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.QynaK R. 11 AP· P6 80 481 

RAepHblei MarHHTHhlH PC'10HJI-f, HJ PdAHrrnK rHD•ibiX AApax, 
OpHeHTHpOBaHHbiX npH CD~PXHH3KH~ r~~ncporypax 

~H3H4eCKI1H KOMnflC'KC AflA Opi1CHHI1.1>1H t)OA•IOtlK HIBHbiX AAep 
npH ceepxHH3KHX TeMneparypax a OJ.1PI-1 /yc H.'tK)BK<l "Cn>~H11/ 
AononHeH TeXHHKOH AAepHoro M<lrHHTHoro pcaoHuHC<l - RMP/OR. 
0cHoeoi1 at<cnepHMeHranbHoro o6opyAOBaH>~f<~ nsnnC'TOI pe¢pHlt(e
parop paCTBOpCHHA 8He- 1He,n03B011A~HH npOH3BOAHTb 6biCTpy~ 
CMeHy o6pa31.10B H HX OXflalt(AeHHe. 06pa:lell BM''~ T(' (. KuTYWKOH 
B036ymAeHHA 84 nonA BBOAHTCA BHYTPb KBMC'pbl pcJCTBOpeHHA. 
J,1ccneAoBaHHA RMP /OR Ha AApax 6° Co(Fe) 11 ~, 1 Co(FC') Bbl
nonHeHbl t<aK Ha OCHOBe MeTOAa MOAYilAI.IHH 84 nO!lA,TaK H MeTOAa 
6biCTporo aA~-ta6aTH4ecKoro npoxoJKAeHI1A B4 CIA rHam1 4epc3 
peaoHaHc • .llnA Hynesoro BHewHero nonA nony4eHbl coorsercr
ey~~He aHa4eHHA peaoHaHCHblx 1.1acror: 165,75/25/ Mr1.1 (6°Co) 
11 295,40/25/ Mr1.1 (57 Co). BblnonHeHbl H3MepeHHA cnHH-peweTo4Ho 
penaKCB1.111H MeTOAOM HMnynbcHoro Harpeaa peweTKH Hepeao
HaHCHbiM B4 noneM. 

Pa6ora BblnonHeHa a fla6oparop1111 .AAep~x npo6neM OHRI-1. 

npenpMHT Ofi~eAH~HHOrO HHCTHTyTa RAeP~X MCcneAOB8HMH. AY6Ha 1980 

Dupak J. et al. P6-80-481 

Nuclear Mag_netic Resonance on Radioactive 

1. BBE,liEH~E 

KnaCCH4eCKI1e MeTOAbl .AAepHoro MarHHTHOro pe30HaHCa WI1POKO 
11CnOJlb30BaJ111Cb B npOWJlOM AJl.A H3MepeHH.A CTaTI14eCK11X MOMeHTOB 
.AAep H B HaCTO.A~ee BpeM.A 11rpa~T BamHy~ pOJlb B H3y4eHI111 CTpyK
TYPbl ee~ecrea. ~x npeHMy~ecreo - 6onbwa.A T04HOCTb 11 BbtCoKoe 
pa3peweHI1e, 11X HeAOCTaTOK - MaJla.A 4YBCTBI1TeJlbHOCTb, KOTOpa.A 
CB.A3aHa C MallO~ 3HeprHe~ pe30HaHCH~X nepeXOAOB .AAep. 0AHaKO 
4YBCTBI1TeJlbHOCTb MOmHO nOBbiCI1Tb nyTeM KOCBeHH~X MeTOAOB 113-
MepeHI1.A, B KOTOp~X RAepH~~ MarHI1TH~~ pe30HaHC AeTeKTI1pyeTC.A 

np11 noMOIIII-1 aTOMHbtX 111111 RAePHbiX nepexoAoB, o6naAa~11x ropa3AO 
6onbwe~ 3Heprl1e~, 4eM 3Hepri1R pe3oHaHCHbtX nepexoAOB .AAep. 

B nocneAHee epeM.A cpeAI1 TaKI1X MeTOAOB eamHoe Mecro 3aHI1Maer 
AeTeKT11poeaHI1e RAepHoro MarHI1THoro pe3oHaHca no .AAepHOMY 113-
ny4eHI1~ - RMP/R~. B 3aBI1CI1MOCTI1 or nocTaHOBK11 on~ra npi1Me
H.AeTC.A HeCKOJlbKO eap11aHTOB MeTOAHKH AeTeKTHpoeaHH.A RMP/R~: 

B03My~eHHble yrJlOBble KOppeJl.A~HH, MeCC6ay3pOBCKa.A cneKTPOCKO
ni1.A, HCnOJlb30BaHI1e 113Jly4eHH.A, B03HI1Ka~~ero B RAepH~X peaK~11.AX, 
111111 113Jly4eHH.A opl1eHTI1poeaHH~x paAHOaKTI1BHbtX RAeo. KamAa.A H3 
3TI1X B03MO~HOCTe~ 11MeeT CBO~ cne~I1$11Ky, CBOI1 npeHMy~eCTBa 
11 HeAOCTaTKH. 

nocneAHH~ 113 nepe4HCneHH~X MeTOAOB Ha3b1BaeTC.A o6~4HO .AAepH~M 
MarH11THbtM peaoHaHCOM Ha opl1eHTHpoeaHHbtX RAp ax - RMP /OR. 3ror 

MeTOA OCHOBaH Ha 113MepeHI111 aHI130TpOnl111 113ny4eH11.A paA110aKT11BHbiX 
.AAep, Opl1eHTI1POBaHHbiX np11 C~epXHH3KO~ TeMnepaType B CI1JlbHOM 
CTaTH4eCKOM MarHI1THOM none Bo 11 nOABepra~I1XC.A OAHOBpeMeHHO 
B03AeHCTBH~ nonepe4Horo BbiCOK04aCTOTHOro 3neKTpoMarHHTHoro 

nonA. RAePHbt~ MarHHTHbl~ pe3oHaHc npo.ABnReTCR e H3MeHeHI111 aHH3o
Tponl111 RAepHoro H3Jly4eHI1R, CB.A3aHHOM C pe3oHaHCHbiMI1 nepeXCAaMI1 
BHyTpl1 RAepHoro 3eeMaHoBCKoro MYllbTHnnera noA Ae~CTBHeM n : 
no~eHHoro BbtCOKo4aCToTHoro nonR c 4aCTOTOH, YAOBnereopR~W· , 
ycnOBI1~ pe30HaHca: 

"Jo = yB o · /1/ 
rAe }' - rHpOMarH11THOe OTHOW€HHe AApa. 

~3 cKa3aHHoro B11AHo, 4TO MeTOA RMP/OH AononHAeT H pacwt-tn.AeT 
MCTOAHKY opt-teHnlpoeaHHbtx paA~-toaKHIBHbiX RAeP. no3roMy ec1 ec ~ 
BeHHo ero npi1MeHeHI1€ B nporpaMMe 113y4eHH.A OPHCHTHpOBaHHbiX 
RACPHbiX GICTeM B O~R~ - nporpaMM€ "Cni1H 11 1 1 1.8 HaCTO.A~e~ pat)ore 
onHCbtBaerc.A McTOAI1Ka RMP/OR Ha ycraHoBKe "Cni1H11 11 npi1BOARTC.A 

r~ ~·lCTHTJT I 
:t!Jllt:tel 

IA 
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peaynbTaTbl ee npi1MeHeH11fl o Hccno.qoooHHH HllOTonoo ~ 7 Co "' 
60 co, 

BHe.qpeHHbiX B MBTPHI.IY 113 lii6J1638, 

2. OCHOBHbiE CBOtiCTBA CnEKTPOB !!MP/011 
11 METO,llbl 11X nOllY4EHI1!1 

nycTb HMeeTCR CHCTe.Ma P8.Q11081<TI1DHbiX n.qcp 1 OeiJ18.QBI011.1HX Cni1HOM 

J 11 MarHHTHbiM MOMeHTOM fl 1 Ha KOTOPYIO np11. TCMnoparype T ,QeHCT

eyeT BHeruHee CT8TI14eCKOe MarH11THOe none 8 0 . 0 COCTORHHH TepMo

,QHH8MI14eCKoro paBHoeecHn CI1CTeMa nonnpHsyercn, np1146M creneHb 

nom=tpH381..1HI1 R,Qep CHCTeMbl OTBe4aeT 38CeJleHHOCTRM OT.QBJlbHbiX 

cocTORHI1H n.qepHoro aeeMaHoBcKoro MYJlbTHnnera, onpe.qenneMbiX 

pacnpe.qeneHHeM 6onbi..IMaHa. Yrnoeoe pacnpe.qeneHHe HanpaeneHHH 

H3J1y4eHHR n.qep CHCTeMbl 38BHCI1T OT BHYTPeHHI1X CEIOHCTB R,Qep 1 

y48CTBYI011.1HX B R.Q6PHOM npeepa11.1eHHJ.1 1 OT xapaKTepa H86JliO,Q8eMOrO 

113hy4eHHfl H OT CTeneHH nOJ1RPI1381..1HH Bcero 8HC8M611R R,Qep. l(Hp

KYJlflpHO nonRpH3oBaHHoe BHeruHee none 81 c 4aCTOTOH cu 0 , nep

neH.QHKynRpHoe K HanpaeneHHIO BHeruHero MarHHTHOro nonn Bo. Bbl3bl

eaeT' pe30H8HCHble nepeXO,Qbl Melt<.QY OT,QeilbHbiMH COCTORHHRMH 3eeMa

HOBCKOrO MYilbTHnneTa. 3n1 nepexo.qbl Bbl3biBBIOT H3MeHeHHe 3aceneH

HOCTer:1 OT,QerbHbiX YPOBHeH MYJlbTHnneTa, 4TO B CBOIO 04epe,Qb npH

BO,QI1T K lti3MeHeHHIO npocTpaHCTBeHHOH 8Hiti30TpOnHI1 pa,QHOBKTHBHoro 

H3ny4eHHR R.Qep. TaKHM o6pasoM, npocTpaHcTBeHHaR aHH30TponHn 

R,QepHOfO ltl311y4eHHfl MOlKeT CT8Tb cpe,QCTBOM ,QeTeKTHPOBaHHR R,Qep

HOrd MarHHTHOro pe30H8HCa B CI1CTeMe OpltleHTI1POB8HHbiX R,Qep. 

11TaK, YCJlOBHR R,QepHOfO MarHHTHOrO pe30H8HC8 H OpltleHTHPOBa

HHR n.qep oKa3b1BaiOTCR TecHo censaHHbiMH. 3t<cnepHMeHTbl RMP/0!1 

ocyll.leCTBilRIOT, KaK npae11no, np11 TeMnepaTypax nopR.qKa 10 MK, 

a .qnn nony4eHHR CHJlbHor.o opHeHTHPYIOll.lero nonn B o H.cnonb3YIOT 

CBepXTOHKOe B38HMO,QeHCTBHe' B Ma rHI1TOynopR,Q04eHHbiX M8Tep11anax. 

