
~-

Ii· 

t-3/S 
OB'l>E,&WHEHHllfi HHCTI1TYT 8~EPHhlX MCCJIE~OBAHMfi 

flAEOPATOPMH HEHTPOHHOH ¢M3MKH 

14 - 6405 

)K .CeHTHpMait 

HCCRE~OBAHHE COCTOHHHH KOH~O 

8 PA3BABREHHhIX MArHHTHbIX CnnABAX 
~ . .. 

ARIOMHHHH C MAPr AHUEM 
:·-· . 

Cneu;HaJibHOCTb 0L040 -

3KcnepHM8HTa.JibHa.SI <pH3HKa . 

A BTopeq>epaT ,nKccepT~HK Ha coKcKaHMe yt1eHolt· cTeneHK 

KaHAKAaTa q>K3KKO-M aTeMaTK~eCKKX HayK 

(ilnccepTBUllH HBITHCBHB HB pycckoM H3hlKe) 

lly6ea 1972 



Pa6oTa Bb!IIDnHeHa B na6opaTOpHH H0il:TpOHHOil: 4>H3HKH 

06'b01]HH0HHOro HHCTHTyTa SillepHblX Hccne110BaHuil:. 

Hay'IHbtfi PYf'OBOllHTenb: 

l]OKTOP 4>u3HKO-MaTeMaTH'10CKHX HaYK 

04>mrnanbHbre ormoaeHTbl! 

llOKTOp «f>u3HKO-MaTeMaTH'leCKHX HayK 

KaHl]HllaT 4>uauKo-MaTeMaTH'l8CKHX HayK 

H..fl. Kpoo 

H.A. ITeHHH, 

c.B. ManeeB 

Be11ymee Hay'IHO-HCCne110BaTenbCKoe y'lp0:lK.!l0HHe: HHCTHTyT 

«f>uaHKH AH fpyaHIJCKOil: CCP r. T6HnHcH. 

ABTope«f>epaT paaocnaH" 
,, 1972 ro11a. 

3aIIIHT8 11nccepTaUHH COCTOHTCSI,, 1972 r. 

aa aace11aaun 06'be11naeaaoro Y'leHoro coBeTa na6opaTopuu 

SI1]0pHbIX peaKUHil: H na6opaTopHH HefiTpOHHOil: 4>H3HKH 06'bel]HHeH~ 

Horo HHCTHTyTa SI1]0pHblX uc'cnel]OBaHHfi. 

A11pec: r. ny6aa, MocKoBcKofi o6nacTH, OHHH, Koa«f>epeau

aan nHP. 

C i:mccepTanuett MO:IKHO osaaKoMHTbCSI B 6u6nuoTeKe OHHH. 

Y'leHbtii ceKpeTapb CoBeTa 

3.H. Kap>i<aBHHa 

• I 

l 
I 

14 - 6405 

.lK.CeHTHpMati 

MCCRE~OBAHME COCTOHHMH KOH~O 

B PA3BAMEHHhIX MArHttTHhIX CTIRABAX 

ARIDMMHMH C MAPrAHUEM 

Cne~naJJbHOCTb 01.040 -

3KCnepHMeHTa.1IbHaH q>H3HKa 

A BTopeq,epaT JlHCOOPTBIIKH Ha COHCK8HHe y11eHoll CTeneHH 

KBH)lHJl8T8 q>H3HKO-M 8T8M8TH'leCKHX HBYK 

( nuccepTauusi aanucaaa aa pyccKoM srabtKe) 

~~w~-,~-lliit:!ID-._ ---~-!-a~--.-, 
f"J'jU')'.::13 6'.etJ.lf;JlCl~.~fr 

• I· ,· -. <.:oJ:.:·:fE:U:' /\ ' 



