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06UJG.R XapaKrrlepucmUKa OUCi:epma!fUU 

AKTfaJibHOCTb 

Ha6mo.D.eHHe .D.H<jlpaKUHH HeihpoHOB aa KPJiCTaJJJJax [1 J..s 1936 r. liBHJJOCb 

nepBhiM npliMhiM c~H.D.eTeJI~TBOM . H_aJJH'IHll . Y •. aeil.TPOHa. :,BOJJ}{SJBbJX. <?BO~CTB. 

Bnocne.D.CTBHH HeHTPOHHM .IJ.H<jlpaKUJUI npespamnacb . B . '·· MOUlHbiH 

3KcnepHMeHTaJJbHbrll: MeTO.Il. Hccne.D.osaHHll CTPYKTYPbl H .ll.IIHaMHKR KpHCTaJI~OB, 

B Te'leHH~ eme . .ll.OBIJJibHo .ll.JIHTeJibHoro spe¥eHII. 3KcnepiiMef!T<lTOpar;t ·6hiJIII 

.IJ.QCT)'llHbl JIHIIIh TeiiJIOBhie HeHTPOHI>I_ C xapaicrepHOii_ .ll.JIIIHOH .B<?JIIIbl i,I~P.li.D.Ka 

HeCKOJJhKHX aHrC:riJeM. l103TOMY Ha6JIIO.Il.eHHe .ll.II<jlpaKUHH , HeHTpOHOB Ha 

M~OCKOIIH'IeCKHX o6beKTax npe.D.CTasn~no cephe3HhJe TPY.Il.HOCTH II cTano 

so3MO)I(HhiM JIHIIII> B pe3yJihTaTe cymecTBeHHoro nporpecca 3KcnepiiMeHTaJJbHOH 

TexHHKH. B 1969 r. lllaJIJI snepBI>Ie Ha~JIIO.Il.\111 .D.H<jlpaKunro.ue~TpOHOB ua menH [2ka 

Payx c coasTopaMH - p;H<jlpaKI..lHIO Ha .omuqecKoil. .D.H<jlpaKUHOHHOil. pemeTKe [3,4]. 

Ha'IHHM c ceMH.D.eCliTI>IX ro.D.OB nporrmoro seKa CTaJJO ,B03MO)I(HhiM IICITOJib30BaTh 

OTHOCHTeJII>HO .ll.JIHHHOBOJIHOBhie,XO~O.Il.Hhie H ynhTPaXpJIO,ll.Hbie HeHTpOHbl (YXH)~ '-ITO 

eme paciiiHpnno 3KCrrepnMeHTaJJhHI>Ie B03MO)I(HOCTH. B pa6oTax A .. III:raiiepna. [5,6] 

Ha6JIIO.D.aJJach .D.H<jlpaKuHll YXH aa rpasHposaaaoil. pellleTKe co .. cqeumi.JihHhiJ\;1 

npo<jJHJieM, a aBTOpbl paOOT [7,8] HCIIOJib30BaJJH B _Ka'leCTBe !pOKYCIIpyiO!ller,o 

ycTPoiicTBa.o.D.HOMepHI>Ie 30HHhie rrnacTHHKH- cqeUHaJJbHbiM,o6pa3oM pacC'!f!TaHHhJe 

.ll.Ji<l.>paKI..lHOHHhie CTP~KTYPI>I. , B pll.ll.e H3_llll..lHhiX 3KcnepHM<?HTOB ua6niO.D.aJJaCb 

.ll.H<J>paKI..lHll .XOJIO.IJ.HhiX HeHTPOHOB ua,,KpaiO IIOfJIOII..laiO!llero 3Kpaua [9, 10], H _Ha 

Il..leJillx (orr~rr IOara c aeiiTPOHaMH)l11]. 

Bee 3TH 3KcnepHMeHTI>I ae ronhKO , eme . pa3 np().D.eMoncTpiiposaJJII 

CllpaBe.ll.JIHBOCTb OCHOBI_!hiX rrpe.ll.CI(¥aHJ:IH CTailHOHapiWji KBaHTOBOH MeXUfliiKII, HO II 

rrpHBeJIH K C03.11.aHHIO HOBOfO IIOKOJieHHll ,ll.H<jlpaKuHOHHbiX IlpiiOOpOB, HeHTjJOHHbiX 
;! 0 : < ', -· w~..:· 

HHTep<J>epoMe-rpos Maxa-l{eH.IJ.epa c .ll.II<J>paKUHOHHbiMH pellleTKaMH, uarne.nnmx 

rrpHMeHeHHe B npaKTHKe.HeHTjJOHHOfO 3KCriepHMeHTa (12;13]. 

HOBble Ka'leCTBa npHo6pcraeT . Heii-rpOHHM :'omHKa 'B Tex' 'cny'IMX, KOr,ll.a 

napaMeTj)bl COOTBeTCTByiOIUHX KBaHTOBbiX . 3Ma4 3aBHCliT •. ':oT 'speMeHIL 

HecTauHoaapaoe B03.D.eiicTBHe aa aeil.TPOHIIyiO sonay rro3BOJilleT cymecTseHHbiM 

06'1e,IJ;HHeHH1IIil HHC'l'V.TJ'l'; 

SI,n;epmrx nccrre,n;osanni:r 
BYIB JIH OTEI<A 



o6pa30M Mem!Tb BCC OCH_OBHhie ee napaMerphl, • a HMeHJIO; 3Heprmo. nOllllpH3aUHIO, 

HHTeHCHBHOCTb H HanpaBJieHHe pacnpoCrpaHeHHR. vf3yqeHHe HeCTaUHOHapHbiX 
-: :----~; • '- J ~ ,' ~· { ·': 

KBaHTOBbiX RBJieHHH He TOJibKO npe,ncTaBAAeT CllMOCTORTeJihHbiH .. iiHTepec~·- HO H 

cnoco6CTBYeT. C03.l{aHHIO HOBbiX; 3KcmipHMeHTaiihHhiX MeTO.l{OB .1-1' ~BilHTOBbiX 

ycrpoiiCTB, KJiaccnqecK·m.t npnMepoM· ..JeMy Rnllirei-csi <j>mn1riep Pa6ir · [14, (S]: PHil 

Iiosi.iX'·n.neH' o npnMeHeHHH: HecTal(uom:ipui.ci KBaHioili.ix RBJieHHii s Heiirpomioii 

ODTHKe oficy)K.l{MC$1 B pa6(nax'[16 -19]. ..J. 

06pall(eHHC K HCCTal(.HOHapH(>My cnyqruo ll03BOJIHCT Himr,na BJfllliHYTb Ha xoporno 

·ii3BCCTHOC OllTH'ICCKOC RBJieHHC C HOBOH CTOpOHhl, OTKpbiBilR iloi30JibHO HemKH.l{llHHhiC 

ero qeprhl. 3TO BllOJIHC OTHOCHTC$1 K cnyqruo .nH<j>paKUHH HCHTPOHOB-·Ha JlBH:>KyiUeiic'H 

'pemeTKC, KOTOpOMY llOCBRluCHa HaCTOR!l(M pa6om. B pa6oTe (20] 6biJIO nOKa.JaHO, 

qro a : cnyqae ,nBH)KCHHR ,nH<j>pliKunoHHoii ' pernenm nonepei< · nyt11<a · Me.nneH.Hl.Ix 

HeiirpoHos o11a BhiCTynaer B'KaqeciseReCTaUHOHapHoro KBaHTosoro yctpolicTsa·H KaK 

TaKOBOC C)'ll(CCTBCHHO ·. H3MCHReT 3HepreTH'ICCKHH 'cneKrp rraJiaiO'thHx . Ha . Hee 

Heih])OHOB; 
,. 

