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O6~aJI xapaKTepHCTHKa pa60TI,I 

AKryaJILHOCTI, TeMLI. IlpoJIBJICHIIe KBapKOBOii CTPYRTYPhl JI,n;ep B 06-
JiaCTH HCCK0JII,RHX r3B TCCHO CBJI3aH0 C pom,n;emreM 'IaCTIID; B RHHCMaTH'Ie­
CRH JanpemeHHOii o6JiaCTII ,Zl;JIJI CBo6o.n;m.IX HYKJIOH-uyKJIOHHI,IX coy.n;apeHIIii, 
T. e. KYMYJIJITIIBHI,IX qacTIID;. I{ HaCTOJIIIl;eMy BpeMemr II3yqeHI,I no.n;po6Ho 
MH0rHe aaK0H0MepH0CTII pom,n;eHJIJI KYMJJIJITIIBHLIX a.n;poH0B B HHKJI103IIBHLIX 
npon;eccax, Ho B nJiaae ux TeopeTII'ICCKoii HHTepnpeTan;HH ocTaeTcJI MHoro 
Heorrpe,n;eJieHHOCTeii H3-3a orpamr'IeHHOCTII IIHKJII03HBH0ro MeTo,n;a IIOCTaHo­
BKII 3KcrrepIIMCHTa. B CBJI3H C 3TIIM ueo6xo,n;HMO npOBO,ll;HTL 0,ll;HOBpeMeHHOe 
II3Mepemre Bcex rrpo.n;yKT0B pearu::i;IIII. 8To Il03B0JIHT IIOJIY'IHTI, ,n;aHHI,Ie npII 
pa3HhlX CTeneHJIX HeynpyroCTH peaKIJ;HH II ,n;eTaJII,HO cpaBHHTI, HX C npe.n;­
CI{a3aHIIJIMH pa3JIH'IHI,IX MO,Zl;CJieii. ,l(JIJI perIICTpan;HH npo.n;yKTOB pearu::i;IIH B 
ycJIOBHJIX 6JIH3Koii R 4-71' reoMeTpIIH, B JIB8 Oll.Hl1 co3,n;aeTcJI yHHBepcaJII,­
HaJI ycTaH0BKa C<I>EPA. 

IJ;eJiblO pa60TLI JIBJIJICTCJI co3,n;aHIIC .n;eTeKTnpyromeii: anrrapaTyphl ,Zl;JIJI 
ocHameHHJI nepe,nuero cneRTpoMeTpa ycTaH0BRH C<I>EPA, pa3pa6oTRa HO­
BhlX THII0B .n;eTeKTopoB .n;JIJI n;eHTpaJII,Horo crreKTpoMeTpa ycTaH0BRH C<I>EPA, 
C03,D;aHHe CD;HHTHJIJIJID;IIOHHOro CIICKTpOMeTpa ,Zl;JIJI o6ecne'IeHHJI rrepBhlX 3KC­
nepnMCHTOB Ha BHyTpeHHeii MHIIICHH H0Boro CBepxnpoBO,nJIJ.l.(_ero ycKopIITCJIJI 
HyKJIOTpOHa, npoBe.n;eHIIC IICCJie,noBaHIIii .n;eiiTpOH-JI.n;epHhlX B3aHMO,Zl;CHCTBIIii 
1IpH 3HeprHH 4,5 r3B Ha HJI{JIOH, HCCJIC,Zl;OBaHHe II0BC,ll;CHIIJI .n;H<p<pepeHIJ;H­
aJII,HI,IX cetieHHii o6pa30BaHIDI KYMYJIJITIIBHLIX npOT0H0B B .n;eiiTpOH-JI,n;epHI,IX 
B3aHMO,n;eiiCTBIDIX npH II3MeHemrH nepBH'IHOii 3HeprnH .n;eiiTpOHOB OT 0, 7 .n;o 
2 r3B Ha HYKJI0H. 

HayqHaJI H0BH3Ha pa6orLI 

BnepBhle npoBe,n;eHI,I 3KcnepHMeHThl Ha BHyTpeHHeii MIIIIICHH CBepxnpoBo­
,nJIJ.l.(ero ycKopnTeJIJI JI,n;ep HyKJIOTpoHa. 

BnepBhle npe,n;JIO)I{CH H anpo6HpOBaH MCT0,Zl; YJIY'IIIICHIDI K0Op,nHHaTHOro 
pa3peIIICHIDI KaJiopIIMeTpHtieCK0ro MO,Zl;}'JIJI Tnna "C3H,n;BII'I" npH perHCTpa­
D;HH a.n;poHOB. 

llccJie.n;oBaHa 3aBIICHM0CTI, pom,n;eHHJI KYMYJIJITIIBHI,IX IIII0H0B no.n; yrJIOM 
o0 B .n;e:l!:TpOH JI,D;epH0M B3aHMo.n;eiicTBIIII OT aTOMH0ro Beca MIIIIICHll. 
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Hayquo-rrpaKT11qecKa11 3Haq11M0CTL pa60TLI. I1ccJie.n;oBam1e A 0
-

aaBIICIIMOCTII o6paaoBaHIIJI 71"--Me30Ha no.n; yrJIOM 0° B6JIII31I rumeMaTII'leCKOH 

rpaHII:a;LI .n;aJIO 3Ha'!eHIIe a = 0, 27 ± 0, 09, 'ITO MOiKeT 6LITI, IICnOJII,30BaHo 

)];JIJI BLI6opa TeopeTII'leCKIIX MO)];eJieft, on11CLIBarorn;11x npo:a;eCCLI o6pa30BaHIIJI 

KYMYJIJITIIBHLIX 11acT11:a;. 

PeayJII,TaTLI, noey11eHHLie B npo:a;ecce lICCJie)];OBaHIIH HaKJIOHOB cneKTpOB 

KYMYJIJITIIBHLIX npoTOHOB B o6JiaCTII :rnepr11ii: CTaJIKIIBaIOll(lIXCJI 11.n;ep OT 0,7 

)];0 2,0 n:1B Ha HJKJIOH, .n;onOJIHJIIOT IIMeIOrn;IIeCJI .n;aHHLie )];JIJI a.n;poH-Jl,11;epHLIX 

B3aIIMO)];eHCTBlIH. 

Iloey11eHHLIH onLIT nocTaHOBKII :mcnepIIMeHTa Ha BHJTpeHHe:ft MIIIIIeHII 

CBepxnpOBO)];Jlll(ero ycKopIITeJIJI 11.n;ep MOiKeT 6LITI, IICnOJII,30BaH )];JIJI npoBe.n;e­

HlIJI lICCJie)];OBaHIIH :r:ra .n;pyr11x no.n;o6HLIX ycKopIITeJIJIX. 

Arrpo6a~11JI pa6oTLI II rry6JI11Ka~1111. PeayJILTaTLI, Jiemarn:11e B ocHo­

Be )];IICCepTa:a:1111, 6LIJIII )];OJIOiKeHLI Ha ceMIIHapax no peJIJITIIBlICTCKOH 11.n;epHoii: 

<pII3IIKe JIB8, pa601111x coBern;aH11ft KOJIJia6opa:a;1111 C<I> EPA, MeiK)];JHapo.n;HOM 

coBern;aHIIII ,ll;eil:TpoH-95, XI 11 XII MeiK.n;JHapo.n;HLIX ceMIIHapax no npo6Jie­

MaM <pII31IKlI BLICOKIIX 3HeprIIH II KX,ll; (,ll;y6Ha, 1992 r., 1994 r.) 

OcHOBHLie pe3JJII,TaTLI )];IICceprn:a:1111 ony6JIIIKOBaHLI B pa6ornx [1-12], cn11-

COK KOTOpLIX npIIBe.n;eH B KOH:a;e aBTOpe<pepaTa. 

O6'LeM II CTPYKTypa pa6oTLI. Pa6orn 11aJiomeHa Ha 99 cTpaH11:a;ax, 

COCTOIIT 113 BBe.n;eHIIJI, Tpex rJiaB II 3aKJIIO'leHIIJI, co.n;epiKIIT 68 p11cyHKOB, 4 

Ta6JIII:a;LI II cnIICOK IJ;lITIIpyeMOH JIIITepaTypLI 113 105 HaIIMeHQBaHIIii:. 

ABTOp 3aw;11w;aeT CJie'Ayrow;11e 0CH0BHLie pe3yJILTaTLI 

1. Coa.n;aHa BpeMJI-npoJieTHM c11cTeMa nepe.n;Hero cneKTpoMeTpa ycTaHOBKII 

C<I> EPA nJiorn;a)];I,IO 4M2, noaBoJIJIIOrn;M npoBo)];IITL paa.n;eJieH11e BTop1111HLIX 

11acT11:a; no pa3HOCTII BpeMeH npoJieTa .n;o 400 nc. 

2. Paapa6oTaHLI MO)];yJIII 3JieKTpOMarHIITHOro KaJiop11MeTpa )];JIJI OCHarn;eHIIJI 

:a;eHTpaJII,Horo cneKTpoMeTpa ycTaHOBKII C<I>EPA. 

3. Paapa6oTaH II coa.n;aH CIJ;IIHTIIJIJIJIIJ;IIOHHLIH cneKTpOMeTp )];JIJI 3Kcnep11MeH­

TOB Ha BHJTpeHHeii: MIIIIIeHII CBepxnpoBO)];Jlll(ero ycKOpIITeJIJI HyKJIOTpOHa. 

4. l13MepeHLI II npoaHaJIII31IpOBaHLI HaKJIOHLI cneKTpOB KYMYJIJITIIBHLIX npo­

TOHOB B .n;e:ftTpOH-Jl)];epHLIX B3aIIMO)];eii:CTBIIJIX npII 3HeprlIJIX OT 0, 7 . .n;o 2 

raB Ha HYKJIOH. 
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CO,ll;EPJKAHME ,ll;l1CCEPTAQ1111 

Bo BBe'AeHIIII o6ocHoBaHa aKTyaJII,HOCTI, npo6JieMLI, C<pOpMyJIIIpoBaHLI 

OCH011HLie :a;eJIII pa60TLI, lI3JIOiKeHLI OCHOBHLie noJIOiKeHIIJI, KOTOpLie BLIHOCJITCJI 

Ha 3all(IITY II npIIBO)];lITCJI KpaTKOe co.n;epiKaHIIe )];llccepTa:a;lIII no rJiaBaM. 

