HOJYYEHUE U NTIPUMEHEHHUE YHUIIOJIAPHBIX
UMITYJIbCOB MATHUTHOI'O NOJIA C UHAYKIIUEX 10 100 Ta
JJIA UCCUIIEJOBAHUA MATHUTOOIITHYECKHUX U
TAJIbBAHOMATHUTHBIX SIBJIEHUM

A.K. Coiika

Beenenue. [1pyMeHEHMe CUMIbHBLIX MarHWTHbIX nonein (CMIM) B
3KCMepPUMEHTa/IbHbIX WCCeA0BaHUAX MO (PU3MKe TBEPAOro Tefa SB/AETCH
aKTya/lbHOI 3afayeid, MOCKO/IbKY B TaKUX UCCNef0BaHUAX Hanbosiee BEPOATHO
OOHapy)XeHMe HOBbIX SABMIEHWA W MNOMyYeHWe CYLeCTBEHHO HOBOM
MH(OopMaLMM O CBOWMCTBax BellecTBa. [OCTMXMMas Ha OnbiTe WHAYKUWA
NOCTOSAHHLIX CMI paBHa cerogHsa 25 Tn nNpyv MOLLHOCTM MUTaHUS KaTyLLKK
~10" BT. [OCTYyNHbIMA ANSl LUMPOKOTO MPUMEHEHUS MOXKHO CuUnTaTh
noctoAaHHble CMIT go ~10 Tn, nonyyaemble C MOMOLLLIO CBEPXMPOBOAALLMX
CONleHOMA0B. MarHuTtHble nons Bbiwe 25 Tn MOryt ObiTb MOKa TOMLKO
NMMYNbCHLIMM,

Haunbonblas TpyaHOCTb MPOBEAEHUS WCCNeAoBaHW C UCMO/b30BaHUEM
CU/IbHBLIX UMMYNbCHLIX MarHUTHbIX nonet (CUMI) cBsA3aHa C CO3AaHWEM
MCTOYHUKA NONSA, MHAYKUMSA, LNTENbHOCTL 1 00bEM KOTOPOro YA0BNETBOPA/IN
Obl MOTPEOHOCTAM MNaHMPYEMOro 3KcrepumMeHTa. Maclutab peluaembix Mpu
3TOM 3aday onpegensetca amnautygoin  CUMI, OT BeNMYMHBI KOTOPOM
3aBUCAT U 06BEM, U A/IMTENLHOCTL MoAyyaemMoro nons. O6vem nons ~1 cm®
ABNSAETCA AOCTATOYHbIM A1 MHOMMX 3KCMEPUMEHTOB MO (hU3MKe TBEepAoro
Tena. Ans cosgaHus CUMI go ~100 Tn B o6veme ~1 cm® Tpebyetcs
KOHJeHcaTopHasa 6atapes 3sHeproemkoctbto ~50 kx (npu B=100 Tn
MOTHOCTb 3HEPrUM MarHUTHOrO nons ~4 k[k/cm®, a K.n.j. reHepatopa

CMIT ~10%). TllocTpoeHue Takoil 6GaTapen — NOCW/bHaA 3adada Ass
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LLUMPOKOro Kpyra uccnenosarenen, a Mmetodbl nonydeHns CUMIT go 100 Tn
paspsagom 6atapen Ha KaTyLlKy XOpOLIO W3BECTHbl U LUMPOKO OMUCaHbl B
nutepartype (cm. [1]). Tem He MeHee, K HaCTOSILLLEMY BPeMeHWN NnojasnstoLLee
OOMbLIMHCTBO  uccnegoBaHnin B CUMIT  BbINOMHEHO B MOMSX, He
npesbiwarowmx 30-40 Tn [2].Takoe nonoxkeHue fen 06YyCNOBMEHO [ABYMS
npo6seMamn, KOTOpbIe MPUXOANTCSA peLlaTb Npu co3gaHnm nctouHmka CUIMI,
MPUroLHOIO A/19 NPaKTUYECKOro 1CMo/b30BaHMA.

MepBas Npobrema cBs3aHa C pabounm pecypcom (paspyLUeHnemM) KaTyLlek
MarHUTHOrO NOJS: YMC/IO Pas3pPsAA0B, ONPEeAensLMX CPOK UX CNyXObl, npu
pocte amnautyabl CUMIT ot 30 go 50 Tn ymeHbLUaeTca oT ~10? [0 04HOrO
paspsga CooTBETCTBEHHO. pyrumn cnosamu, socrnponssegeHne C/IMIT ot 50
Tn v Bbllwe TpebyeT BCAKUIA pa3 HOBOM  KaTyLKW ( B CBSA3M 3TUM Be/IMYUHY
nHgykumm 50 Tn HasbiBatoT npedenom Kanuvubl [3] ). MonydeHve CUMIT
Bbiwe 50 Tn, Hepa3pyLUaKOLLMX co3datoLme NX KaTyLKK, npeactasnset coboi
C/TIOXKHYIO KaK C TEXHUYECKOWN, TaK U C (PU3NYECKON TOUEK 3peHus 3agaqy,
MPOCTble CMOCO6bI PEeLIeHNs KOTOPOid elle He pa3paboTaHbl (cm. [3] n Tam
nunteparypy).

BTopas npo6nema cOCTOMT B TOM, UTO OObIYHbIA paspsg GaTapen Ha
KaTyLKY MO03BOMAET MofyyaTb Nvwb ocumnnvpyrowme CUMIT ¢ dopmoit
MMMynbca B BUAE 3aTyXaloLlen CUHYCOMAbI, KOTOPble MO pasHbIM NPUYMHaM
HeXkenateNbHbl WU HENPUEMIEMbl BO MHOTMX 3KCneprmMeHTax. Kak npasuno,
TpebytoTcs anepuogmyeckue (YHUNonsipHble) umnynbcbl CMIT onpegeneHHoN
(hopMbl, KOTOPbIE 13-3a TEXHUYECKUX NPOBIEM, CBA3AHHbLIX C UX MOJTyYEHUEM,
HeAOCTYMHbI 418 LUMPOKOro NPUMEHEHNs, 0COB6eHHO B clyvae noneid ot 40 Tn
n BblLwe [4].

B pabotax [5-9] onucaH HOBbI C€rNocob MNOMYYEHUS YHUMONAPHbIX
nMnynbcos CMIT pa3fiMyHOn PopMbl paspsaaomM KOHAEHCATOPHbLIX 6aTapeit Ha

KaTyllKy. B Hem npeo6pa3oBaHME CMHYCOWAAIbHOIO TOKa, MPOTEKAMOLLIEro



yepes KaTywky, B anepuoguyeckui uUMNynsCc Tpebyemon  opmbl
OCYLLECTB/IAETCA C MNOMOLUBI0 ra3opaspsagHoil  Mnasmbl, reHepupyemoi
MCKPOBLIM PaspsafHUKOM, KOMMYTUPYHOLWMM 6aTapero Ha KaTywlky. ITOT
Cnoco6, HasBaHHbIA aBTOMATUYECKUM MNfasMeHHbIM Kpoybapom [5, 9],
NCK/TIOUNTENBbHO MPOCT B TEXHWYECKOM OTHOLUEHUM, SPMEKTMBEH 1N HaLEXEH,
YTO [enaeT ero NPUrogHbIM ANA LWMPOKOro NpPUMeHeHUs B UCC/ef0BaHNAX C
1Cronb3oBaHNeM YHUMONAPHbIX CUIMIT ¢ unaykuueii Bnnots go 100 Tn [10].

B paHHON cTaTbe oOnmMcaH HOBbIA CrOCO6 MOMYyYEeHUA YHUMONAPHbIX
HepaspyLwarowmx CUMI ¢ uHaykuuein o 60 Tn n npuBeaeHbl pesynbTaThbl
NCCNeAoBaHNA  HEKOTOPbIX  MarHUTOONTUYECKUX W TFa/ilbBaHOMarHUTHbIX
AsneHni 8 CUMIT po ~80 Th.

