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T.C. fp11ranalll BHnH 

HHcmumym </Ju1uKu AH Pec11y6J1uKu Tpy1u11, T6uJ111cu 

A.C.KypnnHH 

Ha11uoHaJ1bHb/U ijeHmp </JU3llKU 'lacmu11 ll BblCOKllX 3Hep21t1i npu EeAopyccKOM 

2ocyoapcmoeHHOM )'Huoepcumeme, MuHcK 

1 BBe~eHHe 

,LI:.1u1 IICCJie,[I0Bamrn xapaKTepIICTIIK pmK,[leHIIJI 0'IapoBaHHbIX '!aCTIII.J; II 

Il0IICKa Y3KIIX 6apIIOHHbIX pe30HaHC0B B a,[lp0HHbIX peaKI.J;IIJIX B C00TBeT

CTBHII C nporpaMMOI1 HCCJie,[IOBaHIIH, H3JIO)KeHHOH B [1], Ha cepnyxoBCK0M 

ycrrnpIITeJie Y-70 C03,[laHa cneu;IIaJibHM 3KCIIepnMeHTaJibHM 30Ha, BKJIIO'la

IOII.J;M B ce6JI HeiiTpaJibHbIII KaHaJI 5H, MarHIITHhlH crreKTpoMeTp 3KC- · 

"9:APM n 3,[laHIIe 450 c IIH<ppacTpyKTypoii, Heo6xo,[(nMoii ,[IJIJI npoBe,[leHHJI 

3KCnepHMeHTa. 

Bw6paHHhIH MeT0,[I peIIIeHHJI nocTaBJieHHhlX 3a,[la'l, ocHoBaHHhlH Ha 

aHaJIII3e cneKTp0B 3<p<peKTIIBHbIX Mace K0He'!HbIX COCTOJIHHM HCCJie,[(yeMbIX 

'!aCTHI.J; II pe3oHaHC0B, onpe,[leJIHJI 0CH0BHble Tpe6oBaHHJI K xapaKTepHCTII

KaM cneKTp0MeTpa: BbIC0KOe pa3peIIIeHHe no BOCCTaHOBJieHHOH 3<p<peKTHB

HOH Macce MHOrO'laCTH'IHbIX"KOHe'!HbIX COCTOJIHHH H Ha,[le)KHM H,[leHTH<pH

KaI.J;HJI 3apJI)KeHHbIX '!aCTHI.J; B IIIHpOKOM ,[IHaila30He HX HMIIYJibCOB. 

C 1992 ro,[(a cneKTpoMeTp 3KC'IAPM Ha'laJI 3KCIIJiyaTnpoBaTbCJI B 

pe)KHMe Ha6opa CTaTHCTHKH. B npou;ecce ero 3KCIIJiyaTau;1rn H3MeHJIJICJI 

Ha601> HCIIOJib3yeMbIX rrponopu;IIOHaJibHblX KaMep, npoBO,[IHJiaCb MO,[lepHH-

3aI.J;HJI CHCTeMbl c6opa ,[laHHbIX, nporpaMMHOrO KOMilJieKca KOHTPOJIJI H o6-

pa6oTKH perncTpnpyeMoii 3KcrrepnMeHTaJibHOH IIH<popMau;nn. 

IIpe,[ICTaBJieHHM pa6oTa IlOCBJIII.J;eHa OilHCaHHIO xapaKTepHCTHK crreK

TpOMeTpa 3KC'IAPM H rrporpaMMHoro o6ecne'leHHJI 3KcnepHMeHTa, B 

paMKaX KOToporo K HaCTOJIII.J;eMy BpeMeHH HaKOIIJieHo OKOJIO 0,6 MHJIJIIIap,[la 

HeiiTpoH-H,[lepHbIX B3aIIMO,[leiicTBIIH. Ilpe,[ICTaBJieHbI TaK)Ke ocHOBHhle <pII-

3WieCKIIe pe3yJibTaTbI, noJiy'leHHble C IICilOJib30BaHHeM cneKTpOMeTpa. 

2 CTpyKTypa ny-ciKa 

KaHaJI HeMTpaJibHhlX '!aCTIII.J; 5H o6pa3yeTCJI Ha BHyTpeHHeii 6epHJIJIII

eBoii MHIIIeHII cepnyxoBCKoro ycKopIITeJIJI II opneHTIIp0BaH Il0,[I yrJI0M ~ 

0 rpa,[lycoB K paBHOBecHoii op6nTe ycKopeHHhlX rrpoToHOB. BHyTpeHHJIJI 

6epIIJIJIIIeBM MIIIIIeHb ,[IIIaMeTpOM 3 MM II ,[IJIIIHOH 30 MM paCII0JI0)KeHa B 

BaKyyMHOH KaMepe ycKOpIITeJIJI Ha paccTOJIHIIII ~ 110 M OT u;eHTpa cneK

TpoMeTpII'IeCK0ro MarHHTa ycTaH0BKII. Ily'IOK HeHTpOHOB <popMIIpyeTCJI 

CIICTeMOH K0JIJIIIMaTopoB KaHaJia B HanpaBJieHIIH Ha MIIIIIeHb CIIeKTp0Me

Tpa, B paiioHe KOTopoii OH IIMeeT pa3Mep 0KOJI0 4 X 6 CM2. OcHOBHYIO ,[IOJIIO 

ny'!Ka C0CTaBJIJIIOT HeHTpOHbI C 3HeprIIJIMII ,[10 72 r::iB. Ha pIIc.l Il0Ka3aH 

J61e,q1meHHMH MHCTMTYT 

'i!}:\epm1x Hccnie):\oBamn'i 

RMBJ1I1OTEKA 



:mepreTIPiecKHH cneKTp He11TpoHoB ny<IKa, noJiy'IeHHhIH [2] Ha ocHoBe ,llaH

HhIX H3MepeHHJI 3Heprnn HeHTpOHOB C IlOMOIII;hlO a,llpOHHoro KaJIOpHMe

Tpa, BXO,[IJIIII;ero B COCTaB cneKTpoMeTpa. 3HepreTH'IeCKHII cneKTp ny•ma 

HMeeT MaKCHMYM B paIIOHe 58 r3B H IIIIIpirny OKOJIO 12 r3B. 

lIMerom;necJI B rry'!Ke 'y'-I<BaHThI xapaKTepn3yIOTCJI cym;ecTBeHHO 60-

Jiee HH3KHMII 3HeprIIJIMII, 'IeM HeHTpOHhI, II lICTIOJih3YIOTCJI ,llJIJI MeTO,llH'Ie

CKIIX QeJieH (HanpnMep, ,[IJIJI KaJIII6pOBKH 'IepeHKOBCKIIX C'IeT'!lIKOB). Ilpn 

Ha6ope q>H3II'!ecKo:ii nHq>opMaQIIII 'y'-KBaHThI YAMJIJIIICh H3 ny'IKa c rro

MOIII;hIO ,llHCTaHQHOHHO ynpaBJIJieMoro CBHHQOBoro 'y'-q>IIJihTpa nepeMeHHOH 

TOJI~HHhI (ae 6oJiee 20 CM). 

IlpHMeCh 3apJDKeHHhIX '!aCTIIQ B ny'!Ke He npeBhIIIIaeT 2%. 

lIHTerpaJihHaJI lIHTeHCIIBHOCTh ny'!Ka He:iiTpOHOB 3a BpeMJI QIIKJia 

ycKopnTeJIJI COCTaBJIJieT OKOJIO 6 • 106 HeHTpOHOB npn 5 . 10 11 npOTOHOB, 

c6pachIBaeMhIX Ha BHyTpeHHIOIO MIIIIIeHh. ,ll;JIIITeJihHOCTh c6poca B pa.1-

JIII'IHhIX ceaacax 3KCIT03IIQIIII ycTaHOBKH MeHJIJiaCh OT 0,7 ,LIO 1,6 C. 

IloJIHhIM ITOTOK HeHTpoaon 'Iepe3 ycTaHOBKY 3a BpeMJI Ha6opa CTaTn

CTIIKH COCTaBIIJI OKOJIO 7 ·1011 . 

3 OcHOBHhle :meMeHThl crreKTp0MeTpa 

CxeMa pacnoJio)KeHnJI 3JieMeHTOB 

,lleHCTByrom;ero cneKTpoMeTpa 3KC

"9:APM rrpHBe,lleHa Ha pHc.2. 3a Ha

'IaJio npanoH ,lleKapToBoH CIICTeMhl 

KOOp,[IHHaT npHHJITa TO'!Ka O n QeH

Tpe ,lllIIlOJihHOro CileKTpOMeTpII'!e

CKoro MarHIITa CII-40A, och OZ Ha

npaBJieHa no rry'IKY, och OY - nnepx 

B,llOJih aanpanJieHHJI OCHOBHOM KOM

IIOHeHThI MarHHTHoro IlOJIJI. YrJio

Bhle aKcenTaHChl CileKTpoMeTpa ,[IJIJI 

BTOJ)II'IHhIX 'IaCTHQ COCTaBJIJIIOT 

± 120 Mpa,[1 II ±38 Mpa,[1 B ropH30H

TaJihHOM II BepTIIKMhHOH nJiocKo

cTJIX COOTBeTCTBeHHo. 

HII)Ke orrncaHhl OT,lleJihHhie 3Jie

MeHThI cneKTpOMeTpa. 
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Pnc. 2: BJioK-cxeMa ycTaHOBKII 3KC"9:APM B KaHaJie 5H. 

A - c'!eT'IHK aHTnconna,L1eHIIM, T - MHIIIeHh, IIK - rrporropQHOHaJibHbre 

I<aMephI, MIIr"9:C - MHoroKaHaJihHhle rroporonbre ra30Bhle 'IepeHKOBCKIIe 

C'!eT'IlIKII, rl, r2 - ro,[IOCKOIIhl CQIIHTIIJIJIJIQIIOHHhIX C'IeT'IIIKOB, MH - HeM

TpOHHhIH MOHHTop, AK - a,llpOHHbIH KMopnMeTp 

3.1 Mnmenn 

B 3KCnepnMeHTax, npoBe,lleHHhIX C lICilOJib30BaHHeM cneKTpoMeTpa 

3KC"9:APM, nccJie,llOBaJIIICb npoQecchl B3aIIMO,lleii:cTBHJI Heii:TpOHOB c pa3-

JIWIHhIMH JI,[lepHhIMH MIIIIIeHJIMH (T) cneKTpoMeTpa. BeJIH'IHHa 3Kcnepn

MeHTaJibHOro pa3peIIIeHIIJI no HHBapHaHTHOM Macce KOHe'!HhIX COCTOJIHHH, 

o6pa30BaHHhIX B MHIIIeHn, o6yCJIOBJieHa KaK KOOp,[IIIHaTHbIM pa3peIIIeHneM 

CIIeKTpOMeTpa, TaK lI KYJIOHOBCKHM pacceJIHHeM B MHIIIeHH, B Bem;ecTBe 

TpeKOBhIX ,lleTeKTOpOB lI B B03,llyxe. B 3TOH CBJl3II TOJIIII;HHa MHIIIeHH Bhl6II

pMaCb HCXO,[IJI H3 KOMilpOMHCCa Me2K,L1y MHHHMaJibHbIM KYJIOHOBCKHM pac

ceJIHHeM, Heo6XO,lllIMOH CBeTHMOCTblO II orpaHII'IeHHeM no CKOpOCTH no

TOKa ,llaHHhIX B perncTpnpyrom;eii: arrnapaType. Ilpn npone,lleHIIH HCCJie,L10-

nam1ii: ncnoJib30BaH cJie,L1y10m;nii: Ha6op MIIIIIeHeii: T: yrnepo,[IHaJI (AnaMeTp -
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9 CM, TO.Jllil;IIHa - 1,3 r/cM2
), MeAHaJI (AHaMeTp - 9 CM, TO.Jllil;HHa - 3,6 r/cM2) 

H BO.!Ih<ppaMOBaJI (KBaApaT co cTopoHOII 8 cM, TO.JIIIIIIHa - 2,9 r/cM2). C 

II3MeHeHIIeM aTOMHOro HOMepa IICTIO.Jlb3JeMbIX MIIIIIeHeH pa3pernemie no 

Macce A.JIJI perncTpnpyeMhIX '!eTh!pex•rncTwrnhlx pacnaAOB At c AO n.11n 

K 0 B KOHe'!HOM cocTOJIHUH Mem1eTc.a B IIHTepBa.11e OT 8 AO 12 M3B/c2. 

