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BBeAeHHe 

K HacTo.m.ri;eMy · BpeMeHII nooIITpOHHbIH 0MIICCIIOHHbIH TOMorpaq> 

(II8T) cTarr HeOT'beMrreMoii: -qacTbIO 6orrbll.IIIHCTBa xpynHhIX nay'lHbIX 

Hp;e1rno- q>IIOII~eCKIIX ri;eHTpoB, rµ;e ecTb B0:3MO)KHOCTb norry'laTb yrrb

TpaKC:ipoTKO)KIIJ3yw;IIe (YK)K) nooIITpoH- IIorry-qarow;IIe IIOOTOnhI, Ta

KIIe, KaK 11 C, 18F, 150, 13N II T.µ;. Barree Toro, IIoroToBireHn:e cne

ri;IIarrIIoIIpoBaHHbIX KOMnJieKCOB µ;rrH noOIITpOHHOH TOMorpaq>IIII, BKJIIO

'laIOUJ;IIX B ce6H TpII OCHOBHbIX 0rreMeHTa: IJ;IIKJIOTpoH, paµ;IIOXIIMII'le

CKYIO rra6opaTopiuo II µ;eTeKTopH~e xorrbri;o (IIrrII HecxorrbKO xorreti), no

rry'lIIrro KOMMep-qecxyro OCHOBY B TeXHOJIOrII'leCKII paoBIITbIX CTpanax 

3anaµ;Hoii: EBponbr, JinoHIIII n: AMepIIKe, "ITO o6'bHCHHeTcH,· B nepByro 

o'lepep;b, BbICOKIIMII noTeHri;IIaJibHbIMII BOOMq)KHOCTHMII II8T B paH

Heii: µ;IIarHOCTIIKe orroKa'leCTBeHHhIX HOBoo6paooBaHirii:. K CO)KaJieHIIIO, 

no IIMeIOUJ;IIMCH y aBTopoB cBep;eHIIHM, Ha cerop;HHll.IHIIH µ;eHb ·B PoccIIII 

IIMeeTcJI TOJibKO oµ;mi TaKOH KOMnJieKC1 nponycKHM cnoco6HOCTb KOTO

poro orpaHII'lIIBaeTc.i 10- 15 na,ri;IIeHTaMII B cyTKII: Taxoe noJio)KeHIIe. 

Beui;eii: o 6'bHc1:rneTCH o'leHb 6orrbll.IOH ( HeCKOJibKO MIIrrmrnH:oB -µ;orrrrapoB) 

ero CTOHMOCTbro, '9:TO HenocIIm,;Ho µ;a)Ke µ;rrH xpynH.eHll.IIIX rre-qe6HbIX II 

Hay'lHbIX ri;eF~TpOB PocCIIII II µ;pyrIIX CTpaH CHr. 
C µ;pyroii: cTopoHhl, HaJIII'llie B Jia6opaTOJ>IIII Hp;epHbIX npo6rreM 

OMJUI ycxopIITerrH, nooBoJIHrow;ero irorry'laTb YK)K n:ooTonbI B KO

JIII'leCTBe, µ;ocTaTO'lHOM µ;ITH npoBep;eHIIH p;IIarHOCTII'leCKIIX npori;eµ;yp, 

a TaK)Kexopoll.IO o6opyµ;oBaHHOH pap;IIOXIIMII'leCKOH i'ra6opaTOpIIII, µ;e

rraeT npIIBJieKaTeJibHOH IIµ;ero cooµ;aHIIH ycTaHOBKII µ;rrH nooIITpoHHoii: 

0MIICCIIOHHOH TOMOrpaq>IIII Ha 6aoe y)Ke cyw;ecTByrow;ero qiaooTpoHa II 

KJIIIHIIKO-. qlIIOII'leCKoro KOMnJieKca, q>yliKIJ;IIOHIIpyroni;ero npII HeM. 

IloMIIMO·'lIICTO µ;IIarHOCTII'leCKIIx·II Hay"!Ho- IIccrreµ;oBaTei:rbtKIIX ri;e

rreii:, II8T MO)KeT oxaoaTbCH TaK)Ke norreoeH µ;rrH KOHTporr.a oa npaBIIJib

HOCTbIO o6rry'leHIIH TH)KeJibIMII oapH)KeHHbIMII 'laCTIIIJ;aMII rrry6oxo· no

KaJIIIOOBaHHbIX onyxorreii: (:aepIIqlIIKaIJ;mI o6rry'leHIIH). 8TO BOOMO)KHO 

6rraroµ;apH ToMy, "ITO npII npoxo~µ;eHIIII -qepeo MHrKIIe TKaHn: ny-q~a 

TH)KeJibIX oapH)KeHHbIX 'laCTIIIJ;, B 'laCTHOCTII, npoTOHOB, 0HeprIIH KOTO

pbIX npe~blll.laeT KYJIOHOBCKIIH 6apbep, Bl];OJib ero TpaeKTOpIIII o6paoy

eTCH crreµ; IIO no:JIITpoH.:.. imrry-qarow;IIX YK)K IIOOTOIIOB (150,13 N, 11 C); 
KOHIJ;eHTpaIJ;IIH KOTOpbIX no rrry6IIHe npOHIIKHOBeHII.8: 'laC'.rIIIJ; C TO"IHO- ~ 
CTbIO µ;o HeCKOJibKHX MIIJIJIIIMeTpOB noBTOpHeT· q>opMy KpII~oii: Bperra 



ny'!Ka npoTOHOB. IIoaToMy ecm1 cpany nocne ceaHca ny'Ieao:ii.Tepamrn 

. noMeCTIITb .nan;IIeHTa B p;eTeKTOpHoe K01IbU:O II8T' TO C p;ocTaTO'IHO 

xopowe:ii TO'IHOCTbIO MO)KHO BOCCTaHOBIITb cyMMapHoe pacnpep;enem1e 

p;03hl, nony'IeHHOll nan;IIeHTOM BO BpeMH o6ny'!eHIIJI. 

