennna 51,
Nikolai.Kudrevatykh@usu.ru
20A0 «BHUMHM» umenu A.A.BouBapa, Poccus, 123060, MockBa,
a/sa 369, post@bochvar.ru
‘Mucrutyt pusuxu merasios YpO PAH, Pocens, 620219, Exatepunéypr,
yi.C.KoBaneBckoii, 18, Pushin@imp.uran.ru

Metonmamu »nekTpoHHOH MuKpockonnu (COM m I19M), peHTreHOCTpyK-
TYpPHOTO aHAJIN3a U MPELU3NOHHON MarHUTOMETPUH (BHOPallMOHHBIH MarHUTO-
meTp, CKBUJI-MarHUTOMETp) HCCIEAOBAaHbBI MHUKPOCTPYKTYpa M MarHUTHBIC
THCTEpe-3HCHBIE CBOMCTBA NMPOMBIIUICHHO BBIIYCKa€MBIX MArHUTOTBEPIBIX Ha-
HOKpHCTaIIHueckux craBoB Mapok B3MII u MQP-B, mupoko ncnonszyeMsix
B Ka4eCTBE ITOPOIIKOBEIX HAMOIHHUTENICH B MarHUTOIUIACTaX M MarHUTOAJIacTax,
C IIEeTbI0 OTpENeNICHNs: a) TEeMIIepaTypHOIo Juana3oHa CYIIeCTBOBAHHS B HUX
addexra ycuneHns octarouyHoi HamarHmdeHHocTH (DYOH) Beime Cronep-
Bonbdaprosckoro 3Hauenus ¢,/6,=0,5; 6) TeMnepaTypHOH 3aBHCHMOCTH BEJH-
guHBl KodpruTHBHON cuisl He(T); B) MexaHN3MOB MAarHWTHOTO THCTEpe3nca U
SHEPrHMH MEX3EepPEeHHbIX B3aMMOAEHCTBHUH, oOycnasiuBatommx OYOH. VYcra-
HOBJICHO, YTO C POCTOM TeMmmeparypsl BennarHa DY OH yMmeHbmmaercs B 0fHO-
¢asznpix cmiaBax (MQP-B, B3MII-2) u yBenuunBaetcst B 1yxdas3ubx (B3MII-
3), 4ro coriacyercs ¢ pesysibTaTamu pacderoB mo mozenu  Kneller'a u
Hawing'a [1]. [Toka3ano, gto 3aBucumoctu H(T) kagecTBeHHO coriacyrorcs ¢
TeMIIepaTypHBIM XOJ0M I0JIsl aHU30TPOIHUHU JaHHOTO KJacca MaTepHasioB, UYTO B
COYETaHUH C OCOOEHHOCTSIMU MPOLIECCOB HAMArHWYHMBAHUS CBHUIETEIBCTBYIOT O
MEXaHH3Me UX KOIPUUTHBHOCTU — 3aJIep>KKe BpAIlleHHs BEKTOpa CIOHTAHHON
HaMarHWYeHHOCTH. [ MCTepe3ncHbIe SBICHMS NPH Pa3HBIX TEMIeparypax Ipo-
aHAJIM3UPOBAHBI ITyTeM NocTpoeHuil Xenkens [2]. Bnepsole o0HapyxeHO, UTO
IIPH YBETHYEHUH TEMIIEPaTyphl IPOMCXOINT CABUT KPUBBIX XEHKEINSA B 00JacTh
OTPUIIATENLHBIX 3HAYEHUH JUI1 BCEX HCCIEIOBAHHBIX CIUIABOB, YTO BEPOSTHO
00yCIIOBJICHO YBEIMUYEHHEM BKIIaJa TETUIOBOW YHEPTHU U OCJIabJieHueM O0OMEH-
HOTO BKJIaJa B 0OIINI SHEepreTHUECcKUi OajaHc.

Ilonmy4yeHHBIe HaHHBIE NMO3BOJIOT CAENATh BEIOOP TEMIEpaTypHOrO MHTEpBasia
MPAaKTHIECKOTO NMPUMEHEHNS! MarHUTOIUIACTOB M MAarHWTORJIACTOB HA OCHOBE
HanonHuTene mapok b3MIT u MQP-B.

[1]1 E.F. Kneller, R. Hawing, IEEE Trans. Magn. 27 (1991) 3588

[2] P.E.Kelly et. all., IEEE Trans. Magn. 25 (1989) 3881.
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MAGNETIC PROPERTIES TEMPERETURE DEPEND-
A-02-07 ENCES OF RARE-EARTH NANOCRYSTALLINE HARD
MAGNETIC ALLOYS OF BZMP AND MQP-B BRANDS

N.V.Kudrevatykhl, A.S.Volegovl, A.V.Glebovz, S.V.Andreevl, V.G.Pushin® ,
P.E.Markin'?, D.S.Neznakhin'
'SRI PAM USU, Russia, 620083, Ekaterinburg, Lenin av., 51,
Nikolai.Kudrevatykh@usu.ru
2JSV VNIINM after A.A.Bochvar, Russia, 1230120, Moskow, box 369,
post@bochvar.ru
*Institute of Metal Physics UB RAS, Russia, 620219, Ekaterinburg,
S.Kovalevskaya str. 18, Pushin@imp.uran.ru

Using the electronic microscopy (SEM and TEM), X-rays structure analy-
sis and precise magnetometry (VSM, SQUID — magnetometer) methods the mi-
crostructure and magnetic hysteresis properties of industrially manufactured
hard magnetic rare-earth base alloys of BZMP and MQP-B brands which are
widely applied as fillers for bonded magnets (magnetoplasts and magnetoelasts)
have been studied. The aims of this research were: a) defining the remanence
enhancement effect (REE) temperature interval (where the o,/c¢-ratio is higher
of the Stoner-Wolfart limit =0.5); b) determination of their coercivity tempera-
ture dependences - H.(T); ¢) magnetic hysteresis mechanism as well as the en-
ergy of nano-grains interaction determination which courses the REE.
It was found that with the temperature increase the REE value is lowering for
the single phase alloys (BZMP-2, MQP-B) and increases for two magnetic phase
alloys (BZMP-3). This REE behavior agrees well with the Kneller -Hawing’s
model [1] calculations. It was shown also that H.(T)-dependences have the
same view as the anisotropy field temperature function for Nd,Fe ;4B —phase
which with the connection of the magnetization process peculiarities indicates to
the magnetization rotation block coercivity mechanism. Hysteresis phenomena
at different temperatures have been analyzed using the Henkel’s plots [2]. It
was found for the first time that with the temperature increase the Henkel curves
are shifted to the negative region for all investigated samples which is probably
coursed by the heat energy contribution raise and simultaneous exchange en-
ergy term weakening in the total energy balance for such systems.
Obtained results allow to select the proper temperature range bonded magnets
applications on the base of BZMP and MQP-B fillers.
[1]1 E.F. Kneller, R. Hawing, IEEE Trans. Magn. 27 (1991) 3588
[2] P.E.Kelly et. all., IEEE Trans. Magn. 25 (1989) 3881.
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PECTABPALIUSI KOOPLIUTUBHOM CUJIBI B [TIOPOILI-
A-02-08 KAX M3 CHEYEHHBIX ITOCTOSIHHBIX MATHUTOB Nd-
Fe-B

E.H. Tapacos, A.B. 3unumn, 51.B. [lanosa, M.K. Illapuwn,

C.B. Anapees, O.A. MuasieB
Hay4yHo-ncciienoBaTeJbCKAil HHCTUTYT GU3HKA 1 MPUKJIATHON MaTeMaTH-
KM Ypaabckoro 'ocynapcreenHoro ynuusepcurera um. A.M.I'opskoro,
Poccus, 620083, Exatepunoypr, yia. Jleauna, 51, Evgeniy.Tarasov(@usu.ru

[IpoGiema m3roTOBICHHST MarHuToriacToB Ha ocHoBe Nd-Fe-B, ¢ morenimans-
HO BO3MO)XHBIMHA MarHHTHBIMH CBOWMCTBaMH, IO CHX IIOp HE pEIICHA, MIOCKOIb-
Ky, npu 06BI‘IHOM MU3MEJIBYCHNU CIUIAaBOB WJIM CIICUCHHBIX MAarHuTOB, HE  yJla-
€TCS TONYYUTh HMOPOIIKH C JOCTATOYHO BBICOKOW KOAPIIUTHBHON CHIIOH. DJTa
npo0JieMa perraercst MO0 MyTeM M3MENbUCeHUsT OBICTPO3aKaICHHBIX JICHT, TIPU-
TOTOBJICHHBIX U3 ciuiaBoB Nd-Fe-B, mmbo meTomaMu MeXaHHYeCKOTO CIUTaBo00-
pazoBaHUs. TpeTLI/IM, HaH6onee NEPCHOECKTUBHBIM U TMPUMCEHAECMBIM METOIOM,
sieistercst HDDR o6paboTtka.

I'maBHBIM K€ HEAOCTATKOM BCE€X BbIHNICYKA3aHHBIX BBICOKOKOOPUUTHUBHBIX I10-
POIIKOB SIBJIACTCSI U30TPOITHOCTh UX MarHUTHBIX CBOWCTB.

B TocjaeaAHee BpEMs MOsIBUINCH pa6OTI)I, B KOTOPBIX MPOBOAATCA UCCICAOBAHUA
II0 BOCCTAaHOBJICHUEC KO3pLIPITPIBHOﬁ CHUJIbI B TTOPOINKaX, MOJTYYECHHBIX U3MEIIbYC-
HUEM CIICYCHHBIX MOCTOSIHHBIX MarHuToB U3 ciuiaBoB Nd-Fe-B. Ilepcnekrus-
HOCTb OTOr0 METO/Ja OYE€BU/IHA, TAK KAK OH ITO3BOJIMTH ITOJYy4YaTh aHU30TPOITHBIC
MOPOIIKK W YTHJIU3UPOBATH OTXOIBI MPOHM3BOJACTBA CIICUYCHHBIX MOCTOSHHBIX
marauToB Nd-Fe-B.

B manHO# paboTe mpuBeAEHBI pe3yIbTaThl HCCIICAOBAHUS TTOPOIIKOB, ITONyYCH-
HBIX U3MCJIBUCHUEM CIICYCHHBIX IIOCTOSIHHBIX MAarHuTOB U3 CIIJIABOB Nd-Fe-B.
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A-02-08 RESTORATION OF COERCIVITY FORCE IN POWDERS
FROM SINTERED PERMANENT MAGNETS Nd-Fe-B
E.N.Tarasov, A.V.Zinin, Ya.V.Panova, M.K.Sharin,
S.V.Andreev, O.A.Milyaev
Scientific research institute of physics and applied mathematics of
the Ural State University the name of Gorki, Russia, 620083, Yekaterin-
burg, st. Lenina, 51, Evgeniy.Tarasov@usu.ru

The manufacturing problem bonded on the basis of Nd-Fe-B, ¢ potentially pos-
sible magnetic properties, is not solved till now, at usual crushing of alloys or
sintered magnets, it is not possible to receive powders with enough high of coer-
civity force. This problem can be solved or by crushing melt spun followed the
tapes prepared from alloys Nd-Fe-B, or methods of mechanical formation of al-
loys. The third, most perspective and applied method, processing is HDDR.

The main lack of all above-stated strong coercivities powders is izotropic their
of magnetic properties.

Recently there were works in which researches on restoration of coercivity force
in the powders received by crushing sintered of permanent magnets from alloys
Nd-Fe-B. Perspectivity of this method is obvious, as it to allow to receive ani-
sotropic powders and utilization of wastes of production sintered permanent
magnets Nd-Fe-B.

In the given work results are watched of research of the powders received by
crushing sintered of permanent magnets from alloys Nd-Fe-B are resulted.
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A-02-09C IODEKT BECTEHIOP®A HA MATHUTAX
Pr(Nd)-Dy-Ce-Fe-B

B.IL. Ilucko CKl/lﬁ], P.A. Baneenl, I'.C. Eypxaﬂoaz, Hn.C. Tepeumﬂaz, E.A.
I[aBblI[OBal, M.B. Penm[a3, A.B. ]3y3e1ﬂ<01;1

1Bcepoccrzliic;cm“l HHCTUTYT ABHALMOHHBIX MaTepuaios, Poccus, 105005,
Mocksa, ya. Paamo, 17, vppvpp@rambler.ru

2 HHeTuTyT MeTa/JLUIyprum 1 Mmatepuajioseaenusi um. A.A. baiikosa PAH,

Poccus, 119991, Jlenunckuii np., 49
*0AO0 «PIIKb», Poccus, 140102, r. Pamenckoe, yia. I'ypbeBa, 2

B paboTe ObutH HcCEOBaHBl MarHMTOTBEpAble MaTepHanbl (Pri,,nNd,
Dy,Cen)14(Fe.yCoy)oer.B7  (p=0,08-0,22; x=0,36-0,41; h=0,06-0,19). Cruassl
OBLTH BBITUIABIICHBI B BaKYyMHOU MHIYKIHOHHOHU Iedn B atMocdepe aproHa, a
MarHUTHI U3TOTOBIICHBI 110 OOBIYHON MTOPOIIKOBOH TexHOMOTHH. OOpa3Is! ObUTH
TepMooOpadoransl mo pexxumy 1000°Cx1 wac+Trrx1 gac (mocme Tepmoobpa-
6otk npu 1000°C, oOpa3upl oxJakAanu OO KOMHATHOM TemmepaTypsl; Trg-
Temneparypa TepmoodpadoTkn). Bemmunna kosprmtuBHO#H cuibl (Hep) B 3aBH-
cumoctd oT Trr umeer MunuMyMm npu Trr=700°C, a mocie TepMooOpabOTKU
mpu 1000°C Bo3BpamaeTcss B HCXOJHOE COCTOSHHUE, HE3aBUCUMO OT Trgr (IIpH-
yeMm, 3HaueHue Hcy B Touke MuHnMyma B 2-4 pasza mensbine, yem nocie 1000°C).
Amnanornynoe nosenenne Hep ot Trr HaOmrogaercss B Maraurax cucteMbl SmCos
u u3BecTHO Kak 3ddekr Becrenmopda. 3aBucumocts Hey ot Trr 1 ee BoccTa-
Honenue nocie Trr=1000°C moxet ObITH 00BsIcHEHA Tuddy3neil 6opa MEKIY
3epHAMU OCHOBHOW MarHuTHOH (Ga3el 2-14-1 u Mex3epeHHBIMH (a3aMu
(Pr,Dy,Ce)(Fe,Co)4B, (Pr,Dy,Ce)(Fe,Co);B,, (Pr,Dy,Ce),(Fe,Co);B.

Pabora BeImoTHEHA TIpH TToAIepkke rpanTa PODU Ne 09-03-12103
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A-02-09C EFFECT OF WESTENDORP ON MAGNETS
Pr(Nd)-Dy-Ce-Fe-B
V.P. Piskorskii', R.A. Valeev', G.S. Burchanov?, LS. Tereschina?, E.A.
Davidova', MLV. Repina’, A.V. Buzenkov'
! All-Russian Institute of Aviation Materials, Russia, 105005, Moscow, Ra-
dio, 17, vppvpp@rambler.ru
? Institute of metallurgii and materialovedenia named after A.A. Baikov,

Russia, 119991, Moscow, Leninskii prospect, 49
* OAO «RPKB», Russia, Ramenskoe, Gurieva, 2

Pr(Nd)-Dy-Ce-Fe-Co-B permanent magnets with low temperature coeffi-
cients have been studied. The alloys (Prip«.nNd, DysCey)is(Fei.yCoy)oerB7
(p=0,08-0,22; x=0,36-0,41; h=0,06-0,19) were arc-melted in argon and magnets
were prepared by standard powder metallurgy techniques. For the samples an-
nealed at different temperatures (Trr) for one hour, their coercivity (Hc) has
been measured. As the annealing temperatures are about 700°C, Hc is degraded
abruptly (2-4 times less than H¢ after Ttg=1000°C). This degradation H¢ can be
restored by the heat treatment at Ttg=1000°C. The strong annealing temperature
dependence of Hc; and its reversible variation (after Trr=1000°C) is attributed to
microstructure change (diffusion of boron between the boundary phase 2-14-1
and the intergranular phasis (Pr,Dy,Ce)(Fe,Co)4B, (Pr,Dy,Ce)(Fe,Co);B,,
(Pr,Dy,Ce),(Fe,Co);B and other) as function of the Try.

Pa6ora BeImosHEeHa ipyu nozepkke rpanta PODU Ne 09-03-12103
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A-02-10C CHUHTE3 U CBOMCTBA TOHKHMX CJIOEB Nd — Fe - B

A.K.Boryml, 0.®.Jlemunenxo’, A.M.Tausic’, [.M.MakoBeuxuii’,
K.I/I.Hﬂym]celmq2
'TMpeanpusitue «®EPPUAT», Benapycs, 220072, Munck, IL.Bposku, 19,
info@ferrit.by
ro «HIII HAH Beaapycun», Benapycn, 220072, Munck, I1.bpoBkn, 17,
kazimir@ifttp.bas-net.by

MeTonoM «BCHBILKKW» Ha yCTaHOBKE YBH-71P-2 CUHTE3UpOBaHbI TOHKHE CIOU
Nd-Fe-B. TonmuHbl TIEHOK 3aKt0YeHbl B wHTepBasie S0 nu< d< 1500 um. B
Ka4yeCTBE LIMXTHI MIPHU HAMBUICHUH TUICHOK B3SATHI IOPOIIKH JIBYX COPTOB C pa3-
MepoM 3epHa A2r ~ 0.1 - 0.3 mm: 1 — ncxomrOTO CEIpEs MOP-B', Hcnonb3yeMo-
IO UL CHHTE3a IOCTOSHHBIX MarHuToB Nd,Fe;,B; 2 — MOIy4eHHBIX APOOIICHH-
eM MOCTOsSTHHOTO Marauta Nd,Fe;,B, pou3BoAUMOTO TpeAnpustueMm «Dep-
put». Bo m30exxanue cnunanns KpyHMHHOK IpobieHoro marauta Nd,Fe; B mns
obecrieueHns: paBHOMEPHOM MOJaud Ha TAHTAJOBBI HCMApPUTENh YCTAaHOBKH
YBH-71P-2 oHU NIpelBapUTEIbHO MOJABEPTaINCh OTXKUTY NIPHU ~700"C. Hamar-
HUYHMBAHHUE C OpUEHTAIMel BEKTOpa MAarHUTHOTO MOMEHTA B TUIOCKOCTHU IIIEHKH
OCYILECTBIICHO MPHU KOMHATHOW TeMIepaType B UMITYJIbCHOM MarHUTHOM TIOJIE.
Cnou Nd — Fe — B Ha ONTHYECKOM CTEKJIe MPO3pauHbl IpHu ToimuHax d < 120
Hm. VI3yueHne onTHYecKHuX CIeKTpoB Ha cuekrpomerpe Cary-500 Scan B auama-
30He uuH BoyH 200 — 3000 Hm TOKa3ajo, 4To MPH TONIIHHE cIoeB d ~ 100 Hm
KO3 GUITMEHT TPOIYCKaHUsI UMeeT BeNnIuHy 1~15%. AHan3 peHTreHOTpaMM
OTHOCHUTENBHO «TOJICTBIX» IIEHOK (~/000 Hm) CBUIETENbCTBYIOT O MPUCYTCT-
BHHU B IUIEHKaX CBOOOTHOTO jkene3a. IIpm Takwx TONIIMHAX HA PEHTTEHOTpaM-
Max y)Xe HaOJIONaIoTcs pa3MBIThIE pe(IeKCHl THIIA «Tajio», KOTOPHIE OXBATHI-
BalOT MHTEPBAJIBI YIJIOB B HECKOJBKO PEQIIEKCOB, CBOMCTBECHHBIX OOBEMHBIM
obpasuam. C yMeHBIIICHHEM TONIIHUHEI CI0eB (d~100 Hm) pEeHTITEHOTPaMMBI CO-
JIep>KaT TOJBKO HEOONBIOE KOJTMYECTBO MUKOB B BUJE «Tajl0)» BMECTO MHOXeE-
CTBa YETKHX IU(PPaKIUOHHBIX Pe(IEKCOB TETparoHANFHOH CTPYKTYPHI IPO-
CTPaHCTBEHHOW Tpynmsl P4,/mnm, XapakTepHBIX At nopomkoB Nd.Fe;,B.
W3ydeHne TeMnepaTypHbIX 3aBUCUMOCTEN yI€IbHON HAMarHW4eHHOCTH IJIEHOK
Nd — Fe — B Ha ONITHYECKOM CTeKJIe B nHTepBaie Temmeparyp 80 < T < 800 rpa-
nycoB KenbBHHA TOHAEPOMOTOPHBEIM MeToAOM [l] mokasano, 9TO BENHYHMHEI
HAMarHWYEeHHOCTH CJIOEB TOJMMMHON d > 1000 HM COMOCTaBUMBI C TaKOBBIMU
JUTS TIOPOIITKOBBIX 00pa31ioB. [loieBble 3aBUCHMOCTH yIeNbHOW HaMarHMYeHHO-
ctH WieHoK Nd — Fee — B nipu temriepatypax 6 u 288 K B MarHUTHOM TIOJIE C MH-
nykuuent +/4 Tecna u3yueHsl Ha ycTraHoBke Cryogenic.

1. SnymkeBny K.M. Meronuka BBIOJHEHUS] U3MEPEHUH HAMArHUYEHHOCTH U
MarHUuTHOW BOCIPUUMYHMBOCTH. CHcTeMa oOecreueHHs] €IWHCTBA HM3MEpPEHHi
Pecy6mmxu Berapycs. MBU. MH 3128-2009, Benl UM, Musck, 2009.- 19c.
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K.L.Yanushkevich®
'RUE «Ferrit», P.Brovki str. 19, 220072, Minsk, Belarus, info@ferrit.by
2SSPA ""MSC of the NASB", P. Brovka Str. 19, 220072 Minsk, Belarus,
kazimir@ifttp.bas-net.b

By the flash method on the UVN -71R-2 apparatus Nd-Fe-B thin layers are syn-
thesized. The films thicknesses are concluded in the 50 nm < d < 1500 nm inter-
val. As the charge during films spraying are undertaken the two types powders
with the grain size of A2r ~ 0.1 - 0.3 mm: 1- source material MOP-B", utilized
for the permanent magnets Nd,Fe;,B synthesis; 2 - obtained by the produced by
“Ferrite” enterprise permanent magnet Nd,Fe,,B splitting. To avoid the adhesion
of the crushed Nd,Fe;,B magnet grains for guaranteeing the uniform supply to
the tantalum vaporizer of UVN-71R-2 apparatus they were preliminarily sub-
jected annealing with ~ 700’C. Magnetization with the orientation of the mag-
netic moment vector in the film plane is realized at room temperature in the
pulse magnetic field. The Nd-Fe-B layers on the optical glass are transparent
with the thicknesses of d < 7120 nm. The optical spectra study on the spectrome-
ter Cary-500 Scan in the 200 - 3000 nm wavelengths range showed that with the
layer thickness of d ~ 100 nm the transmission coefficient has a value 7 ~ 15%.
The X-ray patterns analysis of relatively “thick” films (~/000 nm) they testify
about the free iron presence in the films. With such thicknesses in the X-ray pat-
terns has already been observed the washed away reflexes of the type “halo”,
which cover the angles intervals into several reflexes, characteristic for bulk
samples. With the layer thickness decreasing (d ~ 100 nm) the X-ray patterns
contain only small quantity of peaks in the form of “halo” instead of many clear
diffraction reflexes of the tetragonal structure of P4,/mnm space group, charac-
teristic for the Nd,Fe;,B powders. The specific magnetization temperature de-
pendences study of the Nd-Fe-B films on the optical glass in the temperature
range of 80 < T < 800 degrees of Calvin by ponderomotive method [1] showed
that the magnetization values of the layers with a thickness of d > 1000 nm were
compared with the same for the powder samples. The specific magnetization
field dependences of Nd-Fe-B films at 6 and 288 K temperatures in the magnetic
field with the induction of £14 of Tesla are studied on the “Cryogenic” appara-
tus.

1. Yanushkevich K.I. Procedure of the magnetization and magnetic susceptibil-

ity measurements carrying out. System of the guarantee of measurements unity
of Republic of Belarus. MVI.MN.3128-2009, BelGIM, Minsk, 2009. — 19 p.
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A-03-01 CTPYKTYPHBIE ITPEBPAIIIEHUSA U MATHUTHBIE
CBONCTBA CILTABOB THIIA X30K15M3T

B.C. llly6akos, JA.I'. ’Kykos
T'ocynapcrBeHHbBIN TeXHOJOrH4YecKkuii yHuBepcuTeT «VMOCKOBCKHH MHCTH-
TYT CTAJM U cI1aBoB», Poccus, 119049, MockBa, Jlenunckuii np., 1.4,
dgzhukov@gmail.com

MaranTHBIMH, METAJUIOrPa(UUIECKIMI U PEHTTEHOBCKUMHU METOJaMU HC-
CJIE/IOBaHBI CTPYKTYpPHBIE MPEBpaIleHHs] 0JHO(PA3HOr0 0. — TBEPIOrO pacTBopa
nocsie Boiepkkn | gac B mHTepBane Temmepatyp 1300-500°C. PesymbraTh! nc-
CJIC/IOBAaHMH TIPE/ICTaBIICHBI B TAaOIHIIE.

Tabmuna

0<1>a301351ﬁ cocraB crutasa X 30K15M3T B untepsane temmneparyp 1300-
500°C.

Temnepatypa, | 1300- | 1100 | 1050- | 950- | 700 650 600-
’c 1150 1000 | 750 500
®dazoBblif  co- | O oty |oatyto | oto | atytoty | oytogtoytyty | ogton
CTaB CIUIaBa

HawnGonee BbICOKHIT ypOBEHh MarHUTHBIX cBoWcTB: H=85kA/M, B=1,05T,

3 o

(BH)\axe=35,3x/I5x/M° Ha CIUlaBe JOCTHUIAETCs, KOTJAa BBICOKOKO3PIIMTHUBHBII

pacrnaji pa3BUBaeTCs 110 CXeMe 0— 0l Tq+o,—0litay, U B XOJIE €r0 COXPaHAIOTCs
CTepIKHEBBIC 00pa30BaHUs o) U 0, (as.
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A-03-01 STRUCTURAL TRANSFORMATIONS AND MAGNETIC
PROPERTIES OF Fe-30Co-15Cr-3Mo-1Ti ALLOY
V.S. Shubakov, D.G. Zhukov
State Technological University ""Moscow Institute of Steel and Alloys",
Russia, 119049, Moscow, Leninskiy pr. 4, perminas@mail.ru

Magnetic, metallography and x-ray methods structural transformations sin-
gle-phase o — a firm solution after endurance in the range of temperatures 1300-
500°C are investigated 1 hour. Results of researches are presented in the table.

Table. Phase structure of alloy Fe-30Co-15Cr-3Mo-1Ti in the range of
temperatures 1300-500°C.

Temperature, | 1300- | 1100 | 1050- | 950- | 700 650 600-
°c 1150 1000 | 750 500
Phase struc- | o oty |otyto |ot+o | atytoty | ooyt ty+y | ogton
ture

The highest level of magnetic properties: Hc=85kA/m, Br=1,05T,
(BH)max=35,3kJ/m’ on an alloy it is reached, when BrIcCOKOKOIpIHTHBHEI dis-
integration develops under the scheme a—o,+oyta,—a,+a,, and during it rod
formations of a; and a, phases remain.
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PEHTTEHOCTPYKTYPHOE, QJIEKTPOHHOMUKPO-
A-03-02 CKOIIMYECKOE U MECCBAYJPOBCKOE UCCJIEJO-
BAHHME CTPYKTYPbI CIIJIABOB Fe,NiAl

B.I1. MenymenkoB, T.A. CBupungona, E.B. Illenexos, A.O. Poaun
TI'ocynapcrBeHHbIii TeXHOJOrHYecKHii yHUBepcuTeT «MOCKOBCKHIA HHCTH-
TYT CTAJIM U CIUIaBOBY», Poccus, 119049, MockBa, Jlenunckuii np., 1.4,
menushenkov(@gmail.com

CrutaBbl Fe,NiAl 1aBHO M3BECTHBI KaK MarHUTOTBEP/bIC MAaTEPHAIIBI C BBI-
cokoit ko3punTuBHOH cuioit (H, = 700 3). Kpucranamueckas cTpyKTypa U mMar-
HUTHBIE CBOMCTBa cruiaBa Fes; NiyssAly 7Si; mocne 3akanku ot 1200°C (N1)
WA OXJTAXIEHHUS C KPUTHUECKOH CKOpocThio (N2) M mocie JOMOTHUTEIFHOTO
omkura mpu 780°C 10 min (N3) ObUIM MCCIENOBAHBI METOAAMH SJIEKTPOHHOM
CKaHHPYIOIIEH W TIPOCBEYMBAIOIICH MHKPOCKONHH, PEHTTEHOCTPYKTYPHOTO
aHannu3a, MeccOayIPOBCKOH CIIEKTPOCKONMHMH M MarHUTHBIX M3MEpeHMi. Dek-
TPOHHOMHKPOCKOIIMYECKHE HCCIIEOBAHUS BBIIBIIIN T€TEPOr€HHYIO CTPYKTYpY,
COCTOSIIIYI0 W3 HAHOYACTHUIl BHYTPH MaTpu4yHOH (azel. MeccOayspoBckue wc-
CleZIOBaHMUA TP KOMHATHON TeMIlepaType yKa3blBalOT Ha COCYIECTBOBaHUE
(eppOMarHUTHOW M MapaMarHUTHOH (a3 IMocie BCEX THUIIOB TEPMOOOPabOTOK.
Jlomst skene3HbIX aTOMOB B ITapaMarHuTHOI! ¢a3ze coctasisuia 8.5, 14 and 19.5%
s obpasoB N1, N2 and N3, coorBercTBeHHO. Pacmpenenenune moneil cBepx-
TOHKOTO B3aMMOAEHCTBUS /ISl PepPOMArHUTHON KOMIIOHEHTHI CBHIETEIILCTBYET
0 pasyHopsIOYCHHOW KPUCTAIUIMIECKON CTPYKType BO BceX obOpasmax. Pentre-
HOCTPYKTYpHBIN aHanu3 o6pasia, 3akaieHHoro B Boge ot 1200°C (kodpuuTus-
Has cmna H < 4 Oe) ykaspIBaeT Ha COCyIIecTBOBaHHE (a3bl co CTpYKTypoi B2
(mapametp a = 0,2877 nm) U CHIBHO Pa3yMOPIIOYCHHON (ha3bl CO CTPYKTYpPOit
L2, (Cu,MnAl-type) ¢ BenmnunHO# mapamerpa a ~ 2x0,2874 nm. [Tocne oxmax-
JEHUs ¢ KpUTHIECKo! ckopocthbio (V = 2°/c) Habmroancs poctT KOIPUUTHBHON
cwiel 10 He = 650 D mpu 0JHOBPEMEHHOM YCHIICHHH CBEPXCTPYKTYPHBIX ped-
nekcoB L2, T.e. paza co cTpykrypoit L2, crana 6omee ynopsmodenHoit. Kpat-
koBpeMeHHbIH oTxur npu 780 °C 10 muH cHu3UI H, BBEICOKOKO3PIIUTUBHOTO
obpazua 1o 320 D. OgHOBpPEMEHHO WHTEHCHBHOCTH CBEPXCTPYKTYPHBIX ped-
JiekcoB oT L2 ¢a3bl cTana 3aMeTHO HIDKE, IO CPAaBHEHHUIO ¢ 00pa3iom N2.
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A-03-02 X-RAY, TEM AND MOSSBAUER STUDIES
OF Fe,;NiAl ALLOY
V.P. Menushenkov, T.A. Sviridova, A.O. Rodin
State Technological University '""Moscow Institute of Steel and Alloys",
Russia, 119049, Moscow, Leninskiy pr. 4, menushenkov@gmail.com

The Fe,NiAl based alloys are well known as hard magnetic materials with
high coercive force (H. = 700 Oe). The crystal structure and magnetic properties
of Fes; |Nips sAly;Si; alloy after quenching at 1200°C (N1) or cooling with the
critical rate (N2) and after subsequent aging at 780°C for 10 min (N3) were in-
vestigated by scanning (SEM) and transmission (TEM) electron microscopy, X-
ray diffraction, Mossbauer effect and magnetostatic methods. TEM investigation
demonstrated heterogeneous microstructure consisted of nanoparticles inside
matrix. The room temperature Mdssbauer study showed the coexistence of fer-
romagnetic and paramagnetic phases in all heat-treated samples. The fraction of
iron atoms in paramagneric phase was equal to 8.5, 14 and 19.5% in the samples
N1, N2 and N3, respectively. The hyperfine field distribution of the ferromag-
netic compounds indicated atomic disorder of the crystal structure in all sam-
ples. X-ray structural analysis after quenching in water at 1200°C (coercive
force H, < 4 Oe) showed the coexistence of B2 phase (lattice parameter a =
0,2877 nm) and strongly disordered L2, (Cu,MnAl-type) phase with lattice pa-
rameter a ~ 2x0,2874 nm. After cooling with the critical rate (V = 2°/c) the co-
ercive force grew up to H, = 650 Oe along with the increase of L2, superstruc-
ture reflections intensity, i.e. the L2, phase became much more ordered. Short
aging at 780 °C for 10 min reduced H. of high-coercivity sample to 320 Oe. At
the same time the intensity of superstructure reflections of L2, phase got no-
ticeably lower in comparison with sample N2.
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OCOBEHHOCTH ®OPMHUPOBAHMSA BBICOKOKODP-
HUTUBHOI'O COCTOSIHUSA B HAHOKPUCTAJIJIMYE-
CKHUX CILNTABAX JUISA HIOCTOSIHHBIX MATHUTOB HA
OCHOBE Fe-Cr-Co-Mo

A-03-03

Manununa P.U., Ymakosa O.A, Ilonxes U.E., ®pagkun C.B.
T'ocynapcTBeHHbIii TeXHOJOTHYeCKHii YyHUBepcUTeT «MOCKOBCKHA HHCTH-
TYT CTAJIM M CIUIaBOBY», Poccus, 119049, Mocksa, Jlenunckuii np., 1.4,
taksatilda@yandex.ru

B crutaBax juis moctossHHBIX MarHUTOB Ha ocHOBe Fe-Cr-Co mporiecc dop-
MHPOBaHHUS BBICOKOKOIPIUTHBHOTO COCTOSIHUS CBSI3aH C PacmagoM O-TBEPIOTO
pacTtBopa Ha aBe uzoMopdHsie $hasel B xone TMO u crapeHus.

Jns monmydeHns MaTepHaia ¢ BBICOKMM YPOBHEM MAarHHTHBIX CBOWCTB B
pe3yibTaTe pacnana o-¢ha3sl HEOOXOAUMO BEIITOTHEHNE CICTYIONINX YCIOBHA:

1.®eppoMarHUTHBIE YaCTHIBI Ol JOJDKHBI HUMETh (POPMY SIUIUTICOMIA C
otHOmIeHHeM oceit 10:1, OBITh OJJHOJOMEHHBIMUA W U30JIMPOBAHHBIMU OJTHA OT
JpYroit mpocinoiKkoii ciaboMarHUTHOH (asbl Oy}

2.YacTuIisl o) TOJDKHBI OBITh OPUEHTUPOBAHBI JITUHHBIMU OCSIMH B OJTHOM
HaIpaBIICHUH;

3.Pa3Huiia B BenmMUMHE HAMAarHUYEHHOCTEH HACHIIICHUS, a, 3HAYUT, U B
cocTaBax (a3 o) U 0y, JOJDKHA OBITh BEJIHKA.

[IpoBeneHHbIe paHee WCCIENOBAHUS MOKA3aJId, YTO MarHUTHBIE CBOMCTBA
cruaBoB Ha ocHoBe Fe-Cr-Co-Mo uyBcTBUTENBHBI K ycnoBusM TMO u crape-
HUSL.

B nmanHo# pabote m3ydanu mporecce GOpMUPOBAHUS BHICOKOKOIPLUTHBHO-
IO COCTOSIHHS B XOJIOJHOKATaHBIX cIIaBax, coaepxkammux ot 28 mo 30%Cr, 12-
15%Co, 2-5%Mo, 0.2%T1, octansHoe - Fe.

[Tonpo6HO HccnenoBaHO M3MEHEHHE MarHUTHBIX CBOMCTB B xone TMO B
moje

3 kD mpu TeMmeparypax 625-650°C u CTapeHus, MPOBOJIUMOI0 B UHTEpPBa-
e 605-540°C. TIpoBeneHHOE COMOCTABICHIE THCTEPE3NUCHBIX CBOIMCTB HAa KaX-
JIOM 3Tarie 00pabOTKH ITO3BOJIMIIO BBICKA3aTh MPEIION0KEHHE O (POPMUPOBAHUU
CTPYKTYpHI 1 U3MEHEHHH cOcTaBa (a3-IpoayKTOB pacmaja.

BbINONHEH TEOPETUYECKUI pacyeT BEIUYMHBl KO3PLUUTHBHOU CHJBI M Ha-
MarHH4eHHOCTH HACHIIEHUS.

Hansl pekoMenaauuu no pexkxumaM TMO u crapeHus, NO3BOJSIOUIUM I10-
Jy4UTh 0O0Jiee BHICOKHI yPOBEHb I'MCTEPE3UCHBIX CBOMCTB MO CPaBHEHUIO C HC-
MTOJIb30BaHUEM TPAJAUIIOHHOMN CXeMBI 00PaOOTKH.
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SPECIFICITIES OF HIGH COERCIVE STATE FORMA-
A-03-03 TION IN NANOCRYSTALLINE ALLOYS FOR PERMA-
NENT MAGNETS Fe-Cr-Co-Mo

R.l. Malinina, O.A. Ushakova, I. Polev, S. Fradkin
State Technological University "Moscow Institute of Steel and Al-
loys", Russia, 119049, Moscow, Leninskiy pr. 4,
taksatilda@yandex.ru

The process of high coercive state formation in alloys for permanent mag-
nets on the base of Fe-Cr-Co is connected with decay of a-solid solution during
TMT and magnetic hardening.

It’s necessary to carry out following conditions to have a material with
high level of magnetic properties as a result of a.-phase decay:

1. a; ferromagnetic particles should have the ellipsoid form with the ratio
of axes 10:1; to be one-domain and isolated one from other layer of a low-
magnetic phase o;

2. o, particles should be elongated in one direction;

3. Difference in Iy and therefore in composition of o; and o, phases shoud
be considerable.

Researches carried out before have shown that magnetic properties of al-
loys on the base of Fe-Cr-Co-Mo are sensitive to conditions of TMT and mag-
netic hardening. In the present work formation of high coercive state in cold-
rolled alloys containing from 28 to 30%Cr, 12-15%Co, 2-5%Mo, 0.2%Ti and Fe
were studied.

Changes of magnetic properties during the TMT in the field 3kOe at tem-
peratures 625-650°C and the step annealig in an interval 605-540°C were inves-
tigated in every details.

The comparison of histeresis properties at each stage of processing makes it
possible to express authors opinion about formation of structure and changes of
phases composition.

Theoretical estimate of H, and I, was carried out.

Recommendations about TMT and magnetic hardening conditions for
higher level of histeresis properties in comparison with traditional scheme of
processing were given.
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A-03-04 HOJYYEHUE MATEPHUAJIOB JJIS1 IOCTOSHHBIX
MATHUTOB HA OCHOBE HAHOIIOPOLIKOB
C.B.Muxaitaun
OAOQO «lleHTpaNbHBIN HAYYHO-HCCIEJ0BATENbCKHI TEXHOJIOTHYeCKH
uHCTUTYT K TEXHOMAII», Poccusi, 121108, MockBa,
yi. UBana ®panko, 4, cniti-sm@yandex.ru

Ob6mienpu3Hano, uTto 21 BeK — BeK NPUMEHEHHS HAHOTEXHOJIOTHH B
IpOMBINIIEHHOCTH. OHAKO TJaBHas poyib B 3()(EKTUBHOCTH IPUMEHEHHMS
HAHOTEXHOJIOTHH OTBOIUTCS (DYHKIIMOHAIBHBIM MaTepHanaM U U3/IeNUsIM Ha
nx ocHoBe. Ocobast poib B COBEPUICHCTBOBAHWU (DYHKIMOHAIBHBIX MaTe-
pHAaIOB OTBOJAUTCS MarHUTHBIM HaHOMaTepHaaaM. MarHuTHele MaTepHabl B
21 Beke OyIyT ONpenensaTh pa3BUTHE NMPHOOPOB HHPOPMAIMOHHON TEXHUKH,
3JIEKTPOHHOTO NPHOOPOCTPOCHMS, SIHEProcOeperaomnx TeXHOJIOT Ui, pa3By-
THE 3KOJIOTUYECKH YUCTHIX BHJIOB TPAHCIIOPTA, a TAK)Ke HOBEHIITNX MPHOOPOB
OBITOBOM TEXHUKH.

JlanbHelmuii nporpecc B COBEPIICHCTBOBAHUY MATHUTHBIX MATEPHUAIIOB
JIOJDKEeH 0a3MpoBaTHCS HAa HOBEHIIMX MCCIEJOBaHUAX B OONACTH TONYdIEHHS
MaTepHajaoB Ha OCHOBE HAHOTEXHOJIOTHH.

Hawnbonee mepcneKTHBHBIMY, C HaIllell TOUYKH 3peHMs, MaTepUaIaMHy IS
MIPOU3BOJCTBA MOCTOSHHBIX MAarHUTOB SIBJISIOTCS KOMIIO3UIIMOHHBIE MaTe-
pHanbl, NOJTyYeHHbIE Ha OCHOBE (PEpPOMArHUTHOTO HAIIOJIHUTENS W IOJIH-
MEpPHON MaTPHIBL

OCHOBHOH TPYAHOCTBIO B CO3JaHUU JAHHOTO KJ1acca MaTe€pUanoB SBIs-
eTcs mpobieMa IMory4eHns] HAaHOTIOPOIIIKa MAarHUTHOTO HATIOTHUTEIIS.

Komno3snunoHHsle HAHOOMOPOIIKOBBIE MAarHUTHI MOJY4Yar0T Ha OCHOBE
BBICOKOJIMCIIEPCHBIX TTOPOIIKOB XKeJle3a WIIH XKelle30-Ko0anbT ¢ HeMarHUTHOM
MOJIMMEPHOH cBsI3KOi [1].

OCHOBHBIMH IIPUYMHAMHU, MPENATCTBYIOIUMHI ITHPOKOMY IMPUMEHCHHIO
MIOCTOSIHHBIX MAarHUTOB Ha OCHOBE HAHOMOPOIIKOB (peppOMarHeTHKOB, SBIIS-
IOTCSl TPYAHOCTH MO CO3JaHMIO TEXHOJIOTUH NMPOU3BOJICTBA MAaTEPUANIOB IS
MTOCTOSIHHBIX MAarHUTOB C IOBBIMICHHBIMH CBOWCTBAMH W CO3JaHHE IIPO-
MBIIIIEHHOM TEXHOJIOTUU UX NMPOU3BOJCTBA.

[1] Poccwmiickmii maTeHT Nel769625A1, k. HO1F/06. (1993)
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A-03-04 RECEPTION OF MATERIALS FOR PERMANENT MAG-
NETS ON THE BASIS OF NANO - SIZE POWDERS
S.V. Mihajlin
Open Join-Stock Company "Central Scoentific Research Institute of Tech-
nology' Technomash *, Russia, 121108, Moscow, 4, Ivan Franko's street,
cniti-sm@yandex.ru

It is conventional, that 21 centuries - a century of application nanotechnol-
ogy in the industry. However the leading role in efficiency of application
nanotechnology is taken away to functional materials and products on their ba-
sis. The special role in perfection of functional materials is taken away magnetic
on the basis of nano-sized powders. Magnetic materials in 21 century will define
development of the devices of technical information, the electronic devices, the
energy saver technologies, the development of ecologically pure types of trans-
port and also the newer devices of home appliances.

The further progress in perfection of magnetic materials should be based on
the newest researches in the field of reception of materials on a basis nanotech-
nology.

The most perspective, from our point of view, materials for manufacture of
constant magnets are the composite materials received on the basis of ferromag-
netic filler and a polymeric matrix.

The composite nano — size powder magnets receive on a basic nano — size
powders of iron or ferrous-cobalt with not magnetic polymeric sheaf [1].

The literature

[1] The Russian patent Ne1769625A1. HO1F/06. (1993).
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MNOJIYYEHUE U UCCJIEJOBAHUE AHU3OTPOITHBIX
A-03-05  IMOPOLIKOB CTPOHIIMEBOI'O ®EPPUTA C HAHOK-
PUCTAJVIMYECKOM CTPYKTYPOMN

C.B. KetoB, B.Il.MenymenkoB, F0./1. fironkun
TI'ocynapcrBeHHblIii TeXHOJOrHYecKHii yHUBepcuTeT «MOCKOBCKHIA HHCTH-
TYT CTAJIM M CIUIaBOBY», Poccus, 119049, MockBa, Jlenunckuii np., 1.4,
Ketov.Sergey@gmail.com

MeTonamMu PEHTTEHOCTPYKTYPHOTO aHalli3a, BBICOKOpA3pelIalolei pac-
TPOBOH 3JEKTPOHHON MHKPOCKOIHH, a TaKKe IOCPEICTBOM H3MEPEHHS Mar-
HUTHBIX CBOIMCTB Ha BUOpOMAarHeToMeTpe Ipu KOMHATHOW TeMmeparype IpoBe-
JICHBI HCCIIE0BaHMs (ha30BOTO COCTaBa, pa3Mepa HAHOKPUCTAIINTOB, BETNIHHBI
MHKpoehOopMaIuy pemeTk (a3 1 BBHINONHEH aHATIHW3 BIHMSHUS CTPYKTYPHBIX
XapaKTePUCTUK Ha MarHUTHBIE CBOMCTBa mopormka SrFe;,O,9 mocie n3menpue-
HUS ¥ IOCJIETYIOMNX OT)KUTOB.

IloxazaHo, 4YTO W3MeNbUEHHE KPYNMHOKPHCTALIMYECKOTO  IOPOIIKa
SrFe ;0,9 B MenbHuLe CAH/I-1 no3BoasSeT NOMYYUTh B KPUCTAUNIMYECKOM CO-
CTOSIHHM IOPOIIOK CTPOHIIMEBOro rekcadepputa ¢ pazmepom vactury d ~ 0,1-1
MKM, XapaKTepu3yIOMuiics MalbIMH pa3MepaMu o0JiacTeil KOTepeHTHOTrO pac-
CestHMS U BBICOKUM ypOBHeM MuKpozedopmanuu pemeTku. [Ipu 3ToM BhIsSBIE-
HO, 9TO M3MEJBYCHHBIA MMOPOIIOK CKIOHEH K TEKCTYPOBAHHIO MPH HAIOKCHHU
BHEIIHEr0 MarHuTHOro moiisi. OZHAKO TaKoil IMOPOIIOK MMEET HEBHICOKYIO KO-
spuutuBHYO cuiy (poHe = 0,15 Ta).

BeIicokoTemmiepaTypHbIi  OTXKHMI HM3MEJIBUYCHHOTO IOPOLIKAa NPHUBOIHUT K
YBEJIMYEHHUIO KOPIUTHBHON crutel 110 0,42 - 0,45 Tn, uto oOycnoBneHo ¢opmu-
pOBaHNEM HAHOKPHCTAJUIMYECKOH CTPYKTYpHI C HU3KHM YPOBHEM MHKpoaehop-
MaIiy pemeTKd. Takas CTpyKTypa oOpa3yercs 3a C4eT peKpHCTaJUIN3AINH Je-
(OpMHPOBAaHHBIX TIPH H3MeNnb4eHUH KpucTamummToB SrFe;;0y9. IlomxydenHsie
IpU Takoi 0OpaboTKe MOPOIIKH HE CKIOHHBI K TEKCTYPOBaHMIO B MarHUTHOM
noie u3-3a GOPMHUPOBAHUS B YACTHIAX IOPOIIKA XaOTHIECKH OPHEHTHPOBAH-
HBIX HAaHOKPHUCTAJUIUTOB TeKcadeppuTa CTpOHLUS.

IIpennmoxen crmoco0d MoMy4YeHNsT aHU30TPOIHBIX MOPOIIKOB CTPOHIIUEBOTO
(depputa ¢  HAHOKPUCTAUNIMYECKOW  CTpyKTypoi.  JlaHHBIH  cmoco0
MpeayCMaTpUBaeT  CTYNEHYaThli  OTKUT  H3MENBYEHHOTO  IOPOINKA,
HHU3KOTEMIEpaTypHas CTYNeHb KOTOPOT'O MPOBOIUTCS B MarHUTHOM Ione. B
pe3yapTaTe OBIT TONYyYeH HAHOKPHUCTAJUTMYECKHH ITOPOMIOK Tekcadeppura
cTpoHIMs ¢ KoapuuTuBHOM cuinoit 0,40 - 0,42 Ti, mpuyeM YacTUIBl MOPOIIKA
CKJIOHHBI K TEKCTYpOBAaHHIO B MAarHMTHOM IIOJIe, YTO II0O3BOJIWJIO 3aMETHO
YBEIHYIHUTh OCTATOYHYIO MHIYKIMIO (B 1,4 pa3a) u MarHuTHOE NMpOHU3BEICHHE (B
2,1 pa3) o CpaBHEHHUIO C UCXOIHBIM ITOPOLIKOM.
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FORMATION AND INVESTIGATION OF STRONTIUM
A-03-05 FERRITE ANISOTROPIC POWDER WITH NANOCRYS-
TALLINE STRUCTURE

S.V.Ketov, V.P.Menushenkov, Yu.D.Yagodkin
State Technological University '""Moscow Institute of Steel and Alloys",
Russia, 119049, Moscow, Leninskiy pr. 4, Ketov.Sergey@gmail.com

Investigations of phase composition, nanocrystallite size, lattice microstrain
and particles morphology in SrFe;,0,9 powder after milling and following an-
nealing was carried out by X-ray diffraction analysis and high resolution scan-
ning electron microscopy The powder magnetic properties were measured in a
vibrating sample magnetometer at room temperature. The influence of structural
characteristics on the magnetic properties of the powder was analyzed.

