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Ha aBTopedepar nucceprammu I'nebosoii Enensr MuxaitnoBHeI
Ha Temy: «Pa3paboTka TeXHOIOTHH IPOU3BOJICTBA GHU30TPOMHBIX MATHUTHBIX TOPOLIKOB
Y MarHUTOILIACTOB U3 criaBoB Nd-Fe-By,
IPEACTaBJICHHON HA COMCKAHUE YUEHOH CTeNeHH KaH/H/1aTa TEXHUYECKUX HayK
1o crenuanbHocTH 2.6.1 — «MeTamnnoBeieHue 1 TepMudeckas 06paboTKa METALIOB U
CIUIABOB»

PenxosemenbHble MarHUTOTBEPABIE (C BHICOKAM 3HAUYEHHEM KOIPLUTHBHOM CHUJIBI)
MaTepHaJlkl 110 CBOMM CBOWCTBAM JIMAMPYIOT CPEAN BCEX MArHUTHBIX MaTepHanoB. OnHa-
KO IPOU3BONCTBO aHU30TPOTIHBIX MOPOIIKOB HE HAIWUIO MPOMBILLICHHOTO IPUMEHEHUS 13-
33 HEJOCTATKA MH(MOPMALMK O BJIMAHHM TEXHOIOTHYECKHX T1apaMeTpoB mpouecca Ioiry-
UCHUS MarHMTHOTO MOPOIUKA HA (POPMUPOBAHME MATHMTHBIX CBOWCTB M aHM30TPOLMH.
Hucceprauus ['ne6osoit E.M. nesxur B pyciie pemeHns akTyasbHOl npobaIeMsl coBep-
LICHCTBOBAHUA OTE€YECTBEHHOM TE€XHOJOIMU IONYYCHHsI HAHOKPHCTAIUTMUECKMX MACHMT-
HBIX MaTEPHUAJIOB CUCTEMBI HEOAMM-KEIE30-00p METOAOM MEXAHWUYECKOTO H3MeJIbYeHus
CILIaBa, BOJOPOIHOrO JAUCTIEPTUPOBAHHMS, OICTPOH 3aKAIKM W KOMIUIEKCHOM BOIOPOIHOIH
obpaborkn (HDDR-06pa6otka).

Ieabro paboTel sABIANach pa3paboTKa TEXHOMOTMH MOTYYCHHS AHU3OTPOITHBIX

HAHOKPUCTAIUNTMIECKUX ITOPOIIKOB JUUII MarHUTOILIACTOB C BBICOKMUMH MArHHUTHBIMHU Xa-
PaKTEPUCTUKAMH.
Htst IOCTHIKEHUS TIOCTABICHHOM LEH JUCCEPTAHT MOCTABUII nepea cobo crnemy-

HOIKME HAYYHbIE 3a1a4YH:

1) Accnenosats BimsHKe TemmepaTypel, BpEMEHH BbIAEPIKKM U JaBICHHS BOOPOd

(mapamerpos HDDR-06pa6oTkn) Ha CTPYKTYpy 1 MarHuTHbIe cBoiicTra cruiasa Nd-Fe-B.
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2) U3yunTh BIMAHUE XMMHYECKOTO COCTaBa M YCJIOBUS TOATOTOBKH HMCXOIHOIO TIO-
POIIIKa Ha MarHuTHhIE cBOMCTBA ciutaBa Nd-Fe-B.

3) BeiGpath onTumanbsHsie ycioBus HuskoTemmneparypaoit HDDR-06paGoTky.

4) OnpenenuTh yCIOBHS HAHECEHHS HA MATHUTHBIE MOPOIIKH 3AlHTHBIX TOKPHITHIA,
NPEOTBPAIIAIOIINE KOPPO3HH M YIIyYINAOIIHE TEXHOJIOIHYECKUE M SKCILTyaTalldOHHBIE
XapaKTePUCTUKU TIOPOLIKOB.

5) PaspaboTaTth TeXHONOTHIO M3rOTOBJICHMUS IPOMBIIUIEHHBIX U3/IETHH 3 aHA30TPOII-
HBIX MarHUTHBIX MTOPOIIKOB.

OcHOBHBIE Pe3yJIbTAThI JUCCEPTALMOHHOM PabOTHI.

