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06w:aJI xapaKTepn:CTHKa pa60Tbl 
AKTYaJihuocTh upo6JieMh!. 

B 1975 ron;y MncTIITYTOM 51.nepHhIX Mccne,noBanIIii AH CCCP 6wna IIHIIUIIIIpoBana 

nporpaMMa IIccne,noBamrn pe,nKIIX pacna,noB 1r II K-Me30HOB Ha ycKopIITene Y-70 B M:<1>B8. 
Y cTaHOBKa ("MCTP A"), a,neKBaTHaJI pelllemno 3Toii 3a,daqII, 6wna co3,naHa II 3anymeHa 

Ha KaHaJie a,npOHOB C 3HeprIIeii i'::J 25 f3B ua Y-70. K cepe,nIIHe BOChMHD:eClIThIX ro,noB 

Ha 3Toii ycTaHOBKe 6wna nonyqeHa cepIIlI uoBh!X pe3yJihTaToB no pacna.naM K-Me3oHoB, 

60JihlllalI qacTh II3 KOTOphIX 6hma. npe,ncTaBJieHa Ha Me)K,nyHapo,nHhIX KOH<pepeHUIIlIX II 

BOIIIJia B Ta6JIIIUhI 3JieMeIITapHhIX qacTIIU. 

IlaJihHeii11Iee pa3BIITIIe 3TOH nporpaMMhl noTpe6oBaJIO cymecTBCHHOH MO,nepH1I3aUIIH 

ycTaHOBKII, KOTopaJI 6wna npoBe,neHa no cne.nyromlIM HanpaBJieHIIlIM: 

• COBep11IeHCTBOBaHI1e TpeKOBOH CIICTCMhl BTOpliqHh!X qacTIIU Ha nyTII noBh!llleHIIlI ee 

TOqHOCTHhIX xapaKTep1ItTIIK, a TaK)Ke MHOfOTpeKOBOCTII II aKcenTaHca; 

• co3,naH1Ie npeUII31IOHHoro IIIIIpOKOanepTypuoro MarHIITHOfO cneKTpOMCTpa BTOpliq

Hb!X qacTIIU Ha OCHOBC fa3OBh!X .npefI<pOBhIX ,neTeKTOpOBj 

• co3,nau1Ie 6h!CTpo.neiicTB.YIOIIICfO KOOp,nnuaTHOro ,neTeKTopa C MaJ!hIM KOJIIIqecTBOM 

BeIUeCTBa .ll:JllI pa60Thl B nyqKe IIHTeHCIIBHOCThIO 107 CCK-1; 

• C03,nanne a.npouuoro KaJIOp!IMeTpa lI MIOOHHOro II.lJ:CHTII<plIKaTopa; 

• COBep11IeHCTBOBaHI1e,.neTeKTOpOB 3JieKTpOHOB ll raMMa-KBaHTOBj 

e co3,na1me oxpaHHOH CIICTeMh! qepeHKOBCKliX cqeTqlIKOB II3 CBIIHUOBOro CTeKJia ,nJilI 

no,naBJieH!IlI q>OHOBhIX npouecCOB C raMMa-KBaIITaMII lI 3JieKTponaMII B KoneqHOM co

CTOlIHIIII, conpOBo)K,na1omnx pe,nKIIe pacna.nw; 

e pa3BIIT!Ie Tp1IrrepHOH ClICTeMhl II ClICTeMhl nplieMa ,naHHhIX, C ueJihIO noBh!llleH!IlI ee 

6h!CTpo.neiicTBIIlI II 3<pq>eKTIIBHOCTII. 

Uenhro ,n1IccepTaU1IOHHoii pa6oTh! lIBJilieTcl!: 

e pa3pa60TKa TCXHOJIOfliqecKOH OCHaCTKII D:JilI lI3fOTOBJieHlllI .npeiiq>OBhIX KaMep C pac

npe.neJieHHhIM lIOTeHU!IaJIOMj 

• lI3fOTOBJieH!Ie 8 O.lJ:HOKoopmmaTHhIX nJIOCKOCTCH .npeiicpoBh!X KaMep C pacnpe,neJieH

HhIM noTeHUIIaJIOM 3cpq>CKT!IBHOH nnorua,nhIO 480 X 800..11.v.2 II D:JIIIHOH .npeiicpoBoro 

npoMe)KyTKa 20 MMj 

• pa3pa60TKa HOBOH TeXHOJIOflIII ll3fOTOBJICHillI .npeiicpOBhIX KaMep. lfaroTOBJiemre qe

Th!pex .nynneToB KaMep TaKoro nrna pa3MepaMII 500 x 500..11..112 II 700 x 700,11..112 D:JilI 

ycTaHoBKII "MCTPA-M". 

e CO3,nanIIe HOBOH TpeKOBOH CIICTeMh! 3apl!)KeHHhIX qacnru D:JilI MafHIITHOro cneKTpo

MeTpa ycTaHOBKII "MCTP A-M" no n3y<ienIIro pe,nKIIX pacna,noB K- -Me3OHOB n IIC

cne.nOBam1e ee xapaKTepncTIIKj 

0 pa3pa6oTKa Beplll!IHHOro ,neTeKTOpa, COCTOl!11Iero 113 ClICTeMbI .npeiicpoBh!X KaMep II 

Y3KO3a3opnwx 6wcTpo,nei1cTByrorunx nlqKoBhIX KaMep, cnoco6uoro pa6oTaTh B nep

BIIqHoM nyqKe, lIHTeHCIIBHOCThIO i'::J 10 cen-1
; . 

IlpaKT!IqecKalI ueHHOCTh II nayqnaJI HOBil3Ira pa60Thl. 

B .ll:lICCCpTaUIIlI pellleHa npo6Jiel\rn CO3D:aH!IlI BepllI!IHHOro ,neTeKTOpa .nmr 3KCnepmifeH

Ta no II3yqeH!IIO pe,nK!IX pacna,noB 3apl!)KeHHLIX K- -Me3OHOB Ha JieTy Ha YCKOp!ITeJie Y- 70 

t>oin:.r:~i; •. ~a 1m:pryr-,· 
aa~~ii.il uc~~~IJ:lSIO 

5"1Sni•iOTEf{A , 
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(IIpoTBIIHO) rrpll IIIJTeHCIIBHOCTII rrepBnqHoro rryqKa He MeHee 2 X 107 cen- 1 • Pa3pa6oTa

Ha TeXHOJIOrlllI Il3roTOBJiemrn .npeii:cpOBbIX KaMep C JIUHeHijO pacnpe,neJieHHbIM noTeHIIIIa
JIOM, rrpe,nHaJHaqeHHbIX IlJIJI perIJCTpauuu BTOpuqHbIX 3aplDKeHHbIX qa,cTIIU B ycTaHOBKe. 

IIpe,nJiolKeH U BHe.npeH B 3KcrrepuMeHTe HOBbIH MeTOil C03IlaHIJll neqyBCTBIITeJibHOH 30Hbl 
B o6JiaCTU IIHTeHCIIBHOro rryqKa B rrpoBoJioqHbIX KaMepax, rrpe,nHaJHaqeHHbIX IlJlll peru
CTpaumr BTOpIJqHbIX rrpo.nyKTOB OT B3aUMOileHCTBIIH UJIII pacrra.noB. Pa3pa6oTaHa HOBall 

- 6e3paMoqHal! TeXHOJIOrllll II3roTOBJieHUll .npeii:cpOBbIX KaMep, rrpe,nHaJHaqeHHbIX KaK IlJill 
BOCCTaHOBJieHIJll Bep!IlI!HbI pacrra.na K-Me30Ha U UMilYJibCHoro aHaJIU3a rro.nyKTOB pacrra
.na, TaK U IlJlll Bb!pa60TKU Tpllrrepa Ha 3apl!lKeHHble qacTIJIIbI. IIpoBe,neHbl UCCJie,noBaHIIll 
xapaKTepI!CTIIK pa3pa6oTaHHbIX .neTeKTOpOB B rra6opaTOpHbIX 'ycJIOBUllX u B peaJibHbIX 

YCJIOBI!l!X Ha ycKopuTeJie. IIpoBe,neH aHaJIIl3 BpeMeHHbIX cneKTpOB B .npeii:cpOBbIX KaMepax, 
B pe3yJibTaTe KOToporo, BblllBJieHbI CIICTeMaTIJqecKue ornu6Ku, BJIUlllOITIIle Ha ux TOqHOCT

Hble xapaKTeplICTUKU. IloKa3aHa Heo6xo,nUMOCTb, yqeTa UHilllBllilYaJibHOH Koop.nnHaTbI 

KalKilOH CllrHaJiblIOH npoBOJioqKu B pe3yJibTaTe npoue.nypb! II3BJieqeHllll .npeii:cpoBOH cpyHK
IIIIll. IleMOHCTpupyeTCll pa6oTOCIIOC06HOCTb C03,naHHOH TpeKOBOH CIICTeMbl Ha OCHOBe B0C
CTaHOBJieHUll pacna.nos K-Me30HOB B ycTaHOBKc "IICTPA-M". IIplIBOilllTCll ToqHoCTHble 

xapaKTepI!CTIIKII ycTaHOBKU. lI3MepeHbI BeKTOpHbie cpopMcpaKTOpbI I<µ3-pac1Ia,na. 
O6o6meHHbIH B .nuccepTaIIHU onb!T pa3pa60TKll npoBOJIOqHbIX KaMep II C03Ilallllll Tpe

KOBbIX CllCTeM llMeeT rrpaKTJiqecKyJO ueHHOCTb npll nJiaHnpoBaHUII II npoBe,neHIIII 3KCne

pI!MeHTOB C MarHllTHbIMU crreKTpoMeTpaMII Ha nyqKax Bb!COK01I IIHTeHCIIBHOCTII. 
Anpo6aunll pa6oTbI ll rry6rruKauuu. IluccepTaIIHll Harr1IcaHa Ha ocHoBe nayqHbIX pa-

6oT, BblnorrHeHHbIX c yqacTIJeM asTopa sH5III OII5III B nepuo.n c 1985 no 1995 rr. 
OcHOBHble pe3yJibTaTbI IlllCCepTaIIUII IlOKJia,nbIBaJillCb Ha Me)K,nyHapOilHOM pa6oqeM 

coBemaHuu "<l>u3IJKa Ha YHK" (IIpoTBUHo,1990)[3), Ha ceMHHapax Jia6opaTopllll 5!.nep
Hb!X IIpo6rreM[8] IJ llcf>B3[10) a TaKlKe ony6rruKOBaHbI B lKypHarre Nudear Instruments and 

Methods [2,6] u MaTepuarrax Pa6oqero cosemaHHll no Heii:TpIIHHOMY ,neTeKTopy llcf>B3-
1 OII5III (Ily6Ha,1990)[1]. 

