


BBe~eHHe 

• K HaCTOJlI.U;eMY BpeMeHH nOOHTpOHHbIH aMHCCHOHHbIH TOMOrpacp 

(II8T) CTaJI HeOT'beMlleMOH ~aCTbIO 60llbWHHCTBa KpynHbIx HaY~HbIX 
JI,u;epHO- cpHOH'1eCKHX n;eHTpOB, r,u;e eCTb BOOMmKHOCTb nOlly~aTb YlIb

TpaKOpOTKO)l{Hl~YI.U;He (YK)K) nooHTpoH- HOlly~aIOI.U;He HOoTonbI, Ta

KHe, KaK lle, 18F, 150, 13N H T.,u;. SOllee Toro, HorOTOBlleHHe cne

n;HaJIHOHpOBaHHbIX KOMnlleKCOB ,u;llJI nOOHTpOHHOH TOMorpacpHH, BKllIO

~aIOI.U;HX B ce6J1 TpH OCHOBHbIX alleMeHTa: n;HKllOTpOH, pap;HOXHMH~e

CKyro lla60paTopHIO H p;eTeKTopHoe KOllbD;O (HJIH HeCKOllbKO KOllen;), no

llY~HllO KOMMep~eCKYIO OCHOBY B TeXHOllorH~eCKH paoBHTbIX CTPaHax 

3anap;HOH EBponbI, JInoHHH H AMepHKe, ~TO 06'bJlCHJleTCJI, B nepBYIO 

o~epep;b, BbICOKHMH nOTeHn;HaJIbHbIMH BOOMO)l{HOCTJlMH lI8T B paH

HeH ,u;HarHOCTHKe OllOKa~eCTBeHHbIX HOBo06paooBaHHH. K CO)l{aJIeHHIO, 

no HMeIOI.U;HMCJI Y aBTOPOB CBep;eHHJlM, Ha cero,u;HJlWHHH p;eHb B POCCHH 

HMeeTCJI TOllbKO O,JJ;HH TaKOH KOMnlleKC, nponYCKHaJI cnoc06HOCTb KOTO

poro orpaHH~HBaeTCJI 10- 15 n~n;HeHTaMH B CYTKH. TaKoe nOllO)l{eHHe 

BeI.U;eH 06'bJlCHJIeTCJI o~eHb 60llbWOH (HecKollbKO MHllJIHOHOB p;ollllapoB) 

ero CTOHMOCTbIO, ~TO HettocHllbHO p;a)l{e P;llJI KPynHeHwHX lle~e6HbIX H 

HaY~HbIX n;eF":TpOB POCCHH -H p;pyrHx CTpaH CHr. 
C P;PyroH CTOPOHbI, HaJIH~He B JIa6opaTopHH Jlp;epHbIX np06lleM 

OMJIM YCKopHTellJI, nOOBOllJlIOI.U;ero i:IOlly~aTb YK)K HOOTonbI B KO

llH~eCTBe, p;OCTaTO~HOM P;llJI npOBep;eHHJI p;HarHOCTH~eCKHX npon;e,u;yp, 

a TaK)I{e XopOWO 060py,u;oBaHHoH pa,u;HoxHMH~ecKoH lla6opaTopHH, p;e
llaeT npHBneKaTellbHoH Hp;eIO COOp;aHHJI YCTaHOBKH P;JIJl nooHTpoHHOH 

aMHccHoHHOH TOMorpacpHH Ha 6aoe Y)I{e CYI.U;eCTBYIOI.U;erO cpaooTpoHa H 

KllHHHKO-. cpHoH~ecKoro KOMnlleKca,CPYHKn;HOHHPYIOI.U;erO npH HeM. 

rrOMHMO-~HCTO AHarHOCTH~eCKHX H HaY~HO- HCCllep;OBaTeJIbCKHX n;e

lleR, II8T MO)l{eT oKaoaTbCJI TaK)I{e nOJIeoeH AJIJI KOHTPOllJI oa npaBHllb

HOCTbIO o6lly~eHHJI TJI)I{eJIbIMH OapJl)l{eHHbIMH ~aCTHn;aMH rJIy60Ko llO

KaJIHOOBaHHbIX onYXOlleH (BepHcpHKan;HJI 06JIy~eHHJI). 8TO BOOMO)l{HO 

6llarop;apJl TOMY, ~TO npH npOXO)l{p;eHHH ~epeo MJlrKHe TKaHH nY'qKa

TJI)I{ellbIX OapJl)l{eHHbIX ~aCTHn;, B ~aCTHOCTH, npOTOHOB, aHeprHJl KOTO

pbIX npeBbIwaeT KYJIOHOBCKHH 6apbep, BP;OJIb ero TpaeKTopHH 06paoy

eTCJI cneA HO nOOHTpOH- HOlly~aIOI.U;HX YK)K HOOTonOB (150,13 N,ll C), 
KOHn;eHTpaD;HJl KOTOPbIX no rlly6HHe npOHHKHOBeHHJI 'qaCTHn; C TO'qHO

CTbIO ,u;o HeCKOllbKHX MHllllHMeTpOB nOBTOpJleT CPOPMY KPHBOH Bperra 
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nyqKa npOTOHOB. n09TOMY eCJIH cpaoy nOCJIe ceaHca JIyqeBOH TepanHH 

nOMeCTHTb nan;HeHTa B p;eTeKTopHoe KOJIbn;O nST, TO C p;OCTaTO'tJHO 

xopoweH TOqHOCTbIO MO)l{HO BOCCTaHOBHTb cyMMapHoe pacnpep;eJIeHHe 

P;O:JbI, nOJIyqeHHOH nan;HeHTOM BO BpeMB 06JIyqeHHB. 