Q6pa3e'-l ,QJlR ltiCCJle,QOBaHHH H3rOT8BJli1BaiOT 1-13 ¢eppoMarHeTI1K8 B ¢op

Me 04eHb TOHKOH ¢QJlbrltl 1 B KOTOpyiO BHe,QpRIOT He06XO,QHMOe KOJlH-

4eCTBO H3Y4aeMbiX pa.QHoaKTHBHbiX R.Qep. HaMarHH4HBaHHe o6paa1..1a 

,QO COCTORHH.A nonHoro HBCblll.leHHR OCYl!\eCTBJlRIOT C noMOll.lbiO BHeWHero 

MarHI1THoro nonn B8 H.· np~t~ TaKoM no,qxo.qe 3KcnepHMeHT RMP/0!1 

npo11.1e ecero ocyll.leCTBHTb nyTeM 113MepeHHR aHH30Tponi1H raMMa-Hs

ny4eHHR e saBHCHMOCTI1 oT 4acToTbl nepeMeHHoro nonR B 1 • nepBble 

113MepeHI1.R 3Toro po.qa BblnOilHHnH e 1966 r. MaTTHac "' .XonnH.Qar:i 
121, 

KOTOPble H3Mepi1Jll1 HHTeHCHBHOCTb raMMa-H3Jly4eHitlfl R,Qep 6°Co(Fo), 

nonRPH30BaHHbiX np11 TeMnepaType "'30 MK. HecMOTPR Ha TO, 4TO 

np11 3TOH TeMnepaType 8HH30TpOnHR raMM8-H3Jly4eHI1R B Hanpaene

HI111 OpHeHT81..1Hitl COCT8BJ1RI18 16%, ee i-!3MeHeHHe, Bbi3BaHHOe peso

H8HCOM, COCT8BI1Jl0 TOJlbKO 2%. KaK 6b1Jl0 nOK838HO no3ll!6 /3/
1 

Ma

Jl8R BeJli14HH8 3¢¢eKT8 CBR38H8 C p83MbiB8HHeM 86JlH411Hbl CD6PXTOH

KOrO nOJlR B ¢eppoMarHHTHOH MBTPH'-Ie, BCile,QCTBHe 4ero MOHOXpo-

2 

M8TH46CKOe BbiCOK048CTOTHOe none Bbl3biB8eT pe30H8HC TOilbKO B OT

HOCHT6JibHO M8JIOH 48CH1 0611.1ero l<OJllt14eCTBa pa,QH08KTHBHbiX R,Qep. 

noBblllJ6HHe pe30H8HCHOrO 3¢¢eKTa 6biJ10 ,QOCT!IIrHyTO 6narO,Q8pR npH

MeHeHHIO 4aCTOTHO~ MOAYJlfl'-1"'"' BbiCOKo4acroTHoro nonn. TaK c¢opMH

poaancn O,QHH 113 OCHOBHbiX M6TO,QOB .RMP/OH. HapR.QY c HHM 3¢¢eK

TI-1BHbiM OK83anCR T8K>Ke MeTO,Q 6biCTPOfO 8P,!-1a6aTI-14eCKOI-O npOXOlK

,QSHMR BbiCOK048CTOTHoro CMrHana 4epes pe3oHaHc. B .QanbkeHrueM 

OCT8HOBHMCR Ha rnaBHbiX OC06eHHOCTRX 3THX OCHOBHbiX MSTO,QOB 

11 ~aCCMOTpMM HX 803MOlKHOCTI1 T8KlKe B 113y4eH~I1 penaKCBI..II10H~biX 
.RBneHI-1.:1. 

2. 1. MeTOA HMP /Of!, ocHoeaHHbrei Ha 4aCTOTHoill MOAYJlfl'-11-111 

BHeruHero BbiCOKo4acroTHoro non5l 

l<at< CKasaHo Bbrwe, AJ1R aos6ym,QeHI1fl R.QepHoro MarHI1THoro pe-

3oHaHca B 8HC8M02_1e .A,Qep Ha Hero He06XO,Q11MO H8JlOlKI-1Tb BbiCOKo-

4aCTOTHOe none B1 , '-11-iPKYJIRpHo nonflPI130BaHHOe B nnocKoCTI-1, 

nepneH.QHKynRpHo~ K HanpasneHHIO CT8TH4ecKoro nom1 B 0 , np!l14eM 

aMnJ111TY.Qa nonn B 1 .QOnlKHa 6b1Tb .QOCTaT04Ha J:tnn nony4eHHR aa

MeTHoro pesoHaHcHoro 3¢$eKTa. 3Ta aMnJ111TYAa onpe.QeneHa ycno

BHeM H8Cblll.leHI1R I<J18CCI146CKOro flAepHoro pe30H8HCa: y2.B2·r•t >1, 
1 1 2-

r.Qe r 1 11 r 2 - npo.QOJlbHOe "' nonepe4Hoe speMR pe!laKcar~l111 

RAePHO::i CnHHOBOH CMCTeMbl, a y - rHpOMBrHIIITHOe OTHOilleHJ.1e AJlR 

pe30HHPY~~I-1X .AAep. 

B cny4ae HMP/011 sepxHR.R rpaHH'-Ia senH4MHbl BHewHero BbrcoKo-

4aCTOTHoro nonR Bx orpaHH4eHa npaKTI14eCKIII aenH4HHO~ nopn.QKa 

e.Q!-1HH~ MHnnHraycc no npH4!-1He neperpeaa o6pas~a TOKBMH ¢yKo. 

:1To lKe orpaHH4eHHe npi1MeHHMO H K Bem141-1He aMnnHTY.Qbl ~HPKYJl.RpHO 
nom=rpHsoeaHHoro nann B 1 • BHewHee none B x MOlKeT 6b1Tb nHHei1-

HO nonRpi130BiHHbiM, TOr,Qa, npi1H11.i3fl BO BHIIIMaHI1e 113BeCTHOe RB

J}_eHHe YCI-1JleHI1fl BbiCOI<048CTOTHOI"O nonA /4/, .QnR aMnnHTY.Qbl nonA 

B~ MO>KHO HanHcaTb 

1 
B 1 "" -17B , 2 X 121 

r,Qe 1] - K03$¢H~HeHT YCHJleHMR BbiCOK04aCTOTHOrO nOJll'l, KOTOPbiH 

onpeAeneH npol..leccaM!-1 HaMarH11411BaHHR ¢eppoMarHeTHKa. Tat< Kal< 

,Qnfl KnaCCIII4eCKMX MeTaJlnl14eCKHX ¢eppoMarHeTI1KOB OCHOBHbiM Me~a

tf113MOM H8MarHH411BaHHR i3 o6nacn1, QJ11-13KOH K HaCbl!lleHM~, .RBnReT

C.R p~CTpaHBaH~~te ,QOM8HOB, TO $8KTOp YCMneHH.A onpeAenReTCR Bblpa

lKeH~~teM 

I] = 
B 3t!J4J. 

B A+ Bi '· /3/ 
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rAe B ::~¢¢.- 3$$eKT118Hoe c8epxTOHKoe none Ha .RAP ax, B A - _ 3$
$eKTI18Hoe none MarHI1THo~ Kpl1cTannl14ecKo~ aHI130Tponl111 11 Bt -
MaKpocKonl14eCKoe MarHI1THoe none 8HYTPI1 o6paa~a. B Knaccl14eCKI1X 
<!JeppoMarHeTI1Kax Ti .::tlQ 2-10 3 . Ha 8blpali~HI1~ /2/ 11 /3/ 811AHO, 
4.!0 np11 nocTo.AHHOM aHa4eHI111 8e1111411Hbl Dx 8biCOK04aCTOTHoe none 
B 1 naAaeT c 8ospacTaHI1eM 8H~wHero MarHI1THoro non.A. no3ToMy 

AnR nony4eHI1.A MaKCI1ManbHoro 3$$eKTa pesoHaHcHoro paapyweHI1R 
aHI130TpOnl111 113ny4eHI1.A menaTenbHO pa6oTaTb np11 MI1HI1ManbHO~ 

8eni14~He BHewHero cTaTI14ecKoro non.A, HaCblll\aiOII\ero <!JeppoMarHI1T
Hbl~ o6paae~. KpoMe Toro, KaK yme 6blnO OTMe4BHO, He06XOAI1MO 
np11MeHRTb 4aCTOTHO-MOAYnl1po8aHHoe none 8 1 . 04e811AHO, 4To ca
Moro 6on bWOrO 3$$eKTa MOmHO AOCTI1 rHyT b, KOrAa MOAYnR~I10HHbl~ 
CA811r cpa8HI1M C WI1PI1HO~ r ni1HI111, YWI1PeHHO~ 3a c4eT HeOAHOPOA
HOCTI1 3$$eKTI18HOrO non.A Ha .AApax. C APYrO~ CTOpOHbl, RCHO, 410, 
KaK 11 8 cny4ae MeToAa A11<l><!>epeH~I1anbHO~ san11c11 KJ1aCCI14ecKoro 
RAepHoro MarH11THoro peaoHaHca, 113MepeHHaR <!JopMa peaoHaHcHo~ 
ni1HI111 6yAeT OT8e4aTb Ae~CT811TeJ1bHOMY pacnpeAeheH1110 C8epxTOH
KOrO nonR TOJlbKO 8 TOM CJ1y4ae, KOrAa MOAY11R~I10HHbl~ CA811r 6yAeT 
3Ha411TeJ1bHO MeHbWe WI1PI1Hbl J111HI111 r. Ha npaKTI1Ke o6bi4HO HymeH 
KOMnpoMI1CC Me>KAY 3TI1MI1 A8YMR YCJ10BI1RMI1. MOAY11R~I1fl cuM He 
AOnmHa 6bfTb Hl1 Cni1WKOM Mano~, Hl1 CJ111WKOM 60J1bWO~, Ecn11 CUM•T 1 ~1, 
TO .AA8PHble Cni1Hbl CI1CT8Mbl Afi.A HeKOTOPO~ 4aCTI1 pe30HaHCHO~ Kp11-
P.O~ ycne8aiOT 8 Te48HI18 OAHOro MOAY11R~I10HHOro nepi10Aa penaKC11-
po8aTb B COCTO.AHI1e, pa8HOB8CHOe C KPI1CTannl14eCKO~ peweTKO~, 
4TO npi180A11T K noHI1meHI110 peaoHaHcHoro 3$$eKTa. C APYro~ CTopo-
Hbl, ecn11 cuM > cu 1 = yB 

1 
, To paapyweHI1e aH11SoTpon1111 naAaeT, 

ndCKOJlbKy WI1PI1Ha no604HbiX nonoc MOAY1111P08aHHOro BbiCOK04aCTOTHO
ro nonR 6onbwe, 4eM w11p11Ha 11 cni1HOBoro riaKeTa 11

