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Ha ocHoBe nByX- U TpPEXMEPHOTO UMCIEHHOTO MOJEIUPOBAHUSI MTPeicKa3aHO HOBOE (hU3UUYECKOE SIBJIEHUE
TIPM pacriaze BBITSIHYTON 00JIaCTH TUTa3MbI C TOPSYMMU JIEKTPOHAMU, 0OPa30BaHHOM B pe3ysIbTaTe abiisi-
LIMX MUIIEHU B Bakyyme (heMTOCEKYHIHBIM JIa3epHbIM UMITYJIbCOM, C(DOKYCMPOBAHHBIM Ha €€ MOBEepX-
HOCTb IMJIMHAPUYIECKOM TMH30M B TIOJIOCY IIMPUHOM OT HECKOJIBKUX 10 COTHU MUKPOH. YCTaHOBJICHO, YTO
KaK B OTCYTCTBHE, TaK ¥ IPY HAINYUH BHEILIHETO MATHUTHOTO 1018t (BenanHoii no ~ 103 Ti), opueHTHpO-
BaHHOTO BIIOJIb TTOBEPXHOCTH MUILIEHN B HalIpaBJeHUU OCH TTOJYIIMJIMHIPA C pa30TrpeThIMU 10 K3B-3Hep-
TUii 3JIEKTPOHAMU, BO3MOXHO MHOXECTBEHHOE 00pa3oBaHWe TOHKUX (DUIaMEHTOB 3JIEKTPOHHOTO TOKA U
MX TaJbHEe NNt pa3jieT BMecTe ¢ 00J1aKoM XOJIOAHOM tuta3Mbl. [TokazaHo, YTO HEOMHOPOIHAS CUCTEMA TT0-
JNOOHBIX (PUJIAMEHTOB C MOTNEPEYHBIMU pa3MepaMU OT HECKOJIBbKUX /10 IECSITKOB MUKPOH pa3BUBaeTcs 0J1a-
rojgapsi HEyCTOMUYMBOCTH BEMOEIEBCKOTO THIIA BCJICACTBHE aHU30TPOITHOTO OCTHIBAHUS Pa3jieTaloIeToCs
o0J1aKa 3JIEKTPOHOB M CYLIECTBYET Ha BpeMeHaX OT MUKOCEKYH/ 10 HAHOCEKYH/I, CO3/1aBasi TIOKAIU30BaH-

HBIC MAarHUTHBIE TT0JISI BEIUIMHON OT €IMHUIIL 10 HECKOJIBKUX COTeH TII.
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BBEAEHUE

A0S TIOBEPXHOCTHBIX CJIOEB PAa3IUIHBIX MU-
IeHei cpoKycupoBaHHBIMU Ha HUX (PEMTOCEKYH/I-
HBIMU UMITYJIbCAMM U3TYyYEeHUs Tepa- U MeTaBaTTHBIX
Jna3epoB (CM., HarpuMep, [1—4]) mo3BojsieT MpoBO-
JINTh 3KCIIEpPUMEHTAJIbHbIC UCCICIOBAHUS IIIMPOKO-
ro KpyTa OBICTPOIIPOTEKAIOIINX KMHETUISCKUX ITPO-
1IECCOB B CUJILHO HEPaBHOBECHOIA JJa3epHOIi 1ia3me,
coJiepXKalleil TOCTaTOYHO XOJIOMHbIE MOHBI (C 3HEP-
TUSIMM OT JIOJIE MO AecsITKOB 3B) m ropasmo Gonee
ropsiyre 3JEKTPOHBI (C SHEPTUSIMU OT JOJIeH A0 Jie-
cITKOB K3B) [5]. BaxHeiilee cBOCTBO TaKoOM ITa3-
MBI, JeJIaloliee NCCIeAOBaHMS IPOUCXOISIIINX B HEMA
SIBJIEHU 0COOEHHO aKTyaJIbHBIMU U MPUBJICKATEIb-
HBIMHU, B TOM YHCJIE IS MHTEPIIPETAlluy aHAJIOTI-
HBIX SIBJICHUI B KOCMUYECKOM IIa3Me, COCTOUT B He-
CYIIECTBEHHOI pOJIY KyJIOHOBCKUX CTOJIKHOBEHUIA JIJIsT
SHEPTrUYHbBIX 3JICKTPOHOB, Yb€ NBIDKEHHE BO MHOIOM
omnpenensieT BO3HMKHOBEHME M CBOIICTBA TOKOBBIX
CTPYKTYp Ha KWUHETUYECKUX MaclITabax U AUHAMUKY
IUIa3MHI B 1IeJIoM. Tak, IUisd TAIMYHBIX KOHIEHTpa-
LU TTepBOHAYAJIbHO CO3JaHHOI Ja3epoM ILIa3MBbl
1020—10%2 c¢cMm~3, B KOTOpOIl TONIIWHA CKWH-CIOS
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0.5—0.05 MmxM, IymHAa CBOOOMHOrO Mpodera KaB-31ek-
TpOHOB cocTtasisier [6] coorBerctBEHHO 1—0.01 MM
¥ BIIOJIHE MOXET IIPEBHIIIATh XapaKTepHbIE pa3Mephl
pa3orpeToit 00J1acTH Ha TTOBepXHOCTH MulieHn. CKa-
3aHHOE TeM 0oJIee CITpaBeIMBO JIJISI 00sIee pa3peskeH-
HOM MJa3Mbl Ha JAJIbHEMIIIMX 3Tarax pasjieTa objaka
TOpSIYMX BJIEKTPOHOB M CIICAYIONIUX 32 HUMM OoJiee
TSDKEJIBIX IOHOB, IJIe, KaK OyIeT SICHO 13 HIDKECICHy-
IOILIETO, MOTYT IIPUCYTCTBOBATh CTPYKTYPhI O€CCTONK-
HOBUTEIBHOMU IIJIa3Mbl C TUIIMYHBIMU pa3MepaMHU I10-
psiaka emMHUI—AecsITKoB MUKpoH (B 10—100 pa3 ipe-
BBIIIAIOIIMMU AeOaeBCcKuii pagmyc). imeroimecs TaM
CTOJIKHOBEHHMSI HEMHOTOYHCIEHHBIX XOJOMHBIX 4Ya-
cTull (C SHEpPrusiMu aecsTku 3B) Mexmy coboit u ¢
TOPSIYUMMU 3JIEKTPOHAMM HECYIIECTBEHHEI Ha BpeMe-
Hax 1 MacilTadbax pa3BUTUsI MHTEPECYIOIIEH Hac Beli-
0eJIEBCKOM HEYCTOMYMBOCTU, OOYCIOBJICHHONM aHU-
30TPOITHLIM OCTBEIBAHUEM TOPSTYMX 3JICKTPOHOB.

