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OBmAH XAP AKTEPlICTlIKA P ABOTbl 

AKTYaJibHOCTb paoOTbl. Op;HOH H3 C0CTaBHbIX -qacTeii: C0BpeMeH

HblX aKc11epm,IeHTallbHhlX ycTaH0B0K B <pil3IIKe aT0MH0ro .a:p;pa II arre

MeHTapHbL'{ -qacTIID; .HBll.HIOTC.H ra30Bbie K0opp;IIHaTHble p;eTeKT0phl, K0-

T0pbie 11pIIMCHJIIOTC.H He T0llbK0 B Ka~reCTBe TpeKOBbIX p;eTeKTOpoB, HO II 

KaK C0CTaBHaJI 'J;aCTl, KarroprrMeTp0B. CrrmKHOCTb II 3Ha'IIITellbm.rii o6'beM 

Il3MepIITellbHOil a11rrapaTyp1,1 B C0BpeMeHHbIX GKCllepIIMCHTaX IIpIIB0)J;IIT 

K T0!I.J:Y, 'ITO CT0IIM0CTb o6opyp;onamrn CTaH0BHTCJI 0)J;HHM II3 Ba)KHhlX 

orpaHII'IeHIIII Ha peammau;IIIO np;en GKCllepnMeHTaTopoB Il ee CHll)KCHIIe 

.HBllJieTCJI Ba)KHOII 3ap;a'len B pa3BHTIIII p;eTeICTOpHOII TeXHIIKII. IlepcrreK

TIIBHbIMII B GT0M Ha11paBJieHIIH JIBllJIIOTCJI p;eTeKT0phl, K0T0pble MoryT 

0)J;H0BpeMeHH0 II3MepHTb HeCK0llbK0 xapaKTepUCTIIK perncTprrpyeMOII -qa

CTIID;bI, KaK Hallp. TpaeKT0pIIIO ~racTIID;bl II ee H0HII3aD;II0HflYIO cnoco6-

H0CTb B)];0llb TpaeKTopnn JJ0 Bpe1rn-11poeKD;lIOHHOil KaMepe· llllll aHeprIIIO 

II K0opµ;1rnaTy B 1103IID;II0HH0-'JYBCTBHTellbH0M KarroprrMeTpe. 

Uerrecoo6pa3HO cHmrrnHIIe ~rn:crra KaHarroB p;oporocTozm;eii GlleKTpo

HIIKII. AKTyan:bHOCTb p;aHHOII pa6oTbl 3aKrrIO~raeTC.H B pa3pa6oTKe, C03p;a

HIIII II llpIIMeHeHIIII Il <pII3II'IeCKOM GKCTie~IIMeHTe ra30BbLX K00p)J;HHaTHhlX 

p;eTeKT0poB C yrry-qrneHhlMII rrapaMeTpaMII II Hll3KOII CT0HM0CTblO ep;H

HIID;bl -qyncTBHTellbHOII 11rrom;ap;u p;eTeKTopa. Pa3BIITIIe MeT0)J;HKII, CB.H-

3aHHOII C GTIIMII p;eTeKT0paMII, p;erraeT B03MO:,KHOJI 110.CTaH0BKY 6orree T0'I

HbLX GKCllepHMeHT0B, H3MepeHIIe paHee Il3BeCTHbL'{ napaMeTp0B peaKD;IIH 

C 6orree BhlCOKOH T0'IH0CTbIO, II3rieHHe T0HKIIX G<p<peKTOB, paHee Hep;o

CTYIIHhlX )];ll.H GKCllepHMeHTallbHbIX HCCllep;oBaHIIH. 

IJ;eJib paoOThI: · 

OcHOBHOH n;ellbIO .HBll.HeTC.H pa3BIITIIe MeT0)];IIKII ra30BhlX. µ;eTeKT0p0B 

C 0)J;H0BpeMeHHbIM II3MepeHIIeM HeCK0llbKIIX xapaICTepHCTIIK perIICTpI!py

eMOil -qaCTIID;hl II pa3pa6oTKa MeToµ;oB CHIDKeHIIJI CT0IIM0CTII TaKIIX µ;e
TeKT0poB: 

1. Pa3pa6oTKa II co3p;aHne 11pQT0TII11a n nccrrep;oBaHIIe xapaKTepucTHK 

nper.rn-npoeKn;110HHoii Kar.1ep1,1 p;rr.a: 11orrH01'i 3-MepHoii peKoHcTpyKn;nn 

TpermB B MH0ro-qacTII'IHhlX 11pou;eccax, B 'IaCTH0CTil B aKc11epIIMeHTe 

110 11onn-y 6e3Heii:TpIIHHoro p;noiiHoro ,6-pac11ap;a. 

2. Pa3pa6o~Ka II IICCrrep;oBaHne 6e3GlleKTpO)J;HbIX p;peii:<pOBhlX KaMep B 

:lKClleprrMeHTax Ha ycKoprrTerre, B 'laCTH0CTII, B ;rm'IeCTBC TpeK0B0ro 

p;eTeKTopa p;rr.a: aKc11epIIMeHTa 110 on;eHKe BKrrap;a cKarr.a:p:s;oro n TCH

oopHoro <popM<paKTopa B MaTpII'IHbiii: arreMeHT pac11aµ;a I(+ -t 1r0e+v. 
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3. Paopa6oTKa pa;n;uan;uoaao cToi:'ixoro n 61,1cTpoµ;encTny10mero arreKT
poMarHIITHoro xarropuMeTpa c oupe;a;erreHIIeM Koopµ;1rnaT ocu arreKT
po1mrHIITHoro lIIIBIDI µ;ITH n;eHTparrbHon o6rracTII KarropmrnTpa MHo
ro'IacTirrnoro CrreKTpoMeTpa II rmy'Iemie ero cno:i'1cTB. 

Hay"!Ha.s: HOBHOHa: 
Con;n;aHa npeM.H-rrpoeKn;noHHru.r KaMepa, n KOTopoii ;n;rrJI onpe;n;erreHIIJI 

nTopoii xoopµ;nHaThl npIIMeHeH MeToµ; mrnuii na;a;ep)KKII u pearrunonaH 
MeTO;ll; OT6opa cnrHarron OT Ka:Mep1,1 ;ll;lIJI O;ll;HO:JHa'IHOrO onpeµ;crremm KOOp
;n;irnaThl TpeKa, IIO:JDOlIJIIOmnii cymecTneHHO COKpaTIITI, BpCMJI o6pa60TKII 
nmpop1mn;nn II CHII:JIITI, KOlIII'IeCTDO lIO)KHI,IX TpeKOD. 

IIpe;n;rrmKeHa ycTaHonKa µ;ITH aKcIIepm.rnHTa no npJIMOMY II:JY'IeHIIIO ;n;noii
.Horo ,B-pacna;a;a Ha OCHODe npeMJI-npoeKD;HOHHOH Ka:Mep1,1, KOTOpruI IIO:JBO
lI.HeT cymecTBeHHOro IIOHII:JHTI, yponeHI, <pOHOilbIX npon;eccon D IIOIICKax 
6enHe:iiTpnHHoro 2,8-pacna;n;a. 

Ifay-qeHo BlIIIJIHIIe rrapaMeTpon ;n;n::meKTpnKa Ha cno:i'rcTDa 6enarreKTpo
;ll;HhlX ;n;pen:<pODhlX KaMep u: npe;a;rrmKCHI,l MCTO;ll;bl, o6ecIIC'IIIDaIOmIIe DI,I
COKYIO II CTa6IIllbHYIO aq>q>eKTIIDHOCTI, perncTpan;IIII '-IaCTIIU n IIOTOKax 
'IaCTHU DhlCOKOiI IIHTCHCIIBHOCTII. 

IIpe;n;rro)KeH n Ha Mo;n;errn nny'IeH Hon1,1ii THII nonIIn;noHHO-'IJDCTDIITerr1,
Horo KalIOpIIMCTpa Ha 0CHOBC ImMepeHIIJI II0Himaumr D C)KaT0M rane. ra
:JOilhlH IIOHH:JaD;IIOHHhlH ClIOHCThlII KarropIIMeTp OTJIII'IaeTCJI 6hlCTpo;n;en
CTDIICM n BhlCOKOII pa;n;uan;noHHon narpynKon, xopoumM aHepreTII'ICCKIIM 
lI BhlC0KIIM K0opµ;nHaTHhlM paopernemreM. . 