Pas6aBn8HHbie MarHIITHbl8 cnnaBbl nony'ia!OTCS! nyTeM J:(06aB

neHIIS! K HeMar·anTHbIM MeTannaM Manoro KonnqecTBa nepexoAHhIX 

MeTannoB, o6naAaromnx aesanonHeHHhIMII 3d-nnn 4[ -o6ono'iKa-

Mn, B TaKnx cnnasax y~e npn Manott KoHueaTpaunn npnMecn 

( C .< 1 aT.%) aa6n10J:(a!OTCS! CllnbHbl8 ll3M8H8HIIS! HII3KOTeMnepa

TypHb!X q>ll31I'i8CKllX CBOfiCTB M8Tpll'iHOro MeTanna: BO3pacTaane 

aneKTpll'i8CKOro conpOTllBneH~S!, yAenbHOfi TennoeMKOCTII ll T8pMO

aneKTpOABII~ymett cnnbI, 6bICTpoe yMeHblll8Hll8 KplITII'i8CKOfi TeMne

paTypbi cBepxnpoBOAIIMOCTll ll T,A, ITpn 8TOM MarHllTH8S! Bocnpn

lIM'illBOCTb cnnaBa OK83b!B88TCSI naynneBCKOtt, He 38BIICS!lllefi OT 

TeMnepaTypbl, 3To COCTOS!Hlle cnnaBa H83b!B88TCS! HeMarHllTHbIM, 

nnn COCTOS!HII8M KOHAO, C yBennqeaneM TeMnepaTypbl 8HOManbH.b18 

CBOfiCTBa cnnaBa nocTeneHHO llC'i838!0T, ll BOCilplllIM'illBOCTb cnnaBa 

IlOJ:('illHS!8TCS! 38KOHY Kropn X "' 'T- 1
• TaKoe BbICOKOTeMnepaTyp

HO8 COCTOS!Hll8 H83bIB88TCS! Marm1THb!M, 3J:(8Cb tta6n10J:(88TCS! nnaB

Hhifi nepexOA OT MarHIITHOro CO<;:TOS!HllS! K HeMarHIITHOMY, KOTOpbifi 

x.apaKTepnsyeTCS! T8MnepaTypott KOHAO, TK • ITocneAHS!SI onpe-

J:(ensieTCS! TOnbKO npn6nnsnTenbHO, ee Benll'ilIHa 38BIICllT OT Me.To

J:(IIKII ll3M8p8HllS! II npllHSITOtt MOAenn cnnaBa, ·no A6pllKOCOBr ll 

Cyny /1,2/ 
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I ) ' T "' T exp ( - 21 I I Po 
K F 

( 1) 

rne T F -qiepMHeBCKaSJ TeMnepaTypa MaTpHUbl, I - s - d -o6MeH-

Hbill: HHTerpan 
131, p - nnoTHOCTb aneKTpOHHbIX COCTOSIHHll: 

. 0 

MaTpHqHoro MeTanna Ha ypoBHe ct>epMH. 

TTepByJO TeopeTnqecKyJO Monenb, npaBHnbHO OIIHCblB8JOIUYJO 

aaBHCHMOCTb «liuanqecKHX CBOHCTB paa6aBneHHblX M8rHHTHblX cnna-
/3/ 

BOB oT TeMnepaTyph1, coanan KoHno • OH npennonaran, qTo 

B HeMarHHTHOM COCTOHHHH cnnaBa ( npn T .< T K ) Me)KJ]y s 

aneKTpOH8MH MaTpHUbl H d -aneKTpOH8MH npHMeCH cymecTByeT 

o6MeHHOe B38HMonell:CTBHe, xapaKTep KOToporo SIBnSieTCSJ 8HTH-

4JeppoMarHHTHbIM. B peaynbTaTe TaKoro B38HMonell:cTBHH aneKTpo

Hbl npOBOAHMOCTH -B6nH3H npHMeCHoro 8TOMa nonSipH3YJOTCH B aa -

npaBneHHH, npoTHBOIIOnO~HOM HanpaBneHHIO llpHMecaoro CIIHHa, T8K 

qTo noKanH30B8HHbIH MarHHTHblH MOMeHT npHMeCH HMH KOMlleHCH

pyeTCH. PaaMep o6naKa xapaKTepnayeTCH nnHHOH KorepeHTHOCTH 

e /4/ • J.13 npyrHX Monenell:, 06'hSICHSIJOIUHX He06bl'iHb!e CBOHCTB8 

paa6aBneHHhIX cnnaBoB, B nuccepTaunu · paccMoTpeHa Monenb 

noKannaoBaHHhIX CIIHHOBhIX «PnroKTyaunll: ( ncct>) 151• CornacHo aToll: 

MonenH, B HeMarHHTHOM COCTOHHHH MarHHTHbIH MOMeHT y npHMec

HOro aToMa OTcyTCTByeT. Bb16op Me~ny anbTepHaTHB8MH Ha 0°CHOBe 

9KCllepHMeHTanhHblX naHHbIX no CHX nop cnenaTb He ynanocb, T8K 

KaK B 6onblllHHCTBe aKcnepnMeHTOB H3MepHnHCb MaKpOCKOIIHqecKHe 

CBOll:CTBa paa6aBneHHblX cnnaBoB (conpoTHBneHHe, BOCllpHHMqH-

BOCTb, TennoeMKOCTb H T.n.), nponopuHoHanb/Ibie cpenHell: (no 

BpeMeHH) BenuqnHe noKanuaoBaHHoro MOMeHTa. 3TH OllbIThI, oi:o~a

Ko, He II03BOnHJOT nccnenoBaTb MHKpOCKOIIHqeCKHe neTanH IIOBe

neHHSI llpHMeCHbIX 8TOMOB, qTo B03MO~HO BbIIIOnHHTb TOnbKO C 
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IIOMOlllblO "'MHKpOCKOIIHqecKHX" MeTonoB H3MEi'peHHSI, y KOT0pblX 

BpeMH B38l!MO.rtell:cTBl!H ll3MepHTenbHOro np116opa C BemecTB0M 

6 10-11 10-14 T -· · ne~l!T B 0 nacTll - ceK. 8KHMH MeTonaMH HBnSIJOTCSI 

MeTO.rtbl. irn'MepeHl!SI pacceHHHH aneKTpOH0B H TerinOBbIX Hell:TpOHOB 

Ha llpHMeCHOM M0MeHTe II OKpy~aJOllll!X ero aneKTpoaax npoBoiiH

MOCTll. OnpeneneHHbie B 9KCllepHMeHT8X ¢1IanqeCKHe napaMeTpbl 

cnnaBa CBH38Hbl C MrHoBeHHbIMll aHaqeHl!SJMll noKanlI30B8HH0rO 

MOMeHTa. 

