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B nocnenHee apeMSI runpoKo npoBonSITCSI ·nccnenoBaHHSI MarHHToynopg

notteHHbiX BerueCTB B CHnbHbiX MarHHTHbiX llOnSIX1 T8K K8K 9TO ll03BOmieT 

nonyttaTb cBeneHHSI o npnpone n xapaKTepe Me*aToMHhiX o6MeHHhiX n npyrnx 

B38HMoneil:CTBHii. 

UeHHbie peaynhTBTbi MO)I{eT naTb naytteHne BnHSIHHSI cnn&Horo MarHnT

Horo nons:t Ha MarHHTHyiO CTpyKTypy B8lli8CTBa C llOMOllibiO nmppaKUHll H8HTpO

HOBo OnHaKo aKcnepnMeHTan&llhie TpynHOCTH npn nony'leHHll nocTOSIHHhiX cnnh

. HhiX noneii noaaonnnn no HacTos:tmero BpeM eHn npoBecTn HeiiTpoHorpa¢n

ttecKne HCCnenOB8HllSI o6menpllHSITbiM MeTonoM H8 CTa.tlllOH8pHOM peaKTOpe 

numb no noneii o.Kono 45 Ka/11. 

flo-BHllHMOMy 1 .nepcneKTHBHbiM B 8TOM OTHOlli8HllH SIBns:teTCSI llpHM8H8HH8 

MOIUHOro HMnynbCHOrO nepnonntteCKOrO HCTO'lHllK8 HeiiTpOHOB C HMnynbCHbiM 

MarHHTHhlM noneM npn ncnon&aoBaHnn MeTona BpeMeHn nponeTa. B HacTos:t

ruefi pa6oTe onnchlBaeTCSI ycTaHOBKa nns:t HeiiTpoHorpa¢nttecKoro nccnenoBaHHSI 

MarHHTHOH CTp
1
yKTypbi B HMnynbCHOM ( KB83HCT8UllOH8pHOM) MarHHTHOM none, 

cosnaHH8SI npH peaKTOpe .l1EP na6opaTopllH H8HTpOHHOii cPll3HKH Ol1Hl1, H npn

BeneHbi H8KOTOpbi8 pesynbT8Tbi H3ytteHHSI MarHHTHOH CTpyKTypbi reMaTHTa 

B nons:tx no 120 Ka npn TeMnepaType )l{llnKoro asoTa. 

1. MarmrTH'bie cBoi1cTBa reMaT:n:Ta \ 

KpHCTannnqecKaSI CTpyKTypa reMaTHT8 (a- Fe 20 3 ) OTHOCHTCSI K pOM6o

anpH'18CKOH cnHroHnn, npocTpaHcTBeHHas:t ¢enopoBcKas:t rpynna D ;d - R3c , 
0 

a= 5,42A 1 MarHHTHbie HOHhi Fe 3+ 
pacnonaraiOTCSI Ha poM-
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6oanpll'I9CKOH OCII B ITOnO)KGHIIHX 4 (C) C OllHIIM napaMeTpOM U = 0 1 105. 

B reKcaroaanbHoii ycTaHOBKe pacnono)KeHne MarHIITHhiX IIOHOB npiiBeneao aa 

pnc. 11 Ha KoTopoM noKasaaa T8K)Ke poM6oanpnqecKasr aneMeHTapaasr srqeif

Ka c aaqanoM KoopnnaaT B TO'IKe nepeceqeunsr oceif BToporo n TpeTbero 

nopsrnKa ( oceii C 2 ~ C 3 ) • 

0 
I1sBeCTH0 1 'ITO reMaTnT npn TeMnepaType HII)Ke 850 K srBnsreTcsr 

aaTn~eppoMarueTIIKOM. KaK noKasann aeifTpouorpa~IIqecKIIe IIccnenoBaHIIsr/2/ 1 

HanpaBneHIIH MarHii:THbiX MOMeHTOB qepenyiOTCH BllOnb poM608llp1I'I9CKOH OCII 

C 3 no npaBnny ++.:. -. TaKIIM o6pasoM 1 reMaTIIT MO)KHO npencTaBIITb cocTo-

srmnM ns 'I9Thrpex MarHHTHhiX nonpemeToK. Ha puc. 

nonpemeTKaM cooTBeTCTByiOT cnMBonhr A 1 1 A 2 1 B 1 1 

8THM 'I9Tb!peM 

B 2 1 npn'IeM 

OllHH8KOBb!9 6yKBbl COOTB9TCTByiOT OllHH8KOBbiM HanpaBneHHHM M8I"'HHTIIbiX·· 
0 

MOMeHTOB. ITpn TeMnepaType HH)Ke ::: 260 K ocb aHTH~eppoMarHeTnsMa 

< i 

. i 

coBnanaeT c poM6oanpuqecKoif OCbiO TpeTbero nopsrnKa. Bhrrne 8Toif TeMrre: . j 

paTyphr ( TO'IKH Mopnaa) MarHIITHhre MoMeHThi ne)KaT npii6nnsiiTenbHO B 6a

sncaoif ITnOCKOCTII KpliCTanna, HO IIMeeT M9CTO He6onbill09 OTKnOH9HII9 MO

MeHTOB OT 8HTHIT8pannenbHOCTII 1 'ITO IlpiiBOllHT K ITOHBneHHIO tfleppoMai"'HIIT- . 

HOI"'O MOM9HT8 B 6a31ICHOH IlnOCKOCTII/3/ • 

ll3srnornnHcKnii/4/ o6'hsrcann .cna6brii tfleppoMarJieTH3M reMaTIITa 1 nc

xonsr 1!3 coo6p8)1{91IIIH CIIMMeTpiiiio CornaCHO ero Teopiiii 1 TepMOlliiH8MII'1:9CKIIll 

ITOT9HUII8n T8KHX KpliCTannoB ( C TO'I:HOCTblO llO IIHB8p1I8HTOB 4-ro rropsrnKa) · 

MO)K9T 6b!Tb 38IliiC8H B BHlle 

a B 
<I>= Tsin2 e + 2 m2 + q sin e (my cos¢ - mx sin¢) + 

D 2 
+ 2 [ ffi z COS e + Sin e ( ffi X COS ¢ + ffi ySin ¢) ] + 

(I) 

+dsin 3 Ocos8sin3¢ + !sin
4 e +fmzsin

3
0 cos3¢-(Hm). 
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3i:tech · m x , my' , m z .... ~ ..... , ~ - KOMIIOH9HTbi B9KTOpa cpeppoMarH:eTU3Ma 
-+ 

m = l\1 A + l\1 A_+ l\1 B + l\1 B ' . 1 -~ 1 . 2 
rne ~ i- MarHIITHbie MOMeHTbl HOHOB paannq-

Hb!X nonpeiiieTOK 0 fi II cp nomipHbl9 KOOpU:UH8Tbi B9KTOpa 8HTn!jleppoMarHe-

T:U3Ma ( CM. pnc. 2) r = M A + M A - M B - M B Bi:.rpmKeHne ( 1) aann-
1 ~ I 2 

cano B npnMoyronhHoli•cncTeMe KoopnnnaT c ochro x , nanpaBnennoli Bnonb 

oc:u C2 , ochro y , ne'!Kaiiieli B nnocKocTn cnMMeTpn:u, n ocbro z , coi3-

nanaroiiieli c poMooanpnqecKoli ocbro C 3 ( p:uc. 2). 

