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1 06m;an: xapaKTepHCTHKa pa60TLI 

AKTyafilHOCTI> npo6JieMH. O6napy»<eHIIe JI,Z1;epHoii npeneccnn nettrpo
H0B IIpllDCJI0 K II0JIBJICHIIIO H0B0:tt o6JJ:aCTll llCCJie,nonaHII:tt - HeiiTpOHHOii 
orrTnKlI rroJIJipnaonaHHhIX cpe,n. B cnoe:tt cpyn.naMeHTafilHoit pa6ore [1] 
B.r.BapullieBcKliit II M.ll.Ilo.nropeUKllit pacc110rpe-.rrn npoxo»<.n;eHHe rro
JIJipII30BaHHHX TCIIJIOBhIX HeiiTpOHOB 11epe3 IIOJIJIPll30BaHHyro JI,D;epnyro 

MIIllICHI, II IIOKa3aJill, 'ITO ll3-3a B3aHMo,neitCTBIIJI HC:fiTpOHOB C JI.n;paMII 

CIIIIH0B0e C0CT0JIHIIe rrpollie,nlliero IIOJIJIPII30DaHHoro rry-qKa MO)i{CT II3Me

HJITI,CJI Ha HCCI{0Jil,I{0 nopJI.n;K0B CIIJII,Hee 'ICM CIIllH0D0e C0CT0JIHHC pacce
JIHHhIX HeiiTpOHOB. 

B 3TOii »<e pa6oTe aBT0phI rrpe,n:JI0)i{HJIH TpII TIIIIa 3KCIIepnMeHT0B, rro-
3B0JIJIIOID;IIX o6napy)i{HTI> JI,n:epnyro rrpeneccIIIO neiiTpoHoB. ,[(Ba na Hnx -
IICCB,L(0MarHIITHhiit peaoHaHC HCiiTp0H0B (2] n II0B0pOT CIIIIHa HCiiTpOHOB 
IIpII rrpoxo»<.n;eHHII 11epe3 II0JIJipll30BaHHyro MllllICHI, (3,4], 6HJill 0CYllIC
CTBJICHhI rpynnoii A6paraMa (CaKJie, tl>paHIUIJI) n tl>opTe (llcrrpa, llTa
JlllJI). 

8KcrrepnMeHT rro Ha6JI10,neHH10 c.L(Bnra peaoHaHca, BH3BaHHoro acp
cpeKTHBHHM MarHHTHhIM II0JICM (rro TepMHH0JI0rIDI aBTOp0D (1] - rrapaMa
rHIITHhiii peaonaHc HeiiTpoHon rrepnoro po,n:a), em;e He ocym;ecrnJieH. ,[(JIJI 
rrpone,n:eHIIJI IICCJie,nonaHHJI JJ:,n:epHoii rrpeneccnn HeiiTpOHOB B llHCTIITyTe 
cpn3IIKlI AKa,n:e1rnn HayK rpyaIIn 61,1Jia coa,naHa cooTBeTcTnyrom;aJI 3KC
rrepnMeHTafilHaJI 6aaa. 

AKTyafilHOCTI, TaKlIX 3KC:nepnMeHTOB 3aKJIIO'laeTCJI B TOM, 'ITO IIOMHMO 

o6Hapy»<eHHJI JIBJICHHJI MCpHoii rrpeneccIIII 0HH II03BOJIJIIOT orrpe,neJillT1>: 

a) pa3H0CTI> aMIIJillTy;n; pacceJIHHJI neiiTpoHa Ha JI.D:PC ,nJIJI napaJIJiem.
Horo 1+ II aHTIIIIapaJIJICJII,H0ro 1- C0CT0JIHllJI CIIIIH0B neiiTp0Ha n 
JI.n;pa. 

6) npeMena crrnH-pel1IeT01IHofi peJiaKCanIIII T1. 

B) npocTpaHCTBeHHylO Heo,nnopo,nnoCTI, IIOJIJipn3annn DHJTpn IIOJIJIPII-

30BaHHoii JI,Zl;epnoii MllllICHII. 

r) TCMIICpaTypy o6pa3UOB II0JIJipll30BaHHHX JI,Zl;ep. 

• O~ltlil'CUWI ~ 
lm~~Rijl e~e1~:1ad 

6~Rt!OTEKA _ ... . .~ ... ·-··. ~. 



I(em. pa60TLI COCTOJIJia B COJ.n;amm 3KCIIepIIMCHTaJil>HO:tt 6a3LI .ZJ:JIJI IIC

CJIC.ZJ:OBaHIIJI JI.n;epHott npe:a;eccIIII Heii:TpOHOB. ,l1;JIJI 3Toro 6LIJio Heo6xo-, 

.ZJ:IIMO C03.ZJ:aHIIe: 

1. YcTaHOBKII MOHOXpoMaTII'leCKIIX IIOJIJIPII30BaHHLIX Heii:TpOHOB. 

2. YcraHOBKII IIOJIJipII30BaHHOH JI.ZJ:epHott MIIIIICHII. 

3.' YcTpoii:cTBa .n;JIJI Ha6mo.n;eHIIJI acpcpeKTa JI.ZJ:CpHoii: npe:a;ecCIIII Heii:Tpo

HOB. 

HoBIIJHa pa6oTLI. CoJ.n;aHLI ycraHOBKII noJIJipH30BaHHLIX TeIIJIOBLIX 

MOHOXpOMaTII'lCCKIIX Heii:TpOHOB ll IIOJIJipII30BaHHott JI.ZJ:CpHott MIIIIICHII. 

llocJie.n;HJIJI noJBOJIJieT noJIJipII30BaTI, JI.D:Pa KaK MeTo.n;oM "rpy6oii CIIJILI" 

TaK II .ZJ:IIHaMII'ICCKOll HaKa'!Koii:. IIpe.n;JIOiKCHLI II lICIILITaHLI HCCKOJil>KO 

MCTO.ZJ:OB onpe.n;eJieHlIJI IIOJIJiplI3aD;IIH Heii:TpOHOBj npe.n;JIOiKeH, C03.ZJ:aH lI 

ncm,ITaH CBepxnpono.n:m:n;nii: Heii:TpOHHLill CIIIIH-q>JllIIIIIep; npe.n;JIOiKCH Me

TO.ZJ: IIOJIY'ICHlIJI ny'IKOB HeiiTpOHOB, IIOJIJipII3aD;lIJI KOTOpLIX OTJilI'!aeTCJI OT 

e.n;HHlID;LI Ha BeJilI'llIHY ~ 10-3; C03.ZJ:aHI.r lI lICIILITaHLI cpeppoMarHlITHLie 

pe3oHaTopLI Heii:TpOHOB - CIIJIOIIIHOii: lI pa3.ZJ:CJil>HLiii:. 

Hay-qnaJI n npaKTlI'lCCKaJI :a;eHHocTL pa6oTU; IIpe,nJiomeHHLie n IIc

IILITaHHLie MCTO.ZJ:J,l onpe,n:eJieHlIJI IIOJIJiplI3a:a;nn MoryT 6LITI, IICIIOJil>30BaHLI 

B 3KCIIepIIMeHTax C IIOJIJipH30BaHHI,IMlI Heii:TpOHaMH. IIpoCTOii: B lI3rOTO

BJICHIIlI CBepxnpoBo.n:,mi;nii: Heii:TpOHHim ClllIH-q>JllIIIIIep MOiKCT Haii:TlI IIIII

poKoe npnMeHeHIIe B 3KcneplIMCHTax, npoBO.n;HMLIX npn reJilieBLIX TCM

nepaTypax. OcymecTBJieHIIe npe.n;JiomeHHoro. MeTo.n;a no,!Ulpn3a:a;nn Heii:

TpoHoB MOiKCT 1103BOJilITI, IIOJiy'llITI, ny-qoK IIOJIJiplI30BaHHLIX HeiiTpOHOB 

c IIOJIJiplI3a:a;neii: 6JllI3KO:tt K a6coJIIOTHOil (P-1 ~ 10-3). <I>eppoMarHlIT

HLie pe30HaTOpLI HeiiTpOHOB MoryT 6LITI, lICIIOJil>30BaHLI B lICCJie.n;oBaHlIJIX 

C IIOJIJiplI30BaHHLIMH HeiiTpoHaMH • 

Anpo6aD;lIJI pa6oTLI n ny6JllIKa:a;nn. PeJym.TaTLI, npe.n:craBJieHHLie B 

.n::e:ccepTa:a;lilI ,n:oKJia,n:LIBaJilic1> Ha XI, XIII, XV BcecoroJHLIX coBeru;aHIIJIX 

110 KOOp.ZJ:IIHaD;HlI Hay'!HO-lICCJIC.ZJ:OBaTCJil>CKIIX pa6oT C lICIIOJil>30BaHllCM 

IIccJie.n;oBaTeJII,CKIIX JI.ZJ:epHLIX peaKTopoB (TamKeHT-1980 r.; ToMcK-1984 

r., 06HIIHCK--:--1988 r.), Ha Hay-qnoii: KOH<pepeH:a;nH OmeJieHIIJI JI.ZJ:ep

noii <plI3IIKII AH CCCP (MocKBa-1988 r.), Ha Mem.n:ynapo,n:noM pa6o

-qeM COBeru;aHlilI 110 .n::e:cppaK:a;nH IIOJIJipII30BaHHLIX HeiiTpOHOB (BapIIIaBa-

... .,..,. 

