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BBEAEHHE 

.[\IlR HCCileAOBaHHR xapaKTepvtCTHK H3Ily4eHHR npH KaHailVIPOBaHVIH 
sneKTPOHOB H no3HTPOHOB BbiCOKHX 3HeprHI1 a 1980 roAY a H$83 
6btna co3.qaHa ycTaHoBKa "KpVICTann". 0cHosoi1 /1I1R ee co3f1aHHR 
nocnyH<Hna annapaTypa, c noMOU\biO KOTopol1 6bm nocTasneH 31<cne
PHMeHT no OTKilOHeHHIO 4aCTHI..\ H30rHyT~MVI MOHOKPHCTannaMVI /~/.3Ta 

.annapaTypa 6b1Jla CYlJ.IeCTBeHHO MOf1VI$HI..\VIPOBaHa VI AOnOI1HeHa. nepBble 
pe3yilbTaTbl 1-iCCileAOBaHHH Ha ycTaHOBKe 11 KpVICTai1J1 11 8 ny4Ke no3~1T

POHOB ony6m1KOBaHbl 8 pa6oTe 121• B HaCTORlJ.IeH pa6oTe COj1epll<HTCR 
OnHCaHHe OCHOBHbiX AeTeKTOPOB, perl-iCTPHPYIOUieH VI y"npaBilRIOlJ.IeH 
3!1eKTPOHHKH, CVICTeM CBR3vt C 38M, OH-nai1H-nporpaMM, npvtBOARTCR 
OCHOBH~e napaMeTp~ YCTaHOBKVI, 

CxeMa ycTaHOBKVI "KpHCTann" npHBeAeHa Ha PHC. 1 • nyliOK 3JleKT
pOHOB /n03HTPOHOB/ naj1aeT Ha MOHOKpHCTaJ1IlVI4eCKYIO MHWeHb, pa3-
Mel!leHHYIO 8 A1-1CTaHL~HOHHO ynpasnReMOM roHHOI~eTpe. ,[\nR onpef1ene
HHR TpaeKTOpHH 4aCTHL~bl /10 VI nocne I·U1WeHVI HCnOI1b3yeT.C.A CHCTeMa 
APei1$os~x KaMep, crpynnvtposaHH~x a Tpex 6noKax. 4eTsepTwl1 6noK 
APei1$os~x KaMep cnym1-1T AI1R onpeAeneHHR TpaeKTOPHH 4aCTHI..\~ 
nocne aHailH3HPYIOU\ero MarHHTa. raMMa-KaaHTW, VICnycKaeM~e 

B MHWeHH, perVICTpVIpyiO'TC.A AeTeKTOpOM Ha OCHOBe CI..IVIHTHJ1JH1PYIOUlero 
KpVIcTanna CSJ(Tl) 1 OKpymeHHor·o CBVIHL\OBOH 3all\I-!TOH VI CHCTeMOH 
C4eT4VIKOB aHTHcosnaAeHvti:!. Yrn~ swneTa raMMa-KsaHTOB VI3MePRIOTC.A 
C nOMOll\biO 6JlOKa APeH$0BbiX KaMep CO BCTpoeHHbiM KOHBepTOPOM, pac
nonomeHHOrO HenocpeACTBeHHO nepeA paAV~aTopoM raMMa-cneKTpoMeTpa. 

51 M 
C2 CsJ (Tl) A4-A7 
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PHc. I • CxeMa sKcnepHMeHTBJihHOI':i: yeraHomm. S 1 , S 2 , S 3 , 

'.A 1 - A 8 - CQHHTHJIJIHQHOHHbie c<Ie'r'IHKH, ~c 1-~cs - onoKH p;pe:i1¢o

BbJX KaMep, PbGl - tiepeHKODCKHH C'leTtJ:HK HOJIHOI'O norJIOI.I\eHHR 

c pap;HaTopoM H3 CBHHQOBoro cTeima, CsJ(Tl) - raMMa-cneKT

poMeTp Ha OCHOBe MOHOKpHCTaJIJia Qe3HU-HOp;, Cl, 02- KOJIJIH
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AnR MAeHTM$MKaUMM BTOPM4H~X 3neKTPOHOB /noawTpoHoa/ wcnonb
ay~TCR IlMBHeB~e 4epeHKOBCKMe C4eT4MKH M3 CBMHUOBOrO CTeKna, 
nepeKpbiBa~ll.\Me AMana30H MMnynbCOB OT 5 AO 10 r3B/c. YcTaHOBI<a 
aanyCKaeTCR CMCTeMO~ C4eT4MKOB COBnaAeHM~ M aHTMCOBnaAeHM~ M 
pa6oTaeT Ha nHHHM c 3BM EC-1040. 

I!Y40K 

~CCileAOBaHMR npOBOAMilMCb Ha ny4Ke 3JleKTpOHOB M no3MTpOHOB. 
~CT04HMKOM 3IleKTPOHOB M n03MTpOHOB .RBJl.ReTCR KOHBepTOp, pacno
IlO»CeHHbl~ BHe MarHMTHOrO nOil.R yCKOPHTeJl.R Ha HanpaaneHHM C yrnoM 
OKOI10 2,5 no OTHOWeHM~ K nepBM4HOMY ny4KY npOTOHOB. 3neKTpOHbl 
/n03HTpOH~/, o6pa30BaHH~e B KOHBepTope, 3aBOpS4MBa~TCR B KaHan 
C •nOMOil.\b~ MMnynbCHOrO MarHHTa. npMMeCb aApOHOB B ny4KSX 3I1eKT
pOHOB M n03MTPOHOB He npea~waeT 1%. 3TH ny4KM MMe~T 6nM3KMe xa
paKTepMCTMKH, H nepeXOA C OAHOro BHAa 4aCTHU Ha APYrO~ He 
Tpe6yeT 60JlbWOrO paCXOAa BpeMeHH. ~HTeHCMBHOCTb ny4KOB npM 
3~eprMM 10 r3B COCTaBn.ReT OKOJ10 10

5 
4aCTMU 3a 4MKI1 YCKOpMTen.R 

npM MHTeHCHBHOCTM npOTOHOB, c6pac~BaeM~X Ha MMWeHb, OKOilO 10 12 • 
~MnYilbCHOe pacnpeAeneHMe ny4KOB MMeeT cpeAHeKBaApaTM4HW~ paa6-
poc oKono 130 M3B/c. Ha pMc.2a,6 npwseAeHbt yrnoabte xapawrepMc
TMKM 3JleKTpOHHOrO ny4Ka. 8 pa~oHe KpMCTanna ny40K MMeeT cpeAHe
KBaApaTM4HY~ yrr.osy~ paCXOAHMOCTb OKOJ10 +1 MPaA M ero pa3Mep 
COCTaBn.ReT OI<OJ10 20 MM /nonHaR WMPMHa Ha-nonOBMHe BbiCOTbl/. 
HacTpO~Ka M KOHTponb 3a napaMeTpaMM ny4KOB OCYil.\eCTBilAilMCb C 
noMOil.\b~ onMCbiBaeMo~ ycTaHOBKM. BoccTaHoeneHMe TpaeKTOPM~ 4ac
™U C MCnOI1b30BaHMeM APe~¢OB~X KaMep no3BOil.RJ10 nony4aTb npo¢MI1M 
ny4Ka M ero yrnoawe xapaKTepMCTMKH. 

OnTHM~3AUH~ $0HOBNX YCnOBHA 

AnR HCCileAOBaHMA 3HepreTM4eCKMX xapaKTepMCTMK Many4eHMA, 
B03HMKa~Ulero B MOHOKPMCTSJlJlaX, CilylKMil raMMa-cneKTpOMeTp Ha oc-
HOBe CLIMHTMililMPY~Ulero MOHOKPMCTanna CsJ(Tl). AnR nony4eHMR 
C ero nOMOil.\b~ ~1CTMHHbiX 3HepreTM4eCKMX cneKTpOB He06XOAMMO I-1MeTb 
TOJlbKO OAHOKpSTH~e SKT~ M3Jly4eHMR, TO eCTb BepORTHOCTb MCnyc
KSHMR raMMa-KBaHTa M3 MMWeHM AOilmHa 6~Tb MHOrO MeHbWe eAMHMU~
AnR 3Toro Heo6xoAMMO wcnonb30BaTb o6pa3Ubl KpeMHMeBb!X KpMCTan
noa TOilll.\MHO~ He 6on~e 100 MKM. 

