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1. BBEAEHl,,tE 

He~TP0HHaSl CT0SlYaSl B0nHa 06pa3yeTCS1 np1,1 pacnpocTpaHeHl,11,1 

He~TpoHos s Kp1,1crnnne 1,1n1,1 cno1,1cTo~ CTPYKTYPe. ~snsisicb 

nep"10A"1YeCK"1M npocTpaHCTBeHHblM pacnpeAeneH"1eM He~TPOHHO~ 

nnOTH0CTl,1, CTOSlYaSl BOnHa nposisnsieTCSl Yepe3 "aHoManbHYIO" OT Afll,1Hbl 

BOnHbl He~TpOHa 3aB"1C"1MOCTb sepOSlTHOCTl,1 TOfO 1,1n1,1 1,1HOro npou.ecca 

nornow,eH1,1si HethpoHa. nepsoe Ha6n10AeH1,1e nposisneH1,1si cTOsiYe~ 

BOnHbl OTH0C"1TCS1 K 1956 r., KOrAa B 3KCnep1,1Me1-ne Ha MOHOKP"1CTanne 

CdSO4 Ha6nl0Aancsi scpcpeKT "aHOManbHOro" nornow,eH"1Sl HethpOHOB [1]. 

no3)Ke 6b1n ocyw,ecrnneH PSlA 3KCnep1,1MeHTOB, B KOTOpb!X 

1,1ccneAOBan1,1cb pa3n"1YHbl8 acneKTbl 3TOro B"1Aa He~TPOHHOro BOnHOBOro 

nonsi. TaK, B [2-6] np0B0A1,1nocb 1,1ccneAOBaH1,1e npou.ecca "aHOMMbHOro" 

nornow,eH"1Sl Ha Kp1,1crnnnax lnSb 1,1 CdS. B [5-6], B YaCTHOCrn, CAenaH 

BblB0A O coxpaHeHl,11,1 KOrepeHTHOCTl,1 pacnpocTpaHeH"1Sl He~TPOHHO~ 

BOnHbl np1,1 Af11,1H8 BOnHbl He~TpOHa, COOTBeTCTBYIOW,e~ pe3oHaHcy 

C"1nbH03axsaTH0ro SlAPa Cd. 8 [7] 1,13yYanOCb "aHOManbHOe", CBS13aHHOe 

C noneM CT0S1Y"1X BOnH, HeKorepeHTHOe pacceSJHl,19 Ha cn1,1Hax SlABP 

BOAOPOAa, O6pa3oBaH"19 HB~TpOHHblX CTOS1Yl,1X BOnH B . KP"1CTanne 

3aB"1Cl,1T OT nonsi ynpyroro HanpSJ)KeH"1Sl. B CBS131,1 c srnM PSlA pa6oT (8,9] 

6bln nOCBS1W,8H 1,1ccneAO.BaH1,11Q OTpa)KalOw,e~ 

Kone6n10w,erocsi 1,1n1,1 noAseprHyTOro 1,13rn6y Kp1,1cTanna. 

AHanornYHO He~TpOHaM pacnpocTpaHSllOW,eecsi B 

cnoco6Hocrn 

cn0"1CTblX 

CTPYKTYPaX peHTreHOBCKOe 1,13nyYeH1,1e o6pa3yeT peHTreHOBCK"1e CTOS1Yl,1e 

BOnHbl [10]. 8 [11] 6b1no npeAJlO)K9HO 1,1cnonb30BaTb CTOSlYYIO BOnHy 

peHTreHa KaK yyscrn1,1TenbHbl~ MeTOA onpeAeneH1,1si CTPYKTYPbl. MeTOA 

OCHOBaH Ha 1,13Mep9Hl,11,1 yrnoso~ 3aBl,1C1,1MOCTl,1 "1HTeHC"1BHOCTl,1 

BTOp"1YHO~, o6ycnosneHHO~ nornow,eH"1eM peHTreHOBCKl,1X nyYe~. 



pa,a,111au.111111 (BTOPlll4HaH cjmyopecu.eHU.IIIH, cj)OTO- Ill O)Ke-aJleKTpOHHaH 

3MIIICC111111). BTOplll4HOe 1113J1Y4eH111e HeCeT IIIHcj)OpMaU,IIIIO 06 aTOMax, 

KOTOpble era 111cnyCTI/IJllll. 8 CBH3111 C 3TIIIM, perncTp111pyH 

xapaKTeplllCTlll4eCKoe 1/13Jly4eH111e, MQ)l(HQ T04HO onpeAeJllllTb copT aTOMOB, 

I/IX KOJ11/14ecrno Ill nony4111Tb, TaKIIIM o6pa30M, 6011ee AeTaJlbHYIO 

. IIIHcj)OpMaU.I/IIO [12]. PeHTreHOBCKl/le 11y4111 pacce111Ba10TCH Ha 3/leKTpOHHOIII 

nllOTHOCTIII. noaTOMY I/IX 111cnOJ1b30BaH111e orpaH1114eHO MaTep111a11aM111 C 

He60JlbWIIIMI/I 3Ha4eHI/IHMI/I 3aPHA~BOro 4111CJla 3/leMeHTa. 

