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© E.peaaHCKUU .pusU'l.tCKUU UHCT UT!JT, 19 

B pa6oTa.x ~· 2 • 31 6b1Jlo noKa.3aHO, qTo npH paccMoTpeHHH A ~ 
3aBHCHMOCTH Bb!XO,D.a HHKJiil3HBHblX1i Me30HOB H3 H,D.ep, o6nyqeHHblX 

aAPOHe.MH ~.z] H ~ - KBa.HTBMH [3] ' Ha6JIIO,D.8DTCH HeKOTOpble 

TPYAHO o6~HCHHMble oco6eHHOCTK , 3aKnDqaJ:llJ.1HeCR B TOM, qTo, ec~ 
tt 

aTy 3aBKCHMOCTb npe,D.cTaBHTb B BK,D.e ""'A , TO n. KaK 4JYHKQHR 

KKHeT~ecKoli 3HeprHK T~ perHcTpHpyeMoli qacTH~ MeHReTCR cno~­

HblM o6pa 30M: B o6nacTH T~ =150 MaB B0J!HqKHa n nepexo,D.HT qe­

pe3 MHHHMJM ( rtmltt ~ 0,80-0,85), :a 06J1acTruc Tm< I50 MaB H 

T 5i > 200 MaB pacTeT ,D.O 3Haqemu:1 n. > I, 0. 

~eJib HaCTOHI11eM pa6oTbl - nposepHTb HaJ!Hqffe TaKHx ~e oco6eH­

HOCTeH npH HHKJID3HBHOM o6p8.30Ba.HHH npoTOHOB Ha H,ll.pax, o6nyqeH­

HblX Q - KBaHTaMH C MaKCHMaJ!bHOH 3HeprHeH ,ll.O 4,5 raB. 

OKCnepHMeHTaJibHble ,ll.a.HHble 6b!JIH IlOJiyqeHbl Ha nyqKe r-3 Epe­

Ba.HCKOrO aneKTpoHHoro CKHXpoTpoHa npH noMOlllH ycTBHOBKK " AeH­

TpoH" [4 •5]. Ilp0'I-0Hbl 6blJIH K,ll.0HTH!f>HIJ,Hp0Ba.Hbl ,ll.ByYll 
0

,D.eTeKTOpaMH. 

ITepBbri-i 1'13 HHX npep,cTaBJIHeT co6oH npo6el!Gib!H ,D.eTeKTop I41 ,no3-

BOJ1RD111Hi1 perHcTpHpOBaTb IlpOTOHbl c KHH0Ti{q0CKOH 3HeprKeH 

Tp = 60 T 290 MaB B KHTepsane yrJIOB 20 - 160°. A6coJmTH!:ile 

aHepreTKqecxHe p8.3!5pocbl 6blJIH t,. Tp = I5 + 6 MaB, TeJiecHb!H yroJI 

3 r --.e,~. ,, "': ,., ;: C. -f' ff '.Hf 
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perHCTpB.QHH A .Q =IO : u:cp ·,. B Katr~CTBe BToporo ,11,eTeKTopa 61i1JI 

HCilOJib30BaH MarHHTHbfit cneKTpOMeTp [5] c rrpHMeHeHHeM TeXHHKH 

H3MepeHHR BpeMeHM rrpoJieTa. IlpOTOHhl B 3TOM CJiyllae perHCTPHPOBa­

JIHCb B yrJIOBOM HHTepBa.11e 20-120° H B 3HepreTHtl9CKOM HHTepBMe 

Tp =300 + 650 MaB (HMIIYJibCHHH HHTepBM"' 0,8 .;. 1,4 raB/c ) • 

0THOCHTeJibHhle HMIIyJibCHble paa6poch! He rrpeBhllllaJIH 4 P/p~±6,5%, 

rrpH TeJiecHou: yrJie AS?. = 1,25 . 11cp. ,. BpeMR rrpoJieTa CililJio Hau:e-1 

peHO B HHTepBMe 1:; =15-50 HCeK c OTHOCHTeJibHblMH paaeipOCaMH 

.ei ~I 't" ~ 5%. 

Bb!Jia HCCJie,11,oBaHa peaKQHJ'! 

