


cHrHan pa3peweHH~, a KOOPAHHaTH~e cHrHan~ nocTyna~T Ha apeM~

aMnnHTYAH~e KOHBepTOp~, CHrHan~ C KOTOP~X 4epe3 COOTBeTCTBY~~HH 
HHTep$eHc nepeAa~Tc~ a 3BM. An~ npHeMa ~ o6pa6oTKH HH¢opMa~HH 
Hcnonb3yeTc~ cTaHAaPTH~H naKeT nporpaMM GA~MA- 11 / 4( 

2. AETEKTOP. PErHCTPAUH~ H3flY4EHH~ 

no3H~HOHH0-4YBCTBHTenbH~M AeTeKTOPOM raMMa-KBaHTOB ~Bn~eTC~ 
MHoronposon04Ha~ nponop~HoHanbHa~ KaMepa c APeHQOB~MH npoMemyT
KaMH /pHc . 2/, noMe~eHHaR B repMeTH4H~H an~MHHHeB~H 60KC /B/, 
BXOAHOe OKHO (M)KOTOporo B~nonHeHO H3 Hepmaae~eH CTanH TOn~H
HOH 0,1 MM. An~ o6ecne4eHH~ MexaHH4ecKOH npo4HOCTH Hcnonb3yeTc~ 
CTanbHO~ ¢naHe~ (K) TOn~HHO~ 20 MM, ~Bn~~HHCR OAHOBpeMeHHO KOn

nHMaTOPOM. npH npOBeAeHHH KnHHH4eCKHX o6cneAOBaHH~ na~HeHTOB 
K ¢naH~Y A06aanR~TC~ B~eWHHe CBHH~OB~e KOnnHMaTOP~ K TOn~HHO~ 
no 8 MM, OTnHT~e C noMO~b~ MaTpH~~. H3rOTOBne HHOH no ¢naH~y . 
KonnHMaTOp~ HMe~T reKcaroHanbHY~ CTPY~Typy; OTBepCTHR AHaMeTpOM 
2 MM pacnonomeH~ c waroM 2,5 MM Ha nno~aAH 270 x 270 MM 2 • C uenb~ 
yMeHbWeHHR QOHa OT pacceRHHOrO peHTreHOBCKOrO H3ny4eHH~ 60KC 
CHa6meH AOnOnHHTenbHOH 3a~HTO~ H3 CBHH~OBbiX nHCTOB TOn~HHOH 
7 MM no 6oKOBOH noaepXHOCTH H TOn~HHOH 2 MM Ha 3aAHeM ¢naH~e, 
Ha KOTOpOM pacnonomeH~ ycHnHTenH H 3neMeHT~ CHCTeM~ ra30BOrO 
o6ecne4eHH~ AeTeKTopa. 

DOKC C AeTeKTOPOM pa3Me~aeTCH Ha nOABHmHO~ CTOHKe H HMeeT 
Heo6XOAHM~e CTeneHH nepeMe~eHHR. 

MnK HMeeT ABa APe~¢0B~X npoMemyTKa , 3neKTPOA~ KOTOP~X _a YAane
H~ OT COOTBeTCTBY~~HX KaTOAOB C Ha paCCTO~HHe , 34 MM. PaCCTORHHe 
MemAY aHOAOM A H KaTOAat-IH KaMepbl - 4 MM, aHOAHa~ nnocKOCTb Ha
MOTaHa npOBOnOKO~ AHaMeTpOM 20 MKM C warOM 2 MM. 06~H~ BHA Ae
TeKTOpa npeAcTaaneH Ha pHc.3. 

repMeTH4H~~ 60KC 3anonH~eTC~ CMeCb~ KCeHOHa /90%/ H MeTaHa 
/10%/ npH H36biT04HOM AaeneHHH 5 aTM. 
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npoWe AWHH 4epe3 KonnHMaTOp 
raMMa-KaaHT c 3HeprHe~ EY B3aH
MOAe~cTayeT e T04Ke I c KceHo
HOM, B036YmAa~ aTOM H. o6pa3y~ 
¢oTo3neKT poH c 3HeprHe~ I E y -

