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TTepeHOJl ,lHTOpoH 

Artemov V.M. et al. . . Pl-95-346 
1t, e, µ-Identification on the ISTRA~M Setup 

' . . 
The.results of the investigation of the ISTRA-M setup detector (electromagnetic 

and hadrnn calorimeter, muon hodoscope) respbnce for thr~e · types of charged 
particles -:-- 11:-meson, .electron and muon are described. Accuracy characteristics 
of these detector~ are reported. The study was carried out using ~lectron beam, 
. ' . ' ' ., . . 0 
(energy ;.. 10 GeY) and wide muon beam. K,- ➔ 1t-1t decay was used to select 
1t-mesons. The values of the 1t, e, µ-rejection fo°r various pairs of particles ,11 the 
mean energy .,.. 10 GeY are obtained .. 

The investigation has been ·performed at the Laboratory of Nuclear Problems, 
JJNR. . . 

. I . . . 
Communication of the Joint Institute for Nuclear Research. Duhna. 1995 . 



Ilpu auaml3e pe3yJibTaTOB 3KCrrepuMeHTOB B <j:JI13!1Ke BbICOKI1X 3Heprufi: 60JibIIIOe 3Ha

'!CIIIIC HMCCT nne11TI1<j:J11Kaum1 TUITa 'laCTI1U, y'laCTBYIOIIII1X B peaKUI1SIX, pacrranax 

H T.,U. B 'laCTJIOCTI1, 3TO SIBJISieTOI oco6eHHO Ba)KHbIM rrpH H3y'leH!1H pe)lKI1X pac

na.uoB J{ -MC30HOB. Ecnn .llJISI Bbl,lleJieHJUI nepBI1'lHbIX 'laCTI1U IIIHpOKO HCITOJib3YIOT

CSI noporOBblC 'lC!)CHKOBCKllC C'leT'll!Kll, TO JlJISI nneuTn<j:JnKaIIIlli Tirna BTO!)ll'lHbIX 

3apsr,1,e11I11,IX 'laCTHU '!aCTO neo6xo.unMbl crreunaJibHble .ueTeKTOpbI. Ha ycTaHOB

Ke HCTPA-M HMeeTcsr Tpn TaKnx .ueTeKTopa: 3JieKTpoMarunTHbIH KaJiopnMeTp, 

aJlJlOHHbIH rrnnopnMeTp n MIOOHJibIH nneuTn<j:JnKaTop. B .uanuoii pa6oTe rrpoBO.llllT

csr H3Y'ICHHe pcaKUIII1 3Tl1X JlCTeKTO!)OB Ha Tpn Tnrra 3apsr)KeHHbIX 'laCTllU (M!OOHbl, 

7!'- -Me30Hbl Ii 3JICKTpOHb!). 

2 YcTaHOBKa HCTPA-M 

Y cTaHOBKa HCTP A-M - 3TO Mo.uepnn31!pOBaHHblfi: BapnanT ycTaHOBKll HCTPA, 

co3namro/:i B ua'!ane 80-x ro.uoB ua Kauane 4A yCKopnTeJisr Y-70 B IlpoTBnuo .um11!3Y

'!e1rnsr pemmx Mon pacrra.uoB 1r- - n J(- -Me3onoB. B cepe.unue 80-x ronoB Ha ycTanoB

Ke nony'!el! psr.u llHTepeCHbIX pe3yJibTaTOB no n3y'!eHUIO ll3BeCTHbIX I! llOllCKY HOBbIX 

pacnanoB 1r-- n K--Me30HOB [l]. Ilocne cymecTBeirnoii Mo.uepH1!3aUl!ll B 1989-1992 

ro.uax ycTaHOBKa 6bIJia Ha3BaHa HCTPA-M. B uacTosrmee BpeMsr Be.lleTcsr o6pa6oT

Ka .uaHJibIX c Tpex ceancoB, npoBe.ue11HbIX B 1992 n 1994 ro.uax. Ilony'leHbl rrepBbie 

<pH3H'!ec1me pc3ynbTaTbI - 6bIJIU ll3Mepe~Ibl rrapaMeTpbI .X+, .\0 <j:JopM<j:JaKTopoB B 

pacrrane I(--+ µ-v1r0 [2]. Ha pnc. 1 rroKa3ana cxeMa ycTaHOBKn lilCTPA-M. 

fly'loK I(- -Me3onoB BbI,UensreTcsr 'lepeHKOBCKUMll rroporoBbIMn c'!eT'lUKaMn Cl + 

C4 JI cunnTnnnsrunonHbIMll c'!eT'lllKaMl! Sl+S5. IlporropunouanbHble KaMepbI PCl+ 

PC6 n rry'lKOBbIH MarunT BM rrpe.uua3Ha'leHbl .UJISI orrpe.ueneunsr uarrpaBJICHl!SI I! 

YTO'lHCHllSI HMIIYJibCa I{- -Me30Ha. 3a IIY'lKOBbIMll KaMepaMn pacrroJIO)KCH pacrra.u

Hbllf o6'beM VT, OKpy✓KeJIJiblll BOCCMbIO KOJibUaMn 'lepeHKOBCKllX C'lCT'lllKOB oxpau

HOH cncTeMu GS, pacrrpeneneunux a.uonb Tpy6b1. 

