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1. BBe~euue 

MuorOMO~YJlbHbie nJI0THoynaK0BaHHbie cneKTp0MeTpbl nmp0K0 

HCn0Jlb3YlOTC51 B C0BpeMeHHbIX MepHO-qJH3IfqecKHx 3KCnepHMeHTaX npH 

Hccne,11,oBaHHH pa3J1Hqub1x KoppeJJHI..(HH qacTHI..(. TaK, uanpHMep, H3Mepe-. 

HH51 ,11,Byx•iaCTH'IHbIX K0ppCJl511..(H0HHblX cpyHKI..(HH nerKHX 3apIDKCHHbIX 

'laCTHI..( (JIJq) C ue60JlbIIIHMH 0TH0CHTeJlbHbIMH HMnyJlbCa~H B MP0-

51,11,epHbIX CT0JIKH0BeHH51X n03B0Jl5llOT nonyqHTb HH<pOpMau;mo 0 

npocTpaHCTBeHH0-BpeMeHHbIX xapaKTepHCTHKaX o6naCTH reuepau;HH 

qacTHI..( /1/. ,lJ;CTeKTHpOBaHHC nap JICfKHX qacTHQ, o6pa3yrow;HXC51 npH 

pacna,11,e HeCB513aHHbIX COCT051HHH, n03B0Jl51CT H3yqaTb CBOHCTBa Mep, 

HcnycKaIOw;Hx 3TH 'laCTHQbl. KoppeJ15lll;HOHHbie H3Mepeu~ npH 

MH0r0•IaCTH'lH0M pa3BaJle 3K30TH'leCKHX Mep C np0T0HHbIM rano 

npC,11,CTaBJ15llOT HHTepec )l,Jl51 H3y<IeHH51 crpyKTypbl 3THX Mep /2/. B 

nepe•mcneHHbIX H B HeK0T0pbIX · ,11,pyrHX 3KcnepHMeHTax Ba)KHeiirneii 

ua6n10,11,aeMoii BenH•muoii 51BJl51CTC51 OTHOCHTeJlhHbIH HMnynhc qacTHQ B 

BbIX0,11,H0M Kauane peaKQHH /3/. OcHOBHblMH napaMe-rpaMH 3KCnepH-" 

MCHTaJlbHOH ycTaH0BKH,. onpe,11,CJ15ll0Ill;HMH T0qH0CTb H3MepeHH51 

0TH0CHTeJlbH0r0 HMnyJlhCa perHCrpttpyeMOH · napbl qacTHQ, 51BJ151IOTC51 

3HCprCTH'leCK0e ll yrnoBoe pa3perneHH51 H KaqeCTB0 H30TOnHOH 

H)l,eHTHqJHKal..(HH 'IaCTHI..( B IIIHp0K0M )l,Hana30HC 3HeprHH. B uaCT051ID;eii 

pa6oTe onttcaua ycTaH0BKa, y,11,oBJICTB0pH10w;a51 BbIC0KHM Tpe6oBaHH51M 

3KCnepHMCHT0B no H3yqeHHIO ManoyrnoBbIX KOppCJI511..(HH Me)K,11,y 

3apmKeHHhIMH 'laCTHI..(al\m c :meprHHMH ,11,0 230 M3B ua ttyKJI0H 

BKJllO'IHTCJlbH0. 

2. 3Kcnep11MeHTaJlbHaS1 yCTaHOBKa 

Y cTaH0BKa MY Jlb TH (pttc. l) coCT0HT H3 19-Mo,11,ynhuoro nnacmK

BGO-cpoccpH'I-cneKTpoMe-rpa, HCn0Jih3yeMoro B coqeraHHH c Muoro

npoBono•rnoii nponopl..(HOHaJlbHOH KaMepoii H nonyrrp0B0,ll;HHK0BbIM 

TCJICCK0U0M. CI..(HHTHJIJ15lll;HOHHblH cneKTp0MeTp 6hrn C03.n;au B paMKax 

Konna6opal..(HH Jla6opa'roptttt H,n;epub1x peaKu;Hii OIUil1 ()];y6ua) c 

HucmTyroM 51,11,epuoii <pH3HKH (P)Ke)K, qexH51). B Konna6opal..(HH JUIP 

011fil1 c Ep<l>H. (EpeBaH, ApMeHHH) H c Ml1<1>11 (MocKBa, PoccHH) 6hmtt 

C00TBCTCTBCHH0 H3rOTOBJleHbl MH0ronp0B0JioquM nponopu;H0HaJlbHM 

KaMepa H MHoro,11,CTeKTopub1ii Si -'renecKon. 
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Puc. 1. CxeMamqec1<oe II306pa)Kem1e ycTaH0BKH MY JJb TM 

