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B rrnpBoM conMeCTHOM 3KcrrepuMeHTe UEPH-Oll511I ( coTpynmr'!eCTBo 
EorroHb.sr-.Ily6Ha- MIIrraH) Ha ycKopuTeJie Y-70 ll<l>B3 (r. IlpoTBHHO) II3y'Ia
rrac:b peaKUirn i:i;mppaKUHOHHOII i:i;IIc:c:ouuauIIII rruoHa Ha .sri:i;pax 

c IIOMOIUIO II.lITIIMeTponoro MarHIITHoro IIC:Kponoro crreKTpoMeTpa Oll511I 
(ycTaHonKa MIIC-1) rrpu 3HeprnII rruoHon 40 r3B. Pe1yrrhTaThl rrapuuarrhHo
norrHonoro aHaJIII3a (IIBA) rrorry<J:eHHoro 3KcrrepuMeHTaJibHoro MaTepnarra n 
,[\IIarra30He 3q:>q:>eKTIIBHhlX Mace Tpex IIIIOHOB OT 0.9 no 2.4 r3B orry6mrKoBaHhl 
n pa6oTax [1, 2, 3, 4]. B pa6oTe [5] rrpei:i;cTanrreHhl pe1yrrhTaThl IIBA n nuarra10-
He Mace 600 - 900 M3B. Ilo rronei:i;eHIIIO IIHTeHCHBHOCTII noJIHhl o-S II nnm1<eHHIO 
ee cpa3bI 6bIJIO ci:i;eJiaHO 3aKJIIO'!eHne O pe3oHaHCHOll rrpupone 3Toro COCTO.l!HII.ll 
c Mac:c:orr 7 49 ± 30M3B n urnpuHoii 32 ± 17 M3B. Oi:i;HaKo II3-3a Marroro 'IHC:Jia 
c:o6hlTHll BeC:bMa BeJIIIKH CTaTIIC:TH'!eCKIIe OUIII6KII. B CD.ll3II C 3THM rroJiy'IeH
Hbie pe1yJihTaTbI aHaJIII3a MoryT paccMaTpHBaTbC.ll TOJibKO KaK yKa3aHIIe Ha 
c:yrueC:TBODaHue pe3oHaHc:a. C ueJibIO ynemr'IeHII.ll KOJIH'!eCTBa TpexmrnHHhlX 
c:o6hlTHH, KorepeHTHO o6pa30BaHHhlX Ha .sri:i;pe B IICCJiei:i;yeMOll o6rraC:TII (MeHb
IIIe 900 M3B), c: IIOMOIUhIO ycTaHOBKH MIIC-2 Ha ycKopuTerre Y-70 ll<l>B3 6hlJIII 
rrponei:i;eHhl H3MepeHn.sr co crreuuaJibHhlM TpurrepoM, TaK Ha3hlBaeMhlM Tpurre
poM " MaJihlX Mace". CxeMa MarHHTHoro crreKTpoMeTpa (ycTaHOBKa MllC-2) 
IIOKa3aHa Ha puc. 1. Ily'IOK OTpIIUaTeJihHhlX '!aCTHU, C:OCTO.l!IUIIH, B OCHOBHOM, 
m 1r - Me3oHoB ( 6oJibIIIe 97 % ) rrpu :mepmu 40 raB, <poKycuponarrc.sr rrpII no- · 
MOIUII MarHIITOB H KnanpyrroJihHhlX JIHH3 Ha MIIIIIeHb M ycTaHOBKH. Ily'IKOBhie 
'IaC:TIIUhl, rrorranIIIne Ha MIIIIIeHh M, BhlJJ:eJI.srJIIICb TeJieCKOIIOM CUIIHTIIJIJI.lIUIIOH
HhlX C'!eT'!IIKOB S. 

