OT3bIB
0(HIHAJBLHOIO ONMOHEHTAa Ha JUCCEPTANHIO
Ha COMCKAaHHe YYeHOH CTeneHH KaHan1aTa GU3HKo-MaTeMaTHYeCKAX HAYK
I'ABPUKOBA HBana Cepreesuua
Ha TeMy «POpMHpPOBaHHE BBICOKOKOIPIUTHBHOIO COCTOSIHUA B

nocTostHHBIX MarauTax Fe-Cr-Co, nosiy4yeHHBIX METOAAMH CEJIEKTHUBHOTO

JIA3€PHOrO MJIABJEHHS U HHKEKIHOHHOTO ()OpPMOBAHUA»

1o cneuuajJbHocTH 1.3.12 — ®u3uKa MArHUTHBIX SIBJICHHM

AKTyaJbHOCTb padoThI

AkryanbHOCTh pabotel I'aBpuxoa M.C. o6ycnaBiuBaercs BHIGOpPOM
OOBEKTOB HCCJIEZIOBAHUM M COBPEMEHHBIMH METOJAMM HMX IIPOM3BOJCTBA. B
YaCTHOCTH, JIMTHIE JIETKOAE(DOPMUpPYEMbIe TOCTOSSHHBIE MArHUTBl CILIABOB
cucrembl Fe-Cr-Co M MarHuTHbIe CHCTEMBl Ha HX OCHOBE CETrOMHS HIPAIOT
HEMAJIOBAXHYIO pOJIb, TaK Kak IIPUMEHSIOTCS HE TOJIBKO B BOEHHOW U
CTIEIHAIBbHON TEXHMKE, HaIlpUMep, PEaKTUBHBIX CUCTEMAaX 3aJIIIOBOIO OTHS, HO U B
U3JIENHSIX FPAKIAHCKOTO Ha3HAYCHHUS.

BeicokokospuTuBHOE coctosiHue B citaBax Fe-Cr-Co gocTuraercs B
pesysipTaTe CIMHONAILHOIO pacliaja TBEpJOro pacTBOpa Ha JBe H30MOp(HEIE
(a3l (CHIPHOMATHUTHYIO M CI1a0OMarHUTHYO) [PH TEPMOMAarHUTHON 06paboTke
B yX€ MPaKTUYECKH IOTOBOM u3Aenuu. IIpu 3ToM TeXHOIOTHs IPOU3BOACTBA
JaHHBIX ITOCTOSTHHBIX MarHUTOB 3a CYET PA3JIMUHBIX YCIOBUN IIPOTEKAHUS PEaKIHU
CIUHOJAIBHOTO pacrana OIPENENseT, KaKk MarHuTHBbIe, TaK U MeXaHHYECKHE
XapaKTePUCTUKU T'OTOBOrO INponaykra. Cpeau NEepCreKTUBHBIX TEXHOJOTHH Iis
cosmanuss  O(PQPEKTUBHOrO U BBICOKOTEXHOJIOTHYHOTO  MEJKOCEPUMHOrO
IPOM3BOJCTBA CIIABOB  JJIf IIOCTOSHHBIX MarHuToB cuctemMbl Fe-Cr-Co
paccMaTpUBAIOTCs COBPEMEHHBIE TEXHOJOTMYECKUE IIPOIIECChl, TaKue Kak
TEXHOJIOTUM aJJUTHUBHOTO (DOPMHUPOBAHUS W TEXHOJNOTMS HHIKEKIIMOHHOIO
dopmoBanus. Bmecte ¢ TeMm, Ha [JAHHBIA MOMEHT HE H3yYEHHBIM OCTaeTCs
BIMSIHUE YCIIOBHSA IIPOTEKaHUs peakUui CHMHOJAIBHOIO pachaga I[Ipu
UCIIOJB30BaHWK IPEUIOKEHHBIX METOJOB HAa MAarHUTHbIE U MeXaHHYeCKUe
CBOMCTBA IIOCTOSHHBIX MarHuToB cucteMsl Fe-Cr-Co.

Crnemyer OTMETHUTbH, YTO NUCCEPTAIIMOHHOE HCCIIEJOBAHUE BELITOIHIIOCH B
COOTBETCTBUU C TemartudeckuMu ImaHaMu Ha HMP u OKP mo pasnuusbiM
IIPOEKTaM, YTO, HECOMHEHHO, IOBBIIIAET LEHHOCTh 3TOr0 JHUCCEPTAIMOHHOI'O
UCCJIETOBAHUSI.