Kak kpymHomaciirabHbie (BIUIOTh 10 MUJUTAMET-
pOB), TaK U MeJIKOMAacCIITaOHble (HAYMHAsI C MUKPO-
HOB) TOKOBbBIE CTPYKTYPhI U CO37aBaeMble UMW Mar-
HUTHBIE 1o (oT moneit T mo K1) mpu pacimpe-
HUM YKa3aHHOM JIa3epHOi TJ1a3Mbl B BaKyyM, KOria
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yIapHasl BOJIHA OTCYTCTBYET, HCOOTHOKpPATHO MCCIIE-
JIOBAJICh U 3KCIIEPUMEHTAJIBHO, 1 IyTeM YMCICHHO-
ro MoaeaMpoBaHus (Harpumep, [1, 7]). B atux u opy-
rux padorax ObLI BBISIBIICH Psf allepUOANYECKUX
HEYCTOMYMBOCTE HEPABHOBECHOM IJIa3Mbl U CO-
OTBETCTBYIOIIMX KHMHETUYECKUX MEXaHU3MOB CO-
30aHUS U CTPYKTYPHUPOBAHMS TOKOB B Hell, BKIIIOYAs
TaK Ha3biBaeMble (DOHTaHHBIN [1, 8, 9], BeiibeneBCKuMiA
((bumamMeHTallMOHHBINA W TemIiepatrypHbiit) [10—13],
MexaHu3M 6atapeu bupmana [13] u np. B yactHoCTH,
obcyxxnajiach pojdb OTHOCUTEIBHOTO IBUXEHMUS, T.€.
MOTOKOB T€X WJIW WHBIX (hpaKMii YaCTUIL U OOIIEH
AHU3O0TPOITMM paclpelieieHUsT 2JeKTPOHOB MO CKO-
POCTSIM, AeNarolIMX HEBO3MOXHBIM ITPUMEHEHWE Mar-
HUTOTUAPOINHAMMUYECKOTO IIPUOTVKEHUS I U3-
BECTHBIX aHAJIUTUYECKUX TTOJIXOI0B B pacCMaTpUBae-
MOIi 3a1a4e 0O pasjieTe HEOMHOPOAHO HATPETOM TJIa3Mbl
B BaKyyM U CaMOCOINIaCOBaHHOI reHepaluy CHJIbHBIX
MAarHUTHBIX MOJEN CO CIOXHOI MPOCTPAHCTBEHHO-
BpPEeMEHHOI CTpYKTypoii. (O AMHaMUKe 3JIEKTPOH-
HOM BeiOeIeBCKON HEYCTOMYMBOCTU M BBI3BAHHOM
€10 TeHepalnyd MarHMTHOTO MOJIsk IPpU HaJIuuuu o-
HOBOM XOJIONHOM TJ1a3Mbl C KOHLIEHTpaL e, 10cTa-
TOYHOI OJ1s1 00pa3oBaHUsA 0E€CCTONKHOBUTEIBHOM
yIapHO# BOJIHBI, CM. paboThI [14, 15] m yka3aHHBIC
TaM CCBIJIKMH.)

