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OBIIlAH XAPAKTEPHCTHKA PABOT~ 

AKTyaJI_bHOCTb pa60Tll: CTpeMJieHHe K H3y'leHHIO 

¢yHnaMeHTaJibHllX CB08CTB MaTepHH, H3y'leHHe RBJieHHA C 
. ' , .. 

ce'leHHRMH Tpe6yeT noeuweHHR ::rneprHH ycKopeHHllX 

HCnOJib3YE!MllX nm1 HC~JienoeaHHA B ¢H~HKe BllCOKH~ ,rneprna, 

HOBllX 

MaJillMH' 

qaCTHU, 

C03naHHH 

HOBllX, 6onee MOmHllX KaK no 3HeprHH, TaK H no HHTeHCHBHOCTH' 

YCKOPHTeJieA 3apRXeHHllX qaCTHU ~. COOTBeTCTBeHHO, aneKBaTHOro 

pa3BHTHR TeXHHKH neTeKTOpOB 3apHXeHHllX. 'laCTHU. noeuiueHHe 3HeprHH , 

ny'IKOB o6ycnoa~HeaeT pocT pa3Mepoe ¢H3H~ecKHX y~·TaH~B~K ·, nnH 

perHeTpaUHH 

neTeKTOpOB C 

Hccn,enyeMux npo_ueccoe, onpenenReT · ripHMeHeHHe· 

60JibW08 ".IYBCTBHTeJibHOA' nnoman&10. CpenH o6wHpHoro 
',;l 

'IHCJia 

3HeprHA, 

Mec-r. 

neTeKTopoe. npHMeHS!eMUX nnR perHCTpaUHH 'laCTHU BllCOKHX 

npoeono'IHlle ra3oeue neTeKTopu 3aH~Ma10T onHo H3 eenymHx 

Co3naHHe rHraHTCKHX ycTaHOBOK nn~ HCC~enosaHHA B ¢H3HKe_ 

3JieMeHTapHllX _'laCTHU Tpe6yeT HOBllX nonxono~ _H Hnea, npHt:fE;HeHHR_ 

HOBllX TeXHOJIOrHA-B TeXHHKe neTeKTOpoe. Pa3pa60TKH
0 

H noHCKH HOBllX 

oco6eHHOCTeA B pe:a:HMax pa60Tll neTeKTOpOB. HOBllX cxeM H 

KOHCTpyKTHBHllX peweHHA HrpalOT Ball:HYIO poJib B
0 

'pa3BHTHH .3TOi o6nacTH 
, ,, ,· ··, .-· . . ' / .. ,(i·" 

3KcnepH~eHTaJibHOA ¢H3HKH. 

B CBR3H C 3THM, pa3BHTHe MeTonoe perHCTpaUHH q'acTHU BllCOKHX 

3HeprHA, .~a3pa60TKH B 3T08 .o6nacTH HBJIRIOTCR BeCbMa aKTyaJibHOA 

3anaqe8. 

UeJib pa60Tll COCTORJia B nan&HeAweM pa3BHTHH H 

coeepweHCTBOBaHHH . MeTonoe perHCTpaUHH, 3apH:a:e~HllX _ 'laCTHU, 

HCCJienoeaHHH H pa3pa60TKe ra30BllX npoB?JIO'IHllX-neTeKTOpOB_ 60JibWHX 

nnomanea nnR 3KcnepHMeHTOB B _o6JiaCTH HeRTpHHHOA_ ¢H3HKH B 
"' , .. ' . '. ' ' . 

pa3BHTHH- .H pa3pa60TKe HOBllX MeTonoe perHcTpaUHH H neTeKTOpoe, 
, . ~ ~ . ', 

no3e·oJIRIOmHx noeucHTb HH¢0pMaTHBHOCTb CHCT,eM perHCTpaUHH TpeKOB 

'laCTHU, 
0

HaH6onee noJIHO peaJIH~OBaTb B03M~ll:~OC;H H oco6eHHOCT~ 

RBJieHHA, B03HHKaIOmHx B neTeKTOpa_x np~ npoxo:x.neHH_H qepe3 HHX 

3apR:a:eHHllX 'laCTHU. 

HacToRmeR · pa6oToA aeTop _3amHmaeT: .·· 

1. 'HccnenosaHHR, pa3pa60TKH H co3naHHe neTeKTOPOB C. 60JibW08 

'IYBCTBHTeJibHOA nnoman&10. 

1. 1. Co3naHHe ~ HCCJienoeaHHe _60JibWHX . npe8¢0BllX KaMep 

ycTaHOBKH HE8TPHHH~8 JlETEKTOP. 

1. 2. 1-lCCJienoeaHHe xapa~TepHCTHK 60JibWHX npeA¢0BllX KaMep B 

f1=]fff:t· 
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He8TpHHHOM nyqxe. 

1. 3. HOB!,18 cnoco6 BliCOKOBOJlbTHOro nHTaHHSI npoBOJIOqHl,IX 

peaJIH30BaTb HanexHyIO H 

~OCTaBe ycTaHOBKH. 

ra30Bl,IX JteTeKTOpOB, no3B.0Jlll!OlltH8. 

3.cpqleKTHBHYIO pa'.6oTy itpe8!pOBl,IX KaMep B 

2. HccneitoBaHHe H pa3BHTHe MeTona perHcTpauHH 3ap11xeHHliX 

qaCTHU C HCnOJib30BaHHeM ueHTpa TSIXeCTH JlJill Bl,lqHCJieHHSI KOOpJtHHaT 

qacTHU B_ JteTeKTOpa~ . 

. 2.1., HccJienoBaHHSI nponopuHoHaJibHl,IX KaMep c KaTOJlHl,IM 

cqHTliBaH~eM HH!popi.iau~H: no3B OJill~lllHX peaJIH3.oBaTb' Blic·oxyIO TOqHoCTb' 

perHCTpaUHH.TpeKOB qaCTHU. 

. . 2. 2. Pa:{pa6o·;~y: . H HCCJieitoBaHHSI HOBOro JteTeKTOpa 

.. -~UHHTHJIJillU~C>m~oro no3 HUHOHHo-qy B cn ~,1:enb Horo cqeTqHKa C 

H3MepeHHeM xoopitHHaT TpeKoB· qacTHU no ueHTpy TllXeCTH 

pacnpeiteJieHHSI HHTeHCHBHOCTH: CBeTa B CUHHTHJIJISITOpe. 

2.3 C03JtaHHe H HCCJieJtOBaHHe xapaKTepH~THK HOBOrO• 
' MHKpO_CTpH_noBoro nonynpoBOJlHHKOBOro JteTeKTOpa C H3MepeHHeM · 

xoopitHHaT TpexoB qacTHU no ueHTPY TSixecTH pacnpeneneHHSI 3ap11na Ha 

pe3HCTHBHOM 3JieKTpone. 

. 2. 4 •. llCCJieJtoB;aHHH OC06eHHOCTe8 CXeM C Il3C-perHCTpaMH npH 

HCnOJlb30BaHHH nocJieJtHHX JlJlll perHCTpaUHH BpeMeHHl,IX HHTepaaJIOB. 

2~5. Pa3pa60TKY MeTOJta OUeHKH B03MOXH08 TOqHoCTH perHCTp~ri~H 

neTeKTOP?B C ueHTpOM TSIXeCTH, n03BOJISIIOntero aHaJIH3HpOBaTb H 

nporH03HpoBaTb pe3yJlbTaTli, OXHJtaeMlie npH HCnOJib30BaHHH 3TOro 

KJiacca neTeKTOpoB. 

HayqHall HOBH3Ha H npaKTHqecKaSI ueHHOCTb 3aKJIIOqaeTCSI B 

npeJtJIOXeHHH H peaJIH3aUHH pllJta MeTOJlHqeCKHX perneHH8, no3B0JIHBlIIHX 

c:03JtaTb YHHKaJibH1,1e ra3oHanonHeHHlie npoB·onoqH1,1e iteTeKTop1,1 'itnll 

HccnenoBaHH8 B o6nacTH He8TpHHHo8 !pH3HKH, itaJ1bHe8rneM pa3BHTHH 

Hoaoro HanpaBJieHHSI· B MeTOJtHKe - .neTeKTopoB c H3MepeHHeM ·xoopitHHaT 
, ' ' ~ I ' -.- ' ~ , • 

TpexoB qacTHU no ueHTPY TllXeCTH pacnpenene~HR 3ap11na. 

' Ha OCHOB~. o6wHpHliX HCCJie)lOBaHH8 x·ax xapaKTepHCTHK pa3JIHqHl,IX 

THnOB itpenipoBliX KaMep, TaK H peXHMOB H oco6eHHOCTe8 perHCTpaUHH 

TpeKO_B qaCTHU B HHX; TIOHCKa · HOBliX perneHH8 B KOHCTPYKUHH H 

npHMeHeHHSI HOB!lX MaTepHaJIOB C03JtaHa KOHCTpyKUHll 60JlblII08 itpe8!pOB08 

KaMep1,1 JlJlll ycTaHOBKH HEnTPHHHWn nETEKTOP, C03JtaHli 120 itpe8!pOBlix· 
2 . • •. 

KaMep pa3MepOM 4x2· M , KaMep1,1 ycTaHOBJleHl,I H OTJiaXeHl,I B COCTaBe 

ycTaHOBKH B He8TpHHHOM nyqKe_H~B3 [1-5]. 

Pa3pa6oTaHl,I H C03JtaHll KOHCTPYKUHOHHlie 3JieMeHTU 60J1blIIHX KaMep 

naueJIH c COTOBl,IM 3anoJIHeHHeM nJiontaJtblO 4X2 

~ .1_,..:. 2 
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OCHOB08 KOHCTPYKUHH Jtpe8!pOBl,IX KaMep. C03JtaHa MeTOJlHqecKall · ·6a3a, ;

o6ecneqHBlIIaSI C03JtaHHe He TOJlbKO 60JlblIIHX Jtpe8!pOBliX Ka_Mep. HO H 

neTeKTOpOB JlJlll HeCKOJibKHX 3KcnepHMeHTaJlbHliX ycTaHOBOK, HanpHMep, 

C03)laHHe cepHH nponopuHoHaJibHl,IX KaMep JlJlll ycTaHOBOK can H HEIITYH, 

o6ntee KOJIHqecTBO KOTop1,1x COCTaBJllleT nop·SIJtKa 100 lIIT. 

rrpennoxeH HOB!,18 cnoco6 BliCOK.OBOJlbTHOro nHTaHHll' 3JieKTPOJl0B 

ra30HanOJllieHHl,IX 'JteTeKTOpOB [ 6 ] • o6ecneqHBalOntH8 HanexuyIO pa6oTy 

JteTeKTOpOB B nyqxe. 3TOT cnoco6 ycnernuo HCTIOJlb3yeTCll B JtpyrHx 

ycTaHOB KaX •· 

IlpOBeneu1,1 HCCJleJtoBaHHll nponopUHOHaJlbHl,IX KaMep C KaTOJlHliM 

cqHTl,IBaHHeM HH!pOpMaUHH, nonyqeua ToquoCTb perHcTpaUHH TpeKOB 

qacTHu·paBHall 50 MKM; H3yqeu1,1 HOBl,le oco6eHHOCTH 3THX JteTeKTOpOB, 

HCnOJib30BauHe KOTOpliX TI03B0JllleT TIOBl,ICHTb ToquoCTb · perHCTpaUHH •· 

BeCTH 3ip!peKTHBHYIO pexeKUHIO co6liTH8 c ~-3JleKTPOHaMH [ 7-9,14 ]. 

Hccnen0Bau1,1 npouecc1,1 ipopMHpoaaHHll H perHcTpariHH 

pacnpeneJieHH8 3apSina B neTeKTopax· c pe3HCTHBHliMH 3JleKTponaMH. 

[13, 15]. · 

IIpeJtJIOXeH H HCCJienoaaii HOB!,18 THTI neTeKTOpa - TI03HUHOHHO -

qyBCTBHTeJlbH!,18 CUHHTHJIJISIUHOHH!,18 cqeTqHK, TI03B0JllllOntH8 TIOJiyqHTb 

TOqH·ocTb perHCTpaUHH TpeKOB : qacTHU B • CUHHTHJIJlllTOpe 1 . 3 MM npH 

mare cqHTl,IBaHHSI no H3MepSieM08 KOOpJtHHaTe 20 MM [ 10 ]. 

rrpeitnoxeu H HCCJleJtOBaH HOBli8 MHKpOCTpHTIOBli8_ 

nonynpOBOJtHHKOB!,18 JteTeKTOp, TI03BOJISIIOlltH8 nonyqaTb Bl,ICOKYIO ToquoCTb 

H3MepeHHSI KOOPJtHHaT TpeKOB ,qacTHU npH yMepeHHOM KOJIHqecTBe 

KaHaJIOB perHCTpaUHH HH!pOpMaUHH [ 11, 12 ]. 