· K ·MoMeHTY HaiJ:ana HacTOR!l(eii pa6oThi 3<!>'<j>eKT KBaHT'oiiaHHll 3Hepmn rrpn 

.nnqipaKI.(HH- IIa .nsn)l{)'fueiicR peiiierKe 6bm Ka'IeCTBeHHo l-ia6mo.neH [21 ]. B i(ni<e speMR 

peJyJihTaThi;. llOJiyqeHHbiC B 3TOM nepBOM '3KCllepHMCHTe, He . n03BOJIRi1H; rrpOBCCTH 

KOJIH'ICCTBCHHOC cpaBHCHHe C TCOplieH~·He06XO.l{HMOCTb KOTOporo npe.nciaBRl!JiaCb 

oqesH,nHoii. Ariyan~>HocTh HacTOR!l(eii pa6oThi' ycnnnsanacb H · rJOS!si-isrnnMHCR s TO 

BpeMR . npe.iuiO)KeJiHRMH llO npHMeHCHHIO .l{BH)KY!l(HXCll pCIIIeTOK B . rrpaKTHKC 

HCHTPOHHOro 3KCnepHMCHTa. B qacTHOCTH, o6cy)K,l{anaci, B03MO)KHOcTb . C03.l{aHHR 

HeiirpOHHOro HHTep<j>epoMerpa C .l{BH)KY!l(HMHCR peWeTKaMH · (22;23). Ilpe,nnaranOCh 

. TaK)KC HCllOllb30BaTb 3<j><j>eKT HCCTal(HOmtpHOH rrepe,naqH 3HCprHH HCHTPOHY a' TaKOM 

npo~ecce .l{JI$1 ocyttieCTBJICHH$1 <j>oeycHpOBKH. HeiirpOHOB BO BpeMeiiH [24]; 

UeJin pa6oTLI 

• 
·.·· 

3KcnepHMeHTaJibHOCH TCOpCriH'I_CCKOC HCCJIC.l{OBaHHC ~BJieHHR 

3HCPf~H,'ICCKoro paCII(CllJICHHR cnei<Tpa npH :nH<j>paKI.(HH HCH1'JlOHOB Ha 

- • .nBH*YIIIeHCR. !;(H<j>paKI.(HOHHOH pe~eTKe. 
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• .lfCCJIC.l{OBaHHC B03MO)KHOCTH llpHMeHeHH.Il 3<j><j>eKTa KBaHTOBaHH$1 3HCprHH npH 

,nn<j>paKUHH H·a .l{BH:>Kyll(eHC$1 peiiieTKC ,nAA·BpeMeHHOH <j>oKyCHpOBKH 

HeiirpOHOB. 

• lfCCJIC.l{OBaHHC B03M0)KHOCTH npHMeHCHH$1 MeTO,na .l{H<j>paKUHH 

YJib rpaxOJIO.l{HbiX HCHrpOHOB Ha .l{BH*Yil(CHCR'peiiime .l{JI$1 npoBepKH cna6oro 

npHHUHlla 3KBHBaJICHTHOCTH .l{JI$1 HeiirpoHa; 

Pe3yJibT3Tbl, BbiHOCHMbre na 331I!HTY 

• lf3MepeHI>I H npoaHaiTHJHpOBaHhi 3HeprernqecKHe CllCKTpbi nim ,nmppaKI.(HH 

HeHorPOHHOH BOJIHhl Ha .l{BH)Kyll(eHCR <j>a30BOH .l{H<j>paKUHOHimll perneTKC. 

IlonyqeHa BbiCOKal!, nopR,nKa · 40%, .ziH<j>paKI.(HOHHaR · 3<j><j>eKTHBHOCTh +I 1-1 -I 

.nn<j>paKI.(HOHHhiX nopR.ni<oB,' 'ITO otienh OJIH3KO K pacqeTnoii sennqime. 

• 

• 

• 

BnepBbiC ocyll(eC~B~eHa Bp~MCHHal! <j>oKyc~poB~a. HCHTpOHOB 1-1 TCM caMbiM 

npo,neMOHCrpHpOBaHa B03MO)KHOCTb npm~teHCHH$1 ;iilil)J<yiilCHCM 

,nn<j>paKI.(HOHHOH peiiieTKH C , nepeMCHHbiM rnaroM B KalJCCTBC «BpCMCHHOH 

•J:· 
JIHH3bi». 

JlonyqeHa BbiCOKall, OKOJIO 30% 3<j><j>eKTHBHOCTb BpeMCHHOH (pOKYCHpOBKH. 

IlOKa3aHO, 'ITO HCKOTOpoe YMCHhiiiCHHC 3<j><j>eKTHBHOctH • no cpaBHCHHIO 

TeOpeTH'ICCKOH BCJIH'JHHOH B 40% CBR3aHa C_ TeXHOJIOrH'ICCKHMH OIIIH6KaMH 

llpH H3fOTOBJICHHH peiiieTKH. 

Ilpo,neMOHCrpHpOBalJa -. B03MO~H~CTp llpHI'~f~HCHHll MCTO.l{a , . .nH<j>paKUHH 

ynhrpaxOJIO.l{HhiX HeiirpOHOB~ Ha .l{BH)KYII.(CUC$1 perneT~e .nJ,IR 3l<CnepHMCHTa no 

npoBepKe cna6oro npnHunna 3KBHBaJICHTHOCTH HeiirpoHa. ,[(Jill <j>aKTopa 
. .. . . ' ' ·.' .. , .' 

COrJiaCH$1 C npHHUHllOM ~KBHBaJICHTHOCTH y :nonyqeHO 3Ha'IeHHC 

1-y =(1.8±2.1)xi0-3
• 

HarmaH uouu3na 

• lfccn_e,noBaHo RBJICHHe ,nH<j>pa-KUHH HeiirpoHoB Ha pernerKe ,nBH*Yil(eiicR 
. ' .. 1:, ,-·i : ·,· •' . -- . 

no.nepeK HanpaBJICHHR pacnpocrpaHCHHR_ HC~1JlOHHOH BOJIHbi. .IlOKa.JaHO,_ 'ITO B 
' ., • 1 • · •_, • : , , · I ' , • · '. ~ : l ., " • ' ~ 

llOJIHOM COOTBeTCTBHH C TCOpHeH .l{BH)KY!l(al! perneTKa ,neHCTBYCT KaK 
. - l. ·0 .· 
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• 

• 

• 

KBaJ;ITOBbiH MO.z:IY./I.siTOp HeHTpOHHOij BOJif!hl, lJTO npHBO.[lliT K QJOpMHpOBaHHIO 

,[IHCKpeTHOfO 3HepreTHlJeCKOf0 cneKTpa .HeHTpOHOB. 3TH. HCC./Ie,noBaHH.ll 

npose,neHbi snepBbre. 

BnepBbie ocymecTsneH·3KcnepuMeHT no apeMenuoii ljJoKycHpOBKe HeHTpOHOB • 

B KalJeCTBe BpeMeHHOH ' ./IHH3bl HCnO./Ib30Banacb · anepHO.[lHlJeCKa.si 

.n:HQJpaKUHOHHa.sr peiiieTKa, .nsmrcyma.src.sr nonepeK nyqKa. B 3TOM onhrTe 3QJQJeKT 
. .J 

KBaHTOBaHHH 3HepmH npH ,[IHQJpaKUHH Ha ,[IBH)J<yiUeec.sr peiiieTKe fihin BnepBbie 

npHMeHeH B npaKTHKe HeHTpOHHOro 3KCnepH~eHTa, 

. ITpo,neMOHCTpiip~BaHa BO~MO)I(HOCTb HOBOfO no.n:xo,na K 3KCIIepHf1eHT?JlbHOH 

npoBepKe npHHUHrra 3KBHBane~THOCTH M.ll. HeijTpOHa.,.TOlJHO _onpeJleneHHa.si 

senHlJHHa nepe,naq~ 3H~pmH KBaHTOBhiM ~o.nyn.srmpgM - . ,nBH)I(ymeiic.sr 
j ,. .• .• ' • ... 

peiiieTKOH CpaBHHBaeTC.ll B 3TOM MeTO,ne C Be./IHlJH,HOH 3Hep~HH, IIpHo6peTaeMOH 

HeHTpOHOM npH na,neHHUHa HJBeCTHyro Be./IHlJHHY B none. T.ll)l(eCTH 3eMnH. 
• . : • • - 1- • • • ~ 

OcymeCTBJieH HeHTpOHHbiH rpan,IITaUHOHHbiH 3KCnepHMef!T HOBOfO THIIa, B 
'' I. )%· 

KOTOpOM npHHUHn 3KBliBllJ!eJ:ITHO~ 6biJI nponepeH C ~>THOCHTeJJbHOH 

norpeiiiHOCTbiO nop.sr,nKa 2x 1 o-3. 

~ ~ ~ ; { l ; . 

