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BBEIlEHHE 

nonynpoBOAHHKOB~e AeTeKTOp~ flAepHOrO H3nY4eHHR /nn~/ HaXQART 
npHMeHeHHe KaK B HCCneAoaaHHRX 3HepreTH4eCKHX cneKTpOB a,' {3! 
e, y -H3nY4eHIo1R, TaK H B aHam13e BpeMeHH~X KOppe1lR4101~ B RAepHblX 

npo4eccax. OCHOBHblMH AOCTOHHCTBaMH nn~ RBnR~TCR: xopowee 3Hep 
reTH4eCKOe pa3peweHHe, 60nbwo~ AHana30H aHanH3HpyeMbix 3HeprHH 
H3nY4eHHR, B03MO~HOCTb C03AaHHR AeTeKTopOB , CeneKTHBHQ perHCT 

PHPY~~HX onpeAeneHHblH THn RAepHorO H3nY4eHHR, cpaBHHTenbHO BbI
COKaR 3~eKTHBHOCTb perHCTpa4HH RAepHblX 4aCTH4 HIlH raMMa-H3IlY 

4eHHR, B03MO*HOCTb C03AaHHR AeTeKTopOB paa1lH4HblX KOH~Hrypa4HH 
H 06beMOB. 

npH H3MepeHHRX apeMeH ~H3HH B036YmAeHHblX COCTOR~H~ RAep nn~ 
WHPOKQ npHMeHR~TCR, no Kpa~HeH Mepe, B ASYX MeTOAax: 

- 8 MeTOAe OTAa4~ /8 ~AepH~x peaK4~Rx/; 
- e MeTOAe 3aAep*aHH~x C08naAeH~H. 
nOcneAH~H MeTOA HaXOAHT np~MeHeH~e KaK 8 ~ccneAOBaHHRX paAHO

aKT~8Horo pacnaAa, TaK H 8 RAepH~X peaK4HRX. CTeneHb AOCToeepHO
CTH onpeAeneHHR apeMeHH *H3HH COCTORHHR MeTOAOM 3aAep*aHH~x coa
naAeHH~ B 3Ha4HTenbHO~ Mepe 3aBHCHT OT HaAe*HOCTH B~AeneHHR 
KaCKaAH~X raMMa-nCPcxOAOB , CBR3~Ba~HX HaOMepH~~ ypOBeHb,HnH 
nepexOAa, pn3pR*a~ero H30McpHoe COCTORHHe, np~ HcnonbaOBaHHH 
BHeWHero CHrHana CHHxpOHH3a~HH, HanpHMCp, OT YCKopHTcnR. Xopo
wee 3HeprCTH4CCKoe paapeweHHe nnA noaBonRCT ycnewHo pewaT b 3Ty 
aaAa4Y · nOCTHrHYToe BpeMCHHoe paapCWCHHC B cnCKTpOMCTpax coena
AeHH~ c nnA AaeT B03MO*HOCTb onpeAenRTb apeMeHa *H3HH B HaHO
CCKYHAHOM AHalla30He no 3KCnOHCHltl-1anbH OMY cnaAY KPl-1DO~ 3aAcpmaH
H~X cOBnaAeHHH. ~13McpeHHR B nHKoceKYHAHoM AHanaaoHe no MCTOAY 
cABHra LtcHTpoe TA)t(CCTH KPHB~X aaAepIMaHHblX H MrHOBCHHb/X COBnc1 
ACHHH BCTpe4a~T 3Ha4HTcnbHblC TPYAHOCTH BcneACTBHC Taro, 4TO $101 
3H4CCKHC npoueCCbI, npOHCxoAR~~e npH pcrHCTpa~Hl-1 H3nY4CHHR B nnA 
H npHBOAR~He K ¢OpMHpoBaHH~ BblXOAHoro CHrHana, cy~ecTBeHHo cno)t(
Hee, 4CM, HanpHMep, 8 C4HHTHnnR~HoHHOM AcrCKTope. BpeMR c60pa 
HOCHTeneH aapRAa anna onpCAcnRCTCR paaMcpaMH H KOH$Hrypa~HeH 
ACTCKTopa, BcnH4HHOH H CTcnCHbC OAHOPOAHOCTH anCKTpH4CCKoro nonR 
B HeM, MeCTOM 83aHMOACHCTBHR H3nY4CHHR C MaTepHanOM AeTeKTopa, 
THnOM npo4ccca BaaHMOAe~cTBHR /oAHOKPaTH~~ ~n~ HHoroKpaTHblH/, 
Ka4eCTBOM MaTepHana ACTeKTopa. Bce 3TO npHBOA~T K TOMY, ~TO B~

XOAHOH CHrHan C nn~ OTnH4aeTCR KaK no $OPHe, TaK H no AnHTenbHo
CTH $pOHTa HMnynbca Aa~e AnR MOHo3HepreTH4eCKoro H3nY4eHHR.Bpe
HeHH~e A~CTOpCHH B cneKTpax cOBnaAeHH~, KOTop~e B03HHKa~T npH 
3TOM, npORBnR~TcR B 3ana3A~BaHHH 4cHTpa TR*eCTH KPHBOH MrHoeeH
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H~X COBnaAeH~H OT KOMnTOHOBCKoro pacnpeAeneH~A n o cpaBHeH~~ 


C 4eHTpOM TR*eC T ~ MrHOBeHH~X COB n aAeHHH OT ~OTonMKa TOH *e OHe p 


r H ~, KaK 3 TO fi~110 nOKa3aHO B pa60T e 11l • B 3TOH pa60Te 1013Y4anlo1C b 


COBnaAeHHR raMMa-nY4eH B AIo1ana30He 30 0 ~130 0 K3B Ha HCTHHHOM 

/21KoaKC lo1al1bHOM Ge (Li) AeTeKTope oG"beMOM 23 CM3. B APyroH pa50Te

5b1no 06HapY)t(eHo onepe>KeHlo1e l~eHTpa TRH<eCT\.1 MrHOBeHHblX eoenaAeHIo1H 

KOMnTOHOBCKoro pa cnpeAel1eHHR no epaBHeHIo1~ C 4eHTpOM TR)t(eCTIo1 

MrHOBeHH~X cOBn aAeHHH OT ~oTonHKa, HO B HH3Ko3HoprcTH4ccKOH 06
.naCTH B A"1ana30He OT 70-:-150 K3B. J.13MepeHHR npOOOAHI1HC b C IIP(;(' 

AeTeKTopOM nnaHapHoro TJ.1na. B pa60Te 131 fibl110 nOK.JJOuO. 4TO 1\1111 

KoaKc~al1bH~x Ge(Li) AeTeKTopOB 05"beMOM -4 0 e M!) " ..l{jnIOAlJI()TCn 
"aHOMal1bHble" Ino cpaBHeHHI() e nnaBH~M XOAOM KpHOOHI OTKJl()lIl'lIlln 

4eHTpOB TR>KeCTH KPHB~X MrHOBeHHblX COBnaAeH"1H B PilHOlltJ nllKOIl of) 

paTHoro paeceRHHR, KpaeB KOMnTOHOBCKoro pacnpCI\CJ101U1R 11 (110' um,

KOB. 3n1 06CTORTel1 bC TBa nocnY)t(J.1n H HaM cTI-1MynOM 0 lI:lyqr'lIll1t 11111111

HJ.1R BpeMe HIo1 c50p a 3apRAa Ha speMeHHoe H 3HepreT~ljOCK()V Pol IPI'III1' 

HHe B Ge(Li ) AeTeKTope. 

AHAfl~3 BPEHEH~ C60PA 3APRAA B nna 

B cneKTpoMeTp",~ 311eKTpoHHor o ~ raMMa-H3nY4 0t,m n 1o-1C.lHlJIh I VII.) J1. 11 

cl1eAylOlJ.tHe MaTepHanbl: repMa HHH, KOMneHcHpOBaHtlbI~ JhtlllC'M C;" Ci,i) , 
csepx4Hc TblH repMaH~H - HPGe H KpeMH~H, KOMnCHCl-1pUUdllll'"'' JUII II 

eM - Si (Li). So speMeHHblx H3MepeHHRX HaH60nee 4.)( TO 1l1l~1I11'11I11IIH: n 
nnaHapHble ~ KoaKCHanbHble n n ,Q /HcT~HHble KOilKCHanblll>lt ' " IItII1YKt'.IK

CHanbHble/. Y4eCTb sce npo,",eCCbI, npOHCXOARutHC 9 nnll ~I III1I1HII"IIIII~ 11,1 

c50p aapRAa, HeS03MO)l(HO, HO MO)l(HO YCTaHOBVlTb XOPtlI(Tt\pltl"l~ ttl hfwH

HOCTH paaBHTHR 3Toro npo,",ecca . 

nl1aHapHble AeTeKTopbl p-i- n TVlna 

K nnaHa p HblM AeTeKTopaM p-i -n THna OTHOCRTCR Go (L i) II ~; I (I i ) 
nn,Q, S KOTOPblX OTCYTC TsyeT /9 nepsOM npJ.1611~*cHI1HI (bIIKCIII:H)II . llllll.1j.t 

npoCTpaHCTseHHblH 3apRA s 06eAHeHHOH 0611aeT~. B Al' TI'K I (ll"'X 11010 

THna 3neKTpH4eCKoe nOlle nOCTORHHO H paSHO E - V· tJ. III" d 14111 

utHHa AeTeKTopa, a V - nOTeH4~all, npHllOlI(eHHbli1 K tltlMY. 

