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OT3bIB BEYIIEN OPT AHM3ALIMU
Ha JUCCEPTAlHOHHYIO paboTy
Morunsaukosa [TaBna CepreeBnya «3aKOHOMEPHOCTH BIUSHUS IIPONECCOB CTPYKTYPHOR
peaKCcalui Ha MarHUTHBIE CBOMCTBA U MEXAHIICCKOE IOBEIICHHC aMOp(HBIX CILUIABOB Ha
OCHOBE KOBAIBTA C OUEHb HU3KOH MarHUTOCTpHKIHEH (4 < 107)», mpecTaBIeHHYIO Ha
COMCKAHUE yUeHOH cTeneH) KaHauaaTa Gu3nko-MaTeMaTHIeCKIX HayK
o cnenuansroctd 01.04.07 — Pusrka KOHACHCHPOBAHHOTO COCTOAHKA.

AKTyaJIbHOCTb T€MbI AHCCEPTAIMH

PasBuTHE COBPEMEHHO! TEXHHKH BBI3BIBAET IMOTPEOHOCTb B NOMCKAX H pazpaboTke
HOBBIX MAaTepHasoB, 00JAf@IONIMX HE TOJIBKO 0ojee BBICOKMMH CITyKeOHBIMH CBOMCTBaMH,
YeM CYIIECTBYIOLME, HO M TaKkuM COYETAHHEM pasIMYHBIX IO CBOEH IPHPOIE CBOMCTB
(pu3uUECKUX, MEXaHUUECKHX, XAMUYECKHX), KOTOPOe HEe MOXKET OBITH JOCTHUIHYTO Ha 6aze
TPAIUIIMOHHBIX KPUCTAUTMYECKIX MaTEPHATIOB. TakuM HOBBIM KJIACCOM MaTEpHasIOB SIBJLIOTCH
aMop(hHbIE METATINYECKUE CIIIABBL.

B aMopdHBIX CIUIBax OTCYTCTBYeT NANbHHH MOPANOK B PACIONOKCHIH aTOMOB
(TPAHCTSANMOHHAS ~CHMMETpHS), @ CIIENOBAaTENBHO, OTCYTCTBYIOT cnenuduueckue s
KPHCTA/UTHYECKUX Tel AEHEKTH aTOMHOH CTPYKTYpEL. AMOp(pHOMY COCTOSHHMIO IPHCYIIA
Tak)ke BBICOKAs ()a30BO-XHMHYECKAsT OJHOPOIHOCTB. AMOp(HEBIE CIIIABBI, HE3aBHCHMO OT
KOHLIEHTPALlMM KOMIIOHEHTOB M WX IPHUPOJIbL, MPEICTABIAIOT coboii omHO(A3HYIO CHCTEMY,
COCTOSIILYIO K3 IMEPECHILIEHHOr0 TBEPOTO PacTBOPA, aTOMHAs CTPYKTypa KOTOpOIO nogo0Ha
ATOMHOIl CTPYKType TEpEOXIaXIeHHON JKHAKOCTH. VIMEHHO OTH 0COOEHHOCTH CTPOEHHS
aMOP(HBIX CILIABOB NPENONPENETAIOT HE TOIBKO XapaKTEpHBIH Ul HUX KOMILIEKC (PHU3UKO-
MEXAHUYECKHX CBOWCTB, HO M YHHKAJIbHOE, HE XapaKTepHOS JUIi KPUCTALIHICCKUX TEI, MX
COYETAHHUE.

B 3aBHCHMOCTH OT IpPHPOABI KOMIIOHEHTOB aMOP(HBIE CIUIABbI o0nanaroT
[peKpacHbMA (QYHKIHOHATBHBIMU CBOHCTBAMH. OHH yXe TIPOYHO 3aHSIM CBOIO HUILY U B
IPOU3BOACTBE, ¥ B MPHMEHCHUH. OcHOBHasE Macca TPOU3BOAMMBIX aMOP(QHBIX CILIABOB
MCIIONB3YeTC B KAYeCTBE OIEKTPOTEXHMHYECKMX MATepHajion A pasnUYHOro poja
TpaHC(OPMATOPOB ¥ APYTHX YCTPOHCTB. O61amas TOYTH MIeaNbHON (Ha3oBO-CTPYKTYPHOM
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OZHOPOITHOCTBIO U BBICOKHM Y/IETIbHBIM SJIEKTPUYCCKUM  COLPOTHBIEHHEM, aMOp(hHbIE
CIUIBRI MMCIOT 4PE3BBIYAHHO HH3KHE MOTepH Ha IiepeMarunyuBanue. Jpyras o6macTs
COBPEMEHHOH TEXHMKH, MOITIOLIAIONIAs aMOp(QHBIE CIIIAaBBL, — 3TO PamuO3IeKTPOHHAS
IIPOMBIIITICHHOCTE ¥ npubopocTpoenue. Jns  oTuX OTPaClCH TEXHHKH HCIOJIB3YIOT
aMOpGHBIE CIIABEI HA OCHOBE KOGATBTA ¢ GIIH3KOl K HYJIFO MarHUTOCTPHMKLHEH, KOTOPbIE
00JIaNal0T BEMKOJICITHBIMU THCTCPE3UCHBIMA MarHUTHBIMH CBOWCTBAMH B MAJIBIX IOJISX.
IlposiBnsieTcss BcE Gomee werkas TCHACHINA K IIPOM3BOACTBY TOTOBBIX CTAHIAPTHBIX
CEpACYHUKOB. B wuacTHOCTH, KoaM4ecTBO BBIMYCKACMBIX MaJIOrabapuTHEIX HMITYJIbCHBIX
TPaHC()OPMATOPOB HCUHCIIAETCS MECSTKAME MHUJUILOHOB B IO,