The investigations showed that milling in SAND-1 mill led to formation of
powder particles with size of d ~ 0,1-1 um, which were characterized by high
lattice microstrains. The milled powder had a low coercive force poHg~ 0,15 T.

The high temperature annealing of the preliminarily milled powder resulted
in increase of the powder coercive force ([oH;) up to 0.4 T due to formation of
nanocrystalline structure (D ~ 10? nm) with low microstrains in the SrFe;;O9
lattice. The same structure was formed as a result of recrystallization of distorted
SrFe;,0,9 crystallites. However, the annealed powder is not textured in magnetic
field because of chaotic orientation of the nanocrystallites in a powder particle.

The processing technique was suggested which included low temperature
annealing in the presence of magnetic field. It allowed to produce anisotropic
powder of a strontium ferrite with nanocrystalline structure that provided the
high coercive force of the powder (of about 0.4 T) and the possibility of powder
texturing in magnetic field. The latter permitted to increase both the powder re-
manence (by a factor of 1,4) and the energy product (by a factor of 2,1) in com-
parison with isotropic SrFe;,0;9 powder.
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HOJYYEHUE U UCCIEJOBAHHUE HAHOKPUCTAJI-
A-03-06 JMYECKHUX MATHUTOTBEP/BIX CIIJTABOB HA OC-
HOBE Fe;0,

E.C. LllaHapoBckas, T.B. AatnoBa, 0.0.ArogkuH
TI'ocynapcrBeHHbIii TeXHOJOrHYecCKHii yHUBepcuTeT «MOCKOBCKHIA MHCTH-
TYT CTAJIM U CILIaBOBY», Poccus, 119049, MockBa, Jlenunckuii np., 1.4,
katy br ha@mail.ru

W3BecTHO, YTO HAHOKPHCTAJUIMISCKUE MATHUTOTBEPABIC CILIABBI CHCTEMBI

Fe-O, comepxxamue kpuctammutel Fe;O4 u a-Fe MoryTr ObITH moirydeHbI
MEXaHOXHMHUYECKOU 00pabOTKON B BRICOKOIHEPTETUIECKON IIAPOBOM MEITbHHIIC
cMmecu nopomkoB Fe u Fe,O; u mocneayrommm omxurom. OHAKO copepikaHue
Fe;0, B aTHX crutaBax orpanndeno 80 06. %. B Toxke BpeMs U3BeCTHO, YTO TO-
POIIOK HaHOKpUCTITHYeCKOTO Fe;O4 MOKET MMEeTh OCTAaTOYHO BBICOKYHO KO-
SpUUTHBHYIO cwiy. Llenmpio nanHON paboThl OBLIO pa3paboTaTh crocod Mmoyde-
HUS TIOPOIIKa HAHOKPUCTAJUIMYECKOTO cijiaBa cucTeMbl Fe-O, mpakTudecku co-
crosimero w3 Fe;O4 (comeprkamero 6omee 95 06.% sToit dassr).

Jnst perieHust 5TOro BOMpoca B KAUECTBE UCXOAHOTO COCTOSHUS OB B3SIT
mopomrok okcupa xkenesa FeO. [Topomrok o6padaTrIBaicsl B BEICOKODHEPTETHYEC-
ckolt mapoBoii MenbHulle Tuna AI'O-2Y. Bpemst 06paboTku BappUpOBAIOCH OT
1 mo 3 gacos. Ilpu 06paboTke B MenbHUIE Topomka FeO mporekaroT TBepao-
(da3Hble peakuuy, Bemyliue K OOpa30BaHHI0 HAHOKPUCTAUTHYECKOTO CIUIABA,
conepxamiero o-Fe u FeO (co cpenanm pasmepom kpuctamumrtoB 10-20 HM), a
Taxxke aMmopdHyo ¢a3zy. [Ipomecc n3mMenbueHHS Bel K YBETHYCHUIO KOIPIIUTHB-
HOU CHJIBI, IPHUYEM TOCTIE TPEXUacoBOH 00pabOTKU KOAPIIUTHBHAS CHJIA COCTaB-
nsina okono 500 3. B panpHeiimeM u3MeNbYeHHbIE MOPOLIKU MOIBEPralluCh
HU3KOTEMIIEpaTypHOMY OT)KUTY - Ha BO3JyXe WM B BakyyMme. [Ipu Bcex OTKHU-
rax mren pacraj MeracTaOWiIbHOW HemMarHUTHOH ¢assl FeO n amopduoi dasb
Ha B¢ MarHUTHBIE (a3sl o-Fe n Fe;0,4 (co cpenanm pa3MepoM KpHCTAJLTUTOB
35 - 40 um). Ilocire BaKyyMHOTO OT)KHTa COJIEPKAHWE MAarHETHTa COCTABIIICT
oko10 95 06.%. Ilocne oTkura Ha Bo3Lyxe 00pa3oBajcs, KpoMe JKejle3a U Mar-
HEeTHTa, B HeOOMBIIOM KomdecTBe emie u Fe,0;. OmHako conepykaHie MarHETH-
Ta Bce ke npessimano 90 00. %.
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PREPARATION AND INVESTIGATION OF HARD MAG-
A-03-06 NETIC NANOCRYSTALLINE ALLOYS ON THE BASIS OF
F0304

E.S.Shandrovskaya, T.V.Djatlova, Yu.D.Yagodkin
State Technological University '""Moscow Institute of Steel and Alloys",
Russia, 119049, Moscow, Leninskiy pr. 4, katy br_ha@mail.ru

It is known that nanocrystalline hard magnetic Fe-O alloys, containing
Fe;0,4 and o-Fe crystallites, could be produced by mechanochemical treatment
in a high-energy ball mill of Fe and Fe,O; powder mixtures and subsequent an-
nealing. However, contents of Fe;O, in these alloys has been limited by 80 vol.
%. At the same time, it is known that powder of nanocrystalline Fe;04 may have
a high coercivity. The goal of the present work was to develop a method for ob-
taining of nanocrystalline alloy powder of Fe-O system, consisting of practically
only Fe;0, (containing over 90 vol.% of this phase).

For the decision of this question, as the starting materials was taken a pow-
der of FeO oxide. The high-energy milling was carried out in AGO-2U plane-
tary ball mill. The milling time was varied from 1 up to 3 h. In processing in the
mill powder FeO solid-phase reactions occur, leading to formation of nanocrys-
talline alloy, containing a-Fe and FeO (with an average crystallite size 10-20
nm) and also an amorphous phase. Milling process led to increase in coercive
force, and it after three-hour processing was about 500 Oe. After milling pow-
ders were exposed to low-temperature annealing - in air or in a vacuum. At the
annealing there was a dissociation of the non-magnetic FeO and the low-
magnetic amorphous phase into two magnetic phases of a-Fe, and Fe;0,4 (with
an average crystallite size of 35 - 40 nm). After vacuum annealing the content
of magnetite is about 95 vol.%. After annealing on air small amount also Fe,O;
was formed along with o-Fe and magnetite. However, the content of magnetite
is still greater than about 90 %.
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A-03-07 BbICKOKO3PIIMTUBHBIE IJIEHKW ®EPPUTOB-
I'PAHATOB HAHOMETPOBBIX TOJIIIINH
M.B.Jlorynos, M.B.I'epacumos, A.B.I'o.1iy0beB, I1.M.MaJibiieB
Mopaosckuii rocynaperBenHsblii yausepcuter um. H.IL.Orapésa,
Poccus, 430005, Capanck, yi. BoabmeBucrckas, 68, logunov@mrsu.ru

[Monukpucramnnueckue MWIEHKA QEPPUTOB CO CTPYKTYpOil rpaHata Oyaro-
Jlapsl yHUKaIbHOMY COYETaHHIO CBOWCTB MPEACTABISAIOT HHTEPEC B KAYECTBE OC-
HOBEI JUISI MATHUTO(QOTOHHBIX M MATHUTOONITHYECKHUX YCTPOUCTB [1, 2].

B nmanHO# paboTe mpeacTaBiIeHb! Pe3yIbTaThl 3KCIIEPUMEHTAIBHOTO UCCIIe-
JIOBaHUs NPOLECCOB MEPEMarHUYMBaHUA OJHOCIOMHBIX M MHOTOCIOMHBIX (C
TOJNITUHON clloeB ~ 50 HM) BUCMYT-COJEpKAIMUX TIEHOK (heppUTOB-TPaHATOB.
Pasmeps! kpucTamuToB rpanatoBoil (asel cocraBmsum 50-100 HM. Biaromapst
3HAYUTEIIFHOMY 3aMEICHHUIO0 HOHOB JeJle3a apaMarHUTHEIMU HOHaMH (0KoJ1o 1
(OpMyIBHON €IUHHUNBI) ¥ HAJTMYHIO B HOJICKadAPHIECCKON IOJPEIIETKE PEAKO-
3eMeJIBHBIX HOHOB IJICHKH MMENH TeMIIepaTypy KOMIEHCAI[UM MarHUTHOTO MO-
MeHTa Tcyvu, OTM3KYI0 K KOMHATHOI TeMIeparype.

JUJI1 BCECTOPOHHETO HCCIEIOBAaHUs INPOIECCOB NMEpeMarHNYUBAaHUSA C TI0-
Motbio 3¢ dekra Papanes OAHOBPEMEHHO C PETUCTpaIMell MEeTIN THcTepe3nca
Ha0JII0aM1 IOMEHHYIO CTPYKTYPY IUICHOK, JUISl Yero 4acTh MarHUTOONTHYECKO-
T'0 CHT'HaJa MOAaBaIM Ha Bupeokamepy. [lokasaHo, 4To Ko3puuTHBHASA cuia H,
JUIsl TIOJIMKPUCTAIIIMIECKUX TUIEHOK (DepPUTOB-TPAHATOB HAHOMETPOBBIX TOJ-
IIMH MOXET JOCTHraTh PEKOPAHOI BemuuuHbl H,~ 3 kD BONMM3M TemIepaTypsl
KOMIIEHCAllU! MarHUTHOT'O MOMEHTa 7y

®dopma meTens TECTepe3nca MOTUKPUCTALTHISCKAX TUIEHOK BOMH3H Ty
SIBIISIETCSL CIIO’KHOM, 4TO CBHUIETENBCTBYET O HAJIIMYMU HECKOJIBKHX MAarHUTHBIX
¢a3 B uccrenyempix mMarepranax. C moMomipio MeccOay’poBCKOI CIIEKTPOCKO-
MM BBIABJICHA  B3aHMOCBS3b  MEXKIY COOTHOLICHHEM  (eppHMarHuT-
HOM/ITapaMarHuTHO! (a3 ¥ BEJIMUNHON KOIPIUTUBHOW CHIIBI TNIEHKU H,.

[1] T.Korner, A.Heinrich, M.Weckerle, et al. Appl. Phys. 103 (2008) 07B337
[2] B.Vertruyen, R.Cloots, J.S.Abell, et al. Phys. Rev. B 78 (2008) 094429
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A-03-07 HIGH COERCIVITY FERRITE-GARNET FILMS
s WITH NANOMETER THISKNESS
M.V.Logunov, M.V.Gerasimjv, A.V.Golub’ev, and P.M.Malyshev
Mordovia state university, Russia, 430005, Saransk, Bolshevistskaya st., 68,
logunov(@mrsu.ru

Polycrystalline ferrite films with garnet structure due to a unique combina-
tion of properties are of interest as a basis for magneto-photonic and magneto-
optical devices [1, 2].

In this work results of an experimental study of processes of magnetic re-
versal single-layered and multilayered (with thickness of layers ~ 50 nm) bis-
muth-containing garnet films are presented. The sizes of garnet phase crystal-
lites were 50-100 nm. Due to significant replacement of Fe ions by paramag-
netic ions (about 1 formulaic unit) and to presence in dodecahedral sublattice
rare-earth ions the films had temperature of compensation of magnetic moment
Tovm, close to a room temperature.

For comprehensive investigation of processes of magnetic reversal by
means of Faraday effect simultaneously with registration of a hysteresis loop we
observed domain structure of the film by submitting a part of magneto-optical
signal on a video camera. It is shown that coercive force H, for polycrystalline
ferrite-garnet films of nanometer thickness can reach record size H,~3 kOe
near to temperature of compensation of magnetic moment 7.

The form of hysteresis loops of polycrystalline films close Tcymm is com-
plex, that testifies to presence of several magnetic phases in investigated materi-
als. By means of Mdssbauer spectroscopy the correlation between a ration of
ferromagnetic/paramagnetic phases and coercive force value of the film H. is
revealed.

[1] T.Korner, A.Heinrich, M.Weckerle, et al. Appl. Phys. 103 (2008) 07B337
[2] B.Vertruyen, R.Cloots, J.S.Abell, et al. Phys. Rev. B 78 (2008) 094429
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TEPMOMATI'HUTHASI OBPABOTKA U MAI'HUTHBIE
A-03-08C CBOMCTBA CINTABOB
Fe-30 %Cr-15 %Co-(1-5) %Mo-0,5 %Ti

IepmunoB A.C., Manununa P.U., Yepenuunuenko U.B., llly6axos B.C.,
Kyxos JI.I'.
T'ocynapcTBeHHbI#i TeXHOJOTHYeCKHii yHUBepcUTeT «MOCKOBCKHA HHCTH-
TYT CTAJIM M CIUIaBOBY», Poccus, 119049, MockBa, Jlenunckuii np., 1.4,

perminas@mail.ru

B pabote mccnenoBaHO BIHSHHE TEMIIEPATYpPHl W30TEPMUUECKOH TEpPMO-
MarauTHOI 00paboTku (MTMO) cmraBoB X30K15M(1-5)T B obnactu Temmepa-
Typ 650-605 °C Ha MarHUTHBIE CBOWMCTBA TOCJE OKOHYATEIHHOW 0OpabOTKH,
yKa3zaHHO#1 B padore [1].

MarnuTtHble CBOMCTBa: Ko3puuTuBHyIo cminy (H.) u octarouHyio HMHIyK-
o (B,), — u3Mepsn BAONE U MONEepeK HampaBiIeHUs mpriioxeHus momst UT-
MO nocne oxonuyarensHoU o0pabotku. [To pazHoctu 3Hauenuit H, u B,, uzme-
PEHHBIX BIIOJb M TIOTIEPEK HAIMIPaBJICHUS MPIIIOKEeHNsT MarHuTHOTO 1oyt U'TMO,
ycTaHOBJIeHa 001acTh aHH30TponHOro BiusHUsE UTMO Ha MarHUTHBIE CBOMCT-
Ba CIUTaBOB (MHTepBaNI 3((EKTHBHOTO BIUSHUS MarHUTHOTO mojis). C yBennde-
HHUEM COJlepXKaHusA MOJIHOAeHa TeMIIepaTypHbIi HHTepBal 3(PPEKTUBHOTO BIMS-
HUSI MarHUTHOTO TIOJII HA MarHUTHBIE CBOICTBa cHIDKaercs. IIpm sToM Tarke
yMeHbIIaeTcsl BeIMYMHa aHU30TponHoro 3¢ dexra UTMO.

Omnpenenensl onTuManbHele TeMneparypsl UTMO s critaBoB CHCTEMBI
Fe-Cr-Co ¢ 1-5 %Mo. Onu cocrasiagior 635 °C nmiug cmnaBoB ¢ 1-3 %Mo u
625 °C g crutaBos ¢ 4-5 %Mo.

MaxkcumalibHble MarHUTHBIE CBOMCTBA JOCTUIHYTHI Ha cIuiaBax ¢ 2 %Mo
(IUTBIX, KpUCTALIHYECKH H30TPONHBIX): Wol; (By) — 1,15 Ty {He — 71,6 kA/m;
sHc — 58,8 kA/M; (BH)pax — 24,0 KI[)K/M3. C MOBBIIICHUEM COJCPIKAHUS MOJIUO-
neHa oT 1 mo 2 %Mo MarHuUTHBIE CBOWCTBA MPHU yKa3aHHOM PEKUME TEPMOO0O-
paboTKH BO3pacCTaloT, qajiee, IIpH YBEIHUSHUN COAepkaHusI Mo — OCHIDKAIOTCS.

ITocne UTMO 650-605 °C Taxoke IpOBOAMIN TePMOMAarHUTHEIN aHanu3. C
MIOBEIICHUEM COJNEpKaHUS MONHMOACHA CHIDKAIOTCS Temmeparypsl Kiopu o-
TBEPIOTO PACTBOPA U 0,-(ha3sl (MOCIE MEPBOi CTYNECHH 00paOOTKH B MATHUTHOM
osie).

ITomy4eHHBIC pe3yNbTaThl MO3BOMAIOT CIENAaTh BBIBOJ, YTO C MOBHIIICHUEM
cofiepKaHUsI MONMOJICHA YBEIMYUBACTCS POJb YIPYTroW SHEPTHU CIUIABOB B
(hOpMHPOBaHHUH CTPYKTYPHI BBICOKOKOIPLUTHBHOTO Pacmaia.

[1] U.B. Yepenunuenxo, B.C. llly6akos, P.J1. Manuuuna, A.C. IlepmuHoB. 13-
Bectust BY308. Uepnas metamryprus. 2009, Nel, c. 39-42.
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THERMAL MAGNETIC TREATMENT AND MAGNETIC
A-03-08C  PROPERTIES OF Fe-30 %Cr-15 %Co-(1-5) %Mo-0,5 %Ti
ALLOYS

A.S. Perminoyv, R.I. Malinina, I.V. Cherednichenko,
V.S. Shubakov, D.G. Zhukov
State Technological University "Moscow Institute of Steel and Alloys",
Russia, 119049, Moscow, Leninskiy pr. 4, perminas@mail.ru

The influence of Fe-Cr-Co-Mo-Ti alloys’ isothermal magnetic treatment
(ITMT) in 650-605 °C region on magnetic properties after final treatment that
was specified in [1] has been investigated.

The magnetic properties, such as coercive force (H.) and residual magneti-
zation (induction) (B,), have been measured after the final heat treatment, along
and across the direction of ITMT’s magnetic field. The region of anisotropic
ITMT influence on alloys’ magnetic properties (the region of effective magnetic
field influence) by means of difference in H, and B, values measured along and
across the ITMT magnetic field direction was established. The thermal region of
effective magnetic field influence on magnetic properties go down with decreas-
ing of content the Mo. The rate of anisotropic ITMT effect go down also.

Optimum ITMT temperatures for Fe-Cr-Co alloys with 1-5 %Mo are de-
fined. It equals to 635 °C for alloys with 1-3 %Mo and equals to 625 °C for al-
loys with 4-5 %Mo.

The best magnetic properties have been reached on alloys with 2 %Mo
(cast, isotropic) and equals to: pol, (B;) — 1,15T; H. — 71,6 kA/m; gH, —
58,8 KA/m; (BH)max — 24,0 kJ/m’. With increasing of Mo content from 1 % up to
2 % the magnetic properties have risen after the specified treatment and have
decreased at further increasing the Mo content.

The thermal magnetic analysis after the ITMT has been made. With in-
creasing of Mo content the Curie’ points of a-phase and a,-phase are lowering
(after first stage of treatment in magnetic field).

The received results allow to draw a conclusion that with increase the con-
tent of Mo the role of elastic energy of alloys in structure formation through the
hardening disintegration increases.

[1] 11.B. Yepennuuenko, B.C. llly6akos, P.1. Manununa, A.C. Ilepmunos. 13-
Bectust BY308. Uepnas meramryprust. 2009, Nel, c. 39-42.
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A-03-09C MOJEJIMPOBAHUE PACITAJIA B CIUIABE Fe-Cr-Co

A.C. ITepmunoB, C.0. Maciaennukon, A.C. JInaees, J1.I'. ’Kykos,
E.A. lllyBaesa, B.JI. Ctoasipos, B.1O. Beegencknuii, E.C. Maaoruna
T'ocynapcTBeHHbIil TeXHOTOrHYecKkuii yHuBepcuTeT «VMOCKOBCKMA MHCTH-
TYT CTAJIM M CIUIaBOBY», Poccus, 119049, Mocksa, Jlenunckuii np., 1.4,

perminas@mail.ru

B Hacrosmieit paboTe MOAENHPOBAICS pacmag MeTacTaOMIBLHOTO Iepeox-
JIAXJICHHOTO BBICOKOTEMIIEPAaTypHOTO O-TBEPIOTO pacTBopa ¢ 00pa3oBaHHEM
n30MOp(HBIX o) U 0-Pa3 B cruase Fe-31 %Cr-23 %Co.

B ocHOBY Mojienu 3a0xeH 3BONIONUOHHBIN MeTo MoHTe-Kap:o ¢ kpute-
pueM Mertpormonnca. PaccMaTpuBaeTcss MOJENb PEIICTOYHOTO Ta3a (CiaydaifHble
Oy’)XIaHHs), TIOJBM)KHOCT aTOMOB KOTOPOTO 00€ecIeunBaeTcss 0OMEHOM Mec-
TaMH aTOMOB C BakKaHCHSMH. PaccumThIBaeTcsi BEPOSTHOCTH OOMEHAa MECTaMH
aTOMOB M BakKaHCHH B mpenenax Oommkaimux coceneid. [Ipu pacuere BeposiTHO-
CTH B Ka4eCTBe KpUTepHst MeTporonnca pacCMaTpUBAJICS YHEPTETHIECKUN CTH-
My AU, y4uThIBalOUIMH SHEPTHH CBA3€H Map aTOM-aTOM M aTOM-BaKaHCHUS U
B3aMIMHOE PaCIIOJIOKEHNE aTOMOB M BakaHcHid. JlaHHBIE 00 aTOMHOW CTPYKType
O-TBEPJIOTO PAacTBOpPA B3STHl M3 IKCIIEPUMEHTAIBHBIX JaHHBIX. I pacuera
MApHBIX MTOTEHIMAIOB HCIoNb30BaIca maker Material Studio 3.2, Beibop xoto-
poro o00CHOBaH pe3ynbTaTaMu MoJenrpoBanus cruasa Fe-50%Cr [1].

B pesynpTare MonenupoBaHUs MOTy4YeHBl HAHOKPUCTAUTHIECKHE CTPYKTY-
PBlI, KOTOpBIE OBIIM CPaBHEHBI C MONYYCHHBIMH B paboTe [2] NaHHBIMH 3J€K-
TpOHHOH MUKpockonuH. CONOCTABICHO C HSKCHEPHUMEHTATIBHBIMH JaHHBIMH
BIIMSTHAE TEMIIepaTyphl paclaga Ha pasMep HAaHOKPHCTAJUIMYECKHUX BBIACICHHH,
pactipefeieHe KOMIIOHEHTOB B IIPOAYKTaxX pacnaja.

[11 MopenupoBanue cnuHOAanbHOTO pacmaga B cmiaBe Fe-50%Cr.
/A.C. TlepmuHOB, C.O. Macnennukos, A.C. Jlunee u ap. //XXI MexxyHapoa-
Hast koHpepeHuus: «HoBoe B MarHeTn3Me U MarHUTHBIX Marepuanax», Mockaa,
28 ntons — 4 nronst 2009 r.

[2] Masuo O., Gareth T., Motofumi H. Microstructure and Magnetic Properties
of Fe-Cr-Co. //IEEE Trans. on Magnetics — 1978 — V. MAG-14 — Ne. 14 —
P. 245-252.

PaboTa BeImonHeHa B pamkax mpoekta 2.1.2/4326 «MccrnenoBanue U Moie-
JIUPOBaHUE MPOIECCOB MEPEMArHUUUBaHUS BBICOKOKOIPIUTUBHBIX CIUIABOB JJIS
nocTosiHHbIX MarHuToB» ABIIIT «Pa3BuTHe Hay4yHOro MOTEHLMala BBICLICH
urkoss! (2009-2010 roasr)»
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A-03-09C DISINTEGRATION MODELLING IN ALLOY Fe-Cr-Co

A.S. Perminov, S.0. Maslennikov, A.S. Lileev, D.G. hukov, E.A. Shuvaeva,
V.L. Stolyarov, V.Yu. Vvedenskiy, E.S. Malyutina
State Technological University '""Moscow Institute of Steel and Alloys",
Russia, 119049, Moscow, Leninskiy pr. 4, perminas@mail.ru

In the present work disintegration of the metastable overcooled high-
temperature o-firm solution with formation isomorphic o, and a,-phases in alloy
Fe-31 %Cr-23 %Co was modeled.

In a model basis the evolutionary method of Monte-Carlo with criterion of
the Metropolis is put. The lattice gas model (casual wanderings) which mobility
of atoms is provided with an exchange of places of atoms with vacancies is con-
sidered. The probability of an exchange of places of atoms and vacancies within
the nearest neighbours pays off. At calculation of probability as criterion of the
Metropolis the power stimulus AU, considering communication energy of pairs
atom-atom and atom-vacancy and a relative positioning of atoms and vacancies
was considered. Data about nuclear structure of a a-firm solution is taken from
experimental data. For calculation of pair potentials package Material Studio 3.2
which choice is proved by results of modelling of alloy Fe-50%Cr [1] was used.

As a result of modelling are received nanocristalline structures which have
been compared to [2] data of electronic microscopy received in work. Influence
of temperature of disintegration on the size nanocristalline particles, distribution
of components in disintegration products is compared with experimental data.

[1] MopenmupoBanue crnuHOZAIBHOTO pacmaga B cmiaBe Fe-50%Cr.
/A.C. Ilepmunos, C.O. Macnennuko, A.C. JInnees u ap. //XXI MexnyHapoa-
Hast koHpepeHuus: «HoBoe B MarHeTn3Me U MarHUTHBIX Marepuanax», Mockaa,
28 uroHs — 4 uronsa 2009 r.

[2] Masuo O., Gareth T., Motofumi H. Microstructure and Magnetic Properties
of Fe-Cr-Co. //IEEE Trans. on Magnetics — 1978 — V. MAG-14 — Ne. 14 —
P. 245-252.

Work is executed within the limits of the project 2.1.2/4326 "Research and
modelling of processes of magnetic reversal high-coercive alloys for constant
magnets" ATDP "Development of scientific potential of the higher school
(2009-2010)»
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Cekmus B
OUBNYECKHUE OCHOBBI TEXHOJIOT UM U3T'OTOBJIEHUA
INOCTOSHHBIX MATHUTOB
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Section B
PHYSICAL FUNDAMENTALS OF PERMANENT MAGNET
MANUFACTURING
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INPOMBIIIJIEHHASI SKCIUTYATALIIUASI TEXHOJIOI' U-
YECKOM JINMHUU ITPOU3BOJICTBA BBICOKOOHEPI'E-
TUYECKHUX MOCTOSSHHBIX MATHUTOB NdFeB ¢ (BH)

max 110 360 k/lk/M° (45 MIc-D)

B-01-01

B.B. Korynos, I1.B. Yepnos, 10.I'. IlyTuios
000 "IPT'A", 248018, Poccus, r. Kaayra, ya1. XpycranbHas, 22

OcBoeHa JIWHUS IIPOU3BOJCTBA MOCTOSHHBIX MarHnTOoB NdFeB, xoropas
MTO3BOJISIET BBIMYCKATh MPOAYKIHIO cBbImie 100 TOHH B TOII.

B cocTaB TeXHOIOTHYECKOW CXEMBI BXOJIUT:

1) MunykumroHHast neyb

2) Hpobwunxka, (mo 10Mm)

3) YcraHOBKa cpemHEro pa3Moiia B mHepTHOU cpene, (100 + 500 Mxm)

4) CrpyiiHas MeIbHMIIA TOHKOTO pa3MoJia B HHEPTHOH cpene, (3 + 7 MKM)
5) Ilpecc-noxyaBTomMar B mHepTHOH cpene, (1o 100 kr/gac)

6) BakyymHast eus criekanus (3arpyska 10 200kr.)

Hcnonp3oBaHre COBPEMEHHOTO OOOpPYIOBAaHUS, ONTHMHU3AINS XHUMHYE-
CKOT'O0 COCTaBa CIUIaBOB, OE30KHCIHMTENbHAas TEXHOJOTHs, TMOAOOp PEeKHUMOB
TepMooOpaboTOK TmpuBeIH K ciexyromuM —pesynbratam  (TY3498-001-
10856794-2008):

Ocraroynas KospuurusHnas Kospuutushnas (BH) max
MHIYKIWsS Br | cuima mo HaMarHu- | cuila 1Mo MHAYK-

YEHHOCTH 11U

jHce BHc

Tn kl'c KAM ] KAM 6] I<)1>K/M3 MTI'¢c-D
1,33- | 13,3- 1114 14 836- 10,5- 342- 43-46
1,37 | 13,7 1027 12,7 366
1,28- | 12,8- 1353 17 923- 11,6- 318- 40-42
1,32 | 13,2 955 12,0 334
1,24- | 12,4-13 | 1592 20 939- 11,8- 302- 38-39
1,3 950 12,0 312
1,22- | 12,2- 1990 25 876- 11,2- | 287- 36-38
1,24 124 899 11,8 302

Pe3yJ'[I)TaTaMI/I HCITBITAHUH IIOKa3aHO, YTO AaHHAas TCXHOJIOTHUYCCKAsA CXC-
Ma MO3BOJIACT MOJYy4aTh IMMOCTOSAHHBIC MAarHUTHI NdFeB ¢ BeicOknMH XapaKkTepu-
CTUKaMH.
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INDUSTRIAL USE OF TECHNOLOGICAL PRODUCTION
B-01-01 LINES OF HIGH ENERGY CONSTANT MAGNETS NdFeB
¢ (BH) max to 360 kWatt-second/m3 (45 milli gaus Oesterd)

V.V. Kotunov, P.V. Chernov, Yu.G. Putilov
LLC «Erga», 248018, Russia, Kaluga, Khrustalnaya str., 22

The line producing constant magnets NdFeB was put in production. It al-
lows to produce over 100 tons a year.
The technological line includes:

1) Induction furnace

2) Crusher (up to 10 mm)

3) Installation for average size grinding in inert media (100£500
micrometer)

4) Air-stream mill for fine grinding in inert media (3 £7 mi-
crometer)

5) Semi automatic press in inert media (up to 100 kg/hour)

6) Vacuum baking furnace (load — up to 200 kg).

Use of modern equipment, optimization of chemical structure of alloys,
non-corrosive technology, selection of thermal treatment modes allowed to re-
ceive the following results (TY3498-001-10856794-2008):

Residual mag- Coercion force of | Coercion force by (BH) max
netic induction | magnetizing induction
jHc BHc

Tesla | kGf kAmper | k Oer- | kAmper |k Oer- | kWatt- Milli

meter sted meter sted second/m3 | Gauss

Oersted

1.33- 13.3- 1114 14 836- 10.5- | 342-366 |43-46
1.37 13.7 1027 12.7
1.28- 12.8- 1353 17 11.6- 11.6- |318-334 |40-42
1.32 13.2 12.0 12.0
1.24- 12.4-13 | 1592 20 11.8- 11.8-  |302-312 |38-39
1.3 12.0 12.0
1.22- 12.2- 1990 25 11.2- 11.2-  |287-302 |36-38
1.24 12.4 11.8 11.8

By the results of the tests we confirmed that this technological scheme al-
lowed to produce the constant magnets NdFeB with high characteristics.
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NCCIEJOBAHHUE BO3MOKHOCTHU U3I'OTOBJIEHUA
CIIEYEHHBIX MAI'HUTOB N3 OTXOJ10B ITPOU3BO/-
B-01-02 CTBA CIIEYEHHBIX CIIJIABOB ND-FE-B, IEPEPABO-
TAHHBIX C UCITIOJIb30OBAHUEM BOJIOPO/IHOM OB-

PABOTKH

C.A.MebHuKOB', B.H.anxopcxnﬁz, P.A.Baneenz, C.I/I.I/IBaHOB3,
O.F.OCHEHHI/IKOBaZ, A.l'[.l'[apumn', B.B.lllaTaxoB
' 0AO «BHUH xummuyeckoii TexHoJoruu, 115409, Mocksa, Kamup-
cKoe 1L, a. 33, melnikov_sa@mail.ru
Zoryn «BUAM», 107005, MockBa, yia. Paauo, 1. 17
* 0OAO «BHUU HeOpPraHn4YecKHX MaTepuasioB», 123098, r Mockaa,
yi. Poroga, 1. 5

B pesynbpTare aHain3a OCHOBHBIX TEXHOJIOTHYECKUX OICpAIMi TTOTydCHHS
CIeYeHHBIX cIIaBoB cucTteMbl Nd-Fe-B Ob110 ycTaHOBIIEHO, UTO B IpoIlecce TIe-
penena MOKET BO3HUKATh JBa BUJIA OTXOMOB. [lepepaboTka OKHUCIEHHBIX OTXO-
0B (TICPBBII THI OTXOOB) BO3MOXKHA TOJBKO C TIOMOIIBIO METOAOB THAPOME-
TalIypruy. Bropoit TUII 0TXOHOB HpeAcTaBiIseT cOO0H OTXOIBI CO 3HAUUTEIh-
HBIM COZAEp)KaHHEM METAITMYECKOH COCTaBIAIONICH, KOTOpas MOXKET ITOIBEp-
ratbcsi BOJOPOAHOMY aucrieprupoBaHuio. [lanuas pa®ota mocBsiieHa paspa-
0O0TKEe TEXHOJIOTHH MOJIYYCHHs CIIEYCHHBIX MArHWTOB, IOJyYCHHBIX U3 Opako-
BaHHBIX CrIe4eHHBIX MarHuToB Nd-Fe-B mocne mpoBeneHus BomopoaHoit oOpa-
OOTKH B YKPYITHCHHOM MacIITa0be U MCIIOIb30BAHUS PA3IMYHBIX T00ABOK.

B pabote ObLIM MCHOMBE30BaHBI OTXOMBI criedeHHOro ciuiaBa (b) cremyromero
cocTaBa (Nd0’97 DyO703 )1 55 (Feojgg CO(),OZ )OCT Ti075g Al()’go B7,66- . B xauectBe 1106a1301< no-
0aBIIEMBIX TIPH TOHKOM ITOMOJIE MCHONb30BaHb! ciexyromue: 1- (Ndoso Dyozo )77
(Fegg7 Coog3 Jocr. Tirp Alyy Byg, 2- (Ndog7 Dyoes oo (Feosz Coogs Joer. Tirg Bys, 3-
DyCo,, 4- Dy-B, 5- Nd; Fe. Otxonp! crmasa (b) ObUIH POrHApHpOBaHBI IPH TEMIIC-
patype 250°C. CrieueHHbIE MarHUTBI, H3TOTOBJIEHHBIE U3 MOpoIKa cruiasa (b) nmemn
HU3KHe MarHuTHbIe cBoiicTBa: B;<0,3 Ti, H;<200 kA/M. [y HOBBIIICHNS CBOMCTB
CIICUYEHHBIX CIUIaBOB J00aBKu 1 u 2 moGaBisuim B komuuectBe 30 %, nobaBku 3-5 B
xomrdectBe 10 10 %. [InactuuHyro n00aBKy 5 Tepel UCTIONb30BaHUEM TTOIBEPTaid
BOJIOPOIHOMY OXpyrmuuBanuio. Hanbonee 3p(heKTHBHBIM OKa3aJI0Ch UCIIONB30BAHUE
OJHOBPEMEHHO JBYX 100aBOK. OKa3anoch, YTO ONTHMAIBHAS TEMITEPATypa CIICKAHU
U PeXUM TepMOOOpaOOTKHU 3aBHCAT OT BHJA HCIIONB3yeMol m00aBku. Vcmomb3oBa-
HEe 100aBKH | He MO3BOJLIET HCIIPABIISATH OpaK.

Hinke nmpuBeieHbI CBOMCTBA MCIPABICHHBIX MATHUTOB, TIOJTYYCHHBIC TIOCIIE CIIe-
KaHMEe TIpM ONTHMAIBHOM TeMIlepaType M  ONTUMAIBHBIX  TepMooOpabo-
tok(amkotemreparyproii (HTO. 530 °C B Teyenune 1 gaca), 00 BBICOKOTEMITEpa-
typHOii (BTO, 1000 °C B Teuenue 1 gaca)): b+30% nobasku 2 (BTO)- B,=1,15 T,
Hc; =816 kA/m; b+10% mo6asku 5 (BTO)- B,=1,02 Ti, He; =936 kA/M; B+10% mo-
6aBku 5+3% pnobasku 3 (HTO)- B,=1,08 Tn, Hg =1472 kA/M; B+10% noGaBku
5+3% mo6asku 4 (HTO)- B,=1,12 Tit He; =1360 kA/m.
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INVESTIGATION OF AN OPPORTUNITY OF MANUFAC-
TURING SINTERED MAGNETS FROM WASTE PROD-
UCTS SINTERED OF ALLOYS ND-FE-B TREATED WITH
USE OF HYDROGEN PROCESSING

B-01-02

S.A.Melnikov !, V.P. Piskorskvz, P.A. Valeevz, S.1. Ivanov3,
0.G. Ospennikovaz, A.P.Parshin 1, V.V. Shatalov'.
! Joint-Stock Co “LRICT?”, 33, Kashirskoye shosse, Moscow, 115409, Rus-
sia, melnikov_sa@mail.ru
? Federal State Unitary Enterprise “VIAM”, 17, Radio street, Moscow,
107005, Russia
? Joint-Stock Co “VNIINM?, 5, Rogova street, Moscow, 123098, Russia

As a result of the analysis of the basic technological operations of obtaining
sintered alloys of system Nd-Fe-B seted, that in treatment there can be two
views of a wastage. The treatment of an oxidated wastage (first type of a wast-
age) is possible only with the help of methods of hydrometallurgy. The second
type of a wastage represents a wastage with the considerable content of a metal
component which can be exposed to hydrogen dispergation. The sectional work
is devoted to development technology of obtaining sintering magnets from de-
fective sintered magnets Nd-Fe-B after carrying out of hydrogen processing in
integrated gauge and use of the various additives.

In work was used the wastage of sintering alloy (B) of the following com-
position (Ndoo7 Dyo3 )is;s (Feoos Coo02 oer. Tioss Alogo B7es. As the additives
added at fine grinding the following was used: 1- (Ndoso Dyo20 )17.7 (Feo.97 C0g,03
Joer. Tii2 A11,1 By, 2- (Nd0,97 Dyo,03 )19,9 (F€0,92 C00,08 Jocr. Til,é Bys, 3- DyCoy, 4-
Dy-B, 5- Nd; Fe. The wastage of an alloy (b) was hydrogenation at temperature
250°C. Sintering magnets made from a powder of an alloy (B) had the low mag-
netic properties: B,<0,3 T, H,<200 kA/m. For increasing of properties sintered
alloys of the additive 1 and 2 added in quantity 30 %, additive 3-5 in quantity up
to 10 %. Plastic additive 5 before use subjected hydrogenation. Most effective
has appeared use simultaneously of two additives. Has appeared, that optimum
temperature of a sintering and mode of heat treatment depend on a view of the
used additive. Use of the additive 1 does not allow to correct wastage.

The properties of rectified magnets obtained after sintering at optimum
temperature and optimum heat treatments (low-temperature (LTT. 530 °C during
1 hour), or high-temperature (HTT, 1000 °C during 1 hour)): B+30 % of the ad-
ditive 2 (HTT) - B,=1,15 T, H¢; =816 kA/m; B+10 % of the additive 5 (HTT) -
B.=1,02 T, H¢; =936 kA/m; B+10 % of the additive 5+3 % of the additive 3
(LTT) - B;,=1,08 T, H¢; =1472 kA/m; B+10 % of the additive 5+3 % of the addi-
tive 4 (LTT) - B,=1,12 T, H¢; =1360 kA/m.

101



XVII MexxpyHapoaHasi KOHepeHUUs No NOCTOAHHbIM MarHMTam

B-01-03 BJIMSIHUE TOBABOK DyM (M-Cd, Sc, Hf, V, Cu, Zr, Co)
HA CBOUCTBA CIIEYEHHBIX MATHUTOB Nd-Fe-B
E.H. TapacoB A.B. 3unun, 51.B. [lanosa, M.K. lllapumn,

C.B. Auapees, O.A. MuJsieB
HayuHo-uccienoBaTeJbCKUi MHCTUTYT (U3UKH U NPUKJIATHONH MaTeMaTH-
KH Ypaiabckoro I'ocynapcreennoro ynusepcurera um. A.M.I'opskoro,
Poccus, 620083, Exatepunoypr, yi. Jlennna, 51, Evgeniy.Tarasov@usu.ru

B kadecTBe NETrKOIUIaBKUX H00aBOK OBLIM BBHIOPAHBI HECKOJBKO CILIABOB
DyM, roe M-Cd, Sc, Hf, V, Cu, Zr, Co. JIo6aBku B BHIE MEIKOIUCTIEPCHBIX
MTOPOIIKOB MEPEMEIIHBAJIKCE C MOPOIIKaMu ucclenyeMbix cruasos (111, I12, T13
MTOJIyYEeHHBIX BHOPAIIMOHHBIM H3MenbueHneM. [IpeasapurensHo, B 3aBUCHIMOCTH
OT XPYIIKOCTH CIIABOB — J00aBOK, OHH TOABEPTAINCH BOZOPOIHOMY U BHOpa-
IIUOHHOMY H3MEIbYEHHIO.

IMopommoxk I11- monmydyer u3 cmiaBa Nd-Fe-B ¢ moHmkeHHBIM, 1O cpaBHe-
HUIO CO CTaHJapTHBHIM I KomMmepueckux IIM, conepskanuem Nd (32% Bec.)

[Mopommok I12-omyyen u3 crutaBa Nd-Fe-B co cranmapTHBIM copepikaHHeM
Nd (35 % Bec.), HO Pa3MOJIOTHII B TCUCHUH

BpPEMEHH, MpPEBHIIIAONIee ONTUMaIbHOe BpeMs. Bridop mopomkos I11 u
I12» Obw1 cnenan i 3G ¢GEKTUBHON OIEHKHM BBOJUMBIX MOPOIIKOB—I00aBOK.
T.K. U3 3TUX UCKYCCTBEHHO ~OpaKkoBaHHBIX  MOpomKoB IIM He moixydaroTcs.

Iopomok 13 momydyeH U3 OOBIYHOIO KOMMEPYECKOTO CIUIABA TPH OITH-
MaJIbHOM BpeMeHH m3MenbueHHs. [IM OBUIM M3rOTOBJIEHBI CIICKAaHWEM IPH TeM-
neparype Ten 1080°C — 1120°C u tepmoobpaboTanst npu T-500-550°C.

Ha ocHoBaHMM M3MepeHHS MAarHWTHBIX CBOWCTB ITOCTOSIHHBIX MAarHHTOB
MMOKa3aHo, 4TO cIUiaBel 1o00aBku Sc u Hf HaubGomee 3 GeKTUBHBI AJIs TIOBBIIIIC-
HUS KOOPIUTHBHON CHIIBI.
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INFLUENCE OF THE ADDITIVES DyM (M-Cd, Sc, Hf, V,
B-01-03  Cu, Zr, Co) ON CHARACTERISTIC SINTERED MAGNETS
Nd-Fe-B

E.N. Tarasov, A.V. Zinin, Ya.V. Panova, M.K. Sharin,
S.V. Andreev, O.A. Milyaev
Scientific research institute of physics and applied mathematics of
the Ural State University the name of Gorki, Russia, 620083, Yekaterin-
burg, st. Lenina, 51, Evgeniy.Tarasov@usu.ru

From the easily melted additions a few alloys were chosen DyM, where M-
Cd, Sc, Hf, V, Cu, Zr, Co. Additives in powders mixed up with powders of in-
vestigated alloys (P1, P2, P3) received by vibrating crushing. Beforehand, de-
pending on frailty alloy -an additives, they were subjected to hydrogen and vi-
bratory pulverizing.

Powder P1- is received from alloy Nd-Fe-B with lowered, in contrast with
standard for commercial permanent magnets, with the maintenance Nd (32%
weight.)

Powder P2 received from alloy Nd-Fe-B standard contents Nd (35 %
weight.), but crushed during time, increasing optimum time. Choice of powders
of P 1 and P2» it was done for the effective estimation of entered additional
powders. Because from these artificial “defective” powders permanent magnets
do not turn out.

Powder P3 is received from usual commercial alloy under optimum time of
the pulverizing. Permanent magnets were got sintered at the temperature Tsp
1080 C - 1120 C, and heat treatment under T-500-550 C.

On the grounds of measurements magnetic characteristic constant magnet is
shown that alloys of the additive Sc and Hf the most efficient for increasing co-
ercivity force.
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W3YUYEHUE CTPYKTYPbI U MATHUTHBIX CBOMCTB
B-01-04 TP MPOBEJEHUN HDDR- ITPOIECCA B CIINTABAX
Nd-Fe-B 11O U30TEPMHUYECKOM CXEME

B.E.BI/IHTaﬁKI/IHI, B.B.KOTyHOBz, B.C.Kpanomnﬂl, C.H.I.l.lepﬁalconl ,
H.B.MBanoga', B.I'.Cy660Tun'
"MockoBcKHii rocyIapcTBeHHbIIi TexHHYecKkuii yuuBepcenter um. H.J.
Bbaymana, Poccust, 107005, MockBa, 2-1 baymanckas y.., 5,

vintaikb@mail.ru
’000 "Ipra", Kanyra, ergal 991@yandex.ru

HccnenoBamu (a3oBblii COCTaB, aHU30TPOITUIO PACTIPEICIICHISI HAITPABIICHHUIH
JIETKOTO HAMAarHUYMBAaHMS ¥ MATHATHBIX CBOMCTB MarHATOB Ha OCHOBE COSTMHEHHS
Fe 4Nd,B, moy94eHHBIX ¢ HTOMOIIIBIO TIPOLiecca HABOIOPAKHBAHHS-
Pa3BONOpaKUBaHMS MPH BRICOKUX Temmeparypax (HDDR-mpomnecca[ 1]). [Tpomecc
IIPOBOVIIM 10 M30TEpMUUECKOr cxeMe rpu Temneparypax 800-870 C u paznuuHbIX
IUTABHO M3MEHsIEMBIX aBeHusIx Bojgopoaa ot 0 1o 0,1 MITa. Mimenno Takast cxema ¢
TOYKH 3PCHIS] TEPMOIMHAMIKH JOJDKHA 00eCTIeYnBaTh HAHOOJIee YCTOHIMBEIE TEp-
MOOOPaOOTKH, TO3BOJISIET M30€raTh CUIIbHBIX HEKOHTPOIMPYEMBIX MEPEnajioB TeMIle-
PpaTyphI IPH MEPEXOAHBIX TIPoLIeccax TepMOOOPaOOTKH, U TTO3TOMY TOJDKHA 00ecTie-
YUTH JTyYIIyI0 BOCIPOU3BOAUMOCTE PEKUMOB TEpPMOOOPAOOTKH U CBSI3aHHBIX C HUMU
MAarHUTHBIX CBOICTB B CITy4ae KPYITHBIX IPOMBIIUICHHBIX 1redei. [logoOHas cxema
JIEWCTBUTENHHO YITyUIIAeT NPSIMOYTOJIBHOCTD METENb TUCTEPE3NCA U AaHU30TPOITHIO
pactipeneserust oceit ierkoro HamaramauBanus [001] [2]. BeiOpaHs! orrTuMabHBIe
pexumvbl HDDR npouiecca o stoit cxeme.

PeHTreHOBCKHE HCCITeIOBaHMS TIOKA3aJIH MPUCYTCTBHIE TOIBKO OCHOBHBIX (ba3 1
TIOJTHOE OTCYTCTBHE HEKENATEIBHBIX ¢ TOYKU 3PEHHS TTOTYUSHHUST BBICOKMX MarHHT-
HBIX CBOWCTB (ha3 Ha BCEX 3Tarax mporiecca. B mpeccoBaHHBIX 00pa3nax MarHUTOB
PEHTTEHOBCKAM METOIOM HAOIOAIN CpeTHE-BhIPKEHHYIO aHU30TPOITHIO pactipe-
nenenus Harpasienus [001]. Hawmyuiue 3HaueHust OCTaTOYHONM MHIYKIMU COCTa-
B 0,633 Ti1 B mpecCOBaHHOM MarHUTE, OHU MOTYT OBITh JIOTIOJHUTEIHHO YITydIlIe-
HBI TIOCITeTYIOIIel ONTHMI3aIel TapaMeTpoB nporecca. Kosprmrrsaast cua co-
crassuia 12-14 kD.

B ciyuae kpynHbIX npoMbllUIeHHBIX eyel nmposenenne HDDR —nponecca
0 U30TEPMUUECKON CXeMeE C MIaBHO U3MEHSIEMbIM JaBICHUEM BOAOPOA MO-
3BOJISIET I10JIy4aTh BBICOKYIO aHU30TPOIMIO MATHUTHBIX CBOMCTB U OCTaTOYHOM
HUHAYKIUM MarHUTa.

[1] T. Takeshita, R. Nakayama. Proc. of the 11-th International Workshop on
Rare-Earth Magnets and Their Applications. — Pittsburgh (1990) 49.