2.1. C4uHmUJIJlJ1lfUOHHb1ii flJlacmuK-BGO-cneKmpoMemp 

CrreKrpOMeTp (pttc.2) II3roToBneH H3 19 tt.n;eHTHLIHhIX cpocqmL1-
.n;ereKTopoB, cocT0Jirn;ttx II3 rrnacTttKa Tnrra NE 102A Tonrn;nHoii 2 MM, BGO

KpncTannoB (B4Ge3O12) T0nrn;nH0H. 83 MM H <poTOyMHO)KIITeneii THIIa 

XP2972. C:QIIHTnnmnopb1 Ka)K,ll,oro .n;eTeKTopa rrpe.n;cTaBmnoT co6oii 

yceqeHHbie IIICCTHrpaHHhie rrpn3Mbl BbICOTOH. 85 MM. BepIIIIIHa II 0CH0BaHIIe 

rrpII3M HMeIOT cpopMbl rrpaBIInhHbIX IIICCTIIrpaHHIIK0B, BIIIICaHHblX B 

OKPY)KHOCTII .n;naMeTp0M 30 n 40 MM, C00TBeTCTBeHH0. C:QHHTnnmnopb1 

crreKTopMeTpa coe.n;nHeHbI Me)K,ll,y co6oii cnnnKoHOBoii cMa3Koii, a BGO

KpncTannh1 C <pOTOYMHO)KHTem1MH - CIIe:QHMbHblM 0IITHLieCKHM KneeM, 

K03<p<pH:QHeHT rrpenm.rneHmI K0Toporo (K = 1,8) o6ecrreqnn 0IITIIManhH0e 

cornacoBaHne c BX0,/],HbIM 0KH0M <1>3Y. <l>pOHTM_bHbie n 6oKOBbie·· CT0p0Hbl 

C:QHHTHmrnropoB 3aKpbITbl cnoeM MIOMHHH31Ip0BaHHOro ' Maiinapa 

TOnrn;HHOH. 50 MKM, LJT0 II03B0nnno '.n;OCTHrHYTb ,ll_0CTaT0LJHQ BbIC0K0ro 

K03<p<pII:QHeHTa CBeToc6opa (= 0,85 no cpaBHeHHIO C. MgO) HapJI.n;y C 

KOMIIaKTHOCTbIO BCeii c6opKH. B HT0re 3a3op .Me)K,ll,y 60KOBblMH rpaHJIMH 

KpIICTannoB .n;nJI c6opKH II3 19 ,D;eTeKT0p0B C0CTaBun ::; 0,5 MM, LJTO 

COOTBeTC'l'ByeT HeT0qH0CTH B orrpe.n;eneHHH yrna -6.S ::; 0, 1 ° rrpII 

pacrronO)KeHHH CIIeKrp0MeTpa Ha pacCT0JIHHH 25 CM OT MHIIIeHII. 

'2 

~ 

~-

t 
\ 

"' I 

\ 
\ 

\ '. \ 
. ' b~ , , ' '· ', ,...__l<So . , , 

',.,,.,, '' \ 

. ....... '..:\._ 

\ .✓-=-~-f,. I ~• 

l ""-'°"::~= . 