, KoTopblc:i MomeT 
eoa6ymAaTbC.A HeMOAY1111poeaHH~M noneM B1 .noApo6Hoe TeopeTI14ec
Koe paCCMOTPeHI1e MOAYnR~I10HHO~ MeTOA11KI1 8 ~MP/0~ AaHO 8 pa6o
TaX 14·71, rAe noKaaaHo, 4To MemAY o6e11M11 yKaaaHHbiMI1 rpaHI1~aMI1 
Afll'l CUM Cyll\eCT8yeT o6naCTb, 8 KOTOpoc:i CTeneHb pe30H~HCHOro 
paspyweHHfl aHI130TpOnl111 113J1y4eHI1fl He 3a811CI1T OT CUM , 

Ha npaKT11Ke 113MepeHI1e ~MP/0~ c 11cnon~oeaH11~M MOAY11.A~I10HHo~ 
MeTOAI1KH BeAYT 4all\e BCero no T04KaM, 3To 3Ha411T, 4TO np11 aa
AaHHO~ paseepTKe 4aCTOTbl cuM 113MeHRIOT c aaAaHHbiM waroM 6a
aoeyl0 4aCTOTY 8~COK04aCTOTHOrO nonR 11 113MepRIOT pa3HOCTb 11H
TeHCI1BHOCTe~ paA110aKTI18HOro 113J1y4eHI1~ 8 3aAaHHOM Hanpa8neHI111 
np11 MOAY11HpoBaHHOM 11 HeMOAY1111poeaHHOM 84 none. B Ka4eCT8e pe
aoHaHcHoro Cl1rHana 8 np11HI1MaiOT 111-160 pa3HOCTb 3TI1X 11HTeHCI18-
HOCTe~, 111160 OTHOCHTeJlbHYIO 8eJ111411HY, onpeAenf;leMyiO BblpameHHeM 

WM- w -s /4/ 
1-.W 

rAe W M - aHH3oTponi1.A 113IIy4eHI1.A np11 MOAY11R~I111 non.A, a W -
aHI130Tpon11.A 113ny4eHI1.A np11 TOM me. aHa4eHI111 6aao8oro 84 non.A, 
HO 6e3 MOAY11R~I111, 
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Beni1411Ha peaoHaHcHo~ 4aCTOTbl onpeAen.AeTc.A 113 ycno811R /1/, 
rAe B0 - cyMMapHoe cTaTI14ecKoe MarHI1THoe none, Ae~CT8YIOII\ee 
Ha pe30HI1PYIOII\11e .AApa. Q CIIY4ae <!JeppoMarHHTHO~ MaTpl1~bl, HaXOAR-
11\e~CR 80 8HewHeM none B8~,MomHo aan11caTb 

- -
B 0 ~ B 3¢¢. + B BH. - f.L 0 D M • /51 

rAe B3<P<P~ pesynbTI1PYIOII\ee 3$$eKT11BHoe ceepxTOHKoe_none, Ae~
CT8YIOII\ee 8 AaHHOM MaTep11ane Ha 113y4aeMble .AAPa, M - nonHaR 
HaMarHI14eHHOCTb o6pas~a, D - <t>aKTop HaMarHI14eHHOCTI1 o6pas~a. 
f.LO - MarHMTHa.A 80Cnpi111M41180CTb 8aKyyMa, 

.Lln.A KnaCCI14eCKI-1X <t>eppoMarHeTMKOB rpynnbl menesa 3<l><!>eKTI1BHoe 
c8epxToHKoe none ~ 3¢¢.aHT11napannenbHO HaMarH114eHHOCTI1. no3- · 
TOMy MOAY11b nom! Bo paBeH 

I B 0 I = B 3¢¢.+ f.L 0 DM - B BH •• !6! 

3aBI1C11MOCTb pe30HaHCHO~ 4aCTOTbl OT BHeWHero non.A BBH. MOmHO 
nony411Tb 113 ypa8HeH11.A /1/, no,qcTa8nR.A e Hero pa8eHCTBo /6/. 
B cny4ae MarH11THoro HaCblll\eHH.A o6pas~a, KOrAa_8eni1411Ha ero 
HaMarH114eHHOCTI1 pasHa npeAenbHOMy 3Ha4eHI110 M H , 3Ta aa8MC!II
MocTb 11HHei1HaR 11 11MeeT HaKnOH, paBHbli1 rl-1pOMarHI1THOMy OTHOWe
H1110 Y• AJ1.A p6paa~a C npeHe6pem11MO MaJlbiM $aKTOPOM paaMarHI1411Ba 
Hi'IR YKa3aHHaR 3a811CI1MOCTb cornaCHO /6/ OCTaeTCR 1111Hei1HO~ A11R 
ecex aHa4eHHi1 BHewHero nonH B BH •• nocKonbKy 113MepeHH.A c HeHa
Cblll\eHH~M o6pa3~0M np080AI1Tb HeJ1b3.A, TO 3Ha4eHI1e Be1111411Hbl 
caepxTOHKoro non.A B 3¢<P~omHo nony4HTb 1-13 /1/ 11 /6/ nyTeM 
3KCTpanonfl~"'"' peaoHaHcHo~ 4acTOTbl A11R B

8 
... 0. 

HeAocTaTKOM paccMoTpeHHoro MeTo,qa ~MPJOR .ABn.AeTc.A To, 4To 
OH He n03B011.AeT pa3Ae1111Tb MarHI-'!THOe A11nOJ1bHOe 1-1 311eKTpl14eCKOe 
KBaApynOJlbHOe C8epXTOHKOe B3ai1MOAe~CT811e, oco6eHHO B cny4aRX, 
Kor,qa 8Kna,q 3neKTpl14ecKoro K8a,qpynonbHoro 83ai1Mo,qe~CTBI1.A Man. 
KaK noKaaaHo B 

181
, 311eKTPI14ectme K8a,qpynonbHoe aaa11Mo,qei1cTa11e 

MomeT np118ecT11 K CA8Hry cneKTpa RMP/OH. no3TOMY ecn11 TaKoe 
B3ai1MO,qe~CTBI1e He Y411TWBaTb, TO B03MOmHa Henpa811J1bHaR HHTepnpe
Ta~i'lfl nony4eHHbiX peaynbT a Toe. 

2.2. MeTo,q 6biCTporo aA11a6aTH4ecKoro npoxomAeHI1.A 
swcoKo4acToTHoro cHrHana 4epes peaoHaHc 

Ha Teop1111 MarHHTHoro pesoHaHca 113BeCTHo 19~ 4T6 113MeHeHI1e 
4aCTOTbl B4 nonR MomeT npHBeCTI1 K 113MeHeHI-1~ npocTpaHCTBeHHO~ 
Opl1eHTa~HI1 .A,qepHWX Cn11HOB 0 Opl1eHTI1p08aHHWX nepBoHa4aJ1bHO B Ha
npa8neHI111 cTaTI14ecKoro MarHI1THoro non.A. Ycnoa11eM A11.A 3Toro RB
nReTcR AOCTaTo4Ho MeAneHHoe npoxom,qeHI1e 4aCTOT~ 4epes o6nacTb 
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' peaoHaHca, 
"' 

4T06Y YAO~eTBQPRflOCb HepaBeHCTBO 

A= (t) 
2 /(dcr.l/dt) »1, 
1 
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rAe l.tl1 =y B 1 , a BenH4HHa A- ·aAHa6aTH4eCKH~ napaMeTp. 
-yKaSaHHOe ycnoBHe /7/ MOmHO 11CnOflb30BaTb AflR AeTeKTHpOBa

HHR ~MP/0~ nyTeM Ha6n~AeHI1R aa epeMeHHYM 113MeHCHI1CM aH~30TpO
nl111 113ny4eHHR noene npoxomACHHR B~COK04aCTOTHoro nonR B 4e
pes o6nacTb peaoHaHca. Cy~ec:roeHH~M 3ACCb RBnReTcR To odc:roR
TenbCTBo, 4TO ~pMa BpeMeHHOrO OT-KnHKa 3aBHCI1T OT HanpaeneHHR 
113MeHeHI1R 4ac:roibl, T. e. o:r aHaKa npo11a BOAt;to~ dru 1 dt. TeopHR, 
paapa6oTaHHaR KannaraHoM, A*oHCToHo~ w C~oyHoM 1 1°<noKaaana, 
4TO TaKOe pa3fll1411e CB~8HO C 3fleKTPI14eCKI1M KBaAPYOOflbH~M 
B3aHMOAeHCTBHeM /3K8/. 3K8 B cny4ae aKCHaflbHO CI1MMeTpi14Horo 
3ne~Tpl14eCKO~O nonR o6~4HO xapaK:repi13Y~TCR napaMeTpOM 

3eQ 
··;J? = 4J (2J-1) vzz •. /8/ 

rAe Q - KBaApynonbH~~ MOMeHT RApa, J - CnHH RApa, V - oc~ 
! zz 

HOBHOe 3Ha4e~l1e rpaAHeH:ra 3neKTPI14ecKoro nonR B HanpaeneHI111 
OCI1 e~o CHMMeTpHH z.. 8 cny~ae ,_ KOrAa Ha aHCaM6nb RAeP Ae~
CTByeT e111e 11 c:ranl4eCKOe none Bo BAOflb OCH e nOA yrnoM (} 

'K.OCI1 Z, TO AflR Befli1411Hbl 3Heprww 3K8, B npeAnonomeHWH, 4TO 
yB.0).yp, non.Y4aiOT 3Ha4eHw.e . 

' 1 
~3cos20-1) [m 2

- g-<J + l)J], /9/ 

rAe m - MarH11THOe KBaHTOBOe 411Cfl0~ 

np11 113MepeHI1RX MeTOAOM 6~CTporo aAHa6aTH48CKoro npoxomAe
HIIIfl B4 noriR 4epea peaoHaHC epeMR paasepTKH r 84 nonR 4epea 
o6naCTb pe30HaHca B~611pa~T ofib14HO ropa3AO MeHbWIIIM, 4eM ~peMR 
cni1H-peweT04HOH penaKca~HH r 1• 8eni1411Ha peaoHaHcHoro cHrHana 
a MOMeHT, KOrAa saKaH4weae:rcR npoxomAeHHe 84 nonR 4epea peao
HaHc, onpeAenReTCR ·aHa4eHHeM aA~~ta6aT~4ecKoro. napaMe:rp~ A,3Hep
r~~teH 3K8 /9/ 11 HanpaeneHHeM npoxomAeHHR 4epea peaoHaHc 110,11/ . 
~ar.ee BpeMeHHaR aaB!IICHMOCTb B~lo1411Hbl· CHrHana·yme onpeAenReTCR 
penaKCa~HeH fiAepHO~ cnHHOBO~ CHCTeMbl B :rennoeoe COCTORHHe, 
paBHOBeCHOe C Kpi1CTannH4eCKO~ peweTKOH. AflR 11nn~c:rpa~1111 Ha 
~11c.l np~BeAeHo ~ao6pameHwe Ka4ec:reeHHoro npo:reKaHHR peaoHaHc-

, ~ c11 rHana .AflR cny4aR yfi B 0 »)? » ytlB1 npw paaH~x . HanpaeneHHRx 
npoxomAeHHR 4epea peaoHaHc. AHanw3HPYR.$OpMy cwrHana e Ha4anb
HOH o6naCTI1, MOmHO, B npHH~wne~· onpe,Aeni1Tb 8eni1411HY 11 3HaK 
napaMeTpa 3fleKTpl14eCKoro KB8APYnOflbHOrO B3811MOAe~CTBI1R, a np11 
113MepeHI1RX Ha MOHOKpi1CTannax - onpeA~HTb ~aKme OpHeHTa~H~ 

rnaBHO~ oc11 rpaAHeH:ra 3neKTJn14ecKoro nom~ 11°1• no AanbHe~weMy 
'113MeHeHI1ID KpHBoH MOmHO onpeACflHTb BpeMR cnHH-peweT04HOH penaK-· 
ta~1111 . 1 101. · 

'6 
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dC.l >0 
dt 

ll 15 t 

P11c. 1a,6. $opMa cHrHana npM 
8,QI1a6aTH4eCKOM OPOXOlliAeHHH 
4epea peaoHaHc np11 P > 0 
AnR cny4aR yhB 0»P»yhB

1
. 