[2] Honkura Y. Proc. Gortham’s14-th International Conference (2003)1.
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STRUCTURE AND MAGNETIC PROPERTIES INVESTI-
B-01-04 GATION OF THE Nd-Fe-B-ALLOYS DURING THE ISO-
THERMAL VARIANT OF THE HDDR-PROCESS

B.E.Vintaikin', V.V. Kotunovz, S.P. Tscherbakovl, N.V. Ivanoval,
V.S. Kraposhin', V.G. Subbotin’
"Bauman Moscow State Technical University, Russia, 105005, Moscow,

2nd Baumanskaya ul., 5, vintaikb@mail.ru
2000 "Ipra", Kaayra, ergal 991@yandex.ru

The phase composition, anisotropy distribution of the easy magnetization
axis and magnetic properties of the Fe;;Nd,B permanent magnets have been in-
vestigated during high-temperature HDDR-process [1]. HDDR was conducted
under isothermal conditions at 800-870°C and different slowly changed hydro-
gen pressures between 0 and 0,1 MPa. From the thermodynamic point of view
just such route will ensure the most reliable heat treatment regimes without sig-
nificant non-controllable temperature drops during the transient stages of the
heat treatment, respectively it will ensure the best repeatability of the heat
treatment regimes and magnetic properties determined by the heat treatment
history in the large scale industrial furnaces. Actually, this scheme gives rise to
the better hysteresis loop squarness and anisotropy distribution of the easy axes
[001] as was shown in [2].

In the present work the optimal HDDR regimes in accordance to this
scheme were selected. During all stages of our process X-ray diffraction shows
the presence of the main phase only and complete absence of the phases deterio-
rating magnetic properties. In the compacted magnets the moderate anisotropy
distribution of the easy axis [001] was observes by the X-ray method. The best
values of the remanent induction up to 0.633 T have been achieved, this level
could be much better after subsequent process optimization. The coercitivity
level was 12 - 14 kOe.

In conclusion, the isothermal scheme of the HDDR process with a slow
variation of the hydrogen pressure permits to achieve both high magnetic ani-
sotropy and remanent induction in case of the large scale industrial furnaces.

[1] T. Takeshita, R. Nakayama. Proc. of the 11-th International Workshop on

Rare-Earth Magnets and Their Applications. — Pittsburgh (1990) 49.
[2] Honkura Y. Proc. Gortham’s14-th International Conference (2003)1.
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HOBBIINEHUE 39OPEKTUBHOCTHU AHU3OTPOIIHBIX
MOJUMEPHBIX MATHUTOB HAHOCTPYKTYPHOM
MOJIUP®UKAIIUEA KOMIIOHEHTOB HA TPAHMIIE

PA3JEJIA ®A3

B-01-05

A.l'. 'onyoxkoB, K. B. JIabaznukos, B.B. Cmupnos, Cmupnosa B.B.
HMHHOBaNIMOHHBINH MATHUTHBIN HeHTp, 194223, C-I16, ya.KypuaTosa 9,
innmc@yandex.ru

AHU30TPOIHBIC HM3JENUS U3 MOJMMEPHBIX KOMITO3HIIMOHHBIX MAarHUTHBIX
MaTepHajoB - Jajiee MOJMMEpHbIe aHH30TporHble MarHuTel ([TIAM), momy4ae-
MBbI€ METOJIOM 3KCTPY3UH W JIUTHS MOJ JaBJICHHEM B MAarHUTHOM IIOJIe, TPEI-
CTaBJISIFOT HAWOONBIIUI WHTEpPEC B PAAY MOAOOHBIX, TaK KaK MMEIOT CYIIEeCT-
BEHHO 00Jiee BRICOKHE MarHUTHBIC CBOMCTBA. J[JIs TaKuX MaTepHaioB, HapsIy C
TpeOOBaHMAMH K HAMIOJHUTENSIM ¥ CBS3YIOIIMM (C TOYKH 3PEHUS UX ONTHMH3a-
MW TPUMEHUTENBHO K KOHKPETHOMY HATIOJTHHUTENIO) BAXKEH elle OJTMH MOMEHT,
YIOMHHAETCS Pexe — 3TO SBIICHHUSA Ha rpaHuIe pa3gena ¢a3. Bmecte ¢ TeM, k
MOTPAHWYHBIM CJIOSM TIPEIBSIBISCTCS KOMIUIEKC Pa3sHOOOpa3HBIX TpeOOBaHUI:
obecriedeHne MOABIKHOCTH YaCTHIl B COCTOSIHUM PacIliaBa, OTCYTCTBHE peTap-
Jnanuu (ynpyroro mocieAeUCTBUS), TPOUHOE CLEIUICHNE CBS3YIOIIErO U HAIoJI-
HUTEJSI B U3ICIHH U JIP.

B pabote m3ydeHa BO3MOKHOCTD PETYIUPOBAHUS PEOTOTHUECKIX W MATHUTHBIX
CBOMCTB KOMITO3HIMH METOIOM MOJeKyisipHoro HacimamBanws (MH) wmonocmoeB
HOBBIX CTPYKTYPHBIX €IMHHI] Ha TIOBEPXHOCTh MATHUTHOIO HAMOIHUTEIS U cHopMy-
JIMPOBaHBI OCHOBHBIE MIPUHIIUITEI CO3AHUS] HAHOCTPYKTYP Ha IMMOBEPXHOCTH MATHHUT-
HOT'O HAIOJIHUTENIS, YTO TI03BOJISIET PHAATH HeoOX0oquMble (DYHKIOHATBHBIE CBOM-
CTBa KOHEYHOH cucTeMe. TexHoJorus co3maeTcsl MO KOHKPETHBIC MaTepHallbl, a
HMMEHHO: OapHeBbIe U CTPOHIMEBBIE (eppuThl, Tekcadepputsl Y U M TUIIOB, OKCHJ
JKeIe3a, TOPOIIOK HeOANM-Keme30-00p.

CuHTEe3UpOBaHbI HOBBIE ()YHKIIMOHAIBHBIE TPYIIIBI, KOTOPHIE MOYKHO TIPE/I-
cTaBuTh B obmieM Buae kak (>R-O-),ECl,,O, rne (>R-O-) - ¢parment no-
BEPXHOCTH HANONHUTENS; E - 3leMeHT B cocTaBe HOBOW ()YHKIHMOHAIBHON
rpynmst (Ti, V, Cr, P, Zn, Fe, Al, W, Ta, Zr, B u ap.); O - xucnopom; n, m, k -
crexuomerpuyeckue kodh¢urmentel. [lonydenne CynbGUIHBIX, HUTPUIHBIX,
YIIEPOIHBIX TOBEPXHOCTHBIX HAHOCTPYKTYp, HAapsmy ¢ NMpHIAHHEM Tpedye-
MBIX MaTHUTHBIX CBOWCTB, OOECIIEYHBAIOT HEOOXOIMUMEIC HAHOPEOIOTHIECKUE
XapaKTePUCTUKH MeX(a3HOTO CIIOS IS MPUAaHUS HEOOXOJAMMBIX MHKPO- U
MaKpOPEOJOTHUECKUX XapaKTEPUCTHK.

Ha ocHoBaHMH TIPOBEIEHHBIX SKCIEPUMEHTAIBHBIX HCCIIEIOBAHIN CHOpMYIIH-
POBAHO TIOHSTHE HAHOTEXHOJIOTUH TIOJIMEPHBIX aHIM30TPOIHBIX MAarHATOB HA TIPUH-
LUINAaX METO/a MOJIEKYJISIPHOTO HACIAWBAHUSA - 3TO COBOKYTHOCTb XUMUUECKUX U (H-
3UKO-XUMHYECKHX CHOCOOOB M TIPHUEMOB CO3JaHHS HA TMOBEPXHOCTH ITOJIOKKH
CTPYKTYp, IMEIOIINX XOTs OBl B OTHOM M3 TPeX HalpaBJICHHII HAHOMETPOBBIC pa3Me-
PBI, @ TaKXKe MOMyYeHHE U COSIMHEHNE (XMMUYECKasi CBapKa) MUKPO- M MaKpO 00bEK-
TOB ITyTEM IMOATOMHON XUMHUYECKON COOPKH.
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INCREASE OF THE EFFECTIVENESS OF ANISOTROPIC
POLYMERIC MAGNETS BY THE NANOSTRUCTURAL
MODIFICATION OF THE COMPONENTS ON THE BOR-
DER OF THE PHASES DIVISION

B-01-05

A.G. Golubkov, K.V. Labaznikov, V.V. Smirnov, V.V. Smirnova
Innovation magnetic center, 194223, Saint-Petersburg, Kurchatova 9,
innmc@yandex.ru

Anisotropic articles made of the polymeric composite magnetic materials -
polymeric anisotropic magnets (PAM), obtained by method of extrusion and in-
jection molding in magnetic field, are of the greatest interest in a range, since
they have substantially higher magnetic properties. For such materials, together
with the requirements for the fillers and the bonding agent (from the point of
view of their optimization in connection with concrete filler) is important one
additional moment, which is mentioned more rarely - the processes on the bor-
der of the phases division. At the same time, to the boundary layers complex
of requirements is presented: the guarantee of a mobility of particles in the state
of fusion, the absence of retardation (elastic after-effect), the durable cohesion
of bonding agent and filler in a product and others.

The possibility of regulating the rheological and magnetic properties of
compositions by the method of the molecular stratification of the monolayers of
new structural units to the surface of magnetic filler is studied and basic princi-
ples of the creation of nanostructures on the surface of magnetic filler, which
makes it possible to give the necessary functional properties to final system are
formulated. Technology is created for the materials: baric and strontium fer-
rites, hexaferrites Y and M of types, the oxide of iron, powder neodymium-iron-
boron.

New functional groups are synthesized, which it is possible to present in
general form as (>R-O-) ng(sjmnok, Where (>R-O-) - the fragment of the surface
of filler; E - element in the composition of new functional group (Ti, the V, Cr,
P, Zn, Fe, Al, W, Ta, Zr, B and other); O - oxygen; n, m, k - stoichiometric co-
efficients. Obtaining the sulfide, nitride, carbonic nanostructural surfaces, to-
gether with giving of the required magnetic properties, ensure the necessary
nano-rheological characteristics of separation layer for giving the necessary mi-
cro- and macro-rheological characteristics.

On the basis of experimental investigations is formulated the concept of the
nano-technology of polymeric anisotropic magnets on the principles of the
method of molecular stratification - these are the totality of chemical and phys-
ico-chemical methods and approaches of creation on the surface of the base
layer the structures, which have at least in one of three directions nano-sizes,
and also obtaining and the connection (chemical welding) of micro-
and macro objects by atomic chemical assembling.
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HEKOTOPBIE BOITPOCbI MAKPO-, MUKPO- 1 HAHO-
B-01-06 PEOJIOI'MN AHU3OTPOITIHBIX KOMITIO3UIIUOHHBIX
MAT'HUTHBIX MATEPHUAJIOB

H.A. MeabHukoB, A.I'. I'osryoxoB, B.B. IToseroryenkos, K.O. Conomenko
NHHOBAaLMOHHBIH MATHUTHBINA LeHTp, 194223, C-110, ya.Kypuartosa 9,

innmc(@yandex.ru

C TOYKH 3pEHUS KIACCHUECKON PEOJIOTHHM MEXaHWKH CIntomHbIX cpen (MCC),
KOTJ[a YCPEAHCHHBIC 3HAYCHUS BSI3KOCTH, INIOTHOCTH U T. [I. IPHHUMAIOTCS B Ka4eCT-
BE€ WCTHHHBIX, ITOJMMEpHBIE KOMIIO3MIMOHHBIE MarHUTHEIe Martepransl (ITIKMM)
MOTYT PacCMaTPUBATHECS KaK CIIOXKHBIC PEOJIOTUUCCKHE CHUCTEMBI, OONaIaroIie Ha-
00pOM BSI3KHX, INTACTHYECKUX U YHPYTHX CBOMCTB. II0CKONBKY Takoil OAXOX SBIIS-
€TCS €MHCTBEHHO TNPOIYKTHBHBIM TIPH pacdeTe IrepepabaThIBAronIero odopymoBa-
HUs (BO3MOYKHO HcToNb3oBaHue armapara MCC) B paboTe TpoaHaTM3UpOBaHa TPH-
MEHIMOCTh Pa3IMIHBIX PEOJIOTHYECKUX YpPaBHEHWH COCTOSHHS IS  OIpPEICIICHUS
B3aMMOCBSI3U MEXIy JaHHBIMU PEOJIOTHYECKUX HCIIBITAHUM Ha MPHOOpax pOTaI[HOH-
HOTO ¥ KaIWULIPHOTO THIIA M YCIOBHAMH IiepepalboTku. PaspaboraHa merommka
pacueTa C ydeToM CKOJIBXKEHHUSI MaTepHaia o CTeHKaM KOpITyca M UCHOIb30BaHHEM
TIEPEMEHHBIX PEOJIOTHYECKIX MapaMeTpOB MPH MOCIIEA0BATEIFHOM JIBIKCHUN MaTe-
puasa 1o ceKLsIM yepBsika. Bmecte ¢ Te moka3aHa OrpaHHYEHHOCTh IPUMEHUMOCTH
MAaKpOPEOIOTHYECKOT0 TOIX0/1a [UTs YKAa3aHHBIX MATePHAIOB IPH aHAJIN3e MHOTHX
SIBJICHAM, MMCIOIINX TPHHIMIUATGHOE 3HaYeHHEe. MUKpPO- B HAaHOPEOJIOTHYECKHE
A QEKTHI OPENENSIOTCS MPEK/IE BCEro ¢ (PIyKTyarmil pactpeeNeH s IIOTHOCTEH
Macchl 1 HEOIHOPOIAHOCTSIMHA B MHUKPOBSI3KOCTID). DTO CBSI3aHO KaK C ICXOJHBIM CO-
CTOSHHEM CpEJIbl — HAJIIYMS KOHITIOMEPATOB YaCTHII, TaK M ¢ ()OPMHUPOBAHHEM HIX ac-
COIIMATOB - «KJIACTEPOB) - HETIOCPEICTBEHHO TIPU TEUSHUH B TIPOLIECCE MepepaboTKH.
Teuenue - B COOTBETCTBHH C MPHHIMIIOM MHHHMyMa JWCCHITAIMN HEPrud | ensM-
TOJIBIIA - JIOKATM3YETCs 10 HauMEeHee TIPOYHBIM CBSI35IM, B TO BpeMsI KaK APYTHe TPYTI-
IIBI YaCTUIl YIUIOTHSSCh, MEPEMEIIAlOTCs KaK OTACIBHBIC PEOSIOTHYECKUE €IHHUIIBL.
Jamee oOpazyroTcsl apku, MOCTHKH; MPOQIUIb CKOpOCTeH HMcKaxkaeTcs. CBs3yromiee
BBIIABIIMBACTCS NIPEUMYILECTBEHHO B MEXKJIACTEpHOE MPOCTPaHCTBO. Takum obpa-
30M, @K€ MEepPBOHAYATIGHO TOMOTEHHAs CTPYKTypa MpH AepOpMHPOBAHWM IIPEBpa-
I1aeTcs B reTeporeHHyo. B paboTe aHaMM3UpyOTCs PHYKUHBI HAPYIICHUs CTaOUIIb-
HOCTH TIPOIIECCa SKCTPY3UH, B TOM UHCIIC B CBS3M C BIMSHHEM BEIIHEr0 MAarHUTHOTO
nost. [loka3aHa MmepCceKTUBHOCTD MOATOTOBKU HATOHUTEIST METOJIOM MOJIEKYIIIp-
HOTO HaCJanMBaHMUA KOMIIOHEHTOB C TIOCIICIYIOIINM HCIIOJIE30BaHIEM JIATeKCHON TeX-
HOJIOTUH BBEJICHHS CBs3yIoIIero. [Ipu 3ToM yaaercst TOOUThCS CO3MaHMs TPEXMEPHOM
(c peonoruyeckoi TOUYKU 3peHHs) CTPYKTYPBl CBS3YIOIIETO: BSI3KOYIPYTOro MOHO-
CIIOSI Ha TIOBEPXHOCTH HATIOJHUTENS, BS3KOIUIACTUYHOTO MPOMEKYTOYHOTO CJIOS H
JMIACTOBSI3KOM Marpuibl. IIpu oTBeprkneHHM (TeMIepaTypHOM HIM XHMHYECKOM)
KOMIIO3UIIMSI IPHOOpeTaeT (pu3HIeckoe COCTOSIHHE C TpeOyeMBbIM COYETaHHEM KeCT-
KOCTH U 3JJaCTUIHOCTH.
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SOME QUESTIONS OF MACRO-, MICRO- AND THE
B-01-06 NANO-RHEOLOGY OF THE ANISOTROPIC COMPOSITE
MAGNETIC MATERIALS

LA. Melnikov, A.G. Golubkov, B.V. Polegotchenkov, K.O. Soloshenko.
Innovation magnetic center, 194223, Saint-Petersburg, Kurchatova 9,

innmc(@yandex.ru

From the point of view of classical rheology of the mechanism of unbroken
mediums, when the averaged values of viscosity, density, etc are considered as
the true, polymeric composite magnetic materials (PCMM) can be considered as
the complex rheological systems, which possess the number of viscous, plastic
and elastic properties. Since this approach is singularly productive for the calcu-
lation of the processing equipment (is possible the use of a apparatus of MSS) in
the work is analyzed the applicability of different rheological equations of state
for determining the interrelation between the data of rheological tests on rotary
and capillary type instruments and processing conditions. Calculation procedure
taking into account the slip of material along the walls and use of the variable
rheological parameters during the sequential motion of material along the sec-
tions of scrue is developed. Together with those is shown the limitedness of the
applicability of macro-rheological approach for mentioned materials with the
analysis of many effects, which have fundamental value. Micro- and nano-
rheological effects are determined, first of all, from fluctuation of the distribu-
tion of mass densities and by heterogeneities in the microviscosity. This is con-
nected both with the initial state of the medium of — the presence of the con-
glomerations of particles, and with the formation of their associates - “clusters” -
directly with the flow in the process of processing. Flow - in accordance with
the principle of Helmholtz's of the minimum of the dissipation energy - is local-
ized according to the least durable bonds other, while batches of particles are
moved as separate «rheological units». Further are formed arches, bridges; the
velocity profile is distorted. Bonding agent is extruded predominantly into the
intercluster space. Thus, even initially homogeneous structure with the deforma-
tion is converted into the heterogeneous. In the work the reasons for the distur-
bance of the stability of the process of extrusion are analyzed, including in con-
nection with the influence of external magnetic field. Is shown the perspective
of the preparation of filler by the method of the molecular stratification of com-
ponents with the subsequent use of latex technology of the introduction of bond-
ing agent. In this case it is possible to attain the creation of the three-
dimensional (from a rheological point of view) structure of the bonding agent:
visco-elastic monolayer on the surface of filler, visco-plastic interlayer
and visco-elastic matrix. During baking (temperature or chemical) the composi-
tion acquires physical state with the required combination of hardness and elas-
ticity.
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COBPEMEHHAS TEOPUA U ITPAKTUKA U3I'OTOBJIE-
B-01-07 HUA MOHOKPUCTAJVIMYECKUX MOCTOSHHBIX
MAT'HUTOB

E.B. Cujiopos', M. B. ITukynos’
' Baragumupckuii rocyaapeTBenHblii yuusepentet, Pocensi, 600000, Bia-
aumup,ya. Fopskoro, 87, ferromag@inbox.ru
2 TI'ocynapcTBeHHBIi TeXHOJOrH4YecKnii yHuBepcuteT «MOCKOBCKMI HHCTH-
TYT CTAJIM U CIUIaBOBY», Poccus, 119049, MockBa, Jlenunckuii np., 1.4,

misistlp@mail.ru

Hcnonp3oBaHue B MCXOIHBIX METAJUIMUECKUX 3aroTOBKaxX KpHUCTAJLIOTpa-
(uueckoll aHW3OTPOITUH TO3BOJSET JAOCTHYDh HCKIIOUYUTEIHHO BBICOKHX JKC-
IJTyaTallMOHHBIX CBOWCTB FOTOBBIX M3AEIUi. MOHOKpUCTAIIIMYECKAs! CTPYKTYypa
B 3arotoBkax u3 cmiaBoB FOHJIKT u Fe — Co — Cr — Mo 1no3BoysIeT A0CTHYb
HaMOOJBIIET0 YPOBHS MarHUTHBIX CBOWCTB U JaHHBIX COCTAaBOB. [locTOSHHBIC
MarHuThl ¢ MOHOKPHCTALIMYECKOW CTPYKTYpO# 00JajnaloT Kod(hGHIUEHTaAMH
TEeMIepaTypHOil 1 BpeMeHHOH HecTaOmiabHOCTH B 10 pa3 MeHBIINMH, YeM aHa-
JIOTUYHBIE TIOCTOSIHHBIE MATHUTHI C PABHOOCHOM HIIM CTOJ0YATON CTPYKTYpaMH.
Momnokpuctammuieckue nocrosiuasie MarauTsl u3 cruiaoB FOHJIKT u Fe — Co
— Cr — Mo mpuMeHSIIOT B OCHOBHOM JJisi 0CO00 TOYHBIX MPUOOPOB paKeTHO-
KOCMHMYECKOW, aBUAITMOHHOW M MOPCKOM TE€XHUKH, HECMOTPS HAa UX HCKIIOYHU-
TEJIbHO BBICOKYIO CTOMMOCTb.

PaccmoTpena uctopusi MorydeHHs MEPBBIX MOHOKPHCTAUIHYECKUX ITOCTO-
SIHHBIX MarHUTOB U pa3pa0oTKa MPOMBIILICHHBIX TEXHOJOTHHA 32 pyOeKoM H B
Poccun. IlpoBemen Teopernyecknii aHaam3 0Opa30BaHUS MOHOKPHCTAJUIAYE-
CKOH CTPYKTYpBI B OTAMBKax U3 MarHUTHbIX ciutaBoB FOHJKT u Fe — Co — Cr —
Mo, paccMOTpeHB! OCHOBHBIE NPHUHITUITE 00pa30BaHMs CIyYalHBIX KPHCTAJIOB
IIPY HAIPaBJIICHHOM YIIPABISICMOM 3aTBEpIEBaHUN, 0OOCHOBAHBI OCHOBHEIE TEX-
HOJIOTHMYECKHE PEKUMBI N3TOTOBJICHUS MOHOKPUCTAIIIOB M IMPUMEHAEMOro 000-
pYyZOBaHMUSL.
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STATE-OF-THE-ART THEORY AND PRACTICE OF SIN-
B-01-07 GLE CRYSTAL PERMANENT MAGNET MANUFACTUR-
ING

E.V. Sidorovl, M.V. Pikunov’
'Vladimir state university, Russia, 600000, Vladimir, Gorky St., 87,
ferromag@inbox.ru
2 State Technological University "Moscow Institute of Steel and Alloys",
Russia, 119049, Moscow, Leninskiy pr. 4, misistlp@mail.ru

Application of crystallographic anisotropy in initial metallic ingots makes it
possible to achieve exceptionally high performance of final products. Single
crystal structure in YuNDKT and Fe — Co — Cr — Mo alloy ingots allows to
achieve the highest values of magnetic properties for these compositions. Per-
manent magnets with single crystal structure have temperature and time non-
stability coefficients 10 times less than the same permanent magnets with equi-
axial and columnar structures. Single crystal YuNDKT and Fe — Co — Cr — Mo
permanent magnets are used mainly in high precision instruments and appara-
tuses of space, aviation and marine techniques despite their exceptionally high
cost.

History of single crystal permanent magnet evolution and mass-scale pro-
duction technology development in Russia and abroad have been considered.
Theoretical analysis of single crystal structure formation in castings of
YuNDKT and Fe — Co — Cr — Mo magnetic alloys has been carried out, the main
principles of random crystal formation at controlled directional solidification
have been described, the main technological modes of single crystal manufactur-
ing and the applied equipment have been characterized.
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B-01-08 BE30TXO/JHASI TEXHOJIOI'USA ITOJTYUYEHUSA
JIMTBIX NOCTOSAHHbBIX MATHUTOB
E.B. Cunopos, A.B. Epmusios, A.B. Koctun
Baagumupcknii rocygapcTBeHHbIH YyHUBepeuTeT, Poccust, 600000, Biaau-
Mup, ya. I'opskoro, 87, ferromag@inbox.ru

JIuTble MOCTOSIHHBIE MATHUTHI B 3HAYUTEIBHBIX KOJTMYECTBAX UCIOIB3YIOT B
IpUOOPOCTPOCHUH, IIEKTPOTEXHUKE, HIEKTPOHUKE U T.1. JIUThIC MarHUTOTBEP-
JIbl€ CIUIaBBbl SIBJSIOTCSI MHOTOKOMIIOHEHTHBIMH, B COCTaB KOTOPBIX BXOJAAT JO-
porue MeTaiabl — KOOanbT, HHKENb, MeIb, TUTAH, ANOMUHUHN, HUOOWI. Bce
MarHUTHBIE CIUIaBbl SIBJISIOTCS MPELU3MOHHBIMU U HE3HAYUTEJbHBIE OTKIIOHE-
HUSL OT XHMHYECKOTO COCTaBa He O0ECIeYMBAIOT JOCTHKECHHS TPeOyeMoro
YPOBHSI MarHUTHBIX CBOMCTB. IIpu miaBKe TONBKO HAa YHUCTHIX KOMIIOHEHTaX
MIPOUCXOANT TIepepacIpeieieHne Coaep KaHnsl BCEX KOMIIOHEHTOB OT HCXOJHO-
T0: YMEHBIIACTCS CoMepKaHUe KOOalbTa, aMIOMUHIA M TUTaHA, a COJACp)KaHHe
HUKEJIS ¥ JKene3a nmpupacTtaer. Takoe N3MEHEHUE YUUTHIBAIOT MPU PacyeTe INX-
Tbl. [Ipy mosyyeHUu JINTHIX MarHUTOB J0JI IUTHUKOB yacTo gocruraer 70 — 80
%, a OTXOABI OT 3aYMCTKH U MIITUPOBKH — 5 — 10 %.

Hcnonp30BaHe OTXOMOB JIJIsl TIOBTOPHOTO MPOW3BOCTBA BCera ObLIO 3a-
TPYAHUTENBHO. MakcuManabHOe KonudecTBo He mpeBsimano 20 — 30 %. B cBa3u
C 4eM OCHOBHasI JIOJISI OTXOJ0B OTTPYXKAIACh HA METAJUTYPTUYE€CKHE 3aBOJIBI JIJIS
H3BJIEYEHHS TOJIBKO KOOAIbTa, HUKEIS U MEIH.

CrenpanucrtaMu BraiuMupCcKoro ToCyIapCTBEHHOTO YHUBEPCUTETA paspa-
OOTaHBI IBa METOJIa UCTIONB30BaHUs OTXOMOB. [IepBHIil 3aKII0YacTCS B allFOMO-
TEPMHUUECKOM BOCCTAHOBJICHHH OOOKEHHBIX W CEMapHpPOBAHHBIX MUTU(POTXO-
IIOB B BHZIE TTOpoIIKa. BTopoii cmocob 3akimrodaeTcs B MOydeHHN BEICOKOKade-
CTBEHHOW TACIIOPTHOW IMIMXTHI U3 JTUTHUKOB W OPaKOBaHHBIX OTJIHMBOK C TTOCIIE-
IyIOIIeH MOMIIUXTOBKON 10 Tpedyemoro coctaBa. Oba crocoba 3aIInIeHs! ma-
TeHTaMu U BHenpeHs! B HIIO «Marueron».
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B-01-08 WASTELESS TECHNOLOGY OF CAST PERMANENT
o MAGNET MANUFACTURING
E.V. Sidorov, A.V. Ermilov, A.V. Kostin
Vladimir state university, Russia, 600000, Vladimir, Gorky St., 87,
ferromag@inbox.ru

Cast permanent magnets are used in considerable quantities in instrument
making, electrical manufacturing, electronic industries and others. Cast perma-
nent magnet alloys are multi-component, containing expensive metals: cobalt,
nickel, copper, titanium, aluminum, niobium. All magnetic alloys are precision
alloys, and a slight deviation from specified chemical composition does not al-
low to achieve required magnetic properties. When only pure elements are
melted, redistribution of the content of all elements, compared to the initial one,
takes place: cobalt, aluminum and titanium contents decrease and iron and
nickel contents increase. Such changers are taken into consideration when a
charge is calculated. In production casting wastes reach 70 — 80 % and trimming
and grinding wastes make 5 — 10 %.

It was always problematic to use wastes in recurring production. Maximum
amount of recycled wastes did not exceed 20 — 30 %. The major fraction of
wastes was shipped to metallurgical plants where only cobalt, nickel and copper
were extracted.

Specialists from Vladimir state university have developed two techniques
of cast permanent magnet waste recycling. The first is alumothermic reduction
of annealed and separated powder type grinding wastes. The second consists in
high quality raw materials manufacturing out of casting wastes and rejected in-
gots with subsequent addition of other elements according to the required com-
position. Both techniques are patented and have been implemented in Research
and Production Corporation “Magneton”.
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BJIMAHUE XAPAKTEPA KPUCTAJIVIM3AIIUUA CILIA-
B-01-09 BOB HA OBPA30BAHHUE MUKPOITIOPUCTOCTHU B JIN-
TbhIX 3AT'OTOBKAX U3 MATHUTHBIX CIIJTABOB

Coaomenna 10.B.
Baagumupcxmuii 'ocynapcrBennsliii YHusepcurer, Poceusi, 600000, Biaau-

mup, ya. I'opbkoro, 87, liya.solo@mail.ru

Henmpio maHHOW pabOTHl OBUTO YMEHBIICHHE MHUKPOMOPHCTOCTH B JIUTHIX
3aroToBKax M3 MarHuTHBIX crutaBoB Tuma KOHJIK u FOH/IKT.

VYcanouHass MUKPONOPUCTOCTh B JIMTHIX 3arOTOBKaX W3 METaNIMYECKHX
CIUIABOB SIBIISICTCSl HAHOOJIEE YaCTO BCTPEYACMBIM JIUTCHHBIM Je(EKTOM, KOTO-
pbIil B 3HAYUTENBHOW CTENEHU IMOHMIKAET JKCIUTyaTallMOHHBIE CBOMCTBa rOTO-
BbIX m3genuil. OCHOBHAs MPUYMHA 00pa30BaHUS yCAaIOYHOW MOPHCTOCTH — Ha-
JIUYHE B 3aTBEPJICBAIONICH OTJIMBKE TIEPEXOHON ABYX(pa3zHOH 00IacTH, KOTOpas
BCEr/la CYLIECTBYET NpPH HAIMYUM HMHTEpBaja KPUCTAUIM3ALMM y CIUIABOB M
MPUBOJUT K OOPa30BAaHUIO M30JMPOBAHHBIX  YYaCTKOB KHIKOCTH. [IpHHSITO
CUUTaTh, YTO Y€M IIMPE BEIMYMHA PABHOBECHOTO MHTEpBalla KPUCTAJUIM3AINH,
TeM Oojiee pa3BHUTas MOy4YaeTcs ycCaJOdHas MOPUCTOCTh B JIUTHIX 3arOTOBKAx
[P PaBHBIX YCIOBUSX TEIIOOTBOA.

B nanHo# paboTe ObLIM MPOBEICHBI TCOPETHUCSCKHIE U IKCIIEPUMEHTAIBHBIC
HCCIEA0BAHMS 3aBUCUMOCTH MUKPOTIOPUCTOCTH B OTJIMBKax OT BUJA JAHArpamMm
COCTOSIHUSI M CTENIEHH OTKJIOHEHHS OT PaBHOBECHOM KPUCTAJUIM3AIMH.

Beuto ycraHOBNIEHO, YTO pa3Mephl M CTPOSHHUE TEPEXOAHON ABYX(a3zHOH
001acTH, B TOM YHCIIE U 00BEM H30JIMPOBAHHON JKUAKOCTH, KPOME YCIOBHUI Te-
IJI00TBOJIA, B OOJBINEH Mepe ONpeNessIFoTCsI CTETIeHbI0 OTKIOHEHHUS Ipoliecca
OT pPaBHOBECHOW KpHUCTAJUIM3AIlMU M BEJIMYMHON HEPABHOBECHOTO HWHTEpBaja
KpucTayuu3anuu. Jjis yMEHbIICHUS yCaIOYHON MOPUCTOCTH B OTJIMBKAX IieJie-
C000pa3HO U3MEHATH COCTABhI CIUIABOB TaKUM 00pa3oM, YTOOBI BETMIMHBI A0S
CIUIaBa, KPUCTAIUTU3YIOMIETocs 3a cueT auddy3noHHOro pacrmama ¥ TeMm Kpu-
CTaJUIM3AaINH Ha JIMKBUAYCE UMENTN HanOOJbIINE 3HAUCHHs, a HEPAaBHOBECHBIA 1
PaBHOBECHBII HHTEPBAJIbl KPUCTAJUIN3ALIUY - HANMEHBIIIKE.
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AFFECT OF ALLOY CRYSTALLIZATION CHARACTER
B-01-09 ON THE MICROPOROSITY FORMATION IN CAST IN-
GOTS OF MAGNETIC ALLOYS

Yu. V. Solomeina
Vladimir State University, Russia, 600000 Vladimir, Gorky St., 87,

liya.solo@mail.ru

The purpose of the present work was to reduce microporosity in cast ingots
of YuNDK and YuNDKT type magnetic alloys.

Shrinkage porosity in cast ingots of metallic alloys is the most common cast
defect which considerably deteriorates operating characteristics of final prod-
ucts. The main reason of the shrinkage porosity formation is the presence of the
transition two-phase region in the solidifying ingot, which is always present if
the crystallization range is available in alloys and results in the formation of iso-
lated liquid sections. It is customary considered that the wider the equilibrium
crystallization range the more developed is the shrinkage porosity in cast ingots
at equal heat withdrawal conditions.

Theoretical and experimental investigations of the casting microporosity
dependence on the phase diagram configuration and the degree of deviation
from equilibrium crystallization have been carried out in the present work.

It was found out that the size and configuration of the transition two-phase
region, as well as the volume of the isolated liquid, except heat withdrawal con-
ditions, are determined to a greater extent by the degree of the process deviation
from equilibrium crystallization and by the value of the non-equilibrium crystal-
lization range. To reduce shrinkage porosity in castings it is reasonable to
change alloy compositions so that the fraction of the alloy crystallizing via dif-
fusion decomposition and the crystallization rate at liquidus had maximum val-
ues, and the non-equilibrium and equilibrium crystallization ranges — the mini-
mum ones.
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YCOBEPHIEHCTBOBAHHME TEXHOJIOI'MA TOJIYYE-
B-01-10 HUS MECTHAUATHUIIOJIOCHOI'O MATHHUTA 13
CIIJIABA IOHJK

Coaomenna 10.B.
Baagumupcxmuii 'ocynapcrBennsliii YHusepcurer, Poceusi, 600000, Biaau-

mup, ya. I'opbkoro, 87, liya.solo@mail.ru

[lecTHAaAATUIONIOCHBIN 3BE34aThIi MarHUT HUCIOJB3YETCS Uil U3rOTOBIIE-
HUSL BRICOKO3((EKTHBHBIX T€HEPATOPOB BO3OYKICHNUS.

OT1oT MarHuT uirorasnuBaercsa u3 ciutaBa IOHJIK. Cronas FOHJIK ucnons3y-
€TCsl JJIS1 MTOJTyYEHUs OTIMBOK C PABHOOCHOM CTPYKTYpPOH M XapaKTepU3yeTcs cpel-
HEll BEMYMHON KOIPIUTHUBHOHM cruitbl. OTHAKO STOT MarHuUT paboTaeT B yCIOBHUAX
BBICOKUX pa3MarHUYMBAIOIINX II0JIeH 4YTO TpeOyeT oOecneyeHUs: KOIPLHUTHBHON
cuibl: He >44 xA/M. C 310ii nenpio Ha CaparoibcKoM 3JIEKTPOreHepaTopoM 3aBOIE
B COCTaB cIuiaBa BBOAAT 1,5-2% TtuTaHa.

ITocne BBIIUIABKM CIUTaBa, 3QJIMBKU €r0 B (OPMBI, BEIONBKH, TEPMHUYECKON M
MEXaHUYeCKOW 00pabOTKH MPOBOMAAT UCTIBITAHKSI HAa Pa3roH (BpalleHHEM CO CKOPO-
ctbio 9000 06/muH). B mpouecce atoit onepannu 20-25% JAUTHIX 3aTOTOBOK pa3py-
mrarorcs. B n3nome 3Tix 00pa3ioB Beeraa BBIBISIOT PAKOBHHEI, YCaJIOYHBIC TIOPHL,
OKCHTHBIE TUICHBI.

[IpuumHoO¥ 00pa3oBaHMS YCATOYHBIX PAKOBHH W JPYTruX Je()EeKTOB MOKHO
CUYUTATh HENPABUIILHBIN MMOABOJ METALIA, HECOOTBETCTBUE TEMIIEpATypaM 3aJIUBKU
U TeMmneparypam GpopMelL.

[Ipu aTOM HEOOXOIUMO UMETH B BUIY, UTO BEIMYUHA CPEIHETO pa3Mepa ICH-
PUTHOM SYEUKHU HE NOJDKHA MpeBbImath 3HaueHus 30-40 Mxm

Jliis Toro 4yT00BI YOemuThCS B IPaBUIIBHOCTH BEIOOpA ONTHMABHBIX PEKUMOB
IIPOBENIM MOJIETTMPOBAHHUE Tpoliecca 3aTUBKH (OPMBI M 3aTBEPIECBAHUS OTIMBKU C
MTOMOIIBIO crielranbHoi nporpamMmmel LVMFlow.

[Ipu sTOoM paccMaTpuBail HECKOJIHKO BapHAHTOB, YTOOBI 10 OKOHYAHHH
MOJICTUPOBAHUS, HA OCHOBAaHMUHU IIOJNyYCHHBIX pE3yJbTAaTOB, BHIOpPATh OMNTH-
MaJIbHBII.

[ToaTomy 1o pe3ynbTaTaM MOJEIUPOBAHUS NPUHSIIN CIIEAYIOIUE apaMeT-
PHI TIpoIIecca:

-TeMIeparypa 3aJiuBKHU JOJDKHA cocTaBiaTh 1600-1650°C,

- remneparypa popma - 800-850°C,

- CKOPOCTh OXJIAXICHUS JOJDKHA ObITh He MeHbIe 30-40°C/MuH.

Takum obpazom, nporpamma LVMFlow mo3Bossier 6€3 HaTypHBIX dKCIle-
PUMEHTOB (a 3HAYHUT 0€3 3aTpar JOMOJHHUTEIBHBIX 3aTPaT) MPOBECTH OMTHMHU-
3allUI0 JINTHUKOBO-IIUTAIOMICH CHCTEMBI U, CICJOBATEIBHO, M30eXKaTh 00pa3o-
BaHMUS MHOTHX JINTEHHBIX He(EeKTOB, TAaKUX KaK IMOPHUCTOCTH, OBEPXHOCTHBIC
ne(eKThl, HEeAONUBEI, U T.1. MonaenupoBanue B makere LVMFlow mo3Bonsier
BBINIOJHATD PacyeThl U MPU 3TOM COXPaHATh BBICOKYIO TOYHOCTh PE3YJIbTATOB
3THX PACYETOB U UX COBIAJECHUE C SKCIIEPUMEHTAIBHBIMU JaHHBIMU.
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B-01-10 IMPROVEMENT OF THE PRODUCTION TECHNOLOGY
el OF A SIXTEEN-POLE MAGNET OF YuNDK TYPE ALLOY
Yu. V. Solomeina
Vladimir State University, Russia, 600000 Vladimir, Gorky St., 87,

liya.solo@mail.ru

Sixteen-pole magnets (outer diameter 120,5 mm, inner diameter 76,2 mm,
height 12,6 mm) with salient poles made of YuNDK alloy are used to manufac-
ture high performance excitation generators.

So far as high demagnetizing fields are generated in a magnetic system, the
coercive force value according to the drawing requirements must be Hes > 46
kA/m. With this purpose at the production plant up to 1,5 % titanium is intro-
duced into the alloy composition. However this element leads to casting defects
formation — shrinkage pores, shells.

Besides magnetic parameters control, acceleration tests of magnets are car-
ried out (rotation at the 9000 revolutions per minute speed). During this opera-
tion 20-25 % ingots are damaged. In fractures of these samples there are always
holes, shrinkage pores, oxide films.

These defects can be eliminated by adjusting melting and pouring modes,
improving casting processes, changing alloy crystallization character (optimiz-
ing alloy chemical composition).

For this purpose simulation of the mold pouring process and ingot solidifi-
cation was carried out using a special LVMFlow program. Various temperature
modes, mold system components, crystallization character factors were consid-
ered. Simulation resulted in the following optimum modes ensuring high quality
ingot manufacturing:

- pouring temperature 1600-1650 °C;

- mold temperature 800-850 °C;

- cooling rate within the crystallization range Vco.>30 °C/min.

Thus, the LVMFlow program made it possible to optimize the mold-
feeding system and eliminate the formation of pores, surface defects, underfill-
ing, etc. without full-scale experiments, i.e. without additional expenditures.
Simulation in the frame of the LVMFlow program allows to make calculations
and obtain high precision results which are in good agreement with experimental
data. On the base of the adjusted process modes pilot lots of castings were
manufactured which were free of the defects named above.
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MHOJYYEHHUE OKCHUJA KEJIE3A (III) U3 TPABHJIb-
B-01-11 HbIX PACTBOPOB JJIsI CHUHTE3A MAT'HUTHBIX MA-
TEPHUAJIOB

A.A. MyxTap
AT «Xumuko-meraaayprudyeckuii HHCTUTYT uM. JK. AGnmeBay», Kazax-

ctan, 100009, r. Kaparanaa, yi1. EpmexoBa, 63, bkosimova@rambler.ru

OCHOBHBIM BHJIOM CHIPBS JUII CHHTE3a MarHUTHBIX MaTEePHAaJOB SBISETCS
okcup xxene3a (I11), comepxaHne KOTOPOTO B YKa3aHHBIX MaTepHaIaXx H3MEHICT-
cs ot 60 10 90% (macc). OgHIM M3 OCHOBHBIX MCTOYHHKOB TOYYECHHUS OKCHIA
JKeJie3a MOTYT CTaTh TPABUIIBHBIC PACTBOPHL.

[TpoBeneHs! UCCIeTOBAHUS TI0 U3YUESHUIO BO3MOYKHOCTH TIOTYICHHS OKCHIA
xene3a (II) u3 XIOPHIHBIX TPaBHIBHBIX PACTBOPOB JIICTOIPOKATHOTO TPOU3-
BOJICTBA.

C menbio omperneseHusi BO3MOKHOTO U3MEHEHHSI COCTaBa TPABMIIBHBIX XJIO-
PHUAHBIX PACTBOPOB COJAEPIKAIIMX JKEI€30, HETIOCPEACTBEHHO B TPAaBUIHHOM Iie-
Xe OTOMpasTUCh MPOOHI B TeUCHHUE Troja. Pe3ymbTaThl XUMIYECKOTO aHaIH3a Ipod
pPacTBOPOB MOKa3ajlM, 4YTO HauOOJee 3HAYUTEITbHBIMU TPUMECSIMH SBISIOTCS:
Mapraner] (cpemnee conepxanue-0,29%). C menpi0 CHIDKCHHS —COIEpKaHUS
MapraHiia B pacTBOpax MPOBEJAEHBI COPOIMOHHAS U LIEMEHTAIlMOHHAS OYHCTKA
JIaHHBIX ~ pacTBOpPOB. B KadecTBe copOeHTa WCIOIB30BAH AKTUBUPOBAHHBIN
yroiib. YCTaHOBJICHO, YTO COPOIHMS MapraHila B TUHAMHUYECKOM PEKHUME COCTa-
Buna 97,2%. [leMeHTaIIIO MPOBOAMIIN Ha METAUTUIECKOM XKelese. M3pnedenue
Maprasiia B 0CaJjoK COCTaBIWIO 56,4%. OYUIIEHHBIC TaKUM 00pPa30M XJIOPHUIHBIC
PACTBOPHI TIOBEPTaTH TEPMHUCCKOMY PA3NOKCHHIO IpH Temmeparype 450 °C
IIPH OTPAaHUYCHHOM JOCTYTIe Bo3ayxa. [lomydeHHbIe MPOOBI TBEPIBIX MIPOIYKTOB
pEeaKIuu TOJBEPTraidi XUMHYECKOMY, CIEKTPAJbHOMY W PEHTIeHO(a30BOMY
anamu3y. ConepxaHnue OCHOBHOTO BemiecTBa okcupa sxenesa (I1I) Bo Bcex momy-
YEHHBIX MPOJYKTaX pPeaklWu COCTaBisuia B cpeaHeMm 98,69%. bausku mexmy
c000i1 3HaueHUs ocTatka Ha cuTe NeOl, HACBITHOW Macchl, BpEMEHH PacTBOpe-
HUS B KUCIIOTE. 3HAUCHUS MACCOBOM JI0JIM CYIb()ATOB U MOTEPh MPHU BBICYIITHBA-
HUH TaKke OMU3KHM, HO B MPoOax 0TOOpaHHBIX B KOHIIE I'Ofa MPEBHIMAIOT CPe-
Hee 3HaueHHe B 6 1 2 paza COOTBETCTBEHHO, YTO, IMO-BUJUMOMY, CBSI3aHO C XU-
MHYECKHM COCTaBOM METaJlIa, II0IBEPTaIOIIET0Cs TPABICHHIO.

TakuM 00pa3oM, IPOBECHHBIC MCCICIOBAHMS MTOKA3aJH, YTO TPABHUIEHBIC
XJIOPUIHBIE PACTBOPHI JIUCTOMPOKATHOTO MPOU3BOJCTBA MOTYT OBITH HCIIOJIB30-
BaHBI TSI TOJYYEHUs gucToro okcuma xenesa (I11).
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B-01-11 RECEPTION OF THE IRON OXIDE (IIT) FROM ALKALI
DIPS FOR SYNTHESIS OF MAGNETIC MATERIALS
A.A. Mukhtar
Abishev chemical and metallurgical institute of a name, Kazakhstan,
100009, Karaganda, Ermekova st., 63. bkosimova@rambler.ru

The basic kind of raw material for synthesis of magnetic materials is oxide
of iron (II). This content in the specified materials changes from 60 up to 90 %
(weights). One of the basic sources of oxide of iron is dips.

Researches on studying an opportunity of reception of oxide of iron (III) of
chloride dips of sheet-rolling production were carried out.

With the purpose of definition of possible change of composition of pick-
ling chloride solutions containing iron, simples were selected in the pickling
shop within a year. Results of chemical analysis of samples have shown that the
most significant impurity is: manganese (the average contents — 0,29 of %).
With the purpose of decrease in the contents of manganese in solutions sorption
and case hardening purification of the yielded solutions were conducted. As a
sorbent activacad carboy is used. It is determined, that sorption of manganese in
a dynamic mode has reached 97,2 %. Cementation was made on metal iron. Ex-
traction of manganese in a deposit was 56,4 %. Purified chloride solutions were
subjected to thermal decomposition at 450 °C with the limited access of air. The
received samples of solid resultants of reaction were subjected chemical, spec-
tral and x-ray and phase to the analysis. The content of the basic substance of
oxide of iron (III) in all received resultants of reaction averaged 98,69 %. Values
of a sieve residue NeO1, bulk weight, time of dissolution in an acid are close
among themselves. Values of a mass fraction of sulphates and losses at desicca-
tion are also close, but in samples selected in the end of year exceed average
value in 6 and 2 times accordingly, that, apparently, is connected with chemical
composition of the metal, and exposed to pickling.

Thus, carried out researches have shown that pickling chloride solutions of
sheet-rolling production can be used for reception of pure oxide of iron (III).
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B-01-12C CHUHTE3 HU3KOTEMIIEPATYPHBIX ®EPPUTOBBIX
IMOPOHLIKOB JJIAA YUII-2JIEMEHTOB
B. .]IOMOHOCOB], B. Ha]-[]:KOB], M. I/IBaHOBCKaﬂz, . Korukos’
'Benopycekuii rocyrapeTsennblii yausepentet, Benapycs, 220030, MuHck,
yi. Jlenunrpaackas 14
HUM (uzuko-xumMmnyeckux npodiem benopycckoro rocynuBepcurera,
Benapycs, 220030, Munck, ya. Jleannrpaackas,14, ivanovskaya@bsu.by

OCHOBHBIM MAaTEPHAIIOM IPH H3TOTOBICHHH YHII-3JICMEHTOB IS PaHo-
AJIEKTPOHHOM NPOMBIIIJICHHOCTH CITy’KaT KOMIO3HINH (epput-cepedbpo. B ka-
4ecTBe (PePPUTOBON COCTABISIOIICH NMPUMEHSIIOT MAaTHUTOMSTKHAE MAaTEPHAIIBI,
J1aBHBIM 00pa3om, Ha ocHoBe Ni—Zn—Cu-¢pepputoB. UTOOBI MOITyYInTH HEOOXO0-
TUMBIE XapaKTePUCTHKH K TIOPOIIKAaM U CIICUYSHHBIM (peppUTaM MPEIbIBISIOTCS
onpeaeneHHble TPeOOBAHUS (T cpexamms <900°C, dinax gacTui mopormka <0,8 MKM,
I avamas 007€€ 300 en, Q 80-110 ex.). OqHuM U3 mMyTeil pemIeHUs TOCTABICH-
HOW 3a/jauu SIBJSIETCS YBEIWYCHHE aKTUBHOCTH K CIIEKaHWIO (EPPUTOBBIX IO-
POIIKOB, IPAaBHIILHOMY BEIOOPY UX COCTAaBOB U CIEIUAIBHBIX JOOABOK, C LIENBI0
(hopMHUPOBaHUS OIPENIETIEHHON MUKPOCTPYKTYPHI.

