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1 . BBe Jl8Irn8 

.llJJfl IIOJiyqeirn:fl BhICOKO:tt IIOJJSipH3amm: 

H8:t1TpOHOB HCIIOJJb3YIDT OTpameirn:e OT Marirn~HhIX 

IlpH 9TOM .llOCTHraeTCfl IIOJJSipHSamm P~98+99%. 

rryqicoB T0ITJJOBHX 
KpHCTaJJJJOB/i,Z/. 

HHme oOcymnaeTcfl 

OJIHa ocoOeHHOCTb aToro rrpouecca, KOTOpafl, H8CKOJJbKO HaM 

H3B8CTHO, IIOKa qTo He OTMeqeHa B JIHTepaType. no HameMy MHeHRID, 

OHa rrpencTaBJJfl8T caMOCTOflT8JJbHl.iI8 KHTepec,H, KpoMe Toro, He 

HCKJJroqeHO, qTo ee JIOJJmHh11a yqeT MomeT CIIOC00CTBOB8Tb IlOJJyqeHHID 

rryqicoB He:ttTpOHOB c eme OoJJee BHCOKO:tt ITOJJSipH3aI.J;Hea (P-1=10-3 ). 

PaccMOTpm.1 cHaqaJJa oTpameHHe xopomo KOJJJWMRPOBaHHoro 

rryqica He:ttTpoHoB OT HeHaMarHHqeHHoro rrapaMarHHTHoro 

MOHOKpHCTaJJJJa B ycJJOBHflX reoMeTpID'I Eparra. ByneM C<m:TaTb, qTO 

KpHCTaJJJJ HJieaJJeH (OTCYTCTBYST M038HqffOCTb), ero TOJUitRH8 

3H8tJRT8JJbHO OOJJbme rJJyOmm 38TYX8HHfl He:ttTpoHHO:tt BOJJHH sa cqeT 

rrepBHqttO:R 8KCTHHKIDrn H OTpamaonafl rroBepXHOCTb KpHCT8JJJJ8 

rrapaJJJJeJJbHa KpHCTaJJJJOrpa<IJHqecICHM ITJJOCKOCT.fIM. CrreKTp 

He:ttTpoHHoro rryqica rioJJaraeTCfl mHpoKHM H ITJJ8BHHM. IlpH _ 8TOM TS 

H8:t1TpoHH, ,llJJfl KOTOpHX HOPM8JJbH8fl K BXOJIHO:tt IlOBepXHOCTH 

KpHCT8JJJJa COCT8BJJflD!l8fl 8Hepr1m COOTBeTCTBYST YCJJOBHD Bparra, 

OynyT OTpamaTbCfl, Terna K8K npyrHe 0YJIYT IlpoXOJIHTh BHYTph 

KpHCT8JJJJ8. 

Momtto ITOK838Th131 • qTo 8MIIJIHTYJI8 OparroBCKoro OTpameHHfl 

paBHa 

( 1 ) 

rne E - HOpM8JibH8fl COCT8BJJflDI(8fl 8HeprRH H0:t1TpoHOB, Eo ee 

sHaqeHHe, OTBeqaonee ycJJOBHD Bparra, 

tL=-4'1CNf('l'l.2 /2m) 

IlpeJICT8BJJfl8T cooo:n BeJJH<m:HY ITOT0Hl.J;H8JJ8 

(2) 

B38HMO.ll0:t1CTBM 

He:ttTpoHa C BemecTBOM,·m - Macca H0:t1TpoHa, N - <m:CJJO fl.ll0P B 

eJIHHHue o01>eMa, f - KorepeHTHan aMIIJIHTY.llB pacceflH:Hn, KOTopan 

JlJJfl ,JlOCT8TOqffO M0,JlJJ0HHHX H0:t1TpoHOB H B CJJyqae OJIH08TOMHOro 

HeHaMaI'Hl'!qeHHoro rrapaMarHHTHoro KpHCT8JJJJ8 · onpe,nemieTCH 

TOJibKO pacceflHJ!eM Ha flJIP8X H He 38BHCHT OT yr ... _ .. cceflHHfl • 

.l!JJfl MHOroaTOMHHX KpHCT8JJJJOB B poJIH pacceBBaDI(HX U8HTpoB 

BHCTYIT8DT 8JJ0M8HT8pmI8 KpHCT8JlJJHq8CKH8 fltle:tt:KH. P83Mepu fltl88K 

li\tar.,.-. k1,Ll~l i:;1cnrryr I 
tl!~!l!ibU lii.:: ::i'.;!Jllllif\U •1 

~WSJl~:,Jf:!K!• ~ 



COTIOCT8BEMJ:i[ C n.JrnHoa BOJIHH TeTIJIOBHX HenTpoHoB. Il09TOMY 

aMIIJinTyna f OK83llBaeTCH 38BHC,mnea OT yrJia pacceHHHH e. 
YrJIOBafl 38BHCHMOCTb B03HHK8eT H nJifl HaMarHHqeHHHX o~oaTOMHHX 

napaMarHHTHHX KpHCTaJIJIOB Hs-sa MarHHTHoro pacceHHHH HeaTpoHa 

Ha sJieKTpoHHoa oOoJio~e. 