2.3. HaMepeHI1e speMeH11 
cni1H-pewe:ro4Hoi1 
penaKca1.11111 . 

Hay4eHI1e ~peMeHHoR aaBHCMMo-
CTI1 8HI130TpOOI111 H3ny4eH11R OpHeH
THpOB8HHWX RAeP Aae:r npRMy~ 
B03MOlliHOCTb 113MepeHHR BpeMeHI1 
COHH-peweT04HOH penaKC81.11111. no 
cpaBHeHHID C TP8AHLII10HHWMI1 MeTo
A8MI1 paAM04aCTOTHoR. cneK:rpocKo
nl111 MeToA RMP/OR ,QaeT soaMom
HOCTb 113Y48Tb penaKC8LliiiiO Afll'l 
04eHb MaflbiX KOJ1114eCTB R,Qep 
e o6paa1.1e. 

B paa,Qene 2. 2 6blna onMcaHa 
O,QHa 113 B03MOmHOCTeH 113MepeHI1l'l 
BpeMeH11 COMH-peweT04HOH penaK
C81.11111 no $OpMe Cl1rHana OTKfl11Ka 
CHCTeMw opMeHTMPOBaHH~X R,Qep Ha 
6wcTpoe a,QMa6aTI14ecKoe npoxom
.QeHHe B4 nonR 4epea peaoHaHc. 
BTopoR npRMOH B03MOmHOCTbiO RB
nneTCR npi1MeHeHHe MO.QYJ1RLIHOHHO~ 

MeTOA11KH RMP/OR. nonepeMeHHOe 
BKJ1104eHHe 11 BbiKJ1104eHHe 48CTO>HOi1 
MOAYJ1RLII1M B4 nonR, cpe.QHHR 4ac
TOTa KOTOporo OTBe4aeT cepeAHHe 
pesoHaHcHoi1 Kp11soR, npHBeAeT 
K BpeMeHHOMy OTKfli1Ky aH!1130TPOOHI1 
113ny4eHI1R, noKaaaHHoMy Ha p11c.2. 
nocne BbiKfl104eHI1R MOAYflRLIM11 paa
BHBaeTcR BpeMeHHO~ OTKnHK 8HI1SO
TpOnl111 113J1Y4eHMR 8HCaM6nR R,Qep, 
B03Bpalllai011\IIIXCR I< TenJ10BOMy P8BHO
BeCI110 C peweTKO~. 

HecMoTpR Ha To, 4To npocTpaHCTBeHHaR aHI130Tponi1R 113J1y4eHHR 
CO,QeplKI1T npRMYIO HH$OpM81.11-110 0 BeflM411He npO,QOflbHOH KOMOOH8HTbl 
l'I,QepHOH HaMarHH4eHHOCTI1, aHaflM3 pe3yJ1bTaTOB no,QObHOrO 3KCnepH
MeHTa c 1.1enb10 onpeAeneHMR ,apeMeHM penaKcall~-tl1 oKa3biBaeTCR eecb
Ma HenpOCTbiM, 0pi141-1Ha 3TOrO 381CJ1ID48eTCR B TOM, 4TO npH 04eHb 
HI13K11X TeMnepaTypax /-10 t-d{/ p.enaiCCali110HHble KpHBble He OOMCbiBa
IOTCfl O,QHOH 31<CnoHeHTOH 17 •8/. AHamt3 pesynbT8TOB C npi1Bfle4eHMeM 
HeCKOflbK11X 31KCOOHeHT, l<aK :no BbiTeKaeT 113 061.11eR TeOpl-11-1 penaK
C81,tMH /12/, 3aTPYAHeH Ha-aa OTCYTCTBI1R .qaHKoiX 06 HCXOAHbiX co
CTO.AHYifiX CnYiHOBOH CI1CTeMbl, 
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P~c.2. 8peMeHHOA OTKn~K c~cTe~ AAepHwx cn~HOB ....,- . 
Ha BHeWH~H MoAYn~poBaHHbiH C~rHan 84 nonA. 

AnA ~peOAOneH~A yKa3aHHWX HeAOCTaTKOB 6blnO npeAflOmeHO He
CKOilbKO Hepe30HaHCHbiX MeTOAOB H3MepeHHA penaKCa~HH, Ha OAHOM 
HS KOTOpbiX ·KpaTKO OCTaHOBHMCA. MeTOA OCHOBaH Ha .,Hcnonb30BaHHH 
HepesoHaHcHoro Harpeaa o6pas~a TOKaMH ~yKo 1 1S1 npH o6ny4eHHH 
ero BbiCOK04actOTHbiM 3neKTpoMarH~THWM noneM. nonepeMeHHOe BKn~-
4eHHe H BWK11~4eHHe 84 nonA npHBOAHT K TOMy, 4TO TeMnepaTypa 
o6p'as~a noCTOAHHO penaKCHpyeT MemAY ABYMA paBHOISeCHbiMH 3Ha4e
H~RM~ T 1 "~, T 2 . EcnH Mace a· o6pa3~a AOCTaT04HO Mana, 4To6w ero 
TeMnepSTypa ycneaana cTa6HnHsHpoaaTbCR np~ HMnynbce 64 nonA 
~ nocne HMflysibca 3a apeMA r « t l , rAe t l- CKBamHOCT; HM
nynbca, TO BpeMeHHOH OTKflHK aHH30TponHH H311y4eHHA 6yAeT OTBe-
4aTb penaKcai.IHH AMPHbl~ cni-!HOB K paBHoaecHoA TeMnepaType KpH
cTann~4ecKoA peweT~H. Ka4eCTBeHHO ~opMa ofKnHKa 6yAeT TaKoA 
me, KaK H npH ~;~cnonbsoaaHHH npeAbiAY~ero MeToAa /pHc.2/. 0AHa
KO npHH~HhHanbHOe pa3nH4He 6yAeT 3a~~4aTbCA B TOM, 4TO HC
XOAHOe COCTOAHHe CnHHOBOH CHCTeMbl B AaHHOM cny4ae BCerAa T04HO 
3aAaHO HCXOAHOH TeMneparypoA KP11CTannl14eCKOH ~eweTKH. 

3. 3KCnEPHMEHTAflbHAR TEXHHKA 
3Kcnepi1MeHTanbHaA TeXHHKa AflA 113MepeHHA ~MP/0~-AonmHa no 

Mepe aosMomHocTeA doAepmaTb annapaTypy, n03BonR~~~ Hcnonbso
aaTb Bee Bb1WeyKq3aHHble MeTO~bl H3MepeHH~ pe3oHaHCHYX cneKTPOB 
H penaKca~HOHHbiX apeMeH. OcHosoA yCiaHOBKH ADnReTCR MOAH$H~H-

• r 

poeaHHbiH pe$pHmepaTop pacTeopeHHA 3He e 4 He 1141,ocHa~eHHbiH 
AOnonHI1TenbHOH CbeMHOH TennoBOH npo6KOH, KOTOpaR ABnAeTCA 
ocHoeoA aBTOHOMHoro 3KcnepHMeHTanbHoro ycTpoAcTea, coAepma
~ero ec~ Kp11oreHHy~ 4aCTb RMP-cHCTeMbl. KoHCTPYKTHBHo sTa ~c
TeMa CMOHTHPOBaHa Ha MeTannH4eCKOH nonoA TOHKOCTeHHOH npo6Ke, 
OTKa4eHHOH AO BbiCOKOro BaKyyMa, CKB03b KOTOpy~ npOXOAHT 
Hepmaae~~HH Kan~;~nnAp 02x0, 1.HHmHAR 4aCTb TennoeoA npo6KH ne
pexoAHT B <!lToponnaCTOBbiH AepmaTenb, Ha KOTOPbiH KpenHTCA LII111HHA
pH4eCKI1H KOpnyc 113 naTyHH, 11Me~HH KOaKCI1a1lbHbiH pa3beM H noA
CTpOe4HbiH ~HnHHAPH4eCKHH KOHAeHCaTop A11A cornacoBaHHA HMneAaH
ca 84 KOHTypa C B011HOBbiM conpOTHBneHHeM BbiCOK04aCTOTHOro Ka6e
nR, noABOAA~ero B4 M~HOCTb 113 BHeWHeA ~en11 K CeAnoo6pa3HOH 
KaTywKe 11HAYKTHBHOCTI1. 84 Ka6enb npoXOA11T 4epe3 BepXHI1H TennbiH 
repMeTI14HbiH pa3beM BHYTPI1 Hepmaee~~er::l Tpy6KI<I (> 1 0x0, 2, coo6-
~a~~eAcA c TpaKTOM OTKa4K11 :sHe, Ha KOTopor::l 3aKpenneHa Tenno
eaA npo6Ka, Aanee Ka6enb npoXOA11T 4epes npo6Ky no Kan~;~nnRpy 
(> 2x0, 1, ynnOTHAeTCA 8 HeM r1111J.1epi1HOM 11 npHCOeA11HAeTCA K ~H-
11HHAP114eCKOMy Kopnycy c 84 pa3beMoM. CMeHHbre ceAnoo6pa3Hbre 
KaTyWKI1 11HAYKTHBHOCTI1 $11KCI1py~TCR B 3nOKCHAHOM KOMnayHAe ~ np~;~
COeAHHA~TCR C nOMO~b~ nocepe6peHHbiX MeXaHH4eCKHX KOHTaKTOB. 
3Kcnepi1MeHTanbHbre o6pa3Libl 3aKpennA~TCR Ha noAilomKax, np~;~coe
AHHAeMbiX K KaTyWKaM Ha pe3b6e. laKaA aBTOHOMHaA 3KCnep~;~MeHTallb
HaA BCTaBKa 04eHb YA06Ha AflA nepeCTPOHKH H no3B011AeT nepeKpbiTb 
HHTepean 4aCTOT OT 10 AO 400 Mrll C nOMO~b~ 4eTblpex CMeHHbiX 
B4 KaTyweK. 