Ananna 9Toro Bbrpa)KeHnn noKa3biBaeT, 'ITO ~!PH H = 0 B aaBncnMocTn 
! 

OT COOTHOIII9H:UR Me)!{Uy KOHCT8HT8Mll. B ( 1). B03MO)!{Hbl UB8 COCTORHHR: 'lllCTO 

anT:u!jleppoMarHnTHoe c , HanpaBneHHhlM Bnonh oc:u C3 , :u cna6o¢eppo-

MarimTHoe - c 1 :u IT:. , nepneH.UIIKynnpHbiMII ocii C 3 /4/. 

BaaHMO,ll9HCTB:Ue nasmOIIIIIHCKoro 

E D = q sin e ( m y cos ¢ m sin 
X ¢ ) ' ( 2) 

o6ycnoBnnBaroiiiee cyiiieCTBOBanne cna6oro ~eppoMarHeTII3Ma, npnBo.uilT K pn-

. '.lly llHTepeCHbiX ~~9KTOB 1 OTCYTCTByroiiiiiX B OObl'!Hh!X 8HTII~eppoMarHeTIIK8X • 

HanpnMep, 3H8K I y = I sin e sin ¢ )KeCTKO CBR38H co 3H8KOM m X 

.9TO n03BOl!S!9T nonyqaTb O.llHO.llOMeHHhiH 8HTII~eppoMarHIITHb!H' MOHOKp:UCTann 

. reMaT:uTa nyTeM oxna)Knennn oT TeMm!paTyphi Bhiiiie TO'IKII Mopiina B cnaooM 

MarliiiTHOM none, nanpaBnenHoM no oc:u BToporo nopn.uKa. 8KcnepnMenTanhHO 

9TO ObinO nOUTBep)K,lleH0 1 B '18CTHOCTH 1 B paooTe C nonnpll30B8HHhiM II H9HTpo-

H8Mll/5/. TeopeTII'!9CKH II 9Kcnep1IMeHTanbHO ycTaHoBneHo TaK)Ke/6, 7 I, 'ITO 

npn npnno)KeHHII K KpiiCTanny reMaTnTa MarliiiTHoro nonn B 6aancnoli nnoc

KOCTH npn TeMnepaType HII)Ke TO'IKII MopiiHa nponcxo.unT naMeHeHIIe HanpaB

neHnn MarnnTHhiX MOMeHTOB cne.uyromnM o6paaoM: c yBennqenneM nonn yron 8 

Me)Kny OChiD Tp9Tbero nopnnKa ll BeKTOpOM 8HTH~eppOMarHeTH3Ma yBenH'IHBa

eTCR J H B .llOCT8TO'IHO CHnhHOM none. MarHHTHbl9 MOM9HTb! OK83b!B8IDTCR npii-

6nii3HTenhHO B 083HCHOH nnoCKOCT:U. ilpii TeMnepaType )KII,llKOrO 830Ta 9TO 

·nponcxo.UIIT npiionnanTenhHO npii 130 Ka. 

0CHOBHbie 9KCnepiiM9HTanbHbl9 IICCne,llOB8llllR noBeneHnn Marl!IITHOH CTpyK

. Typbl reM8TllT8 B cnnhHOM MarHIITHOM none IIpOBO.llllniiCh .llO CIIX IIOp KOCBeH

l!h!Mll MeTO.ll8MII: . OIIpe.uenenneM l!8Marl!II'Il!B8HIIR0 MarHIITOCTpliKUHH 1 l!3y'!e-
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HIIeM MarHIITHoro pe3oHanea, s<fl<PeKTa Mece6ayspa. DpSIMbiX aeiiTponorpa<fJII,.. 

qeeKIIX IIeen~nOB8HIIii B eiiJibHblX M8I'HIITHb!X ITOJISIX He ITpOBOniiJIOeb II3-38 

oTeyTeTBIISI eOOTBeTeTBYIOIIIIIX SKenepiiMeHTBJlbHbiX B03MO)KHOeTeii. 

2. MeTotuma aKcnepHMeHTa 

llnSI II3y'IeHIISI MBI'HIITHOii eTpyKTypbl I'eM8TIITa IIeTIOJlb30BBJieSI MeTOJl 

BpeMeHII nponeTa/8/ e rrpiiMeHeHIIeM IIMTIYJibeHOI'O peaKTOpa (MEP) II MO

HOKpiieTBJIJIII'IeeKOI'O o6pa3Ua. [eoMeTpiiSI SKenepiiMeHTa npeneTaBrieHa-Ha 

piie. 3. PeaK Top pa6oTan npii epenuefi MomuoeTII 6 KBT c qacToToii 0,2 ceK-1. 

HeiiTpoHhi1 II3JiyqaeMbie aKTIIBHofi 3DHDii ( 1) peaKTopa, 3aMennSinii~b B 3aMennii

Tene ( 2), npencTaBJISIIOIIIeM eo6oii cnofi noniiSTIIneHa II BrrnoTHYID npiineraiOmnii 

K HeMy enoii 6epiiJIJIIISio 3aMenniiTeJib OXJI8)KJl8JieSI no TeMnepaTypb! )KIIJlKOI'O 

830T8o llJIIITeJibHOCTb BeTibllllKII TeTIJIOBbiX H8HTpOHOB 0 IICTiyeK89MbiX 3aMe)lJIH

TeJieM1 paBHSinaeb 150 ~KeeK. Dy'IOK TennoBhlx aeiiTpouoB pacceiiBancSI M0Ho

KpiieTannoM reMaTIITa, noMemaeMbiM B 3a3ope KaTylllKII ( 6) MarHIITa, na 

YI'OJI 67° II periieTpiipOBBJieSI neTeKTOpOM ( 8) 1 HBXOnSIIliiiMCSI B 38lliiiTe ( 9) o 

llJISI OXJIB)KneHIISI KaTylllKII II o6pa3U8 IICITOJlb30B8l!CSI KpHOCTBT ( 7) 1 38!10l!HSI9Mb!H 

)K:iinKIIM a30TOM. MonoKpiieTann yeTauanniinancSI B nono)KeHIIe 6psrroBcKoro 

oTpa)KeHIISI oT onpeneneuaofi nnocKoeTir. Bee paccTo51HIISI II yrnhi 6b!Jlii nop.o-

6paHbi TaKIIM o6pa30M 1 'IT06bl o6eene'IIITb MBKel!MBJibHyiO IIHT8HeiiBHOCTb 

oTpa)KeHIIH B. IIHTepBane nJIIIH BOJIH HeiiTpOHOB 4-5,5 5\ • C STOll )Ke UeJib!O 

6biJIII IIeKJIIO'IeHbl meneBbie KOJIJIIIMBTOpbl - paeXOJliiMOCTb rrepBI!'IHOI'O l! BTO

pii'IHOI'O ny'IKOB onpenenSinacb JIII!llb pa3MepaMII 3aMenniiTeJISI II paeCTOSIHHeM 

OT 38MenJIIITeJISI no o6pa3U8 (8,5 M) 1 eoeTaBJISISI OKOJIO 2°. 