Bee MHIIIeHII pacno.JIO)KeHhl B cneu;Ha.JibHOM AHC:TaHU:IIOHHO ynpaB.JIJieMOM 

ycTpOHCTBe, Il03BO.JIJIIOIU:eM ycTaHaB.JIHBaTb B TIJ'IOK HeIITpOHOB .JII06yro II3 

HIIX B npou;ecce 3KcnepnMeHTa. 

3.2 HeuTpOHHblH MOHHTOp 

,ll;.JIIITe.JibHOCTb n paBHOMepHOCTb c6poca TIJ'!Ka Ha BHJTpeHHIOIO 6e

pn.11.11neByIO MIIIIIeHb, a TaK)Ke TIOTOK o6pa3oBaHHbIX Ha 3TOH MIIIIIeHH HeH

TJ)OHOB onpeAe.JIJIIOTCJI II KOHTJ)O.IIHPYIOTCJI C TIOMOlil;bIO HeIITJ)OHHoro MO

HIITopa MH. MoHnTop npeACTaB.11.aeT co6oii Te.11ec1rnn, coc:To.am;nii II3 Tpex 

CU:IIHTII.11.JIJIU:IIOHHhIX C'!eT'!IIKOB AIIaMeTpOM 10 CM u TO.Jllil;IIHOM 1 CM Ka

)l{AhIH. Me)l{AY nepBhIM II BTOphIM (no ny,my) C'IeT'IIIKaMn pa3Mem;eHa 

a.JIIOMIIHIIeBaJI n.11acTIIHa - KOHBepTop TO.Jilil;HHOH 1 CM (2,7 r/cM2). IIep

BbIH c'!eT'!IIK BK.JIIO'IeH Ha aHTHCOBTiaAeHIIe c ABJMJI ocTa.JibHbIMII. IloTOK 

HeHTpoHoB M onpeAe.11.aeTc.a H3 Bbipa)l{eHn.a 

N = E · M - (2 75 ± O 24) · 10-2 • M - ' ' ' 
r Ae N - 'Inc.110 oTc'!eTOB HeiiTpoHHoro MOHIITopa, E - 3<pcpeKTIIBHOCTb pa-

6oThl HeMTJ)OHHoro MOHHTOpa. 3Ha'!eHne napaMeTpa E 6bIJIO onpeAe.JieHO 

II3 no.11Horo MOAe.11upoBaHHJI npoxmKAeHn.a HeHTpoHoB ny•1Ka 'Iepe3 yc:Ta

HOBKy. 3To 3Ha'!eHHe xoporno COBTiaAaeT C IlO.JIJ'IeHHbIM H3 ero 3KCnepu

MeHTa.JibHOro II3MepeHHJI C IlOMOlil;bIO aApOHHoro Ka.JIOpIIMeTpa, KOTOpoe 

paBHO (2, 7 ± 0, 5) · 10-2
• 

3.3 · CneKTpoMeTpIPiecKn:H MarHn:T CII-40A 

B cocTaB cneKTpoMeTpa BXOAHT MOAH<puu;npoBaHHhIH cneKTpoMeTp11-

'!ecKHH MarHHT CII-40A [3]. illupuHa no.11rocoB, pacno.11mKeHHhIX napa.JI

.11e.11bHO Il.JIOCKOCTII xoz, paBHa 100 CM, u IIX A.JIHHa BAO.Jib HanpaB.JieHHJI 

TIJ'!Ka ( ocn OZ) - 198 CM. 3a3op Me)l{AY no.11rocaMH pacrnupeH c 29 CM AO 

49 CM. II0.11e MarHHTa, B KOTOpOM H3Mep.a.!IIICb HMTIJ.llbCbl npOXOAJilil;HX 'Ia

CTHU:, cym;ecTBeHHO HeOAHOJ)OAHO. 3Ha'IeHIIe ero OCHOBHOro KOMTIOHeHTa, 

nepneHAHKy.11.apHoro TIJIOCKOCTJIM TIO.JIIOCOB, B u;eHTpe MarHnTa COCTaBJIJieT 
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0,79 T.11 npn TOKe n o6MoTKax, paBHOM 1000 A. lfaMepemre MarHnTHoro 

TIO.JI>! npoBeAeHO [4] TpexrmHa.JibHblM, X0.7IJIOBCKII11 MarHHTOMeTpOM (M3X) 

B aBTOMaTII3HpOBaHHOM JW)KIIMe Ha CBJI3H C nepcOHa.JibHhIM KOMilbIOTe

poM. MarHIITOMCTJ)H'IeCimlI annapaTypa Il03BO.JIJI.Jia II3MCJ)IITb OAHOBpe

MeHHO nee TJYH npoeKU:IIH BCKTOpa TIOJIJI B 3aAaHHOII TO'IKe C IlOMOlil;bIO 

Tpex He3aBUCHMbIX U3MCJ)UTC.JlbHbIX KaHa.JIOB B AHana."JOHe OT O AO 2 T.11 (n 

Tpex _ TIOAAIHllla30HaX) C 'IJBCTBIITC.JlbHOC:TbIO HC HH.1Ke 0,13. fc. Pa6o~m{i 

AHana3on nepeMem;emrn AaT'UIKOB npn H3Mepemrn coc:TaBn.11: 

• BAO.Jib OCH X - 240 CM, -115 CM :S X :S 125 CM, rnar - 5 CM; 

• BAOJib OCH Y - 32 CM, sl2 CM :S Y '.S 20 CM, rnar - 4 CM; 

• BAOJib OCH Z - 378 CM, -172 CM :S z, :S 206 CM, rnar - 2 CM. 

To•IHOCTb H3Mepemrn MarHIITHOro TIO.JIJI 6h!Jia He XY)Ke 0,02% OT l\!aKC~I

MyMa IlOAAHana30Ha H3Mepemrn, TO'IHOCTb yc:TaHOBKII AaT'IIIKa B npo

CTpaHCTBe - 0,01 CM. 

Ha pnc.3 B Ka'!eCTBC npnMepa npoIIJIJIIOC:TpHpoBaH O_CHOBHOii KOJ\lilO

HeHT By MarHHTHoro no.11JI MarHnTa CII-40A, II3MepeHHhlii B n.11ocKocTJIX 

y=O CM (pnc.3a) n y=20 CM (pnc.36). )KnpH011 .111mne11-Ha pnc.3a BhIAe.JieH_a 

06.JiaCTb TIO.JIJI C OAHOJ)OAHOC:TbIO HC XJ)Ke 0,1 %. 

sooo 

1501 

•) 6) 

Puc. 3: KoMnoHeHT MarHHTHoro no.11JI By, H3MepeHHhIII n n.11ocKocTJIX 

J = 0 CM (a) II y = 20 CM (6) 

MarHIIT octtam;eH cneu;Ha.JibHoii cncTeMoii ynpan.JicHIIJI, no:-mo.11JI1<>m;l'ii 

H3MeHJITb IlO.!IJipHOCTb ero MarHHTHoro TIO.JIJI ( no Hanpan.11emno OCII Y -
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"noJie +" .II B npoTIIBOnOJIO.lKHOM HanpanJieHHH - "noJie -") H npoH3BOAHTh 

ero pa3Marttwmnattne. .ll:JIJI onepaTHBttoro KOHTpoJIJI 3a neJIH'IHHOJI Mar

HHTttoro noJIJI HcnoJih3yeTCJI AaT'IHK XoJIJia, pacnoJio)KetttthIH n cepeAHHe 

HlDKHero noJIIOCa MarHHTa. 

3.4 CHCTeMa nponopu;HOHaJlbHbIX KaMep 

KoopAHHaTHaJI umpopMau;HJI o npoxmKAeHHH 3apJI)KetttthIX 'IaCTHu; 'Ie

pe3 cneKTpOMeTp onpeAeJIJieTCJI C noMOIIJ;hlO CHCTeMhI ll3 11-H MHOronpo

BOJIO'IHhIX nponopu;HOHaJihHhIX IrnMep (IIK), COCTOJIIIJ;HX H3 25 CHrHaJihHhIX 

nJIOCKOCTeH c IIIaroM HaMOTKH npOBOJIO'feK - 2 MM. B pa3JIH'IHhIX ceattcax 

3Kcno3HIJ;HH cneKTpoMeTpa 3l(CqAPM 6hIJIO 3aAettcTnonaHo OT 10772 AO 

13492 KattaJion IIK. 8 KaMep AO MarttHTa (IIKl - IIK8) HMeIOT no ABe rnr

HaJihHhIX nJiocKOCTH Ka2KAM, 3 KaMephl nocJie MarttHTa (A, B H C) - no TpH. 