HaCTOBW;as: pa60Ta nOCBBw;eHa paopa60TKe H HCCJIep;OBaHHIO MO

P;YJIB nST, 06JIap;aIOw;ero p;OCTaTOqHO BbICOKHMH xapaKTepHCTHKaMH 

npH OTHOCHTeJIbHO HeBbICOKOH CBoeH CTOHMOCTH. 

KOHCTpYKllHJI H OCHoBHble xapaKTepHCTHKH KOMDOOHllHOH

Horo CllHHTHJIJIJlTOpa 

B 06w;eM BHp;e perHCTpHpyIOW;as: .CHCTeMa nST npep;CTaBJIBeT co

60H OP;HO HJIH HeCKOJIbKO KOJIen; p;eTeKTopoB, pacnOJIO)l{eHHbIX C warOM 

3- 20 MM BP;OJIb KOJIbn;a H HMeIOW;HX oceBoH paoMep 5- 20 MM. BHYTPb 

KOJIbn;a nOMew;aeTCJI nan;HeHT, B KPOBb HJIH JIerKHe KOToporo BBOP;HTCB 

OP;HH H3 n03HTpOH- H3JIyqaIOW;HX YK)K H:JOTonOB. POP;HBWHHCB no

3HTPOH, npoHp;B 2- 3 MM B Bew;eCTBe, aHHHrHJIHpyeT C 9JIeKTpOHOM C 

op;HOBpeMeHHbIM HcnYCKaHHeM p;ByX KOJIJIHHeapHhIX ,- KBaHTOB C 9Hep

rHeH 511 KgB,. paoJIeTaIOW;HxcB B npOTHBOll()JIO)l{HhIe CTOpOHhI. npH 

YCJIOBHH perHcTpan;HH 060HX,- KBaHTOB p;eTeKTopaMH nST MO)l{HO C 

TOqHOCTbIO p;o HeCKOJIbKHX MHJIJIHMeTpOB onpep;eJIHTb JIHHHIO,Ha KOTO

POH npOH30WJIa aHHHrHJIj{n;HJI n03HTpOHa. nOCJIe perHCTpan;HH 60JIb

woro (HeCKOJIbKO MHJIJIHOHOB) KOJIHqeCTBa TaKHX cOBnap;eHHH nOJIyqa

eTCB Ha60p JIyqeBhIX CyMM, CXOP;HbIH C Ha60poM, nOJIyqaeMbIM npH 

npOBep;eHHH peHTreHoBcKoH TOMorpa<PHH. TOMorpa<PHqecKoe H306pa

)l{eHHe, nOJIyqeHHOe B pe3YJIbTaTe P~KOHCTPYKIJ;HH 9THX CyMM, OTpa

)l{aeT pacnpep;eJIeHHe HIJOTOna B TOM HJIH .HHOM opraHe TeJIa nan;HeHTa. 

PaCCMOTpHM OCHOBHhIe Tpe60BaHHJI, npep;'bBBJI.s:eMhIe K p;eTeKTO

.paM P;JIj{ nST. OP;HHM H3 HaH60JIee Ba)l{HhIX napaMeTpOB, onpep;eJI.s:

IOW;HX KaqeCTBO peKOHCTpYHpOBaHHoro H306pa)l{eHHJI, .s:BJI.s:eTC.s: npo

CTpaHCTBeHHoe pa3pemeHHe ~eTeKTopa, KOTopoe TeN Bhlme, lieN NeHbme 

paoMep p;eTeKTopa. Cyw;eCTBYIOT, npaBp;a, <pH3HqeCKHe <paKTOPhI, orpa:" 

HH'lHBruoW;He npOCTpaHCTBeHHoe paopeweHHe peKOHCTpYHpOBaHHoro 

H306pa)l{eHH.s: - 9TO, npe)l{p;e Bcero, paCCTo.s:HHe, npoxop;HMoe n03HTpo

HOM OT MeCTa CBoero pO)l{p;eHH.s: P;O TOqKH aHHHrHJI.s:n;HH (3aBHC:HT OT 

THna npHMeH.s:eMoro YK)K H30Tona) H He60JIbWa.s: HeKOJIJIHHeapHOCTb 

paolleTaIOW;HXC.s: ,- KBaHTOB, 06YCJIOBJIeHHa.s: OCTaTOqHOH KHHeTHqe
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CKOH ~HeprlIeH nO::nITpOHa B MOMeHT aHHHrHJUIIJ;HH C ~JIeKTpOHOM. JIytf 

lllHe Ha CerOAHHlllHHH AeHb TOMorpa¢bI no CBoeMY npOCTpaHCTBeHHOMY 

paopellleHHIO Y.JKe BnJIOTHYIO npH6JIH.JKaIOTCH K ~TOMY <pHOH'9:eCKOMY 

npeAeJIY 6JIarOAapH MaJIOMY paoMepy CI:(HHTHJIJIHTOPOB (~ 3MM) npH 

60JIblllOM HX '9:HCJIe (~ 600 Ha OAHO KOJIbI:(O). 

BOJIblllHHCTBO HO HbIHe cy~eCTBYIO~HX n8T CKOHCTpYHpoBaiIo no 

OAHOH HO CJIeAYIO~HX cxeM: 

• 	 Ka.JKAbIH CI:(HHTHJIJIHTOP npOCMaTpHBaeTCH HHAHBHAYaJIbHbIM MH

HHaTIOpHbIM <POTOYMHO.JKHTeJIeM; 

• 	 rpynna CI:(RHTHJIJIHTOPOB npOCMaTpHBaeTCH MaTpH'qRbIM <pOTO

YMHO.JKHTeJIeM C HeCKOJIbKHMH <poToKaToAaMH; 

• 	 rpynna CI:(HHTHJIJIHTOPOB rrpOCMaTpHBaeTCH OAHOBpeMeHHO OAHHM 

<P8Y }l;JI.H npHBHOKH no BpeMeHH H ~HeprHH H OAHHM rOAOCKorrH

'9:eCKHM <P8Y AJIH orrpeAeJIeHHH KooPAHHaTbI cpa6oTaBlllero CI:(HH

THJIJIHTOpa; 

• 	 rpynna CI:(HHTHJIJIHTOPOB npOCMaTpHBaeTCH HeCKOJIbKHMH <t>8Y, 

npH'9:eM KooPAHHaTa rrpOXO.JKAeHHH '1- KBaHTa orrpeAeJIHeTCH nYTeM 

BOBelllHBaHHH aMnJIHTYA CHrHaJIOB C <POTOYMHO.JKHTeJIeH. 