Y4HTblsaR 3TO 06CTOJHel1bCTBO, MOII(HO paCC4J.1To.lTb Upt.'Mn cll() ~).l 

3apRAa • .llpeH~osaR CKOPOCTb nepeMeUleHHR aapRAa v · I' I·~. rAe I' 

nOABH)I(HOCTb 311eKTpoHa (n) Hn H AblPKM (p). Pacc4HTacM 8cml~H-Illy 11,, 

aeAeHHoro aapRAa np", Pu .J,. "'p • ecnH B np04ecce 0311~1MOA('~ICTOlin 

HanY4eHHR C BetJteCTSOM o5pa3yeTcR no 3neKTpOH-AblPO"" -lbiX nap 

B T04Ke Xo /OTC4eT seAeTCR OT p+ -KOHTaKTa AeTcKTopal - pilC. Ill. 
d 

Vn = JJ.n E, r dx - Iln Et • nOCfle HHTerpHposaHHR nonY4aeM YPilOHCHI1C 
d- '0 

AB"1)t(eHVlR 3Ilet(TpOHOB x (t)". lln Et + Xo • MaKCVlMaIlbHoe epCMR cHopa 

3J1eKTpOHOB AnR n.naHap~oro AeTeKTopa Tn mu = d / jlu' E. Bocn0l1b30sas

'''.-~ 

•
IDelllil }In''flp 

;;-- 

'iTOTiT<I 

s ).In=2.l~ 

t;.,. 

1iUC*l1;jfo, ~ 

['*'0,1 N.o · ~·21O"c..-) 

PHc.l . BpeMR c Gopa 3apAAa D nna ll ap
HbJ X Ge (Li ) , Si (Li) H HPCe AeTeKTO 

pax . 

WHC b Teopel-tOH PaM o / 4/ , t\Q,. noe(/).x / d). 
MOH<HO paCC 4 ~TaTb Ha BeAeHH~H aapRA 

3a c ~ eT A SHmeHHR 3IleKT pOHOB 

lin Et 
Gn( I ) ~ no. - . 

A Hallor ~4H~M o6 pa30M Ha XOA~M 

Xp ( I ) ~"~p EI + xo ' 

T = d /~ .E ,
p mu p 

Qp ( t) "" - Iloe It II . Et l d 

HaeeAeHHbB" 3a p RA 3a C4eT AS~)t(eH~R HOC"ITenei1 pa3Horo 3Ha Ka onpc -

AenReTCR ~3 Bblpa)f(eH~R Q (t) = Qn (t) - QIJ(t) , 10111101 B np~BeAeHHOM 
S~Ae 

G ( I ) 

no • 

E 
= d (I'll 

I 
n 

T 
II max 

+ I' 
11 

I" 
- T-  ' 

p max 
) ' / 1/ 

rAe 
x - "0 

, n t . I < -..
- ~Ln 1:,. 

I ~ T 
n n max • 

I> 
x - x 
____0' 

"n E 

/2/ 

t P = 1 t < Xo 
- ~E; 

tp::o T pmn t>~ 
~p E I /3/ 

Bblpall(eHlo1e /1/ MO)f(HO n p lo1 Me HRT b AnR paC4eTa c 60pa aa pRAa J.1 $ OPMbI 

HMnynbca Ka K Ann Si(Li) AeTeK TopoB (Il "-l1 )' Ta K H AIlR Ge(L i ) n p 
A e Te tn o pOB ( Il l! ;; IA p ) . B nOCl1eA HeM cny4ae 

T - T ~ T 
n m &l - p max ma.x:· ~=-~(I n + l p )'

nOe d . T max 

3Ha 4eH ~.R t H t p n p Hs e Ae HbI a / 21 , / 3/ . 
Ha p HC. ~ a n p e AC TaSlleHbI $ OpMbI $pOHTOB HMnynb coB np'H s a alo1MO

Ae HC TB H ~ H311Y4e HHn B p a 3Hbl X T0 4 Kax Ge(L i) A e Te KTo pa. ~I1R Ae 
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TeKTopOB ~3 Si(Li) pacnpeAeneH~e $pOHTOB ~Mnynb coB 6YAeT ~ HOe 

BCneAC TB ~e 3Ha4~Tenb HorO OTn~4 ~~ B nOAB~~HOCTH 3neKTpOHOB H A~
pOK /p~c . 16/ . Heo6xOAHMO OTMeTHTb, 4TO M~ paCCMOTpenH TOnbKO 
OAHOKpa T H~~ npo 4ecc B3aHMOAeHCTB~~ H3nY4eHHR C AeTeK TOp OM , C 4 ~ 

TaR Ha4 anb Hoe n pOCTpaHC TB eHHoe pacnpeAeneHHe 3neKTpOH-AbIP04H~X 

nap T04 e4 H~M . 3 TOT nOAXOA 6YAeT Hcnonb 3 0 a aH H B AanbHeHwe M. 

nna HapHble AeTeKTop bl H3 HPGe 

OTIlH4HTeIlbHOH oco6eHHOCT blO AeTeKTopOB 1-13 IlPGc RLlllACTc n HQn H
4 He n pOCTpaHCTse HH o ro 3a pAAa B 06eAHeHHO~ CBo6oAHblMH HOCH TCnnM t-1 
06naCT YI, 4TO npHBOAVl T K c neAYlO14eMY pac n peAeJlCHltllO no nn 11 nJl.:lIliJp 
HOM AeTeK Tope / 5/ : E( x)=V/d+(p1d(d /2 -xo) : Xo - Pll CC T () ntl~C 
OT p+ -KOHTa KTa. p - npoc TpaHcTBeHHaR nn OTHOCTb 3iJpnAo.l. (I 

= e ( N No ) ; e - 3apRA 3neKTpoHa, Nil. -No - pa3110C I II,HI l<r")llA -
Ll eHT pa 41t1A np~MecH. n pOltl3BeAR c ooTBeTcTBylOl4He npeoGpcJ30U,J IHlA . Mb! 
nOIlY4 HM cneAylOw,~e Bblpa>tieHHR, KO Topble xapaKTepH3ylOT cfiop 3.1pnJla 

s nnaHapHoM HPGe AeTeKTope (ILn:' Jl. p " Jl.). 

Q( t) 2 tp 2 LnP. r( 2, V + pd ) + (2.: V - pd ) I / './ 
no· 21 d2 T p rna .! Tn IIlll.! 

rAe 

t p == t • t <~ 
- p. ' E(x) 

/5/• t> ltO 
tp = Tp rna.!. 

P. • E(x) 

l n ." t. t < x-x O . )
- p. ' E(x) • 

/6/
t -'I x-x

II - n ma x ' t > _ _ :JL.... 
p. • E(x) • 

21 2.:d . /7/
T p mn =-,;- 2fV+ pd 2 • 

1 2< d2 _ /8/---- 2Tn rn a.! 
p. 2.: V - pd 

Ha pHc. 1B n pHBeAeHbI $POHT~ HMnYIlb COB AIlR nnaHapHoro Ae Te KT Opa 
101 3 HPGe. n p~BeAeHHoe Ha a TOM p~CYHKe e peMR c60pa 3apRAa pac 
C4~ Ta HO AllR TO~ me T Olll4 ~H~ Ae Te KTopa H n pH TOM >tie HanpR*e HHH 
Ha He M, 4TO H AIlR Ce(Li) n n A Ip Hc . l a/ . OTMeTHM , 4TO 

4 

T p max 1 
/9/

Tmu(p =O) 1 + pd 


2.: EO 

Tn rna.! 1 EO= -~ /10/

T max(p=O) 1- pd 
d • 

2.: Eo 
KaK BHAHO ~3 B~pa>tieHH~ /9/ H 110/ H pHc.1B , AIlR Ae TeKTopoB H3 
MBTe p Hana c co6c TBeHHo~ n pOBOAHMOC TblO MaKC HMan b Hoe BpeMR c6apa 
AblPOK B aaBHCHMOC TH OT n pocTpa Hc T BeHHo~ n IlOTHOCTH 3apflAa MO)l(eT 
6~T b 3aMe THO Me Hbwe BpeMeHH c60pa ane KTpoHoB. no $opMe 3apRAOB~e 

HMnynb c~ C HPGe n nA a Ha norH4H~ HMn yllb caM C Si (Li) n nAt XOTR 
pOllb 6btCTPOH KOMnOHeH T ~ 3apRAa B HPGe nnA I-1 rpalOT AblPKl.1, a B 
Si(Li ) nn~ - 3neKTpOH~. 

KoaKc~allbH~e Ae TeKTOp~ p-i-n T~na 

B HCTHH HOM Ko a KCHanbHOM Ge(Li) AeTe KTope np04ecc c60pa 3iJpRAa 
Mo~eT 6~Tb npocne~eH Ha OCHOBe ypaBHeH~R ABH)I(eHH R HocH TeneH 3a 
pRAa B none Ll HnHHAP~4eC Kor o KOHAeHca To pa. nOAP06Ho a TOT npO Llecc 
paccMo TpeH B pa60Ta x 11 . 6 ·'1~M~ To nb KO np l.1BeAeM $OpM~ $pOH TOB HM
nYIlbcoB AnR HeKOTOp~X T04 eK B3a HMOAeHC TsHR H3nY4eHHR B AeTeKTope 
101 $OPMY pacn p e AeneHHfI D HeM HanpR>KeHHOC TH 3neK TpH4eCKor o nOJ1R 
/ p~c. 2/ . 