HacTOJl~aJI pa6oTa nocBJI~eHa panpa60TKe II IICCnep;oBaHHIO MO

p;ynH II8T, o6nap;aro~ero p;ocTaTo'IHO BhlCOKIIMII xapaKTep1ICT1IKaM1I 

npH OTHOCIITenbHO HeBblCOKOll CBoe:ii CTOIIMOCTII. ' 

KoHCTPYKIJ;H.H H OCHOBHble xapaKTepHCTHKH KOMilOOHIJ;HOH

Horo cu;HHTHJIJI.HTOpa 

B o6~eM BIIp;e per1IcTp1Ipy10~ru.r .c1IcTeMa II8T npep;cTaBnHeT co-

60:ii op;Ho IInlI. HecKonbKO. Konen: p;eTeKTopoB, pacnono2KeHHhlX c waroM 

3- 20 MM ap;onb _Konbn;a II 1IMe10~1Ix oceBo:ii panMep 5- 20 MM. BHyTpb 

KOnbn;a noMeI.4aeTCJI nan;HeHT, B KpOBb II]!~ nerKIIe KOTOporo BBOl];IITCH 

op;HH II3 _non1ITpoH- nnny'IaIO~IIX YK)K II3oTonoB. Pop;IIBWIIHCH no

nHTpoH, npo:iip;H 2:::- 3 MM a Be~eCTBe, aHHHrHnlipyeT c aneKTpOHOM c 

op;HOBpeMeHHblM ncnycKaHIIeM p;ayx KO]l]JIIHeapHbIX ,- KBaHTOB C aHep

r1Ie:ii 511 ~3B, •. panneTaIO~IIXCH B npoT1IBonono2KHbie cTopo_Hbl. · IIplI 

ycnoBIIII per1IcTpan;1III 0601IX 1- KBaHTOB p;eTeKTOpaMH II8T M02KHO C 

TO'IHOCTbIO p;o HeCKO]lbKIIX MII]l]JIIMeTpOB onpep;enHTb 1IIIHIIIO,Ha KOTO

po:ii Ilp0~30IIIi:ra aHHHrlI1IHIJ;IIH no3HTpoHa. Ilocne perlICTpa:D;HII 601Ib

W"aro ( HeCK01IbKO MII1I1IIIOHOB) K01III'IeCTBa TaKIIX COBnap;eHIIli nony~a

eTCJI Ha6op ·Jly'Ie~blX cyMM, CXOµ;°Hblll C Ha6opoM, nony'!aeMbIM nplI 

npoaep;eHIIII peHTreHoBcKo:ii TOMorpa<plIII. ToMorpa<plI'IeCKoe 1Ino6pa-

2KeH1Ie, nony'IeHHOe B penynbTaTe p~KOHCTpyKIJ;IIII aTHX cyMM, OTpa-

2KaeT pacnpep;eneHIIe H30Tona B TOM 1In1I _IIHOM opraHe Tena nan;IIeHTa. 

PaccMoTplIM ocH_OBHble Tpe6oaaHIIH, npep;'bHBnHeMble K p;eTeKTo

paM p;nH II8T. Op;HHM II3 Ha1I6onee Ba2KHblX napaMeTpoB, onpep;enH-
' . '., ; 

IO~IIX Ka'!eCTBO peKOHCTPYIIPOBaHHoro 1Ino6pa2KeHHH, HB_nHeTCH npo-

CTpaHCTBeHHOe pa3pemeHHe AeTeKTOpa, , KOTOpoe TeM Bhlme, qeM MeHhWe 

panMep p;eTeKTOpa. Cy~eCTBYIOT, npaap;a, <plI31I'IeCKIIe cpaKTOpbI, orpa-
. ,l 

HII'IIIBaIO~He npocTpaHCTBeHHOe panpeweHHe peKOHCTpy1IpoBaHHoro 
t , ' : • 1 • 

1Ino6pa,KeHHH - aTo, npe,Kp;e acero, paccTOHHIIe, npoxop;1IMoe nonlITpo-

HO~ OT ~~CTa CBoero po,Kp;
0

eH1IJI p;o TO'IKII aHHIIrlinHU:IIII (naBIIC;IIT OT 

TIIna nplIMeHHeMoro YK)K II30Tona) II He6onbWM HeKonnirneapHoCTb 

pann;eTaIO~IIXCJI ,- KBaHTOB, o6ycnoaneHHM OCTaTO'IHOH KIIHeTII'Ie-

2 

I 

j 
.f 

CKOH aHeprlie:ii n03HTpOHa B MOMeHT aHHHrlinHU:IIH C aneKTpOHOM. Jly'I

urne Ha cerop;HHIIIHIIH p;eHb TOMorpacpbI no CBOeMy npocTpaHCTBeHHOMY 

panpeweHHIO y:a:ce BnnoTHYIO npII61I1I,KaIOTCJI K aTOMY <plitllI'!eCKOMY 

npep;eny 6naro,n:apH ManoMy panMepy CIJ;IIHTH]l]JJITOpOB ( ~ 3MM) nplI 

6onbWOM IIX 'IIICne ( ~ 600 Ha op;HO K01IbU:O ). , 

, BonhWHHCTBO II3 HhlHe cy~ecTayro~Hx II8T CKOHCTpy1Ipoaairn no 

o,n:Ho:ii nn cnep;yro~Hx cxeM: 

• Ka,Kp;blll CU:IIHTII]l]JJITOp npocMaTplIBaeTCH ilHp;lIBIIp;yanbHhlM MII

HHaTIOpHbIM cpoToyMHO,KHTene11; 

• rpynna CU:HHTII]l]JJITOpOB 'npocMaTplIBaeTCH MaTplI'IHblM <pOTO

YMHO)KHTeneM C HeCK01IbKIIMII <pOTOKaTop;aMIIj 

• rpynna CIJ;IIHTII]l]JJITOpOB npocMaTplIBaeTCJI op;HOBpeMeHIIO op;HIIM 

<1>8Y p;nH np1IBH3KII no BpeMeHII II aHeprHH. II op;HIIM rop;ocKonlI: 

'!eCKIIM <t>8Y p;nH onpep;eJleHIIJI KOOpp;IIHaTbl cpa6oTaBwero CIJ;IIH

,TII]l]JJITOpa; 

• rpynna CIJ;IIHTII]l]JJITOpOB np,ocMaTplIBaeTCJI HeCK01IbKIIMII <t>8Y, 

npH'IeM KOOpp;IIHaTa npoXO,Kp;eHHH ,- KBaHTa onpep;enHeTCJI nyTeM 

B3BeI.ImBaHIIH aMrrnHTyp; cnrHanoB c <poT~YMHO,KIITene:ii. 

