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TIOJIAPU30BAHHBIM JIA3€PHBIM HMITYJIBCOM ra30BOIl MUIIIEHU C HaHOKJIaCTEpaMU BO3HUKAIOT MarHUTHbIC JIUIIO-

JI, OPUEHTUPOBAHHbBIE II0 HAIIPABJIEHUIO JIA3€PHOIO UMIIYJIbCa U CO3JA0NIe KBa3UCTAIlMOHAPHOE PErysapHOe

MAarHUTHOE T0JIe aMIUIUTY/ION 0 JeCATHIX JOJIeH IMOJIsi MCXOMHOTO JIa3epHOro mMmmyJbca. Ilpu mocraroumoit

KOHIIEHTPAIIUU KJIACTEPOB II0CJI€ BBIKJIIOYEHUA JIA3EPHOI'0 MMITYJIbCa IIPOUCXOAAT KOJIeOaHUsI MAarHUTHBIX MO-

MEHTOB JIMNOJIEH M OCIUJUISIMA MATHUTHOTO MOJIs, COIPOBOKIAIONIMECS KOPOTKUM (HECKOJIBKO HEPUOJIOB)

BTOPUYHBIM U3JIYYICHUEM TE€PaAreproBoro auala3oHa. VYceioBreM HOSIBJIEHUSI TAKOIO KOPOTKOI'O TeparepioBoro

UMITYJIbCa ABJIAETCHA IIPEBBINICHUE LII/IKIIOTPOHHOﬁ YJaCTOTDBI JIEKTPOHA B CpEJIHEM II0 061>eMy MaraomTHOM IIOJIe

HaJ1 O6paTHBIM BpeEMEHEM 2KHN3HU KJlacTepa.
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BBenenwue. l13BecTHO, 9YTO B IIPO3PATHBIX JIJIs JIa-
3€PHOTrO U3JIyYEHUs] MUMIEHSIX IUPKYJISPHO TOJISTPH30-
BAHHBIM JIA3€PHBIM HMITYJIbCOM dYepe3 OOpaTHBI -
dexr Dapajiesi reHepUpYIOTCs CUIbHbIE MATHUTHBIE 10~
asg [1-3]. CrmenmanbHOe BHHTOBOE IPOCTPAHCTBEHHOE
pacmpejiejieHe MWHTEHCUBHOCTH JIA3€PHOIO HMMITYJIHCA
[IO3BOJISIET MTOJIYIUTh B AHAJOTUYTHOM CJIy4ae MPOJI0JIb-
HOe MarHUTHOE II0JIe aMILIATYI0M Bhiite rura-Taycca [4].
O 1HAKO TAKUMU METOIAME BO3MOXKHO CO3JIaHIE KOPOT-
KOXKHUBYIIET'O MATHUTHOTO 110JIs1. B oTyintne oT 0HOPOI-
HOW IIA3Mbl HU3KOH IUIOTHOCTH B IIPEJJIATAEMOM Me-
TOJIE CO3/IaeTCsl MHOYKECTBO TJIOTHBIX IIJIA3M KJIACTEPOB
B doKaIbHOM 00beMe JIa3ePHOI0 UMITy/Ibca. Bo Bpemst
JIefICTBUSL JIA36PHOTO UMILYJIbCA T€HEPUPYEMble MATHUAT-
HbIEe JIATIOJU KJIACTEPOB OPHEHTHPOBAHBI MapPasIeIbHO
U MATCHUTHOE I0jie B (POKAJBHOM O0BbEME OIHOPO/IHO.
Takum 00pa3oM, CO3/AeTCsI Cpejia U3 MArHUTHBIX JIU-
oJIeil, MAarHUTHOE T0JIEé B KOTOPOil 3aHNMAET BeCh Po-
KAJBHBI 00beM MeXK Iy KJacTepaMd U MPUBOJIUT K UX
B3aMMHOMY BPAIIEHHIO TIOCJIE OKOHYIAHUST JIA3€PHOT'O NM-
IyJIbCa. XapaKTepPHbIe YaCTOTHI BPAIEHUS JIUATIOJIEH CO-
OTBETCTBYIOT Te€pareproBoMmy juamnaszony. Hecmorpst Ha
B3aMMHOE BDAICHUE JUIOJIeH, n3-3a aHM30TPOIuu (Ho-
KaJIbHOTO 00'beMa CPEe/THSIST HAMATHUIEHHOCTD BJIOJIb OCH
JIA3€PHOIO UMILYJIbCA MPOJOJIKAET OCTABATHCS JOCTA~

De-mail: konstantin _platonov@yahoo.com

TOYHO BBICOKOII U TIOCJI€ OKOHYAHUS JIA3€PHOIO UMITYJIb-
ca, BIUIOTh JI0 BPEMEHU THUIPOJIMHAMUYIECKOTO PAa3JjIeTa
kiacTepoB. COOTBETCTBEHHO yJIAETCS IOJIYUUTH JIOJTO
JKUBYIIlee KPYITHOMACIITAOHOE MArHUTHOE I10JI€ AMILIH-
tymoit mo I'Tc.