PHC • 2. $OPMbI ¢lPOHTOB HMnYJIbCOBQ 

'" ~ Ii pacnpe~eneHHe HanpR.)KeIHIOCTH 
3JIeKTp~eCKoro nonR B KO aKC HaJIbHOM 
Ge(Li) AeTeKTop e. 

PaC4 e T Bp e Me HH c60pa 3a pRAa AIlA 
nOllYKOBKC lo1 a ll b Hbl X Ae TeK TopOB 3a TPYA
HeH BeneAC TB He HeAOC TaT04HO T04HO
r o 3HaHHR pa 3Mepa 1-1 KOH$~rypa Ll HH 

4ysc TBH Te nb HoH o 6 n a c TH Ae TeKTopa, 
4TO He n0380IlReT npOH3seC TH T04 

N' 
• I 

t-~ 

o os

'r' 
HblH paC4eT HanpR>tieH HOCTH aneK TpH
4 eCKoro nonR B KpHCTan n e H npo
c n eAHTb 3a n p04eccOM c60pa aapRAa. 

nOCTAHO BKA 3KCnE PHMEHTA 

n pH pa3 BHTHH MeTOAOB H3MepeH~R BpeMeH *H 3HH YPO BHeH C no 
MO~b~ nnA Heo6xOAHMO pa e nona raTb Aa HH blMH 0 Me eTe B 3aHMOAeHCT B ~~ 

H3IlY4eHH R B MaTep~ane Ae TeKTopa, T.e. AaHHblMH 0 $ pOHTe HMn Yllbca 
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PHc. 3 . npHHUHn MeTOna CTPOOHPO 
u Ba HHH $pOHTa HMnynbca. 

e ro An~TenbHOCT ~ ~ ~opMe . Cy~ec T


SyCT HeCK OflbKQ Me TOAOB; n 03B onR~


~ Yl X pewa Tb 3TY 3aAa4Y 1.8 - 10/. 


B OAHOM \.13 H~X - Yl HTerpa nbHOM 
npOBOA Yl TCR cpaBHeHYle 3a pRAOB, no

nY4a~YlXC R npH 4atT~4HOM YI nonHOM 

~HTerpYlpOBa HYlYI YlMnynb c a / 3TOT Me
TOA 6~n np YlMeHeH npYl Yl 3Y4eHYlYI 
BpeMeHHbl X caoHcT s nn,ll / 11 7. MOAJ.1

¢HK2~HeH 3Tor o MeTOAa Ran~eTC~ BpeMeHHo~ aHanH3, B KOTOPOM npo
80AYlTCR HHT e rpHposaHHe HM nynbca c ero nocneAY~~HM AJ.1~epeH ~H 

pOBaHH eM . HHTerpanbH~H Me TOA WHpOKO npHMeHReTCR AnR B~AeneHHR 
c neK Tpa HeHTpo HoB, 3aperHCTpHpOBaHH~X Ha ¢oHe y-nY4cH . 

nOMYlM O 3 Tora Me TOAa c~ecT8yeT HeTOA n pRMoro aHanH3a pac 
npeAen eHHR ¢POHTOB HMnynbCOB no BenH4HHe BpeMeHHoro YlH Te pSana 
Me >KAY MOMeHTaMH c pa6anli BaHYlR ABYX AHCKpHMI1HaTOpOB C pa3HblM14 
nO pOraMYI OT OAHoro ~Mnynbca . B 3TOM Me TOAe KaHan II CTAPT " BpeMR
a MnnYlTYAHo rO YlflYl BpeMR-~H¢pOBoro npeo6pa 30BaTenR 3anYC KaeTc R aT 
AVlCKp HMYlHaT opa C HH3KHM noporOM, a KaHan " CTon" - OT AI1CKPJ.o1MH
HaTOpc1 c 60nee B~COKI1M no porOM 11,9, 12/. 

B03Mo~eH e~e OAYl H c noco6 nonY4eHYlR HH$OpMaUHYI 0 pacnpeAene 
HIIl H CKOPOCTYI HapaCTaHHR $pOH TOB HMnYJ1bCOB : KoppemlpOD,JIIHoe 1113 
Mepe HHe 3aPRAa Ha onpeAeneHHo i1 4aCTH ¢POHTa I-1MnynbC') TOI<a OT 
nn,ll c nOMoutblO npe06pa 30e aTenfl 3apRA-KOA /3un/ I.1 J1H 3,JpRA-3Mnnlo1 -
TYAa 13A/ ~ nonHoro 3apRAa 13HeprH YI/ . npYlH~lo1n JToro MCTOAa -
MeTOAa CTpo6I-1pOBaH/.1R I-1Mn yJlb Ca - npeACTaaneH H3 pVlC . 3 . - noUd 
por c pa6aTblSaHI4 f1 AYlC KpHMHHaTopa . 1.1 - 3aACpM(Ka CTpo6,J YI to 
AIlHTeJ1bHOCTb cT poGa. Bapb lll PYR Ud • t'1 1.1 to , MO~HO no aenH4HHe 
3apRAa npo s eC TVI ACTanb Hoc ~3Y4eHHe CKOP OCTH HapaCTaHHfI ¢POH TOB 
HMnynb COB. 

H3Y4eH/.1e pacn peAeJ1eH /.1 f1 CKOPOC TI.1 HapaCTaHYlR $POHTOB YlM nynb cOB 
MeTOAOM CT PO!)HpOBaHHR npOaOAHJ10C b HaMH KaK 8 pe~IIlMC caM03anYC Kc 
/3anYCKa cT p?fi a OT Hc cneAyeMoro I.1Mnynbca/, TaK 1.1 B peM(HMe BHew
He r o 3a nyc K~ c Tpo6a aT C~ HHTYlnnfl~ 1Il0HHOr O AeTeKTopa npH 1t13Y4e 
HYlH Mr -iO BeH Hl4)( COBn 2,c'.= HYli1 Ha I-1CT04HHKe 60Co. [)noK-c xeMa cneKT
pOMe Tpa ¢POI-ITOL V'Mr,"Fbcoe npl-1BeAeHa Ha pHC . 4a, G. 8 cneK TpOMe Tpe 
YlcnOnb30B a HbI 5noKYI ~ ; aHAa p THoH 3ne KTpO HYlK/.1, pa3pa60TaHH~el B na 
Gopa TOpJ.1J.1 RAe pH bl X noc5ne M OH~H1 1 13 / . Ha PHC , 4a npeAcTaBneH AByX
,., epH~H c n e KTpOMe Tp , nDeAHa:>Ha4eHH~i1 AnR 1013y4eHYlR Ey- Q- cneKTpoB 
B pe~I.1Me caMoaan yc Ka . AJ1A CTpo6 1.1pOBaHHR YlCnonb30eanCfl 6bICTPbli1 
Ka Han npeAYCI-1I1I.1Te nfl nn,ll /ny / 114/,CHrHaJ1 KOToporo n0J1Y4ancR nacne 
3apRA04 YB CTB Io1TeJ1 bHO rO KaC Ka Aa H 06ecne4"'Ban $pOHT liapacTaHIIlA 
HMnynb ca 2,5 HC. B Ka4eC Te e AYlCK pltlMI-1Ha TOpa aanYCKa cTpo6a l,ll/ 
npHMeHRIl\.1Cb pa3J1Hl.llible T Hn~ AHCKpHMI-1HaTOpOB - I-1HTer paJ1bHbI~ , 
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PHc,4. BnOK-C XCMa cneK'rp OMeTpOB cPPOHTOB HMnYJIbCOB : 
a/ p e)KHM caMo3anycKa; 6/ pe)f(HM cOBIla,ueHHfi , BY - GhlcTpbul 
YCHRHTenb, CY - cneKTpoMeTpH4ecKHi'1 YCHnHTenb , A1(TI 
aMnJ1I1TYAHO-U;J1¢POBOii npe0 6pa 30a3Tenb , Burr - Bp eMR-U;HW

posoH npeo6pa30BaTeJIb, KK - KOIiTponnep. 

