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OBIIME OPTAHU3AILIMOHHBIE TTOJIOKEHWA

[IpakTtuueckue paboOThl — 3TO BUJ Y4eOHOM AESITENbHOCTH, HANPABICHHOW Ha
(dopMupoBaHUe U pa3BUTHE KOMIIETEHLIUNA U YMEHUH MPUMEHSITh TEOPETUUECKUE 3HAHUS
B IIPAKTUYECKOM JIEATETbHOCTH.

BrimonHenue mpakTuueckux paboOT uUMeeT 0co00e 3HAaueHHE MNpU H3YyYEeHUU
TEXHUUYECKUX JHUCLIMIUIMH: OHU SIBISIOTCS CBS3YIOIIMM 3BEHOM MEXIYy Teopuen u
NPAKTUKOW, S()QPEKTUBHBIM CpPEACTBOM BHYTPH- M MEXIPEIMETHBIX CBSi3ed U
CIIOCOOCTBYIOT (POPMUPOBAHUIO TEXHUUECKOTO MBIILICHUS.

PaGora Ha 3aHATHUAX HallelleHa Ha 3akKpeIuieHWEe TEOPETHUYECKUX 3HAHHM
MOJTYYEHHBIX MPU U3YUYEHHUH JEKIMOHHOTO MaTepHaa, a TakKKe pa3BUTHE Y CTYICHTOB
HaBBIKOB CaMOCTOSITEJIBHOTO MCCIIEJOBAHUS B 00JIaCTU MaTE€pUAJIOBEICHNS MaTepUalioB
C 0COOBIMM CBOMCTBAMHU C TIOMOIIbIO TPUMEHEHUS COBPEMEHHBIX METOJ0OB U
MHCTPYMEHTOB.

lens ocCBOEHUS AMCHMUIUIMHBI — OOECHEYEHHE TEOPETHUECKOM MOArOTOBKU
CTYJIEHTOB 10 MPOPUIIO CHeUaIbHOCTH. M3yueHne OCHOBHBIX CHEIUATIBHBIX, a TAKKE
(bu3NYeCcCKuX U MEXaHMYECKUX CBOMCTB METAJJIOB M CIUIABOB C OCOOBIMH CBOMCTBaMHU.
OOydeHue CTyIeHTOB Hay4YHbIM OCHOBAaM BbIOOpa Marepuaia ¢ 0COObIMU CBOMCTBaAMU
JUIS pelIeHus Cel[MalbHbIX TEXHUUECKUX 3aay.

B pesynbrare OCBOEHMS [aHHOM AMCHUIUIMHBI Yy CTYACHTOB (QOpPMUPYIOTCS
OCHOBHBIE TpodeccroHaIbHbIe KOMIETeHIIMH, oTBeuatomue Tpedosanusim OGI'OC BO,
K pe3ynsraram ocBoeHust OIIOIT BO no nvanpasnenuto 22.03.01 «MarepuanoBeneHue u
TEXHOJIOTUU MaTepUaoBy.

OOyuaromuiics  JOJDKEH  J€MOHCTPUPOBaTb  pe3yiabTaTbl  00Opa3oBaHuS,
cootBeTcTBYtommMe kommereHuusam [1K-1, TTK-2.



IpakTnueckas padora Nel

MAT'HUTHBIE CIIJIABBI

Oo0mmmue cBexeHus

TepMUH «Mar"HuT», KaKk TMPaBUJIO, HCIOJB3YyeTCS B OTHOIICHUH OOBEKTOB,
KOTOPBIC UMerom coOCmeeHHoe MASHUMHOE NoJle 0adice 8 OMCYMCmMeUe NPULOHCeHH020
MASHUMHO20 NOJIA.

Takoe BO3MOXXHO JIMIIIb B HEKOTOPBIX KJlaccaX MaTepUalioB.

B OonpmIMHCTBE KE€ MaTepUAIOB MACHUMHOE NOJe NOABNAEMCA 8 CBIA3U C
NPUNONCEHHBIM_BHEULHUM MASHUMHBIM NOJIeM, dTO SIBJICHUE U3BECTHO KaK MATHETH3M.

CyIIeCTBYET HECKOIbKO MUunog MdacHemusmd, U 8ce Mamepuaibl UmMen, no
Kpaunel mepe, 00Ut U3 HuXx.

B 1nienom noBejieHMe MarHUTHOTO MaTepualia MOXET 3HAYUTEIIbHO BapbUPOBATHCS
B 3aBUCHMOCTH OT CTPYKTYpbl Marepuajga ¥, HE B TOCJICAHIOI OdYepellb, €ro
AIIEKTPOHHOUN KOH(PUTYpaIIHH.

MHOTOYUCIIEHHBIE OIBITHI CBUAETEIBCTBYIOT O TOM, YTO 8Ce geuecmad,
NOMEU|eHHbIE 68 _MACHUMHOE _NoJe, HAMASHUYUBAIOMCS U __CO30aion.__coOCmEeHHoe
Ma2HUmMHoOe _noJjie, 0elcmeue _Komopo20 CKAA0bleaemcs ¢ 0eUCmeuem__6HeuHne20
MASHUMHO20 NOJISL.

B~ =B~0+B™1
rae B — mMmardurTHas HHAYKIWA IIOJISI B BCIICCTBE,
B~0— MarHuTHas UHAYKOUA I10JISI B BAKYYMC,
B~1— MarHuTHasa UHAYKOUA ITOJISI, BO3SHHUKIICTO 6nar0z[ap5{ HaMaroHnymBaHHU O

BELIECTBA.

BemectBo MoxxeT 1100 yCHIIMBAaTh, IMOO 0CIIa0IATh MAarHUTHOE TOJIE.

BiisiHue BelecTBa Ha BHEIIHEE MAarHUTHOE T0JIE XapaKTePHU3yeTCsl BEINYUHON
L, KOTOpasi Ha3bIBAETCSI MATHUTHOM NPOHUIIAeMOCTHIO BemecTBa B =B/ Bo.

MarnuTHasi NPOHHULAEMOCTb — 2MO Qu3uyeckas CKANAPHAsS GelUdUHd,
HOKA3b18AIOWdsl, 80 CKOINbKO pa3 UHOVKYUA MASHUMHO20 NONA 8 OAHHOM 6euecmese
OMAUYAemcs om UHOVKYUYU MAeHUMHO20 NOJs 8 8aKYYMe.

Bce BemecTBa COCTOAT U3 MOJIEKYII, MOJIEKYJIBI - U3 aTOMOB.

OneKkTpoHHbIE O00JIOYKM aTOMOB MOYKHO YCJIOBHO paccMaTpHUBaTh COCTOSIIMMHU
U3 KPYTOBBIX JJIEKTPUUECKUX TOKOB, OOpPa30BAHHBIX ABMKYIIUMHUCS HIIEKTPOHAMHU.

KpyroBeie snexkTpuyeckue TOKM B aromMax JOJDKHBI CO3/1aBaTb COOCTBEHHBIE
MarHUTHBIE TTOJIS.

Ha »snexrpuueckue TOKM JOJKHO OKa3blBaTh JIEWCTBUE BHEIIHEE MAarHUTHOE
nojie, B pe3yjibrare 4Yero MOXHO OXHUAAaTh JIMOO YCWJICHHS MarHUTHOTO TOJS TMpHU
COHAIpPABJICHHOCTH aTOMHBIX MArHUTHBIX IOJIEW C BHEUITHUM MarHUTHBIM IOJIEM, JTHOO




ux ocJ1a0eHus npu ux POTUBOMOJIOKHON HaIPaBICHHOCTH.

['mnoTe3a O CylIeCTBOBAaHMM MAarHUTHBIX IIOJIEM B aroMax M BO3MOXKHOCTH
M3MEHEHHMsS]I ~ MAarHUTHOTO  TOJIE B BEHIECTBE  MOJHOCTBIO  COOTBETCTBYET
NeNCTBUTENBHOCTH.

Bo Bcex ciydasix u3aMeHeHre MarHUTHOTO TOJisi 00YCJIOBIIEHO MOSBJICHUEM TOKOB
HAMarHWYeHHOCTH.

Ecnu nosne TOKOB HaMarHMYEHHOCTH HAMpaBiIeHO Tak K€, KaK M BHEIIHEe IMoJe,
TO MHAYKIUS CyMMapHOro mnoiisg Oyaet Oounbiie BHemHero nois (Puc. 71. a) — B aTom
cllydyae Mbl TOBOPUM, YTO BELIECTBO YCUJIMBAET IOJIE.

Eciun ke mone TOKOB HaMarHMYEHHOCTH HAMpPaBICHO MPOTHUBOMOIOKHO
BHEIIIHEMY MOJI0, TO CyMMapHoe mojie OyaeT meHsblie BHemHero nons (Puc. 71.6) —
MMEHHO B 3TOM CMBICII€ MBI TOBOPUM, YTO BELIECTBO OCIAOISIET MATHUTHOE TIOJIE.

MarauTHele  CBOWCTBAa  pa3dWYHBIX  BEIIECTB  00JAJAlOT  TPOMaIHBIM
pazHoOOpa3ueM.

MMeeTcsi HECKONBKO KJIACCOB BEIICCTB, MPUHIIMITHAAIBHO Pa3INYaIONIUXCS 10
CBOMM MarHUTHBIM CBOMCTBAM:

- HEKOTOpBIC OCA0JAIOT BHEIIHEC MarHUTHOE Mose (IMoJo00HO TOMY, Kak BCe
TVBJICKTPUKH OCIIA0JISIOT SJICKTPUYECCKOE MT0JIC) — OHU HA3BIBAIOTCS IMAMATHETHKAMM;

- HEKOTOPBIC YCHUJIMBAIOT €r0 — OHU HA3bIBAIOTCS MapaMarHeTHKAMH.

Takoe pacnpocTpaHeHHOE BEIICCTBO, C KOTOPOTO W Hadajgach UCTOPHUS U3YyUCHHSI
W HCIIONh30BaHUS MarHeTH3Ma, Kak jeJie30, OTHOCUTCS K 0COOOMY KJIacCy, KOTOPOMY
OHO W J1aJIa Ha3BaHUC — (heppPOMArHeTHKH.

3amMeTuM, YTO BEIICCTBA, B3AMMOACHCTBYIOIINE ¢ MAaTHUTHBIM TIOJIEM, TTOTYYHITH
00o001Iaro1Iee Ha3BaHUE — MATHETHKH.

Takum oOpa3om, Bce BemIeCTBAa IO JCHCTBHIO HAa HUX BHEIIHETO MAarHUTHOTO
MOJISL ¥ CTETICHU MAarHUTHOW BOCTIPUMMYMBOCTH MaTepUajioB MOXKHO Pa3ie/iuTh HA MpU
OCHOGHbLE ZPYNNbL: OUAMACHEMUKU, NAPDAMAZHEMUKU U (heppomMazHemuKu.

@eppoMarHeTHKH — MaTePHAIIbl, KOTOPbIE OOBIYHO M CUMTAFOTCS MAarHUTHBIMH.
OHU npumseusaromcs K _MazHumy OOCMAmoyHO CUlbHO — TaK, 4YTO TPHUTSHKCHUE
omrymaetcs. ToabKo dmu Mamepuaibl MO2Ym _COXPAaHsams HAMASHUYEHHOCHb U CIanmb
NOCMOSAHHLIMU MASHUMAMU.

IMapamMarHeTHKH —  geuecmea, OMHOCAWUEC K _KIACCy eppomacHemuros
TakWe, KaK TUIaTHHA, AIFOMHHUN WM KHCIOPOA, KOTOPBIC CI1a00 Npumsieusaiomcs K
Mmaznumy. Omom__s¢hexm 6 _comnu__mvicay__pas _ciabee, uyem Npumsdicerue
QeppomacHumHblx _Mamepuaios, TOITOMY OH MOXKET OBITh OOHApYXEH TOJIBKO C
MTOMOIIBIO0 YYBCTBUTEIBHBIX HHCTPYMEHTOB MJIM OYCHBb CHUIBHBIX MarHUTOB.




JInaMarHeTUKH — 6euecmed, HAMASHUYUBAIOWUECS _NPOMUE _HANDAGLCHUS]
sHeWHe20 MacHumuo2o nous. JuamacHumubsle sewiecmedq, TaKWe KaK YIIIEPOA, MeEb,
BOJIa W TUIACTHKH, ommankusaiomcs om maenuma. IIpOHUIIaEMOCTh JUaMarHUTHBIX
MaTepHuasioB MEHBIIIE IPOHUIIAEMOCTH BaKyyma. Bce gewecmesa, ne obnadarouiue 0OHUM
U3 _Opy2ux_Mmunoé _MAacHemusma, A6IAImMcs  OUdMASHUMHbIMY, K HAM OTHOCHTCS
OOJIBIINHCTBO BEIIECTB.

MarnuTHasi BOCIPHMMYMBOCTD — CHOCOOHOCHIb —HAMASHUYUBAMbCS 8
MA2HUMHOM noJle, Onpedensemcs OmHOUuleHueM HAMASHUYEHHOCIU eOuHuybl 00véma
seulecmea K HanpAXCEHHOCMU HaMACHUYUEAOWe20 MACHUMHKO20 NOJA.

ITo cBOEMY CMBICITY BOCTIPUMMYHMBOCTD SBIISIETCS GEIUUUHOU Oe3DAZMEPHO.

x=J/H
rie  J — HaMarHMYCHHOCTH BEIIECTBA O] JICHCTBUEM MAarHUTHOTO TOJIS,
H— HanpspKEHHOCTh MAarHUTHOTO TTOJIA.
PeanmbHble  00OBEKTBI MOTYT 00JIalaTh KaK  TIOJOKUTCIBHBIMH, TaK |
OTPUIATCIIBHBIMA MarHUTHBIMH BOCTIPHUMYHBOCTSIMH.

JAMaMarHeTUKU - gewecmed ¢ OmpuyamenbHou 60CHPUUMYUBOCINbIO — UX
HAMACHUYEHHOCMb N0 _HANPAEJIeHUI0 NPOMUEONON0ACHA NPUNOHCEHHOMY MAHUMHOMY
noJo.

MeppoMarHeTHKH obnadarom NOA0ACUMENILHOU B0CNPUUMYUBOCHIBIO,
Hanpumep, NapamazHemuKu.

MaruuTtHasi BOCIIPUUMYHMBOCTh JAUAMArHeTHUKOB M IapaMarHETUKOB Mania (JJist
JIMaMarHETUKOB OHA OTPMIATENLHA) M COCTABISAET BeaMuuHy nopsaaka 10— 107°, npu
ATOM OHa IMPAKTUYECKU HE 3aBUCUT OT HANPSHKEHHOCTH NPUIOKEHHOIO MAarHUTHOTO
TOJISL.

3aMeTHbIE OTKJIIOHEHUs HAOJIONAIOTCS TOJBKO B OOJACTH CUJIBHBIX TMOJEH WM
HU3KUX TEMIIEPATyp.

B deppoMarnetukax MarHuTHas BOCHPHUUMYHUBOCTH MOXKET JOCTUTaTh BecChMa
OOJBITUX 3HAYCHUHN, COCTABIISAS BEJIUYMHBI OT HECKOJIBKHUX JIECSITKOB JO MHOTUX THICSY
enuHull, npuuéM HaOmonaercss €€ CUJIbHAas 3aBUCUMOCTh OT HaNpPsKEHHOCTH
MPUIIOKEHHOTO MOJIA.

B orcyTrcTBHE 1011 MarHWTHAs BOCIIPUMMYHUBOCTD (heppomazHemuKkos OTIndHa
OT HYJISI U UMEET HEKOTOPOE IOJIOKUTEIBbHOE 3HAUCHUE ), , HA3bl@AeMOe HAYAIbHOU
MASHUMHOU 80CHPUUMYUBOCHIBIO.

C yBenuueHueM Hanpaxicénnocmu nona H BennurHa BOCIPUMMYUBOCTH PACTET,
[I0OKa HE JTOCTUTHET MAKCUMANbHOU MASHUMHOU BOCNPUUMYUBOCTNU Ymax, TIOCIIE YETO
BHOBb YMEHBIIIAETCS.

B o0mactu oyeHb CWIBHBIX TIOJIE  MarHuTHas  BOCHPUUMYHUBOCTH
dbeppoMarneTukoB (MpU TeMIleparypax, He O4deHb OMM3KUMX K Touke Kropu) mamaer
MPaKTUYECKU JO HYJSA, CPaBHUBASICh C BEJIWYHHOW BOCIPUUMUYMUBOCTH OOBIYHBIX
napamaznemukoe (3Ta 00NacTh MapaMeTPOB HA3BIBAETCA 00JIaCThI0 Mapanpouecca).

Buxg 3aBucMMOCTM MarHMTHOW BOCHPUUMYHUBOCTH  (DeppoMarHeTUka OT




HaIpsHKEHHOCTH HaMarHUYMBAIOIIETO MOJs HOCUT HazBaHue CTojieToBa W 00YCIIOBJICH
CJIIOKHBIMU ME€XaHW3MaMU HaMarHU4YMBaHUs GeppoMarHeTukoB (puc.l).

Maenumnas __eocnpuumyusocms OONBIIHHCTBA BEIISCTB (32 HCKIIOYCHHUEM
OoJbIIel YacTh TMAaMarHETUKOB W HEKOTOPBIX MapaMarHETUKOB OOBIYHO 3a8ucum om
memnepamypbl_6eulecmea.

Y  napamaznemuroé - MmacHUmMHAS  BOCNPUUMYUBOCIL  YMEHLULACMC  C
memnepamypoll.

Y geppomacnemukos macHumnas 60CnpUUMYUBOCINL C POCHIOM _MEMNEPamypbl
Veenu4yueaemcsl, 00Cmu2as pe3ko2o maxkcumyma eonuzu moyuxu Kropu.

.;ﬂh

Puc.1. Kpuas 3aBUCMMOCTH MarHUTHON BOCIPUUMYHMBOCTH OT HANPsHKEHHOCTH
MarHuTHoro nosst CroyeroBa
TunuyuHble 3HAYCHUS Y, , Ymax: F€ ~1100 1 ~22000; Ni~12 u ~80
cruiaB nepmaioit ~800 u ~8000 (B HOpMANbHBIX YCIOBUSX).

Tunnl MAarHeTHKOB

B ormnnune OoT AMIIEKTPHKOB, KOMOPble 6Ce20d_YMEHbULAION HANDSANCEHHOCb
DNEKMPUYECKO20 NoJisl, -

MATHETHKH MO2VM, KAK VYMEHbUAmb UHOYKYUIO BHEeUHEe20 MASHUMH020 NOJIS
(0151 omux _eewecms MATHUTHAsi BOCNPUUMYHBOCTL__ompuyamenvhia y < _ 0,
MATHUTHAas IPOHUIIAEMOCTb__MeHbule edunuybl y < I), mak ee u ygseiuuusamo (s
omux_eewecms y > 0, a u > 1), npuuem 8 HeKOmMoOpbiX CAVYASIX 6eCbMd_3HAYUMEAbHO
(02151 Hux y >>1).

PaccMmoTrpum Gonee moapoOHO OCHOBHBIC KJIACCHI MATHETUKOB M MEXaHU3MBI UX
HaMarHA4YHBaHU.

JAnamarveTuku

ﬂuwnazuemummu Ha3bIBArOTCs BCUICCTBA, MOJICKYJIBI KOTOPBIX HC 06naz[a}0T
COOCTBEHHBIM MAarHUTHBIM MOMEHTOM.



[Toxm neficTBHEM BHEIIHETO MAarHUTHOTO IOJISI B aTOMaX W MOJICKYJIaX HaBOIHUTCS
(MHIYIUPYETCs) MArHUTHBIM MOMEHT, HAIPABJICHHBIA IPOTHBOIOIOKHO BEKTOPY
WHIYKITUU BHEITHETO TOJIS.

JlnamMarHeTHKU 00JIaal0T OTPHUIATEIBHOH MAarHUTHON BOCIPUUMYHUBOCTHIO.

OHM HaMarHUYHMBAIOTCS MTPOTHUBOIIOJIIOKHO MPHIOKCHHOMY MarHUTHOMY TIOJIO U
TaKuM 00pa3oM OCJIa0JISIOT €ro.

Takoe HampaBlIeHHE WHIYIIUPOBAHHOIO MAarHUTHOTO MOMEHTA MPUBOIUT K TOMY,
YTO JUAMArHETUKHU BHITAIKUBAIOTCS U3 MArHUTHOTO TTOJIS.

B oTcyTCcTBHE BHENTHETO MAarHUTHOT'O TIOJIS JUAMArHETHKH HEMarHUTHBI.

