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BBE.QEH~E 

anR HeHTpOHHOH paAHOrpa~HH C B~COKHM npocTpaHCTBeHH~M paape
WeHHeM B Ka4eCTBe AeTeKTOpa TennOBWX HeHTpOHOB 6wna npeAflO~eHa 
APe171CllOBaR npoeK'-'HOHH8R KaMepa C OflOCKHM KOHBepTOpOM H3 lOB .1, ( 

npeAB8PHTeflbHWe HccneAOB8HHR xapaKTepHCTHK APeHClloeoH KaMepw 
HH3KOrO A8BfleHHR nOK838flH, 4TO KOOPAHHaTY T04eK Ha TpeKe anb
~a-4aCTH~,HCXOAR~HX H3 T04eK KOHBepCHH H nepeceKa~~HX APeHCllo
BbiH npoMe>KyTOK, MOryT 6b1Tb onpeAeneHbl C T04HOCTbiO (u) OKOflO 
100 MKMI2I, 

B HaCTOR~eH pa6oTe npeAcTaeneHbl xapaKTepHCTHKH MaKeTa AeTeK
Topa AaHHoro THna, c noMO~biO KOToporo npoBOAHnacb npo~eAypa 
BOCCT8HOBfleHHR TpeKOB perHcTpHpyeMbiX anbella-4aCTH4, n0380flRIO~aR 

onpeAenRTb KOOPAHH8Tbl T04eK KOHBepCHH HeHTpOHOB. 

KOHCTPYKU~R ~ nP~HU~n .QEACTB~R .QETEKTOPA 
CxeMa ,qeTeKTopa noKa3aHa Ha pHc.l. AereKrop paaMe~aerc~ a 

repMeTH4HOM Kopnyce, npo,qysaeMo~6yraHOM npH onpe.qeneHHOM 
,qaaneHHH. XapaKrepHCTHKH Hccne,qoeanHcb npH noMo~H KonnHMHPOBaH-
Horo anb<l>a-HCT04HHKa 210Fb. AaeneHHe raaa B ,qereKTOpe MQ)I(HQ 
6~no ~HKCHpoaaTb a HHTepaane 10+100 Topp. 

Anb<J>a-4aCTH~~, npoxo,qR 4epea ,qpeH~oe~H npoMe*yroK, orpaHH-
4eHHbiH ABYMR npoeono4HbiMH aneKTpo,qa·MH, pentcTpHpoaamotcb CLV-tH

THilllR~HOHHbiM c4eT4HKOM. Ha nposonoKH aneKTpo,qoe c noMO~b~ pe-
3HCTHBH~.ro ,qenHrenR no,qaaanocb eoapacra10114ee HanpR>KeHHe. 4acTb 
3JleKTpOHOB TpeKa allb$B-48CTH~, ABHf8101J4HXCR B 31leKTpH4eCKOM no• 
ne, npoxo,qHna 4epea 114e11H e o6beM npoaono4Hb1X C4eT4HKOB, r,qe 
perHcTpHpoaanacb. 

3neKTPOAbl, ¢opMHPYIOU4He none, B~nonHeH~ H3 npoaonOKH AHaMeT
POM 20 MKM, KOTOpaR HaMOTaHa C warOM 2 MM." 06DeM ,qpeHct>oBOro 
npoMe*YTKa - 30x90x190 MM8,o6DeM nponop~HOHanbHWX C4eT4HKOB -
10x10x190 MM 3.AHOAaMH I At H A2 I c4eT4HKOB cny>KaT npoaonoKH 
,qHaMeTpOM 20 MKM. PaCCTORHHe Me*AY aHO,QaMH ABYX C4eT4HKOB Co
CTaBnReT 20 MM. C~HHTHnfl~~HOHH~H C4eT4HK pa3MepOM 5x80x200 MMS 
3a,qaeT CTapTOBWH CHrHan npH KOOPAHHaTHWX H3MepeHHRX. 