Hay-IHaH u npaKTH'IecKaH ueuuoCTb 
I 

• . I10Ka3aHO, trrO .siBJie}nie K8aHT()BaHH.ll 3HepmH npH ,nuljJpaKIHHf lla .QBH)I(YIIlefic.sr 

peiiieT.Ke npaBHJibHO OnHCbiBaeTC.ll cymeCTByromeil: TeOpReil:. 3'ro llOJBOJJ.lleT C 

ys.epeHHOCTbiO npoeKTHpOBaTb HOBbie: KBaHTOBbie MO.z:IYJI.liTOpbl HeltTpOHHOH 

BOJIHbl Ha OCH(lBe .Lt:BH)I(YIUHXC.ll CTp'yKryp pa3H006pa3HhiX THllOB 

• 

• 

·, ~ ~ 

. IIpo,neMOHCTpHpOBaHHa.si B paOOTe B03MO)I(HOCTb HJMeHeHH.ll 3Hepr;HH IJCihpoHa 

· Ha TotJHo 3a,ztauuyro seJIH'lHHY 'hpR .n:HcJ>paKUiUl Ita .QBH)I(Yllleiic.sr cTPYKType 

MO)I(eT fihiTb HCnOJib30BaHO B npaKT.HKe HeHTpOHHOfO 3KCllepHMCHTa. 

Mero.n cJ>oeycRpOBKH ueiirpouos so speMeHH, ocymecTBHMOCT,h Komporo: 

npo,neMOHCTpHpOBaHa B pa6ore, n03BOJI.lleT KOHUeHTpHpOBaTh HeHTpOHHhiH 
~ ' ' :i • ' .. . . . ' ~f 

nOTOK B YJKOM BpeMeHHOM HHTepBane, lJTO OTKphiBaeT B03M0)1(1!0CTh 

ys.emiqeHH.sr rri:romocm ynLTpax'ono.n:Hhrx Heiirpouos a nosyrirKe~ ~~~x~n.sriiteiic.sr 

ua 3'HaqiirenhHOM paccro.srHHH oT HMnynhcuoro RcTolJ~R~a ueiiTp~u()~ [24]. 
4 

• 

ABTOpaMH pafiOTbl (25] o6cy)l(,[lanach TaK)I(e B03MO)I(HOCTb npHMeHCHH.ll 

BpeMeHHOH QJOKYCHpOBKH ,nn.sr ysenHlJeHH.ll CBeTOCH.irbJ HeihpOIIHbiX 

cneKTpOMeTpOB no speMeHH nponera 

3KCnepHMeHT no nposepKe npHHUHna 3KBHBa./IeHTHOCTH ,[1./I.ll HeHTpOHa 

OCHOBaH Ha npHHUHnax, cymeCTBeHHO HHbiX; lJeM B ocymeqaneHHhlX _no CHX 

nop OnbiTax, 'ITO 03HalJaeT H cymeCTBeHHO HHhie H~TOlJH~KH MeTO.QH'IeCKHX 

npo6neM. B 3TOM H COCTOHT UeHHOCTh 3TOfO HOBOro oqhiTa. 0npo6oaaHHa.si B 

pafiOTe MeTO.QHKa co,nep)I(HT 60./IhlllOH noTeHUHa./1 ,n./I.ll )la./IbHeHIIIero 

COBepiiieHCTB08aHH.ll, 'ITO n03BOJltiT B 6y,nymeM IIOCTaBHTb aHa./IOflilJHhiH 

3KCnepHMeHT Ha HOBOM ypoBHe TOlJHOCTH. 

Anpo6auuH pa6oTLI 

Pe3yJihTaThi .n:HccepTaUHH ,noKJia,nhrBanHCh asmpoM ua XXXIX e)Keroauoii 

3HMHeii IIIKOJie TIJ.UI<l> (14-20 ljJ"eapan.sr 2005 ro.na, PenHHO, Pocc!f.sr), ua XI uayqHoii 
. ...... . 

KoHcJ>epeuuH.sr MOJIO.Lt:hiX yqeHbiX H c~euHanHCTOB OIUII1 (5-9 Q>enpan.sr 2007 . roaa, 

,[(y6ua), ua XII Me)l(.[lYHapo.n:Hoii KoncJ>epeHUHH «H36paHHhie npo6neMhi coapeMeHHOii 

cJ>H3HKH» (8-11 HIOH.sr 2003 ro.na, ,[(y6Ha), ua 3rd European Conference on Neutron 

Scattering (3.:6 ceHT.sr6p.sr 2003 ro.na, Mounenbe, <l>pasuH.sr), ua Me)K.n:ynapoanhrx 

KoucJ>epeuuH.srx ISINN-11 (25-28 Ma.sr 2003 ro,na, ,[(y6Ha), ISINN-13 (25-28 Ma.sr 2005 

ro.n:a, · ,[(y6ua), ISINN-15 (16-19 Ma.sr · 2007 ro,na, ,[(y6na), Deutsche 

Neutronenstreutagung 2008 (15-17 ce~n.sr6p.sr · 2008 ro.n:a, fapxHHr; fepMaHH.sr) H 

pafioqeM cosemaHHH GRANIT-2010•(14-19 cJ>e!3pan.sr 2010 ro,na, JleJ YIII, <l>paHUH.sr). 

OcHOBHbie pe3yJihTaThi BOIIIe.Lt:IIIHe B .n:HccepTaUHIO ony6nHKOBaHhi B 6 pa6oTax . 

CToYKTYoa JlnccepTauuu 

,[(HccepTaUH.ll COCTOHT H3 BBe,neHH.ll, 5 mas («.[(ucJ>paKUH.ll HeHTpOHOB Ha 

MaKpOCKOnHlJeCKHX 06'beKTax», «HecTauHOHapHble KBaHTOBhie 3QJQJeKThl llpii 

,nHcJ>paKUHH Ha ,[IBH)I(YIUeHC.ll perneme», «,[(HcJ>paKUH.ll HeHTpOHOB Ha )lBH)I(YllleHC.ll 

cJ>a30BOH pernerKe», «BpeMeHHa.si cJ>oKyCHpOBKa HeHTpOHOB», «3cJ>cJ>eKT'KBaHTOBaHH.ll 
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:meprnn neil:rponos npn ~mppaK~Hn na ~BH)I(YlllCHcSI peweTKe u nposepKa cna6oro 

npHHUHna 3KBHBaJJCHTHOCTH») ll 3aKJIIQ'ICHHSI .. 

Co~ep~auue ~uccepTaQuu 
' ' ~ . . . i 

, Bo sseneuuu o6c~aeTcSI uenh u aKTyaJJoHOCTb ~annoii.pa60Tbi: 

B, ~epsoii rJiaBe ~aeTc.H o63op 3KcnepnMeinos no na6nro~ennro ~~4JpaKunn 

neil;ponos na ~aKpocKonnqecKnx o6beKTax, p.11~ H3 KOTOpbiX y)Ke ynoMHH~cSI BbiWe 

~~pn·o'6c)')IC)iennn aKTyanhHOCTH nacToSimeii pa6oTbi. Han6onb~ee ·BHHManue y~eneno 
J~C~~pll~CHTaM c ~u4Jpa~u~OHHiiMll pew.CTK~H· .. 

Bo BTopoii rJiaBe npuse~eH o63op pa6oT, nocB.HlllCIIHbiM necTaunouapnbiM 
' ft 

npoueccaM B HClllpOHHOll ODTHKC. On HatiHHaeTC.!I C H3JJ0)1(CiiH.H 3Mati.~.MOWH1-ICKOfO 

06 JBOJIIOUHH BOJIHOBOfO $pOHTa HClllpOHHOH BOJIHbl nocne MrHOBCIIHOrO H3BJJCl.JCHHSI 

n3 nyqKa n~·eaJJhHO nornomaromei1 3acrronKn. flpnse~eno onucanne K~K HCKOTOpbiX 
; . i. " .. . ,, i'. . ' :; ' 

TCOpCTH'I~CKHX pa60T, TaK ll CYlllCCTBYIOlllllX JKCI1CpHMCHTOB no Ha6mo~CHHIO 

~ecT~n~napHbiX KBaHTOBbiX J$$eKTOB B nei1Tponnoii onTuKe. 
" ' ~ ' "'. . -' 

.. :• : HaH6onee no~po6no npnse~eno .• H3JIO)Keune pa6oThJ [20] s KOTopoii 

paccMOlpCHa 3Matia o ~n4JpaKunn neiirponuoii BOJJHbi'Ha ~n4JpaKUHOHHoii pew!.:TKe, 

~Bll)I{ylllCHC.!I nonepeK HanpaBJICHll.!l pacnpOCTpaHCHHSI HCHTpOHHOH BOJIHbl.• flOKa3aHO, 

'ITO npn' ~OCTaTO'IHO 6oJiblliOH ·CKOpOCTH peW!.:TKH V H MaJJOM BCKTOpe _o6paTHOH 

pew!.:TKH 25'( pelliCHHC. CBO~HTCSI K Bll~ 

:.Jill. '+~ . . , 

If/. (X' Y' t) = ·L C je{ kix:(ky +qi)Y·_,>;']. 
j=-ro . 

k,=k(l+j~} m i=m+jO 
;,, 

. l 

cj =-i:J r(y)e-;q,ydy 
0 

,. 