He111TpOHbl 0611a,a,a10T 60JlbWelll npoH111Ka10w.e111 cnoco6HOCTblO Ill 

IIIMelOT Marttl/lTHbllll MOMeHT. 8 CBH31/1 C 3TI/IM OHi/i MOryT IIICnOJlb30BaTbCH 

TaK)l(e np111 I/ICCJleAOBaHIIII/I cpeA, COC"rOHUJ.IIIX 1113 3/leMeHTOB C 60JlbWI/IM 

aapHAOBblM 4111CJ10M 11111111 (111) 

XapaKTeplllCTlll4eCKI/IM 111311yYeH111eM, 

MarHIIITOaKTI/IBHblX 

803HIIIKalOw.eM np111 

aTOMOB. 

aaxsaTe 

He111Tp0Hos, HBJlHeTCH npe)l(Ae scero raMMa-111a11Y4eH111e, np111cyw.ee c 

3aMeTHOIII sepOHTHOCTblO . 60JlbWIIIHCTBy HAep (OTMeTIIIM, 4TO B [1] 

06Hap~eH111e BOJlHOBOro nOJlH CTOH41/1X HelllTPOHHblX BOJlH 

ocyw.ecrn11H11ocb nYTeM perncTpau.111111 raMMa-111a11yYeH111H, 111cnycKaeMoro 

HAPaMI/I Cd). 8 pa6orn [13] 6b1Jl0 coo6w.eHo O Ha6J110AeHIIII/I CTOH4111X 

HelllTpOHHblX BOJlH B CJlOI/ICTOIII CTPYKTYPe C xapaKTepHblMI/I T01lUJ.IIIHaM111 

cnoes nOPHAKa COTeH aHrCTpeM. 8 3KCnep111M~HTe 1113MepHJlaCb 

IIIHTeHCI/IBHOCTb raMMa-111311yYeH111H OT CJlOH ra,a,OJll/lHI/IH TOJlUJ.IIIHOIII 84A B 

3aBI/ICIIIMOCTI/I OT yrna CKOJlb)l(eHIIIH nyYKa Hel!ITPOHOB. Ha6J110AeHHaH 

3aBI/ICI/IMOCTb IIIMe11a PHA MaKCIIIMYMOB, COOTBeTCTBYIOW.IIIX pa3Jllll4HbIM 

nopHAKaM nornow.eHI/IH Hel!ITPOHHOIII BOJlHbl. ABTOpbl AeJlalOT BblBOA 0 

Ha6J110AeH111111 pe30HaHcHo-yc11111eHHblX CTOH4111X BOJlH [14]. Ha caMOM Aene 

pe)KIIIM yc11111eHI/IS'I peaJ111130BblBaJlCH, TOJlbKO KOrAa Ha ra,a,OJll/lHllleBoM cnoe 

HaXOAIIIJlCH yae11 CTOH4elll BOJlHbl. np111 yrnax CKOJlb)l(eHIIIH, 

COOTBeTCTBYIOW.IIIX ny4HOCTIII CTOH4elll BOJlHbl Ha ra,a,OJll/lHllleBOM CJlOe, 
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pe)l(I/IM yc11111eHI/IH l-13-3a 60JlbWOro nornow.eHIIIH HelllTpOHOB He 

pea1111130Bbl8311CH. 

B AaHHOM pa6orn npeAJ1Q)K0H HOBbllll M0TOA 1113MepeHI/IH, 

OCHOBaHHbllll Ha 111cnOJ1b30BaH~11,1 CTOH40111 BOJlHbl B onpeAelleHHOM "+ (-)" 
cnlllHOBOM COCTOs:IHl/ll,1 (c npoeKu.111e111 cn111Ha HelllTPOHa BAO/lb (nporns) 

HanpasneHI/IS'I MarHI/ITHOro no11H). ·cTOH4aH BOJlHa B onpeAeJleHHOM 

CnlllHOBOM COCTOS'IHI/II/I M0)1(0T 6b1Tb 111cno11b30BaHa AJlP. onpeAelleHI/IH 

npocTpaHcTBeHHOrG nOJlQ)KSHI/IH CJlOH sew.ecTBa, Bbl3blB8IOUJ.0rO 

lll3MeHeHl/le aaceneHHOCTI/I Cnl/lHOBblX COCTOHHl..1111 tl0111TPOHa B MarHI/ITHOM 

none. 1113M0H0Hl/le 3aceneHHOCTI/I M0)1(0T 6b1Tb Bbl388HO KaK H0111TPOH

HA0PHblM Cnl/lH-3aBI/ICI/IMblM B381/1MOAelllCTBl/l0M, TaK 1/1 B3al/lMOJJ,0111CTBlll0M 

H0111TPOHa C 3/leKTpOHHOIII 060J104KOIII aTOMa. nocneAHee 

B3al/lMOA0111CTBl/le OTB0TCTB0HHO 3a npou.ecc nepeXOAa H0111TPOHa Me)K,qy 

Cnl/lHOBblMI/I COCTOHHI/IHMI/I np111 npoXO,KASHI/II/I I/IM rpaHIIIU.bl pa3A0Jla 

MarHI/ITHO-HOKOJlJll/lHeapHblX cpeA (11111111 MarHI/ITHO-HeKOJlJll/lHeapHoro 

CJlOH). 0Tpa)l(eHHbl0 OT 11111111 npeJlOMJleHHbl0 B M3rHI/ITHO-H0KOJ1Jll/lH03pHOIII 

CP0A6 Ill IIICnblTaBWl/le nepeXOA H0111Tp0Hbl o6pa3ylOT BTOP1114H00 

111311Y40Hllle. noTOK 3TI/IX H0111TPOHOB cocpeAOT040H B He60JlbWOM 

' T0Jl0CHOM : yrne. 8TO o6ecne4111BaeT CB0TOClll11Y Ill npeBblW0Hl/l0 

nOJ103HOro C4eTa H0111TpOHOB no OTHOW0HIIIIO K cj)OHOBOMy. 8 pe3yJlbTaTe 

AOCTlllraeTCS'I aTOMHOro MaCWTa6a 4YBCTBIIIT0JlbHOCTb 1113MepeHI/IIII 

npocTpaHcTBeHHOro nonmKeHI/IH MarHI/ITHO-HeKOJlJllllHeapHoro CJlOH. 