Ii 
_f_ , ~ 
1\ -~ ,). - /, 

\ ~~------ / I "'"- ,,,,, 4~i-~1 
§>280 

17 

Puc. 2. KoHCTPYK:QHJI rrnacTHK-BGO-crreKTpOMeTpa 

3TO II03B0mieT ,11.eTeKTHp0BaTh nerntte 3apJI)KeHHhie qacTHU:bl (E = 70 

M3B/A) c 0TH0CHTenhHhIM mmynhc0M rropJI.n;Ka 0,3 M3B/c. Tonrn;nHa 

BGO-KpttcTannoB Bh16paHa H3 pacqeTa rronHoro nornorn;eHHJI nerKHX 

3ap51)KeHHhIX LiaCTH:Q c 3HeprneiI ~ 230 M3B/ A- Kmcpqm:QHeHT ycuneHHJI 

cpoTOyMHO)KIITeneiI XP2972, nnHCHHhIH B IIIHp0K0M .n;uHaMuqecK0M 

.n;IIana3oHe l-a-104, no3B0n5leT perncTPnpoBaTh nerKue 3ap51)KCHHhie qacTH:QhI 

c E < 1 r3B/ A. TIInIIqHoe 3HepreTuqecKoe pa3peIIICHHe .n;ereKTopoB 

CilCKTP0MeTpa C0CTaBn5leT 12% ,11.JrnraMMa-KBaHT0B C By= 662 K3B OT 
137

Cs

IICT0LJHIIKa, a BpeMeHH0e pa3pCIIIeHHe - He XY*e qeM 1 HC. Bcne.n;CTBHe 

6hlcTpo.n;eiicTBH51 nnacTHK0B n BGO-c:QHHTHnnnopoB .n;aHHhie cpocipttq-
. 5 

.n;eTeKTophl BhI.n;ep)KttBaIOT HHTerpanhHYIO 3arpy3KY nopJI.n;Ka 10 qacTHU: B 

ceKyH.n;y. OcHOBHbie xapaKTCpHCTHKH .n;ereKTopoB npHBe.n;eHbl B Ta6nH:QC. 

11.n;eHTH<pi-IKa:QH51 qaCTH:Q cpoccpHLJ-.n;eTeKTopaMH 0CH0BaHa Ha 

aHanII3e cpopMbl cyMMap110ro C:QHHTHnnJI:QH0HH0r0 HMnynhCa /4/, CM. 

puc.3. B HaIIIeM cny<cme HHTCrpIIp0BaHIIe CHrHan0B np0H3B0,/],HJl0Cb B ,11.Byx 

BpeMeHHhIX nHTCpBanax: T 1 =0; 50 HC H T 2 =100; 600 HC. 3.n;ech nepBM 

uncppa 03HaqaeT 3a.n;ep)KKY OTH0CHTenhH0 cppOHTa HapacTaHnJI curHana, a 

BTopa5I - .n;nnTeJlbH0CTb HHTepBana HHTerpnpoBaHHJI. IlepBblH HHTCp_Ban 

cooTBeTCTBYeT 6h1cipoii KoMnoHeHTe CyMMapHoro cnrHana, cpopr.rnpyeMoiI 

~ 0CH0BH0M Hl\1IIYJlbCaMII OT nnaCTHKa, H TeM caMbIM co,11.ep)KHT 

HH<pOpMal.l_HIO 06 H0HH3aUII0HHblX nOTepJIX qacTH:Q B nnacTHKe. 
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0 100 200 300 400 500 600 T,ns 

Puc. 3. CxeMa ll)J.eHTu<puKau.uu qacTuu. 1poc1pu11-.D,eTeKTopoM 

B uttrepBane T 2 npoucxo.D,HT uttrerpupoBattue Me.D,JieHHOtt KOMnotteHThI OT 

BGO-cu_uTHHJIJI11Topa, u B pe3yJihTaTC H3BJieKaeTc11 ocTaToqtta11 3ttep~m1 

qacTuu.. 3THM MeTO.D,OM 6hl.l:m nonyqetta tta.D,e:,1rna11 ll)J.eHTn<puKau.11 nernux 

3apIDKeHHhIX qacTHU. no Macce, 3ap11.D,y u :mepruu. 

Ta6Jittu_a. OcttoBHhie xapaKTepttCTHKH 1poc1puq-.D,ereKTopOB ro.D,ocKona 

NE102A"(2 MM)+ BLGe1OdCe) (83 MM_)_+ <I>3Y XP2972 19 IIIT. 

Emin perucTpau.uu npOTOHOB (npOCTPeJI nnacTHKa_)_LM3B 16 

enBGO_)_,M3B 235 

aHTaM 
137

Cs, % 12 

3ttepreTuqecKoe pa3peIIIettue no npoToHaM c Eo=50 M3B, % 2 

e ~t, HC ;5;1 
)];1-mna30H H3Mep11eMhIX yrnoB Ha paCCT011HHH 25 CM, rpa.D,. 0+15.3 

Y ron Me~y u.ettTPaMH coce.D,ttux MO.D,yneu, rpa.D,. 5.9 

9.4 

2.2. MHownpoeoJ10'-IHGJl Kcutepa 

OcttOBHOe tta3ttaqettue 1<aMepb1 B ycTaHOBKe MY Jlb TH 
o6ecneqettue xopoIIIero TPeXMepttoro no3uu_uottttoro pa3peIIIettu11 nernux 

3ap11)KeHHbIX qacTHU. (He xy)Ke 11eM 1 MM). )J;aHHOe Tpe6oBaHue 6bIJIO 

BhITIOJIHeHo 6naro.D,ap11 cneu.uanhHOH I<OHCTPYI<U.HH MHOronpoBono1mott 

KaMepbl B ceqeTamrn C CHCTeMOH 6hICTPOro C11HThIBaHH11 " ou.u<ppOBKH 

HH!pOpl\1aQHH. 
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Puc. 4. Cxel\rn MttoronpOBOJIO'IHOH nponopu.nottaJihHOii KaMephI 