,· ~ 1 

6 

3~ech L - nepno~ peweTKH, qi =21TJ{- seKTop o6paTnoii pew!.:TKn, j-uenoe, 

onpe~emnomee nopSI~OK ~n4JpaKUHH, r(y)- $yHKUHSI nponycKaHnSI o~noro JJJeMCHTa 

SIBJJSIIOlllaSICSI, B006me fOBOpSI, KOMnJJCKCHOH, !} = 21T'Y_ -tJaCTOTa MO~YJJSIUHH. 
L 

TpCTLH rJiaBa nocs»mena onncanuro 3KcnepuMeHTa no H3Mepennro 

3HepreTHtJecKoro cneKTpa neiirponos nocne M$paKunn na ~BH)KyllleiicSI 4Ja1osoii 

pew!.:TKe ll COOTBeTCTBH.!I ero TCOpeTH'ICCKHM npe~CKa3aHHSIM 

,[J;aeTc.H no~po6noe onncanue 3KcnepHMCHTaJJbHOH ycTa!IOBKH 

(rpaBHTauHOHHOfO cneKTpOMCTpa C HClllpOHHbiMH HHTep4JepCHUHOHHbiMH $HJibTpaMH 

(Pnc.l.)) n ycnosni1 JKcnepnMeHTa ocymecTsnennoro fla nyYKC ynorpaxono~HbiX 

neiirponos (YXH) s Hnn (fpeno6no). OcnosnoiM cneKTpoMerpnqecKnM JneMeHTOM 

npn6opa SIBJISIJIHCb neiirpoHHbie HuTep4JepenunoHHbiC $HJiblphi (Hl1¢) [26-30]. 

BMecTo nnneiino ~sn~meiic.H ~n4JpaKunonnoii peweTKH ncnoJib3osanacb $a3osaSI 

spamaromaSic.H pemeTKa c pMHaJJbHbiMH mrpnxaMn. Ha ee nepn4JepnqecKoii o6nacTn, 

HMCBlliCll 4JopMy KOJibUa, MeTO~OM 4JoTOJIHTOrpa$HH 6bJJJH npllfOTOBJICHbl 

paMaJJbHbie KanasKn (Pnc.2). B .3TOM cnyqae qacTOTa Mo~yrr»unu onpe~en.HeTcSI 

CJIC~YJOlllllM o6pa30M 

V 2JrfR · 
Q = 2.1l'- = 21l'-- = 21l'fN 

L aR . 

3~ech a - yrnosoii nepHo~, f - qacTOTa spameHn.H, R - pMnyc, N -nonnoe Yncno 

llilpHXOB. 
r 

B nocTaBnennoM JKcnepHMeHTe n3Mep.Hnacb cKopocTb ctJeTa ~eTeKTopa KaK 

$yHKUH.!I nonmKenn.H aHaJJH3aTopa no BbicoTe. B cnyqae noKoSimeiicSI pemeTKH, 

COOTBeTCTBYJOlllaSI KpHBaSI CKaHHpOBaHH.!I CCTb $aKTH'ICCKH DpOCTO CBCpTKa 

CDCKTpaJJbHbiX 4JyHKUHll MOHOXpOMaTopa f{E.} ll aHaJJH3aTopa 77(E,) 

F1 {z)= ff{E.)7J{E, -mgz)dE,, 

r~e m - Macca neiirpona, g - ycKopenne cso6o~noro nMeHn.!l, a z - pacCTo.Hnne 

Me~y $HJiblpaMH. 
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t eo 

~ 
Puc.l. rpaBHTaU:HOHIIbilf cneKTPOMeTp,c ueihpOIIHbiMU 

· ·. nnTep!JlepeuuuouubiMu ~J~iwhl-paMu: · · 

l exoo~QJ! KaMepa, 2 - BaKyyMHaR KiiMepa, 3- .Momop ORR 6paufe/IWL ' 

peUiemKU, 4~ 3epKallbHblU /leump0110600, 5-. 6pGUfGIOUfaJ!CJI peUiemKa, 6 -
rpwzbmp-anaJIU3amop, 7-rpwzbmp-MonoxpoMa'mop; 8-oemeKmop, 9- ·Uiazoe~lll 
06uzamellb 

8 

.:.·· 

q;: 
·' IJCN 

MouoxpoMliTOp I \.J 

WLn I 1 ~): I 

tLJ .. 
.·<~ 

~~ 

Puc. 2. BpamaJOm:ascH !JlaJOBaH .[(nCppaKu:uouuaH pemeTKa c 
pa.nuaJILuoii CTPYKTYPOii 

' -:_,"'·:. 
' .-:. 

B CJI)"'ae Bpant:arom:efic» peiiieTKU. KpHBaH CKaHHpOBaHHSI ll3MeHHT CBOH Bll.[( H, B 

CJI)"'ae yJKoii cneKTpaJII>Hoii JIHHHH M:o»oxpoM~Topa, 6y.[(eT uMeTI>: au.[( 

F2 ( z) = Ilcl F, (z+ /n). 
J . mg·) . 

r.[(e F2 -peJyJihmpyrom:uii cneKTp, KaK tl>YHKUH» paccTOHf!:H» Me)l(.[(y .[(BYM» 
, .. " 

HeiiTpOHHbiMH HHTep$epeHUHOHHbiMH $nirhTpaMH, Ez- cpeJ~:H»ll :mepmll 

IIpOIIYCKaeMbiX MOHOXpOMaTOpOM HeHTpOHOB.c 

,l(JIH rto.[(po6Horo rurannJa comac'Hn 3KCnepnMeHTaJibHOro cneKTpa c pacqeTaMH 

KOppeKTHOCTll HCIIOJib3yeMOro TeopeTflqeCKOrO IIO.[(XO.[(a, 6biJIO H3MepeHO IIOBe,[(eHne 

cneKTpa npn paJHbiX qacroTax Bpam:eHH» .[(n$pal(UHOHimii pernerKn (pnc. 3). 

B IIOJI)"'eHHbiX cneKTpax ocHoauoii nuclJ.opMauneii »BJI»JIHCb 'KaK aMmiHTY.[(hi A, 
' \ ~ ., . 

TaK ll BeJIHqnHa pacm:en.Jie~UIH /'1. ,l(JIH 3aBHCHMOCTH pacm:enJieHHSI OT qacTOTbl 

d = B · f 6biJIO noJiy'qeuo comac11e B K03clJ$nu:neHTe HaKJIOHa B Ha ypoBHe 2% 

(Bexp = 0.746±0.003 MM·CeK, B TO BpeMSI KaK pacqeTHOe 3HaqeHH!.! .11,JI»,.3TOH pemeTKH 

Bth = 0.7624 MM·ceK). Ilp11 qacToTe · aparn:eHn» 7fu: pacm:enJieHHe icneKTpa MaJIO. 
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HanpoTHB, npn: qaCTOTe 99 ru, KpllBWI CKaHn:poBaHHSI npe)J.CTaBJIS!eT co6oii 

<fJaKTH"'eCKH cyMMY )J.Byx rayccoshiX Kpn:BhiX c aMnmiry)J.aMn: A ·Ia 112 • Tio3TOMY 

cpasHHBWI 3Kcnepn:MeHTaJihHhie 3Ha"'eHn:» senn:"'n:H A npn: 3THX )J.Byx qacToTax MO)KHO 

cy)J.llTh 0 CTeneHH COOTBeTCTBllH llHTeHCllBHOCTeii JiliHHH nepsoro llOpS!)J.Ka 11X 

TeOpeTH"'eCKHM 3Ha"'eHHHM. 