HccJieJtOBaHl,I B03MOXHOCTH cxeM c. II3C-perHCTpaMH npH H3MepeHHH 

BpeMeHHliX HHTepaaJIOB [17]. 

rrpeitnoxeHa cxeMa HOBo8 itpenipoaon KaMep1,1 JtJISI Toquon 

perHCTpaUHH KOOpJtHHaT TpeKOB MIOOHOB BliCOKHX 3HeprH8 [20]. 

rrpeitnoxeHa H HccnenoBaHa MeTOJtHKa oueHKH TOqHOCTH 

perHCTpaUHH neTeKTOpOB C H3MepeHHeM KOOpJtHHaT TpeKOB no ueHTpy 

TllXecTH pacnpeneneuH8 3ap11ita [11-13]. 

Annpo6aUHll pa60T1,1. OCHOBHl,le' pe3yJibTaTl,I JlHCcepTaUHH 

ony6nHKOBaH1,1 B 0TeqecTaeuu1,1x H 3apy6exu1,1x xypuanax. coo6nteHHllX 

OHHH JlOKJianax Ha MeXJtyHapOJtHl,IX KOH!pepeHUHllX H COBentaHHllX, 

3antHnteHl,I a:nopCKHMH. CBHJteTeJibCTBaMH. Ha H306peTeHHll. 

rry6JIHKaUHH. MaTepHaJil,I, H3JIOXeHHlie B JtHCCepTaUHH, 

ony6JIHKOBau1,1 B pa6oTax [1-20], BlinOJIHeHHliX aBTOpOM B 1980-1990rr. 

nHccepTaUHll COCTOHT H3. Tpex r JiaB, BBeiteHHll H 3aKmoqeHHll, 

H3JIOXeHa Ha 139 CTpaHHUaX MalIIHHOTIHCHOro TeKCTa, HJIJIIOCTpHpoaaua 64 
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pHCYHKaMH, coneplKHT 5 Ta6JIHU H cnHCOK UHTHpyeM08 JIHTepaTypu H3 71 

HaHMeHoBaHHSI. 

KpaTKoe conepxaHHe pa6oTH 

JlHccepTaUHSI COCTOHT H3 JlByx "!aCTe8. B nepBo8 qacTH, 

BKJID"lanme8- ·B. ce6si nepByD H; BTopyD r JiaBy. npHBeneHH HCCJieJlOBaHHSI H 

pa3pa6oTKH, BHnOJIHeHHHe aBTOpOM; B ·-.06JiaCTH neTeKTOpOB C 60JibW08 

"IYBCTBHTeJibH08 nnomaJlbD - 6oJibWHX npe8¢0BHX KaMep, C03JlaHHHX JlJISI 

H3y"leHHSI ¢H3HKH He8TpHHO. BTopasi "!aCTb JlHCCepTaUHH coneplKHT 

TpeTbD rJiaBy. nOCBSIIUeHHYD nonHTKe o6o6IUHTb pe3yJibTaTH pa3BHTHSI 

HOB08 o6JiaCTH MeTOJlHKH - neTeKTOpOB. C H3MepeHHeM KOOpJlHHaT no 

ueHTpy TS!lKeCTH BTOpH"IHHX pacnpeneJieHH8, B03HHKaDIUHX npH 

npoxoxneHHH 3apsiJKeHHHX "!aCTHU qepe3 "IYBCTBHTeJibHH8 06'beM 
neTeKTopa. 

·, B nep_Bo8 rJiaBe' JlaHO onHCaHHe HEATPliHHOro JlETEKTOPA, 

C03JlaHHoro YCHJIHSIMH COTPYJlHH"leCTBa Jly6Ha - BynanewT - Uo8TeH ~ 

IlpOTBHHO, pa6oTanmero B HaCTOSIIUee BpeMSI. B He8TpHHHOM nyqKe 

ycKopHTeJISI Y-76 li~B3 [1]. 

HE8TP11HH~8 JlETEKTOP COCTOHT H3 Tpex OCHOBHHX "laCTe8: MHWeHH~ 

KaJiopHMeTpa, JIHBHeBoro· JleTeKTOpa 3JieKTpOHOB H 7-KBaHTOB .:H 

MDOHHOro cneKTpOMeTpa. 

. JlJISI H3MepeHHSI 3HeprHH B -MHWeHH-KaJIOpHMeTpe HCnOJib3YDTCSI 

CUHHTHJIJISIUHOHHHe C"leT"IHKH, HanoJIHeHHHe lKHJlKHM CUHHTHJIJISITOpOM Ha 

06IUH8 06'beM CUHHTHJIJISITOpa B "MHWeHH OCHOBe ya8T-CnHpHTa. 

COCTaBJIS!eT 110 TOHH, Bee aKTHBH08 MHWeHH orpaHH"leH pa3MepaMH 

3X3 M
2

·':H, C y"leTOM ycTaHOBJieHHHX nonoJIHHTeJibHO B KaQOM 3a3ope 

nnacTHH H3 aJIDMHHHSI TOJIIUHH08 50 MM, COCTaBJIS!eT 100 TOHH. 

MHWeHb . coneplKHT 36 Monyne8, nOJIHaSI JlJlHHa ;MHWeHH. no ny"IKY 
. . 3 

paBHa 27. 5 M. Kaxnu8 MOJlYJib' HMeeT cpeJlHDD nJIOTHqCTb 0. 41 '. r/CM , 

COCTaBJIS!eT 1:24 panHaUHOHH08 H 0.33 sinepH08 JlJIHHH B3aHMOJle8CTBHSI 

H coneplKHT: HaMarHH"leHHYD xeJie3HYD paMy p_a3MepoM 4. 5X4. 5 M2 H 

TOJIIUHH08 105 MM no ny"IKY, HMeDIUYD · B HyTpeHHee OKHO · 3X3 M2
, 10. 

. 3 
lKHJlKOCTHHX CUHHTHJIJISIUHOHHHHX C"leT"IHKOB pa3MepoM (0.2x0:3x5) M H 

JlBe ·KoopJlHHaTHHX nJIOCKOCTH X H Y npe8¢0BHX KaMep pa3MepoM 4X4 M2
• 

MDOHHH8 ·cneKTpOMeTp coneplKHT 13 HaMarHH"leHHHX ~HCKOB 

miaMeTpOM 4 M H TOJIIUHH08 no ny_"IKY 220 MM. B nepenHe8 "laCTH 

cneKTpoMeTpa ycTaHOBJieHH nS!Tb 

no TOJIIUHHe JlHCKa ycTaHOBJieHH 

ycTaHOBJieHH nJIOCKOCTH X. H 

OJlHHapHHX JlHCKOB, "!eTHpe'cnBOeHHHX 

B KOHUe. B 3a3opax MelKJlY JlHCKaMH 

Y npe8¢0BHX KaMep, nBa 3a3opa 
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o6opynoBaHH 

C"leT'iHKOB. 

ronoCKOnH"!eCKHMH nJIOCKOCTSIMH CUHHTHJIJISIUHOHHHX 

RHBHeB08 JleTeKTOP 3JleKTpOHOB pacnoJIOlKeH Mexny MHWeHbD -

KanopHMeTpOM H 

( 0. 2X3. 6X3. 6) M
3 

C,JIOHCTHX C"leT"IHKa 

MDOHHHM cneKTpOMeTpOM, HMeeT pa3Mepu 

H coneplKHT 18 ropH30HTaJibHO pacnOJIOlKeHHHX 

( 12 CJIOeB CBHHUa no 4 MM KaQH8 H 12 CJIOeB 

10MM nnaCTH"leCKOro CUHHTHJIJISITOpa). 

Kaxnu8. MOJlYJib MHWeHH08 "laCTH H MDOHHOro cneKTpOMeTpa 

coneplKHT x- H Y-nJIOCKOCTH npe8¢oBHX KaMep. )lJISI ycTaHOBKH, no 

pa3neJieHHD o6si3aHHOCTe8 Mexny li~B3 H 011H11, 6HJIH C03JlaHH JlBa THna 

KaMe·p: KaMepu pa3MepOM 4XO. 5 M2 
- pa3pa6oTaHH H ~3rOTOBJieHH B 

li~B3, KaMepH pa3MepoM 4X2 M2 
- pa3pa60TaHH H H3rOTOBJieHH B 011Hl1 

[2, 4]. 

Jlpe8¢oBHe KaMepH nepBoro THna ycTaHOB~eHH BO BTOpo8 noJIOBHHe 

MHWeHH08 "!aCTH ( 20 MOJlyJie8), .B OCTaJibHHX MOJlYJISIX MHWeHH08. "laCTH 

( l7 MOJlyJie8) H B MDOHHOM cneKTpOMeTpe ( 10 MOJlyJie8) ycT~HOBJieHH 

npe8¢0BH!,! KaMepu BToporo THna. 06a THna KaMep HMeDT HJleHTH"IHYD 

CTpyKTYPY CHrHaJibHOro 3JieMeHTa npe8¢0B08 Sl"le8KH, OTJIH"!He.cocTOHT 

B TOM, "!TO KaMepu, 

npoMelKyTOK ± 250 MM, 

±122.5 MM. 

H3rOTOBJieHHHe B li~B3, HMeDT npe8¢0BH8 

B KaMepax 011H11 npe8¢0BH8 npoMeJKyTOK paBeH 

o6mee KOJIH"leCTBO KaMep, pa6oTaDIUHX B COCTaBe ycTaHOBKH 

HE8TP11HH~8 JlETEKTOP 

KaMepu li~B3 

KaMepu 011Hl1 

360 WT 

104 WT 

4X0.5 M2
) 

4X2 M2 
) 

BTOpasi rJiaBa coneplKHT pe3yJibTaTH HCCJieJlOBaHH8, onpeneJIHBWHX 

KOHCTPYKUHD 6oJibWHX npe8¢0BHX KaMep, B He8 npHBe)leHH 

xapaKTepHCTHKH KaMep, noJiy"leHHHe npH p~6oTe B He8TpHHHOM ny"IKe. 

IlpH C03JlaHH~ neTeKTOpOB 6oJibW08 "IYBCTBHTeJibH08 nnomanH, 

TaKHX KaK neTeKTOPH JlJISI HCCJie)lOBaHH8 ¢H3HKH He8TpHHO, 

Heo6XOJlHMOCTb onTHMaJibHOro BH6opa THna neTeKTopa. 

OCHOBHHX napaMeTpOB, onpeJleJI~BWHX THn neTeKTOpa, 

KOJIH"leCTBO KaHaJIOB perHCTpaUHH HH¢0pMaUHH, KOTopoe .npH 

npoMexyTKe ±122.5 MM COCTaBHJIO nopS!JlKa 4000. 

B03HHKaeT 

0JlHHM H3 

SIBJIS!eTCSI 

npe8¢0BOM 

CHrHaJibHH8 3JieMeHT KaMepH coneplKHT_ .TPH nJIOCKOCTH npOBOJIO"IHHX 

MaCCHBOB, He HMeeT pe3oHaHCHHX o6JiacT~8, noJio~eHHe CHrHaJibHHX H 

KaTOJlHHX npOBOJIOK npH nonaqe Ha HHX BHCOKHX HanpsixeHH8 _cTa6HJibHO 

[3]. CMemeHHSI npH CB060JlH08 JlJIHHe npoBOJIOKH paBH08 4 M cocTaBJISIDT 

~- 180 MKM. 113 yqeTa B03MOlKHoro H3rH6a naHeJie8 C COTOBHM 

3anomteHHeM CB06onHaSI JlJIHHa cHrHaJibHHX H KaTOJlHHX npOBOJIOK. 6una_ 
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BH6paHa paBH08 1.3 M H Ha .!lRHHe 4 M 6HRH ycTaHOBReHH 2 

nO.!l.!lepllCHBalOUlHX 3ReMeHTa. 
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CTpyKTypa CHrHanbHO,O 

PHC.1. CxeMa npe8~0B08 gqe8KH. 