npM npoxomAeHMM 4aCTMI.Ibl 4epe3 YCTSHOBKY Hap.RAY C MCCileAye
M~M M3IlY4eHHeM B03HMKaeT $OHOBOe TOPM03HOe M3J1y4eHMe B Bell.\eCT
Be y,CTaHOBKM /Cl.\HHTMilil.Rl.IMOHHble C4eT4MKM, Ma~napOBble OKHa MOHO
npOBOAa, MOAYI1M APe~¢os~x KaMep M T.A./. HHTeHCMBHOCTb TOPM03~ 
Hero M3Jly4eHMR M3 MOHOKpMCTanna KpeMHM.R TOilll.\MHO~ 100 MKM, 
OpMeHTMpOBaHHOrO CJly4a~H~M o6pa30M, COCTaBil.RilO 6~ He 6onee 
2% OT MHTeHCMBHOCTM $OHOBOro M3Jly4eHMA B Bell.\eCTBe yCTaHOBKM. 
~CHO, 4TO OnTMMH3aUH.R $OHOB~X YCilOBM~ B 3KCnepMMeHTe RBn.ReTC.R 
cepbe3HbiM aonpocoM, M yMeHbi!JeHMe BeUleCTBa 6btno, nepBbiM waro~1 ero 
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peWeHittR. 6biJ10 MlttHittMittS!ttpOBaHO Bell.\eCTBO C~lttHTittJlJlR~IttOHHbiX C4eTI.II-1-
KOB Itt MaHJlapOBbiX OKOH 140HOnpOBOAa. Becb TpaKT ny4Ka B YCTaHOBKe, 
0611\aR AJ114Ha KOTOpOrO paBHReTCR OKOJlO 70 MeTpoe, BaKyyMHpoean
CR' lttCKJ1104aR C~I4HTittJ1Jll1~1ttOHHbiH C4eT41ttK s2. MOAYJlltt APei1¢lOBbiX Ka
Mep 14 cneKTpoMeTp BTopi44HWX 4aCTI4~. Apei1¢losaR KaMepa AC2 pa6o
Tana npl-1 nOHHmeHHOM AaBJleHHH, 1-1 Bee ee npOBOJlOI.IKI-1 6b1Jll-1 BWHece
Hbl HS pa6o1.1ei1 o6nacTH. CyMMapHoe KonHI.IecTao aeiJ.IeCTBa s ycTa
HOBKe nocne M14HI4MI43a~HI4 cocTasnRno oKono 5xlo-2 paA14a~I40HHwx 
eAHHI4~. AnR Toro, 4T06bl c)loHoaoe HSJlyl.leHHe e cl.leT414Ke S 1 14 BXOA
HOM OKHe 140HOnpOBOAa He nonaAaJlO B anepTypy raMMa-cneKTpoMeTpa, 
C4eT414K pa3MeiJ.IaJ1CR r1epeA paSAaT04HbiM MarHI4TOM M, a HOHOnpOBOA 
Hai.IHHaJlCR B cepeAHHe 3TOrO MarHI4Ta. ¢loHOBble H3MepeHHR nOKa3aJ1H, 
I.ITO OCHOBHOH BKJlaA B OCTaBWHHCR c)>OH AaeT HSJly4eH14e B C4eT4HKe 
s2 14 MOAYJlRX APeH¢lOBbiX KaMep AC1 14 AC3. Anl1 Aaf!bHei1wero yMeHb

weHIIIR ljJOH a 14CnOJlb30BaJ1HCb 04HIJ.Iai01J.114e MarHHTbl. nocKOJlbi<Y raMMa
KBaHTbl 14SJly4aiOTCR B Y3KOM yrJlOBOM .QHanaaoHe OTHOCHTeJlbHO SapR
meHHOH l.laCTH~bl, TO C noMOil.\biO MarHI4Ta MOmHO npOCTpaHCTBeHHO pas
AeJlHTb HSJlyl.leHHe, o6pa3y101J.1eecR AO MarHHTa 14 nocne Hero. Hcnonb
sosaH~tte MarHHTa Ml nocne nepa6ro 6noKa KaMep c yrnoM OTKnoHe
HHR 3 MHJlJlHPaAHaHa 1-1 MarHI4Ta M2 nepeA TpeTbHM 6JlOKOM KaMep 
c yrnoM OTKJlOHeHHR 5 M14J1JlHPaAHaH no3BOJ114JlO pesKo yMeHbWHTb 
~OH. npH 3TOM B pa601.1y10 anepTypy raMMa-cneKTPOMeTpa nonaAaJlO 
OKOJlO 1% c)loHa, o6yCJ10BJleHHOrO BeiJ.IeCTBOM ycTaHOBKI4, I.ITO OKa3a
J10Cb BnOI1He npHeMJleMbiM. 

KOOPAHHATHWE AETEKTOPW 

B Ka4ecTee KOOPAHHaTHWX AeTeKTopos ~ttcnoi1b30BaJ114Cb APei1¢loawe 
KaMepw, pacnonomeHHWe 8 nRTH 6noKax. ACl, AC3 M AC4 COAepmaT 
no 4X- 111 4Y-nnocKOCTH/SI.ApeAc)loewe. nnocKOCTH e 6noKax AC1 111 AC3 
HMeiOT pa3Mepw 12,5x12,5 cM 2,a s 6noKe AC4- 25x25 cM~CHrHanb
Hwe npOBOJ104KH AHaMeTpOM 20 MKM 1113 30JlOI.IeHOrO BOJlbc)lpaMa HaMo
TaHbl c waroM 42 MM TaK, I.ITO MaKCMManbHaR AJlHHa APeA¢losoro npo
MemyTKa COCTa8J1ReT 21 MM. 8 Ka4eCTBe pa6o1.1ero rasa HCnOJlb30Ba
JlaCb cMeCb 67,2% aproHa +30,3% Hao6yTaHa + 2,5% napoe MeTHnariR. 
CHrHanw c npo80JlOI.IeK no~TynanH Ha ycMJ1HTenb-AHCKPMMHHaTop 141 , 
HMeBWMH nopor cpa6aTWBaHHR OKOJlO 2 MMKpOaMnep. KaMepw BMeCTe 
C yC14JlMTei1RMI4 6WJ11tt noMell.\eHW 8 3KpaHHPYIOIJ.II4e TepMOCTa614J114SHpOBaH
Hble 60KCbl. 

ApeA¢losaR KaMepa HHSKoro AaBneHHR AC2, cocTORIJ.IaR 14S 2X-
M 2Y-nJlOCKOCTeA, 6btJla pa3pa6oTaHa cne~HaJlbHO AJlR HaCTORIJ.Iero 
3KcnepMMeHTa. HcnoJlb30BaHI4e cTaHAapTHoro 6noKa APei1¢lo8WX KaMep 
8 MecTe 'pacnonomeHMR AC2 6biJlO He~enaTenbHO 1-13-3a 6onbworo MHo
roKpaTHOro pacceRHMR - noPRAKa 100 MKPaA. AnR cpa8HeHI4R OTMeTHM, 
I.ITO KplttTHI.IeCKHH yron KaHaJlHpOBaHMR l.laCT14~ npM 3Hepri4H 10 r3B 
AJlR'nJlOCKOCTI-1 /110/ COCTaBJlReT OKOJlO 65 MKPaA. KpoMe 3Toro, 
KaK OTMel.laJlOCb BWWe, 6WJ10 He06XOA14MO MMHI4MH3HpOBaTb c)>OH, B03-
HHKai011\HH 8 BeiJ.IeCTBe 3Toro AeTeKTOpa. 
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PHc. 3. CxeMa pacrronolKeHHH rrpoBoJio'l:eK B p;Byx p;pell:tlJoBbiX 

IIJIOCKOCTHX KaMe phi HH3KOJ"'O p;aBJieHHH B O,!l;HOH H3 IIpoeKIJ;HH j 

) - IIpOBOJIO'l:KH C HYJieBbW IIOTeHIJ;HaJIOM, 2 - IIPOBOJIO'l:KH, 

tlJopMHPYID~e 3JieKTpHqeCKOe IIOJie B p;peli:tlJOBOM IIpOMelKYTKe, 

3 - CHJ"'HaJibHbie IIPOB OJIOqKH. 

0 

0 

0 

0 

YMeHbweHHe eeiJ.IeCTBa a KaMepe AC2 npOI43BeAeHo sa c4eT MHHH
MM3a~HM TOJliJ.\MHbl MaHnap08WX OKOH, 8biHeceHHR BCeX np080JlOI.IeK 1-13 
pa6o1.1eA o6nacTH 1-1 CHHmeHHR Aa8neHHR ra3a. KaMepa pacnonomeHa 
HenocpeACTBeHHO nocne rOHHOMeTpa 1-1 BMOHTHpOBaHa B HOHOnpOBOA 
ycTaHOBKitt. Ee ra30BbiH o6beM orpaH~tti.IMBaeTCR MaAnapoBbiMM OKHaM~tt 

TOJliJ.IIttHOH 12 MMKPOH. KOHCTPYK~IttR KaMepw /eM. p!ttc.3/ ycTpaHReT 
Jle8o-npasyl0 HeOAH03Ha4HOCTb B onpeAeJleHittltt KOOPAHHaT. HMeeTCR 
B03MOmHOCTb no cyMMe epeMeH APeAc)la c ABYX nnocKocTeA HCKJl~l.laTb 

nomHwe TpeKH. KamAaR nnoCKOCTb KaMepbl paaAeneHa Ha ABa APeHc)loebiX 
npoMemyTKa npoTRmeHHOCTbiO 5 MM, CHrHaJlbl c A8YX nposonol.leK OAHOH 
nJlOCKOCTitt CYMM14PYIOTCR. Pa6o1.1aR o6JlaCTb KaMepw HMeeT pa3Mepw 
1 Ox1 0 MM 2 • KaMepa co6paHa 143 cTeKnoTeKcTonHTOBbiX paMoK c BHYTpeH
HI4M OKHOM 80x80 MM~ ra308aR CMeCb COCTORJla IllS 62% aprOHa, 28% 
H3o6yTaHa 1-1 10% napo8 MeTHnanR. AaaneH~tte pa6o1.1ero rasa a npo
~ecce 3Kcnepi4MeHTa 6wno pa8Ho 250 Top, np~-1 3TOM KOJ1H4eCTBo 
Bell.\eCTBa 8 KaMepe 8AOJ1b ny1.1Ka cocTaBnRno oKono 5x1o-4 paAI-la~HoH
HWX eAHHI4~. AnR perl-lcTpa~MI-1 Cl4rHanoe c KaMepw 1-lcnonbsosancR 
YCHJ11-1Tenb-A14CKpHMHHaTop, 1-lMeiOIJ.IHH nopor OKOJlO 0,5 MKA, pa3MeiJ.IeH-
HbiH B 3KpaHHPYIOIJ.IeM 6oKce. , 