~I-1CKp HMI-1HaTOp c o c neAfI~I-1M nopor OM 1-1 AI-1CKp HMYlHaTop C KOM neHca 
UHeH BJ1I1lR HHR a MnnHTYAHoro pa36poca H H3Me He HHi1 BO $poHTe YlM
nynbca. ,lln YlTenbHOc Tb cTpo6a, n0J1Y4aeMor o c OAHoBH5paTopa 101 , 
6~na pa SHa 10 HC. 3aAep~Ka / 31 n0380J1Rna nepeMe~aT b CTPOO B npe 
~enax AnHTenbHOCTH Bcero HM nynb ca. npH nOAa 4e tia BXOA npe06pa 
30Ba Tenfl " 3a pRA- aMn nYlTYAa" /3A/ IIlccneAyeMoro HMnynb ca VI Ha BXOA 
ynpaBneHH R HMn yJ1b Ca c Tp06a Ha B~XOAe 3~ nonY4anCR HMnynbc, aM
nJ1 ~ TYAa KOToporo nponop ~ HOHanb Ha CKOPOC TH HapaC Ta HHR lo1 MnyJ1bC a 
B MOMeHT BpeMeH ~ t , cooTBeTc T BY~~YI~ 3aAep~ K e c Tpo6a OT MOM e HTa 
c paGaT~8a HH R AH CK pI1MH HaT opa. CneKTp HMnYJ1bCOB C 3A YCJ10BHO Ha 
30BeM Q- cneKTp . T pexMepH~H c neKTpOMeTp cOBn a~eHH~ IpHc.46/ 
Ey - Q - T n0 J1Y4eH ' Ha OCHOB e TpeXMep Horo cneKT poMe Tpa cO BnaAeHvti1 
Ey - T - Ey'3 / ,B OAHOM H3 KaHanOB KOTo poro Hcnon b30 Ba H nnA , a B 

APyrOM - c llH HTH nJ1RU HoH Hbll:1 Ae Te KTOp . 6~J1a n pHMeHeHa 6blcT po- MeA 
n eHHaR cxeMa cOB naAeHYI~. B Kn~4alO~a R B ce6R c xe Mbl c OBnaAeH Vli1 C, 
Cl H C2 a TaK~e 3aAep~K ItI 3- 173 . 3aAep~Ka 3- 4 n03BonRna Vl3Me 
HRTb 3aAepmKY cT po6a. Pe~I.1M I COOTBeTC TBOBa J1 3a nycKY cTpo6a aT 
nn,ll, a pe~I-1M II - 3anycK Y c Tpo6a OT ¢l3Y . HaMH 6blnH /.13Y4eH~ pac 
npe AeneH Io1 f1 CKO POC TIIl HapaC Ta HH fI ¢POHTOB HMnYJ1b Co e OT KoaKCHa nb 
H~ X Ge( Li ) ACT€KTOPOB, a TaK m€ OT nnaHapH~X AeTeK TopoB H3 c aepx
l.! I-1C TOrO r e pMa HH R - HPGe H KpeMHHR, KOMneHcHpo Ba HHoro J1HTHeM _ 
Si (L i) . 6b1n Ta K~e nonY4e H Q -cneKTp OT C~YlHTltlnnfl~VlOHHoro cne KT
pOMeTpa C KpHCT anJ10M NaJ (Tl ). 
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3KcnEPmlEHTAllbHblE PE3YllbTATbi 

C4~HTHnnR~~OHH~~ Cn eK TpOMeTp 

PacnpeAeneHHe CKOPOC TH CnaAaH~fl 3aAHHX $pOHTOB HMnynbcoB CO 

C4HHTHnnR4HOHHorO CneKTpOMeTpa 	QT HC T04 HH Ka 60CO Au HQ Ha pHc.5a, 
Ha KOT OPOM n peAC Ta aneH ABYXMep 
H~H CneKTP . C¢OTOrpa¢H pOBaHH~H 

a/ 	 C 3KpaHa AHC nneR. OCb a6CUHCC 
Xa pa KTepH3yeT 3HepreTH4eCKOe 
pacnpeAeneHHe r aMMa - H3 ny4 eHHR 
/ E - oeb/, Deb OPAHHa T - pacnpe 
AeIleHl.1e ¢POH TOB 1I1 /"m Yfl b COB / Q 

Deb/ . CTpo6Hpoa a HHe n pOH3 BOAHflQC b 

B pemHMe c aM03a nYCKa / p\.1c. 4a / OT 
AHC KpHMHHa Topa co CfleAR~HM nopo 
rOM . Ha 3A n OAaeanCR HMnYIlbC 
C Har py3 KH 50 OM B aHOAe ~3Y61 
XP-20 20 Q. C Tpo5HpOBanc~ 3aAHH~ 

N ¢pOHT HMnYflbca, CKOPOCTb cnaAa 
KOToporo onpeAeflRflaCb apeMeHeM 
Bblcee '-4 Io1SaHHR NaJ (Tl) r = 23 0 He . 

npRMaR nponOPUHOHaIlbHaR 3aBHC~ -

MOCTb Q OT E CBIo1AeTenbcTBye T 
o paseHCTBe 3aAHHX ¢POH TOB HM 

E, I nyn bcoB B paCCMa TpHBaeMOM 3Hep 
~ 

re TH4eCKOM AHana30He . raMMa
PHc.5. CTpo6HpoBuHHe HMnynbca cn eKTp 60eo npHBeAeH Ha pHc . 56. 
co CUHHTmIJIJlUHOHHoro cneKT 06 pe3a HHe cn eKTpa B HH3K03He pre
pONeTpa. al Ey-Q.c.neKTp ()QCo; TH4ec KO~ 06na CTH on peAenReTCR 
61 raMMa-cneKTp sOCo . noporOM cpa6aT~BaHHR AHCKpHM~Ha -

Tapa. 

nnaHa pH~H Si(Li ) AeTe KTop 

Ha pHc.6a n peACTaBJ1eH Q - cneKT p OT KOHBepc HOHH~X 3neKTpoHoB 
152Eu. 3 Hepr eTH4ecKHH cneKTp KOTOP~X npHseAeH Ha pHc.66 . Si(Li) 

AeTeKTop HMen pa3Mep~ 50x4 MM S• Pa604 e e HanpR*eHHe Ha AeTe KTope 
paSHRJ10Cb SOC 8. BxoAHo e OKHO 6~no co C TOPOH~ P+-KoHTaK Ta. B 3TOM 
cnY4ae, KaK H B AanbHe~weM, c Tp06 HpoBancR nepeAHH~ ¢ POHT HMnYJ1b
ca. HCn0J1b 30BancR pe*HM caMo3anycKa. AHCKpHMHHaTo p 3anycKa CTPO 
6a pa60Tan s HHTe r pan bHOM pe~HMe. 

no CBoeMY SHAY Q -cneKTp HanOMHHa e T cneKTp co C ~ HHTHnJ1A~HOH
Horo AeTeKTopa , 4TO, 04 eBHAHo, OfiDACHRe TCA ManoH BenH 4 HHO~ npo 
6e r a 3ne KTpOHOB B KpeM HHH H perHC Tpa ~ H eH HX B6J1H3H nOBe pXHOCT
Hor o cnOR . Hana R BenH4HHa pa3M~THR Q-cn e KTpa cBR3aHa, nO-BH
AHMOMY, C MaJ10~ 3$¢eKTHBHOC Tb ~ per HCTpa~ H H raMMa - J1Y4eH B KpeM
HHH. 

8 

PHc. 6 . 	 CTpo6HpoBaHHe HMn ynbca

I a -:/l 	 C nna HapHoro Si(Li ) AeTeKTopa. 
al Ee - Q.cn eKTp 152 Eu: 0/ c neKTp 
KOHBepCHoHHbIX 3neKTpoHoB 152Eu. 
lITo cpaBHeH~ co cne KTpOM Ha 
pHc. 6a Ha 3TOM pHcyHKe OCb a Gc
QHCC pacTHHyTa B 4 pa3a /. 

Ee . , al 

N 

.-4 : 1 

"'""',..-
, 61 

Ee

, 

PHC . 7 . CTpoGlipoB amle HMnynbcoB 
OT nnaHapHoro HPCc ACTeKTopa 
lEy - Q- cneKTp/. al t 3 = 0; 
6 I ' 3 = 6 HC; B I l, = 10 HC. 

sl 	

'. 

nJ1aHa pH~H HrGe Ae TeK TOp 

Ha p~c.7a - B npeAC TaBJ1eH~ Q-cne KTpw, n0J1y4eHH~e Ha ~C T04 HH 

Ke BOCo. H3MepeH HR 6~J1H npOB eAeH~ Ha nnaHa pHOM HPGe Ae TeKTope 
A~aMe T pOM 32 MM ~ TO~~HO~ 6 MM npH Ha npR*eH HH 1000 8 / 15:Hc 
nonb30BanCR pe*HM caM03anYCKa . ~HCKpHMHHaTop pa60Tan B pe*HMe 
HHTe rpaJ1bHOrO AHCKp~MHHa T opa. KaK BHAHO ~3 npH BeAe HHblX P~CYHKOB , 
pa36 poc CKOPOC TH HapaCTaHHR $pOHTOB HMnynbcOB He TonbKO AOBOJ1b 
HO 3Ha4HTeneM, HO H HMee T, no Kpa ~He~ Mepe , ABe r pynn~ ~pOHT08 , 
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CKOPOCTb Ha paCTaH~~ KO TOP~X nponOp~~OHanbHa 3Hepr~~. 3aMe THO 
B~AenReTCR TaK~e rpynna $OTOn ~KOB. ~aHH~e Ho p~c . 7a-B OTn~4a~T

c n TOnbKO Ben~4HHO~ 3aAep~K~ c TPo6a, 3Ha4e HHe KO TOPO~ npHBeAe 
1010 Ha Tex IKe p~CYHKax. Ben/.14~Ha 3aAep)t(KIo1 cTp06a Ha p~c .7 a np~

HRTa 3a Hyn b. 