'6+A-P+X, (I) 

r,11,e x -OCTaTOtlHM CHCTeu:a.: HcnOJib30B8.JIMCb TBep,11,b!e MHllleHH H31 
12 ? 27 2 63 2 

C (TOJil!µffia ?.35 r/cir), flEC3.418 r/cM ), Cu (I.51 r/cM ), 
1185 2 208 2 nC0.?23 r/cM) H Pb(0.485 r/cM ). 

HaMepeHHble BblX0,11,bl 6h!JUI norrpaBJieHbl Ha MHoroxpaTHoe paccea­

HHe H R,11,BpHble B3aHMO,ll,BHCTBHR B Be~eCTBe MHllleHH H ,11,eTeKTOpOB ' 

Ha npoqecc napao6paaoBaHHR B MHlll~HH H Ha KOHe'tlHyl) 3<fxlieKTHB -

HOCTb perHCTpB.QHH. 

HHsapHaHTHoe ce'tleHHe f =- ( E / p 2 ) ( d 
2
6 / d ..Q d p) 

61i1JIO rrpe,11,cTaBJieHO B BH,11,e 

:f =BA~ (2) 

B HacTomqeR pa6oTe aHMH3HpyeTcR nose,11,eHHe 11. B aaBHc~oc· 

TH OT 3HeprHH H yrJia BTOPHtlHblX. npoTOHOB H OT nepBKtlHOR 3He~ 

rHH ~ -KBaHTOB. 

Ha pHc.I npHBe,11,eHbl aKcnepHMeHTaJibHble ,11,a.HHble no aaBHCHMOCTH 

IlOKaaaTeJIR n. OT KHHeTHqecxoR 3HeprHH ,11,JI.H treTblpex yrnos perHc 

4 

• 

TPB.QHH npOTOHOB H npH (Elf) = 4,5 raB. }{ax BH,11,HO, B KYMYJISITH1r 
IJ ma.x 

HOR o6JiacTH (.JP ~ 90°) n. cJia6o aaBHCHT OT T P H npH yseJIM-

treHMH T tt HMeeT TeH,D,e~ yBeJIHtleHH.a. B CJiyllae HeKyMyJIRTHBHlilX 

npOTOHOB ( V p ~ 60°) 3aBHCHMOCTb n = 11. (Tp) TaKl!e CJiaCiaR, HO Ha~ 
J11J,11,aeTCR o6paTHM 'l'eH,D,eimHJ'I : _ c yBeJIHtleHHeM Tp noxa'"'I 

aaTeJib n CJIBrKa YMBHblllaeTCR. qTO KaCaeTCR OC06eHHOCTBH B 

o6JiaCTH T ~ 150 MaB , KOTOpM Ha6Jill,n,aeTc.a ,11,Jll!: BTOpHtlHblX 

jf - Me30HOB, TO B CJiyllae npOTOHOB TaKaR ocoCieHHOCTb He Ha6~ 

,11,aeTca. Ha pMc.2 npHse,11,eHhl aHMorHlllible ,11,a.HH1i1e ,D,Jm(E~) =2.0raa. 
l J m~x 

B3RTble H3 6 • Ka.K BH,11,HO, xapa.KTep aaBHCHMOCTeH n : 11 ( T f') 

0,11,HHB.KOB, XOTR ,11,JI.li MMb!X 3HeprnR Ha6JI11,n,aeTCR HeKOTOpoe yBeJIH-; 

'tlBHHe IJ 

B CJiyllae BTOpHtlHblX jf -u:eaoHOB yrJIOBble 3aBHCHMOCTH n=n.(v) 
paaJIHtlHbl [3] ,11,JI.H paaJIHtlHb!X T91 • EcJIH rrpH MMb!X Tgr ( < 150 MiaB) 

n = n. ( ,J 3i )_ RBJISleTc.R n8,ll,8llllleH cf>yHKqHeR, To npH 6oJiblllHX T 51 

( ~ 300 MaB) oHa, Hao6opoT, soapaCTarJll\M,a npH I50<T.fl'< 30C 

n :. con..st • Ha pHc.3 npHBe,D,eHbl aaBHCHMOCTH n OT yrJia pe­

rHCTpB.QHH B CJiyllae q,oTopoll,11,eHHR IlpOTOHOB pe~ (1). Ka.K BH,11,­

HO ,11,JU!: scex aHeprHR Tp = 60 4-420 YaB xapB.KTep aaBHcHMocTH 

n = n(.Jp) 0,11,HHaKOBb!H: c pOCTOM yrJia rt. yseJIHtlHBaeTCR.0,D,Ha~ 

KO CTeneHb pOCTa n paaJIHtlHa ,ll,JlJI pa3JIHtlHblX 3HepI'HH: no. Mepe 

B03paCTaHHR 3HeprHH rrpOTOHOB 3TOT pocT YCHJIHBaeTCR. 