):lpeA¢lo8ble KaMepbl AC 1 , AC2 1-1 AC3 cnymaT AnR onpeAeneHI4R TpaeK
TOPHH 3neKTPOH08 /no31-1TpoHo8/ AO 111 nocne Ml4weH!-1, CyMMapHaR To4-
HOCTb 6JlOKa 06W4HWX KaMep /1-13 l.leTwpex nnOCKOCTeH/ COCTaBJlReT 
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Pac.4, PacnpeAeneHHe OTKnOHeHKfi KOOPAHHaT B nc2 OT npHMOH, 
BOCCTaHOBneHHOH C HCnonbSOBaHHeM ABYX nnoCKOCTeH nc2. 
A- AaeneHHe ISO Top, cpeAHeKBaApaT~Hoe OTKnoHeHHe 
cocTaenneT 120 MKM; B - AaBne•me 250 Top, cpeAHeKBaApa-

rTH~Hoe OTKnOHeHHe COCTaBnHeT 90 MKM. B npeAnOno~eHHH 
paBHOTO~HOCTH HSMepeHHH MO~HO SaKniD~HTb, qTO cpeAHeKB~
paT~HaH OmH6Ka AnH K~OH HS nnOCKOCTeH X H Y COCTaBnHeT 
170 MKM H 130 MKM COOTBeTCTBeHHO, 

1~b 
N 

120 

100 

eo 

60 

PHc.S. PacnpeAeneHHe co6hlTHH 
no yrny paccenHHH B Y-nnocKoc
TH B ceaHce 6es MHmeHH. CpeA
HeKBaApaTH~Hoe OTKnOHeHH~ co
CTaBnHeT 33 MKPaA, 

40 

20 

2~ 

9, MKPAA 
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PHc.6. KoHCTPYKl.UiH ncs. 

OKOnO 50 MKM, T04HOCTb 6noKa APeH~OB~X KaMep H~3KOrO AaBneH~~ 
/~3 ABYX nnoCKOCTeH/- OKOnO 90 MKM /eM. p~c.4/. 3TO o6ecne4~
aaeT pa3peweHJ.1e no yrny axoAa e npoeKLI~~ OKono 6 MKPaA, a no 
yrny B~XOAa, C y4eTOM MHOrOKpaTHOrO pacce~H~R B ~C2, - OKono 
30 MKpaA. O~eHK~ noKa3~aa~T, 4TO pa3peweHHe ycTaHosK~ no yrny 
pacceRHHR B OAHOH npoeK~~~ AOnll<l-10 COCTaBnRTb OKOno 35 MKpaA. 
Ha p~c.5 np~eeAeHo pacnpeAeneH~e ~3MepeHH~x yrnos pacceRHHR a 
Y -npoeK~H~ AnR 3neKTPOHOB C 3Hepr~eH 10. r38 B ceaHce 6e~ MH
WeHH. CpeAHeKBaApaTH4Hoe OTKnoHeHHe AnR 3Toro pacnpeAeneH~R co
cTaenReT 33 MKpaA, 4TO COOTBeTCTByeT np~BeAeHH~M O~eHKaM. 
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PHc. 7. KaHan perHcTpau;ml H KanH6poBKH p;pel1¢oBbiX KaMep. 

4eTeepT~~ 6noK APe~~os~x KaMep AC4 wcnonbayeTCH AnH waMepeHHH 

HMnynbCa BTOPH4H~X 4aCTH4, 06ecne4HBaH T04HOCTb ny4We 4eM ~1%. 

3Ta T04HOCTb onpeAenHeTCH OAHOPOAHOCTb~ nonH aHanH3Hpy~~ero 

MarHHTa H T04HOCTb~ MarHHTH~X H3MepeHM~ , 

nHT~~ 6noK APe~~OB~X KaMep AC5 co BCTpOeHH~M KOHBepTopoM cny
lliHT AnH H3MepeHHH yrnoe BblneTa y-KBaHTOB M3 KpMCTanna no eoc

CTaHOBneHHO~ KOOPAMHaTe BepWMH~ aneKTpoH-n03MTpOHHO~ nap~. 

6noK AC5 /eM. p~t~c.6/ cocTOMT Ma Tpex APe~~os~x nnocKocTe~, 

aHanorM4H~x nnocKOCTHM e AC1 M AC3, e KOTOp~x aaAe~cTeosaH~ ABe, 

TpM M 4eTbipe CMrHanbHble. npoeon041<M COOTBeTCTBeHHO. ,l\m'l MMHMMM3a-

4MM OWM6KM BOCCTaHOBneHMH T04KM KOHBepCHM y-KBaHTa KOHBepTOp 

6bm MaKCMManbHO np~t~6nwmeH K KaTOAHO~ nnocKOCTM nepsoro APe~~o

soro npoMemyTKa. KOHBepTOp Bbi6MpancH AOCTaT04HO TOHKMM, 4T06bl 

/ He YXYAWaTb 3HepreT~t~4ecKoe paapeweHMe y-cneKTPOMeTpa M npeAOT

epaTMTb paaBMTMe 3neKTPOMarHMTHOro nMBHH, 4TO ysenM4MBaeT 

KOOPAMHaTHY~ OWM6Ky np~t~6opa. Hcnonb30BancH MeAHbl~ KOHBepTOp 

TOI1~MHO~ 0, 064 paAMa4MOHHbiX eAMHM4. 
CosMeCTHO c KaMepaMM AC2 M AC3 np~t~6op o6ecne4MBaeT M3MepeH~t~e 

)'1J10B y-KsaHTOB 8 Y-npoeK4MM c T04HOCTb~ oKono .4 MKPaA. 

TpaKT perMCTPa4MM cMrHana c nposono4KM AI1H AC1-AC5 npeACTas

neH Ha p~t~c.7. C~t~rHan, c$opMwpoeaHH~~:yc~t~nMTeneM-AMCKpMMMHaTopoM,. 

no B~COK04aCTOTHOMY Ka6en~ nocTynan B AOMMK 3Kcnep~t~MeHTaTopa, 

rAe e~e pas pereHep~t~posancH. Ka6enb o6ecne4~t~san aaAepmKy oKono 

400 HC . , He06XOAMMY~ AnH Bblpa60TKM CMrHana 11 CTapT Sl(n". CMrHanbl 

nocTynanM Ha sxogbl 11 CTon' 1 speMH-4M~POBbiX npeo6paaoeaTene~, MMe~

~MX 4eHy OTc4eTa 300 He. S KaMepax AC1-AC4 KamAO~ c~t~rHa!lbHO~ 
nposono4Ke COOTBeTCTBOBa!l ceo~ KaHan sun. s 6noKe gpe~$OB~X 
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KaMep AC5, rge gnR per~t~CTPa4MM aneKTpoH-no3MTpOHHO~ nap~ Tpe-

6osanocb o6ecne4MTb CDeM geyx c~t~rHanoe c Kamgo~ npoeono4KM, 

e TpaKT 6bln Ao6asneH cne4~t~anbHbl~ 6noK, BbiAenH~~M~ KamA~~ BTopoi1 

MMnynbc. TaKMM o6paaoM, Ha Kamgy~ M3 npoeono4eK 6bmo aagelkTso

saHo gea KaHana sun. KoHTPOI1b KaHanoe per~t~CTPMPY~~e~ 3IleKTPOHM

KM M Kan~t~6poeKa BUn ocy~eCTBI1fii1MCb c noMo~biO c~t~rHanoe "TecT 11 , 

nocTynaiO~MX Ha sxogbl yc~t~n~t~Tene~ cpaay me nocne ~t~Mnynbca ycKo

p~t~TemL np~t~ Kan~t~6posKe BUn CMrHanbl 11TecT 11 3aAepm~t~sanMCb OTHo

CMTe!lbHO cTapyosoro MMnynbca. Paan~t~4H~e gn~t~TenbHOCTM aagepmeK 

3agasai1MCb KBap4eBbiM reHepaTOPOM M nOA6MpanMCb TaKMM o6pa30M, 

4T06~ nepeKp~Tb pa6o4M~ gwanaaoH npeo6paaoeaTene~. 