2.0 .J 

2!4 

'{ 
2.2 

2,0 

1,0 

1,0 

1,4 

1,2 

1,0 

o.e 

o.• 
1,6 

10 " 20 Ax 30 35 " " :i 1,4 

~ 1,2 
.; 
~ 1,0 
0 
';'0.8 
(-< 

60Hz 

~ .. _ 
A=1.69± 0.047 

:~ ql§ 
0 10 " 20 25 30 35 " " ti 1,4 
0 
g-1.2 

a 1;0 

0,8 

tfi. ~Hz 
A=1.657± 0.076 

9:8 ., 10 " 20 25 30 35 40 4' 

1,4 

1,2 

1,0 

0,8 

0,6 
0 5 10 15 20 25 30 35 40 45 

PaccTOliHHe Me)KtJ.Y (jJHIIbTpaMH (eM). 

·- Puc. 3. CKopoCTh cqcra .r.creKTopa B JaBncnMocru oT paccroHnldi · 
Me"'Jzy cJIHJibTp3MH, HJMepe11H3H npH p3311biX "13CTOT3X 

.. . :· . 

10 

,l(mi OTHOCHTeJihHOH llHTeHCllBHOCTH BOJIH nepsoro nopSI)J.Ka 6hiJIO llOJiy"'eHO 

3Ha"'eHn:e!a1j
2 

=0.371, "'TO 6Jill3KO K paC"'eTHOMY la112 
= 0.403. 

~ ili 
,[(syxnpoueHTHOe 

pacxo)K)J.eHn:e B aenn:qn:He HaKJIOHa, a TaK)Ke ceMn:npoueHTHhiH )J.e<Pm.lHT 

)J.Ii<fJpaKUHOHHOH 3<fJ<fleKTHBHOCTH peiiiCTKI1 MO)KeT 6b!Th 06'bSICHeH HeKOTOpOH 

HeH)J.eaJihHOCThlO ee npo<fln:JISI. 

Tipn: aHann:Je )J.n:<fJpaKun:n: YXH Ha. )J.Bll)KYJUeiic» )J.Ii<flpaKun:oHHOH perneTKe 

llHTeHCllBHOCTh COOTBeTCTBYIOIUHX llOp»)J.KOB Bhl"'HCJISIJiaCh B npe)J.llOJIO)KeHI1H, "'TO 

<flyHKUHSI nponycKaHllSI O)J.HOrO 3JieMeHTa T (y) HeH3MeHHa np11 np11Be)J.eHH11 perneTKI1 

B )J.Bll)KeHn:e. Ha CaMOM )J.eJie, B CHCTeMe K00p)J.11H3T perneTKll HeHTPOHhl lla)J.310T Ha 

Hee llO)J. CKOJih3SIIUllM yrnoM: TIOCJie)J.HllH onpe)J.eJI»e:r~~ ~·aK a ~ tga = V lv, r)J.e V n 

~ CKOpOCTh HeHTPOHa,a V - CKOpOCTh perneTKH. TaKHM o6pa30M, HCTHHHWI <flyHKU11SI 

nponycKaHHSI )J.JIH 60JihiiiOH CKOpOCTH ,HeHTpOHa MO)KeT 3H3"1HTeJihHO OTJIHLJ3ThCSI OT 

npHMoyroJihHOii (cl\:1. pn:c.4). Tio3TOMY )J.Blf)l<eHlle perneTKH np11BO)J.HT K no»BJieHn:IO 
'• r •'• 

KpaeBOrO 3<fJ<fleKTa II, KaK CJie)J.CTBHe, K B03HI1KH~>BeHll!O BOJIH C LJeTHhl~H nOp»)J.KaMI1 

)J.n:<flpaKUHH. B ycnosn:»x onn:ChiBaeMoro 3Kcnepn:MeHTa Kpaesoii 3<fJ<f!eKT )J.OCTaTOLJHO 

MaJI, HO B cnyqae. 60JihiiillX CKOpOCTeH )J.l3H)I<eHI1SI peiiiCTKH HJIH yMeHhiiieHHH ee 

nepHO)J.a pOJih )J.aHHOrO 3<fJ<fleKTa MO)KeT CTaTh 3aMeTHOH. 

r-

~~. lr---

1 I I 
It _____ -.L......... ! 

Pnc.4. Kpaesoii 3cJicJieKT H3-3a uaKJionuoro mmeunH ua cJia3ooyro 
.r.ncJipaK~nouuyro pemeTKY· Bnn:Jy noKaJano yCJIOBHO 
HJMeneuue cJialbl npome.r.meii BOJIIIhl • 
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; ~ 

4,0 

3,5 l ' --j 
~·. .• - t 

3,0 

0 20 40 60 80 100 

• 
2,5 r-~--;~~:.:-:--r~~..--~--.-~ 

Frequency, v 

Puc. 5. ,lJ;ucnepcHH cneKTpa nepsoro nopa.nKa cr, KaK 

~YHKUHH '13CTOThl BpameuuH pemihKit: . 

Or.zieJibHbiH naparpaep 3TOH rJiaBbl DOCBlluieH npo6JieMe B03M0)KH0H . OUCHKH 

·nonepeqHoro pa3Mepa KorepeHTHOCTH cso6o.tiHoro HeiiTPciHa. B omuKe If3BecTiJo, tiio 

ripu .nmppaKUHH rmocKoii BOJIHbi Ha peweTKe · 'c' orpaHH'ICHHhiMH pa3MepaMu 1; 

pe3ynLT~p}rromue soJIHbi xapaKTepH.JYroTCll HeKciTopbiM yniosbiM p'acnpe)J.eneHneM 'c 
' . . ~ . ~ . ' ' ' 

WHpHHOH nopg,nKa A/ t; . TaKall )KC CHTyal{HH .HMCeT MCCTO B TOM cnyqae, CCJIH 
. ' . . '· 

pCWeTKa HMCeT 6eCKOHC'IHYIO npOTH)KCHHOCTb, HO na,naiO,lUall sqnHa orpaHH'ICHa . ~ 
- : <' 

nonepe'IHOM pa3Mepe. B .nuccepTaUHH noKaJaHo, 'ITO npH Ha ,nBH)Kymeiic» peiiieTKe 

OrpaHH'ICHHC B pa3Mepe KOrepeHTHOrO <flpoHTa DpHBO.!{HT K YIIIHpCHHIO HC ymoBOrO, 

KaK B 06bNHOM CJI}"'ac, a 3HepreTH'ICCKOro pacnpe,nencHHll. 3TO .!{ODOJIHHTCJibHOC 

ymupeHue cneK"Ipa nponopuuoHaJibHO cKopocTH peiiieTKH. B ycnosn»x 3KcnepnMcHTa 

3TO .!{OJI)KHO DpHBO,nHTb K ,nHCDepCHH CllCK'IpaJibHbiX KpHBbiX o; 3aBUClllUCH OT 

CKOpOCTH .!{BH)KCHHll pCWeTKH V 

·t; 
}

2 

2 ~/i-V . 
0' = ilu:+( qJ2 ·. 