KoaKc~anbHwe Ge(Li) AeT eKTOp~ 

H3Y4eH Io1e p a cnpeAeneHIo1 R ~POHTOB ~MnynbcoB C KoaKCHanbH~X 

Ge(Li) Ae TeKT Opo s npeACTaBnReT oco6~~ ~HTepec BcneACTBlo1e 60nee 
BWCOKO~ 3$$eKTIo1SHOCT/.1 pe r~C Tpa ~lo1/.1 Io1MIo1 raMMa-H3nY4eHIo1R ,no3sonR~

~eH npHMeHRTb 3 TIo1 AeT eKTOp~ S cneKTpOMe Tpax cOBnaAeHIo1 ~. nplo1 npH 
MeHeHlo1101 n~50ro Me TOAa , n03Bon~~ero Io1 ccn e AOBaTb ~POHTW Io1Mnynb
COB, Ba)t(HO, 4T06w cneKTpOMeTp ¢POHTOB /.1MnynbcoB /.1Men KaK MO)t(HO 
6onbwy~ A Hc nepCH~. Me TOA c T p06HpoB a H~R B npIo1MCHeH/.1101 K KoaKCHanb
H~M AeTeKTopaM 0 6 n a AaeT npH 3Ha4HTenbHOH AHc n e pCHH CKOpOC TH Ha
paCTaHIo1 R ¢ POHTOB Io1 Mn ynb c o s 10c ofieHHO AnR r a MMa -nY4eH C 3HeprHeH 
60JlbWe 300 K3BI PRAOM HeQ)KHAa ~i HUX CSOHC TS , n03 B0I1R~ut Io1 X Io1 c nonb
30Ba Tb 3TOT MeTQA AnR yny 4weHHR Bpe MeHHoro H 3HepreT H4e CKoro 
pa3peweHH~ cnCK TpOMe Tpa, a TaK*e ocyute CTBnRTb ceneK T Io1 B H~H OT50p 
coG~ TIo1 H , 3aperlo1CTplo1poeaHHWX DO BHeWHeM noo e pXHOC THOM cno e Ae 
TeKTopa. 

B HaW HX 1013McpeHH~X n pHMeHRn~C b Io1C TH HHwe KOaKC /.1anb H~e 101 nony
KoaKCHanbH~e Ge (Li ) AeTeK Topbl , 1<13rOTOBneHH bie B fla50paT OPlo1101 RAep
HW X npo5n eM OHRH 1 16/. ~1o*HO oTMe nHb , \.I TO B npo~ecce ~ccneAO Bil HH~ 
He 6~no 3aMe4eHO cy~ec TBeHH~X oTn~4HH B pacnpeAeneH~~ $POHTOB 
HMnynbcoB B 3T~X AeTeKTOpo x . Ha M~ Hcnonb30sanlo1Cb ABa pe*~Ma 3a
nyc Ka c Tp05a - caM0 3anYCK Ip lo1c . 4al ~ a a n ycK OT c~Io1HT~nnn~lo1oH
Haro Ae Te KTopa B pe)K~Me COBnaAeHIo1~ I p~c . 461 . B C~I<IHT~J1nA u.1010 HHOM 
cneK TpOMe Tp e np~Me HAnlo1cb $3 Y XP-2 020Q H n J1 a C TH4eCK~~ C ~ HH T Io1J1nR

TOP NE-)04. 

A. P e)t(HM c aM 0 3any c Ka 

np~ 3T OM c n o c o6e 3anycKa c Tpofia CHr Ha ll C 6~CTpor o KaHana ny 
n OAa sanCR Ha AHCKp~MIo1Ha TOp, KOTOP~~ paOOTa n B OAHHM ~3 Tpe x pe 
)t(Ht-10B: 

- B p e)t( Io1M e AIo1C Kp l4MH HaTOpa co cneARu,HM n o p o rOM (CFD) ; 
- B pe)t(Io1Me Io1HTe r paJ1b HOr O AHCKplo1MIo1 HaTo pa (LE ); 
- B pe)t(~Me AIo1CKplo1MHHa Topa C KOMneHca~~eH Bnlo1RH HA aMnll~TYA -

Horo pa35poca H 1013Me He HH H BO ¢POHTe HMnynbca (ARC) . 

1. ~HCKp~MI<IHa T Op CFD. Pe 3yn bTa Tbl cTpo6HposaH HA $pOHTOB OT 
HCTHHHoro KoaKCHanbHo r o Ae TeK Topa npHBeAe H~ Ha pHc .Ba-r. 060eM 
Ae TeKTo pa paaeH 41 CMS, V 2000 B. H3Me p e HHR npOBeAeHW B HAeH
TH4H~X YCllOBIo1A X, pa3nH4 He B Ey - Q-c neKTpax CBA3aHO TonbKO C Be 
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PMc.B . CTpoGHpoB aHHe KMnynbcoB ,r'-------------------
alOT HC THHHoro KOaK CHanbHoro 

Ge (L i ) Ae TeKTopa lEY - Q - cneKTpl . 

al t3 :: 0 ; 61 t 3 = 8 HC; 
 1 

' .' ,BI t 3 :: 24 HC ; r/ Ey - cneKTp . ' IsOCo ,I _."·eX ' . ,. , ' .."' :' :::.L·]· i 
(i l 

f 
• ·1 

.' .,., . . t ... • . . I ·1 
..... f .. ·,,~.. :.;,:,,: ~·t/ ~:..t: :~ · 

, 
sl 

I : ~ 
. j I 

, • -;' • •: . , .' 1 ., ; ... ;
..iI~ " .. 6' ." .;. , I. ,~.".I 

'I r l 
PHc . 9 . CTpo6Hpon ailHe HM n ynbcon 
OT HCTHlll loro KoaKCHanbHo r o 
Ge(Li) Ae TeKTopa I Q - c n eKTp , 

E > 80 K, B/. al t, 0; 
 l6r t 3 = BHC; nl t3 = 

2 

24 HC. 

~ 

N 
01 0161 

o o o 

n1014 H Ho~ 3aAep*K~ cTpoGa . 05pa~aeT Ha c e6R BHIo1MaHHe rop/.130HT~nb 

HaR I1 HH ~n, COOTBeTc TBy~aR Io1 Mn y nb caM C ManoH C KOPOCT b ~ Ha paCTa 
HIo1A $ pOHTa, KO TopaA n o Mepe YB e J1 1014eH~A 3aAep~K Io1 cTpo6 a CMe~aeT

CR e CTOPOHY 60nb~Io1X Q . 3TOT 3$$eK T 60n ee OT4 e TI1~ BO BHAeH Ha 
OAHOMepH~X Q -cneKTpax / p Hc.9a-B/ , KOTop~e npeACTaBI1~~T co6o~ 
~HTerpal1bH~e IAn~ Bcero 3He p reT ~4eC Koro cneKTpa SOCo 1 Q -c n e KT
p~. 3Ta rpynna HMnYl1b COB HeCOMHe HHO COOTBeTcTByeT pe r~CTpa ~ HIo1 

H3nY4 e HHfl B n OBepXHOCTHOM cnoe Ae TeKTopa . QOT onIo1K~ 6DCo TaK*e 
o~ e H b 4e TKO B~Ael1eH~ ~ xa pa KTepHaY~TCR 6 0 l1b WHM cneKTpOM $pOH TOB 
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PHC. 10. CTPOOHpODaHHe HMn ynbcoB 
OT HCTHHHOrO KoaKCHa'bHo rO Ge (Li ) E, 
AeTeKTopa / Ey- Q CneKTp, L:) = 
~ 64 HC/. BIN 

PMc. II . CTpo6HpoBaKHe HMnynbcoD 
OT HCTHHHoro KOaKCHaflbHOrO Ge (Li) 
AeTeKTopa. al E -Q-cneKTp 

/ t3~ 96 He/; 6r Ey - cneKTp; ~ 

61 

B/ Q-cneKTp / t3 ~ 96 IIC/. 

B OTn~4~e aT nna HapHoro AeTe KTopa. ~HTepeceH Ta K*e pa~OH n04T ~ 

npAMO~ n ponop ~HOHanb HOH 3aSHCHMOCTH 8enH4HH~ CKOpOCTH Hapacra HHA 

¢pOHTd a T 3He p rHH 3a perHcrpHpoeaHHor o H 3ny~eHHA . 

2. AHC Kp HMHHaTop LE. 3TOT p e*HM Ka4eCTBeHHO HAeHTH4eH n peA~
A~eMY. 3Aec b Ta K*e 4eT KO B~AenR~Tcn rpynna ~POHTOB C ManWMH 
3Ha 4 eHHRMH Q VI (boTon Io1K H, Ha6n lOAaeTcR H paHoH nponop,-, 1010HaJlbHOH 

3aSVlCHMOCH1 Q aT Ey /pHC . 10/. 