IIepnaJI H nTopaJI KaMephI HMeIOT pa3Mephl 0,82x0,3 M2, c TpeTheH no noch

MYIO - pa3Mephl KaMep 1,0x0,6 M2. IIK5 II IIK8 cJiy)KaT AJIJI H3MepettHJI U II 

V KoopAHHaT (nponoJIO'fKH cHrHaJihHhIX nJIOCKOCTeH ttaMoTaHhl cooTBeT

CTBeHHO noAyrJiaMH 22,5°-(U-nJIOCKOCTh) II -22,5° (V-nJIOCKOCTh) KOCH 

OY). OcTaJihHhle KaMephr HMeIOT ttaMOTKY cHrHaJihHhIX nponoJio'IeK, na

PaJIJieJihHYIO ocJIM OY (X-nJiocKOCTH) H OX (Y-nJIOCKOCTH). KaMephl nocJie 

MarHHTa HMeIOT pa3Mephl 2,048xl,024 M2. IIepnaJI CHrHaJihHaJI nJIOCKOCTh 

Ka)KAOH H3 3Tltx KaMep JIBJIJieTCJI X-nJiocKOCThIO, BTopaJI - Y-nJIOCK;OCThIO, 

a TpeThJI - V-nJIOCKOCThIO. ,ll;eTaJihHhie xapaKTepHCTHKH KaMep, pacnoJio

)KeHHhlX AO MarHHTa, npHBeAeHhl n [6], nocJie MarHHTa - n [7]. ,ll;JIJI BKJIIO'Ie

HHJI nponopIJ;HOHaJihHhIX KaMep B CHCTeMy OT6opa co6hITHH 3KCnepHMeHTa 

HCnOJih3YIOTCJI JIOrH'IeCKHe cyMMhI CHrHaJIOB C rpynn COCeAHHX npoBOJIO

TfeK. IlyTeM KOM6HHHpOBaHHJI rpynnOBhIX CHrHaJIOB HeKOTOphle nJIOCKOCTH 

AeJIHJIHCh Ha r0A0CKOnH'Iecrrne noJIOChI. B 3aBHCHMOCTH OT 'IHCJia npono

JIO'feK n rpynnax IIIHpHHa rOAOCKOnH'feCKHX noJIOC napbHpOBaJiaCh OT 36 

AO 108 MM (AeTaJihHOe HX onHcattHe npHBeAeHo HmKe). 3cpcpeKTHBHOCTH 

IIK CHJihHO pa3JIH'IaJIHCh II ttaXOAHJIHCh n AHana3oHe OT 90% AO 96% AJIJI 

6oJihIIIHHCTBa nJiocKocTeH. .ll:JIJI 6oJihIIIeH 'IaCTH Ha6paHttoi'1 cTaTHCTHKH 

cpeAHee 'IHCJIO cpa6oTaBIIIHX Ha OTAeJihHOH nJioCKOCTH nponoJio'IeK ~ 9 (~ 

7 KJiacTepon, T.e. rpynn nOAPJIA cpa6oTaBIIIHX nponoJio'IeK OT Ka2KAOH H3 

npoIIIeAIIIHX 'Iepe3 CHrHaJihHYIO nJIOCKOCTh 3apJI)KeHHhlX 'IaCTHu;), MaKCH

MaJihHOe 'IHCJIO - 14 (10 KJiaCTepon). 
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3.5 CD;HHTHJIJIJID;HOHHbie f'OAOCKOilbl 

B cocTan cneKTpoMeTpa 3l(CqAPM BXOAJIT ABa roAOCKona cu;HttTHJI

JIJIIIIIOHHhIX C'IeT'IHKOB fl H f2. 3TH C'IeT'IHKH HCnOJih3YIOTCJI B CHCTeMe 

3anyc1rn cneKTpoMeTpa n pacnoJio)KeHhl Me2KAY ceAhMOH H nochMOH npo

nopu;noHaJihHhIMH KaMepaMII AO MarHHTa II 3a nocJieAHeH KaMepoiI noCJie 

MarHHTa, COOTBeTCTBeHHO. fOAOCKOn fl COAep)KIIT 15 C'IeT'IIIKOB c pa3- . 

MepaMH 4x25 cM2 n TOJIIIJ;IIHOH 0,5 CM Ka)KAhIH. BhlcoTa C'IeT'IIIKOB o6ec

ne'fIIBaeT nepeKphITHe TeJieCHoro yrJia, noA KOTOphIM BIIAeH II3 MIIIIIeHII 

ycTaHOBKH Me)KnOJIIOCHOH 3a30p MarHIITa CII-40A. foAOCKOn f2 COCTOIIT 

II3 60-II c'IeT'fllKOB c pa3MepaMII 10x60 cM2 II TOJIIIJ;IIHOH 0,5 CM Ka)KAhIH, 

crpynnIIponaHHhIX B ABa ropII30HTaJihHhlX PJIAa no 30 C'IeT'IIIKOB B Ka

)KAOM, KOTOphie pacnoJIO)KeHhl BhIIIIe II HII)Ke nJIOCKOCTII xoz B CIICTeMe 

K0OPAHHaT ycTaHOBKII. 3cpcpeKTHBHOCTh cpa6aTHBaHIIJI C'IeT'IHKOB o6onx 

rOAOCKOnOB 6JIII3Ka K 100%. .ll:JIIITeJihHOCTh cnrHaJIOB, nocTyna10rn;nx C 

cpopMIIponaTeJieiI, - 40 Hc, npeMeHHOe pa3peIIIeHne - 37 ,4 HC. 

3.6 CHCTeMa HAeIITRci>HKan;HH 3apm1<:eHHblX ~aCTHD; 

CncTeMa HAeHTHq>HI<:aIJ;HII 3apJI)KeHHhIX 'IaCTHIJ; cneKTpoMeTpa cJiy

)KHT AJIJI Pa3AeJieHIIJI nHOHOB, KaOHOB II npOTOHon/aHTMnpOTOHOB B HH

TepnaJie nMnyJihCOB OT 3 AO 40 f3B/c. OHa cocTOHT H3 ABYX MHoroKa

HaJihHhIX noporOBhIX ra30BhIX 'IepeHKOBCKHX C'IeT'IHKOB (MilfqC): 14-

I<:aHaJihHOrO C'IeT'IHKa, 3anoJIHeHHOro cppeOHOM-12 npn aTMOccpepHOM Aa

BJieHHH (MIIfq C-14)' II 32-KaHaJihHOro C'IeT'IHKa, 3anoJIHeHHoro B03AYXOM 

(MIIfqC-32), TaK)Ke pa60Ta10rn;ero npn aTMOccpepHOM AaBJieHHH. MIIfqc-

14 H MIIfqC-32 pacnoJIO)KeHhl nocJieAOBaTeJihHO APYr 3a AryroM 3a KOOp

AHHaTHhlMH AeTeKTopaMH cneKTpoMeTpa. YrJionoiI aKcenTaHc C'IeT'IHKOB 

no3BOJIJieT HAeHTIIq>HIJ;IIpOBaTh AO 90% 3apJI)KeHHhIX 'IaCTHIJ; C HMnyJihCaMII 

BhlIIIe COOTBeTCTBYIOIIJ;HX noporon HX perHCTpau;nn. Pac'IeTHhle noporn 

perncTpau;nII pa3JIH'IHhIX 'IaCTHIJ; AJIJI MIIfqC-14 n MIIfqC-32 npnne

AeHhl n Ta6JI.l. 
Ta6JIIIu;a 1 

C'IeT'IIIK fa3 IIoporII perncTpaunn (f3B/c) 

µ 7r I( p 

MIIfqc-14 <I>peoH-12 2,3 3,1 10,8 20,5 

Mrrfqc-32 Bo3AYX 4,5 6,0 21,2 40,3 
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,Ll;eTa.JihHoe ormcamie MIIrl:fC-14 npIrne.n;eHo B [8], MIIrl:fC-32 - B [9]. 

:Pa6oTa CIICTeMhl II,n;eHTIIq>IIKaIJJ1II npoIIJIJIIOCTpIIpoBaHa Ha npIIMepe Bhr,n;e

J,(emrn CIIrHa.Jia OT pacna.n;a <p-Me3oHa Ha J(+ I(- (pnc.4.) IIp1rne.n;eHhI pac

rrpe,n;eJieHIIJI 3q>q>eKTIIBHOH MaCChl KOM61maIJIIJI II3 ABYX npoTIIBOTIOJIO)KHO 

japJI:lKeHHhlX 'faCTIIIJ B npeATIOJIO:lKeHJIII O TOM, 'ITO Ka)K,Il;aJI II3 paCCMOTpeH

}JhIX 'faCTIIIJ JIBJIJieTCJI 3apJI:lKeHHbIM KaOHOM. IlpII 3TOM KpIIBaJI a TIOJiy'feHa 

6e3 npIIMeHeHJIJI npoIJe.n;yphl II,n;eHTIIq>HKaIJIIII, a KpIIBaJI 6 - npII ycJIOBIIII, 

'-{TO paCC'fJITaHHaJI BepoJITHOCTb Ka)K,lJ;OH H3 pacCMOTpeHHhIX 3apmKeHHhIX 

,racTIIIJ KOHe'fHOro COCTOJIHIIJI 6bITb KaOHOM, npeBbIIllaeT 50%. Bn.n;Ho, 

'-{TO B pe3yJihTaTe npIIMeHeHJIJI npOIIMYPhl n.n;eHTIIq>III<aIJHII 3Ha'fJITeJibHO 

JMeHbllleH q>OH II BbI,D;eJieH 'feTKIIH CIII'Ha.JI OT pacna.n;a <p-Me30Ha Ha J(+ [(-. 

N 
,!! 
m .., 
::;; 
N ,,. 
" ::r .. 
:c ,. 
'° :i; 
0 

" 0 e .. .. ,. 
r:: 
0 

"' 

X 102 

7500 

6000 t-1" 

4500 f'-

3000 t.r 

1500 

0 
0,99 

II 

I I 

1,03 

24000 

...._ / -J 19200 

/ -...... -l 14400 

--- --l .9500 

4800 

0 

1,07 1,11 1,15 1,19 

M(K+K·), r3B/c2 

P0:c. 4:· CneKTp 3q>q>eKTIIBHhlX Mace KOM6IIHaIJIIII J(+ [(- 6e3 -qepeHKOB

crcoii u.n;eHTHq>IIKaIJJIII (a, JieBaJI llIKa.Jia) II c u.n;eHTIIq>IIKaIJneii KaOHOB (6, 

npaBaJI IIIKa.Jia) 

3¢q>eKTIIBHOCTb II,D;eHTIIq>IIKaIJIIII 3apJI)KeHHbIX a.n;poHOB 3aBJICIIT OT 

orpaHJI'feHirii, HaKJia,n;brnaeMbIX Ha paCC'IJITaHHhle BepoJITHOCTII Toro, 'ITO 

paccMaTpirnaeMaJI 'facTIIIJa JIBJIJieTcJI a.n;poHOM KOHKpeTHoro TIIna. Hanpn-

8 

Mep, .D;JIJI paccMOTpeHHOI'O KaHa.Jia pacna.n;a <p-Me30Ha npn OTITIIMa.JlbHOM 

no.n;6ope Tarrnx orpamr'feHni'r oHa cocTaBJIJieT 75 ± 3, 5%. 

3. 7 AApOHHbIH KaJIOpHMeTp 

A.n;poHHhlII Ka.JiopnMeTp (AK), ncnoJih3YeMhli'r .D;JIJI onpe,n;eJiemrn 3Hep

reTwIecrrnro cneKTpa HeIITpOHOB ny'fKa, COCTOIIT Il3 9 o.n;nHaKOBbIX Mo,n;y

Jiei'r. OT,n;eJihHhlII Mo,n;yJih [10, 11] npe,n;cTa~JIJieT co6oii c6opKy Tima "C3H.D;

BII'I" II3 CJIOeB CIJIIHTIIJIJIJITOpa II )KeJie:m, 150 X 150 MM2
' TIOMeIIJeHHYIO D 

cneTo3aIIJIITHhitt Ko:lKyx II3 JIIICTOBoro 2KeJie3a TOJIIIJirnoi'r 1,5 MM. )Ke~e3-

Hhle IIJiaCTIIHhI TOJIIIJIIHOII 20 MM n KOJIJI'IeCTBe 40 IIIT. o6pa3yIOT pa.n;n

aTop II})OTJI:lKeHHOCTbIO 80 CM, 'ITO COOTDeTCTDYCT 4,7 JI,n;epHbIM .n;mrnaM. 