MHWEHb 

B Ka4eCTBe MMWeHe~ B 3KCnepMMeHTe MCnOI1b30BanMCb 6e3gMcnoKa~ 

4MOHHble MOHOKpMCTann~ KpeMHMfl /4MCnO AMCnoKa4MA He npes~waeT 

1 0 CM - 2 I. KpwcTannbl 6bmM paapeaaHbl negneHAMKynApHo ~t~ccnegyeMbiM 

KpMCTannorpa$M4eCKMM OCHM C T04HOCTb~ OKOilO 0,2° H BblnOI1HeHbl 

B BMge AMCKOB TOn~MHO~ 0,5 MM H 6onee. Af1H nony4eHMfl TOHKMX 

Mlt!WeHe~ 4eHTpaJ1bHaH 4aCTb 06pa34a AMaMeTpOM 18 MM BbiTpaBnMsa

naCb go HYlliHbiX pa3Mepoe. MMHMManbHaH TOJ1~MHa MMWeHM COCTaBnBI1a 

20 MKM, a CaMbiA TOnCTbl~ M3 MCCnegyeMbiX o6pa340B MMen Ton~M~Y 

10 MM. MOHOKPMCTai1nbl KpenMnMCb B o6o~My, no3BOnHBWY~ OgHOBpe

MeHHO ycTaHaBn~t~saTb AO 4eTblpex paanM4HbiX o6paa4os. 06o~Ma ycTa

Hasn~t~sanacb s roHMOMeTpe M HMena AMCTaH4MOHHoe ynpasneH~t~e. Kam

gbiA M3 o6pa340B 6bin BCTaBJleH B penepHoe KOnb40, BblnOI1HeHHOe 

B BMge nonynpOBOgHMKOBOrO AeTeKTOpa, CMrHanbl C KOTOporo MCnonb-

30BanMCb npM aanycKe YCTaHOBKM Anfl 4eHTPOBKH KPMCTannos C no

MOIUb~ TpaeKTOpM~ ny4KOBbiX 4aCTM4. np~t~ npeABaPMTenbHO~ ~CTMpOBKe 

nnocKaH nosepxHoCTb KamAoro KPHCTanna c noMOIUb~ OTpameHHoro 

naaepHoro ny4a s~cTaBnBnacb nepneHAMKynBpHo ocw ny4Ka. Bpa~Ue

HMeM KPMCTanna B rOHMOMeTpe CHMManacb op~t~eHTa4MOHHafl 3aBMCH

MOCTb 4Mcna raMMa-KsaHTOB OT yrna nosopoTa KPMCTanna. OnpeAe

neHMe nonomeHMfl KpMCTannorpa$M4€CKMX OCeH M nnOCKOCTeA M MX 

MAeHTH~MKa4Mfl ocy~UeCTBnfln~t~cb no n~t~KaM e yKa3aHHO~ aaBMCMMOCTM, 

s'aKcnep~t~MeHTe 6blna MCnOI1b30BaHa rOHMOMeTpM4eCKafl CMCTeMa, np~t~
MeHfiBWafiCfl B HCCI1eAOBaHMfiX no KaHai1MpOBaHM~ npM 3HeprMfiX 8 16

, 

35, 100 M 250 raS 161. 3ya· CMCTeMa n03BOnflna gMCTaH4MOHHO noeo

pa4MBaTb KpHCTann BOKpyr gsyx B3aMMHO nepneHAMKYnflpHbiX oceA, 

4eHa OTC4eTa COCTaBI1flna 0,001°. 

rAMMA-CnEKTPOMETP 

0gHOA M3 OCHOBHbiX 3aga4 3KCnepMMeHTa fiBI1flnOCb MCCI1eAOBaHHe 

3HepreTM4eCKMX cneKTPOB Y-KBaHTOB, o6pa3y~IUHXCfl B KPMCTanne 

np~t~ npoxomAeHMM aneKTpoHoB M noaMTPOHOB BbiCOKHX 3Heprw~. Oco-

6eHHOCTM 3TMX cneKTpOB npM 3HeprHM nepBH4HbiX 4aCTH4 10 raS gnH 

pem~t~MOB nnocKoCTHoro KaHan~t~poeaHMfl AOnmHbl nemaTb s o6nacTH 

go 200 MaS, a gnR ocesoro KaHan~t~poeaHMfl - AO 1 ras 171• Anfl 

cneKTPOMeTpHM y-KeaHTOB B 3TOM 3HepreTM4eCKOM AMana30He HaH6o-
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Pee. 8. CxeMa ra.MMa-cneKTPOMeTpa. A8 - A 8 - CUHHTHJIJ11U~HoH
Hbie Ct.IeTttHKH. 

nee pa~HOHaJlbHbiM np1-160pQM RBJlReTCR !1HBHeBbiH AeTeKTOp Ha OCHOBe 
C~HHTHJlJlHpy~~ero pa,QHaTopa lSI. 

AeTeKTOP /eM. pHc. 8/ BblnonHeH Ha ocHoee MOHOKPHCTanna CeJ(Tl ), 
HMe10111ero ¢lopMy 411fli-1HAP8 C AHaMeTpOM 150 MM 1-1 AJlHHOH B,QOJlb ny4Ka 
230 MM. nnoTHOCTb Bell\eCTBa MOHOKPHCTa!1!1a p = 4,51 r/cM 8 ,pa,QI-1a~~1-
0HttaR A111-1Ha X 0 =1 ,8 cM,pa,q~--taTop npocMaTpHeaeTCR O.QHHM $OTOYMHO
~HTeneM THna $3Y-49 C ,QHaMeTpOM $OTOKaTO,Qa 150 MM. 

CneKTpoMeTp npe,qHasHa4ancR .Q11R pa6oTbl a WHPOKOM .QHHaMH4ecKoM 
AHanasoHe. Jlnn nony~o.~eHHR xopowero paspeweH~--tR a o6nacTH HH3KHX 
3HeprHH Heo6XO,QHM 110JlHbiH c6op $OT03JleKTpOHOB B $OTOYMHOmHTeJle. 
npH 3THX yCJlOBHRX B peaJlbHOM 3KCnepHMeHTe TOK 4epe3 $OTOYMHO
~HTeJlb B o6bi4HOM pe~~--tMe $3Y 6b1Jl HaCTOJlbKO BeJ1HK, 4TO B03HHKa-
11a Cyll\eCTBeHHaR HeCTa6HnbHOCTb YCHJleHHR $3Y, 3aBHCRil\aR OT sa
rpy3KH AeTeKTopa. npo6neMa 6b1Jla peweHa yMeHbWeHHeM K03$$H~HeH
Ta YCHJleHHR $3Y C O,QHOBpeMeHHbiM yBeJlH4eHHeM YCHJleHHR cneKTpo
MeTpH4eCKOH 3JleKTPOHHKH. JlnR COXpaHeHHfl 3$¢let<TI<IBHOC'TH c6opa 
$OT03JleKTpOHOB Ha nepBble 3JleKTpO,Qbl $OTOYMHOmHTeJlR no,QaBaJlHCb 
peKOMeH,QOBaHHble HanpR~eHHR. 06111ee HanpRmeHHe'Ha ,QeJlHTeJle ¢l3Y 
He npeablwano npH 3TOM 660 B. TaKHt-1 o6paaoM 61>1na AOCTHrHyTa 
XOpOWaR CTa6H11bHOCTb K03$$H~HeHTa ,yCHJleHHR $3Y B YCJlOBHRX 6onb
WHX 3arpy30K. 

AI)R AOCTH~eHHfl paapeweHHR AUn a o6nacTH HH3KHX 3HeprHi1 y -
KBaHTOB(OKOJlO 0,1 M38/0TC4eT)6biJlH HCI10Jlb30BaHbl ,QBa TpaKTa pe
rHCTpa~HH CHrHanoa c $3Y. CxeMa cbeMa HH$OpMa~HH ~ raMMa~ 
cneKTPOMeTpa npe.qc;:TaBJleHa Ha P~<~c.9. TpaKT, B KOTOPOM C1!1rH3Jl 
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PHc.9. CxeMa CbeMa HH~opMaUHH c raMMa-cneKTpoMeTpa. 

CHHMaJlCR C aHOAa $3Y, o6ecne4HBaJl H3MepeH~<te 3HeprHH npHMepHO 
,QO 1 r3Ba, AHOAH~H Tpat<T, B KOTOpOM CHrHaJl CHHMaJlCR C nocJleA
Hero AHO,Qa $3Y, HMeJl pa604HH AHana30H AO 10 r3B. noJlHbiH AHana-
30H nepsoro aMnm1TYAHO-~H<J>poeoro F1peo6paaosaTenR aHO.QHor'o 
TPaKTa cooTBeTcTsosan 3HeprHH 200 M3B, no3TOMY AJlR perHcTpa~HH 
y-KBaHTOB C 3HeprHeH 1 r3B CHrHaJl ,Qanee AeJlHJlCR B OTHOWeHHH 

1:5 H nocTynaJl Ha BTOPOH aMnJlHTYAHO-~H$pOBOH npeo6pa30BaTeJlb. 
TaKHM o6paaoM, perHcTpa~HR y-KaaHTa npoH3BOAHnacb O.QHoepeMeHHO 
a Tpex AHanaaoHax: 10 + 200 M3B; 10 + 1000 M3B; 10 + 10000 M3B-c ~e
Hm1 oTc4eTa OKono 0,1 M3B; 0, 5 M3B H 5 M3B cooTeeTcTBeHHO. An11 
YMeHbWeHH.A paa6poca CIArHallOB H3-3a ,Qpel.1$a 11 HYJ1R 11 npOH3BO.QHJl0Cb 
H3MepeHHe 11 HYJleBoro' 1 noTeHI..IHaJla cneKTPOMeTpH4eCKOrO aHO.QHOrO 
TpaKTa aa !1 Mt<c AO pa6o4ero cHrHana. 