CI:(HHTHJIJIHTOPbI, HCnOJIboyeMbIe B n8T AOJI.JKHbI YAOBJIeTBOp~Tb 

CJIeAYIOIIJ;HM Tpe6oBaHHHM: BbICOKaJI ~<p<peKTHBHoCTb perHCTpaI:(HH '1
KBaHTOB C ~HeprHeH 511 K9B, xopOlllee ~HepreTHtfeCKOe paopellleHHe, 

nOOBOJIHIOIIJ;ee AHCKPHMHHHpOBaTb pacceHHHbIe '1"- KBaHTbI C MeHbllleH 

~HeprHeH,. a TaK.JKe xopolllee BpeMellHoe paopellleHHe, onpeAeJIHIOIIJ;ee 

AOJIIO CJIY'9:aHHbIX cOBnaAeHHH, BcerAa npHCYTCTBYIOIIJ;HX B H3MepHe

MbIX AaHHbIX. HaH60JIee '9:aCTO HCnOJIboyeMbIH AeTeKTOp B HaCTOHIIJ;ee 

BpeMH - ~TO repMaHaT BHCMYTa (BGO). OAHaKo ~TOT CI:(HHTHJIJIHTOP 

He YAOBJIeTBOpHeT BceM nepe'9:HCJIeHHbIM Tpe60BaHHHM B nOJIHOH Mepe, 

H, KpOMe Toro, OH OTHOCHTeJIbHO AoporoH. nO~TOMY nOHCKH HOBbIX 
1AeTeKTopOB nOCTOHHHO BeAYTCH/ /. 

B pHAe pa60T HCCJIeAOBaJIaCb BOOMO.JKHOCTb HCnOJIbOOBaHHH rrJIaCTH

'9:eCKHX CI:(HHTHJIJIHTOpOB/2,3/. OHH HBJIHIOTCH OAHHMH HO caMbIX Aellle

BbIX, o6JIaAaIOT MaJIbIM BpeMeHeM BbICBe'9:HBaHHH « 2 HC), YAo6HbI B 

o6pa6oTKe. OAHaKo B TaKOM CI:(HHTHJIJIHTOpe rrp1:l aHeprHH ;-KBaHTa 
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511 KaB npaKTH~ecKH OTCYTCTByeT <I>oToa<I><I>eKT, ~TO He n08BOJUleT 

OT;n;eJIJlTb pacceHHHbIe KBaHTbI. KpOMe TOI'O, a<I><I>eKTHBHOCTb nJIaCTH

~eCKOI'O CD;HHTHJIJIHTOpa CJIHIlIKOM MaJIa ;n;a:tKe npH HYJIeBOM nopOI'e ;n;HC

KpHMHHaD;HH H COCTaBJIJleT BCeI'O OKOJl:O 25%·;n;JIJI 06panD;a panMepoM 30 
MM no HanpaBJIeHHIO ;n;BH:tKeHHH ,- KBaHTa, ~TO ;n;JIH ;n;ByX c~eT~HKOB, 

BKJIIO~eHHbIX Ha COBna;n;eHHe, ;n;aCT BCeI'O 6,25%. B TO JKe BpeMH, ;n;JIH 

pacceHHHbIX KBaHTOB a<I><I>eKTHBHOCTb 6y;n;eT TeM 60JIbllIe,~eM MeHbllIe 

HX aHepI'HH, ~TO npHBe;n;eT K 60JI~IlIOH 8allIYMJIeHHOCTH ;n;aHHbIX. 