B pa6ore uccnenopansr 5 06pasios Ha ocHose criasa Nd-Fe-B, neruposanubie pas-
JMYHBIMHU 3JIEMEHTaMU. MeTOIOM IOCTPOEHHS IHarpaMM COCTaB-TEMIIEPaTypa-1aBJICHHE
WK COKPAIIEHHO P-T-C-uarpaMmel, OonpeaeneHsl YeaoBus Ha30BbIX MEPEX0a0B (KOHIEH-
Tpauys, TEMIIEPATYpPa, NABJICHAC BOJOPOJA) — AAaHHBIE, C MOMOIIBIO KOTOPHIX ObLI 060c-
HOBAH BBIOOD YCIIOBHH OCYIIECTBICHHS MPOLECCa BOJIOPOAHOH 06pPabOTKH CILUIABOB MK
CUHTE3a TMJPU/IHBIX MATEPUAJIOB (BOIOPOAHBIE COSNHEHHS METAIUIOB M HEMETAJIOB). 1o
TOCTPOCHHBIM HM30TE€PMaM PABHOBECHOIO AABJICHHSA BOJOPOJA HAJ CIUIABAMHU CUCTEMBI
Nd-Fe-B ycranosneno, 4To paBHOBECHOE JaBlIEHHE BOAOPOJA HAZ JETHPOBAHHBIM CILIA-
BOM IIpY OJMHAKOBOW KOHIIEHTPALMK BOAOPOJA B CILIABAX BHIIIE, YEM PABHOBECHOE JAB-
JICHUE BOJOPO/JA HAJ HEJCTMPOBAHHBIM CIIaBOM. Hampumep, H30TepMBbI Ul JIETUPOBAH-
HOTO KOOAJIbTOM CIIaBa cMemaroTcest mpuMepHo Ha H/Nd = 0,1 B cTOPOHY MEHbBIINX KOH-
LEHTPaLXNi BOIOPO/a.

Haiineno mpenenpHoe HachimeHne Bomopoaom (atomuoe otaomenue H/Nd =1,1 u
MEHeE) IIPU KOTOPOM PABHOBECHOE JIaBJIEHHE MPH KOMHATHOM TEMIIEPATYPE COCTABJIISIET HE
6osee 400 Ia (3 MM PT. CT.), YTO CYIIECTBEHHO HIDKE HIDKHETO MPEAENa BOCILUIAMEHEHHS
CMECeH BONOPOA-BO3yX (PaBHOBECHOE JaBieHHE Boaopoaa B cucteme Nd-Fe-B-H, npu
KOMHATHOH Temrieparype ~ 3,3 klla (25 MM pr.cT. u BhIe).

B pabore nccnenobanbl 1 00bACHEHBI BAXUSHUE BCEX NTAPAMETPOB MPOLIECCa (IaBIICHAE
BOZIOPOJIa, TEMIEPATYpPhl M MPOJOJKUTEIILHOCTA BBIJICPIKKH) HA MAarHUTHBIE CBOWCTBA
cninaBo cucteMbl Nd-Fe-B u BbIABIGH MexaHM3M M KUHETHKA (DOPMHPOBAHHS HAHO-
CTPYKTYPHOT'O COCTOSIHUS.

OKCIEPUMEHTAIbHO YCTAHOBIICHO, YTO JUTSl K&KIOH TeMIEpaTyphl CYIIECTBYET ONTH-
MajibHas IPOAOJDKUTEIbHOCTD BBIJIEPKKH B BAaKyyMe, MOCIE YErO MPOMCXOMUT CIaja Mar-
HATHBIX XapaKTEPUCTHK U TEM ObICTPEE, YEM BBIIIE TEMIIEPATyPa BAKYyMHUPOBAHHA.

B pabore ycraHoBeHO, 4TO ONTHMaIbHAS BEJIMUMHA JABICHAS BOAOPOJA HA CTAIUH
TUIPHPOBAHUS (PeaKims 0Opa3oBaHUsT HECTOMKMX MOBEPXHOCTHBIX TUAPUAOB) TIPH BCEX
Temnepatrypax B uHTepsane 750-900°C cocrasnser 53-80 kIla (400-600 mm pT. cT.) rae
KOSPLMTHBHAAL CHia crulaBa MakcuManbHa (0,88-1,11)-10°A/M-mwm (11-14 KJ), MpHUYEM



JICTHPOBAHHBIC CILIIABbI HauOoJiee JYBCTBUTCJIbHbI K UBMCHCHUIO MAaBJICHUA BOOOpPOOAa HA

CTa UM T'MIPUPOBAHUS 110 CPABHEHHUIO C HEJIETUPOBAHHBIMHU.