O6paszoBanue u B3aMMOAENCTBHUE KJacTep-
HbIX MarHUTHBIX AuOoJei. Paccmorpum B3anmoeii-
CTBHE KJIacTepa paJumyca KJacrepa pammyca R < A
C IUPKYJISIPHO-TIOJIAPU30BAHHBIM JIA3EPHBIM UMITYJIHCOM
C JIJINHON BOJIHBI A, 9aCTOTOHN W, PEIITHUBUCTCKONU WH-
tencusHocThI0 [ = cE% /4w > 10 Br/cv? (EL — na-
UPS2KEHHOCTD JIA3EPHOTO 10JIs) U JJIUTEIBHOCTBIO Tf, <
100 dc. Bynem cuurarh, 9T0 B pe3y/ibrare B3auMOJIel-
CTBUsI KJIACTEP OKA3aJICsl YACTUIHO MOHM30BAH U DJIEK-
TPOHBI B BHJE 000JOYKHU (CyMMAPHBIM 3apsjioM —@Q u
XapakTepHbIM pajuycoM p ~ ) [5] oxpykaror uoH-
HOoe sapo pajuyca R (¢ sapsyiom Q) um BpamaroTCst
oJT, IefiCTBAEM IUPKYJISPHO-TIOJISPU30BAHHOIO J1a3ep-
HOTO UMITyJibca. [Ipu morsomeHnn Jia3epHOTO UMITYJIBCA
9JIEKTPOHAMHU KJIACTepa UM IlepeliaeTcs 3Heprus FEqps =
nITp?Ty, ¥ MOMEHT UMITYIBCA Japs = Eaps/w. Koabdu-
[IMEHT TOTJVIONIEHUS 1) JTUHEINHO-TIOJISIPU30BAHHOTO U3JTy-
YeHUsl (UPKYJISIPHYIO MOJISPU3AIIIO MOYKHO II0JIYIUTh
CyLepIo3unuell IByX JIMHEHHBIX HOJIApU3AIMi) HAHO-
KJIACTEPOM DaccMaTpuBajics B pabore [6] u cocrasiis-
€T JeCcsITKY TpoIeHTOB. Ha onuH 9/1eKTPOH IpUXoauTcs
[TOTJIOIIEHHBI MOMEHT:
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Ja S Ja S I
M=oty dabs N7 (1)
N, NeTP2CT,  MeCw

rJie Ne — KOHIEHTPAIMs 3JEKTPOHOB B 000JI0UYKe KJIAC-
repa [7]. s cpaBHEHHMsI, €CJIM JIEKTPOH PACCMATPU-
BaThb KakK CBOOOJHBIN B II0JI€ IMPKYJISAPHO IOJISIPH30-
BAaHHOM BOJIHBLI, TO MOMEHT nmMIyiabca: Mg = rgpgp =
=1Ime} = wcflcr (Ner = mew?/4me?). OgeBumno, aTo
M < Mg, nosromy onenka (1) cupasemiuBa npu ycjio-
BUU N > NNer. JlaseprHoe nose B (1) Takxke He JI0JIK-

HO HPEBBIMATH HOJIE, COOTBETCTBYIONEE IIOJHOMY yIa-
JIGHUIO 3JIeKTPOHOB 13 Kjacrepa (“KyioHoBckoMy B3pbI-
BY): vp/c < 2Zn;e? R\/3m.c?. MaruuTnblii MOMEHT
OT/ICILHOTO PeJIITUBUCTCKOTO 3JIeKTPOHA CBA3aH C €ro
MEXaHHIECKAM MOMEHTOM TMPOMATHHTHBIM OTHOIICHHU-
eM pi1 = eM/2vpmec, tae v, = /1 + v%/c? — Jlopenn-
dakTop 31eKTpoHa. MarHUTHBIII MOMEHT € IHHUIIBI 06b-
eMa KJIaCTepa MOJIy9aeTCs He 3aBUCAIIIM OT KOHIIGHTPA-
WY JIEKTPOHOB (TIPU T > MNer):

enl

M = n.M (2)

2y mecw’
MarHuTHBI MOMEHT BCEro KJacTepa XapaKTePHBIM pa-
JILYCOM P COCTABHT jis; ~ 4mp3M /3. MakcumasbHoe 3Ha-
YeHUe KBa3UCTAIMOHAPHOIO MATHUTHOTO 10JIst (Ha “Io-
BepXHOCTH KJIACTEPA) OIEHUBAELTCS KaK 110JIe OJJHOPOJI-
HO HAMATHUYIEHHOTO IIapa:

H. e ~ %”M 3)

OTHolenre MaKCUMAJILHOI'0 MAIHUTHOI'O IIOJISI K Jla3ep-
HOMY OLIECHUBaETCA KaK

H. nax V4 477@77\/7 na eFr,
= = s a =
Er 3vrmecdPw 31+ a2 mewc
u upu a >> 1 cocrasiser 17/3 (IecsaTbie S0JIH) JTa3epHO-

ro moss. Onenka (4) cOOTBETCTBYET pe3yJibTaTaM UhC-
sreaHoro PIC-mosesimpoBanust B3anMo/1eificTBUsI KJracTe-

(4)

pa ¢ MUPKYJISPHO-TIOISPA30BAHHBIM JIA3E€PHBIM UMILYJIb-
coMm. B pabore [7] Xe kuacrep paguycom 50 HM U HOH-
Hoit miorHocTeio 10?2 cMm~? obsyuasics THPKYJISIPHO-
nosisipu3oBaHHbIM 10 dbe nmimynbcom. Ilpu srazepHoit ne-
tercupoctu 102° Br/cm? Besmumna KBasucTaruoHap-
HOTO MATHUTHOTO nouist cocrabuia 35KT (kmroTecna),
9TO COOTBETCTBYET OleHKe (4).

ITockobKy MOJIE MATHUTHOIO JIMIIOJS CIAJAeT B
IIPOCTPAHCTBE KaK 7 >, cpejiHee MarHuTHoOe moje B ¢o-
KaJIbHOM 00beMe OyIeT 3aBUCETh OT KOHIEHTPAIUN N
KJIACTEPOB B (DOKAJIBHON 00IACTH U COCTABUT

<HZ> ~ H, maxnclpg; nclp3 < 1. (5)
ITosie (3) cymecTByeT B TeYeHue XapaKTEPHOIO BPEMe-

HU pa3sjieTa MOHOB KJACTEPA T R p/+/Zmecvg/Am,
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(arommoe umcio moma A, macca Amy,, 3apan Z). Ilo-
ge (5) Oyzer IpUBOAUTH K B3AUMOAEHCTBHIO (IIOBOPO-
Ty) JUIIOJEH, 9TO B CBOIO OYEPEe/b NPUBEIET K H3Me-
Henuio camoro cpeadero noJs (5). Ilpu xapakreprom
PACCTOSTHAY MEXKJLy JIATIOJISIMHE n;ll/ % MOMEHT CHJI MexK-
Jy mapoil cocemumx mumoJjeil cocraBur K =~ u%ncl =
= (H.) H, maxp®/4. Bpems At passopoTa quIo/is ompe-
JIeJIAeTCs OTHOIIEHMEeM MOMEHTa MMITYJIbca KJacTepa K
Bo3JIelicTByOMeMy MOMeHTy cust At & drnep> M /3K =
= 2mec/e(H,) n coBuamaer ¢ obparHoii Jlapmopos-
CKOIf 9aCTOTOH 3JIEKTpOHA B CpeJHeM MaTrHUTHOM IIO-
sie. OTMeTnM, ITO MOBOPOT MATHUTHOTO JIUTIOJS O3HA-
9aeT MOBOPOT €ro JEKTPOHHON 000JIOYKHU, & MOHHBIN
OCTOB IIPH 3TOM He IOBOPAaYUBAeTCA, U B OLeHKe At
OoTCyTCTBYeT Macca mona. Fcim At >> 7., TO mMOBOpO-
TOM JIUTIOJIEH MOYKHO NpEHeOpETb, OJIHAKO B 9TOM CJIy-
qae (H,) << H, max ((H,) ~ ng ~ At™1), u gocru-
JKeHue GOJILIUX CPeJHUX 3HAYEHHH MarHUTHOTO MHOJIST
HEBO3MOXKHO. B o6parHOM mpeiebHoM ciaydae At < T4
BO3MOKHO (H,) — H, max 1pu Ny — p~°. Hampuwmep,
B Cllydae TSKeJIbIX KJIACTepOB U3 YKHUJIKOIO Xe BeJrdu-
Ha T, ~ lmuc m mpu neg ~ 10 em™ Bpems passopora
gunonsg At ~ 0.17y. Yenosue At < T, HIpU HOACTA-
HOBKe At U T, MOXKHO II€perucaTh B BUJIE OrPAHUYCHUST
HA KOHIIEHTPAIMIO KJIACTEPOB M MHTEHCUBHOCTH JIA3€P-

HOTO TOJIA Ny S>> P ° (%) /i—z;nia*?’/{ a>1wu mo-

0aBUTH K HEMY YCJIOBHUE N K p—?’7 COOTBETCTBYIOIIEe

OTCYTCTBUIO KACaHUsl JIPYT JIPYIOM 3JIEKTPOHHBIX 060-
Jouek KiaacTepoB. [IocKOIbKY p /= A, 00a HepaBeHCTBA