1. Tlonyuyenue Hepaspymawmux yHunoaspabix CUMIIL. [lonyyeHune
C/MIT Bbliwe npegena Kanuupl (50 Tn), HepaspyLLakoWwmx rnoneoopasyroLLyto
CUCTEMY, OCHOBAHO Ha CYMMMPOBAaHUM MarHUTHbIX MOJSIEN, reHepupyeMbIX
pas/InyHbIMK  KaTylkamu. [pocTeias cucTtema, peansytollas Takoe
CYMMUPOBaHWe, NpeacTaBNseT co60M psafL KOHLEHTPUYHO BCTaB/IEHHbLIX APYr B
Apyra KaTyllek, Yepe3 KOTOpble MO OnpefesieHHOMY BPeMEHHOMY rpafuky
paspsXkatoTcAd KOHAeHcaTopHble 6aTapen. CyMMUpPOBaHME MarHWUTHbLIX MOJiei
KaTylleK OT/IMYaeTca OT CYMMWPOBaHWUA MNOJMeid BUTKOB ~ MHOrOC/IOMHOWA
KaTyLWKN: MeXZIy C/MoSIMU KaTyLKW MarHUTHOE MoJfie MPaKTUYecKu paBHO
HY/0, & NoJie MeXAy KaTyLlkaMy CKa4koobpa3HO BO3pacTaeT Npu nepexoje ot
BHELUHEN KaTyLKW KO BHYTPEHHEA. 3TO 3HAYMT, YTO BUTKM BHYTPEHHMX
KaTyLIEK KPpOMe pa3pblBatoLLero AasfieHNs, 00YCNOBIEHHOIO X BHYTPEHHUM
MarHMTHbIM NOJIEM, WCMbITbIBAKOT M paguasibHOe CXKMMarowee [aBeHue,
00YyCNOBNEHHOe  BHELWHUM noneMm. Pe3ynbTupyiollee  faBneHve P,
NCMbITbIBAEMOE KaTYLLKOW, OrnpefenseTcs PasHOCTbHO MIOTHOCTEN 3HEPrui

MarHMTHOIro rnonAd Bi BHYTPU KaTylWKN N MarHUTHOro nosnd Be CHapyXwu ee,

T.€.



P= B -B: , (1)

2 g
rae u, =4z- 107 Th/m. Mpn B, > B, 3T0 faBneHne GyaeT paspbiBaroLym
(Mbl 34€Cb He Y4MTbIBAEM aKCUa/IbHOIO AaBNEeHUs, COKMMAOLLEro KaTyLlKy ¢
TOPLIOB, KOTOPOe 06YC/IOB/MEHO PafnasibHOM KOMMOHEHTON MarHMTHOrO Moss
KaTywKmn).UTobbl CPOK CNyX6bl KaTyLWKW MpeBblllan OAMH  pa3paf,

Heo6X0AMMO 06eCcrneyYnTh BbIMOMHEHME YCNOBUS:

W/B|2 - Bz <50 Th. (2)

Ansa BHewHel kaTywkn B,= 0 Bcerga, T.e. Hanbosbllee HepaspyLlaroLlee

rnosie, CO3JaBaeMoe €K, He MOXeT npeBbiwaTe npegena Kanuubl (kak 1 B
C/lyyae OAUHOYHOM KaTyLIKM). HanpoTus, MHAYKUMSA HepaspyLUatoLLero nons,
CO3JaBaeMOro 60N BHYTPEHHEN KAaTYLIKOW, MOXET, B NPUHUWUIE,
npeeblwate 50 Tn. Haubonbluee nNPEBbILLEHNE BO3MOXHO AN  CaMoW
BHYTPEHHEN KaTyLIKW, AN KOTOPOW BHELLHee MarHUTHOE Mojie paBHO CymMMme
MoJsieil BCEX HAapPY)KHbIX KaTyLlek, Mpy 3TOM CPOK CNYXObl 11060 KaTyLLKM
OyaeT NponopuuoHaieH CTPOroCTM BbIMOMHEHUA AN Hee HepaBeHCTBa (2).
[MpaKTUyeckn HeT HeobXOAMMOCTI B TOM, YTOObI COBCTBEHHOE MOJe KaXoM
BHYTPEHHEN KaTyllku npeBblwano npegen Kanvubl (Mnm 6b110 61M3KO K
Hemy). HeobxoAMMO TOMbKO, UYTOObI pPe3ynbTUPYHOLLEe MAarHUTHOe Mosie B
paboyem 06beEMe CUCTEMbI KaTyLleK 6b110 Bbile 50 T/, 4ero MOXHO LOCTUYb
Y)Ke B ABYXKaTyLLIeYHOM MarHuTe.

Takum 06pa3om, MHOroKatyLleyHble UMMY/bCHbIE MarHUTLI 06ecrneynBsatoT
nonydeHve Hepaspywarowmx CUMIT ¢ uHgykumen Bbiwe npegena Kanuupl.
Takne MarHuTbl CyLLeCTBEHHO CrnocobCTBOBaM Obl Pa3BUTUIO UCCELOBaHWIA
B CWMIT Bbiwe 50 Tn. MpobnemMa B TOM, UTO, KaK y>Ke OTMEYasioChb BblLLIE,
peanusaums MHOMOKaTyLLIeYHbIX MarHUTOB COMpsbkeHa C  60/bIMK

TPYAHOCTAMU, NPENSTCTBYOLLMMMN UX LLUIMPOKOMY NMPUMEHEHMUIO.



MpuHUMNUanbHaa cxema TeXHUYECKM MPOCTOro U BbICOKOIP(EKTMBHOIO
TPEXKaTYLLEYHOro MarHuTa, oTpaxarouwlasd KOHCTPYKTVBHbIE OCOOGEHHOCTU
ero 3/IeMeHTOB, NpeAcTaBfeHa Ha puc.l. KoMMmyTauMoHHbIA 6/10K paspsgHOM
Llenn marHuTa, obecreyvBatoLLMini BPEMEHHON rpadmk paspsiga 6atapeit Ha
KaTywKu, a TakKXke YHUNONAPHOCTL pesynbTupyrowero umnynsca CMI,
MOCTPOEH MO MPUHLMNY paboTbl aBTOMATMYeCKOro naasMeHHOro Kpoybapa.
OH cofepxnt (CM. puc.l) anekTpoAbl 1 TpuraTpoHa, BbIMOMHAOLLErO
(hyHKUMM KOMMYTATOpa 1 reHeparopa rasopaspsgHou nnasmbl, 31EKTPOALI 2 U
3 [BYX HeynpasnseMblX paspsAgHMKOB C  0OWUM A1 HUX YrO/KOBbLIM
3NEKTPOAOM 4 1 TpK KpoybapHbIX anekTpoaa K3.

AnekTpoapl 1, 2, 3 1 4 pacrnosioXKeHbl B O4HOW MIOCKOCTU U pa3MeLLeHbI
BHYTPU NIa3MeHHOr0 KOpuaopa Tak, Kak MokasaHo Ha puc.2. iasMeHHbIN
KOpUaop, NpeacTaBnAaloLWLMIA COO0MN TPEXCTEHOUHbIA MPAMOYTO/ibHbIA  KOPOO
1, BbINO/IHEHHbIA M3 U30NMPYIOLLEro Matepuana, CNy>XXuT Anas (hopMupoBaHus
MOTOKa ra3opaspsafHOM nnasmbl, ABVKYLLErOCs OT TpUraTtpoHa K KpoybapHbIM
anekTpodam K3 BAo0/b Yronkosoro anektpoga 4 (cm. puc.1l n puc.2). CKopocTb
MOTOKa Masmbl 3aBUCUT OT MOLLYHOCTU paspsgoB M, B AaHHOM Ciydyae, OT
PacCTOSHUA MeXay CTeHKaMn KOpuaopa, KOTopoe 6bi10 paBHO 4 cm (npwu
LUMPVHE U ANNHE CTEHOK Kopugopa 5 1 25 ¢M COOTBETCTBEHHO). Y TO/KOBbI
anekTpog 4 nmen onvHy 13 cM, gnamMeTpbl NaTyHHbIX 31eKTPoAoB 2, 3 N 5
Ob111 paBHbl 30, 10 1 7 MM COOTBETCTBEHHO.

