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A1(a)J,eMUR AH YCCP A. A. rAJIRmI, B. M. CBHCTYHOB, O. H. qEPHHK, 
M.A.BEJIOrOJIOBCKHn . 

.BJIIUIHlIE ,n;ABJIEHlIH HA <l>OHOHHYIO llPlIMECHYIO 30HY 

CllJIA,BA Ph - In • 

TYHHeJIbHbIH 9wweKT OTKPbIJI B WlISlIKe BbICOKlIX ~aBJIeHlIH BOSMomHOCTlf 

P;JIH Ka'leCTBeHHO HOBbIX lICCJIe~OBaHHiI (1), OH nOSBOJIlIJI nOJIY'IlITb OOITIHP

uyro IIHWOpMan;lIro 00 lISMeHeHlIlI 9HepreTH'leCIWH rn;eJIlI 11 WOHOHHbIX cneKT

POB no~ ~aBJIeHlIeM ,ll;JIH pH,ll;a 'lHCThlX CBepxnpOBO,ll;HlIKOB (2). l1sBecTHO TaK

me, 'ITO C nOMOrn;MO 3JIeKTpOHHoro TYHIIeJIIrpOBaHlIH MomIIO lIsyqaTb CBOHCTBa 

MeTaJIJIH'leCKHX KplICTaJIJIOB, OOYCJIOBJIeHHbIe HaJIH'llIeM npHMeCHhlX aTOMOB 

(3). B nOCJIe,ll;IIlIe rO,ll;bI BOSpOC ImTepeC K lIsyqeIIlIro KOMOlIIIlIpOBarrrrOro 

BJIlIHHHH ,ll;aBJIeHlIH 11 npHMeceH Ha cBepxirp oBO,ll;lIMOCTb. IIpe,ll;cTaBJIHeTcH, 'ITO 

MeTO,ll; TYHHeJIbHOH cneKTpOCKOnlIlI H B 3TOM HanpaBJIeHlIlI lICCJIe,ll;OBa-HHH OK a

meTCH BeCbMa nOJIeSHbIM 11 npOIl:YKTlIBHhlM. 

HaCTOHIJJ;aH paOOTa nOCBHrn;eHa lIsyqeHlIro CMern;eHRH no,ll; ,ll;aBJIeHReM OCO· 
oeHHOCTH B KOJIeOaTeJIbHOM cneKTpe CBlIHn;a, BosIIHKarorn;eH nplI BBe,ll;eHlIfi 

.JlerKOH nplIMeClI HH,ll;lIH. 
RaK 11 B HaillHX paHHlIX 3KCneplIMeHTaX (2), lICnOJIb30BaJIHCb TOHKOnJIe

JlO'lHbIe TYHHeJIbHhle ClICTeMbI TlIna CBepXnpOBO,ll;HlIK - ,ll;1I8JIeKTplIK - CBepx

npOBO,ll;HlIK KaK HalIOOJIee 'lYBCTBlITeJIbHbIe K lISMeHeHlIHM B nJIOTHOCTlI CO

.cTOHHlIH. ROHTaKThl AI-A120s-Pbln rOTOBlIJIlICb lICnapeHlIeM Ha CTeKJIHH

HbIe nO,ll;JIOmKlI B BaKYYMe 106 TOp. IIJIeHKlI sapaHee nplIrOTOBJIerrrrOrO CnJIaBa 

Pbo,93Ino,07 KOH,ll;eHClIpOBaJIlICb Ha nO,ll;JIOmKY C BhlCOKlIMlI CKOPOCTHMlI 

,(~ 700-1000A/ceK) ,ll;0 nOJIHoro lICnapeHlIH lIS HarpeBaTeJIH. TOJIIn;lIHa nJIe

HOK CnJIaBa 1500-3000 A. PesYJIbTaThl, KOTophle S,ll;eCb oocym,ll;aroTcH, nOJIY

'leHhl npH T ~ 1,2
0 K B ,ll;lIanaSOHe ,ll;aBJIeHlIH ,ll;0 9 Koap. rlI,ll;pOCTaTH'leCKOe 