CTpyKTypa II 061,eM .nuccepTa:UHU. IlHccepTaUUll COCTOllT.II3 BBe,neHUll, nllTll rrraB, 3a
KJIJ0qeHUll H co.nep)KllT 96 CTpaHHU TeKCTa, BKJIJOqal! 1 Ta6JIHUY, 33 pucyHKa H cnlICOK 

IIUTupyeMOH JlllTepaTypbI U3 9_2 HaIJMeHOBaHllH. 

0.1 Co,nep}KaH:u:e pa6oTbl 

Bo BBe,neHllU o6ocHOBaHa aKTYaJibHOCTb TeMbI llCCJie,noBaHllll, onrtcaHa M0,nepHll3llpO

BaHHal! ycTaHOBKa "IICTPA-M"; ll3JiaraJOTCll npo6rreMhl, nocTaBJieHHble H perneHHble' B 

npouecce ee MO,nepHU3aUllU. CcpopMyJIHpoBaHbI uerru pa60TbI ll onUCb!BaeTCll CTPYKTypa 
IlllCCepTaUIJU. 

IIepBal! rrraBa 

npe,ncTaBJilleT co6oii: KpaTKUH ofoop, B KOTOpOM ll3JIOlKeHa npo6JieMa c03,naHllll npo
BOJIOqHbIX KaMep IlJlll pa60Tbl B nyqKax Bb!COKOH llHTeHCIIBHOCTII. AHaJIU3HpyIOTCll II 

cpopMyJIHPYJOTCll OCHOBHble Tpe6oBaHUll rrpll pa3pa6oTKe TaKIIX .neTeKTOpOB II npUBO,nl!T
Cll MeTOilbl perneHUll B03HIIKaJOITIIIX npo6JieM. 

Bo BTopoii: rrraBe om1ci:.rnaeTCll KOHCTPYKIIllll H HeK0Topb1e napaMeTpbI Y3K03a30pHbIX 
nyqKOBbIX nponopuuoHaJibllbIX KaMep ycTaHOBKU C MaJibIM KOJiuqecTBOM BemecTBa, npe.n
Ha3HaqeHHbIX IlJill pa6oTbI B nyqKe UHTeHCllBH0CTbJO 2: 107 cen-1

• KaMepbI pa3pa6o
TaHHbI B npUHUIInllaJibHO HOBOM TeXHOJIOrHqecKoM no,nxo.ne. llx Ha3HaqeHue C0CTOIIT B 

U3MepeHUll UMnyJibca qaCTUU rryqKa, a TaK)Ke (coBMeCTII0 C .npeii:cpOBbIMII KaMepaMll) B 
BOCCTaH0BJieHllU BepruHHbI' pacrra.na. IIpe,nJIO)KeHHbIH npllHUIIn no3B0JillJI C03IlaTb nyq
KOBbIH ,neTeKTOp C MaJibIM KOJiuqecTBOM BemecTBa, npHeMJieMbIH IlJlll 3KCnepI!MeHTa no 
u3yqeHIJJO pe,nKUX pacna.noB K-Me30HOB npll Bb!COKOH IIHTeHCIIBHOCTII nyqKa. 
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8 OTJIJiqJIC OT Tpa.nHIIH0HHoro no.nxo.na K l13r0T0BJiel!l!IO npoBOJIO'!HhIX KaMep, B .nan
H0M BapnauTe OTCYTCTByeT paMoqHal! fTPYKTypa. IToJIO)Kenne 3JJeKTp0JJ.0B orrpeneJJJ!eTcl! 
MeTaJIJJIIqeCKHMH CTeplKIIJIMH 2 H 3 (pnc. l ). Il3r0T0BJJeIIIJhIMII 113 Kam16posa1rnoro Il))}'TKa 

rrp0MbIIIIJJeHIIOro H3roT0BJJeHHll, KOTOpblH o6na,uaeT BbICOKOr1 OJlll0J)0,UII0CTh!O no IlllaMe

Tpy. 
8 TeXH0JJ0rlill, peaJIH30BaH HOBhIH MeT0JI (~IIKCaUIIII c11r11aJJbHbIX Il))0B0JJ0K. Ha CTep

/l(CHb 2 (p1IC.l) nnoTH0, "m!TOK K BIITKy" IIaMaTbIBaeTCJI cnnpa.m, 4 113 Mt'IlIIOII npoB0JI0KI! 
C H30JllIPYJOIIlllM JiaK0BbIM II0Kpb!THeM, B pe3yJJbTaTe twro ('03)\at'TCJI TO'Jllall "rpPOt'HKa·· 

IlJlll HaMOTKII cnrHaJibHOll nJJOCK0CTH C Bb!COKOII ( ~ 1 MKM) OJlll0J)OilII0CThIO mar a. B 
npouecce naM0TKH CHrl!aJibllbJe Il))OB0JJOKH YKJla.QblBa!OTCJI H na.3hl cn11pa.m1, t[('l\! rapa11-
TnpyeTCll BbICOKa.l! TQqJIQCTb IIIara II IIJJ0CK0CTII0C'Tb r11r11aJ1hl!OJ'0 :)JlCKTpon.a. 

Ilnll Mo,nep111n1Iposammro sap11a11Ta ycTalIOBKH "H CTP A-1\1" 61,mo ll31'0T0BJJPHa re

J)Hll H3 IIIeCTll 0IlHOJ(O0Pill1HaTl!blX l\!OilYJJeI! ny'lK0BblX KaMep. IIMl'IOIUIIX CJJ!'JI)'IOIIIl!e 
0CII0BHblC reoMeTpH'leCKHe xapaKTepHCTHKII : 

• PaccTOJUIHe Me)K,ny aH0illlhlMII II J(aT0Jil!hlMII !IJJOCK0CTllMII -1.5 ± 0.005 MM 

• Illar aH0JIHbIX npoBOJJ0K -1.1 ± 0.001 Mhl 

• YyBC'rBHTeJJbHal! !IJJOIIIa.ur. - 140 X 130 MM2 

• Y11cno aHO.UHblX npoBOJJ0K - 118 

• Il11aMeTp ano,uu1,1x nposonoK - 0.02 Mhl 

• Tonmuna KaT0illlbIX 3JJCKTIJ0Jl0H :JtaBCaH + Yl'Jl('J)O)lllhlii ('J]OH -0.025 MM 
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. P11c. 0.2: O6nu1ii BIIJ\ ny'IK0BhlX nponopn110HaJihHhIX KaMep ycTaH0BKII "llCTPA-M" 

• IloaepxHOCTHoe conponrnnem1e KaTo)la - 400 OM/cM2 

O6mnii BHJl nyqKoBbIX nponopnnoHanbHbIX KaMep ycTaHOBKH "ll CTP A-M" noKa."JaH Ha 

pnc. 2. feoMeTpHll pacnoJIOlKeHHll nponopIIHOI!aJlbl!bIX KaMep n MOHHTOpHbIX cqeTqHKOB 

· nyqKoaoii 'IaCTH ycTaHOBKH npeacTaaneHa Ha p11c.3. IIae Y-nJIOCKOCTH KaMep 6bIJIH ycTa

HOBJleHbI nepea nyqKOBbIM MarHHTOM )lJill H3MepeHHll yrna BXO)la 3apl!lKemmro K-Me30Ha 

no OCHOBHOH KOMnOHeHTe OTKJIOHeHHll a MarHHTHOM none. 3a MarHHTOM ycTaHOBJlel!bI 

aaa aynneTa (X-Y), per11cTp11pyIOm11e TpeK 3apl!lKeHHoii qacTHIIbI B nyqKe. 

IIInpoKoe nnaTo (6onee KHJIOBOJlbTa) 3cpcpeKTHBHOCTH H ycToiiqHBbIH xapaKTep pa6o

TbI KaMepbI B 60JlbIIIOM )1Hana.3oHe H3MeHeHHll pa6oqero HanplllKeHHll l!BJilleTCll pe3yJibTa

TOM BbICOKOii TOqHOCTH MelK3JieKTPOJ1HbIX paCCTOl!HHii, )lOCTHrHyTbIX nyTeM npHMeHeHHll 

HOBOro TeXHOJ1or11qecKoro noaxoaa, a TaKlKe HCnOJib30BaHHeM ra30BOH CMec11 CF4+20 %i

C4H10, o6naaaromeii xopoIIIHMH raCl!II.{HMH CBOHCTBaMH H naBCaHa C yrnepOJlHbIM noKpbI-

cn-!56 

BEAM -- •r 

VACUUM BOX 

P11c. 0.3: reoMeTpllll pacnonmKeHl!ll nponopUII0HaJibHblX KaMep II M0HIITOplll,!X C'leT'!IIK0B ny'IKOBOM 

'!aCTII ycTaH0BKII. 
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P11c. 0.4: 3aa11c11MOCTb aMnn11Ty.11w c11rua,ioa OT uanpll>Keu11ll np11 06nyqeu1111 nyqKoaoii KaMepw 11cTOq-

H11KaM11 90Sr 11 55Fe · · 

TlieM B KaqecTBe KaTO)la. Yrnepoa o6naaaeT 6oJiee BbICOKOH pa60TOH BhlXO,D;a no cpaBHe

HHIO, C aJlIOMHHHeM, KOTOpbIH o6biqHo HCnOJib3yeTCll KaK KaTO)lHOe noKphlTHe B npOBOJioq

HbIX .n;eTeKTopax co cnJIOIIIHbIM KaTOJlOM, a TaKlKe· cnoco6cTByeT nyqrrre:i'i CBeTOH30JIHpo

BaHHOCTH KaMepbI, qTo B COBOKynHOCTH npHBOJ11c!T K HH3KOMY ypoBHIO IIIYMOB .n;eTeKTopa. 