HHTeHCHBHOCTb OTpameHHoro ny~a HenTpoHOB 

K09~eHTOM OTPallCeHHfl IRl 2 • KOTOpRn paBeH 

RHTepBaJie aHeprd 

E0 <E<E0+2u(e >. 
ecJIH U(0)>0. H B RHTepBaJie 

orrpeneJIHeTcH 

enRHHue B 

(3) 

E0+2u(0)<E<E0 • (4) 

e cJIH u < e > <0. l.J1wJiemi:oe sHa11eIDie u < e > cocTaBRHe T nnH pasHHX 
KpHCTaJIJIOB 10-8+10-7 aB. qro H8 5+6 IlOpflJlKOB MeHbme 9Heprim 

TeTIJIOBUX HeaTpOHOB. Il09TOMY rrpH JIOOOM CKOJlbKO-HHOYnb nnaBHOM 

9HepreT~eCKOM cneKTpe nanaDilIDC HeaTpOHOB RHTeHCHBHOCTb 

OTPallCeHHoro ny~a B O~JiaCTH IlOnHoro OTPallCeHHfl nponopUHOH8JlbHa 

BeJIH'Ilffie 2 I u ( e) I • JierKO yOenHTbCH (CM. IlpHJIOllCeHRe I) • qTo 

noJifl RHTeHCHBHOCTH • oOycJIOBneHHafl OTpa_llCeHHeM BHe yKa3aHHoa 

oOJiaCTH~TaKllCe nporropUHOH8JlbH8 lu(0)1. IlOCKOJibKY U(0)~f(0). TO 

nJIH RHTeHCHBHOCTH J OTpameHHoro rry~a MOllCHO 38ITRC8Tb 

BnpameHHe 

J=alf(0) I. (5) 

B KOTOpoM ITOCTOHHHafl a.He 38BHCHT OT f. 
Y HaMarHHqeHHoro rrapaMarHHTHoro KpHcTanJia KorepeHTHaH 

8MIIJI1'ITyna f CKnanuBaeTCfl H3 MarHHTHoa fm• nporropUHOH8JlbHOa 

HaMarHHqeHHOCTH. H MepHoa fn• nJifl HeaTpoHOB, ITOJIHpH30B8HHHX 

no(+) H IlpOTHB ( ♦) M8rHRTHoro ITOJifl,8MIIJinTYnll fm OTJIHqaDTCfl 

3H8KOM. IlOSTOMY RHTeHCHBHOCTH OTpameHHHX rry~OB B COCTOHHHHX 

(+) H ( ♦) OK83hlB8DTCfl pasHHMH: 

J+=alfn+fml • Jt=alfn-f ml• (6) 

EcJIH rrepBH~ rryqoK. rrana~ Ha KpHCT8JIJI. HeITOJIHpH30B8H. TO 

OTpame:Hiil:llt OyneT HMeTb ITOJIHpH38UHD 

J+-J♦ 
P=--

J++J♦ 

= lfn+fml-lfn-fml 
(7) 

lfn+fml+lfn-fml 

B TO BpeMH K8K MepHafl aMITJIHTyna flBRHeTCfl «l!HKCHPQB8HHOa Mfl 

TeTinOBHX HeaTpOHOB. M8rHRTH8fl 38BHCHT OT H8ITpffi!CeHHOCTH 
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BHelIIHero MarHHTHOro ITOJifl. EcJIH IlpH H8CIDileHHH lfml>lfn'• TO. B 
Ilpl'IHUHTie. MOllCHO rronoOpaTb MarHHTHOe ITOJie H TaK. qTOOll OllJIO 

BllITOnHeHO TO~Oe paBeHCTBO lfml=lfn'· Torna P=1. T.e. 
OTpameHHnn rryqoK OyneT ITOnHOCTbD ITOJIHpH30B8HHllM. 

nJifl B03MOllCHO OoJiee TO~oro BllITOnHeHHfl paBeHCTBa lfnl=lfml 

TpeOyeTCfl HaaTH crrocoo. Il03BOJifl~ H3MeHHTb fm• H 
9KCrrepHMeHT8JibliHn KpHTepd. IT03BOJIBIClllIDt KOHTpOJIHpoB8Tb 

CTerreHb 0nH30CTH nBYX aMITJIHTyn. HIDKe ITOK838HO, qTo TaKoa 

KpHTepd cymecTBYeT. 

2.3KcrrepHMeHT8JibliHn KPHTepd BhlCOKoro ypoBHH ITOJIHpH38UHH 

IlpemoJiomHM. MR orrpeneJieHHocTH, qTo ooe BeJIH~ fn H 

fm ITOJIOllCHTeJibHhl. Terna H3 (7) CJienyeT, qTo IlpH fn>fm 

P=fm/fn• (Ba) 

a rrpH fn<fm 

P=fn/f~-

UeHTp8JibliHn ITYHKT H8CTomnea 38MeTKH CBfl38H C 

ITOnHOro ITOTOKa OTP8llCeHHHX HeaTpOHOB J=J++J. 
H3MepeHHH TpeOyeTCfl neTeKTOp,HeqyBCTBHTeJibliHn K 

HeaTpoHOB). H3 «IOpMYJI (6) CJienyeT 

J=2a/n IlpH fn>fm,H J=2afm IlpH fn<fm• 

(8b) 

Bll~CJieHHeM 

<nnH ere 
ITORHpH38UHH 

(9) 

CJienoBaTeJibHO, rrpH fn>fm ITOnH8fl RHTeHCHBHOCTb J He 38BHCHT OT 

fm• T.e. HHK8K He MeHfleTCfl IlpH B03pacTaHHH H8ITpffi!CeHHOCTH 
M8rHH':l!HOro ITOJifl. o~aKo, H8'Ilffi8fl C HeKOToporo 3HaqeHRfl H, IlpH 

