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1. BBEAEHUE

ITocue OTKPBITUA SCI)CbeKTa I'UradTCKOro mar-

HUTOCOIIPOTHUBJIEHNUs] B MATHUTHBIX CBEPXPeIIeTKAX
Fe/Cr [1]

0Ooii BeTBU SJICKTPOHUKU — CITMHOBOI1 SJICKTPOHUKU.

HavaJIOCh HWHTEHCHUBHOE pPa3BUTHE OCO-

TIpesMeT MHOTOYHC/ICHHBIX HCCJe/IoBaHuil B 06J1acTH
CIIMHTPOHUKH COCTABJIAIOT CETOIHsA SBJICHUS MEPEHoca,
CIIMHOBOT'O MOMEHTA. 3JIeCh Mbl CONLJICMCS JIMIIb Ha,
monorpaduoo [2] ¢ émrnm Haspannem «CIUHOBBIH
TOK». JIBaaTh IATH IVIAB 9TOH KHHUIH JAIOT MOJIHOE
IPEJCTaBICHAE O CErOMHSIIHEM COCTOSHHUU JIeJI B U3Y-
qeHnn 3PHEKTOB, CBA3AHHBIX C IIEPEHOCOM CIIMHOBOIO
MOMEHTA, CIIMHOBBIME TOKAMHU.

ITepeHoC CIMHOBOIO MOMEHTA, B MATHUTHDBIX METAJI-
JIaX ¥ TIOJIyITPOBOJHUKAX MOYKET OCYIIECTBIATHCS CIITH-
MOJIPU30BAHHBIME 3JIEKTPOHAME. B MarHUTHBIX -
JIEKTPUKAX 32 MEPEHOC MAIHUTHOIO MOMEHTa OTBET-
CTBEHHBI CIIUHOBLIE BOJHBI — Maraonbl. COOTBETCTBY-
ollee  HATIPABJICHUE CIUHTPOHUKHA U CIHH-BOJHOBOIL
9JIEKTPOHUKH TOJIYIIIIO HA3BAHUE «MATHOHWUKA» [3].

* E-mail: yasyulevich@imp.uran.ru
3k . . .
E-mail: ustinov@imp.uran.ru
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CHnuHOBBII TOK B NPOBOJANIMX MATHETHKAX MO-
JKeT OBbITh CJIeJCTBUEM IPOTEKAHHA 3JIEKTPUIECKOTO
TOK&, €CJIM TIEPEHOC 3apsifa OCYINECTBISETCS CITUH-
MOJITPA30BAHHBIMHA 3JIEKTPOHAMA. BO3MOXKHA, OJHAKO,
U CUTyallusl, KOTJa B IPOBOJSIIEM MaTepuaJje Iepe-
HOC CHMHOBOI'O MOMEHTa 3JIeKTPOHAMHU IPOBOIUMOCTH
B HEKOTOPOM 3aJIaHHOM HAIPABJICHUN TIPOUCXOIHT B
OTCYTCTBUE 3JICKTPUYECKOTO TOKa, TEKYIIEro B 3TOM
JKe HaIpaB/ieHun. [IpuMepoM 3TOMY CJIy?KUT CIHHOBDIT
sadpdexr Xosuia [4-6]. CuuHOBbBI TOK, HE CONPOBOXK 1A~
eMbIil JEKTPUIECKUM TOKOM (IIEPEHOCOM 3JIEKTpUYe-
CKOTO 3apsijia), TOJYIHI HA3BAHUE «TIHCTO CIIMHOBOTO
TOKa».

OCHOBHBIMU MAaTEpUAJAME CIHHHTPOHUKH CETOHS
SIBJIIOTCS METAJUIBl U TOJIYIIPOBOIHUKY, IPUIEM HE
TOJIBKO peppPOMArHUTHBIE. 3a MOCTEIHNIE TOIBI OTKPDI-
TO OOJIBINTOE THUCJIO0 MWHTEPECHBIX CIHHOBLIX 3(PDHEKTOB
B aHTU(EPPOMATrHETUKAX U HAHOCTPYKTYpPaX HA UX OC-
HOBe, CM., Hapumep, o630ps! [7,8]. Bbuio mokazaHo,
9TO HOBbIE CIIUHOBBIE 3(DMDEKTHI MOTYT PEATN30BATHCS
B aHTH(EPPOMATHETUKAX ¢ HEKOJUIMHEAPHBIME MTOJ/IPe-
[IeTKaMHM, CM., Harnpumep, [9,10].

Ocobbrit Kitace aHTH(hEPPOMATrHETHKOB COCTABJISIIOT
KPUCTAJLIBL ¢ MOJLy TUPOBAHHBIME MATHUTHBIMU CTPYK-
TypamMu, MHOTHe W3 HWX yKasaubl B ob63ope [11]. Om-
Ha W3 CTPYKTYP TaKOro poja — HpPOCTasg CIUPaIb —
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OblIa OTKPBITA €Ille B CepeJiHE IPOIILJION0 BEKa; 3TOT
TUI MATHUTHOTO YIOPSIOYEHUs] PEAn3yeTcss B HEKO-
TOPBIX pejiko3eMenbHbIx MeTaniax (Eu, Dy, Ho, Th), a
TakzKe B OOJIBIIIOM YHUCJIe COEIMHEHUI C pa3InIHbIM THU-
[IOM TTPOBOAUMOCTH. Takyio CTPyKTYpy YacTo HA3bIBa-
0T T'eJINKOUJIAJIbHOM.

UccnenoBanne 31eKTPUYECKUX CBONCTB MaTepHa-
JIOB C TeJIMKONJAJIBHOM MArHUTHOI CTPYKTYpOH Hava-
JIOCh TIOYTH CPa3y MOCJIe UX OTKPBITHS U [IPOIOJIKAET-
cst 1o ceif sierpb [12-20]. CnuHOBBINH TOK B MeTaiax
C TEJINKOWIAJbHBIM MATHUTHBIM TOPSIKOM W3y JIaJICS
B [21-26]. K Hacrosiemy BpeMeHN OIyOIMKOBAH DsiJl
9KCIIEPUMEHTAJIHLHBIX JIAHHBIX 110 WHYKEKITUU 9UCTO CITH-
HOBOTO TOKa B TeJIMMArHETHK, CM., HarmpuMmep, [27-29],
OJIHAKO, HACKOJIbKO M3BECTHO aBTOPAM HACTOAIIEH pa-
OOTBI, TEOPETUIECKUIT aHAIN3 TAKOW NHIKEKIINH HE TTPO-
BOJIHJICS.

Ienpro macrosimeit paboThl SABJISETCS OCTPOEHUE
TEOPUN WHKEKITUH YUCTO CIIMTHOBOI'O TOKA B T'eJINMArHe-
TuK. B paMkax mpoctoro hbeHOMEHOJIOTUIEeCKOTO TO/I-
xo/la OyJeT MOKa3aHO, KaKUM O0pa30M CIUpaJibHAast
MarHUTHAas CTPYKTYpPa BJIMSET Ha TJIYOWHY TPOHUKHO-
BEHUS HEPABHOBECHOU 3JIEKTPOHHON HaMarHUYEHHOCTHU
B IyOb TeJIMMArHEeTUKA U KaKUM 0Opa30M TOJIsIpU3a-
[Usl CIIMHOBOI'O TOKA B MAaTepHaJjie ¢ IPOCTON CliupaJib-
HOI MArHUTHOHM CTPYKTYPOIl 3aBUCHUT OT IIOJIAPU3AIIAN
CIIMHOBOT'O TOKa HA T'DAaHUIIE.