3. 1. MeTOAHKa npHroToeneHHA o6pa3J.IOB 

06pa3el! AJ:lA .RMP/OR npeACTaBnAeT co6oi1 e o6~eM cny4ae TBePAbiA 
paCTBOp 3aMe~eHHA, KOrAa aTOMbl HCCileAyeMoro H30Tona paBHOMepHO 
pacnpeAellA~TCA B HeKOTOpbiX Y311aX KpHCTa1111H4eCKOH peweTKH $eppo
MarHHTHOro MeTanna. Oco6aA TPYAHOCTb noAroTOBKH 3KcnepHMeHTOB' 
.RMP/0.$1 CBA3aHa C Heo6XOAHMOCTb~ BbiAepmHBaTb CTpory~ H T04HY~ 
TexHonorH~ np~;~ roToeneHHA TOHKOC11oi1 HbiX o6pa3L!OB. Arm BHeApeH~<~A 

paAHOaKTIIIBHbiX H30TOnoB B KPHCTa1111H4eCKy~ peweTKy $eppoMarHeTH
Ka Mbl OCBOHilH MeTOAHKY TepMOAH$$y3HH. CnO>KHOCTb TepMOA~~t¢¢Y3HH 
npHMeHHTenbHo K npHroToeneHH~ RMP-o6pa3J.IOB saKn~4aeTcA a Heo6-
XOAHMOCT~~t pacnpeAellHTb Bee K011H4eCTBO paAHOaKTHBHbiX AAep 
B TOHKOM cnoe ¢eppoMarHeTHKa rny6HHOH nopAAKa OAHOro MHKpOMeT
pa, B KOTOPbiH 84 none e~e MO>KeT npoHHKHYTb. B 3KcnepHMeHTax 
Mbl HCnOilb30Ba11H o6pa3L!bl ABYX T~~tnoa: B <!>OpMe <!>OilbrH TOil~!IIHOH 
OK0110 1 MKM H 6onee TOilCTble, B KOTOpbiX H30TOnbl 6bi11H BHeApeHbl 
TOilbKO B noeepXHOCTHbiH CllOH Ha rny6HHy ~ 1 MKM. 

TeXHOilOrHA 113rOTOBileHI1R TOHKOCilOHHbiX o6pa3L!OB 3aK11~4anacb 
B ClleAy~eM. PaAI10aKTHBHbiH 1130Ton 57 Co 1111111 6°Co B B11Ae Kan-
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IlH BOAHOrO paCTBOpa ere XIlOPHAa HaHOCHilC~ Ha noaepXHOCTb nonH
KpHCTannH4eCKO~ mene3HO~ $OnbrH C pa3MepaMH 4x4x0,QQ12 MM. 
BoAa ~t~cnap~nacb H $onbry c KpHCTann~t~4ecKo~ conb~ noMe~anH 

B ne4b C BOAOPOAHO~ aTMOC$epo~ np~t~ TeMnepaType 600~. XnopHA 
MeTanna BOCCTaHaBJlHBanc~ BOAOPOAOM AO MeTarma B Te4eHHe He
CKOilbKHX AeC~TKOB MHHyT. 3aTeM B ne4H C03AaBaJlH BaKyyM /He 
Xy>Ke 6 ·1 0 - 4 na/ H nOAHHManH TeMnepaTypy AO 950 °C. np~t~ 3TH X 
ycnOBHRX B Te4eHHe AeC~TH 4aCOB npOHCXOAHT TepMOAH$$y3HR aTe
MOB H30Tona ijHyTpb MeTannH4eCKO~ MaTpl-11.~bl, roMoreHVI38~VIR o6pa3-
~a H o6pa3oBaHHe TBepAoro pacTsopa 3aMe~eHVIR. nocne oxnamAeHHR 
o6pa34a AO KOMHaTHO~ TeMnepaTypbr noeepxHOCTb o6pa34a npoTpas
nHBanacb B COilRHO~ KHCilOTe, 4T06bl CHRTb C Hee OCTaT04Hbl~ CilO~ 

aTOMOB VI30TOna, HenpOAVI$$YHAHPOBaBWVIX erny6b MeTannV14eCKOM 
MaTpVI~bl. 3aTeM o6pa3e~ npHnaV~sancR MR rKVIM np~t~noeM npRMO Ha 
Tenhosy~ no,qnomKy n1-16o TBePAbiM np1-1noeM Ha npoMemyT04HY~ nonoc
KY. MeAHO~ $CJlbrVI TOilU\HHO~ 0,05 MM. TsepAa.A na~Ka o6pa3l\a ocy
~eCTBnReTC.A B aaKyyMe 8 Te4eHHe HeCKOnbKVIX CeKYHA npH TeMne
paType 800°C 3neKTponVITH4eCKVIM cepe6poM, HaHeceHHWM npeABapVI
TenbHO Ha noBepxHOCTb MeAHO~ $OnbrVI. 

KpoMe TOHKocnoMHbiX o6pa3LIOB B RMP /Ofi-3KcnepVIMeHTax, Mbl 
npHMeHRnVI o6"beMHbre o6pa3~bl 1-13 MOHOKPHCTannH4ecKoro mene3a. 
MarHHTHa.A MaTpH~a o6pa3~a npeACTaanRna co6o~ AHCK AHaMeTpoM 
4 ·MM VI TOJl~HHO~ 0,38 MM. KannR BO,[\HOro paCTBOpa XIlOPVIAa 57Co 
o6pa30BbiBana 8 ~eHTpe AVICKa nocne VICnapeHVIR BOAbl nRTHO COilVI 
AVIaMeTpOM 3 MM. MOHOKpVICTann mene3a nporpeaanCR 8 BOAOPOAHO~ 
aTMOC$epe ne4H npVI 550 ~ HeCKOilbKO MVIHYT, 3aTeM 8 BaKyyMe 
8 Te4eHHe 14 MHH npVI TeMnepaType 800°C npOBOAVIIlaCb TepMOAVI$$y-
3VI.A aToMoB 57 Co BHYTPb KpVICTanna Ha rny6VIHY, orpaHVIl~eHHYKl 
npHMepHO 1 MKM. no OKOH4aHVIVI npo~ecca AH$$y3VIVI TeMne
paTypa ne4VI 6biCTPO CHHmanacb AO 650°C, 1-1 3aTeM o6pa3e~ Me,qneH
HO oxnam,qanc.A AO KOMHaTHO~ TeMnepaTypw. nosepXHOCTHWH CJlO~ 
KPHCTanna TaKme npoTpasnHsanc.A B HCl. Pac4eT noKa3an I 15/, 4TO 
,qw$$Y3VIR H30Tona 57 Co npH yKa3aHHbiX ycnoBHRX o6ecne4~t~BaeT 
Ha rny6HHe 1 MKM KOH~eHTpa~H~ aTOMOB 57 Co, COCTaBnR~~y~ MeHee 
4eM 10% OT KOH~eHTpa~HH B np~t~nOBepXHOCTHOM cnoe o6pa3~a. 

,[\nR KpenneHHR 11 HaAemHoro oxnamAeHHR 3KcnepVIMeHTanbHbiX 
o6pa3~0B VICnOJlb30Bai1HCb ABa TVIna no,qnomeK. npVI V13MepeHHRX Bpe
MeH penaKCai.IHH MeTOAOM HMnyJlbCHOro Harpesa KpHCTaJli1H4eCKOH pe
WeTKH o6pa34a np~t~MeH.Anacb no,qnomKa H3 TeKcTOilHTa. B 3KcnepVI
MeHTax RMP/Ofl c MOAYilR~VIeH B4 nonR npVIMeHRnacb MeTannH4ecKaR 
Tennoo6MeHHa.A nOAJlOmKa, H3 rOTOBJleHHaR H3 TOHKHX MeAHbiX I-130JlVI
poBaHHbiX npOBOJlOK nyTeM Cpa~HBaHHR HX Ha OAHOM KOH~e CilOeM 
MeAVI B ranbBaHV14eCKOH saHHe. TeMnepaTypa o6pa3~a Ha TeKcTo
nHTOBOH nOAilO>KKe CHilbHO 3aBHCena OT VIHTeHCHBHOCTH paAVIOaKTHBHO
ro H3Jly4eHVI.A o6pa3~a H AOCTVIrana B cpeAHeM 40 MK. MeTannH-
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PHc. 3. linoK-cxeMa annapaTypbl AJl.A AeTeKTVIpoeaHVI.A 
1i'M'P70fl: 6BP - 6noK 4aCTVIl\bl, rM - reHepaTop MOAYilRI.IHOH
HO~ 4aCTOTbl, fB4 - reHepaTop BWCOKO~ 4aCTOTW, 4M -
~H$POBO~ 4aCTOTOMep, 3n l H 3n 

2 
- 3JleKTpOHHble nepeKn~-

4aTeJlVI, n - nepeKJ1~4aTenb pe>KHMa H3MeHeHHR pa6o4eH 
4aCTOTbl, Yllln - wHpoKononocHbiH ycHnHTenb, LC - no
cneAoBaTenbHbiH pe3oHaHCHbiH KOHTYP, K - ceepxnposo
A.A~aR KaTywKa, Ge(Li) - AeTeKTOP RAepHoro H311y4eHH.A, 
CT - cneKTpoMeTpH4eCKHH TpaKT, MKA - MHoroKaHaJlbHbiH 
aHanH3aTop, H - HHTep¢Jei1c, HMn - HaKonHTenb Ha Mar
HHTHOH neHTe. 

4eCKa.A Tennoo6MeHHaR noAnOmKa C 3¢$eKTHBHOM nosepXHOCTbiO 
Tennoo6MeHa ::q 00 eM 2 no3BOJlfl11a oxna>KAaTb o6pa3Libl AO 12 MK. 

3.2. BwcoKo4aCTOTHafl annapaTypa 

6noK-<;XeMa . annapaTypbl AJlR fiMP /Of! np~t~BeAeHa Ha PHC. 3. 
3KcnepVIMeHTaJlbHaR annapaTypa COCTOHT 1-13 ABYX OTAenb~l.!acTe~: 
CVICTeMbl BbiCOK04aCTOTHOro B036Y)I{AeHHR pe30HaHca H CHCTeMI>! Ae
TeKTHPOBaHH.R flAepHoro V13Ily4eHHfl OpHeHTVIpOBaHHblX flAep. 

BHewHee nocTOflHHoe MarHVITHoe none HanpR>KeHHOCTbro AO 2 T 
C03AaBanocb napoH csepxnpoBOA.R~Hx KaTyweK K. BblcoKo4acTOTHbl~ 
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ClllrHaJl noAaBaJlCfl OT BHeWHei1 CIIICTeMbl B4 B036Y>KAeHI1fl no paAH0-

4aCTOTHOMy Ka6e!llo c eonHOBbiM conpoTIIIBileH!IIeM 50 OM K LC-KoH

Typ:,·. 3KcnepHMeHTailbHbli1 o6pa3e1..1 ycTaHaBiliiiBancfl B 1..1eHTp ceAJ1o

o6pa3Hoi1 KaTyWKIII ,lfiHAYKTIIIBHOCTIII L, OCb KOTopoi1 nepneHAIIIKYilflpHa 

K HanpaeneHIII~ BHewHero MarHIIITHoro nonfl. KaTywKa L coeAII!HeHa 

C paAIII04aCTOTHblr Ka6eneM nplll nOMOLI\111. peryillllpyeMoi1 eMKOCTIII C. 