- EK /, rAe EK = 3lt,6 K3B. Bo3-
6ymAeHHe aTOMa nH60 CHHMaeTC~ 
HcnycKaHH eM 3ne KTPOHOB Ome c 
3He prHe A ( EK - 2 EL ) , paBHOH 
- 24,5 K3B, nH60 HCnycKaHH eM 



PHc. 3. 06u~u1 BHA fKH 

$nyopec4eHTH~x KBaHTos c 3HeprHeA 30,4 K3B. CpeAHHH AnHHa cso-
6oAHoro npo6era COCTaBnHeT 3,4 CM H 8 T04Ke 2 /pHc.2/ npOHCXDAHT 
saaHMDAeAcTBHe $nyopec4eHTHoro KBaHTa c aTOMOM KCeHoHa. TaKHM 
o6pa3oM, 8 HeKOTOp~X cny4aHX nepBH4HOMy raMMa-KBaHTy MO~eT COOT
BeTCTBOBaTb ABa paaAeneHHbiX so speMeHH perHCTPHPYeMbiX co6biTHH -
HCTHHHOe/1/ H $DHOBOe /2/. Co6CTBeHHOe npOCTpaHCTBeHHOe paape
WeHHe AeTeKTOpa onpeAenHeTCH senH4HHOi1 npo6era $DT03neKTPOHOB. 
npH B03pacTaHHH 3HeprHH raMMa-KBaHTOB OT 60 AD 100 K3B senH4HHa 
npo6era H3MeHReTCH OT - 0, 8 MM AD - 4 MM / 3/. 

3. XAPAKTEPHCT~KH AETEKTOPA 

napaMeTpbl AeTeKTopa HccneAOBanHCb c nOMO~b~ raMMa-HCT04HHKa 
241Am /E =60 K3B/, KOTOpbtA C COOTBeTCTByiO~HMH KDnnHMaTopaMH 

MOmHO HC~Onb30BaTb KaK T04e4H~i1 - npH H3MepeHHH 3$~eKTHBHOCTH 
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H OAHDPDAHOCTH, HnH KaK nHHeAHbiH - npH onpeAeneHHH npocTpaH
CTBeHHOrO paapeweHHH H nHHei1HOCTH. 

3.1. 3$$eKTHBHOCTb 

Ha PHc.4 /KpHBaH 1/ noKa3aHa pacc4HTaHHaH aaBHCHMOCTb 3$~eK
THBHOCTH perHCTpa4HH AeTeKTOPOM H3ny4eHHH, npoWeAWero 4epe3 
KOnnHMaTOp 8 3aBHCHMOCTH OT 3HeprHH y-KBaHTOB, y4HTb1BanOCb oc
na6neHHe noToKa <j>DnbroA M H cnoeM raaa HA Ton~HHOA 3 MM. AnA 
raMMa-KBaHTOB C 3HeprHei1 60 K3B 3Ta senH4HHa 3$~eKTHBHOCTH (c) 
6~na H3MepeHa no C4eTy CHrHanos C aHOAa HnK. npH 3TOM HHTeH
CHBHOCTb T04e4Horo HCT04HHKa onpeAenHnacb c noMO~biO nnn LGe(Li)]. 
AnH HCKnl04eHHH BKnaAa $nyopec4eHTHbiX KBaHTOB 8 H3MepHeMbli1 C4eT 
npH onpeAeneHHH l perHCTPHPYIO~aH 3neKTpOHHKa HMena MepTBOe spe
MH, a HeCKDnbKD paa npesbtWaiO~ee MaKcHManbHOe speMH APei1¢a aapH
Aa H3 npoMemyTKOB nc. HaMepeHHOe 3Ha4eHHe 3$$eKTHBHOCTH c xopo
weA T04HOCTbiO cosnano c pac4eTHDA senH4HHO~ /a npeAenax 1%/. 