2. OCHOBHBIE YPABHEHWU {1

CroiicTBa NPOBOIMAINIUX MarHeTUKOB OyjeMm pac-
cMarpuBaTh B pamkax s—d(f)-o6mennoit momenn [30].
OrpanngnMcs PacCMOTPEHUEM TeJIMMATHETUKA, 3aHU-
MaIOITEero IMoJIyIpocTpancTBo z > (0, B KOTOpOM B
OTCYTCTBUE BHEIIHENO MarHUTHOTO IIOJIsI Peajin3yeTrcst
MarHUTHas CTPYKTYpa THUIA <«IIPOCTas CIUpaib». By-
JIeM TI0JIaraTh, 9TO OCh MATHUTHON CIIUPAJIA COBIIAIAET
C OChIO Z, HAIIpaBJIeHNe KOTOPOil 38/1a€TCsl e IMHIIHBIM
BEKTOPOM €,. B Takoil MAarHuTHON CTPYKTypPe OTJIMIHA,
OT HyJIsI TOJILKO IOTIEPEYHAS OTHOCUTEIBHO OCH CIIU-
paju Z KOMIIOHEHTa HAMarHUYeHHOCTHU JIOKAJIN30BAH-
HBIX 3JIeKTPoHOB. lymmHy M BekTOpa HaMarHUYEeHHO-
CTH JIOKAJIM30BAHHBIX 3JIEKTPOHOB M OymeMm cumTarh
HE 3aBUCAIIEH OT KOOPJAUHATHI 2z BejumduHoi. Hampas-
sienne BekTopa M Oysem 3a/1aBaTh €IMHUIHBIM BEKTO-
pom h = M/M, KOTOpBILil MEHAETCS ¢ POCTOM 2 KAk

h = e; cos Kqz + e, sin Kqz,

e ¢ — BOJIHOBOE 4ucjo resmkonga, K = +1 — ku-
PaJILHOCTD CIIMPAJI HAMArHUIEHHOCTH, €, U €, — €J1-
HUYHBIE BEKTOPBI COOTBETCTBEHHO BJIOJL oceit X n Y.
B reaumarueruke ¢ BOJHOBBIM YHUCJIOM ¢ HAIIPABJICHHE

575

HaMArHUYEeHHOCTH MEHSIETCsl B IIPOCTPAHCTBE C IEPHO-
nom Ly =27/q.

JIJ1st TPOCTOTHI UCTIOIB3YEM MTPUOIUKEHUE CPEIHETO
mosig. B sTom mpubsmmkennn Hasmane 0OMEHHOTO B3a-
UMOJIECTBUST MEXK/IY JIOKAJIN30BAHHBIMY 3JIEKTPOHAMUI
U 3JIEKTPOHAME IIPOBOIUMOCTH OIUCHIBAETCS KaK Jieli-
CTBHE HA CIUH 3JIEKTPOHA MTPOBOIUMOCTU HEOTHOPO/I-
HOrO ObMenHOro 1oJist AM, co3/1aBaeMOro MarHUTHbI-
MU MOMEHTaMU JIOKAJIM30BaHHBIX 3JIEKTPOHOB, Tjie A —
Ge3pa3MepHbIil TapaMeTp, XapakKTepusyonmi BeJinau-
uy s—d(f)-06MeHHOrO B3aUMOJEHCTBYS.

KoopaunaThast 1 BpeMeHHasl 3aBUCUMOCTH HaMar-
HUYEHHOCTH SJIEKTPOHOB IPOBOIUMOCTH 1M MOYKET
OLITHL OmucaHa C IMOMOIIBLI0 ypaBHeHus: Bjoxa—Top-
pu [31]:

om/ot + v [m x AM]—i—V-jm—i—ém/Ts =0. (1)

B1ech dm m OTKJIOHCHHUE 3JICK-

= mg
TpOHHOﬁ HaAMaroHM4€eHHOCTH 1IN OT CBOEro JIOKaJIbHO-
PaBHOBECHOI'O 3HAYCHUA Mg, 7Y — T'UPOMarHuTHOE OT-

HOIIIEHUE, T — BPEMs CIIMH-PENIETOYHON peslaKcaluu,

>
Jm — TeH30p (BTOPOro paHra) MOTOKa HAMAIHUYEH-
noctu. II0TOK HAMArHUYEHHOCTH, OIUCHLIBAEMbIIl TeH30-

>

poM Jy,, BO3BHUKAET, BO-IIEPBBIX, U3-3a CIIMHOBOMH Jind-
dy3un u, BO-BTOPBIX, Oyiarofgaps yIopsaa09eHHOMY IBU-
JKEHUIO 3JIEKTPOHOB C JIpeiihOBOil CKOPOCTHIO W, Tak
qTO

>

Jm

DV ®@ dm+w ® m.

Snece D — xosddurment ssekrponnoit auddy3un,
3HAK & UCHOJIB3YETCS /it 0003HAYECHUS OTIEPAIIUN TEH-
30pPHOIO IIPOU3BE/IEHIsI BEKTOPOB. B HacTosIeit pabore
Hac OY/yT MHTEPEeCOBaTb TOJIBKO YUCTO CIIUHOBBIE TOKH,
mosTomy Oyzaem mosaratb W = (.

Tasee MbI OyjieM paccmarpusaTh ypabHerue (1) B
[PEJTIONIOKEHUT, UTO €r0 PEIIeHIs 01N 3aBUCST TOJIHKO
OT KOOpJMHATHEI z. Torma

o
Jm

—De, ® 00m/0z,

OTKYJIa CJICJI€T, YTO U3 JEBATH KOMIOHEHT TEH30Pa T
OTJIMYHBI OT HYJIsl TOJIBLKO TPH KOMIIOHEHTBI C MHJIeKCA-
MU zj, TJe ] = T,Y, 2.

Cresyst pabore [25], BBeJIeM B PacCMOTpEHHE BEK-
Top P mosgpusanum CIIMHOBOIO TOKA, TEKYIIEro B Ha-
IPaBJICHUN Z:

P:ez-jm.

B pamkax macrosieit paboTh Hac Oy T HHTEPECOBATH
TOJILKO CTAIMOHAPHBIE DelleHusi ypaBHeHus (1), Tax
YTO MPOU3BO/IHASI IO BpeMeHH B (1) MOKeT ObITH OI1y-
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mena. C yuérom ckaszaHHOro ypasaenue (1) MOXKHO 1e-
pelucaTh B BHIE

OP/0z +~v[dm x AM] + dm/7s = 0. (2)

Vpasuenue (2) HEOOXOAUMO JOHOJIHUTH I'DAHUIHBIM
ycaoBueM. ByneMm cunrarh, 9yTo Ha rpanune z = 0 3a-
JIaH BEKTOD HOJISIPU3AINN HHAKEKTUPYEMOTIO CIITHOBOT'O
roka Py. Torga rpanudnoe yciosue K ypasaenuio (2)
MOXKHO 3alliCaTh B BUJE

BekropHoe ypabHeHUe (2) 9KBHBAJIEHTHO CHCTEME
YPpaBHEHU
82
*L%@ Omy + dmy — 7 Qg om, sin Kgz = 0,

2
—L%% oOmy + dmy + 175 dm, cos Kgz = 0,

(4)

2
—O0m, +0m, —

— 7sQp[0my sin Kqz — 0my cos Kqz] = 0.

Bnecb Lg = +/D7g — njunHa cuuHoBoi muddys3uu,
Qp = vyAM — gacrora nperneccun B OOMEHHOM IT0JI€
AM. Tlepexojisi K UPKYJISIPHBIM KOMIIOHEHTAM, [TOJIa-
rast

omy = dmy = idmy, = uieim”c,

My = M, +iM, = MetKmS,

JUTsL BEJIMIVH fi4 (2) 1 0M, TOJIyuaeM CUCTEMY yPaBHe-
HUI:

2 B )
6_<2M++22K778_c”+ = (1+n?) py —iXdm. =0,
0? 0
—pu_ —21Kn— pu_
ac? Iz Ui ac K

62
ac?

Baecy ¢ = z/Ls, n = qLs, A = 75Qy. Hoacras-
nss i = Cre "¢, dm, = C,e™"C, nomyuaem cucremy
ypasuenuii jys koucraur Cy, C,. IlpupaBuusas me-

— (1+7°) p 4 irdm. =0,

om, —i— 0.

