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Eoromo6cKntt M.IO._n AP· . Pl-95~360 .. 

. Creim AJISI HCCJieAOBaHHH B_ o6JiaCTH )KHAKOaproHOBOH 
KaJiopnMeTpnn ' · · 

Orincan CTeHA ~JISI npoBeAeHH.SI HCilblTaHHtt'pa3JIH4HbIX no KOHCfmrypau,nn 
MOAyJiefr 3JICKTpOMarmtTttoro KaJiopnMeTpa. (3MK). CTeHA pacrroJio)KeH Ha 
KanaJie qacnm. BbICOKHX 3Hepmit. ycKopnTemi Y-70. PacCMOTpeHa KOHCTPYK:-

• µnsi inAKoapromiorci KpnocTaTa n ero nttern11eil: KpnoreHHo-naKyyMum1: cncTe- . 
Mb!, CTPYKTypa MOAYJI.SI, C KOTOpbIM rrpoBOAHJIHCb HCIIbITaHH.SI, 3JICKTpOHHKH 
c6opa HH<pOpMaunn n TpnrrepHOH CIICTeMhl.npeACTaBJICHbl pe3yJihTaThl HCIIhl-

. Tam1f1 MOA)'JI.SI 3MK n rryqi<e :)JICKTpOHOB. · ·· · · ·· · · · 
' . .... ' ,, ' , ,, ' ·. 

Pa6orn Bhino~HCHa n Jla6opal'opnn criepxrihlCOKnx :mepmil:. OI15JJ,( 

· · TTepeB0A a~Topon . 

Bogolyubsky M:Yu. et al. . . . . . 
The Test Bench for Testing the Electrpmagnet.ic 
Calorimeter (EMC) Modules . . ' 

·' 

Pl-95-360 · 

The. description of tesf bench for testing the electromagnetic caloi:-imeter 
~nodules of various configurations, is given., The tesrbench is placed at the· 
high-energy beam area of U~ 70 accelerator. The construction of the liquid argon 
cryostat and its outside cryogenic vacuum systems, the'.iriodule structure and 
. the trigger systein are given. The results of electromagnetit calorimeter module 
'tests in. electron ,beam are presented. ' " . I . 

' .... The investigation has b,een pdrformedat_thc [abo'~atory of Particle Physics; 
JINR · .· .. •. ·.· . • '. , , ·. · ·. · 
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,B H<I>B3 C03,n:aH CT~~. COCTOSI~HH H3 c~etina.mm~ponairnoro 'KpHOCTa;a,' 
B11eiutte1i ·KpnoreHHO:.:BaKyyMH011 cncTeMhl; cncTeMhI pernc:Tpiipy10~eii: 3.TieKTp'... 

. pOiiHKH .H 3JieKTpOHi1im Tpttrrepa."CTeH,n: npe,n:Ha3HaqeH ,n:JISI ncc.rre.n:c:rnaHHH:Mo..: 
:, ,n:yJieH )!(ll,n:KOaproHOBOI'O, KaJIOpHMeTpa; ~OTOJ)ble nepBoim'la.JibHO IlJiaHlIJ>OBa:... 

' 

JIOCb npo~eCTH n COOTBeTCT~HH,c'npoeK~O~:yK,n: [lJ. CTeH,n: pacnoJICJX<ett, ,Bila':::: 
,BHJibOHe TIK-tiia nytn<.ax KaHanaN22.HoCJie BhIIlOJIHeHH.SI npe,n:Bap1neJibHblX 
. ncrihITaH~fi CTen.n: UCilOJih3Y<!TCSI:~JISI: HCCJie,n:oB~lHHH xapaKTepHCTHK ;10.n:yneii:'' 
3JieKTpm,iamHTHOI'O KaJiopm.reTpa (3MK) B paMKax MeTO,n:ntiec:KOH nporpaMMbI [ . 

. R,D33 [2 ], OCHOBHaR tiaCTb KOTOPOH Ilh1Il0,JIH5ICTCSI ua YCKOPHTeJie SBS, UEPH. .. 