B paboTe HalieHBl ONTUMAaIBHBIE COCTAaBHI MOPOUIKOB (epputa (MOI. %):
NiO — 7-11, CuO - 16, ZnO - 25,5-30, Fe,O3 — 49,4-49,8, pu criekaHuu KOTO-
prix (7 < 900 °C) nposBISAIOT MarHUTHYIO TpoHHIaeMocTsh 280-330 ex. u no0-
porHOCTh 90 en. Ha gactore 2 MI'i. MccnenoBaHsl KHHETHKA M MEXaHHU3M YII-
JIOTHEHUS TaHHBIX (PEPPUTOBHIX MOPOIIKOB ITOCIE MEXAaHHYECKOW aKTHBALIUH C
HCTIOJIb30BaHUEM BBICOKOPHEpreTHyeckoro momoina (arrputop). HurparHo-
[UTPATHBIM METOJIOM CHHTE3MPOBAaH HaHOIUCTepCcHBIH (d ~ 20—40 HM) peakin-
OHHOCITOCOOHBIN (PepPUTOBBINA MOPOIIOK JAJsl aKTUBAIMU MPOIIECCa CICKAHUS.
BBenenne HaHOPa3MEPHOTO, «AKTHBHOTO» MPEKypcopa B M3MEIBYCHHYIO IITUXTY
TOTO € COCTaBa MPUBOIUT K CHIDKCHHIO TEMITCPATYPhI ClICKaHHUS U GPOpMHUPO-
BAaHWIO IUIOTHOW OECIOpHUCTOW MHUKPOCTPYKTYphl wu3menus. CrekaHwe IpHu
T =890°C/24 (eppnuTH3NPOBAHHON IIUXTHI U3 U3MEIBYEHHOIO MOPOLIKA U J0-
6aBku 25-30% «aKTUBHOI» COCTaBISIONICH (TIOPOIIOK IMOJYYCHHBIH TIOCIE Tep-
MOPA3JIOKCHHS HUTPAT-IIUTPATHOTO T'elisl) MONyYeHBI (PEeppUTHI ¢ apaMeTpaMu
n>400en. u Q=70 en.
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B-01-12C SYNTHESYS OF LOW-TEMPERATURE FERRITE POW-
DERS FOR CHIP ELEMENTS
V. Lomonosov', V. Pankov], M. Ivanovskaz, D. Kotsikau’
'Belarusian State University,
Belarus, 220030, Minsk, Leningradskaya, 14
’Research Institute for Physical-Chemical Problems,
Belarus, 220030, Minsk, Leningradskaya, 14, ivanovskaya@bsu.by

Ferrite—silver composite is the main material to produce chip elements for
radioelectronic industry. Ni-Zn—Cu-based ferrites, which are soft magnetic ma-
terials, are widely used as the ferrite component. In order to attach the required
characteristics to the composite, both powder and calcined ferrite should possess
the following features: calcination temperature below 900 °C, maximum diame-
ter of grain size 0.8 mkm, initial magnetic permeability pu over 300, O-quality
80-110). One of the possible ways to reach the mentioned features is to find
suitable composition of the ferrite and nature of dopants that provides the activa-
tion of powder sintering process and formation of specific microstructure.

Optimal composition of the ferrite powder was found in this study (molar
%): NiO — 7-11, CuO - 16, ZnO — 25.5-30, Fe,0; — 49.4-49.8. Calcination of
this powder at 7 < 900 °C resulted in a magnet sample with magnetic permeabil-
ity p = 280-330 and Q-quality 90 (measured at 2 MHz frequency).

Kinetics and mechanism of compacting processes of the obtained ferrite
powders after mechanical activation by applying high-energetic milling in an at-
tritor were studied. The sintering process was activated by using nano-sized
(d = 20-40 nm) ferrite powder prepared by citrate-nitrate approach. Adding this
highly reactive precursor to the ferrite stock of the same composition leads to
the decrease of the sintering temperature and to the formation of dense porou-
sless microstructure of the resulting device. Thus, the sintering at 890 °C for 2 h
sample prepared by adding 25-30% of the nanosized powder to the milled ferrite
stock provides the following magnetic characteristics: magnetic permeability
p>400 and Q-quality = 70.
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BJIMSIHAE HA MUKPOCTPYKTYPY U MA'HUTHBIE
B-01-13C CBOMCTBA YCJIOBUU JUCIIEPTUPOBAHUA ITO-
POIIKA 'EKCA®EPPUTA CTPOHIIUA

M. UBanosckas', B. .HOMOHOCOB], . KOTI/IKOBI, B. HaHLKOBl,
B. lllam6anés’
'HUH (uzuko-xumMmnyeckux npodiem benopycckoro rocynusepcurera,
Benapycs, 220030, Munck, ya. Jleannrpaackas,14, ivanovskaya@bsu.by
2 Ol PYII «@epput», r. MuHCK, y.1. II. BpoBkn,19

Bakneimei cragueil TEXHOJIOTUU U3TOTOBJIEHUS] MATHUTHBIX MaTEpUaloB
Ha OCHOBE rekcadeppuTa CTPOHLIMS, OTBETCTBEHHOW 3a MX MarHWTHBIE Tapa-
METpHI, ABJISIETCS MOATOTOBKA MCXOIHOTO IOpPOIIKa (heppHTa Mmepes IpeccoBa-
HHUEM u cnekaHueM. CyIIecTBEHHOE yIydIIeHHEe CBOMCTB MArHUTHBIX MaTepHa-
JIOB MOKET OBITh IOCTHTHYTO W J00OaBIEHHEM K rekcadeppHuTy CTPOHLHSA Ha
CTaaMU ITUCIICPTUPOBAHMS PA3IMYHBIX BellecTB. B manHo# paboTe paccMOTpeHO
BIMSIHUE YCJIOBUH pa3Mona mnopoika StFe;059 1 BBeleHUS MUKPOA0OaBOK Ha
CTPYKTYPy ¥ MAarHUTHBIE XapaKTEPHCTHKHA H30TPONHBIX MarHuToB. Vcmomb3o-
Banu noporok SrFe;;0;9 Oneneropckoro kombunata (Poccust). Panee mokaza-
HO, 4TO Hambosee 3(h(HEeKTUBHOE MOBBINICHHE MATHUTHBIX XapaKTEPHCTHK 3TOTO
Marepuaja IOCTUraeTcsl NMpU BBEICHUM KOMIUIEKCHOW nobaBku Si0,, CaCOs,
H;BO:;.

Hcnonp30Bany 1Be METOAMKH pa3Moiia IOpOIIKAa — JUCIEPTUPOBAaHHE B
araToBOM CTyNKe C JOOaBICHHEM 3TaHONA W B IUTaHeTapHOW MenpHUIE PM 400
B M3OIIPOIIAHOJIE ¢ NPHUMEHEHHEM CTallbHBIX IapoB. [lomywann oOpa3usl mo-
POIIKOB, M3MeTbUEHHBIE 03 M ¢ J0OaBICHNEM yKa3aHHBIX BBIIIE BemecTs. M3
MOJyYCHHBIX ITOPOIIKOB H3TOTOBJIECHBI H30TPOIHBIE MAarHUTHI MPECCOBAHHEM
nox maBnerneM 900 kr-c-ecM © u crekannem npu 1180 °C. Crarnueckue Mar-
HHUTHBIE XapaKTEPHCTHKNA O0pa3loB M3MEPEHBI 10 CTAHAAPTHOH METOIHMKE Ha
OII PYII «®eppur». Ilopomku 1 ckojbl MarHUTOB u3ydyanu merogamu COM,
PCMA u UK-cnekrpockonnu. CTpyKTypHO-(a30BEIi cocTaB 00pa3loB Hccie-
JIOBAJM METOIOM PEHTTeHOTrpa(uH.

Ha ocHoBaHWMM 3KCIIEpUMEHTAIBHBIX JAHHBIX AHATN3UPYIOTCS HPUYUHBI
pa3nuuuii B pazMepax ¥ MOpPQOIOTUH 3epeH, MUKPOCTPYKTYpe MAarHUTHBIX Ma-
TEPHUAJIOB W WX BIHSHWE HA MarHUTHBIC XapaKTEPUCTHKH M3TOTOBJIEHHBIX 00-
pasuoB. Iloka3aHo, 4yTO BBeAeHHE KOMILIEKCA MHKpPOJOOABOK MOBBIIAET Mar-
HUTHBIE XapaKTepUCTUKHU (B,, H., (BH)y.x) ¥ INIOTHOCTH 00pa3I0B HE3aBHCUMO
oT croco6a n3menpyeHust nopomka SrFe;;019. BbICOKyI0 MexaHHYeCKyIO Mpod-
HOCTh I MAKCUMAJIBHYIO IUIOTHOCTh MMEIOT MarHUTHl, MOTy4YE€HHBIC U3 TOPOIIKa
¢ MHKpOA00aBKaMM, M3MEJIbYEHHOTO B ITaHETapHOH MenbHHIE. OJHAKO Mak-
cumaibHas BenuduHa (BH)y., HaOmomaercs mnpu m3menbueHun SrFe,0p9 ¢
MHKpOZ00aBKaMH B araTOBOH CTYyTIKE.
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EFFECT OF MILLING CONDITIONS OF STRONTIUM
B-01-13C HEXAFERRITE POWDER ON ITS MICROSTRUCTURE
AND MAGNETIC FEATURES

M. Ivanovskayal, D. Kotsikaul, V. Lomonosovl, V. Pankovl,
V. Shambalyov’
'Research Institute for Physical-Chemical Problems, Belarusian State Uni-
versity, Belarus, 220030, Minsk, Leningradskaya, 14, ivanovskaya@bsu.by
% «Ferrite» Enterprise, Belarus, Minsk, P. Brovki, 19

Pretreating of initial ferrite powder prior to its press forming and annealing
is a critical stage in the preparation technology of magnetic materials based on
strontium hexaferrite. A considerable improving of functional features of the
magnetic material can be achieved by doping strontium hexaferrite (SrFe;;019)
with various additives at the milling step.

The effect of micro-additives and milling conditions of SrFe;,0;9 powder
on the structure and magnetic features of the resulting isotropic magnets has
been studied in this work. SrFe ;019 ferrite powder produced by the Olenegorsk
Enterprise (Russia) was used. It was shown earlier that the most pronounced ef-
fect on magnetic behavior of the ferrite is achieved under its doping with a com-
posite Si0,+CaCO;+H;B0O; additive.

Two different powder dispergating techniques were used — applying plane-
tary mill PM 400 (steel balls) with isopropanol and milling in agate mortar with
ethanol. Pure SrFe ;09 powders and doped ferrite samples were prepared. Both
types of the obtained powders were used to fabricate isotropic magnets by press
forming under 900 kg-s-cm > pressure and calcination at 1180 °C. Static mag-
netic features of the resulting samples were measured at the «Ferrite» Enterprise
by conventional techniques. The powders and magnet splits were characterized
by SEM, EDXA and IR-spectroscopy. Phase composition of the samples was
ascertained by X-ray diffraction method.

The distinctions in grain size, morphology and microstructure of the mag-
netic materials were discussed basing on the obtained experimental data. The ef-
fect of the listed structural peculiarities on magnetic behavior of the magnets
was revealed. Introduction of complex additives into SrFe ;0,9 powder was
shown to improve the magnetic features (B,, H., (BH)m.x) and to increase density
of the magnets for both milling techniques used in the work. Higher mechanical
stability and density of the magnets provides pretreating of the doped SrFe;,0,9
powder in a planetary ball mill. In contrast, maximum (BH)y. value was
achieved by milling the same powder in an agate mortar.
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BJIMSIHUE KYBUYECKOM TEKCTYPBI (100)[001] 1
MHOTIOCTYIEHYATON TEPMOMATHUTHOM OBPA-
BOTKU HA MATHUTHBIE CBOMCTBA CILIABA
X30K15M2T

B-01-14C

9.X. lunucaamona, A.B. Marpéuun, P.U. Masununa, JI.I'. ’Kykos,
O.A. Ymaxkosa, U.M. I'pauesa, U.B. Yepenunuenko
Tl'ocynapcTBeHHBbIii TeXHOJIOrHYecKHii yHUBepcuTeT «MOCKOBCKHIA MHCTH-
TYT CTAJIM M CILIaBOBY», Poccus, 119049, MockBa, Jlenunckuii np., 1.4,

yagoda_yagodka@mail.ru

BBICOKOKOIPLIUTHBHOE COCTOSIHUE B CIUIABaX JUI IOCTOSHHBIX MAarHHTOB
cucrembl Fe-Cr-Co-Mo CBSI3aHO C pacmajioM MeTacTaOMIBHOTO Ol-TBEPIOTO pac-
TBOpa Ha M30MOp(hHBIE (a3bl: o, OOOTAICHHYIO KENe30M M KOOAIBTOM, H Ol
oboramerHy0 xpoMoM [1]. B 3aBHCHMOCTH OT BENMYHMHBI Pa3HUIBI TApaMETPOB
pemeTku a3 o) 1 0y, 00pa3yIOIMXCs IPU BEICOKOKOAPIIUTHBHOM PACIIaZe, MOXKET
HaAOIFOIATHCS M30TPOITHBIN WM aHU30TpoIHBIH dhdexT TMO [2].

JI71st HOBBIIIEHUST MAaTHUTHBIX CBOUCTB cIuiaBbl cucteMbl Fe-Cr-Co aerupy-
0T MosmoeHoM [1, 2]. B Xome TepMoMarHuTHOH 0OpabOTKH U TOCIEMYIOIINX
OTITyCKOB Mo, 31eMEHT ¢ OONBIINM aTOMHBIM PaIUyCcoM, KOHIICHTPUPYETCS
MIPENMYIIECTBEHHO B O-(ha3e, yBEIMIUBAs PA3HUILY ITapaMeTPOB KPHCTAJIAYe-
CKHX PemIeToK (a3 0 U 0y, YTO TOBBIIIACT YIPYTYIO SHEPTHIO U 3aCTaBIISET Yac-
THIBI CHIIPHOMArHUTHOH 0;-(ha3bl pacTH BJOJb HanpasieHus <100> [2].

B macrosmeit pabore wccienoBamy BIMSAHHE KyOWYeCKOW TEKCTYPHI
(100)[001], a Tak’ke MarHUTHOTO TOJIA HA CTaJUU "mopacnana" Impu TeMIepary-
pax 605-580 °C na marautHbIe cBoiicTBa cruiaBa X30K15M2T. KyoGmueckyto
texcTypy (100)[001] momyyanu cnoco6oM, onucaHHBIM B paborax [3, 4]: coue-
TaHHEM HH3KOTEeMIlepaTypHoOro mpeaBaputensHeM oTxura (HIIO) — 650 °C,
90 MuH U BBICOKOTEMIepaTypHOit o6paborku (BTO) — 1125 °C, 2,5 muH Xo-
nonHonedopMupoBanHoro crasa (€ = 70 %), ¢ mocnenyroei 3aKanKkol B BO-
Ie.

Ha TtekctypoBaHHBIX 00pa3max, TepMOOOPaOOTaHHBIX C MPIIIOKCHHEM
MarHUTHOTO TOJIS Ha CTyHeHsax otmycka 605-580 °C momyueHsl cBoicTBa pgH, =
66 KA/M; B, = 1,22 Tit; (BH)max = 44 xJIx/M° [4].

[1] Kaneko H., Homma M., Nakamura K. AIP Conf. Proc. 1972. Ne 5. P. 1088-1092.
[2] benskast .C. MaruutHble Matepuanst, M., «Metamyprus», 1985, c. 39-49.

[3] Maymauna P.U., Ymakora O.A., llly6akos B.C. Crams, 2006, Ne 6, ¢. 106-109.
[4] U.B. Yepenuuuenko, B.C. Illy6akos, P.M1. Manununa, A.C. IlepmMuHOB,
N.M. I'paueBa. Ctanb, 2009, Ne 2, c. 62-64.
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INFLUENCE OF CUBIC TEXTURE (100)[001] AND
MULTISTEP THERMAL MAGNETIC TREATMENT ON
THE MAGNETIC PROPERTIES OF
FE-30%CR-15%C0-2%MO0-0.5%TI ALLOY

B-01-14C

E.H. Dinislamova, A.V. Matrenin, R.I. Malinina, D.G. Zhukov,
0.A. Ushakova, .M. Gracheva, 1.V. Cherednichenko
State Technological University '"Moscow Institute of Steel and Alloys",
Russia, 119049, Moscow, Leninskiy pr. 4, yagoda yagodka@mail.ru

The magnet hardened state in permanent magnet Fe-Cr-Co-Mo alloys as-
signed with the decomposition of metastable a-solid solution on two isomorphic
phases: a, reached by Fe and Co and a, reached by Cr. [1] There is possible to
observe the isotropic or anisotropic thermal magnetic treatment (TMT) effect
depending on «,; and o, lattice parameters difference value.

For increasing magnetic properties of Fe-Cr-Co alloys these ones are alloy-
ing with Mo. During the TMT and subsequent treatments Mo the element with
more nuclear radius, concentrates mainly in a 02-phase, increasing a difference
of crystal lattice parametres of al and a2 phases that raises elastic energy and
forces particles magnetic straight o1-phases to grow along a direction <100>.

The influence of cubic texture (100)[001] and magnetic field through “up-
decomposition” stage at 605-580 °C on magnetic properties of Fe-30%Cr-
15%Co0-2%Mo0-0.5%Ti alloy were investigated.

The cubic texture (100)[001] was created from cold rolled alloy by the
specified way [3, 4]: by the low temperature preliminary treatment — 650 °C —
90 min in common with high temperature treatment — 1125 °C — 2,5min with
subsequence water quenching. Magnetic properties on specimens with crystal-
line texture that was treated with external magnetic field applied at 605-580 °C
are: gH, = 66 KA/m; B, = 1,22 T; (BH)max = 44 kJ/m’ [4]

[1] Kaneko H., Homma M., Nakamura K. AIP Conf. Proc. 1972. Ne 5. P. 1088-
[lz()]ng'E:JIHL[KaSI N.C. Maruutssle Marepuansl, M., «Meranmyprus», 1985, c. 39-
?39] Manununa P.U., Ymakoa O.A., lly6akos B.C. Crans, 2006, Ne 6, c. 106-
[lé?]g.I/I.B. UYepemumaenko, B.C. Illybakos, P.JMI. Mammauna, A.C. [lepmuHOB,
U.M. I'paueBa. Cranb, 2009, Ne 2, c. 62-64.
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Cexmus C
MATHUTHBIE U3MEPEHUS: PU3UKA, TEXHUKA,
METPOJIOI'US, CEPTUOUKALINSA
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Section C
MAGNETIC MEASUREMENTS: PHYSICS, ENGINEERING,
METROLOGY, SERTIFICATION
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C-01-01 HATYPHO-MO/JEJBbHBIE HCITBITAHUS TIOCTOSTH-
HbIX MATHUTOB
H.W. TopGatenko’ , B.B. l“petmxm{ H. M KbIOHF E. Kaaaen6ax s
H. Baymb6ax’, A. lagiouko’, B. KnpeeB

"FO:xH0-Poccuiickuii rocy1apcTBeHHbII TeXHHUeCKHii yHUBepcuTeT, Poc-

cus, 346428, HoBouepkacck, [IpocBemenns yiu., 132, vgrech@mail.ru
2STZ Mechatronik, Germany, 98693, Ilmenau, Werner-von-Siemens-Str., 12,
jens.baumbach@stz-mtr.de

Iocrosirasie MarauTHl (IIM) HaxXOIAT MWHPOKOE MPUMEHEHNE B COBPEMEH-
HBIX 3JIEeKTPOTEXHUUYECKUX YCTPONCTBaX. OIHUM U3 YCIOBUH UX UCIIOJIB30BaHUSA
ABISIETCSL OoOecIieueHNe 3a/laHHbIX MAarHUTHBIX XapaKTepUCTHK. B 3Tol cBsA3M
HEOOXOIMMO C BBICOKOH TOYHOCTHIO M3MEPSTHh HIMPOKHH CIIEKTP MarHUTHBIX
XapakTepUCTHK W mapameTpoB [IM pa3nudHoi (GOPMBI B CIOXKHBIX yCIOBHSX.
Hampumep, B nporecce npon3BoAcTBa HEOOXOIMMO ONPENEITh Ha 3arOTOBKAX
IIM marHuTHBIE CBOICTBAa Marepuana C LEIbK YNPaBICHUS TEXHOJIOTUYECKUM
MPOILIECCOM UX M3TOTOBIEHUs, a y roToBbIX IIM Bo Bpems mpHeMo-cAaTOYHBIX
UCTIBITAHUI NMPOrHO3UPOBATH PabOUYME CBOWCTBA, KOTOPHIE OHH MPOSBAT HOCIHE
cOOpKH B COCTaBe TOTOBOTO 3JIEKTPOTEXHWYECKOTO yCTpoiicTBa. s moBbImIe-
HUS TOYHOCTY OIPEIENICHUS MarHUTHBIX XapaKTEPUCTUK IIPEAIAraeTCsl BBINIOJI-
HATH HaTYPHO-MOJIENIbHBIE HcTIBITaHuA [IM, 0ObeINHSIONNE B €TUHBII H3MEpH-
TENBHBIN MpoLEecC U U3MEpeHHe, U MOJECIHMPOBaHIE MarHUTHBIX COCTOSHUM HC-
neityemoro IIM. Ilpu 3TOM pe3ynbTaThl SKCIIEPUMEHTA UCIOJIb3YIOTCA B Kade-
CTBE MCXOJAHBIX JAHHBIX AT MOAEIUPOBAaHMS MarHUTHBIX MOJNEH B MarHUTHOMN
CHCTEME W pacdeTa IOKa3aHWi mpeoOpa3oBaTesiei MarHUTHBIX BEJHMYUH C yde-
TOM UX T€OMETPUYECKUX Pa3MEPOB U PACMONIOKEHUSA. TeOpeTHUECKOH OCHOBOM
JUISL pealIi3allii TaKUX HCIBITAHUM SBIISIOTCS aJeKBaTHBIE MOJEIN MarHUTHON
CHCTEMBI 3KCIEPHMEHTAIbHOW YCTAaHOBKHM W METPOJIOTHYECKOE OoOecredeHue,
MO3BOJIIIOLIEE OLICHUTD IOIPEIIHOCTH OINPENEICHUS XapaKTEpPUCTUK MaTepHaa
[IM ¢ y4yerom norpemHsocTeil 3KCIEpUMEHTA U MOJEINIEH.

OpmHUM U3 YCTPONCTB Ul pealu3alliil HaTYpHOTO SKCIEepPHUMEHTa MpH UC-
neITaHAAX JUTEIX 1IM sBisercst mpubop MagHyst. Ero m3mepurtensHbIil agamn-
Tep MPEACTABIAIOT COOON MarHUTHYIO CUCTEMY C Pa30MKHYTONH MarHHUTHOMH Iie-
mp10. BEIOOP Tako#l crcTeMBI MO3BOMISET MUCIIONB30BaTh ToToBbIe [IM, T.€. oTKa-
3aThCsl OT MOATOTOBKH CIIELMANBHBIX 00pa3loB, YTO MO3BOJISIET MOBBICUTD J10C-
TOBEPHOCTh MHCIBITaHUN. B kauecTBe MaTeMaTU4eCKOW MOJENU ajanTepa Hc-
MOJIb3YETCsl MOJIENb CTAMOHAPHOTO MArHUTHOT'O TI0NIS B BU/I€ HEMTUHEHHOTO UH-
TErpajbHOTO YpaBHEHMSI OTHOCUTEIBHO HAMAarHW4€HHOCTH (heppOMarHeTHKOB.
BrInonHeHHbIE HCCIIENOBAHUS MTOKA3aIH, YTO HAaTypHO-MOJEIbHBIE HCIBITAHUS
IIO3BOJISIET CYLIECTBEHHO MOBBICUTh TOUHOCTb U3MEPEHUSI MarHUTHBIX XapaKTe-
puctuk [IM.
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C-01-01 NATURNO-MODELING TESTS OF PERMANENT
MAGNETS
N.L Gorbatenko', V.V. Grechikhin', N.M. Kyong', E. Kallenbah®,
J. Baumbah?, A. Gadjuchko’, V. Kireev
'South-Russia State Technical University, Russia, 346428, Novocherkassk,
Prosvescheniya Str., 132, vgrech@mail.ru
2 STZ Mechatronik, Germany, 98693, Ilmenau, Werner-von-Siemens-Str., 12,
jens.baumbach@stz-mtr.de

Permanent magnets (PM) find wide application in modern electrotechnical
devices. One of conditions of their use is maintenance of the set magnetic char-
acteristics. Thereupon it is necessary to measure with pinpoint accuracy a wide
spectrum of magnetic characteristics and parameters PM of the various forms in
difficult conditions. For example, in production process it is necessary to define
on preparations PM magnetic properties of a material for the purpose of man-
agement of a process of their manufacturing, and at ready PM during approval
tests to predict working properties which they will manifest after assemblage as
a part of the ready electrotechnical device. For raise of accuracy of definition of
magnetic characteristics it is offered to carry out the naturno-modeling tests PM
merging in uniform measuring process and measurement, and modeling of mag-
netic conditions of examinee PM. Thus results of experiment are used in the ca-
pacity of initial data for modeling of magnetic fields in magnetic system and
calculation of indications of converters of magnetic magnitudes taking into ac-
count their geometrical sizes and an arrangement. A theoretical basis for imple-
mentation of such tests are adequate models of magnetic system of experimental
installation and the metrological maintenance, allowing to size up lapses of defi-
nition of characteristics of material PM taking into account lapses of experiment
and models.

One of devices for implementation of natural experiment at tests cast PM is
device MagHyst. Its measuring adapter represents magnetic system with the
open magnetic chain. Sampling of such system allows to use finished PM, i.e. to
refuse preparation of special samples that allows to raise reliability of tests. In
the capacity of mathematical model of the adapter the model of a stationary
magnetic field in the form of the nonlinear integrated equation concerning mag-
netization of ferromagnets is used. The executed researches have shown that ac-
curacy of measurement of magnetic characteristics PM allows to raise naturno-
modelling tests essentially.
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HCCIEJOBAHHME INPOHECCOB HAMAIHUYUBAHUA
C-01-02 UM NEPEMATI'HNMYUBAHUS ®EPPOMAI'HUTHBIX OBb-
EKTOB B PEAJIBHBIX YCJIOBUAX

A.I'. Ilactymenkos, I1.B. BoiikoB
I'OY BIIO Teepckoii rocyrapcTseHHblii yausepeurer, Poccusi, 170000,
TBeps, yi1. Kenasdosa, 33, Aleksander.Pastushenkov(@tversu.ru

OrpoMHBIi OIBIT B MCCIEJOBAHINH MarHUTHBIX CBOHCTBaX (eppOMarHuT-
HBIX (MAarHUTOTBEPIBIX MATEPUATIOB) TIO3BOJIMII BBISIBUTH Pl 3aKOHOMEPHOCTEH,
MIPOSIBIIIIONINXCA TIPH HCCIICIOBAHUM HISCHTHYHBIX IO CBOWCTBAM pealbHBIX
00BEKTOB B M3MEPHUTENFHBIX CHUCTEMax C Pa3IMYHBIM IOCTPOCHHEM pabodvero
MIPOCTPAHCTBA HAMATHWYIHMBAIOIIETO YCTPONCTRA:

o MPSIMOYTOJIFHOCTh KPUBBIX pa3MarHUYMBaHHS IPH HW3MCEPCHUH B
3aMKHYTOW MarHUTHOM LIEIM BHIIIE, YeM B MarHUTHOM LIENHM ¢ HEMarHUTHBIM
3a30poM;

o B Pa30MKHYTON MarHUTHOH IeNU He ObIBaeT COBMAJEHHs THCTepe-
3UCHBIX KPUBBIX IIPH UCCIIETOBAHNN 00Pa3IOB pa3HOil POPMEI U3 OIHOTO U TO-
ro XK€ MaTepuala, eCIM PacyeThl MPOBOIATCA M3 MPEINONOKeHUss N=const u
N=0.

Jlaxxe B ciaydae MOJIYYEeHUS MarHUTHBIX BEJIMYMH OJMU3KUX 110 3HAUYEHHIO
HEOOXOINM aHAIIM3 YCJOBHH HMX H3MEPEHHs, TaK KaK KaKHas W3 HUX MOXKET
OBITH OTSTYEHA IOTPEUIHOCTHIO, BRI3BAHHOW YCIOBUSAMHE 3KcliepuMeHTa. HeoO-
XOAWMO TIOMHHTB, YTO pealibHble OOBEKTHI UCCISIOBAHUS B MATHUTHBIX CHCTE-
MaX ¢ HEMarHUTHBIM 3a30pOM B KaXIIbIi MOMCHT HaMarHHYMBAaHUS W IepeMar-
HUYMBAHMA, KaK IPaBUIO, HAMarHWYEHB! IO 00hEMy HEOJHOPOIHO, & UX COOCT-
BEHHOE IT0JIe Pa3MarHUYHWBaHUS TepseT JIMHEHHOCTh 3aBUCUMOCTH OT HaMarHH-
YEeHHOCTH TpU MPHUOIMKEHNH K HachimeHuo [1,2]. Mckmrouenue u3 paccMoTpe-
HUS 3TUX 0COOCHHOCTEH KaK IPaBHIIO MPUBOIUT K HETOYHOCTSIM M Pa3sHOUTCHH-
SIM TIPU aHAJIN3€ TOJIyYEHHBIX Pe3yIbTaTOB.

[TosTOoMy B HacTosmiel paboTe OBUT paCCMOTPEH KPYT BOIPOCOB, CBS3aH-
HBIX C M3y4EHHEM TUCTepe3rca COOCTBEHHOIO MOJI pa3MarHUYUBAaHUA MPH MO-
JYYCHUH HW3MEPUTENHHON HH(pOPMAINK 0aUTMCTUYECKUM (M3MEpHUTEIbHAs Ka-
TyIIKa HAXOJUTCSA B HEHTpaIbHOM CeUeHHH 00paslia) U MarHUTOMETPHUYECKHM
(B BBIpaOOTKE M3MEPUTEIHHOTO CUTHAJIA YIaCTBYET IOJIE pPacCesHIsI BCETro 00b-
€KTa MCCICOBAHMS) METOJaMH. DTO IO3BOJHUIO YCTAaHOBUTH HE TOJIBKO HICH-
TUYHOCTh 3aBHCHMOCTEH COOCTBEHHOTO IOJISI Pa3MarHHYMBAHHUA OT HaMarHH-
YCHHOCTH B PA3IMYHBIX TPYIIAaX, HO M UX BUAA 3aBUCHUMOCTEH IOJYyYCHHBIX
Pa3HBIMH CIIOCOOAMU.

Pa6ora BeImoTHEHA TIpH oA IEepkKe TpanTa PODU Ne09-02-17274.

[1] B.I'. Antonos, E.H. Yeuypuna. McciaenoBanust B 00J1aCTH MarHUTHBIX HX-
Mepenuid. 152(212)(1974)120

[2] AT ITactymienkoB. Bectauk TBI'Y.Cepust «®Puzukay. 4(6)(2004)19
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INVESTIGATION OF MAGNETIZATION AND MAG-
NETIC REVERSAL PROCESSES OF FERROMAGNETIC
OBJECTS
IN REAL CONDITIONS

C-01-02

A.G.Pastushenkov, P.V.Bojkov
Tver State University, Russia, 170000, Tver, Zheljabova Str., 33_Aleksan-
der.Pastushenkov@tversu.ru

The huge experience in magnetic properties investigations of hard ferro-
magnetic materials has allowed to reveal a number of laws shown at the research
of real objects with identical properties in measuring systems with various con-
structions of working space of the magnetizing device:

. squareness of demagnetization curves at the measurement in the
closed magnetic circuit is higher, than in a magnetic circuit with a non-magnetic
£ap;

. in the opened magnetic circuit there is no coincidence of hysteresis
curves at the measurements of samples with different forms of the same material
if the calculations are made from the assumption N=const and N=0.

The analysis of conditions of their measurement is necessary even in case
of the acquisition of close by value magnetic quantities, as each of them can be
aggravated by an error caused by experimental conditions. It is necessary to re-
member, that the real objects of research in magnetic systems with non-magnetic
gap during each moment of magnetization and magnetic reversal, as a rule, are
dissimilarly magnetized in the volume, and their own demagnetization field
loses linearity of dependence on magnetization at the approach to saturation
[1,2]. The exception of consideration of these features, as a rule, leads to dis-
crepancies and different interpretations at the analysis of the received results.

Therefore the questions connected with the studying of hysteresis of own
demagnetization field at the acquisition of the measuring data by ballistic (the
measuring coil is in neutral section of the sample) and magnetometric (the field
of dispersion of all object of research participates in the development of the
measuring signal) methods were examined in this work. It has allowed to estab-
lish not only the identity of dependences of own demagnetization field of mag-
netization in various groups, but also the distinctions of kinds of dependences
received by the different methods.

The work is supported by RFBR grant Ne09-02-17274.

[1] V.G.Antonov, E.N.Chechurina. Researches in the field of magnetic meas-
urements. 152 (1974) 120

[2] A.G.Pastushenkov. TvSU Bulletin. Ser. Physics. 4 (2004) 19
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KOMITEHCAIIUSI TEMIIEPATYPHOM MOT'PEITHOCTH
NP BECCEHCOPHOM NU3MEPEHUUN MAT'HUTHbBIX
XAPAKTEPUCTUK MAT'HUTOTBEPABIX MATEPHA-

JIOB

C-01-03

K.M. IlllupokoB, M.B. Jlankun
HO:xH0-Poccuiickuii rocynapcrBennsblii Texundeckuii yuusepeurer (HIIH),
Poccus, 346428, HoBouepkacck, yia. [Ipocsemenust, 132, const1 607@mail.ru

W3znenunst u3 MarHUTOTBEP/IBIX MAaTEPHAIOB, KaK MIPABUIIO, HIMEIOT CIOXKHYIO
¢dopMy, 9TO 3aTpyIHSET HMCIIOIB30BAaHHE M3MEPUTEIBHBIX 0OMOTOK. M3BecTHO
psil YCTPOWCTB MO3BOJIIOIINX OCYLIECTBISTH MIPOLIEAYPY W3MEPEHUS] MAarHUT-
HBIX XapaKTepPHUCTHK 0e3 HaHEeCEeHWsS M3MEepHUTENbHOW 00MOTKH [1]. B aTHX yCT1-
policTBax HANPSDKEHHOCTh MArHUTHOTO TIOJISL ONPEZENsieTcs 10 BEJIWYNHE TOKa
MepeMarHMYNBaHNA, a HMHAYKOUS B  COOTBETCTBHHM C  BEIpaKECHHEM:
B= k§(U -IR Yit, The I — TOK, IIPOTEKAIOIINIA Yepe3 HaMAarHMIMUBAOIIYI0 0OMOT-

1

Ky; R, — akTUBHas COCTaBIIAIONIAs CONPOTHBICHU HaMarHMYUBArONeH 0OMOT-

Ku; ¢ — BpeMs; k — koapULneHT, onpeneNsieMblii KOIMYeCTBOM BUTKOB Hamar-
HUYWBAIOIIEH OOMOTKH, ITMHOM MarHUTHOH JWMHHU /, TIOMIABbI0 CEYCHUS HC-
meITyeMoro obpasna. OCHOBHBIM HEIOCTATKOM 3THX YCTPOHCTB SIBJISETCS IO-
IPELIHOCTh BBIYMCICHUSI MAarHUTHOM MHAYKLIMH, BO3HUKAIOIIAS M3-32 TEMIIEpa-
TYPHBIX U3MEHEHUI aKTHBHOM COCTaBIISIIOIIEH R, CONPOTHUBIEHUS HaMarHWU4YU-
Batomielt oOMoTku. [Ipemmaraercs 1Ba MeTo1a yMEHBIICHNS JAHHON MOTPEIIHO-
cTd. B mepBoM — nepuoAnYEeCcKy OCYILIECTBISIETCS U3MEPEHHE aKTUBHOM cOCTaB-
JISIONIEeH R, CONMPOTUBIICHNUS HAMarHUYWBAIOMEH 0OMOTKH C COOTBETCTBYIOIIEH
KOPPEKTUPOBKOM €ro 3HaueHus [2]. Bropoil — npenycMaTpuBaeT KOppeKTHPOB-
Ky 3HAU€HUS aKTUBHOW COCTaBJISIOLIEH Ry CONPOTHBIICHUS HAMAarHUYMBAIOLIEH
0OMOTKH TIO pe3yibTaTy MOIEIHPOBaHU IIpollecca HarpeBa HaMarHHIHMBAIO-
e OOMOTKH.

[1] AnTonos B.T'., Ilerpos JIL.M., [lllenkun A.Il. CpeacrBa u3mepeHus: MarHuT-
HBIX TapaMeT-poB MarepuanoB. — JI.: DHeproatommusaar. Jlemunrp. Otxa-Hue,
1986.

[2] T'op6arenxo H.M. Jlankua M.B. Maiixyrauaos [I.B. HlupoxoB K.M. Ver-
POMCTBO /15l U3MEPEHHUS XapaKTEPUCTUK MarHUTOMSTKHX MaTepHanoB. / 3asBKa
Ha u3o6perenue PO Ne 2009112158, 3assn. 01.04.2009.
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TEMPERATURE ERROR COMPENSATION DURING
C-01-03 SENSORLESS MEASUREMENT OF MAGNETIC CHAR-
ACTERISTICS OF MAGNETO-SOLID MATERIALS

K.M. Shirokov, M.V. Lankin
The South Russian state technical university (NPI), Russian Federation,
346428, Novocherkassk, Prosvescheniya st., 132, const1607@mail.ru

Products made from magneto-solid materials usually have difficult form
what results in troubles using measurement coils. There are some devices which
can measure magnetic characteristics without measurement coils [1]. These de-
vices can determine strength of the magnetic field by the value of magnetizing
current, and induction by the following expression: B = k§ (U - IR, Y, where I —is

1

the current flowing through the magnetizing coil; R, — is the active component

of magnetizing coil resistance; ¢ — is the time; k — is the coefficient defined by a
number of turns of magnetizing coil, a length of magnetic line /, and a sectional
area of the test sample. The main disadvantage of these devices is a magnetic
induction computing error arises because of temperature fluctuations of magnet-
izing coil resistance’s active component R,. Proposing two methods of decreas-
ing this error. The first method is to periodically measure the active component
R, of magnetizing coil’s resistance and then to correct it’s value respectively
[2]. The second method provides correction of the active component R, of mag-
netizing coil’s resistance by a modeling of magnetizing coil heating process.

[1] Antonov V.G., Petrov L.M., Schelkin A.P. Tools to measure magnetic pa-
rameters of materials. Leningrad, Energoatomizdat, Leningradskoe otdeleniye,
1986.

[2] Gorbatenko N.I., Lankin M.V., Shayhutdinov D.V., Shirokov K.M. The de-
vice for measuring the characteristics of soft magnetic materials. / Request for
an invention of Russian Federation # 2009112158, announcement 01 Apr 2009.
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W3MEPEHUE MAI'HUTHBIX XAPAKTEPUCTHK JJIEK-
C-01-04 TPOTEXHUYECKHUX JETAJIEM U YCTPOUCTB UH-
JAYKIIMOHHO-HENNPEPBIBHBIM METOAOM

A.A.T'agiouko, B.A.Kupees, J.Baumbach, E.Kallenbach
STZ Mechatronik, ®PI', 98693, Ilmenau, Werner-von-Siemens Str. 12,
andrey.gadyuchko@stz-mtr.de

B noxnane mokasaHs!l BO3MOXKHOCTH MHIYKIOHHO-HENPEPHIBHOTO (KBa3HCTaTHUE-
CKOro) Metroja u3Mepenus [ 1] Ha npumepax M3MepeHni MarHUTHBIX XapaKTepPUCTHK IO~
JSIPU30BAaHHBIX M HEUTPAJIBHBIX AIEKTPOTEXHIYECKIX YCTPOMCTB B cOOpE, a TaK ke KOJTb-
LEBBIX M CTEPXKHEBBIX 00pa3IoB U JeTale CIOKHON (opMbl. JJaHHBII METOI B PeXKIME
TIOCTOSTHHOM CKOPOCTH M3MeHeHust moTokoctieruienus (dW/dt = const) ObuT pean3oBan B
m3MepHTenbHOM Tprbope «MagHyst» 1 IOTOIHEH YHUKAIBHOH BO3MOXKHOCTBIO TPOBE-
JICHVST FI3MEPEHHI TIPY TIOMOII OOMOTKY BO30Y>KIICHMS, HE UCTIONB3YS JOTIOJHHUTEIBHYIO
H3MEPUTENEHY0 0OMOTKY [2]. Takoii Moaxo CYIIeCTBEHHO MOBBICHIT CTEIICHh aBTOMATH-
3aIi MIPOIIecca UCTIBITAHMH, a TAaKKe TTO3BOJIFIT IIPOBOIMTE KOHTPOJIb M I3MEPEHHe Mar-
HHTHBIX XapaKTEPHCTHK 3JIEKTPOTEXHMYECKNUX M3IEIMH C TIOCTSHHBIMHA MAarHUTamMH Ha
JFOOBIX CTAIUAX MPOLIECca UX U3TOTOBICHHSL.

W3BeuHoit 3amauell pa3paOOTUHKOB M M3TOTOBHUTENEH SIBIISIETCS] OOECTICUEHHE HETIpe-
PBIBHO PacTyIIMX TPeOOBAHUII K EKTPOTEXHUYECKUM YCTPOICTBAM, TIPH UX MUHUMAJIb-
HOW CTOMMOCTH 1 MaIbIX Tabaputax. C IeIbI0 CHIDKEHHS ceOECTOMMOCTH M3IENHI 9acTo
oTIaércs MpEeArioYTeHHe HEAOPOTUM MArHUTOTBEPABIM M MAarHUTOMSTKUM (heppomar-
HWUTHBIM MatepuanaM. [Ipr 3ToM OHM XOpOIIIo MOAAroTcss 00paboTkKe, HO He 00IamaroT
JIOCTaTOYHO BBICOKOW ITOBTOPSEMOCTBIO MAarHUTHBIX CBOWCTB. Otciona (opMupyroTCs
CIIEYIOIIHE 3a1a91 Ja0OPaTOPHBIX M IIPOMBIIUICHHBIX MATHITHBIX 3MEPEHUH:

- MI3MEPEeHNE XapaKTEPUCTUK MAarHUTHBIX MaTepHajoB Ha CTAaHAApTHBIX OOpasmax
JUTSL TIPOBEACHHS IIEKTPOMArHUTHBIX PacyEToB,;

- MI3MEPEHHE MarHUTHBIX XapaKTEPHCTHK Ha CTAJMH BXOIHOI'O KOHTPOJS IOCTaB-
JISIEMBIX MaTEPHAJIOB U 3aTOTOBOK;

- I3MEPEHNE Ha PA3NIMYHBIX 3TallaX TEXHOJIOTMYECKOTO MPOLIECca M3TOTOBIICHHS Jie-
TaJlell ¥ MOHTKa DJIEKTPOTEXHUUECCKUX W3EIUNA.

Bo3MOJKHOCTE OMpezieneH sl MarHUTHBIX XapaKTEPHCTHK JIEKTPOMArHUTHBIX YCT-
policTB 0e3 BHECEHHS! B KOHCTPYKLIMIO JIOTIOJIHUTEIBHBIX N3MEPHTEIBHBIX 0OMOTOK, HC-
TOJTB3YS JIUIIH MMEIONHECS B HATMYHUH OOMOTKH BO30Y>KIICHHS, TTO3BOJIAET MOTYUHTD H3-
MEpHTENbHYI0 HH()OPMALIUIO C IEIBIO:

- TIOBBIIIICHNST KAUEeCTBA YIIPABJICHHS 3JIEKTPOMarHITHBIM YCTPOHCTBOM;

- HENPEPHIBHOTO MM MEPHOIMYECKOr0 KOHTPOJISI COCTOSIHMS TOJIAPH30BAHHBIX M
HEHTpaTBHBIX MEKTPOMArHUTHBIX YCTPOHCTB B IPOIIECCE KCILTyaTaIy (MOHUTOPHHT).
[1] B.ArToHOB. CpencTBa M3MepeH T MarHUTHBIX TIapaMeTpoB Matepraiios (1986)

[2] U.Glet, J.Baumbach. Ein neuartiges Verfahren zur Messung magnetischer
Bauteile und Magnetaktoren. 50. IWK der TU Ilmenau (2008)
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MEASURING OF MAGNETIC CHARACTERISTICS OF
C-01-04 ACTUATORS AND ELECTROMAGNETIC COMPONENTS
WITH A QUASISTATIC METHOD

A.Gadyuchko, V.Kireev, J.Baumbach, E.Kallenbach
STZ Mechatronik, Germany, 98693, Imenau, Werner-von-Siemens Str. 12,
jens.baumbach@stz-mtr.de

The paper reports about the abilities of the quasistatic method [1] by meas-
urement examples for magnetic characteristics of assembled polarized and neutral
actuators, toroidal cores, rod samples and semi-finished components with irregular
shape. The testing mode with a constant rate of the flux linkage change (d¥/dt =
const) is implemented in the measuring device "MagHyst”. The algorithm was ex-
tended with a unique function to measure the W(i)-characteristics only with a field
coil and without an additional induction coil. This way, the time-consuming disas-
sembly and creating of an additional measurement winding, especially for electro-
magnets, are not necessary. Therefore, the automation level for the measurement or
test of magnetic characteristics of electrotechnical devices with and without the
permanent magnets can be significantly improved at any stage of manufacturing
process.

The essential task of research engineers and manufacturers is to guarantee the
permanently increasing technical demands on the electrotechnical devices having
low costs and small dimensions. To lower the material costs some medium-priced
hard and soft magnetic materials are preferred. They usually provide a good ma-
chinability but can’t satisfy the demands on the accuracy and repeatability of the
magnetic properties. Hence the following tasks frequently appear in the laboratory
and industrial measurements:

- measurement of the magnetic BH-characteristics on the standard samples
(ring, rod) for electromagnetic dimensioning and simulation;

- test of delivered magnetic materials and semi-finished components;

- measurement and test of magnetic devices or components at different stages
of manufacturing and assembly processes.

The ability to measure the magnetic characteristics only with a field coil with-
out applying an additional induction coil gives an additional measurement informa-
tion which can be used for:

- enhanced quality control of electromagnetic devices;

- continuous or periodical on-stream control of polarized and neutral actuators
(monitoring).

[1] V.Antonov. Sredstva ismereniya magnitnich parametrov materialov (1986)
[2] U.Glet, J.Baumbach. Ein neuartiges Verfahren zur Messung magnetischer
Bauteile und Magnetaktoren. 50. IWK der TU Ilmenau (2008)
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W3MEPEHUE MATHUTHBIX TAPAMETPOB U3/EJUI
C-01-05 N3 PEPPOMATHUTHBIX MATEPUAJIOB B PEXKUME
HOCJIIEJOBATEJIBHOI'O PE3OHAHCA

J.B. Hlaiixyraunos, H.U. T'o6aTenko, M.B. Jlankun, B.B. Boposoii
HO:xHo0-Poccuiickuii I'ocynapcrBennnbiii Texuuueckuii Yuupepcurer (Ho-
Bovepkacckuii [losmrexuuuecknii Uucruryr), Poccusi, 346400, HoBouep-

Kacck, yi. [Ipocemenns, 132, d.v.shaykhutdinov@gmail.com

Pa3paborano ycrpoiicTBo, mo3BOIIAIOIIEE, O€3 HAHECCHUS! N3MEPUTEIHHON
0OMOTKH, OCYIIECTBIATH H3MEpPEHHE KOOpPAWHAT TOYEK METIM THCTepe3Hca.
[MpuHIun paboThl ycTpoiicTBa OCHOBAH Ha SIBJICHHHU 3JIEKTPHYECKOrO IOCIeN0-
BaTEIbHOIO PE30HAHCA LENH, COCTOSIIEH M3 HaMarHU4MBAIOLIEH KaTYIIKH,
obecrieunBaroIel nepeMaranuuBanie (GpeppoMarHUTHOTO oOpas3na M IMocieno-
BaTeNFHO COEANHEHHOTO C HEell KOHAeHcaTopa nepeMeHHo# eMkocTh. IlogOupas
BEJIMYMHY KOHZIEHCATOpa HAa COBMAJeHHE (a3 aMIUIUTYHA HANpsDKEHHS MUTAO0-
IIEr0 TeHepaTopa U TOKa B LIEMH, MOJTy4aeM BOJIBTAMIIEPHYIO XapaKTEPUCTHKY,
KOTOpast IOBTOPSIET METIII0 THCTEPE3nca MaTepraia HCIBITYeMOro oopasna.