KoHCTpyKkuua  fepxateneir anektpogos 2, 3 w5 obecneyvBana
BO3MOXXHOCTb ~ MX MJIaBHOrO rMepemeLleHns BAOMb  3nekTpoda 4 ¢
(mkcaumerr B ONpPeAeneHHOM MOMOXEHWM, YTO MO3BONSNO  M3MEHSTH
PacCTOAHNA MeXAYy HUMW, a TakXKe PacCTOAHWA  3TUX  3NEeKTPOLOB A0
TpuraTpoHa.  KpoybapHble — 31eKTpoAbl 5 pacnonoXKeHbl B MIOCKOCTH,
MPOXOAALLE  4epe3  CepeauHy  paspsaaHoro NMPOMeXxXyTKa 7

nepneHANKYNSPHOM NI0CKOCTW PacnonoXeHns anekTpoaos 1, 2, 3 n 4.



O6MOTKa MarHuTa ¢ paboymm KaHasioM AMaMeTpoM 22 MM, COCTOUT U3 TPeX

KaTywek aa’, bb'" W cc’ pMHON 5 cMm (CM. puc.l), HamOTaHHbIX Ha OAWH

Kapkac  MeAHbIM TMpPOBOAOM [AMaMeTpoM 3 MM, MOHO/IMTHO CKpernJeHa
3MNOKCUAHbIM KOMMayHAOM W CTAHYTA B pafMasibHOM Hanpas/ieHUN CTaslbHbIM
6aHOKOM.  BHYTpeHHss [BYXC/NONHas KaTyLlKa nvena
WHOYKTUBHOCTL L, ~7,9 MKI'H (N = 26 BWTKOB), TPEXC/IONHbIE CPeAHAs W
HapyXHasa KaTywwku - L,,, ~26,0 MKI'H (N = 34 Butka) n L, 69,0 MmkI'H (N

= 37 BUTKOB) COOTBETCTBEHHO.

B aa‘+B bb‘+ B o

Puc.1. NpuHuMnuanbHasa cxema TpexKaTyLeyHoro MMnynbCHOro MarHmTa




Puc.2. KomMMyTaLUMOHHbI 610K paspsiaHOiA Lenu marHuTa

PaboTta MarHuMTa MOSICHSIETCA [Auarpammon Ha puc.3, rfe nokasaHa
BpeMeHHad Moc/efoBaTe/lbHOCTL reHepaumMM U CyMMUPOBaHUA WMMY/LCOB

CMI1, co3gaBaembiX KaTylwkamun L., L,, W” L... Ha puc. 3

aa' cc

0003HaYEHbI: Ba,— NHAYKUunA nona KatyLwku Laa,, BHELUHETO Mo

a

OTHOLLEHUIO K KaTywke L,,; B,, +B,, —VHLYKUMA MOMSA BHYTPU KaTYLLKV

aa’
L,, , cO3[1aBaemMoro Tokamu katywek L, W L,, , BHELLHEro Mo OTHOLLUEHWIO K
Katywke L., B, +B,, +B_. - WHOYKUNS Pe3ynbTUPYIOLLEro MarHUTHOrO

Nons BHyTPW KaTywku L, .

BT A
BaatBeyt+Bec /
Baa'+Bbb'
Bax /7
0 Tbb Yo Tm t :S

Puc.3. BpeMeHHas guarpammMa CyMMUPOBaHUA MarHUTHbIX MOJIEN KaTyLlek

B mMomMeHT BpemeHu ¢=0 nomkuraetca TpuratpoH 1 (cm. puc.l n 2) u

batapes C, paspsXaeTcsd Ha KaTyLwky L .

MarHuTHoe nosie B Heil HapacTaeT Tak, Kak ecnv 6bl kaTywek L,, U L,
BHYTPY KaTyLKN L, He BbINo, TaK Kak Lenu paspsgHbiX KoHTypos L, C,
n L., C; pa3oOMKHYTbl. K MOMEHTY BpeMEHW f¢=17,, MNOTOK MN/Ja3Mmbl
3aMblKaeT aneKkTpoabl 2 1 4, n batapes C, paspsxaeTcd Ha KaTywky L, .
Mpn 3Tom KaTywka L ., He MpenaTCTBYeT HapacTaHWIO Mo B KaTyLlKe

L,,, TaK Kak Lenb KOHTypa L . C3 pasoMkHyTa. OfHaKo, TaK KakK 1 npu

t>1,, TOK B KaTyluke L , (none B, CHAPYXXN KaTyllKn L, ) npofo/mkaeT



HapacTaTb, TO B KaTywke L,, BO3HWKAeT WHAOYKLUMOHHbIA  TOK,

NPENATCTBYHOLWMNIA AanbHeLeMy MNPOHUKHOBEHUIO BHYTPb €€ MarHUTHOro

nond B,,. B MOMEHT BpemMeHW ¢ =7, ra3opaspsafHas nnasMa 3amblKaeT
anekTpoAbl 3 1 4, n 6ataped C, paspsKaeTca Ha KaTywky L,... HakoHew, B

MOMEHT ¢ =17, , KOrga MarHUTHOE Mnosie B KaTyLUKe LCC, HanbonbLlee, MOTOK

m!
Mnasmbl, KOHTAKTUPYS € anekTpogamMu KO, HaKOpOTKO 3aMbIKaeT BbIBOfbI BCEX
KaTylleK, roC/ne Yero MarHUTHoe MNONMe KaxXAaol M3 HUX cnagaeT no
3KCMOHEHLMaNbHOMY 3aKoHY. [pUMepHO MO TaKOMY >Ke 3aKOHY CrafaeT U

pe3ynbTUPYHOLLLEe MarHUTHOE Noje BHYTPY KaTyLKn L, .

Ana 3hPeKTUBHOr0O CyMMMPOBaHUA MONEN Heo6XoAMMO, YToObI rpadimk
paspsga 6Gatapeit obecrneymBan CoBnafeHNe BO BPEMEHM MaKCUMYMOB TOKOB
B KaTyLlKaX, MPUYemM C Y4eTOM WX B3aMMHON WMHAYKTUBHOCTW. JTa 3afaya
peLaeTca noL60poM PacCTOAHMIA Mexay MPOLOSIbHBIMA OCAMW 3/1eKTPOL0B
TpuraTpoHa 1 v anekTtposoB 2 n 3 (cm.pucl). OcobeHHOCTM pacLUMpeHns
nnasmbl BO3AYLUHbIX WCKPOBbIX pa3psgos (cm. [8,10]), obycnosneHHble, B
4aCTHOCTW, TeM, YTO B MepBOM YETBEPTU Nepuoja paspsLHOro TOKa CKOPOCTb
pacluMpeHns NpPOMopuUMOHa/ibHa KakK 3Hepruy paspsga, Tak M CKOpOCTw
HapacTaHus ToKa, 0becrneunBatoT — NoLO0POM YKa3aHHbIX BblLLIE PACCTOAHWIA —
TOYHOCTb YCTAaHOBKM MOMEHTOB CpabaTbiBaHWNA Pa3psaLHUKOB He Huke £5% oT
LJIMTENbHOCTM HapacTaHWA TOKa. B gaHHOM criyyae  M3MeHeHMe pacCTosHUA
MeXy COCefHUMMW paspagHMKaMu Ha ~1MM COOTBETCTBOBA/IO W3MEHEHWUIO
NHTEpBasia BPeMeHW MeXAy WX cpabatbiBaHMsMM Ha ~10MKC. [Mna3meHHbIi
KOpPWAop MOBbIWaeT CTabubHOCTL PaboTbl KOMMYTAUMOHHOTO 6/10Ka U
TOYHOCTb YCTaHOBKW rpagmka paspsaja.

Ha puc.4 nokasaHbl ocuunnorpammbl pesynbtupytoiero CUMII: BepxHas

KpuBad — ocuunnupyrowee none ( anektpogbl K3 OTKMOYEHbI), HMXKHASA



KpuBas — YHUMNONApPHOe (KaTylKW 3aKopaumBatoTCA B MOMEHT  t> 7,
(cm.puc.3)).