B ominuume ot npeaiiecTBYOIIMX padoT, e 0ObIu-
HO peyb 111J1a 0 (hOKYCUPOBKE JIa3€PHOTO MyYKa B IISIT-
HO KPYIJIOW WJIM HE CWJIbHO BBITSSHYTOM OBAJIbHOM
¢GopMBI, B HACTOSIIIEM UCCIEIOBAHUM TIpeLIaraeTcst
OCYILIECTBUTDH BKCIIEPUMEHT W TPOBECTA MOAEIUPO-
BaHMeE IS JIa3epHOU abJsSIlUU C CUJIbHO BBITSIHYTOM
00J1acThIO HarpeBa Ha MOBEPXHOCTU MUIIIEHMU, T.€. TTO
CYIIECTBY B TpeAebHOM Clydyae — C UWJIUHIpUYE-
CKOI (DOKYCHPOBKOM JIa3€pHOTO M3JIYYECHUS B Y3KYIO
MOJIOCY BAOJIb OCU Z LIUPUHOM 2F,, HAIPpUMEP OT 5 10
100 MxM. Boosrs 3T0if MOJTOCE MOKET OBITh HaIlpaB-
JIEHO TaKXXe BHEIIHEEe MarHUTHOE ToJie B, C MJI0THO-
CTBIO SHEPTUH 3HAYUTEITBHO MEHBIIIE TDIOTHOCTU SHEP-
TMY Pa3oTPETHIX MEKTPOHOB 1,7 (C HaYaJIbHON KOH-
LeHTpauueit ny, u remnepatypoii T, uamepsieMoii B
9HEpreTUYECKUX eauHuliax). B takoit reomeTpuu
pasyieT ropsYnX 3JEKTPOHOB OYIET COMTPOBOXIATHCS
nx 3OEeKTUBHBIM OCTBIBAaHMEM Oyiaromapsl paciiu-
PEHUIO TIOTOKA B HATIPABJIEHUSIX MOMEPEK YKA3aHHOW
MOJIOCHI YK€ Ha PAaCCTOSTHUSIX TTOPSIIKA €€ INUPUHBI,
TOTAA KaK B HAMPABJICHUHW BIIOJIb MOJOCHI UX TEMIIE-
paTypa He OyIeT MEHSIThCS, TT0 KpailHel Mepe 10 Tex
Mop, moka He OyIeT CreHEpUpPOBAaHO W HE BCTYITUT
B IEHAICTBUE CUJIbHOE MarHUTHOE T0JIE.

Lems HacTosIIei pabOThl COCTOUT B TOM, UTOOBI
10Ka3aTh, YTO BO3HUKAIOIIAs TeMIlepaTypHasi aHU-
30TPONUSI pacIpele/icHUs] 3JEKTPOHOB IO CKOPO-
CTSIM BeZleT K QOPMUPOBAHUIO U JIUTEIBHOMY CYIIIE-
CTBOBAaHUIO MHOTOUMCJIEHHBIX MEJIKOMAaCIITaOHBIX
dHnIaMEeHTOB 3JEKTPOHHBIX TOKOB, KOTOPBIE TEKYT
B OCHOBHOM BJIOJIb YKa3aHHOM pa3orpeToil MoJIoCHI,
a TaKXe MOCTEeNeHHO Ae(OPMUPYIOTCI U paauallb-
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HO CMEIIAIOTCS MOIIEpEK Hee BMECTe C ITOTOKOM
pacuIMpsoIIeiics HEOOTHOPOTHOM TIa3MBbl.

INapannenbHOE yKa3aHHOI MOJIOCE BHEIITHEE Mar-
HUTHOE TMOJIE, €CJIM OHO TPUCYTCTBYET, HE MeIlaeT
BO3HUKHOBEHUIO JTaHHOM TeMIIEpaTypHOil aHU30-
TPOITMY U BBITECHSIETCSI ITOTOKOM ITJIa3Mbl U3 3aHU-
MaeMoM €10 00JIaCTH ITOCPEICTBOM 00pa3oBaHUSI KPYIT-
HOMAacCIITaOHbIX TOKOB MJIM TOKOBBIX CJIOEB, a CJICA0Ba-
TeJIbHO, HE MPEnsSITCTBYET (POPMUPOBAHUIO TOHKUX
¢drnaMeHTOB 3JIEKTPOHHOTO ToKa. boiee Toro, mo-
cJIefHUE MOTYT CO3JaBaTh JOKaJIbHbIE MATHUTHbBIC
MOJIs1, 3HAYUTENILHO IIPEBHIIIAIONIE BHEIITHEE MOJIE.
JocTaTouyHO CUJIbHOE MaTHUTHOE TT0Jie, HaIllpaBJIeH-
Hoe TIonepeK yKazaHHOI Harperoit mojockl, moaaB-
710 OBl (POPMUPOBAHUE TOMOOHBIX (PUIIAMEHTOB
¥ caMO BO3HUKHOBEHHE HEOOXOAUMOI TeMITepaTyp-
HOIf aHM30TPOIINH, XOTS MO-TIPEXKHEMY MaJIO BIUSIIIO
Ha pacllIrpeHNe MIa3Mbl IIPU BHITIOJTHEHUHW MOCTaB-

JIEHHOTO YCJIOBUS lg /(8m) < nyT" (3T0¥i TeMe OyneT no-
CBdIlIeHa OTAe/IbHAs padoTa).

OCOBEHHOCTH 11 OCHOBHBLIE
ITAPAMETPBI YNCIIEHHOTI'O
MOAEJINPOBAHUA

Pelrenue 3agauu o pacriage HEOTHOPOIHOIO pa3-
pbIBa TIa3Ma—BaKyyM IPOBOAMJIOCH METOIOM uYa-
ctrll B sdeiikax mpu momontu koma EPOCH [16].
1St onIpeieIeHHOCTH CUMTANIOCh, YTO B HAYaIbHBII
MOMEHT BPEMEHM BJIEKTPOHBI C KOHIIEHTpaluei
n(y < 0) = n,, HaXOIAIIMECS HUXE TIOCKOCTU pa3-
peiBa y = 0 (T.e. MOBEPXHOCTU MUIIECHN) HEOTHO-
POIHO Pa3orpeTHl 10 TEMIIEPATYpPhbl, He 3aBUCSIIEH
OT KOOPAUHATHI Z BIOJb OCBEIaeMOIi JTa3epOoM II0-
JIOCHI (LLIMPUHOW 27)) U paclpeaeJeHHOM o 3aK0-
ny T, (v <0) =T, + (T — T)exp(—r/rp), e r = (x* +
+y»)12, T, = 10 3B — Temneparypa OKpyXalolleii Xo-
JIOMHOI T1a3Mbl (paBHAasl TeMIlepaType MOHOB). Mak-
cumyM 1= 1 kaB mocturaercs B Touke x =0, y = 0.