Hl/l)K0 np111BSA8Hbl pe3yJlbT3Tbl 3KCnepl/lM0HTMbHOIII nposepKIII 

B03MQ)KHQCTI/I o6pa30B3HIIIH H0111TPOHHblX CTOH41/1X BOJlH onpeAelleHHOro 

Cnl/lHOBOrO COCTOHHI/IH np~1 nOJlHOM OTPIDK0HIIIIII H0111TPOHOB, a TalOKe I/IX 

IIICnOJlb30BaHI/IH AJlH 

H0KOJ1Jll/lHeapHoro CJlOH. 

onpeAeJlSHIIIH 

3 

no11m1<eH111H MarHI/ITHO-



2. METO,D, "13MEPEH"151 

PaCCMOTPHM Ka"leCTBeHHO KaprnHy cpopM1t1posaH1t1Sl HeHTPOHHOVI 

CTOSl"leVI BOJlHbl np1,1 nOJlHOM OTpIDKeHHH HeVITPOHOB. OnTH"leCKHVI 

nOTeHU,Hall (pHc.1 a.) KorepeHTHOro 831t1MOAeVICTBlt1Sl HeV!TpOHa COCTOHT 

1,13 npeo6pa3yiow.evi (transformer), cpa30CAB1t1raiow.evi (phase shifter) i,, 

0Tpa)Ka10w.evi sonHy (reflector) 0611acrnvi. B cpa30CAB1t1raiow.evi 0611acrn 

Ha pacCTOSIHl,11,1 L OT OTpa)KaTeJlSl pacnOJlO)KeH MarHHTHblVI CJlOVI (spin-

flipper) C BeKTopoM HaMarHH"leHHOCrn, HeKOJlJlHHeapHblM BeKTopy 

Hanpsi)KeHHOCrn BHewHero MarHHTHOro nonsi. nycTb naAaiow.asi 

HeHTPOHHaSl BOJlHa, pacnpocTpaHS!IOW.aSICSl 8 BaKYYMe, eCTb 'l'o ..... nocne 

npoxo)l(AeH1t1si npeo6pa3yiow.evi 0611acrn s cpa30CAB1t1raiow.evi 0611acrn 

pacnpocTpaHsieTCSl pe:3y11brnpyiow.asi BOJlHa 'l'+-(x), SlBJlS!IOW.aS!CSl CYMMOVI 

BOJlH pa3Jllt1"lHOVI KpaTHOCTH OTpa)KeHHSl OT rpaHHU. "q>a30CABHraTeJlb -

OTpIDKaTeJlb " lt1 "q>a30CABHraTeJlb - BaKYYM". Pe3yJ1brnpyiow.asi BOJlHa 

OTpa)KaeTCSl OT OTpIDKaTeJlSl HetiTpOHOB C aMnllHTYAOVI r. 8 pe3yJlbTaTe 

803HHKaeT BCTpe'-lHO 6eryw.asi BOJlHa 'l'➔(x)=(exp(ikx) r exp(ikx))'lf .... (X). 

BOJlHbl 'l'➔(x) lt1 'l'+-(x) lt1HTepcj)ep1,1py10T. 8 pe3yJlbTaTe 8 cpa30CABHraiow.evi 

0611acrn Ha paCCTOS!Hl,11,1 X OT OTpIDKaTeJlSl cpopM1t1pyeTCSl CTOSl'-lasi BOJlHa 

\jf(x)=(1+exp(ikx) r exp(ikx)} 'l'+-(x) c npocTpaHCTBeHHblM nepHOAOM Tx 

Tx=(1>../2sin(0))/(1-~Ush(A/sin(0 )2
)) 

112
, (1) 

rAe ~ = 2m/h2
, h - nOCTOSIHHasi nnaHKa, m - Macca HelllTpOHa, A -AJ11t1Ha 

BOJlHbl HeHTPOHa B BaKYYMe, 0 - yron CKOJlb)KeHlt1Sl naAa10w.ero nY1.JK8 
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.\ u transformer 
reflector 

~ spin- ~ 

'Jf(x) 'l'o flipper· 

➔ ikx ikx ~ -'Jf(x)= ~ re \j/(x) a) 

., 
L vacuum .. --. 

0 phase shifter X -
A,3 < A,2 < "-1 

1~1
2
~~: 6) 

0 L X 

P1t1c. 1. CxeMa onrn1.JecKoro nOTeHu,1t1ana np1,1 reHepau,1,11,1 crnsi1.Jevi 

HeviTpOHHOVI BOJlHbl 8 yc110BHSIX nOJlHOrD OTpa)KeHHSl 

HeihpOHOB, Ush - nOTeHLJ,Hall KorepeHTHOro 8381t1MOAeHCTBlt1Sl HeVITpOHa C 

cpa30CAB1t1raiow.e111 0611aCTblO. 

AJ!si OTpIDKeHHOrD nOTOKa HeHTPOHOB 8 "- (+}" cnHHOBOM 

COCTOSIHl,11,1 HMeeM cneAYIOW.ee BbIpa)KeH1t1e: 

Jr,-(+) - I a+,sf(nsf)'l'+(Xrn} + <X-,nsf(sf)'l'-(Xm)l 2 = 

I a+,sf(nsf) ('I' +➔(Xm)+'I' + .... (Xm) )+cx.,sf(nsf)('l'-➔(Xm}+'l'·+-(Xm}) I 2, (2) 

rAe KOScj)cj)HLJ,HeHTbl ex BblpIDKalOTCSl 1.Jepe3 aMnllHTYAbl nponycKaHlt1Sl 1t1 

OTP8)KeHlt1Sl Y<l8CTK8 cpa30CABHraiow.evi 0611acrn OT cn1t1H-cp111,1nnepa AO 

rpaH1t1U.bl "cpa30CAB1t1raTeJ1b - BaKYYM", Xm - no31,1u,1,1si cn1t1H-cp111,1nnepa. "13 

(2) BHAHO, I.JTO OTpIDKeHHbll/l nOTOK HeV!TpOHOB Jr onpeAeJ1S1eTCSl He TOJlbKO 

HHTepcj)epeHLJ,Hevi HaBCTpe'-ly 6eryw.1t1x BOJlH onpeAelleHHOro cnHHOBOro 
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COCTOSIHl,1Sl, HO 1,1 l,1HTepcj)epeHLJ,1,10H BOJlH "+" 1,1 "-" COCTOSIHl,1VI HeHTpoHa 

B cj)a30CAB111ral0Ll..l,0H o6nacrn. 111HTepcj)epeHLJ,l,1Sl 6eryw.1,1x HaBCTpeyy BOJlH 

nplt1BOA111T K TOMY, '¾TO 111HTeHCl/1BHOCTb HeHTPOHOB SIBJlSleTCSI 

nep1t10A1t1YeCKOH cj)yHKLJ,1,10VI AJ11,1Hbl BOJlHbl HeHTPOHa 1,1 KOOPA111HaTbl cn1t1H

cj)J1111nnepa. 111HTepcj)epeHLJ,l,1Sl )Ke BOJlH pa3Jl1,1'-¾HblX cn1t1HOBblX COCTOSIHl,1VI 

· nplt1BOA111T K pa3MblTl,11Q l,1Jll,1 Aa)Ke pa3ABOeHlt1IO n1t1KOB 111HTeHCll1BHOCTl,1. 

