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NPEAUCIOBUE

B cBA3H C GHICTPHIM pAa3BHTHEM SJEKTPOTEXHHKH, PaaHO-
TeXHUKH, ABTOMATHKM W TeXHHKH CYETHO-DEINAONHX YCTPOHCTB
BaXHOE 3HAYeHHE NPHOGPeTa0T BCECTOPOHHHE HCCeAOBaHHS
MarHUTHHIX SBJEHH# H MATHUTHBHIX MaTepuasoB, 3a nocaeAlue
roasl ¢H3uKa MarHeTHaMa OOOFATHJIACh CBeXeHUSAMH O HOBHIX
ABNEHHAX, TAKHX, KAK aHTHeppOMarHeTHaM, HeCKOMIEHCHPO-
BaHHH# aHTUPeppoMarHeTHdM (deppumarneTnsm), deppomarsur-
Huft pe3oHaHc u ap. Hayuenne 3TuHx sBieHu#t npexcrasafer
6osblIOR HayuHHH# M npakTHyecKu# wuntepec. Hapsany c aTum
clelyeT OTMETHTb, YTO HEKOTOpHE BecbMa CYyLIeCTBeHHHIE MPO-
6/eMH, CBI3aHHHE C «13aBHO OTKPHITHMHY» SBJACHHAMH, HECMOTPS
Ha HX BaXHOCTb, X0 CHX NOP OCTAIOTCA MAaJOHCCJELOBAHHBIMH,
K HuM, mpexne Bcero, OTHOCHTCA BONPOC O NOBENEHHH MAar-
HATHHX Teld B O6JaCTH MarHUTHOTO (a30BOro npeBpalEeHHS.

HccnenoBanne XxapakTepa MarHHTHOTO INpeBpalieHHsI HMeeT
6oabinoe 3HayeHWe JAaf (PU3HKM (EePPOMArHHTHHIX SBJeHHUM,
a Taxe AJ9 TOHMMAHHUA TNPUPOAH aHTH(eppOMAaTHETH3MA U
¢eppumarnernama. JleTaabHOe H3yuyeHHe ABJeHHH B OKPeCTHOCTH
TEMNEepPaTypH MarHUTHOrO INpeBpallleHHs CNOCOGCTBYeT BhigBJe-
HHIO YCNOBHH, NMPH KOTOPHIX NPOHCXOXHT BO3HHKHOBEHHE HJH
ucyesHoBeHHe (EePPOMATHUTHOTO M aHTH(HEPPOMATHATHOTO CO-
CTOSHHI BEIIECTBA, W TeM CaMbLIM JaeT BO3MOXHOCTbL TiayGke
MOHATL NPUPOAY CAMONPOU3BOJLHOR HAMarHHYeHHOCTH, STOH
XapakTepHOH 1/ NAHHOrO COCTOSHHMS BElLeCTBA BEJNUYMHH,

Wayuenue aB1eHuft B OKPeCTHOCTH MAarHUTHHIX nNpeBpaileHuit
HMeeT B8HaYeHHE TaKKe H C TOYKH 3pEeHHS TePMOILMHAMHKH,
NOCKOJbKY ¢eppOMarHHTHEE M aHTHQeppOMarHWTHHE NpeBpa-
LIeHUA ABJSIOTCH KOHKPETHHIMH NMpuMepaMn ¢a3oBHX NepexonoB
2-ro pona. Bce 310 BHI3BHIBaeT HEU3MEHHEIR WHTEpeC K MCCae0-
BaHMI0 MaTHUTHHIX npespaillenuft. Jlo cux mop, oaHako, omny-
6IMKOBAaHO CPABHUTEJBHO HEMHOTO CHCTeMaTHUeCKHX paboT no
H3YYEHHI0 MATHHTHBIX NpeBpalicHui,
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epBble O6GCTOATE/IbHBIE MCCACAOBAHMA MAarKATHHIX CBOMCTB
KeneBa B 006iaacTM ¢GeppOMarHHTHOTO NpeBpalligHHd TNPOBEN
B 1895 r. I1. Kiopu {1]. O ycraHOBHI cyulecTBOBaHHE I
MeJg3a KPHUTHYECKOR TeMmepaTypH, BHHIe KOTOpoOR HcyesaioT
¢deppoMarHuTHHe CBOMCTBA; BMOCJAEACTBHA STY TeMIeparypy
CTa/H Ha3HBaTh TeMmepaTypoRt Mau Touko#t Kiopu1).
OGwupHble HCCAeNOBaHHA HAMAarHHYMBAHMA H TEMIOBHX 9G-
¢exToB B HuKene B obnacTu TemmepaTyph Kiopy npuHamiexat
Beftccy n ero corpyauuxkam [3). Beficc paspaGoran MerolH
Onpefe/NeHH TeMNepaTypHO# 8aBHCHMOCTH CaMOMPOU3BOJIbHOH
HaMarHH4YeHHOCTH. 3HaHHE TeMNepaTypHOW BaBHCHMOCTH CaMO-
MPOH3BOJMbHON HAMArHUYEHHOCTH HEOGXOAUMO AMS YACHEHHS Xa-
PaKTepa MarHMTHOrO NpeBpallleHHs B H3y4YaeMOM BEIECTBe.
Bosboe BHHMaHHe M3YyueHMI0 PePPOMArHMTHOTO TpeBpallie-
H¥MA B CBOe BpeMA YACIHIH HeMelkue ¢uaunku H, ocobeHHo,
B. I'epaax. B croeM usBecTHoM o630ope «[IpoGaema Temnepa-
Typn Kiopu» [4] oH cHcTeMaTnaupoBaa M OGOOLIH/I OMACAHHBIH
B JuTepatype no 1938 r. skcmepuMeHTaJbHHM MaTepuan mo
KCCelOBAHUI0 MATHUTHBIX M PA3/HYHBIX «HEMarHUTHBIX» ABJIEHUH
B o6aactn ToukH Kiopu. 3HauuTesnbHbIEe 3aCAYrH B MCCe]OBAHUM
aBnenuit B o6aactid ¢eppOMarHATHOrO NpeBpalleHHs NpHHALJIE-
xaT Takke Poxanckomy [5], Ilorrepy [6], Cakcmury (7] u ap.
OnHako MHOTHe BaXHHe BONPOCH, CBA3aHHBIE € NOBelEHHEM
Ten B 9TO 06MaCTH, AO CHX NOP OCTAIOTCA HEBHACHEHHBIMU
i cnopHeiMd, K uHcay nocreaHwx OTHOCATCH, Hanmpumep,
BONPOC 06 HCTHHHOM TeMIePaTypPHOM X0 CaMONPOH3BO/ILHON Ha-
MarHHYeHHOCTH B6au3M Touku Kiopu, npHUHHE « pa3MBITOCTH» Mar-
HATHOrO TpeBpallleHHs B CnJaBaX, ¢epputax u aHTHeppoMarie-
THKaX, BONPOC O CYLIECTBOBAHHH 4OCTaTKOB®» CaMONPOH3BOJbL-
HO# HaMarHuYeHHOCTH BHe TeMmnepatypH Kiopu, Xapakrtepe
TeMnepaTypHOR 3aBUCHMOCTH YNPYFHX, 5/eKTPHYECKHX, Temso-
BHX W Apyrux csoftcts B6au3u ToukH Kiopu. Ocraercs HeacHHM
Aaxe BONPOC, Y4TO NPHHMMATh 3a TeMneparypy Kiopu u Kak ee
onpeneaatb. Bce 9T0 06BACHAETCA TeM, YTO H3YYeHHE NPHPOLH
MarHUTHOTO NpeBpalleHNs HaTa/NKMBAETCA HAa S8HAYHTeNbLHble TPYA-
HOCTH 9KCNEPHMEHTaNbHOTO XapaKTepa. MeTOAH ompeneneHH
CaMONpPOU3BO/bHOR HaMAarHUYEHHOCTH BO/W3M TeMmepaTyph Kiopu
OYeHb C/OXKHH, JTHM, BEPOSTHO, H OO6DBACHAETCA TOT (aKT, 4TO

1) CpeseHHst O TOM, YTO JXeNe3O NPH CHALHOM HarpeBe TepsaeT dep-
POMarHMTHWE CBOHCTBA, OBIIM HM3BECTHW C OY€Hb JABHHX BpemeH [2],
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IO CHX NOp B /JHTepaType HMeIOTCS OueHb CKYAHHE CBEACHUSA
O TeMNepaTypHO# 3aBHCHMOCTH CaMONMPOH3BOJbHO HAMarHpyeH-
HOCTH (eppoMarHeTukoB B6aM3H TemnepaTypu KiopH, ocoleHHO
Ans CNNaBOB H ¢epPUTOB.

Teopus MarHHTHOrO NMpeBpalieHHs TaKke Majo paspaboTaHa.
B auteparype, oco6enHo sapyGexHoft, Ans TeopeTHyecko#t Tpak-
TOBKH sBJeHH#t BOiM3K TeMnepatype Kiopn OGHYHO npuBJe-
KaeTcd MoJedb MoOJeKyaspHoro mnoas Beiicca — [eftaenGepra,
OnHaxk0 wucnoab3oBaHHe STOH MOLEJH, TNO3BOJHMBIIER TNOHATH
CYILHOCTb ¢eppoMarHeTH3Ma, aHTH(epPOMarHETH3Ma H HECKOM-
NeHCHPOBAHHOTO aHTHdeppPOMarHeTHaMa, AJf ONHCAHUA ABJAEHHR
B o6aacTH Toukn Kiopn aaeT cyry6o KayeCTBeHHHE H OpHEHTH-
POBOUHEIE pe3yAbTaThl; Aaxe AJf TaKOro «NPoCTOroy deppomar-
HEeTHKA, KaKHM AIBAAETCH HHKe/b, HE YNAeTCA &BTHCHYTb» 3KC-
nepHMeHTa bHHE pe3yabTaThl B TeOpMIo Beltcca — IMeftsenGepra.
Jag TOro 4ro6m KaK-TO «NPHMHUPHTb® STy TEOPHIO C ONMBITOM,
NPHUIOCh YYHTHIBATh TeMNEPATYPHYIO 3aBHCHMOCTb MOCTOSHHOH
MOJ/IEKYJAPHOTO MOJA, a TakXKe OODBEMHYI0 SaBHCHMOCTb STOTO
dakTopa [8]. DT0 HOCHT HCKYCCTBEeHHHR XapakTep H He HMeeT
noa coGoft peanbHoro c¢uanyeckoro ¢ysnaMenta, u6o nNOCToAH-
Haf MOJIeKyAdpHOTO noJAs ABafeTcR KkosdpHLHEHTOM BecbMa
rpy6oi, npubawkeHHOH TeOPHH, H, CleNOBATE/JbHO, TeODHA
Beficca — l'eftaerGepra HenpUMeHHMa XJY KOJHYECTBEHHOrO OMNH-
canua aBaeHuR B o6aacth temnepatypu Kiwopu. C apyro#t cro-
POHH, pa3jHyYHBle BAPHAHTH YTOYHeHHs TeopHH Beftcca —Ieft-
seH0epra, OCHOBaHHbIE Ha CTaTHCTHYECKHX, KBa3HK/JaCCHYECKHX
npeAcTaBieHusx (yyeT OJHXKHEro nopsaKa), Takke He ZIaaK
CyLIeCTBEHHBIX Pe3y/JbTaTOB B STOM HanpasieHuu. OHu no3so-
AWK OOGDBACHHTH JMIIL C Ka4yeCTBEHHOf CTOPOHH HEKOTOpHIE
neTann ¢GeppOMarHUTHOrO NpeBpalIeHus.

Ho cux mop He 6BLIO cAeNaHO MOMBITKH MOCTPOHTH CTPOrYio
MHUKPOCKONWYECKYl0 (KBAHTOBYIO) TEODHIO MarHHTHHX sBJeHHH
B6aH3H TeMnepatyps Kiopd, Tak Kak nocaeioBaTe/qbHOE KBAHTO-
BOMeXaHHYeCKoe PaccMOTpeHHe STOH npo6.ieMbl NpeAcTaBaAseT
co6oft MCK/IOYHTENbHO CHOXKHYI0 3apady. Ilockoabky cosnanue
cTporo#t MHKpockomudeckoit Teopuu ¢eppPOMArHHTHOrO npespa-
ILEHHA B HacCTOsllee BpeMf HAaTaJKWBaeTCA Ha GoJblliue TpyA-
HOCTH, NepBooYepefHOR B3ajave#t sABJAseTCA TePMOXMHaMHYeCKOe
paccMorperne mnpobaemn. B paborax Jlanmay [9], Boucos-
ckoro [10], F'uua6ypra [11], CemeHnuenko [12] ykassiBanoch Ha
1en€coo6pasHOCT TaKoro paccMoTpenus. B stux paGorax
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laetcs PAA COOTHOWEHHA TepMOAHHAMHYECKOTO XapaKTepa AJf
ONMCaHMA MarHHTHHIX ABJeHu#t BOAM3W ToukH Kiopu, 4TO MOXHO
CYHTaTh GONLLIHM YCMeXOM B TEOPHH MarHHTHHX NpeBpaluieHHfl.
B nanbHefliieM 9Ta Teopus OHa pacnpocTpaHeHa astopoM [20]
AN ONHCAHHA ABJECHHH, CBA3AHHHX C BO3AEHCTBHEM YNpPYFUX
HanpsiKeHHH Ha MarsHTHBIE NpeBpalleHHA (MATHHTOYNpPYTHe aBJe-
HHA, MarHUTOCTPUKUHA H ZAp.).

B HacTosllel KnMre MPHBOMATCA pPe3Y/abTaTH HcC/elOBaHui
Pa3/IMYHBIX SAIBJeHHR B OKpPeCTHOCTH TOUKH KiopH, mosyueHHHe
aBTOPOM ¢ COTPY.A HMKaMH, a TAKXKe JaHHble, HMelOLMecs B JMTE-
patype. [IpusToM B oTaHMuyHe OT APYTHX MoHorpaduft H 0630poB,
B KOTOpPHIX AJf HHTepnpeTauuH fBJAEHHR B 0GJACTH MarHMTHBIX
npeppalilenuft Hcnoap3yeTcs Moxeab Beiicca — IetzenGepra [3,
4, 5, 7, 8, 14, 15), snecb npuMeHseTca TepMOLMHAMHYeCKHH
MeToll, pa3paGoTanHH# B ynoMsHyTHX paborax [9, 10, 11, 20],
a TakXe HOBHIe MoAe/ibHbie MNpeACTaBAeHHd (§ — d-0OMeHHas
Mozesb BoucoBckoro). IlpuMeHeHHe STHX METONOB BHI3BAaHO
CTpeMleHHeM AaThb GoJjee cTporoe H BceoOnemaoulee 06biCHE-
HHe NBJIEHUAM B 06GJACTH MarHHTHOrO NpeBpPAalleHHs B Pa3JHUHBIX
MatepHanax. XoTA TePMOAWHAMHYECKAas TeOpPHA PaccMaTpHBaeT
Hleanu3npOBaHHHIA cayuyait — TOYeYHOE MarHMTHOE NMpeBpallieHHe,
TeM He MeHee NpUMEHEHHe ee K pealbHbiM ¢eppo- H deppH-
MarHeTHKaM (B TOM uYHCJe K CNJaBaM H ¢eppHTaM) OKa3blBaeTCs
BeCbMa NAOLOTBOPHHM. [loaxold K HMCCAENOBAHMAM MATHMTHHIX
npeBpallleHHR € TOYKH 3PeHHUs1 TEPMOAMHAMHKH MOBBOJIHJ NPOaHa-
JAU3HPOBATh TEMIEPATYPHYI0 33aBHCHMOCTb CaMONPOM3BOJBLHOH
HaMaruuyeHHOCTH B6au3u Touku Kiopu B peanbHBIX MaTepHanax,
3aBUCHUMOCTb Pa3/JHUHHX MAarHUTHHX H «HEMarHUTHHIX® sBJeHHH
B OKPECTHOCTH 9STOH TOYKH OT MarHHTHOTO TOJSA, YNpPYTHX
HanpsykeHHH U TemnepaTyphl. Muorue u3 HaHleHHBIX 33aKOHO-
MepHOCTe#t paHee OCTaBalHCb HeBHIABAeHHBIMH. K HX wHCay
OTHOCHTCA, HampuMep, BJHAHHE YNPYrHX HANpsKeHUR HA CaMo-
NPOU3BOJBHYI0 HAMarHMYeHHOCTb W MAarHKTOCTPHKUMIO, COMYTCT-
Bylolyi0 napampoueccy, # Ap. TepmoauHamuueckuft MeTOn pac-
CMOTPeHHsl SKCMEPUMEHTaJNbHHX JAaHHHIX TO3BOJHA YTOYHHTDb
TaKxKe CMBIC] MOHATHA Temnepatypn Kiopu. IlpenMyumectBoM
TepMOJLKHAMHYECKOTO METONa ABJAETCA H TO, YTO OH B OTJHUHe
OT MOJeNbHHIX TeOpHH NO3BOJAET NPOAHANU3HPOBATH ONBITHHA
MarepHan Aas Jio6nix ¢eppo- M ¢eppHMarHETHKOB.

Stor HOBWR moxXos K H3YUEHHI0 NpPoGAeMbl MarHHTHOFO
MpEeBpaIUEHHA, KOHEYHO, HE MOXET BaTh MQJHOrQ OMHCAHHA BCeX
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AeTajelt B nmoBefeHHH ¢eppo- # (eppHMArHETHKOB W aHTH(Ep-
POMarHeTHKOB B OxpecTHOCTH TOukH Kiopu, HO npuMeHeHHe ero
NO3BOJAAET BHIABUTH HauboJee CyUIeCTBEHHBIE ¥ TJIaBHHIE YEPTH.
Takum 06pa3oM, TepMORHHAMHYECKHH METOA PacCMOTPEHHA ABJe-
Hu# B obaactu Touku Kiopu npeicrasaser coboff odeHb BaXHHMN
STan B pelleHAH Npob/jeMH MAarHHTHHIX NpeBpalleHHR H MOXeT
nocAyXHuTh 6a3oft And coslaHus B HajbHeRiieM Gosee coBepuICH-
HOH TEOpHM MAarHHTHOTO MpeBpalleHHS.

B nepBo#t riabe Hactofuleit KHMrH KDaTKO M3JaaraloTcd
OCHOBHble TOJ/IOXXEHUAA TePMOAHHAMHUYECKOK TEOPHH MarHUTHOro
npespaulenns. Bo BTopoft raaBe npHBOAMTCH KpaTKas CBOAKA
pesyJabTaTOB, KOTOpble KAIOT Pa3AHyHHE MOJEJbHLIE TEOPHH Aiad
MCTOJNKOBaHHS sBJeHUH B oxpecTHocTH ToukH Kiopu. B TpeTbeit,
OCHOBHO# r/1aBe KHATH aHaJM3MPYETCHa SKCMEePHMEHTANbHbIN MaTe-
puan (nonyveHHm# 6oJbiueft 4acTbi0O aBTOPOM C COTPYLHHKAMH)
10O HM3YYEHHI0 PA3JHYHHIX MATHUTHHIX ¥ «HEMarHHTHBIX» fBJIeHuH
B ¢eppoMarHeTukax. B uerBeprToft raaBe paccMaTpuBalOTCA AB/E-
Hus BOJAH3H TOYKH aHTHGEPPOMArHATHOrO NpeBpallleHHs; 9Ta
T/aBa MOYTH LEJMKOM COCTaB/eHa MO ONMyG/AMKOBaHHLIM MaTe-
puanaM. B naTo#t riaaBe aHANM3UPYIOTCA MArHHTHHE W «HEMar-
HUTHHIE» ABJeHHS B OKpecTHOCTH Toukd Kiopu ¢eppnmarHeTukos.
3nech, Tak ke KaK H B TpeTbeil riaBe, BHaYHTENbHAR HacTh
ONHUCHIBAEMOr0 9KCHEpUMEHTa/JBHOrO MAaTepHa/ia NPHHAAAEKUT
aBTOPY M ero COTPyAHHKaM. B 3aK/IOuHTe/nbHON, lieCTOR, raase
OCBElLAIOTC HEKOTODble BONPOCH METONMKH ONMHITHOI'O H3YyueHus
MarHUTHEIX M «HEMATHHTHHIX®» $BJEHH} B OKDECTHOCTH TOYKH
Kropu.

ApTop BbipaxaeT ray60KyI0 NpU3HATEJIBHOCTD YieHY-KOppec-
nouaenty AH CCCP C. B. Boucosckomy, K. B. Biaacosy u
A. A, T'yceBy 8a LeHHbe 3aMEYaHHMS MO PYKONMCH KHHUIH.



'JTABA 1

TEPMOAWUHAMHYECKAS TEOPHS
. MATHUTHOTI'O NPEBPALIEHHSA

§ 1. dasosme nepexoan 2-ro poaa

B nacrosiiee BpemMs OOILENPUHATO PacCMaTPUBATh NpeBpa-
eHus ¢eppoMarHeTH3M ~— NapaMarHeTH3M M aHTH(eppoMarye-
THBM — NapaMarHeTH3M KakK ¢asosHe nepexoiH 2-ro poja,
Mouste o ¢asoBHX TNiepexosax 2-ro poja BhnepsHe BBeX
dpendect [16). Coraacio Dpendecty, 3TO TakHe NpeBpaLIEHHS,
B TOYKAaX Mepexoia KOTOPHX paBHbl He TOJbKO TePMOLMHAMH-
yeCKHe NOTeHUHAJH (a3 (YTO ABAAETCS HEOGXOAHMHBIM YCIOBHEM
Aas moGeX (a3oBHIX MEPeX0f0B), HO M MX NepBbHE NPOH3BOA-
Hble; OJHAKO BTOPHi€ NMPOM3BOAHEIE B TOYKE NMEPEXOAa He PaBHH
H HCTIBITHIBAIOT CKAauKH,

B 6onee o6uwelt anaautuyecko#t dopme dasosne nepe-
XOIbl 2-ro poia MOXHO XapaKTepu3oBaTh CHAEAYIOLIMMH YCI0-
BHSAMH,

1. Tepmoanuamnyecku#t nortenuuans ® u ero nepsme nmpous-
BOLHHE no TeMmneparype T u o6oGilenHo# cune X; (naBnenwue,
HaNPsYKEHHOCTh MATHUTHOTO MOJA M Ap.)

0o 0®
o7 " ax
B TOYKE Nepexoja HempepEIBHHI.
2. Bropsie npousBoaHEIE

02® 0?® 02
or?"' 9x3' 9T, 0X;
HMEIOT pa3phiB B TOUKe NEpexoAa.
PaccmoTpuM noapoGuee cmbica 9THX ycaosu#t. Kak HasectHo,

0P od
W=—S H a—X‘=x,, (1)

-
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rae S —o3HTponus ¥ x; — o6oGuieHHas KoopauHata (oObeM,
CaMONpPOH3BOJbHAA HaMarHHYEHHOCTb, 3JEKTPHYECKas MOJAPH3a-
uud u np.). TakuM oGpasoM, NepBoe YC/OBHE O3HAYaeT, YTO
B TOYKE Mepexojia SHTPONHA H 00006leHHasA KOOPRUHATA He HCNH-
THIBAIOT pa3phiBa, T. €. HET CKAYKOB SHTPONMHH H 00606uLieHHON
KOOPAMHATH, H, CJAENOBaTEAbHO

AS =0, Ax;=0. 2)
910 B CBOI OYepelb O3HAYAET, YTO

AQ=TAS=0,

Av=0, &)

Ao& ? 0,

T. €. HeT CKpHITOHR TemnoTH nepexona AQ, CKauka TemJaoBoro
pacwupenns Av, caMONPOM3BOJbHOA HaMarHHYEHHOCTH Ad, H Ap.

W3 sToporo yciaosus Cienyer, 4TO B TOUKE Nepexona HMeer
MECTO Pa3pHB nponsnonnux Su xg

A% xo, A"x‘geo A %% 4o, 0

T. €, XOTA B TOYKe mNepexoxa 2-ro pola o6beM, SHTPONHA H
ApYTrHe  XapaKTePUCTHKW  HeNpepblBHH, MNPOU3BOAHBIE  HX
dv oJv 08
(37> o o7
Takum o6pasoM, NpH nepexomax 2-ro poxa OTCYTCTBYIOT
ckaykooOpasHHe U3MeHeHHA Q, U M Ap., KaK 9TO HMEET MECTO
npu nepexonax l-ro pona. OGBACHAETCA 9TO TeM, UTO B TOuUKe
nepexoga 2-ro poxa ¢a3H HepasAMYMMH, H JMUDb TNpH yAane-
HHY OT Hee CBOMCTBA $as M MX 3aBUCMMOCTb OT TeMIepaTypu
CTaHOBATCA PasHHMH; STO TNPHUBOAMT K TOMY, 4TO dusndeckue
XapaKTePHCTHKH BEILEeCTBa, onpeleifdeMhie KaK HNPOH3BOAHEIE
SHTPONMHMY W 06beMa MO TeMNepaType M HaBjaeHHIO (Hampumep,
TeNnn0eMKOCTb, KO3(QUUHEHTH pacuIMpeHHs H CXXHMAeMOCTH),
CTpeMATCA NPH TPUGIMKEHHH K TOYKE Nepexoia C PasHHX CTO-
POH K Pa3aHYHBIM TNpefenaM, T. €. HCNBLITHIBAIOT CKAYKH.
Wrak, B Teopun DpeHdecta OHAH YCTaHOBJIEHH (opMab-
Hble NPHU3HAKK MepexonoB 2-ro poaa. Bosee rayGokas Teopus
(a3oBEIX MepexofoB 2-ro0 poda OHJa BNOCAEACTBHH Pa3BHTA
Jlaupay u Jlnpmuuem [9], KoTOpHe Bnepsbie BCKPHAH Qu3Hye-
CKHlt CMBICT ITHX mepexonos.

H np.) AOJ/IKHH HCMBITLIBATL PaspBIB.
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Kak wu3BectHo, Besakuit ¢asoBulift nmepexon 1-ro poma xapak-
TEPH3YeTCA CJeAYIOIHMH npH3Hakamu. B HexoTopoM BecbMa
Y3KOM HHTEpBaje TeMnepaTyp NPOHUCXOAMT nepeCTpodKa KpH-
CTaA/NUYeCKOR pelleTKR BellecTBa (MEHAOTCA MEXaTOMHHE pace-
CTOSHHS M Yrabl MeXAy MJIOCKOCTAMH peuerxd). B pesyabrate
TaKoft nepecTpofAKH CHMMETpHS TeJa H3MeHAeTCs CkaykoM. OxHo-
BpeMEHHO NPOMCXOLMT W M3MEHEHHE COCTOAHHA KPHCTaaAaa; Me-
HAeTCH BHYTPEHHAA SHEPrua W APYrde TepMOAHHAMHYECKHE BeNH-
YWHH, YTO NPHBOAMT K CKAUYKOOOPAa3HOMY H3MeHeHHI0 06bema
H K BHENEHHI0 CKPHTOM TEenJaOTH NpeBpaLICHHA.

OnHaKO BO3MOXHHE H MepexOfH A[PYroro THNAa, NMPH KOTO-
PHX XOTS HM3MeHeHHe CHMMETPHH TeJa H MPOHCXOAHT CKAYKOM,
HO COCTOSHKE Teaa H3MeHSeTCs MOCTeNeHHO. JTO 03HAYaeT, UTO
MEXATOMHBE PACCTOSHAA M YrAH MeXAY MJIOCKOCTAMH B TOYKe
nepexona NPaKTHYECKH OCTAOTCA HeH3MeHHbIMH. Ilockoabky
COCTOAHHE TesMa B TOYKe Takoro ¢a3oBOro mnepexola OCTaerTcs
NIOYTH HeHIMEHHHM, NOC/AedHHN He CONPOBOKAAETCA BHAE/NCHHEM

a8
HJIH NOTJOLEHHEM CKPHTOH TEenaOTH, XOTS NPOU3BOJIHKE 97"

dv
57 B ApYrHe HCIHITHIBAIOT CKAYKH (anomasnbHas TeMmmepatyp-

Has 3aBHCHMOCTb S H U BOAH3M TOYKH nepexona). Taxue nepe-
xonw JlaHnay HasBan $a3oBHIMH mepexoiaMu 2-ro pona.

LA XapaKTepHCTHKH COCTOAHMA BellecTBa npU (HasoBOM
nepexone 2-ro poaa Jlanpay BBOAMT, KpoMe OGHYHBIX Napa-
MerpoB (HanpuMep, P, T, H u np.), nonojHuteibHHR napa-
MeTP 7, KOTOPH# Ha3eBaeTCA napaMeTpoM ynopspodenus. Takum
o6pa3oM, no Jlannay, TepMOAUHAMHYECKHH# NMOTEHUHAN CHCTEMBE
B6/M3K $a3oBoro nepexona 2-ro poia Moxer OHTb npencTas
BJIeH B PyHKUMH He TOMbKO OORYHHX TEPMOAHHAMHYECKHX Nepe-
MeHHHX, HO H NapameTpa ynopsiouyeHus 7. Ilpu nomomu napa-
MeTpa 7 YYMTHIBAIOTCA KOJHYECTBEHHO Teé H3MeHEeHHf MOTeH-
uxana @ B6ausu ToukHM (paszoBoro nepexosa 2-ro poaa, KOTopee
CBfi3aHH C mosBieHHeM B CucTeMe (B peayibTare (a3oBHX fe-
pexofoB 2-r0 poia) YnoOpsAOUEHHOTO pPacnoONONKEeHHs aTOMOB
PasHHX COpPTOB B CIaBe, CAMONPOH3BOJIbHOR HaMarHHYEHHOCTH,
9JIeKTPHYEeCKOR MOJfApH3auluM H T. A.

IMapaMerp 1 uamenserca ot 1=0 (aGcomoTHuil Gecnopanox)
a0 m==1 (a6comoTHrR nopspok). [Ipn oxaaxkaeHuu BellecTBa
Hie HeXOTOPOR TeMmmeparyps T =0 BO3HHKaeT mepexod Be-
LecTBa H3 HeyNOpPSAOYEHHOFO COCTOSIHHA B YACTHYHO ynopsno-
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yennoe. [lpu panpHefilieM NOHMXEHWM TEMNEPATypH B KOHLE
KOHLOB BO3HMKAeT nojHoe ynopsaoyenne. Ha puc. 1 mnoxasan
CXEMaTHYECKH TEMNEpAaTypHHH# XOA napaMeTpa ynopsiaoueHus.
Ecau npu ¢asosoM nepexoxe 1-ro poaa napaMeTp % € poCTOM
TeMNepaTyph H3MeHAeTcd ckaykoM (puc. 1, @), To NpH mepe-
xoAe 2-ro poja oH M3MeHsercda mnaasio (puc. 1, 6).

7 v
0 T 0 7
a) 6/
Puc. 1. 3aBucuMOCTD NapaMeTpa ymopAAGYEHHA OT TeMIe-
paTypel.

a —nepexox 1-ro poaa; 6 —mepexox 2-ro poas.

Cheayer 3aMeTHTb, YTO NepeMeHHas 7) B U3BECTHOM CMHICJe
HepaBHomnpaBHa ¢ nepeMenHbiMu T 1 P, B To BpeMst kak T u P
MoryT OHTb 3alaHBl NMPOM3BOJLHO, 3HAYEHHS T AOMKHB GhITb
onpelenenn M3 ycaosusd MuHumyMma @ npu sapannbix P u T.