2 

1974 r.), na ceMnnape llHCTHTyTa q>II3lIKII RreJioHcKoro yHHBepcnTeTa 

(KpaKOB-197 4 r.)' na Me»<,zzyHapo.n:nott KOH<pepeH:a;nII 110 IICIIOJ11,30BaHlIIO 

IIOJIJiplI30BaHHLIX HeiiTpOHOB B lICCJie,n:oBaHHJix KOH.n;eHcnpoBaHHLIX cpe.n: 

(3a6opoBo, IIomma-1979 r.), Ha ceMnHape MncrnzyTa JI.ZJ:CPHLIX nccJie

.n:onaHnH IIHP (BapnmBa, CBepK-1980 r.), Ha pa6o'!eM coneru;amm no 

IIOJIJipII30BaHHLIM JI.n;epHLIM MlIJIICHJIM (raT'!lIHa-1988 r.) 
1 

Ha Mem.n:yna

pO,n:HOM pa6o'!eM coneru;aHlIH 110 HeiiTpOHHLIM lICCJie,n:onaHlIJIM lI npIIMe

HCHlIJIM (By.n:anemT-1994 r.), a Ta:K}I{e Ha Jace.n;aHlIJIX YlleHoro coneTa n 

Hay'lHI,IX KOHcpepeHD;lIJIX llHCTIITyTa q>II3lIKII AH rpy3lilI. 

OcHOBHoe co.n:epmaHIIe .n::e:ccepTaD;IIlI ony6JllIKoBaHo B o.nmma.n::a;aTn 

pa6oTax, CIIIICOK KOTOpLIX IIpHBe.n;eH n KOH:a;e anTopecpepaTa. 

061,eM .n::e:ccepTaD;IIII. ,l1;I1ccepTa:a;lIJI COCTOIIT lI3 BBe.n;eHlIJI, IIJITII rJiaB, 

JaKJIIO'lCHllJI II ClllICKa IICIIOJII,30BaHHOil JllITepaTypLI. Pa6oTa co.n:epiKHT 

186 CTpann:a;, 41 PIICYHOK_, 11 Ta6JIH:a; n CllIICOK D;IITnpyeMott JllITepaTypLI 
Il3 75 Ham.IeHOBaHiru: . 

Ha Jaru;1ny BLIHocJITCJI cJie.n:yroru;IIe pe3ymTaTLI: 

1. Co3.n;aHne ycTaHOBKlI IIOJIJipI130BaHHLIX HeiiTpOHOB. 

2. CoJ,n:aHile ycTaHOBKII IIOJIJipI130BaHHLIX JI,n:ep, C03.ZJ:aHIIe II lICIIl,lTaHIIe 

o6pa3D;OB llpOTOHHLIX MllJIIeHett II3 rI1.n:pI1.n;on TIITaHa II D;IlpKOHIIJI. 

3. PeJymTaTI,I 3KC1IepnMeHTaJII,HOro BCCJie.n;onaHlIJI npe,n:JIOiKCHHLIX Me

TO.ZJ:OB onpe.n:eJieHBJI IIOJIJipI13a:a;nII HeiiTpOHOB (TplI MCTO,n:a). 

4. Pe3ymTaTLI aKc11epI1MeHTamHoro nccJie.n;onaHlIJI npe.n:Jiomennoro 

cnepxnpono.ZJ:Jimero cnnn - q>JllI1111epa. 

5. IIpe,n:JIOiKCHile MCTO.ZJ:a IIOJiy'leHIIJI IIOJIJipil30BaHHoro IIY'!Ka HeiiTpo

HOB C IIOJIJipI13a:a;I1eii 6JIH3KOH K a6cOJIIOTHO:tt ( p - 1 ~ 10-3). 

6. PeJymTaTLI 3KcnepI1MeHTamnoro IICCJie,n:onamm cpeppoMarHllTHLIX 

pe30HaTOpOB HeiiTpOHOB. 

a 



2 Co.n;epmaHHe pa6oThl 

Bo BBe,n;erum OTMeqeHo, qTo IlOJIBJieHne q>yH,n;aMeHTam.HOll pa60TI,I 

"JI,n;epmUI npen;eccIDI Heii:TpOHOB" [1], CTaJIO HaqaJIOM B03HllKHOBeHHJI HO

Bott o6JiaCTH HCCJIC,D;OBaHHii - HCii:TpOHHO:fi OilTHIOI IlOJIJipll30BaHHLIX cpe,n;. 

YKa3aHiil 3KcnepHMeHT1,1, ,n;oKa3aBllllle peam.HOCTL .11,ZJ;epHo:tt npen;eccnn 

Heii:TPOHOB, a TaIOKe 3KcnepHMeHTl,I no CHCTeMaTH"tJCCKOMJ KoJIHqecTBeH

HOMJ ll3MepeHHlO 3q>q>eKTa ,Zl;JIJI pa3HI,IX .11,ZJ;ep. Cq>opMyJIHpOBaHa OCHO

BHaJI n;em. pa60Tl,I. 

B nepno:tt rJiaBe ll3JIO)KCHI,1 TeopeTnqecKHe OCHOBI,1 JIBJICHIDI .11,ZJ;epHott 

npen;eccmI HCHTpOHOB. CJie.nyJI pa6oTe [1] noKa3aHo, 'ITO 3aBHCHMOCTL 

IlOKa3aTeJIJI npeJIOMJICHIDI Hei!:TPOHHO:tt BOJIHl,I OT B3aHMHOH opneHTaIJ;Hn 

cnnnon Heii:TpoHa n JI,n;pa o6ycJIOBJIHBaeT nonopoT cnnHa Heii:Tponon no

Kpyr HanpaBJICHIDI IlOJIJipn3aIJ;1Ill MHIIICHH. qaCTOTa B03HHKIIIett npen;ec

cnn 3anncnT OT cnnHa JI,n;pa I, KoJIHqecTBa .11,ZJ;ep N n pa3HOCTH aMnJIHTy,D; 

pacceJIHHJI Heii:TpoHa Ha 3TOM JI,n;pe 1+ H 1-' COOTBCTCTBYIOIIUIX napaJI

JICJil,Hl,IM n aHTnnapaJIJICJil,Hl,IM COCTOJIHIDIM cnHHOB Heii:TpOHa n JI,n;pa: 

w = 41rNn_I_(f+ _ l-), 
mr, 2I + 1 

r,n;e mn - Macca HeHTpOHa, n - nOCTOJIHHaJI IlJiaHKa. 

(1) 

Ilo aHaJiornn C MarHHTHl,IM noJieM, .11,ZJ;epHoe noJie,. Bl,131,IBaIOru;ee 

npen;ecclllO cnnHOB Heii:TpOHOB, npnHJITO Ha3LIBaTL 3q>q>eKTHBHl,IM Ma

rHHTHl,IM noJieM [1] HJIH ncen.n;oMarHHTHl,IM IlOJieM [2]. BeJIHqHHa 3q>

q>eKTHBHOro MarHHTHOro noJIJI 

w 
Heff = -PN, (2) 

'Yn 
r,n;e 'Yn - rnpoMarHIITHoe OTHOIIIeHHe ,n;JIJI Heii:TpoHa, PN - cTeneHL no

JIJipn3aIJ;HH .11,ZJ;ep. ,ll;JIJI noJIHOCTLlO noJIJipll30BaHHl,IX npoTOHOB llill,Zl;KOrO 

no,n;opo,n;a Heff ~ 26 K8. CooTBeTCTBeHHO, TOJiru;HHa TaKott MHIIIeHH, Ha 

KOTopott npon3oii,n;eT noJIHLIH nonopoT cnnHa HeiiTpOHa 

21rv _3 A = - = 2.87 x 10 CM, 
w 

r.n;e v -cKopocTL HeiiTpoHa. Bee pacqeT1,1 npone.n;eH1,1 ,n;JIJI TenJion1,1x Hefi

TpoHoB c 3Heprnett E = 0.0253B (v = 2.87 x 103
M/ceK). 