3a pacrra)lHbIM o6'beMOM UMeeTCSI TpeKOBasr CllCTeMa, COCTOSIIIIaJI 1!3 'lepe.uyIO

mnxrn X- n Y-rrnocKocTeii .upeii<j:JoBbIX KaMep DC1+DC16, KOTOpbie cny✓KaT .unsr 

BOCCTaHOBJieHIUI BCpIIIUHbl pacrra.ua Ii ll3Mepeunsr yrJIOB BXO,lla BTOpl!'IHbIX 'laCTllU B 

'CIIeI(TpOMCT!)ll'lCCKllll MarHIIT SM. qepeHKOBCKllli CIICKTpOMeTp IIOJIHOro rrornome

HI1SI SP-2 rrpe.u11a3Ha'l.eH ,llJISI perncTpaUl!ll BTOpll'IHblX 3JieKTpOHOB II ,-KBaHTOB, 

JICTSIIIIllX rro.u 60JibIIIllMll yrJiaMn. 

TpaeKTopnsr BTO!)ll'lHOll 3apsr✓KeHHOll 'laCTllUbl IIOCJie MarHnTa perncTpnpyeT

CSI TpeKoBoii cncTeMoii, cocTosrmeii 113 IIJIOCKOcTeii .upeii<j:JoBbIX Tpy6oK DTl + DT12. 

MaTpn'IHbIH ro.uocKorr MH rrpe.una3Ha'leH .um.1 l!.lleHTlI<j:JnKaun~ (BMecTe c .upeii<j:Jo

BbIMH KaMepaMH lI .upeii<j:JOBb!Mll Tpy6KaMn) rrpocTpaHCTBeHHbIX TpeKOB BTOpl!'lHbIX 

"'!aCTHU. 

qepeHKOBCKuii cneKTpOMeTp rronuoro nornomenusr SP-1 orrpe.uensreT KoJin'leCTBO 

3JieKTpoMarHHTHblX JIHBHeii; H3Mep11eT nx 3HeprHIO Ii KOOp,llHHaTbl. Henocpe,llCTBeH-

Hayqao-teka11qecKaa 
6ntSaaoTeaa 

OHSIH 
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Puc. 1. YcTaHoBKa MCTPA-M: Cl+ C4 - 'IepeHKOBCKIIe C'IeT'IIIKn; Sl+S5 

- CUIIHTIIJIJillIJIIOHHble cqeT'IIIKII; PCl + PC6 - rrporropunoHaJibHhre KaMepb1; 

BM - rry'IKOBblii: Marmn; VT - pacrramrall Tpy6a; GS - oxpannall cnCTeMa; 

DC1+DC16- .n:peii:4>0Bble KaMepbI; SP-2 - ,.1epe11KOBCKIIii: crreKTpoMeTp; SM 

- crreKTpoMeTpH'IeCKIIii: ManrnT; DT1+12 - .n:peii:4>0Bb1e Tpy6KH; MH -

MaTpHqHbIH ro.n:ocKorr; SP-1- qepeHKOBCKIIH crreKTpoMeTp; HC- a.n:pmmLIM 

KaJiopIIMeTp; µH - MIOO!lllbIH ro.n:oCKOII. 

J 

HO 3a crreKTpoMeTpoM SP-1 pacrroJIO2KeH a.upoHHbIH Kanop11MeTp HC, rrpe.uHa3na

qennhIH .umr 11.ueHT11qnmau1111 MIOOHOB 11 .umr ynyqrneHnll pa3nenenm1 3JieKTpo11OB 11 

anpoHOB. IlocJieJ].HIIM .ueTeKTOpOM ycTaHOBKII llBJIJieTCJI MIOOIIHbIH u.uewrnc!mKaTop 

µH, OT.UeJieHHhlH OT anponnoro KaJiopIIMeTpa 2KeJie3IIbIM rrorJIOTl!TeJICM TOJIIUHIIOH 

~ 200 CM ITO rryqKy. 

1Im111.ueHT11qmKaun11 Tl!rra BTop11qnhIX qacTIIU cJiy)l(aT SP-1, HC 11 /LI-I, 11O::JTOMY 

OCTaHOBIIMCll no.n:po6Hee Ha IIX KOHCTPYKUIIII. 

2.1 3JieKTpOMal'HllTHbIH KaJIOpn:MeTp 

fo.uocKorrIIqecK11H qepeHKOBCKIIH crreKTpoMeTp rronHoro rrornoruemrn SP-1 rrpe.ucra

BJilleT co6oH Ma'rp11uy 24 X 24 113 cqeTql!KOB pa3MepoM 5.2 X 5.2 X 20 CM3 113 CB11HUOBOI'O 

CTeKJia MapKII T<l>-5 C OTCYTCTBJIOIUl!MII qeTbipbMll l(eIITpaJJLHLIMl1 C'le'J'q1maM11 B 

MecTe rrpoxo2K,n:eH11JI· nyqKa [3]. KoncTpyKT11BHbie oco6eHHOCTII crreKTpoMcTpa, xa

paKTep11cT1IKII .ueTeKTopa II OT.UCJibHLIX ero cqeTql1KOB, crroco6LJ IlaC'I'J)OllKH, IIJ)llll

UIIIIbI CJie2KeH.1Ill 3a CTa6HJihHOCTLIO pa60TLI, BOIIJ)OCLI, CBJI3aHHLIC C aJI!'OJ)l1TMaM11 

KaJI116poBKII, 3HepreT1IqecKOH II reoMeTpliqecKOll peKOHCTPYK1(111I co61,JTIIl1 B CllCK

TpOMeTpe rro.upo6HO 113JIO)KeHhl B pa6oTax [3, 4, 5]. B 3TIIX pa6oTax IIOJ1yqc111,1 
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cneny101u11e 3as11c11MOCTH :mepren1qec1mro n KoopnnHaTHoro pa3perneHIIH crreKTpo-

MeTpa OT :rneprnn: 
O'E 0.08 
E = 0.045 + vE' 

0.68 CM (2xo) 
O'X,Y = 'IE ·exp d ' 

r.n:e £' - 3Hepr1IJI 3JieKTpona; Xo - KOOp.UIIHaTa 3JieKTpOHa OTHOCIITeJibHO rpaHIIULI 

.UBYX J)ll.UOB cqeTq1moB, KOTopy10 rrepeceJ<aeT JIIIBeHhj d = 5.2 CM - rrorrepeqHhlH 

pa3MCJ) cqeTqlIKa. 

