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8 coepeMeHHb\X cpeACTeax Al1arHOCTl1Kl1 ny4Ka 3apR>KeHHblX ~acrn1.1 3Ha411Tenb• 

Hoe MeCTO 3a·H11Ma10T 'jCTpOifoTBa C ABOHHblM' npeo6pa3083TefleM 3Hepr1111 11CcneAye• 

. Moro ny~Ka B 3neKTpl1YECKl1H c11rnan. K 411CllY Tat<HX ycTpOHCTB OTHOCATCA nony-. 

npoBOAH.HKOBble np116opbl C 3apAAOBOH CBA3bl0 (n3C) /1 '· 

npouecc npeo6pa30BaH1,1A onTl1'~ecKoro 11306pa>KeH11A e a11Aeoc11rnan np11 n.oMo· 

m11. n3C BblrOAHO · OTn1,14aeTCA OT pAAa APYrHX np1,16opoe (3neKTpOHHO•ny4eBblX 

Tpy6oK,. B11Al1KOHOB, M3Tpm1 °113 l?OTOA110AOB 11 T.n.), a 11MeHH.o; MOHOKpl1CTann 

KpeMHl,IA 11MeeT BblCOKHH KB8HTOBaHHblH BblXOA B w1,1pOKOM c.neKTpanbHOM Al13· 

na3OHe, npouecc CKa.H11poBaHl1A 11306pa>KeHl1A BeAeTCA noA ACHCTBl1eM 3neKTp114eCKl1X 

ynpaenA10m11x 11MnynbCOB Hl13Koro HanpA>KCH11A, MaTp111.1a n3C 11MeeT BblCOKOe 

npocTpaHcTBeHHoe pa3peweH11e, noTpe6nAeT Many10 MomuocTb 11 YA06Ha e 3Kcnnya

Ta1.11111 6naroAapA ceoeii KoMnaKTHocrn. K AOCTO11HCTBaM n3c MO>KHo oTHecrn TaK· 

>Ke M~XaHl148C.Kyto npo4HOCTb, C:TOHKOCTb K YAapaM 11 0116paL111AM, HaAe>KHOCTb, 

OTHOCl1TenbHYIO ·AeW88113HY 11 Afl11TenbHblH cpoK cny>K6bl. 

fi11HeHHOCTb C~eTOO"!Tl148CKOro npeo6pa30B3Hl1A, >KeCTKOCTb pacrpa 11. cra611nb·. 

HOCTb BO BpeMeHl1 Aenator, nJC BblCOKOTO4HblM 113Mepl1TeneM. np'Ol?l1J1A · 11 npocTpaH· 

cTBBHt1oro pacnpeAeneu11A ny4KOB JapA>KeHHHblX 4acrn1.1. npeo6pa300aTen11 11306pa· 

meH11A Ha n3C noJsonRtoT ocymecTBl1Tb npocTpaHCTBeHHYto Al1CKpemJa1.111to. onm-

4ecK.oi:i 11Hcl>opMa1.11111 c 4lopM11poeaH11eM c11nianoe, nponop1.1110HanbHblX 11f!TeHCl1B· 

Hocrn ceeTOeoro noToKa. e Ka>K,qoH T04Ke npoe1.111pyeMoro 11306pameH11A: Ceoi:icrno 

n3C 3anoMl1HaTb nony4eHHyto 11H4lopMa1.111A 11 nocneAoaarenbHo eb100A11Tb ee no3BO· 

flAeT ocymeCTBl1Tb. CTblKOBKY onTl148CKOH C~CT8Mbl o6pa60TK11 11H¢opMa1.111i.i· c 1)33· 

nl14HblMl1 ycrpoi:icreaMH, a TOM 411cne 11 c 38M 12 1• 

Lllcnonb30BaH11e e Ka4ecree n·peo6pa300arenei:i KBap1.1eeb1x 11n1,1 KepaM114ecK11x 

fllOMl1HOl?OPOB nOJBOnAeT 11ccneAOBaTb . ny4Kl1 B YCKOpl1TeflAX C BblCOKl1M ea-
KyyMoM13 1• . . . 