HavanbHbIil pannyc yKa3aHHOTO pa3orpeToro mo-
JIYIIWJIMHApaA BBIOMpPAJICSI PaBHBIM Fy = 25 MKM IS
pacyeToB ¢ KOHIEHTpaLKei miasmel ny = 102 cM~> u
Fo = 5 MKM JIJIs pacueTos ¢ ny = 1.7 X 10?2 cm~3. Pa3-
Mep obGiacTu yrpolueHHoro 2D-pacdeTa B MI0CKO-
ctu xy (0e3 ydyeTa 3aBUCMMOCTH OT KOOPIWHATHI 7)
coctapisin L, L, = 240 x 240 Mmxm? 11 36 X 36 MKM? co-
OTBETCTBEHHO, TPUYEeM B OOOMX Cy4yasiXx CUeTHast
ceTka coctosiia u3 1200 x 1200 siueek. Pazmep oba-
¢t moiHoro 3D-pacuera coctapisin L,L,L, = 40 X
x 40 x 40 mxm> ¢ ceTkoii u3 400 x 400 x 400 s1yeex.
HauanpHBIi1 cJTO M1a3Mbl BCETIa 3aHMMAaJl HUXKHIOIO
yeTBepTh (¥ < 0). McxonHoe 3aTpaBOYHOE 3JIEKTPO-
MarHUTHOE IT0Jie OIPENeISIJIOCh BEIYMCIUTEIbHBIMU
mrymMamu. [1nasma MogenupoBanach HAOOPOM paBHO-
r'O KOJIMYECTBA BJICKTPOHOB Y MOHOB C TTOJIHBIM YMC-
JIOM MaKpOYaCTHUII 10 HECKOIBKUX MUUTHapaoB. Ha-
YyaJIbHbIE pACIIPeNeICHUs YacTUIL IT0 CKOPOCTSIM 3a-
Ne 3
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OOPMHWPOBAHUME U1 PA3JIET TOKOBBIX ®UJTAMEHTOB

maBanuch kogomMm EPOCH cayyaiiHeEIM o6pa3oMm
B COOTBETCTBUU C UX JIOKAJIbHOM TeMniepaTypoii 7, ;.

OCHOBHbIE pacueThl ¢ TepevyrCIeHHbIMU Tapa-
MEeTpaMU TIa3Mbl 1 KOHTPOJIbHbBIE PACUYEThI JIsI psifa
JIpYyrUuX napaMeTpoB, B TOM YMCIIe TP HAJTUYM BHEII -
HEro MarHUTHOTO TOJIsl, TapajUleIbHOTO OCHU Z, Kak
NPaBUJIO, BEUCH 10 MOMeHTa BpeMeHu T, =25000/w,,
1 50000/, Mpy CriENUATBLHO 3aHVXKEHHOM (LIS YCKO-
pEeHUsI cueTa) OTHOILLIEHMH MacChl MOHA K Macce 2JIeK-
tpoHa M/m = 100 1 400 COOTBETCTBEHHO. 311€Ch W, =
= (4me’ny/m)'/? — maasMeHHas yacTora (e — dJIeMeH-
TapHbIi 3apsa). Pe3ynbraThl 1151 IBYX YKa3aHHBIX OT-
HOIIIEHU I KaYeCTBEHHO COBMAIAJIU, MO CYIIIECTBY OT-
JINYasiCh JIUIIb TEMIIOM PacCUIMPEHUs] TIa3Mbl, TIPO-
nopuroHanbHeiM (7/M)'/? T.e. MOHHO-3BYKOBOIA
CKOPOCTU (Ha PUCYHKaX HMXE pacyeTbl JaHbl MPU
M/m = 100, xorna (T/M)"/? ~ 10° m/c). Ay peaib-
HBbIX SKCIMIEPUMEHTOB IO abOJsiiuuM MUIIEHEel ¢
OOJIBIIMM Ha ONMH—/IBA TTOPSKA OTHOILIIEHUEM Macc
M/m yxazaHnHble BpeMeHa Ty MacTabupyroTcs mpo-
MOPUMOHAIBHO W MOTYT COCTaBJSATb NECATKU WU
COTHU MUKOCEKYHI.

Ha Top1ieBbIX 1 OOKOBBIX CTEHKAaX pacyeTHOM 00-
mactuz==* L, /2ux== L /2, napajuleNbHBIX IJI0C-
KOCTSIM Xy W yZ COOTBETCTBEHHO, MCMOJIb30BaJIUCh
TIepUOINYECKIEe TPAHWYHBIC YCIOBUS TS YacTUIl U
noseit. Ha HuxHei crenke y = —L,/4 yacTuiisl oTpa-
>KaJIMCh, a TTOJIsI CBOOOIHO BBIXOIWJIH (TTOTTOIIAIUCH);
Ha BepxHeil creHke y = 3L,/4 CBOOOIHO BBIXOIWIN
W YaCTHIIHI, U TTOJI. B TeCTOBEBIX pacueTax GBLIO TIPO-
BEpPEHO, YTO 3a MHTepecymoliee BpeMs ~50 1c Xomon-
HasI TUTa3Ma YBEJIMIMBAET CBOIO TeMIIepaTypy 61aro-
maps “gucieHHOMY HarpeBy’ (M3-3a HEKOPPEKTHO-
ctu koga EPOCH) menee yem Ha 5%, yto mo
CYIIIECTBY He BIMSICT Ha MOJIydeHHbIC HIDKE (hU3nde-
CKWE pe3yIbTaThI.