3. AHCK pHMVlHaro p ARC . npHMcHeHHc AHC KpHMH HaTo pa ARC npHBeno 
K aHanon14HOMY PC3YIlbTaTY. t1mtcHO TOIlbKO OTMeH1T b, 4TO MeHee 4eT 
KO CTalla B~eIlATbCA rpynna HMnynbcoe C MaIlO~ CKOPOCT b ~ Ha paCTa 
HHA ¢lPOHTa , H YMe HbWHJlCA AHana 30H IIIX c Me UleHHs:! no Q -cn eKTPY npH 
yaenH4eHHH 3aAe p}KKH cTpo6cJ /npH 3 TOM n pOHCXOAHT 60nee 6blcTpoe 
pa3M~THe 3TO~ r pynn~/ . Pe3ynb TaT~ H3Mepe H H~ c neK Tpa HMnYIlb coa 
OT 60eo a 3 TOM pe}KH Me npH 60nb WO~ aenH4HHe 3aAe p}KKH cT p06a nOKa
3aH~ Ha p l<1C . 11. Ha plo1C . 12 n pl<1B~eH cneK Tp I4M nynbcoB OT I<1CT04 HH
K,J 152Eu /ae Jl1014HHa 3aAep }KKI<1 Ta 'll<e / . 

6. P eH<Io1M co snaAeHHi1 

S peH<HMe cOBnaAeHH~ / pHc . 46 / cT p06 3anYCKancs:! OT AHC KpHMHHa
Tapa co cneAR~Io1M noporOM QT C ~ I4HTI4JlnA~HOHHor o c n e KTpOMe Tpa . Pe
3YIlbTaT~ 3Kc n ep lo1MeHTa npeACTaBneH~ Ha p Hc .1 3. OTHeTHM , 4 TO Ha-
6Il~AaeTCA n04TH n onHoe corn acVle n o n Y4 e HHor o Ey - Q-cneKT Pa 
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a/ I PHC e J 2. CTpo6HpoBaHHe HMnynbcoB OT 
H.e THHHoro KoaKCHanbHoro Ge ( Li) Aeo 
TeKTopa. a / Ey- Q..cn eKTp 152Eu (1:3~ 96l1c ) 
6 / E y-CneKTp 152Eu / t 3 ~ 96 HC/. 

C TeM, 4TO nony4allocb npH APyr l4 x 
cnoco6a x a a nYCKa c Tp06a. XOTA VlMeer
Cs:! O,qHO c~eCTseHHoe pa 3nl44He: a ABY
MepHOM cn eKT pe He n pOI4CXOAHT CTOllb 

, 4eTKor o BbI,qelleHIo1R rpynnbl HMnyn bcoB 
N C Man~MH 3 Ha4eHH RM 14 Q. KaK , HanpVl 

Mep , npH HcnOll b30BaH14H ,qHCKpHMI4Ha
Topa CFD. TaKI4M 06pa a OM, n pH 3anYCKe 
c Tpo6a CHrHallOM B MOMe HT BpeMeHH, 
KOTOPblH Hll l4 paseH Vl CTHHHOMY HYll~ 

BpeMeH~ , Hn H CMe~e H OT Hero Ha He 
3Ha4V1TellbHY~ /no cpaBHeHH~ co epeMeHeM c60pa 3apRAa B nnA/ e e
ll~4~HY , B Q -cne~Tpe He n pOHCXOAHT ~eTKoro BbI,qelleH Hs:! rpynn HM
nynbcoB C MallOH BellH~HHO~ CKOPOCTH HapaCTBHI4R $ pOHTa . 

cnEKTPOJ1ETPH4ECKHE CBOACTBA 

nOnYKOAKCHAnbHOrO Ge(Li ) aETEKTOPA 


~3Y4eHl4e cneKTpOMeTpH4eC KHX CBOHCTB nOllY KoaKCHanbHoro Ge(Li ) 
AeTeKTopa 06'"beMoM 43 CM S n pH V = 1900 B npOBOAVlJlOCb Ha V1 CT04
HHKe 60 00 B pe)KHMe {3:y - cosna AeHVlH c n pl4MeHeHHeM B cneK TpOMeTpe 
COBnaAeHH~ C~HHTHnnA,-,HOHHoro c neK TpOMeTpa B KaHane IICTAPTII H nn.a 
B KaHa n e IICTOn ll 

• B 3Kc n epHMeHTe npOBOAl4llaCb 3ana-1Cb TpeXMe p HblX 
c n eKTpOB COBnaAeHI4~ Ey- Q-THa Mar HHTHylO lleHTY , rAe Ey - 3 Hep 
rl4.F1 raMMa - KBat1Ta , 3aperHc TpHpoBaH Horo B n n.a, Q - CKOPOCTb Ha
paCTa HH~ ~poHTa I4Mnyn bca cooTBeTcTBY~Ule ro raMMa-KBaHTa; T - Bpe
MeHHoH I<1 HTepSan Me~y MOMeHTaMH cpa6aTblBaHHR c4HHTHnnR~l4oHHoro 
H n onynpo BoAHHKosoro cneKTpoMeTpoB . COPTHpoBKa HaKonneHHoH HH
¢opMa~HH npoH3Bo,qHllac b n ocne OKOH4aHHR 3KcnepHMeHTa. Per HCTpa 
'-'VIR {3--4acTH ,-, n pOH3Bo,qHllaCb C~HHTHIlnRTOpOM NE-I04. nopor c pa
6aTblBaHHs:! AHCKpHMHHaTopa (CFD ) B KaHane C~I4HTHIlIlA~ 140HHoro c neKT
pOMeT pa He npesblwall 50 K3B. 

AJ1R nonY4eHHR Q-cneKTpoB HcnOllb30sallCR pe~HM caM03anYCKa 
c Tp06a C nOM~b~ AHCK p HM I4 Ha TOpn ARC- Tl4na • .rtn~TeJ1bHOCTb cTp06a 
6 blIlB paSHa 10 HC. 3aAep H< Ka cTp06a - 27 HC . SpeHR Ha60pa HH¢lop
Ma~HH He npeBblwano 8 4 . COPT HpoSKa HH$OPMa~HH BenaCb npH s~6op
Ke on p e,qeneHHblX AHana a aOHOB no Ey H /HllH/ no Q. npH 3TOH aHa
llH3HpOBallOCb BpeMeHHoe H 3 Hepre T144 eCKOe pa 3peweHHe AeTeK Topa. 

B pa60Tax 1 17 . 18/6b1llO nOKa3aHo , ~TO AllR ¢lOTOnlo'lKOS pa3llH4HblX 
3He pr HH n pH Bbl,qene HHI4 HMnYllb COB C onpe,qe lleHHblMH ¢lpoHTaMH Ha 
nlla Ha pH bl X H KoaKCHallb HblX ,qeTeKTopax n pOI4CXOA HT pa3no*eHHe 3 Hep

13 



a P HC . 13 . CTp ofiHPoBaHHe HMI1 Y Jl b C a 

OT HCT:H HHo r o Ko aKCHanbHoro Ge(Li ) 
AeTeKTo p a. a/ t 3 = a He ; GI t 3 = 

32 HC ; s l 1 3 ~ 64 · HC. PI"E. .. 
a/ "\:0 

...ct,~H ~ -. 
~ 

a/ 
101 . '70'~~t l o 500 ltJj) 

~1 j fO.S> KOIflt.a (Ql 

.- .
E, 

6 / ~ PHC . 14 . a/ Q-cn e KTp bl AnR p <lg -
I

JlH 4 Hbi X 3 u epreTHI.{ e CKHX Bbl6opOK ~ 

B raMMa - cneKTpe sOCo. 1. E y < 


~ ~ 220 +310 KoB; 2 . E y ~ '" (f) 

~ "' i 
~ 520+6 10 K3B; 3 . Ey~ 1332 K oB ; 

~ 

\.4 . Ey ~ 150 +1 350 K3B . / HopMHpo BK a ~ 
l{HC J1<l OTC '-IC TOB no pa 3 HbiM ce '-l e 

I ~ HHRH He n p OH 3BOA HJI8Cb/ ; 6/ 1 .1r-! '1 il  0 

c neKTp BOCo. ~ICOKl.-.o I [ 1 1 

reT lo1 4 eC K oi1 m 1mU1 Ha K OMnO H eH TbI, 14 eHTpbl Tn)l(ec n "l KO T OP blX CMelUeHbI 

O T HOC~ T enbHO APy r ADyra. Benlo14 101H a 3 Toro CMelUeHIo1A 3a S lo1 Clo1 1 OT Tlo1n a 

Aere KT opa , ere 06bCM8 101 Ka4 eCTB~ Mare plo1a na, ~ 3 KOToporo OH CAe
na H. 

