
10. A . Ll.lep6aKoB 

TPEKOBAH KAMEPA 

COOfilllBHMR 
Ofi'bBAMHBHHOrO 

MHCTMTYT8 
RABPHbiX 

MCC18AOB8HMI 

AYdHa 

/J,13-89-153 

C YnPABfiHEMWM~ TEnfiOBWM~ UEHTPAM~ -
BEPW~HHW~ /J,ETEKTOP /J,fiH 3KCnEP~MEHTOB 
B 06fiACT~ ~~3~K~ CBEPXBWCOK~X 3HEPr~~ · 

1989 

e.. 
:t 



-~· A. 
ynpa.B-

'B8Ridi ):ly6aa, 1989 

0TKPbiTio1e 04apoeaHHbiX 4aCTio14 B 3KCneplo1MeHTaX B o6naCTio1 $1-131-1-
KI-1 BbiCOKI-'IX 3Heprlo11:1 npHBeilO K pa3BHTHIO HOBOrO HanpaBJleHI-'IR B $H-
31o1Ke ~eTeKTHPOBaHI-'IR Cile~OB 3apR~eHHbiX 4aCTio14. 0Ka3aJ10Cb, 4TO 
nepeble 1-13 OTKPbiTbiX 4aCTH4 - 04apoeaHHble 4aCTiil4bl - HMeiOT BpeMR 
~lo13Hiil nopR~Ka 1 o-l2 -1 o-18 C Ill, n03TOMY ~a~e npH pe11RTHBHCTC­
Kio1X 3HeprHRX Tpe6yiOTCR MeTO~bl Ha61110~eHHR pacna~HbiX ~IlliiH B ~~~~a­
na30He OT 10 ~0 1000 MKM. AHanorH4HaR CHTYa4HR HMeeT MeCTO 
Ill B C11Y4ae npeneCTHbiX l.laCTI-14121. 

Ec111o1, HanpHMep, HMnYilbC BTOPH4HOH 4aCTH4bl COCTaBilReT OKOilO 

30 r3B/c, TO pacna~Hble ~IlliiHbl L= ...t.rc ~IlR pa31llo14HbiX 4aCTH4 
m 

6y~yT COCTaBJlRTb Be11H41o1Hbl, YKa3aHHble B Ta611. 1. 

Ta6.rzu7-1-a 1 

tiaCTHli;C\ r , c L, MM cr, MKM U, MK6 

+ ~ 
6131 n- 9· 1 o-13 4,3 270 

Do 4. 10-13 I, 93 120 I 0
181 

F lAc z.lo-18 0,9 60 

B 1·10-12 I , 8 300 

4TO KacaeTCR Be11H4HH nOilHbiX Ce4eHHI:i, TO B paMKaX CTaH~apT­
HOH MO~enH SUC(3)xSU(2)xU(l), no pacl.leTaM x.rop~oHa Ill ~p/41, 
npH I-'IMnynbce oKono 20 T3B/c cne~yeT o~H~aTb cne~y10~1-1x 3Ha4e­
HHI:i Ce4eHHH ~IlR npo4eCCOB po~~eHHR nap KOPOTKO~HBYIIIHX 4aCTH4 
lo1 aHTH4aCTH4: 

p + p -+ cC + X, U = 500 MK6, 

p + p -+ bb +X, u = 3 MK6, 

np1-1 nonepe4HOM HMnynbce M t- 20 r3B/c. 
K npHMepy, nonHoe c~eHI-'Ie po~~eHHR 04apoeaHHbiX 4aCTH4 /T. e. 

peaK4HH, lKa3aHHOH B nepeol:i CTP04Ke/ 6b1110 lo13MepeHO He~aBHO 
B pa6oTe1 I npl-1 HMnYilbCaX npOTOHa 360 lo1 200 r3B/c B 3KCnepHMeH-

I 
~.: ... ··. -~' :· ."·.~:;i;ryy 
··~),. ... ; ...... ,,.... . ... , .. , ... _. I 
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Te NA-27. CooTBeTcTBYIOII\IIIe een~t~411Hbl ce4eHIII~ oKa3an~t~cb pasHbiMIII: 

t); 
')·f; 
1,· 

+12,0 +2,5 
124,6-s,a I MK6 111 13,9_1,9 1 MK6. TaKIIIM o6pa3oM, ,q~t~ana30Hbl eo3-. :r: 

MO)f(HbiX ce4eH~t~~ np11 3Hepr~t~~t~ YHK ne)f(aT e o6nacTIII M11Kpo6apH. t1, 
.QpyntM B03MO)f(HbiM npo~eCCOM, KOTOPbl~ IIIHTepeCHO 113Y4aTb C no- , 'I 

MOII\biO Hoeoro eepw~t~HHoro ,qeTeKTopa, 3To npo~ecCbl T~t~na p + j-+ jet+X,.!i~ 
O~eHKIII ce4eH~t~R A11R 3TO~ peaK~I-1111, c,qenaHHble lK. KaHe 111 ,qp • 1 1 , R~ 
np11 20 T3Bic ,qaiOT een~t~411HY ce4eH~t~R u (m Jet- 100 r3B) - 1 0 -

5 
M6. ? 

Cne,qy1011111M 3Kcnep~t~MeHTOM ,qn.R ~t~ccne,qoeaHIIIR e HOBOM ,qeTeKTope ;~. 

MO)f(eT RBJlRTbCR 113y4eH~t~e oc~I!I1111R~III~ B -+ B
0

• B 3TIIIX cny4aRx A1111-
Ha npoJleTa b - KBapKOB 6y,qeT COCTaBJlfiTb OT 17 MM ,qo 25 CM ! 7/ , 

Ba)f(HO~ npo6neMo~ RBJlReTcR no~t~cK HapyweHIIIR CP e c~t~cTeMe B-B 171• 
Ha,qo 3aper~t~cTplllposaTb -1 0 8 co6biTIII~, a ce~4ac ~-tMeeTCR -1 0

5
• ':•j 

~,qepHble 3MYJ1bCIIII-t 4all\e BCero I-1Cn011b3YIOTCfl AM TaK~-tX OnbiTOB. ' 
lrix pa3pewa1011\aR cnoco6HOCTb 1-1 MKMI 3Ha4~-tTeJ1bHo npeBblwaeT Tpe- · 
6oeaH~-tR, npe,qbRBJlReMble e 3Kcnep~-tMeHTax c a4apoeaHHbiM~-t 1-1 npe­
necTHbiM~-t 4aCT~-t~aMIII. ~,qepHble 3MY11bCIIIIII He RBJlRIOTCfl ynpaBJlfleMbiM 
,qeTeKTOpoM, Ill n03TOMY IIIX HeB03MO)f(H0 11CnOJ1b30BaTb B 3Kcnep~t~MeH­
TaX np11 6bJ1bW~-tX noTOKax 4aCTIII~ Ha cneKTpoMeTpax. TeM He MeHee 
C IIIX nOMOII\biO ,qenaeTCR ce~4~C MHOro Ba)f(HbiX Ha61110,qeH~-t~. Hanpi!IMeP,f' 
Ha61110,qeHI!Ie po)f(,qeHI!Ifl nap B-B0 nplll 3Heprl!llll ni!IOHHoro ny4Ka OKOJ10 . 

350 r3Bic lp~t~c.11 /R A11fl no paBHO -4,43 MM, a ,qJlfl B -
-437 MKMI. 

B HaCTORII\ee epeMR onpe,qeneHHOe pacnpocTpaHeH~t~e no11Y4111111 
60J1bWI!Ie r~t~6pl!l,qHble ,qeTeKTOPb1 1 no,qo6Hble CIIICTeMaM, on~t~caHHbiM B pa-
6oTaX 18,91 • B H~-tx e Ka4ecTee eepw~t~HHoro ,qeTeKTopa ~t~cnOJlb3YIOT­
CR nY3b1PbKOBble KaMepbl c nosblweHHbiM pa3peweH~t~eM I ,qo 1 0 MKMI. 