.1. YCTPOtlCTBO 'KPHOCTATA 
"• 

\,' 

Bhl6op cxe~mfro peIIICHHSI n o6~eii: KOMilOHOBKH KpHOCTaTa onpe,n:en~Jicsi 
· neo6xo,n:ttimcibm 06ecneqe1urn: ·na116onimux y~66ciB i;a6oThl na. nyirKax qac..: 
TH~ C HCCJIC,n:yeMblMH Mo,n:yJISIMH 31.fK. ·B 3THX u;em1x H3I'OTOBJICHHOMY KpH
OCTaT)' npu,n:ana q,opMa nepTHK3JibHOro Kpuoreunoro cocy.n:a C nepxneii CheMIIOJi 
KpbIIIIKOii. Bnoii ncex TCXHOJIOrnqecKHX u 3JICKTPH1ICCKHX KOM?-1YHUKau;uii ocy
~ec.TBJICH ,11epe3. 3TY, KphlllIKY. Pa6011HH 061,eM nuy~penuero cocy,n:a i<puOCTaTa 

'OOpa30BaH ~HJIIIH,n:pIIG:CCKOif 06e11attKOli ,n:HaMCTpOM .700 .MM H ,n:nu~eM, BhIIlOJI- . 
HCHUbIM B cpopMe yceqennoro KOHyca;. Ton~una CTCHClK cocy.n:a. pamrn 2 MM. 
f'ny61rna BHYTPCHIICI'O cocy,n:a - 900 Ml\J. BnyTpcirn111\cocy.n: no,Me~cn ii ~aKy-

·.,;, yMHhlM KOXCyX., 06neM MC)K,n:y CTei11rnr.rn KOi()TX3 H
I COcy,n:a 3aUOJIHCH MHOl.'O:.,; 

CJIOMHOl1\ 3Kpanno-naKyyMHOII. TCIUIOH30Jl5Ill;HCH. KoucTpyKD;HSI aepxn,eii ~aCTH 
06Ccne1mnaeT coxpanennc B H30JIUponauim~ o6'beMe Kp11oci-aia BaKyyMa iip11 
,n:CMOHTaxcc KpblllIKII i~pnOCTaTa.' JJ:m1 BBO)la ny11Ka qacn1u. K ncriblTyeMhiM MO
~ymIM 3MKn CTenKe KOX<yxa i1MecTCSI ornepcrn:e, ?aKphlToe Me~t6paHoii TOJI

_. iu:imof!0,5 MM. Bee 3JICMCHThI r<pnoCTaTa DbIIlOJIHCHhl H3 nep)r<aneIO~CHCTaJIII. 
'Mo)lyJih 3MKpa3MepoM .n:o 400x400x400 MM3 pa3Me~<!CTrn 1i'cpnKcupycT-': 

en n cncu;nam,uo11 KOP3IIHC~ Kop3una c noMomhIO qeThlpex IIITanr no,n:BeIII1rna
r.icTC!I K KphlIIIKC ~pH~CTaTa. IloJibIC 'IIITaHm CJiy)KaT .n:nd no,n:aqu xna.n:~reIITa K 
TeIIJioo6MeHnnKaM ir oino)la 06paTnh1x·napon.·l\1onT_a* Mo,n:ynsi 3MK·npon3BO~ 
,n:nTrn Ha c1rnT011 KphlIIIKe, KOTopaSI ne nMeeT .TepMon3oJI.sJD;HH; Ee OTCVTCTnne 
cy~ecTnenuo'ynpo~acT nno.n: ncex TcxnonoruqccKnx KOMMynn.KauJ1ii:.~Me%~Y 
~:'phI~Koii 11 nonepxHOCThIO ;Kit,n:Koro aprona n u;em.1x yMenhIIIemi.sJ pa,n:uau;Iion-
noro Harpena )KH,n:KOCTH pacnOJIOX<CH·MC)lllhlli 3Kp.!II. . . , 

• ' ' • • •• ' ' ' ' :'• • '- ',· ' 1_ •• 
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P11c;l. Cxe~a Kp~~re~~~~·o~pyio~~~H~ :,!· '.'L~ ! 
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OxnaX<,n:enue n TepMOCTaTupoBaHHe KpuocTaTa ocy~eCTBJISICTCSI ,n:ByMSI 
TCilJI006MeHHHKaMH, pacnoJIO)KCHHhIMH B BepxHeH 30He KpHOCTaTa ,n:pyr H3,n: 
,n:pyroM. Xn:a.n:areHT - 'iwnii: a3ch- -"- iio.n:ae-rc:si'.1d CTaiinoHapHoro TaHKa. B npo
u.ecce OXJiaX<,n:CHHSI;pa6oTaIOT o6a·Termoo6MeHHHKa; TepMOCTaTupoBaHue o6ec