HaM~ 6b1 flO npOBeA eHQ 1t13yy e HI-1e $ OpMbI Q - c n e KT pOB - cneK T p OB 

pa cnpeA€ne H..., n CKOPOCH1 Hapa CTaH Io1R $pOIiTOD Io1 Mnynbc oD B 3aBHCHI-'O
CHI OT :)Hepr l-1M M3nY4eHl.1R, 3a pe rMc TpHP08aH HO~ 8 Ae Te KTope . II '] 
pM c . 14a n peAC TaBneH~ HeKOTop~e Q- cn eKT p~ A n R 3HepreT1014eCKl.1 X 
c e 4eHM~ B c n e KTpe sOCo . np MBe AeHHoM Ha PI1C. lilo. Hi! pl.1C YHKe xo 
POWO BMAHO , 4 TO $opMa Q- c ne KT pa KOM nTOHOBCKo ro pa c n peAeneHMR 
OTnlo1 4a e TCR OT $OpM~ Q - c n e KTpa $OTOnHKa . OTnH4ae TcR TaK~e 101 ee 
nl14l-1Ha AI-1 Cn e pCHH $ POHT08. OTMeT I-1M , 4TO pa Be HCTBO no Q An A 
r a MMa - KaaH Toa pa 3H~x 3Hepr l-1 ~ He Bce rAa 0 3Ha 4a e T paae HCTBa $pOH
TOB I1 MnynbCOB. I1bt n p OB enM 60n ee Ae Ta nb Hoe 1-1 3Y 4eH Io1e $OPM bI Q 
cne KTpOB B 3a BI1Cl1MOCT Io1 OT Toro , KaK a A 4aCT b r aMMa -nMHHM l.1c n Onb
3ye Tc R AnA a Hanl-13a Q. Pe 3ynb Ta T~ aHa nH3 3 AB YX raMMa - nI1H M~ 60Co 
npHBeAeH~ H3 p l1 c . 15 . r Ae Ta K~e npHBe Ae H Q- c n CKTp AnA Bce~ raM 
Ma - nJ.1 HHH. lfa6n lOA a lOUtCeCA pa 3nl1YI1e B Q - KOMnOHeHT ilX I OY eBI1AHO, 
CBR3a HO c n po~ecCOM c 6 0pa 3a pA,Qa B Ae Te KTo pe. nOMI1M O 3 Toro , 
raHMa-n&.1 HI-1A 6bl1l3 pa 3 J10);(eHa Ha KOMn OHe HTbI BH60PK0 i1 pa3Iu14H biX 
3Ha 4 eH &.1 ~ n o Q . 4TO n03B0 11ACT H3YYI1 Tb CTPYK Typy r a MMa - nHHM M B 3a 
811 CI1MOCT I-1 OT Kpy TI-13Hbi ¢lPOHT 8 V1M n Y11 bc a I pl.1 c . 16 /. OKa 3 b1 BaeT c R, 4 TO 
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Pac. 15 . Q -cneKTpW ,LVIH raMMa PHc. 16. CTPYKTypa raMMa-nHHHH 
nHHHH B 3aBHCHMOCTH OT BCJlH4HHbi CKO

poeTH HaprlCTaHHR $pOHTa HMnynbca . 

Io1 Mnyn bc a M c HaH60nb~ei1 KPYT I-1 3HO~ COOTBe TcTsye T HH 3 KO:)HepreT~ 

~ eCKaR ~aCTb n~HI1 ~ , a C Hal-1MeHbWe~ - S~COK03HepreTH~eCKa A 4 aCTb, 
Ta ,KOTopa R COOTB eTcTByeT Hal-16onee n onHOMY c60PY 3a p RA a , 3TO 
MO*HO 'n OHRTb , eC11~ Y4eC Tb, ~ TO B~COK03HepreTI-14eCKaR 4 aC Tb COO T
BeTc TBye T perHCT pa~HH H3nY4eHHR ao BHeWHe~ 06na CTH AeTeKTopa 
1-1 cBFl 3aHa C n pOXO)f(,QeHHeM Abl POK, ce4e HMe 3a x BaT a KOTOPblX Ma n o . 
HM3 K03HepreTH~eCKan KOMn OHeHTa COOTBCTcTeye T per HCTpa~HH 1-13ny
yeHI1F1 B ~eHTpanbHO~ 06na CTH Ae TeKT Opa ~ CBR3aHa C npOXO~AeHl-1eM 
311e KTpOHOB, Ce 4 eHI-1e 3a XBaTa K OTOp~X 60nbWC no cpaBHeHH~ c ce~e

Hlo1 eM 3a XB aTa AblpOK . 3He p re TH4eCKo e pa3peweHMe K OMnOHe H T~ raMMa 
ll t.1HH VI AllA l.1 Mn yJ1bCOB C Ma lloi1 KP YTH3HOalt $pOHTa I Q 1 --Ce~eHl.1e/ He 
CKOllbKO nY4we, 4 eM AnR B ce~ raMMa-nMHIo1V1 KaK Ha nonYBblCOTC ,TaK 
H Ha YPOBHe 1/ 10 BbICOTbi . Pa3 pcweHI-1e KOMnOHeHTbI raMMa-m1HI-1H A11R 
HMnynbcoD c 6on b wo~ KPYTH 3 HOalt d>POH Td IQ2 -ce4eHl1e/ , Ha06opoT, 
HeCKOllbKO xy~e no cpaBHeHH~ co Bce~ raMMa-nHHHei1 . 

BpeMeHHoe pa3peweHMe cneK TpOMe Tpa cOBnaAeHH~ npl.1 B~AeneHI-1I-1 

B Ge(L i ) nnn Bcero raMMa - cneK Tpa 60Co aT ' 50 ~ 135 0 K3B , a B C~HH
T M lln Fl~ HOHHOM cneKTpOMeTpe - S- - cn eKTpa OT 50~350 K3B paSHRJ10Cb 

~9 HC , Bo BpeMeHHOM KaHa n e Ge(L i ) Ae TeK Topa npHMeHRnCR AHC KPHMH 
Ha TOp ARC- THna , BIlHAHHe AHana30Ha Bbl60P KH no Q-cneKTPY S KaHane 
nnn Ha BpeMeHHoe pa3peweHHe cneKTpOMeTpa 6b1110 H3y4eHo Ha n pH
Mcpe 11MHHI1 13 32 K3B sOCo. Pe3YIlbTaT~ COp THpOBKI-1 nOKa3aHbI Ha 
PI-1C _, 7a, Ha TOM ~e pl-1cyHKe nOKa3aH~ AIo1ana30HbI B~60PKJ.1 no Q. 

BpeMeHHoe pa3peweHHe cneKTpOMe Tpa npH Ey = 1332 K3B H Ef3= 
= 50 :- 3 50 K3[3 PClSHO 27= 5-,5 HC. 3a C4eT npHMeHeHIo1f1 MeTOAa CTPO
6HpoBaHHR H oT60pa VlMnynbCQB TonbKO c npeAenbHO 60nbWHMH Q 
/ce4eHHe - 51 YAanOCb ynY4WI1Tb speMeHHoe pa3peweHHe cneKTpOMeT 
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PHC . 17. BpeMe uHoe pa3p e.llIe liHe 
cneXTp OMe Tp a (3 - - y - c oan:lp;eJU.lfi . . 'I . / Efl = 50+350 KoB/; a/ E )' = 
=- 13 32 K3B l acR rClMMa-nHtUl fl / ; 

51 Ey = 133 2 K3B / HH3KQJnepreTHUrtl'
'¥'~-; ; \.IeCK aH llaCTb raMMa- JIHIIHlI/ ; sf E y O;:: 

;1 1332 K9B /UblcoKo3HepreTH4eCK<H1 

'-laC'fb raMMa-nHmm/ . .···..d500 • -Un ' 

IO-IeP >Xlt(lNl{T) 


PHc.18. ,UeY)o'lepHblfl cneKTp Q _ T 
coanap;eHHti , llonY4cHHbli'l AnR raMN3

mtHHH 13 ] 2 K3B B coarTMeJUHIX 

c {3-4a c THIlaMH 60 Co . 

...... 
~ 

ral 1 

d~ flO) 

... 
<.Ai 
~ 
~d, 

-....~ f·' I 

'10\ 


~ 
I

a/ 

""- ·l L J
, 0 T I- .:m ' 

KM!'P .<HJt..a!n 

pa np l1 AaHHoi1 3Hepre n 14 e c Koi:1 Bbl60pKe 60Ilee, 4 €M B TPI1 p a3a 
/ 2 r = 1, 65 HC/. n pl1 3TOM ~opMa KPHBOH Mr HoeeHHbl X c oenaAeHHH 
Ha npOTR~€HHH Tpex nopRAKOB CHMMeTpH4Ha H He HMee T HI1KaK I1 X I1C
KaHl:eHHH no CKIlO Hy . 3 TH pe3YIlb TaTbi npesOCXOAR T AaHHble, nony4 e H
Hble e pa50Tax / 19.20/. KpYTH3Ha CKnOHa npH 3 TOM He n peBblwae T 

0,5 He , 4 TO n0380IlR€T AIlR Aa HHoro 3HepreTH4eCKoro HHTepsaIla 
npOBOAHTb H3MepeHHR Sp€MeH *H 3HH YPO BH€i:1 C T1/ 2 >0,5 He no Me 
TOAY Ha KnOHa . B ce4eHHH Q TaK)t(e nOllY4ae TCR CIo1MM€TpH 4 Han ~opa 
Ma nH H~ H KP~BO~ MrHOBeHH~X cOSna A€ HH H C KPYTH3HOH c KnnoHa, He 
3Ha4HT€J1 b HO OTIlH4a~eHCR a T nepBoro CIlY4 aR . AnR BblRCH €HH fl n p H
4 101HbI 3aT A )~KIo1 KPHSO';;; Mr HOB€ HHblX cosnaAeHHH npH Bbl50PK€ ce4 e HH R 

Mbi n pOeeJ1H Ao nonHHTenb HYIO COP TIo1POBKY t npOH3Be AR He TOflbKO Q 1 
s~6op t< Y no Q , HO H pa 3A€ n HB IlH HIo1IO 1332 K30 nononaM Ha HH3 KO
3HepreTH4 € CKYIO H BbiCOK03He preT H4eCKYIO 4 a CTH . Pe3ynbTa Tbi npH Be 
AeHbI Ha pHC. 175 ,a . Ka ~ BHA HO, BbiCOK03He pre TH4eCKaR 4aCTb raMMa
n HH HH Aa€T IlY4wee Bp€ Me HHOe pa3peweHIo1e no CpaS H€HH IO C HH3K03H € P 
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TaOmH~a 

BpeMeHHoe paspemeHHe cneKT pOMe.Tpa {i- y - cOe rIaAe J-lHl1·. 