.J'-E.,..=1,9 r3Bic 

o 'flSJ!-._9-- 1 11-=:0,8·1a-c 

n- 11•=5·10
4

c 

-lo-- ...... -"£Jg_., 350r3B/c 

PHc,l. THn~HaH Ha6nwAaBmaHCH cxeMa o6pasoBaHHH H pacnaAa 
naPbi tJ:aCTH~ /B-, B0 I ±X. 
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ronorpa$1!14eCKIII~ MeTo,q CbeMa IIIH£0pMa~l!llll C ny3biPbKOBb1X KaMep 
6bl11 npe,qno)f(eH enepsble 8 pa6oTax / 1 ' 111• B 3TI!IX KaMepax nY3blpeK 
perHCTpHpyeTC.R Ha paHHIIIX 3TanaX CBOero pa3BHTH.R

1
H OCBell\eHHe 

era npOH380AHTC.R KOrepeHTHbiM CBeTOM OT Jla3epa .lr1CnOJ1b30BaHHe 
ronorpa<l>~t~4ecKoro CbeMa ~t~H<!>opMa~~~~~~~ CHHMaeT penee8CK~t~e orpaH~t~-
4eHHR Ha Pa3peweH~t~e Ill rny6HHY pe3KOCTI!I, ny3blpbKOBaR KaMepa R8-
J1ReTCR H,qeanbHO~ MIIIWeHbl0 1 XOPOWO np~t~ro,qHO~ ,q11R nocTaH08KIII 3KC­
nep~t~MeHT08, O,qHaKO OHa TaK )f(e, KaK Ill 3MYJ1bCHI1

1 
He MO)f(eT 6b1Tb 

ynpaBJlReMbiM ,qeTeKTOPOM 1 Ill 3TO orpaHH4H8aeT B03MO)f(HQCTb paOOTbl 
C He~ npl!l 60J1bWIIIX nOTOKaX 4aCTH~. 

.Qpyr~t~M B03MQ)f(Hb1M MeTO,qOM nOCTpOeHH.R 3$$eKTIIIBHOro BepWHHHQ­
ro AeTeKTopa RBil.ReTC.R Hcnonb308aH~t~e CTp~t~MePHo~ KaMePbl. 3<t><t>eK­
TH8HOCTb ,qeTeKTOpa MO)f(eT XapaKTep~t~30BaTbC.R <!>aKTOpOM npi 

1 
r,qe 

n - nOTOK npOXOARII\IIIX 4aCTH~, p - 3<l><!>eKTIIIBHOe ,qa8JleHHe 
1 

f -
,qn~t~Ha ,qeTeKTopa I ,qnR )f(H,qKoeo,qopo,qHo~ KaMepbl ,qn~t~Ho~ 1 0 CM np~t~ 
nOTOKe 10

8 
c-

1 
Ill p3<jl:::t. 700 aT npf 6y,qeT COCTaBJl.RTb 7.10 8 , a A11fl 

CTPHMepHO~ KaMepbl npl!l nOTOKe 4aCTH~ 1 08 Ill ,qa8JleHHH B 50 aT npf 

6y,qeT pa8HO 5·10~ TO eCTb npeHMYII\eCT80 B nOCJle,qHeM CJ1y4ae CO­
CTaBJl.ReT 100 pa31. 

Ha~t~6onee coeepweHHaR CHCTeMa 6bl11a co3,qaHa co CTPHMepHo~ Ka­
Mepo~, ~t~Meewe~ ,qn~t~TeJlbHOCTb nHTaiOutero HMnYilbCa ecero 0,6 Hc 1121, 
lricxo,q.R 1113 ycnoe~t~~ nocTpoeHHR pe3oHaHCHo~ 11HHHH, rpynna .Q.CaH,q-
8a~ca co3,qana KaMepy He6onbw~t~x pa3Mepo8_, ecero 5x2x0, 5 CM. 0Ha 
<t>oTorpa<t>~t~poeanacb o6bi4Hb1M o6beKTHBoM co ceepxBbiCOKHM pa3pewe­
HHeM Ill rny6HHO~ pe3KOCTH 8Cero 0,5 CM. np~t~MeH.RJlHCb TaK)f(e 3JleKT­
POHHO-Oi1TH4eCKHe npeo6pa30BaTeJ1H, Ill $OTorpa$~t~p08aHI!Ie BeJlOCb 
Ha CBepx4yBCT8HTeJ1bHYIO nneHKy 110000 e,q, rOCT/. 3Ta yCTaHO~Ka 
6b1Jla ycneWHO HCnOJ1b308aHa ,q11.R perHCTpa~HIII pO)f(,qeHHfl HOBbiX 4a­
CTIII~ Ha YCKOPHTeJle 8 6aTaBHH, np~t~ ,qaBJleHHH nop.R,qKa 40 aT 3,qeCb 
y,qa110Cb AOCTHrHYTb pa3peweHH.R 8 50 MKM, 

6onee 3$$eKTIIIBHbl~ eepWHHHbl~ ,qeTeKTOp MO)f(eT 6b1Tb C03,qaH 
Ha ocHose TpeK08oro ,qeTeKTopa Hoeoro T~t~na - KaMepbl c ynpaBnRe­
MbiMH TenJlOBbiMIII ~eHTpaMH, 0Ha 6bl11a npe,qJlO)f(eHa B .Qy6He Ill raT4HHe 
B. 1972 r,llS/ • 8 OTJ1114He OT nY3blpbKOBO~ KaMepbl, TenJlOBO~ ~eHTP 
3,qecb o6pa3yeTC.R He 8 KOH,qeHc~t~po8aHHo~ cpe,qe, a e ra3e nocpe,q­
CT80M CTp~t~Mepa 1 8bl,qeJ1RIOII\ero 3Hepr~t~IO npH TepMaJ1H3a~~~~~~~ 311eKTpo­
HOB, Jla~ep oc8eutaeT HarpeTbl~ ra3oBbl~ ny3biPeK 111 ,qaeT ronorpaMMY 
TpeKa 111111 np.RMO H3o6pa)f(eH~t~e TpeKa. 

Pa6oTa TaKa~ KaMePbl 6blna ,qeTaJlbHO H3y4eHa e p.R,qe pa6oT 1141 • 

np11 3TOM 6bl110 nOKa3aHO 1 4TO KaMepa 1 pa6oTa1011\a.R B pe)f(HMe CaMo­
WYHTHpoBaHHR /15/ , TO eCTb 6e3 CHJlbHOrO YKOPa4H8aHHR HMnyJlbCa, 
HO co cne~HaJlbHbiMH ,qo6a8KaM~t~, n03BOJ1ReT nerKo pean~t~308aTb Ho-
8bl~ np~t~H~Hn. 

B 3THX onbiTax 6bi110 ycTaHoeneHo, 4To TPeK~t~ MoryT 6b1Tb nony-
4eHbl 8 8o,qopo,qe, ren~t~~t~, ,qe~Tep~t~H, CMec~t~ ren~t~.R 111 MeTaHa np~t~ ,qae-
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neH~Ax AD 5 aT e nepe~x ABYX cny4aAx ~AD 10 aT e nocneAHeM. 
Q~aMeTp ~306pa*eH~A ra30B~X ny3~pbKOB 6~n 3Ha4~TenbHO MeHb~e, 
4eM A~aMeTp CTp~Mepa Is 5-10 pa3l. H306pa*eH~e ~X XOTA ~ AB- j 

nAeTCA $a30B~, HO 04eHb KOHTpaCTHO ~ $QTorpa$~pyeTCA Ha Mano-
4YBCTB~TenbHY~ nneHKy IM~KpaT-3001 KaK MeTOAOM CBeTnoro, TaK 
~ TeMHoro nonA. 

HHTepecHo~ oco6eHHOCTb~ KaMep~ c ynpaenAeM~M~ 4eHTpaM~ AB­
nAeTCA TO, 4TO TpeK~ B He~ ner4e nony4aTb B BOAOPOAe, 4eM B re­
n~~, ~3-3a Mana~ een~4~Hbl K03$$~4~eHTa npenoMneH~A nocneAHero. 

B pa6oTax 116• 171 6blnO noKa3aHo, KaK~M o6pa30M MO*Ho nony-
4~Tb TpexMepHy~ ~H$0pMa4~~ o cneAe c ~cnonb3oeaH~eM ABO~Horo 
wn~peH-MeTDAa, ecn~ ocee~aTb KaMepy na3epoM, pa3MeCT~B 3a He~ 
c$ep~4eCKoe 3epKano. np~ 3TOM nerKo nony4aTb TpeK~ KaK Ha ceeT­
noM none, TaK ~ Ha TeMHOM, nepexeaT~B ~3ny4eH~e na3epa ABYX­
MepH~M HO*OM $yKO. 