2. 2.1. Xapm:mepucmw:11 1-:a.11epb1 

KaMcpa (pnc.4) npe.D,cTanm1CT co6ott cucTCMY MHoronpoBOJIO'IHhIX 

KOOp.D,nHaTH0-11yncTBHTCJihHhIX nponopu.noHaJihHhlX , KaMcp (MOK), 

C0CTOMlll,yIO 113 WCCTH CHrHaJibHblX nJIOCKOCTCII, pa3.D,CJieHHblX ra30Bbl~t 

np0MC)KYTK0M. )J;onbJIHHTCJibH0 K. TI03HU.H0HH0MY pa3pCWCHHIO KaMepa 

n03BOJI11eT nony1mTb HH<p0pl\1all,HIO 06 HOHH3aU.H0HHbIX TIOTCpMX JI3Y.. 
KaMepa co6paHa B C.D,HH0M BaKyyMH0TIJIOTH0M o6bCMC U.H.'1IIH.D,p1111CCKOII 

cpopMbl C BXO.D,Hb!Mll H BbIXO.D,HblMI~ OKHaMH .n11aMCTpOM 80 H 100 MM, 

TOJilll,HHOH 8 u 20 MKM C00TBeTCTBeHH0, )];.nuHa KaMCpbl 440 MM. 

CurHaJihHbIC HHTH, · H3rDT0BJICHHhIC H3 no3ono'1.cttoii BOJibcppaMOBoii 

np0BOJI0KH TOJilll,HHOH 20 MKM, pacn0JI0)KCHbl c warOM 2 MM II cpopr.mpyIOT 

o6lll,ce 1mcno KattanoB 256. Ma1<cHMaJihttb11i Tencctth1ii yrnonoii 3axnaT 

KaMepbl . paBCH 100 MCp. KaMepa M0)KCT pa60TaTb np11 CTau,11ottapHOM 

ra30B0l\1 ttan0JIHCHIIH 6c3 o6HOBJICHlrn ra3a B TC'ICHIIC I 5-20 'IaCOB. Pa6oi'icc 

,naBnettHe ra30BOH CMCCH Ar+CH.1+C3HsO2 M0)KCT napb11poBaThCH B 

npe.ncnax 0,2+2,0 aTM.· 

2. 2. 2. CucmeAta C'IUJ11bwa11w1 wujJOJJAta1/llll 

CucreMa C'IHTbrnatt.1rn uttepopl\tau,m1 c MOK opram130Bat1a tta 6a:ic 

attanor0BblX 6JIOKOB 3JICKTp0HHKH (T1ma POK~32), CilCU.llaJibHO 
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pa3pa6oTaHHbIX B 01151M /5/. Ha pHc.4 cxel\iaTH'--I~o noKa3aHa JIOrHKa 

C'IHTbIBaHH.H HHq>OpMaI..\HH, n03B0JI.HIOLU,a.H HCnOJib30BaTI, CHrHaJibl 

"6b1Crpb1tt 11JU1" H cpopl\rnposaTb TpmrepHbIH cHrnan .D.JI.H acett ycTaHOBKH 

MY Jib T11. B 3Cnepm.teHTax no H3y<IeHHIO .n.syx•iaCTH'IHblX KOppeJI.HI._\HH 

Ka:-..1epa :\IO;KCT BbinOJIH.HTb c.r1c,uy10w.He cpyHKQHH: -

• Bb1pa60TKa 6hlcTporo Tpmrcpa .D.JI.H cpoccpwi:-cneKpoMCTpa npH ycJIOBHH 

cpa6aTbIBaHH.H BCCX weCTH nJIOCKOCTett MITK. 3To n03BOJI.HCT CHJibHO 

no.a.aBHTb !pOH OT HettTpOHOB H raMMa-KBaHTOB, a TaIOKe OT 

3ap.H;KCHHbIX qacTJIQ, HC .D.OCTHfWHX CQHHTHJIJI.HTOpOB . .nJI.H npOTOHOB C 

3Heprnctt Ep ~ I 00 M3B (dE/dx 2:: IO KJB/cM) 3q>q>CKTHBHOCTb 

pcrncrpaQHH MITK 6JIH3Ka K I 00% npH .n.aBJieHHH P=0,4 ant. TaKHM 

o6pa30l\t CHCTCMa MITK o6ecne•mBaCT 6b1Crpb1tt TpttrrepHbIH cHrHaJI Ha 

npOXO;f()J.CHHC 1134 B ra30BOl\1 o6bCMC TOJil.ll,HHOH < 30 Mr/cl\t2. 

