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B nocneAHee epeMR ~ccneAoBaH~~ snHRHHR paAHa~~OHH~X Ae¢eK
Tos Ha- CBepXTOHt<Oe B3aHMOAeai!CTS~e np~MeCH~X RAeP B ¢eppoMar
H~THbiX MaTpH~ax YA€JU~eTC.FI 6onbwoe BHI-1MaHI.1e 11 •31 . noA06Hb!e 
HCCI1eAOBaHH.FI BeCbMa Ba*Hbl, so-nepB~X, AI1R $H3HKH TBepAoro Te
na H MaTepHanoaeAeHHR. Bo-aTOPbiX, HccneAOBaHHe caepxTOHKHX 
aaa~MOAeHCTBHair 8 ¢eppoMarHHTHbiX MaTpH~ax n03BOI1ReT onPeA€Il.FITb 
g -$aKTOpbl COCTORH~H RAPS, 3HSHI.1e KOTOpbiX cnoco6CTSyeT COBep
WeHCTBOBSHH~ RAePH~X MOAeneaif. 

nocne 1.1MnnaHTS~Hl-1 P€AK03€M€I1bHble HOHbl MOryT OKS3STbCR B 
pa3I1H4HbiX H€3KBHBSil€HTHbiX nonomeH1.1RX B KPHCTSI1IlH4€CKOH peweT
Ke MaTpH~bl /a yanax, MemAYY3IlHRx, o6paaosaTb oKono ce6R Knac
Tepbl BaKaHcl-1H H T.A./. EcTeCTB€HHO, B TaKOM cny4ae Ha RAPa, 
HSXOARU4H€CR B 3THX nOilO)f(eHHRX, BilHRIOT coeepweHHO pa311H4Hble 
CaepXTOHKHe nonR, nocneAH.FIR CHTya4HR npHBbAHT K TOMy, 4TO paa
IlH4Hbl€ MeTOAbl I RAePHbiH Ma rHHTHbiH peaoHaHc /liMP I, RAepHbiH raM
Ma-peaoHaHc /flfP I, A1-1¢l¢epeHu,llla!1bHble H HHTerpanbHble eo3MYIJ.IeH
Hble yrnoeble KoppenRU,HH /aBYK H HBYK/, RA€PHOe opHeHTI.1poeaHHe 
/flO/ B aaBHCHMOCTH OT HX cne~H$H4eCKHX OC06€HHOCTeH AS~T pa3-
!l~4Hble peay!lbTSTbl. HanpHMep, MeTOAbl liHP, flfp H ,llBYK ASIOT B€J1H
'-IHHY csepxTOHKHX noneH AilR RAeP, HaXOA.Fiut~XC.FI B perynRPHbiX Y3JtaX 
KpHCTaJ1!lH4€CKOa:1 peweTKH MaTpHU,bl, a M€T0Abl Op1i1€,HTHPOBSHHbiX ·-RA€P 
H HBYK AaiOT ycpeAH€HHoe 3Ha4eHII!e caepxrdHKoro nonR no seeM 
8H€AP€HHbiM RAPaM. no3TOMy AJl.FI HHiepnperau,HH pe3yJlbTSTOB HBYK 
H flQ H€Ilb3R HCnOilb30BaTb 3Ha4eHHe CB€PXTOHKOrO MarHHTHOrO nonR, 
onpeAeneHHOrO MeT6ASMH liMP, flrp H ,ll8YK, ecn~-1 nocneAHHe M€TOAbl 
He ASIOT HH¢l0PMSU,HH 0 pacnpeA€Jl€HHH noneair no pa3J1f.14HbiM H€3KBH
BSJ1€HTHbiM nO!lomeHH.FIM RA€P B MSTPHU,e. C!leAyeT nOA4epKHYTb, 4TO 
AilR HHTepnpeTau,HH peaynbTaToB HBYK o4eHb aa~HO aHaTb, KaKaR 
4SCTb RA€P HCO~T~BaeT CBepXTOHKOe MarHHTHOe none, 