nequBaCTCSI TOJibKO o,n:HHM BCpXHHM TCilJI006MCHHHKOM, Haxo,n:SI~HMCSI B napo
BOH' 3o'He'. 'HH)I(HHH T(!IlJI006MeliHiii<: B pa601ieM ;pe)KHMe norj)y)Kf!H B :xcifuKHH 
aproH ii nepuo,n:itqecKH BKJIIOiiaeTC51 'npn Iieo6xOAHMOCTll 1IOHH;iiceih1sr' TeMnepa:.. 
-ryphf. TeriJioo6MeiIHHKii' rio;:(KJIIDqe11hl · hapWe.TlbHO .K o6~fiii ciicre'i&; ;otfu 
-:,., ,.,--· •,i ,,,. !.·. ,.· '. ~-- .. ·: .. ;, ,,,_;,, --~·,--•~ ;-·; ... -:' ,:.::. ·-. ~ ·1 i·_ ·' , r ••· ..• t;'."'X')' : 

HMCIOT He! BhIXO,n:e perynupyIO~He BCHTIWH C IlHCBMaTnqecKHMH npuBo,n:aMH. 
• •••• : ' •• -- :, _., .... _:· • • : .-•• '.•~ ~- -· • ~ :•:" /' .... __ ;; < ,{ ... ··- :·:--·. ,• ----- .. ~.--.~,~-/ 

YnpaBJICHHC npuBo,n:aMH ocy~eCTBJISICTCSI CTattµapTHhIMH IlHCBMOperyJISITOpa-
; • • • '.- '. • , • • ' I • : • 1 < ' , , ~ •, , , •'. ! < - , ~ , • •; .. • \ • , ' \ { t. ,.j •~\ , • •. ff 

~H T~ma .TIM wn~.TIH.D: co CTaHIJ;H.sJMH ynpaBJil!HHSI, ;:io~ycKaIO~fjMH KaKJ>:rt 
- ._.,. • .•• • • - •·· •• • ' • > • •. ·•·. - •• ' •. ,;., ' ' 

HOC, TaK H aBTOMaTnqecKoe perynupoBaHHC •. ' . • ' . . . . . ,• ,• ,, .. ' ... 
,' KoH;p~JI~ TCM~epaTypi.i pa6~qeii cpe~hl· ~~y~eCTBJI.sieTCSI 'ABYMSl;~,o~e~ca-

IJ,HOHHhIMH TCPMOMCTpaMH, pacnOJIO)KCHHhIM y HH)KHCH qaCTH, KOp3HHhl .H na.n: 
Heii:. KpoMe 3Toro B pa6oTe ucnoJih3yeTCSI TpeTnn no,n:BH)KHhIH. KmmeHc,au;non
Hhlii HH,n:HKaTbp., C ero IlOMO~bIO. KOHTPOJIHPYCTCSI ypoBCHh )Kll,n:KOI'O• aprcma 
npH 3aJIHBKC. Bee KOHTPOJibHhIC H ynpaBJISIIO~He npu6ophl pacnoJIO)KCHbl. Ha 
TCXHOJiornqecKOM nyJihTC, ·yCTaHOBJICHHOM Ha pa6oqeii: IlJIO~a,n:Ke KpHOCTaTa. 
Tiputtu,nnuaJihHaSI cxeMa KpuoCTaTa n ero cucreM npuBe,n:eHa Ha puc.-1;; ·' 

Oen,t1n,r.:~i.La1 1m:rnr;::r I 
nae~i~X nc~~eia:t~Q~ 

6WSJ1"10TEKA ,,.~ ........... __ 



IlepeA OXJia)l(AeHHeM om,eM KpHOCTaTa H CBSl3aHHbie C HHr._t KOMMYHHKaU,HH 

BaKyyMHpyIOTCSI AO AaBJiemrn lxI0-
2 

Top B Te'leHHe AJIHTeJibHOro BpeMeHH, no

Ole qero om,eM 3aIIOJIHSleTCSI raaoo6pa3HblM aproHOM H3 TpaHCnOPTHOro TaHKa, 

H3 KOToporo IIOCJie OXJia)l(AeHJISI rrpOH3BOAHTCSI H 3aJIHBKa )KHAKOI'O aproHa B pa-

60'lHH om,eM. Ilo OKOH'laHHH sKcrrepHMeHTa aproH MO)KeT 6b1Tb yAaJieH ABYMSI 

cnoco6aMH: eCTeCTBeHHblM BblrrapHBaHHeM B aTMOCq>epy HJIH rrepeAaBJIHBaHHeM 

B TpaHCIIOpTHblH COCYA JIH6o B xpaHHJIHIU,e. Ilpn Heo6XOAHMOCTH BO BHyTpeH

HIOIO ITOJIOCTb MO)KHO ITOAaTb B03AyX. OcHOBHble xapaKTepHCTHKH KpHOCTaTa 

npnBeAeHbl B Ta6JI.1. 