TaKoe $oTorpa$~poeaH~e no3eonAeT o6pa6aT~BaTb ~H$QpMa4~~ 
Ha Cy~eCTBY~~~X npoCMOTpOBbiX ~ ~3Mep~TenbHbiX np~6opaX, a TaK­
*e np~MeHATb TeXH~KY n3C. 
z I 
~120-

iso. ""'- t, 2 
1- ~-

~so. L ' 

~40; ·~ 

i 2QJ "'.' ~ 

.::: 10, 
1.-6~~,--2~ • - i --.- i2 ~64---;a;..rn, 

/laaJO~HHe- • KaMepe /67% He, 33% CN~/ 

PHc.2. AHaMeTp TennoBoro QeHT­
pa B 3aBHCHMOCTH OT gaBneHHH 
B KaMepe. 

nocneAH~e 3Kcnep~MeHTbl, BblnonHeHHble e UE PHe /18/ , noKa3an~, '( 
4TO pe*~M pa60Tbl KaMepbl C ynpaBnAeMbiM~ 4eHTpaM~ MO*eT 6b1Tb 
pean~3oeaH ~ c $opM~posaH~eM BbiCoKosonbTHoro ~MnYnbca I r-
-20 Hcl. Ecn~ e pe*~Me caMoWYHT~posaH~A A~aMeTp nY3biPbKa no­
ny4ancA pa3MepoM OKOno 100 MKM, TO np~ 13 aT C $QpM~poBaH~eM 
~MnynbCa MO*HO nony4~Tb A~aMeTp 125~41 MKM lp~c.21. 

TaK KaK c noBblweH~eM AasneH~A A~$$Y3~0HHbl~ A~aMeTp cTp~Me­
pa YMeHbWaeTCA ~ BnonHe pa3YMHO HaAeATbCA Ha AanbHe~wee COKpa­
~eH~e A~aMeTpa ny3biPbKa ra3a np~ ysen~4eH~~ AaBneH~A, TO 3TO 
AenaeT snonHe peanbHbiM C03AaH~e AeTeKTopa Ha 3TOM np~H411ne 

C B~COK11M pa3peweH~eM. 
H~*e M~ paccMoTP~M OA~H ~3 B03MO*Hblx sap~aHTOB nocTpoeHI-IA 

BepW~HHOrO AeTeKTopa Ha HOBOM npi1H4~ne AnA 3KCnep~MeHTOB B o6-
nacT~ csepxs~coK~x 3Heprl1~. 

MEXAHH3M"PA60T~ KAMEP~ 
C YnPABilfiEMbiMH TEnilOBbiMH UEHTPAMH 

Tennoso~ 4eHTP B ra3e PD*AaeTCA c noMO~b~ CTp~Mepa, o6pa3y~­
~erocA Ha neps~4HOM 3neKTpoHe 1191 . TeMnepaTypa 3neKTpoHos, 

4 i 
'~ 

no 04eHKaM / 20/ • AOCT~raeT Te ... 1 04 K I -1 381 np~ I-IX nnoTHOCTI-1 
N e = 1018 CM-3. np~ TepMan~3a4~~ 3neKTpoHOB npoi1CXOA11T npaKT~-
4eCK~ aA~a6aT~4eCK~~ ~ noKanbHbl~ Harpes ra3a AD TeMnepaTypbl T , 

M 
np~ 3TOM AasneH~e s ra3e pacTeT KaK 

Pt 

p 
Te 

(1 + x)-, 
T 

rAe T - Ha4anbHaA TeMnepaTypa. a X = 5·1 c-4 - CTeneHb ~OH~3a-
4~~. np~ TepManl13a411~ Te = TM Mbl nony4aeM 

p1. TM 
- = (1 +X)-, 
p T 

OTKYAa np~ np~HATbiX napaMeTpax P/P ~33. 3TOMY COOTBeTCTByeT 
4~Cno Maxa ~5. no3TOMY B TennOBOM 4eHTpe He TOnbKO npoi1CXOA11T 
Harpes ra3a, Ho ~ so3H11KaeT YAapHaA sonHa, xopowo B~AHaA 
Ha CH~MKax np~ noBbiWeHHo~ 3aAeP*Ke ~Mnynbca OT na3epa. HopManb­
HOe BpeMA pa3B~T~A onTI14eCKO~ HeOAHOPOAHOCT~, XOPOWO 3aMeTHO~ 
np11 ocse~eHI-1~ na3epoM Ha TennosoM 4eHTpe, nDPAAKa 100-200 He. 

H3 COOTHOWeH~A AnA n -1 MO*HO Bbi411Cni1Tb pe$paK411~ nna3Mbl 
BAan~ OT aTOMH~X ni1HI1A norno~eH~A: 

. B -14 2 
n-1=(A+~)Na-4,5.10 .x Ne, 

rAe N, ~ Ne - aTOMHaA ~ 3neKTpoHHaA KOH4eHTPa4~A. BKnaA 3neKT­
POHHoA KOMnOHeHTbl B sen~411HY pe$paK411~ B CTPI-!Mepe AnA KOH4eHT­
Pa4~~ 3neKTPOHOB Ne -10 17 CM-S ~ X = 600 HM onpeAenAeTCA B_eni1-
411HOA 5·10-5 • 3ToT BKnaA npeHe6pe*~Mo Man no cpasHeH~~ c BKna­
AoM, AasaeMbiM MoneKynaMI-1. TaK~M o6pa3DM, TeHerpaMMa nony4aeTCA 
TOnbKO OT MOneKyn. 

TorAa, 11CnOnb3YA nepsy~ 4aCTb 3TOrO Bblpa*eH~A 11 COOTBeTCT­
By~~~e KOHCTaHTbl AnA pa3Hb1X ra30B np~ X = 600 HM, nony4aeM pe-
3ynbTaTbl, noKa3aHHble s Ta6n. 2. 0TC~Aa cneAyeT, 4TO Ha~6onee 
TPYAHO peani130BaTb ycnos~A AnA per11cTpa4~11 TpeKoB s ren~~. 

a He B BOAOPOAe, KaK 3TO ~'!MeeT MeCTO B o6b14HOH CTP~MepHOH Ka­
Mepe. 

Ta6.rtuu,a 2 

fag He H2 

1,380 

Ne 

0,670 

Ar 

2,83 

CH4 .70% He+30% CH
4 

/n-1/·10 4 0,350 4,390 1,562 

H3MeHeH~e noKa3aTenA npenoMneH~A MO*HO Bb1Pa311Tb 4epe3 ~3Me­
HeH~e nnOTHOCT~ ra3a B CTpi-!Mepe: 

P1 &!= (-- 1)(n-1). 
p 
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Ecm1 y4ecTb np1o1 3TOM, 4TO A11R YAaPHOi1 B011Hbl Ha61110AaeTCR ee-
111141o1Ha M ~ 3, To PIIP 6yAeT ;:: 3. TorAa AJlR CMeCI-1 90% He+ 10% CH 4 
n-1 = 1,6·10-4. nplo1Hio1MaR BO BHio1MaHio1e, 4TO lo13MeHeHI-1e yr11a CABI-1-' 

ra <!>a3bl fl¢= ~ ~f , A11R 3TOH CMeCI-1 r1011Y41o1M CABI-1r .. 1 0° nPI-1 

5 aT. A11R 41o1CToro re111o1R 3Ta ee111o141o1Ha 6yAeT 3Ha41o1Te11bHO MeHbwe, 
a AJ1R H2 Mbl 6yAeM lo1MeTb ~¢- 40°. 3To no3B011ReT no11y4aTb Te­
HerpaMMbl C YAOB11eTBOPI-1Te11bHOH KOHTpaCTHOCT biO. 

KaK noKa3a1111 Haw1o1 3Kcneplo1MeHTbl, MO~Ho no11y41o1Tb TpeKI-1 B npaK­
Tio14eCKI-1 411CTOM re111o11o1 /npi-1MeCI-1 CH 4 - 0, 1% "" H 20 -0, 1%/ np1o1 no­
Aa4e Ha KaMepy nOBbiWeHHbiX 3Ha4eHio1H BbiCOKOB011bTHOrO n011R. 

C pocToM AaB11eHI-1R A11aMeTp CTPI-1Mepa yMeHbwaeTCR c YMeHbwe­
Hio1eM K03<I><I>11~1o1eHTa A11<I><I>Y3111o1 KaK 1/yJP , COOTBeTCTBeHHO yMeHb­
waeTCR "" A11aMeTp onTio14ecKoi1 HeOAHOPOAHOCTI-1, AeTeKTio1pyeMoi1 <l>oTo­
rpa<l>114eCKI-1M MeTOAOM. 

