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~ pacmnpeHRa BOSMOSHOCTei RC~e~OBaHHH npo~eCCOB B9aBMO~eaCT

BU 8,Iij)OHOB pasaasaoro xsapaosoro COCTaBa c HYKJIomu.m: li H,Iij)aMK npa 
yu:epeHHHX 9HepI'IDIX ( .... 10 raB) c 06paSOBaHlIeM 1-KBaHTOB, 3JIeKTpOHoB II 
nosRTpoHOB t. BRHeTaDmIlX no~ yrJIaMH ~o 200 K OCR ~at Ha YCTaHOBKe 
'tlrWIepOHn/I/coS~aH IIIHpOKOanepTYPHID:\ ~epeHKoBcKd: 227 ·KaHaJI:Dm e-1
KaJIOpHMeTp Ha OCHOBe CBKHUOBorO.CTeKJIa, cOCTORmKI RS ~BHeBoro ro~oc

KOIJH1leCKOrO ~eTeKTopa (JII',ll) H aKTJ4BHOrO xonaeprepa CAK). IlpOTOTmIOM 
ero nocJIy.ERJIa cóopKa JlI'n HS 62 aneMeHTOB (MaTp~ 9x7, neHTpa.n:oHHi 
3JIeMeHT y~aJIeH) II AK DS ? 3JIeMeHTOB TOJImHHOI no nyqKy ~,4 X (X -pao o 
~auaOHHaH ~a). IlepBHe pesYJILTaTH ~SlI~eCKHX~CCJIe~OBaHHft C nOMO
IItblO aroro npororana onyc5JnntOBa.Hll B paõorax /2 t3 • TaM lte .na.H0 II ero 
OIIJ1[CaHHe. 

B ~aHHoíd paoore npHBoMTca xparxoe onacaaae nOJIHOMaCmTa6Horo ~e
TeKTopa (n.I)t a TaxEe 3HepreTR~ecKoe II npocTpaHCTBeHHoe paspemeHHe 
H ypOBeHL nO~aBJleHl1Ia' pemcTpa.IijtiI 8,IU>OHOB t ~OCTH:rnyTHe B ClICTeMe 
AI< + JIT.lI. 

I. KOHCTpyKUHH e-l-neTeKTopa 

CXElMa KOHCTpyxJ:4l!H OT~eJffiHOrO C~eT'tIHKa JII'.lI nosasaaa aa pac, I. 
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PRC. I.	 KOHCTpym:tRJi MO,IJ;yU xepeaxoacxoro R8JIoplDleTpa. I - I'H6Iti11 CBa
TOBO~; 2 - aecTJmol KOKYX; 3 - ~aTop BS CB~OBoro CTeRJIa 
T~I-oOO; 4 t7 - ne1J4MJloeBHe 3KpaHH i 5 - ~3Y-lIO; 6 - KOa:yx 
~3Y; 8 - BHCOKOBOJlLTHHI ~enBTeHL; 9 - BHCOKOBOJILTBHI II BHCO
KOqaCTOTHHe pas~eMH. 

P~TOp lISrOTOBJIeH lIS CB~OBoro CTeKJIa T~I-oOO B ~PMe npBMoyroHh
Hol npB3IDI c paSMepaNK IOxIOx35 CM . OCHoBHHe xap8.KTepRcTIlRll CT9KJIa 
~aHH B Ta~e I. qepeHKoBcKoe H~eHHe peI'HCTpRpyeTca WOT03JIeKTpOH

.Vlfitit'HH~l1 BHCTpJ1' ~ 
U~~ 5tcl1eat)llud 

&t1Sn"IOTEHA -



Ta6Jmna I. XapaRT8pRCTlum 

CO,n8pl1taHH8 PbO 

lIJIOTHOCTl> 

IloKasaTeJIl> IIpe.n:OMJI8~ 

P~OHHaJi ~a Xo 

CTeKJIa TqiI-oOO 

50% 
3,86 r/cMs 

1,67 

2,5 CM 

.ff,n;epHaJI ,ItJmHa BSmIMo,neiácTBJiIJI ~33 CM 

KPHTH~eCKaJI aHepraa 15,8 MaB 'j 
I 
'. I1 HHM YMHOllGITeJIeM ~3Y-IIO (].ij:IaMeTp IDoTOKaTO,na 68 MM), IIpmt7IeeHHI:lM K 0,It

HOyY lIS TOpnOB pa,n;HaTopa OlITlI~eCKHM RJleeM. Jl,1uI YJIY'IDIemm cBeTocóopa 

rpana 'PBJUIaTopa ornoaaposaas II OH o6epHYT a.JJmmlmSIIIPOBaHHI:lM MaitnaPOM. 

~ oóeClIe~eHJiIJI cBeToHs~ II S~TH OT UexaHHqeCKKX BOS,IteacTBB! 

p8JlHaTOp rrOMemeH B KOJitYX IIS xeCTK TOJlIltHHO!í 0,6 MM. ~3Y Toxe SalI(limteH 

CT~HRM K~OM, BH,YTpR KOToporo pacrrQnoxeH R BHCOKOBORDTHHfi ,nerra
TeJIl>. Koxyxa BWIOJIHJm'l' rasae ~ MaI'HRTHHX 3RpaHOB. JloIIOJIHHTeJThHO 

P8JlHaTOp II OOY SaJItHmeHH OT BJIRSJ:HIDl pacCemmax:. MaI'HRTHHX IIOJIeI JmCTOBSM 

nep~oeM~ ~ KOHCTp~ B OCHOBROM c~e.nyeT OIIRCaHHO~ B paco

Te/4/ . 
JII'JI COÓpaH B B~e MaTPRmi lIS 191:10 3~eMeHTOB, uplPIeM onaa IIS 

neHTp8JIl>HHX C~eTtmKOB y~eH (pRC. 2). KOH<IJm'Ypanm> lIT'Jl MOJlHO ~eI'RO 

MeHHTl> a SaBHCHMOCTH OT ycnOBEH 3KCnepHMeHTa,. Tax KaK OT,IteJIl>HHe MO.ny

~ nneHTII~ II KOHCTPYKTKBRO He CBHSaHH M~ co60!í. 