8TO pa3MblTl,18 6yAeT TeM 60JlbWl,1M, Y8M 60JlbW8 HanpS!)K8HHOCTb 

MarHltlTHOrD nOJlSI B cj)a30CABlt1raTeJle. s:ICHO, YTO noTOK HeHTPOHOB 1,13 

OAHOro cn1t1HOBOrD COCTOSIHl,1Sl s APYrDe 6yAeT MaKCltlMaJlbHblM, KOrAa 

nyYHOCTb al\1nJ11,1TYAbl CTOS!YeH BOJlHbl 1 \j/➔+ 'l'--1 2 
COBnaAST C no31,1u,1,1evi 

cn111H-cj)J1111nnepa. ,D,n51 3TOrD AOJl)KHO BblnOJlHS!TbCSI YCJ10Bl,1e 

L + A(A)=nTx(A) , (3) 

rAe L - pacCTOSIHl,1e OT cn1t1H-cj)J1111nnepa AO OTpa)KaTeJlSI HeHTPOHOB, A(A) -

npOCTpaHCTBeHHblH CABltlr, 06yCJ10BJ1eHHblH 1,13MeHeHll1eM cj)a3bl 

aMnJ11t1TYAbl 0TpmKeH111S1 HeviTpoHa OT 0Tpa)KaTeJ1S1. Ycnos1,1e (3) 

3KBl/1BaJleHTHO 6psrroBCKOMY YCJ10Bl,1IO, BblnOJlHSIIOLl..l,eMyCSI np1,1 

0Tpa)K8H1,11,1 HeHTPOHOB OT CTPYKTYPbl C nepltlOAOM l. np1,1 3TOM YJleH A(A) 

o6yCJJOBJ18H T8M, YTO 3Hepr1,1S1 HeHTPOHa s · HanpasneH111111, 

nepneHAll1KYJJS!pHOM rpaH1t1U,aM pa3Aella, cpaBHltlMa C 88Jl1,1'-¾1,1HOH 

nOTeHU,ltlaJla B3alt1MOA8VICT81,1Sl. Ha p1,1c, 16, AJJSI np111Mepa, noKa3aHbl 

rapMOHl,1Kl,1 CTOS!YeH BOJlHbl, coorneTCTBYIOW.1118 nepBOMY, BTOPOMY 1,1 

TpeTbeMy nopS!AKaM nornow.eHltlSI HeHTPOHHOH BOJlHbl np1,1 AJ1111Hax BOJlH 

A1, A2, 1,1 A.3 COOTB8TCTB8HHO. 

Ha p1,1c. 2a,6 AJlSI 1,1JlJllOCTpau,1,11,1 np1t1B8A8Hbl 3aBll1C1,1MOCrn 

K03cj)cj)1,1u,1,1eHTa 0Tpa)l(8Hl,1Sl H8HTPOHOB 6e3 1,13M8H8Hl,1Sl HaYaJlbHOro "+" 

cnltlHOBOrD COCTOSIHl,1Sl R++ 1,1 C 1113MeHeHll18M cn1t1HOBOro COCTOSIHl,1Sl R+

OT CTPYKTYPbl crnKJ10/Cu(2000A)/Ti(x)/Co(50A, 17,9 KOe), noMeLl..l,eHHOH s 

MarH1t1THOe none, · HanpS!)KSHHOCTblO H=10 kOe 1,1 HanpasneHHOe K 

nJJOCKOCTl,1 06pa3u,a (K BeKTopy HaMarHll1Y0HHOCTl,1 CJlOSI Ko6aJlbTa) nOA 
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R++ R•-

8 0 

a) 6) 

P111c. 2. 3aBl/1Cl,1MOCTb K03cj)cj)1,1u,1,1eHTOB OTpa)K8Hl,1Sl H8HTPOHOB OT AJ11,1Hbl 

BOJJHbt A 1,1 TOJ1W.1t1Hbt cj)a30CAB1t1ra10w.ero cJ10S1 rnrnHa X AJJSI CTPYKTYPbl 

CTeKJJo/Cu(2000A)/Ti(X )/Co(SOA, 17,9 KOe) 

yrnoM y=ao0• 81t1AHO, YTO s o6nacrn nOJlHOrD OTpa)K8Ht.1Sl (A > 2, 1A) 

K03cj)cj:>1,1u,1,1eHTbl R++ 1,1 R+- B8AYT ce6Sl aHrncj)a3HO 1,1 BblnOJlHSleTCSI 

COOTHOWeH1t1e R+++R+-=1. 8TO rosop1t1T O TOM, '¾TO secb naAalOLl..l,l,1H 

nOTOK HeHTpOHOB pacnpeA8J1Sl0TCSI Me)l(Ay OTpa)KSHHblMl,1 noTOKaMl,1 

H8HTPOHOB, He 1,1cnbITasw1,1x 1,1 1,1cnblTaBWl,1X nepeXOA, 1/13 p1,1c. 2 BltlAHO, 

'¾TO nep1t10A CTOS!Yevi BOJlHbl C poCTOM AJ11,1Hbl BOJlHbl CTP8Mt.1TCSI K 

KOHeYHOMY 3HaYeH1t110 nopS!AKa 500A, KaK srn 1,1 cneAyeT 1,13 ( 1) AJJSI 

cj)a30CABlt1ralOLl..l,8rD CJlOSI TltlTaHa, 111M8IOLl..l,8rD OTp1,1u,aT8JlbH08 3HaYeH"18 

