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6YA3b1Hc-KH M. H AP. Pl4-81-177 

11ccneAOBaHHe ceepXTOHKHX MarHHTHblX noneH Ha npHMeCHblX 
RApax caMap.HR e (l)eppohlarHHTHblX MaTpH4ax Fe H Ni 

Me·TOAOM 11BYK HCCJ)eAOBanacb 3aBHCHMOCTb 3<1)<1)eKTHBHOrO MarHHTHOro 
nonR H,AeHCTBYIOUlero Ha np1-1MeCHble RAPa 152 Sm e *ene3HOH H HHKe-
neeoH MaTpH4ax, OT ycnoeJtH TepMH4eCKOH o6pa60TKH o6pa340B. npH 3TOM 
onpeAenR·nacb 4aCTb R.AeP, l1Cnb1Tb1Bal()U1HX ceepXTOHKOe MarHHTHOe none H. 
noKa3aHo, 4TO C POCTOM TeM_nepaTyp1,1 OT*Hra o6pa34oe yMeHbwaeTCR ee
nH4HHa H H 4adTb RAeP, HCnblTblBalOUIHX none H. Pa3nH4He B 3Ha4eHHRX 
no,m1, nony4eHHblX 113 .HBYK 'KackaAOB 1408-122; 1112-122 H KaCKaAa 
868-244 K38 152 Sm 061>RCHReTCR ocna6neHHeM <l>YHK4HH YK 3a C4eT AHHa-
MH4eCKHX,M 
AeHCTBHH. t 
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r1onR H. 260 
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1. BBEAEHHE 

6onbW"1e ceepXTOHK"1e MarH"1THble non.A, AeHCTBYIOIJ.l"1e Ha .AAPa 
peAKO3eMenbHblX "1OHOB B ¢eppoMarH"1THblX MaTp"14ax, B OCHOBHOM 
o6ycnoeneHbl HeCKOMneHC"1POBaHHblM op61,,1TanbHblM MOMeHTOM 3neKTpo
HOB 4f -o6on04K"1111• CB.A3b MelKAY 3neKTPOHaM"1 B 3T"1X aTOMaX 6n1,,13-
Ka K LS T"1ny, np1,,1 KOTOPOM e OCHOBHOM COCTO.AHl,,11,,1 op61,,1TanbHble 
"1 cn"1HOBble MOMeHTbl aTOMOB Op"1eHT"1PYIOTC.A aHT"1napannenbHO B 
nepBOH nonOB"1He 4f -o6on04K"1 "1 napannenbHO - BO BTOPOH nono
B"1He. 06MeHHOe B3a"1MOAeHCTB"1e np"1MeCHblX aTOMOB C peweTKOH ➔ 
lKeneaa "1 H"1Ken.A np"1BOA"1T K BblCTPa-!-1BaH"1IO cn"1HOBOro MOMeHTa S, 
a 3Ha4"1T, 1,,1 op61,,1TanbHOro MOMeHTa L, BAOnb HanpaeneH"1.A HaMar
H"14"1BaH"1.A ¢eppoMarHeT"1Ka, 4TO "1 CO3AaeT Op"1eHT"1POBaHHOe OTHO
C"1TenbHO 3Toro HanpaeneH"1.A MarH"1THOe none Ha .AApax, 3HaK 
KOToporo "13MeH.AeTC.A B cepeA"1He 4f-o6ono4K"1. 

0THOC"1TenbHO cna6ble MarH"1THble non.A, nony4eHHble AJ1.A 06paa-
4oe Gd Gd 121 1,,1 Gd Fe 131, 060.ACH.AIOTC.A B ocHOBHOM non.Ap1,,13a41,,1eH 
aTOMHOro OCTOBa,-;;OCKOilbKY op61,,1TaI1bHblH MOMeHT 4f-o6on04K"1 
paBeH HynlO. CeepXTOHK"1e MarH"1THble non.A Ha .AApax peAKO3eMenb
HblX aTOMOB, BHeAPeHHblX B ¢eppoMarHeT"1K, MeHbWe MarH"1THblX noneA 
B CB060AHblX l,,IOHax 1,,13-3a cpaBH"1TenbHO He6onbworo Bn"1.AH"1.A Kp1,,1c
Tann1,,14ecKoro 3neKTP"14ecKoro non.A 14 •51• 

8 HeAaBH"1X pa6oTaX Al,? / noKa3aHO, 4TO B peAKO3eMenbHblX 
"1OHax Tm , Nd 1,,1 Sm, BHeApeHHblX B Fe 1,,1 Ni, Ha6nlOAaeTC.A C"1nbHa.A 
3aB"1C"1MOCTb MarH"1THblX noneA OT TeMnepaTypbl, 4TO CB.A3aHO C 
Han1,,141,,1eM o6MeHHOro B3a"1MOAeHCTB"1.A C"1nbHO noKan"13OBaHHOro 
MarH"1THOro MOMeHTa 4f-o6on04K"1 C MaTp"14eA • 

KaK noKa3aHO B 3KCnep"1MeHTaX no KaHan1,,1poeaH"1IO aap.AlKeHHblX 
4aCT"14 B MeTannax 18 •91, TOnbKO OKOnO nonOB"1Hbl peAKO3eMenbHblX 
aTOMOB, "1MnnaHT"1POBaHHblX B lKene3O np1,,1 KOMHaTHOH TeMnepaType, 
HaXOA.ATC.A B yanax KP"1CTann1,,14ecKOH peweTK"1. Ha nOKan1,,13a41,,110 
3T"1X aTOMOB B peweTKe en1,,1.AeT P.AA ¢aKTOpoe, TaK"1X, KaK KOH4eH
Tpa41,,1.A np1,,1MeCHblX aTOMOB, Ae¢eKTbl peweTK"1, noeepXHOCTHble 3¢
¢eKTbl 1,,1 B03MOlKHblH TeMnepaTypHblH OTlK"1r 06paa4a. 