CTpyKTypa H oneHKa coJiep:KaHusl padoThI

Crpyxrypa auccepTalMOHHON paboThl BKIFOUAET B ceOs BBEIEHUE, YETHIPE
I7IaBbl, OCHOBHBIE BBIBOJIBL M CIIUCOK HCIIOBb30BaHON JTUTEPATYPHI, COCTOSIIUMN U3
105 ucrounukos. Marepuan uznoxen Ha 124 crpanunax, Bkmovaet 10 Tabmur, 79
PUCYHKOB U CXEM.

Bo BBenenun 0O0OCHOBBIBaeTCS LesecooOpasHOCTh M aKTyallbHOCTH
U3y4eHHUsT YCIIOBUM  (DOPMHUPOBAHUS BBICOKOKOOPIUTUBHOIO COCTOSIHHS B
IIOCTOSIHHBIX MAarHuTax Ha OCHOBe cruiaBoB cucreMbl Fe-Cr-Co, M3roTOBIEHHBIX



METONaMHU MHKEKLIIOHHOTO (POPMOBAHUS U CEJIEKTUBHOIO JIA3€PHOTO TUIABJICHUS.
Omnpenenstorcs KIIOUEBBIE LETH W 3a7add pabOTHI, a TakKe BBIHOCHMEIE Ha
3aILIUTY [TOJIOXKEHHUS.

B mepBoli riase npeAcTaBieH aKTyalbHbIH aHaIu3 HAYYHOH JIUTEPATYPHI 10
IIIAPOKO HCIIOIB3YEMBIM BBICOKOIIPOYHBIM MAarHUTOTEBPIBIM MarepuaiaM s
VI3TOTOBJICHHSI IIOCTOSIHHBIX Je(QOPMHPYEMBIX MAarHHTOB, CpPEId KOTOPBIX
BBLIEJIAIOT cIiiaBbl cucteMsl Fe-Cr-Co.

Bropas rimaBa mocBsllleHa ~METOJHMKE IIPOBEACHUS  OKCIIEPUMEHTA.
[IpencraBneHo omucaHue HCHOIB3YEMBIX B paboTe MaTepHalioB, 000Dy I0BaHMI,
METOZOB IIOJy4YeHUsl 00pa3loB M METOIWK UCCIIENOBAaHUS XUMUYECKOIO COCTABA,
MHKPOCTPYKTYPBI, MEXaHUYECKUX U MarHUTHBIX CBOMCTB. [IpuBeneHBl OCHOBHEIE
[IapaMeTPhl PEXKUMOB CUHTE3a UCXOIHOT'O ChIPhS M KOHEUHOT'O U3/IETIHS.

B mepsomM pasznene TpeThell IiaBbl paCCMOTPEHO BIUSHUE PEKUMOB CHHTE3A
IIOPOIIIKa Ha IPaHyJIOMETPpHYECKHH cocTaB cruiasa Mapku 25X15KA npu razoBom
paclbUIEHMHM B HMHEPTHOM aTMmocdepe U LEeHTPOOSKHOM DAaCHBUIEHHH C
HCIIOJE30BaHUEM IUIa3MBl. Bo BTOpOM paszerne TpeThed TIJIaBbl IIPEICTABIEHBI
pe3ynbTaTel paspabOTKM U TECTHPOBAHMS ONTHMATIBHOM pelenTyphl I'paHyJsIsTa
Ui paHee IIOJYyYEeHHOI'0 IOPOLIKOBOIO Marepuana, a TaKKe PeXUMBI yIaICHUs
CBSA3KH M3 «3€JIEHBIX» 3arOTOBOK U CIEKaHUS «KOPUYHEBBIX» 3arOTOBOK. B
TPETbEM pasjiesie TPETheM INIaBbl IPEACTABIEHBl DPE3yNbTaThl HCCIIETOBAHUS
BIIMSIHAST MHUKPOCTPYKTYPEl Ha MAarHUTHBIE CBONCTBa OO0PAa3IOB, IONYYEHHBIX
METOLOM HMHXEKIIMOHHOIO (GopMoBaHUs. UeTBepThId pasjen TpeThed IJIaBbl
IIOCBAIIEH MEXaHUYECKUM HCIBITaHUSAM O0OpasloB, IIOJYYEHHBIX METOHIOM
UH)XXEKIIMOHHOT 0 (POpPMOBaHHUS.