METOA nOAABnEHH~ nEPBH4HO~ AH<I><I>Y3HH 
3nEKTPOHOB 

M.TOM6aK, TaK MHOrO BHeCWio1H B pa3pa60TKY AeTeKTOpa HOBoro 
Tl-1na, npeA110~1111 ODI-1ri-1Ha11bHbiH MeTOA nOAaB11eHI-1R A11<I><I>Y3111o1 nepBI-14-

/21/ 0 

HbiX 311eKTPOHOB , Ec111o1 lo1Cn011b30BaTb 3TOT MeTOA B HOBOM AeTeK-
Tope,TO 3To CAe11aeT era AeTeKTopoM TpeKoeoro Tl-1na c npeAe11bHbiM 
pa3peweHio1eM no lo1MnY11bCY np6XOAR~ei1 4aCTio1~bl, 0CHOBHaR 11AeR 3a­
K11104aeTCR BO BBeAeH~I-1 B KaMepy A05aBKio1, o611aAaiO~ei1 CPOACTBOM 
K 3JleKTpoHaM, Hanplo1Mep SFe 1-1111-1 cce4. 311eKTPOOTplo1~aTe11bHaR 
Ao6aeKa aaxeaTbiBaeT 311eKTPOHbl, o6paaoeaew1o1ecR np1o1 npoxo~AeHI-11-1 
4aCTio1~bl 4epe3 ra3 KaMepblj o6paayeTCR TR~e11aR M011eKY11a, KOTOpaR 
npaKTio14eCKio1 He A11<I><I>YHA11PYeT, TaK KaK ee nOABI-1~HOCTb B 10 2-10 3 

MeHbwe, 4eM y 311eKTpoHa. Ec1111 Tenepb nepeA noAa4ei1 Ha KaMepy 
BbiCOKOB011bTHOrO lo1Mny11bCa OCBeTio1Tb KaMepy MO~HbiM lo1MnY11bCOM 
OT 11a3epa, TO 311eKTPOHbl 6YAYT COpBaHbl lo1 Ha Hlo1X 6YAYT o6pa3oea­
Hbl CTplo1Mepbl, n011o~eHio1e KOTOpbiX B npOCTpaHCTBe 6yAeT npaKTio14eC­
Kio1 T04HO no OCRM X lo1 Y COOTBeTCTBOBaTb KOOPAI-1HaTaM TpeKa. 

O~eHKI-1 3Heprl-111, Heo6xoA11MOi1 A11R cpblea, e KaMepe o6ceMoM 
1 Ox 1 Ox5 eMS , Hano11HeHHoi1 re1111eM, np1o1 epeMeHI-1 np111111na HI1R r a = 
= 2·10-8 c 11 KOH~eHTpa~l111 np11Mec11 K = 1,4.10-5 , a TaK~e ce4eHI111 
<l>oTOOTPbiBa utt = 10-17 cM 2 AaiOT E> 1,5 A~ /o~eHKa Ae11a11acb A11R 
py611HOBoro 11a3epa Tl1na orM-20/. O~lo1AaeMoe A11<I><I>Y3110HHOe paCn11bi­
BaHio1e TpeKa nPI-1 3TOM A011~HO COCTaB11RTb BCero 35 MKM. 

np11 Tl1ni14HbiX epeMeHaX 3aAep~KI1 BbiCOKOB011bTHOro lo1MnY11bCa 
113 COOTHOWeHio1R d = y2i)t' B o6bi4HOi1 CTPI1MepHOi1 KaMepe Mbl n011Y-
4aeM A11R re1111R A11<I><I>Y3110HHoe CMe~eHio1e- 0,3 MM (npl-1 D He.= 
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= 312 cM 2 /c, a AilR HeoHa -0,7 MM np11 ONe= 3000 cM2 /c). TaKI1M 
o6pa30M, 3<l><l>eKT AOil~eH 6biT b eeCbMa O~YTI1M. 

HeAaBHO noRB11IlOCb 4aCTHOe coo6~eH11e o npaKTio14eCKOi1 pea111o13a­
~11"' 3Toro nPeAno~eHI1R e rpynne A~.CaHABai1ca B CWA. Ha pl-1c.3 
noKa3aHbl ABa CH11MKa, CAenaHHble B 06b14HOi1 CTpi1MePHO~ KaMepe Bbi­
COKOrO AaBileHI1R /30 aT, HanonHeHI1e He+N~ 11 B KaMepe, B KOTO­
pyiO eeeAeHa Ao6aeKa 02 e KOI1114ecTBe 0,2 aT 11 C0 2 . KaK BI1AHO 
113 cH11MKa, pe3yilbTaT Aei1cTBI1TeilbHO nopa311TeilbHbli1. CTaTI1CTI14eC­
KI-1i1 pa36poC CTpi1MepOB OKa3biBaeTCR OKOI10 18 MKM, a cpeAHI1~ A11a­
MeTp cTpi1Mepa 45 MKM. nocneAHRR eeni1411Ha onpeAenReTCR pa3pe­
weHI1eM 3JleKTPOHHO-OnTI14eCKOrO npeofipa30BaTei1R /30n/. np11 60 aT 
aBTQPbl HaAeiOTCR nOI1Y411Tb pa3peweHI1e B 1 0 MKM. 

PHc,3. BnHHHHe rrpHMeCH KHcnopoAa Ha yMeHbWeHHe AH~Y3HH 
gneKTpOHOB B CTpHMepHOH KaMepe BbiCOKoro AaBneHHH /30 aT/. 

BepXHHH ~aCTb CHHMKa - ITYTb rrpOXOAH~eH ~aCTHllPI B CMeCH 
He+Ne. HH~HHH ~aCTb CHHMKa - rro~aBneHHe AH~~Y3HH rrpH Hc­

rronb30BaHHH Ao6aBKH KHcnopoAa /0,2 aT/ H C0 2 . 
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np~ aaxeaTe Ha 02 o6paayeTCR MOneKyna o;. Ocee~eH~e npo~a­
BOA~nocb 3KC~MepH~M na3epoM /351 HM/, 3aA~PmKa Tp~rrepa COCTaB­
nRna 3 MKC, a 3aAepmKa MemAY B~COKOBOnbTHbiM ~MnynbCOM ~ ~Mnynb­
COM naaepa 6~na 30 HC. 6onbWOH HaXOAKO~ aBTOpOB RB~nOCb BBeAe­
H~e Ao6aeK~ C02 , KOTopaR KOHTpon~posana epeMR naMRT~ Ha ypoe­
He oT 1 AO 1000 MKC. HcnonbaoeaH~e 3TO~ Ao6aBK~ e 04eHb ~.~~cTo~ 
KaMepe nOKa3biBaeT, 4TO ~MeiOTCR onpeAeneHHble TPYAHOCT~ B Bb160-
pe AOfiaBOK. noKa He ~MeeTCR KaKO~-n~6o TeopeT~4eCKO~ pa60Tbl 0 

KOTOpaR 6bl 06bRCHRna, KaK~M o6pa30M B03H~KHOBeH~e /23/ KOMnneKC­
HbiX OTP~~aTenbHbiX ~OHOB [0~+00 2 ) np~BOA~T K pe3KOMY YMeHbWe­
H~IO BpeMeH~ naMRT~ np~ coxpaHeH~~ nOCTORHHO~ 4YBCTB~TenbHOCT~ 

KaMepbl K nepB~4HO~ ~OH~3a~~~. 

nPAKTH4ECKHE TPE60BAHH~ K KAMEPE 

HcxoAR ~3 reoMeTp~~ pacnaAa o4apoeaHHbiX ~ npenecTHbiX 4aCT~~ 
~ np~H~MaR a-1MK6 /1 C06b1T~e 3a 20 M~H/,MOmHO Bbl6paTb cneAyiO­
~~e OCHOBHble ra6ap~Tbl KaMepbl: 1 00x50x 15 MM, ,llnR ~3BeCTHbiX npo­
eKTOB YCKOP~Tene~/7/ MOmHO om~AaTb 3Ha4eH~R An~Hbl pacnaAa 
~ ~.~~cno co6biT~~, np~BeAeHHbre e Ta6n. 3. CpeAHRR een~4~Hbl noToKa 
BTOP~4Hb1X 4aCT~~ OT YCKOP~TenR MOmeT 6b1Tb np~HRTa paBHO~ 
10 7 1/c. TorAa np~ speMeH~ naMRT~ -1 MKC 4epea KaMepy 6yAeT 
npOXOA~Tb 10 4aCT~~. C T04K~ 3peH~R 3arpy3KH npOXOAR~~M~ 4a­
CT~~aM~ 3To enonHe AonycT~Mo, ecn~ y4eCTb, 4TO ~~aMeTp cneAa 
COCTaB~T ecero 10 MKM /np~ A~aMeTpe ny4Ka -3 MM 71 cpeAHee 
paCCTORH~e MemAY TpeKaM~ 6yAeT OKOnO 300 MKM/. 