KOTOpoM fn=fm• nannHe:Rmee YBeJIHqeHRe Harrpfll!CeHHOCTH ITORH 
IlpHBOnHT K poCTY J. HHllMH CJIOBaMH. HMeeT MeCTO pa3pllB 

IlpOH3BOJIJIOa dJ/dl[, rrpHBon~ K H3JIOMY B 38BHCRMOCTH JOT H B 

TO~e fn=fm• OTcDna cne~yeT HCKOMnn 9KCITepHMeHT8nbHO 

HaOnDnaeMun KPHTepd, BhlITOnHe~e KOToporo B paCCM8TPHB8eMl:lX. 

mneaJibHl:lX YCJIOBHHX rapaHTHpYeT paBeHCTBO fn=fm H ITO~YE 
ITORHp:H38I.J;HI) OTpallCeHHHX HeaTpOHOB. 

JlerKO yCSenHTbCfl, qTo nonyqeHHun pe3YJlbT8T HHK8K He CBH38H 

C BllOpfilIHllMH Bl:mie 3H8K8MH 8MITJIHTYn f n H f m • Pa3pllB 

npoH3BO~OA dJ/dll B TO~e fn=fm OCT88TCfl IlpH nromc 3H8K8X 

STHX 8MITJIHTyn. 

Bl:mie rrpemoJiaraJiocb, qTQ HarrpaBneHHe ncxonHoro rry~a 

llC8CTKO «l!HKCHpoB8HO, B TO BpeMH . K8K peaJlbHO Bcer~a HMeeTCfl 

HeKOTOpRa yrJioBOA pa30poc. 3TO oCSCTOflTeJlbCTBO IlpHBOnHT, 
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KOHe'Illo. K COOTBeTCTByIOO(eMy 9HepreTHqecKOMY pa36pocy 

oTpameHHoro ny'IRa. HO ~axTHqecKH He BJIHReT Ha Ha.JIH~e H 

noJiomeHHe "H3JIOMa" B 3aBHCHMOCTH J(H). IlOTOMY qTQ H MarHHTHaH 

H H.n:epHaH aMilJIHTY.Inl pacceHHHH 3aBHCHT He OT yrJia pacceRHHH 

xax TaKoBoro. a oT nepe,n:aHHoro liMIIYJibca. rrocJie,llliltlt me B 

YCJIOBHHX ,nmtJpaKmm: Bparra noqTH TO'IllO ~CHpOBaH H 

npaKTHqecKH He 3aBHCHT OT yrJia na.n:eHHH. 

.AHaJIOrH'llme pe3YJibTaTll noJiyqaDTCR H B reoMeTpHH ~aya. 

3,n:ecb a~JIHTy.n:a OTpameHHH OTJIHqaeTCH OT (1) (CM., 
HanpHMep(4 •5/), HO HHTerpaJibHaH HHTeHCHBHOCTb OTpameHHH, KaK 

HeTpYnHO y6enHTbCH c noMOJIU,D Bll~CJie:mtlt, IlpHBe,n:emmx B 

npHnomeHHH I. TaKJKe npe,n:cTaBHMa B BH,n:e (6). 

3.~aKTO.m!.t_ noHHmaIOO(He no.mrpH3aUl'ID 

Ilepea,n:eM K MemamJ,HM waxTopaM. PaccMoTpHM npo6JieMH. 
CBH3aHHHe C KOH~tffioa TOJill(HHOa o6pa3Ua, norJiomeHHeM Ha ffnP8X 

KpHCTaJIJia. H C npoueccaMH HaMarHH~B8HHH. 

a)KoHetffiaR TOJill(HHa KpHCTaJIJia 

IlpH KOHe~ pa3Mepax o6p83U8 IlpOH3BOnHaH dJ/dH. B006me 

roBOpH,He HMeeT pa3pIIBa. 3To cJie,llYeT HS Toro. qTo no Mepe 

IlpH6Jll'DKeHHH cyMMapHoa HnepHoa H MarHHTHoa 8MilnHTY.Inl K HYJID 

KpHCTaJIJI MH COOTBeTCTBymJ,HM o6pa30M nonHpH30BaHHHX HeaTpoHOB 

OK83llBaeTCR BCe 6oJiee H 6oJiee npoapa'IllllM, H WopMYJI8 (6) ,lJ:JIH 

Jt• cnpaBennHBaH .ltJIH 
CTaHOBHTCR HenpHMeHHMoa. 

6eCKOHetffio TOJICToro KpHCT8JIJia, 

B o6meM cJiyqae ,lJ:JIH KpHCTaJIJia KOHetffioa TOJIIDHHH L 8MilJIHTy,n:a 
OTpamelil'IH B reoMeTpHH Bparra 38IlHCllBBeTCR B BH.n:e/3 / 

RL=R[1-exp(2tqL)]/[1-R2exp(2tqL)], (10) 

r.n:e R 8MilJIHTY.n:a OTpameHHH OT noJiy6eCKOHetffioro KPHCTaJIJia, 8 q 
6nOXOBCKOe BOJIHOBOe ~CJIO/S/. IlOJIHBH HHTeHCHBHOCTb 

OTpameHHH 

J=JIRLldE ( 11 ) 

HBJIReTCH CJIOmHoa (J)yHKUl'Iea. OTJIHqanneacR OT (5). IlpR 

6parroBCKOM OTpameHHH 6JIOXOBCKOe ~CJIO q CTaHOBHTCH MHHMllM R 

BeJIHqHHB Imq onpe,n:eJIHeT rJIY6HHY IlpOmmHOBeHHR HeaTpoHB BHYTpb 

KpRCTBJIJia: 

l=1 /lrocr-if /f • (12) 

r.n:e a - MemaTOMHOe paCCTORHHe. nJIH 1~10~12cM l HMeeT Be~ 
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nopHnK8 1MKM H KpHcTaJIJI TOJI!UHHOlt L» l MOmHO C~TaTb 6eCKOHetffio 

TOJICTHM. B 9TOM CJiyqae WopMYJia (~1) nepeXOnHT B (5). OnHaKo. 