HpOI/I?;Be,HeHI)I OKCIICPUMCHTAJIbHBIC HCCIICAOBAHUA I I/I3}1€HI/II‘/‘I, OTJIHU-
YarOLINXCS:

1. 3HaueHUSIMH OCTaTOUHOW MAarHUTHOW WHAYKIIWU;
2. 3HaYeHUSIMH KOIPIIUTUBHON CHIIBI;
3. DopMoii NeTNIn TUcTepe3nca.
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MEASUREMENT OF MAGNETIC PARAMETERS OF
C-01-05 PRODUCTS FROM FERROMAGNETIC MATERIALS IN
THE MODE OF THE CONSECUTIVE RESONANCE

D.V.Shaykhutdinov, N.I.Gobatenko, M.V.Lankin, V.V. Borovoy
South-Russian State Technical University (Novocherkassk Polytechnical In-
stitute), Russia, 346400, Novocherkassk, Education street, 132,
d.v.shaykhutdinov@gmail.com

The device allowing, without drawing of a measuring winding, to carry out
measurement of co-ordinates of points of a loop of a hysteresis, is developed.
The principle of work of the device is based on the phenomenon of an electric
consecutive resonance of the circuit, consisting of the magnetising coil, provid-
ing magnetic reversal of the ferromagnetic product and condenser of variable
capacity consistently connected to it. Selecting condenser size on coincidence of
phases of amplitudes of pressure of the feeding generator and a current in a cir-
cuit, we receive volt-ampere characteristic which repeats a loop of a hysteresis
of a material of the examinee product.

Experimental researches are made for the products different:

1. Values of a residual magnetic induction;
2. Values coercitive forces;
3. The Form of a loop of a hysteresis.
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YCTPOMCTBO JJISI UCIIBITAHUSI U3JIEJIUIA U3 ®EP-
C-01-06 POMATHUTHBIX MATEPUAJIOB B IIOJIYPA3ZOMKHY-
TOU MATHUTHOM CUCTEME

H.J. Hapaxuaze, H.U. I'opéaTenko

HO:xH0—Poccuiickuii rocyrapcTBeHHbli Texunyeckuii ynusepcurer (HIIN),
Poccus, 346428, HoBouepkacck, yia. [IpocBemenust, 132, ndaz@mail.ru

Pa3paboTaHo ycTpOWCTBO ISl MCTBITAHMS M3JEIUH M3 (heppOMarHUTHBIX
MatepuaioB (PMM) B nomypazoMmkHyToil MarautHO# cucteme (IIMC), otiu-
YUTEIBHOW 0COOEHHOCTHIO KOTOPOTO SBIISETCS IPUHIUI U3MEPEHHS HalPsDKEH-
HOCTH MarHUTHOTO nouist Hy Ha noBepxHocTH m3nenust u3 ®MM, cyTb KOTOporo
3aKITI0YaeTCsl B M3MEPEHMSI HANPSHKCHHOCTH MarHWTHOro nonst Hy, u H, B IBYX
TOYKax Ha HEKOTOPOM PACCTOSIHMH OT IMTOBEPXHOCTH MU3AENNS U IPONU3BOJHON IO

dbopmyne [1]:

'H
H,=A4H +A4,H, + 4, —d ,
T odx
dH
rae 7dx — TIPOW3BOJHAS, XapaKTEPH3YyeT HAKIIOH XapaKTepuCTHKH H(x),

A1+A; — x0dpPUIHUEHTHI, ompenensieMbleé METOJJOM HAaUMEHBIINX KBaJPaTOB.
[IpomsBogHast ompenensiack MpH IIOMOIIK TpeoOpa3oBatesss Xojia, WCHONb-
3yeMoro Iyisl ornpenesneHus: H;, BKIIOUEHHOTO M0 cxeMme NpuBeleHHo# B [2]. B
pe3ybTaTe IKCIIEPUMEHTOB CHIeNIaH BHIBOJA O TOM, YTO HOTPEITHOCTH OIperese-
HUSl HANPSDKEHHOCTU MAarHUTHOTO 1o Hy o IByM TOYKaM WU MPOU3BOJIHON He
npessimaet 5%.

[1] H.H. Topb6arenko, M.B. Jlankun, H.JI. Hapakunze, JI.B. llaiixyrnuHoB,
E.B. Tpumedkun. YcTpoHCTBO U1l MCHIBITAHUS M3IEIHH M3 (eppOMarHUTHBIX
matepuanos / [1ar.2357265, Omy6:m. 27.05.2009, bron. N 15

[2] A.A. Huxun. McnbITanus MarHUTHBIX MatepuainoB u cucteM (1984) 376
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THE DEVICE FOR TEST OF PRODUCTS FROM FERRO-
C-01-06 MAGNETIC MATERIALS IN SEMI DIRECT TO MAG-
NETIC SYSTEM

N.D.Narakidze, N.I.Gorbatenko
South-Russian state technical university (Novocherkassk polytechnical in-
stitute), Russia, 346428, c. Novocherkassk, s. Prosveshenia, 132,
ndaz@mail.ru

The device is developed for test of products from ferromagnetic materials
(FMM) in semi direct to magnetic system (SMS) which distinctive feature is the
principle of measurement intensity a magnetic field H, on surface of a product
from FMM which essence consists in measurements of intensity magnetic field
H, and H, in two points on some distance from a surface of a product and a de-
rivative under the formula [1]:

H,=AH +A4H, +A3Z—H,
X

where - the derivative, characterizes an inclination of characteristic

dx
H(x), A1+A; - the factors defined by a method of the least squares.

The derivative was defined by means of the converter of the Hall sensor
used for definition A, included under the scheme brought in [2]. As a result of
experiments it is drawn a conclusion that the error of definition of intensity
magnetic field H, on two points and a derivative does not exceed 5 %.

[1] N.I. Gorbatenko, M.V. Lankin, N.D. Narakidze, D.V. Shaykhutdinov, E.V.
Trishechkin. The device for test of products from ferromagnetic materials /
Pat.2357265, Publ. 5/27/2009, Bull. Ne 15

[2] A.J.Shihin. Tests of magnetic materials and systems (1984) 376
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BAWECOBCKHI OJIXO/I 1151 YIIPABJIEHMS PA3-
C-01-07 MATHUYMBAIOIIMM IOJIEM ITPY UCIIBITAHUH
®EPPOMATHHUTHBIX MATEPHAJIOB

H.J. Hapaxuaze, H.U. I'opéaTenko

HO:xH0—Poccuiickmii rocyrapcTBeHHbli Texunyeckuii ynusepcurer (HIIN),
Poccus, 346428, HoBouepkacck, yia. [IpocBemenust, 132, ndaz@mail.ru

Jns mpumepa mpoBeneHa KinaccH(HKAIMS MarHUTOTBEPABIX MaTEpPHAJIOB
(MTM) no ¢opme kpuBoii pasmaranuuBanus (KP) ¢ ucnons3oBanuem aHamusa
TJIABHBIX KOMIIOHEHT, B Ppe3ylbTaTeé KOTOPOH C BBIAEIEHO YETBIPE TPYIIIBI
MTM. 3a ocHOBY B3AThl NATHAECAT IATh XapakTepucTHK MTM, u3BecTHble U3
[1].

Ha ocHoBanum mpoBeneHHo# kinaccudpukannu MTM npemiokeH aganTHB-
HO-CTYNEHYATHIH aJTOPUTM U YIIPABICHUS Pa3sMarHWYHBAIONINM ITIOJeM, Oa-
3UpyOUIMicS Ha 0alecOBCKOM IIOIXOJE, CYTh KOTOPOTO 3aKIIOYaeTCsi B TOM,
YTO ONpeneIeHNe MPUHAIEKHOCTH HCCIeayeMoro obpasia K OJHON U3 TPyl
MTM npouzBonuthes o Gpopmyite Baiteca [2]:

P(B;)- Py (4)
P(B,)- Py, (A)+ P(By)- P, (A)+...+ P(B,)- Py, (4)

Py(B) =

rie P(B,) — BeposTHOCTE ThmoTe3bl, Py (A)— ycnosHas BeposTHOCTH CO-
ObITHUSI A IPU BBINOIHEHUH TUIIOTe3bl P(B;).

DTO TMO3BOJSIET 3HAYUTEIBHO COKPATUTH KOJIMYECTBO U3MEPSIEMBIX TOUYEK
Ha KPHBOH pa3MarHWYWBaHWS TPH WUCHBITAaHWHM U3nennid u3 MTM 0e3 moTtepu

TOYHOCTH W3MepeHMs. J[aHHBIM MOIXOM SBNIAETCS YHHUBEPCAIBHBIM H MOXET
OBITH IpUMEHEH T TI00BIX DMM.

[1] FO.M. ITarun. [ToctosHEBIe MarauTH (1971) 376

[2] H.A. Hapakunze AJIroput™ afanTUBHO-CTYIIEHYATOrO YHpPaBICHHs pa3Mar-
HUYMBAIOIINM II0JIEM Ha OCHOBE 0aileCOBCKOTO TOAXOJa JUIS MCIBITAHHS Mar-
HUTOTBEpAbIX MaTepuasioB 34 (2008) 70

140



XVIi-th International conference on permanent magnets

BAYESIAN APPROACH FOR MANAGEMENT DEMAG-
C-01-07 NETIZE A FIELD AT TEST OF FERROMAGNETIC MA-
TERIALS

N.D. Narakidze, N.I. Gorbatenko
South-Russian state technical university (Novocherkassk polytechnical in-
stitute), Russia, 346428, c. Novocherkassk, s. Prosveshenia, 132,
ndaz@mail.ru

Classification hard materials (HM) under the form of a curve demagnetize
(CD) with use of the analysis of the main things a component as a result of
which with it is allocated four groups HM is lead. For a basis fifty five charac-
teristics HM known from [1] are taken.

On the basis of lead classification HM the adaptive-step algorithm for man-
agement demagnetize a field, based on Bayesian approach which essence con-
sists that definition of an accessory of the researched sample to one of groups
HM to be made under formula Bayes [2] is offered:

P(B)-P, (4)

P(B))-P, (A)+P(B,) P, (A)+...+ P(B,)- P, (4) ’

P(B)=

where P(B,) - probability of a hypothesis, F, (4)- conditional probability
of event 4 at performance of a hypothesis P(B,).

It allows to reduce considerably quantity of measured points on a curve
demagnetize at test of products from HM without loss of accuracy of measure-
ment.

[1] J.M.Pjatin. Constant magnets (1971) 376

[2] N.D.Narakidze Algorithm of adaptive-step management demagnetize a field
on the basis on Bayesian approach for test hard materials 34 (2008) 70
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INNPAKTHYECKASA PEAJIM3ALIUA METOJA U3MEPE-
C-01-08 HUs IIAPUHBI IMHUA ®MP SIIUTAKCHUAJIBHBIX
CTPYKTYP KUT'

A. A. ®upcenkos', B.A. JIy6osoii', A. 3. Kosun', 1.A.fIcbkoB’, A.C.
Cmupnos', MLIO. T yceBZ, H.C. Heycrpoes®
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HW3BecTHBIM Hepa3pyIIAIONIMM CIIOCOOOM H3MEPEeHHs LIMPUHBI (heppOMarHuT-
Horo pesonaHca (PMP) smurakcnamshbix cTpykTyp XKUIT (QCXKUD) sBnstercst me-
TO JIOKAJIM3AINX KOJIeOaHNI HaMarHMIEHHOCTH B HEOTHOPOJHOM MarHUTHOM TIOJIE,
VHa4Ye Ha3bIBAEMBIF METOAOM “MarHUTHOW sSMbI”. Meroj “MarHUTHON MBI’ OBLT
pa3pabotan B koHIe 1970-x romoB B JICHUHTPaJICKOM 3IIEKTPOTEXHUYECKOM HHCTH-
tyte. [llupuna muann ®MP (AH) omnpenensieTcst o CeKTpy MarHUTOCTaTHIECKUX
KoJeOaHui B JIOKaJIbHOM 001acTH, chopmMupoBanHoi MarauTHO# cuctemoii (MC) [1].
Co3yiaHHBIE HA OCHOBE METO/Ia M3MEPUTEIbHBIC CTEHIBI ObLTM BHEAPEHBI B PsiE Op-
raam3armii CCCP — JIOTH, HUU “lomen”, HUM MOT (Kamyra) u npyrux. Ha cos-
JTAHHBIC YCTAHOBKU BBITYIIIEHBI aTTECTAaThl, OJHAKO HE IPOBOIWIACH SKCIIEPTH3a U
cepTU(UKAI METOVK.

KomnexriBom OAO “3aBog MarHeToH” JaHHBIA METOJ] ObLT Pa3BUT M CO3/aHa
M3MEpHTENBHAS YCTAHOBKA 110 OPUTHHATIBHBIM YepTe)kaM. Y CTAaHOBKAa KOHCTPYKTHB-
HO OTJIMYACeTCs OT JCWUCTBYIOHIMX HM3MepUTenbHBIX creHnoB B CIIGIDTY u OAO
“HUU “Deppur-Homen”. K unciay oTianuumii u TOCTOMHCTB JAHHOW YCTaHOBKU OTHO-
CHTCS TUIABHO PETYIIHPyeMasi CBSI3b, YTO PACIIMpPsIeT AWAIa30H TOMIIHMH H3MePSeMBIX
wieHoK. B MC ycTaHOBKM HCHOJIB30BaH PEeIKO3EMENBHBIN TOCTOSHHBIA MarHuT, YTO
TIO3BOJIMJIO YMEHBIINTh rabapUTHBIE pa3Mepbl, MPUMEHNUTh KaTyLIKH YIIPaBJICHHS
MEHBIIEH MOIIHOCTH U 00eCIeunTs O0JIee TOUHYI0 HACTPOHKY. MeToauKa aTTecTo-
BaHa ¥ cepTudummponana [2].

Ilono6Hble yctaHOBKU M Meroauka BHeapeHs! B 3A0 “HMU Martepuanosene-
Hus” 1 OAO «3aBoj MarHeTon» Ui KOHTPOJISL TapamMeTpoB MPou3BOIUMBIX DC-
XUT'. BzanMopelcTBHE €O CrEMATACTAMH TIO0 BBIPAIMBAHUIO SIUTAKCHATBHBIX
crpykryp 3A0 “HUIM MarepuanoBesieHus” O3BOIWIO UCTIBITATh YCTAHOBKY HA pa3-
mmasbix DCXKUI 1 aneMeHTax Ha X OCHOBE (pe30HaTOpax, BOIHOBOAAX). Pesysbra-
TBI U3MEPEHNH TTOKa3aM 3HaueHns napamerpa AH B mpenenax 0.3-0.5 D u mpuron-
HOCTb CTPYKTYD JUIS IPUMEHEHHsI B CITHH-BOJIHOBBIX Npubopax CBY.

ABTOpEHI BEIpaXKatoT OnarogapaocTh 3a oMotk H.I'. Kosnmkosy (CITIOIITY)
u I'.C. Maiioposy.

[1] Otuer CIIOIOTY mo HUP “Dmsuko-TexHuYecKoe 000CHOBAaHHE M HCCIICIOBA-
HUE MeTofa u3MepeHus: mHprHbl JTUHUH OMP snurakcuansHpix mieHok KUy,
DOT-165, Cankt-TlerepOypr, 2008r.

[2] MBU 17-2008 Metoauka BBIIOTHCHHUS U3MEPECHHI IITUPUHBI JIMHUU (eppomar-
HHUTHOTO PE30HAHCA SMUTAKCHAIBHBIX cTPYKTYp JKUI 1 BOMHOBEMYIIMX 3JIEMEHTOB
Ha ux ocHoBe, Cankt-IletepOypr, 2008r
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The localization of magnetization oscillations in inhomogeneous magnetic
field is a well-known nondestructive method of measuring the FMR linewidth
in LPE-grown YIG structures. The method is also known as a “magnetic well
method”. It was developed in Leningrad Electrotechnical Institute (LETI) in the
late seventies. FMR linewidth (AH) is determined by magnetostatic wave spec-
tra in the local area formed by the magnetic system (MS) [1]. Measurement
stands based on this technique were used by several USSR organizations, such
as, LETI, “Domen” Research Institute (RI), RI of Electronic Engineering Mate-
rials (Kaluga) and others. However, their measurement systems have not been
certificated.

JSC Magneton (development group) improved the technique and designed
the original measurement system. It differs significantly from the existing
measurement stands of Saint-Petersburg  Electrotechnical University
(SpbGETU) and JSC “RI Ferrite Domen”. The bounds of the FMR linewidth
measurements were extended by a smooth adjustment of variable coupling. The
using of rare-earth permanent magnet in MS allows to reduce the system dimen-
sions, to make use of low-power magnetizing coils and to improve the magnetic
field tuning. Measurement technique was certificated [2].

Similar devices and measurement technique are employed at the RI of Ma-
terial Science and Technology (RIMST, Zelenograd) and JSC Magneton to con-
trol the production parameters of LPE-grown YIG structures control. Close col-
laboration with RIMST experts in epitaxy growth process allowed to test the
measurement system with different epitaxial structures and individual elements
on their basis (resonators and waveguides). AH parameter value was in the
range from 0.3 to 0.5 Oe thus showing that such epitaxial structures can be used
in spin-wave microwave devices.

We would like to thank Dr. N.G. Kovshikov (SpbGETU) and G. S. Mayo-
rov (JSC Magneton).

[1] SPbGETU Report on research work « Physicotechnical basis and research of
the FMR linewidth measurement method for epitaxial YIG films», FET-165,
Saint-Petersburg, 2008 (in Russian).

[2] Measurement Procedure Manual 17-2008 “Metering procedure of FMR
linewidth in epitaxial YIG structures and waveguide elements on their basis”,
Saint-Petersburg, 2008 (in Russian).
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ATIMAPATHO-ITPOT'PAMMHBIA KOMILJIEKC JIJISI KC-
C-01-09C INBITAHUSA NIOCTOAHHBIX MAT'HUTOB HA IIJIAT-
®OPME NATIONAL INSTRUMENTS

H.HU. I'op6artenko, B.B. I'peunxun, H.M. KpioHr
IO:xHo0-Poccuiickuii rocyfapcTBeHHbIN TeXHUYeCKHii yHUBepcureT, Poc-
cusi, 346428, HoBouepkacck, [IpocBemenus y.., 132,
cuong.tung@gmail.com

Permenne po0GieMbl MOBBIIICHHST Ka4ecTBa MOCTOSHHBIX MarHuToB (IIM) cBsi-
3aHO C CO3JIAHMEM METOJIOB M TEXHIIECKUX CPE/ICTB TIOIyUYEHHS IOCTOBEPHOH H3Me-
pHTENBHON MH(pOPMAIIMA O MATHUTHBIX cBoicTBax 1M, mocratounoit mist addek-
TUBHOTO YIIPaBICHHUS MPOU3BOJCTBOM I oOecrieueHnsT TpeOyeMBIX SKCIUTyaTaly-
OHHBIX XapaKTepUCTUK m3enuii. CyIecTBYIOIE CPEICTBA UCTIBITAHHI HE B TTOJTHOM
Mepe YIOBIETBOPSIOT MPEIbABISIEMBIM TPEOOBAHMSM, TaK KaK B OOJIGIIIMHCTBE CBOEM
TpeHa3HaYeHB! I peann3aiiy (PHU3HIEeCKOro SKCIEepHMEHTa, BO3MOXKHOCTH KOTO-
pOro OrpaHHYeHbl HEJIMHEWHOM 3aBUCHMOCTBIO MarHUTHBIX cBOICTB [IM ot ux ¢op-
MBI, rabapuTOB, YPOBHS BHEIIHMX BO3JICHCTBHI, a TaKXKe CIOXHOCTBIO, a Jallle He-
BO3MOJKHOCTBIO, OCOOEHHO B IIEXOBBIX YCJIOBHSAX HPSIMBIX W3MEPEHHH MarHHTHBIX
BEJIMYMH, COOTBETCTBYIONMX HanOonee NHPOPMATHBHEIM XapaKTePHCTHKaM H rapa-
MeTpaM. 71 pereHus mpooeMbl HEOOXOAUMO HCTIONB30BaTh TEXHUUECKHUE CPEICT-
Ba, peANTM3YIOIIIe METOIBI HATypHO-MOJIETBHBIX ucnbITanuii [1]. B aToM cirydae sxc-
NIEpUMEHTAIBHOE ONPEIEICHIE MarHUTHBIX XapaKTePUCTHK M TapaMeTpoB oObeIn-
HSIETCS ¢ MOZICIMPOBAHMEM MArHUTHBIX COCTOSIHUI HcnbITyeMbIX I1IM B enuHbli Ha-
TYPHO-MOJIENBHBIA H3MEPUTEIBHBIH Mporiecc. Pa3paboTka TakMX CpeCTB NCIBITAHUN
CIIOKHAS M TpyJHoeMKas 3amada. OHa, B OCHOBHOM OOYCIIOBIICHA, TPYIHOCTSIMH CO-
NPsDKEHHST TIPOTPaMMHOM M alapaTHOW YacTH, a TAaKkkKe CO3IaHWs HPOrPaMMHOIO
xoMmIuIekca. [Ipuvenenne TexHomorun National Instruments mo3Bomiiio co3mars ar-
MIapaTHO-MPOrPaMMHBIH KOMIUIEKC Uil ucrbITaHus [IM, oTBevarommii yka3aHHBIM
TpeOoBaHMSIM. AMMapaTHas 4acThb COCTOUT M3 YIPaBIAEMOro MCTOYHMKA TOKA, Ha-
MAarHA4YMBAIONIEH CHCTEMBI, MEXaHM3Ma TOauN M Pa3OpaKoBKH HCIBITYeMbIX [IM;
OJ0Ka TIEpBUYHON 00pabOTKK MHQOpPMAIMK, COIEepKaIIero Mmpeodpa3zoBaTeNy Mar-
HHUTHON MHAYKIMH W HAIPSDKEHHOCTH, YCHIINTENEH KaHATIOB M3MEPEHUST MarHUTHOM
HMHIYKLHN 1 HAIPsHKEHHOCTH MAarHUTHOTO TOJIST; yCTpoiicTBa BBoAa-BbBoAa NI 6251
¢ USB wunTepdeticom, nepcoHaTbHOr0 Komisiotepa. [IporpaMMHBIN KOMITIEKC pea-
JM30BaH B cpefie rpadudeckoro nporpammupoadust LabVIEW u obecnieunBaer vH-
TETPUPOBAHHYIO Cpemy Uil cOopa W 00pabOTKH JaHHBIX O MAarHUTHOM COCTOSIHUH
1M, MonenmpoBaHus €r0 M3MEHEHHHT 1071 BO3/IEHCTBHEM IPEACTOSIIEH TEXHOIOTH-
YecKO OIepaliy, a TakKe YIpaBiIeHHUs! pabOTOM CpeCTB aBTOMATH3allMK MpoIiecca
WCTIBITAHUH.

[1] Topbatenko H.W. HatypHO-MOA€IbHBIC HCIIBITAHUS U3ACHi U3 (heppomar-
HUTHBIX MaTepuaioB. — PoctoB w//l.: M3n-so CKHII BIII, 2001. — 392 c.
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The solution of a problem of improvement of quality of constant magnets
(PM) is connected with creation of methods and hardware components of recep-
tion of the authentic measuring information on magnetic properties PM, suffi-
cient for efficient control manufacture for maintenance of demanded operating
characteristics of products. Existing means of tests not to the full meet shown
demands as in the majority are intended for implementation of the physical ex-
periment which possibilities are restricted by nonlinear dependence of magnetic
properties PM on their form, size, level of external affecting, and also by com-
plexity, and more often impossibility, especially in shop conditions of direct
measurements of the magnetic magnitudes matching to the most informative
characteristics and parameters. For the problem solution it is necessary to use
the hardware components realizing methods of naturno-modeling tests [1]. In
this case experimental definition of magnetic characteristics and parameters is
merged with modeling of magnetic conditions of examinees PM in uniform nat-
urno-modeling measuring process. Working out of such means of tests a diffi-
cult and labour-consuming problem. It, in the core is caused, difficulties of mat-
ing programs and the hardware, and also creation of a programs complex. Ap-
plication of production engineering National Instruments has allowed creating a
hardware and software complex for test PM, meeting the specified demands.
The hardware consists of the operated current source, magnetizing system, a de-
livering gear and grading of examinees PM; the block of a roughing-out of the
information, containing converters of induction density and stress level, amplifi-
ers of channels of measurement of induction density and magnetic intensity; in-
put-output devices NI 6251 with USB interface, the personal computer. The
programs complex is realized in the environment of graphical programming
LabVIEW and provides the integrated medium for gathering and a data handling
about magnetic condition PM, modeling of its changes under the influence of a
forthcoming production operation, and also management of work of means of
automation of process of tests.
[1] Gorbatenko N.I. Naturno-modeling tests of products from ferromagnetic ma-
terials. — Rostov on/D.: SKNTS VSH, 2001. — 392 p.
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C-01-10C W3MEPEHUS YJIEJbHOWM HAMATHUYEHHOCTH
B TUATIA3SOHE TEMIIEPATYP 80 — 1400 K
0.9 JJemunenxo, A.U.I'ansc, I''U.MakoBeuxuii, K.U.AnynmkeBuy
I'O «HIIIl HAH Besapycu no MatepuanoBeaeHuo», 220072, MuHnck,
I.BpoBkn, 19, kazimir@ifttp.bas-net.by

B nabopatopun ®usuku Marautusix Marepuanos 'O «HIII] HAH Bena-
pYycH IO MaTepHAJIOBEACHHIO» pa3paboTaHa MeTonuka [1] u co3maH TepMocTaT
JUI yCTAaHOBKM IO U3YYEHUIO TEMIIEPaTypHBIX 3aBUCHUMOCTEH yAENbHOH Ha-
MarHH9eHHOCTH ¥ MarHUTHON BOCHPHUIMYHMBOCTH TIOHIEPOMOTOPHBIM METOJIOM
[2]. TepmocTaT MO3BOISIET MPOBOAUTH U3MEPEHUS B IMana3zoHe TemmepaTryp 80
— 1400 rpagycoB KenpBrHa B HENpEphIBHOM pekume (6e3 mepeycTaHOBKH 00-
pasua, I3MEHEeHHH B y3Jie 00pa3na: 3aMeHbl KOMIUIEKTYIOIINX TepMOCTaTa, Aep-
xarenedt u T.1.). VIHTEpBan Temmeparyp M3MEpPEeHHH NEepeKpPHIBaeT B BBICOKO-
TeMITepaTypHOH 00acTH Auana3oH Temneparyp Kiopn n3BeCTHBIX ITOCTOSHHBIX
MarHuToB, Temneparyp Kropu u Heenst Bcex MarHUTOyHOpPSJOYEHHBIX BEIECTB.
Hcnons3ys TaHTEHC yriia HAKJIOHA 3aBUCHMOCTH OOpaTHOW MarHUTHOH BOCIIPH-
umuuBoct 1/y=f(T), KOTOpbI HanboJiee JOOPOTHO OMPEICIACTCS IPH HU3MEPE-
HHUAX 10 BBICOKMX TEMIIEpaTyp, YCTaHOBKA IMO3BOJISIET C OOJBIION TOYHOCTHIO
onpeznenats 3(QQEKTUBHBI MarHUTHBIA MOMEHT aHTH(eppoMarHeTHkoB. Ilo
KEJIAHMIO 3aKa3yhKa M3MEPEHHsS MOXKHO IIPOBOIHTH B JII000IT ra3oBoil cpexe.
[Tpy n3yyeHMM HaHOPa3MEPHBIX IMOPOIIKOB M OOBEKTOB, UyBCTBHTEIBHBIX K
OKHCIIMTEIBHBIM IPOLIeccaM, U3MEPEHNS, KaK MPaBUIIO, IPOBOIITCS B YCIOBHUIX
Bakyyma (107 mm.pm.cm.), mibo B MHEPTHOI ra3zoBoif cpeae. TOUHOCTH H3Me-
peHMil BeNTMUMH yHENbHOH Hamarmuennoctd 0,005 Aw’xe’ (Fevem’-e”,
Emu/g); ynenbHOli MarHuTHOH BocpuuMunBoCTH - 107 v’ k!, UyscTBuTes-
HOCTh YCTAQHOBKM CTOJb BBICOKA, YTO ITO3BOJIIET HAOJIONATh M M3MEPSATH BOC-
MIPUMMYMBOCTD JAWAMarHUTHBIX cpel. Macca o0bekToB, obnamaronmx ¢eppo-,
(beppu- ynopsgoueHHEeM MarHUTHBIX MOMEHTOB, NPH H3MEPEHUSIX yIEeNbHOH
HaMarHMICHHOCTH MOXKET OBITh Maja W 3aKifoueHa B mpeaenax 3-/ 03— 107
rpamma. [Ipy u3MepeHnsIX MarHUTHOW BOCHPHUMMYMBOCTH aHTH(EppOMarHeTu-
KOB, TapaMarHeTHKOB M JTHAaMarHETHKOB Macca 00pa3loB JKeNaTeIbHO JOJDKHA
umets BenuuuHy 0,5 — 1,0 rpamm.

[1] AnymkeBuu K.M. Metoauka BHINOTHEHHUS] U3MEPEHU HAMAarHUYEHHOCTH U
MarHUTHOW BOCIpUUMYMBOCTH. CrcTeMa obOecnedeHHs eIWHCTBA M3MEpPEeHHI
Pecnyonuku berapycs. MBU. MH 3128-2009, benl UM, Musck, 2009.- 19c.
[2] TOCT 24450-80 "KoHTpons Hepa3pyUIarOUi MarHUTHBIN. TepMUHBI U OII-
penenenus". (IToctanoBnenue I'ockomcrata CCCP ot 28 HosiOps 1980 r. N
5672)
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C-01-10C MEASUREMENTS OF SPECIFIC MAGNETIZATION IN
80 - 1400 K TEMPERATURE RANGE
O.F. Demidenko, A.l. Galyas, G.I. Makovetskii, K.I. Yanushkevich
SSPA ""MSC of the NASB", P. Brovka Str. 19, 220072 Minsk, Belarus
kazimir@ifttp.bas-net.by

In the laboratory of magnetic materials physics SA “Materials Science Cen-
tre of NASB” is developed the technique [1] and is created thermostat for the
apparatus on the study of the specific magnetization and magnetic susceptibility
temperature dependences by the ponderomotive method [2]. Thermostat makes
it possible to carry out the measurements in the temperature range 80 - 1400 de-
grees of Calvin's in the continuous regime (without the reinstallation of sample,
changes in the sample unit: the replacement completing of thermostat, holders,
etc). The measurements temperature range overlaps in the high-temperature re-
gion the Curie temperature range of known permanent magnets, Curie and Neel
temperatures of all magnetically ordered substances. Using a slope angle tangent
of the reverse magnetic susceptibility 1/y=f(T) dependence, which most high-
quality is determined at the measurements to high temperatures, apparatus
makes it possible to determine the effective magnetic moment of antiferromag-
nets with the high accuracy. At the customer wish the measurement can be car-
ried out in any gaseous medium. During the nano-dimensional powders and ob-
jects study, sensitive to the oxidation processes, measurements, as a rule, are
conducted under the vacuum conditions (/0 mm Hg), or in the inert gaseous
medium. Measurements accuracy of the specific magnetization values is £+ 0,005
Am’ kg (Gs-em’g”!, Emu/g); specific magnetic susceptibility — +10"'m* kg™
The apparatus sensitivity is so high, which makes it possible to observe and to
measure the diamagnetic media susceptibility. The mass of the objects, which
possess the ferro-, ferri- magnetic moments ordering, at the specific magnetiza-
tion measurements of can be small and concluded within limits of 3-107 — 107
grams. At the magnetic susceptibility measurements of antiferromagnets, para-
magnetic materials and diamagnetics the samples mass desirably must have a
value 0,5 - 1,0 grams.

[1] Yanushkevich K.I. Procedure of the magnetization and magnetic susceptibil-
ity measurements carrying out. System of the guarantee of measurements unity
of Republic of Belarus. MVI.MN.3128-2009, BelGIM, Minsk, 2009. — 19 p.

[2] GOST 24450-80 “Control nondestructive magnetic. Terms and determina-
tion. (Decision of Goskomstat of the USSR dated November 28, 1980. N 5672)
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C-01-11C CTEHJ JJIsA HUCIBITAHUN CTEPKHEBBIX MATHUT-
HbBIX CEITAPATOPOB
K.A. Anapees, A.C. [lepmunos, A.C. CtapukoBa
T'ocynapcrBeHHbIi TeXHOTOrHYecKuii yHUBepcUuTeT «VMOCKOBCKMA MHCTH-
TYT CTAJIM M CIUIaBOBY», Poccus, 119049, Mocksa, Jlenunckuii np., 1.4,

AkirillA@mail.ru

Jis mosrydeHns SKCIUTyaTallHOHHBIX XapaKTePUCTUK CTEPKHEBBIX MarHUT-
HBIX cenaparopoB (manee CMC), UX clauu-NpHEMKH ¥ UCTBITAHUI U COBEp-
[IEHCTBOBAaHUS KOHCTPYKIIMH, pa3paboTaH W M3TOTOBIEH HCIIBITATENbHBII
CTEH]I, TO3BOJIAIOIINN H3MEpHUTh mapameTpsl padbotel CMC B yCIOBHSIX HMHUTH-
PYIOIINX YCIIOBUS SKCILTyaTaIUH.

CreHn cocTouT M3: OyHKepa Uil UCXOTHOM CMecH, cojaepikaimieil deppo-
MarHiHyI0 MPUMECh, PACIIONIOKEHHBIH Ha 3JIEKTPOHHBIX Becax, IMOKa3aHUs KO-
TOPBIX Yepe3 MOJEM ITOCTYIAIOT Ha KOMIbIOTEp (DUKCHPYIOUIHA Beca 2 pasa B
cexkyHay. IIpu OTKPBITHH 3aCIOHKH PETYIUPYIOLIEH CKOPOCTh MMOAa4YH CHIPhs Ha
cemaparop, UCXOIHOE ChIphe MaJaeT Ha TPOXOT, 00eCIIeUNBAIOMINI paBHOMED-
HOE pacipe/esieHue MaJalolero ChIphs, 3aTeM Yepe3 pyKaB MomagaeT B pado-
YyI0 30HY CTepKHEBOTO MAarHUTHOTO cemaparopa. deppo- MarHUTHBIE IPUMECH
(manee ®MII) 3amep>KUBAIOTCS HA MAarHUTHBIX CTEPXKHSX, @ OYHUILEHHOE ChIPhE
HaKaIIMBaeTcs B OyHKepe, TakkKe HaXOMAUIMXCS Ha Becax, IMOKa3aHUs ¢ KOTO-
PBIX TaKkke (QUKCUPYIOTCS KOMITBIOTEPOM. [Ipy mepeKpBITHH 3aCIIOHKH cpadaThi-
BaeT JIaTYMK W aBTOMATHYECKU OCTAHABIMBAET 3allOIHEHHE MATPHUIBI U3MEpe-
HUH.

Jnst ounictkn ot HakoruieHHOH @MIT u3 pabodeli 30HBI CHayaa BBIIBHTA-
ercs CMC, a 3aTeM MarHWTHBIC CHCTEMBI CTEp)KHEH BBIABHTAIOTCS W3 3aIUT-
HbIX oOonouyek. ®M magaer ¢ 000JI04YKK B OyHKep, Haxosmmiics Ha Becax 20,
B3BCIINBACTCS U PE3yIbTAT 3aHOCHTCS B KOMIIBIOTED.

Koaddunuent cenaparuu usmepsercst 1syms crocobdamu. [To macce ®MII
3ajep)kaHHON K ONpeAeIeHHOMY MOMCHTY Ha MarHHUTHBIX CTCpPXKHSIX H IO CO-
JIep’)KaHUIO MPUMECH B MPOOE OUYHUIIEHHOTO CBHIPhs, OTOOPAHHOHN B OIpeleNeH-
HBbI MOMeHT. KOHCTpyKITusl cenapaTopa MO3BOJISET MPOU3BOIUTH 00a M3Mepe-
HUSl C YAaCTOTOM pa3 B IATh CEKYHJ WM U3MEPEHHE BTOPBIM CIIOCOOOM CKOJIb
YTOJHO YacTo.

B pesynbraTe paboThl KOMITBIOTEPOM (GOpMEpYeETCst TpadUKN 3aBUCHMOCTH
OT BPEMEHU CKOPOCTH IPOCHIMAHUS UCXOTHOTO ChIpbs, HakoruieHus OMII Ha
MarHWTHBIX CTEPXKHSX, a Takke YOBbIBaHUS KOd(PGUIMEHTa cemapaumm OT
BpeMeHH paboThl WM OT Macchl cenapupoBanHod ®MII. B pesymbprare ucIbI-
TaHWUW CTEHJa TIOKa3aHo, YTO JaHHBbIC IpadUKu SBISIOTCS OOBEKTUBHBIMU JKC-
IUTyaTaIliOHHBIMH XapaKTePUCTUKAMH KOHCTPYKIINU U COCTOSIHUS CTEPIKHEBOTO
MarHuTHOTO ceraparopa.

[1] G. Gillet and V. Bureau, "Separation Magnetique: Applications,"
Mines Carrieres, vol. 74, pp. 95-111, Oct. 1992.
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C-01-11C  STAND FOR TEST PIVOTAL MAGNETIC SEPARATOR

K.A. Andreev, A.S. Perminov, A.S. Starikova
State Technological University '"Moscow Institute of Steel and Alloys",
Russia, 119049, Moscow, Leninskiy pr. 4, AkirillA@mail.ru

For reception of the field-performance datas pivotal magnetic separator
(hereinafter PMS), their delivery-acceptance and test for improvement of the de-
signs, is designed and made test-bed, allowing measure the parameters of the
work PMS in condition of the imitatinging condition to usages.

The Stand consists of: bunker for source mixture, containing ferromagnetic
admixture, located on electronic weight, evidences which through modem enter
on computer fixing weight 2 times at second. At opening of the damper adjust-
ing velocity of the presenting cheese on separator, source raw material falls on
boom, providing even distribution falling cheese, then through sleeve falls into
worker zone pivotal magnetic separator. Ferro- magnetic admixture (hereinafter
FMA) detain on magnetic pivots, but cleaned raw material is accumulated in
bunker, also residing on weight, evidences with which are also fixed by com-
puter. At overlapping of the damper operates the sensor and automatically stops
filling the matrix of the measurements.

For peelings from dug FMA from worker of the zone is first brought forth
SMS, but then magnetic systems pivots are brought forth from defensive shell.
FM falls with shells in bunker, residing on weight 20, is weighted and result is
brought in computer.

The Factor separation is measured two ways. On mass FMP delayed to de-
termined moment on magnetic pivots and on contents admixture in test cleaned
cheese, selected in determined moment. The Design of the separator allows to
produce both measurements with frequency at five seconds once or measure-
ment by second way is how pleased often.

As a result of work by computer is formed graphs to dependencies from
time of the velocities awakes source cheese, accumulations FMA on magnetic
pivots, as well as decrease the factor separations from time of the work or from
mass separations FMA. As a result of test the stand is shown that given graphs
are an objective field-performance datas to designs and conditions of the pivotal
magnetic separator.

[1] G. Gillet and V. Bureau, "Separation Magnetique: Applications," Mines Car-
rieres, vol. 74, pp. 95-111, Oct. 1992.
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C-01-12C BU3YAJBHBIA KOHTPOJIb MATHUTHBIX CUCTEM C
NPUMEHEHUEM HAHOMATEPHAJIOB
K.A. Anapees, A.C. [lepmunos, A.C. CtapukoBa
T'ocynapcTBeHHbIi TeXHOTOrHYecKuii yHUBepcuTeT «VMOCKOBCKMA MHCTH-
TYT CTAJIM M CIUIaBOBY», Poccus, 119049, Mocksa, Jlenunckuii np., 1.4,

AkirillA@mail.ru

Jns cnaur-mpueMKH M KOHTPOJIST COCTOSTHHSI MarHUTHBIX CHUCTEM (naJiee
MC MeToI0M BU3YyadU3allMi MATHUTHOTO TOJIsI, TPU IOMOILIY OJIMMEPHOTO Ma-
TepHajia ¢ MarHUTHO- YyBCTBUTEIHHBIMU HAHOYACTHIIAMHU, OMTPOOOBAHO MPHUMeE-
HeHHEe 0c000 YYBCTBHUTEIBHOIO JIHCTOBOTO MOJMMEPHOTO MaTepHaja COIepkKa-
[IeT0 MarHUTHO- YyBCTBUTENbHBIC HAHOUACTHIIEI. [IpUHIUIT paGOThl MArHUTHOM
IJIEHKH OCHOBAH Ha TOM, YTO B IPUCYTCTBUM MAarHUTHOTO MOJIsI OHA CTAHOBUTCS
CBeTJIee WIM TeMHee OJarojapsi OpHeHTAIlMM HAaHOYACTHII B MarHUTHOM TIOJIe
[1]. B 3aBHcHMOCTH OT OpHUEHTAIIUU U UHTEHCUBHOCTH MarHUTHOTO TTOJISI JIUCT
HU3MEHSIET CBOM LBET U MIPO3PAavyHOCTb. TO €CTh, IPUIIOKUB €0 K 3aIUIICHHON
KO)KyXOM MarHHTHOH CHCTEeMe, MBI TIOJTydaeM M300pakeHHEe MarHUTHOTO TIOJIS,
Ha KOTOPOM XOPOIIO BHIHBI ITOCTOSTHHBIE MarHUTHI, OPSAJOK U MECTO HX pac-
MIOJIOKEHUS U BCE CYIIECTBCHHBIC NE(PEKTH (CKOIBI, HEMPaBIIIBHOE OPHEHTHPO-
BaHME U T.I.). llneHka cTaHOBUTCA TeMHee, KOrJa JUHHUM MarHUTHOTO TOJIS
MIePIICHINKYJISPHBI TTOBEPXHOCTH. [IJIeHKa CTaHOBUTCS CBETIIeEe, KOTAA JIMHUH
MarHMTHOTO MOJISI TOPU30HTAIBHBI TOBEPXHOCTH, T. €. PACIIONIOKEHbI BAOJIb HEE.
Ha ynanenun 1o 1 MM TUIeHKa MMO3BOJISIET HAICKHO HIASHTH(DHUIIMPOBATH HA Mar-
HUTHOW CHCTeMe W3 BBICOKORHepreTnyeckux MarHuToB Nd-Fe-B medexrtsr pas-
MepoM 0,5 MM. OT aHATOTHYHBIX MaTEPUAIOB TUICHKA OTJIMYACTCS BBICOKU pa3-
pelIeHneM W YETKOCTBIO W300pakeHUs, (HPOPMHUPOBAHUEM IIMPOKOTO CIIEKTpa
MTOJIyTOHOB, HEOTPAHHMYEHHBIM CPOKOM CIIYKObI, BO3MOKHOCTBIO «(UKCAITHI
M300paKCHHUS MATHUTHOTO TTOJIS.

Mertoauka, BHeApeHa Ha SIpOCIaBCKOM 3aBOJIe TEXHOJIOTUYECKONW OCHACT-
KH 7 TTO3BOJISIET HEKBATM(HUIIMPOBAHHOMY NIEpCOHANY B TEUCHUE 5 MUHYT OIIpe-
JIeNUTh, HapUMep, Ha CEPUIHOM CTEP)KHEBOM MAarHUTHOM ceraparope, Halld-
9he WM OTCYTCTBHE JEPEKTOB COOPKH WM MEXaHUYECKHUX TOBPEXKICHHUI
CKPBITBIX BHYTPU MAarHUTHOTO CTEPXKHS W OTKJIOHEHHs B paclpeielieHUH Mar-
HUTHOT'O TIOJISt OT TACTIOPTHOTO.

[1] Gubin S.P., Yu. I. Spichkin, Yu. A. Koksharov, G. Yu. Yurkov, A. V.
Kozinkin, T. I. Nedoseikina, M. S. Korobov and A. M. Tishin Magnetic and
structural properties of Co nanoparticles in a polymeric matrix — J. Magn.
Magn. Mater. 265 (2003) 234 — 242.
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C-01-12C VISUAL CHECKING THE MAGNETIC SYSTEMS WITH
USING NANOMATERIAL
K.A. Andreev, A.S. Perminov, A.S. Starikova
State Technological University "Moscow Institute of Steel and Alloys",
Russia, 119049, Moscow, Leninskiy pr. 4, AkirillA@mail.ru

For delivery-acceptance and checking the condition of the magnetic sys-
tems (hereinafter MS method to visualizations of the magnetic field, with the
help of polymeric material with magnetic- sensitive nanoparticle, is tested using
specifically sensitive sheet polymeric material containing magnetic- sensitive
nanoparticles. The Principle of the functioning (working) the magnetic film is
founded on that that in whitness of magnetic field she becomes the lighting or
darking due to orientation nanoparticles in magnetic field [1].

Depending on orientation and intensities of the magnetic field sheet
changes its colour and transparency. That is to say, having enclosed him(it) to
protected by cover to magnetic system, we get the scene of the magnetic field,
on which are well seen constant magnets, order and place of their location and
all essential defects (debris, wrong orientation etc.). The Film becomes the dark-
ing, when lines of the magnetic field to perpendicular surface. The Film be-
comes the lighting, when lines of the magnetic field to horizontal surfaces, t. e.
are located along it. On removing before 1 mm film allows safely to identify on
magnetic system from high-energy magnet Nd-Fe-B defects by size 0,5 mm.
high permit differs From similar material film and clearness of the scene, shap-
ing the broad spectrum halftone, unlimited lifetime, possibility "act of concen-
tration of" scene of the magnetic field.

The Methods, is introduced on Yaroslavskom plant of the technological rig
and allows the unskilled personnel for 5 minutes to define, for instance, on serial
core magnetic separator, presence or absence defect assemblies or mechanical
damages hidden inwardly magnetic core and deflections in sharing the magnetic
field from passport.

[1] Gubin S.P., Yu. L. Spichkin, Yu. A. Koksharov, G. Yu. Yurkov, A. V. Koz-
inkin, T. I. Nedoseikina, M. S. Korobov and A. M. Tishin Magnetic and struc-
tural properties of Co nanoparticles in a polymeric matrix — J. Magn. Magn.
Mater. 265 (2003) 234 — 242.
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Cexkmnst D
PACYET U MOJEJIUPOBAHUE MATHUTHBIX CUCTEM.
NPUMEHEHME NIOCTOSHHBIX MATHUTOB
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Section D
CALCULATION AND SIMULATION OF MAGNETS SYSTEMS.
APPLICATION OF PERMANENT MAGNETS
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HNPOEKTUPOBAHUE MATHUTHBIX ®OKYCHPYIO-
D-01-01 MUX CUCTEM JJIs1 MOIIHBIX KJIMCTPOHOB C BO3-
JAYHIHbBIM OXJTAKIAEHUEM

A.l'. Topmuaontos, C.C. /Ipo3ioB
®OI'VII «Cnenmaraur», Poceust, MockBa, 127238,
JMuTpoBckoe mI., 58, s-magnet@mail.ru

B Hacrosmiee BpeMsI IIMPOKO pa3BUTHI METOJIBI MOJEIUPOBAHUS U pacyera
JIEKTPOHHBIX ITyYKOB W MAarHUTHBIX CHCTEM IIPOEKTHPYEMBIX 3JIEKTPOBAKYYM-
HBIX TprOopoB [1, 2]. OxHaKo, octanack mpobiieMa BEIOOpa MaTepHaia MarHUTa
Ul KOHKPETHOTO UCTIONb30BaHus. Hanbonee sHEProeMKiM MaTepuanoM SBIs-
ercsa Fe-Nd-B. C ero momMomipio pemieHsl MHOTHE MpoOIeMbl (OKYCHPOBKU H
KOMITOHOBKH LIEJIOTO psiia COBPEMEHHBIX IprOopoB. Ho mamnas xkoppo3noHHas
CTOHKOCTh M OTHOCHTEIHHO BBICOKAS 3aBHCHMOCTh MarHHUTHBIX ITapaMETPOB OT
nepenaza pabounx TEMIepaTyp HaKJIaJbIBA€T COBEPIICHHO OIpE/ICICHHBIC OT-
panndeHus. CrpaBelIMBOCTH pagd HEOOXOAUMO OTMETUTh, UTO IIOCIIETHSSI
npobJieMa yCHIMAMH TEXHOJIOTOB YaCTHYHO HaIllIa cBoe perreHne. Ho, HecMoT-
P Ha 3TO MHTEpec NMPOU3BOJUTENEH BEPHYJICS K XOPOIIO U3BECTHOMY MaTepHa-
1y, cBOOOJJTHOMY OT OTMEUCHHBIX HEJIOCTATKOB MOCIIETHETO, HO O0jIee J0pororo
B ucnongHernu: SmCos (KC37) u Smy(Co,M),7 (KC25).

B nmamHO# paboTe mpencTaBICHBI pe3yJbTAaTHl NMPOSKTHPOBAHHS OITHOpE-
BEPCHOM MarHUTHOH (POKyCHPYIOLIEH CUCTEMBI [UIsl MOIITHOTO KIMCTPOHA, pado-
TAIOMIETO C BO3IYIIHBIM OXJaXKAEHHEM. B KadecTBe MarHMTHOrO MaTepuaia
Hamu BbIOpaH crutaB KC25/111 co cTanmapTHEIMU cBOWCTBaMH. MarHuTHast cuc-
TeMa BJIOJb OCH NMPHOOpa UMeeT epeMEeHHBIE CeUeHHsI. BenmuanHa nmonepeyHoit
COCTaBIIAIOIIEH MarHUTHOTO MONSA B HeH MuHMManbHa. CHCTEMa CIIPOEKTHPO-
BaHa JIUISl KPYITHOCEPUIHBIX MTOCTABOK €€ BeC 2,3 KT.