B nepnon rnane npe.n;cTaBJieHLI peayJII,TaTLI pa6oT no paapa6oTKe 11 

C03)];aHIIIO .n;eTeKTOpOB )];JIJI coa.n;a11aeMoii: 11 Jia6opaTop1111 11LICOKIIX 3Hepr11ii: 

yHIIBepcaJILHoii: ycTaHOl1KII C<I>EPA. 

B Ha'!aJie rJiaBLI KpaTKO lI3JIOiKeHa <plI3II'leCKaJI npo6JieMaTIIKa 3Kcnep11-

MeHTa C<I>EPA, r.n;e 06ocHOBLIBaeTc11 Heo6xo.n;11MocT1, KOMnJieKcHoro 11ccJie­

.n;oBaH1111 MexaHII3Ma 06pa3011aHIIJI KYMYJIJITIIl1HLIX 11acT11:a;. Ilpe.n;cTaBJieHa 

KOH:a;en:a:1111 coa.n;aHIIJI 3KCIIepIIMeHTaJILHOH ycTaHOBKII. IlpII110)];1ITCJI COCTaB 

.n;eTeKTIIpyrorn;eii: annapaTypLI, Heo6XO)];IIMOH )];JIJI 11LinOJIHeHIIJI nocTa11JieHHLIX 
3a.n;a11 . 

,ll;aJiee np1111e.n;eHLI pe3yJILTaTLI pa6oT, 11LinOJIHeHHLIX B npo:a;ecce co3.n;aHIIJI 

nepe.n;Hero cneKTpoMeTpa ycTaHOBKII C<I>EPA 11 MeTo)];lltrecK11e 11ccJie.n;oBaH1111, 

noCBJill(eHHLie pa3pa60TKa .n;eTeKTOpOB )];JIJI :a;eHTpaJILHOro cneKTpOMCTpa ycTa­
HOBKII C<I>EPA. 

Bepm11HHLIH r0'A0CKorr rrepe'Auero crreKTpoMeTpa. On11cLI11aeMLIH 

CIJ;lIHTIIJIJIJIIJ;lIOHHLiii: ro.n;ocKon HO co6paH 113 2-x O)];IIHaKOBLIX nap 113am.rno 

nepneH.n;IIKYJIJIPHLIX nJiocKocTeii: (X,Y)- MO)];JJII, HOl II (U,V) - MO)];JJIL H02, 

nJIOTHO no.n;orHaHHLIX .n;pyr K .n;pyry, npII'IeM O)];IIH MO)];yJII, no11epHyT OTHO­

CIITeJILHO .n;pyroro Ha 45° )];JIJI onpe.n;eJieHIUI COOTl1eTCTl11IJI OTMeTOK 11 X II y 
nJIOCKOCTJIX npII perIICTpa:a:1111 HeCKOJILKIIX '!aCTII:a; O)];H011petrnHHO. RaiK.n;yro 

113 nJIOCKOCTeii: ro.n;ocKona HO o6pa3yIOT 16 CIJ;lIHTIIJIJIJIIJ;lIOHHLIX nJiaCTIIH pa3-

MepoM 3 X 9 X 18MM
3

, npocMaTpIIBaeMLIX C O)];HOro TOp:a;a q>OTOYMHOiKIITCJICM. 

IlyTeM onTIIMII3a:a;1111 nIITaHIIJI <pOT03JieKTpOHHoro YMHOiKIITeJIJI y.n;aJIOCI, 

.n;ocTII'IL pa60Tocnoco6HocT11 .n;eTeKTopa B ycJI0111111x, Kor.n;a Ha 3JieMeHT ro.n;o­

CKona npIIXO)];IITI,CJI .n;o 2 X 107 'laCTII:a; 11 ceKyH.n;y. 

8<p<peKTIIBHOCTL 11cero ro.n;oCKona HO II3Mep11Jiac1, Ha ny'!Ke .n;eii:TpoH011 c 

IIMnyJII,COM 4,5 r3B/c. IloJIHaJI 3<p<peKTIIl1HOCTI, MO)];yJIJI ro.n;ocKona COCTal11IJia 
96% (HOl) - 97% (H02). 

BpeMn-rrponeTHaJI c11cTeMa rrepe'AHero crreKTpoMeTpa. BpeMJ1-

npoJieTHa11 c11cTeMa (TOF) 6LIJia pa3pa6oTaHa 11 co3.n;aHa .llJIJI 11.neHTII<pIIKa­

:a;IIII BTOPII'IHLIX '!aCTII:a; no pa3HII:a;e lIX CKopocTe:tt 11 nepe.n;HeM cneKTpoMeTpe 

3 
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Pu:c. 1: CxeMarn:qecmr:il: Bn.n; BpeMJI-ITpoJieTHO:il: cncTeMLI. 

ycTaHOBKH C<I>EPA. Ee ocHony cocTaBJIJieT 22-::meMeHTHLI:il: CUHHTHJIJIJI:U:HOH­

HLI:il: ro,n;OCKOII Hu (pnc.1), KOTOpLI:il: ncnom,3yeTCJI KaK .n;JIJI noeyqeHHJI npe­

MeHHOH OTMeTKH, TaK H ,n;JIJI aMIIJIHTy;n;Horo aHaJIH3a. 

ro,n;OCKOIT H11 COCTOHT ll3 22 He3aBHCHMLIX cqeTqllKOB cyMMapHOH IIJIO­

I.Ua~IO 4 M2 • .ll:JIJI yMeHbIIIeHHJI reoMeTpnqecKOH He3¢¢eKTHBHOCTH CUHHTHJI­

JIJITOpLI ycTaHOBJieHLI c 5-MM nepeKpLITHeM OTHOCHTeJibHO .n;pyr ~yra. Bee 22 

3JieMeHTa O~HaKOBLie ll npe.n;cTa:l,lJIJIIOT co6o:il: CUHHTHJIJIJITOp ,n;JIHHO:il: 2,5 M ll 

lO0xlO MM n ceqeHHH, npocMaTpnBaeMLI:il: c ~yx KOH:U:OB ¢oTo3JieKTpoHIILIMH 

yMHOlliHTeJIJIMH ( <!>8 Y-30) 

IIoJIOCLI 6LIJIH H3rOTOBJieHLI H3 6JioqHoro IIOJIHCTHpOJThHoro CUHHTHJIJIJITOpa 

MeTO,n;OM 3KCTpy~poBaHHJI. cho II03BOJIHJIO H3rOTOBHTb MOHOJIHTHLie IIJia­

CTHHLI Heo6xo~MO:il: ,n;JIHHLI C MaJILIM 3aTyxaHHeM CBeTa. 

Oco6oe BHHMaHne B pa6oTe 6LIJIO y.n;eJieHO OIITHMH3a:U:Hll pa6oqero pe­

)KllMa <I>8Y. BLIJI ocymecTBJieH HH.n;nnn~aJThHLI:il: no.n;6op .n;eJIHTeJie:il: .n;JIJI .Ka­

JRLJ:Oro <I>8Y TaKHM o6pa30M, qTQ6LI o6ecneqnTb MaKCHMaJThHYIO aMIIJIHTy;n;y 

nMnym,ca ToKa <I>8Y npn MHHHMaJibHO:il: npeMeHHO:il: ~cnepcnn cnrHaJia. 

BpeMeHHLie ll aMIIJIHTy;n;HLie napaMeTpLI npoTOTHIIa .n;eTeKTopa 6LIJIH H3-

MepeHLI Ha nyqKe peJIJITllBHCTCKHX .n:e:il:TpOHOB CnHxpo¢a30TpOHa npn HM­

IIYJibCe P=6 r3B/c. BpeMJI npoJieTa, ¢nKcnpyeMoe ,n;JIHHHLIM c:u:nHTHJIJIJITO­

poM, onpe.n;eJIJIJIOCb cJie~romnM o6pa30M o6pa3oM: 

T = (Tu+ Td)/2 + C, (1) 
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Pu:c. 2: 3aBHCHMOCTb BpeMeHHoro pa3peIIIeHHJI OT MecTa C:U:HHTHJIJIJIUHH 

r.n:e Tu, Td - BpeMJI npnxo.n;a cnrHaJia c pa3HLIX KOHUOB .n;eTeKTopa, 

C - IIOCTOJIHHM BeJIHqnHa, BKJIIOqa10ma11 npeMJI pacnpocTpaHeHHJI 

cnrHaJia n.n;om, ncero CUHHTHJIJIJITopa. 

H3MepeHHOe BpeMeHHoe pa3peIIIeHne B pa3JIHqHLIX TOqKaX ITO ,n;JIHHe .n:e­

TeKTopa npe,n;CTaBJieHO Ha pnc.2 ( rpaqJHKH (a) n (6) .n;JIJI KaJRLJ:Oro <I>8Y TIO 

OT.n;eJThHOCTH, (n) - ,n;JIJI BCero .n;eTeKTopa). Cpe;niee cyMMapHoe BpeMeHHOe 

pa3peIII!'!HHe nonyqHJIOCb paBHbIM 400 ITC C pa36pocoM no ,n;JIHHe ±20%. 