2.2 AJlpOHHhIH KaJiop11MeTp 

fonornorrnqecKnH a.upoHHhIH KanopnMeTp c arrepTypoH 140 x 140 cM2 rrpe.ucTaBmr

eT co6oi'.1 .ueTCKTOp TJma C:lH.llBIIq, B KOTOpOM ro.uocKOIIIIqeCKIIe CUIIHTIIJIJDIUIIOHHhle 

IIJIOCKOCTII rrpoCJIOeHhl CTaJI1'Hh!MII KOHBepTopaMII [6]. 

Il.,}'.'!OK 6) 

a) 

P:uc. 2. A.n:poHHbiii: KaJiopHMeTp. 

KaJiop1IMeTp pa3.UeJieH Ha ceML rrpo.uonLHLIX II.UeHTII'IHbIX ceKUIIH. B KaqecTBe 

KOHBepTopoB IICIIOJIL3JIOTCJI CTaJILHLie ·rrnaCTIIHbI C rrorrepeqHhlM pa3MepoM 140 X 

140 CM2 II TOJIIUIIHOH 2 CM. Ka2K.Uall ceKUIIJI co.uep2K1IT rnecTL I'O.llOCKOIIIIqecKIIX 

.IIJIOCKOCTeH, co6paHHblX HX 7 CUHHTIIJIJIJIUIIOHHLIX nnacnrn .UJIIIHOH 140 CM, llIIIpII

HOH 20 CM II TOJIIUIIHOH (no rryqKy) 0.5 CM. B qepe.uyIOllllIXCJI I'O.llOCKOIIIIqecKIIX 

IIJIOCKOCTJIX .UJIJI II3MepeHIIJI X- II Y-KOOp.UIIHaT CUIIHTIIJIJIJIUIIOHHhle IIJiaCTIIHhl pac

rronaraIOTCJI rreprreH.UIIKYJillpHO .upyr K .upyry. B ueHTpaJILHOH qacTII .ueTeKTopa 

IIMeeTCJI CKBO3HOe OTBepCTIIe .UIIaMeTpOM 20 CM .UJIJI rrporrycKaHIIH rryqKa (puc. 2). 

3 



Kam16poBKa anpoHHoro KaJIOpHMeTpa rrpoBO.UHJiaCb pa Ily<IKax 71"- -Me30IIOB C 'JIIC']l

rneu 25 f3B, 3JieKTpOHOB C 3Heprnei\ 10 f3B 11 llII!pOKOM <pOIIOBOM IIJ"!K<' ~l!OOI!Oll 

[6, 7]. CnrHaJI OT Il]lOHI!KaIOruero MIOOHa B cpenneM COOTBeTCTByeT :rncpnrn a.upo11a 

OKOJIO 1. 7 f3B. P!3pernemre no 3Heprnn .UJill a.uponoB: 

,UJill 3JieKT]lOHOB: 

0.55 
O'E =0.02+ ,/E' 
E 

O'E 0.38 

e = ,IE. 

2.3 MrooHHhIH .n;eTeKTop 

II:Jrn perncTpaIIHII MIOOHOB ITpen11a311at.J:e11 pacITOJIO)Ke11m,1i\ B KOillle ycranoBKH MIO

OHHhlll neTeKTOp µH ( CM. pIIC. 1 ), KOTO]lbIH OT,UeJieH OT anponnoro KaJJO]lHl\leTpa. 

)KeJie3Hb!M ITOrJIOTHTeJieM TOJIIUIIHOll ~ 200 CM ITO ITYt.J:Ky. Tonrunna iKeJie3a Bhr6pa

na C yt.J:eTOM ITOJIHoro ITornoruemrn a.upoHOB BCJie,UCTBIIe ll,UC]lHhIX B3a.HMO,UeHC'I'Bl11°! 

II 3JieKT]lOHOB BCJie,UCTBHe pa,UIIil,IIIIOHHhlX ITOTepb. IleTeKTO]l ITpencTaBJil!CT co6oh 

MaTpIIIlY II3 7 X 7 KBanpaTHbIX llt.J:eeK CIIHHTIIJIJil!TOpa (6e3 uenTpaJihllOI! l!'-leiiim) 

pa3MepoM 20 X 20 X 0.5 CM
3

' perIICT]lIIJlYIOIUIIX IT]lOXO,K,Uenne MIOOHa.. 

3 PeaKQJiUI .n;eTeKTOpOB ycTaHOBKH Ha pa3JIJiiqHbie 

THilbl qacTHU: 

B Kat.J:eCTBe o6l!3aTeJibHOI'O ycJIOBIIll perIIcTpanrrn BTOpHt.J:I!OH 3apl!)KeJIJIO}I '-!aCTHIU,I 

Tpe6yeTcll ITOITana1rne ee TpeKa B a.ITepTyphl SP, HC, µII. 

3.1 MrooHhl 

Ilnll aHaJIII3a peaKUIIII ,UeTeKTOpOB ycTa!IOBKII na ITpOXOiK,Uemre MIOOHOB IICIIOJ!h30Ba

JiaCb IIH<popMaUIIll, ITOJIY'-ICHHal! Ha llIIIpOKOM <pOIIOBOM ITJ'IKC MIOOIIOB, rrpOXO)lll!l(CM 

t.J:epe3 BCIO ycTaHOBKY. 