ABTOPOM ONPEJENEHO, YTO MPH BOAOPOIHON 00pPabOTKE JErMPOBAHHBIX 3JIEMEHTAMH
Ga, Co, Nb u Zr cnjiaBoB NOJIy4alOTCs aHU30TPOIHBIC MArHUTHBIE MOPOIUKH, HO OYEHb
9yBCTBUTEJIbHBIC K YCIOBUAM Harpesa. Tak, mpu Harpese B BOJOPOJHOM cpene 0 3aiaH-
HOM TEMIIEpATypHl U JANIbHEHIeH BBIIEPIKKE aHU30TPOITUS MATHUTHBIX CBOUCTB MCUE3AET,
a IIPM HarpeBe B BaKyyMe (WJIM MHEPTHOW Cpejie) W Mojade BOAOPOJA NPH JOCTHIKEHUU
Temreparypsl Boie 800°C aHU30TPONMS MATHUTHBIX CBOMCTB COXpaHsAeTcs Ha yposHe 80
u 00Jiee MPOIIEHTOB.

B xone paboTel conckareneM Mmory4eHo, YTO UCCIIE0BAHHBIE MATHUTHBIE TOPOIIKH HE
CTOMKH K KOPPO3HMHU. ABTOp IpeaiaraetT oopaborars mopommku GpochaTHbIMU TOKPHITUIMH
pasnudHOro cocrasa. Ilokaszano, uto ¢ocdaTHoe MOKPHITHE 3aIIKIIAET MOPOLIOK U Ipe-
IATCTBYET IMOIJIOIIEHUIO BOJAOPOAA BILIOTH JI0 MPEACIbHBIX TEMIIEpaTyp MX HCIOJIb30Ba-
HUS B COCTaBE MarHUTOILJIACTOB.

Peamu3oBan MeTOJ MOJIyu€HHs] MAarHMTOIIACTOB € 3aaHHOM KOH(purypanuei. B mMo-
MCHT BIIPBICKA pacnnaBneHHoﬁ KOMIIO3MIIMHU B IIOJIOCTH CIICIHUAJIBHO HM3rOTOBJIEHHON
npeccOpMBbl YaCTHUIBI aHW30TPOIHOTO HaHOKpPHCTaumyeckoro mnopomka Nd-Fe-B mop
JEUCTBUEM MArHUTHOIO IMOJISl PA3BOPAYMBAIOTCS B PACILIABICHHOM IOJMMEPE OCSAMH JIET-
KOr0 HaMarHWYMBAaHMs MApaJIJIENIbHO CHJIOBBIM JIMHUSM MAarHUTHOrO nojist. Ilocie 3acThi-
BaHUS MOJIMMEPA, HaMarHMYEHHbIE YACTHIBI MOPOILIKA COXPAHSIOT CBOK OPHCHTALIMIO,
o0pasys TEKCTypy.

Hay4ynasa noBu3Ha nuccepraumonnoii pabotst ['ebosoii E.M. 3akmovaercs B ciie-

JYIOLLEM:

1. VcTaHoBI€HBI 3aBHCHMOCTH MAarHMUTHBIX CBOMCTB MHAPUAHBIX nopomkos Nd-Fe-B
OT XMMHYECKOI0 COCTaBa, YCJIOBUN MOATOTOBKH CIUTKA, CTPYKTYPhl U MapaMeTPOB MPO-
1eCcca THAPUPOBAHUSI-ICTUAPHPOBAHMS.

2. Onpenenensl 0COOCHHOCTH B3aMMOJIEHCTBUSI CUCTEMBI Nd-Fe-B ¢ BOJOPOJIOM IpU
Pa3IMYHBIX TEMIEPaATypax Ha Kax0u craauu nposeaeHuss HDDR-o6paboTku.

3. Pa3paboTaHbl TEXHOJIOTHYECKHE PEKUMbI BBICOKOTEMIIEPATYPHON BOJOPOAHON 00-
paboOTKH CIIaBOB CUCTEMBI Nd-Fe-B.

IIpakTH4YecKasi 3 HAUHMOCTD HCCIICIOBAHUN COCTOUT B TOM, UTO:

1) PaspaGorana ¥ BHeApEHa TEXHOJOTHS IMOJYYEHHS HAHOKPHUCTAIIMUYECKHX AHHM30-
TPOMHBIX MArHUTHBIX MOPOIIKOB U3 cmyasa Nd-Fe-B ¢ Beicokoit anm3oTponueit (Bbimie
80%) METOIOM BBICOKOTEMIIEPATYPHOM BOAOPOAHOMH 06PaBOTKH.