4 

Ilo,n;po6Ho paccMoTpeH napaMarHHTHLiii pe3oHaHc nepnoro po,n;a, npn 

npoxo)K,D;eHnn HeiiTpOHOB qepe3 noJIJipll30BaHHYlO JI,n;epHylO MllllICHL. Ilo

Ka3aHo, qTo ecJIH B IlOJIJipH30BaHHoii .11,ZJ;epHOH MllllieHH C03,D;aTL nepeMeH

HOe MarHHTHOe noJie, Bparu;a10meecJI BOKpyr HanpanJieHHJI nOJIJipll3aIJ;HH, 

To, no aHaJiornn c o6LNHLIM napaMarHHTHiilM pe30HaHCoM, B03HHKHyT 

nepexo,ZJ;I,1 Mem.ny 3HepreTH"tJecIUIMn ypoBHJIMH HeiiTPOHa npn qacroTe 

nparu;a10merocJI noJIJI w, paBHoii qacroTe .11,ZJ;epHoii npen;eccnn HeiiTPOHOB. 

B nocTOJIHHOM MarHHTHOM noJie BBe,n;eHHe noJIJipH30BaHHoii .11,ZJ;epHoii Mll

IIIeHH npnBO.n;HT K c,n;Bmy pe3oHaHcHoil qacron,1 H3-3a ame6pa11qeCKoro 

CJIO)KCHHJI 3q>q>eKTHBHoro MarHHTHoro noJIJI Heff C noCTOJIHHI,IM MarHHT

Hl,IM IlOJICM H. 
BTopan: rJiaBa nocBJiru;eHa on11caHHlO COBpeMeHHoro COCTOJIHHJI npo-

6JieMLI .11,ZJ;epHoil npen;eCCllll HeiiTpOHOB. Ilo,n;po6Ho onncaH 3KCnepH

MCHT rpynn1,1 A6paraMa . no ncen,n;oMarHHTHOMY pe3oHaHcy Heii:TpoHoB 

[2], BnepnLie ,n;oKa3aDIIIllll peam.HOCTL ncen.noMarHHTHOro IlOJIJI. B 3TOM 

3KcnepHMeHTe ,D;JIJI nepeBopoTa cnHHOB HefiTpOHOB, npoxo,n;JIIIUIX qepe3 

nOJIJipll30BaHHYlO JI,n;epey10 MllllICHL, BMeCTO pa,n;HoqaCTOTHoro IlOJIJI 6om.

IIIOll MOilIHOCTll ( KOTopoe BLI3BaJio 6LI HarpeB noJIJipH30BaHHo:tt .11,ZJ;epHo:tt 

MHIIICHH ll TeM caMl,IM pa3pYIIIeHHe ee noJIJipH3aIJ;HH) 61,1JI0 HCnOJIL30BaHO 

Bpama10meecJI nceB,D;OMarHHTHOe noJie. 

PaccMOTpeH 3KcnepnMeHT <!>opTe [4] no onpe,n;eJieHHIO yrJia nonopoTa 

cnHHa Heii:TpOHOB, o6ycJIOBJieHHOro nceB,D;OMarHHTHI,IM noJieM, TaIOKe 

npo.n;eMoHcTpHponaBIIIH:tt cyru;ecTB0BaH11e 3q>q>eKTa .11,ZJ;epHo:tt npen;eccnn 

He:ttTpOHOB. 

OnncaHI,1 3KcnepHMCHTLI no KOJIHqecTBCHHOMJ onpe,n;eJieHHIO yrJia no

BOpOTa BeKTopa Heii:TpOHHOH noJIJipH3aIJ;HH p [3,5], ocymeCTBJieHHl,le B 

CaKJie (<!>paHIJ;HJI) rpynnoil A6paraMa c 11cnom.3oBaHReM ,n;ByxKaTYIIIeq

Horo MeTo.n;a PaM3eJI. 

B 3Toii me rJiaBe npHBe,n;eH pe3yJILTaT Mo,n;eJillponaHIDI Ha 8BM 3Kc

nepHMeHTa no c,n;Bnry napaMarHHTHoro pe3oHaHca HeiiTpOHOB {P11c.l). 

PacqeTLI 6LIJill npone,n;eHLI ,n;JIJI CJIY"tlaJI cnJioIIIHoro q>eppo1rnrHHTHoro pe-

30HaTOpa HeilTpOHOB IIpll 3Haqennn 3q>q>eKTHBHOro noJIJI Heff = 3008. 

(npRHIJ;Hn ,n;ettCTBIDI ll yrTpo:ttCTDO pe30HaTOpa npHBe,ZJ;eHI,1 Ha crp.15-17). 
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P:uc.1. C.n;Bnr napaMarHHTHoro pe3oHaHca HeiiTpoHoB, BLI3DaH

HLIH 3q>q>eKTHBHLIM MarHHTHLIM noneM Hetr• Ketr - 3q>q>eKTH

BHOCT1> pe30HaTOpa He:iiTpOHOB. 

B TpeToe:ii rJiaBe OllHCLIBaeTCH KOHCTPYKD;IDI ycTaHOBKH IlOJUipH30BaH

HLIX TellJIOBLIX HeiiTpOHOB, C03,Zl;aHHOll B 11:HCTHTyTe q>H3HKH AH rpy-

3HH conMeCTHo c 11HcTHTYTOM H.n;epHLIX 11ccne.n;oBaHHH ( CBepK, IloJILllia). 

O6ru;aH cxeMa ycTaH0BKH .n;aHa Ha Pnc.2. IlyqoK TennoBLIX HefiTpo

HOB IlOJUip:e:3yeTCJI M:eTO,Zl;OM 6p3rroncKoro OTpameHIDI OT MOHOKpHCTaJIJia 

Coo.92 - Feo.os• B _1<aqecTBe aHaJIIl3aTOpa IIcnoJIL3ona:H TaKoii me MOHO

Kpn:cTaJIJI. OcHOBHLie napaMeTpH ycTaIIOBKH .n;aHLI B Ta6imn;e 1. 
Ilpe.n;Ha3HaqeHHan: .n;JUI nccne.n;oBaHn:tt n.n;epHo:tt npen;eccnn HeiiTpo

HOB ycTaHOBKa IlOJUipH30BaHHLIX MOHOXpoMaTnqecKHx HefiTpOHOB MomeT 

6HTJ, ycnellIHO HCilOJIL30BaHa ,Zl;JIII 3KCnepn:MeHTOB KaK B o6JiaCTH n.n;epHO:U: 

q>H3HKH TaK H q>H31IKH TDep.n;oro TeJia. 
' B 3To:ii me rnane onncaHH MeTO,Zl;l,I onpe.n;enenIDI noJUipH3an;IIn HeiiTpo-

HOB. Ilpn H3MepeHHll CTelleHil IlO~H3aD;HH MeTO,Zl;OM llillMa [6), HCCJie

.n;yeMHll nyqoK nponycKaIOT qepe3YllaMarHnqeHHYIO q>eppoMarHHTHYIO 

nJiaCTHHKY - llIHM H onpe.n;eJUIIOT llIHMOBOe OTHOllieHIIe R, paBIIOe OTHO

llieHilIO cqeTa Heii:TpOH0D 6e3 llillMa K cqeTy HeiiTpOHOD C IIIHMOM. ,ll;JIH 

6 

ToqHoro Il3MepeHIDI noJUipI13an;nn Heo6xo.zunrn noJIHan: .n;enoJUipn3aD;IDI 

nyq1{a B IIIIlMe, qTo npe.n;nonoraeT IlCilOJIL30BaHile ,Zl;OCTaTOqffO TOJICTLIX 

llillMOB, HO npn 3TOM YBeJIIlqnBaeTCH nornoru;eHHe HeiiTpOHOB. 