Mocne reHepaumMn [ecATU MPaKTUYECKM WAEHTUYHBIX YHUMONAPHbIX
MUMMYNbCOB C aMMAUTYA0N WMHAYKUMK ~60 TN 3MeKTpuUYeckrne napameTpbl
KaTyLLeK MarHuTa He NpeTepreny 3aMeTHbIX U3MEHEHWIA, YTO CBUAETENbCTBYET
06 OTCYTCTBUM NACTUYECKON aedopmaumm BUTKOB. OfIHAKO HarpeB KaTyllek
3a OAMH paspsag Obll 3HAUMTESIbHBLIM: [ANS MOJIHOTO OCTbIBAHUA KX NpW
KOMHaTHOMW Temnepatype Tpebosaiocb 6onee [ABYX 4acoB. Manas
TEen/JIoeMKOCTb OOMOTKM OrpaHuWyvMBaeT 3SHepruio paspsga v, Tem cambiMm,
amnantygy CUMIT. TMonyyeHne 6onee BbICOKMX Hepaspywarowmx CUMI
BO3MOXHO B TEPMUYECKM M MeXaHMYeCKU 60/ee MPOYHOM TpexKaTyLLeyYHOM
noneobpasytoLlein cucTeme, M3roTOBMIEHHOMW, Hanpumep, u3 6GepunIMeBoi
6poH3bI (cM. [10]).
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Puc.4. imnynbCbl pe3ynbTUPYHOLLEro MarHUTHOIO Nosis

2. D¢ dexT Papanes B KOHHUCHTPUPOBAHHOM pPyOMHE B MOJISIX 10
~80 Tu. B pabote [11] akcnepumeHTaslbHO MccnefoBaH apdekT dapagen B
KOpyHAe u nasepHom pyouHe B CUIMIT go 80 Tn. YcTaHOB/EHO, 4TO

noctosaHHaa Bepge (1=632,8 HM) napamarHUTHOro pyouHa, pasHasd 0,353



rpag/cM kO, Kak U AnamarHUTHOro kopyHaa - 0,375 rpag/cm kO, He 3aBUCUT
OT MarHuTHoro nons (cm. puc.6 a) ). 3HaumTeNlbHOEe pasnnyme MOCTOAHHbIX
Bepae kopyHza w nasepHoOro pybuHa faet OCHOBaHWe npeAnonararb, YTO C
YBe/IMYeHEM KOHLLEHTpaLUmMmn Xpoma noctosHHasa Bepae pyovHa 6yaet n fanee
YMeHbLUATbCA 32 CYeT BO3pacTaHud OTpULATE/IbHOrO MapamarHUTHOro
KOMMOHEHTa MarHMTOOMNTUYEeCKOro BpauleHus. C LUefblo NPOBepKM 3TOro
MPesnosioXKeHNs OblI U3MEPEHbI YI/ibl NOBOPOTA M/IOCKOCTM MONApu3aunm

ceeta (1=632,8 HM) B KOHLEHTPMPOBaHHOM pybuHe B CVIMI ¢ amnnanTyoi
H, [0 740 k3. MeTofmKa 3KcrepumMeHTa bblfa aHasiornyHa onucaHHoW B

[11] . Jlyd renuit-HeOHOBOTO nasepa  npoceBeymBan ob6pasel, pybuHa,
MOMELLIEHHbIN BHYTPb KaTyLUKW, W, NPOMAAA Yepe3 MonspusaTop, nonagan Ha
®3JY. O6pasubl Bblpe3aMCb K3 BblpalleHHOW MeToAoM BepHeins 6ynu
py6uHa ¢ KOHLUEHTpaLelt xpoma ~1% (N, ~ 3,510%%Mm*). OHu umenn Bug
napannenenunegos  3,0x3,0x6,8 MM® C NOMMpOBaHHbIMM  TOpLAMM U
OMTUYECKON OCbHO, MNapannenbHoW 60MbLWOMY pebpy € TOYHOCTblO 0,5
rpagyca.

Ha puc. 5 a), 6) 1 B) npmBefeHbl XapaKTepHble OCLMNNOrpaMMbl
(hbapafleeBCKOro BpalleHns  (BepXHWE KPWBbIE) M COOTBETCTBYHOLLME UM
OCUMNNOrpaMMbl MarHUTHOrO nons (HYKHME KpuBble).  M3-3a  Amxpomsma
W, NO-BUAVMOMY, 3HAYMTEIbHOW HEOLHOPOAHOCTU 06pasLoB, BbIXOAALMA M3
HAX Nyd  Obln 3NIMNTUYECKM MONSAPU30BaH, MNO3ITOMY Hesnb3d  Oblfo
YCTaHOBMTb MONAPN3ATOP Ha MOMHYH TEMHOTY, T.. aMNUTYAbl NNYKOB Ha
KPMBOW  BPALLEHUS OMpefensiiucb He TOMbKO MOBOPOTOM  M/IOCKOCTY
nonapmsaumn, HO, 4YacTUYHO, U WU3MEHEHWEM MOCTOAHHON COCTaBNAOLLEN
curHana PIY. UTobbl yyecTb 3TW U3MEHEHWS, OCLMINOrpaMMbl BpaLLEeHWS
3anmcbIB/INCL NPY OTKPLITOM BX0OZAe ocuunorpada (3TMm 006bACHAETCA 3aX0[
nyda ocumunnorpaga HuKe HYNeBOW IMHUWM AN KPUBOW B) Ha puUC. 5, 4TO

CBA3aHO C U3MEHEHMEM NeEPBOHAYa/IbHOIO MO10XKEHUNA o6pa3u,a OTHOCUTEJIbHO



Nnyya CBeTa BC/IEACTBME MEXaHMYECKOro BO3MENCTBMA Ha ero orpasky
(36oHMTOBYO TPYOKY) CO CTOPOHbI BWTKOB  KaTYyLUKW, BHYTPEHHSS

MOBEPXHOCTb KOTOpbIX Mpu H, = 740 KO yxe MpeTepneBaldT TemnaoBble W

MexaHun4yeckue nospexgeHus [10] ).

KonnyectBeHHble OLEHKM W (DU3NYECKAs WHTeprpeTaums Mosy4veHHbIX
ocumnnorpaMm B [aHHOM  Cnyyae  3aTpyAHeHbl.  3T0  06YC/0B/EHO
cregyrowMy - paktopaMu: a) — HEeSIMHEMHOCTbI  MarHWUTOOMTUYECKOro
BpaLLeHns, 3amMmeTHOIN yke npu H >100 k3; 6) — n3MeHeHMeM Ko3ahhumumeHTa
MOrnoLleHns cBeTa B 06pasLe, 3aBUCALEM OT  Hanps)keHHocTu CMI; B) —
3HAUMTENbHON  3//IMNTUYHOCTLIO  BbILIEALWEro K3 obpasya U3NyyeHus,
06YC/IOB/IEHHOW TEM, YTO, KakK BUAHO pUC.5, MarHMTOONTUYECKas aKTUBHOCTb
KOHLEHTPUPOBAHHOI0O pybuHa, KpoMme athhekta Papages, NPosBAseT cebs u B
MarHATHOM KPYroBOM [AUXPOW3Me, KOTOPbIA B fla3epHOM pybuHe npu A=

632,8 HM He HabnogaeTcs npu H <10° 3.



Puc.s. Ocuunnorpammel
(hapafieeBCKOro BpaLleHns MI0CKOCTU
Monspu3aumMm B KOHLEHTPUPOBAHHOM
pybuHe  (BepXHME  KpuBble) U”
OCUMNIOrpamMMbl  COOTBET-CTBYHOLLMX
MM mmnynbcoB  CMIT  (HWKHKe
KpuBble). PassepTka — 20 MKc/gen,
AnvHa obpasua ¢ = 1,36 cwm.

a) - H,=378 k3, ¢,,,,.. =180° 06)
- H,,=520 k3, ¢,,,,. #190°; B) -
=740 K3, @,,4,.. ~231°.

6)

MepBbliA  (hakTOp Ccnegyet w3
bonee cnabon 4YeM  NNHeHas
3aBMCUMOCTN MaKCUMa/IbHOro yrna

nosopota  OT amnauTyabl H,

CWMI, BTOpPOI — N0 BO3pacTaHMIO

NA4YKOB NHTEHCUBHOCTH

MpOLLUEALLIEro Yepe3 MoNspKU3aTop

cBeTa, TPEeTUA — MO YMEHbLUEHUIO
MUYKOB W MO OTK/JOHEHWIO WX

MWUHMMYMOB OT HY/EBOW NNHUN.