MeTIOJlb30B8JieSI eiiHTeTI!'IeeKIIfi MOHOKpiieTBJIJl reMaTIITa B BIIne lll8piiK8 

niiaMeTpoM 8 MM. KpiieTann IOeTIIpoBancSI ua yeTaHOBKe YPC-50M MeTonoM 

sniinaysrpaMM II 3aTeM e noMOillbiO cneuiiaJibHoro npiicnoeo6neHIISI 6e3 napy

!lleHIISI opneHT8Ullii KpeiiiiJICSI K TeKCTOJlliTOBOMy nep)K8T9JI!Oo Docne STOI'O IOCTH

pOBKB rrpoBepSinacb c rroMOillbiO HeiiTpoHHoro Jlll<\lpaKToMeTpa Hil-2 ua cTaUl!OHap

HOM peaKTOpe. MoHOKpiiCT8JIJl 6b!Jl Opl!eHTl!pOBBH TBK 0 'ITO OCb BTOpOI'O IIOpSIJl

Ka C 2 ( Oeb X ) 6bin8 BepTl!K8JlbHOfi li COBI18Jl8Jl8 C H8!IpBBJI9lll!eM M8I'HHT-

- HOI'O 'TIOJISI (eM. pl!eo 2). 
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MarHHTHoe none coanananocb. paapSillOM 6aTapen KoHneHcaTopoB tie pea 

nnyxceKUHOHHYIO KaTylliKY ( 4) C BHyTpeHHHM niiaMeTpOM 24 MM ( CM, puc, 4), 

Ocb KaTyUIKH pacnonaranach nepTnKanhHO, 3aaop Memny ceKUHSIMH UIHpnHofi 

12 MM Obin 38llOJ1HeH TeKCTOJliiTOM ( COCT8BJ1SIIO!UHM OllHO uenoe C KapKaCOM) 1 

B KOTOpOM ObJnii llpOCBepneHbl OTBepCTIISI llJl!il rrepBII'IHOI'O II BTOpH'IHOI'O 

ny'IKOB HefiTpoHoB, 06UiaSI BbiCOTa KaTyUIKII paBHSinacb 72 MM, KamnaSI ceK

UHS! KaTyiUKll COCTOSIJ18 H3 1 00 BIITKOB MellHOI'O nponona cetJ:eHIIeM 2,8 X 0,5 MM 

B aManenofi naonSIUHH, HaMOTKa nponanonnnacb nnoTHo nocnofiHo c aanonHe

HHeM B npouecce H8MOTKH BCex rryCTOT CITeUli8J1hHb!M COCTaBOM H3 3ITOKCIIll

HOll CMOnhi c oTnepnnTeneM n rrnacTn~nKaTopoM, Koa¢¢nuneHT aanonHeHIISI 

OOMOTKII Obin OKOJ10 0,9, flocne H8MOTKII Ha Kamnyro ceKUHIO HaneBaJlCSI Uli

Jll!HllPH'IeCKHll oaHnam ( J0) H3 HepmaBeiOIUefi CT8Jlll C · TOJl!UHHOfi CTeHOK 2,5 MM, 

nJ:\Sl liCKJliO'IeHHSI ITOTepb Ha TOKII cflyKO K8Mllblll UHJll!Hllp IIMen BepTHK8J1hHblll 

pa3 pe3 H B MeCTe pa3 pea a llpO'IHO CTS!I'IIB8J1CSI 'Iepe,3 TeKCTOJlHTOBb!e li30J1SI

T0pbl 6onTaMH H3 Hepmaneroruefi cTanu nocTaTO'IHo 6onhllloro cetJ:eHnSI, KaTylll

Ka 38MHM8J18Ch MelKny llBYMH llBYXCJ10llHb!MH TeKCTOJlHTOBb!MH llliCKaMH, MelKny 

CJlOHMII KOTOpbiX BbiBOllHJlHCb nna KOHU8 OOMOTKII 1 rrpncoennHSieMb!e aanee 

K TOKOHecymnM ll!HHaM (3), Tiocne c6opKH BCSI KaTyll!Ka nonnepranacb.cne~n

anhHOfi TepMH'IeCKOll oopaoOTKe, o6ecnetJ:HBaiOIUefi llOCT8TO'IHYIO MexaHH'Ie,CKYIO 

H aneKTpH'IeCKYIO ITpO'IHOCTb ee 38ITOJ1HeHIISI, 

06paaeu ( 9) Ob!Jl rrpHKperrneH K TeKCTOJlllTOBOMy CTepmHI01 KOTOpb!ll 1 

B CBp!O o~epeAh 1 BBHH'IHB8J1CSI B MeTannii'IeCKyiO UITaHry ( 11), CBSI38HHYIO 

c aneKTponpnnonoM ( 1), HaxonHIUHMCH Bhiille KpnocTaTa, CrreunanbHoe ynnoT

HeHne, pacnonomeHHoe BhiiiJe yponHSI aaoTa, noanonSino B rrpouecce pa6oTbi 

npamaTh o6paaeu, He HapyUiaH repMeTH'IHOCTH, TeMrrepaTypa o6paaua H3Me

pHnach TepMonapofi Mellb - KOHCTaHTaH, BBO):lliMOll CBepxy, flepnnqJiblll H BTO

pnqHblll ny'IKII rrporrycKannch tie pea KaHanhi ( 5), naroToBnSieMbie Ita cnnh¢o

HOB ( 6) H MeTaJ1J1II'!eCKIIX ll!TyuepoB 1 BBIIH'IHBaeMbiX C YllJlOTHeH!IeM B TeKCTO

JlHTOBblll KOprryc KaTyll!KII, nm1 npenoTBpaiUeHIISI COTpHCeHIIll oopaaua ITpii HM

nynhC8X TOKa aneKTpOITpiiBOll BMeCTe C Oopa3UOM meCTKO KpeiTIIJlCSI He3aBII

CIIMO OT KpHOCTaTa C KaTyll!KOll II COE!.lliiHHJlCSI C Hell qepe3 CIInh4JOHbl, Kpno

CTaT ( 2)aanonHSIJ1CSI )KIIAKIIM aaoToM, cnymamnM nnSI oxnamnem!SI o6MOTKII 

1 KaTyUIKII II o6paaua. 
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BnoK-cxeMa sneKTpn~ecKoil ~acTn ycTaHoBKn rrpnBenena na puc. 5. 

C ITOMOIUbiO BbiCOKOBOnbTHOI'O (no 3 KB) THpaTpOHHOI'O BbliTpRMHTemr 38pR

)I(anaCb 6aTapesr KOHnencaTopOB o6meil 9MKOCTbiO no 3. w-3 41. B HymHhiH 

MOM8HT 11pOH3BOnllnCR rronmnr HI'Hl!TpOHOB THITa l1-100/ 51 rrporrycKaiOIUI!X HM

.rrynbC TOK8 B onHOM HarrpaBneHI!l!, ITo pac~eTaM1 l!HnyKTI!BHOCTb K8TYlliKI! 