II' 2, / HC/ 
C el.leHHH 

n o 
Ey. lIE ::; E::; Ey+ liE Ey- liE ::; E ::; Ey E y$ E ::; Ey+ liE 

5 1,75 2,0 1,65 

4 3,25 3 ,25 2,50 

3 4,50 4,25 4,25 

" 6, 50 

9 , 25 


:!:Q 5,50 


• Efl - 50d50 KoB; E y= 1332 KoB; Ey - 3 H epr HfI raMMa-JIHHH H; 


2L\E - nO]1l1aR WHpHHa raMMa-nHHHH . 


reT~4eCKO~, HO np~ 3TOM a eC b BKnaA B 3aT~mKY KP~BO~ MrHOBeHH~X 

coenaAeHHH 8 ce4eHH H AaeT HMeH HQ 3Ta 4aCTb raMMa-nHHHH . He Q1 
KOTop~e AaHH~e OTHOC~TenbHO Bpe MeH Horo pa3peweH~R c neKTpOMeTpa 
COBnaAeH~~ AnR paccMOT peHH~X cnY4aes np~seAeH~ B Ta6nH~e , B KO
TOPOI::1 nOKa3aHbi TaK Hl:e AHana30HbI S~60PK~ no Q 1-1 no 3HeprH H. 

BIlHRHHe sbl60 PKH no Q Ha BpeMeHHoe pa3peweHH e c neKTpOMeTpa 
HarIlRAHQ BHAHO 1-13 p~c.18 , Ha KOTOPOM npHseAeH ABYXMepH~H c neKTp 
Q - 'I/a nnll abiAeneHa raMMa-n~H~A 1332 K3B 60Co /. 

3AKIlJ04EHHE 

HeTDA cTp06HpooaHHR $poHTa HMnYIlbca C nn~ MO)t(HO Hcn0 J1b30 BaTb 
Kat< AIlR ynY4we HHR cne KTpOMe TpH4eCKHX xapaKTepHCTHK nnA , r aK 
H AJ1A A€T a J1bHOro H3Y4eH HA npo ~ecca c60pa 3apAAa B HeM. 6~no 

nOKa3aHo, 4TO AnA KoaKCHanbH~X Ae TeKTopOB YAaeTCA B~Ae J1 H Tb rpyn
ny HM nynbcOB B WHPOKOM 3HepreTIo14ecKoM HHTepaane, KOTopble COOT
BeTcTBY~T perHCTpa~HH ~3J1y4eHHR B nOBepxHOCTHOM c noe Ae T€K Topa . 
B~60p HMnyJ1bCOB C npeAenbHO~ CKOpOCTb~ HapacTaHHA ¢POHTa n 03 BO
nRe T B HeCKonbKO pa3 ynY4WHTb apeM€HHOe pa3peweHHe c n e KTpOMeTpa 
COanaA€HIo1H H npo AB HHyT b rpaHH~y npHMeHHMocTH Me TOAa HdKnOHa npH 
onpeAeneHHH Bpe MeH )t(1013HH 8036YmAeHH~X COCTOAH~~ nA€p npH nOM~H 
KoaKc~anbHblX nnA 60nbwo ro 06D€ Ma 8 n HKOC€KYHAHYO 05naC Tb. 

HeToA cTpo6HpoeaHHA n03B0J1ReT nonY4HTb 60nbWY~ AHcnepC HIO 
CKOPOCTH HapaCTaHHA ~POHTOB HMnynbcoB AnA raMMa-KsaHT08 c peAH~x 

H 60nbWHx 3Heprlo1~, 4TO 06ecne4HsaeT AanbH€~Wee pa3BHT ~e MeTOAa 
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onpeAeneH~~ BpeMeH *H3HH YPOBHeG C np~MeHeH~eM nnn no MeTOAY 
CABHr a 4eHTpOB TR*eCT~ KP~B~X MrHOBeHH~X H 3aAep~aHH~X COBna
AeHH~. MeTOA aHanH3a EQT n0 3BonneT npOBOAHTb npRMoe cpaBHeHHe 
BpeMeHH~X pacnpeA eneHH~ An~ ~CT04HHKOB MrHOBeHH~X H 3aAep* a H
H~X COBnaAeH~~ C 4enbO H3Bne4eH~R ~H$opMa4HH 0 CAB Hre 4e HTpOB 
TR*eC T~. 

ABTOP~ B~pa*a~T CBO~ npH3HaTenbHOCTb npo¢. B.n.n*ene noay 
H np~ .K. H.rpOMOBY 3a nocToRHHyn nOAAe p*KY B pa60Te H 5naro
Aa p~T COTPYAH~K OB OLI JlHn 3a 05eCnel..leHHe 6ecnepe6o~ Ho~ pa50n,1 
3811 B AnHTe nbHblX ~3Me pe HHnx. 
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HET Il~ npOBEIlOB B BAWEA 6~5Il ~OTEKE? 

Bw lo1o*eTe nOAy"lMTb no nO"lTe nepe"lMCJleHHble HUte kHMrM, 

tl ll-80-13 

~2-8 1-543 

410, 11-81-622 

417-81-758 

PIS- 82- 117 

~2 -82-568 

~9 -82-664 

~3. 4- 82-704 

AI 1-83-511 

~7- 83-644 

42.13-83-689 

413-84-63 

A2-84-366 
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B 06~eAHHeHHOM HHCTH TYTe RAepH~X HCCneAOBaHH~ Ha4an 

BblXOAHTb C60PHHK "VpamKUe C006UJeHUR OH.RI1" . B HeM 

6YAYT nOMe~aTbCR CTaTbH, cOAep*a~He opHrHHanbHble HaY4Hble, 

HaY4HO-TeXHH4eCKHe , MeTOAH4eCKHe H npHKnaAHble p e3ynbTaTbI, 

Tpe6YIOutHe CP04HOH ny6JU1Ka4HH. 6YAY4J.1 4aCTblO "C006uteHHi1 

OIo1RW ' , CTaTbH, 80weAwHe B C50PHHK. HMeIOT. KaK H APyrHe 


H3AaHHR OIo1~H, CTaT YC o¢H~HanbHblX ny6nHKa~Hi1 . 


C60PHHK " KpaTKl-fe C0061JleHHfl OIo1~W' 6YAeT BblXOAHTb 

perynRpHO . 


The Joint Institute for Nuc 'lear Research begins publ i 
shing a collection of papers entitled JINR Rapid Corrummi
eations which is a section of the JINR Communications 
and is intended for the accelerated publication of impor
tant results on the following subjects : 

Physics of elementary particles and atomic nuclei . 
Theoretical physics , 

Experimental techniques and methods . 

Accelerators . 

Cryogenics . 

Computing mathematics and methods. 

Solid state physics. Liquids . 

Theory of condenced matter , 

Applied researches , 


Be ing a part of the JINR Communications, the articles 
of new collection l ike all other publ i cations of 
the Joi nt Ins t itute for Nuclear Research have the status 
of official publications . 

JINR Rapid Corrurnmieations will be issued regularly . 

3m'IOB B. r . Ii AP . I j-84-542 
B."ll1RHlie BpCMell".1 C(ll'l"l !j,lPUAU IIi! up .... U·ljltOO 

H ~HepreTH'"'ecKOt;O p:npt'I'II'IU!t! JlOJIYlI~(IIIO)UlIll(tJlII,l)t AOTeh ropOH 

J.icenei~ou.11111 11J1i:l1lUli! "peMCIIII l'11I'1':1 'lilpUHil lin n:1eMC IIJlOE' 

II 'HH!pJ"!J"lt'ICl!K H." P,"l\H..'UlI'lIhU I O;IYlq'·'U()U.IHI~llIU,JX .u,CTCf('r Op OH . 

l1 (.K'laIlO. 'ITl) r 1"1',)I\apOIt.IlIlIll rbpLlliTnu IIHIIYJlbrnll 110')8n n,UU UW
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nepeBOA AB TOPOD 

Zinov V. G. et al. 13-84-54 2 
Effect Produced by the Charge Collection Time 
Upon the Time and Energy Resolution of Semiconductor 
Detectors 

The effect produced by t he charge collection time upon 
the time and energy resolution of semiconductor detectors 
has been studied. It is shown that sampling of pulse rise 
times permits one to identify in co-axial detectors a group 
of pul ses , corresponding t o detection of r adiation in sur
face layers of the detec tor . Choice of pulses with the maxi
mum rise time rate alloW's one to improve time resolution of 
the coincidence spectrometer and achieve 2, 1.65 nsec,1:1 

instead of 2, . 5.50 nsee for coincidence of the 1332 keV 
gamma line and /l- particles f rom 60 eo . 

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