npH pa6oTe raMMa-KaMep~ 6~cTp~A speMeHHOA npo4eccop ocy~ecT
snHeT OT60p C06b1THA C 3$$eKTHBHOCTbiO lOT 6.npH 3TOM 3a BpeMH, 
onpeAenHeMoe nonHoA senH4HHoA aaAepmKH n3, a Ka~ADM H3 5 cHr
HanbHbiX TpaKTOB Tpe6yeTCH HanH4He OAHOrO H TOnbKO DAHOrO CHrHa
na. HcTHHHaH 3cJ>$eKTHBHOCTb AeTeKTopa e* MO>KeT 6btTb onpeAeneHa 
BbtpameHHeM: c* = £ • (£ OT 6. - P ¢),rAe P¢- sepoHTHOCTb perHcTpa4HH 
$nyopec4eHTHoro KBaHTa a Ka4ecTse noneaHoro co6~THH. 0T6paKosKa 
C06~THA speMeHH~M npo4eCCOPOM COCTaBnHna 25%, T.e. lOT~ =0,75. 
!~~.·~=;;~:::~::' ~~~:~~~~utAct tJIAt""M!l rnfit..ITlAIA R Lo1~0fiO~>KeHII1lo1 T04e4H0r0 

HCT04HHKa K nonHDMY 4HCny C06biTHA no nno~aAH AeTeKTOpa Aano 
3Ha4eHHe senH4HHbl P ¢ = 0, 15. KpHBaH 2 Ha pHc. 4 noKa3btsaeT 3Ha-
4eHHe senH4HH~ r* 8 3aBHCHMOCTH OT 3HeprHH nepBH4HbiX raMMa
KBaHTOB. AnR 3HepntH - 60 K3B H3MepeHHOe 3Ha4eHHe c* cocTaBnHeT 
42%. 
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PHc.4. 3asHCHMOCTb g~eKTHBHOCTH 
perHCTpa~HH ~eT€KTOpOM raMMa
KBaHTOB, llpOID€AffiHX qepeg KOnnH
MaTop,OT 3HeprHH y-KBaHTOB. 

3.2. npocTpaHCTBeHHOe pa3peweHHe 

Ha pHc.5 noKa3aHa senH4HHa co6cTBeHHoro npocTpaHcTBeHHoro 
paapeWeHHH B 3aBHCHMOCTH OT YAaneHHR nHHeHHOrO HCT04HHKa OT 
4eHTpa AeTeKTopa no x-KODPAHHaTe. War nepeMe~eHHH cocTasnHn 
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PHc.5. TipocTpaHCTBeHHoe pa3pe
meHHe geTeKTOpa B 3aBHCHMOCTH 
OT paCCTOHHHH OT ero ~eHTpa, 

5 MM. AHanor~4Ha~ aas~c~MOCTb 

6~na nony4eHa An~ y-KOOPA~HaT~ . 
nonHoe none apeH~~ ;nn3/ AeTeK
Topa onpeAen~nocb paaMepaM~ Kon
n~MaTopa ~ COCTaBn~no 270 MM. 
06nacTb ~eHTpanbHoro non~ apeH~~ 
/Un3/, o6naAa~~a~ 6onee xopow~M~ 

xapaKTep~cT~KaM~, onpeAen~nacb no 3T~M aas~c~MOCT~M ~ pasHa 
240 MM. Ben~4~Ha npocTpaHCTBeHHoro pa3peweH~~ B uns He xyme 
1,5 MM. 

3.3. 0AHOPOAHOCTb 

Ben~4~Ha OAHOPOAHOCT~ xapaKTep~ayeT pa3n~4~e B CKOpOCT~ C4eTa 
no nno~aA~ AeTeKTopa np~ o6ny4eH~~ ero pasHoMepHbiM noTOKOM raM
Ma-KBaHTOB. OnpeAen~nacb ~HTerpanbHa~ ~ A~¢¢epeH~~anbHa~ OAHO
POAHOCTb, np~ 3TOM T04e4H~~ ~CT04H~K pa3Me~anc~ B ~eHTpe KamAO~ 
~3 81 ~4eAK~ pa3MepOM 3x3 CM 2, Ha KOTOp~e fi~na pa3AeneHa BC~ 
nno~aAb AeTeKTOpa. 