TEHEPALIMSA BEMBEJIEBCKKMX TOKOB
B ITPONECCE AHHU3OTPOITHOI'O
OCTbIBAHHA PA3JIETAIOINENCA

IJIASMBI C TOPAYMMU BIIEKTPOHAMMA

B oTaiMume oT mpoBeneHHBIX paHee pacyeToB pa3-
JieTa mjaa3Mbl C TOPSIYUMU JIEKTPOHAMU B BaKyyM
(cM., Hampumep, [17—19]) B mocraBiaeHHO 3amaye
C CWJIBHO BBITSIHYTOM BI0JIb OCU Z 00JIaCTbhIO pa3orpe-
Ba OBICTPO BO3HUKAET 3HAUYUTENIbHAS TeEMITepaTypHasi
aHU3O0TPOIUS paclipenesieHUs JIEKTPOHOB U3-3a UX
0oJiee PHEPrMYHOTO OCTBIBAHUSI TIPU PACHIMPEHUU
nornepek 3Toit ocu [14, 20]. B pe3ynbrare cTAaHOBUTCS
Heu30eXXHOI BeibeeBcKas TeMIiepaTypHasi HeyCTOM-
YUBOCTb, BOCHOBHOM C BOJITHOBBIMY BEKTOPaMU, OPTO-
ToHaJbHBIMU ocHU Z (cM. Takxke [21—23]). PaszBurtue
HEYyCTOMYMBOCTH, COMIACHO pe3yjbTaTaM pacueToB
aBTOPOB B LIMPOKOW 00JaCTU TapaMeTpoB, yXe Ha
MUKOCEKYHIHBIX BpeMeHax BelleT K (DOPMUPOBAHUIO
MeJIKOMAacIITaOHbIX (PUTaMEHTOB TIJIOTHOCTU 3JIeK-
TPOHHOTO TOKA, BLITSIHYTBIX PEUMYILIECTBEHHO BIOJIb

TEIMNIOD®U3UNKA BBICOKUX TEMITIEPATYP  Tom 60

327

3TOU OCH W CYIIECTBYIOIIMX Ha JJIUTEIBHBIX, BO3-
MOXHO HAHOCEKYH/IHBIX, BpEMEHAaXx 10 KpaiiHeil Me-
pe 0 TeX Mop, IT0Ka y DJIEKTPOHOB COXPAHSIETCS HYX-
Hasl TeMIrepaTypHas aHu30TpoIus. s yKa3zaHHBIX
BBILIIE TUIIMYHBLIX ITApaMETPOB KOJUYECTBO Guja-
MEHTOB UCUYUCISIETCS JeCITKAMU 1 OHM MOTYT 3aHU-
MaTh OOJBIIYI0O YacTb OOJAacTH pasjieTalonieiics
IUIa3Mbl, TTIOIIEPEYHBIE pa3MePbl KOTOPOI MOCTEITEH -
HO YBEJIMYMBAIOTCS OT COTBIX JOJIE 10 HECKOIbKUX
MUJIJTUMETPOB.

HMnnrocTpauusi, nojydeHHas U3 YOPOIIEHHOTO
JIBYMEPHOTO pacyeTa, IIpuBeaeHa Ha puc. 1, rme och Z
OpTOTOHAaJIbHA TIJIOCKOCTH PUCYHKA, MOMEHT BpeMe-
aH t = 28 nic. Cocennue priaaMeHTHI, KaK ITPaBUJIo,
HMMEIOT ITPOTUBOIIOJIOXKHBIE HAITPaBJISHUSI TOKA, a Mar-
HUTHBIE TI0JISI B IIPOMEXKYTKAX MEXKIy HUMU JOCTUTA-
IOT B 3aBUCHMMOCTH OT apaMeTPOB IIa3Mbl BEJIUYUH
ot noJjieit 1o coreH Ti. Takue moass OTBeYaroT HAChI-
meHuo [23] BeiibeaeBCKOIl HEYCTOMUMBOCTU U IS
HUX, YTO O HEil U CBUIETEIbCTBYET, TMPOPATUYC DHEP-
TUYHBIX 3JICKTPOHOB OOBIYHO IOPSIAKA WJIM HEMHOTIO
OostelIe paguyca priaaMeHTOB ToKa; Ha puc. 1 pagmu-
ycbI prnaMeHTOB =3—5 MKM, nX ToKu J ~ 50—200 A u
nojnst B ~ 5—10 Tin. Bmecte ¢ TeMm, KakKk SICHO U3
puc. la, MarHUTHBIE TOJIsI BHYTPU (QUIIAMEHTOB
CUJIbHO OcCJ1abJieHbl, a KOHLIEHTpalusl TIa3Mbl, KakK
MMOKA3bIBAIOT pacyeThl, TaM 3HAYUTEIbHO (OO IBYX
pa3) MOBbIIIEHA B COOTBETCTBUHU C 3aKOHOM IIpUMEP-
HOTO TIOCTOSHCTBA CyMMBbI HABJIE€HUSI MarHUTHOIO
MOJISI U KWHETUYECKOTO JAaBJICHMS YaCTULI B pacCMaT-
puBaeMOI KBas3MCTaTUYeCKOM 3amade (IMOoJo0HO
z-nmuH4YaM). BHyTpu ¢priaMeHTOB cHadajla UMeeTcs U
JIOJITO MOXET COXPaHSIThCSI 00Jiee BBICOKUIT YPOBEHbD
TeMIIepaTypHOIl aHU30TPOIMM PACIIPEeICHNS DJIeK-
TPOHOB (CM. puc. 16), TOCKOIbKY UMEHHO CUJIbHOE
MarHuTHOE I10Jie BHE (pMJIaMEHTOB 3a cueT Cuibl JIo-
peHlla 3(h@dEeKTUBHO “NepeKayurBaceT”’ TEIIOBYIO
SHEPIrUIo IBVXKEHMS YaCTULl M3 HAIIpaBJICHUS BIOJb
OCHU Z B TTOTIepevYHbIe HAMpaBJIeHUS BAOJIb OCeil X, .