1/3
Zme 1 .
Amy, ) n2/3 ~ n2/37 qTo

BBIIIOJIHAIOTCS, €Cau a > (
JIETKO peaju3yemMo B dkcrepumenTe. DokaabHBIN 00b-
eM TIpH 33JaHHOM PaJuyce 71, Ja3epHOro MydKa COCTAB-
aster Vi, &~ wr? * 2mr2 /A = 2w2r? /X, Obmee xommmde-
CTBO KJIACTEPOB IPH 3TOM COCTABUT No = ne2m2ry /.
IIpu MaKCHMAJILHO BO3MOXKHOI KOHIEHTPAIMH KJIaCTe-

~1/3
poB 1N

= 2p & 2\ 9uCI0 KIACTEPOB B (DOKAJIHHOM
obbeme coctaBut N = (wr%/2A2)2, u upu r; = HA
N¢ = 1500. Takum 06pa3oM, B peaibHOM CUTyaIlnl BO3-
MO2KEH PEKHM MATHATHOTO B3AMMOJEHCTBUSA HAHOKJIA-
crepoB B POKAJILHOM 00beMe, U HEOOXOINMO PacCMOT-
peHue JIMHAMUKHU 3TOro B3auMoieicTeust. OTMeTHM, 9TO
Jlayke IIPU CBEPX3BYKOBOI CKOPOCTH CTPYHU KJIACTEPOB
ra30BOi MUIIEHU Vg A2 DKM/C KJACTED 3a BPEMs CBO-
el JKU3HHU TIPOIJIET PACCTOSHUE VeiTer A 1077 cM (p ~
~ A ~ 107*cm). COOTBETCTBEHHO BIMAHAEM [/IBIZKCHHST
KJIACTEPOB MOXKHO NPEeHeOPedb U PACCMATPUBATH MIHO-
BEHHBIE TI0JIOYKEHUSI JIUII0JIeil B T€YeHUN BPEMEHU T
JAuHaMyuKa MarHuTHBIX MOMEHTOB KJlacTep-
HOI1 J1a3epHOii IJIa3MBblI IIOCJIE OKOHYAHUS Jla3ep-
HOTr'O UMILYJIbca. BBejieM e lMHuYHbINA BeKTOD 7, (t) Ha-
[paBJeHNs] MATHUTHOI'O MOMEHTa i-I0 KJjacTepa (Mar-
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HHUTHBLI MOMEHT Kjacrepa fi;(t) = 7;(t)px). Maraur-
HOE I10JIe CUCTEMBI KJIACTEPOB fABJIETCA CYMMOM IoJIeil
OTJEeJbHBIX JUIIOJIEH, COOTBETCTBEHHO IOTEHIIUAJIbHASI
SHEPrusd HUX B3aUMOJEUCTBUA U YPAaBHEHUE NBUKCHUS
OT/ICJIBHOT'O JIUIIOJIA IPUHUMAIOT BUAJL

N 6
U == () = H? e %
k=1
N _ —_ _ _ _
o Z (Ring — 3(erink)(Erini)) ding(t) _
L R}, dt
i,k=1,i<k g
CeH.map® & [ M X | 30 X e (Men)
 4dmec R3, R3, ’

ni(0) = €., eni = (7 —73)/ [Pk — 7i| = Rii/Ryi-  (6)

Ipu cayvaiiHoil opueHTAIMH €IUHUYIHBIX BEKTOPOB €,
COeJIMHAIOMUX Hapbl aunoJieli B cucreme (6), peasn-
3yeTcd XaOTHYIECKOe IMHAMHYECKOE COCTOSHHE C Hy-
JIEBBIM CYMMAapHBIM MOMEHTOM B IpeleIbHOM paBHO-
BECHOM COCTOSTHUM C TEMIIEPATypPOil KIacTepoB 1e:

J (3 ni) exp(—=U/Te)d...dQN,, = 0. Onpako B ciy-

i=1
4yae (HOKaJIBHOTO 00beMa MPHUCYTCTBYET AHU3OTPOIIHS

IIPOCTPAHCTBEHHOT'O PACIIPEIe/IeHIs] KJIACTEPOB, a caM
BBITSHYTBI BJOJIb OCH JIA3EPHOTO HMITYJIbCA O0beM
0OJIbITIE COOTBETCTBYET PACIIOJIOXKEHUIO KJIACTEPOB B BU-
Je HeIOYKU C MapaJuleJIbHON HavaJIbHON opHeHTaruei
JATIOJIEI (KOH(i)I/II‘ypaIlI/IH HENOYKU: €k = €4, Ny = €4,
Vk,i oTBeYaeT MUHUMYMY ITOTEHITUAIHLHON YHEPIUU B
(6)). CooTBETCTBEHHO CJIelyeT 0KHUJIATD, UTO, HECMOTPSI
Ha JBUZKEHWE JUII0JIEH B TAKOl CTPYKType, IIOJIHOI Xao-
TU3AIMU HAlIpaBJIEHU JIUII0JIeil He IIPOU30MIeT U cCoXpa-
HUTCs 3HAYUTENbHAA CPEHAST HAMArHnIeHHOCTh. 1Ipo-
aHAJU3UPYEM CJIy4ail HeOOJIBIIIOr0 KOJIMIEeCTBA JIHATIO-
Jielt, obJIaJAIoNINX aHU30TPOIHBIM ITPOCTPAHCTBEHHBIM
pacupesenennem. Ha pucynke 1 mokaszaHo pacroJioxke-
HIe 2-X ¥ 4-X JUIOJIeH OTHOCHTEIHHO HAIPABICHHS Kk
Ta/IA0IEro JIA3ePHOr0 UMITY/Ibca (BEKTOp k JIEXKHT B
IJIOCKOCTH JIUIIOJIEN U COCTAaBJISIET yroJi 6 ¢ OChIo z, Ha
KOTOPOii pacrojoxkena napa gumnoseii 1 u 2). B ciy-
gae 4-x qumosielt OHU 00Pa3yIoT POMO C OCTPBIM YIJIOM
60°. B cucreme (6) misi 2-x jpumosieil npu Mx mapasi-
JIeJIbHOM Ha4daIbHON OPpHUEHTAIUN COXPAHAIOTCS BO Bpe-
MeHH N1,(t) = ng.(t) = cosf u (6) cBOgUTCA K aHAIH-
TUYIECKU PEIIaeMoil CUCTeMe JIMHEHHBIX ypaBHuenuii. Pe-
IIeHne TI0Ka3bIBaeT, 4To junouu (1, 2) HAUMHAIOT CHH-
XPOHHO BPAIATHCS BOKPYT COETUHSIONIEN UX OCH Z, KaK
mokazaHo Ha puc. 1. IIpu masibix yriax 6 mo orHorie-
HUIO K OCH aHU30TPOINH CHCTeMBbI (0Tpe3oK 1-2) mar-
HATHBIA MOMEHT 2-X JWTNOJIed MPAaKTHUIECKN PaBeH Ha-
qajgbHOMY. JIBrKeHune 4-X numosieil, pacioIOKeHHBIX B
yrjaax poMoOa ¢ ocTpbhiM yryioMm 60°, obJiajlaeT cumMMeT-

N=2,N=4

Puc. 1. IIpocrpancreentoe pacnonoxenue 2-x (1,2) u 4-x
(1,2,3,4) nunosneii

pueit — mpu JirobOM yrIJie IaJIeHUsl JBUMKEHIE [Iap JIUAIIO-
sett 1-2 u 3-4 ogunakosBo. Ha pucynke 2 mokasaHo Bpe-
MEHHO€ IIOBEJleHre CYMMAapHOI'O MOMEHTa 4-X JuIoJieit
B 3aBUCHUMOCTHU OT YIJIa IaJieHusl 6 JIa3epHOTO UMILY/Ib-
ca. Yribl najieHus BAOJIb Jquaronaseit pomba § = 0, 7/2
OCTaBJISIIOT JTUIIOJIN HEIOIBUXKHBIME, OJIHAKO YCTOWYIN-
BOCTBH 9THX PABHOBECHBIX COCTOsIHUI paziandHa. Cocrosi-
Hue ¢ § = /2, Korja uMIIyJIbC aIaeT BIOJIb OCH aHU30-
rTpormu (BeITsHYTOCTH) poMba ycroiiunsoe. Ha pucyn-
Ke 2 BUJHO, YTO B MHTepBaJie yrios najenus [60°; 90°)
COXpaHSeTCsl CpejiHee 3HAYEHUE MPOEKINN MATHUTHO-
ro MOMEHTa Ha yPOBHE HAYaJbHOrO (paBHOrO 4-M Ha
puc. 2). Ipyroe pasHoBecHOe 3Havenue (6 = 0), HaoGo-
pot, HeycroitunBo. OTKJIOHEHHE OT Hero Ha 1° mpuBo-
JIAT, KAK BUJIHO HA PUC. 2, K OCIUJLISIIIUAM CYMMAaPHOTO
MOMEHTA OTHOCHUTEJIbHO HYJIEBOTO 3HaueHus. Pasjimuane
ycroitunBoctn paBHOBecHBIX (f = 0, 7/2) cocrosiHuit
CBSI3aHO C TE€M, UTO paccTosHue 1-2 MeHbIIle PaccTo-
auust 3—4. Koudurypamus 0 = 7/2 Gimxke K cocro-
SIHUIO JIMHEHHOMN 1enouku Kiaacrepos (Rijz — 0), or-
BEYAIOIIEMY MUHUMYMY HOTEHIHMAJIbHON sHeprun B (6).
Paccmorpenue 6oJbiero KoJaudecTsa Kiaacrepos (8 mir.,
IPSIMOYTOJIbHUK 4 X 2) IIeMOHCTPUPYET HOBEJIeHNE CyM-
MapHOI'0 MOMEHTA, AHAJIOTUYHOE PUC. 2: OPUEHTAIINS JIH-
oJIeil BJOJIb JIJIMHHON CTOPOHBI 00J/IAIA€T YCTONIUBO-
CTBIO M BBICOKMM CpeJIHUM MOMeHTOM. [loquepkHem, 4To
“crernenb aHnzoTponuy”’ (OTHOIIEHNE TPOIOIBHOTO H IO~
HEepPEYHOro pa3MepoB) (OKAJIHHOIO O6beMa COCTABIIET
2mr? [2Ar, = mrp /A > /3 (oTHOmenme amaromaseit
pomba Ha puc. 1), mosromy u B ciaydae Ny > 1 cremyer
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AWh
v