B HaCTO.AIJ.leH pa6oTe MeTOAOM "1HTerpanbHblX BO3MYIJ.leHHblX yrno
BblX Koppen.A41,,1A /HBYK/ 1,,1ccneAoeanocb en"1.AH"1e TeMnepaTypbl oT
lK"1ra Ha 3¢¢eKT"1BHOe MarH"1THOe none, AeHCTBYIOIJ.lee Ha np"1MeCHble 
.AAPa 152 Sm e lKeneaHoA 1,,1 H"1KeneeoA MaTp1,,14ax. 
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2. nPHrOTOBflEHHE 06PA3UOB 
151+153 

PaA110aKTl1BHble RApa no11y4a1111cb B peaKl.11111 . Eu(n, y·) 
152+154 Eu. EuCI 3 B 0,1 N pacTaope HCI Bblnap11aa11cR Ha TOHt<OH 
B011b<l>paMOBOH nOA110mKe 11 noMe~a11cR B 110HHblH 11CT04Hl11< 311eKTpo
MarHl1THOrO Macc-cenapaTopa. HMn11aHTa1.111R 110HOB 152 Eu B me11e3-
Hble /99,85% Fe/ 11 Hl1Ke11eBble /99,95% Ni/ <1>011br11 T011~11HOH 
0,0012 CM np11BOAl111acb np11 YCKOPRID~eM nOTeH1.111a11e Vyc~=70 KB. 

HenocpeACTBeHHO nepeA 3aKpen11eH11eM Ha Ko1111eKTope Macc
cenapaTopa c noaepxHOCTeH <1>011br a1.1eTOHOM. 11 A11CTH111111poaaHHOH 
BOAOH cH11Ma11cR 3a~l1THbtH cnoii 113 aKp1111eHOBOH pe311Hbt · 11 NaNO 2 , 
npeAoxpaHRID~HH <1>011br11 OT oK11c11eH11R. Aoaa 11Mn11aHT11poBaHHblX 
110H0B Eu He npeBbtwana 10 12 110H/c:M2 • noc11e· 11Mn11aHTa1.11111_ npoao
A1111CR OTml1r <1>011br B Te4eH11e 30 Ml1H np11 TeMnepaTypax 200, 400, 
600 °C Allfl SmFe_ 11 250, 450°C Allfl SmNi B BaKyyMe 1 o-6Topp. 

np11 H3Mep-;Hl111 HeB03My~eHHOH yr.nosoii t<Oppellfll.11111 KacKaAOB 
1408-122, 1112-122 11 868-244 K3B 11cno11b30Ba1111Cb 11CT04H11Kl1 
EuCI3 , pacTBOpeHHble e 0,1 N pacTBope HCI. 

3. AnnAPATYPA 

H3MepeHl1fl yrnOBblX KOppe11RL11111 11. l1HTerpa11bHblX B03My~eHHblX 
yrnOBblX KOppeilfll.11111 npOBOAl11111Cb Ha. aBTOMaTl1311POBaHHOM Koppe-
11fll.1110Hl-iOM cneKTPOMeTpe c Ge(Li) /V=40 cM 3 , iiE=Z,7 K3B flPH 
Ey =1333 K3B 60 co/ 11 ABYMR Cl.111HTl11111fll.1110HHblMl1 AeTeKTOpaM11 /lO/, 

8 Cl.111HTl11111fll.1110HHblX cneKTPOMeTpax 11cn01lb30Ba1111cb KPl1CTaI111bl 
Nal(Tl) pa3MepaMl1 rl 40x40 MM B C04eTaHl111 C <l>OTOYMHOml1Te11RMl1 
XP2020 /¢,3Y93/. 

H3MepR1111Cb yrllOBble pacnpeAe11eHl1fl y·-KBaHTOB KaCK~AOB 1408-
122, 868-244K3B111112-122 K3B np11 yrnax MemAY AeTeKTopaM11 
0 =90° , 120 °, 150 °, 180° , 210° , 240 °, 270° AJ1R ABYX npornao
no11omHblX Hanpaa11eH11H BHewHero MarHl1THoro no11R. Yr110Bbte no110-
meH11R Cl.111HTl1Ililfll.1110HHblX AeTeKTOPOB MeHR1111Cb aBTOMaTl14eCKl1 
1.111KI1114eCKl1M o6pa30M, C 3KCn03111.111eH 500 c, a HanpaB11eH11e TOKa 
B o6MOTKe 311eKTPOMarHHTa - nocne OKOH4aH11R KamAoro 1.111K11a. 
npoBOA111111Cb TaKme 113MepeHl1fl HBYK MeTOAOM 11HTerpa11bHOro oc11a6-
11eHl1fl <l>YHKl.11111 YK np11 <l>11KCl1POBaHHblX yrnax MemAY AeTeKTOpaM11 
135° 11 -225°. PaccTOflHl1e OT 3IleKTPOMarHl1Ta AO <!>OTOYMHOml1Te11eH 
/12 CM/ 11 11X MarHl1THaR 3a~11Ta 6bl1111 AOCTaT04Hbl AJ1R Toro, 4T06bl 
aMnI111TYAHble 11 apeMeHHbte CABl1rl1 B Y -cneKTpax np11 113MeHeHl111 
HanpaB11eH11R MarHl1THOrO nOilfl He npeBblWaI111 0,5%. HccneAyeMble· 
<1>eppoMarH11THble <1>011br11, 3aKpen11eHHb1e MemAY no11IDcaM11. He6011bworo 
11.C 11-06pa3HOro 31leKTPOMarH11Ta, 3aMblKa1111 ero MarHl1THblJ.1 nOTOt<. 
HaMarHl1411BaHl1e Fe 11 Ni <1>011br C noMO~bID 3TOro 3IleKTPOMarHl1Ta 
11cc11eAOBaHO B pa6oTe111( TOK B o6MOTKe 3IleKTpOMarHl1Ta COCTaB
Ilfln I =350 MA, 4TO AOCTaT04HO Allfl np11BeAeHl1fl Fe 11 Ni -<1>011br 
B COCTORHl1e nonHoro MarHl1THOro HaCbl~eHl1fl. 
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PHc.l. YqacTOK CQHHTHJI
JUIQHOHHoro y ·-cneKTpa. 
0TMeqeHHble HHTepBaJlbl 
COOTBeTCTBYJOT nono~e
HHID 3HepreTHqecKHX 
110KOH11