Ilomyuaemast B pesymbrare CBEPXOBICTPOH 3aKaiku 3 pacmiapa amopdHas (Qaza
ABJIACTCS HE TOJIBKO METAaCTaOMIbHOM 110 OTHOLICHUIO K KPUCTAJUIMYECKOMY COCTOSIHHUIO, HO
OHa SBJIAETCS HEPABHOBECHOH. B cocTosHme PaBHOBeCHS aMopdHast (asa MOKeT OBITH
TICPCBC/ICHA Iy TeM OTYKHTa, [IPOBOJMMOT0, €CTECTBEHHO, HUIKE TEMIIEePaTypPhl KPUCTAIUIA3AIHH.
Ilepexon (penaxcamus) aMop(HOH a3kl B COCTOSHME, B TOH MM HHOLN CTCEHH OJIH3KOE K
PaBHOBECHIO, OCYIIECTBIIETCS YEpPe3 Psifl PEBPAILEHHI, IIporekanue mporeccos CTPYKTYPHOIA
PETAKCAIMH COLPOBOKIACTCS U3MEHEHHEM BCEX (DHU3HMKO-MEXaHHUECKHX CBOWCTB aMOp(HBIX
CIUIaBOB. B ciyuyae e (heppoMAarHUTHBIX CILIABOB B HauOOJIBIICH CTEMEHH H3MEHSIOTCS
THCTCPE3UCHBIE MAarHUTHBIE CBOMCTBA, TO €CThb CBOHCTBA, BO MHOIOM OIIPEEISIOIHE
TPaKTHIECKYIO IEHHOCTh JaHHOTO KIIACCa MaTepHAJIOB,

Psan BuyTpenne mpucyrmmx aMOP(HEIM CIIaBaM HEIO0CTATKOB CIOepxKuBaeT Ooee
IIHPOKOE HX INPUMEHEHHE B COBPEMEHHOH TexHuKe. OCHOBHBIE M3 HHUX: TeMIIepaTypHO-
BPEMCHHAsT HECTAOMIILHOCTh MATHUTHBIX CBOHCTB, CKIOHHOCTD K OXPYIYHBAHUIO, CHIIbHAS
3aBHCHMOCTE MATHHTHBIX CBOHCTB OT yCJIOBHIf aMOpQU3alMy U TepMUYeCKOif 00paboTku.
AMOpPGHBIE CIITaBBI MOTYT B pe3yJbTaTe TEPMHYECKOH 06paGOTKH B WUPOKUX Mperesax
H3MCHATE CBOM MarHUTHBIE CBOHCTBA Kak B CTOPOHY HX YIyYINCHHS, TaK M yXy.IIICHUS.
ITosTomy BEIIBICHHE M (usmyeckoe o6ocHOBaHME Tex PEXUMOB TepMUYECKOH 00paboTKH,
KOTOpBIE  00ECHEYMBAIOT  MAKCHMAIBHO  JOCTIHYKHMELA UX  ONTHMAaJbHBI  YpOBEHB,
LIPEACTABIIICTCS aKTyaJIbHOM 3a1aueii,

Hecmotps Ha BecbMa Gosbmioe kommuectso PaboT, MOCBSIIEHHBIX (popmuposanuro
THCTEPC3UCHBIX MarHUTHBIX CBOMCTB B aMOP(HEIX CIITaBax Pa3sHBIX KJIACCOB, PsIJi BOIPOCOB
OCTaeTCs elE OTKPBITHIM. DTO, B MEPBYIO 0Y€penb, OTHOCUTCS K aMOP(HBIM CIIIaBaM Ha
OCHOBE KOOanbTa ¢ aHOMATBHO HH3KOIH MarHUTOCTPUKIHEH HackImeHus (s < 107). Bompocri,
OTHOCALIMECS K YKAa3aHHBIM BBIUIE  CILTABaM, NpeICTaBIAIOT HE TOJNBKO HAYYHO-
[I03HABATEJIBHBIN, HO U IPAKTHYECKUI HHTEpEC.

Lens muccepraunonnoit paGoTsr 3axtouaeTcs B BBIICHEHHH BOIIPOCA O TOM, KaKHe
OCOOEHHOCTH MOIyT OBITH IPUCYIH aMOP(HBIM CIUIaBaAM HAa OCHOBE KOGANBTA C OYEeHb
HU3KOH MarHMTOCTpUKIHEH (1, < 10'7) IpH GOPMUPOBAHUH B HUX MATHHTHEIX CBOMICTB B
TIpOLecce OTXKUra M KAKHE OCOOEHHOCTH MEXaHHYECKOro MIOBENICHUSI XapaKTePHBI IS STHX
aMOP(HBIX CILTABOB. [l MOCTHOKEHHS TIOCTaBIICHHOM LIE/IM HA OCHOBE U3YUYEHHS MOJIEIBHOIO
cIiaBa CO69F63,7CI‘3,gSi12,5B]1 C OYCHb HM3KOM MarHHTOCTPHKIHEH s < 10'7) pelanucey
HaCTHEIC 3a1iaul, PELICHHE KOTOPBIX OTPAXKEHO B 8 paszienax TpeTbe riIaBbl JHCCEPTALIHH.