[Ton neficTBHEeM BHEIIHETO MarHUTHOTO TTOJIS:

— KaXIbIH aroM JWaMarHeTHKa TMpUOOpeTaeT MAarHUTHBIH MOMEHT [

MPOITOPIIMOHANIHBI MarHUTHOW WHAYKIWH B W Hanpasiennwviii Hascmpeyy
nouto (1),

— KaXJas equHuIa 00béMa — CyMMapHYIO HaMarHH4eHHOCTh M.

[TopTOMy MarHWTHas BOCHPUUMYHBOCTE ¥ = M/H y nmamarseTukoB Bceraa
OTpHIIaTEIIbHA.

Ilo abconromnoul senuyune OUaMasHUMHAsA 80CHPUUMYUBOCHIL Y Mand U ci1abo
3a6ucum KaxK om HanpsjiceHHOCMU MAZHUMHO20 NoJid, MaxK U om memnepamypbi.

Jlpyrumu ciioBaMu, MarHATHAs BOCIIPUMMYHUBOCTD ¥ < 1 1 c1ab0 3aBHCHT KaK OT
HaNpPsHDKEHHOCTH MarHUTHOTO ITOJIS, TaK ¥ OT TEMITEpPaTyphl.

ﬂuCZMCZZHuWZHblIZ acbcbekm npucyul ecem eeutecmeam bes UCKJIIOUYEHUAL, 00HAKO 60
MHOSUX CAVYUAAX OH MACKUPYEMCA dpvewwu DoJ1ee CUNbHbIMU MASHUNMHbIMU A6/ICHUSMU.

K nmamarHetvkam OTHOCSATCA MOAYNpoBOAHUKH (Si1, Ge), IUANEKTPUKU
(monumepsl), psAll HEMEPEXOAHBIX METaIOB, TakuX Kak Be, Cu, Ag, Pb.

Jis  OONBIIMHCTBA  JUAMAarHETMKOB HAMarHMYEHHOCTb MPONOPILMOHATIbHA
WHIYKIUH BHELIHETO IMOJS.

Kpome TOro, wux BOCHPUUMYUBOCTH (M COOTBETCTBEHHO, MAarHUTHas
MPOHUIIAEMOCTb) MIPAKTUYECKHU HE 3aBUCST OT TEMIIEPATYPHI.

ITapamarneTuku

Ilapamaznemuku — BEIIECTBA, MOJICKYIIBI, KOTOPBIX 00Jagal0T COOCTBECHHBIM
MarHUTHBIM MOMEHTOM.

Bo BHemHeM MarHuTHOM IIOJIC TapaMarHeTHMKA HaMarHUYHMBAIOTCSA  I10
HAIPaBJICHUIO BHEIIHETO IIOJII, 4YTO TIPHUBOAUT K YCWICHHIO TIOCIICIHETO.

[TapamarHeTHKN XapaKTEPU3YIOTCS CIa00il HaAMarHWYEHHOCTBIO TOJ JICHCTBHEM
BHEIIHETO IOJIS.

K nmapamaraerukam otHocsTcs K, Na, Al, a Takke Takue MepexoqHble METaJITbI,
kak Mo, W, Ti.

IMapamMarHeTHKH - gewecmedq, KOmopbvle HAMASHUYUBAIOMCS 80 GHEUlHeM
MACHUMHOM_NOJe 8 _HANPAGICeHUU _6HeuHe20 macHumno2o _nois (J11H) u umerom
NOJIONCUMENLHYIO MASHUMHYIO 60CNPUUMYUBOCHLD.

[TapamMarHeTHKA OTHOCATCS K CIAOOMACHUMHbIM _8eUleCm8am, MASHUMHAS
NPOHUYACMOCIb HE3HAYUMEIbHO OMIUYAemcs om eOunuybl 1 > 1.




Tepmun «Ilapamarmetusm» BBEN B 1845 rogy Maitkn @apanei, KOTOPBIi
pasgenun Bce BemiecTBa (Kpome (GEppOMarHUTHBIX) Ha JAWa- U TapaMarHUTHBIE.

ATOMBI (MOJEKYJAbl WM MOHBI) MapaMarHeTuka o0JaJalT COOCTBEHHBIMU
MarHUTHBIMM MOMEHTaMH, KOTOPbIE MOJA JCHCTBUEM BHEIIHUX MOJEH OPUEHTHPYIOTCS
MO TOJII0 U TEM CaMbIM CO3JAI0T PEe3YyJIbTUPYIOIIEE T0JIe, MPEBBIIIAIOIIEEe BHEIIHEE.
[lapamarHeTuku BTSATUBAIOTCS B MArHUTHOE TOJIE.

B omcymcmesue enewineco macHumnozo nojs napamasHemux He HaMASHUYEH,
MAaK KaK u3-3a _menjio8oeo OBUICEHUS COOCIEEHHbIe MACHUMHbIE MOMEHMbL amoMo8
OPUEHMUPOBAHYL COBEPUIEHHO DECNOPIOOYHO.

K mapamarnetrukam otHocsiTcs amoMmuHuit (Al), miuatuna (Pt), MmHOTHE Apyrue
MeTasulbl (IIEJTOYHbIE U HIEJIOYHO-3€MENIbHbIE METaJUIbl, a TakKXe CIUIaBbl ATHUX
MetaiioB), kuciopoa (0O,), okcua azora (NO), okcua Mmapranua (MnO), xmopHoe
xene3o (FeCls) u npyrue.

llapavacnemukamu cmanosamcs _¢heppo- u awmugeppomasnumusle seuiecmesa
npU___memMnepamypax, Nnpesvliuarouiux, coomeemcmeenno, memnepamypy Kiopu
(Temmnepatypy ga3zoBoro rnepexonua B napaMarHUTHOE COCTOSTHUE).

B oTcyTcTBMM MarHMTHOrO IMOJIE MarHUTHbIE MOMEHTHI aTOMOB U MOJEKYI
BCJIEICTBHE TEIJIOBOTO JIBH)KEHUSI OPUEHTHUPOBAHBI XaOTHUECKHU, MOITOMY HMX CpPEAHSS
HAMarHM4eHHOCTh paBHA HYJIO (PUC. HIKE U pHC. 75).

[Ipy HaNMOXKEHUU BHEIIHErO0 MATHUTHOTO MOJIS Ha aTOMbl U MOJEKYJIbl HAYMHAET
JeCTBOBaTh MOMEHT CHJI, CTPEMSIIUUCS MOBEPHYTh HMX TaK, 4TOObl MarHUTHBIN
MOMEHT ObLI OPUEHTHPOBAH MapaleIbHO MOJIO.

OpueHTanusi MOJEKyJd IapaMarHeTHKa MPUBOAUT K TOMY, 4YTO BEIIECTBO
HaMarHU4MBAETCs, TO €CTh MPUOOPETAET MAaTHUTHBI MOMEHT.

HapaMaFHCTI/IK B OTCYTCTBUC MATrHUTHOTO IT10JIA

HapaMaFHeTI/IK B IIPUCYTCTBHUU ¢J1a00T0 MAarHUTHOTIO ITOJIA



HapaMaFHCTI/IK B IIPUCYTCTBHUU CUJIBHOI'O MArHUTHOTO IT10JIA



TakuM 00pa3oM, MarHUTHOE IOJI€, CO3/IaBACMOE WHAYIIMPOBAHHBIM MarHUTHBIM
MOMEHTOM HalpaBJICHO TaK e, KaK U BHEITHEE T0JIC.

To ecTb, napamacnemuxku yCUiuearom_sHeuirnee noe.

VYka3zaHHOC HaMarHMYMBaHWE MPUBOJUT K TOMY, YTO IapaMarHCTHKH
BTATHUBAIOTCA B 00J1aCTh 00JIee CHIBHOIO MAarHUTHOTO ITOJIS.

[TonHO#M opHMeHTAlMA MOJEKYI B MArHUTHOM IIOJIE IMPEHSTCTBYET HX TEIMIOBOE
JIBHOKEHHE, IIOXTOMY MArHUTHAs BOCHPUHMYMBOCTHL ITaPAMAarHETHKOB 3aBHUCHUT _OT
TEMIIEPATYPBL.

O4eBUIHO, YTO C POCHOM__MeMnepamypbl MASHUMHAS 60 CHPUUMYUEOCHLb
napamacHemuKos YMeHbULAemcsl.

OnucaHHBIH MeXaHW3M HaMarHWYWBaHWUS TPUCYII Py Ta30B (Hampumep,
KHCIIOPOAY, a30Ty), pPacTBOpaM HEKOTOPBIX COJeH (B KOTOPBIX IMapaMarHeTU3M
OOYyCJIOBJICH HaJIMYUeM COOCTBEHHBIX MAarHMTHBIX MOMEHTOB Y HOHOB METaJlIOB,
nanpumep, xpom Cr >, mens Cu **, meogum Nd *).

Heckonbko MHOM MEXaHW3M HaMarHWYWBAaHUS PEATM3yeTCs BO MHOTHX METajlIax
(HanmpumMmep, TUTUN, HATPUW, MarHui, AJTIOMUHUHI U JIp.).

BonpmMHCTBO  (PM3MYECKUX  CBOWCTB META/UIOB  (TaKUX KaK  BBICOKHE
TEIJIONPOBOHOCTh W DJIEKTPOIPOBOIHOCTh, XapaKTCPHBIH METAUIMUECKUH OJIeCK)
00yCJIOBJIICHO HAJIMYMEM B KPHCTAJLIAX 3HAYUTEIIHHOTO YHCIIa CBOOOIHBIX JIEKTPOHOB.

Kaowcowui  snexkmpon__obnadaem coOCmMEEHHbIM __MeXAHUYECKUM __MOMEHMOM
(Komopbwlil_ makKce Haszviéaemcs, CIMH) U CEA3AHHbIM C HUM _COOCMEEHHbIM MACHUNHbIM
MOMEHNOM.

[TapamarHeTr3aM 3THX BEHISCTB OOBSACHACTCS OpHUCHTAIMEl  CBOOOMHBIX
AIIEKTPOHOB B MAarHUTHOM ITOJIC.

BaxHO TTOYEPKHYTh, YTO MarHUTHBIC CBOMCTBA BEIICCTB B TBEPAOM COCTOSTHHH
3aBUCSAT HE TOJIBKO OT MX XHUMHUYECKOTO COCTaBa, HO U OT CTPYKTYPhI KPUCTAITMICCKON
PCIICTKH.

SpkuM TIpUMEpPOM, TOATBEPIKAAIONIMM 3TO YTBEPIKICHHE, SIBISICTCS OJIOBO.

N3BecTHBI IBe MOAU(DHUKAIIMK 3TOTO METaJlIa B TBEPJIOM COCTOSHUU: OEJIOE OJIOBO
SIBIIICTCS ITApaMarHETUKOM, a CEPOe — JTMAMAarHETHKOM.

DeppoMaArHeTHKH

@Deppomaznemuru 0071a1a10T BBICOKOW MAarHUTHON BOCITPUMMYHUBOCTHIO.

N3 BCcex MeTaIOB TOJIBKO YEThIPE — KeJie30, KOOAAbT, HUKeIb U TaJl0JuHUil
— 001a0arm 8blCOKUMU PeppoMaASHUMHBIMU CBOUCMBAMU.

OTKpbITHE, TEPBBIE HCCICAOBAHUS W TMPUMEHEHUS] MarHeTu3Ma CBSI3aHbI C
JIOCTATOYHO YHUKAJIBHBIMH MAarHUTHBIMU CBOWMCTBAMH TaKOro paclpoCTPaHEHHOTO
BEIIECTBA KaK METaNINYECKOE KeJe30.

Camo Ha3BaHHME OJTOr0 KJlacca MATHUTHBIX MAaTepHAJIOB MPOUCXOAUT OT
JATUHCKOTO UMEHU *keie3a — Ferrum.

I nasnas ocobennocms d9mux eewecms 3aKa04aemcs 8 CHOCOOHOCIMU COXPAHAMb
HAMA2HUYEeHHOCMb 8 OMCYMCMBUU BHEUHEe20 MACHUMHO20 NOJIA.

Bce mocTostHHbIE MarHUTBI OTHOCSITCS K KJ1accy eppoMarHeTUKOB.




Kpome xenesa ¢deppoMarHUTHHIMH CBOMCTBAMHU OO0JIAJIAlOT €r0 «COCEAN» IO
Tabnuie MenaeneeBa — KOOAJBT U HUKEJIb.

deppoMarHeTUKN HAXOJAT IIUPOKOE MPAKTHUECKOE INPUMEHEHHE B HayKe MU
TEXHHKE, TI03TOMY pa3pabOTaHO 3HAYUTEIBHOE YHCIO CIUIABOB, OO0JIAJAONIUX
pa3IuYHbBIMU (DEpPOMArHUTHBIMHU CBOMCTBAMM.

Bce mnpuBenennbie mnpumepbl (EeppOMarHETMKOB OTHOCSTCS K MeTajulaM
NEPEXOAHON TpYMNIbl, 3JIEKTPOHHAsT 000JIOYKa KOTOPBIX COJAEPKUT HECKOJIBKO He
CHApEHHBIX JJEKTPOHOB, YTO M MPHUBOJUT K TOMY, YTO O3TH aTOMbl 00JagaroT
3HAYUTENIbHBIM COOCTBEHHBIM MarHUTHBIM MOMEHTOM.

B kpuctannuyeckoM cocTossHUM Onarogapsi B3aMMOACHCTBUIO MEXKY aTOMaMH B
KpHUcTajuiax BO3HUKAIOT obnacmu CAMONPOU380IbHOU (cnonmannou)
HAMASHUYEeHHOCY — 1OMEHBI.

Pa3mepbl 9TUX JOMEHOB COCTABISIOT JECATHIE U COTBIE A0MU MuiuMerpa (107
107 M), YTO 3HAUMTEIHLHO MPEBHINIAET pa3sMephl OTAENbLHOro aroma (107 m ).

B npenenax omHOro JoMeHa MarHUTHBIE MOMEHTBHI AaTOMOB OPHEHTHPOBAHBI
CTPOro TMapajuleIbHO, OPUEHTAIMsI MArHUTHBIX MOMEHTOB JPYIHMX JOMEHOB IpHU
OTCYTCTBUHU BHEILIHETO MAarHUTHOTO MEHsieTCsl Tpou3BoiibHO (Puc.77).

Takum 0o0pa3oM, U B HE HaMarHMYEHHOM COCTOSIHUM BHYTPU (eppOoMarHeTuka
CYLIECTBYIOT CHJIBHBIE MarHUTHBIE IIOJIS, OPUEHTAUUs KOTOPBIX IpPU MEPEXOAE OT
OJTHOTO JTOMEHA K APYrOMY MEHSETCS CIIy4ailHbIM XaOTUYECKUM 00pa3oM.

OTU BHYTpEHHUE T0JIs1 00HAPY>KEHbI SKCTIEPUMEHTAJIBHO.

OTnenpHbIE JTOMEHBI MOXHO YBHJETh C IIOMOIIBKD MHUKPOCKOIA, €CIU Ha
IIOJIMPOBAHHYIO TOBEPXHOCTh K€JI€3a HAHECTH HE3HAYUTEIIBHOE KOJMYECTBO MEJIKOIO
KEJIE3HOI0 IMOPOIIKA, TO €ro YacTHUIy PACIONAraroTCs MO I'PAHMIAM JIOMEHOB, YTO U
JENAET UX BUAUMBIMHU.

Ecnu pa3mepsl Tella 3HaYUTENBHO MPEBBIIIAIOT Pa3Mepbl OTAEIbHBIX TOMEHOB, TO
CpelHEE MAarHuTHOE II0JIe, CO3AAaBacMOE JOMEHAMM J3TOr0 Teja, MPAKTHYECKU
OTCYTCTBYET.

IIpu nomewenuu geppomasHemuxa 60 sHewiHee MASHUMHOE NOJe NPOUCXoount
OpUeHmayusl MAaeHUMHbIX MOMEHIMO8 YeblX 0OMEHO8 (8cex amomos 00HOBPEMEHHO),




HO2MOMY 0adice OMHOCUMENbHO Cadble MA2HUmMHble NOJs NPUBOOAN K NPAKMUYEeCcKU
NOJHOU OPUEHM YUY MACHUTNHbIX MOMEHMOE 8CeX amoMoe.

Kak u nms mapaMarHeTWkoB, OpPUEHTALMM MAarHUTHBIX MOMEHTOB MPEMSATCTBYET
TEIJIOBOE JIBM)KEHHME, IOJTOMY MArHUTHbIE CBONCTBAa (PeppOMarHETUKOB CHUIIBHO
3aBUCAT OT TEMIIEPATYPHI.

Bbonee Toro, nis kaxaoro peppoMarHeTuka CyiecTByeT 3HaUeHHe TeMIeparyphl,
IpyU KOTOPOM JOMEHHAs CTPYKTypa MOJHOCTBIO paspymiaercs, U (eppoMarHeTHK
MIPEBpALIAETCS B TapaMarHETHUK.

DTO0 3HaYEHHE TeMIepaTrypsl Ha3biBaeTcs TOUkoil Kropu.

Tax nnst urcToro sxenesa 3HayeHue temneparypsl Kiopu npuOiau3uTenbHO paBHO
900°C.

[Ipouiecc HamMarHu4yMBaHUs (EPPOMATHETHKOB CYHIECTBEHHO OTJIMYAETCS OT
HaMarHW4YMWBAaHUS JUAMArHETUKOB M apaMarHETUKOB.

[lycTh uW3HAYaNbHO HE HAMArHUYEHHBINM KeJe3HbI OpycOK IOMelIaeTcs B
MarHUTHOE I0JI€, MHIYKIUIO KOTOPOro Oy/ieM MEIEHHO U3MEHSTh.

Ha puc. 78 cxemaTnyecku Moka3zaHa 3aBUCUMOCTb €0 HAMATHHYEHHOCTH J OT
MHAYKIUM BHEIIHEr0 MATHUTHOIO 10JiA B.

[Ipy BKIIFOUEHMM MAarHUTHOTO MOJIS M YBEJIWYEHUH €r0 MHAYKLIMU BO3pPACTacT U
HaMarHM4YEeHHOCTh 00pa3ia (kpusas (-1 Ha puc.).

Jlaxxe i1 HE HaMarHWYeHHOro oOpasla W cJ1adoro MarHUTHOTO 3aBUCUMOCTh
HaMarHWYE€HHOCTHU OT WHAYKIUU TOJIS SIBISETCS] HETMHENHOM.

CHauana rnpu Bo3pacTaHUM MHIYKIIMM MAarHUTHAsi BOCIPUMMYUBOCTb BO3PACTAET,
JOCTUraeT MAaKCUMAJIbHOTO 3HAYE€HUs, a 3aT€M CIIaJaeT 10 HYJIS.

Takoil BuJ 3aBUCUMOCTH OOBSCHSIETCA JIOMEHHOW CTPYKTYpOM — MpH clabom
BHEIIIHEM TI0JI€ MEPEOPUEHTUPYIOTCA TOJBKO JOMEHBI MajblX Pa3MEpOB, B CHIBHOM
[I0JIE BCE MArHUTHBIE MOMEHTBI OKa3bIBAIOTCA IOJHOCTBIO OPHUEHTHPOBAHHBIMH,
[I09TOMY  JajibHEMIIEe  yBEJIMYEHUE IO HE IPUBOAUT K  BO3PACTAHUIO
HaMarHU4€HHOCTHU: HAMArHUYEHHOCTh  JOCTUTaeT  MPENEIBbHOrO0  3HAUYECHUS



(HAMArHMYEHHOCTh HACBIMEHUS Jy,. - Touka I Ha rpaduke), a BOCIPUUMUYUBOCTD
CTPEMUTCS K HYITIO.

Ecnu nmocne nmocTwkeHUsl HACHIEHUS HauyaTh YMEHbIIATh MHAYKIIUIO BHEIIHETO
noJist B, To HaMarHM4eHHOCTh J Tak)Ke HAaYHET YMEHbBIAThCs (ydacTok /-2 Ha rpaduke).

Opnnako 3aBUCUMOCTH J(B —() OyeT OTaUYaThCsa OT ITOU K€ 3aBUCUMOCTH TIPH
HAaMarHWYMBaHUW — TPU  pa3MarHUYMBaAaHUM  OyleT MPOSBIATHCT AP dexT
3ama3fplBaHUS»,  MArHUTHBIE  MOMEHTHI ~ JOMEHOB  YaCTUYHO  COXPaHSIOT
MEePBOHAYAIPHYI0 OPHEHTAIlMI0, HAaMarHUYEHHOCTb OKa3bIBaeTcsl Oosble (KpuBas
pa3sMarHU4uBaHus /-2 JISKUT BBIIIE KPUBOW HamarHuuuBanus () -1).

Jlaxke mpu TIOJIHOM CHSATHHM BHEIIHEro ToJii 0Opas3ell OCTaeTcsl YacTUYHO
HaMarHU4YeHHBIM (TOUKa 2).