B HOBoii TexHonor1111, B 0Tn11q11e OT paMoqHo:i'i cTpyKTYPhl, oTcyTcTByeT ammeKTpHK 

MelKJlY BbICOKOBOJibTHOH H CHrHaJlbHOH nJIOCKOCTl!MH qTo HCKJIIOqaeT '.n;onoJIHHTeJibHhlH 

HCTOqHHK IIIYMOB, o6ycJIOBJieHHbIH HaKonJieHHeM 3apll)la H nOJillpH3anne:i1 JlH3JieKTpHKa. 

K0Hcp11rypan11ll KaMepbI 11 cnen11cp11Ka ee pa6oTbI, xapaKTep11JyroTcl! pacrrrnpeHHOH o6na

CTbIO JiaBHH006pa.30BaHHll 11, crre.n;oBaTeJibHo, BbICOKHM (ao 107) 3HaqeHneM K03!p!pHIIHeHTa 

ra."Joaoro yc11rreHHll 6e3 nepexoaa B caMoraCl!II.{HHCl! cTpHMepHbIH pelKirM. IlonyqeHne ai.r

coKoro yCHJieHHll B KaMepe B03MOlKHO 6e3 HCIIOJlb30BaHHll MarHqecKOH CMeCH, JlJill KOTOpOH 

xapaKTepeH BbICOKHH ypoBeHb CTapeHHl!. PacIIIHpeHHOCTb o6JiaCTH JiaBHHoo6pa.30BaHHll, 

CBOHCTBeHHal! JiaBHHHbIM cqeTq11KaM, no.n;TBeplK,D;aeTCll IlQBe,D;eHHeM aMITJlHT)'Jlhl npn 06-

rryqeHHH KaMepbI HCTOqHHKaMH 905r H 55 Fe (pnc.4). HecMOTpll Ha 'oorrbIIIyIO pa3HHIIY B 

nepBnqHOH HOHH3aIIHH, npoH3BOJlHMOH 3THMH HCTOqHHKaMH ( ~ B ,D;Ba pa.3a), Haqmi:aa :c 

HeKOToporo Hanpl!lKeHHll, aMilJIHTy.n;a CHrHana OT 90Sr CHaqana cpaBHHBaeTc&, a Ja.TeM 

npeBOCXOJlH'r aMnJIHTYJlY OT 55 Fe. . .. • - . 
BpeMeHHoii JllKHTTep B KaMepe HJMeHlleTCll OT 8 He (FWHM) rrpn Hanpl!lKeHHH 2400 

B .n;o 5 HC npn · HanplllKeHHH 2800 B. IlanbHeiiIIIee yaen11qem1e Hanpl!lKeHH.ll npaKTHqe

CKH He npHBOJlHT K' ero H3MeHeHHIO. Koop.n;nHaTHal! TOqHOCTb C yqeTOM MHOroKpaTHOro 

pacce&Hllll B B03Jlyxe H Bell.{eCTBe qepeHKOBCKHX cqeTqHKOB COCTaBJil!eT a = 320 MHKPOH, 

qTO COTBeTCTByeT ee TeopeTHqecKOMY 3HaqeHHIO JlJlll KaMepbI C,JlaHHbIM IIIaroM. AHaJIH3 

pa.3HOCTeii-yrJIOB BXO,D;a H BbIXO,D;a rryqKOBOro K-Me30Ha HJ MarHHTa rrpH B_KJiroqeHHOM H 

BbIKJiroqeHHOM MarHHTHOM norre Il03BOJIHJI BrrepJibie C,!l;eJiaTb orreHKy HMIIYJibCHoro pa3-

6poca nyqKa Ha ycTaHOBKe, KOTOphlii cocTaBHJI b.p/p = 4.5%(FWHM) [6]. M&rKaa KOM

noHeiITa B nyqKe; HCKJiroqanacb npu off-line o6pa6oTKe .n;aHHbIX. llJyqeHHe 3arpy3oqHbIX 

xapaKTepHCTHK KaMep IIOKa3aJlO, qTo KaMepbI ne Tepl!IOT 3cpcpeKTHBHOCTH npn 3arpy3Kax 

BIIJIOTb JlO MaKCHMaJlbHO )lOCTHlKHMOH (2 X 107 cei.-1 ) Ha KaHane 4a ycKOpHTeJil! Y-70. 84>
cpeKTHBHOCTb He 3aBHCHT TaKlKe OT MeCTOIIpOXOlK,D;eHH.ll qacTHII B KaMepe. Ha:u:rryqrrraa 

cpoKyc:u:poBKa rryqKa OKa3aJlaCb B03MOlKHOH rrpn 3arpy3Ke 6.5 X l06 ce11:-1,.rrpn 3TOM IIJlOT-
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HOCTb ll0TOKa qacT~Il C0CTa.BHJia 2.3 X l06ce~-1cM2
• B TeqeHHe Tpex pa6oqHX ceaHCOB 1992 H 1994 ro,lla Ka.MepbI npo,lleM0HCTpHp0BaJIH Ha,lle:arnyro pa6oTy. IlpH HHTerpaJibHOII 

3arpy3Ke ~ 1Q1414acmut4/ cM2 KaKHX-JIH60 3q>q>eKTOB CTapeHH.ll He Ha6JIIO,llaJIOCb. B TpeTbeH rJiaBe OllHCbIBaIOTC.ll TeXH0JI0rHqeCKa.lI 0CHaCTKa H ,llpeiiqiOBble KaMepbI C 
JIHHeHHO pacnpe.neneHHbIM llOTeHilHaJI0M. IlpHBe,lleHbI pe3JJlbTaTbI HCCJie,lloBaHH.ll HX xa
paKTepHCTHK MeTO.llOM TeHeii B na6opaTopHbIX JCJI0BH.llX, a TaK)l(e B JCJIOBH.llX ·:iKcnepH
MeHTa. OrrncaHa npe,nJio)l(eHHa.lI aBTopoM H0Ba.lI TeXHonorn.ll H3roT0BJieHH.ll .llpeiiqioBbIX 
Ka.Mep II KOHCTpJKilH.ll Ka.Mep TaKOI'O Tnna, H3I'OTOBJieHHbIX lI 3anymeHHbIX Ha ycTaHOBKe "RCTPA-M". OnHCbIBaeTC.ll MeT0.ll co3.llaHH.ll HeqyBcTBHTeJILHoii 30Hhl npe,llJIO)l(eHHblii 
H BHe.npeHlll,IH Ha Bcex ,llpeiiqioBbIX KaMepax ycTaH0BKH, KOTOpbiii o6ecneqHJI BblCOKJIO 
3q>q>eKTHBHOCTb perHc-rpannH BT0pnqHbIX qacTHil, BbIJieTaIOmnx ll0,ll MaJibIMlI yrnaMH K 
OCH nyqKa. 
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Pee. 0.5: feoMeTpHll ll'leiiKH .11peii4>oaoii KaMephl c pacnpe,neJieHHhlM llOTeHUHaJIOM n cxeMa BKJIIO'leHHll 
BhlCOKOI'O HaDpll:lKeHHll 

feoMeTpHll ,llpeiiqioBOH JiqeftKH Ka.MepbI C pacrrpe.neneHHbIM II0TeHUHaJI0M IIOKa3aHa :Ha 
pnc.5. IIOJiaj>OpMHpyIOmne IIJI0CK0CTH 2 HaMoTaHbI rrpoBOJIO~oii lI3 6epHJIJIHeBOll 6poH3bI 
,llHa.MeTpoM 100 MKM C maroM 2 MM. C11rHaJibHble IIp0B0JI0KlI 3 H3 30JioqeH0I'O BOJibqipaMa 
,llHa.MeTpOM 20 MKM HaTlIHJTbI CHJioii 20 r. llpeiiqioBa.lI JiqeiiKa orpaHnqeHa rroTeHnnanL
HbIMH rrpoBOJIOKa.Mil H3 6epHJIJIHeBoii 6pOH3bI 1 ,llHa.MeTp0M 100 MKM. PaccTO.llHHe Me)l(,llJ 
IIOJieqiopMHpyromHMlI'IIJI0CK0CTlIMlI B Ka.Mepe 6 MM, ,llpeiiqioBbIII 3a30p - 20 MM •. Pe3HCTOP /4:i 0IIpe,lleJilleT pa3H0CTb II0TeHilllaJI0B Me:lK.llJ cn:rHaJibHOll n: 6JIH:lKaHIIleii K Heft IIOJieqiop
MHpyromeii npoBonoKoii:, ·qTO B CB0IO oqepe,nb orrpe.nen.lleT raJoBoe ycn:nenn:e B KaMepe. 
CooTHomenn:e Me)K,llJ pe3HCTOp0M /4:i ll cyMMapHbIM corrpoTHBJieHn:eM ,lleJIHTeJill HaIIp.ll
)l(eHH.ll 3a,llaeT ,llpeiiqioBOe II0Jie B Ka.Mepe. 