'no MepenpH6Jll'DKeHHR f K HYJID, MH COCTORHHR (t) rJiy6HHa 

IlpOHHKHOBeHHH l YBenH~BaeTCH. H, Karna OHa CT8HOBHTCR 60Jibme 

L. WopMYJia (11) annpoKCHMHpyeTCH BHpam~HHeM 

J.-~<fn-fm)
2

• (13) 

BupameHHH (12) H (13) noKa3HBaDT, qTo, CTporO roBOpH, 

IlpOH3BOnHaH oJ/aH B TO'IRe fn=fm He HMeeT pa3pllBa, HO OmH6Ka B 
onpe,n:eJieHHH noJiomeHHR -TQqKH fn=fm TeM MeHbme. qeM TOJime 
KpRcTaJIJI. KaK CJienYeT H3 (12), npH T!'.)Jill(HHe KPRCTBJIJI8 ~1CM 

nepexo.n: OT Wo])MYJIH (5) K WopMYJie (13) llpOl'ICXOnHT IlpR 
lfn-fml<10-16cM, qTQ COCT8BJIReT npHMepHO 10-4 OT BeJIRq:ffHH 

(lfnl+lfml). Il09TOMY MR noJiyqeHHH BllCOKOA nOJIHpl'I38UHl'I 

OTpameHHoro IlY'IR8, OTJIHqaIOO(eacH OT noJIHoa nOnHpR38UHl'I Ha 

BenH~ nopHnKa 10-3 ,. HeJib3H IlOJib30BBTbCH 60Jiee TOHICHMH 

Kpl'ICTaJIJIBMH. 

OTCD.n:a. BepoRTHO. cJienYeT. 

CTpYKTypoa He MoryT CJIYlKRTb 

qTQ KpHCTaJIJIH C 

,lJ:JIR noJiyqeHHH 

M038:HqHOA 

. BllCOKOA 

IlOJIHpH3aUID'[, ec.JIH paaMepu M038H~ 6JIOKOB MBJIH. K comaJiemm. 

yBeJIRqeHHe paaMepoB M038H~ 6JIOKOB IlpHBOnHT K YMeHbmemm 

HHTeHCHBHOCTH OTpameHHR, n09TOMY 06JIBCTb npHMeHHMOCTH 

OilHCllBBeMoro 3,n:ecb MeTo.n:a noJiyqeHHR BllCOKOA noJIHpH38UID'[ MomeT 

OKB38TbCH orpaHHqeHHoa. 

6)IlorJiomeHHe 

no CHX nop Mll IlOJiaraJIR BMilJIHTY.Inl t ~CTO BeID0CTBemmMR. 

IlpH HaJIR~ norJiomeHHH. HeKorepeHTHoro H Heynpyroro pacceHHHR 

8MilJIHTy,n:a f B. CHRY onTHqecxoa T00p0Mll npHo6peT80T MHHMYD 
qaCTb Imf. MHHMaR qacTb Tome crJiamHB88T H3JIOM, nocKOJibKY, KBK 

noK838HO B IlpHJiomeHHH II. HHTerpaJibHBR no cneKTpy 

HHTeHCRBHOCTb OTpalKeHHH B 9TOM cJIYqae no~llll8MY 
' . nponopUl'IOHBJibHB If I • HO 

If I ::/(Ref )2+ (imf )20 
(14) 

IlJIBBHO nepeXOnHT OT Ref>O K Ref<O. HHr.n:e H8 oOpamaHCb B HOJll>. 

BOJIH3H "H3JIOMB" .n:eflCTBHT0JlbH8H qacTb BMilJIRTY.llll pacce.RHHH 

<fn-fm> MR COCTOHHHR (t) MOET 61:lTb Mem,me RJll!I ,l18ll8 MHOro 
M8Hbme ee Mm™OA qacTH. Il08TOMY B TO'IRe "H3JIOMB" KOS~~HI.lHeHT 

oTpamemm .llJIH H0ATpoHOB co CilHHOM (t) onpe,neJIH8TCH MHJIMO. 
qaCTbD BMilJIRTY.Inl H TBKJKe mll',l18 He oOpamaeTCH B HOJll>. 0.ltH8KO 
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nocKOJibKY OTHomeime Imf/Ref Mano16- 81 H 06litIHO COCT8BJIHeT 
BeJmtmHY < 10-4 (Imf .... 10-16cM). TO B o6cyllC,llaeMoa o6nacTH nonH 

HeaTpOHOB co CIIHHOM (t) B OTpameHHOM ny'Ilte TaroKe p8BH8 
npHMepHO 10-4 OT noJIH HeaTpoHOB co CIIHHOM (+) H Ha CTORbKO me 
38 cqeT SToro (l)aKTOpa IlOnH8H nonHµH38UHH B TO'Ilte H3ROM8 

OTJIHqaeTCH OT e.nmm:Ull. 