6noK-cxeMa ycTaHOBKH, HcnonbayeMoH npH HCCne,qoaaHHH ,qeTeK
Topa, npHBe,qeHa Ha pHC. 2. X - KOOPAHHaTW T04eK B H C onpe,qe
nRnHCb nyTeM H3MepeHHR BpeMeHH ,qpeH~a 3fleKTPOHOB no aa,qep*Ke 
aHOAH~X CHrHanOB C COOTBeTCTBy~HX npoBOfl04HbiX C4eT4HKOB. Y-
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PHc.l. CxeMa ,IJ;eTeKTopa. repMeTH'tlHhlfi Goxc, CnY*a~ft~nn pa3Me~ ,z:J;eTeKTopa, He IIOKa3aH. B H C - TOGJ<H rrepecelleHH.f.l: a.Jib¢a
qaCTHI.J;eH IIJlOCKOCTeH, IIapaJIJJ:eJibHbiX IIpOBOJIO'tlHbiM 3JleKTPO,D;aM p;peH$OBOrO npoMe~TKa H co,IJ;ep~amHX aHo~ nepsoro HnH BToporo ClleT
liHKOB I A 1 H A2 cooTseTcTseaHo/. 

PHc.2. Bnox-cxeMa ycTaHOBKH: BAK- speMn-aMrrnHTYAHMH xoHsepTop; ·~aMilJIHTy,c;HbiH aHaJIH3aTOpj ,[{ - ,ll;HCKPHMHHaTOp-¢0pMHpOBaTeJib. 
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KOOPAHH8Tbl onpeAell.RllHCb npH noMO~H JlHHHi1 38A~P)I(KH, KOTOpble RB

Jl.RJlHCb 48CTb~ KaTOAOB COOTBeTCTBY~~HX npOB01104H~X C4eT4HKOB. 

IlHHHH 38Aep)t(Kr.1 A11HHOC1 200 MM r.1 Ce4eHHeM 22x4 MM 2 HaMOT8Hbl H30-

11HpOB8HHOi1 MeAHOi1 npoBOllOKOC1 AH8MeTpOM 50 MKM C warOM 0,25 MM, 

0MH4ecKoe conpoTHBneHHe llHHHH 140 OM, HMneAaHC OKano 530 OM. 

BenHYHHa noroHHOC1 aaAep)t(KH oKono 2,2 Hc/MM. 

3KCnEPHMEHTAnbH~E PE3YnbTAT~ 

A. BpeMeHHble H aMnllHTYAHble H3MepeHH.R 

npH onpeAelleHHH CKOPOCTH APe~~a 3lleKTpOHOB 6blll0 38Me4eHo, 

4TO npr.1 M8llbiX CKOPOCTRX nPOAYB8 AeTeKTOP8 ra30M CKOPOCTb APeH

~a pa311H4Ha. Ha pHc.3 npHBeAeHbl aaBHCHMOCTH cKopocTH APei1~a 

3lleKTPOHOB w a H3o6yTaHe oT aenH4HHbl E I p npr.1 cKopocTH npo

AYBa AeTeKTOpa ra30M OKOllO 30 CM 3/MHH /Kpr.1B8.fl 2/ r.1 6onee 

70 cM3/MHH /KpHBa.R 1/. ~aaneHHe ra3a a AeTeKTope npr.1 3TOM co

CTaan.Rno 20+50 Topp. npH CH.RTHH ecex xapaKTepHCTHK a A811bHei1-

weM CKOPOCTb npOAYB8 AeTeKTOpa 6blll8 6onee 100 CM 3/MHH, 4TO ra

P8HTHPOB8110 nOCTOFIHCTBO CKOPOCTH APei1~a 3lleKTpOHOB. 
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PHc.3. CKopoCTb APeftWa 3neKTpo

HOB B H306yTaHe B 3aBHCHMOCTH 

OT eenH'tiHHb1 E /p npH pa3JIH'ti

HOH CKOpOCTH npo~yea AeTeKTOpa 

ra3oM. 

PHc.4. AMnnHTYAa CHrHanoe npo- ~ 

BonO'tiHhlX C'tleT'tiHKOB B aaBHCHMO- , 

CTH OT aHOAHOrO Hanp~eHH~. ID~-L~~~~~~L-~~~~ 

E/p- 4,2 B/cM.Topp. 600 100 BOO 900 Ua(B) 
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PHc.5. 3aBHCHMOCTD HsMeaeHHH 
aMnnHTYAN CHrHana CO CqeTqHKOB 
npH pasnHqaoM yrne axo,o;a an&~a
qacT~ B APeAWoaNA rrpOMeEyToK. 
Ao- aMilJlHTY.z:ta npH w·==0°.flyHKTH

poM noKasaaa pacqeTHaH SaBHCH
MOCT&. 