-'. 11aHH8H. pa6oTa IIOCBSJllleHa'' aKcnep11MeiiTanbHOMy IIayqeHll!O 

cnnaB0B Al Mn 'c IIOMOlllb!O. MeTonoB. TyHHeimpoBaHHH aneKTp0H0B - ' 

II napaMarHHTH0ro pacceSIHHH Hell:Tp0H'0B. Cnnai3· anJOMl!HllH C 

llpl!MeCb!O MapraHU8 ·oKa·::iancsi ·rro.rtX0/lHIUliM .rtnH 9TIIX H3MepeHIIHo 

OH IIMeeT cnenyromue 'npelIMyUieCTBa: ner1fo H811bimreTCH II OKHCnH

eTCH, 1109TOMY anroMHHHeBb!e TyHHenbHbie K0HT8KTbl srnnHIDTCH 

aneKTp11qecKii oqeHb npoqabIMII; aeKorepeaTa'oro pacceHHIIH Hell:T

poaoB · aa anroMil:HIIII 11paKT11qecKH aeT. TeMrrepaTypa Koiino cn·naBa 

Al Mn aaxoAl!TCH rio pasHbIM AaHHhIM B l!HTepBane 500 - 1200°K, 

qT0 noaBonHeT ucc"neAOB8Tb OCHOBHOe COCTOHHl!El CHCTeM.bl Y*e 

IIpH KOMH8THOH TeMnepaType. CornaCH0 _:reop1rn ncct> 151
, B 

Al Mn 11p11 _sToll:- TeMrrepaType napaMaran;aoe ·paccesrane aeliTpo-

H0B- A0n~H0 nonH0CTb!O,.OTCyTCTB0B8Tb. noaToMy II0IICK TaKoro 

paccesrHHSI H8M npeACTaBnSJeTCH npHHUlllllianbH0 Ba~HbIM AnH 

AanbHell:well: cynh6b1 aToll: Teop1I11. 

l111ccepTaUl!SI C0CTOHT H3 BBeAeHHH, .qeTbipex rnaB H aaKnroqe

HHH. TTepBaH rnaBa COAep~HT o6app Knacc11qeCKl!X MOAenell: TeOpHH 

. paa6aBneHHbIX MarHllTHbqc··cnnaBoB. PacCMOTpeHbl M0Aenn ct>pHAemr 

H .AHAepcoHa 161' s - d o6MeHHoro ;B38l!MOAell:cTBIISJ 13 ,4• 
11 

·H 

noKanH30B8f!Hb;IX CllllH0_BbIX 4JmOKTyaUHli ( nCcf>.) . /~/ • TTpllBOAHTC5I 
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npHHUIIIlbl Knaccmfll!KBUIIII paa6aBneHHblX cnnaBoB, a TBK:>Ke lf3na

raeTcR npo6neMaTHKa lfX OCHOBHOro COCTORHIIR no pa6oTBM 

HaraoK11 141 If Xerepa 
111• 

BTopa.sr rnaBa conep:>KIIT Kp8TKIIH o6aop 3KCnepllMeHT8llbHhlX 

pa6oT no 113y'IeHHID MBKpOCKOillf'IeCKlfX ~11311'IeCKIIX napaMeTpOB 

cnnaBOB anroMHH11.sr c np11Mecbro 3 d -nepexoAHbIX MeTannoB. IlpH

BoASITCSI ·peaynbT8Tbl 113MepeH!fit npHMeCHOH '18CTII aneKTPll'IeCKoro 

• conpoTIIBneHIIR, yJ:tenbHOit TennoeMKoCTII, TepMO a.J:(.c., MarHHTHOH 

BOCDpllllM'IlfBOCTII, 113MeHeHHR KpllTll'JeCKOH TeMnepaTypbl CBepxnpo

BOJ:lllMOCTlf II napaMeTpoB HMP. 3T11 napaMeTpbl 11MeroT MBKCIIManb

Hbie aHa'IeHHSI B cnyqae npHMeceit MapraHua II xpoMa, 06naJ:tarom11x 

Ha116onbllllfMlf MarHIITHblMII MOMeHTBMII cpeJ:111 3d MeTannoB. 3a

BlfClfMOCTb napaMeTpoB OT TeMnepaTypbl SIBnReTCSI O'IeHb cna6on, 

'ITO CBSI38HO C BbJCOKOH TeMnepaTypoit KOHAO. 