MIOou ITpII rrpoXO)KJJ:CHIIII t.J:epe3 SP-1 .uaeT xapaKTepno Manoe :rncproll!,IJJ:eJ1e11Hc 

B O.UHOM !IJIII .UBYX CTCKJia.X CITeKT]lOMeTpa. Pa.crrpe.uenemre ITO :rncproBJ,l)lCJICH1110 

MIOOHOB B SP-1 rroKa3aHo Ha pIIc. 3a. B 65% cnyt.J:aeB MIOOH .uaeT 311eproBI,I,UeJJen11c 

HII)Ke rropora (200 M3B). Ha pHCYHKe TaKIIe cJryt.J:aII nc rroKa.3atihI. Bepol!THOCTh 

naTh 3HeproBhrileJieHIIe 60JihllIC 0. 7 f3B - 2.2 %. 
B HC MIOOH B 6oJJhllIIIHCTBe cJiy'-laeB naeT 3HeproBhl)leJieHIIc TOJihIW B Tex w1di

Kax, t.J:epe3 KOTO]lhie ITpoxo,n:IIT ero TpeK. Ha pnc. 2 noKa3ana xa.paKTcpnall ['('OMC

TpIIll 3neproBhr,UeJieHIIll B HC OT MJoona.. Mo)KHO BBecrn CJICJlYiomne 1·coMeTpn•1c

cKIIe KpIITC]lIIH, onpeneJill!OIUHe rrpoXO)K,Uemrc MIOOlla. '-ICJ)C'.l IIC: 
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Pnc. 3. Parnp<'Jl<'JW!lllll no :rnepro111,1.nene111110 11 SP-I (a) 11 JI(' (6) nn11 moo11on. 

• Cpa6a.Th!Ballll(' o.zumx II T<'X )K(' ll'l<'<'K ( ]lllC. 2a) 11:111. ec:111 Tpt'K II<'JWXOJUJT 11'.I 

OJlllllX ll'l<'l'K B COC<'Jlllll(' 110 l\lP]l(' npoXOiKJl('IIJl}I BJlOJJI, Ka:JOJ)ll!\l<'Tpa (p11c. 26). 

cpa.6a'J'J,1Ba.1111e ll'l{'{'I( BJlOJJI, TJ)PKa. Cpa6aTh!Billlllll JlOJl)KIIJ,I 61,1-r1, no ~1{'111,111('11 

MPJl<' B Jll!TII C<'KllllllX B Ka.iKJlOII 11'.I llJlOPKllllll X 11 ) .. 

• CooTBP1TT\HI(' upoc-rpam·Tll('llllOfO TJ)<'lia. 113!\l{'J){'ll!IOl'O T!J('M)Bl,l!\111 Jll'Tl'KTO-

pa.Mu, cpa6oTaJIUIHM ll'll'i"IKal\1 • 

I3 CJ1y•1ac Bh1IIOJJll{'lll1ll 3TllX ycJJOJIHII 'laCTilllP 11p11c11a1111aC'TCll l'('(J~leT]lll'll'CKllll np11-

31IaK M10011a B HC. TaKoii. np1111iaK 11!\lt'IOT !l5% !\11oonoB. 

Pa.cnp<'Jll'JJPIIHP no :mep1·0111,1,ne11e111110 !\110011011 JI II C n0Ka:1a110 11a. p11c. :l6. BPpo-

ll'l'IIOCTI, JlaTI, :mepl'OllblJlCJJPIIIW 60J11,1J1<' :.l.0 l':iB 1.8 %. 
lkpOllTJIOCTJ, cpa6a.T1,1Ba.I1I1ll !\l!OOIIIIOl'O Jll'T('KTOpa ll]lll npOXOiKJl{'IIJIII !\IK)Ollil 

81 %. Il<''.l(j><jl<'KTHllJIOCTh 1\1100111101'0 Jl('T('KTO]la. o6_vcJJOI-\JH'lla ll{'CKO!ll,Klll\111 JIJ)ll'IJl

na.MH. Bo-IIPJ)JlblX, :no 11{''.)(jHjWKTII\IIIOCTI, J)('J'IICTpa!lllll Ci\!\111!\I Jlt'T<'KTOJHl!\I, JIO

BTOJlbIX, 'laCTh MIOOIIOJI ( ~ 3%) ii{' no111)la<'T B all<'JlTYPY /I II tn::ia !\lll(ll'OKJlilTIIOl-0 

paCC('l!JIHll. Ta.K)K(' CJIPJlY<'T Y'IIIThlllil.TJ, TOT <jlaKT. 'ITO 1111'.IKO'.)ll('Pl'<'Tll'llll,1(' !\1!00111,1 

(3HCJWHll M<'llhlll(' :l l'3B) IIOl'JIOl!lillOTCll ll 2~x l\lPTpa.x )K{'Jl<''.la. 

3.2 3JieKTpOHbl 

}lJlll a..11amna. P<'ilKHHII ycraIIOBKll Ha. ll]lOXO)KJl('IIII<' '.lJl<'KTf>OIIOII IICIIOJll,10BilJJaCI, 1111-

cjiopMaHH ll, l10JIY'Wllm1 ll na. ny•11,<' :im'KT]lOIIOB c :111Pp1·m-ii IO l'·iB. II Jllll\H'Ch 1\110011011 

JI IIY'II({' COCTi\BJill!'T ~ 20%. Pac11pPJl<'Jl('llll{' 110 '.lll<'Jll'(JJIJ,l)tpjJ{'IIJIIO '.)Jl{'KTJlOIIOB JI 

SP I 1101,a:1,1.110 11a p11c. •la. 