• Ha BCTaBKe -
1pparMeHT cxeMb1 ypoB·HeH 
152 Sm • 

I \ 244 1 . i J \ . f\ , \ I PacnpeAelleH11e 11Mn11aH-
• 11,1,,.,A.,.:_,• _/ "'· J, ·1..· 
';..__ .. ,.,./ - •w. - ·-.,,w . .,.r '·----.._ Tl1POBaHHblX 110HO~ Eu no 
, , , , , r11y611He me11e3HOl1 <1>011b-
0 50 100. 150 200 250 

N KAHAAA r11 113y4a11ocb c noMO~bID 
YCTaHOBKl1, nOAP06HO 
on11caHHOH a parioTen2( 152 

np11 3TOM C noaepXHOCTl1 06paa1.1a .EuEJ>, MeTOAOM KaTOAHOro pac-
ceRHl1fl YAa11fl1111Cb TOHK11e CI1011 MaTep11a11a. KoH4eHTpa1.111R aTOMOB 
152 Eu onpeAeI1R11acb no OCTaT04HOH aKTl1BHOCTl1 06pa31.1a • 

B Ta611. 1 nepe411c11eHbl MeTOAbl, 11cno11b30BaBWl1eCR Allfl 11cc11e-
AOBaHl1H HBYK OTAellbHbtX KacKaAOB. 

Ha p11c. 1 noKa3aH cneKTp, no11y4eHHblH C noMO~bID Cl.111HTl1Il11R
l.1110HHOro cneKTpOMeTpa. 0TMe4eHbl 11HTepaa11bl, C00TBeTCTBYID~l1e 
no11omeH11ID 3HepreTl14eCKl1X 110KOH11

• Ha BCTaBKe noKa3aH <t>parMeHT 
cxeMbl ypoaHeH 152 Sm. 

Pe3y11bTaTbl 113MepeHl1H HeB03My~eHHblX yrnOBblX KOppe11Rl.111H Kac
KaAOB 1408-122, 1112-122 11 868-244 K3B np11BeAeHbl B Ta611. 2. 
Ko34>4>11411eHTbl .t\2 11 A44 ,xopowo cornacyIDTCfl C paHee 113BeCTHbl-
Ml1 /13, 14/, . 

AHa11113 3KCnep11MeHTa1lbHblX AaHHblX npOBOA11IlCfl no MeTOAY Ha11-
MeHbWl1X KBaApaToB. TeopeT114ecK11e <l>YHKl.11111 HBYK 3an11cb1Ba1111cb 
B ~11Ae: 

W(S, ± H)=1+b~cos2(8 + ~-) + b~cos4(8 + 118 4), /1/ 

N+ -N_, 32 sin4t!..8 2 
R = 2 ---• = -----::--=~·, 135(-225) N + N . a a c 824AIC\· + -. 0- 4 0 L.H':, 4 /2/ 

rAe kMaKc:=4, t!..Sk= ltk .arctg (kwLr Gkk (00 )) - yro11 apa~eHl1R 
<l>YHKl.11111 YK, wL- 4acT0Ta 11apMopoacKOJ.1 npe1.1ecc1111, 

ak 
bk= -:===:;===-7 

a0J:1+(kw{ Gkk )2 
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3,qecb 
a O = 1/64(64 + 16 A22G22(00) + 9 A44G 44 (00)), 

a 2 = 1/64(48A22G2ioo) + 20A44G44 (oo)), 

a 4 =-35/64 A44 G44 (oo) 

Gkk (00) - IIIHTerpanbHblH <t>aKTOP ocna6neHIIIR <l>YHKl\111111 YK. 
Pe3ynbTaTbl 11t3MepeH11tH aHan1,131,1poean111cb TaKme c 111cnonb30BaH11teM 

Teop1,11,1 A6paraMa-nayH,qa 1151,y4111Twea~~eH B03My~eH111e YK A111HaM1114ec
K111M111 B3alllMO,qeHCTBIIIRMIII: 

W(®,±H)= 1+1/4A G ( )11 3cos2(0 + l'.1®22) . 22 22 00 + ______ ....::..=::.:.....-1+ 
[ 1+(2wLr a

22 
(oo))2] 1/2 

+1/64A a (oo)l 9 + 20cos2(0 + ,19 24 ) 
44 44 [ -+ 1 + (2wLi- G 44 ( oo ))2 p12 /3/ 

35cos4(0 + .11344 ) .. 
1 +---·-------- ' [1+(4wLrG 44 (00))2 ]1/ 2 

r,qe .18 0 k = 1/n arctg(nwL r ~kk (oo )). 

napaMeTpbl 11BYK, nony4eHHble C 111cnonb30BaH11teM "<)>OpMyn /1/, 
/2/, /3/, B npe,qenax norpewHocTeH coenaAaIDT. 

4. 11CCnEaOBAHl1E 11BYK B 
152

Sm~. 

Ha p1,1c. 2 np111ee,qeHw yrnoewe pacnpe,qeneH11tR KacKa,qa 868-
2~4 K3B, 1113MepeHHble ,qnR ABYX HanpaeneHIIIH nonRp1,131,1pyID~ero Mar
HIIITHOro nonR. B ,qaHHOM cny4ae 111cnonb30Banacb mene3HaR <t>onbra 
6e3 ,qononH11tTenbHOro 0Tm111ra nocne 11tMnnaHTa41,11,1 IIIOHOB Eu. Ha 
p1,1c. 3 noKa3aHw cneKTPbl coena,qeHIIIH KacKa,qa 868-244 K3B ,qnR 
ABYX npOTIIIBOnonomHblX HanpaBneHIIIH nonRPlll3YID~ero nonR, a B Hlltm
HeH 4acT111 p1,1cyHKa - pa3HOCTb 3TIIIX cneKTPOB. PaeeHCTBO R / 135 ° /= 
= -R/225 ° / B npe,qenax CTaTIIICTllt4eCKIIIX norpeWHOCTeH yKa3b1BaeT 
Ha OTCYTCTBl/le 3aMeTHWX CIIICTeMaTllt4eCKIIIX ow11160K B 1113MepeHIIIRX. 