,llaHHSR pa6oTa RBtlReTCR npOAO!lmeHH€M HS4STb!X HSMH 141 VICCJle
AOBaHHH CB€PXTOHKHX MSrH~TH~X noneair Ha npHM€CHbiX RAPSX CaMa
PHfl B $eppoMarHHTH~X MSTpHU,aX. 8 pa6oTe/ 4/ H3Mep.AnHCb 3~¢leK
THBHble CBepXTOHKvte MarHHTH~e nonR, Aeai!CTBY~IJ.I~e Ha RApa HMnnaH
THPOBSHH~X HOHOB caMapHR B ¢eppoMarHHTHbiX MSTPHU,SX .Fe H Ni 
8 3'aBHCHMOCTH OT TeMnepaTyp~ OTmHra 06pa3u,a. 

Ha6n~Aa!lOCb, '-ITO C POCTOM TeMnepaTyp~ OTmvtra o6pa340B
152SmFe 

H 152 SmNi 3Ha4eHvte 3¢l¢leKTHBHoro ceepxTOHKoro MarHHTHoro non;-
vtnvt 4aCTb RAep, KOTOp~e HCnbiT~Ba~T CB€PXTOHKO€ MarHHTHOe none, 
yMeHbwaeTcR. nocn~oTmHra npvt TeMnepaType Goooc 34l¢eKTHBHoe 
ceepxroHKOe MarH~THOe none Af1R o6paa4a 152~~ paBHReTCR 
HyJliO ,a Ail~ o6paa ~a 152SmFe COCTaBJl~eT H-344/233/ Krc. 
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8 HaCTOR~e~ pa6oTe MeTOAOM ~BYK HCCileAOBallOCb BllHRHHe TeM
nepaTyp~ OT~Hra Ha 3~eKTHBHOe MarHHTHOe none, Ae~CTBy~ee 
Ha RApa 162-Sm B K06anbTOBOa7i MaTPHL&e. 

METO~HKA 3KCOEPHMEHTA 

HMnnaHTa~"'" >10H08 152 Eu 8 Ko6aJlbTOBYIO ¢1on•ry /99,99% Co I 
T01l~HHOC1 0,0020 CM npOBOAHnacb npH yc·KOPRIOlqeM noTeH4vta11e VycK. = 

= 70 KB. npH 3TOM A03a BHeApeHHbiX HOHOB He n.pee~wana 

l012 HoH/cM2.~anee o6pa34bl 162 SmCo OT*HranHCb a Te~eHHe 30 MHH 
np"' TeMnepaTypax 200; 400 "' 6oo"c"" 8 8aKyyMe 1 o-a Topp. 

HsMepeH>1R HBYK KacKaAa 868-244 K3B npoBOA>111>1Cb Ha KoppenR-

~>10HHOM cneKTpoMeTpe c Ge(Li) "' ABYMR Nal(Tl) -AeTeKTopa-
MI-1 /6/ .06paaeu, 152Sm~ HaMarHJ.1.~J.1BallCR 3IleKTPOMarHJ.1TOM C cep
Ae4HJ.1KOM 6poHeaoro THna. HanpR*eHHOCTb MarHHTHoro no.nR a aa
aope a.neKTpoMarHHTa cocTasnRna 10 Krc. flpou.eAypa o6pa60TKH 
3KCnepHMeHTallbHbiX pe3yllbTaTOB ~8YK OnHCaHa B Hawet1 npeA~AY~e~ 
pa6oTe 141 • 

Bee lo13MepeHHR npOBOAHilHCb npl-1 KOMHaTHOC1 TeMnepaType. 