1 

·.,1 

12 

-~' 

1 

l 

1 
~ 

r,ne 0'0 - WHpHHa': CDCK'Ipa, . npH llOKOHlUCHCll ,nmppaKl{HOHHOH pemeTKe, I; -

npoCTpaHCTBeHHall ,nHcnepcn» (rayccoso) sonuosoro naKeTa. 1-h ·amum3a iuupuii 

3KCnepHMCHTaJibHbrX KpHBbiX CKaHiipOBaHmi, H3MepeHHbiX . npH pa3HbiX ci<opoCTllX 

pemeTKH . (puc. 5) 6biJIO DOJI}"'CHO orpaHH'ICHHC 'Ha BCJIH'Imiy nonepe'IHOH .ilJIHHbl 

KOfepCH~HO~ f= 2~2 hl.'(2)( )> 4.7xl0'3 CM. 
:, , 

qeTBCpTaH rJJaBa DOCB~lUCHa 3KCDCpHMCHTY DO, .BPCMCHHOH <fJ()KyCHpOBKC 

HCHTPOHOB. TipHHUHD. BpeMCHHoii <f!oKycupOBf<H, TaK KaK on H3JIO)K~H B pa6oTe. [24] 

COCTOHT B CJie,nyiOlUCM. TiyCTb B MOMeHT t=O H3 TO'IKH x=:O B DOJIO)KHTCJibHOM 

HanpaBJICHHH OCH X BbiJieTaiOT HCHTPOHbl, CKOpOCTH KOTOpbiX V pacnpe,neJICHbl B 

HeKoTopoM uuTepsane se1uquu. Tor .ria speMll u~ npuxo.n~ s · .fo~Ky x=L, TaK)Ke 

pacripe.neneuo s IieKoTopoM HHTepsarre Juaqeuufi. Cl>oKycuposKa so speMeHu o3u~qaeT 

BbiiTOJIHCHHC ycJIOBHH O.!{HOBpCMCHHOrO npHXO.!{a Heii:TpOH
1
0B s' 3TY TO'IKy. ,l{Jill :JToio 

H~06XO.!{HMO onpe,n~m!HHbiM . ,o6pa3~~ B03,neiicTBO~aTb Ha CK~pOCTb 
1

HCHTPOH~ c 

DOMOlUbiO HCKOTOpOro· YCTPOHCTBa, TaK Ha3biBaCMOH <<Bp~~~HHOH , JIHH3bl», 

pacnOJIO)KCHH~H B TO'IKC x=a T~, 'IT06bl BblllOJIHllJIOCb co(HHOIIICHHC 
·' 

a b . . 
-+-=10 , a'+b=L 
va vb 

~· r.; 

3.!{CCb Va H Vb - CKOpOCTH HCHTPOHa ,no H DOCJIC «BpcMCHHOH JIHH3bl» COOTBCTCTBCIIHO, 

L - TO'!Ka .!{Jill KOTOpoii 6y,neT BbiDOJIHCHO ycnoslie speMeHHOH <f!oKycupoBKH, to -

DOJIHOC BpCMll npOJICTa. f• 

" . • . I 

qro6hl y,noBJieTBOpHTb ycnoBHIO <f!oKycupoBKH, HY)KHO coo6maTb HCHTpouy 3HepruiO 

I I b
2 

al L\E(t) =-m --2 - 2 , t =a{ 
2 (t

0 
-t) t jv,. .. 

,l{nll ,nOCTH)KCHHll 3<f!lfleKTa lf!oeycupoBKH HCHTPOHbi, ,noCTnriiine nHH3bi 3a BpcMll 

MCHbWCC, 'ICM . ;0 ( afL), HCOGXO.!{HMO JaMC~HTb, a iipurne,niiiHe 'rt03){Hee;- ycKopUTb. 
'·; • : • : : • ·_, c _.. ~ ! ~-·· ' ' ~ .:. 
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TiocKonhKY 3KciiepllMeHT asmreTCjl rro-cymecTBY speMa-rrponei:HhiM, To ,nmi ero 
> ' ~-.' • .-· < • • • • ' • • ; • • 

6bin,() ·Heo6xo,nllMO o6ecrre~llTh KaK. y~noslle orrpe.n~neHHOCT~ rrpon~Tf!Oro 

TaK ll Hell3MeHHOCTll IIpO,r(OllbHQfi. (B .peanbHbiX .ycnOBHliX -;-:- ·sepTHKallbHOH) 
J • I, • . • . . . ' . ' -· 

I
KO_MIIOHeHTbl C~OpOCTH HeHlJ>OHa 3a BCe speMll ero npe6biBaHHll B f!pHfiope. _ .lJ.!Jll 

pemeHlljl rrepsoii Ja,naqll 6hm coJ,naH CUllHTHllllj{UHO~HhiHJJ:~eKTOp YXH, c TOHKJIM 
' - . . . . ' 

qyBCTBllTellbHbiM Cn~eM, OIIllCaHHe KOTOpOro IIpHBO.l(llTCll . B .l(HCCepTaUHll.. .lJ.nll 
~ ' 

llCClle,r(OBaHll» BpeM» - IIpOlleTHbiX CBOHCTB CIIeKTPOM~a fihm IIOCTaBneH pll,n 

KOHlJ>OllhHhiX 3KcrrepllMeHTOB KaK B pe)KHMe !flypbe_-cneKlJ>OMeTpHH, TaK H B 

KnaCCllqecKOfi. IIOCTaHOBKe. 

) 

~ ,neMOHClJ>al:.{llOHHOfO 3KCIIepHMeHTa 6blll BbifipaH IIO.l(XO.l( C BpeMeHHOH 

!floKyCllpOBKOH CTaUllOllapHOfO IIOTOKa H3HaqanbHO MOHOXp(]Ma\HqHbiX HeHTpOHOB 

(pllc.6), . qTo aHanomqHo rrpoclJ>aHcTBeHHOH !floKycHposKe napannenbHbiX nyqeii B 

OIITllKe. llpll 3TOM B TQqKe ,neTeKTllpOBaHHH HeHTpOHbl · OKa3biBaiOTCll 

crpyrrrrllpOBaHHbiMll B Y3KOM BpeMeHHOM llHTepsane, B TO BpeMll KaK IIOCTyrraiOJllHe B 

IIpllfiOp HeHlJ>OHbl llMeiOT paBHOMepHOe BO BpeMeHll (HO CTaTllCTllqeCKOe) 

pacrrpe.neneHlle. B Ka<IecTse «BpeMemwii nHH3hi» 6bma Bbi6paHa !fla3oBall 

,nH!flpaKUHOHHM pemeTKa C rrepeMeHHbiM IIpOClJ>aHCTBeHHbiM rrepHO,l(OM. 

+ ---

.......................... 

_______ ;_-_-:::::- ---
--

-... --~-::·:::::: ........ 

~~---L------------------------7X 
L a 

Puc. 6. CJI)''Iaii cJ!mcycupoBKH oT CTauuonapuoro uCToqnnKa 

MOHOXpOM3TH'IHhiX HCHTpOHOB 

14 

l{llKn ee .neifCTBlljl orrpe.neMnca · speMeHeM o6opoTa ,nlfcKa, iia KOTopoM HaueceHa 

MtPpaKIUiOHHaa C1J>yKTypa. B TeqeHlle rrepsoii rronoBllHhi rrepHo.na. spameHllll 

tPOKJCHpOBallllCb HeHlJ>OHbl,' COOTBeTCTBJIOilllie IIOpa,nKy {j = - 1 ), C 3Hepmeii 

E(t) ~ 1i [OJ- Q { t) J , a so BTopoii rronoBHHe UHKna HeHlJ>OHbi c 3Hepmeii 

E(t) = n[ OJ+il(t)] (j = + 1). HelilJ>OHbl, OTBe'4aiOJlllle BCeM OCTallbHbiM 

IIOpjl,r(KaM, C03,r(aBallll IIhe,neCTan (paBHOMepHyiO IIO.rlllQ)KKy). MaKCllMallbHM 

3!fl!fleKTllBHOCTb lPOKYCllpOBKll ,l(OmKHa OIIpe,nenaTCH B TaKOM cnyqae HIITeHCHBHOCTbiO 

BOllH rrepsoro IIOpjl,nKa, qTo B cnyqae lPa30BOH 1t - perneTKH COCTaBllj!eT B rrpe.nene 

OKono40%. 

f=3:ilz 
2 ------~------ ---·-·- I 

\~: 'I 

1.25 . 

.._,§ • • ++ • .... '• I 1 + ..... • ••• •• • + ... • ........... .. 
o • •• • •I 
u 0.75 

0.5 

0.25 

£,75Hz 
2~----------------·-·-· ------

1.75 

1.5 
•••••• 

1.25 .•• • -··· +J •• • 
§ 1 • •• 
8 

.. • . ~ 
0. 75 ......................... . 

-I 
o.s I 

0.25 ----·---· -- . ·- ---- . . . •J 
10 20 3) 

ClErrels . 
40 

2; 
i 

1.75; 

1.5! 

f=Ei2Hz 

J • 
1.25! •••••••• 

I •• • • 
1 • •••• . • •• i • ... • • •••. 

t •• • •• 

0.75j' •• ·······'•! 
o.si 

I 
0.251 

2, 
I 

1.75! 