.'i 
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Pn:c. 4. Pacnpe.ne,reHllll no ,11eprom,1ne11e111110 11 SP 1 (a) 11 !IC (6) J!Jll! ·i1ieKTpo11011. Pn:c. 5. Pacnpe.ueJiemre no HMIIJJibCY ir--Me3oHa B cncTeMe noKol! K--Me3oHa. 

Om111:-.1 111 Kp1nep1WB Bbl,UCJJCIIHll ')JICKTJ)OHOB llBJlllCTCll COBIJaJlCJIHC 'JlleproBI,IJ(e

:1emrn B SP-1 c l!MITYJihC0M, onpc.neJ1e11HhIM ITO Mar1111TH0MY cncKTJJ0MCTpy. McTOJl 

Bhl'UIC:ICHHll H'.\lllym,ca onnca11 B pa6oTax [8, 9]. Totll!OCTL 0IIJH'JlCJJelIHll lll'vlIIYJll,Ca B 

11a111e:-.1 c:Jyqac coc-raB.1llCT 2 • .'i %. Tp<!60BaJIOCb, 'IT06bl IU.IIIYJlbC C0BITaJ(aJJ C :rnepn1-

e11 B SP -I B 11pe.nc.1ax Jrnyx 01111160K 110 1m'pn111. '.)ToMy Kp11-rcpu10 y.uoBJieTB0Jll!CT 

9.'i % ·i:reKTj)0H0B. 

flpn llj)0X0;.K.UCIIHH '1Cj)C'3 SP-1 'JJICKT])0ll TC[ll!CT ITpaKTl1'1CCKl1 BC!O :rnepn110. 

flo'JTOM.Y II HC 'lHCpr0llh!LlCJICHHC OT 'JJICKT])0lla MaJJ0. PacnpCJlCJICIIHC ITO )HCJff0BbI

JlCJICJll1JO o-r 1:1ewrpo11a B II C 110KaJa110 11a pnc. 46. B 34 % cnyqaeB 3JICKTpo11 HMCeT 

·meproBbIJlCJJe11nc 1111;.Ke nopora (300 M 'JB ). Ha pncy11Ke TaKnc cJiy'-!aH 11e IT0Ka3aH1,r. 

BcpOllTIIOCTb .naTb 111cproBb!JlCJICHl1C 6om,mc 2.0 r,B -- 2.2 %. 
Jl:rn Bhll!CHCHl1ll K0,111'-ICCTBa 'JJICKTJ)0IIOB, HMe1011inx I'COMCTJJ11'1CCKH11 Ilj)l13HaK 

'.\IK>0Ha II H C, crpo1rnoc1, pac11pc.ueJJc1111e no 111cpro111,1.ueJ1e111110 B SP-i .UJill 'IacTHll c 

TaKH'.\1 llj)l1'lllaK0M. B110Jill orpa1111'1Cll11C Ha 'JHcprHIO ( 1 r-:iB) C l(CJ!bKl 11CKJIIO'ICl!J1ll 113 

a11a:11na 11p1niec11 MKJ0II0II, II0Jl)''-111M 0[lCHKY BCJ)0l!TII0CTl1 1IaJIJ1llJ1ll l'C0MCTJ)H'-ICCK0ro 

11pwrnaKa B HC JlJill 'JJWKTpona (Ta6m11ia I). 
11:rn cpa6an,rnamrn MK)0IIH0ro .llCTCKT0pa 11co6xo.n11Mo, '-IT061,1 'JJICKTJJOII IlJ)0IIICJI 

•wpc·i SP- I, HC 11 2 McTpa ;Kene1a. Bepm1THOCTh TaKoro co6b1T11ll npcHc6pe;.K11Mo 

'.\lil.Jla. f!o'JTOMY IICfJ0llTH0CTh cpa6aTh1Ba1111l1 µH np11 npoxo;K,UCHJ111 '-ICJJC3 ycTaH0B

KY ·i:ieKTpo11a 011pe.neJrnCTCll ypoBHeM cny'-laih11,1x cpa6aTblllan11fi µII. CTpo11noc1, 

pac11pc.nc:1c1111c 110 ·i1iepr11n B SP-1 ;urn c;1yqaeB, KorJla cpa6o-ran µH. HcKJIIOtJaa 

11'l paCCM0T[lCIIl1ll co61,1Tl1H C 31JeJ)1'11Cll MCllhlUC ] r,13 (ITp11MCCh M!OOHOII), II0JIY'-IHM 

0llCIIKY IICJ)0l!TII0CTJ1 cpa6aTbIBamrn 11H JlJlll ')JICKTfJ0JI0B ( TafiJIHI!a 1 ). 
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i) 
J 

3.3 K- -Me30Hbl 

flJill II3Y'ICHHll peaKI!HH LlCTCKTOJJOB ycTaHOBKH Ha ir--MC30Hhl HCIIOJJh30BaJICll KaJIH-

6poBOlJHhllf TIJ)0l!ecc [{- ---; ir-n-0
• Pacna.u I(- ---; ir-n-0 Bhl,UCJIHJJCll H3 peaJJbHhlX 

naHHbJX, nonytJeHHbJX B ycnom-rnx Tpttrrepa: Sl-S2-S3-Cl • C2 • C3. S5. 