S, —
m 2

(H4 — p) (5)

TepMUHaHT 9TOM CUCTEMBI K HYJIIO, IIOJIydJaeM XapaKTe-
pUCTUYIECKOE ypaBHEHUE JIJIsI OIIpe/IeJICHUA K:

(v = 1) [(=® = 1= )"+ 426] +
+ X (kP =1-n*)=0. (6)

U3 mectu KopHeli xapakTepucTuieckoro ypasuenus (6)
HEOGXOIMMO HCIIOJIb30BATH TOJBLKO T€, KOTOPbIE OIUChHI-
BAIOT PEIEeHNs], 3aTyXaloNue npu crpeMaennu K +0o.
Tlomcrapistss HalijleHHbIe K B CHCTEMY YPABHEHMI Js
koucranT O, C,, HailJleM COOTHOIICHUSI MeXKJy 3TH-
MU KOHCTaHTaMH. J[J1s1 TOro uro0bl HAHWTH BeIHMUUHY
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HE3aBUCUMbIX KOHCTaHT, UCIIOJIB3yEeM I'DaHUYIHOE YCJIO-

Bue (3).

3. XAPAKTEPHBIE JAJINMHBI SATYXAHUWSL
DJIEKTPOHHON HAMATHUYEHHOCTU B
TEJIMMATHETUKE

Vpasuenue (6) umeer mecTb KOpHeli, U3 KOTOPLIX
TPU KOPHSI, YJIOBJIETBOpsIoIne ycaoBuio Re k > 0, oru-
CBIBAIOT PeIeHus, 3aTyxaforme npnu ( — +00. Moxkmno
MMOKA3aTh, UYTO U3 ITUX TPEX KOPHEH OJINH KOPEHb K1 —
JIeiICTBUTEJIBHBI, & JIBa JPYIUX, Ko U K3, SIBJISFOTCS
KOMIIJIEKCHO-COIIPSI?KEHHBIMI. DTU KOPHU OIPEIeJIsIOT
3HAYEHUST JIBYX XapPAKTEPHBIX JJIMH 3aTyXaHUS CIIITHO-
BBIX BO3MYIIEHUI B M€JIMMArHETUKE, KOTOPbIE MbI OIIpe-
nemuM Kak Lp = Lg/k1 u Lp = Ls/Re ka.

(6)
MOYKHO HAWTH B SIBHOM BHJIE, WCIIOJIH30BaB (DOPMYJIbI
Kapnano. Ogmako mosygaroniuecs OpH STOM  BbI-
pakennst (cm. ITpumioxkennme A) tpyano 0603pHMBL,

Pemenne XapaKTepUCTUIeCKOro ypaBHEHUA

[TO3TOMY HUKE TPUBOJATCH MPOCTHIC MPUOIIMKEHHBIC
bOpMYyIIBbI, KOTOPBIE MOTYT JIaTh y/IOBJIETBOPUTEIHHOE
KAauyeCTBEeHHOE, & B HEKOTOPBIX CiydasiX H KOJIdde-
CTBEHHOE, OIMCAHWUEe IIPOCTPAHCTBEHHON 3aBUCUMOCTHU
HEPABHOBECHON 3JICKTPOHHOI HAMATHUYEHHOCTHU IIPU
CIINHOBO MHYKEKIINH B MeJIMMArHETHK.

Paccvorpum cnagasta npenenbublit ciaydait ¢ = 0
(n = 0). ®akruyeckn 310 Ciaydail oxHOposHOrO ep-
POMArHETHKA, B KOTOPOM JIOKATM30BaAHHBIE MATHUTHBIE
MOMEHTBI HAIIPABJIEHBI BJI0JIb Ocu X . DTOT cIydail pea-
Jmsyercs, HaupuMep, B aucnposun upu 1 < 87 K. Tpu
HY?KHBIX HaM KODHsI ypaBHeHust (6) TakoBbL K1 = 1,
V141X, k3 = k5. Ilpun Bblumciienun Ko 3HAK
KBaJIPATHOT'O KOPHs BbIOMpaeTcs u3 ycaosus Re ko > 0.
3HaK A JjIsI ONPEJIEeJIEHHOCTH BbIOUpAEM IOJIOXKUTE b
HBIM; ecad A > 1, 10 kg = (14 4) \/\/2. Ilepsbrit Ko-
PEHb K1 OIHUCHIBAET 3aTyXaHWUE T-KOMIIOHEHTHI HaMar-
HU4YeHHOCTH Ha JymHe Lp = Lg/K1, KoTopas B CHIy

K2

BBITIOJIHEHUS PABEHCTBA K| = | B TOYHOCTH COBIIAJA-
er ¢ jumHOH cruuoBol muddysun: Lp = Lg. Kopun
Ko U K3 OIUCBIBAIOT IIPEIECCHUIO CIIMHOBOI HAMATrHUYEH-
HOCTHU 3JIEKTPOHOB BOKDPYT HAIIPABJICHUS HAMATHUIEH-
HOCTHU JIOKAJIM30BAHHBIX CIIMHOB, aMILIATY/A KOTOPOI
3aTyXaeT Ha JJTIHHE

Lp = Ls/Re\/l + 7.

IMouck pemenus ypasuenus (6) B reJMMarHeTHKE
CYIIECTBEHHO yIpoIaeTcs, Korga A > 1+ n?. B srom
cJIydae, UCIOJIb3Ys METO/ OC/IeI0BATE/ILHBIX TPUO/II-
kenuii (cm. Ipmnoxkenue B), nosyuaem

k1=V14+n% ko= (141)

A2, K3 = Kj.
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CooTBeTCTBYIONINE KOPHIM K1 W K23 XapaKTepHbIe
)

JJINHBL 3aTyXaHWA 3J'I€KTpOHHOﬁ HaMaroHm4eHHOCTHU B

reJinMardeTuke MoryT OBLITH 3aIlMCAHbI B BUJ/e

Lp=Ls/\/1+n?,
Lp = Ls/\/3/2.

OueBuIHO, 9YTO XapakTepHas JynHa Lp B rejuMar-
HETHUKE sIBJISIETCS AHAJIOIOM JIJIMHBI CIIMHOBON Mubdy-
sun Lg B deppomarueruke. B ciaydae rejmMarneTuka
9Ta XapaKTepHas JIINHA T€M MEHbBIIe, YeM MEHbIIe I1e-
PHOJT CIUPAJILHOM CTPYKTYpbI. Ec/in BBITOIHEHO Hepa-
BeHCTBO 1) = qLg > 1, ro us (7) caenyer Lp = Ly /27,
DT0 3HAYUT, YTO €CJIN JINHA cOuHOBO muddysun Lg
CYIIECTBEHHO MPEBBIIIAET MEePUOJ, MATHUTHON CIIMPAJIN
Ly, TO 3aTyXaHue HEPaBHOBECHOI HAMAIHHYIEHHOCTU
B TeJINMArHETUKE TEJTUKOM 00YCIOBIIEHO HEOHOPOHO-
CThI0 3MD@PEKTUBHOTO TOJIA, AEHCTBYIONIEr0 HA HAMAr-
HUYEHHOCTH JIEKTPOHOB, U ITPOUCXOJIUT HA MaCIITade
OJIHOTO TIEPUO/Ia MArHUTHOM crimpaJsiu. [Toaromy KopoT-
KOIIEPUO/IHBIE TeJNMarHeTuku, y Koropeix Ly < Lg,
MOTYT BBICTYyHATH Kak 3(D(MEKTUBHBIE SKPAHBI CIITHO-
BBIX TOKOB, €CJIH BBIIOJIHSETCS yCJIoBue \ > 12

Hunnaa Lp B reJlMMArHeTwKe OMUCHIBAET MACIITA0
3aTyXaHUs  IPEIECCUU  CIIMHOBON
CTHU BJIEKTPOHOB MPOBOJMMOCTH BOKDPYT JIOKAJIHLHOTO
HaIPaBJICHUA JIOKAJIN30BAHHBIX
cnuaoB. Jlymnaa 3aryxanus Lp B paccMaTpHBAEMOM
cJIydae MHOIO MeHbINe JUIHbL Lp.