JITJI paclIOJIOJIteH na WIaT<Popde, crrococaoã nepeaemarsca c nOMOJIt:bD 

3JIeRTpolIpHBOJJ;OB B nepTHKaJI:bHOM II roplISOHTaJIl>HOM sanpasaeaaax, ~TO .~aeT 

BOSMOZHOCTl> BBO].ij:ITl> B rryqOR H KaHHópoBaTl> K~ c~eT~. Ha aTO~ ae 

IL7lB.'J.$>p.Me Ha paccTomnm 30 CIi nepe,It ,IteTeItTopoM KpeIIHTcH aRTJIBHIDt KOH

seprep., TOJJIItIDiÓit IIO flYT!ItY 4 Xo• Ero MO,IJyJIK (pasaep 10xIOx126 CM ) aaro

'l'OBJIeHH lI3 CTeRJIa T~I-oO R npOCMaTplIBaIOTCJI ~3Y-IIO c ooeax CTOpOH. 

Mez.zry ~/t JIT,U paclIOJIOJ1teHH 4 MOCROCTII lIIH.poIt03aSOpHH.X. .rtPeil~BI:lX R8J4ep 

OIUU() 5 c pasMepmm Ix1 J4 •~e AR 11 IIUlK IIOSBOJISleT HSMepslTl> c 

BIiCOROií TO'llHOCT:blD (~2 fiM) /6 KOOp.n;HHam CTBOJIa JIIilBHSI; IIO COOTHome

HmD 8H8prOlm.neJIeHIDt B AK JIl .nr,U CliU'H8JlH OT a.ru>OHOB ,n;aCKp:mmmxpyJlTC.fr na 
3ypoBHe :=:2.10- (CM. II.5). 

CRrHaHU c anO,ItOB ~3Y IIO~TCa ~epes IOQ-MeTpoBHe ROaRC'~HHe !ta-. 

ÓenH Ha 8-6HTHHe IIpeoópa2oBaTeHH "3ap~-Ko,n" KA008 II KAOIO 7 B CTmI

.n:apTe KAM.AK, :rm<lJo.P\I8IUUI c ItOTOpliX C'qRTHBaeTca B IIaMHTl> 313M EC-IOIO li 

SanHCHBaeTCa lia MarHHTHOfi JIeHTe. 

B CHCTeMy' sanyCIm YCTaHOBKK (rparrepa) BltJIi)'qem ClIeI:UJ,aJI:óHO paspa

60TaEHH8 JmHe:aJme Cy-MMaTOpa-,ItHCKpm.m:naTopH mmyJI:bCOB, CImMaeMHX c noo

~e.nmu: .mmO.u;OB qioTOYMHoDTMe~ JIr,U. KaJJt.'l:tIDl IiS BOCb14ll[ HCIIOJIDSYeMIlX c-yM

MaTOPOB, peazaaosaasax B CTa.I-maPTe "l3mnHH" H paCIIOJIOJteHHHX B aenoc

pe,ItCTBeHHOíl 6Jmsocrn OT JIr,U, BMeeT 32 BXO,Ita. CyMMapmrl\ caraaa OT rpyn
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PlIC. 2. OÓ~ BH.It rO~OCKOnHqeCKOrO aneKTpoMarHHTHoro KanOpKMeTpa. 

IIH (,ItO 32) q~eTlDrlKOB nO,ItaeTCSI aa BCTpoeHHIrtt ].ij:ICKp1'IMHHaTOp. TpHrrep

HH11 CHrHaJI ~ KaZ,IJ;oit rpymm BHpa6aTllBaeTca np1l ycnOBHH, 'tfl'O cYMMap

aos 3HeproBJi,ItàJIeHE;e B rpynne npeaamaer ypoBeH:b .ItHCKpm.mHan;nx, BUÓHpàe

MblH B H.HTepBaJIe (0,5 - 6) raBo AHa.mt3 MHOEeCTBeHHOCTB cpaõoraaaax rpynn 

IIOSBORaeT y.ae Ha ypoBHe ÓHcTporo TparTepa npOH3BeCTH npllÓXK3KTeJIbHHit 

OTÓOP no RonH~ecTB1 3~eKTpoMarHBTHHX XKBH~, SaperHCTpHpoBaHHHX B Ka

JIOpHMeTpe. RCIIO~l>SOBBHHe ~eÃHHx BHXO~OB ~oro Cy.MMaTOpa n03Bo~eT 
TaRZe ocymeCTBJIHTl> OTÓOP cOÓHTHI IIO IIonH0MY 3HeproBH,IteJIeHHD B ,IteTeK

Tope. 

]J;ISI KOHTpOJIH sa CTaÓWIl>HOCTl>ID ClIeRTpOMeTPR~ecKHX KaH8JIOB BO Bpe

l4SI aaoopa CTaTilcTlÍKH JIlCIIOJIDsyeTcSI CaCTeMa as cTa6WIl>HOrO acrosaasa 
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KOpOTKRX CBeTOBHX BCTIHIDeK (10 CBeTO~O~OB, SaITRTHBaeMHX o~ reHepa
TOpOM HMllY~nCOB) z rH6KRX CBeTOBO~OB, no~o~ CBeT R R~OMY s~e

MeHTY JIT'JI (CM. pac, I) z AK. 