np111 BW4111CneHIIIIII 3Ha4eHIIIR ~',qnR ypOBHR 366 K3B nplltHIIIManocb: 
g =0,306 /371 1161, cpe,qHee eaeeweHHOe 3Ha4eH111e r=83,17 /55/nc116 •171 

1,1 K03<)><)>1,14111eHTbl yrnOBOH KOppenRL.1111111 KacKa,qa 868-244 K3B 1,13 
Ta6n. 2. 
· nony4eHHWe 3Ha4eHIIIR 3<)><)>eKTl,1BHOro nonR, ,qeHCTBYID~ero Ha R,qpa 

152Sme mene3HOH <t>onbre, cee,qeHbl B Ta6n. 3. 
Paan1,141,1e 3Ha4eH11tH uiLr, · nony4eHHblX no c,qe111ry <l>YHKL.1111111 yrnoeoH 

KoppenR1..1111111 1,1 no ocna6neH11tID ee aMnn111Ty,qb1, yKa3b1BaeT Ha np111cyT
CTB11te ,C111tHaM11t4eCKIIIX B3alltMO,qeHCTBIIIH B o6pa31..1e152SmFe. B pe3ynb
TaTe no,qrOHKl,1 MeTO,CIOM Ha11tMeHbWIIIX KBa,qpaTOB BblpameHIIIR /3/ K 
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e-
. PHc. 2. YrJIOBble pacnpeAe
JieHHH KaCKaAa 868-244 K3B 
152sm B ~' /VycK =70 KSB/, 
COOTBeTCTBYJO~He ABYM npo
THBOilOJIO~HblM HanpaBJieHHHM. 
Il0JIHPH3yro~ero IlOJIH. 

Neel 868 -244k3B 
152SmFe 

•103 

8 =135° f 
I, 

4 I- •HI 
•HI 
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PHC. 3. CneKTPbl COBilaAeHHH y 868 H 
y-244 K3B AJIH ABYX npOTHBOilOJIO~HblX 
HanpaBJieHHH BHemHero MarHHTHOro 
nonn. B H~HeH ~acTH pttcyHKa -
pasHOCTb 3THX cneKTpOB. 06paseQ 
152SmFe 6es OTJKHra nocne HMn.iraHTaQlfH. 

3Kcnep111MeHTanbHblM T04KaM nony4eHbl napaMeTpbl G 22 Ill G 44• Ha OCHO-
. ,\4 . 

Be 3TIIIX napaMeTPOB onpe,qeneHO OTHOWeHllle -x;,-=3,53/45/, KOTopoe 
.\4 2 ' 

coena,qaeT c TeopeT1114ecK11tM 3Ha4eH11teM 7=3,33 ,qnR 41/tCToro Mar
. 2 

HIIITHOro -B3alltMO,CleHCTBIIIR. 
B Ta6n. 4 np111ee,qeHbl pe3ynbTaTbl 11t3MepeH11tR 11BYK MeTo,qoM yy(H). 

113 Ta6n1114w B111,CIHO, 4TO Ben11t4111Ha 3<l><!>eKTIIIBHOrO MarHIIITHOro nonR 
yMeHbWaeTCR C POCTOM TeMnepaTypbl OTm111ra 06paa1..1a. 

5, 11ccnEaOBAHl1E 11BYK B 
152s~; 

Ha pi-le. 4, 5 np1,1ee,qeHbl peaynbTaTb1 111aMepeH11tR 11BYK KacKa,qa 
1408-122 K3B ,qnR 06paa1..1a 152 SmNi. 

l13MepeHIIIR yrnoBOrO pacnpe,qeneHIIIR KaCKa,qoB 1112-122 K3B 
1,1 868-244 K3B npoeo,q111n111cb MeTO,CIOM IIIHTerpanbHOro epa~eHIIIR <l>YHK-
1..1111111 YK ·;p111c. 6,7 COOTBeTCTBeHHO/, npH onpe,qeneHl,11,1 Benllt4111Hbl 
34>4>eKT11tBHOro MarHIIITHoro nonR 111cnonbaoean111cb cpe,qH111e eaeeweH
Hwe 3Ha4eHIIIR K03<!><!>1111..111teHTOB Akk1113 T~6n._ 2 1,1 g=0,298/22/, 
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PHC. 4. YrJIOBble pacrrpefbe.rieHHH 
KaCKaAa 1408-122 K3B 1 2 Sm 
B Ni, COOTBeTCTBYJ<)~e ABYM 
npOTHBOilOJIO)I(HblM HarrpaBneHHHM 
nonapHsyromero nona. 06paseu; 
152SmNi 6es oT~ra rrocne 
HMIIJiaHTaUHH. 
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PHC. 6. YrnoBbJe pacrrpeAene-
HHH KacKaAa 868-244 K3B AJIH 
ABYX rrpOTHBOIIOJIO)I(HblX HarrpaB
neHHH IIOJIHpH3yromero MarHHT
HOro rrona.- 06paseu; 152SmNi 
6es OT~ra nocne HMrrnaHTa
UHH. 
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PHC. 5. CrreKTPbl COBIIaAeHHH 
yl408-_H yl22 K3B AJIH ABYX 
IIP01:HBOIIOJ10)I(HblX HarrpaBne
HHH MarHHTHOro IIOJIH. B H~
HeH qacTH PHCYHKa - pasHOCTb 
3THX crreKTPOB. 
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PHc.7. To *e, qTo Ha pHc.6, 
TOJlbKO AJIH KaCKaAa 1112-122 K3B. 
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PHc.8. To *e,qTo Ha pHc.4, 
TOJlbKO AJIH o6pasu;a 102 Sm~, 
IIOCJie OT~ra IIPH TeMrrepaType 
2so 0 c. 