HaMal'HU4€HHO-

HaMaroHm4eHHOCTH

Ha pwuc. 1 mokaszanbl XapakTepHbIE JJTAHBI 3aTyXa-
uust Lp u Lp, nosyueHHbIe U3 TPUOINKEHHBIX (CHHSIS
[OBEPXHOCTH) 1 ¢ ToMOIbI0 dbopmya Ipumoxkenus: A
(KpacHasi IOBEPXHOCTD) KOPHEl XapaKTepUCTUIeCKOro
ypasHeHus (6), B 3aBUCHMOCTH OT COOTHOIIEHHUsI T1apa-
METpOB 1) U .

BuHo, 9TO IpH BHINOAHEHHH ycaoBus A > 1 + 72
XapaKTepHbIe JIJINHBI, TOJyYeHHbIe 13 TOYHOIO U MPH-
GJIMYKEHHOTO PEIeHnii, TPAKTHIECKN COBIIAIAIOT.

Eciu ycnosue A > 1 + n? He BbImOJHSETCH, Xa-
paKTepHbIE JTHHBI 3aTyXaHWs MOIYT ObITH Hali/I€HBI
¢ wucnosb3oBanueM Gopmysr [lpunoxenuns A. Ecawm
A < 14 72, 10, Kak mokazano B IIpuaoxkennn B, obe
XapaKTepHbIe JUTHHBL 3aTyXanus Lp u Lp OKa3bIBaIOT-
cst OJIM3KM 110 BeJIMYNHE K JUINHE CIUHOBON nuddy3un
Ls: Lp = Lp = Lg. Ilapamerp \ MOXKeT UMETh MaJible
3HAYCHUSI B CUJTY MAJIOCTH TapamMeTpa A , xapakTepusy-
romero Besnauny §—d( f)-obMeHHoro B3anMoeiicTus,
U/Wim mapaMerpa Tg, XapaKTepU3yIOIero WHTEHCUB-
HOCTH CIIMH-PEIIETOYHON PeJIAKCAIIN JIEKTPOHOB IIPO-
BOJIMIMOCTH.
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Puc. 1. XapakTepHble gnHbl 3aTyxaHUsl HEPAaBHOBECHOW Ha-

MarHM4eHHOCTN B reIMarHeTuKax, MojlydYeHHble U3 TOYHO-

ro (KpacHasi NOBEpXHOCTb) 1 NPUBINIKEHHOTO (CUHSIS NOBEPX-

HOCTb) peLLeHUli XapaKTepucTuyeckoro ypasHernus (6), B 3a-

BUCMMOCTM OT COOTHOLIEHNsI napameTpoB n u \: a — Lp/Ls;
b— Lp/Ls

4. HEPABHOBECHA A HAMATHMNYEHHOCTD
SJIEKTPOHOB IMPOBOJAVMMOCTU B
TEJIMMATHETUKE ITPU1 NMH>XKEKIINN
YHNCTO CIITMHOBOT'O TOKA

[Tepeiiiem K anaj M3y HEPaBHOBECHOI HAMATHUYIECH-
HOCTHU 3JIEKTPOHOB HPOBOJAUMOCTH 01 (2), BO3HUKAIO-
el B reJimMarieTuKe Ipyu MHZKEKITUN YUCTO CIITHOBOT'O
toka na rpauure z = 0. [Iycrs My — BekTOp Hamaruu-
yennoctn M(z) Ha rpanune z = 0. Hanpasienne Bek-
ropa M(z) B IpOU3BOJILHON TOUKE Z 33/1aeTCsl €IMHI-
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HbIM BekTOpoM h = M/M, Ha rpanune z = 0 nmeem
hy = My/M. Paccmorpum cirydail, KOrjJa Ha IPAHUIE
z = 0 BEKTOD TOJISIpU3AINN UHXKEKTUPYEMOI'O CIIMHOBO-
ro Toka Py HanpaBJjieH BJI0JIb HAMAIrHUIEHHOCTH JIOKAa~
Jm30BaHHBIX dmekTponoB My. Torma Pg = FPyhg, tre
Py — jymmHa BEKTOpaA TOJSIPU3AINNA THKEKTHPYEMOTO
YUCTO CIIMHOBOT'O TOKA HA I'PAHUIIE.

[IpeacraBum dm B BuJie CyMMbBI TPOJOILHON My
1 monepevdHoil dm; (10 OTHOIICHHIO K OCH CIINPAJIH)
KOMITOHEHT: dm = dmy; + dmy. Caurast BBITOTHEHHBIM
HepaBeHcTBO A > 1 + n?, noyuaem

om; = 5m|‘e*Z/LDh +

T
Ké i - —z/Lp h .
+ Kom_ sin o1 e [hxe,], ©)
omy = Kém sin (Lip + g) e—z/LpeZ’
rie
(rs/Ls)
5m” = 7]30’
2
N o
om) = —(5m”

VA

W3 Beipazkenns (9) CTAaHOBUTCS ACHBIM (DUBHICCKUIT
cvbien jnaua Lp u Lp. Jnvnaa 3atyxanus Lp saBis-
ercsd XapaKTepHBIM MacITaboM yObIBAHUS BEKTOPHO
KOMITOHEHTHI HEPABHOBECHOW HAMATHUYICHHOCTH IJICK-
TPOHOB IIPOBOJMMOCTH, COHAIIPABJIEHHONW C BEKTOPOM
HaMArHUYEeHHOCTH JIOKAJIU30BAHHBIX 3JIEKTPOHOB T'eJIi-
marneruka. Jljuna saryxanust Lp sBJIsieTcs Xapak-
TEpHBIM MacIITaboM yObIBaHUS KOMIIOHEHTHI HepaB-
HOBECHOII HAMArHUYEHHOCTH 3JIEKTPOHOB, HAIIPaBJIEH-
HOW TEPIEeHUKYISIPHO HAMATHUIEHHOCTH JIOKAJTU30-
BAHHBIX 3JIEKTPOHOB TrejimMarseruka. Cregyer orme-
TUTb, YTO HAIIPABJIEHWE 3TON KOMIIOHEHTHI HEPABHO-
BECHOW HAMAIHUYEHHOCTU JIEKTPOHOB HEIIOCPEICTBEH-
HO OIPEJIEISIeTCsl KUPaJbHOCTHIO K crimpasim HaMariu-
YEeHHOCTHU IeJIMMATHETHKA.

Nz (7), (8) u (10) cmemyer, 9TO TP BBIIOJIHE-
Hun ycjoBus A > 1 + 772 BBIIIOJIHAIOTCA HepaBeH-
crea Lp > Lp n 6mH > dmy. DTO o3HAYAET,
BO-IIEPBBIX, UTO WMHXKEKTHUPOBAHHAs B TIeJIMMarHeTUK
HEPABHOBECHAS HAMATHUIEHHOCTD, HAIIPABJICHHAS [T€P-
[TEeHIUKYJISIPHO h, yMEHBIIAETCsT 110 AMILIUTY/IE TI0 Mepe
yJlaJeHus OT IPAHUIIBI B TJIyOb MeJIMMArHeTHKA HAMHO-
ro 6bICTpee, YeM HeEpABHOBECHASI HAMATHUIECHHOCTD, CO-
HAIMpaBJIEHHAS ¢ h, U, BO-BTOPBIX, YTO aMILIUTYIa 11|
MHOTO MeHblIe aMIIuTy/ bl 0my. Takum obpazom, 1pu
A > 1+ n? mmeer MecTo 3ddekT cnuHoBoil hUILTPa-
mu — 3G@EKT, BLIPAXKAIONINICST B TEPEOPUEHTAIINN
HEPABHOBECHON HAMArHUYEHHOCTH 3JIEKTPOHOB IIPOBO-
JIMMOCTH B CTOPOHY HAMAIHUYEHHOCTH JIOKAJIM30BaH-
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HBIX 3JIEKTPOHOB. Panee acddexT crnmuoBoit duibrpa-
nuu ObLT OOHAPYYKEH B MATHUTHBIX MHOTOCJIONHBIX CH-
cremax (cmorpure pabory [32] u cebuiku B Heil).