OCHOBHblE OC06EHHOCTL'1 L'13MEPLl!TEfibH0171 YCTAHOBKLII 

CrpyKTYpHaA cxeMa ycTaHOBK11 np11BeAeHa Ha p11c.1. ny40K.YCKOpeHHblX 4acrn·1.1 

nonaAaer Ha M11WeHb, 113roToeneHHy10 113 ntoMl1Hocl>opHoro 3KpaHa, .o6naAato~ero 

6onbWl1M CBeToBblXOAOM' 11 BblCOKOH fll1HeHHOCTblO CBBTOBOH xapaKTep11CTl1Kl1. 

4acrb 3Hepr1111 ny4Ka nepeeoA11TcA e 3Hepr1110 on1114ecKoro A11ana3OHa sonH 11 Hanpae· 

nAeTCA C noMombto 3epKana 11 o6oeKTl1Ba Ha n3C-MaTpl11.1Y, HaXOAAmYtoCA B XO· 

flOAHOH KaMepe. 
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'Y npasneH 118. n 3C-npl18MH 11K0M 11306pa>KeH 11A 11 · o6pa60TKl1' B11A80Cl1rHana' (yc11• 
neH11e,, Koppen11posaHHaA·,Asor:iHaA ., Bb16opKa, ·· 12-pa3pAAHb1.:i AUn) · ocyu.cecTanAeTCA 
nnaTor:i KOHTponnepa·n3c, conpA>KBHHoro c: c11c:TeMHor:i ·u.i11Hor:i · riepcoHanbHoro'KOM· 
nblOTepa !'npasel.(-16". B C0CTaB 3BM BXOAl1T:onepal.\110HHaA'naMATb

7
6401<6ar:iT;'.Kna-

' s11aTypa, cpnonn11-AHCK;·s11H'lecTep'20M6;np11HTep 'A~100 11 LiBeTHor:i"M0Hlnop. ·· 
,.YnpaBJ18Hl18: pa60TOH. KaMepbi<' C11HXpoHl1311p0B8H0 •· C -:pe>KHM0M' pa60Tbr''{CKO· 

pl1T8J1A. 
OcHOBHblM' Y3fl0M '1,13Mepl1T8JlbHOH 'Cl1CT8Mbl. ABflABTCA: Manora6ap11THaA :oxna>K• 

'ABHHaA :· saKyyMH8A. n3C-KaMepa. C 0 np118MHl1K0M 'M306pa>KeHl1R" MAC 1256 ("Teena''!. 
, npo113BOACTsa 4C<l>P. ·• MaTpl1'1HaA· cTpyKTypa' MAC 1256 i1MeeT '256x256 'cjloTo'IYB· 
CTBl1T8JlbHblX ·3J18M8HT0B pa3M8p0M •24x24 MKM. C l.\BflblO n0BblW8Hl1A 'IYBCTBl1Teflb• 
H0CTl1 n3C-MaTp111.\bl ·1,1 'cTa611nbHOCTl1 ee pa6oTbl '0CYIU8CTBJ18H. pA,!l,''Mepcinp11ATl1H, 
HanpasneHHblX "Ha ycTpaH eH11e 'H eK0Topb1x·, HBAocTaTK0B, · np11cy1U11x" n3C"<:Tpy1<Ty: 
paM. 'K ''IHCny 'TaKHX 'H8AOCT8TKOB''eneAYBT OTHecrn: 'HeacjlcjleKTl1BHOCTb nepel-ioca 
38PRA8, H8CTa611nbHYIO ·se.n"1'111Hy TeMH0Boro T0Ka 'KaK BO BpeMeH11, TaK ws'nnoc-

KOCTl,1 M8TPl11.\bl. ' lltn,r":.:~i'\;. 'i.1'' ·I\ t•H~ 1 ~ .., .· ¥.th-• , ~ii h-1.lw• J a 

ij £~h:~!i;.,L ~.:;':,1:an1mmfl 
""' ~ )_J,t• fft_J_..··-..,~?81 • ..1. 