.cmaTHe ocyrn;eCTBJIHJIOCb MeTO,ll;OM, nplIMeHHBilllIMCH paHee (2). B OOMoe paB
Mern;aJIHCb ,ll;Be paSJIH'lHhle nO,ll;JIOmKlI, 'ITO nOSBOJIHJIO npOBO~lITb OIThlThl OA

HOBpeMeHHo C illeCTbro oopaSn;aMlI. ,l(JIH 3KCneplIMeHTOB C ,ll;aBJIeIIHeM IIhlOlI

paJIlICb TOJIbKO oopasD;bI, nOSBOJIHIOrn;lIe O,ll;lIHO'lHYro 11 YSKYro JIlIHlIro B dI I dU 
npH lIanpHmeHHHx eU = L1AI + L1 C UlIllB , 'ITO CJIymlIJIO YKaSaHlIeM Ha O,ll;HOPO,ll;

HOCTb nJIeHOK CITJIaBa. ,l(aBJIeHHH B OOMoe lISMepHJIlICb lIH,ll;YKn;HOHHbIM cno

.cOOOM Ha nepeMeHHOM TOKe no CMern;eHHro KpllTlI'leCKOH TeMnepaTyphl CBepx
npOBO)J;JIm;ero OJIOBa. RonHH sanlIceii: d2 U I dJ2 - U, lIJIJIroCTplIpyrorn;Hx 3lIep

l'eTH'leCKlIH C,ll;BlIr npO,ll;OJIbHhlX WOHOHOB 11 nplIMeCHOH SOlIhl ffil no,ll; ,ll;aBJIe

.DlIeM ,ll;JIH O,ll;IIoro RS nepexop;OB, nOKasaHbI Ha pRC. 1. AMnJIlITY,ll;HbIe lISMeHe

HlIH B TYHHeJIbHOH npOBO,ll;HMOCTlI B ,ll;alIHOH paOOTe He oocym,ll;aIOTCH. . 

llsBe cTHo, 'ITO 3JIeMeHTal!Hhle H'leHKlI CBlIHn;a ]I lIH,ll;HH no paSMepaM 11 no 

lPOpMe O'leHb nOXomlI. R TOMY me HX cmHMaeMOCTR, a TaI{me 9HeprHlI cn;en

.JIeHHH OTJIH'laroTcH MeHee 'leM Ha 10 %. IIoaTOMY B paMKax TeOpRlI BopHa

RapMaHa MOiR,HO YTBepm,ll;aTb, 'ITO ClIJIOBbIe IIOCTOHHHhle 3THX MeTaJIJIOB 

,ll;OJImHhl OhlTb OJIHSKHMlI no BeJIH'lHHe. B CBHSR C 9TlIM OrpaHH'llIMCH npll 

paCCMOTpeHRlI ,ll;aHHOH ClICTeMbI nplIojmmeHReM HSOTOITH'leCKOH nplIMeClI. 

YpaBHeHlIe, onpe,ll;eJIHIOrn;ee nOJIomeHlIe JIOKaJIbHhlX 11 KBaSlIJIOKaJIbHhlX ypOB

.HeH ,ll;JIH CJIyqaH JIOKaJIRSOBaHHoro BosMyrn;eHlIH, ObIJIO BnepBhle nOJIyqeHo 

11. M. JIlIBillRn;eM ( ' ). ,l(JIH nplIMeCH saMern;eHlIH B KYOR'leCKOM KplICTaJIJIe 

.oHO npllMeT BlI,ll; 

(1) 
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(2) 

Q - 06'beM 8JIeMeHTapHOii JIlleiiKH, j = 1, 2, 3 (HHTerpHpoBaHlIe Be~eTCH n() 

nepBoii SOHe BPHJIJII08Ha) • 
AJIH BLr'IHCJIeHHH HHTerpaJIa (2) ~HcnepcHoHHLIe KpHBLIe (1);(k) HaxO~M 

nYTeM HHTepnOJUlIl;HH 8KcnepHMeHTaJILHLIX pesYJILTaTOB no pacceHHHIO HeiiT-
POHOB (5). <I>YHlrn;HH (1)j(k) paSJIaraJIHCL n(} 
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Ky6H'IeCKHM rapMOHlIKaM eGA (8), npH'leM 