Me2K.n;y IIJiaCTHHaMU pa.n;r,aTopa ycTaHODJICHhl 40 IIJiaCTIIH CIJUHTHJIJIJITOpa 

pa3MepoM 146 x 142 x 5 MM3, cooTDeTCTBYIIIIIX 0,25 JI,n;epHOII .n;mrnhl. CyM

MapHaJI TOJIIIJHHa DCIIJeCTBa Ka.JIOJ)IIMeTpa COCTaBJIJieT OKOJIO 5 JI,n;epHbIX 

.D;JIIIH, '-ITO o6ecrre'fIIBaeT rrornoIIJeHne 95% HeiiTpoHoB c 3HeprIIeii 70 r3B. 

,Ll;JIJI IIOBhlllleHIIJI CDeToc6opa Ka)K,Il;aJI IIJiaCTJ!Ha o6epHyTa a.JIIOMIIHU3Upo

BaHHbIM MaiiJiapoM, a ,D;JIJI YJIY'flllemrn ero o,n;Hopo.n;HocTn 6JimKai'rlllni'r K 

cBeToBo.n;y Kpaii IIJiaCTIIHhI o6epHyT •1e1rnoi'1 .TieHToi'r. CneTono.n;hr, co6npa

IOIIJIIe cBeT Ha q>OT03JICKTpOHHhlII yMHmKIITeJih ( <t>3Y), 11:.1roToBJieHhl II3 

oprcTeKJia TOJIIIJIIHOH 3 MM. IIepeII3JIY'IaTeJih HaHeceH Ha cBeToBo,n; TOJihKO 

B 30He pacrroJIO:lKeHIIJI CIJIIHTHJIJIJITOpon, a 6JIIDKHJIJI K <t>3Y 'IaCTb CBCTO

Bo,n;a He oKpallleHa. B Ka.JiopnMeTpe ncnoJib30BaHhl <t>3Y-84-3 c MYJihTII

IIJCJIO'fHhlM q>OTOKaTO,lJ;OM, MaKCIIMYM rrnaHTOBOII 'fYBCTBIITCJibHOCTU KOTO

pbIX COOTBeTCTByeT .n;mrne BOJIHhl 460 HM, 'ITO corJiacyeTCJI co cneKT!)Olvl 

II3.TIY'feHJIJI JIIOMilHOq>opa Ha CBCTOBo.n;e. ,Ll;JIJI KOHTpOJIJI npeMeHHOII HCCTa-

6JIJibHOCTII KaHa.JIOD AK IICTIOJih3YIOTCJI cneTo.n;no.n;hr AJI-307. 

3HepreTII'fecrwe pa3pellleHIIe Ka.JiopnMeTpa rrpn 3Heprnn 7r- - Me3oHon, 

paBHOH 37,5 r3B, COCTaBJIJICT. [10] 14,5% II onpe,n;eJIJICTCJI 3MTIUpU'ICCIWII 

3aBJICIIMOCTbIO: 

dE/E = 0,89/./E. 

3HeprOBhl,D;eJieHne (Ne), Bhlpa)KCHHOe 'UICJIOM cpoT03JICKTpOHOD, paDHO: 

Ne= (30 ± 5) r3B- 1. 
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4 CrtcTeMa 3arrycKa ycTaHOBKII ( Tp11rrep) 

CHcTeMa 3anycrrn ycTaHOBKH ( Ttmrrep) OCHOBaHa Ha 6hICTpOM H 3q>

cpeKTHBHOM BhI,D;eJiemrn B3anMo,n;encTBHII c pa3JIIl'IHOH MHmKeCTBeHHOCThIO 

3ap112KeHHhIX '!acTnQ. YKa3aHHaJI 3a,n;aTia perneHa npn6JIH2Ketttto c ncnoJih-

3oBamreM HHq>OpMaQHH C Tpex X-nJIOCKOCTeII nponopQHOHaJihHhIX KaMep 

(KaK npaanJio, 3X, 8X H BX), ,n;ayx ro,n;ocKonoB CQHHTHJIJIJIQHOHHhIX C'!eT

'IHKOB r 1 n r2 H c'IeT'IHKa aHTHCOBna,n;eHHH A, pacnoJIO)KeHHoro nepe,n; 

MHIIIeHhIO. 11HCJIO ro,n;ocKOilW-Iecrrnx IlOJIOC H HX pa3Mephl ( KOJIWieCTBO 

npOBOJIO'-IeK c 2 MM rnaroM HaMOTKH) B IlJIOCKOCTJIX nponopQHOHaJihHhIX 

KaMep npnae,n;eHhI B Ta6JI.2. 

Ta6JIHQa 2 

IlJIOCKOCTh KoJIH'IeCTBo KoJIH'IeCTBO npoaoJio'!eK 

ro,n;ocKOilH'IeCKHX c 2 MM rnaroM HaMOTKH 

3JieMeHTOB nepaoro cpe,n;ttero nocJie,n;ttero 

3JieMettTa 3JieMeHTa 3JieMettTa 

3X 12 18 36 18 

BX 12 36 42 24 

BX 16 64 64 64 

Onpe,n;eJie}iHe 'IHCJia cpa6oTaBIIIHX ro,n;ocKOilH'IeCKHX IlOJIOC B nponop

QHOHa.JihHhIX KaMepax ocym;ecTBJIJ1eTc11 no,n;cHcTeMOH "6hlcTphIH TpHrrep" 

[12], IlOCTpoeHHOH Ha 0CHOBe Ma2KOpHTapHhIX cxeM COBna,n;eHHH, KpaT

HOCTh KOTOphIX ycTaHaBJIHBaeTCJI B 3aBHCHMOCTH OT Tpe6yeMOH B 3KC

nepHMeHTe TonoJiorHH co6hITHJI. IIcnoJih30BaHHhIH B TpHrrepe ro,n;ocr<on 

CQHHTHJIJIJIQIIOHHhIX C'IeT'IHKOB f2 6hIJI pa36HT IlOilOJiaM· f2n H f2,n - no 

30 CT-IeT'IHKOB cnpana H cJieBa OT ITJIOCKOCTH YOZ. O,n;ttoBpeMeHHO c 3a

,n;attHhIM KOJIH'IeCTBOM cpa6aThIBaHHH ro,n;ocKOilH'IeCKHX IlOJIOC IlJIOCKOCTeH 

nponopQHOHaJihHhIX KaMep Tpe6oBaJIOCh n cpa6aThIBaHHe orrpe,n;eJieHHOrO 

'IHCJia C'IeT'IHKOB ro,n;ocKona fl, onpe,n;eJiettttoro 'IHCJia C'IeT'IHKOB H IlOJIO

BHH ro,n;ocKona f2 n ttecpa6aThIBattne attTHC'IeT'IHKa A (A). 
Bo BpeMJI npone,n;eHHJI 3KcnepHMeHTa HCilOJih30BaJIHCh TPH THna TpHr

repHhIX cxeM: Ha npoXO)K,D;eHHe 'Iepe3 ycTaHOBKY O,D;HOH, ,n;nyx H He Mettee 

3a,n;aHHoro 'IHCJia n 3apmKeHHhIX '!aCTHQ. Ha pnc.5 np1rne,n;etta 6JioK-cxeMa 

TpHrrepa, Tpe6y10m;ero npoxo2K,n;eHHJ1 'Iepe3 ycTaHOBKY '!eThlpex H 6oJiee 

3ap112KeHHhIX '!acTHQ. Jlorn'!eCKaJI cpopMy.na ,D;JIJI 3Toro Tnna Tpnrrepa 

npHne,n;etta HH2Ke: 
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A & [3XN 2: 2] & [8XN 2: 3] & [BXN 2: 4] 
& [I'lN 2: 3] & [I'2N 2: 4] & [I'2nN 2: 1] & [I'2,nN 2: 1]. 

lIMeHHO npu 3TOM ycJIOBHH 3anycrrn ycTaHOBKH HaKOITJieHa HaH60JihlliaJI 

'!aCTh 3KcnepIIMeHTaJihHOro MaTepnaJia. PacC'IHTaHHaJI C IlOMOID;hIO Mo,n;e

JIHpOBaHHJI 3q>q>eKTHBHOCTh TaKoro TpHrrepa npu perncTpaQHH Bcex 3ap11-

)KeHHhIX '!aCTHQ, 06pa3y10m;uxc11 B pe3JJihTaTe pacna,n;a At Ha A 01r+7r+7r-

c nocJie,n;yrom;HM pacna,n;oM AO Ha p1r-, ·cocTaBJIJieT ~ 65%. · 

fl BX ,BX 3X A 

r2n 

~

cc ~ N)
4 

MCCS I < 

L....:__J-v' MCC1 N)2 s Mee, N>,'BoPOTA' ~ 
N•O.lv -< ~ N CC2 

t-v'~ 
r2n N•O.lv I I 

1 1 

, """" 

1 

CC3 
___J 

t 
N>4 L___J CCl I 

~" TPHrrEP 
N*O 1 

N*O N>l 

~v 
<I> MCC4 

Puc. 5: BJioK-cxeMa TpHrrepa Ha '!eThlpe II 6oJiee 3ap112KeHHhIX '!aCTIIQhI. 

<I> - cpopMnponaTeJIHj MCCl + MCC9 - Ma2KopnTaptth1e cxeMhI 

coBna,n;ettun; CCl + CC3 - cxeMhI coBna,n;eHHH. 

CHrHaJI "BOPOTA" cpopMnpyeTCH Ha'IaJIOM QHKJia ycKopnTeJIJI 

5 C11cTeMa c6opa II KOHTpOJIJI ~aHHblX 

CncTeMa c6opa n KOHTpo.rn ,n;attHhIX cneKTpoMeTpa 3KC11APM npe,n;

Ha3Ha'!etta ,D;JIJI npHeMa HHq>OpMaQHH C ,n;eTeKTOpOB ycTaHOBKH, cpopMHpo

BaHHJI Ha ee OCHOBe IlOJIHoro Ha6opa ,n;aHHhIX O co6hITHH H 3aITHCH 3THX 
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,n;aHHhlX Ha MarHIITHhre HaKorrnTeJIH 3BM. PerncTpnpy10nraa ::iJieKTp0HHaJI 

arrrrapaTypa (P3A) crreKTpoMeTpa ,D;JIJI ITKl - ITK8 ,n;o MarmITa, MITf"lfC 

II CIIIIHTIIJIJIJIIIII0HHhlX ro,n;ocK0II0B fl II f2 BhIII0JIHeHa B CTaH,n;apTe KA

MAK II pa3MenreHa B 11 KpeiiTax. PerIIcTpupy10nraJI annapaTypa ,n;Jrn ITK 

A - C, pacnoJI02KeHHhIX IT?CJie MarmITa, pa3MeIIIeHa Henocpe,n;cTBeHHo Ha 
KaMepax. 