AaA11M aHant-13 yKa3aHHblM yKa3.aHHblM norpeWHOCTRM 1,1 npeAnO>Kl,1M MeTOAbl l,1X 

yMeHbWeHHR. 

He3cpcpeKrnBHOCTb nepeHoca 3apRAa· R~nRerci=i cneACTBHeM 3axsaTa 3apRAa Ha _. "' . . 
pa3HblX nosyWKaX B nonynpOBOAHHKe 1,1 B OTHOCHTenbHblX BenwrnHax OH.a B03pacrneT 

np1,1 nepeHoCe MeHbWHX. naK~OB 38pR.cia. AnR ee; yMeHbWeHHR 1,1cnonb3ylOT 3neKTp1-1-. 

4ecKylO 1,1n1,1 OnTW!ecKylO "1H>KeKLtl-1IO 38PAA8 B nycTylO ~4ei1Ky AO ypOBHR, COCTaBnRIO· 

· LUero 2 •• .4 % nonHoro 38pR.cia R'lei1K1-1: · · · 

TeMHosoi1 TOK 3anonHReT noTeHLtHani.Hble R4ei1Kl-1. TepMWleCKl-1 Bo36Y>KAaeMblM 

38PRAOM. n0Ht-131-1Tb em MO>KH·~ oxna>KAeHHeM n3C•CTPYKTypb1 6narOA8PR 3KCno

. HeHLtHanbHOH 38B1-1Cl-1MOCTl-1 'TeMHOBoro TOK8 OT TeMnepaTypbl 14 1
• T 8K, Hanpt-1Mep, 

np1-1· ....:40° C. ypOBeHb. TeMHOBoro TO Ka B 1000 pa3 MeHbWe, 'leM np~ KOMHaTHOH 
TeMnepai'ype. · · · · · 

BpeMeHHaR' HeOAHopoAHocTb TeMHosoro · -roKa RBnReTCR cneticrn1-1eM crnxa

crn'l~Koro npot.tec~a.TepM1-14ecKoro o6pa30B8Hl-1R _3~PRAa. np~MepHO 1/200 'laCTb 

scero TeMHOBoro To Ka. - speMeHHaR HeOAHOPOAHOCTb i-1n1,1 , wyM TeMHosoro TO· 
. . , . 

Ka. Mt-1Ht-1ManbHblH wyM n3C-CTPYKTYP 3aBl-1CITT OT TeXHonorn1,1 l-13rOTOBneHl-1R. 

reoMeTPl-14eCKaR HeOAHOPOAHOeTb TeMHOBoro TOKa RBnReTeR eneAeTBHeM o6pa-

3088Hl-1R pa3Horo Kon1-14eeTB3 38PRAa B pa3HblX cpoTo'lyBeTBl-1TenbHblX 3neMeHTaX 

np1,1 OAHHaKOBblX yenoBHRX C:41-1TblB8Hl-1R. TaKoe KOnH'lecTBO AnR 1,136paHHoro Q)OTO· 

3neMeHTa np1,1 noeroRHHblX yenOBHRX He MeHReTeR. no3TOMY, npeABapmenbHO 38· 

n1-1eas KapTY TeMHOBoro ToKa seex R'leeK (DC-map) npt-1eMH1-1Ka, MO>KHO 1-1enonb3o· 

BaTb ee B A8nbHei1Wei1 o6pa60TKE! Bt-1Aeoe1,1rHana. 

reoMeTp1-14ecKaR HeOAHOPOAHOeTb 4yseTBt-1TenbHOeTt-1 RBnReTeR HeOAHOPOAHO· 

eTblO B KOnH'lecTBe 38PRAa, B03Hl1K8IOLUero B pa3HbIX QlOT03neMeHTaX npt-1 OAHOPOA· 

HOM oeseLUeHl-11,1 seei1 CTpyKTypbl. 6noK A8HHbl.X, eoAep>KaLUHX 3TY t-1HcpopMaLtt-110, 

H830BeM KapTOi1 4yBeTBl-1TenbHoern (S-map). 