S!AepHoro nornHu,111ana. Ou,eH"1M cseToc111ny "13MepeH"1H "13MeHeH"1Sl 

TOJ1Ll..l,l,1Hbl cj)a30CAB"1raT8JlSI ("13MeHeH"1Sl n031,1LJ,1,11,1 MarH"1THO

H8KOJ1Jll,1HeapHOro CJlOSI K06aJJbTa). 1113 pacYeTa CJ18AY8T, '¾TO np1,1 noTOKe 

HeHTpOHOB 105 H/CM
2
/c Ha o6pa3u,e pa3MepoM 50 MM (nepneHA"1KYllSIPHO 

nyYKY) X 100 MM (BAOJlb HanpaBJ18Hl,1Sl nyYKa) 1,13MeHeHll18 TOJ1Ll..l,l,1Hbl 

cj)a30CABlt1raTeJ1Sl Ha 0, 1A Bbl3088T 1,13MeHeH111e CY8T8, paBHOe 

CTaT1,1CTl,1'-¾8CKOH ow1116Ke 38 speMSI 1,13MepeHl,1Sl HeCKOJlbKO YaCOB. TaK"1M 

o6pa30M, YYBCTBl/1T8JlbHOCTb 1,13MepeH"1H B pe)K1,1Me CTOS!Yl,1X HeHTPOHHblX 
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BOJlH TaKOBa, '-ITO no3B0JlS18T H86J110AaTb 1,13M8H8H"1S1 npocTpaHCTBeHHOro 

no110,1<eH"1S1 Ha YPOBHe 10-4 OT neplilOAa CTOS1'-lei.1 BOJlHbl. 

3. AnnAPATYPA 

1113MepeH"1S1 6blJll,1 npoBeAeHbl Ha cneKTpOMeTpe no11sip1,13QB8HHbl~ 

Hei.1TpOHOB cnH (p1,1c. 3) "1MnyllbCHOro peaKTopa l/16P-2 s ,D,y6He. ny...oK 

Hei.1TpOHOB, BblXOAS1LU"1i.1 1,13 no11sip1,13aTopa (polarizer), KOJ1Jll,1M1,1pOB8JlCS1 

K8AM"18BblMl,1 A"18q>parMaM"1 (slit 1 1,1 slit 2) Ha 6a3e npo11ern 3 M AO 

, kdyzEr s=2 
Mgl:lt 

SF1 Pdaizer 
11/odera:cr 

Sarpe Slit2 Slit1 
IA!!edcr C\ 

P1i1c. 3. CxeMa SKcnep1i1MeHT8JlbHO!ti yCTaHOBKl,1 

o6pa3u.a (sample). np1,1 STOM cpeAHeKBaAparn'-IHOe OTKJ10H8H"1e yrna 

CKOJlb)f(eH"1S1 0=2,5-:-4 MP8A naAalOLUero nyYKa Hei.1TpOHOB B 

HanpaBJ18Hl,11,1 no HOPM8Jll,1 K OTp8)f(a10LUei.1 nosepxHOCrn 06pa3u.a 

COCTaBJlSl/10 ±0,25 MP8A- 0Tp8)f(eHHbli.1 nyYOK Hei.1TpOHOB 

perncTp1i1posa11cS1 ra30BblM n03"1U."10HHO-'-IYBCTB"1T0JlbHblM 3He-

AeTeKTOPOM (detector). ,D,eTeKTop 6b111 pacno11o)f(eH OT o6pa3u.a Ha 

paccTOSlHl,11,1 2,6-:-8 M. CneKTpOMeTp"1S1 ny...Ka HeHTPOHOB 

ocyLUeCTBJlS1Jl8Cb "13MepeH"1eM speMeH1,1 npo11eTa HeHTPOHOB OT 

3aMeAJ1"1T8JlS1 (moderator) AO AeTeKTOpa. np1,1 STOM cpeAHeKB8APaT"1'-IHOe 

OTKJlOHeH"1e A/1"1Hbl BOJlHbl 1-:-7A HBXOA"1110Cb B npeAe11ax 0,017-:-0,02A. 

0Tpa)f(eHHblH OT 06pa3u.a nyYOK H8HTPOHOB nponyCK8JlCS1 '-lepe3 

aHan1i13arnp nom1p1,13au,1,11,1 (analyzer). Me)f(,qy no11S1p1i1aarnpoM 1,1 

8 

i\ 
I 
j 

~ 
I 

~: 
,: 

o6pa3U,OM 1,1 Me)f(,qy o6pa3U,OM 1,1 aHM"13aTOpOM no11sip1,13au,1,11,1 6bl/ll,1 

pacno11o)f(eHbl cn1i1H-q>111,1nnepb1 (sf1 1,1 sf2), 1i13MeHsisw1,1e no11sip1,13au,1,110 

naAalOLUero Ha o6pa38U. 1,1 OTp8)f(eHHOro OT 06pa3u.a nyYKOB. 1113MepeH"1S1 

COCTOS1Jl"1 B pernCTpau,1,11,1 C'-leTa OTp8)f(eHHblX OT o6pa3U,a H8HTpOHOB 

J(on(off),on(off)) nonepeMeHHO B '-18Tblpex "13M8P"1T8JlbHblX MOABX, 

OTBe'-lalOLUl-1X, COOTB8TCTB8HHO, '-l8Tb1peM COCTOS1H"1S1M "BKJ1I0'-18HO 

(BblKJ1I0'-18HO), BKJll0'-18HO (BblKJllO'-leHo)" AByx cn1-1H-q>111,1nnepos. 

