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MHBEHCHOE MATHETOCOHHOTHUBJIEHHUE B
OEHHOMATHUTHbBIX T'THAHYJINHOBAHHbBIX CHIIABAX

A. B. Tpanosckuii, B. A. Kosases, XK.-b . Kiepk*)

(ragpedpa macnemusma)

IIpensioxena Mopnenh, ONMCHIBAIONIASI MArHETOCONPOTHBIIEHHE TPAHYJIHPOBAHHBIX CILUIABOB C YYeTOM
BIMSIHUSL d-2JIEKTPOHOB HA mepeHoc Toka. B paMkax 7Toil Mojaeu oGBSICHSETCS CYNIeCTBOBAHHE MO-
JIOKUTEILHOr0 MArHETOCONPOTHBIICHHS VISl psfa rpaHyMposanubiX cmiasos (Co—Cu, Co—-Ag u np.) u

MyabTHCI0€eB (Fe/Cr, Co/Cu, Fe/Cu u np.).

BenuuvHa  TUTAaHTCKOTO  MarHETOCONPOTHUBICHUS
('MC) B ™aruutHeix MynabTuciosx (Fe/Cr, Co/Cu,
Fe/Cu u ap.) u rpanyaupoBanHbeix cmiaBax (Co—Cu,
Co-Ag u Jap.), Kak NpaBUIO, OTPHUIATCIALHA, T.¢. MPH
HaMarHHYMBAHHH HX CONpPOTHBIECHHE p yMEHBIIAeTCd
[1, 2]. MoxHO cuuTaTh AoKa3aHHBEIM, 4yTo 'MC B 3THX
cucreMax uMmeer o6y mpupoay. I'MC ceszano co
CITHH-32BUCAIIHAM PACCESTHAEM 3JIEKTPOHOB IPOBOUMOC-
TH Ha TIPUMECSX B 00BeMe peppOMarHATHEIX CIOEB WIH
Ha TpaHHIAX pasziena cloeB (TO K¢ CIPaBCAJIHBO H
JUIs1 TpaHyJIAPOBAHHEIX ciiaBoB) [1, 2]. B wactHocTH,
npoctas MoAcas Lllenra—Jleu [3], Oasupyromasica Ha
ATHUX MPEACTABICHUSX, O3BOJISCT JATh OOBSICHCHUE OC-
HOBHBEIM 3akoHOoMepHOCTSM ['MC B rpaHyIHpOBaHHBIX
CIUIaBax.

Ans psina myastucioes (Fy /M / F») 66110 obHapysxe-
HO UHBepcHOe (monoxurenbsHoe) TMC, T.¢. yBenmuueHue
COIIPOTHUBIIEHNS NpU HaMarHnuuBaHuu [4, 5]. MHBepc-
Hoec 'MC B MyJTBTHCIOSNX BO3MOXKHO OPU TOKE, TCKYITICM
KaK NEPHEHIUKYISIPHO CIO0SM, TaK W B TUIOCKOCTH CIIOEB.
IMonoxurensueiil 3Hak 'MC cBs3aH ¢ pa3nUYHBEIM Xa-
pPaKTEpOM paccesTHUS 3JICKTPOHOB ITPOBOUMOCTH B hep-
pPOMArHuTHEIX cnosx F; u Fy. B pamkax moaenu [len-
ra—Jleem I'MC orpullaTelbHO IPH BCEX MapaMeTpax
Moaenu. OAHAKO B IICTIOM PSJIC CIUIABOB, COMCPKAIUX
KJIaCTEPHl WIH TPaHyjbl, 6yAs TO aMOpdHEIC CIIABHI [6]
WA Metauimdeckue KoMmo3uThl Co, (CuO)qigo—. [71,
HaOII0ATIOCH MOJI0XKUTECIBHOEC MATHETOCONIPOTUBIICHHUC,
B paborte [8] BBICKa3bIBaeTCS MPEANOIOKSHUE, YTO UH-
BEPCHS 3HAKA MATHETOCONPOTUBIICHUS SIBIISIETCS CIEJICT-
BHUEM BKJIa/a, 00YCIOBICHHOTO CIIUH-3aBUCAIIUM PACCEs-
HueM. Llens Hacrosiel paboThl — BBISICHCHUC YCIOBHH,
NpUd KOTOPBIX CIHH-3ABHCAINCE PACCCSHUE B MArHUT-
HO-HEOJTHOPO/HBIX CIUIABAX NPUBOIUT K IOJIOXHUTEIb-
HOMY MarHeTOCONPOTHBJICHHUIO.