O6cymum  onuchiBaemblii  (opmyioit (9) adbdexr
BO3HUKHOBEHUSI IIPOJIOJIBHON KOMIIOHEHTHI dIM, HepaB-
HOBECHOI HAMATHUYEHHOCTH 3JIEKTPOHOB ITPOBOJIIMO-
CTU TIPU WHKEKIIUU YUCTO CIIMHOBOIO TOKA C MOTeped-
noit nongpuzarnueit Py = Pyhg. Kak cienyer uz (9),
BEJIMYUUHA TPOJOJBHON HAMATHUYIECHHOCTH My IIPO-
[OPIMOHAILHA AMILTUTY/E Py MHKEKTUPOBAHHOTO CITH-
HOBOI'O TOKa, TOTJA KAK €€ HAIPABJIEHUE HEmoCpe-
CTBEHHO OIPEJIENISIeTCs] KUPAJIbHOCTHIO TeINMArHETH-
ka. B pabore [19] 6bUTO MOKA3AHO, YTO B TeJIMMArHE-
TUKAX OJIaroJapst B3aWMOJIEHCTBUAIO CIIUHOB 3JIEKTPO-
HOB TIPOBOJIMMOCTH € IIPOCTPAHCTBEHHO-HEOTHOPO/THBIM
Sd)d)eKTI/IBHbIM MaIr'HUTHBIM IIOJIEM BOSHUKaET KHWHE-
TUYECKUIT MarHUTOIEKTPUIeCKuil 3D deKT, mpejicKa-
3aHHBIT panee B pabore [33]. Dror addexrr mnposs-
JIIeTCsl B TOM, YTO ITIPU IHPOTEKAHUU BJIOJIbL OCH Te-
JINMATHETUKA, TOCTOSTHHOTO 9JIEKTPUYECKOTO TOKA BO3-
HUKAEeT HePABHOBECHAS HAMATHUIECHHOCTD JICKTPOHOB,
HAIPABJIEHHAS BJIOJIb OCH CIUPAJHU, 3aBUCSIIIAS OT
KAPAJBbHOCTU MOCJIEIHEH U BEJUIUHBI ITPOTEKAIOIIETO
JEKTPUIECKOT0 TOKa. B Hacrosimeil pabore MbI I10-
JIVIWJIH aHaJIoOT 9TOro 3dhdexTa, KOTOPhIi peaan3yer-
Csl TIPYW WHZKEKIMYA B DeJIMMATHETUK HE SJIEKTPHIeCKO-
ro, & YUCTO CIIMHOBOT'O IOIEPEUHO-II0JISIPU30BAHHOTO
Toka. [ToCKOJIbKY BO3HMKHOBEHUE MTPOJIOJIBHON HaMAar-
HUYEHHOCTH JIEKTPOHOB COTPOBOXK/JIAETCS MTPOTEKAHU-
€M IIPOJIOJILHO-TIOJISIPU30BAHHOIO CIIMHOBOI'O TOKA, TO
onmchIBaeMbIil 3(hdeKT NMposBIAeTCsT KaK BO3HUKHO-
BEHUE ITPOJI0JIBHO-TTOJITPU30BAHHOTO CIIMHOBOI'O TOKA
[IPU UHZKEKITUH [TOTIEPETHO-TTOISPU30BAHHOIO CIIMHOBO-
ro TOKa. DTOT IPEJCKa3bIBaeMblil HaMu 3PHEKT MO-
KeT OBITH Ha3BaH 3D PEKTOM KUPATLHON TTOIIPU3aIinm
9UCTO CIIMHOBOTO ToKa. J[j1s1 obHapyzkeHust 3Toro 3¢d-
dexTa MOryT IPUMEHSIThCS IKCIIEPUMEHTAJIbHBIE METO-
JIUKU, aHAJIOTUIHBIE TeM, KOTOpPbIe ObLIN pazpaboTaHbI
JITsT OOHAPY ZKEHHsT KHHETHIECKOTO MATHITOIJICK TP~
ckoro addekra B paborax [34-39].

5. CIMHOBBI TOK B I'EJINMATHETUKE
IIP MH>XKEKIINN

[TepeiijieM K paccMOTPEHUIO 3aKOHOMEPHOCTEH (-
dekTa KUpaabHOW TMONIPUIAIIMN TUCTO CITITHOBOTO TO-
ka. [IpegcTaBuM BEKTOP MOSIPUBAIUAN CIIMTHOBOTO TOKA
P B Buge cymmbr pogionsroit Py u nonepeunoit Py (1o
OTHOIIEHUIO K Ocu crupasiu) Komionent: P = P, + Py.
st HaxOXkKIeHnsi KOOPJIMHATHBIX 3aBucuMocTeit Py u
P, paccmorpum cHauajia ciiydaii, KOrja Ha I'DaHUIE
CIIMHOBBIA TOK IOIEPEYHO-TOJIAPU3OBAH, IIPUIEM BEK-
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TOP TOJIAPU3AINA HHKEKTUPYEMOTO CITHHOBOTO TOKA
Py comampaBier ¢ HaMArHMYIEHHOCTHIO JIOKAJTIN30BAH-
HBIX 9JIeKTPOHOB: Pg = Pyhg.

Ec/u BBIIOJHSIETCs] HEPABEHCTBO A > 1 + n?, To u3
(9) monygaem

P, = Ppe */LPh +

(11)

N3 (11) caenyer, uro P; siBasiercst cymmoii JByX

+ KPy D |e=#/lp _ o=#/Lr o 2 [h x e.],
V1+n? P
P, = POKL sin(z/Lp)e */Fre,.
V1I+n?

BKJIa/10B. [1epBbIil 9KCIIOHEHIMAIBHO 3aTyXaeT Ha Pac-
croganu Lp, TOrga Kak BTOPOH BKJIAJ — TapMOHU-
YEeCKU OCIUJLTUPYIONIUT U OTHOBPEMEHHO SKCIIOHEHITU-
AJIBHO 3aTYXAIONN ¢ XapaKTepHOil JymHoit Lp, npu-
qem Lp < Lp. Ha paccrosmnax, npepoimatonux Lp,
BekTOp P} CcTaHOBUTCS TPAKTUIECKH TapaJLIebHBIM
BexkTopy h. Takyro «IOACTPOIKY» MOJIsIpU3AIUNA UH-
JKEKTUPOBAHHOTO CIIMHOBOT'O TOKA 0] HAIIPABJIEHUE
HaMarHUIEeHHOCTH JIOKAJTM30BAHHBIX CITUHOB HA PACCTO-
AHUAX 2z > L p MOXKHO TPAKTOBATH KAK BPAIIEHUE ILIOC-
KOCTH TTOJITPU3AINN CIIMHOBOTO TOKa. TakuM oOpazom,
B reJINMarHeTHKaX B PACCMATPUBAEMBIX YCIOBUSX NMe-
€T MEeCTO CIIMHOBBIH aHajor 3 dPeKTa eCTeCTBEHHOH OII-
THYIECKON aKTUBHOCTH.