T= 2,06 HC /16-24/ ,QIIR ypOBHR 
122 K3B / 177 =2 +1. nony4eHHble 
pe3YilbTaTbl CBe,qeHbl B Ta6n. 5. 
Bem14111Hbl ;;;;;-;· no.ny4eHHble 1113 
yrnOBblX pacnpe,qeneH111A KacKa,qos 
1408-122, 1~12-122 111 KacKa,qa 
868-244 K3B, He cornacy~TCR 
Mem,qy co6oA. npH4HHa 3TOrO 6y,qeT 
o6cym,qeHa H111me. Ha p111c. 8 

ts ....... ~--------------...__. nplllBe,qeHbl yrIIOBble pacnpe,qeneHIIIR 
90" 120- 150" 180" 210" 240" 270" KacKa,qa 1408-122 K3B B 152SmNi 

8-- -,qnR ,qsyx npoT111BononomHblX HanpasneHHA .MarHIIITHoro nonR. TeMne-
paTypa '0Tm111ra o6pa31.1a 250°C. B Ta6n. 6 Mbi np111so,q111M sen1114111Hbl 
3$c!>eKTIIIBHOro MarHIIITHoro nonR, onpe,qeneHHble 1113 3Ha4eH111A na
paMeTpa R/135°_:tH/. 

6. 06CYlK.QEHl1::I 

a/ YMeHbWeHllle 34>(j)eKTIIIBHoro MarHHTHOro 
nonR C pOCTOM TeMnepaTYPbl OTm111ra 06pa31.1a 

np111MeCHble aTOMbl nocne IIIMnnaHTa1.1111111 IIOKaillll3Y~TCR no-pa3HOMy: 
4aCTb. aTOMOB pacnonaraeTCR B perynRpHblX y3nax peweTKIII, 4aCTb -
B Mem,qoy3nlllRX, H 4aCTb CBR3aHa C TeMIII 111n111 IIIHblMIII ,qe(j)eKTaMIII. 
3TO 06ycnosn111saeT cnomHOe pacnpe,qeneHllle Benlll4111Hbl Ill Hanpasne
HIIIR csepXTOHKOro MarHIIITHOro nonR, ,qeACTBy~111ero Ha R,qpa HMnnaH
TIIIPOBaHHblX aTOMOB. Ta Koe pacnpe,qeneH111e MomHo on111ca-Tb npocToA 
Mo,qenb~1271, e KOTopoA paccMaTp111sa~TCR R,qpa, 111cnb1Tb1sa~111111e csepx
TOHKOe~ MarHIIITHOe none H , Ill R,qpa, He 111cnblTblBa~111111e rionR. B 3TOM_ 
cny4ae <!>YHK'-1111~ 11BYK MOmHo npe,qcTaBIIITb KaK cynepno31111.1111~ ,qsyx 
<!>YHKI.IIIIA:, 

W(S, ±H) = t:,W(S, ±H)+(l~f)W(S, 0), /4/ 

r,qe W(S,O) - <!>YHKI.IIIIR HeB03MYl!leHHOA YK, r- 4acTb R,qep, KOTo
pble 111cnblTblBa~T none H • 

11cnonb3YR BblpameHIIIR /1/, /2/, /3/ Ill /4/, Haxo,q111M: 
- fGkk (CiJLT G'kk) 

(CiJLT)= · /5/ 
fGkk + (1-f)(l+(kwLr Gkk)2) 
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bk 2 fGkk [ fGkk +2(1-1)] 
(-) = --·------·+ (1-1). 

bk 1 + (kwLr Gkk )2 , 
/6/ 

no 3KCnep11MeHTaJ1bHblM 3Ha4eHl1RM wi,r , bk 11, Gkk 113 Bb1pa>KeH11H 
/5/ 11 /6/ MO>KHO onpeAeJ111Tb (,)LT .11 BeJ111411HY f. no11y4eHHble 3Ha-
4eHl1R f np11BeAeHbl B Ta611. 7. KaK B11AHO 113 Ta6J1111.tbl' BeJ111411Ha 
f yMeHbWaeTCR C pOCTOM TeMnepaTypbl OT>Kl1ra o6pa3tta. noc11e 
11MnJlaHTattl111 B o6pa3tte SmFe OKOJlO 85% ayOMOB Sm HaXOARTCR B 
pery11RpHblX y311ax Kp11cTa11£H4ecKoH peweTKl1. noA06Hble pe3y11bTa
Tbl: f - 95% AJlR 147 Nd Fe 

41 
11 f =8 l / 4/% AJ1R 155 GdFe 1111 no

Jly4eHbl MeTOAaMl1 RAepHoi="~ op11eHT11POBaHl1R 11 BYK coonieTCTBeHHO • 
Ha p11c. 9 np11BeAeHbl 3aB11,Cl1MOCTl1 f OT TeMnepaTYPbl OT>K11ra o6pa3-
LtOB. P11CYHOK BKJll04aeT, nOMl1MO pe3yJlbTaTOB HaCTORllleH pa60Tbl, 
11 pe3yJlbTaTbl, np11BeAeHHble B 063ope 141• 

AnR o6bRCHeHl1R npl1411H yMeHbWeHl1R f K03H 11 AP!281 113y4a1111 
Mecc6ay3poscK11e cneKTPbl 151Gdf,!l· B pe3yJlbTaTe CAeJ1aHo 3aK1110L1e
H11e, 4TO yMeHbWeH11e 4aCTl1 RAeP, 11cnb1Tb1Ba1011111x csepXTOHKOe 
MarHl1THOe no11e, 06ycJ10BJ1eHO 11BHYTPeHHl1M OKl1CJleHl1eM11 11OHOB Gd. 
B HeAaBHeH pa60Te B11Ta 11 AP-~/ BHyTpeHHee OKl1CJ1eH11e np11MeCHblX 
11OHOB Dy B >Ke11e3e noc11e OT>K11ra He Ha61110Aanocb. YMeHbWeH11e 
BeJ111411Hbl f aBTOPbl o6"bRCHRIOT accott11att11eH 11OHOB Dy C Ml1 rp11py10-
l1111Ml1 BaKaHCl1RMl1, o6pa30BaH~eM HeMarHl1THblX tteHTPOB 11 M11rpa1.t11eH 