• Bb1pa60TKa Tp11rrcpa BToporo ypoBH.H .D.JI.si oroopa .D.Byx•1acTw1Hb1x 

co6bITHH. 3To Ba;KHOC CBOHCTBO KaMCpbl o6ecne•mBaCTC.H cnCQHaJIHblM 

pacn0,l0;KCHHCM T)JCX K00)J.D.HHaTHbIX nJIOCKOCTCH, K0T0pblC 

pa3BCpH)'Tbl .n.pyr OTHOCHTCJibHO .n.pyra Ha 30°. 11cnbITaHH.H Ha 

npOXO;K,D.CHHC 3JICI<TpOHOB OT HCT0'IHHI<a 
90

Sr. noKa3aJIH, 'ITO y)Ke Ha 

YJJ0BHC .D.BYX nJIOCI<0CTCH ,D.OCTHraCTC.H oroop .D.Byx•1acTH'IHbIX co6bITHH 

Ha YJJ0BHC 90%. 

• Bpc:-..tcHHbIC xapaKTcpHCTHI<H MITK (.6t < 30 He) a co•1CTaHHH c 

CHrHaJJal\1H OT BbICOKOH 'IaCT0Tbl ycK0JJHTCJI.H n03B0JI.HIOT 

ccpop:-.mpoBaTb Ha,D.e)KHYIO CTaJJT0BYIO 0TMCTKY, Heo6xo.n.HMYIO .D.JI.H 

Bpc:-.rnnpoJICTHbIX H3MCpCHHH 1134. 
• J13:-.1epCHHC K00p.n.1rnaT (x,y,z) 1134, onpc.n.eJICHHe HX TpaeKTO)JHH H 

ynIOBOro paCTBOpa MC)K)J.y I<OJJ)JCJIH)JOBaHHblMH 'IaCTHQaMH C 

TO'IHOCTblO HC Xy)KC 'ICM 0, 1 °. 

2. 3. 3;1eKmpo1111Ka u cucmeAta 11a6opa da1111b1X ycma11oaKu MYJ!bTJf 

2. 3.1. 3JteKnlfJOIIUKCI ycma11oaKU 

ITpuHQHn pa6oTbI 3JieKTpOHHOtt cxeMbI nOI<a3aH-Ha puc.5. CHrHaJibI 

C aHO;lOB (pOTOYMHO;KHTCJICH nocnc 6ycpepHblX nOBTOJ)HTeJICtt •1cpe3 50-

l\l(,'TpOBbIC Ka6CJ1H nocTynaIOT Ha aHanor0BbIC pa3BCTBHTCJIH, nocne 

K0TOpblX CHrHaJibl HC3aBHCHMO nepc.n.aIOTC.H B Ma)KOpHTapHyIO CXCMY 

coBna.ncHHH (MCS), Ha 3ap.si.n.oBO-QH(pJJOBbIC npco6pa:ioBaTCJIH QDC 

(FERA-4300) u Ha BXO.D.bI "crnn" npeo6pa3oBaTeJiett "BpeM.si-1<0.n." (TDC). 
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Ethernet 
PC486 }:: II ;i PC~86 I 

Puc. 5. CxeMa 3JieKTJJOHHKH ycTaHOBKH MY Jib TH 

r---, 

gale 
In QDC,111\1 

gate 
~ Qnc:,p A. 