Pa1nerreHHe 'Tr, I( II p B rry'!Ke rrpOII3BOJJ:IIJIOCb C IIOMOIUIO Tpex ra30BhlX 
rroporoBhlX 'IepeHKOBC:KHX C'!eT'IHKOB . 

.Ilrr.sr orrpei:i;erreHII.ll HarrpanJieHH.ll H IIMIIYJibca '!aCTIIU, rrai:i;aIOIUIIX Ha MH
IIIeHb, HCIIOJib30BaJiaCb CIICTeMa rrporropunoHaJibHhlX KaMep. llcrroJib30BaHHe 
rrporropuIIoHaJibHhlX KaMep II03BOJIIIJIO orrpei:i;eJI.l!Tb IIMIIYJihC rry'IKOBOH '!aCTII
llhl c TO'IHOCThIO 6.P / P = 0.0022, Koopi:i;nHaThl Ha MHIIIeHII c TO'IHOCThIO 0.35 
.M.M 1 yrJihl BXOJJ:a B MIIIIIeHh C TO'IHOCTbIO 0.12 .MpaJ. 

Ha HerrpOB3aIIMOJJ:ellCTBOBaBIIIeM rry<J:Ke· IIHOHOB 3a crreKTIJOMeTpOM 6hlJI 
pacIIOJIO)KeH CUHHTHJIJI.lIUIIOHHhlll C'!eT'!IIK I( . 

.Ilrr.sr o6ecrre'!enn.sr perucTpauun rrpeuMyruecTnenno co6hlTHH KorepenT
noro rrpouecca, TO ecTh rrpouecca, Korna .srnpo rrocrre neyrrpyroro n1auMoi:i;err
CTBH.sr OCTaeTc.sr D CBOeM OCHOBHOM COC:TO.l!HHH, IICIIOJib30BaJiaCb oxpaHHa.sr neTo-



CIICTeMa. OHa COCT01!Jia II3 U:IIJIIIHnpII'IecKoro CU:IIHTIIJIJI11U:IIOHHOro C'leT'IIIKa F 
II nByx cu:nHTIIJIJI11U:IIOHHo-cBIIHU:0BhIX c'!eT'IIIKOB-c3HnBn'le:i'1 (R; n G;) u 1ana- , 

BaJia reoMeTpII'IeCKII:U: yrJIOBO:U: paCTB0p perIICTpIIpyeMO:U: o6JiaCTII ycTaH0BKII, 

paBHhI:U: 30°. MmrreHb pacrroJiaraJiacb BHYTPII oxpaHHo:u: BeTo-cncTeMhI. '.~ha 

CIICTeMa OT6paCbIBaJia co6h!TII11 e 3apmKeHHhIMII II He:u:TpaJibHbIMII '!aeTHU:a

MII, He rrorraBIIIIIMII B o6JiaCTb aKcerrTaHca yeTaHOBKII. 

3a BeTo-cIIeTeMO:U: y Bxona B crreKTp0MeTp 6h!JI yeTaH0BJieH CU:IIHTIIJIJI1[

D:IIOHHhI:U: ronocK0II N, rrpeneTaBJI11BIIJlIH II3 ee611 KBanpaT H3 'leThlpex He3aBII

CIIMhIX C'leT'IIIKOB e u:eHTpaJibHhIM OTBepcTIIeM 20x20 MM 2 nJI11 nponyeKaHII11 

IIY'!Ka. 8roT ronocK0II II0MoraJI OT6IIpaTb co6h!TII11 C 3anaHHOII MH0.lKeeTBeH

H0CTbIO 3ap11.lKeHHhIX '!aeTIIU:. 

3a 3JieKTp0Ma,rHIIT0M 6h!JIII II0MeIIIeHhI 'leTh!pe 6oJibIIIIIX 

CU:IIHTIIJIJI11U:IIOHHO-CBIIHIJ:OBhIX e'!eT'IIIKOB-e3HnBII'leH (I) nJI11 perneTpau:uu I 
-KBaHT0B OT paerrana -rr0 -Me30H0B, JieTjJIIlIIX Bnepen. 