COXpaHHJIHCL JIHIIIL nepBLIe TPH. RostPtPH

D;HeHTLI paSJIOiKeHHH HaXO~HJIHCL no ~aH

HLIM ( 5
) ~JIH HanpaBJIeHlIii [100], [11 0] H 

[111]. 
tIHCJIeHHOe BLr'IHCJIeHHe HHTerpaJIa (2) ~ 

npOBe~eHHoe B KPHBOJIHHeiiHLIX Koop~~Ha
Tax kl' kz, ks: k = klb t + k 2bz + ksbs (bi -

ReKTOPLI o6paTHoii pemeTIm), ~aJIO HS ypaB

HeHlIH (1) ~JIH sHepruH JIOKaJILHLIX KOJIe6a

HHH 3Ha'leHHe (1)L = 9,53 M8B, KOTopoe 

y~OBJIeTBOpHTeJILHO corJIacyeTcH C HamHM 

8KcnepHMeHTOM npH P = 0 H ~SHHLIMH ~py
rHX onLITOB (3). 3aMeTHM, 'ITO Haii,u;eHHaa 

BeJIH'IHHa ~JIH (1)L HaXO~TCH TaKme B XOpO

meM COrJItlCHH C peSYJILTaTOM (~), me B OT

JIH'lHe OT npOBe~eHHoii BLIme npoD;e~ypLI 
BLr'IHCJIeHHH (1)1 HCnOJILSOBaJIaCL tPOHOHHaa 

7 8 9 fO ff hI]1 nJIOTHOCTL COCTOJIHHii CBHHD;a, nOJIY'leHHall 

Y-(A.t 4r:n.aa'-- nyTeM 06paID;eHHlI ypaBHeHHii 3J1Ham6eprlli 

PRc. 1. l\ODBB 3aIlHceii BTOpoii rap
)(OBlUUl WIJI o6pa3~a Al -
AltOS - Pbo,taIno,o7 npu P = 9 (1) 

• p = 0 x6ap (2) 

~JIH CBepxnpOBO~HHKOB C CHJILHhlM SJIeKT
POH-cf>OHOHHLlM BaauMo~eiicTBHeM. 

PaCCMOTpHM TenepL StP4leKT ~aBJIeHBJ(. 
C YMeHLmeHHeM 06'beMa 4l0HOHHLlii cneKTp 

MeTaJIJIa c~BuraeTcH B CTOPOHY BLICOKHX 
8Heprnii. npe~LI~He onLITLI (Z) ~H CBHH

~ RORaSaJlH, 'ITO B npeAeJIax SKcnepHMeHTaJILHLIX onm60K KOHCTaHTLI rpIO

Ba:iaeHa 't AJIJI paSJIH'lHLIX BeTBeii KOJIe6aTeJILHOrO cneKTpa OAHHaKOBLI, T. e. 
up_ OTHOCBTeJILHOM HSMeHeHHH 06'beMa v = -fl, V / V Bce 'IaCTOTLI (1)j(k) )fe

JUD)Tca JIBHeiiHo 

(1)j (k) = P(1)j (k) = (1 + vy) (1)j (k). (3) 

HOBoe nOJIOiKeHHe nplIMeCHoro llHKa nOA ~aBJIeHlleM MOiKHO HaiiTII, saMe

HHB B ypaBHeHHH (1) 'IaCTOTLI (1)j(k) Ha (3). JIerKo Bup;eTL, 'ITO (1)[ ne

peB~eT TorAa B (1)z' = ~(1)1. T. e. CKOPOCTL IISMeHeHHH BeJIH'IHHLI (1)], KaK 1I 

OCHOBHLlX 'IaCTOT y:aTpIID;LI, onpe~eJIIITCH CJIe~yIOID;lnI 06paSOM: dIn (1)[ / dP = 
= x't. HCnOJILsYH BSBeCTHLle JIHTepaTypHLIe ASHHLIe ~JIH CiKlfMaeMOCTH ' x = 
= 2,37 ~ to-8 6ap-1 II "{ = 2,85, nOJIyqHM 