2) COBOKYNIHOCTb MOJIyYEHHBIX B JIMCCEPTALMU PE3YJILTATOB MO3BOJIMJIA B OIBITHO-
NPOMBIIIUICHHOM ITPOM3BOJICTBE aHU30TPOMHBIX HAHOKPUCTAUTMUECKMX MArHUTHBIX MaTe-
pHaJIOB JOBECTHU KAUECTBO MArHUTHBIX NOPOLIKOB 0 YPOBHA JIYUIIHX MHPOBBIX IIPOU3BO-
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AUTENICH, CHHU3UTh cebecTouMocTh mpoaykiuu Ha 20 —30%, yBEIMUUTH BBIXOZ Kaye-
CTBEHHOM mpoaykimu 10 92%.

3) Co3ana ombITHAsA YCTAHOBKA, IO3BOJIAIOINAS MMPOBOIUTH HDDR-o06pabotky ¢ 3a-
TPY3KOH HMCXOIAHOro Marepuana A0 30 Kr, 4TO IO3BOJIMJIO YBEJIMYHThH MPOHM3BOJHUTEIb-
HOCTH TpyZa 0e3 MOTepH KauecTBa KOHEUHOM MPOAYKIHH.

4) 3roToBIIeHa OMBITHAS NAPTHS MATHATOILIACTOB JUTS BEPXHUX MATHUTHBIX OIOP ra-
30BOM LIEHTPUQYTH.

5) Paspaborana kOHCTPYKTOpPCKast JOKyMEHTALMs HAa U3TOTOBJICHHE W3/ENUS Ha OCHO-
Be pa3paboTaHHOTO Marepuaa.

JloCTOBEPHOCTD MOTYyYEHHBIX DPE3YJIbTATOB 00ECEUNBACTCA TPAMOTHBIM IJTAHUPOBA-
HHUEM OJOKCIIEPUMEHTOB M HCIHOJHL30BAHUEM COBpeMeHHOfI HSMGPHTGHBHOﬁ arrapaTypbl
(cnexrpomerp SPECTROCIROSVIZION, cBeToBOM MHKpockon Leica, BHOPOMArHUTO-
metp LDJ, méccbaysposckuii cexrpomerp «I1omon-2331» gupmsl « MeTpoHeke» 1 T. Ir.).

AnpobGaust pabotsl. Pe3ynbraTel auccepranyy J0I0KeHs! Ha 3-x Poccuiickux u 3-x
MEKIyHAPOAHBIX KOH(epeHuuaX. JIuccepTanT ABYKpaTHBIN Mpu3ép BouBapOBCKOro KOH-
kypca AO «BHUMHM» (2006r., 2008r.). PaGora nomyuuna npemuto Ipesunenta Poc-
cuiickoit Menepanun B 067aCTH HAYKH W MHHOBALMH /1S MOJIOBIX YU&éHBIX 32 2010 1.

Ilo marepuanam nuccepranuu Ommy6IMKOBAHb! 5 HAYYHBIX TPY/OB B 5KyPHANAX, PEKO-
MeHayembix BAK PO.

B uenom, obopmnenue aBropedepara, CTHIb U A3bIK U3JI0KEHHS HA BHICOKOM YPOBHE.
Tem He menee, cy g o aBTOpedepary, paboTa MMEET psijl HEAOCTATKOB.

1. Ilpexne Bcero, 6pocaercst B riasza cBOOOIHOE 0OpaIleHHs aBTOPA C SANHHULAMH W3-
MepeHus (pu3nuecKux BeanuuH. HampuMmep, naBieHue IPUBOAUTCA TO B MM PT. CT., TO B
1/em’, 10 B [a. Eguaums: SJIEKTPUYCCKUX M MAarHUTHBIX BEJIMUMH MPUBEACHBI HE B CHCTE-
me CU (Hanpsux€HHOCTD MAarHWTHOTO TOJISE PUBEAEHA B dpeTenax (D), a He B A/M, Mmar-
HUTHAas1 HHAYKIHs — B rayccax (I'c), a ue B Tecnax (T)), uTo 3aTpyaHA€T OLEHUTh UCTHH-
HBIE 3HAYEHMs ITUX BeTMYMH B cucreme CH.