trig . 
1nMWCII c 

BpeMeHHhie HHTe)JBaJihI HHTerpupoBaHmI .D.IDI QDC, a TaIOKe curttan 

"o6w.utt cTapT" .n.mr npeo6pa3osareJiett TDC Bb1pa6aThIBaIOTC.H: 6JIOKOM 

"Master Trigger" a TOM cJiyqae, ecm1 co6hITHe y.n.osJICTBOJJ.H:CT ycnosuIO 

Tpurrepa nepsoro ypoBH.H u cucTeMa c6opa HHq>OpMaQHH no.n.roTOBJieHa 

.D.JI.H 3anucu ,naHHoro co6hITH.H:. Tpurrep nepsoro ypOBH.H: peaJIH30BaH Ha 

Ma)KopuTapHOH cxeMe coBna.n.eHHH MCS, KOTOpa.H: 3anyc1<aCTC.H: curHanaMu 

OT cTapTosoro .n.ereKTopa (Si-TeJiecKona HJIH MITK) u Bb1pa6aThIBaCT 

CHrttaJihI .D.JI.H 3anyc1<a BTopott cxeMbI coBna.n.eHHH (CS) npu ycJIOBHH 

npuxo.n.a HMTIYJibCOB OT 0)].HOro H 60Jiee qlOC!pH4-)J.CTeKTopoB B Te4eHHe 

50 HC. TaKHM o6pa30M CHrHaJihl BTO)JOH cxeMhl COBTia)J.eHHH Hecyr 

Jiorw1ecKy10 Harpy3KY "cpa60TaJIO 2:: 1 q>OCqlH4-)J.CTeKTopoB" H BpeMeHHYJO 

npHB.H:3KY K cTapT0BOMY .n.ereKTopy. 

2. 3. 2. CucmeMa ua6opa oa1111b1X 

Ha6op H KOHT)JOJih 3KCnepnMeHTaJihHhlX .n.aHHblX ocyw.eCTBJUICTC.H: 

npu noMow.u .D.Byx nepcOHaJihHhIX KOMTihIOTepos KJiacca AT-486, o.n.nH H3 

KOTOJJhIX no.n.KJII04eH K Kpettry KAMAK. ITporpaMMHOe o6ecneqeHne, 

cneQHaJihHO pa3pa60TaHHoe .D.JI.H: cne1<rp0Merpa, HanucaHO Ha .H:3hIKe Turbo 

Pascal u ·pa6oTaCT no.n. ynpasJieHneM onepaQHOHHOH CHCTeMhI MS-DOS 

HJIH Windows-95. IIporpaMMa o6ecnequsaer: 

1) C4HThrnam1e nHcpopMaQHH no nmHe KAMAK c 3annchIO Ha .n.ncK co 

CKOpOCTblO .n.o 0,2 M6attT/c; 
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2) Ha66p II 6hICTpbIH. npocMOTp KaK OAHOMepHbIX, TaK tt ABYMepHblX 

cneKTPOB B npou:ecce 3anHCH AaHHbIX; 
3) C)KaTIIe HaKOTIJieHHOH. IIHCpopMaU:HH II 3aTIHCh ee B BHAe CTaHAapTHblX 

cpaiinos s cpopMaTe ZIP; 
4) nepeAaqy IIH<popMau:uII no noKanhHOii cCTu Tuna Ethernet c 

IIcnonh3OBaHneM npoTOKona IPX II 3annch AaHHhlX tta AHCK 

YAaneHHOrO KOMilbIOTepa, a TaK)Ke BO3MO)KHOCTb ynpasnettml Ha6opoM 

AaHHhIX c yAaneHttoro KOMTihIOTepa qepe3 noKanhttyIO CCTh. 

3. PeJyJihTaThI ucnh1TauIIii 

Hcrrh1Tattm1 ycTaHOBKII (s sapuaHTe 6e3 MTTK) npoBOAttnttch KaK c 

IICnonh3OBattIIeM nepswrnoro nyqKa T5I)KenhIX HOHOB ycKopuTenn Y -4OOM, 

TaK II Ha BTOpIIqHOM nyqKe paAHOaKTIIBHblX 5IAep C . u:enhIO npoBeAeHH.sI 

:meprCTIIqecKOH. Kanu6poBKH cpoccpuq-ACTeKTOpOB H OilTHMH3aU:HH MCTOAa 

IIAeHTII!pIIKaU:HII JIJq_ 

LIB 
61!t:1 

501 

41'1 

3"1 

201 

101 

1 , 

1 

a) ··.. ~:,1~(-14N 

- - ,41~?',~ 
./~i1c 

::.i;.~-· 
.......... _, .. 

. . /!(~a· 
/)~e 

.. ~ '7.Li 

-r,;z;;i,2 

18.l 2H 301 ~ 481 

~El 

561 

LIB1 6f. 
B.l 

?.l 

6l. 