Puc.2. (IIsernoit omuaitn) Ilpoeknmus cymmapHOoro MoMeHTa 4-X JWMNOJEH HA HAIPABJIEHUE JIA3€PHOTO UMILYJbCa (i =

4 4
= (> niz)cos — (> ni,)sinfh) upn pasnauuHbIX yryax HajeHus 6 J1a3epHOro MMILyJbca Kak (yHKIHsi 6e3pasMepHOro

i=1 =1

spemenu Qt, Q = eH, maxp®/4mecR3,. Kpacuas kpusas — 0 = 89° | wepnas — 0 = 60°, senenas — § = 30°, cunss — 6 = 1°.

MarauTHBI MOMEHT OJHOI'O JUIIOJISA COOTBETCTBYET €JUHUIlEC Ha OCU OpAuHAT

OXKUJIATH TIOBEJIEHUST CyMMApHOTO0 MOMEHTa (hOKAJIBLHO-
ro o0beMa, aHAJOTUIHOTO KPACHON M UEpHOI KPHUBOi
puc.2. B peanpHOll cuTyaruu BO3MOXKHBI JINCCUTIATUB-
HbIE CHJIBI B3AUMOJIEHCTBUS MEXKY JIUIIOJISIMU, HAXOXK-
JleHUe BUJIA KOTOPBIX B ypaBHeHusx (6) Tpebyer oTaesib-
HOTO uccyeoBanus. 1Ipu HATMYIUY INCCUTTATUBHBIX CUJI
(ecm BpeMsl IUCCUTIAIMN MEHBIIIE T, ) CUCTEMA, TUIOJIelt
JIOJIZKHA TIOTIACTh B COCTOSIHUE ¢ MUHUMAJIHLHON dHEPIH-
eit U B (6), oTBevaroriee obpalieHne B HyJlb MOMEHTOB
CHUJI B IPABBIX YacCTsX ypasHeHuil nsuxkenust (6). dust
pomba Ha puc. 1 3T0 opueHTAaIs MOMEHTOB BIOJIb DOJIb-
woii quaronasu. Ormerum, 4To cucreMa ypasuenuii (6)
JIBUKEHUsI HAMATHUIEHHBIX MUKPOYACTHIL B CAMOCOTJIa~
COBAHHOM II0JIE SIBJISIETCSI TIPEIMETOM UCCJIEJOBAHUS CO-
BpeMeHHOI ¢busuku TBepaoro reia. B paborax [8-10]
[PUBEJIEHBI PACUETHI JUHAMUKA ¥ PABHOBECHBIX KOH(U-
rypanuii ynopsao4eHabx (B OTJIMYUE OT HAIIErO CJLy-
vas) PEIIeTOK MATHUTHBIX MOMEHTOB C si9efKOil B BH-
Jie KBaJIpaTa UM IPABUJIBHOTO N-yTOJIbHUKA OCJIE BbI-
KJIIOYEHUs] BHEIIHErO II0Jisl, OPHEHTHUPYIOIIEr0 BCE MO-
MEHTBHI B OJJHOM HallpaBjeHuu. V3-3a OTCyTCTBUS aHU-
30TPOINUU B PABHOBECHOM COCTOSIHUH YCTAHABIUBAETCS
HyJIeBasi CPeJIHsIsT HAMArHUIEHHOCTD.