2. Y~OBRR: HSMepemrlt 

~C~e~OBaHKH 3HepreTH~eCROrO R KOOp~aTHOrO paspemeHRtt, a TaRae 
ypOBECi\ ~CRpnnma.IJ;Wd CRI'HaJIOB OT anpoaoa 6wm B1:lIIOJIHeIm B JlYlIK8.X no
SRTpoHOB c 3HepI'HHMR 3 R 5 rsB z rr+-MeSOHOB c 3HepI'ReH 5 rsB. 3Hepre
T~ecxmt pasõpoc noaarpoaon B nyqKe COCTaBJlffJI õe+/E + ~ (2-4)%, W-Mee
SOHOB - 2%. 3RCnepKMeHTaJI:DHHe nannae 6wm no.zryqeHH npa COBMeCTHOM aHa
JlJil:se CRI'HaJIOB c 12 npORSBOJI:DHO BH6paHBHX CMemmx C~eTlJIDtOB, pacnozoae
HHe ROTOpHX OTHOCRTerr:DHO ~a nOKaSaHO Hâ pRC. 3. B Ka~eCTBe AK TOJI
1llRH0ft 4 Xo CJIy1GIJI O~H IlS 3~eMeHTOB JIl'JI; AI{ TQ.1IIItRHOft 2, 4 Xo RMerr aaa
JIO~ KOHCTp~. 

y	 
PRC. 3. 06Jl:y1JaeMM MaTplID,8 
c~eT~OB BMeCTe c Bü6paHHOR 
CRCTeMOn Koop~aT. 3amTpaxo
BaHa saCBe~BaeMaH rryqKOM SOHa. 
YCJIOBHO nOKaSaH pacnoaaraanzã
CH nepe~ MaTpmJ;e:tt aItTRBmm 
KOHBepTep. 

Koop~aTH TpeROB nyqKOBHX ~aCTR~ RSMep&HHCn nponOpnHOHaJI:DBHMR 
RaMepmm c maroM lIaMOTKH CRI'HaJI:DHHX npoBOJIO~eK 2 MM. CIJ;wITWIJI.mntoHlII:li:1 
C~eT'tfilli ,IJ;HaMeTpOM 10 CM onpe~eJISJI sacBe~aeMyl) sOHY MaTPRInl (pRC. 3). 
OKa3aJIOC:D, liTO C~eTlJRKH 5-12 cpaõarasaaa TOJI:DRO B ':::: 5%c06üTIDt, ,ROTO
pae np1! nOCJIe.IJYlOlIleM aaaaase ae RCnOJ1:DSOBanRC:D. 

CRCTeMaTZ~eCIme 01llH6m, 06YCJIOBJIeHHI:le RSMeHeHHeM YCJIOBlrlt R3Mepe
HHH, a TaRJIte 
KaJIOpRMeTpa, 

,n;IDt. IIo STRM 
pa60Te Bes~e 

pacceHHHeM nosRTpoHOB B BemeCTBe ~eTeRTopoB YCTaHOBKR ~o 

oneaaaaaacr, H8MR 11IS cpaaneaaa .nammx pasaasasx SRcnOSR-
O~eHKaM OHH npeBmIlaDT CTaTRCTlI~eCKRe, 11 noaTOMY B ~aHHOn 

npRBe~eHH C11ICTeMaTKqeCKHe omR6Kl1. 

3. 3HepreTKqeCROe paspemeHl1Ie 

3HepreTR~eCKaH KaJIl1I6poBRa c~eT~ROB 1-4 npOBO~aC:D no C06üTHRM, 
B KOTOpHX nosRTpoH nOnaAaJI B neHTpaJI:DHYID (2x2 CM ) sOHY K8JIR6pyeMoro 
C~eT'tfillia,R BCH SHeprRH JIRBHH ~eJI&RaC:D TQn:DRO B HeM. 

. I ;;.. 

Hadznnaexoe B- JII',Il aaeprosazezeaae OT SJIeRTpOMaIlHRTHliX JmBHOO 
YMeH:DmaeTCH npR npR6JImitemm OCR JJlIIBHH K rpaImIte Me2It,IlY C~eT1ilIK8MH. 3TO 
06YCJIOBJIeHO TeM, ~TO B ~eTeRTope M~ panKaTOpaMH coce~ c~eT~OB 

cymecTBY10T ~OJIHeHl:l1le BemeCTBOM aasops (Cyw.m.pHM TOJllItWIa XeCT.HHHX 
K~OB 11 ne~oeBUX 3KpaROB COCTaBJIHeT ~1,2 MM), B KOTOpax rrpORCXO
~T noraoneaae 'lJaCTR MeKTpOMaI'HRTHOrO BBRH. 

IIOJIY'leHHHe npa passax TOJIIrtIDiax AK saBRCBMOCTR oTHomeBd: EJlI',Il/ 
/(E + - Koop~HaTa X non~aHRH nOSlITpOHOB B JII',Il npRBe~eHH Hae EAK) OT 
pRC. 4. S,n;ec:D EJII'.ll - aaeprossneneaae B JlI'JI, E + - cpenaaa 'sHepI'IDIe
noslITpoHOB, EAK - sHeprOBI:l,I(eJIeIme B aRTRBHOM KOHBepTepe. IIpR rrocTpoe
IDm aTHX Sa.BRCmOCTeR RCnOJI:DSOBaJ:IRC:D c06I:1TRH, B KOTOpHX norJIOmeHl1Ie 
~aCTlI JIJmHJr MOI'JIO npORCXO,IUiT:D TOJI:DKO B O~HOR "meJJJII" MS1r,ICT C~eTlJIDtaMH 

,neTeKTopa. KpRBHMR na pRcYHKe noxasaas pesyJIDTaTI:1 annpoxcaaanaa axone
p1?IMeHTaJIDHllX pacnpeneaenaã ~eH 1- f (.x), r~e f (x) = Aexp (-Bx) • 
IIOJIytIeHHHe SHali6HIDI napaMeTpoB A li B JJ"JIJi sHeprm 3 R 5 raB COBn~8I)T 

B npenezax 01Illll60K. IDe ycpe,IJ;HeHHHe aaaxeaaa nplIBe.rceHH B Ta6JmD;e 2. 

~ 1,0 
w 
I
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~Q) 0.9 

~ 
lJ.J< 

'0.8	 " 5811 AK 
A AK 2.4X. 
o AK 4X. 