Cn;HHTIInnHTOphl, 1IcnonLnyeMble B II8T p;on,KHhl yp;oBneTBOpHTb 

cnep;yro~HM Tpe60Ba1rnm .. 1: BbICOKM acpcpeKTIIBHOCTb perlICTpan;lIII ,

KBaHTOB c aHeprHe:ii 511 K3B, xopowee 0HepreT1I'!ecKoe panpei.ueHHe, 

no3BO]JJIIO~e~ p;HCKpHMIIHIIpOBaTb pacceJIHHbie ,- KBaHTbl C MeHbwe:ii 

aHeprmi:ii,. a TaK,Ke xopowee BpeMeHHOe panpewemie, onpep;enHIO~ee 

µ;onro', crry'IaHHblX COBIIap;eHHH, BCerp;a IIplICYTCTBYIO~IIX B. IIl3MepHe

MbIX p;aHHhIX. Ha1I6onee '!acTo 1Ic11onLnyeMhlH p;eTeKTop B HaCTOH~ee 

Bpe~H - aTo repMaHaT BIICMyTa (EGO). Op;IiaKo 0TOT CU:IIHTIInnHTop 

He yp;oBneTBOpHeT BCeM IIepe'IHC1IeHHblM Tpe6oBaHIIJIM B ·rron:iIOH Mepe, 

II, KpOMe Toro, OH OTHOCHTenbHO p;oporo:ii. IIoaTOMY IIOIICKII HOBbIX 

p;eTeKTOpOB IIOCTOHHHO Bep;yTcJI/l/. 

B pHp;e pa6oT 1Iccnep;oaanacb BonMo,KHOCTb 1Ic11onhnoBaHIIH rrnacTII

'!eCKIIX cn;m1T1I1IJIHTopoal2,3/. Om1 HBnHIOTC.lI op;HHMII II3 caMhlX p;ewe

BhIX, o6nap;aIOT ManbIM' ~peMeHeM BhlCBe'IHBaHHJI ( < 2 He), yp;o6Hbl :s 
o6pa6oTKe. 0p;HaKO B TaKOM CIJ;lIHTIIJ:(1IJITOpe IIpJI 0Hepr1III ,.:._KBaHTa 
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511 K0B npaKTII'leCKII OTCYTCTByeT cpoT00cpcpeKT, "'ITO He no:JBOJI.HeT. 

OTp;eJI.HTb pacCe.HHHble KBaHTbI. KpoMe Toro, 0cpcpeKTIIBHOCTb nrracTII

-qecKoro CQIIHTIIJIJI.HTopa CJIIIllIKOM Marra ;a;a)Ke npII HyrreBOM nopore p;IIC

KpIIMIIHa~II II COCTaBJI.HeT Bcero OKmio 25% ;D;JI.H o6pa3Qa pa3MepoM 30 

MM no HanpaBJieHIIIO p;BII)KeHII.H ,- KBaHTa, "'ITO p;rr.H p;Byx C'leT'lIIKOB, 

BKJIIO'leHHbIX Ha COBIIap;eHIIe, p;aCT BCero 6, 25%; B TO )Ke BpeM.H, ;D;JIJI 

pacce.HHHbIX KBaHTOB 0cpcpeKTIIBHOCTb 6y;a;eT 'TeM 60Jib11Ie,'1eM MeHbllle 

IIX 0HeprII.H, "'ITO npIIBep;eT K 60JibllIOli :JalllyMJieHHOCTII ;a;aHHbIX. 

B HacTo.Hrn:err pa6oTe npe;a;rro~eH HOBblli TIIn ;a;eTeKTOpa ~~.!I II8T, 

Ha:JBaHHblli 'aBTOpaMII KOMnO:JIIQIIOHHbIM CQIIHTIIJIJI.HTOpOM. B perr.HTII

BIICTCKOli .Hp;epHOli cpII3IIKe ;D;JI.H ;a;eTeKTIIpOBaHII.H BbICOK00HepreTII'1HbIX 

,- KBaHTOB ;a;aBHO IICnOJib:JYIOTC.H C0Hp;BII'1II II3 nrracTII'lecKoro CQIIH

TIIJIJI.HTopa II T.H)KeJioro KOHBepTopa ( KaK npaBIIJIO, CBIIHQa )141; Ila 

TaKOMY )Ke npIIHQIIIlY nocTpoeH II KOMnO:JIIQIIOHHbIH CQIIHTIIJIJI.HTOp, 

npe;a;cTaBJI.HIOUJ:IIH co6oiI Ha6op II:J TOHKIIX -qepe;a;yrorn:IIxc.H crroe:s opra

HII'lecKoro CQIIHTIIJIJI.HTOpa II CBIIHQOBOH cporrbrII. MexaHII3M ;a;eTeKTII

poBaHII.H B TaKoM c'leT'lIIKe crre;a;yrorn:IIiI. AHHIIrIIJI.HQIIOHHbIH 1 - :irnaHT, 

npoxo;a;.H -qepe3 ;a;eTeKTop, C HeKOTopon: Bepo.HTHOCTbIO B:JaIIMOp;errCTByeT 

JIII60 C caMIIM CQIIHTIIJIJI.HTOpoM, JIII6o co CBIIHQOBbIM KOHBepTopoM 

( "'ITO ropao;a;o 6orree Bepo.HTHO ). B nepBOM crrrme ,- KBaHT IICnbI-
\ . . 