KpoMe TpaKTa perHcTpa~HH cneKTpoMeTPH4eCKHX cHrHanoe B cH
cTeMe CbeMa HH$OpMa~HI;I C y-cneKTpOMeTpa 6b1Jl opraHH30BaH Tat< 
Ha3b1BaeMbiH epeMeHHOH TpaKT, B KOTOpOM CHrHaJl C 6biCTporo BbiXOAa 
aHO,QHOrO npeAYCHJlHTeilR npeo6pa30Bb1BaJlCR B JlOrH4eCKH~ HMnyJlbC. 
3TOT HMnyJlbC onpe.QeJlRJl MOMeHT npOXOm,QeHHR ~laCTHL\bl 4epe3 y -
cneKTPOMeTp. PerHcTpal.IHR MOMeHTa speMeHH ocyllleCTBJlRJlacb c no-· 
MOil\biO cne4HaJ1bHoro BUn c t~eHoH oTc4eTa 20 He e AHana3oHe' +5 MKC 
OTHOCHTellbHO CHrHaJla sanycKa ycTaHOBKH, Ha pHc,lQ npHBe,QeHO pac
npe,QeneHHe OTC4eTOB 3Toro npeo6pa30BaTeJlR ,QJlR 3aperHCTpHpOBaH
HbiX co6biTH~. Ha pHCYHKa BH.QHO, 4TO apeMeHHOe paapeweHHe TpaKTa 
He xyl!<e L10 He. HcnonbaoaaHHe 3To~ HH$opMa~HH a nocne.QyiOil\eM aHa'~ 
JlH3e ,QaHHbiX n03B01lH110 npHMepHO B. 100 pa3 yMeHbWHTb $OH CJ1Y4a~H~X 
co6biTH~. 
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PHc.IO. Pacnpe~eneHHe co6WTHH B 3aBHCHMOCTH OT oTcqeToB 
BUll BpeMeHHOro TpaKTa raMMa-crreKTppMeTpa. 

PHc.ll. KanH6poBKa raMMa
cneKTPOMeTpa C DOMO~biO 11Me
qeHHbJX11 cl>oToHOB. IIo ocH 
aoC~HCC OTRO~eHa pa3HOCTb 
~p ""(po-p), r~e p 0 - cpe~

HHH HMDynbC rryqKa, p - HMITYRbC 
BTOpHqHoro 3neKTpOHa, a.no 
OCH Op~HHaT - OTcqeThl ra~
Ma-cneKTpOMeTpa. .UaHmie nony
qeHhi BO BpeMH Haoopa CTaTHCTHKH 
C MOHOKpHCTanROM KpeMHHH TOn
mHHOH 50 MKM. CnnomHaH KpHBaH -
ITORHHOMHaRbHbii:'f. ijlHT • '· 

wor---------------------------------. 

400 
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1000 2000 3000 

~P, M3B 

raMMa-cneKTpOMeTp, OKpy~eHHW~ C 4eTwpeX CTOPOH C~~HT~nnA~~oH
HbiM~ c4eT4~KaM~ At- A4, paaMell.lancA HenocpeACTBeHHO nocne 6noKa 
APe~lt>OBbiX KaMep co BcTpoeHHWM KOHsepTopoM AC5, nepeA KOTOPbiM 
p'acnonarancA cs~H~OBbl~ Konn~MaTop c anepTypo~ 60x60 ·MM 2 • C4eT-
4HK~ OKpy~eH~A cny~~nlll AnA OT6paKOBKH C06b1T~~, B KOT,OPbiX 4epe3 
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paAHaTop cneKTPOMeTpa npowna lt>OHOBaR aapA~eHHaR 4acT~~a. CHrHa
nbl C H~X, aan~CbiBaeMble BO BXOAHO~ perHCTp "LATCH'~ np11 Heo6xo
A~MOCT~ Morn~ BKnl04aTbCR Ha aHT~COBnaAeHHe C OCHOBHbiM C~rHanOM ' . aanycKa ycTaHOBK~. PaA~aTop cneKTPOMeTpa 6bln noMel!leH B CBIIIH~0-
8YIO 11 py6aWKY 11 C TOnlli~HO~ CTeHOK 60 MM, KOTOpaA nornOII.lana 4aCT~
~bl n~8HA, BbltueAW~e aa npeAenbl paAHaTopa. raMMa-cneKTpOMeTp Ill 
APe~$OBaA KaMepa C KOH8epTOpOM 6wn11 OKpy~eHW CB~H~OBO~ 3alli~TO~ 

TOnlliHHO~ OKOnO 250 MM. ~CTIIIpOBKa raMMa-cneKTpOMeTpa 8 ropH30H
TanbHO~ Ill 8epT~KanbHO~ nnOCKOCTAX OCYilleCTBnAnacb no nono~eHHIO 
ny4Ka TOpM03HOro H3ny4eHHR OT M~WeHH, onpeAenReMOMy• C nOMOII.lbiO 
CKaHHPYIOII.lero C4eT4~Ka T~na 11 C3HABH4 11

• 

Ka~6posKa.cneKTpoMeTpa npoH380A~nacb c noMOillbiO paA~OaKTH8-
HbiX ~CT04HHKOB, a TaK~e no KOppenA~~~ HMnynbCa 8TOP~4Hb1X 4ac
T~~ ~ OTC4eT08 raMMa-cneKTPOMeTpa /MeTOAOM 11Me4eHHbiX lt>OTOH0B 11

/ -

eM. pHc.11. Co8oKynHocrb Kan~6poso4Hwx AaHHwx oT paA~oaKTH8Hblx 
~CT04H~KOBH 1 ~e4eHHbiX ¢0TOH08 11 XOPOWO OnHCbl8aeTCR nonHHOMHanb
HO~ aa8HCHMOCTbiO, HenHHe~HOCTb KoTopo~ 8 o6nacTH 3HeprH~ AO 
3 raB He npe8wwaeT 10%. 3Ta xapaKTepHCTHKa AeTeKTopa, onpeAe
nReMaA, no-BHAHMOMy, TOnlliHHO~ paAHaTopa Ill 3a8HCHMOCTbiO K031tl
$H~HeHTa cseToc6opa OT 3HeprHH raMMa-KsaHTa, Hcnonbaosanacb 
np11 pacKOAHPOBKe AaHHwx. Ami KoppeK~HH AOnrospeMeHHbiX HecTa-
6HnbHOCTe~ cneKTPOMeTpH4eCKOrO TpaKTa BO BpeMA Ha6opa CTaTHC
THKH Henpephl8HO perHCTpHpOBanacb HH$OpMa~HA 06 HOHH3a~HOHHbiX 
noTepAX ¢oHOBWX ~-Me30HOB B paAHaTope cneKTpOMeTpa /OKOnO 
130 MaB/, AnA 4ero Ka~Abl~ wecTHaA~aTbl~ aanycK ycTaH081<H npoi13-
BOA11nCR.OT C4eT4~KOB Ae 111 A~ BKnl04eHHWX Ha cosnaAeHHA. MArKaA 

KOMnOHeHTa ~-Me30HOB /E ~1 r3B/ OTCeKanaCb C nOMOillbiO norno
UiaiOUiero ¢HnbTpa. AnA KoppeK~HH HecTa6HnbHOCTe~ TPaKTa so speMA 
HMnynbca YCKOPHTenA, 06b14HO He npeBwtuaBWI1X 3%, npOI13BOA11ni1Cb 
aanycKI1 oT c8eTOf.IHOAa. 

PaapeweHI1e raMMa-cneKTPOMeTpa npH 3HeprH11 1 M3B onpeAenAnocb 
nb KanH6pOBKe OT paAHOaKTHBHOrO 11CT04HHKa 6°Conpl1 BbiCOKOM K03¢
$H~I1eHTe YCHneHHR ¢3Y H COCTaBnRnO 8% /nonHaA WHPHHa Ha nono
BHHe BbiCOTbl/. B pa6o4HX ycnosHAX np11 HanpA>KeHHH Ha 11>3Y 660 B 
A06asnAnHcb wyMbl TpaKTa sem14HHO~ OKono 0, 1 MaB. O~eHKH not<a-' 
aw8aJOT, 4TO np11 3HeprHH 100 M3B AeTeKTop HMeeT paapeweHHe H6 

xy~e 3%. 

3AnYCK YCTAHOBKH 
I 

Bo 8peMA Ha6opa CTaTI1CTHKH 6bin0 HCnonb30BaHO WeCTb Tl1n08 aa-
nyCKOB. Ka~Abl~ 1113 aanycKoB HMen ceo~ HAeHTH¢11KaTop, perHCTpH
pyeMbl~ 8 "H4e~Ke "LATCH". 04ePeAHOCTb aanycKOB onpeAenAnacb 

cne~HanbHbiM 6nOKOM. 
OcHoBHci~ THn aanycKa 6wn npeAHa3Ha4eH AnA perHcTpa~~~~~~~ co6w

TH~, B KbTOphlX nep8H4HaA 4aCTH~a H3ny4Hna raMMa-KBaHT C 3Hep
rHe~, npeBbiWaiOII.le~ noporosoe 3Ha4eHHe. l'erl1cTpa~HA co6biTHA npol1c
XOAHna'npH HanH4HH CHrHana OT ny4KOBOrO· TenecKona St·~·At·A2, 
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cpa6aT~?IBaH!.1R ecex npoeono4eK 6noKa APe~ut>oBbiX KaMep AC2 1.1 cHrHa
na c raMMa-cneKTPOMeTpa, aMnni-1TYAa KOToporo npee~waeT HeKOTopwA 
nopor. 8 ceaHCaX C TOHK!.1M!.1 MHWeHRMH AOnOJ1HI-1TeJ1bHO Tpe6oeanOCb 
cpa6aTbiBaHHe C4eT4HKa Sg. pacnono>KeHHoro nocne 6noKa APeA<J>oBbiX 
KaMep AC4 1.1 nepeKpb1Ba10111ero ero anepTypy. 