B6insn ToukH mepexoia 2-ro poia, rae 7 NPHHHMAeT Ma-
avle 3HaveHus, ¢ynkuus @, coraacHo [9], MoxeT GHTh pasno-
®eHa B PAA TIO YETHBIM CTeNleHAM 7):

O (T, P, m) =By +anp b+, ®)
rae xoapdHuHeHTH @ H b ABAAIOTCA QYHKUUAMM NapjieHust P u
Temneparypsl T,

PaBHOBecHHIM #BJAfieTCA COCTOSHME, TPU KOTOPOM -g;:=0.
Huddepenunpys (5) no napamerpy 7, NpHPaBHHBAA HYJMIO M
npexHe6perasi 4JIeHaMH, COAEPKAUMMH 7 B CTENEHH, BHIUE YeT-
BEpTO#, HAaXOAMM ABA pelieHHS:

n=0; 1=} —£. ©

[Mepsoe pemende 7==0 COOTBETCTBYeT YCTOHYMBOMY CO-

a
CTOSHHIO BHIUE TOYKM Mepexola, a BTOpoe (11= _"717)—
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HIKe TOYKM mepexoja. Tak kxak sHaueHue 7)== (0 COOTBETCTBYyeT
HEYNOPANOYEHHOMY COCTOSIHHIO, 4 7)== | — ynopalo4YeHHOMY, TO
AN COrMacHd C OMBITOM HeOOXOLMMO MOCTYJHPOBAaTh, YTO
KaW[O0My 3aAaHHOMY 3HA4YeHHIO P COOTBETCTBYET HEKOTOpasd TeM-
neparypa T==0 (Touka Kiopu), npu xoropot a(T, P)==0
[9, 10].

TepmoanHamMuyeckuit aHanua kosdduuuenTroB a4 u b jaer
ClelyiOlMe HX 3HaYeHHs:

T<8, T=60, T>8,
a<0, a=0, a>0,
b>0, >0, 6>0.

Meton pasnoxenns TtepMoAnMHaMuueckol ¢yHkuun BOAM3U
TOYKH ¢)a30BOro mepexofa 2-ro pola B pAld IO CTENEeHAM na-
paMerpa ynopaaodyeHus 7 OKasaacs BeCcbMa IJIOJOTBOPHBIM.
OH Mo3BOJIM/ 1aTh TepMOAMHAMMYECKOE ONHMCaHHe PasHOOOpa3-
HbiM fIBJEHHAM, HaNpHUMep aTOMHOMY YNOPANOYEHHIO B CllJia-
Bax [9], nosexennio deppomarnernkos [10, 11, 20] u cernero-
saekTpuxkoB [17, 18] B6ausu Touku Kiopu um np.

Cnenye‘r OTMETHTb, YTO B HacTOfllce BpEeMA HET ACHOCTH
B BOIIPOCE O CXOAHMOCTH pasioxtenus ¢ynkuuu @, ubo no cux
Nop He M3yYeHbl NOJHOCTbIO CBOHCTBA TEPMOAMHAMHYECKOrO
noTeHIlHaAa HemocpeacTBeHHo BOMM3HM TOYKH (pasoBoro mepexona
2-ro poaa ([9], [19]).

OCHOBHHIM NpeanooXeHneM B Teopud JlaHnay dsasetcs TO,
yro BO6AM3H TOYKM (pasoBoro nepexona 2-ro pona, riae 7 npu-
HHMaeT CKOJb YroAHO Majnle 3Havenus, ¢yukuus @ (P, T, 1)
MoXeT GHTb pasjoxkeHa B pad mo 1. OAHako, Kak oTMeyaer
Jlannay, BO3MOXHOCTb TaKoro pasjodKeHusa He oyeBMAHa. Ileno
B TOM, 4TO TOYka (pa3oBoro nepexoia 2-ro poaa sBAgeTcA
ocoboft Toukoff Ha KPMBOM TEPMOAHHAMMUECKOrO NOTeHLUaJja,
HO3TOMY TaKoe Pa3JoxeHue He MOxeT GHITb MPOU3BEAEHO BIIOTH
1O YJEeHOB MPOM3BOJBHOTO mNOpsAaka, 3 KO3(QOdHIHEHTH pasio-
XeHuA MOTyT HMeThb ocobeHHOCTH Kak ¢yHkuun P u T. B cBasu
C 5THM NPEACTABJAAET MHTEpPEeC pPacCMOTpeHHe KOHKpPETHHX ¢a-
30BHIX NEpexojoB 2-ro posa, B YacCTHOCTH, ¢eppOMAarHHTHHIX
¥ aHTH(eppoMarHuTHHX nepexonos. CnpaBelJNBOCTb Pa3foxe-
HHa (D) B AaHHOM ciay4ae MOXeT ObITb NPOBEPEHA SKCHEPHMEH-
TaJbHO.
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§ 2. Tepmonunamuka $HeppoMarHHTHOrO NpeBpalleHHs

Boncoscknit [10] u Iuuabypr [11] npumenuan Teopuio $aso-
BHIX NMEPEXoaos 2-ro poda, mpepnoxennyio Jlaupay, aas onu-
canus sBiaenuft BOausm Toukm Kiopun B deppomarHeTnxax.

deppoMarHeTHK PacCMaTPUBAETCA KaK ONHOAOMEHHLIH, T. e.
pa3buexse ero Ha NOMEHH He yuuTHBaerTcs. B kavecrse mapa-

MeTpa ynopssoueHus (7n) BhOMpaerca Beauuuna J =~:‘1, rie

g, — yAenbHas CaMONPOHM3BOJLHAA HAMArHWYEHHOCTb (uaol Z Be-
11eCTBa) NMpH AaHHOH TeMNeparype, a op — YAeAbHAst HAMATHHYEH-
HocTh npH 0°K. Besnuuna J ecTb OTHOCHTe/NIbHAS HaMarHuueH-
HOCTb HiM CTeneHb JaJbHer0 MarHMTHOro mopsaxa., C moswiule-
HHEM TeMIepaTypH MAarHMATHOE COCTOAHMe ¢eppoMarHeTHKa
MeHsieTCcsl MOCTENEHHO; ero NapaMeTp YNOPAAOYEHHS, HJH, 4TO
TO JXe, CAMONPOU3BOJIbHAA HAMarHHYEHHOCTb, HEMPEPHBHO YMEHb-
maetcs. Henocpeacrsenno 8 camoft Touke Kiopr J oGpawaercs
B Hynab, IJT0, O[HAKO, He BHI3bIBAeT pPa3pHBa MEPBOH MPOH3-
BOJHO# TEepMOAMHAMHYECKOTO NOTeHUHAAa (IHTPOMHHM, CAMONPO-
H3BOJHOR HAMarHWYeHHOCTH M 1p.), HO BTOPHE NMPOU3BOAHHIE
TIPH 3TOM ROMKHH M3MEHATbCA CKAYKOM (HAnpuUMep, TemaoeM-
KOCTb H TeMNepaTypHhR x03(pPHUMEeHT CaMONPOU3IBOJILHOR Ha-
MariH4YeHHOCTH).

B6auau camo#t Temmepatypsl Kiopu Bennynna J Mana, nostomy
¢ynxunio © MOKHO passioXuTh B PAL MO crenensM J:

® =Dy +aP+bF+ ... )

(uneHBl C HeueTHHIMH CTeNMeHAMH J He YYHTHIBAIOTCH, TaK Kax
pasnoxenne ckanapioft ¢yuxkuuu (P) no creneHam BEKTOPHOH
BenHgHHb (J) MOXeT COMepaTh JAHIUL YIEHH YETHHX CTeneHeh),
B6auau 6 xosppnuuent e (P, T) Man 10 BeludHHE, NMO3TOMY,
pasnaras ero no crenensM pasHocth T — 0, MoKHO HanHcaTb:

a=ay(T—8)+ ...

IMoacrasass 370 Bhipaxenue B (7), moJayvaem:

Q=0 +a(T—O)R4blr+4 ... (8)
Huxe rtouxu Kiopu pasnosecHoe 3nayenue J HAXOAMM H3 yCiO-
sa 92— (unenamu, cosepxautuMu J B CTENEHH BHIIE Ye-

oJ
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TRepTOH mpeHefperaeM):

9% —24j(T —8) J4- 465 =0,

OTKYAa HMeeM I/ TeMIepaTypHOTO XOAa CaMOIPOH3BOJBHOR
HaMarHH4YeHHOCTH BOGJM3H Touku Kiopu

’
__{9s ’_ ag
ﬁ_(a—o) =5 (0—T). )

9ra dopmyna, moayueHHas BnepBoie Boncosckum [10],
BlafdaeT € aHamToOrH4HOM ¢Qopmyso#t, BHTekaole H3 MoAelH
Be#tcca — eftsenGepra [5, 8, 13]. Oawako B OTIHYHE OT mO-
crenHe#t dopmyaa (9) mosydyeHa H3 cambiX OOLIUX TepMOAMHa-
MHYeCKHX cooOpaxeHuft.

Jlanee, Hcnonb3ys TepMOAHHAMHYECKHE METON, MOXHO HaHTH
H3MEHEeHHe TelJOeMKOCTH INIpH Iepexojie 4Yepe3 TeMIepaTypy
Kiopu. durponusa deppomarseTHka pasHa

0o 00, ,
=—or =1 — %"
9% . §,—=S
rie W =9 =OT>0— SHTPOHHSI B HEYINOPAILOYCHHOM cocrofi-

Hud (mpu T >0 J=0). Huddepenuupys no T BuipaxeHue
naa S K yMHOXas moay4YeHHHt pe3yabTaT Ha T, moayuaeM:

0S 0./
cp=ra =Cp—aT o, (10)

rae C, — TenJ10eMKOCTb NpH RaHHOM AaBienun P, Cy— renio-
eMKOCTb npu T >0,
Anddepenunpya ypasHenue (9) no T, O6yaem umerb:

0J2 a;
or T 2%

[Moxcrasnas sto Beipakenue B (10) npu T =0, noayuyaem:

Cp =822 (“")2 4+, (11)
( )2

[Tpu T > 0, rae deppomarHuTHas 4acTb TenJa0eMKOCTH 0 -5~
orcytcrayer, umeem C,=0C,.

2 3ak. 461. K. IT. Bexnos
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Takum o6pasom, npu nepexose Yepea Touky Kiop# usme-
HeHue HIN CKAYOK TEeNAOEMKOCTH paBeH

(@)’
ACy =0 (12)

Beanunn ag, b u 0 Moryr GubTb HakgeHW M3 KPMBHIX HaMars
HHYEHHOCTH BOJM3N TOUKH KlOpH H, CcJaefosare/bHO, CK3a4YOK
TENJAOEMKOCTH MOXeT OblTb MOACYHTAH MO MAarHMTHHM Xapaxre-
puctukam (cm. ra. ).

KomG6unupys npeasinyuige COOTHOWIEHHR, MOXHO TaKKe Has
NHCaTh:

S=ST>9+-A—f’i ®—T7). (13)

Mpu T=06 S=3S8rys, T.e. npu nepexone 4Yepes TeMneparypy
Kiopu neficTBuresbno He BO3HHKaeT CKa4yKa SHTPONHH H CKPHI-
Taq Temaotra He Buaenserca (TAS=AQ=0) B nporusono-
JOXHOCTb HepexoiaM l-ro popa,

Takum oGpazoM, TepMoAUHAMHYECKUH aHAAu3 deppoMarHuTt-
HOTO npeBpauleHus MOATBepxldaeT, 4ro (eppomarHutHoe mNpe-
BpaiuieHHe ClelyeT DPacCMaTpuBaTh Kak nepexol 2-ro poxa.

[nus6ypr [11] yvea B BHIpaXKEHHM TePMOLHHAMHUECKOIO
MOTEHWUHAA 3HEPrHi0 MarHUTHOro moas JH:

@ =Dy aS2 4 b — JH. (14)
0P
W3 ycnoBus paBHOBECHOTO 3HAUCHUR —57=0 nonyuaeM ypas-
HeHHe A9 ONHCaHMA HCTHHHOTO HaMaruMyuBawua (maparnpo-
gecca) ¢peppomarHeTukoB 1) B6anau Toukx Kiopu

ag4-Bod=H. (1)

B 3TOM ypaBHeHMH &-— yleJbHaf HaMAarHHYeHHOCTb, H3MepAeMas
Ha onuiTe ¥ paBHad ogz—-o;, Tie O;— ylenbHas MCTUHHAH Ha-
MarHuYeHHOCTb, BH3BaHHAA HajoxeHuweM noas f; a u §— rep-
MoaxyHaMuyeckne Kospduuuentst, sapucswne or P u T, Benu-
YUHE HX BHIPAXKAIOTCA Yepe3 Yke BBeAeHHHE KO3DDHUHEHTH 4@
n b caenyiomum obpasom:

2
a=—£, (16)

4b
=—°§-. (17)

0

1) [lpn HANOXEHMH MACHUTHOrO MOAN H3IMEHACTCH MHIUL BEIHUHHA
MarHUTHOTO MOMEHTa JOMEeHa.
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3Hayenns a M f HaXOAATCA OMBITHHIM MyTeM H3 KPWBHIX Hamar-
HAYEHHOCTH, CHUMaeMHX BGau3n ToukH Kiopu (cm. ra. III).

3aMeTuM, YTO NpPH HAMOXKEHUW MATHHTHOrO MOJSA BCAEACTBHE
BO3HHKHOBEHHA MNapamnpoliecCa napaMerp ynopsnouewus n=J
He o6pawaetci B Hyab B OKpecTHOoCTM ToukH Kiopu. Sto xe
BHTeKaeT M3 ypasHenus (15). Iaxe B camo#t Touke Kiopu, rae
CaMOMpOM3BOJIbHAA HAMArHHYEHHOCTb gy oOpallaercs B HYJb,
&8 (eppoMarseTHKe COXpaHAeTCd HaMarHHYEHHOCTb oy (MCTHHHaR
HaMariuyeHHocTb). BoncoBckuft {10] mokasan, uTO Ha MO~
ckoctd (H, T) Touku Kiopn He o06pasyior JMHMH, TaK Kak
B NpPUCYTCTBHM noas Boobue HcyedaeT TOuka $HasoBoro nepe
Xola, H nonatHe ToukH Kiopu Tepser cMuca. ITostoMy Ha
naockocth (H, T) touka Kiopu sBiasercd H30anpoBaHHOM, Aexa-
wef#t Ha ocu T (H=0).

OnucaHHHR BHlle METOA Pasl0KEHH Tepuonuuauuqecxoro
NOTEHUHANA B PAl MOXKeT GHITh NMPUMEHeH JIJAS ONHCAHWA Mar-
HUTHHIX NpeBpaiueHuft B aHTHQeppoMarHeTHKaX, a TaKxKe B He-
CKOMMEHCHPOBAHHH X aHTH(QeppoMarHerukax (deppuMarHeTHKax).

Jasi aHTHdeppoMarHeTUKOB BOJM3H TOYKM NEpPexoaa ‘TepMo-
AuHamuyeckuft mnorteHuMan ® MOKHO Ppa3NONKHTD B PAL MO
napaMeTpaM, XapaKTepH3YIOWMM MarHMTHHE MOMEHTH MaruMT-
HbiX noapewerok. ITpu npubanmxenuu K Touke Kiopn stu napa-
MeTpH, KaK H B ciayyae ¢eppOMarHeTHKOB, CTPeMSATC# BCeraa

K HYJI0 N0 3aKOHY ~1/0—T. B cayuae c¢eppumardeTuikos
padnoxenne ® B pan Heo6XoLMMO BeCTH MO PasHOCTH HaMar-
HHYeHHOCTe#l moapemeToK. IIpu 3TOM COOTHOWIeHHs, NOaydYae-
Mble AJ9 onucaHud sBJeHuit B oGiaactu ToukH Kiopu deppu-
MarHeTHKa, He OT/MH4AIOTCA OT MPHBEAEHHBIX BhIIE COOTHOIWEHUH
A OGHYHBIX PeppPOMAarHeTHKOB.

[Mapamerp v =2J npeicraBaseT co6o#, KaK YKa3elBaaoCh,
TaK Ha3biBaeMbift AaabHuU#t MarHuTHeIf nopaaok. <Pusnyecku#t
CMBICK STOro NMOHATHA 3akJioyaeTcd B caeayouieM. [Ipy HH3KHX
TeMnepaTtypax, Korjda ¢eppoMarHeTHx (UAd QeppuMarHeTHK)
HaXOAUTCA MNOYTH MOJHOCTbIO B YNOPALOYEHHOM COCTOSHHH,
paspyuieHde YNOPSAOYEHHOr0 PachoJOXEHHS CNHHOB NPH BO3-
pacTaHHM TeMNepaTypsl NPOMUCXOAUT O4YeHb MelJeHHO (CM.
puc 1, 6). OaHgko nmo Mepe AajJbHeHiller0 BO3PACTaHHA TeMIe~«
PaTYpH M yMeHblueHHA 7] 00/eryaeTcs PaspyllieHHe YNOPALOUEH-
HOro cocrosiHug, u60 yem Ooibuie B eppOMarHeTHKe y4acTKOB
€ m=~1, TeM MeHblue TpeOyeTCcA SHeprdum AJA AajbHefmero
Hapyuwlenus ynopapouenusi. TakuM 06pa3oM, BO3HHKaeT /NaBHHO+

2%
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obpasHoe HapacTaHke HeYNOPAZOYEHHOTO COCTOMHHS, KOTOPOE
npu  omnpelleleHHO# Temmeparype (Touke Kiopu) mnpusoaur
K TOJHOMY MCYE3HOBEHHI0 YyropsaoyeHus. JlaBuHooGpasHoe
YMEHbIUICRHE YIIOPAN0YEHHOTO PACMONOKEHHS CIIMHOB 06 bACHAETCH
TeM, YTO 3TO NMOPAAOK XapaKTEPH3YeT CBA35> OYeHb GOJBLIIOTO
aucaa cnunos. [lo Camo#tnosudy [21], 3mech aeiicTByer cBoe-
obpasHuil MexanuaM «scraderTHod» nepenauyu.

Paccmotpum Kakoll-HHOYAb ONHMH CrUH, HAXOAAUWMACS B Onpe-,
LeleHHOM MecTe pelleTkd QeppOMarHeTHKa, OTOT CHHH HeMNO~
CPelNCTBEHHO BJHSAET TOJbKO Ha CBOMX coceleit. Ho 9aru mo-~
CleAHME TEpelaloT ero BJUAHME Yyke Ha O6oJjee yhaieHHbBIE
cnunbl. TakuMm 00pa3oM yCTaHABAHBAETCS H3BECTHas KOppeusiiHs
YyAaneHHH X HpPYT OT Apyra CIHMHOB, XOTA NOC/eldHHEe Henocpel-
CTBEHHO IPYT C APYroM He B3aHMOAEHCTBYIOT.

ﬂpu NOBLIIMCHHH TEMIIEPATYPHl TEN/JAOBOE ILBUXKEHUE 3acra-
BJAIET HEKOTOpHIE CNUHBI YCTaHaBAMBATbCA AHTHRAPAJJENbHO, HO
actadeTHHie CBA3H ellie CyU(ECTBYIOT H MarHMTHbIH NaabHH# NO-
pafok coxpauserca. Ilo mepe mnoBHIeHHS TeMmnepaTrype Bce
6oNlee YBEJHUWBAETCA YHCAO 2HTHUAPAJNJIENbHHX CMUHOB U BCe

cnabee  CTAaHOBMTCH  KOppe/slus

B PacCNOJIOKEHHH YHaJeHHHX CIH-

HoB. Hakoxeu, Hactynaer Taxo#

\ MOMEHT, KOr'Aa Bce «3CTadeTHbie»

CB3K BHIXOAAT M3 CTPOA M Jaljib-

HHY MAarHuTHLIR NOPSAOK HCYe3aer.

Temneparypa, npa KOTOopo# 3TO

_ L NPOUCXOAMT, M ecTb Touka Kiopu.

0 8 T Ecau 6% CyiecrBoBana TOJAbKO

ZaabHuR ROPAAOK, TO Haba104aNOCh

Puc. 2. CxemaTnyeckoe H30- OBl pe3xoe H3MEHeHHe TeMneparyp-

Gpa”‘i“"“e" TeMnep:TypHon HOro Xoaa TemjoeMkoctd (puc. 2).

f;:;;o::r':emx;e""o Hommay  ONHIT, OLHAKO, MOKA3HIBAET, UTO

Toukn Kioph. aHOMaJIig TEMJIOEMKOCTH He HCue-

aaer cpasy mnocae TouxH Kiopu.

nocje pe3KOro CHajaHHS TeMJOeMKOCTH MMeeT MeCTO acCUMIITO-

THYECKOe NpPUOJHXKEHHE K HOPMANbHOMY 3HAYEHHIO (MYHKTHPHAA
KpyBas Ha pucC. 2).

AHa/NOTHYHBIE 2HOMANKH WMEOT ¥ ADYTHE «HeMarHMTHHE»
cBoficTea (heppoMarHeTHKoB (HanpuMep, Ko3dhPuuMeHT TENI0BOTO
pacuiMpeHusi, TeMnepaTrypHsiH KOS(OHUMEHT 3IEKTPUYECKOrO
conporuBienus M Ap.). [locrenennoe HCYe3HOBeHHE AHOMAMMIL
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«HEMarHHTHBIXY» CBOHCTB OOBACHAETCA TeM, YTO XOTH BHIIE
toukn Kiopn manbnero mopsiixa He CyuleCTBYeT, OIHAaKO YMo-
pANOYEHHOE pacmo/oXeHue CNHHOB B HeGoabmMX o6beMax,
OXBaTHIBAIOWHUX CPaBHUTEJbHO HeGO/bIOE YHCIO CNMHOB, elle
coxpansercd (GAMKHMR TOPANOK wWiaM (AYKTyauMH JajlbHerQ
MarHMTHOrQ nopsaka)l),

§ 8. Poab daykryaunii aajbHero MarHHTHOro MOpsAAKa

Heo6xoaumoctb yuyera cratuctHueckux ¢aykryauu#t npu
H3y4eHUH ¢a30BLIX nepexonoB 2-TO Pola HEOLZHOKPATHO MO~
yepkuBaJdach B jauteparype [12, 22, 23, 24]. Boncosckuit [10],
OCHOBBIBAICb Ha paGore Jlanzay [22], smepsbie paccMoTpen
STOT BOMPOC AAA (eppOMarHUTHOrO MpeBpauleHHs, Beauuuna
¢aykTyaunu AalbHero MarHMTHOTO MOPALKA MOXeT OHTb Bbl-
yucneHa NpH nomoumn o6mwux MeronoB, CorsnacHo craTHcTHue:
cKoft ¢uauke BepOATHOCTb GAyKTyauuHd BeanyuHsol J (npu mo-

Adp

crosHubix P u T) nponopuuoHanbHa e *T, rae v— o6beM
dayxryauuu, a A® — npupamenye TepMOLMHAMHYECKOTO MOTEH-
uuana, BoiaBaHHoe ¢ayxrtyauneit AJ. HenocpencrBeHHo BGaM3H
camo#t Touku Kiopu ¢aykryauus AajbHero MarHMTHOrO MOPAAKA
AOCTHraeT MaKCUMAaJbHOR BeJHUHHBI, YTO BHITEKaeT H3 O6LHX
nonoxeuutt craructuieckot u3uKH.

Tak xak shime Toukn Kiopn J=0, To cremenb MarHuTHOTrO
NOPANKA HM3MEHAETCH OT 3HAueHWs, passoro J, LO HYAW, T. e.
BeanunHa AJ pasna camoft BennuuHe J:

AJ=J.
IIpene6peras B ypasnennn (8) usneHoM bJY, nmoayuyaem:
AQ =@ — @y = 0y (T — 8) 2 =a; (T — 6) (AN
BeposatHocTb Tako# dayxTyaunmu pasHa

ay (T 8 (D)%
W(@AH)=Ae T

1) B Il rn. GymeT mnoka3aHo, YTO B pPeajibHHX (heppOMarHeTHKax
AHOMaNHUH «HEMATHMTHRIX» CBONCTB BHIIE TOYKH Kiopn Moryr OmTb
06yCIOBACHN TaKKe CTPYKTYPHHIMH HEOXHOPOAHOCTAMH,
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rae A ompeneasiercs M3 YC/IOBHS HOPMHPOBKH
+4co
fW(AJ)d(AJ):l.

IMocne HecnokHHX BHYMCAEHHR ToOAyYaEM:

_1/ aT=8
A—l/—m——-

Ilna cpennero 3Hadenuss kBagpata GAYKTYaukH NajabHEro Mar-
HHUTHOT'O NOPSAKa (MAX OTHOCHTEJIbHOR HaMarHHYeHHOCTH) B 006-
aAacti touku Kiopn Haxommm:

ag (T~6) 01)%

+o00
= T gan= 2T (8
e e e r

TakuMm o6pasoM, npu npuGamxeHnH k TeMneparype Kiopu

BeanunHa (AJ)2— oo, T. e. NOMKHA CHIBHO BO3PacTaTh,

Hantas ¢aykryauuio najabHer0o MarHHTHOrO NOPALKA, MOXHO
onpeneautTb (GAYKTyauuy APYruxX TEPMOAUHAMHUUECKMX BEIHUMH,
Jlns TennoeMKOCTH, KanmpHMep, MoJydaeMm:

Vol kb T
AC,—-%———-(T_D), .

TMpuBeeHHEE BRIIE BHIYHCJAEHHA OTHOCATCA K GAYKTyauHsM
B Kaxao#t HeGoiabumiod o6aacTh Tena, riae HMeeT MeCTO CaMo-
NnpouasosbHOe 00pa3oBanHe YNOPAJOYEHHHIX TPYNN MarHHTHHX
CIHHOB MOX JAedcTBHeM TenmaoBhx ¢aykryaun#t. ItH aykrya-
RHH HEORHOPOAHH, OHH ABAAIOTCA (QyHKuMEN TOUKH, HAXOAd-
uiefica BHYTpH 06beMa Tesa, MOITOMY HAaLO YYHTHIBATbD 3aBUCH-
Mocth @ He TONBKO OT camoft Beauuuuu J, HO, BooOuie rosops,
H OT rpanuenta VJ.

Cuvras VJ Manoft seanunno#t, Moxuno @ paanoxur, mo ver-
HHM crenewam J u VJ:

AD = @ — Oy =a] (T — 0) P4 b4 c (VIP+ ...

Ecnu yuects unen ¢ (VJ)2, 1o npu T =0 dayxryauuu cranyt
KOHe4YHbIMM, H60 B 3HaMeHaTeje Hapsny ¢ 4aeHoM (T — 6)% no-
ABMTCS ClaraeMoe, He 3aBHCsllee OT Pa3HOCTH TeMIieparyp; 5TO
¥ 006YCAOBNHBAET KOHEYHOCTb 3HaueHHs AC,.

dnyxTyanuontbie «3apoAbWHY» ynopsaoueHHo#t ¢asm mo-
ABNAOTEA HE TOALKO npu T'=6, wo n swwe TOYKH Kiopy;
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npu npuGamxeHnn K O co CTOPOHBI BHICOKHX TeMIEPaTyp OHH
CcTaHOBSTCA BCe O6oJee 3HaunTeAbHHIMM, Bo3aMoOKHO, YTO 9TH
«3aPOABILIHY SBJAAIOTCH OYeHb HeycToMuMBHIMM. B olHOM MecTe
TeJa OHH BO3HMKAIOT, B JPYroM B 3TOT MOMEHT HCYe3saioT
M T, A. Tak Kak QAyKTyauuss MarHHTHOrO MoMeHTa ¢eppoMmar-
HETHKAa B 1leJIOM IOJKHA CKJAAAHBAThCA U3 QAYKTYyalut MoMeH-
TOB B OTAEJAbHHIX 4YacTAX o6heMa Tesia, TO, NO-BHAHMOMY, 3TOT
MOMeHT 6AH30K K HYJIO.

Yuer daykTyaunft NanbHero NOPAAKA CYWMECTBEH ANA OMH~
CaHMs Da3/MYHBIX «HEMArHMTHBIX® sBJMeHHA B obGaacTH ¢eppo-
MarHUTHOrO TpeBpaLleHHd.

Ecau xpusas 3aBHCHMOCTH 3Hepru¥ ¢eppoMarHeTyka ot
temneparypst E(T) Ges yuera daykryaunit nmeer npu T =0
pe3kuft uaaom, a npu T >0 He uamensercss C TeMmepatypo#,
TO Np¥ Haakuuu GAYKTYaunf najbHero NOpPSALKA SHepPrus 3a-
BUCHT OT TeMMEpaTypH OYeHb MJABHO. JTO MPHBOAHT B CBOIO
ouepeab K craaxuannio Kpuso#f Temmoemkoctu Cy(7) (puc. 2),
anekrponposoxroctd p(T) n APYrux <«HeMarHHTHHIX®» CBOMCTB,
Bausnue ¢ayktyaunit Ha OMBITe 3aMETHTb TPYAHO, TaK Kak
«paambiTues kpuBbx Cp(T), p(T) B obnactu T =0 B Gonbueh
CTeneHH OMpeaenseTcss HEOLHOPOAHOCTAMH CTPYKTYDH MaTepuata
(cm, ra. IID).

O6uiee xadyeCTBeHHOE ONHCaHHe Xoaa (eppPOMaTHHTHOTO
npeBpaileHusi, 10 BoHCOBCKOMY, COCTOMT B cieayioieM. B o6-
MacTH oYeHb BHICOKMX TeMnepatyp T >>0 TennoBoe ABmxeHue
CTO/Jb MHTEHCHBHO, YTO OHO Da3pYyILaeT BCAKYIO YHOPSILOYEHHYIO
ODHEHTAUUI0 MaTHHTHBIX CNIYHOB, JaXe B OYeHb MaablX oGbeMax
tena, Ilpu He ouenb Bhicokux Temneparypax (T > 0) mo Mepe
npubavxkenus K Touke KiopH cO CTOpOHBI BHICOKHX TeMMNepatyp
o6MeHHHE CHJB HAYMHAIOT WrpaTb BaXKHYI0 POAb M CTAHOBSTCH
JOCTaTOYHBIMH RJIS YCTaHOBJAEeHHMA TMOPALKA HAa GAM3KHMX paccTos-
HWAX; MNOSABJAIOTCA &POM» TMAPaJJIEJbHHX CIHHOB, KOTOpHIE,
B CYUIHOCTH, NpPeACTaBJfioT cobo# JNOoKajbHble (PAYKTYaUH Mar-
HUTHOrO mopaaxa. OnHako B cpelHeM no BceMy ¢eppoMarues-
THKY YHCIO <«pOeB» NpaBof M sneBoM oOpHeHTauuR OAUHAKOBO,
nosToMy u o6pasell B LeioM elle He 06/]alaeT CaMONPOU3BOMG~
HOt HAMaTHMYEHHOCTBIO B OOBIMHOM CMBICAE 3TOrO  CJ0BA,
OpuenTauns JMokaabHO# HaMarHMYeHHOCTH STHX <«POEB» CHJIbHQ
3aBUCHT OT TENJOBOTO IBHXEHHS, IMOSTOMY A HX Napaiielbs
HOH opueHTauwu TpeQywTcs ropasno OOablune NOJAA, 4gM AAY
Hamaripunsapua Geppomarperuka npu T <6,
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Mpu npubauwenun k T=0 o6GMeHHasds SHeprua CTaHOBHTCA
CpaBHHMOR C TemmoBoit 9SHeprueih; B 3ITOM Ccayudae ob6MenHoe
B3aHMOJHCTBUE MOXET YCTAHOBHTb HE TOAbKO YNOPAAOYEHHOE
pacnofoxenue CNHHOB Ha GJM3KMX DPACCTOAHHMAX, HO H BHI3BATH
KOppenflui0 MEXLY «pOofMH», T. €. 3leCb BO3HHKAIOT 06aacTu
CaMOTIPOU3BOABLHOR HAMArHMYEHHOCTH, MarHUTHble MOMEHTH KO-
TOPHX YXe B CPaBHHTeAbHO €1a60OM 1none CROCOGHH OpHEHTH-
poBaTbCcs BAOJDb NOJA.