TbIBaeT TOJib:;o KOMnTOHOBCKOe pacce.HHIIe, Tor;a;a KaK BO BTopoM crry-

-qae Bepo.HTHOCTII pacce.HHII.H II (pOT00q>cpeKTa nO'lTII paBHbI. IlpII ycrro

BIIII, "'ITO TOlIUJ:IIHa CJIOeB ;a;ocTaTO'lHO Marra ;a;mi Toro, '1T06bl OCB0-

6op;IIB11IIIHC.H 0JieKTpOH npoxop;IIJI HeCKOJibKO nap CJIOeB ;a;o MeCTa norr~ 

HOH CBoeiI OCTaHOBKII, 'laCTb Bbip;eJIIIBllleroC.H B CQIIHTIIJIJI.HTOpe CBeTa 

:Ja C'leT norrHoro B.HYTpeHHero oTpa,KeHII.H nona;a;eT B cBeToBop;, a :Ja

TeM Ha cpoTOKaTO)l; <P8Y. EcrrII BbI6paTb nopor p;ncKpIIMIIHaQIIII Ta

KIIM, '1T06bl ;a;a)Ke npII BO:JHIIKHOBeHIIII Ha (pOTOKaTo;a;e <P8}' XOTH 6bI 

op;Horo cpoT00JieKTpoHa Ha BbIXo;a;e p;IIcKpIIMIIHaTopa IIO.HBJI.HJIC.H CIIrHarr, 

TO MO)KHO Hap;e.HTbC.H, :'ITO pe:JyJibTIIpyrorn:cpi 0cpcpeKTIIBHOCTb TaKoro 

KOMn03IIQIIOHHoro ;a;eTeKTOpa OKa)KeTC.H Bbillle, 'leM y 'lIICToro nrraCTII

"IeCKOro CQIIHTIIJIJI.HTOpa. 

,Il;JI.H npo~epKII 0TOH IIp;eII 6blrra pa3pa6oTaHa ycTaHOBKa, no:JBOJI.H

IOUJ:a.H BbIT.HrIIBaTb noJIOCbI II3 opraHII"IecKoro CQIIHTIIJI~.HTopa p~JIII'l

HOH llIIIpIIHbI II TOJilll;IIHbI, a TaK)Ke IICnoJib:JOBaH CTaHOK p;ll.H npoKaTKII 

CBIIHQOBoH cporrbrII. Ifo TaKIIX norroc II cporrbrII :JaTeM Ha6IIparrIIcb KOM-
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no:JIIQIIOHHbie C"IeT"IIIKII nonepe"IHbIMII pa3MepaMII 15MM X 20MM II 30 

MM no HanpaBJieHIIIO ;D;BII)KeHII.H "(- KBaHTa, npII"IeM CJIOII 6bIJIII opneH

TIIpoBaHbI nepneHp;IIKYJI.HpHo 0TOMY HanpaBJieHHIO. C noMOlll;bIO CBeTO

Boga KOMnO:JHQHOHHbIH C"IeT"IlIK COCTbIKOBbIBaJIC.H C (pOTOYMHO)KHTeJieM 

<P8Y- 85 ;a;naMeTpoM 30 MM. 

8cpcpeKTIIBHOCTb perucTpaQIIH aHHIIrlIJI.HQIIOHHbIX "(- KBaHTOB onpe

;a;eJI.HJiaCb no MeTop;nKe, onucaHHOH B pa60Te/
5

/ (pnc.l). 8Ta MeTop;nKa 

no:JBOJIJieT noJiy"IaTb a6coJIIOTHOe 3Ha"IeHIIe 0cpcpeKTIIBHOCTll. ,Il;errCTBll,

TeJibHO, TaK KaK BCe co6bITII.H, 3aperHCTp1IpOBaHHbie B C"IeT"IHKe 2, 

p;OJI)KHbI TaK)Ke perHCTpnpoBaTbC.H B C"IeT'llIKe 1, TO 0cpcpeKTIIBHOCTb 

rrepBoro C"IeTiinKa eCTb He 'ITO HHoe, I<aK N 1,2/N2 . TaKIIM crroco6oM 

6bIJIH ll:JMepeHbI 0cpcpeKTHBHOCTH HeCKOJibKlIX KOMII03lIQIIOHHbIX C"IeT

'IlIKOB C pa3JIII"IHbIMll napaMeTpaMn, a TaK)Ke "IlICToro IIJiaCTH'leCKOro 

CQIIHTHJIJI.HTOpa aHarrorH"IHbIX pa3MepoB. ,Il;aHHbie ll:JMepeHIIH npnBe

;a;eHbI B Ta6JIHQe 1. 

Ta6rruQa 1 

HoMep Tom.QHHa nrra- · Torrrn:nHa Korru"IeCT- 8cpcpeKTlIB-

C"IeT"IHKa CTHKa, MKM cporrbrII, MKM BO CJIOeB 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:ncTbIH 

IIJiaCTlIK - ~ - 25 

KaK lI npe;a;norrararrocb, 0cpcpeKTlIBHOCTb perIICTpaQIIll B03pacTaeT 

C yMeHbllleHHeM TOJI~lIHbI CJIOeB, op;HaKo, npu TOJilll;HHe CQIIHTIIJIJI.H

TOpa MeHee 150 MKM c6opKa C"IeT"IIIKa CTaHOBlITC.H TexHorrorR"IeCKII 

BecbMa crro,KHOH u 6bmo pe11IeHo orpaHH"IHTbC.H 0TIIM pa3MepoM. B 

TO )Ke BpeM.H Bllp;Ho, 'ITO, XOT.H OTHOllleHHe 3aperncTpIIpOBaHHbIX "(

KBaHTOB K noJIHOMY lIX "IIICJIY, rrpoB:JaIIMOp;eHcTBOBaBllleMy B C"IeT

"IHKe (pacce.HHHbIX lI rrorrrorn:eHHbIX), :JaBIICHT OT TOJilll;HHbI CBIIHQOBOH 

cporrbrll, pe:JyJibTIIpyrorn:a.H 0cpcpeKTlIBHOCTb OCTaeTC.H no'lTII HeII:JMeH

HOH B ;a;ocTaTO"IHO lllllpOKOM lIHTepBarre. 8To o6'b.HCH.HeTC.H TeM, "'ITO c 
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Counter! Counler2 

1'1 Nz 

Coincidence 
'------------t scheme' 1--------...;. __ __. 