HecymoTpst ma cirydaiinoe TpOCTpaHCTBEHHOE ITO-
JIOXKEHUE JuIoJjieii B (DOKAJBHOM OObeME,
TEPHOE PACCTOSHUE MEXKJy COCEJHUMH JIUTIOJISIMU

Xapax-
Rijy1 = ny OIIPEJIEJIEHO JIOCTATOYHO TOYHO.
CoOTBEeTCTBEHHO XapaKTepHas dacToTa KoJiebaHui
JIATIONBHBIX MOMEHTOB B cucTeMe (6) M CyMMAapHOIO
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JMIIOJILHOIO MOMEHTa HA PHC.2 TaKKe OIIpeleIeHa:
Q =~ eH, maxp3ncl/4mec. Konebanuss MaramTHbBIX
MOMEHTOB B KJIACTEPHOIl Ij1a3Me OyIyT IOpOXK-
JaThb BTOPUYHOE U3JIyYeHHE C
NaQ*ut /3¢, 10 usmydenme KOTepeHTHO
[0 YUCIYy 3JIEKTPOHOB B OTJEJHHOM KJacrepe (Ipo-

HOPIMOHAJILHO KBaJIpaTy UHCJA), & €ro XapaKTepHasl

MHTEHCUBHOCTHIO
Io ~

9acTOTa  YNPABJIAETCS KOHIEHTPAIMEH  KJIACTEPOB.
g naszeproit marencusnoctn 1019 Br/em? u 100 M
HoJHOCTBI0 noHm3oBaHHbIX (Z = 10) Xe kiacrepos
¢ KOHIEHTpammei ng ~ 101 cem™2 Q momamaer B
reparepioBblii guanazod (Q ~~ 7TCn, pimHa BosHBI
Aq &~ 40 Mmrm). Ormernm, 9T0 ecau JnHa GHOKAIBHOM
HepeTsyKKH JTa3epHOTo UMITyIIbea 27rr% /A < Aq, Tepa-
TePIOBBII UMITYJILC OYIET KOTEPEHTEH U MO KOJUIECTBY
KJIACTEPOB, & €r0 HMHTEHCUBHOCTDL IIPOIOPIUOHAJIBHA
KBAJPATy aMILIUTY/IbI KOJI€OAHMI MATHUTHOI'O MOMEHTA
y2K€ HE OTJEJHLHOrO KJACTEPA, & AMILIATYAE Koseba-
HUH MAIHUTHOTO MOMEHTa Nty BCEro (hOKaJILHOIO
oobema. Ilpu BpemMeHH XKU3HHU KJjacTepa T, ~ 1IIC
(r;' ~ 1TI'm) nasepmas KacTepHas ILTA3Ma sB-
JITETCS MCTOYHUKOM KOPOTKOTO (JIECATOK IEPHOJIOB)
nosHocThio (B caydae 2mrn?/A < Aq) WM gacTH4-
Ho (2mrz?/A > M) KOTEpeHTHOro TepareproBoro
AMIynbca. 1Ipm 9TOM HMHTEHCHBHOCTH TEPArepIOBOIO
U3JIyYCHUS B IPUBEJCHHBIX BBIIIE OIEHKAX IPEBLIIIAET
Ha ~4 mnopgiaka (Ha wacrorax ~ ) HHTEHCHBHOCTH
GOHA TOPMO3HOIO WU3JIYyUEHHUS PEJIATUBUCTCKUX IJIEK-

16 3 623 2
tporos kiacrepa [(FG) =~ Ncliﬂré.lﬂel cz;?l% In(2yr,)
e
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U CHHXPOTPOHHOIO WU3JIyYeHWUs BPAIIAIOMENHCS 3JIeK-
TPOHHOI 0060JI0YKH KJlacTepa. KiacTepHyio Ja3epHYyIO
IJIA3MYy C YKa3aHHBIMU BBIIIE ITapaMeTpPaMU MOXKHO
paccMaTpUBaTh KAK MCTOYHUK KOPOTKUX KOTE€PEHTHBIX
TepareproOBbIX UMILYIbCOB.
OrmeruM, uto 3ddekr
IIOBOI'O HWMIIYJIbCa JIA3ePHOU