(x"{),,,[ = 6,75.10-8 6ap-l. (4) 

3~ecL YMeCTHO OTMeTIITL, 'ITO B 60JILmllHCTBe TYHHeJILHLlX onLITOB 06'beK

TOM IICCJIeAOBaHHB HBJIHIOTCH llJIeHKH, 0 CiKHMaeMOCTII KOTOPLIX npll HHSKIIX 

TeMIIepaTypax npaKTH'leCKB HeIlSBeCTHO. n08TOMY ceii'lac KaiKeTCH npeiK~e
BpeMeHHLIM npHBO~HTL KaKHe-JIH6o KOJIH'leCTBeHHLIe peSYJILTaTLI no onpe~e
JIeHHIO "( liS TYHHeJILHLIX IISMepeHHB. nO~epRHeM, 'ITO B T}'HHeJILHOM 8KC

neplIMeHTe IISMepHeTCH IIMeHHO BeJIH'lIIHa (x"{) '" • 

Haii,u;eHHoe liS HaCTOHID;HX SKcneplIMeHTOB nplf ~aBJIeHHHX ~o 9 K6ap 

(vY)"'LPbo
'I3

I
IIo,. , = (5,8 + 1) .10-0 6ap-l AJIa nplIMeCHoro nllKa 3Ha'leHHe ,.. _ 
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B npep;eJIax OIIll'l6KH He OTJIHllaeTCJI OT (xy)~;O.93Ino.07 = (6,7 + 1) .10-6 6ap-\ 

xopomo corJIacyeTCJI C (4) H p;aHHbIMH P;JIJI llHCToro CBmm;a (2), XOTJI H Ha-

6mop;aeTcJI TeHp;eHn;HJI K HeKOTOpoMY sanasp;bIBaHHIO. 

B npHBep;eHHOM sp;eCb paCCMOTpeHIm nOJIOmeHlIJI CPOHOHHOH npHMecHoH 

SOHbI H ee saBHCHMOCTH OT p;aBJIeHHJI He yqHTbIBaJIOCb HSMeHeHHe BeJIHllHH:bI 

ynpyrHx nOCTOJIHH:bIX, a TaKiRe BOSMOiRHOe BJImnme KOHn;eHTpan;HOHHbIX acp
cpeKTOB. PeSYJIbTaTbI :mcnepHMeHTa p;aIOT OCHOBaHIDI CYP;HTb 0 npaBOMepHO

CTH TaKoro npH6JIHmemm. ITo KpaiiHeH Mepe BnJIOTb P;O HCCJIep;OBaHH:bIX KOH

n;eHTpan;HH HHp;HJI B CBHHn;e CHJIOBble KOHCTaHT:bI, nO-BHp;HMOMY, npaKTHlleCKH 

He MeHJIIOTCJI. Op;HaKO npH p;aJIbHeii:meM nOB:bIilleHIm KOHD;eHTpan;HH npHMeCH 

MomHO omHp;aTb BOSHHKHOBeHHJI CKonJIeHHH HS aTOMOB HHP;HJI, BsaHMop;eH

CTBHe Memp;y KOTOP:bIMH 6yp;eT TaKHM me, KaK H B caMOM HHp;HH. OlleBHp;HO', 

B aTOM CJIyqae Cp;BHr llaCTOT npHMeCHOH SOHbI nop; p;aBJIeHHeM 6yp;eT onpep,e

JIJIThCJI B 60JIhmeH C'TeneHH nOCTOJIHHOH rpIOHaHseHa HHP;HJI. Torp;a MomeT 

B03HHKHYTh cHTyan;IDI, Korp;a (X'Y) P;JIJI npHMeCHOrO ypOBHJI 6yp;eT OTJIH'la Th

eJI O'T CBoeR BeJIHllHH:bI P;JIJI 'IaCTOT c06cTBeHH:bIx Ktme6aHHR MaTpHn;:bI. Bepo