2 12 4 

P11c.2. IIpnnn;nnnaJILHan: cxeMa ycTaHODKH noJUipH30BaHHHX 
HeiiTpOHOB. 
1 - KOJIJIIlMaTOp Connepa; 2 - MarHIIT-IlOJIHpH3aTOp C KplICTaJI
JIOM Co-Fe; 3 - ne.n;yru;ne MarHHTHHe noJUI; 4 - Heno.n;BH»<Han: 6n
onornqecKan: 3aru;nTa; 5 -no.n;BH»<HM 6nonornqecKan: 3aru;:e:Ta; 6 
- pa.n;noqacTOTHHii Clll:IH - q>Jlllnnep; 7 - Clll:IH-q>Jlllllllep Me3eJI; 
8 - KpHOCTaTj 9 - rOHl:IOMeTpj 10 - MarHHT-aHaJIIl3aTOp C MOHO
Kpl:ICTaJIJI0M Co-Fe; 11 - .n;eTeKTop HeiiTpOHOBj 12 - MOHHTop; 13 
- 3aru;nTa .n;eTeKTopa; 14 - 6a3a cneKTpoMeTpa; 15 - 6a3a o6pa3n;a; 
16 - 6a3a .n;eTeKTopa. 
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Ta6JIH~a 1. OcHOBHhle napaMeTphl ycTaH0BRU 

Il0JI.apH30BaHHhlX HeiiTpoHOB, 

,n:JmHa BOJIHLI HeiiTpOHOB 0, 11 lHM 

IlpHMeCH He:tiTpOHOB BTOporo ITOpJIJtI<a 0, 032 ± 0, 001 

IloJIJIPH3allIDI He:tiTpOHOB ITepBoro ITOpJI,ZJ;Ka 0, 993 ± 0, 007 

8q>q>eRTHBHOCTI, ITepeBopoTa 

pa,n;IIOtJaCTOTHOro q>JIIIIIIIepa 

8q>q>eRTlll3HOCTI> ITepeBoporn q>mmITepa Me3eJI 

IloJIJIPH3aTOp: Co-Fe 

AHaJIH3aTOp: Co-Fe 

HaMarHHtJlll3arow;ee ITOJie Ha ITOJIJipH3aTope 

HaMarHII'IIIBarow;ee ITo.rre Ha aHaJIII3aTOpe 

Be.nyw;ne MarHHTHLie ITOJIJI 

0, 996 ± 0, 005 

0, 992 ± 0, 005 

3 X 34 X 34MM3 

3 X 35 X 53MM3 

0,35T 

0, 195T 

0, 0042 - O, 0065T 

,n:JIJI xapaRTCpIICTHRH OTRJIOHCHIIJI IIIIIMa OT n.n:eaJII,HOCTH ( OT ITOJIHOfi 

,n:eITOJIJipH3aium ITYtJRa) HaMII 6u.rra BBe,n:eHa BCJIH"<IHHa A H ITORa3aHo, 

'ITO ITPH A =/= 0, paHee Hcriofil3yeMoe BLipruKemrn ,n:JIJI oITpe.n:e.rreHIIJI ITO

JIJipn3arum ITYtJRa HefiTpoHoB P1P2 = AR - 1 (6], c.rre.nyeT 3aMeHHTI> 

COOTHOIIICHHCM 

r.n:e 

AR-1 
PiP2 = 1 _ 2AR6. ' (3) 

26. = Ni - N2 , ( 4) 
No 

P1 n P2 - ITOJIJipn3yrow;ne cIToco6HocTn ITOJIJipn3aTOpa n aHaJIH3aTOpa 

COOTBCTCTBeHHO, 

A - R03q>q>IID;llCHT ITOrJIOlll;CHIIJI B IIIllMC, . 

No - C'ICT HCiiTpOHOB 6e3 IIIHMa ll 6e3 q>JIHITITepa, 

Ni - C'ICT He:tiTpOHOB C IIIllMOM ll 6e3 q>JIHIIIIepa, 

N2, - C'ICT HeiiT~OHOB C IIIllMOM ll C q>JIHITITepoM. 

8RcITepnMeHTaJIJ,HaJI ITpOBepRa 3TOro MCTO,n:a ITORa3a.rra, 'ITO TO'IHOCTI, 
( 

OITpe.n:e.rreHIIJI ITOJIJipll3an:nn He xyme 1 %, ITpll'leM HCT Heo6XO.D:HMOCTll 

IICITOJIJ,30BaHIIJI TOJICTLIX IIIIIMOB. 

B MeTO,n:e OITpe.n:e.rreHHJI ITOJIJipH3an;nII He:tiTpOHOB C llCITOJIJ,30BaHileM 

.D:Byx ITpeo6pa3oBaTe.rrett ITOJIJipI13aium ITpeo6pa3oBaTe.TIJIMH MoryT 6LITI> 

8 

,n:Ba q>JIHITITepa, ,n:Ba IIIIIMa IIJIH q>JIHITITep II IIIIIM, paCITOJIO.lRCHHLIC Me.lR.lzy 

ITOJIJipn3aTopoM II aHaJIII3aTOpoM. B n:eJIJIX e.D:HHoo6pa3IIJI 3arrncI1 xapaR

TepncTHR ITpeo6pa3oBaTe.rrefi ITOJIJipn3an;nII HefiTpOHOB, q>JilIIIIIep TaR.lRe 

6y.n:eM xapaRTCpll30BaTI, BCJilltJIIHOii A. KatJeCTBO q>JilIIIIIepa o6wmo xa

paRTepI13YCTCJI ITapaMeTpOM K, paBHLIM BepOJITHOCTll ll3MeHeHIIJI llCXO

.D:HOro HaITpaBJieHllJI CIIHHa HeiiTpOHOD Ha ITpOTllBOITOJIO.lRHOe. BeJm™Y 

A MO.lRHO CBJI3aT1> c K cooTHoIIIeHHeM K = 0, 5 - A. Tor.n:a .Z1:.7IJI n.n:eam

Horo q>JilIIIIIepa ( K = 1) cITpaBC.Zl:JillBO A = -0.5 H OTJIII'llie A OT. -0.5 

xapa1<Tepn3yeT OTRJIOHemrn q>JilIIIIIepa OT n.n:eamHocrn. BBe,n:eM ITapa

MeTpLI Ai H A2, xapa1<Tepn3yrow;ne RatJecrno Ram.n;oro na rrpeo6paaoBa

Te.rrefi. Tor.n:a HCITOJIJ,3YJI ypaBHCHIIJI ( 3) H ( 4) .rrerno MO.lRHO ITO.rrytJHTI>: 

Pp. 1 
mi,2 +mi+ m2 - 2mim2 - 1 

1 2 = - , 
m1,2 - mim2 

2 " - mi - m1,2 
ui - , 

l-m2 

2 " _ m2 - m1,2 
u2 - , 

1-mi 

r.n:e mi= Ni/AiNo, m2 = N2/A2No, m1,2 = Ni,2/A1,2No, 

No - ctJeT HeiiTpOHOB 6e3 ITpeo6pa3oBaTe.rrett, 

N1 - C'ICT HCiiTpOHOB C 0.Zl:HIIM ITpeo6pa30BaTeJieM, 

N2 - CtJeT HCHTpOHOB co BTOpLIM ITpeo6pa30BaTCJICM, 

Ni,2 - ctJeT He:tiTpOHOB c .D:BYMJI ITpeo6pa3oBaTe.TIJIMH, 

(5) 

(6) 

(7) 

Ai, A2 - R03q>q>IIIJ;IICHTLI ITOrJIOlll;eHIIJI HCfi:TpOHOB B ITepBOM H BTOpOM 

ITpeo6pa30BaTe.rre COOTBeTCTBCHHO, 

Ai,2 - R03q>q>IIIJ:IICHT ITor.rrow;eHIIJI HeiiTpOHOB B .D:Byx ITpeo6pa3oBaTeJIJIX 

0.ll:HOBpCMCHHO. 

IlpII IICITOJil,30BaHIIII 3Toro MCTO,n:a HeT Heo6XO.D:HMOCTII rrpHMeHJITI, 

ITpeo6pa3oBaTeJIH, 6JIH3RHe R n.n:eamHLIM, ,n:ocraTotJHo 'IT06LI OHH He 6LIJm 

OtJeHI, ITJIOXHMH. Cyw;ecTBCHHO TaR.lRe,. 'ITO B peayJII,TaTe Il3Mepemm: 

oITpe,n:e.TIJieTcJI He TomRo ITpoI13Be.n;eHHe P1P2, HO H ITapaMeTpLI A1 H A2, 

T.e. MO.lRCT 6LITI, ITOJIY'ICHa TO'IHM HHq>OpMallIDI O RatJCCTBe q>JilIIIIIepa, 

CB060.D:HM OT RaRHX-JIH6o HCXO.D:HLIX TeopeTil'leCRHX OIJ;CHOR. 3aMCTlIM 

TaR.lRe, 'ITO B 3RCITCpI1MCHTaX ITO Il3MepeHHIO ,n:eITOJIJipI13aium He:tiTpoH

HOro ITytJRa Ha o6pa3n:e, caM ncc.rre.nyeMLI:ti o6pa3en: MO.lReT· 6LIT1, HCITOfil-
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aonaH n KatJecTne npeo6paaona'.r'eJIH. 8KcnepIIMeHTam,Han: nponepKa no