1-cHrHaRbHHe, 2-KaTO.!lHHe H 3-

npoBOROKH pacnpeneneHHoro no

TeHuHana. 

3ReMeHTa noKa3aHa Ha pHC. 1. OH 

conepl!CHT qeTHp_e CH,HanbHHX npoBOROKH. CMemeHHHe OTHOCHTenbHO 

ueHTpanbH08 nnOCKOCTH gqe8KH Ha ± 0.75MM, KaK noKa3aHO Ha 

pHCYHKe. CMeUleHHe CH,Ham,HHX npoBonoK n03BORHeT pa3peUIHTb 

neBo-npaayIO HeonpeneneHHOCTh H nonyqHTh cTa6HnhHOe nonoxeHHe 

cHrHanbHHX npoBonoK B npocTpaHcTBe. 

. nnn HanonHeHHH KaMep HCnonh3yeTCH CMeCb Ar+ 6%COZ, HMeIOUlaH 

HaCHUleHHe no CKOP?CTH npe8~a 3ReKTpOHOB 0.5 KB/CM H He HBRHIOUlaHCH 

B3pHBOonacH08. ITpOBS.!leHH HCCR8.!lOBaHHH Tpex- H qeTHpeXKOMnOHeHTHHX 

CMece8, C~OpMynHpOBaHH Tpe6oBaHHH K ra30BHM CMSCHM .!lRH npe8~0BHX 

KaMep . 

Hcnonb30BaHHe o6uqHo8 CXeMH BHCOKOBOnbTHoro nHTaHHH, Korna 

Ha 3R8KTpO.!lli KaMepH nonaIOTCH noCTOHHHHe HanpHllCSHHH, npHBO.!lHT K 

TOMY, qTo npH .!lOCTaToqHo .nonroa 3KcnnyaTaUHH KaMep B HHX B03MOllCHH 

cpHBH no qacTOTe lllYMOB. !3TH 3~8KTH Ha6JID.!lalOTCH npaKTHqecKH BO 

Bcex ra30BHX npoBonoqHHX neTeKTopax H onpenenHIOTCH HanHqHeM 

MHKpOOCTpH8 H nonHpH3aUHe8 .!lH3ReKTpHKOB, HCnORb3yeMHX B 

KOHCTPYKUHH KaMep. TpeHHpOBKa o6paTHHM HanpHl!CeHHeM, MepH no 

qHCTOTe, npHMeHHeMHe npH 3aKpHBaHHH KaMep, 3HaqHTeRbHO CHHl!CaIOT 

BepOHTHOCTb B03HHKHOB8HHH KOpOHHHX pa3pH.!lOB, HBRHIOUlHXCH npHqHHOH 

pocTa qacTOTH lllYMOB C npoBOROK. 0.!lHaKO, nonHOCTblO HCKnIOqHTb 3TH 

3~eKTH He ynaeTCH. 

noBORbHO 3~eKTHBHO 3TO HBReHHe MOllCST 6HTb nonaBneHO 

npHMeHeHHeM KBa3HHMnynhCHoro BHCOKOBORbTHoro nHTaHHH 3ReKTPO.!lOB 

KaMepH. Ha pHC. 2. noKa3aHH BpeMeHHHe .!lHarpaMMH pa60TH CHCTeMH 

BHCOKOBORbTHoro nHTaHHH B TaKOM pellCHMe [5,6], CyTh ero 

3aKnIOqaeTCH B cnenyIOUleM: Mexny UHKnaMH ycKOPHTenH HanpHl!CeHHe 
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nHTaHHH CH,HaRbHHX ·H noTeHUHanbHHX npoBOROK BHCTaBnHeTCH Ha 1 KB 

HHl!Ce pa6oqero. nepen c6pocoM nyqKa Ha MHUJeHh HanpHxeHHH . 

noBHUJalOTCH .!10 ypoBHH, iocTaToqHoro· . .!lnH 3~eKTHBHOH pa6oTH KaMep. 

nanee, nocne c6poca, HanpnxeHHH cHoBa CHHl!CaIOTCH Ha 1 KB .!IO 

cne.!lyIOUlero UHKna ycKOpHTenH .. TaKHM o6pa30M, pa6oqHe HanpHllCSHHH 

ycTaHaBRHBaIOTCH TORbKO Ha BpeMH c6poca nyqKa. Ha pHc. 3. 

npHBe.!leHH cpaBHHTenhHHe xapaKTepHCTHKH .!lBYX KaMep npH nocTOHHHOM 

H HMnynhCHOM pellCHMe pa60TH, 3~eKTHBHOCTb perHCTpaUHH TpeKOB 

(neBaH UJKana, KpHBHe 1 H 2) He 3aBHCHT OT pellCHMa pa60TH CHCTeMH 

BHCOKOBORbTHO,O nHTaHHH. cymecTBeHHOe oTnHqHe Ha6nIO.!laeTCH B 

3aBHCHMOCTH lllYMOBHX xapaKTepHCTHK KaMep OT CH,HaRbHO,O HanpHl!CeHHH 

( npaBaH UJKana, nyHKTHp 1 H 2 - nocTOHHHOe HanpHl!CeHHe, cnnoUJHHe 

KpHBHe 1 H 2 -HMnynhCHH8 pel!CHM). KaK BH.!IHO H3_PHCYHKa, HMnynhCHHH 

pel!CHM naeT 3aMeTHHH BHH,plilll B UIHpHHe nnaTO no 3~~eKTHBHOCTH 

perHCTpaUHH TpeKOB qacTHU. KpoMe Toro', npHMeHeHHe HMnynbCHO,O 

pellCHMa 3HaqHT8RbHO nOBHUJaeT Ha.!lSllCHOCTb pa60TH KaMep BO BpeMH 

ceaHCOB. AHanorHqHHH pel!CHM pa6oTH CHCTeMH BHCOKOBORbTHO,O nHTaHHH 

npHMeHeH .!lRH nponopUHOHanbHHX. KaMep H noKa3an nonollCHT·enhHHe 

pe3ynhT,aTH. 

xapaKTepHCTHKH 6onhlllHX npeA~OBHX KaMep HCCRe.!lOBaHH npH 

pa6oTe KaMep B COCTaBe ycTaHOBKH H Hcnonh30BaHHH pellCHMa 

HMnynhCHO,O BHCOKOBORbTHO,O nHTaHHH, nopor perHCTpaUHH 

cqHTHBalOUl88 3R8KTpOHHKH 6un paBeH 1 MKA. 
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PHC. 2. BpeMeHHHe .!lHarpaMMH pa60TH 
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PHC. 3. XapaKTepHCTHKH .!lBYX 

CHCTeMH BHCOKOBORbTHOro nHTaHHH npe8- KaMep npH noCTOHHHOM H HM-

~OBHX KaMep 8- HMnynhCHOM pellCHMe. nynhCHOM pellCHMe nHTaHHH. 

CMeUlSHHe CHrHanbHHX npOBOROK OTHOCHTeRbHO ueHTpa CHMMSTpHH 

npe8~0BHX gqeex· n03BORH8T pa3pelllHTb neBo-npaByIO HeO.!lH03HaqHOCTb 

no pacnpe.!le.ri'eHHIO BenHqHHH Kl, paBH08: 
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.,. 
K1 = 1/2(T

1 
- 3T

2 
+ 3T

3 
- T

4
) = ± 4.11.T 

rne Tl - BpeMeHa, 3aperHCTpHpoaaHHUe OTneRbHUMH CHrHaRbHUMH 

npoBOROKaMH, .11.T - apeMeHH08 cnaHr cHrHaROB, onpeneRHeMu8 cnaHrOM 

CHrHaRbHUX npOBOROK OTHOCHTeRbHO ueHTpa CHMMeTpHH npe8¢oao8 
H'le8KH. 

N 
x1O 3 

Q.8 

Q,5 

Q,4 

Q.2 

0 . 

-200 -100 o 100 

K1 (HCeK) 
200 

PHc.4. PacnpeneReHHe K
1

, npoHHTerpH

poBaHHoe no npe8¢oaoMy npoMelKyTKy. 

Ha pHc. 4. noKa3aHo pacnpeneReHHe 

BeRH'IHHU K nRH CHrHaRbHUX 3ReMeHTOB I . . 

npe8¢oaux KaMep, npOHHTerpHpoaaHHoe 

no npe8¢0BOMY npoMelKyTKy. H3y'leHHe 

3aBHCHMOCTH K,=f(x) noKa3UBaeT, 'ITO 

aepoHTHOCTb OWH6KH a onpeneReHHH Re
BUX H npaaux TpeKOB COCTaBRHeT HeC

KORbKO npoueHTOB. 

HeonHoponHocTH a pacnpeneReHHH no

Re8 a npe8¢oaux H'le8Kax MOlKHO oue

HHTb no noaeneHHIO K03~¢HUHeHTa Kz: 

Kz= ( Tl.,-TZ)- ( T3-T4) = ( Tl+T4)- ( Tz+T3) 

no pacnpeneReHHIO BeRH'IHHU Kz MOlKHo· oueHHTb cpenHIOIO TO'IHOCTb 

perHCTpaUHH KOopnHHaT TpeKOB B npe8~0BUX KaMepax Ha CMeCH 

Ar+67.COZ, KOTOpag paBHa O'I ~ 1 MM. [5]. 

· CyMMapHoe pacnpeneReHHe cpa6aTuBaHH8 npe8~oaux KaMep a 

Te'leHHH HeCKORbKHX CYTOK ceaHca Ha YCKOPHTeRe B He8TpHHHOM ny'IKe, 

xapaKTepH3YIOmee ypoBeHb WYMOB B CHCTeMe KaMep, noKa3aHO Ha pHc.5. 

Co3naHHe 60RbW08 cepHH neTeKTopoa nono6Hux npe8¢oBHM KaMepaM 

ycTaHOBKH HERTPHHHblR JlETEKTOP noTpe60BaRO IlOCRenoBaTeRbHOro 

BUnORHeHHH pa6oT no pa3pa60TKe, npoeKTHpOB_aHHIO H co3naHHIO MaKeTOB 

npe8¢oaux KaMep, TeXHORorH'lecKoro o6opynoaaHHH nRH HroTOBReHHH 

KaK neTaRe8, TaK H co6CTBeHHO KaMep. Co3naHHIO 60RbW08 cepHH 

npenwecTBOBaRo co3naHHe onuTH08 cepHH npe8¢oaux KaMep, ripH 

HCCRenoBaHHH ·xapaKTepHCTHK KOTOpux 6URa OTpa6oTaHa· KOHCTPYKUHH 
cepH8Ho8 KaMepu. 

JlRH aunoRHeHHH 3THX pa6oT a on OHHH 6uR co3naH yqacTOK 

H3rOTOBReHHH npoBORO'IHUX neTeKTOpoB. Co3naHHe KOHCTPYKTOPCK08 

noKyMeHTaUHH Ha OnUTHYIO cepHIO npe8¢0BUX KaMep · 6URO 3aKOH'leHo K 
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Haq·aRy 1982 rona, B 3TOM llCe rony 6URH H3rOTOBReHU nHTb. onUTHUX 

KaMep. B I KBapTaRe 1983 rona 6uRa 3aKOH'l_eHa pa3pa6oTKa 

noKy_MeHTaUHH . Ha cepH8HyIO npe8¢oByIO KaMepy, K KOHUY rona , 6URH 

H3roTOBReHu nepaue 10 cepH8Hux KaMep. H3rOTOBReHHe npe8¢o~ux 

KaMep B KORH'leCTBe 120 WT'. 6URO 3aKOH'leHO B 1985 rony. 

N 
■104 

1,0 

Tl•-1 
12 

PHc.5. CyMMapHoe pacnpeneReHHe cpa6a

TUBaHH8 npe8¢0BUX KaMep npH pa6o.Te B 

He8TpHHHOM ny'IKe. 