lib BblWecKa3aHHoro MO>KHO ·peKoMeHAOBaTb onT1-1Manb.Hb1i1 pe>1<1,1M pa6oTbl 

nJC-cTpyKTYPb•: 

- e nOMOLUblO xonOAa Heo6XOAl-1MO yMeHi.WHTb TeMHOBOH TOK (B HaWeM eny'lae 

TeMnepinypa M8TPl-1Llbl eocTaBnRna -60:) ; 

-.e noMOlUblO senoMoraTenbHoro He6onbworo 3apRAa s nyeTy10LUt-1X R4ei1Kax 

nOBblWaeTcR 3cpcpeKrnBHOeTb nepeHoea 38PRAa 1,13 nio6oi1 R'leHKl-1; 

- Heo6x0At-1Mo 3an1-1eaTb Kap-ry TeMHosoro TOKa ·(DC-map) np1,1 pa6o4ei1 TeMne

paType 1,1 t-1HTerpau1-10HHOM speMeH1-1; 

- 3an1,1eaTb KapTy 'lyBeTBHTenbHOeTt-1 (S-map) np1,1 pa6o4eH Ant-1He BOnHbl;· 

- pe3ynbT8T, 3an1,1caHHblH B 6noKe. AaHHblX End,. Pie, "nony41,1M KaK pa3Hl-1LtY 

6noKa BXOAHblX AaHHblX. 38 Bbl'leToM KaprnHbl ( Beg Pie) 1,1 KapTbl TeMHOBOro TO Ka 

DC-map, AeneHHOH Ha KapTy 4yseTBt-1TenbHOCTt-1 S-map; 

C noMOlUblO nporpaMMbl oeyLUeeTBnReTeA ynpasneHt-1e n3C, cxeMOH o6pa60TKl,1 

Bt-1Aeoe1-1rHanbI co61-1pa10TeR, o6pa6aTblBaioteR no anropHTMy, pean1,13yioLUeMy BblWe

yKa3aHHble Tpe6osaH1,1R. nporpaMMa Han1,1eaHa Ha A3bIKax Typ6o-nacKanb {sepe.5) 

1,1 AcceM6neJ) .. B naMRrn BblAeneHbl 'leTblpe 6noKa no 64 K6 {256x256x8 61-1T; 
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Puc. 2. 'llpeocraeneHue UH<popMaquu o nyYKe nporoHoB ouaMerpoM 2 CM a KaHane 
UHJl{eKquu cuHxpo<fta3orpoHa: a - nonepeyHoe ceYeHue c zpaoaquerJ no nnoTHocru 
Yacruq (a opuzuHane - qeerHoe u306pa}l(eHue); 6 - pacnpeoeneHue nnorHocru 

Yacruq no zopu3oHranu u eepruKanu; a - rpexMepHoe U3o6pBJl{eHue npo<ftunn 
nyYKB. 

DC-map, S-map, Beg .. Pie, End Pie). · Bee onepa1.11-11-1 esR3aHbl e 3Tl-1Ml-1 6noKaM1-1. Bo· 

speMR 3an1,1e1,1 HOBblX AaHHblX nonb30BaTenb yeTaHaBnt-1BaeT 6t-1T MeHbWero 3Ha4eHl-1R 

(0-4). onpeAenRR 3Tl-1M 8 1,13 12 61-1T, 1,1cnonb3088HHblX KaK BXOAHble A8HHble K8>KAOH 

R'lei1Kt-1 6noKa. 

B oeHOBHble cpyHKLtl-11-1 nporpaMMbl BXOART KOn111poBaH111e, cpasHeHllle III O'llllCTKa 

6nOKOB, 'lTeHHe 1,1 3an111eb 6nOKOB Ha AHCK, Bbl'llllCneH111e CpeAHero 3Ha'leHIIIA Ill epeA

Hero KBaApaTH'lecKoro oTKnoHeH111R B 6noKe, HopMam13a1.111R 6noKa, 3anycK n3C

cTpyKTypbl, IIIHTerp11posaH111e ·3apRAa C onpeAeneHHblMl1 napaMeTpaMl1 Ill, HaKOHet.1, 

1,1306pa>KeHt-1e 11130TepM1,11,1 6nOK(?B AaHHblX C IIIX Ce'!eHIIIRMIII B HanpasneHl1RX x. y 
111 TpexMepttoe 1,1306pa>KeH111e. 