B rrepB0M MeTp0B0M 6JIOKe cneKTp0MeTpa B 3JieKTp0MarHIITe 6bma pa1-

MeIIIeHa nByXKoopnIIHaTHM rrporropu:IIoHaJibHM KaMepa (MW PC) pa1MepoM 

600 x 600MM2 e maroM curHaJibHhIX HIITeiI 2 MM. 8Ta rrponopu:noHaJibHM Ka

Mepa o6ecrre'IIIBaJia OT6op co6h!TIIH no MH0.lKeeTBeHHOeTII. 

B pa6o'!eM o6'beMe 3JieKTp0MarIIIITa (1.3 X 1.5 X 5M3) 6bIJIII pa3MCIIICHhI 

0IITII'leCKIIe IICKpOBbie KaMephI. B Ha'laJibHOH '!aeTII erreKTpOMeTpa 6bIJIII pa3-

MeIIIeHhI 18 OIITII'leeKIIX IlCKp0BhIX KaMep e Me.lK3JieKTponHbIMII 3a3opaMII 10 

MM (I, II,II I Ha pnc. 1), B ocTaJibHOH '!aeTn 6h!Jio pa3MeIIIeHo 28 orrTII'leCKIIX 

IIeKp0BhIX KaMep e MC.lK3JICKTponHhIM 3a3opoM 20 MM. BhICOKOBOJibTHOe IIM

IIYJibCH0e IIIITaHIIe 0IITII'leeKIIX IIeKp0BhIX KaMep 1anycKaJioeb TpIIrrepoM, BbI

pa6aThIBaeMhIM 3JieKTpoHHhIMII yeTpof1eTBaMII. Ha yeTaH0BKe MlIC-1 Tpurrep 

IIMeJI cJieny10IIIYIO eTpyKTYPY 

I· I<· F ·(ER;)· (EG;) · (,1E1;) · (MWPC 2 2) · (EN; 2 1) = W · (EN; 2 1), 
(2) 

r ne I- IIHTeHeIIBH0eTb IIY'!Ka, BhineJI1!eMoro TCJICCK0IIOM CU:IIHTIIJIJI11U:IIOHHhIX 

e'!eT'!IIKOB, 0CTaJibHhie 0601Ha'!CHII1! rrpeneTaBJieHbI Ha pnc. 1. Ha ycTaH0BKe 

MMC-2 Tpurrep nJI11 rroJiy'leHn11 "MaJihIX Mace" IIMeJI Bnn 

W · (EN;) · (ESi 2 2). (3) 

TaKOH TJrnrrep Tpe6oBaJI, 'IT06bI Bee 1a1rn.lKeHHhle 'laCTIIU:hI, 06pa10BaB

mnec11 B MIIIIICHII, rrpoxonurnr qepe1 OTBepeTIIe 20 X 20MM2 B C'ICT'IIIKax N;. 
llJI11 yMeiibmeHn11 'IIIcJia qioHOBhIX co6hITIIiI HenocpeneTBeHH0 3a yrJieponHo:u: 

MIIillCHbIO, KOTopyIO Mhl IICII0Jib30BaJIII B 3TIIX II3MepeHII11X, 6h!Jia pa1MeIIIeHa 
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KpPMHIIeBM MIIilleHb Si' coeT011BIIIa11 II1 nPC11TII IIJiaCTIIH TOJIIIIIIHOII 0.2 MM 

Ka)Kna.sr II nnai,.1eTp0M 20.5 MM. O6pa60TKa CIIrHaJI0B C KJW:\IHIIPBOII 11IIIIIeHII 

rrpmnBommacb e noM0IIIbIO cneu:naJibH0 pa1pa60TaHHoro npou:en:opa [6]. Ko

TOJJhIII 6bIJI BKJIIO'l<'H B CIIC:TeMy 1anyc:Ka cneKTpOM<'Tpa. 