B pe3yRbTaTe aunoRHeHHH UHKRa_ pa6oT no npe8¢oBHM KaMepaM 

HERTPHHHOro JlETEKTOPA B OHHH 6URa co3naHa MeTOnH'leCKaH 6a3a no 

H3rOTOBReHHIO npoaoRO'IHUX neTeKTopoa, nonroTOBReH1,1 

KBaRH¢HUHpoBaHHUe Kanpu B 3T08 06RaCTH. B 1985 rony ,yqaCTOK 6uR 

nonoRHeH RHHHe8 nRH= npoH3aoncTaa nRacTHKoaux npea~oaux Tp~6oK nRH 

anpoHHOro KaROPHMeTpa ycTaHOBKH DELPHI. 
B naRbHe8weM Ha 3TOM yqacTKe 6URH H3rOTOBReHU HeCKORbKO COT 

MonyRe8 npe8¢081,1X Tpy6 nRH ycTaHOBKH "MEqEHblE HERTPHHO", nRH 

ycTaHOBOK CBJl H HEnTYH H3rOTOBReHU OKORO 100 nponopuH_oHaRbHUX 

KaMep. 

B TpeTbe8 rRaBe 06CylKnaIOTCH B03MOlKHOCTH Me.Tona H3MepeHHH 

KoopnHHaT TpeKOB 'laCTHU no ueHTPY THlKeCTH BTOpH'IHl,lX 

pacnpeneReHH8, 803HHKaIOmHx B neTeKTopax nocRe npoxoMeHHH 

,3apHlKeHH08 qacTHUU qepe3 o6'beM neTeKTopa. He Bl,l3UBaeT COMHeHHH, 

'ITO npH noauweHHH Tpe6oaaHH8_TO'IHOCTb perHCTpaUHH, npaKTH'leCKH B 

mo60M neTeKTOpe Ml,l npHxonHM K Heo6xonHMOCTH HCnORb30BaTb . 3TOT 

MeTon.H3MepeHHH KOopnHHaT TpeKoB. 9.Ta ~eTonHKa nocTaTO'IHO WHPOKO 

npHMeHHeTCH, B 3KCnepHMeHTaRbHUX ycTaHOBKax B nocRenHee apeMH 

HeCMOTpH Ha CROlKHOCTb KaHaRa perHcTpaUHH HH¢0pMaUHH, ·KOTOpua 

noRllCeH HMeTb aHaRoroay10 RHHHIO 3aneplKKH CHrHaROB C 'IYBCTBHTeRbHl,lX 

3ReMeHTOB neTeKTopa H aHaRH3· aMnRHTyn1,1 cHrHanoa. 

B o6H'IHl,lX neTeKTOpax, npH nHCKpeTHOM ware perHCTpauHH 

KoopnHHaT TpeKOB (HanpHMep, nponopUHOHanbHl,le KaMepH co 

C'l~Tl,lBaHHeM HH¢0pMaUHH C aHonHHX npoBOROK, 11 MHKpocTpH'nOBl,le 11 

nonynpoaonHHKoa1,1e neTeKTop1,1_ HRH· npe8¢oa1,1e KaMep1,1 c noporoaoa 

3ReKTpOHHK08), OWH6Ka B H3MepHeM08 KOopnHHaTe o_npenenHeTCH _ 
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BllpaxeHHeM: 

<1 = w / \.'12 ( 1 ) 

rne W - npocTpaHCTB8HH118 HRH BpeMeHHO8 HHTepBaR cqHTllBaHHll 

KOopnHHaTll. 

YRyqrneHHe TOqHOCTH perHCTpaQHH TpeKOB qacTHU B TaKHX 

neTeKTOpax BO3MOJl:HO TORbKO 3a cqeT yMeHhlli8HHll rnara w, qTo 

npHBOnHT K 3HaqHT8RbHOMY yBeRHqeHHD KORHqecTBa KaHaROB 

perHcTpaUHH HH¢opMaQHH Ha enHHHUY H3MepHeMO8 KoopnHHaTll. 

ToqHOCTb perHCTpaUHH KoopnHHaTll nRH paccMaTpHBaeMllX HH:11:e 

neTeKTopoB MoxeT 611Tb oueHeHa no ¢opMyRe [11-13]: 

<1 = (AQ/Q)W (2) 

rne AQ=ex<T 
n 

<Tn - OlliH6Ka H3MepeHH.H 3apHna B KaHaRe perHCTpaUHH 

HH¢opMaUHH (lliYMll KaHaROB 3R8KTpOHHKH), 

. Q - perHCTpHpyeM118 nORH118 3apHn, 

ex· > 1 . ' :.. KO3¢¢HUH8HT, KOTOp118 'onp~neRHeTCll MeTonoM 

B1JqHcReHHll KOopnHHaTll. 

nRH MeTona cpenHeB3BerneHHoro, ex s ✓ii, rne n-KORHqecTBO 

KaHaRoB, no 

pacnpeneReHH8 

KOTOpllM B1JqHCRll8TCll ·xoopnHHaTa. 

npH6RHJl:8HHHMH ¢YHKUHHMH no3BOR.HeT 

6RH3KHM K enHHHQe. 

Cl>HTHpOBaHHe 

noRyqaTb ex 

Cl>opMyRa (2) cnpaBenRHBa nRH cRyqaH, xorna paccTOHHHe Me:m:ny 

ueHTpaMH ~ cqHTHBaDmHx 3R8KTponoB w npHMepHO paBHO 

cpenHeKBanpaTHqHoMy OTKROHeHHD perHCTpHpyeMoro pacnpeneReHHll <TQ H 

MO:11:eT 611Tb 3anHcaHa B BHne: 

<1 = ( AQ / Q) <TQ (3) 
B 3'fOM CRyqae Heo6xonHMO, qT0611 w • HHTepBaR cqHTllBaHHll 

KOopnHHaTll, 611R· M8Hbllie HRH nopllnKa <TQ • "I_'. ·e. KORHqecTBO Toqex Ha 

3KcnepHMeHTaRbHOM pacnpeneReHHH 611RO·_ nocTaToqHo BeRHKO. 

H3 ¢OPMY R ( 2) H . ( 3) CRenyeT, qTo TOqHOCTb perHcTpaUHH, npH 

3anaHHOM mare cqHTllBaDmHx 3R8KTponoB, onpeneRl18TC.H OTHOCHT8RbHO8 

OlliH6K08 B H3MepeHHH noRHOro 3apHna. B CBll3H C 3THM, HCnORb3OBaHHe· 

MaROlliYMHmHx BxonHllX ycTpO8CTB B KaHaRe perHCTpaUHH HHltJOpMaUHH 

.HBRHeTcH Heo6xonHMllM ycROBHeM, H6o B 3~0M cRyqae ynaeTcH HaH60Ree

noRHO peaRH3OBaTb npeHMymecTBa 3Toro MeTona H3MepeHHll KOopnHHaTU: 

BllCOKOe pa3perneHHe no H3MeplleMO8 KOopnHHaTe npH MHHHMaRbHOM 

KORHqecTBe KaHaROB cqHTllBaHHll H perHCTpaqHH HH¢opMaQHH. 

K TaKHM neTeKTOpaM OTHOCllTCll nponopUHOHaRbHHe KaMepu C 

KaTonHllM cqHTllBaHHeM 

pacnpeneReHH8 3apHna 

HH¢opMaQHH, neTeKTOpll 

Ha pe3HCTHBHOM 

10 
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qyBCTBHTeRbHlle CUHHTHRRllUHOHHlle neTeKTOpll H npe8¢0B118 xaMepu C 

H3MepeHHeM BpeMeHHO8 KOopnHHaTll no ueHTPY Tll:11:eCTH. HMnyRbCOB · C 

CHrHaRbHllX npOBOROK. 

_OnHHM H3 OCHOBHllX nocTOHHCTB nponopUHOHaRbHllX xaMep C 

KaTonHllM 

BHCOKO8 

[7-9,14] 

cqHTllBaHHeM HH¢OpMaUHH 

TOqHOCTH 

noRy:'feH11 

perHcTpaUHH 

pe3yRbTaTll 

llBRlleTCll BO3MOXHOCTb · noRyqeHHll 

3~pll:11:8HH11X qaCTHU. B pa6oTaX 

no TOqHOCTH perHCTpaUHH npH 

HCnOR~3OBaHHH nRH B1JqHCR8HHll KOopnHHaT MeTona cpenHeB3BerneHHOro H 

MeTona HaHM8HblliHX KBanpaTOB ( MHK ). 

nRll B1JqHcReHHll KOopnHHaT TpeKOB MeTonoM cpenHeB3B8lli8HHOro 

HCnORb3OBaRaCb ¢OpMyRa: 

X = 
Q 

I <qi-q)xi 

I <qi-q) 
rne q, - 3apHn, perHCTpHpyeM118 i-TllM CTpHITOM, q - cMemeHHe 

pacnpeneReHHH 3apHna, onpeneRHeMoe HaRHqHeM ,eMKOCTH· Mexny 

CTpHnaMH H aHonoM KaMepu . 

_B pa6oTe [8] nRH onpeneReHHll HOMepoB cTpHnOB, BXOnHIUHX B 

KRaCTep,. no KOTOpOMY B1JqHCRll8TCll ueHTP Tll:11:eCTH 3apHnoBoro 

pacnpeneReHHH, npHMeHeHo nH¢¢epeHUHpoBaHHe perHcTpHpyeMoro 

pacnpeneReHHH. Ha pHc. 6. noxa3aHo pa_cnpeneReHHe . 3apHna, 

HHny~HpoBa~Horo Ha xaTonHux cTpHnax,- H npouenypa. 

nH¢¢epeHuHpOBaHHll .. ITpH HCnORb3OBaHHH 

TOqHOCTb ,perHCTpaUHH TpeKOB <1 = 65MKM. 

TaKoro nonxona noRyqeHa 

. Cl>HTH·poBaHHe pacnpeneReHH8 HHnyuHpoBaHHoro 3apHna• ¢opMyRo8 

A 
f(x) = hz !!(_x-x

0
) 

C S 

( 4) 

~ne A.:rBeRHqHHa, nponopUHOHaRbHall noRHOMY 3apHny, BlineReHHOMY J 
RaBHHe_, a S - CB06onH118 . napaMeTp,: xapaKT8pH3YDIUHJl lliHpHHY 

pacnpeneReHHH 3apsrna, HHnyuHpoBaHHoro_ Ha xaTone ,KaMepu, no3BORHeT 

~oRyqHTb ToqHOCTb perHCTpaUHH <1 

pa~npeneReHHe ,,:BTOpo8 P.a3HOCTH 

BllqH_C_ReHHllX no MHK [7]. 

npeHMymecTBa HCnORb3OBaHHll 

= 5OMKM. Ha pHc, 7. npHBOnH'_f~ll 

A,. noRyqeHHOe n~ll xoopnHHa"I'.,. 

MHK no cpaBHeHHD C MeTo-noM. 

cpenHeB3B8lli8HHoro oco6eHHO 3aMeTHll B cRyq~e npHMeHeHHll KaMep _c 

lliHpOKHMH _cTpHnaMH.,.Ha pHC 8. [14] noKa3aHa 3aBHCHMOCTb TOqHOCTH 

perHCTpauHH KOopnHHaT RaBHHll B_ nponopuHoHaRbHOJl KaMepe_ C lliHpHH08 
,,, : : . ; . ·, "' _;· ~ . . ' . 

CTpHnOB W = 18MM ( D = 7MM, W/D.= 2.57 ) OT HanpH~eHHll_Ha KaMepe. 

BHnHo, qTO HCnORb3OBaHHe MHK no3BORll8T yRyqrnHTb TOqHOCTb npHMepHO 

B 3 pa3a. 
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PHc.6. PacnpeneneHHe 3apHna, 

perHCTpHpyeMoe CHCTeM08 CTpHnOB 

(a) H nH~epeHUHaJibHli8 cneKTp 

aMnJIHTyn (6). 

N ... 

} ' 
"6•1201'"' ... I o;• so,. .. 

zoo 

-114 -JU m ... 
A(pmJ 

PHc.7. Pacnpenene~He BeJIHqHHli 

A nnH KoopnHHaT, BliqHcJieHHliX C 

HCnOJib30BaHHeM $HTa ( 4) _-

B HCCJienoBaHHHX $OpMli pacnpeneneHH8 38.pHna, perHCTpHpyeMUX 

Ha KaTonHUX CTpHnax OTMeqaJIOCb, qTo WHpHHa pacnpeneneHH8 ·( FWHM) 

COCTB.BJIHeT He MeHee 2D, rne D-paCCTOHHHe Mexny aHonoM H KaTonaMH 

KaMepu. IlpH HCnOJib30BaHHH npocTUX MeTonoB BUqHcJieHHH KOopnHHaT 

TpeKOB 3TO npHBOnHT K TOMY, . qTo nBa pHnOM JieJK_autHX TpeKa B03M:OJKHo" 

pa3pewHTb npH pacCTOHHHHX MeJKny HHMH 6oJibWe 2D. OnHaKO, eme B 

paHHHX pa6oTax. no HccnenoBaHHIO nponopuHoHaJibHliX KaMep · 6uno 

BliCKa3aHo npennonoxeHHe o TOM, qTo $OpMa perHcTpHpyeMoro Ha 

KaTOnHUX CTpHnax 3apHna noJIJKHa 6UTb CTa6HJibHa H 3Ta oco6eHHOCTb 

KaMep MOJKeT 6UTb HCnOJib30BaHa nJIH ynyqweHHH MHoroTpE!KOBoro 

pa3peweHHH, qTo nonTBepxneHo·" HCCJienoBaHHHMH, .BlinOJIHeHHliMH B 

pa6oTe [ 10]. Ha pHC. 9. noKa3aHO , pacnpeneneHHe" napaMeTpa · S ( CM. 