Hi,z 

Pnc.l. CxeMa nnMepeHH.!I a6corrroTHOII 0cpcpeKTHBHOCTll perncTpau;nn µ;eTeK

TopaMn aHHllrllJI.!ID;llOHHbIX ,-KBaHTOB. 

Pnc.2. 

E;% N;H§ 

45 • 1200 

44 ' 900 

43 
600 

42 
300 

41 
+--.....----r---.---r---r-.--~-,---,---.-----.----,---+-0 

840 860 880, 900 920 940 960 
U;V 

3aBllCllMOCTb 0cpcpeKTllBHOCTll perllCTpau;nn ll IllYMOBOll CKopo

CTll cqeTa OT BbICOKOBOJibTHOro HaIIp.!IJKeHll.!I Ha oµ;HOM ll3 

<poToyMHOJKHTerreii:. 
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yBerrnqeHneM TOJI~llHbI CBllHu;a µ;rr_g KOMIITOHOBCKllX 0JieKTpOHOB C Ma

JIOII 0Heprneii: yMeHbIUaeTC.!I BepO.!ITHOCTb IIOKllHYTb cporrbry H µ;aTb B 

CD;llHTllJIJI.!ITOpe BCIIbIIUKY CBeTa, µ;ocTaToqHyIO p;rr.!I perllCTpau;nH cpo

TOYMHO)KllTeJieM. 

Ha pnc.2 npeµ;cTaBJieHbI naBllCllMO~Tll 0cpcpeKTllBHOCTH perncTpa

D;llll aHHllrllJI.!ID;llOHHbIX ,- KBaHTOB n CKOpOCTll cqeTa 6en llCToqHnKa 

nnrryqeHn.!I OT BbI~OKOBOJibTHoro HanpHJKeHH.!I Ha oµ;HoM nn <t>8Y. Crre

;a;yeT OTMeTllTI> cy~ecTBOBaHne ;a;ocTaToqHo npoT:SIJKeHHOro IIJiaTO Ha' 

KpllBOII 0cpcpeKTllBHOCTn:, r;a;e oHa nnMeH.!IeTc.!I He 6orree, qeM Ha 1 +2%, 

qTo CHll)KaeT Tpe6oBaHll.!I, npep;'b.!IBJI.!IeMbie K CTa6HJibHOCTll llCToq

HllJ(a BbICOKOBOJibTHoro nnTaHH.!I <t>8Y. Harrnqne nrraTo roBopHT o 

TOM, qTo perncTpau;nH .co6bITll.!I nponcxo;a;nT ;a;a)Ke Torµ;a, Kor;a;a Ha 

<poTOKaTo;a;e <t>8Y poJK;a;aeTC.!I TOJibKO O)J;llH 0JieKTpOH. 

K He;a;ocTaTKaM pa60TbI B TaKoM pe)KllMe crre;a;yeT OTHeCTll, HaJill

qne IllY~OBOro cqeTa 6en llCTOqHnKa ll3JiyqeHH.!I, KOTOpbIII B naBllCll

MOCTll OT KOHKpeTHOro <l>8Y KOJie6rreTC.!I B npe;a;errax 100 + 10000 ru;. 

KpoMe Toro, nn- na Heo;a;n!1aKoBoii: KOHBepcnoHHOII 0cpcpeKTHBHOCTll 

<pOTOKaTO)J;OB <t>8Y, 3HaqeHne 0cpcpeKTllBHOCTll Ha IIJiaTO MO)KeT TaK)Ke 

MeH.!ITbc:ir Ha. ±5% B naBHCllMOCTll OT <poTOYMHO)KHTeJI.!I. II00T0My, 

no 0Tll¥ p;ByM napaMeTpaM Heo6xo;a;nMa npe;a;BapnTeJibHaSI oT6paKOBKa 

<t>8Y. KaK noKanarra npaKTHKa, ;a;rrH ~ 75% <poTOYMHOJKHTerreii: 0cp

cpeKTHBHocTb Ha nrraTo ;a;ocTnraeT nHaqeHH.!I ( 45 ± 2)% npn uiyMoBoII 

CKOpOCTll cqeTa < 1000 ru;. 

TaKllM o6panoM,, y KOMII03llD;llOHHOro cqeTqnKa 0cpcpeKTllBHOCTb pe

rncTpau;nn ,- KBaHTOB C 0Heprneii: 511 K0B OKanarra<;b B 1,8 pan BbIIUe, 

qeM y qncToro nrracTnqecKoro cu;nHTllJIJI.!ITopa, qTo p;lI.!I p;Byx cqeTqn

KOB\' BKJIIQqeHHbIX Ha COBIIap;eHll.!I, µ;aeT BblllrpbIIU B 3,24 pana. XoTJI 

0'To Bee e~e MeHbIUe, qeM y BGO-µ;eTeKTopa aHarrornqHbIX panMepoB 

(65 + 75% µ;rrH oµ;Horo cqeTqnKa, pa6oTaro~ero npn nopore perHcTpa

u;nn 200+300 K0B), TeM He M~Hee y)Ke ;a;ocTaToqHo p;rr.!I npaKTJiqeCKoro 

npnM~HeHH.!I B 6rroKe µ;eTeKTHpoBaHn.!I II8T npn cy~ecTBeHHo MeHbIUeII 

CT01IMOCTH. 