T111nOBble np11Mepbl 1,1306pa>KeHl1R 3KpaHa A11CnneA np11seAeHbl Ha p11c.2. 
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, KPl.,10rEHl:IOE O6ECnE4EHI/IE KAMEPbl 

; Kp11orettHaA Cl1CTeMa COCTOl1T, 113 .U11n11HAPW!ecKOlii · BaKyyMHOlii. KaMepbl C onrn- · 
. 'lecKl1M O.KHOM> r1t16Kor~ BaKyyMHoro: Cl1nbq:>OHa C 'Tenno~JOn~poeaHHb,IM ~~16K11'M· 

;c l\:'!eAHblM npoeoAoM,: ~11nl1HAPl1'1eCKoro WT0Ka c rnnnonpoeoiioM 11 aAcop6Li110HHblM 
HaC0CQM., BCA, Cl1CTeMa· 11liAeeT. o6LU111ii BaKyyM,' noriy<taeMbllii np11 norpy>KeHl111. WTO~a 
B 'AbtOap C, >Kl1AKl,1M ,aJ0TOM. B Ka<teCTBe aJ;lcop6ettrn 11cnonbJyeTCA aKTIABl1poaaHH,bllii 

. yronb rnna:Af,'-2 C paJMepaM11· rpa~'yn <t>2x6 MM;· B aaKyyMHOM:o6~eMe 3 n; A0CTIAc, 
'raeTCA aaKyyM 10- 4 - i o-.s •, MM.pT.CT. Am,-Ha Cl1~bq:>0HHOro wnaHra MO)l<eT AOCT11~8Tb. ' 
1-3 M. B Ka'lecT~~ rn6Kor'a. i-ennonpoeoAa ·11cnonbJoeaH :MHoro>K11nb~b1lii MeAHb1lii • · ·. 

.:npOB0A rnna riw. ce<tetrne'M 6 MM2 :Tennonp11roK;K. noAno>KKe 'c n3C·MaTp11uelii 11 
r116KOMY, TennonpoB;AY ·.113-Ja· 'TennonpOBOAHOCT~ K0HCTpyKU110HHblX 'JneMeHTOB. 

'11 Tennoeoro 11Jny'leHl1A 0UeH11eaeTcA· e·2/3 BT. np11 06l1leM Tennonp"1TOKe B >K11AKl11ii:. 
aJoT ,.·3 · BT ,11 pery1111pyeMoM nepenaAe ·TeMnepaTYPbl H~. rnnnonpoeoAe',50-100 K 

0 M0>KH0 nony<t8Tb TeMnepaTypy noAn0>KKl1 n3C•M8Tp11Ubl .120-170 K (-150-,00° C) • 
Ab10ap rnna CAn-25 c JanacoM >K11AK0ro aJOra 2~ n M0>KeT 06ecne<t11ri,.cpyHKU110H11-

poaaH11e Cl1CTeMbl ~ Te'leHl1Ei 15 cyrn~. 

.' 3AKill04EH'1E .. 

· 3Kcnep11MeHTbl, 'npoBeAeHHblEi•Ha ny<tKax c11Hxpoq:>aJ0TpoHa, noKaJan11,• 'ITO no-. 
par <tyBCTBl1TenbHOCTl1. on11caHHOIII Cl1CTeMbl: C 11cnonbJ0BaH1t1eM, Jne1<TpO0nTl1'1ecKO
ro . npe·o6paJoeaT!lnA , YM-42M a Ka<tecTae .ceeToBoro npeAyc11n11TenA • cocrne11T 
1 ·104 AAep .yrnepoAa/cM2 ;'npoweAWl1X nlOMl1HOq:>Op CsJ(TI) C 3Heprne111 10 T:iB/HyK
noH. Ha ny'IKe,11HmeKrnpa 0np1-1ycKopeH1111 npornHoB.JHeprne111. 20.M3B·nopor·'lyB
cTe11TenbH0CT11 COCrna11ri 2;0•107np./CM76eJ npeJ;leap11TenbH0ro yc11neHl1A CBeTa •. 