AMIIJIHTy;n;HLie napaMeTpLI .n;eTeKTopa OKa3aJIHCb He CTOJTh KpHTnqHbI K KO­

op~HaTe. CyMMapHaJI aMITJIHTy;n;a A, ITpe.n;cTaBJieHHM KaK 

A = (Au+ Ad)/2, (2) 

r.n:e Au, Ad - aMIIJIHTy;n;a cnrHaJia ,n;JIJI nepXHe:il: H HH)l{He:il: qacTH cooTneT­

CTBeHHo, HMeeT npaKTnqecKH IIOCTOJIHHOe 3Haqemi:e. J-leo;nIOpO,!UIOCTb He 

npenLIIIIaeT 5%. IIpn 3TOM aMIIJIHTy;n;Hoe pa3peIIIemre (pnc.3), panHoe 35% 

B :u:eHTpe, yeyqIIIaeTCJI K KpaJIM .n:o 30% n B cpe;nieM paBHO 32%. TaKHe 

5 



40 

,,......,_ 
~ 

+ ♦ 1 35 r 
~ • • . . 

::r: 
(jJ 

EJ 30 
(jJ 

n.. 
(') 
(1j 

0... 25 

20 .~_.__...L_..._--1-___._...L__._--l _ _.._____L___,'-------' 

30 60 90 120 150 180 210 

l{oopp;i-rna Ta (CM) 

P11c. 3: 3aBIICIIMOCTI, aMnJIIITy,n;HOro paapenreHIIJI ,n;eTeKTopa OT KOOp,n;IIHaTI.r 

napaMeTphl JIBJI/IIOTCJI TIInIIqHLIMII JlJI/I CD;IIHTIIJIJI/ID;IIOHHhlX cqeTqIIKOB II no-

3BOJI/IIOT IICnOJII,30BaTL onIICLIBaeMLI:il: ,n;eTeKTOp He TOJII,KO ,ll;JI/I BpeMeHHOro, HO 

II JlJI/I aMnJIIITy,n;HOrO aHaJmaa. 

Paapa6oTRa BpeM11-nponeTHLIX 'AeTeRTOpOB 'AJIJI QeHTpaJibHOro 
cneRTpoMeTpa. ,z::i:JI/I KOHCTpyKD;IIII II TIIna JlCTCKTopa n;eHTpaJII,Horo cneK­

TpOMeTpa oiipe,n;eJI/IIOill;eM ycJIOBIIeM JIBJI/IeTCJI orpaHIIqeHHOCTI, 061,eMa L~lM 

II 6oJII,nroe MarHIITHOe noJie F~l,5T. 1.fro, B KoHeqHoM IITore, npIIBeJio K IIC­

cJie,n;oBaHIIIO BpeMeHHhlX CBO:il:CTB noeynpOBO,n;HIIKOBhlX ,n;IIOJlOB, KaK aJII,TepHa­

TIIBHhlX <I>8Y cBeToqyBCTBIITCJII,HhlX npII6opoB. 

B pa6oTe IICCJie,n;oBaJIIICI, BpeMeHHLie CBO:il:CTBa KpeMHIIeBhlX JiaBIIHHhlX <pO­

TO,n;IIOJlOB c oTpIIn;aTeJII,Ho:il: o6paTHO:il: CBJI3LIO (SiAD). 

IlepBLie peayJII,TaTLI no BpeMeHHOMY paapenreHIIIO SiAD 6LIJIII noeyqeHLI 

C ,n;eTeKTOpOM nJioma,n;i,ro 5 X 5MM2• TecT npOBO,n;IIJICJI C noMOill;LIO pa,n;IIOaK­

TIIBHoro ,8-IIcTOqHIIKa 106Ru (MaKCIIMaJII,HaJI 3HeprIIJI aJieKTpoHoB 3,5 MaB). 

I{oJIJIIIMIIpOBaHHhl:il: nyqoK 3JieKTpOHOB npoxo,n;IIJI CKB03L ,n;IIOJl II ,n;Ba CD;IIHTIIJI­

JI/ID;IIOHHhlX cqeTqIIKa. C npe,n;ycIIJIIITeJieM, IIMeIOill;IIM K03<p<pIID;IIeHT ycIIJie­

HIIJl 7, BpeMCHHOe paapenreHIIC noeyqIIJIOCI, 630nc. 

Ilo,n;o6HLie II3MepeHIIJI 6LIJIII npo,n;eJiaHLI II ,n;JI/I SiAD ,n;IIaMeTpOM 3MM. 
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P11c. 4: BpeMeHHhle CBOHCTBa JiaBIIHHoro <pOTO,n;IIO,n;a B aaBIICIIMOCTII OT 

npIIJIO)f{CHHoro CMern;eHIIJI. 

BLIJIO noJiy<IeHO BpeMeHHOe paapenreHIIe 550nc. 

CJie,n;yromn:il: TeCT npOBOJllIJICJI C noMOill;LIO CBCTOJllIO,D;a. RopoTKH:il: CBCTO­

no:il: HMnyJILC (lOHc) <popMHpOBaJICJI CBeTOJllIOJlOM AJI307 n nepe,n;aBaJICJI Ha 

<pOTOJlHOJl no onTnqecKoMy Ka6eJIIO. CBeT naJiyqaJICJI B ,n;nanaaoHe 610-780HM. 

BpeMJI HapacTaHnJI cBeToBoro HMnyJii,ca cocTanJI/IJio oKoJio lOOrrc. BpeMeH­

Hoe paapenreHne rrpH TaKo:il: IIOCTaHOBKe IIOJIJ'IHJIOCI, 150 nc. 

B ,n;aJILHe:il:nreM 6LIJIO H3MepeHO BpeMeHHOe paapenreHHe Cl H K03<p<plID;H­

eHT ycnJieHIIJI Ku B 3aBHCHMOCTII OT npHJIO)f{eHHOro K ,n;no,n;y HarrpJI)f{eHIIJI. 

PeayJILTaTLI rrpe,n;cTaBJiem,1 Ha pnc.4. 

HanJiy<Inree BpeMeHHOe paapenreHne rroJiy<IeHHoe rrpn perncTpan;nn cneTa 

130rrc, npn perncTpan;nn 3JieKTpoHon - 550rrc. 

Paapa60TRa 3JieRTPOMarHHTHLIX RaJiopHMeTpOB. 8JICKTpOMarHHT­

Hhle KaJiopIIMeTphl JIBJI/IIOTCJI HeOT'LeMJieMO:il: <IaCTLIO JII06oro YHHBepcaJII,HOro 

cneKTpOMeTpa. 11aMepeHHe 3HeprHII, BI,IJlCJIJleMO:il: raMMa KnaHTOM D ncme­

CTBe, JIBJI/IeTCJI CaMhlM 3<p<pCKTlIDHhlM MeTOJlOM perHCTpan;HH npII DhlCOKHX 

3HeprIIJIX. 

B KaqecTBe rrpoTOTHna ,n;eTeKTOpa 60JII,J1IO:il: IIJioma,n;n JlJI/I D;CHTpaJII,Horo 

crreKTpoMeTpa ycTaHOBKII C<I>EPA 6MJIO co6paHo II ncnMTaHo TPH cDHHD;OBo­

cn;HHTHJIJI/ID;HOHHLIX MOJlYJIJI 3JICKTpOMarHHTHOro KaJiopnMeTpa. I{a)RJlhlfi MO­

,ll;JJII, co6paH H3 qepe,n;yromnxcJI 4 7 CDHHD;OBhlX lI 4 7 CD;lIHTlIJIJI/ID;IIOHHI,IX IlJia­

CTlIH paaMepoM 2 x 70 x .70MM3 n 2 x 70 x 70MM3 COOTDCTCTDCHHO (pnc.5). 
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P11c. 5: CxeMaTIP'.!eCiillH BH,ll; Mo.n;yJIJI ::meKTpoMarHHTHoro KaJrnpHMeTpa. 

O6maJI TOJilllHHa COCTaBJIJieT 17,3 pa,D;HaD;HOHHhlX ,ll;JIIlH. 

RaJiopHMeTpnqecKHe MO,D;yJIIl HCCJie,D;OBaJIHCh Ha rryqKax qacTHD; pa3Horo 

coprn Cnxpo<pa3oTpoHa JIBS OHJUI B nrnpoKoM ,D;Harra3oHe 3HeprHii. I13Me­

peHHJI B 06JiaCTH 3HeprHH OT 0,5 ,ll;O lr3B fihIJIIl BbIIIOJIHeHbI Ha 3JieKTpOHHOM 

rryqKe XapbKOBCKoro q>H3HKO-TeXHHqecKoro HHCTHTyTa. 

8HepreTnqecKoe pa3perneHHe KaJiopHMeTpOB 6bIJIO H3MepeHO Ha 3JieKTpOH­

HOM rryqKe ,ll;JIJI n;eHTpaJibHOH qacTH MO,D;yJieii. rpaq>HK 3aBHCHMOCTH 3Hep­

reTnqecKoro pa3perneHHJI a/ ./E OT 3HeprHH perncTpnpyeMbIX 3JieKTpoHoB 

rrpe.n;cTaBJieH Ha pnc.6. 8KcrrepHMeHTaJibHhle ,n;aHHhle 6bIJIIl arrrrpoKCHMHpo-

BaHbI BeJIHqHHoii: 
a/E= 0,114±0,005 

JE(r3B) 
(3) 

HccJie,D;OBaHHJI rroKa3aJIIl xopornyro JIHHeiieyro 3aBHCHMOCTb BbIXO,ll;HOro CH­

rHaJia OT 3HeprHH ,n;eTeKTHpyeMbIX 3JieKTpOHOB. B pa6oqeii o6JiaCTH 3HeprHH 

OT 0,5 ,ll;O 2,25 r3B HeJIHHeHHOCTb xapaKTepHCTHiill He rrpeBbIIIlaeT 1,5%. 
HcrroJih3YJI .n;aHHhle cKaHHpoBaHHJI 3JieKTpoHaMH c 3Heprneii 2,25 r3B 

B,ll;OJII, JIHHHH, coe,D;HHJllOllleH n;eHTpbI Tpex MO,D;yJieii, 6bIJIO rrpoBe,D;eHO BOCCTa­

H0BJICHHC K00p,D;HHaT BepIIIHHbI 3JICKTpOMarHHTH0ro JIIlBHJI .n;BYMJI crroco6aMH: 

MCTO,ll;0M UCHTpa TJIJRCCTH, HCIIOJib3YJI KOOp,D;HHaTy D;CHTpa KalR,ll;oro MO,D;yJIJI X 

8 

m 
~ 

14 

1.3 

> 12 
'-... 
~ 

'> 11 

'-... 

b 10 

9 

u /E = i°l,4%/✓rsB 

0.0 0.5 1 .0 1.5 2.0 2.5 .3.0 
3HeprHH 3ITeKTpOHOB (r8B) 

P11c. 6: 8HepreTnqecKoe pa3pernemrn ,ll;JIJI 3JieKTpOHOB C HMIIYJibC0M OT 0,5 
,ll;0 2,25 r3B/c. 