Hamaenuuennocms 00pasya npu 8blKII0YEHHOM 6HEUIHeM NOojle HA3bl8aemcs
OCMAMOYHOU HAMACHUYEHHOCBIO Jpem. .

NMeHHO Hanuuue ocmamoyHou HamacHu4eHHoCcmu eppomasHemukos oenaem
BO3MOJCHBIM __ CYUECTNBOBAHUE NOCMOAHHbIX _MA2SHUMOG, KOTOPbIE W  SBIISIIOTCS
(dbeppOMarHUTHBIMM TEJIAMH C OCTAaTOYHOM HAMarHWYEHHOCTHIO, COXPaHSIOIICHCS B
OTCYTCTBUH BHEIIIHHUX IOJICH.

Ecim k paccmarpuBaemMomMy 00paslly C OCTaTOYHOM HaMarHMYE€HHOCTBIO
MIPUJIOKUTH BHEIIIHEE T0JIe, BEKTOP WHIYKIMH KOTOPOTO HaIpaBiieH MPOTHUBOIOIOKHO
BEKTOPY HaMarHW4YeHHOCTH (HAa PHUCYHKE, COOTBETCTBYIOIIUE 3HAUYCHUS WHIYKIIUH
OTpHUIIATENIbHBI), TO HAMarHMYEHHOCTh oOpasia OyneT ymeHbliaThes (ydacTok 2-3).

3HaueHue UHOVKYUU BHEeWHe20 NoJsd, Npu KOMOpoM o0pazeu oKazbl8aemcs
NOJHOCMbIO_PASMACHUYEHHbIM, HA3bI8ACMC Sl KOIPUUMUBHOU CUNOU_B,,p. (TOUKA 3).

[Ipu nanpHeiIIeM yBeTUYEHUU MOMYS MHAYKIIUU TOJIS MPOLECC MOBTOPUTCS —
oOpa3sel] JOCTUTHET HACKIIICHHUS B POTUBOIIOJIIOKHOM HaIpaBjIeHUH (ToUuka 4).

[Ipu n3MeHEeHUN BHEITHETO MOoJIi HaMarHWYE€HHOCTh 00pa3iia OyJAeT ONMUCHIBATHCS
KpUBOM 4-5-6-1.

Takum o6pa3om, ana (GeppoMarHeTMKa HaMarHUYEHHOCTh OMpENENseTcs] He
TOJIbKO HAMAarHUYMBAIOIIUM T10JIEM, HO IIpeIbICTOpUEl o0pasiia.

OTO SBIICHUE HA3BIBACTCA MAZHUMHbIM 2UCHMEPE3UCOM, A PACCMOTPEHHAs
3aBUCUMOCTh HAMAarHUY€HHOCTH OT BHEIIHETO OIS — nem.Jiell 2ucmepe3uca.

Buo kpusoti namaeHuuusanus (nemau eucmepesuca) cyuleCmeenHo paziuiaemcs
0/ls_pAa3IuyHbLX _(DeppOoMAsHUMHBIX MAmepuaios, KOTOPble HAlUIM OYEHb IIHPOKOE
MIPUMEHECHHE B HAYYHBIX U TEXHUUYECKHUX MPUITIOKCHUSIX.

Hexkoropble macnummubie mamepuanvl umerom WUpoKViO NEmilo ¢ 8blCOKUMU
3HAYEHUAMU OCMAMOYHOU HAMACHUYEHHOCIU U KOIPYUUIMUBHOU CUIbl, OHU HA3bIBAKOTCS
MACHUMHO-YCECMKUMU Y UCTIONB3YIOTCS 111 U3TOTOBJICHUS MOCTOSHHBIX MATHUTOB.

Hns  apyrux  (QeppoOMarHMTHBIX CIUIABOB  XapaKTEPHBI Majble 3HAUYCHHS
KOOPIUTUBHOW  CHJIBI, TaKue  MaTepuayibl  JIETKO  HAaMarHUYuBaImTCS U
MepeMarHiurBarOTCA J1aKe B CJIA0bIX MOJISX.

Takue wmarepuanbl Ha3bIBAIOTCS MAZHUMHO-MAZKUMU W UCIOJB3YIOTCS B
pa3IUYHBIX  JJEKTPOTEXHUYECKUX  mpubopax —  pene,  TpaHchopMmarTopax,
MarHuTONPOBOJAX U JP.




[ToMuMo TOrO, UYTO MacHummHble ceoucmea heppomMasHemuKkos 3a8uUcsim om
memMnepamypul, OHU _MAKHCe MO2YN __3aMEeMmHO  USMEHAMbCA N0 deticmeuem
MeXaHUu4ecKux Hazpy3ox.

JIJ1st MOHOKpUCTAJIIIMYECKUX 00pa3Il0B MarHUTHAsI BOCIIPUUMYUBOCTD 3aBUCUT OT
HAIPAaBJICHUS] MATHUTHOTO TOJIS (MAarHUTHAsE aHU30TPOTIHS ).

[Inomans BHYTPU THCTEPE3UCHOM mNeTnu (eppoMarHeTUKa XapaKTepusyer
JHEPreTUYECKHUE NTOTEPU HA TUCTEPEZUC WU IIEPEMArHUYUBaHHUE.

Hna__ geppomacHumHblX  Mamepuanos  OCHOBHbIMU _ XapAKmMepucmuKamu
ABAAIOMCA.:

- ocTaro4yHasg HHAYKuUuA B;;

- kopuuTuBHasg cuia  H.

- MATHUTHas NpoHuaeMoctb p = B/H.

Ocmamounoii undykyueit, usmepsemoin B tecnax (1 Tn = 10* I'c), HaseiBaroT
MarHuTHYIO WHIYKIIMIO, OCTAIONIYIOCS B 00pas3iie Mocjie €ro HAMarHM4YUBaHUs U CHSATHUS
MarHuTHOTO TOJIS.

Kospyumuenoit cunon, wsmepsieMoil B A/M, Ha3bpIBAlOT HANPSIKEHHOCTD
MarHUTHOTO TOJIsi OOPaTHOTO 3HaKa, KOTOpasl IOJKHA ObITh MPUIIOKEHA K 00pa3ily s
€ro pa3MarHuYMBaHUsI.

MaruuTHasi NPOHUIIAEMOCTb, 4 — (du3nueckas BeJIUYUHA, KOIPDUIIUEHT
(3aBHCSIUNA OT CBOWCTB Cpebl), XapaKTePHU3YIOUIUA CBSI3b MEXKIY MarHUTHOU
MHAYKIUEW B W HanpsHKEHHOCTHIO MArHUTHOTO NOJIst /1 B BEIIECTBE.

Jl1st pa3HbIX cpef 3TOT KOAPGUIIMEHT pa3indeH, MO3TOMY TOBOPAT O MAarHUTHOMN
MPOHUIIAEMOCTH KOHKPETHOM cpeabl (MoApa3syMeBasl €€ COCTaB, COCTOSIHHE,
TeMIleparypy u T. 11.).

MarnutHas TPOHMIIAEMOCTh, HU3MepsieMas B [eHpu Ha MeTp, XapaKTepU3yeT
WHTCHCHUBHOCTh HAMarHMYMBaHUsS M OINpEeseTcs Kak TaHTeHC YyIjla HakKJIOHa K
NEePBUYHON KpUBOW HaMarHuuuBanust B = f (H).

Eounuyvt usmepenus mazHumusix 6e1u4un

TI'enpu na memp — abconomuas MacHUMHASL NPOHUYAEMOCMb Geuecmed, 8
KOMOPOM NpU HANPANCEHHOCMU MASHUMHO20 NOJISL 8 OOUH aMnep Ha Memp MASHUMHAS
UHOYKYUs pasua oonomy mecuy:. u =B/H, 1 I'/m = (10°/47) I'c/D.

B cucmeme CI'C nanpaxcéHnocms MAcHUMHO20 NOAA USMEPAEmCcs 8 dPCmeoax
(3) , 6 cucmeme CH — 6 amnepax na memp (A/m). B mexnuxe s3pcmed nocmenenuo
svimecHsaemcs eounuyeti CH — amnepom na memp, 1 A/m = 47/1000 23 = 0,01256637
2.

Apcmed (pycckoe obosnauenue D)— eOuHUYA USMEPEHUs HANPAHCEHHOCU
maenumnozco noas 8 cucmeme CI'C. Beeoena ¢ 1930 200y 6 uecmv damckoeo usuxa
T'anca Xpucmuana Spcmeoa, 1 3 = 1000/(4r) A/m = 79,5775 A/m.

Maznumnas undykyus B— eexmopnas eenuuuna, Aensowascs cuiosoi
XapakmepucmuKol MAacHUMHO20 Nojsa (e20 Oelcmeusi Ha 3apAXCEeHHble Yacmuybsl) 6
OanHOU mouke npocmpancmea. Onpedensem, ¢ Kkaxkou cunou F maenumnoe none
oeticmeyem Ha 3apsio ¢, OBUNCYWULICSL CO CKOPOCbIO V



Takorce macHUMHAs UHOYKYUS MOJHCEM OblMb ONpedesieHa KaKk OMHOueHUue
MAKCUMAIbHO20 MEeXAHUYEeCKO20 MOMEHMA CUl, 0eucmeyiouux Had pamKy ¢ MOKOM
NOMeueHHYI0 8 0OHOPOOHOE NoJle, K NPOU3BE0eHUI0 CUlbL MOKA 8 paMKe Ha eé N1ouaob.

B cucmeme CI'C macnumnasn unoykyus nous uzmepsiemcs 6 2ayccax (I'c), 6
cucmeme Cu — 6 mecnax (In),

Tayce (pyccroe obosnauenue I'e, mescoynapoonoe — G) — edunuya usmepenus
maznumuou unoykyuu 6 cucmeme CI'C. Haszeama 6 uecmvb Hemeykoco ¢uzuka u
mamemamuxa Kapna @puopuxa I'aycca. 1 I'c = 100 mxTn; 1 I'c =107 Tn.

Tecna (pyccroe obosnauenue: Tn; mexcoynapoonoe obosnauenue: T) — edunuya
uzmepenusi UHOYKYuu MazHumuozo nois 8 cucmeme Cu, paeuas uHOYKYUU MAaAKO20
O0OHOPOOHO20 MACHUMHO20 NOJs, 8 KOMOPOM HA 1 Memp ONUHbl NPAMO20 NPOBOOHUKA,
NepneHOUKyIsAPHO20 BEKMOpPY MASHUMHOU UHOYKYUU,C mMOKoM cunou 1 amnep
oeticmeyem cuna I noromon, 1 Tn = 10°Ic.

KOHTPOJIBHBIE BOITPOCHI

Knaccuduxkarus MmarepruanoB 10 MarHUTHBIM CBOMCTBaM.

[Tpupona peppomarueTusma.

Ocob6ennocTr (peppoOMarHUTHBIX MaTepUAJIOB.

[Iporecchl HAMAarHMYKUBAHUS U TIEpEeMarHUUYUBaHUs PeppoOMarHeTHKOB.
MarHuTHbIE TOTEPHU.

Kinaccuduxarys MarHuTHbIX MaTepuagIoBeACHUS

MarHuToOMSTrKHEe MaTepUaIbl.

MarHuToTBEpABIE MATEPUAIIBI.

[ToHsITHA O MarHeTHU3Me M MarHeTUKax: MarHUTHAs MPOHUIIAEMOCTh, MAarHUTHAs
BOCIIPUUMYHUBOCTD, PeppOMarHeTUKu, NapaMarHeTUKU, JTHaMarHETUKH.
10.MaruuTHas BOCIPUMMYUBOCTh MarHe€TUKOB.

11. Tunsl MarHeTUKOB. /[naMarHeTUKH.

12. Tunel maruetukoB. [lapamMarHeTukm.

13. Tunbel MarueTukoB. eppoMarHeTUKH.

14. SIBneHue MarHUTHOTO rucrepesuca. Iletns rucrepesuca. [londarusi: ocrarouHas
WHIYKIHS, KOPIUTHUBHAS CUJIa.

A A AN A ol



IpakTnyeckas padora Ne2

MAI'HUTHBIE CTAJIA U CIIVIABbI

Oo0mmue cBeanenus

Paznuuaror TPHU I'PYIIIbI MArHUTHBIX cTajiel U CIIaBOB:
MArHuTorBepabi€, MArHUHTOMAIKHEC 1 NapaMarHMTHBLIC.
B 3aBucumoctu oOT (1)OpM]':»I FHCTCpCBHCHOﬁ KpI/IBOfI U 3HAQUCHUM OCHOBHBIX

MAarouTHBIX XapaKTCPUCTHUK, PA3JIINYAOT!:
MAaravuTOTBCPAbIC U MATHUTOMATKUC CILJIABBI.

MaruutoTrBepable cmiaaBbl (puc. 1,a) XapakTepu3yrTCs IHPOKON TeTiei
TUCTEpPE3UCa, BBICOKUM 3HAYCHHUEM KOIPUUTUBHOW cwibl H, ¥ mpuMeHstoTcs s
U3TOTOBJICHUS] HOCHOAHHBIX MAZHUMOE.

Puc.1. 3aBUCHUMOCTH MarHUTHOM HHAYKIIUH B ot HaHpH)KéHHOCTI/I MarsuTHoro mnoJjs H:
a) MaI‘HI/ITOTBépIIBIC MaTcpHralibl; 6) MAarouTOMAATKHC MaTCPHAJIbI,
1 — MNEepBHUYHAA KPpHUBAasd HAMAIrHU4YMUBAHUA,
2— TUCTCPC3UCHAA KPpHUBasd HAMAIrHUWYNBaAHNA.

MarsuToMsirkue CIJIaBbl pa60Ta10T B YCIIOBHAX HNHUKIMYCCKU H3MCHATOIINXCA

MarHUTHBIX TIOJIEH U HEMPEPHIBHOTO TIepeMarHiunBaHusI.
Onu, Ha000POT, UMEIOT Y3KYI0 METII0 THcTepe3uca, Manble 3HaueHuss H, u
XapaKTepu3yIoTcs HEOOJIBIIMMHU MOTEPAMH Ha ructepesuc (puc.1,0).
W3 HUX W3rOTaBIUBAIOT CepOeyHUKU MPanchopmMamopos, dnexmpoodguzamenet u
2eHepamopos, oemany ciabomoyHou MexHUKY, M. e. makue us0eius, KOmopbvie
1008epearomcs MHO2OKPAMHOMY NepeMeHHOMY HAMASHUYUBAHUIO.




MaruuTorBépapie CTAJIU U CILIABBI

Takue cTany U CIJIaBbl MPUMEHSIOT JJISl U3TOTOBIICHUS MOCTOSIHHBIX MarHUTOB.

MarnuTHasi SHeprusi MOCTOSIHHOTO MarHUTa TEM BbIIIE, YEM OOJIbIIE OCTATOUYHAS
uHayKuMs B, u kospuutrBHas cuna He.

MarnuTHasi 3Heprus npomnopuuMoHanbHa mpousBeAeHuto B, x H. (momaan
rucTepesuca Ha rpaduke).

VYuuTeiBasg, 4TO BEJIWYMHA OCTATOYHOM MHAYKUHMHM B, orpaHmueHa MarHUTHBIM
HachlllleHHeM (peppoMarHeTuka, (>kejesa), yBeJInueHne MarHUTHOM 3Hepruu (Iiomanm
rHCTepe3uca) 1OCTUTAETCs MOBBIIIEHUEM KOAPLUUTUBHOM cuiibl He.

Oma __epynna _mamepuanog QomicHad  001adamb  8bICOKUMYU  3HAYEHUAMU
KOIPUUMUBHOU _CUIbl U _OCHAMOYHOU UHOYKYUU U COXPAHAMb BbICOKUL YDOBEHb IMUX
CB0licm8 8 meyeHue ONUMeNbHO20 8PEMEHU.

JIns Toy4eHus BBICOKOM KOIPPUUTHBHOM CHJIbl CTajld JOJDKHBI HMETh
HEPaBHOBECHYIO CTPYKTYPY, 0OBIYHO — MApTEHCUT C OOJIBIIUM KOJIMYECTBOM Ae(EKTOB
CTpPOCHHUS (IUCIOKAIUM, ONOKOB, TPaHUI-3€PEH U T. [.), SBISIIOUIUXCA HCTOUHHKOM
MCKO)KEHUHN KPUCTAIUINYECKON PEMIETKU U BHYTPEHHUX HAIPSKEHUM.

VYCIIOBHO K MarHUTOTBEpPAbIM MarepuanaMm (BbICOKOKOIPIIUTUBHBIM) OTHOCST
marepuaibl He > 4 kA/m.

W3nenust U3 MarHUTOTBEpPABIX MarepuanoB padoTalOT B MAarHUTHOM IIemH,
BKJIFOYAKOLIEW BO3MYLIHBIM 3a30p MU MAarHUTONPOBOJ M3 MAarHUTOMSTKOIO Marepuala.

bnarogaps HanuuMio BO3IYIIHOIO 3a30pa 00pa3yroTcsi CBOOOIHbBIE MarHUTHBIE
MOJIFOCA W Pa3MarHUYMBAIOLIEE II0J€, B KOTOPOM HAXOAUTCS MarHUTOTBEPIbIN
Marepua.

JIJisi TIONMHOM XapaKTepUCTUKU MAarHUTOTBEPIOr0 Marepuajia HeoOXOAUMO 3HATh
OCTaTOYHYIO0 UHAYKUHUIO By, kospruTuBHyto cuny He u Bennunny (BH)qx.

Ocmamounasa uHOYKYUA onpeodeisiem MASHUMHbBIU _NOMOK, C030a8aemblil
MACHUMHOMBEPObIM MAMEPUATIOM 8 MACHUMHOU Uenu.

Kospyumuenaa cuna —  conpomusiieMocms  0aHHO20  Mamepuand
8030eticmsuio cobcmeenHo2o pPa3MacHUYUBAIOULe20 nous u BHEUHUX
PA3MASHUYUBAIOUWUX NOTIEU.

Ilpouszeeodenue (BH) . — 2Hepeuro MacHUmMHo20 nos 8 mamepuaJe.

3aroToBKH 11 TIOCTOSSHHBIX MAarHWTOB OOBIYHO M3rOTaBIMBAIOT JIUTHEM WU
METOJIaMH TTOPOIITKOBOI METaJITyprHHU.

JUIss TIOCTOSIHHBIX MAarHUTOB NPHUMEHSIOT 6bICOKOY21epoOucmole Cmaau co
CTPYKTYpO#l MapTeHcuTa, cojepxaiiue okoyno 1 % C, 1ONmOJTHUTENbHO JErupPOBAHHbBIC
xpomoMm (3%) — EX3, a Takke OXHOBpEeMEHHO XpoMoM U kobaimsromMm — EXS5KS,
EX9K15M2.

Hanpumep, crane EX6K6 conepxur 1 % C, 6 % Cr u 6 % Co. Jlerupyrouiue
AJIEMEHTHI  TMOBBIIIAIOT MArHUTHBIE XapaKTEPUCTUKH, OJHOBPEMEHHO  yiydIlas
MEXaHUYECKYI0 U TEMIIEPATypHYIO CTAOWJIBLHOCTH MOCTOSSHHBIX MarHUTOB. DTU CTAJIH
MOJBEPratoT HOPMaIU3alMH, 3aKaJIKe U HU3KOMY OTITYCKY.

Bricokne MarHuTHBIC CBOMCTBA M HAUOOJIBIIIEE TPOMBIIIJICHHOE 3HAYCHUE UMEIOT



cnaaevl Ha ochoee Fe—Ni—AIl u Fe—Ni—AI—Co ¢ 0ooaekoit 2-4 % Cu.

NHorna ux Ha3bIBAIOT CIJIABAMHU THIIA «A1bHUKON.

B mapkupoBKe 3THX CIUIABOB MPUCYTCTBYIOT T€ k€ OYyKBBI, YTO U B MapPKUPOBKE
CTaJIEN.

XUMHUYECKUN COCTaB W MAarHUTHBIE CBOWCTBA psja JUTBIX CIUIABOB JIJIst
MMOCTOSTHHBIX MAarHUTOB MPUBEACHBI B Ta0JI. 1 ( B KOHIIE JICKIIHH).

Omu__cniasvl _meepovl, XPYNKU U _He noddaromcs _dedopmauuy, no3momy
MA2HUMbL NPOU3BOO0SM 8 IUMOM BUOe.

[Tocne TuThs MPOBOAST TOJIBKO NUTH(POBAHKE.

CmiaBel 3TOM CHUCTEMBI TMOABEPTalOT TEPMOMArHUTHOM 00paboTKe, KoTopas
coctout u3 HarpeBa n0 1280-1300 °C, BblAEpkKKH MNpU ITOW TeMIeparype s
MoJlydeHHs] OAHO(A3HOrO COCTOsHMS, ObIcTporo oxjaxiaenus g0 900 °C ¢
MOCTEAYIONIUM MEJJICHHBIM OXJIaXJACHUEM B MarHuTHOM moje ¢ H.. = 160-280 kA/m.

