OT3bIB

Ha  aBTOopedepar  muccepTalMoOHHOM — paboTel  CaBYeHKO AunekcaHpa
I'puropreBuya Ha TeEMY «3aKOHOMEPHOCTH (hopmupoBaHust
BLICOKOKOIPUHTUBHOIO COCTOSIHHSI B MHKPO- H HAHOKPHCTAIHYECKHX
MarHUTOTBEPIBIX MaTepHaJaX HAa OCHOBe cCIiIaBoB cHcTembl Nd-Fe-By,
MPE/ICTABIAEMOH  HAa  COMCKaHWE yYEHOH  CTeleHH JOKTOpa  (DH3HKO-
MaTeMaTHHeCKUX HayK MO crenuanbHocTd 1.3.8 — dusnka KOHIEHCMPOBAHHOTO
COCTOSIHUS

Huccepraunonnas pabora CaBueHKo AnekcaHapa [pHrOpbeBHYa MOCBSAIIEHA
O4YCHb AKTYaJIbHOMY CeroJHsl HAYYHOMY HANpPABJIEHHMIO, A MMEHHO, CO3IaHHIO
TCOPETUICCKUX W OKCIIEPUMEHTAIBHBIX OCHOB U MPUHIHUIIOB Pa3pabOTKU ONTHMATbHBIX
KOMIO3UIMH U 3Q(QEKTHBHBIX METONOB MOTYYEHHS MUKPO- H HAHOKPHCTAILTHUECKHUX
MarHUTOTBEPABIX MarepuaioB (MTM) na ocHoBe cmmaBoB cuctemsl Nd-Fe-B,
0asUpyIOmMXCs HAa 3aKOHOMEPHOCTAX (OPMHUPOBAHHS B HHX BBICOKOKO3PIIUTHBHOTO
COCTOSHMSA. JIIsi  MOCTHXKEHHS WM JMCCepTaluMoHHOM paborsl, A.I. CaBdyeHKo
MCCIICIOBAHBI  3aKOHOMEPHOCTH BIUSIHMs Ha MAarHUTHBIC TI'MCTEPE3HUCHBIE CBOMCTBA,
(hasoBbIf COCTaB M MUKPOCTPYKTYDY MUKPOKDUCHIAIIUYECKUX CTISUSHHBIX MATHUTOB Ha
OCHOBE TPOWHBIX CrIaBoB cucteM R-Fe-B, rme R — P3M, mumum (Dd), mummeramn
(MM) nnmm uX cMecH, XHMHYECKOTO COCTABA, PEXKUMOB 1 I1apaMeTPOB OCHOBHBIX JTAIlOB
MOPOLIKOBOK TeXHOJIOrMK UX Tonydenns (I'aBa 1 mucceprarum), a Takke 4aCTHIHOTO
WK TOJHOro 3amerneHuss Nd nHa nérkue P3M (Ce, Pr), Dd, MM wumu ux cmecw,
neruposanus crnaBoB Nd-Fe-B tsxéneivu P3M (Dy, Tb) w/umu Al, Ga, Sc, Ti, Mo u
Nb, conep:xanus kuciaopona B crutaBax U MarHHTax (I'maBa 2). CucreMaTU3upoBaHbl 1
000CHOBaHEI  0a30Bble  TPHHIHITHI MoOJlenupoBaHus  (Ga3zoBOro  cocraBa W
MHKPOCTPYKTYPbI CIEYEHHBIX MarHuToB u3 cuaBoB Nd-Fe-B ¢  yiydmeHHbIME
THCTCPE3UCHBIMU ~ CBOHCTBAMH, a JUId ONpEIENIeHHs] MHPHUPOABl M MeXaHU3MOB
hOPMHUPOBaHHA  BBICOKOKOIPUHTHBHOTO — COCTOSIHHS,  JETATBHO UCCIIeIOBaHbI
3aKOHOMEPHOCTH BIIMSHHS Pa3IWYHBIX PEXUMOB HHU3KOTEMIIEPATypPHOTO OT)KHIa Ha
KOSPIUTHUBHYIO CHITy, a TaKXKe IpOLECcChl HAMAarHUYWBaHWA M IepeMarHHYMBaHUS
CIICUYCHHBIX MarHUTOB Ha OCHOBE CIIaBOB cucTeMbl Nd-Fe-B (I'maBa 3). Haxownern,
YCTaHOBJIEHEI 3aKOHOMEPHOCTH BITUSIHUSL XMMHYECKOTO COCTABA M PEKUMOB N0y ICHHS
Ha  TIpolecchl  (OPMHPOBAHHE BBICOKOKOIPIUTUBHOTO COCTOSIHHSA, MATHHTHBIE
THCTCPE3HUCHDBIC CBOHCTBA, (basoBblif COCTaB M MOP(OIOTHIO MUKPOCTPYKTYPBI TpeX
THIIOB HAaHOKpHUCTa/LIM4eCKUX MTM Ha ocHOBe GbICTPO3aKaISHHBIX CIUIABOB CHCTEMBI
Nd-Fe-B: HanoctpykTypupoBanusix crasos Nd-Fe-B 3aCTEXHOMETPUYECKOTO COCTaBa
(BBICOKOHEOIMMOBBIX ); HAHOKOMITO3HTOB Thra Nd,Fe ,B/o-F €, — JOCTEXUOMETPHUYECKHUX
cnnaBoB Nd-Fe-B  (6mmuskux mo cocraBy K CTEXHOMETPUU HUHTEPMETAIIIINYECKOTO
coenunenus Nd,Fe4B), nanokomnosuros Tuma Fe;B/Nd>Fe 4B, — crrasos Nd-Fe-B ¢
HU3KMM (MeHee 6 ar. %) cojepskaHHeM HEOJHMMa ¥ BBICOKHM (Oomee 15 ar. %)
cojep:kaHueM Oopa.