IlpaKTH'leCKa.s: n;eHHOCTb naKJIIO'IaCTCJI n IIpHMCHCHim paopa6o
TaHHhlX ;ll;CTCKT0pOB B axcrrepIIMCHTax no q>ImnKe JIµ;pa II aJICMCHTapHhlX 
'IaCTIIU, n 'IaCTH0CTII, IICIIOlII,:JODaHIIC 6enarreKTpoµ;HhlX ;n;peii<poDhlX Ka
Mep B aKcnepIIMeHTax Ha ycTaHOBKe nmepoH Ha ycKopnTerre Y-70 (JT cl> BS 
Cepnyxon). Paopa6oTaHHhlii Me-.ro;n; ;n;nHaMn'IecKon cTa6IIrrIInan;nII nonep
XHOCTHoii IllIOTH0CTII napJIµ;a D 6enaJICKTpO;ll;HbIX µ;peH<pOBI,IX KaMepax IIO
:JB0lIIIlI IICIIOlII,:J0BaTI, nx B .COCT~De lIIIBHCDOro ;n;eTCKTOpa ;ll;lI.H ;n;ocTiI)Ke
HIIB pexop;n;Hoii TO'IHOCTII 0IIpe;n;erremrn Koopµ;uHaTI,I 0CII arreKTpoMarHIIT
Horo lIIIDHJI; 

Con;n;aaa npeMH-IIpoexunoHHruI KaMepa µ;ITH 'i'pXMepHoii peKOHCTpyK
n;nn TpCK0B napIDKCHHI,IX 'IaCTIIU B MHOr0'IaCTII'IHhlX npon;eccax C pan
MepaMII 'IJDCTBIITCJII,H0rO Ofi'I>Ma 800x350x1600 MM3 II C 06JUIIM 'IIICJIOM 
KaHarron 240. KaMepa nornrra n cocTan rrpoeKTa KOMBAC, r;n;e roTo
DIITCJI K IIpHMCHCHIIIO B .Ka'ICCTBC <pIIHallbHOro ;ll;CTCKTOpa B 3KCIICpHMCH-
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Tax no II0J'ICHnIO xapaKTepIICTIIK CIIlII,HO HeIITpoHonn6hlTO'IHhlX JIµ;ep. 
Ha ocHone nny'Ie.HIIB cno:i'IcTn npe1rn-npoeKUIIOHHOII Ka:Mephl npe;a;rrmKeHa 
ycTaHOBKa·;n;lI.H aKcnepIIMCHTa no II3J'ICHIIIO 2,8-pacna;a;a, KOTOphlII pearrn
oyeTCJI n paMKax rnnpoxon Konna6opaunn (nKJIIO'IruI OJT.fllT) n CrronaxIIII. 

IIpe;a;rrmKeHHbill n axcnepnMeHTan1,Ho rrponepeHHbIII ranonblii nomma
urroHHhlll crroncThIH KarropnMeTp c nnuepemreM xoop;a;1rnaTbI JIIIBHJI cTarr 
OCHODOII 1n10ro'InC1IeHHbIX panpa60TOK a;a;poHHhlX II arreKTpoMarHIITHhlX 
KarropnMeTpOD ;D;ll.fi o6rracTII 0'IeHb DhlCOKHX 6hlCTpOT n HODhlX ;a;eTCKTOp

HbIX ycTaHonKax Ha ycKopnTeJIJIX SSC 
0

H LHC. 
ABTop oaw;mri;aeT: 

1. KOHCTpyKIJ;HIO II penyn1,TaThl nny'IeHIIB xapaKTepIICTIIK npe1rn-rrpoeK
UIIOHHOTI KaMephl, nonnorrJI10rn;en nponop;HTb TpexMepay10 peKOHCT
pyKn;IIIO TpeKOB D 1rnoro'IaCTII'-IHbIX npoueccax 

2. npm.ICHCHIIe MCTO)];a OT6opa curHaJI0D OT BpCMJI-npoCKIJ;IIOHHOll Ka
MCphl ;D;lIJI onpep;erremrn K0Op)];IIHaT TpeKa, no0DOlIJIIOUJ;Cro cymecT
DCHHO CHII0IITb 'IIICJIO _KoM6Irnauni'r cnrHarron n npon;ecce noccTaHo

nrreii:nJI TpeKonon KapTHHbI 

3. npe;a;rrmKCHHC ycTaH0BKH )];lI.H aKcnepHMCHTa TIO np.HM0MY II3Y'ICHIIIO 
;n;noiiHoro ,B-pacnap;a Ha ocHone npeMJI-npoeKD;IIOHHOH KaMephl, no
MemeHHOTI n MarHIITHOM none c TDepp;0TCJII,HhlM IICT0'IHIIKOM 2,8-

pacna;a;a D 'IYDCTDIITCJII,H0M 0 61,Me KaMephl 

4. MCT0;D; µ;nHaMII'ICCKOII CTa6Hmman;rnr nonepXHOCTHOll nlI0THOCTII na
p.H;n;a n 6enarreKTp0;D;HhlX ;n;pe:faponbIX KaMepax n IIHTCHCIIDHhlX n peo

K0 MCH.lIIOIUIIXCJI TI0TOKaX 'IaCTIIIJ; 

5. npIIMCHCHIIC 6enarreKTp0;D;HhlX p;peii<poBI,IX KaMep n nnMepeHIIII nHa
'ICHIIll OTH0IIICHIIJI CKalI.HpHoro II TCH30pHoro q>OpM<paKTOpOB K BCK
T0pHOMY <popM<paKTopy n npon;ecce J(+-+ 11"0e+v npn aHeprrm J<+-

MenoHa 10.7 raB/c2 

6. HOilhlll DII)]; Il03IIUIIOHHO-'IJBCTDIITCllbH0ro II0Hil3a:n;II0HHOro ClIOIIC

T0r0 ·KalI0pIIMCTpa Ha OCHOBC C)KaToro rana. 

Anpooan;H.s: paoOTbl . OcHOBHhlC penyrr1,TaThl pa6oThl ;a;oKrra;a;hl
DalIIICI, Ha Hay'IHo-MeToµ;n'Iecxnx ceMnHapax JlflII II JIBS OJT.fllT, JTScI> 
Kornnue, Me;;Kp;yHapop;HhlX Hay'IH1,1x KOH<pepeHn;mrx no <pnnnKe BhlCOKIIX 
aHerpuii n BepKrrII (1986 r.) n M10HxeHe (1988 r.), Me;;Kp;yaapo;n;Hon xo_H
<pepemi;nn no Koop;n;nHaTHbIM µ;eTCKT0paM n ,Il;y6He (1987 r.), Pa6o'ICM . 
conemaHIIII "cl>nnma Ha YHK" n Cepnyxone (1990 r.), ony6rrmonaHhl 
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B BIIµ;e 0Te'IeCTBeHHhlX II napy6e)KHhIX )KJpHallbHhIX CTaTerr 11 rm}:(aHIIIT 

OlUUI. 

Ily6rrHKa:a;uu. B µ;uccepTaD;IIII o6o6rn;eHhI penyrr1,TaThI pa6oT, BhI

rrorrHeHHhIX aBTopoM B 1984 - 1990 rr. Bo BpeMJI rrpe61,rnaHIIJI B JUIII 

OHJUI. OcHOBHhle penyrrhTaTbI pa60Tbl IInrrmKeHbI D 14· rry6rrrrKan;1rnx. 

CTpyKTypa rry6rrrrKan;rrn. ,Il;IIccepTan;rrn cocT0IIT rm nneµ;eHmr, "IeTbipex 

rrraB II naKITIO'IeHIIJI, B K0T0p0M rrpIIB0}l;JITCJI 0CH0BHbie BhIIl0}l;hI. 

COJJ:EP)KAHHE P ABOTbI 

Bo BBeµ;eHHH II0KanaHa aKTyarrbH0CTb pa60ThI, ccpop11yrrrrponaHhl 

n;errrr pa60Thl, 0TMe'IeHa ee H0BII0Ha II rrpaKTII'IeCKaJI n;eHH0CTh, orrpeµ;e

rreHbI 0CH0BHI,Ie rrorrmKeHirn, BhIH0CIIMbie Ha narn;IITy. 

Ileparu1 rnaaa µ;IIccepTan;mr cop;ep)KIIT orrIIcamre K0HCTpyKn;rrII rrpo

T0TIIIIa BpeMJI-IIpoeKD;IIOHHOII KaMepbI II penyrrhTaTbI unr-remrn ee xapaK

TepIICTIIK Ha Mop;errn. 