Ka3aJia pa60Tocnoco6Hocr1, npe.n;Jio»<eHHoro MeTo,n;a. TotJHOCTL oITpe,n;e

Jiemm ITOJIHpIIaan;IIII ITY'!Ka II ITapa1rnTpon ITpeo6paaonaTeJieii: $; 1 %. 
B oIIIIcaHHoM n TpeTLeii rJiane cnepxnpono~eM cIIIIH-q>J11IIIIIepe IIC

nom,ayeTCJI MeTo,n; Hea.n;Ha6aTIItJecKoro ITpoJieTa neiiTpoHa qepea o6nacTL 

C pa3H1,IMII HarrpanJieHIDIMII MarHIITHbIX ITOJieii. YcJIOBlie Hea.n;na6aTII'l-

. HOCTII (6) aaKJIIOtJaeTCJI n coa,n;amm o6JiaCTH peaKoro II3MeHeHIIJI Hanpa

nnemm MarHHTHoro ITOJIH, Kor,n;a qacToTa JiapMoponcKoit ITpen;eccIIH Heii

TpoHon WL, HaMnoro MeHLIIIe yrJIOBOll CKOpOCTII ll3MeHeHIIH HaITpanJieHIIJI 

MarHIITHOro IIOJIH w. B ITpe.n:m>»<eHHOM HaMH cnepxITpOBO.n,IIIJ;eM CITIIH

q>JllIIIIIepe 3TO ,LJ;OCTIIraeTCJI ITpIIMeHeHHeM cnepxITpOBO,n;HIIKa l po,n;a, KO

TOpblii CTaHOBHTCJI II.n;eaJIJ,HblM ,LJ;HaMarHCTIIKOM Hll)I{C TeMrrepaTypH KpII

TH'leCKoro ITepexo,n;a Tc. ITpII 3TOM MarHHTHOe ITOJie ITpOHHKaeT TOJIJ>KO 

BO BHYTP:& ITOBepXHOCTHoro CJIOJI MeTaJIJia Ha MaJIYIO rey6Irny ,\, KOTopan:, 

naITpnMep, ,n;JIH cBJrnn;a ~ 5 x 10-6c11. PacIToJio»<eHne cnepxITpono,n;Jim;ero 

CBlIHIIOBOro 3KpaHa ITepITeH.n;HKYJIHPHO OCH IIOJIHpII3OBaHHOro ITY'IRa Heil:-
/(£. 

TPOHOB o6ecITetJHBaeT BblITOJIHeHIIe ycJIOBHJI'1l,LJ;Ha6aTII'IHOCTII WL ~ w 

n neiiTpoH, ITpoxo,n;JI qepea Hero, coxpaHHT nepnoHaqam,Hoe naITpanJie

HIIe CITIIHa. EcJllI ITOCJie aRpaHa HarrpanJieHne MarHIITHoro ITOJIH H co

cTanJIHeT HCROTOpblii yroJI C HarrpaBJICHIIeM CITIIHa neiiTpOHa, TO CIIIIH 

rrpen;eccIIpyeT BOKpyr 3Toro IIOJIH H C 'laCTOTOll w, H Ha pacCTOJIHIIII f, 

ITonepHeTCJI Ha yroJI cp = ,nHf/v, r.n:e v - c1<0pocTI, HeiiTpoHa. 

ITp1rnIIHmrnm,Ha11 cxeMa cnepxrrpono.n,1m;ero CIIIIH-q>JIIIITIIepa .n:aHa Ha 

P:nc.3. ITytJoK rroJIJipIIaonaHm;rx HeiiTpoHon nocJie c}JJinITrrepa Meae11. 1 
( on HymeH ,n;JIJI IICITI.ITaHHJI cnepxITpono,n;Jim;ero CIIIIH-q>JIHITrrepa) ITpoxo

.n;HT qepe3 cnIInn;onI.Iii: cTaKaH 2, coxpaHIIB naITpanJieHIIe cnoero cITmm. 

Ha paccTOJIHIIe f Mem,n;y .n;HIIIIJ;aMII CBlIHD;OBblX CTaKaHOB 2 II 3 CIIHII 

He:iiTpona, ITpen;eccIIpyJI B ITOCTOJIHHOM 1rnrHIITHOM IIOJie H, CO3,LJ;aIIHOM 

cnepxrrpOBO.n,IIIJ;IIM MarHIITHfilM ,LJ;HIIOJICM 4, nonepHeTCJI Ha yroJI cp. Co

xpaHIIB n CTaRa,ne 3 TaRoe HanpanJieHIIe CIIIIHa, HeiiTpOH ,LJ;OXO,LJ;HT ,n;o 

aHaJIII3aTopa 5. AHaJIIIaarnp nporrycRaeT neii:TpOHiil co crrnnaMII, rrapan:

JieJIJ>HLIMH HanpaBJICHIIIO ero HaMarHII'IHBaHlIJI, ITO 3TOMY C'ICT Ha ,n;eTeI{

TOpe 6, B 3aBIICHMOCTH OT yma cp 6y,n;eT MeHJITLCJI ITO aaKony (l-coscp)/2. 
TaK,-KaK paCCTOJIIIIIe Mem,n;y .zurnm;aMII CTaRaHOB aaq>IIKCIIponano, C'leT Ha 

,n;eTeKTope 6y,n;eT MCIIJITLCJI C II3MeHeHIIeM H. 
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Pn:c.3 Cnepxnp?no.n,1m;IIii HeiiTpoHHHii CITIIH-q>JIIIrrnep: 

a - rrpIIHIIIIIIIIaJII>HaJI cxeMa, 6 - cnepxnpono,n;Jim;IIfi cTaKaH. 

Keff .--------------------~ 

1.0 

0.8 

0.6 

0.4 

0.2 

50 100 150 200 250 JOO 
HOe 

Pn:c.4 3aBIICIIMOCTL Keff OT neJllI'IIIHH MarHIITHoro IIOJIH H. 

PIIc.4 ,n;eMoHcTpIIpyeT pa6oTy CIIIIH-q>JllIIIIIepa. MaKCIIMaJII>HaJI acpcpeR

TIIBHOCTL nepenopoTa q>JIIIIIIIepa Keff = 0, 9663 ± 0, 0033. ITocTeneHHoe 

yMeHLIIIeHIIe Keff IIOCJie BTOpoii rapMOHIIRlI CBJI3I.IBaeTCJI C HeII,LJ;eaJII,HOii 

MOHOXpOMaTH'IHOCTLIO nytJKa. 
8Ta rJiana aanep11IaeTCJI paccMoTpeHIIeM noITpoca o ITOJIHpII3aIIIIH nett

TpOHOB Ha HaMarHII'leHHiilX KpIICTaJIJiax. BHJIO ITORa3aHo, 'ITO aanII

CHMOCTI, IIOJIHOH IIHTeHCIIBHOCTII J OTpa»<eHHOro IIY'!Ka OT neJIII'IHHH 
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HaMarHHi:JeHHOCTll llCIILITLIDaeT "II3JIOM" rrpn .n:ocTIDReHHll IIOJIHO:ii IIO

JIJipH3aIUIH, 1wr.n:a JI,n:epmUI fn II MarHHTHaJI f m aMIIJlllTyro,I pacceJIHIDI 

COBIIa,n:aIOT. cho JIBJieHne MO.lReT 6LITL llCIIOJIL30BaHO .D:JIJI IIOJIY"IeHIIJI IIJ'I

ROB IIOJIJipH30BaHHLIX Hen:TpOHOB C IIOJIJipH3annett 6Jlll3ROH R a6coJIIOTHOll 

(P - 1 ~ 10-3). 

Y HaMarHHi:JeHHoro rrapaMarHnTHoro RpHcTaJIJia RorepeHTHaJI aMIIJlll

Ty.n;a pacceJIHIIJI f = fn + f m• MarHHTHaJI aMIIJinTy.n;a f m rrporropnno

HaJILHa HaMarHHi:JeHH0CTlI lI .D:JIJI HettTp0H0D, II0JIJipll30DaHHI:lX no (i) ll 
rrpoTHD (l) MarHJITHoro IIOJIJI aMIIJinTyro,I fm OTJIRi:JaIOTCJI 3HaRoM. Ilo-

3TOMY llHTeHCHBHOCTlI OTpa.lReHHLIX rryi:JROB D COCTOJIHIDIX (j) ll (l) ORa-

3LIBaIOTCJI pa3HlilMII: 

Jr = alfn + f ml, J1 = alfn - fml• (8) 

3,n:eCL 0: - IIOCTOJIHHaJI, He 3aBJICJIID;aJI OT f. EcJin rrepDJI1:JHLiit rryi:JoR, 

rra.n:arom;ntt Ha RpncTaJIJI, He IIOJIJipII30DaH, TO OTpruReHHLIH 6y.n;eT nMeTL 

rroJIJipn3ann10 

P = Jr - J1 = lfn + f ml - lfn - f ml. 
Jr+ J1 lfn +!ml+ lfn - !ml 

(9) 