b ocranoBka 3ajaun

Ilyaem, xak u B pabore [3], cuuTaTh, YTO TpaHY-
JINPOBAHHBIN CIUIAB €CTh CaMOYCPEAHSIOIIASICS Cpeaa,
B KOTOPOU COIPOTUBJICHUE OIPEENIeTCA YyCPEeAHEHUEM
BEPOSITHOCTH PACCESIHHUS HA BCEX HEOAHOPOAHOCTAX: B
0o0BeMe TpaHyl, B MATPUIC U HA TpaHHUIAX TpaHyd H
MaTpHIlbl. [IIEKTPOHBI MPOBOAUMMOCTH IPH 3TOM pacce-
HBAIOTCA MO-pPA3HOMY B 3aBUCHMOCTH OT HalpaBJICHHUS
cruHa. [lporeccamMu COMH-CMENTUBAHUS MpeHEOpEracM,
YTO 3aBEIOMO ONPABIAHHO IPH HU3KUX TEMIIEpaTypax.

*) Vuusepcutet [Iposanca, Mapcens, @panius.

Crenys ¢opmyae Morra, SKBHBaJICHTHOH (opMyie
Hpyne (cMm., Hanp., [9]), OPOBOAUMOCTE ¢ MOXKHO 3aIlu-
caTh B CIISYIONIEM BHJIE:
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o= AM, (1)
Aler)
rae g(ep) — IUIOTHOCTB COCTOSIHHH SIECKTPOHOB IIPO-
BOJUMOCTH CO CIHMHAMH pa3sHOro HampasiacHus (&),
A(ep) — MHHMas 4acTb COOCTBEHHOH JHeprud (yHK-
mun I'puna, A — mapamerp, 3aBUCAIUANA OT (POPMBI

KPUBOH TUIOTHOCTH COCTOSIHHS, POTIOPITHOHATBHEIH Be-
mmunne 1/m?*, rae m — sddexTuBnas mMacca d1MeKTpPO-
HOB MPOBOIUMOCTH. B ciyuae 3d-MeTanioB HOCUTEISIMA
TOKa SIBIIIOTCS KaK §-, TaK U d-TIOMOOHBIE MEKTPOHE.
s s-onekTpoHoB gf(er) = g7 (er) = gs(eF), a a4
d-momoGHEIX 2MeKTPoHOB g (er) # g7 (eF) (37ech 3Ha-
KH «IUTIOC» U «MHUHYC» COOTBETCTBYIOT Pa3HBIM HAIpaB-
JeHUSM ciiuHa). TTpH 3TOM BO3MOKHBI TIEPEXOIBI §-371eK-
TPOHOB B d-30HY. B 0011ieM ciyuae 11 HAMATHUUYECHHOTO
COCTOSTHHS TIOJTyIHM
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U;t = As zé;:a A;t = A330 + ASSl + Aj:do + Aj:dl’ (3)
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T4 :AdE’ A =A% T Ag, )
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e UHACKCHL «0» 1 «1» COOTBCTCTBYIOT HC 3aBUCAIIEMY U
3aBUCAINICMY OT CIIUMHA PACCCIHUILO. Beeaem OIIPCACIICHUS:

AssO = g5, A331 = 4gs1, (5)

Ago = A;tdo = g(:it"o’ Ay = A:stdl = g(:it"l- (6)
OtHoleHNE 511 /3¢y SBISCTCS BETMUHHON nopsiaka [/V,
riac I u V — noreHIUanbl 0OMECHHOIO U KYJIOHOBCKOTO
B3aUMO/ICHCTBUS COOTBETCTBEHHO, & BBIPAXKEHMS /IS Ma-
PaMETPOB 3ty U 3 TMOTHOCTHIO aHATOTHYHEI padoTte [3].

B pasmarHuueHHOM COCTOSHMH, KOIJla MAaTHHUT-
HBIC MOMCHTEI BCEX T[paHyd pPa30pHCHTHPOBAHBEI H
CIIUH-3aBUCAIICEC PACCCIHUAC HECYIICCTBCHHO, & Clic-
JloBaTelbHO, 3ty = 0, I MAarHeTOCONPOTUBICHHUS
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Ap/p = [p(H.) — p(H.))/p(H.), tre H, — xospun-
THBHas CHJIA, Hs — II0JIC HACBIIICHUS, U3 BBIpa)I(GHI/IfI
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Bripaxenue (7) siBnsgercs 0000IMEHHBIM PE3yIbTATOM,
MOJIy4ieHHBIM Ha ocHoBe Teopuu lllenra—Jlesu [3], B
KOTOPOU YUUTBHIBACTCS TOJNBKO MEPEHOC §-COCTOSHUMN: B
mojienn Llenra—JleBn gfit =0una=a,=0. Torna
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U MarucToCOIMPOTHUBJIICHUC OTPHULATCILHO ITPpH BCEX IIa-
paMCTpax cIiuiaBa. B ApyromMm MnpeacibHOM ClIydac, KOor-
Oa MICPEHOC OCYMICCTBIIACTCA TOJBKO d—COCTOSIHI/ISIMI/I,
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Kax mnpaeuno, B cmmaBax 3d-NepexoHBIX METaIOB
g; > g5 W, CleoBaTelbHO, ag > 0, YTO MOXET NpH-
BECTH K WHBEPCUM 3HAKA MATrHETOCOMPOTHUBIICHUS.