B Jia6opaTopIIII Jip;epHhIX upo6rreM OHJ!Jil panpa6oTaH rrpoeKT Borr1,

llIOII Ap;poHHI,III CueKTpoMeTp (BAC). JJ:orrrocpo"IHM cpunrr"!eCKM rrpo

rpaMMa p;lUI BAC BKITIO"rarra cncTeMaTII"recKoe nnr-1emre rroKa.'IhHOII cTpyK

Typ1,1 ap;pOH()B B 6rmapHhlX II lIHKlII03IIBHhIX IIpon;eccax C BbICOKOII MH0-

)KeCTBeHH0CThIO o6bI'IHhIX II CTpaHHhIX 'IaCTIID;. B Ka"IeCTBe TpeK0D0I'0 

p;eTeKTopa BAC c "IYBCTBIITerrhHhIM ofrI,eMOM 5x4x2 m 2 p;rur 3-MepHorr pe

K0HCTpyKn;rrII TpaeKTOpnii 'IaCTIID; B npon;eccax C BbICOKOH MH0)KeCTBeH

H0CTbIO Bhl6paHa BpeM.a-rrpoeKD;H0HHM KaMepa. ,Il;rrJI ocnoeHII.ll MeT0)];IIKII 

II nny'IeHII.ll CBOHCTB p;eTeKT0pa HaMn conp;aHa M0p;err1, BpeM.a-rrpoeKD;H0H

HOH KaMephl c panMepaMII "IYBCTBIITerr1,Horo o6'bMa 800x350x60 MM3 II 

IIpOTOTHil KaMepbl C panMepaMII 800x350xl600 MM3• 

roMO~eHHOe arreKTpH"IeCK0e norre n 'IYBCTBIITeJibH0M o6'beMe KaMepbI 

(pIIC. 1) cpopMIIpyeTCJI c II0M0l.ll;bIO BbIC0KOB0ITbTHOI'0 KaTop;a (KIT) n CII

CTeMhl uorrecpopMnpyrorn;IIX arrex-rpop;on (II8) B nnp;e Tpy6oK c Torrrn;rrnoii 

cTeHKII 0.2 MM. Jlrrnei'rno rrap;arorn;IIi'r rroTeHn;narr p;rrJI Tpy6oK nap;eTc.a c 

T0'IH0CTbIO ::5 1 % pe3IICTIIBHbIM p;emITCJieM (P JJ:). O6rraCTb ranonoro ycn

rremrn cpopMnpyeTCJI ceTKOII nn "Iepep;yrorn;IIxcJI CIII'HaJibHbIX ( CII) u norre

cpopMrrpyrorn;IIX (IIII) rrponorro"!eK, HaTJIHYTbIX c.lliaroM 5 MM, II oTp;elUI

rorn;eii ceTKon (3C). 3aMbIKaeT o6rracTb ranonoro ycIIrreHIIJI rrnHIIJI nap;ep-

2KKII (JI3) )];lUI orrpep;erremrn BTopoi'r Koopp;1rnaTbI. JJ:ne coceµ;Hrrx aH0}l;Hbie 

rrp0B0IT0'IKII Hap; mIHIIeII nap;ep)KKII 06'beµ;1rneHbl Ha 0}l;IIH Bxoµ; rrpeµ;ycrmn

TelUI II TaKIIM o6panoM cpop1rnpyIOTC.ll CJI0II TOITI.I.J;IIHOH 2 CM. B IIp0T0TIIIIe 

KaMephl conµ;aHo 80 crroeB, B Moµ;em1 3 crroJI. ;I.J;rrJI yrrpanrremrn rrpon;eccoM 
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Figure 1: Ilonepe'IHI,Ii'r pa::ipro BpeMJI
npoeK~IIOHHOII KaMepoi'r. 

c6opa arreKTpoHoB n KaMepe Ha n1,1c0Te 3 !\nr Hap; oTµ;elUIIOrn;eII ceT:r-.:oi'r 

HaT.aHyTa (rraparrrrerr1,Ho HarrpaBrreHIIIO rry-.:u,a) TpnrrepHM ceTKa (EC). 

OTµ;errbHbie Hp0B0JI0"IKII ceTKII o6'bep;rrneHbI n II0IT0CKII llIIIpIIHOII 2 CM, 

K0T0pbIMII M0)KH0 yrrpaBlUITb caM0CT0JI~eITbH0 [6]. 

JJ:rr.a perIICTpan;HII 'IaCTIIIJ; B rrpon;eccax C BbICOKOII ?-IH0)KeCTBCHH0CTbIO 

conp;aHa cIIen;narrhHM arreKTpOHHM arrrrapaTypa (pIIc. 2), K0T0pa.a o6rra

µ;aeT crreµ;yrorn;IIMII cBoiicTBaMII: 

- c BbICOKOIT T0"IH0CTbIO (1 He) IInMepJieT BpeMJI rrpuxoµ;a CIII'HaITa 

- perIICTpupyeT 6oITbllJOe K0ITII'IeCTB0 CIII'HaJI0B B Te"!CHHC µ;rruTeIThH0I'0 

IIHTepnarra BpeMeHII (16 MKC) 

- o6rraµ;aeT MaIThlM MepTBhlM BpeMeHeM (64 He) 

- c BhlCOKOEI -qacTOTOII ( 64 He) 11nMep.HeT aMIIITHT~Y oTµ;eIThHhIX cIIrHa-

rroB. 
Ee rrprmn;m::r cocTonT B cTpo6IIponamrn 1:3xoµ;Horo cocTO.llHII.ll c BhlCOKOR 

'IaCTOTOH, O,D;HOBpeMeHHOM 6hlCTpOM naIIOMHHaHIIII IIHcpOpMan;IIll n Kpy

I'OBOH rraM.llTII II B C'IIITbraamrn II rrocrreµ;y10rn;eii o6pa6oTKe "o6paTHO no 

BpeMeHII" IIOCITe rrpIIXoµ;a TpIIrrepHOI'O CHI'Harra. ' 

HaMII µ;eTaITbHO 1Iccrreµ;onaH1,r-~xapaKTepncTHKH npeM.ll-rrpoeKn;noHHOII 

Kfil-Iephl B IIJ'IKC MIIHIIMaITbHO rrommnpyrorn;nx "!aCTIID;. KaMepa pa6oTaeT 

c acpcpeKTHBHOCThIO perncTpan;nu -qacTIID; 6mmKorr K 100 %. Ona o6rra

µ;aeT xopOllICII mmenHOCTbIO namICIIM0CTII BpeMeHII IIpILXOµ;a Clll'Harra OT 

Koopµ;IIHaThl TpaeKTOpIIII rrepBH"lHOll 'IaCTIID;bI. IloKanano, 'ITO Ha TO'I

HOCTb onpeµ;erreHIIJI xoopµ;rrnaTbI TpaeKToprm 'IaCTIID;hl cyrn;ecTBCHHOe BITII

JIHIIe OKa□hlBaeT µ;ncpcpynII.ll. 3anHCIIMOCTb rrpocTpaHCTBeHHOI'O panpewe- · 
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Figure 2: BnoK- cxeMa Ka.Hana :meK
rpoHUKII. JI3 - mmm1 oa11epJKKII; IIY 
- npegycumITenb; ,II; - gucKpm.uma
Top; Y - perym1pyeMbli'1 ycumITem,; 
,ri:o - geTeKTOp HyrreBoro ypoBHJ!j M
BU:II - MHorocTonoBbliI BI(II; ·- AU:II 

- 6blcTpogeiicTBYIOlllIIll napanrrenbHbliI 
AI(II; BH - BbICOKoe HanpmKeHIIe. 
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Figure 3: IIpocTpaHCTBeHHoe paopewem1e no HarrpaBneHHIO gpeircpa (Ha.;"IeBo) JI Bgonb 
ClirHanbHb!X npoBono'leK (HanpaBo) B oaBIICHl\,lOCTH OT gmIHbI gpeircpa. 

Hllil B BepTm:am,HOM Harrpam1emm OT )];lUIHhI ;a;peiiqia (pIIC. 3) q>IITIIpo

Barracb q>yHKD;IIeii ay(y) = Ja~ · Y + b~, B KOTopoii p;rrq>q>y::moHHbIIT "IlleH 

ay = 0.086±0.003MM/VCM, a 'men, o6'i,ep;nrurIOUUIII pan6poc KrracTepoB n 

BKllap; annapaTypoI, by = 0.189 ± 0.021 MM. 

I1oKa3aHbI npenMyrn.ecTBa orrpe;a;erremUI BTopoii Koopp;rrnaTbI c noMo

I.QbIO lIIIHIDI nap;ep)l(KH. JI1rnIDI naµ;ep)KKH IIlIOTHO HaMOTaHa Ha Koprryce 

ClIO)I(HOil q>opMbI C BKrreeHHbIMII KOMIIeHCHpyrorn.HMII ne"IaTHhlMH rrrraTaMII. 

Ee p;rrIIHa - 850 MM II nonepe"IHhre panMepbI - 18x5 mm2. Panpa6oTKe 

lIIIHIIH nap;ep)KKII, IIOCBelll,eHa cepbe3Ha.JI "IaCTb MeTO)];l!'IeCKIIX IICCrrep;OBa

HIIII n p;OCTIIrHyTbI rrapaMeTpbI Ha ypoBHe lIJ"IlllHX MllpOBbIX panpa6oTOK 

( Ta6rrm::(a 1.). 
BmIJIHIIe p;IIq>q>ynrrn p;peHq>y:roru:ero o6rrarrn :meKTpoHOB Ha npocTpaH

CTBeHHoe panpellleHire B)];Ollb CIIrHallbHbIX IIpOBOlIO"IeK IIOKa3aHO Ha pIIC. 

3. 3p;ecb p;nq>qiy;IIOHHhIH '!lleH IIMeeT nHa'-remre ax= 0.548±0.022MM/ y'cM 

( OH CB1£3aH C Koaq>q>IIn;IIeHTOM norrepe"IHOII p;nq>q>ymm, a )];ll1£ aHO)];HOro 

CIIrHarra C KOGq>q>IIn;HeHTOM rrpop;OlIHOH )];IIq>q>ynIIII arreKTpOHOB) II BKrrap; 

annapaTypbI COCTaBll1£eT bx= 1.74 ±0.074 MM. 

,il;ll1£ ::iq>q>eKTHBHOH peKOHCTPJKD;IIII TpeKoBoii KapTIIHhl B MHOro"IaCTil'I- . 