M8I'HHT8 rrpn IIOCnenoBaTenbHOM BKni0~9Hl!ll C9KUI!ll COCTaBnsrna OKOnO 0,35 MI'H 

AKTHBHOe COITpOTI!BneHI!e U811ll 6binO noCT8TO~HO M81lb!M1 ~T06bl B03HHK KOne-

6aTenbHblH rrpouecc, n rrosToMy l!Mrrynhc rronsr l!Men !lJopMy, 6nl!3KYIO K ¢opMe 

rronoBI!Hhi Cl!Hyconnhx. Benn~nna HMrrynbca Mai'Hl!THoro rronsr Mensrnacb rryTeM 

l!3Menennsr narrpsrmennsr, no KOToporo 3apsrmanacb 6aTapesr KonnencaTopoB. 

l1MrrynhCbi1 nnyrurre C l1BPa .llpll Kamnoil BCIIb!lliK9 MOI1JHOCTI!1 l!CII01Ib-

30B811l!Cb nnsr rronmnra nrHHTpOHOB1 nnsr 3arrycKa MHoroKaHanhHoro BpeMeH

noro anann3aTopa, a TaKme rrocTyrrann B 6noK, KOTOpbiH cnymun nnsr rrporryc

KaHnR Ha 8H81IH38TOp neTeKTOpHbiX HMIIYllbCOB llllllib B UHKnbi 1 CDOTBeTCTByiO

IUI!e nann~niO na o6pa3ue nMrrynhca MarHnTnoro rronsr, ITpn pa6oTe c 6onb

mnMn ( 6onee 50 KS) rronRMH cncTeMa oxnamnennsr KaTymKn ne IT03Bonsrna 

HCII0llb30B8Tb K8lKnyro BCIIblWKY MOWHOCTH peaKTOpa, B 9TOM cnyqae C JJ?MOWb!O 

6noKa OT6opa l!MITynbCOB llpOI!3BOnHnl!Cb ll3M9p8Hl!R C rrporryCKOM BCITbllli9K 

MOIUHOCTH, C IIOMOIIlbiO 6noKa 3anepmKI! l!MrrynhCOB OCYIU9CTBnRnaCb Cl!HXpO

Hl!38Ul!R1 rrpll KOTOpOH Mai'Hl!THOe rrone l!Meno M8KCI!M8nbH09 3Ha~eHI!9 BO 

BpeMR nn¢paKunonnoro paccesrnnsr neilTpoHoB na o6pa3ue. ITpenBapnTenbHO 

KaTylliKa M8I'HHTa K8llH6pOB8ll8Cb OTHOCHTenbHO 8MITnl!Tynhi l!MJJynhCOB' TOKa, 
,. -"· ..,_._ 

llnR 9TOI'O H8 M8CTO o6pa3U8 ITOMeiUanaCb ll3M9pl!T9nbH8R KaTylliKa, l!M-

rrynhCbl C KOTOpOH rrpn 3anaHHblX HMIIYllhCaX TOKa ~epe3 M8I'HHTHYIO KaTylliKy 

HHTei'pHpoBanUCb H H3M9pR1Il!Cb C IIOMOIUbiO llpOK8llU6pOB8HHOI'O OCUI!nnorpa<iJa, 

B pe3ynbTaTe ~ero orrpenensrnacb .a6conroTnasr Benn~nna MarHHTHoro rronsr. 

Bo Bp8MR 9KC11epHM9HT8 C. ITOMOIUbiO -Tpac¢opMaTopa TOK81 ycT8HOBn9HHOI'O 

Ha TOKOIIpOBOnRIUI!X llillH8X1 U crreunanbHOI'O ycTpOHCTBa llpOH3BOnllnl!Cb l!3Me

.peHne n 3arrnch aMrrnnTynhi ToKa qepe3 KaTymKy MarHnTa. IToMnMo ll3Mepe

Hl!R n 3arrncn Benn~l!Hbi aMrrnnTynhi Ka:lKnoro nMrrynbca ToKa, B rrpouecce 

n3Mepennil ocymecTBnsrnncb BH3yanhHbiH KOHTponb rro sKpany ocunnnorpa!lJa 

38 ¢opMoil n Benn~nnoil Kamnoro nMrrynhca ToKa, l!3Mepenne narrpsrmennsr, 

no KoToporo 3apsrmanach 6aTapesr KonnencaTopoB, aBToMaTn~ecKoe ll3Mepenne 

n KOHTponh 3a Benn~nnoil BpeMennofi 3anepmKn rronmnra nrnnTpOHOB. Ha-
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ITpH~eHHe 38pHaa 6aTapeH KOHaeHC8TOpOB 3aaaBanOCb C ITOMOllibiD CTa6HnH-

3HpOB8HHOrO OITOpHoro HaiTpH~eHHH H ycTpOHCTBa OTceqKH. 

3. Pe3ynhTaTbi 9Kcrrepn:MeHTa 

Ha pnc. 6 npnBeaeHo HecKonbKo TIInnqHhiX HeliTpoHorpaMM, nony

qe.llHbiX C ITOMOllibiD BpeMeHHOrO aHanH38Topa C IIIHpHHOH KaHan~ 32 MKCeK. 

MarHIITHaH cTpyKTypa reMaTHTa TaKoBa, qTo oTpa~eHHH c h + k + I "" 2n 

HBnHIDTCH qncTo HaepHbiMH, a c h + k + I = 2n + 1 - qJicTo MarHHTHbiMII. 

TaKHM o6pa3oM, nnK ( 111) Ha pnc. 6 - MarHHTHhiii, a ( 222) - Haep

.Hbili. 0Tpa~eane ( 222), He noaBep~eHHoe aelicTBHID MarHHTHoro nonH, ncnonh-

30Banocb B KaqeCTBe "MOHHTOpHoro", TO eCTb onpeaenHnOCb OTHOllieHIIe 

HHTeHCHBHOCTefi (111) II (222). B cnyqae OTpa~eHIIH (100) B KaqecTBe 

"MOHHTOpHoro" HCITOnb30B8nOCb MarHHTHOe OTpa~eHHe (300), T~K K8K Hllep

HOe (200) - cna6oe 1 a pacceHHHe HefiTpOHOB 1 COOTBeTCTBYIDlliHX (300), npo

HCXOaHT no Haqana IIMnynbca MarHHTHoro nonH, anuTenbHOCTb KoToporo 

oKono 3 MeeK. 