B TpeTbeii rnaBe on11caHa MeToAIIKa onpeJ:teneHHR TeMnepa

TYPhI KOHAO II AnlfHbl KorepeHTHOCTlf C IlOMOIIJbro 113MepeHHR Hyne

BOit TyHHenbHOH aH0M8lllflf conpoTIIBneHHR. ITp11BeJ:(eHbl peaynbTaTbl 

8KCnep11MeHT0B, Bblfi0nHeHHblX Ha TyHHenbHblX KOHTaKTax Tllna 

Al - Al Ox - (Mn)Al • 

Ilo TeopHH llioifoMa If 3aBaJ:(CKOro 
191' OCHOBaHHOH Ha CTa

THCTll'IeCK0M npn6nH:>KeHHH s - d o6MeHHOit MOAenH, B 0KpecTH0CTH 

napaMarHHTH0A npHMec H npH T = 0 B peaynbTaTe o6pa_30BaHHR 

KB83HCBR3aHHoro C0CT0HHHSI npoHCX0AHT yMeHbWeHHe nnoTH0CTH 

aneKTp0HHblX C0CT0RHHli p ( r, E) • O6naCTb H3MeHeHHSI p B npocT-

paHCTBe xapaKTepnayeTCH paaMepoM o6nax'a non.srpnaoBaHHblX B0K

pyr npHMeCH aneKTP0HOB ( t ), a AHanaaoH HaMeHeHHil aaeprHH 

- TeMnepaTypoft Kom:to. ITOCKOnbKY TyHHenbHhlii T_OK 'Iepea 6apbep 

B KOHTSKTe THna MeTann - AHaneKTpllK - MeTann nponopUHOHaneH 
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npoHaBeJ:teHlf!O nnoTH0CTeli aneKTp0HHblX COCTORHHfi B aneKTponax, 

TO npH Ao6aBneHHH K 0/lHOMY H3 aneKTp0/lOB napaMarHHTH0fi npH

MeCH H0pManbHBR B0nbTaMnepaa.sr xapaKTepHCTHKa K0HT8KT8 cHnh

H0 H3MeHHeTCH, BnHHHHe npHMeCH, H8H6onee CHnbH0e AnH s 

aneKTp0H0B HB noBepxH0CTlf ¢epMH, np0HBn.sreTCH B BHJ:(e 8H0M8nh

H0r0 yBenn'IeHHH conpoTHBneHHH oKono HyneBoro nanp.sr:>KeHHR 

cMeJJJeHHH Ha xapaKTepHCTHKe "lllf~~epeaunanbHoe conpoTHBneHH8 

aanpSI:>KeHHe" K0HTBKTa. 

B H811IlfX 0ilb!TBX 0TH0CHTenbHBSI BenH'IlfHB aTofi BHOMBnHH 

OKaaanach lb-100% OT /llf~epeHUHBnhH0ro conpoTHBneHHR H0pManb

Horo K0HTBKTa, a ee nonyllIHpHH8 - 40 .. 100 MaB. IlpH ManbIX 

K0HUeHTpauHRX npHMeClf aMnnHTyJ:ta aH0ManHH HBnReTCSI nponop

UlfOHBnhHOH K0nH'IeCTBy npHMeCHblX aTO~OB 
191 

. ' 

~ ( V = O ) -
Ro 

6.R(V = 0) = {3N; , 
Ro 

rne {3 - KOHCTBHTB nopR/lK8 e/llfHHUbl, ecnlf Ni 

( 2) 

K0HUeHTpaUHR 

npHMeCH Bblpa:>Kella B non.srx OT 0/lH0ST0MH0ro cnoH, Ro -lllf~¢e

peHulfanhH0e conpoTHBneHne H0pManhH0ro K0HTBKTB, R -conpo

THBneHHe K0HT8KT8 C npHMeCbro, ITonywHpHH8 IllfK0B HyneBofi aHo

ManHH CBSI38H8 C TeMnepaTypofi KoH/:10 

6.R 
[Tl ½ kB TK 

-1 
rne p = p ( 1 + f3N. ) . . 0 I 

_1_), 
E O exp ( - 2 I l I P (3) 

3necb k B - Il0CT0SIHHBH EonhUMBHa, E O -IIIHpHHB nonOCbl s - d 
o6MeHa, p -nnoTHOCTh aneKTp0HHblX COCTOHHlffi B cnnaBe, 
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I 

TyHHenbHbie KOHTaKTbl H3I'OTOBmlilHCb Ii3 amoMHHIISI 'ilICTOTOfi 

99,999% rryTeM BaKyyMHoro HaIIbineHHSI. Bo BpeMSI HaIIbineHHSI ,!:laB

neHHe IIDA KonoKonoM ycTaHOBKII IIDAAep)KHBanocb IIOpS!AKa 1 -t 

t- 3. 10-
5 

MM pT. CT. 0AHOBpeMeHHO II3I'OTOBn11nocb ITO 6 KOHTaKTOB 

rrnoma,::1b10 1, 10-4 cM 2 Ha o6men cTeKnllHHofi rroi:tnO)KKe. ·Tonuuma 

0 

aneKTpOAOB 6bma 2000-3000 A,· a Tonm11Ha 6apbepa, II3I'OTOBneH-

HOro MeTOAOM OKllCneHHSI Hlf)KHero aneKTpOAa B B03Ayxe IIpH aT-

0 I 14; 
MoccpepHDM AaBneHJm - 10 t- 30 A • 

3aBHCllMOCTb AllcpcpepeaunanbHDro corrpOTHBneHHSI KOHTaKTOB 

OT ~aIIpSl)KeHHSI 113Mep11nacb C IIOMOilib!O ycTaHOBKH, rrpnBeAeHHOfi 

Ha p11c. 1 B HHTepBane TeMrrepaTyp 1,3 - 300°K. ilnana3oH pa-

6oTbI reHepaTopa IIOCTOSIHHOI'O TOKa Bb16ipanc11 TaKHM, 'iT06bI Ha

IIpS!)KeHHe Ha rrepeXOAe MeHS!nOCb OT -350 MB AO +350 MB, AMrr

nnTyAa M0Aynnpy10mero cnrHana qacTOTbI 1 Kru - 70 MK·B. J,f3yqe-. 