HbIX npon;eccax HaMII npm.1:eHeH MeTo;a; C"IHTbrnamrn cnrHarra c o6omc KOH-

6 

., 

.. 

Table 1_: IlapaM:eTpb! mmmr oage_p_JKKII 

-360 OM aKTIIDHOe corrpoTIIBlleHIIe 

m,mep;aHc 1000 OM 

nap;ep2KKa 4.76 HCjMM 

ocrra6rreHne cnrHarra 1.2 p;B/MKC 

q>pOHT CIIrHarra 70HC 

D;OB lIIIHIIII nap;ep::-KKII. Ecrrrr nap;aTbC.ll ycrromreM t n+ t L -2· td-t DL < 150Hc, 

rp;e t R rr t L - Bpe11eHa rrpnxop;a curHarroB Ha rrpanhlII u rreBhlIT KOHD;hl lIII

HIIII nap;ep::-KKII, td - Dpez..rn p;perrq>a ::llleKTpOHOB, a t DL - IIOCTOJIHHM, TO C 

DbICOKOH )];OCTODepHOCTbIO Ha yponHe 3uvL M02KHO BbI)];elIIITb CIIrHallbI OT 

aHop;a n lIIIHIIII nap;ep::-KKII, COOTBeTCTnyrorn.ne O)];HOIT i:iacTIIn;e. O6rraCTb, B 

KOTopoi'r Hell:31[ p;aHHbIM MeTO)];OM panp;elIIITb p;Ba TpeKa, naHm.meT MeHllle, 

'-IeM 3% '-IYBCTDnTellbHoii rirrow;ap;u KaMepbr. 

BTopcUI rnaBa p;uccepTan;mr rrocnern.eHa ncrrorrhnoBaHIIIO BpeM.H-rrpoeK

urroHHOII KaMephl B q>rr~n'!eCKOM GKcrrepnMeHTe. Conp;aHHhlTI rrpoTOTIIII 

BITK Haun rrpep;rrmKeHo rrpmremrTb p;rrJI uccrrep;onamrn Kp;ep c 6orrhlllIIM 

nn6bITKOM HeHTpoHoB, '!To JIBIT1£eTCJI aKTyarroHon: nap;a'!en: c TO'IKII npe

HIIJI Bbr6opa rrpaBIIllbHOTI Teoprnr, orrncbrnarorn.eii CBOTICTBa 3K30TJPieCKIIX _ 

Jip;ep, a TaK)Ke p;ll1£ ::lKcrrepnMeHTallbHoro orrpep;erreHHJI rpamrn;hl .Hp;epHo:ii: 

CTa6nllbHOCTH. 8q>q>eKThl CTaTII'-IeCKOH p;eq>opMan;rrn: .Hp;ep, Korp;a lI30TOIIbI, 

HeCTa6HllbHbie B cq>epn"IeCKOM .llp;epHOM TIOTeHD;narre, MoryT CTaTb CTa-

6IIllbHhlMH B p;eq>opz..mpoBaHHOM COCTO.HHIIH, rrrramrpyeTC.H 1myi:iaTb B paM-

Kax Me)l-cp;ynapo;a;Horo rrpoeKTa KOMBAC [14]. -

B Jia6opaToprm .Hp;epHhlX peaKD;HII (OIUUI ,il;y6Ha) Ha 6ane D;IIKlIOTpo

HOB Y-400 II Y-400M conp;aH ycKoprITellbHhlH K0MimeKc, KOTOphlH crroco-

6eH p;aBaTb rryi:iKII TJI)KellhlX IIOH0B p;o GHeprlIII 100 - 150 M::iB/ A. ,il;ll1£ 

0q>q>eKTIIBHOro c6opa .Hp;ep, o6panonaHHbIX B .Hp;epHbIX peaKD;HJIX Ha MlI

llleHII, IIcnorronyeTC.H crreKTpoMe,TpH"IeCKHH MarHIITHhlH KaHarr. B Ka'!e

CTBe q>IIH?'llbHOro p;eTeKTopa IICIIOllb3yeTC.ll HaMH panpa6oTaHHbITI rrpo

TOTHII BpeMJI-npoeKD;IIOHHOH KaMepb! [13]. OHa II03BOll1£eT II3MepIITb xa

paKTepIICTIIKII .Hp;ep, 'IJBCTBIITellbHhle K q>opMe .Hp;pa: 

- norryrrepnop;hl pacnap;a r 1; 2 p;rrJI ,6-pap;noaKTIIBHbIX .Hp;ep, Korp;a Bcrrep;

CTBIIe II3MeHeHHJI "IeTH0CTII B p;eq>opMIIpOBaHHOM .Hp;pe M0)KeT CTaTb pan

pellleHHhlM nepexo;a;, nanpelll,HHbIII B HOpMallbHhlX ycrroBIIJIX, 11 T1;2 M0)KeT 

yMeHllllITbC.H Bp;Boe 
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-• Figure 4: 3a.BIICIIMOCTb ::icpcpeKTIIBHO

CTII perncTp~m 'laCTII~ OT IIHTeHCII
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Figure 5: Ynpamremre ::icpcpeKTIIBHOCTbIO pe

rHcTpa~mr 'laCTII~ C IIOMOI.I.\bIO oam1paIOI.I.\ei'r 

ceTKII BHe MarHIITHOrO IIO/JJI H B MarHIITHOM 

none B=l.5 Tn, napamrenhHOM HanpaBneHIIIO 

gpei'rcpa. 

- BepoJITHOCTb 0MHCCIDI He:rrTpOHOB H3 ,8-3aIIa3p;bIBaIOI.Qero pacrrap;a p;o-

-qepHero .Hp;pa pe3KO CHIDKaeTCJI IIpH Il3MeHeHHII 'IeTHOCTII p;ecpopMnpo-

BaHHoro .Hp;pa 

- cpep;HeKBap;paTil'IecKn:rr pa3Mep .Hp;pa, KOTOpbIH Mep;JieHHO pacTe~ rrpn 

yp;aJieHIUI OT O 6JiaCTH ,8-cTa6HJibHbIX .Hp;ep 

- ce'IeHne Jip;epHhlX peaKii;:n:n:, rp;e B crreKTpe HMrryJibCHoro pacrrpep;eJieHIIJI 

rrpop;yKTOB peaKn;nn MoryT Ha6JIIO):i;aTbCJI yonrn IIIIKH, COOTBeTCTBYIOI.QHe 

CpbIBY ):i;BYX B3aHMOCBJI3aHHbIX IIOBepXHOCTHbIX HeiiTpoHOB. 

Hep;ocTaTKOM noBeCTHbIX cTaHp;apTHI>IX pa3pa60TOK BIIK JIBJIJieTCJI 

CHmKeHHe 0cpcpeKTHBHOCTH perncTpan;mr 'IaCTIID; B ny'IKe HOHOB C BbICO

KOll IIHTeHCHBHOCTbIO. IIap;eHIIe TpeKoBoir 0cpcpeKTIIBHOCTII p;o 85 %' B . ~ 

IIOTOKe '-IaCTIID; BbICOKOH. HHTeHCIIBHOCTII, IIOKaoaHoe Ha pnc. 4, CB.smaHO 

C HaKOIIJieHIIeM o()'I,MHOro 3apJip;a OKOJIO aHO):i;HbIX rrpoBOJIO'-IeK . .D:JIH IIOBbI

rneHIIJI 0cpcpeKTIIBHOC~Il HaMH BBep;eHa B KaMepy Tp:n:rrepHaH CeTKa, KOTO

paH rrporrycxaeT B o6rraCTb ra3oBoro ycrmemrn p;peiicpyroI.QIIe 0JieKTpoHhl 

TOlibKO OT co6bITIIJI, Ha KoTopoe Bbipa6oTaH BHernmrii Tpnrrep. KaK no

Ka□aHo Ha pnc.5, Tp:n:rrepHaH ceTKa pa6oTaeT acpcpeKTHBHO B MarHHTHOM 

rroJie II 6eo Hero [6]. 
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Figure 6: 3aBIICIIMOCTb Tpe!WBOll ::icpcpeKTIIBHOCTII OT Alll!Hbl gpe11cpa ;:i:reKTpOHOB (Ha
neBO) II OT KOOp)'.IIIHaTbl B)'.IOllb C'.IrHa.'lbHb!X npOBO:IO'leK ( HanpaBO ). 

• 

BhlCOKaH TO'IHOCTb orrpep;errcmrn :r-.:oopp;rrHaT Tpe:r-.:a -qacTIIUbI n 3-Mep

HOM 1mo6pa2KeHIIII II B03~IO~KHOCTb II3:!l•IepeHIIJI IIOHII3aIJ;IIOHHbIX IIOTepb 

np;oJib ee Tpae:r-.:Topnn p;e~aIOT npern-rrpoe:r-.:u;nomzyro :r-.:m.rep'y rrpnDJieKa

TerrbHOH p;JIJI rroncxa 6e3He{1TpIIHH0{1 MO)];bI 2,8-pacrrap;a. IIpem.ryI.QeCTB01I 

MeTO)];~KII rrpJIMOrO Ha6mop;eHIIJI 2,8-pacnap;a JIBJIJieTCJI B03MmKHOCTb IIOMe

peHIIJI 0HepreTII"Iec:r-.:oro crre:r-.:Tpa pacrrap;on rr, cJiep;onaTeJibHo, onpep;eJie

HIIJI Tnna 2,8-pacnap;a. OcHOBHor'i Tpyp;iiocTbIO 0TIIX a:r-.:cnepmreHTOB HBJIJieT

CJI orrpep;erreHne cpcmo~bIX rrpou;eccon n irx rrop;anrreHne. 