B HaCTOH~eH pa60Te npe;n;JIOJKeH HOBbIH THn ;n;eTeKTopa ;n;JIH lIaT, 

HanBaHHbIH ·aBTopaMH KOMn08HD;HOHHbIM CD;HHTHJIJIJlTOpOM. B peJIHTH

BHCTCKOH H;n;epHOH <I>H8HKe ;n;JIH ;n;eTeKTHpOBaHHH BbICOKOaHepI'eTH~HbIX 

,- KBaHTOB ;n;aBHO HCnOJIb8YIOTCH caH;n;BH~H H8 nJIaCTH~eCKOI'O CD;HH

THJIJIJlTOpa H TH:tKeJIOI'O KOHBepTopa (I<aK npaBHJIO, CBHHD;a)/4/. lIo 

TaKOMY JKe npHHD;Hny nOCTpoeH H KOMn08HD;HOHHbIH CD;HHTHJIJIHTOP, 

npe;n;CTaBJIHIO~HH C060H Ha60p H8 TOHKHX ~epe;n;yIO~HXCH CJIOeB opI'a

HH~eCKOI'O CD;HHTHJIJIHTOpa H CBHHD;OBOH <I>OJIbI'H. MexaHH8M ;n;eTeKTH

pOBaHHH B TaKOM c~eT~HKe CJIe;n;yIO~HH. AHHHI'HJIHD;HOHHbIH ,- KBaHT, 

npOXO;n;H ~epe8 ;n;eTeKTOp, C HeKOTOpOE: BepOHTHOCTbIO B8aHMO;n;eHcTByeT 

JIH60 C caMH~ CD;HHTHJIJIHTOPOM, JIH60 co CBHHD;OBbIM KOHBepTopOM 

(~TO I'opan;n;O 60JIee BepOHTHO). B nepBOM CJIy~ae ,- KBaHT HcnbI

TbIBaeT TOJIb~O KOMnTOHOBCKoe pacceHHHe, TOI';n;a KaK BO BTOPOM CJIy

~ae BepOHTHOCTH pacceHHHH H <I>OToa<I><I>eKTa nO~TH paBHbI. lIpH yCJIO

BHH, ~TO TOJI~HHa 'CJIOeB ;n;OCTaTO~HO MaJIa ;n;JIH TOI'O, ~T06bI OCBO

60;n;HBIlIHHCH aJIeKTpOH npOXO;n;HJI HeCKOJIbKO nap CJIOeB ;n;o MeCTa nOJI

HOM cBoeM OCTaHOBKH, ~aCTb BbI;n;eJIHBllIeI'OCH B CD;HHTHJIJIJlTOpe CBeTa 

8a c~eT nOJIHOI'O BHYTpeHHeI'OOTpa:tKeHHH nona;n;eT B cBeToBO;n;, a 8a

TeM Ha <I>oToKaTO;n; <pay. ECJIH BbI6paTh nopor AHCKpHMHHaD;HH Ta

KHM, ~T06bI ;n;a:tKe npH BOOHHKHOBeHHH Ha <I>oToKaTO;n;e <pay XOTH 6bI 

O;n;HOI'O <I>oTOaJIeKTpOHa Ha BbIXO;n;e ;n;HCKpHMHHaTopa nOHBJIHJICH CHI'HaJI, 

TO MOJKHO Ha;n;eHTbCH, :qTO pe8yJIbTHpyIO~aJI a<I><I>eKTHBHOCTbTaKOI'O 

KOMn08HD;HOHHOI'O ;n;eTeKTopa OKa)f(eTCH BbIllIe, ~eM y ~HCTOI'O nJIaCTH

~eCKOI'O CD;HHTHJIJIJlTOpa. 

,uJIJI npoBepKH aTOM H;n;eH 6bIJIa panpa60TaHa YCTaHoBKa, n08BOJIH

IO~aJI BbITHI'HBaTb nOJIOCbI H8 OpI'aHH~eCKOI'O CD;HHTHJIJIHTOpa p~JIH~

HOH IlIHpHHbI H TOJI~HHbI, a TaK:tKe HCnOJIb80BaH CTaHOK ;n;JIJI npOKaTKH 

CBHHD;OBOH <I>OJIbI'H. :H8 TaKHX nOJIOC H <I>OJIbI'H 8aTeM Ha6HpaJIHCb KOM
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rr03~UHOHHble C'9:eT'9:HKH rrOrrepe'9:HbIMH panMepaMH 15MM x 20MM H 30 

MM rro HarrpaBJIeHHlO ABH.lKeHHH {- KBaHTa, rrpH'9:eM CJIOH 6bIJIH opHeH

THpOBaHbI rreprreHgHKYJIHPHO aTOMY HarrpaBJIeHHlO. C rrOMOlll.blO CBeTO

BOAa KOMrr03HUHoHHbIH C'9:eT'9:HK COCTbIKOBbIBaJICH C ¢OTOYMHO.IKHTeJIeM 

<1>8Y - 85 gHaMeTpOM 30 MM. 

8¢¢eKTHBHOCTb peI'HCTpaUHH aHHHI'HJIHUHOHHbIX {- KBaHTOB orrpe
5geJIHJIaCb rro MeTogHKe, OrrHCaHHOH B pa60Te/ / (pHc.l). 8Ta MeTogHKa 

rr03BOJIHeT rrOJIY'9:aTb a6COJIlOTHOe 3Ha'9:eHHe a¢¢eKTHBHOCTH. ,I(eHcTBH

TeJIbHO, TaK KaK BCe C06bITHH, 3apeI'HCTpHpOBaHHbIe B C'9:eT'9:HKe 2, 

gOJI.lKHbI TaK.lKe peI'HCTpHpoBaTbcH B C'9:eT'9:HKe 1, TO a¢¢eKTHBHOCTb 

rrepBOI'O C'9:eT'9:HKa eCTb He '9:TO HHoe, KaK N1,2/N2' TaKHM crroc060M 

6bIJIH H3MepeHbI a¢¢eKTHBHOCTH He~KOJIbKHX KOMrr03HUHOHHbIX C'9:eT

'9:HKOB C pa3JIH'9:HbI~H rrapaMeTpaMH, a TaK.lKe '9:HCTOI'O rrJIaCTH'9:eCKOI'O 

CUHHTHJIJIHTOpa aHaJIOI'H'9:HbIX pa3MepOB.,I(aHHbIe H3MepeHHH rrpHBe

geHbI B Ta6JIHue 1. 

Ta6JIHua 1 

HOMep 

C'9:eT'9:HKa 

TOJIlll.HHa IIJIa-

CTHKa, MKM 

TOJIlll.HHa 

¢OJIbI'H, MKM 

KOJIH'9:eCT-

BO CJIOeB 

8¢<peKTHB-

HOCTb, % 
1 500 90 49 31 

2 330 45 78 37 

3 230 33 113 41 

4 150 45 146 45,5 

5 150 33 160 45 

6 150 25 170 43,5 

"9:HcTbIH 

rrJIaCTHK ~ - 25 

KaK H rrpeArrOJIaI'aJIOCb, a<p¢eKTHBHoCTb peI'HCTpaUHH B03paCTaeT 

C YMeHbweHHeM TOJIlll.HHbI CJIOeB, ogHaKo, rrpH TOJIlll.HHe CUHHTHJIJIH

Topa MeHee 150 MKM c60pKa C'9:eT'9:HKa CTaHOBHTCH TeXHOJIOI'H'9:eCKH 

BeCbMa CJIO.IKHOH H 6bIJIO peweHO OI'paHH'9:HTbCH aTHM panMepOM. B 
TO .IKe BpeMH BHAHO, '9:TO, XOTH OTHoweHHe 3apeI'HCTpHpOBaHHbIX {