HHe BnllSIHllSI IIpHMecn MapraHua Ha a;eKTpH'ieCKHe CBOfiCTBa KOH-

TaKTOB rrpoBOAHnocb c IIOMOilib!O o6pa3UDB THIIa Al - AlOx-(Mn) Al. 

ilnsi aToro Ha rroBepxHDCTb 6apbepa ( oKncna ) Harrb1n11ncsi cnofi 

Mapraaua TOnlIIHHOfi o, 1-0,3 aToMHOro cnosi, MeHSIIOilIHfiCSI ITO Ton

IlIHHe perynsipHo ITO DAHDfi cepHH KOHTaKTOB. TToA BnHSIHHeM rrpn

MeCH B KOHTaKTax IIpOSIBHnacb HyneBaSI 8HOManHSI corrpoTHBneHHSI 

(pnc. 2), aMrrnnTyAa KDTopofi oKa3anacb rrporropunoHanbHofi KDH

ueHTpaunn MapraHua ( pnc. 3). TTonyurnpHHa aHoManHH o6paTHO 

rrporropuHoHanbHa KonnqeCTBy IIpHMecn, B COOTBeTCTBHH C Bbipa

)KeHHeM ( 3) ( pnc. 4). 0TCIOA8 An SI TeopeTH'ieCKHX rrapaMeTpOB 

rronyqHnHCb cneAy10I1Ille 3Ha'ieHHSI ( rrpn N. ➔ 0 ) : E = 210 MaB, 
I 0 

I 
0

-::: - ·1,24 aB, f3 = 1,2±.0, 1 H TeMrrepaTypa KoHAo T 

l 2QODK / 
131

• l13MepeHne AnHHbl KorepeHTHOCTll IIpOBOAHn:cb c 

IIOMOiliblO KOHTaKTOB THIIa Al - Al Ox - Al (Mn) Al , HMe10I1IHX 

8 

0 

6ycpepHblfi cnon an10MHHHSI TOnlIIHHbl 25 t- 50 A Me)KAY 6apbepoM 

ll cnoeM npHMeCH. nn11 3THX H3MepeHHfi npHMeCb HaMH Hanbmsinacb 

Ha MeTannnqecKHfi an10MHHHfi, rrocne. 'iero HapamnBancsi rrpoMe)Ky

TO'iHhifi cnon an!OMHHHSI, noi:tBepraBillHfiCSI 3aTeM OKIICneHIIIO ·/ 111 • 

iloCTOIIHCTBOM TaKOfi MeTOAIIKll S!BnHnOCb OTCyTCTBHe nO)KHOfi 

(MaKpOCKOIIH'ieCKOfi) HyneBDfi aH0Man11n corrpoTHBneHHSI, B03HHKalO

Iliefi ll3-3a H3DnHpoBaHHblX MeTannnqeCKHX 3epeH, HaXOAS!IlillXCSI B 

o6naCTll 6apbepa. EbmH ycTaHOBneHbl CBOfiCTBa BOnbTaMrrepHblX 

xapaKTepHCTIIK, Ha OCHOBe KOTOpb!X MO)KHO pa3nH'i8Tb Apyr OT 

Apyra aHOManHH MarHHTHbIX H MaKpOCKOIIH'ieCKHX IIpOHCXO)KJ:le-

Hllfi /12/, 

A MnnnTyAa HyneBofi aHOMannH IIOHH)KaeTCSI C poCTOM TOnlIIHHbl 

npoMe)KyTO'iHOI'O cno11 an!OMHHHSI X , orrpeAen11Bllleroc11 C TO'i-
• 0 

HOCTblO ±. 2 A. 3KcrrepnMeHTanbHbie TO'iKH Ha pnc. 5 OIIHCb!BalOTCSI 

TeopeTH'ieCKOfi KpHBOfi / 101, HMe10mefi napaMeTpoM 3Ha'ieHHe AnH-

Hbl KOrepeHTHOCTH f = 10 ±. 5° A. hony'ieHHasi TaKHM o6pa3oM 

f no rrop11AKY BenH'iHHbl COOTBeTCTByeT H3BeCTHbIM B niITepa

Type AaHHhlM Anll Apyrnx cnnaBOB, 

B qeTBepTofi rnaBe onncaHbl aKcnepHMeHTbl no HccneAoBaHHIO 

aeKorepeHTHoro napaMarHHTHoro paccesiHHSI HefiTpOHOB aa cnnaBe 

Al - 0,5 % Mn • i13MepeHHSI 6bmH npeAnpHHl!TbI c uenb10 rrpo

BepKH TeOpHH fypreHHillBllnH, Hepcec11aa ll XapaA3e /15/, npeA-

CTaBnS110I1Iefi co6on AHHaMH'ieCKHfi BapnaHT MOAenH 

HOro B3aHMOAefiCTBHSI 131 • 

s - d o6MeH-

no 3TOfi TeopHH Hll3KOTeMrrepaTypHbie CBOfiCTBa· pas6aBneHHbIX 