BpeMeHHOe panpeIUeHne KOMII03llIJ;llOHHOro CIJ;llHTllJIJI.!ITOpa onpe

µ;eJI.!IJIOCb C p;ByM.!I' panrrnqHbIMll cpopMllpOBaTeJI.!IMll cnrHaJIOB. B nep~ 

BOM crryqae, npn llCIIOJib30BaHllll cpopMllpOBaTeJI.!I C npllB.!I3KOH K IIO

CTO.!IHHOII qaCTll cppoHTa p;rr.!I oµ;nHapHoro cqeTqnKa 6bIJIO norryqeHO 
' ' ' 
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t3Ha"!eHirn 1,7 HC .. IIpn: n:cnOJibt30BaHllll o6bI"IHOro qiopMn:poBaTemr C 

nocTO.lIHHbIM noporoM 0Ta Berrn:"In:Ha 0Ka0arracb paBHoiI 2,3 He. Ta

Koe OTHOCllTeJibHO HeBbICOKOe t3Ha"!eHn:e BpeMeHHOro pa0perneHll.lI ;D;JI.lI 

nrraCTll"IeCKOro CIJ;llHTllJIJI.lITOpa, COCTaBJI.lIIOID;ero OCHOBY KOMnOt3llD;ll

OHHOro C"IeT"IllKa, MO)KHO ofrb.lICHllTb crre;a;yrorn;HMll <paKTopaMll: . Ma

ITOH cTaTn:CTHKoiI <poToHoB, ;a;ocTn:rarorn;n:x <poToKaTo;a;a <t>8Y; 6orrb

rnn:M ;D;llHaMff9:eCKllM ;a;n:anaDOHOM ero BbIXO;D;HbIX . cn:rHaJIOB, KOTOpbIH 

COCTaBJI.lieT 30 + 50; OTHOCllTeJibHO ;D;llllHHbIM co6CTBeHHbIM nepe;a;HHM 

<ppOHTOM llMnyrrbca <poTOJMHO:>KllTeJI.lI ( ~ 5 He). TeM He MeHee, TaKoe 

pa0perneHn:e npeBocxo;a;n:T rry"Irnee 0Ha"IeHn:e, norry-qaeMoe B HacTo.lirn;ee 

BpeM.lI ;D;JI.lI KpllCTaJIJIOB repMaHaTa BllCMyTa ;a;a:>Ke npn: llCnOJibt30BaHllll 

qiopMn:poBaTerreiI co crre;a;.llrn;HM noporoM {3 + 5 He). 

KoHcTpyKD;HJI Moµ;yJIJI 

OcHOBbIBMCb Ha 0THX npe;a;Bapn:TeJibHbIX n:cnbITaHll.lIX, pa0pa60·

ram1 Mo;a;yrrb II8T, cxeMaTH"IeCKll n:006pa:>KeHHbIH Ha pn:c.3 ll np_e;a;

cTaBrr.lirom;n:iI co6oiI KacceTy c TOHKllMll CTaJibHbIMll neperopo;a;KaMll Ha 

32 .lI"IeiIKii, B KoTopbie co6n:paIOTC.lI KOMno0n::u;noHHbie cn;n:HTll~JI.lITOpbI, 

co;a;ep:>Karn;n:e no 160 CJIOeB nrraCTll"IeCKoro CD;llHTllJIJI.lITOpa n: CBllHIJ;OBOII 

<pOJibrll TOJilll;llHOII 150 MKM n: 33 MKM COOTBeTCTBeHHO. Me:>Kp;eTeKTOp

HOe paccTO.lI!j:lle cocTaBJI.lieT 5,2 MM, BbICOTa .lI:'leHKll- 20 MM·, ;a;rrn:Ha 

no HanpaBJieHllIO ;D;Bll:>KeHll.lI ,- KBaHTa- 30 MM. IIrroTHOCTb ynaKOBKll 

;a;eTeKTOpoB- OKOJIO 90%. 

Mo;a;yrrn: npe;a;Hat1Ha"!eHbI ;a;rr.lI pat1Mern;eHH.lI no BHJTpeHHeMy ;a;n:a

MeTpy ;a;ropaJIIOMllHIIeBoro KOJibIJ;a. illecTHa;a;n;aTb Mo;a;yrren:, B CBOIO O"Ie

pe;a;b, 06pa0yroT HenpepbIBHOe KOJibIJ;O llt3_ ?12 ;a;eTeKTOpOB C BHJTpeH

HllM ;a;n:aMeTpOM 850 MM. ,Il;rr.lI yMeHbllieHll.lI ;a;orrll pacce.lIHHbIX ']:- KBaH

TOB npiIMeHeH CBIIHIJ;OBbIH KOJIJillMaTop C BHellIHllM ll BHJTpeHHllM ;a;n:

aMeTpaMll 800 n: 600 MM COOTBeTCTBeHHO n: llillpllHOii rn;errn: 20 MM. 

Crre;a;yeT TaK:>Ke OTMeTHTb llCnOJibt3JeMyIO B 0TOM Mo;a;yrre ~o;a;n:po

BKY HOMepa cpa6oTaBrnero CD;llHTllJIJI.lITOpa, KOTopalI not3BOJI.lieT B;D;BOe 

yMeHbllillTb KOJill"IeCTBO Heo6xo;a;HMbIX <pOTOYMHO)KHTerren:. 8To_ ·cTarro 

BOt3MO)KHO 6rraro;a;ap.lI TOMY, "ITO Ka:>K;D;bIH <t>8Y c noMOlll;bIO caeToao;a;a 

npocMaTpllBaeT Tpll cocep;HllX CD;llHTllJIJI.lITOpa: PaccMOTpllM TP~ crry

"Ia.ll: 

1.. -BCnbillIKa CBeTa npon:0ornrra B ~IJ;llHTllJIJI.lITOpe Gi-1, Tor;a;a O;D;HO-

8 

Pn:c.3. 

clJn 

<It-1 clJnH 

CxeMaTH"IecKoe n:006pa:>KeHn:e Mo;a;yrr.lI II8T (an:;a; co cTopoHbI" Harre-

Ta~rn;ero 1 -KBaHTa). · · 

Hot spot phantom: 3,4,5,6,9, 13 mm 
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BpeMeHHO IIOJIBJITCJI IIMIIYJibCbI C <f>8Y <Pn II <Pn-1 ( CM. pIIc.3); 

2. -cpa6oTaJI CIJ;IIHTIIJIJIJITOp C;, Torp;a IIMIIYJibC IIOJIBHTCJI TOJibKO B 

<poToyMHO:tKHTeJie <Pn; 

3. -cpa6oTaJI cn;HHTIIJIJIJITop C;+1- HMIIYJihChI rrpnp;yT c <t>8Y <Pn n 
<Pn+I II TaK p;anee. 