Ha pnc. 7 npHBeaeHbi pe3ynhT8Tbi H3MepeHHli oTpa~eHHH ( lbO) B 38BH

CHMOCTH OT HanpaBneHHH MarHHTHOrO ITOnHo npenBapHTenbHO o6pa3eu Harpe

B8nCH npn6nnsnTenhHO no KOMHaTHoli TeMnepaTyphi (Bbillie ToqKH Mopnaa T M), 

a 3aTeM npu nponycKaHHH qepe3 KaTyrnKy He6onhrnoro nocTOHHHoro TOKa 

(HecKonbKO necHTKOB aMnep) oxna~nancH no TeMnepaTyphi ~unKoro a3oTa, 

B pe3ynbTaTe qero nonyqancH MoHon,oMeHHbili o6pa3eu. nocTOHHHoe none 

6binO HanpaBneHO Bnonb OTpHil8TenbHOrO HanpaBneHHH OCU X • npoU3Bonnnocb 

H3MepeHUe 6e3 MarHHTHOrO nonH 1 38TeM C HMITynbCHbiM MarHHTHbiM noneM 1 

coBnaaaiDlliHM no HanpaBneHHID c noneM oxna~neHHH _ (aBe ToqKu cneBa OT 

ocu opauHaT rta pnc. 7), nocne qero - H3MepeHHe c noneM H x > 0 • 

Pe3ynbT8Thi 1 nonyqeHHbie npn pa3nHqHhiX tjJuKCHpoBaHHhiX TeM nepaTypax 

( Bb!llie H HH~e T M) 1 nOK838nH 1 qTQ HMeeTCH nOCTOHHHb!H BKnaa B OTpa

~eHHe. ( 100), He CBH3aHHhiH aenocpeacTBeHHo c nepeopneaTauueli MarHHTHbiX 

MOMeHTOBo YpoBeHb 8TOro tPOHOBOro BKnana OTMeqeH npHMOH nHHHefi Ha 

puc. 7 o Bo3MO~H0 1 OH CBH38H C aByKpaTHb!M OTpa~eHHeM. 
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Ha pRe. 8 TO'IKBMH noKaaaHa aaBHCHMOCTb OT BenH'IHHbi MarHHTHoro 

nonSI oTpa)KeHHSI OT nnocKOCTH. ( 111). Oum6KH HaHeceHbi cTaTHCTH'IecKHe.: 

nHHHSI 1- HHTeHCHBHOCTb OTpa)KeHHSI (111), KOTOpaSI non)KH8 noCTHI'8TbCSI 

B noCT8TO'IHO CHnbHOM none, KOrna M8I'HHTHbie MOMeHTbi - B 083HCHOif 

nnocKoCTH KpHcTanna. CooTBeTcTByiDmee OTHollleHne I 111 I I 222 6bmo na

MepeHo 6ea MarHRTHoro nonSI npn TeMnepaType BbJllle T M• KpHBaSI 2 oT

pa)KaeT OOIJlllif xapaKTep 38BHCHMOCTI~ yrna OT BenH'IllHbl nonSI. OTH l!3Mepe

HHSI npoBOnHnHCb C MHOI'OnoMeHHbiM KpHCTannOM 1 T.e. 6e3 npenBapHTenbHOI'O• 

oxna~eHHSI B cna6oM MarHHTHOM none. 

ITpn none, HecKonhKO MeHbllleM 50 K:a, 6bmo o6napy)KeHo pe3Koe B03-

pacTaHHe RHTeHCHBHOCTH OTpa)KeHHSio ~OpMa nHKa npH 9TOM He MeHSinaCbo 

OTO B03p8CT8HHe HHTeHCHBHOCTl! HMeno pSin OCOOeHHOCTeif. 0HO B03Hl!Kano 

nHlllb B TOM cny'lae1 ecnH no 9TOI'O ITpOH3BOnHnCSI HarpeB o6p83U8 no TeM

hepaTypbl BbJllle T Mo oxna)KneHl!e· 6ea nonSI l! HaMepeHHSI B HMnynhCHbiX 

nonSIX1 BenH'IHH8 KOTOpb!X He npeBb!lll8eT BenU'lllHbl nonSI 1 npH KOTOpOM llOSIB-

' nSie~c::_SI aHOMannSI. Ecnn nocne naMepeHHSI npl! oonbllleM none (no 90 K:a) 

npOBOnHnOCb CHOBa l!3MepeHHe npH 3H8'leHHl! nonSI 1 COOTBeTCTBYIOIJleM nono

)KeHHIO aHOMannn, oTpa)KeHne '6bmo "HopManbHbiM ". HeKOTOpbie H3 nony'leH

HbiX B T8KOM cny'lae TO'leK H8HeC9Hbi Ha pllCyHKe B OCHOB8HI>ll 8HOM8nbHOI'O 

nHK8o ~OpMy 38BHCHMOCTH aHOManbHOI'O pacceSIHHSI OT BenH'lllHbi nonSI onpe

,llenHTb He ynanOCbo . Ka)K,ll8SI TO'lKa C 8HOManbHO oOnblliO:lf HHTeHCllBHOCTb!O 

npH none OKano 50 K:a (eM. pnc. 8) 6bma nony'lel!a nocne HarpeBa o5pa3ua 

no TeMnepaTypbi BbJllle T M" Bnpo'leM, 6bmo O.llHO HCKniO'leHHe, Korna nocne 

naMepeHHSJ aa nonroToBneHHOM nyTeM HarpeBa BbJllle T M o6paaue npn. 

H - 95 K:a npOSIBnnocb aHoManbHOe pacceSIHHe npll none OKano 50 K:a. 

· Bcero 6binO nony'leHo "ieTbipe TO'lKH c aHoManbHbiM pacceSIHHeM ( 5onb-. 

me 0,5) 1 HO K8)1{naSI ll3 HHX - B OTnenbHOif ceplll! l!3MepeHUif1 T8K 'ITO Kpii-

'' 

B8SI1 npoBeneHH8SI Ha pHCyHKe nyHKTHpOM1 l!MeeT1 B03MO)KH01 nHlllb ycnoB- .
1 

Hbiif CMbiCn. l 
IToKa3aHHbie Iia pnc. 7 H 8 peaynbTaTbi oTpa)KaiOT 3aBHCHMOCTb yrna 

nOBOpoTa BeKTOpa 8HTII~eppOMarHeTH3M8 l OT HanpSI)KeHHOCTH M8I'HIITHOI'O 

nonSI Hlt. B cny'lae oTpa)KeHHSI oT nnocKOCTH ( 111) HHTeHCHBHOCTb I lU 
2 ~ 

nponopUHOHanbH8 sin 8 rne 8 - yron OTKnoHeHl!SI J OT OCH C 3 • 
~ 
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l 
TaK KaK I 111 rrpH H x= 0 He paBHa Hymo, Ha'tano KOOpJlHHaT Ha pHc. 8 

nng orrpeneneHH51 sin 2 (} CM81Il8HO BJlOnh OCH OpJlHH8T H8 BenH'IHHY I 111, (Hx,,), 