PE3YnbTATbl H3MEPEHHA 

Ha pHcyHKe npHBeAeHbl yr.nosble pacnpeAe.neHHR KacKaAa 868-
244 K38, H3MepeHH~e npH yrnax Me*AY AeTeKTopaMH 90°, 120° , 
150°, 180°, 210°, 240°, 270° H AilR ABYX npoTHBOnOilO*HbiX Ha
npae.neHI-1~ nOilRPio13Y~~ero MarHHTHOrO nOflR. ~3 pHCYHK8 BHAHO, ~TO 

c pocTOM TeMnepaTyp~ OT*Hra o6paau.a yron HHTerpallbHOro spa~e
HHR YK YMeHbwaeTCR, a npH 600°C 3To spa~eHHe oTcyTcTsyeT~B 
Ta611HU.e npHBeAeHbl 3Ha4eHHR 3$$eKTHBHOrO MarHHTHOrO nOilR (H). 
Aei1CTBYIO~ero Ha RApa CaMapHR B K06aflbTe, H 4aCTb RAeP (f), KO
TOpble HCn~T~Ba~T CBepXTOHKOe MarHHTHOe none. 

06CYlK~EHI1E 

C8epXTOHKOe MarHHTHoe none Ha RApax Sm a Ko6a.nbTOao~ MaT
PH4e H3MepeHO 8 pa60Te/6/ MeTOAOM HHTerpailbHOrO 803My~eHHOro 
yrno8oro pacnpeAelleH~R /HBYP/ npH KYnOHOBCKOM B036Y*AeHHH 
150 Sm. 3Ha4eH><e H =1119/64/ Krc, nony4eHHOe 8 3TO~ pa6oTe, 

xopowo cor.nacyeTcR c HaWHM peaynbTaToM ~nR HeOTom~eHHoro o6-
paa4a 162SmCo /eM. Ta6nH1.1,y/. 3To cornacHe yKaablsaeT Ha TO, .4TO 
8 o6paau.ax ;-;i'cno.nbaosaHHb1X a pa6on~ 161 H 8 Haw eM 3KcnepHMeHTe, 
npHMepHO OAHHaKOBOe KOilt.14eCTBO RAeP 114yBCTsyeT11 C8epXTOHKOe 
MarHHTHoe none. nocne y4eTa napaMeTpa f onpeAeilReM aenH4HHY 
csepxTOHKOro MarH'-1THoro nonR H = 1790/295/ Krc ~ Ae~cTBY~l1\ero 
Ha RAPa CaMapHR 8 K06anbTe. 
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... 

Ta6JIHqa I 
3KcnepHMeHTaJihHble pe3YJibTaTbJ, nonyt.IeHHbie H3 H3MepeHHH HBYK KacKaAa 868-244 K3B 

Tellltll:Illl'rfPII 
WL ~ (lJIUI) ii (lti'c) ~'i'illll'S. 2AS 

f (%) - 1'!9 bl< 1'1869 F~a 69 
118 b I< 

Illes O'!\ltla'a 17 ,23(!37) f-o,I55(I3) 0,520(31) I270(I90) 4262(600) 71(+5,-4) ~"c !2,30(293} f-o,I09(27) 0,363(54) 890(250) 2972(570) 58(+9,-II) ~0000 3,34(!85) f-o,029(!6) 0,233(39) 240(!40) !909(350) 2!(+9,-II; ~0 ~0,3l:I (735) 0,003(65) 0,25I(9I) -2,5(400) 2000(850) -2,2(526) 



PaccMoTpeHHe Ta6nH4~ noKaa~saeT, 4To 3Ha4eHHe a$¢eKT~BHoro 
ceepxTOHKoro nonfl I a.t.nvt f I yMeHbwaeTcR c poeT OM TeMnepaTYPbl 
oT~a.tra o6paa4a. noA06Hoe noeeAeHa.te 3Toro no.nR c pocTOM TeM-
nepaTYPbl OT)f(Hra o6paa40B 152 SmFe ~ 152 SmNi HaMH Ha5Jllo-
Aa!lOCb paHee/4/. HaMeHeHMe a$<PemsHoro ceepxToHi<oro MarHHTHo
ro nO!l.R B aaSHCHMOCTH OT TeMnepaTypbl OT)f(Hra o6pa34a 8 pafio
Te/4/ 06bRCHR€TCR MHrpa4He~ npHM€CH~X HOHOB H 06pa30BaHH€M 
npHM€CHO-saKaHCHOHH~X KilaCTepoa /aCC04HHPOBaHHbiX COCTORHH~I. 
~llR o6pa34a 152Sm~ nO-BHAHMOMy, 3TH BbiBOA~ OCTa~TCR B CHile. 