07 1 • , I , I 

• O 10 20 30 40 50 
x, Mrri 

PRC. 4. IIoTepR ~CTlI aaepraa 
JIHBHJI B saaope MeJr,Dy ~YMH 

coce~ c~eT~ B SaBH
Cm40CTR OT KOOp,IJ;lIHaTI:1 X 
nona,n:a.HIDI nosRTpoHa npR 
paaaax TOJllItWI8X AK. 

Ta6JJ:mJa 2. Koa~eHTa A li B B qi'yHKInm f (x)
 
,ItJJJI yqeTa aHepreT~ecKRX nOTepn B "meJIJIX"
 

Bea AK AK 2,4 X AK 4 Xo o 

A 0,240 ± 0,002 0,200 ± 0,003 0,141 ± 0,003
 
B 0,172 ± 0,001 0,161 ± 0,003 0,104 .f. 0,004
 

B 06IIteM- ~e aaepraa JmBHH BIARCJIHeTCH no lflop.4YJIe 
1,<;1 

EnoJ\'\o\. = + EArJ:~../[ 1 - (f(x) +'f (y)~, (1)EAK 
r~e ~ R Y -.Koop~aTH nO~H B Rr,Il nOSHTpOHa. 
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Ha pHC. 5 Cp8.BImBaJDTC.fI pacrrpe,neJleHIDI rro H3MepeHHoi"i B ,neTeKTope Ta6ggaa 3. 3HepreTH1IeCKOe H KOOp,IJ;RHaTHOe paspemeHHH ,neTeKTOpa 
aHepI'JiIH rrosHTpoHOB,nO (I:IYHKTHpHaJI rHCTOrpaMMa) H nocae 
(CIIJIOIIIHM I'HCTorpaMMa) xoppesnaa rro WOPMYJIe (I). EH,lUIO, 1ITO rrOCJIe BBe- lIRCJlO = 5 r3B E + = 3 r3B BeJIH- cpa6o- Ee + e
,neHHH rrorrpaBoK pacnpe,neJIeHHe cy,MaeTC.fI, CTaROBHTC.fI CKMMeTpR'qHHM H lfillia TaBIllIDC 
aro cpe,nHee SHa1leIme COBIIa,naeT co 
rry-qKa. 

........
 

~ 
;i 
E: 
~ 1,5 

QJ 

~ 
C> 
C> 
C'\I 

?~O 
q 

0,5 

E + == Sí38 e 
003 AK r 

I 

r., 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 

Jr ..r,J 

,.,J 

r'" 
.r" 

2 4 

I 
I 
I 
L. 
~ 

I 
I 

I 
I 
I 
I 
I 
I 
I 
IL .., 

I 
I 
I 

,I
I 

L~ 

6 
3'Hep2U~ (f3B) 

cpe~ 3Ha1leHHeM 3Heprnn rrOSHTpOHOB c1IeT'm-6es AK AI< 2,4X0 AK 4X0 6ea AI< AK 2,4X0 AK 4X0!tOB-
I 5,0±Q,3 4,9±0,3 5,0±Q,3 5,8±0,3 6,1±Q,3 6,3±0,3

\ll !-. (%) 2 5,5±0,3 ·5,2±0,3 5,8±Q,3 6,6±0,3 6,8±Q,3 6,7±0,3 
PRC. 5. 3<MJeKT y-qeTa aaeprera I

!
, E 4 5,8±Q,3 5,4±0,3 6,2±Q,3 6,9±0,3 7,3±Q,3 6,7±0,3 

'lIecKRX rrOTep:D B "~eJI.HX" rro 
li>t(MM) 9,8±Q,3 9,8±0,3 10,2±Q,3 11,7±Q,3 II,4±Q,3 11,4±Q,3

!IJ0PMYJle (I). ilyHRTHpHM I'HCTO
~ 

rpaMMa - pacnpeneaenae rro EJIT.IJ.
 
(HsMepeHHaH 3HepI'IDI). CIIJIOlIIHaH ~
 óa c» ~ ~"9o/.

EI'HCTOrpaMMa - pacnpeneaeaae rro ;i 

~OJIH. (3Heprna rrOCJIe Koppe~). PRC. 6. a) Pacnpeneneaaa CHI'Ha~ 3 
JIOB OT rr03HTpoHOB B rr+~e30HoB 

Q) rro H3MepeHHo~ B AK (2,4 lo) +1/+OTMeTHM, 1ITO crroc06 orrpe i + JIT'lL saepraa JJlIBHH FnOJrH...,neJIeHHH KOOpnRRaT rrOSHTpoHOB B C) 
'J' 1IJI0ma.zm non rncTorpaMMaMH ona

epoPMYJIe (I) - no nponoprraoaaas ~2 HaItOBll. 
~HHM KaMepaM wm no pacnpeneze q e+ 6) IImt OT noaarpoaon, CIIJIOlIIHaH 

aan 3HeprOBH,IJ;eJIeHHH B C1IeTtmKaX 
~.fI - pacrrpe,neJIeHae raycca.

JIT,U (CM. n. 4) CJIa60 BJm.fIeT Ha 

KOHe~ pesyJI:DTaT (EJITn ) , TaR 
KaK aaepreraxeczae nonpaaza cy Mc~qrr:osy.fI HaBecTHy.D 3aBHCH
meCTBeHHH JlHIIID B6Jm3H rpaaan MOCT:D /8/ õ,A ,.. tE H yqHTHBaH 
MeMeHTOB, r,ne C06CTBeHHOe KOO~ aHepreTH1IecImit pa36poc rr03HTpo
,IO:lHaTHoe paspeneaae JIT',U ,nOCTa HOB B rryqKe rro !IJo~JIe (2), MOE
TO~O xopomee. O~e1lêHHHa llJaRT o 2 ,t 6 HO OD;eHHT:D paapenezae ~,A' KO