TaWIHl.\a 1 

1. Qfn,eM, 3aJU1BaeMblH aproHOM (6e3 y'leTa o!n,eMa MOJzyJISi) 

2. Pa6o'lee ,1awiem1e 

3. TeMneparypa pa6o'lei1 JKH)IKOCTH (aprotta) 

4. CTa6HJibHOCTb IlOMep)KaHHll ;taWieHHll u KpHOCTaTe 

5. )1;11aMeTp BttyTpeHHero cocy,1a 

6. BbICOTa BttyTpeHHero cocy,1a 

7. Pa:iMep KllJIOPHMeTpH'leCKOl'O MOJl)'Jlll npH TeCTOBblX HCilbITaHHllX 

8. Ha'laJibHOe pa3peJKeHHe B H30Jllll\HOHHOM npOCTpaHCTBe 
3KpaHHO-BaKyyMHOH H30Jllll\HH 

2. KOHCTPYKUM~ IIPOBHOrO 

KAJIOPMMETPMqEcKoro MOAYR~ 

270JI 

,10 0,07 Mila 

86-92K 

±0,00SMila 

700MM 

900MM 

400x400x400 MM
3 

SxlO-:z Top 

AJISI npoBeAeHHSI Kp~oreHHblX HCIIblTaHHH KpHOCTaTa, TeCTHpoBaHHSI CHC

TeMbl C'beMa HHq>OpMaU,HH H HeKOTOpbIX APYrHX CHCTeM 6blJI H3rOTOBJieH yrrpo

ID,eHHhIH BapnaHT_ MOAYJISI sJieKTpoMarnHTHoro KanopHMeTpa. 3ToT MOAYJib 6blJI 

COCTaBJieH H3 Ha6opa HAeHTH'lHblX SltieeK. MexaHHIIeCKHe Harpy3KH BOCIIpHHH

MaIOTCSI 11eTblpbMSI 'MeTaJI.1IH11eCKHMH 6oJITaMH, paCITOJIO)KeHHblMH no yrJiaM. 

-5I11eiiKH rrpeABapHTeJibHO C06HpaJIHCb H HCilblTblBaJIHCb, Ka)l(AaSI H3 SIIIeeK HC

IlblTblBaJiaCb He3aBHCHMO o-r APYrHX. McrrblTaHHe aa.KJIIO'laJIOCb B npoBepKe Ha 

3JieKTPHIIeCKYIO rrpoIIHOCTb B aTMOCq>epe B03Ayxa rrpH HarrpSl)KeHHOCTH IIOJISI AO 

1,7 KB/MM. , -

Ka~aSI S111eiiKa -cocTOHT H3 CTaJibHOro KOHaepTepa TOJIID,HHoii 22 MM n 

ABYX3a30pHOH HOHH3aU,HOHHOH KaMepbI, aarrOJIHSleMOH B pa6011eM COCTOSIHHH 

)KffAKHM aproHOM. Me)K3JieKTPOAHOe paCCTOSIHHe paBHO 3 MM. CtIHTblBaIOID,HM 

3JieKTPOAOM SIBJISleTCSI ABYXCTOPOHHSISI ne11aTHaS1 IIJiaTa, pa3AeJieHHaSI Ha ]leBSITb 

OTAeJibHbIX KBaApaTHblX IIJIOID,a]lOK_(m)AOB) C He3aBHCHMbIM C'beMOM HHCpOpMa

ll,HH. PaaMep Il3Aa - 120x120 MM2 (pHc.2). ToJIID,HHa cTeKJioTeKCTOJIHTa 0,8 MM. 
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IlpttMeHSieMhIH TeKCTOJIHT He aarpSI3HSI