Conepixanne quccepranuonnoii pPadoThI

Huccepranuonnas pabota usnosxena ma 202 CTpaHMIAX MAIIHHONHKCHOTO TEKCTa,



BKJIIO4Yast 65 PHCYHKOB M 4 Tabwil, Pykomuce cocrout u3 BBeneHus, 0030pa JHTEpaTYpEI,
METOJUYECKOH YaCTH, Pe3ylbTAaTOB 3KCIEPHMEHTOB M HX 00CY)KIEHHUS, BBIBOIOB, CITHCKA
JIUTEPATYPBL, COCTOSILErO U3 173 HauMeHOBaHUIA.

B mepsoii rmase npusenen 0030p ¥ aHANM3 JNUTEPATYPHBIX MAHHBIX [0 TeMe
AUCCEpTALMH. VI3710)KeHBI COBpEMEHHbBIE MpEeICTABIEHHS O CTPYKType aMOpP(HBIX CILIABOB.
[IpuBomsATCS BHABI MarHUTHOI AHH30TPONIHH, BO3HHUKAIOUIME B PE3yIbTATE 3aKAIKH H3
KUJIKOTO  COCTOSIHMSA, JHOO MHIYUMPOBAHHBIE DA3MHYHBIMU BHIAMH TEPMOOOPaOOTOK.
O6cy:xnaroTes penaKkcaroHHbIe TIPOLECCEL, IPOTEKAIOIIHNE [IPU HarpeBe aMOP(HBIX CILIABOB,
¥ (aKTOpbI, OTIpeseNIoHe YPOBEHD UX THCTEPE3UCHBIX MATrHUTHEIX CBOMCTB.

Bo BTOpoii ri1aBe npuBoaATCS COCTABEI B CBOMCTRA MOJZIEIBHOTO aMOp(HOro cIIIaBa
C OHCHb HU3KOH MarnurocTpukimed (A < 107) u aMOP(HEIX CILIABOB, NPHBIEKAEMBIX IS
OTTCHCHHUS OCOOCHHOCTEH CBOMCTB MEPBOrO U3 HHUX. 37eChH e JACTCsl OIUCAHHE METOIUK:
H3MEPCHUST THCTEPE3UCHBIX MArHUTHBIX CBOMCTB M MATCHHTHEIX IIyMOB, OOYCJIOBJIIEHHBIX
Ckaukamu bapkraysena; ompenenenus MarHUTOCTPUKIMH HACBIEHHS; TEPMHYECKOTO
aHalln3a; U3MCPEHHUs MAJIOYTIIOBOIO PACCESHUS PEHTTEHOBCKUX Jy4der; U3MEPEHHs U3THOHBIX
HAlPSHKEHUH; OIIPENeIEH ST [TapaMeTpa IIACTHIHOCTH.

B Tperbeii raase mucceprannu u3noxeHs: PE3YNbTATEI 9KCIEPUMEHTOB, BEISBJICHHDIE
3aKOHOMEPHOCTH ¥ UX (u3HMUecKast HHTEePIpeTAaLHs,

B nepBom paspgene Tperseii riassr H3y4eHBI IIPOLECCHI CTPYKTYPHOM pesakcanuu B
MOZCIEHOM CIIJIABE U X BIIMSHUE HA THCTEPE3UCHBIE MATHUTHbIE CBOMCTBA 1 HHTEHCHBHOCTh
MArHUTHBIX LIyMOB, 0OYCIIOBIEHHBIX CKauKamu Bapkraysena, XapakTep KpHBbIX 3aBHCHMOCTH
MArHUTHBIX CBOHCTB OT TEMIEpAaTyphl H30XPOHHOIO OTIKHTa, IPOBOAMMOIO HmKe Touku Kropu
(260 °C), ommo3HauHO CBHICTENILCTBYCT O DasBUTHH IPH STHX TEMIIEPATypax nporecca
CTAOW/IM3ALMM TIPAHWIl MATHHTHBIX JOMECHOB BCJICACTBHE  HAIPABJICHHOIO  YIIOPSIOYCHUS:
HadronaeTest 3GeKT TemmneparypHOro TpOBAJIA IPOHHULAEMOCTH; KO3PLUTUBHAS CHJla 06pasyer
FAPKO  BBIDKCHHBLY MaKCHMyM, a TaKkKe HaOOmaeTcs addext Tepmuueckoif oGpaTMOCTH
M3MCHCHUSI MAarHWUTHBIX CBOHCTB (IIOCIEC MpPENBAPHTENHHONO OTIKHra (I>Te) ¢ nocnemyrommm
OBICTPBIM OXJIXKIEHHEM BHOBB TPOUCXONUT JICTpaNalisl MarHHTHBIX CBOMCTB IIPH MOBTOPHOM
U30XPOHHOM OTIXKHTE).