Ocna6neHHe YK y -ny4ea:1 a o6paa4e 152 SmCo AOJl)f(HO 6b1Tb 
CHilbHbiM Ha-aa npHCyTCTBHR CTaTH4€CKOrO KBaApynOilbHOrO aaaHMQ
A€~CTBHR, nOCKOilbKY Ko6a!lbT HM€€T reKcaroHa!lbHY~ CTPYKTypy. 
0AHaKo Q>aKTOPbl ocna6neHHR yrnoeo~ KoppellR4HH ·a KK KacKa~a 
868-244 K38 B npeAenax OWH60K OAHH H Te me AilR o6pa340Bl 2SmFe, 
152Sm£2_ H l 52SmNi, a OTHOW€HHe A4 /A 2 ""3,5 yKa3biBaeT Ha -

TO, 4TO B 3THX o6pa34aX npHCYTCTeyeT caepxTOHKO€ MarHHTHOe 
B3alo1MOA€HCTBH€, 0TCIOAa CJ1€AY€T, 4TO H3-3a KOpOTKOfO Bpet.1€HH 
lt<H3HH npoMelt<yTo4HOro yposHR 366 K38 IT \4 = 0, 058 He/ ocna5ne
HHe YK KacKaAa 868-244 K3B aa C4eT KBaApynonbHoro saaHMOAeHcT
BHR OTCYTCTByeT. C POCTOM TeMOepaTypbl QT)f(Hfa o6pa34a 152SmCo 
3Ha4eHHe K03Q>¢H4H€HTa b2 B npeAenax 3KCnepHM€HTa1lb~biX ·n~ew
HOCT€~ OCTa€TCR H€H3M€HH~M, B TO )1(€ BpeMR 3Ha4€HH€ b 4 paCTeT 
/sa HCKniO~eHHeM cny4aR npH TeMnepaType oTmHra 600°C/. 3TOT $aKT 
MQ)f(HQ 06DRCHHTb yMeHbWeHMeM 4aCTH R.qep, KOTOp~e HCn~T~Ba~T 
an~RHHe caepxToHKOro MarHHTHOro nonR. npa.t TeMnepaType oTmHra 
600°C o6paa4a 162SmCo spa~eH~e KapTHH~ HBYK oTcyTCTByeT, a 
To speMR KaK aMnn~TYAa $YHK4HH YK ocTaeTcR ocna6neHHoH /T.e. b KK < b KK I, 1.4TO cea.t.qeTenbcTsyeT o Ha.n~4H~ a o6paa4e 162SmCo 
AHH8MH4eCKHX B3aHMOA€HCTBHH. 

3Ha4eHHR napaMeTpa f AilR HeoTommeHH~x o6paa40B 152 Sm~. 
152Sm~ H 152Sm~ paBHbl 84/4/%/4/, ]1/5/%, 52/3/% 141 , 
COOTseTCTBeHHO. Ha np~B€A€HHbiX BbiWe 3Ha4eHH~ f BHAHO, 4TO no 
Mepe POCTa nopR.qKOBOro HOMepa M8TPH~bl, Ha €AHHH4Y S_em14HHbl f 
YM€HbWaeTCR npHMepHO Ha 15%. no3TOMY CTaHAaPTHaR HHTepnpe'ra4HR 
3Ha4eHH~ f H3 pe3Y1lbT8TOB KaHaiJvtpOBBHHR 17.8/• yKa3bfBaiOJJ.taR Ha 
TO, 4TO OKOIJO nOilOSHH~ peAK03eMeiJ~H~X HOHOB nOCIJe HMniJaHTa4HH 
HaXOARTCR 8 pery.nRpHbfX ya.nax KPKCTannH4eCKOH peweTKH MaTPM4bl, 
Bbl3bJeaeT coMHeH~~te. OcTaHOBHMCR Ha 3TO~ npo6neMe 6o.nee nOAP06Ho. 