YerBepTasd IylaBa BKJIIOYAeT OIHUCAHWE WCCICIOBAHUM MNPUMEHMMOCTH
METO/Ma CEJIEKTUBHOIO JIA3€pHOIO IUIABIEHUS B MPOU3BOJACTBE ITOCTOSHHBIX
MaruuTos cucteMsl Fe-Cr-Co. B mepBoM paszesne 4eTBepTOH IIIaBbl IpeACcTaBIeHbI
pe3yNbTaThl MOJEIUpPOBaHUs Ipouecca 3D meyaTd B NpOrpaMMHOM IIaKeTe
Comsol Multiphysics. Bo BTopom pasznene YeTBEpTON IJaBhl IIOKA3aHEI
pe3yNbTaThl anpodaliy ONTUMAIBHBIX PEKUMOB IEUATH, NPEIDKEHHBIE B
pesysibTaTe MOIEIUpOBaHus. B TpeTbeM pazzenie 4eTBepTOH IIaBbl IPEICTaBICHEI
pe3ynbpTaThl MCCIENOBAHUM BIUSHUS PEXKUMOB IIOJYyYeHHS HA MAarHATHBIX
CBOMCTBA 00pa3lOB, M3TOTOBJIEHHBIX METOJOM CEJICKTHBHOIO  JIA3€PHOIO
IUIaBlieHUs. B deTBeprOoM pasnene 4eTBEpPTOW TIUIaBBl MPHUBENEHBI PE3yIbTATHL
MEXAHWYECKUX HCHBITaHUM 00pa3IoB, H3TOTOBIEHHBIX METOJIOM CEJIEKTHBHOI'O
Ja3€pHOTO IIJIaBJICHHUS.

CreneHb OOOCHOBAHHOCTH HAYYHBIX MHOJIOKEHHH W IOCTOBEPHOCTH
NOJy4YeHHBIX pe3yabTaToOB

IlpuBeneHHble pe3ysibTaThl IO ONTUMM3ALKUA MHKPOCTPYKTYPHI IPHU
IIPOU3BOJICTBE  IIOCTOSIHHBIX  MarHutoB  cucteMbl Fe-Cr-Co  meTomamu
CEJIEKTUBHOTO JIA3€PHOTO IUIABJIEHHS U MH/KEKIIHOHHOTO (GOPMUPOBAHHUA C IIENIBIO
IIOJIy4YEHUs] MAarHUTHBIX CBOMCTB roToBbIX u3aenuit, orBedaronmm ['OCTy, umeroT
BBICOKYIO CTEIEHb JOCTOBEPHOCTH, TaK KaK OCHOBaHbl Ha WCIIOJIh30BAHUU
COBPEMEHHBIX METOJMK CHHTE3a U aHaJli3a MarHUTHBIX XapaKTEPUCTHK.



OcHOBHBEIE NOJIOKEHUs, BBIHOCUMBIC Ha 3alllUTy, a4 TaKXe BBIBOABI WU
pPEeKOMEeHAlMK, CIOeJIaHHble I10 TIJlaBaM, OCHOBaHBI Ha TINATEILHOM aHAJIU3e
JIUTEPATypHBIX ~UCTOYHUKOB. bubmauorpadus BiIOYaeT 3HAYUTEIBHYIO U
OCHOBHYIO 4acTh IyOJUKAIMi B YKa3aHHEIX 00JIACTSIX.

Hayunasi HoBu3HAa

1. BrepBble NpOBeNeHbl MCCIENOBAHHUS MAarHUTHBIX CBOWCTB 00pasIoB
IIOCTOSIHHBIX ~ MAarHUTOB  cmiaBa  Mapku 25X15KA, cuHTEe3UpOBaHHBIX ¢
UCTIONb30BAHMEM TEXHOJOTUH HHXEKIMOHHOTO (OPMOBAaHMS U CEJIEKTUBHOIO
JIa3€pHOTO TIIJIABJIEHHsI. Y CTaHOBIEHBl 3aBHCUMOCTH MEXIY MHKPOCTPYKTYPOH,
KOTOpasi 00yCIOBIMBAaeT MarHUTHbBIE XapaKTEPUCTUKU OOpasIoB, U OCTATOYHBIM
YIJIEPOIOM M3 CBS3KM, BPEMEHEM H TEMIIEpaTypod CHeKaHWsS «KOPUYHEBOM
JeTanm» IPU OTpabOTKEe TEXHOJOIMM HHXKEKIIHOHHOTO (HOPMOBAHHMS, a TaKxKe
3aBHCHMOCTH OT MOIIHOCTH Jia3epa M CKOPOCTU II€YaTH MpH MPUMEHEHHUN
TEXHOJIOI'MH CEJIEKTUBHOIO JIA3€PHOTO TIABJICHHUS.