BenH4HHa OCTaT04HOH 3HeprHH 
anb~a-4aCTH4~, o6paaosaHHOH no 
peaK~~~ (n, a.) ~ npoWeAwei1 
4epea APeH¢os~H npoMe*YTOK, 
AOnmHa 6WTb AOCTaT04HOH AnR 
Cpa6aT~BaHHR C4HHTHnnR4HOHHOrO 
C4eT4HKS. noaTOMY 3¢$eKTHBHOCTb 
AeTeKTopa npH noHH*eHHH ABBne
HHR raaa aoapacTaeT. Ha pHc.4 nPHBeAeHW 38BHCHMOCTH aMnJlHTYA CHrHaJlOB C SHOAOB C4eT4HKOB OpH ABBJleHHH 20 H 50 Topp - KPHBWe 1 H 2 COOTBeTCTBeHHO. 3aBHCHMOCTH H3MepeHbf npH yrne BXOAS Sllb!lla-4SCTH4 B APeH~OBbli1 npoMe>KyTOK (I), pBBHOM 0°·• ClleAyeT OTMeTHTb, 4TO ofia C4eT4HKa ,QOCTaT04HO H,QeHTH4Hbl. 

cHrHanos a aasHcHM0-
4TO 3aBHCHMOCTb npaK-

Ha PHc.5 noKaaaHo H3MeHeHHe aMnnHTYAbl 
CTH OT yrna BXO,Qa anbt;l)a-4aCTHLI ((),. BH,QHO, 

Ao TH4eCKH no,Q4VIHReTCR aaKOHy A(()---~-. npe,QcTasneHHOMy nyHKcos(() TVIPHOH KPHsoH, rAe Ao- aMnnHTYAa np1o1 cu =0°. Hccne,QOBaHHR BflVIRHHR WHPHH~ BXO,QHOH ~enH npOBOfl04H~X C4eT-4VIKOB noKaaanH, 4TO aMnllHTy,Qa CHrHallOB nponOpL!HOHallbHa WHPV!He BXO,QHbiX ~e.neH. illHpHHa BXO,QHOH ~enVI npH 3TOM H3MeHRnaCb OT 1 ,QO 5 MM. npH H3MepeHHH OCHOBHbiX xapaKTepHCTHK WHPHHa BXO,QHbiX ~eneH COCTaB.nRna 2 MM. 

6. npoCTpaHCTBeHHOe paapeweHHe 

npH HCCJle,QoBaHHH npocTpaHCTBeHHOrO pa3peweHHR ,QeTeKTOpa H3-MepR.naCb se.nH4HHa cpe,QHeKsa,qpaTH4Horo OTKnoHeHHR u·HsM.· BenH-4HHa co6cTseHHoro paapeweHVIR ,QeTeKTopa u· onpe,QenRnacb KaK u-
2 

= u
2 
H3M'7' ui_o TOpa • 

PaHee e pa6o~7 6bl.no noKaaaHo, 4TO npH ,QaeneHHVI Hao6yTaHa 50 Topp aenH4HHa u· .QnR X- "' Y-KOOPAHHaT cocTaBnReT senH4HHY OKODO 100 MKM ,QllR yrna BXO,Qa a.nbt;l)a-4aCTH4 cu =0°. 8 HaCTOR~eH pa6oTe HCC.ne,QOBallaCb 3aBHCHMOCTb Bel1H4HH~ U·QT yr.na sxo,Qa cu anb~a-4aCTHLI npH ,QasneHHH Hao6yTaHa 20 "' 50 Topp. 
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PHc.6. 3aBHCHMOCTh BeJIHl.lHHbi npocTpaHCTBeHHoro pa3peme-

HHR npH onpeAeJieHHH X -Koop,qHHaT /a/ H Y -KoopAHHaT I 6 I 
TO'tleK B HJIH C I pHc. I I ,[VIR pa3JIH'IHoro yrria BXOAa a.n~:oWa
qacTH~ B APe~$oBhlH npoMemyTOK. E/p=4,4 B/cM.Topp, AnH
Ha ApeA~a 40 MM /s cpeAHeM/ /a/ H 45 MM /6/. KpHBaR 1 -
AaBneHHe H3o6yTaHa 20 Topp, 2 - 50 Topp. 