H aMIIJIIlTy;zy cHrHaJia B HeM A: 

L;X;A; 
Xe= L;A; (4) 

H MO,ll;Hq>HD;HpOBaHHbIM MeTO,ll;OM rrpH q>HTHpOBaHHH rrpoq>HJIJI JIIlBHJI .n;BYMJI 

3KCIIOHeHTaMH: 

E(x) = Eiexp(-lx - x.l/a1) + E2exp(-lx - x.l/a2) (5) 

r.n;e x. - KOOp,D;HHaTa JIIlBHJlj 

Ei, E2 - K03<pq>HD;HeHThI rrporropn;noHaJibHOCTHj 

a1, a2 - rrapaMeTpbI 3KCII0HCHT. 

B 3TOM ceyqae KOOp,D;HHaTa n;eHTpa JIIlBHJI orrpe,n;eJIJieTCJI KaK: 

b 
Xe= Xm ± 2 =f a1Ln[0, 5(1 + Av/A - m ± 1)] 

r.n;e Xm - K00p,D;HHaTa MO,D;yJIJI C HaH60JibIIleH aMIIJIIlTy,D;OHj 

b - rnnpHHa Mo.n;yJIJI. 

(6) 

3HaK B BhlpameHHH (6) 3aBHCHT OT TOro KaKoii MO,D;yJib (cJieBa HJIIl crrpaBa OT 

D;CHTpaJibHOro) 6epeTCJI B pacqeT. 

Ha pnc. 7 rrpe.n;cTaBJieHbI pe3yJibTaThI o6pa6oTKH. Cpe,D;HHe 3HaqeHHJI KO­

op,D;HHaTbI JIIlBHJI, paccqnTaHHbie no <popMyJie ( 4), oTMeqeHhI 3Be3,n;oqKaMH, 
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IIO <popMyJie {6) - RBa.npaTiraaMII. IlapaJIJieJII,HLIMII IIITplIXOBLIMII JIIIHIIRMII 

OTMetJeHa 3aXBaTLIBaeMan: MOHIITOpOM o6JiaCTI, . 

.l(JIJI ROOp,mrnaTLI, BOCCTaHOBJieHHOH MeTO,ll;OM (6), Roop,mrnaTHOe pa3pe­

nreHIIe 6LIJIO rroeyqeHo Ha ypoBHe 4MM (ae = 3,9 MM). 
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Pnc. 7: PacC'IIITaHHOe 3Haqemi:e ROOp,n;IIHaTLI JIIIBHJI .n;JIJI 3JieRTpOHOB C IIM­

nym,coM 2,25 r::iB/c. 

.l(JIJI ycTpaHeHIDI IIOTeplI tJaCTII 3JieRTpOMarHIITHOro JIIIBHJI B MeCTax co­

CTLIROBRII MO,n;yJieii:, 6LIJia rrpe,n;JIOJKeHa 6e36JIO'IHa/I ROHCTpyRD;IIR 3JieRTpOMa­

rHIITHoro RaJioplIMeTpa. BLIJio rrpe,n;JioJKeHo IICIIOJII>3oBaTI, ecTeCTBeHHoe 3aTy­

xaH1Ie CBeTa BHYTPII CI(IIHTIIJIJIJITOpa ,n;JIJI JIORaJIII3aI(IIII MeCTa rrpoxoJK,n;eHIIII 

qaCTIII( • 

.l(JIJI IIpOBepRII MeTO,n;a 6LIJI II3rOTOBJieH 3Rcrrep1IMeHTaJil>HLIH MO,ll;yJII, II3 

48 CBIIHI(OBLIX II 48 CI(IIHTIIJIJIJII(IIOHHLIX IIJiaCTIIH pa3MepoM 1,5x147x147 II 

5x147x147 MM COOTBeTCTBeHHO. B IIJiaCTIIHax 6LIJIO rrpocBepJieHO 49 OTBep­

CTIIH ,n;HaMeTpOM 2 MM, pacrrOJIO)KeHHLIX B reRcaroHaJII>HOM rropn.n;Re, B RO­

TOpLie 6LIJIII rrporrymeHLI crreRTpOCMemarom1Ie BOJIORHa ,n;HaMeTpOM 1,5 MM. 

BoJIORHa 6LIJIII crpyrrrrnpoBaHLI B 7 IIY'IROB IIO 7 IIITYR II COCTLIROBaHLI c OT­

,n;eJII>HLIM <pOT03JieRTpOHHLIM yMHO)KIITeJieM. PaccTOIIHIIe MeJK,n;y 6Jlll)KaHIIIIIMII 

(I>8Y paBHO 50 MM. CyMMapHan: TOJII111IHa co6paHHoro rraReTa cocTaBIIJia 13,4 

pa;:maI(IIOHHLIX ,ll;JIIIH. 

IlplIHI(IIII pa6oTLI TaRoii: CIICTeMLI COCTOIIT B CJie,n;yromeM: BLIXO,n;HOH CII­

rHaJI C ID8Y 3aBIICIIT OT ROJIH'IeCTBa CBeTa, rrepe1I3JIYtieHHoro crreRTpOCMema­

IOmHMII HIITIIMII-IIIII<pTopaMII, ROTopoe B CBOIO oqepe,n;I, 3aBIICIIT OT cBeTOBOro 
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Pnc. 8: IloJiyqeHHoe aMITJIIITy.n;Hoe pa3perueHIIe .n;JIJI pa3JIII'IHLIX TO'IeR. 

IlOTORa n MecTe pacnoJIO)KeHHII lliHq)Topa. 11crroJib3YII TOT <paRT 'ITO, cneT, o6-

pa3onanruHii:CII n pe3yJihTaTe npoxoJK,n;eHHII 3apnJKeHHoii: qacTHI(LI qepe3 cnuH­

TIIJIJIJITop, IlOCTeneHHO 3aTyxaeT DCJie,n;cTDHe pa3JIH'IHLIX <paRTopon, MO)KHO no 

pa3HOCTII CHrHaJIOB C (I>8Y orrpe.n;eJIIITb MeCTO npoxoJK,n;eHHII 'IaCTHI(hl. 8TO 

HMeeT oco6oe 3HatJeHHe npu per1IcTpann:n: qacTIII(, He HHn:nn:n:py10mux JIIIneHb 

B aRTIIBHOM Bemecrne ,n;eTeRTOpa. 

Co3,n;aHHLiii: Mo.n;ym, IICCJie,n;onaJICII Ha nytJRaX ,n;eii:TpOHOD C HMIIYJibCOM 3 

I'3B/c II a-tJaCTHI( C HMilYJibCOM 8 r3B/c. BLIJIII CHIITLI .n;aHHLie ,n;JIJI 15 pa3-

JIII'IHLIX '.tO'ICR B CJiyqae ,n;eii:TpOHOD H ,ll;JIII ,n;nyx - n CJiyqac (l'.-'IaCTHI(. I'vlecTO 

IICCJie,n;onaHHII 3a,n;anaJiaCb IlOJIO)KeHHeM CI(IIHTHJIJIIII(HOHHOro MOHHTOpa pa3-

MepoM 10xl0x3 MM. Ha puc.8 IIplIBe.n;eHLI IIOJiy'IeHHLie 3HatICHHII aMIIJIIITy­

,n;Horo pa3pellieHIIR .n;JIJI ,n;eil:TpOHOD. Ycpe,n;HeHHOe no IlJIOI11a;:m I(CHTpaJII>HOil: 

o6JiaCTH 6JioRa aMIIJIIITy,zume pa3perneHn:e panno 43±1 %. 
Roop;:mHaTLI DOCCTaHaDJIHBaJIHcb CJie,n;yIOI11HM o6pa3oM: 

. L· 

LXiAiexp-t'o' 
i 

Xe= LAi 
i 
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r.n:e Lo - .n:mrna 3aTyxamm cneTa (n ,n:aHHOM ceyqae oHa 

panHa 47 MM), 

x; - Roop.n:1rnaTa i - ro <I>8Y, 

A; - cnrnaJI c i-ro <I>8Y. 

CyMMHponaHne n.n:eT no <I>8Y, pacnoJiollieHHI,IM n,n:om, coorneTcrnyrome:tt 

OCH. 

L; - paccTOJIHHe Me)I{Jly i-M <I>8Y H npe.n:noJiaraeMo:tt Koop.n:nHaTO:tt TO'IKH 

nona.n:amm 'lllCTHULI, BLI'lHCJIJieMOH o6LI'!HLIM MeTOJlOM ueHTpa TJI)KeCTH. 

Hcnom,3onaHne ecTecTBeHHoro 3aTyxaHHJI cBeTa nHyTpn CUHHTHJIJIJITopa 

no3BOJIJieT C xopoIIIe:tt TO'IHOCTI,IO onpe,n:eJIJITb KOOpJlHHaTLI npoIIIe,n:IIIe:tt CKB03I, 

Hero qacTHULI. 

Ilpn perncTpaunn .n:e:il:TpOHOB H a-qacTHU KOop.n:nHaTHOe pa3peIIIeHHe ( CTaH­

.n:apTHOe OTI{JIOHeHHe) COCTaBJIJieT JlJIJI TO'leK H3 ueHTpam,Ho:il: o6JiaCTH 8±3 

MM, CHCTeMaTH'leCKaJI norpeIIIHOCTI, - 8±4 MM. 