2. ABTOp yTBepiKIaeT, 4To (ha3oBbIi COCTAB CILIABOB B UCXOIHOM M B PEKOMOHHHPO-
BaHHOM COCTOSHMSX OMPE/ENAIH ¢ MOMOIIBIO AACPHOrO raMma pe3oHaHca, T. €. M0 -
hexty Méccbayspa, HO HE HPHBOAMT Kakoe MECCOAYIPOBCKOE SAPO HCIIONB30BATH (B
HacTosAIee BpeMs u3BeCTHBI Oonee 40 méccbayspoBekux sizep). Chaeayer oTMETUTh, 9TO
MéccOayspoBCKuit SQPeKT OueHp UyBCTBHTEIEH K IUIOTHOCTH 3JIEKTPOHOB Ha sapax. AB-
TOp ke B paboTe He MPUBOJMUT, IO KAKMM TapaMeTpam MEccOaydpoBCKOro CIIEKTpPa Ompe-
memsiia (pasoBbiid cocraB cruiaBa. [lo-BumumoMmy, (a3oBbIi cOCTaB ONPEAECILAIA IO U30-
MEPHOMY C/BHTY ME&ccOayIPOBCKOM JMHUM M30TONA ° Fe, KOTODBIA 3aBUCHT OT MJIOTHO-
CTEH SJIEKTPOHOB Ha SIPAX MOMJIOTUTENS M HCTOUHHKA.

3. ABTOp 1O TEKCTY OBOPHT, CCHLIASCh HA PHCYHOK 6, UTO KOSPLUTHUBHAS CHJIa MaK-
cumanbHa npu Temnepatype 700°C. B to sxe Bpems Ha pucynke 6 (ctp.15 aBropedepara)



KOSPIMTUBHAA CUJIa MaKCUMaslbHa nipu Temmeparype 750°C, 4to He cornacyercs ¢ yTBep-
KIECHUAMHU aBTOPA.

4. O0LIENPUHATO U3MEPATD BBIACICHHUE Ta30B MPH (PU3HKO-XUMHUESCKUX [IPEBPAILCHH-
X B eM/r, a He eM*/r (e1p.20 aBropedepara). Buaumo, uMeer MecTo onevarka B TEKCTe.

5. B paszene o cTpykType auccepranuu aBTop MMILIET, YTO OHA COCTOMT U3 8 Tnas. Ha
CaMOM [iefie, Cy s 1o aBTopedepaTy, IMccepTanus COCTOUT U3 9 IIIaB.

IIprBeieHHbIE HETOCTATKH HE YMAISIOT HEHHOCTh MOTYYEHHBIX JMCCEPTAHTOM Hay4-
HBIX PE3YJIbTATOB.

B nesnom, Ha ocHOBaHMH aBTOpedepaTa MOXKHO CAENATh CIEAYIOIME BBIBOIBL. B mc-
ceprauuu I'nebosoit E. M. nocraenena u pelueHa HayuHas 3aaua pa3spaGOTKH TEXHOIO-
MU TIPOM3BO/ACTBA aHU30TPOIMHBIX MAarHUTHBIX MMOPOIIKOB M MAarHUTOILIACTOB U3 CIUIABOB
NdFeB, nmeromas BaxxHOe 3HaUeHHE [UTs PA3BHTHA METAIIOBEICHILS. Juccepranus sBiis-
©TCsl 3AKOHYEHHON KBATM(UKAUMOHHOH PaboTOM, YA0BIETBOPAIOMEH TpeGOBAHUAM Ml 9-
11, 13 «Ilonoxenust 0 IPUCYKIEHUN YUSHBIX CTEIIEHE, YTBEPKACHHOTO MMOCTaHOBJIEHH-
eM [lpasurenscra Poccuiickoii ®eneparmu ot 24 centadps 2013 r. Ne 842, npeabsasise-
MBIM K KaHJIMAATCKUM JUCcepTauusam, a e€ asrop, ['nebosa Enena Muxaiinosna, 3aciy-
KUBACT NPHUCYMKJCHHA YICHOH CTENEHH KaHIuJaTa TEXHHYECKMX HayK 110 CIEHHATbHOCTH
2.6.1 — «MerannoseseHre U TepMUUECKas 06PABOTKA METAIIOB U CILIABOBY.

Havansauk HULT (OTH)

AOKTOP TEXHUYECKUX HAYK JOLECHT
%/ [Toranenko Annpeit iBanosuu

Hauanenuk 3 otnema HUL (

Crapumii HayuHbIi coTpyauuk 3 otaena HALT (OT
KaHM/AT PU3MKO-MATEMATHIECKUX HAYK JJOLICHT

DezepanbHOE TOCY IAPCTBEHHOE Ka3HHOE YupexaeHue « 12 LlenTpanmpHbIi Hay4YHO-
HCCIICNIOBATENILCKUA  MHCTUTYT» MuHUCTepeTBa 060pOoHBI  POCCHIACKOM Oenepanuu,
yi. Becennss, n.2B, r. Ceprues ITocax MockoBcKoi obnmactu, 141307, ten. 4965523204,
e-mail fgul2tsnii@mil.ru