Bnaro,llapll crroco6y coJ,n:aHH.ll. :meKTpn:qecKoro rron.ll c rroMomLro rroneqiopMHpyromn:x 
n IIOTeHUllaJibHbIX npoBOJI0K, B .llqeii:Ke KaMepbI 0TCJTCTBJIOT o6JiaCTll co CJia6bIM IIOJieM. B OCHOBHOH o6JiaCTH :U:peii:qiOBOI'O rrpoMe:lKyTKa II0Jie 0,llH0p0,llH0, . JBeJillqHBa.l!Cb TOJlbKO 
OOJIH3II CHrHaJibHOll II IIOTeHUHaJibHOH npoB0JI0K. TaKHM o6pa30M, HCII0Jlb30BaHHe ra30-
BOH CMeCH, ,llJilI KOTOpoii CK0pOCTb .n:peiiqia ,ll0CTHraeT nacblmeHHlI y:lKe rrpn MaJibIX 3Ha
qeHHlIX 3JleKTpHqecKOI'O llOJllI ( ~ 500-700 B /CM), o6ecneqHBaeT JIHHeiiHOCTb ,n:peiiqioaoii 
xapaKTepHCTHKII n:, CJie,ll0BaTeJibHO, cymecTBCHHO ynpomaeT npone.nypy KaJIH6poBKII Ka-
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Pnc. 0.6: CxeMaTw1ecK11ii B11,11 (a) 11 KOHCTpyKUllll (6) Jtpe1itj1osof1 KaMep1,1, mroros.,e,1110,i no 11osmi Texnononm (s onnoM o6beMe nae KaMep1,1). 

Mep TaKoro Tima. 
, M3Mepeune CK0p0CTH ,llper1qia, npocTpaHCTBC'III!Oi"l T0'llI0CTll JlJJC'i"I<j>0Boi"1 Irnl\lepLI, a 

TaK:lKe .npe11qiOBa.lI xapaKTepHCTllKa 61,1ml np0BC)~Cllhl B na6opa.TOJ>lll,JX ycJI0BllllX C II0M0-
IUhIO HCT0'IHIIKa ::JJICKTJ>0H0B 90Sr MCTOJWM TPIICII. HpocrpancTH<'llllall T0'III0CTb, II0JJY
'lCHl!all B 3TIIX H3MepemllIX C ra30BOII CMC'CLIO 80%Ar + 20%C II.1, cocraBllJia CT~=: 120-150 
MKM, cKopocTL .npeiiqia - 50 MKM/uc npn Jlpe11cposm1 noJI<' H,,,.. = 700 B/01. IlnaTo 
3qiqieKTHBHOCTH .npeii.qiOBOH KaMepbl npn nopore perncrpamm 2 MIIKp0aMIIepa. paBII0<' ~ 300 B, 06ecne'lI1BaeT UaJJ:C)KHJIO pa6oTy JlCTCKTopa H 3KCIIPJ>IIMC'IIT<'. 

C neJ.IhIO yseJIH'lCHIIll T0'lH0CTH ycTaH0BKII IIJl0B0JI0'IllhlX :meKTJl0Jl0B II T0'lll0CTII npn
Bll3KH ITJIOCKOCTCH-napTuepoB Jlpyr K Jlpyry, j'MC'IILIIICIII!ll J,:0J11l'ICCTBa BCIUCCTBa B Ka~!('
pe, a TaK)l(C o6ecne'leHHll B03M0)KII0CTH BKJIIO'ICIIIISI TJJC'K0BOl'0 JlCTChTopa B Tpnn·ep na 
3ap.lllKCHHWe 'laCTIIUhI, JlJIJI ycTaH0BKII ''HCTP A-1\f' 6una H3rOT0HJJe11a cepHll Jlpt'i"1<j>o
BhIX KaMep B H0B0M TCXH0JI0I'II'leCK0M II0JlX0.Qt'. h:alli]ll,li"I M0Jlj'JII, IIJlt'JlCTaBJ!lleT co6011 
JlYITJieT napT11ep0B B CJllIH0M ra30B0M 061,CM<', ll3M('j>l!IOIUIIX 0JUIY II TY iKe K00J)JlllllaTy C 
yrrpoIUeHn11011 rc0Mer1niei1 Ka.Mep1,1 6e:i n0Temrnam,m,1x IIposonoK (pnc_-.6). Ular c11r11a..:11.,
n1,1x npoB0JI0K B KaMepax paBeH 10. 7 MM, JlliaM<'Tjl llj>0B0JIOJ(II - 20 MK~I. :1a-iop aH0]l-haT0Jl 3 MM. PacCTOlllllle MClK.llY CHI'IlaJ!hlll,IMI-l IIJIOCK0CTl!Mll B JlJIIJl<'TP 21.3 ~,~1. 

O.nnuM 1!3 0CH0BHhlX 3JICMCIIT0B, I, K0T0Jl0MY 11peJl],llBJ!lllOTCl! Bl,IC0h:11(' T0'III0CTIII.JC' 
Tpe6osaHHll (5-10 MKM), llBJlllCTCll <jnmca.Top C 11a:1aM11 JlJlll MC'TaJIJlll'l<'CKIIX crepllilIPII 
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P11c. 0.7: KoHCTPYKUllll qmKcaTopa npeiicposoii KaMepbI, 113roTOBJ1eHHoii no Hosoii TexHonorm1. 

(p11c. 7), 113fOTOBJieHHblll 113 IIJieKCllrJiacca. IloJIOJKeHlle CTepJKHeii. onpc,nem1eT IIOJIOlKeHlle 
::meKTpo,noa B KaMepe. 

C BHyTpe1rneii. CTOpOHbl q:mKCaTopoB B ueHTpaJibHble rra3bl ycTaHaBJIIIBaJOTCll ,naa 
CTeplKHll ,n11aMeTpOM 15 MM ,D;Jlll KperrJieHllll ueHTpaJibHOro 3JieKTpo,na, KOTOpblii. CJIYlKIIT 
O,D;HIIM 113 KaTO,D;OB KaK ,D;Jlll O,D;HOH TaK 11 ,D;Jlll ,npyroii. ITJIOCKOCTII ,nymreTa. KaTO,D;bl II3ro-
TaBJIIIBaJOTCll 113 JiaBcaHa C yrnepo,nHbIM IlOKpb!TlleM .Tonm11Hoii. 20 MKM. • 

C BHerrmeii. CTOpOHbl qllfKCaTopOB ycTaHaBJrnBaeTCll CTeplKeHb ,n11aMeTpOM 20 MM C 
ITJIOTHO HaMOTaHHOll Ha Hero no crr11pan11 Me,D;HOH rrpOBOJIOKOll ,n11aMeTpOM 2 MM C 1130Jlll
py10m11M IlOKpbITIIeM 11 JiaMeJil!Mll II3rOTOBJieHHb!Mll 113 q>OJibrllpOBaIIHOro CTeKJIOTeKCTO
JIIITa TOJimIIHOll 100 MKM ,D;Jlll rraii.KII c11rHaJibHblX rrpoBOJIOK. PacCTOll!llle MeJK,ny JiaMe
Jll!Mll paBHO rnary CIIrHaJibHb!X npoBOJIOK B KaMepe. B npouecce naMOTKil CllrHaJibHble 
npoBOJIOKII q>llKCIIPYJOTCll B na3aX MelK,ny BllTKaMII cn11pan11, npoxo,nl! 'no noaepXHOCTil 
naMeneii.. B ycTanoaKe "IICTPA-M" 6bmo 3a,neii.cTBOBaHo 4 Mo,nynll KaMep TaKoro TIIna 
(8 ,npeii.q>OBbIX nJIOCKOCTeii.). llaa Mo,nyJill 3q>q>eKTIIBHOll nnoma,nbJO 500 x500 MM

2 
II ,naa 

700x700 MM2
• 

llnll o6ecneqeHIIll 3q>q>eKTIIBHOll per11cTpau1111 BTOpllqHblX qacTIIU, 11.nym11x no,n MaJibl
Mll yrnaMII K oc11 uyqKa B ,npeii.q>oBbIX KaMepax ycTaHOBKII "IICTPA-M", 6blJI pa3pa6oTaH 
HOBblll MeTo,n C03,D;aHllll HeqyacTBIITeJibHOll 30Hbl, OCHOBaHHblll Ha raJibBaH11qeCKOM HaHe
ceHllll TOHKoro npoao,nllmero noKpb!Tllll na CIIrHaJibHYJO noBOJIOKy. PacqeT, C yqeTOM 
3Mn11p11qecKoii. 3aBIICIIMOCTil 1-oro K03q>q>llUlleHTa TayHceH,na OT 3JieKTp11qecKoro IlOJill 

B a/ P = Ae-\El'P'f, noKa3aJI, qTo yaenw1eH11e ,n11aMeTpa rrpoaoJIOKII B 3-4 pa3a (np11 11cxo,n-
HOM ,n11aMeTp~ 20 MKM) npaKT11qecK11 noJIHOCTb!O no,naBJilleT 3q>q>eKTIIBHOCTb ,neTeKTOpa 
B )TOH o6JiaCTil. IloKpb!TIIe CllrHaJibHOll rrpOBOJIOKil 113 30JioqeHoro BOJibq>paMa 6b!JIO npo-
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Be,neHO HIIKeJieM C noMombJO CTaH,napTHOro 3JieKTpOJIIITa. 
Ilp11 ,D;JlllHe OMepTBJilleMoii 30,Hbl B 5 CM Ha CllrHaJibHOll npoBOJIOKe 113 30JIOqeHoro BOJibq>

paMa, OIITIIMaJibHblii. TOK, 06ecneq11BII11lll xopornee KaqecTBO noKpb!Tllll cocTaBIIJI 1,25 MA 
( cpe.nHllll KaTo,nHall nnoTHOCTb TOKa ~ lA/ a.tt2

). BpeMH o,nHoro ceaHca 2 '!aca, np11 3TOM 
pe3yJibTIIpy10m1111 ,n11aMeTp npoBOJIOKil paBeH 90 ± 5 MKM. IIpoBepKa pa6oTOCnoco6HOCTil 
npe,nnoJKeHHOro MeTo.na, npoBe,neHHHal! Ha MaKeTe nporropu11ouanbuoii. KaMepbl pa3Mepa
Mll 128 X 128 MM2, a 3aTeM ua pa6oqeM Bap11aHTe ,npeii.q>OBOH KaMepbl 3q>q>eKTIIBHoii. nno
ma,nbJO 800-480 MM2 noKa3aJia, qTo He3q>q>eKTIIBHOCTb KaMepbl B o6JiaCTil npOXOlK,D;eHllll 
nyqKa, paBHall ~ 10-4 ' 06ecneq11BaeT HOpMaJibHYJO pa6oTy KaMep B ycnoBIIJl:X 60JibIIIIIX 
3arpy3oK. Ilpe,nnoJKeIIHblii MeTo,n He np11Bo,n11T K yBen11qeH1110 rnyMoB Ha npoiionoKe Il 
06ecneq11aaeT pe3KOCTb rpaHIIU o6nacTn no,naBJieHllll. 