B s—d-moaenu MotTa CcUMTaeTCs, UYTO §-3JIEKTPO-
HBEl MOTYT PacCEUBATHLCS B d-30HY, HO d-COCTOSIHUS HE

y4acTBYIOT B MepeHoce. Toraa B BeIpakeHUH (8) HaAo
MONOKUTE Ay, =0 U
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NPUYEM TTOCKOJIBKY g; > g;’ TO agq < 0.
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Puc. 2. 3aBucuMocTp mapameTrpa «¢ U3 BEIpakeHHS (8) OT OTHOIIEHHS gg / ¢s TIPM PA3JIMYHBIX 3HAYEHHUAX IapaMeTrpa

a= gjl'/gg u nmapamerpa Ag, = Aq/A,
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BesyabTaThl pacyera H HX 00CYyK/IeHHE

Ik3yapTarel pacyera MAarHeTOCOMPOTUBRICHUS TPaHy-
JIUPOBAHHOTO CIIaBa 1Mo Qopmyne (7) Ipu pa3TUIHBIX
3HAYCHUSIX MapaMerpa « (puc. 1) MOKa3wIBAIOT, UTO UH-
BCPCHOEC MATHETOCOMPOTHUBICHUE MOXET HAOTIOAATBCS
TOJIBKO MPHU MOJIOKUTCABHBIX 3HAUCHUSIX MapaMeTpa .
ITu B mMonenu Ilenra—Jlepu, Hu B Mojenun Morta (10)
3HAYCHUEC (¢ HC MOXET OBITh MONOXKHATCIABLHBEIM. To ecTh
JUIS1 UHBEPCHOTO MATHETOCOIPOTHUBIICHUS 00S3aTEIBHO
yYacTHE B IepeHoce d-cocTosiuuid. Kak ciaemyer u3 aaH-
HBEIX pHC. 2, TIOJIOKUTEILHOES 3HAUCHUE « JTIOCTUTACTCS
NpUd MapaMeTpax, COOTBETCTBYIONIUX pCalbHBEIM CIUTA-
BaM OEPEXOAHBIX META/IOB, IPUYEM OUCBH/IHO, YTO UCM
MCHBIIIC POJIb d-COCTOSIHHI B IIEPEHOCE, TEM MCHBIIIC ITO-
JIOXKUTENBHOE 3HAUCHUE ¢ U MEHBITIE (pHUC. 1) HHBEpCcHOE
MarHeTOCONPOTUBRIICHHUE, YuacTtue d-CoCTOosIHUM B dop-
mupoBaHud I'MC Moxer OBITH YACTHYHO IOAABJCHO
B IPAaHyIUPOBAHHBIX CIUIABAX 34 CUCT HOTCHIIMATILHBIX
0apbepoB, BOBHUKAIONIUX HA TPAHUIAX pas3fcia TpaHyl
u Mmarpuiibl. [losToMy OonbliiMe 3HAUYCHUS « B TIpa-
HYJHPOBAHHEIX CIUIABAX MAJTOBEPOSITHBL. XapaKTePHBIHA
BUJl HHBCPCHOT'O MArHETOCONMPOTHRICHUS WLTIOCTPUPY-
eTCsl KpUBBIMU 3 H 4 Ha puc. 1.