,n 
4.l 

.,',,> 
31 

2.1 

u. 

p+ 

:~~~·4He 
.l LIB3 

.l :u 41 61 81 

PIIc. 6. J1,n,eHTIIq>HKaU:H5I paAIIOaKTHBHhIX 5IAep'H3 peaKU:IIII 
14

N + 181
Ta 

c noMO~hIO .6.E1-.6.E2 (a) II .6.E1-.6.E3 (6) TenecKonos 

1'11 

Ann nonyqettH5I II TpattcnopTHpOBKII nyqKa paJ:\IIOaKTIIBHblX .sIAep 

OT H3OTOTIOB BOAOPOAa AO II3OTOTIOB a3OTa IICTIOnh3OBanC5I ~IaCTOK TpaCChl 

ycKopIITenn Y-4OOM (Kattan BhIBOAa N!!4) tta 6a3e 35-rpaAycuhtx 

nosopoTHhIX MarHIITOB M2 II M3, noApo6ttee CM. pa60Ty /6/. TTpOAYKThl 
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:•.i;,_, :~· .-\ . 
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: ,:{:h~;:/iif}t 
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~t'" 6) 

0 1ooot=============:::; 

I . . P 
500J'.- . ~-

~~'Slf,:> ,-
e) 

0<--------~------~..J. 
0 500 

slow_l 
1000 

Puc. 7. Tunu•rna.s1 HAeHTtt<pnKau:u.si ncrnux 3ap.s1)KCHHh1x •1acn11..{ cpocqm•1-
.. 14N 21Al ( ) 1-1N 181T (6 ) ACTeKTopaMH Ail5I pcaKQHII + a H + a ' B 
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pcaKUHH cpparMCHTaUHH 14N(5 l M3B/A) + 181Ta(840 Mr/cl\?), ccpopMH
poBaHHhIC KaK nyt.JOK PMHOaKTHBHhlX .H.[1,Cp H H.[l,eHTHqJHUHpOBaHHhie C 

nOMOlllhlO nonynpoBO.[l,HHKOBhIX (~E1-~E2)- H (~E1-~E3)-TenecKonoB, 
noKa3aHhI Ha pttc.6a,6. <Doccptt•1-cneKTPOMCTp pacnonaranc.» Ha pac
CTO.»HHH 50 CM OT c6opKH H3 TPeX Si(Au)-,iJ.CTCKTOpOB TOJllllHHOll 180 MKM 
Ka)K,ll.hlll. TTcpe.iJ. TeJICCKOilOM 6hIJia yCTaHOBJICHa .[l,Hacppan1a .[l,HaMCTpOM 
l 0 MM, cpop:-.mpy10ma.» H306pa)KeHHe ny<1Ka. CuttHTHnm1UHOHHhitt 
CilCKTPOMCTp Il03B0Jl}IJi perHCTpHpOBaTh 3ap.»)KCHHhie 1.JaCTHUhl B .[l,Hana30He 

yrnoB 0+ 7.5°. Ka1rn6pOBKa H Ka•1CCTBO H.[l,CHTHCpHKaUHH qaCTHU cpoccp_H'I

,iJ.CTeKTOpOB ocymecTB.TrnJIHCh .nByM.» cnoco6aMH: 

1) J1CfKHMH 3ap.»)KCHHhlMH •iacn1ua:-.rn, BhIJICTalOlllHMH B peaKUHH 

,14N(5l M3B/A) + 27Al, Kor.na ncpBH4Hhitt ny•10K 6oM6ap.nttpoBan 

TOJICTYlO anIOMHHHCBYIO MHIJJeHb, ycTaHOBJieHHYIO Ha MeCTC 
no.11ynpOBO,ll,HHKOBOfO TCJieCKOna, CM. pHC. 7a; 

2) ;1CrKHMH 3ap.»iKCHHblMH 'laCTHUaMH, ccpopMHpOBaHHblMH KaK 
BTOpH4Hblll IlY'fOK npH pa3Hh!X 3Ha•1eHH.HX MarHHTHOll )KCCTKOCTH 
KaHana, CM. pttc.76,B. B 3TOM cnyqae 0.[l,H03Ha4HOCTh H,ll,eHTHq)HKaUHH 

J134 .nonoJIHHTCJihH0 KOHTPOJIHpOBanach nonynpOBO.[l,HHKOBhIM 
TenccKonoM, KaK noKa3aHo Ha pttc.66. 

Ha puc.7 "fast" H "slow" cooTBCTCTBYIOT CBCTOBhixo.naM B HHTCpBanax T1 H 

T 2· 1-h 3THX ,uaHHbIX 6hIJIH onpc.neneHhl 3HeprCTH'ICCKHe pa3perneHH51 

cpoccpw1-,uCTCKTOpOB H n0CTPOCHhl KanH6pOB0'1Hbie KplIBbIC CBCTOBhIX0.[1,0B B 
3aBHCHMOCTH OT 3HeprnH '-laCTHU. TttnH•rnoe 3HeprCTH'leCKOe pa3pCI11CHHC 