$OPMYJIY (4)), xapaKTepH3YIOutero WHpHHY pacnpeneneHH8 3apHna nnR 

co6UTH8, perHCTpHpyeMUX B KaMepax. H3 pHCYHKa. BH.UHO ,· qTo WHpHHa 

pacnpeneneHHH 3apHna, onpenenHeMaH reoMeTpHe8 3JieKTpon_oB KaMepu; 

B" cnyqae perHCTpaUHH onHo8 qacTHUli, HBJIHeTCH cTa6HJibH08 

BeJIHqHH08." CpenHeKBanpaTHqHoe OTKJIOHeHHe COCTaBJIHeT 70MKM npH 

cpenHeM 3HaqeHHH" napaMeTpa S paBHOM 5,65MM. 3TO o6CTOHTE!JlbCTBO 
. - . 

. MOJKeT 6UTb HCnOJib30BaHO nnH ynyqweHHH MHOroTpeKoBoro pa3peweHHH 

3Toro THna neTeKTOpoB: 
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PHc.8. 3aBHCHMOCTb TOqHOCTH 

perHcTpaUHH TpeKOB B nponop

l UHOHaJibH~8 ~aMepe C KaTO,UHliM 
'(' ' 

cqHTUBaHHeM HH$OpMaUHH OT 

2 - HanpHJKeHHH Ha KaMepe (D=7MM, 
E . . . 

E 07 

b 06 

OS 

~ W= 18MM): KpHBaH 1-KoopnHHa-

1 b Tli BliqHCJieHU no ueHTPY THJKec

TH HHnyuHpoBaHHliX pacnpenene-
04._ ________________ __.o 

HH8 (npaBaH WKaJia), KPHBaH 2 

-C HCnOJib30BaHHeM pac·npenene

HHH KOWH (JieBaH WKaJia). 

42 43 44 45 4.6 47 
U( kv) 

Ka_K yKa3UBaJIOCb paHee, onHo8 H3 npHBJieKaTeJibHliX oco6eHHOCTe8 

o_6cyxnaeMUX neTeKTOpOB .HBJIHeTCH B03MOJKHOCTb nonyqeHHH. BliCOK08 

TOqHOCTH H3MepeHHH . KoopnHHa T TpeKOB npH MHHHMaJib_HOM KOJIHqecTBe 

KaHaJIOB perHCTpaUHH HH$OpMaUHH. OnHaKO, npH HcnOJib30BaHHH WHpOKHX 

CTpHnOB no OTHO_WeHHIO K iIIHpHHe 1rnnyuHpOBaHHoro pacnpeneneHHH 

3apHna, w > u) Ha6JIIOnaeTCH CHCTeMaTHqecKoe CMeuteHHe BliqHcJieHH08 
Q . . . . 

KoopnHHaTu oTHocHTeJibHO HCTHH08, HMeIOmee BHn · nepHonHqecKo8 

$YHKUHH. IIepHon $YHKUHH paBeH paccTOHHHIO Mexny ueHTpaMH KaTonHuX 

CTpHnOB w. Y3JIU $YHKUHH pacnonoxeHli no ueHTpaM. CTpHnOB _ H Ha 

rpaHHUe Mexny HHMH. 

OCHOBHliM HCTOqHHKOM, npHBOnHutHM ~ CHCTeMaTHqecKHM OWH6KaM, 

HBJIHeTCH HaJIHqHe eMKOCTH CBH3H C Mexny KaTonHUMH CTpHnaMH, m . 

aMnJIHTyka OTKJIOHeHH8 BliqHCJieHH08 KOOPnHHaTli OT HCTHH08 3aBHCHT OT 

BeJIHqHHli K03$HUHeHTa CBH3H K=Cm/C, rne c-cyMMa eMKOCTe8 

CTpHn-3a3eMJieHHU8 3KpaH H BXOnHo8 eMKOCTH YCHJIHTe~H, 

nonKJIIOqeHHOro K CTpHny [8, 14]. EMKOCTHaH CBH3b MeJKny CTpHn0.MH 

npHBOnHT 

BeJIHqHHa 

K nepepacnpeneneHHIO 3ap~n0B 

KOTOporo nponopuHoHaJibHa 

Ha cocenHHX cTpHnax, 

pa3HOCT~ perHCTpHpyeMUX 

311pHnoB. IIpH 3TOM nnH _co6UTH8, xoopnHHaTli KOTOpliX COBnanaIOT C 

ueHTpaMH CTpHnOB (x =O. 5Wn) JIH60 neJKaT Ha rpaHHUe nBYX CTpHnOB 
. . .. 0 

(xo=Wn), perHC:TpHpyeMoe pacnpeneneHHe "CHMMeTpHqHo H. OWH60K B 

~liqHcJieHH08 KOopnHHaTe He B03HHKll.eT. OwH6KH,,, MaKCHMaJibHli. nJIH 

.co6UTH8 c KoopnHHaTaMH xo=O. 25Wn H xo=O. 75Wn H HME!IOT pa3,Hli8 3HaK 

nnH 3THX rpynn co6uTH8. 

B pa6oTe [14] npoBeneHU HCCJie'AOBaHHH CHCTeMaTHqecKHX owH6oK 

B03HHKaIOlllHX npH perHCTpauHH JiaBHHli WHpOKHMH CTpHnaMH . .nnH 
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ssqHcJieHHH nonpasoK a H3~epeHHHe aMnJIHTyns 3apHnos c pa3HHX 

CTpHnos_ - HCilO~b30BaJIOCb - MaTpHqHoe ypaBHeHHe, yqHTHBaBwee 

K031fXIJHUHeH_TH CBH
0

3H :Mexny CTpHnaMH. "lfHnyuHpOBaHHHe' JiaBHH08 CHrHaJIH_ 

perHCTpHpOBaJIHCb He3aBHCHMO CHCTeMaMH CTpHnOB sepxHero H HHllCHero 

KaTonoB KaMeps, cnsirnyTHMH llO KOOpnHHaTe Ha BeJIHqHHy 0. 5W, _qTO 

no3B0JIHJIO oueHHTb ToqHOCTb perHCTpaUHH naBHHH no·pacnpeneneHHIO 

BeJIHqHHH t:. = C - C • r.zie C :..KoopnHHan,1 JiaBHHH, ssqHcJieHHHe' no 
1 z~., 1,2 ·-

pa3HHM K1l.TonaM, H H3MepHTb cHcTeMaTHqecxHe owH6KH no noseneHHIO 

cpenHero 3HaqeHHH BeJIHqHHH '1 B 3aBHCHMOCTH.OT xoopnHHaTH JiaBHHH. 

Ha pHC. io. noKa3aHO H3MeHeHHe BeJIHqHHH '1 B 3aBHCHMOCTH OT 

MeCTa npoxoxneHHH TpeKa npH pa3HHX K03!pq)HUHeHTaX CBH3H. KaK 

BHnHo H3 pHCYHKa, npaBHJibHHM yqeTOM K031fXIJHUHeHTa CBH3H 

CHCTeMaTHqecKHe OWH6KH a · ssqHcJieHHOfl KOopnHHaTe MoryT 6HT_b 

cseneHs no MHHHMyMa. OqeBHnHo, qTo Heo6xonHMo HMeTb K03ipqlHUHeHT -

CBH3H Mexny CTpHnaMH KaK MOllCHO MeHbwe. .l!JIH _ 3T08 · ueJIH xena TeJibHO . . 
npHMeHHTb B KaHaJie perHCTpaUHH HH$OpMaUHH 3apHnoso-qyscTBHTeJibHHe 

YCHJIHTeJIH C 6oJibWOfl nHHaMHqeCK08 eMKOCTblO sxona. 

Bal!CH08 oco6eHHOCTbIO TaKoro THna KaMep ' HBJIHeTCH OTCYTCTBHe 
' ' 

"J!Oll'.HHX" TpeKOB npH perHCTpaUHH nsyx KoopnHHaT TpeKa B onHo8 

KaMepe. MeqeHHe TpeKOB B03M0ll'.HO no perHCTpHpyeMOMY nOJIHOMY 3apHny 

H no speMeHH npe8$a [18]. 

B nponopUHOHaJibHHX KaMepax C KaTonHHM cqHTHBaHHeM HH$OpMaUHH 

wHpHHa pacnpeneneHHH 3apHna, 

onp~nenHeTCH KOHCTPYKUHe8 KaMeps 

HHnyuHposaHHoro Ha Ka Tone, 

H MOJKeT 6HTb H3MeHeHa TOJibKO 

H3MeHeHHeM paCCTOHHHH Mexny aHonoM H KaTonaMH · KaMeps D. 

.ncinoJIHHTeJibHaH· B03MOlKHOCTb $OpMHpoBaHHH 3anaHHOrO' pacnpeneneHHH_ 

3apHna IlOHBJIHeTCH npH HCilOJlb30BaHHH B neTeKTopax ·pe3HCTHBHHX 

3JieKTponos. PacnpeneneHHe 3aj)Hna, HHnyuHposaHHoe Ha pe3HCT~BHOM 

3JieKTpone, ywHpHeTCH co BpeMeHeM 3a cqeT nH!pq)Y3HH 3apHna C 

IlOCTOHHH08, onpenenHeM08 BeJIHqHHOfl nosepxHOCTHoro . conpoTHBJieHHH 

R H norOHH08 eMKOCTblO C. PerHCTpaUHH pacnpeneneHHH 3apH.iia-
c C -

npOH3BOnHTCH CHCTeM08 BHeWHHX 3JleKTponos ( JTPHilOB HJIH 

nnomanoK ). WHpHHa ·perHCTpHpyeMoro pacnpeneneHHH "MOlKeT 

H3MeHHTbCH 

cTpo6Hpy10mero 

nonoJIHHTeJibHO H3MeHeHHeM 

axons AUil, H 3aneplKKH 

nnHTeJibHOCTH HMnyJibCa, 

CTpo6a OTHOCHTeJibHO 

speMeHH nponeTa qacTHUH qepe3 neTeKTOP. K TaKHM neTeKTOpaM 

OTHOCHTCH npefl$OBHe Tpy6KH C pe3HCTHBHHMH KaTonaMH H 
11MHKTO~TpHnosse" nonynposonHHKOBHe neTeKTOpll c- pe3HCTHBHHM 

3JieKTponoM. 
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PHc.9. PacnpeneneHHe napaMeTpa 

s, xapaKTepH3y10mero wHpHHY pe

rHcTpHpyeMsx KaTonHHMH CTpHnaMH 

pacnpeneneHHfl 3apHna. 
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PHc.10. H3MeHeHHe cpenHero 

3HaqeHHH napaMeTpa t:.~c
1
-c

2 
OT 

KOopnHHaTH npH pa3HliX K03$HUH

eHTax CBH3H MeJKny CTpHnaMH. 

9KpaHHpy10mee ne8CTBHe nosepXHOCTHOro conpOTHBJieHHH 

onpenenHeTCH CKHH-3ipqleKTOM nnH pa3JIHqHsx COCTaBJIHIOmHx cneKTpa 

HMnyJibCa TOKa. PacqeTH, npHBe_neHHHe B 3TOM pa3nene pa60TH, 

IlOKa3HBalOT, qTo nosepXHOCTHHe conpOTHBJieHHH npo3 paqHs H3JiyqeHHIO 

JiaBHHH BilJIOTb no nocTaToqHo MaJIHX 3HaqeHH8 conpOTHBJieHHfl [13] H 

OCHOBHHM npoueccoM, onpeneJIHIOIJlHM $OpMHPOBaHHe pacnpeneneHH8 

3apHna HBJIHeTCH nHlfXIJY3HH 3apHna no nosepXHOCTHOMY conpOTHBJieHHIO 

[15]. 