Baaronaps uHTeHcHBHOMY pa3BHTHIO (aykTyauuh BGIH3H
To4YeK (PasoBHIX MepexolO0B 2-ro poRa CylwecTByeT HeKoTopoe
BpeMsl pejakcauuu, HeoOGXOAMMOE /S YCTAHOBAEHHA COCTOSHHA
TEPMOAHHAMMYECKOTO PaBHOBeCHs B CHCTeMe MArHHTHBIX ChH-
HOB. BesmuuHa BpeMeHH peaaKCauuu XapaKTepu3yeT CKOPOCTb
BOCCTAHOB/AEHHAA HAPYWIEHHOTO TePMOAHHAMHYECKOrO pPaBHO-
Becust (CKOpOCTb «paccachiBaHus» ¢uaykTyauuit), 3T1oT BOMpOC
TeopeTuyeckH paccMortpead Jlannay m XanatsuxoB [25]. Co-
rMacHO HX TEODHH BPEMA peJaKCauuH ROJDKHO BO3paAcTaTh MO
Mepe NpHOIMMEHHA CHCTEMB K Touke (pa3oBoro mnepexona
2-ro poaa (npHMeHHTeJbHO K MarHUTHOMY NPEBPalLeHHI0 BONPOC
O BpeMeHH penakcauud paccMarpusaerca B ra. II).

B 3aknioyeHHE OTMETHM, YTO B JHTEepParype HMEIOTCR HO-
NHITKH TPAKTOBATh «PA3MBEITOCTb®» TNpEBpallleHHs BOJU3H TeMne-
patypsl Kiopu ¢ Heckoabko HHO# TOukH 3penns. Cemenuenko [12]
YCTaHAB/HBAET TOKNECTBEHHOCTb MeXAy (a30BHIMU NEpexonaMH
2-ro0 poAa M KpuTHYecKMMH BaeHHaMH. OH cyuTaeT, 410 BOAH3H
TeMnepatypsl ()eppPOMarHMTHOTO TNpeBpalIeHHs BCJAEACTBHE paa-
BHTUA QAYKTyauuRt (TaK Kkak TepMOAMHaMHMYeCKHE NOTEHUHA/b
ofeux ¢a3 6au3KkH NO BeJHYHHE) MPOHCXOLUT PACCIOEHHE ORHO-
poanofi ¢asm Ha GoJblIOE KOMMYECTBO «rpymnm» COHHOB, 00pa-
3YIOLUUX MAFHHTHYIO AHcnepcHylo cucteMy. [lo mepe ynaneHus
or Touk¥ Kiopk BBepX HJIK BHU3 JHCMNEPCHOCTb YOLIBaeT, #
CHCTEMa CTAaHOBHTCA OAHOpoaHo#A. Hanuume stoff nucmepcHocTH
B obaacth Touku Kiopu u 06ycaoBAHBAEeT «Pa3MBITOCTbY MAaKCH-
MyMa Ha TemneparypHo#t kpuBo#t TemnoeMkoctd. Touxa apenus
CeMeHYeHKO NO CYUECTBY COBNAAAeT C TEOPETHYECKHMH M0JIO-
weHHaMH Bowcosckoro, u6o y Cemenuesko B nesasHo#t ¢opme
ACNOAb3YeTcs NOHATHE O (AYKTYAIHH RaALHErO MAarHMTHOrO mno-
paaka. AuanoruyssiM o6pasoM neno o6erout B paboTax, B KOTO-
pHIX BBOAATCA B paccMOTpeHue rerepodiasubie Gaykryauus [23].

M3 pa6or no TepMOAHHAMHYECKOMY MHCTOJKOBAHUIO MArHHT-
HOrO mpeBpalteHHs MOMHQ CAeNaTh BWBOX, YTO HanbGojee npex-
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noutnte bHOR fABAfeTCA TPakToBKa, pa3paGoraHHas BoncoBckHM
u I'unabyproM Ha ocHoBe TeopuH (a3oBHIX NMepexonoB 2-ro polra
Jlanaay. Ee npeumyimecTsoM SBAAETCA TO, YTO OHAa OnepuUpyer
napaMeTpoM YNopsSAOYeHHs; BBEAEHHE IOCJENHEro IO3BOJAET
KOJMYECTBEHHO ONHCaTh MOBENeHHe (eppOMArHeTHKOB H QeppH-
MarHeTukoB B o6jactd Touku Kiopu. dopmanbHas TepMoluHa-
MHYEeCKas Teopus MAarHUTHOTO NpeBPAlIEHHS MOXeT GHTb YTOY-
HeHa BBelleHMeM B DaccMOTpeHHe (QayKTyauu#t pajbHero Imo-
panka., Dro mno3BoafgeT OOBACHHTD C KayeCTBEHHOR CTODOHHI
cBoeoGpa3ne XapaKTepa npoTeKaHHs fBJeHWH B 06GjacTd Temne-
patypul Kiopu # TeM CcaMbIM YTOYHHTb BHIBOAM, BHITEKaiOLIHE
u3 ¢opmaibHOo#t TepMoinHamuueckoft Teopuu. Creayer oTMe-
THTb, YTO BLIBOALI H COOTHOLIEHHS TE€PMOANHAMHYECKOH TEOopHH
MarHUTHOTO TNPEBpallleHUss A0 CHX TOp He ObIAH NOoABEPrHYTHI
CHCTEMAaTHYECKOH M BCECTOpDOHHe#! NpoBEpKE HAa OMNBITHOM Mare-
puane.



TJMABA 1l

ABJIEHUSI B OKPECTHOCTH TOYKH KIOPH
U MOJAEJIbHBIE TEOPHH ¢EPPOMATHETH3MA

Mouxeab Beficca u ee kBaHTOBOMeXaHHueckOe OGOCHOBaHHE,
nanHoe ®penkenem [26] u TIehsenbeprom [27), cHrpain Bbl-
NAUWyI0cs POJb B Pa3BHTHH YyueHus o npupone Qeppomare-
TH3Ma. DTa MoAeab, KOTOPYI0O B AajbHeHlmeM CTalH Ha3biBaTh
moneavio Beflcca — eftaenGepra, Owlna MOJIOKEHA B OCHOBY
yueHHs O CAMONPOM3BOJLHOX HaMarHWYeHHOCTH BewecTBa. Ona
noMoraa moHATb B O6WUX depTax npHpoay ¢eppoMarHeTHsMa
H OODACHHTb KAueCTBEHHO MHOTHE ¢eppOMAarHUTHHIE SABJCHHS,
a4 B HEKOTOPHX CJY4YaAX MNO3BOJHIA JAaThb JOCTATOYHO YAOBJe-
TBOPUTE/NbHOE M KOJHYECTBEHHOE ONMCAHHE HX, HANMPHMEP, TeM-
nepaTypHOro X042 CaMOMPOM3BOJbHOM HaMarHMYEHHOCTH enesa
H HHKens B 061acTH TeMnepartyp, He cauuwkom 6amskux k 0°K
n Temneparype Kiopu.

He ocranaBnuBasce Ha camo#t Teopuu Beticca — I'eftaenbepra,
KOTOpas NoApoGHO M3jaraeTcs BO MHOFMX MOHOTpaduax M yueG-
HHX PYKOBOJACTBAaX, Mbl B HacTOAlleH FJiaBe PacCMOTPHM BOMPOC
O TOM, uTO naer Moieap Beficca —{efisenGepra aam onucanus
MarHMTHLIX fABReHKA B okpecTHocTH ToykH Kiopun. Hubimu ciao-
BaMH, Hac 3nechb OGyleT WHTEpecoBaTh BONPOC O TOM, Kak
9KCMEePHMEHTaJbHBIE JaHHWE, OTHOCsWMecs K o6aacTn ¢eppo-
MarHWTHOTO NpeBpallleHHA, YKAAAHBAIOTCA B YpPaBHEHHE MAarHHUT-
HOrO COCTOSHHA, BHITEKalomee H3 Moaeau Beficca — [eftaen-
Gepra.

§ 1. TemneparypHas 3aBHCHMOCTb
CaMONPOH3BONLHOH HAMArHHIEHHOCTH
B OKpeCTHOCTH ToukH Kiopu

Kak nepBonauanbnas Teopus Beficca, Tak u Teopus [eitsen-
Gepra NpHBOAAT, B CYWIHOCTH, X aHaJOTMYHOMY YDPaBHEHHIO
MAarHUTHOTO COCTOANHA, KOTOpoe MH OydeM 3anuchiBaTh B CJe-
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ayloleM Bune:
°L°=L, (@). 19)

[
3nech ;'—-OTHOU.ICHHC YyielbHHX HaMarHuyeHHocrefl, B3ATHX

COOTBETCTBEHHO INPH NMPOU3BOJALHOR TeMmepaType M aGCO/MIOTHOM
nyne, L;— o6obwentas ¢yukuua JlamkeseHa, J— KBaHTOBOE
YHCJIO, ONpesieNIqIoUlee OPHEHTALHIO MATHHTHOTO MOMEHTA aTOMa s,
a BeJMYHHA 4 PpaBHa

— suNp+pH
- kT ’
rae N — nOCTOsAHHAA MOJEKYAApPHOro mois (NMPOMOPIUHOHAIbHAS
OGMEHHOMY MHTErpany), p—IJIOTHOCTb H & — NOCTOSHHas

a (20)

T=6 T<8
=6

-

a5t

4
H * a

PON
Puc. 3. 3aBHCHMOCTb HAMArHHYEHHOCTH

OT nmapaMerpa a,
1—rpadpnk ypasrerus (19); 2— rpa¢uk ypasmesus (21).

Boabumana. [ias nanpneftwero ypasxeHue (20) yaoGhee npen-

CTABHTb B BHIE
o AT H
— = a— .
% ouuNp oNp @1

Ha ypasuennit (19) u (21), npewxnae Bcero, BHTekaer
HaJHYHe pesKoit TeMIepaTypHO#! rpaHMuE Mexay (peppomarnes
TH3MOM M napaMardHeTHamoM. B camom xene, M3 PHC. 3, rne
npeacrasaen rpaduxu ypasenu# (19) u (21), caeayer, yrq
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nepeceyenue npsamMol 2 u KpuBoft ] COOTBETCTBYET HAAMUHIO B
BEUIECTBE CAMONPOU3BOILHOK HAMArHHYEHHOCTH; €C/IH CAMONIPOH3-
BOJIbHAA HAMArHUYEHHOCTb OTCYTCTBYeT, TO mpsaMas 2 H Kpusas I
He NEepecexajpTcs M TeJO HAXOAHTCS B NapaMarHYTHOM COCTOf-
Hun. M3 puc. 3 Takke BUIHO, YTO KacaTenbHads K Kpusoft [
B Toyke @==0 (r. e. npy H=0) onpefenser rpaHuuy, no
OIHY CTOPOHY KOTOpOH HMeeT MecTO ¢(eppoMarHeTHaM (HHXe
kacateabHO#t), a mO ApYrylo — napamMarHetuaM. TeMneparypa,
IIPH KOTOpOH npAMas 2 CTaHOBMTCA KacaTelbHORt K xpusoft I,
cornacHo Beficcy, # ectb Temnepatypa (uau Touka) Kiopu 6,
KoauuectBenno 3nayenue 0
floJly4yaeM W3 YCIAOBHA pa-
BEHCTBA YIJAOBOrO KO3(-
uuMenTa KacaTelbHOR K
Kpusolt L; (@) B Touxe, rae
a =0, yraosomy kosdpdu-
uMeHTy npamo#t 2, T. e.
’ kﬂ
LJ (0)= uNpagy*

OTKyAa Cleiyer
pNpooL) (0)
9=—-+. (22)

PaccmoTpum  Teneps,
4ro AaeT ypasHenue (19)

1 1 [l L ]

0 0@ a 05 TN LJS ONIUCAHUS TEMIEpaTyp-

p 3 HOR 33aBHCHMOCTH CaMmo-
uc. 4. aBHCHMOCTb CaMOIIPOH3BOIIb~ HpOHSBOJIbHO“ HAMATHHYECH=

HOH H&Mal‘HH;;l;H(I)qC‘TPI: (;re"remnepa'rypu wocti., Us (19) u (20) npu

H =0 umeem:

CoaomHKe  NHHHH — TEOPETHYECKH  KpWBHE;
© —9KcnepuMeHTaAbHHe TOukH Aag  Ni;

H 9 __ uNps,

X — ans Fe, -;:—-Lj( kTs)' (23)
rie Ogz-— CaMONpOM3BOJAbHAA HaMarHuuexHocts (npu H=0).
Hcnoabays (22), noayuyaem:

) 1 0 g
w=u(geTe) @9
0 4(0) %

Paccmorpum, kak ypapHeHue (24) onucHBaeT ONbITHEIE AAHHbBIE
HpU TeMnepatypax, He clIHMIIKOM Oau3kux k Touxke Kiopu. Ha
puc. 4 npuseneHnl TPH TeopeTuueckue kpusbie Li,, Ly H L,
KOTOPHIE COOTBETCTBYIOT 3HAUEHUAM: J==1/, (MarHUTHbHIE MO~
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MEHTbl MOTYT HMEeTb JBe BO3MOXHHE OPHEHTALHMH: Mapaienb-
Hble MIW aHTMnapaaienbHbie), f=1 (MaruuTHHlE MOMEHTH
CnapeHs) # j =00 (MarHUTHble MOMEHTH MOryT MMerTb Jw0be
BO3MOXHble OpHeHTauuu). Ilocaeanu#t cayya#ht CcOOTBETCTBYeT
Teopuu Beficca B nmepBonauaibHOM ee Bapuaute, Ha stoM xe
PUCYHKe BaHbl onbiTHble pe3dyabTaThl ans Ni m Fe, Kax suano

T
H3 PHCYHKA, B HHTepBaJje 3HayeHuit = 0,5 — 0,8 onviTHue KaH-

HBI€ JOCTAaTOYHO XOpouo 0;}"

OMHCHIBAIOTCA ypaBHeHHeM | 4,
25

%1, (M) .@5)

00 L 1fy (0)

[pu GoJsee HU3KUX TEMIe- 03
paTypax OMLITHbE NaHHBlE 02
ang Niw Fe nywywe ynos- ,,
NeTBOPAIOT YPaBHEHHIO

0

% L 05/ 0/7') (26) 0385 09 295 107/8
=L, (=21,

% L,(0) Puc. 5. TemnepaTypuuwit Xox camo-

B NMPOH3BONLHON HAMarHHYEHHOCTH BOAN3 N
HHTEPBA/Je TEMNEPATYD  yoyxu Kiopu NO AaHHHM H3MepeHuit

T/0=0,8—1 umeiorcs pea- Morrepa.

KHE OTKJAOHEHUSA ONBITHBIX  Cpsomwnume  aurun — TeopeTHyeckue KphBhie
IaHHBIX K4K OT KPHBOH Ll/.o 19—rmcnepvnMen-ra):;:':i_h;;"I P:c.:mxu ang  Ni;
TaKk M OT KpuBO# L.

Bomnpoc o TemneparypHoM XoOlXe CaMONPOH3BOJBHOW HaMars
HHYEHHOCTH HENOCPeACTBeHHO BOau3K Temnepatyphl Kiopu ¢ Toukn
apenus Teopuu Beficca mompo6no paccMoTpen PoxanckuM [5].
B ob6aactu T —0 BeanuuHa o/, oueHb Mana. Pasnaras (24)
10 CTEMeHAM Ogz/0), MMeeM:

\0) lo(%)(%)su—f%,+... 27)

0TC!0)13 noJyyaeM:

(2 =~ D) o s
o/ /A0 3 PG+

Ha puc. 5. naHa TeopeTHyeckas B3aBUCHMOCTb (dg/dp)® OT
T/0 nna nByx Kpaliuux ciydyaeB: j==1/, M j==00; TaM Xe
HaHeceHbl pe3yabTaTsl u3Mepenu#t Ilorrepa aas Ni n  Fe.
Buano, yTo OmbITHBHIE NaHHble CHJABHO DAaCXOAATCA C TeopHeH.
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§ 2. Kpusasa ucTHHHOA HaMardu4eHHOCTH (napanponecca)
8 oxpectHocTH Toukn Kiopn

Paanaras ¢yskumio (19) B psn mo CremeHsM Majioro mapa-
METpPa 4, MOXHO MOAYYHTb YpaBHCHHe KPHBOH HCTHHHOR Ha-
MarHHYeHHOCTH (Napanpoluecca) HemoCpeACTBeHHO BOAM3N TQUKH
Kiopn [14, 28]. Mmt agecb paccMOTpuM STO PasjoxeHHe AAs
ABYX NpeaenbHHX cayyaeB: j=1), u j=oo. [na 3THX cay-
yaeB ypasHenue (19) MOXHO 3amucath B caelyiouwlel ¢opme:

L—tha (1=3)- (28)
== (cth a— 7:—) (J = 00). 29)

OrpanuuuBasch BTOPHIMH H/EHAMH pAxa, MMEEM:
a ad 1
—=a— -3_ (j"— "2‘) »
a 1}
=3—r U=
Tpunnmas Bo BHUMAHUE COOTHOWEHHN (20) n (22), a Tax-

We YuHTBIBasg, HTO L.,,(O)—l H Lm(O)__lla (cm. [8]), mo-
AyyaeM:

wrrere—slr ) (U=g)
w=sir sl ol U=e

B uemocpencrsesnot Gausocth K Touke Kiopn (T=0)
HMeeM CleAylOulHe YPaBHEHHS A8 KPWBHX HCTHHHOTO HaMarH-
YUBaHuA:

3 1 .
s=a) fpH"  (i=3) (30)
c=ao 31 -5 B e g (f = o0). @31
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Ha puc. 6 CnOWHHME AMHUAMH BaHH TeOpPETHYECKHE NpPAMHeE,
TOYKAMH ~— Peay/bTaThl H3MepeHHfl ANq HUKeas. Buaso, uro dop-
Myl (30) u (31) KaueCTBEHHO YROBJETBOPHTENbHO ONHCHIBAIOT
pe3y/JbTaTH H3MepPeHHH; ODHAKO KONHMYECTBEHHOTO COBINAJEHHH
net. TIpn pacyetax TeopeTMYECKHX KPHBHX mno dopmyaam (30)

0,20eM°
30¢°
J:Cﬁ
=R
20t
0+ o**
® o *
* &
| L ]
g 5 0 KA

Puc. 6. 3aBHCHMOCTb yAeNbHONH HaMarHWueH-
Hocth o or H'/* B Touke Kiopn ans mukens,

CnaomHNEe AHHHH <= TeOPETHYECKHE KPHBHE; @ — BKcene-
PUMEHTAAbHWE TOUYKH.

u (31) MBI nosaraad, YTO P PaBHO OJHOMY MarHeToHy Bopa
(8 cootserctBuu ¢ Teopueit [etaenGepra). Ecau xe B dopmyan
MOACTaBHTb Cpeanee 3sHavenne p Aad Ni, pasnoe 0,6 pg, TO
pacxoxaeHHe ONBITHHIX JAHHMX C TEOPETHYECKHMMM He ycTpa-
HAETCA.

§ 3. NapamarneTuaM ¢eppoMarHeTuKoOB
Bpimte Touku Kiopu

Teopus Be#icca — leftaenGepra Tak:kKe MCROAb3YyeTCA AAf
OMUCAHMA HAMArHWYMBaHus BHIe Touyku Kiopn, rae deppomar-
HETHK MepexoJHT B NapaMarHuTHoe cocrosuue. B sTom cayuae,
TaK e kak H B NpeibaylwieM, padnaraiorT B pan dyuxkuun (28)
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# (29) no creneHam a. OrpaHnuuBasch NMepPBHIMH HY/AeHAMH DPa3-
JIOXKEHHUA, MOXHO HalHCaTh:

o 1
= (=1)
-} a
w3 (J=00)
Moacrasass (20) HMeeM:
Npap- . 1
a 1 p.H l Npau .
% =3 tTIT (= o0).
,U,ucp(pepeuuupyﬂ no H, noay4yaeM yle/fbHYI0 BOCIPHHMYHBOCTD:
Sokt
_ T ;1
T (1=5) (32)
kT
1 Yol
3 kT .
X=""T oM (j =00). (33)
3 kT

Janee, npunnuMag BO BHUMaHHe coOTHoweHHe (22), a Takke M
’ ’

paseHcra: Ly, (0)=1 u L, (0)==!/;, nmoayyaeM u3 aABYX

nocaefHux ¢Gopmyan (He3aBUCHMO OT 3HayeHu#l j) COOTHOIe-

Hue

1 _Np
<=7 (T —0). (34)
Orciona caeayer, uto Bhille TOYKH Kiopu BeawuuHa, oGpat-
Has yleJbHON BOCNPHMMYMBOCTH, ROJXKHA GBITh JAuHeHHOR (yHK-
yue#t T, YTO HAXOAMTCA B KAYeCTBEHHOM COTJIaCHM C OITLITOM.
OaHako ombiT ykasmiBaeT (usmepeHus Beficca n Poppepa, IloT-
tepa, CakcmuTa), 4YTO B HEeNOCPEACTBEHHOH OJM3OCTH K TOuke
Kiopu, npu npuGamxkeHnd K He#l €O CTOPOHBI BBHICOKMX TeMme=~
paTtyp, He cyulecTByeT June#iHo#t 3aBucumoctn 1/y or T. Ha
puc. 7 BUAHO, YTO KpuBas KaK nas Hukeas (puc. 7,4), Tak M
ana Kenesa (puc. 7, 6) BGau3u Toukm Kiopu mmeer cHAbHBIR
narub, T. €. 30eCb HeT Jame KayeCTBEHHOTO COFJIACHS MeXAy
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TeopHell H OMBITHBIMH pe3y/abTaTaMu. TOJBKO TNMpPH LOCTATOYHOM
yAaJeHH# OT TOYKH KIOpH B CTOpOHY BHICOKMX TeMNepaTyp Ha-
CTynaeT Takoe COOTBETCTBHE.

Ilis omucanus gBaeHuft B oGaacTH Beime Temneparyps Kiopu
HCTONb3YeTCs TAK Ha3biBaeMad MapaMarHuTHad Touka Kiopu — 0,
KOTOpas BBOJOMTCA NYTEM SKCTPANOAAUHH JHHEHHOrO YyacTKa
kpuBoit 1/x(7) 1RO mepecedeHHs c OCbi0 TeMmepatyp (cM.

Vi g/
z -

) 2 ] 1 g L
J50 6, 400 450 500 T°C br % 780 800
6 aj 6)

] L
820 8407°C

Puc, 7. 3aBHcHMOCTh OGpaTHOH BEeNMYHMHBI BOCTIPHHMYHBOCTH OT TeMme-
paTypn B obaacTH Boliie ToukH Kioph.

a—aaa Ni; 6— aaq Fe.

NYHKTHPHYIO JMHHIO Ha puc, 7). TMapamarnuthas touka Kiopu 0,
aexut poime ¢eppomarautolt b,. CywecrsoBanue napaMmarHur-
Ho#t Touku Kiopu He BHTexaeT u3 Mmozeau Beficca — [eftzeH-
6epra; BBeleHMe ee SABJIAETCH YHCTO HCKYCCTBEHHBIM TPHEMOM,
NPHMEHeHHBIM IJS YNPOLUEHHS OMUCAHHA TeMNepaTypHOro Xoja
BOCNPHHMYHBOCTH B HemocpeACTBeHHOH O6au3ocTH K ¢eppomar-
nutHO# Touxke Kiopn, KoTopmit GeccuibHa omucaTh TeopHd
Beiicca — leftaenbepra. 3ametuM, 4TOo B 06/JacTH TeMIepartyp
Bhile Toyku Kiopw, rie KauyecTBeHHO BBIMOJHAETCH 3aBHCHMOCTb
(34), HMeeTCq KOJHYECTBEHHOE paCXOXIeHHE [aHHHX OMNbITa
C TeopHei.

§ 4. O remnepaTypHOil 3aBMCHMOCTH MOCTOSHHOH
MOJIEKYJASIPHOTO MOJSA

IMorrep [6), Kopuercku#t [29], Tepaax [4] u ap., Bobueasch
Jyyuiero corjacus ypassenus (19) c omstoM B 067acTH TeM-
nepatypst Kiopu, BBeqH B pacCMOTpeHHe TeMneparypPHYiO 3aBH-
CUMOCTb TNOCTOSHHOR MonekyaspHoro mnoas N. Ilo Ilorrepy,

3 3ax. 461. K. I1. Benos
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B HHMKeJNe npu mepexofe Yepes temmnepatypy Kiops nocrosnnas
MOJIEKYASPHOrO 1OJS BO3PACTAa€T NOYTH B TpW pa3a. Mamene-
Hue N ¢ TemneparypoRl ¢usuueckn MoOxer OHITh WHTEpNpeTH-
DOBaHO TOJBKO KaK 3aBMCHMOCTb SHepPruu 0OGMeHHOTO B3aWMO-
NeficTBMA OT MEXAaTOMHBIX pacCTosiHull, H3MeHeHUE KOTOPHX
00yCnOBJIEHO TenNOBLIM pacmupeHdeM deppomarHeTnka. Onuako
cornacHo pacyeraM [29] BAuSHWE TENAOBOrO PaciHPEHHA B HH-
Kene npu nepexole uepea temmneparypy Kiopn aomxho mpuso-
IuTh K BecbMa He6GoabliuM wuaMenenuaM N. Tem ne Menee
B Gonee mosauux paGotax [30, 31, 32] npu obcyxaenun oco-
6enHocTelt TeMnepaTypHoft 3aBUCHMOCTH (ePPOMATHHTHEIX ABJE-
HHRt TaKike pacCMATPHBAeTCR TeMNepaTypHas B3aBUCHMOCTb TNO-
CTOSSHHOR MOJEKY/SPHOTO TOJAA.

Boucoscku#t {13] ykasanr Ka HenpaBHAbHOCTb M MeTausuy-
HOCTh Takoro paccmotpeHusi. IToHaTue MoseKyasIpHOrO mOAA
B Teopuu Beflcca He HMeeT peajbHOTO (H3NYECKOrO CMHICIA,
B nocnepoBaTeAbHHX M TOYHLIX KBAHTOBHX pacyeTax, Kak yka-
3tiBaeT BOHCOBCKUI, 3TO MOHATHE, BO3MOXHO, He BOULIO Okl
B Teopuio. Viayuyenne temneparypHoit 3asacumoctd N mBaseTcd
B METOJHYECKOM OTHOLUEHHH HECOCTOATE/]bHBIM, Tak Kak N npen-
crasanet cobo#t xosdpduLKenT, BXOASIIMHA B HETOUHME, 3 B 06/1aCTH
Toukn Kiopn npocro HesepHste Teopuu. PaccMoTpeHue Taxo#
3aBHCHMOCTH MOXET NpPHBECTH K COMHUTEJbHHM H HeoGOCHO-
BaHHHM BHIBO#aM. He HMeeT cMBICAA Takxe PacCMOTpeHHe 3a~
BHCHMOCTH noctosHHOR N or o6beMa MM MeXaTOMHOTO pace
crosnusi. [TocaeRHAR 3aBHCUMOCTb OGHIYHO BBOAHTCA TIpH 06Cy-
WAEHHH ONBITHEIX AaHHBIX IO MAaTHUTOCTPHKUHKH napanpouecca [8],
RO BAMAHMIO AaBaeHHA Ha Touky Kiopu (cM. noapoGuee B ra. Ill)
u ap. Flo Tem e npuumnaM He uMeeT 0OJBWIOrO CMHIC/A pac-
CMATPHBATH TEMMNEPAaTYPHYIO 3aBUCUMOCTb OGMEHHOr0 HHTerpaia A
B Teopuu [eHtsenbepra, Tak kak 5Ta TeOpHA OYeHb npuGaH-
XeHHad, XoTA OOMeHHBIE CHALI CaMu No cefe MMeIOT peaabHbIf
¢dusnuecknit cmpica, H60 oHH OOYCJOBAHBAIOT CYUIECTBOBAHME
teppomarueTusma.

B cBa3H ¢ paccMarpuBaeMbIM BONPOCOM HEOOXOMMMO TaKiKe
yKasaTh Ha HeoOQCHOBAHHOCTb 3aKJIOYEHWH O MOBENEHHH Mar-
HUTHOrO MOMEHTa atoMa d¢eppoMarHeTHka NpH Nepexoje Yepe:
Touky Kiopu [4]. Dt 3aknioueHHs jenaloT Ha OCHOBAHHH Cle.
ayoiux paccyxaenuit., V3 dopmyan (34) caeayer, 6TO

Cc
X=7=%"
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]
ree C = m—nocmanuaa Beficca ana o6aacrn Temneparyp

T>>>0. llpunuMas Bo BHHMaHHe COOTHolWleHHe (22), MOXHO
HanKCaTh:

c bt el Op
- N k ¢

[ToacraBasa 3HaueHHs (cM. [8])

’ J+1 ® 1
Ly ="+ #=2/t5. % =Tqom"

nodyyaeM Aas sHavyenus C, oTHeceHHOro K 1 2 BeulecTBa,

g 2 41
C =% 3 7900 - (35)

B T1a6a. 1 nauw snavenus C, suiyucaeHusie no popmyie (35),
M SKCNepHMeHTaabHHe 3HaYeHHd, noJydeHHble CakCMHTOM H

[Tupcom [33].

Ta6auna 1
3naueHnn Koadppuumuenta C B HHKeJe M Kelle3e
c
®eppomarseTHk LA J R 9KCMEPHMEH-
5 oe TaaLHOe
Ni 576 | 1, 0,00387 0,00548
1 0,00516
8/a 0,00647
Fe 222 A 0,0149 0,0227
1 0,0199
8/y 0,0249

Buano, uTo B HMKesle B NapaMarHATHOM o6G/acTH OMBIT JyHiue
BCErO YIOBJIETBOPSET TEOPHH B TOM CJyuae, eC/H CHHHH Cha-
pent (j=1), B To BpeMa Kak B ¢eppoMarHuTHo#t o6JactH
Ayduiee CorjacHe € TeopHelf noJsydaeTcs TOraa, KOrAa CIHHBI
H3oaupoBaHsl (u6o 3pech Jj=1/;). Iaa »xene3a, KaKk caelyer
u3 Tabn. 1, 3sHauenums C JAyywe COBNaZalOT C ONHITOM MNpH
Jj=3,.

JIlns xene3a TeopHsa AaeT 3arajoyHoe OTK/OHEHHe OT 3Haue-
HHft KBaHTOBHIX YHCeJ H, CJelOBaTeJbHO, 3HaYeHHR MarHHTHBIX
MOMEHTOB SJIeMEHTapHHIX MarHHTHKOB,

3*
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TakuMm o6pasom, Teopua Beficca B mapamarduTHO# o6aacTd
NPUBOAUT K HeNpaBRONOAOOHHIM 3HAYEHWSM MaTHHTHHIX MOMeEH-
TOB aTOMOB (31EMEHTAPHBIX «MATHHTHKOB» B {eppOMarHeTHKaX).

[Mpoucxoaut A H3IMeHeHWe MATHUTHOTO MOMEHTa aTroMma
¢deppomarHeTnka npn (QeppoMarHuTHOM TpeBpalieHHH? IDTOT
BOMPOC He MOXeT OHTHL peweH B paMkax rpyGoit Moaean
Bettcca—TI eftaenGepra. Bcaxas nonbiTka pewuTh ero € NOMOLLBIO
Teopud Beficca — leitaenGepra go/miHa pacueHHBaTbCA Kak
HCKyccTBennass. Bonpoc 006 n3MeHeHWM MATHHTHOTO MOMeHTa
aToMa npi nepexofe yYepe3d Touky Kiopn Moxer GbITH BHIACHEH,
npexae BCero, W3 HCC/ASAOBAHH{ TemmnepaTypHO#h 3aBUCHMOCTH
HAMarHHYeHHOCTH B CBEPXCHJbHBLIX TNOJAX (IpH KOTOPHIX MMeeT
MeCTO aGCOMIOTHOE HachillleHHe) W W3 H3Mepeduit TUpOMarHHT-
Horo addexra Huxe B Buwe TOYky Kiopu. IlepBuifi nmyTs Guia
Get Gonee HenocpelCrBEHHHIM H NPABUALHHIM, OLHAKO OCyLie-
CTBJEHHe ero NPH COoBPeMeHHO# TeXHWKe 3KCMNEePHMEHTAa HeBO3-
MOXHO. Bropo# nyth 1naer BO3MOXHOCTh OLUEHHTb YyyacTye
op6UTanbHBIX MOMeHTOB B (ieppomMarHeruiMe BHILIE W HHXeE
Toukn Kiopa.