PerncTpau:1rn nmpopMaUIIII C OIITIPI<'CKIIX IICKp0BbIX Kal\Iep np0II'3B0nn

Jiacb Ha qJOTOIIJif'HKy. IlpoT11)KKa IIJieHKII IIpOinBonunacb nByM.sr 6h!cTpone:i'1-

CTBYK>IIIIIMII qioToprrncTpaTopaMII, 06fCilf''IIIBaIOIIIIIMII npoT1!.lKKY II.:If'HKII no 

10 Kanpon Il ceKyHny. Ilepen aBTOMaTIPiel'.KOII o6pa60TKOII <p0T0IIJif'HKII np01n

Bonnrrc.sr rr npocMoTp. llarrhHr:i'nrra.sr o6pa6on,a oTo6paHHhIX cTepro«poTorpa

qim1 cocT011Jia B n1Meprmrn na nmmrpymIIIf'M aBT0MaTe HPD, nocnenymmrf1 

reOMf'TJ)IPif'CKOII prK0HCTPYKUHH co6h!TIIII n KIIHf'MaTII'If'CK0M qJIITf' (' II0:\IOIIIhIO 

nporpaMMbI ROMEO [7, 8] 

B mMepPHIIHX Ha ye1wpnTem' lI<PB8 1· noMOIIIhIO ycTaH0BKII :\IMC-2 c 

TpnrrPp0M "MaJibIX Mace" 6bIJ10 II0JI:V'H'H0 CilbIIIH' 200 ThIC11'I ("TPpPo«poTorpa

qJIIII. 

TipII o6pa6oTKe c II0M0IUhIO nporpaMMhI ROMEO ;:vrn BKJJIOlJeHII11 co6hI

TIIII n narrhHPIIIIIIIII aHamn IIJHil\H'H.IIJIIIl'h KpIITf'JJIIU IIX OT6opa no Ilf'JIII~IIIHP HP-

noc:TamIIIero nponoJibHoro IIMIIJJibCa. K0opnnHaTP BPJHIIIIHhI n1anMonPIICTIJII.II. 

BeJIIPIIIHC Bep011TH0eTII KIIHe.t\IaTII'If'CK0ro qJIITa, TO f'CTh IH'II0Jib10IJaJIIICh Tl' 

)Kf' KpIITepnn, 'ITO II nn11 IIp0Uf'CGt mrqipaKUIIII 7r Il 3-rr B pa6ornx [ l; 2, 3, 4, 5), 

IIOJipo6HO 0IIIICaHHbie B [8]. McnoJib10BaHIH' cneunaJibH0r0 TJmrrPJ>a :\Hl:IhIX 

Mace II01B0JIIIJI0 3Ha'!IIT<'JihH0 o6oraTIITh co6h!TII11MII o6nacTb Tl)l'XIIIIOHHhIX 

MHCC MeHee 0.9 r3B. B Ta6JIIIUf' IIpIIDf'Jlf'H0 0TH0illf'HIIf' R 0TH0J>MIIJ>0ilitHHhIX 

Tpex~IJtC:TII~IHhIX cneKTpOB, norry~If'HHhIX npn IICII0Jih'l0IJaHIIII TJHirr<'pa :\Ia.:JhIX 

Mace II npP2KHero TJrnrrepa, ncnonh,0BaBIII<'roi:11 Ha )TTaHoIJKP l\IMC-1. 
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Pm:.l. MarnnTHhIII ncKpono:i'I <:IIPKTpoMeTp OlI5IlI (ycTaHonKa l\IMC-2). 
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Ta6mma 

TpexqacTlI'IH<UI Macca, r3B R 
0.5 - 0.6 11.35 

0.6 - 0.7 6.69 

0.7 - 0.8 2.56 

0.8 - 0.9 1.68 

0.9 - 1.0 1.21 

1.0 - 1.1 1.06 

1.1 - 1.2 0.93 

1.2 - 1.3 0.97 

1.3 - 1.4 1.06 

1.4 - 1.5 1.06 

1.5 - 1.6 0.76 

1.6 - 1.7 0.57 

1.7 - 1.8 0.54 

1.8 - 1.9 0.64 

1.9 - 2.0 0.52 

Ha pnc. 2 IIOKa'laHI,I Tpex - lI .llBJX'IaCTlI'IHbie crreKTpbI 3<p<peKTlIBHbIX 

Mace. 