PaznuuHbie OoT pacyeTa K pacueTy HauyalbHbIe (hIyK-
Tyalyu MoJIei U YacTUll, SKCIIOHEHLIMAIbHO HapacTas
Oiaronapsi HEYCTOMYMBOCTH, TIPUBOAST K HEMHOTO
pa3inyHbIM (uiiameHTaM Toka. CorjlacHO OlieH-
KaM aBTOPOB, aHaJOTM4YHbIM [14], xapakTepHBbIi
MorepevyHbiit pazmep husaMeHTa ONpeaeasieTcs or-
TUMaJIbHBIM MacIITaboM BeiiOeJIeBCKOM HEyCTOWUM -
BOCTHU, KOTOPbI 00paTHO MPONOPLIMOHATIEH JTOKAJb-
HOI KOHLIEHTPpAlLIUU TJ1a3Mbl U KOPHIO U3 TTapaMeTpa
BO3HMKIIIEH TeMIlepaTypHOU aHU30TPOIIMHU JIEKTPO-
HOB A =T,/T,, — 1, OKasbIBAOLIEMYCST B TUITUYHBIX
ycaoBusix nopsaka 0.1—1. CooTBeTCTBEHHO, TUITNY-
HbIA paanyc puiiaMeHTa ToKa HaXOAUTCS B Mpeenax
OT €IVHUIL 0 NECATKOB MUKPOH U TOCTENEHHO yBEe-
JIMYKUBAETCs B Mpoliecce CHOCAa BMECTE C pacllIupsio-
1iefics B BaKyyM ILIa3MOM BCJIENCTBUE YMEHbIIIEHUS
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(a) NB2+ B}+ B2, Tn

160 -
140 -
120 -
100 +
= 80+
260
=40 -
20 +

—20L
—40 L

—100 =50 O 50

X, MKM

©) T,/T,—1
; 1.5

160
140
120
100
= 80
Z 60
= 40
20

—20
—40

Puc. 1. AMmMTyna MarHuTHOTO 110711 (2) 1 Koadhuim-
EHT TeMIlepaTypHoii aHuzotpornuu (6) mist 2D-pacuera
pasJieTa XOJ0dHOM M1a3Mbl B MOMEHT BpeMeHU 28 T1c: Ha-
YaJIbHbIe KOHLEHTpALUs M1a3Mbl 1y = 10°7 cM™° 1 panu-
yC MOJYUWJIMHIPA Pa30TPETHIX 3JIEKTPOHOB 7y = 25 MKM;
Geblii IBET BBEpXY (6) — 06J1aCTh, B KOTOPOil HET YaCTHIL
IJ1a3Mbl M TIO3TOMY TEeMIIEpaTypHYI0 aHU30TPOIMUIO
OIpeAeIUTh HEBO3MOXHO.

KaK €€ KOHLICHTpallun, TaK 1 TeMHepaTypHOﬁ aHN30-
TPOITNUU IJIEKTPOHOB.

Bonee neranbHOE TpexMepHOE MONEIMPOBAHUE JIC-
MOHCTPHPYET, YTO CO BpeMeHeM (0COOeHHO, KaK OXH-
naercs, mist BpemeH 0.1—1 HC) ¢dpunaMeHTH ToKa He
TOJILKO PACIIUPSIIOTCS U OCAA0JISIIOTCSI, HO U CUJIBHO
WCKPUBJISIIOTCS, a TAKXKE UCHBIThIBAIOT Pa3pbIBbl KaK
Onarogapsi KMHETHUYECKOMY pasieTy 3JICKTPOHOB
M IIOCTEIIEHHOMY HapacTaHWIO HAKJIIOHHBIX K OCH Z
MOJ BeiOeIeBCKO HEYCTOMUYMBOCTU, TaK UM BCICHI-
CTBUE HEOTHOPOTHOCTH ITOTOKA IJIa3Mbl M B3aIMOJICH -
cTBUSI UITAMEHTOB JIPYT C APYTOM IMOCPEICTBOM CO-
3MaBaeMbIX MMM KBa3UCTAaTMYECKUX MATHUTHBEIX U
MHIYKIIMOHHBIX 3JIeKTprudeckmux nosieit. [TomooHbIM
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SIBJICHUSIM OYIET IOCBSIIIEHO YNCIIEHHOE MOIEIUPO-
BaHMeE B JaJIbHEHIIIMX padoTax.