O-r611pam1c1, co61,1-rnll c .UBYMll ')'-KBaHTaMII B SP-1 c :mepr11ett 6on1,we 1 r3B. 

flm1 Hl1X ITpOB0,UHJJCll KI1HeMaTl1'!CCKHH 5C q>HT (rHTIOTe3a I(- ---; 7r-ir0). flna 
LlaJihHCl1Illero aHaJJ113a 11CTI0JJb30BaJil1Cb co6blTl1H, npome.um11e q>l1T C P(x 2 ) > 1 %. 
OcHOBHhlMl1 q>OHaMH LlJJll pacrra.na J(- ---; ir-n-0 llBJJH!OTCll pacrra,Ubl I(- ---; µ- vn-0 H 

J{- ---; e-vir0
• Ilo 11am11M O[lCHKaM npHMCCb KalK,UOro H3 3THX pacna,lloB COCTaBJJHeT 

1.5% [9]. 
Ha CTa,UIIl1 Kl1HeMaTIIlJCCKoro aHaJil13a npHMCHHJICH HeTpa.nIII!IIOHHbIH rro.uxo.u K 

CHCTCMe o6pa6oTKl1 .uaHHhIX, B KOTopoM B MIIHHMII311pyeM0M q>yHKI!IIOHaJie 4>11ry

p11py10T HCITOCJJC,UCTBCHH0 H3MepeHHbie KoopmrnaTbl [10]. MaTeMaTIIlJCCKIIll arrna

paT, pa3B11Thlll B paMKax 3Toro 110,UXO,lla 11 OilHCaHHhlH B pa6o-rax [11, 12], M0lKeT 

61,1Tb 11CH0JJh30BaH np11 Ml1HHMII3a[lIIH q>yHK[l110HaJIOB co CBH3HMH He T0JlhK0 nma 

paBeHCTB, HO 11 THna HepaBCHCTB. Ilp11 npoBe,UeH11II KirneMaTHlJeCKOro q>l1Ta HaMH 

HCTI0Jih30BaJiacb HoBaa nporpaMMa Ml1H11MII3allIIII perynapHhlX q>yHKllIIH FUMIVI, 

Il03B0JIH!Olllall pa6oTaTb C np0II3B0JlbHhlMI1 orpaHntJeHl1HMll Ha o6JiaCTb 113MeHeHIIH 

napaMe-rpoB [13]. 

Ha p11c. 5 rrp11Be,UeHo pacrrpe.uenem1e no HMnyn1,cy .7r- -Me3oHa B cacTeMe noKol! 

J{- -Me3oHa .UJJH co6blTl1H,npome.um11x 5C-q>nT. XapaKTepHCTIIKII pacnpe.uenen11a: 

(p) = 0.205 r3B, c, ( ~f) = 0.040. 
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P11:c. 6. CoBMecTHhle pacnpenenem1.!I no :rneprom,IJJ.enemuo n SP-1 (a) 11 HC (6) JI 

11Mrrynhcy 11.n.!I ir- -M€301IOB. 

IIonyqeHbI pacITpenenemrn ITO 3HeproBhI)leneHHIO B SP-1 nmr ir- -Me30110B B pa:1-

n.0.'fHhlX HHTepBanax HMITJJibCOB. CoBMeCTHOe pacITpe.ri.eneHI!C ITO ::rneprOBbl)lCJiellHIO 

B SP-1 H HMITJJibCY rrp.0.Bene110 Ha p.0.c. 6a. Ha p.0.c. 7a ITOKa3ano pacITpencnenue J~Jil! 

7r--Me30HOB c HMITJJihCOM B HHTepBane 10+12 r3B. B 22% cnyqaeB ir--Me3oH HMeeT 

3neproBbI)leJieH.0.e 11.0.2Ke ITopora (200 M3B). Ha p.0.cyHKe TaKHC cnr1aH 11e noKa3aHLI. 

Mo2Kno ouenHTb BepoHTHOCTb Toro, 'ITO ir- -Me3oH naeT 3ueproBLrneJiemie B SP-1 

Bhlrne ( mrn n.0.2Ke) oITpeneneHHOro ITopora. 

B anpon110M Kanop.0.MeTpe ir- -Me3on naeT rn.0.poKHH JIHBeHL. Ilpn 3TOM qacTL 

anpOHOB Mo2KeT .0.MeTh B HC reoMeTp.0.qecK.0.fi: ITpH3HaK MIOOHa. PacITpeneJrenuc no 

:rneproBhl)leJieH.0.10 B HC JlJIH 11'- -Me30HOB c ITpH3HaKOM MIOO!la noKa3ano 11a p11c. Sa. 

IIHK B o6JiacTu 1.7 r3B :__ 3TO MIOOHbI .0.3 pacnana J{- -+ µ-vir0 11 113 pacrrana 

BTOpH'IHoro 11'- -Me30Ha 11'- -+ µ- v Ha rryTu OT pacrrannoro o6'beMa no anpmmoro 

KaJIOpIIMeTpa. 3TII MIOOHbl neo6xo)lIIMO HCKJIIO'fl1Tb .0.3 anamna. TaKHM o6pa30M, 

16 % ir- -Me30HOB HM€IOT reoMeTp11'IeCKHH ITpII3HaK MIOOW\ .. 

,lLr!ll '!aCTHU, He HMeJO~HX reoMeTpH'leCKOI'O rrpH3HaKa MKJOHa B HC, nocTpoeno 

coBMeCTHoe pacrrpeneJieHIIe ITO 3Hepr0Bhl)lene11mo B HC .0. .0.MrrynLcy (puc. 66). Ha 

p.0.c. 76 ITOKaJaHo pacrrpenene111ie no 3neproBbI)leneH11IO B HC )lJrn ir- -MeJonoB c 

HMIIJJibCOM B :HHTepBaJIC 10+ 12 r3B. MoiirnO OUeHHTb BCpOllTHOCTb Toro, 'f'TO 11'- -

MC30H naeT 3HeproBhIJlCJieHHe B HC BbIIIIe (mrn HH2Ke) oITpenene1moro ITopora. Jlnl! 