BaEeH ~ BH'qHCJleHHH rroDpaBoK rrpH perucTpaqHH ,neTeKTopoM 1-KBaHTOB. ropoe B CJIY'lae cpa6aTW38.HRH onE ('38)n OJlH SHa1lemIJI 8HepreTH1leCKOrO paspemeaaa 6/ E CHCTeMJi AK + JIT'n npa HOro C1IeT~ H rrpH OTCYTCTBHH 
pa3JlH1IBHX YCJlOB:wIX pe:rB:c'rpaItHl! noaarpoaoa rrpHBe,neHH B Ta~e 3. OHH AK COCT8.BJI.fIeT ~/ E -;:. 0,08/ v'I'""".E='(7"::r"""a"'='B.....), 1ITO ÓJlHSKO K aHepre~eCKoMy 
rraHy1leHH B pesyJI:DTaTe armpoxcHManHB 3HepreTH1IeCKRX crreKTpoB (aHeprH.fI pa3pemeHHD, ,nOCTHrnyT0MY B ~yrHX ,neTeKTopax rro,n06Horo THIIa /8,9/. 
BH1DICJIJIJIaC:D rro lÍlOIHY"JIe (I» pacnpeneaeaaea Taycca (npzaep nosasaa na 
pHC. 6 6) H BRJIDtraK)T RaR C06CTBeHHOe paspenenae ,neTeItTOpa 6,A' TaK 4. KOOPHHHaTH09 pa3pemeHHe 
H pas6poc 3HeprHI rrOSHTpoHOB B rry1IKe ~t+: 

2 2 2 rO~OCKOIIH'qeCR8H cTpyKTypa 3JleKTpaMarHBTHHX RaJlOpBMeTpoB ,naeT
6 = õe + + ~...t:.. (2) 

BOSMOEHOCT:D H3MepHT:D KOOp~HaTH MeCTa rrorr~8HHH B ,neTeKTop -qaCT~ 

lis Ta~ BH,ItHO, 1IT0 BH3HB~el JlHBeH:D. ~eCTBYeT HeCKOJIDKO MeTo,nOB RX orrpe,neJIeHHH. 8,fo/. 
a) rrOTepH B "lIleJlJDt" KOMIleHCHpyi)'l'C.fI BBe,neHHoit rrOrrpaBKoit,H paspe Bo Bcex c~ ,nOCTHraeYa.fI TO~OCT:D orrpe,nanaeTC, pa3MepoM gqeitKH Ka

neaae 01leH:D c.na60 SaBHCHT OT UCJla Cpa60TaBIJIHX C1IeTlDlKOB; JIOpBMeTpa 7I 1/ . Ma HCrrOJlDSOB8JlH H3BecTHHit /IO,I2 MeTO,n onpe,neJI9HHH 
6)' H8Jlll1me aItTHBHOrO KOHBePTepa IlpaItTH1IecIm ae CKaSIlBaeTC.fI (B KOOp,IJ;HHaT c rrOMombD 3KcrrepmMeHTaJIhHO H3MepeHHoI 38BHCHMOCTH pacrrpe,ne

rrpe,IJ;eJIaX Omz60K) Ha T01lH0CTH HSMepeHHH 3HeprHH. JIeHKH aHeprBB JlHBHH B coce,naRX C1IeT1IHKaX ,neTeKTopa OT MeCTa norra,naHKH1 
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I
rr03RTpOHa. 3TOT crrocoo ~aeT HeCMemeHHYID OneHKY KoopnRHaTH R n03BoxaeT ti 
~OCTH~ H~e~ TO~OCTa	 B YC~OBHHX KpynHOR (OO~nme xapaxTepHoro rro I'
rrepe~Horo pa3Mepa ~HH) gqeaRK ~OpHMeTpa /10/. I. 

BHópammit a.rrrOpRTM ówr CJIe.IJYIDIIUIM. Crpoanact, 3a.BHCRMOCTn OTHomeHHH
 
R(x) = E_/(E_ + E+) OT KOOp.u;rIHaTIi nonanaaaa rr03RTpOHa X , rne E_ =
 

E+ = ( i = 1, ••• ,4) - 3HeprO~eJIeHHe JmBH.fl B= Er+E2,	 E3+E4, E j 1:.
;-M c~eT~Ke (CM. pRC. 3). 3Ta 3amICRMOCTn annposcaaapoaaaacs sspa
xeHHeM: ~I ' 

R(X) - A + B exp(-Cx D) , (3) ~I· 

A, B, C, O -	 rrapaMeTpH. 
Tax Ka.It B cpenaea 95% anepraa JmBH.fl Bu,n;eMeTCH B panayce 2Xo /8/. 

TO B lIaCTR COÓHTd E_ = O. TaIG'Ie C06HTM B pacnpenenenae R (x) ae 
BRKD~axRCn. Pe3Y~nTaTH ~ pasHHX T~H AK (0,2,4, 4 Xo) rrOKa3aHU 
Ha pRC. 7. 

5e3 AK PRC. 7. SaBRCRMOCTR OTHomeHHHAK 2,4Xo 
R = E.J(E_ + E+) (CM. TeItCT)AK 4'f..o 

OT ItOOp~aTbt rr03RTpOHa X npR 
pa3HHX TOJIIIpmax AK. 

~ B~c~eHHH ItOOp~HaTH 

rrorr~ rr03RTpOHa (E_	 ~ O) 

" 
li 

o

0,1

o 10 20 30 40 50 
RcrrO~30BaHaCn OOpaTHaH	 ~x , MMI 

.1I.J;RH: :i 
1 R-A-.!.- ".x = (- - lo --) D	 • (4) . 