JITHO, P;JIJI CHCTeMhi Ph - In aKcnepHMeHTaJIhHOe Ha6JIIOp;eHHe TaKHX H3MeHe

HHH B (xy) saTpYP;HeHO, nOCKOJIbKY KOHCTaHT:bI y ;n;JIJI CBHHn;a H HHP;HJI OTJIH

llaIOTCJI HeSHallHTeJIbHO. BMecTe C 3THM He HCRJIIO'IeHO, 'ITO OTMe'IeHHM TeH

p;eHn;IDI K 3anaSp;:bIBaHHIO (xy) p~~n no cpaBHeHHIO C (xy)p~:n 06JIsaHa HMeH-

HO aTOMY OOcTOJITeJIbCTBY H acpcpeKT MOmeT pa3pemHTbCJI npH 60JIbIIll'lX p;aB

JIeHHJIX H KOHn;eHTpan;IDIX. 

PeSYJIbTaT:bI pa60TbI p;OKJIap;:bIBaJIHCb Ha XVII BCeCOI03HOM COBe1:n;aHHH no. 

cpHSHKe HHSRHX TeMnepaTyp, AOHen;R, 26-30 HIOHJI 1972 r. 
ABTopbI B:bIpamaIOT npHSHaTeJIhHOCTb B. r. BapbJIXTapy 3a nOJIeSH:bIe 06,

cymp;eHHJI H B. B. IIIeBn;oBY sa nOCTOJIHHYIO TeXHHlleCKYIO nOMOID;h. 
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,ll;OKJIaAbI AKaAeMHH naYK CCCP 

1973. TOM 210, M 4. 

'Y)]){ 539.292+548.0:538 TEXHHgECKAH ~H3HKA 

AKa,ll;eMIIR AH JIaTBCCP II. M. lillPKO 

MArHlITOCBH3HAH CbIllYlJAH CPE,ll;A 

KAK MArHIITO)l;IIHAMlIqECKlIll nOPIDEHb 

CbIJJY'IaH cpeAa H3 <peppoMarHHTHbIx 'IaCTHD; B CyxOM COCTOHHHH HJIH CMO

'IeHHaH KaIWii-JIHoo mHAKOCTbIO AJIH y-BeJIH'leHHH ee IIoABHmHOCTH H YMeHb

IDeHHH IIOPHCTOCTH MomeT HBHTbCH a<p<peRTHBHbIM MarHHTOAHHaMH'IeCKHM 

IIopIIIHeM. 

Ha30BeM TaRYIO cpeAY Mar H H T 0 C B H 3 H 0 ii (M.C.C.), eCJIH OHa IIOMe

m;eHa B CTOJIb CHJIbHOe MarHHTHoe IIOJIe, 'ITO BeJIH'IHHa MaKCBeJIJIOBCKHX Ha

THmeHHH B HeH OYAeT COH3MepHMa C BeJIH'IHHo:ii: CYMMhl HOpMaJIbHOrO AaB

.JIeHHH an H BpeMeHHOrO COrrpOTHBJIeHHH paBHOMepHOMy paCTHmeHHIO Cpe,n;bI 

H j , T. e. (an + H j ) ~ B2 / (2/-to/-tr), r,n;e B - HH,n;YRD;HH, a /-tr - OTHocHTe~HaH 
IIpOHHn;aeMocTb cpe,n;bI. 