C4eT4HK sl !.1M en paaMepbl C~HHT!.1J1JlRTOpa 1 Ox 1 0 CM 2 T01111\HHOi1 
3 MM H, KaK y>Ke OTMe4anocb, 6bl1l ycTaHoeneH nepeA paaAaT04HbiM 
MarHHTOM M; C4eT4!.1K 8 2 C TaKHMH >Ke pa3MepaMH H TOJ11!1!.1HOH 2 MM 
ycTaHaBnHeancH nepeA 6JlOKOM APei1<J>oBbiX KaMep AC 1 . C4eTLJHKH aHTI-1-
cosnaAeHMH A 1 c OTBepcTHeM AHaMeTpoM 1 0 eM ~1 A 2 c OTBepcTHeM 
AHaMeTpOM 8 MM orpaHH4HBaJ1H pa3Mep peri-1CTpHpyeMOH LJaCTH ny4Ka. 
06a 3T!.1 C4eT4HKa 6bl11!.1 pa 3Mel!leHbl B HOHOnpOBOAe. 

Tpe6oaaHHe cpa6aTbiBaHHR AC2 AllR perHcTpa~Hw nepeH4Hoi1 4aCTW' 
~W BBOAHJlOCb BCJleACTBHe HaJ1H4HR JlOlKHWX OTC4eTOB TeJleCKOna 
S 1 · Se: ·At· .A 2• COAep>Kal!lero acero ABa C4eT4HKa coenaAeHMH. 
CHrHan, CBI-1AeTen~cTBYIOIIIHH o cpa6aTwBaHHH scex nposono4eK 6noKa 
,llC2, nocTynan C 3aAeplKKOH,COOTBeTCTBYIOI!IeA MaKCHMaJlbHOMY epeMeHH 
APei1!lJa. npH OTCYTCTBHH :nora CHrHana Bblpa6aTbiBanc.R 11MnyJ1bC 
o4HCTKH scex HH<J>opMaJ4HOHHbiX MOAYnei1 /aa ~1CKn104eHI-1eM nepec4eT
HWX ycTpOHCTB/, 3anpe111anocb CLJHTWBaHHe HH<J>OpMaUHH, H CHCTeMa 
perHCTpaUHH nepeBOAHJlaCb B pelKHM OlKHAaHHfl cneAYIOI!Iero C06biTHR. 

AHanorHLJHWM o6pa30M !.1CnOJ1b30BancR CHrHan, CBHAeTenbCTBYIOIIIHi1 
o perHCTPaUHH raMMa-KBaHTa. AnnapaTypHo 3TOT KpHTepHA Mor 
1-iaKnaAWBaTbC.R ABYMR cnoco6aMH. Bo-nepeblx, noATBeP>KAe"HHe o pe
rHcTpauHH co6b1THR Morna Bblpa6aTblsaTbCR no CHrHany c epe~eHHoro 

TpaKTa raMMa-cneKTPOMeTpa B TeLJeHHe OAHOH MHKpoceKyHAbl 
nocne npoxmKAeHHR ny4Koeoi1 4acno~ubl. np1o1 31'0M nopor 
AHCKPHMHHaTopa BpeMeHHOrO TpaKTa YCTaHaBnHBaJlC.fl Ha YPOBHe 
3 M3B. Bo-eTopbiX, nOATBCP>KAeHHe Morna ocyl!leCTBJlRTbCR no aMnnH
TyAe cHrHana co cneKTpoMeTpH4ecKoro KaHana raMMa-AeTeKTopa. B 
3TOM CJ1y4ae nOATBeplKAaiOI!IHH CHrHan Bblpa6aTb1BaJ1C.fl cneu~aJlbHbiM 

npoueccopoM, onpawHBaiOIIIHM OAHH H3 aMnnHTYAHo-uH<I>POBbiX npeo6pa
aoeaTenei1 H cpaBHHBaiOIIIHM npeo6paaoeaHHOe 3Ha4eHHe c 4HCJ10M, 
aaAaeaeMbiM onepaTopoM Ha nepeAHeA naHenH 6noKa. Ha 3TY onepauHIO 
3aTpa4HBaJ10Cb OKOJ10 15 MKC, 

B cneuHanbHbiX cny4aRx, KOrAa Tpe6oeanocb Ha6paTb 6onbWYIO 
CTaTHCTHKy KOHBepTHPOBaHHbiX raMMa-KBaHTOB, aanyCK ycTaHOBKH 
AOnonHRJlCR Tpe6oeaHHeM cpa6aTb1BaHHR ecex nnocKocTei1 6noKa APeA
<!>OBbiX KaMep ,llC5. 

3anyCKH OCHOBHOrO THna OCYI!IeCTBJlRJlHCb AeCRTb pa3 1-13 wecT
HaAUaTH. 

80 BTOpOM THne 3anycKOB, TaK Ha3b1BaeMOM aanycKe 6e3 KPHTe
pHeB, He06XOAHMbiMH YCJlOBHRMH RBJlRJlHCb cpa6aTbiBaHHe ny4KOBOrO 
TenecKona 81 • 82 . At . A 2 H ecex nnoCKOCTei1 6noKa APei1<!>0BbiX 
KaMep ,llC2. 3anycK 6e3 KPHTepHeB OCYI!IeCTBJlRJlCR OAHH pa3 1-13 
wecTHaAuaTH. B 3THX aanycKax per!.1CTPHPOBanacb HH<J>opMaUHR o na
AaiOI!IeM. nyLJKe, KoTopaR HE!o6xOAHMa AJlR HOPMHPOBKH 3KcnepHMeHTanb
HWX AaHHbiX. 
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,llnR KanH6pOBKH AeTeKTOPOB H KOHTPOJlR 3a pa60TOi1 ycTaHOBKH 
6WJ1H 3aAei1CTBOBaHW e111e 4eT~pe THna 3anyCKOB. • 

KaK y>Ke OTMe4aJ10Cb, OAHH pa3 B ~HKJle H3 WeCTHaAUaTH OCyl!leCT
BJlRJlCR TaK Ha3biBaeMbli1 Me30HHbli1 aanycK. Aea aanycKa H3 wecTHaA
~aTH npoH3BOAHJlHCb AJlR perHCTPaUHH HMnYJlbCa OT CBeTOAHOAa. 3TH 
AaHHble HCnOJlb30BaJ1HCb AJlR KaJlH6pOBKH raMMa-cneKTPOMeTpa ,80 Bpe
MR Ha6opa CTaTHCTHKH. 

0AHH pa3 B UHKJle H3 WeCTHaAUaTH npOH3BOAHJ1CR aanycK, He 
CHHXpOHH3HpOBaHHbiH C npOXOlKAeHHeM 4aCTHJ4bl. npH o6pa60TKe ,O.aHHbiK 
no 3THM aanycKaM onpeAenRnHcb HyneBble oTc4eTbl AUn. 

nocneAHHi1 H3 THnOB aanyCKOB - TeCTOBWi1 - reHepHpOBaJlCR nocne 
HMnYJlbCa YCKOpHTeJlR. Bo epeMR 3TOrO aanycKa OCYI!IeCTBJlRJlCR KOH
TpOnb 3JleKTPOHHKH APeA<J>oBbiX KaMep, npoH3BOAHnacb KanH6poeKa 
B4n, no CHrHanaM OT CBeTOAHOAa KOHTPOJ1HpOBaJ1CR cneKTpOMeTpH-
4eCKHi1 TpaKT. 

l:ibiCTPMl 3JlEKTPOHI1KA 
0T6op co6~THH, BW3BaBWHX cpafiaT~BaHHe CQHHTHJlJlRUHOHHbiX 

cl.leT4!.1KOB, npoeoJ1o4eK AC1, KaHana epei-leHHoro TpaKTa raMMa- , 
cneKTpOMeTpa, nJlOCKOCTe~ ,llC5,npOH3BOAHJ1CR C nOMOI!IbiO 6~cTpoi1 
3J1eKTpOHI-1KH, B KOTOPYIO BXOAHJlH AHCKPHMHHa'TOpbl C perynHpyeMbiM 
noporoM H npoAneeaiOI!IHMCR HMnynbCOM, cxeMbl coenaAeHHi1, reHepa
Topw 3aAepmeK H APYrHe 6J10KH. noporH AHCKPHMHHaTopoe ycTaHae
JlHBaJlHCb Ha ypOBHe 1QQ M~, WHPHH~ HMnYJlbCOB B KaHanax COBnaAe
HHH cocTaBJ1RJ1H 20 He, e KaHanax aHTHcoenaAeHHi1 - 40 He. 

BbiAeneHHe ny4Ka npoHCXOAHno c noMOI!IbiO cxeMbl, Ha BXOA aHTHcoe
naAeHHH KOTOpOi1 6~11 noAaH 3aAep>KaHH~H CHrHaJl CO C4eT4HKa 82 AJlH
TeJlbHOCTb~ 0,5 MKC. 3TO rapaHTHPOBaJlO perHCTpaUHIO TOJlbKO TeX 
C06b!TH~, nepeA KOTOpbiMH 4epe3 C4eT4HK 8 2 He npowna HH 
OAHa 4aCTHUa B Te4eHHe epeMeHH MHHHMYM 0,5 MKC, 06paayeMbli1 
TpHrrepOM CHrHaJl aanycKa AnHTeJlbHOCTbiO 0,5 MKC CTp06H
poBaJ1CR CHrHaJlOM 8 2 H 3aHOCHJ1CR B perHCTP "LATCH'~4TO AaBano 
OTMeTKY o HanH4HH ny4KOBbiX 4aCTH4 nocne aanycKa. 3anpeT npoxom
AeHHR 4aCTHUbl B HHTepeane BpeMeHH 0,5 MKC AO H nocne 3anycKa 
6~11 Heo6XOAHM AJlR noAaBJleHHR ABYTPeKOBbiX C06biTHi1. 