II3J'IClll1H peaKUHH MIOOIIHOro )lCTeKTOpa Ha 7r-Me30llbl 6bIJIO nocTpoeuo ( CM. puc. 86) 

pacrrpeneneHne ITO 3HeproBbI)leJieHIIIO B HC )lJIH co6LrTufi:, rne 11Menoc1, cpa6aTL1Ba1111e 

µH. lfcKJIIO'fHB H3 aHaJIH3a co6h!TIIH B ITHKC (c 3HCpruefi: MCHbIIle 3 r3B), IIOJTY'IIIM 

qncno cpa6aTbrnam1fi: µH nnH qacT11U c ITpH3HaKoM anpoua n IIC. 

8 

I 

I 

I 

·l 

I 

300 '\ 

250 .. 

200 

1 50 

iOO 

50 •-

0 
0 

l\ 
l~ 

~ 

11 ij.~ 

''--,n.,_ 

I JI 1 j I I l LI I ~'"t1-l j,r-,.L..,t i 

5 '. 0 

a) 
15 20 ::15 

r-. r3B 

450 t-
~ rt• P'5 4066 

t--

400 ~ _:~ 

-5::iO t:-- ll 
~ . ' 

:~~ ! I ll 
·200 

150 I 
100 "'--, 

50 ~'~_, 
0 , l , I 1 j l I I l l . I I I l '"tir:i--,t,:-l.......l....J 

0 5 10 15 28 25 
6) F, r3B 

Pu:c. 7. l'ac11pPJl<'m'1111ll 110 ·,11<'prrn11,1JlPJ1P111110 11 SI' l(a) 11 11 II(' (6) Will ir--~IP:1011011 r 

11~111yJ11,rn~1 I0-c-111'·,ll. 

160 

140 

120 

100 

80 

60 

40 

20 

l1if11 
~1,,~ 

trit,.es ]796 ~•~!i 6'.,b 
~ 

120 

100 

80 

60 

40 

20 ~ 'l 
o Fl , , , I,,,, 1,_, l~~',lli'¼,.1,,, 0 p I I ~ 11trJ1r,.c1~t"~>n-l h I I I I I 

0 5 10 15 20. 0 5 10 15 20 
a) F, r3B 6) F, r3R 

P11:c. 8. l'ar11p<'Jl('J(('llllll 110 '.)ll<'Pl'Olll,IJ\<'Jl('lllllO II IIC ){Jill ro61,1T11ii. l!Jllllll<'JllllllX <!HIT 

(r11110Te:1a. 11·- ~ ir-ir0
), r l'<'OM<'Tpn•I<'<"KIIM 11p1n11a.KoM MK>o11a II IIC (a) n ro 

rpa6a-r1,111a11n<'M pll (6). 
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4 7r ,e,p,-pe)KeKI.UUI 

Ilp11 a11a:111,e peaKUJIII ycTallOBKII 11a pa3Jlll'IIIl,IP TIIIll,I <racr1111 !\11,1 paCC!\laTpl!BaCl\l 

c.1e.uy10u111e Bap11a11TLI OTK:111Ka pa3:lll'lllblX Jl('T<'KTOf)OH: 

1. I'em1e1pwwcK111111p1n11aK !\110011a B II(' (yc:10H11e I) 11:111 Pro O'ITYTCTHII(' (ycJio-

BIIP I), 

:t C'pa6an,1Ba111re /I II (yc,IOHllt' 2) 11:111 OTCYTCTHII(' cpa6aTb1Ba111rn (ycJIOBIIC' 2), 

:3. 311eprosu.ue.1emie B HC !\tem,rne 11opora (yrnos11e :J), 11m1 6om,me (yrnosne 3). 

4. ')11eproBb!JlC-lCIIHC B SP-1 !\!Clll,IIIP 0. 7 r1B (ycJIOHHf' 4) IIJIII 6om,IIIe 0. 7 1'1B 
(yc:IOBHe :f). 

,5. Pa1uoc11, !\teiKJlY 'JHepnwfr B SP-1 H 11!\111yJ11,co!\1 110 !\IOJlYJIJ<> Mem,rne 2-x 011111-

60K 110 'Jllepnm (ycnoBHP ,5) IL1H 6orn,111e (ycJJOHl1C 5). 

Pc'ly:11,TaT 1ny'ICHl!ll peaKIIHH JlCTCIC[OpOH .),'CTallOBKH !\IQ;KflO llj)CJ(CTaBIITb B HHJ(e 

1a6_1m11,1: 

Ta6m1ua 1 

Tun BTOpH'IIIOtt '!aCTHULI ll 
- C - 7C' -

1. I'em1c1p11'1eCK11tt rrp1n11aK 11 B HC 0.9.5 1.0. 10-3 0.16 

2. Cpa6an,rna1111e 111I 0.81 6.0. 10-3 1.6. 10-2 

3. ')11cproBbIJIC.1e1111e B HC a) <3 r')B 0.98 0.99 0.33 

6) <2 r,B 0.83 0.96 0.16 

BJ <1 r,n 0.08 0.88 0.03 

4. ')11eproHblJ:(CJIClll1C B SP-1 <0. 7 r,B 0.98 0.04 0.32 

.'J. Pa'111ocT1> -i11epr1111 B SP-1 11 11MnyJ11,ca 1.0. 10-3 0.9,5 6.0. 10-2 

II pH BbI.UCJICIIHH orrpCJlCJICHHoro TH IT a 'laCTllll 11eo6xon11MO CTpCMHTbCll K MaKCH

Ma.11,110!\IY IIO]laBJJCHIIIO cpo11a rrpH MHHHMaJJbHOM CHHiKCHHH JcjJcpeKTHBHOCTH per11-

<:Tpa!ll1l1 Bh!JlCJJl!eMoro THrra. H11;Ke rrpHBOJll!TCll IICKOTOpLic KOM61111au1111 ycJJOBHH, 

11aKJiaJlh1BaCMhlX ua pcaK!lHIO JlCTCKTopoB, OIITHMaJJhHO, 11a 11am B3fJll!Jl, YJlOBJICTBO

plllOl!lHC )THM Tpe60BaI1Hl!M. 