MeHee onacHa aarpyaKa saa~MoAe~cTBHRM~. np~ AaeneH~~ e KaMe-
pe P ";,; 1 QQ aT Mbl 6yAeM ~MeTb Q, 162 · C06biT~~ CTOnKHOBeH~~ 
n~OHOB C ~MnYnbCOM B 400 r3B/c B ceKYHAY· 

KoHe4Ho, HHTepec 6YAYT npeACTaBnRTb 6onee peAKHe co6b1T~R, 
Hanp~Mep 26-ny4eBble /np~ P- 500 r3B/c/ AaAYT TOnbKO 2 C06biT~R 
Ha 10 5 KaAPOB, a 10-ny4eBble - yme 2,5 C06b1THR Ha 103 KaAPOB. 
TaK~M o6pa3oM, np~eMneMbl~ TeMn aanycKoB np~ ~HTeHC~BHOCT~ nep­
B~4Horo ny4Ka B 10 7 C-l MOmeT 6b1Tb Bb16paH YCTaHOBKO~ COOTBeTCT­
BYIO~ero Tp~rrepa nepeoro ypoBHR yme no MHomecTBeHHOCT~. 

KaK noKa3biBaiOT pa6oTbl/10,19/ , enonHe MOmHo omHAaTb A~aMeTpa 
~ao6pameH~R 3neMeHTa TpeKa 10 MKM. Ecn~ TaKme Y4eCTb, 4TO 
B HecHe np~ npoxomAeH~~ penRT~BHCTCKO~ 4aCT~~bl npH lQQ aT MOm­
HO om~AaTb AO -600 3neKTpOHOB Ha CM 1241 , TO CpeAHee paCCTORH~e 
MemAY CTPHMepaM~ 6yAeT OKOnO 17 MKM, TO eCTb TPeK 6yAeT AOCTa­
T04HO HenpepbiBHbl~. 

EcnH eocnonb30BaTbCR AaHHbiM~ no AHaMeTpy CTPHMepa e aaeHc~­
MOCT~ OT An~TenbHOCTH BbiCOKOBOnbTHOrO HMnynbCa /10, 19/ , TO B~A­
HO, 4TO HCnOnb30BaTb ~MnynbCbl KOpo4e 10-20 HC BPRA n~ ~enecoo6-
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Nbr,lroA 

IlpeAnaraeM&IH 

YHK 
vs= 75 r3B 

I ,4 

2,3 

I ,0 

9,0 

lo-5 

107 

BepmHHH&IH AeTeK-
Top, BB B roA 0,24·10 7 

Ta6.rzu1.1a 3 

L-npooer AO paenaAa B MM 

LHC /UEPH/ sse /CiliA/ 
Vs = 122 f3B vs= 192 r3B 

2,2 3,5 

3,6 5,89 

I, 7 2,7 

14,6 23, I 

J0-4 

1 o11 

0,24·108 

paaHo, a ecn~ y4eCTb 3Ha4~TenbHoe yny4weH~e noKan~aa~~~ paa­
PRAa, KOTOpoe MOlKHO nony4~Tb B peaynbTaTe BBeAeH~R cne~~anbHbiX 
A06asoK 115· 251 , To TaKoe aaKn104eHHe enonHe onpaBAaHo. 

OlKHAaeMaR eenH4HHa pa6o4ei1 HanpRmeHHOCTH BbiCOKOBOnbTHoro 
HMnynbca MomeT 6b1Tb nony4eHa AnR KaMep~ npH 100 aT I eM. pr.1c. 4/ 

:E 

~ 
Ill 
% 

to 

0.5 

·~ 

0 50 

PHe.4. 3aBHeHMoeTb paooqeH Ha­
np~eHHoeTH 3neKTpHqeeKoro no­
nR B eTpHMepHOH KaMepe OT AaB­
neHHH AnR eMeCH He+ Ne. CnnomHaR 

ESr 
KpHBaR - H3 COOTHomeHHR ---- = 

5 p 
= /1,7:!:0,2/·10 npH AnHTenbHO-
CTH HMnynbCa TU - 10 He; OYHK­
THpHaR KPHBaR - AnR HMnynbCa 
AnHTenbHOeTbiO TU - 20 He; I.-
3KenepHMeHTanbHbJe TOqKH H9 pa­
OOTbl /12/ AnR TU- 0,6 He /BTO­
paR ToqKa nonyqeHa c AooaBKa-

~ MH C02 /; e - TOqKa H3 paoo­
'X)Ox'X),.Ja Tbl /1ST , T U - 20 He, 
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nyTeM 3KCTpanOil.Rl.II-H1 coOTHoweHH.R -::f = I 1 , 7 ± 0, 2/ · 1 0 ,qn.R cMe­
p 

H 75
o N /22/ u 

CH e + ~ e • 0Ha oKa3~eaeTC.R paBHOH sao KB/cM, 1-1 aMn11H-
3a30Pe B 15 MM. Ty,qa HMnyilbCa ,qOil>KHa 6b1Tb OKOilO 750 KB Ha 

B03MO~H~E KOHCTPYKU~~ KAMEP~ 

M~ paccMOTPHM eapHaHT~ KaMep c MaCil.RHo~ H30il.Al.IHe~, o6ecne4H­
ea~~e~ Ha116011ee KOMnaKTHY~ KOHCTPYKI.II-1~. 6y,qeT paCCMOTpeHo ,qBa 
BapHaHTa, OAHH 1-13 KOTOPbiX npe,qHa3Ha4eH ,qil.R ¢OTOrpa¢H4eCKoro 
CbeMa HH¢opMal.IH~, a BTOpo~ - Ail.R CbeMa HH!I>OPMal.IHI-1 B pe>KHMe 
OH-Ila~H C nOMO~b~ n3C-MaTPI-1l.l~. 

Ka.Mepa c zo.rwzpaifju1.f.eCKUM C'be.Mo.M. Ha p11c.S noKa3aH no­
nepe4Hbl~ pa3pe3 KaMepbl, a Ha p11c. 6 - pa3pe3 e ropH30HTailbHO~ 
nilOCKOCTI-1. Cocy,q 1-13 Hep>KaBe~~e~ CTaill-1 HMeeT ,qea 6aKOBbiX OKHa, 
3aKp~T~X Hilil~MHHaTopaMH 1-13 nileKCHrilaCa 1-1111-1 1-13 KBap1.1a. Q6a 1-11111~­

MHHaTOpa ycTaHoeneHbl Ha caMoynnoTHeHH.RX. O,qHo 1-13 cTeKon onHpa­
eTc.R Ha Kopnyc KaMepbl, a BTopoe npH>KHMaeTC.R ¢naHl.leM e pa6o4ee 
nono>KeHHe~ Me>K,qy BHYTPeHHHMH noeepxHoCT.RMH cTeKon, noKpbiTbiX 
npo3pa4H~MH CilO.RMI-1 OKHCI-1 OilOBa 1-1111-1 30IlOTa, 3a>KHMaeTC.R KaMepa, 
e~nonHeHHa.R 1-13 ¢ToponnacTa. BHyTpeHH.R.R nonocTb KaMep~ BMecTe 
C ¢H,qepoM, npHBapeHH~M K KOpnycy, 3anOI1H.ReTC.R 41-!CT~M Ka6eilbH~M 

1-1111-1 KOH,qeHCaTOpHbiM MaCilOM. 06~afl eMKOCTb KaMepbl nil~C napa3HT­
Hafl eMKOCTb Ha 3eMil~ COCTaBilReT OKOilO 60 nK¢. gHaMeTp KaMepbl 
/BHyTpeHHI-1~/ 6y,qeT COCTaBil.RTb 12-15 CM. npoeo,qR~He nOKPbiTHR 
Ha CTeKilaX KOHTaKTHPY~T C 60KOBbiMH KOilbl.laMH, BblnOilHeHHbiMI-1 B Bl-1-
,qe npo¢HI1R PoroecKoro. ~MeHHo Ha HHX onHpaeTCR BHyTpeHH.RR KaMe­
pa. fleeoe KOilbl.IO onHpaeTCR Ha o6o~MY, coe,qHH.R~~Y~ ee c 3eMne~, 

a npaeoe - KOHTaKTHpyeT c lleHTpailbH~M 3IleKTpo,qoM ¢11,qepa. Pa6o-
4H~ 3a3op KaMep~ COCTaBilReT 1 ,5 CM. Ceepxy B KaMepy npe,qycMaT­
PHBaeTCR BBO,q 113Ily4eHHR OT 11cTpRXHBa~~ero 11 3KCHMepHoro 11a3epa. 