Be!liii4111Hbl eMKOCTIII C Ill IIIHAYKTIIIBHOCTIII L noA6111paJliiiCb 'TaKIIIMIII, 4T06bl 

o6pa3oeancfl pe3o1iaHCHbli1 KOHTYP nocneAOBaTe!lbHoro 'T111na c pe3o

HaHCHoi1 4aCTOTOi1; paBHOi1 B~6paHHOi1 pa6o4ei1 4aCTOTe, Ill C peaK

TIIIBHbiM conpOTIIIBJleHIIIeM, paBHbiM BOilHOBOMY COnpOTIIIBJleHIII~ Ka6eJlfl, 

nplll TaKOM nOAXOAe K C80i1CT8aM KOHTypa MOmHO nony4111Tb AOCTa

T04HY~ aMnn!IITYAY B1 np111 MIIIHIIIManbHOi1 B4 MOLI\HOCTIII, nOA80AIIIMOi1 

K KOHTypy, 1 

,Qnfl nony4eH!IIfl BbiCOK04aCTOTHoro HanpflmeH!IIfl HCnQnb30BaJlCfl 

reHepaTOp rB4 C AOnroepeMeHHOi1, CTa6!11nbHOCTb~ 4aCTOTbl 1 i 5• 10-5
, 

KOTOPbli1 ~-!MeeT 803MOmHOCTb ynpa8neHI-1fl. 4aCTOTO~ 8 OTHOCII!TenbHO 

WlllpOKOM IIIHTep8ane /~10 Mr1..1/ np111 noMOLI\111 8HeWHero Hanpfi>KeHIIIfl. 

BbiXOAHafl MOLI\HOCTb reHepaTopa YCIIIn!ll8aeTCfl AO Heo6XOAIIIMOi1 8eiliii4111-

Hbl 0, 1 BT /50 OM WIIIPOKononocHbi.M ycHni-!TeneM YUJn. AononHII!Te!lbHble 

6nOKJ.1 CMCTeMbl 8036Y>KAeHI-1fl noA~Mp~~TCfl TaK~MIII, 4T06bl MOlKHO 6blnO 

npOBOAIIITb pa3niii4H~e 3KCnepi-!MeHT~. 

np111 3Kcnepii!MeHTax c 4aCTOTHO-MOAYiliiiP08aHH~M B4 noneM nepe

Kn~4aTenb n HaXOAIIITCfl 8 nonomeHI-1111 1 , TaK 4To H'cmpflmeHHe nlllno

o6pa3Hoi1 ()>opMbl OT reHepaTopa MOAYnfii..IJ.10HHOi1 4aCTOTbl rM nDA80-

AIIITCfl 4epe3 3neKTPOHHbli1 Knl04 3n 2 K 8biCOK04aCTOTHOMy reHepa

TOPY rB4. Per!IICTPai..IIIIA pe30HaHCHOi1 Kpl-18011 8eAeTCA no T04KaM 

nyTeM M3MeHeHIIIA 4aCTOTbl B4 nonA i-1 pe ri-ICTPal..lllll-1 MHTeHCIII8HOCTM 

y -!113Jly4eHJ.1A B 8bi6paHHOM Hanpa8neHHJ.1 KaK C MOAYI1A1..1Hei1 4aCTOTbl, 

TaK 111 6e3 MOAYnAI..IHH, CK8amHoCTb 1-1 AniiiTenbHocTb HMnynbco8 MOAY

nAI..IHH 4aCTOTbl ynpa8nA~TCfl 8peMeHHbiMIII Cl-1 rHanaMIII 1113 6JlOKa. epe

MeHHOi1 pa3BepTKH 6BP 4epe3 nocpeACTBO Kn~4a 3n 2 • 

npH H3MepeHIIIfiX MeTOAOM 6~CTporo aAHa6aTM4eCKOro npoXO>KAeH!IIfl 

4epe3 pe3oHaHc nepeK!l~4aTenb n HaxoAHTCA e nonomeHHH 2. Pem1-1M 

1-13MepeHHfl 3aAaeTCfl 8peMeHHbiMI-1 Cl-lrHanaMH 1-13 6noKa 6BP. 3TH 

CHrHanbl ynpa8nfiiOT 6noK'OM pa38epTKH 4aCTOTbl 64P, 3JleKTpOHHbiM 

Kni040M 3n
1 

1-1 8Kn~4aiOT MHoroKaHanbHble aHanH3aTopbl MKA-I 111 MKA-II, 

pa6oTaiOLI\He 8 MSC -pemii!Me. BpeMeHHbiMH cl-!rHanaMH onpeAenAeTcA 

npemAe ecero nepHOA Ka>KAoro npoxomAeHHA 4epe3 pe3oHaHc. B Ha-

4ane KamAoro nepHOAa OAMH04Hbli1 nl-!noo6pa3Hbli1 II!Mnynbc ·1-13 64P 

s Te4eHHe epeMeHM t .::: 1 c 3aAaeT Heo6XOAI-1Mbli1 HHTep8an pa38epTKH 

4aCTOTbl reHepaTopa rB4, 0AH08peMeHHO Ha 3TO me 8peMA t OTKp~-

8aeT~A 3neKTPOHHbli1 ,KI1104 3n 1 , TaK 4TO, 8 Te4eHHe 8peMeHH t Ha 

o6pa3el..l HaK!laAbl8aeTCfl 8~COK04aCTOTHOe none C pa38epTKOi1 4aCTo

T~. BpeMeHHOi1 OTKn!IIK AAepHOi1 cni-!H080i1 C~CTeM~ pprHCTPIIIPYeTCfl 

CJ.1HXpOHHO 3anycKaeM~MI1 MHOrOKaHanbtJbiMJ.1, aHanJ.13aTopaMJ.1, 
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On1-1caHHafl cxeMa RMP/OR-3KcnepHMeHTa no3BOnfleT npoBOAHTb 

1113MepeHHfl BpeMeH penaKCai..IHIII KaK·MeTOAOM na8TOPHO-KpaTK08peMeH

HOi1 MOAYnAI..IHH, TaK 111 nyTeM KpaTKoepeMeHHoro neperpeea o6pas1..1a 

TOKaMH <l>yKo. B nepeoM cny4ae ynpa8neHHe 8biCOKo4acTOTHoi1 MOAy

nfii..IJ.1ei1 OCYLI\eCT8JlfleTCR npH noMOLI\1-1 Knl04a 3n 2 , a COOTBeTCTBYIOLI\IIIe 

epeMeHHble 1-!HTepeanbl 3aAaiOTCfl 6noKoM ynpaeneHHfl 6BP. Bo BTOPOM 

CJly4ae npH noMOLI\H 3neKTpOHHoro Knl04a H 6noKa 6BP noAaeTcfl B4 

MOLI\HOCTb Ha o6paae1..1. B 060HX THnax 3Kcnepii!MeHTOB MHOrOKaHaJlb

Hble aHanH3aTopbl' pa6oTa~T e MSC -pemJAMe H 3anycKa~TCfl OAHIIIM 

H3 Kn~4ei1 3n 1 Hnlll 3n 2 • 

,Qnfl AeTeKTIApOBaH~fl fiAepHoro IA3Jly4eHI-1A IIICnOJlb3yeTCfl CTaH-

AapTHafl TeXHJAKa HAepHoA cneKTpocKoniAIII Ha 6a3e Ge(Li) -AeTeKTo-

po8, KaK npa8Hno, Hcnonb3YIOTCfl A8a AeTeKTopa, pacnonomeHHble 

aKcHanbHO Hanpa8neHHIO nOCTOAHHOrO MarHHTHOrO nOJlfl, np111 3TOM 

KamA~i1 113 AeTeKTOp08 pa6oTae~ 8 nape CO C80111M aHan!ll3aTopoM. 

nony4eHHble AaHHble nepeHOCFITCfl 8 I..IIII()>P080i1 <J>opMe C nOMOLI\b~ IIIHTep

()>ei1ca H 111 MarHHTo<!>oHa HMn Ha MarHIIITHYIO neHTY A!lfl nocneAY~llleA 

o6pa6oTKIA Ha 3BM. 

4. PE3Yflb TATbl H3MEPEHH~ 

4. 1 . nonomeHJAe peaoHaHCHbiX Kplll8biX 

RMP /0R-3KcnepJAMeHTbl AJlfl 1130Tono8 6° Co H 57 Co, 8HeApeHHbiX 

TepMOAIA<f><I>Y3Hei1 8 nonJAKpi-1CTaJ1JlH4eCKYIO mene3HYIO <!>OJlbry TOnli\IIIHOi1 

1, 2 MKM, 6biJliA npoBeAeH~ no MOAYnRI..IHOHHOi1 MeTOAIAKe npiA _pa3HbJX 

aHa4eHIIIRX HanpRmeHHOCTH noCTORHHoro MarHIATHoro nonfl B BH. 