§ 5. Yuer 6iuKHEr0 MarHHTHOTO NMOPAAKA

Teopus Beitcca — IleftaenGepra nosBoasier nOHATb OCHOBHbIE
3aKOHOMEPDHOCTH B TEMMEPAaTYPHOM XO0Je CaMOMNPOHU3BOJALHOMA
HAMAarHUYeHHOCTH X HCTHHHOR HAMarHHUYeHHOCTH B peppoMarHur-
HbHIX MeTtannax BOau3n touxku Kiopu. [pyrue ocoGEHHOCTH B 10-
BeleHUH MarHMTHHIX ABJAeHHH B 95TOH OOsacTH TeMmepatyp Teopus
Beficca — efiaenGepra He no3BoaseTr OGBACHATH Aaxe C Kaye-
CTBEHHO# CTOpOHW (HanpuMep, TeMnepatypHuit xoA TenJo-
emkoctu). KosaudyecrsewHvle npeackasaHH YKa3aHHOM TeopHH,
KaKk Mbl BHAEAM, TaKKe HE BHIAEPKHMBAIOT KPUTHKU. ITO #
noHATHO, HG0 Mozeab Bef#icca —FefisenGepra BecbMa rpyb6a.

B nepBonayanbHo# Teopum Beficca cuab B3aHMoaeitcTBus,
APHBOASILLHE K CaMONPOM3BOJLHOR HaMarHUYEHHOCTH, YYATHI-
B4/WCh MyTeM BBENSHUS HEKOTOPOrO THIOTETHYECKOro MOJe-
KyaspHoro nois. ModnekyJsproe Tone eCTb aHaJor CaMo-
COT/TAaCOBAHHOrO MOJAA B KPHCTaAne, KOTOpoe HYaCTO BBOJMUTCA
B (H3MYECKHUX TeOpHAX IJIA YIPOUIEHHOrO pacyera CAOWHBIX
B3auMoneitcTBuft CHCTEMH 3JeKTPOHOB H MOHOB.

Cnoco6 onncanus B3auMozeficTBus B deppomardHerike ¢ no-
MOLILIO CAMOCOT/IACOBAHHOTO 110/ OCHOBAH HAa TOM, YTO KaXabift
JaHHLIH 3JeMeHTapnbiff MOMEHT B3aHMOREHCTBYeT ¢ JIOOHLIM
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IpYyrHM MOMEHTOM (eppOMarHeTHKa ONWHaKOBHM 00pasoM
(2anbHUA MOPALOK B PACNOJOXEHHH MArHHTHHIX MOMEHTOB).

B teopuu [eftaenGepra, B KOTOpOH HKaeTcs KBaHTOBOMEXaHHU-
yeckoe oOocHoBaHHWe Mogenn Beilcca, BBOAMTCA aHaJAOrHYHOE
ynpouleHHe, a HMEHHO, MWCTHHHBIA SHepreTHYeCKUH CreKTp
CHCTEMBl 3/IEKTPOHOB (pepPOMArHeTHKA 3aMeHAeTCH YNPOLUEHHO
CNEKTPOM LEHTPOB THKECTH SHEPreTHYECKUX MOJNOC, UTO TaKkKe
PaBHOCHJILHO BBeAEHHIO HEKOTOPOrO CaMOCOr/IaCOBAHHOrO NOJIA.
IMosToMy Tteopus [Iefisen6epra He Morja aaTh GoJbiue TOTO,
yro naer Teopus Beficca. Dosee Toynm#t pacyer 3SHepreTH-
YeCKOro CNeKTpa 3JeKTPOHOB, Npou3peleHHnt Baoxom, Xoab-
wreHoM u TlpumakoBeiM [34] H, ocobenno, DBoroao6osriM
u Ta6auxosbiM ([35], nossoaun natb Gojiee TOYHOe OMHCAHHE
3aBUCUMOCTH CaMOMPOM3BOJbHOM HaMarHMYeHHOCTH ¢deppoMarhe-
TukoB OT TeMnepaTyph [36]. OnHako H3-3a MaTeMaTHYECKMX
TPYAHOCTe#f pacyeT B OCHOBHOM BO3MOXEH TOJbKO IS TeMme-
patyp BGausn 0°K. Ia#con [37] cmenan manbHeHIy MONMKTKY
YTOYHUTb pacieT SHEPreTHYECKOro CMeKTPa 3JEeKTPOHoB B ep-
poMarHetukax. 3TO NO3BOJHIO He TOJBKO YTOUHHTL 3aBHCH-
MOCTb CaMONpPOM3BO/JAbHOH HaMarHHYEHHOCTH OT TEMmepaTypHl,
HO M 3SHaYUTENbHO paclMpuTh 064aCTh TeMNepaTypHoft npH-
MEHHMOCTH KBaHTOBOW Teopuu deppomarHetuama (ao 1/, 6).

3ajaya TNOCTPOEHHA TOYHOH KBAHTOBOMEXAHHYECKOH TeOpHH
MarHuTHHX sABieHU# B o6aacTH Touku Kiopu noka He pelneHa.
ITosToMy pa3BuTHe TeOpHH MOILIO MO APYyroMy nmyTd. Ias Toro
yTo6bl AaThb OOBACHEHHE HEKOTOPHIM AETalsM B TEMIepaTypHOM
X0lle CaMONPOM3BOJMbHOH HaMarHHyeHHocTH BOJH3M Touku Kiopu
H COMYTCTBYIOIUM ABAEHHAM (HampHMep, TeMNepaTypHOMY XOLy
TeMJ0eMKOCTH), GbIMH cle/laHbl TMOMBITKH «yCOBEPIIEHCTBOBATbY
reopuio Beficca — lefisenGepra nyteM ydera 6JukHero mopsaka
B PaCrnoJioXKeHHH CNHMHOB. DTH MOMLITKH OCHOBLIBAIOTCA Ha Cle-
aAyiomeM cooOpaxKeHH!.

CornacHo KBaHTOBOMEXaHMYECKHM TpelCTaBAeHHAM, O0OMeH-
Hble CHAB AeHACTBYIOT Ha OYeHb KOPOTKHX PACCTOSHUNX, KaMabiH
cnuH B3auMoneficTByeT C OJauXKaHWIMM CNHHOM B peELUETKE.
Orciona Heo6X0AMMO BBeCTU B paccMOTpenue GauKHHH mopsanok
B pacnonoxeHuH cnuHoB. [lo 3Toft ke mnpHYHUHE M SHePrus
¢deppoMarHeTHKa IAOJKHA 3aBHCETb OT OJHXKHEro MarHUTHOTO
nopsaka,

IpuMeHeHne KaaccHuecko#t CTaTUCTHKHM K pacueTy OuHdHero
nopsaKa B Pacno/iokeHHH  CNHHOB  (KKBasMKJAACCHYeCKas»
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TPaKkToBKa ()eppoOMarHeTH3Ma) MOXKeET AaTh JIHIUb Ka4eCTBEHHYIO
KapTHHY saBiaeHnft B o6Gaacty Touku Kiopu. B aureparype
uMeeTcs 60J/bIIOE HHCAO TEOPETHYECKHX PaGoOT MO KBA3UKAACCH-
YyeCKOMy pacyeTy OJHXHEFO MarHMTHoro nopsika B ¢eppo-
MAarHeTHKaxX, YacTo ¢ HCNOAb30OBAHHEM BecbMa TPOMO3LKOTrO
mareMatuyeckoro annapara [38—41], npumeHeHHe KoToporo,
OJHAaKO, COBepIIeHHO HEONpPaBAaHHO, KAK OTMEeYajoch BhILe,
#3-32 YHCTO HANIOCTPATHBHOTO XapaKTepa 3TOro METONA ONHCa-
Hua ¢eppoMarseTuama,

Yto6H mnokas3aTb BO3MOXHOCTH KBa3MKJACCHYECKOrO Me-
TONA AAf OOBACHEHHS aABAeHNHA BOAH3M Touku Kiopu, MB mpu-
BeAeM OueHb COKpauleHHoe H3joxeHue pacyetra Cruab-
Ganca [42). 3ror pacuer aBiafercs HauGojee NPOCTHIM M Ha-
TASAAHEIM.

Oas yuera OJanxHEer0 MarHMTHOrO nopsika B Pacnojo¥e-
HHH cnunoB Cruab6aHC HCNOJb3YeT TaK Ha3biBaeMbi# «KBa3u-
XuMuYecKu#» Mertos, Ecau OTCHHMTHLIBATL IHEPTHIO OT COCTOSAHHSA
MOMHOTO MOPSAAKA, TO MOXHO 3aNMHCAaTb BHIpaXeHHe AR SHePTHH
<{deppoMarteTdka B BuIe

E=2An,, (36)

rie A—oGMeHHbIt UHTErpaa Ras GamxaHKX COCeAHHX CITHHOB,
N, —YHCIO AHTHNApaJdJeabHHX coceacTB, Jlas Toro uro6n
HafiTH npH Kaxao#t TeMnepaType 3HaueHHe sHepruu, HeoOXOAMMO
onpeleJuTb PABHOBECHOE 3HAUeHHE TpPeX B3aUMHO CBASAHHHIX
BeNIUUHH: Ny, N, H ny (T0E N, ¥ Ay— YHCAA NapajanesbHbIX
COCEACTB COOTBETCTBEHHO NpaBHX H JeBHX CNHHOB)., Yucna
napajane/lbHEX H AHTUNAPAJJEJbHHIX COCEACTB MOXHO paccMa-
TPUBaTb KaK KOHUeHTpauuu komnoHent (rr), (), (rl), mexny
KOTODHIMM NpPOUCXOAHT Peakitus, aHaMOrdH4YHas XMMHYEeCKOH

(rr) 4 = 2(rD).

MoxHo nokasath, YTO 3Ta PeakUUst HMeeT MeCTO MpH Ji0GoH
neperpynnuposke CIHHOB, He H3MeHfowel obuiero Koauyectsa
npassix N, u JgeBnx Nj cnuuoB. [IpoBois aHanor#€io Mexay
XHMHYeCKo#t peakuuel H «peakuuei» Mexny napanieqbHbIMH
M 3HTHNAPaJJe bHBIMH COHHOBHIMH coceAcTBaMH, Cruab6asc
NnpHUMeHAeT N ONpeleNeHH] PaBHOBECHBIX 3HAYEHHH «KOHHEH-
TPalUH®» TAapajJesbHUX H aHTHNAPANJIENbHEIX COCEACTB Tak
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Ha3LiBaeMblfl 3aKOH NeHCTBYIOUHX Macc

3
kT
”rr”ll . erzll —_ e 37
T = = 3N
Ny Zrl 4

rae Z,,, Zy M Z,— CTATHCTHYECKHE CYMMBl TMapaiieNbHBIX H
aHTHnapaneabhbix coceacts. IloacraBass 8 (37) COOTHOIUEHHS
. N,Z—n, . NZ—n,

Rpp = 2 H np= 2 ’

rie Z —udcao Oamxaluinx coceneit B peumterke (KOOpAHHA-
IHOHHOE YHCJ0), UMeeM:

l/‘ L NN A
vz V 1+4—F@c—n—

na=—3 =1 . (38)
44
o kT
3necb uyepes C o6osnaueno Bhipaxenne C= rat Ornocu-

g
TeNbHYI0 HAMATHWYEHHOCTb J==-% MOKHO BHIPA3UTL CleaYi0-
0

wuM o6pasom:
N,—N;
5

3necy J ompejenser AaabHUR MarHuTHH# nopspox. [Toa-
CTaB/AA STO COOTHOlUeHHe B ypasHenue (38), moayvaem:

__NZ VIFO=1)@ECc—1—1
=3 iC—1 .

J=

(39)

Butpanenue (39) cBsabiBaeT OavxHuR H NaAbHHA MOPAAKH HpH
kawao#t nawHo#t rtemneparype. Iloactasasa (39) B BbpaeHue
ang sHeprud (36) M HaxoAs yca0oBHE MHHUMYMa nociaenHeft,
CTuab6aHC NPHXOAHT K CAEAYIOWIEMY YPAaBHEHHIO MarHMUTHOrO
COCTOSHHSA:

ZA s

I=t A Vi mac=n "

(40)

[MoayyenHoe ypaBHeHHe OTIMYAETCA 1O CBOEMY BHIY OT
ypasHenus Belicca — eHizen6epra /ulb HAaAMYMeM MOAKOPEH-
HOTO BBLIPAXKEHHA B 3HaMeHaTe/le (BeAMYHHA KOTOPOro, BNPOueM,
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Mano OTJMYaeTcs OT €AHHHUb). Yuer 6JMXKHEro NOpsAAKa, TAKHM
o6pa3oM, He BHOCHT CyLIeCTBEHHHIX W3MeHeHHH B XOA TeopeTu-
4YeCKO# KpHBOH TeMImepaTypHofl 8aBUCHMOCTH CaMONpPOH3BOAbHOM
HamarHuyeynoctd. [Jas suepruu npu T < 6 moaydaetca BHpa-
HKeHne

EN%i(l_ﬂ),
HO npu T >0
F_ _Nza
— T 3
l—eﬁ

T. e. SHeprus ¢eppoMarseTMKa He ucue3der B Touke Kiopu; ona
CTPeMHTCA K Hyaio npd T — co. D10 AaeT BO3MOXKHOCTb B Kaue-
CTBeHHO” ¢opMe OODBACHUTDL CYLIECTBOBaHHE OCTaTKOB» eppo-
MarHMUTHBIX aHOMaJui TeNnJOeMKOCTH W APYTHX «HeMarHUTHBIX»
cBoficTB B 06Jaacti Bhiue TOYKH Kiopu. INoayuennunft peayabrar,
OQHAKO, BbITeKaeT Takxke U3 6o/ee oOUIMX TepPMOAHMHAMHYECKHX
coofpaxenu#t npuH ydyeTe (GAYKTyauuH MarHUTHOFO AajJbHEro
nopaaxka (cM. ri. [). B sTtom cmeicne yder OmixHero mopsika
9KBMBaJeHTeH yueTy GaykTyauuft AajbHero MarHUTHOrO MOpAAKa.

§ 6. Yuer s — d-o6MeHHOr0 B3aHMOAeHCTBHA

TeMnepaTypueif XOX CaMONPOHM3BO/JbHOR HaMarHHYeHHOCTH
HemocpeACTBEHHO BOAM3M TOuykM Kiopy, Kak ciaeiyer H3 €OOT-
Howenus (27), mMoxer GbHTb OMMCAH GopMyJaOi

ag\? r

ﬁ:(q—o) ;E(l —T), @1

rae & —xoncraura. Ecam B (27) nonoxurs j=1/,, T0o £~ 3;
nocielHee 3HayeHue OJMKe BCEro YNOBJIETBOPSET ONLITY RAf
YUCTHIX ¢GeppOMarHUTHHIX MeTalnoB. TeM He MeHee ¥ B 3TOM
c/1ydae pacxoxieHHe ONMbLITHHIX LAHHHX C TeopHeH BeCbMa BEJMKO.
Beanunda § ans Ni u Fe Bceraa umeer anayenue, GoJbluee Tpex.
BoHcoBcku#t ¥ BiacoB mnokasaau [43), yTOo Ko/JuuecTBeHHOe
coBnaneiue ¢opmyanl (41) c OMBITOM MOXKHO YAYYLIUTh, €CIH
yuecTb oOMenHOe B3auMOnefCTBME BHYTpPeHHHX 3d-3/eKTPOHOB
C BHEIIHUMH 4s-37eKTpOHAMH B MeTalne. B orawune or Moaean
dpenkens — eflaenbepra, B koTopo#t (akTHyecku NPHHHMAeTCA
BO BHMMaHHe TOJbKO B3aHMoOAeHcTBHE Mexny d-3/]eKTPOHAMH
COCeIHHX aTOMOB, aBTOpPH TNPEAMNOJONKHAH, YTO, NMOMUMO CU/Ib»



§ 6] YYET § — d-OBMEHHOTO B3AHMOAEHCTBHS 41

Horo d-d-B3auMonelcTBUA HMeeTcs OGMeHHOe B3aUMOAEHCTBue
MeXALy S- H d-37E€KTPOHAMH, TNpUYEM S-3/JEKTPOHH 0O6pasyor
B MeTaane ra3 ceoboanbix 3JeKkTpoHoB. [loaHas cBoGoauas
SHEPrHA B STOM CAyyae 3amuILeTCs B BHje

F=F,+F, (42)

3nece Fy— cBoGOnHaA SHEPrus S-3/EKTPOHOB; BHPaXeHHe ee
aBTOPH [al0T B C/AElyiouleM BHJE:

e O e LGy
(43

rie n—Yuc/Ho S-3JeKTPOHOB B eluHUle obbeMa, Jy; H J;—OT-
HOCHTE/IbHEE HAMATHHYEHHOCTH d- H S-3/JeKTPOHOB, A—K03dPn-
uueHT mopsaka Tpex. [locrosunnie a', B, B’ coorsercrBenHo
paBHH:

1 1 ’ 1
@ = (Aa+64u); B=—L+gAa F=74a

rae Agd—uHTerpan o6MeHa MexAy S- U d-3JeKTPOHAMH B OJHOM
yaine; Agq — COOTBETCTBYIOWMA HHTerpan oOMeHa B COCEQHHX
yanax; [, — uHTerpan mepesoca $-3JEKTPOHOB.

Iaa csoGonxo#t suepruu Fg B cayyae TeMmneparyp, 6usKux
K Touyke Kiopu, MOXHO HamMcaTh:

b
Fd=—Nlel’lCh'2—kT
roe N —uucao d-snekrposos B 1 cmd, b—Benuuuna, mpo-
nopuuoHanbHas uuterpany obmMexa d-3/1eKTPOHOB COCEAHUX Y3108,

PasHoBecHble 3Hauenus J, M Jz HAXOAATCA M3 YCJAOBui
MuHHMYMa nojuoft sHepruu. JluddepeHunpys (42) mo J, n J;
U NpupaBHMBag pe3yabTaT Hya0, NOJYHHM: .

Jy4-+ NbJ3, (44)

J,=%%Jd.
sz%‘/-3(l—§). (45)

1
f=a = = A — 2Aua,

rae

8; — Temneparypa KipH C yuyeTOM TOJbKO B3aHMOJEHCTBUS
d-snextponos (0 == b/2k), 6 npencraBnser coboft Touky Kiopu
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¢ yyeroM s-d-0GMEHHOTO B3aHMOAEHCTBHA, NPH STOM

— 8y
=Tz o
T0 XN B8

N
Peay/ibTupyiolias HaMarHW4eHHOCTb (EPPOMArHeTHKa paBHA

o= (g -nt) e =(N+55 35 n)reg V3 (1= 7).
(47)

Eciy N =NaNg 1 n=Ngun;, rae Ny ~—uucio aromos
B 1 cud, 10

9 i}
Og =N“p-e (Nd"l—%‘% n)o—d- ]/-3 (l -—--g‘—-).
Jas uu3kux Temnepatyp BOausm 0°K MoxHO HanmucaThb:
9
0o = Naspe (Nd“}"’i()‘;\ig"s)' (48)
Moacrasass (48) B (47), noayyaeM naas oTHOCHTeAbHOM Ha-
MarHu4YeHHOCTH
= (%Y (V3 (1 T
=) =) (1—%)-
Cpasuupas c (41), nmeem:
9 \2
F=3 (UE) . (49)

Mpu {=0 wis n=0, T. e. NpPY yCAOBHH, UTO §-3/1EKTPOHHI
He YYacTBYIOT B CO3AaHuu ¢eppomarHerusama, us (46) BuTexaer,
yto b=04 u MB noayyaem nns storo cayyas §=3. 1o
cosfiafaeT ¢ pesyavratroM Teopud Belicca — I'eftaenbepra.
Ecan s-3/71eKTPOHB YHYACTBYIOT B (eppoMarHeTusMe, TO CO-~
raacio (47) nmeeM 6 > 6; u xospduuuent § B dopmyne (49)
6yaer Goabiue Tpex. TakuMm o06pasom, TeopHs BOHCOBCKOro M
BsiacoBa yKaatiBaeT Ha BO3MOXHOCTb YJ/yYlleHHA KOJAHYECTBEH-
Horo cosnasnesus dopmyan (41) c onbitoM nyTeM ydera s-d-006-
MEHHOTO B3anMonelcTBusa B PeppoMarHuTHOM Metaiie, B paGore
Boncosckoro u Baacosa, no cyuiecTsy, KBaHTOBas TEOPHA BNEPBLIE
NPUMEHAETCH AA9 OODBACHEHMA TEMIepaTypHOro XOAa CaMOmpo-
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H3BOJAbHOM HAMarHWYeHHOCTH BOAH3H TOUKH (eppPOMarHUTHOTO
npeppauwenus. Henasno nmu ke O6nao nokasawo [44], uTO
yuer s — d-o6MeHHOro B3aHMOAEHCTBHA NO03BOARET OODBACHHTbL
OCOGEHHOCTH B TeMNepaTypHOR 3aBHCHMOCTH MarHHTHOR BOC-
npuuMuuBoCcTH (eppomarhetnkos Buiue ToukH Kiopu, xortopmie
HE HaxXOIHJIH CBOEro HCTOJKOBaHHMS B Teopuy Beficca —Ieftaen-
Gepra (ra. III).

§ 7. O TemnepaTypHoil 3aBHCHMOCTH
€aMONpoH3BOJbHOH HAMATHHYEHHOCTH B CMJAABAX

TpyaHo oxuaath, YTOOH ypaBHeHHE MAarHHTHOrO COCTOf-
Hua (19), seBeleHHOE M3 MPOCTHX, NPUOIMMEHHHX NPELNOJaoO-
*KeHult, onpasarBanoch Obl TaKke A7 GeppOMArHUTHHIX CI1/1aBOB,
3apaHee MOXHO CKa3aTh, YTO, TaK Kak siBieHHe d¢eppoMmarHe-
TW3Ma O0OYCJIOBJIEHO CcHeuHPHYeCKUM Pacno/iOKeHHEM aTOMOB
B pelueTke H XapaxTepOM aTOMHOTNO COCEACTBA, KpHBHE TeMIle-
paTypHOfl 33aBHCHMOCTH CaMOIPOM3BOJbHOM HaMarHUYEeHHOCTH
B CMNJ3BAX AOMKHH OTIMYATbCA OT KPHBRIX AJA YHCTHIX (ep-

a,
pPOMAarHMUTHHIX MeTannoB., Jlag cnnasoB KpHBHe o—" (T/6) umeioT
0

Gonee nosoruft BHA, YeM i MeTannos. Teopus Temmepatyp-
HOR 3aBHCHMOCTH CaMOMPOH3BONBHOM HAMArHMUYEHHOCTH AJs
CnaaBos pa3paboTaHa OYeHb Mano; [Be NOMNbITKH, CAENaHHHE
B STOM HANpaBJeHHH, HOCAT KadyecTBeHHHR xapaktep [45, 46].

Burrep [45] B 1938 r. BnepBHe NOCTaBMa BOMPOC O BO3-
MOXHOCTH 0600LieHNs ypaBHeHua cocTosHust Beficca — Ieftaen-
Gepra Ha cay4at OuHapHelX ¢eppOMarHUTHHX cnaasos. OH
BBOAMT TpPEACTaBleHHe O ABYX mNojpeweTkax ¢eppoMarHeTHka,
06/1anaounx TeM CBOMCTBOM, YTO MarHNTHble MOMEHTH aTOMOB,
HaxoasuiMecs B OXHOA mNoApeweTke, B3aHMOAEHCTBYIOT TOMNbLKO
C MOMEHTaMH aTOMOB Apyro# noapewerkd. C noMoupio 3THX
npeacrasieHuit BHUTTEP CTPeMHTCA OODBACHHTL 3aBHCHMOCTb %‘1
or T/0 u 3aBucuMOcTb TeMnepatypsl Kiopu ©T cocrasa cnnaa‘;
H pacno/oxeHHs aroMOoB B noapemerkax. JHlpyras nonsiTka
B 3TOM HanpaB/eHHWH TNpHHALIeXUT Boncosckomy [46]. O
MOoKasas, YTO AN pelleTKH, COCTOAUMef H3 aTOMOB COPTa G H
copTa b, HeOGXOXMMO YYHTHIBATL OOGMEHHbBIE HHTerpann Buaa Ay,
Ay # Agp. O60611as Teopuio peppomarueTHama Ppetikens—Ceft-
3en6epra Ha 3T0T, GoJee CAOKHBIR cayyalt, BoHcosckuit moayuun
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dopmyny TeMnepaTypHOR 3aBUCHMOCTH CaMONPOM3BOJBHOH Ha-
MAarHUYeHHOCTH AJs GUHApHOrO CMJaBa

0 =90 th 5. 2T 13 (15— 1P) Aa+ 2, (1 +P) A+
—+ 1y (np— ngP) Agyl, (50)

rle ng W N, — OTHOCHTe/JbHHE KOHLEHTPalWX aTOMOB @ K b
B CNJaBe, 2 — KOOPAHHAUMOHHOE YHCJAO pellleTKH, P — crenexb
aTOMHOTO ynopsjoueHus. JlAf cOBepPLIEHHO HEYNOPSL0YEHHOro
cnaapa (P =0) supaxeHue (50) npuHuMaer oGHYHLIA BHA:

]

— %
Os—doth—a;-—]-r,
rae 0= 2% (ngA aa 20,1, ngAbb)—'remnepaTypa Kiopu cnaasa.
Takum o6pa3oMm, no BoHcoBckoMy, TeMnepaTypHas 3aBHCH-
MOCTb CaMOMNpPOM3BOJLHOR HAaMarHMYEHHOCTH CNJaBa HMEET TOT
e BHMI, YTO H JJA YHCTOrO Mertaada, Pasanude cBoaurcs
K MHOMY BbIpaXeHHIO Aas TeMnepatypnl Kiopu (nocaennemy
BONPOCY W TOCBfillleHa B OCHOBHOM paGoTa BoHcoBckoro; cM.
Takxke [47}). BunsHue cocTaBa M cTeneHH aTOMHOrO YNOPAAO-
YeHHUS Ha TEMIIePaTYPHYIO 3aBUCMMOCTb CaMOMNPOM3BOJbLHOH Ha-
MarHMYEeHHOCTH CNJaBa A0 CHUX NOP He NOJBEPrHYTO TEOPeTH-
yeckOMy paccMoTpenrio. Cienyer sameTuTh, uTO dopmyaa (50),
BhiBEJleHHag H3 BecbMa TpyOnX W NpUGIHKEHHH X KBAHTOBO-
MeXaHUYEeCKHX MpPeaNOoChlIOK, HOCHT BECbMa KaYeCTBEHHBI Xa-
pakrep. Tlpn HM3KMX TeMnmepaTypax MOXHO HaHTH TOYHHI TeM=-
nepatypHbnit Xon oz (7T), ecaid ucXoiuTb u3 GoJ/iee NoOcaenOBa-
TeJbHNX KBAHTOBOMEXaHHYecKuX pacyetoB. Tak, Boxncosckuft [46],
a 3ateM Konnopcku#h u [TaxoMoB [48], nmpuMeHSs MeTOd MpPH-
6/11XEHHOrO BTODHYHOrO KBAHTOBAHHUSA, MOJAYYHAH (GOPMYJIHI
TEMNepaTypHOR 3aBUCHMOCTH CaMONpPOM3BOJbHOR HaMarHHuYeH-
HOCTH B BHAE «33KOHA TPeX BTOPLIX» AAA GHHAapHHIX ynopsano-
YEHHbIX CMJIaBOB PA3JMYHON KPHCTaN/INYeCKOH CTPYKTYPH H pa3-
AHYHOTO COCTaBa,



FTABA Il

HCCJEIOBAHUE SIBJEHHI B $EPPOMATHETHKAX
B OKPECTHOCTH TOYKH KIOPH

§ 1. Tepmoaunamuieckoe ONMUCAHHE HCTUHHOTO
HaMarHHuHBaHua (mapanponecca)

B6ausu Ttemneparypwm Kiopu BcaencTsue MadbiX 3HaueHu#t
KOHCTAHT MAarHUTHOH aHM30TPONMH M MarHATOCTDUKLHMK Tipo-
HecCH CMeweHWs M BpalleHHd 3aKaHYUBAIOTCA YXKe B CPaBHH-
TeJbHO CAabbHX MarHMUTHRIX noasax. B 6Gosee CHJALHBIX moasx
HaMarHHYMBaHWe ¢eppoMarHeTukoB BOau3N TeMueparypw Kiopu
OCYIMEeCTBJASETCH 33 CYeT HCTHHHOTO HaMarHuuyuBanus (napa-
npouecca), KOTOpoe 37eCh OYEHb BEIHKO U ONpPELEeafeT MOYTH
NMOAHOCTbI0 (ePPOMArHMTHOE MMOBElEHHE BellecTBa.

Ha puc. 8 npuBeseHH H30TepMBI HAMaTHHYEHHOCTH YHUCTOrO
Hukeas. Kak BMAHO M3 puCyHKa, MO Mepe BO3pacTaHHA TeMme-
paTypsl MarHuTHOE HacbllleHHe HacTynaer B Oojee caaGHX
noJAX, YeM NpPd KOMHATHOH TeMIepatype; 3TO CBUIETENbCTBYET
O TOM, YTO MPOUECCH CMeLieHus W BPaULEHWd Tpu NPUGAHKeHHH
K Temnepatype Kiopu sakaHuyuBalOTCa B OdYeHb CHalblXx MOJAAX
(Hecko/IbKO TecaTKor spcren). B o6aactu Temnepatyp 350—360°
HaMarHH4YMBaHWe, KOTOpPOe B 3TOR 06JaCTH HOCHT Pe3KO He-
AuHeHHH! XapakTep, B OCHOBHOM OCYIIECTBASieTCA 3a CYeT
napanpouecca.

A TepMOAMHAMHYECKOTO OMUCAHMA MCTUHHOTO HAMAarHHuM-
Baums BGanm3au Ttoukuk Kiopu ypasHenue (15) ynoGuee mnpen-
CTaBUTb B BHAE

& (0g+3) +B(og o) = H, 1)
rae a=—23—, =-4—3b— M o; — MCTMHHad HaMarHWYeHHOCTb, BHI-
% %

3BaHHAA NOJEM.
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Ha puc. 9—11 npeactasieHa  3aBHCHMOCTb i:—(ﬁr"')

(3==0, -} 0; — HaMepsieMasds Ha ONbLITEé HAMarHHYeHHOCTb) JAJA
YHCTOrO HHKENs M CNA2BOB NO AaHHHM paGor [49, 53). Ypas-
HeHue (51) MOCTAaTOYHO XOpOUIO YAOBJETBOPSET OMBITY KaK AJd
YHCTOr0 HHKeJd, TaKk H Aad cnaaBoB. OTKJAOHeHUs OT NpAMOH
HabmonalTca auwb B Ca26bIX TONAX, TAE eiie HMEKT MECTO

20 tMI
oz
o & ﬁﬂ
——— e e - 160
| T — 263,5
. - 155
T . ——a
2 732
e 44
e " 348
SIS S suny /]
s 3515
[ 55
- 760,5°
LI T T 1
0 500 1000 1500 2000 1,3

Puc. 8. M3oTepMB HaMarHHYEHHOCTH SJEKTPONMTHYECKOrO
HHKeJs.

MpOUECCH BPALIEHUs H CMELUeHHd, He YUMTHIBaeMble COOTHOLIe-
nueM (51).

HenocpencrBenso BGau3u camoft Touku Kiopu ypasHenue (51)
NOMKHO O0cOoOeHHO XOpOLIO YAOBJAETBOPATH ONHITY, MO0 3xech
pasaoxenue (7) TepMoAmHaMuueckoro nmorexHuuana ® no crene-
HAM NaeT HauGonee TOYHbie peaysabTathl. Kpome ToOro, amech
BJHSHKE MPOLECCOB BPALIEHHS H CMEIEHHS JOMKHO OHITb HaH-
MeHbWHM, YpaBHeHHe IJS5 KDHBOR HaMarHWuYeHHOCTH B TOYKe
Kiopn nattnem, ecau B (51) noacrasum 6,—=0 u a=0 (ycio-
Bue Toukn Kiopu):

—_Y% s
Oi—W H . (52)



J515°

J50.5
il 3495
5‘; 48
’ 3465
H45 7440
100 +
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Puc. 9. 3asucumocts Hfs ot o2 pas 9jekTpo-
NHTHYECKOrO HHKens.