UJJJ C 8 

B c~e E_ = O 3a ItOop~aTY rrorra,ItaHRH rr03RTpOHa rrpRHHMaXaCn X-ItOOp
~Ta neHTpoB c~eT~KOB 3 R 4 = 50 MM).(XR3M• 

SHa~eHWl napaaerpon B BHpa.Eemm (3) pa3JIlPnm npa pasasx TOJlIltHHax 
AK (CM. pRC. 7), HO se 38.BRCJiT OT aaepraa rra,ItaJJIIJ;ea lIaCTmJJi B HanIe:tí 00
~acTH, ~TO rr03BunHeT RcrrO~30BaTn O~ H TY xe ~ npR orrpe~e~e
HE:I1I koop~aT JJ)J.fl ~acTHU pa3JllrtIHOa 8Hepnm:. 3TOT BbtBO~ rrO,ItTBep2l,IteH l! B 

l' 
~ .paóoTe /10/. I 

llpOCTpaHCTBeHHOe pa3pemeHHe KéiJIOpHMeTpa xapaKTepR3yeTcH pacrrpe~e \', 

~eHHeM pa3HOCTH AX MEm,IJy orrpe~eJIeHHOH rrpH rrOMOmn nporropl4J:IOHMnHWC 
zaaep R BHTmC~eHHOA no <lJoM"JIe (4) ItOOp~HaTaMa ,nJIJl rr03RTpoHOB; npa :I 
Mep raaoro pacnpeneaeaaa rrpanenen aa pac, 8. llTooH yqecTn BJIWIIme npo ';" 
qm;m '\nyqKa, B~ AX ~Ji IDITepBaJIOB no X nmpmlOi 2 MM ÓpaJIlilC:b c 

I, 

•Beq8MH, ooparao nporropItHOHaJIDHHMH ItOJ1lIlIecTBY nonasnax B 8TH llliTepBa.nH JI'

" '~ 
n03RTpOHOB. Heõoasmoe caeaeaae nenrpa T.RJIteCrn pacnpeneaeaas na pac.B 

11 

OTHOCRTeJInHO H,YXfl OÓY~OB~eHO aCHMMeTpH~ pacnO~OEeHHeM 3aCBe~Bae

MOa rryqKOM SOHH OTHOCRTeJInHO rpaH~·M~ C~eT~RaMH. 

PRC. 8. Pacnpeneaeaae pa3HocTH AX" x ~ I Ee + = 5r:18 xUJll ' 

r.n;e x - ItOOp,D;RHaTa anera rr03HTpOHa B JIT'Jl,:i 3 rAKI.Xo 
orrpe~eJIeHHaJI c rrOMOmnlO rrporropI.J;RoHaJIDHHXE 

~ saaep, - ee onenaa no <íJoIHYJIe (4).xn3M• 
~ 2 

-~ 
co

3Ha~eImJI Cpe.n;HeItBa,ItpaT}l'lllIHX OTItJIOHe:< 
<;J Hd lix nonoõasx pacnpenezeaaâ , BH~c~eH-

HHX B IDITepBaJIe - 50 MM ~ lix !f 50 MM, 

~ pa3HHX 3HeprBM rr03HTpOHOB R T~ AK 
-50 -2S o 2S 50 mum	 B TaóJIm.le 3. 

Ha pRC. 9 rrpe;n;CT8.BJIeHH no.rryqemIlle B.t:3X iu u) 
paansx zarepsaaax no )C e [o) ~ , d 

napzaa HHTep~aJIa, 3Ha~eHKH li x B 3aBRCHMOCTR O.T d (Ee+ = 5 faB). 
BinHo, 'tlTO xoopnaaaraoe paspeaeaae ~eTeKTopa npa nonanaaaa nosarpoaa 
B6nH3H rpaHKU C~eTqHItOB B 2-3 pa3a ~e, ~eM cpe~ee ItOOp,ItHHaTHoe 
paapemeaae (d = 50 MM). li x (d) MOJItHO paccearpaaars TaYJEe.KaK BepxHJJlD 
oneHKY Koop~aT~oro pa3pemeHHH rO,ItOCKOllH~eCKoro KaJIOpHMeTpa C paaMe
pOM WIem 2d /10/.	 . 

....... I	 PRc. 9. SaBRCID40CTn ItOOp,ItmIaTHOrO paspe
3. x - 5eJ.4 K . 

I 

] meaaa OT nOJIYIln!pRHH "HtImtKll" d (CM. 
)( o - AK 2,I.Xo 1 TeKCT) •
 

"l 12 .d - AK ex;
 

« * j~ 't .d Cpennee ItOOp,ItHHaTHoe paspeneaae ~e
3 8 ~ TeItTopa C pasaepoa ,gqeaKIII 10 CM COCTa.BJLSI
~.d eT lix ~ 10-11 MM R ~a60 3aBRCHT KaK OT
â 3HepI'mI perncTpRpyeMoil lIaCT~, TaIt H OT 

I.	 ~ H~~ H TOJImRHbt ItOHBepTepa. JlocTRrHyToe 
npoCTpaflCTBeHHoe pa3pemeHHe iHa~TanDHO 

~e OneHRH, rrpHBe,IteHHO~ B IIJa ÓJIH3ItO 
O	 20 1.0 It rrMyqeHHHM 3Ha'tJeHWIM~ ,IJJ>yrHX ItaJIOpR

d (JJ 1.1) MeTpOB rronooaoro rzna 8. 

8 i i	 9 



5. IIOlIaBJIemre anpoHoB 

XapaKTep~ npo~QH:bHHl MacmTa6·~oHHoro JIHBHH CBHSaH c ~epHo~ 

~HO~,Bs~o~e~CTBRH ~ COOTBeTcTBymmero BemeCTBa. ~ CB~OBoro 

CTeKJIa OHa ~ 13 paa npeBH.IIIaeT pa.1Ul~oHHYD WI1IHY, R a,IU)OHHI-rlt JD1[BeH:b 

Ha~aeT paSBHBaT:bCn B HeM SHa~TenpHO n03!e 3JIeKTpOMarHKTHoro. 3TO 

,ttae'l' B03MOZllOCT:b npa RCnOJI:bSOBaImH CRCTeMJil AK + JII'l( BBOCTR ,IOICKpmm

Hamm a,Iij)OHH1lX CRI'HaJIOB na TpHI'repHOM ypOBHe R npa nOCJIe~IIteM aaana
se ,ItaHHHX. THrm:'lIHIDt npHMep pacnpeneaeaaa 1DICJIa nOSRTpOHOB li rr+-Meso

HOB c m.myJIl>COM 5 r3B/c no IdsMepewIOIi B AK (2,4 X ) Id JII'l( aaepraa 
~OJIH. (cI>op.!yJIa (I» IlOKa3aH lia pRC. 