.nPH oTpameHHH oT rrnocKocTH (100) HHT8HCHBHOCTh I 100 rrporropuHoaanhHa 

ros
2

( rjJ ! (}), rne rjJ = 17°45' - yron Memny rrnOCKOCTbiO (100) H OCbiO C
3 

, 

KaK BHJlHO H3 pHc, 8, rrony'teHHa51 HaMH HenTpoHorpa~H'teCKH 38BHCH

MOCTh sin2 
(} oT Hx (KpHB851 2) Ka'!eCTBeHHO cornacyeTcSI c pe3ynh

TaTaMH llPYI'HX H3MepeaHn: IIpH B03p8CT8HHH IIOnSJ. IIpOHCXOJlHT IIOCTeiieHHbiH 

IIOBOpOT j OT OCH C
3 

K 6a3HCHOH IInOCKOCTH, 0JlH8KO KpHB8SI 2 HeCKOnh-

KO OTnH'I8eTC51 OT KpHBOH 3, KOTOpa51 IIOnyqeJia H3 H3MepeHH51 MBI'HHTOCTpHK

UHH/9/, npH'IHH8 8TOI'O paCXOlliJl8HH51 B H8CT0511Illln MOMeHT HeSICHa, Bo3MOlli

H01 OHO o6yc'noBneJIO T8M1 'ITO IIpH IIOCTpoeHIIH KpHBon 3 IIO Jl8HHb!M pa6o

Tbl/9/ Mbl IIpHHHManH COS cp paBHbiM Hynro, AHanH3 Bb!pameHHSI ( 1) 

rroKa3biBaeT1 'ITO ycnoBne cos cp = 0 B none H ·= Hx BbiiionHsteTcSI npu 

rrpeHe6pemeHHH B .HeM qneH8MH '!eTBepTOI'O IIOpSIJlK8 (c KOHCT8HT8MII d II f ), 

Y'!eT aTIIX 'tneHoB cymecTBeaao ycnomHSieT KapTIIHY u, B03Momao, orrpenen5IeT 

pacxomneau~ Mem.ny KpllBbiMH 2 II 3, 

Momno rrpenrronomiiTh, 'ITO 6onee pe3Koe B03pacTaaue sin 
2 

(}' rrpu 6onh

mux rronstx (puc, 8) o6ycnosneao ycKopeHueM rroBopoTa MarHIITHbiX MoMeH

TOB II3-3a aanii'IIISI cocTaBnstromen Hz ( HeonHoponaocTh rronst, rro HamnM 

rpy6btM oueaKaM, cocTaBnSina oKono 5-10%), I13BeCTHo/10/, 'ITO rrpn nen

CTBnn rronst oKono 70 Ka Bnonh ocn C3 rrpu a30THon TeMrrepaType rrpouc

xonnT ~a30Bbtn rrepexon II3 aHTn~eppoMarHnTHoro B cna6o~eppoMarHIITHoe 

COCTOSIHll8, TepMOJll!H8MII'I8CKllll 8H8nll3 B paMK8X TeOpliH ll3stnOllillHCKOI'O 

rroKa3biBaeT, 'ITO nann•me rronst Hz , name Menbmero, '!eM KpnTn'tecKoe, 

o6nei''t88T IIOBOpOT M8I'HllTHhlX MOM8HTOB IIOJl Jl8HCTBlleM rrong Hx. 8TO 

6btnO nonTsepmneno n aKcrrepuMeHTanhno/ II I rrpn TeMrrepaTypax, 6nn3KllX 

K TO'!Ke MopnHa, 

HaKoaeu, He ucKmo'Ieno, 'ITO pacxomneaHe Memny KpiiBbiMn 2 II 3 Bbi3bi

BaeTC51 JlByKpaTHb!M OTpamenneM1 KOTOpoe, KBK nerKO IIOK838Tb1 Tome 38Bl!CHT 

oT rronst, 
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... 
qTo5bi onpeaemiTh aanpaBneane. BpameanSI BeKTopa T 

1 
Mhi nccneao-

Bann OTpa:lKeHHe OT nnOCKOCTH ( 100) 1 COCTaBn.IIIOilleii: yron t/J = 17°45' 

c oCbiO C3 • qacTb pesynhTaToB STHX U3Mepeanii: npeacTaBneaa aa pnc. 7. 

YBennqeaue HHTeHCHBHOCTH npn Hx < 0 nosBonSieT yTBeplKLlaTh, 'ITO B npn

HSIToii: H8MH reoMeTpHH OnhiTa ( CM. pnc. 2) BeKTOp r BpamaeTC.II no qa

COBOii: CTpenKe, ecnn CMOTpeTb ITO HanpaBneHHIO OCH X • Ha pHc. 7 nyHKTH

poM aaaeceaa saBHCHMOCTb I 100 ... cos 2 ( t/J ± () ) t rrpuq~M sHaK rrepea () 

saBHCIIT oT aanpaBneanSI BpameHHSI (a5coniOTHa.ll Benuqnaa () onpeaenSinacb 

Ha OCHOB8HIIII KpiiBbiX pnc. 8) • I1pu STOM npiiHIIManoCb
1 

'ITO BeKTOp 8HTH

cpeppoMarHeTII3Ma ocTaeTcSI rrepneaauKynSipHhiM BaemaeMy non10 H x (To 

ecTb cos ¢ = 0). 

Orrpeaeneaaoe HaMH aanpaBneane BpameHHSI BeKTopa rrpoTHBononoJKHo 

Haii:aeHHOMy B pafioTe/12/. 3To p~CXO:lKLleHHe TPYLlHO HHTepnpeTnpoBa;b, TaK 

KaK B pafioTe/12/ Ii3MepeHII.II npoBOLlHniiCb 5e30THOCIITenbHO K OpHeHT8UHII 

MarauTaoro rron.11 B 5asucaoii: rrnocKocTn. 

Ecnu rrpnpaBH.IITh ayn10 npoii3BO/lHhie OT Te pMOLlUHaMnqecKoro noTeH-

uuana ( 1) no m x , m Y , m z u rroacTaBHTh B ( l) nonyqaeMyiO saBncn-

MOCTb mx my • mz oT yrnoB () II cp , MOlKHO nony'!HTb cne-
ayiOmee Bbipa:lKeaue ( npu HY = Hz = 0 ) : 

~ 

2 
H __ x 

2B + 
H2 D X . 

2B(B+D) 
• 2 () 2 A. Hx q . () . A. 

SID COS 't' - --- SID SID 't' + 
B 

1 . 2 
+ T ( a - --ji- ) sin 2 () _ H x D f 

·B(B+D) sin 
4

() eos () cos¢ cos 3¢ 

+ : sin 
4 

() + d sin 3 
() cos () sin 3 ¢ 

'f
2 

6 2 D'f 2 

- -- sin () cos 3¢ + 
2B 

• 6() 2 2 
2B ( B + D ) sm cos 0 cos 3¢ 

( 3) 

!JpoCTbie oueHKU noKa3hiBaiOT, 'ITO a5coniOTHaSJ Benuquaa cnaraeMoro 
Hx q 

B 
sin () sin ¢ npn n106oii: Bennqnae non.11 H x 5onb1Ile, 
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r 
r -· 

qeM mo6oro H3 OCTanbHbiX cnaraeMbiX1 38BHCSil!lHX OT cf HnH OT Tuna; 

noMeHa. CnenoBaTenbHo, ycTaaoBneHHoe HanpaBneHne noBopoTa MoMeHTOB 

npH Hl< < 0 COOTBeTCTByeT, npH Bbi6paHHOM HaMil onpeneneHHH BeKTopa ........ ._. ~ -
aHTn4JeppoMariieTH3Ma I = M A + M A- M B ... M B (eM. pnc. 1 II 2~, 