B qeTBepToii. rnaae onIICblBaJOTCll npoue,nypbl KaJIIl6poBKll ,npeii.q>OBblX KaMep ycTa
llOBKll II BCeII TpeKOBOll CllCTeMbl KaK uenoro, np.lIBO,D;Jl:TCJI: TOqHOCTHble xapaKTepllCT.IIK.II 
,npeii.q>OBblX KaMep. . 

Ha nepBOM 3Tane KaJI.1I6poBKa ,npeii.q>OBblX KaMep ocymecTBJillJiaCb B 3Kcnep.11MeHTe 
Ha MJOOHHOM nyqKe. IlyqoK co,neplKaJI npl!Mble O,D;.IIHO'!Hble TpeKII C MaJiblM yrJIOBblM 
pa36pocoM ( ~ 8 Mpa.n, FWHM) .11 npoxo,n.11n qepe3 Bee TpeKOBbre ,neTeKTOpbl ycTanoB
K.II, IlyqKOBble KaMepbl .IICnOJib30BaJI.IICb B KaqecTBe BHernuero penepuoro KOOp,D;IIHaTHOro 
,neTeKTOpa ,D;Jlll 3a,nau11J1: o6meii. CllCTeMbl Koop,n11naT, npIIBll3K.II ,neTeKTOpOB ,npyr K ,npy
ry II BOCCTaHOBJieHIIll nepe,naTqquoii q>yHKUIIII ,npeii.cpoBblX KaMep. AuaJIII3 BpeMeHHblX 
cneKTpOB .II BOCCTaHOBJieHHblX TaKIIM MeTO,D;OM nepe,naToqHblX cp)"HKU.IIll IlOKa3aJI HaJI.II
q.11e CllCTeMaT11qecK.1IX OIIIII60K B 3TIIX npoue.nypax, KOTOpble np.lIBO,D;.IIJIII K .IICKaJKeHilllM 
,n11naM11qecKoro ,n11arraJ0Ha BpeMeHHblX pacnpe,neneH.11ii. B npouecce II3y'leHllll pacnpe,ne
neu11ii cyMM BpeMeHHblX KO,D;OB B CMemeHHblX napax • .npeiiq>OBblX KaMep 6b!JIO o6uapylKeHO 
pacmenneu11e ua ;iaa n11Ka, KoTopoe B cny'lae ,npeiicpoBblX KaMep c pacnpe,nenennblM no
Tenu.11anoM He 6blJIO nocTOllHHbIM ,D;JIJI: ,nynneTa. 3.TOT pa36poc 6blJI .IIHTepnpeT.IIpOBaH KaK 
TeXHOJior.11qecK11e OIII116K.II B noJIOlKeHll.lI npoBOJIOK rrp11 IIX HaMOTKe. Ilorryqeum,1e ,nau
HblM MeTO,D;OM KaJI.1I6poBO'lHble KOHCTaHTbl 11cnoJib30BaJI.IICb KaK HaqaJibHOe rrp.116JI11JKeH.1Ie 
,nnll nocne,ny10meii nTepau110Hnoii npoue,nypbl II3BJie'!eu.11x ,npeiicpoBblX cpyHKU.IIii, B npo
tiece KOTOpoii B <p.lIT 6blJI.II 3aJIOlKeHbl B Ka'!eCTBe llCKOMblX napaMeTpOB IIH,lJ;HBH,nyaJibHble 
nonoJKeHllll KaJK,noii npoBOJIOKII. 

II Tepau110HHal! npoue,nypa KaJI.116poBK.II cocTO.IIT 113 cne,ny10m11x rnaroB: 

1. Ha nepBOM mare 3a,D;aeTCll uaqaJibHOe np116JI11JKeu11e ,D;Jlll KaJI.II6pOBO'!HblX, KOHCTaHT. 

2. OT611pa!OTCJI: co6blT.IIll C o,n11uoqnb!M.II cpa6aTblBaH.IIJl:M.II ua KaJK,noii IlJIOCKOCT.II Ka
Mepbl .11 B KaJK,noii nape cMemeHHblX napTnepoB pernaeTcx neBo-npaBali: Heo.nHo3uaq
uocTb. 

3. MeTO,D;OM ua11MeHbIIIIIX KBa,npaTOB npoBO,D;Jl:TCll TpeK.II no BCeM uccne,nyeMblM KaMe
paM ,nJill X 11 Y npoeKu.11ii ue3aB11c.11Mo. 

4. llnll KaJK,noro co6blT.IIJI: CTpOll:TCll OTKJIOHeH.IIJI: "npe,nCKa3aHHblX" no TpeKy KOOp,D;.IIHaT 
(ToqKu nepeceqen.lill TpeKa C IlJIOCKOCTb!O KaMepbI) 11 .II3MepeHHblX KOOp,D;.IIHaT C Ha
qaJibHblM np.116JI.1IlKeH.1IeM ,npeiicpoBoii cpyHKU.IIII. lIJill KaJK,noii npoBOJIOK.II .npeiicpoBoii 
KaMepbl B pe3yJibTaTe nepBoii npoue.nypbl o6pa6oTK.II Bceii CTaT.IICTIIKil C HyJieBblM 
np.116JI.11JKeu11eM ,npeiicpoBoii cpyHKUIIH CTpO.IITCJI: CBOll cpyHKIIIIOHaJI, .11Me10m.11ii cne,ny-
10m.11ii Bll,D;: 

ntrx 

F; = E {a%z; + b% - [sk(viti- l~) + xm 2 (0.1) 

k=l 
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3.n.ecb lIH.D,eKc i-cOOTBeTCTByeT HOMepy npOBOJIOKII, k-HOMep TpeKa, ntrx-noJIHOe 'l_IICJIO 
TpeKoB, af II bf - napaMeTpbl TpeKa (B .n.aHHOM cnyqae no x-npoeK11m1) x=sk( v'ti, -
lb) + xb - JIIIHeiiHoe npe.n.cTaBJieHIIe .n.peihpoBon q>yHKl!IIII no x-npoeKl!IIII, r.n.e sk = ±1 

- napaMeTp JieBo-npaBon HeO.D,H03Ha'lHOCTH, xh - KOOp.D.IIHaTa npoBOJIOKII c HOMepoM i, 
z; - Z-KOOp.D.IIHaTa nJIOCKOCTII .n.peHq>OBOH KaMepbI, co.n.ep)Kameii npoBOJIOKY C·-HOMepoM 
i. IIpoue.n.ypa MIIHIIMII3a11mI CBO.D.IITCJI K pernemuo CIICTeMbl mmeiiHhlX ypaBHenmi .UJIJI 
Ka)K.D,Oro q>yHKl!IIOHaJia. IIapaMeTpbI, noJiy'leHHble B npo11ecce perneHIIJI 3THX CJICTeM 
ypaBHeHnii ITOCJie ITepBoii IITepa11Irn, 3aKJia.l{b!Ba!OTCJI B .upeiiq>OBYIO q>yHKl!IIIO, nocJie qero 
npoue.uypa ITOBTOplleTCJI. PacCMOTpeHHblll I1Tepa11noHHblll ITpo11ecc CXO.l{HTCJI 'Iepe3 4-
5 HTepa11IIii, 'ITO JierKO KOHTpOJIIlpyeTCJI KaK no 3Ha'leHIIJIM KaJIH6poBO'lllblX KOHCTaHT 
TaK II ITO napaMeTpaM MHHIIMH3HpyeMOH BeJIII'lHHbl OTKJIOHeHHJI, KOTOpa.11 onIICbIBaeTCJI 
pacITpe.ueneHHeM raycca. Koop.n.nHaTHaJI TO'lHOCTb .n.pe1iq>OBblX KaMep, noJiy'leHHaJI B 
npo11ecce HTepal!HOHHOH KaJIH6pOBKH COCTaBima ~ 200 MIIKpOH. B ITpo11ecce KaJin6poBOK 
6b!JIO nony'leHo KOCBennoe no.D,TBep)K.l{eHne Bb!COKOH TO'IHOCTII yC'raHOBKll npOBOJIO'lHblX 
3JieKTPO.UOB.D,JIJI .upeHq>OBblX KaMep, II3ffiTOBJieHHblX no HOBOH TeXHOJIOrIIH. 