06pa38U. npeACTa8JlS1Jl co6oi.1 HaHeceHHYIO Ha CT8KJ1S1HHYIO 

nOAJlO)KKY (pa3Mep nOAJ10)f(Kl,1 100MMX60MMX5MM) MHOfOCJlOHHYIO 

CTPYKTYPY Cu( 1 OOOA)/Ti(2000A)/Co(60A)/Ti(300A). BepxH1,1i.1 300A c11oi.1 

rnrnHa c11~1,111 AJ1S1 npeA□TspaLUeH1i1S1 01<1,1c11eH1i1S1 c110S1 Ko6anbTa. ,D,JlS1 

OCYLU8CTBJ18Hl-1S1 M8rH"1THOH H8KOJ1Jll,1H88PHOCT"1, Bbl3blBalOLU8H nepeXOA 

HeHTPOHOB Me)f(,qy Cn"1HOBblMl,1 COCTOS1H"1S1M"1, Ha 06pa3eu. nOA yrnoM y K 

n110CKOCT"1 06pa3u.a HaKJ18AblBaJ10Cb M8rH"1TH08 none. HanpSJ)f(eHHOCTb 

Marn1,1rnoro no11si sapb1i1posa11acb s npeAe11ax 10 Oe + 7 KOe, yro11 y 

"13MeHS1J1CS1 a npeAe11ax O + 90°. 

4. PE3YJ1bTATbl t-13MEPEHll'1VI 

Ha p1,1c. 4a,6 np"1B8A8Hbl 3aB"1C"1MOCT1,1 OT AJ1"1Hbl BOJlHbl 

napaMeTpos a(off,on) 1,1 a(off,on). napaMeTpb1 a S1BJ1S110TCS1 ornoweH1i1eM 

H8HTpOHHblX C'-18TOB (C Bbl'-18TOM q>OHOBOrO C'-leTa Jton) 1,1 Bblp8)f(alOTCS1 8 

B"1A8 coornoweH1i1i.1 a(off,on)=I601(J(off,on)-Jton)/L603(J(off,off)-Jton) 1,1 

a(on,off) =I602(J(on,off)-Jtan)/L6e3(J(on,on)-Jton). 8 nepsoM np1,16111,1)f(eH1,11,1 . 

napaMeTpb1 a(off,on) 1,1 a(on,off) nponopu.1-10HaJ1bHbl Koscpcp1,1u,1i1eHTaM 

0Tp8)1(8H"1S1 R+- 1,1 A-+. 1/13-38 "13MeHeH"1S1 SHeprn1,1 nOT8HU,"18JlbHOrO 

B3a"1MOAellicTB"1S1 H8HTPOHa C MarH"1THblM no11eM np1,1 nepeXOAe H8HTPOHa 
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a.(off,on) 
0.08 

o 6.75 k0e, 80° a 

• 4.6 k0e, 0 ° 
0.06 4 3 

! ! 
0.04 

0.02 

0.00 I~. , \ 

a. (on,off) 
0.08 

o 6.75 k0e, 80 ° 6 
• 4.6 k0e, 0 ° 

0.06 

0.04 ,. 
6 5 

0.02 

0.00 lrur'1 I I I I 
2 3 4 5 6 7 2 3 4 5 6 7 A,A A, ,A 

PMC. 4. 3aBMCMMOCTb OT AJlMHbl BOJJHbl napaMeTpOB a(off,on) 1,1 a(on,off) 

AJlSI yrna CKOJJb)l(eHMSI naAalOW,ero ny'-IKa 3, 17 MpaA 1,1 paccTOSIHMSI Me)l(Ay 

o6pa3U,OM 1,1 AeTeKTOPOM 3 M 

1,13 OAHOro cnMHOBOro COCTOSIHMSI 8 APYr□e Hel-1TPOHbl OTpa)KalOTCSI 8 

He3epKaJJbHOM HanpasJJeHMM [15]. B CBs:131-1 C 3TMM cyMMMpOBaHMe 8 

Bblpa)KeHMSIX AJlSI napaMeTpa <X BblnOJJHeHO B MHTepsanax M3MeHeHMSI 

CKOJJb3SIW,ero yrna OTpa)KeHMSI He3epKaJJbHblX nyYK0B ~81=4,34+ 8,33 

MPM 1,1 ~82=0+ 1,99 MPM 1,1 3epKaJJbHOrD ny'-IKa ~83= 2+4,34 MPM, 

BMAHO, '-ITO Ha 388MCMMOCTSIX, cooTBeTCTBYIOW,MX y-=80° (He-

3aWTPMXOB8HHble KP~Kl-1), npMCYTCTBYIOT nMKM np1,1 'A.=3,7 1,1 5,6A (pMC. 

4a) 1,1 'A.=2,8A(pMC. 46). B03HMKHOBeHMe m,'IKOB np1,1 onpeAeJJeHHblX 

3Ha'-18HMSIX AJlMHbl BOJJHbl o6ycJJOBJJeHO cosnaAeHMeM npM 3TMX AJlMHax 

BOJJH ny'-IHOCTel-1 CTOSl'-lel-1 BOJJHbl C no31,1u,1,1e1,1 MarHMTHOro CJJOSI K06aJJbT8. 

Ha6JJIOAaeMble nMKl-1 COOTB8TCTBYIOT TpeTbeMY 1,1 '-lernepTOMY nops:iAKaM 

nornow,eHMSI H81-1TPOHOB Ha'-laJJbHOro "+" cnMHOBOro COCTOSIHMSI. n1-1K npM 

2,8A MMeeT cpaBHMTeJJbHO 60JJbWYIO w1-1p1-1Hy 1,1 o6pa30BaH ns:!TblM 1,1 

weCTblM nops:iAK8Mv1 nornow,eH111s:i 

10 

Ha'-laJJbHOfO "-" cnv1HOB0f0 

~ 

COCTOSIHMSI. OTCYTCTBl-18 nops:iAKOB MeHpWel-1 Kparnocn-1 nornow,eHl-1SI "-" 

COCTOSIHv1SI CBSl38HO C cyw,ecTBOBaHl-1eM 3anpeTa, pean1,13yJ0111,erocsi,KOfAa 

Kv1HeTv1'-leCKas:i 3Heprv1s:i H81-1TPOHa 8 HanpasJJeHl-11-1, nepneHAl-1KYJJSIPHOM 

rpaHl-1L..l,8M pa3AeJJa, M8HbWe He06XOAl-1MOro 1113MeHeHl-1SI noTeHU,l-1aJJbHOl-1 