MarHHTHbIX cnnaBOB B OCHOBHOM orrpeAenSIIOTCSI cpn10KTyauHS1MH 

aanpaBneHHSI npHMeCHoro cnnHa, HaXOAS11IIerocsi. _BO B38HMOAefiCTBHll 

C S -aneKTpoaaMH CBoen OKpeCTHOCTll, l13onnpoBaHHbie, Heynop11-

AO'ieH!IO pacnono)KeHHble B KpllCTanne napaMarHHTHbie aTOMbl Bbl3bl-
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BaIOT HeKorepeHTHOe napaMarHHTHoe pacceHHlfe HeilTpOHOB, KOTopoe 

COCTOHT 1{3 ynpyroro If Heynpyroro KOMnoHeHTOB. ITpH TeMnepa-

Typax T.<<T K If B HyneBOM MarHHTHOM none napaMarHHTHO.e pac

ceHHlfe HBnHeTCH noqTH nonHOCTb!O HeynpyrHM H nponopuHOHanbHbIM 

cneKTpanbHOM nnoTHOCTlf noKanH30BaHHbl; cn~HOBblX «pmoKTyauHil 

S ((j)) I 15/. lfaMepeHHeM JlHqi«pepeHuHanhHoro ceqeHHH du M I d O 

napaMarHHTHoro pacceHHlfH MO*HO nonyqaTb HeK0Topy10 HHtpOpMa-

0lllf!O O npo«pHne tpyHKUlflf s ( (j)) If aqi«peKTHBHOro ( s + d) «popMtpaKTO

pa. B npH6nH*eHHlf 6onhllllfX 3HaqeHHM BeKTOpa pacceHHHH ( K > 
> 1 Ao-1): 

E --du M 
d.O 

2 2 o (j) 2 

3 Ni(yr
0

) J y'J-ES((j))IF(K)I d(j) 
-oo 

r11e Ni -qlfcno npHMeCHblX aTOMOB B 06pa3ue, y - MarHHTHblll 

MOMeHT HefiTpoHa, r 
O 

- KnaccHqecKHH pa11Hyc aneKTpoHa, Eo 

(4) 

aHeprHH na11a10mero Ha 06pa3eu nyqKa HeilTpoHoB, (j) - nepe11aqa 

aHeprHH npH pacceHHlflf H F ( K) - 3 d - tp_OpMtpaKTOp npHMeCH. 

B aKCITepHMeHTax lfCITOnb30BanHCb nonHKpHCTannHqecKHe 

o6p-~3Uhl, H3rOTOBneHHbie lf3 anIOMHHHH ql{CTOTOM 99,995%, C npH

MeCb!O 0,5 aTOMHblX npoueHTOB MapraHua, a TaK*e 6e3 npHMeCH. 

ilHtptpy3HOe pacceHHHe HeilTpOHOB lf3MepHnOCb Ha HMnynhCHOM 

peakTope 11BP-30 c noMOillb!O cneKTpOMeTpa no BpeMeHH_ nponeTa. 

O6pa3eu o6nyqancH 6enhlM cneKTpOM HeilTpOHOB, HHTeHCHBHOCTb 

pacceHHHoro non pa3HhIMH yrnaMH nyqKa H3MepHnacb B 3aBHCH

MOCTH OT :=JHeprHH na11a10IIIHX HeilTpOHOB. Pacnonarag 11eTeKTOp 

B6nH31f o6pa3ua, Mb! OJlHOBpeMeHHO 11eTeKTHpo:eairn KaK ynpyro, . 

TaK H Heynpyro pacceHHHb1e Ha 06pa3ue HeilTpOHhI. 3KcnepHMeHT 

Bi.monHHncH c noMOillbIO JlByx o6pa3UOB ,;_ Ha qH~Toro Al n cnna

Ba 4.lMn • Pa3HOCTb cneKTpOB JlnH :=JTHX o6pa3UOB, COCTaBnHBlllaH 
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2-3% OT nepBOHaqanbHO perHCTpnpyeMoil HHTeHCHBHOCTH, o6pa6a

Tb!Banacb c yqeToM nonpaB0K Ha HJlepHoe HeKorepeHTHoe pacceH

Hne Ha npHMeCHhIX aToMax, MHoroKpaTHoe pacceHHne, nornomeHne 

B o6pa3ue If Ha KorepeHTHOe 6parroBcKoe pacceHHHe B an10MHHHH. 

OnpeneneHHe BenlfqlfHhI ceqeHHH pacceHHHH npoH3BOJ1Hnocb KanH6-

poBKoil no cneKTpy pacceHHHH Ha"BaHaJlHH B Toil *e reoMeTpHH. 