Ha pHc.6a np~BeAeH~ 3TH aaeHCHMOCTH no X-KOOPAHHaTe AnR OAHo
ro H3 C4eT4HKOB. AHanorH4H~e aaBHCHMOCTH no Y-KOOPAHHaTe npH
ae,QeH~ Ha pHc.66. BenH4HHa ux npH ,QaaneHHH 50 Topp npHMepHo 
Ha 10% MeHbWe, 4eM.npH ,QaaneHHH 20 Topp. npH 3TOM aMn.flHTYAa 

aHOAHbiX CJ.irHanoa (Aa ) H C"1rHa.noa c nHHHH aa,Qep>KKt-t (An~ a nep
BOM c.ny4ae Ha 50% npeablwaeT aMnnHTYAY cHrHa.noa, no.ny4aeMbiX npH 
,Qaa.neHHH 20 Topp /pHc.4/. CooTHoweH~e aen~4~H 3T~x c~rHanos 
CJleAYIO!IIee: A n3= (0,1 + 0,2)A, • 

Ben~4~Ha (J·y np~ yMeHbWeH~~ AaaneH~.R OT 50 AO 20 Topp 
soapacTaeT np~MepHo Ha 50%. ~n.R ycTpaHeH~.R 3Toro Heo6XOA~MO 
noB~C~Tb COOTHOWeHHe c~rHan/wyM npH CDeMe ~H~OpMa~~H C n~HH~ 
3aAepmK~ nyTeM yaenH4eHHfl aMnn~TYA~ c~rHanoa H aenH4~H~ noroH
HO~ 3aAepmK~ IIHHH~. 

OnpeAeneHHe KOOPAHHaT T04KH a~XOAa anb¢a-4aCTH~ ~a nnocKo
CTH pacnonomeHHfl HCT04HHKa, napannenbHO~ niiOCKOCTflM, COAep*a
IJ.IHM T04KH B HIIH C H aHOA COOTBeTCTBYIOIJ.Iero C4eT4HKa /pHC.l/, 
npOH3BOAHnocb cneAYIOtL\HM o6paaoM. OnpeAe11.RllHCb X- H Y -Koop
AHHaT~ T04eK B ~ C A11.R T04e4HOrO HCT04HHKa, a C06CTBeHH~e KQ
OPAHHaT~ HCT04HHKa X H Y onpeAefl.RJ1J.1Cb no ¢opMynaM 

x ... x1z2-x2z1 '• 
z2- Zt 

rAe z1=10,5 MM, a z 2=30,5 MM. 
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PHc. 7. Tot~HOCTb onpe.c;enemu1 X -Koop,n;HHaT I a/ H" y-KoopAHHaT /6/ TOt{eK KOHBepCHH. KpHBaR ] - ,n;aBneHHe 10 Topp, 2 - 50 Topp. 