MmpopMaIIHJI c ITK ,n;o MarHHTa 3anoMuHaeTcJI B 32-pa.'.3pH,lJ;HhlX 6.JioKax 

perIIcTparr1rn f2-922 [5, 6], pa3MenreHHhlX B KpeiiTax KAMAK, a 3aTeM, c 

ITOMOIIIhIO cnerrK0HTpoJIJiepoB CK-382, napa.JIJieJihHo cTrnThIBaeTcJI B 6.JIOKH 

naM.iITn (BIT) [7] eMK0CThIO 512K 6afrTOB Ka2K,lJ;hIH. KonTpOJIJiep CK-382 

noMenreH B Ka2K,n;hr:u Kpe:uT. OH npeo6pa:JyeT no3HIIHOHHhr:u Ko,n;, B K0To

poM 3anoMIIHaeTcJI nmpopMarrrrn c ITK B perncTpax f2-922, B ,n;Bowrnhr:u 

Ko,n; HoMepa cpa6oTamnero KaHa.Jia cooTBeTCTBy10nre:u ITK n rrepe,n;aeT rro

Jiy'IeHHhle ,n;aHHhre 'Iepe3 pa3'heM Ha rrepe,n;Heii naneJin B BIT [7]. YcTpmr

CTBO K0HTp0JIJiepa II03B0JIJieT o6'be,D;HHJITb B BeTBh ,n;o 7 TaKHX 6.JIOKOB. 

MmpopMaIIMJI c ITK A - C 3anoMnnaeTcJI B nJiaTax perIIcTparrIIII PITK-

32, pa3MenreHHhlX Ha KaMepax, a 3aTeM, c rroM0lllhIO 6.JioKoB BPM-PITK 

(Mo,n;epHH3IIpoBaHHhie 6.JIOKII BP-PITK [7]), C'IHThmaeTcJI B BIT. Ka2K,n;o1r 

IIJI0CK0CTII ITK cooTBeTCTBYIOT CB0II 6.JIOKII BPM-PITK II BIT. MmpopMa

IIIIJI C r1, r2 II MITf"lfC 3aIT0MIIHaeTCJI B perIICTpax KAMAK, a 3aTeM, 

c ITOM0lllhIO cTaH,n;apTHhIX K0HTp0JIJiepoB Tnrra A-1, CTUIThIBaeTcJI B 3BM. 

BJioKn BIT, BPM-PITK, ::iJieKTpoHnKa ,ll;JIJI TecTIIponanIIJI II K0HTJ)0JIJI arrrra

paTyphr pa3MenreHhl B Kpe11Tax c K0HTpoJIJiepaMn TIIrra A-1, o6'be,n;nHeHHhIX 

B BeTBh, rro,n;coe,n;nHeHny10 K PC-386 'Iepe3 ,n;pa:uBep BeT:1rn [13]. ,l(aHHhie 

c ITK o Ka2K,n;oM co6hrTnn HaKarrmmaIOTCJI D 6JioKax BIT Bo BpeMJI c6poca 

'!aCTHII Ha MHIIIeHb ycTaH0BKU B 0,lJ;H0M IIHKJie pa60Thl ycKopnTeJIJI, a IIH

cpopMaIIUJI C r1, r2 n MITf"lfC CT-IUTbIBaeTCJI B 3BM B Ka)K,ll;0M C06bITMU. 

ITocJie OK0H'IaHUJI c6poca T-IacTnrr Ira MMIIIeHh ycTaH0BKH nH<popMaIIttJI H3 

6JIOKOB naMHTH rrepemIChIBaeTCJI D K0MilbIOTep PC-386 II 3aITHChIBaeTCJI 

Ha MarHnTHhle JieHThI Tima Exatape [14]. Cpe,n;HJIJI ,n;mma rrepe,n;aBael\rnro 

MaCCMBa ~aHHhIX 06 0T,n;eJibH0M co6bITMH paBHa ~ 600 6aJITaM. B ITHK0-

BOM pe2KnMe pa60ThI CHCTeMhl c6opa ,n;aHHhIX 3a 0,lJ;HH IIHKJI ycKopnTeJIJI 

Ha JieHTY M02KeT 6bITh 3aIIIICaH0 ,n;o 2200 co6h!THH HettTpOH-JI,D;epHbIX B3a

HMo,n;ettCTBHH. ITpn ::lT0M Ha npneM ,n;aHHhIX 3aTpaTrnBaeTcJI ~1,5 ceKyH,n;hl 

(BpeMJI c6poca IIY'!Ka Ha MllIIIeHb), Ha cpopMnpoBaHne co6bITIIH II nx 3a

IIHCh Ha JieHThl - ~7 ceKyH,n; npn II0JIH0M BpeMeHn IIHKJia ycKopnTeJIJI - ~9 
ceKfH,lJ;. 
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YrrpaBJiemre cncTeMoiI c6opa ,n;aHHhIX o6ecrreT-nmaeTCJI 3BM Tirna PC 

AT-386, pa60Ta10nreibro,n; ynpaBJiemreM orreparrnoHHOII cncTeMhl MS DOS. 

,n:aHHhre c M0HIITopHoro c'!eTT-nnrn rryTurn HeirTpoHoB c noM0lllhIO npo

rpaMMhl MOHIITOP [15], C'IIIThlBa10nre11 1rnq>opl\rnIIIIIO c oT,n;eJihHoro K0H

TJ)0JIJiepa KAMAK, 3anIIchma10TcJI Ha 2KeCTKIIII ,D;IICK oT,n;eJihHoro K0MIIhIO

Tepa ,D;JIJI nx ,D;a.JihHettIIIero aHa.Jin3a. .il:JIJI orrepaTnBHoro K0H'rpoJIJI Ka'!e

CTDa rrpneMa ,n;aHHhIX Ha M0HHT0p K0¥IIbIOTepa DhlD0,ll;IITCJI o6nree K0JIII'!e

CTD0 co6bITHII 3a c6poc, TmcJio co6hlTHII 3a npeMJI rrpneMa ,n;aHHhIX K0MIIhIO

TepoM, TrncJio co6hlTHII D c6poce, y,n;oBJieTnopJIIOIIIIIX yc.JI0BIIIO Tpnrrepa, II 

T-IHCJio co6hlTHM, y,n;onJieTBopJIIOIIIHX yc.JI0BIIIO TJmrrepa 3a BpeMJI rrpneMa 

,n;aHHhIX K0MIIhIOTepoM. 

YrrpaDJIJIIOlllaJI 3BM CDJI3aHa ceThIO ETHERNET no npoToKoJiy NW

LITE c ,n;pyrnMn 3BM (T1ma PC AT-486), ocH0BHhle cpyHKIIHII K0T0phlx -

::iKcnpecc-o6pa6oTirn nocTyna10IIIeii 1rncpopMarrIIn. 3To no3B0JIJieT npono

,lJ;HTh n pea.JibH0M MaCIIITa6e npeMeHH K0HTJ)0./lh IGVICCTBa HaKaIIJIIIBaeMOII 

HHcpopMarrmr, MHoroypoBHeBhlH K0HTpoJih o6opy ,n;onamrn II xo,n;a :.mcnepn

MeHTa. 

6 IlporpaMMHoe o6ecne"9:eHHe aKcnepHMeHTa 

6.1 IlporpaMMhl ,qJIJI orrepaTHBHOI'O KOHTPOJIJI pa60Tbl 

ycTaHOBKH 

,l(JIJI aBTOHOMHOII rrpOBeprrn cpyHKIIHOHHpOBaHIIJI OT ,n;eJibHhlX Y3JI0D II 

3.JieMeHT0B crreKTpoMeTpa 3KC-c.lAPM co3,n;an Ha6op rrporpaMl\1, pa60Ta-

10nrnx nenocpe,n;cTBeHH0 c arrnapaTyp01r KAMAK. K nx 'IIICJIY 0TH0CJITCJI 

rrporpaMMhl aHa.JIH3a pa60Thl 0T,D;eJibHhIX 3./leMCHT0B (BITJIOTh ,n;o cnrHa.llb

HhlX npoDOJIOT·IeK) nponopIIH0Hc1JlhHhIX IrnMep, 0T,ll;CJlhHhIX C'ICTT-IIIK0D CIIIIH

THJIJIJIIIH0HHhlX ro,n;ocrmnon, rropor0DhlX T-IepeHK0BCKIIX C'ICT9IIK0D, 3./le

MeHT0B Tpnrrepa, neiiTpOHHoro M0HIIT0pa. dTII rrporpaMMhl II03B0JIJIIOT 

np0B0,ll;HTh aBT0H0MH0e TeCTHp0BaHIIe 3./leMeHT0B cneKTp0MeT1m 6e3 IlKJ1lO

TfCHHJI B pa6oTy CIICTeMbI c6opa ,n;aHHhlX. KoMITJieKCHOe TeCTIIpoDaHIIC 

OT ,n;eJihHhlX Y3JI0D cneKTp0MCTpa DhlIT0JIHJieTCJI CIICIIIH1JlhHOii nporpal\Il\Wii 

DECODTR, aHa.JIH3npy10nreii Bhlxo,n;Hy10 nmpopMarrn10 cncTeMhl c6opa ,n;aH

HhlX, 3anIIChlDaeMy10 Ha 2KeCTKIIH MarHHTHhlii: ,n;ncK. 3Ta nporpaMMa, ,n;P

rm,n;npyH nepBH'IHYIO HHq:>OpMarrmo 0 co6bITUH, CTIJ0IIT CTaTIICTH'Iecrme 

pacnpe,n;eJieHHJI cpa6aTbIBaHHJI 0T,D;eJibHhlX ::lJieMeHT0B ,n;eTeKT0IJ0D crreK-
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TpOMeTpa, ( 'IaCT0Tbl cpa6aTbIBaHlrn cnrHa.JihHbIX npoB0.II0'ICK nponopIIH0-

Ha./IhHbIX KaMep, CIIHHTH.11./IJIIIH0HHblX II T-IepeHK0BCKIIX CT-ICTT-IHKOB) H amt

.lIH3HpyeT 3<p<peKTHBHOCTb cpa6aTbIBaHIUI TpHrrepa. 