Bemmauna Py, ommceiBaomas addexr KupaabHoit
MOJISIPU3AIIAN IUCTO CIIMHOBOT'O TOKA, IIPUHUMAET HYJIe-
Boe 3HaveHue npu z = (0, 3aTeM pacTET IMPU JIBUKEHUN
OT T'PAHUIBI B IVIyOb TeJIMMATrHETHKA, JIOCTUTAsT CBOE-
ro Mmakcumyma npu z/Lp = /4, 1ocse 1ero npoucxo-
AT eé yobiBanue 10 Hyss. MakcuMasibHas BeJIUYINHA,
IPOJIOIBHOI TTossipu3amy, pasHas Poe ™4 / V2, no-
CTUTAETCS B KOPOTKOIIEPUO/IHBIX T'eJIUMAarHeTHKaX MpU
7 > 1. BaxKHBIM MOMEHTOM $BJISIETCS TO, UTO HAITPAB-
Jtlerne mostgpusaruu Py HEoCpecTBEeHHO OIIpe/IesisieT-
¢ KpaabHOCThIO K reslmMarHeTuka.

YT00OBI ONEHUTD PEATUCTUIHOCTD CJICJIAHHBIX BBIIIE
PUOIMKEHN, OTEHNM IMOPSAI0K BEJUIUHBI ITapaMeT-
poB A u 7. nuna ciimuoBoit quddysun B deppomar-
metukax Lg ~ 10-10% A [40], mepuoj, MarauTHO crin-
pasu B penknx 3emiax Ly ~ 10-102 A, a B HEKOTOPBIX
CIIy9IasX MOKeT OBITH mopaaxa 103 A. Orciona ciemy-
€T, YTO BEJUINHA 1) MOXKET ObITh KaK MEHBIIE, TaK U
GoJIblre enuHUIBI, HO He mpesbimaer 102, Besmumna
s—d( f)-06MeHHOrO HHTErpaJia B PEIKUX 3eMJIAX [OPsiJI-
ka 1072-10715B [30], Tak aro Qpy ~ 1013-104c71. O
BPEMEHU 3JIEKTPOHHOI CIIMHOBOM peJIaKCAINH B TEJIH-
MarHeTUKax JAHHBIX, [O-BUINMOMY, HET, HO €CTh JIaH-
HblE JJI HEMATHUTHBIX METAJIIOB C CUJIBHBIM CIIHH-
OpOUTATBLHBIM B3aUMO/ICHICTBIEM: Tg ~ H—7 IIC B CJIyvae
wiatuabl U 7s ~ 10nc B TanTase [41]. Ecan ucxomurs
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Puc. 2. Monsipnzaymsa cnnHOBOro ToKa B resiuMarHeTuke assi

cnyvas Po = Pohg npun =1, A = 10%. CnnowHbie Kpu-

Bbl€ MOCTPOEHbI NO POPMY/IaM TOUYHOFO PeLleHNs, NPUBELEH-

Hbim B [Mpunoxernn C. Kpyxxkamu n kpecTukamu npegcras-

NleHbl pe3ynbTaTbl NpubavXKeHHOro meToga pacyeTta no ¢op-
mynam (11)

U3 TOTO, YTO TS HE MOYKET IPEBBIIMATH BPEMS PEIAKCa-
[N UMILYJIbCA, KOTOPOe B (bepPOMArHUTHBIX MeTaJjljIax
nopszika 1071 ¢, mosryuaem, 4ro \ JIe:KuT B IHanas’oHe
or 107! mo 103.

CrejlaHHBIE OIEHKM IIOKA3BIBAIOT, UTO WCIIOJIb30-
BAHHOE BBIIIE HEPABEHCTBO A > 1 + 12 MOMKET U HE BbI-
MTOJTHATHCS, B 9TOM CJIydae HeOOXOINM pacder Ha OCHO-
Be TOYHBIX (DOPMYJI, IPUBEIEHHBIX B [Ipuioxkenusax A
u C.

Ha puc.2 gna caywas Pg = Pyhg mpeacrasiena
[TOJIAPU3AINs CIIMHOBOTO TOKA B M€JIMMATHETHKE, B KO-
TopoMm 1) = 1, A = 102. CrIoIIHbIE TIBETHBIE KPUBBIE
COOTBETCTBYIOT IOJISIPU3AIIAN, TIOJIY YEHHOI C TIOMOIIBIO
pacdera 1o TOYHBIM (opMmysiaMm. Pe3ysibrarsl pacdera,
0603HaYeHHBIE KPECTUKAME U KPYZKKAMH YEPHOIO I[Be-
Ta, COOTBETCTBYIOT MOJISIPU3AIINAN, IOy YeHHON ¢ ITOMO-
mpio npubsmzkenHoro meroia pemenus (11). Ha pu-
CYHKE IIPEJICTABJICHBI KPUBBIE KAK JIJIs IPABO3AKPY I€H-
Hoit (K = +1), Tak n mus jgesosakpyvennoit (K = —1)
MAarHUTHBIX CIIAPAJICIA.

st paccMaTpUBAEMbBIX YUCJICHHBIX 3HAYEHUIN I1a-
paMeTpoB A u 1) HepaBeHcTBo A 3> 1+ 1% 3aBes0MO BbI-
nosiHstercst. Ha puc. 2 BUHO, 9TO B 3TOM CJIydyae KpU-
BbI€, IOJIYIEHHBIE C MOMOIIBIO TPUOJINKEHHOTO Perrre-
HUsI, TPAKTUIECKN COBIAIAIOT C TOUHBIM PEIECHUEM.

SamMernM, 9TO [PU 38 [aHHBIX 3HAYEHUSIX [1apaMer-
poOB cytecTByeT uepapxus jgaud Ly > Lg > Lp > Lp.
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Puc. 3. lNonsapusaunsi CNMHOBOro TOKa B resiMMarHeTuke npu
n =10, A\ = 1;10;10%, K = +1 gns ciyyas MHXeKLUM Cnu-
HOBOro TOoKa, umetowiero nossipnsauuio Po = Pohg

Hajinune Taxoii nepapxuu IpuBOJUT K TOMY, UTO CHa-
JaJjia 3aTyxXaeT KOMIIOHEHTa IOJISPU3allisl, HAllPaBJIeH-
Has MepreHIuKy/aspao h, 3arem 3aTyxaerT KOMIIOHEH-
Ta, HallpaBJeHHas KoJumnHeapHo h. 3aryxaHue KOMIIO-
HEHTBI, HAIIPpABJIEHHON KoJuImHeapHo h, npoucxoaur Ha
JJIMHE MEHBITEH, 9eM JyTnHa CIIUHOBON muddy3un, Ko-
TOpasi, B CBOIO 0YepE/ib, MEHbINE IePUOIa MATHUTHON
CHIUpaJIn.

Ecin mepasernctso A > 1 + 7% me BbImosHseTCH,
3aBUCUMOCTD IIOJIIPUBAIME CIIMHOBOTO TOKa OT KOOP-
JMHATHI CTAHOBUTCA Oosiee ciioxkuoit. Ha puc. 3 mpes-
CTaBJIEHA KOOD/IMHATHAS 3aBUCUMOCTH KOMIIOHEHT P,
P, u P, nj1s1 cieyiomux 3Hadennii mapamerpos: 7 = 10
(Ly ~0.63Lg), A\ =1,10 u 10?, K = +1. Cpasuusas
KpUBBbIE HA PUCYHKAX 2 W 3, Mbl BHJWUM, YTO HAMOO-
Jlee 3aMeTHOe pas3judue B (popMe KPUBBIX UMEET Me-
cro, korja 1 ~ A > 1. Ilpu Takux 3HaYeHUsx rnapa-
METPOB HADJIOMAETCS BBIPAXKEHHBIN OCIIMJLIAPY IOt
XapakTep 3aTyXaHus BceX KOMIOHEHT P, (2), P, (z) u
P, (z), upuuenm neproJ OCIUILISINN COBIAJIAET C IepH-
0JIOM crmpaJsu. AMIUTUTY A ociuutAnuii adpdexra Ku-
PaJIbHOM MOJISIPU3aIMi YUCTO CIIMHOBOI'O TOKa MOYKET
UMeTh 3HAYUTE/IbHYIO BEJINUNHY, CDABHUMYIO ¢ Fy.