3arem mnpoBoautTcsa otnyck npu 560 - 630 °C, nIMTENBHOCTH KOTOPOTO
OTIpeIeTIIeTCSl MapKOM CIUIaBa.

B npouecce oxnaxaenus npu 900-650 °C B MarHUTHOM I10JIE€ AHU30TPOIHBIE 10
dbopme BBIIETUBIIMECS dYacTUIBI (a3bl ¢ BBICOKUM MArHUTHBIM HACBHIIIEHUEM
pacrioyiaraloTcss CBO€H JJIMHHOM OChIO B HANpaBJICHUHU, NapauICIbHOM BEKTOPY
HaIPsHKEHHOCTH MarHUTHOTO TIOJIS.

JIns1 M3roToBNIeHUs] HEOOJBIIUX U TOYHBIX IO pa3MepaM MarHUTOB U3 CIUIABOB
THUIIA «aJTbHUKOY» TPUMEHSIOT METO/IbI TOPOIIKOBON METaJLTyPIHH.

ITo cocraBy crieueHHBIE CIUTaBBI OJIM3KH K JIMTHIM, OHHU Jierde 0OpadaThIBalOTCH,
HO TI0 MAaTHUTHBIM CBOMCTBAaM HECKOJIBKO UM YCTYTAIOT.

OueHb XxOpolllke, HO JOPOTHE MArHUTHI U3TOTOBJISIIOT U3 CIJIABOB C BBICOKUM
cofiepKaHueM KoOaJibTa, cocTapistomniero 25-50 %.

OTH CIJIaBbl M3BECTHBI TMMOjA HazBaHueMm «nepmendyp» (50%Fe, 50%Co),
«nepmuneap» (45 % Ni, 25 % Co, 23 % Fe).

Hx o0bruHO nerupyrot HebonbmuMu 1o6askamu Mo, V wiu Cr.

HenaBuno paspaGorannbiii cruiaB cunepko 5-HS conepxutr 2 %V, 48.5%Co,
OCTaJIbHOE — JKeJe30.

Cnnaevt cucmemvt Fe— Cr—Co 110 CBOUM MarHuUTHBIM CBOMCTBaM OJIU3KH K
CIUJIaBaM THUIIA «aJIbHUKOY», HO 001a1at0T 00Jiee BBICOKUMU MEXaHUYECKUMH CBOMCTBAMHU
1 1e(DOPMUPYIOTCS HE TOJIBKO B TOPSIYEM, HO M B XOJIOJTHOM COCTOSIHUH. Cnaasbi
noodsepeatrom 3axanxe npu 950-1000 °C, xonodwnotui npoxkame u cmapenuro npu 600 °C.

MarunutHble cBoiicTBa criaBoB cucteMbl Fe—Cr—Co npeacranieHsl B Ta0J. 2.

Bricokas kospuutuBHas cuia B chnaasax cucmemvt Fe—V—Co («eukannoi»)
BO3HHMKAET B pe3yibrare Y —» a-npespatineHus (V - BaHaaui).

Maenumuvie ceoticmea _gopmupyromes 61a200aps Xo100HOMY 0edh)opMupoB8anuio
U nocnedyrouiemy Omnycky.

B crnaBax 3TOM CHUCTEMBI Y —» O -NIPEBPAIICHUE MPOUCXOIUT MPHU XOJOTHOM
neopMUPOBAHUU.

VYBenuuenue crenenu aeopmupobanus (00619HO HE MeHee 80-90 %) nmpuBoAUT K
TIOJIHOMY Y —» O -TIPEBPAICHUIO U CO3JJaHUIO B CIUJIaBE KPUCTAJUITMUYECKON TEKCTYPHI.

Poct H. mpoucxonur B mporiecce Mmociaeayroero oTimycka B AByxdazHoit o + vy
-00J1acTH BCIEACTBUE OOPATHOIO MPEBPAILICHHUS.




Cnnaeut, cooeprcawue 12 % Co u 10-20 % Mo, Ha3bIBAIOT «KOMO).

Ot1u cruiaBel J1e(OPMUPYIOTCS TOJBKO B TOpSYEM COCTOSIHUHU, TaK KaK BBICOKOE
3HAYEHHUE KOAPIUTUBHOW CHUJIbI JOCTUTaeTCsl B pE3yNbTare pacnaja MEPECHIIEHHOTO
TBEPAOTO PacTBOPA.

[TocTosIHHBIE MAarHUThl 1O TOPOIIKOBOM TEXHOJOTMU M3TOTOBISIOT KakK W3
xpynkux criaBoB cucteM Fe—Ni—Al u Fe—Co—Ni—Al, Tak ¥ U3 mIacTUYHBIX
criaBoB cucteM Cu—Ni—Co, Fe—Co—Mo u nip.

Kak nmpaBuiio, B KauecTBE UCXOIHBIX MaT€pHaJIOB UCIOIb3YIOT MTOPOIIKH YHCTBIX
METAJJIOB U JIUTaTyp.

[lopomku cMemMBalOT B  NPOMOPLUH, HEOOXONMMOW ISl  MOJy4YEeHUS
MTOPOLIKOBOTO CILJIaBa 33JJaHHOTO COCTaBaA.

[Tony4yeHHYI0 cMeCh MPECCYIOT B BUAE MAarHUTOB HYKHOM (DOPMBI U TPOBOIST
BBICOKOTEMIIEpATypHOE CIIEKaHKE B 3alIUTHOM aTMoc(depe uin BakyyMme.

B Hacrosimiee Bpems CO3/1aHbl HOBbIE MAarHUTHBIE Mare€pualibl ¢ MPUMEHEHHEM
TAKUX PEIKO3EMENBHBIX AJIEMEHTOB, KAK HEOAUM U CAMApPHd.

B Poccun mMpOKO OCYIIECTBISIOT NPOU3BOACTBO MAarHUTOB Ha OCHOBE
xumuueckoro coeauHenuss Nd;Fe;sB (Heommm — 3xkese30 - 0Oop)., NOITyUYECHHBIE
METOJIOM MOPOIIKOBOM METAJUIypPTHH € MOCJIEAYIOIINM IPECCOBAHUEM U CIIEKAHHEM B
armocdepe aprona pu 1370 °C.

HeobxomumocTh  pacmupeHuss  o0iacTd  NPUMEHEHHS  MarHUTOTBEPABIX
MaTepuasioB MO3BOJWIA pa3padoTarh NPUHIMIIMAIBHO HOBBIE MaTepHalibl: MAarHM-
TOIJIACTHI 1 MATHUTOJJIACTBI.

B Hux ucnonv3yemcs cmecvb pe3unvl u niacmmaccsbl ¢ pasmoiomviM_NOPOULKOM
MazHumomeepoo2o geppuma.

Bmecto depputa NPUMEHSIOT TOPOIIKH «QJIbHUKO», coeauHeHuil P3M,
Hanpumep Nd,Fe B (Heonum — xene3o - 60p).

CyliecTBeHHOE MPEUMYIIECTBO (OpMOOOpPa30BaHUs MAarHUTOB C IOMOIIBIO
Pa3IMYHBIX CBA3YIOIIMX BEMIECTB — BO3MOYKHOCTbH IMOJYYEHUS CJIOXKHBIX MArHUTHBIX
TEKCTYp, HallpuMep, B MHOTOIIOJIFOCHBIX KOJBLEBBIX MArHUTAaX C KOJUYECTBOM MOJIFOCOB
OT JIByX J10 HECKOJIBKHUX JIECSTKOB.

MarauToMsirkue MaTe€pHaJbl

OCHOBHBIMH TPEOOBAaHUSAMH K MAarHUTOMSTKUM MarepuajaM, OTHOCSIIUMCS K
dbeppoMarHeTrkam, sBISIIOTCS :

- HU3KHWE 3HAYCHUS KOOPUUTUBHOW CUJIbI M BBICOKAS MArHUTHAs POHUIIAEMOCTH;

- cHocOOHOCTh HAMAarHMYMBATHLCS JIO HACHIIICHHS B CJIA0BIX MOJIAX;

- MaJible TIOTEPHU MPU MEPEMATHUYNBAHUN U HA BUXPEBBIE TOKH.

JI1s1 ynoBIETBOPEHUS ATUX TPEeOOBAaHWM METaJUl JAOJKEH 00JaaTh TOMOTC€HHOM
CTPYKTYpOH, OBITh YHCTBIM OT MPHUMECEH M BKIIOYCHUU M HMETh KPYIMHO3EPHUCTOE
CTpOE€HHUE, CBOOOTHOE OT BHYTPEHHUX HAIPSI)KEHUMN, BHI3HIBAEMBIX HAKJICTIOM.

OO6mue TpeOoBaHUS, MPEIBIABISIEMbIE K MArHUTOMSITKAM MaTepuajiaM: BbICOKAs
MAarHuTHas MPOHULAEMOCTb, HHU3Kas KOIPUWUTHUBHAA CUJIa W MaJble MOTEPU IIPH
repeMarHiYMBaHNH.

Jlnda nonydyeHuss MUHUMAJbHOM KOSPLMTUBHOW CHJIBI U BBICOKOM MAarHUTHOW



MIPOHUITAEMOCTH (HEPPOMATHUTHBIM Marepuan JOHKEH OBITh YUCTBIM OT MPUMECEH U
BKJIFOYCHUH, UMETh TOMOTEHHYIO CTPYKTYPY (UHUCTHIA METaJT UK TBEPABIM pacTBOP).

Haubonee BpenHbiMu npuMecsmMu sBistoTcs yriepoa (B sune FesC), kucnopon u
cepa.

MaruuTtHasi MPOHMUIIAEMOCTh BO3pacTaeT C YBEJIMYEHHEM 3epHa (eppura.

Haknen, naxke ciaOblid, CHUYXKAE€T MarHUTHYIO MPOHUIIAEMOCTh W TMOBBIIIAeT H,,
MO3TOMY MarepHuasn JOHKEH OBbITh MOJHOCTHIO PEKPUCTAJUIM3OBAH JUJISl YCTpaHEHUs
BHYTPEHHMX HAIPSIKEHUM, BBI3bIBAEMBIX HAKJICTIOM.

B kadecTBe MarHMTOMSITKOIO Marepuaja NPUMEHSIOT MeXHUYecKU Yucmoe
Jcene3o, B KOTOPOM BC€ TNPUMECH, OCOOEHHO YIJIEPOA, SBISIOTCS BpPEAHBIMH.

Conepskanue yriiepojaa He T0kHO ObITh 6osee 0,025 %.

Jist ycTpaHeHUsi Hakjena M TOJy4YeHUs KpPYHMHOro 3€pHa JUCTOBOW MeTalll
MOJIBEPratoT BEICOKOTEMIIEPATYPHOMY OTKHUT'Y B O€30KHUCIUTENBHOM aTMocdepe.

TexHU4eCcku YUCTOE KEIe30 MPUMEHSIOT JJIsi U3TOTOBJICHUS pelie, CepICUHUKOB,
AIIEKTPOMArHUTOB MOCTOSTHHOTO TOKA.

Huskoe ynenabHOE 3JEKTPUYECKOE COMPOTHBICHHE YBEJIWYUBAET MOTEPU MPHU
repeMarHiyrMBaHuy.

[TosToMy TpUMEHEHHME TEXHHYECKHM UHUCTOTO JKelie3a OrpaHuYMBaeTCs
YCTPOUCTBAMU C MOCTOSSHHBIM MarHUTHBIM TTOJIEM.

MaruuTHy1o TEKCTYpy MOJYy4aroT ¢ MOMOIIBI0 TepPMOMAarHuTHON o0paboTku. C
ATOM UEbI0 HM3JENHUE TMOABEPraloT BBICOKOTEMIIEPATYPHOMY OTXKHUTY U OXJIAXKIAIOT
3aTeM B MarHUTHOM IIOJIE.

Macnumomazkue cmanu (1eKMpomexHuyecKue MOHKOIUCHOGble CMAlu).

OTH CcTalu MPUMEHSIOT JJIsl SIKOPEH U TOJIOCOB AEKTPOTEXHUUECKUX MAIIIHH,
MarHUTOINPOBOJOB, CTAaTOPOB W POTOPOB  DIEKTPOJABHUraTesei, sl CHIJIOBBIX
TpaHchOopMaTropoB U T. [I.

[Ilupoko  NPUMEHSAOT  Huszkoyziepooucmwvie (0,05 — 0,005% C)
scenezokpemuucmete cniaaswl (0,8 — 4,8% Si).

Kpemunii, o0pa3ys c kerne3oM TBepAbIH pacTBOpP, CHUJIBHO TOBBIIIAET
ANIEKTPOCONPOTUBIICHUE, a CJEI0BaTEIbHO, YMEHBINAET IMOTEPU Ha BUXPEBBIE TOKH,
MOBBIIIAET MArHUTHYIO MPOHHUIIAEMOCTh, HEMHOTO CHIKAeT KOAIPLUUTHUBHYIO CUIY U
MOTepPH HAa TUCTEPE3UC BCJEJICTBUE BBI3BIBAEMOT0 WM YKPYIHEHHUS 3€pHa,
rpad@UTH3UPYIOLIETO JEHCTBUS U JYUIICI0 PACKUCIEHUS CTaH.

OnHako KpPEeMHHMM TMOHMXKACT WHAYKIWIO B CHJIBHBIX TIOJSX U TIOBBIIIACT
XpYHKOCTh CIJIaBa, 0COOCHHO NIPH COIEpKAHUU ero B kojaudecTse 3 - 4%.

JIuctoByto ANEKTPOTEXHUUECKYIO CTaJlb (crutaBsl Fe—Si) 1St
pPEKpUCTAUIM3AlMY, YKPYINHEHUsT 3€pHa W BBITOpaHUS yriepoia MOABEPraroT
CIIEIUAIBHOMY OTKHTY.

Jlyumime pe3ynapTrarhl 1aeT OTXKUT B BOJOPOE, TUCCOIMMPOBAHHOM aMMHUaKe WU
B Bakkyyme ripu 1100 —1200°C.

Pe3anue, xoyogHas IITaMIIOBKa, HABUBKA JIGHTOUYHBIX CEPICYHUKOB YXYAIIAIOT
MarHUTHbIE CBOMCTBA CTajH; BO3PACTAaET KOAPIMTUBHASA CHJIA, a CJIEIOBATENbHO, U
MOTEpPHU HA THUCTEPE3HC, PE3KO MAJACT UHAYKIIHS B CIA0bIX U CPEIHUX MOJISX.

JI1s1 BOCCTAHOBJICHHS] MAarHUTHBIX CBOMCTB PEKOMEHIYETCS OTHKHUT MPU HarpeBe
1o 750-900°C.



ONEeKTPOTEXHUYECKYIO0 CTallb, MPEAHA3HAYCHHYIO Jii MArHUTHBIX Lieneu
ANIEKTPUUYECKUX MAIlIMH, allapaToB U NPUOOPOB, U3TOTOBIIAIOT B BUJI€ PYJIOHOB, JINCTOB
Y PE3aHOM JICHTHI.

Cranpb nogpazaenstor (TOCT 21427.0 — 75):

a) MO CTPYKTYPHOMY COCTOSTHUIO U BUJlY IPOKATKH HA KJIACCHI:

1. l'opsiuexaranas uzorponnas ([OCT 21427.3 — 75);

2. Xonoanokatanas u3orpornHas (IOCT 21427.2 — 75);

3. XonmonHokaraHasi aHM30TpoIHas ¢ pedbposoit Tekctypoit (TOCT 21427.1—75);
0) 1o cofiep>KaHUIO KPEMHUS Ha TPYTIIbIL:

0 — ¢ cogepxanunem kpemuus 10 0,4%,

1-e 0,4- 0,8% Si,

2-¢ 0,8-1,8% Si,

3-e 1,8-2,8% Si,

4-¢ 2,8-3,8% Si,

5-¢ 3,8-4,8% Si;

B) IO OCHOBHOM HOPMHUPYEMOM XapaKT€pUCTUKE Ha TPYyHmIbl B 3aBUCUMOCTU OT
yIEJbHBIX MOTEPh MpU MarHuTHOM UHAYKLUHU (B Tecnax) u yacrore (I'm).

XO0N00HOKAmMaHy0 U30MPONHYI0 MOHKOAUCHMOGYI0  IIEKMPOMEXHUYECKYIO
cmanb BBIYCKAIOT cieayromux mapok: 2011, 2012, 2013; 2111, 2112, 2211, 2212;
2311, 2312; 2411 wu 2412. VYnenbHble NOTEPU y DTUX CTAIEH HUXKE, YEM Y
ropsitaekaraHon ctaiau. Yem TOHbIIE JTUCT, TEM MEHbIlIe MOTepUu. MarHuTHas WHIYKIUS
Ipy HanpspKeHUUW MarHutHoro mnoist 2500 A/M cocTaBiseTr Juisi MallOKPEMHHUCTBIX
criaBoB 1,6 T u s crimaBoB, copepskamux 4,0% Si,— 1,5 T.

XonogHOKaTaHasi aHU30TPOIHAs (TEKCTYpOBaIlHasi) JIMCTOBast coaepkut 2,8-3,8%
Si (mapku 3411, 3412, 3413; 3414, 3415, 3416, 3404, 3405 u 3406). Dta cranb
OTHOCUTCA K (heppUTHOMY KJIacCy CTajiel, He MCHBITHIBAIOIIMUX MPU HATpeBEe O U Y-
IIPEBPALLCHUN.

MarnuTHble CBOMCTBAa aHU30TPONHON CTajdud B MPOJOJIBHOM HaIlpaBICHUU
MPOKATKU 3HAYUTENHHO BBIIIE, YEM B MOMEPEYHOM. DTO CBSA3aHO C TEM, UYTO B KaXKIOM
3epHE TEKCTYpPOBAaHHOW CTalld KpHUCTaiorpaduueckas pelieTka OpUeHTHpOBaHa Tak,
YTO B IUIOCKOCTHU TMPOKATKU JEeKUT MmiaockocTh (I10), a B HampaBieHUM MPOKATKA —
pebpo kyba [100]. Takyro TekcTypy Ha3bIBatoT pedpoBoil. Jlyis xkene3a u criaBoB Fe —
Si pebpo kyb6a [100] siBisieTcss HampaBiIE€HHUEM JIerKoro HamarHuuuBaHus. [logoOHas
TEKCTypa JOCTUTAETCSI MHOTOKPATHOM XOJIOIHOM IPOKATKON M OTKUTOM.

— B TekcTypOBaHHOW XOJIOJHOKAaTAaHOW CTAJIA 10 CPABHEHUIO C U30TPOIHON CTAJIBIO,
coJieprKalled TO e KOJIUYECTBO KPEMHHUS, MPU OONMbIINX 3HAYCHUSX UHAYKIUU

(1,75 — 1,9 T) norepu Ha nepeMarHM4uBaHUE MEHBIIIE.

Mazhumnomazkue chiagvl Kiaccu@uuupyiom no XuMuieckomy cocmasy,
MAZHUMHBIM CEOUCHEAM U KAYECMEY.

Ilo xumuueckomy cocmagy CIIaBbl Pa3/ACISAIOT HA:

- CIIaBbI KeJie3a C HUKEJIEM;

- JKene3a ¢ KoOaJbToM;

- JKeye3a ¢ aTlOMUHUEM;

- JKeJie3a ¢ XpOMOM.

Ilepmannou — jcene3onukenesvie cniagpl ¢ BHICOKUMU 3HAYEHUSIMU MarHUTHOM




npoHuiiaeMocTu W. [lepmaiion comepkar Hukenb B konuuectBe 30-35 %, 45-53 %, 64-
68 % u 71-83 %.

Jlns mony4yeHusl BBHICOKMX 3HAYEHUW HMHAYKIIMU B CIA0BIX MAarHUTHBIX MOJSX
WCTIOJIB3YIOT CIUIaBbl C  BBICOKOM HAYaJIbHOW M MAKCUMAJIbHOW MAarHUTHOWU
MIPOHUIIAEMOCTHIO, Ha3bIBAEMbIE TIEPMATIIOCM.

Paznuuaror nepmaioun:

1) nuzkonukenessie: SOH, 65HIL, SOHXC (40 — 65% Ni), y KOTOpbIX HaYanbHas
nporuriaeMocts po <4000 I'c/D u Hamal - HMYeHHOCTH HachieHus ~ 15 000 I'c;

2) BeicokoHukeneBbie 79HMA (78 — 80% Ni) p0 < 35 000 I'c/D, HO MeHbIIEH
HaMarHM4eHHOCThIO HachimeHus — 7500 I'c.