JIeHHD nOSRTpOHOB R rr+-M~SOHOB EAK 
npe,ItCTaBJIeHIl na pac , ro. 

-.... 
Ól 
~ 

:i 
E 2' e, -.2 

77+ 

~ 
o 
tD--<: 

<::J e· 

o	 500 1000. 
EA K 

"RaR no TaR ir no ~QHH.:EAK,_ 

1500 
(M3B) 

o 
6 a. Pacnpsneaeaaa no eaeprossne

B ROHBepTepe T~On 2,4 X o 

PRC. 10. Pacnpenaaeaae CRrHaJIOB 

0'1' nOSRTpOHOB R rr+-MeSOHOB no 

Id3MepeHHOUY saeproasneaenan EAK 
B KOHBepTepe TOJImHHOI 2,4 X • o 
IlJIoma.n;H non rHCTOr'paMMaIm O;D;aRa

ROBR. 

<I>0p&l pac~e,neneHd ;rI.JIJI rr+-Meso

HOB npaKTR~ecKH Ha 3aBnCRT OT RX 

~JI:bca B HHTepBaJIeú-Io)r3B/C/S( 

1l03TOMy MOJKHO BBeCTH nopora 
peracrpartaa, se S8BlllC.RIItHe OT 3Hep

rHH ~aCTID:J; B YKa3a.HHOM lllHTepBaJIe, 

Tor.It8; ypoBeH:b nO.n;aBJIeIDIJI il) 6y~eT onan R 

TOT ae ~"fi - MeSOHOB paSHHX asepraâ , a a<MJeKTRBHOCT:b peracrpauaa 

3JI9KTpoHOB (nOSRTpoHOB) R l-KBaHTOB 6y.IteT SaBlllCeT:b OT HX 3HeprHK. rrpR 

BBe,tteIDlId no,poroB, KaK nOKa38.HO CTpeJIKa.MK na pRC. 6a R 10, nonaaaenae 

TOJI:bKO no EAl( COéT8BJIHeT 3,5%, no ~OJIH. - 8%, a O.InlOBpeMeHHOe npaxe

neaae noporoBHX KplllTepll8B B AK III JII'l( naer 0,6%. 

iE) YpoBUeJl nO.n;aBJIeHIDI rr+-MeSOHOB MbI aasaaaea oraomenae lIRCJIa R,IJ;eHTH

·~POB8.HHHX ItaK noaarpoaa rr+-MeS9HOB K nOJIHoMY 'mCJIy nOII8BDmX B 

,tteTeKTop n+-MeSOHoB. 
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YpOBeH:b ~CKpZMHHaD;IDI CR1'HaJIOB OT a,npOHOB Momo SHa'tJliTeJI:bHO 

Y~T:b, eCHH 3Heprnn pemCTpzpyeMHX 3JIeKTpoHOB (rrOSHTpOHOB) R3BeCT

na. 3TO rrp01JJIJIlOCTpHpoB8.H0 na pRC. 11 }J)lH. 3HepI'IDI nOSHTpOHOB R n+-Me-: 
SOHOB 5 rsa H TOJIIItlllHH AK 2,4 X • ~ecl) KaK n+-MeSOHH H,IJ;eHTm:cIMu;npoBa

o 
JIRC:b sce lIaCTmn.I, 1JlIH. KOTOpW: ~OJIH. ne nonanaer B SOHY E + ± 3õ 

nopoe no E (MaS) 

90 120 150 
-.... 
~ e; 
li:)s Cp
c 
QI '" 

... ;t 02l::::; I 

~ 
~ 0,1 

8. O l~. I 

2 c 

TaJIl)HO n~eHHO~ 

A K 
180 210 

----,...------, 

! I I 

6 8 70 

nomepu e+ (%) 

e
( 6 - ::mepreTlftIeCKOe paapeae
HHe .n;eTeKTopa),H EAK HaxO~TCfl 

HKm8 Onp8~B1reHHOrO nopora. 

PRC. 11. Ooornoneaae MeJI.1JY 
ypoBHe~ no~eHRff rr+-MeSOHOB 

H Ko.~~eCTBOM H8sapernCTpHpo

BaHHb1X nOSHTpoHOB (B %) npm 

BBe~8ImJiI )J;RCRpHMHHan;IDI KaK IID 

~QHH.' TaK III no EAK• 

KpRBaJI COOTBe'fcTByeT 3l\CnepHM8H

SaBHéIDJIocrn Me.Jt,D;y ypoBHeM nO,ItaBJIeHWl rr'-MeSOHOB H 

BeJIH~loi nOTepD npR p8raCTpauKH n03KTpOHOB npR ~3MeHeHHH nopora no 

~O, ~TO neHO~ -6%-HHX nOTep:b n03I1ITpOHOB .ItOCTHraeTCn nO,ItaBH8EAK• 
aae a,n;pOHOB na ypoBHe 2,5.10-3. Ilpa E + > 5 r3B norepa 6YJI:YT yueHl)e 
maTl)CH npH6JII/I3HTeJI:bHO KaK ln-'E sa c~eT CMe~eHKfl MaKcHMYMa pac

e+ 
ripe.n;eJI8HIDI no EAK AJI.fI n03HTpoHOB -·(pRC. 10) anpaso , 

6. 3aKJmS:9Jme 

OCHOBHHe pesYJI:bTaTH npOB6,IteHHHX R3Mepe~ xapaxTepIlICTHK AK+Rrn 
c.ne,I!YlJ!t'He: 

a) H3MepeHo 3HepreTHlIeCKOe paspeneaae MO]JyJIH. s.neKTpoMaI'Hl1l:THoro 

xazopaaerpa ~/E ~ O,OS/ rf E(r3B); :H3yqeHH aaepreraxecsae norepa, 

B03HHKammHe nPH permcTpauaR ~HH B HeCKQHbKKX coce.n;gux 3.naMeHTax 

~eTeRTOpa H pa3pa60TaH aHrOpRT.M ax yqeTa; 