Cpe,D;Hee aMnJIHTy.n:Hoe pa3peIIIeHne ,n:JIJI ueHTpam,Ho:il: o6JiacTH 6JioKa co­

CTaBHJIO 43% ,D;JIJI ,n:e:il:TpOHOB C HMnym,coM 3 r3B/c H 21 % JlJIJI lY-'laCTHU C 

nMnym,coM 8 r3B/c, npoIIIeJlllIHX 6e3 JI.n;epHoro B3anMo.n;e:il:cTnHJI. 

B npouecce pa6oT no HCCJie,D;OBaHHIO pa3JIH'IHLIX BapnaHTOB nocTpoeHHJI 

KaJIOpHMeTpnqecKo:il: CHCTeMH ueHTpaJII,HOro ,n:eTeKTOpa HaIIIe IlHHMaHHe npn­

BJieKJIO HOBOe CUHHTHJIJIHpyromee BemecTBO BaF2. 8TOT CUHHTHJIJIJITOp HMeeT 

BeJIHKOJienHLie xapaKTepHCTHKH KaK JlJIJI perncTpaunn He:il:TpaJII,HLIX, TaK H 

3apJillieHHLIX qacTHU. BaF2 n HacToJimee npeMJI JIBJIJieTCJI OJlHHM H3 caMLIX 

6LICTpLIX HeopraHH'leCKHX CUHHTHJIJIJITOpOB c BpeMeHeM BLICBe'!HBaHHJI 0,6-

0,8 HC. 

Bee BLIIIIe nepetincJieHHLie oco6eHHOCTH BaF2 OTBe'!aIOT Tpe6onaHHJIM K 

3JieMeHTaM ueHTpaJI1,Horo ,n:eTeKTopa ycTaHOBKH "C<I> EPA". ,UJIJI nccJie.n;o­

BaHHJI napaMeTpon 3Toro CUHHTHJIJIJITopa 6LIJI H3roTOBJieH bE - E TeJiecKon, 

c ncnoJI1,3onaHneM TOJICToro KpncTaJIJia BaF2. Hcnom,3onaJICJI KpncTaJIJI ce­

tieHHeM 3 X 3 CM2 H ,D;JIHHOH 21,5 CM. BaF2 6LIJI COCTLIKOBaH C BXO.n;HLIM 

KBapuenLIM OKHOM q>OT03JieKTpOHHoro YMHO)KHTeJIJI <I>8Y-140. 

HccJie.n:onaHHJI CDOHCTB KpHCTaJIJia 60JII,IIIOro pa3Mepa npODOJlHJIHCI, KaK C 

HCnOJII,30BaHHeM pa.n:noaKTHBHLIX raMMa-HCTO'lHHKOD, TaK H Ha nyqRax peJIJI­

THBHCTCKHX JI,n:ep. 

CneTOilLIXOJl KpHcTaJIJia H3MepJIJICJI C noMOil{bIO pa3JIH'IHLIX pa.n:noaKTH­

IlHLIX HCTO'!HllKOB. CyMMapHLie .n:aHHLie npnne,n:eHI,I n Ta6JIHue 1. 
BeJIH'lHHa 3aTyxaHHJI cneTa B CUllHTHJIJIJITOpe 6LIJia ll3MepeHa KaR C no­

MOil{I,JO pa.n:uoaKTHBHOro raMMa-llCTO'lHHKa 137Cs, TaK H Il ny'lRaX peJIJITH­

IlllCTCKllX qacTHU. Pe3yJThTaTLI ll3MepeHllll noKa3aJIH npeKpacHyIO onTH'le­

CKYIO npo3pa'IHOCTI, KpllCTaJIJia. 3aTyxaHtte CBeTa no JlJIHHe 6LIJIO HeBeJIHKO . 
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raMMa- 8HeprHJI 8HepreTtttiecKo e 

HCTO'IHHK (IfaB) paapeIIIeHne (%) 
131cs 662 12,7 
ssy 898 11,1 

6oco 1173 . 9,7 
6oco 1334 9,2 
ssy 1836 8,0 

22sTh 2614 6,5 
241Arn+Be 4440 5,5 

Ta6JIHua 1: Peaym,TaTLI TecTa c raMMa HCTO'IHHROM 

Pe3ym,TaTLI ll3MepeHtt:il:
0

3HepreTtt'lecKoro pa3peIIIeHIIJI B nyqKax peJIJITH­

BHCTCKHX qacTllU cyMMHponaHLI n Ta6JIHue 2. 

qaCTHULI . HMnym,c 8HepreTH'leCKOe 

'(r3B/c) pa3peIIIeHne (%) 
IlpoToHI,I 4,5 17,2 

.lJ:e:ttTpOHLI 4,5 18,5 

IlHOHLI 
.. 

2,25 15,7 

Ta6JIHua 2: Peaym,TaTLI TecTa Ha a.n:poHax 

AMnJIHTy;n:a ll 3HepreTH'leCKOe pa3peIIIeHtte, TaK,Ke HCCJie,n:c>BaJIHCI, B 3aBH­

CHMOCTH OT npeMeHH llHTerpnpoBaHIIJI CHrHaJia. BLIJIO 3aq>HRCHpOBaHO 'ITO 

YJIY'lIIIeHHe xapaKTepHCTHI{' aaMeTHO .n:o BpeMeHH HHTerpnpoBaHHJI 300 HC . 

.lJ:am,HeHIIIee ero yneJIH'!eHtte K cymecrBeHHOMY YJIYtIIIIeHHIO He npHBOJlHT. 

CJie.n;onaTeJThHO ,n:eTeKTOpLI Ha ocHoBe BaF2 MO)KHO ncnom,3onaT1, B HHTeHctt­

BHLIX noToRaX BTOpH'IHLIX 'l~CTHU > 106, 6e3 yxy;n:IIIeHHJI RX xapaKTepllCTHR. 

Bo BTOpoii rJiaBe npe,n:cTaBJieHLI peaym,TaTLI HCCJie,D;OBaHHH q>parMeH­

TaUHH peJIJITHBHCTCKHX .n:e:ttTpOHOB B KYMYJIJITHBHLie nHOHLI Ha C03,D;aHHOH an-
napaType. · ' ~ 

Ba)KHI,IM HTOrOM HCCJie,D;OBaHHJI KYMYJIJITHBHLIX npoueccon n Jla6opaTO­

pHH BLICOKHX 3HeprHH CTaJIO BBe,n:eHHe nOHJITHJI KBapK-napTOHHOH CTPYKTyp­

HOH ¢YHKUHH JI.n:pa n MacIIITa6Ho:tt nepeMeHHo:tt KYMYJIJITHBHLIX npoueccon c 

MaccoBLIMH nonpaBKaMn (RYMYJIJITHBHoro 'lHCJia X), 'ITO no3BOJIHJIO e.n:nHm.i 

o6pa30M onucaTI, 6oJThIIIOH 06'1,eM pa3Hoo6pa3HI,IX .n;aHHLIX no KYMYJIJITHBHLIM 

npoueccaM. Ilpouecc Ha3LIBaeTCJI RYMYJIJITHBHLIM ecJIH X > l. AHaJIHTH'!e­

CRoe BLipallieHHe JlJIJI MaCIIITa6Ho:il: nepeMeHHOH IIOJIY'!aeTCJI H3 peJIJITllBHCTCKH 
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IIHBapIIaHTHOro ypaBHeHIUI JJ.JIH :KBal1,paTa MIIHIIMaJII,HOro 4-IIMnym,ca qacTIIU: 

omaqn n JJ.JIH npOJJ.YRTOB <pparMeHTaU:l'Il'I nyqRa B Jia6opaTOpHoil: Cl'ICTeMe OT­

cqeTa nMeeT Bl'IJJ.: 

Xi= E1r;io + m5 + (m~ - mi)/2 
Eomo - m0 - (EoE1 - PoP1cos0) - mom2 

(8) 

Ea- II po noJIHaJI ::meprll1l II IIMnym,c HaJieTaroru;ero JIJJ.pa Ha HYRJioH; E1, Pt, 
m1 II 0 - noJIHaJI 3HeprIIJI, IIMnym,c, Macca II yroJI po)RlJ.eHllJI RYMYJIJITIIBHOil: 

qaCTIII(LI. 

Mccne,noBaH:ue A-aaB:uc:ulViocTH <f>parMeHTan;:u:u ,neihpoHoB :Vh­
MepeHIIe A-3aBIICIIMO_CTII <pparMeHTaI(IIII peJIHTIIBIICTCRIIX l1,eil:Tp0HOB B RYMY­

JIJITIIBHLie 1f-Me30HLI Ha 1Il1,pax yrJiepoJJ.a, aJilOMIIHllJI, MeJJ.II II CBIIHU:a npOBO­

JJ.IIJIOCI, Ha nepeJJ.HeM cneRTpoMeTpe ycrnHonRII C<I>EPA. 

)ll!IlOJibHblff 

MarHHT 

HO! 
{; _,.,4',....,.-

H3 ~dJ? S30:-W 
SI • ......... M11JIIeHb 

,,, .,., 

p 

TC 

P:uc. 9: CxeMa 3RcnepIIMeHTa no II3yqeHIIlO po)RlJ.eHllJI RYMYJIHTIIBHLIX Me-

30HOB. 