[Tepmanimon HEpenKo JETUPYIOT MOJUOJACHOM M XPOMOM, KOTOpPHIE YMEHBIIAOT
YyBCTBUTEJIBHOCTh K MEXaHWYeckod jJedopManud W  TOBBIIIAIOT  YACIbHOE
AIIEKTPOCOTNPOTUBIICHNE W MArHUTHYIO TPOHHUIAEMOCTh. Meab TOBBIIMIAET JJICK
TPOCOTIPOTURJICHUE W cTabwim3upyer cBoiicTBa. llepmaiioli H3TOTOBISIIOT U3
YUCTEHIIIUX COPTOB JKeJie3a M HHUKENIs BaKyyMHOM meperuiaBkol. Tepmudeckas
oOpaboTka cBogutTcs k oTxury mpu 1100 —1300°C B Bakyyme (BOAOpoOz€) C IO
CJIEAYIOLIAM OXJIaXKJICHUEM C ONPECICHHON CKOPOCTBIO.

HauBpIClIyt0o MarHMTHYIO MPOHHUIIAEMOCTh HMMEIT MepMaJyIon ¢ Haunbosee
BBICOKHMM COJIEpKaHUEM HUKeNs — 72-83 %6.

Kenezoxkobanomosvie cniagvl xapakTepusyeT OOJbIlIas MarHUTOCTPUKIINS,
Huzkoe p (0,06 MkOM*M) U HU3Kasi TEXHOJIOTUYECKAs IJIACTUYHOCTD.

[Inactuunocts craBoB ¢ 50 % koOanbra yaydllaloT JISTHPOBAHMEM BaHAIUEM
(1,5-2,0 %), a B crutaBax ¢ HM3KUM cojepkanueM kobanwsra (18-27%) nns sToit nenu
ucnonb3ytot xpom (0,5-0,7 %).

Tpoiinvle cnnagvl A6NAIOMCA OCHOBOU 0114 NEPMUHEAPOE U U3ONEPMOE —
CIUJIAaBOB, KOTOPBIE COXPAHSIIOT MOCTOSHHOW MAarHUTHYIO NMPOHUIIAEMOCTh ¢ TOYHOCTHIO
+5 % B MarHUTHBIX MOJISX HEBBICOKON HANIPSIKEHHOCTH.

K HuM oTHOCSTCSA criaBbl xxenesa ¢ 45-47 % nukens u 25 % xobambra.

CoxpaHeHue TIOCTOSIHHOM MarHMTHOW TPOHMIIAEMOCTH B CHA0BIX MOJISIX
CBOWMCTBEHHO TaK)X€ TPOWHBIM CIUIABaM Jcele30—HUKe1b—MeOb TIpU coaepxanuu 47
% Hukens u 5 % menu.

I'maBHBIM JOCTOMHCTBOM CILJIABOB Jcenie3a ¢ xpomom (13 — 17 %) sBnsiercst ux
XOpoliiasi KOPPO3HMOHHAsI CTOMKOCTh B MPECHOM M MOPCKOW Boje, arMocdepe (B TOM
9uCcj€ BO BIQKHOM W MOPCKOM TyMaH€) M Pa3JIMYHBIX CJ1a00arpecCHUBHBIX
MIPOMBIIIJIEHHBIX cpenax. [lo cpaBHEHHIO ¢ KOPPO3ZMOHHOCTOMKHUMHU CTAJISIMU C TEM K€
CoJIep’KaHUeM XpOMa, MarHUTOMSITKUE CIUIaBbl coepxar He 6omnee 0,02 % yrnepona Bo
n30exxaHre o0pa3oBaHUs KapOUI0B XpOMa U YXYALICHUS] MATHUTHBIX XapaKTePUCTHUK.

ITapamarauTHble CTAIH

Muorue paeTanu TPUOOPOB W MAIIMH JODKHBI OBITh HM3TOTOBICHBI W3
HEMarHUTHOTO Marepuajia. PaHee Mg 3TOW I[ENH TPUMCHSUIM I[BETHHIC METaJLIbI
(marynb, OpoH3y). B HacTosiiee BpeMsi NIMPOKO HCIOJIL3YIOT IapaMarHUTHBIC
aycreHuTHble ctanu 12X18H9, SSTOHIXS.



ANl e

KOHTPOJIBHBIE BOITPOCHI

Knaccudukanus MarHuTHBIX MarepuagoBeICHUS
Maruutomsarkue marepuaiibl. OCHOBHbBIE XapaKTEPUCTUKHU.
Hu3zkoyacTOTHBIE MATHUTOMSTKUE MaTEpUAJIBI.
Bricoko4acTOTHBIE MAHUTOMSTKHAE MaTEPUAJIbI.
MarauTHble MaTepHUaIbl CIEHUAIBHOIO HA3HAYEHMUS.
MarHuToTBEpABIE MaTEPUAIIBI.
IToHATHA: HAMArHUYEHHOCTD HACKIIICHHUS, OCTaTOYHAsI HAMAarHUYEHHOCTh
MAarHUTHO-MATKHE, MATHUTHO-KECTKUE MaTEPHUAJIbI.
MarauTtHo-TBEpIbIE cTaldu U ciuiaBbl. [Ipumepsl coctaBoB. CBolCTBA.
IIpumenenue.
MarnutHo-Markue marepuaisl. [Ipumepsl coctaBoB. CBoiicTBa. [IpuMenenue.

. KJIaCCI/I(i)I/IKaI_II/ISI MAaravuTHO-MATKHUX CIINIABOB 110 XUMHUYCCKOMY COCTAaBY,

MarHuTHBIM CBOMCTBAM U Ka4CCTBY.



IpakTnyeckas padora Ne3

AJIEKTPOTEXHUYECKHUE CTAJIN U CIIJIABbBI

Oo01mme cBenenust
DJIEKTPOTEXHUYECKHUE CTAIH

K  oanekrporexnuueckum crtaimam  (DTC) oTHocuTcst  OonbIIoNW — Kjaacc
MarHUTOMSTKUX (EePPOMATHUTHBIX MaTEpPHUAIOB, HCIOAB3YEMbIX JUJIi W3TOTOBJICHUS
MarHUTONPOBOMOB 3JCKTPUYECKUX MAIIUH U NPUOOPOB, BHIPAOATHIBAOIIUX WU
Ipeo0pa3yroNnX MMEKTPUUECKYIO IHEPTHIO.

DNEKTPOTEXHUYECKHE CTAJId HCIONb3YIOT B T€HEpaTopax, 3JIEKTPOABUTrATEIIAX,
TpaHchopMaropax, peje, mycKaremsx, 3AeKTPOMarHuTax u Jip.

JI71s1 S5KOHOMUU DJICKTPOIHEPTUM OUYCHb BaXKHO CHMIKEHHE MAarHUTHBIX TOTEPb U
MOBBIIIEHUE MarHUTHOW MPOHUIIAEMOCTH, T. €. YIyUIIeHHE.

B xauectBe OTC MOXHO UCIIOJIB30BAaTh TEXHUYECKH YUCTOE HKEIIE30.

OnHako HM3KOE DJIEKTPUYECKOE COMPOTHBIICHHE jKejie3a YBEJIMYMBAET MOTEPH
MIpU TIepeMarHuYuBaHNH.

bonee BBICOKOE AIIEKTPUYECKOE COMPOTHUBICHUE HMEIOT AIIEKTPOTEXHUUYECKUE
HU3KOYIJIEPOAUCTBIE CTANM, IOMOJHUTENBbHO jerupoBanHble 0,8-4,8 % KkpemHus.

KpeMHuuii 06pasyer ¢ a-xKene30M JIErupOBaHHbBIN TBEP/IbIN pacTBOP.

bnaromaps 0Gonee BBICOKOMY 3JIEKTPHUUECKOMY COIMNPOTUBICHUIO CHIKAIOTCS
MOTEPH Ha BUXPEBBIE TOKHU.

Brenenue kpeMHHS OJHOBPEMEHHO MOBBIIIACT MArHUTHYIO MPOHHUIIAEMOCTh, a
BCJIE/ICTBHE POCTA 3€pHA CHUKAIOTCS MMOTEPU Ha TUCTEPE3HC.

Opnako npu coaepkanuu okoyio 4 % Si MPOUCXOAUT OXPYHMUUBAHUE CTAJH, YTO
3aTPYIHSET MOJTYy4YeHUE TOHKOJIUCTOBOTO METAILIA.

JIUCTOBYIO  DJIEKTPOTEXHUYECKYIO CTajb IOCJIE€ MPOKATKA  IOABEPraroT
BBICOKOTEMIIEPATYpPHOMY OTXKHUTY B BaKyyMe WIHM B aTMoc(epe cyXxoro BOAOpoJa Mpu
1100-1200 °C.

Jlns  yMEHBIIEHUS TEIUIOBBIX TIMOTEPh CEPACYHMKH KPEMHHUCTOM  CTajau
U3TOTOBIISIIOT M3 TOHKUX (MeHee 1 MM) JHMCTOB C MPOCIOHKAMU U3 H3OJSLHUOHHBIX
MaTepuaoB.

Kpucranibl o-xese3a XapaKTepU3YIOTCS SIPKO BBIPDAXKEHHOW aHU30TpONHEH
MarHUTHBIX CBOMCTB.

B aHmzorponubix OTC, Onaromaps ONpENeeHHOW OpUEHTAIluu 3epeH
(TeKCTypbl), MOXKHO TIOJIydaTh OYEHb BBICOKHME MAarHUTHBIE CBOMCTBa BJOJIb
HaIpaBJIeHUs JIETKOTO HaMarHWYUBaHUSI.

B pemerke o -Fe TakuMm HampaBieHuUeM sBisieTcss pebpo kyba (100), Bmosb
muaronanu (111) HaMarHuuMBaHUE MPOUCXOAUT TPYIHEE W Hanbosee TPYIHO — BIOJIb
nuaronanu ky6a (110).

[Ipy oauHAKOBOM TOJNIIMHE JUCTA M XUMHUYECKOM COCTaBe HauOOJbLINE
yIeJIbHbIE TOTepU HMMEET TopsueKkaraHas HW30TPOIHAs CTallb, a HAUMEHBIIUE —




XOJIOJTHOKAaTaHasi aHU30TPOITHAS.

B XononHOKaTaHOW JTHCTOBOW CTalM C BBICOKUM COACpKaHUEM KPEMHHS MOKHO
MOJYYUTh TaKO€ PACIOJIOKCHHE KPHUCTAJUIMTOB, KOTJa HalpaBlIeHUE MPOKAaTKUA OymeT
COBMAJaTh C HaNpaBJICHHEM JIETKOrO HamarHuduBanus (pebpo kyba (100)), a
HarpaBJICHUE TIONEPEK MPOKATKH B TUIOCKOCTH JIMCTa OyleT COBMAAaTh C HArOHAIBIO
(100) mnockocTH MeMeHTapHON KyOondeckon siueiku (puc.l).

[To nmenn m3obpeTarens Takas TEKCTypa Ha3biBaeTcs TekcTypoil ['occa (Goss-
Texture).

CoBpeMeHHAass TEXHOJIOTHUS MMPOU3BOJICTBA BHICIIUX COPTOB JJIEKTPOTEXHUUIECCKON
CTalld TpeaycMaTpUBAcT €€ BBIUIABKY C MHHHMAIBHBIM COJICp)KaHHWEM yriiepoia |
3aJJaHHBIM COJIEpP’)KaHUEM KPEMHUS, IPOKATKY JINCTA B TOPSYEM COCTOSTHUU Ha TOJIIHHY
oko10 2,5 MM, oTxkur npu 800 °C u xonoaHyro npokarky Ha tomuuny 0,35-0,50 Mm.

[Ipu OGonpiieit xomomuou nedopmanuu (45-60 %) cranp momydaer TEKCTYpH-
poBanHyto 10 90 % crpykrypy, npu gedopmanuu okomo 10 % —
MaJIOTEeKCTYPUPOBAHHYIO CTPYKTYPY.

Ecnu mpokaTka TPOBOIUTCS TOJNBKO B TOPSYEM COCTOSHHUH, TO TEKCTypa He
o0pasyeTcsi, ©® MAarHATHBIE CBOMCTBA BIOJIb U TIONIEPEK MPOKATKH OyITyT OJHMHAKOBBI.

Puc. 1. [TonoxeHue 37eMEHTAPHBIX TYCCK KPUCTAILTMICCKONW PEIICTKH B JIUCTE C
pebpoBoii Tekctypoit (Tekctypoit [occa) (a) m kyOuueckor Tekctypoi (0) (cTpenkoi
MOKa3aHO HaIPaBJICHUE IMPOKATKH)

OCHOBHBIMU JI€TAJISIMU TAaKUX AJIEKTPUUECKUX MAIIUH, KaK AJIEKTPOABUTATENH,
reHepaTophl, TpaHC(OpPMATOpbl, APOCCENUd MU T. [., SIBISIOTCS MarHUTONPOBOIBI,
COCTaBJICHHbIE U3 TOHKUX JINCTOB.

[Tocne TeXHONOTUYECKUX ONEpalMil (IITaMIOBKH, PE3KH U T. 1.), HEOOXOAUMBIX
JUIS  WM3TOTOBJIEHUs JeTajell MarHUTONpPOBOJOB, BO M30€KaHME Hakjiena | s
YKpYIHEHuUs 3epHa npoBosaT oTkur npu 1100-1200 °C B atmocdepe Bogoposa.

AHu3omponuy0 cmaip TPUMEHSIOT JUIA WU3TOTOBJICHUS TAKMX DJICKTPOMAIIIMH, B
KOTOPBIX BO3MOYKHO HalpaBUTh MarHUTHBIN NOTOK B HAIPABJICHUH NPOKATKHU, IJI€ CTAJIb
MMEET  caMble  BBICOKME  MarHUTHBIE  CBOWCTBA, —  KPYNHOrabapUTHBIX
TpaHc(hOpPMaTOPOB U DJIEKTPOMAILIWH, @ TaKXkKe 3JECKTPOMAIIMH U MPUOOPOB C BUTHIM
CEPICUHUKOM.

Uewm nyumie marauTHbeie cBoiicTBa DTC, Tem Oolibllie yXyAIIatOTCA €€ CBOMCTBA
IpU OTKJIOHEHWHM MAarHUTHOTO TIOTOKAa OT HAampaBieHUs MPOKATKW M TEM BBIIIE




TpeOOBaHUsI K  KOHCTPYKIMM  MAIIMHBI M  TEXHOJOTMU  M3TOTOBJICHUS €€
MarHuTONPOBOAA.

H3zomponnsie ITC NPUMEHSIOT B OCHOBHOM JUISI U3TOTOBJIEHHUS DJIEKTPOMAIIIHH C
BPAIIAIOIMKMMCS MATHUTOIPOBOJIOM.

Hcnonb3yloT uUX Takke B pacHpeleiauTeNIbHbIX TpaHCc(hOpMaTopax HEKOTOPBIX
BUJIOB, CBAPOYHBIX TpaHCPopMaTopax, CUIOBBIX TpaHCHOpMATOpax paguoanmapaTyphl,
pese W APYTUX U3JENHsX, TJ€ MArHUTHBIM MOTOK HE BpalllaeTcs, HO OXBAaThIBAE€T BCE
HaIlpaBJI€HUsA B IUIOCKOCTH JIUCTA, YTO JIE€JAeT NPHUMEHEHHWE AHU30TPONHBIX CTaJeH
HeAP(DEKTUBHBIM.

TpeObyemble moOKazaread  MAarHUTHBIX  cBOMcTB  m3orpomHbix OJOTC (a
CJIEIOBATENbHO, IUANAa30H MaCCOBOM J0IU KPEMHUS) YCTAHABIUBAIOT B 3aBUCUMOCTH OT
THUIIA U pa3Mepa U3TOTOBISEMbIX U3 HUX JIEKTPOMAIIIHH.

BcenenactBue pocTta 11eH Ha TOIJIMBO U AJIEKTPOAHEPTHIO, TIIABHBIM (DaKkTOpoM
SIBJISICTCSI TIOBBIIIIEHUE YKOHOMUYHOCTH MallluH, nosbimenne ux KII/I.

[TosTomy o6nacte mpumeHeHuss OTC ¢ HU3KUM colepKaHUEM KpEMHUS U
HEJETUPOBaHHBIX — JBUTATENM MOIIIHOCTHIO He Oonee 2-3 kBT.

s mamue motmHocThio 400-1000 kBT 1 6osee Bce mupe MPUMEHSIOT JIyYIIIHe
COpTa BBICOKOJIETUPOBAHHOW CTaJIH.

Jiist pa®oThl B c1a0BbIX MAarHUTHBIX TMOJISIX, HATPUMEDP B TEIEKOMMYHHUKAIIMOHHBIX
cUCTeMaX, NPUMEHSIOT nepmannou, npencrasisgiomue coboir Fe—Ni cmnaBel ¢
OTpeIeICHHBIMU Y3KUMHU TpeieiaMu cofepkaHus HUKels (0koio 79 %).

WNuorpa ux pononHutenbHo JierupytoT Mo u Cr, ynydmammuMu CliocOOHOCTb
CIUIaBOB K IUTACTHUYECKON AedOopMallii U UX MAarHUTHYIO POHUIIAEMOCTb.

Bricoko HukeneBbie mnepmamion 79HM, 81HMA xapakrepusyroTcsi O4Y€Hb
BBICOKOM MAarHUTHOM TPOHUIAEMOCTBIO B CHaOBIX TOJAX, B JECATKH pa3
MIPEBBIIAIONIEH MATHUTHYIO TPOHUIIAEMOCTh YMCTOTO JKEJIe3a.

[lepMannon MHoay4arOT BaKyyMHBIM II€PEIIABOM, IPOKATHIBAIOT HA JIEHTHl M
JMCTBHl MarHUTOIIPOBOAOB ¢ nocaeaytomum oTxurom mpu 1100-1300 °C B Bakyyme niu
BOZIOPOJIE.

Hns pabotrbl B cnabbix moisax (paguo, TenedoH) pa3zpaboTaH 3aMEHUTEINb
JIOPOTUX TIEPMAJIOEB — CIUIaB abcughep, conepxamuit 5,4 %A1, 9,6%Si, octansHOe
— JKeJIe30.

N3-3a xpynkoctu anbcudepa H3AENUS W3 HErO0 HW3TOTABIMBAIOT B BHUJE
TOHKOCTEHHBIX OTJIMBOK WJIM METOJIOM MOPOILIKOBOM METalTypruu.

JlJisi  BBICOKOYACTOTHOM TEXHUKH HEOOXOAMMBI MarepHaibl C Ype3BbIUYAWHO
BBICOKMM  DJIEKTPOCONIPOTHBIICHHEM,  COXPAHAIOUIME  BBICOKYKDO  MAarHUTHYIO
MIPOHUIIAEMOCTh B IIMPOKOM YaCTOTHOM JIHAIIa30HE.

O1uM TpeOOBaHUAM OTBEYAIOT ¢heppumsbt (He MyTaTh C (QPEeppuTOM B CIUIaBaX
xenesa!), mpeAcTaBisoue co00W MAarHUTHYIO KEPAMHKY, MOJTYYEHHYIO CIIEKaHUEM U
coctosamy u3 Fe,;O; u okcuaoB Takux mMeTamioB, kak Mn, Mg, Zn, L1 (MnO, MgO,
ZI’IO, L102)

dakTuyecku bepputb SABIISIFOTCS MOJIYITPOBOJTHUKAMH, ux
ANIEKTPOCONPOTUBIIEHHE Ha 6—12 TOpPSAKOB NPEBBIIIAET AIEKTPOCONPOTUBIICHHE
Keesa.

bnaromaps »5sToMy, Jaxe TpH CcaMbIX BBICOKMX YacTOTaX OHU HMEIOT




HC3HAYUTCIIBHBIC ITOTCPU OT BUXPECBLIX TOKOB.

DeppuUThI

@eppUThl MOIYYAKOTCS CIEKAHUEM MOPOIIKOB, cocTosAmux u3 Fe,O, u okucion
IBYXBaJeHTHBIX MeTauioB (ZnO, NiO, MnO u ap.).

CrneunduyeckumMu CBOWCTBaMH (PEPPUTOB MO CPABHEHUIO C OOBIYHBIMH
(eppoMarHeTMKaMH SBIISIOTCS BBICOKOE DJIEKTpHUecKoe conpotuienue 10° — 107 Om-
CM (YTO MPUBOAUT K MajbiM MOTEPSIM MPU BBICOKUX YAaCTOTaX) U OTHOCHUTEIIbHO
HEBBLICOKAs HaMarHM4YeHHOCTh HachleHus ~ 100 — 20 000 I'c.

Yame npumenstor MmarauTomsirkue gpepputsl NiO — ZnO — Fe,O; u MnO —
7/nO —FCzOg.

deppuThl NPUMEHSIOT AJI1 pabOThI MPU BBICOKUX M CBEPXBBICOKMX YacTOTaxX, I
UCIIOJIb30BAHNE METAJUIMYECKUX (PEPPOMArHETUKOB HEBO3MOXKHO M3-32 OOJBIINX
MOTEPh SJIEKTPOMArHUTHON SHEPTUU.