HHTerpanbHa~ OAHOPOAHOCTb onpeAen~nacb KaK: 

11.1 1\T 

I= ± 100 ( ---~-8-': •..•.• ·_·_m_11l ___ ) , 
Nmax -i-N min 

rAe Nmax~ Nmin- MaKC~ManbHOe ~ M~H~ManbHOe 3Ha4eH~~ CKOpocT~ 

C4eTa no nno~aA~ AeTeKTopa. AnR nn3 sen~4~Ha I= +7,8%, An~ 
Un3 - I . +6 , 81: . --

A~·Or!Jepet:t~~anbHa~ or:.HopoAHOCTb 11; onpeAemwacb Bblpa)!{eH~eM: 
,lJ; = ~100amax /},rAe amax- MaKC~ManbHa~ pa3HOCTb CKOpOCT~ C4eTa 
An~ n106b1x coceAH~x ~4eeK no sceilt nno~aA~ AeTeKTopa, l - cyM
MapHoe 3Ha4eH~e CKOpOCT~ C4eTa B 3T~X ~4eiiiKaX. An~ nn3 nony4eHO 
3Ha4eH~e 11; = ~6, 1%. 

3.4. n~Hei1HOCTb 

n~HeiiiHOCTb AeTeKTopa xapaKTep~ayeT sen~4~HY npocTpaHCTBeHHOro 
~cKameH~~ ~ao6pameH~~. nony4aeMoro raMMa-KaMepoilt. np~ ~3MepeH~~ 

n~HeHHOCT~ ~CT04H~K nepeMe~ancn no aaAaHHOMY HanpasneH~~ c waroM 
5 MM. OnpeAen~n~cb a6coniOTHa~ (L 8 ) ~ A~$¢epeH~~anbHa~ (L ) n~
Hei/tHocT~. MaKC~ManbHOe OTKnOHeH~e ~3MepeHHOilt KOOPA~HaTbl ~T ~c
T~HHOrO 3Ha4eH~~ ecTb sen~4~Ha L 8 ,A~¢~epeH~~anbHa~ n~HeHHOCTb 
npeACTaBn~eT cofioi/t cpeAHeKBaApaT~4HOe OTKnoHeH~e ~3MepeHH~X 
Ben~4~H OT np~MOH, npoBeAeHHOi1 MeTOAOM Ha~MeHbW~X KBaApaTOB. 
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3Ha4eHH~ n~HeAHOCTeilt AnH un3 ~ nn3 coenaAanH, ~ AnR x-KOOPAHHa
Tbl 6~n~ cneAYIO~~MH: L 8 ~ 1,2 MM; Lg= 0,75 MM. /.lnR y -KOOPA~Ha
T~ nony4eH~ 6n~3K~e 3Ha4eHH~. 

5. PE3YnbTATM KnHHH4ECKHX HCn~TAHH~ 

fKM npeAHa3Ha4eHa An~ BH3yan~3a~~H ~ccneAyeM~X opraHOB np~ 
np~MeReH~~ paA~o¢apMa~eBT~4eCK~x npenapaTOB c 3HeprHeilt HcnycKae
M~x raMMa-KBaHTOB B A~ana30He 50-100 K3B. np~ ~ccneAOBaH~~ B03-
MOl!<HOCTei1 fKM ~cnonb30Ban~cb paA~OHyKn~Abl 241Am /Ey = 60 K38/, 
133Xe/T1/2:=:5,3 cyT; Ey = 80 K3B/ ~ 197Hg/T1/2=6~ 4; Ey~77 K3B/. 

Ha p~c.6 noKa3aHo ~3o6pameH~e 6ap-¢aHTOMa, cocTOR~ero ~3 
4epeAYIO~~xc~ nonce ce~H~a ~ oprcTeKna w~pHHoi1 no 2 MM, nony4eH
Hoe np~ o6ny4eHH~ era YAaneHH~M ~CT04H~KOM 197Hg. 