BLIJIII BLinoJIHeHLI II3MepeHllJI <pparMeHTaU:IIII peJIHTIIBIICTCKIIX l1,eil:Tp0HOB 

B 7r-Me30HLI B6JIII3II 0° npII 3HaqeHll1IX X ~ 1. B npou:ecce peaJIII3aU:IIII 3Rc­

nepIIMeHTa cneKTpoMeTp 6LIJI OTRaJIII6pOBaH no IIMnym,cy perIICTpIIpyeMLIX 

qaCTIII(. M3MepeHIIJI npOBOJJ.IIJIIICb· Ha nyqRe l1,eil:TpOHOB C IIMnym,coM 4,5 A 

r3B/c II IIHTeHCIIBHOCTblO 106 B ceR. MarHIITHLiil: cneRTpOMeTp BRJilOqaJI B 

ce6JI (pIIc.9): 

TeJieCROn l'I3 Tpex CU:l'IHTl'IJIJIHU:IIOHHLIX cqeTqIII{OB, MOHIITOpnpyroru;nil: nep­

Bl'IqHLiil: nyqoK; 
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c1,eMHYlO MIIIIIeHb, pacnoJIO)KeHHYlO n 700 CM nepeJJ. n:eHTpOM MarHIITa; 

ra3onLiil: noporoBLiil: qepeHRoBcKIIil: cqeTqIIR BLICORoro JJ.anJieHllJI Cl; 

JJ.Ba rOJJ.OCRona nJioru;aJJ.I,lO 16 X 16 CM2' COCTOJIIll;IIe II3 ll.BYX nJIOCROCTeil:, 

Ra)RlJ.aJI II3 ROTOpLIX BRJilOqaeT 16 cqeTqIII{Oil pa3MepaMl'I 400 II 230 CM160x 

9 x 3 MM3; OHII pacnoJiaraJIIICI, Ha paCCTOJIHIIII 400 II 230 CM OT u:eHTpa 

MarHIITa; 

qeTLipe TpexRoOp/1.l'IHaTHLIX rOJJ.OCRona nJioru;aJJ.I,lO OROJIO 1 M, TPII II3 I{OTO­

pLIX ycTaHOilJICHLI C3aJJ.II MarHIITa Ha paCCTOJIHl'III 200, 320, 520 CM OT ero 

U:CHTpa, a OJJ.IIH HerrocpCJJ.CTBeHHO rrepeJJ. MarHIITOMj 

JJ.IInOJibHLili MarHIIT C 3a3opoM MC)KJJ.Y IIOJilOCaMII 68 CM, nrnpIIHOil: noJilOCOil 

100 CM II JJ.JIIIHOli 150 CMj MaRCIIMaJibHaJI JJ.OCTII)I{l'IMaJI HaIIpJI)KeHHOCTI, 

IIOJIJI n u;eHTpe MarHIITa· oROJIO 0,82 TecJia. 

YrJIOBOli aRcerrTaHC crreRTpoMeTpa COCTaBJIJIJI OROJIO 10-2 CTpaJJ., m.mym,­

CHLili - OT 2,5 /1.0 6,0 r3B/c. cho II03IlOJIIIJIO oxnaTIITI, JJ.IIarra30H no X1 OT 0,5 

/1.0 2,0 3a 0/1.HY 3RCn03IIUIIlO. 

IlpII mmym,ce JJ.eil:TpoHHoro rryqRa 8,9 r3B/c 3a 20 qacon pa6oTLI 6LIJio 

3aIIIICaHO OROJIO 19000 co6LITIIH Ha yrnepOJJ.HOil:, aJilOMIIHIIenoii, MeJJ.Hoii, CBIIH­

u:onoil: II "rrycToil:" MIIllICHJIX. l{a)RlJ.aJI MIIllICHI, 6LIJia o6JiyqeHa nOTOROM 1 -:-

2 • 109 /1.CHTpOHOil. ToJiru;IIHa MIIllICHCli 6LIJia BLI6paHa 5 r / cM2 

_,I 
3000 n 

I <000 

3000 

~ 
:s: 
E< 

~ 2000'.:! I L_ I 2000 
0 

<::.) 

1000-t I I I 1000 

0.4 0.8 1.2 1.6 2.0 2.0 3.0 4.0 5.0 6.0 7.0 

X1 P {faB/c) 

P:uc. 10: MMrrym,cHLiil: crreRTp II pacrrpeJJ.eJieHIIe no RYMYJIJITIIBHOMY qIIcJIY 

B 3RcnepIIMCHTC ITO II3yqeHIIlO A-3aBIICIIMOCTII. 
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CyMMapm..rii: nMnym,cHI.Jii: cneKTp n pacnpe.n:eJieHne no KYMYJUITHBHOMY 

qncey o6pa6oTaHHI.JX co6I.JTnii: npe.n:cranJieHI.J Ha pnc.10. RaK nn~o n3 

pnc.10 ,l(OCTaTO'!HYIO CTaTHCTH'leCKYIO o6ecnetieHHOCTI, nMeIOT COOTBeTCTBY-

10rune MaKcnMyMy ,l(Ba nHTepnaJia no KYMYJUITHBHOMY qncJiy . Co6I.JTIDI n 

3TilX IlHTepnaJiax 6I.JJIH npOCJMMilponaHI.J OT,l(eJThHO ,l(JIII Ka)l{,l(oii: MHUieHn n 

OTHOpMnponaHI.J Ha C'!eT nytIKOBOro MOHilTOpa. 3aTeM Il3 HilX 6I.JJI BI.J'!TeH 

HOpMnponaHHI.Jii: C'!eT C "nycToii:" MHUieHn n 3TH BeJIH'!IlHI.J 6I.JJIH HOpMnpo­

naHI.J Ha TOJIIUHHY MHUieHn. 

Pe3ym,TaTI.J qrnTnponaHIDI HopMnponaHHoro Ha A cetieHIDI JanncnMOCTbIO 

nn.n:a A 0
-

1 .n:aJIH cJie.n:y10rune 3HatieHIDI a: 

a= 0, 22 ± 0, 1 .UM 0, 8 < X1 < l, 0 

a= 0, 39 ± 0, 17 .UM 1, 0 < X1 < l, 2 

B npe.n:eJiax noeyqeHHI.JX OUIH60K ,l(Ba 3Ha'!eHIDI napaMeTpa Q' conna,l(aIOT. 

Ycpe~eHne .l(JUI nHTepnaJia 0, 8 < X1 < l, 2 .n:aeT: a= 0, 27 ± 0, 09. 

,-..100 
t::i: 
Ill 

:ii ... 
0 -
Ill 
:::: 
~ 10 
::t 
Ill 
CJ 

aruA«- 1 

C a=0.27 ±0.09 

Al 

Cu 

d+A-->TT + ... 
0.8 f X1 f 1.2 

10 100 

Pb 

aTOMHl>IH nee MnIIIeHH (A) 

Puc. 11: A-JanncnMOCTb ceqemrn <pparMeHTau;nn KYMYJUITHBHI.JX nnoHoB n 

nHTepnaJie KYMYJUITHBHI.JX '!HCeJI 0, 8 < X 1 < l, 2, HopMnponaHHoro Ha A. 

11:ccJie.n;onaHue MHomecTBeHHOCTU 3apnmeHHLIX qacTu~, conpo­
nom.n:arom;ux pom.n;eHue RYMYJIJITUBHoro 7r-Me3oHa. UeJibIO 3Kcnepn­

MeHTa JIBJIIIJIOCb H3MepeHne <pparMeHTau;nn peJUITilBHCTCKilX .n:eii:TpOHOB B Ry­

MYJUITilBHI.Je nHOHI.J B y3KOM yrJIOBOM KOHyce no HanpanJieHnIO HaJieTaIOruero 

JI.Upa Ha pa3JIH'!HI.JX JI.n:pax MnUieHH npH o~onpeMeHHoii: perncrpau;nn acco­

U:HHponaHHoii: 3ap1I.UOBOH MHOJReCTBeHHOCTil OT <pparMeHTall;HH JI,llep-MnUieHH. 
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8RcnepnMeHT npoBO,l(IlJICJI Ha ny'!RaX ,l(eii:TpOHOB n JI,llep yrJiepo.n:a c IlM­

nyJibCOM 4,5 A r3B /CC HHTeH<?HBHOCTbIO 106 JI,l(ep B ceRyH.n:y Ha CnHXpo<pa30-

TpOHe Ol1.Hl1. MarHHTHI.Jii: cneKTpOMeTp nepe~ero HanpaBJICHIDI ycTaHOBKil 

C<I>EPA 6I.JJI .n:onoJIHeH (pnc.9) .llByxCJIOHHI.JM u;nJIHH.n:pnqecKHM ro.n:ocKonoM 

H3. OH Hcnom,3onaJicJI .l(JUI ou;eHKH HeynpyrocTn peaKu;nn n no3BOJUIJI on;e­

HHTb nOJIHYIO Il )RCCTRYIO 3apJI,llOBYIO .MHOlRCCTBeHHOCTb B yrJIOBOM .l(Ilana30He 

OT 20° ,l(O 90°. BHeUIHilH Il BHJTpeHHHH CJIOH rO,l(OCROna.pa3,l(CJICHI.J CTaJThHI.JM 

U:HJIIlH,llpnqecKHM norJIOTHTeJieM, no.n:aBJUIIOIUilM MJirKyIO KOMnOHCHTY 3apJI­

lRCHHOii: MHOlRCCTBCHHOCTH ,l(O nonepetIHI.JX HMnyJThCOB npoTOHOB PT < 600 

MeV/c . 

IloJiytieHHI.Je pacnpe.n:eJiemrn no 3apJI,llOBOii: MHOlRCCTBCHHOCTil, conpOBO­

)l{,l(aIOrueii: <pparMCHTau;nIO .n:eftTpOHOB n KYMYJIIITilBHI.Je IIHOHI.J c X OT 0,8 ,l(O 

1,2 Ha JI,llpax yrJiepo.n:a H _cnnHn;a, rrpe.n:cTaBJieHI.J Ha pnc.12. Pacrrpe.n:eJieHIDI 

xapaKTepn3JIOTCJI cpe~nM 3HaqeHneM < Nch >= 1, 3 n cpe~eKBa.n:paTil'!­

HI.JM OTKJIOHeHneM u = l, 3 .l(JUI d-C coy.n;apeHnii: n < Nch >= 2, 5, u = 2, 2 

.UM d-Pb. 

.l(oJUI co6I.JTnii:, co.n:epmarunx xoTJI 6I.J o~o conrra.n:eHne B u;nJIHH.n:pnqecKoM 

ro,l(OCKOIIe, IlHTeprrpeTnpyeMoe KaK TpeK 3apJilRCHHOH qacTnD;I,I C IIMIIJJThCOM 

PT > 600 MeV /c, He rrpeBI.JUiaeT 15% ,l(JUI yrnepo~oii: MnUieHH n 16% ,l(JUI 

CBilHil;OBOH. 