X wuCnonb3yloT B PpPAAMO3IEKTPOHUKE W PAAUOTEXHUKE [JII MAarHUTHBIX
CTEP>)KHEBBIX AHTEH, CEPACYHMKOB MAarHUTHBIX YCUJIUTENEH, B HMIYIbCHBIX
TpaHchopmaropax u T. JI.

@epputhl 00€CEUMBAIOT MUHHUATIOPU3ALMIO BaXXHBIX Y3JIOB COBPEMEHHBIX
pruOOpoB.

B 3anomunaromux ycrpoicteax 9BM npumensitor dpeppurst MgO — MnO —
Fe,O; ¢ npsimoyronsHoit nietneit ructepesuca (I'TIY) — 0,12BT (kospuutuBHas cuna H,
=0,12 5, BT — BeiuncnurenbHas texauka), 0,9BT, 1,3BT u ap.

Baxxnoit xapakrepuctukoii pepputos III1I" sBisiercss Bpemsi nepeMarHu4rBaHus,
HE00X0IMMOE sl U3MEHEHHUSI MArHUTHOT'O COCTOSIHUS CEpJIeUHHKa OT +5, 10 —B.

beicTponeiicTBHE pacTeT C yMEHBILIEHUEM KOAOPILIUTUBHON CHIIBI.

B cBepxBricokouacToTHOM TexHuke (CBY) ucnonb3yroT HE TONBKO OOBIUHBIE
dbepputel, HO U depputel MgO — MnO — Fe,0;, obmanaronue O4eHb BBICOKUM
snekrpoconporusierrem: 10° — 10° Om-cm.

Henocrarku ¢heppuTOB 10 CpaBHEHHUIO C METAUIMUECKUMU (heppoMarHeTUKaMU:

- HM3Kas TeMIiepaTypHasi ctabmibHOCTh (Touka Kiopu ke 200°C);

- Hu3Kasg uHayKius Haceimenus (~ 4000 I'c), 3aTpyaHsionias UCIOJIb30BaHUE UX
JUTSL MOUTHBIX HU3KOYACTOTHBIX TPAaHC(HOPMATOPOB;

- BBICOKHE TBEPAOCTb U XPYIKOCTh (BO3MOXKHO TOJBKO HUIH(POBAHUE).

B psge cinydaeB 11 3J€KTPOMAIIMHOCTPOCHHS HEOOXOJUMBbI HEMarHUTHBIE
MaTrepua’bl.

B xauectBe 3ameHuTenel OpOH3bI, IATYHHU U APYTUX CIJIABOB LIBETHBIX METAJUIOB
MIPUMEHSIOT HEMArHUTHBIE CTAIM U YyT'yHbI, UIMEIOLINE ayCTEHUTHYIO CTPYKTYDY.

Takas cTpykTypa oOecrnieunBaeTcs BBICOKHM COJEp)KaHMEM MapraHlia U HUKeEJs,
pacIUpAIOMHKX Y-0071aCTh CTPYKTYPHON AUArpaMMBbl.

[lapamarauTHeiMH ~ cBoOMcTBaMu  oOjamaroT crtanu  Mapok  12X18HI10T,
10X14T'14HA4T, 40I'14H9®2,40X14H9X3HOD2 u np.



DJIeKTPOTEXHUYECKHUE CIUIABbI

Crayu 1 CIUIaBbI 3TOTO TUIA UCTIOIB3YIOT:

- 0o g mpeoOpa3oBaHMs DIECKTPUUECKOM SHEPruud B TEIUIOBYIO, T.€. C
BBICOKHM 3JIEKTPOCONPOTUBIICHUEM;

- 7ubo, HAoOOpOT, B KayeCTBE MATEpUAJIOB, HMMEKIINX MHUHUMAIbLHOE
AIIEKTPOCOTPOTHUBIICHHE.

ITepBas rpynma AMEKTPOTEXHUUECKHUX CILJIABOB MEeT BBICOKOE
AIIEKTPOCOTPOTUBIICHUE U HWCIOIB3YETCA ISl M3TOTOBJICHUS AJICKTPOHATIPEBAaTEIIbHBIX
AIIEMEHTOB M PEOCTATOB.

BTopas  rpymma = 3MEKTPOTEXHUYECKHUX  CIUIaBOB,  UMEKOIIMX  HU3KOE
AIIEKTPOCOTPOTUBIICHHUE, UCTIONB3YETCS ISl U3TOTOBJICHUS TIPOBOAHUKOBBIX AJIEMEHTOB,
MIPOBOJIOB U JIP.

CruiaBel BBICOKOTO 3JIEKTPOCOMPOTUBIICHUS TPENCTABISAIOT COO0M TBEPIBIE PACTBOPHI
BBICOKOM  KOHIIGHTPAIIMH, y KOTOPBIX AJICKTPOCOMPOTUBICHHE MEHSETCA TIO0
KPUBOJIMHEWNHOMY 3aKOHY.

DNEeKTPOCONPOTUBIICHNE CILUIABOB HA OCHOBE TBEPAOr0 PacTBOPA HAMHOTO BBIIIIE
AIIEKTPOCOTPOTUBIICHUS] YUCTHIX KOMITOHEHTOB (pHC.2).

3HaueHUSI ATOM XapaKTEPUCTUKU HE JOHKHBI CYIIECTBEHHO MEHSTHCS TIPU
HW3MEHEHUU TeMIIePaTyphl.

B kauectBe peocCTaTHBIX CIUIABOB MPUMEHSIOT CIUIaBBI Ha OCHOBE MEIU C
no6aBkamu Ni, Mn u Zn.

Mennonukenesbie cmiaBel ¢ 40-50 % Ni (koncrantan MHM140-1,5, komnens
MHMu45-0,5) umMeroT MakcuMalbHOE JIIEKTPOCONPOTUBICHHE, KOTOPOE IOYTH HE
MEHSETCS C TEMIIEPATypPOU.

Nx makcumanbHas pabodast TeMIieparypa Bo u30exaHue OKaJIMHOOOpa30BaHUs HE
noimkHa Ob6ITh BeImIe 500 °C.

OKaJIMHOCTOMKOCTh OMpEIENsieT CPOK CIYKObl HarpeBaTelbHBIX 3JIEMEHTOB
neveil ¥ mprudopoOB, UMEIOITUX 3HAYUTEIBLHO 00JIee BEICOKYIO TEMIIEpaTypy.




Puc. 2. Dnexrpuyeckue cBoiictBa cmiiaBoB Cu—Ni:
1) TemneparypHbiii KO3 (GULIHUEHT AIIEKTPOCONPOTUBICHUS;
2)371EeKTPOCONPOTUBIIEHUE

IIpuMeHeHHe IEKTPOTEXHUYECKHUX CIJIABOB

na nacpesameneii npuMeHsSOT (eppuTHble cTanu, jJerupoBaHHbie Cr m Al
(xpoManu), a TakKe CIJIaBbl HA OCHOBE XpoMa M HHKeJs, Harpumep HuxpoM X20HSO0,
conepxarntuit okoso 20 % Cr u 80 % Ni.

Ero pomyctumasi pabouas Temmeparypa cocrtaBiger He wmenee 1150 °C.

MonubeHoBbIE HarpeBareiad, XOTS M HMEIOT 0oJee BBICOKYIO TeMIIepaTypy
skcruryatanuu (1o 1500 °C), HO u3-3a HU3KOHM KapOCTOMKOCTU MOTYT paboTaTh TOJIBKO
B BaKyyMe€ U B CpeJleé UHEPTHBIX Ia30B.

na uzecomoenenus mepmonap HeoOXoUMa MPOBOJIOKA HE TOJBKO C BBICOKOM
KApPOCTOMKOCTHIO, HO U MPSAMOJIMHEHHON 3aBUCUMOCTBHIO AJIEKTPOABUKYILIEH CHIIBI OT
TeMIIeparyphbl.

B kauecTBe Marepuana i 3JEKTPOIOB TepMoOMNap MPUMEHSIOT MPOBOJIOKY W3
TJIATUHBI (OMH JIEKTpoA) U cruiaBa TiatuHbl ¢ 10 % Rh (pyrenuit).

Takue TepMonapbl MOKHO MCIIOIB30BaTh JJIsi U3MEPEHUSI BHICOKUX TEMIIepaTyp
BILJIOTH JIO TEMIIEPATYPhI KUJIKOM CTAIIH.

st u3mepenus 6onee Hu3kux temmnepatyp (1o 1000°C) npumenstor crutaBbl Ni
c 2% A1l (amomens) u Nic 10% Cr (xpoMmernb).

B kauecmee npoeodnukogvlx mamepuanog NPUMEHSIOT HE CIUIABBI, & YUCThIC
METaJUlbl, TAKUE KaK Me/lb, AIFOMUHUM, pexe — cepedpo.

[IpoBOAHUKOBBIE METAJUIBl JOJKHBI COJAEPKAaTh MHUHUMAIbHOE KOJIUYECTBO




MIPUMECEH, TaK KaK JETMPOBAHKUE MOBBIIIAET JICKTPOCOMPOTUBIICHUE.
Oco0yto rpynmny NpoBOAHUKOBBIX MaTepHUalioB COCTABIISIOT CBEPXITPOBOTHUKH.

KOHTPOJIBHBIE BOITPOCHI

Knaccuduxkanus MmatepuaioB ¢ 0COOBIMU CBOMCTBAMU IO MPUMEHEHHUIO.
CBoiicTBa MPOBOJHUKOBBIX MaTEPUAIIOB.

Puznueckas NpUpoa dIEKTPONPOBOJHOCTH METAIIIOB.

3aBUCHUMOCTD YAEIBHOTO CONPOTUBIICHUS] METAJIJIOB U CIJIABOB OT TEMIIEPATYPHI.
Bnusinue mnpumeceil M nedEKTOB CTPYKTYpbl Ha YAEIbHOE COINPOTHUBIICHUE
METAJLJIOB.

DNEKTPOCONPOTUBIEHNE TOHKUX METAIUNINYECKUX TIEHOK.

Marepuassl BBICOKOW TPOBOIUMOCTH.

[IpoBonHUKOBasA MENB U €€ CIJIABBI.

9. IIpOBOAHMKOBBIN aTFOMUHUI.

10.bnaropogHbeie METaJIbI.

11. TyronnaBkue MeTaIbl.

12. HemeTrannnyeckue NpOBOIHUKH.

13.Marepuaiibl Ha OCHOBE rpadura.

14. KOHTaKTOJIBI.

15.Marepuanbl AJi HETOIBMXKHBIX SJIEKTPUUYECKUX KOHTAKTOB.
16.Marepuaiibl 1151 pa3pbIBHBIX AIEKTPUUECKUX KOHTAKTOB.
17.Marepuaiibl 1151 CKOJB3SIIUX JIEKTPUUECKUX KOHTAKTOB.
18.Marepuaiibl BBICOKOTO YIEJIbHOTO COMPOTUBIICHHUS.

19.CnnaBel 115t pe3UCTOPOB U TEXHUYECKUX COMPOTUBIICHUI.
20.Marepuansl Jj1s1 HarpeBaTENbHBIX dJIEMEHTOB.

21.CnnaBsl 1J1s TepMonap.

22.CBepXInpoBOsIINE MaTePHUAIIBL.

23.0OCHOBHBIE CBOWCTBA IUAJIEKTPHUKOB.

24.T"'a3000pa3HbIe JUIICKTPUKH.

25.Kuakue TUdIIEKTPUKH.

26.Heoprannueckuie TBEPAbIE AUAIEKTPUKHU.

Nk =
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CBEPXITPOBOIUMOCTD U CBEPXITPOBOAAIUE
MATEPHAJIBI

Oo0mmmue cBexeHus

CBEPXITPOBOINMOCTbD

C noHWXEHMEM  TeMIlepaTypbl  HaOMIOAaeTcss  MOHOTOHHOE — TaJIeHHe
AIEKTPOCONPOTUBIECHU. BOIM3M aOCOMIOTHOrO HYNsl Y MHOTMX METAJUIOB U CILIaBOB
MPOUCXOIUT  pe3Koe TMaJeHUe  DICKTPOCONPOTHBICHHS M  OHU  CTAHOBSTCS
CBEPXIPOBOJHUKAaMH (puc.1).

Puc.l. BnusgHue temmneparypsl Ha 3JIEKTPOCONPOTUBICHHUE CBEPXITPOBOASAIINX
MarepuagoB

Ceepxnpogooumocms  —  CIIOCOOHOCTb  MaTepuajoB  HE  OKa3bIBaTh
COIIPOTUBJICHUE JJICKTPUUYECKOMY TOKY IIPU TEMIIEpATypax HUXKE XapaKTEPHOU Il HUX
KPUTHYECKOU TeMneparypsl 7.

BrnepBbie cBepXmpoBoguMOoCcTs 0OHapyxwui B 1911 romnanackuit yuenslii [eitke
Kamepnunr-OHHec, KOTOPBIN Habo1aN CKauko0Opa3zHoe VICYE3HOBECHUE
COIMPOTUBIICHUS PTYTH A0 HEM3MEPUMO Majoi BeJMuuHbI Mpu Temneparype 4,2 K (puc.
2).

K HacrosieMy BpeMeHM CBEpXIPOBOAMMOCTh OOHApYy)KE€Ha Yy OOJBIIMHCTBA
YUCTBIX METAJUIOB, NMPUYEM CBEPXIPOBOIAIICE COCTOSHHUE JIETYE BCErO0 BO3HUKACT B
MeTaJulaxX ¢ HU3KOM OOBIYHON MPOBOAUMOCTHI0. OTKPBITO U U3YUYEHO OKOJIO TPEX ThICAY
CBEpXIIPOBOJAIIUX CIUIABOB M HHTEPMETAUIMYECKUX COCIMHEHUM, U UX YHUCIIO
HENPEPBIBHO pacTeT. YucTele MeTallbl IPUHATO OTHOCUTH K CBEPXIPOBOJHUKAM



MIEPBOTO POJIa, a CIUIABBI U COCTMHECHHSI — K CBEPXIPOBOIHHUKAM BTOPOTO POA.

MarauTHoe ToJie B O00BEME CBEPXIPOBOAHUKOB IPU TEMIIEparypax HUXKE
KPUTUYCCKOM pPaBHO HYIIO. MeTal CTAaHOBUTCS JWAMarHETUKOM — MaTepHUajioM,
MPUOOPETAIONTUM BO BHENTHEM MarHUTHOM I10JIE MAarHUTHBI MOMECHT, HaIllpaBICHHBIN
NPOTUB HaMarHW4uBaromero moiisa. IlodToMy Tipm mepexone Marepuaia B
CBEPXIIPOBOJIAIICE COCTOSTHUEC BHEIIHEE MArHUTHOE IIOJIE «BBITAJIKMBACTCSI» W3 €r0
00beMa M OCTAETCS JIUIIbL B TOHKOM MOBEPXHOCTHOM CJIO€ TOJNIIMHON 0Kojo 10° Mwm.
Ot0 siBneHue Ha3biBaeTcs 3gdhextom MeiicHepa.

Puc.2. DddexT cBepXIpOBOAUMOCTH PTYTH B 3KCIICPUMECHTE
Kamepnunr-Onecca (1911 1)

[TonTBepxacHHEM TOTO, 9TO CBEPXITPOBOTHUK CTAHOBHUTCS
JTVMaMarHeTHUKOM, SIBJISETCS W3BECTHBIM S(QEKTHBIH OMBIT CBOOOTHOTO IMApPEHUS
MMOCTOSTHHOTO MarHWTa HaJ[ CBEPXITPOBOIAIICH CBUHIIOBOW IuTacTHHOW. [lo mpemaHuio
rpo0 ¢ TemoM mpopoka Maromera BHCENl B NPOCTPAHCTBE 0e3 BCSAKOW MOMICPIKKH,
MIO3TOMY 3TOT OIBIT Ha3bIBAIOT SKCIIEPUMEHTOM C «MaroMEeTOBBIM TPOOOMY).

[lepeBon marepualia B CBEPXIPOBOISIIEE COCTOSHHUE CBsI3aH C (ha30BBIM
nepexonoM. HoBoe ¢a30oBoe cOCTOSHHME XapaKTEpPHU3YeTCs TEeM, UYTO CBOOOIHBIE
AIIEKTPOHBI TIEPECTAIOT B3aMMOJACHCTBOBATh C MOHAMHU KPHCTAJLUTMYECKON PEIICTKU U
BCTYMAalOT BO B3aUMOJICHCTBHE MEXIY COOOWH. DIJIEKTPOHBI C IMPOTHBOIOJIOKHBIMH
CIIMHAMU OOBEIUHSAIOTCS B Tapbl M PE3YJIBTHPYIOIIUN CIIMHOBBIH MOMEHT CTaHOBHTCS
pPaBHBIM HYIII0. OJICKTPOHHBIC Tapbl HA3bIBAIOT KYNEPOBCKMMHU IO HWMeHH JleoHa
Kyrmiepa, BIiepBbIE IMOKa3aBIIEro, YTO CBEPXIPOBOJUMOCTh B METaUIaX CBS3aHa C HMX
o0pa3oBaHUEM.

B 0ObIYHOM, HECIMapeHHOM COCTOSHHUU 3JCKTPOHBI PACCEHUBAIOTCS Ha
MIPUMECSX, UMCIOIIUXCS B METAJIIC, WM Ha TEIUIOBBIX KOJCOAHUSAX KPUCTAITMYCCKON



pemietku — QoHoHax. PaccenmBaHHMe »BJIEKTPOHOB MPUBOAUT K BO3HUKHOBEHUIO
AIIEKTPUYECKOTO CONPOTHUBIICHUS. KynepoBckue mapbl HE pPACCEHMBAIOTCA, TAK KaK
sHeprus (OHOHOB, KOTOPYIO Mapa MOXKET MOJYyYUTh OT B3aUMOJIECUCTBHS C HUMHU WU
nedeKTaMu penieTKd Ipu KPUOTeHHBIX TeMIlepaTypax, CIUIIKoM Mmana. He ucnbiTbiBas
paccesiHus, KyINEpOBCKME Tapbl JBHXKYTCS CKBO3b pELIETKY KpHUcTamia 0e3
COIIPOTUBIICHMS, YTO U IPUBOIUT K SIBIICHUIO CBEPXIIPOBOAUMOCTH.

CBepXmnpoBOsIIEee COCTOSHUE MOXKET ObITh pa3pylIeHO Kak MPU HarpeBe
Marepuana J0 TeMIeparypsbl BbIIIE KPUTHUYECKOW, TAK U B PE3yabTare BO3LACHCTBUS
CWJIbHBIX BHEIIHMX MAarHUTHBIX MOJEH C HaNpsKEHHOCThIO H, Ooyiee ompeneraeHHOro
KpUTUYECKOro 3HadeHus. Kpuruueckoe MarHuTHOE TMOJe, MOJO0OHO KPUTHYECKOU
TEeMIIEpaType, SIBIAECTCS OCHOBHOM XapaKTEPUCTUKOW CBEPXIPOBOMAILIEIO Marepuasa.
[Ipu mnpeBbimienun 7, wiaum  H, NOPOUCXOOUT CKAuKOOOpa3HOE BOCCTAaHOBICHHE
AIEKTPOCONPOTUBIIEHUS U MATHUTHOE I10JI€ IIPOHUKAET B METAJLIL.

OgHuM M3 [IaBHBIX NPEUMYIIECTB  CBEPXIPOBOAHUKOB  SIBISAETCS
BO3MOXKHOCTb JOCTH)KEHUSI BBICOKMX IUIOTHOCTEM TOKA. Yem BbIllI€ IUIOTHOCTH TOKAQ,
TEM KOMIIaKTHEE NpPHOOPHI, MEHBIIUN pPACXOd TOPOTrOCTOSIIMX CBEPXIPOBOIAIINX
MaTepHuaoB U MEHbIIE Macca, KOTOPYI HEOOXOIMMO OXJIaXaaTh. BbIcoKas IIOTHOCTH
TOKA MO3BOJISECT CHU3UTh KAIUTAJIBHBIE M DKCILIYaTallMOHHBIE PACXOAbl YCTAHOBOK Ha
CBEPXIIPOBOJHUKAX.