.IlnqiqiepeHIIllaJibHble ceqeHlI.ll JlJUI pa3HbIX lIHTepBaJIOB Tpexrr~OHHbIX 

Mace rrpencTaBJieHbl Ha pnc. 3. Ce'IeHn.ll arrrrpoKCIIMIIpoBaJIIICb BbipaieHIIeM 

BII)la 

ePl+P2t' + eP3+P4t'. (4) 

BII.llHO, 'ITO rrpII yMeHbIIIeHlIII TpeXIIIIOHHOH MaCCbl rrpoIICXO)lIIT yBeJIII'IeHne 

HaKJIOHa P2 .lllI<p<pepeiirrIIaJibHOro KoHyca C 51 )lJI.ll M3,..=l.l r3B JlO 61 )lmI 

M3,..=0.65 r3B, a TaK)Ke yMeHbIIIeHIIe )lOJIII co6bITIIH B o6JiaCTII f=0.05 - 0.5 

(r3B/c)2 (HeKorepeHTHble B3aIIMO)leHCTBII.ll). 

Ilpe)lcTaBJieHHble B )laHHO:ii: pa6oTe pe3JJibTaTbl mlJI.lIIOTC.ll nepBbIM 3Ta

IIOM IICCJie)lOBaHII.ll. B )laJibHe:ii:IIIeM C IICIIOJib30BaHIIeM IIOJIJ'IeHHOfO 3KcrrepII

MeHTaJibHOfO MaTepIIaJia 6yneT IIpOBe)leH naprrIIaJibHO-BOJIHOBOH aHaJIII3 C rre

JlbIO IIOIICKa B036J)K)leHHOf0 COCTO.lIHII.ll IIIIOHa B o6JiaCTII TpeXIIIIOHHbIX Mace 

700 - 800 M::iB. 

B 1aKJIIO'IeHne aBTOpbI Bblpa)KaIOT 6JiaronapHOCTb BCeM coTpyn

HIIKaM IM>B8, o6ecrre'IIIBaBmIIM xopomyro pa6oTy ycKoprrTeJI.ll Y-70, a 
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TaK)Ke COTPYJIHIIKaM cepnyxoBCKOro Hay1m0-3KCnepIIMeHTaJihHOfO OT)leJia, 

noMoraBIIIIIM B npoBeJieHIIII 3KcnepIIMeHTa Ha ycrnHOBKe MMC-2, COTPYJIHIIKaM 

Hay1m0-3KCnepIIMeHTaJihHOf0 OT)leJia IICKpOBOfO cneKTpOMeTpa 3a 60JihIIIOii: 

no 061,eMy TPYJI no npocMoTpy CHIIMKOB II COTPYJIHIIKaM JIBTA 3a npoBeJieHIIe 

II3MepeHHii: qJIIJihMOBOfO MaTepIIana Ha CKaHIIpy10meM aBTOMaTe HPD. 
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Prrc.2. MaccoBble crreKTpbI: a) Mrc+rcrc, : 6) M,..+,..-, B) M,..-,..-. 
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Pnc.3. UmpqiepeHUIIaJihHhle ce'!eHIIi!: a) 0.6 - 0.7 r::iB, 6) 0.7 - 0.8 r3B, 
B) 0.8 - 0.9 r::iB, r) 0.9 - 1.0 r3B, n) 1.0 - 1.2 r3B. 
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