B TO BpeMJI RaR H,nepHaJI aMIIJlllTy.n;a JIBJIJieTCJI q>HRcnponaHHOH .D:JIJI 

TeIIJIOBLlX HeiiTpOHOB, MarHIITHaJI aMIIJIRTy.n;a 3aBIICllT OT HaIIpJI.lReHHO

CTll DHenmero MarHHTHoro noJIJI. EcJin npn HaCLIID;eHnn lfml > lfnl, TO 

D npHH~e MOiKHO no.n:o6paTL MarHHTHOe IIOJie H TaR, 1:JT06LI 6LIJIO BLl

IIOJIHeHo TO"tJHOe paBeHCTDo If ml = lfnl• Tor.n:a P = 1, T.e. oTpa.lReHHLlll 

nyi:JoR 6y.n;eT IIOJIHOCTLIO IIOJIJipn3oDaHHLIM • .D:JIJI D03MO.lRHO 6oJiee TO"tJHOro 

BLlIIoJIHemm paBeHCTDa If ml = lfnl Tpe6yeTCJI HaiiTn cnoco6 II03BOJIJIIO

m;nii: ll3MeHJITJ, f m ll HaiiTn 3RCIIepnMeHTaJILHLlii RplITepnii, II03BOJIJIIO

m;ntt ROHTpoJinpOBaTL CTeneHL 6Jin30CTll fn n f m• 

Ilpe,n:noJIO.lRHM ,n:JIJI onpe,n:eJieHHOCTn, "ITO o6e BeJIR"tJHHLI fn n f m no

JIO.lRHTeJILHLle. Tor.n:a n3 (8) cJie.n:yeT, "ITO 

J = Jr+ J1 = 20:fn, npn fn > f m n J = 2af m, npn fn < f m 

CJie,n:onaTeJILHO, npn fn > fm IIOJIHaJI HHTeHCIIDHOCTJ, J He 3anncnT OT 

fm, T.e. He MeHJieTCJI C B03pacTaHneM HaIIpJI.lReHHOCTll MarHHTHOro IIOJIJI 
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H. O.znrnRo Hai:JnHaJI c HeRoToporo 3Hai:JeHIDI fn = fm, ,n:aJILHeiinree yne

Jini:JeHne H rrpnno,n;nT R pocTy J. l1HI>IMII CJIODaMH, IIMeeTCJI pa3pLlD 

rrpon3no,nnoii 8 J / 8 H, npnno,n:Jim;ett R n3JioMy D 3aBncIIMocTn J oT H B 

TO"tJRe fn = fm- OTcro.n:a DLlTeRaeT ncRoMWi 3RcnepIIMeHTamno na6JIIO,n:a

eMLlii Rpihepnii, BLIIIOJIHeHne RoToporo B paccMaTplll3aeMhlX n,n:eaJILHLIX 

ycJIOBllJIX rapaHTnpyeT paDeHCTBO fn = fm ll IIOJIHYIO IIOJIJipll3annro OT

pa.lReHHLlX HeiiTpOHOD. JierRO y6e,n;nTLCJI, "ITO IIOJiy-qeHHLlll pe3yJILTaT He 

CBJI3aH c BLI6paHHI>IMll DLlIIIe 3HaRaMH fn n fm• Pa3pLlD D TO"tJRe fn = fm 
OCTaeTCJI rrpn JII06Lix 3HaRax 3THX aMIIJIHTy.D;. 

PacCMOTpeHLl TaIOKe q>aRTOpLl, IIOHll.lRarom;ne IIOJIJiplI3annro ne:fiTpo

HOD: ROHe"tJHaJI TOJIID;llHa RplICTaJIJia n rrorJiom;eHHe. MeTo,n: npnro,z:i;eH He 

TOJILRO ,ll;JIJI napaMarHHTHoro MOHORpllCTaJIJia HO lI .ll:JIJI HaMarHni:JeHHLlX 

q>eppoMarnnTHLlX MOHORpllCTaJIJIOB, 1:JaCTO llCIIOJIL3ye1rax ,ll;JIJI IIOJiy-qe

HIDI IIOJIJipH30DaHHLIX nyi:J~OD BLICOROll CTerreHII IIOJIJipH3a:nnII [6]. 
"lleTDepTM rnana IIOCDJIID;eHa IIOJIJipII30BaHHOll H,nepnott MllllieHll -

ycTaHOBRe noJIJip113oDaHHLlX JI,n:ep n rro.n6opy MaTepnaJia .D:JIJI noJIJipn-

3oBaHHofi npoTOHH0tt MllIIIeHn. YcTaHOBRa II0JIJipll30DaHHo:it JI,nepno:tt 

MHIIIeHn (Pnc.5) 6a3npyeTcJI Ha RpnocT~Te pacTBopeHHJI 3 He D 4He co 

cnepxnpoBO,n:Jilll;IIM COJieHOll,ll;OM. Ona II03BOJIJieT IIOJIJipll30BaTI, JI,n:pa RaR 

MeTo,n:oM "rpy6oii cnJILI" TaR n .n:nnaMni:JecRoii naRai:JRoii. CncreMa HH3-

RoTeMnepaTypHLlX TeIIJI006.11,rennnRo:n cTyneHII pacTBopeHHJI peq>pll.lRe

paTopa COCTOllT 113 IIOCJie.ZJ;oBaTeJILHO coe,n;nHeHHLIX nenpepLlBHLlX TeIIJIO

o6MeHHlll{OB n cnei:JeHHLIX lI3 nopoIIIRa Me,n;n ,n:ncRpeTHLlX TeIIJI006MeH

HIIROB. BaHna pacTBopeHHJI pacnoJio.lReHa Henocpe,n:cTBeHHo B pa601:JeM 

061,eMe cnepxnpoBo.ll:Jllll;ero coJienon.n:a D no.n:neIIIeHHOM cocTomnm II .D:JIJI 

IICKJIIO"tJeHHJI TeIIJIOBoro ROHTaRTa C KOpnycoM . COJienon.n:a IICIIOJIL30BaHLl 

rpacpHTOBLle 1IroJIRH. OxJia.lR,ll;eHIIe o6pa3rr;a npon3DO.ll:IITCJI D BaHHe pac

TBopeHHJI. BJiaro.n:apJI CIIJILq>OHY, DLICTaBJieHHLle Ha IIyTH HefiTpOHOB BLI

TeCHIITeJlll, C .zi:nyx CTOpOH IIJIOTHO rrpll.lRllMaIOTCJI R q>eppouarHHTHOMY 

pe30HaTOpy neiiTpOHOB C o6pa3D;OM II TeM caMLIM IIOTepJI JIHTeHCIIDHOCTH 

neiiTponoB II3-3a nornom;eHIIJI B 3 He cym;ecTBeHHo YMeHLIIIaeTcJI. MIIHH

MaJILHaJI TeMrrepaTypa B nanne pacTBopeHIIJI T = 24 mK np11 cRopocrn 

nHPRYJIJI:nnn 1.07 x 10-3MoJIL/ceR. 
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1 - BepXHIIll q>JiaHe:a;; 2 - BaKyyMHIJii KO.lRyxj 3 - :a;eHTpam,HM 
Tpy6a OTKa'IKHj 4 - a30THLiii ofrI,eM; 5, 7 - TeilJIOBLte 3Kpami1; 6,8 -
reJIHeBLie ofrI,eMLij 9 - BaKyyMHLiii Komyx yaJia pacrnopeHHJij 10 -
HrOJII,'laTLill neHTIIJII,j 11 - cnepxnpoBO,rvmuiii COJieHOH,ll;j 12 - ypo
BHeMep; 36,43 - BaKyyMHLie arperaTLij 37 - a30THM JIOBynIKa; 38 
- MaCJIJIHLiii q>nm,Tp; 39 - cocy;n: cMecn 3 He - 4 He; 40 - yrom,Han: 
JionymKa; 42 - cocy;n: 3 He; 44 - repMeTII'IHIJii Hacoc. 
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Cnepxnpono,wrmntt COJieHOH,ll; C KOppeKTIIpyIOIIJ;HMH KaTyIIIRaMII HaMo

TaH na cnepxnpono,wrmero Ka6eJIJI :uapKH CHT8-2, ,nna:ueTpoM 0.51 MM. 

Pa601Ini1 ,nnaMeTp coJieHOII.ZJ:a 36 MM. 0.n;Hopo.n;HOCTI, MarHIITHOro IIOJIJI B 

cq>epe ,nnaMeTpoM 14 MM n :a;eHTpe coJieHoH,D;a: !:::,.H/H = 2.4 x 10-5• 

IIapaMeTpu coJieHoH,D;a: KpIITII'leCKHii TOK I = 92,75 A, IIOCTOJIHHM 

K = 622,8 8/A. 