/p111c. 4/. B npe~enax 3KcnepHMeHTaJlbHbiX norpewHocTeA nony4eHHaA 

3~MOCTb pe3oHaHCHOi1 4aCTOTbl v 0 /onpeAeJleHHOi1 no nonomeHH~ 
MaKCHMyMa pe3oHaHCHOi1 KPI-18011/ OT 8eJ111141-1Hbl 8HeWHero MarHIIITHOrO 

nonfl B8u. 8 o6oHx CJly4aflx JlMHei1Hafl. 3KcTpanonA1..1Hfl aa81-!CI-1Mo

cTJA peaoHaHcHoi1 4aCTOT~ v 0 AnA BaH ..... o AaeT aHa4eHI-!e v
00

, Ko-

Topoe AJlfl 6°Co(Fe) nony4Hnocb pa8HbiM 165,75/25/ Mr1..1, a AnA 

57Co(Fe) - 295,40/25/ Mr1..1. · 

Ecn1-1 He npHHI-!MaTb 80 8HII!MaHJAe H30TOnHbiH 3$$eKT/1 71,TO Ha AA

pa o6o111x 1113aTonoe Ko6anbTa 8 MaTPIAI..Ie H3 OAHoro 111 Taro me Ma

TepHana, npHroTo8neHHoro no QAHOi1 TexHonorHH, AOJl>KHO Aei1CT8o-

8aTb pa8HOe MarHI-ITHOe none B0 , onpeAeJlfleMoe COOTHOWeH!IIeM /6/, 
Y4eT <J>opMbl JAcnonb308aHHbiX o6pa3I..I08 no380JlfleT npeHe6pe4b 

paaMarHI-141-18a~li\IAM <!>aKTopoM, nocKonbKy OTHoweH!IIe AnHH~ o6pa3I..I08 

8 Hanpa8neHHH eHewHero MarHHTHoro nonR K lAX TOJlli\HHe.6~no no

PfiAKa 10i3, TaKI-1M o6pa3oM, AnA v 00 , npJAHJAMafl eo BHHMaHHe /6/, 
nony4aeM 

(1) v = 
• 00 

(1) ll 

(i) J 

PN 
-h- B3cp~.' /10/ 
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(1) ~ ~ 

rAe fl - MBrHHTHbiH AHnOJlbHbiH 

t-~rll] l.Joo· 295,4 Mry 
295 

57Coft 

290 

2 

285o o.5 1.o Bllll m 1.5 

MOMeHT H (i)J- cnHH RAPB COOT

BeTCTBYIOII\ero H30Tona (i), liN -

RAePHbl~ MBrHeTOH, h - noCTORH
H8R nnaHK8. AfiR OTHOWeHHR pe-

30HBHCHbiX 4BCTOT 67v / 60 v , 
KoTopoe cornacHo I 1 rff paeHS

0 

OTHOWeHH~ MBrHHTHbiX MOMeHTOB 

H30TOnOB, AeneHHbiX HB COOTBeT
CTBYIOII\ee HM 3HB4eHHe CnHHB, H3 

HBWHX 3KCnepHMeHTBJ1bHbiX ABHHbiX 
nony4aeM 

0 0,5 1,0 BaH 

PHc.4. 3aBHCHMOCTb peaoHaHc-
---~-- 57 
HOH 4BCTOTbl AJ1R RAeP Co 
B nOJ11-1KPHCT8J1J1H4eCKOM /nH

HHR 1/ H B MOHOKpHCTBJ1J1H-

4eCKOM /JlHHHR 2/ mene3e OT 

BHewHero MarHHTHoro nonR 

H T8 me 3BBHCHMOCTb AJ1R 
RAep 6°Co B nonyKpHCT8J1J1H-

4eCKO~ meneaHo~ ¢onbre 
TOJ1Ull-1 HO~ ~ 1 MKM. 

67 60 
v oo I v oo = 1,782(4) • I 11 I 

OTKYA8 CJ1eAyeT COOTHOWeHHe AJ1R 
MarHHTHbiX MOMeHTOB: 

57 Ill 60 
fl = 1,247 (3) . /12/ 

nony4eHHOe 3Ha4eHHe HBXOAHTCR 

B XOpOWeM COrJ18CHH C H3BeCTHbiMH 
A8HHbiMI-1 0 MBrHHTHbiX MOMeHTBX 

1.5 3THX I-130TOnOB /eM. T86J1HL4Yf. 
B Ta6n1-11.4e AJ1R cpaBHeHHR npH

seAeHbl ony6J1HKosaHHbte A8HHble 

0 3HB4eHHRX pe30H8HCHbiX 48CTOT 

v 00 1-1 MarHHTHbiX MOMeHTOB AJ1R 

H3oTonoe 
57 Co 1-1 6° Co. Cornac

HO 3THM A8HHbiM BeJ1H4HH8 OTHOWe
HHR MarHHTHbiX MOMeHTOB 57 Co H 
6°Co OTJ1H48eTCR OT nOJ1y4eHHOro 

H8MI-1 3HB4eHHR MeHee 4eM HB 1%. 
B 3TO~ CBR3H HHTepeCHO OTMeTHTb, 

4TO C8MH 3HB4eHHR pe30HBHCHbiX 
48CTOT <Dv00 , nony4eHHble paa

HbiMH asTopaMH, OTJ1H4B~TcR Ha-

MHoro 6onbwe. 3To cBR3aHo, no

BHAHMoMy, C pa3HO~ BeJ1H41-1HO~ 3$¢eKTHBHOrO CBepXTOHKOrO nOJ1R 

B pa3J1H4HbiX o6pB31.48X, no3TOMy, HeCMOTpR H8 BCTpe4BIOII\eecR B JlH

TepaType YTBepmAeHHe 0 TOM, 4TO 3¢¢eKTHBHOe CBepXTOHKOe none 

B ¢eppoMarHHTHO~ M8TPHL4e He 04eHb 3BBHCHT OT KOH1.4eHTPB~HH npH

MeCH, eCJll-1 OHB MeHbWe HeCKOJ1bKHX BTOMHbiX npo1.4eHTOB 1-1 BTOMbl 

npHMeCe~ HBXOARTCR B Y3J10Bb1X MeCTBX KpHCTBJ1J1H4eCKO~ peweTKH, 

T04HOe onpeAeJ1eHHe MBrHHTHbiX MOMeHTOB RAep Tpe6yeT, 6e3yCJ10BHO, 

3HBHHR T04HO~ BeJ11141-1Hbl CBepXTOHKOrO nOJ1R B o6pa3~e, npeAn04-

THTeJ1bHO HCnOJ1b30BBTb TBKHe o6pa'31.4bl, B KOTOpbiX 803MOlKHO H3y-
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nqq 1.00 lllv. 1.01 

57 PHc.S. 3KcnepHMeHTanbHWe pesoHaHcHwe nHHHH Co s me-
fle3HO~ ~Onbre Ton~HHOH -1 MKM /KpHBaR A/ H B MOHo
KPHCTanne /KpHBaR 6/. nonywHpHHa nHHHH A- 1,6 Mr~. 
nonywHpHHa nHHHH 6 - 0,65 Mr~. 

4aTb pe30HaHC OAHOBpeMeHHO XOTR 6bl AnR ABYX H30TOnos, OAHH 
H3 KOTOPWX npHMeHReTCR B Ka4eCTBe CTaHAapTa. no3TOMy B Ta6nH~e 
CBeAeHW AaHHWe H3 TeX pa6oT, B KOTOpWX HCCneAOBanHCb o6a H3o
TOna 57 Co H 60 co. 

HaKnoH saBHCHMOCTH pesoHaHCHOH 4aCTOTbl OT BHewHero nonR 
/pHC. 4/ yKa3biBaeT ~a aHTHnapannenbHyiO OpHeHTa~HIO 3~~eKTHBHOrO 
CBepXTOHKoro nonR 8 3¢¢. OTHOCHTenbHO aneKTPOHHOH HaMarHH4eH
HOCTH, 4TO RBnReTCR xapaKTepHWM AnR nepeXOAHbiX 3neMeHTOB 
rpynnw menesa, AnR KOTopbrx ceepxTOHKoe none saAaHo npemAe ece
ro nonRpHsa~He~ BHYTPeHHHX s -aneKTpoHoB. KaK 6brno noKasaHo 
e pasAene 2. 1 , e onpeAeneHHbiX ycnoBHRX MomHo no HaKnoHy 3To~ 
3aBHCHMOCTH onpeAenHTb TaKme 3Ha4eHHe rHpOMarHHTHoro OTHOWeHHR 
AnR RApa, a npH HSBecTHOM 3Ha4eHHH ero cnHHa - onpeAenHTb Mar
HHTHbiH MOMeHT RAPa. npeHMy~eCTBOM TaKoro cnoco6a onpeAeneHHR fl 
RBnReTCR HeSaBHCHMOCTb OT BenH4HHbl CBepXTOHKoro nonR. BMeCTe 
C TeM TaKOM cnoco6 HMeeT HeAOCTaTOK, 3aKn104aiO~HHCR B npoBeAeHHH 
a6coniOTHOH KanH6pOBKH BHeWHero nonR gBH. H He06XOAHMOCTH 3Ha
HHfl eenH4HHbl CABHra HaHTa. EcnH nonomHTb 60 o ~ 5·7 0 rAe o 
03Ha4aeT CABHr HaHTa, TO MOmHO nony41-1Tb H3 HaWHX H'3MepeHH~ se
nH4HHY OTHoweHHR 57 p./ 60~-=1,4.3(2). AaHHWe Ta6nH~bl noKasbrBaiOT, 4To 
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3TO 3Ha4eHHe RBHO HenpaBI>1nbHOe. C 
nonomi>1Tb, 4TO 57of 60 o, H B3RTb 
cornacHo /12/ 3Ha4eHI>1e 1:247/3/, 

(1+ 
57

0)/(1 + 60
8) = 1,15(3). 

APYro~ CTopo~, ecnH npeA• 
AJIR OTHClpiBHHR 57 p./ 60,JL 

1'o nony4HM 

713/ 

8 CBR31>1 C TeM, 4TO T04HOCTb onpeAeneH1>1R CTaTI>14eCKoro MarH~t~T• 
Horo nonR B 0· COCTaBn!!na ~ 0,2%, TO 1>13 /13/ BHAHO, 4TO CA811r 
Ha~Ta AJIR ABYX H30TOnoe OAHOro aneM~HTa MomeT cy~eCTBBHHO or· 
nH4aTbCR. 

4.2. W~t~pHHa "' aMnnHTYAa peaoHaHCH~x ni>1H~~ 

lli1>1PHHa nHH1>1H flMP/Ofl onpeAen~~ KaK npaBHno, TaK HaawsaeMWM 
HeOAHOPOA~M pacwHpeHI>1BM, T.e. HeDAHOPOAHOCTbiO CBepXTOHKOrO 
nonR BHyTpl>1 ~eppoMaTH1>1THOro o6pa3~a. 8 CBR3H C TBM, 4TO S CO• 
eepweHHOH KpHCTanni>148CKO~ peweTKe MOHOKPHCTanna HBOAHOPOAHOCTI1 
MHHHManbH~, TO flMP/Qfl B MOHOKpHCTaMH4eCKHX o6paa~ax ~ cny4aet 
KOrAa aTo~ npHMece~ HaXOARTCR B y3noawx MeCTaX KpHCTanni>148CKOA 
peweTKI>1, AaeT sosMomHoCTb nony4aTb ca~e T04HWe 3Ha4BHHR peao7 
HaHcH~x 4acToT. Ha pHc.5 npi>1BeAeHo a oTHOCI>1TenbHOM'MacwTa6e' 
cpaBHeHHe peaoHa~cH~~H~ AJIR 57 Co(Fe) ~ nOni>1Kp1>1cTann~t~· 
48CKO~ H MOHOKpHCTannH4eCKOH MSTpH~ax, 41>1CTOTa KOTOJ)bJ!X COC'NIIt• 
nRna 99,8% H 99,999% COOTBeTCTB~~HO~ H~epeHI>1e KPHBWX nposo
AHnOCb nyTeM 4acToTHo~ MOAYnR~HH 84 nonR. 4actoTa paasepTKH 
6asoaoro 84 Cl>1rHana COCTaBnRna 5 f~. llii>1PHHa nanocw 48CTOTHOA 
MO~ynR~HH COCTSBnRna O,S Mr~ AhR noni>1KPI>1CTanna H 0,2 Mrq AnA 
MOHGKPHCTanna. Pe3oHaHCHbiH CHrHan S CornaCHO. onpeAen8HJ110 /LJ/ 
AOCTHran 35% AJIR nonHKpHCTannH48CKOrO o6paa~a H OKOn~ 15% AnA 
MOHOKPHCTanni>148CKOro. nonywl>1pi>1H8 pe30HaHCHO~ nHHI>1H AhR MOnl>1- , 
KpHCTannH48CKoro o6pa3~a - '1 ,6 Mr~, a AJlR MOHOKpi>1CT8MI>148CKO
ro - 0,65 Mr~. 06a 3TI>1X 3Ha4eHH.A H8XOASITCR B cornaCI>11>1 -e' H3• 
S'eCTH~MH pesynbTaTaMI>1 /8/. 