. TaK. KaK TeopHH I 151 He pa3pa6oTaHa JlnH npHMeceil co cnHHOM 

5/2, HaM npmrmocb BBeCTlf 11ononHHTenbHblll HOpMHpOBOqHblll 

MHO*HTenb, onpe11enHBII!lfMCH 1{3 onbJTa. 113 PHC. 6 BlfJlHO, qTo 

YJlOBneTBOpHT0nbHOe cornacHe BO BCeM HCCne110BaHHOM JlHana30He 

yrnoB, aHeprHil If TeMnepaTyp JlOCTHraeTCH C noMOillb!O OJlHOro 

MHO*HTenH, paBHo.ro •l,25. ITocne HOpMHPOBKlf TeopeT!fqecKHe 

KpHBb!e xopOII!O cor~acyIOTCH C :=JKCnepHMeHTanbHbIMH du-! d_O 

npH 6onhlllHX K c napaMeTpoM A = 50 :!:. 5 M aB npH 80°K If 

0 A = 30 :!:. 5 MaB npH 300 K, r11e A -aHeprHH CBH3H, npn KOTO-

poil cneKTpanbHaH nnoTHOCTb cnHHOBhlX «pnIOKTyaUHM 06na11aeT 

MaKCHMyMoM. Oco6o cne11yeT oTMeTHTh, ·qTo H3MepeHHOe du Id 0 

npH K ➔ 00 aCHMnTOTlfqecKH npH6nH*aeTcH ic du I d O Jllftp«py3HO

ro napaMarHHTHoro pacceHHHH JlnH cB06011Horo napaMarHHTHoro 

·HoHa ( npaBag Hlf*HHH qacTb PHC. 7). ITocKOnbKY aKcnepHMeHT H 

TeopHH, Hcnonh3YIOIIIaH aTOMHblll tpOpMtpaKTOp MapraHua, cornacy-
o-1 

IOTCH B o6nacTH K > 1,1 A , TO pa11Hyc aneKTpOHHOro o6naKa, 

KOMneHCHpy10mero MarHHTHbiii: MOMeHT npHMeCHoro aToMa (11nHHa 
> 211 . . KOrepeHTHOC.TH). He MO*eT 6b!Tb MeHbII!e qeM ~ "" - ~ 6 A O 

• 
.K 

3aBHCHMOCTb napaMeTpa A OT TeMnepaTYPhl xapaKTepH-

3yeTCH :=JKCnoHeHUHanbHOll «pyHKUHeil 1161 

A A
O 

exp [ ;_ 3 (Tl T K) 
2

] , , ( 5) 
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rl]e l!.. 0 - 3H8''IeHlle l!.. rrpn T = o. OTC!Oll8 rronyttaeTCSI, 'ITO. 

+26 ' +JOO 
l!.. = 60 M9B n TeMrrepaTypa KoHllO T K = 700 °K, 

0 -13 -~50 

HBX0llSITCSI B xoporneM cornacnn C peayJibTaTaMn llPYI'HX aBT0p0B, 

Bb!BOllbl 

1. B 9KCI!epllMeHTBX no Ha6J1101leHll!O TyHHeJibHOii BH0MBJI.llH 

corrp0TllBJieHllSI ll3ytteHa CBSl3b Me*llY aMnnnTylloii H nonyrnnpnH0ii 

BH0MBJIHll ll KoHueHTpauneii npnMecn B !l Mn K0HTBKTax. 