B)Ilpoueccu HaMarimqnBaHHH 

nnH BHHBJieHHH npHHummaJibHHX oco6eHHocTea npe~naraeMoro 

MeTona yno6H6 6uno orpaHHqnTbCH HaHOonee npocTHM cnyqaeM 

napaM8rHHTHOro MOHOKpHCTanna •. Ha npaKTHKe nORHµH30Bamme 

HeaTpOHH nonyqaroT C noMomhll !l>eppoMarHHTHHX KpHCTannoB. 

llOST?MY He06XO.IWMO pacCMOTpeTb oco6eHHOCTH, CBH3amrn:e· c 

npoueccaMH HaMarHHqnBaHHH fl)eppoMarHeT:HKOB. 

QqeBHnHO. qTo MarHeT:HK noJDKeH 6HTb onHonoMeHHI™. nosTOMY 

Heooxo.IWMO npmcna;:m:BaTb K KµHCTanny 6oJibmoe BHemHee none. 

ooecneqnBamtee TaK Ha3HBaeMoe TeJCHHqecKoe H8CHmeHHe. 

HsBeCTHO. qTo B03HHK8Dll8fl npH STOM H8MarHHqeHHOCTb Is eme He 
paBH8 M8KCHM8RbHOMY B03MOmHOMY 3HaqeHHro. YBennqeime BHemHero 

nonH npHBOnHT K nanbHeaineMy poCTY· I BilROTb no nonHoro 
HacHme~ I 0 sa cqeT TaK Ha3HBaeMoro napa-npouecQa (cM(91 • 
CTp. 12). Pa3HOCTb (I0~I

5
) MomeT 6HTb noBORbHO 60RbmOa. 

IlOCKORbKY OH8 B03pacTaeT no Mepe npn6nnmeHHH TeMIIepaTypli 

o6pasua K TO'Ilte KllpH. Ilo SToa npH~e npH HCllORb30Bamm: 

!l>eppoMarimTHoro KpHCTanna OCT8eTCfl B03MOmHOCTb perynnpoBKH 

:senn<mim KorepeHTHoa MarimTHon aMITJIHTY.llli nnH ooecneqeimH 

pa:aeHCTBa fm=fn• 
Hs-sa aimsoTpOmm MarimTHl:lX cooacTB !l>eppoMarHeTHKa BeKTop 

HaMarHRqeHHOCTH I MomeT COCTaBRHTb HeKOTOpmt yron ~ C 

HanpaBJieHHeM BHemHero nonfl H. IlOSTOMY name npH TO'IHOM 

BlillOnHeHHH paBeHCTBa fm=fn B OTpameHHOM ny'Ilte HenTpoHOB 
BosH:HKaeT He6onhmaH nenonHµHsaUHH1101 • He npeBmnamtaH 
:se~ (1-cos~) "" ~ 2/2. oueHitH (CM. npnnomeime III) 
noKa3HBallT. qTo BnonHe nocTmtrnMI:l ycnOBHH. B KOTOpl:DC ~<10-2 • 
T.e. nenonHµHsaunn He npeBmnaeT 10-4 • ManocTb sToa aennqmm B 

COBOKYIIHOCTH C o<5cymnaeMoa BW!Ie .B03MOmHOCTbll nnaBHon 

perynnpoBKH MarimTHoa aMIIJIHTY.llli f m noKasuaaeT. qTo B npmi:UHITe. 
nocTIDKeHHe BliCOKOa nonHµH3aUHH B03MOmHO He TORbKO C IlOMOmbll 

napaMarHHTHI:DC. HO TalOICe H C IlOMOmbll il>ePJ?C>MarHRTHllX 
MOHOKpHCTannoB. 
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4.3aICnroqeHHe 

a)OITHcaHHHn Burne MeTon nonyqeimn BHC?Kon nonHµnsaUHH 
nyTeM,IlPHBH3KH IC "H3ROMY" B HHTeHCHBHOCTH OTpameHHoro. nyqICa 

MOmeT 6UTb npHMeHeH H npn llHft)paKUHH B reoMeTpIDi nays. B STOM 

cnyqae HenTµOm,i: npoxonHT CKB03b KµHCTaJIJI. H BepoHTHOCTb 

nng)paKUHH OT KpHCTannnqecKHX MOCKOCTen 3aITHCliB8eTCH B 
anne14 •51 

J=s1n2 (LuY1ef/2RB)/(1+y2 ). 

rne L - TOJllllliHa KpHcTanna. 

y=(E-E0 )/U, 

(15) 

( 16) 

H RB - <5parroBc!Cd BOnHOBOn B.eKTOp • KOTOpmt xapaKTep1rnyeT 
rrepenaHHmt l'IMIIYRbC npn TO'IHOM BhITIOnHeHHH YCROBHH nnipJ>aKUHH. 

B cnyqae naya HeT o<5nacTH, aHanorntIHon o<5nacTH nonHoro 

oTpameimn. Karna KOS~UHeHT oTpameHHH rrocToHHeH H paBeH 

enHHHue. TeM He MeHee, B cnny Toro. qTo. KaK noKasaHO B 

npnnomeHHH I, HHTeHCHBHOCTb OTpameHHH CHOBa nponopUHOH8RbHa 

Monynro aMIInHTY.llli paccemmfl, nsnoM HHTeHCHBHOCTH no-npel!CHeMY 

HMeeT M8CTO. H STO naeT B03MOmHOCTb nonyqaTb BHCOKO 

nonHµnsoBaHHUe IlYtIKll! TaroKe H B reoMeTpHH nays. Bee awne 

npnaeneHHUe paccymneimn. KacaB11IHecH reoMeTpm1 Bpsrra. 