_9TH npencTaBJieHHH pa3BHTH nnH nonynposonHHKOBHX 

no3HUHOHHo-qyscTBHTeJibHHX neTeKTOpOB, HMe10mHx pe3HCTHBHHe 

3JieKTpons H B KOTOpHX $H3HKa $OPMHpOBaHHH pacnpeneneHH8 "3apHna 

aHanorHqHa npoueccaM B nnacTHKOBHx npe8$oBsx Tpy6Kax. B o6sqHsx 
. . . . 

MHKpOCTpHilOBHX nonynposonHHKOBHX neTeKTopax WHpHHa pacnpeneneHH8 

3apHna, onpenenHeMaH nHipqly3Hefl HOCHTenen, He npesswaeT ·3-5 MKM 

[16], H nonsTKa HcnoJib30BaTb ee nnH nosu'weHHH TOtfHOCTH 

perHCTpaUHH 

peaJIH30BaTb 

C npHMeHeHHeM annapaTa ueHTpa THJKeCTH 

BHCOKYIO ToqHOCTb perHCTpaUHH TpeKOB, HO, 

BpeMH, 

KaHaJIOB 

npHBOnHT K Heo6xonHMOCTH 

perHCTpaUHH HH$OpMaUHH 
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HMeTb 

H3 

3HaqHTeJibHOe 

neTeKTOpOB. 

Il03BOJJHeT 

B TO JKe 

KOJIHtfeCTBO 

IlpHMeHeHHe 



.zieTeKTOpOB 

OTHOWeHHe. 

C pe3HCTHBHHMH cnOSIMH Il03BOnS!eT OilTHMH3HpOBaTb 3TO 

H_a pHC.11. noKa3aHa 

nonynposonHHKOBoro neTeKTopa [11), 

pacnpeneneHHSI 3apS1na, qiopMHpy10merocS1 

B 

Ha 

cxeMa MHKpOCTPHilOBOro 

KOTOpOM perHcTp~UHSI. 

pe3HCTHBHOM 3neKTpone. 

ocymecTBnS!eTCSI CHCTeM00 BHeWHHX CTpHilOB, H30nHpoBaHHHX OT 

KPHCTanna. B KaqecTBe pacnpeneneHHoro conpoTHBneHHSI B neTeKTope 

Hcnonb30BancSI cno0 Heo6enHeH~oro nonynposonHHKa, qTo no3sonS1no 

(f)OpMHpOBaTb pacnpeneneHHSI 3apS1na B CHCTeMe "pe3HCTHBHH0 cnoA -

noroHHaSI eMKOCTb- neTeKTOpa", KOTOpHe npHseneHH Ha pHC. 12. [ 12]. 

npennoxeunaS1 cxeMa n6nynposonHHKosoro neTeKTopa no3sonHna 

nonyqHTb ToquoCTb perHCTaUHH 25MKM npH ware cqHTHBaIOillHX CTpHilOB 

paBHOM 0.5MM. 

-U 

A U n 

PHc.11. cxeMa nonynposonuHKoBoro neTeKTopa c pe3HCTHBHHM cnoeM. 

OnHcauuaSI sawe cxeMa nonynposonHHKoBoro MHKpocTpHnosoro 

neTeKTOpa npHBneKaeT BHHMaHHe TeM, qTo no3BOnS!eT HMeTb BHCOKYIO 

-TOqHOCTb perHCTpaUHH KOopnHHaTH npH 3HaqHTenbHO MeHbWeM. no 

cpasneHHIO c o6HqHHMH 

KananoB p~rHcTpHpy10meA 

MHKpOCTpHnOBHMH neTeKTOpaMH KOnHqecTBe 

3neKTpOHHKH _H cpaBHHTenbHOA npoCTOTe 

TexHonorHH H3rOTOBneHHSI neTeKTOpOB. 

KoopnHHaTH TpeKOB qacTHU MoryT 6HTb H3MepeHH po ueHTPY 

TS!XeCTH pacnpeneneHHA HHTeHCHBHOCTH CBeTa B CUHHTHnnSITOpe. cxeM~ 

Il03HUHOHHO-qyscTBHTenbHOro CUHHTHnnHUHOHHOro cqeTqHKa, 

npHseneuuaS1 Ha pHc.13., HccnenosaH_a B pa6oTe [10). Meii:ny nsyMSI 

CUHHTHnnHTopaMH TOnlllHH00 L=40MM pa3.MellleHa CHCTeMa nonocKOBHX 

CBeToBonoB, BHnonHeHHHX H3 nonHCTHpona C no6aBKaMH 

npeo6pa30BaTenSI qacTOTH, o6pa3yIOillHX KoopnHHaTHYIO CHCTeMy. 

nonoCKOBHe CBeTOBona 6HnH H30nHpOBaHH npyr OT np_yra no cBeTy H 
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HMenH WHPHHY paBHYID W = 20MM. KallC,llH0 CBeTOBon HMen onTHqecKHA 

KOHTaKT c {flOTOYMHOXHTeneM, HMnynbCH c BHxonos ~9Y nonasanHCb Ha 

Bxona AUn. CTp06HpoBaBWHeCSI CHrHanaMH TpHrrepa c nnHTenbHOCTblO 15 

HCeK. 

0 
0 

0,1 r------~---~ 

0,6 . 
•I• I 
.i.✓ 

' 0-' 
.. . 

~ 
0 .. v2 .. 

I ;,· ~-. 
0 < •• ,.,, ~-::' :· •• I 

02 . 
: ; 

_, 
-2 2 

X,HH 

P~c.12. ~opMa pacnpeneneHHA 3a

pS1na ua pe3HCTHBHOM jneKTpone, 

perHcTpHpyeMaSI CHCTeM00 CTpH

nos: 1- W=1.25MM, 2- W=0.5MM. 

RnSI oueHKH TOqHOCTH perHCTpaUHH 

Hcnonb30BancH KonnHMHposaHHH0 panHo

aKTHBHHA. HCToqHHK 106 Ru H CBeTO

nHon, HMHTHpOBaBWHA 3apS!XeHHHe qac

THUH. ToqHOCTb perHcTpaUHH onpenenSl

nacb no ueHTpy TS!xecTH pacnpenene-

HHSI HHTeHCHBHOCTH CBeTa, 3aperHCTpH

poBaHHoro nonOCKOBHMH CBeTOBonaMH, 

H npH perHcTpaUHH 3neKTpOHOB OT HCTOqHHKa 106Ru nonyqeHa paBH00 q 

= 3MM. npH HMHTaUHH qacTHU KonnHMHpOBaHHHM CBeTonHonoM, KOTOpHA 

nasan CBeTOBYIO BCnHWKY no aMnnHTyne COOTBeTCTBYIDillYIO TpeKy B 

CUHHTHnnHTope nnHH00 s 40MM, H WHpHHe KOilnHMaTopa 0.8MM ToquoCTb 

perHCTpaUHH COCTaBnS!na q = 1.3 MM. Ha pHc.14. noKa3aHH 

pacnpeneneuHSI KoopnHnaT, saqHcneuuae no ueuTpy THxecTH 

HHTeHCHBHOCTH CBeTa, perHCTpHpyeM00 nonoCKOBHMH CBeTOBonaMH, npH 

nsyx nonoxeuHSIX KonnHMHposauuoro cseTonHona. 

npHBOnSITCSI pe3ynbTaTH H3MepeHH0 (flopMH pacnpeneneHHA 

HHTeHCHBHocrH CBeTa OT 3neKTpOHOB HCToqHHKa 106 Ru H KOCMHqecKHX 

qacTHU. nonuaSI WHpHHa Ha nonyBHCOTe FWHM pacnpenenenHA 

HHTeHCHBHOCTH cBeTa OT qacTHU ioCMHqecKoro H3nyqeHHSI COCTaBnS!eT 

25 MM. 

Heo6xonHMO OTMeTHTb eme onuy oco6eHHOCTb TaKoro neTeKTOpa. 

npH HCnOilb30BaHHH nnSI cqHTHBaHHSI CHCTeMH nonocKOBHX CBeToBonos, 

He Tpe6yeTCSI HMeTb xopowyJO npo3paqHQCTb CUHHTHnnSITOpa. Bonee 

Toro, H3MeueHHeM npo3paquocTH CUHHTHilnSITOpa MOZHO (flopMHpoBaTb B 

HeKoTopax npenenax pacnpenenenHe HHTeHCHBHOCTH CBeTa; 

perHCTpHpyeMoe nonoCKOBHMH CBeTOBonaMH. 
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PHC.12. cxeMa no3HUHOHHO-qyBCTBH

TenbHOro CUHHTHnnl!UHOHHOro cqeT

qHKa. 

PHc.13 .. PacnpeneneHHe KoopnHHaT 

co6HTH8, perHcTpHpyeMHX nonocKo-' 

BHMH CBeTOBonaMH, npH nByx nono
xeHHl!X cBeTonHona. 

B nocnenHee BpeMl! B 3KCnepHMeHTanbH08 TeXHHKe 6ypHO 

pa3BHBaeTCll eme onHo HanpaBneHHe, B KOTopo.M iicnonb3yeTcl! annapaT 

MeTona ueHTpa Tl!XeCTH. Peqb HneT 06 H3MepeHHH BpeMeHHHX 

HHTepBanoB B CHCTeMax c npe8¢0BHMH KaMepaMH. 06HqHQ, B 3TOM 

cnyqae, Hcnonb3yeTCll noporoBal! ::ineKTpOHHKa H H3MepeHHe BpeMeHH 

npHxona HMnynbca C CHrHanbHHX npoBonoK OTHOCHTenbHO CHrHana 

TpHrrepa npOH3BonHTCll"C noMombD BpeMl! - UH¢pOBHX npeo6pa30BaTene8 

( TDC ). ,c nol!BneHHeM 6HcTpHx aHanoroBO - UH¢pOBHX 

npeo6pa3oBaTene8 FADC ), KOTOpHe no3BOnl!DT BeCTH OUH¢pOBKY 

BpeMeHHHX CHrHanoB C qacTOTaMH no 100 MfU, B03HHKna B03MOXHOCTb 

Hcnonb30BaTb MeTon ueHTpa Tl!XeCTH nnll H3MepeHHll BpeMeHHHX 

KOopnHHaT TpeKOB qacTHU B npe8¢0BHX KaMepax. 

TaK xe KaK H npH H3MepeHHH npocTpaHCTBeHHHX KOopnHHaT, 

TQqHQCTb H3MepeHHll BpeMeHHHX KOopnHHaT MOXHO oueHHTb Hcnonb3Yll 

¢0pMyny ( 2 ) , B KOTOpo8, B 

OUH¢pOBKH aMnnHTynH HMnynbca. 

3TOM cnyqae, w 03HaqaeT 

KaK BHnHo H3 ¢opMynH ( 2 

H3MepeHHH BpeMeHHHX KOopnHHaT TaKxe B03HHKaeT 

nepHon 

) , npH 

Bonpoc ·06 

onTHManbHOM nepHone cqHTHBaHHll aMnnHTynH CHrHana npH H3BeCTH08 

ero nnHTenbHOCTH. 9TO o6CTOl!TenbCTBO l!Bnl!eTCll BeCbMa BaXHHM, 

noCKOnbKY onpenenl!eT rny6HHY naMl!TH FADC, Hcnonb3yeM08 nnll 

3anoMHHaHHll HH¢0pMaUHH, H CTeneHb cnoXHOCTH nanbHe8we8 o6pa60TKH 

HH¢0pMaUHH. 

HaH6onee cymecTBeHHHMH npeHMymecTBaMH, lCOTOpHe naeT 

Hcnonb30BaHHe MeTona ueHTpa Tl!XeCTH npH H3MepeHHH BpeMeHHHX 

KOopnHHaT no cpaBHeHHD c o6HqHo8 rioporoBo8 ::ineKTPOHHK08, llBilleTCll 

18 

B03MOXHOCTb nonyqeHHll nyqwe8 TQqHQCTH perHCTpaUHH H' BHCOKoe, 

nBYXTpeKOBOe pa3peweHHe. 