H 295°
g 293
sor 291
289
287
80 285
278°

4t
20 7 4 /

1/ L1 A /

yi / 1 2 . / L
g 500 1000 1500 o2

Puc. 10. 3aBucnmocTs Hfs 0T 62 paa cnaBa
36% Ni, 64% Fe.
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910 cooTHOMEHHE XOPOIIO ONPABABIBAETCS HA ONLITE HE TOABKO
LI YMCTOTO HHMKENS, HO M 1ad PasHooOpasHBIX CN/aBOB.

Takum o6pa3oM, Teopus ()a30BHIX NEPEXonosB 2-r0 POAd XO-
pOLIO OMWCHIBaET MCTHHHOE HaMaruuumBaHue BGJM3M Touku Kiopn.
Crenyer orMeTuTb, 4TO NpH BHBoAe ypaBuewu#t (51) u (52)
CHEJaHO /KIIb NPeANONOKEHUe, YTO TEPMOAMHAMHYECKUR noTen-
UHAaM MOXHO pa3/oXNTb B PAL NO YETHHIM CTENeHAM OTHOCH-
Te€NbHO! HAMAarHHUEHHOCTH.

H

ag
300

200 197

194

100

Puc. 11. 3aBucumocts Hjs ot ¢? aas cnaasa 15% Cu, 85% Ni.

Upe3prlyalHO BaXHHIM 1JS TEOPHH SBASETCA oONpeleseHHe
TeMnepaTypHoit 3aBHCHMOCTH TepMOAMHAMHYECKHX KO3(dHUKNEHT-
108 o u B. Tepmonunamuyeckas Teopua O Be/qMYMHAX o U B H
MX TeMnepaTypHo# 3aBMCHMOCTH JaeT HENOAHHE CBeleHus, no-
9TOMY YKa3aHHas 3aBUCHMOCTb ROJKHA GBITb YCTAHOBJAEHA OMbIT-
HeiM nyteM, M3 puc. 9—11 cae.yer, uto 3HaweHHA & MOTYT
6biTh onpeleleHbl M3 OTPE3KOB Ha OCH OpPAWHAT, OTCEKAeMBIX
npaMuiMH fifa(a%). 3navenns kosdduumueros f moryr 6T
Ha#JeHs M3 M3MepeHWH YriIoB HAK/IOHA YKA3aHHBIX NPAMBIX K OCH
abcuucc.

Ha puc. 12 u 13 npusenena 3asucuMocTb & # { OT TeM-
neparypsl 1A% HEKOTOPHIX MatepHanoB. Bumuo, yto a npu T < 0
MMeeT oTpHuaTeabHoe 3HayeHue, npu T—=0a=0unpu T >0
a > 0. Kospduunent B npu Bcex TeMmepaTypax COXpaHfieT Mo-
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noxuTenbHbl 3Hak. Hamenenwe 3Haka koadpduumenta & u
NOCTOAHCTBO  3Haka Koadduumenta B ¢ TeMnepatypoft Ha-
XORATCA B COOTBETCTBHM C BHIBOLAMHM TEPMOLMHAMUYECKOR
teopu. Onnaxo kpusbie a(7T) u B(7T) 4ns pasHHX MaTepHaaoB,

o
T 400

1200

T-200

=400

--600

--800

--1000

Pnc. 12. KpuBuie TeMnepatypHoil 3aBUCHMOCTH Tep-
MOJAMHAMHYECKOro kodpduuventa a.

1—Fe; 2—36% NI, 64% Fe; 3—Ni; 4—16% Cu, 85% NI.

KaK MOXHO BHIeTb M3 pHC. 12 u 13, HOCAT pa3aMyHH XapaKTep;
Be/H4YHHH & M § H BHA HX TeMNepaTypHO# 3aBHCHMOCTH onpele-
AFIOTCA CTPYKTYPHBIMH OCOOeHHOCTAMH deppomarHeTrukos. Hemno-
cpeacTeeHHo BO6aM3M TOuKM Kiopw kosdduumeHT a nas Bcex
MaTepuaioB B NepBOM NPHOAHKEHHH AHHEHHO 3aBHCHT OT TeM-
nepaTtyps

a=al(T—6), (53)

4 3ax. 461. K. II. Benon
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rae a;—xostquunem. onpejeasiow i HaKJOH KacaTeabHoft

K xpuBoft & (T) oTHocHTeqbHO TeMmeparypHolt ocu mpu T =40,
Cnoxnee oO6CTOMT nedao B cayyae koadduumenra B; BansHue

T
, =0 z Vo S| G | G
| T —T = T
-15 =10 -5 0 S T8

Puc. 13. Kpusnie TemMnepaTypHOit 3aBHCHMOCTH TepMoO-
AHHaMHYECKOro KosdpuuueHTa f.

1—Fe; 2—36% NI, 64% Fe; 8—Ni; 4—15% Cu, 85% Ni.

CTPYKTYPHHX (paKTOpPOB 3JeCh HACTOJbKO BEJHKO, YTO 3aBHCH-
mocts B (T) naxe HenocpeiacTBeHHo BOGaHM3H ToukH Kioph Moxer
HOCHTb CaMbiff pa3auyHbIfl Xapakrep.

OrMeTHM, uTO Ky6Hueckoe ypasHeHue THna (51) MoxeT GbiTh
MOJY4YeHO H H3 MOLeNbHHIX TPeACTABJAeHHHt MyTeM PpasjoKeHHs
¢yukuun Beficca van monuduunponannoft ee gopmbl (Hanpumep,
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dywxunn BpHANOSHA) B PAL MO CTENMEHAM NapaMeTpa
—rHL 8
6= t715"
EciH B STOM pasiokeHMH mNpeHeGpeub MaAbIMH UAEHAMH, TO

MOXHO TOJYYHTb COOTHOIIEHHR, HIEHTHYHHE NO CROEMY BHAY
ypasnennam (51) u (52):

k 1 (kR 681
'F—,;(T—ﬂ)c+§(";':‘g7—,)°’=f". GL))
o= o (35" " (55)

U3 cpasHeHns cooTHoweHnit (54) u (55) m ypasuenut (51)
H (52) BuaHo, uTO Teopua Beficca He npoTHBOpEYHT TEPMO=
IMHaMHYyecKOft TeopuM deppoMarHHTHOTO mpespaulenHs. OaHako
Al KOJHYECTBEHHOTO ONMCAHHA ONHTHLIX Pe3yabraTtoB ¢op-
Myan (54) u (55) Hempuroamn, H60 3HaueHHS Kod3bdHIHEHTOB
B STOM YPaBHEHHH NPH ¢ H 63 He COTAACYIOTCR C HX ONNWTHHIMH
sHayeHHAMH. B Ta6a. 2 nmpupenennt 3HaueHHA Oy, BHUHUCIHEHHHIE
no ¢opmyne (55), H 3HaueHns 0y, HalljeHHble NPH rejHEBHX
TeMreparypax.
Ta6auna 2

3HaueHHA ), BbigHCAeHHble NO Gopmyne (55)
H noJydeHHble H3 H3MepeHufA B6an3u 0°K

%
° 1/6 /s 1
Matepuan 6, °K BHYHCNERHOE nl;o:,';"epe“n * “epad
no B6an3n 0° K
Ni 624 1197 56,8 0,117
Fe 1036 432 222 0,1
159% Cu, 85% Ni 478 78,5 42 —_
36% Ni, 64% Fe 565 292 1844 0,12

BuaHo, 4TO BHIYHC/MeHHBle 3HAYEHHA Gy BO BCeX Cay4qanaX
npuGAH3UTE/IbHO B NBa Pa3a MNPEBOCXOAAT ONMBITHHE 3HAYEHHA,
YTO FOBOPHT O HeNMpHMEHHMOCTH Teopuu DBeficca aas koauve-
CTBEHHOTO ONMMCAHHA HaMarHwukBaHus BOGAH3H Toukm Kiopu.

EauncTBeHHHA NoJe3HH# BHBOA, KOTOPHH MOXHO CAenaTh
3  ¢opMmyan (55), BuTekalome H3 &€MHKPOCKONHYECKOW»

4*
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TeOpHH, KacCaeTcs 3aBUCHMOCTH Mapanpouecca OT BEJHYUHBI OTHO-
1
WeHua o,f8 h. yem Goaple B NAHHOM feppomarHeTHke Besn-

Y4Ha Gy M MeHbwe O, TeM GoJblie HAaKJAOH KpHBOR a(l-f /‘)
B Touke Kiopu, T. e. TeM GoJlee HHTEHCHMBHO INpPOTeKaeT napa-
NPoLECC; 5TO MOHATHO: yeM GoJblle B JaHHOM (eppOMarseTHke
YHC/IO MArHHTHHX CIIHHOB H YeM MeHblie oOMeHHOe B3auMoneH-
CTBHE MexAy HHMH, TeM OoJablue 3(EEKT «BO3MYLIAOLIET0»
JeACTBHS MAarHuTHoOro noas BG6an3u Touku Kiopu.

Crenyer, 04Hako, OTMEeTHTb, 4TO Besauuuna 1/6' mano me-
HSETCS NpH Nepexoie OT OAHOrO Marepuala K ApyroMy (s npe-
1
rpan
HHTEHCHBHOCTb Mapampouecca B6au3u Toukn Kiopu npaxrtuvecku
onpelesercs TOJAbKO BeJIHYHHOH g,. Ho mocaennuit BeiBOA BHITE-
KaeT W u3 dopMyan (52), T. e. NpONOPUHOHAILHOCTb HCTHHHOM
HaAMaTHHYEHHOCTH Oy BEJIHYHHE Op BHTEKaeT H H3 caMbX o6wux

TePMOAMHAMUYECKHX COOGpaxceHHA.

aenax 0,1—0,12 (cm. Taba. 2)) H, C/el0BaTelbHO,

§ 2. BocnpruMYHBOCTH Mapanpounecca B OKpecTHOCTH
toukn Kiopu

OGHIYHO CYHTAIOT, YTO NMAapanpoLEecC XapakTepeH TOJbKO LJs
CUJbHEIX MAarHMTHHIX moJieH; NMO3TOMY mapanpouecc B CaaGbix
noasX MOYTH He paccMaTpusaercA. Mexay TeM UMEHHO B cJaa-
6hX NOJAX OH NpoTeKaeT HaunbGojsee HHTeHCHBHO. B o6aactH
HU3KHX TeMmepaTyp Ha6/I0NeHHe napampouecca B cAabHX noasx
HEeBO3MOXHO, TaK KaK STOMY &MeII3ioT® NPOLECCH CMeLleHHs
H Bpauienua. B6ausu temnepatyphn Kiopu MoxHO H3yyaTh napa-
nmpouecc M B ¢AabhIX NOJAAX.

Js BHABJEHHA 3aBHCHMOCTH Mapampouecca oT noas BO/JH3H

TouxkH Kiopu HaliaeM BOCHpHMMUYMBOCTb mapampouecca x,,=‘d1°—‘.
IOuddepenuupys (51) no H, umeewm:
1
Xn= T B G T o (56)

Jas HavanbHOM BOCTIPMMMYHMBOCTH mapampouecca (npu /H — 0)
u3 (56) mocxe moacraHoBkH 6;=0 H o§=—% (cm. Il ra., § 3)
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Noay4aeM: .
U >0="—5 - 67)

Ipu npuGamxennu K Touke Kiopy, rae a=0, seanunna (xn)g , o

coriacHo (57) no/mKHA HeorpaHuyeHHO Bo3pacTtath. Ha mpakriuke,
OJHAaKO, MOCKOJABKY X, BCEria M3MepseTcd B HEKOTOPOM KOHed-
HOM ToJie, BOCTpUHMYHBOCTH cleayer dopmyne (66), xoropas

X0
10

1 1 1
-5 -10 -5 4 5 10 5 76
Puc. 14. TemmepaTypHas 3aBHCHMOCTh BOCTPHHMYHMBOCTH HNapanpo-

Hecca nJA HUKEAA.

l—=-H=206 9 2—H=413 8, 3—H=619 9 4—H=1032 5; b6—H=1290 s;
6 — H=1755 a.

IaeT KOHeuHOe 3Hayenme Y, B Touke Kiopu. Ha puc. 14
H 15 pnaHnl peayJbTaTHl H3MEPeHHS TeMNepaTypHOH 3aBH-
CHMOCTH BOCTIPHHMYHBOCTH Mapanpoueccd A HUKeAd K Cnaasa
369% Ni, 649% Fe. Buauo, uro B6ausu Touku Kiopu y, RocTH-
raetr MaKCHMYMa; STOT pe3yJbTaT HAXOMMTCA B COOTBETCTBHM
¢ ¢opmyanamu (56) u (57), n6o npu T=10 a— 0.
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Moncrasasa 8 (57) cootnowenne (53), noayuaem ajas 06aacTu

teMneparyp T < 6:
1

Jas o6aactu T > 0, npeneGperas B (51) KyGuueckUM YJeHOM
n nonaraa o,=0, nocae anddepexnupopanus no I umeem:

1
= 5
Wgse=Ga—n " 9

Monenns (59) nva (58), moayyaem TaK Ha3biBaeMoe NpaBHJIO
«asofiky» [11]

=—2. (60)

CornacHo STOMY NpaBHAy Ha4albHas BOCHPHMMYHBOCTb Iapa-
npouecca BGau3an Touku Kiopu (co cropoHn Gonee BHCOKHX

X107

1 1 1
-J0 =20 -1 g 0 20 Jo 16

Puc. 15. TemnepatypHas 3aBHCHMOCTb BOCIPHHMYMBOCTH mapa-
npouecca Ana cnaasa 36% Ni, 64% Fe.

1—He=2069;, 2—H=413 9; 3—H=619 9; 4—H=21032 3; &6 — H=1290 9;
6 — H=1756 a.

TeMneparyp) AOMKHAa GbiTb B nBa pasa GoJblue, YeM HauadbHas
BOCNIPHHMYMBOCTb, COOTBETCTBYIOUIAS TEMNEPATypaM HHXKe TOYKY
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Kiop (MakcuMyM KpHBOR HaYa/IbHOR BOCTPHHMUHBOCTH (Yn)g.po ()
Aexur B Touke Kiopm),

Cnenyer 3aMeTdTh, YTO NpPAaBHJO «ABOHKW» BHITEKaeT TaKixe
M3 pa3ioKeHHs B psai ¢ysxkuun Tuna Beticca—Ieftaenbepra
(cM., HanpuMep, [14]). OkcnepuMeHTaabHas RNpOBEPKAa 3TOFO
npasuia, ORHAKO, 3aTPYAHUTENbHAa, TaK KaK Ha OIMTe 3Haye-
Huf (Xn)g . o B YMCTOM BHJE HEBO3MOXKHO onpelreauts. Ilpo-

T8
BepKy NpaBHia «ABOHKM® mnoacraHoskoft B (60) BMecTO 3Hauye-
HUft HavaabHOR BOCTPHMMYMBOCTH TApaNpollecca BEJHYHH BOC-
NPHHMYHBOCTH NapanpoLecca, H3MEPEHHBIX B CHIBHBIX nonsx [14],
HEMb3q NMpPH3HATb KODPEeKTHOH.

HNamepenns NO3BOJMJIH YCTaHOBHTb, YTO BOCHPHHMYMBOCTb
napanpouecca BGau3uW Temnepatypn Kiopm cuibHO 3aBucHT
ot noad. Ha puc. 16 panul kpuBbie 06paTHOA BENHYHHBI BOCTIPH-
HMYMBOCTH NTapanpoiecca Ajas 3JeKTPOIHTHIECKOro HUKe/if B OKpe-
CTHOCTH TeMnepartypsl KiopH, CHATHE B pa3andHBIX NOJAX. Buaxo,
uyto B o6isactu T < O npamuie 1/x, (T) B 3aBHCHMOC'H OT BeaM-
YMHB T0JS MeHAI0T cBoft HakaoH. CireayeT TaxKe yxasaTh, WTO
AJA 9TOH mNpoBepKH HeAb3s OpaTh npuBeleHHbie Ha puc. 16
aHaveHHA 1/y,, cooTBeTcTBY1OUlHe OOsactd T > 0. Ileso B TOM,
yTo B 06JacTH TeMneparyp, HeNOCPeACTBEHHO NPHMBIKAOWHX
k Touke KiopH, BesMuHHAa NapaMarHHTHOR BOCNPHWHMYHBOCTH,
KOTOPYIO COT'IaCHO TepMOLMHAMHYEeCKOM TEODHH HeOOXOLHMO
NMOACTaBAATL B COOTHOWweHUE (60), CHUIBLHO HCKaxaeTcd «OCTaT-
KaMH» caMonpousBoabHo# HamarhuwuesHoctd (cM. III ra., § 17).
3aBucuMocTb Y, OT H nerye Bcero BHIABUTb HEMOCPENCTBEHHO
B6iu3n ToukH Kiopu. Jduddepenunpysa (52) no H, umeem:

-,
Q= = H ™. (61)
3V 4%

Ha ¢popmyan (61) creanyer, yTO BeNHYHHA MAKCHMYMa BOCHDH-
MMU¥BOCTH TNapanpouecca B OKPECTHOCTH TOYKH KiopH 10xkHa
yMeHbIUATbCA C YBeAuueHHeM noaf. STOT BHIBOIL TeOPHH COraa-
cyercs ¢ onpitoM. W3 puc. 14 u 15 BHAHO, 4TO yeM Goubuie
nose, TeM MeHbLIe BeJuuuHa (Y,);- TaKXKe BHIHO, YTO IOJe
BeCbMa CHJBHO «Pa3MbBaeT® KPHBYIO ¥, (7). BepoarHo, cyue-
CTByeT TaKOe CHAbHOE MoJe, NPH KOTOPOM KpuBas X, (T) co-
BCEM &CTJQXHBAeTCA® W MaKCUMYM Ha KPHBOR BOCTIPHMMHYMBOCTH
HcyesaeT. MOxHO mOKa3aTh, YTO HOJOXKEHHe MaKCHMYMa BOC-
NPUMMYKBOCTH NAPaNpolecca CMEWAeTCHd C yBeJAWyeHHeM NoJs
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B CTODOHY BLICOKMX TeMnepatyp. 3710 Takxe Jerko oGHapy-
KHBaeTCH H3 KPHMBHX, NPUBENeHHHX Ha pHc. 14 u 15.
TeMiiepaTypuas 3aBHCMMOCTb HauaabHOR BOCHPHMMYHBOCTH
napanpouecca B oonactu 7 < 0, mogo6HO TemuepaTypHOit 3aBu-~
CUMOCTH CaMONpPOM3BOJbHOH HaMarHHYeHHOCTH, Moraa Ou cay-
KHTb XapPaKTEPUCTHKOR MarHHTHOTO NpeBpalleHus B ¢eppoMmar-
HeTHKax. KpuBas e TemneparypHOH 3aBHCHMOCTH BOCHPHHM~
YMBOCTH Tapanpoliecca, M3MepeHHas B KaKoM-iH6O mnoJde, He

4 1,53
X, 10
J
12
- 4
1
+¢
| L . 1
-0 -5 g 5 -8

Puc. 16. 3aBucHMOCTL 06paTHOM BEJHUMHLI BOCIPH-
HMYHBOCTH OT TEMIepPaTypH B OKPECTHOCTH TOUKH
Kiopu ans 9nekTposHTHYECKOTO HHKeJs.

1—H=619 9; 2— H=1032 8; 3 —~ H=1290 9; 4~ H=1755 3.

MOXeT CAYXUTb s 3Toft uenu, Taxas kpusas OyAeT OTAMYATHCH
¥ B KOJMYECTBEHHOM M B KaueCTBEHHOM OTHOIIEHHAX OT KpH-
BO# (Xn)g 5 o(7)- C pOCTOM MAarHHTHOrO MO BelHYHHA Yp
ymenbaercs (cM. puc, 14 n 15), a «mnpuna» Kpuso#t BoO3-
pacTaeT; KpoMe TOro, MaKCHMyMbl KDHBBIX CMEILAIOTCS B CTC-
poHy BHICOKHX TeMnepatyp. TakuM o6pasom, u onpeledeHue
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temnepatypsl Kiopu no makcumymam kpusnix Y (T), cTporo
rOBOPs, TOXe HeBO3MOXHO. TOAbKO TOJONKEHHE MAKCHMYyMa
Haya/JbHO# BOCNPHHMUYMBOCTH INapanpoliecca naeT TOYHOe 3Ha-
yeHe Temnepatypu Kiophu.

Bce ckasaHHOe B OTHOLIEHHH BAMAHHA TNOJA HA BOCTIPHHMYH<-
BOCTb Mapanpouecca HaXOMHTCH B COOTBETCTBHH C CaMBIMH
OOLIKMH TePMOIAMHAMUYECKHMH COOOPaXEHHAMH, H3I0XKEHHEMH
B ra. I. CornacHo sTuM coo6paxenusam, Ha naockoctu (f, T)
touka Kiopu sBasercs H30aMpOBaHHOH TOUKOR M NOJ/KHZ JeXKaTh
Ha ocu T toavko npu H=0. Orciona u cireayer, 4to B IIpH-
CYTCTBHH MOJAS NO KPHBHIM Xy, (T) HEBO3MOXMHO TOuHO ompeje-
AuTh 3HaueHHe O u JenaThb BHBOAH O XapaKTepe MAarHUTHOrO
npeBpalleHus.

§ 3. 3aBucuMocTh CaMONpPOH3BOJbHOH HAMArHHYEHHOCTH
. OT TeMmeparypsi

OnpeneneHne CaMONPOH3BOJIBHO! HaMarHWYeHHOCTH BOJIH3H
toukn Kiopn nyTeM nuneflHOR SKCTpanoasuuum KPHBHX HCTHH-
HOH HaMarHHYeHHOCTH K HYJNeBOMY NOJIO, KaK 9T0 OGHYHO
fnenaeTcs TNPH HH3KHX TeMMepaTypax, HeBo3MOxHO, n60 3nechb
kpuBas o; (H) pe3ko Heaunefina. CyiuecTByloT Caeayiomue Cno-
co6H onpelnefeHHA TeMNepaTypHOTO XOAa CaMONpPOH3BOJBHOH
HaMarHWYeHHOCTH B6AM3uW Touku Kiopu.

1. Meron auHuft paBHO# HaMATHUYEHHOCTH, NPEANOKEHHBHIR
Beficcom u doppepom [3], cocroswufi B TOM, 4TO pe3yabTaTh
HaMepeHu#t HCTUHHOH HAMArHHYEeHHOCTH NPH PAa3qHYHLIX TeMMe-
paTypax npeicTaBisioT B BuiAe rpagukos H (T),‘=const.

B o6aactn napanpouecca stM rpaduxu npeicTaBasioT coGoft
npaMbie auhuu. [lpoussoma skcrpamoasunio kK H =0, Haxonar
TeMnepaTypy, NP KOTOPOR §; YHC/JEHHO PaBHA o,.

2. Merton «marHuToKajopuyeckoro sddekra» [3] cocrour
B sKkcrpanoasuuu kpusbiXx AT (0?), xoTopne B ob6jactu napa-
npouecca SBAAIOTCA TNPAMBIMH JIHHHAMH, K 3HaueHuaM AT =0
M4, HHBIMH cJoBaMH, K H=0; npaMbie OTCEKAalOT HA OCH
abcuucc OTpeskH o?==c2, ITOT METOA HMeeT CTPoroe TepMo-
IuHaMuueckoe oGocHoBaHHe (CM., HanpuMep, [8]).

AHaNOTHYHBIM CNOCOGOM MOXHO ONpeleJHTh BEIHYHHY O,
HCNOJNb3Ys JaHHHE M3MepPeHW MarHMUTOCTPUKUMM TNapanpo-
necca [50] wuam raabBaHOMarHKTHOro S¢dexra [51], ecam
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JMOCTaTOYHO MaJbl YykadaHHbe 3¢¢deKTH 3a cyeT NPOUECCOB
CMEIleHHs ¥ BpalleHHd, YTO OOGHYHO HMeeT MecTO BOAH3H
Touku Kiopu.

Ha onmiTe 6ng0 ycraHosneHo, 4to o06a 9TH MeTOAA AAIOT
Opu6AM3HTENPHO ONMHAKOBHE DE3y/bTaThl.

3. Hcnoabsya ypabHensne (D1), MOXHO OnNpeReaHTbh TeMIe-
parypHuil xon o, B6ausu ToukH Kiopu Tperbum cnocobom [49].
IettcrBurensio u3 (51) npu H=0 u o; =<0, umeem:

a
°£=—F' (62)
MoacTaBass SKCNepHMeHTaJbHble 3HAYeHHA a H §, MOXHO BHI-
YUCAHTb TEMIIEPaTYpPHH X0X 6, BOAH3H ToukH KiopH.

dror Meroa onpenenenus o, (T) Mb OyleM B AanbHefiieMm

Ha3HBATh METOIOM TEPMOAMHAMHYECKHX KO3(QPHLHEHTOB.

J: 1) eg
00
80
50

40
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Puc. 17. TemnepaTypHas 3aBHCHMOCTb CaMONpPOH3BOJbHOH Ha-
MarHMueHHocTH cnuasa 97% Ni, 3% Si, onpeaenennas Tpems
Pa3THYHLIMH METORAMH.

X — MeTOA TepPMOAHHAMHYeckHX Ko9ddumueHTOB A — METOA rabBAHOMArHHTHONO
spdexra; O — MeTOR AHHHA paBHOA HAMATHHYEHHOCTH.

Ha puc. 17 nana remnepaTypHas 3aBHCHMOCTb 00beMHOR
CaMONpPOH3BOJbLHOR HaMarHuveHHocTH (Ha 1 cu®) BOAM3U TOUKH
Kiopn nas cnaasa 979% Ni, 3% Si, onpenenennas Ilavecom
TpeMsl pPasiHYHLIMH MeTolaMH [52]: MeTonaMH JMHu# paBHOR Ha-
MarHHYeHHOCTH, TaJAbBAHOMAarHMUTHOro SpdexkTa H TepMONHHA-
MUYeCKHX KO3(pduiMeHTOB, B HeKOTOPOM YZaneHUW OT TOYKH
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Kiops Bce Tpu Meroa AalOT OAMHAKOBHe pe3yabTaTh. Oanako
npu npuGamxkennn x Touke Kiopu xpuBhie pacxoasrcd. Kpusas,
onpejeleHHass MO MeTOAY TEPMOLHHAMHYECKHX Ko3(pHUHEHTOB,
HAeT KPYyTO BHM3, oOpHBascb HAa TeMnepatypHo#t ocu. Kpushie,
onpejeneHHble MO ABYM APDYFHM MeronaM, NPHOHKAIOTCA K OCH
TeMnepaTtyp nocTeneHHo, 06pasys Tak Ha3bBaeMble «XBOCTHI®

a,

or
o
008
0.06
004

X4

000 L 1 1
09 097 098 4% 100 /6

Puc. 18. 3aBucumoctb (05/%)? ot 7/0 B6an3u TOuKH
Kiopx.

1~TFe; 2—36% Ni, 64% Fe; 3—NI; 4~15% Cu, 85% Ni.

CaMOTNpPOH3BOJIbHOR HaMarHUYeHHOCTH. ITH «XBOCTbI» BO3BHHKAIOT
33 CYET «OCTAaTKOB®» CaMOIpPOM3BO/AbLHON HAMarHHYEHHOCTH BhHILIE
TeMnepatyps Kiopu.

MeToa TepMOAMHAMHUeCKHX KO3I(P(HUHEHTOB B CHAY CBOHCTB
ypaBHenus (51) He naeT BO3MOXHOCTH ONpPelEHTb STH «OCTATKHY,
160 COraacHO TEePMOAHHAMHYeCKO# TEOpHH (eppPOMarNHTHOrO
npespauienia B o6aactH Bhuwe Touku Kiopu o,=0. [lpu-
MEeHeHHe METONd TepPMOAMHAMHYECKHX KO3(@HUUHEHTOB 4Af
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onpefenenns o4(T) TeM He MeHee NPENCTaBANET HMHTEpEC MO
clenyouwet nNpyunHe.

ConocraBiienne KpHBHX g (T), OnperenseMbHx MO METORY
TEPMOAMHAMAYECKHX KO3(pPHUHEHTOB C KPHBHIMH, OmnpelejeH-
HHIMH MeTOoAOM ] uau 2, mNO3BOJSET MNpPaBHJAbLHO OTAENATD
«OCTATKM» CaMONpPOM3BOJLHO{ HAaMarHMYeHHOCTH OT OCHOBHOH
KpuBO#t o, (7). Baarosaps STOMY NpPeNCTaBAAETCA BO3MOXHHIM

a, \2
CTPOMTb KPHBBIE 3aBHCHMOCTH (a—") ot T/9, koTopsie coraacHo
0

TEPMOAHHAMUYECKO# TeOPHH (eppPOMAarHUTHOrO NpeBpawenus [10]
(a Taxxe MOAeNbHLIM TeOPUAM [8]) NOMKHBI HOCHTb JHHEHHBIA
xapaktep (cM. (9) u (27)). Anaiua Tako#f 3aBMCHMOCTH JaeT
BO3MOXHOCTh CPaBHHBaTh TEMNEPATYpHHR XON o, B Pa3AHdYHHX
MaTepHanax M OnNpeleisThb B/HAHHE HA HEro CTPYKTYPHHIX ¢ak-
TopoB (cM. o6 srom Hmke). Ha puc. 18 nana saBucumoctsb

(:—:), oT 7/8 nas HekoTOpHIX (XOPOWIO OTOX’KEHHWX) deppo-

MarHATHHIX MaTepuanloB IO AdHHHM u3MepeHu#t [53], onpene-
JeHHas no cnocoly TepMoAHHaMHYeCKHX Ko3dpdHuHerTOB. Buano,

g, \2
YTO /MHe#Has 3aBHCHMOCTb (a—') or T/6 xopowo cobaoaaercs
0

He TOAbKO JAJf YHCTBHIX METAAJ0B, HO W 1JAd CNJA2BOB.

§ 4. Onpenenenve Temnepatypnl Kiopu

B Hacrosuee BpeMa Temmepatypa Kiopn ¢eppoMarHeTuxos
onpejensieTcd HeckOJAbKMMM cnocoGamn. DBaaromaps Haamumio
«XBOCTOB» CAMONPOM3BOJBHOR HAMAarHHYEHHOCTH H BJAUSHUIO Na-
panpoluecca BO3MOXHbBI 3HAYHTEJbHBE PaCXOXIEHHA B BENHYK-
Hax TeMnepatypn Kiopu, onpenerseMblXx DPa3aHYHBIMH CNOCO-
6aMn, B OCOGEHHOCTH AJA CNJABOB.

Has yctanoBaenus HanGoJjee npaBuibHOro cnocoba onpene-
aenus Temneparypu Kiopu B paGore [52] Onau npoaHanusupo-
BaHb YeTHIPEe PAa3IMYHBIX Cnocoba ee OMNpeReneHHs::

1) no MaxcuMyMmy TemnepatypHoro kosgduimenra conpo-

e 1 AR,
THBICHHA p 37
2) mo MakCMMyMy OTPHUATENbHOrO rajibBaHOMArHHTHOTO 3¢-
A
texTa (06YyCAOBAEHHOrO INAapPANPOLECCOM) _(TR) H
n

3) no0 HCHe3HOBEHHI0 CaMOMPOU3BOJLHOH HAMarHHYeHHOCTH
(cg ¥Wm [g), onpeneneHHod nO MeTOLY TePMORMHAMHYECKHX
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KO3()HUHEHTOB MJIH, YTO TO Ke, NO OGpalleHUI0 B HYldb KO-
¢duumenTa a;

4) no o6GpauleHH0 B HyJb HayaabHO# NMPOHHIAEMOCTH,

Peayabratsl naMmepenuft jgaHn B Taba. 3. Owubka B onpe-
IeleHHH TeMnepaTypH coctasiagaa * 0,3°. MaruutHue # 3aek-
TpUYeCKHe XapaKTepHCTHKH H3MEPAJIHCh HA OLHOM H TOM Xe
ofpasue Npu OLHHX M TeX KXKe TeMNepaTypHHX YCJIOBHAX H
NPaKTHYeCKH OJHOBPEMEHHO.