(l)aKTHqecKR rrepeHOCHTCH H Ha reoMeTpJrn nays. 3necb, B8p0flTH01 

B03MOmlili H· norrommTenbHHe KµHTepHH nonyqeHHH BliCOKoa 

IlORHµH3amm. CBH3amme C Bapnaunen HHTeHCHBHOCTH Ha BI:DCOnHOa 

no:sepXHOCTH (T.H. MaHTHmtOBlie KOne6aHHH). 

C5)HBneHHH. OITHcamme Burne. MoryT HMeTb MeCTO H B 

HeMarHHTHhYX KPHCTaJIJiax. B KOTOpliX ponb nonHµH3aUIDi sneKTpoHOB 

nepexonnT K IlOnfiµH3aUIDi nnep. B qacTHOCTH, nRH Il0nfiµH30B8HHHX 

Hnep co cmmoM J=1/2 aMIInHTY.llli paccemmn neaTpOHOB B 

COCTOfilmflX (+) H (t) pamm COOTBeTCTBeHHO a+bPn H a-bPn• rne 
BeJIH9fflll,I a H b onpenenHllTCH CTpYKTypoa flnP8 .• 8 P n - . nnepHaH 
nonHµH38UHH. Ecnn. HanpHMep. a H b nonomnTenbHH H a<b. TO npH 

HeKOTOpoM npoMe»cyTO'IliOM 3HaqeHHH P n BlillOnHeHO .· ycnoBHe a:=bP n. 
B SToa TOq}Ce llOnH8H HHTeHCHBHOCTb OTpameHHoro nyqICa HeaTpOHOB 

HCimTHBaeT "H3ROM". a oTpamemme HeaTpOHH OKa3HB81lTCH 

llOnHOCTbll llORfiPH30B8HHl:lMH. 
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IlpRJIOJKeHHe I 

nJifl orrpeneJieHHOCTR OyneM CtmTaTb U>O. BUtmCJIRM RHTerpaJI 

+oo . ,----~ ,2 

f ~-/E-E0-2ti 
J= dE -;=::::;--;:===;-I . (I.1) 

~+/E-E -2ti -oo ✓ .c,-.c,o· o 

SaMeHa ne~Memmx E-E0=2ux naeT 

+oo 2 

J=2u fax1 fl--rx=T'1 
-<JO fl+-rx=l' 

Ha RHTepBaJie 0<X<1 IlO,lU.,IHTerpaJibHOe BlipaJKeHHe paBHO 
ll08TOMY 

+oo I 2 o I . 2 00 2 
fax fl--rx=T", =1 + fax fl--rx=T", + fax[ fl--rx=T"] 

-oo fl+-,l'x-1' -oo fl+-,l'x-1' 
1 

fl+-rx=T' 

o I 2 00 2 
fax fl--rx=r, =fax[ fl-TX+T] 

-oo fl+-,l'x-1' 
0 

fl+TX+T 

IIOCJie 3aMeHl:l x+1=y 8TOT RHTerpaJI nepexonnT B 

00 2 

fdy[ t[l--'1J=f'] . 
1 -r'f}+Y[Ff' 

II08TOMy 

+oo I 2 00 2 
fax fl~-rx=T', =1 +2fax[ fl--rx=T'J 

· -oo fl+-,l'x-1' 
1 

fl+..,,x-1' 

(I.2) 

e.n;mrn:ue, 

(I.3) 

(L4) 

(I.5) 

(I.6) 

IIOCJie saMeHl:l X=(Z+1 )/2 llOCJie.Ill{:Hft RHTerpaJI npeoOpasyeTCfl 
cJienyllllEM oopasoM : 

jax(. fl--rx=T'J 2 
={jctz [z-~] . 

1 fl+-,l'x-1' 1 z+~ (I.7) 

IlpoRsBeneM eme O.ItHY saMeHY z=che, Torna nocJie.n;Hee BupaJKeHHe 
llpRMeT BlUt 

B 

00 00 

1fsh8 che-shedc-( 1/ 4 )f(e-e_0-3e)d€=1/ 6 (I 8) 
2 che+she - • • 

0 0 

B pesyJibTaTe IlOJiyqaeM cfx)pMYRY (5), B K~Topoa 

a=16m2 N/3m. (I.9) 
B CJiyqae reoMeTpRR Raya Tpe0Y0TCfl BlitmCJIRTb RHTerpaJI 

00 

J=fs1n2 (Lu~/2~)/(1+y2)d.E= 
00 

00 

=U fs1n2 (LU~/2~)/(1+y2)dy. (I.10) 
-<JO 

BBeneM 0003HaqeHHe p=Lu/~, BOCllOJlb3Y0MCfl COOTHOmeHHeM 

s1n2 .x=(1-cos2x)/2 (I.11) 

R, cneJiaB saMeHy nepeMe~oa ~. rrpeoopasyeM RHTerpaJI K 
BlinY! 