Paccmorpum reneps 3asucumocru Py (z), Py (2), u
P, (z) jgist Ipyrux HOJISIPUBAIMN MHXKEKTHPYEMOTO B
PeJIMMATHETHK CIIMHOBOTO TOKA.

Ha puc.4 nokazama KOOpMHATHAS 3aBUCUMOCTH
OJIAPU3AIMN  CIIHHOBOTO TOKA B T'eJIMMATCHETUKE
JUISE CJIydasi, KOTJIa B IeJIMMArHETHK WHYKEKTUPYeTCs
[TOTIEPEYHO-TIOJISIPU30BAHHBII CIIMHOBBIIT TOK, y KOTO-
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—=10
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z/Lg 3

Puc. 4. MMonsipusaymsi CMMHOBOrO TOKa B reiiMarHeTuke npu

n =10, A = 1; 10; 10?, K = 41 ans cnyyas uHxekuuu

nonepe4HO-MNoJsiPU30BaHHOrO CMUMHOBOrO TOKA C MOJsipy3aLu-
el Ha rpannue P =P, =0, P, =P

poro na rpamute P, = P, = 0, P, = F. Ilpusenensr
pe3yabTaThl pacdeTa s 1) 10 (Ly 0.63 Lg),
A 1, 10 n 10%, K +1. Kak u B mpepLaymiem
ciydae, Korja 1 ~ A > 1, Hab/riogaeTcss BhIpaKeHHbIH

~
~

OCIIIJIIUPYIOIIAI XapakTep W3MEHEHNsT KOMITOHEHTBI
P, c nepuonom L. AMrmumaryna ocruisiimii 3¢ dexra
KHUPaJbHON MOJIAPU3AINN YUCTO CIIMHOBOT'O TOKA UMeeT
P 3TOM 3HAYUTETLHYIO BEJIUUINHY, CPAaBHUMYIO ¢ Fp.

PesynpraTer pacdera mta caydast, KOTIa NHAKEKTH-
POBAHHBIM TOK Ha TPAHUIE ITPOIOIHLHO-TIOISTPU30BAH,
Py = Pye., upesacrasienst Ha puc.d. [Ipu n ~ A > 1
UMeeT MeCTO, KaK MW B TPEIBIAYIINX CAy9IasX, BbI-
paskeHHoe OCHWIIHpyIomee TmoBegenne Py, Kak
byHKIMM z ¢ 3aTyXaHueM OCHUJLIAINN Ha TIyouHe
Umkeknnsg  pomoJIbHO-
MPUBOIUT K

crimaOBOM  mndpdysum  Lg.

IOJIAPDU30BAHHOT'O  CIIMHOBOI'O  TOKa
IIOABJICHUIO IIOIIE€PEYHO-IIOJIAPU30BaHHOI'O TOKa,

JIMIUHa KOTOPOIr'o OCIHUJIJIMPpYyeT C IIepuoJI0M LH u

Be-

3aTyxaeT Ha MacmTabax Lg.

6. SAKJIFOUYEHUE

PazBuras B macrosimieit pabore Teopus MOKa3bIBa-
€T, YTO WHIXKEKIUsl YUCTO CIMHOBOIO TOKA B IPOBOJIs-
Uil TeJITMarHeTuK UMeeT Psiji CYIeCTBEHHBIX 0CODEH-
HOCTEH, OTCYTCTBYIOIUX MPU WHYKEKIINU B HEMATHUT-
HBII METAJLJT UJIH TIOJIYIIPOBOIHUK. B oTyimane oT Hemar-
HUTHBIX MaTepPUAJIOB, B KOTOPBIX 3aTyXaHUe HHIKEK-
TUPOBAHHOT'O CIIMHOBOI'O TOKA XapPaKTepU3yeTCsl OJHIM
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z/Lg

Puc. 5. lMonsipnsaums cnmHoBoOro Toka B reJiMMarHeTuke npu

=10, A = 1; 10; 10?, K = +1 ans cnyyas uHXekuun

NPOAOJLHO-MOJIAPU30BAHHOIO CMMHOBOMO TOKA, VIMEIOLLErO No-
nspusauuio Py = FPoe,

rmapaMeTpoM — JJIMHON crnHoBOU nuddys3un Lg, B Te-
JINMarHeTuKax 3aTyXaHUe CIIMHOBOTO TOKA, WHIKEKTHU-
POBAHHOIO BJIOJIb OCH MArHUTHOI CIUpPAJIM, UMEIOIeil
mepuost Ly, ONMChIBAETCS IBYMS XapPaKTEPHBIMA JJTU-
HAMU.

Bmecro pymmmer cimuOoBO# mudbdy3un BO3ZHUKAET
jymmHa Lp, KoTOpasi SIBJISIETCS XapaKTePHBIM Mac-
mrabom yObIBaHUSI HEPABHOBECHOW HAMAIHUYEHHOCTHU
SJIEKTPOHOB ITPOBOJIMMOCTH, COHAIIPABJIEHHO C HAMAT-
HUYEHHOCTBHIO IejIMMarHeTuka. B rejmMarHeTukax, B
KOTOPBIX II€PUOJ, MAarHUTHOW cuupajiu Ly BEeJUK I10
cpaBuennio ¢ Lg, mmmaa Lp coBmamaer ¢ Lg. B rean-
MarHeTHKax, B KOTOPBIX [I€PUOJ] MATHUTHOW CIIUPAJIH
Ly maut o cpapaenuto ¢ Lg, jymna L He IPEBBIIIAET
nepuosa crmpasu L.

Bropas xapakrepuas mgimna, L p, onpejesnser Mac-
mTab yObIBAaHUS BEKTOPHONW KOMIIOHEHTHI HEPABHOBEC-
HOIl HaMarHUYeHHOCTH 3JIEKTPOHOB IIPOBOIUMOCTH, Ha~
[IPaBJIEHHOI TIePIIeH/INKY/ISIPHO HAMArHUYeHHOCTU Ie-
JuMarfeTnka. Eciim Ha HAMarHMIeHHOCTD 3JIEKTPOHOB
[IPOBOJIMMOCTH JIEICTBYET CUJIbHOE OOMEHHOE II0JIe CO
CTOPOHBI JIOKAJIN30BAHHBIX 9JIEKTPOHOB, & BPEMsl CIIU-
HOBOl peJIAKCAINN 3JIEKTPOHOB ITPOBOIUMOCTHU JIOCTA~
TOYHO BEJIMKO, OCHOBHOE BJIMsIHUE HA CIMHOBYIO WH-
JKEKIWIO Ha MacHITabax JIUHDbI MOpsaka L p oKa3biBa-
€T TIPEereccus HAMArHITIeHHOCTU 9JIEKTPOHOB B HEOTHO-
POIHOM OOMEHHOM T1ojie. B 9T0it cuTyannu B KOPOTKO-
[IEPUOJIHBIX rejuMarnerukax ¢ Ly < Lg cymiecrBeH-
Hble U3MEHEHUs OJISIPU3AIUNA CIIMHOBOTO TOKA, IIPOUC-
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XOJISIT Ha PACCTOSHUAX L p, MHONO MEHBINUX IIepUOJIa
crimpasm L.