3Heprn1-1. l!IHTepeCHblM SIBJJSl8TCSI TO, '-ITO "+" nMK TpeTbero nOPSIAKa 

6onee Wll1POKll11-1, '-18M n111K '-18TBepToro nOPSIAKa. 3TO CBSl3aHO C TeM, '-ITO, 

KPOMe BOJJHbl 8 Ha'-laJJbHOM "+" cn111HOBOM COCTOSIHl-11-1, 8 

q>a30CABll1ra10w,e1-1 o6JJaCTll1 pacnpOCTpaHs:ieTCSI BOJJHa 8 "-" cnl-1HOBOM 

COCTOSIHl,,11,1 (CM. (2)). B CBs:13111 C 3Tl-1M B03Hll1KaeT pa3HOCTb 3Ha'-leHll11-1 

q>a3, o6ycnosneHHas:i pa3H1-1u,e1-1 3Ha'-leH1111-1 BOJJHOBblX seKTopos BOJJH 

pa3JJll1'-IHblX cn111HOBbIx cocTos:iH1111-1. B1-1AHO TaK)Ke, '-ITO sepos:iTHOCTb 

nepeXOAa He npeBblWaeT 4%. . PaC'-19Tbl noKa3bJBalOT, '-ITO 

HaMarHM'-18HHOCTb MafHv1TH0ro CJJOSI COCT8BJJSl8T 2,9 KOe. 3To 

3Ha'-lv1T8JlbHO M8HbWe HaMarH111'-leHHOCTll1 HaCblW,8Hl,1SI Co, paBHOl-1 17,9 

KOe. He60JJbWOe 3Ha'-1eH111e HaMarHlll'-leHHOCTl-1 MarHIIITH0ro CJJ0SI CBSl38HO 

C OKl-1CJJ8Hll1eM M8T8JJJJv1'-leCKOro K06aJJbTa AO 0KIIICJJa CoQ. npoBeA9HHb18 

paC'-19Tbl noKa3b188IOT, '-ITO CJJOl,1 SIBJJSIIOTCSI B 3H8'-1111T8JlbHOl-1 CTeneH111 

0KlllcneHHbIMv1. CneAyJOw,as:i CTPYKTYPa 6b1na onpeAeJJeHa: 

CTeKJJo/1 000A(Cu)/1500A(Ti)/500A(7Ti2O3+3Ti)/60A( 1 Co+4CoO)/115A(Ti) 

/195A(7Ti2O3+3Ti). 

l!IHTepeCHblM SIBJIS18TCSI Ha6JJ10AeH111e Hel-1TPOHHOH HHTepq>epeHU,111111 

HenocpeACTBeHHO '-lepe3 yrnosylO 3as111c111MocTb perncTp1-1pyeMoro 

nOT0Ka OTP8)1(8HHblX Hel-1TPOHOB. Yrnosas:i 38BMCl-1MOCTb cyw,ecrnyeT Alls:! 

He3epKaJJbHO OTpa)KeHHOro ny'-IKa, B03Hll1KHOBeHll1e KOToporo, KaK ~e 

0TMe'-laJJOCb, CBSl38H0 C 1113MeHeH111eM 3Heprn111 np111 nepexoAe HeHTPOHa. 

KOHKpeTHO, CKOJJb3SIW,v11-1 yroJJ 8nspec H83epKaJJbHO OTpIDKeHHOrD nyYKa 

CBSl3aH CO CK0JJb3SIW,MM YrJJOM 8spec 38pKaJJbH0 OTpIDKeHHOf0 nyYKa 

COOTHOWeH111eM 8nspec 
2
(MPM

2)= 8spec 
2 

(MPM
2)± 0, 147H(kOe)'A. 2(A2). 8 

pe3yJJbTaTe 111HTeHCll1BHOCTb nyYKOB (on,off) VI (off,on), nepl-10AH'-leCKas:i B 

3aBHCHMOCTv1 OT AJ11,1Hbl BOJJHbl 1113-3a o6pa30B8Hl-1SI CTOSl41-1X BOJJH, 
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CTaHOBMTCSI nepMOAW-leCKOVI 1..1 B 3aBMCl..1MOCTl..1 OT yrna CKOJlb)KeHMSI. Ha 

pi..1c. 5 npi..1BeAeHa 3aBMCl..1MOCTb OT yrna CKOJlb)KeHMSI 1,1HTeHCl..1BHOCTl..1 

nyYKOB "off,on" 1,1 "on.off". Ha cpoHe 6011bworo ni..1Ka aepKanbHO 

OTpa)KeHHblX HeVITpOHOB BMAHbl ABa ni..1Ka TpeTbero 1,1 '-!eTBepToro 

nopSIAKOB nornow,eHMSI "+" cni..1HOBOrD COCTOSIHMSI np1,1 yrnax OTpa)KeHMSl 

4,8 1,1 3,7 MPaA (He3aWTplt1XOBaHHble KP~Ki..1) 1,1 nHK npH 1,5 MpaA 

(3aWTpi..1XOBaHHble Kp~KH), 06yc11os11eHHblVI mHblM 1,1 weCTblM 

nopSlAKaMH nornow,eHMSl 
U II cni..1HOBOrD COCTOSlHHSl .. 

(.) 

<D 
Cl) --C 
::::::s 
0 
(.) 