CBEPXITPOBOJAIINE MATEPHUAJIBI U
TEXHOJIOI'USA UX ITPOU3BOACTBA

W3 BCcex YMCTBIX METAJIOB, CITOCOOHBIX MEPEXOAUTH B CBEPXIIPOBOIAIICE
COCTOSTHHE€, HAUBBICIITYIO KPUTHUECKYIO TEMIIEpaTypy nepexoaa nmeet Huoowuit (7, ~ 9,2
K). Omgnako mis HUOOWSI XapaKTEpPHBI HHU3KHME 3HAYCHUS KPUTHYECKOTO MarHHTHOTO
noJist (okoso 0,24 77), 9TO HEAOCTATOYHO JUIS €r0 IMIUPOKOTO NMPHUMEHEHUSA. XOPOIIUM
COYCTAaHWEM KPHUTHYECKUX TlapamMeTpoB 7, W B, OTIWMYAIOTCA CIUIaBBl U
WHTEPMETALTNYCCKHE COCAMHCHHMS HHUOOMS C ITMPKOHWEM, THTAHOM, OJIOBOM H
repmMandeM. B TaOm.l mnpuBeAcHBI KPUTHYECKHE IMAapaMETPhl CBEPXIPOBOIHHKOB,
MIPEICTABISFOIINX TPAKTHICCKUIM HHTEPEC.

CruiaBbl U COSMHEHUST HUOOUS MEPEXOIAT B CBEPXIPOBOIAIICE COCTOSTHHUE
IpU JIOCTaTOYHO BBICOKMX TemrieparypaX. OHH MOTYT BBIICPKHBATh JTOBOJBHO
CUJIBHBIC MarHUTHBIC MOJISI U XapaKTEPHU3YIOTCS BBICOKOH IMJIOTHOCTHIO TOKa. B KuaKoM
reJMd TPH BHEIIHEM Tojie ¢ HMHAyKnuer 2,5 Tn KpuTHyeckas IUIOTHOCTh TOKa
coctapisier: i Nb—Zr — 1 kA/mm?; Nb—Ti — 2,5kA/MM? ; NbsSn — 17kA/MM? ;
V;Ga — 5 kA/MM>.

K Hambosee pacnpoCTpaHEHHBIM CBEPXIPOBOIANIUM  MaTepHajiaM
otrHOcuTcs cmiaB Nb—46,5 % Ti (mo macce). DTOT CIIaB OTIWYAETCS BBICOKOM
TEXHOJOTUIHOCTHIO, U3 HEr0 OOBIYHBIMU METOJIaMH TUIABKH, 00paOOTKH JaBICHUEM H
TEPMHUYECKOH OOpaOOTKM MOXHO HM3TOTaBIMBATh IPOBOJIOKY, KaOeau, IIHHBIL.
HNuTCcpMeTauuabl, XOTs U 001a1afoT 0ojice BBICOKMMH KPHUTHUYESCKUMHU TapaMeTpPaMH,
UMEIOT BBICOKYIO XPYIKOCTh, YTO 3aTPYIHSICT WU3TOTOBJICHHE W3 HUX JJIMHHOMEPHBIX
MIPOBOIOB TPATUITMOHHBIMH METOIAMH METAJLTyPTrU9YeCKOM TEXHOJIOTHH.



[Ipn W3roTOBIEHUU CBEPXIIPOBOASAIIETO Kabenss B Opycke Meau MPOCBEPIUBAIOT
MHO>KECTBO OTBEPCTHI M B HUX BBOIAT TOHKHE cTep:kHU Nb—Ti. bpycok npotsrusator
B TOHKYIO ITPOBOJIOKY, BHOBb pa3pe3ato! ee Ha KyCKH, KOTOpbIE CHOBA BBOJSIT B HOBBIE
Opycku. [ToBTOpSsisE MHOTOKPATHO 3Ty OMNEpaIHio, MOIy4aroT Kadeiab ¢ OOJBIINM YUCIOM
CBEPXIPOBOJAIINX KUJI, U3 KOTOPOT'O JAENAl0T KATYIIKHU JJIs AIEKTPOMAraiuToB (puc. 3).

Puc. 3. IlonepeyHoe ceyeHrEe MHOTOKHIIBHOTO CBEPXITPOBOSIIETO
KOMTIO3UTa ¢ 361 HHOOUI-TUTAHOBOM KUJIOW B MEIHOM MaTpHIIE

Ecnu B kakoit-nu0o >kujie CBEPXMPOBOAUMOCTD CIyYaHO HAPYILIUTCS, TO
BBICOKAsl DJIGKTPO- M TEIUIONPOBOJHOCTh MEIHONW MaTpullbl JaeT BO3MOXKHOCTH
OCYIIIECTBUTh TEPMHUUECKYIO CTAOWIM3AlMI0 CBEPXIIPOBOJHUKA B JIOKPUTHUUYECKOM
pexuMe.

[IpuMeHeHne XPYNKUX HMHTEPMETAUIMAOB 3HAYUTENIBHO  YCIOXKHSIET
M3roTOBIIeHHE Kabens. [[ns moaydeHus: mpoBOJOB M3 CBEPXITPOBOJSIIECTO COCIUHCHHUS
Nb;Sn npuMeHsAIOT Tak Ha3bIBaeMyI0 «OpOH30BYIO TEXHOJIOTHIO», OCHOBAaHHYIO Ha
cenekTuBHOM TBepaodaszHorr guddy3un. ToHKHME HHUTH IUIACTUYHOTO HHOOUS
3aMpeccoBBIBAIOT B Marpuily W3 OpoH3bl, comepxaniyio 10-13 % Sn. B pesynbrare
MHOTOKPAaTHOTO BOJIOUEHMSI U TIOBTOPSIONIUXCS 3allPECCOBOK C IPOMEKYTOUHBIMU
OT)KUTaMH U TIOCIEAYIOIIEH TepMHUUEeCKOr 00paboTkoit mpoucxoauT nuddys3us ooBa B
HUOOUWH, U Ha €ro MOBEPXHOCTH oOpaszyercst ToHKas mieHka Nb;Sn. M3-3a HuuTOX)KHOMU
pPacTBOPUMOCTH Me/b B HMOOWU mpakTudecku He auddyHaupyer. Cxema OpoH30BOM



TCXHOJIOTHUHU MPCACTABJICHA Ha pI/IC4 HOHY‘ICHHBIC nmpoBoaa AOCTATOYHO IINIACTUYHEI,
JICTKO 'HYTCA U YKIIaAbIBAIOTCA IIJICTCHHUCM B Ka6eHB, COXpaH:sd OCIIBIMU IINICHKU Nb3SI’1.

Puc. 4. Cxema GpOH30BOI TEXHOJIOTUU U3TOTOBICHUS] MHOTOXUIBHBIX
POBOAOB Ha ocHOBe NbsSn:
A — cbopka, BoJIOUECHHE U OTKUT; b TepMooOpadoTKa.

I[JISI MMOJIy4UCHUA CBCPXIIPOBOOAIINX JICHT n3 COC}II/IHCHI’II\/JI
HHTCPMCTAJUINAOB KPOME TOI'O IPUMCHAIOT MCTOA XUMHUYCCKOI'0O OCAXKICHUA U3 T’ a30BOH
(1)2131:1. Ero ucnosnb3oBaHue I03BOJISIET CUHTC3UPOBATL COCAUHCHUC Nb3Ge, HMCIOICC
HauoOoJjee BBICOKYIO KPUTHYCCKYIO TCMIICPATYPY IMCPCXOoda B CBCPXIIPOBOAAIICC
COCTOsAHHC.

HpOCTOTa HN3roTOBJIICHUA, 6J121FOHpI/ISITHOG COYUYCTAHUC DJICKTPUYICCKUX U

Puc.5. CBepXnpoBojsmnil MNEPEXon SIEKTPUUYECKOTO COMPOTHUBICHUS
MoHokpuctaia YBi,Cu;0;.,, tne 0 <x <0,5

MEXaHHUUYECKUX CBOMCTB U CPAaBHUTCIbHO HU3KAsA CTOUMOCTD ITO3BOJIACT PCKOMCHIOBATDH
CBCPXIIPOBOAHUKN Ha OCHOBC TBCPAOI'O pacCTBOpPaA Nb—Ti B kauecTBe OCHOBHBIX



MarepuaioB 10 B, = 8 Tin npu T, = 4,2 K. B 6onee CUIbHBIX MOJAX, KO MIIOTHOCTh
TOKa CYIIECTBEHHO TaJaeT, 1eJIecoo0pa3Ho MCIOIb30BaTh HHTEPMETAIIMYECKUE
coenuHenus Tuna Nb;Sn.

B konme 1980-x romoB ObUIa OTKpBITA  BBICOKOTEMIIEpATypHAs
CBEPXIIPOBOJMMOCTh B KEPAMHUUYECKUX MaTepuajax.

B 1986 rony mBetinapckue ¢pusuku [Ix. bennopi u K. Mronnep BnepBbie
MOJTYYMJIM CBEPXMPOBOJSAIINE KEpAMUUYECKHE OKCHJIHbIE 00pa3lbl cucteMbl La— Ba—
Cun—O c Temmneparypoil nepexoga B cepxmnposogsiiee coctoaaue 7, = 35 K. 3a sto
OTKPBITHE, MTOJIOKUBILIEE Hayajio UCCIIEOBAHUIO BBICOKOTEMIIEPATYPHOM
CBEPXIIPOBOJUMOCTH, B 1987 I. OHU OBUIH YI0CTOCHBI

Puc.6./Ilunamuka pa3zpaboToK CBEpXITPOBOAHUKOB:
A — MeTtaimueckue Marepualibl; b — KepaMuka

HoGenesckoit mpemuu no ¢usuke. [lozgHee Ha UTTPUEBBIX KEpaMHUKax cucTeMbl Y —Ba
— Cu—O B Kurae, CIIA, fAnonuu um Poccum Obuta goCTUTHYTA TemIepaTypa
cBepxmpoBojsiiero nepexona 7, okono 90 K, nmaromass BO3MOXKHOCTh HMCIOJB30BaTh
JeIIEeBbIA M JOCTYIHBIN XKUAKUNA a30T B KauecTBe XxjagoreHTta (puc. 5). Kepamuka Ha
OCHOBE COEAMHEHUM OKCHJA MeId C OKCHIAOM CTPOHLHA, BUCMYyTa U
IIEJIOYHO3EMEIIbHBIX ~ DJIEMEHTOB, HAlpUMep, cocTaBa

2Sr-Ca0-Bi,05-2Cu0, umeer emie 6onee Bbicokyto 7, (1o 100 - 115 K). B Hactosmee
BpeMsi HCCIIEIOBATENIIMU pPsijia CTpaH pa3paboTaHo OONbIIOE YUCIO KEepaMUYECKHUX
MarepuajgoB c ImepexomoM npu temmneparypax 250 K u nmaxe npu KOMHaTHOR
TeMmIieparype. 3HauMTellbHas YacTh pa3paOOTaHHBIX MaTEpHUANIOB XapaKTepU3yeTcCs
HECTaOMJILHOCTBIO M OOJBIION XPYNKOCTHIO. J[MHaMIKa pa3paboTOK CBEPXITPOBOASIINX



MaTrepuajoB IIPEACTaBIEHA HA puc. 6.

[Tonck HOBBIX CBEPXMPOBOAHUKOB IMPOAOIKACTCSA, XOTS MOKa Ipodiema
OCTaeTcsl YUCTO HayyHOU. B mepcriekTuBe, aJig TOro 4ToObl MpUAaTh € TEXHUUECKUN
XapakTep, HEOoOXoAuMO pa3padoTaTh TEXHOJIOTHIO TIPOU3BOACTBA M MPUMEHCHHS
BBICOKOTEMIIEPATYPHBIX CBEPXITPOBOIHUKOB.

KOHTPOJIBHBIE BOITPOCHI

L. DNEKTPOTEXHUYECKUE CIIJIABBI.

SIBneHue cBepXIPOBOAUMOCTH.

CepxnpoBoasIINe MaTEPHAIIbL.

TexHonorMs NMPOoU3BOACTBA CBEPXITPOBOASIINX MAaTEPUAIIOB.
CobcTBeHHast MPOBOAMMOCTH MOIYNPOBOJHUKOB.
[IpumecHas npoBOAUMOCTD MOJIYIPOBOTHHUKOB.
VYnenbHas IpOBOAMMOCTH POBOITHUKOB.
DoTONMPOBOIUMOCTD MOITYITPOBOIHUKOB.

9. JlromuHecueHIus

10.OnemeHTapHbIE TOIYIIPOBOIHUKN: T€EPMAHUN, KPEMHUM.
11.TIpuMeHeHne noynpoBOAHUKOB F'€PMAaHUs U KPEMHHUSL.
12.TTonynipOBOJHUKOBBIE XUMUYECKHE COCIUHEHUSI.

A AN
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CIIJIABBI C OCOBbBIMHU TEIIVIOBBIMHA U
YIIPYTUMHA CBOVICTBAMHU

Oo0mmue cBexenus

Jlns psnma  orpaciedl MalIMHOCTPOSHUS U MPUOOPOCTPOCHUS HEOOXOAUMO
MPUMEHEHHE MaTEepUaioB CO CTPOr0 PENIAMEHTUPOBAHHBIMHM  3HAYEHUSIMU B
OTpENICTICHHBIX TEeMIIepaTypHbIX MHTEpBajax »dKCIUTyaTallud TakuX (U3HIECKUX
CBOMCTB, Kak memnepamypHule KoIgpuyuenmot auneitnozo pacuwiupenusn o (TKJIIP)
U mooynsa nopmanvhoii ynpyzocmu i (TKMY).

Ot KOd(PGUIMEHTHI ONPENEaI0T XapaKTep HM3MEHEHHs Pa3MepoB JETad U
MOJYJISI YIIPYTOCTH CIIJIaBa IIPU HarpeBe.

TKJIP cnnaBa omnpenenstoT € MOMOIIBI0 JTHJIATOMETPA IO OTHOCHUTEIBHOMY
VIJIMHEHUIO 00pa3iia B 3aIaHHOM TeMIIEpaTypHOM JHarna3oHe.

Cornacao npaBuiny KypHakoBa, B TOM ciydae, €c/id KOMIIOHEHTBI 00pa3yroT
TBepAbld pactBop, To TKJIP cryiaBa mM3MEHSICTCS IO KPHUBOJHMHEHHOM 3aBHCHUMOCTHU
BHYTPH IIpEeACNIOB, orpaHnuceHHBIX 3HaueHHAMH TKJIP 3THMX YHCTBIX KOMIIOHEHTOB.

Koaddumuent nuHEtHOrO pacmiupeHus a BO3pacTaeT C  IOBBIIICHHEM
Temrieparypsl (puc.1).

Puc.1. KpuBas pacmmpeHnus CrijaBoB MPHU MOBBIILIEHUH TEMIIEPATYPBI

Opnnaxo criiaBel Fe—Ni He TOTUUHSIOTCA 00IIMM 3aKOHOMEPHOCTSIM.
B ob6nactu konunentpauuit ot 30 mo 45 % A HUX XapaKTepHbl aHOMAJIUH,
CBSI3aHHBIE C MHBAPHBIM 3 pexTom (puc.2).



Puc.2. Temneparypubiii k03QhULIMEHT JTUHEIHOTO paciupenus ciiaBoB Fe—Ni

Camoe nuskoe 3HadeHue TKIJIP B nmanazone temmeparyp ot -100 mo 100 °C
MMeeT CIUIaB, coaepxkariuit 36% Ni.

OtoT crmaB Obul OTKpHIT [mitomomM B 1897 romy u Ha3BaH wuHeapom (Jart.
HEU3MEHHbIN) U3-32 MUHUMAaJIbHBIX 3HAYEHHH TETJIOBOTO PACUIUPEHHUSL.

s metainoB ¢ KyOuyeckoil kpuctaminyeckoil pemerkoit TKIIP uzorponeH.

3HAuYEHMS €ro CBOMCTB HE 3aBUCST OT HANPABICHUN KPUCTAIUINYECKON PEIIETKU U
MIPEUMYLIECTBEHHON OpUEHTALUN TEKCTYPHI.

Tepmuueckuii korddureHT 00beMHOro paciupenus Brpoe npesbimaet TKIIP.

Ins crutaBoB Fe—Ni uHBapHOTO coctaBa moMuMoO HH3kuX 3HaueHuit TKJIP
XapaKTepHa elle OJHa aHOMaJIMs — aHOMAaJMs TEPMHYECKOro KoddduimeHTa Momyss
ynpyroctu TKMY.

B mo0ObIX TBepAbIX Tenax, B TOM YHUCIE MeTajllaX, MpU HarpeBe Halmronaercs
YMEHBLIEHUE MOAYJSl YIIPYTOCTH, SIBISIOIIETOCS MEPOU CHII MEKATOMHBIX CBSI3EH.

B cmnaBax ¢ uHBapHbIM 3G(EKTOM MOIYAb YNPYTrOCTH PACTET WM OCTAeTCs
ITOCTOSIHHBIM C MTOBBIIIEHUEM TEMIIEPATYPBHI.

XapakrepHo, 4yTo MakcuMaiibHoM BeanunHoit TKMY oGnamaet tot xe cruiaB Fe
—Ni ¢ cambiM HU3KkUM 3HaueHneM TKIJIP, conepxantuii 36 % Ni (puc.3).

[TonGop onmpeneaeHHOro XMMUYECKOTO COCTaBa MO3BOJISIET pa3padoTarh CIUIABHI,
MOJYJIb YIIPYTOCTH KOTOPBIX MPAKTUYECKU HE 3aBUCUT OT TEMIIEPATYPHI.

CmiaBpl, COXpaHSAIOUIME TMOCTOSHCTBO MOAYIS YIPYTOCTH B  IIMPOKOM
TEMIIEPATYPHOM JTHANA30HE, HA3BIBAIOT 2IUHEAPAMU.

IIpupona anomanbHOoro msmeHeHuss TKJIP mHBapHBIX CIUIaBOB, Tak K€ Kak M
MOJTYJIsl HOPMAJIbHOM YIIPYrOoCTH, UMEET (PeppOMArHUTHOE TIPOUCXOXKICHHUE.



Puc. 3. Temneparypubiii kK03QPUIIMEHT MOy ypyroctu cruiaBoB Fe—Ni

B deppomarauthbix crutaBax Fe—Ni H”HBapHOIro THIa BEIUK YPOBEHb OOBEMHOM
MAZHUMOCMPUKYUU — UBMEHEHUA 00bema 3a cHem 6HYMPEHHe20 MAZHUMHO20
nons.

IIpu HarpeBe MPOMCXOOUT YMEHBIIEHUE MarHUTOCTPUKIIMOHHOW COCTABIIAIOIIEH
o0bema.

Boeime Temmeparypsl Toukd Kiopm MarHMTOCTPUKIIMOHHBIE —Jedopmariuu
IIOJIHOCTBIO HUCUE3AI0T B CBSA3M C NEPEXOIOM METAIIJIA B MIAPAMATHUTHOE COCTOSIHUE.

TKJIP dheppomMarHeTkoB ornpeaensercs GopmMymnoii:

o=0-A,
IJe 0y — HOPMaJIbHBIA KOA(DPUIMEHT JMHEHHOro pacIIUpeHusi, onpenensieMbli
sHeprued cBs3u  aromoB; A — cocraBustomas  TKIIP,  oOycnoBienHas

MAarHMTOCTPUKIHUEN ITaparpoLecca.

Hopmanbnas cocraBusitomas  TKJIP npu  HarpeBe pacTeT  BCIEICTBUE
YMEHBIICHUS JHEPTUH CBSI3U aTOMOB.

ODTOT POCT KOMIICHCHUPYETCS YMEHBIIEHUEM MarHUTOCTPUKIIMU B pE3yJbTaTe
CHIIKEHUSI HAMarHUYE€HHOCTH, KaK CJIEJACTBUE YCUIICHUS TETUIOBBIX KOJICOAHUIN aTOMOB.

B utore npu HarpeBe a0 temmeparypsl Touku Kropu o0beM MHBApHBIX CIUIABOB
MaJIO MEHSETCH.

TKJIP 1 HEKOTOPHIX CIUIABOB MOXKET JaXke MpUOOpeTarh OTpHIlATEeIIbHBIC
3HAYEHUsI, U UX 00bEM J1aKe YMEHBIIIAeTCsl.

BHeninue pactaruparonme HanpsbkeHus neicTBytoT Ha Fe—Ni-peppomaraetuku
MHBAapHOTO COCTaBa MOJOOHO MAarHUTHOMY TOJIO U TakKe€ CHOCOOCTBYIOT HPOSIBICHUIO
O0OBEMHOW  MarHUTOCTPUKIIMK,  OOBIYHO  Ha3bIBAEMYHd B  O3TOM  clly4ae
MexXaHocmpuxkyueil.




Brbicokuii ypoBEeHb MEXaHOCTPUKIIMM B JJIMHBAPHBIX CIIaBaX CIOCOOCTBYET
aHOMAaJIbHOMY U3MEHEHUIO MOAYIS YIIPYTOCTH P HATrpPEBE.

BnusHue HarpeBa Ha MOJYlIb YNPYTOCTH SIMHBAPHBIX CIUIABOB MOXET OBIThH
onucaHo popmynoin

E, =E, (1 + Bt),

rne Ey — Moaynb ynpyroctu OOBIUHBIX CIUIAaBOB, B — TeMIepaTrypHbId
K03(PPUIIUEHT MOIYIST HOPMATIBLHOM YIIPYTOCTH.