,llnR <J>opMHpOBaHHR CHrHana CTapTa BUn HMnyJlbC COenaAeHHH 
8 1 ·8 2 ·A1 ·A 2 paCWHPRJlCR AO 50 HC H CTp06HpOBaJ1CR CH~HaJlOM CO 
C4eT4HKa S2 ,TaK 4TO nepeAHHi1 <J>pOHT CTapTOBOrO HMnynbca COOTBeT
CTBOBan nepeAHeMy <J>pOHTY CHrHaJla CO cqeT4HKa 82• ,llnR yMeHbWeHHR 
epeMeHHoro paa6poca cHrHan co c4eT4HKa 82 <!>OPMHpoeancR e Henoc
peACTBeHHO~ 6J1H30CTH OT <J>3Y Ha ypOBHe AHCKPHMHHaUHH 50 MB. 
8 CJ1y4ae OTCYTCTBHR rOTOBHOCTH ycTaHOBKH 3anyCK 6noKHpOBaJ1CR 
noTeHL.tHaJlOM "INHIBIT", KOTOpbli1 CHHMaJlCR 111<160 nocne 4HCTKH HH
<J>opMaUHOHH~X 6nOKOB AJlfl, C06WTH~ 6e3 nOATBeP>KAeHHi1, 111.160 nocne 
nepeAa4H AaHHbiX B 38M. 

Bee cxeMbl coenaAeHHH pa6oTanH 'e pemHMe nepeKpbiTHi1. HMnynbcoe, 
4TO HCnOJlbSOBaJlOCb AJ1R npoeepKH npaBHJlbHOCTH 3aAep>KeK CHrHaJlOB 
C nOMOI!IbiO perHCTpaUHH WHPHH B~XOAH~X HMnyJlbCOB. 
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CHCTEMA YnPABnEHHR H PErHCTPAUHH 
3neKTp,OHHa.A CI<1CTeMa CIAHXpOHJA3a41AIA, ynpaeneHJA.A Ha6opoM AaHHbiX 

lA lAX perJACTpa41AIA, a TaKme CIACTeMa CB.A31<1 C 38M C03AaHW B CTaH
AapTe KAMAK 1<1 noMe~a~TC.A a Tpex KpeHTax, opraHJAaoeaHHwx a eeTBb 
KAMAK YHJAeepcanbHbiM APaHeepoM eeTBIA IBI. Per~<~CTPIAPY~~a.A annapaTy
pa ycTaHOBKIA cocTO~<~T ~<~3 KOMMepyecK~<~ AOCTynHbiX 6noKoB, KAMAK, · 
nOCJleAOBaTeJlbHOCTb KOTOpbiX onpeAeJl.AeT C!>OpMaT MaCCIABa Cl>1<131<14eCKOH 
IAHC!>OpMa41<11<1. bJlOK-CXeMa CIACTeMbl ynpaelleHIA.A lA periACTpa41AIA, TJAnbl 
3JleKTpOHHbiX 6JlOKOB 1<1 KOJ11<14eCTBO C41ATWBaeMbiX C HIAX CJlOB npJAileAe
':'bl Ha PIAC , 1 2. 

5noK per~<~cTpa "LATCH "~<~cno11b30Banc.A A11.A aanoMJAHaH~<~.A ecnoMo
taTeJlbHOH IAHC!>OpMa41AIA 0 C06biTIAIA. L\Jl.A per1<1CTpa41<11<1 CIArHaJlOB 6biCT
poi1 3JleKTPOHIAKIA, IA3MepeHJA.A BpeMeHIA C06biTIA.A B paCT.AmKe 1<1 BpeMeHIA 
npoxomAeHIA.A 4aCTIA4bl 4epea y -cneKTpoMeTp np~AMeH.AJlJACb ABa 6noKa 
nepec4eTHWX ycTpoi1cTe. TpH 6noKa aMn111ATYAH0-4HCI>POBWX npeo6-
paaoeaTeneH perJAcTpJApoeanH HHC!>opMa4H~ c y-cneKTPOMeTpa, wHpHHbl 
nepeKpWTIAH CHrHanoB Ha cxeMaX COBnaAeHHH, AaHHWe C 4epeHKOBCKIAX 
JlHBHeewx c4eT41AKOB. HHct>opMa41A.A c APeAct>oswx KaMep perHcTpJApoea
nacb 12 6noKaMH speM.A-4HC!>POBbiX npeo6paaosaTeneH no 8 KaHanos 
KamAbiH. 04epeAHOCTb MOAYJleH perHCTPHPY~~eH annapaTypbl 6b1Jla no
A06paHa TaKHM o6pa30M, 4TO nepeAa4y MOmHO 6bl110 Ha4HHaTb, He 
OmHAa.A OKOH4aHIA.A KOHBepCIAH 8 npeo6paaoeaTeJ1.AX. 

,CIACTeMa ynpaBJleHH.A H CHHXpOHJA3a4HH 6w11~ C03AaHa Ha OCHOBe 
6noKoe, paapa6oTaHHWX cne41AaJ1bHO A11.A 3KcnepHMeHTa. Ee aaAa4aM~A 
.ABJl.AJlHCb CIAHXPOHH3a4H.A pa60TW ycTaHOBKH, 38M H yCTpOHCTB npeA
CTaBJleHIA.A AaHHWX C 4HKJ10M YCKOpJATen.A, Bwpa60TKa nocneAOBaTeJlb
HOCTH aanyCKOB, KaJ1H6pOBKa BUn, OT6op C06WTIAH no KpHTepH.AM. C 
noMO~b~ cneLIHanbHO paapa6oTaHHbiX 6noKOB 6bi110 o6ecne4eHo conp.A
meHHe C 3BM rpae!>H4eCKoro AHCnJle.A JEKTRONIX-:611/lO/, anct>aBHTHo
LIHC!>posoro TepMHHana DZM-180-KSR 111 

1<1 nynbTa ynpasneHH.A ycTa
HOBKH /! 2/, 

L\n.A ynpasneHH.A ycTaHosKoi1, c6opa H aHaJ1H3a AaHHWX npHMeH.A
nacb YAaneHHa.A 3BM THna EC-1040. Pa60TOH nporpaMM MomHo 6wno 
ynpaBJl.ATb 1<13 AOMHKa 3KCnepHMeHTaTOpOB npH nOMO~H TepMHHaJla 
DZM -180-KSR H nynbTa ynpasneHH.A, peaynbTaTbl aHanHaa BbJBOAH11HCb 
Ha AUnY BW4HCJ1HTenbHOH MaWHHW, a TaKme Ha AHCnneH H TepMHHan 
ycTaHoBKH. L\paHeep eeTBIA KAMAK npHcoeAHH.AJlC.A K ceneKTOpHOMy Ka
Hany 3BM 4epea 6noK ce.Aa~A 11 3 1 H 6noK conp.AmeHH.A c EC-1040 114/, 
L\paHeep c noMO~b~ 6noKa conp.Am~HH.A eeTBH o6ecne4Hean Bblnon
HeHHe KOMaHA KAMAK KaK a OAHH04HWX, TaK H rpynnoswx pemHMax, 
noaeon.A.A BblnOJlH.ATb ABYCTOPOHH~~ 6n04HY~ nepeAa4y AaHHbiX. OH 
OCy~eCTBJl.AJl CIAHXpOHH3aLIH~ pa60Tbl nporpaMM C pa60TOH YCTaHOBKIA. 
Ha speM.A pacT.AmKH ny4Ka ycKopHTen.A 6noK conp.AmeHIA.A HMen cne
LIHanbHWH pemHM pa60TW, B KOTOPOM 04epeAHWe co6wTH.A nepeAOBaJlHCb 
B 38M KaK OAHH MaCCHB AaHHWX. nponyCKHa.A cnoco6HOCTb YCTaHOBKH 
npiA nepeAa4e AaHHWX B 38M cocTaBJl.AJla 1400 co6WTHH B CeKYHAY, 
T.e. 420 K6ai1T s ceKYHAY· 
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EC1040 < :; I I yrrpaBneHHn H perHCTpaQHH. 

OH-nA~H-nPOrPAMMW 

COBOKYnHOCTb OH-naAH-nporpaMM 6wna cneLIHaJlbHO C03AaHa AJl.A 
H3y4eHIA.A npolleCCOB KaHaJlHpOBaHH.A 4aCTIALI BWCOKIAX 3HeprHA. npo
rpaMMbl o6ecne4HBa11H peweHJAe eonpocos c6opa 1<1 HaKonneHJA.A AaH
Hwx1161, BOCCTaHOBJleHHe TpaeKTOPIAH 4aCTHLI nO HHC!>OpMaLIHH C ApeA
C!>OBWX KaMep, aHaJ11<13 3KcnepJAMeHTaJ1bHOH ~H~OpMaLIHH, nep~Aa4y pe~ 
3YJlbTaTOB aHaJ1H3a Ha TePMHHaJl lA AIACnJleH B AOMHK 3KCnep~<~MeHTaTopa. 
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KOHCTaHTbl, Heo6XO,QI-1Mble ,QJlR BOCCTaHOBJleHHR TpaeKTOpH~ 4aCTH~, 
B~4HCJlRJlHCb no HH~OpMa~HH C ,Qpe~~OB~X KaMep. Ha4aJlO OTC4eTa 
apeMeHH e Kam.QOM KaHane orpe.QenRnocb no HHmHe~ rpaHH~e a pac
npe.QeneHHH BpeMeHH ,Qpe~~a, CKOpOCTb ,Qpei1~a Bbi4HCJlRJlaCb HS CyM
Mbl epeMeH ,Qpei1~a no OTC4eTaM C ABYX conp.RmeHHbiX npOBOJlOK B COCe,Q
HHX nJlOCKOCTRX. C.QBHrH ,QpeH~OBbiX nJlOCKOCTeH OTHOCHTeJlbHO o6~ei1 CHCTeMbl KOOp,QHHaT HaXO,QHJlHCb no OTKJlOHeHHIO KOOp,Q~1HaT B ,QaH
HOH nnocKOCTH oT np.RMo~. 