Ha pHc.7a np~BeAeHo H3o6pameH~e ¢aHTOMa, COAepma~ero Ha6op 
11XOnOAHbiX11 ~ "rop~41-1X 11 04arOB 241Am, nony4eHHOe C nOMO~biO fKM. 
H3o6pameH~e 3Toro me ¢aHTOMa, nony4eHHOe Ha TPaA~~~OHHOH raMMa
KaMepe co c~~HTHnn~~~OHHbiM AeTeKTopoM ( NaJ ), noKa3aHo Ha p~c. 76. 

An~ o~eHK~ Ka4eCTBa nony4aeMoro Ha rKM ~3o6pameH~~ ~cnonb-
30Banc~ ¢aHTOM ~~TOBHAHOH mene3~ C XOnOAH~M ~ rop~4~M 04araM~, 

~3rOTOBneHH~H C ~CnOnb30BaH~eM 197H~3a BpeM~ 3KCn03~~~~. paBHOe 
7 M~H, Ha fKM 6~no 3aper~CTp~poeaHO 34000 co6~THH - ~3o6pameH~e 
~dn, uMd oouKd~dnu Hd IJVIL.. Ud. 3a BIJt::MH <JKcno::s"'~"'"' Ha c~HHTHnn~~~oH
HOH raMMa-KaMepe, paeHoe 4 M~H, 3aperV~cTpV~posaHo 48000 co6biT~i1. 
nony4eHHoe ~3o6pameHV~e noKa3aHo Ha p111c.86. 

npoBeAeHH~e VICCneAOBaHVIR noKa3anV~, 4TO fKM o6naAaeT B~COK~M 
npocTpaHCTBeHH~M pa3peweHMeM np~ AOCTaT04HO xopowei/t 4yBCTB~
TenbHOCT~, 4TO n03BOn~eT nOB~C~Tb Ka4eCTBO npOBOA~M~X o6cneAo
BaH~M. B Ka4ecTee np1-1Mepa Ha p~c.9 noKa3aHo M3o6pameH~e no4eK 
6onbHOro np~ BBeAeH~VI B H~X paAVIOM30TOna 197Hg. 

PHc. 6. II3o6pru:<eHHe 6ap-«l>aHToMa, 
Haoop CBHH~OBb~ rronoc KOToporo 
BbiiTOnHeH c waroM 2 MM. Bap-¢aH
TOM oonyqanCH yganeHHbiM HCT0'-1-
HHKOM I 97Hg, 
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a/ 6/ 

PHC. 7. lfgo6pruKeHHe !l>aHTOMa, IIOnyqeHHOe Ha CI\HHTHnnHIJ;HOH
HOH raMMa-KaMepe /6/ H Ha fKM /a/. ~aHTOM 0 250 MM 
CO~ep~lOIT pa~OHYKllH,f\ 24lArn, BpP.MH Ha6opa CTaTHCTHKH 
6binO O~HHaKOBbiM. 

a/ 6/ 

PHc.8. lfso6pruKeHHe .PaHTOMa ~TOBH~HOH ~enesw, nonyqeHHoe 
Ha CIJ;HHTHnnHIJ;HOHHOH raMMa-KaMepe /6/ H Ha fKM /a/. 
Pa~oHyKnH~ - 197Hg. 

PHc.9. lfso6p~eHHe noqeK 6onh
Horo, nonyqeHHOe npH ero o6cne
goBaHHH Ha rKM. PagHOHYKllHA -
I97Hg. 
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3AKJ1104EHHE 