Ha~m pa3pa6oTirna ycTaHon:r-.:a )];JI.JI rroy-qemra (2,8)011-pacnap;a c no

MOI.QbIO BIIK, noireI.QeHHon: B cJia60M MarHIITHOM noJie [9], KOTopaH no

OBOJIJieT npOBO)];IITb ITOJIHYIO 3-MepHyro peKOHCTPYKUIIIO TpeKOB -qacTIID; 

B BIIK II noMepeHirn noHII□an;IIOHHhlX noTepb :rneprIIII -qacTIID;hl B):i;OJib 

ee TpaeKTOpIIII. JicTO'IHilK 2,6-pacrrap;a paCIIOJiaraeTCJI Henocpep;CTBeHHO 

B -qyBCTBIITelibHOM 061,Me xaMepbI. PaccMoTpeHbI Tpn BapnaHTa BIIK n 

OIITIIMIIOIIpOBaHa KOHCTpyxn;IIJI KaMepbI )];JI.JI )];OCTIDKeHIIH HilOKoro ypoBHJI 

co6cTBeHHOII pap;noaKTIIBHOCTil p;eTeKTopa. AKTIIBHOCTb nop;o6paHHbIX 

MaTepnarron, JICIIOJibOyeMhlX n KOHCTpyKn;HII KaMepbI, Hl:DKe 10 MBK/Kr. 

XapaKTepncT'Inm KaMepbI noy'IeHhl HaMn Ha Mop;eJin xaMephl. JJ:ocTn

rHyTbie TO'IHOCTII orrpep;eJieHIIJI _Koopp;IIHaT TpeKa II BhlCOKaH TpeKOBa.JI 

0cpcpeKTIIBHOCTb nonBoJIJieT orrpep;emrTb nepumHy 2,6-pacrrap;a c TO'IHO

CTbIO 2 MM n p;ocTIIrHYTb TIMITYJibCHoe pa3pernemre 10 %, 'ITO p;ocTa

TO'IHO )];JIJI acpcpeKTIIBHOrO nop;amieHIIJI OCHOBHbIX cpoHOBhlX rrpo~eCCOB. 

IloKa□aHo, 'ITO KaMepa pa6oTaeT c TpeKonoi1 acpcpeKTIIBHOCTbIO 60Jiee 90 

% BO BCe~ 061,eMe KaMephl (puc. 6). B pe□JJibTaTe O:iKD'.)];aeMblll ypo

BeHb cpoHa B BIIK cocTamrneT 0.003 co6hlTIIn:/KaB B rop;, oTxyp;a cJiep;yeT 

HH:iKHIIII npep;err )];JIJI npeMeHII noJiypacnap;a 6e3HeiiTprrHHoro 2,B-pacna~a · 
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Figure i: 3aBIICI!MOCTb o6'bMHOro 

Tor<a yTe'!Kll OT noTeH1111a.na U(O, b) 
B 6e::3:Jrrer<Tpop:Hoir p:pefopoBoir KaMepe 

/i!IJI panHOII IIHTeHCIIBHOCTII IlOTOKa 

'!aCTIIll: 1 - B <pOHOBb!X yc!IOBI!l!X <I? = 
O; 2 - np11 cpep:He11 1rnTeHCIIBHOCTII 

iI? = 105 •rncT./c6poc; 3 - np11 Bb!COKOII 

IIHTeHCIIBHOCTII <I?= 106 'IaCT./c6poc. 

::m op;nH ro;a; 3Kcno::mn:mr 12.2-1023 rreT p;rr.lI II30TOIIa 96 Zr II 7.9-1023 rreT 

p;lI.lI 150 Nd [9]. Ilpe;a;rrmKeHHa.JI KOHCTPYKJJ;rrn p;eTeKTopa n 3rreKTpOHHa.JI 

amrnpaTypa co3p;aroTC.lI B CrroBaKim B pa:tvncax IIIIIpoKorr Me::-Kp;yHapo,n;Hon 

Korrrra6oparimr c yi:.racTireM OIUUI [7]. 
B TpeTeH rJiaae co,n;ep::-KIITC.lI omrcamre pa3pa60Tam,rx Ha:mr MeTo

p;oB rrpe,n;orremrn rra,n;emrn 3<p<peKTHBHOCTH perucTpan:rrn i:.racTrrn: B 6e33-

rreKTpop;HhlX p;peH<pOBI,IX KaM:epax, KOTOpoe Ha6mogaJIOCI, npn IIOBhlllleH

HOll IIHTeHCIIBHOCTII IIOTOKa i:.racTirn: i:.repe3 KaMepy. ,II;o HallIIIX nccrrep;oBa

HlIIl KaMephl p;aHHOro TI-ma rrpnMeH.lIJIIICI, TOJII,KO D IIOTOKax MaJihlX IIH

TeHCIIBHOCTerr OT pap;noaKTIIDHbIX IICTO"IIDIKOB. 

I'oMoreHHOe µ;peH<pOBOe IIOJie B 6e33JieKTpOp;HOil KaMepe C03p;aeTCJI IIO

BepXHOCTHhlM crroeM rrorrmrrnTellbHhlX IIOHOD, KOTOphle o6pa3yIOTC.lI B rrpo

n:ecce ra::30noro yc1rnemrn II oceµ;aroT Ha DHyTpeHHIIe rronepXHOCTII p;II3-

rreKTpn"IeCKIIX CTeHOK KaMepbI. HaMII noµ;po6HO II:3J"l~H rrpon:ecc cpopMII

poDaHII.lI C1IO.lI lIOHOD D 3aBTICilMOCTII OT pa3HbIX copTOB µ;1mrreKTpnKa, 

HCII01Ib30BaHHOro µ;rr.lI KOHCTpyKn:nH KaMepbI [5]. YcTaHOB1IeHo, "ITO B Ka

Mepe Ba:,KHO COOTHOIIIeHHe TOKa µ;ucpcpynmr µ;perrcpyrow;rrx IIOHOD Il TOKa 

yTe"<JKII nap.l!p;a C DHyTpeHHei'r IlOBepXHOCTII CTeHOK Ka:l\.!ephl. IloKanaHo, 

"ITO µ;HananoH nHai:.reHIIll HHTeHCHBHOCTII IIOTOKa "<JaCTIIn:, D KOTOpOM Ka

Mepa pa6oTaeT C DI,ICOKOII 3<p<peKTIIBHOCTbIO, naDIICIIT OT 06'1,eMHOro co

npoTIIB1IeHII.lI µ;1mrreKTpIIKa. Harrµ;eH p;nananoH nHa"<JeHHll yµ;err1,Horo co

rrpoTIIDJieHII.lI µ;1mrreKTpHKa Pv = 1012 + 5 • 1014 p;lI.lI ycTOH"IHBOll pa6oThl 

KaMep D IIHTeHCHBHhlX IIOTOKax "<JaCTnn: µ;o 5 -105 "<JaCT./c. 

Bhl6op pe.iKIIMa pa6oTbI 6e33JieKTpoµ;Hoii KaMepbI HaMII rrpeµ;rrmKeHO . 
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npoDO)l;IITb TIO COOTHOllieHIIIO IIOTeHn:Harra Ha DHyTpeHHeR nonepXHOCTII 

CTeHOK KaMepbI II TOKa yTe"<JKIT, KOTopoe IIOKanaHO Ha prrc. 7. IIITpmpo

BOII lIIIHIIeii yKanaHa naDTICIIMOCTI, p;lI.lI Tip;eaJibHO napmKeHHOH TIODepXHO

CTTI. Kprm1,re 1 TI 2 Marro OTJITI"laIOTC.lI TI TIPII MMbIX 3Ha"<JeHTI.lIX aHOµ;Horo 

HaTip.lI:iKeHTI.lI KaMepa Hep;onap.lI:iKeHa. Iloµ;6opoM aHoµ;Horo Harrp.lI.iKeHII.lI 