,w.1 

•• 
80 

70 

"' 

!IO 

.. 
JOt- t NdE, .flQ 

• Gd!i ,l,BtK 
♦ GdEI ,ABYK, 

201- A Gd[t,[uMtCCSAnP 
0 Yb fl, KAHAAIIP0IMK'. 
a Yb El, T111,IYKlAAR11JS1 
• Yb f!, KAHAMPOIAHMUIRSAYI 

IOI- ■ Yb&,T-.ll'll<IORSAYI 
• SIii&,. Eu, MIYK 
• Sm fil, Eu, MBYK 
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SOD ... 
Tl'Cf 

Dy. PaccMOTpeHO TaK>Ke BJ111flHl1e 
06MeHHOro's3a11MOAeHCTBl1R 11 
KPl1CTaJ1Jll14eCKOro 3JleKTpl14eCKoro 
nOJlR Ha BeJ111411HY f. 

B HaCTORllleH pa6oTe MeTOAOM 
KaTOAHOro pacceRHl1R 113y4eHO 
pacnpeAeJ1eH11e np11MeCHblX a_TOMOB 
152Eu no r11y611He >KeJle3HOH ¢O11b
r11. Pe3YJlbTaTbl 3Tl1X 3Kcnep11MeH
TOB noKa3aHbl Ha p11c. 10. no11y-
4eHHOe pacnpeAeJ1eH11e cpasH11sa
eTCR C pacC411TaHHblM no MOAeJ111 
LSS 129•301• KaK B11AHO 113 Teope
Tl14ecKOH' KPl1BOH, MaKCl1MaJlbHaR 
KOHtteHTPattl1R 152 Eu AOJl>KHi Ha611io
AaTbCR Ha r11y611He - 200 A. Pac
XO>KAeH11e 3Kcnep11MeHTaJ1bHOro 11 

PHc.9. 3aBHCHMOCTb qacTH HAep 
f , HCilblTbJBalOIIIHX CBE!pXTOHKOe 

MarHHTHOe none, OT TeMnepaTyphl 
OT:IKHra /cM. TeKCT/. 
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o 100 200 . 300 400 soo · soo 100 eoo goo x[A) 
PHc.1O. PacnpeAeneHHe HOHOB eBpOilHH 
no rny6HHe ~ene3HOH ~onbrH nocne 
HMnnaHTa~HH. YcKOPHIOmi,IH noTeH~Han 
70 K3B. 

TeopeT114ecKoro pacnpe
AeJ1eH11H, no-s11A11MOMy, 
CBR3aHO C 3¢¢eKTOM KaHa-
1111poBaHl1R. KOHijeHTpaijl1R 
aTOMOs152Eu 11MeeT w11po
Kl1H MaKCl1MYM B 0611aCTl1 
OT 150 A AO 500 A. noc11e 
TepMl14eCKOH o6pa60TK11 
o6pa3tta KOHtteHTpaijl1R 
aTOMOB 152'Eu Ha 3Tl1X 
r11y611Hax yMeHbWl1JlaCb 
11 BO3POCJ1a B61111311 no
sepXHOCTl1 ¢O11br11, 113 
4ero MO>KHO 3aKJll0411Tb, 
4TO npo11cXOAl1T Ml1rpaijl1R 
np11MeCHblX 11OHOB K no
sepXHOCTl1 ¢OJlbrl1. 

B pa6oTe AoH4a 1311 noK93aHo, 4TO r11y611Ha nosepXHOCTHOro 0 

OKl1CJleHl1R >KeJle3HOH ¢OJlbrl1 nepeA OT>K11rOM MO>KeT AOCTl1rHyTb 40 A, 
11 noc11e OT>K11ra B Te4eH11e 0,5 4aca np11 TeMnepaType 200°C so3- · 

0 ' 

pacTaeT AO 90 A. no3TOMy MO>KHO npeAnOJ1O)!<11Tb' 4TO np11 OT>Kl1re 
4aCTb aTOMOB Sm nepeXOA11T B OKl1CJleHHblH CJlOH ¢O11br11, 4TO 113Me
HReT ¢YHKl.t11IO HBYK. KoH1.teHTPatt11R 11OHOB B oK11c11eHHOM c11oe pac
TeT C yseJ1114eHl1eM TeMnepaTYPbl OT>Kl1ra • YMeHbWeH11e BeJ111411Hbl f 
MO>KeT 6b1Tb TaK>Ke 06ycJ1OBJ1eHO 3aXBaTOM peAKO3eMeJlbHblX aTOMOB 
M11rp11pyio11111M11 np11.OTm11re Ae¢eKTaM11 peweTKl1 c 06pa3osaH11eM He
MarHl1THblX tteHTPOB. np114eM sepORTHOCTb TaKoro npottecca, CBR-
3aHHaR C nOAB11lKHOCTblO Ae¢eKTOB,-pacTeT C yseJ1114eHl1eM TeMnepa
TYPbl OT>K11 ra • . 

B o6pa3tte 152Sm!:!!. nosepxHOCTHOe oK11c11eH11e ¢O11bb11 He3Ha411-
TeJ1bHO. /TOJ111111Ha OKl1C:JleHHOrO CJlOR He npeBblWaeT 10 A /31 // 11, 
ec1111 11 BHyTpeHHee OKl1CJ1eH11e11 11OHOB Sm OTCYTCTBYeT, TO yMeHbwe
Hl1e BeJ111411Hbl tt'/111111 f / B OCHOBHOM o6yCJ10BJleHO npoijeCCOM o6pa-
3OBaHl1R ·accott1111posaHHblX COCTORH11H • no-B11A11MOMy, np11 TeMnepaTy
pe OT>K11ra 450°C nO4T11 see 11OHbl Sm B Ni 3axsaTblBalOTCR saKaHCl1R
Ml1. 