HccnenoBaHHll B03MOXHOCTe8 cxeM C Il3C-perHCTpaMH, B KOTOpHX 

npoH~BonHTCll H3MepeHHe BpeMeHHHX HHTepBanoB no ueHTPY Tl!XeCTH 

pacnpeneneHH8 3apl!na, BHnonHeHH B pa6oTe [ 1 7], B KOTopo8 

npHBonHTCll cxeMa Il3C-perHcTpa c o6oeMHHM KaHanoM nepeHoca 3apl!na. 

Il3C-perHcTp 6Hn HccnenoBaH Ha qacTOTe 25 MfU, KOTOpal! l!Bnl!eTCll 

rpaHHqHo8 nnll naHHo8 cxeMH H onpenenlleTcll 6HcTpone8cTBHeM 

BHXOnHoro ycHnHTenl!. non6opoM H.anpl!XeHH8 CMemeHHll Ha BXOnHOM 

nHone H 3aTBopax MOil-TpaH3HCTOpa MOXHO ycT.aHOBHTb peXHM, npH 

KOTOpOM cxeMa HHTerpHpyeT BXOnHo8 CHrHan B TeqeHHH Bcero TaKTa, H 

HMnynbCH Ha Bxone npeo6pa3yDTCll B rHCTOrpaMMY C HHTepBanoM 

H3MepeHHll BpeMeHH, paBHHM nepHony TaKTOBoro reHepaTopa. BpeMl! 

xpaHeHH~ HH¢0pMaUHH B Il3C-perHcTpe COCTaBnllnO ~10MCeK. 

Il3C-perHCTpH o6nanaDT npeKpaCHHM CB08CTBOM npeo6pa30BaTenl! 

qacTOT BXonHHX CHrHanoB, no3BOnllll npOH3BOnHTb 3anHCb HH¢0pMaUHH 

Ha onHo8 qacTOTe, cqHTHBaHHe - Ha npyro8. B npHBeneHHHX 

HCCnenoBaHHl!X 3anHCb npOH3BOnHnacb Ha qacTOTe 25MfU, cqHTHBaHHe H 

OUH¢pOBKa - Ha qacTOTe 6MfU. 

ManHe co6CTBeHHHe WYMH Il3C no3 BOnl!DT nonyqa Tb Manyn 

OTHOCHTenbHYD norpeWHOCTb H3MepeHHll 3apl!na H, COOTBeTCTBeHHO, 

peanH30BaTb BHCOKYD TQqHQCTb H3MepeHHll BpeMeHH08 KOopnHHaTH. 

H3MepeHHe BpeMeHHHX HHTepBanoB npOH3B onHnOCb no BenHqHHe 

OTHOWeHHll Q/Q1+1' rne QI- 3aplln, 3aperHCTPHPOBaHHH8 B i-T08 

l!qe8Ke Il3C H B KOTopyn no BpeMeHH nonanaeT Haqano BxonHoro 

HMnynbca, Q
1
+

1
- 3aplln B cnenynmeli l!'le8Ke. npH aMnnHTyne BxonHHX 

HMnynbCOB 100 MB H TaKTe OUH¢pOBKH CHrHanoB 40 HCeK nonyqeHa 

TO'lHOCTb perHCTpaUHH ff = 0. 5 HCeK nnll HMnynbCOB npl!MoyronbH08 

¢0pMH H 1.2 HCeK - nnll 3KCnoHeHUHanbHHX HMnynbCOB, 

IlpHBeneHHall 3aBHCHMOCTb TO'lHOCTH perHCTpaUHH BpeMeHH OT aMn~HTynH 

BXOnHoro 3KCnoHeHUHanbHoro HMnynbca npH pa3HHX BpeMeHax TaKTa 

OUH¢pOBKH CHrHanoB, nonTBepxnaeT cnpaBennHBOCTb ¢opMynH (2) 

(OTHOCHTenbHal! OWH6Ka,H3MepeHHll nonHOrO 3apl!na 6Hna nopllnKa 1%). 

Pe3ynbTaTH HccnenoBaHH8 noKa3HBaDT, 'ITO Hcnonb30BaHHe 

Il3C-perHcTp0B COBMeCTHO C FADC B cxeMax perHCTpaUHH HH¢opMaUHH 

naeT B03MOXHOCTb peanH30BaTb no cpaBHeHHD C noporoB08 

::ineKTpbHHK08 cnenynmHe npeHMymecTBa: 

- BH~OKYD TO'lHOCTb perHCTpaUHH BpeMeHHHX HHTepBanoB, 

- H3MepeHHe nonHoro 3apl!na B naBHHe, qTo no3BOnl!eT oueHHBaTb 

dE/dx H npoBonHTb pexeKUHD co6HTH8 c o-::ineKTpoHaMH, 
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- HMeTb ManyIO IlOTpe6nReMyIO MOlllHOCTb Ha KaHan, 

ocymecTBRRTb MynbTHnneKCHpoBaHHe 

perHcTpaUHH HH$OpMaUHH. 

KaHanoB 3neKTpOHHKH 

0.IlHHM H3 OCHOBHliX RBneHH8, orpaHHqHBaIOlllHX TQqHQCTb 

perHcTpaUHH ra30Bl,IX npoaonoqHl,IX .neTeKTOpOB, RBnReTCR cTaTHCTHKa 

3neKTpOHOB HOHH3aUHH, pox.naeMliX qacTHUe8 B ra30B08 CMeCH, 

HanonHRIOllle8 KaMep1,1. H3BeCTHO, qTo B .nayx- HRH TpeXKOMilOHeHTHliX 

CMeCRX penRTHBHCTCKaR qacTHUa pox.naeT nopR.nKa 100 nap/CM. 3Ta H 

6e3 Toro 6e.nml.R CTaTHCTHKa .nononHHTenbHO. no.naanReTCR 3qxpeKTaMH 

o6oeMHoro ·3apR.na, B03HHKaIO~ero npH o6pa3oBaHHH naBHH a6nH3H 

TOHKHX IlpOBOROK. B pe3ynhTaTe, KOnHqecTBO KnacTepoB, 

perHCTpHpyeMoe npoaonoKaMH 3HaqHTenbHO MeHbllie, qeM KOnHqeCTBO 

3neKTpOHOB HOHH3aUHH. 3TH 3qxpeKT!,1 onpe.nenRIOTCR Ko3qxpHUHeHTOM 

ra30Boro ycHneHHR H IlOBlillieHHe TQqHQCTH perHCTpaUHH ra30BliX 

.neTeKTOpOB BOMOJB:HO 3a cqeT: 

--yaenHqeHHR CTaTHCTHKH KnacTepOB npH yaenHqenHH .nnHHli 0Tpe3Ka 

TpeKa, C KOTOporo co6HpaIOTCR 3neKTPOHli HOHH3aUHH, 

- no.naaneHHR 3qxpeKTOB o6oeMHOrO 3apR.Ila CHHJB:eHHeM K03tppHUHeHTa 

ra3oaoro ycHneHHR, HCil0Rb30BaHHeM 6onee TORCTl,IX CHrHanbHliX 

npoBonoK, npHMeHeHHeM Me.nneHHliX ra30BliX CMece8 H HCnonb30BaHHeM 

.Il~R perHCTpaUHH 0Tpe3Ka TpeKa HeCKORbKHX npoaonoK, CHrHan1,1 C 

KOTOpliX CYMMHPYIOTCR Ha BXO.IlHOM conpoTHBneHHH ycHnHTenR. 

a' 3TOM cnyqae MOJB:HO OJB:H,lla Tb TQqHQCTb perHCTpaUHH TpeKOB, 

paBHyIO!' 

~=~/~~ 
r.ne ~ - TQqHQCTb perHCTpaUHH TpeKOB OT,llenbH08 npoaonoKo8, 

n - KOnHqeCTBO npoaonoK, C KOTOpliX cyMMHpyIOCR CHrHanli. 

0.IlHOBpeMeHHO, npHMeHeHHe cxeMli cyMMHpoaaHHR, Il03BOnReT. 

IlOBliCHTb OTHOWeHHe CHrHan-wyM H cymecTBeHHO COKpaTHTb KOnHqecTBO 

KaHanoB perHCTpaUHH .HH$OpMaUHH (18-20]. 

B 3aKnIOqeHHH npHBe.neHli OCHOBHlie pe3ynhTaTli, Hawe.Il1!1He 

OTpax:eHHe_ B JlHCCepTaUHH:. 

1. B pe3ynhTaTe Hccne.noaaHHR, npoae.neHHliX ·a o6nacTH . 

.neTeK,TOpOB. HM810lllHX 6onbWYIO qyaCTBHTenbHYIO nnoma.nb, C03,llaHli 120 

.npe8$0Bl,IX KaMep .nnR Hccne.noaaHH8 B He8TpHHHOM nyqKe ycKopHTenR 

Y-76 Hcl>B3. 

1. 1. C03,llaHa cepHR OCHOBHliX KOHCTpyKTHBHliX 3neMeHTOB .nnR 

6onbWHX .npe8$0BliX KaMep - naHene8 c COTOBl,IM 3anonHeHHeM pa3MepoM 

4x2w?-. 
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1.2 .. npoae.neHli HCCne.noBaHHR H OTpa6oTKa KOHCTPY~UHH 

oT.nenbHliX 3R8M8HTOB .npe8$0B08 KaMep1,1, H3yqeHli 3neKTPOCTaTHKa 

.npe8$0BliX gqeeK H OilTHManbHlie ycnoBHR c6opa 3R8KTpOHOB HOHH3aUHH 

Ha ,qyBCTBHTenbHlie npoaonOKH CHrHanbHliX 3neMeHTOB. Hccne.noBaHl,l 

ra30Blie CMeCH, HCilORb3yeMlie .nnR HanonHeHHR .npe8$0Bl,IX KaMep. 

1. 3. npe.nnoJB:eH H BHe.npeH HOB!,18 cnoco6 IlHTaHHR 3R8KTPO.Il0B 

.npe8$0Bl,IX KaMep. Il03BORRIOlllH8 nonyqHTb 6onbWYIO WHPHHY. nnaTO .no 

3$P8KTHBHOCTH perHCTpauHH' TpeKOB H .,o6ecneqHTb Ha,lleJB:HYIOc pa6oTy 

KaMep. AHanorHqH1,18 peJB:HM npHMeHeH .nnR nponopuHOHanbHl,IX · KaMep H 

noKa3an xopowHe pe3ynhTaT1,1 • 

1.4. BonbWHe .npe8$0Blie KaMep1,1 ycTaHoaneHU H OTnaJB:eHU B Hcl>B3, 

Hccne.noaaH1,1 HX xapaKTepHCTHKH npH pa6oTe B He8TpHHHOM nyqKe. 

KaMep1,1 pa6oTaIOT B COCTaBe annapaTyp1,1 ycTaHOBKH HE0:TPHHHb10: 

~ETEKTOP B TeqeHHe H8CKORbKHX neT. 

.2. npoae.neH aHanH3 COBpeMeHHOro COCTORHHR o6nacTH .neTeKTOpOB 

3apRJB:eHHliX qacTHU. C HCilORb30BaHHeM JlnR Bl,lqHcneHHR KOOP.IlHHaT 

TpeKOB ueHTpa 

.neTeKTopax npH 

TRJB:eCTH '· BTOpHqHl,IX pacnpe.neneHH8, B03HHKaIOutHX "'B 

perHCTpaUHH cne.noa qaCTHU. npe.nnox:eHa MeTOJlHKa 

oueHKH OJB:H,llaeMo8 'ToqHQCTH perHCTpauHH .IlRR 3Toro. ·Knacca 

.neTeKTOpOB. 