MaTepIIaJI .ZJ:JIJI noJIJipII30BaHHoii JI.ZJ:epHo:tt MHilleHR no.n:6npaJic11 ncxo,wr 

na cJie.n:yromnx Tpe6onaHIIII: 

1. BucoKM IIJIOTHOCTI, IIpOTOHOB. 

2. Toep.n:oe arperaTHOe cocToJIRIIe. 

3. Y.n:o6Hoe cnIIH-peI1IeT01IHoe npeMJI peJiaKca:a:im. 

Halli BLI6op ocTaHOBIIJICJI Ha rn.n:pII.n:ax TIITaHa TiH2 n :a;npKOHHJI 

Zr H2. C n0Mom;1,ro npecconKH no.n: .n:anJieHIIeM 2 x 106r / cM2 6LIJIH 

IIOJIY'leHI,I IIJiaCTIIHKII T.iH2 ,nnaMeTpOM 14 MM II TOJl1UHHO:tt 0,2 MM. 

Y.n:eJII,HLii1 nee IIJiaCTIIHOK 3.32r/cM3. 27 TaKHX O,lUIHaKOBLIX IIJiaCTII

HOK, pa3MCIIJ;eHIII,IX Mem.n:y q>om,raMII nepMaJIOJI, C03.ZJ:aIOT IIOCTOJIHHhlii 

Illar q>eppm.mrHIITHoro pe30HaTOpa. 0.n;HOBpeMeHHO OHII JIBJIJIIOTCJI 06-

paa:a;aMII IIOJIJipII30BaHHOll IIpOTOHHOll . MIIIIIeHII. 8KcnepnMeHTaJII,HaJI 

o:a;enKa npeMeHII cmm-peI1IeT01IHott peJiaKca:a;nn TiH2 .n:aeT: npn 0,4 K 

- T1 ~ 30MIIH. II rrpn 40mK T1 ~ 21Iaca. 

B IIJITOi1 rJiane npe.n;cTaBJienLI peaym,Tan,1 IICCJie.n;onaHHJI q>eppoMa

rHIITHhlX peaonaTopon Hei1Tponon. RaK 6hlJio npe.n:cKaaaHo RopHIIJIOBhlM 

[7], a aaTeM ,I(pa6KHHLIM [8] II peam,Ho ocym;ecTBJieHo rpynnott ,I(pa6-

KIIHa [9,10], neiiTpon, npoxo,wr 1Iepe3 npocTpaHCTBeHHo-rrepno,nn1IecKoe 

II:?vmym,cHoe MarHIITHOe IIOJie II nepneH.nnKyJIJipHoe K HeMy IIOCTO

JIHHOe IIOJie, IIpII onpe.n:eJieHHLIX 3Ha1IeHIIJIX CKOpOCTII HeiiTpoHa II 

I1Iara npocTpaHCTBeHHo-rrepIIo,nnqecKoro noJIJI, rrepenopalIHBaeT. cnott 

CIIIIH. EcJIH npocTpaHCTBeHHO-rrepIIO)UI'leCKOe MarHIITHOe IIOJie coa.n:a

eTCJI HaMarHII'leHHLIMII .n:o HaCLIIIJ;eHIIJI IIJieHKaMH q>eppoMarHeTHKa, TO 

Tal{Oli pe30HaTOp CIIIIHOB Hei1TpOHOB Ha3LIBaIOT q>eppoMarHHTHLIM. Te

opHJI TaKoro peaoHaTopa 61:rna coa.n:ana rpynrrott ,I(pa6mna (11], HO B 

Hett He YlITCHO BJIHJIHIIe paapelllaIOm;ett cnoco6HOCTH .nnq>paKTOMeTpa. 

YlIHTI,IBM 3TOT q>aKTOp, MLI IIOJIYlIIIJIH .ZJ:JIJI 3q>q>eKTIIBIIOCTH nepenopoTa 
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CIIJIOIIIHOro cpeppoMarHIITHOro pe3OHaTopa HeilTpOHOB 

Ketr = ~ A;1 j K(6)e-A11(6+A:2u)2 db. (10) 

r.n:e 

- (8v) (8v) 0 = -;- tg(8n), U = -;- tg(8A), 

8n ll 8 A - Bp3rrOBCI<IIe yrJILI ,ll;JIJI IIOJIJipH3aTOpa lI aHaJm3aTOpa COOT

BeTCTBeHHO, V - CROpOCTI, HeilTpoHa, a R03<p<pnnneHTLI Au lI A12 OIIpe

,n:eJIJIJOTCJI MO3all'IHOCTLJO o6oruc RpncTaJIJIOB n CTeIIeHLJO ROJIJIBManIDI 

IifI!Gl. 

Pnc.6. KoHcTpyRD:IDI <peppoMarHHTHoro pe3oHaTOpa Heil:TpoHOB. 

1 - 3aCJIOHI<IIj 2 - ROpIIyc; 3 - IIJiaCTHHI<II H3 HepmaBeromett CTaJm; 

4 .- aJIJOMHHHeBLie IIpORJia,n:I<II; 5 - <poJILrH IIepMaJIJIOJI; 6 - <pHRCll

pyromne 6oJITLI. 

B OTJm-cme OT [10] B Harnett ROHCTpyRD:Hn {Pnc.6) ceRD:nn pe3oHa

Topa ( O.IUIY ceRD:HJO pe3oHaTOpa <popMHpyroT <poJILra IIepMaJioJI, TOJimH

Hott 8 = 1, 5MRM n aJIJOMllHHeBaJI IIpoRJia,n:Ra TOJim;nHOtt ~ = 0, 2MM) 
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Ha6npalOTCJI Mem.n:y ,ll;B}'t!JI IIJiaCTHHRaMII H3 HepmaBeromett CTaJm n IIO

Mem;aroTCJI B JiaTYHHOM RopIIyce. IlJiacTIIHI<II 3 IIpe.n;oTBpam;aroT ,n:e<pop

Ma:ri;Hro ceRD:HH :eo npeMJI cmaTHJI BHYTPH Ropeyca IIpH c6opRe pe3oHa

TOpa. CpaBHeHHe 3RCIIepHMeHTaJILHLIX lI Teopen1qecI<IIX pe3yJILTaTOB IIO 

CIIJIOIIIHOMY pe3oHaTOpy .n;aHLI Ha PHc. 7 n 8. 

Keff ~ 0.5 

0.4 
0.9 
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0.6 
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0.3 
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0.1 

0.3 

0.2 

It 

/N :14 

• 

9 10 11 12 13 14 15 16 17 
JIAI 

Pnc. 7. 3aBHCHMOCTL Ketr CIIJIOUIHoro pe3oHaTOpa OT TORa B 

cnepxIIpono,Zl)lm;eM coJieHOH.D:e IIpn -cmcJie ceRD:Hii N=14 H N=27. 

CIIJIOIIIHM JmHHJI - pacqeT, Rpy)KI{II - pe3ym.TaTH 3RCIIepHMeHTa. 

Ha pHcyHRe· 7 IIpe,n:cTaBJieHa 3aBHCIIMOCTL 3<p<peRTHBHOCTK IIepeno

poTa CIIHHa B CIIJIOIIIHOM pe3OHaTOpe B 3aBIIClIMOCTH OT TORa B CBepx

IIpODO.D:JIID;eM COJieHOH,ll;e. BII.D:Ho, qTo COBIIa.n;eHne 3RCIIepHMeHTaJILHLIX 

pe3yJILTaToB c pacqeToM xopouree. CJia6oe cMem;emie IIOJiomeHHtt MaRcn

MYMOB .n;Byx pe3OHaTOpon MLI 061,JicHJieM He60JILIIIHMll pa3JIWmJIMH (npn

MepHO Ha 1 % ) TOJim;nH OT,ll;eJThHLIX ceRD:Hfi. 

" 
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Pnc.8. 3aBncnMocr1, Kerr cmrnrirnoro pe3OHaTOpa OT RoJmqecTBa 

ceru:i;nii:. Crmournan: JmHIDI - pacqeT, RPY)RI{ll - pe3ym.TaTLI 3Rcrre

pnMeHTa. 

B 3RCIIepnMeHTC rrpoBepJIJiaCI, 3aBIICIIMOCTI, MaRcIIMam.Hoii: 3q>q>eR

TIIBHOCTII pe3oHaTopa OT qncJia ceru:i;nii: N (Pnc.8). CorJiacne Meil<JlY 

3RCIIepIIMCHTaJII,HI,IMII ll TeopeTnqecRllMII 3HaqeHllJIMll xopomee. 

B IIJiaHIIpyeMLIX 3RcrrepnMeHTax IIO rrapm.mrHIITHOMY pe3OHaHcy Heii:

TpOHOB aJIIOMIIHIICBLie rrpORJia,zurn 6y,zzyT 3aMeHeHLI IIJiaCTIIHRm1:n ll3 

rrpeccoBaHHoro rropomRa rn,rqm.n;a TIITaHa. CpaBHHBM pe3OIIaHCHLie 

RpllBLie, rronyqeHHLie C IIOJIJipll3OBaHHhlMII JI.nJ>aMn II 6e3 IIOJI1Ipn3an;nn, 

MOilillO 6y.n;eT orrpe.n;eJmTI, 3q>q>CRT JI.n;epHoii: rrpen;eccnn HeiiTpOHOB. 