M3 >TUX KPUBBEIX BHHO, YTO BECIMYMHA UHBECPCHOTO
MAarHCTOCOIPOTUBICHUSL HE MpPEBHIIIACT 5%, 4TO COOT-
BeTCTByeT a3kcnepumMeHry [8]. Ionee Toro, mpeacrapiieH-
HEIC Ha pUC. | TaHHBIC MOXKHO HHTECPIPETUPOBATDL U KaK
MOJCBBIC 3aBUCUMOCTH MArHETOCOMIPOTUBJICHUS, TAK KaK
CIIUH-3aBUCSIIECE PACCESIHUC (521 ) BO3PACTALT ¢ YBEIUUC-
HHEM oS [1oaToMy CMeHA 3HaKa MAarHETOCONIPOTHUBIIC-

IT'EODU3NKA

VAK 537.86:519.2; 537.876:551.510

HHS C MOJOXHUTCILHOIO Ha OTPUIATEIBHBIA B 06acTh
Cpe/THUX 3HAUYCHUI mapamerpa sr; (KpuUBBIC 3 U 4 Ha
puc. 1) HOTHOCTBIO COOTBETCTBYET HKCIICPUMEHTAIBLHBIM
JIAHHBIM O TMOJIEBBIX 3aBUCHMOCTSIX MAarHETOCONIPOTHBIIE-
HUA [6-8].

Takum 0bpazoM, MOXKHO CAEIATH BBIBOJ O TOM, YTO
HHBEPCHOE MAarHeTOCOIIPOTUBIIEHNE B TI'pPaHyIMpOBaH-
HBIX CIUIABax IPH HAIMYHUH CIIAH-3aBUCAIIETO PACCESTHUS
CBSA32HO C y4acTHeM d-3JeKTPOHOB B MepeHOoCe.
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BAUSIHUE JHEN®A CITYYANHO-HEOJHOHOIHBIX HHUHOHBIX
CHEJl HA CTALIUOHAHHOCTb CTATUCTUKHU
HACHHOCTHAHSIOILUXCS BOJIH

A. T. Bosiornun, B. /1. I'ycen

(ragpedpa pusuxu ammocpepor)

Hccnenosano siausiade Jpeiica cyuaiiHO-HEOTHOPOJHBIX Cpell HA CTANMOHAPHBIE CBOICTBA BOJIH HpH
HONEPevYHOM U NPOJOJILHOM pacnpocTpaHeHun. [lemiena 3agaua i 3KCnepUMEHTAILHO-3HAYUMOrO CJIy4ast
ycpeHeHHS] HA KOHEYHOM BpeMeHHOM uHTepBaJie. [Toka3aHo, 4ro mMaJible m3Menenus (1%) ckopoctu jApeiida
HPHBOAAT K 3aMeTHOMY OTKJIOHeHUIO (10%) 0T CTAIMOHAPHOCTH CTOXACTHUYECKHX XAPAKTEPHCTHK BOJIH.
TTorToMy He0GXOIMMO OCTOPOKHOE OTHOLIEHHE K THNOTE3E O NOCTOSIHCTBE CKOPOCTH BETPa, IOMHHUPYIONIEi

B pajuodusuke U reopusuke.

Beenenue

B ciayuailHO-HEOAHOPOHEIX MPUPOAHBIX Cpelax He-
OTHOPOJHOCTH, KOTOPEIC OMPEACISIOT CBOMCTBA MOKa-
3aTels MpeIoMICHHUS 3JeKTPOMArHUTHBIX BOJIH, UMEIOT
CIy4alHBIA XapakTep U MOTYT y4aCcTBOBATH B OOIICM
TpeiichoBOM MBIKEHHH (BeTep, TeUEHHE), UTO HEOOXOIH-
MO YYECTh IIPH aHAIU3¢ CTOXACTHUCCKUX CBOMCTB pacce-
SIHHBIX Ha HUX BOJIH. B HATYpHBIX SKCIICPUMEHTAIBHBIX
HCCIICAOBAHUSX, BCICACTBUC OTCYTCTBUS CTATUCTHUCCKO-
ro a"ncamoOs, oOBIYHO MCHOML3YIOT BPEMEHHOE YCpE/I-

HCHUC, BEIJIBUTAS TUNOTE3y 00 SProJUIHOCTH CUTHAJOB,
ITro ecrecTBeHHOE /7151 TAHHBIX YCIOBUH MIPEANIOI0XKEHNE
CBSI3BIBAIOT C HATMYHEM BPEMEHHOM CTaIlTHOHAPHOCTH HC-
CIIeAyeMBIX CUTHAJIOB.

IIpu WCCTeNOBAHUM BpPEMEHHOH —CTaIlMOHAPHOCTH
paccesHHBIX CUTHAJIOB B pabotax [1, 2], a Takxke 60-
Jlee AeTalbHO B HacroAleld pabore Moka3zaHo, YTO CTa-
LHOHAPHOCTH CJEAYET U3 IOJHOH CTAaTUCTUYECKOU O/I-
HOPOAHOCTH PACCEUBAIOIINUX HEOAHOPOIHOCTEU CpPEAB
npu o0s3aTeNbHON THIOTE3¢ MOCTOSHCTBA BO BPEMCHH