Jluteparypa:
1. L.W. T'oneHnukuil. DAEKTPOHHO-ONTUYECKUE CHUCTEMBI JJIEKTPOBAKYYM-
HBIX TpubopoB CBY u MeTtozs! ux pacuera. CO. nekiuii B 4-x ToMax MoJ peaax-
et Koponesa A.H. ®T'YIT «HIIIT «Mctox» 2004 T.
2. A.A. brioxun, C.1. MonokoBckuii. YHUBepcaabHasi IporpaMma MoJIeBoro
aHaJM3a IBYMEPHBIX MarHUTHBIX MOJEH. 6-0if ceMHHap IO YHCICHHBIM METOJaM
pelieHus 3aaa4 3JIeKTpoHHON ontuku. Psa3zane. 1978 r. PPTU.
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D-01-01 PROJECTION OF MAGNETIC FOCALZING SYSTEMS
- FOR POWERFUL KLYSTRONS AIR-COOLED
A.G. Dormidontov, S. S. Drozdov
Federal State Unitary Enterprise “Spetsmagnet”
Russia, 127238, Moscow, Dmitrovskoye sh. 58, s-magnet@mail.ru

Now methods of simulation and calculation of electronic bundles and
magnetic systems of designed electrovacuum gears [1, 2] are widely ad-
vanced. However, there was a problem of a choice of a material of a magnet
for concrete use. The most power-intensive material is Fe-Nd-B. With his
help many problems of focussing and arrangement of a lot of the modern
gears are solved. But the small corrosion stability and rather high association
of magnetic parameters on overfall of working temperatures superimposes
completely particular limitations. For the sake of justice it is necessary to
mark, that last problem gains of process men has in part found the solution.
But, not looking on it interest of producers has returned to a well-known ma-
terial, the free from the marked deficiencies of the last, but more expensive in
fulfilment: SmCos and Sm,(Co, M);.

In the given operation outcomes of projection one reversible magnetic
focusing system for the powerful klystron working air-cooled are submitted.
As a magnetic medium we select alloy KC25DZ with standard properties.
The magnetic system along an axis of a gear has variable cuts. Magnitude
transversal component a magnetic field in it is minimum. The system is de-
signed for business lot deliveries its weight of 2,3 kg.

The literature:
1. I. 1. Golenitsky. Electron-optical systems electrovacuum gears of a very
high frequency and methods of their calculation. Cours lectures in 4 volumes
under edition Korolev A. N.FSUE “NPP “Istok”. 2004.
2. A. A. Blohin, S. I. Molokovskij. The universal program of an analysis in
the field of bivariate magnetic fields. 6™ seminar under numerical methods of
problem solving of electronic optics. Rjazan. 1978. RRTI.
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D-01-02 ONPEJEJEHUE OIITUMAJIBHOCTU KOHCTPYKIIAM
MATHUTHBIX CUCTEM
E.U. KaneBckuid
OI'YII «HIIIT «HUcTok», 140190, r. ®psizuno, MockoBcKoOi 00J1acTH,
istkor@elnet.msk.ru

3a KpuUTepHil ONTHUMANIBHOCTH MO MAacCOrabapUTHBIM IapaMeTpaM CHCTEM

¢ noctossHEBIMA MarauTamu (CIIM) npuaATO Ipon3BencHue of:
of = (BH)yucVi/BS'V,, O]
rae: o — kodpdumment paccesaus CIIM,

f — xoad¢puument morepr marmuronsrkymed cuiasl (MJIC) B CIIM;
(BH)yuxe — MakcHManbHOE IHEPreTHYECKOe INPOU3BEICHUE HCIIONB3YeMOTo B
CIIM marautotBépmoro Marepuana (MTM); V, — o06sém MTM B CIIM; B, —
MarHUTHas HHIYKIHS B [IeHTpe padodero 3a3zopa CIIM; V, — 006sém pabodero
3a3opa CIIM.

Ilo ¢usuyeckomy cmbicay 310 BenmuuHa, obpartHas KIIJ[ marHutHON
3Hepruu ucnoiszyemoro B CIIM MTM.

OKCIEePUMEHTAIBHO ONPENeNIeHO, YTO ISl GUKCHPOBAHHBIX 3HAYECHHUH V,
u V,, 3HaueHue of nMeeT MUHUMABEHOE 3HAYEeHHUE GOfyy,y AT OnpeaeaéHHOro co-
OTHOILIEHHUS LM/\/SM, rae L,, — nnmuna marautoB B CIIM, S, — mnomaap nonepey-
HOTO CE€YCHHs MarHuTa B HedTpaiabHOM ceueHuu. CIIM, nmetomast of,y, SBI-
€TCS ONTUMAIIFHON 1O KOHCTPYKIMH, MarHUTHl B HE UMEIOT PabOdyl0 TOYKY,
JIeKAITYo B 00JIaCTH MAaKCUMyMa MarHUTHOH SHEPTHH HCIoib3yeMoro MTM.

O6cnenosansl Tunbl CIIM, Hanboee MMPOKO UCIIONB3YEMbIE B JJIEKTPO-
BakyyMHBIX npubopax (OBII) cBepXBBICOKOYACTOTHOTO AWANa30HA JJIMH BOJH
(CBY). [ns HAX 3KCIIEPUMEHTAIBHO OIpPEICNICHBl U MOCTPOCHBI 3aBUCHMOCTH
Of\um OT OTHOCUTENHLHON JTUHBI paboyero 3azopa Lz/\/Sg, rae L, — amuHa pabo-
4ero 3a3opa, S, — INIOMIaJh MMOTIEPEIHOTO CeUeHHs padodero 3a3opa.

B (1) BXoAAT BeTMUUHBI, U3MEpsAEMble CTAHAAPTHBIMU CPEICTBAMH, IO-
STOMY JIETKO ONPENEeNUTh ONTHMAIBHOCTE JIF000i koHKpeTHOU CIIM, cpaBHUB
noiy4yeHnHoe st He€ 3HayeHue of ¢ rpadukom 3aBucuMocTH 6fy,=f(L,/ N S.) nns
paccmarpuBaemoro tumna CIIM.

ITo rpadukam 3aBHUCHMOCTH ch”H=f(L3/\/ S.) mnst pasweix tuno CIIM
MOJKHO OTIPE/IENUTH O0JACTH MPEUMYIIECTBEHHOTO IPUMEHEHHS TOTO WM WHO-
ro tuna CIIM.

CpaBHenue TpaduKoB 3aBUCHMOCTH 6fyyy=f(L,/\'S,) IS pasmuaHbIX TH-
o CIIM MO KeT SIBUTBCS OJJHMM U3 TICPBBIX IIAroB HA IyTH CO3JIAaHHUS METOI0OB
cunte3a CIIM.

Koren-lanun B.B. Kputepun onTuManbHOCTH U 3a7adyd ONTUMHU3ALUN CUCTEM
C TIOCTOSIHHBIMU Maruutamu 1yt mpudopos CBY // Dnexrponnas texnuka. Cep.
1, Onexkrponuka CBY. — 1973 — BpIm. 9, - c. 12-23.
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D-01-02 OPTIMUM DETERMINATION FOR MAGNET
e SYSTEMS DESIGNS
E.I. Kanevsky
FSUE RPC ‘Istok’, 141190, Fryazino, Moscow region, Vokzalnya st., 2a
istkor@elnet.msk.ru

The optimum on weight and size for permanent magnet systems is defined

from the equation:
6f = (BH)max Va/Be Ve, (1)

where: ¢ — scattering factor in permanent magnet systems (PMS),

f— loss factor of magnetomotive force (MMF) in PMS,

(BH)max—maximum magnetic energy of magnetic hard materials (MHM)
used in PMS,

Vm— MHM volume in PMS,

B, — magnetic induction in the center of PMS gap,

V,—PMS gap volume.

From physical point of view it is a value reciprocal to the efficiency of
magnet energy of MHM used in PMS.

It is defined experimentally that for constant values V, and V,,, of has a
minimum value of,,;, for a certain relation L,/\ Sm, where L, is magnet lengths
in PMS, S, is a magnet cross-section square in neutral cross section. PMS hav-
ing of.i, value is the optimal in design, the magnets in it have working point ly-
ing in the field of the magnet energy maximum of MHM used.

PMS types most widely used in microwave electrovacuum devices have
been investigated. The dependences of,,;, versus gap relative length Lg/\/Sg,
where L, is the gap length and S, is the gap cross-section square, were experi-
mentally determined and plotted.

The equation (1) includes the values which can be measured by standard
means, therefore it easy to define the optimum for any separate PMS having
compared of, obtained for it, with of.,;, = f( Lg/\/ Sg ) curve for PMS type to be
considered. Examine PMS is not optimize, if point of value of is disposition
higher curve of dependence of;, = f( Lg/\/ Sg ).

Comparing ofy,;, = f( Lg/\/ S, ) curves for different types of PMS one can
define the fields of preferential application for any type of PMS.

The comparison of 6fyi, = f( Lg/\/ Se ) dependencies for different types of
PMS can become one of the first steps towards creating PMS synthesis methods.

Koren-/lanuu B.B. Kpurepun onTuManbHOCTH U 334241 ONTUMU3ALUT

CHCTEM C NOCTOSHHBIMH MarHuTamu Juist mpubopos CBY // DnexrpoHHas Tex-
Huka. Cep. 1, Dnexrporuka CBY. — 1973 — BeIm. 9, - ¢. 12-23.
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OCECUMMETPUYHBIE MATHUTHBIE CUCTEMBI
D-01-03 CTYHEHYATOI'O TUITIA C IPUMEHEHMWEM YHUIIO-
JIAPHBIX KOJBIEBBIX MAI'HUTOB

B.H. BeKeTOBl, B.H. MocxanéBl, A.B. Orypgonl, JA.B. TapaHOBl,
C.B. TacRaeBZ, B.J. By‘[eJILHl/IKOBZ, HU.B. ELI‘IKOBZ, E.W. KaneBckuii®
'000 «I103-IIporpeccy, r. Bepxusisi [Ibimma
Yensbuncknii rOCyAapCTBEHHbII YHHUBepPCUTET, I'. Yena0uHck
*0AO «McTok» 1. DpsI3HHO

B [1] onmcana pekopaHas MarHWTHas cucreMa ¢ wHAyKimed B=4,3 T B
pabouem 3a3ope 2,8 MM MEXAy MONOCHBIME HaKOHEYHHKaMu. CHCTeMa CIIOXK-
HOW KOHCTPYKIIMH COCTOSUIa W3 TPEX CIOEB MAarHUTOTBEPAOrO MaTepHaina,
BKITIOHatomux 192 sieMeHTapHBIX 00hEMa, HAMAarHMYSHHBIX 10 MPHUHIHITY bu-
Tepa [2,3]. HoBble yHHUITONSpHBIE MOHOJIHUTHBIE KOJBIIEBBIE MarHUTHI, pa3pabdo-
tanHble B OO0 "I103-IIporpecc” [4], MO3BONSIOT 3HAUYUTENBHO YIIPOCTUTh KOH-
CTPYKIIMIO U COOPKY CUCTEM C OIHOHAIPABICHHBIM I10JIEM.

B [5] omncana mMarHuTHas cHCTEMa W3 TPEX BIIOKEHHBIX APYT B IpyTa CIIO-
€B IMCKOBBIX U KOJbIEBLEIX MaruutoB Nd-Fe-B ¢ B,~1.22 Ta. MaruurHas uH-
Iyknus B pabdodeM 3azope 11,6 MM cocTaBmiaa 0e3 MONIOCHBIX HAKOHEYHHKOB
1,82+1,90 Tn. Ilpu cBeaeHUU MOTIOCOB 110 3a30pa 2,8 MM MHIYKIHS BO3pocia
no 2,8 Tu. IIpoctasi KOHCTPYKIHMS TIOJIOCA BKITIOYANa CTYIIEHYATHIH MaKeT W3
TpEX JUCKOBBIX aKCHAJIbHBIX MAarHUTOB, BIOXKCHHBIX B CTYIICHYATHIH HA0Op U3
TpEX YHHUIIOJSIPHBIX KOJBIIEBBIX MAarHUTOB. Macca MarHMTOB OJHOTO IOJIOCA
cocraBmia 1,9 xr. O0miast Macca ABYX TOJIOCOB M BHEITHETO MarHUTOIPOBOJA
cocraBmia 10,5 kr. YiaydmeHHBIH BapuaHT MarHUTHOM CHCTEMBI aHAJIOTHYHON
KOHCTPYKIIMH HMEET CIEAYIOIIHe XapaKTepUCTUKU: rabapuTHBIE pa3Mephl -
Y96x100 MM, obmrast Mmacca cucteMsl — 4,1 kr, MmarHuTOB — 2,05 KT, pabounii 3a-
30p — 18 mm, B=(1,440,1) Tn 6e3 HakoHeuHHKOB. O0€ CHCTEMBI IIpeTHa3HAUCHEI
JUISl CUCTEM MarHUTHOTO OXJIaXIeHHUs. UWCIEeHHBIH pacdyéT 00enx CHUCTeM aal
XOpoIllee COBMAZCHUE ¢ M3MEPSHUSIMHI MarHUTHOTO TIOJIS B 3a30pe.

W3roToBieHBl OMBITHBIC MEpPhl MAHUTHON HHAYKIMUA UIS KaIHOPOBKH
tecnamerpoB ¢ B=1,0+0,2 Ta ¢ ucnonp30BaHNEM YHHUIIOISPHBIX MAarHUTOB.

[1] E. Bloch, at al. IEEE Trans. on Magnetics. v.34 Ne5 September 1998.
pp. 2465-2468.

[2] Bitter F. Rev. Sci. Instr. 1936 vol. 7. p. 497.

[3] Kosem I'., ®puman A. Cunsable MarauTHBIC Tosist. Y PH, 1966 T.88. c.
703-723.

[4] bexetor B.H., Mockanés B.H. u np. HoBsle yHUIIONISIpHBIE X MHOTOIIO-
mocHble KonbleBble MarHuTel. MKIIM 17. Tesuckr. Centsops 2009 T.

[5] S.V. Taskaev, V.D. Buchelnikov, 1.V. Bychkov, V.N. Beketov, D.V.
Taranov. The 3rd International Conference of IIR on Magnetic Refrigeration at
Room Temperature, Des Moines, lowa, U.S.A., 2009.
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STEPPED TYPE AXISYMMETRICAL MAGNETIC
D-01-03 SYSTEMS WITH THE APPLICATION OF UNIPOLAR
ANNULAR MAGNETS

V.N. Beketovl, V.N. Moskalevl, A.V. Ogurtsovl, D.V. Taranov'
S.V. Taskaev’, V.D. Buchelnikov?, I.V. Bychkov’, E.I. Kanevsky’
'LLC “POZ- Progress”, V. Pyshma
2Chelyabinsk state university, Chelyabinsk
JSC “Istok”, Fryazino

In [1] is described record magnetic system with the induction of B=4,3 T in
the working clearance 2,8 mm between the pole pieces. The system of complex
construction consisted of three layers of magnetically hard material, which in-
clude 192 volume elements, magnetized according to the principle of Bitter
[2,3]. The new unipolar monolithic annular magnets, developed in LLC “POZ-
Progress” [4], make it possible to considerably simplify construction and assem-
bling of systems with the unidirectional field.

In [5] is described the magnetic system of three inserted in each other of
layers disk and annular magnets Nd-Fe-B from Br~1.22 T. Magnetic induction
in the working clearance 11,6 mm comprised without the pole pieces of
1,82+1,90 T. With information of poles to the clearance 2,8 mm the induction
grew to 2,8 T. Simple pole construction included stepped packet of three disk
axial magnets, inserted in the stepped collection of three unipolar annular mag-
nets. The magnet weight of one pole was 1,9 kg. The overall mass of two poles
and external magnetic circuit was 10,5 kg. The improved version of the mag-
netic system of analogous construction has the following characteristics: overall
dimensions - )96x100 mm, the overall mass of system - 4,1 kg, magnets - 2,05
kg, working clearance - 18 mm, B= (1,4+0,1) T without pole pieces. Both sys-
tems are intended for the systems of magnetic cooling. Numerical calculation of
both systems gave a good agreement with the measurements of magnetic field in
the clearance.

Are prepared the experimental measures for magnetic induction for cali-
brating of teslameters from B=1,0+0,2 T with the use of unipolar magnets.

[1] E. Bloch, at al. IEEE Trans. on Magnetics. v.34 Ne5 September 1998.
pp. 2465-2468.

[2] Bitter F. Rev. Sci. Instr. 1936 vol. 7. p. 497.

[3] Kolm G., Freeman A. Strong magnetic fields. UFN, 1966 88. p. 703-
723.

[4] Beketov V.N., Moskalev V.N. et al. New unipolar and multipolar annu-
lar magnets. ICPM XVII. Theses. September 2009.

[5] S.V. Taskaev, V.D. Buchelnikov, 1.V. Bychkov, V.N. Beketov, D.V.
Taranov. The of 3rd Of international Of conference of OF IIR on Of magnetic
Of refrigeration at Of room Of temperature, Des Moines, lowa, U.S.A., 2009.
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D-01-04 NPUMEHEHHE KOMIO3UIIMIHUOHHBIX HAMATI'HU-
YEHHBIX CTPYKTYP B QJIEKTPHYECKHUX MAIIIMHAX

II.A. Jlepraues, I1.A. Kyp6aTos
MockoBcknii 3Heprerudeckuii ”HCTUTYT (TexHUUYecKuii yHuBepcuTer),

Poccus, 111250, MockBa, yi. KpacHokazapmennas, 14,
info@Pavel-Dergachev.com, KurbatovPA@mpei.ru

HamarandaeHHBIe CTPYKTYPBI MIPEICTABIIIOT COO0H KOMITO3HIIMIO MAJIBIX YacCTHI]
13 MarHUTOTBEP/bIX 1 MATHUTOMSTKUX MaTepuanoB. OHU HAMAarHMYMBAIOTCS OMpesie-
JICHHBIM 00pa30M JUTsl KOHKPETHOM JJIEKTPUUYECKON MAIUHBI ¢ TEITBIO TIONYYeHHS Oll-
TUMAJIBHOT'O TIPOCTPAHCTBEHHOTO paclpeeNieHH s MarHUTHOTO TIOJIS B 3330pe 3JIEKTPHU-
YEeCKOM MallMHBL. J{J1 X W3rOTOBJIEHHUS, BO3MOXKHO, IIPUMEHSTh TEXHOJIOTUIO MarHHU-
TOIUTACTOB C M30TPOITHBEIMI MarHUTHBIMH MatepranamMi. B pabote mccienoBaHsl KOM-
NO3ULIMHY, Y KOTOPbIX B KaueCTBE MArHUTOTBEPJOrO MaTepualia HCIOJIb30BaH CIUIaB
NdFeB, B kauecTBe MarHUTOMSTKOTO — XKeJIe30 APMKO.

Iloctpoeno aBe Mozeny KOMIIO3ULIMOHHBIX MaTepuaios. B niepsoil Monenu mare-
pHai paccMaTprUBacTCs KAk COBOKYITHOCTBIO OTIEIBHBIX 00JIaCTel CO CBOMMU MarHUT-
HBIMU XapakTepUCTHKaMU. Bo BTOpOil MOZAEIM KOMIIO3ULMOHHBIA MaTepual Ipes-
CTaBJIEH OIHOM AKBHUBAJICHTHOW HEJTMHEMHOM XapaKTEpUCTHKOW. PaccuntaHsl MarHur-
HBIE XapaKTePUCTUKN KOMIIO3ULIMI C Pa3IIIHBIMU OOBbEMHBIMUA COOTHOLICHUAMU Ma-
TEpUAJIOB U HEMAarHUTHBIX IPOMEKYTKOB. Pe3yIbTaThl pacyeToB COMOCTABICHBI C IaH-
HBIMU SKCIIEPUMEHTAIBHBIX UCCIIEI0BAHUH.

J1s onpenieneHyst HaWTy4Iel HaMarHU4eHHOCTH POTOpa AIEKTPHYECKOH Mallli-
HBI M3 KOMITO3UIIMOHHOIO Marepuaia copMyJIHpOBaHAa ONTHMU3AIMOHHAS 3a/1a4a C
HECKOJIBKMMH CIeIHAIBHBIMI KPHTEPISIMH, OOECTICUMBAIOIIMMI CO3AHHIE B 3a30pe
MalIMHbI MarHUTHOT'O 1OJIs1 MAKCUMAJIbHOM HANPSLKEHHOCTH, U OZJHOBPEMEHHO CHHY-
COMTANBHON (OpMBI 10 yTiTy. st peleHns ONTUMIT3AIIIOHHOM 3a/1a9H HCTIONb30BAI-
Csl W3BECTHBIM CPENHEKBAPATUUHBI METONl ONTHMI3alKu — Meron JleBenOepra-
Mapksapara.

B pesymbrate pabOTHI MOMyYeHBI CPAaBHUTENFHBIC XapaKTEPHCTHKH SIICKTPHYe-
CKMX MAIIIFH C TPaJULMOHHBIM POTOPOM C IOCTOSIHHBIMU MarHUTaMy U MPU UCTIONb-
30BaHUM KOMITO3ULIMOHHOTO MaTteprasa. BblieneHbl OCHOBHBIE IPEMMYILECTBA KOMIIO-
3ULIOHHBIX MaTEPHAJIOB, COCTABICHHBIX M3 YACTUILl MArHUTOTBEPBIX U MarHUTOMST-
KUX MaTepuayioB: Oojiee JIeTKoe HAaMarHMYWBAaHHE M BO3MOXKHOCTH W3TOTOBJICHUS
CJIOKHBIX MAarHUTHBIX CTPYKTYp; MEHbLIEE MarHUTHOE COIMPOTHBICHHE MAarHUTHOMY
IOTOKY I10 OTHOILEHUIO TOJBKO K MarHUTOTBEPAOMY MaTepHaly; BO3MOXKHASL SKOHO-
MHUSL MarHUTOTBEP/bIX MaTePUaIoB PH CO3JAHUH TMOJIEH B MaJIbIX HEMArHUTHBIX 3330-
pax.
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D-01-04 APPLICATION OF COMPOSITE MAGNETIZED STRUC-
TURES IN ELECTRICAL MACHINE
P.A. Dergachev, P.A. Kurbatov
Moscow Power Engineering Institute (Technical University),
Krasnokazarmennaya st, 14, Moscow, Russia, 111250,
info@Pavel-Dergachev.com, KurbatovPA@mpei.ru

Magnetised structures represent a composition of small particles from hard
magnetic material and soft magnetic material materials. They definitely magnetized
for the certain electrical machine for the purpose of reception of optimal spatial dis-
tribution of a magnetic field in a gap of the electric machine. For their manufactur-
ing, it is probably to apply technology of plastomagnet with isotropic magnetic mate-
rials. In a work compositions are investigated in which as hard magnetic material
NdFeB and as hard magnetic material armco are used.

Two models of composite materials are developed. In the first model the mate-
rial is considered as set of separate areas with the magnetic characteristics. In the
second model composite material is considered as one equivalent nonlinear charac-
teristic. Magnetic characteristics of compositions with various volume relations of
materials and not magnetic intervals are calculated. Results of calculations are com-
pared with the data of experimental researches.

For definition of the best magnetisation of a rotor of the electric machine from
a composite material the optimising problem with the several special criteria is for-
mulated. They provide creation in the gap of the machine of a magnetic field of the
maximum intensity, and simultaneously of the sinusoidal form. To solve optimizing
problem the known root-mean-square method of optimisation — a method of Leven-
berga-Markvardta was used.

As aresult of work comparative characteristics of electric machines with a tra-
ditional rotor with permanent magnets and with a composite material are received.
The basic advantages of the composite materials made of particles hard magnetic
material and soft magnetic material materials are allocated: easier magnetisation and
possibility of manufacturing of difficult magnetic structures; smaller magnetic resis-
tance to a magnetic flux under the relation only to hard magnetic material; possible
economy of hard magnetic material at creation of fields in small not magnetic gaps.
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METOAUKA TOYHOI'O HAMAIHUYUBAHUA ITOA-
D-01-05 CTPOEYHBIX ITOCTOAHHbBIX MAI'HUTOB MAT'HUT-
HBIX CUCTEM TOMOI'PA®OB

K.H. Illupokos, I1.A. Kyp6aTos
MockoBckuii 3Heprernyeckuii HHCTUTYT (TexHuueckuii yHuBepcurer),
Poccus, 111250, MockBa, yia. Kpacnokazapmennas, 14,
kurbatovpa@mpei.ru

[ToxcTpoeuHble MOCTOSIHHBIE MarHUTBHI M3TOTABIMBAIOTCS B BUJE JHICKOB
nuamerpoMm ot 2 1o 20 MM u tommuHOK 1-2 MM u3 crutaBa NdFeB. Onu npu-
MEHSIOTCS 7SI TOYHOW HACTPOWKM MAarHUTHOT'O TOJISI CUCTEM C IOCTOSHHBIMHU
marautami (CIIM) marauTOpe3oHaHCHBIX ToMmorpados. Ilo maHHBEIM H3Mepe-
HUM MarHATHOH MHAYKIUH B paboueii 30He CIIM cnenmanbHas KOMIBIOTEPHAS
IIporpaMMa pemaeT ONTHMHU3AIMOHHYIO 3aa9y W BBLAAET YHCIOBBIC 3HAYCHHUS
HEOOXOMUMBIX MarHUTHBIX MOMEHTOB IIOJICTPOCYHBIX MAarHWTOB M YKa3bIBacT
KOOPAMHATHI UX PACIOJIOKEHHS Ha MOBEPXHOCTH IOJIFOCOB. BBICOKast TOYHOCTH
HACTPOHKH 00ECIIeYNBACTCSI TOUYHBIM BOCIIPOU3BEACHHEM TPEeOYeMBIX MarHUT-
HBIX MOMEHTOB IO/ICTPOEYHBIX IIOCTOSIHHBIX MarHUTOB.

Co3naane HEOOXOIMMOTO MarHUTHOTO MOMEHTA Y IOCTOSTHHOTO MarHura,
UCXOJ U3 3aBUCUMOCTH m =M -V, OCYIIECTBISIETCS 3a CUET M3MEHEHUs Ha-
MarHu4eHHOCTH M u o0beMa MoCTOsIHHOTro MarHuTa V. Beibop o6beMa ocyte-
CTBIISIETCS U3 MMEIOLIMXCSl MATHUTOB 0 YCJIOBHUIO MUHUMAJIBHOTO TTPEBBIICHUS
pacyeTHOro MarHUTHOTO MOMEHTA IPH HaMarHMYMUBAaHWHU 10 HachImeHus. Tou-
Hasl FOCTUPOBKa MarHUTHOI'O MOMEHTA ITOCTOSTHHOT'O MarHnuTa IMPOU3BOIUTCS 32
CYEeT ero NepeMarHNINBaHUS.

YCTaHOBKOH ISl EpeMarHMYMBAHMS CIIY)KHT 3JEKTPOMArHUT ¢ MarHUT-
HOM cucteMoi O6poHeBoro Tuma. B paboumii 3a30p 37IeKTpOMarHuTa MOMeIaeT-
sl IOCTOSIHHBIA MarHuT, I'7le OH HAMAarHUYMBAETCS 10 HACHIMICHUS] UMITYIbCOM
MarHuTHOro nond. Ilocie 3Toro ocyiecTBisercst pa3sMarHU4MBaHUE  IOCTO-
SIHHBIM MarHATHBIM IIOJIEM IO 33IaHHOTO 3HAYCHWs HaMarHHdeHHOCTH. Ompe-
JieNleHre HeoOXOMMOro 3Ha4EeHUs] TOKa B 3JIEKTPOMAarHUTe OCYIIECTBISIETCS C
ITOMOIIBI0 KOMITBIOTEPHOT'0 MOJENUPOBAHNS MarHUTHOTO TOJS B IIpOIIecce Te-
peMarHUYMBaHUs MOCTOSHHOTO MarHWTa. B pacuerax yduHTHIBaIOTCS TEXHOJO-
TMYeCKHe HEMarHUTHBIC 3a30pbl B MarHUTHOW IIETIH 3JIEKTpOMarHura. Monens
MIPE/IENIFHOTO M YacCTHBIX IIMKJIOB NepeMarHMYMBaHUs MaTepHaa IMOCTOSHHOTO
MarHuTa IIOCTPOCHA C HCIOJNB30BAaHMEM MOJENeH MarHWTHOTO THCTepes3uca
Jxunca — Areprona. KOHTposIb MarHUTHBIX MOMEHTOB TIPOM3BOAUTCS IIPH T10-
Mol Karymiek [ 'enpmromisua.
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TECHNIQUE OF EXACT MAGNETIZATION OF TUNING
D-01-05 CONSTANT MAGNETS OF MGNETIC SYSTEMS OF TO-
MOGRAPHS

K.I. Shirokov, P.A. Kurbatov
The Moscow Power Engineering institute (Technical university), Russia,
111250, Moscow, street Krasnokazarmennaja, 14, kurbatovpa@mpei.ru

Tuning constant magnets are made in the form of disks in diameter from 2
to 20 mm and thickness of 1-2 mm of alloy NdFeB. They are applied to accu-
racy of adjustment a magnetic field of systems with constant magnets (SMP)
MRI scanners. According to induction density measurements in working zone
SMP the special computer program solves an optimising problem and gives out
numerical values of the necessary magnetic moments of tuning magnets and
specifies co-ordinates of their arrangement in surfaces of poles. Pinpoint accu-
racy of adjustment is provided with exact reproduction of the demanded mag-
netic moments of tuning constant magnets.

Creation of the necessary magnetic moment at a constant magnet, proceed-
ing from dependence,m = M -7 is carried out at the expense of change of mag-
netisation of M and volume of a constant magnet V. Volume choosen is carried
out from available magnets on a condition of the minimum excess of the settle-
ment magnetic moment at magnetisation before saturation. Exact adjustment of
the magnetic moment of a constant magnet is made at the expense of its rever-
sal magnetisation.

As installation for reversal magnetisation the electromagnet with magnetic
system of shell-type system. In an electromagnet running clearance the constant
magnet where it is magnetised before saturation by a magnetic field pulse is lo-
cated. After that demagnetization by a constant magnetic field to a magnetisa-
tion preset value is carried out. Definition of necessary value of a current in an
electromagnet is carried out by means of computer modelling of a magnetic
field in the course of reversal magnetisation of a constant magnet. In calcula-
tions technological not magnetic positive allowances in a magnetic chain of an
electromagnet are considered. The model limiting and specific cycles of rever-
sal magnetisation of a material of a constant magnet is builted with use of mod-
els of magnetic hystoresis Jiles — Atherton. The control of the magnetic mo-
ments is made by means of coils Gelmgoltsa.
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AHAJIN3 MACCOTABAPUTHBIX ITOKA3ATEJIEH CUC-
D-01-06 TEM C IOCTOSSHHBIMU MAT'HUTAMM JJIA
MAT'HUTOPE30OHAHCHBIX TOMOI'PA®OB

E.A. Ky3nenoga, 10.B. Kyuaes, I1.A. Kyp0aTos
MockoBckuii 3Heprernyeckmnii HHCTUTYT (TexHuuyeckuii yHuBepcurer),
Poccus, 111250, MockBa, yia. Kpacnoka3zapmennas, 14, kurbatovpa@mpei.ru

Cucrema ¢ noctossaHbIME Marautamu (CIIM) MarHHTOpE30HaHCHOTO TO-
Morpada (MPT) nmpenHasHaueHa A7 CO3TaHUS OJHOPOJHOTO MATHUTHOTO TTOJIS
C BBICOKOM MarHUTHOW MHAYKLHEH B 30HE UCCIeAoBaHUs nanueHra. Kadectso
U300paKeHUsI, HOCTYIIHbIE METOJBI HCCIICAOBAHUN, HEOOXOIMMAs MPOIOIIKH-
TEIBHOCTh TIporenyp ompenensercs mapamerpamu CIIM. Jlns gocTikeHUs
HAWIYYIIUX TOKazaTeled HeoOXOOUMO MMETh Oojiee BBICOKHME 3HAUCHHS Mar-
HUTHOU WHAYKIUU U OTHOPOJTHOCTH MAarHATHOTO TOJIsL. [Ipu co3manmu cucTeM ¢
OOJIBIIMMH 3HAYCHUSIMHI MarHUTHOW MHIYKIWHU B paboyei 001acTi He0OX0IuMO
yBenuuuBaTh rabaputbl CIIM, 00beM HCMONB3YEMBIX MOCTOSHHBIX MarHUTOB.
PocT pa3smepoB cucTeMbl MPUBOAUT K YBEIHMUEHHUIO €€ CTOMMOCTH, IIOCKOJIBKY B
OCHOBHOM Macca MOCTOSIHHBIX MarHuTOB onpeaenseT crouMocTs CIIM.

B pabote cnenman 0630p koHCTpyKIwid CIIM Bexynmx MHPOBBIX IIPOU3BO-
muteneit MPT. [{ns naubonee npeamnoututensHoit kommnoHoBku CIIM ¢ mMaruu-
TonpoBosioM C-00pa3zHoro Trra chopMyTUpoBaHa ONTUMHU3AIMOHHAS 3ajada C
rITO0ANBHBIM KPUTEPUEM ONTHMATEHOCTH MHHHMYMOM MACChl TIOCTOSHHBIX
MarHuToB. B kadecTBe (QyHKIMOHATHHBIX OTPAHWYCHHN TPUMEHEHO YCIIOBHE
co3nanus CIIM 3agaHHOTO 3HAYCHUS MAaTHUTHOM WHIYKIHMU B (DUKCHPOBAHHON
[0 pa3Mepam 3JUTHICONIAIbHON oOnacTu. Pa3paboTaHbl BEIYMCIUTENBHBIN an-
TOPUTM M TIporpamMma JUIsl pelieHus] 3TOM ONTUMHU3AlMOHHOM 3amauun [1]. Bel-
MTOJIHEHHBIE ONITUMHU3aIMOHHBIE PAcUeThl TIO3BOJIWIN BBISIBUTH U MIPOAHATU3UPO-
BaTh 3aBHCHMOCTH TPeOYyEeMBIX MacC MOCTOSHHBIX MarHUTOB U3 ciutaBa NeFeB
¥ MarHUTONMPOBOJIOB U3 cTaiu 10 OT 3HauUeHUsI MAarHUTHOW MHAYKIIUU B paboueit
obnactu B auamazoHe 3HadeHwi oT 0,2 mo 0,5 Tin. AHamm3 maccorabapuTHBIX
nokazateneir CIIM mo3BosisieT caenath HeoOXOUMbIE OPUEHTHPOBOYHBIE OIIEH-
KM WX MaTepPHaJIOEMKOCTH U C€0ECTOMMOCTH N3TOTOBJICHUSI.

[1] Kyp6atos I1.A., Ky3nenora E.A., Kynaes 10.B. IIpoexTupoBanue cuctem ¢

MOCTOSHHBIMH MAarHUTaMH OTKPBITOrO THIA IJIsi MarHUTOPE30HAHCHBIX TOMO-
rpadoB. - DnexTpudecTtso, 2007, Ne7

164



XVIi-th International conference on permanent magnets

MAGNETIC RESONANCE IMAGER WITH PERMANENT
D-01-06 MAGNETS WEIGHT AND DIMENSION FACTORS ANAL-
ISIS

E.A. Kuznetzova, Y.V. Kulayev, P.A. Kurbatov
Moscow Power Engineering Institute (Technical University), Krasnoka-
zarmennaya st, 14, Moscow, Russia, 111250, KurbatovPA@mpei.ru

The system with permanent magnets (SPM) of magnetic resonance imager
(MRI) generates uniform magnetic field with high magnetic flux density in the
patient examination area.

Image quality, accessible methods of the examination, necessary period of
procedures is defined by SPM parameters. It is necessary to have higher values
of a magnetic flux density and magnetic field uniformity to achieve the best in-
dicators. At creation of systems with great values of a magnetic flux density in
working area it is necessary to increase SPM dimensions and permanent mag-
nets volume. System sizes growth leads to increase in its cost as basically the
weight of permanent magnets defines cost SPM.

In work the review of designs SPM of leading world manufacturers MRI is
made. The optimization problem with global criterion of an optimality a mini-
mum of weight of permanent magnets for the most preferable configuration
SPM with S-type magnetic core is formulated. The condition of creation SPM
with predetermined value of a magnetic flux density as functional limitation in
fixed ellipsoid area is applied. The computing algorithm and the program for the
decision of this optimization problem [1] are developed. The executed optimiza-
tion calculations have allowed to reveal and analyze dependences of demanded
weights of NeFeB permanent magnets and steel magnetic core from value of a
magnetic flux density in working area in a range from 0,2 to 0,5 T. The analysis
of weight and dimensions factors of SPM allows to make estimations of materi-
als consumption and manufacturing cost prices.

[1] Kurbatov P. A, Kuznetsova E.A., Kulaev JU.V.Designing of systems with

permanent magnets of open type for magnetic resonance imager. - Electricity,
2007, Ne7
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BJIMAHUE PACIIPEJEJEHUA MAT'HUTHOTI'O ITIOJIA
D-01-07 TTOCTOAHHOI'O MAI'HUTA HA YACTOTHBIE XAPAK-
TEPUCTUKU ®EPPUTOBBIX CBY YCTPOMCTB

C.B. CkoBopoanukos, O.10. Bycios, A.A. ®upcenkos, I'./1. [1aBjioB
OAO “3aBox Marneron”, Poccus, 194223, Cankr-Ilerepoypr,
ya. KypuaToa, 9, magneton@magneton.ru, www.magneton.ru

B Hacrosimee BpeMs co3laHNe HHTETPAIBHBIX MHKPOIIOJIOCKOBBIX (heppHTO-
BbIX CBY ycTpoHCTB ¢ HCIOIB30BaHUEM MOCTOSIHHBIX MAarHUTHBIX MaTepPHAJIOB
SIBIISIETCS NEPCTIEKTUBHBIM HATIPABICHUEM PAAMOIIEKTPOHUKH C TOUKHU 3PEHUS
3aMeHBI CYIIECTBYIOIIEro Kjiacca NpUOOpoB (IUPKYJIATOPOB, BEHTHIEH U T.J.) Ha
YCTpOMCTBA HOBOT'O TIOKOJICHHS C YIyUIICHHBIMHA TEMIEPATyPHBIMU W YaCTOTHBI-
MU XapaKTepUCTUKaMHU. ba30BBIM 3JIEMEHTOM TaKUX YCTPOWUCTB SBIAIOTCS IOCTO-
SHHBIC MarHATHBIE MaTePHAaJIbl, COCTaB M TEOMETPHUYECKHE pa3Mepbl KOTOPBIX
OMPEETSIOT U BIUAIOT HA PACIpeeICHUEe CTATUYECKUX MAarHUTHBIX TOJIeH B
JINCKOBBIX (heppUTOBBIX pe3oHaropax ([{DP).

B Hacrosimeit paboTe ¢ 1enblo yIydIIeHns MapaMeTpoB IIPUOOPOB Ipe-
CTaBJIEH pacdeT U aHaJIN3 paclpeneneH s HapsXKEeHHOCTH MarHUTHOTO T0JIS B
JDP npu Bo3aA€HCTBUM Ha HETO PEIKO3EMENBLHOI0 MOCTOsIHHOTO MaruuTa (PIIM)
n3 crnaBa KC-37 (camapuii-ko6aist) [1]. PaccMoTpeHO BIMsAHIE T€OMETPUU U
MOJI0’KEHHS TIOCTOSIHHOI'O MarHUTa ¥ MarHUTONPOBOJA Ha PE30HAHCHYIO 4acTOTy
u pabouyro monocy yacror JDP.

Ha ocuose PIIM u JI®P Obi1 pa3paboTaH M H3TOTOBICH IBYXIIONIOCHBIN
LUPKYJIATOP CO CIEAYIOUUMH XapaKTePUCTHKaMH: LEHTPAIbHbIE 4YaCTOTHI
nrara3oHoB paboTel ~ 2.6 1 ~ 5.0 I'Tm; mupuHa pabounx momoc ~ 5% Ha
ypOBHE pa3Bs3ku Mexay kaHainamu 20 nb, BHocumseie notepu ~ 0.7 a1b u ~1.0
1B cooTBeTCTBEHHO A AMAITa30HOB HA YPOBHE PAa3BA3KH MEXy KaHAIAMHU ~
20 gb. IIpocToTa M3rOTOBIEHUS U XOPOIIAas MHTErpanys CO3Jal0T yCIOBHUS
JUIsL €T0 YCIIEIIHOTO NMPHMEHEHHS B MHOTOYACTOTHBIX CHCTEMax CBSA3H, Ha-
npumep WLAN [2].

[1] Microwave Engineering Europe, 10 (2006), www.mwee.com

[2] Kin-Lu Wong, Planar Antennas for WLAN Applications, Ansoft Workshop
(2002) 09
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INFLUENCE OF DISTRIBUTION OF THE MAGNETIC
D-01-07 FIELD OF THE CONSTANT MAGNET ON FERRITE MI-
CROWAVE DEVICES FREQUENCY CHARACTERISTICS

S.V. Skovorodnikov, O.Yu. Buslov, A.A. Firsenkov, G.D. Pavlov
Magneton J.S.Co., Russia, 194223, St.-Petersburg, st. Kurchatova, 9,
magneton@magneton.ru, www.magneton.ru

Recently most perspective direction of radio electronics interconnected
with creation of integrated microstrip ferrite microwave devices which contain
constant magnetic materials. This approach gives a possibility to create a new
generation of devices (circulators, isolators etc.) with improved temperature and
frequency characteristics. The structure and sizes of constant magnets, are define
the distribution of static magnetic field in disk ferrite resonators (DFR).

In the present work shows the calculation result of a DFR magnetic field
distribution induced by the field of a rare-earth constant magnet (RCM) from al-
loy CS-37 (samary-cobalt) [ 1]. Influence of geometry and position of a con-
stant magnet and a magnetic path on resonant frequency and frequency band of
DEFR is considered.

On the basis of RCM and DFR the two bandwidth circulator has been de-
veloped. This circulator has following characteristics: the central frequencies ~
2.6 and ~ 5.0 GHz; the bandwidth ~ 5 %, insertion losses ~ 0.7 dB and ~1.0 dB,
isolation between channels ~ 20 dB. Simplicity of manufacturing and good inte-
gration creates conditions for its successful application in multifrequency com-
munication systems, for example WLAN [2].

[1] Microwave Engineering Europe, 10 (2006), www.mwee.com

[2] Kin-Lu Wong, Planar Antennas for WLAN Applications, Ansoft Workshop

(2002) 09
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BJIUSTHUE MEXAHUYECKOW OGPABOTKHA CAMAPHI-
D-01-08 KOBAJIBTOBBIX IOCTOAHHBIX MATHUTOB HA IIA-
PAMETPbI MATHUTOJJIEKTPUHYECKUX MAIIINH

A.W. Baacos, E.B. Bosiokntnna, B.B. Hukutun, 10.I'. Onanen
OAOQO "Jaexrponpusoa', Poccusi, 610006, r. Kupos, OxkTsi0pb-

cKHii np-T, 24, helen@epv.ru

OAO "3OnextponpuBoxa”" (r. KupoB) pa3paboTano BEHTHILHBIA 3JEKTPO-
nBUraTenb moctosHHoro toka [1b120-22000-12 momraocTteio 20 kBT mis skcre-
PUMEHTANBFHOTO 00paslia MEXaTPOHHOTO MOJYJS AJIEKTPOTHAPOCTATHIECKOTO
npusoja (II'CII).

Jlnst pazpaboTku u uccnienoBanuit anekrpoasurarens JIb120-22000-12 6b1-
JIM M3TOTOBJICHBI B2 KOMIUIEKTa IOCTOSHHBIX MAarHUTOB, TpeOyemas CerMeHT-
Has ¢opMa KOTOPBIX TOJydeHa METOJOM MeXaHWdeckoi o0paborku. IlepBbrit
KOMIUIEKT TMOCTOSHHBIX MarHUTOB OOpa0OTaH B HAMAarHMYCHHOM COCTOSHHH,
BTOPO KOMILJIEKT MOCTOSIHHBIX MarHMUTOB 00paboTaH B pa3MarHUYeHHOM CO-
CTOSTHIH ¥ HaMarHM4eH MociIe MeXaHn4ecKoi 00padoTKH.

[IpoBeneHsb! SKCIepUMEHTANbHbBIE UCCIIEOBAHUS dTIEKTPOABUraTeNs ¢ 000-
UMH KOMIUIEKTaMH MTOCTOSIHHBIX MarHUTOB Ha POTOpE, B TOM YHCJIE B COCTaBe
OT'CIL

B pesynpTare TpOBENEHHBIX JKCIIEPUMEHTATBHBIX HCCIIECIOBaHUN OBLIO
BBISIBIICHO, YTO JJICKTPOJBUTATENh C MEPBHIM KOMILICKTOM MOCTOSHHBIX MarHH-
TOB MIMEJI CYIIIECTBEHHO XYAIIUE XapaKTEPUCTUKU, B CPABHEHHUH C JJIEKTPOJIBU-
raTeeM cO BTOPBIM KOMIUIEKTOM.

AHanu3 pe3yJabTaToOB JKCIEPUMEHTAIBHBIX HCCIIEIOBAHUN MOXKET CBHJIE-
TENBCTBOBAaTh O TOM, YTO MEXaHMUYeCKass 00padOTKa MOCTOSHHBIX MAarHUTOB B
HaMarHMYeHHOM COCTOSHMHM TPUBOJHUT K TMOTEPE MArHUTHOTO TOTOKAa M, Kak
CIIEIICTBUE, K YXYIIICHHIO XapaKTEPUCTHK MAaTrHUTOJICKTPUIECKUX MAIIHH.
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MACHINING INFLUENCE OF Sm-Co PERMANENT
D-01-08 MAGNETS ON PARAMETERS OF THE PERMANENT-
MAGNET MACHINES

A.L Vlasov, Ye.V. Volokitina , V.V. Nikitin, Yu.G. Opalev
1Jsc "Electroprivod", Russia, 610006, Kirov, Oktyzbrsky av., 24,

helen@epv.ru

JSC "Electroprivod" (Kirov) has developed the brushless DC electric motor
(BCDM) /15120-22000-12 with an output power 20 kW for an experimental
model of the mechatronic module of the electro-hydrostatic drive (EHSD).

For development and research of 15120-22000-12 two permanent magnet
sets was made. Their required segmented form was received by means of ma-
chining. The first permanent magnet set was shaped in magnetized state, the
second one was shaped in demagnetized state and magnetized after machining.

Experimental research of the electric motor was carried out with the both of
permanent magnet sets on the rotor including investigations with EHSD.

As a result it’s established that BDCM with the first permanent magnet set
had worse characteristics than BDCM with the second one.

Analysis of findings supposes that permanent magnet machining in magnet-
ized state results in loss of magnetic flux and deterioration of characteristics of
permanent magnet machines.
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OIITUMAJIbHASI KOHCTPYKIUAA OTKJIOHSIOIIEN
D-01-09C MATHUTHOU CUCTEMbI HA IOCTOSAHHBIX MAT -
HUTAX

S1.J. PabunoBuy, K.JI. Ceprees
000 «HIIK MarnuTsl 1 MATHUTHBIE ccTeMbl», MockBa, Poccust, 127238,

MockBa, IMuTpoBCKoOe mocce, 1.58, npkmms@mail.ru

[IpoexTrpoBaHUe ONTUMANBHBIX IT0 Macce MarHUTHHIX cucteM (MC) sBis-
eTcs akTyanpHO# 3amadeid. B [1,2] 6pu1 mpemtokeH meron cuareza MC ¢ uHTe-
rpajJbHBIMU XapaKTePUCTHKAMH, OCHOBAHHBIN Ha TeOpeMax B3aUMHOCTH, c(hop-
MYJIMPOBaHbI MPUHLHUIIBI UX KOHCTPYHPOBaHMA. DTO Jajl0 BO3MOXKHOCTH pa3pa-
6otath 3pdextuBHbIe MC [3], B 4aCTHOCTH, HAWTH 0COO0 MpPUMEUYATEIHHBIE U3
HUX, TaK Ha3bIBaeMbIe, IMUIMHAPHI Xanb0axa, 3a10ro 10 caMoro Xamsoaxa [4-
6].

Ha ocnoBe momyuennsix meroguk OOO «HIIK Maruutsl 1 MarHuTHbIE
cucTeMbl» pazpabotat psiag MC, mpeacTaBieHHBIX B TOKIagaxX Ha CHEIUaN3U-
PpOBaHHBIX KOH(EPEHIIHIX.

B Hacrosiiiee BpeMsi B Halllei cTpaHe U 3a pyOeKoM IpoAoIDKaloTes pabo-
ThI 110 COBEPIICHCTBOBAHUIO M Pa3BUTHIO aJTOPUTMOB IMPOEKTUPOBAHUS ONTH-
MaJbHBIX CHCTEM Ha MOCTOSHHBIX MarHuTax, B TOM YHUCIIe, U YCWIHSMHU CIie-
muaanctoB OO0 «HITK MarduTel 1 MAarHUTHBIE CHCTEMBIY.

B nmoxiane MBI OCTaHOBUMCS Ha OCOOCHHOCTSIX pa3pabOTKH OTKIIOHSIOLICH
MC mist crieKTpoMeTpa ¢ MPOTSHKEHHBIM IIEeTeBbIM pabodnM 3a30pOM U BBICO-
KOH CTENEHbI0 OTHOPOIHOCTH.

[1] S.A. PadbunoBu4, A.H. I'epOepr «MammHHOE MTPOSKTUPOBAHUE ONTUMATb-
HBIX MarHATOB U MaTEPUAJIOB C MIOCTOSHHOW HAMarHHYEHHOCTBIO», DIIEKTpOMe-
xanuka 10 (1973) 1068-1073

[2] A.A. PabunoBuy, A.H. I'epbepr «lIpuHIUN B3aMMHOCTH M ONTHUMAJIbHBIE
KOHCTPYKITIH MTOCTOSTHHBIX MarHUToOBy, JJiekrpoMexanuka 7(1980) 710-714

[3] ABT. cB. CCCP Ne513396, 3aseneno 28.12.73 ¢

[4] ABt. cB. CCCP Ne655242, 3asBneno 17.01.75 .