B Ta6JJl1IlC 2 !IpHHCJlClll,I KJ>11TC[)l1H Jlilll Hl,IJlCJICIIHll MIOOIIOH 11 11011aHJICHHll 7C'- -

!\!e'lOIIOB H 'J,JeKT[)OIIOB: 

Ta6m1ua 2 

h:pwn·pHtt / THI! /1 - 7C' 
-

C 
-

7C' I ,1 e/p 
I) I+ :la+ 4 0.91 1.7. 10-2 4.0. 10-·5 UJ · 10-2 4.4 · 10-5 

2) I + 2 + 3a + 4 0.74 2.7. 10-4 2.4. 10-7 3.7. 10-4 3.2. 10-7 
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J3 Ta6mnw :J IIJ>IIBPJICIILI K()IITCJlllll JIJlll Bh1J1P:1e1111l! ;;- -!\1('30IIOH !\IJOOIIOB II rrona

HJICIII!ll !\IIOOIIOB II 'J:ICKTf)OIIOB: 

Ta6.rrnua 3 

J\pIITl'Jlllll / Tllll ;; - /I 
-

( - /1/;; t/;; 
I) I + 2 + :!6 0.69 1.6 · I 0-3 1.0. 10-2 2.:.l · I o-:J :">.8. 10-2 

2) I + 2 + :35 + :j O.G:i J.(i, 10-3 2.0. 10-:i 2.5. 10-3 :3.1. 10-3 

J3 Ta6.lllll((' ·l ITJ)IIHC'Jl('Jll,I KJJIIT<'J)Illl I!-illl HI,IJlCJif'llllll :J:JPKTJJOIIOB II IIOJiaB:JPJlllll 

l\l lOOIIOH 11 7r- - l\l<'.IOIIOH: 

Ta6.rrnua 4 

KpI!T<']>llll / TIIII (' - /I - 7r - 11/c r./r 
l) I+ 2 + :j 0.% 1.0. I0-5 5.0. 10-2 I. I . IO-S 6.2. 10-2 

2) 2 + :3H + ·1 + !j 0.il-1 :1.-2. 10-(i J.2 · 10-:l :l.6 · IO_,, . I.I· 10-3 

5 3aKJuoqeHHe 

B pa60T<' npoBPJl('Ho H:l)"Iemw pea1m1111 JlCTf'KTopoB ycTa110BKI1 I1 CTP A-1\1 11a Tpn 

THI!a. :iapl!iK<'llllhlX '!aCTIIU. l1p1rnene11111,1e '.)ll('J)l'CTil'lf'CKIIC' pacnpPJ!PJJ('Jll[l! II I'('O

MCTJlll'leCKHt' xapaKTC'J)IICTHKII 110'.lHOJllllOT Ollt'lll[TI, HPJlOSITIIOCTh IllHlXOlKJl<'llllll ll('

pe:i ycTallOBKY Of!JlPJ(E'Jl('III[OfO Tlllla <[aCTIIII. IIOJI_\''!<'111,1 :111a<Jel11Ill HCJJll'lllll /I, ;; , 

c-pC)KCKIUIH JlJlll pa.3JlH'IIII,IX ua.p 'laCTIIIl IIJlll CJl('J\11('11 '.)II('JH'IIII ~IO J'::iB: 

c/11 = 4.0. 10-5 
(:icj1cj1eKTHBIIOCTI, JH'I'IICTJlaIUIII !\IJOOIIOH 91%), 

r.//l = 3.7. 10- 1 
(3cpcj>CKTHHIIOCTI, JlPI'IICTpa111111 l\lIOOIIOH 74%). 

/l/ 7r = 2.:3 · 1Q-
3 

( :J<jJCjWKTHBIIOCTI, Jl<'I'IICTJlillllIII 7r- -l\ll".IOIIOH (i!)% ). 

c/1r = 3.1. 10-3 
(:icjicjwKTHHIIOCTI, pel'IICTJlilllllll 7r--]\l('JOIIOB G5%), 

Jt! C = I. l . 10-s (3cjicpeKTIIHIIOCTI, perncrpa111m '.)J]('KTpOIIOH !)5% ),. 

1r/c = 1..1. 10-3 
(3cjicJwKTHBIIOCTI, per11cTpa111111 :JJl('KTJlOIIOB 8,1%). 

CJicnycT OTM<'THTh, '!TO npn IW06XO]lllMOC"TII MOlKIIO JlOCTll'II, 6oJIJ,Ul('J'O IIOJia

BJIClllll! <j>oIIa 111m yMem,111e111111 :icjJCjieKTIIHIIOCTII. 

Pa6oTa Hl,IIIOJlJICllil IIJJII 110/Ul<'Jl)KK<' l'occ11iinrnro <j>OJIJia. <jl,VIUla!\H'l!TaJIJ,111,IX IIC

CJICJIOHillll111 ( I'JlilHT N!J5-02-05!J73). 
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