6) onpeneaeao cpennee ROOp,I01lHaTHoe paspemesae 6 x ro.n;OCKOlm:~8C

Roro KaJIOpRM6Tpa, COCTaBJIRDIItee npIlI aHeprnax l-KBaBTOB, 3JIeKTpOnOB H 

rr03HTpoHOB (3 - 5)raB, 6 x ~ 10 MM; • 

B) nOKaS8HO, lITO HCnOJI:bSOBamre aItTHBHOrO KOHBePTepa TOJIIItmiOIt 

2 ,4 - 4 X ae npm30,I01lT K cyDteCTB6HHouy yxy;lijIIeHIDD OCHOBHI:lX xapaaeepaco 
THK ,neTeKTopa III ,naeT B03MOEHOCTl) ,IOICKpKMHHRpoBaTD C:HrHaJIa OT ~HOB 

na ypoBHe'~ 2·10-3. Kp0ll4e Toro, H.BJJE:'tIHe aoaneprepa n03BOJIJIeT npm4eRl'IT:b 

cnennan:bHH2 Koo~aTHHa ,IteTeKTOp - mHpOKOSa30pHHe ~e!cI>oBHe KaMePH, 
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pacnOJIOJlteHHHe M~jK R JIT.ll, ,IT,JIJI TO'qHO~ JIOR8JJllIS~ CTBOJIa 3JIeKTpO
MarHHTHOrO JIRBHH • 

.lloCTRrn:yTlie aaaseaaa xapaxTepaCTRK ,neTeKTOpa (anepma , snepre l-

TR'lIeCKOe H KOOp~aTHOe paSpemeHHH) nOSBOHRJIR npR HCnOHbSOBaRBR ero B 
COCTaBe cneKTpoMeTpa"rIDIepOH"06ecnetmTb pernCTpan;mo l-KBaHTOB e+e-l::I 

nap, BWIeTaDItRX non yrJIaMR K OCR IJY1IIta zo 200 H Ha'llaTb CRCTeMaTlItIeCKOe 
RCCJIe,nOBaHHe npoueCCOB 06paSOBaHHH He~T~HHX MeSOHOB C MaCCO~ ,nO 
2,5 r3B B ny1lltaX paanaxaoro xaapsoaoro COCTaBa npa RMIIy'JIbce 10 n~B/c. 

ABTopa dnaronapaa B.II•.1J.EeJIenoBY sa no.r.r.,nepmy ,R nOCTOHHHoe BImMa I 
HHe 1t paoore , IO.II.roPRHY H A.H.IIeTpynmy sa UOJIeSHlle ROHCYJIbTau;m npa 

I, 

ssoope KOHCTp~ c-qeT-qe:KOB JIT.ll, A.M.EJmKY, B.M.KyTbWIY, A.C.COJIOBbe
BY aa nOMOIIU> aa pasma: aranax cosnasas annapaTY];>li. MEl npKSHaTeJIbHH 
H.II.MoillKOBY, C.II.JKYImHY, II.B.CID4oHOBY R B.IIJ.,KOJIOMORu,y, npmmMaBnmM He
nocpe,nCTBeHHoe y-qaCTRe B RsrOTOBHeHEH Y3JIOB R MOHT8Xe YCTaHOBRR. 
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BH~aA3e f.C. H AP. 13-86-105 
XapaKTepHCTHKH rOAOCKOrrHqeCKOrO 3neKTpOMarHHTHoro 
KanopHMeTpa H3 CBHH~OBoro CTeKna c anepTYPOH 2 M2 

Onncaa qepeHKOBCKHH 3neKTpOMarHHTHblH KaTIOpHMeTp na OCHOBe 
CBHH~OBoro CTeKna, COCTOH~H H3 nHBHeBoro rOAOCKOnHqeCKOrO Ae
TeKTopa /nnJ;/ c p aanepox HqeHKH 10xl0 CM /189.3neNeHToB/ H 
YCTaHOBneHHOrO rrepeA HHM aKTHBHOrO KOHBepTepa /AK/ Ton~HHOH 

4 PaAHa~HoHHbIX AnHHbl /19 3neMeHTOB/. Ha oCHOBe o6nyqeHHH B 
nyqKaX n03HTpOHOB H rr+-Me30HOB c 3HeprHHMH 3 H 5 f3B H3MepeHbl 

anepr-e ravecxoe p aspeurenae ne-rex-r-opa aA/E"" 0,08/ JE(r3B), TOq

HOCTb BOCCTaHOBneHHH KoopAHHaT Y -KBaHTOB H 3neKTpOHOB /n03H
TPOHOB}3 ~x "" IO MM, vponenr, AHCKpHMHHa~HH CHrHaJIOB OT ap;POHOB 
"" 2· lO . 

Pa60Ta BblITOnHeHa B Jlaõoparopaa HAepHblX rtpoõ.ner-r 0115111. 

Ilpenpaar 06'beAHHeHHoro HHcTHTYTa snepasrx HcCneAoBaHHH. Ilyõaa 1986 

ITepeBoA O.C.BHHorpaAoBoH 

Bitsadze G.S. et aI. 13-86-105 
Performance of Hodoscopic Electromagnetic Calorimeter 
Prepared from Lead Glass of 2 m2 Aperture 

Cherenkov electromagnetic lead glass calorimeter is des
cribed. It consists of shower hodoscopic detector with IOx 
xlO cm cell size (189 elements) and active converter 4 rad. 
lengths thick (19 elements) in front of it. From measurements 
in e+-and rr+-beams with 3 and 5 GeV energies both the energy 

resolution <'b /E "" 0.08/ jÊ~(õ-;V): and ~x ." lO IIUl1 spatial resolu
-3 

tion are obtained. The hadron rejection factor of about 2· lO 
has been achieved. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR • 
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