MO:iKHO IIpH p;aHHOII HHTeHCIIDHOCTII IlOTOKa -qacTrrn: rrorryi:.rITTb rmrnreH

Hoe norre B µ;pei'rcponorr o6rracTII. B TIOTOKe i:.racTnn: IIHTeHCIIBHOCTbIO 106 

'-IaCTIIn:/c6poc, KaK IIOKa3bIBaeT KpIIBa.lI 3, OilTIIMa1II,HI,IH pe)KHM ycTa

HODIITb He1Ib3.lI Il He06XO)l;IIMO IIpm,re~IITb p;rrnrreKTpIIK C 6orree HII3KIIM 

3Ha'1eHIICM y;a;errHoro conpOTIIBJieHII.lI. t 

Ba)KHhll\! napaMeTpOM 6e30lICKTpO)l;HhlX ,n;peiicponhlX Kal\Iep .lIB1I.lieTC.lI 

BpeM.lI paccac1,rnamrn nn6bIT0'1Horo cBo6oµ;Horo nap.Hµ;a co cTeHOK Ka

Mep1,r, KOTOpoe onpep;elI.lieT CKOpOCTI, CTa6rrnrman:rm pe)KIIMa KaMepbI IIO

crre II3MeHeHII.lI IIHTCHCIIBHOCTH IlOTOKa '-IaCTHn: (pnc. 8). HaMH onpeµ;e

lICHbI IlOCTO.lIHHhle BpeMeHir CTa6nrrn3a:o;mr cpopMbI IlOTeHn;rrarra B µ;perr

qlOBOM o6'bMe II 0cp<peKTIIBHOCTII KaMepLI T ~ 4750 ceK. IloKanaHa CB.lI3b 

0TIIX BeJIII"IIIH C napaMeTpaMII µ;rmrreKTpl:IKa. Ilpe;a;rrmKeH MeTo;a; CTa6rr

minan:mr nonepXHOCTHOII IllIOTHOCTII nap.liga, KOTOpbIII naK1II0'1aeTC.lI BO 

nne;a;eHHH DCilOMOraTeJibHOro 0JieKTpo;a;a B° KaMepy, IIop;,n;ep)KKe IIOCTO.lIH

HOII panHocTrr noTeHn:rrarra Me::rKp;y nonepxHOCTbIO ,n;rrnrreKTprna n aHoµ;Hou 

npoBorroi:.rKon rr n nprrMeHemm ycrrmrTerr.lI c peryrrrrpyeMhlM ycrrneHHeM. 

KaK noKanaHO Ha prrc.8, MeTo;a; II03DOJIIIJI COKpaTHTb BpeM.lI BOCCTaHO

nrreHH.lI 3<p<peKTHBHOCTH KaMep rrocrre pe::nwro lI3MeHeHII.lI IIHTeHClIBHOCTII 

IIOTOKa '-IaCTI-I:o; i:.repen KaMepy µ;o 3 MlIHYT [4]. 
Brraro,n;ap.lI 3TOMY OKanarrocb B03MO)KHbIM nplIMeHIITb C03p;aHHbie 6en0-

rreKTpO,D;Hhle ,n;pen:<ponhle KaMep1,r o6i.Qeii nrrow;aµ;1,10 4 m2 B cprrmri:.recKorr 

rrporpaMl\Ie Ha ycKopTITerre, HarrpaBrreHHoii Ha rrnyi:.reHrre pacrraµ;on K+. B 

paMKaX MOp;epHH3an:rrrr ycTaHOBKII fimepOH, Ha KOTOpOH BhlII01IH.lieTC.ll 

0Ta nporpaMMa, conp;a:H IIIrrpoKoaIIepTypHbIIT 0rreKTpoMarHITTHbIH Karro

pIIMeTp Ha OCHOBe CBIIH:o;onoro CTeKrra. B HeM 'rrpIIMeHemi CIICTel\rn rrn aK

TIIBHOro KOHBepTopa IT 6en0rreKTpO)l;HhlX ,n;peircpoBbIX KaMep [1,3], KOTOpa.lI 

yrryi:.rIIIrrrra iwop,n;rrnaTHYIO T0'1HOCTb Karropn:tvreTpa B 2 pana. Ha ocHoBe 

rmyi:.reHII.ll nonepei:.rHoro pacnpe,n;erreHII.ll nap.llp;a B 0rreKTpoMarHITTHOM rrII

BHe Hal\fII o60CHOBaH MeTo;a; o6pa60TKII lIH<popMan:mr C 6en0rreKTpOp;HhlX 

p;peii:cpOBhlX Kal\Iep, KOTOpbIIl Y1IJ'-IllllilI TO'-IHOCTb onpe;a;erreHII.ll OCH 0JieK

TpOMarHIITHOro lIIIBH.lI nprr IICII01Ib30BaHIIII ;a;aHHhlX _c 0TIIX KaMep B 1.4 
pana. ,IlByxrrrrnHenoe pa3pernemre yrryi:.rIIIeHo ;a;o 35 MM [8]. · 

Conp;aHHhle Ha ocHoBe npoBep;eHHbIX MeTo;a;ni:.recKrrx nccrre;a;oBaHIIH IIIII-

11 



100, 
! I 

-001 I ~ I 
b so ~ r.= 1.s.1ol·1! I = 10

4 f 
~ 40 
LL 
UJ 

20 

0 5 10 15 

TIME (min) 

20 

100 r-r-.-, 
1 

I i I 1 

4K S,SK 

_ 80 

~ 

~ 60 
g 
:,: 
a, 
:s: 40 ... 
i:; . 
~ 20 

i 
K 

I 
I I 
K K 

120000 I 30 ooo 

3Ar PY3KA l c 1 I 

0 
-10 -s o s 'l:l 15 20 

BPEMR I NMH.I 

Fig{1re 8: BoccTaHOBnemre acpcpeKTIIBHOCTlI perIICTpari;mr 'IaCTlID; nocne CHIIlKeHIIH 

aarpyaKu B 6roaneKTPOAHOII gpei'rcpoBoi'i 1rn1repe 6ea cTa6mm::mpyromnx aneKTPOAOB 
(cneBa) u co cTa6nmrmipyromm.1 aneKTpogm.r (cnpaBa). 

p0Konanopm,1e 6en3rreKTpo;a;m,1e p;pe{npom,Ie KaMep1,1 BrrepBbie rrprrMeHeHbI 

B Ka'IeCTDe TpeKOBOI'O p;eTeKTOpa B 3KCIIepIIMeHTe ITO nccrre;a;oBaHIIIO pac

rrap;a J(+-+ 1!'0e+v, KOTOpbIII IIOCTaBrreH Ha ycTaHODKe nmepoH B paMKax 

rrporpaMMhl rmy,:1eHIIJI pacrra;a;on K +. Ben3rreKTpo;::i;:ri:1,1e ;a;pencpoBbie Ka

Mep1,1 IICIIOlII,:JOBam1c1, )J;lI5I peKOHCTpyKIJ;IIlI TpeKOB OT nap5I)KeHHnIX rrpo

p;yKTOB pacrra;a;a. Mx BI,I_COKOe npocTpaHCTDeHHOe paoperneHIIe yBelIII'IIIlIO 

CTaTIICTIIKY BOCCTaHOBlieHHbIX co6bITHll pacrragon J(+ -+ 1!'0e+v Ha )J;II

arpaMMe ,Il;arrrrTii;a Ha 25 % n IIOBbICIIITO Tff'IHOCTb _orrpe;a;erreHmr COOTHO

rnemrn: TeHnopHOH H cKarr.HpHOH cocTaBlI5IIOlll,eII cpopMcpaKTopa K ero BeK

TopHoII COCTaBlI5IIOlll,eII [12]. B penyrrnTaTe i:rorry'IeHbI caMhle TO'!Hhle -

Ha ;a;aHHOe BpeM.lI - :JHa'!eHH.lI 3TIIX OTHOIIIeHIIB. 

"t!eTBepTaa rJiaBa co;a;ep)KIIT OIIIICaHrre KOHCTPYKIJ;IIII II norry'IeHHhle 

B rrccrre;a;oBa.HIIII Ha rry'IKe -qacTnu; OCHOBHbie xapaKTeprrcTIIKII 1mop;a;rrnaT

Horo IIOHimau;rroHHOI'O KarropIIMe:rpa Ha ·c)KaTOM rane )J;lI5I u;_eHTpalibHOII 

-qacTrr na;a;Hero KarropIIMeTpa ycTaHoBKII MHoro-qacTII'IHbIII CrreKTpoMeTp 

(M"tJC). OcHODHOII cprrmr'IecKorr pa;a;a-qefr rrpoeKTa M"tJC, BKITIO'IeHHoro B 

rrepnoo'Iepe;a;Hyro 1Iccrre;a;onaTerr1:,cKyro rrporpaMMY c qmKCIIpOBaHHoii MII

rneHbIO Ha ycKopriTerre YHK, .lIBIT.Hrroc1:, :rrny'IeHIIe cprmrrKII T.lI)KeIThlx KBap

KOB (b II c), oco6eHHO cpyH;a;aMeHTalibHhlX BOIIp0COB cprmIIKII B-'IaCTIIIJ;. 

3a;a;HIIII 3rreKTpoMaI'HHTHbUI KarropIIMeTp ycTaHOBKII M"tJC rrpe;a;Ha:JHa

'IeH )J;lI5I peI'HCTpau;mr ,-KBaHTOD, 3ITeKTpOHOB II IIO:JIITpOHOB C 3Hepr:rreII 

;a;o 600 f3B. Ero u;eHTparrnHM '!aCTb rro;a;nepraeTc.lI o6rry-qemno HHTeH-. 