IIpu wHKeKIUU BJIOJb OCA MATHUTHOW CIUPaJIU
HOTIEPETHO-IOJISIPA30BAHHOIO (OTHOCUTENHHO OCH) Y-
CTO CIMHOBOT'O TOKA B TeJIMMAarHETHKE BO3ZHUKAET KOM-
[TOHEHTA HEPABHOBECHON HAMATHMYEHHOCTH U YHUCTO
CIIMHOBBIN TOK, BEKTOPBI MOJISIPUBAIME KOTOPBIX COHA~
[IPABJIEHBI OCA MATHUTHON CIUPAJIN; IPA STOM HAIIPAB-
JIEHHE TUX BEKTOPOB HEIIOCPEICTBEHHO OIIPEJIE/ISIeTCS
KHAPAJbHOCTHIO T'€JIMMAarHeTHKa, a WX JJIMHA IIPOIOp-
[UOHAJIbHA BEJIUYINHE MHKEKTHPYEMOI'O CIIMHOBOI'O TO-
ka. CrupaBejinBo U 00paTHOE yTBEPKICHUE: NHIKEKITUS
[IPOJIOJIBHO-TIOJIIPU30BAHHOTO YUCTO CIHUHOBOI'O TOKA
[IPUBO/IUT K IOSIBJIEHUIO B MeJIMMATrHETHKE 3aBUCHIIETO
OT KAPAJbHOCTU CIUPAJINA CIIMTHOBOTO TOKA ITOTIEPETHO
nongpusarun. [Ipenckazannbniit addexkT nHazBan «d3dh-
dexToM KNpaIbHOI MOIAPUIAIINH YUCTO CIIMHOBOT'O TO-
Ka».

DdunancupoBanue. Pabora BbloiHeHa TpU DU~
HaHCOBO Tojiiep:kKke Poccniickoro Hayanoro o a B
paMKax mpoekTa Ne22-22-00220.

IIPMNJIO2KEHUE A

Ucnonwys dopmysnsr Kapgano, TodHoe perieHune
XapaKTePUCTUYIECKOro ypaBHenus (6) 3amnumiem B Buje

w1 =+1-(2/3)n2+U+W,
Ko = (1/\/5) X
X <\/(1 — (2/3)2 + Re V)2 4 (Im V)?
+1—(2/3)772+ReV)/ +
(12)
+isgn(Im V) (1/\/_)
x <\/(1 —(2/3)2 +ReV)® + (ImV)? —
— 14 (2/3)n* — Re V)l/2 ,
K3 = Ka,
rJie
V=—U+W)/24+iV3{U-W)/2,
U\/%Q< n* + 8n? +5)\2>+\/5,
WT/%Q< n* + 8n? +5)\2>\/5, (13)
G = 2% (%n4+4n2+A2)3+
+g<§n + 8n° +5)\2>2



U. A. Scronesny, H. I'. Gebenun, B. B. Vcturos

MIT®D, Tom 163, BoIm. 4, 2023

ITPMNJIO2KEHUWE B

st Hax0XK IeHusT TPUOJINZKEHHBIX PENTeHN XapaK-
TEPUCTUYECKOT0 ypaBHenus (6) MoxKeT ObITb UCIIOJIb30~
BaHa CJEJyIoNasd cxeMa.

1. Coyuait A > 1+ n?. BuInosHsst TOX/IeCTBeHHbIE
npeobpa3oBaHUs, 3AIMIIEM XapaKTEPUCTHIECKOE YDaB-
Henvue (6) B BrjEe

K2 =141%—

— (K =1) [(m2 1 772)2 n 4772,@2}/)\2. (14)

B cuny masoctu mapamerpa (1 + 1?)/\ sto ypas-
HEHWE MOXKET OBITh PEIIEHO METOJOM IOCeI0Ba-
TEJIbHBIX IPUOJINYKEHMUIA. pubImKe-
Hum 1o Mmajiomy mapamerpy (1 + 1?)/\ momydaem
Kk = k1 = /1+n% Orcioma s JJIMHBI 3aTyXaHUs
Lp nonyuaem Lp = Ls/\/l +n2.

Yr00BbI TOIYYIUTh KOPEHD Ko, 3AIUIIEM XapaKTePU-
cTrveckoe ypapHenue (6) B TOXKJIECTBEHHOM BHUJIE

B ocnosnom

4 _)\2
K= (15)
(1 _ L) [(1 _ (1+n2)) LAk
K2 K2 1—(14n2)/kr?

U OISATH WCIOJb3yeM MeToj wurepanumil. B HyseBom
npubmxenun 1o (1 + 7%)/A uz (15) cremyer, [uTo
Kk = kg = (141)/A/2. Orciona jisg JJIMHBL 3aTyXa-

uust Lp nosyaaem Lp = Lg /1/A\/2.

2. Coywait A < 1+ 72, JIaa HaxoxKIeHns perie-
HUl ypaBHeHUs! (6) B HYJIEBOM IO MAJOMY IapaMeTpy
A / (1 + 772) PUOJIMKEHNN JIOCTATOYHO PEIIUTh yPaB-
HeHHe

(5 = D[ (s =1 =) + 42| =0, (16)
koropoe  dopmanabHo  mosaydeno u3  (6) upwm
A = 0. [eiicTBUTENILHOE PENIEHUE STOTO yPABHEHUS

k = k1 = 1. Isa gpyrux xopusa ypasaenus (16) cyTb
Kk = kg3 = 1 £1in. Orcioga ciremyer, 9TO B pacCMaTpH-
BAEMOM TIPEJEJIBHOM CJIydae JJIUHBI 3aTyxanus Lp u
Lp paBHBI MeKIy COOOI M COBIAIAIOT MO BEJIUYUHE C
gnunoit crtmuosoit mudpdysun Lg: Lp = Lp = Lg.

ITPNJIOZKEHUE C

Koopnunarnass 3aBHCHMOCTH HEPABHOBECHON Ha-
MATrHUYEHHOCTH 3JIEKTPOHOB ITPOBOJIMMOCTH B Te€JIH-
Mar"eTuke, IOJIydeHHas C WCIIOJb30BAHUEM TOYHBIX
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KopHeit (12) xapaKTepucTUIecKOro ypaBHEHUsI, MOYKET
OBITH 3alllCaHa B BUE

omg = Cre "¢ Re (\IlleiKnc) +

+ Re (WgCge_”ZCeiK”C) +

+ Re (\1136’5‘6_"5461'}("4> ,
omy = Cre "¢ Im (\IlleiK"C) +

+ Im (\1120267H2C6”(77C) +

+ Im (\IlgCge*”zgeiK"C) ,
dm. = Cre” "¢ + 2Re (Cae™ "),

(17)

rie
i\
\Ijn = )
K2 —1—n?—2iKnkK,
Cl - ACI/A,
02 = (ARe Co + iAIIIl C‘Z) /Aa
ACl =-2 (<I>5Im/12 +(I)6Reli2)pz +

+2(®y Tm kg + B3 Rewy) Py +
+ (Dy®g — B3D5) P,
ARecy, = (204 Tm kg + k1 Pg) Py —
— (21 Im Ko + k1 P3) ]3y +
+ (P3P, — D, D) P,
Ammc, = — (k1®5 — 204 Re ko) Py —
— (2®1 Re ko — k1D2) Py +
+ (®1®5 — Pody) P,
A= —-20 (P5Imks + PgRekra) +
+ Oy (204 Im ko + k1 Pg) —
— @3 (k1 P5 — 294 Reka),

Py = (15/Ls) (Po - €a)
P, = (15/Ls) (Po - ey) ,
P, = (rs/Ls) (Pg - ez),

P& = k1 ReV¥y + KnIm ¥y,
Py = KnIm Uy + Knlm ¥y +
+ Re (¥2) Re (k2) — Im (o) Im (k2) +
+ Re (¥3) Re (k2) + Im (V3) Im (k2) ,
®3 = KnReWVy — KnRe Vs —
—Re (U2) Im (ko) — Im (V3) Re (k2) —
— Re (U3) Im (k) + Im (U3) Re (k2) ,
Py =k ImP; — KnRe Wy,
b5 = —KnReVy— KnRe Vs +
+ Re (¥2) Im (k2) + Im (¥2) Re (k2) —
— Re (U3) Im (k2) + Im (U3) Re (k2) ,
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10.

11.

12.

13.

14.

P = KnIm Uy — KnIm V3 +
+ Re (¥2) Re (k2) — Im (¥2) Im (k2) —
—Re (¥3) Re (k2) — Im (U3) Im (k2) .
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