TaKHM o6pa30M, pacrrpe.n:eJiemrn IIO corrpoBO)l{,l(aIOrueii: MHOJReCTBCHHOCTil 

II A-3aBHCilMOCTil yKa3I.JBaIOT, B OCHOBHOM, Ha rrepn<pepnqecKnii: xapaKTep 

40 
h{ 
0 
>:: 
H 

30 ,!l 
f:ll 

,:s: 
H 
,!l 

::c: 20 
,!l 

i:: 
Q) 
E-< 
:s: 10 () 

0 
::c: 
E-< 

0 o. 
0 

L---1 
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-- Yrnepo,D;, 
0JIOBO, 

------ Cmrnen:, 

' ' 
: : L - - I : -----: r 
' I 

' I 
' : 

Nch =1.32 
N.h =2.87 
Noh =2.46 

2 4 6 8 10 
. MHoJI<eCTBeHHOCTI, 

12 

Puc. 12: Pacrrpe.n:eJieHne no 3apJI.n:onoft MHomecTBeHHOCTn .UJUI <pparMeHTa­

n;nn .n:eii:Tpmion Ha MHIIICHJIX Il3 yrJiepo.n:a, OJIOBa II CBHHn;a . 
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B3aHMo,n;eii:CTBIDI, np11Bo.wimero R o6pa3oBaHHIO RYMYJI/ITHBHoro nHoHa. CJie­

,n;yeT no,11;1IepRHyTI,, 'ITO B TaRoii: nocTaHOBRe 3RCp:epHMeHTa nHOH npaRTH'IeCRH 

He HMeeT nonepe'IHoro HMnym,ca. 

B TpeTLeii rnane on11caH 3RCnepHMeHT no lICCJie,D;oBaHHIO BhlXO,n;a Ha 

acHMnTOTH'IeCRHii: pe}I{HM ceqeHHii: pom,n:eHIDI npoTOHOB no,n; yrJIOM 103° B 

,n;eii:TpOH-JI,n;epHhlX B3alIMO,D;eii:cTBIDIX Ha BHyTpeHHeii: MHIIIeHH HyRJIOTpoHa 

(pHc.13). 

B OCHOBY lICCJie,n;oBaHHii: 6hlJI nOJIO)I{eH TOT <paRT, qTo o,n;HoqacTH'IHhle lIH­

BapHaHTHhle lIHRJII03lIBHhle cneRTphl ce'!eHHii: HMeIOT 3RCnoHem:mam,Hhlii: xa­

paRTep. IlpH'IeM TaRaJI JaBHClIM0CTI, Ha6Jiro,n;aeTCJI BnJIOTI, ,n;o RHHeMaTH'Ie­

CRHii: rpaHHD;hl. CneRTphl xopoIIIo annpoRClIMlIPYIOTCJI BhlpameHHeM 

E d3a/dp3 = Aexp(-T/To) (9) 

r,n;e T - RHHeTH'IecRaJI 3HeprIDI per11cTp11pyeMhlX 'IaCTH:a;, To - napaMeTp. 

u;emro lICCJie,n;OBaHHii: 6mm lI3MepeHHe noBe,n;eHIDI To C pOCTOM 3HeprHH 

nepBH'IHOii: -qacTHD;hl. 

MlillleHHal! M3 /~x 
cTam:1m.1 

.l'IOHOIIpOBO,ll 

~ 

rry<roK 

HYKJIOTPOH 

l 
~ 

PHc. 13: CxeMa 3RcnepHMeHTamHoii: ycTaHOBRH. 
-~ 

18 

OnHcaHHe 3KcnepHMeHTa. ,UJI1I npOBe,n;eHIDI Heo6xo,n;m.mx H3Mepe­

m1il: 6hlJI Bhl6paH xopoIIIO 3apeROMeH,ll;OBaBIIIlIH ce6JI B pa3JIH'IHhlX 3Rcnep11-

MeHTax MeTo,n; perHCTpa:a;HH lI cenapa:a;1111 BTOplI'IHhlX 'IaCTlID; no BpeMeHH 

npoJieTa ( 6.T) Ha 3a,n;aHHoii: 6a3e (L) 11 3HepreT11qecRHM noTepm.1 B TOH­

ROM cJioe BemecTBa (6.E) 11 B ,n;eTeRTope 6omIIIoii: TOJIIUHHhl (E). CxeMa 

3RcnepHMeHTa, peaJIH30BaHHOro Ha BHJTpeHHeii: MHIIIeHH HyRJIOTpOHa npe,n;­

CTaBJieHa Ha pHc.13. AnnapaTypa pa3MeJUaJiaCL B TOHHeJie ycROpHTeJI/I B 

paii:oHe JilIHCii:Horo npoMemyTRa. OcHOBY ycTaHOBRlI COCTaBJI/IJilI )];Ba 11,n;eH­

TlI'IHhlX nJieqa H-nJicqo 11 P-nJieqo, O6a nJie'Ia pacnoJiaraJIHcL c DHeIIIHeii: 

cTOpOHhl ROJIL:a;a ycRop11TeJI1I P-no,n; yrnoM 30°, H-no,n; yrnoM 103°. Ham.n:oe 

nJie'Io co,n;epmlIT 4 c:a;IIHTHJIJI/ID;IIOHHhlX cqeTqJIRa Sl, S2, S3 II S4 pa3MepoM 

20 X 20 X 5MM3, 30 X 30 X 5MM3, 40 X 40 X 5MM3 II 75 X 75 X 650MM3 COOT­

DeTCTDeHHO. Ilepnhlii: cqeT~IIR Sl pacnoJiaraJicJI D ~ 40 CM OT MHIIIeHII, a 3a 

HHM B 50 cM S2, B 100 cM - S3 11 B 105cM - S4. 

Bee ,n;eTeRTOphl npoIIIJIII npe,n;naplITCJILHYIO ROJIJI1I6poBKY II TecT1IpoBaH11e 

Ha ny'IRaX ,n;eii:TpOHOD C HMnyJILCOM 6 I'3B/c. IloJIHOCTLIO nee xapaRTepH­

CTlIRlI npe,n;CTaDJieHhl n Ta6JIIID;e 3. 

,UeTeRTOp a MnJIIITy.n;Ho e npeMCHHOC 

pa3pCIIICHlIC pa3pCIIICHIIC ( nc) 

PSI 160±5 

PS2 25%±2% 350±5 

PS3 30%±2% 270±5 

PS4 15%± 2% 

HSI 170±10 

HS2 20%±4% 320±10 

HS3 29%±4% 220±10 

HS4 17%±4% 

Ta6JIH:a;a 3: IlapaMCTphl ,ll;CTCRT0pOB. 3,n;ccL 6yRDhl I{ lIJIII p 03HaqaIOT nplI­

Hcl,ll;JIC)KHOCTI, cqeTqlIROD R I{ lIJIII P-nJieqy. 

B np·o:a;ecce Ha6opa CTaTIICTIIRII IIMCJiaCL D03M0)KH0CTI, pa6oTaTI, C TpCMJI 

MlIIIICHJIMlI. B HaIIICM pacnopJI)KCHIIII HaXO,ll;lIJilICI,: noJIII3TIIJICH0DaJI T0JIIUlI­

H0ii: 1,57 µM ' Me,n;HaJI TOJIJUIIHOii: 0,55 µM II 30JI0TaJI TOJIJUIIHOH 1, 72 /lM MII­

IIICHH. 

Ilpoa;e.n;ypa OT6opa co6LITHH. ,UJI/I Ram.n;oii: pcrncTp1Ipyc1rnii: qacTHIU,l 

wnoMHHaJIHCI, HCCI{0JII,I{O BCJIH'IHH: npe.MJI npoJieTa Ha ,n;nyx 6a3aX II 3Hep-
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rom.r,ne;remre B .nByx .n:eTeRTopax. B peJJJI»TaTe 3RcrrepIIMeHTa IIOJIJqaJicJI 

Ha6op .nByMepm.rx pacrrpe,neJieHIIil: rro 3TIIM BeJIIIqIIHaM. AHaJIIIJ 3TIIX pac­

rrpe.n:eJieHIIil: IIOJBOJIJieT rrpoBeCTII II.D;eHTIIq>IIRan;mo qaCTIID;hl II orrpe,neJIIITh ee 
rrapaMeTphl. 

AHaJIH3 peayJILTaTOB. Ha6op CTaTIICTIIRII B 3RcrrepIIMeHTe IIpOBO.D;IIJICJI 

C .D;BJMJI MIIIIIeHJIMII: IIOJIII3TIIJieHoBoil: (1,57µM) II 30JIOTOil: (l,72µM). BBo,n 

MIIIIIeHII B rryqoR ocymecTBJIJIJICJI IIPII IIOCTOJIHHOM MarHIITHOM IIOJie B YCRO­

pIITeJie. '.:ho II03BOJIIIJIO .n:o6IIThCJI 0.D;Hopo,nHOCTII BJaIIMO.D;eil:CTBIIJI BO Bpe­

MeHII. 8RCII03IID;IIJI IIpOBO.D;IIJiaCh IIpH Tpex 3HaqeHIIJIX IIOJIJI 4Rrc, 6Rrc II 

8,4Rrc, COOTBeTCTBJIOlll;IIX RIIHeTIIqeCROil: 3HeprIIII ,neil:TpOHOB 0,7, 1,3 II 2,0 

r3B/HJRJIOH. 