->-.::: 
Cl) 

C 
<D ..... 
C 

0 .. 04 --,-----,-,--------, 

0 .. 03 

0 .. 02 

0 .. 01 

o (off,on) 
• (on,off) 

0 .. 00 I , , , 1 ,. I 

0 2 4 6 8 10 

0, m rad 
P1.1c. 5.. 3aBMCl..1MOCTb HHTeHCHBHOCTl.1 C'-!eTa AJlSl nyYKOB "off,on" 1,1 

"on.off" OT yrna CKOJlb)KeHMSl OTpa)KeHHOrD ny'-!Ka np1,1 H=6,75 kOe, 

y-=ao0 1,1 paCCTOSlHHSl OT o6paau,a AO AeTeKTOpa 8 M 

Ha p1.1c. 6a,6 np1.1BeAeHbl 3aBHCl.1MOCTl.1 napaMeTpOB cx.'(off,on) 1,1 

a.'(on,off) AflSI 3Ha'-leHHVI napaMeTpOB H 1,1 y, paBHblX 150 Oe 1A ao
0

, 10 Oe 

12 

a'(off,on) 
0.6~--

0.4 

0.2 

o 150 Oe, 80° 
+ 10 Oe, o0 

9 4.6 kOe, o0 

6 empty beam 

a 

0.0 1=, I j 

2 3 4 5 6 7 
l,A 

a'(on,off) 
0.6 -r--------

0.4 

0.2 

0 150 Oe, 80° 
+ 10 Oe, o0 

O 4.6 kOe, o0 

t::,. empty beam 

6 

0.0 1- I ~ 

2 3 4 5 6 7 
i,A 

P1.1c. 6. A,l1t1HHOBOJlHOBaSl 3aBHCl.1MOCTb napaMeTpOB a'(off,on) 1.1 a'(on,off) 

AflSl yrna CKOJlb)KeHHSl 3, 17 MPaA 1,1 pacCTOSlHHSl Me)l(Ay o6pa3U,OM 1.1 

AeTeKTOpOM 3 M 

1,1 o0, 4,6 kOe 1,1 o0. A,lSl arnx 3Ha'-leHl..1VI napaMeTpOB H IA y OTp~eHHblVI 

ny'-IOK SlBJlSleTCSl aepKallbHblM. 8 CBSl31.1 C 3Tl.1M napaMeTpbi a' OTJll.1'-!alOTCSl 

OT napaMeTpOB (X TeM, '-!TO B '-IHCJlHTeJle AJlSl a' cyMMHPOBaHHe 

BblnOJlHeHO no 0611acrn aepKallbHO OTp~eHHOrD nyYKa A83. BHAHO, '-!TO B 

OTJll.1'-IHe OT AaHHblX Ha p1.1c. 4 o6e KpHBble Ha p1.1c 6, COOTBeTCTBYIOW.He 

y-=80°, HMelOT MaKCHMYM np1.1 Afll.1He BOJlHbl 5,6A. 3TO 06bSlCHSleTCSl TeM, 

'-!TO MarHHTHOe none HanpmKeHHOCTblO 150 Oe ~e He SlBJlSleTCSl 

AOCTaTO'-IHblM, '-IT06bl orpaHH'-IHTb npOSlBJleHHe n1.1Ka B 3aBHCl.1MOCTl.1 

a(on,off) (pi..1c. 66). B TO )Ke speMSl sepoSlTHOCTb nepexoAa, 1,13-aa 

yBeJlH'-10Hl.1Sl yrna Me)l(Ay seKTopoM HanpSl)K8HHOCTl.1 MarHHTHOrO nOJlSl 1,1 

80KTOPOM HaMarHH'-leHHOCTl.1, yseJlH'-IHBaeTCSl IA AOCTIAraeT 3Ha'-leHHSl 0, 1. 
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nposeAeHHble paC'-18Tbl noKa3bIBaIOT, '-!TO 3KCnep1t1MeHTaJ1bHble AaHHbie, 

npeACTaBJleHHble Ha p1,1c. 6, on1t1Cb1Ba10TC51 TeMlt1 )1(0 3Ha'-leHlt151Mlt1 

napaMeTpOB onTlt1'-10CKOro noTeHU,lt1a11a, '-ITO lt1 AaHHble, npeACTaBJleHHble 

Ha p1,1c. 4 1,1 5. 

5. 3AKnlOLIEHLi1E 

BbinOJlHeHHOe lt1CCJ1eAOBaH1t1e noKa3bIBaeT, '-ITO B yCJ1OBlt151X no11Horo 

OTpa)KeHlt151 Ha paCCT051Hlt1lt1 2000A OT OTpa)KaTeJ151 HelllTpOHOB 

q>OpM1t1pyeTC51 CTO51'-la51 BOJ1Ha HelllTPOHOB onpeAe,,eHHOro cn1t1HOBOro 

COCTO51Hlt151. ,/J,JIH 1t1CnOJ1b3OBaHHOro lt1HTepsa11a AJ1lt1H BOJlH 277A nep1t1OA 

CT051'-lelll BOJ1Hbl COCTaBJ151eT 250+500A.. npeAJlO)KeHHb!Lll MeTOA 

lt13MepeHlt151 lt1HTeHClt1BHOCTlt1 HelllTPOHOB, 1t1Cnb1Tasw1,1x cn1t1HOBblLII nepexOA 

B MarH1t1THOM none, nO3BOJ151eT onpeAeJ11t1Tb nOJ1O)KeH1t1e MarH1t1THO

HeKOJ1J11t1HeapHoro CJ1O51 C HaMarH1t1'-1eHHOCTblO HeCKOJlbKO eAlt1Hlt1U, 

Klt1J1O3PCTeA lt1 TOJ1Ll.l,lt1HOlll nOP51AKa HeCKOJlbKO aHrCTpeM. np1t1 3TOM 

cseTOClt1Jla lt13MepeHlt1Lll Ha nyYKe HelllTPOHOB C nOTOKOM 10
5
H/CM

2 
/c 

TaKOBa, '-!TO lt13MeHeHlt1e nOJ1O)KeHlt151 q>eppoMarHlt1THOro CJ1O51 TOJ1Ll.l,lt1HOlll 

50A Ha se111t1'-l1t1HY 0, 1A MO)l(eT 6bITb Ha61110AaeMo '-lepe3 HeCKOJlbKO yacos 

1t13MepeH1t1"1. 

AsrnpbI Bb1pa)Ka10T 611aroAapHOCTb B.A. CoMeHKosy 3a 

cT1t1My111,1py10w,1t1e 06c~eH1t151. Pa6orn BbinOJ1HeHa np1t1 no,D,Aep)KKe 

q>OHAa PcDct:>l-'1 (rpaHT 98-02-17037). 
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