Ilpu Temmeparypax orxura, HPEBbIIaomuX To4ky Kropu (260°C) Bozumkaer
Aerpananusg I'MC no otHomenmo k Tomy ux YPOBHIO, KOTOPBIH MOXXHO OBIIO GBI 0XKHIAT,
ecmd Obl B M3YyYEHHOM CIUTABE MPOMCXOMMIA TONBKO TOMOTEHU3aMsT aMOp(hHOM (a3l
[Tokazano, wuro HabmomaeMele npu  7,>T. 3aKOHOMEPHOCTH BBI3BAHbI IIporeccamu
KJIACTEpUHTIa, O 4EM CBMICTENBCTBYIOT [AHHBIE, IOJIyYEHHbIE JUCCEPTAHTOM METOLOM
MAJIOYTIIOBOIO PacCesHUsl PEHTTEHOBCKHX Jiydell. M3 3Tux maHHBIX CIIEAYET, YTO Pa3sBUTHE
KJIacTepusanud 0  TeMmIeparypel omxura 250 °C OTCYTCTBYET. HTEHCHUBHOCTH
MAJIOyIJIOBOrO PacCestHUs JOCTHIaeT arores Mpu TeMIIEpaType OTxKura B paiione 375 °C, a
3ateM npu 71, > 375 °C mpoucxoaur ee peskoe ymenbmenue. [locnenuss 3akoHOMepHOCTS
MHTEPIPETUPYETCS Kak P (PEKT YaCTHIHOrO pacTBOPEH S .

YCTaHOBIIEHO, YTO B U3yYEHHOM MOJIENBHOM CILIABE HaOIIOJaeTCsl BECEMA BBICOKAS
TIPOCTPAHCTBCHHAX OIHOPOJHOCTh MATHHUTHBIX IIYMOB TIO CPaBHEHWIO C TaKOBOH B
aMOP(HEIX CIUIABAX HA OCHOBE Kejesza C As ~ 35:10°%. Usmenenue KOJTHYECTBA CKa4YKOB



YeraHoBneHo Taxke, wyro CTabUIH3ALMS TPaHHL NOMeHOR BCJICNICTBUE HANpAaBIEHHOIO
ynopsnouenus (npu 7,<7,) npusomur x CYWCCTBEHHOMY YMEHBIICHHIO Kak MallbIX, TaK H
Oompmmx  craukos Bapxraysena, mo OZHOBPEMEHHO  0GYCIOBIMBaET JeTpagaIuro
TUCTCPE3UCHBIX MATHUTHEIX CBONCTR. Onpenenensr MHTCPBAJIBl  TEMIEpaTyp oTura,
KOTOPBIM OTBEYAIOT BIIOJIHE YAOBICTBOPHTEIBHEIE IHCTEPE3UCHbIE MariuTHBIE CBOHCTBA IpH
OIHOBPEMEHHOM  OTHOCHTEIBHO  HH3KOM YPOBHE  MAarHHTHEIX  INyMOB.  AHamm3
SKCIICPUMEHTABHEIX JaHHBIX TO3BOJIH AUCCEPTAHTY MPENIIONOKHTE, YTO Takas CHTYyallus
BOSHHKACT IPH HEKOTOPOH ONTUMATBHO] KOHLICHTPALMK KJIacTepOB.

Bo BTopom pasgede AUCCEPTAHT BIIEPBBIE I10KA3aJ, YTo Pa3sBUTHE U30TPOIIHOTO 110
KOMITO3HITHOHHOTO  GJIHIKHero HOpsIZIKA MOXET BHOCHTBL CBO BKJIaZl B Jerpamaiuio
MATHUTHEBIX CBOHCTB. CHemaHo 3akmoueHue o TEPMHUYECKOH o6GpaTumocTy TUCTEPE3UCHBIX
MAarHuTHBIX XapaKT€PUCTHK. DTOT 3 dexT GbL1 BiepsrIe 00Hapy’KeH mauccepTanTOM.

Tperuii pasaen nocesmen BBIABJICHUIO 3aKOHOMEPHOCTEH BIIMSHIS TePMOMAarHUTHOR
00paboTkH B momepeunonm MarHUTHOM IIOJIe Ha IPOHHIAEMOCTE MOJEIBHOIO CIiaBa. JToT
BUIl TePMUYECKOH 00paGoOTKH HMeeT To [IPCHMYIIECTBO, YTO OH CyIEeCTBEHHO YMEHBIIAET
BPEMCHHYIO  HECTAOHJIBLHOCTE  3TOrO CBOMCTBa.  [lucceprant OOBSCHHI,  moYemy
[IPOHHLAEMOCTE B 3aBHCHMOCTH OT TEMICPATYpEl  TEPMOMATHHUTHOI obpaboTka B
TIONICPEYHOM 10 H3MEHseTcs o KPHBOH ¢ makcumymom. OH Taroke II0Ka3an, 49ro

FI/ICTepe?;I/ICEI, BEIIMYHUHA KOTOpOro orBeyaer TEOPETHYECKUM IpeacKasaHusIM, HI/ICCCpTaHT
YCTaHOBHII PEXXKUMEBI O6pa6OTKI/I, oGecneqHBannme MaxKCHUMaJIbHEIE 3Ha4YeHUs
IIPOHUIIAEMOCTH U €& HOBBIHIGHHYIO BPEMEHHYIO CTa6PIJIBHOCTI>.