JANHAMUWKA MEJIKOMACIHITABHbBIX
OUIIAMEHTOB TOKA ITPU HAJIMUUU
ITAPAJUIEJIBHOI'O MM BHEIIHEIO
MAT'HUTHOTIO ITOJIA

SBnenne ¢popMupoBaHUS (PUIIAMEHTOB BJICKTPOH-
HOTO TOKA M HaYaJbHBIIA 3Tal UX CYIIECTBEHHO TPEX-
MEPHOI 3BOJIIOLIUM B pacCMaTpUBaeMOI TeOMETPUU
paszjieTa pa3orpeToro MoJyLWJIMHAPA JJa3epHOl Iuia3-
MBI MCCICAOBAJINCH U TIPU HAJIMYMK HAMpPaBJISHHOTO
BIOJIb HErO BHEILIHEro MarHuTHoro nonst B,. Eciu
3TO IT10JIe O4YeHb caaboe (MHoro MeHblie 1 Ti ais npu-
HSITBIX ITApaMETPOB IUIa3Mbl ), TO €ro BIMSHUE Ha IUHA-
MUKY (DMIIaMEHTOB TOKA M MAaTHUTHBIX ITOJIeii BHYTpU
o0Jiaka paszjieTarolieics Iuia3Mbl TIPaAaKTUYECKU MC-
KJouaeTcs. B TakoM ciydae BHelllHee 1oJjie ObICTPO
BBITECHSIETCSI TOKAMU B IIa3Me, a THPOPaINyC SHep-
TUYHBIX 3JIEKTPOHOB B OCTAIOIIEMCS TTOCTIe BhITECHE-
HUSI CpeTHEM MarHUTHOM T10Jie B, oKa3bpIBaeTcs 3Ha-
YUTEJIbHO OOJIbIIIe ONTUMAILHOIO MacluTaba Beiibde-
JIEBCKOM HEYCTOMUYMBOCTH.

B MarHMTHBIX 10X OONbIICH BEIWYUHEL (HO
ele He OCTAHaBJMBAIOIIMX B3PBIBHOTO pacliama
MepBOHAYaJILHOIO pa3pbiBa B ILIa3Me, T.e. MPU

B, < (8nn, T )"/? v B, < 103 Ti) siBieHue oGpa3osa-
HMSI MHOTOYMCJIEHHBIX TOHKHX (WIAMEHTOB TOKa
COXpaHsIeTCsl, HO UX CBOWCTBA U TEMIT 00pa30BaHUs
VK€ 3aBUCSIT OT BEJIMYMHBI 3TOTO MOJIsI, TOCKOJIbKY
OHO BJIMSIET Ha KPYMHOMAcCIUITaOHOE IBUKEHUE IO0-
TOKOB HEPTMYHBIX 3JIEKTPOHOB U XapaKTep UX OCThI-
BaHUSsI MY PACLIMPEHUHM B BAKYYM, a CJIEIOBATENIbHO,
Ha IPOCTPAHCTBEHHOE paclpeaeieHue, TeMn Gpop-
MUPOBaHUs, TAMMYHYIO CUJTy TOKA U TIONEPEeYHbIi

Jo AM?
X 1014
1.0

0.8
0.6
0.4
0.2

0
—0.2
—0.4
—0.6
—0.8
—1.0

Puc. 2. CrpykTypa (hpm1aMeHTOB IJIOTHOCTH TOKA j, B 3D-
pacyeTe pasjieTa XOJOAHON IUIa3Mbl C TOPSIYMMU DJIEK-
TPOHAMU B BaKyyM MPU HATVMYUY BHEITHETO MATHUTHOTO
nioitst By = 250 To1, mapajuieIbHOTO OCH Z, B MOMEHT Bpe-
MeHn 3.6 Tic, ng = 1.7 X 10%% eM ™3 m ry = 5 MKM.
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B,— By, Tn
300

200

100

—100
—200

—300

Puc. 3. KomnoneHTa MarHuTHoro nons B, — By wisi Toro
K€ pacyera, 4To U Ha puc. 2.

pasMmep oTHelbHBIX (pumimameHToB. Ha pmc. 2 mug
BeChMa IUIOTHOM ILIa3MBI MPU CWJILHOM MAarHUTHOM
nosnie B, = 250 T, B KOTOpoM rupopannyc kK3B-snek-
TpoHOB =(0.4 MKM, TIpeAcTaBiIeH IpUMEp pacueTa,
B KOTOPOM (bMJIaMEHTHI INIOTHOCTH TOKa 00pa3yIoTcst
TOPSTYMMU JIEKTPOHAMMU Y3Ke 3a IIMKOCEKYHIBI I TMe-
IOT IOTIepeYHbIe pa3Mephl 27 ~ 2—5 MKM, CUJTy TOKa
J ~ 100 A 1 marHuTHBIe 110151 B ~ 20—50 Ti1.