~1/ ,,, l Mf __ ' 
l -:i 1: 
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PHc. 5. TiorrepeqHbiH pagpeg KaMe­
Phi c MacnHHoH: H3onm.~;Hei1. I -
KOprryc KaMepbi C OXnCDKAeHHeM, 
2 - HnmoMHHaTOPbl, 3 - BaKyYM­
HaH KaMepa, 4 - IIPH>KHMHOH ~na­
Heu;, 5 - Bb!COKOBOnbTHbiH ~H,IJ;ep, 
6 - OKHO gnH BBOga H3nyqeHHH 
oT 3KCHMepHoro nagepa, 7 - ox­
paHHbie 3neKTPOAbl, 8 - BXOAHOH 
KaHan c H2 rrog gaBneHHeM, 9 -
KaTYIDKH CBepxrrpOBOAH~ero Mar­
HHTa. 

~r3T~f<~ PHc.6. Pagpeg KaMepbJ B ropH3oH­
TanbHoi1 IInOCKOCTH. 0603HaqeHHH Te 
>Ke, qTo H Ha PHC.4. ) - BXOAHOH 
KaHan gnH rryqKa /Bogopog/, 2-
Bb~OAHOH KaHan AnH rryqKa. 

Ecn11 nonocTb BHyTpeHHe~ KaMep~ 
3anonHReTc.R CMecb~ He+ Ne, To 
nOilOCTb OT BXOAHOrO Hilil~MHHaTopa 

,qo KaMepbl 3anonHeHa eo,qopo,qoM 
,qo Taro >Ke ,qaeneHH.R: 60-100 aT. 
TaK >Ke, KaK 1-1 e HawHx 6onee paH-/16 26/ 

HHX pa6oTax • , Mbl npe,qnonaraeM, 4To e KaMepy 6y,qyT eeo-
AHTbC.R ,qo6aBKH, C>KHMa~~He pa3p.R,q, 1-1 n03TOMY Mbl paCC4HTbiBaeM, 
4TO Ail.R YKOpa4HBaHH.R BbiCOKOBOilbTHOrO HMnYilbCa ,qo ~ 20 HC Mbl 
6y,qeM HCnOilb30BaTb H~ §,qapHy~ 111-!HH~, a npOCTO pa3p.R,qHHK no,q 
,qaeneHHeM. 

KaK BH,qHO 1-13 PHC.5,6,exo,q 1-1 B~XOA B KaMepe HMe~T TaKHe >Ke 
ra30Bble KaHailbl C BOAOPO,t:(OM, no3TOMY CHCTeMa HanOilHeHH.R KaMepbl 
AOil>KHa o6ecne4HBaTb HanonHeHHe c o,qHoepeMeHHbiM no,q,qep>KaHHeM 
o,qHHaKOBOrO ,qaBileHH.R BO BHyTpeHHe~ KaMepe, BOAOPOAHbiX nOilOCT.RX 
1-1 MBCil.RHOM pe3epeyape BHeWHe~ 0601104KH KaMep~. ~CnOilb30BaHHe 
3THX KaHailOB npHBe,qeT K TOMY, 4TO B -1/3 4aCTH 3anyCKOB C06~­
T~e He 6y,qeT Ha6Il~,qaTbCR, TaK KaK OHO 6y,qeT npOHCXOAHTb Ha BO­
,qopo,qe, 3anonHR~~eM KaHan. 

Y,qapHa.R eMKOCTb reHepaTopa HMnYilbCoe B~CoKoro Hanp.A>KeHH.R; 
/r~H/ AOil>KHa COCTaBilRTb OKOilO 1 QQQ nK¢ np~1 BbiXOAHOM Hanp.R>Ke­
HI-11-1 OKOilO 1 MB. npH pa6o4e~ 4aCTOTe B 20 r~.~ noTpe6n.ReMa.R MO~­
HOCTb n1H 6y,qeT OKOilO 104 A>K/C' 3TO noTpe6yeT no 2 TaKHX BblnpR­
MHTeil.R THna BC 50/50 B Ka>K,qOM n11e4e ,qeyxnOil.RpHoro r~H. EcTeCT­
BeHHO, 4TO TaKy~ MO~HOCTb MO>KHO CH.RTb TOilbKO C r~H, pa6oTa~~e­
ro C KOH,qeHCaTopaMH, HMepCHpOBaHH~MI-1 B MaCile, C Y4eTOM nOTepb 
B r~H O~a.R pacceHeaeMa.R MO~HOCTb 6y,qeT COCTaBil.RTb ,qo 20 KBT. 
20-ceKl.II-IOHH~~ r~H C 6HnOilRPH~M nHTaHHeM BnOilHe CMO>KeT o6ecne-
411Tb 3a,qep>KKy Ha YPOBHe 300 HC. 

O,qHaKo rnaeHaR npo6neMa - npo6neMa 6biCTpo,qe~CTBH.R - 6y,qeT 
CBR3aHa He C MO~HOCTb~ r~H, a C 6~CTpo,qe~CTBHeM ¢OToannapaTa, 
o6ecne4HBa~~ero CTpOrHe OnTH4eCKHe YCilOBHR npH CH.RTI-11-1 HH¢OpMa­
l.ll-111. B O~.R~ HMeeTCR TOilbKO o,qHa Pa3pa6oTKa 1281 c BaKYYMHbiM npH­
>KHMOM, KOTOpa.R paCC4HTaHa Ha 4aCTOTY ,qo 15 r1.1 C AilHHO~ npOT.A>K­
KI-1 180 MM 1-1 nneHKo~ WHPHHO~ 35 MM. B UEPHe HMeeTc.R cHcTeMa, pa-
6oTa~~aR npH '4aCTOTe 20 rl.l/27 I. 

TaKHM o6pa3oM, cne,qyeT ce~4ac paCC4HT~BaTb Ha npaKTH4eCKY~ 
pea11H3al.IH~ 4aCTOT~ B 20 r1.1 npl-1 MO~HOCTI-1, pacceHeaeMo~ CHCTeMO~ 
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m1TaHI-1A, B 20 KBT, ,ll11A o6ecne4eHI-1A CbeMa :no~ MO~HOCTI-1, BbiAe-
11AeMO~ B BI-!Ae Ten11a, B KaMepe TaK>Ke A011>KHO 6b1Tb npeAYCMOTPeHO 
BOAAHOe OX11a>KAeH!-1e. 

CI-ICTeMa cbeMa 1-!H(j)opMal..ll-11-1 MO>KeT 6b1Tb nocTpoeHa no cxeMe ra-
6opa, KaK 3TO Ae11aeTCA Ha ny3biPbKOBbiX KaMepax c ro11orpa(j)l-14ec­
KI-1M CbeMOM 1-!H(j)opMal..ll-11-1 /18,27/ . KoHe4HO, 3TO OC110lKHAeT KaK npo­
CMOTP, TaK 1-1 o6Mep 1-!H(j)opMal..ll-11-1. Heo6XOAI-1MO I-1Cno11b3oeaHI-1e ycTa­
HOBOK Tl-lna HOLMEC 1271 . HecoMHeHHO, MO>KHO o611er41-1Tb npo611eMy 
npocMoTpa, ec111-1 npi-1MeHI-1Tb MesoonTI-IKY /28/ Ha cTaAI-11-1 (j)oTorpa(j)!-1-
poeaHI-!A. 