B nJITOH rnaBe ITPIIBO.UIITCJI onIIcanne npo11e.uyphl aoccTaHOBJiemrn pacna.uoa ]{- -
Me30HOB Ha ycTaHOBKe, B ITpo11ecce KOToporo HJIJIIOCTpnpyIOTCJI q>yHKl!llH KaK TpeKOBOH 
CHCTeMbl TaK II .upyrIIX ee .ueTeKTOpOB. IIpIIBO.l{JITCJI TO'lHOCTHb!e xapaKTepIICTHKII ycTa
HOBKH, pe3yJibTaTbl BOCCTaHOBJieHIIJI pacna.ua I<1r2 II II3MepeHIIJI napaMeTpOB q>OpMq>aK
TOpOB .A+ II .Ao B pacna.ue K- -+ µ-v1r0 • 

BhmenenIIe co6bITIIH pacna.n.oa K-Me30HOB ocymecTBJIJ1eTcJ1 B cne.uyIOmen nocne.uoaa
TeJihHOCTII. IIo nponop11I1onaJibHhlM KaMepaM PC3-PC5 npoao.u11TcJ1 npl!Moii TpeK ny'IKO
aoro K-Me3oHa. lIHq>opMal!IIJI c Y-KaMep PC1-PC2, cTo.11mnx nepe.u ny'lKOBhIM ManmToM 
CII-56 B coBoKynHOCTII c .uaHHhlMII PC3-PC5 Ja.uaeT yrJibl axo.ua II BhIxo.ua TpeKa H3 nyq
KOBOro MarHIITa no ITpoeKl!IIH, COOTBCTCTBYIOmeii OTKJIOHeHIIIO ITO rJiaBHOH KOMnOHCHTe 
nOJIJI II OITpe.ueJIJ!eT IIMITYJibC K-Me30Ha. PeKOHCTPYKl!IIJI BTOpII'IHblX TpeKOB B .upeiiq>o
Bb!X KaMepax DC1-DC16, cTo.11mIIx Me)K.uy pacna.uHhIM 061,eMoM n cITeKTpoMeTpuqecKHM 
Marm1ToM ocymecTBJIJ!eTc.11 ITporpaMMoii FISTRA, noJBOJIJ110men Bhr.uemITh .uo 6 3ap.11-
)KeHHhrx TpeKOB ITO Ka)K.l{OH npoCKl!IIl-1. 

1Ipo11e.uypa BoccTaHOBJieHHJI Koop.unnaT BepIIIHHhI pacna.ua Xv, Yv, Zv, peanInyeMaJ1 B 
nporpaMMe FIDVER, CBO.UIITCJI K MHHHMI1Ja11nn cne.uyIOmero q>ynK1111onana. 

[ Lvc( pc ) pc]2 [ + Lvc( pc ) pc]2 x2 = '-"" Xv + "'x Z; - Zv - X; + '-"" Yv "'Y zj - Zv - Yj + 
L.., u7 L.., 0-2 . 

' ' J . J 

(0.2) 

[ + bdc( de ) dc]2 [ + bdc( de ) dc]2 '-"" Xv x Zk - Zv - Xk '-"" Yv y Z1 - Zv - Y1 
L°'----='---'------"--2--'----"---~+L 2 + 

k Uk I 0'1 
(0.3) 

3.uecb npl!Mble TpeKn npe.ucTaBJIJIIOTCJI B an.n.e x = ax+ bxz, y = ay + byz, IlapaMeTpLI 

TpeKoB lJ:,C, bf/, nan.ueHHble no ny'lKOBhlM KaMepaM II b~C, biC, na1i.uem1b1e no .upenq>OBhIM 
KaMepaM, CJiz)KaT Ha'laJibHblMII 3Ha'leHHJIMII npn MIIHHMil3al!HII. 

x;C, yfC, x;°, yf° - Koop.unnaTbl, 3aperncTpnpoBaHIIble ny'lKOBbIMII H .upeiiq>OBbIMH Ka

MepaMII COOTBeTCTBeHHO no X II no y npoeKUIIJIM. zfC, ztc - COOTBeTCTByromne. Z
KOOp.UHHaTbI KaMep. CyMM!IpOBaune B q>yHK!!IIOHaJie npOI-13B0.l{IITCJI no j - .l{JIJI PC-KaMcp 
X-npoeK11nn, no j - .UJIJI PC-KaMep Y-npoeK11m1, no k - .UJIJI DC-KaMep X-npoeK1 . .\IIH, no 
i. - .l{JIJI DC-KaMep Y-npoeKl!IIH. <l>IITnpyeMbIMII napaMeTpaMH JIBJIJIIOTCJI KOOp.UHHaTbl 
aepIIIHHbl Xv, Yv, Zv , a TaK)Ke napaMeTpbI TpeKOB 11;,c, bf/, b~C, bic. Ha'laJihHOe 3Ha'len11e 

BeprnnHbl npn MrmnMII3a11u11 q>yHKUHouana 6epeTCJI a cepe.unne pacna.unmi Tpy6b1. IIa
paMeTpbI TpeKOB a~c, a:c, a~c, a~c Bbl'IHCJIJIIOTCJI c IIOMOmh!O HaH.l{eHJ!bIX B npo11ecce q>HTa 

KOOp.UHHaT BepIIIHHbl xv, Yv, Zv u napaMeTpOB 11;,C, ~C, b~C, bic. 
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Puc. 0.8: Pacnpe.ne:iettne no yrny p3.3JleTa ')'-KBattTOB ~T pacnana ir0-Me3oHa B Kw2 pacuane. 

PacITpe.D,eJieHHe ITO yrJiy pa3JieTa 1 -KBaH-TOB B K.-rpacITa.ue, C xapaKTCpHbIM .WU! ITOCJie
.UyIOmero pacITa.ua MaCCHBHOH qacTHl!bl (1r0 ) Ha ,L(Be 6e3MaCCOBblX (,), 3Ha'leHHeM MIIHll
MaJibHOro yrna pa3JieTa B na6opaiopHon c11cTeMe ITpe.ucTaBJieHo Ha pncynKe 8. Ha6mo.na
eTcll xopornee cornacHe 3KcITepnMeHTaJihHOro pacITpe.uenenHJ1 c pe3yJILTaTOM Mo,nenHpo
BaHHJI. TeopeTil'leCKOe 3Ha'leH11e' MHHHMaJihHOro yrna pa3JieTa .l{JIJI HMITYJILCa K-MC30Ha 
27 I':JB/c cocTaBJIJ!eT ~ l2.1tpad .. Hall.l{eHuble napaMeTpbI TpeKoB u Koop.u11HaTbl aep!IIH· 
Hbl, a TaK)Ke 3Hepru11 H KOOp.UHHaTbl ,-KBaHTOB, OITpe,neJieHHble C!ICKTpOMeTpaMH SPl II 
SP2, HCITOJib3YIOTCJI B ITpo11e.uype KHHeMaTH'leCKOro q>HTa .l{JIJI H.l{CHTHq>HKaunu KOHKpeT
HblX MO.U pacITa.n.a. 

Ilnll 011eHKH HMITYJibca ncITOJih3yeTCJI cooTHO!IIenne [4] 

By, = .Af(xo, Yo, x~, Y~, .A), . (0.4) 

r.ue Byz - yron OTKJIOHCHHll qaCTHl!bl B HaITpaBJieHHH, COOTBCTCTBYIOmeM "rJiaBHon" KOM

ITOHeHTe MarHHTHOro ITOJill, .A= (P)-1
, p - HMITYJibC qacTIIl!hl, Xo, Yo, x~, y~ - Koop.unHaTbl 

TpeKa 'laCTHUbl B HeKOTOpoii: TO'lKe Zo H HX ITpOH3B0.l{Hble !IO Z B 3TOH TO'lKe, f - HeITpe
pbIBHaJI .LlHq>q>epen11npyeMaJI q>yHKUHll, IIepe,naTO'lHaJI q>yHKl!HJI CITeKTpoMeTpH'leCKOro 
MarHHTa ITpe.D,CTaBJillJiaCh B cJie.uyIOmeM BH.D.e: 

Yomu = Y_.. - Yn = .Af(xo,Yo,X~,Y~,.A), (0.5) 

r.ue Y_.. - Koop.n.nHaTa qacTHUhl, H3MepeHHaJI HeKoTopon .upeii:q>oBon Tpy6Kon IlT ITocne 
MarHHTa, Yn· - Koop,nnHaTa TO'IKH nepeceqennll. TpeKa, BOCCTaHOBJieunoro ,npeHq>OBblMH 
KaMepaMn .uo MarHnTa c ITJIOCKOCTLIO 3TOH )Ke IlT. 

Ilnll. Haxo)K.uemrn ITepe,naTO'lHon q>yHKl!HH MarHnTa HCITOJih30BaJICJI ITpocTeHIIIHH pac-
ITa.u I{- -+ 1r-1r

0 (I<.-2) [7]. Bbl.l{eJIJIJIHCh co6b!Tllll C BOCCTaHOBJieHHOH BepIIIHHOH 
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pacrra.na H .UBYMJI JIHBHJIMH B crreKTpoMeTpe SP-1. ilnll rro.uaBJieHHJI q>oHa oT6Hpa
JIHCh co6hlTHJI C 3q>q>eKTHBHOH Maccoll .UBYX perHCTpHpyeMhlX ,-KBaHTOB B .UHaIIa.30He 
m..,,., = (135 ± 30)M 3B / c2 • BTophlM KpHTepHeM oT6opa 6hlJI oT6op co6hlTHH Ha KOM
rrnaHapHOCTh, KOTOpoMy .UOJI)KeH y.uoBJieTBOpl!Th mo6011 .UByxqacTHqHhlH pacrra.u. ilJIJI 
3TOro CTpOHJIOCh pacrrpe.ueneHHe BeJIHqlIHhl rrpoeKUHH HarrpaBJieHHJI J{ --Me3oHa Ha BeK
TOpHoe rrpoHJBe.ueHHe HarrpaBJIJIIOIIJ;HX BeKTOpOB 'Ir- -MeJOHa lI 1r

0 -Me30Ha lI OT6HpaJIHCh 

co6hlTHJI, .UJIJI KOTOphlX BeJIHqHHa rrpoeKUHH Jie)KaJia B rrpe.uenax 0.000 ± 0.010. 3aTeM 
.UJIJI rHIIOTe3hl I<1r2 rrpOBO.UHJICJI KHHeMaTHqecKHH 3C-q>HT. <l>HTHpyeMhlMH rrapaMeTpaMH 
6hlJIH _MO.UYJIH HMIIYJihCOB rryqKQBOro K-Me30Ha H pacrra.uHoro 'Ir- -Me30Ha H TpH KHHeMaTH
qecKHe rrepeMeHHhle 1r

0-Me30Ha. 3HaqeHHJI HMIIYJihCOB 'Ir- -Me30Ha, rroJiyqeHHhle H3 q>HTa 
HCIIOJih30BaJIHCh ,llJIJI BOCCTaHOBJieHHJI rrepe.uaToqHQH q>yHK_D;HH MarHHTa. Ko3q>q>HUHeH
Thl rrepe.uaToqHoH q>yHKUHH q>HTHpOBaJIHCh rrporpaMMOH FUMILI, rrpH 3TOM B KaqecTBe 
HaqaJihHhlX 3HaqeHHH x 0 , y0 , x~, Yb 6hlJIH B3J!Thl Koop.UHHaThl BepIIIHHhI pacrra.ua H Harrpa

BJieHHe 'Ir- -Me3oHa, rroJiyqeHHhle IIOCJie q>HTa, A = - 1
- - o5paTHhlH HMIIYJihC 71"--Me30Ha 

P!Jl■ T 

IIOCJie q>HTa co 3HaKOM ( 3HaK ,,_,, .UJIJI OTpHUaTeJihHO 3apll)KeHHh!X qaCTlIU ), YM - KOOp
.UHHaThl 7r- -MeJoHa Ha .upe11q>OBhlX Tpy6Kax ITT rrocne MarHHTa. 