KBaHTOB K IIOJIHOMY HX '9:HCJIY, rrpOB3aHMogeMcTBoBaBweMY B C'9:eT

'9:HKe (pacceHHHbIX H rrOI'JIOlll.eHHbIX), 3aBHCHT OT TOJIlll.HHbI CBHHUOBOH 

¢OJIbI'H, pe3YJIbTHPYlOlll.aH a¢¢eKTHBHOCTb OCTaeTCH rrO'9:TH HeH3MeH

HOM B AOCTaTO'9:HO WHPOKOM HHTepBaJIe. 8TO 06'bHCHHeTcH TeM, '9:TO C 
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Counterl Counter2 

Hz 

Coincidence 
--------------~ scheme r-----------------~ 

Ni,z 

PlfC.!. CxeMa lfoMepeHlf.sI a6COJIlOTHOH :l<p<peKTlfBHoCTlf perlfCTpalllflf p;eTeK

TopaMlf aHHlfrHJI.sIlllfOHHbIX ,-KBaHToB. 

E;% 

600 

42 
300 

41 

45 

44 

43 

N;He 

1200 

900 

0 

840 860 880 900 920 940 960 

U;V 

Plfc.2. 	 3aBlfclfMoCTb :l<p<peKTHBHoCTlf perlfCTpalllflf If WYMOBOH CKOPO

CTlf C"'IeTa OT BbICOKOBOJIbTHOrO Hanp.sI)KeHlf.sI Ha OP;HOM lfO 

<p OTOYMHO)KlfTeJIeH. 

6 

http:Hanp.sI)KeHlf.sI
http:lfoMepeHlf.sI


YBeJIH-qeHl:IeM TOJIW;HHhI CBHHD;a p;mI KOMrrTOHOBCKHX 9JIeKTpOHOB C Ma

JIOn: 9HeprHen: YMeHhWaeTCH BepOHTHOCTh rrOKHHYTh q,C)Jlhry H p;aTh B 

CD;HHTHJIJIHTOpe BCrrhIWKY CBeTa, p;0CTaTO-qHYIO P;JIH perHCTpaD;HH q,0

TOYMHO}l{HTeJIeM. 

Ha pHc.2 rrpep;CTaBJIeHhI OaBHCHMO~TH 9q,q,eKTHBHOCTH perHCTpa

D;HH aHHHrHJIHD;HOHHhIX ,- KBaHTOB H CKOPOCTH C-qeTa 6eo HCTO-qHHKa 

HOJIy-qeHHH OT BhICOKOBOJIhTHOrO HarrpH}I{eHHH Ha OP;HOM HO <t>BY. CJIe

p;yeT OTMeTHT1. cyw;ecTBoBaHHe p;OCTaTO-qHO rrpOTH}I{eHHOrO rrJIaTO Ha 

KPHBOn: 9q,q,eKTHBHOCTH, rp;e OHa HOMeHHeTCH He 60JIee, -qeM Ha 1 + 2%, 
-qTO CHH}I{aeT Tpe60BaHHH, rrpep;"hHBJIHeMhIe K cTa6HJIhHOCTH HCTO-q

HHKa BhICOKOBOJIhTHOrO rrHTaHHH <t>8Y. HaJIH-qHe rrJIaTO rOBopHT 0 

TOM, -qTO perHCTpaD;HH C06hITHH rrpOHCXOP;HT p;a}l{e Torp;a, Korp;a Ha 

q,OTOKaTop;e <t>8Y pO}l{p;aeTCH TOJIhKO OP;HH 9JIeKTpOH. 

K Hep;OCTaTKaM pa60ThI B TaKOM pe}l{HMe CJIep;yeT OTHeCTH HaJIH

-qHe WYMOBoro c-qeTa 600 HCTo-qHHKa HOJIy-qeHHH, KOTOPhIn: B OaBHCH

MOCTH OT KOHKpeTHoro <t>8Y KOJIe6JIeTCH B rrpep;eJIax 100 + 10000 rD;. 

KpoMe Toro, HO- oa HeOp;HHaKOBOn: KOHBepcHoHHOn: 9q,q,eKTHBHoCTH 

q,oToKaTop;oB <t>8Y, OHa-qeHHe 9q,q,eKTHBHoCTH Ha rrnaTo MO)KeT TaK}I{e 

MeHHThCH Ha ±5% B OaBHCHMOCTH OT q,OTOYMHO)KHTeJIH. II09TOMY, 

rro 9THM p;ByM rrapaMeTpaM He06xop;HMa rrpep;BapHTeJIhHaJI oT6paKOBKa 

<t>8Y. KaK rrOKa3aJIa rrpaKTHKa, P;JIH '" 75% q,OTOYMHo}l{HTeJIen: 9q,

q,eKTHBHoCTh Ha rrJIaTO p;OCTHraeT OHa-qeHHH (45 ± 2)% rrpH WYMOBOn: 

CKOPOCTH c-qeTa < 1000 rD;. 

TaKHM 06Pa30M, y KOMrrooHD;HoHHoro c-qeT-qHKa 9q,q,eKTHBHoCTh pe

rHcTpaD;HH ,- KBaHTOB C 9HeprHen: 511 K9B OKa3aJIaCh B 1,8 pa3 BhIllle, 

-qeM y -qHCToro rrJIaCTH-qeCKoro CD;HHTHJIJIHTOpa, -qTO P;JIH p;ByX c-qeT-qH

KOB, BKJIIO-qeHHhIX Ha COBrrap;eHHH, p;aeT BhIHrphIlll B 3,24 pa3a. XOTjI 

9TO Bce ew;e MeHhllle, -qeM y BGO-p;eTeKTopa aHaJIOrH-qHhIX pa3MepOB 

(65 + 75% P;JIH op;Horo c-qeT-qHKa, pa60TalOw;ero rrpH rropore perHCTpa

D;HH 200+300 K9B), TeM He MeHee Y}l{e p;OCTaTo-qHO P;JIJI rrpaKT~eCKoro 

rrpHMeHeHHH B 6JIOKe p;eTeKTHpOBaHH1t IIST npH cyw;ecTBeHHO MeHhwen: 

CTOHMOCTH. 