B nsnuHBapHBIX cruiaBax 3TOT KO3(P(UUIMEHT BCErga HMMEET IOJOXKUTEIbHOE
3HAYEHUE.

CHuxeHre MOyl YIIPYTOCTH MPU HArpeBe OOBIUHBIX CILJIABOB KOMIIEHCUPYETCS
COCTaBJISIIOLIEH 3a CYET MEXaHOCTPUKLHUHU, YTO B UTOTE CIIOCOOCTBYET CTAOMIIM3ALUU
MOJYJIS YIIPYTOCTH B IIUPOKOM TEMIIEPATYPHOM AHAIa30HE.

Jiist obGecriedeHus: CTaOMIBHOCTH TEMIEPATypHOro Kod3(PQULMEHTA JHUHEHHOIO
paclIMpeHus U MOAYJS YOPYTOCTHU ISl KaXKJO0ro KOHKPETHOro ciiydas HEOOXOAMMO
IIPUMEHEHUE CIUIAaBOB CTPOTO OMPENEIEHHOIO XUMHUECKOTO COCTABA.

Takue cmaBel OOBIYHO HA3bIBAIOT HpeuusuoHHvimMu cruiaBamu (0T  ¢p.
precision), T. €. OTVIMYAIOIIUMHUCS BBICOKOM TOUHOCTBIO XUMHUYECKOTIO COCTABA.

CniaBbl ¢ peryiaMeHTHPYeMbIM TeMIIePaTyPHbBIM
KO3((PUIHEHTOM JTMHEHHOI0 PACIIMPEeHU

OCHOBHBIM MPEACTABUTEIEM CIUIAaBOB ¢ MUHUMabHBIM TKIJIP gBnsiercs crias
36H.

NuBap uMeeT caMble HU3KUE 3HAUYCHUSI 0. B MHTEpBalie Temneparyp oT -100 mo
100 °C.

bnaromapsi BBICOKOMY YpOBHIO MEXAHWYECKHMX CBOWCTB M TEXHOJOTHYHOCTH,
WHBAp MCIIOJIB3YETCS B Kavye€CTBE KOHCTPYKUHMOHHOIO Marepuajia s AeTajeu, OT
KOTOPBIX TpPeOyeTCs TMOCTOSHCTBO pPa3MEpPOB MPH MEHSIOMIUXCS TeMIIepaTypPHBIX
YCIOBUSX IKCIUTYaTAIMH.

N3 wHBapa W3roTaBIMBAIOT KECTKO3aKPEIJIEHHbIE TPYOONPOBOIBI CIOKHOMN
MPOCTPAHCTBEHHON (OPMBI, TEPEKAUYMBAIOIINE CXKWIKEHHbIE Ta3bl B KPUOTEHHBIX
YCTaHOBKAaX.

Manas Bennuuna TKJIOP (temmeparypHoro koadduiueHTa JUHEHHOTO
O0BEMHOIO PACIHIMPEHUS) IMO3BOJISIET YMEHBIIUTHh HAIPSOKEHUS] B TPyOONpoOBOAAX H
MPEIOTBPATUTh BO3MOXHOCTh UX PA3PYILICHHUS.

Otnamaer HEOOXOAUMOCTb YCTAHOBKH CUIbQIOHHBIX Y3108 sl KOMIICHCAIIMU

nedopmaiuu, 4To yrpoIaeT KOHCTPYKIIUIO U JIeJIaeT ee 0oyiee HaIeKHOM.

CuibpoH (0T aHDLOUPMEHHOTO Ha3Bamus Sylphon)— yhnpyras OZHOCIONHAS WM
MHOTOCJIOMHAs roppupoBaHHAs 000JI0UKA U3 METAUIMYECKUX, HEMETATUTMIECKUX U KOMITO3UIIMOHHBIX
MaTcepualioB, COXpaHAOmas I[MPOYHOCTb W TCPMETHUYHOCTHL IIPWU MHOTOLIMKIIOBBIX HC(bOpMaIII/IfIX
CXKXaTus, pacCTsAKCHUA, n3ruba u ux KOM6I/IHaI_[I/H\/’I 104 BOS)IGIZCTBI/IGM BHYTPCHHCIO WJIM BHCIIHETO
JABJICHUS, TEMIIEPATYPbl U MEXAHUYECKHUX HArPYKECHUM.

B Ta61.1 npuBeaeHb MeXaHUYECKHUE CBOMCTBAa MHBApOB B cooTBeTCTBUU ¢ ['OCT
10994-74.
Ilngs  oOecneueHnss MuUHHUManbHO Bo3MokHoro TKIJIP w  HamOonbieit



CTaOMJIBHOCTH Pa3MEpPOB COACPIKAHUE YITIEPO/a B CIJIaBaX MHBAPHOTO COCTaBa JIOJDKHO
ObITH He Oonee 0,05 %.

Bonee BbIcOKOE coaepikaHHWe yriiepoja IMPUBOAUT K M3MEHCHHIO IapaMETpOB
KPUCTAJUTMYECKON PEIISTKH M MAarHUTOCKPUKITUH Taparporiecca.

JIIs cmaeB CcO CTEKJIOM IIOBBIIICHHOE COJCP)KaHHWE YIIepoda IPUBOIUT K
BeiiesieHnio CO, B mpoliecce BanBaHus U 00pa30BaHUIO Ta30BBIX MY3BIPEH B CTEKIIC.

Tabnuua 1
Mexannuyeckue cBoiicTBa mHBapoB 36H u 36HX nocae 3akanku

Mapka T, °C o Co2 d Y KCU,
MHBapa MIla o Jox/cm®
36H -196 870 600 - - 170
36H -253 1000 730 51 54 150
36HX 20 430 260 5 83 280
36HX -196 850 570 43 72 260
36HX -253 970 690 50 68 230

NuBapel XapakTepu3yrOTCs BBICOKOM IJIACTUYHOCTHIO, MX MOXKHO IOABEpPrarh
00paboTKe JaBICHUEM, PE3Ke, CBApPKE, MalKe.

3HaueHUs 0. U CTAOMJIBLHOCTH €r0 BO BPEMEHHU JJIi WHBAPOB B 3HAYUTEIIHHOU
CTETNIeHH 3aBUCST OT TEPMUUYECKON 00paOOTKH.

B 3aBucumoctH 0T TpeOOBaHUMN, NPEABABISIEMBIX K TOTOBOMY H3JIEIIHUIO,
TepMHUUecKas 00paboTKa MOXKET ObITh CJIETYIOIICH:

- Uil TIOJYyYE€HUsS MUHUMAJIBHOTO O — 3akaika, HaumHasg c¢ 850 £ 20 °C
(BeImEeprkka 30 MUH) B BOJIE;

- JUIsl TIOYYEHHsI CTAOMJILHOTO BO BPEMEHHM O — TIOCJIE 3aKaJKW - OTIYCK MpH
315 °C B Teuenue 1 u.

IIpu »TomM Heckonbko mnoBbimaercss TKJIP M 4YacTUYHO yMEHBINAIOTCS
3aKaJIOYHBIE HANPSKEHUS.

Bo MHOrmx o0macTsX TeXHUKH HEOOXOAMMBI CIUIaBbl, UMECIOIINE TaKOW K€ WU
Heckosbko Oonbimii TKJIP, ueM y WMHBapoB, HO CO CTPOro periaMeHTHPOBAHHBIMU
3HAUYCHUSMU B OINPEJICIICHHOM TEMIEPATYpPHOM JUANa30HeE.

B Tabn. 2 nmpuBeneHbl COCTaBbI U CBOMCTBA CILJIABOB C PErVIaMEHTHPOBAHHBIMHU
sHaueHusiMu TKJIP, monyuunBire Haubombiee pacpocTpaHeHHE.

3nayenuss TKJIP mpuBeneHbl B COCTOSSHUM MOCJE OTXKUIra HpU TeMIepaTrype
~900°C ¢ nocieayounuM MEIJIECHHBIM OXJIaXICHUEM.



Tabnuua 2
Cocras u cBoiictBa Fe—Ni ciaBoB ¢ perniamentupoBanubiM TKJIP

MaccoBas nois
HasBanus Mapka AIIEMEHTOB, % TeroBble CBOWCTBA

CILIaBOB cIuiaBa NHrtepBan A - 10°,
Ni Co Cu temmeparyp, °C rpax !

NuBap 36H 35-37 - - 20-80 1,5

CynepunBap | 32HKJI | 31,5-33 [3,3—4,2]0,6-0,8 20-100 1,0
Kogap 29HK |28,5-29,5| 17-18 - 20-400 4,5-5,2
IInatuHuT 47H]J | 46-48 - 4,5-5,5 20-400 9,2-10,0

TKJIP crutaBoB 3aBUCUT OT IpeBaApUTEIHHON 00pabOTKH.

MunumansHoe 3HaueHue koddduirieHTa a UHBapa AOCTUTAETCs TOCIE 3aKaJIKU
ot 830 °C (B pe3ynbrare KOTOPOM MpUMeCH MEPEeXosiT B TBEP/bI pacTBOP) U OTIyCKa
mpu 315 °C.

XononHas nedopmarius Takxke cnocoocTryet cHxeHuo TKIIP.

B pesynbrate xomOuHanuum o6eux oOpabOTOK OH CTAaHOBUTCS IMOYTH PABHBIM
HYJIIO.

3amMeHa 4acTH HUKEJS PaBHBIM KOJMYECTBOM KoOajbTa W JIETMPOBAHUE MaJIbIMU
no0aBKaMH MeIu MO3BOJIsET JonoaHuTenbHO cHu3uTh TKIIP unBapa.

TakoW CruiaB Ha3bIBAIOT CYHEPUHBAD OM.

B a1ekTpoBaKyyMHBIX ra30pa3psAHbIX U MOJTYTPOBOJHUKOBBIX TPUOOpaX MIUPOKO
HCIIONIB3YIOT CIIAU METAJUIOB C TAKUMU JUAICKTPUKAMU, KaK CTEKJIO M KEPAMUKA.

Jist obecrieyeHus: TepMETUYHOCTH U BaKYyMHOM IUIOTHOCTH CIaeB HEOOXOIUMO
cootBeTcTBUE TKJIP MarepuanoB coeInHIEMON Mapbl B SKCILUTyaTallMOHHOM WHTEpBAJIE
TEMIIEPATYP.

Bo uzbexanue HanpsokeHudd u TpemuH 3HadeHue TKJIP criaBa qonkHO OBITH
MakcuMalibHO Tipudmkeno K TKJIP nusnekTpuka v cTporo periaMeHTUPOBAHO.

Jlns onpeneneHus TNPUTOJHOCTH CIIAEB METAJIOB CO CTEKJIOM HMCHOJB3YIOT
YyBCTBUTEJIBHBI METOJ — M3MEPEHHE B IMOJSIPU30BAHHOM CBETE YIPYTUX
HaIIPSKEHU, UMEIOIUXCS B CIIAC.

CoctaB cruiaBoB Juisl TaWKU U CBAPKHU CO CTEKJIOM MOAOMPAIOT TaKUM 00pa3om,
yto0bl TKJIP cTekna u meTtasuia OblIM OJMM3KH BO BCEM MHTEpBAJIe TEMIIEPATYP BILUIOThH
10 pa3MAr4eHus CTEKIA.

Kogap npuMEHSIOT 11 COEAUHEHHS] C TEPMOCTOMKAMU CTEKJIAMH, a HAAMUHUM
— C OOBIYHBIMM JIETKOIUIABKUMH CTEKJIaMH, MPUMEHSEMBIMU B JJIEKTPOBAKYYMHOM
MIPOMBIIIJIEHHOCTH.

Ha puc.4 npuBeneH XapakTep JMHEWHOIO PACIIMpPEHHs] ABYX Pa3HbIX COPTOB
CTEKJIa U COOTBETCTBYIOIINX UM CILIABOB.



Puc.4. TemnepaTypHble 3aBUCUMOCTH OTHOCUTEIFHOTO U3MEHEHUS JITTUHBI
nerko- (/) u TyrormiaaBkoro (2) cTekia U COOTBETCTBYIOIIUX CIIJIaBOB
Fe—Niu Fe—Ni—Co

Cranmu c oOIpeleNeHHbIM TEIUIOBBIM PpACIIMPEHUEM CIy)KaT Takxke s
U3TOTOBJICHUS TEPMOOMMETAINIOB, KOIJla CJIOW C HHU3KUM TEIUIOBBIM paclIupEeHUEM
(«maccUBHBIA CJIOW») MyTEM MPOKATKH HAJEKHO COCAUHSIOT C JPYTUM CIOEM,
oOnanaomuM Oosee BBICOKMM TEIJIOBBIM pPACIIUPEHUEM («aKTUBHBIH CIIOW»).

bumerannuyeckue MIAaCTUHBI HUCIHOJB3YIOT B KaueCTBE TEPMOpPEryisTopa B
npruOOpPOCTPOCHUHN.

HarpeB Takoli mMJIaCTUHKM MPUBOAUT K €€ MCKPUBICHHIO, IO3BOJISIOIIEMY
3aMKHYTh 3JIEKTPUUYECKYIO LEIb.

OCHOBHBIM CBONCTBOM TE€PMOOUMETAJUIOB SIBISIETCS TEPMOUYYBCTBUTEIBHOCTb, T.
€. CIIOCOOHOCTh U3rudaThesl MpYU U3MEHEHUH TEMIIEPATyPhI.

B kauectBe maccuBHOM cocTaBistonield npuMensitor uHBap 36H ¢ TKIIP =
1,5-10° rpan ', a B xauectBe akTuBHON — Fe—Ni-crumassl ¢ TKJIP okomo 20-10° rpax
! comepxamme 8-27 % Ni, qononauTensHo neruposannbie Cr, M, Mo.

CniaBbl € OCTOSIHHBIM MOAYJI€M YIPYTOCTH

CmuiaBel € 3aJaHHBIMM CBOMCTBAMH YIPYTOCTH OMUMO HU3KUX 3HaueHnil TKMY
JOMKHBI 0071a/1aTh BHICOKUM COMPOTHBICHHUEM MAaJIbIM IUIACTUYECKUM JAedopMalusiM U
pEIAKCAlMOHHON CTOMKOCTBIO B YCIIOBUAX CTATUYECKOIO U IUKINYECKOI'O HAIrpyKEHUS.

TKMY 4ncTOro >kene30HUKENIEBOrO CIIaBa MOXKET UMETh 3HA4eHUs ONHM3KHE K
HYJII0, HO Jake MpU HEOONBIINX KOJIEOAHMSX KOHIICHTPALIMM HUKENs, HEU30€KHBIX B
CTaJICTVIABUJIBHOM ~ TIIPOU3BOJCTBE CTAHOBUTCS HECTAOMJIbHBIM M  IpeTepreBaeT
3HAUUTEJIbHBIC U3MECHEHUS.

JlerupoBaHue XpOMOM MOBBIIIAET CTAOMIBHOCTD CILIABA.



Anuneap, conepxamuii 36 % Ni u 12% Cr, Tak xe, kKak 4ucThIid cruiaB Fe—Ni,
XapakTepusyeTcsi OJIM3KUMU K HYmo 3HadeHussMu TKMY, HO MeHee 3aBUCSAIIMMH OT
BO3MOXXHBIX OTKJIOHEHUH B KOHIICHTPALIMH HUKEJIS.

OpHako OH MMeeT Oojee HHM3KHE MEXaHHUYECKHUE CBOMCTBA, KOTOPBIE HEIb3S
YIYUYIIUTh TEPMUUYECKON 00pabOTKOM H3-3a CTAaOMIBHOCTH ayCTEHUTHOU CTPYKTYpHI.

Kpome Toro, temneparypa Touku Kropu storo crasa coctasisier okoio 100 °C,
YTO OTPaHUYMBAET TEMIIEPATYPHBIN HHTEPBAJ €r0 IPUMEHEHUSI.

Jlis moBbllleHUsT TeMmieparypbl Toukd Kropu B 3iauMHBapax yBEIUYHMBAIOT
KOHIICHTPALIMIO HUKEJS, a JJIs YITYUYIIeHUs] MEXaHUYECKUX CBOMCTB UX JOMOJIHUTEIHHO
JETUPYIOT TUTAHOM, aTIOMUHUEM WM OEpPUILJIUEM U MOJBEPraioT ABOMHOMN 3aKajke Mpu
900-950 °C B Boze u crapenuto npu 600-700 °C B TeueHue 4 u.

[locne  mepBOil  3akalku  DJIMHBAapHbIE  CIUIABBl  BBICOKOIUJIACTHYHBI.
OtHocurenbHOe yanuHeHne cmuiaBa 42HXTIO cocrasiser me menee 30 %, crasa
44HXTHIO — ne menee 20 %.

B 5TOM cOCTOSSHUM OHHM MOTYT MOABEPraThCs MITAMIIOBKE U MEXaHUYECKOU
o0paboTKe.

[Ipu moBTOpHOM 3aKayike M30BITOUHBIE (Pa3bl PACTBOPSAIOTCS B ayCTEHUTE, a MPH
CTapeHHH M3 TBEPAOIr0 PacTBOpPA MPOUCXOAUT BBIJIEICHUE YNPOUHSIOMINX TUCIEPCHBIX
¢a3 (FeNi);(TiAl), Ni;Ti.

K naubonpiieMy yopoyHEHUIO TPUBOAMT COYETAHHE HHU3KOTEMIEPATypHOH
TEPMOMEXaHNYECKOU 00pabOTKH C MOCIEAYIOIMHUM CTAPEHUEM.

DJIMHBapHbBIE TUCHEPCUOHHO-TBEpActomue crabbl tuna 42HXTHO, 44HXTHO
NPUMEHSIOT ISl U3TOTOBJICHUS YIPYTMX YYBCTBUTEIBHBIX AJIEMEHTOB MPEIE3UOHHBIX
npruOOPOB: PaCXOJOMEPOB, PETYIATOPOB CKOPOCTU U JAATYUKOB JMHEHHBIX YCKOPEHHI,
JMHAMOMETPOB, JIEKTPOHHBIX BECOB, BOJIOCKOBBIX CIMpaJiell 4aCOBBIX MEXaHU3MOB.

CmnaB 30H25KTHO otHOcUTCs K AiiMHBapaM ¢ HauOosee BhICOKOM Toukoit Kropu
(470 °C).

bnaromaps 3ToMy, OH COXpaHS€T TEMIEPaTypHYl0 CTaOMIBHOCTb YIPYTUX
CBOMCTB U peJaKCalMOHHON CTOMKCTH BILTOTH 10 400 °C.

Cmnas PEKOMEHTyeTCsI MPUMEHSTh nocile HU3KOTEMIIEpaTypHOH
TEPMOMEXaHUYECKOU 00pabOTKH C MOCIEAYIONIEH 3aKaJIKOM U CTapeHUEM.

VYuutsiBast 00JblLIOE BIUSHHUE MPEALIECTBYIONIEH 00pabOTKHU Ha CBOMCTBA CTalH,
KOHKPETHBI pexuM aedopmaliuu U TepMUYecKoil o0paboTKu moadupaercs s
KXIO0M NapTHM CIJlaBa B 3aBUCHUMOCTH OT 3a/laHHBbIX MEXaHUYECKHUX CBOMCTB.

Bricokuii 3amac MiacTUYHOCTH B TOPSAYEM M XOJIOMHOM COCTOSIHUM TO3BOJISIET
M3TOTABIIMBATH U3JIEIUS CIOXKHOU (DOPMBIL.
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KOHTPOJIBHBIE BOITPOCHI

[Ipern3rnoHHbIE CIJIaBBI C 0COOBIMHU CBOMCTBAMU TEIJIOBOTO PACIIMPEHUS.
CrnnaBbl ¢ 0COOBIMH YIPYTUMU CBOMCTBaMHU.

CrinaBbl ¢ 0COOBIMM TETTOBBIMH M YIIPYTUMU CBOMCTBAMHU.

[lonsiTus: TeMreparypHblii KOAQGUIIMEHT TUHEHHOTO paclIupeHus], HHBap,
AIIMHBAP, MAarHUTOCTPUKIIMS, MEXaHOCTPUKLIUS MPELUU3HOHHbBIE CIUIABBI.
CrinaBbl ¢ perfiaMeHTUPYEMbIM TeMIIEPATYPHBIM KO3(PPUIIMEHTOM JTUHEHHOTO
pacIIupeHus.

CrinaBbl € MOCTOSTHHBIM MOAYJIEM YIPYTOCTH.

[lonsiTus: ynpyras 1 Heynpyras miactudeckas aedpopmanus, TEpMOYyIpyrue
MapTeHcuTHble ipeBpatenus (TYMII).
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