1 2 1 ·2 -
q > 0 , · ecnii B 9TOM none yCTOH'IHB /lOMeH C COS (} > 0 H q < 0 

B cnyqae noMeHa cos (} < 0 

Onpeneneaue !lJaKTII'!ecKoro Tnna noMeHa, o6paayiOmerocSI npu oxna:>K-

neHIIH B none TOI'O HnH HHOI'O HanpaBneHHSI II 38BHCSil!lei'O OT xapaKTepa; 

BHyTpiiKpHCTannii'!eCKOI'O B38HMO/leHCTBIISI1 He npe/lCTaBnSieTCSI B03MO:>KHbiM 

B HcnonbayeMOH HaMH MeTO/lHKe. Ho,: 6eaycnoBH0 1 BenH'IHHa H 3H8K MHO:>KH

TenSI q 1 no C8MO,MY ycnOBIIIO BBeneHIISI COOTBeTCTBYIOIIIei'O qneaa B Teo

piiii naSinOIIIIIHCKOI'O /4/ 1 0/liiHaKOBbl nnSI Bcero KpiiCTanna H He 38BIICSIT 

OT TIIna l:{OMeHa ( XOTSI 3H8K H onpeaenSieTCSI npiiHHMaeMbiM nopSil:{KOM Hy

MepaUHH nonperueToK), BonpeKit yTBep:>KneHHSIM pa6oTbi/ 12/. 

Ecnu Koa!lJ!lJnuneHT f ae HMeeT aHoManbHO 6onbllloro (no cpaBHeHHIO 

C d ) 3Ha'!eHHSI1 TO npl.t ni060M Hx B COCTOSIHHH TepMOl:tHH8MH'I9CKOI'9 

paBHOBecuSI, 6eaycnoBHo, d sin 3 (} cos (} sin 3 cp < 0 • Ha nonyqeaaoro 

B aarueti: pa6oTe uanpaBneHHSI BpameuuSI B none 

ros (} sin 3 cp > 0 , T.e. J::tnSI reMaTHTa d < 0 

H < 0 
X 

cnenyeT 

npn neti:CTBHH nonSI HJ< >. o. HHTeHCHBHOCTb -OTpa:>KeHHSI ( 100), KaK 

BHaHo na puc. 7, He uaMeuunacb. Ha uanH'IHSI 'Ineua d sins(} cos (} sin 3¢ 

B Bf>Ipa:>KeHHH ( 2) MO:>KHO 38KniO'IHTb1 'ITO )la:lKe npH COS cp = 0 B cnyqae 

H3MeHeHHSI HanpaBneHHSI nonSI l:tOn:>KHa· npOHCXOl:tHTb nepecTpOHKa llOMeHHQH 

CTpyKTypbl Il1 cneaoBaTenbH0 1 yBenH'I9HHe HHTeHCHBHOCTH OTpa:>KeHHSI ( }00)· 

np11 H x > 0 • 3Kcnep!IMeHTanbHo !lJaKT nonaoii nepecTpoiiKH noMeHHoii cTpyK

Typbi COBepll!eHHOI'O .KpHCTanna reMaTIITa B none OKOnO 10 K9 1 HanpaBneH

.HOM aHTHnapannenbHO nomo. oxna:>KJleHHSI, 6bm ycTaHoBneu, B qacTHOCTII1 

B pa6oTe no niiHe:AHOH MarHHTOCTpiiKUilll/ }3/ • no-BH/lilMOMY 1 B HaW eM 

cnyqae npoHCXO/lHT niilllb 'I8CTH'IH8SI nepecTpOHKa 8HTII4JeppOM8I'HilTHOH ~0-

MeHHOii CTpyKTypble 3TO He npeJlCTaBmieTCSI YllHBIITenbHbiM1 TaK KaK pa3HOCTb 

aaepriiii COCTOSIHHll llBYX TilnOB JlOMeHOB B M8I'HilTHOM none onpeaenSieTCSI1 

Hx D f 4 
B ocHoBHOM, ManbiMil qneHaMH ( B ( B+ 

0
) sin (} ros (} cos cp cos 3 cp ) 

il ( d sin3 
(} cos(} sin 3 cp ) a auepreTH'IeCKilii 6apbep Me:>KilY aTHMH 

cocTOSIHHSIMH - npyrHMH 1 ropaano 6onbll!HMH no Benn'InHe qneHaMH B paano-
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:lKemm ( 3). Bee aTo non:lKIIO npHBOilHTh K cymecTBennoMy BniHIHHIO na nepe

cTpofiKy Jl0M8HHOH CTpyKTyphl ne~eKTOB li ITOCTOpOHHHX npHMecefi B KpHCTanne, 

BonhlllOH HHTepec Bbl3b!B88T 8HOManhH08 paCC851Hli8 B none OKOnO 50 K9 0 

npoSIBHBllleecSI npH H3MepeHHH oTpa:lKeHHSI (Ill). B paMKax TeopHH llsSino

lllHHCKoro, npenrronararomefi TepMO)lHHaMH'l8CKHH nOT8HUli8n B BH)le Bb!pa:lKe

HHSI (J), He )lonyCKa8TC51 COCT051Hli8 KpliCTanna reMaTHTa C yrnOM 0 = ~ 
B MarnnTnoM none, MeHbllleM KpHTH'lecKoro nonSI, neo6xonHMoro nng nepexo

na B-cna6o~eppoMarHHTII08 COCTOSIHHe ( ~}30 Ka), 06~51CH8Hll8'8HOManhHOrO 

paCC851Hli51 li3M81I8Hli8M THna MarHHTHOH CTpyKTypb! OK83b!B88TC51 T8K:lK8 He

B03MO:lKHb!M XOTSI 6b! y)Ke nOTOMy1 'ITO HM8HHO npli qepe)lOBBHlili nanpaBneHHH 

MOM8HTOB no npaBHny _( ++ - -) liHT8HCHBHOCTh OTpa:lK8Hli51 ( }}} ) JlOn:lKHa 

6b!Th HaMHOro 6onblll8 1 '18M npli npyrHX nop51JlK8X qepe)lOBBHHH, K TOMY :ll\8 

xapaKTep npoSIBHBmerocSI aHoManhnor~ pacceSIHHSI nefiTpOHOB no3BonSieT 

npennonO:lKHTb CKopee cymeCTBOBaHne KpHTH'l8CKOH TO'IKH 1 KpliTH'l8CKOrO 3H8-

'19Hli51 MarHHTHOrO nong (npli KOTOpOM npOHCXO)lliT aHOM8nhH08 paCC851HHe), 

'19M KOH9'1HOro llHTepBana 3H8'18HHH nong, 

Heo6xollHMOCTh HarpeBa o6pasua no TeMnepaTypbi BbJllle T M H oxna:lK

nenHSI 6e3 nonSI nnSI nony'leHHSI anoManhnoro pacceSIHHSI CBHJleTenhCTByeT 

0 TOM, 'ITO 8HOM8nhH08 pacceSIHHe CB5138HO C nepeCTpOHKOH )l0M8HHOH. CTpyK

Typblo B03MO:lKH0 1 c nepexonoM K onHoMy noMeny. HenoHSITHa npH'IHHa, no 

KoTopofi nepecTpofiKa noMeHoB oco6eHHO o6nerqaeTcSI npn orrpeneneHHOfi aenn

'IHHe MarHHTHOrO nonSI, HO HaM He ynaeTCSI TaK:ll\9 o6~51CHHTb yBenH'l8Hli9 

HHT8HCHBHOCTH H8HTpOHOB nHlllh. nepecTpOHKOH llOM8HOB -no-BH)lliMOMy1 nepe

XOil K O)lHOMY )lOMeHy SIBnSieTCSI BTOpli'IHbiM 9~~eKTOM 1 COITpOBO:lK)l8!0lllllM OCHOB