Hay4nasi 3Ha4MMOCTb paboThl 3aKTIOYaeTCsl, B YaCTHOCTH, B Pa3BUTHU TEOPHH
(opMHpOBaHKS BEICOKOKOIPLUUTHBHOIO COCTOSHHUS B CIIEYSHHBIX MATHUTAX U3 CIIABOB
Nd-Fe-B, Oasupyromeiics Ha NpeIOKEHHOH COMCKATENEM  THIIOTETHUECKOMH
MeTacTaOuIpHON jarpamme cucteMbl Nd-Fe u cxeme (a3oBBIX INpeBpalleHHil B
cinaBax  Nd-Fe, cocTaB  KOTOpBIX COOTBETCTBYeT COCTaBy —oboraménuoil Nd
3¢pHOrpaHUYHOK (assl B MTM Ha ocHoBe cmutaBoB Nd-Fe-B, mossonusumx pasgennts
5(QPEKTl «MarHUTHOrO» W «(ha3oBo-CTPYKTYPHOIO» TBEPJAEHHS B COOTBETCTBYIOLINX
CHEYCHHBIX MarHUTaX, & TaK)Ke HENPOTHBOPEYMBO OODBACHUThL SBIECHHE «IIOPYH-
BOCCTaHOBJICHUA» M CJIOXHO€ HEMOHOTOHHO IIOBEJCHHE KOIPLHUTHBHOM cHibl H
maruuToB Nd-Fe-B nocne HuskoTeMmepaTypHBIX OTKHIOB IIPH Pa3HBIX TEMIIEPATypax H
10 Pa3HBIM PEKHUMaM.

HecoMHeHHBIM ~ [TOCTOMHCTBOM ©  Hay4HOH HOBH3HOH paGOTHl  sBISIETCS
YCTAHOBJIEHHE TOTO (haKTa, YTO 4TO B MHTEpBalie TEMIIEpaTyp OT KOMHATHOH 10 250 °C
OOMEHHOE ~ B3aMMOJCHCTBHE MEKIY COCENHHMH 3EpHAMH MarHuTOTBEPION, H
MarHuTOTBEPION U MarHUTOMATKOM (a3 onpesessieT BHICOKOKOIPIUTHBHOE COCTOSHHUE
OBICTPO3aKaIEHHBIX HAHOKPHCTAIIMUeckuX cruiaBoB Nd-Fe-B JOCTEXUOMETPUYECKOTO
cocraBa (HaHokommosurax Tumna NdoFeyB/o-Fe), mpu stom OHOBPEMEHHO
peanmsylorest 00a MeXaHM3Ma, — M CHJIbHOE 3aKpeIUIeHHe JOMEHHBIX CTeHOK Ha
neeKTax CTPYKTYpHl (SBIACTCS AOMHHMPYIOMMM MPHMEPHO 10 150 °C), u TpymHOe
3apOK/IeHHe (CTaHOBHMTCSA OCHOBHBIM Bbiiie 150 °C), mpm sToM, IIpH TeMIeparypax
BpIIe 250 °C MOPOIIKU MepecTarOT NPOSIBIISATE aHU30TPOITHIO MATHUTHBIX CBOHCTB.