,l(JIJI TeXHIP-IeCK0ro II qm3IIKO-CTctTIICTII'ICCKOro M0HIIT0J)HHra 3Kcne

pHMCHTa ucnoJib3JeTcJI nporpaMMHhill K0MIT.JieKc BISON/ online. Ilpu ero 

C03AaHHH cy111eCTBCHH0 HCil0Jib30Ba./IHCb pe3JJ1bTaTbl H 0ilbIT pa3pa60TOK 

CHCTCMbl [16]. K 'IHCJIY 0CH0BHbIX 3aAa'I paccMaTpHBaeMoro K0Mil.lICKCa 0T

H0CHTCJI, B '!aCTH0CTH, onpeAeJieHHe napaMeTpoa nepeAaT0T-IHhIX <pyHKIIHll 

TpaeKT0pHoro ACTCKT0pa ycTaH0BKH [17] n cneKTJ)0MeTpH'ICCK0ro Mar

HHTa. Pe3JJibTaThI pernemrn 3THX 3aAaT-I ucnoJib3JIOTCJI A.JIJI onpeAeJieHHJI 

napaMeTpoB, xapaKTepH3JIOIIIHX pa6oTy K0Mil.lleKca annapaTypbI B IIC.II0M 

H ero 0TACJihHbIX 3BCHbCB (TeXHH'ICCKHll KOHTJ)OJib), a TaIOKe AJIJI <pH3H

'ICCK0ro K0HTJ)0.IIJI X0Aa 3KcnepHMCHTa. CaMbIMH 06111HMH xapaKTepHCTH

KaMH JIBJIJIIOTCJI 0IICHKH A0JIII co6bITHll (npuMep co6bITHJI, perHCTpupye

Moro ycTaHOBKon, npuBeAeH Ha puc.6) 3aAaHHon TonoJior1rn ( co6bITHJI c 

3aAaHHon MH02KeCTBeHH0CThIOj co6bITHJI, C0ACP2KaIIIHe pacnaA HettTpa.Jih

Hon 'IaCTHIIbI) II 'IaCT0Tbl perHCTpaIIHII penepHbIX q:>II3H'ICCKHX npo11ecc0B 

(pacnaAhI A0 ➔ p1r-, KJ ➔ 1r+1r- ). 'lacToTa perncTpaIIIIH TaKIIX co6bl

THH cocTaBJIJieT ~ 1, 5% II ~ 0, 8% cooTBeTCTBeHHo. Ilp1I 06111eM K0.JIH

'ICCTBe CTp0JIIIIHXCJI C0TeH CTaTHCTII'ICCKHX ofrbeKTOB (rIICTorpaMM, Ta-

6JIHII, AHarpaM_M pacceJIHIIJI II T.n.) Hau6oJiee 06111IIe xapaKTeplICTIIKII CII

CTCMbl K00PAIIHaTHhIX ACTeKTopoB npeACTaBJIJIIOTCJI B BHAe eAHHCTBeHHon 

Ta6J11Illhl ( CM. p1IC. 7) IIT0r0BbIX xapaKTepHCTHK, BKJIIO'IaIOIIIHX 0IICHKH 

MaTeMaTH'ICCKoro 02KIIAaHHJI MH02KCCTBCHH0CTH, pa3Mepa KJiacTepoB II 3<p

<peKTIIBHOCTb - Bep0JITH0CTb perIICTpaIIIIII K00J)AIIHaTbl T0'IKII, npHHaAJie-

2KaIIICH TpaeKT0pHH 'IaCTIIIIbl. 

6.2 IlporpaMMbl ,D;JIJI MOp;e;mponaHHJI, o6pa60TKH H aHa.T.IH3a 

p;aHHbIX 

,l(JIJI atta.JIII3a AaHHbIX 3KcnepIIMeHTa 3KC'lAPM pa3pa6oTaH cne11H

a.JihHbIH K0MilJICKC nporpaMM, pa6oTaIOIIIIIX Ha pa3JIH'IHhIX annapaTHbIX 

IlJiaT<pOpMax II B pa3JIH'IHhIX onepaIIII0HHbIX CIICTeMax. 

IIccJieAyeMbre <pH3W-IeCKIIe npo11eccbl M0ACJIIIPYIOTCJI rrporpaMMOH SIM

EX, pa3pa6oTaHHOH tta octtoae cIIcTeMhI GEANT-3 [21] .. IlpII rrpocJie2KH

BaHIIII 'IaCTIIII Ka2KA0ro co6hITIIJI IICII0Jib3JCTCJI ACTa./IbH0e 0IIHCaHIIe reo

MeTpHII ycTaH0BKH 3KC'lAPM, rrpIIMeHeHHhIX Bee K0HCTPYKIIIIII MaTepu-
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SEANCE=lO RUN=261 CYCLE= 57 EVN= 2227 

Puc. 6: lIJIJIIOCTpaIIIIJI co6bITHJI, perIIcTpHpyeMoro crreKTpoMeTpoM 3KC

'lAPM 

a./I0B II cy111ecTBJIOIIIHX cpeA. IlpH pac'!eTe 3<p<peKTIIBHOCTH perIICTpaIIIIII 

HCCJICAYCMbIX rrpo11ecc0B Y'IIITbIBaIOTCJI 3<p<peKTIIBHOCTb TpIIrrepa, oco-

6eHHOCTII K0HCTJ)YKIIHII II pa60Tbl nporropIIH0Ha./IhHbIX KaMep II CIICTCMbl 

HACHTII<pHKaIIIIII 3apH2KCHHhIX 'IaCTHII. B Ka'IeCTBe reHepaTopoa co6bITHll 

IICII0Jih3JIOTCJI KaK cTaHAapTHble (FRITIOF [22], PSM [23], JETSET [24]), 

TaK II crreIIIIa.JihHo pa3pa6oTaHHble M0ACJIH p02KACHIIJI 'IaCTHII. IIocJieAHIIe 

AaIOT B03M02KH0CTb rrpoBCACHIIJI 6bICTporo II rII6Koro M0ACJIHp0BaHHJI K0H

KpeTHbIX HHKJII03HBHbIX rrpo11eccoB, 'ITO II03B0JIJICT rro.n;o6paTb <peHOMCHO

JI0rII'ICCKHe rrapaMeTpbI MOAeJieii, 06ecrre'IHBaI0111IIe HaIIJIJ'IIIIee corJiacIIe c 

3KcrrepIIMeHTa.JihHhIMH AaHHbIMII. Pea.JIII30BaHHaJI B SIMEX cTaHAapTII3a

lllIJI 0CH0BHbIX AIIPCKTHB II 3aIIIICb pe3JJibTaT0B M0ACJIIIp0BaHHJI Ha BHCIII- . 

HHe HaK0IIIITeJIH AaHHbIX 3BM B eAHH0M <popMaTe DST 3KcrrepIIMeHTa 
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CeaHC=lO PaH = 268 Aara 24/8/1998 BpeMR o6pa60TKH 22.18.11 

ID=300 4Hcno co6blrni< = 13929 

n110CKOCTb AonR Kon-eo Kon-eo CpeAHHi< pa3· 3cp¢eKTHB· 

nK 0TKa308 npoeonoK K11acTepoa Mep Knacrepa HOCTb nK 

1 (lX) .017 7.35 6.487 1.133 .793 

2 (lY) .015 6.49 5.618 1.155 .829 

3 (2X) .000 9.41 7.675 1.226 .913 

4 (2Y) .001 8.42 6.734 1.250 .939 

5 (3X) .000 12.62 9.468 1.333 .969 

6 {3Y) • 000 10.66 8.180 . 1.303 .952 

7 (4X) .000 11.27 9.042 1.246 .976 

8 (4Y) .000 9.87 7.948 1. 242 .964 

9 (SU) .000 9.92 8.302 1.194 .895 

10 (5V) .000 9.34 8.147 1.146 .849 

11 (6X) .000 10 .. 33 8.508 1.214 .957 

12 (6Y) .000 9.17 7.511 1.221 .938 

13 (7X) .000 10.30 8.000 L288 .956 

14 (7Y) .000 9.40 7.546 1.246 .944 

15 (BU) .000 10.40 8.091 1. 285 .933 

16 (8V) .000 10.so 8.168 1. 285 .932 

17 (AX) .002 13.81 8.931 1. 546 .932 

18 (AY) .001 11.35 8.434 1.345 .914 

19 (AV) .003 13.57 8.604 1.577 .919 

20 (BX) .002 11.18 7.588 1.474 .930 

21 (BY) .001 9.65 7.481 1.291 .944 
22 (BV) .001 11. 07 7.558 1.465 .933 

23 (CX) .002 8.76 6.544 1. 339 .930 
24 (CY) .001 6.93 5.835 1.188 .859 

25 (CV) .002 8.99 6.909 1. 302 .912 

KonH4BCTB0 co6blTHi< C 4~CnDM rpeKOB ~ 4 6045 43.399% 

KonH4ecreo VO - co6blrni< 7214 51.791% 

KonH48CTBO KO-co6blTHi< 1567 11. 250 % 

KonH48CTBO LO - co6blrni< 969 6. 957 % 

Pnc. 7: Ta6.1rnu;a HTOrOBhIX xapaKTepHCTHK CHCTeMhI KOOPAHHaTHhIX Ae-

TeKTopoB ycTaHoBKH 3KG9:APM 
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o6ecrreTumaeT rroJIHYIO ym1qnmau;nIO rrpou;ecca o6pa6oTKH H aHaJIH3a 3KC

rrepnMeHTaJihHhIX II MOAeJIHpoBaHHhIX AaHHhIX. IlporpaMMa MOAeJIHpoBa

HHJI pa6oTaeT Ha Marmrnax Tima PC n Ha pa60Tn1x cTaHu;HJIX. OT AeJihHhle 

<i>YHKll;IIII rrporpaMMhl n cxeMa ee IIOCTpoeHIIJI orrucaHhI B [25]. 
,lJ;JIJI MaTeMaTII'IeCKOII o6pa60TKII rrepBIPIHhIX 3KCIIepHMeHTaJihHhIX AaH

HhIX u MOAeJinpoBaHHOII IIHq>opMau:1rn C03AaH MHoroq>yHKll;IIOHaJihHhIH rrpo

rpaMMHhIII KOMIIJieKc BISON. 3ToT K0MIIJieKc BKJIIO'IaeT B ce6JI HeCKOJihKO 

OTHocnTeJihHO caMOCTOJITeJihHhIX rrporpaMM. IlporpaMMa BISON-COR

PAR ncrroJih3YeTCJI A-'IR reoMeTpw1ecK011 KaJIH6pomrn MoAyJieii TpaeKTop

Horo AeTeKTopa - CHCTeMhI rrporropu;II0HaJihHhIX IGtMep. HcXOAHM HHq>op

Mau;1rn AJIR orrpeAeJiemrn rrapaMeTpoB rrepe,n;aTO'IHhIX q>yHKu;nii Koop,n;1rnaT

HhIX ,n;eTeKTO})0B - ,n;aHHhIC reo,n;e3IPfeCKIIX II3MepeHIIII H ,n;aHHhie perII

CTllall;IHI KaJIH6poBoTmoii (r BhIKJIIOTfeHHhIM MarHnToM) n pa6o'!e11 HHq>op

Mau;nn. Pe3yJihTaThI pa6oThI 3To11 rrporpaMMhI - yrnoBhle, rrpo,n;oJihHhle 

n rrorrepeT-IHhie rrorrpamrn JIOKaJihHhIX cncTeM K0OPAHHaT. B rrporpaMMe 

BISON-CORPAR peaJIH30BaH aJiropHTM, pa3pa6oTaHHhIII Ha ocHoBe Me

To,n;a, rrpe,n;JimKeHHoro B [18]. ,l(JIJI paCII03HaBaHIIJI TpaeKTopni', IICII0,1h3y

eTCJI rrporpaMMa BISON-TRAFIN. Ilpn co3,n;aHnH 3Toi'1 rrporpaMMhl nc

IIOJib3oBaHhl pe3yJihTaThI pa3pa6oToK [19]. IlporpaMMa reoMeTpw1ecKoi'1 

peKoHcTpyKu;nn BISON-GEOKIN [20] ncrroJih3yeTCJI ,ll;JIJI orrpe,n;e.TieHIIJI IIM

IIYJibca n reoMeTpwiecKHX rrapaMeTp0B TpaeKTopni'1 TfaCTHu;. B OTJIIP-me 

OT aJiropHTMa, KOTOJ)blll reHepnpyeTCJI MeTO,IJ;OM o6y<rnIOmei'I Bhl60pKII 

Ha ocHoBe perrepHoro q>H3w1ec1wro rrpou;ecca I(_~ ➔ n+ n- II ncrro.Tib3Y

eTcJI B CIICTeMe MOHHT0J)HHra 3KCIICIHIMeHTOB (B-aJiropnTM), B rrporpaMl\le 

GEOKIN rrapaMeTphr TpaeKTopm'i orrpe,n;eJIJIIOTCJI KoM61rnnponaHHhIM Me

TOAOM (E-aJiropHTM): KycoTmo-JinHei'rnoe q>HTnponam1e n TmcJieHHoe pe

rnem1e CHCTCMhl ,n;nq>q>epeHu;HaJibHhIX ypaBHeHIIi'I ,ll;BIDKeHIIJI TfaCTIIll; D Mar

HHTHOM IIOJie CO 3Ha'IHM0 HeJIHHCHHOII cpyHKll;IIerI IIH,IJ;YKLJ;IIII 

B(Bx(X, Y, Z), By(X, Y, Z), Bz(X, Y, Z)). 