B peJyJihTaTe MO,UeJIHpOBaHlIJI creHepnpoBaHHhlX rro q>a.30BOMY o6beMy co6hlTlIH I<1r2, 
5hlJilI rroJiyqeHhl cne.uy10mne 3Ha~eHHJI OIIIH50K B oueHKaX,lIMIIYJihCOB 71"- lI J{- -Me30HOB 

U,r < ~ >= 0.022, UK < ~ >= 0.0152, KOTOpb!e xapaKTepH3YIOT TQqHQCTh MeTo-
p p 

.ua BOCCTaHOBJieHlIJI rrepe.uaToqHQH q>yHKUlIH. IIonyqeHHhle oueHKlI lIMIIYJihCa OKa.3aJilICh 
COCTOJITeJihHhlMH lI HeCMem;eHHh!MlI, qTQ Il03BOJilIJIO lICIIOJih30BaTh lIX ,UJIJI HaXO)K,UeHHJI 

rrepe.uaToqHQH q>yHKUHlI MarHHTa [7]. 
Ha pnc.9 rrpnBe.UeHhl pacrrpe.ueneHHJI, xapaKTepnJy10mne ToqHoCTHhle rrapaMeTphl 

ycTaHOBKH HCTP A-M. CrreKTp He.uocTa10me11 Macchi 1r0-Me3oHa .B I<1r2 pacrra.ue, BoccTa
HOBJieHHhlH MarHlITHhlM crreKTpOMeTpOM ycTaHOBKlI, rrpencTaBJieH Ha pnc.9B. M;;,~ •• >= 
0.132I'3B/c2

, u(M;,~ •• ) = 0.015I'3B/c2 • liMIIYJihC K-MeJoHa 5hlJI rronyqeH HJ KHHeMa
THqecKoro 3C-q>nTa H cocTaBHJI PK = 21.4I'iB/c, u(pK) = 0.19I'3B/c (pnc.9a). Pac
rrpeneneHHe rro 3q>q>eKTlIBHOH Macce K-Me30Ha 6e3 yqeTa lIHq>OpMaUHlI O ero lIMIIYJihCe C 
lICIIOJlh30BaHHeM .U11.HHhlX -y-crreKTpOMeTpa Sp-1 lI MarHHTHOro crreKTpOMeTpa ycTaHOBKH, 

rroKa.3aHo Ha_puc.96, < MK >= 0.495I'3B/c2
, u(MK) = 0.025I'3B/c2

• PacrrpeneneHHe 

ITO 3q>q>eKTHBHOH Macce 1r0-Me30Ha rrpencTaBJieHO Ha pHc.9r. 
< M..,,., >= 0.136I'3B/c2 , u(M..,,.,) = 0.035I'3B/c2 • ToqHoCTh BOCTaHOBJieHHJI_UMrrynhca 
.UJIJI co6hlTHH c .UBYMJI H 6onee cpa5aThlBaHUJIMH B IIJIOCKOCTJIX npeHq>OBhlX Tpy5oK rro 

Y-rrpoeKUHH u( §E.) = 0.023. 
p 

CgenHne 3HaqeHHJI 3q>q>eKTUBHhlX Mace I<- lI 1r0-Me30HOB, a TaK)Ke He,UOCTaIOm;eH Mac
Chi 7r -Me30Ha B I<1r2 pacrrane COOTBeTCTBYIOT Ta5JIHqHhlM 3HaqeHHJIM, qTQ IIO.UTBep)K,llaeT 
pa60TOCIIOC06HOCTh C03,llaHHOH TpeKOBOH CHCTeMhl II crreKTpOMeTpOB ycTaHOBKU lI rrpa
BlIJlhHOCTh rrpoBeneHHhIX KaJIH6poBoquhIX rrpoue.uyp .UJIJI ee .ueTeKTOpOB. 

B arrpene 1992 ro.ua Ha ycTaHoBKe 5hm rrpoBeneu ceauc, Ha KOTopoM 5hlJIO 3arrHcauo 
5onee 200 MarHHTHhlX JieHT HHq>OpMaUHH B pe)KHMe "MllrKoro TpHrrepa " - rro KpaHHeH 
Mepe O.UHH 3JieKTpoMarHHTHhIH JIHBeHh B Sp-1 rrpn Bh!.UeneuHH K-Me3oua B TpHrrepHOH cn
cTeMe. II pH o6pa6oTKe 3Toro MaTepnana 6hIJI BhlJJ:eJieH pacrran I<- -+ µ- v1r0 n rrpoBeneuo 

H3MepeHHe q>OpMq>aKTOpOB 3TOro pacrra.na [8]. ' 
0T5op co6h!THH ocymecTBJIJIJICJI B CJie.uy10me11 ITOCJienoBaTeJihHOCTH: 

1. 0T6HpaJIHCh co6h!THJI C .UBYMJI 3JieKTpOMarHHTHhlMH JllIBHl!MH B Sp-1 lI O.UHOH 3apl!
)KeHHOH qacTHUeH, H.UeHTHq>HUHpyeMOH KaK MIOOH [8,9]. B a.uponHOM KaJIOpHMeTpe 
MIOOH xopOIIIO BhlJJ:eJil!eTCJI rro ql{CTO reoMeTpnqecKHM KpHTepHl!M. B C>TJillql{e OT 
anpona, KOTOph!H .uaeT IIIHpOKHH JIHBeHh, MIOOH rrpHBO.UHT K cpa6aThlBaHHJIM TOJlhKO 
Tex JlqeeK HC, qepe3 KOTOphle rrpoxo.uHT TpeK 3apJ1)KeHHOH qacTHUhl. Tpe5oBaJIOCh 
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PHc.9 Pacrrpenenennll (.UJill pacrrana I<- -+ 1r-1r0): 

0.6 

0.2 

(a) - rro HMIIYJihcy J<--MeJoHa, (6) - 110 Macce J<--MeJoHa, 

(B) - 110 nenocTa10me11 Macce 1r0 - Me3oua, (r) - 110 3q>q>eKTHBHOH Macce 
2x ')'-KBaHTOB. 
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cpa6aTbIBamre no Kpailneil Mepe B IIJITH ceKUHJIX HC no KaJK,noil rrpoeKun:n X n: Y 
n ux COOTBeTCTBn:e rrpocTpaHCTBel!HOMY TpeKy qaCTIII(bl. B Sp-1 MIO0!I .naeT Ma
noe :meproBbl,neneHn:e ( < 0. 7 f3B) B o,nnoM nnn ,nByx CTeImax 3JieKTpm,rnrmnnoro 
KanopnMeTpa [9]. 

2. IlpOBO.IWJICJI qnn BepIIII!Hbl II oueHllBaJICJI l!MIIYJibC MIO0Ha B na6opaTop11011 .cncTeMe. 
Ha puc.10 rrpn:Be.n;eH scatter-plot co6bITHil c x2 /ndf < 5. Ha6nm.naeTcJ1 K0HTirnyyM 
B o6nacTI! llL.y-y ::::: m,,.0 I! lvl;,.iss ::::: 0. 

3. IlpoBO.I(l!JICJI KI!HeMaTl!'-!eCKl!il 2c-cpuT na rn:rroTeJy K- -> µ- v1r0 pacrra.na co cne,ny
IOIIJ;l!MI! orpaHl!'-leHI!J!Ml!: JI.In= m,,.0 ± 4011{ :JB n M;,.iss ::::: 0 ± 0.06I':JB 2

• 

Ha pacrrpe,neneHl!H co6bITHil, rrpoIIIe,nurnx <pi!T Ha I<µ3-rHrroTe3y (P(x 2
) 2 1%), na 

Ilan!!TI(-IIJIOCKOCTI!, IIOKa3aHIIOM Ha pnc.lla Ha6nm.naeTCJI Ill!K B o6JiaCTl! MaKCl!
MaJibHbIX 3Ha'-!eHHli Kl!HeTU'-!eCKl!X 3Hepri!H MIOOHa II 1r

0 -Me30l!a T;,T;
0

• 3n! C06bl
Tl!Jl HIITeprrpeTI!pymTCJI KaK cponoBble OT K,,.rpacrra.na c rrocne,nymrn;l!M pacrra,noM 
rrHona no Kanany 1r ·---> µ-v. 

4. ilJIJI rro.n;aBJieHI!Jl 3TOro cpona rrpoBO.I(I!JICJI Kl!!IeMaTH'-leCKHil 4c-<pl!T na I<,,.2 I'l!IIOTeJy. 
Ha pi!c.11 6 ITOKaJano pacnpe.nenenHe ua IlannTu-rrnocKocTn rrocne or6pacbrnannJ1 
co6bITuil, rrpoIIIe,nrnux 3ToT cpnT c P(x2 ) 2 1%. 