CIIBHhlM IIOTOKOM '!aCTHIJ; C urnpOKIIM )J;IIarra~30HOM 3Hepnm, ,,IIpelIM)'lll,e-
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Figure 9: Cxe:1,1a MOAe:m ra
:JOBoro IIOHII:JaUIIOHHOro cno-

4 IIcToro Ka:10pia1eTpa. 1 - xa

TOAHbie AIICK!Ij 2 - aHO):\Hble 
KBagpaHTblj 3 - gropa."IIOMIIHII

eBbIII KOHTeIIHep; 4 - npegycu
mITemi. 

• HV 

CTBeHHO ~/-KBaHTOD rro;a; l\IaIThll\I }TlIO~I paorreTa. 

Halvm panpa6oTaH 110;:tyrrnHbIII ranon1,u'i: 3iieKTpo:\IarHIITfilIIr :rnrroprr

MeTp C ;a;eTeKTopm-r Ha OCHOBe uommau;UOHHbIX Ka111ep C DbICOKIUI ;a;aBrre

HIIeM pa60-..1ero raoa u c·oprammau;uefr C'-IIITbIDarownx 3rreKTpo;a;on B nrr;a;e 

6arneH [10]. PaHee rrpmreHJilIIICb CITOIICTbie I'a:JODhle KarropmreTpbI, pa6o

Tarowrre rrpn anroccpepHOM ;a;aBrremm, Ho ;a;ocTnrHyToe 3HepreTII'IecKoe 

pa:JperneHne Hep;OCTaTO'IHOe. E;a;nHCTBeHHOe l\IeTO)J;II'-IeCKOe IICCrre;a;onaHrre 

3HepreTII'-IeCKOI'O panpernemrn IIOHII:Jau;noHHOI'O CITOIICTOI'O Karroprr11reTpa 

Ha C)lrnToM raoe 61:,rno BhlIIOJIHeHo rpyrrrro{r ,Il;orrrornenHa (Nucl. Instr. and 
Meth. 159, (1979) pp. 83-92.). . 

Ha.Mn coo;a;aHa 110gerr1:, KarroprnreTpa, orrpe;a;erreH pe)KIIllI pa6oTbI u nc

crrep;OBaHbI xapaKTepIICTIIKII Karropm-IeTpa. Mo;a;errb COCTOIIT II:J 70 IIOHII

oau;IIOHHI,IX Kalv!ep ri cpopMe ;a;ItcKa, co6paHHbIX B urrmrn;a;p. TOITlll,IIHa pa-

60-qero_ 0 6'b.Ma Ka)K)J;Oll KaMepnI 2 MM, )J;HaMeTp 'IYDCTDIITeITbHOil rrrroma;a;n 

80 MM. CBHHIJ;ODbie 3lieKTpO)J;bI KaMep TOlIIUHHofr 2 MM crry2KaT O)J;HOBpe

MeHHO IIOI'IIOTHTerreM. AHO)J;Hbie )J;HCKII pao;a;erreHbI Ha '-ICTbipe Kna;a;paHTa 

H Bee KBa;a;paHThl paCIIOlIO)KCHHhle ;a;pyr na ;a;pyroM, coe;a;rrHeHhl npop;orrbHO 

B 4 6arnHn. Ka)K)J;M 6arnH.H rro;a;KITIO'IeHa K oT;a;el!bHoMy rrpe;a;ycurrnTerrro. 

KarropHMeTp rroMemaeTc.lI B ;a;roparrIOMIIHIIeBbirr urrrrnH;a;prr-qecKIIII ~opnyc, 

paCC'IIITaHm,rrr. Ha BbICOKOe ;a;aBrreHrre rana ;a;o 50 a TM, KOTOpbIIl Hanorr

H.lIITC.lI xceiioHoM nrrn aproHOM c ;a;o6aBKOH 10% CH4. 

IloKana.Ha mrneITHM :JaBIICIIMOCTb BelIII'IHHhl co6paHHOI'O nap.H;a;a OT 

3HeprIIII 'IacTnu;1:,1 H OT ;a;aBrreHH.lI pa6o-qero rana. IIorrrreHo 3HepreT:II'Ie

cxoe paoperneHIIe KarropnMeTpa d E / E = ~EB~ )];IT.JI ;a;anrreHII.ll pa6o-qero 

raoa 20 aTM. 8To paopernemre )];IT.JI 3Heprni'r perncTpnpyeMhlX -qacTIIU 

BbIIIIe 100 f3B cpaDHIIMO C paopernemreM )KH)J;KoapI'OHHI,IX Karropm.ieTpOB 

n KarropnMeTpOB Ha OCHOBe CBIIHIJ;OBOI'0 CTeKrra [11]. 
,Il;IT5I onpe;a;erreHIDI Koop;a;:rrnaThl OCH 31IeKTp0MaI'HlITHOI'O ITIIBH.ll IICIIOITb

nonarracb cpyHKIJ;IDI (Ai~1A
2

) = 0.5 • [1 - cotha(x ·- /3)], r;a;e A1 - CJMMa aM

IIITIITy;a; ;a;Byx coce;a;HIIX 6arneH, KO0p)J;HHaTa n;eHTpa KOTOphlX X > 0, a A2 
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Figure 10: 3aBIIClIMOCTb OTHOUiemrn 8..'vI

rrmIT~ R(y) = Ai/(A1 + A2) OT Ko

opµ;imaTbI HaneTa10U1ero a.:1eKTpOHa y. 
Crr:10IUH011 mrnneir yKaoaHa :JaBJICIIMOCTb 

R(y) = 0.5·[1-cotha(y-,B)], r~e a,= 0.115 
0 
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Figure 11: IlpocTpaHCTBeHHOe paopeIUe

HHe ra:JOBOro Iromma~HOHHOro 'cJIOIICTOro 

IW,iOpHMeTpa B :JaBl!CIIMOCTII OT KOOpgII

H1l.Tbl rrorragaHIUI nepBH'IHOro arreKTpoHa. 

E.- = 26.6 raB, rao Xe + 10 % CH4, ga

BrreHIIe 20 aTM. 

COOTBeTCDeHHO ;a;rur x < 0. BemI'IlIHI,I napaMeTpOB a = 0.11~ II /3 = 53 

nony'IeHl>I II3 aKcnepm1:eHTaJil>HOH ?aBHCHMOCTn, noKa3aHHoir Ha pnc. 10. 

Cpe;a;HeKBa;a;paTII'IeCKlle OTK1IOHemra pacnpe;a;eneHIDI pa3HOfTII KOOp

)];IIHaTI,I OCII ;meKTpOMarHHTHOro 1IlIBH.lI H KOop;a;rrnaTI,l HaneTaIO~ero aneK

TpOHa B 3aBIICHMOCTII OT KOop;a;1rnaThl nona;a;amrn aneKTpOHa B Ka1IOpII

MeTp noKa3aHl>I Ha pIIc. 11. Koop;a;rrnaTHoe pa3peuiem1e xanopIIMeTpa 

nocne Bl>I'IeTa BKna;a;a nponop~0Han1,H1,1x KaMep cocTaB11no a :i: = 0.8 MM 

IIpII ;meprIIII aneKTpOHOB 26.6 raB [11]. 

IlpIIMeHeHIIe ra3oBoro KanopIIMeTpa o6ecne'IIIBaeT cy~ecTBeHHoe cHII-

2KeHIIe 3aTpaT He T01II,KO Ha C03p;amre ycTaHOBKII, HO II BO BpeM.lI pa60TI,I 

ycTaHOBKII. BnepBhle pa3pa6oTaHHl>IlI H aKcneprnvreHTaJ.Il>HO npoBepeHH~ 

BII)]; II03~0HHO-"!YBCTBIITen1,Horo KanopHMeTpa OT1III'IaeTClI BhlCOKIIM 

61,1cTpo;a;eiicTBIIeM, xopoIIIIIM aHepreTII'IeCKIIM II KOop;a;1rnaTHI,lM pa3pe-
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rneHIIeM n BbICOKOH pa;a;uan;uoHHoi'r CTOIIKOCToro, 'ITO II03BOn.lleT npIIMe

H.lITb ero B o6naCTII BbICOKOH pa;a;uan;IIOHHOII Harpy3KII B KpyIIHhlX ycTa

HOBKaX Ha ycKopnTerurx TaB-Horo ;a;nana3oHa aHeprm'i. ,I(aHHa.a pa6oTa 

nocny2K1rna cTapTonon ;a;rrn ;a;eTarr1,Horo II3y'Iemrn p.H;a;oM rpynn xapaKTe

pncTIIK ra30DI,IX IIOHiman;IIOHHl>IX. KarropIIMeTpOB ;a;rur IIX npnMeHeHH.lI B 

Ka'IeCTDe arreKTpmrnrHIITHoro II ap;poHHoro KarropnMeTpoB. 