-l/lcnonbJOBaH11e n10Ml1HOq:>opoe 113 'QKl1C1t1-an10Ml1Hl1A, aKTl1811p0B8HHblX xpoMOM, 
fl0380fll1T yaenl1'111Tb · 'lyBCTBl1TenbHQCTb ·on11caHHOH Cl1CTeMbl, 'T.K- cneKTpanbHaA 
<tyBCT811TenbH0CTb n3C-c:rpyKTypbI 6yAeT coanaAaTb co cneKTp0M 113ny'leHl1A yKa-

38HHoro nlOMl1HOq:>opa. 
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C11cT;Mbl AnA 1-1ccneAOBaHl1A npocTpaHCTBeH.HblX "xapaKTep11C;l1K 

ny'IKOB Ha QCHOBe np1-16opoe C JapAAOBOIII CBA3bl0 

{, 

P9-91-301 

j ~ 
'· PaJpa6oTaHa c11cTeMa AnR A1t1arnocT1-1K1-1 nonepe<tHblX paJMepoe 1-1 pacnpe-

AeneH11R nnoTH0CTl1, '18CTl1U, OCH0BaHHaR Ha 1-1cnonbJOBaHl111, oxna>K,llaeMOIII. 
n3C-MaTp11ub1, pa60T~toll.le111 a AHanaJoHe .cin1-1H a·onH 400-1100 HM. C1-1cTeMa 

11cnonbJ0BaHa A~~ MOH"1TOPl1POBaH"1Fl ny<tK0B Ha '{CKOp1-1TeJ1bHOM KOMnneKce 
C"1Hxpoq:>aJoTpoHa 8 A1t1anaJ0He "1HTeHCl-1BHOCTe111 ny<tKOB 103 7 10 12 <tacrnu/cM 2 

1,1 a A1t1anaJ0He JHepr11111 10-;. 104 MJB. Oxna>KAeH11e n3C-MaTp11Ubl np1-1aoAHT ' 

K yMeHbu:ietll-1IO co6cTBeHHblX wyM0B MaTPl-1!.lbl 1-1 o6ecne<tl-1B~eT AJ11t1TenbHblH 

pe>K"1M' xpaHeH"1Fl 1,1 l1HTerp1-1poaaHl-1Fl JapAAa 8 R'leHKe, n3C.'' B, pa6orn AaH0 
KpaTKoe on1-1caH1-1e cocTaaa annaparypbI, nporpaMMHon,· 06ecne<teH1-1R, Kp1-10-

,reHH0_111 1-1 onTH<tecKOH 'laCTl-1 Cl-1CTeMbl. 

Pa6oTa BblnOJlHeHa 8 Ila6opaTop1-11-1 BblCOK"1X 3Hepn1111 0111 A 111. 

Coo6mffrne 061,e;:i;mJeHHoro IDfCTHTyra 11;:i;epHbIX HCCJI®OBaHHH. 'lly6Ha 1991 

nepeaoA·aaTOpoa 

Cambel V. et al. .P9-91-301 

Systems for Resear~h of Spatial Beam Characteristics Based on CCD . '' . 
A. system for the on-line diagnostics of spatial sizes and particle density 

. distribution· b~sed on a cooled CCD camera operating over a wavelength. inter
val of 400-1100, nm has been devel~ped. It was tested for beam monitoring 
at the Synchrophasotron accelerating complex in an intensity range. of 103 -;. 
-;. 101 2 part./cm2 .and· for energies ot' fo-;. 104 MeV; CCD matrix cooling leads 

to. lower noises and provides_ a longer ~t~rage in a CCD pattern.' The sy.stem 

hardware,'software, cryo·genic and optical parts are also described •.. 
The investigation has been performed at the. Laboratory of _High Energies, 

JINR.. . 

Commu'~catio~ of the Joint Institute for Nudear Research. Dubna 1991 