CymecTBeHHo ycTyrrM B-aJiropHTMY D a,n;arrTIIBHOCTH, cKopocTn II 3Ko

HoMwrnocTn, E-aJiropHTM o6ecrre•rnBaeT 60.Jiee BhICOKOe HMIIYJihCHOe pa.,

pernemie. HarrpnMep, D o,n;nHaKOBhIX ycJIOBHJIX OTHOIIIeHne cnrml.TI/cl>oH D 

crreKTpe 3q>q>eKTHBHhIX Mace J(O ➔ 7r+7r- Ha 40% BblIIIe ,D;JIR E-aJiropnn.ta. 

IlporpaMMa BISON-STAR rrpe,n;Ha:maTieHa ,D;JIJI pacrro3Hanamrn n orrpP,n;P

Jiemrn rrapaMeTpoB co6hITHII perrepHhIX q>U3IPfecKnx rrpou;eccoB, rrocTpoe

HHJI H ,n;eKOMII03Ull;HH CTaTHCTH'fCCKHX pacrrpe,n;eJieHHII 3THX rrapaMeTpOB. 

06'Iie,D.1meHH11fl MHCTIITY~\ 

SI,D.epm,1x ll£7ITe,D.0DaH. lll1 '1· 

I BME[l_I10TEKA 



IlporpaMMa STAR ucnoJih3yeTcJI AJIJI onpeAeJiemrn 3cpcpeKTIIBHhIX 3Ha•1e

Hm1 cpymnrun MarHIITHOro noJIJI. Ilpn 3TOM Y'UITbIBaIOTCJI KaK II3MeHeHIIJJ 

MarHIITHOro nOJIJI OT ceaHca K ceaHcy, TaK n CJia6hIH Apeii:cp B paMKaX 

OAHOro ceaHca . 3Ta nporpaMMa JIBJIJICTCJI YA06HbIM IIHCTpyMeHTaJihHhlM 

cpeACTBOM AJIJI TeCTllpOBHHIIJI n HaCTJ)OI1KII aJiropnTMOB nporpaMM pacno-

3HaBaHIIJI n onpeAeJieHHJI napaMeTpoB TpaeKTOpnii:. IIporpaMMa BISON

TRAGEN - BHyTpncncTeMHaJI nporpaMMa HMHTarr1rnHHoro MOAeJinpoBa

HHJI TpaeKTOpHOH HH<pOpMarrnn, KOTOpa.JI npeAHa3HH'feHa AJIJI OTJiaAKH aJI

ropHTMOB nporpaMM reoMeTpH'feCKOl1 KaJIH6pOBKH, onpeAeJieHHJI 3<p<peK

TIIBHOCTeH II AP· Pe3yJihTnpy10rrrne cpaHJihI MaTeMaTwrecrwii o6pa6oTKJI 

3KcnepIIMeHTaJihHOH HH<pOpMarrnn H AaHHhIX BcnoMoraTeJihHhlX H3Mepemn'i 

(reoAe3H'feCKHX, MarHHTHhlX II T.n.) JIBJIJIIOTCJI BXOAHOH HH<pOpMarrneii: AJIJI 

perneHHJI rnnpoKoro KJiacca KOHKpeTHhIX <pH3H'feCKHX 3aAa'f. 

IIporpaMMHhIH KoMnJieKc BISON npeACTaBJIJieT cpyHKIIIIOHaJihHOe Ha

noJIHeHne cncTeMhI MaccoBOH o6pa6oTKH. B paMKax pernemrn 3aAa'f Mac

COBOH o6pa6oTKH pa3pa6oTaHa cncTeMa napaJIJieJihHOH o6pa6oTKH AaHHhlX 

IIAPIIC [26] Ha 6a3e KJiacTepa 3BM Tnna PENTIUM, ceTn ETHERNET 

n nepncpepnHHhlX ycTpoii:cTB Tnna Exabyte. ApxnTeKTypa co3AHHHOH cu

cTeMhl COOTBeTCTByeT cxeMe KJIIIeHT / cepBep. YnpaBJieHne KJiaCTepoM JIO

KaJIH30BaHO Ha cepBepe. PerneHa npo6JieMa MYJihTHAOCTyna K MaKpOMO

AYJIJIM IIAPIIC, n cJieAOBaTeJihHo, o6ecne'feHa B03M02KHOCTh IIcnoJih30BaTh 

KOMilOHeHThI ITAPIIC B HHTepaKTHBHOM pe2KnMe (KOHTpOJih, noArOTOBKa 

nporpaMM, 3BpHCTH'fecrrn11 aHaJIIl3 AaHHhlX) Ha <pOHe npoxmKAeHHJI OCHOB

Horo nporrecca - aBTOMaTwrncKoii: MaccoBOH o6pa6oTKH AaHHhIX . 

.ll:JIJI oT6opa co6hITHH BhlAeJieHHOH TonoJiornn n BhlnOJIHeHHJI cTaTn

CTH'feCKoro Il <pH3H'feCKoro aHaJIH3a pe3yJihTaTOB MOAeJIHpoBaHHJI n/IIJIH 

o6pa6oTKII IIcnoJih3yeTcJI MOAH<pnrrupoBaHHaJI nporpaMMa BISMXC [27]. 

CyIIIeCTBeHHoe coKparrreHne o6'beMoB aHaJIH3IIpyeMoii IIHcpopMarrrrn (6oJiee 

'feM B 6 pa3 oTHOCIITeJibHO o6'heMa cTaHAapTHhIX DST) n 6wcTphIH AO
cTyn K AaHHhlM AOCTIIrHyThl 3a C'feT pa3pa6oTKII II IICilOJih30BaHIIJI cne

IIIIaJihHOro KoMnaKTHoro cpopMaTa co6bITHM - XCOMPACT. IlporpaMMa 

pa6oTaeT Ha PC II Ha pa6o'fIIX cTaHIIHJIX. 

7 OcHOBHbie xapaKTepHCTHKH crreKTp0MeTpa 

IlpoBeAeHHOe MOAeJiupoBaHIIe ycJIOBHM 3I(cnepnMeHTa MeTOAOM MoHTe

KapJio no3BOJIIIJIO onpeAeJIHTh 02KHAaeMhle pa3perneHIIJI no HMnyJihcaM 3a-
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PJI)KeHHhlX 'faCTHII II 3<p<peKTHBHhIM MaccaM HCCJieAyeMhIX COCTOJIHHM. 3a

BHCIIMOCTh HMnyJihCH0ro pa3perneHHJI AJIJI 3apJI2KeHHhIX IIIIOHOB, perucTpH

pyeMhIX ycTaHOBKoii, OT BeJIH'fIIHhl nx HMnyJihca P AJIJI noJIJI MarHIITa CII-

40A npII TOKe 1000 a npu6JIH2KeHHO onucwBaeTCJI cpopMyJioii 

a(P)/ P ~ 10-3 • Jap · P 2 + 34, 55 , 

rAe ap = 0,65 (r3B/c)-2. 

CpaBHeHIIe 02KHAaeMbIX H 3KcnepIIMeHTaJihHhIX xapaKTepIICTIIK no Mac

COBOMY pa3perneHHIO AJIJI pa3JIH'fHhlX 'facTIIII npeACTaBJIJieT Ta6JI. 3. B Ka

'feCTBe penepHbIX 'faCTHII HCn0Jih30BaJIHCh AO H J(0 , cTaHAapTHhle OTKJIO

HeHIIJI B pacnpeAeJieHHJIX 3<p<peKTHBHhlX Mace K0TOpbIX MoryT C'fHTaTbCJI 

annapaTypHhlM pa3perneHneM cneKTpoMeTpa. 

Ta6.11nrra 3 

'-lac- Macca, M::iB/c2 u (I'aycca), M::iB/c2 

THI~a Ta6Jiwrnair Mo,11e.n:b Ha6JI10,11aeMair Mo,11e.n:b Ha6JI10,11aeMa 
go 497,672±0,131 497,720±0,147 497,660±0,114 3, 795±0,180 3, 760±0,220 
Ao 1115,684±0,006 1115,902±0,006 1115,902±0,014 1,544±0,014 1,548±0,013 
~ 1321,32±0,13 1321,30±0,02 1321,8±0,4 1,895±,0,190 1,972±0,099 
n- 1672,45±0,29 1672,7±0,1 1672,7±0,4 2,01±0,10 2,25±0,57 
j\O 1115,684±0,006 1115,858±0,102 1115,825±0, 027 1,296±0,024 1,238±0,007 
3+ 1321,32±0,13 1321,7±1,0 1321,7±0,8 1,852±0,037 1,79±0,13 
n+ 1672,45±0,29 1672,5±1,2 1672,0±1,2 2,121±0,050 2,19±0,64 

Pa3perneHne cneKTpoMeTpa no 3cpcpeKTHBHoii Macce npon.11.1110cTpnpo

BaHo TaK2Ke Ha pnc.8 AJIJI I(~ (a), A0 (6) n X.0 (B). 