BoccTaHoeneHHe TpaeKTOPHH sap.RmeHHbiX 4acTH~ noseon.Rno nony-
4aTb HH~OpMa~HIO 0 npOCTpaHCTBeHHbiX, yrJlOBbiX H 3HepreTH4eCKHX 
xapaKTepHCTHKax nY4Ka. Koop,qHHaTHble ,pacnpe.~:~eneHH.R ny4Ka s z -no
SH~HH C4eT4HKa A2 ,MHWeHH H y-cneKTpOMeTpa HCnOJlbSOBaJlHCb ,QJl.R 
HX IOCTHpOBKH. nporpaMMOH peKOHCTPYHPOBaJlHCb TpeKH KOHBepTHpoBaHHOH e+e--napbl, no HX napaMeTpaM Bbi4HCJl.RJlC.R yron Bbr!leTll 
raMMa-KBaHTa. 

Pacnpe.QeneHHe yrnoe axo.Qa 4acTHq e MHWeHb, yrnoe s~neTa, sa
p.RmeHHOA 4acTH~~ H raMMa-KBaHTa, yrnoe pacc~.RHH.R, a TaKme eos
MomHOCTb Ha!lomeHH.R Ha 3TH rHCTOrpaMM~ paS!lH4HWX KPHTepHeB OT-
6opa nOSBO!l.RJlH nony4aTb He06XO,QHMWe ~HSH4eCKHe xapaKTepHCTHKH 
Hccne,QyeMoro npo~ecca. 

3a,QaHHe npe,QeJlOB rHCTorpaMM,Ha!lomeHHe KpHTepHeB,SaKaS HOBWX 
rHCTOrpaMM,HX 06HyJleHHe MOmHO 6b!Jl0 Bb!nO!lH.RTb C ny!lbTa 38M H HS 
.QOMHKa 3KCnepHMeHTaTopa. Bcero e nporpaMMe 6brno sa,QeHCTBoeaHo 
OKO!lO 660 rHCTOrpaMM. Mem,Qy HMnyJlbCaMH yCKOPHTe!l.R nporpaMMW 
BblnO!lH.R!lH aHa!lH3 OKO!lO 20%.;. 50% ,QaHHbiX. B ~e!lOM COBOKynHOCTb 
HH~opMa~HH c nepec4eTHwx ycTpoAcTe, pacnpe.QeneHH.R c AUn 1-1 xapaKTepHCTHKH C06WTHH, BOCCTaHOBJleHHWe no ,QaHHWM ,QpeA$OBWX KaMep, 
,QOCTaT04HO nOJlHO npe,QCTaB!l.RJlH OC06eHHOCTH HCC!le,QyeMoro npo~ecca. 

3AKIII04EHHE 

B pa6oTe onHCaHa ycTaHoBKa, cos,QaHHa.R .Q!l.R HSy4eHH.R npoqeccoe cnOHTaHHOrO HS!lY4eHH.R Sap.RmeHHWX 4aCTH~ BWCOKHX 3HeprHH B MOHO
KPHCT~Il!laX, a,QeKBaTHaR nocTaeneHHoA sa.Qa4e. Be!lH4HHa ~oHoeoro 
HSJly4eHH.R COOTBeTCTByeT KOJlH4eCTBY Be~eCTBa OKO!lO 5x10-4 pa,QHa
~HOHHWX .Q!lHH. YcTaHOBKa o6ecne4HBaeT paspeweHHe no yrny exo,Qa 
4aCTH~ B KpHCTa!l!l OKO!lO 6 MKpa,Q, no yrny BWXO,Qa - OKO!lO 30 MKpa,Q, paspeweHHe ycTaHOBKH' no yrny pacceRHH.R cocTaBn.ReT oKono 33 MKPa.Q. npHMepHO ,Q!l.R 4% C06WTHH HSMep.R!lHCb yr!lW BW!leTa y -KBaHTOB, To4-
HOCTb HSMepeHH.R COCTaB!l.R!la OKO!lO 4 MKpa,Q. YcTaHOBKa pa60Ta!la 
Ha !lHHHH c 3BM EC-1040. 0Ha MomeT perHCTp~poBaTb .Qo 1400 co6w
THH & CeKYH.QY H OCHa~eHa paSBHTOH CHCTeMOH MaTeMaTH4eCKOrO o6ec
ne4eHH.R. 

B saKJ1104eHHe aeTopbr 6naro.Qap.RT aKa.QeMHKa H. H. 6oro!llo6oea H 
npo~eccopa IJ.Ile.QepMaHa sa BHHMaHHe K 3KcnepHMeHTy, ewpamaroT 
6naro,QapHOCTb aKa,QeMHKY A.A.IJoryHOBY H nepcoHa!ly YCKOpHTe!l.R 
H$B3 sa noM~~ e npoee,QeHHH HCC!le,QoeaHHA. AeTOpbl 6naro.~:~ap.RT 
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npo¢eccopa H.H.roaopyHa, aKa.QeMHKa A.M.6an.QHHa H KonneKTHB 
Jla6opaTOPHH BWCOKHX 3HeprHA Sa noCTO.RHHYIO noAAePmKy. ABTOPW 6naro.QaPR~ KonneKTHB CepnyxoacKoro Hay4Ho-3KCnepHMeHTahbHoro 
OT.Qena OHRH, sa noMO~b a cos,QaHH~ ycTaHOBKH. AaTopw 6naroAaPHW 
npo~eccopy P.*en.RSHOMY sa co,QeAcTBHe a pa6oTe. Y4aCTHHKH 
3KcnepHMeHTa r~s CWA Bb!pamaroT 6naro.QaPHOCTb KO!lneKTHBaM 06beAH
HeHHOro HHCTHTyTa .R,QepHWX HCCJle,QOBaHHH H HHCTHTyTa $HSHKH awco
KHX 3HeprHH sa rOCTenpHHMCTBO. 
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BoAOnbAHOB A.C. 11 AP· 
CneKTpoMeTp AnB HccneAoBaHHB cnoHTaHHoro H3ny4eHHB, B03HHKa~~ero 

npH npoxamAeHHH rT03HTpOHOB H 3neKTpOHOB BbiCOKHX 3HeprHH 4epe3 
MOHOKpHCTanJJbl 

P13-82-547 

On11caHa ycTaHaBKa, pa6oraawan Ha ny4Ke aneKTPOHOB 11 no3HTPOHOB ycKapH
TenH M$83 H npeAHa3Ha4eHHaH AnA HCCneAOBaHHH npa4eCCOB 113JIY4eHHB penHTH
BHCTCKHX 4aCTH4 B MOHOKpHCTannax. napaMeTpW ycTaHOBKH na3BOJ1A~T AeTa!lbHO 
~CCJJeAOBaTb np04eCCW CrTOHTaHHOrO H3ny4eHHR, B03HHKa~~ero npH KaHanHpOBaHHH 
aapBNeHHWX 4aCT~4 swcaKHX 3HeprHA a MOHOKPHCTannax. YcTaHoBKa AaeT so3MaN
HOCTb.c BbiCOKOH T04HOCTb~ BOCCTaHaBnHBaTb TpaeKTOPHH 4aCTH4 AO H nocne Kp~
CTanna, 113Mep~Tb HMnynbC BTOPH4HOH 4aCTH4W H npOH3BOAHTb ee HAeHTH$HKa~H~, 
onpeAeJJBTb yron Bbtnera raMMa-KaaHTa 11 era 3HeprHIO. Ton~HHa se~ecrsa a ycTa
HOBKe, Aa~~era (j)OH TOpM03Haro H3ny4eH~A, COCTaBnHeT 6x1 0 - 4 paAHa4HOHHbiX 
eAHHH4- YcraHOBKa pa6oTaeT Ha JlHHHH c 3BM EC-1040 11 o6ecne4eHa pa3BHTOH 
CHCTeMOH nporpaMM • 

Pa6oTa awnonHeHa s fla6oparop1111 swcaKHX aHeprHA OM~H. 

npenpHHT 06beAHHeHHOra HHCTHTYTB AAePHbiX HCCJleAOBaHHH. Jly6Ha 19~2 

Filatova N.A. et al. P13-82-547 
A Spectrometer to Study Spontaneous Radiation due to the Channeling 
of High Energy Electrons and Positrons in Single Crystals 

An experimental setup is described which is designed to study radiation 
effects due to the channeling of high energy charged particles fn a single 
crystal. The setup consists of drift chambers and scintillation counters 
and operates on an electron-positron beam 1 ine at the Serpukhov accele-

' rator. The design of the setup makes it possible to study in detail spon
taneous radiation effects due to the channeling of high energy charged 
particles in a single crystal. The setup allows one to reconstruct particle 
trajectories with high precision, to determine fhe momentum of secondary 
particle, to indentify their types, and to measure the angles and energies 
of emitted pha-tons. The total amount of material along the beam direction 
is approximately 6x1D-4 radiation lengths. The setup operates on-line 
with an ES-1040 computer and is provided with an advanced program package. 

The investigation has been performed at. the Laboratory of High Energies, 
J I NR. 
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