IpakTHyecKkast 3HAYUMOCTB PAbOTEHI 3aKIIOYAETCA B TOM, UYTO IOTYYCHHbBIE B
paboTe pesynbTaTBI MOIYT CTaTh HAYYHOH OCHOBOH 3((EKTUBHBIX TEXHONOTMYECKIX
PEIICHHH ¥ pa3pabOTKH KOMIIO3HIHH MUKPOKPUCTAUTHYECKHX CIIEYEHHBIX MArHHTOB
[IOCPE/ICTBOM  peAJIM3allMM  3€PHOTPAHUYHOIO CTPYKTYPHPOBAHUS MJI ITOBBIIICHHS
CBOMCTB MarHMUTOB NPH pecypcocOeperaroiiemM MoTpeGaeHHH TSOKEIbIX P3M, a Takike
paspaboTKM ~ KOMMO3MIMI M DPeXMMOB  OBICTPOH  3aKajKH pacIuiaBos,
KPHUCTaJUTM3AIIMOHHBIX OT/KUT'OB W/Wim MEXaHOAKTUBALIUH IIOPOLIKOB
HaHokpucTanyeckux MTM na ocHoBe crumaBos cuctem R-Fe-B, rame R — P3M, Dd,
MM wnm ©uX cMecH, KOTOpble BO3MOXHO OCYIIECTBHTH Ha 00opynoBaHUH
CYHIECTBYOIIUX WU INIIAHUPYEMBIX K CO30aHHIO IIPOHU3BOACTBCHHBIX NPCOAIIPUATHAX. B
UaCTHOCTH,  yCTAQHOBJICHHBIE B  JHCCEPTAMOHHOW  paboTe  3aKOHOMEPHOCTH
(hOpMHpPOBAHUS BEICOKOKOPIUTHBHOTO COCTOSHHS B MHKPO- U HAHOKPUCTATUYECKUX
MTM nHa ocHoBe cruiaBoB cucremsl Nd-Fe-B MOTYT OBITH HCIIOJB30BaHBI IIPU
pazpadotke MTM Ha ocHOBe criaBoB cuctem R-F e-B, rne R — P3M, Y, Th, Dd, MM
HIM  HX CMCCH, C Hamep€n 3aJaHHbIMUA TUCTEPE3MCHBIMH CBOMCTBAMH U
OKCIUTyaTallHOHHBIMH [TapaMeTPaMH.

/lOCTOBEPHOCTL  MOJTYYEHHBIX ~PEe3yJbTATOB IOTBEPYKIEHA KOMILICKCHBIM
TIOIXOZIOM K HCCIIEOBAHHUAM, HCIIOJIBb30BAHUEM OOJBIIOrO KOJNHYECTBA PA3IUYHBIX, B
pAAC CTydaeB B3aWMOJIOIOJHAIOIIMX, SKCHEPHMEHTATBHBIX METOIO0B, MPHUMEHEHHEM
METOI0B MaTeMaTHYECKOTO MOJCITUPOBAHHSI, IIOBTOPIEMOCTHIO H BOCIIPOU3BOIUMOCTBIO
OKCHCPUMCEHTANILHBIX M PACUCTHBIX  Pe3yJIbTaTOB, IyONHKAMAMH  IIOMYYeHHBIX



Pe3yJIbTaTOB B HAy4YHBIX DCLEH3MPYEMbIX M3daHuAX (ux Oosmee 50), B MaTepuanax H
noknagax Ha Oomee uyeM 80 HaydHbIX KOH(EpEHUMAX W CeMHHapax, a TaKkKe
HaZJIeKalllUM COIMOCTaBIICHUEM ITOJIyYEHHBIX PE3YJbTAaTOB C 3KCIMEPUMEHTAIbHBIMH H
TCOPETUYCCKUMH JaHHBIMH [JPYIMX aBTOPOB II0 TeMaTHKe, OJM3KOM K TeMe
JUCCEPTAMOHHOTO  HMCCIIENOBaHHUA, O 4YEM  CBUIETEIBCTBYET  IPHBEAEHHBIN
OubnmorpadHuecKui CHCoK, comepkaiuil okoso 1000 HauMeHOBaHUIA.

B menom, nuccepraumonnas paGora A.I. CaByeHKO ya0BJeTBOpsieT BCeM
TpeboBanuam BAK P®, mpembsBisieMblX K JIOKTOPCKAM JHCCEpPTALUAM, a TaKKe
COOTBETCTBYIOIIUM TpeOoBaHUAM «Il0oOKEHUS O MOpsIKe NPUCYKIECHHUS YUYEHOU
crenenn B HUTY MMUCHUC», a e€ aBrop, CaBueHko Aumnekcanap [puropbeBud,
3aC/IYKHBaeT NPUCYKAEHUsl YIEHOH CTENEeHH JOKTOpa (PU3UKO-MaTeMaTuIecKux HayK
o crenuaabHoCT 1.3.8 — dusnka KOHIEHCHPOBAHHOTO COCTOSHUS.

JIOLICHT, 3aBeAyIoIuN Kaheapoit « Puzuka»
MoOCKOBCKOro TeXHU4ECKOTO YHUBEPCHTETA CBSI3H ¥ MH(POPMATHKH,
JOKTOp (DU3UKO-MaTeMaTHUYECKUX HAYK

HockoB AnToH Banepnesuy
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S, HockoB A.B, maro corjiacue Ha BKJIIOUEHHE CBOMX [IEPCOHAIbHBIX JIaHHBIX B
JOKYMEHTBI, CB3aHHBIC C 3alIUTON auccepranuu CaBueHko A.l'., u UX HaibHEHITyIO
00paboTKy.

IHognuce A.B. HockoBa yaocTOBEpSIO.
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Anpec: r. MockBa, ABuamoropnas 8A, MTYCU
Tenedon (pabountit): +7 (495) 957-77-31
Anpec 31IeKTPOHHOM MOYTHL: a.v.noskov@mtuci.ru