I 0.1 .,. 
o.oe 

M,..,, G•v 

Pl!cynoK 10. Pacnpede.11e11,ue co6b1mui1-1wnJuJamoB ua n.11oc1wcmu m--,--,, m~ . 

j JS -
... ----i30 

2S .. 

20 .... ------

PncynoK 11. 

• JO 

~25 

l 
20 

16 

10 

(a) (b) 
PacnpeJe.11enue co6b1mui1 na 1Ia.11umu,-n.11oc1wcmu Jo (a) u noc.11e (6} 

6bl'lU11!a1/,UJI fPOllll om I<.-2 pacnada. 
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Ha pnc.12 rrpe.n;cTaBnen IlannTu-rrnoT .n;nJI oro6paHHhIX c yqeroM aKcerrTanca ycTaHoB
KI! C06bITl!li I<µ3-pacrra.n;a. XopoIIIaJI CTaTJICTU'-leCKall o6ecrre'-!el!HOCTb IIJIOTa CBl!.I(eTeJih
CTByeT O Bb!COKOJI 3cpcpeKTHBHOCTII perncTpauuu pacrra.n;oB, '-ITO B CBOIO oqepe.n;b JIBJIJl
eTCJI CJie.I(CTBl!eM Bb!COKOH 3Heprun K-Me30HOB, rrpn KOTOpOII rrpo.n;yKTbl pacrra.n;a JieTllT 
rro.n; MaJihlMH (:::; 60 Mpa.n;) B na6oparopnoil cncreMe yrna.Mu. IInoTHOCTh pacrrpe.n;enem!Jl 
co6b!Tllii: Ha IlannTU-IIJIOCKOCTH rrpe.ncTaBJIJ!eTCJI B cne.n;ymmeM BII.I(e. 

~'" r ' , ◄ ~~ I 
t 

>0.12 ,-----,----------:----:~-
~ t l ----------1 

0.1 

0.0!1 

0.06 0.06 

0.0.f. 0.04 

0.02 0.02 

0.02 o.o• o.os o.oa 0.1 0.12 0.14 
r,.,c.,v r,._c.,v 

(a) (b) 

Pncy110K 12. O1w11,v,ame.11b1tb1i1 Bud 1Ia.11umu,-n,wma 6 pa3611rn1111 11cno,,1bJ06a1tno.11 npu 
ana.11u3e. (a} - do nonpa61w na 3efjefje,;mu61tocmr, ycma11,051.u, (b) - noc.,ie 11011pa61.11. 

Ilpu efjume yv,umbloa.11acr, mo.!lb't.o 06.,iacmb 6blde.1nt11aJI 1.·oumypo.11. 

p(E,,.,E,,) ~ AJ.;_(t) + Bf-(t)f+(t) + Cf:_(t) (0.6) 

r.ne k n: q 4-nMIIYJihChI K u 7r-Me3oHoB A 1B,C - 113BecTHhie cpym:uuu ux 3Heprm'"i Ei,;, E,,., 
a t = ( k - q )2- KBa.n;paT rrepe.n;aunoro nerrTounm'"i nape 4-IIJ\!Il)'Jibca. O.n11a 113 B03J\IOlKHhlX 
o6merrpi!HllThlX rrapaMeTp1!3aunil cpopM<paKTopoB .f +(t) n f- ( t) B mme11110M np116nnJKe111111 
cne.n;ymrn;all: 

I 
f+(t) = f+(0)[l + A+(-2 )] rn,,. 

t t 
fo(t) = f+(t) + M'k _ m; J_(t) = fo(0)[l + Ao( m; )] 

(0.7) 

(0.8) 

lb 3KCnepnMeHTaJibllbIX .n;aHHblX 1!3BJieKaeTCll 1rncj>opl\!a[Ulll O KO:><pqlllUllfHTaX A+, ,\o, 
A11ann3 ~ 3000 co6b1Tnil pacna,na IC;:3- pacna;xa, npIrnen K cne.n;ymm11J\I 3ua,IeHI1lll\l :>rnx 
K03<pcpnutteHTOB: 

A+ = 0.029 ± 0.024 1 

Ao = 0.062 ± 0.02·1 
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B 3aK.moqemm ccpopMYJIHpOBaHbl OCHOBHbJe pe3yJibTan,r pa60Tbl: 

1. ilm1 3KcrrepI1MeJITa no n3yqeHHIO pe.UKIIX pacrra.uoa K-Me30HOB Ha ycTaHOBKe 
HCTPA-M mroTOBJieno no HOBon TeXHOJiornu 4 .uyrrneTa .upeiicpoBbIX KaMep u 6 
Y3K03a.30pHb!X rrporropUI!OHaJibHbIX KaMep, a TaK)Ke 8 .upeiicpoBb!X KaMep C mmeiiuo 
pacrrpe.ueneHHb!M rroTem.1na.noM. 

·' 
2. Ha 6a3e Il3rOTOBJieHHbIX rrpoBOJIOqHbIX .ueTeKTOpOB C03.UaHa TpeKOBal! CHCTeMa, rrpe.u

Ha.3HaqeHHal! .UJil! per11cTpamu1 BTOpH'-!Hb!X qacTHU, BOCCTaHOBJieHI!l! BeplIIHHbl pac
rra.uoa, opramnaUIIII Tpilrrepa H H3MepeHl!l! IlMIIYJibCa 3apl!)KeHHbIX qacTHU. 

3. MeTO.UOM "TeHeii" C IIOMOll.lblO /J-I!CTO'-IHHKa 90 Sr H3MepeHbl B Jia6opaTOpllblX ycno
BHl!X xapaKTepHCTHKII C03.UaHHbIX .upeii<pOBb!X KaMep. ITonyqeHa KOOp.UIIHaTnal! Toq
HOCTb KaMep;:::: 120- 1,50 MKM. HccJie.UOBaHbl xapaKTepIICTHKII C03.UaHHbIX TpeKOBbIX 
.ueTeKTOpOB B ycJIOBlll!X 3KCIIepnMeHTa. 

4. BrrepBb!e rrpe.UJIO)KeHa II Bne.upeHa B 3KC!lepI11\.ieHT HOBal! - 6e3paMO'-!Hal! TeXHOJIOrlll! 
Il3rDTOBJieHHl! npoBOJIQ'-!HbIX KaMep, 06ec11equaa10mal! Bb!COKYIO (;:::: 5.11 X: .,\() TQqHOCTb 
ycTaHOBKll HpOBOJIO'-!HblX 3JieKTpO.UOB. 

5. B "off-line" aHaJIIl3e Ha OCHOBe peaJibHb!X .uaHHbIX IIOJIY'-!eHO 110.UTBep)K.uenne Bb!CO
KOH TOqH0CTII pac!I0JIO)KeHHl! npoBOJIOK B .upeiicpoBbIX KaMepax, H3r0TOBJie!IHblX 110 
HOBOH TeXH0JI0rHII. 

6. HccJie.UOBaHbl xapaKTepIICTHKII Y3K03a3opHb!X rrporropUHOHaJibHbIX KaMep HOBOro IIO
K0JieHill!, 06na.ua10mnx Bb!C0KHM (;:::: .Sue) BpeMeHHbIM pa3pe1IIeHI1eM II npe.UHa.3Ha
qeHHb!X .UJil! perIICTpaUilll lI Il3Mepel!Ill! lIMIIYJibca qacTIIU B rryqKe Bb!COKOH HHTCH
Cl!BHOCTH. 

7. BrrepBb!e npe.UJIO)KCH II pa3pa6oTaH MCT0.ll C03,UaHHl! JIOKaJibHOH 30Hbl HeqyacTBll
TeJib!I0CTII B npoB0JIQqHbIX KaMepax, nyTeM yaeJiuqeHHil .unaMeTpa yqacn:a aHO.UHOll 
npoB0JI0KII TOHKIIM IIOKpblTileM HHKeJieM. MeTO.U BHe.upeH Ha Bcex .upeiicpoBblX Ka
Mepax ycTaH0BKII 11 o6ecrre'-!HBaeT B03MO)Kl!0CTb perncTpaUilll BTopnqHb!X qacTHU, 
Bb!JieTa!Oll.llIX 110.ll MaJib!Mll yrJiaMH K OCH IIJ'IKa. ITpu ypoBHe no.uaBJICHlll! 3<p<peK
THBH0CTlf perHCTpaUIIII qacTHU ny'-!Ka ;:::: 10-4 MCTO.U o6na.uaeT pe3KHMH rpaHHUaMH 
o6JiaCTH HeqyBCTBHTCJlbH0CTll II ne HplIBO.UlIT K pocTy lIIYM0B Ha npoB0JI0Ke. 

8. IToKa.JaHa pa6oTOC!IOC06HOCTb BeplIIHHHOro .ueTeKT0pa, C03,UaHH0ro Ha 6a3e pa3pa-
6oTaHHOll TpeKOBOll CHCTCMbl Il3 Y3K03a.30pHb!X nponopunoHaJibHblX II .upeii<pOBb!X 
KaMep, npn MaKCIIMaJibHOli Ill!TCHCIIBHOCTH a.upoHHOro rryqKa 2 X 107 cex:-1 • 

9. H3MepeHbI napaMeTpbI A+, Ao B pa3JI0)KeHHH BeKT0pHbIX cpopMcpa1nopoB B pacna.ue 
[{- -> µ- 1111"

0
• Onpe.uerreHHbie 3Ha'-!eJIHl! 3Tl!X napaMeTpoB A+ = 0.029 ± 0.024, Ao = 

0.062 ± 0.024 He nponrnope'-!aT cymecTBYIOll.lllM 3Kcnepl!MCIITaJibHbIM .uaHHb!M. 
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