KOTOPBIC IPUCYIIH HCXOXHBIM 0Gpasman.

Coscem npyras KapTHHa HaOmonaercs B ciyuae OBICTpOro oXxmamenms mocie
omkura npu 390°C. Ilpu Beex IIPUMCHAEMBIX B paboTe yacToTax BIIEpBEIE HaOJIIOgANIAch
BECBMa OTYETIIMBO BEIPAYKEHHAS 3aBHCHMOCTE IIPOHHIIAEMOCTH OT IHaMeTpa Topouna. Kpome

B narom paipene U3YYEHO OOHapy:keHHOe AUCCCPTAHTOM SIBJIEHHE OGpaTHMOCTH B
TIpOLECCe OTIKUTA OCTATOYHBIX H3THOGHELX Aedopmanuit B nentax, CBOOOJHBIX OT BHEITHHX



HANPsDKEHUH. DTO SBICHHE TpPOSBISeTCS B TOM, 9TO BO BpeMs OTXKUIa CBOGONHBIX OT
BHCLIHNX HANPKCHUH JIEHTEI [10JBEpPraioTes TIOHOMY HIIM YaCTHYHOMY BBIIPSIMJIEHHIO.
OOBsCHEHHE OTKPBITOro  sBIEHUS AQHO B  pamKax MpEeIIONOXKEHHS, YTO [OJNHOe
BBIIDAMJICHUE JICHT NPOHMCXOAMT TOIZa, KOrla OHH HaxomITCs B YHCTO HEYIIPYroM
HaNPKEHHO-1e()OpPMEPOBAaHHOM COCTOAHMH, & HEIONHOE, KOT/a penaKcams HaNpsDKEHU
TIPHBOZUT HE TOJILKO K MOSBNEHHIO 06paTUMOIL HEYNIpYro# edopMaluu BCIIeICTBHE BSI3KOro
TeYeHHS — CyTy60 HeoOpaTiMoro mporecca,

Ilecroii pasmen moceamen M3YHCHHIO BOIPOCA O 3aKOHOMEPHOCTSIX BIIHSIHHMS
BEJIMYHHBI HCXONHBIX M3THOHBIX HANPSIKEHHH Ha ux PeJIaKCallio B IPOIECCE OTHKUIrA B
AMOPQHBIX CIIABAX Pa3sHBIX KIACCOR. Iloxasarno, w€ro ypoBeHs wuexomHEIX H3rHOHBIX
HAIPSDKEHUH MOXKET OKa3bIBATH BECHMA CHIBHOE HHUIMUPYIOIEE BIMAHUE HA Pa3BUTHE HX
PelaKcalliy B NpoLecce OTKUra. ITO OTHOCHTCS Kak K MOZCIBHOMY aMOp(HOMY CIIaBy Ha
OCHOBE KOOaNbTa, TaK M HAa OCHOBE jkejieza. B H3YYEHHBIX Oe3MEeTaIION IHBIX aMOpP(HEIX
CIUIaBax Ha OCHOBE KOOabTa 3 QEKT BIHAHUS BeTHIMHE] HCXOMHBIX U3THOHBIX HAIPSHKEHMI
Ha Pa3sBUTHE UX PeJlakcaluy BO BPeMsl OTIKHTa OTCYTCTBYET.

BrrsaBnennbre 3aKOHOMEPHOCTH B OTHOINCHHH XMMHYECKOTO COCTABA CIIaBOB, B
KOTOPBIX IPOSIBIAETCS ONUCAHHBIH 3((eKT, maror OCHOBAHHE CBSI3BIBATH €I'0 IOSIBJIEHHE C
XapaKTepoM  MEeXaTOMHOTO  B3aHMOMEHCTBHSL. Korna B cmmasax ¢ METaJUIOHIaMH
HAMPABICHHEIE CBSA3H KOBAJIEHTHOIO THIIA PE06IaaioT HaJl CBA3AMM METaIMYECKOro THIIa,
MMEIOLIMME C(HEPUIECKYIO CHMMETDPHIO, ONACAHHEL] a¢dext otcyrersyer.

Iokasano, uro B cyuae aMOpP(HBIX CIUIABOB, mis KOTOPBIX XapaKTePeH ONMHUCAHHBIH
BBIIE SQ(EKT BIHSHUA HCXOMHBIX H3rHOHEX HaNPSDKEHMH HAa Pa3BUTHE pPeNaKCallHOHHBIX
IIDOLICCCOB, SHEPIusi aKTUBALMU  SBIISCTCS ABYX(bakTopHOH BemmumHON. OHa 3aBHCHT He
TOJIBKO OT COCTaBa CIIJIaBa, HO H OT YPOBHS HCXOHBIX H3rUOHBIX HANPSKEHMIA, [Tostomy mms
STHX CIUIABOB PACCUMTAHHAA II0 KHHETHYECKHM PEJIAKCALMOHHEIM (DYHKIHSAM 3Heprus
AKTHBALMH HE MOXKET PACCMATPUBATHCS KAK XapaKTEePHCTHKA MaTepHaa.