6/ CsepXTOHKl1e MarHl1THble nOJlR Ha RApax Sm B Fe11 Ni 

Bnepsble 3¢¢eKTl1BHOe MarHl1THOe no11e Ha· RApax Sm s me11e3HOH 
MaTPl1tte 113MepeHO rpoA311~COM 11 AP. 1.321 11 603MOM 11 AP .1.33/ no Me
TOAY HBYK np11 KYJlOHOBCKOM B036Y>KAeH1111 152Sm. 6011ee nb3AHl1e 
AaHHble npl1BOARTCR B pa6oTaX KyreJlR 11 AP· Al,161• 

3Kcnep11MeHTaJ1bHble pe3yJlbTaTbl O cse~XTOHKl1X nOJlRX Ha RAPaX 
B H11Ke11e no11y1.1eHbl MeTOAOM HBYK 18 •16 •34• 51 . 11 MeTOAOM ABYK l.3a/ 
np11 KYJlOHOBCKOM B036Y>KAeHl111 150 

•152 •154 Sm. 
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Ta6Jrnua I 
MeT0,IUl, npm.ie.HJieMHe MR llCCJie,noBamnl: lfilYK B I52Sm. 

06paseu TeMIIepaTypa } - } KaCKa,IJ; MeTO,ll JE) 
0TJKllI'a (°C) (m1B) 

6es 0TlKllI'a 868-244 }} (8,H) ll }}(H) 
200 868-244 }'/ (H) 

Smfi 400 868-244 '/1 (H) 
600 868-244 '/1 (H) 

6t1s 0TlKllI'a I408-I22 '/'/(6,H) n°'/'/ (H) 
868-244 '/1(6,H) 

SmNi III2-I22 '/1(6,H) . 
250 I408-I22 '/1(6,H) ll '/J(H) 
450 I408-I22 '/J(H) 

*) '/'/(6,H) ll '/'/(H) OSHa'ffi!OT M8T0,IJ; llHT8rpa.7IDH0I'O BP8.IU8Hll/l ll 
oc~a6JreHim \PYH}tl{llll YR C00TBeTCTBeHH0. 

Ta6Jrnua 2 
3Ha'leHim K08~lll{lleHTOB yr~0B0H Koppe.mnum KaCKa,IJ;0B 152 Sm. 

KacKa.IJ; A22CdA22> A44<AA44) 
KaB HacT.pa6. /I3/ · /I4/ HacT.pa6. /I3/ /I4/ 

I408-I22 0,220(5) 0,2I7(7) 0,227(6) -0,007(!3) -0,022(2!) -O,OIO(I2 
III2-I22 -0,264(7) -0,234(7) -0,272(8) -0,055(!3) -0,097(!8) -0,080(!3) 
868-244 0,I27(8) 0,III(I8) -0,I88(I5) -0,I9I(20) 

Ta6Jrlll{a 3 
Pesy~DTaTU llSMepeHllii lIDYK KaCKa,IJ;a 868-244 KaB B 152Smft. 

2tia,<1°1 
UJ"1' 1paa1 H (KI'c) 

nsE'eK ll3 E; Rs68K HS ti; 
26,7(23) -0,25(2) -0,45(9) 2055(395) 3700(74!) 

Ta6Jrima 4 
S@)eKTHBHoe Ma.I'HHTHoe no~e, ,ne:ll:cTBYJ()ll{ee Ha R,llJ)a Sm B Fe. 

TeMIIepaTypa ,R=2&,- N_ w;:f if CKI'c) 0Timra (°C) N..• N_ (pa,n). 

Ees 0TlKlli'a -0,0534(87) 0,265(40) 2I70(380) 
200 -0,02!6(64) O,I27(36) !040(390) 
400 -O,0I57(54) . 0,090(34) 737(227) 
600 -0,0076(65) 0,042(32) 344(233) .. 
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Ta6Jrima 5 
PesynTaTU RSMepeHllii lIDYK KaCKa.IJ;OB I408-I22, 

III2-I22 R 868-244 KaB B 152Sm,Mi. 

IT'eMIIe- Wa.1' (pa,n) 
!Iiama KaCKa.ll 2ti8k(O) 
0TJKlll'a (m1B) 

(0C) ll3ti81< RS bi< 

if CKI'c) 

RSA ak RS bK 
Eea 868-244 4,I2(84) · -0,036(7) 0,09!(40) 295(36) 745(330) 

bTlltlq'a III2-I22 20,9(!2) -0,I88(II) 0,78(5) 
I408-I22 I9,26(I83) -0,I75(22) 0,66(5) 

250° I408-I22 !4,00(250) -0,I25(27) 0,59(4) 

Ta6Jrlll{a 6 
Pesy~DTaTH R3MepeHllii 1'J (H) MR KaCKa.IJ;a 

I408-I22 KaB B 152SmNi 

TeMIIepaTypa 
R(I35° ,±H) 2Ae2 WL't 0TJmI'a 

(0C) (0) (pa,n) 

IEes oTlltllI'a -0,0996(55) 24,I7(I48) .0,2244(230) 
250 -0,0687(87) I5,5I(I96) 0,I388(I7I) 
450 -0,0I49(76) 3,2I (I66) 0,0280(!45) 

Ta6Jrnua 7 

64,2(50) 266(!8) 
59,8(84) 226(!7) 

42,4(75) 200(!4) 

ir CKI'c) 

76,I(II5) 
47,I(78) 
9,5 (50) 

'!!aCTD H,!{ep 152sm , RCllllTHBalOil1liX CBepXT0HK0e 
MaI'HHTHoe nMe B Fe R Ni 

TeMIIepaTypa. f (%) (Smft ) f(%) (Smffi) 
0T~ra ( C) RS 1'/(8,H) RS 1} (H) RS J'/(8,H) R3 J'/(H) 

Ees oTlltllI'a 84(+4,-3) 85(+3,-2) 52(3) 60(+3,-5 
200 63(IO) 
250 46(+I,-6) 46(+6,-5) 
400 52(+II,-I5) . 
450 I3(7) 
600 3I(+I9,-22) 