Ilo HMeDlllHMCR B JIHTepaType ;,D,aHHblM B HaCTOmqee BpeMSi MOllHO 

,ll,JlJI HeKOTOpb!X CJiyqaeB KHHeU:aTHtleCKHX napaMeTpOB pe~H (I) 

IlpOBepHTb 3aBHCHMOCTb IlOKa3aTeJlSI n OT nepBHtlHOH 3HeprHK~ 

Ha . pHC. 4 npHBe,D,eHhl 3TH ,n,aHHbl~ B OCiJiaCTH ( [er) m~~ 0. 25 I'sB 

npH Vp = 90° H Tp = 60 .;. 300 MaB. Ka.K BH,11,HO, Ha'tlHHM c 

{E~ )~~ 0, 400 I'aB noftaaaTeJib 11. OCTaeTCR CTporo IlOCTO.fIHHhlM. IlpH 

Ji 



(f~) m~x=0 . 25 f3B Ha6JIKl,D.aeTCR H0KOTOpHR Cila.,Il,. 

K co~.a.n:eHHll, B XMTepaType HeT attaxor HqHb!X pe3yXbTaTOB no 

peaK1..vm (I ) c nepBHtffiblMH a.,IJ,pOHaMH, c KOTOpbIMH MOJKHO 6blJio 6H 

cpamrnaaTb HacTo.ffil.J,}1e ,D.aHHbie . 

ABTOpN 6xaro,D.apHT A.U • .AMaTyHH 3a HHTepec K pa6oTe. c.r.Ma­
THHRHa aa Il0,ll,Il.0P*KY• ,!J,JK.B.KapYMffif, lli.~. Koqapoay aa yqaCTHe B 

o6pa60TKe ,l\aHHNX, a TaKJKe aecb KO~XeKTHB EpeaaHCKOro CHHX~OT­

poHa ao rnaae c 3.M .na3M0BNM 3a o6ecneqeHHe· nyqKOM ." 
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IIO,D,ill1CW K PMCYH.KAM. 

3aBHCHMOCTb rroKa.aaTeJiif n. B npe,n.cTaBJieHHH j = B ·A 11. 

(r,n.e A -aTo~ HOMep .R,D.pa MHllleHH) OT 3HeprHH npoTo~ 

HOB B peaKqHH a A - PX npH (£~ )"1Q.Jt=4,5 rsB. OKC·· 

nepHMeHTaJibHLle ,D,a.HHNe:? - npH yrJie perHCTp~H 30° , 

4 -60° , g -90°, y -120-160°. JlHHHH npoae,n.eHlil 

qepes TO'tlKH Ha rJias. 

To Me, 'tlTO Ha pHc. I, 'I·OJibKO ,D,JUI ( E ~) rna1 =2. 0 fsB. 

3aBHCMMOCTb OT yrJia perHCTp~H IPoTOilpOTOHOB B 

peaKqHH ~A -- PX npH (ta-)md,lf=4,5 I'sB. oKcnepHMeH-

TaJibHLle TO'tlKH: ? -,:via 3HeprHH npoToHos 63 MsB, 

~ -80 MsB, 9 -100 lifaB, y -136 M3B, ~ -I80MsB, 

f -208 MsB, ~ -226 MsB, f -290MaB, y -420MsB, 

t -1000 MsB [?] • 

PHc.4 3aBHCHMOCTb n OT (Ea-)mQ.X ,11,JIH BblXO,D,a IPoTOilpOTOHOB B 

pe~H ~A -pX npH yr.Ile perHCTPSl.\HH 00°. oKcnepH­

MeHTaJibHLle TO'tllGI ,D,JUl (f ~ )m,.,. =4,5 I'sB- HaCTO.ffil!Re ,D,aHHLle: 

2.0 Ill 3.0 I'sB HS [6] ' I.2 raB (a] ' 0,4 I'sB [9] ' . 

9.25 I'sB (IO) , B CJiy'tlae 2.0, 3.0 H 4.5 I'3B 3Ha'tleHHe· 

n. ycpe,D,HeHo ,D,JUI HHTepBMa T p =60-290 MaB. 
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