eT )KffAKHH aproH 3JieKTpOOTpHU,aTeJib

HblMH npHMeCSIMH. 3TO 6blJIO IIO]lTBep)K

]leHO npH HCnOJib30BaHHH CTeKJIOTeKCTO

JIHTa TOI"O )Ke cnoco6a H3I'OTOBJieHHSI H 

AJISI aHaJIOrH'lHblX u,eneii B yCTaHOBKe 

Hl [3 ]. Ma TaKoro cTeKJioTeKCTOJinTa c 

O]lHOCTOpOHHHM noKpbITHeM H3I"OTOBJie

Hbl 3JieKTPOAhl, npHMblKaIOID,He K KOH

BePTepy H CJiy)Kamne KaTOAOM. BeJIH'lH

Ha Heo6xo]lHMoro aaaopa Me)l(Ay sJieKT

po]laMH o6ecne'lHBaeTCSI CHCTeMOH 

AH3JieKTpH'leCKHX npoKJia]lOK ,- cneii-

cepoB. TTonepetIHhIH paapea _. SitieiiKH 

P11c.2. <l>pottrnn&H&1i1 eu,1 Ha \:TPYKTYPY npe]lcTaBJieH Ha pnc.3. Beeb MOAYJib 

aHo,111&Ix n3,1oe, pa3Mep&1 ,1an&1 e MM. Ump- 3MK COCTOHT Ha 11 OAHHaKOBhIX Sl'leeK 
paMH yKa3a11a npHHllTa!I HyMepal\HSI Il3]10B 6 ' V , ' 

co paHHblX CTOnKOH.' ToJIID,HHfll acex 

cpeA Sl'leHKH B paAHaU,HOHHblX AJIHHaX 

npHBe]leHbl a Ta6JI.2. IlpH TOJIIll,HHe OAHOH Sl'leHKH a 1,32 paAHaU,HOHHOH AJIHHbl 

noJIHaSI TOJIID,HHa MOAY JISI 3 MK paBHa 14 ,52 x0 
(X

0 
- paAnau.noHHaSI AJIHHa). 

B rrpOAOJibHOM HanpaaJieHHH MOAYJib paa6nT Ha 4 ceKu,nn. CeKU.HSI o6paaoaaHa 

HAYID,HMH nOAPSIA SI'leiiKaMH. Mx nS]lbI c OAHHaKoswMn HOMepaMH coe]lHHeHbl 

rrapaJIJieJibHO Me)l(Ay co6oii H 06paay10T 6aurnn, KOTOpble nOACOeAHHeHbl KO 

BXOAY OAHOro npeAyCHJIHTen:SI (TTY). TTepaaSI na ceKU.Hii (rio nytIKy) cocTOHT na 

]lByx' SltieeK. OcT3JlbHble ceKll,HH COAepx<aT no TpH Sl'leHKH. O61,eAHHeHHe BblBO

AOB ~3A0B nponcxoAHT Ha noJiocKoaoii BOJIHOBOH JIHHHH c aoJIHOBbIM conpoTHB

JieIIn_eM 50 OM. IIo.110CKOBaS1 .llHHHSI H3I'OTOBJieHa Ha rre'laTHOH IIJiaTe. 
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Ta5,mlla2 

Bew_ecrno I T0Jill.\1-!Ha 

BMM B 3A. AJ!liH3X 

CTaJib 22 1,25 

LAR 3X2=6 0,043 

CTeKJI0TeKCTOJilff 3 X 0,8 = 2,4 0,013 

Cu 4 X 0,035 = 0,14 0,01 

Bcero 30,5 1,32 

BbICOKOC HanpsDKCHIIC, OTplIIJ,aTCJibHOC no 3HaKy, noAaCTCSI Ha KaTOAHblC 

3JICKTPOAhl. qepe3 RC-cpHJibTpbI. IlepBbIH II3 HIIX pa3Me11.1,eH HenocpeACTBCHHO 

Ha KaJiop1IMeTp1IqecKOM MOAyJie B )K~KOM aproHe (R = IS MrOM, C = 10 H<l>). 

BTOpoii RC-cpHJibTp HaXOAIITCSI nepeA BBOAOM B KPIIOCTaT (R = 100 MrOM, 

C = 10 H<l>). KoHTpOJib BCJIIIqHHbl HanpSl)KCHIISI ocy11.1,eCTBJISICTCSI HenocpCACT

BCHHO Ha KaTOAHbIX 3JICKTPOAaX, K KOTOpbIM nOACOemrneH BblBCACHHblH Hapy

xcy 50 OM Ka6eJib. 