Ta6auna 3

3uHayenns temnepatypnl Kiopu, onpejeseHHnie
Pa3JMYHBIMU MeTOAAMH

3uauenns teMmepaTypH Kiopn, onpeaesenune

o MaKcu-
MO M28KCH- | \yymy oTpH-

MYMY TeM- [ yareaproro | 10 METORY [ pg ya. PA3HOCTh
Marepuan NepaTyp= | ranppano- |TEPMOAMHA-| 7,40 (g 9
HOrO K0SQ- | g rpyrHOro | MHUECKHX | pooyy. |a=0""1 AR
¢uunenra sddexTa k0sddH- |, 0evocT RaT
conpo- napa- IMEeKTOB

THBAEHHSA npouecca

100/ Ni 3465 | 3477 | 3482 | 3478 1,7
96,99 Ni, 3,1% Si | 2373 | 2405 | 2415 | 2433 42
95.1% Ni, 4.9% S | 1552 | 1585 160,5 | 1607 5.3
95.1% Ni, 4,9% Si1)| 1552 | 157,5 1585 | — 33
975% Ni, 25% Mn| 3102 | 311,8 | 3130 | 3150 2.8
80% Ni, 20% Mn 87.1 92,5 %47 | 970 76
38% Ni, 62% Fe 2938 | 2960 | 3035 | 2998 97

1) Iocae omxiwura.

W3 Tabauun BHAHO, 4TO Y BCeX MaTEpHA/JOB MaKCHMYM
1 AR
Ro 57 AR
KCUMYM (——R—) , 4 NocJelHHH HUXKe TeMNepaTypH, NpHd KOTO-
n

pacnionoxen npu Gojee HU3KOH TeMmepaType, YeM Ma-

polt o0pawaiorcs B HyJb o, Had [y, uau a.

FiMeerca HekOTOpPOe HeCOOTBETCTBHE MEXKAY 3HAYEHHUAMH TeM-
nepatypn KiopH, onpeneseHHHMH MO HaYaabHOR NPOHHULLAEMOCTH
M JApyrHMH MeTONaMH. ITO OODBACHAETCS TeM, YTO M3MepeHHS
Temnepatypht Kiopn no HadanbHOR NpPOHHMAEMOCTH B CHIY
BIHSHHS NMOGOYHBIX (AKTOPOB MEHee TOYHBI, YeM H3MePEeHHS
TPeMA NEPBHIMH METOJAMH.
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Pasnuua B onpeneneHud TOYKH KIOpH pasnuuHBMH METOLAMH
(cM. Taba. 3) pacteT C POCTOM KOHUEHTPAUHH HEMATHHTHOTO
9/eMEHTa B CIlIdBe, YTO NPHBOAHT K YBEAHYEHHIO &XBOCTa»
CAMONPOH3BOJbLHOA HaMarHuuyeHHocTH. TakuM oOpa3oM, ueMm
6oJbllie Pa3MBITOCTb MAarHHTHOrO mNpeBpauieHns, Tem GoJblue
pasHHla B 3HaueHHsX Tovek KIiOpH, onpejeneHHBIX MepeuHc/aeH-
HHMH METO4aMH.

Iaa Toro yro6u OlLEeHHTh, KaKo# MeTol no3soJasger Hanbouee
NpaBu/IbHO OnpeleauTh TeMneparypy Kiopx, Heo6xoaumo ycraHo-
BHUTb 3HAYEHHS CaMOIMpPOM3BO/MbHON HaMarHHYeHHOCTH B TOYKaXx
Kiopy, M3MepeHHBIX pa3JMYHBIMH METOJaMH.

Ha puc. 19, 20 u 21 npuBeseHa TeMneparypHas 3aBHCHMOCTb
CaMONPOU3BOMbHON HAMarHHYEHHOCTH, ONpele/ieHHas N0 METOAY
TepMOAUHAMUYECKHX KO3DPHUUEHTOB (MYHKTHDHAS KPHBasA) H MO
METOAY TaAbBaHOMAarHWTHOTO 3(0@eKTa, a Takke TeMneparyphas
T%Si:TR' (%),. d a aas Ni, cnaasa 97 Ni,
3% SI u cnanasa 38% Ni, 629% Fe. Buavo, 4T0 MakcumyM

—l—(ﬁ) (unn Touka M3ja0Ma B cayyae cnaasa 38% Ni, 629% Fe)

R,
JAeXHT B 00/acTH TeMmepaTyp, Iie elle HMeercda Goubluag no
BeJIHYHHE CAMONPOM3BOJAbHAA HaMarHHYeHHOCTb. To ke camoe
MOKHO CKa3aTb O NOJOXeHHH MAKCMMyMa OTPHUATEJbHOrO
raJbBaHOMarHuTHOro 3ddekra, XOTA OH H PACNONONKEH TNPH
Gonee BHICOKOH TeMmeparype.

OGe sTH TOuKH HAXOAATCH B OOAacT# Temnepatyp, rie KpH-
Bas o, (T) nanaer ewe kpyto Buu3. M3 atoro ciegyer, uto Mer
OCHOBaHM} IPHHHUMATb NOJOXEHHE MAKCHMYMOB aHOMa/Iul «HeMar-
HHTHHX® CBOMCTB 332 HCTHHHYI0 TOYKy Kiopu, kak 9To nnoraa
JenaeTcs B JHTepaType (Hanpumep, [4]). HanGosee npasniabHHIM
MeTOIOM onpedeaeHns ToukH Kiopu fiBnseTca MeTOA TePMOAHHAMH~-
yeckdX K03pduuyeHToB (HaxoKAeHHE TeMTePaTypH, NPH KOTOPOH

=0). Ilpx sTo#t TEMNEepaType NoAaBAasIoulas yacTh 06beMa o6pasua
HaXOAHTCA B MNapaMarHHTHOM COCTOSHHH, 2 B (peppOMArHUTHOM
COCTOSIHHH HaXOoJATCA JHWb He6oAblilMe YYaCTKH — «OCTATKUD
CAMONPOH3BOJbHOM HAMArHHYEHHOCTH. IDTa TeMIepaTypa BCerja
JeXHT Bblllie TeMNepaTypH MaKCHMYMOB aHOMa/Jn#i «HeMarHuT-
HbiX» cBoficTB. Caepyer OTMeTHTh, 4TO0 06e 3TH TOYKH COBMa-
N30T TOABKO B HIealbHOM CJayuyae, Korda ¢eppoMarHuTHOe
npespalliene «He pa3MbhTO®. OTMETHM TaKXke, YTO B HEOAHO-
PoAHBIX MaTepHanax, rae 3TO «pa3MHITHE® BeJHKO, IO MeTOLY

3aBHCHMOCTb BeJ/IHYHH:
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TepPMONMHAMHYECKHX KO3(dHuHeHTOB OnpeneaseTcs TeMnepaTypa,
KOTOpas fABJsfeTCA HeKoTopo#t ycpelweHHO# TemmepatypoRt Kiopu
ANA JAHHOTO MaTepHana.

1R 1 (M}. ..
A,Z_T_”";pad Js,2c a R nm
a5+ 0

=20 <0
481 /-
R /II (/'/- /4.953}

20 20
- 100 h70
Js
5 F 40
50
sk
1
|
|
] A ]
J40 8§ 350 J60 370 T,°¢

Puc. 19. K onpenenennio Temneparyps Kiopu B nukene.

J g~ CAMOTPOHSBOALHAY BAMATRHYERHOCTS, ONpEAEseHHAd HO MeToay
TepMOAHBAMHYECKHX K0ddunuenTOB (NMYRKTHD) H raJaLBAROMATHHT-

HOMY sddexTy; A Tr—ieuneparypnuﬂ KxoshpunnenT BaexTpo~

CONPOTHBJCHHS; (%?—)"—rubunouarnxmun s¢dekr, obycaos-

HHR DapanpomeccoM; & — TePMOAHHAMHYECKHA kosddHIHeHT.

Onpenenenne Temnepatypu Kiopu no temneparypHoMy xony
HauyaJbHOR NMpPOHHLAEMOCTH BCNAEACTBHE BJHAHHA Mapanpouecca,
KOTOpHft MOMeT OhTh 3HauHTeJeH H B CJAa6HX NOJAX, H HaaM-
YHS €XBOCTOB® CaMONPOM3BQJbHOH HaMarHHYeHHOCTH (0coGeHHO
B CIIaBaX) He ABAAETCA TOYHHIM METOAOM.
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Puc. 20. K onpenexennio Ttemmnepatypu Kiopn
B crinase 97% Ni, 3% Si (06o3Hauenus Te xe, 41O
H Ha pHc. 19).
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Prc. 21. K onpenenennio temnepatypu Kiopu B cnaase 38% Ni, 62% Fe
(0o6o3nauenns Te ke, YTO H Ha puc. 19).
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BhM cienaHsl MOMBITKH onmpeneauth temnepatypy Kiopu mo
TeMlnepaTypHoH 3aBHCHMOCTH OCTATOYHOH HaMarHHYeHHOCTH H
KOSDUHTHBHOA cHae. ITOT cnocol, ONHAKO, HempHeMJeM, HOO
9TH MAaTHUTHbBIE XapaKTepHCTHKH B (eppoMarHHTHOM o6pasie
MOTYT HMeTb KOHeuHOe 3HayeHHe M Boie ToukH Kiopu, rae
CYLLEeCTBYIOT &OCTaTKH» CaMONPOH3BOJBLHOR HaMarHHYeHHOCTH.
Onu o0pauiaioTcs B HYJb TOJIBKO TdM, Fie NMOJHOCTHIO HCYe3aloT
«OCTaTKH» CAMOINPOH3BOAbHOR HAMarHAYeHHOCTH. JlefCTBHTEBHO,
doppep [54] ycraHoBua, uTO KO3puuTHBHAA cHAa obpauiaercs
B HYJb TOJbKO HaneKo 3a ¢eppoMarHuTHo# Touko#t Kiopu (B Tak
HasbiBaeMo# mapamarHutHo#ft Touke Kiopwm).

§ 6. BauaHHe CTPYKTYpHbIX M3MeHeHHll B cnaaBax
Ha 32BHCHMOCTb CaMONPOH3BOJLHOH HAMArHU4eHHOCTH
OT TeMnepaTypsl B OKpecTHOCTH TOYkH Kiopn

Ha xapaktep (eppoMarHuTHOrO NpeBpallleHHs CYLIECTBEHHOE
BJMSIHHE [NOJOKHBl OKa3hHBATb OCOGEHHOCTH CTPOEHHS BeLlecTBa.
310 moHATHO, K60 deppoMarHeTH3M 3aBHCHT OT B3aHMHOTO pac-
CTOSIHUA M PACNONOXKEHHd aTOMOB B pelleTKe M OT CaMOM KOH-
¢durypaunu pewerku. Teopun deppomarietama Jaxce B npuOu-
JKEHHOM QopMe YUHTHIBAIOT 3TO M IPHBOAAT K QopMmyaam
TeMIepaTypHOH 3aBUCHMOCTH CaMOIPOH3BOJbHOH HaMarHHYeHHO-
CTH, B KOTOpHE BXOAAT MapaMeTpPhl, XapaKTepUsyiolliHe THI KDH-
CTa/1IM4YecKol pelleTKH H pacnoJoxkeHHe aToMoB B He#t [46). Baus-
HHE CTPYKTYPHHIX H3MeHeHHH HAa TeMNlepaTypHbIlt X0 CaMONpPOHU3-
BOJIbHOH HAMarHH4YeHHOCTH, BHI3BAHHBIX TepMOOGPa0OTKOMN CIITaBOB,
o6cyxaanoch B piae pa6or [55, 56, 57, 58]. B satux paborax noxa-

oy (T

33HO, YTO OOWHH BHA KPHBEIX ‘E(?) (sraau or ToukH Kiopn)
HeCKOJbKO M3MeHseTcs NpH TepMoo6paboTke. OnHAKO 0COGEHHO
CHJILHOTO BJIMSIHHSI CTPYKTYPHHX H3MeHeHW# B CMIaBax Ha XoA
KpuBo# :—: (T/6) creayer oxuaatb TOALKO HENOCPEACTBEHHO
B6au3H TouxkH Kiopu, rae caMonpoH3Bo/ibHass HaMarHHYEHHOCTb
BeCbMa YYBCTBHTE/JbHA K THM CTPYKTYPHHIM H3MeHeHusM. Baus-
HHE OSTHX H3MeHeHHH MOXKeT OBTb YuTeHO KOJMYECTBEHHO
¢ nomowpio Koapoduuuenta § B dopmyse

(==

5 3ax. 461. K. I1. Beaos
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Coraacuo (9), (16) u (17) caeayer:
Goo a;ﬂ
‘Ec—go
Huxe npuBoasTca peayabTatTh M3MepeHu#t KPHBHIX (gﬁ)’ (T/9)

IJIS HEKOTOPHX cniaBoB [59].
Cnaasn Ni— Cu. Ha puc. 22 npusesennl KpHBHe 3aBHCH-

g, \2
uoctH (1) ot T/0 nns cepun MelHO-HUKEJAEBH X CNIaBOB. Buaro,
(]

E_
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Puc. 22. 3aBucumoctb (6/0p)? ot T/0 B6au3n Temne-
patypu Kopn ans Ni u cnzasoB Ni—Cu mnocne
omxura 20 yac. npu 1000° C.

~Nil; 2—-95% Ni, 5% Cu; 8—92% NI, 8% Cu;
4—85% Ni, 16% Cu; 5§ —80) NI, 20% Cu, 6—75% Ni, 26% Cu,

YTO KPHBHE IJsi YHCTOTO HHKeJSl H CNJaBOB C MajJHM colep-
XaHAEM MelH B COOTBETCTBHH C Gopmyioft (63) uMeloT auHeHHLI]
XOR, TOTAa KaK AJs CONAaBOB C GOJbIIHM COREpKAHHEM MelH
KpHUBHE He ONHCHBAIOTCA cooTHomeHHeM (63). Ilpuuuna srtoro
COCTOHT B CleayioileM, MenHOo-HHUKe/eBHEe CNJAABH MOABEPKEHH
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SBJIECHUIO JUKBAUWHM; TPH BHIJIABKE B HHX BO3HHKAET HEOMHO4
pORHOe pacnpelreseHHe aTOMOB MeaH 10 o6bemy oOpasua,
B peay/bTaTe Yero BO3HUKAIOT (AYKTyauuH OGMeHHOro B3aHMO-
neficteus, 3TO NPUBOJAHT B CBOX OYepelb K TOMY, 4TO CMJaaB
OyleT MMeThb He OLHY, a Le/bi#l HA60p HECKOJIbKO OTAHYAIOUHXCS
ApYyr ot Apyra Todex Kiopu u ¢eppoMarHuTHoe npeBpalleHue
6yler CHAbHO PasMHTHM (0co6eHHO B cCniaBax ¢ GOAbLUMM
conepxannem Cu),

I uteabHBR OTXHUT CNIABOB JO/MKEH NMPHBOAMTL K AMPDYyauu
aTOMOB M€aH H, CAeNOBATeNbHO, K BHIPABHHBAHHMIO KOHLUEHTPaUuH

b 5 2
%’)z \ ¢\
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007
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1 |
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Puc, 23. 3aBucuMoctb (05/0p)? ot T/0 ‘maa Ni u
cnaasoB Ni—Cu nocne omxura 90 yac. npu 1000°C
(0603HayeHHA Te Xe, YTO H Ha PHC. 22).

Menn mo o6bvemy o6pasua, Ha puc. 23 nanu kpusee (gi)’

or T/0, nonydyenHHe nas TeX K€ CNIABOB NOC/AE HJAMTEJHHOT'O
OTXHra. BuiHo, 4TO HeAuHeHHOCTb KPHBEIX HCYedaeT AAs BceX
cnaaBoB, 3a HMckaioyenueM cnaasa ¢ 25% Cu, Ans koroporo,
BeposTHO, TpebGyerca Goiee NPOAOKUTENLHBHI OTKUF, YTOGH

5*
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yCTpaHuTb JukBauHio. Kpome TOro, ¢ OTXHHroM HaKJIOH NPAMBIX
BO3pacTaeT, YTO CIEAyeT M3 cpaBHeHMA puc. 22 n 23.

Tepmoo6paboTKa OYeHb CHALHO CKa3bIBAE€TCA HA BEJHYMHAX

M TeMnepaTypHOM XOJe TepMOAUHAMHUYECKUX KO3ddHuLueHTOB a 1

(puc. 24 u 25). Ith xo-

« a3 odHUHEHTH MOryT ObiTh

1200 ACNOJb30BaHH AJS KOJH-

YECTBEHHOTO YYeTa BJHA-

-2 -2 -0 0 (T4 MU CTPYKTYPHHIX H3Me-
+— ¢ 1 t HeHUH B cnJjaBaX HA Mar-

HHTHOE NpeBpalleHKe,
Heonxopoaxocti B
1-200 CI/IaBe CHABLHO CKAa3bIBAIOT-
CA H Ha JJHHE «XBOCTOB»
CaMONPOH3BOJbHOR HaMar-
1400 HHYeHHOCTH (puc. 26). das
YHCTHIX METaJJIOB €XBOCTS
BCeraa Kopoue, 4YeM IJA
g0 cniaBos, C yBeanueHnem
NPOAOKUTENLHOCTH  OT-
KUra AJTHHA €XBOCTa» YKO-
2 00 payuBaercd. AHaJOTHYHOE
yKOpauHBaHHE &XBOCTOB®
J NOA BJAHSHHEM OTXHra Ha-
6nonanocb M HAa KPHBHIX
’ 11000 HayaJabHOM MPOHMLLAEMOCTH
H 9JeKTPOCONPOTHBICHHS
Puc. 24, Temneparypuas sasncumocts [60], a Taxke MarHuro-

kospdHUHeHTa @ AAA CINaBa CTPUKLHU [61]. CHATHIX RIS
20% Cu,80% Ninpn pazanyHoM OTHHIe.  cnranon Ni—Cu  BGIH3H

1—10 vac., 1000°C; 2—20 w4ac., 1000°C;
3-20 uac., 1'000° C 10 1ac,, 1200° G d—20 vac,  TOUKH Kiopu.
000° C u 20 uac., 1200° C, Baaroaaps HEOomHO-

POOHOCTAM KOHUEHTPaLHu
B CM/aBax, HEPaBHOMEPHOMY pacrlpele/eHui0 NMpuMecelt, nedex-
TaM peweTKH H AP. B pPeajbHHX (PepPOMATHHUTHEIX MaTepHanax
BCErJa MMEIOTCA &XBOCTHY» CaMONMPOHM3BOJNLHON HaMarHHYEHHOCTH
(naxe B MOHOKpHMCTalaax). IT0 OGCTOATENLCTBO B8aTPYAHAET
u3ydeHHe G/MXKHErO MOpAiKa CIMHOB, TEOPHA KOTOPOro Ghlia
paspabotaia Boncosckum [62].
CpaBHeHne 1418 pa3/an4HbIX cnaaBoB Koddduuuentos §, onpe-
JeqMIOlUX «KPYTH3HY® MOAXOAa KPHUBHIX CaMONpPOH3BOJBHOM
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30

12 L
=30 20 =10 g 0 1-8

Puc. 25. TemnepaTypHaa 3aBHCHMOCTb Kospduuuenta B nas
cnnaBa 20% Cu, 80% Ni npn pasiuuHoM otwure (0603Ha-
YeHHA T€ Xe, UTO W Ha pHc. 24).

A a_ggu’ % _a;u-' a we[”’
5r 4

/A o wt

St 5t

4 L /| E— . . .
giﬂ % - WNT MKW s, W BT %0 /A
a9 9 g
*

Puc. 26. ¢XBOCTH» CaMONPOH3BOJAbHOH HaMarHHYEHHOCTH.

a— YucTht BEukeab, 6 —cnnaB 80% Ni, 20% Cu, orxur 10 yac, npu 1000° C;
68 —cnaas 80% Ni, 20% Cu, omxkur 20 wac. npu 1000°+20 vac. mpu 1200° C.
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HaMarHHYeHHOCTH K Touxe Kiopu, BO3MOXHO TOJNBKO A4 XOPOLIO
OTOMOKEHHBIX MaTepHajoB, B KOTOPHX ¢(AyKTYauHn OGMeHHOTro
B3aHMOLEHACTBHA CBeJeHH K MHHHMyMy. B Ta6a. 4 mpuBeleHH
3HaveHus § A4 HUKeJNd H MeLHO-HUKeJeBH X C/aBos. Kak ykasu-
Banocs B ra. II, cornacio Bon-

Tabamnua 4 copckomy u Bracosy

3HaveHns kosdpduuuenra § 9 \3
B MeJHO-HHKeJeBbIX cMJaaBax £=3 (0—) .

‘ N ¢ M3 teopun BHITEKaeT, uTO
% 6/64g>1, 1. e. £>3, uro
MOATBEPHAAETCA HE TOJbKO Anf
100,0 6,75 HHKeJd, HO H 1Jd CIJAaBOB
95,4 5,34 Ni —Cu,
gg'g ggg 3aMeTHM, 4YTO C yBEeTHUEHHEM
812 344 koHuentpauuu Cu B cnaaBax
Ni — Cu Benuunna § yMenbuiaer-

¢, TOrAa KaK COFJIacHO MOelib-
HOH TEOpHH 3Ta BEJHYMHA NOJKHA OCTABATHCA NOCTOAHHOM, pPaB-
Ho#t 3 (cm., HanpuMep, [15]). C Touku spenus Teopuu Boucos-
ckoro u Baacora stor QakT Heo6XOAMMO OODBACHHTL TEM, YTO
C yBeJHYeHWEeM KOHLUEHTpauuu MEeAH B CN/IaBe M3MEHAETCA COOT-
HomeHue Mexay S—d u d — d-oOMeHHBIMH B3aHMONERCTBHAMMU.

CnaaBut Ni —Fe wunBapuoro cocrasa. Cnaasn Ni—Fe
HHBAapHOrO COCTAaBA XapaKTepH3YIOTCA BeCbMa CBOEOGPa3HBIMH
aHoManuAMH ¢U3HYECKHX CBOACTB, NMPOSAB/AIOMUMHCA OCOGEHHO
cuabHo BGauau Touku Kiopn [63], ¥ mostoMy mnoapo6HOe H3y-
YeHHe TeMNePATYPHOrO XOla CaMONPOH3BONLHOM HAMAarHHYEHHOCTH
B 9THX cn/aBax npeacrasaser 60/bwofl uHTepec. M3MepeHHaMu
YCTaHOBJIEHO, 4YTO TeMNepaTypHbil XOA CaMONPOH3BOJBHOH Ha-
MarHuyeHHOCTH BOJM3M ToukH Kiopu B moao6HOro poaa cniaeax
JOBOMbHO CHJAbLHO 3aBHCHT OT TepMOOOpPaboTkH. DTO, BEPOATHO,
o6bAcHseTCA BAMAHHEM HEOLHOPOAHOCTH KOHUEHTPaL Ui 0 06beMy,
KoTopas, TaK e kKak B cmaaBax Ni— Cu, MOxer BO3HUKATh H
B HHBapHHX CMaaBax npd sbinaaske, CyulecTByer, ofHaKo, Takas
TepMoo6paboTKa, KoTopas ZRenadeT 6ojee «KHOPMAJAbHOR» KPHBYIO
6 (T). Ha puc. 27, 28 u 29 npuseseHn TemMnepaTypHble 3aBHCH-
Mocte a, B u (:—:), ang cnaasa 369% Ni, 649% Fe nocae orxura.
B 3aBHCHMOCTH OT BpeMeHH OT)KHTa Ha KPHBHIX {3(7"). KaK BHAHO

8

g,
W3 PHC, 28 MOABAAETCA MHHUMYM, @ KpHBHIE (; (T) Bbinpa~
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Puc. 27. TemneparypHas 3aBHCHMOCTb KoOS(hdu-
uHeHTa a pan cnaasa 36% Ni, 64% Fe npu pas-
JAHYHOM OTXHIE,

1—10 wac., 1000°C; 2—20 wuac.,, 1000°C; 3—20 qac,
1000° C 410 uac., 1200°C 4 —20 vac., 10(I)°C+20qac.l200'

B

-03

1 1
=20 =10 0 0 16
Puc, 28. Temnepatypuas 3aBHCHMOCTb KOstduumenta P
Ana enxaBa 36% Ni, 64% Fe mpH pasnHyHOM OTXHUre
(o6oanauenna 16 e, 4TO ¥ ¥a puc, 27),
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masiorcs. [Ipn nanbHeHmeM OTKMre 3TH KPHBHE Maj0 H3MEHAIOT
CBOH BuI.

Oxa3anoch, YTO AJS MHBAapHHIX CNIaBOB KO3 duineHT £, TeM
He MeHee, MMEET BEJHYMHY, SHAUHTENbHO MEHbIIYI0 TpeEX, YTO

(05/0,)°

0,04

003

902

0,01

0, 00 1 | I\
0,96 0,97 098 099 100 T/8

Puc. 29. 3aBHcHMOCTb (o5/0p)? ot 7/0 Aas cnnasa
36% Ni, 64% Fe npu pasauunom orxure (0603HaueHHA
TE Xe, YTO H Ha puc. 27).

wunecTpupyerca Taba. 5. 310 roBOpUT O TOM, uTo ¢eppo-
MarHuTHoe npeBpailedue B cnaaBax Ni— Fe MHBapHOro cocTama

Ta6auua 5
3HaueHnsa ko3 dHuHeHTa E B HHBApHBIX
cnjaaBax
Cnaas £ 8, °C
36 Ni, 64 Fe 1,44 298
35 Ni, 65 Fe 1,42 237
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MO HEM3BECTHOR NpHYHHe upe3BHYaHHO pPa3aMHLITO NO TeMmepa-
TYPHOMY HHTEpBany.

Ha puc. 30 npusesena KpuBas :—:(T/B) A CIIaB3

369% Ni, 649% Fe mnocie npoao/mxuTe bHOro OTxkura. Tam Xe
AN CpaBHeHHA JaHbl COOTBETCTBYIOLlWE KDPHBbIE AJAs HHKE.s

00 L 1 | | A
06 o5 05 o7 48 49 107/8

Puc, 30. 3aBHCHMOCTb ggfsy oT T/0.
1—N{; 2~20% Cu, 80% Ni; 3~36% Ni, 64% Fe,

i cnaasa 209% Cu, 80% Ni. Buaxo, uro Kpupag Ais WHBapa
MMeeT aHOMasnbHO MOJOrHK BHA.

Bo3MOXHO, YTO mnpUuYHHA AHOMAJBHOTO XOAa KpuBO# camo-
NPOU3BOJALHOA HAMAarHMYEHHOCTH B MHBADHBLIX CNJaBax 3aKJi0-
YyaeTca B TOM, YTO peppoMarHeTH3M B STHX CNJaBax OOGYCJOBJ/EH
OoOMeHHbIM B3aHMOJEeHACTBHEM aTOMOB He TOJbKO NepBoft KOOpAM-
HauuoHHOH cdepb, HO u nociaepyiouux. Takum o6pa3oM, 3TH
CNNaBbl B MAarHMUTHOM OTHOLUEHWM O6o/ee CAOKHH, H IAA HUX
TeMIlepaTypHas 3dBHCHMOCTb CaMOTIPOH3BOJIbHO! HAMarHHYeHHOCTH
HMeeT OTAHYHHHA XapakTep, YeM B GOJbUIMHCTBE APYTHX CIVIABOB.

He uckaioueso, yTo nosoruft xoi XpHMBO# caMONpOU3BOJNbHON
HAMarHHYeHHOCTH MOXeT ObITb Takike 0Oyc/AOBJEH KOJIVIOMIHBIM
pacnpeneneHdeM G¢eppoMardHuTHOR a-dasn B MaTpuue 7-¢aswl,
YTo co3adeT B cnvaBe (GaykTyauus O6MeHHOrO B3aUMOAeHCTBHA.
IMpeanonoxenne O BO3MOMHOCTH KOJNJIOHIHOrO pacnpeleleHds
a-¢pa3sl B HHBADHOM cnaaBe OHIJIO BhHICKa3aHo B pabore 3a-
Xapopo#t y Xatapopo#t [64) npu uccaenoBaHHK peHTreHOrpadM-
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YECKHM H SNEKTPOHHO-ONTHYECKHM METOLMaMH CI/aBOB yKa3aH-
HOro COCTaBa.

Cnaasst NI —Mn. Kakx #x3BecTHO, B HHKe/b-MapraHueBHX
cnaaBax, 6au3knx no coctaBy k NizMn, npu coorserctsyioueit
TepM0o06paloTke NPOHCXONHT aTOMHOE YMOPSALOYEHHE, KOTOpoe
NPHBOLMT K PE3KOMY H3MEHEHHIO MarHHTHBHIX M «HEMarHHTHHIX®
cBoficTB cnnasa [65). [ToaToMy HHTEpPeCHO BHIACHHTH, KaK BJAHSET

Y s
30t
7
J
5
)
| 1 1 1
=-J0 -20 -10 /] 10 1T-8

Puc. 31. TemneparTypHas 3aBHCHMOCTb Ko3pdHuueHTa B And
cnnasa 21 aromMH. % Mn, 79 artoMH. % Ni npu pa3nnuHOM
OTXKHre.

1—1 yac.; 2—2 vac.; 3—6 uac.; 4— 16 vac.; 5§ —36 vac.; 6 —84 qac.

aTOMHOE YyNopsjo4eHHe Ha TeMNepaTypHHH XOL CaMONMPOH3BOJb=
HOH HamarHHyeHHocTH BGau3u Toukn Kiopu. OOpasen cnnasa
21 atoMH. % Mn, 79 aromH. 9% Ni noasepraics 3akanke (¢duk-
CHDOBA/OCh HEYNODPALOYEHHOE COCTOfIHHE), a 3aTeM OTXKHIY
npu 380°C c pasauuHBIM BpeMeHeM BbIREPHKKH.

Ha puc. 31 naHn kpuBbHe TeMmnepaTypHOH 3aBHCHMOCTH
xoopuurenta f npu pasiMYHOM BpeMeHH BbIAEPXKKH NIPH OTXHTE.
BupHo, uto Hu Ha OnHOR M3 KPHBHIX He o6pasyeTcs MHHHMYMA,
CBHAETENbCTBYIOLIETO0 O «HOpMaau3auuu» kpusoft. M3 puc. 32,

3
Fie [1aHa 3aBUCHMOCTh (2—;1) or T/8, suamwo, uro, BON-
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PeKH OXHIaHWAM, KDMBHe AaXe NOC]e OTKHra IPOAO/IKHTE/b-
HOCTbIO B 84 uaca He npHoGpeTalOT JHHEHHOro XOMa, XOTH, KaK
cilepyer M3 puc. 33, B cnaaBe NpOUECC YNOPAROYEHHA Kak GyaTo

' J
0, S5
15 F
b/
j -

0 50 00 1°C
LM q
05, 2LM )

]
100 150 200T.°C

1 I}
TR J00 Js0T,°C
6/

Puc. 34. ¢XBOCTH» €aMONPOH3BOJAbHOH HAMATHHYEHHOCTH
B cnaase 21 atomMH. % Mn, 79 atoMH. % Ni npu pa3nuu-
HOM OTXKHTE.

a—1 yvac. npn 380° C; 6 —6 uac. npu 380° C; s — 84 uac. mpu 380° C,

yKe 3aKOHuMJICA: TeMmnepaTypa Kiopu 6, HaMarHM4eHHOCTb HaCHi-
lieHns gy (IpH KOMHaTHOR Temnepatype), 9, (npu 0°K) mocturau
CBOMX NpeleAbHHIX 3HaueHu#, [Jlanee, us puc. 34 BHAHO, yTO



§ 5]  BAMAHHE CTPYKTYPHHIX M3MEHEHMH B CITABAX 7

&XBOCTH®» CaMONPOH3BOJLHOM HAMATHHYEHHOCTH C YBEJIHYEHHEM
NpONOMKHTENBHOCTH OTXKHFa HE TOJbKO He YKOpPauHBaIOTCH,
a, Ha060pOT, CUJABHO YAJHHSAIOTCH.