3Ha4eHMe a~eKTvtaHoro csepxToHKoro MarHMTHoro nonR AIJR o6-
paa~a 152SmFe n~ KOMHaTHO~ TeMnepaType paBHO H = 
= 2D55/3951~fc 141 .EcnH C4HTaTb, 4TO nocne HMnnaHTa4HH nonoavr
Ha HMn!laHTHpoSaH~X HOHOB CaMapHR HaXOAHTCR 8 pery.nRpHbiX ya.nax 
KPHCTannH4eCKOH peweTKH, TO CBepXTOttKOe none, Ae~CT~y~ee Ha 
AAPa caMapHR, A01llt<Ho 6b1Tb paBHO H= H/f = 4110 Krc. nocneAHRR 
aem14HHa 

HCB. HOH 

3Ha4HTe!lbHO npeBYWaeT ceepXTOHKOe MarHHTHOe none 
= 3300 Krc lSI npH T = 0°K AJlR CBo5cAHOfO HOHa CaMa-
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PHR. 3TO npoTHBOp€4HT TaKme peay~bTaTaM pa60Tbt/101, rAe H3Mepe-
H~ csepxToHKHe MarHHTH~e no~R Ha RAPax 150 Sm a aasHCHMOCTH 
oT TeMnepaTYPbt o6paau.a 150SmFe. 

HeAaBHO 5epHacoM H coTPYAHH'KaMH 111• 131 H3Y4811HCb HBYK y-
~y4eH H KaHa~HposaHHe HOHOB 14N B ~eppOM8rHHTHOM o6pa3U,e 
1S9TmFe /3HeprHR IIIMnJ1aHTaU,H"' IIIOHOB 169Yb 130 K38, A038 
BH€APeH'Hbtx "'OHOB 10 12 -:-10 13 HoH/CM 2/. Peay~bTaTbl HBYK noKa3b1Ba-
~T, 4TO ace HOHbl 169yb noc~e HMnJ1aHT8U,VI"' H8XO,QRTCR 8 pery-
~RpHbiX yanax Kp"!cTa~JlH4eCKO~ peweTKH Fe(f=lOO%). B ceo~ o4e
peAb, no A8HHbiM K8H811VIPOB8HHR CI1€AYeT, 4TO OKOJ10 noJlOBHHbl HM
nJlaHTHpOB8HHbiX HOHOB pacnonara~TCR B MeCTaX 3aMe~eHHR. 3TO pac
XOmA€HHe aBTOpbl/121o6D~CH~~T pa311H4HO~ 4YBCTBHTe1lbHOCTb~ M€TO
AOB J.18YK VI K8H811HPOBaHHR Ha P8AI-I8U,HOHHble Ae¢leKTbl B611H3H npHMe
CH. Ecn~-t cTPYKTypa paA~-t8U.HOHHoro noape>KA€HI-1R TaKoaa', 4TO KPIII
CTannH4ecKaR peweTKa OCT8€TCR H€B03My~eHHOH B6J1H3H npiiiMeCH, TO 
H86Jl~,QaeTCR aMnJli-ITYAHOe 3Ha4eH~-t€ CBepXTOHKOrO M8rHHTHOro nOJlR, 
COOTB€TCTBY~~ee f= 100%. Ha P€3YJlbT8Tbl K8H811HPOB8HHR BI1HR€T 
PRA ¢laKTOpOB, TaKHX, K8K n031-!U,HR npHM€CHoro HOHa 8 peweTKe, 
nOTOK KaHai1HpyeMbiX 4aCTHLI,, KPI-ITH4€CKH€ pa3Mepbl H ¢IOpMa ,Qe¢leK
TOB, CBR38HHbiX C npii!M€Cb~, p83J1VI'"IH€ IIIOHHbiX p8,QIIIYCOB M8TPH~bl H 
npii!M€CIII, ynpyroe B38HMO,Qe~CTBII!e M€>K,Qy npHM€Cb~ H ,Qe$€KTOM 
peweTKH Ill T.,Q.Il3~Qco6eHHO CHJlbHO BJlHR~T H8 OC1186Jl€HHe o6paT
HOrO paCCeRHHR K8H811HpOBaHHbiX 48CTHU, C00THOW€HH€ "'OHHbiX pa
AHYCOB M8TPHU,bl 1-1 npHM€C"', a T8K>Ke ynpyroe B38J.IIMOAeHCTBJ..1e M€>K
AY nPHMecb~ "' Ae¢eKTaMJ..1 peweTK~-t. HanpJ.~~Mep, ecnr.1 AI1R Fe HOHHble 
P8AHYCb1 npJ..1M€CIII H M8Tpi-IU,bl P8311H48~TCR 60J1bW€, 4eM H8 20%, pe-
3Y11bT8Tbl K8H81llllpOB8HHR BC€r,Qa ,Q8~T f< 100%. 