BpeMeHHoe pa3pellleHHe KOMIlOOHD;HOHHoro CD;HHTHJIJIHTOpa onpe

P;eJIHJIOCh C p;ByMH Pa3JIH-qHhIMH q,OpMHpOBaTeJIHMH CHrHaJIOB. B rrep

BOM CJIy-qae, npH HCrrOJIhOOBaHHH q,OpMHpOBaTeJIJI C npHBHOKOn: K rro-
CTOHHHOn: -qaCTH q,pOHTa P;JIH op;HHapHoro c-q:eT-qHKa 6hIJIO nOJIy-qeHO 
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3Ha~eHHe 1,7 HC. ITPH HCnOJIb30BaHHH 06hI~HOI'O <pOpMHpOBaTeJIJI C 

nOCTOJIHHhIM nOpOI'OM aTa BeJIH~HHa oKaoaJIaCb paBHoH 2,3 HC. Ta

Koe OTHOCHTeJIbHO HeBhICOKoe 3Ha~eHHe BpeMeHHOI'O paopellleHHJI ;n;JIJI 

nJIaCTH~eCKOI'O CIl;HHTHJIJIJITOpa, COCTaBJIJIIOll\eI'O OCHOBY KOMn03HIl;H

OHHOI'O c~eT~HKa, MO)KHO 06'bJICHHTb crre;n;YIOll\HMH <paKTopaMH: Ma

JIOH cTaTHcTHKoH <pOTOHOB, ;n;OCTHI'aIOll\HX <poToKaTO;n;a <pay; 60JIb

lllHM ;n;HHaMH~ecKHM ;n;HanaooHoM ero BhIXO;n;HhIX CHI'HaJIOB, KOTOPhIH 

COCTaBJIJIeT 30 + 50; OTHOCHTeJIbHO AflHHHhIM c06cTBeHHhIM nepe;n;HHM 

<pPOHTOM HMnYJIbCa <POTOYMHO)KHTeJIJI (I'V 5 HC). TeM He MeHee, TaKoe 

paopellleHHe npeBOCXO;n;HT JIY~lllee 3Ha~eHHe, nOJIy~aeMoe B HaCTOJIll\ee 

BpeMJI ;n;JIJI KPHCTaJIJIOB I'epMaHaTa BHCMYTa ;n;a)Ke npH HCnOJIb30BaHHH 

<pOpMHpOBaTeJIeH co CJIe;n;JIll\HM nOpOI'OM (3 + 5 HC). 

KOHCTPYKIJ;HJI MOAYJIJI 

OCHOBhIBruICb Ha aTHX npe;n;BapHTeJIbHhIX HCnhITaHHJIX, paopa60'" 

TaJIH MO;n;YJIb ITaT, cxeMaTH~eCKH H306pa)KeHHhIH Ha pHc.3 H npe;n;

CTaBJIJIIOll\HH C060H KacceTY C TOHKHMH CTaJIbHhIMH nepeI'OpO;n;KaMH Ha 

32 JI~eHKH, B KOTophIe c06HpaIOTCJI KOMn03HIl;HoHHhIe CIl;HHTHJIJIJITOPhI, 

CO;n;ep)Kall\He no 160 CJIOeB nJIaCTH~eCKOI'O CIl;HHTHJIJIJITOpa H CBHHIl;OBOH 

<pOJIbI'H TOJIll\HHOH 150 MKM H 33 MKM COOTBeTCTBeHHO. Me)K;n;eTeKTOp

Hoe paCCTOJI~He COCTaBJIJIeT 5,2 MM, BhICOTa JI~eHKH-. 20 MM, ;n;JIHHa 

no HanpaBJIeHHIO ;n;BH)KeHHJI ,- KBaHTa- 30 MM. ITJIOTHOCTb ynaKoBKH 

;n;eTeKTopOB- OKOJIO 90%. 

MO;n;YJIH npe;n;HaoHa~eHhI ;n;JIJI pa3Mell\eHHJI no BHYTpeHHeMY ;n;Ha

MeTpy ;n;IOpaJIIOMHHHeBOI'O KOJIbn;a. illecTHa;n;n;aTb MO;n;YJIeH, B CBOIO o~e

pe;n;b, 06paoYIOT HenpephIBHoe KOlIbIl;O H3 512 ;n;eTeKTopOB C BHYTpeH

HHM ;n;HaMeTpOM 850 MM. ,II;1IS: YMeHbllleHHJI ;n;OJIH paCCeJIHHhIX ,- KBaH

TOB npHMeHeH CBHHIl;OBhIH KOlIJIHMaTOp C BHelllHHM H BHYTpeHHHM ;n;H

aMeTpaMH 800 H 600 MM COOTBeTCTBeHHO H lllHPHHOH ll\eJIH 20 MM. 

CJIe;n;yeT T8;K)Ke OTMeTHTb HCnOlIb3yeMYIO B aToM MO;n;YJIe KO;n;HpO

BKY HOMepa cpa60TaBllleI'O Cn;HHTHlIlIJITOpa, KOTOPas: n03BOlIJIeT B;n;Boe 

YMeHblllHTb KOlIH~eCTB(j He06xo;n;HMbIX <POTOYMHO)KHTelIeH. aTO CTaJIO 

B03MO)KHO 61IaI'o;n;apJI TOMY, ~TO Ka)K;n;hIH <pay C nOMOll\bIO CBeTOBO;n;a 

npOCMaTpHBaeT TpH coceAHHX CIl;HHTHJIlIJITOpa. PaCCMOTpHM TP~ CJIY

~ruI: 

1.' -BcnhIlllKa CBeTa npOH30llllIa B ~Il;HHTHJIJIJITOpe Ci - b TOI';n;a O;n;HO
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PHc.3. 	 CXeMaTHQeCKOe Hoo6pa.JKeHHe MO~yJljI nST (BH~ co CTOPOHhI' HaJIe

TaIO~ero ,-KBaHTa). 