Hakonewn, oTMeTHM eule OzHH OYeHb HHTEpPECHHI SKCIEpH-
MeHTanbHB! dakT. M3 puc. 32 BUIHO, 4TO C yBelAHYeHHEM IIPO-
JOMKUTENPHOCTH OTXHra HAaKJAOHH KDHBMX K OCH TeMmepaTyp
OYeHb Pe3KO YMEHbIIAIOTCA; 3TO TOBOPHT O TOM, YTO ¢deppo-
MarHHTHOe TMpeBpalieHHe 34eCb CHIBHO «Pa3MbIBAETCA»; 3TO

~100 =50 0 50 -8

Puc. 35. TemnepaTypHas 3aBHCHMOCTb BOCNPHHMYHMBOCTH Napanpouecca
B cnaaBe 21 aToMH. % Mn, 79 atoMH. % Ni NpH pa3iHYHOM OTXHre.

1—1 vac.; 2—2 vyac.; §—6 vac.; 4~16 vac.; §—36 vac.; 6 —B84 vyac. mpu Temme-
patype 380° C.

TaKxe noarsepxaaercs kpusbiMu ¥ (T) (puc. 35). C ypeanuenues
NPOAOMKUTENBHOCTH OTHKHIa WHPUHA KPHBON! 3HAYATENBHO PACTET.
Habaonaemoe «pa3muiTHe» ¢eppOMAarHHTHOTO MpeBpalleHud,
BepOSITHO, CBSI3AHO C TeM, YTO B CN/aBe CYIIeCTBYIOT COBMECTHO
C OCHOBHOH ynopagodeHHo# $a3off «OCTPOBKHY» HEYIOPAROYSHHOA
$a3pl, KOTOpHe H BH3HBAIOT (IYKTyaund OOMEHHOr'O B3aHMO-
AeitcTBHA Mo 06beMy o6pasia, a clef0BaTEIbHO, W «Pa3MBITHE®
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npespailienns. AHanoruyHoe sBAenHe Owno HaGmomeno Cumne.
coHoM H Tpearoabaom [57] Ha cnnae PtyCo; onu naww,

4yTO KpHBas :—" (T/0) nns HeynOpSLOYEHHOrO CMIABA JEXKHUT BhIlle
0

KPHBOH AJs ynopsA0YEeHHOTO.

B oranune or o6aacTH HU3KHX TeMnepaTyp, TAe Ha Xon
KpHBOH CaMonpon3BOJbHOR HAMarHHYEHHOCTH CTPYKTypHHe dak-
TOPH OKa3blBalOT He3HauHTeNAbHOe BJAWAHHe, B 00JacTH TeMmnepa-
Typnt Kiopn xoA caMONpOH3BOIBLHOA HaMarHHYeHHOCTH Cylile-
CTBEHHBIM 06pa3oM OmnpenefeTCs CTPYKTYPHHIMK OCOOGEHHOCTAMY
BemlectBa. C/lexoBaTe/bHO, MO KPHBHM CaMONpPOH3BONbHOA Ha-
MarHHYeHHOCTH, CHATHIM B OkpecTHOCTH TOukH Kiopn, MoxHo
60Jlee AeTaNbHO H3Yy4aThb B/AMSIHHE CTPYKTYpPH HAa (eppOMarHuT-
HOe COCTOfHHME BellleCTBa.

§ 6. «Ckauox» TennoemkocTn B Touxke Kiopu

W3 TepMoaunamnyeckod TeopuH ¢eppOMariHTHOro mpeBpa-
IieHUst BHITekaeT Gopmyna A ONpeleseHUs <«CKauKa» Tenno-
emkoctn AC, B Touke Kiopu (cm. ra. 1)

2
AC, o8 ;) (64)
Monyuus u3 onwita anauenns 0, a; u B, Fopara [53] onpexe-

auna snavenns ACp naa paaa QeppOMarHHTHHIX MaTepuanos
(ra6a. 6).

Ta6annga 6

3unauenns ACp, BhluHCHeHHble no dopmye (64)
H NoJyveHHble H3 OMbITA

AC o Kaal2-2pad

’

Martepuan 8, °K ag By o
pacueTr SKCrNIepHMenT
Ni 624 1104 18 56,8 0,042 | 0,032 (Jlann, [66])
Fe 1032 | 27,5 | 0,063| 222,0( 0,148 ,16 (Kannr-
xapar [67]
369% Ni, 64% Fe| 565 840,112 184,4 0,0042 —
15% Cu, 85% Ni| 478 390 49 42,01 0,0018 —_




§ 6] CKAYOK TEMJOEMKOCTH B TOUKE KIOPH 79

Bemmunna AC, upespbualiHO CHABHO 3aBHCHT OT NpuMeceft
B CNMaBe M TepMOoOOpaGoTku o6pasuoB. [lTostroMy cpaBHeHue
seanunH AC,, BHuncaeHHbX no ¢opmyae (64), ¢ skcnepuMeH=-
TaJbHEIMH, O KOTOPHIX HMEIOTCH CBe1eHHA B IMTEPaType, 3aTpyLHH-
TeabHo. OnHako u3 Tab6a. 6 BHAHO, YTO BHIUHMC/IEHHBIE 3Haye-
Hus AC, ovenb G/IM3KM K H3MEPEHHHIM HA OMNMTE.

Bennunna «ckauxa» Ten/J0eMKOCTH, OY€BHAHO, NOJ/KHA 3aBH-
CeTb OT CTEeMeHH €PasMBITOCTH» PeppOMArHHTHOTO NpeBpallleHHR
B 1aHHOM ¢eppoMarHuTHOM MaTepuaie., B Ta6a. 7 npuBeneHH
3HaYeHHA <«CKayka» TenaoeMxocTH B cnaase 20% Cu, 809% Ni
B 3aBHCHMOCTH OT OTXHra, BHIYHC/JEHHBHE Ha OCHOBAHHH MarHHT-
HHX JaHHHX mo ¢opmyde (64).

Ta6anua 7
Bansinne oTKHra Ha Beauunny ACp B cnaase 20%, Cu, 809/, Ni
(nl»}3 e:fm%?xcu)ra'lac. Be "('i b, °K Acﬂ' *aafz-2pad
10 34 22,5 440,5 0,000078
20 134 25,5 436 0,00025
30 7,7 30,0 432,5 0,0006
40 71 37,0 432 0,001

C yBesHYeHHEM CTENEHH OTIKHra BeJHYHHA &KCKAYKA» TeN/io-
eMKOCTH pe3kO BO3pacraer, JTO CBS3aHO C TeM, 4r0 deppo-
MarHMTHOE NpeBpalleH)e B CAyYae XOPOIIO OTONKEHHOro 06pa3sua
nporekaeT B GoJsee y3KOM HHTepBa/je TeMneparyp BOJM3H TOUKH
Kiopu u SHeprus CNOHTAHHOrO HAaMarHHYMBAaHHA OCBOGOXNAETCA
HMeHHO B 3TO# 06jacTH TeMneparyp. AHaJOTHYHBIE Pe3yAbTaTH
GHJH MONYYeHH M AJs ApPyrux cmiasos, Ha puc. 36 nan rpaduk
3aBUCHMOCTH &CKAa4Ka» TEMJOEMKOCTH OT IPONOJKHTENbHOCTH
oTxura cniasa 21 aroMH. 9% Mn, 79 aromu. % Ni npu Tem-
nepatype orxura 380°C. Buaxo, uto € yBeauueHneM Bpe-
MeHH BBIIEPXKH &CKauYOK® TEIJIOEMKOCTH HENPepLiBHO YMeHb~
maercs.

Takoe noBeleHHE &CKAUKa» TEMIOEMKOCTH B HHKe/Ib-Map-
FaHUEBOM CIIIaBe TaKXe MOATBEPKAdeT INpHBENEHHOe BHille
NO/IOXKEHHE O 3aBHCHMOCTH €CKayKa» TEMJIOEMKOCTH OT «pa3Mbl-
TOCTH® (epPPOMArHHTHOTO NpeBpauleHHs.
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B sakaoueHHe OTMeTHM, 4TO Ha omste B Touke Kiopu
H3MepAIOTCA He CKAaYKM TEeMJOEMKOCTH, Kak 3Toro TpeGyer

ac, Kan
2-2pad

o002}~

00001

1 L 1 1
0 an 40 60 80 t,vac

Puc. 36. 3aBHCHMOCTb <¢CKayka» TEIMIOEMKOCTH
B criaBe 21 atoMH. % Mn, 79 atomn. % Ni ot
NMPOAOKHTENbHOCTH OTXHTa.

TepMOAMHAMHYECKAs TeOpHA, a GoJee HAM MeHee pPa3MHITHe
MaKCUMyMbl HX (MO3TOMY CJIOBO CKaYOK MBI JaeM B KaBbIUKaX).

§ 7. Bansinue anJaoOTponHvecKHX mpeBpameHHiH
Ha 3aBHCHMOCTb HAMAarHWIeHHOCTH OT TeMmmepaTypsl

Cywecrsyer 6oabmas rpynna ¢eppOMarHeTHKOB, B KOTOPbIX
NpH HarpeBe NPOHCXOAAT aNJIOTPONMHYECKHE NpeBPAlleHHs; NPH
STOM TeMIEepaTypa mnpeBpalleHHss B APYFYI0 KPHCTANIHYECKYIO
MolH(UKaUKIO MeHbIne, 4eM TeMmnepatypa Kiopu nepsonauansHo#
MoaHuKauuu. DTH NpeBpallleHHA CHJIBHO HCKAXAIOT TeMmepa-
TYPHBIA XOJ CaMONpPOH3BOJALHOA HAMarHHYEHHOCTH M, KaK cJael-
CTBHE 3TOr'0, H TEMNEpPaTYPHYIO 3aBHCHMOCTb Da3JIHYHBIX MarHHT-
HHX H «HeMarHMTHHIX» CBOACTB ¢eppoMarHeTnkos. Knaccuueckum
NpUMEepPOM TAaKHX ¢eppOMarHeTHKOB ABJAAIOTCA KOOaJibT H He-
kotopnie cnaassi Fe—Co.
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TeMnepaTypHast 3aBHCHMOCTb HAMarHUYMBaHUA K0GaiabTa Gblra
HCCJel0oBaHa MHOTHMU aBTopamu. BHIO ycranosseno [68], uro
npy temnepatype 870°C Ha KpHBO# TeMmmepaTypHOR 3aBHCH-
MOCTH HAMArHHYEHHOCTH HMMeeTC pE3KOe HIMEHeHHe HaMarHu-
YeHHOCTH, COOTBETCTBYIOUlEE NePeX0ly FeKCarOHAAbHOM peleTKy
B KyOH4ecKyI0 — IPaHeleHTPHPOBAHAYIO, AHAJIOTHYHOE HIMEHEHHE
noayuuau Ilan u Tapxouu [69]

Ha xpusoft auddepenunansHolk B-1072¢
BocnpuuMuuBocTH. Takum o6pa- 24
30M, B cayyae KobGaapbra ofe

20

KpUcTan1ndeckue MOAMGHKALMH
ABAAIOTCA (PEPPOMArHUTHHIMH. 1

Ha puc. 37 nokasan xox 12
TeMnepaTypHOR 3aBUCHMOCTH
MarHuTHO# WHAYKUHMH B CHuiaBe §
50% Co, 50% Fe.

Pe3koe cnazanune xpHuBoH K 4
ocH TeMnepaTyp Takxke oGwbAc- N TSNS WM W W 'S
HAETCS npeBpaweHneM a-mogu- 0 400 800  100TC

gggg%‘;“ ?TZKM(:(H:;??:K::::{O (cr;ll;'lf Puc. 37. BansHHe CTPYKTyp-
. HOrO nmpeBpauleHHs B CIjaBe
uae 7-tasa sasasercas Hedeppo- 50% Co,50% Fe ua remneparyp-
MAarHUTHOH, TO CM/AaB TpPU Ha- HH XOA MarHMTHOA HHIYKLUHH.
rpese 10 980°C Tepser cBoM

deppoMariuTHele CBOHCTBA; 3Ta TEMNEPATypa ABAAETCH KKAXKY-
wetica» Touko#t Kiopu.

MonoGuvie._sBienus Obinu  oGHapyxenn [utto [70] Ans
cnaasoB Mn—As (puc. 38) u Mn—Bi.

BecbMa cyulecTBeHHOe BJMSHME OKA3BIBAET HA MAarHHTHOE
noBejeHHe CNASBOB NpeBpaiueHue a <=7 B cniaasax Ni—Fe npu
koHueHTpauns Ni or 10 zo 30%. 3aecb uacTo peub HAET
He o6 ucrunHolt Ttemneparype Kiopu, a o nepexoaax deppo-
MarHuTHO# 001BbEeMHOUEHTPHPOBAHHOR a-(a3bl B rpaHeleHTpUpO=-
BaHHY10 7-(asy, KOTOpad B 3aBHCMMOCTH OT COCTaBa CMJIaBOB
moxer obaanaTb man He 00613AaTb (PEPPOMAarHATHBIMM CBOH<
crBaMi. B cnaasax c¢ conmepxanueM Ni no 289% 1-dasa we
o61anaer GeppoMarHUTHHIMM CBORCTBaMY IIPM KOMHATHO# TemMe-
parype (Touka KiopH ee JexuT HHXe KOMHATHOM TeMIepaTyphi),
a B cnaaBax ¢ cojepwxanuem Ni Gonee 28% <-thasa ¢eppo-
MaryuTHa, MO3TOMY B pPAaCcCMAaTpHBaeMblX CA/laBaX BO3MOXHO
OJHOBPEMEHHO CYLIECTBOBAaHHe JHBYX (EPpPOMAarHHTHHIX (a3 @

6 3ax. 461. K. Il. Beaos
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H 7. 910 ke uMeer Mecto u B cnaabax Fe—Ni—Co, Fe—Ni—Cr
A Fe—Pt. Ha puc. 39 u 40 naHH COOTBETCTBEHHO Pe3YJbTaThl
usMepeHut CaMOMPOU3BOJAbHOR HAMATHHYEHHOCTM M MAarHaTO-
crpukuud (o uaMepenuaM [lanuno#t [82]) B oaHOM M3 CnMIaBOB
Fe—Ni—Co B ¢ynxuuu Temmeparyph, [lepswit u3ioM Ha Kpu-
ot (puc. 39) cooreercrByer Touke Kiopu 120°C, BTOpoft —
Touke Kiopu 220°C. O6oum usnomam Ha kpusoit A(T) (puc. 40)

orCM?
o=z

J
[ 2

120

40F

i Il l 1 /] L

[ TY)
0 S0 0 150 200 250 J00 J50T°K

Puc. 38, TemneparypHeiii X0A HaMarHHyeHHOCTH
B cniase Mn—As.

1~ H=1010 8; 2— H=2100 8; 3 — H=3090 3.

COOTBETCTBYeT MaKCHMyM  MaTHUTOCTPUKUMH , napanpouecca,
KOTOpHI OCOGEHHO BeJNWK IJS T-pelueTKH.

B cayyae cniapoB Ni—Fe le0 OCAOXKHAETCA ellle H TeM,
YTO mepexonaM & <=7y comyTCTByeT GO/bLUIOH# TeMmepaTypHBIA
THCTePe3HC BCAEACTBHE TOPMOXKeHHA mpouecca Aupdysnu atomos
B cnjase. B pesyabrare TeMmeparypa Hcue3HOBeHHS CaMONpPOH3-
BOJbHON HAaMarHH4eHHOCTH NPH HArpeBaHHH YaCTO 3HAYHTEJbHO
OTJHYaeTcd OT TEeMIEePATYPH ee MOABJAEHHA NPH OXJAXKIEHHH
cniasa. AnanoruyHuft rucrepesuc Toukw Kiopu Habmomaercs
B cnaasax Fe—Pt, B Tpofinnix cnaasax Fe—Ni—Co, Fe—Ni—Cr,
Fe—Co—Cr, a Tax:e B HeKOTOPHX COEAHHEHUAX, HATPHMED Cy /b=
¢unax xkearesa (cM. ra. V), Ouenb 06o.ablIOH TeMnepaTypHHH
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Puc. 39. BauAHHe CTPYKTYPHOrO NpPeBPalEBHA
B cnaase 29% Ni, 5% Co, 66% Fe na Tremneparyp-
HHI X0 CaMONPOH3BOJAbHOH HaMArHHYEHHOCTH.

® — BLIYHCACHO N0 KPHBLIM g-f (a%; o —mo KpuBEM A=f (%),

Ap'
J5
Jrt
0
27
24
21
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Puc. 40. BanaHue CTPYKTYPHOrO TpeBpalueHHs
B cnae 29% Ni; 5% Co, 66% Fe na Temneparyp-
Hbll XOJ MArHHTOCTPHKUHMH NPH Pa3aHuHON Hanps-
WEHHOCTH 1oasd,
1= FH=1900 5 2— H=1700 8; 8— H=1500 9; 4 — H=1200 5;
§—H=1000 9; 6 — H==700 9.

83
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rucrepusuc Habmonaerca B cucreMe Fe—N. Asor o6pasyer
€ XKele3oM cJjaenyiolle ¢aawi:
a-¢asa—0,3% N;  1’-¢dasa—5,9% N;
e-¢asa—5,06% N;  t-dasa—2,4% N.
Otu ¢asH ycTofuMBH npH KOMHAaTHOH TeMmepartype, OIHAKO
NpY HarpeBaHMH OHM MOryT HMcye3daTb. O6 3TOM rOBOPAT KPHBHE

TeMIepPaTyPHOR 3aBHCHMOCTH HaMarHHYEHHOCTH, MpPUBEJEHHbIE
Ha puc. 41. Kpupne, mnoayuyeHHbe MpH OXJaxAeHHH CIJaBa,

0,0mnocum ed 0,0mHacum ed

—

L ) ] 1
l/j 400 800 { 400 800 1°C
o,omiocum €8 aj) o,omHocum.ed 6

N

.

1 / ]
0 400 a0 0 400 800 T.°C
s8) e)

Puc. 41. Bansanue CTPyKTYpHOro nmpeBpalleHHs Ha TeMme-
PaTyPHuIH XOA HaMarHHueHHOCTH B cHcteMe Fe—N.

a —ua-chasa (0,3%N); 6—7'-4733(32.&5’,‘9%1‘)\{); 8 —e-chasa (5%N); 2 —y-dasa

MMelOT ONMHAKOBMI#t R Bcex Tpex ¢as BHA, TaK Kak npu
MOBHILIEHHHX TeMnepaTypax o0Gpasudl NOYTH LEAUKOM TepsIioT
asor. Bosee cnoxno mnoselenne y-¢a3el, n60 MPH KOMHATHOH
TeMnepatype oHa HeycroHuupa. IlpumepHo 1o 300°C deppo-
MarHetusM otcyTcTsyer. Mexay 300 u 400°C cosepuiaetcs
nepexonx B CTaOHILHOe COCTOSIHHE, MPH KOTOPOM M3 7-(asni
obpa3yerca cMecb a- M 7’-a3, npuueM ob6e ¢asH deppo-
MarHuTHH. [losBrenne 7’-0aspl XapakTepusyercs TOUKO# mepe-
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ru6a (475°C). Ilpu 600°C npoucxoaur oGpasoBaHHe Y-Ga3wl,
KOTOpast npH STOH TeMnepatrype YCTOHYHBA, YTO MNPOSABAAETCH
B KpyTOM nazeHun Xpuso#, Yacto HeoGbUHHIA BHA KpHBO#
TEMNepaTypHOH# 3aBHCHMOCTH CaMONPOH3BOJIbHOM HaMarHHYeHe
HOCTH Ha6/0flaeTcs TakXe B YNOPSLOYMBAKOLHXCA cniaBax [71]).
3necb H3MeHenue BHMIAa KDHBOH CBi3aHO C TPOXOXKIAEHHEM
NPOMEXYTOUYHH X COCTOSHHE OT Heynopsn0YeHHOrO B IOJHOCTHIO
ynopsAnoYeHHOe COCTOSIHKE.

3aMeTuM B 3aK/I0YeHHe, YTO CyLIeCTBYeT Takxke 60/bluas
rpynna cn/jaBos, B KOTOpPHIX NPOHCXOAHT AHCNEPCHOHHOE TBEp-

Lee
Joo
250
200
50
100

50

3
2 S8 100 150 200 250 300T°C

Puc., 42. 3aBHCHMOCTP HAMATHHUEHHOCTH CIIaBa
84% Ni, 14% Be or TemnepaTypwm mnociae OTxkHra
npu 454° C pasiHYHOK NPONOMKHMTENLHOCTH.

1~10 oTura; 2 —20 Muu.; 3 — 40 MK, ; 4 — 80 Muu.; 5—190 MuR.;
6 — 310 muH,; 7—370 MuH.; 8 —1210 MHH.

leHHe, B pesyabTaTe Yero B OCHOBHOM TBepAOM pacTBOpe
BHLIEARIOTCS XMMHYeCKHe COENHHEeHHs, YacTo TaKike 06aajaiouine
dbeppoMarHUTHEIMUH cBofictBaMH. [IpH TakoM mpouecce kpubbie
TeMnepaTypHO#l 3aBHCHMOCTH HAMAarHHYEeHHOCTH MpeTeprneBaloT
cuabHble H3MeHeHHda, Ecan B mpouecce pasienenus («TBepleHufi»)
o6e ¢asel deppoMarHuTHe, TO MO KPUBHM 6 (T) MOXHO OmNpe-
ndeauts ABe ToukH Kiopu (puc. 42). K takoro posa cnnaBam
oTHocaTcAd nBoHHble cmaashl Ni—Au, Ni—Be, TpoltHoft cnaas
Fe—Ni—Al u np.

Ilns aHanuMsa BCceX 3THX NpeBpalleHHRt YCNEIIHO HCMOJb-
3yeTCsl M3yYeHHe TeMINePaTypHOM 3aBHCHMOCTH HaMarHWYeHHOCTH
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H CONMYTCTBYIOWHX MOCAelHelt «HeMarHHTHBIX» CBORCTB (MarHuTo-
CTPUKUWH, TaJbBaHOMAarHUTHOro 3s¢pdexkra u Ap.). AToT cnocob
MCCIeNOBaHHA MNpeBpalleHMH B CIIaBaX Ha NPaKTHKe OGBIYHO
HOCHT Ha3BaHMe TeDMOMATHHTHOTO aHA/K3a,

§ 8. O npuuunax o6pasoBaHus «XBOCTOBY
€aMonpoOH3BOJbHOH HAMarHHYeHHOCTH

BoaMoxkuH caenyioiupe INPHYHHBL OGPa30BAHHA «XBOCTOB®
CaMONPOH3BOAbHON HAMarHH4eHHOCTH: 1) QIYKTYalUH KOHUEHT=-
pauMH KOMIOHEHT (uaH npuMeceft) mo o6bemy O6pasua; 2) we-
OLHOpOJHbIE MeXaHWdecKue AedOpMALHM, NPHBOAALIME K HCKA-
KEHHSM PpelUeTKH.

OTH npUYMHH INPHBONAT K TOMY, 4to (eppomarHuThoe
npeBpallleHHe NMPOHCXOLHT He NPH OXHOR TeMmeparype, a B He-
KOTOPOM HHTepBaJe TeMneparyp, obpasyiomwux obaacte Kiopu—-
«pa3MHTOe®» npespaulende. Kak nokxasmwiBaerT omnurt, Han6ojee
CYIIECTBEHHAA IIpHYHHA, OGYC/AOBJAMBAIOWIAS BO3HHKHOBEHHE
«XBOCTOB®» CaMOIPOHM3BOJbHOR HAMATHHYEHHOCTH, 33KJII04aeTcs B
HEOAHOPOAHOCTH KOHUEHTPAUNH KOMIOHEHT B cnaase (paykryauun
KOHUeHTpauun no o6beMy o6pasua). Berencreue tako# HeonHo-
pPOOHOCTH B oO6pa3ue CYILECTBYIOT Y4YacTKK € HEeCKO/JbKO
OTAMYHHIMM TeMnepatypamu Kiopu. B rtex yuacrkax oGpasua,
rae Temnepatypa Kiopu Bble, ueM y TojaBasioumest 4acTH
o6beMa 06pasuna, CaMONPOM3BOJBHAA HAMATHHYEHHOCTh elle
COXpaHsiercs, B TO BpeMsa kak Oojbluas yacTk deppoMarHeTHKa
y)ke NepeXOAHT B NapaMarHHUTHOe COCTOSHHEe. DTH OCTATKH?
CaMOMNPOU3BOJIbHON HAMATHHYEHHOCTH H OGYCJOBAHBAIOT BO3HHK-
HOBEHHE «XBOCTOB® M paaMbiTHe npeBpalleHusi. IlpuBeneM
pacueT, TMOKA3HBAWWIKHA, YTO B HEOAHOPOXHOM MO KOHUEHTPAUMH
teppoMarHeTuke KpHBas TeMNEpaTypHOM 3aBUCHMOCTH CaMO=-
NpPOU3BOMLHOR HAMATHHYEHHOCTH BG/M3M TOYKH KiopH pasMH-
Baercs [D61]. 3tor pacueT HOCHT YHCTO HJTIOCTPATHBHBIH
XapaKTep, OOHAKO OH JAaeT NPeACTaBAeHHE O TOM GOJbIUOM
BJMSHHM, KOTOpO€ OKAa3biBAIOT GJAYKTYauH#d KOHLUEHTPaUHH Ha
xapakrep dpeppoMarsuTHOro npespautequs ). Iycrb cnaas cocrout
H3 YYaCTKOB, KOTOpHIE OT/MYAIOTCH APYr OT ApYyra KOHUEHTpa-
uue#f M MMel0T, CAeNOBaTeJbHO, HECKOAbKO OT/JHYHHE TOYKH

1) MNMoapoGuumit pas6op storo Bompoca nan B paGorax ITaueca (51
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Kiopu. EcTecTBeHHO npennojgoxutb, 4T0 HanGoablunfl 06beM
NPUXONHTCA HA Ty YacTh o6pasua, COCTaB KOTOPoff COOTBET-
CTBYeT cpelHeMy cocraBy cmaasa. OG03HAYHM TeMnepaTypy
Kiopu sroro oGbema uyepea 8, OOGbeMbt yuacTkoB o6pasua,
toukn Kiopu kotopux 0 orauuaiorcs or 6, 6ysyT TeM MeHblue,
yeM Goabwe pasiuua 8-—0,. Moxno npuHATb, YTO HauGonee
BEPOSTHLIM pacnpefeneHueM 00beMOB, MPHHALEKALKX YYacTKaM
o6pa3ua ¢ pasiuyHbIMH Temneparypamn Kiopu, 6yaer B nepBoM
npuGanxennn pacnpepenenue [aycca, Jlag yao6cTBa BRIYHCAEHUR
GyzeM OTcuuTHBaTH Temmepatypy Kiopm or Temmeparypu 0,.
Temnepatypy Kiopu mwo6oro apyroro yuactka o6pasua o6o3Ha-
yuM B Hauleft cucreMe orTcuera yepes & =0—0,.

Yro6ul 3anucaTh 3aKOH pacnpejenennd 06LeMoB ¢ pasHEIME §,

d
BHIDa3UM OTHOCHTENLHLR 06bEM —V! (V — o61beM Bcero o6pasua)

yuacTka o6pasua c Temneparypoft Kiopu, Jexawelt B npene-
nax & n $4-d9, s Bune

d_V&__fld{)
14 vV
L
rae 'V& HrpaeT poJib NJIOTHOCTH BepoATHOCTH. MoxHO BHOpaTh
3aKOH pacnpeje/ieHust A1s BETUYHHBI —‘; B BHIe:
ol
o 1 o (65)

174 eV
B stoft ¢dopmyne e aBadercs XapaKTepDHCTMKOf! LIMDHHH <«pa3-
MHITOCTH®» (¢eppOMarHHTHOro npespauiesus. Yem Goablue e,
TeM 6oJbllle TeMNEPaTyPHHH HHTEDBaJ, B KOTOPOM JeXaT TOYKH

Kiopn oTaenbHbix yyacTkoB o6pasia.
Bripaxenne (65) HOpMHPOBAHO K eIHHHLE:

+o0
%f%w=n (66)

T. €. CyMMa OTHOCHTEJbHHX 06BEMOB BCEX YYACTKOB C PasHHIMH
Temneparypamu Kiopu pasra 1.

Hanuune caMonpousBoJbHOR HaMarHudeHHOCTH B 06pasie
CB33HO C M3MeHeHHeM (YMeHblUeHueM) 3HepruH oOpasua Ha

Be/MUMHY SHEPFHH CAMONPOH3BO/IbHOA HaMarHuyennoctn E = KJ,
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rae J, — CaMOIPOH3BOJIbHAA HAMATHHYEHHOCTb, OTHECEHHAR K elu-
Huue o6beMa. O6oaHayuM ueped Ey(t) M3MeHeHHe 3HEPrHu
enuHuus 06beMa npH TeMmepatype t =T —0, To#f uacty
obpasua, Touka Kiopu koropo#t aexur B mnrepsase & u & 4,
Torza waMeHeHne SHeprud efMHHIH 0GbeMa BCEro HeOAHOPOXL-
HOro ¢eppoMarHeTHka B LeJOM OYyLeT paBHO

+o
E()= f I B @as. 67)

-0

BricTpas cxoaMMOCTb WHTerpana BEPOSTHOCTEH NO3BOJSET NPH-
MeHUTh 3nech Geckoneunwe npenenn. Iloxcrasasa B (67)

E@=Ki®) n Ey()=K/
M npenanosaras IJag ynpouieHus, 4ro kosapduuuent K nas Bcex
y4acTkoB 06paslia OAMHAKOB, MOJYUdeM:
+0
Hor f 3‘%139(-:)(1&, (68)
—-00

rae Jg(t) o6o3HayaeT CaMOMPOU3BONBHYI0 HAMarHMYEHHOCTb
yuacTka, HMelouiero remnepatypy Kiopn 8.
[MToabaysack cooTHomEeHHEM

B(n=26—T)

a
n o603Hayas —b? == ¢, 9TO BhIpaXXeHHE MOXHO MepenHcaTb B HalleH#

cHCTeMe OTCYeTa CaelyowuM o6pasom:
Fam)=c@®—r), L8
Moacrasaga B (68) u yuurniBas (65), moayuaem

P @
Jﬁ(t):t—]/c.j_—-fe-—ﬁ & —) ad.

O10 ypaBHeHHE XapaKTepPU3YET TeMNepPaTYPHYIO 8aBHCHMOCTb
CAMONPOH3BOJILHON HAMarHHYEHHOCTH HEOAHOPOAHOTO  CM/IaBd



§ 8) O NMPHYMHAX OBPASOBAHHS &XBOCTOB® G, 89

C TaycCcCOBCKHMM pacnpeaeseHHEM KOHUCHTPALHH, Pewenue ero
Aaet:
]

e

2 e - ct -
Js () =—F= —_——— f e g9y,
O=v%= Ve
Bropoft uHTerpa;n aBASETCA HHTErpaaoOM BepOATHOCTH. PaccMo-
TpUM RBa cayuas: aaq <0 uH t>0

L [- . ,7' K
Jﬁ(t):};;_ne 2"—% 14 ﬂf e 2dd |, ©<0, (69)
L 0 N
L) 9 _:' 8 -‘
e 2w T 2 )
.l.,(-:)—-v._ 5 L1 VT e d%J. ©>0. (70)

Ha puc. 43 npeacraBieHa TeMnepaTypHas 3aBHCHMOCTb CaMo-
NPOH3BOAbHOMl HAMArHHYEHHOCTH, NOACYHTaHHaA o Ppopmyaam (69)

Is

it g 1 T

Puc. 43. 3aBucMMocTb TEMNEpaTypHOro Xxola CaMmo-
NPOH3BONLHOK HaMarHHYEHHOCTH OT CTENEHH HEORHO-
PORHOCTH CnnaBa.

u (70). HOaa e=0 (cayualt HAeasbHO OIHOPOAHOrO ¢eppo-
MarHeTHka) noaydaem napa6oay, T. e. tako#t xon Jg(T), KoTO-
poro Tpebyer TepMoauMHaMuueckas Teopus. Ilpu e = 0 Kpuas
TeMnepatypHoft 3aBUCHMOCTH J;, HAaYHHAK C HEKOTOPOH TeMmme-
paTypH, NPOXOAMT BHILNE KPHBOH, COOTBETCTBYIOLIEH HAEaNbHO
OLHOpOAHOMY (eppoMarHeTHKy, H TOCTeNneHHO NpHOAMKaeTCR
Kk och Temneparyp. C yBeauueHHeM €, T. e. C YBeJIHUYEHHEM
«PasMHTOCTH» (PEepPPOMArHUTHONO mNpeBpaLieHHs, OTKAOHEHHS
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yBeauuuBaloTca., TakuM o00pasoM, C NOMOLIbI NPHBEAEHHOI'O
BHHle pacierTa, HOCALLErO HAMIOCTPATHERHHIR XapaKTep, MH MOXeM
1aTh KadecTBeHHOe OObACHEHHe BO3HHKHOBEHHIO «XBOCTOB® CaMo-
NPOH3BO/IbHON HaMarHuYeHHOCTH B o6.aactH Touku Kiopu.