'Ec11~ AOnycTI-ITb HeKoTopoe CHI-I>KeHI-!e paspewa~~e~ cnoco6HOCTI-1 
KaMepw, TO MO>KHO paCCMOTpeTb B03MO>KHOCTb nocTpoeHI-!A KaMe~W 
CO CbeMOM 1-!H(j)npMal..ll-11-1 nyTeM I-1Cn011b30BaHI-1A ABO~Horo W11!-1peH-MeTo­
Aa, paspa6oTaHHoro e ,lly6He 116 • 171 , noseo11A~u~ero npi-!MeHI-!Tb npi-1-
HATble MeTOAbl npOCMOTpa 1-1 o6pa60TKI-1 n11eHOK C TpeKaMI-1. 

HaMepa co c?JeMOM uH¢opMau,uu Ha J?UHUU c 3BM. 
Ha p1-1c.1 noKa3aHa eosMO>KHaA KOHCTPYKLII-IA KaMepw, npl-1cnoco611eH­
HaA A11A pea111-13a1..11-11-1 ABO~Horo W111-1PeH-MeToAa. KaMepa no KOHCTpyK-
1..11-11-1 npaKTI-14eCKI-1 He OT111-14aeTCA OT paHee Oni-!CaHHO~, T011bKO 3aA­
HAA cTeHKa r11yxaA 1-1 KaMepa MeHbwe no pasMepaM. 

CbeM 1-!H(j)opMal..ll-11-1 c KaMepw ocy~ecTB11AeTCA c11eAY~~1-1M o6pa3oM. 
3a KaMepo~ pasMe~aeTCA c(j)ep1-14ecKaA A111-1HHO(j)OKYCHaA 111-!Hsa c (j)o­
KycoM, YAOB11eTBOPA~~~-~M yc11oB1-1~ !l>payHro(j)epa A11A TpeKoe e KaMe­
pe. fl!-1H3a CO c(j)ep!-14eCKO~ CTOPOHW a11~MI-1HI-1POBaHa, a C 111-!l..leBO~ 
nOKPbiTa npospa4HbiM C110eM OKI-ICI-1 0110Ba 1-1111-1 30110Ta 1-1 npoCBeT 11eHa. 
Ocee~eHI-Ie KaMepbl npoi-13BOAI-1TCA asoTHbiM 11asepoM, I-1311Y4eH!-1e KOTo­
poro npeo6pasoeaHo e 11asepe Ha Kpaci-1Te11e R6G I A = 600 HM/ • .Ll11A 
pa6otbl c MaTPI-II..Ie~ K1200UM2 11y4we 1-1cno11bsoeaTb Kpaci-1Te11b CTI-1-

Cr>< 
)lc:...epnuep I Cfl.4 

I 

I 

r-::-
1 MIS 

PI-111-6, KoTopw~ AaCT A = 850 HM 
1-1 B 2 pasa 6011bWI-1~ BWXOA C Ma­
TPI-II..IW. TaK KaK n11o~aAb KaMe-
pw HeBe11!-1Ka, TO MO>KHO, KaK 
1-1 B C11Y4ael25/, orpaHI-141-!TbCA 
a30TH~IM 11a3ep0M yMepeHHO~ MO~-

PHc. 7. KoHCTPYKIJ;HH KaMepbi AJIH 

HCTIOJ1b30BaHHH ABOHHoro illJIH­

peH-MeTO,D;a. 0603HaqeHHH Te >Ke, 
qTQ H Ha pHC.4, 

HOCTI-1 ~ 2 MBT /l-IMn. , 4aCTOTa KOToporo 611aroAaPfl OX11a>KAeHI-1~ nOA­
HHTa AO 20 f1..1. 

np~-1 OCBe~eHI-11-1 KaMepbl 11Y4 11asepa A011>KeH 1-!CXOAI-!Tb 1-13 COnPA>KeH­
Horo (j)OKyCa, CMe~eHHOrO OT OCI-1 KaMepbl Ha HeCK011bKO CaHTI-!MeT-. 
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POB, ,ll11A KOppeKI..II-11-1 aCTI-1rMaTH3Ma B ny4Ke yCTaHaB11HBaeTCfl 1..1H-
111-1HAPI-14eCKaA 111-1H3a 116, 171 • PacxoAA~H~CA nY40K 11asepa oTpa>KaeT­
CA OT C(j)epH4eCKO~ 3epKa11bHO~ noeepxHOCTI-1 11HH3W H HanpaB11AeTCA 
B conpA>KeHHW~ (j)oKyC, rAe yCTaHaB111-1BaeTCA ABO~HO~ HO>K !l>YKO. 
3a conpA>KeHHWM (j)oKyCOM 6e3 HO>Ka Mbl n011Y4HM H306pa>KeHHfl TpeKa. 
Ae~CTBHTe11bHOe H MHI-IMOe, o6pasy~~HeCA OT Ten11oBoro l..leHTpa. 
nepaoe H306pa>KeHI-1e n011y4aeTCA npl-1 npoXO>KAeHHH OTpa>KeHHOrO OT 
sepKa11a ny4Ka caeTa 4epes Ten11oeo~ 4eHTP, a MHHMOe - npH npo­
xo>KAeHHI-1 ceeTa nPAMO 4epes 4eHTP 1-1 npH noc11eAY~~eM ero oTpa>Ke­
HI-11-1 oT sepKa11a. 

,ll11H npeo6pasoeaHHA o6e1-1x npoeKLIH~ e (j)OPMY, npHeM11eMY~ A11A 
npoCMOTpa 1-1 06Mepa Cy~eCTBY~~HMH MeTOAaMH, Mbl npHMeHAeM 06beK­
TI-1B BWCOKOro paspeweHHA, KOTOPbl~ npoeKTHpyeT o6a H306pa>KeHHfl 
Ha n11eHKY. 11so6pa>KeHHfl CABHHYTbl OTHOCHTe11bliO APYr APYra Ha na­
pa1111aKC, onpeAe11HeMw~ reoMeTpHe~ CbeMKH, HMeHHo 3TOT napa1111aKc 
HeceT HH(j)OpMai..IH~ 0 Z-KOOPAHHaTe. 06beKTHB A011>KeH HMeTb AOCTa­
T04HY~ r11y6HHY, o6ecne4HBa~~y~ saxaaT Ae~CTBHTe11bHOro H MHHMO­
ro Hso6pa>KeHH~, a TaK>Ke BbiCOKOe paspeweHHe I - 1 00 11HHH~ Ha MM/. 
npoeKTHPOBaHHe TaKoro 06beKTI-1Ba 0611er4aeTCA TeM, 4TO OH A011>KeH 
pa6oTaTb C MOHOXPOMaTH4eCKHM ny4KOM CBeTa 1-1 npaKTH4eCKH napaK­
CI-1a11bHWM ny4KOM 11y4e~. 

11MeHHO 3TOT MeTOA CHATHA HH(j)OpMai..IHI-1 n03B011HeT pea11H30BaTb 
OCHOBHOe npeHMy~eCTBO KaMepw C ynpaB11AeMWMH l..leHTpaMH nepeA 
o6W4HO~ CTPHMepHO~ KaMepo~. 8 nepao~ perHCTPHpyeTCfl HHTeHCHB­
HW~ CBeT, pacceHaaeMw~ Ha LleHTpe, a BO BTOPOM AeTeKTHpyeTCA 
C11a6oe H311Y4eHHe, HCnycKaeMOe CTPHMepoM. 11MeHHO no3TOMY 8 Ka­
Mepe C ynpaB11AeMbiMH Ten110BWMH l..leHTpaMH MO>KHO HaAeHTbCfl HCn011b-
30BaTb npH60pbl C 3aPRAOBO~ CBA3b~ /n3C/ A11A CHRTHA HH<IlopMal..l~l-1, 
CeeTa an011He AOCTaT04Ho,H MO>KHO HCn011b30BaTb MaTPHLIY n3C Aa>Ke 
6es ox11a>KAeHHA AO -10°C 1291 • B HaweM C11Y4ae 1251 Mo~HOCTb, naAaB­
waH Ha n11eHKY, cocTaB11A11a oK0110 0,1 MKA>K/CM 2• 3To Ha ABa noPAA­
Ka npeBbiWaeT nopor 4YBCTBHTe11bHOCTH A11A n3C K1200UM2. PaspeweHHe 
B 20 MKM MO>KeT 6wTb AOCTHrHyTo npH paCCTOAHHH CbeMKH B 250 MM 
H AHaMeTpe 06beKTHBa 8 66 MM npH <lloKYCHOM paCCTORHHH 250 MM. 
Ho a 3TOM c11y4ae BPAA 111-1 MO>KHO pacc4HT~BaTb Ha nocTpoeHHe KaMe­
pw, saxaaTweaeMo~ He 6o11ee 4eM ABY~R MaTPHI..IaMH 2048x2048, 
TO eCTb o6~He pasMep~ KaMepw 6YAYT 40x80 MM • 