Hot spot phantom: 3,4,5,6,9,13 rnm 

o 10 20 30 40 50 60 

60 60 

50 50 

40 40 

30 30 

20 20 

10 I I 
- - - - -,-  - - - T  10 

I , 
I 
I, 

10 20 30 40 50 

PHcA.. TOMorpaMMa <i>aHToMa B BH~e HOoypoBHen. 

9 




BpeMeHHO nOHBHTC~HMnYJIbCbl C <pSY <Pn H <Pn- 1 (CM. pHc.3); 

2. -cpa60TaJI CD;HHTHJIJIHTOP Ci , Torp;a lIMnYJIbC nOHBHTCH TOJIbKO B 

<POTOYMHo)J(HTeJIe <Pn; 

3. -cpa60TaJI CD;HHTHJIJIHTOP Ci+l- HMnYJIbCbl npHp;YT C <pay <Pn H 

<Pn+l H TaK p;anee. 

,Il;JIH YCHJIeHHH, <pOPMHpoB.aHHH H p;eKop;HpOBaHHH CHrHaJIOB C <po

TOYMHo)J(HTeJIeR, a TaKiKe nepep;a'9:H 'p;aHHblX B SBM, B Jlffll OMJ.LH 

6bIJIH paopa60TaHbl H HOrOTOBJIeHbI 9JIeKTpOHHble 6JIOKH B CTaHp;apTe 

KAMAK KJI357 H KJI358/6
/. Becb KOMnJIeKT 6JIOKOB oaHHMaeT 17 

cTaHD;HR B KpeRTe KAMAK. 

Ha nepBOM 9Tane P;JIH BblHCHeHHH pa60Tocnoc06HoCTH CHCTeMbl 

6blJIO HOrOTOBJIeHO p;Ba p;eTeKTopHbIX MOp;YJIH, KOTopble pacnOJIaraJIHCb 

Ha KOJIbD;e OP;HH HanpOTHB P;Pyroro. aTO p;ano BOOMOiKHOCTb nOJIY'9:aTb 

TOMorpaMMbl He60JIbWHX (3+5 CM) aKCHanbHO- CHMMeTpH'9:HblX 06'beK

TOB (qHJIHHP;P, KOJIbD;o), a TaK)Ke aCHMMeTpHlIHhlX. nOJIY'9:8JI Bce Heo6

Xop;HMble npoeKD;HH B peoYJIbTaTe HeCKOJIbKHX HOMepeHHR npH paoHoM 

yrJIOBOM nOJIO)J(eHHH 06'beKTa. 

,Il;JIH nOJIY'9:eH~H peKoHcTpYHpoBaHHoro Ho06paiKeHHH no HOMepeH

HbIM npoeKD;HHM 6bIJIa peaJIHOOBaHa nporpaMMa Ha HObIKe FORTRAN, 

HCnOJIbOYIOI.IJ;8JI anropHTM CBepTO'9:HOrO THna. ,Il;JIH nepCOHanbHoro KOM

nbIOTepa THna IBM- 486 BpeMH BOCCTaHOBJIeHHH op;Horo Ho06pa.JKeHHH 

COCTaBHJIO 12 c. 

ITpocTpaHcTBeHHoe paopeweHHe 6blJIO H3MepeHO C nOMOI.IJ;bIO Te

<pJIOHOBOR HHTH p;HaMeTpOM 2 MM, 06JIY'9:eHHOR Ha YCKopHTeJIe H 3aTeM 

BbICTaBJIeHHOR TO'9:HO Ha OCb p;eTeKTopHoro KOJIbqa. ITOJIHasI WHpHHa 

Ha nOJIOBHHe BblCOTbl (llIIIllB) peKOHCTpYHpOBaHHoro Ho06pa.JKeHHH 

HHTlI COCTaBHJIa 4,9 MM, '9:TO He YCTynaeT paopeweHHIO 60JIbWHHCTBa 

COBpeMeHHblX KOHCTPYKD;HR llST. ,Il;JIH nOJIY'9:eHHH oceBoro npOCTpaH

CTBeHHoro paopeweHHH HHTb 6bIJIa opHeHTHpOBaHa nepneHp;HKYJIHPHO 

OCH H nepeMeI.IJ;aJIaCb BP;OJIb Hee C warOM 1 MM. IIIIIIIB KPHBOR oaBHCH

MOCTH CKOPOCTH COBnap;eHHR B er~HHHD;Y BpeMeHH OT nOJIO.JKeHHH HHTH 

oKaoaJIaCb paBHoR 10,5 MM. 

Ha PlIC.4 B BHp;e HOOypOBH€ R npep;CTaBJIeHO peKOHC'fPYHpOBaHHoe ' ... 

Ho06paiKeHHe <paHTOMa, npep;cr-'aBJIHIOI.IJ;ero C060R D;HJIIf.HP;P HO oprCTe
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KJIa AHaMeTpOM 60 MM, BHYTPH KOToporo HMeeTC1I 6 oTBepcTHu AHaMe

TpaMH 3, 4, 5, 6, 9 H 13 MM, 3aIIOJIHeHHhIX (3+ - H3JIY'9:aIOIIlHM H30TOIIOM 

N a 22 
. KaK MOJKHO BHAeTb, TOMorpaMMa XopOWO IIepeAaeT Bce reOMe

TpH'9:eCKHe oc06eHHOCTH <l>aHToMa. 