Ha puc.6 npuBedeHbl rpaduky  3aBACUMOCTM  yria ¢  NOBOPOTA

MI0CKOCTY NONSpM3aLUMn 0T HanpPsXKEHHOCTU nons [Ans  KopyHaa W

nasepHoro pyéuHa ( a)), n Ana KOHUEeHTpPMpoBaHHOro pybuHa ( 6) ). BuaHo,



YTO C pPOCTOM MONS BpallgHWe B KOHLIEHTPUPOBAHHOM PYObUHE WMeeT

TEHAEHUMIO K HacblWeHn. KO/MYECTBEHHO 3aBUCMMOCTbL YIrna ¢ B

KOHLIEHTPMPOBaHHOM  pPy6uHe npwu KOMHaTHOM TemnepaTtype OT
HanpskeHHocTn H (npu  H >100 K3) MOXET ObITb ONMCaHa creayoLwein

(hopmynoi (cm. Takxe [12] ):
!

p=WVy +V, +Vy ) [H, d0=(Vy +V, +V, JH (K, 3)
0

roe Vy >0 — He 3aBucAWMA OT MarHutHoro nons (H <10" - 10° 93)
AnamarHuUTHbIA BKMafd BO BpalleHue, 00YC/IOBNEHHbIN aToOMaMy aSItoMUHNA U
KMCnopoja B peLleTke pyonHa, V, <0 — 3aBUCALLMIA OT Moss NapamarH1THbIA
BKNaj, WOHOB Xpoma, V- BK/aL BO BpalLeHWe, CBA3aHHbIN C W3MEeHEeHWeM

KO3(hpuLmMeHTa MOrNOLEHNS CBeTa W C  MPOSIBNIEHWEM  MarHUTHOTO

KpYroBoro
* PR 0375 ¢}
3=0,375 rpaa/(kJ-cm) 0, rpan
500 -
' 240
400 - e JazepHblib !
1 pyﬁllll 180 =
300 .
200 - ,=0,353 rpan/(kd-cM) 120+
| o=V, HIK i py6us, ne, ~ 1 %

100 - =192 cm, K,=0,908 ] . o

200 400 600 800 H,xD 100 300 500 M,

KJ

a) 6)

Puc.6. MarHMToonTMUueckas akTUBHOCTb KOPYH/a, Na3epHOro pyomHa v

KOHLEHTPMPOBaHHOIo pybuHa



avxponsma, K,<1l - KOIPMULMEHT, yUnTbIBaIOLLMIA HEOAHOPOAHOCTL MONS
rno fAnmHe ¢ obpasua (B gaHHoM cnydae ana ¢ =1,36 cm K, =0,91 (cm. [11] ) ).
Hanbonee cnoxHo, He NPoBOAsA AOMOHUTENbHBLIX 3KCMEPUMEHTOB, YUYECTb

BENMYMHY BKMaga V,, CBSI3aHHOTO C KO3(MULMEHTOM MOFIOWEHUS W

ANXPOM3MOM, TaK Kak (popMbl R —MHWIA 1 winpokoi U —nonockl pybuHa (B
MOrNOLEHNM), C KOPOTKOBO/THOBbIM M AJ/IMHHOBO/IHOBbIM ~ KpasMu KOTOPbIX
CBfA3aHO MOr/oLLeHVe cBeTa B 0bpasue, npetepnesatoT B CMIT gedopmaumto,
3aBUCALLYIO OT BeiMUMHbl nons [13]. KoaddmumeHT NornoweHmsa n cTeneHb
ANXpPOM3Ma HEMOHOTOHHO M3MEHSKOTCA C POCTOM MONSA M TPYLHO pasfennTb
B/IMSHUS COOCTBEHHO TMOI/OWEHNS W OMXPOM3MA, TaK KaK YMEHbLUeHMWe
MAYKOB MHTEHCUBHOCTN Ha KPUBOW BpalleHMsi MOXeT ObITb 00YycnoBfieHa v
Tem, 1 Apyrum.

YcpefHeHHOe 3HayeHVe nocTosHHOW Bepge V=V +V, 4nd

uccnefyembix 06pasuoB pybuHa, nonydeHHoe npn H <290 k3 (¢, A0
~90°), Korga, cyas Mo OCLMANOrpaMMaM BpalleHwsi, BKnag V), B yron
MoBOpOTa MNIOCKOCTU MOMsSipU3aLnn elle He BeNK, OKasasiocb paBHbIM V =
(0,314 £ 0,038) rpag/cmK3. M3 puc. 6 6) BUAHO, YTO C POCTOM MarHUTHOrO
nons (H>290 K3) 3HayeHWe V yMeHbLUaeTCd, T.e. MpuU  [dabHeiLem
BO3pacTaHumM Mons BO3MOXKHA CMeHa 3Haka (HanpasieHus) pe3ybTUPYOLLEro
BpaLLEeHNs MI0CKOCTN NOApU3aLmMn, YTo NPOM3onaeT, ecnmn byaeT 4OCTUTHYTO
| Vo | 2Vy +V.

TakuMm 06pasoM, NPy  KOHLEHTpauum Xpoma ng, >107° cm®

3aBMCUMOCTb MOCTOSIHHOW Bepfe B pyovHe npv KOMHaTHOW TemnepaTtype OT
HanpsHKeHHOCTU MarHWTHOrO Mons crneayeT, CTPOro roBops, YUMTbIBaTb YXKe
npu H >100 k3.

3. Oddexr Xosia B apceHuae UHAUSA B YHHUIOJAPHBIX MATHUTHBIX

noJsAx ¢ MHAyKIuei a0 56 Tua. NposefeHne mnccnefoBaHWU C NPUMEHEHUEM



CUMI TeCHO CBSi3aHO C peLUeHneM 3a4ayy TOYHOro U yA0O6HOro U3MepeHus
WHAOYKLMN U BPEMEHHOI0 X0a MarHUTHOrO MNons. YUuTbiBas MUHUATIOPHOCTb
N 6e3blHepLMoHHOCTL ( A0 ~10° L) faTuMkoB Xonna, X MOXKHO 6bi10 6bl
MOMeLLaTb BHYTPY KaTyLUKW pPALOM C UcCedyembiM 06pasLom, YTO YNpoCcTUIo
Obl NpoBeaeHue akcneprMeHToB B CVIMIT. 13BeCTHbIe faHHbIe O NPUMEHEHUN
XONMIOBCKMX [OaTUMKOB AN1A M3MepeHuss NOoCTosiHHbIX CMIT  oTHOcATCa K
AManasoHy WHAYKumMin B <18 Tn [14]. CBefeHMs O NPUMEHEHUU WX A1
namepeHnin CUMI1 B nutepatype OTCYTCTBYIOT. Hbke onucaHbl pesynbTarhbl
nccnegoBaHMA  gatumMkos  Xosna, paspaboTaHHbIX M CEPUIHO
nsrotasnmeaembix B UOTTI HAH Benapycu ¢ Havana 1980-bix rogos [15], B
yHUMoNApHbIX CUMIT ¢ amnauTygoi wuHgykumm go 56 Tn. Kpome
CO0BpPaXKeHNIA, CBA3aHHbLIX C u3MepeHnem CUMI, npeacTaBnsn WUHTEPeC U
(hM3nyecKniA acnekT Takoro MWCCnefoBaHUs, CBSA3aHHbIA C OnpeseneHnem
rpaHuL, MHenHocT aghgpekTa Xonna no noso npu 7' ~300 K 1 BbIACHEHNEM -
B C/lyyae 06HapY)KeHUs TaKMX rpaHuL, - MPUYNH UX CYLLLECTBOBaHWS.
B metannax W, 0C06eHHO, B MOJMYNpOBOAHMKaX 3ddekT Xonna
JMHEEH MO MO0 /INLWb B NEPBOM MPUOIVKEHUN, KOTOPOE B 06/1aCTU HU3KNX
Temnepatyp MOXET OblTb  [0BOMILHO rpy6biM [14]. HenuHelHOCTb
06yC/oB/ieHa B OCHOBHOM 3aBUCMMOCTbIO MOCTOSAHHOW Xo0/1a 0T MexaHu3ma
paccesiHAA HOCUTeNen Toka (3aBuCAWEro OT TemnepaTypbl) ,  3ddeKTom
MarHeToconpoTUB/EHUS  (3aBMUCALLMM OT MNOJs), a TakKKe CBOWCTBaMMU
KOHKPETHOro nonynposogHnka. CyLlecTByeT MHOI0 MoayrnpoBOAHUKOBbLIX
MaTepuanoB, y KoTopbix npn 7 ~300 K noctosaHHaa Xonna nNpakTU4eckn He
3aBMCUT OT MarHUTHOro nons (go 18 Tn).
TeopeTnyeckune AaHHble MO 3hdekTy Xonna, BbITEKalOLMe U3 peLleHWid
KWHETUYECKOro YpaBHEHUA [NA [OBWKEHWSA 3MeKTPOHOB B KpuUCTalie nog
[eCTBMEM 3MIEKTPUYECKOr0 M MarHWTHOro nonen, YAOBNETBOPUTENbHO