00 

J=uJ[1-cos(px)ldX/~. (I.12) 
1 

B cJiyqae OoJibl!IHX p 8TO BlipaJKeHHe ynoOHO npencTaBRTb B BMe 

J=('lt/2)U[1-g(p)], 

rne «l)yHKURfl g(p) paBHa 
00 

g(p)=2fcos(px)dX/~. 
1 

IlpencTaBRM cos.x=:[exp(tx)+exp(-tx) 1/2 R 
,-. . . 

cneJiaeM 

nepeMeHHl:lX z:-,,x-1. Torna RHTerpaJI npencTaBHTCfl B BMe 

(I.13) 

(I.14) 

38M8HY 

g(p)=f[exp(tp)exp( tpz2 )+exp(-tp)exp_(-tpz2) l2dz/'1t(1+z2 )~. 

(I. 15) 

IlpR OOJiblIIRX p MOJKHO llOJIY'llTb 8CRMllTOTHqecKoe Bupa•eHHe 

g(p)~""27'ifpcos(p+'lt/4). (I.16) 

H3 (I.16) H (1.19) CJienyeT. qTo B cJIYqae TOJICTOro Iq)HCT8JIJl8 

BnaJIR OT TO'IJKH /=O RHT8HCHBHOCTb 0Tp8llt8mmx HeaTpOHOB 
nponopUROH8JlbH8. IUI, H llOTOMY TO~Y /=O CHOB8 MOEIO 
onpeneJiflTb no pasp!:my llpoHSBO.n;HOa OJ/OH. 
IlpH M8JIWC p ynoOHo npencTaBRTb RHT8HCHBHOCTb B BMe 

p 00 

J=Ufdqfs1nq.xdx/2~ 
0 1 

9 

(I.17) 



H BOCITOJib30B8TbCH ~pMYJIOa (3.753.3) H3 crrpaBO'lffiHKa/11 ~ 
00 

Js1nqxd.X/~='ltJ0 (q)/2. (I.18) 

1 

rne Jo(q) - ~YHKUHH BecceJIH. IlpH MaJillX q HMeeM Jo(q)~1 • 

ITOSTOMY 

JR>'K'-1Ulp/4=4'lt3N2 (fn-fm) 2 L/R. (I.19) 

OTCJOna CJienyeT. qTo B TOtJKe U=O HHTeHCHBHOCTb HeaTpoHOB B 

COCTOHHHH (t) paBHa HYJIJO H H3JIOM. K8K H B CJiyqae reoMeTpHH 

Bpsrra. ncqesaeT. Bnann me OT sToa TO~ B cJiyqae TOJICToro 

KpHCTanna (~1CM) HHTeHCHBHOCTH HeaTpoHOB B COCTOHHHHX (+) H 

(t) BblXO,ll.RT Ha 8CHMIITOTHqecKHe 3HaqeHHH. orrpeneJIHeMhie 

~pMYJI8MH Tl'III8 (6). SKCTpaITO.JIHUHH ITO ·sTHM 8CHMIITOTHK8M 

IT03BOJIHeT openennTb TOtJKY. B KOTopoa nocTHraeTCH 3HaqeHHe 

f=O-. 

IlpHJIOJKeHHe II 

EcnH 8MITRHTYna pacceHHHH HMe~T MHHMYJO qacTb. TO, ~pMyJia 

(2) MOJKeT ORTb rrpencTaMeHa B BHne 

u+tV=-4m2N(Ref+timf}/m. 

H HHTeHCHBHOCTb OTpaJKeHHoro ITYtJK8 paBHa 

+oo ~-----~•2 
J=JdE ~-/E-E0-2(u+tv) 

-oo ~+/E-E0 -2(u+tv) 

3amm.teM KOMITJieKCHRa ITOTeHUH8JI B BHne 

~exp(tcp). cp=a.rctg(v/u)=arctg(Imf/Ref). 

H cnenaeM saMeHY ITepeMemmx E-E0=~
noJiytraM 

+oo ~~~~~ 2 
J=2~ Jdxl fl--,lx-exp ( tcp > I =2~ A (cp) • 

-oo fl+-,lx-ex~ ( tcp )' 

C IlOMOlllbJO TeOpHH BaqeTOB MOJICHO IlOK838Tb. qTo 

10 

B pe3YJibT8Te 

(II.1 ) 

+oo ~~~~~ 2 . 
A(cp)= Jdxl fl-.,,x-exp( tcp) I =-'lts1nl.cpl cos2 lcpl-8/3+4cos2 lcpl + 

-ro fl+-,lx-exp ( !cp )" 

+4coslcpls1n2 1cplln[ctg(lcpl/2)l. 

OKoHqaTeJibHO ITOJiyqaeM 

J=(4'lt1i.2N/m)✓(Ref)2+(ImJ') 2A(cp). 

(II.2) 

(II.3) 

IlpH cp=O. T.e. Korna aMITJIHTyna qncTO BemecTBeHHaH. H3. (II.3) 

ITOJiyqaeM A(0)=4/3. HJ orrpeneJIHeTCH BRpaJKeHHeM (5). B KOTOpoM 

U=16'~2 N/3m. Ecnn aMITRHTYna qncTO MHHMaH. TO <p='Jt/2 H 

A=('lt-8/3)...0.47. Torna nJIH HHTeHCHBHOCTH OTp8lK8HHOro _nytJKa 

IlOJiyqaeM 

J=-ylfl • -y...0.36a. 

nJIH naJibHeamero YTO'lHeHHSI 38BHCHMOCTH J OT MHHMl:lX 'l8CTe~ 

8MITnHTYn (f n+fm> R. <fn-fm> MOJICHO BOCilOJib30B8TbCH rrpzoonemmMH 
HHJKe BRp8lK8HHHMR· nJIH rrpoH3BO,llHllX J no UR ITO v: 

aJ/aU=[t.LA(cp>-vA' <cp> l/~ •. 

aJ/aV=E°vA<cp>+t.LA' <cv> l/~. 

a 2J/au2 =if[A(cp)+A#(cp)l/(u2 +v2>3/2 • 

a 2J/aif=u2 [A(cp)+A#(cp)l/(u2 +v2 >3/2 • 

a 2J/auaV=-UV[A(cp)+A#(cp)]/(u2 +v2)3/2 • 

B 'l8CTHOCTH t 

(aJ/av)1.l_;e(),v=O=A' (0)=-'lt• (aJ/au>v¢O.u=0=-A' ('lt/2)=0. 