,Il;JIJI ycnJieHHJI, cpopMnpoBaHH.lI H p;eKOp;IIpoBaHH.lI CIIrHano"B C cpo

TOYMHO)KHTeJieii:, a TaK:tKe. rrepep;a'III ·gaHHhIX B 8BM, B JUIIT · OHJIII 
6bIJIH panpa6oTaHbI H H□rOTOBJieHbI 3JieKTpOHHbie 6JIOKH B CTaHp;apTe 

KAMAK KJI35 7 If KJI35816/. Beeb KOMIIJieKT 6noKoB naHnMaeT 17 

cTaHn;nii: B Kpeii:Te KAMAK. 

Ha rrepBOM 3Tarre p;JI.ll BbI.lICHeHH.lI pa6oTOCIIOC06HOCTII CHCTeMbI 

6bIJIO H□rOTOBJieHO p;Ba p;eTeKTOpHbIX Mop;yJIJI, KOTOpbre pacrronaraJIHCb 

Ha KOJibIJ;e op;HH HarrpoTHB p;pyroro. 8To p;ano BO:JMO)KHOCTb rrony'IaTb 

TOMorpaMMbI He60JibllIHX (3+5 CM) aKCHaJibHO- CHMMeTpH'IHbIX ofrbeK

TOB ( Il;IIJIHHp;p' KOJibll;O)' a T3K)Ke aCHMMeTplfqHhlX' IIOJIY'IM Bee Heo 6-

xop;HMbie rrpoeKIJ;HH B penyJibTaTe HeCKOJibKHX H□MepeHHH rrpn pa□HOM 

yrJIOBOM IIOJIO)KeHHH ofrbeKTa. 

,II;nJI rrony'IeHHJI peKoHcTpyIIpoBaHHoro nno6pa)KeHHJI rro nnMepeH

HhlM rrpoeKIJ;IIJIM 61,ma,peannnoBaHa rrporpaMMa Ha JI□hIKe FORTRAN, 

IICIIOJib□YIO~aJI anropHTM CBepTO'IHOro THIIa. ,Il;JIJI rrepCOHaJibHoro KOM

IlbIOTepa Tnrra IBM- 486 BpeMJI BOCC'faHOBJieHHJI op;Hqro nno6pa:tKeHHJI 

COCTaBHJIO 12 C. 

IlpocTpaHCTBeHHoe panpeIUeHne 61,mo H□MepeHo c · rroM<'>~hIO Te

cpnoHoBoii HUTH p;HaMeTpOM 2 MM, o6Jiy'IeHHOH Ha YCKOpIITeJie II □aTeM 

BhlCTaBne1hrnii TO'IHO Ha ,ocb p;eTeKTopHoro KOJihn;a. IlonHM IUIIpIIHa 

Ha rroJIOBHHe BhlCOThI (ITIIIITB) peKoHcTpynpoBaHHoro 1I□o6pa:tKeHHJI 

HIITII. COCTaBHJia 4,9 MM, 'ITO He ycTyrraeT panpeIUeHHIO 60JibllIIIHCTBa 

coBpeMeHHhIX KOHCTpyKn;nii 118T. ,II;nJI rrony'IeHIIJI oceBoro rrpocTpaH

CTBeHHoro panpeIUeHIIJI HHTh 61,ma opneHTnpoBaHa rreprreHp;neynJipHo 

ocn II rrepeMe~anacb Bp;onh Hee c IUaroM 1 MM. ITIIIITB KpHBOII naBIICH

MOCTII CKOpOCTII COBrrap;eHIIH B e1\HHHIJ;Y BpeMeHH OT IIOJI())KeHIIJI HIITII 

oKananacb paBHOII 10,5 MM. 

Ha p1Ic.4 B Bnp;e nnoypoBm ii rrpep;cTaBJieHo peKoHc'rpynpoBaHHOe 

nno6pa:tKeHne cpaHTOMa, rrpep;c;,:aBmrro~ero co6oii IJ;IIJIIJHp;p II□ oprcTe-
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KJia p;uaMeTpOM 60 MM, BHYTPII KOTOporo HMeeTCJI 6 OTBepCTIIH p;naMe

TpaMH 3, 4, 5, 6, 9 II 13 MM, naIIOJIHeHHhlX 13+ - H□Jiy'IaIO~IIM II□OTOIIOM 

N a22
• KaK MO)KHO Bnp;eT~, TOMorpaMMa xopoIUo rrepep;aeT, Bee reoMe

TpII'IecKIIe oco6eHHOCTH <paHTOMa. 

OcHOBHhie BhIB0~hI paooThI 

1. Ilpep;Jio)KeH n II□roTOBJieH HOBhIH inrr p;eTeKTopa p;nJI 118T Ha 

OCHOBe opraHH'IeCKoro IIJiaCTII'IeCKoro CIJ;HHTIIJIJIJITOpa H CBlIHIJ;O

Boro KOHBepTopa. II□MepeHhl ero OCHOBHbie xapaKTepHCTHKH .-

0cpcpeKiIIBHOCTb perIICTpar.i;HII ,- KBaHTOB C 3Heprneii 511 KaB II 

BpeMeHHOe panpeIUeHIIe, KOTopi,re COCTaBIIJIII 45% II 1, 7 HC COOT-

BeTCTBeHHO. 