OCHoBHble BblBOAbI pa60TbI 

1. 	 ITpeAJIOJKeH H H3rOTOBJIeH HOBhIU THII AeTeKTopa AJI1I ITaT Ha 

OCHOBe OpraHH'9:eCKOrO IIJIaCTH'9:eCKOrO CIJ;HHTHJIJI1ITOpa H CBHHIJ;O

Boro KOHBepTopa. 1I3MepeHhI ero OCHOBHble xapaKTepHCTHKH 

a<l><I>eKTHBHOCTb perHCTpaIJ;HH f - KBaHTOB C aHeprHeu 511 KaB H 

BpeMeHHoe pa3peweHHe, KOTOp:b:Ie COCTaBHJIH 45% H 1,7 HC COOT

BeTCTBeHHO. 

2. 	 Pa3pa60TaHhI H H3rOTOBJIeHbI ABa MOAYJI1I ITaT Ha OCHOBe aTHX 

AeTeKTopOB, COCT01lIIlHe H3 32 CIJ;HHTHJIJI1ITOPOB H 16 <pay Ka

JKAbIU. C HX IIOMOIIlbIO H3MepeHhI paAHaJIbHOe H oceBoe panpewe

HH1I 6Y;U;YIIleH IIOJIHOMaCWTa6HOH YCTaHOBKH, KOTophIe OKanaJIHCb 

. paBHhI 4,9 MM H 10,5 MM COOTBeTCTBeHHO,a TaKJKe IIOJIY'9:eHO pe

KOHCTPYHpOBaHHOe H306paJKeHHe <l>aHTOMa. 

3. 	 ITpeAJIOJKeHa H oIIp060BaHa cxeMa KOAHPOBKH HOMepa cpa60Ta

Bwero CIJ;HHTHJIJI1ITOpa, n03BOJI1IIOIIlasI npH OTHOCHTeJIbHO 60JIb

WOM AHaMeTpe HCnOJIb3yeMhIx <l>OTOYMHOJKHTeJIeU (30 MM) AOBe

CTH '9:HCJIO AeTeKTopOB AO 512 Ha KOJIbIJ;O npH '9:HCJIe <pay 256 
H TeM caMhIM nOJIY'9:HTb BhICOKoe npocTpaHcTBeHHoe panpewe

HHe, OTKanaBWHCb OT HCnOJIb30BaHH1I MeXaHH'9:eCKOrO nepeMeIIle

HH1I AaT'9:HKOB. 

B 3aKJIIO'9:eHHe aBTOPhI BhIpaJKaIOT 6JIarOAapHocTb BceM COTPYAHH

KaM, npHHHMaBWHM Y'9:aCTHe B H3rOTOBJIeHHH H c60pKe AeTeKTopHhIX 

MOAYJIeu. 
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Pl)..'S-149 

".. :~.:~ TIIR .•~Mi IlO3ItTpOHHom .3MI4C£MOHHOrO~ (n).'O• 
.:,..~-."'M"~ CltIQlTHJt.liaTopoM it JIJ1DIIOW.H~ ~ H3,1'ORJCHx 

:~¥~K!I'cIflee~~~ ,HCBHHIlOaOA ~. 34xIJeICntaHOCTit 
.:~-"~ ..·y"KB81tTOB coCTaaIiJIa ,46%., ADa CtleT'IHlCa 'PB3MePOM 

~'I.-6 X 20)( 3D~ !.8peMermQe.paapeweHMe-JUltfOJlHH8PHOf'()cqeTlDIO ppHO J.7 He.. 

"-;~ ,'. P~I!i".~(lIlJleJIw 2 MOAyJtWMR OAHOICWlbuUoro IlOJIHOTeJlbHOro n3.T B ....Ae KaC
;~~".e-'l'()BKMMM ~Deperopo.xtxaNH Ha 32w:qejiKH., B KOTOPwe 006MpaIOTCII.KOMOO3MUN

.e' '~.marite_TopOa - Si2~. MOTHOCTb KX ynaKOBKM -96%.B MOJO'.1le 

••" ~-la' J[~na'1IOMcpa cpa6oTaaWero C1(.HHTllJlJnITopa.' nOOilOJliUOUla. BABOe yMeHblUHTb 

,. . .,1IIoroYMR6JKII'reJieA. , 
c.... .~~ ue6om.WHX oo.eKTOB, a lV.lKe H3MepeHO 'npOcrplHC1'lJeHHoepupe
~~~~AycrallOaxK.~OK838Jloc" paBHWM 4.9 tIOt B MOClCocTH H 10',5 MMno OCM. 
t,~...... _ 

P13-95-149 

. ." ~~ " " . , 

.·~~foI••~-.. whokH~ody positron emiIsion tomoJraph consistin& of a new kind 
y_:~ .... ~.Tbe IdrttUlator is a g)IIlposition of 160 altei'natiq plasdc ,adnt1UalOr 
~;~-~Iall 1.,..4):1'5 mmand 0.033 BUll thick respectively. The detection .effICiency of this 
·.:ij.lo·x·...~cOuntortoSIl keY annihilation pholonsi545%. The titae reaoIutioBofthecowner 
/iifl~7'" . 

Two~ai-e developed and construCted. Each of !hem conlains 32 ICintillatora separated 
:~.... K'teeIII. 1'bedet.ector'·todetectOt ~ Is 5.2 mm. the packinJ fraction .-90%. 
c~""tJ.e:a ljpf codiAJ syttell that makes it possible to halve the n~lDberof photomultiplier 
·tIda~· ' '. ' 
.,~...~ aad axial reaoiutiol1l in the centJe of the field of view are Dlt'lMUred. 

;11tc;:~~d are 4.9,~ and 10.S mmrapectiYeIy. The baaaea of smatI phalltolDl are alllo 
,~~teCQIJItr~; . 

.·~.~"~~~tiaDbasbeeft,~ atthe La1JOratory 1JI Nude.v PrOblems. lINR'. 