reHepaluyl  Teparep-
KJIaCTEPHOI  IIa3Moi
U3BECTEH B CJIyYae B3aWMOJEHCTBUsS KJIACTEPOB C
JIMTHEHTHO-TIO/IIPU30BAHHBIM ~ JIA3EPHBIM  UMITYJIbCOM
nepenaTusucrekoit (<5 - 1017 Br/cm?) uHTeHCHBHO-
cru [11]. McrounukoMm TeparepruoBoro Hu3JydeHus B
9TOM cJjIydae SBJISIOTCH KOJIeOAaHUs 3JIEKTPUIECKOro
KBaJIPyIIOJIbHOIO MOMEHTa BHYTPEHHUX 3JIEKTPOHOB
KJIACTEPA BO BpEMs JIEHCTBHUS JIA3€PHOTO WMILYJIHCA.
B paccmarpuBaemoit pabore mpu peSATUBUCTCKOM Jia-
3epHOI MHTEHCHUBHOCTU BO BpEeMsl JEHCTBUS MMILYJIbCA
SJIEKTPOHAMHU KJIACTEPA TE€HEPUPYETCH DPEHTTEHOBCKOEe
U3JIydeHne, a TepareproBoe M3JIyIeHne BO3ZHUKAET MIPU
KOJIEDAHUSIX MAarHUTHBIX MOMEHTOB KJIACTEPOB yIKe
[I0CJIe OKOHYAHUS BO3/IEHCTBUS JJA3€PHOTO UMILYJIHCA.
BeiBoabl. B mammoit pabore mokazaHo, UTO TpH
06JIyIeHnn KOPOTKUM (JecsaTKu (c), pesiTHBUCTCKU-
UHTEHCUBHBIM, ITUPKYJISIPHO-IIOJIIPU30BAHHBIM JIa3€pP-
HBIM HWMIIYJIbCOM ra3a HEATPaJbHBIX HAHOKJIACTEPOB
BO3HUKAIOT PEJISITUBUCTCKUE MAarHUTHBIE JIUAIIOJIN, OPH-
€HTHPOBAaHHBIE 110 HAIIPABJIEHUIO JIA3€PHOI'O MMITYJIbCA
U CO3AIONINE KBA3UCTAIIMOHAPHOE PEryJIsiPHOE MATHUT-
moe mosie. Ilpm mocTaTovuHOl KOHIIEHTPAIINN JTUATIOJIE
IIOCJIe BBIKJIIOYEHUS JIA3€PHOTO MMITYJIBCA ITPOUCXOJIAT
KOJIeOAHUST MATHATHBIX MOMEHTOB JUIOJIEl U MATHUT-
HOI'O II0JIsl, COIIPOBOKJIAIOIIUECH KOPOTKUM (HECKOJIb-
KO TIEPUOJIOB) BTOPUYIHBIM U3JIyUIE€HUEM TEPArepPIOBOro
nnaraszona. CpejiHee 3HAYUEHWE MATHUTHOTO IIOJISI [IPU
9TOM OCTAETCH 3HAYUTEIbHBIM, CDABHUMBIM C TEM, KO-
TOpOe OBIJIO BO BpeMsI BO3/IEHCTBHS JJa3€PHOIO UMITYJIb-
ca, W JOCTUTAIONINM €JIWHUI] IIPOIEHTOB IIOJIS Ja3ep-
HOTO WMIyJIbca. PexnMm KojgeOaHWii MArHUTHOTO IIO-
JIE W TIOSIBJICHUE TEePArepIiOBOI0 HUMITYJIbCA PEAIH3yeT-
cs1, KOrjja oOpaTHas IUKJIOTPOHHAS YaCTOTa JIEKTPOHA
B CpeJHeM IO 00beMy MArHUTHOM IIOJI€ MEHBIIE Bpe-
MEHU KW3HM MATHATHOTO IUIOJIsI. JKCIEPUMEHTAJb-
Has peaJin3alys KJIACTEPHOU JIa3epPHON MUIIEHU I103-
BOJIUT B JIaDOPATOPHBIX YCJIOBUSAX I€HEPUPOBATL MAar-
HUTHBIE TI0Js1 ¢ amiuTynoit 1o ['Tc u uccemoBaTs mu-
HAMUKY JUIOJIb-IUTIOJIBHOTO B3aUMOJIEHCTBUSA HECKOJIb-

KUX COTEH 3JIeMEHTapHBIX jaunojeii. OTMeTum, 9To Jist
reHepanuyi MarHATHBIX JUIOJEH JOCTATOYHO MUJLIM-
JIZKOYJIbHOI SHEPIHMH JIA3€PHOIO MMILYJIbCa U (eMToce-
KYHJIHOM JIJTUTEJILHOCTA HMMITYJIbCA, MOITOMY BO3MOXK-
HO “KBA3UCTAIMOHAPHOE' HAMATHUYIUBaHUE (DOKAIHLHO-
ro o0’beMa ra30BOl MUIIEHU C IIOMOIIBIO IOBTOPEHMS
JIA3€PHBIX MMITYJIBCOB C YaCTOTON 110 HECKOJBbKHUX KI Ty
U HEMPEPBIBHOM MOJAYN KJIACTEPOB B (POKAJIbHBIN 00b-
eM 4depe3 MuKpocoruo. Co3laHHble TAKUM 00pa3oM B
JIa3epHOI Ij1a3Me PeJIITUBUCTCKIE MarHUTHBIE JUIIOJIN
SIBJIAIOTCS MOJICJIBIO 11yJIbCapOB B acrpodusuke [12, 13],
a B3aMMOJIEHCTBUE JUMOJEHl — MOJIEIbI0 “JUIOJIBHOTO
crekJia’ B PUBUKE TBEPIOTO TeJa.
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