B ceabmom pazpene M3YHCHBl 3aKOHOMEPHOCTH OXPYITYHBAHMS K OIlpeJieNIeHbI
YCJIOBHSL ONTHMH3ALMH MAardUTHBIX CBONCTB B OTCYTCTBHE BSA3KO-XPYIKOIO Mepexona B
MOZEIBHOM crutase. [lokasawo, uto mpu BapbUPOBAHMH BPEMEHH BBIAEPKKHU OT 5 110 600 MUK
TEMIIEpaTypa BA3KO-XpYNKOro  Mepexosa YMEHbIIaeTes or 335°C gmo 275°C w, wuro
SaBUCHMOCTb  TEMIICPATYPHl OXPYIYHBAHUS OT BPEMCHH  BBINEPKKH MOXKHO OIHCATE
YpaBHEHHEM Appennyca. OXpymumpaHue IIpH TeMIIEpaTypax OTXKHUIa BBIIE W Hmke 300°
OIIUCBIBACTCS Pa3HBIMH KHHETHYECKHMU apameTpamu. Onpenenen pexum TepMOo0OpaboTKy,
obecrieunBaromuii BecbMa BBICOKOE SHAYCHHE NMPOHMIAEMOCTH, PaBHOE OKOIO 50 000, Ge3
TIEPEX0Na H3yUEHHOTO CIIIaBa B XPYIIKOE COCTOSHHEE,

B BoceMom paspene AUCCEPTALNA PACCMATPHBACTCS BOIPOC O BIIASIHUM CKOpPOCTH
3aKAIKM W TEMIePaTypsl pasiuBKH HA KayecTBO IIOBEPXHOCTH M MAarHUTHBIE CBOHCTBA
aMOP(HBIX JIEHT CIIJIaBa, 00JIaNaloOIIero 0UeHb HU3KO MarHUTOCTPUKIHEH (1, < 10'7).

IToxasano, wro BapbUPOBAHHE CKOPOCTH 3aKalkKd K TEMIIEPATyphl pPa3IHBKH B
H3YYCHHBIX IIpelesiaX MPakTHUECKH He OTpaxaercs Ha BenmunHe ['MC, Benuuune BCIT
SHaueHHH TokH Kropu. B 1o e Bpems TApaMETPBI CIMHHUHTOBAHHS CYIIECTBEHHO BIIUSIOT
Ha Ka4eCTBO KOHTAKTHOM IOBEPXHOCTH JICHT. Hana wuHTepnperanus OOHapy’>KEHHBIM



SaKOHOMepHOCTﬂM, 6a3nponmaﬂc;1 Ha HNPEAIIONIOXKEHUH, YTO «IIOBEPXHOCTHBIN)» NHUHHHHT
I'paHuly JAOMCHOB, O6YCHOBHCHHBIﬁ TEMHU HapsKEHUSAMU, KOTOpBIC IIOpOXIOaroTCsa
IIOBEPXHOCTHBIMHU ,He(i)eKTaMI/I, H3-3a MaJIOCTH MAaruuTOCTPHUKIUU HE CKA3BIBAIOTCS Ha ypoOBHE
THCTEPE3UCHBIX MAarHUTHBIX CBOMCTB.

B nuccepranuonnoii pabote momyden psix CYLWIECTBEHHBIX HAYYHBIX PE3y/IbTATOB:

e Brepssle wusyuens SaKOHOMCDHOCTH  BIHMSAHHS  IIPOLECCOB CTPYKTYpPHOMI
PelaKcanuy Ha  XapaKTEePHCTHKH MATHUTHEIX IIYMOB, OOYCJIOBJIEHHBIX CKAYKAMMU
Bapkraysena B crmmaBe Ha ocrope kobanbTa. [Tokasano, uto mus HU3YYEHHOTO MOJIEIbLHOIO
CIlIaBa XapaKTe€pHa OTHOCHTEIHHO BBICOKAS IIPOCTPAHCTBEHHAS OAHOPOIAHOCTh MAIHHUTHEIX
IIyMOB.  YCTAaHOBJICHBI ~ PEIKHUMEI OTKUIOB, @pH KOTOPBIX (hOPMHPYIOTCS BecbMa
YAOBIICTBOPUTENIbHBIE THCTEPE3UCHBIE MATrHUTHLIE CBOWCTBA B COYETAHHH C HHU3KHUMHU
MarHUTHBIMH [IIyMaMH.

e  BrIgBiIeHbI 3aKOHOMEPHOCTH BJIMSHHS HANpPSDKEHHH H3rH0a Ha JHHAMUYECKUE
THCTCPE3UCHBIE MarHUTHEIE CBOMCTBa, H3MEPCHHBIE IIPH YaCTOTaX MArHUTHOTO IIOJSI OT 0,1
1o 20 xI'n. YcranoBieno, uro NIPH HU3KHX YaCTOTaX JUHAMHYECKAS KOSDLIUTUBHAS CUJIa HE
3aBUCHUT OT BEMYMHBI U3THOHBIX HANPSIKCHUH, a IIPOHUIIAEMOCTE, HAIIPOTHB, HE 3aBUCUT OT
STHX HANPSDKEHUH IPU BBICOKHX YacTOTaX MATHHTHOLO [0S H 3aBHCHUT OT HUX IIPH HU3KHX.
B ciyuae 06pasuos oxnaxnenHsx mocme BEICOKOTEMIIEpaTypHOro omkura (390 °C) B Boge,
OOHapy)XeH aHOMaJIbHBIi spdexr yBenuuenus IIPOHHIAEMOCTH C YBEIMYEHUEM H3TUOHEBIX
HaIlpsDKEHUH.