HaII6oJiee IIOJIHO rrpII Bcex Tpex 3HeprIIJIX II3MepeHIIe fihIJIO BhIIIOJIHeHo 

Ha IIOJIII3TIIJieHOBOil: MIIIIIeHU. Ilpu IIHTeHCIIBHOCTII rrepBIIqHoro rryqRa ::::: 109 

qacTIIn;/ceR CROpOCTh Ha6opa IIHq>OpMaD;uII .D;OXO.D;IIJia ,no 2 X 104 C06bITIIil: Ja 

Il;IIRJI, qTo II03BOJIIIJIO Jam1caTh ::::: 105 IIOJie3HhIX co6bITIIil: .D;JIJI RaJR,noil: 3Hep­
rIIII. 
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PHc. 14: 8HepreTIIqecRIIe crreRTphI BTOpIIqHhIX rrpoTOHOB. 
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AHaJIII3 rrpOBO.D;IIJICJI .D;JIJI qaCTIID; (B OCHOBHOM rrpOTOHOB ), BOCCTaHOBJieH­

HaJI Macca RoTophIX y,noBJieTBopHeT ycJIOBIIIO 600M3B< M <1300M3B . .[LoJIJI 

qacTIID: ,npyroro copTa HeBeJIIIRa II cocTaBJIJieT MeHee 1 %. Ha,ne}l{HaJI II,neH­

TIIq>IIRan;IIJI BTOpIIqHhIX qacTIID: B peaRD;IIII d+C -t p+· • • ,naJia BOJMO}l{HOCTh 

rrpoBeCTII II3MepeHIIe .D;IIq>q>epeHD;llaJihHhIX 3HepreTIIqecruIX cneRTpOB IIpOTO­

HOB. Beeb rrpoTOHHhlll crreRTp pa36:~rnaJICJI Ha ,neBJITh IIHTepBaJIOB, BHJTpII 

ROTOphIX IIpOBO.D;IIJIOCh CJMMIIpOBaHIIe. • 

B ORoHqaTeJihHOM peJIJITIIBIICTCIDI-IIHBapIIaHTHOM BII,ne .n;aHHhle npe.n;cTaB­

JieHbI Ha pnc.14. BBR.D;J HecymecTBeHHOCTR a6coJIIOTHoro JHaqeHIIJI ceqeHIIJI 

.D;JIJI orrpe.n:eJieHIIJI rrapaMeTpa HaRJioHa To, 3RcrrepnMeHTamHhle .n:aHHhle Ha 

pIIc.14 IIORaJaHhI 6eJOTHOCIITeJihHO R a6coJIIOTHhIM ceqeHIIJIM. 

B 3HepreTnqecRoM RHTepBaJie 50 < Ep < 220M3B rroJIJqeHHhle JHaqeHIIJI 

ceqeHRil: q>IITRpOBaJIIICh BhlpameHIIeM (9). BeJIIIqnHa napaMeTpa HaRJIOHa To 
rrpocyMMIIpOBaHa B Ta6JIIIn:e 4. O11In6IUI npnBe,ZJ;eHhI TOJihRO CTaTHCTnqecruie. 

I EKIIH (r3B) I To (M3B) I x2 

0,7 33, 1 ± 3 2,3 

1,3 38,9±3 3,2 

2,0 46, 9 ± 2 1,6 

Ta6JIIIn;a 4: IlapaMeTp HaRJIOHa. 

IloJiyqeHHhle B .n;aHHOM 3RCIIepm.rnHTe pe3JJihTaTbl xopOIIIO corJiacyIOThCJI 

C JIIITepaTypHhIMll .n;aHHhIMll no p + C -t p + ... B3alIMO,ZJ;eii:CTBll10. 

B aaKJIIO'leHHH Cq>OpMyJIIIpOBaHhI OCHOBHhle BhIBO.ZJ:hl .D;IICcepTaD;llll.&,__ . 

ROTOpbie COCTOJIT B CJie,nyromeM: 

1. CoJ.n:aHa coBpeMeHHaJI .n:eTeRTnpyrom;aJI annapaTypa nepBoii: oqepe.D;II ycTa-

HOBIDI C<I>EPA: 

BepIIIHHHhIH qeTbipeX-IIJIOCROCTHOH CD;lIHTlIJIJIJID;lIOHHhIH ro,nocROII pa3-

MepoM 16 X 16 CM2' II03BOJIJIIOID;llii: pa6oTaTI, B BhICOKOlIHTeHClIBHhIX nyq­

Kax 3apJDReHHhIX qaCTIID: (.n:o 2 X 107 qacTHD; B CeKyH,ny Ha 3JieMeHT 

.n:eTeKTOpa); 

BpeMJI-npoJieTHaJI ClICTeMa, OCHOBY KOTOpoil: COCTaBJIJieT 22-3JieMeHTHhlll 

CD;lIHTlIJIJIJID;IIOHHhIH ro.n:ocKOII pa3MepoM 2 X 2 M2
' II03BOJIJII0lll;llll IIpOBO­

.D;IITh KaK BpeMeHHoii:, TaK lI aMIIJilITy.n:Hhlil: aHaJIIIJ . .[LJIJI Bceii: ClICTeMhI 
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y;n;aJioc1, .n;ocn1q1, BhlCORoro ( 400 rrc±80 rrc) BpeMeHHoro H aMIIJIHTY­

.n;Horo paapeIIIeHIDI (32%±2%). B I.:(eJIOM BCJI CHCTeMa HMeeT BhlCORYIO 

CTerreHI, O.n;HOpO.n;IIOCTH xapaRTepHCTHR (Ha ypoBHe 2%). 

2. Paapa6oTaHLI .n;eTeRTopu neHTpamHoro crreRTpoMeTpa ycTaHoBRH C<I>EPA. 

MccJie,n;OBaHhl BpeMeHHhle napaMeTphl JiaBHHHhlX <pOTO.n;HOJlOB B ycJio­

BHJIX RaR JlJIJl perHCTpaI.:(HH CBeToBoro H3~eHHJI, TaR H JlJIJl perHCTpa­

I.:(IIH ,meRTpOHOB. IlpH per11cTpan1III CBeTOBoro HJeyqeHIIJI y;n;aJIOCb 

JlOCTHqI, BpeMeHHoro paapeIIIeHHJI Ha ypOBHe 130 nc. 

IlpoBe,n;eHhl HCCJie.n;oBaHHJI IIpOTOTHIIa 3JleRTpoMarHHTHOro RaJiopHMe­

Tpa TIIna "caH,n;BHq" C BOJIOROHHO-OIITHqecRHM C'beMOM CBeTa. Iloey­

qeHo xopoIIIee ::iHepreT~ecRoe a/ E = 0, 114/ J E(r::iB) H Roop.n;HHaT­

Hoe paapeIIIeHHe ac = 3, 9MM. 

Ilpe,n;JIO)I<eH 11 HCIILITaH cnoco6 perHcTpanHH a.n;poHoB B 3JieRTpoMa­

rHHTHOM RaJiopHMeTpe THIIa "CaH,n;B~" C BI,ICORHM ROOp.n;HHaTHhlM paa­

peIIIeHHeM, IIOJiyqeHO ROOp.n;HHaTHOe paapeIIIeHHe a c=8MM H aMIIJIHTy­

.n;HOe paapeIIIeHHe 43% JlJIJI .n;eiiTpOHOB H 21 % JlJIJI a-•IaCTHI.:( c HMnym­

COM 3r::iB / c H 8 r::iB / c COOTBeTCTBeHHO. 

McnLITaH RaJiopHMeTpHqe_CRHii Mo.n;ym Ha ocHOBe RpH.cTaJIJia BaF2• 

IloRa3aHa B03MO)RHOCTb npHMeHeHIIJI TaRHx .n;eTeRTOpOB B ycJIOBHJIX 

BhlCOROHHTeHCIIBHhlX IIOTOROB BTOpIIqHI,IX qacTHI.:(. 

3. Paapa6oTaH H coa.n;aH .n;ByxnJieqeBo:il: CI.:(HHTHJIJIJII.:(HOHHHH cneRTpoMeTp JlJIJI 

o6ecneqeHIIJI nepBhlX 3RcnepHMeHTOB Ha BHyTpeHHeM rryqRe HOBoro CBepx­

npoBOJlJIIIl;ero ycRopHTeJIJI HyRJioTpoHa. 

4. C IIOMOIIIbIO coa.n;aHHOH annapaTypu noeyqelifil CJie.n;JIOIIIHe 3RCIIepHMeH­

TaJII,Hhle .n:aHHhle O B3aIIMO.n;e:il:CTBHH peJIJITHBHCTCRHX JI.n;ep C HMnymcoM 

4,5 r::iB Ha HYRJIOH: 

H3MepeH IIORa3aTem CTeIIeHH a B A0 -3aBHCHMOCTH ceqeHHJI <pparMeH­

TaI.:(IIH peJIJITHBHCTCRHX .n;e:il:TpOHOB B RYMYJIJITHBHhle 7r--Me30Hhl Ha JI.n;pax 

yrJiepo.n;a, aJIIOMHHHJI, Me.n;H H CBHHI.:(a. .ll:JIJI IIHOHOB C RYMYJIJITHBHhlM 

qHcJioM B HHTepBaJie 0, 8 <. X 1 < l, 2 noJiyqeHo 3Ha"leHHe a = 

0, 27 ± 0, 09; 

IIOJIY"leHI,I 3RCIIepIIMeHTaJII,Hhle .n;aHHhle O IIOBe.n;eHIIII cneRTpOB 6LICTphlx 

RYMYJIJITHBHhlX 7r- - Me30HOB B 3aBHCHMOCTH OT MHomecTBeHHOCTH co­

npOBo)R,ll;aIOIIIHX aapJI)ReHHHX qacTHI.:(, <pparMeHTHPYIOIIIIIX H3 JI,Iq>a­

MIIIIIeHH; 
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5. Ha HOBOM cBexnpoBo.zurIIIeM ycRopHTeJie JIBS> HyRJIOTpoae noeyqeHhl 3RC-

. nepHMeHTaJII,Hhle .n;aHHhle O .n;e:il:TpOH-JIJlepHhlX B3aHMO.n;eiicTBHJIX rrpn Ba­

pHaI.:(HH RHHeTH"leCROH ,rneprHH nepBII"IHhlX ,n;e:il:TpOHOB OT 0,7 JlO 2,0 r::iB 

Ha HYRJIOH. 
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