B 3Toii: me rnaBe orrncaH pa3.n;em.Hfilii: cpeppoMarHHTHLiii pe3oHaTOp 

HCHTpOHOD. 8TO CllCTCMa ,lOlyx OT,Zl;CJII,HfilX o.n;nHaROBLIX CIIJIOIIIHLIX pe3o

HaTOpon, pa3,Zl;CJICHHfilX DO3.Z1YIIIHfilM 3a3OpoM, Ry.n;a MOJRCT 6LITI, IIOMe:m;eH 

o6pa3en;. 8cpcpeRTIIBHOCT1> rrepeBopoTa TaRoro pe3oHaTOpa 

Ksr = 4sin
2 

0err sin
2
(werrt/4)x 

X [cos(werrt/4) cos(w9T /2) - cos 0err sin(Wefft/4) sin(w9T /2)]2 (11) 

r.n;e 

0err - 3q>q>eRTHDHLill yroJI HeiiTpOHHOll rrpen;eccnn, COCTOJIIIJ;llll ll3 

.LOlyx HC3aDIICIDILIX npa:m;eHllli BCRTOpa HeiiTpOHHOli IIOJI1IpII3aD;IIII - CHa

qaJia B rrepMaJIJioenoii cpom,re, a 3aTeM B rrpocTpaHCTBe, 3arroJIHeHHOM 

aJIIOMIIHIIenoii rrpoRJia.n;Roii, 
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I 

I 

Werr - 3q>q>CRTIIBHM JiapMopOBCRM qacToTa B pe3oHaTope, 

t - BpeMJI HaXOiR,ll;CHIDI HCiiTpOHOB D pe3oHaTOpe rrpll HyJICBOM 3a3ope, 

T - BpeMJI HaXoiR,ll;eHIDI HC:liTpOHa B BO3.n;JIIIHOM 3a3ope pa3.n;eJieHHoro 

pe3oHaTopa, 

w9 - Jlap:i.wpoBcRan: qacToTa rrpen;eccrur HeiiTpoHa B 3a3ope. 

Keff 

0.5 ~ r ,, 
" 0.4 ~ 
I. 

f.l I 
I 
I 

0.3 
I 
I 
I 
I 

0.2 I 
I 
I 

0.1 

9 10 11 12 13 14 15 16 I (Al 

Pnc.9. 3anncnMOCTI> Kerr pa3.n;e~Horo pe3oHaTOpa OT TORa 

B CBepxrrpoDO,Zl;JIIIJ;CM COJICHOn.n;e. CrrJIOillHaJI JillHIDI - pacqeT, 

Rpy)RI{ll - pe3ym,TaTI,l 3RCIIepnMeHTOB. TlyHRTIIpHM JillHIDI - pac

qeT rrp11 HaJmq11n 3q>q>eRTIIBHOro IIOJIII B 3a3ope pe3o'HaTOpa. 

Pnc.9 IIORa3LIDaeT cpanHeHne 3RCIICpllMCHTaJII,HLIX pe3ym.TaTOB C Te

opeT11qecRllM11 pacqeTaMn .n;JIII pa3.n;eJieHHoro pe3oHaTopa. RaiR,ll;Llii OT

.n;em.m,1ii: pe3OHaTOp COCTOHT ll3 14 ceru:i;n11, 3a3op MCil<JlY pe3oHaTOpaMn 1 

MM. Pe3oHaHCI,l B pa3.n;eJICHHOM pe3OHaTOpe IIOJIBJIJIIOTCJI Ha .LOlYX 3Haqe

HIDIX ne.n:y:m;ero MarHHTHOro IIOJIII (TORa D CBepXIIpOBO,Zl;JIIIJ;eM COJICHOH.n;e). 

IlyHRTIIpHM RpllDaJI IIORa3MDaeT pacqeTHYIO cpopMy, COOTBCTCTByro:m;yro 

IIOJIBJICHIIIO B 3a3ope .n;o6aBoqHoro IIOJIJI 300 8 (nMIITan;rur 3q>q>eRTIIBHOro 

:i.rnrHIITHoro rroJI1I). 

B 3aRJIJOqeHIIll rrepeqncJieHLI OCHOBHHe pe3ym.TaTH .n;nccepTaD;IIOHHOll 

pa6oTLI II ccpopMyJmpOBaHI,l BO3MOJRHfile rrpaRT11qecR11e IIpllMeHeHIDI: 

1. Pa3pa6oTaHa II CO3,Zl;aHa ycTaHOBRa MOHOXpOMaT11qecR11X IIOJIJip113O

DaHHLIX TCIIJIOBLIX HCii:TpOHOB C IICIIOJII,3OBaHlleM 6p3rroBCROro Me

TO,Zl;a oTpaJReHIDI OT MOHORpncTaJIJIOD Co-Fe. 
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2. Ilpe,lUIO)KeHl,I II IICIILITaHl,I MeTO.zu,I orrpe,D;eJieHIDI IIOJIJip113arum He:tt
TpOHOB (Tpll MeTo,D;a) a TaKme napaMeTpOB npeo6pa30BaTeJie:tt Cllll
HOB HefiTpOHOB. 

3. Co3,D;aH II IICIILITaH cnepXIIpOBO,D;Jiuuiit HefiTpoHHLI:tt CllllH-q>JIIIIIIIep. 

4. Ilpe,lUIOiKeH MeTo,D;, II03BOJIJIIO~llfi IIOn:ytlllTL ~OK HeiiTpOHOB, IIO
JIJIPll3aJUIJI I{OToporo OTJillqaeTCJI OT P.,D;IIHJUU,I Ha BeJilllmHY ~ 10-3. 

5. Co3,D;aHa ycTaHoBKa 110JIJip113onaHHo:B: JI,D;epHo:B: MmIIeHH, 6a311py10-
~a11c11 Ha KpllOCTaTe pacTBopeHIIJI 3 He - 4 He C CBepXIIpOBO,D;JIIIUIM 
COJieHOll,D;OM, II03BOJIJIIO~aJI IIOJIJip1130BaTL JI,D;pa KaK MeTO,D;OM "rpy-
60:B: cmm", TaK 11 ,D;IIHaMnqecKo:B: HaKaqKo:B:. Ilo,D;o6paH MaTep11aJI 
,D;JIJI IIOJIJip1130BaHHOII npoTOHHOII MHI1IeH11, 113rOTOBJieHLI o6pa3~, 
onpe,D;eJiem.x llX rrapaMeTpLI. 

6. Co3,D;aHl,I II IICIIHTaHI.r q>eppoMarHHTHLie pe3oHaTOpLI HeiiTpOHOB
CllJIOilIHO:B: 11 pa3,D;eJILHLI:ti; onpe,D;eJieHLI napaMeTpLI pe3oHaTopon; 
npone.D;eHo MO,D;eJI11ponaHne Ha ROMilLIOTepe 3KcnepnMeHTOB no 
C,D;BIII'Y napaMarHHTHOro pe30HaHca HeiiTpOHOB B IlOJIJip1130BaHHOII 
npoTOHHOII MIIIlleHH. 

YcTaHOBRII IlOJIJip1130BaHHLIX HeiiTpOHOB II IlOJIJipH30BaHHOII JI,D;epHOII 
MHI1IeH11 MoryT 6LITL IICIIOJI:b30BaHLI B IICCJIC,D;OBaHIDIX B o6JiaCTII JI,D;epHo:B: 
q>ll311Rll II q>ll311Rll I{OH,D;eHc11ponaHHLIX cpe,D;. Pe3yJILTaTLI, 113JIOiKeHHLie 
B nyHRTe 2 MoryT 6LITL HCilOJIL30BaHLI ,lUIJI orrpe,D;eJieHIIJI CTeneHH no
JIJipH3aIUIH HeiiTpOHOB II napaMeTpOB npeo6pa30BaTeJie:ti CllllHOB. Ilpo
CTOII B H3rOTOBJieHHH HeiiTpOHHLiii CIIHH-q>Jlllllllep MOiKeT HaiiTH mnpoKoe 
npnMeHeHHe B 3Kcnepm.rnHTax, npono,D;IIMLIX npn reJI11eBLIX TeMnepaTy
pax. Ilpe,D;JIO)l{eHHLiii MeTO,D; IlOJIJipH3aD;HH HeiiTpOHOB ll03BOJIJieT IlOJIY
qnTL nyqoK C IlOJIJipH3aIUie:H, OTJillqHoii OT a6COJIIOTHOii Ha ~ 10-3 • 
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