OcHOBHafl npo611eMa 3AeCb saK11~4aeTCA e ToM, 4To ce~4ac MO>KHO 
AYMaTb o npHMeHeHHH MaTPHLI c npeAe11bHWMH pasMepaMH, onpeAe11He­
MbiMH 4HC110M 311eMeHToB /2048x2048/. TaKHM o6pasOM, 6yAeT nepe­
KpwTa T011bKO 4aCTb KaApa /40x40 MM2f, npH HCn011b30BaHHH KaApa 
6es yMeHbWeHHA HY>KHW ABe MaTPHI..Ibl, H paspeweHHe Ha KaApe 6yAeT 
He 10 MKM, a 24 MKM. TaKHM o6pa30M, 3TO H 6yAeT TOT npeAe11, 
Ha KOTOPbl~ A011>KHa pacc4HTwBaTbCA ce~4aC KaMepa. KoHe4HO, CbeM 
HH(j)OpMai..IHI-1 Ha 111-!HHH C 38M AaeT 6011bWHe npeHMy~eCTBa, o6ecne4H-
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• 

BaR ee BBOA 4epea 6y$ep naMRT~ npRMO B 38M /VAX/, M~HYR npo~ecc 
$0Torpa$~POBaH~R. 

3AK11104EHI1E 

CneAyeT aaMeT~Tb, 4TO on~caHH~A B~we MeToA CbeMa ~H$opMa~~~ 
ABoAHbiM wn~peH-MeTOAOM MO>KeT 6b1Tb, no -B~A~MOMY, ~cnonb30BaH 
B Bepw~HHbiX AeTeKTopax, nOCTpoeHHbiX Ha OCHOBe np~MeHeH~R ny-
3biPbKOBbiX KaMep BbiCOKoro paapeweH~R 181 • B 3TOM cny4ae ~H$opMa­
~~R TaK>Ke 6yAeT nPRMO BBOA~TbCR B 38M 6ea $OTOrpa$~poBaH~R 
B ronorpa$~4ecKoA $opMe. 

TaK~M o6paaoM, Mbl B~A~M, 4To np~MeHeH~e KaMepbl c ynpaBnRe­
MbiM~ TennoBbiM~ ~eHTpaM~ OTKPbiBaeT HOBble B03MO>KHOCT~ B C03AaH~~ 
Bepw~HHoro AeTeKTopa AnR 3Kcnep~MeHTOB e o6nacT~ $~3~K~ 3neMeH­
TapH~x 4aCT~~, 

Ecn~ YAaCTCR ~cnonbaoeaTb e Ka4eCTBe ~aonRTopa Macno, TO 
3TO MO>KeT CAenaTb KaMepy KOMnaKTHOA, ~ TOrAa ee MO>KHO HaAeRTb­
CR pa3MeCT~Tb B CBepxnpOBOAR~eM MarH~Te HanpR>KeHHOCTb~ 
~10 Tn 1301

• B 3TOM cny4ae AeTeKTop np~o6peTaeT Ba>KHoe ceoAcT­
Bo - OTn~4aTb BTOP~4Hble 4aCT~~bl no 3aPRAY, 3To ,KOHe4HO, 6yAeT 
onpeAeneHHbiM o6paaoM o6ner4aTb ~AeHT~$~Ka~~~ npo~eccoe e KaMe­
pe. np~ ~MnynbCe B cpeAHeM ~40 r3B/c /MHO>KeCTBeHHOCTb -10/ 
KP~B~3Ha 6yAeT COCTaBnRTb OKano 94 M-l, 4TO n03BOnReT AeTeKT~­
poBaTb ee np~ paapeweH~~ KaMepbl e 30 MKM. 3To 3Ha4~TenbHO H~>Ke, 

4eM Ben~4~Ha npeAenbHoro ~Mnynbca AnR KaMepbl Bbl6paHHbiX paaMe­
poe ~280 r38/c. np~ AaBneH~~ B 100 aT MHOroKpaTHOe pacceRH~e 
AaeT A06aBKY B KP~B~3He Ha ypoBHe 1/3 w~p~Hbl cneAa, 

CepbeaHoA npo6neMoA RBnReTCR ~cnonbaoeaH~e 6onee ~HTeHc~e­
HbiX ~rlepBH4HbiX nY4KOB. npeAen, KOHe4HO, 6yAeT HaXOA~TbCR ceA-
4aC Ha YPOBHe He B~We 10 8 4aCT~~ B CeKYHAY. 

ABTOP 6naroAapeH 11.Lt.11eaHoey, M.B.CTa6H~Koey aa noneaHble 
o6CY>KAeH~R, Lt. Bblnoey, B .Xp~cToey aa nOAAeP>KKY AaHHoA pa6oTbl. 
AeTop 6naroAapeH IO.K.AK~Moey ~ A.M.Xaa~Hcy, npo4~Taew~M pa6o­
Ty ~ CAenaew~M noneaH~e aaMe4aH~R. 
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mep6aK:os ·ro.A~ · . ·~I 3-89_:153 , 
.,·. ' . / 

TpeKOBaSI KaMepa C.YnpaB.nneMbJMH'reilnoB&JMH 
4eHTpa,iifu -' sepmHH~htli p.eTeK'l"Q.P .O..Tl~ ~n<:cnegHMeHTOB 
B 06JlaCTH. l)lH3HKK CBepXBb!COKHX 3HeprHJ1: 

Ha o,cao:se 1-icc.ne . .o.o:saali:H, c:snsaHH&JX . c paspa6oTKO:ii .. 
}Jo:sor6 TpeKoBo.to npH6opa - KaMepbl c ynpa:s.nneM&ZMH 4eayp~li. 
npe',[J,Jlar;;(eTCJI ''s:epmHHHblH ,o.eTe~Top gaproKeHHbiX 'laCTHI.\ BbiCOKO~ ~ 
ro ,,.asneHHJI, ,[J,JHI 3KCnepHM,eHTOB B o6.naCTH l)lH3HKR' B1>JCOK'J;l: 

I . ~ ,, ' 

saepr~. 06CYJ!Cp.a!OTCJI .· B03MO)I(Hble KOHCTPYKI.\HH , 'faKOH 
KaMephl; H~notrl>30Baaue nasepaor.o ocBe~eHHR CTpHMepHo:H Ka:--' • 

. . < . . . ' , . 
Mepbl. ll09BOJ1ReT OOJl~liTb ,[J,'QCTaTO'IHO CBeTa ,O.JlSI ocy~eCTB.Tle- . 
aun copeMa ulitpopMa!ViH c. ntlMO~bio n3c MaTpH~J. PaccMaTp~:saror 
cn HeKOTOWe xapax~epacTHKH yc'faaoB~H. 06~}?.CA.aeTcn B03Mo:lK I 

HOCTb • np~eaeHHR HOB.oro MeTo,O.a OO,O.a,BneHHJI . .O.H4icltY3HH. . 
' ' ' . . \ 

P;a6~fa Bblno.nHeHa B na6opaTopHH np.epH~IX rtpo6neM orum. 

. . I -
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Shcherbakov Yu.A~ 
A Track Chamber with Controlled Heat 

Dll-89-1~ ' 

Centres as a Vertex Detector for Very High 
Energy Physics E~periments 

A high-pressure vertex detector for high energy expe-
riments i.s 'proposed on the basis of developme~t . 
of a :new track detector of charged particles, which 

/ ·'.\ 

is a chamber with controUed heat centres. A possible de- 1 
'· 

sign of this chamber is discussed. Laser illumination of ' 
a streamer chamber apows enough light for reading the in-t 
for:mation by means of a CCD device. Some characteristics, 
of tl)e set-up are considered in the paper. A possibility 
of using a new method for suppression of <iiffuS~ion is dis­
cussed. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 1 · 

COmmunication of the Joint Institute for Nuclear a.-.rch. Dubnal989 
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