Ha ux manepHeiilyo 3BOMIOLMIO U pa3MbIBaHHE
BJIMSIET KPYITHOMACIITAOHOE MAarHUTHOE T10JI€, KOTO-
poe ocTaeTcsl B HEOOHOPOAHO pas3jieTalollencs Mmia3-
Me€ TTIOCJIe BBITECHEHHMSI OMHOPOMHOIO BHEIIHETO ITOJIS
¥ B CpeIHEM OKa3bIBACTCSI BO MHOI'O Pa3 MEHBIIIC ITO-
ciaenHero (~30 Tn gt puc. 2, 3), HO JOCTaTOYHBIM
KakK JUIsI CO3MaHusI HEOTHOPOTHOCTU U OTpaHUYEHUS
CpemHero YpOBHSI TeMIIepaTypHOIl aHM30TPOIIMI pac-
MpeaeicHUsT 3JIEKTPOHOB, TaK M Il AeopManuu
1 YMEHBIIEHUsSI BPEMEHM XXU3HU JIMHHBIX MEJIKO-
MacIITaOHBIX (PUIaMEHTOB ToKa. bojiee mim MeHee
perysipHoe ocliabJeHre IPOA0JIbHOIO MAarHUTHOTO
roJsis B,, IponeMOHCTpUPOBAaHHOE Ha puUC. 3, IPOKC-
XoguT Ojaromapsi BO30Y:KIEHUIO COJIEHOMOAIbHBIX
KPYITHOMACIITAOHBIX TOKOB B 3HAUUTEJILHOM OOBEeMe
o0naka 1u1a3Mbl. CyIiecTBEHHO, OMHAKO, YTO YKa3aH-
HOE OCTalolIeecs B IIa3Me MOJIe U 3BOJIOLIMOHUPYIO-
e GUJIaMeHThl TOKa CTAHOBSITCS HEOTHOPOIHBIMU
KakK T10 BeJMYMHEe, TaK M I10 HaIlpaBJIEHUIO, B TOM
YKCIIe U3-3a HAUTWYUS KPYITHOMACIITA0OHBIX IIOTOKOB
TOPSYUX DJIEKTPOHOB M aCUMMETPUU JIEHCTBYIOIIEHA
Ha HUX cvibl JIopeHIla co CTOPOHBI OOIIEro MarHuT -
Horo mons. K coxaneHuio, orpaHU4EeHHBI 00BeM
CTaThH HE ITTO3BOJISIET U3JI0KUTh MHOTOOOpAa3HbIE [Ie-
TaJId UCCJIEAOBAHHOTIO SIBJICHMUSI.

3AKJIIIOYEHHUE

PacuyeTbl TMHAMUKY BOSHUKHOBEHUSI U 3BOTIOLINU
MEJIKOMACIITAOHBIX (PUJIAMEHTOB TOKAa, KPYITHOMAac-
IITAOHBIX TOKOBBIX CTPYKTYP U COTJIACOBAHHOIO Mar-
HUTHOTO TIOJNIS JJjIsI pacCMaTpPUBAeMOrO pasjeTa J0-
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CTAaTOYHO XOJIOMHOM TTa3Mbl B BAKYYM TIPU HAJTMYUU
MOJYUMJINHIAPUUYECKO 00J1aCTU TOPSITYUX IJEKTPO-
HOB BOJIM3U MTOBEPXHOCTU pa3pbiBa MPOBEIECHBI KaK
B MTOJTHOCTBIO TPEXMEPHOI, TaK W B YIPOIIEHHON
JIIByMEPHOI TTOCTAHOBKE 3a/1a4¥ JJISI LIEJIOTO psiaa ra-
paMeTpOB MJIa3Mbl U BEJIUYMH BHEIITHETO MarHUTHO -
ro moJist. Bcsd COBOKYITHOCTB pe3yJIbTaTOB YUCIEHHO-
r0 MOJIEJIMPOBAHUS U KAYECTBEHHBIX aHAJIUTUYE-
CKHMX OLIEHOK CBUIETEJIBbCTBYET O CYILIECTBOBAHUU
SIBJICHUsI 00pa30BaHUs U MeJIKOMacIlITabHoM (ua-
MEHTALMU TOKOB TOpSTYUX 3JEKTPOHOB MPU UX pac-
IIMPEHNM B BaKyyM, O0OYCJIOBJIEHHOTO TEMITEpaTypPHOI
Be0eIeBCKOM HEYCTOMUYMBOCTBIO 13-3a aHU30TPOITHO -
rO OCTBIBaHUS 3TUX AJEKTPOHOB. Llenbio HacTosei
paboOTHI SBJISIETCS MTPUBJIEYEHUE BHUMAHUS K TaHHO-
My SIBJICHUIO, KOTOPOE€ 3aCIy>XWBAET MATbHEUIIIETO
TEOPETUUYECKOTO AHANN3a U ISKCINEPUMEHTATBHOTO
HaOmoaeHusi. HecMoTpsi Ha crieliMaibHbIi, KBa3u-
OTHOMEPHBIN XapakKTep T€OMETPUU MCCIICTOBAHHOMN
3a/1a4¥, NPEICKA3AHHOE SIBJIEHUE MOXET MPEACTaB-
JISITh MHTEPEC U1 LIEJIOTO psa MPOLIECCOB B JIa3ep-
HOW M KOCMWYECKOU Mia3Me CO CIadbIMU MexXdva-
CTUYHBIMU CTOJIKHOBEHUSIMU.

Pabota BrinmonHeHa 1py (MHAHCOBOM MOAIEPXK-
Ke MuHucTepCcTBa HAYKW U BBICIIIETO 00pa30BaHUsI
P® (comamenue ¢ OUBT PAH Ne 075-15-2020-785
ot 23 cenTsa6ps 2020 r.). YuceHHBIE pacyeThl IPO-
BOIMJIMCH C McToib3oBaHueM pecypcoB LIKIT BP
MCII PAH.
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