2.1. npoae.neHu HCCne.noaaHHR nponopuHoHanhHux KaMep C 

KaTOJlHl,IM cqHTUBaHHeM HH¢0pMaUHH, nonyqeHa 

TpeKOB qacTHU paBHaR 50 MKM. Hccne.noaaHa 

ToqHQCTb perHCTpaUHH 

¢opMa pacnpe.neneHH8 

HHJlyUHPOBaHHOro 3apR.na. perHcTpHpyeMoro 

noKa3aHo, qTo ¢opMa 

CTa6HnbH08 BenHqHHo8; 

nponopUHOHanbHl,IX KaMep. 

pacnpe.neneHHR . RBnReTCR 

Ha KaTo.nax 

HH.IlYUHpOBaHHl,IX 

3aBHCRute8 .QT 

reoMeTpHH 3neKTpo.noa nponopuHoHanbH08 KaMepu. 3Ta xapaKTepHCTHKa 

COBMeCTHO C nonHUM•3apR,llOM; perHCTpHpyeMUM npH o6pa3oBaHHH naBHHl,I 

a6nH3H aHO.IlHUX npoaonoK 

He3aBHCHMU8 KPHTepH8 .nnR 

KaMepu, MOJB:8T 61,1Tb HCilORb30BaHa 'KaK 

MHOroTpeKOBoro 

cnoco6 MeqeHHR 

pa3peweHHR 

TpeKOB no 

IlOBl,IWeHHR TQqHOCTH perHCTpauHH H 

nponopuHoHanbHliX KaMep. npe.nnox:eH 

BpeMeHH .npe8¢a. J13yqeHl,I HCTQqHHKH 

CHCTeMaTHqecKHX OWH60K, B03HHKaIOutHX npH Bl,lqHcneHHH KOOp,llHHaT 

TpeKoB, npe.nnoJB:eHu cnoco61,1 yqeTa nocne.IlHHX. 

2.2. Hccne.noaaHli npouecc1,1 ¢opMHpoBaHHR pacnpe.neneHH8 3apR.na 

Ha pe3HCTHBHl,IX Ka To.nax nnacTHKOBl,IX: .npe8¢0Bl,IX Tpy6oK. 'npe.nnox:eHa 

M8TO,llHKa · pacqeTa Ilp
0

03 paqHQCTH. pe3HCTHBHUX IlOKpliTH8. noKa3aHO,. qTQ 

npo,3 paqHQCTb TaKHX KaTOJlOB cna6o 3aBHCHT OT BenHqHHl,I 

noaepXHOCTHOro conpoTHBneHHR. 

2. 3. ·npe.zinox:e·H H HCCne.noBaH HOBU8 nonynpoBOJlHHKOBI,18 
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MHKpOCTpHnOBU8 neTeKTOp, B KOTOpOM KOOp~HHaTU TpeKOB qacTHU" 

onpenenSIIOTclI· no ueHTpy •. TSilll:eCTH pacnpeneneHH8 3apSina, 

¢opMHpyIOmerocSI Ha pe3HCTHBHOM cnoe Heo6enHeHHo·ro 

nonynpononHHKOBoro KpHcTanna H perHC'l"pHpyeMoro BHewHe8 CHCTeMo8 · 

3neKTponoB, H30nHpOBaHHUX OT neTeKTOpa. B neTeKTOpax TaKoro THna 

nonyqeHa TOqHOCTb perHCTpaUHH a-qacTHU q =25 MKM npH paccTOlIHHH 

Mellt,Ay ueHTpaMH cqHTUBaIOmHX 3neKTponoB W = 0.5 MM. 

2 .. 4. npennolll:eH H HccnenoBaH HOBU8 no3HUHOHHo-qyBCTBHTenbHU8 

CUHHTHnnlIUHOHHU8 cqeTqHK, 'B KOTOpOM KOopnHHaTU TpeKOB ,qacTHU 

onpenenHIOTCSI no ueHTPY TSllll:eCTH pacnpeneneHH8 HHTeHCHBHOCTH CBeTa, 

perHCTpHpyeMUX BHewHe8 KOopnHHaTH08 CHCTeM08 CBeTOBonon. 

IlpHMeHeHHe MeTona ueHTpa TSllll:eCTH no3BOnlieT peanH30BaTb nocTaToqHo. 

BUCOKYIO TOqHOCTb perHCTpaUHH :TpeKOB. npH yMepeHHOM KOnHqecTBe 

KaHanoB perHCTpauHH HH,opMaUHH. nonyqeHa TOqHOCTb perHCTpaUHH 

paBHalI 1.3 MM npH HHTepBane cqHTUBaHHSI KOopnHHaTU 20 MM. 

2.5. npeinoxeHa HOBaH, cxeMa npe8¢oBo8.KaMepu c cyMMHponaHHeM 

CHrHanoB C rpynnu npoBonoK, B KOTOpoa B03MOJil'.Ha Bl:,ICOKall: TOqHOCTb 

perHCTpaUHH KOopnHHaT TpeKOB qacTHU BUCOKHX, 3HeprH8. IlpennoxeHHaSI. 

cxeMa cyMMHpOBaHHSI CHrHanOB II03BOnHT CHH3HTb° K03~HUHeHTra30BOro 

ycHneHHSI, qTo naeT B03MOlll:HOCTb yBenHqHTb KOnHqecTBO KnacTepoB, 

perHCTpHpyeMUX npoBonoKaMH. Olll:HnaeMaSI ToqHOCTb perHCTpaUHH npH_ 

cyMMHpOBaHHH CHrHanoB C n ·npoBonoK q = qi / rn: rne ·qi - TOqHOCTb 

perHcTpaUHH KoopnHHaT onHo8 npononoKo8. 

2.6. IlpoBeneHU:HccnenoBaHHlI KaHana perHCTpaUHH HH¢0pMaUHH, B, 

KOTOpOM B 

Il3C-perHCTp. 

KaqecTBe aHanoroBo8 nHHHH 

HccnenoBaHa 3aBHCHMOCTb 

BpeMeHHl:,IX HHTepBanoB OT 

3aneplKKH 

TOqHOCTH 

cHrHanoB 

HCnonb3yeTCSI 

perHcTpaUHH 

·. Ha Bxone 

Il3C-perHCTpOB, B KOTOpux npH 

aMnnHTynu 

Bl:,lqHcneHHH BpeMeHH08 KOopnHHaTU_ 

Hcnonb3yeTClI MeTon ueHTpa TSilKeCTH. IloKa3aHa B03MOlKHOCTb nonyqeHHSI 

BUCOK08. TOqHOCTH perHCTpaUHH c~ lHCeK) npH BpeMeHHOM HHTepBane 

OUH¢pOBKH CHrHanoB, paBHOM 40 HCeK. 

OCHOBHUe pe3ynbTaTU nHccepTaUHH ony6nHKOBaHU B pa6oTax: 

1. n.c. 6apa6aw, C.A. EyHSITOB, Ii.A. ronyTBHH H np .• 

HOBU8 He8TpHHHU8 neTeKTOp nnH cepnyxoBcKoro YCKOpHTenH, 

MaTepHanu III Pa6oqero.coBemaHHH no He8TpHHHOMY neTeKTopy 

H~B3-0HHH, P 1,2,13-83-81, ny6Ha (1983), CTp. 10-11. 

2. n.c. Eapa6aw, Ii.A. ronyTBHH, ID.H.3no6HH H nP:•·. 

KOHCTPYKUHSI cepH8H08 npe8¢0B08 K~Mepu nnll ycTaHOBKH 

22 

HERTPHHHYR nETEKTOP, 

MaTepHanu v Pa6oqero·conemaHHH no He8TpHHHoMy neTeKTopy 

H~B3-0HHH, n 1,2,13-84-332, ny6Ha (1984), CTp. 108-111. 

3. n.c. 6apa6aw, Ii.A. rojiTBHH, H.H. 3i~HTHH H np., 

HccnenoBaHHe xapaiTepHc~HK MaKeTa npe8¢onoa KaMepu, 

MaTepHanu III Pa6oqero COBemaHHlI• no He8TpHHHOMY neTeKTopy 

H~B3-0HHH, P 1,2,13~83-81, ny6Ha (1983), CTp. 37-42. 

4. n.c. Eapa6aw, A:r. KapeB, E.A. Mopo3oB H np. 

HccnenonaHHe xapaKTepHCTHK cepH8HUX npea,oeux KaMep, 

MaTepHanu V Pa6oqero conemaHHlI no He8TpHHHOMY neTeKTopy 

H~B3-0HHH, n 1,2,13-'84-332; ny6Ha (1984), CTp. 112-116. 

5. n.c. 6apa6aw, C.A."EapaHOB, H.B; rop6yHOB H np., 

XapaKTepHCTHKH npea,o~ux KaMep MIOOHHoro cneKTpOMeTpa 

ycTaHOBKH HERTPHHHYR nETEKTOP,· 

coo6meHHe OHHH, P 1-88-516, ny6Ha (1988). 

6. A.c .. »118405 CCCP, G 01 T 1/18, 5/12, n.c. 6apa6aw H 

B.B. qanuweB; cnoco6 nHTaHHlI BUCOKHM HaIIplilll:eHHeM 3neKTponoB 

npea,onoa KaMepu, OH »29 (1987), cTp. 263. 

7. n. c. Eapa6aw, A. M. EapaHoB, r_. 6. EoHnape~Ko H np., 

Hccn~nonaHHe.xapaKTepHCTHK rrporropUHOHanbHl:,IX KaMep C KaTOnHUM 

cqHTUBaHHeM HH,opMaUHH, IlperrpHHT OHHH; P9-82-724, ny6Ha,1982~ 

8. L.S. Barabash, A.M. Baranov, G.B. Bondarenko et al., 

A study of the detection accuracy of proportional. chambers 

with cathode read-out, Nucl. Instr. & Meth. A236 (1985) 

p.271-274. 

9. n.c. Eapa6aw, A.M. EapaHoB, r.E. 6oHnapeHKo H np., 

HccnenonaHHe xapaKTepHCTHK MHoronpoBonoqHux rrporropuHoHanbHl:,IX 

KaMep c KaTonmrn C1,eMOM HH,OpMaUHH, nperrpHHT H~B3, 83-182, 

ceprryxoB, 1983. 

10. L.S. Barabash, V.V. Chalishev, I.E. Chirikov-Zorin et al. 

Measurements of the coordinates of particle tracks by the 

center of gravity of a light flash in a scintillater, 

Nucl. Instr. & Meth. 211 ( 1983 ) p.331-333. 

11. A.c. »1220461 CCCP, G 01 T 1/24, H 01 L 31/02, n.c.6apa6aw H 

B.B.qan1:,1weB, nonyrrpoBonHHKOB1:,18 II03HUHOHHo-qyBCTBHTenbH1:,18 

neTeKTOp, OH »24 (1990), CTp. 273. 

12. L.S. Barabash, E. Belcaz, Yu.B. Gurov et al., 

Semiconductor Microstrip Detector with a Resistive Layer, 

,Nucl. Instr.& Meth. A288 (1990), p. 375-378. 

23 



13: 11.c. Eapa6aw, JI. Mecapow, .B.B. QanHwea, 
K oueHKe npo3paqHOCTH pe3HCTHBHliX KaTonoB, 
coo6meHHe OHHH, P 13-86-563, ny6Ha (1986). 

14. JI.C. Eapa6aw, A.B. BHWHeBCKHA, H.B. BnacoB H np., 

HccnenoaaHHe npocTpaHCTBeHHoro pa3peweHHH 6o~bwoA nponop~ 
UHOHaJibHOA KaMepli C aHanorOBliM cqHTHBaHHeM HH~OpMaUHH C 
KaTonoa, coo6meHHe OHHH, ?13-81-554, ny6Ha, 1981. 

15. JI.C. Eapa6aw, T.H. KopewKoBa, JI. Mecapow H np., 
· H3MepeHHe,npo3paqHOCTH pe3HCTHBHliX KaTonoB, 

coo6me~He OHHH, 13-87-31, By6Ha .(1987). · 
16. H. Boettcher, A. Donat, R. Leiste ... L;Barabash ... et al., · 

-Performance·of silcon strip detectors-with 50 and.100 µm strip 
- distance, Nucl. Instr. & Meth. 226 ( 1984 ) p.72~77. 

17. JI.C. Eapa6aw, H.B. rop6yHOB, ID.E. ny6aCOB H·np;i 
H3MepeHHe BpeMeHHliX HHTepBaJIOB C HCilOJlb30BaHHeM il3C~perHCTpOB, 
coo6meHHe OHHH, P 13-90-511, By6Ha (1990) CTp.10. 

18; L.S.Barabash, Some comments to investigations of· limit 
strimear tybes, 

EMPACT note »3~5,(1990). 
19; L.S.Barabash, S.A.Baranov, O.Yu.Denisov et al., 

The construction of the precision·drift chamber, 
EMPACT note »326 (1990). 

20. L.S.Barabash and M.Yu.Kazarinov, 
Drift Chambers for Precision Track Measurement of the

Trjectories of Hidh Energy Muons, 
JINR Rapid Communications,» 7 [46] - 90,. p.74-77. 

PYKOilHCb ITOCTYITHna·B H3AaTenbCKHH OTAen 

7 HroH~ 1991 roAa. 

24 