3. 3JIEKTPOHl1KA 11 TPl1ff'EP 

TpaKT 3JICKTpOHIIKII COCTOIIT II3 npCAYCIIJIIITCJISI II YCIIJIHTCJISI. 8 KaqecTBC 

npCAYCHJIHTCJICH (fIY) nplIMCHSIJIIICb rn6p1IAHbIC MIIKpOCXCMbl «fapaHTIISI» 

[4 ], npn 3TOM OHII pa6oTaJIII nplI nOHII)KCHHOM HanpSI)KCHIIH (4,7 B) BMCCTO 

CTaHAapTHOro. (6B). 3TO ACJiaJIOCb AJISI nOBbIIIICHIISI HaAC)KHOCTII II cra61IJibHO

CTII. Ilepaasi ceKIJ,IISI MOAYJISI IIMCJia eMKOCTh n3AOB C = 230 nK<l>. TaKott CMKo

CTII COOTBCTCTBYCT (no AaHHbIM paapa6oTqlIKOB) 3KBIIBaJICHTHblH IIIYMOBOH aa

PSIA ~ 9x 103 
e [ 4 ], qTO MCHbIIIC aapSIAa, co61IpaeMOro Ha 3JICKTPOA noCJie npo

XO)KACHIISI qaCTHI.l,bl C MIIHIIMaJibHO IIOHII31IPYIOIIJ,CH cnoco6HOCTbIO II paBHOro 

= 60x 103 
e. .Ll,JISI OCTaJibHblX CCKIJ,HH 3TH BCJIIIqlIHbl COOTBCTCTBCHHO paBHbl 

= 14xl0
3 

e II~ 90xl0
3 

e. 

B npo1.1,ecce IICCJICAOBaHHH nplI Heo6xOAIIMOCTII MO)KHO 6blJIO AOnOJIHIITCJib

HO BKJIIOqlITb YCIIJIIITCJlb C K03(p(p1IIJ,HCHTOM ycHJICHHSI no HanpSI)KCHIIIO = 15. 

3TII YCHJIIITCJIII IICnOJib3YIOTCSI nplI cpaBHHTCJibHO HCBblCOKIIX HanpSI)KCHHSIX Ha 

npOMC)KYTKC aHOA - KaTOA, B CTattAapTHOM PC)KIIMC nplI nOAaqe HanpSI)KCHHSI 

2, 7 KB BCJIIIqlIHa cnrnaJia 6blJla AOCTaToqHO BbICOKOH, TCM caMbIM MO)KHO 6hIJIO 

npOBOAIITb IICnbITaHIISI 6ea IICnOJib30BaHIISI ycHJIHTCJICH. 

CxeMa nOAKJIIOqeHIISI 3JICKTPOHIIKH K MOAYJIIO 3MK II3o6pa)KeHa Ha p1Ic.4. 

C1IrttaJih1 OT n3AOB nocTynaIOT no 50 OM nJIOCKOMY Ka6eJIIO AJIIIHOH 2 M Ha Bxo

AhI TTY, pacnoJIO)KCHHhIC BHC oXJia)KAacMoro ofu.eMa. K BXOAY Ka)I<Aoro rrpeA-

6 

\ 
J 

) 
.J 

c:: 
::f 
m 

> 

f 

~t 
~ 

7 

C 
E 
C 

uE 
>- u 
r:: 0 a. 'j 
0 a. 
X .X 

\ 

x:. 
<( 

:E 
<{ 
X: 

:cu 
mQ. 
Cl) 

c~ 
III .... 

:: "' ,:: ::.: ., ., 
0: >< .., u 

·j I 
uu 
>, • 
~ :: .,.~ 
c:,, :: 
i:: :r 
~ t;. 
:,:: 15 
~ ~ = "' ~:,:: 
8:,:: 
~g 
0 ~ 
g ~ ., .. 
:11 :,:: 
"' :: _g-5" 
~I - ... . t-i = . 
~ t-i"' 
8 . f:' t') N 

~ . 
~ t']-
"' .. 
:: t,; 

t,; 5 $ .., 
1a r;,; 
0:,:: 
~8 
>,\O 
c:,, 0 _g ., 
0 :i; 

e ill 
0 0 
:,:: 5 
§ >: 
:,:: ...... 
f ~ 
:: ~ 
c:,,:,:: ., "' = ~ 
~~ "' .. ,; ~ 
c:,, t,; 

i ~ 
= ~ 
c:,,"' 
0 0: 
0: 0 : .. 
t,; .. = ~ 
:,:: "' 
~ f:' 
S: ·= ; ; 
"' S: i ~ ,:: 
>< 5 = u O 5 
-.i: = ~ 
u "' = :: ~ .. 

p.. .. 8 



ycHJ1nTe.m1 nop;coep;nHeH Kann6poBOtJHhIH KOHAeHcaTop C 1 = 1 nKCl>. C no-ca 
MO~blO STOH Kann6poBaHHOH eMKOCTH MO)KHO 6bUIO nop;aBaTh 3ap51p; 3ap;aHHOH 