[5] ABT. cB. CCCP Ne662979, 3asBneno 23.12.75 r.

[6] K. Halbach «Design of permanent multipole magnets with oriented rare eath
cobalt material» Nuclear instruments and methods 169 (1980) 1-10
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D-01-09C OPTIMUM CONSTRUCTION OF DECLINATORY MAG-
NETIC SYSTEM ON PERMANENT MAGNETS
Y.D. Rabinovich, K.L. Sergeev
R&P Co. «Magnets & magnetic systems», Moscow, Russia, 127238, Mos-
cow, Dmitrovskoe highway, 58, npkmms@mail.ru

Designing of the optimum on mass magnetic systems (MS) is an actual
task. The method of synthesis for MS with integral descriptions, based on the
theorems of reciprocity, was offered in [1,2], principles of their constructing are
formulated. It enabled to design effective MS [3], in particular, well-known
Halbach’s cylinders, long before Halbach [4-6].

There are several of MS was designed by R&P Co. «Magnets & magnetic
systems» on the basis of the obtained methods. Results are presented in special-
ized conferences reports.

In present time works on perfection and development of algorithms of de-
signing of the optimum systems on permanent magnets are continue at Russia
and other countries, also by R&P Co. «Magnets & magnetic systems»

In this report we will be stopped on the designing features of declinatory
spectrometer MS, with an extensive chink working gap and high degree of ho-
mogeneity.

1] Ya.d. Rabinovich, A.N. Gerberg «Machine planning of optimum magnets
and materials with permanent magnetized», Electromechanics 10 (1973) 1068-
1073

[2] Ya.d. Rabinovich, A.N. Gerberg «Principle of reciprocity and optimum con-
structions of permanent magnets», Electromechanics 7 (1980) 710 - 714

[3] USSR patent Ne 513396, 28.12.73

[4] USSR patent Ne 655242, 17.01.75

[5] USSR patent Ne 662979, 23.12.75

[6] K. Halbach «Design of permanent multipole magnets with oriented rare eath
cobalt material» Nuclear instruments and methods 169 (1980) 1-10
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D-02-01 MOJAEJIUWPOBAHUE MATHUTOAUHAMHMNYECKHUX
CUCTEM
B.B. Jlanpminn
Camapcknii YHusepcuteT Ilyteii Coo6menns, Poccus, 443066,
Camapa, 1-ii Be3pimsinnblii nep., danshin063@gmail.com

MaruurogHaMHYeCKHE CUCTEMbI Ha CETOIHSAILIHUN I€Hb SIBJISTFOTCS OTHOM 13
CaMBIX MaJIOW3YUCHHBIX OOacTeil Hayku. B3anMoeicTBIe TOCTOSIHHBIX MarHATOB,
HECMOTPSI Ha CBOO JIOKYMEHTHPOBAHHOCTB, HE MOYKET OBITh B HACTOSIIIICE BPEMsI JIeT-
KO ¥ JIOCTYITHO OBITh MPUMEHEHO HHXKEHEPAMU JIJISI IPOEKTUPOBAHMS CIIOYKHBIX Me-
XaHMYECKHUX YCTPOUCTB, UCHOJIB3YIOIIUX CHJIbI IOCTOSTHHBIX MArHUTOB MITH COJIEHOU-
JIOB.

B nameit paboTe npemoxkeHo B3MISIHYTh Ha MATHUTHOE TIOJIE, TTYTEM Pa3lioiKe-
HUS €70 Ha TEH30PhI BTOPOT'O PaHTa, KOTOPBIE B CBOMX YPaBHEHHSIX COZIEPKAT HEOO-
XOJIMMBIE BEKTOPHI CIJT I MOMEHTHI B JIFOOOH TOUKE TIPOCTPAHCTBA.

Hamu BbIBesieHs! 00111e (pOpMYIIBI U 3aBUCHMOCTH I YIIPOIIEHHOTO aHaIu3a
B3aMOJICHCTBHS CIIOMKHBIX CHCTEM MarHUTOB, a TAKOKE PUBEIEHBI M 03BYUEHBI pe-
3yJBTaThl SKCTIEPUMEHTAIBHBIX HCCIIEI0BAaHUI Ha CIIEIUATLHO U3TOTOBICHHOM JIa-
6opatopHOM creHze. [1pu momMomnm SKCepUMeHTATBHBIX JTAHHBIX MIPOM3BEICHA BU-
syanusanusi 2-X 1 3-x MepHoro moiist B makerax Mathcad u Mathlab, a Taxoke nomyde-
HBI OTKJIOHEHHSI (DF3UKO-MEXaHUIECKUX CBOMCTB OT TEOPETHIECCKHUX PacUeTOB.

B mocneacTeuy, pe3ynbTaThl MOACTHPOBAHUS MATHUTHBIX TTOJICH OBLTH ITpUMe-
HEHBI JUTS1 TIPOSKTUPOBKU COOCTBEHHON MarHUTOJHHAMUYECKOH CHCTEMBI, TI03BO-
JISIFOLIEH MPEBPAIaTh MEXaHUUECKUM ITyTEM SHEPIHIO B3aUMOJEHCTBHS MTOCTOSIHHBIX
MarHuTOB BO BpaIlaTeIbHOE IBIDKECHIIE.

B mepcniexTrBe npeiokeHHBIC HAMIA METOIBI MOTYT OBITH TIPAMEHEHBI TS 00-
PabOTKH Pe3y IbTaTOB UCCIIENOBAHNS C BBICOKOYACTOTHBIX MarHUTOANHAMITIECKHX
CHCTEM, C LIEJIbIO NOJTyYUTh HAIIAHOE TIPEICTABICHUE O 3aBUCUMOCTSIX U3MEHEHUS
MarHuTHOTO TIOJISI TIO BPEMEHH.
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D-02-01 MODELLING OF MAGNETIC DYNAMIC SYSTEMS

V.V. Danshin
Samara State Railway University, Russia, 443066, Samara,
1 st Unnamed Lane., danshin063@gmail.com

Nowadays magnetic dynamic systems are one of the little-studied field of
science. The interaction of permanent magnets, in spite of its documentation,
can not be easily accessible to be used by engineers to design complex mecha-
nisms using the force of permanent magnets or solenoids.

The report proposes to view the magnetic field by means of its expansion in
the second-rank tensors, which in their equations contain the necessary vectors
of forces and moments at any point.

The author derives general formulas and dependence to simplify analysis of
the interaction of complex systems, magnets, and yields the results of the ex-
perimental investigation on a specially constructed laboratory stand.

With the help of experimental data the author carried out visualization of 2-
and 3-dimensional field in Mathcad and Mathlab packages, as well as received
the deviations of the physical and mechanical properties from the theoretical
calculations.

Then, the results of magnetic fields simulations have been used to design
their own Magnetic dynamic system enabling to transform mechanically the in-
teraction energy of permanent magnets into the rotary motion.

In the future, the proposed methods will be able to be used for the process-
ing of the findings with high Magnetic dynamic systems in order to obtain a vis-
ual representation of the dependencies of magnetic field changes over time.
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MOJAEJINPOBAHUE MAT'HUTHbBIX CUCTEM HUCII0JI-

HUTEJbHbIX JIEKTPOJIBUTATEJEN IOCTOSIHHO-

'O TOKA C BO3BYKAEHHUEM OT BBICOKOKO3PLU-
TUBHbBIX IOCTOSAHHBIX MATHUTOB

D-02-02

10.A. Miiapuonos', FO.B. anapeBcKnﬁz, B.A. CepreeB2
'000 «M3JI», Poccus, 394006, Bopone:x, Kpacnoapmeiickas, 54,
elton@nm.ru
’Boponeskckuii rocy1apcTBeHHbII TeXHHYECKHil YHUBEPCHTET,
Poccus, 296026, Bopone:x, MockoBckmuii mp., 14, vinendtown@mail.ru

OmHUM U3 BaXKHBIX BOIPOCOB HPHU MPOCKTHPOBAHHH CHCTEM aBTOMATHKH
SIBJISIETCSl TPaBUIIBHBIA BBIOOpD THIA WCHOJHHUTENbHOro apuratens. Ilpu pac-
CMOTpPEHHH CHCTEM C BBICOKHMH TPEOOBAaHHAMH K JWHAMUYECKAM IMapaMeTpaM,
MOKHO OTPaHHYUTHCS PACCMOTPEHHEM TPEX THUIOB 3JIEKTPOABHTATENECH: C IO-
JIBIM OATHHAPHYECKIM SKOPEM, C TIIAAKAM U ¢ 3y09aThIM SIKOPEM.

HecMoTpsi Ha MHOTOYHCIIEHHBIE UCCIIEA0BAHMS TUHAMHYECKUX XapaKTepH-
CTHK JTAaHHBIX THIIOB ABHTATeNel BBIOOP KOHKPETHOM KOHCTPYKIIMH 3aBHUCHT OT
0Cc0oOeHHOCTeN aBTOHOMHOTO 00BEKTa, B KOTOPOM HUCHOIb3YeTCs MalllHHa.

HccnenoBaHus MOKa3bIBAIOT, YTO DIIEKTPOIBUTATEIN C TOJNBIM SIKOPEM HE
o0ecreunBarOT HaIEKHYI0 paboTy 3JIEKTPOIPUBOJA B YCIOBUAX BBICOKHUX YCKO-
peHHit 0 MPUYHHE KOHCOJIBHOTO KPEIUIeHHs SKops. boiiee mMpoyHyro KOHCTPYK-
LU0 UMEIOT AJICKTPOJBUTATENN C TIaIKUM KopeM. VIMECHHO 3TH KOHCTPYKIIHU
MIO3BOJISTIOT IMOJYYHTH MpPEAeTbHbIE TUHAMHUYECKHE ITOKA3aTeIH 3JIEKTPOIPUBO-
noB [1]. OgHaKo B paccMaTpUBAEMOM CITydac HEBO3MOXKHO PEaIn30BaTh OCHOB-
HBIE TIPEHMYIIECTBA TIAJKOTO SKOPS HM3-32 OTPAaHMYCHHOTO 00BEMAa MAIIHMHBI,
mpU9IEM B YCIIOBUSX, KOTAA 3a/IaHBI HE TOJBKO THAMETP MAIWHBI, HO B €€ JIH-
Ha.

TakuM 00pazoM, JIIEKTPOIBUTATENN C 3yOIOBBEIM SKOPEM MOTYT HMETh
JIYYIIyI0 COBOKYIHOCTb IOKa3aTelel Ajsi oOecredeHus 3aJaHHOro ObIcTpoeii-
CTBUSI QJIEKTPOIIPHUBOIOB aBTOHOMHBIX O0BEKTOB CIIEIHATFHOTO Ha3HAUCHHIS.

[1] DnekTpudeckue IBUTATENH C TIAJKUM SIKOPEM JJISL CUCTEM aBTOMATHKHU
/ Bacunbes 10.K., Jlazapes I'.B., Py6an H.C. u ap.: ITox pexn. FO.K. Bacunsea
— M.: Dueprus, 1979 —176 c., un.
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MODELLING OF MAGNETIC SYSTEMS EXECUTIVE
ELECTRIC MOTORS DIRECT CURRENT WITH EXCI-
TATION FROM HIGH-COERCIVITY CONSTANTS MAG-
NETS

D-02-02

J.A.llarionov', J.V.Pisarevskij’, V.A.Sergeev’
'000 "MEL", Russia, 394006, Voronezh, Krasnoarmeyskay, 54,
elton@nm.ru
*Voronezh state technical university,
Russia, 296026, Voronezh, Moscow pr., 14, vrnendtown@mail.ru

One of the important questions at designing systems of automatics is the
correct choice such as the executive engine. By consideration of systems with
high requirements to dynamic parameters, it is possible it will be limited to con-
sideration of three types of electric motors: with hollow a cylindrical anchor,
with smooth and with a gear anchor.

Despite of numerous researches of dynamic characteristics of the given
types of engines the choice of a concrete design depends on features of inde-
pendent object in which the machine is used.

Researches show, that electric motors with moseim an anchor do not provide
reliable work of the electric drive in conditions high yckopenuii owing to con-
sole fastening an anchor. Electric motors with a smooth anchor have stronger
design. These designs allow to receive limiting dynamic parameters of electric
drives [1]. However in a considered case it is impossible to realize the basic ad-
vantages of a smooth anchor because of the limited volume of the machine, and
in conditions when are set not only diameter of the machine, but also its{her}
length.

Thus, electric motors with cog-wheel an anchor can have the best set of pa-
rameters for maintenance of the set speed of electric drives of independent ob-
jects of special purpose.

[1] Electric motors with a smooth anchor for systems of automatics / Vasil-
jevJ.K., Lazarev G.V., Ruban N.S., etc.: Under pen. J.K.Vasiljeva - M.: Energy,
1979 - 176 with., silt.
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OIIBIT PABPABOTKH UMITYJIbCHBIX HHAYKTOP-
D-02-03 HBIX CUCTEM CO CJIO’KHOU KOHOUT'YPAIIUEU
noJs

B.A. Hecrepun, JI.C. SikoBjieB, B.H. Angpees, A.Jl. Hectepuna
Yypauickuii rocynusepcuretr um. U.H. Yabsanosa
Poccus, 428000, r.Uedoxcapbl, MockoBckuii mp. 15, lev-
yakovlev@yandex.ru

[pr KOHCTPYHPOBAHUK UMITYJIBCHBIX MHAYKTOPHBIX cucteM (VIC) mis Hamar-
HUYMBaHUS BBICOKOIHepreTnieckux [IM u3 penkoszeMenbHbIx MeTaiuioB (P3M) Tpe-
OyeMbIe mapamMeTpbl — HHIYKTUBHOCTb L,,, COPOTUBIICHHE R,, aMILTUTYIy UMITyJIbCa
HaMarHW4MBAIOIIETro TOKa 1, ¥ JIp. MOXKHO HAalTH B TIPOIIECCE BHIYMCIICHUS TIEPEXO/I-
HOTrO Ipolecca 1o 3agaHHbIM HapamerpaM R U C RLC-KoHTypa CHJIOBOM LiETH Ha-
MarHM4MBaromel ycranopku. Hamarnmumpanve 1IM Ha yCTaHOBKE IIPOMCXOAUT B
KOJIeOATEIbHOM PEKHME, OIICHIBAEMOM BhIpaKeHHeM i(f) = e ™ sin of mpw ¢ < t, (i(f)
= 0 ipu ¢ > 1), Te Iy — IpesenbHOe aMIUTUTYAHOE 3HaueHue Toka npu R = 0 (upeans-
HBIi Konebarerbhblil KoHTYp), I=Uc(0)oL)), 8 = R/2L, ® = [(1/LC) — R*/4L*] 2 Ue—
HamnpsbKeHHE 3apsiia KOHICHCATOpHOM Oarapeu, f) — [UIUTENBHOCTh UMITyJIbca. AM-
TUTHTYIa IMITyJIbca TOKa I, cBsi3aHa ¢ Iy cootHotenueM 1,,* = 1/, ipn stoMm I,,* sB-
nsiercst pyHKIHe OT R M KPUTHUECKOTO conpoTusienns R, = 2(L/C)"”. Tlpu R > R,
MepexoIHbIM Tpoliecc MpeBpalaercs B anepuoandeckuii. KayectBo HamarHu4nBa-
Hust [IM 3aBHCHT HE TOJBKO OT #), HO ¥ OT KPYTH3HBI (PPOHTA HIIK €T0 JIUTEITHFHOCTH
£, TIPH 3TOM o = W[ 1/(LC) — 8))]'2, t,,= (t¢/7) arctg [R/R*— 11", T.e. onu 3aBuCAT OT
napameTpoB RLC-xoHTypa. 1 Texaudeckoro Hackimenust [IM u3 P3M tpebyercs
MarHuTHoe moste nopsiaka 5 T B mvmynsce. Hebompre [IM BrioHe MOXXHO Hamar-
HUTHTH oHOBUTKOBEIME VIC, 0ofHAKO ¢ pocToM radaputoB I[IM OHM CTaHOBSTCS Ma-
1103(p(HheKTUBHBIME M3-32 HEOTHOPOJHOCTH TIONIS B pabodeii 30He. Taroke n3-3a Majoi
nHaykTuBHOCTH L, Takux UIC £, u #,, yMEHBILIAIOTCS, YTO NPUBOJUT K YCUIICHHUIO 3K-
PaHUPYIOILETO ASHCTBUS BUXPEBBIX TOKOB. [IpnmeHenue manoButkoBbix IC BMecTo
OJTHOBHUTKOBBIX CYLIECTBEHHO YBEIWYMBACT L, MpUPOCT R NPH 3TOM HE3HAUUTEIIEH, a
to U t,, yBenuumBatotes [ 1- 3].

IprBoasATCS BapHaHThI KOHCTPYKLIMIH MaIOBUTKOBBIX MC 111 HaMarHNIMBaHuUs
KoJenl u3 crwiaBa SmyCoy7 AuaMeTpoM cBbiiie S0 MM co CIOXKHOH (paguaibHOM) TeK-
crypoit. [lomydenue TpeGyeMoit aMmuTy bl H; 1 OMHOPOIHOCTH HaMar HUYHBAFOIIIe-
TO IoJIst B paboveil 30He 00eCIeurBaeTCsl BRIOOPOM CEUCHHS M KOJIMYESCTBOM BUTKOB,
a Taroke ux pacnonoxxenreM B IC. O6cyxnaercs matemarideckast Mmozens VC.

[1] Hecrepra B.A. OGopynoBaHue Il HMITYJIbCHOTO HAMArHUYMBAHUS M KOHTPOJIS TIOCTOSTHHBIX
MarauToB. M.: OHeprus, 1986.

[2] Kaoniders I'. CBepXcruibHBIC HMITYIBCHBIE MarHATHEIE Tonst. M.: Mup, 1972. 3]
Kapacuk B.P. ®u3rka u TeXHUKA CUIIBHBIX MarHUTHBIX noneil. M.: Hayka, 1964.
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D-02-03 RESEARCH EXPERIENCE PULSE INDUCTOR SYSTEMS
WITH COMPLEX STRUCTURE FIELD PATTERN
V.A. Nesterin, L.S. Yakovlev, V.A. Andreev, A.D. Nesterina
Chuvash state university of n. L.LN. Ulyanov
Russia, 428015, Cheboksary, Moskovsky pr. 15, lev-yakovlev@yandex.ru

At designing pulse inductor systems (IS) for magnetizing high energy PM
from Rare Earth Metals (REM) desired parameters — inductivity L, resistance R,
amplitude of pulse magnetizing current /,,, and other can be found calculating
the transient process on the instructions of given parameters R and C of RLC-
circuit powered current magnetizing device. Magnetization of PM on device
takes place in oscillating mode, displayed by the formula i(r) = Ipe™ sin ot in ¢ <
to (UO) = 0 in
t> 1), where I, — limiting peak current rate in R = 0 (ideal oscillatory circuit), /,

= Uc(0)/oL)), 8 = R2L, » = [(1/LC) — R*/AL*]"?, Uc — charging voltage capaci-
tor bank, 7y — pulse length. Pulse amplitude of current /,, bound with /; of ratio
[m* =
=1,/1y, thus I,,* is a function of R and critical resistance Ry= 2(L/C)” >InR> R,
transient process transforms into aperiodic. Quality magnetization of PM de-
pg:ngig not only on #,, but on the slope front or its length #,, thus #, = n/[1/(LC) —
1™,

tn= (to/m) arctg [R/R* — 11", i.e. they depend on parameters of RLC-circuit. For
technical saturation of PM from REM magnetic field rank 5 T in pulse is re-
quired. Small PM are quite possible to magnetize with single-turn IS, but with
the increase of overall dimensions PM they tend to be ineffective because of
non-homogeneity of the field in the working area. Because of low inductivity
such IS ¢y and ¢, to decrease, which results to amplification of the screening ac-
tion eddy currents as well. Application a few-turn IS in place of single-turn sig-
nificantly increases L, the increment of R is insignificant, but ¢, and ¢, also in-
crease [1- 3].

Versions of construction of a few-turn IS for magnetization of ring with al-
loys Sm,Coy; diameter over 50 mm with complex (radial) texture are given. Ob-
taining amplitude required H; and homogeneity of magnetizing field in working
area are provided with sampling of section and quantity coils, also with their lo-
cation in IS. Mathematical model IS is discussed.

[1] Nesterin V.A. Installation for pulsing magnetization and permanent magnets
control. Moscow.: Energiya, 1986.

[2] Knoepfel H. Pulsed High Magnetic Fields. Moscow.: Mir, 1972.

[3] Karasik V.R. Physics and tehniks of strong magnetic fields. Moscow: Nauka,
1964.
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D-02-04 CUHTE3 MATHUTHOM IIJIMTHI, CO3JAIOIIEN O/I-
HOCTOPOHHEE ITOJIE
H.A. Knesen
HammonanbHas akaseMusi IPUPOI00XPAHHOTO U KYPOPTHOI'O CTPOHTEIb-
cTBa, Ykpaunna, Cumdeponoas, Kuesckas 181, PMSolution@mail.ru

MarHuTHas MTa — OJMH U3 HauboJee 4acTo BCTPEYAIOIIMXCs Ha MPaKTH-
ke TurmoB MarHUTHBIX cucteM (MC). IlpumepaMn yCTpOWCTB, B KOTOPBIX HC-
MOJB3YIOTCS MarHUTHBIC TUTHL (MI), SBISIOTCS: MarHUTHBIE CEIapaTophl, OH-
JTyJISITOPBI, JINHEWHBIE IBUTATEIH, OTIOPHI, 3aXBaTHI, IETEKTOPHI METAIIIA.

B noxmane paccMoTtpeHsl MHOTOMOMOCHBIE MII, co3maromue moje TOIbKO
C OHOH cTOpOHBI. IIMUTEI CIIPOEKTHPOBAHBI C HCIONB30BAaHWEM METOMa CKa-
JSpHOTO cHHTe3a [1] Mo KpUTepHio MaKCHMyMa IPOSKIUH TONS Ha 3aTaHHYIO
HaTpaBIAIONYI0 (YHKIHIO, a TaK e 10 KPUTEPHI0 MAaKCHMyMa IPOEKIIHU
ANIEKTPOMATHUTHOH cuibl. Pasnmansle kpurepuu cuaTe3 MII mpuBOIAT K cyIie-
CTBEHHO Pa3JIMYHBIM pe3yJIbTaTaM.

PaccMoTpeHBI BapHaHTHI MpaKTHYeCKH peannsyeMmbix MII, mpuBeneH aHa-
113 3 HEeKTHBHOCTH HCIOJIB30BAaHKSI MATHUTHO-TBEPAOro MaTepHaa B 3aBHCH-
MOCTH OT ITapaMETPOB ILUIHT, a TaK JK& Pa3INIHBIX HANPABIAIONINX (YHKIHHA.

Pe3ynbrarel MccienoBaHUd MOTYT OBITH paclpOCTpaHEHbl Ha MarHUTHbIE
LUIHHAPBI U TUCKH.

[1] Klevets N.I. Synthesis of magnetic systems producing field with maximal
scalar characteristics. — IMMM, 283 (2005) 401 —409.
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D-02-04 SYNTHESIS OF MAGNETIC PLATE CREATING
ONE-SIDED FIELD
N.I Klevets
National Academy of Ecologic Protection and Resort Engineering,
Kievskaya st., 181, Simferopol Ukraine, PMSolution@mail.ru

The magnetic plate is one of the most commonly occurring in practice type
of the magnetic systems (MS). The examples of the devices, using the magnetic
plates (MP), are the magnetic separators, undulators, linear electrical machines,
suspensions, catchers, metal detectors.

The report deals with the multipolar MPs, creating the one-sided field. The
plates are designed by the criterion of maximum field’s projection on the given
directing function, and also under the criterion of maximum projection of the
electromagnetic force. Various criteria of the MP’s synthesis lead to the essen-
tially different results.

The variants of practical MPs are considered, the analysis of the effective-
ness of hard-magnetic materials’ consumption, depending on the plates’ parame-
ters and also on the different directing functions, is given.

The present investigation can be extended to the magnetic cylinders and
disks.

[1] Klevets N.I. Synthesis of magnetic systems producing field with maximal
scalar characteristics. — IMMM, 283 (2005) 401 —409.
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D-02-05 CHUHTE3 MAITHUTHBIX CUCTEM IO KPUTEPUIO
MAKCHUMYMA CUJIbI
H.A. Knesen
HammonanbHas akaseMusi IPUPOI00XPAHHOTO U KYPOPTHOI'O CTPOHTEIb-
cTBa, YKkpanna, Cumdeponoas, Kuesckas 181, PMSolution@mail.ru

B mpakTuke NpoeKTHPOBaHUS YacTO BCTPEUaeTcs 3ajJadya CHHTE3a MarHuT-
HBIX cucteM (MC) 1o KpUTEpHIO MaKCHMyMa 3JICKTPOMArHUTHON CHIIBI, IEHCT-
Bytoute#t co croponsl ot MC Ha deppomaranTHoe Teno. [Ipumepamu Takux
YCTPOHCTB SBISIOTCS MaTHUTHBIE CENapaTOpPhI U JKEJIe30YIOBUTEIH.

IIpennoxennsle panee meronasl cuaTeza MC [1, 2] He MO3BONAIOT PELIUTH
JAHHYIO 3a7ady, T.K. IPH PacdeT IEKTPOMATHUTHON CHIIBI BBIIOJTHSIOTCS He-
JIMHEHHbBIE TpeobpazoBanus moias MC.

Perrenne maHHO#M MPOOIEMBI MOKET OBITH HOIYYEHO C IIOMOIIBI0 METO0B
ontuMuzanuy. OHAKO, B 3TOM CIydae IIPUXOJUTCS PELIaTh CIOKHYIO BBIUHC-
JUTENBHYIO0 33ady MOMUCKA INI00AIBHOTO SKCTpeMyMa HEeTMHEHHONH MHOTIO?KC-
TpeMaJbHOH (PyHKIUH, Ha IIepPEeMEHHbIE KOTOPOH HAJIO0KEHbI OpaHUYEHHS, T.C.
3ajjauy HeNWHEeHHoro nporpaMMupoBanus. Kilaccuuecknue BEIYHCIUTENBHBIE all-
TOPUTMBI ONITUMHU3AINH MPH PEIICHUH MPAKTHIECKUX 33a7a4 HEJIMHEWHOTo Mpo-
IrpaMMHPOBAHUS 9aCTO OKA3bIBAIOTCS HECOCTOSATEIBHBIMHU.

Jlis permeHus 3aaun CHHTE3a IpeIaraeTcsl HCIOIb30BaTh METa3BPHCTH-
YeCKHe METOIbI ONTHMH3ALUH, HIMUTHPYIOIINE ONTHMH3ALHUIO B )KUBOH HPHPO-
nie [3]. DTi MeTOoIbI XOPOIIO MPHUCTIOCOOICHBI ISl PEIISHHUS CIIOKHBIX 3a/1a4 He-
JIMHEHHOTO MPOrpaMMHUPOBAHUS NPH HAUTMYUHM CUCTEMbI OTpaHUYECHUH W ypaB-
HEHHUH CBA3M, KOTOPHIE YTOYHSIOT 00JIACTh IMOMCKA ONTHMAIBHOTO PEUICHHUS 3a-
Jagu cuHTe3a. [Ipu 35TOM MOJKHO JIETKO Y4eCTh JOIOJIHUTENIbHbIE KPUTEPUH OII-
TUMH3AINH, T.€. TOIydJaTh PelIeHne onTuMansHoe 1o [lapero.

Paccmotpen npumep cunTeza MC moxbeMHHKA C HCIONB30BAHUEM METOa
poeBoii ontumu3anuu [4].

[1] Klevets N.I. Synthesis of magnetic systems producing field with maximal
scalar characteristics. — IMMM, 283 (2005) 401 —409.

[2] Klevets N.I. Optimal design of magnetic systems. — JIMMM, 306 (2006) 281.
[3] Glover, F., Kochenberger, G. (Eds.), Handbook of Metaheuristics, Kluwer
Academic Publishers, Dordrecht, 2003.

[4] Kennedy J., Eberhart R. C., Swarm Intelligence, Morgan Kaufmann, San
Francisco, Calif, USA, 2001.
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D-02-05 SYNTHESIS OF MAGNETIC SYSTEMS BY THE
el CRITERION OF MAXIMUM FORCE
N.I. Klevets
National Academy of Ecologic Protection and Resort Engineering,
Kievskaya st. 181, Simferopol, Ukraine, 95034, PMSolution@mail.ru

In the design practice there is often the problem of synthesizing the mag-
netic systems (MS) by the criterion of maximum electromagnetic force created
by the MS’s field and acting on a ferromagnetic body. The examples of such the
devices are the magnetic separators and the catchers of iron.

The methods of the MS’s synthesis proposed earlier [1-2] did not allow to
solve this problem, because the calculation of the electromagnetic force is ac-
companied by the non-linear transformations of the MS’s field.

The solution of the present problem can be obtained by the optimization
methods. However, in this case, one needs to solve a complex problem of de-
termination of the global minimum of the multimodal function, which variables
are restricted, i.e. the problem of non-linear programming. The classic computa-
tional algorithms of optimization fail to solve the practical problems of non-
linear programming.

The metaheuristic methods of optimization, modeling the optimization in
real world [3], are best suited to the solution of the synthesis problem. These
methods fit well the solution of non-linear programming problems with the sys-
tems of constrains, adjusting the area of search of the optimal solution. At this, it
is easy to take into account the additional criteria of the optimization, i.e. to ob-
tain the Pareto optimal solution.

The example of synthesis of the handler’s MS, using the method of particle
swarm optimization [4], is considered.

[1] Klevets N.I. Synthesis of magnetic systems producing field with maximal
scalar characteristics. — IMMM, 283 (2005) 401 —409.

[2] Klevets N.I. Optimal design of magnetic systems. — JIMMM, 306 (2006) 281.
[3] Glover, F., Kochenberger, G. (Eds.), Handbook of Metaheuristics, Kluwer
Academic Publishers, Dordrecht, 2003.

[4] Kennedy J., Eberhart R. C., Swarm Intelligence, Morgan Kaufmann, San
Francisco, Calif, USA, 2001.
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D-02-06 MYJIbTHIIOJIM JJI5 DL[P-UCTOYHUKOB
MHOTI'O3APSI/IHBIX HOHOB
A.A. E¢pemos’, H.M. Kieser”

'OMSIH, JSIP, Pocens, Hdyo6na, efremov(@nrmail jinr.ru
’HAIIKC, Yxpanna, Cumpepononn, Kuesckas 181, PMSolution@mail.ru

B OIIP-ucToyHMKaX MHOT03apsAIHBIX HOHOB TPAJUIIMOHHO UCIIONB3YIOT 6-
noJrtocHble MarauTHbIe cucteMbl (MC) [1, 2].

[ocTosiHHOE TOBEINICHHE TPEOOBAaHUI K YPOBHIO MOJSI B paboueit obractu
(PO) npu ogHOBpEeMEHHOM TpeOOBaHWHM MHHUMYMa CTOUMOCTH MC HHKTyeT
HCIOJIb30BaHUE HETPATUIIMOHHOIO MOAX0Aa K UX MPOEKTUPOBaHUIO. B yacTHO-
ctH, B paccmarpuBaemMoii MC nmpumensroress MarauTsl (IIM) ¢ pa3nuasasiMu Gu-
3UYECKUMU CBOMCTBAMU B 3aBUCHUMOCTH OT AECUCTBYIOILUX pa3MarHU4YHMBAIOIINX
mosnieid. IIpu 3TOM y4TeHBI, Kak COOCTBEHHBIE Pa3MarHWYMBAIOIINE TIONIA, TaK U
IOJIsl BHEIIHMX HCTOYHHMKOB (CBEPXIPOBOAALICTO coineHonzaa). Kpome toro, B
001acTsIX, Iie 3TO BO3MOXKHO IpuMeHeHs! [IM ¢ MOBBIIIEHHBIM 3HAYEHHUEM OC-
TaTOYHOW MHAYKUMU AJs yBenauueHus: yposHs nois B PO. B uenom, B MC uc-
M0JIb30BaHoO IsATh TUIOB [IM ¢ octaTouHoi unaykiueit ot 1,1 T go 1,41 Ta.

[Tpumenenune paznuunsix [IM B MC rekcanonst nmo3sonuio co3nats B PO
nosie BenuuuHOHN 1,4 T mpu BEICOKOM KauecTBe (IIOCTOSHCTBE MOJYJIS Ha KOH-
LHEHTPUYECKUX OKpYX)HOCTAX). umamerp PO paBen 80 MM, BHEmIHHI THaMeTp
MC - 200 mM. DTO, B CBOIO 0Yepelib, 00ECICUMIO BRICOKUE 3HAYCHUS BBIXOJ-
HBIX XapakTepucTuk Jl[P-ucToyHrKa mpu ImpHeMIIeMbIX MaTepUATBHBIX 3aTpa-
Tax Ha €ro U3roTOBJICHHE.

[1] MHoromomtocHsIi Maraut: A.c.662979, CCCP: MKH* HOI1F 7/00. $1.11. Pa-
6unosnyg; Omy6. 15.05.79, bron. Nel8.
[2] Geller R., Electron Cyclotron Resonance Ion Sources and ECR Plasmas,
UK, Bristol, IOP Publishing Ltd, 1996.
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D-02-06 MULTIPOLES FOR ECR-SOURCES OF
MULTICHARGE IONS
A.A. Efremov’, N.L. Klevets’
'JINR, LNR, Dubna, Russia, efremov@nrmail jinr.ru
’NAEPRI, Kievskaya st., 181, Simferopol, Ukraine, PMSolution@mail.ru

The 6-pole magnetic systems (MS) are traditionally used as ECR-sources of
multicharge ions [1, 2].

The constant rise of the requirements for the field in the working area (WA)
together with the requirement of the minimum cost of the MS force the usage of
the alternative ways of their design. In particular, in the MS considered the per-
manent magnets (PMs), having various physical properties depending on the ef-
fective demagnetizing fields, are used. At this, both the intrinsic demagnetizing
fields and the fields created by the external sources (the superconductive sole-
noid) are taken into account. Besides, whenever it is possible, the PMs with
higher value of the residual induction are applied to maximize the field in the
WA. In general, the MS uses five types of PMs with the residual induction vary-
ing from 1.1 Tup to 1.41 T.

The usage of different PMs in the hexapole MS allowed to create the high-
quality field of 1.4 T in the WA (the field has constant magnitude along the con-
centric circles). The WA’s diameter is 80 mm, the external diameter of the MS
is 200 mm. This, in its turn, provided the high values of the outlet characteristics
of the ECR -source with reasonable material consumption during its production.

[1] MHOromnomocHsIi Marsut: A.c.662979, CCCP: MKH* HOIF 7/00. 51.]1. Pa-
o6unoBny; Omy6. 15.05.79, bron. Nel8.
[2] Geller R., Electron Cyclotron Resonance Ion Sources and ECR Plasmas,
UK, Bristol, IOP Publishing Ltd, 1996.
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D-02-07 PACUYET JIUHEMHON MATHUTHOM OITIOPHI

H.H. Kiesen’ , I.A. Adanacbesa', JI.B. Ky3uenosa
'HAIIKC, Ykpanna, Cumpeponosn, Kuesckasi 181, PMSolution@mail.ru
HKOMAT Poccus, Bmagumup, ecomag@vtsnet.ru

JluHeliHass MarHUTHas oOmopa MNpeJHa3HadeHa A pasTpy3KH CHUCTEMBI
TPAHCHOPTUPOBKH I'py3a M0 ATIOMUHUEBON HaNpaBIIsAIoeH JIHHON 4 M.

MarnuTtHas cucteMa BhITIONHeHa U3 MarHuToB THa NdFeB ¢ ocrarounoit
uaayknued 1,1 Tn, pabounit 3a30p paBeH 1 MM mpu rpyzonoasemuoctu 200
KTC.

Pacyer nogbeMHO cHITbl BBIONHEH 1O (hopMyine MakcBemnia. Pe3ynbrars
PaCUYEeTHBIX U SKCIIEPUMEHTANBHBIX JAHHBIX XOPOIIO COTJIACYIOTCS.
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D-02-07 CALCULATION OF LINEAR MAGNETIC SUPPORT

N.L.Klevets2, I.A.Afanasieval, L.V.Kuznetsova
'NAEPRE, Ukraine, Simferopol, Kievskaya st.,181, PMSolution@mail.ru
’ECOMAG Ltd., Russia, Vladimir, ecomag@vtsnet.ru

Linear magnetic support intends for unloading transport of load on 4 metre
aluminium directive.

Magnetic system executes by Nd-Fe-B magnets with residual induction 1,1
T1, working split 1 mm for carrying capacity 200 kg force.

The calculation of carrying force executed by Maxwell formula. Results of
the calculation and of experiment coordinates well.
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CHUHTE3 MATHUTHOM CUCTEMbBI BEHTHUJISI ®APA-
D-02-08
JESL
H.M. Kuesen', AdanacbeBa H.A.
"HAIIKC, Ykpaunna, Cumpeponosn, KueBckas 181, PMSolution@mail.ru
2000 "Ikomar", Poccus, Bragumup, ecomag@vtsnet.ru

PaccMoTpeHa MeToauka M pe3yibTaThl MPOEKTUPOBAHUS MArHUTHOHM cHcC-
tembl (MC) Bentunsa @apanes. [IpoextupoBanne MC BBIIOJHEHO C YYETOM
CIEeIyIOIHUX KPUTEPHEB ONTHUMAJbHOCTU: TOYHOCTH BOCIPOU3BENEHUS MOJS B
paboueif ob1acTi, MUHIMyMa MacChl MAarHUTOB, YPOBHS TEXHOJIOTHYHOCTH KOH-
cTpykuuu uzaenus. OnruManbHas KOHCTpYKIus MC, yaoBneTBopstonias nepe-
YHCICHHBIM IPOTHBOPEYNBEIM TPEOOBAHUAM, MOIYYEHA METOIOM I'€OMETpHIe-
cKoro cuHTe3a [ 1] ¥ BOTIONMOHHON onTUMHU3auH [2].

ITpu cuaTeze MC BO3MOJKHBI Ba BapHaHTa OIIEHKH TOYHOCTH BOCIIPOHM3BE-
neHus noss B PO: MUHUMYM CpeHEKBaJIpAaTUYHOIO OTKJIOHEHMs pacIipenese-
HUS MOJs OT TpeOyeMoro 1 MHHUMYM HOpMBI UebniméBa. B noxiane paccMot-
peHbI 00a BapraHTa Ha mpuMepe ocecuMmMeTpuaHoit MC st BerTuist @apanes.

[1] Klevets N. I. Optimal design of magnetic systems. — JIMMM, 306 (2006),
pp- 281 — 291.

[2] Michalewicz Z. Genetic algorithms + data structures = Evolution programs.
— Springer, 1996. — 387 p.
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D-02-08 SYNTHESIS OF THE MAGNETIC SYSTEM
OF FARADAY'S ISOLATOR
N.L Klevetsl, I.A. Afans'eva’

'NAEPRE, Ukraine, Simferopol, Kievskaya st., 181, PMSolution@mail.ru
2"Ecomag" Ltd., Russia, Vladimir, ecomag@vtsnet.ru

The method and the results of the magnetic system (MS) design of Fara-
day's isolator are considered. The MS design is carried out with the account of
the following criteria of optimality: the precision of field's generation in the
working area, the minimum of magnets' mass, the level of manufacturability of
the device construction. The optimal MS's construction, satisfying these contra-
dictive requirements, is obtained by the geometrical synthesis method [1] and of
the evolutionary optimization [2].

While synthesizing the MS, there are two possible variants of the precision
estimation of field's generation in the working area: the least squares fitting error
minimum of the required distribution of the field, and Chebushev's norm mini-
mum. Both variants are considered in the report by giving the example of the
axially symmetric MS of the Faraday isolator.

[1] Klevets N. I. Optimal design of magnetic systems. — JIMMM, 306 (2006),
pp- 281 — 291.

[2] Michalewicz Z. Genetic algorithms + data structures = Evolution programs.
— Springer, 1996. — 387 p.
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D-02-09C MOJEJNMPOBAHUE MAT'HUTHbBIX CUCTEM B HA-
TYPHO-MO/JEJIBHOM 3KCIIEPUMEHTE
FO.A. baxBagnos, H.W. I'op6aTenko, B.B. I'peunxun, H.M. Ksionr
IO:xH0-Poccuiickuii rocy1apcTBeHHbI TeXHMYeCKHil yHUBepcuTeT, Poc-
cusi, 346428, HoBouepkacck, [IpocBemenns yiu., 132, vgrech@mail.ru

Marematuyeckoe MOZICTHPOBaHUE (P(HEKTHBHO IPUMEHSIETCSI, KaK MPH TPOSK-
THUPOBAHUH AICKTPOTEXHUYESCKHIX YCTPOMCTB € TOCTOSHHBIMU MarauTamu (ITM), Tak
1 B HATYPHO-MOJICITFHBIX SKCIIEPUMEHTAX TIPH ONpeIeTIeHAH XapaKTeprCTHK [1M.
Ipu 5TOM yCrex MOeTMPOBaHFSI BO MHOTOM 3aBHCHT OT HCIIOIB3YeMBIX MaTeMaTH-
YEeCKHX MOJIeNIel 1 METOJIOB pacyeTa MarHUTHBIX TIOJIeH, 0COOSHHO B HETMHEHHBIX
cpenax.

Bri6op MeTo1a MOIETMPOBAHHMSI MATHUTHOTO TIOJIS CBSI3aH C XapaKTEPUCTUKAMHU
cucrems ¢ [TM u onpesiernsiercst TpeOyeMoii TOYHOCTBIO U BETMYHHOM 3aTpadnBacMo-
'O MaIlIHHHOTO BpeMeHH. [IpeyiaraeTest sl MATeMaTHIECKOTO MOICTTMPOBAHMS HC-
T0JTb30BaTh MOJICIIb CTAIIMOHAPHOTO MATHUTHOTO MOJIS B BHIC HEJTMHEHHOTO UHTE-
TPATHHOTO YPaBHEHUS OTHOCHUTEITLHO HAMAarHHYEeHHOCTH (peppomarHeTnkoB. K moc-
TOMHCTBAM MOJIENIA OTHOCHTCS TO, YTO YPABHEHHUSI COCTABIISIFOTCSI TOJIBKO IS (heppo-
MAarHMATHBIX 00JIaCTeH, KaK CIE/ICTBUE, 3HAYUTEIILHO COKPAILAETCS PA3MEPHOCTH 3a-
JIa4¥ 110 CPABHEHHIO C MOJIEIISIMH, PEATH30BAHHBIMU B METO/IAX KOHEYHBIX Pa3HOCTEH
1 KOHEYHBIX 3JIEMEHTOB, OCOOCHHO IPH PACCMOTPEHHUH PAa30MKHYTBIX CHCTEM. VICKO-
MBIM SIBJIICTCS pacpeie/icHe HaMarHuaeHHOCTH M 1o 00beMy (eppOMarHeTHKOB
TP U3BECTHOM PACIIPEICIICHUM COCTABISIOIICH HAPSHKEHHOCTA MArHIUTHOT'O TIOJIS,
CO3JJaHHOM TOKAMH KATYIIIEK MATHUTHOW CHCTEMBI.

PazpaboTannas MaTeMaTH9ecKast MOZIEIb IIPUMEHSUIACH JUTS ONPEICNICHHS KpH-
BOU pazMarHuuuBanus Marepuana [IM myreMm HaTypHO-MOJEIBHBIX UCTIBITAHUN B
MarHuTHOH CHCTeMe, IPEICTABISIIONIEH cO00 CONIEHOM T, BHYTPU KOTOPOTO IO OCH
pacnoyioKeHb! ABa HMIMHAPUUECKUX CTEPXKHS M3 MarHUTOMSITKOTO MaTepuaia, Me-
Iy KOTOpBIMH pa3meniaercs [IM munmHmprrdeckoii (hOpMBL, NMEIOIINH HeITMHEH-
HYyI0 XapakTepucTuky M(H).

Moienb Mo3BoJIsIeT 00eCIeUnTh OBICTPYIO CXOUMOCTD IOCIIEA0BATEIbHOCTH
MPUOMIKCHHBIX PELICHUI W TOCTATOYHO BBICOKYFO TOYHOCTH OTIPEICTICHHS TTapaMeT-
OB MarHWTHOTO TIOJISt IPH OTHOCHTENHHO HEOOIBIIIOM KOJIMIECTBE AJIEMEHTOB JIHC-
KpETH3allH, YTO MO3BOJISIET UCIIONB30BATh €€ B HATYPHO-MOZEIBLHOM 3KCIIEPUMEHTE.
Bpewms onpenenenus KpuBoi pasMarHUUMBaHUs MaTtepuaia uctsiryemoro [TM He
nipeBbImaeT 20 cek ¢ morpenHocTs He 6omee 3%. McnpITanns nokasanm, 9To prMe-
HEHHE pa3pabOTaHHON MOJIEIHU MO3BOJISET OMPEEISTh MATHATHBIC XaPaKTCPHCTUKA
Marepuana [TM ¢ ZoCcTaTOYHO TOYHOCTHIO U BBICOKAM OBICTPOJICHCTBHEM.

188



XVIi-th International conference on permanent magnets

MODELING OF MAGNETIC SYSTEMS IN NATURNO-

D-02-09C MODELING EXPERIMENT

J.A.Bahvalov, N.I.Gorbatenko, V.V.Grechikhin, N.M.Kyong
South-Russia State Technical University, Russia, 346428, Novocherkassk,
Prosvescheniya Str., 132, vgrech@mail.ru

Mathematical modeling is effectively applied, as at designing of electro-
technical devices with constant magnets (PM), and in naturno-modeling experi-
ments at definition of characteristics PM. Thus the success of modeling in many
respects depends on used mathematical models and methods of calculation of
magnetic fields, especially in nonlinear medium.

Sampling of a method of modeling of a magnetic field is connected with

characteristics of system with PM and defined by demanded accuracy and mag-
nitude of a spent machine time. It is offered to use for mathematical modeling
model of a stationary magnetic field in the form of the nonlinear integrated
equation concerning magnetization of ferromagnets. That the equations are
made only for ferromagnetic areas refers to advantages of model dimensions of
a quantity of a problem in comparison with the models realized in finite differ-
ence method and final elements, as consequence, is considerably reduced, espe-
cially by consideration of the open systems. Distribution of magnetizations M by
volume ferromagnets is required at known distribution of the making magnetic
intensity created by currents of coils of magnetic system.

The developed mathematical model was applied to definition of a curve of
demagnetization of material PM by naturno-modeling tests in the magnetic sys-
tem representing the solenoid in which on an axis two cylindrical rods from soft
magnetic material between which takes places PM the cylindrical form are had,
having nonlinear characteristic M (H).

The model allows providing sweeping convergence of sequence of ap-
proximate solutions and enough pinpoint accuracy of definition of parameters of
a magnetic field at rather small amount of elements of a digitization that allows
using it in naturno-modeling experiment. The time of definition of a curve of
demagnetization of a material of examinee PM does not exceed 20 sec about a
lapse no more than 3%. Tests have shown, that application of the developed
model allows defining magnetic characteristics of material PM with sufficient
accuracy and high speed.
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D-03-01 JEKTPOMATHUTHBINA TEMITI®EP HOBOI'O IIOKO-
JEHUA U151 PAKETHO-KOCMHUYECKOU TEXHUKU
E.B. Cuaopos', P.1. TiokaBun’
'BiaaguMupckuii rocy1apeTBeHHblii yuusepcuter, Poceus, 600000,
Baagumup, ya. I'opskoro, 87, ferromag@inbox.ru
? 0AO «PaKeTHO-KOCMHYECKAs KOPHOPALHS « JHEePTHsD HM.
C.I1.KopoJaeBa», Poccusi, 141070 MockoBckasi 00.1., r. KopoJies, yJii. Jlenu-

Ha, 4 A, post@rsce.ru

OnexrpomarHuTHele aemundeps! (OMJl) HCIONB3yIOT A TameHnus Koje-
0aHM{ M KUHETHYECKUX DHEPTUH IPH CTHIKOBKE KocMuuecknx anmapaTtoB (KA),
a TaKKe MHBIX OOBEKTOB M MEXaHM3MOB. Takue nemrepbl 00pa3yloT aMOpTH-
3aUOHHYI0 CHCTEMY DIEKTPOMEXaHHUYECKHX CTBIKOBOYHBIX MEXaHU3MOB.
BxoaHoli BeIMUMHOMN SIBISIETCS YIJIOBas CKOPOCTH, MPOMOPIMOHANIbHAS CKOPO-
CTH MEPEMEIIEHUS IITAHTH IPU CTBIKOBKE, BHIXOJHON — BO3HUKAIOLIWK Ha Baly
MOMEHT, NPONOPLUUOHAIbHBINA YITIOBOM CKOPOCTH BpaweHus. IlpuHnun neicr-
Bust OM/] OCHOBaH Ha B3aUMOJEUCTBHH PE3YIBTUPYIOIIET0 MATHUTHOTO MO B
3a30pe ¢ BUXPEBBIMU TOKAMHU, HAaBOAUMBIMHU BO Bpamiarouiemcs porope. M/ ¢
MIOCTOSIHHBIMM MarHUTaMH HamOoJee NMpOCTHI 10 KOHCTPYKIHMH, HE TPeOyIOT
yIpaBieHHs, He HYKJAI0TCS BO BHEUIHEM HCTOYHMKE 3HEPTHH, HAIEKHBI B pa-
oore.