COrNacyrTCs C 3KCMEPUMEHTOM NNLLL B 061aCTU CNabblX MarHUTHbLIX NOJEN,



Korga BbinonHAetca  ycnosue ho./27<<kT, rpe o.=eB/m -

LUMKNOTPOHHasa Yactota. lNpu 7=300 K 310 ycnosue [ANa 31eKTPOHOB
MPOBOAUMOCTM B MONYNPOBOAHMKAX HapYLLAeTCsd, HaunHas yxe ¢ nosein ~10
TN, N KNHETUYECKOE YpaBHEHWE He MPUMEHUMO A1 pacyeTa MOCTOSHHOM
Xonna, 4To MOTUBUPYET aKTya/lbHOCTb 3KCMEPUMEHTA/ILHOTO U3YyYeHus
ahpekTa Xona B NoNaxX CyLecTBeHHo Bbiwe 20 Tn, T. e. B CUIMIT.

Mockonbky B CMIT pgaxe npu Manbix pasmepax MoaynpoBOLHUKA,
MonepeyHbIX MO, BO3HMKAKOLLEe XO/I0BCKOE HanpsXeHne [LOCTaTOYHO
BEJIKO, 4yTOObl €ro HageXXHo W3MepUTb, TO HamW WCCNeL0BaSIUCh
HU3KOYYBCTBUTE/IbHbIE AaTuMKM XOnia Ha OCHOBE MOJIMKPUCTAIINYECKUX
NEHOK M3INAS n-TWMa C MOABWKHOCTLIO 3MeKTPoHOB ~10° cm%/Bcek npu
KOHLieHTpaumm nx ~10"° cm®,

[MneHkn n3 InAs B uccnefyemblX JaTynMkax WUMenn TONWMHY B
npefenax 1-3 MKM 1 pa3mep aKTUBHOI yacTu anemenTa 0,1x0,1 Mm* npm ero
rabapmtHoix  pasmepax  0,5x0,5 Mm% ICNonb30BaMCh JaTunKu
CO/IEHOMAANBHOIO TUMa, B KOTOPbIX aKTUBHBIA 3/1EMEHT KPEnuTCA Ha Topue
XryTa, CKPYYeHHOro W3 4YeTblpéx npoBogoB [15]. [daTtumk nomewjancs B
900HMTOBYIO TPYOKY, BCTaB/MSEMYKD BHYTPb KaTYLUKW TakK, YTOObl 3/1eMEHT
Xonna pacrofiaraica B ee LeHTpe, W 3anutblBajicd OT WCTOYHMKA 3.4.C.
GaTapeitHOro Tmvna HanpshkeHveM 3 B yepe3 nepeMeHHbIin peauctop ~ 150 Om
(BxogHoe conpoTuBneHWe patuvka ~40 Owm). [llpu Toke 15-20 MA
4yBCTBUTE/IbHOCTb JaTymka coctasnana ~10 mB/Tn.

['naBHasA TpyAHOCTbL NpMMeHeHUsa aaTymkoB Xonna B CUIMI cBasaHa
C 3/IEKTPOMAarHUTHbIMW HaBOAKaMW Ha TOKOBble W CUrHa/IbHble MPOBOAA,
00YyC/10BNEHHbIMI 60/bLLUMMKM 3HaYeHnamMn dB/dt. Ecnn, Hanpumep, naowaaib
MeTAIN  KOHTypa M3 3TUX NPOBOAOB, Haxogsulerocs B oobnactm CUMI, ~1
Mm%, To npu dB/dt ~410° Tn/c ( 80 Tn, hpoHT HapacTaHus 20 MKC ),

aMnnTyga HaBEAEHHOIO Halrps>XeHnsa B TOKOBOW W CUrHa/IbHOM Lenax



[atunkKa MMmeeT BeNn4UMHy ~4 B. Takoe HanpshkeHne CnocobHO MOAYMPOBaThb
TOK B aKTVMBHOM 3/IEMEHTE, T.e. CUrHaN JaTymka OyAeT UCKaKeHHbIM. Kpome
TOro, MPW YKa3aHHOW Bbllle YYBCTBUTE/NIbLHOCTM faTumka (~10 mB/Tn),
HanpshkeHne HaBOAKW NPVMEPHO Ha MNOPSAAOK MpPeBbILLAeT  XOJ/I0BCKOe
HanpshkeHwue.

Ha puc.7 npueefeHbl 0CLMNIOrpamMmbl XON10BCKOM 3.4.¢. ( 6), 1), €) )
1 COOTBETCTBYHOLME UM ocumnnorpammbl CUMI ( B), 4), XK) ), HanaraembIx Ha
AaTuvk, (amnantyabl umnynscos CMI yKasaHbl Ha puc.7.). Ocuuniorpamma
a) Ha puc.7 MoKasblBaeT HaBeLEHHOe Harnps>keHne, BO3HMKAKOLLEE Mpu
amnutyge CUMI 37 Tn B CUrHa/IbHOW UenW, KOrAda aKTUBHBLIA 3M1eMeHT
[aTyMKa He 3annTaH, a TOKOBblE BbIBOAbl 3aMKHYTbl Ha CONpPOTUB/IEeHWe R
~100 Om. W3 3TOW ocumnnorpammbl BUAHO, YTO Ha (hpoHTe umnynsca CMI
HanpshKeHWe MHOYKTUBHON HaBOAKW, nponopumoHanbHoe dB/dt~210° Tnlc,
He MeHee YeM B MATb pa3 MPeBbILLIAET YyBCTBUTENbHOCTL flyda ocuuanorpaga
(Ha ofHO [feneHvie LWKasbl), T.e. MPUMEHEHWE WCCNeLyeMOro Jaryvka Ans
N3MepeHnsa CToNb BbICTPO

MEHSIFOLLIMXCS BO BPEMEHM

* 1 i 1 L]
o Joood Darma=0, = _ y/
2 - % Ba=3TA 1 MarHuTHbIX  monmell  He
. =
ottt ool npegcTaBnfeTca BOIMOXHbIM.
6) B.=37Ta |
- o wfessedes] B TO OKe Bpemd, nocne
- ' o
o +— [OCTVKEHWS MaKcUMyMa
5 = P~ | nong, korga dB/dt, nomenss
o R SRRPRYSS 3HaK,  yMeHbluaeTcs  6onee
M Y. A NPT T PP PN P l_IeM Ha nopﬂlqu’
17 Bo=56 Ta " HanpsmKeHWe  HaBOAKM  He
x) .' npeBbILIaeT 30% oT
g 4000 TV FOV O OO0 PO OOt oo e YYBCTBUTENLHOCTY Nlyya, YTO

yKe npuemnemMo s



Puc.7. OcunnnorpaMmmbl 3.4.C.  AaTyuKa perucTpauumn BpeMeHHOro

Xonna xopa  CMI1.  CpaBHeHue

N YHUNONAPHLIX MMnynscos CMI. KpUBLIX 3.4.C. Xonna C

Pa3sepTka 20 MKc/gen. KPMBBLIMM CMaaa Nons

(cM. puc.7), cBUOETENbCTBYET O XOPOLUEM MX COBMageHuw, yTo C
YYETOM MHAYKTUBHbIX HaBOAOK (CM. KPMBYIO @) Ha pucC. 7), AaeT OCHOBaHue
yTBEPXAaTb: MPVY KOMHATHOW TemrepaType MOCTOsiHHaA Xosna B TOHKUX