TaKHe cpe,n;bI Y}Re HarnJIH CBoe rrpHMeHeHHe B MarHHTHbIX H 8JIeRTpH'Ie

CIUlX MY<PTax, B ROTOPbIX OHH HCIIOJIb3YIOTCH ,n;JIH IIepe,n;a'lH HMIIYJIbCa 3a 

C'IeT C,n;BHrOBOii ,n;€<popMaD;HH (1_3). 
CBoiicTBaMH, OJIH3RHMH R cBoiicTBaM M.C.C., OOJIa,n;aIOT _ <peppOMarHHTHble 

mH,n;KOCTH (') H KHIIHm;Hii CJIoii <peppOMarHHTHhlX 'IaCTHD;, B ROTOPl>IX IIpH 

.HaJIOmeHHH CHJIbHOrO MarHHTHoro IIOJIH 3aMe'IeHO oopa30BaHHe TaR Ha3blBa

eMbIX «IIceB,n;OIIOJIHMepHbIX» D;eIIeii (5). 
ECJIl'I B IIJIOCIWIIapaJIJIeJIbHOM KaHaJIe C03,n;aTb IIOIIepe'IHOe MarHHTHoe 

IIOJIe, TO MarHHTOCBH3HaH cpe,n;a oopa3yeT CBoeoopa3HYIO rrpOORY, IIpOTHBO

CTOHID;YIO IIepeIIa,n;y ,n;aBJIeHHH. IIpH HeKOTophlX YCJIOBHHX TaKaH IIpOORa He 

oy,n;eT paspyrnaTbcH IIpH ,n;BHmeHHH, a oy,n;eT nepeMem;aTbCH RaR TBep,n;oe TeJIO, 

CROJIbSHm;ee no nOJIIOCaM. 

IIpoBe,n;eHHbIe ~mcnepHMeHTbI n03BOJIHJIH C'lHTaTb B nepBOM npHOJIHmeHHH 

BeJIlPIlIHY C,t!;BHrOBoro HanpHmeHHH cyxoro TpeHHH nponopD;HOHaJIbHOH Mar

HHTHOii HH,n;YRD;HH 't = kB. 
B TaOJI. 1 npHBe,n;eHbI 3Ha'IeHHH Roa<p<PHD;HeHTa k H BeJIH'IHHbI MarHHTHoii 

npoHHn;aeMocTH ,n;JIH HeRoTophlX MarHHTOCBH3HbIX cpe,n; C 'IaCTHD;aMH <peppo

.MaraeTl!IKa ,n;HaMeTpoM ~10 /-t. 
Ta6JIH~a 1 

Koa<J!<J!IiII~lieIiT k H OTHOCliTeJIbHaJl lIpoH~aeMocTb !1r 

OTBOCRTeJlbHafJ npOBlII\aeMOCTb P.r, aIM 

Cpe~a I Ii 

I I I I 0,1 ·10' 0,3·10' 0,b·l0' 0,7·10' 10' 

TpallcqiopMaTopHoe Mac-
JJO + 28% Fe 

1()5 4,5 4,3 3,8 3,6 3,2 

TpaHc<J!0pMaTopHoe Mac- 0,7.105 3,7 3,2 2,9 2,7 2,5 
JIO + 28% Ni 
CUJIaB In II: Ga + 21 % N i[ 0,6.105 2.,2 2,0 1,9 1,8 1,7 

BJIaro,n;apH aHH30TpOnHH 8JIeRTpH'IeCRHX CBoiicTB, OOYCJIOBJIeHHOii cym;ecT

"BOBaHHeM (<ITCeB,n;OnOJIHMepHhlX» n;eneii, npOOI{a H3 M.C.C. oom~,n;aeT xoporneii 

;::JJIeI{TPOIIPOBO,n;HOCTbIO B,n;OJIb MarHHTHhlX CHJIOBbIX JIHHHii, a nonepeR - nJIO

xoii H H3MeHHIOm;eiicH no BeJIH'lHHe. 8TO OOCTOHTeJIbCTBO ,n;eJIaeT Hen;eJIeCOOO

pa3HbIM HCnOJIb30BaHHe ee .B Ra'IeCTBe paOO'Iero TeJIa B ROH.n;yRD;HOHHOM 

Mr,ll; - reHepaTope. 
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