B nacrosimieli paboTe BBINONHEHBI pacyeThl M pa3padoTaHa MPUHIUIINATb-
HO HOBasi KOHCTPYKIst DM/, koTopasi obecrieunBaeT HaJASKHYIO paboTy mu3e-
MU B IIMPOKOM JHAma3oHe BpalleHus BbIxomHoro Bama (ot 100 mo 3000
00/MUH) U CO37aeT TOPMO3HOH MOMEHT, paBHbI 6,5 krc - cM npu 3000 06/MuH
u Macce OMJI, pasHoii 0,55 .

Hogas xorcTpykmmst DM/ mpormiia Bce UCTIBITaHUS W HCHONB3YeTCs IS
KOMILJIEKTALUN CEPUIHBIX U3AEIHI PAKETHO-KOCMHYECKON TEXHUKU.
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D-03-01 ELECTROMAGNETIC DAMPER OF A NEW GENERA-
TION FOR SPACE TECHNIQUE
E.V. Sidorov', R.I. Tyukavin
'Vladimir state university, Russia, 600000, Vladimir, Gorky St., 87,
ferromag@inbox.ru
2JSC “Rocket-space corporation “Energy” named after S.P. Korolyov”,
Russia, 141070 Moscow Region, Korolyov, Lenin St., 4 A, post@rsce.ru

Electromagnetic dampers (EMD) are applied to suppress oscillations and
kinetic energies during docking of spacecrafts and other objects and machines.
Such dampers form a shock absorber system of electromechanical docking
mechanisms. The input quantity is the angular speed proportional to the travel
speed of the bar at docking, the output quantity is the moment arising at the
shaft, which is proportional to the angular rotation speed. The operation princi-
ple of EMD is based on the interaction of the resulting magnetic field in the gap
with eddy currents generated in the rotating rotor. EMDs with permanent mag-
nets have the most simple design, need neither control nor external energy
source, are safe at operation.

In the present work computations have been carried out and a principally
new design of EMD has been developed, which ensures reliable performance of
the article in a wide range of the rotation speed of the output shaft (from 100 up
to 3000 rev/min) and produces the braking moment equal to 6.5 kg s - cm at
3000 rev/min and the EMD’s mass of 0.55 kg.

The new design of EMD has passed all tests and is applied in mass pro-
duced articles of rocket space techniques.
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D-03-02 HOBBIE YHUITIOJISIPHBIE 1 MHOI'OIIOJIFOCHBIE
KOJIBIHEBBIE MATHUTBI
B.H. Bekeros, B.H. Mockanés, A.B. Orypuos
000 «I103-IIporpecc», Poccus, 624092, r. Bepxuss [Ipimma
CeepaiioBckoii 06aactn, yi. Ilerposa, 59, poz-progress@yandex.ru

“HoBu3Ha” HalIMX MAarHUTOB 3aKIJIIOYAeTCsA B JOCTHKEHUU MaKCHUMAaJbHOU
paauanbHOW MarHUTHOW TeKCcTypbl (~98+100 %), coueraromieiicss ¢ BBICOKOH
MEXaHHYECKOH MPOYHOCTEIO B IMIMPOKOM JHANa30He OTHOIICHHA BHYTPEHHETO U
BHemHero auaMeTpoB — (30+90) %. Panee Takoe codeTaHne CYMTANIOCH HEBO3-
MOXHBIM [1,2,3] m3-3a OONBIIOH pPa3HUIBI TEMIIEPATYPHBIX KO3(D(GHUIHMECHTOB
paciMpeHnsi MaTepuaia BJIOJb M IMOMEPEK TEKCTYpPhI PEAKO3EMETbHBIX MaTe-
puainoB Ha ocHoBe ciuaBoB Sm-Co u Nd-Fe-B.

OCBOCH psAl TUTIOPA3MEPOB PENKO3EMEIbHBIX MAarHUTOB C BHEIIHUM JHa-
MeTpoM oT 30 10 75 MM, BHyTpeHHHUM - OT 15 10 50 MM ¢ OCTaTOUYHON HUHAYKLHU-
et B, 1o 1,12 Tn n xospuutuBHOU cunoir gH. mo 840 kA/M nmns MarHuToB
KC25111 [4].

Yuunonspueie Marautsl Ha ocHoBe Nd-Fe-B ¢ B~1,22 Tn ucmnonb30BaHbI
B MarHUTHOM CUCTEME Il yCTAHOBKM MAarHUTHOT'O OXJIaXaeHus [5, 6].

Pa3paboTana TEXHOJOTHSI M M3TOTOBJIEHBI OINBITHbIE MEXaHHUYECKU MPOd-
HbI€ MHOTOIIOJTFOCHBIE KOJIBIIEBbIe MarHUTHI. [Ipenmonaraercsi mpuMeHEeHne MO-
HOJIUTHBIX MHOTOIIOJIFOCHBIX MarHUTOB B POTOPax C ONTUMAILHON TEKCTYpOi B
MarHuTHBIX My(TaX U BEHTHIHHBIX IBUTATEISIX B3aMEeH HAOOPHEIX [7].

[1] M. S. Wolmer. «MarHutsl U3 CILIaBOB PEAKO3EMEIBHBIX METALIOB C KO-
6ampTOoM», MockBa, Metaimyprus, 1978, ctp. 235-237.

[2] CaBuu A.H. AntonoB B.B. VII Beecoro3nast KoH(pEpeHIHS 110 TIOCTOSHHBIM
MarautaM. Tesuchl, T. Bmagumup 20-24.09.1982 r, c. 91.

[3] ITomoB A.I'., MaiikoB A.I'. Marepuansl MeXIYHapOAHOIO CHMIIO3UYMa
«HccnenoBanue npoOieM CO3IaHUsI MATHUTHBIX CUCTEM ...», I'. Cy3nanb, 1990
r., c. 147-157.

[4] Texuunueckue ycnoBust TY 6391-005-55177547-2008, r. B. ITeimma, 2008 T.
[5] S.V. Taskaev, V.D. Buchelnikov, 1.V. Bychkov, V.N. Beketov, D.V.
Taranov. The effective magnetic system for the magnetocaloric refrigerator,
The 3™ International Conference of IIR on Magnetic Refrigeration at Room
Temperature, Des Moines, lowa, U.S.A., 2009.

[6] B.H. bekeros, B.H. Mockanés, A.B. Orypros, I.B. Tapanos, C.B. Tackaes,
B.. byuensHuxos, JI.B. berukos, E.1. KaneBckuii. OcecuMMmeTpu4HbIe Mar-
HUTHBIE CHUCTEMBI CTYNEHYATOrO THMA C MPUMEHEHHWEM YHHIIONSPHBIX KOJblie-
BbIX MarauToB. MKIIM-17. Te3ucel. Centsiops 2009 r.

[7] P.A. Kenun, A.I'. [lonskos, M.K. Pa3anieB. Martepuaisl MexIyHapOAHOTO
cummosuyma «MccregoBarue mpobneM ...», T. Cyznmams, 1990 ., c. 36-43.
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D-03-02 NEW UNIPOLAR AND MULTIPOLAR ANNULAR
MAGNETS
V.N. Beketov, V.N. Moskalev, A.V. Ogurtsov
LLC “POZ- Progress”, Russia, 624092, Sverdlovsk region, V. Pyshma, Pet-
rov st., 59, poz-progress@yandex.ru

“Novelty” of our magnets consists in reaching of the maximum radial mag-
netic texture (~98+ 100%), which is combined with the high mechanical
strength over a wide range of the relations of inside and outside diameters -
(30+90) %. This previously combination was considered impossible [1,2,3] be-
cause of the large difference of the temperature coefficients of the expansion of
material along and across the texture of rare-earth materials on the basis of al-
loys Sm-Co and Nd-Fe-B.

A number of the standard sizes of rare-earth magnets with a outside diame-
ter of from 30 to 75 mm is mastered, internal - from 15 to 50 mm with the rema-
nent induction Br to 1,12 T and the coercive force of gH, to 840 kA/m for the
magnets KS25 [4].

Unipolar magnets on basis Nd-Fe-B from Br~1,22 T are used in the mag-
netic system for the installation of magnetic cooling [5, 6].

Technology is developed and experimental mechanically durable multipo-
lar annular magnets are prepared. Is assumed the application of monolithic mul-
tipolar magnets in the rotors with the optimum texture in the magnetic clutches
and the thyratron motors instead of setting magnets [7].

[1] M. S. Wolmer. “Magnets from the alloys of rare-earth metals with co-
balt”, Moscow, Metallurgy, 1978, p. 235-237.

[2] Savich A.N. Antonov V.V. VII All-Union conference on the permanent
magnets. Theses. Vladimir, 20-24.09.1982, p. 91.

[3] Popov A.G., Maikov A.G. Materials of international symposium. Suz-
dal, 1990, p. 147-157.

[4] TU 6391-005-55177547-2008, V. Pyshma, 2008.

[5] S.V. Taskaev, V.D. Buchelnikov, I.V. Bychkov, V.N. Beketov, D.V.
Taranov. The effective magnetic system for the magnetocaloric refrigerator,
The 3™ International Conference of IIR on Magnetic Refrigeration at Room
Temperature, Des Moines, lowa, U.S.A., 2009.

[6] V.N. Beketov, V.N., Moskalev, A.V. Ogurtsov, D.V. Taranov, S.V.
Taskaev, V.D. Buchelnikov, 1.V. Bychkov, E.I. Kanevsky. Stepped type axi-
symmetrical magnetic systems with the application of unipolar annular magnets.
ICPM XVII. Theses. September 2009.

[71 R.A. Kelin, A.G. Polyakov, M.K. Ryazantsev. Materials of interna-
tional symposium. Suzdal, 1990, p. 36-43.
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CPABHUTEJILHBII AHAJIN3 MATHUTHBIX MOJIEN

MOCTOSIHHBIX MATHUTOB U U3JIEJIUIA U3 BbICO-

KOTEMIIEPATYPHBIX CBEPXITPOBOJAIIINX MATE-
PUAJIOB

D-03-03

C.B.I'pubanos’, ¥0.B. Kynaes', IL.A. Kyp6atos', O.J1. Ilonymenko’
"MockoBcknii suepreruyeckuii uHcTuTyT (TeXHUYECKHIi yHHBEpCHTET),
Poccus, 111250, MockBa, yia. KpacHokazapmennas, 14,
kurbatovpa@mpei.ru
MI'TY um. H. D. Baymana, Poccus, 105005, Mocksa, yi. 2-1 bayman-
cKas, 5

B pabote npencTaBiIeHs! pe3yIbTaThl TEOPETHIECKIX U SKCIIEPHMEHTAb-
HBIX MCCIICIOBAHNI MarHUTHBIX TIOJIEH CO3]aBAEMbIX TIOCTOSIHHBIMU MarHUTaMy
1 QHAJIOTHYHBIMH TI0 (hopMe 00pasamMi U3 BEICOKOTEMITEPATyPHBIX CBEPXIIPO-
BosuX MatepuaiioB (BTCIT).

Jl1s pacueToB 31EKTPOMArHUTHOIO IOJS B AIEKTPOTEXHUYECKUX YCTPOM-
cTBax, copepykamux amemMeHTsl M3 BTCII, pa3paboTaH cCrielMaibHBIA METO,
KOTOPBII IIOCTPOEH Ha OCHOBE OOIIeH CHCTEMBI IIPOCTPAHCTBEHHBIX UHTETPAIb-
HBIX ypaBHEHHH [T KBa3WCTAIMOHAPHOTO 3IEKTPOMAarHUTHOTO IOMs.. Meroxn
arpoOMpoBaH Ha JBYX MOJENSX HENMHEHHBIX 3JIeKTPO(U3NUECKUX CBOMCTB
BTCII [1]. IlepBast Mozenb, U3BECTHASI paHee, IMPEICTaBIeHa B BUJIE THIIEPOO-
JMYecKoi (PYHKIMM YIENBHOTO JIEKTPUYECKOTO CONMPOTHBIICHUSI MaTepuiia OT
IUIOTHOCTH TOKA, MArHUTHON MHAYKIMH 1 TeMIeparypsl. Bropas Momeins iek-
TpOU3NUECKUX CBOKCTB, IIPEIVIOKEHHas! B padoTe, onperneneHa [—o0pasHbMu
3aBICHMOCTSIMH IUTOTHOCTH TOKa OT HANPSDKEHHOCTH 3JIEKTpHYecKoro noist. B
CBOIO OYepeIb IIOTHOCTh TOKA 3aBHCUT OT MAarHUTHOW MHIYKIWMH M TEMITEPATy-
PpBL
HccnenoBanust BBINOMHEHBI I JIBYX OOpaslioB HTTPHEBOH KEPaMUKH

(YBCO): B Buze mucka (ocecHMMeTpUYHas 3aa4da) U Iy IPSIMOYTOIBHOM MPU3MBI
(TpexmepHasi 3anada). JJOCTOBEPHOCTH MOMyYEHHBIX TEOPETHUECKHX PE3YJIbTaTOB
MOATBEPIK/ICHA JTAHHBIMU AKCIIEPHMEHTAIBHBIX HCCIENOBAHUI. MarHuTHbIe MO
o6pasnos u3 BTCII comocraBieHs! ¢ aHATOTHYHBIME 110 (popMe MOCTOSIHHBIMH Mar-
Hutamu u3 crasa NdFeB. OtMmeueHbl NpHHIMIUAIBHBIE Pa3IM4Us HMCTOYHHUKOB
MAarHUTHOTO TIOMISI M3 3THX MAaTE€pHAIOB, KOTOPHIE OJDKHBI YUIWUTHIBATHCS MPH MX
MIPAKTUYECKOM TTPUMEHEHNH.

[1].Tpubanor C.B, Kynaes FO.B., Kypoaros I[1.A., Marsee B.A., Hikensckuii
H.A., loxymenko O.JI. PacueT MarHUTHBIX CUCTEM C 3JIEMEHTaMH U3 BBICOKOTEMITE-
PaTypHBIX CBEPXIPOBOAALIMX MaTEpUAIOB. — DeKTpuyecTBo, 2002, No2
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THE COMPARATIVE ANALYSIS OF MAGNETIC FIELDS
D-03-03 OF PERMANENT MAGNETS AND PRODUCTS FROM
HIGH-TEMPERATURE SUPERCNDUCTORS

S.V.Gribanov', J.V.Kulaev', P.A.Kurbatovl, 0.L.Polushchenko’
"The Moscow Power Engineering institute (Technical university), Rus-
sia, 111250, Moscow, street Krasnokazarmennaja, 14,
kurbatovpa@mpei.ru
*Moscow State Technical University n.a. N.E. Bauman, Russia, 105005,
Moscow, 2-nd Baumanskaya 5

In this paper presented results of theoretical and experimental researches
of magnet fields created by permanent magnets and analogous samples from
high-temperature supercnductors (HTSC).

For calculations of an electromagnetic field in the electrotechnical devices
containing elements from HTSC, the special method which is built on the basis
of the general system of the space integrated equations for quasi-steady elec-
tromagnetic field is developed. The method is approved on two models of
nonlinear electrophysical properties HTSC [1]. The first model, known earlier,
is presented in the form of a hyperbolic function of specific electric resistance
material from density of a current, induction density and temperature. The sec-
ond model of electrophysical properties offered in-process, is defined by G-
shaped dependences of density of a current from electric field. In turn the cur-
rent density depends on induction density and temperature.

Researches are executed for two samples yttrium ceramics (YBCO): in the
form of a disk (an axisymmetric problem) and for the right-angle prism (a
three-dimensional problem). Reliability of the gained theoretical results is con-
firmed by data of experimental researches. Magnet fields of samples from
HTSC are compared with analogous permanent magnets from alloy NdFeB.
Basic differences of sources of a magnet field from these materials which
should be considered at their practical application are noted.

[1].Gribanov S.V, Kulaev J.V., Kurbatov P. A, Matveev V. A, Nizhelskij N.A.,

Polushchenko O. L. Calculation of magnetic systems with elements from high-
temperature supercnductors. — an electricity, 2002, Ne2
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D-03-04 TABPUHBINA KPUOTEHHBIA MATHUT

E.Il. KpacnonepOBl, A.A. KapTaMbIHIeBl, A.N. Hy3aHOBl
O.JI.IIonymemcoz, H.A. Huskenbckmii’
"PHII KypuaToscknii Huctutyt, 123182, Mocksa, kep@isssph kiae.ru
MI'TY um. Baymana, 105005, MockBa

UsrotoBneH ruOpUAHBIN MarHuT, KOTOPBI COCTOUT U3 ABYX HEPMEHAIOPO-
BBIX LMJIMHAPOB IuaMeTpoM 16 MM u 1iauHON 20 MM, pacnoyioKEHHBIX COOCHO
¢ 3azopoM 1,5 mm. Kaxkaplii UMAMHIP OXBAThIBA€T CBEPXIPOBOJSIIEE KOJIBLIO
BHEIIHUM AnameTpoM 38 MM M TommuHOH 11 MM M3 MOHOJOMEHHOTO CBEpX-
npoBogHuka Y-Ba-Cu-O. Uccnenyemas cucremMa morpyskanach B KUAKUN a30T
(T=78K). HamarHuunBaHue MarHuTa OCYIIECTBISIIOCH UMITYJIBCHON KaTYIIKOH,
CO37a0IlEeH MoJ€ B BUJIE MOy CHHYCOMIBI JUINTENbHOCTBIO 10 MC U aMIIuTy-
ot Hy=1,2-1,4Tn. HanpaBneHne MMITyJIECHOTO TIOJIL B AKCIIEPUMEHTE OCTaBa-
JIOCb HEM3MEHHBIM. M3ydeHbl XapakTepUCTUKU MarHuTa Mpyd UMIYJIbCHOM Ha-
MarHHYMBaHWUH U OTIpeJiesieHa CTaOMIBHOCTD TOJIS.

B pesynpTare MHOrOKpaTHOIO HMMIIYJBCHOI'O HaMarHUYMBaHUS B 3a30pe
MarHuTa JOCTUTHYTO KBa3W MNOCTOsHHOe moje Bx2,2Tn. Ilpu ammnurtymax
H,>1,5 Ta pa3pymanuch KOJbLEBBIE CBEPXTOKH, U MOJIE B 3a30p€ MEHSJIO Ha-
IIpaBJeHUE HAa 00paTHOE, BenuunHO# 10 B~ 0,6 T.

U3-3a penakcanuu motoka (KpHIa), XapaKTepHOW JJIsI CBEPXIIPOBOJIHUKOB,
Iojie co BpeMeHeM u3MeHseTcs. CKOPOCTh PelaKCcallii M €€ 3HaK 3aBHUCST OT
BEJMYMHBI HaMarHuyeHHocTH. Ecnu nmone B 3a3ope menbwie H<1,8 Tn, To oHo
co BpeMeHeM yBenuumBaercs! BOnm3m mMakcmMyma HaMarHHYEHHOCTH TIOJIE CO
BpEMEHEM CHIDKaeTcsl. BHIOOpOM aMITUTYybl UMIIYJIHCOB MOXKHO CO3/aTh Jie-
BHAITMIO TI0JIs1 BOIM3M BEIOpaHHOTO 3HadeHus. Hampumep, ams nonst B=0,74 Tn
uMiyisc ammuTy o Hyx1.1 Ti ckaukoM cHUbKaeT mojie, a 3aTeM OHO JIMHEHHO
BO3pacTaeT B JiorapupMuueckoM Maciirade BpeMeHu co ckopocThio S=d InB/d
Int =0.00237.

Y4uTHIBas, UTO B HACTOSILEE BPEMs INIOTHOCTH CBEPXTOKOB B MOHOJIOMEH-
HBIX CBEPXIIPOBOJHUKAX AocTUratoT J.=10 kA/cm’ (78K), a ipu oxutaxIeHUA 10O
68K mpoucxoauT 3-X KpaTHBIi pocT J., cleayeT 0XHUAaTh MOSBICHUE THOPHI-
HBIX MarHUTOB ¢ 1osieM 4-5 Tir, paboTaromux IpH a30THOW TeMmeparype B pe-
KHMe JIorapupMUUECKOi AeBUALlUH TIOJIS.
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D-03-04 HYBRID CRYOGENIC MAGNET
E.P.Krasnoperov', A.A.Kartamyshevl, D.I. Puzanovl,
O.L.Polushchenko’, N.A.Nizelskij’
"Kurchanov Institute, 123182, Moscow, kep@isssph.kiae.ru
? Bauman MSTU, 105005, Moscow

Original Hybrid magnet was made. Magnet has two permendyur cylinder
(2 16 mm and 20 mm length) with gap 1.5mm. Each cylinder is put supercon-
ducting single domain Y-Ba-Cu-O bulk ring (outside diameter ¢ 38 mm and
thickness 11 mm). System is immersed in liquid Nitrogen (T=78K). Magnetiza-
tion of hybrid magnet were carry out by pulsed coil which generates field in
form of a half sinusoidal. Pulse amplitude was H,~1,2-1,4T; duration ~10 ms.
Direction of magnetization field was fixed during experiment. In this work we
investigate the field trapped behavior under multi pulse magnetization and field
stability.

As a result of multi pulse magnetization a quasi-steady field B=2.2 T in the
magnet gap was reached. Amplitudes H,>1.5 T destroyed ring’s supercurrents,
and a field changed its direction to opposite, to value of up to 0.6 T.

Due to flux relaxation known in superconductors as a creep, the magnetic
field changes in time. In Hybrid magnet the value and sign of relaxation rate de-
pend on magnetization. If field in gap is less B<1.8 T, then one increases in
time! Near the magnetization maximum B reduces in time.

Choosing of pulse amplitude it is possible to make a field deviation near the
selected value. For example at field B ~0.74 T after pulse amplitude H,~1.1T
the field jumps down and then increases linearly in a logarithmic time scale with
rate S=d InB/d Int =0.00237.

At present, the density of supercurrents in single domain superconductors
achieve J, = 10 kA/cm® (78K), and on cooling to 68K one increase ~3 time.
One should expect the emergence of hybrid magnet with a field of 4-5 T, operat-
ing at nitrogen temperature.
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HMU3KOOBOPOTHBIE U BBICTPOXOJHBIE 3JIEKTPO-

D-03-05 TEHEPATOPBI HA OCHOBE MATHUTOB ND-FE-B

B.B. Kotynos

Hayuno-npousBoacreenHoe odbeaunenne «PT'A» ocBouwsio B mpo-

H3BOJICTBE HH3KOOOOPOTHBIE 3JIEKTPOTeHEPATOPHI UISI BETPOTEXHHKH
(Ta6auna 1).
Ta6numa 1
I'B- IB- | [B-
0B | 1250 | obeso | B | IB- | 262 | g2 | 1020 | 30/10
Monenb 03/1200- 50- | 30- 1/620-55-| 1.5/620 0- 20 0- 0-
28-12I OB or 12r -75-12I" | 110- 1ir 220- | 240-
T B 12r - 21 | 21B
Hommransnas 0,3 03 0,5 1 1,5 2 5 10 | 30
MOIIHOCTb, KBT
Hacrora mpame- | 1p50 | 550 650 650 650 | 650 | 300 | 180 | 100
HUsA, 00/M
HomunansHoe Ha- 220/38 | 220/3 | 240/4
npsxenie, B 28,5 220 30 55 75 110 0 30 00
Bec, kr 2.4 23 8.5 12 17 22 110 200 550
T'abapurhele paz-
MEpEL, MM (zua- 180x 1000
mertp/ 96x112 | 450x216/180x150 [180x180 |180x220 250x 10x440 (824x329 X505
JUIMHA C Ba- x112 | x141 | x110 | x140 xI8s | 0| x310 (224 | TS
nom/nHa 6e3
pana)
Marepuan Maruu- NdFeB
Ta
Kouurypanus TpexdasHslit HepeMEeHHOro ToKa
reHepaTopa
Mowent ctparn- | 15| 01 | <] <1 <1 | <1 | <6 | <10 | <90
Banus, HM
KI1J, % 82 82 85 85 85 85 85 95 90

A Tarke BBICOKOOOPTHBIE I'eHepaTopsl MOLIHOCTHIO 10 100 kBT 1 060-
poramu g0 100000 B MuH. (Tabmura 2).

TaGnuia 2
O06opoThl HO- | MakcumainbHbIE
Homunanshas
Mogens MUHQJIbHBIE, 000pOTHI, Bec, kr
MOIIHOCTh, KBT
00/MUH 00/MUH

BI'-03/25,0 0,3 25000 30000 0,8
BI'-10/70,0 10 70000 100000 4
BI'-100/24,0 100 24000 30000 60
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D-03-05 HHN3KOOBOPOTHBIE U BBICTPOXO/IHBIE DJIEKTPO-

I'EHEPATOPBI HA OCHOBE MAT'HUTOB ND-FE-B
B.B. Kotynos

Hayuno-npousBoacreentHoe odbeaunenne «PT'A» ocBousio B mpo-

H3BOJICTBE HH3KOOOOPOTHBIE 3JIEKTPOTeHEPATOPHI UISI BETPOTEXHHUKH
(Ta6auuna 1).
Ta6numa 1
I'B- IB- | [B-
0B | 1250 | obeso | B | IB- | 262 | g2 | 1020 | 30/10
Monenb 03/1200- 50- | 30- 1/620-55-| 1.5/620 0- 20 0- 0-
28-12I OB or 12r -75-12I" | 110- 1ir 220- | 240-
T B 12r - 21 | 21B
Hommransnas 0,3 03 0,5 1 1,5 2 5 10 | 30
MOIIHOCTb, KBT
Hacrora mpame- | 1p50 | 550 650 650 650 | 650 | 300 | 180 | 100
HUsA, 00/M
HomunansHoe Ha- 220/38 | 220/3 | 240/4
npsxenie, B 28,5 220 30 55 75 110 0 30 00
Bec, kr 2.4 23 8.5 12 17 22 110 200 550
T'abapurhele paz-
MEpEL, MM (zua- 180x 1000
mertp/ 96x112 | 450x216/180x150 [180x180 |180x220 250x 10x440 (824x329 X505
JUIMHA C Ba- x112 | x141 | x110 | x140 xI8s | 0| x310 (224 | TS
nom/nHa 6e3
pana)
Marepuan Maruu- NdFeB
Ta
Kouurypanus TpexdasHslit HepeMEeHHOro ToKa
reHepaTopa
Mowent ctparn- | 15| 01 | <] <1 <1 | <1 | <6 | <10 | <90
Banus, HM
KI1J, % 82 82 85 85 85 85 85 95 90

A Tarke BBICOKOOOPTHBIE I'eHepaTopsl MOLIHOCTHIO 10 100 kBT 1 060-
poramu g0 100000 B MuH. (Tabmura 2).

TaGnuia 2
O06opoTsl HO- | MakcuMmainbHbIE
Homunanshas
Mogens MUHQJIbHBIE, 000pOTHI, Bec, kr
MOIIHOCTh, KBT
00/MUH 00/MUH

BI'-03/25,0 0,3 25000 30000 0,8
BI'-10/70,0 10 70000 100000 4
BI'-100/24,0 100 24000 30000 60
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D-03-06 OIEHKA D®®EKTUBHOCTHU MATI'HUTHBIX CUCTEM
CEITAPATOPOB

Tarynos ILE.", Tarynos E.A.7, yukos B.A.?
'MIT Y, Poccus, 119049, MockBa, Jlenuuckmii np-r, 1. 6,
modezt@gmail.com
2000 «<MAT HETHUT», Poccusi, 117393, MockBa, yia.I'apudanabam 24,
etagunov@fe3o4.com
3 MN3MHUPAH, Poccus, 142190, r.Tpounk, MockoBckoii 00.1.,

puchkov(@izmiran.ru

MHoroo0pasye KOHCTPYKIMI MarHUTHBIX CHCTEM, TTOSIBUBIIMXCSI B TIOCIIEAHUCE
TOJIbl, TIOCTABHMJIO TEpe[| MOJNb30BATEISIMU 33/1a4y BBIPAOOTKH KPHTEPHUEB OLICHKU
CHCTEM N0 MX 3(EeKTHBHOCTH, TMOCKOJBKY NMPOBECTH CPABHUTEIBHBIC HCIIBITAHHS
MHOI'MX CUCTEM HE MPEACTABIIACTCA BO3MOXHBIM. OnpeﬂeneHI/Ie OIITUMAJIBHBIX I1a-
PaMeTpOB MarHUTHOTO TIOJIS SIBJISICTCS TPYAHOCTBIO M JUTSI KOHCTPYKTOPOB. I TaBHBIM
KPUTEPUEM IIPU OLIEHKE CWIOBBIX XapaKTEPUCTUK MarHUTHOM CHCTEMbI BMECTO Ha-
NPsDKEHHOCTH MAarHUTHOTO Tois H CTaHOBUTCS BENMYMHA CHIIOBOTO MapaMeTpa
HgradH . O6br4HO cTpemsiTest 00eciedrTh MaKCUMAaIBbHOE 3HaUEHHUE CHIIOBOTO Mapa-
METpa, IMyCTh U B O4eHb Maioii obnacTr. OfHAKO, OTKPHITHIMH OCTAIOTCSI MHOTHE BO-
TIPOCHI, CBSI3aHHBIE C OLIEHKOM A dexTuBHOCTH crcTeMbl. Hanpumep, pasmep obiac-
TH, B KOTOpPOW 3HAYEHHE CUJIOBOTO MapaMeTpa JISKUT B 33aHHOM JIMala3oHe, KakK
TIPaBHIIO, HE OLICHUBAETCSI HU IPU KOHCTPYMPOBAHMN CHUCTEMBI, HH NIPH €€ WCIIBITa-
HUSIX.

Hamm mpemiokeHa MeTonvka OLEHKH 3()(EKTHBHOCTH MAarHHTHBIX CHCTEM,
OPHEHTHUPOBAHHAS Ha OIpeIeNieHIe 00heMOB paboyuei 001acTH, Iie BEMMINHA CHIIO-
BOT'O MapaMeTpa HE BHIXOJWT 33 TPAHMIIBI  33/IaHHBIX ITOPOTOBBIX BeMMYHH. Ha mpax-
THKE Yallle BCEro 3a1aéTcs HWKHSISL TPaHMIA CHIIOBOTO MapaMeTpa, Jiexalias B 00-
JIACTH, T7Ie MArHUTHBIC CHJIBI CPABHUMBI C CHIJIAMH, TIPEIATCTBYIOIINMH H3BIICICHHIO
(rpaBUTALMOHHBIMH, WHEPLIMOHHBIMH, TpeHHS U Jp.). s oneHku s hexTHBHOCTH
BBEZIEH PAJI TIOHSTHIL M ITapaMETPOB:

Dpghexmusnvlii Ounamuueckuti 00veM MAZHUMHOU cucmemvl no nopoey P —
00BEM TOH 9aCTH pabOvero MpPOCTPAHCTBA CHCTEMBI, B KOTOPOH BEJIMYMHA CHIIOBOTO
napamerpa /HgradH/ Bbiue 3anansoro mopora P.

F — ounamuueckasn sghghexmuenocms  mazHummou cucmemvt ho nopozy P - OT-
HOIIIEHUE BEJTMYHHBI 3P (HEKTUBHOrO AMHAMUYECKOro o0beMa 1o 1opory P k mosHo#i
BENIMYMHE Pabovero oobeMa CHCTEMBL.

Xapaxmepucmuueckas Kpueas OUHAMUYECKOU 3GHHEeKMUSHOCIU  MASHUMHOU
cucmembl — 3aBUCHMOCTb JIMHAMHYECKOH 3(D(PEKTHBHOCTH MarHUTHOM CHCTEMBI IO
niopory P ot Bemmumnet P. - B pabote mpoBeneH cpaBHUTENBHBIN aHATH3 3(h(eKTHB-
HOCTU Ps/ia KOHCTPYKLMI MAarHUTHBIX CUCTEM IO KX W3BICKAIOILEH U YAEPKUBAO-
el COCOOHOCTH Ha OCHOBE CPABHEHMS XapaKTEPHCTHYECKUX KPHBBIX IMHAMIIC-
CKO#1 3(PEeKTUBHOCTH.
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D-03-06 EVALUATION OF EFFICIENCY FOR MAGNETIC SYS-
TEMS OF SEPARATORS
P.E.Tagunov', E.Ya.Tagunov’, V.A.Puchkov’

'MGGU, Leninsky prosp., 6, Moscow, 119049, Russia, modezt@gmail.com
2Magnetite Co., Ltd., Garibaldi str., 24, Moscow, 117393, Russia,
etagunov@fe3o4.com
IZMIRAN, Troitsk, Moscow region, 142190, Russia, puchkov(@izmiran.ru

A wide variety of magnetic system designs developed for the past few years
forces the users to elaborate criteria of the systems efficiency, as comparative
tests of these systems seem to be hardly possible. Often designers of new sys-
tems also not clearly enough figure to themselves what set of parameters would
be optimal for a specific task. The value of force parameter H-gradH is getting
more and more the principal criterion for the magnetic system evaluation, in-
stead of the magnetic field strength H. As usual, the designer’s purpose reduces
to increasing the force parameter, even in a small volume. But many problems
related to estimation of the system efficiency still remain unsolved. In particular,
very often the question is skipped about increasing the region where the force
parameter does not drop below some predefined value. As a rule, the dimensions
of such a region are not evaluated both during computation of the system pa-
rameters and in the process of the system testing

We propose a way of estimation of magnetic system efficiency based on finding
the working region volume where the force parameter does not drop below some pre-
defined threshold values. As during magnetic separation the ponderomotive forces al-
ways compete with other forces (gravitational, inertial, frictional, etc.), we usually
specify a lower boundary of the force parameter in a range where magnetic forces are
comparable with competitive forces preventing extraction. Transition through this
boundary means abrupt reduction in extraction efficiency. To evaluate the efficiency
we introduce several definitions and parameters: effective dynamic volume of magnetic
system with respect to threshold P - the volume of the working space of the system
where the force parameter H-gradH exceeds given threshold; dynamic efficiency of
magnetic system with respect to threshold P - the ratio of effective dynamic volume of
magnetic system with respect to threshold P and the total working volume of the sys-
tem; characteristic curve of the dynamic efficiency of the magnetic system - the de-
pendence on threshold P of the dynamic efficiency of magnetic system with respect to
threshold P.

In our work we compare the efficiency of a number of magnetic system
designs on the basis of their extracting and holding ability by analyzing charac-
teristic curves of dynamic efficiency.
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HEKOTOPBIE OCOBEHHOCTH 3KCIUVIYATAIIMU U
D-03-07C OIITUMM3AIIMU KOHCTPYKIINU CTEPKHEBBIX
MATI'HUTHBIX CEHAPATOPOB

K.A. Anjpees, A.C. Ilepmunos, A.C. CtapukoBa
TI'ocynapcrBeHHblIii TeXHOJOrHYecKHii yHUBepcuTeT «MOCKOBCKHI HHCTH-
TYT CTAJIM M CILIaBOBY», Poccus, 119049, Mocksa, Jlenunckuii np., 1.4

CreprkHeBble MarHuTHBIE cerapatopsl (1anee CMC) HMEIOT TUCKPETHBIN KT
OUVCTKH OT CEeTIapHPOBAHHON Ha pabovei MOBEPXHOCTH (eppo- MArHUTHON NPHMECH
(manee ®MII). B cBs13u c 310if 0OCOOEHHOCTBIO KOHCTPYKIIMH, YKa3aHHAs MPHMECh,
BOBpEMsI HE y/IaJIeHHasI, MOJKET: 1. YMEHBIINTB MPOIYCKHYIO CIIOCOOHOCTB CEemaparo-
pa, BIUIOTH [0 BOHUKHOBEHHS 3acopa; 2. 3HAYUTENBHO YMEHBIINTh KOI(QHIMEHT
cerapanuH, BIUIOTh JI0 MPEKPaIEHHs CaMOT0 MPOIiecca CeNapupOBaHUs MPHMECH.

Hcnbrranus paznuunbix KoHCTpyKimii CMC nokasai, 4To CYILECTBYIOT Xapak-
TEepHbIE [UIS JaHHON KOHCTPYKIMH M COCTOSIHHIS 3aBHCHMOCTH OT BPEMEHH palboThI
6e3 ouncTky mpomyckHoi criocodHoctn CMC, Macchl cenmapupoBanHoii @MII, ko-
s duieHTa cenaparmm.

B 3aBucumoctH OT TpeGOBaHMI TEXHOJIOIMYECKOTrO IpOLEcca BKIIOYAIOIIETO
CMC, ero KOHCTPYKIWS JODKHA MCKITIOYATh P HAPYIICHUH PEKIMa aBTOMATHIe-
CKOM OYHCTKH HJIF BO3MOKHOCTB 3aCOPa HIIM BO3MOXKHOCTB TTOJTHOTO SKPaHUPOBAHUS
MarHutHoro rosns crepykaeid CMC cenapupoBaHHOW Ha Hel eppoMarHuTHON Mpu-
MECBI0. VIcTbITaHsI Ha CTEH/IE TIO3BOJLTIOT IOCTOBEPHO OLICHHUTH BapUAHT MOBEICHHS
CMC ormpenienieHHOM KOHCTPYKIMH TPH paboTe Ha OMPEIEICHHOM ChIPhE.

OOGHapy»X€eHO, YTO B Hayaie pabovero KA IPOUCXOIHUT pe3Koe IMajeHHue U
TIPOITYCKHON CIIOCOOHOCTH cemaparopa M Kod(¢uIueHTa cenapamiy. 3areM depe3
HEKOTOpPOE BpeMsl CKOPOCTh MaJICHHUS THUIEPOOIITIECKH YMEHBIIACTCSI U TIPOUXOIAUT
m60 3acop (IPOIYCKHas CHOCOOHOCTh CTAHOBHUTCS PAaBHOM HyIIIO) JTMOO HAKOILIEH-
Hasl TIPUMECh SKpPaHHpPyeT MarHUTHOE TI0JIe ceraparopa (Toraa KoaduimeHT cemna-
paly CTAaHOBUTCS PaBHBIM HYJTIO).

CornocTaBnieHre 3aBUCUMOCTeH ¢ TpeOOBAaHMAMM K TEXHOJIOTHYECKUM XapakKTe-
PUCTHKaM cemaparopa (CTENeHb Celapallii, MPOITyCKHas CIOCOOHOCTh) AaeT BO3-
MO>KHOCTb ONITUMH3HPOBATh [UTUTEIEHOCT Pab09ero MK, KOINIECTBO MATHUTHBIX
CTepKHEH M MHIYKIHMIO Ha TIOBEPXHOCTH MarHUTHBIX CTEP)KHEH ( a 3HAYWT W IpHUMe-
HsIEMBbIE TIOCTOSIHHBIE MarHHUTBI, MX KOJIMYECTBO M MHTEPBAJl MEXy HUIMH B MarHHT-
HOM CTEpJKHE), B Pe3yJIbTaTe 4Yero ce0ecTonMOCTb CTEPKHEBOI'0 MAarHUTHOT'O cerapa-
TOpa MOXKET OBITh CHIDKeHa Ha 30%, 3aTpaThl Ha €ro SKCIUTYaTalui0 YMEHBIICHBI B
HECKOJIBKO pa3 IPH TapaHTHPOBAHHOM COONIOICHNN YCIOBHH 0€30macHOi 3KCInTya-
TalMK 1 Ka4ecTBa Ceraparyu.

[1] G. Gillet and V. Bureau, "Separation Magnetique: Applications," Mines Carrieres,
vol. 74, pp. 95-111, Oct. 1992.

[2] Papaun A., Temupos., lopmunontoB A.I'. «MarHuTHele cemapaTopsl Ha CIIyX-
6e 6ezonacHocTHY // «Xnebonpoaykrsp Ne 9, 2002 ., cTp.26-27.
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D-03-07C SOME PARTICULARITIES TO USAGES AND OPTIMIZA-
TION TO DESIGNS PIVOTAL MAGNETIC SEPARATOR
K.A. Andreev, A.S. Perminov, A.S. Starikova
State Technological University "Moscow Institute of Steel and Alloys",
Russia, 119049, Moscow, Leninskiy pr. 4, AkirillA@mail.ru

The Pivotal magnetic separators (hereinafter PMS) have a discrete cycle
peelings from separations on worker of the surfaces ferromagnetic admixture
(hereinafter FMA). In connection with this design feature, specified admixture,
in time not removed, can: 1. to reduce reception capacity of the separator, up to
origin litter;silt; 2. vastly to reduce the factor an separation, up to cessation most
process separations admixture.

Test different design SMS have shown that exist typical of given to designs
and conditions to dependencies from time of the work without peelings of recep-
tion capacity SMS, masses separations FMA, factor separation.

Depending on requirements of the technological process including PMS,
his(its) design must exclude at breach of the mode automatic peelings or possi-
bility litter;silt or possibility of the full screening the magnetic field pivots PMS
separations on her ferromagnetic admixture. Test on stand allow realistically to
value the variant of the behaviour PMS determined designs when function-
ing(working) on determined raw material.

It Is Discovered that at the beginning initially worker of the cycle occurs
the sharp fall and reception capacity of the separator and factor separation. Then
in a certain time velocity falls hyperbolic decreases and proceed or litter;silt (re-
ception capacity becomes the equal zero) or dug admixture shields the magnetic
field of the separator (then factor separations becomes the equal zero).

The Collation of the dependencies with requirements to technological fea-
ture of the separator (the degree separations, reception capacity) enables to op-
timize duration a worker cycle, amount magnetic pivots and induction on sur-
faces magnetic pivots (but signifies and applicable constant magnets, their
amount and interval between them in magnetic pivot) with the result that prime
cost of the pivotal magnetic separator can be reduction on 30 %, expenseses on
his(its) usage are reduced in several times under guaranteed observance of the
conditions to safe usage and quality separation.

[1] G. Gillet and V. Bureau, "Separation Magnetique: Applications," Mines Car-
rieres, vol. 74, pp. 95-111, Oct. 1992.

[2] PaBoun A., Temupos., JopmunontoB A.I'. «KMarHuTHele cemapaTopbl Ha
ciyx0e 6e3onmacHocTH // «XnmebompoaykTsy Ne 9, 2002 r., cTp.26-27.
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MOCTOSTHHBIE MATHUTBI U3 IMJIACTUHYATBIX CILIABOB
Nd-Fe-B C (BH) o 1O 50 MI'CD

AT, Hononl, H.B. KyI[pEBaTleZ, B.IIL. BﬂTKuH3, J1L.1O. Bacn.ﬂemco3,
JLYO. Bparymes®,T.3. ITyzanosa'
! Hucmumym ¢pusuxu memannoe YpO PAH, 620041, Examepunoypz
? Ypanvckuii zocyoapcmeennviii ynusepcumem, 620083, Examepunoypz
3 HITIT «Heomazy, 620137, Examepunoype

[oBbIIeHNE MaKCHMAIBHOTO YHEPTETHYCCKOTO TpousBeacHUs (BH), . B
cnedeHHBIX MarHuTax Nd-Fe-B mocturaercs mo myTH mpuOIIMKEHHS cocTaBa K
crexuomerpun NdyFe 4B. Tlpu sToM Bo3HHKaeT aBe mpobiemsr: (1) B crmaBax
YMEHBIIAETCs KOJTMYECTBO MEX3epeHHOH (a3bl, oborameHHol Nd, 9To 3aTpyna-
HSET UCIIOJIF30BAHUE NMPEUMYIIECTB KUAKO(PA3HOTO CICKaHUS; (2) MOSBISIOTCS
JEHJAPUTHl TIEPBUYHBIX KPUCTAIIOB O-Fe. DTH JBE MPUYHMHBI MPETSTCTBYIOT
peanu3anyuy BRICOKMX 3HAYCHHH KOAPIUTHBHOW CHJIBI B MarHutax. O0a Hera-
TUBHBIX (DaKTOpa INPEOJOJICBAIOTCS BHEIPEHHEM B TEXHOJOTHIO OBICTpO3aKa-
JICHHBIX IUIaCTUHYATHIX ciutaBoB Nd-Fe-B, mpUroTOBIEHHBIX IO METOAY «Strip
castingy.

B nacrosmeli paboTe mpeacTaBIIeHB! Pe3yNbTaThl ACTalBHONH ONTHMH3a-
MU TEXHOJOTUYECKOH CXEMbl TMOJYYEHUS BBICOKOIHEPTOEMKHUX CIEUEHHBIX
MarHUTOB, HCIOJB3Ys IUIAaCTUHYATHIE CIUIaBH ¢ comepkaHumeM Nd ot 29 mo 32
Bec%. Ilocime BOZOPOIHOrO OXPYMYMBAHUS CIUIABOB ITOPOLIKM IIOABEPrayn
CTpYyWHOMY M3MENBUEHHIO B aTMOcdepe a30Ta 0 CPeTHEro pa3Mepa JacTHIl 10
Ouiepy okosno 3 MkM. J[7s1 yMeHbIIEHUS! COAepkKaHUs KUCIOPOJa B MarHUTax
MOCIIEAYIONTYI0 00pabOTKy TOPOIIKOB MPOBOMIN 0€3 KOHTAaKTa C BO3IYXOM.
[ToMerieHHBIC B 37aCTHYHBIC MATPUIIBI MTOPOIIKH TEKCTYPOBAIH B UMITYJIECHOM
moje ¥ 3aTeM KOMIIaKTHpPOBAIM JIMOO B THApOCTaTe, nnbO B IIpecc-
anekTpomaraute. [IpeccoBKHM crekamd B BaKyyMe B HHTEpBajJC TEMIIEpaTyp
1050 — 1100 °C mocie 4ero MPOBOIMIM JOTONHUTENBHYIO JBYXCTYIIEHUATYIO
TepMOOOPabOTKy crieueHHbIX MarautoB mpu 7; = 900 °C u T, = 450 - 700 °C.

IlosnydyeHHbIEe MAarHUTBHI UMENH IUIOTHOCTH 7,50 — 7,57 F/CM3, cojiepKaHue
kucnopoga okosio 3000 ppm u creneHb TEKCTYphl 93 — 95%. JlocTUTHYTHI ciie-
IYTOIIAE THCTEPE3NCHBIC XapaKTEPUCTHKH B MAarHUTAX U3 CIUIABOB C Pa3INIHBIM
coliep>KaHUueM HEeOrMa!

32%Nd — B,=134«lc; gH=10,5xD; yH.= 11,0 xk3; (BH)uax =42 MI'cD
31,2%Nd - B, = 13,7 kI'c; pH=9,5kD; H.=10,0 x3; (BH) pax = 43,5 MI'cD
30%Nd — B,=143«klc; gH=9,0k3; yH.=9,5k3; (BH)yw =48 MI'cD
29%Nd — B,=14,5«lc; pH=8,5kD; yH.=9,0k3; (BH)u.=50MI'cD
Paboma svinonnena 6 pamkax 2ocyoapcmeenno2o Konmpakma Ne
02.513.11.3397 ¢ @edepanvhbim azeHmcmeom no Hayke u UHHOBAYUSIM.
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PERMANENT MAGNETS MADE FROM STRIP-CAST Nd-Fe-B AL-
LOYS WITH (BH)\n.x UP TO 50 MGOe

A.G. Popov’, N.V. Kydrevatykh’, V.P. Vyatkin’, D.Yu. Vasilenko’,
D.Yu. Bratushevs, T.Z. Puzanova'
! The Institute of Metal Physic, Ural branch of RAS, 620041, Yekaterinburg
? The Ural State University, 620083, Yekaterinburg
’ NPP «Neomagy, 620137, Yekaterinburg

An increase of the maximum energy product (BH),,, in the sintered Nd-
Fe-B magnets can be achieved through composition approaching the Nd,Fe 4B
stoichiometry. At this point two problems arise: (1) the amount of the inter-
granular Nd-rich phase is reduced in the alloys which makes it difficult to use
the liquid-phase sintering; (2) dendrites of primary a-Fe crystals appear. These
two reasons impede the realization of high coercivity in the magnets. Both nega-
tive factors can be overcome by the introduction into the technology of the Nd-
Fe-B alloys prepared by the «strip casting» method.

In this work are presented the results of detailed technological optimiza-
tion to obtain high-energy sintered magnets using strip-cast alloys with Nd con-
tent from 29 to 32 wt%. After hydrogen decrepitation of the alloys the powders
were jet-milled in a nitrogen atmosphere up to the average particle size of about
3 um, as measured by a Fisher Sub-Sieve Sizer. In order to decrease the oxygen
content in the magnets the following powder processing was conducted without
the contact with air. The powders, put into elastic matrices, were aligned in a
pulse field and then compacted either in a hydrostat or in a press-electromagnet.
The green compacts were sintered in vacuum in the temperature range 1050 —
1100°C after which additional two-stage heat treatment of the sintered magnets
was carried out at 7, = 900 °C and T, = 450 - 700°C.

The magnets obtained had the density of 7.50 — 7.57 g/cm’, oxygen con-
tent about 3000 ppm and degree of alignment 93 — 95%. The following hystere-
sis properties have been achieved in magnets made from alloys with different
neodymium content:

32% Nd- B, =13.4KkG; gH.=10.5 kOe; /H. = 11.0 kOe; (BH)nax = 42 MGOe
31.2% Nd — B, = 13.7 kG; gH.= 9.5 kOe; /H,. = 10.0 kOe; (BH) yax = 43.5 MGOe
30% Nd - B, =143 kG; gH.=9.0 kOe; y/H,.=9.5kOe; (BH)uux =48 MGOe
29% Nd - B,=14.5kG; pH~= 8.5 kOe; ,/H.=9.0kOe; (BH)uz =50 MGOe

The work was supported by the Government Contract # 02.513.11.3397 with the
Federal Agency for Science and Innovations and the RAS Program # 27.
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