ABTOpbt pa60Tbt1 l3/ Ha OCHOBe CBOHX paC4eTOB nOK83811J..1, 4TO npH 
y4eTe BbtwenpHBe,QeHHbtX ¢laKTOPOB pe3yJlbT8Tbl J.18YK 1-1 k8H8In1POB8HJ.IIR 
CXO,QRTCR. TaKJ.1M o6pa30M, H8 OCHOB€ BbtWeyK838HHbiX ¢laKTOB MO>KHO 
C,Q€J18Tb BbtBO,Q 0 TOM, '-ITO K CT8HA8PTHO~ H-HTepnpeT8U,HH 3H81..1eHJ.1a:1 
f CJle,QyeT nO,QXO,QHTb C OCTOPO>KHOCTb~. 

AHai11-1a peaynbTaToa pa60Tbt 14/ 1-1 HacTORI4e~ p.36oTbt noaaonRet 
C,Q€118Tb CI1€AY~~J.IIe 38KJ1~4€HJ.1R: 

1/ Pa,QJ.18~IIIOHHble Ae¢1eKTbl a KpHCTannHI..IecKo~ peweTKe MaTpHU.bl 
CHJlbHO enHR~T Ha peaynbT8Tbl HBYK. 

2/ 3BOJ1~LI,IIIR pa,QJ.18U,I-IOHHblX A€¢€KTOB 38BHCIIIT OT TeMnepaTypbl 
OT>KJ.1r8 o6p83U,8, 0Ha 06DRCHR€TCR MJ.1rp8U,J.1ea:1 npHM€CHblX HOHOB H 
o6pa30B8HH€M npHMeCHo-eaK8HCHOHHbiX KJ18CTepOB. 

3/ npH A8HHO~ ,Q03e H 3HeprHH HMnhaHTHp088HHbiX HOHOB 1..18CTb 
R,Qep, KOTOP8R H8XO,QHTCR B peryJlRPHblX Y3118X peW€TKJ.1, 38BHCHT 
OT nopR,QKOBOrO HOMepa (Z) M8TPHU,bl. npH4€M C POCTOM Z 1..18CTb 
RAeP yMeHbwaeTcR. 

4/ 0THOW€HJ.1e caepxToHKHX MarHJ..1THbiX noneH a npe,Qenax 3Kcne
PHM€HT811bHbtX OWI160K paBHO OTHOWeHH~ C00TB€TCTBYIOIJ.II-IX M8rHHTHbiX 
MOMeHTOB MaTP"4bl, T. e. H(Sm~): H(SmCo) : H(SmNi) 
- ~aT.(Fe): ~aT. (Co) : ~aT • (Ni) . 
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