.[l,CTe1<T0p0B, n0Jiy<IeHH0C c. y<ICT0M 3HCprCTH'-ICCKHX n0TCpb B Si H B q)OJihre 
BbIXO.[l,H0fO 0l<Ha pcaKUHOHHOll KaMCpbl ( l 00 MKM Maiinap ), C0CTaBHJI0 

2,9% .nn.» npoTOH0B c 3Heprnett 30 M3B. 

l1cnb1TaHH.H nOI<a3anH, '-ITO BbI6paHHbie HHTCpBaJibl HHTerpH
poBaHH.H T 1 =0; 50 HC H T 2 ;= l 00; 600 HC no3Bom110T nony<IHTh_ Ha.[l,C)KHYIO 

H,UCHTHq)HKaumo J134 q)OCq)H'l-.[1,CTeKTopaMH B I11Hp0K0M 3HeprCTH•IeCI<OM 

.nttana30HC 16+ 140 M3B/ A. HHiKH.».» rpam1ua .nttana3otta onpe.neneHa 
noporoBott 3HCprucii •iacTHU, Heo6xo,llHMOH ,llJI.» npocTpena - nnacTHKa 

TO.lIUHHOH 2 MM, a BCpXHHH npC,llCJI o6ycJIOBJICH cna6ott 3aBHCHMOCTblO 

110H113au110HHbIX noTcph dE/dX B nnacn1Ke np11 E ~ 100 MJB/A. B 

pc3y;1hTaTC TCCT0BOro 3I<CncpHMCHTa 6bIJIO ycTaH0BJieHO; 'ITO cnCKTp0MCTp 
n03B0JI.H(.,'T np0BO)lHTb 3HCprCTH'leCKHC H yrJI0Bhie H3MCpc1m.» nerKHX 
3ap.»iKCHHhlX 'laCTHU C MaCCOBOii 11,llCHTHq)HI<aUHCH )lO Z=2 BKJIIO'IHTCJlbHO. 
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3aKJ110•1em1e 

Pa6oTa Il0CB.»IUeHa 0ilHCaHHIO 0CH0BHhIX xapaKTCpHCTIIK HOBOll 
MHOfOl\10JlYJihHOH ycTaHaBKH MY Jlh Tl111 pe3yJihTaTaM ncpBhIX ucnb1Tam1ii 
ycTaH0BKH Ha 0Y'fKC ycKopttTCJI.» Y-400M. Y CTaH0BJICH0, '-ITO cpoccp11•1-

cneKTPOMCTp o6ecne•rnBaCT HC06xo.nm.1y10 H30TOnHylO 11,llCHTHqJHKaUHIO 
nerKHX 3ap.»)KCHHbIX 'laCTHU H o6na,naCT ,llOCTaT0'IHhIM 3HCpreTH'leCKHM 

pa3perneHHCM, 'IT06hI np0BO,ll,HTb 3KCnCpHMCHThl no H3Y'-JCHHIO 
Manoyrn0BhIX KOppCJI.HUHH J13ll 11 HCCJIC,U0BaHHIO pe,.'l,KIIX M0,ll, pacna,.'J,a 
npOTOHOH36hIT0'IHhlX pa,n11oaKTHBHbIX .H,llCp. OcHaIUCHl!C ycTaH0BKII 
MH0ronpoBOJIO'IHOH H0HH3aUHOHHOli KaMepoii H MHOf0CJ10l!Hhnt 
nonynp0B0)lHHK0BhlM TeJICCKOil0M /7 / Il03B0JIIIT npOB0,.'1,l!Tb nO,:J,O0HOfO 
po.na 3KCnCpHMCHTbl Ha Ka•1ec:i-BeHHO HOB0M yp0BHC. 

B 3aKJIIO~IeH11e aBTOpbl C'IIITalOT np1rnTHbIM )l0Jif0M Bblpa3HTb 
6naro.napHOCTh npocpeccopy IO.LI,. OraHeC.»Hy 3a nOJ1C3HhIC COBCThI 11 
nocTo.»HHhitt HHTepcc K pa6oTe, KOJIJieKT11By ycKop1ncn.» Y-400M 3a 
npe,ll,OCTaBJICHH0e ny<II<OBOe BpC1'rn. 

)],aHHa.» pa6oTa IlOMep)KaHa rpaHTal\m P<D<Dl1 (npOCh.'Tbl .M,!95-02-
05676-a, Ns:!96-02-17381-a, N295-02-05932) 11 UCJieBblM q>IIHaHCllpOBaH11eM 
OT lfewc1<0ro I<OMHTCTa no Konna6opaum1 c Ol15I11. 
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