3aBHCHMOCTI>1 pesoHaHcH~ 4acT.OT~ v 0 o-r BHewHero non.A Bnu. 
AJIR. o6o1>1x o6pas~oa npi>1BeAeH~ Ha p~;~c.4. CABIAr niAHHH 2 /MoHo
Kpl-1cTan.hH4ecKHI'r o6pase~/ OTHOCHT~ nHHIAIII 1 /nonHKPIACTliMH-
48CKHH o6paae~/, B03MOmHO, CBR3SH C ~aKTOpQM ~pMw 1>1CnO~b30-
BaHHOro MOHOKPHCTanna. Hs pi>1CyHka 4 TaKme 81>1AHO, 4TO HaKnOH 
n1>1HHI'r 1 "' 2 ~aaMYH Aame a o5nacTH nonHoro MarHWTHOro H9t~e
lii>1R o6o1>1x o6paa~oa. TaKaR pasHH~a yme Ha6ni0Aanacb paHee /8/ 
~0 npH41>1HW ee OOKa He BnohHe ftCHW. 

*MoHoKpi>1CTannw menesa 6wn1>1 B~p~eH~ B OTAene ~3HKI>1 MeTarinos 
~H3H4eCKoro HHCTHTyTa 4CAH. 
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PHc.6a,6. 3KcnepHMeH
TanbH~~ CHrHan CHCTeM~ 

a I ~ACP 57 Co B MOHOKPHCTan-
ne >Keneaa AnR pa3nH4HbiX 
HanpaeneHH~ paaaepTKH 
4aCTOTbl • .lJ.nHTenbHOCTb 
BY HMnynbca - 5 c, 
CKOPOCTb paasepTK~ 
4aCTOT~- 0,6 Mf4/C, 
BHewHee none - 0,278 T. 
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4.3. CnHH-peweT04HaR penaKca4~R 

8peMeHHaR aaBHCHMOCTb aHH30Tpon~~ raMMa-~any4eH~R 57 co 
B MOHOKp~CTaJlJ1~4eCKOM >Keneae np~ 6biCTpOM aA~a6aTH4eCKOM npo
XO>KAeH~~ 84 c~rHana 4epea peaoHaHc AnR o6o~x HanpasneH~H ~3Me
HeH~R 4aCTOTb1 .B4 c~rHana np~BeAeHa Ha p~c.6. BHewHee none AJlR 
o6o~X HanpaaneH~~ H3MCHeH~R 4aCTOTb1 84 CMrHana COCTaB11RI10 
0,278 T. HeMOAYI111poeaHHb1H 84 cHrHan c aMnni1TYAOH B x =o, 1 MT 
11 n~HeHHOH paaeepTKOH 4aCTOT~ dv/dt = 0,6 Mf4/c noAaBancR Ha 
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o6pa3e4 e Te4eHHe nepablx 5 t. 8 ocTaaweec"R· epeMJ(1~cero HHTep
eana H3M_epeHHR 84 none 6blno BbiK11104eHo. KpHBble p~c. 6 RB11R10TCR . . v ------
cyMMOH 95 TaKHx 113MepeHI1H. KoHTponbHble 113MepeHHR' c 84 c~ri-ta-

noM, ne1Kauti1M 3a npeAenaMI1 o6nacTI1 pe3oHaHca, no~a3anl1, ·· 4To 
• l' -.5'• • ,., "" 

Bb16paHHbiH ypoBeHb 84 nonR He npi1BOA~T K 3aMeTHOM'Y tJarpee_y ofi-
pa34a. np11 sHew HeM none oKono 0, 3 T l!JaKTop yc11neH11R 7J 8.Y nonR 
P.aeeH npHMepHo 150. AA11a6aTI14ecKI1H napaMeTp A ;.7'[ e. AaHHOM , 
cny4ae paeeH - 0, 1. . ,, · 

113 nony4eH~biX BpeMeHHbiX 3aBI1CI1MOCTeH. aH.I130Tpb~.i111, raMMa-113-
u •• !, •. u 

ny4eHHR MOIKHO onpeAenHTb BpeM.A npOAOilbHOH Cni1H-p~we:r:.04HOI1 pe-
-naKCa41111 r 1 • 8 paMKax npoeepo4HbiX H3MepeHI1H Ha~~~ .• f?!f.r111. o,npo:-: 
fioaaHbl 11 APYrHe, oni1C8HHble B pa3Aene 2. 3; MeTOA,bi,.,I1~Y!:IeH~R 
B3ai1MOAeHCTBI1R RAepHbiX Cn11HOB C peweTKOH. . .:· .. 

u PenaKC84110HHble 113MePCHI1R, OCHOBaHHble Ha B03fi~Jt<p~H.HI1 cn~fiO:_ 
8011 CHCTeMbl MOAYnl1pOB8HHbiM BbiCOK048CTOTHbiM HMnyn b~OM, np11 BOART 
K BpeMeHHOH 38BI1CI1MOCT~ aHI130Tponl111) 113o6paiKeHHOH ~X~MaT11~ec~ 
Ha pi1C. 2. npi1MeHeHHe ~;noro MeTOA8 AJ1R J.13y4eHHR 57 Go B MOHO-
KpJ.1CT~IJ1Jle 1Kene3a np~o:~ BHewHeM none l, Cf2 T 11 TeMn~P.?T¥P.e .16, 3 MK 
OTpaiKeHO Ha pi1C. 7. nony4e1-1Hble A8HHble RBnRIOTCR CYM.t<46H 75 113Me
peHHH, K81KAO~ KOTOPbiX Ha411H8110Cb C MOAYI1R4110HH9.rO· tifMnynbca 
B4 nonR A!:!HTen~HOCTb10. 100 c •. KaK (>TMe4anocb e PJ33~~i)e 2.3, 
3TOT MeTOA He fl03BOJll'teT annpOKCI1MI1pOB8Tb BPCM..CHHy10,.3aBI1C~MOCTb 
aHI>t3oTponi1H npocToi:1·3KcnoHeHTOH 113-aa HeonpeAenetiHOc,.~.HcxoA
Horo COCTORHI1R CnHHOBOH CI1CTeMbl. noaTo'My fiblna lipoBeAeHa cepi1R 
113MepeHHH AilR nonHKPI1CT8IlJ1114eCKOro o6pa34a MeToaoM Hepe30HaHc
Horo BbiCOK04aCTOTHOro Harpeea /1S/,AI1R KOTOporo HCXOAHOe COCTOR
HJ.1e RAeP onpeAenReTcR TennoebiM paeHoeec~>~eM c peweTKOI:i~ Ha p11c.8 
noKaaaHa nony4eHHaR 38BHCI1MOCTb nocTORHHol:i Koppi1Hrl1 K ~ T. r-1-
oT BHewHero MarHI1THoro nonR AJlR noni1KPI1CTann~4ecKoro 06paa4a 
57 Co (Fe) . nocTORHHaR Kopp11Hr11 KaK xapaKTepi1CTI14ecKaR· eenH-

411Ha Cni1H-peweT04HOH penaKC841111. npeAnonaraeT, 4TO npe.06naAa10-
IJti1M MexaHI13MOM penaKca41111 RBJlReTcR eaaHMOAeHCTBHe RAepHoH cnH
Hoaol:i CI1CT~Mbl CO cnHHOBOH CI1CTeMOH CB060AHbJX 3neKTpOHba~ l{pJ:1-
BaR A OTBe4aeT H3MepeH11RM Cni1H-peweT04HOH penaK.~f14ri-J, ~~TOAO~ 
Hepe30HaHCHOrO HarpeBif'; a ni1HI1R 6 · RBilReTCR pe3yilbJ8TO~ H3Me,..· 
peHI1H MeTOAOM 4aCTOTHOH MOAYI1RJ:41111 84 cl1rHana. Pe.riS~KCa~l-1oi4Hble 
113~epeHI1R aHciJ111311pOSa.rii1Cb Ha 38M, a BpeMeHHble 38f311CI1MOCTI-1 Me-· 
TOAOM Hai1MeHbut11X KBaApaTOB annpOKCI1MI1pOB8ni1Cb npoCTOH ~KCnQ
HeH4HailbHOH 3aBHCI1MOCTb10 c nocToRHHOH r 1 '. KoHcTaHTa Koppl·v~rl1 
B 113MepeHI1RX 1111~1111 6 npaKTI14CCKI1 He 38BI1CI1T ot BHeWHero Mar~ 
Hill-THoro nonR, ·TorAa KaK B 113MepeHI1RX i111HI111 A ·OHa o6Hapy>Kio1Ba,eT 
3Ha411TenbHY10 3aBI1CI1t-:tOCTb oT nonR. AHanorH4.Hble peaynbTai'bl. 'Ha61t19-
Aan11cb AilR o6paa4oe · 60Co(Fe) e pa6oTe 1 13I,OfiHapyiKeHHY10 3a-
BI1CHMOCTb .HeB03MO>KHO YAOEJlieTeopHTeilbHO o6'bRCH11Tb HenonHbiM MC}r
H11THbiM HaCbluteHH.eM o6pa34a. 8epOflTHO, OH8 onpeAe.AReTCR B3Eli1Mo-· · 
Ael:ic~e~eM aAepHbiX c~I1HOB c 3ileMeHTapHbiMI1 ~o36y>KAeH~RMI1·B~cn~Ho-
aoi:1 C~CTeMe CBOfiOAHbiX 3neKTPOHOB. --
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PHc.7.3KcnepHMeHTaJlbHbli1 CHrHan RMP/011 AJ1.R 57 Co a MoHo
KPHCTanJle lKeiJe3a np11 B036YlKAeHI1H CI1CT6Mbl MOAYili1POBaHHbiM 
HMnyJlbCOM IVlHTeiJbHOCTbiO 100 c, B -1,02 T, T =16,3 MK. 
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P11c.8. 3aBHCI1MOCTb nocTORHHoti l{oppHHrH oT nonR AflR 
cni-1H-peweT04Hoti penaKca41-111 RAep 57 Co B noni-1KPI-1CTaJlne 
>KeJleaa: KPI-1 B'aR A - I-13MepeHI-1e MeTOAOM HepesoHaH cHore 
HarpeBa o6pa34a, KpHBaR 6 - I-13MepeHI-1e M6TOAOM 4aCTOT
HOH MOAYilRI..II-11-1 B4 c1-1rHaJ1a. 
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