IlpHJIOJKeHHe III 

IlOCKOJlbKY pe'lb nneT TOJibKO oo oueHKax. nocTaTO'lHO 

orpaHHtIRTbCH rrpocTeanmM cJiytiaeM. KOrna ~ppoMaI'HHTHRa 

KpRCT8JIJI RMeeT OnHO HarrpaMeHHe JierKoro H8MarHH'lHB8HHH. IlyCTb 

cp - yroJI Memny BHelIIHRM IlOJieM H R HarrpaMeHReM M8I'HHTHOro 

MOMeHTa I. OTHeceHHoro K enimHUe 00'b8M8 ~ppoMarHeTRKa. a 

yroJI Memny HR HarrpaBJieHHeM JierKoro HaMarHHtIHBaHHH. Terna 
T8pMOnHH8MH'l8C~ IlOTeHURaJI (CM./lO/. CTp. 195) paBeH 

w 0 (I)-Kcos2 (cp--a)-Hicoscp-H2 /8'lt. (III.1) 

rne K - KOHCT8HT8 • xapaKTepR3YDil8fi M8I'HHTHYl'.l 8HR30TpoIDll) · 

KpRCT8JIJia. IlpH T8pMOnHH8MH'leCKOM paBHOBeC~ B8.JUAHH8 yr~a cp 
orrpeneJIHeTcH. K8K R3BeCTHO. YCJIOBR8M ~/c:l'.p=O. ICOTOpoe B 
naHHOM cnyqae rrpHHRMaeT BRn 
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Ks1n(2q>-2a)+His1ncp=K(s1n2q:,cos2a-cos2~s1n2a)+His1ncp=O. (III.2) 

IlpH nocT8TO'IlIO OOJibmoa H8npHE8HHOCTR IlOJIH H BeJlll:'IHH8 ~«1. 
Torna H3 (III.2) CJie,IlYeT 

cp=Ks1n2a/(HI+2Kcos2a). (III.3) 

T.e. npH JIIJOOM 3HaqeHHH yrJia a HMeeM 
~/(HI+2Kcos2a). (III.4) 
,ll.nH He CJmllIKOM ESCTRHX rt>eppoMarHeTHKOB MOEHO IlOJIOl!CHTb 
K~105apr/cM3 (CM./10/. CTP- 156). B YCJIOBHruc H8Cl:llll8HHH 
IN103rc. Torna npz H~104rc H3 «lK)pMYJil:l (III.4) cJie,IlYeT ~10-2 . 
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llrHaTOBHq B.K., ITonrope~KHH M.H., 
Uynai:i M.H. 
K BOnpocy O nonHpH3a~H H8HTPOHOB . 

IlPH AH¢paK~HH Ha HaMarHHqeHHbJX KpHCTannax 

P4-99..,377 

06cy,KJJ;aeTcH npo~ecc KorepeHTHoro OTpruKeHHH HeHTp
0

0HoB 
OT HaMarHHqeHHoro KpHCTaJIJia. IloKa3aHo, qTo 3aBHCHMOCTb 

IlOJIHOH HHTeHCHBHOCTH OTpa)KeHHoro nyqKa OT B8JIHqHHbl Ha

MarHHqeHHOCTH HCilb!TbIBaeT 11H3JIOM 11 npH AOCTIDK8H\IH nonHOH 

nonHpH3a~HH, KOrAa HA8PHaH H MarHHTHaH aMnJIHTYAbl pacceH

HHH COBilaAaJOT. 3TO HBJI8HHe M0)1(8T 6bITb HCilOJlb30BaHO AJIH 

nonyqeHHH nyqKOB HeHTPOHOB, noJIHpH3~HH KOTOpbIX OTJIHqaeT
CH OT 8AHHH~bl Ha BeJIHqHHY IlOPHAKa I 0-3 • 

Pa6oTa BWnonHeHa B Ila6opaTOPHH HeHTpOHHOH ¢H3HKH OIDIH. 

IlpenpHHT 06'Le)XHHeHHOro HHCfflTyra HAepHhIX HCCJleAOBIUIHH. ,lly6Ha 1990 

ITepeBOA aBTOPOB 

Ignatovich V .K., Podgoretskii M. I., Tsulaya M. I. P4-90-377 
About the Polarization of Neutrons 
Diffracted on Magnetized Crystals 

The·process of coherent reflection of neutrons from 
a magnetized crystal is discussed. The dependence of the 
total intensity of the reflected beam on the crystal mag
netization is shown to have a "bend" at the point where 
nuclear and magnetic scattering amplitudes are equal in 
magnetude and the beam is completely polarized. This phe
nomena can be used for preparing of neutron beams with 
polarization differing from unity by an amount of order 
10- 3. 

The investigation has been performed at the Laboratory 
of Neutron Physics, JINR. 
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