BeJIHl.JHHhl ,!l;Jl51 ou,eHKH tJYBCTBHTeJihHOCTH TpaKTa SJieKTPOHHKH. TTepep;aqa cnr

HaJI0B OT ITY nponcxop;HJ1a no 50 OM KoaKCHaJihHOMY Ka6e.n:IO p;nnuoii 35 M Ha 

annapaTypy. ;sKcnepnMeHTaJlhHOro ,!l;OMHKa, B KOTOpOH _OHH MOrJIH ,!l;OIIOJIHH

TeJibHO YCHJ1HBaThC51, 33TeM CHrHallhl noCTynanH Ha 3ap51,!l;OBOIJ,HCppOBOH npeo6-

pa30BaTeJib (3ll,11). 

Qroop nytJKOBhIX tJaCTHIJ, npn pa60Te OCy~eCTBJ151JICSI TeJieCKOilOM_ H3 4-X 

Cll,HHTHJIJISIIJ,HOHHhIX CtJeT'-lHKOB (pnc.4)' pacnOJIO)KeHHhIX nepep; KpnocTaTOM. 

TpnrrepHhIH cnman, o6pa3oBaHHhIH no tJeThlpexKpaTHOMY coBnap;eHHIO CtJeT-

1.JHKOB S
1 - S 

4, CJIY)KHJl ,!l;JISI Bhlpa60TKH C 3ap;ep)KKOH 80 HC HMilYJlhCa BpeMeH-

HhIX B0pOT ,!l;JIHTeJihHOCTblO 400 HC. TaKa51 ,!l;JIHTeJibHOCTb COOTBeTCTBYeT BpeMe

HH p;peiicpa sneKTPOHOB npn Bhl6paHHOM 3a3ope KaTOA - attop;. CtJeTtJHKH S3 n 

S 
4 

pa3Me~annc& no u,eHTPY MOAYJI51 KanopnMeTpa n nepeKphIBaJIH nJIO~ap;&, 

paBiiyro l,5xl,5 cM! 

AHann3 perncrpnpyeM&Ix 3ap51p;oB npoucxop;HJ1 B 6noKax 30:TT c noCJiep;yIO

~eii 3annc&IO nucpopMau,nn B nar.i.si:Th PC. IlpnMem1eMoe MaT06ecneqeune no-

3BOJIMO ocy~eCTBJISITb KOHTPOJib cpyHKIJ,HOHHpOBamrn BCeii ycTaHOBKH. H npep;

CTaBJISITb Ha SKpaHe ,!l;H~IlJle.sI BC~ He06XO,!l;HMhle p;aHHhle H pacnpep;e~eHH51 .. 
~ ' ' , 

4. PE3YJihTAThl l1CTThITAHI1tl 

OCHOBHble 3ap;aqn ceaHCa 3clKJIIDtJa.JIHCb BJipOBe,D;eHHH TeCTOB BCeH annapa

Typhl, ·npoBepKn ycroiitJHBOCTn cncTeMhl c6opa p;aHHhIX K B03MO)KHhIM BHemHnM 

HaBO,D;KaM, a TaK)Ke B onpep;e.iI.eirnn BeJIH~HII ciimaJIOB c OT,D;eJihHhIX 6ameH 

.3MK.. l ' ____ -____ . , ' 
Ox.na)K,!l;eHne H npOMhIBKa K_pli~CT~'I'a·ocy~eCTBJIIDiaCh B Tel.Jeune O,!l;HHX cy

TOK; B'peM.si: 3aJIHBKH )KH,!l;KOro aproiia 3aHHMaJIO 3-4 qaca. Pacxop; )KH,!l;KOro 

a3oTa B pe)KnMe TepMocraTnpoiJaHn.si: coc,:aBJIM.10 n/ti. TaKa51 TexHonorn.si: Ha

P51AY c npoTHpKof1 BHyTpeHHeii;nonoc-rH)::pnocrnTa n p;ernneii Mop;yn51 3MK 

cnnpTQM-peKTHcpHKaTOM n03BOJIHJla orpa»HtJHTb B 'pa601.JeM pe)KHMe npnMeCh 

KHCJJopop;a B aproHe Ha ypoBHe 7_:_g ppM. Cop;ep)KaHne STOH npnMecn B aproHe, 

nocTynaIO~eM B KPHOCTaT CTeHJI.a, COCTaBJI51J10 6 ppM. IlepHO,!l;H'-leCKH npOBO,D;H

Mhlii aHaJIH3 CBH,!l;eTeJibCTBOBaJI, 1.JTO B Te~eune 9-cyTOl.JHOro ceauca npnMeCh 

KHCJIOpop;a B pa601.JeM OOl>eMe OCTaBanach Ha TOM )Ke ypOBHe. 