NaeHKax U3 NoMKpUCTanImyeckoro InAs (Ry ~ 10 M%/CA) npakTuuecku He

3aBMCUT OT MarHUTHOIO NoJs B AnanasoHe NHAYKUWUA [0 56 Th.
MOXHO cAenatb cnegytoLme BbiBoAbl OTHOCUTE/NILHO MPUMEHNUMOCTU
AaTyvkoB Xonna ansa nsmepeHus CUMI: a) — MUHMATIOpHbIe AaTunky Xonna

Ha OCHOBEe MNneHOK u3 InAs npurogHsl ana usmepenma  CUMIT npu

CKOpOCTAX ero uamMeHenns dB/dt~10° Ta/c n aMnaUTyAax UHAYKLMM A0 ~60
Tn; 6) — 0N JOCTMXKEHMS XOPOLUMX 3HAYEHMI OTHOLLUEHMUSI CUMHAs-LLYM,
HeoBX0AMMO WCMOMb30BaTh [JaTUMKM C YYBCTBUTENbHOCTHIO He MeHee 50
mB/Tn.

4. HOJIﬂpI/BOBaHHaﬂ JJIOMUHECHHCHIIUA pyﬁnHa B CWJWIBHOM MAarHmTHOM
nose. B nocnegHee Bpems akTMBHO MUCCNefyeTcs BAUsHME BHelwHUX CMIT Ha
CTPYKTYPHble 1 ONTUYECKMEe CBOWCTBA KpuctannoB (cm.J16] un Tam
nuntepatypy). 310 06YCNOBMEHO TeEM, UYTO 3KCMEPUMEHTaNlbHO YCTaHOB/EHA
CBA3b MeXAy MarHUTonjacTMyecKUm 3g(heKToM, NPOABASIOWMMCH B
ABWKEHUN AWCNOKaUWMA Noj AeNCTBMEM MarHWTHOroO Mnons, U M3MeHeHUMU
OMTUYECKMX CBOWCTB KPUCTa//0B, MOABEPTrHYTbIX BO3AEACTBUIO MarHUTHOrO
Nnons, KOTOpble MOFYT COXPaHATLCA B HUX HEKOTOpoe Bpems  Moc/ne
NpeKpawleHns AenCTBUA MNONsA, WAM [aXKe UMeTb HeobpaTUMbIA XapakTep.
MarHmTonnactTmyecknii aihekT 1 ero onTUYecKme NPosSBIEHNs, B YaCTHOCTW,

0b6Hapy»XeHHoe B [16] BnusiHne CUMIT ~10 Tn Ha cnekTpbl BO30YXAEHWS

(DOTOMIOMUHECLIEHLMM  MPUMECHBIX — NapamMarHUTHbIX WOHOB  Eu’™ B



Kpuctasinax NaCl, BbI3biBatOT 6OMbLLIOA MHTEPEC, MOCKO/IbKY MOKa HeT
HUKaKnMX (Pr3MYeCKM 0OOCHOBAHHbLIX MPEACTaBEHUA O MexaHuU3Max 3TUX
ABNEHNIA N NX B3aMMOCBSA3N.

B  pab6ote [17] wuccnepoaHo — BinsiHMe CUIMIT pgo 50 Tn Ha
WHTEHCUBHOCTb U KMHETUKY IIOMUHECLEHUMN pyouHa B R—nHuax npn T =
300K. Bblno 06HapPY>XeHO, 4TO BO3AENCTBME KOPOTKOro mmnynsca CMIT ¢
amnauTyaon B>24 Tn Ha NIOMUHECUMPYIOLLMIA  06pasel, pybuHa yMeHbLLUaeT
[AJIMTENIbHOCTb €ro MoC/IeCBeYeHUs,, NPU 3TOM WHTEHCUBHOCTb W3N1yYeHUs
TaKXXe YMEHbLUAeTCA. T. €. YTO UMeeT MeCTO 3()(PeKT MArHWTHOro TyLUEeHUs
NOMUHecLeHUMU. Kpome TOro, 3T0T 3(PQeKT CONPOBOXKAAICA M3MEHEHWEM

ONTUYECKNX CBOWMCTBA py6|/|Ha, KOTOpPbIE ObINMN  aHANOTNYHbI U3MEHEHUSIM,

onucaHHbIM B [16] ana kpuctannos NacCl : Eu?". B 4aCTHOCTU, 3HAUNTENbHO
nogaenanacb CrocobHOCTb obpasua pybuvHa NHOMUHECUMpOBaTb  MpU
BO30GY)KAEeHUM B CMHE-3e/1IEHOM 061acTU CneKTpa, KoTopasi BOCCTaHaB/IMBaach
(nocne nepsoro Bo3genctams CUMIT) B TeueHve npuMepHO 10 MUHYT (npu T
=300K). 10T a(htheKT HakanMBascsd nNpw NOBTOPHbIX BO3AencTeusx CUMIT,
roc/ie Yero BOCCTaHOBUTb SIIOMUHECLIEHTHbIE CBOMCTBA MOXHO ObI/I0 OTXXKUITOM
obpa3sua, 3aKnoYuaBLLEMCS B Harpese ero Ao ~800°C, BblAepXXKe 10 6 4acoB ”
Me[/IEeHHOM OCTbIBaHUW.

O  CNOXHOCTM  MNPOLECCOB,  PasbifPbIBAOWLMXCA B OMTUYECKM
BO3OY)KAEHHOM pybUHe Mpu HaNOXeHMM Ha Hero wumnynsca CMI,
CBUAETENILCTBYET M TOT (PaKT, YTO KO/IMYECTBEHHAsA N KAYeCTBEHHAA KapTuHa
TyLUEHUSA NHOMUHeCLEHUMN Bblna pasfIMYHOM B 3aBUCMMOCTM OT B3aMMHOM
OpueHTauumM KpucTanna, MarHUTHOro nons W HanpasneHuss HabnoaeHus
nocneceBeyeHnsi obpasua. AT OCOOEHHOCTU MOXKHO OOBLACHUTL, €cnn, BO-
MepBbIX, YYeCTb NONAPU3aLmMI0 HabMoaaeMon NIOMUHECLEHUMK pyBurHa 1, BO-
BTOPbIX, NPeANoNoXuTb, YTo CMI1 He BAnseT (Mnm cnabo BAMSET) Ha Ty YacTb

N3NyvyeHnss o6pasua, 3NeKTPUYecKUin BeKTop KoTtoporo E|| B. Takoe



MPeanosioKeHne NpPeACTaBseTca (U3NYeCKM 0OO0CHOBAHHBLIM: MarHUTHOE
Mnosie He BANAET Ha [ABWKEHWe 3/1eKTPMYECKOro 3apsga BLOMb ero CU/I0BbIX
NNHWUA. Tem He MeHee, OHO TpebyeT 3KCrepMMeHTa/IbHOrO NoATBepXaeHNs. C
3TON Uenblo 6b10 UccnefoBaHo BAnsHWMe CMIT Ha NONAPU30BaHHYHO
NHOMUHECLEHUNIO pybuHa.

Cxema 3KcrepuMmeHTa npusefeHa Ha puc. 8. M3nyyeHue obpasua pyorHa
nocne MPOXOXAEHUA 4Yepe3 MONAPU3ALNOHHY0 MNPU3MY MPOCTPAHCTBEHHO

pasfenseTcd Ha [Ba KOMMOHeHTa: O06bIKHOBEHHyt0 BonHY (E LC;) H
HeoObIKHOBeHHYIO BONHY (E| C;). [Ana 060MX KOMMOHEHT HamnpasneHune

KONeGaHuit 3M1eKTPUYECKOro BEKTOPa NEPrIeHANKYNSPHO BEKTOPY B MHAYKLUM
BHeLIHero MarHutHoro nons (E L B). Perucrpaums WHTEHCUBHOCTEN
pas3feneHHbIX KOMMOHEHT OCYLLECTBASNACh C MOMOLLBIO ABYX He3aBUCUMbIX
DIY.