1.51 

1.25: 
I 

1 i -•• 
0. 75 ~ ••••••••• . I 
0.51 

0.251 
I 

'to 

f=97Hz 

...... 
.. 

i 
'I 
i 

'·. •, L 

··················.:~t 
. :; 

20 30- 40 
ClErrcls 

Puc. 7. PacnpeAe.riCHHe MOMeHTOB npuxoAa neiiTpouos B AeTeKTop na 

nepHo.ne o6paiQennBpemeTKH npu pa3JIH'IHLIX 'laCToTax ee spaiQeuuH. 

:.-~ , ; I.; 
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Dbillli H3MepeHbl pacnpe}leJieHllJl MOMeHTOB IIpRXO}la Heil:TpOHOB B }leTeKTOp IIpH 

necKOJibKHX qacroTax spa.II(eHHil pem!!TKR (pHc. 7). BHJlHO, qTO c yseJmqenHeM 

qaCTOTbl' pacnpe}leJieHRe MOMeHTOB perRCTPaUHH CTaHOBHTCil . HepaBHOMepHbiM H 

IIMeeT BbipiDKeHHbiH IIRK, CBR}leTeJibCTBYJOIUHH 0 HaJIHqHH 34>4>eKTa <t>oKyCHpOBKH. 

3<P<t>eKTUBHOCTb <t>oKycnpOBKH OIIpe}leJIIIJiaCb KaK OTHOilleHHe llHTerpana IIO}l nHKOM, 

OTCqUTaHHOrD OT ypOBHil IIbe}leCTaJia K nOJIHOMy qncny HeHTPOHOB 3a BbiqeTOM <t>ona. 
' ' .J ' 

MaKCRMaJibHO JlOCTRrHYTaH 3<P<l>eKTHBHOCTb <t>oeycHpOBKH B 3KcnepHMeHTe cocTaBRJia 

29% qTQ. OK~aJIOCb HII:>Ke pacqernoii. 3JieKTPOHHO-MHKpOCKOIIHqecKOe llCCJie}lOBaHHe 

<t>parMeHTOB perneTKll IIOKa3aJIO, qT0 illTpHXll H KaHaBKH, o6proyiOIUHe CTpyKTypy 

pem!!TKH UMeiOT pa3nliqHYJO mupuHy, qTQ oqeBMHO IlBJIIleTCil CJie}lCTBHeM OII!H6KH 

npR ~e R3roTosnenRn. Pacq!!Tbi JlJIIl peanbnoii cTpyKTYPbi pemeTKR noKroanu, qTO 
0 (' 

3<P<t>eKTHBHOCTb <t>oKycnpOBKll }lOJI:>KHa TOr}la COCTaBJillTb OKOJIO 30%, qTQ XOpOillO 

cornacyeTCil c 3KcnepnMeHTaJibHbiM 3HaqenHeM. 

llHTaH rnasa nocsilmena 3KcnepuMeHTY no nposepKe cna6oro npHHUHna 

3KBUBaJieHTHOCTll Mil HeHTPOHa. B naqane rnaBbl C}leJiaH ne60JibillOH HCTOpuqecKUH 
·,." ! 

0630p 3KCIIepHMeHTOB IIO ll3MepeHHIO ycKopeHHil CB060}lHOrO n~eHUil ll nponepKe 

3KBUBaJieHTHOCTll HHepQHaJibHOH ll rpaBUTaQUOIIHOH Mace Mil HeHTPOHa. 

Heo6XO}lllMOCTb TaKHX 3KCnepuMeHTOB o6ycnOBJieHa OTHOCHTeJibHO Hll3KOH 

TOqnoCTbiO cymecTBYIOIUHX 3KcnepuMeHTOB TaK no nposepKe npunuuna 

3KBHBaJieHTHOCTll (IJ3) ~ HeiiTpOHa, oco6eHHO B cpaBHeHHll C TQqHOCTbiO OnbiTOB C 

MaKpOCKOIIRqeCKUMll TeJiaMH ll aTOMaMll. KpoMe TOrO, B TeqeHue y:>Ke nilTH~UaTH JleT 

O:>KH~aeT CBOero OTBeTa BOIIpOC 0 peaJibHOCTH pacXO~eHHll C TeOpHeii pe3yJibTaTOB 
,, . 

rpaBRTaQUOHHOrO 3KCIIepRMeHTa C HeiiTpOHHbiM UHTep<t>epOMeTpaM (31). 

H,z{eil 3KcnepUMeHTa 3aKJIIOqaeTCll s cpasnenuu H3MeHeHHll 3Hepmu neiiTpona npu 

CB060}lHOM II~eHRll B rpaBUTaQUOHHOM none 3eMJill, C ll3MeHeHUeM 3HeprHH 

IieiiTPOHa ~E=IiQ nepe}lasaeMoii eMy npu }ln<t>paKUHn H~ .IJ:P. Ha pucynKe 8 

IIpe}lCTaBJieHa CXeMa, nOilCHiliOIUaH 3TY H}le!O. 

llycTb' • naqaJibHbiH 3HepreTHqecKHH : CIIeKTP HeiiTPOHOB <t>opMHpyeTCll 
f 

MonoxpoMaTOpoM c YJKOH JIRHneii nponycKaHHll f(E) c MaKCHMYMOM nponycKaHHil 

16 

Eo. ECJIU ; HU:>Ke MOHOXpOMaTopa pacnoJIO:>KeH aHaJIH3aTOp C TaKOH :>Ke <l>YHKL(Heii 

nporryCKaHWl, TO y:>Ke·: npii He60JibillllX paCCTOilHllllX h Me:>K}ly JlBYMll · 3TitM'H 

YCTPOHCTBaMU ·CUCTeMa B IIpllHIIHIIe 0Ka3biBaeTCll Heiip03paqnoii, IIOCKOJibKy B ToqKe 

pacnono:>KeHn.ll MonoxpoMaTopa neiiTPoH'6y}leT HMeTb 3HeprniO E0 + mggnh''. 

O.~~:HaKO eCJill Ha IIYTII Me:>K}ly MOHOXpOMaTOpOM H aHaJIU3aTOpOM }lOnOJIHHT~JihHO 

YMeHbillllTb 3HeprHil HeHTPOHa ,Ha BenuqHny ~E=IiQ, TO HaiiAeTCll IIOJIO:>KeHHe 

aHaJill3aTOpa,IIpll KOTOpOM OH 6y}leT nponycKaTb HeHTPOHblr<l>yHKLlllil npony~KaHUil 

TaKOH CllCTeMbl 6y}leT HMeTb Bll}l .. 

F(h)= Jr(E)f(E-111gg"h+nn)'ctE 

QqeBll}lHO, qTQ OHa llMeeT MaKCHMYM IIpll paCCTOllHllll Me~y. <l>HJihTpaMH ho, 

YJlOBJieTBOpiliOIQeMy ycnoBIIIO mggnho = liQ. 

I! 

En .......- I ~.......-- :?t? ' . ' 

E.-~ 
·1 

E.-u1 

I 

'~ I~ 

Pnc. 8. lmeH CXeMa 3KCIICpiiMCHTa IIO npo~ep~~ cna6oro npHHIIHIIa 

.. ~ ., ·;· ~KB,",!laJICIITHOCl',";·: ;;·;·,. •. : . "-~- :·-.:,;>\ 
~. n; ;.:~ .. .,·f;t~'-.l' ,~ .. ~~:\-~/.·' 

~ . :., ·"· , ... ~'"·; . ·-· 
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B Kai.JeCTBe ueCTaunouapuoro yCTpoiicTBa y~o6uo ncnonh30BaTh 

spamruomyroc.H pemerey. HanoMHUM, I.JTO M.H pemeTKll c pMllanhHhiMH mTpuxaMH 

qaCTOTa MO~yAAUllll onpe,neAAeTCS TOnhKO nonHhiM I.JllCnOM IliTPHXOB N ll '-!aCTOTOH ee 

spameHH.H f. qucno N, MO)I(eT 6hiTh H3BCCTHO TOI.JHO, a qacToTa spameuns f 

onpe~eneHa C Bh!COKOH TOI.JHOCTh!O. 

,l{ml nepBOHai.JanhHOH MOHOXpOMaTll3aUllll HCHTPOHOB H.· aHanH3a CllCKTPa nocne 
.) 