Ha pnc.9 npnBeAeHhl paCC'fHTaHHhle reoMeTpH'feCKHe 3<p<peKTIIBHOCTH 

perncTparrnn cneKTpoMeTpoM o'fapoBaHHoro 6apnoHa At, pacnaAaIOIIIe

rocJI no KaHaJIY A1r+1r+1r-, ,[\JIJI <pHKcnpoBaHHhIX 3Ha'!eHuii ero npoAOJih

Horo HMnyJihCa B 3aBHCHMOCTH OT nonepe'IHOro HMilYJihCa. reoMeTpH'fe

CKaJI 3<p<peKTHBHOCTh perncTparrnn npOAYKT0B pacna,L1a 6apHOHa no 3T0MY 

KaHaJIY, Bhl'fHCJieHHaJI AJIJI MOAeJin HHBapnaHTHoro ce'feHHJI po2K,L1eHHJI At, 
napaMeTpH3yeMOH Bhlpa2KeHHeM 

E d2u (1 X )n -bP,2 
. dXpdPj (X - F • e T' 

r,l(e E- 3HeprHJI 'faCTHIIhl, Xp - cpeHHMaHOBCKaJI nepeMeHHM, Pr- nonepe'f

HhIM HMnyJihC, npn 3Ha'feHnJix n=2,5 n b=l,5 (I':JB/c)- 2 , onpe,l(eJieHHhIX 

paHee B pa6oTe [28], ,[\JIJI o6JiaCTH Xp 2:: 0 COCTaBJIJieT ~o,9%. Ilpn 3TOH 
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PIIc. 8: CneKTphr acpcpeKTIIBHbIX Mace cocToHHIIH 1r+1r-(I(~) (a), pn-(A0 ) 

(6) II p1r+(.i\_O) (B) 

)Ke napaMeTpII3arvrn reoMeTpII':IeCKM 3<p<peKTIIBHOCTb perIICTpaIIIIII npo

,n;yKT0B pacna,n;a 6apIIOHIIH K(3100) no Kamu1y A0p1r+1r+ B o6JiacTII XF 2: 0 

COCTaBJIJieT ~0,3%. 

8 OcHOBHbie q>H3lPieCKHe peayJibTaTbl 

B pe3yJibTaTe 3KcnepIIMeHTOB, npoBe,n;eHHblX B 1992.:1997 ro,n;ax C no

MOIIJ;bIO ~neKTpoMeTpa 3KG9APM, HaKonJieHa IIH<popMaIIIIH o ~ 6 · 108 

nC-, nCu- II nW- B3aIIMo,n;e:i-icTBIIJIX. Ha ocHoBaHIIII aHaJIII3a qacTII 3TOH 

IIHq>OpMaIIIIII noJiy'leHbl CJie,n;yIOIIJ;II~ pe3yJibTaTbI: 

1. IIccJie,n;oBaHbl [29] xapaKTepIICTIIKII po2K,n;eHIIJI 0'IapoBaHHOI'O 6apIIOHa 

E~' II3MepeHa pa3HOCTb Me:lli:,n;y MaccaMII 0'IapoBaHHbIX 6apIIOHOB E~ 
II At, K0TOpM C0CTaBIIJia (167,8 ± 0,6(cTaT.) ± 0,2(CHCT.)) MaB/c2

; 

II3MepeHO OTHOIIIeHIIe napIIIIaJibHblX IIIIIpIIH pacna,n;oB At no KaHaJiaM 

At ➔ A01r+1r+1r- II At ➔ J{0p1r+1r- , KoTopoe paBHO 2,6 ± 1,2. 

IloJiy'leHHble ,n;aHHble BKJIIO'leHbl B ofoop no q>II3IIKe 'laCTIIII [30]. 

2. IlpoBe,n;eHO IICCJie,n;oBaHIIe [31] xapaKTepIICTIIK IIHKJII03IIBH0I'0 po:lli:,n;e

mrn </>-Me3oHoB B nC-B3aIIMo,n;eiicTBIIHX II onpe,n;eJieHo ce'leHIIe po:lli:,n;e-
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PIIc. 9: 3aBIICIIMOCTb acp<peKTIIBHOCTII perncTpau;nn At ➔ A1r+1r+1r- OT 

nonepe'fHOI'0 IIMny JlbCa (Pr) 6apIIoHa ,ll;JIJI pa3JIH'IHblX q>IIKcupoBaHHblX 

3Ha•ieHIIH ero npo,n;oJibHoro HMnyJibca (PL) 

HHJI </>-Me30HOB, KOT0poe ,D;JIH noJIHOH KI-IHeMaTWfeCKOII o6JiaCTII paBHO 

(267 ± 60(cTaT.)± 9(cncT.)) MK6/HYKJIOH. 

3. IlpoBe,n;etto HccJie,n;oBaHIIe xapaKTepIIcTHK napttoro po:lli:,n;emrn </>-Me3o

HOB B nC-B3aHMo,n;encTBIIHX 1-1 onpe,n;eJieHo ce•iem1e Ta1mro npou;ecca. 

B HaCTOJIIIJ;ee BpeMJI npo,n;om1rneTCJI aHaJIII3 HaKOilJieHHblX ,n;aHHblX C 

IIeJibIO: 

e IlOHCKa 3K30TH'-IeCKHX MHOI'OKBapKOBbIX COCTOJIHHH; 

0 II3y'leHIIJI xapaKTepIICTHK OKOJIOilOporoBoro a,n;poHHOI'0 pmK,n;emrn o·m

poBaHHblX 'laCTHII; 

• HCCJie,n;onaHHJI napHoro II aCCOIIHaTIIBHOI'O pmK,n;eHHJI </>-Me:JOHOB II npo

BepKII cTeneHII Hapyrnettn.11 npaBIIJia OU:II; 

• onpe,n;eJiemrn xapaKTepIICTIIK a,n;poHHoro po2K,n;emrn n pacna,n;a rnne

potton, aHTIII'IInepoHOB II CTpaHHblX pe30HaHCOB. 
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9 3aKJIIO"leHI-Ie 

Co3AaHIIe cneKTpoMeTpa 3KGt-IAPM B HOBOII 3KcnepHMeHTa.JihHOII 

30He 1<:attaJia 5H cepnyxonc1wro ycK0JHITeJrn oTKphrJio O'IepeAHOII 3Tan B 

nporpaMMe nccJieAOBamn'i xapaKTepIICTHK aApottttoro po2KAeHirn 9acTIIQ. 
Ero IICn0Jih30BaHIIe no3B0JIHeT noJIJ'IIITh H0Bbie 3KCnepnMeHTaJihHble AaH

Hhle no p02KAeHIIIO 09aponaHHhIX 6apnoH0B, q>-Me30HOB, rIInep0H0B II CTpaH

HhIX pe30HaHC0B. 
ABTOphl npII3HaTeJibHhI A.M.BaJIAIIHY, A.A.Jloryttony, P.r.IT03e, 

lI.A.CaBirny, A.H.CIIcaKHHY n H.E.T10pIIHY 3a n0AAep)KKY pa6oT no co-

3AaHHIO II pa3BIITIIIO cneKTpoMeTpa, A.II.ByropcKoMy - 3a coAettCTBIIe B 

opraHII3a~IUI MaKCIIMaJihH0 3<p<peKTIIBHoro era IICn0Jih30BaHIIH, K0JIJieKTII

BaM CH3O II II<t>B3 - 3a noM0~h B noAr0T0BKe cneKTJ)0MeTpa K 06Jiy9e

HIIIO II o6ecne9eHIIe CTa6IIJihHhIX ycJIOBIIll npoBeAeHIIH ceaHC0B era 3Kcno-

3IIQIUI. 

Pa6oTa BhIIl0JIHetta npII_ n0AAep)KKe P<t><t>II (rpaHThI 96-02-18734, 96-

07-89190, 98-07-90294) 
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AneeB A.H. II llp. 
CneKTpOMeTp 3KCYAPM 

Pl3-98-286 

)].nll IICCJie)lOBaHilll xapaKTepIICTIIK anpoHHOro pmK)leHilll OtJapoBaHHbIX tJaCTIIU II nOIICKa 
JK30THtJeCKIIX MHOfOKBapKOBhIX cocTOllHIIH coJ)laH MamIITHhIH cneKTpoMeTp 3KCYAPM. 
CneKTpOMeTp pacnonoJKeH B HeHTpOHHOM KaHane 5H cepnyxoBCKOro ycKOpl!TeJI51. OcHOBY 
cneKTpoMeTpa COCTaBJI51IOT cneKTpoMeTpiltJeCKIIH MafHIIT CIT-40A, 11 nponopUIIOHaJibHbIX 
KaMep (CIICTeMa Il3 25 CilfHaJibHblX flJIOCKOCTeii), )lBa MHOfOKaHaJibHbIX noporoBhIX ra30BbIX 
tJepeHKOBCKIIX CtJeTtJIIKa II CIICTeMa CUIIHTl!JIJillUIIOHHbIX CtJeTtJIIKOB. 3neKTpoHIIKa cneKTpo-
MeTpa Bhmonttena, B ocHOBHOM, B CTaHJlapTe KAMAK. Cpenttee pa3perneHI1e no Macce A 0, 

- 2 0 aoccrnttoBJieHHhIX no Kattany pacnana p 7t , cocTaBJilleT 1,5 M::iB/c , no Macce Ks, pacrrana-
+ - 3 8 2 -0 -0 - + 2 IOIUIIXCll no Kattany 7t 7t , - , M::iB/c , no Macce A (A ➔ p 7t ) - 1,2 M::iB/c . feo-

MeTpwiecKall ::icpcpeKTIIBHOCTb perncTpaUIIII npOllYKTOB tJeThlpextJaCTiltJHblX pacna)lOB 

o4apoaaHHoro 6apI10Ha A+, conepJKalllIIX HeiiTpanhHYJO crpaHHYJO tJaCTIIUY AO HJIII K 0
, 

C 

COCTaBJilleT ::::: 0,45 %. 

Pa6oTa BbinOJillel!a a Jla6opaTOpI1I1 CBepXBblCOKIIX JHeprnii 0115111 IIpII noMepJKKe 
P<JJ<JJH (rpaHTbl 96-02-18734, 96-07-89190, 98-07-90294). 

npenpHHT 061,e)lHHellHOro HHCTHTyra 51/lepHLIX HCCJie)lOBaHHii. Dy6Ha, 1998 

TTepeBO)l aBTOpOB 

Aleev A.N. et al. 
EXCHARM Spectrometer 

P13-98-286 

The EXCHARM magnetic spectrometer has been employed to study charmed particle 
hadroproduction characteristics and to search for exotic multiquark states. The spectrometer 
is placecl in neutron channel 5N of the Serpukhov accelerator. Spectrometric magnet SP40A, 
11 pr c"tional chambers (25 signal planes system), two multichannel threshold r· -
Cher, counters and scintillator counters sytem form the base of the spectrom, 
The nics of the spectrometer was made mainly in CAMAC standard. The mean rr. 
resc . of AO reconstructed from the p 7t- decay channel is equal to 1.5 MeV/c2, of 

fron 7t+ 7t- decay channel - 3.8 MeV/c2, of Ao (Ao ➔ p 1t-) - 1.2 Me Vt. 

The 1etrical efficiency of the registration of the products. of charmed baryon A+ fot 
C 

part 1ecay with neutral strange particle AO or K 0, is equal to ::::: 0.45 %. 

investigation has been performed at the Laboratory of Particle Physics, JII\ 
and ~ orted by the Russian Foundation for Basic Research, grants 96-02-18734, 96-0' 
8919 .id 98-07-90294. 
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