*  V3ydeHrl 3aKOHOMEPHOCTH BITHSHUS TCPMOMArHUTHOH 00paboOTKHU B monepevHoM
oJie Ha  IpOHHLACMOCTh H3YYEHHOTO MOZEIBHOrO  CILIABA. O6HapyxeHo, uTo
NPOHHMIAEMOCTD, KaK ()yHKIIHS TEMIICPATyphl OTXKUTA HIIH BPEMEHH BBIZICPIKKH, OIIUCHIBAETCS
KPUBOH C MAKCHMYMOM.

* OOHapyxeHO sBeHHe 0OpaTHMOCTH OCTATOYHBIX H3TUGHBIX HaIpsDKEHUH,
TIPOABILAIOIICECS B TOM, YTO B IIPOLECCE OTIKUIa CBOOOIHBIC OT BHELIHWX M3THOHEIX
HalpSOKEHUH  JIEHTBI aMOp(QHBIX CIIABOB IIOBEPralOTCs IOMHOMY HJIH YaCTHYHOMY
BBINIPSIMIIEHHIO.

e [IpuMeHHTENBEHO K MOZEIBHOMY CILTaBy C069Fe3,7Cr3,gSi12,5B1 | U K CIUIaBy Ha
OcHOBE kene3a FesgNijSigBs IIOK43aHO, YTO YpPOBEHb HCXOIHBIX H3TUOHBIX HanpsHKeHUH
MOXET OKa3bIBaTh BECbMa CHIILHOE BIIMSIHUE HA Pa3BUTHE MX PENAKCalMy B IPOLECCE OTHKHTA.

e Il3yyeHo BnusHue YCIOBHH CIMHHHHIOBAHHS HA MArHUTHEIE CBOWCTBA U
Ka4€CTBO IOBEPXHOCTH JIGHT aMOp(HOro crasa CosgFesNi oSi;iBis ¢ ouenbp Huzkoi
MarHUTOCTpuKIueit (1, < 10'7). [Tokazano, wuro BAPBPUPOBAHHUE CKOPOCTH 3aKAKH U
TEMIIEPATYPEI PA3NIUBKH B U3YYCHHBIX MPEENax IIPAKTHYECKH HE OTPAXKae€TCsl HA BEJIHUHUHE
THCTEPE3UCHBIX MarHUTHBIX CBOHCTB H BEIMUYHHE BPEMEHHOI0O Crazia MpoHULAEMOCTH. B To
XK€ BpEMS mapaMeTphbl CIIMHHWHTOBAHKS CYMCECTBEHHO BJIMAIOT HAa KAaY€CTBO KOHTAKTHOL
MTOBEPXHOCTH JICHT.

Brlmenepeuncienasie PE3YNIbTaThl SBJSIFOTCS OPUTHHATIBHLIMU WU YIOBJIETBOPSIIOT
TPeOOBAHUSIM HOBH3HEL, NPCABABIACMbIM K IUCCEPTALIHOHHOMN paGoTe.,



HpaRTuqecxaﬂ 3SHAYHMOCTL

*  Cdopmynuposansr IPHHIMIBL  BBIOOpA pPeX)HUMOB TepMUIECKO  06paGoTKy,
00ECIEYHBAIOMIIX ONTHMATEHEC MariiTHbIE CBOHCTBA B H3y4YeHHOM MOZEBbHOM CIuIaBe, a
TAKXKE yKa3aHBl HX KOHKPETHBIE HapaMeTpEL.

® HorcazaHo, UTO HU3YYEHHBIH MOJCIBHEINA CIIIaB o6na/:[aeT CPaBHUTEIBbHO HU3KHM

BHCIITHErO0 MAarHUTHOI'O I10J151.

° HOJIyquI:I HAAHHBIC II0 BIIUSIHHIO BpeMEHHU BBIICPIKKH IPpH OTXKUre Ha pa3Butue
mponecca OXpymyuBaHusg. Ha OCHOBE JTHX JaHHBIX YCTaHOBJIEHEI PEXKHUMEI OTXKHTa,
06CCH€‘II/IBaIOH_II/Ie IIoJIy4yeHue OIITHMAaJIbHBIX MarHuTHBIX CBOMCTB B cOoYeTaHuum c
YILOBHCTBOPHTCHBHOﬁ IUIaCTHYHOCTEIO.