Ha p~c.]a npHBeAeHo npocTpaHcTseHHOe paapeweHHe ~n ,qeTeKTopa npJ.o~ onpe,qeneHHH X -Koop,qHHaTbl 11T04KH KOHBepCHH 11 npH ,qasneHHH H306yTaHa 20 H 50 Topp. Oo,qo6Hble aaBHCHMOCTH Allfl Y-KoOPAHHaT npHBe,qeHbl Ha PHC.]6. 8eJ1H4HHa qb onpe,QeJlflJlaCb KaK U~z{Y) =U~l(yt) + C7~2(Y2) • 
npHse,qeHHble aaBHCHMOCTH OOKa3b1Ba~T, 4TO T04HOCTb onpe,qeneHHR KOOp,qHHaT T04eK KOHBepcHH HeHTpOHOB npH ,qasneHHH H3o6yTaHa 20 Topp H ytne sxo,qa anb~a-4aCTH4 oT 0° ,qo 30° H3MeHReTcR aT -200 AO -300 MKM no X-KoopAHHaTe HoT -340 AO -410 MKM no YKOOPAHHaTe. 
KaK 6bi110 noKaaaHo a pa6oTeh/, npH ,qasneHHH Hao6yTaHa 40 Topp H yrne B~XOAa anb~a-4aCTH4 AO 30° 3~~eKTHBHOCTb perHCTPa4HH Tennoe~x HeHTPOHOB cocraenReT 0,2%, npH AaeneHHH 50 Topp 3~~eKTHBHOCTb perHCTPa4HH npeHe6pe~HMO Mana B CBR3H C yMeHbWeHHeM BepORTHOCTH perHCTPa4HH anb~a-48CTH4 C4HHTHflnR4HOHHWM C4eT-4HKOM. 
HaMepeHHR npoBOAHnHcb c noMO~b~ KOnnHMaTopa paaMepoM 7,5x0,08 MM2.aenb e~cTaBnRnacb nepneHAHKynRPHO HanpaeneHH~, no KOTOPOMY onpeAenRnOCb npOCTpaHCTBeHHOe paapeweHHe. 0WH6Ka B ~CTHpOBKe ~enH /Oc06eHHO npH H3MeHeHHH yrna BXOAa 4aCTH4/ npHBOAHna K HeKoTopoMy YXYAWeHH~ nony4eHH~x aHa4eHH~. 6~no rTpOBeAeHO H3MepeHHe BenH4HHbl a· C HCKn~4eHHeM B03MO~HOCTH noeopoTa KOnnHMaTopa, HOC nOBbiWeHHOH T04HOCTb~ ~CTHPOBKH ~enH, npH 3TOM AnR AaaneHHR H3o6yTaHa 50 Topp H w ""0° aenH4HHa a cocraanRna- 90 11 -120 MKM. 3ro roaopHT o ToM,4TO AeHCTBHTenbHble 3Ha4eHHR BenH4HH a· npHMepHO Ha 20% ny4we npHBeAeHHbiX Ha PHC.6-7. 
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3AKnlll4EHHE 

npoeK~~OHHaA APe~~OBaA KaMepa H~3KOro AaBneHHA no3BOJ1AeT 

BOCCTaHaBilHBSTb TpeKH Silb$a-4aCTH4, npOXOAA~HX 4epe3 APe~ctJo

Bblilt npoMe}f(YTOK H perHCTpHpyeMbiX C nOMO~biO C4HHTHJ111A4HOHHOrO 

H npOBOJ104HbiX C4eT4HKOB. To4HOCTb onpeAeneHio1A KOOPAHHST T04eK 

KOHBepCllll-1 COCTSBilAeT Bem14HHy (aD) OKOilO 2QQ MKM H 300 MKM 

no X- lo1 Y -KOOPAHHSTaM COOTBeTCTBeHHO. 3¢$eKH18HOCTb pen1CT

pa4J.H1 TenilOBblX Hei:1TpOHOB nplrl nplo1MeHeHHH KOHBepTOpa 1-13 lOB Ill 

3anonHeHHH AeTeKTopa H3o6yTaHoM npH AaBneHHH He 6onee 20 Topp 

6yAeT cocTaenATb AOilH npo4eHTa. K 4HCilY HeAOCTaTKOB AeTeKTopa 

CileAYeT OTHeCTH HeAOCTaTOLIHO BbiCOKoe 6biCTPOAei1CTBHe, onpeAe!lf:je

MOe MaKcHMa!lbHbiM epeMeHeM APeH¢a 3neKTpoHoB e APeH¢oeoM npo

Me>KyTKe. 

ABTopbl 6naroAapfn 4JleHa-KoppecnoHAeHTa AH CCCP A.M. &anAHHa 

~ n.r.MaKapoaa, a TSK>Ke R.ropa4eKa, M.UHcap>Ka Yl 3.illHAaKa 3a 

nOCTORHHbl~ YIHTepec Yl COAe~CTBYie pa6oTe. ABTOPbl Bblpa>!<SIOT npYI3Ha

TeJlbHOCTb ~.C.AHYICHMoay, P.M.&a311osoH, H.n.BonKoay, A.&.~aaHo

sy, M.H.MHxa~noso~, C.A.Mos4aHy Yl ~.r.$eAynoay 3a noMo~b s pa-

6oTe. 
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