Paapa6oTaHHaH raMMa-KaMepa Ha OCHOBe MnK BWCOKOro AaBneH~H 
o6naAaeT XOPOWe~ 4YBCTB~TenbHOCTb~, BWCOK~M~ npOCTpaHCTBeHHWM 
paapeweH~eM, n~HeHHOCTb~ ~ OAHOPOAHOCTb~. 3TO n03BOnHeT ycneWHO 
np~MeHRTb ee AnH A~arHOCT~K~ e A~anaaoHe 3Hepr~~ raMMa-KeaHToe 
50-100 K38. BoaMomHo c03AaH~e raMMa-KaMep c 6onbwo~ 4YBCTB~Tenb
HO~ nnoutaAbiO np~ OTHOC~TeflbHO H~3KO~ CTO~MOCT~. ,[\eTeKTOp ~ paa
pa6oTaHHaR 3neKTPOHHaR annapaTypa 15•6 / noaeonRJOT o6ecne4~Tb 
6biCTPOAe~CTB~e AO 250000 co6/c npH 20-npot~eHTHbiX npoc4e
Tax, 4TO RBnReTCR BamHbiM npH npoBeAeH~I1 MeAH~HHCK11X o6-
cneAOBaHI1H C npi1MeHeH~eM KOpOTKOmHBY~HX paA110HYKfl11AOB. raMMa
KaMepa o6naAaeT CTa611nbHbiMI1 XapaKTepMCTI1KaM~ 11 XOPOWHM~ 3KCnnya
Ta~110HHbiMI1 Ka4ecTBaMI1. CneAyeT OTMeTHTb, 4TO e Te4eHI1e 6onee 
4eM 6 MeC C MOMeHTa 3anonHeHHR AeTeKTOpa ra30BOH CMeCb~ 113Me
HeHI1R XapaKTepi1CTI1K He 3aMe4eHO, 

npl1 yeenl14eH~11 AaeneHI1R ra3oeoro HanonHeHI1H AeTeKTopa AO 
10 aTM 11n11 6onee B03MOmHo np11MeHeHI1e raMMa-KaMepw AnR o6cneAo
eaHI1~, npOBOA11MbiX C 11CnOnb30BaHI1eM 99m.rc. 

B aaKn~4eHHe aeTopw ewpamaJOT 6naroAapHOCTb aKaAeMI1KY 
A.M.6anAI1HY 3a noAAepmKy 11 11HTepec K pa6oTe, a TaKme Il.r.MaKapo
ey 3a nOCTOHHHW~ 11HTepec K pa60Te. 

AeTOPbl npi13HaTenbHW 6.K.KypHTH11KOBy, M.H.M11xa~noeoH, T.HeTywl1-
nv r A J<nnnR:Lt'IAI..Ini'A r ~ o~WUnT-OrU-~ 

... ·--.--- -- . , lJ""'' n,,,, T.., ... ,,,... D U ["" ___ _ 
....... • M..,,,, • ""'-"' """' ' •' '• ""''-"W~I.._. 

eo~, B.A.oenRKoey, H.n.BonKoey, A.E.MocKoecKOMY, H.H.T11xaH4eey, 
IO.r.~eAynoey 3a noMO~b np11 ~3roToeneHI111 ycTaHOBKI1. 

AeTOPbl 6naroAaPHW npo~eccopy K.,[l.KanaHTapoey 3a 6onbwy~ 
nOMO~b B nony4eHI111 cpaBHI1TenbHbiX xapaKTepi1CTHK raMMa-KaMepw. 

napaMeTpw AeTeKTOpa rKM 

,[leTeKTOp 
ra3 
Ton~HHa cnoR ra3a 
,[laeneHHe 
norOHHaR 3aAepmKa 113 
nonHaR 3aAepmKa 113 
BonHoeoe conpoTHeneHI1e 
4yBCTB~TenbHaR nno~aAb 

pa 

MnK c APe~¢oewMH 
Xe + 10% CH4 
7,6 CM 
5 aTM 
2 HC/MM 
600 HC 

n3 700 OM 
AeTeKT0-

270 X 2]0 MM 2 

nPHJlO>KEHHE 

npoMemyTKaMH 
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XapaKTepHCTHKH AeTeKTopa /270 x 270 MM 2 /, H3MepeHH~e 
s cooTseTCTBHH co cTaHAaPTOM NEMA/7/. 

npocTpaHCTBeHHOe pa3peWeHHe 
A6con~THaR nHHeHHOCTb 
AH~~epeH4HanbHaR nHHeHHOCTb 
HHTerpanbHaR OAHOPOAHOCTb C4eTa 
no nn~aAH 
AH~epeH4HanbHaR OAHOPOAHOCTb 
3arpy304HaR cnoco6HOCTb 

JlHTEPATYPA 

- 1,0 MM 
1,2 MM 
0,75 MM 

7,8% 
6. 1% 
250000 c l 
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