Cso,qKa nony4eHHblX 3Ha4eHlt1H csepXTOHKIAX MarHIATHblX noneH Ha 
.R,qpax caMap1t1.R B meneae 1,1 H1t1Kene np1t1se,qeHa B Ta6n. 8. Cpas- . 
HeH1t1e Ta6n1t1L1 /3-8/ noKa3blBaeT' 4TO sen1t141t1Hbl csepXTOHKOro Mar
HIATHOro non.A' nony4eHHble pa3Hb1Mlt1 aBTOpaMIA' paan1t14alOTC.R. 3aH1t1-
)l(eHHble aHa4eH1t1.A non.A, nony4eHHble B paHHIAX pa6oTax /32,331, cs.R
aaHbl C TeM, 4TO aBTOPbl 3Tlt1X pa6oT np1,1 pac4eTe senlt141t1Hbl H 
BMecTo He1t1asecTHOro B TO speM.R g-¢aKTopa ypOBH.R 366 K38 
152 sm 1,1cnonbaosan1t1 ero np1,16n1,1meHHOe 3Ha4eH1t1e, nony4eHHOe 1,13 
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Ta6Jr:uua 8 
Marnmm.e noJIB, ,nellcTBYJO!!IIle Ha npmiecHHe R,llpa Sm 

BFe H Ni 

MaTpRUa MeTo.n Hs- MarHRTHOe P a 6 o .T a Mepemm noJie (RI'c) 

l1ID'K 2600(400) HacTomnru:1 pa6oTa 

- " - !300(300) /32/ 
- " - !600(280) /33/ 

Fe - " - !400(!60) /33/ 
- " - 2300(200) /16/ 
- " - 23!0(230) /6 I 
l1ID'K 660(95) HaCTO.HlllaJI pa6oTa 

- " - 6!0(60) /16/ 
- " - 670(70) /6 I 

Ni - " - ·. 352(!3) /34/ 
JlBYK 265(85) /36/ · 
l1ID'K 75 /35/ 
l1ID'K 80 /35/ 

TeopeTl14eCKl1X coo6pa>KeH11H. Ecn11 npl1HRTb eenl1411HY g-$aKTOpa 
g =0 '306/37 /' TO nony4eHHble B. pa6oTax 132 •331 3Ha4eHl1R np11BOART 
K een11411HaM H =2220/520/ 11 H =1890/800/ COOTBeTCTBeHHO' xopowo 
cornacy1011111MCR c pe3ynbTaTaM11 HaCTORl.lleH pa60Tbl. 

PacxomAeH11e 3Kcnep11MeHTanbHblX 3Ha4eHl1H H e cny4ae 152smNi 
/CM. Ta6n. 8/, nO-Bl1Al1MOMy, o6ycnoeneHO npl1CYTCTBl1eM B 06pa3..:. 
4ax B3al1MOAeHCTBl1H, OTnl14HblX OT CTaTl1CTl14eCKOro MarHl1THOro, 
11 HeOAl1HaKOBblX AOnei':i RAeP (t), 11cnblTblBa1011111x CBePXTOHKOe Mar-
Hl1THOe none, B 06pa31.1ax, 11cnonb30BaHHblX pa3HblMl1 aeTopaM11. KaK 
ynoM11Hanocb pa Hee, 3Ha4eHl1R H, nony4eHHble 113 HBYK KacKaAOB 
1408-122, 1112-122 K3B 11 KacKaAa 868-244 K3B, He cornacylOTcR 
Me>KAY co6or:i. 3aH11meHHb1e 3Ha4eHl1R 1T,' nony4eHHble 113 HBYK Kac~aAOB 
1408-122 11 1112-122 K3B, MO>KHO o6bRCHl1Tb c11nbH~M hOAaeneH11eM 
$YHKLl1111 YK 113-3a A11HaMl14eCKl1X MarHl1THblX, a B03MO>KHO, 11 cTaT11c
Tl14CCKOro KBaApynonbHOro B3a11MOAeHCTBl1R .. RAeP l52sm B OTHOC11-
TenbHO AOnr0>1<11ey111eM COCTORHl111 122 K3B. CpaBHl1TenbHO BblCOKl1e 
eenl1411Hbl H, onpeAeneHHble B pa6oTax '6 ,16 !·, no-B11A11MOMy, CBR3aHbl 
C T.eM' 4TO B 06pa31.1ax' 11cnonb30BaHHblX aeTopaM11 3Tl1X pa6oT' 
n04Tl1 BCe RApa 150Sm 11CnblTblBalOT csepXTOHKOe MarHl1THOe none. 
Aer:icTe11TenbHO, Y411TbIeaR l!)aKTOPbl ocna6neH11R YK Gkk 11 onpeAeneH
HYIO HaM11 een11411Hy f, Ha ocHoee HBYK KacKaAOB 1408-122, 1112-

. 122 11 868-244 K3B nony4aeM 3Ha4eHl1R H =615/220/' H=580/300/ 
11 H=790/280/ Krc COOTBeTCTBeHHO 11 cpeAHIOIO 83BeWeHHYIO eenl1411HY 
Hca =660/95/ Krc, cornacy1011111ecR c pe3ynbTaTai-111 pa6oT 16 •161 • 

,./ 

12 

H(SmNi) . 
0THoweH11e H 

8 
- ·=O, 254/ 45/ e npeAenax norpewHOCTeH coenaAa-

( m~ · µ ,i<Ni) 
eT C OTHOWeH11eM MarHl1THblX MOMeHTOB aTOMOB MaTPl1Llbl a "(F -

1 µaT e) 
=O ,273 161, 4TO cornacyeTCR C c11creMaTl1KOH 3Kcnep11MeHTanbHblX 
AaHHblX O ceepXTO~Kl1X MarHl1THblX nonRX B $eppoMarHl1TH~X MaTp114ax 
Fe 11 Ni. 

lo; 8 3aKnl04eHl1e aeTOpbl C411TalOT CB011M npl1RTHblM AOnroM no6naro-
Aap11Tb R.Baepbll.llYKa 11 IO.CenaHKO 3a nOMOl.llb Ha OTAenbHblX 3Tanax 
pa6oTbl. 6nar0Aap11M B.H.Ll.YnKo-C11THl1Koea 3a 11HTepec K HaCTORl.lleH 
pa6oTe 11 none3Hble 3aMe4aH11R. · 
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