T{ytJOK SJieKTPOHOB c HMnyJihCOM io'rsB/ c 6hIJI noJiytJeH npn Me,D;JieHHOM 

BblBO,D;e ycKopeHHOro nytJKa npOTOHOB c\mTeHCHBHOCTblO 109 npoTOHOB/C Ha 

BHemJ:IIOIO MnmeH&. 3neKTPOHHhIH nytJOK TpaucnopTnpoBanrn K KpnocraTy no 

KaiJa)!Y N!!22. Bcnep;cTBHe npoXO)K,D;eHn51 nytJKa sneKTpouoB qepe3 sneMeHThl 
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60 

40 

z 

20 ,- -- --

0 L-JLOL_I __________ __j_ ___ -----L----LL------1 

o 400 ero 1200 lro 200) 

HOl\1ep KOH0/\0 AUn 

PHc.5. PacnpeAeJieHHe no BeJIWIHHe CHmaJIOB co BTOpOH no rJiy6HHe 6_alllHH 

ycrauonKn CBLI,, KOTop1,1e no P51AY npnqnu 6hIJIO HeB03MO)KHO y6paT& c Tpacchl 

nytJKa, OH HMeJI mnpOKHH HMilYJibCHhIH cneKTp. 3TO 6bUio nop;TBep)K,!l;eHO no

CJiep;yro~HM aHaJIH30M p;aHHbIX, nonytJeHHhIX B ceauce C IlOMOl.l\blO M0AYJI51 
3MK. 

Ilpn T~aTeJlbHOM 3a3eMJieunn BCex MOKOB SJieKTpDHHKH 6hIJIO HaH,!l;eHo, 1.JTO 

MO)KHO CBeCTn K MHHHMYMY SJieKTPHtJecKne HaBO,!l;KH H npep;OTBpaTHTb B03M0)K

Hble caMOB036y)K,!l;eHH51 npep;ycnJIHTe.n:eii p;a)Ke npn HCilOJlh30BaHHH TOJlbKO «3a

~THOro>> 3a3eMJieHH51. YcroiitJHBhIH cnrnan c 6aweu, qepe3 KOTOphle npoxop;u

nn Bhl,!J;eJI51eMhle Tpnrrepuoii CHCTeMOH SJieKTpDHbl, ua6JIIO,!l;aJIC51 npn uanpSl)KeH

HOCTH SJieKTpnqecKoro nOJI51 npoMe)KyTKa KaTOA - auop; HatJHHa51 C 0,5 KB/MM. 

Ha pnc.5 npep;cTaBJieHo pacnpep;e.n:eune cnruanoB no BeJIH'-lHHC co BTopoii 6awun 
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no xoi.y nytJKa. MaKCHMYM IlPOAOJihHOro pa3BHTHSI ::meKTPOMarHHTHOro KaCKa
i.a KaK pa3 npHXOAHTCSI Ha BTOPYIO 6awHIO. 

Tiponei.eHne ncCJiei.onaHHH c Moi.yJieM 3MK noK~3aJio, 'IT,o npnHu,HnnaJih
HO CTeHA npnroi.eH AJISI npeu,H3HOHHbIX HCCJiei.onaHHH pa3JIHlJHblX no KOHCT
PYKU,HH MOAy.h:ett )KlfAKOaproHHhIX 3MK. BMecTe c TeM AJISI Taimx HCCJiei.ona
HHH Heo6XOAHMO CBeCTH K MHHHMYMY KOJIH'IeCTBO BCll.l,eCTBa no BCeH AOCTaTOlJ
HO npOTSIX<eH~OH Tpacce nytJKa :me1<TpOHOB. Tpe6yeTCSI n conepweHCTBOBaHHC 
CHCTCMbl TPHITHponaHHSI nytJKa 3JieKTpOHOB AJISI HCKJIIO'ICHHSI YX<C Ha yponHe 
Tpurrepa co6hITHtt, reHepnpyeMhix ~JICKTpoHaMH MeHhWHX 3I~epmtt OT 3JieKT

poMarnnTHOro KaCKai.a, B03HHKaIOll.l,ero no Tpacce KaHaJia. 

/' ~~ \ 
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