2. BriepBple ncciie0BaHbl MEXaHUYECKHE CBOMCTBA 0OpasIiOB IMOCTOSHHEIX
MarHuToB cmraBa Mapku 25X15KA, CHHTe3UpOBaHHBIX C HKCIIOJIL30BAHUEM
TEXHOJIIOTUH  MH)KEKLIMOHHOIO  (OPMOBAHHUS U CEIIGKTHBHOIO  JIA3€PHOIO
maBneHuss. CpaBHUTENBHBIM aHATW3 3HAYEHWH MPOYHOCTH HA PACTKEHUE MU
TBEPJOCTH II0Ka3ajl, YTO H3-3a Ooyiee KPyIHOI'O 3€pHa M OTCYTCTBHS TEKCTYPHI B
o0pasnax, MoJy4eHHBIX 10 TeXHOJOTHH WHXEKIMOHHOTO (hOPMOBAHUS, 3HAYCHUS
MEXaHWYECKUX I1apaMeTpoOB Ui HUX HE3HAUYWTEeJIbHO YCTYMaroT obpasiam,
ITOJIyYEHHBIX I10 TEXHOJIOTUH CEJIEKTUBHOIO JIA3€PHOTO IIIABICHHS.

IIpakTH4Yeckasi 3HAYUMOCTH

Ha ocHOBe NpOBENEHHBIX TEOPETUUECKUX U MPUKIATHBIX HUCCIETOBAHUM
pa3paboTaHbl TEXHOIOTMYECKUE PEKOMEHIAIINY 110 BHEIPEHUIO IIPEACTABIEHHBIX B
paboTe METONOB Ha IIPOMBIIIICHHOM IIPEANPUSTHHU 10 TPOU3BOJICTBY TOCTOSHHEBIX
marauToB  AQO «CneumMarsut». Pe3ynbraThl HCCleOBaHHNA MOTYT OBITH
BOCTpeOOBaHbl B Kypcax JIGKLUHUI MO0 MarHUTHbIM Marepuanam B MI'Y um. B.M.
Jlomonocosa, HUTY MUCUC, Yp®@V, TeI'Y, Uenl Y u apyrux yHHBEPCUTETAX.

Hayuynasi 3Ha4YUMOCTh

B Xone BBIIOJNHEHWS AUCCEPTALMOHHOM PaboOThI OBLIO YCTAHOBIEHO, YTO
ocraTo4yHas MHAyKUMs B, m xospuutuBHas cwia no uHAyknuu Hcp oOpasmon
IIOCTOSHHBIX ~ MarHWTax Ha ocHoBe cmaBa Mapku 25X15KA  mocie
TepMOMarHuTHou o6pabotku (TMO), CHHTE3UPOBAHHBIX C HCIIOIL30BaHUEM
TEXHOJIOTHU HWHXXEKIUOHHOIO (OpMOBaHMs, HEMOHOTOHHO HW3MEHSIOTCS IIpU
YBEIUYEHUN IIUTENbHOCTA crnekanus or 30 mo 80 muH. DTO ompenensercs
(dopMHpOBaHHEM HEOOXOIUMON KPHUCTAUIMYECKOH CTPYKTYpPBI CO CPEIHUM
pasmepoM 3epHa 90-150 mxM mpu orxure B TedeHue 60 muHyT. BmecTe ¢ Tem
Oosee NPOJOKUTEIBHOE CIIEKaHWE IPUBOAUT K POCTY 3€pHA, YMEHBIICHHUIO
IIPOTSDKEHHOCTH MEX3EPEHHBIX TIPAaHUIl, BBICTYMAIONIUX IIEHTPaMHU 3aJIepPiKKH
JOMEHHBIX CT€HOK, M OKa3blBaeT HEraTuBHBIM 5(Q¢GeKT Ha MarHuUTHBIC
XapaKTEePUCTUKH.









CBOHCTB; 6. MozennpoBanue CBOHCTB M (DU3MUECKHX SIBIEHHM B MaTepuazax ¢
PasiUYHBIMU BUJAMU MAarHUTHOIO YIOPSAOYEHHUS, a4 TaKKe B KOMIIO3UTHBIX
CTPYKTypax Ha MX OCHOBe; u oTBedyaeT TpedoBanusM BAK P®, npenssasnseMbIx K
KaHIUIATCKUM JHUCCEPTAlUsIM B COOTBETCTBMH C ILIL. 9-14 «IlonoxeHus o
IPUCYXICHUSA ydeHbIX creneHei» (Ilocranosnenue IIpaBurensctBa P® ot
24.09.2013 No 842), a ee aBTOp 3aCIy)KUBAET MPUCYKACHHS YUCHOH CTENEeHH
KaHAuaaTa (PU3MKO-MaTeMaTHYECKUX HAyK I10 CIenuanbHocTd 1.3.12 — dusuxa
MAarHUTHBIX SIBJICHUH.

s, TackaeB Cepreii BamepbeBuu, naro corigacue Ha BKITFOYEHHE MOMX
IIEPCOHANIBHBIX JAHHBIX B JIOKYMEHTEHI, CBA3aHHBIE C PabOTOM IAMCCEPTALIOHHOTO
COBE€Ta, U X JaJbHEUIIYI0 00paboTKy.
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