JlocToBepHocTs HayumbIx PE3yJIbTaTOB nUCCEPTAMOHHOI paboTe! oGecneunpaercy
IIPOBEICHHEM  KOMITJIEKCHBIX HCCIICIOBAaHME €  WCHONB30BaHUEN Pa3THYHBIX

[V}

CPaBHCHHEM ITOJTYYEHHBIX Pe3yILTATOB ¢ JIUTEPATYPHBIMH JaHHBIMH,
Pesynbrater paGorsr OIyOJNMKOBaHEI B 13 [ICYaTHEIX paboTax B pedepupyempix

3ameuanus no AHCCEPTALHH
Xortenocs GbI BHIETE B TekcTe AUCCEPTALMK U B BEIBOIAX Goliee yeTkoe pasneneHnue Ha
HayYHBIC DE3yNbTATHL, MOTyYeHHBIE HCTIOCPENICTBEHHO aBTOPOM H Ha mx BO3MOJKHYIO
TPaKTOBKY, OCHOBaHHYIO Ha JUTEPATYPHBIX JAHHEIX.
K coxarnenuto, B 06mmx BbIBOZAX IO MHCCEPTALHH YeTKO He chopmymupoBano , kakue u3
0COOEHHOCTElH TUCTape3HCHBIX MarHUTHBIX CBOHCTB O0yCIIOBIIEHBI  HH3KOI]
MarHUTOCTPUKIHUEH H3yYeHHOro B pabore moxensHOro amophHOro cmnasa mHa ocHope
KoOaubTa.
B tekcre AUCCepTalKH U aBTOpeepara HCIOJIB3YIOTCS HEyNauHbIe TepMUHbT (amop¢uas
JICHTa, KJIACTEPHHT).

Chenannsie sameuanns ug p KOCH Mepe He CHHIKAIOT o0wel BBICOKOI omeHKH
PE3YIBTATOB, MOJIyYEeHHEIX B AHUCCEPTALMOHHOM padoTe.,



3aka04yenue

B asropedepare u mutHpyemsix craTbsix TIOJIHOCTBIO OTPAXKEHO COAEpIKaHUE PabOTEL.
V3noxkeHHblit B nuccepranum MATEpHal  CBHACTENBCTBYET O BEICOKOH — Hay4HOI
kamuQukanuu  I1.C. MorunbHukosa, a AUCCEpTalUsl  SBISETCS  3aKOHYEHHOM
KBaTHUKALMOHHON HCCIIe0BATEIbCKOM paboTol, MOCBALIEHHO PELICHHIO aKTyaJlbHOR
HAay4HOH mpOONEMBI, HMeOmel (yHIaMeHTATbHOE u [IPAKTUYECKOE 3HayeHue. Ee
PE3YJbTaThl MOTYT OBITH C YCIIEXOM HCIOJNB30BAHEL B [IPAKTHKE IPOBENCHUS HAyYHBIX
HCCIENIOBAaHUH B pslie HAayYHBIX OopraHusanuii Poccum: ML Y, MUCuC, HuctutyT (usuku
meraios YpO PAH, ITHUUWuepmer um. .IT. Bapnuna, UMET um. A.A. Baitkosa PAH u
pane npyrux. Kpome TOro oHH MOTYT GBITH HMCIIONB30BAHEL IIPY YTCHHH Kypca JIEKIHH 110
CIYIHANbHOCTH «()M3HKa KOHAEHCHPOBAHHOTO COCTOSHHD I «(hU3MKa MATHUTHBIX SBJICHMI)
B pszie 00pa3oBaTeIbHBIX yUpexKIeHuit PoccHu.

ITo axtyamemocth, moctoseprocty, HaydHO-METOAUYECKOMY YPOBHIO HCCIIENOBAHHS,
HAy4HOH HOBHM3HE M 3HAYHMOCTH IIOJYYECHHBIX Pe3yIbTaToOB AUCCEepTaLus, 0e3ycJOBHO,
COOTBETCTBYeET I1.9 «IlonoxkeHus o mopsmke IIPUCYXACHUS yUEHBIX cTeneHeiy BAK PO u
nacropra cnenuanbHOocTH 01.04.07 — «Duzuka KOHACHCHPOBAHHOTO COCTOAHHU». Ee aBTop
I1.C. MOrunbsHHKOB  3aciyKuBaeT MIPUCYIICHHUS.  yYEHOH CTENEeHH KaHAWAATa (DH3HKO-
MaTeMaTH4eCKnX Hayk 1o crnemuansioctd 01.04.07 — «Dusuxa KOHJIEHCUPOBAHHOT'O
COCTOSTHHSIY.

Huccepranuonnas pa6ora I1.C. MorumpHEKOBa «3aKOHOMEPHOCTH BIUSAHHUS [IPOLECCOB
CTPYKTYPHOH pellakcaluy Ha MarHUTHBIE CBOMCTBA H MEXAHHUECKOE NIOBENICHUE aMOP(HHEBIX
CIUIAaBOB HAa OCHOBE KOOAJIbTa C OYEHb HHU3KOIL MarHUTOCTpUKLHKEH (g < 10'7)» 3acilyliaHa u
O0CY)KHeHA HA 3aCENAHMM HAYYHO-TeXHHYeCKOoro Copera Mucrutyra MeramioBenenus u
(usuku meramaos OIYII «IHMW4epmer um. W.IT. Bapnuna» 1 nexabps 2016 r. (IpoToKOII
Ne 12).

3am. IIpencenarens HTC UMOM [THU uepmer,

K.T.H. i J/ / Kosases
Ny AnaTtonuit BanoBuy
Y/ W%

/

Yuennlii cexpuraps HTC,

K.(.-M.H. C((*/j( /( %/;;’ ) ®ununmnosa

Bapsapa IlerposHa