. ' 

2. Panpa6o.faHhl n ~nroToBJieHhr p;Ba Mop;ynJI 118.T Ha ocHoBe 3TIIX 

p;eTeKTopoB, COCTOJI~He II□ 32 CIJ;HHTIIJIJI.lITOpOB n 16 <t>8Y Ka

)Kp;bIH. C IIX rroMo~bIO II□MepeHhl pap;naJibHoe II oceBoe panpeuie

HIIJI 6yp;y~eii IIOJIHOMaCIU'I'a6HOH ycTaHOBKH, KOTOphle OKa□aJIIICb 
. paBHbI 4,9 MM n 10,5 MM CO0TBeTCTBeHHO,a TaK)Ke rrony'IeHO pe

KOHCTpyIIpOBaHH0e H□o6pa)KeHIIe <paHTOMa. 

3. Ilpep;JIO)KeHa n orrpo6oBaHa cxeMa Kop;npoBKII HOMepa cpa6oTa

BIUero CIJ;IIHTHJIJIJITOpa, IIO□BOJIJIIO~aJI rrpII OTHOCHTeJibHO 60Jib

llIOM p;naMeTpe HCIIOJih□ye~hlX <po'I'oyMHO)KHTeJieii (30 MM) p;oBe

CTH 'IIICJI0 p;eTeKTopo1:3 p;o 512 Ha KOJibll;O rrpII 'IIICJie cf>8Y 256 

II TeM caMhlM II0JIY'IIITb BbIC0K0e rrpocTpaHCTBeHH0e panpeIIIe

HHe, OTKa□aBIUIICb OT HCII0Jib□o'saHII.lI MexaHII'IeCKoro rrepeMe~e

HH.lI p;aT'IIIK0B. 

B naKJIIO'IeHIIe aBTOpbI Bhlpa)KaIOT 6narop;apHOCTb BCeM C0Tpyp;HH

KaM, rrpHHHMaBIUHM y'IaCTIIe B H□rOT0BJieHHII n c6opKe p;eTeKT0pHhlX 

µop;yneii. 
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3optttt B.11., Mttl\bIH r.B., Caa'le11Ko O.B. · . Pl3-95-149 
Mo,I1ynh noJHTpmmoro :JMttcctto1111oro T0Morpacpa 11a oc11oae KOMn03Hl\HOHHbIJC 
Cli_HHTHJIJI!ITOpOB 

Ilpe,!ICTaBJieH HOBbIH THn ,!leTeKTopa ,!IJI!I TT03HTp011HOro 3MHCCHOHHOro TOMOrpacpa (113T), 
ua3BaHUblH aBTOpaMH KOMTT03Hl\HOllllblM Cl\HHTHJIJI!ITOPOM H !IBJI!IIOIL\HHC!I ua6opOM .H3 TOHKHX 
'lepe,!ly!Oll\HXC!I CJIOeB IL'IaCTH'!eCKOro Cl\HHTHJIJI!ITOpa H CBHHL\OBOH Q)OJibl}i. 3cpcj)eKTHBH0CTb 
pernCTpal{HH aHHHrHJI!IL{HOHHblX y-KBaHTOB COCTaBHJia 45%. AJI!I C'!eT'IHKa . pa3MepOM 

15 x 20 x 30 MM .. BpeMe1moe pa3pewe1me ,!IJl!I oi'ittuapHoro C'leT'IHKa paatto 1,7 11c: 

Pa3pa6cnaHbl H H3r(}T0BJieHbl 2 MO,!IYJI!I ,!IJI!I O,!IHOKOJibl{e~oro nOJIHOTeJibHOro 113T B BH,!le KaC
ceTbl C TOIIKHMH CTaJibllblMH neperopO,!IKaMH Ha 32 !l'leHKII, B KOTOpbie co6ttpa!OTC!I KOMTT03HL{H
Ollllble Cl\HHTHJIJI11TOpb1. Illar ,I1eTeKTOpoa ..:_ 5,2 MM, nnoniocTb ttx ynaKOBKH -90%. B MO,!lyne 
npm,ieJieHa KO,!IHpOBKa HOMepa cpa60TaBWero Cl\HHTHJIJl!ITOpa, _TT03BOJI!IIOIL\a!I B,!IBOe yMeHbWHTb 
KOJIH1IeCTBO cpoTOyMHO)KHTeJieH. . 

·11ony'lellbl T0MOrpaMMbl tte60~bWHX om.eKTOB, a .TaK)Ke H3Mepetto npOCTpattcrnem1oe pa3pe
we1me 6y,!lyll\eH yCTaHOBKH, KOTOpOe OKa3a~OCb paBHbIM 4, 9 MM B TTJIOCKOCTH H I 0,5 MM TTO OCH. 

'Pa6orn B~ITTOJIHeua B Jla6oparnpittt 11,11epHbIX npo6neM OlUUI. 

Co06Il\eHHe Om.e,!IHHeHHOrcJ.HHCT~TYTa !l,!ldp!lbIX HCCJie,!IOBaHHH: ,ll.y6ua: 19_95 

IlepeBO,!I aBTOpOB 

ZorinV.P., Mitsin G.V., Savchenko O.V. Pl3-95-149 
Module for Positron Emission Tomograph on the Basis of Composite Scintillator. 

· A module for a single:ring whole-body positron emission tomograph consisting of a new kind 
of scintillator is presented. The scintillator is a composition of. 160 alternating plastic scintillator 
and_lead foil layers 0.15 mm and 0.033 mm thick respectively .. The detection efficiency of this 

15 x 20 x 30 mm3 counterto51 l k~Vannihilation pbotonsis45%. The time resolution of the counter 
is(7ns. · · · · 

Two modules are developed and constructed. Each of them contains 32 scintillators separated 
by thin steel screens. The detector to detector ·spacing is 5.2 mm, the packing fraction is 90%. 
The modules have a light coding system that makes it possible to halve the number of photomultiplier 
tubes. . 

The spatialtransaxial and axial resolutions in the centre ofihe field of view are measured. 
The values obtained are 4.9 nim and 10.5 mm respectively. The images of small phanioms are also 

•• >. I 

measured and reconstructed. · , . . . ·· .. _ 

·The investigati~n has been performed ~t the Laboratory of Nuclear Problems, JINR. 

' 
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