B 3aKJIIO'Iemn1 cq>opMyrrIIponaH1,1 OCHODHhle pe3yrroTaThl ;a;rrccepTa
n;uu: 

1. Co3p;aHa npe1rn-upoeKn;1roHHaJI Kal\repa p;rr.ll TpxMepHon: peKoHcTpyx

n;mr TpeKon 3ap.H2KeHbIX 'IacTnn; n 1rnoro'laCTII'IfilIX npon;eccax. Pa3-

Mep1,1 'IYDCTDIITeITbHOro o6'o~Ia Kal\1ep1,1 - 800x350x1600 1n1:3 II o6~ee 

'IHCITO KaHarroB - 240. B Kal\repe rrpep;ycMOTpeH pe)KIIM 6hlCTporo 

Tpnrrnponamrn II nnMeHemrn q>op,.11,1 'IYBCTBIITerr1,Horo o6'l>Ma. ,I(e

Tarr1,Ho rm:rreHbI xapaKTepIICTHKII Ka:Mep1,1 Ha MOp;errn II norry'IeHhl 

Bhlpa:tKCHII.lI ;a;rr.ll Koopp;irnaTHoro panpernemrn B nepn1Karr1,HOM (ay) 
II ropn30HTan1,HoM (ax) Hanpanrremrnx [6]: 

(ay) 2 = (0.026 ± 0.001)2 * y[mm] + (0.189 ± 0.021)2[mm] 

(a:i:)2 = (0.165 ± 0.007)2 * y[mm] + (1.?40 ± 0.074)2[mm]. 

2. Ilpm1:eHeH MeTo;a; onpe;a;erremrn DTopoi'1 Koopp;rrnaTl>I no npe1vrn-npoeK

n;noHHorr KaMepe Ha ocHoBe To,.rnoro nnMepemrn npeMeHn npnxop;a 

crrrHarron K 06011M KoHn;aM mrnm1 na;a;ep1KKII, 6narop;ap.ll 'IeMy cy~e

CTBeHHo ycKopeH arrropIITM onpe;a;erremrn Koop;a;rrnaT TpeKOB oT;a;en1,

HhlX 'IaCTIIII; I3 co 6l>ITII.l!X C BI,ICOKOIT MHO)KCCTBCHHOCTI,10 H CHmKeHO 

K01III'ICCTBO nmKHhlX TpeKOB. ,I(ByXTperwnoe panperneHne COCTaBIT.ll1IO 

10 MM B ropII30HTaITbHOM Hanpanrremm II 4.5 MM B BepTIIKa1Il>HOM. ' 

TpeKOBM aq>q>eKTIIBHOCTb l);OCTIIrarra 90 % [6]. 

3. Co3;a;aHa aneKTpomiasr annapaTypa µ;rr.H C'l>Ma II o6pa6oTKII crrrHana 

OT aHoµ;HhlX rrpoBorro,.IeK II mrnm1 nap;ep1KKII npe1rn-npoexn;noHHon: 

KaMep1,1, I3 KOTopyro DXOl];IIT 6noK aHarrorOBOII aneKTpOHIIKII C p;e

TCKTIIpOBaHIICM MaKCIIMyMa crrrHana II 6noK on;nq>pOBKH, BKITIO'IaIO

~IIli 61,1cTpop;efrcTny10~nn nap.Hp;o,.1yncTBHTerr1,H1,1fr 6-6HTHl>IH AD;II, 

cTpo6upyroIIIrri'r cIIrHarr c '!acToToi'r 15.6 MTh, II MHorocTOIIOBhlII 

BD;II c BpeMeHHl>IM pa3perneHneM p;o 1 He rr MpTBl>IM BpeMeHeM 64 

HC. 

4. IIpe;a;rrmKeHa ycTaHoBKa ;a;n.ll nccrre;a;onaHII.lI ;a;Bon:Horo /3-pacna;a;a B 

TBpp;OTCITI,HI,IX Be~eCTBax C IIOMO~bIO npeM.lI-npoeKn;IIOHHOil KaMep1,1, 
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noMern;HHon n crra6oe MarHHTHoe rrorre. Hny'IeHhI naprraHThI pam,ie
rn;eHIDI pa)];II0aKTIIBHhlX o6pan:o;on u reoMeTpIIII KaMephl . .YpoDeHb 
qiona no)];aDrreH )];0 0.003 co6hlTni'1/K3B D ro)];, 'ITO rronnomreT )];0CTII- . 

· rHyTh HmKHIIH rrpe)];err npeMeHII rrorrypacrra)];a )];lI.H 2/3(0v) upo:o;ecca 
12.2-1023 lleT. Ilpe,rr;rrmKeHHaJI K0HCTpyK:o;rrn )];eTeKTopa II 3ITeKTpoH
Ha.H arrrrapaTypa con)];aTc.H D Crronanrn D paMKax urnpoKoii Me:tK,rr;yHa
po)];Horr Korrrra6opa:o;1rn c y-qacTneM OHHH [9]. 

5. !Ipe,rr;rrmKeHo rrprrMeHeHIIe con)];aHHon (rryHKThI 1. - 3.) npel\rn-rrpoeK
IIIIOHHon KaMepbI Il Ka'IeCTne q>IIHalibHoro )];CTeKTOpa MarHIITHOro Ka
Hana cerrapa:o;mr )];lI.H II3y<-IeHII.H xapaKTepIICTIIK .Hp;ep II30TOIIOD rrrKHX 
arreMeHTOB c nnfihITKmI HeiiTpoHOD n6mmn rpaHIID;hI CTa6mihHOCTH. 
Con,rr;aHHaJI amrnpaTypa nouma B Me:tK)];yHapop;Hhri'r npoeKT COM
BAS, KOTOphri'r Haxo,rr;HT.C.H n CTap;mr c6opKII II oTrra)];KII OT)];ClihHhIX 
ynrron ycTaH0DKII D .JIJIP OIIJIH [14]. 

6. Ha ocHoDe rrny-<remrn ,rr;1:mrreKTp1r<-recrmx cnoncTD rrorruMepHoro rmo
IT.HTopa rrpep;lI0}KCH II 3KCIIepIIMeHTalibHO o6ocHonaH MeTo,rr; )];HHaMII
'IeCKOII CTafirrn:rma:o;rrn IIOBepXHOCTHOII IIlIOTHOCTII nap.H)];a, q>opMnpy
rorn;ero 3lICKTpII'IeCKOe IIOlIC n µperrq>OBOII o6rraCTII 6en3lICKTpo,rr;HhIX 
,rr;penq>OilhIX KaMep, 'ITO II03Il0lIIIlIO IICIIOlih30DaTb IIX Il COCTane CII
CTeMbl "AKTHDHhIII KoHnepTop - IllnpoKonanopHbie .JJ:penq>oDhre Ka
MCphI - JI1rnHenoii I'op;OCKOIIII'IeCKHII .JJ:eTeKTop" II YlIY'IlllIITh TO'I
HOCTb orrpe,rr;erremrn Koopµ;rrnaTbI OCH lIHBH.H Il . 3lieKTpOMarHIITH0M 
KarropnMeTpe ycTaHOBKII fimepoH B 3.5 pan . .JJ:nyxrrunHenoe panpe
rneHne COCTaBIIlIO 35 MM [8]. 

7. Ben3lieKTpo,rr;HhIC )];pe:i'rq>oBhle Kal\rnpbl IICIIOlih30BaHbl BrrepDhle Ha yc
KOpHTerre B 3KCIIepIIMeHTe no rmy-<reHIIIO I(+ -+ 1r0e+v, D KOTOpOM 
norry'IeHbl caMhIC TO.'IHhIC nHa'ICHll.H OTHOllleHIIII CKarr.HpHoro II TeH
nopuoro q>opMq>aKTopon IC~:. 
I fs/ f+(o) I= 0.070 ± 0.016( CTaT) ± 0.016( CHCT) 
I ft/ f+(o) I= 0.53~8J8( CTaTt± 0.lO(cIIcT) [12]. 

8. !Ipe,rr;rrmrrnu, panpa6oTaH II 3KcrrepIIMeHTalihHO rrponepeii HOBhlH nn,rr; 
Il03IIIIIIOHHO-'IYDCTDIITelihHOro ClIOHCToro KarroprrMeTpa Ha OCHOBe 
II3MepeHIDI IIOHIIna:o;IIOHHhIX IIOTepb B C)KaTOM rane. KarroprrMeTp 
0TJIII'IaeTC.H KOpOTKIIM DpeMeHeM OTKlIIIKa II crroco6eH pa6oTaTb B 
)KCTKHX pa)];IIaJJ;IIOHHhIX ycrromrnx. Con,rr;aHa l\rn,rr;errh, II nny'IeHhl xa
paKTCpIICTIIKII 3lieKTpOMarHIITHOro KarropIIMeTpa, ,rr;ocTIIrHyTo aHep
reTII'IeCKOe panpernemre aEfE = 15%/JE+30%/E II KOOp,rr;IIHaTHOe 
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I 

panpernemre ax = 0.8 l\1111 rrpn 3Heprmr ;meKTpoHa 26.6 I'aB [11]. 
IIpe)];JIO:iKeHHhIII nn,rr; Karropn:--.reTpa cTarr ocHoDorr pa::ipa6oToK Karro
pnMeTpon ,rr;rr.H o6rracTII O'ICHh BhICOKIIX 6bICTpOT B HOilhlX )];eTeKT0p
HhIX ycTaHODKax )J;lI.H ycKopnTerrerr YHK; SSC, LHC. 
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