~nl}:lpaKUllOHHOH pemi!TKH ncnonh30Banllch llHTep<}lepeuunoHHhie l):lnnhTphi c yJKOH 

nUHHCH nponycKaHH.H pa3HCCCHHhiC llO Bh!COTC. TionO)I(CHllC pe30HaHca nponycKaHHS y 

o6onx <}lnnLTPOB 6hmO npn o~Hoii n TOH )l(e :meprnu 107 H3B. 

B 3KcnepnMeHTe H3Mepsnach 3aBllCHMOCTh cKopocTH ci.JeTa OT nono)l(eHHS 

aHanll3aTOpa npH p<i31Illi.JHhiX I.JaCTOTaX BpameHHS peilleTKll, OT 45 ~0 105 o6opOTOB 8 
- fl 

CeKYH~Y· 3TO COOTBCTCTBOBanO I.JaCTOTaM MO~ynsUllll OT 21 ~0 51 Mfu. Tionyi.JeHHhiC 

KpllBble annpoKCllMHposannch rayccnaHoM. l13 nonyi.JeHHhiX napaMeTpoB 

annpOKCllMllpYJOlUllX KpllBhiX 6hma IIOCTPOCHa 3aBllCHMOCTh nonO:>KCHHS MaKCllMyMa 

CKOpOCTH CI.JeTa OT I.JaCTOThl, HMe!OlUM nllHCHHhiH Bll~ h0 (f) = C + Bf. 

4 

3,5 

,..., 
~ 3 

~ 
!! 2,5 
f! 
'e 

:::1 2 
8 

1,5 

f=45Hz I 35 

• f=55Hz 
f=64Hz 

f =75Hz I 30 
f =95Hz 'E 
f =105Hz ~ 

525 
p 
'iii 

8. 
.... 
-E 20 
0 .. 
!!! 
u: 15 

10 .-, 

u ffi ~ ~ ~ ~ ~ ~ ~ ~ 50 60 70 80 90 100 110 

Distance betwee the filter (an))} Frequency (Hz) 

Pnc.9. 3aBHCHMOCTL cKopocrn cqC'ra KaK paccroHnne Me~ auaJinJaTopoM 

H MOHOXpOM3TOpOM (KpHBLIC CK3HHpOB3HHH) (CJICBa), 3aBHCHMOCTL 

UOJIOjKCHHH M3KCHMyMa KpHBOH CK3HHpOB3HHH OT '13CTOT (cnpaBa) 
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I 

Omomeane 3Kcnep~MeHT~h{IOro n TeopeTlli.JCCJ<oro · · 3Ha!Ienuii K03<}l<}lf!uucuTa 

amcnoaa B xapaKTepu3yeT , <}laKTop. BhlnonHeHH.H , npnuunna 3KBllsaneHTHOCTH 

Bexp mggn '· 
Y = --= ---, r~e gJoc - MCCTHOC 3Hai.JCHHC YCKOpCHH.H CB060~H0f0 IIMCHHS 

Bth migloc 

MaKpOCKOIIlfi.JecKux Ten, m; -unepuuanhuas Macca neiiTpona •. B pe3ynhTaTe ~n.H 

<}laKTopa· y 6Lmo nonyi.JeHo 3Hai.JeHue I-r=(1.8±2.1)xl0~3 . TaKuM o6pilloM. 

pe3ynLTaThi OIIhiTa CBH~eTenhCTBYIOT, I.JTO n.o Kpaiineii Mepe c yK~~HHoii TOI.JHOCThiO 

neiiTPOH · nMaeT s none T.H)I(CCTn 3eM'im TaK)I(e KaK n MaKpocJ<6nuqecKoe Teno'. 3TOT 

pe3)'nLTai oTnu~aeTc.H ila TPH crali~apTHhiXOTKJioHCHH~ OT pe3ynhTaToB 'i>a6oTh1;[31 ], 

npoTusopeqamnx npunuuny 3KBllBaneHTHOCTH. 

,[{pyrHM· Ba)I(HbiM HTOrDM 3TO,H pa60Thl .HBn.HCTC.H )lCMOHCTPaUH.H TOfO, I.JTO MCTO~ 

~u<}lpaKUHH ,ynhTPaXORO~HbiX ij:CHTPOHOB Ha ,llBH)I(y~eHC.H pemeTKC Bnonne MO)I(CT 

6biTb IIORO)I(CH B OCHOBY 3KCi:IepHMCHTOB IIO nposep~e cna6oro IlP"!HUHna 

3KBHBanearnocTu HCHTPOHa. 3KcnepHMCHThl, ocnosaHHhJe na 3TOM npnnuune cefiqac 

BC~JTCH (32). 

0CHOBHLIC pelyJILT3Thl H BLIBO~hl)lHCCCpT3UHH 

• I13MepeHhi H npoaaanu3uposaHhl 3HepreTHI.JCCKlle cneKTPhi npn ~u<}lpaKUllll 

aeiiTPOHHoii sonHLI aa ~BH)I(ymeiics <}lroosoii ~n<}lpaKunoanoii pemeTKe. 

PeJynhTaTbl 3KcnepllMCHTa xopom~_cornaCYJOTC.H c Teopueii. ,[(u<}lpaKUllOHHM 

3<}l<}JeKTHBHOCTh peWCTKH B ± }' IIOp.H~KaX 6niBKa K TCOpCTHI.JCCKOMy IIpe~eny 

M.H TaKHX peiliCTOK, COCTaBn.H!OlUCMY 40%. 

• TioKroaHo, I.JTO H3 aHanH3a 3HepreTlli.JecKnx cneKTPOB npn ~n<}lpaKUllll 

aeiiTPOHHoii sonabl aa ~Bll)l(ymeiic.H .nn<}lpaKUHOHHoii pemerKe MO)I(HO 

nonyqnTh orpaHHI.JCHll.H .nns nonepeqnoro pa3Mepa KorepeHTHOCTH HCHTPOHHOH 

BORHbl. B IIC)CTaBneHHOM 3KCnepllMCHTC OHa COCTaBn.Hna A>4.7x I o-3 CM. 

• Tipo.neMoacrpnposaaa B03MO)I(HOCTh speMeHHOH <}loKycnpoBKH ~eiiTpOHOB. B 

Kai.JCCTBC BpCMCHHOH RHH3bl HCII0Rh30Banach anepHO~lli.JCCKM BpamaiOlUMCH 
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JUillJpaKUiiOHHWI perntiTKa. 34J!!JeKTIIBHOCTh !!JoKyCiipOBKli COCTaBitJia OKOJIO 

30%. PeJynhTaTOM MiiKpocKOIIlitiecKoro Rccne.nosaHlill napaMeTPOB perneTKli II 

IIpOBe.ll:eHHhiX Ha :lTOH OCHOBe paC'IeTOB .IIBnlleTC.II BbiBO.ll: 0 COOTBeTCTBlili :lTOH 

seJIIi'lliHhl C TeOplieH. )VI.11 llJa30BOH 1t-peiileTKli 31lJ!lJeKTIIBHOCTh !!JoKyclipOBKli 
-. . 

MOJKeT .li:OCTliraTh 40%. 

• IJpo.neMOHCTPiiPOBaHa B03MOJKHOCTb npliMeHeHli.ll MeTO.na .nu!!JpaKUHH 
.J 

ynhTPaxOJIO.li:HhiX HeHTPOHOB Ha .nsu>Kymeii:cll pernerKe .nnx nposepKu cna6oro 

npliHUUIIa 3KBiiBaJieHTHOCTlf (IJ3) HeHTPOHa. 

• PeJynhTaThi 3KcnepnMeHTa cornacy«>TC.II c npe.ncTaBJieHH.IIMH 0 

cnpaBe.li:JiliBOCTH IJ3. ,[{nll !!JaKTopa 3KBlfBaJieHTHOCTli, xapaKTepH3Y!OIIJ.ee 3TO 

cornacue nonyqeHa senH'IHHa 1- r = ( 1.8 ± 2.1) X I o-J . fi3TOT pe3yJihTaT 

'OTJIII'IaeTC.II Ha TPH CTaH.ll:apTHhiX OTKJIOHeHH.II OTpe3yJibTaTOB 3KCnepHMeHTa C 

HeHTPOHHhiM UiiTep!!JepOM~OM, npoTusopeqamux npHHUimy 

3KBUBaJieHTHOCTU 
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