HOH 9~~eKT1 KOTOphlfi npHBO)lliT K aHOMBnHH B pacceSIHHH, 

Tio-BHilHMoMy, nnSI BbmcneHHSI npHpOilbi anoManHH neo6xonHMbi nonon

HHTenhHbie 9KCnepHM8HT8nhHbl9 )l8HHb!8 11 1 B03MO:lKH0 0 6onee rny60KHH Teope

TH'l8CKHH aHanH3, 

B 3BKnro'leHne aBTOpbi Bbipa:lKaiOT rny6oKyro npn3H:aTenhHOCTh ct>.n.lllann-

po 38 nocTOSIHHyro nonnep:lKKy pa60Tbl ll U81lHbl8 COB8Tbl 0 B,Bypacy 38 HCKnJO'lll

TenhHO .nnOilOTBOpHb!9 o6cy:lK)l9HH51 1 a TaK:ll\9 6naronap51T BC8X COTpyJlllHKOB 

na6opaTOpHH H9HTpOHHOH ~li3HKH 0 npHHHM8BllillX Y'l8CTH9 B no)lrOTOBK9 

H npoBeneHHH 9KCnepHM9HT8, 
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Puc,· 1. PacnonoJKeHne MOHon Fe 
3 + n reMaTMTe n reKcaroaanhHO~ ycTa-

HOBKe, EyKB8MM A o6oaHa'leHbl MOflbl C OJlHHM HanpanneHHeM MOMeH

TOB, 8 - C npOTHBOnOnOlKHb!M HanpaBneHHeM, npaBe)leHa T8KlKe 

poM609JlpH'IeCK8R R'le~Ka C H8'18nOM KOOPJlMH8T B TO'IKe nepeceqeHUR 

oce~ C2 a C3 • To'IKaMH aa· ocn C 3 o6oaaa'leHbi nonoJKeHHR ueaTpon 

CHMMeTpHM, 
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rra.sucHCJg niiOCKOCmt> 
(Iff) 

1.....--::~...:--r---::~--(fOO) 

P11c. 2, Pacnonci)!{el!lle aeKTopa anTIIcpeppoMarneTII3Ma 11 nnc?cKocTeil ( 111) 
ll ( lQQ) OTIIOCI!Tellbi!O OCeil KOOp}:(llllaT, Ocb X - no OCI! C 2 , 

OCb Y - no lll!HIIII l!epece'lei!IIS! 08311CIIOH nnOCKOCTll C nnOCKOCTbiO 

CllMMeTpllll m '· OCb Z - no OCII C3 • MarnirT!Ioe l!Olle 

napannenbHO oc11 x • 

P11c. 3, OomaSI cxeMa Jll!QpaKUllOHHQil ycTaHOBKII. 1 - aKTllBHaSI 3ona HEPa; 

2 - oxna)!{aaeMb!il 3aMeJlniiTenh ( nonnaT11nen co cnoeM 6epnnnug) i 
3 - 6eTOHH8S! CTel!aj 4 - KBIIE\ll B CTel!ej 5 - 38ll!IIT8 OT cpOH8j 

6 - K8Tyll!K8 C OOp83UOMj 7 - ~p110CT8Tj 8 - )leTeKTOpj 9 - 38ll!IIT8 

)leTeKTOpa, , 
, 
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_j_ 

[ 

Pl!c, 4, B!!n MarH!ITHoit KaTylliKII c o6paauoM, I - sneKTponp!!Bon; 2 - o6o

llO'IKa Kp!!OCTaTaj 3 - TOKOHeCyllll!e lllllflblj 4 - 06MOTKa MarHHTaj 

5 - HeHTpOHOBOAj 6- CHilbtPOHj 7 - npenoxpaf!l!Tellbflb!H 6aHlx8lKj 

,8 - TeKCTOill!TOBaH o6oJJO'IKa o6paaua; 9 - o6paaeu, 

18 

' j 

1 
1 

1 
I 

\I 
" l 

I 





I 
(2~2) {Ill} 

.. . · .. 

: 

. . 
.. ..... I!. 

. I 
.. I . .. 

.. 

.... ••••• 0 :,. ... . . ·:.. 
• I ~ • • 

···""""' .. ·· .. ··· .r-.~,r..,. . _ . I · · , ~·.,-r-,r... '-.:....: 

.:···:: :,i 
'·· ., 

- • '\ • .I ··~·•• I •.·-·~··: ... ··~""-·· ..... . . .,.. .... .. •• • • • •'"N· ..... ~·-:~ • • •,,,,. • .eft • • .... , .. ,,. 

·-.. ! ,1. 
.. II ... · .... . . . .... 

' 
• ...,.·.,." .·· ·:,.r• ~~ ; ·-... 

''·~ -' .. ·. ·-~,-- . . I [ . . = ... -~,·-· 

.. I. 

4 

' 
2 

I 
.. ' l _,. __ •• ...,:, • I ..... -...: .... •:,'-. 

0 c.. .. . ~- ;~ ... .-, ..... ,...., ... , . r . . .o·"---·· • . , •• • 

I I I I 

200 2f0 400 

Pnc. 6. Tnrrn'IHbre aellTpoaorpaMMbi reMaTrrTa -
1 - !Ip!I H = 14 KS, 2 - 49,5 Ks, 

TeMrrepaType lKIIAKoro aaoia, 4 "'H = 0 
Type. 
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N 

OTPalKeHIIH ( 111) II ( 222) • 
3 - 72 KS - Bee rrprr 

"np!I KOMH8THOH TeMrrepa-

'f 
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--if-- - ----~- i - ---· 
1 

Puc, 7, 3aBHCllMOCTb ll!IT8HCllBHOCTll MBrHHT!IOrO OTpalKeHHH { 100) OT H8-

I1p8BneHHH IIOn.fl Hx lJ.nH onHonoMeHHoro KpliCTanna. nyHKTllpOM 

IlpllBeneHbl OlKll08eMbi8 38BllCllMOCTll OnH OBYX THIIOB OOM8IIOB, 
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Puc, 8, 3aBliCliMOCTb lii!TeHCliBHOCTil MarHilTHOrO OTpa)!(eHilH ( 111) OT Be

llll'IIlHbl nonH II . 1 - MaKcnManbuo ao3MOlKUaH uuTeucuauocTb 

(li3Mepeua llpll xKOMII8THOH TeMnepaType); 2 - Kpi!B8H1 llOI1Y'IeHH8H 

B UaCTOSIIUeti pa5oTe; 3 - Kp11B8H 1 nony'IeHU8H liB OCHOB811llll MarHil

TOCTpllKUliOHHbiX li3MepeHI!H/9/, 
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