«Pa3MHTOCTb® npeBpauleHHA, OGYC/AOB/IeHHA (PAYKTYaUHAMH
KOHLEHTPALHH, OCOOEHHO OTYETIHBO INPOABISETCH B CNJaBax
nocje HMX OTIMBKHM, a TaKKe B CIJ1aBaX, OLHAa U3 KOMIOHEHT
KOTOPHX HedepPOMarHuTHa (sBleHHe JuKBauuu). Pasauunue
npumecu B cnjaBe (Yraepol, cepa, KMCIAOPOA, BOJAOPOA H Ap.),
HEPABHOMEDHO pacmpeledscb B pellleTKe, TaKxXe NPHBOJAT
K «pa3MHTHIO» Npespaiienns. K «pasMETHIO» MOTYT NPHBOAMTH
M mpoueccH Kap6umoo6Gpasosanus B cmaaBe. Yro kacaercs
BTOPOH NMPHYHHH, KOTOpas GHJa YKa3aHa B Haua/le HaCTOSLLErO
naparpada, Moryue#t NpHBOAHTL K OGPasOBaHHIO «XBOCTOB»
CaMONpPOU3BOJIbHO HAMarHKYeHHOCTH, TO BO3MOXHO, YTO ee
B/AHAHUE COCTOMT B CJEAYIOLIEM.

HasecTHOo, 4TO CXaTHe MM paACTAXEeHHe BH3LIBAIOT H3MEHe-
HHA TeMnepatypn Kiopu, npudeM 3HaK H BeJMYHHAa STOrO
H3MEHeHHs B3aBHCAT OT BEeJAHYMHH H XapaKTePa NPHIOKEHHHX
cua. B noanxpucrannamyeckomM o6pasile, Tae KPHCTaAJH pace
NOJIOXeHbl XaOTHYECKH, HEOAHOPOAHHE BHYTPEHHWE HamNpsiKeHHs
MOTYT TMpPHBECTH K TOMY, YTO pa3iuyHble KPHCTaAAn OyRyT
nperepneBaTh (PeppoMarHUTHHIHA nepexol NpH Pa3juYHHX TeMIe-
paTypax, H STO BH30BET «Pa3MHTHE» IpeBpalleHud.

Crenyer 3aMeTHTb, YTO BelHYHHA M3MEHEHUA TeMIEPaTypH
Kwoopy npu ynpyrux HanpsokeHusX B GoJbIIMHCTBE dreppoMarue-
THKOB CPaBHHTE/]bHO HeBeJHKa, M STa NPHYMHA He MONeT 1aTh
60MbINOTO «Pa3MHTHA® mpeBpauleHuss (MO CPaBHEHWIO € BIAHA-
HHeM (AyKTyaluu#t KOHLEHTDPALMH).

Haxoneu, Hecko/abko c/10B O BAHAHHH ¢aykTyanu#t nannrero
MarHuTHOro mnopsika (Ma¥, 4TO TO ke, GJAHXKHErO mOpAmKa).
Baaronaps TemJoBOMY ABHXXEHHIO INPH HaJuyud OOGMEHHOro
B3auMoneficteua B ¢QeppoMarHeTnke JAaxe BHie Todku Kiopu
BO3MOXHO BO3HHKHOBEHHe B OTAe/MbHHIX MaaHX o06beMax Frpynn
OJHOHAIIPaB/JeHHHX CNHHOB (M0 BOHCOBCKOMY — XDOH® CHKHOB),
KOTOpHeE, OLHAKO, TYT )€ HCue3aioT, BO3HMKAs BHOBb B JPYTHX
o6bemax o6pa3ua. B pesyiabrate MH noaydaeM cBoeoGpasHoe
«MeplUaHHE» CaMONPOHM3BOJBHOR HAMarHHYEHHOCTH IO 00DbeMy
o6pa3ua. flcHo, 4TO 3a cyeT STO# NPHYHHBL HE MOXMET BO3HHK-
HYTb &XBOCT» CAMONPOHM3BOJILHOR HaMarHuuyeHHocTH. Jle#cTBh-
TEJbHO, H3MepeHns CmuTta [72] Ha MOHOKpHCTaljle CHHTETHYE-



§ 9] BAMSHME YAPYTHX HANPMKEHHA HA HAMATHHYEHHOCTB 91

CKOFO MarHeTHTa, TJe <&XBOCT®» 33 CYeT HeOAHOPOJHOCTH
KOHUEHTPaUWH W JAedekTOB pelleTKH [MOYTH OTCYTCTBYeT (H,
ClelloBaTebHO, HA TaKOM KPHCTa/l/e Jerde BCEro MOXHO
BHABUTb poab OJHXXHEero mnopaika), I0Kas3adAH, 4YTO 34ech
ofHapykuBaeTca upe3BHYaHHO DPe3KHH cmaa CaMonpou3BOALHOH
HaMaruuyeHHocTH. Kak BuaHO u3 puc, 44, «XBocTa» 31ech
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Puc. 44. TeMnepaTtypHas 3aBHCHMOCTb CAMOTIPOH3BOJb-
HOH HAMarHM4eHHOCTH B KpHCTalle CHHTETH4YeCKOro
MarHeTHTa B HanpaBJeHuH ocH [111] BGau3u Touku Kiopw.

noyTH HeT. DTOT pe3yAbTAaT NO3BOJAAET CIejaTh 3aK/l0ueHHe
O TOM, YTO ecaH GAYKTyauuH RaabHero MarHHTHOrO MOPALKa
H OKA3HIBAIOT BAHAHHE HA TeMIEePaTYPHHIfAl XOA CaMONPOH3BOALHOM
HaMarHuyeHHOCT™ B oGJaactH TO4kH KiopH, To 9TO BiIHAHHE
4ype3puyafiHo MaJo.

§ 9. Banauue ynpyrux HanpsikeHu##t Ha HAMArHUYCHHOCTH
B ofaacTu mapanpouecca

B HacTosulee BpeMa ROCTOBEPHO H3BECTHO, YTO YNpyrue
AedopMaunn (Kak BceCTopoHHHe [73], TAK H ONHOCTOPOHHHE [74])
OKa3LBalOT BAHAHME HAa HAMarHAYEHHOCTb (PepPPOMATHETHKOB
B oGracTH mnapanpouecca (MaM, 9YTO TO e, HA BEIHUHHY
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HAMarHUYeHHOCTH Hachiuenns). DM ddPekTsi 0COOEHHO BENHKH
p6au3n touku Kiopu [74]). Mukpockonuyeckas npHpoaa HX
COCTOMT B TOM, YTO H3MEHEHHS MEXaTOMHHX DacCTOSHHH npu
ynpyrux aedopMauuax BHI3HBAIOT H3MeHeHHEe 0GMEHHOTO B3aHMO-
REACTBHA, YTO H NPHBOLUT K H3MEHEHHAM B HAMarHHYEHHOCTH
B o61acTH napanpouecca (M3MeHSeTC! HAMArHHYEHHOCTh HaCHl-
wenns). OnucanHe BIMAHMA YNpPyrux nedopMauuit Ha HaMarHu-
YeHHOCTb BGaM3H TOukH KiopH MoxeT OHTb NaHO MPH NOMOLIM
TepMOAMHaMHYeKO# TEODHH (a30BHX NepexonoB 2-ro pona.

B6auan Ttemnepatypu ¢asoBoro nepexoasa 2-ro poaa, kKak
nokasaa [uHsGypr [75], TepMoaMHAMHYECKH# MOTEHLUMAN MONET
GHTb pa3foXeH B pPAl NO CTeMeHAM napaMeTpa ynopano-
YeHH M COCTABJAIOIIMM  TeH3opa ympyrux aedopmauuft
WM ynpyrux Hanpsikeun#t, TepMoauHaMuuecku#t mNoOTEHUHAR
B T4KOM BHIE OblJ HCIOIb30BaH AJS OMUCAHHA Nbe303JEKTPH-
YeCKHX H SJEKTPOCTPUKUHOHHBIX ABJAEHWH B CerHeTOSNEKTPH-
kax [76].

[ToTeHUHaNn aHAROrHYHOTO BHAA MOXHO Hamucatb Ans ¢eppo-
MATHETHKOB, OJHAaKO NPHU 3TOM HeOOGXOLHMO YyueCTb cielyloliee.
B TepMoanHamMHYeCKOM NOTeHunase ¢eppoMarHeTika OTCYT-
CTBYIOT 4JeHbl, JHHeHHHE OTHOCHTEJbHO MACHHTHOI'O MOJA HIH
HaMarHH4eHHOCTH, H, CJie10BaTeNbHO, HEBO3MOXHEI Mbe30MATHUT-
Hble SBJAEHUA (BO3HMKHOBEHMe HaMarHMYeHHOCTH npu ynpyrof
nepopmaunn B orcyrcteue noas)!). Kpome roro, B orTianyHe
OT CEeTHeTO3/eKTPHKOB, B KOTOPHX INpPH Nepexole yepe3d TOYKY
Kiopu cuiabHo MeHsetca kKoHurypauus pewerku [78], B deppo-
MarHeTHKax KOH}Hrypauuss pelleTKH MeHSieTcS BeCbMa HE3HayH-
TeNbHO: BO/MHM3H TOYKH KiOpH NPOHCXOAHT B OCHOBHOM H3MeHe-
HHe o6beMa pewleTk (BJAUSHAE MarHHTHO-aHH3OTPONHHIX YAEHOB
Mano). CrenosartenbHo, B cayyae ¢eppoMarHeTHKOB MOXHO Orpa-
HUYUTBCA, B NEePBOM IPHOGIMNKEHUH, «H30TPONHBIMH? UYJIeHAMH
B pas3jOXEHHH TEPMONHHAMMYECKOrO MOTEHIHana, T. €, BEeCTH
pasnoxeHne no obvemHo# nedopMauUUMH HAM, YTO TO Ke, MO
ynpyromMy Hanps:eHuio P (BCECTODOHHEMY HJIH OJHOCTOPOHHEMY),
Bbi3bIBAOULEMY OObeMHYylo medopmauuio [20]:

® = Oyt a2 +bJt - cP+gPr+4e2P—JH,  (T1)

1) W. E. d3anomMHCKMit HeXaBHO Noxa3ax [77), 4TO B HEKOTOPHX
HEeCKOMNEHCHPOBaHHLIX aHTH(dEeppOMarHeTHKaX MOXeT HMeTb MecTO
TIb¢30OMarHuTHbI sppext (cm. moapobuee B ra. 1V),
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3nech eJ2P — «o6MmeHHO-ynpyras» dHeprus, u6o Hanpsenua P
BBIBBIBAIOT H3MEHEHHE OOMEHHOrO B3aHMONEHCTBHA B pElleTKe,
€ — MarHWTOCTPHKLMOHHas MOCToAHHad 1), gP? — sueprusa ynpy-
roft hejopmauuu, g M ¢ — ynpyrue KOHCTaHTHI.

Ha ycnosus MHHUMYMZ 3Hepruu = 0 moayyaem:
@+1P) (s =00 +B (e +)* =H, (72)
2a 4b 2e
rie a==—, B==-—5 u y==—. Bro cOOTHOWEHUE npEACTA-
Jo 00 Co

BAseT coOOH ypaBHeHHe KpDHBOH MCTHHHOTO HAMarHUYMBAHHA
(napanpouecca) a6ausn Temneparypu Kiopu ¢ yuerom ynpyrax
HanpseHuft,

3anuweM (72) B BHAE

@+ 1P +pr="1,

rie ¢ =gy +o0;. Ecam npeacrasuth skcnepuMeHTanbHbIE AAHHBIE
B BHle MPAMBIX — B 3aBHCHMOCTH OT 6%, TO JIErKO BHAETh, YTO

JeficTBUE ynpyrux HanpskeHuft P BHpaxaercd B CMEUIEHHH yKa-
8aHHBIX MPAMBLIX MaPaieNbHO caMUM ce6e BIIPaBO MM BEBO B 3aBH-
CHMOCTH OT BHJA YNPYroro HanpsokeHus (CXaTHe MW pacTameHue)
H 3HaKa MarHUTOCTPMKUHOHHOH nocroanHofl. Ha puc. 45 npuse-
JdeHbl Takue KpHBble Aad cmiasa 329% Ni, 68% Fe. Buano,
YTO ONBITHHE AaHHbiE HAXOAATCA B COTJAaCHHM C BHIBOJAAMH TEOPHH.

Herpyano 3ameruTb, YTO u3MEHeHHSl, BHOCHMBblE YNDYTUMH
HanpskeHussMu P B xpussie H/a(s%), cBoadrca K ToMy, uro P
H3MeHfeT BeJWYHHY CaMOMPOH3BONbHOK HAMaTHHYCHHOCTH d,,
K60 OTpPe3KH MexXAy NpAMBIME Ha pUc. 45 ecTb He YTO HHOE, KaK
M3MeHeHUs BeJMYMHBI 0, Ipu nefictBun P, Oto ke caenyer u
u3 ypasHeHusa (72). B camom pene, ecin mpH OTCYTCTBHH yHpy-
FHX HampskeHW# BeNUYMHA CAMOMPOM3BOILHOA HAaMarHWYEHHOCTH

pasHa 0 = — =, TO MpM NEACTBHM YNPyrHxX Hampskenu# OHa
pasHa (npy H=0 n 0, =0)
___ a-}yP
(O:)P #0 - B (73)

1) Nmeerct B BuAY OOBbeMHad MAarHHTOCTPHKUMA Napampolecca.



94 ®EPPOMATHETHKH B OKPECTHOCTH TOYKH KiopH [ra. M

TaxkuM 06pa3oM, mpu AeHCTBHH YNPYTHX HanpsxeHu#t BO3HH-
KaeT H3aMeHeHHe CAMONPOH3BOAbHON HAMarHHYEHHOCTH (Aag-adpekT
[63]):

P
895 =(%)p 40— Colpy=""5 [(Ca)p £ : + @a)pao] 7

T. e. Agg-adpdexr aunedno szasucur or P, Tak kak coraacHo
npeannyuemy o, ~ VY 6 —T, To ua (74) caeayer, uro npu npu-
6amxeHHn K Touke Kiopu BennunHa Ao 10MKHAa BOCTHraTh Mak-
CHMaJbHOTO 3HaYeHHs. BennuuHw Ao, NpH pa3JHYHHIX TeMme-
paTypax MOXHO ONpefeauTb H3 puc., 45 NMo oTpe3akaM Ha OcH

#F 7 1555
o 152
60 I
S0+ 142*
4
s
J’g L
20}
0wt
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0 500 1000 1500 a°

Puc. 45. 3aBHcaMOCTD g OT o? NpH Pa3AUTHHIX TEMIIe-
patypax aas cnaaBa 32% Ni, 68% Fe BOau3u touku
Kiopn,

X —IpPH yUpPyroM pacraenun; Q — 63 pacTaKeBHs.

aGcuucc, KOTOpHE OTCEKAIOTCH NPAMBIMH, H3MEPEHHBHIMH NPH
P=0 u P=0. Ha puc, 46a nana xpuBas, HallieHHas yKa-
3aHHHIM cmoco6oM. B coraacuu co ckasaHHbIM Aoy B o6GaactH
ToukH Kiopun nocruraer MakcuMyma.

Ha (74) cnenyer, uro As,-3ddekT HoMKeH AHHeRHO 3aBH-
CeTb OT YNPYroro HanpskeHus. OTOT BHIBOX TEOPHH TaKXKe
coraacyercs ¢ ONMHTOM, B HHBAapHHIX CNJ/IaBax BJMSHHE YNPYFUX
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HanpseHu# Ha CaMOMPOH3BOJIBHYIO HAMarHUYEHHOCTb HACTOABKO
BEJMKO, YTO OHO Ge3 TPyAa MoxeT ObiThb onpeneneno Ha Ganau-
cruyeckoft ycramoske., Ha puc. 466 mnokasamm Aas cnaasa
339% NI, 67% Fe kpusne o4(7T), ompeldeieHnne MO METOAY
TepMOAHHAMHMYECKHX KO3(dunuentos, BuanHo, 4TO pacTaeHue
yBean4HBAET BEANUYHHY o, M casuraeT Touky Kiopn [80].
H3amenenne caMonpoH3Bo/IbHOR HaMarHHYeHHOCTH (eppoMmar-
HETHKa NPH YNPYroM HanpsXeHHH MOxeT ObITb OOGHAPYKEHO Ha
NpaKTHKe TaKXe ONBITHBIM NyTeM 4epe3 H3MEHEHHE NOJHOM

ecen’
40,5
4 .
2 /a\\
l 1 1 1 )
o 140 150 150 7o rc

Puc. 46a. 3abucumoctb !Agg-spdexTa OT Temnepa-
Typu B crinase 32% Ni, 68% Fe.

HAMATHHYEHHOCTH G, PaBHOR Oyt 0;. DTO ABJIEHHEe HOCHT Ha3Ba-
HHe MarHuToynpyroro s¢dexra B obiactH napanpouecca [63].

Marunroynpyruft a¢dexr B o6aacTd napanpouecca npH KOM-
HaTHHX TeMIlepaTypax, BH3BaHHHH [aB/jenHeM, H3yuniad D6epT
u Kyccmann {73]. Dbdexr ananornuHoro nponcxoxieHus, Bbi-
3BaHHHIf OZHOCTODOHHHMH DPACTAXEHHSIMH, HCCIelOBaH aBTO-
poM [74]. Buao ycranosaeHo, uto STOT 3(deKT CyLIeCTBEHHO
3aBdCHT oT Beauuun T, P u H.

IMoxaxeM, YTO 8aBHCHMOCTb Marhuroynpyroro s¢dekra ot
MATHHTHOTO MNOJS, PAaCTSKEHHA W TEeMNEepaTypn MoxeT OHITh
onpejeneHa U3 ypasHeHus (72). IlycTtb HMelOTCA JABe KpHBbIE
HCTHHHOI'O HAMATHUYHBAHHA, CHATHIE NMPH OLHOH H TOH e TeM-
nepatype BOau3u touku Kiopu. [TycTs, Janee, 04HA U3 KPHBHX
H3MepeHa, Koriaa Ha ofpasel He nefcTBOBalO Ynpyroe pacrs-
XeHHe, T. €. OHa OMHCHBAETCA YPaBHEHHEM

aal—{—pc‘l’-_—.:H,

a BTOpas KpHBAs M3MepeHa npu NeHCTBHM YNPYroro pacTske-
HHAfA, T. €, OHA ONMCHIBAETCH YPaBHEHHEM

@+ 1P) 5, +Poi=H.
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[TpupaBHKBaA seBble YacTH STHX YpaBHeHu#, MOMydHM:
193P (75)

a-}—ﬂ(ag-l— 0,9, + ag) ’

rae Asg— Marnuroynpyru#t 3¢deKkT npu AeHCTBUH pPacTAMEHHA,

H3MepenHbit B none H, U3 coorHowenus (75), mpexae Bcero,

Ad=02—01=—
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Pnc. 466. TemnepaTypHuIii XOX 65 B cniaBe
33% Ni, 67% Fe.

]—0e3 pacTAKeHHd, 2—TpH ORHOCTOPOHHEM PACTIIKEHHH
' 21,8 kIma

caenyer, 4T0 MarHutoynpyru#t sddekt B o6aacTH mapampouecca
AUHEHHO 3aBHCHT OT BeaxyuHu P, Ha puc. 47 npuseneHH naH-
Hble H3MepeHHWH 3aBUCHMOCTH Ad OT OAHOCTODOHHEro pacTd-
weuus P B o6aact Temmeparyps Kiopu aas  cnaasa



§ 9] BIMAHME YNPYIUX HANPSNEHUA HA HAMATHHYEHHOCTE 97

369% NI, 64% Fe. Buano, uTo faHHHE ONBHTa HAXOAATCA B COOT-
BETCTBHY C cooTHoweHHeM (75). M3 HakaoHa npaMuix Ha puc. 47
MO}er OHTb onpeleneHa MAarHHTOCTPUKLHOHHAA NOCTOAHHAA T
B ofaacté ToukH KiopH. 3amerHM, 49TO oOmpelefeHHe T H3
HENOCPEACTBEHHHIX H3MepPeHUH MATHHTOCTPHKUMH BOAM3H TOUKH
Kiopn npencrasaser 6oJblle SKCHEPUMEHTANbHHIE TPYAHOCTH.

2cLm?
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Puc, 47. 3aBucHMOCTB MarHMTOympyroro sddexra
OT ynpyroro HanpsixeHus (H = 1000 3) B obaactu
tTouxu Kiopn B cnaase 36% NI, 64% Fe.

1—262° C; 2—280° C; §—200° C.

C noMouwibio cooTHomeHuss (75) MOXKHO OGDBACHHTD TaKKe
XapakTep MaMeHeHHs Ao C TeMnepaTypo#, ec/lM NPHHATH BO BHH-
Manue, uto a=0g(T —0) u o2~ (T —6). Ipu npuGaukennu
Kk 0 aHameHaTenb yMeHbluaercs GHICTpee, YeM YHCAUTENb, YTO
npuBoAMT Kk YyBeauvenuio Ag. Ha puc, 48 npuBeseHu
KpuBbie Ao (7T), H3MepeHHble B PA3qHYHHIX NOJAAX Ajd CIIaBa
339% Ni, 67% Fe. Mpu npuGamxenun ¥ Touke Kiopu sddekr
BO3pacraeT, AOCTUras MakcumyMa B camolt Touke Kiopu. Ilocre
nepexoja mociaeHel OH Pe3KO YMeHbINAETCH.

[TocMoTpuM Tenepb, Kak 3aBHCHT Ao OT MAarHHTHOrO MOJA,
Jlyuwe Bcero 3Ta 3aBUCHMOCTb BHIfIBAsETCA B caMofl Touke Kiopu.
INMonarag B (75) a==0, 0, L6, 6 # NPUHHMAsd BO BHHMaHHe,

7 3ax. 461. K. T1. Beaos
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4To o=—}/—H‘=. HMeeM:
gt

bt P

= (76)

()

Ha srtoro coorHowenns creayer, uro Beanuuna As yMeHb-
IIAETCA C yBelM4EeHHEM MAarHHTHOTO MOJs, YTO HaXOAHTCHA B COOT-

BetcTBuKM ¢ puc. 48. Ha puc. 49 nauna saBucumocThb A or H™,
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Puc. 48. 3aBMCHMMOCTD MarHWTOyNmpyroro

shpexta P B cnaase 33% Ni, 67% Fe or

TEeMNmepaTypsl TNpH Pa3iHYHOH HanpsxeH-
HOCTH noJs.

1—H=3003;2— H=5009;3— H=8005; 4 H=10002;
§ — H=<1500 »o.

BuaHO, uTO pesyabTaTH H3MepeHH# HAXORATCA B Ka4YeCTBEH-
HOM coraacu¥ ¢ coortHowenueM (76). Ha puc, 50 npusenena
3aBMCUMOCTL H3MEHeHNa MAarHUTHOrO NOTOKA € J1aBJeHHEM B ClijiaBe
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30% Ni, 70% Fe B ¢ynkuun H™, paccynTanHas M3 JAaHHBIX
uamMepennt Dbepta ¥ Kyccmana [73]. DTOT cnua uMeeT TOUKY

Ooblg

5 | L ! 1 1 L
.14 g0 100 110 150 140 1504 P08

Puc. 49. 3asucumocTth A‘— or H™' paa cnnasa 33% Ni,
67% Fe B6ausu ToukH Kiopu.
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Puc. 50. 3aBuCHMOCTb H3MEHEHHWS MArHATHOrO MOTOKa
B cnnaBe 30% Ni, 70% Fe, Bo3BaHHOrO rugpocTaTHYeCKNM

cxartneM, ot H =7,

Kiopn, 6auskyi0 X KOMHaTHO# Temmeparype, NO3TOMY K HeMy
TaKXXe npuMeHuMo coorHouwenue (76). Kak Buano u3 pucyHka,

7+
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9KCNEePHMEHTA/bHEE JaHHHE TaKXKe Ka4eCTBEHHO ONHCHBAIOTCA
dopmynott (76).

CnenyeT OTMeTHTb, YTO Bbile TOYKH Kiopu, rie a NMpHHH-

2 2

M3eT AOCTATO4YHO 6OJbIUOE 3HAYEHHE, YJEHOM p(°1+°1°a+ az)
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Puc. 51. KpuBbiez xOMMyTHpPOBaHHA B mOAsx
BHIIE TEXHHYECKOr0 HaCHILEHHA IS ClJaBa
32% Ni, 68% Fe npu pa3nnudnx temnepa-
Typax.
1—npn pactakennu 11,6 sxI'/#x*, 2—B oTCyTCTBHE pac-
TRAXEHHS,
MOXHO npeHe6pedb (TaK KaK o, H 0y CTAHOBATCH OYEHb MAJBIMH).
Toraa us (75) noayuaem:
—__ 1P
B)pso=—"5"-

B o6nactn temneparyp T >0 a=%H, OTKyAa NOJyvaeM

P
A9y y=—1;H,

T. e. BHie TO4YkH Kiopn As ROMKHO yBe/HYHBATBCA C MoJEM,
B NPOTHBOMOJOXHQCTb TOMY, 4TO paGnaiodaercs B OCNACTH TeM-
nepatyp T < 0. DToT BHIBOA Takye MOATBEPKAAETCA OMHTOM.
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Us puc. 48 BuaHo, yro B obGaacty T >0 (1. e. B o6nactu
pesKOro cmana KPHBBIX IOC/IE NPOXOXIEHHS MaKCHMyMa) KpPM-
Bble HMMeOT TOYKY INepecevYeHHs; mocjae STOR TOUKH MArHATO-
ynpyruft sddexT pacTeT npu yBeauyeHHH MNOJA.

OrMeTuM, 4TO MarHuToynpyruft spdexTt nmapanpouecca npu-
BOIMT K H3MEHEHHI0 Be/jMYMHB HAMATHUYEHHOCTH HACHILLEHHS
B ¢eppoMarHerukax (puc. 51), T. e., MHHMH C/JIOBAMH, NO.
JeHcTBHEM YNPYrUX HanpsKeHWR BOCIPUHMUYMBOCTH Mapampouecca
NPAKTHYECKM HE MeHAeT cBoe# BeduduHH. DTO HenaBHO OHIIO
noatsepxaeHo onnitaMu Ilapdenosa u Bopowmunosa [81].

§ 10. MaranTocTpuxuus

MaruutocTpukuua MoxeT OHTb CBS3aHa C OOMEHHBHIMH M
MarHMUTHBIMM B3auMojelcTBuAMH B Tene, MaruuTHoe B3aumoneft-
cree BOausn ToukH Kiopu oueHb Ma/lo, MOITOMY 3iecCh JNOMKHA
B OCHOBHOM HIpaTh POJb MAarHUTOCTPUKLHA 33 cYeT OOMEHHHX
cua, Tlockonbky oGMeHHass 3Heprus 3aBMCHT AulUb OT abco/ioT-
HOfl BeJHUMHH HAMarHMYeHHOCTH, TO H3MeHeHHe OOMeHHOft 3Hep-
THH MOXeT OHITb CBA3aHO JHUIb C BO3PaCTaHWEM HCTHHHOH Ha-
MarHM4YeHHOCTH B TOJ/ie ¥ MAarHHTOCTPUKUUA OyneT HOCHTb 06BEM-
Hut Xxapakrep (MarHHTOCTPHKUMS Napampoliecca).

TepmonunaMuyeckas Teopus ¢asoBblx NepexonoB 2-ro poana
JaeT BO3MOXHOCTb YCTaHOBHTb OOLlME COOTHOILEHUS ANA 3aBUCH-
MOCTH MAarHMUTOCTPHKUMH mapanpouecca B6Gan3H ToukH Kiopu ot
HaMarHW4YeHHOCTH MArHUTHOrO MNOJA M YNPYrdxX HanpskeHuH.
IOuodepenuupys (71) no P (ecain P noaoXHTENBHO, TO OHO
COOTBETCTBYET BCECTOPOHHEMY PACTHKEHHIO), NOAYUYHUM 06 BEMHYIO
MarHHUTOCTPHKIHKIO

0=3p=C+2gP +% Ga o, an

rae C—anauTHBHas NOCTOAHHAf, KOTOpag NPH JRajabHeHuiem
paccMoTpeHun MoxeT GbITb omyuleHa. Jlaa nuHe#HoORt MarHuTO-
CTPUKUMK napanpouecca (A=1/30) npy P =0 moay4aem:

)
A="T(ta)r=Ta (78)
Tie ¢ =g, | o; — H3MepsAeMas Ha OnnTe HaMarHWYeHHOCTb.

AHaJOTHUHYI0 3aBMCHMOCTb MOXHO BHIBECTH K3 TeOpHH
Beficca — leftaenGepra, ecnu  paccMaTpHBaTb — 3aBUCHMOCTh
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nocrosunoit MojexyasapHoro moaa N or o6wvema [8]. Cueayer,
ONHAKO, YKa3aTb Ha «HCKYCCTBEHHOCTb» TaKOr0 BHBONA. 3aBH-
cuMoctb N oT o6beMa (M TeMNepPaTypH) He BHTEKaeT H3 cCaMol
TeopHn Beficca — IefisenGepra, M paccMOTpeHHe 3TOH 3aBHCH-
MOCTH SBJIAETCA MUCKYCCTBEHHHIM INpHeMOM, B TO BpeMs Kak (78)
NojiyYeHa Ha OCHOBe CTPOTO TePMONHHAMUYECKOH TEOpUH.

3asucuMoctb A oT 1 u P Moxer GuTb HallaeHa H3 COOT-
Howenua (77) u (51).

Henocpeacrsednp B6auan Toukn Kiopu nmeem:

2 "
Mgy ="7 8P+ H™ (79)
Daa cayyas P=0 noayuaem:
Wpog= g H™ (79)

Coornowenus (78) 1 (79”) xopowo onpaBaHBAOTCA HA ONKITE
(puc. 52 u 53). Kax caenyer ua dopmyan (79), npu HaaHyuu

At
s 241,23
41
J4 245 2 252
Jo 251 225

26
22
8
14
0
6

TrvrrJ7 rrrrrrrrror

o
p°] ooof o0 00¢
000 ©,
1 L

1 1 1 2 2
200 600 100 100 180 2200 2600 07

Puc. 52. 3aBHCHMOCTb MAarHMTOCTPUKLUHH, COMYT-

CTByOU[e# MCTHHHOMY HaMarHWYMBAHHWIO, OT ¢? Iid

cnaaBa 31% Ni, 5% Co, 64% Fe npu pa3anyHmx
TeMIeparypax.

¢ ]
yOpyrux HanpsienuH npamas Ay (H ) nomkHa cMewarscaA na-
pannenbHo camoft ceGe Ha oTpe3oK, paBHui#t 2/,gP. dxcnepu-
MEHTa/JbHO 3TO sBJeHWe ellle HE HA0MI0NaN0Ch,
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