CnycTs Bpems ~ 1McC nocfie BO30Y)XAalOLLEro CBETOBOIO MMMYy/bca, Ha
NOMUHeCUMpYOWMIA - obpasel, Hanarancs umnynsc CMI  annTenbHOCTb

KOTOporo He npesbiwana 200 MKC.

C; Ee i T\
— :
B I* | /




Puc.8. MpocTpaHCTBEHHOE Pa3AeneHne n3nydeHnst 06bIKHOBEHHO 1
HEOObIKHOBEHHO/  BOMIH B JIOMUHECLIEHLIMW pYyOMHA C
MOMOLLbIO

I'IO]'IFIpI/I3aLl,I/IOHHOI‘/JI NPU3Mbl N3 NCNMaHACKOT O LWnaTa

Ha pwuc.9 npeactaeneHbl ocumaniorpaMmbl  3aTyXaHus WHTEHCUMBHOCTM
06bIKHOBEHHOI (BEPXHSAS KpMBast) U HEOObIKHOBEHHOW (HUXXHSAS KpuBas) BOJH
NIOMUHeCLeHUMN 06pa3ua pybrHa 6e3 MarHUTHOrO Mosis W NPU BO3AENCTBUM
nvmnynsca CMI1. BugHo, 4To n3ny4veHne B 06enx BOMHAX MOMHOCTbIO racuTcs
y)Ke 3a BpeMs AeCTBUA MarHUTHOIO Noss.

Takum 06pas3oM, pesynbTaTbl IKCNepUMeHTa MOATBEPXKAAOT OTMEYEHHOe
Bbllle MPEANOoIOKEHNE: MarHUTHOE TYLUEeHWe SIIOMUHECLEHLUMN pyorHa npu
KOMHaTHOW TemnepaTtype, Habnwogaemoe npu wHAyKUMM B >24 Tn [17],
06yCNOBNEHO MPEeNMYLLECTBEHHO AEMCTBMEM MO/ HA KOMIMOHEHTY U3/TyYeHUs
C 3neKTpuyecknnm sektopom E | B.

[MpocMaTpmBaeTCa OnpeaesieHHas aHanorua Mexzay 3(MMeKToOM MarHUTHOIO
TYLLEHUs NIOMUHeCUeHUM pybuHa n addektom 3eemaHa. B nepsom cnyyae
Mbl UIMEEM [0 C U3MEHEHVEM UHTEHCUBHOCTW U3NTyUYeHMs MO BO3AeACTBUEM
BHewHero CMIT (B>24 Tn), BO BTOPOM Cny4ae - C W3MEHEHUEM

HacCTOoThbl



Puc. 9. TyLueHre Nonsipu3oBaHHOW NFOMUHECLIEHLMKN pPYy6BMHa
1 nocnegencTBMe MarHUTHOIO MO Ha ero IOMUHECLEHTHbIE

cBoicTBa. PasBepTka — 1 mc/gen.

N3N1y4YeHNss B MarHUTHOM nosne. B TOM 1 B pyrom cnyyasax XapakTepucTuku

U3nyyeHnsi ¢ nonspusaumeli E || B npaktuyecku He naMeHstoTcs. B adidekTe

3eemMaHa CnekTpa/ibHble IMHUW, COOTBETCTBYHOLLME KOMEO6aHUAM AMNONbHOIO
OCLMNNATOPa BAOMAb CUMOBLIX IMHUA MarHUTHOrO Mo/SsA, He U3MEHSIOT CBOHO
4acToTy (7 -KOMMOHEHTbI). JIMHUM C U3MEHEHHOW YacTOTON (o -KOMIMOHEHTbI)
COOTBETCTBYIOT KONebaHUAM OCLMNNATOPa, NeprneHANKYNAPHbIM MarHUTHOMY
MoJo.

Pe3ynbTaTbl OMWCAHHOrO 3KCMEPUMEHTA MOKa3blBalOT, YTO MOAOOHbIE
YTBEPXKAEHNA BePHbl WM AN MHTEHCMBHOCTE pa3/IMyHO (napansiesibHo U
NepneHAVKYNsapHO  BEKTOPY B MarHMTHOIO  Mons)  MONsApu30BaHHbIX
KOMMOHEHT m13nyyeHns pybuHa B CMI ¢ nHaykuvein B >24 Th.

HwmkHne ocumniorpammbl Ha pyc. 9 NoKasblBakOT SIFOMUHECLIEHLMIO TOrO

Xe o6pasua pyouHa, BO3OYXAEHHOrO  CNycTs Bpemsi ~1MWH. rocne



Bo3dencTena Ha Hero CUMII, o6ycnosmBluero 3gekT TylweHus. ITu
ocumnnorpaMmbl eMOHCTPUPYHOT nocnefeinctene CMIT Ha NOMUHECLIEHTHbIE
CBOMCTBA pybMHa, O KOTOPOM TOBOPWOCL Bbile. CrnefyeT 3aMeTUTb, YTO
HanoxeHne umnynbca CMI1 Ha OMNTMYECKN HEBO3OY>KAEHHbIIA obpaszey,
pybuHa He nNpuMBOAUT K  KakMM-1M60  MOC/efyoWwnM N3MeHeHUAM
WHTEHCMBHOCTW €ro /NIMUHEeCUeHUMN. MexaHU3sM MarHUTHOro TYLUEHWS
MOMWHECLEHUMN  pybuHa ¥ BO3MOXHAaf CBA3b 3TOr0  fABMEHUA C
MarHMTonacTUYeCKUM 3((HeKTOM OCTAKOTCA A0 KOHLA HE BbIACHEHHbIMMU.

Bakmouenne. OnucaH [JOCTYNHbIA ANS  LUMPOKOrO MNPUMEHEHUs B
(bM3NYECKMX MCCNefoBaHNAX Cnocob OCYLLECTBMEHUS TPeXKaTyLleyHOoro
MMMYNbCHOIO MarHuTa, KOTOpbIA o0becneyvBaeT  MHoOrokpatHoe ( 06e3
paspyLlUeHnsa KaTylwiek) nosydyeHme yHunonspHolx CUMIT B o06nactu
NHAYKUMIA cBbiwe 50 Th.

JKcnepuMeHTasIbHO mUccnefoBaH ekt dapages B KOHLEHTPUPOBAHHOM
pybuHe  (ne, ~ 3,510° cm®) nmpu T = 300K B CUMIM go 740 k3.

YCTaHOB/EHO, YTO Yron noBopoTa MoCKoCTW nonspusaumm ceeta (4=632,8

HM) HENMHENHO YMEHbLUIAETCS C POCTOM NoNS, HaunHas oT ~200 K3.
VccnepoBaHa 3aBUCUMMOCTb 3. 4. C. Aatyuka Xosina Ha OCHOBE M/EHKU U3
MONIMKPUCTA/IMYECKOTO apCceHnaa MHANS OT MarHUTHOIO Mons. Y CTaHOB/EHO,

4yTo B nonax Ao ~60 Tn noctoaHHaa Xonna uccnegyemoro InAs (Ry = 10"

M>/CA) OCTa@TCA MPaKTUYECKI HEVN3MEHHOA.

VccneposaHo BimsHne CUMIT ¢ wHaykumen po ~50 Tn Ha
WHTEHCMBHOCTb U KUHETUKY M3/Ty4eHUsS 0ObIKHOBEHHOW U HeOObIKHOBEHHOM
BO/IH B /IIOMWHeCLEHUMM pPybMHa, NONAPNU30BAHHBLIX nepneHAVKYNsapHO
BEKTOPY B MarHWTHOro nons. YCcTaHoB/eHO, YTo Habnogaemblii B CMIMT ¢ B
>24 TN 3(pheKT MarHUTHOIO TYLUEHMS JIOMUHeCLeHUUN pybrHa 00ycroB/ieH
MPerMyLLEeCTBEHHO [eNCTBMEM MOMA HA COCTAB/IAOLLYIO ero IOMUHECLEHL N,

NONAPVU30BaHHYO NepneHANKYNSPHO MarHUTHOMY MO,
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