2. 11aytteHa TyHHeJibHBSI aH0Mannsi, B03illlKBIOUIBSI nail BJIHSI

HHeM MeTaJIJIH'Ie.cKllX aepeH B o6naCTll nepex0llB npoB0llHllK-llH9JieKT

pllK ll ycTaH0BJieHbI KpllTepnn, Ha 0CH0Be K0T0pb!X ee M0*H0 0TJIH

'taTb OT aH0MaJIHH MarHllTH0I'O nponcxo*JleHllSI, 

3, Onpel]eneHbl 3HatteHllSI TeMnepaTypb! KDHllO ll llJIHHbl K0-

repeHTHOCTH (B npn6nn*eHnn Teopnn cTaTnttecKoii s-d -Molle-

Jill /9, 10/) • 

4. 3KcnepnMeHTaJibHO npoBepeH0 0CH0BH0e nono*eHne Teo -

pllll /9/ 06 ll3MeHeHHll nn0TH0CTll aneKTP0HHblX C0CT0S!Hllii MaTpll'I

H0I'0 MeTanna B 0KpecTH0CTH npllMeceii. YcTBHOBJieHO 1catteCTBeH

H0e C00TBeTCTBlle npellCK838Hllfi Teopllll C 9KcnepnMeHTBJibHhlMll 

llBHHh!Mll, 

5, ITonytteHHble HBMll 9KCnepnMeHTBJibHb!e peayJibTBTbl no 

pacceSIHll!O HeiiTp0H0B KatteCTBeHH0 npaBllJibH0 o6~SICHSl!OTCSI c 

noM0Uib!O Teopllll llllHBMll'IeCK0I'0 s-d o6MeHa I 151• TeM CBMblM 

K0cBeHH0 nollTBep*lleHbl nono*eHllSI 9T0H Teopnn 0 cyurecTB0BBHllH 

Hll3K0TeMnepaTypHblX cnHH0BblX. lpJl!OKTyaunfi ll 0 aeynpyrocTll 

paccesiausi TennoBblX HeiiTpoHoB aa aTnx ~JI!OKTyaunsi;'C• 

6, HaiilleHO, 'ITO npnMeCHblli BT0M MapraHua B MaTpHue 811!0-

MllHllSI coxpaHSieT 60JiblliYIO 'IBCTb CBoero M~I'HllTHOI'O M0MeHTa 

12 

npn T.<< T , 'ITO ll0KB3b!BaeT crrpaBellnHB0CTb s-d M0llenn 
K 

H SIBJISieTCSI Ba*Hb!M apryMeHT0M npoTHB M0llenn nccp, 
7, Onpe1JeneHa Hll*HHH rpaHnua pa1Juyca KoMneHcnpy10urero 

o6naKa f ;? 6 A0
• 

B. YllaJIOCb nonyttHTb 9KCrrepnMeHTaJibHhle ll0Ka3aTeJibCTBa 

cyureCTB0BaHHS! aaBHCllM0CTll 9HeprHH CBSl3ll S -aneKTp0H0B C 

npHMeCb!O · l!.. OT TeMnepaTypb! H onpe1Je11l1Tb H3 onb1Ta xapaKTe

pHCTHKy 9T0fi 38BHCHM0CTH, 

9, llnHaMH'IecKaH llHTepnpeTaunH M0ll_enn s- d -o6MeHa I 15/ 

YllOBJieTB0pHTeJibH0 onRCb!BaeT pacceHHHe HeiiTpOHOB Ha nottTR 

MarHHTHblX B CMb1cne KpHTepHH XapTpn-<PoKa crrnaBax, 

PeaynbTaTbl, ne*aurue B ocaoBe 1JnccepTau1m, 6bmH ony611n-

KOBBHh1 B *YPHane Physics Letters , B c6opHHKe Proceedings 

of LT-12, Kyoto , 1971 n B BH/le coo6ureaufi O11Hl1, a TaK*e 

llOJIO*eHbl Ha Me*llYHap0llHblX KOHcpepeHUHSIX no lpH3llKe HH3KHX 

TeMnepaTyp ( KnoTo, H no HHS!, 1970), no lpH3HKe paa6aBneHHb!X 

cnnaBOB ( TnxaHb, BHP, 1971) n no HeiiTpOHHOfi crreKTp0CK0nHH 

( fpeHo6nb, <PpaHUllH, 1971). 

1. 

2. 

3, 

4, 
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PHc. 2. 3aBHCHMOCTb !IpOBO.ClHMOCTH THilH'IHOH cepnn KOHTBKTOB c 
!IpHMeCblO MaprBHl!B OT HanpmKeHIIH CMemeHHfi. l - 'Il!CTb!Ho KOH
T8KT, 2 ,. 6 KOHTaKTbl C B03p8CT8IOllleii KOHUeHTpaunefi npHMeCH. 
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P11c, 3. 3aBIICIIMOCTb aMilnllTYAbl 8(IOMan1111 np11 V 
pau1111 MapraHua, 

0 OT KOHueHT-

150 

~ 100 
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30 
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2Qx1Q 1't atoM /CM1 

P11c. 4, 3aBIICIIMOCTb nonynmpllHbl IlllKOB OT KOHUeHTpau1111 np11Mec11. 

a = 0,825, CTpenKa, IlOK83bJBaeT nono~Ern11e OJ:(IJ08TOMHOro ~fIOSI 

( 18.1014 aToM/ cM2), · 
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x.A 
P11c. 5, 3aBHCIIMOCTb Benll'IIIHbl 8HOMan1111 OT pacCTOSIHIISI np11Mec

Horo cnosi AO 6apbepa, CnnornHasi n11H11si.0603Ha'laeT TeopeT11'1ecKyro 

KPIIBYID, x -TonWHHa cnosi Me)KJly np11MeChro 11 6apbepoM, 

(#)T 

)( T•80•K 

0,5 
• T• 3oo•K 

0.5 , lfl)M. 
P11c. 6. ConocTaBneHlle TeopeTH'leCKIIX II 3KCnep11MeHTanhHbIX 3Ha-

'leHHil: dui,/ dO , np11HaJ:tneJKaw11x oAHOil: 11 Toil: JKe aaepi;-1111, 

fopll30HTanbHaR rnKana B 6apHICTepaA, aToM, BepTIIKanbH8SI -

IlPOll3BOnhHbie eAIIHIIUbl, 
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PIIC. 7. 3aBIICIIMOCTb AII!pq>epeHUII8llbHOro ce'leHIISI rrapaMarHIITHoro 

pacceSIHIIS! OT 9Hepr1III IIBABIO!UIIX Hei1:TpOHOB H8 crrnaBe Al Mn. 
orrpeAeneHHBSI sKcrrep1IMeHTanhHO rrp~·TeMrrepaTypax 80 II 300°K II 

IIOA pa3HhlMII yrnaMII pacceSIHIISI. CrrnOWH8SI nlIHIISI o603H8'18eT Teo~ 

peT1I'leCKYIO KPIIBYIO /15/, 
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